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COAL MINE

AHHOTanus. /IluHaMuKa npocauynBaHus XKHUJKOCTEH Yepe3 MOPUCTbIE MaTepHasIbl OMUCHIBACTCS
ypaBHeHueM Jlapcu, mpu 3TOM MPOHHUIIAEMOCTh TBEPAON cpeibl onpenensercs 3(pPpekTuBHON Hin
OTKPBITON MOPUCTOCTBIO MACCUBA, KOTOPAsl y4acTBYET B IIPOLIECCE TEYEHUs CKMMAEMOMN WIIM He-
C)KMMAaeMOM JKHJIKOCTH INOJ JEHCTBHEM NMPHIIOKEHHOTO rpaaueHTa nasiaeHus. [lyctoTsl B TBepaon
cpeze pa3iIuuHbl 0 pa3MepaM U (GopMe U pachpesesieHbl B MaccuBe XaoTu4Ho. [Tostomy anst mo-
JEIMPOBaHMs IOPUCTON CpeNlbl TPUMEHEHBI IEMEHTHl TEOPUH MHOTOIIOJIFOCHBIX CHCTEM, OIHCHI-
BaIOLIME JBIKEHHUE KHUIKOCTH WM T'a3a B JJIEMEHTaPHOM 00beMe MacCUBa U OPUEHTUPOBAHHOTO 110
JMHUSM TOKa U3 HAYaJIbHOTO y3Jla B KOHEYHBINM MOJ JIeHiCTBHEM NMPHUIIOKEHHOTIO TpalueHTa JlaBiie-
Huil. [IpuMeHeHne KIacTepHOil MoIeny MO3BOJIMIIO Pa3/IeUTh BEIpaOOTaHHOE IPOCTPAHCTBO Ha
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AJIEMEHTHI, B KOTOPBIX COOMIOAAIOTCS PA3INYHBIC PEKUMBI JIBHKEHUS METAHOBO3IYIITHONH CMECH OT
JIAMUHAPHOTO /10 TYpOYJIEHTHOTO M Y4YeCTh BIMSHHUE CPEJCTB ra300TcOCa Ha JEra3aluio BbIpado-
TAHHOTO MPOCTPAHCTBA.

KiroueBble cjioBa: KiacTepHas MOJIeNb, TPOHULIAEMOCTh TBEPAON Cpebl, 3aKOHBI TBUKCHHUS
BO3/1yXa, 'a300TCOC, BBIPA0OTaHHOE MPOCTPAHCTBO.

VYronbHas maxra sSBISETCS PEKOHPUTYPUPYEMBIM OOBEKTOM, TPYAHO KOHTPOJIH-
PYEMBIM, a 3HAYUT — U TPYJAHO YIPABISIEMBIM B TEXHOJIOTHMYECKOM mpouecce. [Ipu-
YUMHA — B HEOMPEAECIECHHOCTH PsiJla TapaMEeTPOB MIAXTHON BEHTHWISIHIUOHHOW CUCTEMBI
(IIBC), uto TpebyeT pa3paOOTKH M UCIOIL30BAHUSI OPUTHHAIBHBIX CETEBBIX METO-
JIOB UX KOMIUIEKCHOW onTuMu3zanuu. OIHUM U3 HUX SIBJISIETCS HOBOE HAIpaBIICHUE
HAay4YHO-TIPAKTUYECKUX HCCIIEIOBAHUM — KJIACTEPHOE MOJIECIMpPOBAaHUE, MOKAa HE Ha-
mienee J0MKHOTO MPUMEHEHUSI B TOPHOTEXHUYECKOM TPaKTHKE.

B kauecTBE€ OCHOBHBIX MPHUHIIMIIOB KJIACTEPHOTO MOJAECIUPOBAHUS CUCTEMBI «TOP-
HbIE BBIPAOOTKH — BEIPAOOTAHHOE MPOCTPAHCTBOY, YTO SIBISIETCS BAXXHBIM 3JIEMEHTOM
obecrieueHus1 0€30MaCHOCTH TOPHBIX Pa0OT U CHUIKEHHS IKOJIOTUUECKOTO PUCKa, CBS-
3aHHOTO C BBIJICJICHHMEM B MIAXTHYIO atMocdepy U Ha 3eMHYIO IMOBEPXHOCTh Ia3000-
Pa3HBIX BPEHOCTEW TEXHOTEHHOI'O XapaKTepa, MOKHO BBIJEIUTh CICIYIOIIHUE.

1. BeipaboTanHOE MPOCTPAHCTBO JIaB SIBJISIETCS BAXKHBIM JJIEMEHTOM CHCTEMBI
MPOBETPUBAHMS YTOJBHOM IMIAXThI. DTOT 3a4acTyr0 UTHOpUpyeMblid snemeHT [IBC
UTpaeT 3HAUUTENIbHYIO POJIb KaK B 00€CTIEUeHUU CBEKUM BO3JyXOM pabOuMX MECT U
BOOOIIE MECT HAXOXKJACHHS JIIOJIEH B IIAXTe, TaK U BOOOIE B PEryJTUPOBAHUHN BO3IY-
x0- u razopacupeaenenuss B IIBC. B mnpouecce mnpoBeneHUs BO3IYIIHO-
nernpeccuoHHbIX cbeMok (B/IC), sBAsSOMMXCS OCHOBHBIM IMOCTABIIUKOM CBEIICHHI
00 a’pOIMHAMUYECKOM COCTOSIHUM CETH, BBISBIISAIOTCS YYaCTKH, B KOTOPBIX «HCYe3a-
€T» OINpPEAEICHHOE KOJIMYECTBO BO3AYyXa, & B APYTUX — IOSBISETCS» JONOJIHUTENb-
HO€ €ro KOJMYECTBO. DTOT (DaKT CIIONKHO YUYUTHIBATH B XOJI€ OTOOPaKEHHUS TaKUX
y4acTKOB mpu popMupoBanuu, mno pezynbratram BJIC, pacuetHoii cxems! LIIBC (ana-
JIOTUYHBIX MPUHITOMY MOHATHIO «YEPHOTO silukay). [IoaToMy B pacyeTHO#l cxeme
IBC mnosiBnstoTcs (UKTUBHBIC BETBU (YTEYKH), KOTOPBIE HE MOTYT KOHTPOJIUPO-
BaThCA U (DAKTUYECKHU YUYUTHIBATHCS MIPH pacueTe Bo3ayxopactpeaenenus B LIIBC.

