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HOPMATHUBHBLIE CCBIJIKH

B Hacrosmiell nuccepTralMd MPUMEHSUIMCh W WCIOJIb30BAHBI CCBHUIKM Ha
CJIEYIOIINE CTAaHAAPThl M HHCTPYKIIUH:

I'OCT ISO 562—20121) VYronp kaMeHHBIM M KOKc. OmnpeneneHue BBIXOA
JETY4YHX BEUIECTB

I'OCT ISO 5071-1-20121) Yrmu Oypsie u aurautel. OmnpenesieHne BbIXOoAa
JIETY4YUX BEUIECTB B aHATUTHUECKOM nmpobe. YacTts 1.

I'OCT ISO 7404-3-20122) Metoap! netporpaduueckoro ananuza yriei. Yacts
3. Meron onpenieneHus: MalepajibHOr0 COCTaBa

I'OCT ISO 7404-5-20123) Metoab! netporpaduueckoro ananuza yriei. Yacts
5. Metoz onpenieneHust okas3aressi OTpaKeHUsI BUTPUHUTA C TIOMOIIBIO MUKPOCKOTA

I'OCT 147-2013 (ISO 1928:2009) TomnuBo TBEpAOE MHUHEPAIHHOE.
Omnpenenenre BbICIIEH TEIUIOTH CTOPAaHUs U pacyeT HU3IIEH TeTUIOTHl CTOPaHus

I'OCT 1186-87 Yram xameHHble. MeToj omnpeneneHus TIacTOMETPUIECKIX
IoKa3aTeen

['OCT 3168-93 (ISO 647:1974) TomnmBo TBepAOe MHUHEpaIbHOE. MeETOoIbI
OTIpe/IeNICHNS BBIX0/1a TPOAYKTOB MOTYKOKCOBAHMS

I'OCT 7303-90 Antpamut. MeTo onpeaeeHnss 00bEMHOTO BbIXOAA JETYUNUX
BEIIICCTB

I'OCT 8858-93 (ISO 1018:1975) Yrau Oypsie, KaMeHHbIE M aHTpaIUT. MeTo bl
OIpe/ieNICHUs] MAaKCUMAJIBHOM BIarO€MKOCTH

I'OCT 9815-75 Yriu Oypslie, KaMeHHBIC, aHTPAIUT U TOPIOYKE CIIAHIIBI. MeTo
0TOOpa MIACTOBBIX TPOO

I'OCT 11223-88 Yrim Oypeie u kaMmeHHBbIe. MeToa otbopa npobd OypeHnem
CKBaKHUH

I'OCT 17070-87 Yrau. TepMHUHBI ¥ ONIPEICICHUS

I'OCT 18353-79 -  MexrocymapcTBeHHbI  cTaHmapT. KoHTpomib
Hepazpymaomui. Knaccudukanus BUI0B 1 METOI0B

I'OCT 25543-2013 Yrau Oypble, KaMeHHbIE U aHTpaluThl. Kiaccudukanus mo
TeHETUYECKUM M TEXHOJOTHIECKIM MapameTpam

I'OCT 30313-95 Yriu kameHHbIE U aHTPALUTHI (YU CPETHETO M BHICOKOTO
panroB). Kogudukanms

®enepasibHble HOPMBI U TpaBUjia B 00JACTH MPOMBIIUICHHOW 0€30macHOCTU
«MHCTpYKIMS 110 OIpeieTICHUIO HHKYOAIIMOHHOTO TIepro/ia CAaMOBO3TOPAHUS YTJIs».



OIIPEAEJIEHIMA

B HacTosmiend nauccepTauuMu  MPUMEHSIOTCS  CIEAYIOIIME TEPMHUHBI  C
COOTBETCTBYIOIIMMH OIPENEITCHUSMH:

MecTopoxkaeHHEe TMOJE3HbIX HCKOMAEMBIX - €CTECTBEHHbIE CKOIUICHUS
MOJIE3HOTO UCKOMAeMOro B TOM WJIM MHOM Y4acTH 36MHOM KOpBI, pa3padoTKa KOTOPOTo
IIPU TaHHOM YKOHOMHYECKOM COCTOSIHUM CUHTAETCS LIeIeCO00pa3HOoM.

[Tnact - 3anexp, UMEIOIas 3HAUUTENbHOE PACIPOCTPAHEHUE B 36MHOM KOpe U
OrpaHUYEHHasl IByMs apaJUIeIbHBIMU IIJIOCKOCTSIMHU.

["opHble BBIpaOOTKHU - OJIOCTHU, OOPAa30BAHHBIE B PE3YJILTATE BEICHUS TOPHBIX
paboT B TOPHBIX MTOPOAAX.

VYrnepukauus — Topd, KOTOPHIA MPH BBICOKMX TEMIIEpATypax M JaBICHUSIX
TEpsieT BOAY, YIVIEKMCIBIM ra3 M METaH, a B €ro COCTaBE YBEIMYUBAETCS O0BEM
yraepoJa.

DNEeMEHTHBIN COCTaB yIJiel — 3TO COCTaB opraHnveckoit maccsl yrien - (C, H,
O, N), mpu 3TOM yTiIepo]1 - OCHOBHAs YacTh COCTABA.

[lo (u3MKO-XMMUYECKUM TMOKa3aTeNAM yIJW MOJIPa3JeisaioTcs Ha MapKw,
KOTOPBIE UMEIOT COOCTBEHHOE HauMeHOBaHue 1 obo3navatorcs: I, I', K u 1. 1.

Mertamopdusm yrieit — mnpeoOpazoBaHue yriaed B TepmobOapuueckoMm (U
F€OXMMHUYECKOM) COCTOSIHUM B 3aBUCUMOCTH OT €ro MPOUCXOXKIEHHUS, TITyOUHBI
PacrosoKeHus, TEKTOHUKU U APYTUX (PaKkTOpOB.

MeraH yroiapbHOro MPOUCXOKIAEHUS — 3TO METAH, COAEPKALUICSA B YTOJIBHON
Macce yroiabHOro IacTa.

TBepAbli YIJIEMETAaHOBBIM PACTBOP — 3TO PACTBOP B MOJIEKYJSIPHOM U
HAaJIMOJIEKYJIIPHOM MPOCTPAHCTBE CTPYKTYPHI YTJIS.
Kosddumment xpenoctu TOPHBIX TMOPOJ - OTHOCUTENBHBIH TOKA3aTellb,

NPUOJIMKEHHO  XapaKTEPU3YIOUIUH  CONPOTUBISIEMOCTh  PA3JIMYHBIX  MOPOA
pa3pyUIEHUIO TIPU T00BIYE.

®du3nvecKkre CBOMCTBA TOPHBIX TOPOJ — 0CO00E MOBEACHUE (OTBETHAS PEAKIIHS)
TOPHOM MOPO/JIbI IPY BO3/IEUCTBUM HA Hee (PUINUYECKUX MOJIEH I CPE.

@u3nyecKre MpoLecchl TOPHOrO MPOU3BOJCTBA - MPOLECCHI, B KOTOPBIX MPHU
BEJICHUM TOPHBIX pPabOT BCTYMAIOT BO B3aMMOJEHCTBME C TOPHOM MOPOAOH
WHCTPYMEHT, MEXaHU3M WJIU arperar.

DIIEKTPUYECKUI KapOTaK — U3MEPEHUE B CKBAKUHE BJIEKTPOMATrHUTHOTO TOJIS
Pa3HOM MPUPOJBI B TOPHOM MTOPOJE.

["amma-raMma-MeTo ] — 9TO U3yueHHe 3aBUCUMOCTH JIMHEHHBIX KO(DPUITMEHTOB
ocla0JIeHus] TaMMa-u3NydeHusT W KOIPPUIIMEHTOB MpPeoOpa3oBaHUsI TMEPBUYHOTO
W3JIyYEHUsS BO BTOPUYHOE OT IUIOTHOCTH YTOJBHBIX IUIACTOB M COJEPKAHUSA B HUX
MUHEPATHHBIX BKIIFOUCHHM.

AKycTHYECKHE METOJbl — U3yUYE€HHE CKOPOCTU YIPYTUX KoJeOaHUl, KOTOpbIe
BO3HHMKAIOT TMpPU OOpa30BaHUM TPELIMH U PACHPOCTPAHSIOTCA OT 30HBI MEPBOIO
pa3pylIeHHs BIITyOb YyrOJbHOTO IJIACTa C UCTIOIb30BAHUEM JAATUMKOB, pacioaraeMbix
B CKBakKMHaX (IIMypa) U Ha CTEHKaX FOPHBIX BHIPAOOTOK.



OBO3HAYEHMA 11 COKPAILIIEHMA

TYI'P - TBepAbIN yriera3oBbli pacTBOP
['JI4 - razoguHaMuyecKue sIBICHUS

I'TH - ropHO-T€0I0TNYECKHE HAPYILIECHNUS

b — Oypeie yriu

J1 - ANMHHOIUTAMEHHBIE YTJIU

I' - razoBbI€ yriu

K - sxupHbI€ yriau

K - kokcoBble yrim

OC - OTOIIEHHO-CIIEKAIOLINE YTIIN

T - Tomume yrim

A - aHTpauuThHI

M — monsipHast Macca (Ir/MoJib)

p — IWI0THOCTS (T/cM®)

R(l) — TonmuHa MOBEPXHOCTHOTO CIIOS, HM
I - Hapcu

I'PII — ruppopacuwieHeHrE yroJbHOIO IIacTa
[IMB - mima3zMeHHO-UMIYJILCHOE BO3CUCTBUE
I'1C - reonndopmanmonHas cuctema

BHC - BakyyM HacocHas cTaHIus

KB/ - xprBasi BOCCTAaHOBJICHUS JaBJICHUS
BBYVYT - BHe3amHbie BHIOPOCHI YTJIS U ra3a
KC - kaxy1eecs yJiIenbHOE CONPOTUBIIEHUE
I'T'M — ramma-raMMa-MeTo.1



BBEJAEHHUE

AkTyanbHocTh padotbl. Ctpaterus «Kazaxcran-2030» nporpamMmsl pa3BUTHS
Kazaxcrana 1o 2030 roma npeaycMaTpuBaeT pa3BUTHE YIOJBbHOW MPOMBIIUIEHHOCTH
KaK OCHOBBI DJHEpPreTMdyeckol Oe30MacHOCTH U CTAOWJIBHOCTH TPOU3BOJICTBA
METAJLTYPTrAYECKOTO CBHIPbSI.

[lepcrieKTUBBI pa3BUTHUS AOOBIYM YTJIA CBA3BIBAIOT C TE€M, UYTO YIOJb SIBISETCA
OCHOBHBIM JHEPTETHUYECKUM CHIPBEM U CBIPHEM ISl TOJIYYEHHUS KOKCa, CIIELIKOKCA,
YTJIEPOJIUCTHIX BOCCTAHOBUTENEH, HMCIOJIb3YeMbIX B O€3IIJIaKOBOM IPOU3BOJICTBE
METAJJIOB, HAIIPUMEP KPEMHUSL.

VYTrobHbIE MECTOPOXKICHUS MPEJICTABIISAIOT CO00M OOJBIIYI0O pecypcHYIO 0a3y
Kazaxcrana ¢ BO3MOKHOCTBIO 3KCIIOPTUPOBATH YIOJIb U MPOAYKTHI €r0 NMepepadOTKH.
OTu (GakToOpbl ONPEAEAIOTCS CPaBHUTEIBHO HHM3KOM €ro IEHOW cpeau Ipyrux
SHEPTrOHOCUTEIIEH.

Jlist co3nanust 0€30MacHBIX YCIOBHIM OXpaHbl TPYAa, CHUKEHUS BIUSHUSA TOPHO-
Te0JIOTMYECKUX YCIOBUM MPU MPOBEAECHUU MOJ3EMHBIX FOPHBIX PadOT HEOOXOAMMO
pa3paboTaTh METO/IbI BO3JICHCTBUS HA YTOJbHBIN IUIACT HAPABJICHHBIE HA CHU)KEHHE
€ro METAaHOOOWJIBHOCTH C YYETOM HaIpsKEHHO-1e(POPMUPOBAHHOTO COCTOAHHUS. J{iis
TOr0 HEOOXOIMMO W3YYUTh COBOKYIIHOE BJIMSHUE TakuX (aKkTopoB, Kak:
ra30HOCHOCTh M Ta300TAaya yTOJbHOIO IUIACTA; (PU3MKO-MEXaHMYECKHE CBOMCTBA
yrieil 1 BMEUIaloUX MOPOJ; TOPHO-TE€0JIOTHYECKUE (PaKTOPBI, CO3AAI0IINE YCIOBUS
JUISL IPOSIBJICHUS OMACHBIX T'a30JUHAMUYECKUX SIBJICHUHN MPHU T0ObIUE YIJIA U IPOXOKE
TOPHBIX BBIPAOOTOK (BHE3aIHbIE BEIOPOCHI YIS U ra3a, MyuyeHUe MOYBbI IU1acTa U Jp.).

Cornacno Konuenuun no nepexony KazaxcraHa K «3€I€HON 3KOHOMHUKE», B
CTpaHe pa3padaThIBajICsi KOMIUIEKCHBIN MPOEKT MO J00bIYe METaHa M3 YTOJIbHBIX
ractoB, paccunTandbiii Ha 2013-2020 rr. bein pa3zpaboTtan 1uiaH MEpONPUAITHIL TIO
OpraHu3allid pa3BeAKW M JTOOBIYM METaHa W3 YroJibHbIX IuactoB. Ilo pecypcam
yrogpHOro wmeraHa Kazaxcran BXOAWT B JECATKY BEAyLIMX CTPaH Mupa.
KaparanauHckuii yroibHbIN OacceiH sIBISETCS] OJTHUM U3 CaMbIX BBICOKOTa30HOCHBIX
cpenu yrienoobIBaronInMx cTpad Mupa. [1o npeaBapuTenbHbIM MOJCYETaM, COACPKUT
okono 490 mapa. M3 merana mo rayounsl 1 500 M u okono 500-550 mupa. M3 10
riyounst 2 000 m.

[loBbIlIeHrEe HArpy3ku Ha 3a00H, BO3MOXHO TPOBOAWUTH IPU CHUKEHUU
ra30HOCHOCTH IUIacTa 3a CUeT 3a0JIarOBPEMEHHOM M MpeABapUTEIbHON Jera3aluu ¢
y4eTOM €ro HamnpssKeHHO Je(pOPMUPOBAHHOTO COCTOSHHUA. 3a0JaroBpeMEHHOE
W3BJICUEHWE METaHa W3 YTOJbHBIX IUIACTOB SIBJISIETCS OCHOBOM KOMILJIEKCHOIO
OCBOCHUS YIJIETa30BbIX MECTOPOXKACHUMN, CHWIKEHHUIO IIPUPOJHOM I'a30HOCHOCTH 0
TpeOyeMbIX 3HAUEHWH U Kak CJEICTBUE CHI)KEHHE aOCOIIOTHOW Tra3000MIBHOCTH
OYUCTHBIX 3a00€B, M YyBEJIWYEHHE MPOAYKTUBHOCTH IUIACTOBBIX JE€ra3allMOHHBIX
CKBaXXUH B 3 u OoJiee pas.

Takum 06pazom, pa3padaTbiBa€Mble HOBbIE METO/IbI BO3ACHCTBUS HA YIOJbHBIMI
IJIaCT JIOJKHBI OBITh HAINIPaBJIEHBI HA CHUYKEHNE Fa30HOCHOCTH YTOJIBHBIX IJIACTOB HA
y4acTKaX, IUIAHUPYEMBIX TOPHBIX pPabOT, MyTeM YBEIUYEHHs HX Ta300TIayd B
CKB&XHMHbl W TOpHbIE BbIPAOOTKU. BbINMOIHEHHBIE HCCIECIOBAHUS  SIBISIIOTCA
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aKTyaJdbHbIMU KaK C TOYKH 3PEHHUS IKOJIOTMH, TaK U 0OECHeUeHUs] MPOMBIIUICHHON
0e30macHOCTH JOOBIYH YIJIA.

Heabo padoThl fABJSIETCA Pa3padOTKM HOBBIX METOJOB BO3JACHCTBUS Ha
YIOJBHBIM IUTACT JJIs TOBBILIEHUS €ro Ta300TJa4d C YYE€TOM HAINpsKEHHO-
ne(hOpPMUPOBAHHOTO COCTOSTHHSI.

Nnes 3akmroyaercs B 000CHOBAaHUU HOBBIX METOJOB BO3JECHCTBUS HA YTOJbHBIN
IUIaCT NI MOBBIIICHUS €ro ra3ooTJaud Ha OCHOBE aHaIW3a TOPHO-TE€0JIOTMYECKUX
yCIOBUM,  (U3MKO-MEXaHMYECKHMX  CBOMCTB M Ta30HOCHOCTH  ILJIACTOB,
METaHOOOMJIBHOCTH  BBIPAOOTOK C  YYETOM  HaIpsSKEHHO-Ie()OPMUPOBAHHOTO
COCTOSIHUSL YTOJIBHOTO IIACTA.

OO0bekT uccienoBanus: YroybHble m1acTel Kaparanauickoro 6acceiina.

3agaum uccje 0BaHus !

1. BoINOJHUTH aHATN3 COBPEMEHHBIX METOJIOB BO3/ICHCTBHSI HA YTOJIBHBIN TIACT
C YYETOM €ro HanpsKeHHO-Ae(POPMHUPOBAHHOTO COCTOSHUS

2. Pa3paboTaTh HOBBIE METOABI BO3JCHCTBUS HA YrOJBHBIA IJIACT IS
MOBBILICHUS Ta300T/AA4H.

3. O6ocHOBaTh HOBBIE METOJBI BO3ACUCTBUA Ha YrOJBHBIM TUIACT 7St
MOBBIIICHUS TA300T/Ia4U B YCIOBUSIX HANPSKEHHO-1€(POPMUPOBAHHOTO COCTOSTHUS.

4. O00CHOBaTh KPUTEPHUH, ONPENECISIOIINE OTHECEHUE YTOJIbHBIX IIACTOB K
BBICOKOTa30HOCHBIM Ha OCHOBE CBSI3M Ta30HOCHOCTHM M Ta300TJa4HM C YACIbHBIM
ANEKTPUUYECKUM CONPOTUBIECHUEM, NHTEHCUBHOCTBIO MOTJIONIEHUSI FTaMMa-U3ITy4eHUS,
WU3MEHEHUEM YIIPYTHUX CBOMCTB yIJei.

5. Pazpaborath  MaTeMaTH4YeCKyl0  MOJENIb  BIUSHUS  HAHOCTPYKTYP
MOBEPXHOCTHOTO CJIOSI YrOJBHOTO BEILIECTBA Ha Ta30HOCHOCTb, IuGdy3uo u
ra3ooTAavy MeTaHa.

Mertoauka MCCIeIOBAHUI: HAa OCHOBE aHajaM3a OTEYECTBEHHOIO U
3apyOEKHOTO OIbITa, JUTEPATYPHBIX M (OHAOBBIX MATEpPUAJIOB, PE3YJIHTATOB
TEOPETUYECKUX W SKCHEPUMEHTAIbHBIX HAOIIOJEHUN, COBPEMEHHBIX METOOB
KOMITBIOTEPHOTO MOJIETUPOBAHMUSI OOOCHOBaTh HOBBIE METOAbI BO3ACHCTBUS Ha
VIOJBHBIM TUIACT JJis TOBBIIIEHUS Ta300TAayd C YYETOM €ro HampsKEeHHO-
ne(hOpMUPOBAHHOTO COCTOSIHMSI, BIIMSIHUSI HAHOCTPYKTYPbI TOBEPXHOCTHOIO CJIOS
YTOJBHOTO BEUIECTBA HA Tra300T]ayy, METOJbl OLEHKH Ta30HOCHOCTH YTOJIbHBIX
miactoB Kaparanaunckoro OacceliHa.

OcHOBHBIE HAY4YHbI€ M0JI0KEHN S, BBIHOCHMbIE HA 3aIIUTY:

1. OpdeKkTUBHOCTh BO3JACUCTBUS HA YTOJABHBIM IUIACT IS TOBBIMICHUS
ra300TAauu OIpeIessIeTCsl U3MEHEHUEM Halps>KeHHO-1e(OPMUPOBAHHOTO COCTOSHUS
YTOJBHOTO TUTACTA C TIIyOMHOM 3aJIeTaHus.

2. [loBeimenne razoornaun 1iacta Ha 80% C y4eTOM €ro HampsKEeHHO-
1e(OPMUPOBAHHOTO COCTOSIHUS, JOCTUTAETCS ITyTEM BO3/ICHCTBUS HA YrOJIbHBIHN IJIaCT
Yyepe3 HaKJIOHHO-HAIPABICHHYIO CKBaXXUHY U npoBeneHueM B Hel ['PII ¢ kucnorHon
00pabOTKOM.

3. [IlpuMeHeHre TEXHOJOTUM MPOXOAKU Ta30JIpEHaXHOW BbIPAOOTKH, IS
Jerazalid M pa3rpy3kd OT TOpPHOro JAaBieHuss U OypeHuss U3 Hee B IulacT
Jera3alMOHHbBIX CKBa)XMH, MPHU MPOBEIECHUHM BBIPAOOTOK MO BBICOKOTA30HOCHBIM
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macTam, CHIKaeT MeTaHOOOMIbHOCTh Ha 30-40% W yBeNIUYMBAET CPEAHECYTOUHYIO
100611y Ha 26%.

4. TertoBoe BO3ACHCTBME HA YrOJIBHBIM IUIACT JJI aKTUBU3ALMH Ipolecca
JNECTPYKIIMM MOJIEKYJl YIJIEMETaHOBOI'O pAacTBOPA, YBEJIWYMBAET HMHTEHCHUBHOCTH
nepexoja MeTaHa B CBOOOAHOE COCTOSIHUE.

Hayuynasi HOBH3HA pa0oThI 3aK/JII0YA€TCS B CJIeYIOIIeM:

1. BoIsiBIIeH MEXaHU3M BJIMSIHUS BEPTUKAJIBHBIX CKBAXUH, UCIIOIb3YEMbIX IS
TUApPOpa3pbiBa  YroJbHOTO  IIacTa, 4epe3 o0pa3oBaHHWE TOPU3OHTAIBHBIX
(cyOropu3oHTalIbHBIX) TPEIIUH pPaTUaIbHOM COCTaBIAIONIEM M BEPTHUKAIbHBIX
(cyOBepTUKANIbHBIX) TPEIIMH 32 CYET OCEBOM COCTABJISIONIEH, KOTOPBIE U ONPEIETSIOT
3G ()EKTUBHOCTh BO3ACHCTBUS Ha YTOJBHBIM IUTACT ISl TOBBIMICHUS Ta300TIayH,
3aBUCSILYI0 OT 3akoHoMepHocTel u3meHenus HJIC ¢ yBenudyeHuem riyOuHBI
3aJIeTaHus TIACTOB.

2. BpIsiBIIeHa B3aUMOCBS3b HAaHOCTPYKTYpPbI IIOBEPXHOCTHOIO CJIOSl YTOJIBHOTO
BEILECTBA C BEJIIMYMHON T'a30HOCHOCTH, TEIUIOEMKOCTBHIO, (PU3UKO-MEXaHUYECKUMHU
CBOMCTBaMH yriieH, 1udy3uen u ra3ooTaaueil MeTaHa.

3. BBIsSIBIIEHO, YTO TEIIOBOE BO3/IEUCTBUE HA YTOJbHBIM IJIACT JJIs1 aKTUBU3ALIMH
IIpOIECCa JECTPYKLIHMHM MOJIEKYJI YIJIEMETAHOBOTO PpPACTBOPA, YCKOPSAET IEPEXO.
MeTaHa B CBOOOJIHOE COCTOSIHUE.

Obsacte npuMeHeHusi. YrienoObiBarouiasi OTpacib, NOA3EMHas J100bIYa
yTJiei, 100p4a MeTaHa yTOIbHBIX TIACTOB.

JInunbiii BkyIaa aBTopa. Pabora BbIMOHEHA aBTOPOM JIMYHO, B TOM YHCIIE
MOCTABJICHbl LEIW W 3aJlaud, BBIIIOJIHEHBl TEOPETUYECKHUE, DKCIEPUMEHTAJIbHBIE U
MPOMBIILJICHHBIE ~ MCCIEAOBAaHUSA, COCTABJIEHbI aJTOPUTMbI PEIICHUS  3ajady,
COCTABJICHBl PEKOMEHJALMKA IO HCIIOJIb30BAHUIO HOBBIX METOJOB BO3JCHCTBHSA Ha
YTOJIbHBIM ILJIACT.

O00CHOBAHHOCTL M JAOCTOBEPHOCTb HAYYHBIX IOJIOKEHUN, BBIBOJOB H
pEKOMEHJAUi  MOATBEPKIAACTCS MPUMEHEHWEM METOJOB  MaTeMaTH4eCKOro
MOJICJIMPOBAHUS MPOLECCOB Ta300TAAuM YTOJIBHOTO IUIaCTa MPU CTUMYJIHMPYIOLIEM
BO3JCHCTBUH MEXAHUYECKOM, TEIJIOBOM MU XMMHYECKOW SHEPrUU, MATEMaTUYECKOU
CTaTUCTUKUA K OOJIbIIOMY OOBEMY SKCHEPUMEHTAJIBHBIX JAHHBIX, JOCTATOYHOU
CXOJIUMOCTBIO PE3YJIbTATOB, Pa3pabOTaHHBIX METOJIOB BO3JEHUCTBHUSI HA YTOJIHHBIM
IacT JJis TOBBIMIEHUS Ta300TJa4yM, MCIOJIb30BAHUEM CTaHAAPTU3UPOBAHHBIX
crioco0oB, 00OpyIOBaHUS U NPUOOPOB TpPU MPOBEACHUH  HUCCIICIOBAHUMA,
MIPOMBITIUICHHON ampoOarieil npejiaraéMblXx METOIO0B TP MPOBEACHUH Jera3aiiu
YTOJIBHBIX TJIACTOB U U3BJICUCHUSI METaHA U3 HUX IS KOMMEPUYECKHUX IENeH.

IIpakTH4Yeckass 3HAYUMOCTH PA0OTHI 3aKIIFOYAETCA B CIEAYIOIIEM:

— pa3palboTaHbl KPUTEPUM BBIACICHUSA YTOJBbHBIX IIJJACTOB C BBICOKOH
ra30HOCHOCTBIO, OTHECEHHBIE K OIACHBIM M BHE3allHbIM BbIOpOCaM yTIiisi U rasa,
MOJIy4YeHHbIE Ha OCHOBE CBA3M Ta30HOCHOCTHM YrOJbHBIX IUIACTOB C HX
ANEKTPUUYECKUMHU, SACPHO-QU3NUECKUMHU U aKyCTUUECKUMHU XapaKTEPUCTUKAMU;

— pa3paboTaH HOBBIN METO]T BO3/ICHCTBUS HA YTOJBHBIN TJIACT JIJIs TIOBBITIICHUS
ra3ooTAauu ¢ y4eTOM HanpsKeHHO-1e(OPMUPOBAHHOTO COCTOSIHHS,



— paspaboTaHa pu3nyeckas MOJeNb MPOIIEcca MacCONEPEHOCa METaHa B YTIJIsIX
C Y4ETOM HAHOCTPYKTYP MOBEPXHOCTHOTO CJIOS YTOJIBHOTI'O BELIECTBA, OIPEAEISIOINN
mud¢y3uio MeTaHa B HAHOTIOpax YISl ¥ IEPEeHOC METaHa B yIJie;

— pa3paboTaHa 4YHUCJEHHAsT MOJIeJb BO3JCHCTBUS HA YrOJbHBIM IJIAaCT
ruapopacuieHenuss ¢ yderom HJC mnpu pasnuuHbix TayOMHAX —3ajeraHus,
onpezenstonas GopMUPOBaHUE FOPU30HTAIBLHON M BEPTUKAIBHOU TPEIIMHOBATOCTH
TJ1acTa;

— paccuuTaHbl YHEPro3aTpaThl MPU T'MAPOPA3PHIBE C UCIOIb30BAHUEM BOJHBIX
pPacTBOPOB KHCIIOT, MOIYYEHO YPaBHEHHUE I OUEHKH KPUTUYECKOW CKOPOCTH OTOKA
pacTBOpa, YCTAHOBJEHA 3aKOHOMEPHOCTh POCTa JJIMHBI TPEHIMHBI OT H3MEHEHHUS
JABJIEHUS THIPOPA3PhIBA;

— pa3paboTaHa MaTeMaThuyecKash MOJEIb BO3JICUCTBUS TEIUIOBOM SHEPTUM Ha
YTOJIBHBIN JIACT J1s1 HOBBIIIEHUS Ta300TAA4H;

— pelieHa  3ajada, ONpENEeNsolas  CBA3b  HAHOMETPOBBIX  TOJIIIUH
MOBEPXHOCTHOTO CJIOSI YTiiel pa3iuuHbIX Mapok ¢ auddysueii u necopoimeit Metana,
TEIJIOEMKOCTBIO M BJIAYKHOCTbBIO, FA30ITPOHUIIAEMOCTBIO TPU OTHOOCHOM HarpyXeHUH.

Anpobauus padorsl. Pe3ynbTaThl paboThl JOKIAABIBATUCH U 00CYXIAIUCH HA
koH(pepenuuax: LII MexayHapogHoil Hay4YHO-TIPAKTUYECKOHM — KOH(EPEHIUH
«Texnnueckue Hayku: mpoOiembl W pemeHus», MockBa, 2021; MexayHapoaHoi
Hay4HO-TIpakTu4yeckoil online koHdepenuun «MHTerpanus Hayku, oOpa3oBaHUS U
IPOM3BOJCTBA — OCHOBA peaju3allui IUIaHA HauW», MocBsAeHHonW 30-1eTuto
He3aBucuMocTH  Pecnyommku  Kazaxcran, CarumnoBckue urenums, 2021; VI
Mexnaynaponnori koHpepennmuun AGRITECH-VI - 2021: ArporexHosoruu,
OKOJIOTUYECKUN HMHXUHUPUHT H yCTOWuuMBOoe paszButue, Kpacnospck, 2021
MexnayHnaponnoMm HayuyHoM ¢opyme «Hayka u uwHHOBammuu — COBpPEMEHHBIC
KoHIlenun», MockBa, 2022; Ha HaydHBIX ceMUHapax Kadeapsl «pa3paboTka
MecTopoxaeHu mose3Hbix uckomaembix» HAO KapTV umenn AoObuikaca CaruHoBa.
Hccnenoarenbekas npaktuka npoxoauna B nepuoa ¢ 01.02.2020 r. mo 01.05.2020 r.
Ha npeanpustun TOO «Hayuno-unxkeHepHbli neHtp «l'eoMapk», Hay4dHas
CTaXXHpOBKa B KBIPIrbI3CKOM TOCYJapCTBEHHOM YHHMBEPCHUTETE TI'€OJIOTMH, FOPHOTO
JieJia 1 OCBOEHUS TIPUPOJIHBIX PECYPCOB UMEHU aKajieMuka Y. AcaHnanuena (r. bunikex,
Ksipreizckas Pecriyonuka) B nepuog ¢ 10 mo 27 mas 2022 r.

Hyoankamuu. OCHOBHBIE MOJIOXKEHUS AUCCEPTALUOHHON pabOThl OTPaKEeHbI B
9 Hay4dHBIX TpyJax, B TOM uucie 4 (4eThIpe) CTaThU B PEIECH3UPYEMbIX HAYYHBIX
W3JIaHUSX 110 HAYYHOMY HaIlpaBJICHUIO TEMbI TUCCEPTAINH, HHACKCUPYEMBIX B Science
Citation Index Expanded 6a3b1 Web of Science (Clarivate Analytics) u o CiteScore B
6a3e Scopus (Elsevier), 1 (ogHa) cTathst B ©3JaHUSAX, peKOMEHIyeMbiXx KoMuterom 1o
KOHTpOJTt0 B chepe obpazoBanus u Hayku MOH PK, 4 (yeTsipe) cTaThu B cOOpHHUKAX
MexnayHaponHbix u PecyOnukaHCKIX HayYHO-TTPAKTUYECKUX KOH(DEPEHITUSX.

CTpykTypa U 00b€M qUCCEPTANMOHHOI padoThl. JlucceprannonHas padbora
COCTOMT W3 BBEIEHUS, YEThIPEX TIJaB, 3aKIIOYEHHUS, CIUCKAa HCIOJIb30BAaHHBIX
HMCTOYHUKOB U MpuiokeHui. Pabota nmpeacTasiena Ha 136 cTpaHuiax, coaepxuT 66
pucyHkoB, 31 Tabauity v 167 UCnoIb30BaHHBIX HCTOYHUKOB.
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1. AHAJIM3 METOJIOB BO3JIEMICTBUS HA YIOJILHBIN TUIACT JJISI
MOBBIIIEHNS TA300TIAYN

1.1 COBpeMeHHBIe CKBaAKHMHHbIC MC€TOAbI BOSHeﬁCTBl/Iﬂ Ha YFOHLHBIﬁ nJjaacr
AJIF IIOBBIINICHUA I'a300TAavYu

Ha ceropgnsAmnuil 1eHb MPUMEHSAIOTCS CIECAYIOIIME METOJbl BO3IACHUCTBUS Ha
YTOJIBHBIW IIACT, JJIsl CHUKEHHUS IPUPOJHON Ta30HOCHOCTH:

- TUApOpacuieHeHre U THIPopa3pbiB yroiasHoro miacta (I'PID);

- MHEBMO-TUAPOIMHAMUYECKOE BO3ICMICTBUE HA YTOJIbHBIN IIACT;

- OypeHHe TOPHU30HTAIBHBIX, HAKJIOHHBIX M MHOT03a00MHBIX CKBOXHH C
JTHEBHOU MOBEPXHOCTH;

- HarHeTaHWe HUOKCHUAA YIJIepoa, a30Ta, XUMHYECKUX BELIECTB B YTOJIbHbBIC
TJIACTHI.

TexHOoJIOTHU TUAPOPACUICHEHUSI YTOJBHOIO IUIACTa HAdalld MPUMEHSTHCA B
KaparangnHckoM yrojibHOM OacceilHe B MPOIUIOM BEKE, TEXHOJOTWU, METOMAbl U
CHOCOOBI MIMPOKO OTpaK€Hbl B pabOTaX TAKUX YYEHBIX KaK CIOCOOBI IIUPOKO
OTpaX€HbI B paboTax Takux yueHbIx Kak PxeBckuit B.B. [1], IlaBioB B.A. [2],
BacroukoB H0.® [3], B pabotax CnactynoBa C.B. [4] u uccienoBaHusAX MPOBOIUMBIX
Credmroxom FOM [5].

B nmanbpix wucciaemoBaHusx ocHoBou Metona IPII saBasgercs MexaHuka
paspymienust tBepasix Ten. B 1920 rogy I'puddurc A. omybiukoBan paboTy 1o
TEOPETUYECKOMY  ONMUCAHUIO  PA3pPYLICHUsT TBEPAOrO Tela €  TPEUIUHOM.
OkcrniepuMeHTabHO AunekcanipoB A. u XypkoB C. moiiyuyuwiaum NOPOYHOCTh Ha
CTEKJISIHHBIX HUTAX paBHY0 okoiio 6 I'Tla, a B 50-x romax 20-ro croneruss CTenaHoB
A. TIOJTyYWJT HAITEBUIHBIE MOHOKPHUCTAIIIBI METAJIJIOB C MPOYHOCTHIO paBHOM 0K0J10 10
['Tla. DT pe3ysbTarsl MOKAa3ajid, YTO NMPOYHOCTh MATEPHUAJIOB, KOTOPBIE COJIEPHKAT
MeHbIIE AePEeKTOB (TPElIMH) B caMOM MaTepuaie (KpUcTajlie), NMpUuONMKaeTca K
TEOPETUYECKH BO3MOXKHOM MpoYHOCTH. ['mapopacuieHeHue yrojabHOIro IjlacTa
00yCJIOBJIEHO TE€M, UTO MIPH €ro JeUCTBUU 00pa3yeTcsi MHOTO TPEIIUH, Yepe3 KOTOPbhIe
ra3 (MeTaH) BBIXOJUT Ha MOBEPXHOCTh yepe3 MpoOypeHHYI0 CKBakHHY. Cam 3TOT
MPOIIECC HOCUT Ha3BaHUE — Jlera3alusl YroJbHOTO IJIacTa.

Ha maxtax Kaparanaunckoro yroiabHOro OacceiHbl, yToObl mpoBectu ['PII
YTOJBHOTO TUTACTA UCTIOIB3YIOT CKBAKUHBI, B KOTOPBIX paboyas KOJIOHHA OITyCKaeTCsI
HUKE YTOJILHOTO TIJIaCTa, U 3aTeM IIEMEHTUPYETCs, U IepPopupyeTcs.

Ha maxTte um. JlennHa wmcnonp3oBaincs HoBeid Meton ['PII [6,7], B koTopom
nepen I'PIT nmpoBoamnace 3abiiaroBpeMeHHast Jera3aliioHHas MOJATOTOBKA, a 3aTeM
IUKJINYECKOE THEBMO-TUIPOAMHAMUYECKOE BO3/ICHCTBUE B IPUCKBAXKUHHOW 30HE.

[Ipu OypeHUM CKBaKHUHBI TPOBOIATCS PAOOTHI MO HMCKPUBJICHHWIO CTBOJIA
CKBAXXUHBI TIOJ] YTJIOM 3aJIeTaHusl YTOJIBHOTO I1acTta. bypeHue mo miacTy BBITOJHEHO
C IOMOIIBLI0 BUHTOBOTO 3a00WHOr0 asurareis. OCBOEHHE CKBAKUHBI C OTKA4YKOU
paboyeil KUAKOCTH M raza MPOBOJUTCS C MOMOIIBIO Cleayronux meponpustuii. C
JTHEBHOM TMOBEPXHOCTU OYypHUTCS BEpTUKAIbHAsI CKBaXHHA B IJIACT YIVISL, KOTOPBIM
noasiexuT paszpadotke. [Ipu sTom ee 3a00il coBMeMIaeTCs ¢ paclIUpeHUuEM 3a00s
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HAKJIOHHO-HAIMpPaBJIEHHOUN CKBaXUHBL. B nponiecce OypeHus B MPUCKBaXKMHHOM 30HE, a
Tak)Ke MPH THAPOPACUIICHEHUH B YTOJIHHOM IIACTE 00pa3yrOTCsl MUKPOTPEUIUHBI, 10
KOTOPBIM JPEHUPYET METaH YTOJIBHOTO IUIACTa.

Ecnu npumensats HanpasiaeHHbld ['PI1 B mpoOypeHHBIX 1Iypax ¢ KUIKOCTHIO
(pucynok 1.2a), To B KpOBJIE€ CO3[AIOTCA HE TOJBKO TPEIIMHBI HCKYCCTBEHHOTO
MIPOUCXOXKICHNUS, HO POUCXOIUT PACKPBITUE €CTECTBEHHBIX TPEIIMH JI0 MPHUEMIIEMbIX
pa3MepoB, KOTOPBIE 3aMOIHAIOTCS CMOJIOH.

Texnonorust (pucynok 1.16), koropas BKJIOYaeT OypeHHE HaIlpaBJICHBIX
ra3oJpeHaKHbIX CKBKHH (4) Ha OYMCTHOM 32001 (2); mpoBeAcHUE TOMHTEPBAIIBHOTO
['PIT BeiemouHOro crtonba (3); OTBEAEHUE BBICBOJMBILETOCS Tra3a C TOMOIIBIO
ra3onpoBojia Ha MOBEPXHOCTh. JleraszanmoHHble CKBaXUHBI OypAT B BEPTUKAIBHOM
HaIpaBJICHUM U3 KaMepbl MOHTaXa W Pa3pe3HbIX MeYel BBIEMOYHBIX CTOJOOB 0
BBIX0/1a B OOPT pa3pe3Hoil neuu, KoTopast HAXOAUTCS [0 COCE/ICTRY.

.
/ \ /i
/ \ =
= —
A= 7
e
1 \! —_
= \'- Lt
\
A - HenocpeacTBeHHas KpoBirst; 1-3 - 1 - ropHbI€ BBIpaOOTKH; 2 - OUMCTHOH 3a00H;
€CTECTBEHHAsl U UCKYCCTBEHHAsI TPEILUHBI 3 - BBIEMOYHBII cTOJI0; 4 - Aera3allMOHHbIE
CKBa)KHUHBI

Pucynok 1.1 - TexHomorudeckas cxema 3aKperuieHUs] KpOBJIU Ij1acTa (a);
TEeXHOJIOTHs Jiera3anuu (0)

B muccepranmonnoii pabdore [8] obocHoBaH MeTon momHTepBaigbHOTO ['PII.
OTUM METOJOM B YTrOJIbBHOM MAaCCHUBE CO3/IAIOTCS MPOTSKEHHBIE TPEIIMHBI, KOTOPhIE
pacnoJyiaraloTcs BKpPECT MO MpocTUpaHuio miacta. lIpennoskeHa KOHCTPYKLIHS
NAKepHOTO  YCTpPOMCTBA, KOTOpas  IMO3BOJsIa  OOpa3oBbIBATh  MOMEPEYHBIE
OTHOCUTEJIBHO OCH CKB&)XHHBI TAKOE KOJMYECTBO TPEIIUH, KOTOPOE MPUBOIUIO K
BO3pPACTaHUIO ra300T1a4 Ha MOPSAIOK. BbUIO yCTaHOBIEHO, UTO pa3Mep paccTostHUS L
MEX/1y MakepaMH U CKBaXXMHHBIM JUaMeTpoM d SIBJSIETCSI ONPEACTAIINM apaMeTpOM:
npu L < 2d Bo3HMKaeT eIWHWYHAs TPELIMHA, KOTOpas pacrojiaraeTcs Mmonepek ocu
ckBakuHbL; pu 2d < L < 4d BO3HMKAIOT MHOKECTBO TPEILIMH Pa3HOTO HAIpaBICHMUS;
npu L > 4d Bo3HMKaeT eMHUYHAS TPEIIMHA, KOTOPAast Ha3bIBAETCS MPOA0TIbHOM.

Pa6oroii [9] Obl1a IpeaIoKeHa TEXHOIOTHSI 9TOTO METOa, IIPEACTABICHHAs Ha
pucynke 1.2. CkBaxkuHa umeeT auameTp 76 MM, a JaBjieHHe OOBIYHO MPUHUMAETCS
GOJIBIIKM 10 CPABHEHHIO C MIIACTOBBIM JaBjieHreM okono 20 kI'c/cM2. DPdeKTUBHBIM
CUMTAETCSl TOT IPOLECC, IPU KOTOPOM IPOUCXOJUT MHEBMOOOpAaOOTKA IIacTa B
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LUKIMYECKOM PEXUME Yepe3 CKBAKUHBI, KOTOPHIE MapaJlIeIbHbl JIMHUAM OYUCTHOIO
320051. Bpems BO31eHCTBHS HA IUIACT MOXKET COCTaBIATh 150 cyTOK.

20-30m

- N cKkB. | cKB.2 CKB.3 CKB.4 D
< S S e 5

NN — A

150-200 m 10-15 w

1 — xommpeccop; 2 — MaHOMETP; 3 — CUETUMK PaCcX0/ia BO3/1yXa;
4 — y3MepuTens KOHIIEHTPAIMKU MeTaHa (ra30aHaln3aTop); 5 — MIaXTHBINA Ta30MPOBO/]

Pucynok 1.2 - TexHonoruveckasi cxema
THEBMO-THIPOIMHAMUYECKOTO BO3/ICHCTBUS HA YroNbHBIN T1acT [9]

['opu3oHTaNIbHBIE CKBAKMHBI IMOA3EMHOTO THUIA CTOAT HAMHOTO JEIIEBJIE
BepTUKaIbHbIX CKBaXHMH i ['PIT [10]. DTu cKkBaXuHBI TEpPECEKarOT OCHOBHOM
KJIMBAX YTOJBHOTO IIJIACTa, YTO MPUBOJUT K YBEJIWUYEHHUIO Tazoornayu. K wux
HEJ0CTaTKaM OTHOCHUTCSI CJIOXKHOCTb JIOCTaBKU M OO0yCTpoWCTBa 00OpYIOBaHUS MOJ
3eMJIeil, a BEpTUKAJIbHbIC CKBAKMHBI HE UMEIOT MOJIO0OHBIX MpUYMH. VX 1oporosusHa
o0ycIoBJIeHa MPOIIECCOM OypeHHUs Ha OOJIbIIYIO TTyOUHY U SKCIUTyaTalue.

IlepBas MHOTO3a00lHasA CKBakKMHa ObUIa OPOOOBaHA HA HECKOJIbKUX IAXTaxX B
CIIA B 1973 (cMm., B [10] u ccpiiku B Held) (pucyHOK 1.3).

1 — nuievyo HaKJIOHHOE, 2 — MJIEY0 FTOPU3OHTAIBHOE, 3 — IIeYH OOKOBEBIE,
4 — cKBaXXMHa BepTUKaJIbHAs

Pucynox 1.3 - CxeMbI IepBBIX TOPU3OHTATLHBIX MHOT03a00MHBIX CKBAKUH
CIIA: a - maxta biskeBuii, 6 - maxta Masep, B - maxta OMepaib [10]
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B pab6orte [11] mpoekTupoBanach HAKJIOHHAsI CKBaXXMHA C TOPU3OHTAJIbHBIM
OKOHYAHHEM B IIacTe yris. [Ipu 3ToM Hanu NpuMEHEHHE CIICTYIONTUe TEXHOIOTUN
OypeHusi. Bo-mepBbIX — 3TO TEXHOJOTHS POTOpPHOTO OypeHwms. Bo-BTOpeIX — 3TO
TEXHOJIOTUS OypeHHsl C BUHTOBBIM 3a00WHBIM JBHTATEIEM. B-TpeThbux, 3TO
TEXHOJIOTHS YapHO-BpaIIaTeIbHOTO OypeHUS.

Ha maxtax KaparanamHckoro yroibHOTo 6acceiina, B OCHOBHOM, HCTIONIb3yeTCs
TEXHOJIOT S BEPTHKAIBHBIX CKBaXMH. OHA MO JpoOHO onrcaHa B quccepranusx [8,12].
B pab6ore [12] mpumensiics cnoco6 'EO-DMP. D31oT cnocod mo3Bosini MpOBECTH
kaprorpadupoBanue Ha TalabIKyJyKCKOM yuacTke KaparanguHCKOro yroyibHOIO
Oacceitna u ero 3oHmupoBanue [13]. [Ipu 3TOM HUCcienOBaHMS TPOBOIUINCH Yepe3
BUPTYyaJIbHbIE CKBaXHMHbI 0e3 OypeHus. Ha oOCHOBaHMM 3THUX UCCIEIOBaHUN
co3/1aBajiach HaKJIOHHAs CKBayKWHA ¢ r1yOunou 370 M o1 yriiom 26°, 3aTeM npoiIeHO
500 m 510 320051 (pucyHok 1.4).

Pucynok 1.4 - TIpoduib HaKJIIOHHO-HANPABICHHONW CKBa)KHUHBI [12]

B HakjIOHHOH CKBa)kXMHE MPOBOJMJIMCH HCCIIEIOBAaHUS MO J00blYE€ METaHa U3
IUTACTOB YIJIsl C MCIIOJIb30BAHUEM TEXHOJOTMM OypeHHss BHUHTOBBIM 3a00WHBIM
JIBUTATEJIEM.

['unpopacuneHeHre B CKBa)KMHaxX BOJHBIMU pacTBopamu kucior. [lepBoe
UCIIBITaHNE MeTo/1a ObLI0 poBeieHo B Kaparannuuckom Oacceline B 1967 r. Ha mose
maxTel UM. KocTeHko. DKCepuMEeHT MoKa3ajl yBEJIMYEHHE CheMa ra3a ¢ €IWHUIIBI
nerazupyembix 3amacoB yris Ha 30-40 %. DddexkTuBHOCT, METO/IAa 3aBUCUT OT
MPaBUJILHO BBIOPAHHOTO COCTaBa paboyeil KUAKOCTH W TapaMeTpoB 00pabOTKU
wiacta. CyImHOCTh XUMHUYECKHX CIIOCOOOB Jera3aluy 3aKJII0UaeTcsl B HAaTHETAaHUH B
MAacCUB YTJISi WJIU TOPOJABI MOABIKHBIX XUMHUYECKH aKTHBHBIX Cpell (B OCHOBHOM
BOJIHBIC PACTBOPHI COJISTHOM KHCJIOTHI), KOTOpBIE 3a CYET XHUMHUYECKHX pPEaKIIHid
00ecreunBaloT MNepepadoTKy MOPUCTO-TPEIIMHOBATONM CTPYKTYphI, H3MEHEHHE
ra30€MKOCTHU U APYTUX ra30JMHAMUYECKUX CBOWUCTB yTJIsl.
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1.2 AHanu3 coBpeMeHHBIX MeTO/l0B (OPMHPOBAHHMS TPENIHHOBATOCTH
YroJIbHOTO MAaCCHBA /ISl MOBBIILIEHUS Ta300TAa4YM

[Ipu Bo3melcTBMM Ha IUIACT YT KAKAM-TMOO METOAOM (KOTOpbhIe OBLIH
ONMMCAaHbl B TpeblaylneM maparpade) oOpasyrorcs TpemmHbl. WX co3ganue
CBHUJIETEIILCTBYET O TOM, YTO 3TO BO3JIECUCTBUE HOCUT HEYNPYIMH U HEJIWHEWHBINA
xapaktep. OHaKo, BEJIMYMHA 3TUX BO3JCHCTBUI HE HOCUT XapakTep Tuma yaapa. B
aTOM ciaydae oOpazoBanue TpemuH B Merone ['PII m uM momoOHBIX MeTonax B
YIOJIBHOM IIJIACTE€ MOKHO PacCMaTpUBaTh C MOMOILIBIO JUHEUHON TEOPUU YIPYTOCTH
[14]. Ha pucynke 1.5 nmokaszaH BUI CMEIICHUH MOBEPXHOCTH CaMOM TPEIIUHBI.

Bua T

Buo IF — Buo 1T

Pucynok 1.5 - Pacnpoctpanenue tpemuH: BUa [ — oTpbIB HOpMainbHbIil; Bug 11 —
casur nonepeunbii; BuA 11 — ciBur npoaoibHbII

HedbopManm  BOKPYr TOYKM  KOHTypa  TPEHIMHBI  paclpeelsroTCs
cynepnosunueit Tpex suaos I, 11, 111.

OcHoBoii 2D u 3D mogaeneit tpeuunsl sapisiercs ypaBHenue M.H. CuennoHa,
KOTOPOE IMOKAa3bIBACT PACKPBHITUE TPEIIMHBI IPU ITOCKOU JAedopMarmu:

4(1-v?)-P
o=———" /x%-xz, (1.1)

rne  P— naBnenue tpemmnsl, E — Moxyns FOHra, X¢ — mosyiiiiHa TPEIIUHEL.
B pab6ote [15] pemanack 3amaya M.H. CHeqmoHa B TpexXMEpHOW MOJACTH C
nporpammoit COMSOL Multiphysics (pucyHok 1.6).

a

1]
t t ot
0.1 0 0.1 —
0.05 ——————
0.10
0.15
,.

Pucynok 1.6 - OceBbie HANPsSHKCHUS O, HA KOHCUHOM IIIare HArpyKEHHUSI:
ceuenue O, (a); TpexmepHast kaptuHa (0) [15]
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B3auMozeiicTBue yIIOTHUTENS CO CTEHKON CKBaKMHBI CUMTAIIOCH aOCOIIOTHO
xectkuM. [Ipu 3TOM 3aaBanuch mapaMeTpsl FOpHOM nopoabl: Mmoayib FOura E. = 5,4
['Tla, xoadpdunment Ilyaccona v, = 0,16. IlapameTpsl yruioTHUTENS ObUIM TaKHUMH:
monyib FOwura E, = 0,5 I'Tla, koappuunenr Ilyaccona v, = 0,45. O6nacts pacueToB
NpUMBbIKaJIa K CKBaXHMHE Ha paccrosHue -—hg/2 <z < hg/2. Ha pucynke 1.7
MOKa3aHO PENICHHE 3391 U OCEBbIC HAMPSHKEHUS O, pu 3Ha4eHnH hy = 20 cwM.

Ha pucynke 1.7 noka3zanbl AByMEpHbIE MOJIENIN TPEIIUHBI.

Pucynok 1.7 - JIByMepHbIE MOJEIN TPEUIUHBI

Monens, xotopyto npuHsaTo Ha3piBaTh KGD — Mopens, mpencTaBistonIyro
coboii MIoCKyro JnedopManvio B TOPU3OHTAIBHOM TIOCKOCTH (pucyHok 1.7a).
Mogens, koTopyto npunHsaTo HaszbiBath PKN — Mopens, mpenctaBisionyro coOoi
IJIOCKYI0 AedopMaIlvio B BEPTHKAIbHOW muiockocTu (pucyHok 1.76). U, nakowner,
paguanbHas MOJeNb, KOTOpas MPEeACTaBIsIET CO00M TOPU3OHTAIBHYIO TPEUIMHY B
BEPTUKAIbHON CKBakuHE. [Ipu 3TOM ee BhICOTa paBHSETCS BCeW ee JJIMHE (PUCYHOK
1.78).

