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AHHOTauus. BeipaOoTaHHOE MPOCTPAHCTBO YrOJIbHOW INAXThl MPEJCTaBIsET COOOW BBICOKO-
IIPOHULIAEMYIO CPEAY. 3aKOHBI IBKEHHUS METAHOBO3YIIIHOW CMECH B HEM U3Y4EHBI HEIOCTATOYHO,
YTO MPHUBOJUT K CHM)KEHHIO TOYHOCTH pacuera BOAYXOPACHPENEICHMSI B BEHTWIALIMOHHOW CETH
maxtel. [ onucanus BIpaOOTaHHOTO MPOCTPAHCTBA MPEUI0KEHO MCIOIb30BATh JEMEHTHI Kila-
CTEPHBIX CTPYKTYpP. XapaKTEPUCTHUKHU KJIACTEPOB OINHUCHIBAIOTCS TEOPETHUKO-MHOKECTBEHHBIMU MO-
nensiMu. OcoOEHHOCTBIO KJIACTEPHOT0 MOJIETUPOBAHUS BEIpaOOTAHHOTO MPOCTPAHCTBA SABIISIETCS
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BO3MO’KHOCTh OLIEHKH XapaKTepa JABMKEHUS (PHIBTPAMOHHBIX IIOTOKOB, YTO MO3BOJISICT HAIIPABUTh
UX K CPEJICTBAM Ia300TCOCA, U NMPEVIOKUTH 3P(PEKTUBHOE PACHOIOKEHUE CPEACTB BaKyyMHPOBa-
HUS B BEIpAaOOTaHHOM MPOCTPAHCTBE. TeXHUYECKUE PELICHHS, IPUHATHIEC C UCTIOIb30BaHUEM pa3pa-
O0TaHHOM KJIaCTEPHON MOJIEN CUCTEMBI «TOPHBIE BBIPAOOTKH - BHIPAOOTAaHHOE MPOCTPAHCTBOY T10-
3BOJISIFOT YMEHBIIUTH BBIXOJI METaHa M3 BBIPA0OTAHHOTO MPOCTPAHCTBA B UCXOJSIIYIO CTPYIO IIaX-
ThI U Ha 36MHYIO IOBEPXHOCTb.

KuroueBrble cjioBa: xiactepHasi MOJIeNb, IPOHULIAEMOCTb TBEPAOU CPENbl, 3aKOHBI JBUKCHHUS
BO3/1yXa, 'a300TCOC, BBIPA0OTaHHOE MPOCTPAHCTBO.

BripaboTanHOE TPOCTPAHCTBO YrOJIBHOM IIAXTHI, CJIOXEHHOE W3 OOPYIIEHHBIX
0JIOKOB U Pa3pbIXJICHHBIX MMOPOJ OCHOBHOM M HETIOCPEICTBEHHOM KPOBJIH, MPE/ICTAB-
JsieT cO00M BBICOKOTIPOHUIIAEMYIO Cpealy. AdpOAMHAMUYECKHUE COMPOTUBIICHUS €r0
HEKOHTPOJIMPYEMBIX DJIEMEHTOB OMPEACIISIIOT, B CBOIO OuYepeib, 00BEMbI HEKOHTPO-
JUPYEMBIX TTOTOKOB BO3/lyXa B OOPYIIEHHOW MOPOJIHON Cpelie, KOTopask MOXKET CO-
JEepKaTh 3HAUUTEIHHOE KOJIMYECTBO YIJISl B BUJI€ IOTEPh, B YACTHOCTH, MIPU MEPEXO/IE
T3BIOHKTUBHBIX HAPYIICHU.

BripaboTanHOE MPOCTPAHCTBO, KaK COCTABJISIFONIUN DJIEMEHT CUCTEMBI ITPOBETPH-
BaHMsI BLIEMOYHOT'O y4acTKa U MaxTHOM BeHTwanuoHHou cucteMsl (IIIBC) B menom,
TE€CHO B3aUMOJECHUCTBYET C BXOJSIIIIUMH B €€ PACUETHYIO CXEMY BO3yXOMOAAI0IIUMU
U BEHTWISIIMOHHBIMH BbIpaboTkamMu. HecMoTpss Ha mpuHMMaeMbie Mephl (Co3aaHue
OTpaXJaIoNIUX BHIPAOOTAHHOE MPOCTPAHCTBO IOJIOC, OpraHMU3allds 30HBI HYJIEBOU
JENpecCUy Ha ero rpaHulax u jap.), He Bceraa gocturaetrcs 3Q@exT mo ero u3ois-
uu. BeipaboTaHHOE MPOCTPAHCTBO MPECTaBISET COOOW CBOEOOpa3HbIN «UYEpHBIN
AMUK» (BCE Yalle JUIsl XapaKTePUCTUKH MOJAOOHBIX 00BEKTOB MPUMEHSETCS TEPMUH
«MHOTOITOJIIOCHASI CTPYKTYpPa») C M3BECTHBIMU 3HAUYCHHUSIMU a3POAMHAMHUUYECKUX I1a-
paMeTpoB TOJBKO Ha TpaHHUIAX. 3aMepbl UX HA HEMOIIEPKUBAEMOIN BO3YXOOTBOIS-
e BbIpaOOTKE MOKA3bIBAIOT 3HAUMTEIBHOE YBEIUUYCHHE JeONTa METaHOBO3IYIITHON
CMECH B HEMH, YTO HEJIb35 HE YUYUTHIBATh MPHU opraHu3anuu 3Q¢GeKTuBHOTO IPOBETPHU-
BaHMUS IIaXTHI.