2. C opyroii CTOpOHBI, BEIpAa0OTAHHOE MPOCTPAHCTBO SBIAECTCS UCTOYHUKOM Me-
TaHa. MeTaHOBO3AyIIHAsI CMECh, TIOCTYIAOIIAs U3 BEIPAOOTAHHOTO MPOCTPAHCTBA B
BO3/TYXOOTBOJIAIINE BHIPAOOTKU, JOCTABISAET TOTOTHUTEIBHBIA AEOUT Tra30BO3IYyIII-
HOU CMECH, NOJICKAIUNA YIAJICHUI0 UCXOISIIEN U3 JaBbl U MOJCBEKAIOIINX BbIpa-
00TOK CTpyeil BO37yXa, U YBETUYMBACT KOHIICHTPAIIMIO METaHa B HUX, YTO MPUBOIUT
K JIOMOJIHUTEIBHBIM MTPOOJIEMaM 1O €r0 YyTHUIN3alUK, BAKYYMUPOBAHHUIO U CHUKEHUIO
JKOJIOTMYECKUX NOCJIEACTBUM Ha OKpyKaromyrw cpeny. [loatomy 3amada ananmza
BBIPa0OTAaHHOTO MPOCTPAHCTBA JIaBBl C IEIBI0 Pa3paboTku d(HPEKTUBHBIX METOIOB
YIIPaBJICHUS METAHOBBIACICHUEM M YIAJECHHEM METAHOBO3AYLIHOW CMECH W3 HETO
MPEACTABISAET aKTyAIbHYI0 HAYYHO-IIPAKTUYECKYIO 3a/1a4y.

3. JluHamuKa IpOCavyrMBaHUS KHUAKOCTEW 4epe3 MOPUCThIE MAaTEPUAIIBI OMKUCHIBA-
ercd ypaBHeHuEM Jlapcu, mpu 3TOM NPOHHUIAEMOCTh TBEPAOUW CpElbl ONPENEIISIETCS
3 PEeKTUBHOMN MM OTKPBITON MOPUCTOCTHIO MACCHBA, KOTOPAsl y4acCTBYET B MPOLECCE
TEUCHUS COKMMAEMOM WIIM HECKUMAEMOW KUJKOCTH IOJ JEUCTBUEM MPHUIOKEHHOTO
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rpaaveHTa aaBieHus. [Ipu 5ToM mycTOThI B TBEPAOW Cpelle pa3IMYHbI 10 pa3MepaM 1
(dopMe U pacnpeneneHsl B MaCCUBE XaOTUYHO, YTO OKA3bIBAECT BIMSHUE HA MIOKa3aTe-
JIM IBUJKEHUS Ta30BO3YIIHON CMECH B BbIPAaOOTaHHOM MpOCTpaHcTBe. s Monenu-
POBaHUS MOPUCTON CPEJIbl MOTYT OBITh TPUMEHEHBI JIEMEHTBI TEOPUH MHOTOIOJIIOC-
HBIX cucTeM [1], omuchIBaroNIel MBUKCHUE XHUIKOCTH WIHM ra3a B AJIEMEHTApPHOM
o0beMe MaccuBa U OPUEHTHUPOBAHHOM MO JIMHHUSIM TOKA M3 HA4YaJbHOrO y3Ja B KO-
HEYHBIN [10J1 IEUCTBUEM IIPUIIOKEHHOI'O I'PaeHTa JaBICHUM.

4. JIBMKeHWE METAaHOBO3YIITHON CMECH B BhIPaOOTAaHHOM MPOCTPAHCTBE MPOMC-
XOJUT B JIAMMHAPHOM pexXHMe (YCTaHOBUBILIEMCS MOCJE MPOX0/a JIaBbl), TYpOyIeHT-
HOM (Ha y4acTKax, MPUMBIKAIOIIUX K BbIpaOOTKaM, OKOHTYpPUBAIOIIMM BbIpabOTaH-
HOE MPOCTPAHCTBO) U MEPEXOTHOM (Ha yYacTKaxX, MPUMBIKAIOIIMUX K JIaBE) PeKUMaX.

Kak nokasanu uccnenosanusi, nposeneausie B UI'TM HAH VYkpaunsr [2], smuc-
CHsl IIAXTHOTO METaHa OIMUCHIBAETCS CETEBOU CTPYKTYpPOM, BKIIOUYAIOIIEN BETBU C CO-
CPEAOTOYEHHBIMU MCTOYHHUKAMU 3MHUCCUU METAaHA, C JJAMMHAPHBIM 3aKOHOM JBHXKE-
HUEM Ta30BO3/YIIHON CMECH 4Yepe3 30Hbl OOpPYIICHHS M YTEUYKH B BBHIPAOOTAaHHOM
NPOCTPAHCTBE B YCJIOBHSX YNPABICHUS KPOBJIECH MOJHBIM OOPYIIEHUEM, MPU KOTO-
POM MoOKa3aTesib TYpOYJEHTHOCTH HAaXOAWTCS B mpenaenax 1,5-1,7. Anmpokcumarnu-
OHHBIE XaPAKTEPUCTUKU MHOTOIIOIIOCHOW CETEBOM CTPYKTYpPhI ONpPEAECIAIOTCS ajaain-
THUBHBIM METOJIOM IOY3JI0BO# yBsI3KH (BapHaHThI METOIOB MpeokeHbI B [2,4,5]).