B pabore [16] marematudecku wucciemoBaHa auHamuika Tpenmabl [PIT ¢
nomoinkio Mogenu KGD (pucynok 1.8).
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1 Bakauka xuaKocTH
ru/ipopa3pbiBa

2 YKuaxocTh BIOpPLICKHBaeTCH
yepe3 nepdopamuu

-~

3 JlaBienue »WJKOCTH
PACKPBIBACT TPEIIUHY

4 KunkocTs yrekaer
Yepe3 CTeHKM TPEelIUHEI R .

Pucynoxk 1.8 - [Iponecc TexHonoruu ruapopacuicHenus [16]

YuClIeHHBIN aNrOpUTM, KOTOPBIM OBLI MOCTPOEH MpHU MpeoOaJaHuH BA3KON
JTVICCUTIAIINU, MOKET CIIEINUTDH 3a MOJIOKEHNEM BEPIIMHBI TpeuuHbl. [IpennoxeHHbIin
aJITOPUTM J1a€T BO3BMOXKHOCTh PEIIUTH 33/1auy ¢ momoiibio Mojenu KGD u uzbexarsb
PacXoAMMOCTH TOJIYYEHHOTO PEIIeHUA. Takou moAXOJ IMO3BOJWI U AHAIUTHYECKU
pelmTh 3a7a4y, IpeIcTaBlIeHHy 0 Ha pucyHke 1.9.

Pa6ora [17] mocBsiilieHa 3KCIIEPUMEHTAIBHOMY HCCIICIOBAHUIO 3aKpPEIUICHUS

TpemH ['PII yroiapHBIX ILIACTOB IECKOM MECTHBIX MECTOPOKICHUM. Y CTaHOBKA
npuBezeHa Ha pucyHke 1.9.
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1 — XHUOKOCTb B €MKOCTH; 2 — HAcoC IJisi TEPEeKasKd >KUJIKOCTH, 3 — YaCTOTHBIN
npeoOpaszoBarenb; 4 — KpaH B BHJE IIapa; 5 — s4eika i UCCleA0BaHUs Ta30MPOHUIIAEMOCTH; 6 —
MIPECC C IUITUTOM; 7 — MUCTOH CBEPXY; 8 — oOpaszen cBepxy; 9 — perkuit nponaT; 10 — GuiIbTp ¢ CETKOM;
11 — o6pazen cHu3y; 12 — nucton cHU3y; 13 — npecc ¢ HwkHeH muTol; 14 — nupdmanomerp; 15 —
KJIaraH ocoObIi; 16 — eMKOCTh u3MepuTenbHas;, 17 — TepMOCTOIOHK.

Pucynox 1.9 - JlabopaTtopHOe yCTPOHCTBO I HUCCIAEAOBAHUS
razornponuiiaemoctu TpemmwmH ['PIT [17]

PaccMoTpuM TpemuHbI, KOTOPhIE BO3HHUKAIOT B YTOJLHOM IIJIACTE 3a CYET
TEKTOHUYECKUX HapylieHud. PaznuyaroT Tpu ctaguu nedopmaruu: nepBas CTaaus
Ha3pIBaeTCs YNpyrod nedopmarmeii, KOTopas BOCTAHABIMBACTCS TPU CHITHH
HArpy3KH C YIJIsI; BTOpas CTaus - TUIACTUYECKON JedhopmMarireii, Kotopasi U3BMEHSIET U
o0BeM U (opMy YTOJILHOTO TUTACTA; TPEThS CTAAMS - XPYIKOU AedopMaIneid, KoTopas
BO3HHMKAET MPU MPEBHIIIICHUH TpeJieia MPOYHOCTH YTJIs.

1.3 AHaau3 HaNpsKeHHO-1e(OPMUPOBAHHOIO COCTOSIHHE YrOJbLHOIO
MacCUBa

B nanpsbxenno-nepopmupoBanHom coctostuun (H/C) [18] paznuuaroT Tpu
tunia H/IC: nmepBbiii Tun ynpyroit padbotel — 10 35% OT paspyuiaronieil Harpy3ku
(pucynox 1.10a); BTOpOW THN YyHpyro-ruiactuueckoi padbotel — nmo 75% ot
paspyluarouiel Harpy3k, OpU 3TOM BO3HUKAIOT TPELIMHBI M HUX YHUCIO PACTET C
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yBenuueHueM Harpy3ku (pucyHok 1.100); TpeTuil Tum pa3pylieHHsT — TPEIIUHBI
BO3HUKAIOT TABUHOOOPA3HO U YTOJIbHBIN TUIAacT pa3pymraercs (pucyHok 1.10B).

o, << Rb o, < Rh g, = R}j
f HUA. AUHUS ?/x
M = HUN. AUHUA | g T e
UeHmp. 0Ck = = | M .Vé LEHMmp. OCb
—— —— t - B =
HUAN. MUHUS “\_U2Hmp. ock Ny
N 2 I~ oy, = Rhm
N l <4 —
o R - - :
b " b =] —
o, R_, 3 o, < R_g Ty b 5, = R;.
a) 0) B)

Pucynox 1.10 - Tpu tuna HJIC B pexxume u3ruda npu npuiioxkeHHONW Harpy3Ke

Pazpabotka wmectopoxknenuit yriass B Poccum, VYkpamne u Kazaxcrane
ocyuiecTBisu1ach B 1950 romax KOpOTKUMHU 3a00sIMU, KOTOPBIE 10 JUTMHE COCTABIISLIIN
He 6omee 15 M [19]. OuncTtHOi 320011 orpaHUYUBaIICS COOKY MACCHUBOM YTJISI.

Ecnu cuurats kodpPUIUEHT yCTOWYMBOCTH YTOJIBHOTO MAacCHBa PaBHBIM kK =

b/ m, 7A€ b paBHO MUpHHE yTOJIBHOTO IJIaCTa, KOTOPHIN BRIHUMAETCS W3 MAacCHBa, M
— 9TO BeJIMYMHA MOIIHOCTU Tuiacta. [Ipu ycnoBun k < 5B yrie He HakarumMBaeTcs
yIpyTasi SHEPTHs, TOCTaTOYHas, 4TOOBI BOSHUK TOPHBIN y1ap TIPH MPOBEICHUN TOPHBIX
paboT. MHOrONETHHE HCCIEAOBAHUS TOKA3aJd, YTO OTPadOTKa YIS KOPOTKHUMHU
3a005MU IPUBOIUT K TOPHBIM yaapaM B TPH pa3a O0JIbIIIe, YeM B BBIEMOYHBIX CTOJIOAX,
KOTOpbIE  OTpab0OTaHBl  JUIMHHBIMA  MEXaHU3MPOBAHHBIMH  KOMILJIEKCAMH.
[IpuBeneHHple mpuUMeEpbl MOKa3blBAlOT BaxHOCTh HJIC yrompHeIX 11aCTOB.
CoOCTBEHHO, CTeMeHb HAMpPsHKEHHO-AEPOPMUPOBAHHOTO COCTOSIHUS YTOJBHOTO
UIacTa TOBOPUT O TOM, Ha KAKOM YPOBHE HaXOIUTCS ero aHeprus (pucyHok 1.11).

B pa6ore [20] nmpeactasnen naket nporpamm (pucyHok 1.11) ansa pacuera HIC
YTOJBHOTO MAacCHBa, B KOTOPOM YTOJb CKJIOHEH K TOPHBIM yJapaM MU JOOBIBAJICS
KOpoTkuMHu 3a00siMu. [lpeioxkeHHBIM MakeT MporpaMM TMO3BOJST MPOU3BOJUTH
pacuér mapamerpoB HJIC yrompHOro MaccuBa M OMNPENEIATh paclpeesieHHue
KOHIEHTPATOPOB BEPTUKAJIbHBIN HAIIPSKCHUU.

B pabore [19] Obutu caenmaHbl CIEAYIOUIME BBIBOJBI, YTO K OCHOBHBIM
napametpam, onpeaenstonum H/IC yronsHOro MaccuBa, KOTOPBIA CKJIOHEH K TOPHBIM
yJaapam, OTHOCSITCS: TTIOKa3aTelb YAApHOW OMMACHOCTH MOPOJ M YIS, BEKTOP MOJIHBIX
HaIPsHKCHUH, TpaHUIla OCOOBIX 30H COCTOSHHUS YIJII B OOKy INTpeKa, a TakkKe
MIOJIOKEHUE B TIPOCTPAHCTBE KOHIICHTPATOPOB YIPYTHX HAMPSHKEHUN W, CBA3aHHBIX C
HUMH DHEPTHUM.
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2 Ckwklat.dat ~ / Beog B Nporpammy MCXO0 AHBIX A3HHBIX:
Stolb_20.dat MOWHOCTA M CBOWCTE NOPOS M YrONbHLIX NASCTOR,
Kontur.dat OPMEHTALLMA FOPHBLIX BeIpaboToK
3 ;
Sloi 106or  bewend] D opMHpOBaHHWE KOOPAWHAT O PU3OHTAN bHBIX NHHK
S Ha MOAENM C YYeTOM reoNorMYecKoro paspesa
¥
il $oOpMUPOBaHWE HOOPLAMHAT BEPTHHANBHBIX NMHMA
Stolb_20.for Ha MOAENH C YYETOM rpaHuy BeipaboTaHHOro
NPOCTPAHCTEA, FEONOTMUYECHUX HaPYLL EHWA
¥
il Setka_30.for TpUaHrynALMA MOASAK Ha uofequme INEMEHTLI
M GOpMUPOBaHKE CBOWCTE NOPOS
6]
Gh_40.for | | Pacuet HAC HeTpoOHYTOro Maccuea
7 ¥
7
Vir Gr T 85.for  be-ee- Pacuer HOC maccuea nog enuaHuem seipaboTor
- - M JUIBIOHKTUBOB
¥
3] Pac4er HAC maccuBa nNop BAMAHMEM BeipaboToK
Vir_GrT_Nel_&0.for W AM3BIOHKTHBOB C YYETOM HENWHERHorD
AedopmMUpOBaHWA NOPOA,
¥
~ Tabnwuugl ¥ rpa@ukK ANA 3HANM3a M NPOrHO3a
Surfer, Excel
reoMexaHW4YeCcKon CUTYaLMu

L komew >

Pucynox 1.11 - [Taket nporpamm pacuera H/IC
00X 00BEMOB TOpHOM TTOPOABI M [20]

Ecnu yronabHbIli MacCHB HaXOAMTCSA B HETPOHYTOM COCTOSIHMH, TO Ha JIFOOYFO
TUTOINAKY, PACIOI0KEHHYIO TOPU30HTAIBHO JEHCTBYET BEPTUKATIBHOEC HAIMPSDKCHHE
0, = pH, rae p — maOTHOCTH yriist Mk moposl, H — rimyOuHa 3ajaeraHusi yroJbHOTO
mwiacta. Korma BeipaboTka Ha rinyomne H, Torma w3MeHseTcss HepBOHAYAILHOE
HanpsHKEHHE 0, HETPOHYTOr0 YroJbHOro MaccuBa (pucynok 1.12) [21].
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A 3emHas B
MOBEPXHOCTh

1 - BeIpaboTKa rpaHuIbl 00IACTH BIUSHUS; 2 - ONIOPHOE JAaBJICHHE 30HA; 3 - pa3rpy3Ka u ee
rpaHula; 4 - IOJHbIE CABMKEHUS U UX TPAHULA; 5 - CIBUYKEHHUE MOPOJ] U 36MHON TOBEPXHOCTH U UX
30Ha; H — rimy6uHa 30HbI pa3paboTKH; a - BIpaOOTaHHOE MPOCTPAHCTBO U €€ IUPHUHA; Xy, -
MaKCHMYM OIOPHOTO JABJICHUS U €r0 PACCTOSIHUE; |,,- 30HA OTIOPHOE IaBJIEHHE U €0 UINHA; Oy -
OIIOPHOE JABJICHHE U €70 MAaKCUMYM; I/ ;— IIOJIHOE CABHIKEHHE U €T0 yTroJl.

Pucynox 1.12 - CxematuuHsblil 6JI0K pactpeieiieHus] TOPHBIX HAIPSKCHUM
OKOJIO OYHMCTHOM BBIPaOOTKH [21]

BripaboTka yroapHOro maccuBa (GOpMHpPYET 30HY MOHMXKEHHOTO JaBJICHUS,
IOCKOJIBKY BEC CTOJI0A MOPOJIbl, UMEIOLIEICS HaJ BBIPaOOTKOM, MpuOaBseTcs K Becy
NOpOAbl, KOTOpass HaXOAUTCS OKOJO BbIpaOOTKH. ITOT MpolecC MNPUBOAUT K
YBEJIMYECHHUIO CKUMAIOILIETO HANPSDKEHUS B YTOJIbHOM MaccHBE BOJIM3U BBIPAOOTKH, B
KOTOpOW HaOI0aeTcs MOBBILIEHHOE JaBIEHUE C MAKCUMYMOM O, U C PACCTOSTHUEM
Xy OT Hee. Korga mpoucxoauT yaaneHue oT BIpabOTKH, TO U3MEHEHHOE HaIPsKEHHE
B IIJJACTE IPUXOIUT K CBOeMY HopManbHOMY pH. OTa, Tak Ha3piBaeMast 30Ha OIIOPHOTO
JABJICHMs, pPAcCHoJiaraercss B TOM MECTEe, I/I€ BEPTUKAIbHOE HAIPSHKEHUE HE
npeBbIIaeT 5% OT 3HaUeHUs, KOTOpOe ObLII0 B HETPOHYTOM MAacCHBE U €€ JINHA paBHA

Loy
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1.4 Anaau3 mnpoueccoB TOPHO-TMHAMHUYECKHUX sABJeHUA H ¢(aKTOpoOB
BO3/1eHCTBUS HA YIOJbHbIN IJIACT

Bo BceM Mupe Ha yroJabHBIX MECTOPOXKICHUSX CITYYarOTCsl BHE3AITHBIE BBIOPOCHI
MeTaHa u yriisi, kotopsie cBsazanbl ¢ HJIC. B wactHocTu, B Poccuu, B Kazaxcrane u B
YkpanHe BHE3allHbIE BBIOPOCHI METaHAa W YIJIA, KOTOpPhIe OBUIM CBS3aHBI C
reoJIOTHYECKUMU HapyuieHusMu, npousonuid B 80-90%; B KHP — cBeimie 67%; B
AgcTpanuu — cBbiie 90%; Bo @pannun — 60%; B Ucmanuu — 60-65%; SAnonuu — 60-
70%; T'epmanuu-75%; Yexun — 70% (tadmuua 1.1) [22].

Tabmuna 1.1 - Hanboutee kpynHbIe BBIOPOCHI YT U rasa [22]

Crpana YronbHbI Oacceiin [TaxTa ['ox BeIOpOCa
®paHuus CeBeHHCKHIT Arpann 1879
@DOHTIH 1921
Benukobpuranus HOxHbIH Y37bC Kopgeii 1944
Benrpus Meuekckuit Conoy 1957
306ax 1969
ABCTpanus boysHckmii Kommacknmii 1954
Kanana bpuranck. Komymbus Moppuceit 1904
p . Mapus 1958
I'epmanns ypexHn butcym 1933
N66en0ropeHcKuit N66en0open 1975
Hoga pyna 1969
[Tomeria HwxHecunesckmii Topes 1985
Hoga pyna 1970
Canxy0a 1973
KHP Corayans qXYH-HﬂIZLmaHL 1981
SAnonus Hcukapu O6apu Iun 1981
Typuus 30oHTYIIaKCKUIH Kozny 1983
Ykpanna Jonenxui Laraputia 1963
CKOYMHCKOTO 1980
Kazaxcranckas 1985
Kazaxcran Kaparanaguncknii JlennHa 1998
TenTekckas 2008

Teopun BbIOpOCa yriisi U ra3a oueHb OypHO pasBuBaiuch B XIX u XX Bekax.
Bce onu ObuIM HampaBiieHbl Ha pa3pabOTKy MEPONPUSATUI OOHAPYKEHUS 30H OMACHBIX
10 BBIOpOCAaM yTJIs U Ta3a yroJabHOro IlacTa, a Takke pa3padoTKe TEXHOJIOTUYECKHUX
CXEeM pa3pabdOTKH IJIACTOB IOABEP)KCHHBIM BHE3AITHBIM BEIOpOCaM yriisi U ra3a [25,26]
U MeTtofaMm OopbObl ¢ dTuMH siBiieHusMu [27,28]. Bompockl ycTaHOBICHHS
ra3oIMHAMUYECKUX 3aKOHOMEPHOCTEH TOpHOTO JaBlieHUs B TIyOOKHMX IIaxTax
nocesmieHbl padotel [29,30]. Ha ceropssimHuiA 1eHb HacuuThiBaeTCs okoio 150
TEOpUH, KOTOpbIE JENal0T MONBITKM B OOBSCHEHUH TOTO, KakK OCYIIECTBISIOTCS
razonuHamudeckue sisneHus (I'JIS). Bce oHm Moryt ObITh OOBETUHEHBI TpEMsI
rpynmnamu, KOTOpbIM OTBEJIEHA TJIaBHas poJib B npoueccax ['J14.

Bo-nepBbIX, 3TO TUIOTE3BI, T1I€ IIAaBHYIO poib B npoueccax ['/[4 urpaer ras.
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Ota Teopus pazBuBaiack Tpyaamu [ 'uccena H., Pydda O., bpurrca H., Kopuera ®@.A.,
['rontepa A. CornacHo 3TOil TEOpHH, METaH HAaXOJUTCS B IJIAaCTE€ YIVIA B 0COOOM
MOJIO’KEHUH, TTPEICTABIISIONIEM co00# yTrob, KOTOPBIN JOBOJBHO 3aMETHO U3MEIbUCH
u oOpa3yer cBoeoOpasHble THe3da. Korma mpuOmimkaercs ropHas BbIpabOTKa K
noI00HOMY THE3Ay, TO MEJIKHI Yrojb HauMHAET BBIOPACHIBATHCS ra30oM HapyXy B
BbIpabOTKY. BO3HUKHOBEHHE MOAOOHBIX THE3/T OOBIYHO CBSI3BIBAIOT C TEKTOHHUECKUMU
ABJICHUSIMH, KOTOPBIE IPOU30LILIN YK€ MHOTO JIET TOMY Ha3zaxa. Mnu B MOMeHT, Korna
MIPOUCXOJISIT B3PBIBHBIE pa0OTHI /ISl BRIEMKH YTOJBHOTO IJIacTa U KOTOphIE BICKYT 3a
co00l MeXaHUYEeCKHe HapyIIeHUs U YTJis, U opoAsl. COriiacHo 3TOM TeOpuH, METaH B
IIacTe Yriisi HAXOAUTCS TIPU MOBBIIICHHOM JIaBJICHUHU, IIPU ATOM 0053aTeNIbHO, YTOOBI
B 3TOM IIpoliecce ObLJI0O HE3HAUUTENbHOE COACpKaHUE KUIKOTO IBYOKHUCH YTiepoa.
[ToapoOHeIit aHanu3 3toi npoosiemsr I'JI5 mokazan, 4To mogo0Has Teopus HEBEpHA.

BTtopas rpynma — 3T0 runoTes3bl, B KOTOPBIX INIABHYIO poib B npoueccax ['/[5
WrpaeT JaBJICHHE raza. JTa Teopus pas3BuBaiach Tpynamu ['epuepa A., Apnepa M.,
[Teuyka .M., Oqubepa E., byapeika B., Huc . 3gecs npouece '/ conocrapisncs
TOPHOMY yJIapy, HO JaBJ€HHE raza ObLJIO BTOPOCTENEHHBIM W OTBEYaJO JHIIb 32
IpolLiecC ABMKEHUS YIS C METAHOM B TOPHYIO OTpaOOTKy. [logo0HbIe Teopun JHIIb
YaCTUYHO Moriin o0O0bsicHuTh [/l B yrieomacHoM cjoe TMpu BHE3AITHOM
MEXaHUYECKOM COTPSCEHHH, KOTOPBIE BBI3bIBAIOTCA JIMOO B3PBIBHBIMH pabOTaMH,
b0 oOpyimieHrueM KpoBiu. B sroit Teopum rnaBHoi mpuumHou IS cuurtaercs
uckmountensHo HJ/IC mmacra yris, Oe3 ydera ra3oBOd COCTaBISIIOLIEH, YTO B
JaJbHEUIIIEM HE HAIUIO JOJKHOTO MOJITBEPKICHHUS.

TpeTbs rpynna — 3TO TMNOTE3BL, 1€ TJIABHYIO poJib B nipoueccax IS urpaer
MHOTOIapamMeTpuueckuii paktop. ITta Teopus pa3BuBaiach Tpynamu CKOUYHHCKOTO,
Kroite, Xonora, ' mmma, Tapuocku, Hukonuna, ['nnna, JlutBuaummza. CoriacHo 3Tou
teopun, Ha ['J[S okaspiBaer BiusiHue ropHoe nasinenue (crenenb HIC). [Ipu stom
JaBJICHWE METaHa, KOTOPOE€ NPUCYTCTBYET B yriie, okasbiBaer BiusHue Ha HJIC.
CornachHo 3tou Teopuu, Ha I' /4 BnuseT Takke TEKTOHMKA YrOJbHBIX IIACTOB.

B HacTosmuii MOMEHT NPUHATHI CIAEAYIOIINE TUTIOTE3BI:

- u3-3a TOpHOro pamieHus, Bo3Hukawnme HJIC conpoBoxnaroTcs
pPacTpECKMBAHUEM, PBIXJIEHUEM YTOJIBHOTO IJIACTA BO BPEMS €T0 BEIPAOOTKH, IPU 3TOM
IPOUCXOJUT €ro OBICTPOE BBIAABIMBAHUE B TOPHYIO BbIPAOOTKY, CHI)KEHHE
IPOYHOCTH M U3MEHEHHE Ta30HOCHOCTU YIJiA, YTO MPUBOJUT K B3PHIBHOMY
BBIJICJICHUIO TeTJIa ¢ OOJBIITNM 00BEMOM METaHa;

- ra3 (MeTaH) YroJbHOIO IUIACTa, MPEACTABIACT COOOW JAOMOJHUTEIBHBIM
dbakTop, KOTOPBIA SBISIETCS KpailHe HEOOXOAWMMBIM B TIpPOIlECCE OTpPhIBA U
MIEPEMEIICHHS MAacChl YISl B TOPHYIO BBIPAOOTKY BO BpeMsi BHE3AITHOTO BHIOpOCA, TIPH
ATOM BaXHYI pOJb HWIPaeT, CKOPOCThb BBIJEIEHUS Ta3a, KayecTBO YIJIs, €ro
MOPUCTOCTh, TPEIIMHOBATOCTh U CTPYKTYypa, IpuueM, 00a 3TH mpolecca MpOUCXOAST
OJIHOBPEMEHHO, MOA00HO JIaBuHE, npoBouupys I'J151;

- Ta30BbI (PAKTOP YroJbHOrO IUIacTa MPECTaBISIET COO0M JOMOTHUTENbHYIO
NPUYMHY, [0 KOTOPOW MNPOUCXOIUT MepeMenieHue OOJIbIION yroabHOM Macchl B
TE€YEHUE BHE3AITHOTO BBIOPOCA, HA Ta30BbIi (PaKTOP BIUSIOT CIEAYIONINE apaMeTphl:
MOpbl B YTOJBHOM IUIACTE; CKOPOCTh, C KOTOPOH IPOMCXOJMT BBIIEICHHUE Tra3a;
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CTPYKTypa YroJIbHOT'O IlIacTa.

JUist oueHku ropHo-reonornueckux Hapywenud (I'TH) B yrnenoponHom
MacCUBE W CTCIICHH WX BbIOpocoomacHocTH B padore [30], mpuBeneH KOMILICKC
($U3MKO-MEXaHUYECKUX  CBOMCTB,  BKJIOYAash  HAmpsDKEHHOE,  Tra3oBoe U
TEPMOJIMHAMHYECKOE COCTOSIHUE YIOJBHOI'O IJIACTa, KOTOPbIE HEOOXOAUMO H3y4YaTh
JUTSI JOCTOBEPHOCTH M TOYHOCTH ONPEEIEHHS 30H U3MEHEHHS (PU3UKO-MEXaHUUECKUX
CBOMCTB YTOJBHOTO IUIacTa onacHbIX no nposisaeHusam ['JIS. IIpu sTtom n3menenue
BBIIICYKa3aHHBIX I1apaMETPOB HYKHO IPOBOJWTH HE TOJBKO IO KIACCUYECKUM
KPUTEPUSM, HO U [10 KpUTEPUSIM HEMApaMETPUUECKOTO TUIIA, BKIIIOYas reo(hru3nueckue
napaMeTpbl, M3MEPEHHE KOTOPBIX BBIINOJHAETCS IO KOMIUIEKCY TIe0(pU3NYECKUX
UCCJIENOBAHUM CKBAKMH, METOJOB IIOBEPXHOCTHOM M TOJA3EMHOW IIAXTHOU
reou3uKH.

OLleHKa cTeneHu
BbIOpOCOOMNACHOCTU
30H TH
! ! ] '
OueHKa OueHKa HanpAXXeHHO- OueHka OueHka
PUSUKO-MEXaHUYECKNX AeOPMUPOBAHHOTO rasoAMHAMUYECKOro TEPMOAUHAMUYECKOTO
CBOIiCTB nNnacra COCTOSIHMA NnacTta COCTORHMA nnacTta COCTORHMA nnacTta
Mo abconioTHBIM Mo abconiOTHLHIM Mo abconOTHLIM Mo abconioTHLIM
BEJIUYMHAM BeJIMYUHAM BeJIUYMHAM BE/IUYMHAM
nokasaTenei: nokasaTenei: nokasaTenei: noKasaTens:
mps 13 B, ribas €ps Gon® g, (TeKywuil NporHos); S
AP; X ot Vieos
CH,, % (AIr3)

Mo usMeHeHuio Mo n3MeHeHUuIo ‘ Mo usmeHeHuIo
BENUYMH BENUYMH BENUYMH
nokasareneii nokasareneii Mo naMeHeHuIo rnokasaTens

(no :d i/ AJ (no Qe O BEJINYUH (no p T
U3M. l mp U3M. wrbiba p’ “on I'IOKasaTe.ﬂeﬁ U3M. YIRR. no8.
. i Ginax:
nok_ . ) g.:k _ =7"%;
Mo usMeHeHuIo ( )’ i Koo €max
reonoruyecKux 5g :¢:X_ : CH, %.
napaMmeTpoB: At e A
m; H; Vi, v, M.

Pucynox 1.13 - Cxema nporuosupoBanus 30H [ TH u orienku crenenn nx
BbIOpocoomacHocTH [30]

AHanu3 JIUTEpaTypHbIX UCTOYHUKOB MO BOMPOCY BBIOPOCOOMACHOCTH T'OPHO-
IeOJIOTMYECKUX HapyIIEHUH, IAaeT OCHOBAHME CHEJIaThb BBIBOJ, YTO HAJEKHOE
MIPOTHO3WPOBAHUE BHIOPOCOOITACHBIX 30H, CBs3aHHBIX ¢ [ TH, monokeHneM yroibpbHOTo
IJJaCTa B NPOCTPAHCTBE, U3MEHEHUs CTPYKTYpBI IUIACTA, PA3HBIX WU3MEHEHUH €ro
MOIIIHOCTH, HaJW4usl 30H BBIKJIMHUBAHUS PACCIOCHHS, VYYAaCTKOB MEJKHUX
reOJIOTMYECKUX HAPYLIEHWW HE BBIABICHHBIX IIPU I'€OJIOTMYECKOW pa3BelnKe, U JIp.
OIPEICIISAIOT MMapaMeTphl, MpUBeaAcHHbIC B padorax [31,32], K KOTOPHIM MO HAIIEMy
MHEHHUIO, JOJDKEH OBITh OTHECEH KOMIUIEKC TeoJIoro-reopu3nueckux MeTO0B
HA3eMHOW U IIAXTHOW reopu3uku. bonblioi MHTEpeC MpeaCTaBIsOT UCCIIEIOBAHUS
[0 BBIABJICHUIO MEJIKOAMIUIMTYIHBIX HApyIIECHUWH, B TOM YHUCJE CBS3aHHBIX C
TUIICOMETpUEN I1acTa, npoBoauMble B KaparaHauHckoM yroiarHOM Oacceiine
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XomxaeBeiM P.P., T'aGalimynuaeim P.U., AcaunoBeiM C.T. («HayuHO-MHXEHEpHBIN
ueHtp I'eo-Mapk»), a Takxke padbotel @unumonosa E.H., Ateiraesa P.K., [1lasxmeToBa
P.T. (YCIOUMJO VYO AO «Apcemop Mutran Temupray»), NOCBSIICHHBIC
VCCJIEIOBAHUIO MPUPOJHON (TIEPBUYHON) METAaHOHOCHOCTH YIOJIBHOTO IUIacTa M
METaHOOOMIIFPHOCTH B TOPHBIX BBIPAOOTKaxX, a TaKXKe CBA3SIM 3TUX (PAKTOPOB C
CYTOYHOU JOOBIYEH yIIIsl.

MHOrOYUCIEHHBIE TEOPETUYECKUE U HKCIEPUMEHTAIbHBIE HCCIEAOBAHUS
nokaszayiu, yto '/l BO3HUKAIOT MPU OJHOBPEMEHHOM JIEUCTBUM TaKuX (PaKTOpoB B
yroJapHOM T1acTe, kak Oosbiroro HJIC; BhICOKON Tra30HOCHOCTH IIacTa U MPHU €ro
MaJioi MPOHUIIAEMOCTH ra3a.

O4yeBuIHBIM fABISIETCS TOT (akT, 4To omacHocTh ['JIS mpu BegeHUM TrOpHBIX
pabot Tem Bolwle, yeM Oonbiie HIC B yroibHOM MaccuBe, U YeM MEHBIIE MPOYHOCTD
TOPHBIX TIOPOJI, BKIIFOYAst yroJibHBIN TiacT (pucyHok 1.14) [32].

@daxkTopsbl, IepeurciIeHHbIE Ha pucyHKe 1.14, icuepnbIBaOT MOYTH BCE YCIOBUS,
criocooctBytomue ['JIS, onHako, X KOJNMYECTBEHHBI MOHUTOPUHI HEOOXOIUM C
pPa3BUTHEM HOBBIX 3HAHUI O B3aUMOBIIMSHUU 3THX PakTopoB. OAHUM U3 HAIIpaBICHUI
ABJIAETCS ~ M3YYEHHE  HAHOCTPYKTYpbl  MOBEPXHOCTH  yIUIed, oOJagaromeit
OTJIMYAIOIUMUCSA OT OCHOBHOM YacTu yriisl (PU3UKO-MEXaHUYECKUMHU CBOMCTBAMH.

f’"l AOHOCHOC T, NOPHCTOCTh, LHE- \
JHCTOCTE, }1HHCp3:Ibelrl COCTaR,
CTPYKTYPA ILIACTa, IIyOHHA 3ane-
aHHA, MAFKOCTE, YI'OJ HAKIIOHA,
OEPYHAIINAC CKAlBL, TEKTOHHYE-
CHHE H.l'}fi.\-l}-’l.l.ltbﬂll}l, C.l'lli}']i_‘ML‘HHth‘,'

TCKTOHHYECKHE HPOUECChH [pounocTs, YOPYIocTs,

k j IUIACTHYHOCTD M p.
o m’ o
s 3
lNeomexannueckue DHIHKO-TEXHHYECKHE
XAPAKTEPHCTHRH ceOHcTBa
b )

AT i 4

- N
[epBOHAYANEHOE COCTOAHKE
HANPHARCHHI

&

HisMeHeHHe HANpRAeHHE B
FOPHOM MACCHBE

Texnonorus ropheix pabor

Criocod 2ocTyIa, NoCHe0BaTeIbHOCTE BEIDOPKH, OHOBpeMeHHAs BEDOpKa
IUIACTOB, CHOTEMA KCIUIYATALMY, CNOCo0 BRIOOPKH, CNOCOD YIPABICHHL
KpoBIei, ckopocTs BRIGOpKY, popMa nepeaka, cnocod oxXpaHsl BepaboToK
Hap.

Y

Pucynok 1.14 - ®aktopsl, Baustoriue Ha mpossieane [ [32]
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1.5 Cga3b CTPYKTYpPbl YroJIbHOTO BellecTBa ¢ Tra3ooTaaveil u3
HepPa3rpyKeHHbIX YIroJbHBIX ILUIACTOB

N3 Mopenu yris, mpeacTaBiIeHHOW B pabote [33], ciemyeT, 4TO IABUKEHUE
MeTaHa CKBO3b YTrOJbHOE BEIIECTBO OCYIIECTBIISIETCS 4Yepe3 CUCTEMY TPEIIUH. DTU
TPEIIMHBI MOT'YT OBITh 3aKPBITHIMH, JITOO OTKPHITHIMU. B TIEpBOM Citydae 3TH TPEIIUHbI
00pa3yloT ocoOble OJOKH, KOTOPhIE HAa3bIBAIOT 3aKPHITON MOPUCTOCTHI0. Bo BTOpOM
cilly4yae, 3Ty CHUCTEMY TPEIIMH Ha3bIBAIOT (PHIIBTPAMOHHBIM 00BEMOM (PUCYHOK
1.15a). ITockoapKy B 3TOM 00BbEME CYIIECTBYET CHCTEMa OTKPBITHIX MOp, TO METaH
JIBMDKETCS] CKBO3b 3Ty CUCTEMY TPELIUH TOBOJIBHO ObIcTpoO [34].

MeraH, KOTOPBIM HaXOIUTCA B 3aKPBITHIX MOpPax, MPOHUKAET B CBOOOHBIM
o0beMm 3a cueT nuddy3un duka, otMmeueHHOro B padore [35]. [Ipudem, B 3T0i padoTte
MOKAa3aHO, YTO CKOPOCTh MU(DPY3uu 3TOr0 MeTaHa OMNPENESEeTCS METAHOHOCTHIO
miacta yrias. OTO XapakTepHo M Au(@y3und TBEpAOTENBHOIO THIMA, KOTOpas
CYILIECTBEHHO OTJIMYaeTcs oT qudPy3un uepe3 PrIbTpauOHHBIA 00bEM.

g V1COpOLPOBAK-
Hblii, 20 %

 mpacTBOpen-| T
o fibifl, 76 %

CBOOOIHBIII,
1%

>

0)

Pucynok 1.15 - Cxema ctpoenus yrojsHoro riacta (a) [34], ctpykrypa
yToJILHOTO MeTaHa 1o ¢opmam cyiecTBoBanus (0) [37]

B 1981r. Teopernueckn, a B 1986 TI. 3KCIEPUMEHTAIBHO MOITBEPKICHO
HAyYHOE OTKPBITHE TBEpPJOro yriera3oBoro pactBopa [36]. ComepxaHue raza B
coctaBe TBepnoro yrierazoBoro pactBopa (TYI'P) cBsizaHo C BepTUKaIbHBIMHU
HaIpsHKEHUSIMU B YTOJIBHOM IJIACTE, KOTOPBIE BBI3BIBAIOT 1€(POPMALIMOHHO-BOJTHOBBIE
SBJICHUS BOJIM3M TOPHBIX BbIpaboTok [37]. B 2001 romy ObuM YCTaHOBJICHBI
BOJIHOOOpA3HbIE SIBJICHHUS B METAaHOOOWJIBHOCTH Ha Y4YacTKaX OTPaOOTKH YrOJbHBIX
MECTOPOKICHUH, CBA3aHHBIE C U3MEHEHUEM HAIIPSKCHUN B YTIIEBMEIIAOIIECH TOJIIE,
KoTopoe puBoasT K pacnaay TYI'P u usmeHeHuto copOoIIMOHHOTO MOTEHITHANA YTJIs,
IPONOPIIMOHAIBHOE  YMEHBIICHWE JOJM PAaCTBOPEHHOIO METaHa. OJTO JaeT
BO3MOXKHOCTh KOJMYECTBEHHO OLIEHUTh KOHIEHTpPALMI0 MeTaHa Hu (opMmy ero
CYLLECTBOBAaHMS B Ijiacte yris (pucyHok 1.15 6).

YcranoBneHo, uro MeraH B KaparanauHckoM —yroipHOM — 0OacceiiHe
NPUCYTCTBYET B hopMe TBEpIOTO pacTBopa (Tadbnuua 1.2).
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Tabmuma 1.2 - @opmbl cymiecTBoBaHWsT MeTaHa B KaparaHaMHCKOM yroiabHOM
oacceiine (o ganueiM UTTKOH PAH)

Konuenrpanus

MeraH B 11acre yrist MetaH 1 ero BUnI o
MeTana, %

[Tops! Gosb1IOrO pasmepa, CUCTEMA TPELIUH B
IUIacTe, TEXHOJIOTMYECKOT0 U MPUPOAHOro THra | B cBoGoaHOM cocTostHMM 2-12
YTOJIbHBIX J1€(EKTOB.

[ToBepxHOCTHBIE YTONbHBIE Ie()EKTHI, a UMEHHO,
MHUKPOIOPUCTOCTb, OJIOYHOCTD U T.[.

CtpyKTypa yroJibHOTO BEIIECTBa B BUJIE

B cocrosauun ancopOruun 8-16

PacTtBop TBepabIit

MOJICKYJISIPHBIX M HAJIMOJICKYJISIPHBIX 70 -85
N CUCTEMBI «YI'OJIb+METaH»
o0Opa3oBaHMit
Kpucrannsl yroibHOro BemiecTsa MerTaH B COCTOSIHUU 1-9
XHUMHYECKOH copOumu
CTpyKTypBl KJIaTpaTHOTO TUTIA PacTBop TBeporo Tuma 1-3

I'opHbie paboTel Ha maxTax KaparanaumHckoi obmactu BexyTcs Ha riryorne 600
M U IIyOXe, TJ€ yTroibHbIE IUIACThI 00JaJal0T HU3KOM MpOHULIaeMOcThio. [loaTomy
razoorjaya B CKBaXMHAX W3 HEPA3TPYKEHHBIX YrOJbHBIX IIJIACTOB TaKXKe
MUHHMAaJIbHA. JTO CBSI3aHO C TEM, YTO TBEP/IbI PaCTBOpP METaHa HE OT/AET ra3 0e3 ero
nectpykiuu. ClenoBaTeiabHO, YTOOBI H3BJIEKATh METAaH W3 YTOJIbHBIX ILJIACTOB,
HE0OXO0MMO PHEPTEeTUYECKU BO3/IEHCTBOBATh HAa CaM TBEP/IbIN pacTBOpP yIriieMeTaHa U
paspy1iaTh ero ¢ BelaeiaeHrneM Merana [38-40].

N3 pucynka 1.15 6 crnexyet, 4To MeTaH B CBOOOIHOM COCTOSTHUU COCTABIISCT B
YroJIbHOM ILUIacTe BCEro okoyio 4%. DTOT ONMUChIBaeTCsS 3aKOHOM Jlapcu U oTBevaer
bunbTpau MeTaHa B TpPEHIMHOBATO-MOpUCTOM Tacte 3a cuer Mlla. Ilpu
bunbTpalu MeTaHa CKBO3b Cpey M3MEHEHHE TemmepaTypbl He mpoucxoauT. K
ypaBHEHUIO JIGHTMIOpa Mbl oOpalaemMcs Mpu PacCMOTPEHUN COPOIMU METaHa B yIJie
(moutu 20%) pucynok 1.15 0 m mpeoOpazoBaHueM ero B ra3 CBOOOAHOrO THIIA,
KOTOPBIN IBUKETCS 110 CUCTEME TPEIIUH U 3aHUMAaeET Bech 00beM (pucyHok 1.15 a).

VYkazaHHbIe 3aKOHBI COCTaBJISIIOT enuHoe 1enoe. OHM couepxkar B cede
ypaBHEHHUSI COXpaHEHMsI Macchl, ypaBHeHus [apcu u JleHrMiopa v HUMEIOT BU,
onucaHHbIN B paborax [41,42] u [43]. ®unbTpanus MeTaHa CKBO3b yYTOJbHBIN TUTACT
MPEICTaBISIET COOOM BEMYIIHIl MPOIIECC U C TEYCHUEM BPEMEHHM OHA CHUKAETCS, YTO
MPUBOJNUT K CHIDKCHUIO JaBJIeHHs B oObeme ¢uiabTpanuu. [lepeHoc meTaHa depes
MIOPUCTHIN TUIACT YTl MPOTEKAET Yepe3 CUCTEMY TPEIIUH (DUIbTPAITMOHHBIM ITyTEM, a
BOT NEPEHOC METaHa Yepe3 CUCTEMY YTOJbHBIX OJIOKOB MpoTekaeT Iupdy3rnoHHBIM
nytem [35].

[Tpu TakoM moaXoA€ ABUXKYIIENW CUIIOM MPOLIECCA SBIISIETCS TPAAUECHT JaBJICHUS
MeTaHa. [Tockosibky caM (PUIBTPAlIMOHHBINA MPOIIECC, MO CYTU, OC3BIHEPIIMOHHBIN, TO
JIJISL ATOTO TIpoIiecca UCTIOIb3YIOT ypaBHeHue lapcu:

w_ o[k or

el (1.2)

upax ’
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rie W — KoJIM4eCTBO MOJIEKYJl MeTaHa B eAuHuIle oobema yriis, k - koadduiment
MIPOHUIIAEMOCTH, |l — TMHAMHUYECKasl BI3KOCTh METaHa.

[Ipouiecc MaccomepeHoca MeTaHa HA4YMHAETCSl C TOTO MOMEHTa, Korja
MPOUCXOIUT HAPYIICHHE PABHOBECHS YTOJIBHOIO MJIACTa B pe3ybTaTe OTOOMKH YIJIsl.
[Ipu »TOM 3a cueT AecopOIMU MeTaHa MPOUCXOIUT €ro MaccolepeHoC B 00JacTh
MOHMKEHHBIX JABJICHUI - TOPHYIO BhIpa0OTKY. CaM mpoliecc MacconepeHoca MeTaHa
MPOUCXOJUT TP HAJOKEHUU JBYX [MPOLECCOB MACCOMEPEeHOca, a HMEHHO
¢unbrparmu U auddysun. B HacTosiiee Bpems Teopusi MaccolepeHoca MeTaHa
JOCTHTIIA BBICOKOTO YPOBHS, COBMECTHO C JOCTIDKCHHSMH KOMITBIOTEPHBIX
TEXHOJIOTHA, TIO3BOJISIET PEIIUTH JIOOYI0 MPAKTHYECKYIO 3a7ady O Ta3000MILHOCTH
YTOJIBHBIX IJIACTOB 0YMCTHOTO 3a00s1[ 44].

VYroneHOe BemecTBO [45,46] COCTOMT W3 OPTaHMYECKOW MAacChl, MUHEPATbHBIX
BEIIIECTB U BJIaru, KOJIMYECTBO KOTOPBIX MOJBEP>KEHO 3HAYUTEIILHBIM KOJICOAHUSIM.
Coneprkanue yriepoja B KAMEHHOM YTJI€, B 3aBUCUMOCTH OT €T0 COpTa, COCTABIISET OT
75% no 95%. Heopranudeckass 4acTb Yriisi UMEET CJOKHBIA MHUHEPAIOTHYECKUIA
coCTaB. YTOJIb COCTOUT, B OCHOBHOM, U3 yriiepoja u Bojaopoja. Kucinopon sBisercs
0a/mIacToM, CHIDKAIOIUIMM TCIUIOTBOPHYIO crmocoOHoCcTh yrueid [47,48]. Asor
conepxutcs B yrisix or 1 mo 3%. Ha pucynke 1.16a mokazaHa CTpyKTypa YIuis,
npemoxkeHHass CkpumueHko ['.b., ocHOBaHHas Ha TE€TEPOreHHOM OOpa30BaHHU
3apOoABITIEH MUKpO(ha3bl ApOMATHICCKUX MAKPOMOJIEKYJI B BUIE KpUCTALTUTOR. Korma
HaOJII0/1aeTCsl HU3Kasi CTEMEeHb MeTaMop(u3Ma, TO 3apOJBIIIM KPUCTANIUTOB CJ1a0o
B3aMMOJICUCTBYIOT M OHHM TIEPEXOIIT B OBICTPOE YMOPSAOYNBAHHE MaKPOMOJIEKYI.
Hampumep, B anTparmTax HeOOIBIIOE KOJTMIECTBO ApOMATHIECKUX TTAKETOB CO3/IAl0T
0onee kpymHbie MoJiekybl [49]. ITpu 3TOM M3-3a OTIIEIUICHHS OOKOBBIX IPYIII CaMHU
CTPYKTYpbl OOpETal0T OJHOPOJHOCTH M TMOJBWXXHOCTH, a amopdHas (aza modtu
ucyesaer. [loatoMy B yrie mosiBisercs HoBas (a3a, KOTOpas MPEBOCXOIUT TIO
IJIOTHOCTH M BHyTpeHHeW sHepruu. Ha pucynke 1.166 mokazaHa cTpyKTypa yris,
npetokeHHast Xomotom B.B [50].

Yo
Ay ..‘S‘:':s’m Ted
Ty
= hirg

a) . - yrnepog O -kucnopoa &) - Bogopoa

0)

Pucynox 1.16 - [IpunnunuansHas cxema CTpoeHus yris (a), BeposiTHas cxema
MaKpOMOJIeKyJibl yris o Xoxoty B.B. (0) [50]
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Yriou knaccuduiupyrores no mapkam: Oypeie (b); nmmunHominamenssie (/1);
ra3zossie (I'); razoBsie xxupHbie oToieHHbIe (I KO); razosie xxupHbie (17K); kokcoBbie
xupHele (KXK); kokcoBeie (K); kokcoBeie ortomeHHble (KO); kokcoBbie
c1aboCTeKarIMecs HU3KOMETaMOp()HU30BaHHBIC (KCH); KOKCOBBIE
cnabocnekawnmecs (KC); oromennsie cnekarommuecs: (OC); Tomue crekaromuecs
(TC); cnabocnekaronuecst (C); tomue (T); anTpauuthl (A), UX KOJIUYECTBEHHBIC
XapaKTePUCTHKY MpuBeIeHbI B Tadbmuie 1.3 [51].

B yrompHOM BemecTBe Mpu MeTaMop@u3Me MPOUCXOAUT MpPeoOpa3oBaHUE
yriepoga ¢ Ielbio ero ymnopspouuBanus [51,52]. Ilpu 3ToM cama CTpyKTypa
YTJIEPOJIHOTO CKeJleTa peodpa3yeTcs MyTeM JIBYX BO3JIEUCTBHM: MyTeM XUMUYECKUX
MPOLIECCOB KOHJICHCAIIMM YTJIepoa B BUJIE TUNIOCKOM aTOMHOM CETKU reKcaroHaJibHOU
CTPYKTYpPBI MOJOOHO aTOMHBIX CETOK TpaduTa U IMyTeM OPUEHTAIMH ITHX aTOMHBIX
CETOK B CBOEOOpa3HbIEe TaKEThl, KOTOphle o00pa3yloT Me3oMopdHbie 00JacTh
yHopsiIouHbIX yriepoaoB. KacatoukunsiM B.W. Obuia BEIABUHYTA UEs, IO KOTOPOI
yTJIEpOIHAS CETKa COIMPOBOXKIAJach OOKOBBIMH IICTIIMH, TIO KOTOPBIM 3TH CETKH
CIIMBAIOTCS B BHUJIC KPUCTAJUIMTOB, M caMa yTJEpPOHAs CTPYKTypa MpeBpamiacTcs B
noJIUMep. Y TaKOro MojJMMepa CTPYKTypHas €IMHULIA MPEICTABISAET COOOM MIOCKYIO
ATOMHYIO IUKIMYECKYIO CETKY 3allOJIMMEPU30BAHHOIO Yriepoja ¢ LEMIMH COOKY,
KOTOpasi COCTOWUT W3 PA3JIMYHBIX PaJAWKaIoB W OOKOBBIX rpymin. K coskanenuto,
moJo0Hast CTPYKTypa HE MOXKET ONMHUCaTh B JCTAIAX ald(aTHUeCKue MOATPYIIIIBI,
KOTOpbie (OPMHUPYIOT (PU3UKO-XUMUYECKHE CBOMCTBA YTOJIHLHOTO BEIECTBA (PUCYHOK
1.17a). Ha pucynke 1.176 apomaruueckasi CTpyKTypa MOJIEKYJIbI, @ TOUHEE €€ YacTh,
3aIITPUXOBAHA C LIEBI0 TIOKA3aTh TO, YTO CTPYKTYpa MOJIEKYJ HE IUIOCKas, a sueika
CTPYKTYpbl TIPEACTaBIIACT COOOW J[Jaiekoe OT CBOWCTB IMOAOOWS TOJUMEPY C
pEryJISIPHOM OpraHu3alMen CTPYKTypbl. B UTOre, MOKHO CUMTATh YIroJib COCTOSILIUM
U3 TAaKUX MaKpPOMOJIEKYJISIPHBIX CETOK Pa3IMYHON OPUEHTAIIMHU, KOTOPHIE MTPUBOIST K
CTPYKTYpE pa3Iu4YHOW CTeNeHH yrnopsaounBaHus. CTENeHb YIOPSIOYMBAHUS
CTPYKTYPBI YBEIIMUYUBACTCS 32 CUET YIMOPSAOYNBAHMS aTOMHBIX CETOK YTiepoja U uX
opueHTanuu npu Metamopdusme. [Ipun Hamuuum Manmoit cremeHn metamopdusma, B
HUX BO3HUKAIOT JUTMHHBIC THOKHE CETKH YTIIEPO/Ia, CBI3BIBAIONIUECS APYT C IPYTOM, H
o0pazysi, 00JIBIITYI0 BHYTPEHHEIO TOBEPXHOCTD.

| 1,0-3,0 nm [ 1.0-30mm

1,0-3,0 nm

Pucynok 1.17 - Mogens yrisa no Kacaroukuny (a), MO€Nb yris
Ban-Kpesenuna (0) [51]

29



Maxkpomornekya yris, a TOUHEe €€ Spo, MPEeACTaBiIsAeT co00il OeH30IbHOE
KOJIBLIO, KOTOpO€ oO0JIajjaeT 3HAUYUTENIbHOW NPOYHOCThIO cBs3U. Hamportus, ero
OOKOBBIE TPYNIIBI 00Pa3yIOT YIIIEBOLOPOABI C PA3JINYHON CTEHNEHBIO MOJIMMEPU3ALAN
Y IOTOMY TEPMHUYECKH €1a00 ycTONUMBEIL. [13-3a TOTO, YTO AP0 MAKPOMOJIEKYJIBI YIJIS
0 CTPYKTYpe OAMHAKOBO Y BCEX KAMEHHBIX yTJeH, TO UX MHOTOOOpa3ue 00yCI0BICHO
YHUCIIOM OEH30JIbHBIX KOJIEII, a TAK)KE COCTAaBOM U YKCIOM OOKOBBIX Tpymil. Hanmngue B
yIiie MHOKECTBa MHUKPOAJIEMEHTOB M OOJBIIOE KOJMYECTBO MPUMECEH XUMHUYECKHX
3JIEMEHTOB MPUBOJUT K MHOTOOOPA3uI0 YrojbHOro BeuiecTBa. KonnuecTBo OOKOBBIX
IPYNI U UX PACIIONOKEHHUE OT SApa MAKPOMOJIEKYJIbI SIBJISIETCS HAUOOJBIINM B YTIIISIX
MaJof crerneHu meramopdusMma. Takum 00pa3oM, MPEACTABICHHYIO MOJENb YIS
MO>XHO OXapaKTEepU30BaTh KaK IUIOCKUN CIIOM MaKpOMOJEKYJ] YyTiepoJa, KOTOpbIE
CBSI3aHbI MEXKIY COO0M KHUCIOPOJIOM MM BogopoaoM. [Ipu sTom paccrosiHue Mexay
MakKpOMOJIEKYJIJaMHd YMEHBIIAETCSI C pOCTOM CTENEeHH Meramopdusma yrus,
o0ycilaBiauBas €ro MPOYHOCTh U MOPHUCTOCTb. OPraHn4ecKkoe BEIECTBO YISl MOKHO
paccMaTpuBaTh KakK CIIOKHBIM TPEXMEPHBIM NPUPOIAHBIM COIMOIUMEP, KOTOPBIN
COCTOUT U3 CETKHM MaKpOMOJIEKYJI U OTAEJIbHBIX MOJIEKYJ, IPUCOECANHEHHBIX K 3TOU
cetke. Ha pucynke 1.18 ckeneTHast cTpyKTypa MakpOMOJIEKYJIBI yIiiA (@), huznyeckas
CTPYKTypa YrojibHOM yacThiisl (0).