Kpome Toro, BbAENAIOMINIICS B BEIpa0OTAHHOM NPOCTPAHCTBE METaH MPECTaB-
JSeT KaK TEXHOJOTMYECKYI0 OMACHOCThH [IJIsi paboTaloluX B IMAXTE JIIOACH, TaKk U
AKOJIOTUYECKYIO OMACHOCTH JJIsl OKpy»Karouie cpeapl. [loaTomy B cucteMy BEHTUIS-
UM MHOTHUX JEHUCTBYIOIINX IIAXT BKIFOYAIOTCSA CUCTEMBI J€ra3ally pa3juyHbIX TH-
OB (Jera3allMOHHBIMU CKBaKMUHAMU, Ta300TCOCOM U 1p.). [Ipu 3TOM MeTaHOBBIIETIE-
HUE U3 BBIPAOOTAHHOTO MPOCTPAHCTBA CHUKAETCS, YTO MO3BOJISIET CUMTATh JieTasa-
LUOHHYIO CUCTEMY BaKHBIM 3JIEMEHTOM IPOBETPUBAHUS LIAXTHI.

Takum oOpa3om, dIeMEHTAMU CIIOKHOW CHUCTEMBI IPOBETPUBAHMS IIAXTHI SIBIIS-
IOTCS TOPHBIE BBIPAOOTKH, BHIpAOOTAaHHBIE TIPOCTPAHCTBA MIAXTHI U CUCTEMa Ta300T-
coca. Pemenue 3amaum onmtmmuzanuu GyHKIIMOHUPOBAHMS B TAaKOW KOMIUIEKCHOMN
MIOCTAHOBKE SIBJISIETCS] BA)KHOM HAYYHO-NPAKTUYECKOM 3a/a4el, 10 CUX MOP B MOJHOU
Mepe He pelieHHOW. OTeNbHbIe €€ JIEMEHThl U3yYaJIUCh YUYEHBIMU U CIELUaINuCTa-
MH MHOTHX opranm3anuii Ykpaunsl (MakHUU, HouYI', HUUT'J, HT'Y, JouHTY
u 1p.), a Takxe Poccuiickoit @enepanuu, Pecyonuku Kazaxcran, [Tonbimm u npyrux
3apyOexkHbIX cTpaH. Eciu 3amaun pacdera u ynpaBiaeHUs BO3yXOpaclpeleIEHUEM B
IIBC ¢ ynpouieHHbIM (B BUJI€ pa3IUYHBIX TUIIOB yTEUYEK BO3/1yXa) MpeACTaBICHUEM
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BbIPaOOTaHHOTO MPOCTPAHCTBA B €r0 PACUETHOW CXEME B OCHOBHOM pa3pabOTaHbl U
3G (PEKTUBHO HCIMOJIB3YIOTCS, TO U3YYEHUE BBIPAOOTAHHOTO MPOCTPAHCTBA M MPEA-
CTaBJICHHE €ro (B COCTaBE€ MMHUTAIIMOHHON MOJIEIN MPOBETPUBAHMS) U YBA3KA BEHTH-
JSUMOHHBIX M JIETa3allMOHHBIX MEPOIPUATHIA MO €€ 00CTyKUBAaHUIO OCTAETCS CIIOXK-
HOH 3aJ1a4ueHn.

MaremaTtuueckass MoJiesid BbIpaboTaHHOTO TpocTpaHcTBa npuBenaeHa KO.M. T'o-
BopyxuHbIM (CuOI'MY). Jlyig nmoBbIlLIEHUS TOYHOCTH MPHU MPOTHO3E pacipeneseHus
MIPOHUIIAEMOCTH U MAKpOILIEPOXOBATOCTH B Mpejieiax 30Hbl OOpYLIEHUs paccMaTpu-
BAETCSI HECKOJIBKO IMOINEPEYHBbIX CEUEHUH, MapajuienbHbIX JaBe. [Ipu 3ToM paccmar-
pPHUBAETCS MEPEXo]l K TPEXMEPHON MO/IeNId BIPaOOTaHHOI'O MPOCTPAHCTBA, 00bEM KO-
TOPOT0 3aJa€TCS B KAYECTBE UCXOAHBIX TAHHBIX.

Amnanornunsiii metof npeasioxked A.K. Akum6ekoBbim u [1.B. Emenunsim (Kapa-
ragguHckuii ['TY). B Hem ¢ nensio ocpennenus: GUIbTPallMOHHBIX TTOTOKOB, HA OC-
HOBE 3KCIEPUMEHTAIBHBIX U TEOPETHUECKUX HCCNeoBaHUi Obuta pa3paboTaHa Je-
TEPMUHUPOBAHHAS MOJEIb KBa3MaHAJIOra a’pora3oJMHaMUKH BBIPAOOTAHHOTO MpPO-
CTpaHCTBa JOOBIYHOTO y4YacTKa; B BHJIE CETOYHOM 00JIACTH, MOKPHIBAIOILIEH BCE BbI-
paboTaHHOE MPOCTPAHCTBO C MPHUJAAHHEM BETBSAM, 3aMEHSIOIIUM €€ JJIEMEHTHI, OC-
pPEAHEHHBIX 3HAYEHUI CBOICTB MapaMeTpoB (QUIbTPAIIH.

Haubonee nonnas tpexmepnas monensd npemioxeHa B UI'MTM HAH VYkpaunbt

(puc. 1)

| "

1 — koHBelepHBIH MTPEK; 2 — BEHTWISIIMOHHBIN MITPEK; 3 - HEKOHTPOJIUPYEMasi BO3LyXOOTBO/Is-
mas Beipabotka; |, I, 111 — cooTBeTcTBEHHO 30HBI BHIPAOOTAHHOTO MPOCTPAHCTBA C TYpOYJICHT-
HBIM, TIEPEXOIHBIM 1 JAaMHUHAPHBIM PEXXMMOM JIBIKEHUS yTEUeK BO3Ayxa; 4 — BBIHUMAaeMbIi yua-
CTOK TIJIaCTa; 5 - OYMCTHAs BIPa0OTKa; 6 — BEIPAOOTAaHHOE MPOCTPAHCTBO; 7 — CBEXas CTPys; 8§ —
MOJICBEKAIOIIAs CTPYA; 9 — UCXOAIIast CTPYS U3 OUUCTHOTO 320051 10 — yreuku Bo3myxa