5. JluHum TOKa yTeyeKk METaHOBO3AYLIHOM CMecH uepe3 BbIpaboTaHHOE MpPo-
CTPAHCTBO XapaKTEPU3YIOTCS PE3YJIbTUPYIOIIUM HOTOKOM, KOTOPBIM ONPENENseTCs
yTeM CYMMHUPOBAHHS BEKTOPOB CKOPOCTU MOTOKA, 0OYCIOBICHHOTO ACHCTBUEM 00-
IIEMIAXTHOM JIETPECCUU U PA3PEKEHUEM, KOTOPOE CO3aETCS CPEICTBAMM JEra3alui;
Ha KaXJIOM XapaKTEPHOM Yy4YacTKE JIMHUM TOKa OIMCHIBAKOTCS KYCOYHO-
HENPEPHIBHBIMU (DYHKITUSMU, SIBISIOUIUMUCS KPUBBIMU BTOPOTO MOpsiiKka. BepunHbl
nepernba JUHUN yTeueK OMPEESIOTCS KOOpAUHATAMU YCTAaHOBKU CPEJCTB OTOOpa
METaHOBO3AYIITHON CMECH, a KPYyTHU3HA JIMHUN — COOTHOLIEHUEM a0COIIOTHBIX 3HAUE-
HUM JaBJICHUHM Ha TPAHUIIAX BEIPAOOTAaHHOTO MPOCTPAHCTBA.

Paszpabotannsiii B UI'TM HAH VYkpaunbsl meTon pacdera yTeuek BO3ayXa B BbI-
paboTaHHOM TMPOCTPAHCTBE, BHI3BAHHBIX CYMNEPIO3UIMEH OOIIEIAaXTHON IETPECCUuu
Y TpaJ€HTa Pa3peKeHUs 3aJICICTBOBAHHBIX CPEJICTB BAaKYyMHUPOBAHHUS, U MOJYYEH-
HbIC YPAaBHEHH JTUHUHN TOKA DTHX YTEUYEK B CXEMax MPOBETPUBAHUS C BHIPAOOTKAMH,
OTBOJSIIIMMHU BO3AYyX 3a (POHTOM OUMCTHBIX pPabOT, B LIEJIOM COCTaBISIOT OCHOBY
i pa3paboTku croco0a ymnpaBieHHs Ta30BbIIECIEHUEM U3 BbIPaOOTAHHOTO MPO-
CTPAHCTBA.

6. OTnuuuTeabHON 0COOEHHOCTHIO METOJ]a IOCTPOEHUS JIMHUM TOKA yTeUeK BO3-
AyXa IpU OIPOBETPUBAHUM BBIEMOYHOI'O y4acTKa 33 CUET OOILEIIaXTHON JEMPECCUH U
HAJIMYUHM CUCTEMBI JIera3alliu BHIPaOOTAHHOTO MPOCTPAHCTBA SABISETCSA TO, YTO M3-
MEHEHHE JaBJIEHUS BHYTPU BBIPAOOTAHHOIO MPOCTPAHCTBA HUMEET KYCOYHO-
JIMHEMHBIN XapakTep; 3TO HE MO3BOJISIET MPOU3BOAUTH MOCTPOCHUE JUHUM TOKA IO
BCEMY BBIPaOOTAaHHOMY MPOCTPAHCTBY B OOIIEM BHJIE aHAIUTUYECKUM WM rpadoa-
HAUTHYECKUM MeToaoM [3,4]. PaspaboTaHHbIE METOIBI OPUEHTUPOBAHBI HA IIOCKO-
CTHYIO (ABYMEpPHYIO) MOJEib, KOTOpas HE IO3BOJSET YYECThb HMPOCTPAHCTBEHHOE
pa3MelleHre CpPEACTB BAKyyMHpPOBAaHHSA B BbIpaOOTaHHOM mnpocTpaHcTBe. CylecTt-
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BYIOIIIMMH METOJIaM{ HEOCYIIECTBUM YUeT JABHMKCHUS METaHa B TPEXMEPHOM IpoO-
CTPAHCTBE, YTO MO3BOJIUIIO OBI MOIYYHUTh PEIICHUE TPEXMEPHOH 3a7aun pacipocTpa-
HEHUs rasa B BbIpaOOTaHHOM MPOCTPAHCTBE U MOJIy4YeHUS 3P(HEKTUBHON TEXHOJIOTUU
yIaJIeHus MeTaHa U3 BBIPAOOTAHHOTO MPOCTPAHCTBA, €0 YTHUIM3AIMU U CHIDKEHUS
€r0 HETaTUBHOTO BIUSHUS C TOUYKH 3PEHHUS SKOJIOTHUECKOTO (haKkTopa.

Ecnu perenne miockoit 3a1auu HECJI0KHO, TO 0ObeMHas 3a7ada TpedyeT paspa-
OOTKM CcHenHManbHBIX MEeTOAO0B. OIHUM W3 HUX SBIAETCS KIAcTEpHOE MOJEIHPOBa-
HUE.

7. KnmacTepsl B TEXHHKE — 3TO 3JIE€MEHTHI CII0)KHOM CHCTEMBI, B MpeieNiaX KOTOPHIX
OHa JIEJINTCS Ha COBOKYITHOCTh 00Jiee MPOCTHIX 0OBEKTOB, B MpeaeiiaX KOTOPHIX MPH-
MEHHUMBI YIIPOIIEHHBIE 3aBUCUMOCTH MEXAY X COCTaBISIOUIMMH; OMUCAHUE UX MO-
KeT ObITh PEaIM30BaHO B BUJIE MHIKEHEPHBIX METOINK, TIO3BOJISIONINX C JOMMYCTHMOMR
CTETICHbIO TOYHOCTH PEIINTD 33J1a4H UACHTU(PUKAIIUN MOJIEIN C PeaTbHBIM 00BEKTOM
0e3  WCIMONIb30BaHUs  YHUBEPCAIBHBIX  TNPHUEMOB  PEIICHUS  TEOPETHUKO-
OKCIIEPUMEHTANBHBIX 3a1ad. [loaToMy OHM HamOoJee MPUMEHHMBI B TIPAKTHYECKUX
ycrioBusx [3].