Mukponopel
(<30 HM)

Mesonope!
(1,2-30 HM)

Hakonops!
(<1,2HM)

0)

Pucynok 1.18 - YnpoiieHHas ckejeTHasi CTPYKTypa MaKpOMOJICKYJIbI yIuis (a),
busnyeckas CTpyKTypa yrojpHoi yacTtuiibl (0) [45,46], [47,48]

Ha pucynke 1.180 npuBeneHa KkaueCTBEHHAsI KAPTUHA (PU3UUECKOU CTPYKTYPbI

YTOJBHOW YaCTUIIBI C XapakTEpPHOW MOpUCTOCThiO. B Tabnuie 1.3 mpencraBieHa
Kiaccu(ukanys yriei B 3aBUCUMOCTH OT UX CTETIEHH MeTaMopu3ma.
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Ta6nuna 1.3 - Knaccudukanus yriei

Mapka yrs Brixon etyumnx Conepxanue TeruoTa cropanus
Bemrects V', % yrnepoz[aCF, % QF, KKaJI/KT
Bypsie (b) 41 u Gonee <76 6900-7500
Jlnuanomamennslie (/1) > 39 76 7500-8000
I"azoBsbie (I) 36 83 7900-8600
Kupneie (0K) 30 86 8300-8700
Koxkcossie (K) 20 88 8400-8700
Otomenno-cnekatomnue (OC) 15 89 8450-8780
Tomwe (T) 12 90 7300-8750
AnTpanutsl (A) MeHee 8 >91 8100-8750

B paborax [53, 54] moka3zaHo, 4TO Takue MapaMeTpbl Kak TemIeparypa u
JaBJI€HHUE, MOTYT IPUBOJUTH K MOSBICHUIO TBEPbIX PACTBOPOB IPUPOHOTO Ta3a Mo
TUIy Ta30THUAPATOB, KOTOpPHIE B OMPENEICHHBIX CIy4asX MOTYT OTBeuYaTh 3a
BBIOPOCOOIIACHOCTh YTOJIbHBIX IJIACTOB.

B pabore [55] nmoka3aHbl JBa HANpaBIEHUS MU3YUYEHHUS CTPYKTYpPbl YrOJIBHOTO
BemiecTBa. [lepBoe MeTpoIoro-TeXHOIOTHYECKOE 3aKIII0UASTCs B OMPEICTICHUH CBS3U
MeX Iy neTporpadueit yris, ero XMMHYEeCKHUM COCTaBOM U WX (U3HKO-XUMHUYECKIMHU
cBoiicTBamu. HemocTaTkoM 3TOr0 HampaBlIeHUS SBIACTCA HEY4YeT TEKCTYpP
OpPraHWYECKOW YacTH YrOJBHOTO BellecTBa. BTopoe reosoro-reHeTudyeckoe
HaIpaBJICHUE OCHOBBIBAETCS B OIPENEICHUHM CBS3UM MAKPOCTPYKTYpPbl YIOJBHOIO
BELIECTBA C YCJIOBUSMHU OOpa30BaHUSA YISl U C NPUPOJON PAaCTUTENBHOM Cpelbl.
HepnocraTkom 3TOr0 HampaBieHUs SBISETCS TO, YTO OHO HE AA€T MapaMeTpbl, KOTOphIE
MOTYT KOJIMYECTBEHHO OIMCAaTh THUM TEKCTYp OPraHM4YeCKOW YacTH YIrOJbHOTO
BEIIECTBA.

B pabGorte [55], ucnonb3oBaics MeToN (IMKKEP-ITyMOBOW CHEKTPOCKOITUHU
(®UIC) wu ObUIM WCCIEAOBaHB TaKUE CBOMCTBA YTOJBHOIO BEIIECTBA Kak
MUKPOXPYIIKOCTh, MHKPOTBEPAOCTh, MHUKOTPEUIMHOBATOCTh M KJAacC KPYIHOCTU
YTOJNBHBIX YaCTUI[ TOCIIe WX HU3MeNbdeHHs. [Ipu 5TOM KOIMUYECTBEHHO ObLIH
onpenenensl napamerpsl CILIC, kKOTOpbIE TO3BOIWIN ONPEAEIIUTD CTPYKTYPY TEKCTYP
YTrOJILHOTO BEIIECTBA Pa3IMYHbIX reHoTuroB. Merogom ®PIIC Owun onpeneneHb
nmapaMeTpsl MHUKpPOCTPYKTYp yroibHOro BemiecTBa Jlonenkoro, Kysbacckoro u
Kaparanauackoro 6acceitHoB (pucyHok 1.20), a B Tabnute 1.4 OIIC — mapameTpsl.
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Pucynok 1.20 - Mukpodororpaduu yriieit pa3sHbIX TeHOTUTIOB [55]

Tabnuna 1.4 - lnanazons nsmenenus OUIC-napamerpos

OIIC-napamerpsl

I'enoTun
0, yCILeNI. So1, YOI e Ko Ks
I 10,6-85,6 1,1-10%-3,4-10° 1,1-3,5 1,1-14,0
I 4,4-19,1 1,9-10%-2,9-10* 1,0-1,9 1,1-3,0
Il 7,3-10,5 5,5-10%-1,5-10% 1,0-2,0 1,2-19
v 5,7-8,0 2,3:10%-5,1-10° 1,0-1,3 1,0-1,3

CrocoOHOCTD yIJIcH K OKHCICHHUIO, U 3aTEM K CAMOBO3TOPaHHIO, 00YCIOBICHA UX
MHUKPOIIOPHCTOCTHIO (prucyHok 1.21).
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Pucynok 1.21 - TpeuirHbl B OKUCIEHHBIX YIJISIX:
a— IV renoruna, 6 — | renoTumna [55]

MakcumanbHOE COAEpKAHME YIVIEpoAa B YIVIE pa3IMYHBIX T[E€HOTHUIIOB
IIPUBEICHO Ha pUCyHKE 1.22a. Bputo yCTaHOBIEHO, YTO MHUKPONOPUCTOCTH YIJIEU
reHotunos -1V 6onbie mukponopucroctu renotunos I-11 (pucynox 1.220).

Ha MukpoypoBHE, pacCMOTPEHHBIM HAaMH BBIIIE HAa TpuMepe padoTsl [55],
U3MEHSETCS XMMUYECKH COCTaB 30JIbl. XapaKTepHO, YTO YIVIM C 0oJiee BBICOKOM
cragueil meramopduszMa 00J1aJal0OT MEHBIIMMH KO3 (UUMEHTaMH BapHUalUH
30JIbHOCTHU, YE€M YTJIM C HU3KOM cTtaaueit Meramopdusma. OTcroaa cieayeT, 4To yriu
C BBICOKOU cTagueit MmetaMopduzmMa 001a1atoT 60Jiee HU3KUH 30JbHOCTHIO.

AC, %
12,00r
- 0200-°C dV/dr,em®/ume
n 0y B
10.00r 250-°C 0,149 i
0.129 IV-renornny
| oo
8,00 5 |
)
6,001 { 0.08¢ .
0.06% | .
4,00F é
0.049 | Irenotun' o
[ *® °
2,00 0,029 | o * .‘ ...
_........L_L&unun..._
. : . . . 0!
0,00/ .
I I v ; v i 0 029 049 0.69 0.8 1.0° 12¢ 149 1.69 1.89
-2,00~ reHoTHNn roam®
a) 6)

Pucynok 1.22 - OtHocuTensHOe conepxanue yrieposa (AC, %) B 3aBUCUMOCTH
OT TEMIIEpaTyphl OKUCTICHUS (Q); pacnpenenenne mukpomnop (AV/Ar) no pasmepam
(r) B yriIsx pa3anyHbIX TeHOTHIIOB [55]

Ha wme30ypoBHE Takke u3MeHsieTcss psan mapamerpoB. HccnepgoBaHusimu,
BBIIIOJIHEHHBIMM ~ Ha  JKCIEPUMEHTAIIbBHOM  y4YacTKe, B  KOTOPOM HMEETC
TEKTOHUYECKOE HapyLIEHUE, BBIJIEISAETCS 30HA C BBICOKMM COJEPKAHUEM TeJHs, U4TO
JaeT OCHOBAHME MPEINOJIaraTh CBSI3b HAPYIICHUS C TITyOMHHBIMU MIPOIECCaMHU.

Ha MakpoypoBHE Takke U3MEHSETCS Psijl TapaMeTPOB.
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PernonanbHblii ypOBEHb OTMEYAETCS M3MEHEHUEM BBIXOJA JIETy4YHUX BEIIECTB
— mo rpymnmnam Metamopdusma yriei: 1) mo mapkam yried; 2) mo Tumam
BOCCTAaHOBJICHHOCTHU yTJIEH KaXK0M MapKH.

B paGote [56] mpuBemeHbl pe3yiabTaThl HCCICIOBAHUS IO HW3MEHYMBOCTH
CBOMCTB YTOJBHOTO IIJIACTa M BMEIIAIOIIUX TTOPO/I, a B paboTax [57,58] ycTaHOBJICHBI
3aKOHOMEPHOCTH (U3NYECKON KMHETUKH METaHa M METaHOIEPeHOCa MPH YCIOBUSIX
OoTpabOTKM TUIacTa W BIUSHHUS TEMIIEpaTyp, Ha OCHOBAaHMM KOTOPBIX CJIEJIaHbI
IPEINOJIOKEHNUS, YTBEPIKIAIOIIUE, YTO'

- B BBIOPOCOOIACHBIX ydYacTKax IUlacTa YIJid HaOMIOJaeTcsl XapaKTepHas
HEOJTHOPOJHOCTH T€OMETPHUH IIACTa ¥ (PU3NUIECKUX CBOMCTB.

Cob6omeBpiMm  II.LH. u bnoxuneim W.JI. B pabotre [59] wnccrenoBana
AJIEKTPOTIPOBOTHOCTh HAHOYACTHUII YIS, a B pabore [60] mcciemoBaHbl yroibHBIC
oOpa3ipl M3 ONAacHbIX 30H K BbIOpPOCY Yyrias Ha aTOMHO-MOJEKYJSIPHOM
(HAaHOCTPYKTYpHOM) ypoBHE. MeTol HaHOMHICHTUPOBAHUS KaMEHHBIX yTJeH
MOKa3aJl, YTO CTPYKTYpa BUTPUHUTA CITIOCOOHA K BHE3AIMHBIM BBIOpOCAM YTJIs M METaHa
[61,62]. OOHapyxeHO, YTO yroJib U3 HEOMACHOW MAaYKH COACPIKUT MAJIOC KOJHUUECTBO
ne(EeKTOB Ha TIOBEPXHOCTH, T.€. B IOBEPXHOCTHOM CJIO€, 3TO CBUJETEIICTBYET O TOM,
4TO MaJIo€ KOJUYECTBO JAE(PEKTOB MPUBOJUT K COXPAHEHUIO TaKOH CTPYKTYpBHI.
HamportuB, ais yrieid u3 BbIOPOCOONMACHOW MAYKH TakuWX AEPEKTOB YK€ MHOIO U
CTPYKTypa MOBEPXHOCTH YTJIA HECTaOUIIbHA.

B paborax [63,64] uccnenoBanacek muddys3us merana B HaHomopax yris. C
MIOMOIIIHIO METO/1a MAJIOYTIIOBOTO PACCESTHUS HEUTPOHOB OBLIIO OOHAPYKEHO, YTO Ta3bl
MOTYT TMOCTyHaTb B HAHOMOPBI (M BBIXOAUTh W3 HUX) pazmepoMm 10-20 HM B
MHepTUHUTAX yriied CuaHeiickoro 6acceiiHa; 0JTHaKo 3TH T'a3bl C TPYJAOM IMPOHUKAIOT
4yepe3 HaHOMOPHI TOTO K€ pa3Mepa B MHEPTUHUTAX aMEPUKAHCKUX M E€BPOMEHCKHIX
yrineit. B pabotax [65-67] yrnepoansie Hanochepwl (muamerpom 50-60 HM) H
yriepo/iHble HAaHOTPYOKH (BHemHuU auameTtp 20-30 HM) ObUTM CHHTE3UPOBAHBI U3
OypBIX yriiel B IpUCYTCTBHH (eppolleHa B Ka4eCTBE KaTalnu3aTopa. 37ech TakKe ObuIn
MOJIyY€Hbl YTJIEPOJHbIE HAHOCTPYKTYPBHl M3 BBICOKO30JbHBIX YIJIEH C MOMOUIBIO
MHUKPOBOJHOBOro mnuposuza. [lyrem OBICTpOro mnupoiu3a MbUIEBUJHOTO YISl B
aTMocQepe KUCIOpoJa U Mapa B OJUH 3Tan ObUT MOJYyYeH HAHOCTPYKTYPUPOBAHHBIN
yIJICPOTHBIA MaTepuall M3 MOPOIIKOBOTO aKTUBUPOBAHHOTO KOkca. B cratbe [68]
yIIEpOAHbIE HAHOBOJIOKHA M YIJIEPOAHBIE HAHOCTEP)KHU CHUHTE3UPYIOTCS C
UCITIOJIb30BAaHUEM YacTHI] YIJIsl (<44 MKM).

Takum 00pa3oM, HAHOCTPYKTypa YIJIel BIMSIET Ha MEPEHOC Tra3a B yrie. DTOT
dakT n0mKeH OBbITh HUCIOJB30BAaH U YYTEH NpHU pa3pabOTKE HOBBIX METOJOB
BO3JICHCTBHS HA YTOJNBHBIN IJIACT JIJIS TIOBBIIICHUS Ta300T/Aa4H.

Vdaf
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BbiBOABI 110 IEPBOH IJ1aBe

JUIs TOBBIIEHHS Ta300TAAa4M YrOJIBHOIO IUIACTa K OCHOBHBIM METOAam
BO3JEHUCTBUS OTHOCSITCS:

- rTUpaBiInueckoe pacwieHeHwe yrosibHoro miacta (I'PII), B Tom uyucne
MOMHTEPBAIIBHO;

- MIHEBMO-TUAPOJUHAMUYECKOE;

- HATHEHTAaHUE TMOKCUAA YTJIepo/ia, a30Ta, XUMHUYECKUX BEIIECTB B YTIOJbHBIN
TJIACT;

- OypeHHe TOPHU30HTAIBHBIX, HAKIOHHBIX M MHOT03a00MHBIX CKBAKHUH C
MOBEPXHOCTH W (M3) TOPHBIX BBIPAOOTOK B 30HY TMOHM)KEHHOI'O JaBJICHUs (30HA
pasrpy3Ku);

- IPOXOJIKE TOTIOJHUTENBHBIX TOPHBIX BBIPAOOTOK, BBIILE WJIM HUXKE YTOJIBHOTO
miacTta, JUisli pasrpy3kd YIJIENOpPOHOTO MaccuBa B OOJAcTH BIMSHUS TOPHOU
BBIPAOOTKHU.

HoBble MeTo/1bI BO3ICHCTBHSI HA YTOJIBHBIN MJIACT U1l MOBBILIEHUS Fa300TIa4u
JIOJKHBI OCHOBBIBATHCS HA UCIIOJIb30BAaHUU:

- PU3UYECKUX TOJICH;

- MEXaHUYECKHX Mojell (a1 (popMHUpOBaHUS TPEUIMHOBATOCTH B YTOJIBHOM
IJIacTe€ M TMOBBIIMICHHUS Ta30MPOHUIIAEMOCTH), IS 3TOM K€ UEeIM MOTYT OBITh
UCIIOJIb30BaHbl ~ aKyCTHYECKHME M BHUOpAallMOHHBIE  METONbI,  CO3JaBacMbIe
UCKYCCTBEHHBIMH HCTOYHHKAMM YNPYTUX KOJE€OAHWH, WIM HCIONb3YyIOIINE
€CTECTBEHHBIE POLECCHI 3EMIIH;

- JIEKTPUYECKHE M MEXAHWYECKHE METOJbl BO3JECHCTBHS HAa HAHOCTPYKTYPHI
MMOBEPXHOCTHOTO CJIOS yIUIsg, I mepexona MeraHa w3 TYI'P B cBoOGoaHbIi Ta3,
KOTOPBIN MEPEMEIIAETCS 10 TPEIIMHAM;

- TEIUIOBOE  BO3/CMCTBME  HA  YrOJbHBIM  MJacT, [  CO3AAaHMS
TEPMOJIMHAMHYECKHUX YCIOBHI nepexona Mmertana u3 TYI'P B cBoOOIHBII ra3.

W3BecTHble HAa JaHHbII MOMEHT METOJbl HCCIEAOBAaHUS Ta30HOCHOCTH
YTOJBHBIX MJIACTOB, OMPEACIIAIONIME METOAbl M TEMITbI UX JIera3allud U OTpabOTKH, a
TAaK)K€ METOAbl [0 TOBBIILIEHUIO Ta300TAa4d YrOJBHOTO IUIacTa HEOO0XOIUMO
pa3BUBaTh B HAIIPaBJICHUU:

- BBIOOp MecTa pacIOJIOKEHUsI CKBAXKUH JJI1 U3BJICUYECHHUS METaHa YroJbHOTO
macta, B LEMsAX €€ yTWIM3alWd, OCHOBAHHBIM HAa MCIOJIb30BaHUU TI'€0JIOro-
reousndeckoit nHGOpMAaIIHH.

- pa3paboTke reoPU3NYeCcCKX MapaMeTpoB, MO3BOJISIFOIIMX BBIACIUTH MJIACTHI C
BBICOKOI T'a30HOCHOCTBIO, JUISl LIEJICHANPABIECHHOTO BO3JECUCTBHS HAa HUX, B LEJAX
NOBBIIICHUS Ta300TJa4d HAa OCHOBE HW3BECTHBIX METOJOB, a TaKX€ METOJOB,
YUUTBHIBAIOUINX 0COOEHHOCTH (PU3NKO-MEXaHUYECKUE CBOMCTBA MOBEPXHOCTHOTO CIIOSI
YIS

- pa3pabOTKE TEXHOJOTMYECKUX PEIICHUH THAPOPACUICHEHUs IUlacTa B
BEPTUKAJIbHBIX, TOPU3OHTAJIIbHBIX  CKBAXKHMHAX, CO3JAIOIIMX  YCJIOBHS  JJIA
3¢ ()EKTUBHOTO U3BJICUEHHUS ra3a, MyTeM MOBBIIIEHUS Ta300T1a4H;
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- pa3paboTKe METOJMK OIpPEACIICHUs pauyca BIMSHUS IJIACTOBBIX CKBAKHH,
JUISl OLIEHKH U YIIPaBJIEHUS MIPOLIECCOM Jera3aly YTroJIbHOIO IJIacTa.
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2. UCCJIEJOBAHME BO3JEVICTBHS HA YT OJILHBIM TIJIACT JJIs1
MOBBLIIIEHNASA TA300TJAYM C VYETOM EI0 HATPSIKEHHO-
JE®OPMUPOBAHHOI'O COCTOSTHUS

2.1 I/ICCJIeIlOBaHl/Iﬂ H COBEPHICHCTBOBAHUA M'MAPOPACYTICHCHUA YIOJIbHOI'O
IJ1acra aJifd MOBBIINICHUA I'a300TAAYHU

B nameit pabore [69] onucan HOBBIM METOJ BO3JEHCTBHUS HA IUIACT YIS IS
MOBBIIIICHUS TIPUPOJHOM Ta300T/JAauM, KOTOPBIM MOXET MCIOIb30BAThCA IS
MPOMBINIJICHHONW JOOBIYM Ta3a W3 TuiacToB yris. [IpobGiiema CHUXKEHHUS Ta300TIadyu
IJIACTOB yIJII IYTEM TMOBBIIMICHUS HX Ta30MPOHUIAEMOCTH SIBISICTCS 3a1ayei
CIIOHOTO XapakTepa WH3-3a TPYJHOCTH HCCIEAOBAHUS COOCTBEHHO MCTOYHUKA
razoBblJieJieHUs. B COOTBETCTBUU ¢ COBPEMEHHBIMH MIPEACTABICHUSIMHU TIJIACT YT —
3TO cpena, KOTopasi COJIEPKUT B cede OJI0K C TPeIIMHOM, U KOTopasi 001aJaeT MaJIou
ra3oNpOHUIIAEMOCTHIO. DTOT IUIACT YTJIA SBJISIETCS CUIILHO aHU30TPOIHBIM. K Tomy e
0O0JIbIIIOE KOJIMYECTBO METaHAa HAaXOJUTCS B COpOMPOBAHHOM cocTosiHuu. [Ipobraema
CHUIKEHHUSI TIPUPOJIHOM Ta30HOCHOCTH CBsi3aHa C mpoleccamu qud@y3un MeTaHa 1o
TpEelMHaM B IUIaCTe YTJIsl.

[Tatrent [70] mpencraBiseT METOM MOOBIYM METaHA M3 IUIACTa YISl (PUCYHOK
2.1), KOTOpBIi SABIAETCS MPOTOTUIIOM HAIIIEro nmarenra [69].

ST

1 - nnact yras; 2 - cKBaKMHA HarHeTaTesbHast; 3 - CKBaKHWHA JIOOBIYHAS,
4 - xaHanbl GUIBTPALIMOHHBIE; 5 - TPyOONPOBOI HA3EMHBIN CKBaXKUHBI T00BIYHOM; 6 -
TpyOOIPOBO/T HA3eMHBIH CKBaXXMHbBI HArHETATENILHOW; 7 - cenapaliy CTaHIUA; 8 - CTaHIUs
HacocHast; 9 - TpyOOnpoBOI ISt TOOBITOTO Ta3a.

Pucynok 2.1 - Crioco6 mo0bran MeTana u3 miacta yris [70]
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OTOT cnoco0 BKIOYAET B ceOsi OypeHHE CKBaKMHBbI C MOBEPXHOCTH; OTBOJ
MeTaHa B CBOOOJHOM COCTOSIHUU; BBeAeHUE B yroyibHbIN mact 0,5-1,0 % consHoi
kucioThl. [lociae 3TOoro meTaH U3BIEKAETCS W3 €MKOCTH, KOTopas o0pasyer
HUPKYJSIIUOHHYIO CUCTEMY B 3aMKHYTOM BHJE. DTa CHCTEMA IMPEACTABISIET COOOMU
HArHEeTaTeNbHYI0O U JOOBIUHYIO CKBa)KMHBI HampaBieHHOro OypeHus. [lpu sTom
CHCTEMa COJICPKUT TaKke MepPOpUpOBaHHBIC B JJIUHY TOPHU3OHTAIbHBIE CTBOJIBL.
Kpome TOro, oHa COAEPKUT KaHambl (UIBTPAIMH, IOJYyYEHHBIC paAHaTbHBIM
IUJIpOpacuICHEHUEM YIroJibHOro miacta. KpoMme aToro, HarHeratenbHas CKBa)KMHA
COJEPKUT FOPU30HTAIBHBIM CTBOJI BBIIIE, YEM CTBOJI JOOBIYHON CKBakMHbI. [locie
3TOr0 B IUIACT YIUIA HArHETAlOT JIETKHE YTJIEBOJOPOJbl U METaH HU3BIIECKAIOT IO
NOOBIYHOM CKBaXXMHE, KOTOpas COEAMHSAETCS C HA3eMHBIM TpPyOOIpPOBOAOM CO
cTaHuuen cenapanuu. Ilocne 3Toro MeTaH OTAENAIOT OT YIVIEPOJHOW (pakiuu U
HANpaBIISIOT €r0 B IJIACT YIVIsl 4epe3 HarHeTaTeNbHYI0 CKBakKMHY. JlaHHBIN crocod
UMEET HEJOCTATOK, COCTOSIIHUA B CIEIYIOUIEM, YTO HU3BJICYEHUE METaHa MEHEe
3¢ ()EKTUBHO M3-3a 3aJIEUMBAHUS TPEILMH TUAPOpa3pbiBa NOCIIE YAAICHUS] KUCIOTHOU
XKUAKOCTU. HemocTaTkoMm SBISETCS Takke TO, YTO MPUCKBAXKUHHAS 30HA MOYTH
MOJIHOCTBIO 3aJIMBAETCS.

Llenp nmocTuraercs Tem, YTO JAeras3aius yrojJbHOTO IJIaCcTa Yepe3 CKBAKUHY
HaIpaBJIEHHOTO OypeHHUsl MPOMCXOAUT HEMOCPEACTBEHHO C JHEBHON MOBEPXHOCTH,
3aTeéM YroOJIbHBIM IJacT oOpabaTeiBaeTcsi paboyell KUIAKOCTBIO B PEXHUME
TUAPOPACUWICHEHUSI € TOCIHEAYIOIIMM  3aKpPEIUICHMEM  TPEIIMH  IIECKOM,
TPAHCIIOPTUPOBKOM MeTaHa Ha MOBEPXHOCTh. [IpennaraeMplil cnocod oTiiMyaercs ot
OpeIbIIyIuX CHoco00B TeM, 4YTO OypeHHE CKBaXHH OCYIIECTBISETCS IO
cneuuanbHeiM  npoduiasiM. Ilpu 3TOM BepXHUI HHTEpBall CKBaXXUHBI OypuUTCS
BEPTUKAIbHO WM CyOBepTUKaTbHO. HWXKHMII HHTEpBal CKBa)XUHBI BBIMOJIHEH
HAKJIOHHO OT BEPTUKAJIU M MPOCTUPAHUIO HECKOJBKHUX IUIACTOB YIUIA IMApPaJUIEIBHO
HAIJJaCTOBAaHUIO BBIPAOOTKHM, MPUYEM IS BBIACIECHHUS METaHa C OOJIbLIOH
WHTEHCUBHOCTHIO, HAa  MPOAYKTHUBHBIE  YTOJIbHBIE  IUJIACThl  BO3JAECUCTBYIOT
MHOTOCTAIUHHO TOWHTEPBAIBHBIM THApPOpa3pbiBoM B uHTepBaje 120-130 wm., a
OCBOCHHME CKBaXXMHBI C OTKAayKoW pabodeil >KUIKOCTM THApPOpa3pbiBa W Trasza
MPOU3BOJST U3 COCEHEN CKBaXXMHBI. JTa BEPTUKAIbHAS CKBAXUHA MPEIBAPUTEIBHO
npoOypeHa ¢ JIHEBHOW MOBEPXHOCTH HA MPOIYKTUBHBIM IJIacT, 3a00M KOTOpOM
COBMEIIAETCS] HAKIIOHHO-HAIPABJICHHBIMHU CKBOKUHAMH (PUCYHOK 2.2).
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Pucynok 2.2. CxeMa T€XHOJOTUU MPEAJIOKEHHOTO CI1ocoda

Peanuzanus mpeaiokeHHOTo croco0a CHMKEHHUS MPUPOJIHONM Ta30HOCHOCTHU
IJIACTOB YIUISL OCYIIECTBIIACTCS B CIIEAYIOIICH MOCIE0BaTEIIbHOCTH:

-BBIOOpP MECTa pACHOJIOKEHUS U KOHCTPYKIIMM CKBaXKUHBI, KOTOPOE
OTIPEJIEIISIETCS: TOPHO-TEOJOTUYECKUMHU YCIOBUSIMU 3aJIETaHUs YTOJIBHOTO IJ1aCTa, €ro
ra30HOCHOCTHIO, HAINpPABJICEHUEM OCHOBHOM TPEHIMHOBATOCTH, IPOYHOCTHBHIMU
XapaKTEepPUCTUKAMHU  YTJIETIOPOJIHOTO MAacCHBa, PACIOJIOKEHUEM OTHOCUTEIHHO
YCTaHOBJICHHBIX TEKTOHHYECKUX HAPYIICHUN U TOPHBIX BHIPAOOTOK;

-OypeHHe TIOJl HalpaBJICHUE CKBRXHHBI BpaIIaTEIbHBIM CIIOCOOOM C
IIPOMBIBKOM MOJUMEPHBIM OypOBBIM PAaCTBOPOM, C YCTAHOBKOM CTaJbHON 00CagHOM
KoJIOHHBI (1) (pucyHOK 2.3) u 1iIeMeHTaIuei 3aTpyOHOro MPOCTPAHCTBA;

- OypeHue 1oja KOHIAYKTOp (2) BBIMOJHSETCS BpallaTeIbHBIM CIOCOOOM C
MPOMBIBKOM  TTOJIMMEPHBIM  OypOBBIM  PacTBOPOM; JUIsl OXpaHBl HEApP W
MIPEIOTBPAIICHUS 3arPs3HEHMS] BOJOHOCHBIX TOPHU30HTOB 3aTPyOHOE MPOCTPAHCTBO
CTaJIbHOW 00CaIHON KOJIOHHBI KOHAYKTOPA IIEMEHTUPYETCS /10 YCThSI CKBaXKUHBI;

-npu  OypeHWMH  JJIs1  KaXJOro  Ijacta  HEoOXOAUMO  BBIACPKATh
COOTBETCTBYIOIIMIA yroJ, JUis HaOopa yrJa, Ha JBUTATeNe 3a00MHOM BBICTABIISCTCSA
HEOOXOMMBIN YTOJl 0TKOCA, 3aTeM coOupaeTcs HeoOxoaumasi KOMIIOHOBKA OypOBOTO
WHCTPYMEHTA JJ1s1 OypeHUsI TI0]T BRIOpAaHHBIM HAKJIOHOM, JIaJie€ TPOBOUTCS IIEHTPOBKA
JIBUTATEJIsl B €T0 BEPXHEW YacTH, W OHA COIPSATACTCS C 00OPYJAOBAHHEM, KOTOPOE
MpPEeIHA3HAYCHO TSI TeJIEMETPUU YTJia IIOBOPOTA;
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Pucynok 2.3. TexHosiorust ¥ crnocod U3BJICUCHUS] METaHa
U3 YroJibHBIX MactoB Kaparanaunckoro 0acceitna

- OypoBOI pacTBOpP BBOJMTCS HACOCOM MPH MPWIOKEHHOM JABICHUU U ITO
3aCTaBJISIET BpalaThCsl JIOJIOTO HA JIBUraresje 3a00s, MpPU 3TOM HE JOIMYCKAETCS
BpalieHrue 0ypoBOro MHCTPYMEHTA, TaK KaK B ATOM CJIy4yae MPOUCXOIUT OTKIOHECHHE
BBICTaBJICHHOTO HAMPABJICHHUS; €CIU YIoJl OTKOCa JABUTATeNs 320051 HaXOJUTCS HE Ha
TOM YPOBHE, UTOOBI JOCTUYH a3UMyTa HEOOXOIUMON BETUYHHBI, TO IAHHBIE TEUCTBUS
MOBTOPSAIOTCS HA KaXJOM MPOAYKTHMBHOM I1uiacte. [Ipu OypeHUM CKBaKUHBI TIO
MPOIYKTUBHOMY IUIACTY YTJI HYKHO CHIDKATh KOHIICHTPAIMIO KUCIOT B OYpOBOM
pactBope. bypoBoii pacTBOp 3aMeHsIeTCs Ha BOIY. DTO CBSI3aHO C TEM, YTOOBI TPEIIUHBI
TUJPOpa3pbiBa U MOPHI YIS HE KATbMaTUPOBAIIUCH.

2.2 UncaeHHnast MojieJib BO3/1eliCTBUSI HA YTrOJIbHBIN MJIACT /1J151 MOBBIIEHUS
ra3ooTJAa4yM MpHu ruAPpopacyjieHeHNH

B npenpinyniem naparpade Hamu o0Cysk1aacsi BOnpoc 00 S3KCIEpUMEHTATbHOM
NPOSIBIICHUH TUAPOPACUJIEHEHUsI YTOJIBHOrO Iuiacta. IIpuBeaemM 4YMCIEHHBIN pacyeT
HanpsbkeHHo-edopmupoBanHoro cocrosinus (HJIC) yrombHOro miacra, B KOTOpOM
POUCXOIUT THAPOpacwICHEHHE. ITOT pacueT NpUBECH B Halei padote [71].

YucnenHass MoJenb MOCTpOeHa cleayromuM oOpa3zoM. PaccmarpuBaercs
yrienopoaHsiii maccuB pazmepom 400x400x40 m. 'myOuna ero 3aneranus paBaa 600

M (pucyHok 2.4). 'opHoe naBnerne paBHO 0yy =14 Mlla, a MOIIHOCTH TI1acTa — 2 M.
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400 m

X
I YronbHbii nnact [ 3aknapouHasn cmMecb

O6pyLlueHHbIe NOPOAab! [ Buipa6oTaHHOe NpOCTPaHCTBO
I Npv3a6oiHoe NPOCTPAHCTBO HanpasneHue ABUXeHUA rOpHbIX paboT

| - 3D-monens; II - Mmogens nmpu ob6pymennn kporiw; 11 - Mozens ¢ BeIpaOOTKOM
MPOCTPAHCTBA, | - KaMepa BhIPaOOTKHU MEePBOI ouepeu, 2 - KaMephl BEIPAOOTKH BTOPOM ouepean

Pucynoxk 2.4. 'eometpudeckast Monenb [71]

JI1st cpaBHEHUsI pacueTa paccMaTpuBaliach KaMepa BhIpaOOTKHU MIEPBOM ouepen
¢ TutacToM yriis pasmepoM 50 M (pucyHok 2.4, I11) B mmmHY M 1IEHKOM 5 M MEXITy
nmactamu. Pe3ysibpTaT pacdyeTa BEIOpAaHHOW MOJENU MPEICTABICH B BUJE KOMIIOHEHT
TE€H30pa HANPSHKEHUA. DTH KOMIIOHEHTBI BBITJISIAT CIEAYIONIUM 00Pa3soM — Oyy, Oyy,
Oz21 Txys Tzxy Tgzy M MFHTCHCUBHOCTD HANPSDKEHU Oj.

Mogaens HC yronpHOro mjaacta BBIYUCIAETCS METOAOM KOHEYHBIX JIEMEHTOB
B 3D-npoexknuu. HJC npeanoxeHHOW MOIEIH COAEPKUT TIPaBUTALUOHHYIO,
TEKTOHUYECKYIO COCTaBJISIFOIIME U HaNpshKeHUEe cOOKyY yroJibHOro 1acta. Cama cpea
MPEJICTABISACTCS U30TPOMHOM 1 yIIpyroil. B 3Tom citydae cnpaBeiyinB 3akoH ['yka:

Gi]' = Dl] X Eijr (21)

II€  0j — COCTABIIAIOIIAs TEH30Pa HAIPSIKECHHH.
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OxxTxy Txz

Ojj = 4 TxyOyyTyz (2.2)

— ——
TXZTyZ €« 0y7 € ¢

IIe  g; — COCTaBIAIONIAs TeH30pa Jedopmaruu.

Exx 0,584, 0,58,
£ = 0,5€4y€yy0,5¢,, (2.3)
0,5€4,0,5¢y, €, &2

D (u, E)— Benmumna ynpyrux K03 QHUIMEHTOB MaTpHIla, MaTepUal U30TPOTICH.
3nech p— BenuunHa koddduimenta Ilyaccona, E — Benmuunna monyns FOunra, Mlla.
BokoBoe HampskeHne NPUHUMAETCS PABHBIM 3HAYEHUIO:

— — g
Oyy = Oxx = Ogzz -1Tll’ (2.4)
Hanpsixenust rpaBUTALMKM paBHBI BECY CTOJ0a MOPOJIbL:

0,; = pgH, (2.5)

e P —IJIOTHOCTH TOPHOM HMOPOALL, KI/M?, g —~yCKOpEHHE CBOOOIHOTO MaeHHMs, M/C?,
H —rnyOuna 3aneranus niacra, M.
NHTeHCUBHOCTH HaNPsHKEHUN onpeaesieTcs: (popMyoi:

0; = (O%x + Oy — Oxy * Oyy + 30)2(},)1/2, (2.6)

Oueprus uamMmenenust popmel cpensl nocae HJC onpenensiercs: hopmynoii:

_ 1+p

U —_
® 7 3xE

X 6;AV, (2.7)

rie AV — o0bem cpepl.

Pesynbrater pacuera nmokasamu, yto HJIC yrompHOrO TUtacta B mpu3aboiHOM
30H€ TIIOCJIE THUIPOPACUICHEHMS IPUBOJUT K YMEHBIICHUIO IOBBIIIEHHOTO
HanpspKeHus: u30TpornHoil cpenbl. K Takomy ke 3¢ddexTy npuBOoAMT 3akiiagka
BbIPAa0OTAHHOTO MPOCTPAHCTBA, KOTOpash MPUBOAUT K YMEHBIICHUIO W3MEHEHUs
sHeprun ¢opmbl. B mpoliecce ruapopacuieHeHUs] MPOUCXOIUT MepepacnpeeieHue
YIPYTUX HANPSDKEHUK B YIOJIBHOM IUIACTE, @ 3TO CONPOBOXKIAETCSA WHTEHCHBHBIM
ra3oBbIJICIICHUEM U aKTUBALMEN MMPOLECCOB ra30IMHAMUYECKUX SBICHUN.

Maremaruyeckass MOAEIb BO3AEHUCTBUS THAPOPACUIICHEHUS HA YTOJIBHBIN IUIACT
JUIS1 TOBBIIEHUS Ta300TAAYU
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OnuieM MozeIb THAPOPACUICHEHUS YTOJIBHOTO TU1aCTa, B KOTOPOM BO3HUKAET
HJC B ckBaxuHaxX, pacCMOTpeHHyI0 B maparpade 2.1, Ha OCHOBAaHHMM HaIINX
WCCJICIOBaHMMA, U3JIOKEHHBIX B padore [72].

Hcnonb3yeM KOMIOHEHTHI TEPMOYIPYTUX HAIPSHKEHUH MO paguycy I' — o, U
BJOJIb OCH Z — O, - YIOJBHOIO IUIaCTa B CKB&)XMHE U OLEHUM HMX C IOMOILBIO
CIICIYIOIINX YpaBHeHHH [ 73]:

10T
Oy = _ZG;E' (28)
0, = —2G=. (2.9)

Monaynb ciBura G onpenensieTcsi BbIpaKCHUEM:
2G=— (2.10)

rne E - moayns FOHra, € - koapuuuent Ilyaccona.

U3 ypaBuenutii (2.8) u (2.9) onpenenum rpagueHTs TemmepaTypsl. s pacyera
HaIpsHDKEHUs B CKBaXKMHE, B Ipolecc OypeHusd, mepeiaeM K 3ajade ¢ MOABHXKHOU
rpaHulei pasaena gas, KoTopas HOCUT Ha3BaHue — npoosiema Credana [/4]. B pabote
[75] monoOpaHo MHTErpaibHOE MPeoOpa30BaHKe, TO3BOJISAIONIEE PEIIUTh ITY 3a/1a4y
JUIs KOHEYHOTo UWiIMHIpa (CKkBakuHbI). Bocmomb3yemcss moaudukanuei 3To
dbopMyIIbl, UCTIONB3YS €€ B JAJIbHEHIIEM JJI1 PElIeHUs TOCTaBICHHOW 3amaun. J[is
YPaBHEHUS TEIUIONPOBOJHOCTH B CUCTEME KOOPAMHAT UMUIMHAPA, KOTOPask IBUKETCS
1o 3aBucumoctuf(t), Oyaem UuMeTs:

aT 9°T 10 T
T=alm i (r5)] (2.11)

rae  a- KodQpPUIMEHT TeMIepaTypOonpOBOIHOCTH.

[TonpobHoe pemrenue ypaBHeHus (2.11) mpuBeneHo Hamm B pabote [71].
3anuimieM 371ech OKOHYATEIBHBIA PE3yIbTaT.

PanuanbHast 1 oceBast COCTABIISIONINE HANPSHKEHUN MMEET BU/L:

— _pcloT _ _ 4 GTo , (2r).

o = —26G1 3= — = L (%) (2.12)
L _pG¥ o 2 GRT | (or

0, = —265 = —=- 2 L (%) (2.13)

Bocnonb3yemcs npencrasiennem Gyukiuit beccesst [76]:

I,(r) = \/% [cos (r — ? — g)] ,
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Ih(r) = \/g [COS (r — g)] )
I,(r) = \/% [cos (r — %ﬁ)] (2.14)

OxkonuarenbHo, B3sB T, = 300 K, r=R, z=H, pagunansnas u oceBas
COCTABJISIIOIIME HAMPSIKEHUN TPUMYT BUJL;

o, = =750 G/RH, (2.15)
o, ~ —270 - GR/H?, (2.16)

OO6cynuM perieHust, mofydeHHbie B ypaBHeHUsX (2.12) u (2.13). PaguanbHas u
OCEBasi COCTAaBIIAIONIME HAIpsKEHUN ompeaensioTcs QyHkiued beccensi, koTopbie
BO3HMKAIOT U3-3a IBIXKEHUS (ha30BOI TPaHUIIBI M KOTOPBIE IPUHSATO HA3BIBATH 3a1a4ei
Credana [74]. C Touku 3peHUss MareMaTHKH ypaBHeHHsS (2.12) cyliecTBEHHO
OTIMYAIOTCA OT OOBIKHOBEHHBIX AU((dEepeHIIMaTIbHbIX YpaBHEHUNW. DTHU ypaBHEHUS
HEJIBb3S PEIINTh METOJOM pa3lelieHHus TEePEeMEHHBIX, METOJOM IpeoOpa30BaHUS
®dypse, Jlannaca 1 TpoUMMHA METOJAAMHU. DTU TPYJIHOCTH BO3HUKAIOT M3-3a TOTO, UYTO
UCKOMYIO TpaHMIly paszaena (a3 U ee JABWKEHUE HE YJaeTcs COrJiacoBaTh C
MIPEIIOKCHHBIM YPaBHCHUEM.

Ham ynanock myteM moadopa WHTErpajdbHOTO MPeoOpa30BaHUS PEUIUTh ATy
3amauy Ui CKBOXHWHBI (CMOTpH, BbImIe). [loydeHHBIE OKOHUYATEIbHBIC BBIKIIAIKA
CBUIETEIBCTBYIOT O TOM, 4YTO MOXHO HCIOJb30BaTh MaKpPOCKOIMYECKYIO
JIOKAJIM3aIMI0 TBEPIOT0 TCUCHHS U €€ MOJICIb, KOTOpas Npe/cTaBicHa B padote [77].
N3 31011 pabOoTHI CIIETyET, YTO BCE MPOIIECCHI B TBEPIBIX TEJIAX MPU HAIOKEHUU Ha HUX
nedopMalMoHHBIX BO3ACHCTBUM (Kak M B Hamiem ciaydae — HJIAC Bo3zmelicTBuii Ha
IJIaCT YTJIsl) TPHOOPETAarOT BOIHOBOM Xapakrtep. [lonydyeHnsie B ypaBHeHUX (2.12) u
(3.13) pynkiuu beccens B ckBaKMHE MOKa3aHbI HA PUCYHKE 2.5a U OHHM OINMHUCBHIBAIOT
NepruoANICCKUI BOJTHOBOM nporiecc. Ha pucynke 2.56 moka3ano [ 78], uTo 1o riryouHe
OT MIOBEPXHOCTH NIEPHOTUICCKN H3MEHSICTCS BETMYMHA TOPHBIX yaapoB. OKa3bIBaeTCs,
MOIIIHOCTh ~ YTOJBHBIX IUIACTOB  MpeAcTaBisgeTcs auddepeHInpoBaHHON  TI0
pPa3IMYHBIM 30HAM, MPU KOTOPBIX M3MEHSETCS CTPYKTypa €€ COCTOSSHHHA TPH CMEHE
OJIHOM 00JIaCTH Ha APYTYIO.

Ha pucynke 2.58 nokaszano [/9], 4To cpaBHEHHE MPOJOJIBbHBIX U MOMEPEYHBIX
nedopMariii CHUIBHO CXKAThIX TOPHBIX MOPOJ TaKXKe IMOKA3aJl0 MX IMEePUOIUYSCKHM
xapaktep. Takoil xapakTep BO3HUKAET B paMKax MOJEH Ae(PEKTHOM CpeIbl, B KOTOPOI
HAIPSHKEHUST  OTNPEACIAIOTCS TOJEM ME30TPEIUH, B3aMMOJICHCTBYIOMUX JIPYT C
JPYTOM Ha TpaHMIlaX 3€pEeH MUHEpaa.

Ha pucynke 2.5t nokaszano [80], yTo BenTWYMHBI Bapualliii TPABUTAIIMOHHON
MOCTOSIHHOM (KpacHas JIUHUA) U CEHCMUYECKON aKTUBHOCTH (CHUHSISI JIMHUSA) 3€MHOTO
mapa TakXe HOCSAT BOJHOBOM XapakTep, IMOCKOJIbKY 3eMJysi TMpU BpAIICHUU
MO/IBEPTAETCS BOJHOBBIM HAMPSHKCHUSM CXKATUS M PACTSDKCHHUSI M3-3a COJIHEYHO-
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JYHHBIX MPUTSKEHUN, KOTOpPbIE MOTYT OBITh MHUIIMATOPAMU 3E€MJIETPSICEHUS. DTOT
¢daKT oKka3pIBaeT BIMSHUE HA (DOPMUPOBAHKE 30H APOOICHUS BOIM3U TEKTOHMYIECKUX
HAPYLICHWM, PE3KHUX MW3MEHEHUM THUIICOMETPUM IIJIAaCTa, CO3[aBas YCIOBUS
HAKOIUJICHUS] METaHa B HUX.
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PucyHok 2.5 - BonHOBBIE POLIECCHI

U3 ypasHenwii (2.15) u (2.16) ciemyer BBIBOA, YTO paauaibHasi COCTABIISIOIIAS
HanpsDKEHUN OT TiTyOMHBI CKBaKMHBI 3aBUCHUT Kak 1/H, a oceBas cocraBistomas
HATIPSKEHUH OT ITyOMHBI CKBAaKUHBI 3aBUCUT kak 1/H?. U3 3TOro ciemyer, uTo npu

TUAPOPACUIICHEHUN YTOJBHOTO Tuiacta Ha riayomHax cmeime 1000 M 3tu hakTops
JTOJDKHBI OBITh YUTEHBI.

2.3 DKcrnepuMeHTAJIbHbIE HCCJIeJOBAHUS MO BO3AEHCTBHUIO HA YrOJIbHbIN
IUIACT VIS MOBBILIEHNUSI TPEIIMHOBATOCTH

VYcraHoBineHHble B Hamied pabore [8l] 3aKOHOMEpPHOCTHM  BIIUSHHS
BEPTUKAJILHON CKBaYKMHBI Ha paciipeesieHue noJis Hanpspkenuit (2.15 u 2.16) 3aBucst
OT TayOWHBI CKBaXUHBI M WX BJIUSHUE OIpeaesser (OpMUpPOBAHUE TPEIIMH B
MOJICEYEHHOM YTOJIBHOM IIJIaCTe, HAKJIa/bIBasACh Ha C(HOPMUPOBAHHYIO MPUPOIHYIO
TPEIIMHOBATOCTh yIVIEW — KIMBaX. V3 NOJy4eHHBIX BBIPAKEHUW CIELYET, YTO
panuanbHasi COCTaBIIAIONIAs HAMPSKEHUM B CKBa)XMHE BcCerja OOJbIe OCEBOM, MPH
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3TOM IIepBasi ¢ IIyOMHOH 3aryxaeT 1o 3akony 1/H, a Bropas mo 1/H?. Tak xak
pajuanbHas COCTABIIAIONIAs HANIPSIKEHUM OKa3bIBAE€T MPEUMYIIECTBEHHO BIUSIHUE HA
dbopMHpOBaHNE TOPU3OHTAIBHBIX TPEIINH, a 0CEeBas BEPTUKAIBHBIX, TO ATOT (pakT
CJIeyeT YYWUTHIBaTh MPU aHAIU3€ KEPHA CKBAXXWH M HUHTEPIPETALMU PE3YyJbTATOB
UMUDKEBOTO KapoTaka, IPOBOAMMBIX Kommanuel Baker Hughes B ckBakmHax
[lepy06aitHypHHCKOTO y4yacTKa, MJIaHUPYEMBbIX Uil MIPOBEACHUS TUIPOPACUICHEHUS
YTOJIBHBIX IJIaCTOB (PUCYHOK 2.6).
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Pucynox 2.6. IIpoduns Tpemunsl I'PII Ha ckBaxkune I1-1 (uatepsan Nel) (a),
Ha ckBakuHe [1I-1 (uaTepBan Ne3) (6) [82]

3aKOHOMEPHOCTH  (OPMUPOBAHUS TPEIIMH BAXHBI I peaM3aliu
3¢ ($HEeKTUBHOTO pacuieHeHHsI YTOJIbHBIX MIacTOB ¢ momoikio ['PIT B niensx gerazammu.
OnBITHBIE U TPOU3BOJICTBEHHBIC NCCIIEIOBAHMS MTOKA3aIH, 9TO dPPEKTUBHBIA paaryc
TUAPOPACUWICHEHHS OMPEEISIETCS CO3IaHHON TPEUTMHOBATOCTHIO YTOJIBHOTO TJIACTA,
JUTMHOM TPEIIMH U UX TOJOKEHUEM OTHOCHTEILHO MPOCTUPAHUS TIACTa, CTETIEHBIO
packpbITUsi M JAPYTUMHU [apaMeTpaMHu, KOTOpble, B LEJIOM, OMNPEIEISIIOT
ra30MpPOHUIIAEMOCTb YTOIBHOIO IUIACTA.

PaccMoTpuM mosie HanpspKEHUH W ero BIUsSHUE Ha (OPMUPOBAHUE TPELIUH B
YTOJIbHOM IIJIaCT€ Ha Pa3jMyHbIX IIyOMHaX ero 3ajeraHus. Y CJIOBHO 3TU TIyOUHBI
pasznenum Ha Maisie (300-500 m), cpeauue (600-1000 M) u 6onbiue (6onee 1000 m).
VYCIOBHOCTh TaKOro JAENIEHUSI OCHOBaHAa Ha MPEUMYLIECTBEHHOM (HOPMUPOBAHUU
TPEILMH B YTOJbHOM IUIACTE€ — TOPU30HTAIBHBIE U BEPTUKAJIbHBIC TPEIIMHBI IPAHULLY
BIMSIHUS TIOJsI HAMpsDKCHUW TPYAHO OMNpPENesuTh elle IMOTOMYy, YTO Ha JTH
XapaKTePUCTHKU BJIMSIET 30JbHOCTh YTIJeH, cTeneHb MeTamoppusMa, KINWBaX,
dbopMUpyeMbIi TEKTOHMYECKHMMH HampsbKeHUsSMU. VIMEHHO Ha CpelHUX TIIyOMHax
500-900 M HanboJIEE YacTO MPOUCXOIAT BHE3AIMHBIC BRIOPOCHI yIJIs 1 ra3a [83].

3aKoHOMEpPHOCTH popMHUpOBaHUs TpeluH B yrisix Kaparanaunckoro 6acceiina
m3ydyam B cepeaune npouuioro Beka Koctiusue A.A., EpmekoB M.A. [nsa stux
neneit EpmexoBeiMm M.A. Obuia wn3o0peTeHa JBOIHAS KOJOHKOBas Tpyda s
U3BJICUCHHSI HApa3pyLIEHHOTO KEpHa YrOJbHBIX IUIACTOB. B mocnenyromiue rojsl
UCCIIEIOBaHMs BIIMSHUS TOJII HaNpsoKeHUM Ha (opMmHupoBaHHE TPEIIMHOBATOCTH
npoBoaunu baitbatma A.b., Bomsnosa JI.C. u gapyrue. IlpoBenennbie Hamu
uccienoBanusi KepHa ckBaxuH lllepyOaliHypuHCKOTO ydacTka, pe3yJbTaThl
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uMuxeBoro kaporaxa u ['MC npeacraBieHHBIX Ha PUCYHKE 2.6, a TAK)Ke U3yUEHHE
TPEIIMHOBATOCTH TI0 CTEHKAM MTOATOTOBUTEIBHBIX TOPHBIX BEIPAOOTOK, MPOBEACHHBIM
no yroibHbIM mactaM KaparanaumHckoro OacceifHa, B II€JIOM, TMOATBEPIUIN
IpeyIoKEHHOE IeTIeHHe (OPMHUPOBAHUS TOPU3OHTANBHBIX U BEPTUKAIBHBIX TPEIIUH
10 TITyOHHAM.

Pe3ynbrarhl HAIMX UCOBITAHUI TOBOPSAT O CIAEAYIOMIMX MPEANOIOKEHUAX - HA
riyounax 6onee 1000 M yrim moj BO3ACHCTBHEM TEPMOJIMHAMUYECKHX (DaKTOPOB
npuoOpeTatoT 6oJiee BHICOKHE MPOYHOCTHBIE XapaKTEePUCTUKH, TTPH ITOM U3MEHSIETCS
UX Ta30HOCHOCTh, Ia300TJa4a, MPOHUIIAEMOCTh, a TakKe (popMa HAXOKJEHUSI METaHA
(copOupoBaHHBIN MeTaH B (hOpMe yIIIeMETaHOBOTO PacTBOPA).

Ha wmanbix riyOMHAX TMOJS HampsHKEHUW B YTOJABHOM IUTACTE, 3a CYET
3HAUYUTEILHOTO BIMSHUS TOPU30HTAIBHBIX HAIPSKEHUHN (pauaibHbIe OTHOCUTEIHHO
BEPTUKAJILHON CKBa)XHHBI), (OPMHUpPYET B YTOJIBHOM IUIACT€ TOPU3OHTAJIBHBIE H
cybropusonransusie TpemmHbl (20-30°), co3maBas GnaronpHATHBIE YCIOBHS IS
Pa3BUTHUSI TPEILIUH B 3TOM HAMpPaBJICHUU MTPU THAPOPACUIICHEHHUU.

Ha Oonpmmx rayOuHax oceBble (BEpTUKAIbHBIE) HaNpPsDKEHUS OOJIbIIe
ropu30HTaIbHbIX. OHU POPMUPYIOT BEPTUKAIBHBIE U CYOBEPTUKAIBHBIC TPEIIUHBI B
YTOJBHOM IUIACTE, BO3MOXHO Maj0 COEAUHSIOIMECS MEXAYy COOOM, 4TO CHUMKAET
3¢ (HEKTUBHOCTH THIPOPACUICHEHHS] YTOJIBHOIO IJ1acTa.