Pucynok 1 — Pacnipenenennie BO3IylIHBIX Macc B CUCTEME «TOpPHBIE BEIPAOOTKH- BRIpAaOOTaHHOE
MIPOCTPAHCTBO» (CXeMa MPOBETPUBAHHUS BEHIEMOYHOT'O Y4aCTKa MPSIMOTOYHAS C
nojiceexxenueM 2-B-H-B-niT)

BBeneM HekoTOpble omnpeieneHust (COOTBETCTBYIOIIUE puc. 1), KoTopble OynyT B
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JNaTbHENIIEM M3JI0)KEHUW HAMH MCIIOJIb30BAThCA U B HEKOTOPBIX CIIydasgX MOTYT OT-
JIUYATHCA OT OOIIETPUHSITHIX MTOHSATHM.

1. 'opnas BeipaboTka — 3nemeHT LIIBC (B pacueTHON cXeMe Ha3bIBAETCsl OOBIYHO
«BETBBIOY»), TPEAHA3HAUCHHBIM JJISI TIPOBEJCHUS TEXHOJOTHUYECKUX, TPAHCIIOPTHBIX
orepaluii, a TakKe JOCTaBKH CBEXKEro BO3JyXa K 00BbEKTaM - MOTPEeOUTENsIM U yaAa-
JIEHUS U3 HUX OTPabOTaHHON BEHTUISIUMOHHOM cTpyu. B Hamem paccmorpenuu (pu
HCCJIEI0BAHUM KOMIUJIEKCHOM CHCTEMbl MPOBETPUBAHUS BBIEMOYHOI'O Y4yacTKa) OC-
HOBHBIMU TOPHBIMU BBIPAOOTKAMHU SIBJISIFOTCS J1aBa, OTKATOUYHBIA W BEHTHJISIIMOHHBIH
(B pszle ciydaeB HEMOIEPKUBACMBIN) IITPEKU. DTU BHIPAOOTKH OKOHTYPHUBAIOT BHI-
paboTaHHOE MPOCTPAHCTBO M OCYIIECTBISIOT €ro a’porazoMHAMHYECKYI0 CBSA3b C
ocHoBHo# [IIBC. 3akoH ABM»eHUsI BO3JyXa B HUX MPUHUMAETCS TYpOYJICHTHBIM C
NIOKAa3aTeJEM CTEIIEHH, PABHBIM 2.

2. BripaboTaHHOE MPOCTPAHCTBO — 30HA OOpYIIEHUs (B HAIllEeM Clyyae - 3a JBH-
KYLIEHCsl JaBoil), SBIISIOIIEECS BBICOKOMPOHUIIAEMOM Cpelloil, cocTose u3 OT-
JENbHBIX OJIOKOB C PAa3JIMYHBIM 3aKOHOM (PMIIBTPALIMOHHOTO JBH>KEHHS Bo3ayxa (ot 1
1o 1,5 — 1,7 BHyTpu BeIpaOOTaHHOTO MPOCTPAHCTBA, U 2 — HA €r0 TPaHuIaX, B MECTaxX
KOHTaKTa ¢ OKOHTYPUBAIOIIUMH BbIpaOOTKaMu). [[BrkeHHE BO3AyXa MO BBIPAOOTKAM
C JOCTATOYHOM ISl MPAKTUYECKUX PACUETOB TOUHOCTHIO MOKHO CUUTATh TypOYyJIEHT-
HeIM (N = 2). B 30Hax 00pyIeHus HaOmogaeTcss GUIbTPAlIMOHHOE TEUYCHHE BO3AyXa
4yepe3 KpPYIMHOKYCKOBYIO IMOPUCTYIO Cpelly. DTOT BUJ JABUKEHUS 3HAUUTEIBHO OTJIU-
YaeTcsl OT KJIACCUYECKOr0 TEM, YTO AK€ IPU HE3HAYUTEIbHBIX NIEpenaaax IaBJICHUS
U 1ebuTta Bo3ayxa HabI01aeTcsa 3aMeTHOE JICMCTBUE KaK BA3KOCTHBIX, TAK U MHEPIIH-
OHHBIX CHJI. YKa3aHHBIE CHJIbI ONPENEISAIOT 3aKOH (UIBTPALMM YTEYEK BO3JyXa B
BBIPa0OTAaHHOM MPOCTPAHCTBE.

3. AspoarHaAMUYECKHE XapaKTEPUCTUKU BbIPaOOTAHHOTO MPOCTPAHCTBA OIpejie-
JSIOTCA CTPYKTYpPOH (DUIBTPAIIMOHHBIX MMOTOKOB B HEM, YTO SIBIISIETCS BA)KHBIM dJie-
MEHTOM O0OecrieueHrs 0€30MacHOCTH BEJICHUS TOPHBIX PaboT.

4. VccnenoBanue GUIbTPAIMOHHBIX MOTOKOB B BBIPAOOTAHHOM MPOCTPAHCTBE
MOKET OCYIIECTBIATHCS HA MMHTAIIMOHHONW MOJIEIH, TIPEJACTABIISAIONICH cO00i COBO-
KyITHOCTh KJIACTEPOB, (HOPMUPOBAHHE KOTOPOI U MCIOIB30BAHKE B MPOIIECCE YIIpaB-
JICHUS a3pOra3oquHAMHYECKUMU MMapaMeTpaMu OyJIeT 0XapaKTEPU30BAHO HHXKE.

5. Knactep — yacTh BhIpaOOTAaHHOTO MPOCTPAHCTBA, BHYTPU KOTOPOU JBHIKCHHE
METAHOBO3AYIIHOW CMECH MOJUYMHSETCS Pa3HOCTENECHHBIM 3aKOHAM, YTO YHPOLIAET
MMUTAIMOHHYIO MOJIENTb CUCTEMBI «TOPHBIE BHIPAOOTKH — BHIPAOOTAHHOE MPOCTpaH-
CTBO — CUCTEMA Jera3aiim».