JUIss HamWX yCIIOBUH KIIACTEPHOE MOJCIMPOBAHHE TMPUMEHUMO B CIICIYIOIIEM
BUJIC.

8. Pemenne TpexMepHOi 3a/1aull OIIEHKH a’pOJUHAMUYECKOTO COCTOSIHHUS BBIpa-
OO0TaHHOTO TPOCTPAHCTBA JIABBI C YYETOM HCIIOJIB30BAHUS CPEACTB BAKYyMHUPOBAHUS
OCYIIECTBIISIETCS] 32 CYET pa3/ielieHHus BbIpaOOTaHHOTO MPOCTPAHCTBA B MECTE yCTa-
HOBKHM YCTPOMCTB JIeTa3allMOHHON CHCTEMBI, CO3/Ial0IIET0 pa3pekeHune, Ha TaKoe KO-
JMYECTBO KJIACTEPOB (B HAIllEM cllydae — AJIEMEHTAPHBIX yYYaCTKOB BhIPaOOTAHHOTO
IPOCTPAHCTBA), YTOOBI B KaXXJAOM U3 HUX W3MEHEHHUE NaBJIEHUS ObUIO JIMHEWHBIM
BHYTPU M IO KOHTYpPY ydacTka (kiactepa). [locie 3TOro aHamuTHYECKUM METOJIOM
[4] cTpouTcs kKapTHHA pacnpeaeacHHs yTeueK i Kak0ro kiactepa (1o ero JuHek-
HOM MPOEKIMY; B JaJIbHEHIIIeM OHO 00001IaeTcst Ha TpeXMEepHBIi ciyuait). O0bean-
HEHUE JIMHUW TOKAa YTEUYEK BO3/yXa CMEKHBIX y4aCTKOB MPOU3BOAUTCS MyTEM OIpe-
JIeNeHHs OOIINX MOCTOSHHBIX HHTETPUPOBAHUS YPABHEHHUM CTHIKYEMBIX JTUHUN TOKa
JUTSL COCETHUX KJIACTEPOB.

9. I'padmyeckas MHTEpHIpeTAIUs a3POAMHAMUYECKON CBSI3UM OOMICIIAXTHOU fe-
IIPECCUU U Pa3pekKEHHs], CO3/1aBAEMOr0 MCTOUHMKOM BAaKyyMHUPOBaHHUS JIera3allioH-
HOMW CHCTEMBI B BBIpaOOTaHHOM IPOCTPAHCTBE BHIEMOYHOI'O Y4acTKa MPHU MPSIMOTOY-
HOW cXeMe IPOBETPUBAHMS C MOJICBEKEHUEM, IIPEJICTABICHA B YIIPOLUICHHOM BHJIE Ha
puc. 1. Panee paccmaTtpuBanuch mI0CKHE MOJIEIH ONPEAETICHUs JIUHUN yTeueK uepe3
BbIpa0OTaHHOE MPOCTPAHCTBO; HACTOAIIAS KIacTEpHAsi MOJIETIb OTHOCUTCS K UX IMpPO-
CTPAHCTBEHHOMY pPacIpeleICHHIO.
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Pi, i=1,...,8 — abcomoTHoe AaBneHue B i-toit Touke, A,K,B,N,E,M,D,L,C — Toukwu, orpanu-
yupatomue 1,2,3,4 kinactepsl

Pucynoxk 1- Pacnipenenenue naBieHuil B BEIpabOTaHHOM IIPOCTPAHCTBE C yUETOM pa3psiKe-
HUsI, CO3/1aBAEMOT0 HCTOYHUKOM BAKYYMUPOBAHHUS JEra3alliOHHON CUCTEMBI.

W3meHeHne naBlieHUH BIOJb OKOHTYPHBAIOIIMX BBIPAOOTOK HMEET JIMHEWHBIN
xapaktep. Kaxnmas smiopa nmasienus P(x) u P(y) B BbIpaOOTaHHOM IPOCTPAHCTBE
UMeEEeT KYCOUYHO-TUHEHHBIN XapaKTep, yTo O0OyClIaBIIMBAE€TCs HAJUYUEM CTOKA U CO-
CTOUT U3 JABYX MEPECEKAIOUIUXCS MPAMBIX, COEUHAIONIMX BEPIINHBI BEKTOPOB J1aB-
JIEHUS, PaCIOI0KEHHBIX MTOMAPHO:

— B OYMCTHOM BBIPAOOTKE M Ha TPaHUIIE BHIPAOOTAHHOTO MTPOCTPAHCTBA;
— Ha BEHTWISILMOHHOM M KOHBEHMEPHOM IITPEKAaX C BEKTOPOM Pa3pEKEHUS OT

HUCTOYHHMKA BAaKyyMHPOBAHUS, HAXOJSIIUXCSA HAa OJHON JIMHHUH, MPOXOJAIICH uepes
MECTO €ro YCTaHOBKH (pHC. 2).

Pucynok 2 - Dniopsl U3MEHEHUs 1aBJIeHUS B BBIpaOOTaHHOM MPOCTPAHCTBE:
a) o nuHuu pazaena KL;
6) no nuHuM pasaena MN.

P5_P6

P(X) _ I—AD - LMD

P,-F, X_(P7_PS)(LAD_LMD)+P5 v Lap = Lup X< L.

I‘MD I‘MD

X+P ,0<x<L,,-Lyo:
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ﬂY'FRg,OSySLDC_LLC;
P(y): LDC_ LC
_ P,—P)(Loe —L ’
Pg P5y—( 2 5)( == LC)+PS’LDC_LLCSySLDC'
LLC I-LC

rae L — nnmHa cOOTBETCTBYIOUIETO OTpe3Ka Kiactepa (MHIEKC COOTBETCTBYET ydacT-
Ky KJlacTepa Ha puc. 1).

y AP, AP
['panuenTsl naBieHuil B BBIPAaOOTAHHOM MPOCTPAHCTBE AL u ALy pu 3TOM
X y

HNMCIOT KYCOHHO-HHHeﬁHBIﬁ XapaKkTep.