B cnydae o0pa3oBaHUs BEpPTUKAJIbHBIX TPEIIMH a3UMYT HX OIPEIENseTCs
aMIUTUTYJION IByX MUHHUMAaJIbHBIX TOPU30HTAIBHBIX HanpshkeHu# (pucyHok 2.7a). B
cily4ae TpelluHbl, koTopas Bo3HukaeT npu ['PII u npubmmkaercs k pazneny das, a
OpOJIbl BOKPYI YrOJIbHOTO IUIacTa HKMEIOT 0o0Jiee BBICOKYIO MPOYHOCTH, TO
BEepTHUKaJIbHAs TPEIIMHA MPEeKpaIiacT CBOM pocT (pUCYHOK 2.70).

BeptukanoHan Tpewnna Fi>Fr>F;

"

Fy

=]

lopu3oHTanbHan TpewmHa Fy > Fi>Fy

a)

/ Fy
—

Pucynok 2.7 - CoOTHOIlIEHNE BEPTUKAIBHBIX U TOPU3OHTAIBHBIX TPELIUH (a);
npeo0pa3oBaHre BEPTUKAIBHON TPEIIUHBI B 30HE KpenKux mopoz (0)

Jlyist cpenHero WHTEpBaja TIyOWH 3ajeTaHusl YroJBHOTO IJIacTa XapaKTepHO

BiusiHuE A((PEKTUBHOTO HAMpsKEHUs, (OPMHUPYIONMIET0 B yIIIAX AcehopMaivu
CKOJIBKCHUS 1 BEPTHKAIBHBIC Y TOPU3OHTAIBHBIC TPEIIMHBI B YTOJIHLHOM TLIACTE.
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dopMUpOBaHUE TPEUIMH PA3HOW HANPABIEHHOCTH BBI3BIBAET HEOOXOAUMOCTD
ydeTra 3Toro (haktopa Mpu MPOBEICHUU THAPOPACUICHEHHS YTOJBHBIX IUIACTOB, a
Tak)ke Tpu OypeHUH CKBAKHWH ISl OTUX IIeJiel (HampaBlieHWe, TEXHOJIOTHS OypeHHs,
BKJIFOYasi OypOBOW pAacTBOp, MPOMBIBKY CKBaXHHY), KOTOpPBIE TOJDKHBI OBITH
OpPUEHTHUPOBAHBI BKPECT OCHOBHOM TPEITUHOBATOCTH.

Ha wmanpix rnyOuHax, T7€ JACUCTBYIOIIME  HAMpPSOKEHHUS  CO3MIAI0T
MPEUMYIIIECTBEHHO TOPH30HTAIBHBIC M CYOTOPU30HTAIBHBIC TPEUTUHBI, BEITUKA WX
KOJIbMaTalus Mpu OypeHUH TITUMHUCTHIM PaCTBOPOM.

Ha Oonpmmx riayOuMHax 1oja JACHCTBHEM OCEBBIX HaNpsDKEHWH, B T.4.
re0CTaTUYECKOro, MPEUMYIIECTBEHHO (OPMUPOBAHME B  YrOJIBHOM  ILIACTE
BEPTUKAJIBHBIX M CYOBEPTHUKAIBHBIX TPEHIMH, KOTOPBIE CO3AAIOT 3aTPyAHCHUS TpPU
MIPOBEICHUH TUAPOPACUIICHEHHUS, CHUXKAas ero 3 (PEeKTUBHBIN panyc.

JleificTBUE TIOJIA HATIPSIKEHUHN B BEPTUKAIBLHON CKBaKWHE HA CPETHUX TITyOHMHAX
onTuManbHOE s peamm3anuu uener ['PII, Tak kak B 3TOM cCiydae TpEUIMHBI
bopMHPYIOTCS TIOJT JEWCTBHEM TOPU30HTAIBHBIX M BEPTHKAILHBIX HAMPSKCHUN
ONMM3KKX TI0 BEITUYHHE, KOTOpPhIe (OPMHUPYIOT BEPTHKAIbHBIE M TOPU30HTAIHHBIC
TPEIIMHBI CO CMEIICHUEM (CKOJIBKCHUEM).

Crnemyer OTMETUTh Ha TEOMETPHUIO TPEIIWH BIMACT aHU3OTPOMHS yTOIHHOTO
miacTa W HaJIWIUe TOHKUX TMPOTUIACTKOB AapTHJUIATA, aJeBPOJHUTA, KOTOPHIC
MPETIATCTBYIOT PA3BUTHIO TPEITUH B TJIACTE NMPU THAPOPACUIICHECHUH.

OO6111eit 3aKOHOMEPHOCTHIO U3MEHEHHUSI TTOJIS HANTPSHKEHUS B CKBAKUHE SIBJISICTCS
TO, YTO OHO MEHsAETCA ¢ IIyOumHOU. B BepxHell uacTu paspesa MpPEeUMyIIECTBEHHO
BIIUSIHAE TOPU30HTAIBHBIX HANpsOHKEHUHW B HIDKHEW oceBbIX. OTCroJa BBITEKACT
YTBEPXKJICHUE, YTO YCIOBHUS TPEHIMHOOOpPA30BaHUS MEHSIOTCS C TJIyOWHO,
M3MEHSETCSl TPOHUIIAEMOCTh YTOJIBHOTO TIJIaCTa, KOTOpas ONPEACNSeTCS KIMBAKOM
(cuctemMa OTKPBITBIX COOOIIAIONIUXCS MEXAy COO0OM TpemmH) | TpPEIIWH,
0o0pa30BaHHBIX MEXaHWUYECKUM JICHCTBUEM Ha TUIACT, B T.4. CKBAKUHOM.

Jlerazamusi yroJIbHBIX TIJIACTOB M3MEHSET MX MPOYHOCTHBIE XapaKTePUCTUKH, a
3HAYUT U MOJIS HAPSDKCHUH B YTOJIBLHOM IUIACTE, KOTOPBIC TOJDKHBI YIUTBIBATHCS TIPU
MIPOCKTUPOBAHUH U TIPOXOJIKE IMOATOTOBUTEIBHBIX TOPHBIX BBIPAOOTOK, a TAKXKE MPHU
nporHo3se I'J{4.

TpemuHOBaTOCTh yTJIEH BIMSICT HAa TEXHOJOTHUIO OypeHHsS CKBAKHUH (OCeBas
Harpy3ka Ha JOJIOTO, JMAMETP CKBaXXMHBI, THI W COCTaB OYpOBOTO pacTBOpa).
TpemunooOpazoBanue, BO3HUKAIONIEE B IMpoIecce OypeHWs, a TakKe MPUPOIHBIN
KIIMBAX YTOJBHBIX HMHTEPBAJIIOB OMpPEACNISIeT CTa0MIBHOCTh CTBOJA CKBAaXKWHBI,
KOJIbMATAIlMI0 YTOJBHBIX WHTEPBAJIOB, IMOTJIOIICHHE OypOBOTO PAacTBOpa, MPUXBAT
OypoBoro unHcTpymMeHTa u mnpudopoB ['MC, dopmupoBanue kaBepH, oOpylieHHE
CTEHOK CKBKHMHBI, Ta30BYIO JMHAMUKY TJIACTA U TTOCTYIJICHUE Ta3a B CKBAKHUHY.

2.4 Mopgeab ¢GopMUpPOBaHMS TPEIMHbI T'HAPOPACYJEHEHUS] YrOJbHOIO
mjiacra

Bocnons3yemcs Haieid pabotoii [84]. Kak 1 B peanbHBIX TBEP/IbIX TeJIax BCEra
€CTh CTPYKTYPHbBIE U3bsIHBI, KOTOPBIE HA3bIBAIOT Je(heKTaMu TBEPAOIO Teja, U paanyc
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KOTOPBIX HAaUMHAET U3MEHSATHCS C U3MEHEHHEM AaBiieHus cpeabl. Kak Tonbpko paanyc
3apoJIplllla MPEBBICUT HEKOTOPBI KPUTHUECKHU pa3Mep, TO BO3HUKAET Y COCETHHUX
3apofibllIel MepeKkphITHe HMX paguycoB. B artom cioywae oOpasyercs Kiacrtep,
3€pPHHCTAs CTPYKTYPa, MEPEXO0IAIIast B KPUCTAUTUT (PUCYHOK 2.8).

KoHAEHCHPOBSHHE A
fraza
(' A HEpuTuueckue

oo N 3epHUCTAA

FTRYS YPa ChpazoeaHuWe

H POCT KOHCTaNNWTOE

-
[yTe 3BE0NHIL MM

Pasoem i nepexon 1 pooa [ocTrpHCTATTHI ATH 2

|
|

| |

| |
al |
Cal r=

Pucynox 2.8 - IlocnenoBaTenbHOCTH (PAa30BBIX MEPEXOOB BTOPOTO 2 pojaa B
Mpolecce KpUCTAIIN3alnn

PaccmoTrpum 3apoapiin B Buae chepsl U MOCTPOUM CTAIMOHAPHOE ypaBHCHHE
TEIJIONPOBOAHOCTU. [loilyunB pelieHne ATOro yYpaBHEHHUS, MBI CHEJaeM 3aMeHY
TEeMIIepaTyphl Ha JIaBJIICHUE C MTOMOIIbIO0 U3BECTHOTO COOTHOIICHUS. Jlanee, penieHue
yYpaBHEHUSI MbI PACCMOTPHUM C MO3UIIMUA CTATUCTUUYECKON (pr3uKU. OKOHYATEIHHO, MBI
MOJIYYMM PACCTOSIHUE OT CKBAXXMHBI, HA KOTOPOE MPOCTUPAIOTCS TPEIIUHBI TMOCIIE
Bo3aeticteus ['PIT (paauyc rumpopacuyieHeH s ).

PaccMoTpuM pa3BuTHE TPEIIMH B YTOJIBHOM I1IacTe (pucyHok 2.9).

Ji- =
{1 n‘ 4

JUATNRDNIN
;:ﬂ.g.zv B )

-t

Pucynok 2.9 - Tun TpeumHOBaTOCTH YTONIbHBIX IJIACTOB

TpeI]_II/IHOBaTOCTB YT'OJIBHBIX ITNIACTOB PA3AC/IMM Ha CICAYIOUINUC THIIbIL:
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- CHUHTCHETHYECKUH, OH 00pa3yeTcsl MyTeM pas3JIoKEHUs paCTEHUMU, MPUCYII
CIIOUCTOCTH YTJI U YMEHBIIAETCS IPU €T0 MeTaMopu3Me.

- IEPBUYHOTO YHIOTEHHOTO KJIMBaXka. OH 00pa3yroTcs MO TOPHBIM J1aBIICHUEM,
KOTOPOE MPHUCYTCTBYET B YTOJBHBIX IJIACTaX. DTOT TUI UMEET CIEAYIOIINE TOATHUIIBL:
TUN KJIMBaXKa MO JUMOTHUITY; TUMN KJIHWBaXka 1Mo BUTpeHY. OHH 00pa3yroT CUCTEMY
TPEIIMH B BATPUHUTE U XapAKTEPU3YIOT MAPKy YTJIsl.

- BTOPUYHOTO TEKTOHUYECKOIO KJIMBa)ka, OH 00pa3zyercs NpuU TEKTOHUYECKUX
MPOIIECCAX U TPEIIMHBI YACTO COEAUHSIOTCS APYT C APYTOM;

- BTOPUYHOTO KJIMBaXa BBHIBETPUBAHUS, OH 00pa3yeTcsi B YTrOJbHBIX IUIACTaX,
KOTOpbIE HAXOATCS BOIM3U JHEBHON MOBEPXHOCTH.

Bepnemcsa Tenepp k Hamed 3agade. Mrak, TemmepaTypHOE IOJE€ BOKpPYT
3apo/bllIa MOYKHO OIKACATH CTALlMOHAPHBIM YPABHEHUEM TEIUIONPOBOIHOCTH:

d*T  2dT _
dr2 rdr

0, (2.17)

r€ I — HepEeMEHHbIN paanyc B chepuyecKoi CUCTEME KOOPIUHAT.
OG6mee pemeHue ypaaeHus (2.17) uMeeT BU/I:

T(r) =A+7, (2.18)

rae A u B — npon3BoiIbHBIE TOCTOSIHHBIE.
Ha mnoBepxHocTH pAedexTta OAHOBPEMEHHO MMEET MECTO YpaBHEHHE,
OIKCHIBAIOLIEEe KUHETUKY IIpoLecca pocTa Ae(eKTa:

L = KT — Ty, (2.19)

rae  p — panuyc aedekra; K — KoHCTaHTa CKOPOCTH POCTa U TEIJIOBOTO OajaHca:

d aT
Qv e =-A(5)Ir=p, (2.20)

rne Qg - CKpbITas TEIIOTa; Y - YIETbHBIN Bec; A - KOO PUITMEHT TETIOMPOBOIHOCTH.
[ToncraBus (2.18) B (2.19) u (2.20), momyuum:

B
02

B K(Te— A—B) 0y =
2= K(Te—A=2; Qvg=A;

, (2.21)

Ecmu npuasate ¢ = oo limT(r) = Ty u 0603nauuTs T(p) = @(t), TO MONTYyIHMM:
T(r) = To + [p(O) — Tol %, (2.22)

[Tpu aTOM ypaBHeHwus (2.21) nmepenunryTcs Tak:
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©la

= K[Ti — $(D)] ; Qv L = A[p(t) — T] &, (2.23)

W3 cuctembl ypaBHeHuit (2.23) cnexyetr onpeaenuts pyHkmmu @(t) u p(t).
Uckmounm QyHK1IHIO @ (t) U MOTYydHM:

Qoyd o , 1dp _
o txg (Tk—To) =0, (2.24a)
NnIIn
lp2 + 2252 — (T - To)*t| = 0. (2.246)

(a — TemnepaTyponpoBoIHOCTB). YuTs, npu paccMoTpenuu p(0) = 0, Haligem:
2 a,_972 — TV ¥t —
p= + 2 oxP 2 2 (Tx — Ty)*t =0, (2.25)

Orcrona:

p(t)——&+\/(;—K)+2%(TK—TO)-t, (2.26)

Tax xak p(t) > 0, To mepes KOpHEM CleyeT B3sITh 3HAK IUTIOC. Takum obpazom:

p(t) = QiK N +2 & QKZ (Ta — Tp) - t— 1], (2.27)

[Tpu manbIx t:

QK?

\/1+2Q—K2(TK—TO)~1+ (T« —Ty) -t (2.28)

PO = K(Tx — To) - t, (2.29)
ITepeiins Teneps k nepenany aasiaenus AP metone I'PII, momyunm:
p(t) =Ky AP - t, (2.30)

Urtak, npu ManbiXx BpeMeHax BO3JCUCTBUS PAIWyC pACTET JIMHEHHO Mepenamy
napienus. Eciu t Beauko, TO:

2 2
\/1+2QLAP t~\/2QK AP - t:
NJIn
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o(t) ~ /2aA—QPt (2.31)

N3 ypaBHenus (2.31) cimemyeT, 4yTO NpU MaJIOM BPEMEHM IIpollecca pocTa
3apOJBIIIEH TpPEUMHBI, €ro KWUHETHUKAa ONpelesieTcs IMOJHOCThIO HX (DU3UKO-
XUMHUYECKO Xapaktepuctukoid. Korga Bpems mpoiiecca CHIBHO BO3PACTaeT, TO ITO
MPUBOJUT K CHJIBHOMY BO3pacTaHUIO JUCCUIIATUBHON COCTABIISIONICH.

Paccmotpum crienyromuit stan Hamed 3agaun. [lycTh miaoTHOCTh 1eeKTOB B
YTOJIBHOM IIJIaCT€ paBHA N, Toraa BeposiTHOCTH W(p) Toro, uto Onmxaimmii nedext
OKa)XETCSl Ha PACCTOSHUHU P (T.e. IPOM3OUIET CIHMSIHUE Ne(PEKTOB) OT BHIOPAHHOTO
nedexTa, MOXKHO B3ATh U3 CIIEIYIONIETO YPaBHEHHUS:

W(p) = 4mnp2e~4n°p*/3, (2.32)
BepositHocTh HaxoxaeHust N yactuil B ieeKTe paiiycoM p paBHa:

Wx(p) = ITiL; Wilp), (2.33)

BepositHocTs (2.32) MBI ompenenuM, ¢ APYroil CTOPOHBI, KaK OTHOIICHHE
OHEPI'UM OJHOW YACTHUILIBI K IIOJIHOM SHEPTUU CUCTEMBI. T. 0., MBI UMEEM:

NKT
3/2nkT

= (4m)NpNe-m*e?/3, (2.34)

Jlorapupmupyst 06e yactu (2.34), mpoBoAs HECIOXKHBIC TPEoOpa3oBaHUS U
oTOpachIBasi, MaJIbIE YICHBI, TOTYYUM:

—'_:iﬂ:N°n2 .p3 Hﬂngzinn2g3 (235)
3 PO 3

4 N
Jna eguHuyHOrO obbveMa V, = ET[L% M C y4eToM, 4TO N = ==, a N-g=1L-
0

JJIMHA TPCIIWHBI, ITOJTY4YUM:

AP L3
P, L3

L= LOS/AP/ , (2.37)

(2.36)

WJIN JJIMHA TPEUIUHBI

rae  Lg- HavanbHas JJMHA TPEIIUHBI.
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Hauvanbnas pmuHa Tpemuubl  omnpenensercs Qopmynamu  (2.30) (2.31).
Koncranta K umeer mnopsmok eauHunpl, a BpeMs paBHo t = 10— 7 c. Korma
nasnenue pasHo AP = 600 MIla npu pa3psie yroapHoro riacta umeem (Py=1 Mna):

AP
— =10Y0.6 ~ 7,
Py
LO = 10,
HpI/I 9TOM HJIMHA TpeHII/IHBI OKa3hbIBACTCHA paBHOfI L =~ 70 M — JOTO COBIIaAa€T C

IKCIIEPUMEHTAIBHBIM 3HaueHHUEM [84].

B 3aknrodyeHun crenaem CIeAyOIIM BBIBOJA, IIPU MajOM BPEMEHHU Mpouecca
poCTa 3apOoJbIIIeH TPEIIUHbI, €r0 KMHETHKA ONpPEAEAeTCA MOJHOCThIO X (PU3HKO-
XMMHAYECKON XapakTtepucTuko. Korga BpeMs mporecca CHIIBHO BO3PacTaeT, TO 3TO
MIPUBOJUT K CWJIIbHOMY BO3PAaCTaHHUIO JUCCUIIATUBHON COCTABIISIONICH.

JUlnHa ~ TpemuHbBl  TUAPOPACWICHEHHS  YroJIbHOro  Iuiacta  (paauyc
TUIPOPACUJICHEHHS) ONPENEIsIeTCs KOHCTAaHTOM CKOPOCTH pPOCTa M TEIIOBOIO
OaslaHca, a TakKe MaKCHMaJIbHBbIM JIaBJIEHUEM MPU TUIPOPACUICHEHHH YTOJBHOIO
IJIACTA, YTO MOATBEPKAAETCSA IKCIIEPUMEHTAIBHBIMU TAHHBIMHU.

2.5 UcciienoBanue BJAUSTHHSI HAHOCTPYKTYPbI MOBEPXHOCTHOIO CJIOS YIJisl
Ha (PU3MKO-MEeXaHUYECKHUe CBOMCTBA U ra300TAa4vy Imjiacra

VY CTaHOBIIEHHBIE 3aKOHOMEPHOCTH OMNPEACIICHUS TOIIIMHBI MOBEPXHOCTHOTO
CJIOS U aHM3OTPONUHU TOBEPXHOCTHOW HSHEPruM s anMasa, rpadura, kKapOuHa
UCIIOJB3YEM Ui TOJYYEHHS ITHUX XapakKTepucTuK s yried KaparanamHckoro
Oaccenia.

Hcrnonp3yem pe3yibTaThl, OMyOJMKOBaHHBIC B Harmied pabore [88] a Taxke

[89,90], e 1uist MOBEPXHOCTHOTO CJIOS ¥ €0 TOJIIUHA TIOJTYYSHO PABEHCTBO (PUCYHOK
2.10):

R(Dy = 0.17 - v(HM). (2.38)

Cnoit R(I) mOBEpXHOCTHM W €ro TOJIIMHA COTJacHO ypaBHeHHIO (2.38)
00yCIIOBJIGH 3aBHCUMOCTBIO MOJISIpHOTO oO0bema v. Cnoit R(I) mOBEpXHOCTH M €ro
TOJIIIMHA MOTYT OBITh paccuuTaHa 1o dopmyie cratekt [172], B KOTOpO#t MoIsIpHast
Macca yrJIeBelecTBa OIpeesieTcs Mo cleayoei popmyie:

Moo = 130,385 C — 1,941 -0 — 14042 - f, + 461,909 -N.  (2.39)

3necbk M, o, — MoJsipHas Macca; C, O — KOHIIEHTpaIus yriepoaa, KUCIopoa; f,
— CTEMEeHb apOMATUKU YTOJIbHOW Macchl; N — KOJTMYECTBO MapaMarHeTUKOB.

ITo popmynam (2.38) u (2.39) MBI ompenes M MOBEPXHOCTHBIM CJIOM U €ro
TOJIIIMHY JJIs YIJ€il OCHOBHBIX CBHUT KaparaHJWHCKOTro OacceiiHa: aluIIpUKCKOM,
KaparaHJAUHCKOM, IOJIMHCKOM, TEHTEKCKON U MpeCTaBUM 3TH JAaHHbIe B Ta0nuie 2.1.
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W3 Tabnuikl 2.1 BUAHO, YTO TOJIIMHA MOBEPXHOCTHOTO ciiost R(I) yroisHOTro
BEIIECTBA OOJIBIIIE TONIIMH aMasa, rpaduTa, KapouHa. 31ech CKoOKaMu 0003HAYEHBI
YHCJIO CJIOEB YrOJBHOTO BEIIECTBA, KOTOpPOe BBIUUCIsAeTCS npu jaeicHum R(I) Ha
pasmep (~ 0,36 HM) MEXKIy MaKpOMOJICKYJIaMH YIJs, ONMPEICIICHHOE C MOMOIIBIO
PEHTTEHOBCKOTO paccessHrs. OcoOeHHOCTHIO €105 ToBepXHOCTHU R (I) sBIsIETCS TO, UTO
37IECh OCYIIECTBISIFOTCS A()(EKThI, CBA3aHHBIC C Pa3MEPOM YACTHIL JTFOOOH MPHPOIBI

[91].
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Pucynok 2.10 - CxemaTudeckoe n300pakeHre oBepXHOCTHOTO cjios (d = R)

Tabnuna 2.1 - TonmuHa MOBEPXHOCTHOTO CJIOS PA3IMYHBIX MApOK YTJI€H YroJbHBIX
cBuT Kaparanauackoro 6acceitna

Caura Mapxka yrus M — monsipHast p — TUIOTHOCTh R(I), am
Macca (T/MoJb) (r/em®)

Anutspukckast KK 1376 1.42 164.7 (458)
oC 1340 1.56 146.0 (406)
K 1351 1.27 180.8 (502)
Kaparananuckas K 1424 1.34 180.7 (501)
KX 1376 1.48 158.1 (439)
K 1351 1.23 186.7 (519)
JonuHckas K 1400 1.44 165.3 (459)
K 1424 1.50 161.4 (448)
KK 1376 1.27 184.2 (512)
K 1351 1.42 161.7 (449)
TeHTekckas K 1400 1.44 165.3 (459)
KX 1376 1.39 168.3 (467)

B 1moBepXHOCTHOM cj0€ MPOUCXOAAT (U3HKO-XUMHUYECKHE MpeoOpa3zoBaHuE
XapaKTEPUCTHUK HAHOCTPYKTYphL: MeHsieTcsa: (opMa CTPYKTYypbl —KpHCTaljia
(HaIMOJIEKYJISIPHOM) CTPYKTYpBl YTJIS; YCIOBHUS HaNpsDKEHHO-Ee()OpMAalrOHHOTO
COCTOSIHUSL CTPYKTYpPBI; MEHSIOTCS YCIIOBHS JBHKECHMS ra3a B CTPYKTYpPE YIOJBHOIO
BEILIECTBA U JPYTHUE SABJICHUS.
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Pa3mep cnost R(I1) noxomut Ha pucynke 2.10 mo 3nauenus R(I1) = 9R = R,.
HmenHo 3Ta 001acTs oTBedaeT 3a pasmepubie dddextsl | poma [89]. Eciu cpaBHuTH
MTOBEPXHOCTHBIA cJIoW u ero ToimuHy yrias mapka OC (146 uam) (tabnuma 2.1) u
MOBEPXHOCTHBIN CJIOW M €r0 TOJIIMHY BBICHINX (YJUIEPEHOB, TO OH OKAXKETCSA MOYTH
emy paBHbIM Cgs (135 HM), uTOo cinemyeT u3 paboTbl [92], rae BBUMCILIACH
MoJiekyssipHasg Macca Ha 100 atomoB yriepoaa uid Ha 100 aToMOB opraHuyYecKon
MacChl YIJIsl, 4TO OTBEYAET MPUHATOM K PACCMOTPEHUIO CPEAHECTATHCTHYECKOU
CTPYKTYPHOU €TUHUIIBI.

Takum oOpa3oMm, cCpelHEeCTaTUCTUYECKas CTPYKTYpHas €IWHULA  YIJIs
COOTBETCTBYET BHICIINM (PyJUIEpEHAM C YHCIIOM aTOMOB yTiiepoja B kiactepe> 100,
YTO SIBIISICTCS] YHUKAIBHOW OCOOCHHOCTHIO YTOJIBHOTO BEIIECTRA.

OCOOEHHOCTBIO TTOBEPXHOCTHOTO cJiosi R([) sBAsieTCS TO, YTO B 3TOM CIJIOE
npoucxoasaT pasmepHbsie dhdextsl (pucyHok 2.11). 3mecs A(h) — HekoTopoe
¢u3nyeckoe CBOWCTBO Ha PacCTOSIHMM h OT Bakyyma, A, — (u3nueckoe CBOMCTBO
MacCHUBHOr0 o0pa3ziua (00beMHOM (a3bl), IIe HET yKe pa3MepHbIX 3P pekToB. [loaTomy
3aIuIIeM:

Ah) = A, [1 RO L h
T RO
0 <h<R(),
R(D)
A(h) = A, [1_T ,

h >> R() (2.40)
e g e
P "M
gm

a) 0)

Pucynok 2.11- Pa3mepHasi 3aBUCUMOCTh TemIiiepaTypsl Au (a),
temriepatypsl Ktopu T (0), TFOMUHECIICHITUN OKCUIOB (B)

CornacHo cylIecTBYIONICH HOMEHKIIAType, KOTopasi mpuHsaTa MexxayHapoaHbIM
COI030M TeopeTrudeckor u nmpukiaagHoit xumuu IUPAC, MOXHO BBIJICIUTH TPU BHUAA
MOp B 3aBUCUMOCTH OT MX pa3Mepa: Mopbl MUKpPO < 2 HM, MOphsl Me30 2—50 HM u
Makporopuctbiii > 50 HM [93]. O mopuCTOCTM YTrOJILHOTO BEIIeCTBA Ha
[lepy6aitHypiHCKOM y4acTKe MOXHO CyAWUTh 0 m3oTepMam JIeHrMropa, KoTopasi, B
KadyecTBe MpUMepa, Moka3zaHa Ha pucyHke 2.11a. JlanHble U30TepMBbI COpOIIMMA METaHa
MOJIy4eHbl K CyXoil, 0e3301bpHOIM Macchl 00pa3noB Kepna NeS5/1 (kpacHble TOUKH),
No5/4 (3enensie Toukn), u Ne6/14 (cunue) no yrosabHbiM miactam Mapok K, KK u OC.
CopOumonHas eMkocTh Jlenrmiopa nzmensercs ot 29,09 m%/1 s o6pasua K, or 30,05
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M3/T i o6pasia KK u ot 31,25 M3/t s o6pasua OC. CpenHee 3HaueHHeE IS TPEX
o0pasuos cocrasnsger 30,05 m3/r. Usorepma Jlenrmiopa usmensierca ot 1,08 mis
obpasma OC no 1,4 Mna (o6pazert KK), cpennee 3Hauenne paBao 1,27 Mna. Kpussie
u30TepMbl JIeHrMIopa, MOJy4YeHHBIE ISl MCCIEAYEeMbIX OOpa3IoB MpPUBEICHBI Ha
pucynke 2.12a. Ilpu wu3MeHeHMH [aBICHHUS COPOLMOHHAS CHOCOOHOCThH YTJel
MOUUHACTCS pa3MepHOMY 3akoHy u3 ¢opmynbl (2.39), tme A(h) — copOmMoHHAas
CIocoOHOCTh, h = P. D10 cBs3aHO ¢ TeM, 4TO M30TepMa JIeHrMIopa, uccieayeMbIX
00pas3IoB OTpaXxaeT SBJICHUS, MPOUCXOAAIIUE B TOBEPXHOCTHOM CIIO€ YIJIsA, IPU 3TOM
COpOLIMOHHAs CTIOCOOHOCTh OOpPaTHO MPOMOPIIMOHATIBHA TOJIIUHE MOBEPXHOCTHOTO
HaHocnos (tabnuua 2.1). Tlo pesynbrataMm u3MepeHnui Ha IEKTPOHHOM MUKPOCKOIIE
OTMEYEHO, YTO paclpeiesieHue IMOp B HUCCIEJOBAHHBIX YTIISX PaBHOMEpPHOE, HO
OTMEYEeHa HEUeTKas OPHEHTAIMs MO HACIOCHHIO, MPUYEM YTIIM MO Pa3BUTHIO TOP
KpaitHe HeogHOpoaHKL. B yrimsax mapok K, K u OC HaGmromaroTcst KpYIHbIE TOPBI,
KOTOPBIC U UMCIOT YUIMHEHHYIO W OBAIBHYIO (hOpMY.
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a) 0)
Pucynox 2.12— Touku uzmepenuii u kpuas JIeHrmiopa,
(a) - rpaduKu U3MEHEHHUS Ta30HOCHOCTH ¢ TyOuHOoM (maact Kip),
(6) — | — mpoOsb1, oTpakeHHBIC O3 yueTa notTepb; || — mpoObl, OTpakeHHBIE C yUETOM
norepb raza [88]

N3yyeHne Tra30HOCHOCTH YIOJIbHBIX IUIACTOB MPOBOJAMIOCH KEPHOBBIMU
ra3oHa0OpHUKAMHU. Y BEIMUYEHHE TA30HOCHOCTH € IITyOUHOM JJ1s1 yTOJIbHBIX IJIACTOB HA
npumepe Kio nmokazano Ha pucynke 2.12 [88].

Pa3pyiienne yroapsHOro miacra, mpornopuuoOHAIBHO ISl PaIHaIbHOU U OCEBOMN
COCTaBJISIIOIMX mapaMerpy G, rae G - MOAyJb cABUTra. DTOT MOIYJb MO TEOPHH,
npemnoxkenHon ['puddurcom A. [94], mponopiinoHanieH MOBEPXHOCTHON DHEPTUU O
(Ix/M?) (He myTaTh C pagualbHON 0, M 0CeBOil 0, cocTaBisomux). B padore [95]
pa3BUBAETCS HOBAash DHEPreTHYECKash KOHIEHIUS pa3pylIeHUsT TBEPAbIX Te,
OCHOBAHHAsI HA KOHIICTIIINHY KPUTUYECKOH MIIOTHOCTH SHEPTHH B MOJICTISIX Pa3pyIICHUS
tBepabix Ten (MemkoB FO.5., 2001 r.) mist Tpex MacmTaOHBIX YPOBHEH mpoliecca —
aTOMHOIO (T.€. HAHOCTPYKTYPHOI'O), MHUKPOCKOIIMYECKOIO ¥ MAaKPOCKOIIMYECKOTO.
CornacHo 3T0il paOOTHI MOJA TEOPETHUECKON MPOYHOCTHIO MPU CIBHUIE KpUCTaIa
MIOHUMAIOT TAKOE HAIPSDKEHUE CIBUTA Treop, IIPU KOTOPOM OKa3bIBACTCSI BO3MOXKHBIM

OAHOBPEMCHHOC TIICPEMCIICHHUEC BCEX AaTOMOB OJHOM INIOCKOCTHU KpucTtajla
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OTHOCHUTEJILHO COCEHEN XOTs Obl HA OJTHO MEKAaTOMHOE pacctossHue b. [Ipu sToM He
MIPOMCXOAUT pa3pblBa AaTOMHBIX CBSI3€M, a BO3HHMKAET JIMIIb ONPEACICHHOE
MIEPECHANPSDKEHUE UX, CBA3AHHOE C MEPEOPUECHTALMEN aTOMHBIX CBS3€H, BbI3BAaHHOU
CMEIICHNEM aTOMa B TUIOCKOCTH CIIBHTA HA PaCCTOSsIHUE Topsaka b. JIiis HanpsoKeHus
CIIBUTA MOJIYYCHO:

Treop © 0.1-G=0a-0 (2.41)

W3 ypasuenus (2.41) cienyer, 4TO TEOPETUIECKAs TIPOYHOCTD Treop CBA3AHA C
MOBEPXHOCTHOW 9HEprueir o. PaccumraeM TEOPETHYECKYIO TPOYHOCTD  Treqp

HAHOCTPYKTYPBI yIJICH pasauuHbIX Mapok. [l 3TOro paccuuTaeM MOBEPXHOCTHYIO
SHEPrHio yriis 1mo gpopmyie [96]:

o=~ 0.8-1073 T, , mJIx/M?, (2.42)

rae T, — TeMmeparypa IJIaBJICHUs YIJIS.

B tabnune 2.2 temmiepaTtypa 1iaBiaeHus yriaei T, OIeHWBalach W3 3HAUCHUS
TOJIMHBI [IOBEPXHOCTHOTO CJIOS YIJISl U CPABHUBAJIACH C TOJIIMHAMU [IOBEPXHOCTHOTO
ciost QysuiepeHoB U UX TeMIIepaTyp IJIaBICHUSI.

Tabnuna 2.2 - [loBepXHOCTHAs SHEPTUS Pa3HBIX MAPOK YTJIs

Mapka yruis R(I), am Ty, K o, MJlx/m?
bypsie b 214.2 1473 1178
JlnuuHonnamenHsie J1, 198.7 1588 1270
["azoBeie I’ 198.5 1590 1272
Kupnsie K 190.4 1657 1326
Kokcossie K 180.8 1745 1396
OromenHo-criekaroume OC 197.4 1598 1278
Tomme T 175.8 1826 1461
AHTpamTe A 151.5 2083 1667

Tabnuna 2.2 mokas3pIBaeT, YTO TOBEPXHOCTHAS DHEPTHUS YTJIS PA3IMYHBIX MapPOK
YBEIUYHUBAETCS OT OYPBIX yTIeH K aHTPAIUTY. ITO YBEITUYCHHUE CBSI3aHO CO CTEMEHBIO
MeTaMop¢u3Ma yriei, KOTOpbIil pacTeT ¢ riyouHoi (mpaBuio Xwibta). [Ipu sTOoM
pacTeT IMOBEPXHOCTHAs »SHEpPrus yIJel, KOoTopas W ONpeAeNisieT HapacTaHue
METaHOHOCHOCTH YTJIeH ¢ TIIyOMHOW MPH CHIKEHUU WX MpoHHIaeMocTh. Micxons u3
dbopmyet 2.40: ¢ pOCTOM T pacTeT TeOpeTUUYECKasi IPOYHOCTh. TeopeTHIeCcKue OIICHKU
MOBEPXHOCTHOW sHepruu anMasa s iockoctu (100) mpuBoAMIIMCH BO MHOTHMX
paborax (mJ[x/m?): 9400 [97], 6513 [98], 6118 [99]. Kak BuaHO M3 Tabmmum! 1.2, 5T
3HAYEHHUS HAMHOTO MPEBBIIIAI0T TOBEPXHOCTHYIO 3Hepruto yrieit [100].

Hubdysus meTana B yrisix ¢ y4eTOM MTOBEPXHOCTH HAHOMETPOBOM TOJIIIHHBI

S



Drot maparpad omnucaH 1Mo pesyibraTtam Hamux padot [88,101]. PaccmoTpum
HaHOCTPYKTYpY yris Ha [llepyOaiinypurckom yuactke KaparanauHckoro 6acceitHa u
KaKk OHa OKa3blBaeT BIMWsAHUE mporecc AUPPy3un MeTaHa, KOTOpbIM oOmamaer
pa3MepHOl 3aBUCHUMOCTBIO. XapakTepucThka cuHkiInHanmu IllepyOalinypuHCKOro
y4acTKa OTIMYACTCS OT BCEX €My TMOJOOHBIX 00pa3oBaHU Oo0jee CIIOKHBIMH
YCJIOBHSIMU TEKTOHUYECKOTO XapakTepa. YYacTOK CIOXKEH OTIOKEHUSIMHU NaJIe0305 U
KanHo30s. B mameo3oe KaMEHHBIM Yrojab TMPEACTABICH KAaparaHIWHCKOM,
HaJIKaparaHJIuHCKOM W anuisipukckod cButamu. Mapku yriss K u OC. 3ona
JeMEeTaHu3alu pacnoyioxkeHa Ha rryomHax ot 50 Bmiote g0 150 m. [lambine c
rITyOMHOM KOHIIGHTpAIIMs METaHa yBeJInynuBaeTcs U Ha TiyouHe 200—250 M oHa paBHa
10-18 Mm%/t r.M (pucyHnok 2.13).

JlanbHeliliee ee yBeIuYeHNE IIPOUCXOUT MEUICHHEE U He IpeBbIIaeT 5—7 M° Ha
kaxapie 100 M. Jocturnys riayouny B 1000 M conepxanue Metana pocturaet 22-29
m3/T (Epmexos M.A., 1968 r.). JlaBnenue Jlearmiopa nzmensercs ot 1,08 (o6paser
Nel4) no 1,41 Mlla (o6pazenr NelO). CpenHee 3HaueHUE IJisi TPEX OTOOPAHHBIX
oOpasioB coctaiset 1,27 Mlla. B pe3ynbTraTte onpenesieHo, 4To KOJIMYECTBO METaHa
no JleHrMiopy MeHbllle, 4YeM BEIMYMHA MaKCUMalbHOU eMKOCTH. OTCIo/la MOXHO
C/IeNIaTh BBIBOJ O TOM, YTO YTOJIBHBIN TUTACT HAXOIUTCS B HEHACKHIIIICHHOM COCTOSTHHH.
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Pucynok 2.13 - MeTaHOHOCTHOCTb U €€ U3MEHEHUE C MITyOHHOMN

Tabmuna 2.3 - Tommwmua mnoBepxHocTHOro cinosi lllepyOaliHypuHCKOTO yuacTka
yrOJIbHBIX MJ1acTOB [88]

Mapxka yrus M — p — TUIOTHOCTD yTJIst R(I), am
Macca MoJs (T/MOJib) (r/cvd)
K 1351 1.27 180.8 (502)
oC 1340 1.56 146.0 (406)

58



[lepenoc raza B yriieHOCHOM TOJIIIE ONPEAEIISIeTCs] 3aKOHOMEPHOCTAMHU ra30BOM
TUHaMHKU. JIBHDKEHHE ra3a B TOPHOM MacCHBE MPOUCXOIUT B Buae aAuddys3uu u
¢unbTparuu. B Hacrosimee BpeMs HMMEETCS HECKOJIBKO KiacCH(pUKAUN BHIIOB
NepeHoca ra3oB U >KUJIKOCTEH B TOpHOM MaccuBe (Hampumep, knaccuduxarms W]
uM. A.A.Ckounnckoro u MI'TY) [101].

Huddysus raza B mopucToii cpene nenutcs Ha 4 Bujaa. B Mukpornopax, pasmepsl
KOTOPBIX COCTaBIAOT MeHee 107 cM, HaGmromaeTcss amcopOuMst M ancopOLus rasa
MacCCHBOM, T.€. MOJIEKYJIgpHas (1eoiauToBas) nuddy3us. CKOpocTb MepeHoca MoKy
Opyu  MOJIEKYJIsipHOW au(dy3ud 3aBUCUT OT CHUJ  OTTAJIKUBAaHUA. OTOT BHJ
XapaKTepU3yeTcsl TEM, YTO B JaHHOM CJIy4yae HET T'PaHHUIIbI MKy Ta30M U TBEPAbIM
tesom [101].

C yBenuYeHHEM pa3MepoB BeanuuHbl mop 1o 107 - 10° cm, mabmomaercs
JByXMEpHasi WM TMOBepXHOCTHas ((orbMmepoBckas) muddy3us wim KanuuisipHas
koHaeHcanus. [locnenHss xapakrepusyercs IBHKEHUEM MOJIEKYJT B aICOPOLIMOHHBIX
CJIOSIX 32 CUET TeMIlepaTypbl KOHIIeHTpauuu rasza. [lpu nuddys3un yepes nepexoanbie
nopst 107 - 10° ¢M mepenoc raza noquuHsETCS KHyACeHOBCKOM muddysun. [Ipu sTom
JNBWKEHUU YHCIIO COYJApEeHH MOJEKYJ1 €O CTEeHKaMH KalmWUIIpOB HA4YMHAET
npeo0i1aaaTh HaJl COyJapeHUsIMU MEXIy MoJieKyJaMu. B mopax pasmepom cBbiie 10°
® cM mmeeT MecTo cBoOoaHas auddysus raza (Bazkoe TedeHue), T.e qudPy3us u
MeIeHHas TaMuHapHas Gpunbtpams. [Ipu yBenumaenun pazmMepos mop 1o 107 cm - 107
2 CM HAYMHAET MPOSABIATLCS MHTEHCUBHAs (MJIBLTpALMs Ta3a, KOTOpas IIPU MOpax
Gosee 2*107 cM EPEXOAUT B CMENTAHHYIO JIJAMUHAPHO-TYPOYJIEHTHYIO (QUILTPALIKIO.
[Ipu mopax pasmepom 6Gomee 10! cM pexum [BWKEHHS Tra3a CTaHOBHMTCS
TypOynentHsiM [101].

HccnenoBanus nokasainy, 4TO CKOPOCTh ABMKEHUS METaHa Ha TPAHUILy CTOKa
€ro ¢ TMOBEPXHOCTH OOHaXEHWsI YTOJBHOIO IUIacTa MPU H3MEHEHUU TIIyOUHBI,
u3MenseTcsa B npenenax 2*¥10° — 5*10° cm/c, a pexuM IBMKEHHS Ta3a SBJIACTCS
JamMuHapHbIM. OHAKO PEXUM JBUKEHUS ra3a B Fra30HOCHO TOJIIIE MOPOJ HE BCEraa
JAMUHAPHBIA, O YEM CBUJETEIBCTBYET HAIMYUE TPEX MOSCOB M3MEHEHHUS T'a30BOTrO
JaBJICHUS U Ta30MPOHUIIaeMOoCTH 110 riryoune [101].

VY CTaHOBIEHO, YTO JAMUHAPHBIA PEXUM JBHKEHUS Ta3a, MOAYUHSIOUIUIICS
3akoHy Jlapcu, uMeeT MecTo mpu rnepenajne nasiaeHus raza B nopax o 0,8-1 Mlla.
[lepexonusplii pexxuM HaOmromaeTcss npu nepenane ngasiaeHus 1 — 1,2 Mlla, npu
nepenagax 6onee 1,2 MIla nBmwkeHue raza B TOJIIE MPOUCXOAUT 10 3akony [lle3w.
[IprueM KOIMYECTBO BRIAEIAIOIIErocs ra3a npy (GpuibTpanuu coctasiser 11 — 50 M3/t
(Atipynun A.T, 1970 r.).

Hauunas ¢ pabot Kpuuesckoro P.M. (1946 ron) maTemMmaTH4eCKOMY OIMHMCAHUIO
nepeHoca MeTaHa M3 YrOJIbHBIX IUIACTOB MOCBSAIIEHO OO0JbIIOE Yuciao padboT (cMm.,
Hanpumep, [102,103,104]). Paccmotpum BinsiHUE pa3MepHbIX ) (HEKTOB B yrOJbHOM
BEILECTBE HA CTALMOHApHYIO AU(Qy3UI0 MeTaHa, KOTopas B MPOCTEHIIEM ciydae,
ONUCHIBAETCS 3aKOHOM Duka:

~(p@=2) =0, (2.43)
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Ecnu koapdurment nuddysun nocrossHHas BenuduHa, .. D(x) = const, To
MBI UMEEM TMPOCTOi Kiaccuueckuii 3akoH duka. Ho B ciydae pasmepnoro s¢dexra,
CBSI3AHHOTO C HAaHOCTPYKTYpoul yris, koddduumeHT aud@ys3uu BbIpakaeTcs Tak:
D(x) =Dy [1 —R()/R(I) + x] u (2.43) mpeoOpazyeTcs K BUAY:

X dC(x) _ 64
x+R() dx Dy

(2.44)

[locrosinnass §; mWpencTaBiseT coOOM KOHCTaHTy MHTErpupoBanus. B
pesyJibrate ypaBHeHuE (2.44) npuHUMAaeT perieHue:

C(x) = g— (x+ R(DInx) + §,, (2.45)

B cnyuae, xorna B ypaBHeHuu (2.45) koddduiment nud@ys3un okaspiBacTCs
MTOCTOSTHHBIM, WHBIMH CJIOBaMH, Korga D(x) paBeH MOCTOSHHON BEIUYHHE, TO MBI
MMeeM KJIACCHUYEeCKYIo 3a7auy Duka:

C(X) = 81X + 82, (246)

VYpaBaenue (2.45) comepXKuT CIEIYIONIYI0 OCOOCHHOCTh, & UMEHHO, B ATOM
YpaBHEHUU TMOSBIIACTCS JOrapu(PMUIECKUN YJieH. DTO, OJJHO3HAYHO MPUBOJIUT K TOMY,
YTO pAJl PacXOJIUTCA B Hayane koopauHaT. [loaToMy rpaHWYHbBIC YCIOBHUS HYKHO
NpuHUMAaTh HE B Touke X = 0, a B Touke X = 0.36 HM, YTO paBHO PACCTOSHUIO MEXKIY
KpUcTauiorpaguueckuMu mIOCKOCTIMU yriasi. CyIliecTBEHHO TakXKe, YTO, COTJIACHO
BbIpakeHuo (2.45), nmuddy3us MeraHa B yroJbHOM IUTACTE 3aBUCUT KaK OT MapKu
yriist, yepe3 kodhduiment auddy3un o0beMHOr0 Marepualna, Tak U OT pa3MepHOM
3aBUCUMOCTH YTJISI.

PaccMmoTpum nepByrO rpaHUYHYIO 33724y, KOTOpas UMeeT BH/I:

0
CX)lx=r0) = D, (R(0) + R(DInR (0)) + 6, = C4,

8
raie  R(0)=0.36 um. 13 cuctemsl ypaBHeHu (2.47) cinenyer:

C, = % (R(0) + R(I)InR (0)) + &5,
0

8
C, = D—1 (R(D) + R InR (D) + §,.

0
Berurs u3 BBIp&)KeHI/IH OUH BBIpa)KeHI/Ie JBa, HOJ'Iy‘II/IM:

iy

C;—Cy = ﬁ [(R(0) + R(D)InR(0)) = (R(D + R(DHInR ()] =
Dy Do
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81 _ (C1—C3)Dy

Y
_ (€1-C3)-(R(0O)+R(1) In R(0))

82=C1 Y

B obmiem Buze 3aaya npeacTaBuMa B BUJIE:

_ (€1=C3)-Dg-(R(0)+R(I) InR(0))

C(x) = w . (x+ R Inx) + . , (2.48)
Pemenue B cinydae 3akona ®uka OyaeT npeacTaBUMO B BUJE:
Cx) =2y + ¢y, (2.49)

R(D

N3 cpaBuenus dopmyn (2.48) um (2.49) BumHo, yto muddy3us MeraHa U3
YTOJBHOTO CJIOSi HAHOMETPOBOM TOJNIIMHBI OTIWYaeTcs OT AU dy3un MeTaHa U3 TOU
4acTU YTOJIBHOTO IUIAcTa, KOTOpash PACMOJNIOKEHA MEXKAY CIOSIMU HAHOMETPOBOM
TOJIIMHBI U OCTAJIbHOW YaCThIO YTOJIBHOTO KYCKa.

PaccMoTprM  CBSI3b HAHOCTPYKTYpPBI YIUISI C Pa3IMYHBIMA TMpPOLIECCAMU B
YTOJILHOM MAaCCHBE, MPEACTABIISIONIMMU OMACHBIE SIBJICHUS MPU MOA3EMHOM 100bIYE.
K Takum mponeccaM OTHOCATCA CaMOBO3TOPaHHE YTis. JTOMY BOIIPOCY YIEIEHO
oomnpiioe BHUMaHue B Tpyaax Ckounnckoro A.A., [leuyka .M., Oruesckoro B.M.,
beikoBa JI.H., Maesckoit B.M. u np. O6cTositenbHbIi 0030p yaeneH B padoTax [105].
B pa6ote [106] mocTpoeHa maTemMaTHYeCKass MOJIETIb, KOTOpasl OMHUCHIBACT MEPEHOC
HUMITYJIbCa, @ TaKXK€ MacChl U TEIJIOTHI B IIAXTE W PYAHUKE, BKJIIOYAs SHJIOTCHHBIC
noxxkapel. [lpemyioxeHsl omnpenensiomuye MOJOKEHUS] TEOPUH (PU3MKU TEIUIOBBIX
SABJICHUM B IIAXTE.

OnacHOCTh SHAOTEHHBIX MOXKapPOB 00YCIIOBIIEHA CIIEAYOIIMMU TpUYrHaMu. Bo-
NEPBBIX, MPEAPACIOIOKEHHOCTh YaCTU yIJed K CaMOBO3ropaHuio. Bo-BTopbix,
noObIBaeMasi yrojibHas Macca MOXET ObITh TMOKPBITA CUCTEMOW MHUKPOTpPEIIUH, B
KOTOPYIO MOCTYNAaeT KHUCJIOPOJ W3 BEHTWISIIMOHHOTO IOTOKA. B-TpeTbux, MOXeT
MPOUCXOJIUTh HArpeBaHWE MacChl YIJs 3a CYET BBIIEICHUS TEIJla MPU €ro
KHCJIOPOJHOM OKHUCJICHUHU.

B pa6ore [107] moka3zana cBsI3b MOKapHOW OMACHOCTH YTJS M €r0 CMecei C
MBUTBIO U C TOPIOYMMU ra3aMu, MPOBEJICHA OLICHKA OMACHOCTH YJIbTPAMEIKUX YACTHUII
K CaMOBOCIIJIAMEHEHHIO.

PaccmoTpum cBsizb pazMepHoro 3¢ dexra (ToNImMHa HAHOCIOEB YIS —4/HM U
TEMITepaTyphl TJIABJACHUH YT B ¢jioe ToimuHol R () g yried pa3audHbIX MapoK
(K, KX u OC) lllepybaitnypuHckoro yyacTtka (Tadnuima 2.4), monaras, 4To B epBOn
dopmyne Beipakenus (2.45) Bmecto A(h) = T, (TemmepaTypa IJIaBICHUS B CIIOE
R(I)), a Ay = T,,- Temneparypa IJIaBJICHUS MAaCCHUBHOTO YIJIA, KOTOpas MO pa3HbIM
JnaHHbIM pruHUMaeT 3HaueHue oT 1200 1o 1600 °C). Bo3eMeM cpeHIo TemMnepaTypy
1500 °C (1773 K), a u3 tabaumst 1.4 Tonmmmny R(1) ans mnactoB K, KXXK u OC, roe r
— TOJIIIIMHA HAHOCJIOEB YIJIsl, HM.
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Tabnuna 2.4 - Pazmepnsiit a3ddexT 11 TeMIiepaTyphbl IIIABJICHUS YIS

Mapka Ty, K T, K T, K T, K T, K
yris =50 nm 7 =100 nm =150 nm 1 =200 nm
K 1773.0 385.0 633.0 805.0 933.0
KK 1773.0 412.0 677.0 862.0 998.0
oC 1773.0 452.0 762.0 948.0 1098.0

PesynbraThl TIpOBENICHHBIX HCCICIOBAaHHN, TpPUBEIACHHBIX B pabore [106],
CBUCTEILCTBYIOT O TOM, YTO YAaCTHIIBI YIJIsi C JIIOOOH CTENeHbI0 MeTamMopQu3Ma
UMEIOT MMOBEPXHOCTHBIE MOKPHITHS. OHU 00pa3yIOTCs MPH B3aUMOJICHCTBIH YTOJIBHBIX
yacTHIl C MOJeKylamMu Kuciopoja. Korma yronpHble YacTHUIIBI YMEHBIIAIOTCS B
pasMmepe npumepHo oT 160 1o 120 HM, 107 MOKPBITHIT BO3PACTAET 34 CUET POCTA
IUIOIIA/IM TOBEPXHOCTH.

OTO NPUBOAMUT K TOMY, YTO OKHCJIEHHAs IMOBEPXHOCTb YIOJbHOW YacCTHIIbI
XMMHUYECKH pa3jlaraercs C BBIACICHHUEM TeIJia, KOTOPOE MOXHO PacCYUTATh IO
METOJIMKE, U3JI0KeHHOH B padote [107]. Pacuer man ciemyrommii pe3ynbraT: eciiu
yroyibHas yactuua obianana temmeparypoi B 320 K, To mocne peakuuu OKUCIECHUS
OHa MOXET MMETh Temneparypy paBHyto 880 K, 3To cBuAETENbCTBYET O TOM, YTO
COrNlacHO Haied Tabnuue 2.4 yrospHas yacTuma Oyaer uMeer pasmep okono 0.5
MUKPOHA.