PakTHYEeCKMEe MaKCUMAJIbHBIE PACXO/bl METAHA HA Ta300TCACHIBAIOIINX YCTAHOB-
KaX, OOJIbIII€ PACYETHBIX YTO MOJTBEPKIAET CYIIECTBEHHOE BIMSIHUE paCIpeleTICHUS
(GUIBTPAIIMOHHBIX MMOTOKOB Ha COCTOSIHHE MPOMBIIIUICHHON 0€30MaCHOCTH U DKOJIO-
run. VccnenoBanue ABMKEHUS METAHOBO3IAYITHOW CMECH 4epe3 BhIpabOoTaHHOE TP O-
CTPAHCTBO BBITIOJHSIIOCH C MCIIOIb30BAHUEM KJIACTEPHBIX Mojienei (Tabi. 1).

AsporazoilMHaMUYECKUE MapaMeTphbl KJIACTEPHON MOJEIN BbIPAOOTAaHHOrO MpO-
CTPAHCTBA C YYETOM IMOMEIIEHHBIX B HETO CPEJICTB BAKYYMUPOBAHUS UCCIEIOBAIUCH
B UI'TM HAH VYkpaunst [5]. B BeipaO0TaHHOM MPOCTPAHCTBE BBIICICHBI YETHIPE
KJIacTepa, TOUKA CTHIKOBKM BCEX YETHIPEX MPUXOJUTCS HA MECTO YCTAHOBKH ra300T-
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coca. Paznenenue BbIpabOTaHHOTO MPOCTPAHCTBA B MECTE YCTAHOBKU YCTPOKCTBA Jie-
ra3alliOHHOM CHCTEMBbI, CO3/IAIOLLIEr0 Pa3pEKEHUE, BBIMOIHAETCA Ha TAKOE KOJIHYECT-
BO YUYaCTKOB, YTOOBI B KaXKJJOM M3 HUX U3MEHEHHE JIaBJICHUs] ObUIO JIMHEHHBIM BHYT-
PH U IO KOHTYPY y4acTKa.

Tabmuua 1 - KoMnoHeHTHI TeOpuH IBMKEHUSI METAaHOBO3IYIITHON CMECH B TOPHBIX BBIPAOOTKAX H
BBIPa0OTaHHOM IMTPOCTPAHCTBE C YUETOM KOMIUIEKCHOTO JCWCTBUS BEHTHIIALIMOHHBIX H JeTa3alio H-
HBIX MEPONPUATUH IO IPOBETPUBAHUIO BBIEMOYHBIX Y4aCTKOB

CtpykTypa Teope-
TUKO-MHO>XXCCTBCH-
HOM MOJENN Kia-
cTepa «BbIpaOOTaH-
HOE NPOCTPAHCTBOY»

Knacrep onuchIBacTcs TeOPETUKO-MHOKECTBeHHOU Mojenbio {G, Z, M, P},
rae {G} - npocTpaHCcTBO pasMmelneHus kimactepa; {Z} — 3aKOHBbI JBHKECHUS
Bo3ayxa B HeM; {M} — MHOXKeCTBO JIMHUI yTeYeK METaHOBO3YIIIHOM CMecH
B BBIPAaOOTAHHOM IPOCTPAHCTBE (3JIEMEHTE MHOIOIOJIIOCHON CTPYKTYpHI);
{P} - aspouiHamMuyeckue mapameTphbl

PopMHpOBaHHE
MIPOCTPAHCTBEHHBIX
KIIACTEPOB

{G, Z, M, P}

[Ipn mocTpoeHuun JMHHNM TOKa yTe€deK BO3AyXa IPU IPOBETPUBAHUHU BBI-
€MOYHOI'0 yJyacTKa 3a CYeT OOIIeNIaXTHOM JeNpeccuy U HaJUu4us CUCTEMBI
Jiera3aluy BeIpaOOTaHHOTO MPOCTPAHCTBA IpelycMaTpUBAETCs, YTO H3Me-
HEHUE JaBJieHUS BHYTPU BBIPAOOTAHHOI'O MPOCTPAHCTBA HOCUT KYCOYHO-
JMHENHBIN Xxapakrep. Pemienue 3Toi 3aa4M OCYHIECTBISIETCSA 3a CUET pas-
JieNieHusl BhIpaOOTaHHOTO IMPOCTPAHCTBA B MECT€ YCTAaHOBKM YCTpPOMCTBa
CHUCTEMBI J€Ta3alliH, CO3AAIOMIEr0 pa3peKeHNe, HA TAKOE KOJIUYECTBO Kila-
CTEPOB, yTOOBI B KaXXJ10M N3 HUX HU3MCHCHHEC OAaBJICHUA OBLIIO JIMHEHHBIM
BHYTPU U IO KOHTYpY yuacTka (kiactepa). Ilocrne sToro aHamuTH4eCKUM
METOJIOM CTPOUTCS KapTHHA PACIPEICIICHUs YTeUeK JUIsl KaKIO0ro KiacTepa.
OObennHeHne TMHAN TOKA yTe4eK BO3/1yXa CMEKHBIX Y4aCTKOB IPOBOJUTCSA
IyTeM OIpe/eNeHusl OOMX MOCTOSHHBIX UHTEIPUPOBAHUS YPaBHEHUH JIH-
HUU TOKA JUIsl COCEHUX CTBIKYIOIIMUXCSI KIACTEPOB.