P, -P,
A_PX _ I-AD - LMD
AL, P,-R

, 0 x<L,p—Lyps

Lo — Lyp < X< Ly
MD

PR
A_Py: LDC_LLC
AI-y PQ_PS

,0<y<Llpe—L;

| LDC _LLC sys LDC'
LC

JlaHHOE OOCTOSITEIBCTBO HE MO3BOJISIET PEINUTH 3a/1a4y aHAJTHTHIECKOTO Onpejie-
JICHUS IMHUN TOKa yTEUeK Ta30BO3/YIIHON CMECH LEIMKOM JIs BCETO BBIPaOOTAHHO-
r'0 MPOCTPAHCTBA 10 METOJHMKE, MPUBEICHHOMN BBIIIE, X METOANUKE, U3JI0KCHHON B
monorpadpuu (H.S1 ®dabpukant, 1964); 6osee HOBBINM aHanor — B pabore [8]), T.k.
ypaBHEHHsI MTOTCHIIMAIIOB CKOPOCTEH M (DYHKIIMK TOKA IS HEC)KUMAEMOU JKUIKOCTH
B JIAHHOM CJIy4ae SIBJISIOTCS YPaBHEHUSMHU B YACTHBIX MPOM3BOJIHBIX, U HEMOCPEICT-
BEHHOE OIpPE/ICIICHUE U3 ITUX YPAaBHEHHUH MapameTpoB, YIOBICTBOPSIIOIINX MPaHUY-
HBIM YCJIOBHSIM, MTPEJCTABISACT COOOM 3a1ady B 00IIEeM BHJIE BeChbMa CIIOKHYIO, a Me-
TOJ| Tpa)UIECKOro ONpe/C/ICHHs] JHHUNM TOKAa PE3yJbTUPYIOIIEr0 MOTOKA B HAIlleM
ciydae V, =V, +V,, re V, — BEKTOp CKOPOCTH Pe3yIbTHPYIOIIETo I0TOKA; V; — BEeK-

TOpP CKOPOCTH IIOTOKA, OOYCIOBJIEHHOrO JeHCTBHEM OOIIEIIAXTHOM aenpeccun; V, —

BEKTOpP CKOPOCTH IIOTOKa OT AEHCTBUS DPa3peXkeHHs MCTOYHMKA BaKyyMHPOBAHWI,
BECHMA TPYJ0EMOK,

10. B HacTosee BpeMs B JINTEPATYPHBIX HCTOUHMKAX UMEIOTCS PEIEHHS aHajIo-
THYHBIX 337184 [yTEM CIOXKEHHs JBYX, TPEX M 0oJiee IUIOCKHMX MOTOKOB, HO BO BCEX
Cllydasx 3ajaya peIlaercs, Korja OJWH U3 MOTOKOB Iutockonapamienbubiii (Vy = 0
win V), = 0). Tak, Hanpumep, B pabote B.E. I'perunrepa (1974) q,, = Ca®, rae ¢, —
BEIIMUYKMHA YAEIbHBIX YT€YEK BO3IyXa yepes3 BeIpaboTanHoe npoctpanctso; C, a, 6 —
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MIOCTOSIHHBIE BEJIMYMHBI, 3aBUCALIUME OT TOPHO-TEOJOTNYECKUX U TOPHOTEXHUUYECKHUX
YCIIOBUM; X — TEKylIas KOOpAUHATA JUIMHBI BEIpaOOTaHHOTO MPOCTPAaHCTBA, a V = 0,
YTO JAJIEKO HE COOTBETCTBYET UCTMHHOMY XapaKTepy JIMHUM TOKAa B BHIPAOOTAHHOM
MPOCTPAHCTBE OT JEUCTBUS OOIIEIIAXTHOM Aenpeccuu [3] U BHOCUT CYLIECTBEHHYIO
MOTPEIIHOCTD MPH AAJIbHEUIINX pacyeTax.

11. B rpadoaHamuTHYECKOM METOJI€ MOCTPOCHUS JIMHUN TOKa YTEUYEeK 4Yepe3 Bbl-
paboTaHHOE MPOCTPAHCTBO PeAIU3yeTCs PallMOHAIBLHOE PEIlIEeHHEe 3TOr0 BOIpoca, 3a-
KJIIOYaloleecs B TOM, UYTO IUIOLIAAb BbIPAOOTAaHHOTO MPOCTPAHCTBA CIEAYET pasjie-
JIUTh HA HECKOJIBKO YYaCTKOB TaKUM 00pa30M, 4TOObI U3MEHEHHUE JIaBJICHUs B IIpejie-
Jax TUIOIIaAu KaXKJI0ro OTAECIBHOIO0 y4acTKa UMEJO JIMHEHHYIO 3aBUCUMOCTH [4]. B
naHHoM ciyvae (puc. 1) BelpaboTanHoe npoctpancTBo ABC/[ ciaeayeT yCiIoBHO pas-
JENUTh BEPTUKAIBHBIMU IJIOCKOCTSMU, npoxoAsmumu 1o agunusM KL, MN u nmeto-
UMM OOLIYI0 TOUKY £ (MecTO pa3peXeHHUsl CO3/jaBaeMO€ MCTOUHUKOM BaKyyMHUPO-
BaHUs; 3TO OOIIas TOYKAa YETHIPEX HEDIEMEHTAPHBIX (MMEIOIINX JOMOJHUTEIbHYIO
BHYTPEHHIOIO CTPYKTYPY) KJIaCTEPOB).