B pa6ore [107] moka3aHO, 4TO YacTHUIIBI YIJIA C pa3MepaMu B OJMH MUKPOH B
MPOIECCE OKUCIICHUSI MOTYT AOCTUTATh TeMIieparyp (Tabmmma 2.4), KOTOpbIe MPUBOIST
K CaMOBO3TOPAHHMIO YTOJBHBIX HaHo4acTHIl. [Ipw STOM, YeM MeEHbIE TOJIIIHHA
HAHOCJIOEB YTJIsl, TEM HUXKE TeMIIepaTypa BHITOPAHHSL.

Brigenenne w3 yras MeTaHa TpU €r0 HArpeBaHUWU  SBISETCS BaKHBIM
buzndeckuM d(PpheKToM, KOTOPHIA TMOJIOKEH B OCHOBY METOJOB BO3ICHCTBHS Ha
YTOJIbHBIN IMJIACT JJs1 MOBBIMIEHUs ra3ooTAaun B ycnoBusx ero HJIC, mpu stom
TEIUIOBasi HEPIUsl BO3JACHCTBUS OTJIMYAETCS JJI Pa3IMYHBbIX MapoK yris (CTEHNeHH
metamop¢usma). Creqyer OTMETHTh BaXKHbIH MOMEHT, YTO CaMOBO3TOpaHUE YIJIA
3aBHCHUT OT CTEIIEHU €ro MeTamopdu3Ma, KOTOPBIA U3MEHsIeTCS OT OypbIX yriied a0
aHTpaluUTa, YTO €lle pa3 MOJAYEPKUBAET 3Ty CBS3b C TOJIIUHON MOBEPXHOCTHOTO CJIOS
yriaei (tadbiuna 2.5).

Tabnuua 2.5 - TonmuHa MOBEpXHOCTHOTO CJIO0SI YIJIEH pa3InyHbIX MapoOK

Mapxka yrius M — monsipHas macca p — TUIOTHOCTh R(I), am
(r/mouib) (r/emd)

Bbypsie b 1575 1.25 214.2
JlnuaHOomIIaMensble J1 1578 1.35 198.7
["azoBbie I 1448 1.24 198.5
Kupusie 2K 1400 1.25 190.4
Kokcossie K 1351 1.27 180.8
Orommenno-crekaromme OC 1340 1.29 197.4
Tomme T 1332 1.31 175.8
AHTpauuTs A 1310 1.47 151.5
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CrienyrolmuM BaXHBIM MOMEHTOM, Ha KOTOPBIM HEOOXOAMMO OOpaTUTh
BHHUMaHWE, 3TO YeIbHas TEIUIOEMKOCTh YTJIsA, KOTOpast MoKa3aHa B Tadsmiie 2.6.

Tabmuna 2.6 - TermmoeMKocTh HEKOTOPBIX Mapok yrurei [108]

Mapka yriis Temnoemkoctb, JIx/kr K
bypsie b 1440
JlmuaHommameHHsbie /1, 1380
Kokcossie K 1080
AHTpanuTe A 815

W3 tabnuuel 2.6 ciemyeTt, 94To camasi Oonblasi TEIIOEMKOCTh HAOMI0IaeTCs y
OypbIx yrieil. TemnoeMKoCTh yrisi HanpsMYIO CBS3aHa C collepKaHueM yriepoza (y
OypBIX yrieit OHO MUHUMAJBHO < 76%).

B MHCTpyKIIMM 1O ONpeesieHNI0 HHKYOAIIMOHHOTO TIepruoia CaMOBO3TOpaHUs
yris [109] npusenena GopMya Ty, KOTOpast COAEPIKHUT, HOMUMO TEIIIOEMKOCTH Cp, =

Cy , CIC OAMHHAANATh TPYAHO OIIPCACIIACMBIX IIapaMCETPOB YIJIA:

_ Cy(TKp_TO)+0'6}\W0/100+qﬂX0 (2 50)
TI/IHK - 0.45 . .
24BK COZ qOZ
JItst 2 (heKTUBHOM OIIEHKH CaMOBO3TOPAHUH YTIIS 1| TIpejIaraeTcs ClIeayromias
dbopmya, coaeprkaiias MeHbIIE IEPEMEHHBIX:

_ 17R()(Tp=To) Q@ Co,

o (2.51)

rae
temriepatypa camoBosropanus, K; T, — HauanpHas Temmepatypa; Q - Teruiora
cropanust yrisi, Cy — KOHIEHTpauusi kucioponaa, V" — BBIXOJ JIE€TYyUHUX BEIIECTB.
[Tomyyennass 3akoHOMepHOCTH  (2.51) ycTaHaBNWMBaeT BIUSHUE  TOJIIUHBI
MOBEPXHOCTHOTO HAHOCJIOS YIS ¢ CaMOBO3ropaHueM, u 4yem ona Oosbine R(I), Tem
BEPOSITHOCTh CAMOBO3TOPAHMS YIJIs, YTO YK€ OBUIO TMOKa3aHO Mg OypbIX YIJIel
(tabmuma 2.5, 2.6).

O6cynuM Tenepb BOMpPOC 00 YroJbHOW Biare, KOTopash MMEET pas3InyHbIe
COCTOSIHUSI: BHEIITHSISI, BHYTPEHHSISI, TUTPOCKOIMYECKas U IPyTHE.

Panee B pabore [110] ycraHoBieHa CBsI3b TUTPOCKONMUYECKOM BJIATU CO
CTerneHbo MeTamopdusma (Tadauna 2.7).

R(I) — Tommmna noeepxHocTHOTO ciiost yris (tabmuna 1.6), Ty, — KpuTnyeckas

Tabnuna 2.7 - I3MeHeHue Biaru co CTENeHblo MeTamopduszma

VYronbHas | I'(T"a30Bb1i1) X K oC
Mapka (dmuHHOITA (OKupHbrit) (KokcoBbiit) (OrorenHo-
MEHHBIN) CIEKAIONINE)
W, % 10 7 5 3,5 2
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B pa6ote [110] ycTtaHOBII€HO, UTO CaMOBO3TOpPaHKE HE MTPOUCXOIUT O€3 BIIard U
BO3/lyXa, U YTO OKHCJICHHE TMpPH HHU3KOH TEMIEpaType CBSI3aHO C MPUCYTCTBHEM
BJIakHOTO Bo3ayxa [111]. Beuio ycTaHOBIEHO TakXke, YTO MOpPHUCTas copOLus
KHUCTIOPOJia M3 YIJIA, MPUBOJUT K aHAJOTHYHON COpOLMM BJIard M3 MOpP YIJIS, YTO
NPUBOANUT K ero camoBo3ropanuto [112]. Ho, omrako, Gomblmas BIaXHOCTH YTJI,
HAIpPOTHUB, IPUBOIUT K TOMY, YTO MOJIEKYJIbI KHUCIOPO/1a HE MOTYT BHEIPUTHCS B TIOPHI
yIas U TEM CaMbIM CHIDKAIOT mpouecc okucienus [113], uro cHmxkaer sddekt
CaMOBO3TOpaHUSI.

Pe3ynbrar mNpoOBENEHHBIX HCCIEAOBAHUN CBHUJETEIBCTBYET O TOM, UYTO
CHU)KEHHUE TeMIEePaTypbl YIiisl IPUBOJIUT K CHUKEHUIO CKOPOCTH a0COpPOLIUU MOJIEKYJT
KHCIIOpPOJia B HECKOJIBKO pa3, a yBIAXHEHUE MPEJOTBpAIllaeT pa3BUTHE Ipoliecca
CaMOBO3TOpPAHUS M CHUXKAET €ro ra3ooTaauy.

Posib HAHOCTPYKTYpPBI yIIsi B  CHCTeMe  «YIrojdb-MeTaw» H
BHIOPOCOONIACHOCTHIO.

PaccmoTpum mokazaTenu ra3ompOHHIIAEMOCTH M METaHOHOCHOCTH YTOJIBHBIX
tactoB KaparanauHCKOTo yroiapbHOTO OacceiHa.

["a3ompoHUIIaeMOCTh YIJIsl OMpEAeNsAeTCs MPOHUIIAEMOCTBIO JHIOTEHHBIX |
9K30TCHHBIX TPEIIMH, MAKpOMOp M BHIMMBIX TOp, OHA OOpaTHAa 3aBUCHMOCTH OT
BHEIITHEH HArpy3Ku, KOTOpas B OCHOBHOM OTIPEAEIISET CTaANI0 MeTaMopdu3ma yriis, a
Tak)Ke OT €ro ra30HOCHOCTH, U CTETICHU 3allOJIHEHUsI GUIBTPYIOIIero oobemMa mop u
MUKpOTPEIINH NpUPOAHON Biaroil (¢a3oBas mnpoHunaeMoctb yrist). s yriei
pasnmuuyHbIX ~ Mapok  KaparanaumHckoro OacceiiHa  cpeaHee — 3HAYEHUE
ra3olpPOHUIIAEMOCTH MMPUBEACHO B TadmwmIe 2.8.

Tabnuna 2.8 - Cpenusis npupogHasi METAHOHOCHOCTh YTOJBHBIX TUIACTOB HA IIaxTaxX
Kaparanauuckoro 6acceiina [114,115]

['myOuHa [TpuponHas METaHOHOCHOCTh YTOJBHBIX TUIacTOB (M3/T.r.M) Ha
3ajeraHus riyOMHax OT MOBEPXHOCTH, M
Mapxka yriis pepxiien 901 - 1201 -
FParHIIbT JTo 300 301-600 | 601 -900 1200 1500
METaHOBBIX
Fa308, M (mporuo3) | (mporHo3)
r 200 - 400 2-12 10-17 15-25 20— 28 26 — 30
)| 180 - 250 3-18 18 -28 30-32 23 -35 25-36
K 50 - 200 4-20 2032 25-35 28 — 38 30-40
oC 110 - 200 5-20 18 -25 24 - 28 27 - 30 28 - 35

Cpennue 3HAYCHUS TPUPOJTHOW METAHOHOCHOCTH (Ta30HOCHOCTH YTOJIBHBIX
MJIaCTOB), TPUBENCHHBIC NJII MAapOK YTJs, COTJIACYIOTCS C JaHHBIMU HM3MEHEHUS
ra30HOCHOCTH, IIPUBEICHHBIMH B TaOwHIle 2.8.
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Tabnuna 2.9 - Cpennsisi ra30MpPOHUIIAEMOCTh YTOJIBHBIX I1acTOB KaparaHauHCKOro
Oacceiina [115]

Brixon CpenHsisi BeUInHA

VYronpHbIH 11aCT [my6mHa ot JICTYYHX BEIICCTB ra3onpOHUIIAEMOCTH
MTOBEPXHOCTH, M Vel o 10° W[
Kis HoBwrit 400-500 28-32 0,6-0,9
K14 YetbipexdyToBblit 350-500 26-31 0,3-0,7
K13 [ectudyToBbiii 400-500 25-30 0,9-11
K12 Bepxuss Mapuanna 250-450 23-28 3,3-5,5
K10 denmxc 400-450 21-27 1,0-15
K7 3ameuarensHbIN 400-500 20-26 1,2-1,8
K4 Beiecpennuit 250-400 20-25 1,0-1,1
K3 Cpennuii 300-400 19-24 0,8-1,0
K> Hwxkecpenamit 200-300 28-22 0,7-0,9
As JIBoriHOM 300-450 23-25 0,7-0,9

MeTaHOHOCHOCTh YTOJIBHOTO TJTaCTa B OCHOBHOM OIPEICISAETCS: COPOIMOHHOMN
€MKOCTBIO, Ta30BBIM JIaBJICHHEM W TasornpoHuiiaeMoctsio [116,117]. CopOunonHas
€MKOCTh  YIJIGHOCHBIX TOjml, coridacHo [101], ompenmensiercs mepBHYHOMN
Tra30HOCHOCTBIO:

abP myP
= —+ = .
X=XeptX oy = 5+ P (2.52)

I€  XgptX oy - COOTBETCTBEHHO, KOJMYECTBO COPOIIMOHHOTO U CBOOOIHOTO rasa;

a, b — KoHCTaHTBI COPOLHH;

P, P — naByieHue rasza B TOJIIIIE ¥ HA 36MHOU TTOBEPXHOCTH;

My — MOPUCTOCTB;

K — ko3 unmeHT cxxrmmMaeMocTy rasa.

CBOMCTBOM CHUCTEMBI «YTOJIbTKUAKOCTHTTa3» B OCHOBHOM 3aBUCIT OT
CTPYKTYpbl U COPOLMOHHOW MOBEPXHOCTU. OHU OMpPEAENAIOTCS pa3MepamMu YacTHll
TIOPOJ M YIJIsA, pa3Mep KOTOPBIX Haxomutcs B mpeaenax ot 107 go 107 cm. B paGore
[115] moka3aHo, 94TO yroJjib UMEET Pa3BUTYIO MIOBEPXHOCTH COPOLIMU MOJICKYJI METaHa,
onpeeseMy 0 MOJIEKYJISPHBIMU M KOJUIOUAHBIMU CUCTEMaMu ¢ pasMepamu 10 u 107
® cm. K HUM IPUMBIKArOT rpybOAUCIIEPCHEIE CUCTEMEI ¢ pasMepamu yactun 107 go 107
# CM M aTOMHBIE CUCTEMBI ¢ pasmepaMu dacTuil Meree 10° cm. UeM Bbllie IIOPUCTOCTS
yTJIsl ¥ IOpoJI, TeM OoJblle raza oHu coaeprkaT. CopOIIMOHHAs ra30€MKOCTh MacCHUBa
B 3HAYMTEIBHOM CTEMEHU 3aBUCUT OT €ro BIAKHOCTH, KOTOpas CHIDKAeT
rasosblaenenne. [loBepxHOCTh ancopOuun yris umeeT pasmep ot 10° mo 107 m. K
TaKUM YaCTULAM YTJISl OTHOCAT rpyOOAUCIEPCHBIE YacTHIBI pasMepamu 1072 — 10° m.
Jlanee cnemyroT CUCTEMbI aTOMHBIX pa3mepos [101].

Bce atu dakropbl onpenenstorcs ra3oBbIM JaBIEHUEM, KOTOPOE PACTET C
rIIyOMHOW. YCJIOBHO MO TJIyOMHE MOKHO ONPEEIUTh TPU MOsica C Pa3IuYHbIMU
BEJIMYMHAMH M XapaKTepOM M3MEHEHHMsI Ta30BOro aaBieHus (pucyHok 2.14) [101,115].
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1 — ruAPOCTaTHYECKOE JABJICHUE; 2 — CTATUYECKOE JTaBICHUE TOPHBIX MTOPO/I;
3 — JaBJeHUE METaHa B yrOJIbHBIX IJIacTax; 4 — ra30MPOHUIIAEMOCTDb YTOIBbHBIX [LIACTOB;
I, I, 11l — 30HBI M3MEHEHHS JaBJICHUS U ra3onpoHunaemoctu [115].

Pucynok 2.14— I'paduik 3aBUCIMOCTH T'a30IIPOHUIIAEMOCTH K yTOJIBHBIX IUIACTOB U
ra3zoBoro gasieHus P oT riryOunsl ropHbix padot Hr

B mepBom mosice nmaBieHHE raza MpUOIMKaeTCs K THApOCTaTHYeCKoMy. Bo-
BTOPOM TI0sICE, KOTOPBIH HaXOUTCS B BEpXHEH 4acTH METaHOBOU 30HBI, JaBJIICHHE rasa
BBIIIIC THIPOCTATHYECKOTO, HO HMXKE CTATHYECKOTO JIAaBJICHUS MOPOJ. TpeTuid mosic
pacronaraercsi B Hanbosiee IIyOOKOH YacTH METAaHOBOH 30HBI, IJiE JIaBJICHUE rasa
npHOJIMKACTCS K CTATHYECKOMY JIABJICHHIO TOPOJ. 3aKOHOMEPHOCTh H3MCHCHUS
ra30BOro JaBJICHUS C NIyOMHOM paccunThiBacTcs 1Mo Gopmysie I'.J[.JIuauna [101,116].

P = B(Hl - Ho)v + Po, (253)

rne H; - rmyOuna 3amepa naBieHus;

H, - rmyOuna BepxHel rpaHuIlbl METaHOBOU 30HBI;

B - sMnupuueckue noka3arenu.

Benmnuuna TrazoBoro naBnenus Ha rayomne 400-500M 1o  maHHBIM
JKCIIepUMEHTANBHBIX paboT B macte Js Kaparanauackoro OacceiiHa KoseOyieTcs B
npenenax 2 — 3,5 Mlla.

I'azonocHOCTH YIJIEHOCHOM TOJIIU onpenensaeTcs €CTECTBEHHOMN
ra3olpOHUIIAEMOCTBIO, KOTOpasi 3aBUCHUT OT YCJIOBUM 3aJIETaHMs IUIACTOB, CTEIECHH
OOHA)XEHUS TOJIIM MU JJIUTEIBHOCTA LHUKIOB 3pO3uU. MOXKHO BBIACIHUTH MOsACA
U3MEHEHUS  €CTECTBEHHOM  Ta30NpOHMIAEMOCTH  TOJIM 1O  TIyOMHE B
paccMaTtpuBaeMoM HamH ripenene 10 S00M (pucynok 2.14).

B BepxHeM nosice ra30npoHUIIaeMOCTh TOPOJI MOBBIIIACTCS ¢ MPUOIMKEHUEM K
36MHOW MOBEPXHOCTH; BO BTOPOM IIOSICE TI'a30BOE JABJICHUE HUKE CTATHYECKOIO
JABJIEHUS MOPOJI, Fa30MPOHMUIIAEMOCTh TOJIIIN 3/1€Ch TOHMKXEHA; B TPETHEM I05ACE - C
YBEJIMYEHUEM Ta30BOr0 AABJIEHUs Ta30IPOHULAEMOCTh TOJIIM BHOBb BO3pAacTaeT 3a
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CYeT CTAaTUYECKOTO JABJICHUS TTOPOJI Ha ITUX TIyOHnHAX, POPMUPYIOLIUX POCT TPEIIUH
B yTJIC.

OO6miee yBeauyeHNE Ta30HOCHOCTH yIIeH Ha riyomHax 6ojaee 500 M ¢ Hamrei
TOYKM  3pEHUS, TIOJyYCHHBIA HAa  OCHOBE  TCOPETUYECKHUX  PACUETOB,
AKCIIEPUMEHTAILHBIX HAOIOEHUN, CBSI3U C OCOOCHHOCTSIMH (DU3UYECKUX CBONCTB
HAaHOCTPYKTYpP YIJIA, MOXET OBITh OOBSICHEHO POCTOM IOBEPXHOCTHOW JHEPTHHU C
pOCTOM CTeneHu MmeTamop(dm3mMa, KOTOPOE B II€JIOM OIPEACNSIeTCS TITyOHnHOM
3aJIeTaHus YrOJIBHOTO TUIacTa (MpaBuiIo XUiIbTa).

Jlns pacdera Ta3oBBIACNCHUS W3 YrOJBHOTO IUTacTa HEOOXOIWMO 3HATh
HAYaJbHOE TUTACTOBOE Ta30BOE JAaBIICHHUE W 3aKOHOMEPHOCTHh €r0 M3MEHCHHS O]
BJIMSTHUEM TOPHBIX pabOT. YCTaHOBJIEHO, YTO TPU TIEPEXOJi€ B 30HY IOBBIMICHUS
CTaTUYECKUX HANPSHKEHUNM KpUBas Ta30BOTO JIABJICHUS BBINMOJIAKUBACTCS U MEHSET
HalpaBJeHUE C BBINYKJIOCTH Ha BOTHYTOCTh. Ha ocHoBe »Toro mnomoOpana
SMIIUpHUIEcKast GyHKIIHS, OMMCHIBAIOIIAS XapaKTep W3MEHEHHUS Ta30BOTO JIaBJICHUS B
YTOJIBHOM TIUIACTEe, YIOBJIETBOPSIONIAS KPAEBBIM YCIOBUSIM M YIOBJICTBOPHUTEIHHO
anMPOKCUMUPYIOIIAs PEIICHHS, TTOTYICHHBIC aHATUTHYCCKUMHU METOJIaMHU, a TaKKe
nomyckaromas AuddepeHIupoBaHie Mo MEepPeMEHHBIM X W t, coriacyromascs ¢
OKCIIEPUMEHTAJILHO TTOTYYEHHBIMH KPUBBIMHU pACIpEeACIICHUs NaBieHus Tasza. Jlms
ATUX YCIIOBUH Ta30BOE JIABJICHHUE B YTOJBHOM IUTACTE 3a MEPHUO BPEMEHH ¢ MOMEHTA
ero OOHaXEHWS W JI0 CTaOWIM3aIMK HAMPsHKEHHO-AS(HOPMHUPOBAHHOTO COCTOSHUS
MOYKHO OTIpeNeNuTh 1o dopmysie (2.54) [101].

2

P =P, + (P, + P))e??®, (2.54)

rne Py, Po — cooTBeTCTBEHHOE JaBIICHHE ra3a Ha TI000M PACCTOSTHUU OT
0OHa)XCHHOM TTOBEPXHOCTH IIACTA M HAYAJIbHOE JIaBiieHUE B 1iacte, Mlla;

P - naBienue raza Ha 0oOHaKEHHOMU MOBEpXHOCTH Tacta, Mlla;

X — PacCTOSIHKE JI0 TIOBEPXHOCTH OOHAXKEHUS TIj1acTa B 3a00€, M;

[(t) — riryOuHa 30HBI pa3rpy3Ku I1acTa, M.

HccnenoBanusMu yCTaHOBJIEHO, YTO pacyeTHBIC 3HAYCHMS JIABJIICHUS ra3a B
YTOJBHOM IUIACTe B 30HE BIHUSHHUS OYHCTHBIX pPAaOOT WMEIOT HE3HAYHMTEIIbHBIC
PacXOXKICHUS C JAaHHBIMH, OTIPEICICHHBIMH SKCIICPHMEHTAIBHBIM Ty TEM.

D} heKTUBHOCTh MPOBOIUMBIX JIETa3allMOHHBIX MEPOIPHUATHH TIO yTOJIBHBIM
miacTam, kak npasuiio. O0yciaaBIuBaeTCs ra30BbIM COCTOSSHUEM YTOJIBHOTO MacCHBa
(maBIIeHHEM, TEMIIEpaTypoOl ra3a M ra30HOCHOCTHIO, Ta300TIAIONMIEH CITOCOOHOCTHIO,
ra30€MKOCTBIO M JIp.), CTPOCHHEM YTIJIS, TEXHOJOTHEH BEICHHUS TOPHBIX paboT U
IKOHOMHUECKOM TiesiecooOpasHocThio [101].
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Pucynok 2.15 — I'paduk 3aBucumoctu naBieHus rasza P B pazpabaTsiBaeMom
YTOJBLHOM IIACTE OT PACCTOSIHUS X JI0 32005 C yY€TOM PEOJIOTUYECKUX CBONCTB
1opo/1 (CIUIONIHBIE JIMHAH — JJISI MOMEHTA OOHAKCHHUS TIIACTa, ITYHKTUPHBIC — JIJIS
MOMEHTA 3aTyXaHus aeopmarmii). 1,2,3,4 — pasnmuynble tractel [115]

[Tpu 0TpalboTKE MJIaCTOB c ra30HOCHOCTBIO 15-20 M3/T
BBICOKOIIPOU3BOAUTEIHLHBIMU OUYHMCTHBIMU 3a00MU ¢ Harpy3koi 6omee 2000 T/cyT, B
psae ciiydaeB HaOJII0aeTCcsd OTCTaBaHUE MOATOTOBUTENBHBIX pabOT OT OYMCTHBIX. B
pe3ynbTaTe BpeMs AJis IPeIBapUTEIbHOM Jera3aluu miacTa COKpalaeTcs, 4To MOKET
MPUBECTHU K MPOCTOSM 10 Ta3oBoMy (akTopy. Kak yxe oTMedasnocs, ¢ yBeIMueHueM
TJIyOMHBI TOPHBIX PA0OT €CTECTBEHHASI CKOPOCTH Ta30BBIJCICHUS B JCTa3allMOHHbBIC
CKBOXMHBI HE o0ecreynBaeT TpeOyeMOro YpOBHS H3BJICUCHHS ra3a W IUlacTa.
[IpuurHaMM 3TOTO SBISETCA HU3Kas MpUpOAHas GuiIbTpaoHHas U AuQdy3uoHHaAs
MIPOHUIIAEMOCTh, BBICOKAsl Ta30€MKOCTh M HHU3Kas (10 CPaBHEHUIO C Ta30BbIMU
KOJJICKTOpPaMu) MOpUCTOCTh yrisi (pucyHok 2.15) [101]. Ha Bce a3t dakTopsl
OKa3bIBAET BIMSHUE HAHOCTPYKTYpa MOBEPXHOCTHOTO CIIOSI YTJISl.

Mexay mniaacToBbIM JaBlieHUEM P W Ta30mpOHUIIAEMOCTBIO CYLIECTBYET
KOJINYECTBEHHAsI CBSI3b, BhIpaxkaeMasi hopmyJion (2.55):

k = koe PP, (2.55)

rae K, - HauanabHast ra30MPOHUIIAEMOCTD;

b — koapdurmenT;

€ — OCHOBaHUE HATypaJIbHBIX JOrapu(pMOB.

I"azonponunaemocts yrieit miacra Kig Kaparanauackoro yroisHoro 6acceiina
Ha rayounax 400 — 500 M usmensiercs B mpegenax 0,6 — 0,9*102 [101,118], uto
XOpoIIIo cornacyercs ¢ popmyioi (5.51).

[Tpu o611Iet 3aKOHOMEPHOCTH HApaCTaHUS TA30HOCHOCTH C TITyOHMHOM 3asieraHus
IUIacTa OTMEYAETCs CHIDKEHUE TEMIOB HapacTaHus ¢ riayOuH cBbime 500 M, 9TO
OOBSICHSIETCSI HE TOJIbKO CHH)KEHHEM Ta30MpOHHUIIAEMOCTH, HO U CHIDKEHUEM
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COPOIMOHHOW €MKOCTH YIJIeH, CBSI3aHHOM C POCTOM TEeMIEpPaTyphbl MOPOJ HA ITHUX
riryonnax [101].

B Tabmume 2.9 moka3zaHbl CpeaHHWE 3HAYEHUS Ta30MPOHHUIIAEMOCTH psiia
YToJIbHBIX T1acTOB. Cambie OOMBIINE TOKA3aTEIU TPOHUIIAEMOCTH I'a3a YCTaHOBJICHBI
TUTsl yTONTBHBIX Tu1acToB K12 1 y yromeHbIx mwiactoB i, Js u ds. B paboTtax moapoOHO
omnucaH miact Os, KOTOpBIHA ¢ rIyOuHbI 250 M OTHOCUTCS K KATETOPUHU OMACHBIM II0
BBIOpOCAM YIJisl M rasa, a ¢ IyOuHbl 320 M OTHOCUTCA K KATETOPUU OIACHBIM.
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BbIBOABI 10 BTOPOII IJ1aBe

1. Pa3pabGoTaH HOBBIN METOJ] BO3ICHCTBHUS HA YTOJBHBIN IUIACT JJIS TOBBIIICHUS
razoornayu ¢ ydyeroM ero HJIC, oTnuyaroniuiicss oT paHee HCIOJIb3YEMbIX TEM, YTO
JUISl CHUKEHHSI IPUPOJHOM Ta30HOCHOCTH YTOJIBHBIX IUIACTOB

2. Pa3paborana uymclieHHass MOJENb BO3JCHUCTBUS HAa YrOJNbHBIA IUIACT
ruapopacuneHenus B ycnousix HJIC, ycranaBnusaromas to, yto HJC yronbHOro
IlacTa B OKOJIOCKBR)XKMHHOW 30HE IIOCJE TMAPOPACUICHEHUS YMEHBIIACTCA 33 CHET
NepepacIpeicNICHUs]  YIIPYTUX HANpPsOKEHWHW, 4YTO NIPUBOAUT K HMHTEHCHUBHOMY
ra30BBIICICHUIO U aKTUBU3ALMEN POLECCOB Ia30{MHAMUYECKUX SIBJICHUM.

3. YcTaHOBIIEHBl 3aKOHOMEPHOCTH WM3MEHEHMs] HANpPSDKEHHOTO COCTOSHUS
YTOJIBHOTO MaccuBa C TJIyOMHOH C y4eTOM BIIMSHUSA BEPTHKAIbHONW CKBAa)KUHBI;
IIOKAa3aH XapaKTep U3MEHEHMS PaAUAIbHOM M OCEBOM COCTABIISIIOLIMX HAIPSHKEHUHN U
UX BIHMSIHUE HAa (POPMUPOBAHUE TPEILIMH B IPUCKBAKUHHOW 30HE YTOJIBHOTO IUIACTA, B
3aBUCUMOCTH OT TJyOMHBI €ro 3aJieraHusl; YCTAaHOBJIEHbBl 3aKOHOMEPHOCTH
(GOpMHpOBaHUS TOPU3OHTAIBHBIX TPEIIMH HAa MaJbIX W CPEIHHX TIIIyOMHaX, W
BEPTUKAJIBHBIX TPEIIMH Ha r1yOuHax cBbimie 1000 M, 3Ta 3aKOHOMEPHOCTh OKa3bIBAET
BJIMSIHHE HA TEXHOJOTUIO 3(PPEKUBHOrO rUAPOPACUICHEHHS YTOJIbHBIX MIJIACTOB.

4. Pazpabotana Monenb (OpPMHPOBAHUSA TPEIIMHBI TUAPOPACUJICHEHUS B
COOTBETCTBHH, C KOTOPOU MPHU MAJIOM CKOPOCTH U3MEHEHNUS TABJICHUS )KUIAKOCTH POCT
Ne(EeKTOB YroJIbHOTO IUIacTa ONPEAENsAeTCs KMHETUYECKOW U (PU3MKO-XUMUYECKOM
XapaKTEPUCTUKOM YTJIsI, @ IPU yBEIMYECHUH U3MEHEHHUS 1ABJICHHS] yBEIIMYNBACTCS POCT
JHACCUIIALIMM MEXAHUYECKON SHEPTUHU, PUBOIAILEH K Pa3pPYILIEHUIO YTOJIBHON MacChl;
YCTAaHOBJICHA 3aKOHOMEPHOCTH pOCTa JUIMHBI TPELIMHBI, KOTOpas OIPENEIIIeTCs
KOHCTaHTOM CKOPOCTH pOCTa W TEIJIOBOro OanaHca, a TakkKe MaKCHUMaJbHbIM
JABJIEHUEM IIPU T'MAPOPACUICHEHNN YTOJIBHOTO TUIACTA.

5. YCTaHOBJIEHHbIE 3aKOHOMEPHOCTH HM3MEHEHMSI Ta30HOCHOCTU YTOJIbHBIX
riactoB Kaparannunckoro 6acceiina ¢ rryounsl 6osiee 500 M, mpu 00111eM CHUKEHUH
TpemmHoBaroctd U pocte HJIC macra, cBA3BIBAIOTCS C POCTOM IOBEPXHOCTHOM
DHEPI'UH, ONPENEIIIEMON C HAHOCTPYKTYPOU YTOJBHOTO BEIIECTBA, IPU 3TOM POCT
ra30HOCHOCTU OOYCJIOBJIEH POCTOM JUCHEPCHOCTU YT, HAXOXKIECHUEM MeETaHa B
TBEPJIOM YTJIETa30BOM PACTBODE.

70



3. PA3PABOTKA TEXHOJIOI'NM 3ABJATOBPEMEEHOM
AET'ASAIIMU C YYETOM EI'O HAIIPA’KEHHO-AE®@OPMHUPOBAHHOI'O
COCTOSAHUA

3.1 BKCHepHMeHTaﬂbHLIe HccjIeA0BaHudA 11O BO3)16ﬁCTBPIIO Ha yFOHLHLIﬁ
IJIACT JJIA NIOBBIINICHUA I'a300TAAYH

IHeneBoe npumenenue I[IMB oOycioBieHo npeicTBueM Ha IUIacT yris B
CKBO)KHMHE MMIYJbCOM YNPYTUX KOJEOAHHM OT TOUeYHOTO McTOouyHHKa. OHO cO3/1aeT
CEpUH TPEIIMH U MUKPOIIOJIOCTEH B IJIaCTE YTJIsl 3a CUET 00pa30BaHUs MEPUOANUECKUX
HalnpsDKEHWM  yTrOJIbHOrO  BemiectBa. Pesymprarom  3toro  geucrBus 1IMB
COpOMPOBAHHBINA B MOpPaX METaH M METaH, BXOSIIMK B TBEPJbI PacTBOpP CUCTEMBbI
«yrojbtMeTaH», MEePeXOJUT B COCTOsSTHUE cBoOoaHoro rasza [119, 120]. [eiicTtBue
VMMITYJIbCA HA TJIACT YIVIS, JA€T BO3MOKHOCTh YBEJIMYUTH Ia30MPOHUIIAEMOCTD IJ1acTa
yIJIsi ¥ yBEIUYUTh W3BJIEYEHHWE M3 Hero MeraHa. Kakux-nubo orpaHudeHuit
MCMOJIb30BaHUs TEXHOJIOTUM MJIa3MEHHO-UMITYJIbCHOTO BO3JAEHCTBUA HET.

o

2 aneKkTpoaa Mpu B3pbiBe
3amblKatloTCA obpasyeTtcsaras
NPOBOAHUKOM BbICOKOTO AaB/ieHUA

dopmupyeTca Mpu pacTaxkeHun
yAapHasa BOJHa, cpepbl KObMaTaHT
CKUMan U nagaet s symnd

pactarmean cpeay CKBa*UHbI

Pucynok 3.1 - [IpuHnunuanbHas cxema rmia3MeHHO-UMITYJIbCHOTO
Bo3aericTBus [119]

HIupOKOMOJIOCHOCTh YNPYTroro CHUrHajla M3MEHSAETCS B LIMPOKUX Ipejaesax.
BonHoBoe umcno, ompenensioniee IMEpUOJ PAcCHpOCTPAHEHHs CHUTHaja U €ro
NEPUOANYHOCTh, PACCUMTHIBACTCS B KaXJOM CiIy4dae OTACNIbHBIM 00pa3oM. OTH
O0COOCHHOCTH PacTIpOCTPAaHEHUS] CUTHAJIA OMPEACISIOTCS KOHCTPYKIMEH mpubopa u
0COOEHHOCTSIMH CTPOCHHMS yroJibHOTO Tutacta [120].

B nmnmanmpyemMoM K TPOBEACHUIO OKCIEPUMEHTAIBHBIX HCCIIEIOBAHUIX
CKBKMHAX OBLIM MPOBEACHBI re0PpU3NIECKUE HCCIEAOBAHMUS C IICNIbIO BBIIACICHUS B
paspese yroIbHBIX HHTEPBAJIOB. bbIo BhIEIEHO 5 30H 00pa0OTKH Ka)KA0H CKBaKUHBI.
[Ipu uccnenopanusx IIMB B ckBaxuHe Ne3, oTpa®oTaHbl MHTEpBaJIbl YTrOJIbHBIX
IUIACTOB K7— 736-739,2 M, k10— 667-673,3 M, k13— 490,9-494 M, x1o— 386,2-389,1 M, K14—
292,4-302 m. OO1miee KOJIMYECTBO UMIYJILCOB Ha 3TH MHTEpBaIbl 1380. B ckBakune
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No8 ObLTM HCCIeA0BaHbI YTOJIBHBIC IUIACTHI K12— 567,9-573 M, k12— 492,2-498,3 M, K13—
470,2-475,5 M, k10— 321-323 M, k14— 267,7-270,9 M. OO111ee KOTMIECTBO UMITYJIHCOB
Ha Bce uHTepBaibl 1920 ummnynscos. [locnme 3aBepuieHus MIa3MEHHO-UMITYJILCHOTO
BO3MIEHCTBHsI OBUT TMPOUM3BENCH CITyCK TJIYyOMHHO-HACOCHOTO OOOPYIOBAaHUS IS
ocBoeHMsI CKBaXHH. OTOOP KUAKOCTH M Ta3a MPOU3BOAWICS coriacHo « MHCTpyKIun
M0 OCBOCHUIO HOBBIX CKBA)KWH JIJI M3BJICUCHHS ra3a-MeTaHa U3 IJIacTa YIS MOCie
MJIa3MEHHO-UMITYJILCHOT'O BO3JEHCTBUS C MOCTOSHHO C YCTAHOBJIEHHBIM TemmnoMm. Ha
pucyHKe 3.2 IpUBEICHBI JUarpaMMbl JJeOUTOB BOJIbI M rasa.
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OBBHEM OTKAYEHHON HUAKOCTH CO CKBAMMUHGI

rAyBUHHBIM HacoCoM, M3/CyT.
— [ eBUT raza, A0BLIBAEMOTO C CENapaTopa M3/cyT.

O6BLEM OTKAHEHHON HUAKOCTHA CO CKBAMUHbI
FAYBUHHBIM HACOCOM, M3/CYT.

Pucynok 3.2 - JIluarpamma 1e01UTOB BOJBI U Ta3a
no ckBakuHaM Ne3 (a) u Ne8 (6) [8,119]

Ananmu3 pesynbraToB uccienoBanuit [IMB (pucynok 3.2) mokaszan, YTO
MOJIOKUTENIbHBIX PE3yJbTaTOB MO JNeOUTy raza He mnoiaydeHo. OaHOW W3 TpUYMH
ABJIIETCS TO, YTO METAH B YTOJBHBIX IIACTAX HAXOJUTCS B PA3IMYHbBIX (pOpMax, B TOM
YHUCJIE B TBEPJOM PACTBOPE CUCTEMBI «yTOJb+MeTany. Jjist Toro 4To0sl mpeodpa3oBaTh
TBEpPIbI PAcTBOp yIJIeMETaHa B CBOOOJHBIM MeETaH HYXKHBI 0OJiee MOIIHbIE
BO3JIEUCTBHUSI, YTO J1aCT BOBMOYKHOCTh YBEJIIMYUTh Ia300Ta4y YTOJIBHOIO IJIaCTa.

Ha ocHoBe reonoro-reopu3nyeckux MCCIEIOBAaHUN, TMPOBEIECHHBIX Ha
[lepybaitHypuHCKOM yuacTke (ceiicMopa3Benka, reor3uuecKue WCCIeI0BaHUS
CKBa)XKHMH, M3y4YCHHE KEPHA CKBA)XKHMH) YCTAHOBJICHBI TJIyOMHBI 3aJIEraHUs YTOJbHBIX
IUIACTOB, UX MOIIHOCTH, CTPOEHUE, 30JIbHOCTh, TPEIIUHOBATOCTh, OBLIM MOCTPOEHBI
reosoro-reo(pu3nuecKkrue pas3pesbl C IENIbI0 BBISBICHUS T'€OJIOTUYECKOW CTPYKTYpPHI
3aJIeTaHMs] yTOJIbHBIX IIJIACTOB, BBIACJICHBI TEKTOHMYECKHWE HapyuieHus. [lpu
MOCTPOEHUU Pa3pe30B ObUIM HCIONb30BAaHbl PE3YyJIbTaThl paHEe MPOBEIECHHBIX
uccnenoBannii  BeimoJHEHHbIX — [IO  «Kaparanpayrnepassenka» u 11O
[lenTpkasreonorus. OTH JaHHbIE MOCIYXWUJIM OCHOBAHUEM 3aJI0KEHUS MECT IJIA
OypeHHUs CKBaKHH.
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OTu OypoBBIE CKBa)XMHBI HCCIIEOBAINCH HA Ta30HOCHOCTh, IMPOHUIAEMOCTh
ra3a ¥ ra3oByI0 OTJauy IUIaCTOB YIJIsA, BKIIOYAs UX TTyOWHY U MOIIHOCTb.

KepH ckBaxxuH uzyuancs s uatepnperaunud ' MIC, B TOM 4nciae UMHAIKEBOTO
KapoTaxka Hauoosee 3 PEeKTUBHOTO AJIs OLEHKU TPEIIMHOBATOCTH YTONBHBIX IJIACTOB.
[To xepHoBbiM MatepuasiaMm ¥ [MC B mHATH MNOMCKOBO-OIIEHOYHBIX CKBa)KMHAX
npoBeaeHbl uenblTanus [ P11 mo ctuMyampoBaHuIO yroJbHBIX IUIACTOB IO Ta300TAAYE.

IIyrem moBslmeHns ux rasonponunaeMocta Merogom I'PII B Tpex mouckoBo-
OLICHOYHBIX CKBa)KMHaX MpOBeeH pacmnpeHHslid kommuieke ' IC, ananus xinmBaxa u
OLIEHKA HalpaBJEeHMs] TOPU3OHTAJIbHBIX HANpsIKEHUI, X aHU30TPONUU Ji1 BbIOOpa
s ¢pextrBHON TexHonoruu I'PII, ncnpiTanus yrojabHbIX IUIACTOB B OTKPBITOM CTBOJIE
ckBaxuH c yderom HJ/IC, W OLEHKM NPOHMLIIAEMOCTH M IUIACTOBOIO JIaBJICHUS
metogamu KBJl (kpuBas BOCCTAHOBIJIEHHUS [aBJIEHUS), HU3y4dajoCh COPOLIMOHHOE
JIaBJICHUE JKUJIKOCTH B MECTO €€ II0Ja4yM, a TAKXKE, U3y4ajaoch MOBEACHUE TPEUIUH U
mukpomnojiocteit mociie I'PII. OcoOblit uHTEpEC ObLT COCPEIOTOUEH HA MCCIICTIOBAHUS
MEXaHMYECKUX CBOWCTB IUTIACTOB YTJIs, Kak Ipu Bo3aeucTsuu [ PII, Tak u B mpupogHOomM
BAPHUAHTE.

OueHouHble pabOThl MPOBEAEHbI HA TPEX YYaCTKaX BEPTHKAIbHBIMH
ckBaxkuHamu  lllepyOaitHypel  MerogoMm  mouHTepBasibHOoro I'PII  ¢upmoit
TricanWellService COBMECTHO ¢ aBTOPOM JHCCEpPTAalMU. I €ooropa3Be0YHbIC
paboThl MO3BOJIWIN BBIIETUTH MATHh y4acTKOB. Ha 3Tux ydacTtkax ObUIM MpPOBEIEHBI
MHOI'OCTaJMMHBIN TUAPOpaA3pbIB IulacTa ¢ yriemM. Ha kaxaom srane npoBOAMIIACH
nepoparus (pucyHok 3.3) [8,119].

Konerpykumns CKBakHHbBI Well Construction

Obcaanas konouna / Casing Size ~ 168 mm,

< . %
rojmuHa credks / wall thickness — 8.9 mm

HKT / Tubing Size — 73 mm,
Tomuuua crenku / wall thickness - 5.5 mm

A

1——( ['ny6una yeranorku naxkepa / Packer Depth — 731.88 m l

Xsocroeuk / EOT ~ 740.83 m l

[Tepdoparmn / Perfs — 790.1-795.6 m
3ona obpaborku / Zone of interest

3 . . =3
Hsomsma nnacra K-57 8 npeaenax / Isolation of K-5" at— 816 m |

. Cyntectrytonute nepdopainn / Existing Perfs
859.1-865.3 m

Nl

Pucynox 3.3 - CxemaTudeckoe n300pakeHrue TUAPOpaACUICHEHUS
Ha yuactke [llepyOaiinypsl [8]

Hauano orieHo4HOro 0CBOEHHUS MPOOYPEHHBIX CKBAXKUH OBLIO OMPEEICHO TEM
CPOKOM, Korja Oblla 3aKOHYEHAa CTHUMYJSIIUA —IUIACTOB  YIJIA  METOIOM
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rusipopacuieHerusi. IMEHHO B 3TOT CpoK ObUIO ONPENENIEHO IKCIIEPUMEHTAIBHOE
W3BJICYEHUE METAHA U3 IIJIACTa YIJIA.

HccnenoBanue Bcex MATH CKBaXUH Ha ydacTkax lllepyOaiinypbl npoBeaeHO B
untepBaie ¢ 2017 mo 2021 roasl. [IpoBenaeHO HcclieqOBaHUE BCEX MapaMeETPOB,
nepeunciaeHHbix Bblmie. Ha pucynke 3.4a, O mnoka3zaHbl pe3yJbTaTbl TaKUX
uccienoBannil Ha ckBakuHe Nel u Ne2.
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Pucynok 3.4 - IToka3arenu ckBaxun Nel (a) u Ne2 (6) [8]

[IpoBeneHHble  HCCENOBAaHUS  TOKa3ald  HEOOXOAWMOCTb  IOBBIIICHUS
3 (HEKTUBHOCTH TAa300TAa4YM YTOJIBHBIX IUIACTOB HAa OCHOBE HCIIOJIb30BAHUSI HOBBIX
METOJIOB BO3JICMCTBUSI HA YrOJIBHBIM IUIACT C LEJNbI0 MEPEX0/a YIrIEeMETaHa B
CBOOOJHBIN ra3, KOTOPbIA MOXKET nepeaBurathbes no tpeniuHam ['PIL.

3.2 ®usnyeckas MOeJIb Pacnajga yrjieMeTaHa B yroJbHOM ILJIacTe C y4eTOM
€ro HANpsizKeHHO-1e()OPMHUPOBAHHOIO COCTOSIHUSA

PaccMoTpuM MOCTaHOBKY 3a/1auv B paMKax MOJEINH, PEITI0KeHHON B paboTax
[121,122].

YPaBHeHI/Ie 6aHcha BHGPFI/II/I B YFO.HI)HOM I1J1acCTeC OHpCI{CJ’IHCTCH BI)Ipa)KeHHeM:
XX 46Ty = 0, (3.1)
dx?

rne X — Kod(PUIMEHT TemIonpoOBOAHOCTA YIJIEeMeTaHa, X - HalpaBJCHHE,
MePIIeHIMKYJISIPHOE TIIACTy (Ha4aio KOOpAMHAT — CEpeIrHa T1J1acTa).

@®yukius  f(T) = N * Nkphw mnpencraBiser co0oil  TEIIOBBIICICHHE B
enuHUIle o0beMa W B enuHuily BpemMeHH (N * - TUIOTHOCTH KoyieOaTeIbHO-
BO30YKJICHHBIX MOJICKYJI MeTaHa, N - TUIOTHOCTh MOJEKYJ, CTOJIKHOBEHHUS C
KOTOPBIMHU TIPHBOJIUT K KOJeOaTeIbHON penakcamnuu, hw - sHeprus koyedaTeIrHOro
KBaHTa). Tak Kak KoseOarenpHas TeMIeparypa BeIWKa, IO CPaBHEHHUIO C
MOCTYIATeNbHOM, He OyJeM y4HMTBhIBaThb OOpATHBIA TPOIECC, BEAYIIUA K
BO30OykneHuro  Mosekyn.  CriemyeT OTMETUTh, 4YTO KOHCTaHTa  CKOPOCTH
kojebarensHON penakcanuu kpesi(T) pe3ko 3aBucHT OT Temmeparypbl. Beemem
BenunHy 3 = d[Inkp(T)]/dT, u B Hemmpokol o6macTd TeMmrepaTyp MOJIyduM
BBIPAKCHHE:
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f(t) = £(To) exp[-B(To — T, (3.2)

3neck Temreparypa T, HaXOaUTCS B IEHTPAIBHOM YacTH I1acTa.
Jns  pemenus ypaBHenus (3.1) BBemem cmaraemoe Y = (B(TO—T) wu
0003HAYNM:

d?%y v
&y aev =0, (3.3)

rne  A=Bf(TO)/xuy (0) =0.

Hcxons u3 TOro, 4T0 TeMIepaTypHas 3aBHCHMOCTH IIacTa 4eTHa 1O X T.C.
T(x) = T(—x), orcrona caeayer, uro y(x) = y(—x) u dy/dxix =0 = 0. Takum
o0Opa3oM paccmoTpuM ypaBHeHue (3.3) Tonbko mpu X > 0.

VYpasuenus (3.3) ¢ rpannunbiMu yenoBusiMu Y (0) = dy/dxlIx=o = 0 umeeT BU:

y = 2Inchx,/A/2 (3.4)
Haiimem mopor pacmaga yrieMeTaHa, IPH KOTOPOM MPOUCXOAUT KacaHHe ABYX

KpPUBBIX, ONHCHIBAEMBIX JIEBOW M MpaBod yacTsAMU cooTHoweHus (3.4). B Touke
KAacaHUs pPaBHBI KaK CaMH BEJIMYUHBI, TaK U UX ITPOU3BOIHBIE. DTO JAET:

AT = %lnchZ, 7thZ = 1 (3.5)

Pemenue ypaBuenuss B (3.5) maet Z = 1,2, oTKynma Ijisi mopora pacraja
yrileMeTaHa HaXOUM:

12Bf(T,)/x = 2,88 (3.6)
KpOMe TOro, U3 HOJ'Iy‘-IeHHI)IX COOTHOIHGHHﬁ JJIA nepenaz[a TeMHepaTyp NMCECM.:
AT = 1,19/8, (3.7)

[TepenuiiemM yciioBHE TEIUIOBOTO B3phIBA Yepe3 MapaMeTPhbl TEIJIOBBIICICHUS
BOJIM3HU CTEHOK:.

f(T.;) = f(Ty) exp( — BAT) = 0,30f(Ty), (3.8)

Ha ocHoBe 3TOTO nepernrumeM yCJI0BUC BOZHUKHOBCHUS TCIIJIOBOTO B3pPbIBA B
BHUAC:
Bf(Ter) /x = 0,44, (3.9)

C yuetoMm mapametpa 3 ycaoBue (3.9) npeacraBisieTcs B BUIE:
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2] df(T=Tey)

[Tomydennoe cootHomenue (3.10) ¢ Touku 3peHus GU3NIECKUX MPECTaBICHUN
BBITJISIAUT JTOBOJBHO mpocTo. OHO MpencTaBisieT cOO0OW OTHOIICHHE TEeIJIOBOTO
MOTOKAa, KOTOPOE BHOCUTCA B YTOJBHBIM IUTACT, K TEIUIOBOMY IOTOKY, KOTOPBIA
yTEKaeT U3 YroJbHOIO IIacTa BMECTE C TEIJIONPOBOJHOCTHIO. B ToM ciyuae, korjaa
ATO OTHOIICHUE CTAHOBUTCS OOJBINE CIWHMIIBI, MPOWCXOAUT TEIUIOBOW B3PBHIB U
yIJIeMeTaH paciaaaeTcs.

PaccMmoTpum yciioBus nepexojia yrieMeTaHa B CBOOOIHbIN METaH B YTOJIbHBIX
miactax [lepyOalinypunckoro yyactka. [lokazarens TemionpoBOJHOCTH KaMEHHOTO
yriist HaxoauTcs B auanasone 0,13-2,2 Bt/(m*rpan). [TycTs TomuHa macta pasHa 24
=4 M, Torga 0% =4 Mm%, a 4/2.2 = 1.8> 1 u B3psIB npousoiiner. Eciu xe 20 =2 m, To (2
=1 M? u 1/2 <1 u B3psIB He nporcxoaut. TommuHa yronsHoro mwiacta dé Gomnpie 4 M.
DTO0 3HAYMT, YTO JJI TOTO, YTOOBI Pa3pylIUTh TBEPABIA PACTBOP yIJIEMETaHa HYKHO
Majoe 3HadeHue Kor(pUIMEeHTa TEMIONPOBOJHOCTH, YTO Y HAC TAKXKE HAOIIOAAeTCs.
Bcraer Bompoc 0 TOM, Kak MOJBECTH Ty DHEPTHIO, YTOOBI pa3pyIIUTh yriIeMeTaH?
Hamu nosydeno, 4to 3Heprus cBs3u yraemerana Eg = 200 k/lx u, cnegoBaTensHoO,
DHEPTUs, KOTOPYIO HY)KHO TOJBECTH K yTIIeMETaHy JOJDKHA ObITh MPUMEPHO paBHA
ATOMY 3HaueHU10. Eciu B mpoOypeHHYI0 YTOJBHYIO CKBAKUHY HATHETATh C TIOMOIIHIO
Hacoca B cpeny (J1ake BO3ayX) MO/l IaBJICHUEM, TO OyI€T MPOUCXOUThH HarpeB IjIacTa
o cxeme, u300pakeHHou Ha pucyHke 3.4 u B Tabnuue 3.1 [122]. Takoit addexT ObLt
MOJIy4eH Ha CKBakMHE 1maxThl JIennna. Bo3ayx O0bu1 Harpet no Temneparypst 90-100
°C. 3areM OH HarHeTajcs B IUIACT yTIisi B 00beMe, KOTOpPOro Obl XBAaTHJIO, YTOOBI
3aMoJHUTh (DUIBTPYIONIYIO 30HY. BbICcOkasi TemriepaTypa MPUBOAUT K TOMY, UTO
O0CBOOOXK/IaeTCcs COpOMPOBAHHBIM M3 MOP MeTaH. boiee TOro MpoMCXOIUT pacrmaj
yriieMeTaHa U MEeTaH CTAHOBUTCS CBOOOIHBIM. VccnenoBanus copOIIMOHHBIX CBOWCTB
YIJISI TIOKa3bIBAIOT, YTO MPU MIACTOBBIX NaBieHusix 1-10 Mlla cpenusas BenuuuHa
O’KHJTaeMOH JIeCOpOITMU METaHa MPHY YBEITUICHUH TEMIIEPATYPBI VIS YTIIS C BBIXOJIOM
netyunx 5-50 % cocrasnser 0,2-0,5 M%/(1K).