dopmupoBaHHE

JINHUH TOKA yTeYEK

BO3]lyXa B BbIpado-

TaHHOM IMPOCTpaH-
CTBE

JIuHUM TOKa yTe4YeK METaHOBO3IYIIHOW CMECH uepe3 BhIpaboTaHHOE Mpo-
CTPaHCTBO XapaKTepU3YIOTCA PE3YJIbTUPYIOIIUM MOTOKOM, OINpeAeIsieMbIM
yTeM CYMMHPOBAHHUS BEKTOPOB CKOPOCTH MOTOKA, 0OYCIOBICHHOTO JIEHCT-
BHEM OOIIEIIAXTHON JEMPECCUH U Pa3pexeHNEM, CO3IaBaEMbIM CPEACTBAMHU
Jiera3alyy; Ha KaKJIOM XapaKTepHOM y4acTKe JMHHUHM TOKa OIMUCBHIBAIOTCS
KYCOYHO-HETIPEPHIBHBIMU (DYHKIIUSMU, KOTOPBIE SBIISIOTCA KPUBBIMU BTOPO-
ro nopsijaka. Bepumael neperu6a TMHUNM UCTOKOB ONPEIEIAIOTCA KOOPAUHA-
TaMU YCTaHOBKU CPEACTB 0TOOpa METAaHOBO3IYIIHOM CMECH, a KpyTU3HA JIH-
HUN — COOTHOIIEHHEM a0COJIOTHBIX 3HAYCHHWH JTaBJICHHUI Ha TpaHHIIaX BbI-
paboTtanHoro npocrpancTBa. @opMUpOBaHUE JTUHUN TOKA yTEUeK BO3ayXa B
BbIPa0OTaHHOM MPOCTPAHCTBE OTMpEeseT UX KOH(PUTypauio U MecTa Io-
CTYIUICHHMs] METaHOBO3YIITHOM CMeCH U3 BBIPAOOTAaHHOTO MPOCTPAHCTBA B
BBIPAaOOTKH M K CpEJICTBaM razootcoca [3, 4]

YcraHoBieHUE
3aKOHOB JIBIKCHUS
Bo3ayxa {Z} B
BBIPaOOTaHHOM TPO-
CTPAHCTBE

VYcraHoBIeHO, 4T0 {Z} U3MEHSETCsl B 3aBUCUMOCTH OT 0TX0/1a ()pPOHTA OUH-
CTHBIX paboT OT TypOYJIEHTHOIO K JIJAMUHApHOMY; Ha pacCTOSHUU MpUOIu-
3utenbHO 200M OT IBMKYILEHCS JIaBbl MOKa3aTelb TYpOYJIEHTHOCTH COCTaB-
aser 1,5 - 1,7. YTOUHEHO COOTHOLIEHHME TAKMX YyYacTKOB Ha KJIACTEPHOU
MOJIEJU BhIpabOTaHHOTO NPOCTpaHCTBA [2]

dopmupoBaHue
6aszuca MHOTOIIO-
nrocuukoB {M} u
pacuer ux a’pojau-
HaMUYECKHX Tapa-
meTpoB {P}

[Tepexon k moTokoBo# (cereBoit) moaenu [IIBC BbIMONHAETCS C HCTIONB30-
BanueM {M}. BripaboTaHHOE MPOCTPAHCTBO MOKET OBITH PPEKTHBHO OMU-
CaHO MHOTOIIOJIFOCHOM CEeTeBOW CTPYKTYpOM ¢ ONpeeNieHHeM a3porazoiu-
HaMHUYECKUX XapaKTePUCTHK Ha ee rpaHullax (BO3AyXOMOJar0IeM 1 BEHTH-
JSIMOHHOM IITpPEKax JIaBbl), AaIPOKCUMALIMOHHBIE XapaKTEPUCTUKUA KOTOPOI
OTIPEJICTISIFOTCS aJAITUBHBIM METOIOM NOY3JI0BO# HeBsi3kH [1, 2]
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[Tocne 3TOro aHaAMTUTUYECKUM METOAOM CTPOUTCA KapTUHA PACHPEACICHUS YTe-
YeK i Kaxaoro ydyactka. Mcnonb3oBanue paspadoranHoro B UI'TM HAH VYkpau-
HBI PACUYETHOTO METO/A MO3BOJSECT MPOCIEAUTD U3JIOMbI JINHUWA YTEUYEK MO HaIlpaBie-
HUIO K T'a300TCOCY U, CIEIOBATEIBHO, OTKIIOHEHUE UX OT MECT BO3MOYKHOT'O BBIXOJA
Ha BEHTWISILUOHHBIN IITPEK, YTO CHUKAET MOCTYIJIEHHE METAHOBO3YIIIHOM CMECH B
HCXOJISIIYIO CTPYIO IIAXThI, YTO TMOJIOKUTEJIBHO BIUSET KaK HA YPOBEHb OOIIEH, Tak
1 HKOJIOTMYECKOM 0€30MMacHOCTH.

Hcnonb3oBanue KiIacTEpHOM MOJAENU BbIPAOOTAHHOTO MPOCTPAHCTBA IO3BOJIUT
PELIUTh CIEAYIOIIUE OCHOBHBIE 3a/1a4N:

- pacuer ectecTBEHHOro Bosnyxopacnpenenenus B [IIBC ¢ nensro moareepxkie-
HUS MPABUWIBHOCTU MPHUHATON ISl pacyeTa TOIMOJOTHYECKON M a’3pOJAMHAMHUYECKOM
uHGOpMAILIMKM U paclpeieNieHus] KOJIMYecTBa BO3AyXa, MOCTYNAIOLIEro Ha MPOBETPHU-
BAHUE BHIEMOYHBIX YYACTKOB;

- (opMUpOBaHHE KBA3UCETEBON a’pPOAMHAMHYECKON MOJEIN B BUJIE CUCTEMBI
KJIACTEPOB, MOJICIIUPYIONINX BbIPAOOTAaHHOE MPOCTPAHCTBO. Buj, cTpykTypa U KOJIu-
YECTBO KJIACTEPOB HE PETJIAMEHTHPYIOTCS, M OINPEIEISAIOTCS TEXHOJIOTOM C y4ETOM
KOHKPETHBIX 0COOEHHOCTEH MOJIETMPYEMOro 00BEKTa;