PaccmarpuBas Kakaplii U3 TOJYYEHHBIX TakKMM OOpa3OoM YETHIPEX KIACTEPOB
(yuactkoB): 1 — AKEM; 2 — MELJ]; 3 — KBNE; 4 — ENCL, kak He3aBHCHMYIO 4acTh
BbIPa0OTAHHOTO MPOCTPAHCTBA, U OTOXKACCTBIISIA AuHUM pazaena KL u MN B Touke £
C OKOHTYpPHUBAIOIIMMHU BBIPAOOTKAMU, MOXKEM ONPEEIUTh IPAAUCHTHI TaBICHUM, CO-
OTBETCTBEHHO:

1Sl ydacTka 1:

AP, PAK(y)—PME(y) Ny =N _hAM_(Pl_PG)_(PB_P5) _(Pl_Pe)

= = Y = y
AL, Ly L Lz L Lyse
APy _ P (x) P (x) _ N —Nie _ hx _ (Pl_P8)_(P6 _PS)x— (Pl_Pe)
AL, Lk L Lse Lk LiLose Lk

rae h |« — JETIpeccHs 4acTu OYUCTHOU BBIPAOOTKH OT TOUkH A a0 Touku K, nalla;

h,, — Aenpeccusi BEIpaOOTAaHHOTO IPOCTPAHCTBA MO JIMHUM pajeia OT TOYKH M 1o

touku E, nalla; h,,, — nempeccus 4acTH KOHBEHEPHOTO IITPEKa OT TOUYKU A 1O TOYKU

M, nalla; h,, — nenpeccust BbIpaOOTaHHOTO IIPOCTPAHCTBA II0 JINHUY pa3zienia OT TOY-

ku K no toukn E, nalla; L, — anmHa yactu O4MCTHOH BBIPAaOOTKM OT TOUKH A 10

touku K, M; L, — AJIMHA 4acTH KOHBEHEpHOIro HITpeKa OT TOUKU A 10 TOUKU M, M;
JUISL ydacTka 2:
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AP _PME(y)_PDL(y):hME_hDL _hME :(PB_PS)_(P3_P7)y_(P8_P5)
AL Ly, L L Ly, L s Ly Lo

AP PEL(X)_PMD(X) he, =P hye (P5—P7)—(P8—P3) (PB_PS)

= = y— = X — ,

ALy LME LME LDL LME LME LDL LME

rie h,\,ID — JISTIPECCHs YaCTU KOHBEHEPHOTO mTpeka oT Touku M 1o touku D, nalla;
h,, — menpeccus BEIpabOTaHHOTO MpocTpaHcTBa Mexxay Toukamu D u L, nalla; L, —
JJIMHA YacTU BbIPa0OTaHHOIO NIPOCTPAHCTBA A0 TO4kM L, M; L. — nnuHa gactu BbI-

pabOTaHHOTO MPOCTPAHCTBA T10 JIMHUU pazjienia oT Touku M 10 Touku E, M;
JJ1s1 ydacTka 3:

AP, :PKB(y)—PEN () _ N —hgy y— hpy _ (Pe_Pz)_(Ps_Pg)y_(Pz_Pg)
AL LEN LKB LEN LEN LKB LEN LEN

AP, P (x)—Pay (x) _ hye —hy, _he (Ps—P5)—(P,— Py) _(Pe_Pz)
x x

Yy
- - 1

AL LKB LKB LEN LKB LKB LEN LKB

y

rae h — Aenpeccus 9acTu KOHBEHEpHOTo mTpeka oT ToukH K 1o Touku B, nalla;
he, — Zempeccust BBIpabOTaHHOTO MpocTpaHcTBa OT Touku E jo touku N, malla; L, g

— JUTMHA YaCTH BBIPaOOTAaHHOTO MPOCTPAHCTBA OT TOUKH K 70 TOUKU B, M;
L., — [umMHaA 9acTH BRIPaOOTAHHOI'O IMIPOCTPAHCTBA 110 JUHHUHU pas3ieiia OT TOUYKU E 10
EN

ToukH N, M;
hgy — ZeTpeccHs 4acTh BEHTWISIIMOHHOTO MTpeKa oT ToukH B 1o Touku N, nalla;

JUIs1 ydacTtka 4:

AP, _ Pey (y)_PLC (y) _ hey —hye y_th _ (PS_PQ)_(P7_P4)y_(P9_P4)
AL Lic Levlic Lic Levlic Lic

AP, :PEL(x)_PNc (x): he, —he y— hey :(P5—P7)—(P9—P4)x_(P5—P9)

ALy LEn LEN LLC LEN LEN LLC LEN

rae h . — aenpeccus 4acTH BBIpaOOTaHHOTO IPOCTPAHCTBA OT ToukH L 10 Touku C,
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nalla; hy. — mempeccus 4acTH BEHTWIALIMOHHOTO IITPeKa OT ToUkd N 10 TOuKH
C, malla; h,, — nempeccus BIpaOOTaHHOTO IPOCTPAHCTBA MO JMHUH pasjesna OT TOU-
ku £ 1o touku L, nalla; L . — nnvHa 9acTy BeIpaOOTaHHOTO MPOCTPAHCTBA OT TOUKH

L 1o Toukn C, M.
YpaBHeHUS TUHUN TOKA JIJIs1 KQKIOT0 Y4acTKa MOKHO MPEJCTABUTh KaK:
115 ydacTtka 1:

2
— hAM LAK + hAM LAK + hAM _hKE XZ _ 2hAK I_ME X +C
11

. hAK - hME N hAK - hME hAK - hME hAK - hME

ISl yJacTka 2:

2
hMD LME hMD I_ME + hMD — hEL X2 _ 2hME LDL Xx+C.:
2

. hME - hDL hME - hDL hME - hDL hME - hDL

-+

JJ1s1 ydacTka 3:

hKE LKB + hKE LKB hKE — hBN XZ _ ZhKB LEN X+C

Yi2 = + + :
. hKB - hEN hKB - hEN hKB - hBN hKB - hEN ’

JJ1s1 ydacTka 4:

2
hEL LEN + hEL LEN + hEL — hNC X2 _ 2hEN I_LC X

+ +C,;
hEN - th hEN - hLC hEN - hLC hEN - hLC

Yio =

rae Cy, Cy, C3, C4 — IPOU3BOJIBbHBIE TOCTOSIHHBIE.