Pucynok 3.4 - Cxema, OSICHSIFOIIIAs pactpeesieHue Harpy3oK (IaBJIeHus U
TEIIa) Ha IJIACT MPH HOrPYKEHHUH ero Ha riyouny [123]
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Tabnuna 3.1. Baporepmuueckass 0OCTaHOBKA B YrOJIbBHOM IUIACTY TPU W3MEHCHHHU
IIyOHWHBI ero 3ayieranus [ 123]

['ny6una, H, xm MaBnenue, Temneparypa, Mapxku yrien
PH, aTtm. TH, °C
PH = Patm. +6 H; TH=Th+T (H—h),
pu § = 2.5 t/m° npu Th =18 °C

1 251 48 b

2 502 78 b, I
3 753 108 IK
4 1004 138 K K
5 1255 168 K, OC
6 1505 198 T, I[TA
7 1757 228 1A

DOddexT BO3ACHCTBHSA TEIJIOM HAa YrOJbHBIM IIJIACT B IEJISAX ITOBBIIICHHS
ra300TAa4l METAaHA COMPSIKEH CO CIEAYIOIMIMMU HEJOCTATKaAMMU:

- TEIUIOBBIC MOTEPU 3HAYUTEIbHBI U3-3a TEIUIONPOBOJA B CKBAXKUHE OOJIBIION
JUTMHBI, KOT/1a YTOJIBHBIN MJIACT Ha O0NBIION TITyOUHE;

- OTCYTCTBHE MOIIHBIX HAHOCOB, YTOOBI HATHETATh TEINIOHOCUTEb;

- CJIO’KHOCTD TEIJIOTEHEPUPYIOIIET0 000PYI0BaHUS U €r0 JI0CTaBKa.

ITo MHeHHIO Ka3axcTaHckoro uccnegonatens Epmaramber b.T. noctyn k miacty
MOXHO OCYIIIECTBJISITh 4U€pe3 CKBAXKMHBI, & HArPeB IJIaCTa MO>KHO BBINOJHUTH C
TTOMOIIIBIO OJTHOM M3 METOIWK: HETMOJHBIM OKHCICHHEM camoro yriis [124], Harpes 3a
cueT TermronpoBoaHocTH [125, 126], Harpes 3a cueT 3aeKTpruUeckoro Toka [127,128].
[To MHEHHMIO Ka3aXCTaHCKHUX HcclenoBareneld Hanbosaee (hPEKTHBHBIM CIIOCOOOM
HarpeBa yriied sBIISETCS CIocoO0, OCHOBAaHHBIM Ha JICWMCTBUM HA YTOJBHBIN ILIACT
3JIEKTPOMArHUTHBIM TOJIEM BbICOKOTO Hanpsbkerus [129,130].

3.3 DKcnepUMeHTAJIbHbIE HCCJIe0BAHUS MO BO3AEHCTBHIO HA YrOJIbHbIN
IVIACT JJISl NMOBBILMICHUS Ta300TAA4YH M CHHMIKCHUIO BEPOSITHOCTH BHE3AIHbIX
BbIOPOCOB YIJIsl M METaHA

B Hameli pabore [131] ycTaHOBJIEHBI mMapaMeTpbl Uil MPOCKTUPOBAHUSI
THJIPOPACcUICHEHHs YrOJbHOrO Iuiacta, a B padore [132] paccMOTpeHBI BOIPOCHI
MPOEKTUPOBAHUS MEPOTPHUSATHI 1O MPEIOTBPALICHUIO BHE3AMHBIX BHIOPOCOB YIS U
ra3oB (BBVYI') Ha mmactax ¢ BBICOKON CKOPOCTBHIO JIeCOpOIMY METaHa. DTU SBJICHUS
MPOUCXONWSIM  HA  TOATOTOBUTENBHBIX  BBIPAOOTKAX W3  IUIACTOB YT,
KaparanauHcKoro yroJibHOro 6acceiiHa, B 4aCTHOCTH, JUis miacta yris dg JlomuHekoit
CBHUTBI, TIJI¢ MPOU3OILIO YETBEPTh BBIOPOCOB M3 Bcex mmiaxT peruona [133].
OcCoOeHHOCTBIO ATOrO IUIacTa SIBISIETCA TO, YTO: €ro TOJIIMHA paBHA 5-6 M,
razoHOcHOCTh - 18-21 M%/T, a B HWKHEH IpemapupoBaHHON mauke 10 35-37 M¥/t;
nopucTocTh 3-4%, ractoBoe aaBiaeHue 25-30 at™, KpenocTh BepxHel mauku 1-1,5 u
HIKHeH nmauku 10 0,6 no mxane ITpoToassakoHoBa, razonporunaeMocts (10-50)*10
M/lapcu [134].
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BaxxHO# 0COOCHHOCTBIO T1acTa dg SIBISICTCS HAJTMYKE B €T0 HIDKHEM CIIOE 0C000
BBIOPOCOOMACHOW M TPENapupoBAHHOM MAYKW YIJIS MOLIHOCTHIO 70 1,5M. B a3TOit
TIAYKK YIJIs IIPOTEKAeT ra3ooraada okono 40 m3/mun. Ilocme 5TOro razoBbIIENEHUE
ObIcTpo 3aryxaeT. HmkHwuii mact dg mpencraBiser co0oil YrobHYIO Maccy, KOTopast
o0aaeT OOJBIION PHIXJIOCTHIO C KO3 (UmeHTOM Mo TBepaocTH Ha ypoBHe 0.25-0.6.
JlerazalilnoHHbIE CKBaXKUHBI B IUIACTE YTJIsl OBICTPO HAMOJIHSAIOTCS MEJIKOW YTOJIbHOU
MacCCOM.

HUcnonszyemas TtexHomorus mnpexynpexaeHus BBYID npenycmarpusaia
OCYIIECTBIICHUE padOT BOJM3M BEepXHEro ciios Iuiacta s C OCTaBICHHEM KPEIKOW
navku miacta Js MOITHOCTBHIO HE MEHEE OJTHOTO METpa B TIOYBE BHIPAOOTKU U OypEeHHS
pas3rpy304HbIX CKBaXXMH auamerpoM 130 MM Mo BepxHEW Mayke U ONepeKaromIuii
nuamerpom 200-250 MM B HUKHIOIO TTAYKY € ITyOnHO# 12-14 METpOB C HECHUKAEMbIM
ornepexeHneM He MeHee 7 meTpoB [135].

[Ipu »TOM mnpakTHUeCcKu dYepe3 Kaxaple 12 meTpoB mnpoxonaku (7%) mpu
NPOBEICHUH TEKYIIEro MPOTrHO3a BBIOPOCOONACHOCTH (PUKCHUPOBAIUCH OIMACHBIE
3HAUEHHUA (JIONOJHUTEIbHOE OypeHue oT 3 10 6 CKBaXMH). 3arasupoBaHHUE IpPH
MPOBEJICHUU TPOTUBOBLIOPOCHBIX Mepornpuatuil coctaBisuio 0,49 Ha 1 MOrOHHBIM
meTp npoxosku [136, 137].

B ciyuae, koraa npoucxoaut BBYT', To oOHapy:xeHHe 0cOObIX IMOK YTOJIbHON
Macchl HE MPOUCXOAUT. CIOXKHOCTh pa3padOTKU 0cO00 BBIOPOCOOMACHOTO IjIacTa
COCTOMT B OTCYTCTBUH ILJIACTa 3alUTHI U TOTO (PaKTa, YTO yroJbHbIH U TUIACT UMEET
BBICOKYIO Ta30HOCHOCTb. OTOT (aKT 3aTpyJHSE€T MEpOIpPUSATHS, KOTOphIE
npensatcTBytor BBYT [138].

JUis TmpenoTBpalleHusl 3ara3upoBaHMs BbIPAOOTOK CTalld IEpBOHAYAIbHO
OypuTh CKBXXHHBI ArameTpoM 80MM ¢ nocnenyromien ux pa3oypkoit 1o 130-200 mm.
HecMoTpst Ha Takoil Oosblioil o0beM OypeHUst pa3Tpy30UHBIX U OIMEPEKAIONTIX
CKBaXXUH BpeMs 0T BpeMeHH npoucxoawm BBYI'. Cameiit kpynHbiit BBYI', kotopsiit
ObuT 0OHapyskeH B twiacte yrisi s mpu 580 MeTpoB IIyOHMHBI, MPOIIET Ha INAXTe
Jlennna (Tabauma 3.2).

Tabmuua 3.2 - Cpeanue 3HaueHus napametpo npu BBYI' nocne nposenenus
IOJIFOTOBUTENIbHOM BhIpaOOTKH [133]

KonmaecTBo O6beM JIanbHOCTD ¥zt
['myOuna HOE
T'on BBIOPOIIICH- | BBIACTHBIIIC- oropoca
[IlaxTa otpabot - . 9 ra3oBbI-
BBVI HOU F'OpPHOM | rOCs METaHa, TOPHOU
KM, M 3 JIeTICHHE,
MAaccChl, T M MAaccChl, M 3
M°/T
ITaxTrHCKAA 1971 300 15 660 5,2 44
uM. Jlenuna 1976 410 550 36 000 50 66
M. JlennHa 1978 427 61 9 800 11 161
uMm. Jlennna
(mpu mpoxoxake | 1978 435 380 27 933 55 73
CTBOJIA)
uM. JIeHnHa 1983 350 145 10 000 18 69
uM. JleHnHa 1985 317 50 2 040 20,2 41
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Kazaxcranckas | 1989 466 110 10 000 12 91
Kazaxcranckas | 1989 478 1200 250 000 104 208
uM. Jlennna 1995 545 640 550 000 66 860
uM. Jlennna 1998 580 3250 1 300 000 236 650
Tenrexkckas 2008 542 1087 414 085 107 381
TenTekckas 2009 485 1076 74 763 95 107
Kazaxcranckas | 2012 524 370 29 524 36 79,8
Kazaxcranckas | 2020 636 842 161 645 84 192,1
Cpenne 429 698 205 465 60,7 215,9
3HAYEHUS

KonuuectBo BBIOpOIIEHHON TOpHOM Macchl coctaBmio 3 250 TOHH, 00beM
merana 1300000 m3, mansHOCTE OTOpOCa TOPHOM Macchl 236 METpOB, yIEIEHOE
rasosblenenre npu BBYT 650 Mm%/t (6osee ueM B 30 pa3 mpeBbImIaronias IpUpOIHYyIO
ra30HOCHOCTH IIacTa), Kpenocth yriis 0,24 y.e. mo mkaine [Ipotoneskonosa [133]. B
2-X BbIpa0OTKaxX MPOU3OIUIO OMPOKHUIbIBAHHUE BEHTUISIIMOHHON cTpyn, B 58
BBIpA0OTKAxX KOHIIEHTpalusd MeTaHa coctaBisia or 2 a0 100%. OcHOBHbIMU
NPUYUHAMHU JAHHOTO ra30JJMHAMUYECKOTO SIBJICHUS SBJIIOTCS 30HA OCJIA0JICHHS TOPOJ
MIOYBBI IJIACTA; PE3KOE U3MEHEHHE €r0 TUIICOMETPUH; OTCYTCTBUE TPOTUBOBBIOPOCHBIX
MEepONpUsTUI (HE COBEPIIIEHCTBO HOPMATUBHBIX IOKYMEHTORB). DTO OOBSICHSIETCS TEM,
yTo B npouecce BBYI' nmponcxoauT npuTOK MeTaHa W3 pasrpyKEHHOW 30HBI IIJ1acTa
yris, npuieratomux k nojgoctu BBYI. Ilpu stoMm monocte BbIOpoca 3amosiHseTCs
MATKUM YTJIEM HIKHETO cios. [ns mpegoTBpalieHus: ra30qUHAMHYECKUX SIBJIICHUM
npyd BeAcHWHM pabOT MO TOPHOHM BhIpaOOTKe MO mmiacty g Oblia TpeasioKeHa |
anpoOupoBaHa TEXHOJOTUS TMPEABAPUTEILHON Jlera3aluu IlacTa C  IOJICBOM
ra3o/IpeHaXHON BBIPAOOTKU, MPOBOJAUMOM MO TJIacTOM Ha pacctosHuu 10-12m c
MCITI0JIb30BAaHUEM CKBAKUHBI (PUCYHOK 3.5a). /{7151 onpeenienrs napameTpoB CKBaXKUH
NpEeIBapUTENIbHON Jera3aluy IUlacTa C MOJEBOM BbIPAOOTKH OMNBITHBIX MyTEM
(baiimyxameToB C.K, 2021 roxa) Obuta nmpoOypeHa KOHTPOJIbHAs CKBa)XMHA, KOTOpas
ObLJ1a 3arepMeTU3UpPOBaHa U ObUT yCTAHOBJIEH MAHOMETP.
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Pucynok 3.5 - Jlerazanus de-1acta ¢ ra3oipeHaxHON BeIpabOTKH (a); 30Ha
ra30mpOBOISIINX TPEIuH (0)

JlaBneHne B 3Toi ckBaxkuHe paBHoe 4.5 MIla B TeueHune NIBYX HeIEIb HE
CHUXKAJIOCh, 3aTeM OblIa MpoOypeHa MOTOJHUTEIbHAS CKBaXKMHA HA PACCTOSHUU &
METPOB OT KOHTPOJIbHOM CKBaXKHUHBI, B KOTOPOH JaBjeHNE ObUIO PaBHBIM JABJICHUIO B
KOHTPOJIbHOM CKBa)KUHE. J|aBJIE€HUE B 3TOM CKBAKMHE CHUXAJIOCh B TCUEHHUE HEIECIIH.
B Tperbeil ckBaxuHe, NMpoOypeHHOW Ha pacCTOSSHUUM 4 MeTpa OT KOHTPOJIBHOM,
JaBlicHHe ymano B TeueHue 4 gued g0 2 Mlla. Ha ocHOBaHuu 3TUX 3aMepOB ObLI
OmpeIeNIEH paauyC BIUSHUS CKBRKUHBI M 3TH MapaMeTPhl ObUTH 3a7105KEHBI B TACIIOPT

IIPOTUBOBBIOPOCHBIX MeponpusTuii [132].
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Jlns  uccnenoBaHusT NPOHUIIAEMOCTH MATKOTO YVl HIDKHEH Madykd Ha
MOBEPXHOCTU ObLI MPOBENEH HKCIEpUMEHT. MeTaminueckass Tpyda nuamerpom 6
JIOMMOB ObLjIa 3aM0JIHEHA BIAXXKHBIM YTJIEM HMXKHETO CJIOS M CIPECCOBaHa. 3aTeM 10
TOpILIaM TPyObl IOCTABWIIM 3ariyIIKH C OTBEPCTUSAMHU 1O 10MM U MOAKIIOYWINA UX K
OaJJIOHY €O CKaThIM BO3yXxoM mnoj gasieHueM 20 Mlla. YcranoBieHo, 4TO cxKaThINA
BO3JIyX CTaJl MPOHUKATh Yepe3 MATKUM YroJib JIuilb npu aasienuu 6,3 Mlla, To ectb
YTOJIb HIDKHETO CJI0Sl TPaKTUYECKU ObLT HEMpoHUIlaeM. Bripodyem, MOKHO yUUTHIBATh,
YTO IS TIPEIOTBPAIICHUS HECAHKIMOHUPOBAHHOW (UIBTPAIMK B TIOJIEBYIO
oTpaloTKy rasza u pasps3zbiBanus ['/[5 ee HeoOXoAMMO MPOBOAUTH HA PACCTOSTHUU OT
nouyBel Oe-ITacTa HE MEHEE pa3MepoB 30H, T NPOMCXOTUT HWHTCHCHUBHOE
TpemmHooOpa3oBanue (3oHa 1 Ha pucyHke 3.50) HA MOMEHT TOJCOCIUHCHHUS
JIeTa3allMOHHON CKBaXUHBI K CHCTEME BaKyyMa.

[TpoBomHuKOM MeTaHa W3 Os-TuTacTa B JAETA3al[MOHHYIO BBIPAOOTKY MOKET
SABJIATHCS TOJBKO 30HAa | (Tak Kak MMEHHO B HEW pPa3BUBAIOTCS pajuajbHbIC —
ra3onpoBOASIIME TPEIIUHBI) M TMO3TOMY [laK€ HE3HAYUTEIbHOE TIPEBBIIICHUE
pa3mepoB 3Tor 30HBI (~ 0,5 M) MOJHOCTBIO MPEAOTBPATUT HECAHKIIMOHUPOBAHHYIO
dbunbpTpanuio B Hee raza. OnbIT OypeHHsl pa3rpy30YHBIX CKBAKUH C MEPECEYCHUEM
MATKUX IMaYeK YTJs MOKa3ajd, YTO B OTHEIbHBIX CIIy4asX MpoOypeHHas CKBa)KWHA
3aMoJHsIach YIIEM HUKHETO CJI0sl M OHA paboTalia Kak repMeTu3aTop. B KoHIe aTux
CKBOXHMH CKAaIUIMBAJCs CBOOOJHBIM METaH 10j] OOJBIIMM JaBJICHUEM U TpHU
pUOJIMKEHUH 320051 BEIpAOOTKHU K 3TUM MecTaM npoucxoansi BBYT'.

Tak npu OypeHuM pa3BeAOYHOM CKBaXkuHbI auameTrpoM 80 MM B 3a0oe
JIeMOHTaKHOU cOoiiku Ne6 Ha miaxte uM. JICHMHA TIPU BXOJIe CKBAXUHBI B HUYKHIOIO
nadky tiacta Os (BO3MOXKHO B paHee MPOOYPEHHYIO Ta30JAPCHAKHYIO CKBAKUHY
nraMmeTpoM 130 MM) TPOU30IIIO ra30IMHAMUYECKOE SIBJICHUE. Y TOJbHBIA MAaCCUB ObLI
ocJ1abJieH NpoOypEeHHBIMU ra30/IpEHaKHBIMU CKBaXKMHAMHU B KoJudecTBe 70 MTYK OpH
OTpabOTKE TUIacTa Ha TIEPBOM JTare.

Bypenue 00JbIIOT0 KOJUYECTBA PA3TPY30UHBIX CKBAKUH BEAET K OCIA0JICHUIO
MPOYHOCTH II€JIMKA MEXK]Iy MECTOM CKOILIEHHS CBOOOIHOTO METaHa U TPyAbIo 3a00s.

BrlensnokeHHOe 1aeT OCHOBaHUE PEKOMEHI0BATh CJIEAYIOIINIO TEXHOIOTHIO.
Jlns ee peanu3zanuu OypUTCS HECKOJIBKO Pa3TPy30YHBIX CKBAKUH U BCKpbIBacTCs Us-
IJIaCT M3 BEPXHEro CcJjosl MOoJ IUIACT. DTO JeNaercs A TOro, 4ToObl MPOBECTU
MOJICBYI0 BBIpaOOTKY moJn de-mmactom. Jlanee, OypuTcsi IEHTpajdbHas CKBaYKHUHA
nuamerpom 150-180 mMm Ha qyuHy He MeHee 20 MEeTPOB, 3aMepsIeTCs BHIXOT IITHIOA U
00BEM MeTaHa TpH OypeHMHM CKBaXHUHBI. Y CTAaHABIMBAIOTCS TEPMETH3aTOPHI H
3aMepseTcs JaBJICHHE Tra3a. Takue K€ CKBaXUHBI OYypsTCS C PACCTOSTHUEM MEXKITY
HUMH 2 METpA.

ExecmenHno mepen mpoxoakod HEOXOIUMO MPOBEPSTh YHCTOTY CKBXKHH OT
yrOJApHOTO 1MTada, W TpPH HEOOXOMMMOCTH MPOUYUIaTh WX. B kaxmom 3a0oe
HEO0OXO0IMMO UMETh MPUOOPHI JJISI ONPEICICHUS TPACKTOPUU U JUTUHBI TPOOYPEHHBIX
ckBaxuH. COTJIaCHO MOJYYEHHBIX PEe3yJIbTaTOB, JAHHBIM CIIOCOO MEPONPUSATHN IO
o6opr0e ¢ BBYI' ¢ panee npuMeHsieMbIM CIIOCOOOM TO3BOJISIET, B 3aBUCUMOCTU OT
CPOKOB Jiera3aiiuu, 6ojee yeM B 2,5 pa3a CHU3UTh NPUPOAHYIO Ta30HOCHOCTH ILIacTa
(pucyHok 3.6).
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Pucynok 3.6 - 30Ha ra30npoBOASIIIUX TPEUIUH

3.4 MeTOIlI/IKa pacueTra paauyca BJIMAHHUA Jdcras’alilmMOHHLIX IIACTOBBLIX
CKBa*KMH

[Ipu mpenBapuTenpbHOW Jaera3anuy pa3padaThIBACMBIX IIJIACTOB OCHOBHBIM
napamMeTpoM  SIBJIISIETCS.  PACCTOSIHHME  MEXKAYy  IapauiebHbIMU  IJIACTOBBIMU
ckBakuHaMH. [Ipu cioeBoi BbIEMKE MOIIHBIX IJIACTOB W TMPU BBIEMKE IJIACTOB C
MOTEPSMH YTJIs TTO MOIITHOCTH PACCTOSTHUE MEX Y CKBaknHaMu J1Jisi Kaparananackoro
YTOJBHOTO OacceifHa paccuuThiBaeTca no ¢opmyse (MeToauueckne peKoMeHIaNu
1O JIera3aliuy yroJbHBIX T1acToB, 2012 1)

KBZIC (q'ob't'+q"0b"t")

'Ylo'{ [m'nqnn KL[.HJ'I+X,C[ (mn _m'n)] ’

R, = (3.11)

rie K, - KOdDOUUIMEHT BIMSHUSA pa3pexeHusi, paBHbIA | Tmpu jAerazanuu
HEpas3rpyKEHHbIX IJIACTOB U 1,2 — mpu Aerasaluuy B yCIOBUAX YACTUYHOM MOJ- WU
HaJpaOoTKu (TIpH pazpexeHuu He meHee 50 MM PT.CT.);

Z - K09(PPUIMEHT HEPABHOMEPHOCTH METAHOBBIICIICHUS U3 CKBAXKUHBI, PABHBII
0,75;

q'o - BeJIMYMHA HAa4yaJbHOW MHTEHCHUBHOCTH METAHOBBIJICJICHUS B CKBa)XKUHY,
M3/cyT (mpuHHMMaeM 1o Tabauue 6 METOAMYECKUX PEKOMEHIAMH MO Jera3alun
yroJIbHBIX MJ1acTOB (namee MP).

b' - xkodbdummeHt, xXapakTepU3YIOMUH W3MEHEHHE WHTECHCUBHOCTHU
METaHOBBI/ICJIEHUS BO BpEMEHHU, CyT; (Tabnuia 7 MP);

t' - CpoK nmerazainuu, CyT;

|, - AIMHA CKBAXXUHBI 10 YTIIIO, M;

q"ob" — cooTBeTCTBYIOIIME MapaMeTpPhl JeTa3alliy IiacTa CKBaKMHAMU B 30HE
MEPEI0BOM iera3aluu;

t"- Bpemsi pyHKIIMOHUPOBAHUS CKBaYKUH B 30HE MEPEAOBOM Jiera3aluu, CyT;
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l,4 - ITTMHA JIaBHI, M;

m',, - MOIITHOCTh YTOJBHBIX TTAYEK TIEPBOTO BEIHUMAEMOTO CJIOS, M;

qu; - METaHOBBIJEICHHE W3 IUIAcTa, M3/T;, MPUHUMAETCA TO TPOTHO3Y (6e3
Jlera3aliim);

X, - JOINOJHMTEIFHOE CHMKEHHE OCTaTOYHOW Ta30HOCHOCTH OCTABJIAEMBIX
CJIOEB TuTacTa (TOCJe BEIEMKH TIEPBOTO CJI0s) 3a CUET Jera3aluu, M3/T;

m,, - MOIITHOCTh YTOJBHBIX MAYeK IJIacTa, M.

MeTaHO00BIBAEMOCTh  JICTA3allMOHHBIX ~ CKBXHH, 3a  HCKJIIOYCHHEM
IIJIACTOBBIX, orpeaesercs mo gopmyse 3.12:

I, = IK

" (312)
rne I, — mporHo3sHas METaHOOOMIILHOCTH ~MCTOYHHMKA METaHOBBLIECIICHUS
(pa3pabaTbIiBaeMblii IJIACT, MOJ U HajpadaTbIBa€Mble IUIACThI, BBIPAOOTAHHOE
IPOCTPAHCTBO), M3/MUH, OIPEAEIIAETCS COrNIacCHO MEeTOANYECKUM PEKOMEHAALIUAM 110
IIPOEKTUPOBAHUIO BEHTWIALMHU YroyibHBIX MaxT AO «ApcenopMurran Temupray»,
COrJacoBaHHBIX MpukazoM Komurera Mo rocyJapCTBEHHOMY KOHTPOJIO 3a
Ype3BbIYAHBIMA CUTYalUMsAMH M HpOMbIILIEHHON Oe3omacHocthio MUC PK ot 27
aBrycra 2012 roma Ne 48;

K, — ko3 dunuent >GPekTMBHOCTH Aerasaluy, NPUHUMAETCA MO TabaMuam
32,4.1,5.1,6.1u7.1.

MeTaHon00bIBAEMOCTh  JIETA3AlIMOHHBIX ~ CKBAXKHUH, 34  HCKIOYEHUEM
IUTACTOBBIX, OIIPENEIETCs 0 GopMyJIe:

_ KpZleqloh!
Iy = 1440 (3.13)

OpU NEpPEeIoBOM JAera3allud M Jerasalud  HaapadaTblBa€MOro  IUIacTa
METaHOI00BIBAEMOCTh OJIHOM CKBKUHBI OTpeesisieTcs mo gopmyie (3.14):

_ KpZlcq"ob"
n = 1440 ) (3 14)

CyMMapHasi METaHOJI0OBIBAEMOCTh U3 TIJIACTOBBIX CKBAXKWUH OIPEICISICTCS 10
bopmyie:
KBZ]C(qlobvn'+ql‘0b"n|l)

'

rae n' - KOJMYECTBO CKBaXHH, pPAaOOTAIOMUX B pEXUME IMPEABAPUTEIBHON
Jera3aluu;

n" - KOJIMYECTBO CKBAXWH, pabOTAIOMINUX B PEKUME TIEPEIOBOM Jera3auu uiu
pu 0TpabOTKe IIacTa.

ITo popmyne 3.11 pacuer MeTaHOIOOBIBAEMOCTH BBIMIOJHUTH HEJb3sI, TAK KaK
yMeHbllieHHe koddduimenta 3¢GHEKTUBHOCTH Jera3alii, BEACT K YBEIWYECHUIO
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paccTosiHUA MEXAYy CKBaXKWHAMH, HO 3TO HE O3Ha4yaeT, YTO 3TO NPUBOIUT K
YBEJIMUEHUIO PaJINyCca BIUSHUS CKBAYKUHBI.

MeToauka OlEeHKM NPUMEHEHHMS Ta30HOCHOCTH YTrOJbHOr0 ILIACTA OT
PACCTOSTHUSI MEKY CKBaKUHAMU.

Pacuer paccrosiHust MEXIy CKBaXMHAMHU, T.€. pPaguyC €€ BIHUAHUSA, TpU
Jiera3aiuy yrisi, Kak yke ObUI0 OTMEUEHO BBIIIe, BBIMOMHsAETCS 1o (popmyrne 3.11.
OpHako Ha MPAKTHKE YacTO HAOIOIAeTCsl 3HAUNTEIbHOE OTKIOHEHHE (PaKTUIECKOTO
nebuTta MeTaHa M3 IUIACTOBBIX CKBAXKMH OT PacyeTHOro. B wrore »To o3Hayaer, 4to
(akTHUeCKUi paanyC BIUSHUS CKBOKUHBI TAK)KE OTIMYACTCS OT PACYETHOTO.

OcrtarouHasi Ta30HOCHOCTb YTOJBHOTO IUIaCTa B 30HE BIUSHHS IUIACTOBOM
CKBa)KMHBI SBJISICTCSI HENPEPBIBHOW (QyHKIHEH, n3menstomeics ot 0 10 Xy, (pHCYHOK
3.7):

Xo-limf(X,) =X

r —> o0

np’

rae Xy — OCTaTO4YHas ra30HOCHOCTh, M3/T, X, — IPUPO/IHAs FA30HOCHOCTh, M3/T, T
— paanyC BIMSHUS CKBAKHHBI.

0,98Xnp
0,2Xnp 0,9Xnp
0,1Xnp 0,8Xnp
0,02Xnp 0,7Xnp
j \_ 0,01 0,1 0,2 \__ 0.7 0,8 0,9 0,98 Xrp
Crenka YroapHbIN
CKBAXNH MacCHUB

Pucynok 3.7 — Cxema pacuera U3BMEHEHHs Ta30HOCHOCTH OT PACCTOSIHUS OT OCH
CKBa)KUHBI

Jlist  onpeneneHuss TPUPOAHOW Ta30HOCHOCTH HEOOXOJIMMO ONPENETUTh
CAeAyIOIUe MapaMeTpsl: NPUPOJHAs Ta30HOCHOCTb, MY/T (Xpp); cpennuit nebut
METaHa U3 IJIACTOBBIX CKBAXKWH, M2/MUH (qM); [UTMHA TUIACTOBBIX CKBAXKHUH, M (Loyp);
KOJIMYECTBO TJIACTOBBIX CKBAXKHUH, IIT (Nexs); BPEMS J€Ta3aluu, CyT (ter); 00bEMHBIH
BEC yIJIs, T/M3 (Y); War pacyeTa ra3oHoCHOCTH (AX ).

BriOupaem mar uaMeHeHUs Ta30HOCHOCTH AX,,; Hanpumep, 2,5; 10%;....98%.
Torma xomu4ecTBO M3BJIEYEHHOTO MeTaHa Qe 3@ BPEMS Ljo. M3 OJHOM CKBAXKHMHEI
ompezensieTcs mo hopmyre:
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Queg = qM * 1440 5 2= (3.16)

nCKB

KosnuecTBO W3BIEYEHHOIO METAaHAa paCHpElEesieTcsl B COOTBETCTBUU C
W3MEHEHHEM Ta30HOCHOCTH.

IIpu AX,, = 5% HaligeM KOJMYECTBO H3BJICUYEHHOI'O METAHA C IIEPBOTO
VHTEPBAJIa CKBAXXUHBI Aq U3 ypaBHEHHS:

QckB = 0,02 xAq+ 0,05+xAq+ 0,1 *Aq...
+0,95Aq + 0,98Aq, (3.17)

AQ= Qe /10,5*0,98, (3.18)
rae 0,02...0,98 — monoxxeHWe TOYEK B YTOJLHOM MAacCHBE IO OTHOIIECHUIO K
JIeTa3allMOHHON CKBaKHUHBI (PUCYHOK 3.7).
OObeMHBIN BEC YIS, COOTBETCTBYIOLIMI KOJUYECTBY U3BJICUEHHOTO MeTaHa A(
JUIsl IEPBOTO UHTEpBaja:
AM = Aq * (Xnp - 0,02 * Xmp). (3.19)
OObeM yriisi, COOTBETCTBYIOUINIM KOJMYECTBY U3BJICUEHHOTO MeTaHa A( paBeH:

Ay =22 (3.20)

Haxoauwm nnomans ceuenus S u paguyc R:

S=AV/ Lew; R= \/% (3.21)

AHaJIM3 pe3yJIbTATOB PaCcYeTOB

BeimmomaMM  pacueTsl  paguyca  BAMSIHHS IS IUTACTOBBIX — CKBAKUH
BEHTHJIAIIMOHHOTO OpemcOepra 405D6 — 13 mraxtel uM. Jlenuna (tabnuma 3.1).

McxomHple TaHHBIE JUIS pacdeTa: NPUPOAHAs Ta30HOCHOCThb, M°/T — 18,6;
CpelHUIl 1eOUT MeTaHa M3 IUIACTOBBIX CKBaKUH, MY/MUH — 1,0; JUIMHA IJIACTOBBIX
ckBaxuH, M — 100; KOJIMUECTBO MJIACTOBBIX CKBAXKUH, IIT — 37; BpeMs Jiera3aluu, CyT
—720; 00beMHBILI Bec yriis, T/M° — 1,43; mar n3sMeHeHus ra3oHoCHOCTH, % - 5.

Tab6auna 3.3 - Pacuer 30HBI BIUAHUS JTACTOBBIX CKBAXKUH

Aq,m3 AM, T AV,m3 S, M2 r Xg
2615 143 100 1,00 0,57 0,4
2535 143 100 2,01 0,80 0,9
2402 143 100 3,01 0,98 1,9
2268 143 100 4,01 1,13 2,8
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2135 143 100 5,02 1,26 3,7

2002 143 100 6,02 1,38 4,6
1868 143 100 7,02 1,50 5,6
1735 143 100 8,03 1,60 6,5
1601 143 100 9,03 1,70 7,4
1468 143 100 10,03 1,79 8,4
1334 143 100 11,04 1,87 9,3
1201 143 100 12,04 1,96 10,2
1067 143 100 13,04 2,04 11,2
934 143 100 14,05 2,12 12,1
801 143 100 15,05 2,19 13,0
667 143 100 16,05 2,26 13,9
534 143 100 17,06 2,33 14,9
400 143 100 18,06 2,40 15,8
267 143 100 19,06 2,46 16,7
133 143 100 20,07 2,53 17,7

53 143 100 21,07 2,59 18,2

[To 3HaueHusIM pamuyca T OCTAaTOCHOH METaHOHOCHOCTH X, IOCTPOEHA
pacueTHas 3aBHCUMOCTh U3MEHEHHsI IIPUPOTHON Ta30HOCHOCTH OT IIEHTPa CKBAYKUHBI
(pucynok 3.8).

20

Xg = 2,9573r% - 0,26161 - 0,6283
10 R>=10,9997 /
8
. el
4 /

OcTaToyHas ra3oHOCHOCTb, M3/T

0,00 0,50 1,00 1,50 2,00 2,50 3,00

Pagunyc BnusaHusa, m

Pucynok 3.8 - 3aBUCUMOCTh OCTAaTOYHOMN Ta30HOCHOCTH TIJIacTa OT pajinyca BIUSHUS
mracToBor ckBaxuHbl Bb405D6- 13 maxtel uM. Jlennna

Ananu3 (GakTHUECKUX JaHHBIX MpeABapUTEeIbHON aerazamnuu miactoB Kig, ds
MOKa3aJl, YTO PAaUyC BIUSHUS IUIACTOBBIX CKBAKWH OOJIBIIIE 3aBUCUT OT BEITUYUHBI
aOCOJIIOTHOTO Ta30BBIJICICHUS B CKBAXWHBI U CPOKOB Jeraszamuu. Bce miacToBbie
CKBaXKHWHBI ObUTH IPOOYPEHBI uepe3 4M, penosiaras, YTo pajinyc BIUSHUAS CKBAKIHBI
paBeH 2M. DakTUYECKU 3TOTO 3HAYEHUS JTIOCTUIJIM JIMIb TJIACTOBBIE CKBAXKUHBI UM.
Jlenuna (2,6M). Ha miaxtax «AoOaiickas» u «KazaxcraHckas» 3TOT IOKa3aTelb
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mocturan 1,8M um 1,2M COOTBETCTBEHHO. YJE€IbHOE Ta30BBIJACIICHHE W3 OJHOMU
Jera3aliOHHON CKBaXXMHBI Ha IaxTe uM. JlenmHa Obiio 0,027M%/MuH, Ha maxTe
«Abaiickas» - 0,037m3/Mun, Ha maxte «Kazaxcranckasy» - 0,013 m®/Mun, oqHako cpok
Jerasanuy Ha maxte uM. Jlenuna coctaBmsan 720 cyt., Ha maxTte «Abaiickas» - 240
CyT., Ha maxte «Ka3zaxcranckas» - 260 cyt. Kak BUIHO W3 NMPUBEIEHHBIX JAHHBIX,
CPOK Jiera3aliii B JaHHOM CIIy4ae UMEET pellaroliee 3HaYeHUE, YeM OH OOJIbIIe, TEM
0o0JIbIlIe PaAuyC BIUSHUS I€Ta3allMOHHON CKBa)KUHBI.

Hcnonbs3oBaHue MPEMIOKEHHONM METOJAMKHA pacyera pajadyca BIMSHUS
JIeTa3allMOHHBIX TIJIACTOBBIX CKBAXKHH MPEIOCTABIAECT BO3MOXKHOCTH OILIEHUBATH U
yIpaBIATh YQPEKTUBHOCTHIO Pa0OTHI ATUX CKBAYKWH, YBEIMYMBAs UJIH COKpaIlasi CPOK
Jlera3alii, 1 TEM CaMbIM MCIIOJIb30BaTh HOBBIM METOJ| BO3ACHCTBUSA HA YTOJbHBIM
IJIACT JIJISI CHUYKEHUS €r0 Ta30HOCHOCTH YEPE3 MOBBIIICHUE Ta300TAauH.

JHepreTuyecKue 3aTpaTrbl BO3JEHCTBUS HA YrOJbHBIA IUIACT € HEJbIO
(opMupoOBaHUA B HEM CHCTEMbI TPEIIUH

[Ipu rugpopacuwienennn mnacta yrist (I'PIT) obGpasyercs cucrema TpemuH U
MUKpOIIOJIOCTEH PAa3IMYHOIO pasMepa M Maciurtada. OTH CKBaXUHBI JIHOO
HAIOJIHSIOTCS MECKOM, JIMOO 3aJIMBAIOTCS KUJIKOCTHI0. UTOOBI 00pa3oBagach cuctema
TPEUIUH, HY>KHO COBEPILUTH ONMPECTECHHYIO0 pab0Ty (SHEPTHIO):

W=P-R-I, (3.21)

rae P — miactoBoe JaBiieHue; R— CKBaXMHHAS TJI0IIaAb; [ — TPEUIMHbI JJIMHA.
YroOs! mocunTath (3.21), Mcnonb3yeM JaHHbIe, U3JI0KEHHBIC B TadmuIe 3.4

Tabnuua 3.4 - [Tapametpsr I'PII

CKBaXUHHBII CKBaxXUHHAasg CKBaXUHHOE TpeummHbl Oueprus E,

JMaMEeTp 7, M rnyouna H, m nasinenue P, MITA nmuHA I, M M]Ix
0.010 600.0 200.0 80.0 3.010°
0.015 800.0 150.0 100.0 5.7 10°
0.020 1000.0 100.0 120.0 7.510°

C yBenuueHueM TITyOMHBI CKBOXKHHBI SHEPTETUUYECKHE 3aTpaThl BO3PACTAIOT,
YTO SIBJISICTCS OYEBHUIHBIM (hakToM. TemmepaTypHOe BO3ACHCTBHME HA TIIACT YIJIS
1erecooopasHo nmpoBoauTh A0 TiryouH 800 M. B ciyuae 3akauku TemmepaTypHOTO
HOCHTEJIS 30Ha TPOTPEBA MOXKET OBITH JOBOJIBHO PACIIMPEHA, HO JIJISl 9TOTO TPEOYIOTCS
CTal[MOHAPHBIE HArPEBATEIN TETIIOHOCUTEIIS.

Jiist pacueTa sHepruu UCTOJb3yeM (POPMYJIbL:

W=Q-m=CAT-m; m=p-V, (3.22)

3necs C — yronpHas TEIJIOEMKOCTb, P — yroibHas 1iotHocth, AT = 40 °C, m —
yroJibHasi Macca.
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Ta6nuna 3.5 - [lapameTpsl TeMIiepaTypHO 0OpabOTKH IJIacTa yIJis

30Ha nporpesa CkBaxMHHAas VYronbHas YronbHas Oneprusa W,
U €€ paauyc 1, rryouna H, m TemIoeMKocTh C, IJIOTHOCTH P, MJIx
M kJx/Kr * Tpaj /M3
10.0 600.0 1.17 1.27 1.110°
15.0 800.0 1.21 1.45 3.7 107
20.0 1000.0 1.40 1.60 66.7 10’

CpaBnuBas Tabmuips! 3.4 u 3.5 BUJIHO, UTO TeMIlepaTypHas 0o0padoTka riacta
YTJIs TI0 3aTpaTaM PHEPrUH B CTO pa3 OoJbIlle, YeM 3aTpaThl MPU THAPOPACUICHEHUH
YTOJIBHOTO TIACTA.

UtoOBl yBENMUYUTH Ta300TAauy W3 IUIacTa YIS MOKHO MCIOJIb30BaTh BOJY,
COJISIHYIO WJIM YTOJIbHYIO KUCIIOTY. BMECTO KHCIOT, MOXHO MCIIOJIb30BaTh ra30BbIC
KOMIIOHEHTHI B BUJIE BOJIOPO/Ia, BO3AyXa, a30Ta.

VYcnoBus BeIOOpa IapamMeTpoB yIIPaBICHUS COPOIIMOHHOTO YrOJIbHOTO 00BheMa
U €T0 ACUCTBUSA, (POPMYTUPYIOTCS TAKUM CITIOCOOOM:

a) IPEBBIIICHUE MOJICKYJISIPHOM 3HEpruu copdaTta B COpOLIMOHHOM 00bEME, TEM
MEHBIIIE €r0 TEPMOIMHAMUYECKas CTAOUIILHOCTD;

0) B COOTBETCTBUU C BEIMYMHON TEPMOJAMHAMUYECKON CTAOMIBHOCTH cOpOAThI
MO>KHO PacroJIOKHUTh B PAJI IO €€ YOBIBAaHHUIO WIJIM BO3PACTAHUIO;

CBsi3b KPUCTAUIMYECKON PEIICTKH YTIEpoJa W €€ DHEPrus C 4YacTUIlaMU
MOJIEKYJI METaHa, C YaCTUIIAMU XJIOPHOTO BOJOPO/A U Ta3a yTIEKUCIOThI, IPUBEICHO
B pabore [3]. B Tabnuie 3.4 mokazaHa 3HEPrus COPOIMOHHOM CBSI3U BBIOPAHHBIX
BEIIECTB C YTIJIEpOJHON pemeTkor (yrieM). JlaHHBIE IHEPreTHYECKOTO pacyera
MOATBEPKIAIOT BBICKa3aHHBIE TEPMOJIMHAMUYECKHUE MPaBUiia BEIOOPA YIIPaBISIONIUX
CPEICTB BO3ACHCTBHS Ha COPOIIMOHHBIM O0BEM C IEJbI0 MHTEHCU(PUKAIIUU €ro
ra3o0TJauH.

Tabmuna 3.6 - DHeprus cOpOLMOHHOM CBI3U MOJICKYJI [3]

OHeprus OHeprus O6mas OtHowenue
ConGar TUCTIEPCHOHHOTO | HWHIYKIIHOHHOTO SHEPrHs SHEpPruu copoIuu
P B3aMIMOJICHCTBUS, | B3aUMOJCUCTBUS, copoumu, MeTaHa,
kJ>K/MOJTB kJ[>K/MOTTB kJ[>K/MOJTB kJ>K/MOB
Meran 13.2 - 13.2 100.0
Yriexkucsliii ra3 15.0 - 15.0 113.6
AAOPHCTE 17.9 25 20.4 1545
BOJIOPOJ
CooTHoIeHus /Tl BBIYUCICHUH OYyT TaKOBBI:
\'%
w=w.2.— (3.23)
Pco, Vm
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rae
yrIIeKucnoTsl;, V, V,,, — 00beM COpOLIMOHHBINA U 00BEM MOJISPHBIM.

Wc — copOuuonnas sHeprus, p, Pco, — YrOJbHas IUIOTHOCTh W Trasa

Tab6muma 3.7 - [lapameTpbl 00pabOTKH IIIACTa YT Ta30M YIIICKHUCIOTHI

30Ha
- CKBa)KUHHAs CopOnonHas 9 Dueprus W,
e v w | Tyoma o | oneprus W, Mt | P Peo, 10 M /T
10.0 600.0 0.04 0.64 21.010%
15.0 800.0 0.04 0.73 70.0 10%3
20.0 1000.0 0.04 0.80 171.0 1013

N3 tabmumer 3.7 ciaemyeT, 9TO 3aTpaThl YHEPTUH, KOTOPBIE OCYIICCTBIISIOTCS
nmyTeM 00pabOTKH MJIACTOB YTJis razaMu (BO31yX, BOJAOPO/, a30T, YIJIEKUCIBIN ra3), B
THICSYY pa3 OOJbINE SHEPTETHUYCCKUX 3aTpaTr, KOTOPHIC OCYIIECTBISIOTCS MyTEeM
TepMUYECKOl 00paboTku MmiactoB yrias. [lo3aToMy Ha NpakTUKE MIHPOKOE
pacnpocTpaHEHHE TIOMyYMiIa 3aKavyka B IUIACT JKUIKHX Cpea. Peakius KuCIOTHOTO
pacTBOpa ¢ MUHEPAIAMH B IIJIACTOBBIX YCIOBHUIX MOYKET UITH CAMOITPOU3BOJIBHO B TOM
cilly4ae, €clii MU3MEHEHHE H300apHO-U30TEPMUYECKOTO MOTEHIMAla pearupyroen
cuctemsl (I'n66coBckoit cBodoanoM 3HEeprun) AG <0. IIpu 3TOM HTPONUST CUCTEMBI
noJbKHA BozpacTaTh AS >0, X0T4 MOCIeIHee U HE SBIIAETCS HEOOXOIUMBIM YCIOBUEM.
B yrompHBIX MmiacTax cojaepkaTcsi pa3sHOOOpa3Hble MUHEPAJIbHBbIC BKIIOUCHUS:
KAaOJIMH, aJbOUT, OPTOKJIA3, KaJbIIUT, KBapI, CUACPUT, AParOHUT, MArHE3UT U JIp.
(rabmuma 3.8), B KOTOpOM TIpUBEACHBI JaHHBICE MO TMPOMBIIIJICHHOW CBUTE,
paspabatsiBaemoii maxtoi uM. Kocrenko, Kaparanaunckuit 6acceitn). Kpome Toro,
HACKOJbKO MOHO CYIUTh IO COCTAaBY 30JIBI YTJISA, B TUTACTaX MMEIOTCS TUTAHOBBIC,
TCepPMAaHHUEBBIC U COCMHCHUS CEPHI.

Tabmuma 3.8 - MuHepanbHas dacTh YIJIed 1O TMPOMBIIIJICHHOW CBUTE,
pa3pabatbiBaemoii maxroit uM. Koctenko, Kaparanauackuii 6acceitn
CopnepxaHne MUHEPAJIOB B HEOPTaHUYECKOW 4acTH yris, %
KaJlb- - | CHIe- opro- TUIPOCII
alLOUT AHOPTUT KaoOJIUH | KBapIiq
HHI[CKC ouT puaT putr KJ1a3 oaga
(K, H,0)
rJiacra N,O K,0 Ca0 - Al (Al 2H,0
CaCO; |FeS, | FeCO;| -AlOs;x | -Al05x| - Al,05% xs32010 ’| - Al,05%| SiO,
x6510, x6S510, | x25i0, | (OH,)n} x2S5i0,
K12 6 2 2 5 5 18 3 54 5
K1o 15 3 2 5 5 30 6 26 8
k7 14 1 3 5 16 30 7 19 5
Ka 7 2 9 6 10 1 2 46 17
Ks 2 3 1 3 7 14 5 40 25
Kz 1 1 3 5 4 11 4 46 25




VYuuThiBas, 4YTO «IOPOroM» MPUHIMITHAIBHON BO3MOXKHOCTU OCYIIECTBIICHHUS
peaKIMK B MJIACTOBBIX YCIOBUAX siBIsieTcst AG = +42 k/]%/M0Jb, MOKHO CUUTATh, YTO
1o riayoun 500 - 700 M co BceMu MUHEpPATbHBIMU BKIIOUCHUSIMH, TIPUBEICHHBIMU B
tabnuie 3.10, consiHas KUCIOTa MOXKET BCTYNATh B PEAKIIMIO, TEM CaMbIM CO37aBas
YCJIOBHSI JIJIsl POCTA TPEILIKH.

Haunbonee peakiiMOHHOCTIOCOOHBIMM SIBJISIIOTCS M3 KAapOOHATOB - BHUTEPUT,
KaJIbLIUT, aparoHuT, JOJOMHT, MArHE3UT, KAJIUIMHUT, U3 OKHUCJIOB - IEPHKIIa3,
MaHTaHE3UT, U3 CYJIb(PATOB - XaTbKOIMOHUT, CYyIb(aThl Kejae3a, MarHus, MapraHia u
UHKO3UT.

Pacuerst BemmuuH AG 1O MOJIEKYJSipHOW (opMe peakiuu MOATBEPIUIU
noJyuyeHHble B Tabmuie 3.12 pe3ysabTaTbl W MOKa3aldd BBICOKYIO PEAKIIMOHHYIO
CIIOCOOHOCTH aJIbOMTA, OPTOKIIa3a, TPOUIIUTA.

OnpeneneHre M3MEHEHHUS SHTAIBIIMA CHCTEMBI B COOTBETCTBHM C 3aKOHOM
['ecca mokasano, 4To OHa BO BCEX CIy4asx 3a MCKIIOYEHUEM PEAKLIHUHU KHCIIOTBI C
KUIMIMHATOM YMEHbBIIANACh. JK30TEPMHUYECKUI XapakTep NPOTEKAHMS PEaKIMi
CBUJETENBCTBYET O BO3MOXKHOCTH €€ 3aMEJJICHUS ITyTEM HAarpeBaHUs U YCKOPEHUS B
pe3yabpTaTe OXJIAXKIECHUS CUCTEMBI.

CKOpOCTh IPOTEKAHMSI XUMHUYECKUX PEAKIIUN ITPU 3aKa4yKe COJITHOM KHCIIOTHI B
IJIACT SIBJSIETCS OAHOW U3 OCHOBHBIX XaPAaKTEPUCTUK Mpouecca (GU3NKO-XUMUYECKON
00paboTKH, TaK KaK OMpenessieT 00bEMHYIO CKOPOCTh HAarHETAHUS >KUJIKOCTH, CPOK
BBIJICPKKH KUCJIOTHI B IUIACTE, U3MEHEHUE TPOHULIAEMOCTH TJ1aCTa U UHTEHCUBHOCTh
W3BJICUYECHUS METAaHA U3 IJIACTA.

Tabnuna 3.9 - Pacuerst BenuunH AG 110 MONEKYIIpHON (opMe peaKIiuu

XumMuueckas o
Tun Hassanue AG®,
MUHepaJia MUHepaia (bopmyna Homnas dpopma peariun kJIx/MoITh
MUHepaJia

KapGonarsr | Burepur BaCO, MeCO;(K) + H+ (P) = -8,0
Kaneiur CaCO;4 = Me? + (P) + HCO3 (P) -11,7

AparoHur CaCO, -13,0

Jlonmomut CaMg(CO5), -31,4
Cunepur FeCO; +10,9

Marnes3ur MgCO4 -31,0

Ponoxposur MnCO5 +6,3

Kamumuaur KHCO4 -2,5

Iepyccur PbCO, +9,2
OKuCIIBI [Mepukna3 MgO MeO(K) + H + (P) = -249,7
MaHraHo3uT MnO = Me? + (P) + H,0(K) -98,1

I'emaTut Fe, 03 Me,05(K) + H+ (P) = +9,6

= 2Me3 + (P)
+ 3H,00K)

Cynsdarsl | AHTHAPUT CaS0, MeSO,(K) + H + (P) — +15,9
Turc CaC0,x2H,0 —M2 + (P) + HSO; (P) -16,8
Bapur BaSO, +33,5
XanbKOIIMaHUT CuSO, -26,0
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Cynbdar FeSO, -17,2
xKenesza

Cynbdar MgS0, -43,2
MarHus

Cynbdar MnSO, -18,4
Maprasia

Tenapaut Na,S0, -6,3

AHrnesur PbSO, +35,6
[{uHKO3UT ZnS0, -31,4

YcranoBiaeno, uyrto 17-37 % kapOOHAaTOB B  YrOJBHBIX IUTACTax
Kaparanauackoro 6acceiiHa MpUypoOYeHBI K TPEIIMHAM BUTPUHHUTA WJIA 3AIIOJTHSIOT
MOPUCTYIO CTPYKTYpy (ro3eHuTa. MbI K€ pacCMOTPUM STOT BOMPOC, UCIOJIB3YS
noyiydeHHyo Hamu (opmyny 3.7. B 3Hamenarene 3Toil hOpMyJIbl CTOUT SHEPTHUS
['u60ca, KoTOpas ABJIAETCS Al TUTUBHON BETUYHMHOM:

GO = %X, G, (3.24)

rae  X; — MOJbHas KOHIICHTpAIUs | — Oif KOMIIOHEHTHI B CMECH MHHEPAJIOB.
®opmyibl aiig pacuera (13 popmyibl 3.7) OyAyT ClASAYIOMIUMHU:

W=G° -, (3.25)

3neck G° — 06mas sueprus I'u66ca, onpeaenennas no ganueiM tadmuue 3.10; V, V,, —
COpPOITMOHHBINA U MOJIIPHBIN O0OBEMBI.