- pacueT QpuIbTpaIy Tra30BO3/YIIHON CMECH Yepe3 BhIpaOOTaHHOE TPOCTPAHCTBO
BBIEMOYHOI'0 y4acTKa C YYETOM COBOKYITHOTO B3aUMOJICHCTBUSI BEHTWISATOPOB TJIaB-
HOT'O MPOBETPUBAHUS U CUCTEMBI BAKYyM-HACOCOB U ra300TCOCa;

- hopMupoBaHue «00IICH» (Ha OCHOBE OCHOBHOM CXeMbI peabHbIX BeTBel IIIBC
M KBa3UCETEBBIX adPOAMHAMUYECKUX MOJIeNIel BHIPAaOOTAHHBIX MPOCTPAHCTB, MPUMBI-
KaIOIIUX K BHIEMOYHOMY YYacTKY);

- pacueT eCTECTBEHHOTO BO3yXOpaclpeeieHus] B «00IIei» a’dpoAnHaAMUYECKO
monenu [IBC ¢ yueTom paGoThl Aera3aliliOHHON CUCTEMBI.

B 3aBucumocty oT Hanu4usi UHPOPMAIIMU B COOTBETCTBYIOIIETO METOAMYECKOTO0,
AITOPUTMUYECKOTO M MPOTPAMMHOTO O0ECIIEYEHUsI MOXKET OBITh pElIeH U Pl JIpY-
rUX 3a/iad, YIOMUHABIIUXCS BbIIIE: (OPMHUPOBAHUE JUHUN yTeueK uepe3 BbIpado-
TaHHOE MPOCTPAHCTBO IS PA3JIMYHBIX CXEM IPOBETPUBAHUS BBIEMOYHBIX YYaCTKOB,
yIpaBlieHne WX KOH(MUrypamue A pa3IudHbIX CXeM MPOBETPUBAHUA M MECT pac-
MIOJIOKEHUS CUCTEM Jera3alyy, ONTUMHU3ALNSA MECT YCTAHOBKH CPEACTB ra300TcocCa,
U JIp.

[Ipn maTemMaTHYECKOM MOJAEIMPOBAHUU a3POJWHAMUYECKUX IMPOLECCOB B CHUCTE-
M€ «TOpPHBIE BBIPAOOTKH — BBIPAOOTAaHHOE MPOCTPAHCTBO — CPEJICTBA JETa3alliud»
MIPUHSTHI CIEAYIOIINE JONMYIICHUS:

1. BpeMs nrHaMUYHBIX U3MEHEHUN ra30BO3YIIHOIO PEXKHMa BBIEMOYHOI'O yya-
CTKa JICIUTCA HA J[Ba MEPHOJIa: BpeMs OT Hadasia paboThl OYHCTHOTO 32005 10 ¢op-
MHPOBaHUS MPAKTUYECKUA MOCTOSHHOM 30HBI YT€UEK BO3AYyXa, U BPEMs MPOTECKAHUS
OoJee WM MEHEE CTAIIMOHAPHBIX a3POTa30/IMHAMUYECKHUX MTPOIIECCOB.

2. Bo3nyx, mocTynaromuii B MEPBBIA MEPHUOJ K OYUCTHOMY 330010, JIEITUTCS Ha
TPHU COCTABIIAIONIMX: MOTOK IO JIaBe, MOTOK IO MOTaliaeMoil BIpabOTKE, YyTEUKH Ye-
pe3 BelpaboTaHHOE MPOCcTpaHCTBO. [loTok Mo naBe nocrosHeH. JeOut moroka mno mo-
ranaeMoi BeIpa0OTKE B XO/JI€ MOJBUTAHUSI JIaBbl CHUYKAETCS, @ YACTh BBIPAOOTaHHOTO
MPOCTPAHCTBA BCJIEACTBUE YIUIOTHEHUS TOPOJ CTAHOBUTCS BO3AYXOHEITPOHUILIAEMOM.
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3. nuHa y4yacTka BBIpaOOTaHHOTO MPOCTPAHCTBA, Yepe3 KOTOPBIA MPOMCXOJAT
YTEUKU U3 JIaBbl Ha HEMOJJCPKUBAEMYIO BBIPAOOTKY, OCTAETCS] MPAKTUYECKHU TTOCTO-
SIHHOM.

4. C MOMEHTa PacKpBITHsI HKCIUTyaTallHOHHBIX TPEIIWH B MTOPOIHOM TOJIIE KPOB-
JU B BEHTWISILIUOHHYIO BBIPAOOTKY BBIHOCUTCS Ye€pe3 pa3pe3Hyto mneub 25-55 % Bo3-
IyXa, NMOJaBa€MOro Ha BBIEMOYHBIN y4acToOK, a 30-70% cOCTaBIAIOT yTEUKH 4Yepes
BBIPaOOTaHHOE MPOCTPAHCTBO.

6. [lopuctast cpena BbIpabOTaHHOTO MPOCTPAHCTBA C TOYKH 3PEHUS €€ BO3IYXO-
MPOHUIIAEMOCTH B HANpaBICHHUH, MapasieIbHOM OYHCTHOMY 3a0010, CUMTAETCS OJ-
HOpoHOW. OTHOPOTHOCTh MOXKET HAPYIIAThCS MPHU MOAJEPKaHUU BBIPAaOOTOK H30-
asTopamu (HampuMmep, OyTOBBIMU moocamMu). [IBmkeHne BOo3ayxa Mo BEIpabOTaHHO-
My TIPOCTPAHCTBY, KaK OBUIO CKa3aHO BBIIIEC, MOXXHO OTHECTH K (QUIIBTpAIIUH Ta3a ue-
pe3 MOPUCTYIO Cpery.