3HaK «t» U «—» Mepe]] pauKaioM BHIOMPAETCS U3 HEOOXOAMMOIO BBITIOJHEHUS
yeaouit: x =0, y=0u C;=0 (rae i = 1, 2, 3, 4 — mOPSIAKOBBII HOMEP y4acTKa).

12. Ha puc. 3 mpeacraBieHo pacmpeneiieHue JIMHUN TOKa yTeueK uepe3 BhIpado-
TAHHOE MPOCTPAHCTBO IOCJI€ CTHIKOBKM Y4acTKoB 1, 2, 3 u 4. AHajJOrM4HO MpOBO-
JUTCS TIOCTPOCHUE M CTHIKOBKA JIMHHUI TOKA yTeUeK BO3[yXa IJis APYTUX BapUaHTOB
YCTaHOBKM MCTOYHHMKA BAKYYMHUPOBAHHS B BEIPAOOTAHHOM MPOCTPAHCTBE.

13. Takum oOpa3oMm, JIMHUM TOKa yTE€UEK BO3JlyXa 4Yepe3 BhIpaOOTaHHOE MPO-
CTPAHCTBO XapaKTEPU3YIOTCS PE3YJIbTUPYIOIIUM MOTOKOM, KOTOPBIA OINpenemnseTcs
MyTeM CYMMHPOBAaHHSI BEKTOPOB CKOPOCTH TIOTOKOB, OOYCIOBJICHHBIX JICHCTBHUEM
OOIIENIaxXTHOM AETPECCUU U pa3peKeHUEeM OT UCTOYHMKA BaKyyMHupoBaHus. Ha kax-
JIOM XapaKTEPHOM YYacTKE JMHUU TOKA OIMCHIBAIOTCS KYCOYHO-HEMPEPHIBHBIMU
GYHKIUSAMHA, SBISIONMMUCS KPUBBIMUA BTOPOTO mopsiaka. Todku meperunba TUHUMN
yTEUYEeK OMNPENeNAIOTC KOOpAMHATaMU MecTa oTOOpa METaHOBO3IYIIHOM cMecH, a
KpYyTU3Ha JIMHUM — COOTHOIIEHUEM aOCOJIFOTHBIX 3HAUYCHHUM JABJICHUI HA TpaHUIAX
BBIPAOOTAHHOTO TPOCTPAHCTRBA.
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PucyHnok 3 - Pe3ynbTaTsl KOMIIBIOTEPHOTO MOCTPOCHHUSI JINHAN TOKA YT€UEK BO3/lyXa B BbI-
paboTaHHOM MPOCTPAHCTBE C OTBOJAOM U3 HErO ra30BO3YLIHON cMecH 1Mo TpyOOnpoBoay Ha (praH-
TOBYIO BbIpaOOTKY Ipu cxeme nposetpuBanus 2-B: 1 — yuacrok AKEM; 2 — yuacrok MELD, 3 —
yuactok KBNE; 4 — yuactox ENCL.

AHanu3 MOJIyUYeHHBIX PE3YJIbTAaTOB MOKA3bIBAECT, YTO JJIsI 0TOOpa M3 BhIpaOOTaH-
HOT'O MPOCTPAHCTBA Ta30BO3AYIIHOW CMECH C BBICOKHM COAEPKAaHUEM METaHa Hau-
0oJee palMOHAILHO YCTaHABIMBATh UCTOYHUK BakyymupoBanus (Touka E Ha puc. 3)
B pailioHe pa3pe3Hoil meuu. B aToM ciiyyae Bce JIMHUM TOKa yTeUeK U3 BbIpaOOTaHHO-
ro npoctpanctBa AKJI/] HanpaBiieHbl K ICTOYHUKY BakyyMupoBaHus. Knacteps! 3 u
4 OTBOAST OCTATKHM METAHOBO3YIIHOW CMECH W3 BBIPAOOTAHHOI'O MPOCTPAHCTBA B
BO3IyXOOTBOJISIIYIO BBIPaOOTKY, UX BIUSHUE HE3HAUYUTEIHHO. YPOBEHb METAHOBO3-
JTYITHOM CMECH, YIalgeMON U3 MIaXThl CPEICTBAMM BEHTWISAIMU (KiacTepsl 3 u 4)
MOET PEryJIupoOBaThCd M3MEHEHUEM MOIIHOCTH HMCIOJIb3YEMON BaKyyMHACOCHOM
CUCTEMBI.

Taxum 06pa3om, pa3paboTaHHBI METO/ pacyeTa JUHUM TOKA YTEUEeK METaHOBO3-
TYITHOW CMeCH uepe3 BhIpaboTaHHOE MPOCTPAHCTBO, YUUTHIBAIOIIMM HATUYUE U Me-
CTO PACIOJIOKEHUS CPEJICTB BAKyYMUPOBAHUS, TTO3BOJISET MOBBICUTH 3P (HEKTUBHOCTH
MPOBETPUBAHMS BHIEMOYHOTO y4acTKa C OJHOBPEMEHHBIM MOBBIMICHHEM 3 (HEKTH B-
HOCTH Jera3alui.
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AHoTanis. /[nHamika TpocodyBaHHS PiIMH Yepe3 MOPHUCTI MaTepiaid OMUCYETHCS PIBHSIHHAIM
Japci, mpu boMy MPOHUKHICTH TBEPAOTO CEPEIOBUINA BU3HAYAETHCA €PEKTUBHOIO 200 BITKPUTOIO
MTOPUCTICTIO MacCUBY, sika Oepe ydacTh B Ipolieci epediry piiuHH, 110 CTUCKAETHCS a00 HECTHUCKO-
BaHOI, MiJ] I€I0 MPUKIAJACHOTO IpajieHTa TUCKY. [IycTki B TBepAOMY cepeloBHUIIl Pi3HI 32 pO3Mi-
pamu 1 GOpPMOIO 1 pO3MOIUICHI B MAaCHB1 XaOTHYHO. TOMY U1 MOJIETTIOBaHHS IIOPUCTOTO CEPEIOBH-
11a 3aCTOCOBAHI €JIEMEHTH TeOPii 0araTOMOMIOCHUX CHUCTEM, IO OMUCYIOTh PYX PiIMHU a0o raszy B
eJIeMEHTapHOMY 00Cs31 MaCHUBY 1 OPIEHTOBAHOTO IO JIIHIAX CTPYMY 3 MOYaTKOBOTO By3Jja B KiHIIE-
BHI T[T JI€I0 IPUKIAJACHOTO TpaIi€eHTa THCKY. BiKMBaHHS KIacTEpPHOI MOJIEN TO3BOJIMIIO PO3ALTH-
TH BUPOOJICHUH MPOCTIP HA €JIEMEHTH, B AKUX JOTPUMYIOTHCA Pi3HI PEKUMH PYXY METAHOIIOBITPSI-
HOi CyMiIIi BiJl JaMIHAPHOTO JO TYpOYJIEHTHOTO 1 BpaxyBaTH BIUIMB 3aCO0IB Ta30BiICMOKTYBaHHS
Ha Jiera3allio BUpOOJIEHOTO MPOCTOPY.