Tab6nuna 3.10 - [TapameTpsl BO3AEUCTBUS SHEPTUN HA TUTACT YIJISA COSTHOM KUCIIOTOM

3v0 Ha [ybuna I'n66ca sneprus G 0 Oo6bem V, Dueprus W,
BOS/ICHCTBHIA 1 CKBaKMHBI H, M M/JIx 10* M3 MJIx
paguycr, M ’
10.0 600.0 6.3 18.0 1.13 106
15.0 800.0 6.3 54.0 3.40 10°
20.0 1000.0 6.3 120.0 7.6 10°

Tabnuma 3.10 mokas3siBaeT, YTO yroJbHBINA TUIACT, KOTOPHIN 00padaThIBAETCS C
MTOMOIIbI0 XUMHUYECKHX TIPEnapaTroB, 00JagacT HAMMEHBIIIMMHE 3aTpaTaMu YHEPTHH.

3.5 I'mapopacujieHeHHe YroJbHBIX ILIACTOB B CKBAa’KMHAX BOIHBIMH
PacTBOPaMHU KHCJIOT

Ortot meron 6wt ipemioxker FO.d. BactoukoseiM 1 H.B. Hoxkuasim B 19661
[3, 139]. IlepBoe ucnbiTanne MeToAa ObLIO MpoBeaecHO B KaparananHckom Oacceiine
B 1967 r. Ha noJsie maxtel M. KOCTEHKO. DKCIIEPUMEHT MOKa3al YBEINYEHUE CheMa
rasa ¢ eiuHuIeH aerazupyembix 3anacoB yrig Ha 30—40 %. DddekTuBHOCTS MeTOAA
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3aBUCUT OT MNpPaBUJIBHO BBIOPAHHOTO COCTaBa paboyell >KUIKOCTH M MapamMeTpoB
oOpaboTku miacta. CymHOCTh XMMHUYECKHUX CIOCOOOB JeTa3aliy 3aKII0YaeTCs B
HarHeTaHWUM B MAaCCHUB YTJIS WJIH TTOPOBI TIOIBIKHBIX XUMUYECKUA aKTUBHBIX cpel (B
OCHOBHOM BOJIHBIE€ PACTBOPHI COJITHON KHUCIOTHI) KOTOPHIE 32 CUET XUMHUYECKHX
peakiuii  00ecmeurBalOT  MepepadOTKy  MOPUCTO-TPEIIMHOBATOW  CTPYKTYPHI,
U3MEHEHHE Ta30€MKOCTH M  JAPYTUX  Ta30JMHAMHYECKUX  CBOWCTB  YIJIA.
DddexTuBHOCTH 320arOBPEeMEHHOM JieTa3aluy npuBeacHa B Tabmuie 3.11.

Tabmuma 3.11 - Tlokaszatenu 3a0ilarOBpeMEHHOM  Jerazalud Ha  IIaxTe
«Kazaxcraackasa»
Homep ITpoKoIKUTETBLHOCTD O06beM rasa, CHmxeHue [TpumMeuanue
CKBaKUHBI nerasanud (MECSIbI) | M3BICYCHHBIA | ra30HOCHOCTH
(mv°) (M%/1)
23 126 0.93 4,02 Camouncreuenmue
24 126 1.27 6.32 CaMouCTECUCHHE
25 120 1.09 5.44 CraHoK-Kayajika
30 106 0.56 2.80 CraHOK-Kayaiaka
31 103 0.60 5.46 Camouncreuenmue
37 80 0.80 4,01 CaMouncTeueHne

OngHako ATOrO0 CHMDKEHMSI COJEpKaHMsl Ta3a B IUIacT€  OKa3ajoch
HEJOCTATOYHBIM JIJIsl O€30MaCHOTO MPOBEACHMS MOATOTOBHUTEIBHBIX BBIPAOOTOK IO
BepxHeMy cioro Tuiacta ds. B cBi3m ¢ HemocTarouHoi 3()(HEKTUBHOCTHIO
3a0J7arOBPEMEHHOM Jlera3aliy MpH MOATOTOBKE M OTPabOTKE 3armacoB BBIEMOYHOIO
ydacTKa MPUMEHSICTCS elle 3 ATara Jera3anuoHHon moarorosku [138]:

1. [TIlpenBaputenbHasi pgerazanus. CKBaXXUHbl OypATCS MO IJIACTYy C
KOHBEHEPHOr0 M BEHTWISILIMOHHOTO IITPEKOB, IMPU O3TOM JKeJlaTelbHO OypeHue
CKB)XMH IEPIECHIUKYJISIPHO OCHOBHOMY KIMBaXy WM IOA yrioM K Hemy. I[lpum
OypeHMH CKBa)XMH MEPHEHIUKYISIPHO K KIMBaXy JeOUT CKBa)KUHBI Bo3pacTaet 10 10
pa3 1o cpaBHEHMIO ¢ OypeHUEM CKBa)XHUH BAOJb KiauBaxa. Cpok IpeaBapUTEIbHON
Jera3allMid MO IUIaCTy JOJDKeH ObITh He MeHee roaa. llpu 3Tom cHuXeHue
ra3oHOCHOCTM Iwiacta jgocturaer 25%. PaccrosiHMe MeXIQy CKBaXXHHAMHU
OINPENENSIETCS PACYETOM M COCTaBIsET OT 2 10 6 MeTpoB. IIpu 3TOM O4YEeHb Ba)KHO
oOecrieyeHue KAaueCTBEHHOW TepMeTH3allud YCTheB CKBaxkuH. Ha pucynke 3.9
NPUBEACHBl PE3yJbTaThl OLEHKU BJIMSHUS KadyecTBa TePMETU3AlMM CKBAXKUH Ha
KOMITOHEHTHBIM COCTaB M3BJIEKAEMOW METAaHOBO3IYIIHOW CMeCH (C KHUCIOTOW) mpu
CYILIECTBYIOILIEH MPAKTUKE U HA SKCIIEPUMEHTAIILHOM y4acTKe ¢ 00Jiee KaueCTBeHHOU
repmetusanueii [138].

2. Omnepesxaromiasi Aerasanusi B 30He BIusiHUA JiaBbl. Mcnonb3yercs addext
NOBBILIEHHS TPOHUIIAEMOCTH IJIACTa B 30HE ONOPHOTO JIABJICHHUS JaBbl B PE3yJIbTaTE
oOpa3oBaHMsI HOBBIX TpelIMH (3a cueT Bo3aeWcTBUA Kucior). s Ooinee
3 PEKTUBHOTO CHWKEHHS Ta30HOCHOCTHM IUIacTa HEOOXOAWMO  CKBAKHHBI
olepeXxarolei Jerazauuy NOoAKIYaTh K OTAEIbHOMY ra30MpOBOLY U HA OTIEIbHYIO
BakyyM HacocHywro craHiuioo (manee BHC). Cnenyer oTMeTHTh, YTO 30HA
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TIOBBIIIIEHHOTO Ta30BBbIICICHUS, KaK MpaBWo, He mpesbimaer 50 M (CpaBHHUTH C
naparpadom 3.1, e 3oHa L = 70 M), a 3¢(heKTUBHOCTH JAHHOTO CTIOCO0a CHIKAETCS
C pOCTOM Harpy3oK Ha ouncTHOM 3200t [138].

X 100 \\
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: o —

=

2 40

=
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Pucynok 3.9 - Biusiaue 3¢ (heKTHBHOCTH TepMETH3AINH YCThS IeTa3alliOHHON
CKBAKMHBI U BEJIMYMHBI BaKyyMa Ha KOHLIEHTPALMIO METAHA B U3BJIEKAEMOUN CMECH

[138]

3. Jlerazamusi BbIpaOOTaHHOTO TMpocTpaHcTBa. [IpoBomutcs ¢  1eNIbIO
MPENOTBPAIICHUSI CHUKEHUSI TOCTYIUIEHUS CBOOOJHOTO Ta3a U3 BBIPAOOTAHHOIO
MIPOCTPAHCTBA B pab0ouyto 30HY. J[J1s1 7TOT0 UCTIOIB3YIOTCS BEPTUKATBHBIE CKBAKUHBI,
OyprMBIE C TIOBEPXHOCTH WJIM U3 TOA3EMHBIX BBIPAOOTOK B BBIPAOOTAHHOE
MPOCTPAHCTBO, a TAKKE OTBOJ] FA30BO3/YIIHON CMECH Uepe3 APEHAKHBIC BEIPAOOTKH.
Cnegyer OTMETUTh, YTO C YBEJIMYEHUEM TIIyOMHBI BEIE€HUS TOPHBIX padoOT u
3¢ (EeKTUBHOCTH JIera3allii BEPTUKAIbHBIMK CKBaKHHAMHU CHUbKaeTcs [138].

HaubGonpmuit addext maer nmerazanus npu KOMIUIEKCHOM HCIOJIb30BAHUU
BEPTHKAIBHBIX CKBOXHH (MPOOYPEHHBIX C IMOBEPXHOCTH), B KOTOPBIX IMPOBEICH
TUJPOPACUIICHEHUE C UCTIOJIb30BAHUEM KUCIIOT, APEHAXKHBIX BEIPAOOTOK, TPOMICHHBIX
Ha pPacCTOSIHUU BbIlIE€ IWacta He MeHee 20-meTpoB. KoHueHTpauuss meraHa c
HCIIOJIB30BaHUEM TaKoW TexHojorum cocrtaBisgeT oT 60 g0 80%, a 3¢ddeKTUBHOCTH
Jiera3aliii BeIpabOTaHHOTO MpocTpancTBa gocturaet 80% [138].

MartemaTu4eckasi MoJeJIb BO3AEHCTBHA HA YIOJbHBIN IJIACT U 00padoTKa
CKBa:KUH BOJHBIMH PACTBOPAMH KHMCJIOT

[Ipu pa3paboTke YTOJBHBIX IIJTACTOB OAHUM H3 Haunbosiee 3)PEKTUBHBIX
METOJIOB BO3JICUCTBHSI HAa HErO, B YCJIOBHUSX HaIPsSKEHHO-Ie()OPMUPOBAHHOTO
COCTOSIHUSI, JIJISl TIOBBIIIIEHUS Ta300T/Iaud SBISETCA 3a0jaroBpeMeHHas MOJrOTOBKA
YIJIETIOPOAHOTO MAacCHBa, OCHOBAHHAs Ha M3MEHEHUHM €ro (U3UKO-MEXaHMYECKHUX
CBOMCTB ITyTE€M THAPOJUHAMUYECKOTO BO3JICUCTBHUS YEPE3 CKBAKUHBI, TPOOYPEHHBIE C
MMOBEPXHOCTH.

OCHOBBI TPOECKTUPOBAHUSI THUIPOPACUIICHEHUS] C IEIbI0 Jerazaiuu IMyTeM
YBEJIMYCHUS Ta300TAauu YrOJIbHOTO Mmiacta Obutn nosoxenbl H.B.Hoxkuubsim [139].
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["opubie BeIpaboTku KaparanIuHCKOTO yroJbHOTo 6acceiiHa siBIsieTcsi OTHON U3
HanboJee Ta3000MIBHBIX CPEeIn YIiieqoObIBatoMX cTpad. OTpaboTaHHBIE YTOJIbHBIC
wiactel Kio, Ki2, ds Ha rmyOmnax cBeime 500 M 0051a1af0T Ta30HOCHOCTBIO 0oJjiee
18M3/T 1 UMEIOT HU3KYIO IPOHULAEMOCTH (Tabmuua 3.12) ¥ OmacHbl O BHE3AIIHBIM
BbIOpOcaM yriist U ra3a [3,138]. Pa3paboTka yroyibHBIX TUTACTOB Ha OOJIBIITUX TITyOWHAX
BBI3bIBACT HEOOXOAMMOCTh  TMPOBEACHUA  3a0JIarOBPEMEHHOW  Jerazaluud ¢
UCTIOJTIb30BAHUEM COBPEMEHHBIX TEXHOJIOTUH, TAKUX KaK THIPOPACUICHEHHE TUTACTa C
UCIIOJIb30BAHUEM BOJIHBIX PACTBOPOB KUCIIOT M UX KOMILICKCHBIX coenuHenuii [ 140].

Ta6muma 3.12 - Usmenenue razonocHocT (EpmexkoB M.A., 1966 r.) 1 npoHUIIa€MOCTH
YTOJIBHBIX I1JIACTOB ¢ ri1youHoi [138].

Neni/mt [lmact ['my6buna, M ["'a30HOCHOCTH M°/T ITpornnaemocts, 1072 m/]

1 Ki0-K12 400 16,3-16,9 1,51-2,77
600 15,0 - 20,0 0,19-0,35
800 22,0-27,0 0,05 - 0,09

2 d:-d6 400 12,0-13,0 5,85-3,89
600 13,0-16,0 0,75-0,50
800 17,0-19,0 0,19-0,13

3 dé 600 25,0-35,0 0,3

YcranoBieno, uto 17-37%  kapOoHaTOB B YroOJbHBIX  IUIACTax

Kaparananackoro OacceliHa mpuypoYeHbl K TPEIIMHAM BUTPUHHUTA WJIM 3arOJIHSIOT
MOPUCTYIO CTPYKTYPY (PrO3eHUTA.

Hcnonbs30BaHue CUIIOBOTO BO3AECUCTBUS HA HEPA3TPYKEHHBIN yIOJIbHBINA MAaCCUB
COBMECTHO C XMMHUYECKHMHU MPOLIECCaMU, JUIsl €ro ociaadlieHus 3a CUET pa3pylleHUs
MUHEPAJIbHBIX BKJIIOYEHUW YTOJBHOIO IJIACTa B COCTAB KOTOPBIX BXOJUT KaJIbIIUH,
MO3BOJIIET CHU3UTH PHEPTreTUUECKUE 3aTPaThl Ha 00Pa30BaHKUE TPEIMH U MOBBIIIECHUS
MPOHUIIAEMOCTH YroJjibHOTO IacTa [141].

[Iporecc hopMupoBaHUs TPEILKH, 3aTI0JIHEHHBIX MUHEPAJIbHBIMU BKIIFOUCHUSIMU
BOJIHBIM PacTBOPOM COJISTHOM KHCJIOTHI, nccienoBan HO.d. BacroukoBeim [3].

B pa6ote [141] onpeneneHa cKOpOCTh pa3MblBa MUHEpaJia Ha JJICMEHTAPHOU

IJI0IIAIKE TpeuH (pucyHok 3.11).

b I
Uy = €A, m/c, (3.26)
kppM_CO
rne A= o b — monymupuHa TPEIUHEL.
c-0
Linp—Y .
T = —P— - BpeMs pearupoBaHus B TOUKE, YAAICHHOM OT Hauana (QUIbTpaLun

c

B TPCIIMHE HAa PACCTOSIHUE Y,
W — CKOPOCTbh (pUIIBTpAIIUU PacTBOpaA MO TPEIIUHE, M/C;
me — JUIMHA TPEIIUHBI;
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kp- KOS(GQUIUUEHT peaKiuy, yYMTHIBAIOIIMNA PACXOJ MacChl Pearupyromiero

KOMIIOHEHTA Ha €IMHMIy MAcChl IIPOPEArupOBaBIIEro MUHEPAa (U1 Kanbuura ky=
0,73, nns cupeputa ky= 0,63 u T.11.);

Py - TULIOTHOCTH MUHEpaNa, I/cM>,

K, - KOHCTaHTa CKOPOCTH peakiuu (OIPENEISAETCs ONBITHBIM IyTeM), C 1

Co - HauabHAs KOHILIEHTPALKS PacTBOpPA.

TonmuHa pacTBOpPSEMOro Ccjlosi MHHEpalla 3a BpeMs T ONpPEAesIeTCs
BBIPAKEHUEM:

x = bexp (kll::d—c_oc'o) (3.27)

OOpaboTKka yroibHOrO IJIacTa KHUCIOTOW COIPOBOKIAETCS HECTALMOHAPHBIM
HEU30TEPMUYECKUM TPEXMEPHBIM ITPOIIECCOM MOJAYH PACTBOPA COJSTHOM KHCIIOTHI B
CKBaXXHHY Npu rugpopacwieHennu miacta (I'PII), koTopelii XUMUYECKH pearupyer ¢
MUHEPaJIbHBIMA BKJIOYEHUSMH YIJISl. OTU pEakuuu OOpa3yloT TPEIIMHBI, B BUAE
osounoi cucreMbl. [lo pesynabTaTam u3ydeHHs (UIBTPALMOHHBIX XapaKTEPUCTHK
mactoB Kio, Ki2 maxt «Capanckas», «Cokypckas» u uMm. KocTeHko omnpeneneH
TEH30p TPELIMHHOW MPOHUIIAEMOCTH YTOJBHOIO IUIACTA C YYETOM aHU30TPOIUU €ro
CBONCTB.

k = 8.45 x 10° YL, b? L;(sin? a; cos? ¢; — cos? a), (3.28)

rae b - packpbiTHE I-if CHCTEMBI TPEIINH;

L; - paccTrosiHME MEX 1y TPEILIMHAMUY,

Q; - YrOJ MaJICHUs 1-i CUCTEMBI TPEIIUH;

¢; - Yyroa MEeXIy 3aJ€BaCMbIMH HAMPSHKEHUSIMH (DUIIBTPAIIUU M TPOCTPAHCTBA
JTAHHOW CUCTEMBI TPEIIUH.

AHaJHM3 MO/IeJTH TPAHCIOPTHOI'0 MOTOKA Yepe3 YroJbHbIH M1acT

PaccMoTpuM Mozenb MOTOKa BOJHOTO PAacTBOpA C KHUCIOTOHM, a TaKkKe MOTOK
BOJIHOTO PacTBOpa C YaCTHIIaMU yriisi U MetaHa [141].

B pab6ore [142] paccMoTpeHa yCTOMYMBOCTh HAHOCTPYKTYPHBIX KOMIIOHEHTOB
KaMeHHOTO yruiia. llokazaHo, 4YTO CTpyKTypa yIJIed BIUIOTH JO AaHTPAIUTA,
npeacTaBisieT co00il COBOKYIMHOCTh TIOCKMX KOHACHCHPOBAHHBIX T'€KCaroHaJIbHBIX
KOJICIl M3 yTJepo/a, CBI3aHHBIX MEXIy COOOW B MPOCTPAHCTBE OOKOBBIMH IICTISIMH.
HuTtepec mpeacTaBiseT u3ydeHHUE ACHCTBUS (U3HYECKUX TMapaMEeTPOB CIIOCOOHBIX
NeCTa0MIN3UPOBATh HAHOCTPYKTYPY YIVIEW M MEXaHU3Ma Tepexoja OpPraHuYeCKOM
Macchbl yIJisi B ra3 W TNPUYMH KOHCEpPBAIlMM B YYacTKax YroJbHOTO MAacCHBa,
MIPEICTABJIICHHBIX JAPOOJICHBIMU YTISMHU C OOJBIIMM YJEIBHBIM TOBEPXHOCTHBIM
CIIOEM, KOTOPBIH MPeACTaBIAET cO00i HaHOCTPYKTYpY [142,143].

Boanbiit pactBop miotHOCThIO f (7, Z,t), KOTOPBIH ABMIKETCS MO 3aBUCUMOCTH
B(t) B YCIOBHOW IIWJIMHIPHUYECKOW TpemHe pamuyca R w mmuHOM [ C
COOTBETCTBYIOIIEH CHUCTEMOM KOOpDAMHAT, MOET OBITh ONHUCAaH ypaBHEHUEM

g y3uu:
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of(rzt) 5 [0%f(rzt) 1 9 of(r,z,t)
a2 [ 922 +r ar(r ar )] (3:29)

rie  a? = D — xo>pdumuent muddy3un pacTBopa.
VCII0BUS Ha TPAHUIIE U HAYAIbHOE yCIOBHE BHIOEPEM B BHJIE:

f(r,z,)[t=0 = d(r,2),
f(r,z,t)|Ir = R = y(z,t), (3.30)
f(r,z,t)|]z=0=vy,(1, 1),

f(r, z, t)lZ = B() = vz (1, ),

3anaya (3.29 u 3.30) moxo»ka Ha 3a7ja4y pelieHrue, KOTOpou MpUBEIEHO B paboTe
[34], rne TemmepaTypa 3aMeHEHa Ha IUIOTHOCTH MOTOKA. Pelias ee aHAJIOTHYHBIM
00pa3oM, MOJyUUM:

2y (2Le 2r
f(r,z,t) =], (27;) ea’t {L(R)ln t+ RIl—G‘)e'azt In(t-1) +

16a3 16a3

1Y (a2 as 1\2a 1
T (LE) (E + TItZZB(t)) T (1'ﬁ) N [Z-B(t)]}' (3.31)
Ecnu Bpemst t oueHb 00JIbIIIOE, TO B PE3YIBTATE MBI MTOTYUYHM:

a3 2r t
20 =5 (%) mo (3.32)

BhITIosTHUM aHaMM3 TOJMYyYEHHOTO ypaBHEHUS: TJIOTHOCTH MOTOKa 00O3HAYUM
f(r,z,t) = p(r.z.t) ldanee, z = vt, rae V— CKOPOCTh BOJAHOTO IMOTOKA, t - BPEMS €Tro

t) = Bt
nBUKEeHUs. JIBukeHue pasznena ¢da3 NpUMEM  aBTOMOJENIbHBIM )=y :
Bocmonb3yemcsi acCHMIITOTUYECKHM TIpelcTaBiieHueM QyHkuuii beccens [76], Toraa
OKOHYATEIBHO MOJIYYUM:

D3/2 L 1
e (3.33)

rae L - nnvHA TpeuwHE, a Z — e€ paanyc.

Brimie 0603HaueHo v(z,t) CKOPOCTh pacTBOpPa B TOYKE Z B MOMEHT BPEMEHH t.
[Tonarasi, uto v(z, t) 3aBUCUT TOJILKO OT TUIOTHOCTHU P, TIOJIYYHM, YTO TPEIINHA ITyCTa
(p = 0), pacTBOp ABIKETCS C MAKCUMATBHON CKOPOCTBIO U = Uy, > TPH HATIOTHEHUH
TPEIIMHBI CKOPOCTh JIBMDKCHMSI TaaaeT 10 MojHouW octaHoBku (v = (), korma p =
Pmax- ITa MOAENb Ha3biBaeTcss Moenbio B.JI.I'punmunaca.

MareMaTH4eCcKy 3TH YCIOBHUS BITJISIAT TAK:

v

p=p (1 - ()) 0 <V < Upans (3.34)

Umax ax
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I'paduuecku cootHomenus 3.33 u 3.34 UMEIOT BU/I, N300pAKEHHBIN HA PUCYHKE
3.12.

A0

¥

:n'nx Vv {

a) 0)

L J

Pucynok 3.12 - 3aBUCMMOCTbD IJIOTHOCTH ITOTOKA OT CKOPOCTH JIBUKCHUS
pacTBopa (a), 3aBUCUMOCTD IIJIOTHOCTH TIOTOKA OT BpeMeHHU (0)

Ecnu mox miaoTHOCTBIO TMOTOKA >KUJIKOCTH MPUHSTH CTENEHb PACTBOPECHUS
MUHEPAJIbHBIX BKJIIOYEHUU KUCJIOTOM, a MOJ CKOPOCTHIO JBUKEHUSI NTOTOKA MPUHATH
CKOPOCTh peaKkIluu pacTBopa (KoTopas mpornopiyoHaibHa koddduiuenty nuddyz3uu
D), To MoJTly4nM SKCIIEpUMEHTAIbHBIC 3aKOHOMEPHOCTH, M3JI0KeHHBIE B padote (B.T.
JlutBuHa 2016r), KOTOpbIE MOATBEPKAAIOT KpHUBBIE (PUCYHOK 3.12), omuchIBaeMyIo
ypaBueHusmu (3.33) u (3.34).

Bsizkocth pactBopa. M3 dopmynsr (3.33) BugHa CyleCTBEHHAs] 3aBUCUMOCTh
IJIOTHOCTH TOTOKa pacTBopa OT kodddwuimenta auddys3uu, T.€. €ro peosoruw,
KOTOPBII paBeH, COTIacHO Kiaccuueckoi Teopuu Hetorowa [7], D =v, roe v -
KMHEMaTU4eCKUN KOA(P(ULIMEHT BSI3KOCTH.

PaccMoTpuM BSI3KOCTH pacTBOpa C MO3ULIMUA TEPMOJUHAMUYECKOTO TIOJIX0/1a, B
KauecTBe (pyHKIMM OTKIMKa [142] BO3bMEM KHMHEMATHYECKYIO BSI3KOCTh V, TOT/a
OyJleM UMETh:

KT W  —
v=T*G—gM*N, (3.35)

rie NKT = pV = (V = 1) = p - DaBlicHHE B IOTOKE PACTBOPA;
mv,,

2 1

W - kuHeTH4ecKas dHeprus yactuil (MoJeKys) pactBopa W =

G2, - »Heprus cMecH (pacTBOpa);
C = const, m - Macca 4acTHll, U - UX CKOpOCTh. YpaBHeHue (3.35) npumet BUA;

v=1xL smy2, (3.36)

c 2GY,

VuuteBas, uto G° = ¢S, S — enuHWYHASA TUIOIIA/b, MOJIy4aeM CJIEAYIOIIEe
YPABHEHHUE CBSI3H BA3KOCTH PACTBOPA C €€ MOBEPXHOCTHBIM HATSHKEHUEM HAHOYACTHII
ITOBEPXHOCTHOTO CJIOS YIJIS O
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v=1 (3.37)

rae ] - MOCTOSIHHAS KUJAKOCTU MPHU JAHHBIX TEPMOJIUHAMUYECKUX YCIOBHUSX.

CBsi3b  KHCJIOTHOTO TIOTOKA CO CTPYKTypod yris. YpaBuenue (3.37)
CIpPaBEAJIMBO U JJIsi YTOJBHOTO IJIacTa, 0 KOTOPOMY BOJIHBIN PacTBOpP C KUCIOTOU
IPONOPIMOHANIEH TTIOBEPXHOCTHOW SHEPruu yris o,. B tabmuue 3.13 npuseneHsi

CTPYKTYPHBIEC XapaKTEPUCTUKH YIJIS PA3JIUYHBIX MAPOK.

Tabnmuna 3.13. IloBepxHOCTHasi SHEPrusi W yJeNlbHas TEIJIOEMKOCTh MapoOK YIJIS
Kaparanaunckoro OacceiiHa.

Mapka yriis R(I), uam Tm, K o, MJIx/M? TemioemMKocCTh,
Jhx/xr K

Bbypoie b 214.2 1473 1178 1440
JlimaHOTUIaMeHHBIC J]| 198.7 1588 1270 1380
I"azoBbie I' 198.5 1590 1272 1333
Kupnsie K 190.4 1657 1326 1280
KokcoBbie K 180.8 1745 1396 1080
OtomeHHo-crekaromue OC 197.4 1598 1278 1327
Tomme T 175.8 1826 1461 1161
AHTpaIuTe A 151.5 2083 1667 815

3nech d(I) — TonmMHA MMOBEPXHOCTHOTO CJIOS YTJIS, TIPEACTABIISIFOIIETO COOOM
HAHOCTPYKTYDPY.

1
U3 ypasuenwus (3.30) BugHo, uto D =v = d(I) = — CJIEJIyeT, 4TO MIIOTHOCTH
y

KHCIIOTHOTO PAcTBOpa YMEHBIIAETCS OT Oyporo yriig K aHTpaluTy 3a cueT Oosiee
BBICOKOM CKOPOCTH PEAKITUU KUCIOTHI B OYPBIX YIIIAX U CHIXKACTCS K aHTPAIIUTAM.

CrnengyrommM BaKHBIM MOMEHTOM, Ha KOTOPBIM HEOOXOAMMO OOpaTHUTh
BHHUMAaHHE, 3TO CBSA3b YACIBHOW TETUNIOEMKOCTU YIJISI C TOJIIMHOW MOBEPXHOCTHOTO
ciost d(I), a Takke Ha TO, YTO yAeIbHas TermioeMKocTh yris [143] mocrarouno
KOppEeIUpyeT C TOBEPXHOCTHOM »dHeprueil. Tak HauOomblias TEIIOEMKOCTh
HaOmoaercst 'y OyphIX yriaed c cojepkaHueMm yriepoaa < 76%, CHOCOOHBIX K
CaMOBO3TOpPaHUI0, HAMMEHBIIIAS Y aHTPAIUTOB.

UtoOsl paccyuTaTh CTPYKTYPY TPEIIMH B YTOJBHOM IUTACTE MOCJE KUCIOTHON
00paboTKH, UCTIONB3YIOT YUCio Jlamkénepa, KOTOpoe paBHO:

Np, = % (3.38)

rne q = p(r,z,t), t - pacxoa )KUIKOCTH TI0O BPEMEHH BHYTPH TPCIIUHBI;
d = d(I) - nnamMeTp TpelIrHBI;
L - nivHa TpEeUIuHBI;
k - KOoHCTaHTa CKOPOCTH PEaKIUH.
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B pabote /xxadapnyp Xamen (auccepraius kana. rexd.Hayk, C-J1.,2018, 188c¢)
MPUBEACHBI SKCIIEPUMEHTAIBHBIE PE3yJIbTaThl U3MEHEHHS (OPMBI TPENIMH TIpH
pasHBIX 3aKOoHax 3akauyku q = p(7,Zz,t) KHUCIOTHOTO pacTBOpa B KapOOHATHBIH
KOJUIEKTOP, U3 KOTOPBIX BUIHO, YTO TIPU HU3KHUX 3HaYEHUSIX ckopocTH 3akauku (0,06-
0,07 cM%MuH) BeTBIEHME TpEIIMH, BJIOJNL XapAKTEPHOM JUIMHBI TPEIIMHEI,
MakcuManbHoO. [Ipy yBelIuYeHMH BeIMYMHBI pacxona 10 9,8 cm®/mun dopmupyercs
MPAKTHYECKH OJIHA TPEIIMHA C MaJIbIM, BETBICHHUEM MEIKUX, OTEPSIOIMNX TPEIINH
UMECIOIIUI KpUTHUYeCKHi pamuyc 1, [143], BenuuuHa KOTOPOTrO MOKET OBIThH
OTpeieNieHa BhIPaXKEHUEM:

_ 20¢V _ 40¢V
e = RT  mv2?’

(3.39)

rae 0y - MeX(}asHoe HATsDKEHUE, V' — MOJIPHBIN 00beM, R — yHUBEpCalbHas ra30Bast

MOCTOsAHHAA, T — Temmeparypa.
Takum o6pazoM, ypaBHeHue (3.39) mo3BoISIET OIIEHUTh KPUTHUYECKYIO CKOPOCTh

MOTOKa pacTBOpa U Yepe3 XapaKTepUCTUKH TpemuHbl u pactBopa (W = RT -

2
mv
KMHETHYECKasi YHeprust yacTuil (MOJeKys) pactBopa W = -

C yuerom (3.39) HeTpynHO MOMYy4UTh (POPMYIy JJIA pacdyera ONTUMAIbLHOTO
KOJIMYecTBa TpellnH N Ha €UHUILY TUIOIIAIA YTOJIBHOTO TUIacTa:

N=— 1n(1—2ﬂ), (3.40)

rne kg - nocrosuHas bonbumana. IlpousBenenne kgiln2 - sHepreTuyeckuii
HKBUBAJICHT OJHOW €TMHUIIBI MHGOPMAIIHH.

Uucno TpeuyH Ha €IMHUILY TJIOIIAIA YTOIBHOIO IJIaCTa HE MOXKET OBITh CKOJIb
YroJIHO OOJBIIMM, U OHO MPOMOPIHUOHATIBLHO €r0 MOPUCTOCTH, KOTOpas, B CBOIO
ouepeib, ONPENEIIIeTCS MPUHITATIAMHA TJIOTHEUIIICH yIaKOBKH YaCTHIT yTJIS.

N3BecTHO, 4TO, TEMIIepaTypa yroiabHOTO IJIACTa PACTET C MIyOMHOM 3aeraHus,
pPaCTET U UCTIBITHIBAEMOE TNIACTOM T€0CTATUCTUIECKOE JIaBJICHHUE.

EcTtecTBeHHO, TO, YTO KUIAKOCTH THIPOPACWICHEHHS YTOJIHHOTO MJIACTa TaKkKe
OyIeT NMpUHUMATh 3TH MTapaMETPHI.

CymiecTByeT OOJIBIIIOE KOJWYECTBO 3aBUCUMOCTEH BS3KOCTH pacTBOpa OT
temneparypbl. Ilpu wusmenenun temmneparypsl Boabl K.JLIlyazeitns (1840r.)
MPEIOKUIT ONpeaesaTh KOdPUITMEHT TUHAMUYECKON BSA3KOCTH IO AMITUPUYECKOM

bopmyie:
u=puo(1+ 0,0337t + 0.00022t?), (3.41)

rae o - BI3KOCTh IIpH Temmeparype t, = 0°C.
Topn T.K. u Pomxep [x.B (1894r.) npennoxuin UCIoib30BaTh MOJTYUYEHHYIO
K.JLIlyaseitnem Gpopmyiy U JUIsl IPYTUX KUAKOCTEN, IPUIAB €1 cleayronryto Gopmy:

99



n=-—2_ (3.42)

T 1+at+pt?’

rie  «, [ —3KCIEepUMEHTAIBHO ONpeAesieMble TapaMeTphl.
B Hacrosimee Bpemsi OOJNBIIMHCTBO  aBTOPOB  MPUXOAAT JUOO K
HKCIIOHEHIINAJIbHON 3aBUCUMOCTH BSI3KOCTH OT TEMIIEPATYPHI:

B

u = Aer, (3.43)

JIn6o x hopmyne A.A.baunHCKOrO:

C

= — 3.44

L= ( )

rie A, B, C — nocTostHHBIC, b - YIEIbHBIA 00BEM BEIIECTBA, MPH KOTOPOM BSI3KOCTH

CTAHOBUTCSI OCCKOHEYHO OOJIBIIION, T.€. «IpeACIbHBIN 00beM»; V — b - «cBOOOIHBII
00BEMY.

TemneparypHass 3aBUCHMOCTh KHHEMATHYECKOW BS3KOCTH PACTBOpPA TaKKe

MO>KET OBITH MoTy4yeHa u3 popmysl (3.36), eciiu yuectb, uto cornacHo (bymiax AT,
1974):

G% = A+ BT + CT2. (3.45)

Torna dopmymna (3.36) npuHUMaeT BUA:

=i_ P2 g2 (3.46)

¢ 2(A+BT+CT?

[Tonyuennas popmyra coBnanaet ¢ ypasaenuem Topma T.K. u Pomxkepa [[x.B.
(1894r).

Oco60e MeCTO B TEOPETUIECKOM peosioruu 3aHuMaeT hopmysia DUHIITEeHA 15
BSI3KOCTH Pa30aBICHHBIX, HECTPYKTYPUPOBAHHBIX KOJUIOUIHBIX PACTBOPOB:

v =vo(1 + ad), (3.47)

35ech Vg— BA3KOCTh pACTBOPUTENS, ¢ — 00beMHAs J0JId AUCTIEpCHOM (a3bl BO
B3BECH U @ — YUCTIOBOM KOA(DPHUITUEHT, paBHBIH 2,5 11t yacTuil chepruieckoit popmsl.
dopmyia (3.47) maet nmpueMIIeMbIe 10 TOYHOCTH PE3yJIbTAThl MPH KOHIICHTPALUU ¢
He 6oxee 0,1.

Takum 00pa3oM, HaMH TMOJIy4€HO YpaBHEHHE IJIOTHOCTU MOTOKa pacTBOpa B
TpellMHE YIS TpU MPOBEICHUU TUAPOPACWICHEHHUs IUIacTa JUIsl TMOBBILICHUS
ra300T/Jauu METaHa B YTJISAX CXKATHUSI €ro coAepaHus Juisi 0e30MacHON TOObIYM YTIIs
MOA3EMHBIM CIIOCOOOM.
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BbiBOaBI 110 TpeTheil r1aBe

1. Paszpaborana MeToAWKa pacyeTa paguyca BIMSHHS Jera3alliOHHBIX
MJIACTOBBIX CKBAXKHUH Ha MpuUMepe (PaKTUUECKHX JAHHBIX yAEIBHOTO Ta30BBIICICHUS
U3 IUIACTOBBIX CKBAXWH, YTO JAeT BO3MOXHOCTh OIICHUBAaTh M YIMPaBIATH
3¢ (HEKTUBHOCTHIO UX PAOOTHI.

2. Tlposenennble wuccienoBanus [132] Jar0T OCHOBaHUE TPEIJIOKHUTH
TEXHOJIOTUIO JUIsl TPENOTBpAICHUS Ta30JAMHAMUYECKUX SIBIICHUWA TpU BEACHHUU
TOPHBIX paboT mo mmiacty Os , BKIOYaromas OypeHHE CKBOKUH H3 IOJICBOU
ra3oipeHaXHOM BBIPAOOTKU, MPOBOAMMON TMOJ] IJIACTOM B YrOJBHBIM IUIACT,
napameTpbl KOTOPBIX ObUTH SKCTIEPUMEHTAIBLHO OMpPEIeNICHbl U 3a7105KEHbI B MACIOPT
MPOTUBOBBIOPOCHBIX MEPOTIPUSITHIA.

3. YcraHoBI€Ha 3aBUCUMOCTD IJIOTHOCTH TTOTOKA PACTBOPA TUIPOPACUICHEHUS
ot ero koddduimenta nuddy3un, nojiydeHa CBsA3b KUHEMATUUECKON BSI3KOCTH OT
JABJICHUS B TTIOTOKE pacTBOpa; CKOPOCTH, Macca YacTHIB U dHepruu [ mbOca cmecw,
MOJIy9eHA CBS3b BSI3KOCTH PACTBOpPA C TMOBEPXHOCTHBIM HATSHKEHHEM HAHOYACTHI
MTOBEPXHOCTHOTO CJIOS YTJIS; MOTYYEHO YPAaBHCHHE CBSI3H, ONPEACIISIIONIEE CTPYKTYPY
TPEIIMH THAPOPACWICHEHHS CBS3BIBAIONINE €€ CO CKOPOCTBIO 3aKauykKW pacTBOpa B
YTOJBHBIA TUTACT, OMpPENeN€H KPUTHYCCKHN paaumyc (OPMHUPOBAHUS TPEIIUHBI,
YCTAaHOBJICHA CBSI3b JUHAMUYECKON BSI3KOCTH pacTBOpa THAPOPACUICHEHUS OT
TEeMITepaTypbl

4. IlomyuyeHHble  ypaBHEHHS  CBSI3U  IUIOTHOCTH  pacTBOpa  KHUCJOT
THAPOPACUIICHEHUS! PUMEHUMO JIJISl YUCIIEHHOTO aHalli3a C MeJIbI0 OIEHKU BIUSHUSA
yried pa3iuuHbIX Mapok Ha 3()(PEeKTUBHOCTH (GOPMHUPOBAHUS TPEIIUH B YIJI€ U UX
yucia ¢ y4€TOM KHHEMAaTHYeCKOW BSI3KOCTU B TEPMOJAMHAMHUYECKUX YCIOBUSIX
3aJieraHusl yroJbHOTO IJ1acTa
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4. TEXHOJIOTUM BO3JIEMCTBUA HA YI'OJIbHBIN IJIACT JIJIA
MHNOBBIIIEHUA TA300TJAYU C YYETOM EI'O HANPAXEHHO-
JAE®OPMUPOBAHHOI'O COCTOAHUA

4.1 TexHoJjorus B03HeﬁCTBHH Ha yFOHbeIﬁ IJ1actT JAJd HNOBBIINICHUSA
ra3ooraavn

B KaparangunckoM yroibHOM OacceilHe oTpabOoTKa YTOJbHBIX ILIACTOB
MOIITHOCTBIO OT 1 710 6 MeTpoB ocymiecTBiIseTcs Ha Tiyoune ot 600 go 800 meTpos.
Ha maxtax 100bIBarOTCS KOKCYyIomuecs yriu miactoB Kiz, Kio, K7, ds Bce onm onachsl
10 BHE3aITHBIM BBIOpOCAM YTJIsl M T'a3a U CKIIOHHBI K caMoBo3ropanuto [138].

[Tnact dg sIBNIsICTCS MOIITHBIM IJIACTOM C Y€TKO# 30HOU HapymieHuid (0,2-1,2m) B
HIKHEN 4YacTu 1uiacta, kodgduuuent kpernoctu no M.M.IIpotoneskonoBy -0,56c,
IIPOHUIIAEMOCTh HHU3Kasl, UTO 3aTPYJHAET MPOLECC OypeHUs CKBAXKHUH C MPOMBIBKOMN
u3-3a yroubHou Menoun. Koagduunent nudpy3un HUKHEN Mavyku yriisl Ha HECKOJIBKO
HOPSIKOB OOJIbIIIE YeM BepxHel mauku riacta. [1o atoit npuumae miact dg 0cobo
oraceH mo BblOpocam, U (0COOEHHO HWXHSS Madka IlacTa, B KOTOPOM OTMEYaeTcs
MOBBIIIICHHOE COJIepyKaHue cBoOoIHOro MetaHa [138]).

C yBenuueHweM TIyOWHBI 3aJe€raHusl YroJbHbIX IIJIACTOB ITOBBIIIAETCS
CojiepKaHHEe MEeTaHa M YMEHBIIIAeTCs TIPOHUIIaeMOCTh (Tabuia 3.13).

VYcTaHOBJICHHBIE ~ 3aKOHOMEPHOCTH  TpeOyroT  Oosiee  3¢h(HEKTUBHOTO
MPEABAPUTEITHHOTO IPEHUPOBAHMS U TIOBBIIIICHUS POHUIIAEMOCTH YT OJIHHBIX MJIACTOB
32 CYET TUIPOPACWICHEHHsS] Yepe3 BEPTUKAIbHBIE CKBAXWHBI WJIM 3a CUET €ro
noapabotku. Ha maxrtax KaparanauHuckoro yroasHOro 6acceitHa Hanbosee yCrenHo
MPUMEHSIOTCSI CIIOCOOBI, BKIIIOUAIOIINE BEPTHUKAIBHBIE CKBAXHHBI C TOBEPXHOCTH,
ra30/IpeHaKHbIC BEIPAOOTKU M CKBAKMHBI M3 TIOJ3EMHBIX BbIpaboToK [138].

Ha npumepe pe3ynbTaToB 1O BO3JAEHCTBUIO HA YrOJbHBIA IUIACT JJIs
TIOBBIIIICHUS TA300Ta4H, IyTeM THIpOpacwieHeHus Ha uiacte Os maxt um.JIennHa,
«KazaxcraHnckas», Moka3aHo, YTO OJHUM M3 BaXHEHIIMX YCIOBHM 3(()EKTUBHOIO
U3BJICUECHUS METaHa, SIBISUIOCH COOJIOJEHUE pEerjiaMeHTa OCBOEHHUS CKBAKHUH IO
U3BJICUECHUIO paboyell )KUJIKOCTU W3 30HBI BO3JACHCTBUS, TAKKE€ OTMEYEHO, YTO ATOT
MpolLiecC OCIOXKHAETCS (OPMUPOBAHUEM MPOOOK U3 MEJIKOTO YIJISl M 3aKYTIOPUBAHUIO
CKBaXMH. Jlpyroii TpUYMHONW MOXKET OBbITh HaMMuue He3aPUKCUPOBAHHBIX
MUKPOBBIOPOCOB. Mcmosib30BaHNE XMMHUYECKHUX PEAreHTOB MPHU THAPOBO3ICHCTBUU
MO3BOJISIET CHU3UTH BIUSHUE 3aKYIIPUBAHUE CKBXUH YTOJBHOW MEJIOYBIO U TJIMHOM,
YTO B TOCJIEAYIONIHM OBLIO MOATBEPKACHO Ha MaxTe «Ka3zaxcranckas» mo miacty ds
[138].

B 1mensx cHWwKEHHWS CcoAep)KaHUsS MeTaHa B IUIacTe sl 0€30IMacHOTO
MPOBEICHUS MTOATOTOBUTENIbHBIX BBIPAOOTOK MO BEPXHEMY CIIOH0, MPEAOTBPALLECHUS
BHE3AITHBIX BHIOPOCOB YIUIA U T'a3a OblIa MPEAJIOAKEHA TEXHOJIOTUS IIPEIBAPUTEIHHOM
MPOXOJIKM Ta30/IpEHAXHONW BBIPAOOTKHM MO TJIacTaMm JJis pa3rpy3Kd UX OT TOPHOTO
JaBJIeHHUs U OypeHHsI U3 Hee B IUIACT Jera3allMOHHBIX CKBaXXHH. (pucyHok 4.1) [138].
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Pucynok 4.1 - 3D Busyanusanus nojieBoi MOATOTOBKH (BBIIEIEHO KPACHBIM —
IPOMJICHHBIE MOJIEBbIE BRIPAOOTKM) C UCIOJIb30BAHUEM JIETA3alIMOHHBIX CKBAXUH JJIS
MOATOTOBUTENIBHBIX IITPEKOB IO MIIACTY (KOPUYHEBBIM — IJIAHUPYEMBbIE MIJIACTOBBIC

BeIpaboTKH) [138]

B paGote [144] noka3aHo, 4TO NpH OTPabOTKE BepxHEro cjos riacta s
N00bIYHBIME ydacTKaMu 312 de-13 322 dg-13 BO3HHUKIM OCIOXKHCHHS B CBS3U C
BBICOKON METaHOOOMIBHOCTHIO OUMCTHBIX BBIPAOOTOK. DTO CBSI3aHO C MUTpPAIHEH C
MEeTaHa M3 HIDKHETO CJIOS YTOJIbHOTO Tuiacta. J[0seBoe COOTHOIIEHHE BBIIEICHUS
MeTaHa M3 pa3pabaTbiBaeMOro IulacTa M BbIpaOOTAaHHOTO MPOCTPAHCTBA
cooTBeTcTBeHHO paBHbI 0,15-0,20 u 0,80-0,85, a B 30HE re0JOrMYECKUX HAPYIIECHUN
ATH 3HA4YE€HMS BO3pacTaroT B 1,5-2 pa3sa.

Ha ocHoBe ombiTa oTpaboTku 1wiacta Og maBor 322 dg-13 MOXKHO TpOBECTH
OIICHKY BO3MO>KHOW Harpy3ky Ha OYMCTHOM 3a00i1 Mo Mepe oTpabOTKH BHIEMOUYHOIO
ctonba [144].

Ha wactu maxtHoro mossi, Huxke ropuzoHTta 00 ocyiiecTBieHO OypeHue ¢
MOBEPXHOCTH 15 CKBaXXMH, B KOTOpPbIX B MHTepBanax 468-527 m nposenen ['PIIL.
Cpeauuii cyMMapHbIi KanTax MeTaHa u3 miacta s (tadmuia 4.1) npu aera3ainoHHOM
noaroToBku JiaBbl 312 ds-13 B 30HaX KOMILICKCHOW Jera3aiuu (3adgaroBpeMeHHas +
npeaBapuTenbHasn) B 1,9 pasza Ooiblile, yeM B aHATOTMYHBIX 30HaX JaBbl 322 ds-13, u
cocrapnseT 7,20 Mm%/t nporus 3,75 mM3/1. Bue 30u I'PII 510 cooTHOMIEHHE €IE OOIbLIE,
YTO €Ille pa3 MOJATBepkaaeT d(PPEKTUBHOCTH CIIOCOOOB Jera3alyu, H3JI0KCHHBIX B
padote [138].

CyMmmapHsblii  cpenHMil KanTtaxk wmeraHa ckBaxuHamu [PII ompenenen
OTHOCHUTEJILHO K 3armacaM BBIEMOYHBIX CTOJOOB (Tabnuiia 4.2). cpeiHee U3BJICUCHHE
MeTaHa Ha J0ObIYHBIX yuacTkax 312 u 322 cocraBumu 2,64 u 2,65 m3/1. [lnacToBbIMu
CKBOKMHAMH HA ydacTKax usBiedeHo 1,34 M3/t u 0,09 M*/1. Pasnuuune 06ycioBiIeHO
pa3sHbIMH CPOKaMH MpeaBapuTeIbHOM aera3anuu [144].
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Tabmuna 4.1 - CyMmMmapHbIii CpeIHUIN KalTak MeTaHa 10 ydactkaMm [144]

JloObIaHOM O0bem n3BJ1€4EHHOTO Jerasupyemsie Cpennuii
y4acToK MeTaHa, ThiC, M° 3anachel, cheM MeTaHAa B
el IJIACT. NPOYUMH TBIC, T 30Hax, M3/T
CKB-MH cnocodam”
312 de-13 3771, 2772 3725 1426 7,20
5
322 ds-13 5689 1813 1 886 2070 3,75
* - ra3, BBIZICTUBIINANCS B IOJIEBYIO BBIPA0OTKY M3 miiacta D6; ¢ 0OHa)eHHOM MOBEpXHOCTH
IUTACTOBBIX BBIPAOOTOK; KA TUPOBAHHBIN Ia30jpeHaKHBIMU CKBRXKHHAMHU, IPOOYPEHHBIMU U3
I10JIEBBIX BBIPAOOTOK.

JInst OOBEKTHUBHOM OLIEHKH, OXHIAEMOM METaHOOOMIBLHOCTH Iniacta dg
JTOOBIYHBIX YYaCTKOB 3alaJIHOTO Kpblia maxThl «Ka3zaxcraHckasy mpoBeacHa OleHKa
METAaHOHOCHOCTU TIuiacTa. [[nsi pacyera BbIEMOYHBIE CTOJIOBI pa30UTHI HA 30HHI,
KOTOPBIEC YCIOBHO CUYUTATIUCh 30HaMU BiIMsIHUSA Tpy1iibl ckBakuH ['PIT v 30HBI, 1€ 3TO
Biusiaue [ PI1 vecymectBernHo. B tabmiwie 4.2 npuBeAcHBI JaHHBIC 110 U3BIICUECHUIO
MeTaHa B 3THUX 30HaX JI0 ITycKa jiaB [144].

Tabmuma 4.2 - [lpenBapuTeabHBIN 1 3a0J1arOBPEMEHHBIN KallTaK METaHa 1o 30HaM
[144]

Yuacrox 3ona Coem YuacTok 3ona Coem
MeTaHa, MeTaHa,
AX, M3/T AX, M3/1
I'PI1-24,37,31 11,4 I'PII-26, 46, 51 4,5
I'PI1-24 10,4 I'PI1-26, 27, 31, 46 3,1
312 de-13 I'PI1-23 9,5 322 ds-13 | I'PII-25, 34 3,1
Bue 3onn1 I'PIT 41 30Ha cpaBHEHHS 2,2
I'PIT -28 4,7 I'PIT -28, 30, 32 3,8
I'PIT -29 8,0 I'PIT -29 3,6
I[lo BenMurMHE Ta30HOCHOCTH HAMU MOPOBEAECH pacyeT MNPOTHO3HOMU

MeTaHOOOMILHOCTH y4acTka 312 dg-13 mpu execyrounoi 1oobrae 5000 TOHH/CYTKH,
KoTOpas paBHO 69,7 M3/MuH, a 1ns yuactka 322 de-13 ona cocraBuna 112,9 m*/mun
npu 106b14e 4000 TOHH/CYTKH. METaHOHOCHOCTh pacCyuTaHa Mo JJIMHE BHIEMOYHOTO
croinba maBel 322 dg-13 (pucyHok 4.2) ¢ yderoM 3a0JIarOBpEMEHHOW U
npeaBapUTelbHON aera3aruu ckBakuHamu [ PI1 u mactoBbiMu ckBaxkuHamu [ 144].
W3 pucynka 4.2 cieayer, 4TO 3aKOHOMEPHOCTbh M3MEHEHHS METaHOHOCHOCTH IS
000MX YyYacTKOB COBMAJAeT, YTO JAET BO3MOKHOCTb CHENaTh CIEAYIOIINE BBIBOJIBI
[144]: oxumaemass METaHOHOCHOCTH TuiacTa Os HWke ropu3oHTa =00 M Ha ToJC
no6brgHOro yuactka 332 ds-13, ananorununa MetaHoHOCHOCTH 312 dg-13 1 322 dg-13
JNOOBIYHBIX YYACTKOB; U3MEHEHNE METAHOHOCHOCTH Ha 3al1aJJHOM KPbLIE IIaXThl UMEET
napabonudeckuii BuI ¢ MakcuMymMoMm B guamnazone 1100-1200 M oT yKIIOHOB.
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MeTaHOHOCHOCTh YMEHBIIACTCS K MOHTaKHOW kKamepe 332 dg-13, mpuOmmKasch K
METaHOHOCHOCTH 3TOT0 TuiacTa g Ha maxte uM. Jlennna (;1aBa 401 ds-1B) B cTopony
BOCTOKA.
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Pucynok 4.2 — I'paduk n3MeHeHUs METAHOHOCHOCTH T1acTa ds Ha 3amaaHoM
kppute maxThl «Kazaxcranckasy nmxe ropuzonta 00

OTBOJ MeTaHa U3 BBIPAOOTAHHOTO MPOCTPAHCTBA JOOBIYHBIX y4acTKOB 312 ds-
13 u 322 dg-13 BBIMONHACTCS BEPTHKAIBLHBIMH CKBaXXMHAMH, NMPOOYPCHHBIMH C
MOBEPXHOCTH, W30JIMPOBAHHBIM OTBOJOM U3-3a TepeMblueK. PPEeKTUBHOCTD
Jera3aiuyd BbhIpaOOTaHHOTO TMpocTpaHcTBa cocraBwia 0,75+0,85, ona ompexaenser
BO3MOXKHYIO HAarpy3ky Ha JOOBIYHOM Y4YacTOK U 3aBUCUT OT Ta3000MJIBHOCTH
pU3a00MHOT0 TPOCTPAHCTBA, PU 3TOM MPEETHHOE €€ 3HAUCHHE JOJIKHO OBITh HIDKE
JIOMyCTUMOM TI0 Ta30BOMY (haKTOpy Harpy3KH Ha OYMCTHOM 3a00i [3].