Koaddunmentsr u napamerpsl GUIbTpalMu pa3aeisioTcs Ha Clenylolue rpyn-
TIBI:

- TapaMmeTpsl, XapakTepHu3yrolne (QUIbTpalMOHHBIE CBOWCTBA BBHIPAOOTAHHOTO
npoctpancTsa: K,- Koo GHIHEHT MPOHHIIAEMOCTH BEIPAGOTAHHOTO [POCTPAHCTBA M°;
I' — KO3 PUIHEHT MAKPOTPEUTMHOBATOCTH CPE/Ibl, M; € — KOA(G(UIIUECHT MOPUCTOCTH
KyCKOBOT'O MaTepHara,

- TIapaMeTphl, XapaKTEePU3YIOIIUEe COCTOSHUE METAaHOBO3MYIITHONW CMECH, JIBUXKY-
IIEerocst 4epe3 BHIPaGOTAHHOE MPOCTPAHCTBO: p — IIOTHOCTH Bo3ayxa, K[ cex”/ M”; i
— BSI3KOCTB Bo3yxa, K[ cex/ M

- TTapaMeTphl, XapaKTEPU3YIOIINE T€OMETPHUIO 30HBI YTEUEK BO3/lyXa Yepe3 BhIpa-
GOTAHHOE MPOCTPAHCTBO: F — momans 30HBI GuibTpamud, M>, L- [IHHA 30HBI
GunbTparuu, M; d,, — IKBUBAJICHTHBIN TUaMETp 30HbI (DUIIBTPALINY;

- MapaMeTpbl, XapaKTEPU3YIOIIHNEe PEKUM IMPOBETPUBAHUS U TOPHOTEXHUUYECKHE
YCJIOBUS BBIEMOYHOTO y4acTka: h, .- Tiepenaj 1aBieHus BO3IyXa yepe3 BhIpaboTaH-
HOE IPOCTPAHCTBO, MM BOJ,. CT.; Q,,, — BeJIM4YHHA yTeYeK BO31yXa 4epe3 BbIpaboTaH-
HOE TIPOCTPAHCTBO, M/ C;

- KO3(pUIMEHTHI, XapaKTepU3yIOLIMe PEXKUM JIBIKCHHS BO3/lyXa depe3 BbIpabdo-
TaHHOE IPOCTpaHCTBO: Re — umcino PeitHonpiaca; f - Oe3pasmepHblii KO3 GUIIUESHT
a’pOJIMHAMUYECKOT0 CONIPOTUBIICHHS BBIPAOOTAHHOTO MPOCTPAHCTBA; N — OKa3aTelb
JBIDKEHHUS BO3/TyXa Uyepe3 MOPUCTYIO Cpeny.

Ha nepBom atane pador B UI'TM HAH Vkpawuns! [3- 5] yctaHoBieHsl rpadoaHna-
JUTUYECKHE 3aKOHOMEPHOCTU ABM)KCHHS METAHOBO3AYIIHONM CMECH yepe3 BbIpado-
TaHHOE MPOCTPAHCTBO MOJ BIMSHHEM OOLICIIaXTHOM JIENPECCUU M CPENCTB BaKyy-
MUPOBaHHUS (7151 YCIIOBUH IJIOCKUX ITOTOKOB).

[IpennoxeHHast KjJacTepHasi MOJI€Tb BRIPAOOTAaHHOTO MPOCTPAHCTBA MOXKET MpPU-
MEHSTBCS JIJIsl IPUHATHS ONEPATUBHBIX PEIICHUH M0 U3MEHEHHUIO HAlpaBiICHUs J1BU-
KEHMs yTeueK ra30BO3AYIIHON CMECH B XOJI€ YNPaBJICHUS BO3AyXOpacIpeaeIeHuEeM
BBIEMOYHOT'O y4acTKa.
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AHoTauis. BupoOneHuil mpoctip ByriibHOT IaXTHU € BUCOKOIIPOHUKHUM CEpPEOBHILEM. 3aKO-
HU PYXY METaHOTMOBITPSIHOI CyMillll B HhOMY BHUBYEH1 HEJIOCTATHbHO, 110 MPUBOIUTH 0 3HUKEHHS
TOYHOCTI PO3PaxXyHKY MOBITPOPO3NOILTY Y BEHTUIIAIIAHINA Mepexi maxtu. [y onucy BupobieHo-
ro MPOCTOPY 3apPONOHOBAHO BUKOPUCTOBYBATH €JIEMEHTH KIIACTEPHUX CTPYKTYP. XapaKTePUCTUKU
KJIaCTePIB OMHUCYIOTHCS TEOPETUKO-MHOXKUHHUMHU MoAesIMU. OcoONIMBICTIO KITACTEPHOTO MOJEIIO-
BaHHS BUPOOJICHOTO TIPOCTOPY € MOKJIUBICTh OIIIHKK XapakTepy pyxy GuIbTpamiiiHuX MOTOKIB, 1110
JI03BOJISIE CIIPSIMYBATH iX 10 3acO0IB ra30BiICMOKTYBAaHHS 1 3aMpOINOHYBAaTH €(EKTUBHE PO3Tallly-
BaHHS 3ac00iB BaKyyMYBaHHs Y BUPOOJIEeHOMY TIpocTOpi. TeXHIUH1 pillleHHs, TPUHHSITI 3 BUKOPH C-
TaHHSIM PO3POOJICHOT KJIAaCTEPHOT MOJIEII CUCTEMH «TIpHHYI BUPOOKH - BUPOOJECHUN MPOCTIP» I0-
3BOJISIFOTH 3MEHIIUTH BUXIJ METaHy 3 BUPOOJIEHOTO MPOCTOPY y BUTIKAIOUMN CTPYMiHb IIAXTHU 1 Ha
3eMHY ITIOBEPXHIO.