KurouoBi ciioBa: xiactepHa MoJielb, IPOHUKHICTh TBEPAOTO CEPEIOBUIIA, 3aKOHU PYXY MOBi-
Tps1, TA30BIACMOKTYBaHHS, BUPOOJICHHH MPOCTIP.

Abstract. The dynamics of seepage of liquids through porous materials is described by the
Darsy equalization, here transmissivity of hard environment is determined by effective or opened
porosity of array, which participates in the process of flow of the squeezed or incompressible liquid
under action of the attached gradient of pressure. Emptinesses in a hard environment are different
on sizes and form and is distributed in an array chaotically. Therefore for the design of porous envi-
ronment the elements of theory of the multipolar systems, describing motion of liquid or gas in the
elementary volume of array and current oriented on lines from an initial knot in eventual one under
action of the attached gradient of pressures, are applied. Application of cluster model allowed to
divide the produced space into elements in which different modes of motion of methane-air mixture
are observed from lamynar to turbulent and to take into account influence of facilities of razoorcoca
on degassing of the produced space.

Keywords: cluster model, permeability of hard environment, laws of motion of air, gasootsos,
produced space.
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INFLUENCE HYDRODYNAMIC IMPACT ON
GASSY COAL SEAMS

AHHOTamusA. B cratbe mpuBeACHBI Pe3yNbTaThl JJAOOPATOPHBIX HMCCICIOBAHUNM KHHETHYE C-
KHX [1apaMeTpPOB B3aMMOICHCTBUS YU M Ta3a Ha YrOJIBHBIX POOAX, OTOOPAHHBIX U3 ILIACTA i3
ur/y «Cyxononbekoe-BocTounoey ¢ mpupoIHoii Ta30HOCHOCTBIO 22,5-27 M%/T ¢.6.I.M. B Ipoliec-
ce MPOBEJICHUS THAPOIMHAMUYECKOTO BO3necTBUA MeTo oM DIIP. BakHbIM METOUYSCKUM OT-
JIMYUEM MPOBEICHHBIX PA0OT SIBJIACTCSA MEPEeX0J OT OLCHKH MHTEHCUBHOCTH CHUT'HAJIA TI0 0COOBIM
TOYKaM CIEKTpa K OLICHKE IO IUIOMaau 1o KpuBoi noriomieHuss CBY sHeprun. DTO MO3BOJIMIIO
y4ecTh U3MEHCHHE IUPHHBI curHana (AH) u GopMbl KPUBOH MpH pacdyeTe KOHIICHTPALMH I1apa-
MarHuTHBIX HeHTpoB (KIIMII). B pe3ynbraTe aHaiu3a MoJIy4eHbl JaHHBIC O BIMSHHUA THIPOMHa-
MHYECKOTO BO3JCHCTBHS HAa KOHIICHTPAIMIO MapaMarHUTHBIX IIEHTPOB B yIJIe pa3HbIX (pakiui,
pacnpesesieHue IpeeIbHONM COPOIIMOHHOM CIIOCOOHOCTH YrOJIBHOTO BEIIECTBA IO JJIMHE 00pabo-
TaHHOM 30HBI. Y CTaHOBJICHO, YTO B PE3y/IbTaTe TUAPOIMHAMUYCCKOTO BO3ACHCTBHS B YIJIe CHI)KAeC-
TCS COJICP)KaHUE aKTHBHBIX, CIIOCOOHBIX K B3aWMOJICHCTBHIO C METAHOM ITapaMarHUTHBIX IIEHTPOB,
B pe3y/IbTAaTe Yero CHIIKACTCS IMpeebHas COPOIMOHHAS CIIOCOOHOCTh YrOJIBHOTO BEIIECTBA U MO-
BBIIIIAETCS €r0 Ta30MPOHUIIAEMOCTh, a, CJIEI0BATEIbLHO, YBEIIMYNBAEeTCI 00BEM BBIXOJa METaHa U3
miacta. J[ms OUEHKH ATUTENBHOCTH TMpoliecca COPOIMOHHO-AECOPOIMOHHOTO B3aUMOICHCTBUS
MpeIoKeH ToKa3aTellb MOCTOSHHAS BPEMEHU MPOTEKaHUs Mpoliecca Ty, XapakTepuU3ymoImuld Ha-
PYLIEHHOCTH YTOJIBHOTO TUIACTA.

KiioueBble ci10Ba: KMHETHYECKHE MapaMeTpbl, THAPOJNHAMUYECKOE BO3JIECHCTBHE, BBICOKO-
4acTOTHAs DHEPIHUsl, TapaMarHUTHbBIE IIEHTPBI, COPOLIMOHHAS CIIOCOOHOCTD, TA30MPOHUIIAEMOCTb.
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