KurouoBi cjioBa: xiactepHa MoJielb, IPOHUKHICTh TBEPAOTO CEPEIOBUIIA, 3aKOHU PYXy MOBi-
Tps1, TA30BIACMOKTYBaHHs, BUPOOJICHHH MPOCTIP.

Abstract. The produced space of coal mine is a high-permeable environment. The laws of mo-
tion of methane-air mixture in it are studied unenough, that air-distribution results in the decline of
exactness of calculation in the ventilation of mine. For description of the produced space it is sug-
gested to use the elements of cluster structures. Descriptions of clusters are described by theoretical-
multiple models. Possibility of estimation character of motion of filtration streams is the feature of
cluster design of the produced space, that allows to send them to facilities of degassing, and offer
the effective location of facilities of degassing in the produced space. Technical decisions accepted
with the use of the developed cluster model of the system «mine workings - produced space» to de-
crease the exit of methane from the produced space in the outgoing stream of mine and on an earth-
ly surface.

Keywords: cluster model, permeability of hard environment, laws of motion of air, produced
space.

Cmamuws nocmynuna 6 pedaxyuro 08.10.2014
Pexomenoosano x nyoauxayuu o-pom mexu. nayk A.I1. Kpykoeckum
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MINING AND GEOLOGICAL FACTORS OF METHANE
ACCUMULATION IN THE UNDERMINED COAL-ROCK MASSIF

AHoTanis. Po6oTa mprcBsSYeHa BU3HAYCHHIO TIPHHYO-TEOJIOTIYHUX YMOB, IO BIUIMBAIOTH Ha
MepePO3MO/AlI METaHy B MIIPOOIEHOMY BYTJICIIOPOTHOMY MAacHBi, Ta BCTAHOBJICHHIO 3aKOHOMIPHO-
CTe HaKOMWYEHHS] TEXHOI€HHUX PECypCiB METaHy 3aJIeKHO BiJl F€0JIOTTYHOI Oy/0BU BYIJIEHOCHOT
TOBIIL. IpyHTYyIOUKCH Ha pe3ybTaTax J0CIiIKEHb, BCTAHOBIEHO, 110 s JloHenbKO-MakiiBCHKOTO
paiiony Jlon6acy xapakTepHUM € 30UTbIIEHHS KOHIIEHTpAIlll HAKOMUYCHUX TEXHOTCHHUX PECypCiB
METaHy B MiAPOOJICHOMY BYIJICTIOPOJHOMY MAaCHBi B HANIPSIMKY 3 TMIBJICHHOTO 3aX0/1y Ha IMIBHIYHUI
cxin. BuszHadeHo, 110 OCHOBHUM YMHHHKOM 30UThIIEHHS KOHIIEHTpPAIlli HAKOMTMYCHUX TEXHOTCHHHUX
pecypciB MeTaHy B MICKOBHKAX y MIBHIYHO-CXITHOMY HANPSIMKY € 30UTbIICHHS TIIMOWHU 3ajIsTaHHs
BYIUICHOCHOT TOBIITI, @ JUIsl BYT'UIBHUX IUIACTIB-CYITYTHUKIB — 30UIBIICHHS iX KITBKOCT1 Ta IOTYKHO-
CTI B IbOMY HANpsMKY.

KurouoBi ciioBa: MeraH, miapoOJICHHI BYTJIEIOPOJHUA MacHB, ITICKOBUKH, 3aKPUTI IIIAXTH.

Beryn. B ymoBax cborojgeHHst B YKpaiHi CIIOCTEpIraeThbesi CTiMKa TEHACHITIS CKO-
POYCHHS KUTBKOCTI BYTUIbHHX mIaxT. OKpiM TOr0, BXKE € BeJIUKa KUIbKICTh CTapHX 3a-
KPUTHUX IIaXT, TOMY IpoOjieMa BUIYYCHHS METaHY 3 BYTJICIIOPOJHOIO MACHUBY 1 Tip-
HUYUX BUPOOOK 3aKPUTHX IIAXT € aKTYaJbHOIO K 3 €EKOHOMIYHHUX, TaK 1 3 €KOJIOTi4-
HUX TO3WIii. 3apa3 Ha TepuTopii ykpaiHcbkoi yacTuHU JloHOAcCy HapaxoBYEThCS
6mm3pK0 120 3aKpUTHX MIAXT, TaKa X KUIBKICTh MIAXT BU3HAHA O€3MEPCIEKTUBHUMU 1
iX TOTYIOTH 10 KOHCEpBaIlii Ta moeTanHoi JikBigamii. [Iporec 3akpuTTs CynpoBOIKY-
€THCSI TTOJATIBIITUM BUAUICHHAM METaHy, SIK B MOTaIIeHi a00 130Jb0BaHi BUPOOKH, TaK
1 B BUpOOJICHHUI TIPOCTIp 3yNMHEHUX OuMCHUX BHOOiB. [Ipu 11bomy, 3 yacom, MeTaH
MITpy€ TI0 TEXHOTCHHUM TPIIIMHAM JI0 3€MHOI IMOBEPXHI CTBOPIOIOYHM 3arpo3y Hace-
JICHHIO Ta 00’€KTaMm, M0 PO3MIIeHI Ha TEPUTOPil TIPHUYOTO BiIBOY 3aKPUTOI IIaX-
Ti. OKpIM TOTO BTPAYaEThCS 3HaYHA KUIBKICTh METaHY, SIKHH € €KOJOTTYHO YUCTUM
BUJIOM TlaiBa. BU3HAYEHHS TIPHUYO-TEOJIOTIYHUX YMOB TMEPEPO3NOLTY METaHY B
MiAPOOJICHOMY BYTJICTIOPOTHOMY MAaCHUBI JIO3BOJUTH 3AIMCHUTH pealizallito po3po0oK
3 HaAIITHOTO BCTAHOBJICHHS MTApaMETPIB PO3MOBCIOI)KEHHS] TEXHOT€HHUX MOKJIA/IIB
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