BrimonmHuM pacdeT mporHo3a cpeHeCyTOUHOM JOOBIYH MTPH OTPAOOTKE ydacTKa
332 dg-13, 111 3TOrO UCIOJIB3YeM JaHHBIC TI0 U3BJICUCHUIO MeTaHa ckBakuHamu [ PIT
(Tabnuua 4.2), cpeqHUMH 3HaYeHusMH aerazanuu 3,0-3,5 M%/T.

['paduku n3menenus npupogHoi (Xmp) u octarodHoi (X0CT) METAHOHOCHOCTH
iacta Js OT MPOTSHIKEHHOCTH BHIEMOYHOTO CTOJI0a MPUBEICHBI Ha pucyHKe 4.4. 31ech
K€ B BUJIE THCTOIPAMMBI OTPaKE€HA CPETHECYTOUHAS 100BIYA 110 «Ta30BOMY (PaKTOpy»
Ha BbIEMOYHOM yuacTke 332 dg-13. M3 rpadukoB BUAHO, YTO CpeIHECYTOUYHAS JOOBIYA
1o razoBomy (akropy koneodsercs B mpenenax 3000-5000 1/cyt. Ha cpennem yuactke
B unrepBaie /00-1430 ee 3nauenue He npesbimaeT 2000-2500 1/cyT, 4TO BBI3BIBACT
HEOOXOJMMOCTh OypeHHUs JOMOJHUTEIBHBIX CKBOKWH B OTOM HMHTEpBaJC IS
Jera3alliy Wid e BBITIOJHATH MIOWHTEPBATBLHOE THAPOPACUICHCHUE B JICHCTBYIOMINX
Jera3alMOHHBIX CKBaXkuHax [144].
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Pucynok 4.3 - IIporuo3Hast METaHOHOCHOCTH Ij1acTta (g Ha JOOBIYHOM y4acTKe
332 ds-13 u cpenHecyTouHas no0bua [144]

Takum oOpa3om, ypoBeHb AETa3allMOHHOW MOJTOTOBKHA JOOBIYHBIX yYaCTKOB
OTIpPENIETISICT CPETHECYTOUHYI0 JA00bIYy yris. Tak, yBeanueHue MeTaHOOOWUIBHOCTH
JTOOBIYHOTO yuacTka Ha 11% CHmkaeT cpeHecyTOuHYIo 1006y Ha 26% [144]. DTtu
3aKOHOMEPHOCTHU TPEOYIOT pa3pabOTKU HOBBIX METOJOB BO3JICUCTBHUS HA YTOJIHHBIM
TJIACT JIsl TOBBIICHUS Ta300TAa4M (PUCYHOK 4.3).

4.2 MaTteMaTu4yecKasi Mo/ieJib SJHEPreTHYeCKoro Bo3/eiicTBUs Ha YT oJIbHbII
IJIACT JJI5 MOBBLIIIEHUS METAHOOTAA4YH

B pabGore [145] paccmoTpen Bompoc mpeoOpa3oBaHus TBEpAOH (assl
«yrolibtMeTaH» B Ta3000pa3HOE COCTOSHUE, C TIOCIEAYIONIMM JBHYKEHUEM
ra3000pa3HOro MeTaHa Mo TPeluHaM TUTacTa K CKBaKUHE.

Jyist omricaHms TIporiecca mMpeoOdpa3oBaHus pacTBOPA TBEPAOTO «yTOJIb+METaH»
B CBOOOIHBIN METaH, BOCIIOJIb3yEMCS MOJICIBIO, U3JI0KEHHOM B padote [146].

[IpeobpazoBanue TBepaoi (ha3bl «yrojib+MeTan» B raz3000pa3HOE COCTOSHHUE
MOJKHO OITMCaTh Ha OCHOBe Mojenu [146]:

__2AS En—G°/N
P = o eXp {— T } , (4.1)

rae  AS - u3MeHeHHWe SHTPONHUM B JIUCCUNATUBHOM Tporecce; Em —3HaueHue
CpPEAHEN PHEPTUH OCHOBHOTO COCTOSIHUSL MOJIEKYJT; T — BPEMS PENAKCALINH.
DHeprusi akTUBAIUU U CBSI3HU «yToJib+MeTan» JEeCTPYKIUH YISl UMEET BUJ:

_ Em-G%c

E
a kT '

(4.2)
B ypaBHenuu (4.1) 3amennm N Ha ¢, T.€. 9UCIIO MOJIEKYJI HA MX KOHLIEHTPALHIO.
N3 ypaBHeHnus (4.2) cieayeT, 4To SHEPTUsl aKTUBALIMK CBSI3U «yTOJb+METaH» 3aBUCUT

OT HECKOJIbKUX IMapaMeTPOB: MOJIEKYJIIPHOM 3HEPruu cBA3U Em (11 MOJIEKYJISIPHBIX
TUNIOB OHA pa3lM4Ha, T.6 Mbl MMeeM Ha0Op MOJIEKYJSIPHBIX YPOBHEH BSHEpruwy,
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MOJIEKYJISIpHOM 1o (KOHLEHTpauuu — Mojiekyhd); ['mbOcoBoil  »sHepruw;
TEMITepaTypHOTO UHTEPBAIA.

JIst Mojienu HEB3aUMOJACHCTBYIONIMX YacTHI] U ¢ ydeTroMm sHeprum [ mbOca
MOYYHUM:

GO = Cng + CZGS +-- +CnGg:C =C + C, 4. +Cn:

Taxum 06pa3om, Kaxablii COPT MOJIEKYJ UIMEET CBOIO SYHEPTHIO aKTUBAIUH:

Emi—G{/c;
Bari = = 7 (4.4)

DTO CBUAETEIBCTBYET O CEJIEKTHUBHOCTH Ipoliecca AECTPYKLUHH YTOIBHOTO
BEIIECTBA M CTYNEHYATOH (DYHKIIMH Ta30BbIICICHUS (PUCYHOK 4.4).

N3 (4.3) u (4.4) BugHO, 4TO YeM OOJbIIEe MOJIEKYJ raza (B JaHHOM Ciyuae
METaHa) WJIU JIETYYMX BEIIECTB — TEM MEHBIIE SHEPIHs aKTUBAMU (B HAIIEM CIIy4yae
JUIS CUCTEMBI «yToJb+MeTan»). He nenast 60Jb110M OMIMOKH, PACCMOTPUM TOJBKO TY
YacTh Ta30BBIJIEIEHUS, KOTOpas CBA3aHa C 00beMOM MeTaHa. B 3Tom ciydae
aKTUBALIMOHHAS SHEPIHs IECTPYKUUHU PaBHA!

_200-G%/c

E
a kT '

(4.5)

B ypaBuenuu (4.5) npunsiiu, uro E,,; = 200 kJ/M0ab (3T0 CpeaHsist SHEPTUS
CBSI3W METaHa B CHCTEME «YroJib+tMeTaH»). AKTHUBAI[MOHHAs DHEPIUs JCCTPYKIUH
sBsieTcs QyHKIMeH TeMieparypsl (pucyHok 4.40).

3necb Mbl npunsiiu Em = 200 xJ>x/Monb — cpefHsisi SHEPTUs CBSI3U METaHa B
YIOJbHOM BEIIECTBE. ODHEpPrusi AakTUBALMM pacnaja yrieMeTaHa 3aBUCUT OT
TEMIIEPATYPhl TAK, KaK OTO MOKa3aHO Ha pucyHke 4.5a. IIpu temnepatype T = Tp,
COOCTBEHHO, U HAUMHAETCS pacriaj] yrieMeTaHa.

B paGote [147] nns yrned psnga MeramopduzMa METOJIOM JepuBaTorpaduu
(pucyHok 4.4) ompenelieHbl 3HAYEHUS SHEPTrUU AaKTUBAIIMU, KOTOPHIE OKa3aJIMCh
MIPUMEPHO OJIMHAKOBBIMH — 0K0JI0 E, = 0,65 xJ[/Mob.

Brimme yke oTMedanoch pa3nuuude TeMIlepaTyp Hadala Ta30BbIICIICHUS,
Harmpumep, camas Boicokas y ¢grozenuta (390 °C), surpunurta (335 °C), sx3unura (250
°C). ITpu »tom kT =~ 825 102 JIxx K. C yuerom Bcex uncen umeem: G°/c = 200-536
10723, BTopoii 4IcH 3TOr0 BBIPAKEHUS IPEHEOPEKUTENLHO Mal.

C yuerom 3TUX 3aJieTaHWi AKTHBAIMOHHYIO SHEPTUIO JACCTPYKIIMH MOJICKYJ
yTiieBemiecTBa 0003HaunM uepe3 Em, toraa OyaeM UMeTh:

£ -g, (4.6)
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AKTHBallMOHHAs 3HEPIUs NECTPYKLUUU MOJIEKYJ YIJIEBEUIECTBA TEM MEHBIIIE,
4yeM MeHblle [ m60coBast 3HEPTHsi CUCTEMBI YTOJIb+METaH.
Ecnu 3a oTHOCHTENBHOE BBIJIETICHHE MeTaHa MBI B (hopmyie (4.1) Bo3pMeM P =

c
= M JINHEAPU3yEM ITO BRIPAXKEHHE, TO IOy IIM bopmyy:
0

_kT A 2
c—C1 <o o 4.7)

Opu Cy — MOJEKYJsipHas A0S METaHa WM HadajdbHas KOHIIGHTpAIMs METaHa B
yriieBeniecTse (yroiapbHoOM IUiacte); A — MoJieKyspHas sHeprus (wim padorta); Cq -
MOCTOSTHHASL.

®opmyna (4.7) noka3bIBAET KBaJIPATUUHYIO 3aBUCUMOCTH BBIJIEJIICHUS ra3a OT
METaHOCHOCTH Cpefibl YrojbHOro miacta (pucyHok 4.56). [lonyuenHnslil npu pacnaze
METaH, a Tak’K€ METaH, aJcOpOUPOBAHHBII B MOpax YrojbHOTO IUIACTa, ABMXKETCS IO
TpELIMHAM U IOXOJUT 0 CKBAYKUHBI.

E. c%l
500 + 60 -
400
L — 50 L
IE,
300 | 0l
200 - 20
100 ‘\ E3
B —] 20 +
- jE 10 -
' ! [ : ! ' ! : ' ! L ! | | t | [
12 3 4 5 6 7 x 100 200 300 t°C
a) SHEPTHH aKTUBAILIUU MOJIEKYJI YyTOJIBHOTO 0) GyHKIMS Ta30BBIICICHUS U3
BEII[ECTBA yTOJBHOTO BEIIECTBA

PucyHok 4.4 - CxeMatnueckoe npeACTaBICHUE O PACIIPEACICHUN aKTUBALIMOHHAS
DHEPIus AECTPYKLUUN CUCTEMBI «yrOJIb+METaH» U TEMIEPATYPHAs 3aBUCUMOCTh
ra30BbIJICICHUSA

VY CTaHOBIIEHO, YTO TeMIlepaTypa Hadajla IMOSBJICHUS JIETYYHMX BEIIECTB IPHU
HarpeBe pasIMYHbIX BUJOB T'yMYCOBBIX YIVIEBEILECTB 3aKOHOMEPHO BO3pacTacT B
psay: Oypblii yroib — KaMEHHBIA yroib — aHTpauut. Ha pe3ynbTaT BblIeiaeHHs
METaHa BJIMUSAET CKOPOCTh HArpeBa B YCJIOBHUSIX TEPMOACKCTPYKIIMU W TEMIIEpaTypa
yriis. Bee 3T0 npuBOAUT K MAKCUMYMY BBIJEJICHUS METAHA U3 YIJIS.

Ha xon u pe3ynbTaThl ra30BbIACIECHUS U3 YIJ€il OOJBIIOE BIMSHNUE OKA3bIBAET
CKOPOCTb MX HAarpeBaHWs NPHU TEPMUYECKON JACCTPYKLHH: C YBEIUYEHUEM CKOPOCTH
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HarpeBaHus yris TeMmIepaTrypa Hadajla, U TeMIiepaTypa MaKCUMyMa ra30BbIIEICHUS
MTOBBINIACTCA.
KuneTtnky peakiuu pacmana yriieMeTaHna moj IeHCTBHEM TeMIIEPaTyPbl MOKHO
ornucath POPMYIIOH:
dc
—— = kc" 4.8
dt 4 ( )
rae  k — KOHCTaHTa CKOPOCTH; N — MOPSAOK PEAKINH; T — BPeMsl.
KoHcTranTa CKOpOCTH CBsi3aHA C TEMIIEPaTypOll M BBIPAKAETCS 3aKOHOM
Appenuyca:

E

k =k, - e7FT, (4.9)

rne E — sHeprus akrtuBauuu; k, — NPEIIKCIOHEHLUATIbHBIA MHOXHUTENb; T —
TeMIlepaTypa SKCIIEPUMEHTA.

200
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Pucynok 4.5 - CxemaTuueckoe u300paxeHue TeMIepaTypHO 3aBUCUMOCTH
SHEPruu aKTHBALUM pacrajia yriemeTaHa (a), 3aBUCUMOCTb Fa30BbIJICIICHUS] OT
METaHOHOCHOCTHU YTOJIbHOTO miacTa (0)

CKOpOCTh peakluu Mpu U30TEPMUUECKHUX YCIOBUSIX:

E
_g — koe_ﬁ . Cn, (410)

DTO ypaBHEHHWE HE IO3BOJSET CHejaTh XapaKTEPUCTHKY BCETO Mpolecca
JECTPYKIIMH CUCTEMBI «yTOJIb+METaH», KOTOpask COCTOUT U3 MHOTHX COCTABJISIONINX.

Ho mporecc OCHOBHOTO TEPMHUYECKOTO pa3JIOKEHUS MOXKHO OIHCATh
ypaBHEHUEM (POPMATTLHON KUHETUKH |-T0 TTOpsIIKa U PaCCUNTATh SHEPTUIO aKTHBAIHH
E,. FIMeeTcs MHOXECTBO YpPaBHEHHH, OIMCHIBAIOIINX TEPMHYECKYIO ICCTPYKIIHIO
(Outypxepanbaa, Ban-Kpesenena, M.I'. Pe3nuka, B.B. Mouanosa, M.I'. Ckiisipa u
np.). Onaa u3 nocnenaux padot [148] paccmarpuBaer mpoliecc mepeHoca MeTaHa U3
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YTOJBHOTO IIJacTa € TMOMOINIbI0 YypaBHeHUs bonbiMana. Ho 1 Hac BaxHO
CJIEIyIOLIEe: BCE KHHETUYECKHE CUCTEMBI OIMCAHNSI IEPEHOCA METAHA, B TOW WJIM HHOU
Mepe COepKaT SHEPTUIO aKTUBAITUH ITOTO mporiecca B hopmyie (4.6) HaMu MoJTydeHa
CBSI3b 3TOM HHEPruM C MoTeHuuaioM ['mbOca m KoHUeHTpauued MeraHa. Bce stu
BEJIMYMHBI ONPEIEISIOTCS SKCIIEPUMEHTAIBHO.

Takum 00pa3oM, HOBBIM METOJOM BO3JEHCTBHS HA YIOJBHBIM IUIACT IS
noBbieHus razootaauu ¢ yauerom H/IC B ckBaxxunax rimyOuHoit 6onee 800 M JomKeH
ObITh METOJl, OCHOBaHHBI Ha TEPMOXHMHUYECKOM pA3JI0KEHUU METaHa, T.e. MpHU
OJIHOBPEMEHHOM BO3/IEUCTBUM HA YTOJIbHBIN IJIACT KUAKOCTBIO THAPOPACUIICHEHUS C
KHUCIIOTOU U TeMIIepaTyphbl.

B nacrosimiee BpeMs Ha maxtax B KaparanauHckoi o0acTi MeTaH JOOBIBAETCS
KaK MONYTHBIM MPOIYKT MpHU J€ra3alyy YrojbHBIX IUIACTOB Iepen A0ObIYeH yris.
[TosrydeHHsbli ra3 1100 MUCHOIB3YETCS AJII COOCTBEHHBIX HYXA HPEANpUATHS, JIHOO
BeIOpackiBaeTcs B atMmocdepy [149].

4.3 T'eopusnueckne MeTOAbl BbIJAeJEHHS  YroJbHBIX  IJIACTOB
Kaparanaunckoro 0acceiiHa ¢ BbICOKOM ra30HOCHOCTbIO

Kak yxxe ormeuanocs B | rmase, M yCIEIIHOIO BO3JEUCTBUS HA YTOJbHBIN
IJIacT JUIsl TOBBIIIEHUS Ta300TAAaud JOJKHBI OBITh YUTEHBI BCE I€OJIOTHYECKHE,
TEXHOJOTMYecKue (HaKTOpbl IO LEJICHAIIPOBIEHHOMY BBIOOPY TEXHOJOTUYECKUX
pemenuit. K uncny Takux (pakTopoB OTHOCUTCSI IPUPOJHAs Ta30HOCHOCTH IIacTa U
0’KMJIA€MOE T'a30BbIICIICHUE.

4.3.1 DneKkTpu4ecKnid KApoOTaK

Ero ucnons3oBanue omvcano Hamu B padote [150]. B ckBaxkuHe m3mepsieTcs
yAeJIbHOE 3JIEKTpruYecKoe corpotusieHue [151] mo popmyiie: ajig M30TPOMHOM Cpeibl

px = K- (4.11)

rae K —xoaddurment 3ouaa, AU /I - 31eKTpUYECKOE COMTPOTHUBIICHUE CPEIBI.
Ecnu Mb1 B kadectBe dynkmun oTkianka @ B [151] Bo3bMeEM OTHOCHTENBHOE
razoBbiaenenne — ® = c/cy 1 TMHEapru3yeM 3TO BEIPAKEHUE, TO MBI ITOJIyYUM POPMYJIy:

KT A
==.2.c2 4.12
Cl GO 0 ( )
rac Co — HaydaJbHasd KOHIOCHTpalousA MCTaHa B YIOJIbHOM IIIAacTe, T.C.

(METaHOCHOCTB);

A — pabora (sHEprus) BHEIIHUX CUJI (T107151) (B TAaHHOM CITy4ae dJIeKTPUIECKUX;
C1 xoHCTaHTA.

[TpoBOIMMOCTE G CBsI3aHA C COMPOTUBJICHUEM P COOTHOIICHHEM [152]:
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px=1/c=C-G/eN,C = E—T (4.13)

CpaBuuBass tenepb ¢opmynsl (4.11) u (4.13), HaxoguM CBsI3b MEXKIY
ra30BbIICIIEHUEM U yIEJIbHBIM CONPOTUBICHUEM YTOJIBHOIO IJIacTa:

co = a- T/pg. (4.14)
["a3oBbIjICIICHUE JIMHEHHO 3aBUCHUT OT MITyOWHBI N 3ayieranus riacra:
Co =B-h (4.15)
TemnepaTypHas 3aBUCUMOCTb COITPOTUBIICHUS UMEET BU/IL;
pk =V T (4.16)
OObIYHO, 7151 YTOJIbHBIX IU1acTOB KaparanauHckoro dacceiina:
Co = 107 - h(mZl/M). (4.17)

Ecin Ttenmepp wucnonb3oBaTh pabOTy, T/€ ONPEAEIECHO 3JIEKTPUUYECKOE
conporusieHue yried mapok I, JK, K npu pasnuussix Temmeparypax, TO MOKHO
MOJIYYUTH (POPMYITY:

pk = 10* - T(Om - M/K). (4.18)

OKOHYATENIbHO, UMEEM OLIEHKY CBSI3U MEXKY Ta30HOCHOCTBIO U DJIEKTPUUECKUM
COIIPOTUBIICHUEM YTJICHU:

co ~ 1078 - py - h/T(MJ/M). (4.19)

Bosbmem 3Hauenue rryouHbl h = 410 M ¥ yIeIbHOTO Tra30BbIACICHHUS 66 M3/T
(0,6 10 M/l = M?%/1). D! cpeauue 3HadeHus s muacTa Kig MoNydeHHbIe B 30HaX
OTIaCHBIX TPOSIBJICHUN TPU MPOBEICHUM TMOATOTOBUTENIBHBIX BhIpaboTOK. Crenaem
pacuert 1o ¢popmyiie (4.19) mpu T = 600 K:

px ~ 0,9 - 10°(0m - m). (4.20)

[To manueiM pabotel [153] mpu temmeparype T = 600 K snextpuyeckoe
conporusieHneM yrieii mapku K pasao 9 108 (Om m), a yrueit mapku K (4o oTBedaer
yriasM maxtel uM. Jlenuna) pasuo 23 10° (Om ™). Vpasuenme (4.20) naer
AIIEKTPUUECKOE COMPOTHUBJICHUEM yTiiel B BblOpocoomacHbiXx 30Hax B 10 pa3 (mns
mapku K) u 20 pa3 (ans mapku JK) MeHblee 3HaYEHUE, YTO U MOKET OBITh IPU3HAKOM
30H C MOBBIIICHHOM Ta300Taaueil. B padote [154] noguepkHyTO, 4TO MPHU MOA3EMHON
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pa3paboTKe YroibHBIX IUIACTOB, CKJIOHHBIX K BHE3AIHBIM BBIOpOCAM YIJIA M Ta3a,
ra3oBBIIEIICHUE TIPU BBIOpOcax cocrapuseT npumepHo 50-100 m%/1 B Kysbacce, a B
Kaparangunckom Oacceiine 6Gomee 100 M%/T, 9YTO 3HAYMTENHHO NPEBBIILIAET
IPUPOIHYIO Ta30HOCHOCTH TIACTOB.

Taxum o6paszoM, ecau conportusierue p <4 10° (Om m) (mpu T = 300 K), To
YTOJILHBIN TUTACT BXOJUT B 30HY C TIOBBIIIEHHON T'a300Taueli 1 OMACeH K BHE3AITHBIM
BBIOpOCaM.

4.3.2 'amMa-raMmMa MeTo/]

Hcnonp30BaHre 3TOr0 METO/Aa onucaHo Hamu B padote [155], meton ocHoBaH
Ha 3aBUCUMOCTU JIMHEHHBIX KOA(PPUIIMEHTOB OCHIa0JICHUs raMma-u3iIydyeHus |
ko3 dunreHToB mpeoOpa3oBaHUs TEPBUYHOTO M3IYUYCHHS BO BTOPUYHOE OT
IJIOTHOCTH B YTOJBHBIX actax. B auddy3noHHOM NpUOIMKEHUU 3aBUCHUMOCTD
WHTEHCUBHOCTHU PACCESHUSI TaMMa-U3Ty4YEeHUS BEIIECTBOM BBIPAXKAETCS B IBHOM BUJIE

[156,157]:

% = Jo™ = const - ~e”¥, (4.21)

rie  p - IUIOTHOCTh BemiecTBa, & = UPR, [-K03(hGUIHEHT OoCIabjcHUs TaMMma-
U3ITydeHus; R - qymHa 30H1a (pacCTOSHUE MEKIYy HCTOYHUKOM U JICTEKTOPOM TaMma-
uznydenus). B ciaydae (R— 0) acumnToTHueckoe BepaxkeHue umeet Bu [157]:

J/Jg=const- _L, (4.22)
Mg

7 flyg = H/P-

Ins dotonornomenus (t.e. B caydae ['TM-C) umeer MECTO COOTHOIICHUS
[157]:

_ p-Na — 2 4.93
W= 0y = ,Gq,—const-E%, (4.23)

rae A - atoMHbIi Bec onementa; Ny — 4ucio ABOrampo; Z,g, — 3hdekruBHbIi

aTOMHBIH HOMEP UCCIEIYEMOM Cpeibl; q; — MPOILIEHTHOE COAepIKaHue I-r0 DIEMEHTA B
pyae; Z; — aTOMHbII HOMEp dlieMeHTa B Tabiuie Menneneesa; E, — sHeprus ramma-
U3JIydeHus ucTounuka [155].

AHaM3 pe3yibTaTOB, MOJYYEHHBIX TaMMa-raMMa-METOJIOM, OCJIOKHSIETCS
r€OMETPUEN U3MEPEHUM, KOHCTPYKIMEN 30HA0B, HEOAHOPOJAHOCTHIO MUHEPAIBHOTO
coctaBa cpensl [157,158].

[IpumeHeHne KBaHTOBOW HEPABHOBECHOM TEPMOJMHAMMUKH CIPABEIJIMBO JJIS
AJEKTPUYECKOTO KapoTa)Xka W i1 raMma-ramma-kaportaxa. lorga B 3TOM Cllydae
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OTKJIMK TIacTa yrist OyJEeT COCTOSITh U3 OTHOCUTENbHOW HHTEHCUBHOCTH PACCEIHHOTO
raMmMa M3JIy9eHHsI OT UCTOYHHKA M OMMCHIBATHCS (POPMYIION CIIEMYIOMIEro TUTIA:

c

__JOTH _— __
1—)™ = —B g

(4.24)

3nech B Hekotopas nocrosHHas; G° — I'ub6coBckas sneprus, C — KOHIEHTPALKs
yriaepoja B miacte yriis. Mcrnonb3ys a1 ra30HOCHOCTH Co UMEEM:

Co =x- (1 =], (4.25)

rae  y — Ko3QGUIUEHT, KOTOPBIN ClIeTyeT OMPEACIUTh.
JlaHHOE ypaBHEHHE MOXHO UCIOJIB30BaTh MPHU YCIOBUU MOCTOSTHCTBA SHEPTUU
E,, uctounuka.

W3 paboTel [155] Boconb3yeMcst pUCYHKOM 4.6 ¥ OIPeICIUM 30JIbHOCTB I1J1acTa
K10 Ha maxTte «Abaiickas» KaparanamHckoro yroisHoro 6acceiina o mapamerpy J°™.
B pa6ote [13] onpenencHa 30mpH0CTH T1acta Kig (Tabmuna 4.3).

Tabmuna 4.3. Pe3ynbpraThl TEXHUYECKOTO aHaIM3a (HenoHbIe JaHHbie) [13,155]

Homep | CkBaxkuna | Yronbuslii | ['myOuna TexHuYecKu aHaIn3
poObI IJ1acT orbopa | Bnaxxnocts | 30sbHOCTE | Bbixom | YiaenbHbIi
npoo W, % A2, % TETY4YUX Bec d,
yaaf o r/em®
9 T5 Kio 426 1,36 10,7 23,4 1.48
Ap“,OMM
5000 T
2000
1000 +
500 T
0 o 200 L |
1r° 2r0 3:0 4[0 5I0 GIO TIO BIO S(I) A% [ 10 20 3|0 4ID f:U %,%
a) 0)

Pucynox 4.6 - I'padvku KOppEISIIMOHHON CBSI3U OTHOCUTEIHHOTO
napameTpa J°™ (a) 1 FTEKTPUIECKOTO COMPOTHUBIICHHUS Pk (0) C 30TbHOCTHIO
yTOJIbHBIX M1acToB A°, % [155]
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Pucynox 4.6a mokasbIBaeT, YTO OTHOCHUTENbHBIN mapameTp J°™ cHukaercs oT
30IILHOCTH I10 SKCIOHeHTe, T.e. J°™ = exp(—A%). Pa3naras SKCIOHEHTY B psj U
OTrPaHUYUBASCH TIEPBBIMU JABYMS WICHHBIMH, OYJI€EM UMETh:

Ad =1 —Jom, (4.26)

Ecnu cpaBHuTh prcyHOK 4.6a 1 4.60, TO BUHO, UYTO OTHOCUTEIBHBIN TTapaMeTp
J°™ CBSA3aH ¢ AMEKTPUYECKUM CONPOTHBICHHUEM Py depe3 3071bHOCTh A? uHEiHOTO
tuna J°™ (MmxP/gac) = ¢ px (OmM M), rae KodpGUIUEHT ¢ ONpenesieT COOTHOIICHUE
pa3MepHOCTEHN BEJIUYHH.

Jlis mnpuMepa BBO3bMEM 3HaueHWe TiayOuHel h = 410 M u yaembHOE
rasoBblIelIeHHE Cy = 66 M°/T 1u1s acta Ky, Torna no pucysky 4.6a npu A?=10,7%
nonyuuMm (1 — J°™) = 0,38. Torma B dpopmyine (4.25) xosdppunuent y = 1,7 10° u
BbIpaxkeHue (4.25) umeer BUA;

co=1,7-102 - (1 —Jo™) (4.27)

Hannoe ypaBHeHue (4.27) MOXKHO HCHOJIb30BaTh JJII U3MEPEHUS YJIEITBHOTO
ra30BBIIEIICHUS Co IO JAaHHBIM FaMMa-raMMa KapoTaxa.,

Tenepp, moacTaBisisi B 3TO ypaBHEHHE OTHOCUTENbHBIM mHapamerp J°™ s
yroJibHOro miacra Kio, momyunm:

Jo™ =~ 0,61(MmkP/4ac). (4.28)

Takum oOpazom, ecnu oTHOcHTENbHBIM mapamerp J°™ <0,61 (mxP/gac), To
YTOJIBHBIN TIACT BXOJUT B 30HY C MOBBIIIEHHOW ra300TAa4el U OMAaceH K BHE3AITHBIM
BbIOpOCam yrJis u raza [155].

4.3.3 AKycTHYECKHE METOAbI UCCJIeIOBAHU I

N3ydeHunto HaMps>KEHHOTO COCTOSIHUS YTOJIBHOTO MacCHUBa MPU €ro 0TpaboTKe
yaensieTcs O0JbIIIOe BHUMaHHE B paboTax COTpyAHMKOB MHCTUTyTa ropHOro jelna
uMmenu A.A. CkounHckoro (Poccust), Uucturyrta ropHoro gena umenu /. A. Kynaesa
(Kazaxcran), I'ocynapCTBEHHOr0 HAay4YHO-UCCIEAOBATEILCKOTO TOPHOPYAHOTO
uHctutyta (Ykpauna), Macturyra ropuoro gena u Macruryra reonoruu Poccuiickoi
Axanemun Hayk (Poccust), UI'M um.I'.A.Ilynykuaze (I'py3ust) 1 MHOTHX JIpYTHX.

OCHOBHBIMM METOJJaMH HUCCIIEOBAHUM SIBIIIIOTCS METOJbl, OCHOBAHHBIE Ha
W3YYCHUH YIPYTUX BOJIH OT UCKYCTBEHHBIX HICTOUYHUKOB, U CBSI3aHHBIE C AeopMaIinei
3eMiu 1oJ, ICMCTBUEM COJIHEUHO-TYHHOTO MPUTSHKEHUS, U AedopMalueil B TOPHBIX
BBIpA0OTKax TMOJ JEHCTBHMEM BBIIIENSKAMMUX TMopona. Ilpu 3ToM uU3MEpSIOT
KMHEMATUUECKHE XapaKTePUCTUKN YIIPYTHUX BOJH, PEKE TUHAMUYECKUE.

NHtepec  mpenocTaBisiOT  M3MEPEHHUST  CHEKTOPOB  aKyCTHYECKHX U
AIEKTPOMEXAHUYECKUX CUTHAJIOB, & TAKKE U3MEPEHUS MUTPALUU TYIJIEKCHBIX BOJH
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JUIS. BBIETICHUS 30H TPEIIMHOBATOCTU C KOTOPBIMU CBSI3BIBAETCSl IOBBILLIEHHOE
coJiep)KaHue yrojapHoro Merana [159].

Mpsl ke paccMOTpUM BOJIHBI aKyCTHKH (yHpyTHe BOJHBI), CO3/1aBacMbIe B
YIJIEMONPOJHOM MAaCCHBE IMOJ JEHCTBUEM TOPHO-NPOXOJUYECKOTO O0OpYIOBAHHMS
[160].

Cxema yyacTKa YroJIbHOTO TIacTa BOJIM3M TOPHOM BBIPAOOTKM TMOKa3aHa Ha
pucynke 4.7. B 3Toit paboTe yCTaHOBIEHO, YTO MCTOYHUK aKyCTUKH pPa3pyIICHUs
YTOJIBHOTO 32005 B HCCIeyeMOM 001acTH CIEKTpa MPECTABISIET COOON HE aKyCTHKY,
CBSI3aHHYIO C JBW)KCHMEM pabO4yero oOpraHa MEXaHU3UPOBAHHOTO KOMILIEKCA,
o0opynoBaHus Uist OypeHHsl U T.I., a HEMOCPEACTBEHHO CaM IPOLECC pa3pyLEHUs
YTOJIBHOTO IIJIACTa, CBA3aHHOT'O C TUMHU TEXHOJIOTUYECKUMU BO31EUCTBUAMH. M3 310
paboThI clieqyeT, YTO 00Opa30BaHHAs TPELIMHA U €€ OTKIMK Ha CHJIOBOE BO3ZCHCTBHE
CJION MOXKET OBbITh PE30HAHCHBIM. AKYCTHUECKUE KOJICOaHHsI BOZHUKAIOT BCJIE/ICTBUE
3TOTrO IMpOoLECCa, PACIPOCTPAHSIOTCS OT 30HBI IEPBOTO Pa3pyLIECHUs BIITyOb YTOJIBHOIO
miacTa J10 TUIOCKOCTH, B KOTOPOM HAOJIOAAETCS MakKCHUMyM OIOPHOTO JABJICHHS.
NMeHHO OT 3TOM IUIOCKOCTH AaKyCTHYECKHE KOJIEOAHUs HCIBITAIOT HauOoJIbIIEe
OTpa)k€HUE.

= I
myp ¢ ' : : .
: ' s
reogonos :J_J. o s / I
| 4 .
4 p 4
_/ =
KM~
’ maso- TOPHER Rid- [ A I T yrovinsned
| e patorxa _mue . ~ neacT
TOPORL
‘\.

i[ ECTOMHEK 2Ky~
| CTWSECKRY KO-
{ sebaonch

——
NAOCKOCTS MAKLH- \7
WRILNOCO e
HIEE QNOPROID

AannsEna
o _/

1 — nmepBuYHbIE BOJIHBI;, 2 — OTPAKEHHBIE BOJIHBI aKyCTHUKU

Pucynok 4.7 - PacripocTpaHeHHEe aKyCTUYECKHUX BOJIH B
yraenopogHom Maccuse [160]

[Ipouiecc pacnpocTpaHeHHs] aKyCTUYECKUX BOJIH B IUIACTE YIJIsl, M300pakeH Ha
pucynke 4.8. OH COCTOMT M3 TpPEX XapaKTEPHBIX yYACTKOB (BBIACJICHBI TOJCTHIMU
HITPUXITYHKTUPHBIMU JTUHUSMHU ).

115



Fang v

% Towa anapwioce MO MR-
rODRAS o Q0w (N 1 MOCTHURN £
0 > 3 " -
P a0l O e PRSI

mwipaborra

[ TEXHOROTNSSCKOE

'

'
noaneficTane —~ Le V ral- l
> g f } ' I
7 ll / \
/ “J'
2 T,
MCTOMIEHE AKY- | vl
CTHRCKMYX KO- | IIOCKOCT MIRCH-
e YIoakiui MALHONO JHAMEHNE
nracy ONOPHOND JRRDEHHA

PucyHok 4.8 - PacripocTpaneHne akyCTHYECKHX BOJH B tutacte yriis [160]

[Tyaktup mocnmabee TMMOKa3pIBAE€T BOJHY AaKyCTHKH B 30HE HAYaJbHOTO
HaIPSHKEHHOTO COCTOSIHHS, KOTOpass MPOXOJIUT CKBO3b IJIOCKOCTh MaKCHMAaJIbHOTO
OTIOPHOTO JIaBJICHUS, U KOTOPAsl 1ajie€ YXOAUT B OECKOHEUHOCTb.

AKyCTHYECKHE BOJHBI PACIIPOCTPAHSACTCS OT HICTOYHHKA, KOTOPBIM CITY>KHT 30Ha
MIEPBOIO pa3pyIlieHUs yris BOIM3U 3a00iHON 00JacTy yroiapHoro rmiacta. I[lpu aTom
YIOJIbHBIM IIJIACT PAcCMAaTpPUBACTCS KAK aKyCTUUYECKHUM BOJHOBOJ, KOTOPBIM CBEPXY
OTpaHUYEH KPOBJICH, a CHU3Y OTPaHUYEH MOYBON BBIPAOOTKH, KOTOPHIC 3HAYUTEIHHO
OTJIMYAIOTCS TI0O CBOMM CBOMCTBaM OT YTOJIbHOTO Tutacta. [1oCKoJIbKY MOBEPXHOCTH
ATUX TpPaHMI] HEWJeadbHa, TO W TOBEPXHOCTh MOJOOHOTO BOJHOBOJA OTpa’KaeT
CTENIEHb HEUACATbHOCTU OTpakeHus. CTEneHb OTPaKEHUS aKyCTHYECKUX BOJIH
3aBUCUT OT KOA((PHUIIMESHTOB KPEMOCTH YTOJIBHOTO IIacTa U MOXKET COCTAaBIISATH B
npenese okoso 10 pa3 [161].

B 3o0He BOMM3M 3a00HHON 00JacTH KoJieOaHUsI aKyCTUKH TMPOXOISAT CKBO3b
YIOJIbHBIA IUIACT, KOTOPBIA, B OOIIEM ciydae, NOpeacTaBisieT coOol cpeny cC
NEPEMEHHBIMM TTapaMeTpamMu. [Ipw 3TOM HW3MEHEHHS HAIPSHKEHHOTO COCTOSHUS B
MOJIOOHOM Cpefie CBOAATCSA K TapaMeTpaM OSITIOpbl HAaINpsHKEHUH M CBSA3aHA C
MPOTSHKEHHOCTBIO 30HBI BEICOKOTO TOPHOTO JaBJICHUS. DTa 30Ha MOYKET ITPOCTUPATHCS
Ha paccrosinue 10 120 m.

B pabore [160] mokazano, 4TO MpPO3BYyYHMBAHHE YrOJHHOIO ILTACTA IS
oOHapy>KEeHUSI Pa3phIBHBIX HAPYIICHU MOYKHO OCYIIECTBIISITH B KAU€CTBE MHANKATOPA
HaIPsHKEHHO-Ie(HOPMUPOBAHHOTO COCTOSIHHS 3TOTO XKe TUTacTa.

AMIUTUTY THO-9aCTOTHBIN CIIEKTP CUTHAIA OT IJIACTa yTJIs, MOJTyYSHHBIH MOCTe
B3pbIBA Ha MPOXOJKE, omucaH B padote [162]. B tabmuie 4.4 noka3aHbl 3HAYCHHUS
(GU3NYECKUX U aKyCTHUCCKUX XapaKTEPUCTUK YTJIS M IMOPOJ UCCIEIyEeMOTO ydacTKa,
TJI€ {i— MOLIHOCTD MPOILIACTKOB, P - IUNIOTHOCTD, Vs 1 V; — CKOPOCTH MONEPEUHBIX U

IMPOAOJBbHBIX BOJIH, & — ACKPCMCHT 3aTyXaHH.

116



Tabnuna 4.4 - dusnueckre XapakKTePUCTHKH YIIICIIOPOJIHOI0 MaccuBa [162]

Tun nopos H, m p. r/em® Vs, m/c Vp, M/c a, 1/m
[lecuannk 8-24 2,67 2633 4757 0,001
AHEBpOIUT 0-0,2 2,68 2328 4163 0,003

VYroinb 1,2-1,4 1,55 1280 2373 0,01

Wcnonb3ys nannbie Tabnuipl 4.4 paccuruTaHa CKOPOCTh KaHAJIOBOM BOJIHBI JIaBa
B YTOJILHOM Iu1acTe, paBHas 1182 m/c u ayivHa KaHAIOBOW BOJHBI KPaTHASI MOIIIHOCTH
yrojpHOro 1iacta paBHa 1,4 m. Crnegyer OTMETUTh, YTO JJIMHA BOJIHBI OMpPEeNsieT
pasMep HEOJHOPOAHOCTEH, KOTOpble MOTYT BBIJIEJIEHBl B YTOJIBHOM IUIACTE C
norpenrHocTbio +0,05\.

Ha pucynke 4.9a npuBeleH amIUIMTYyIHO-YaCTOTHBIM CIEKTP YHPYTUX
KoJie0aHui, BOZHUKAIOIIUX MPH OypoB3pBIBHBIX padoTax [162]. Ha pucynke 4.9a 30na
MOBBIIICHHBIX 3HaYeHUN B uHTepBaie 70-200I'1 cBsi3aHa ¢ MPOXOXKAECHUEM YyIPYTron
BOJTHBI B CHCTEME «BBIPabOTKa — BMEIMIAIOIINE MOPOIbI», a 30Ha gacToT 580700 '
CBSI3aHAa C HAPYIIEHHOCTHIO yrojapHoro miacta. Ha pucynke 4.96 otoOpaxkeHO
OTHOCHUTEIHHOE W3MCHCHHE AaMIUIMTYAbl CHTHajda B BBIOPOCOOIACHOW 30HE,
CBUJIETEIBCTBYIOIIEE O PE3KOM €€ U3MEHEHUH, UTO SBJISCTCS MMPU3HAKOM TaKUX 30H.
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Pucynok 4.9 - Curnai ot miacra yrisi ¢ €ro 4acTOTOW U aMILIUTy 10 [162]

B pabote [163] momyepkHyTO, YTO HA CETOAHSAIIHMNA JICHb BBIMIOJHSS BCE
IPOTUBOBBIOPOCHBIE JIEHCTBUSL HYKHO TaKXK€ BBIMOJIHATH HEMPEPBIBHBIN KOHTPOJIb
CIICIYIOIUX TapaMeTpoB U (aKTOPOB: CTPYKTypa YTOJBHOTO IUTACTa; KPEMmoCTh
(MpOYHOCTB) YIJisl; Ta3oBbId (pakTOp M (akTopa HaNPsSKEHHO-AEPOPMUPOBAHHOE
COCTOSIHME YTOJIFHOTO TIACTA; TPEIIMHOOOpa30BaHNE B YTOJIHHOM ILJIACTE; BETMUUHBI
OT)KUMa (BBIABUTAHUS) TUIACTA; BIAXHOCTH Y. M3 3TOro KoMIiekca Mep BrIOUpaeM
KOHTPOJIb HAYadbHOW CKOPOCTH Ta30BBIACICHUS Cy, CHEKTPaTbHO-aKyCTUYECCKHIA
KOHTposib 10 mapameTpy K, koTopblii oTBewaer 3a (akTop HampsHKEHHO-
1e(OpPMUPOBAHHOTO COCTOSIHHSI YTOJIBHOTO TIacTa.

[Tosrydeno, 4To Mpy Ta30BBIACICHUN C < 4,5 T/MUH BHE3AIHbIE BBIOPOCHI YTIIs
B Ky306acce nu pa3y He npoucxoauiu. [Ipu razoBbeiaenenun ¢y > 7 J/MUH BHE3aIHbIE
BbIOpocCH! yris B Ky30acce npoucxoauinu noctostHHO. [Ipu 3HaUeHUAX ra30BbIICICHUS
4,5 n/muH < ¢y < 7 n/muH BHe3anHble BbIOpock! yriist B Ky30acce BeposTHbl Ha 50%.
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Hcnonb3dyem ModyyeHHbIE 3aKOHOMEPHOCTH Uil yciioBui KaparanauHckoro
YTOJIBHOTO OacceiiHa e MPOBOMMIIUCH CEMCMOAaKycTHUeCKHe ucciemaoBanus [164,
165] u meToom aHanoruii [166], momydnM cBsI3bp MeX Ty Ta300TAaueH I1acTa yris u
CKOPOCTBIO BOJIH aKyCTHKH.

[Tone3ysick MeTooM aHanoruii [166] u 3akoHoM OMa, MOTyduM CBSI3b CKOPOCTH
paclpoCTpaHEHUs AaKyCTUYECKMX BOJIH C Ta30HOCHOCTBIO YTrOJIBHOTO IIJIacTa,
OMUCHIBAEMYIO YPAaBHEHUEM:

Co=—,co=L (4.29)

N3 popmynsl (4.29) cnenyer:

_ Vs

1)
K=2=
n Vp

(4.30)

rane Vs - HU3KOYACTOTHAsI COCTaBISIONIast; Vp - BHICOKOYACTOTHASI COCTABIISFOIIAS
CIIEKTpa aKyCTHUCCKUX CUTHANIOB (Tabnuia 4.4).

Ecnu B35Th OLIGHKY CBS3M MEXIY Ta30HOCHOCTBIO M 3JIEKTPUUECKUM
COMPOTHUBJICHUEM YTJIeH 10 JaHHBIM paboThl [ 153] mpu Temneparypax T1 =873 Ku T
=973 K, To nonyuum — 6Vp /nVs = 4,3 102. B3sas ans yrus Vg = 1280 m/c u Vp = 2373
m/c u3 tabmuibl 4.4, umeem s Benmuubel K = 0,5, tne K = AT /AT, s10
oTtHomieHue paBHo 18,2/90,7=0,2 MOXET MHTEPIPETHUPOBATHCA KaK HU3KAsl CTEIMCHb
OIACHOCTH Pa3BUTHUS BHE3AMMHOTO BHIOpOCA YIJIsL, TOPOBI U Ta3a WK TOPHOTO yaapa
[164]. [Tpu BHe3amHOM BBIOpOCE yIjis U rasa napamerp K mpeBsiaeT npeablIyryro
BenmmunHy B 10 pa3, T.e. K = 5. Paccmorpennsiii moaxon [165] k BwlaencHHIO
BBIOPOCOOIIACHBIX 30H METOJaMH CEHUCMOAKyCTHKH MOXXET OBITh HCIIOJIh30BaH B
paboTre reomexaHuyeckom ciayk0bl YronbsHoro Jlemapramenta AO «ApcenopMuTtrain
Temupray».

B pabore [167], KOHTpOJb MacCHBa YTOJBHBIX IIACTOB BBIMOJHSIICS II0
mapaMeTpaM HMCKYyCCTBEHHOTO aKycTudeckoro curHama. OueHka aedopmarnmii
YTOJIBHOTO TIaCTa MPOBEJEHA MO PE30HAHCHBIM YacTOTaM CIIEKTPOB aKyCTHYECKHX
curHaioB. CymiecTByeT 3aBUCUMOCTh MEXAY PE30HAHCHOW YaCTOTOW M MOIIHOCTHIO
pesonupyrormiero ciost — fP = Vp/h, tne Vp - pazoBas CKOPOCTh MOMEPEYHBIX BOJTH
(BBICOKOYACTOTHASI COCTABJISIFOIIAS CIIEKTPA aKyCTUYECKUX CUTHAJIOB); A - MOIITHOCTH
pe3oHupytoriei Tommwm nopoa. Ckopocts Vp onpezeneHa SMIUPUIECKH U COCTABIISET
2500 m/c. AmmmTyga pe30HAHCHBIX YacTOT 3aBHUCHUT B OCHOBHOM OT CTEIICHH
ocrabnenus konrakra [161].

Kosddumment otHocutenbHoro HampsikeHust K, (pucynok 4.10) umeer
BenuunHy 0.8-3.0. B Hamem ciywae 3Ta BenuuumHa npuHuMaeT 3Hayenue 0.5-5.0.
Otot 3ddekt ¢ K,, 00ycioBieH, B OCHOBHOM, C IMaJICHUEM KOHIIEHTpAllMM METaHa,
KOTOpPast CTPEMUTCS K ee MHHUMYyMy [161].
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Pucynox 4.10 - Koaddurnuent ornocutensHoro Hanpsokenus K, (1) u
3aBHCHMOCTH COjiepkaHus MeTana (2) [167]

Ha pucynke 4.11 mokaszaHbl JTUHEHHBIE CHEKTPhl aKyCTUYECKUX CUTHAJIOB B
HEHAPYIIEHHOM (a) U HapylIeHHOM (0) YroJIbHOM IIJIacTe.

Ha pucynke 4.12 moka3aHa anpOKCUpPOBaHHBIC 3aBUCUMOCTH JIMHEHMHOW U
HKIOHEHTAJIBLHOM KOHIIEHTpalluu MeTaHa oT Koddduiumenta Hanpsokenud K = K.
bonbiine OTIKJIOHEHWS KOHUEHTPAIMM METaHa OT JIMHEMHOW 3aBUCHUMOCTHU
(cTutoTTHAS JIMHUS ), OTBEYAIOT 320010 C MHTCHCUBHBIM T'a30BBIJICTICHUEM.

Curaan aKkyCTUKH HEHapYILIEHHOTO Curaan aKkyCTUKH HapyILIEHHOT O
TacTa TIacTa
a) 0)

Pucynox 4.11 — Jluneiinbie CIEKTPHI CUTHAJIOB aKYCTUKH HEHAPYIIICHHOTO ()
¥ HapyieHHoro (0) miactoB yris [167]

Kak yxe orMmeuanock B pabore [167], cpennecyrounas no0Obiua yris B 30HaX
OTCYTCTBHUSI TEKTOHMYECKHX HAPYIICHUH OIpeneseTcss METaHOOOWILHOCTRIO H
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HAINPSHKCHHBIM COCTOSTHUEM YTJICTIONPOJHOTO MacCHBa, O YEM CBUJICTEIILCTBYIOT HAIIIH
WCCIICIOBAHMS M JaHHBIC TaOIuIe! 4.5 [166].
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Pucynok 4.12 - KoppensunonHas CBSI3b JIMHEWHAs U SKCIIOHEHIIUAJIbHAS
3aBUCUMOCTH KOHIICHTPAIIUU METaHa
1 K03 (HUIIMCHTA OTHOCUTEIILHBIX HaNpsuKeHus [167]

Tabnuma 4.5 - 3aBUCUMOCTb KOHIICHTPALIUKA METaHa HAIPSKEHHO-1€(POPMUPOBAHHOTO
COCTOSIHUS TIOPOJIBI B IPpH3a00itHO# yacT MaccuBa [167]

3AEMCHMMOCTE KOHUBHTPALWK 3HaueHme CH, [430HOCHOCTE CpegHecyTo4YHanA

Iaga BE?;;':“ MeTaHa (CH.) oT KoaguunenTa on K = 1, % nnacTa, no6biya,

HanpAxedd (K), % ’ M3/T C.6.M THIC. T
24-58 33 CH;=10845-0,020 K 0,75 25 15
24-59 64 CH4=0,820-0,189 K 0,63 25 8.9
25-96 90 CH,4=10,690-0,062 K 0,50 21 8,7
5212 33 CH4=0,843-0,165 K 0,79 10 15,8
b2-12* 24 CH4=2737-0987TK 1,75 10 15,8

CpadHes CH4=0,799-0,129 K 0,67

AHalM3 TIPUBEICHHBIX BBIIIE PACCyXJACHUW TIOKa3aj, 4YTO Juara3oH
kod(dureHTa OTHOCUTENIBHBIX HanpsbkeHuil K, cocraiser 0,8-3 u cpaBHUBaeTCs €
HamuM napameTpom K, kotopslii coctasisiet 0,5 - 5.

Takum 0OpazoM, MOXKHO CAENIAaTh BBIBOJI O TOM, UTO, eciu mapametp K = Vs /Vp
<3, 1o yroaeHbIi miact KaparanamHCKOro yrojibHOro 0acceiiHa MOXXHO OTHECTH K
1JIacTaM C MOBBIIIICHHOW Ta300T/Aauell U OH OMAaceH K BHE3aIMHBIM BhIOpOCAM YTJIS |
rasa.
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BbIBOABI 110 YeTBEPTOI I1aBe

1. JIns CHWXEHHsS] COJAEp>KaHUS METaHa B YrOJbHOM IIJJIaCT€ C IEJbIO
0€30MacHOr0  TMPOBEJACHUS TMOATOTOBUTENBHBIX  BBIPAOOTOK, MPEAOTBpAILICHUS
BHE3aIMHbBIX BHIOpOCOB yris u raza baiimyxameroBbim C.K. u np. Obla mpeziokeHa
TEXHOJOTHs MPEABAPUTEIHLHON MPOXOIKHA Ta30APEHAXHON BBIPAOOTKH MOJ| TJIACTOM
JUIS pa3rpy3Ku €ro OT TOPHOTO AaBJICHUS U OypEeHUs U3 Hee B IUIACT JIeTa3alluOHHbBIX
ckBaxuH ['PII. /lanHas TexHoMOTHA ObLIIa UCTIONB30BaHa Ha ImaxTe «Kazaxcranckasny
Ha 100bIYHBIX yuacTKax 312ds-13, 322 de-13, mpu 3TOM yCTaHOBIIEHO, YTO YBEIUYCHHE
Ha 11% MeTaHOOOUITLHOCTH JOOBIYHOTO YYACTKA CHIDXKAET CPEIHECYTOUYHYIO T0OBIYY
Ha 24%. Pe3ynbTaThl NpOBEAECHHBIX padOT, U pPe3yJIbTaThl UCCIEIOBAHUNA MMO3BOJISIOT
PEKOMEH/I0BATh 3Ty TEXHOJIOTHUIO BO3JEHCTBHSI HA Ta30HOCHBIH IUIACT JJIs TOBBILLIEHUS
ra300TAauu.

2. OmpeniesieHbl  OTHOCHUTENbHBIE TeO(PH3UYECKHe KPUTEPHUH  BBIICICHUS
YTOJNIBHBIX TUIACTOB C TOBBIMICHHOW Ta300THade MO pe3ylbTaTaM HCCIETOBaHHMA
CKBXHUH, a TaKXKe MO HM3MEPEHUSM YIPYTHX XapaKTEPUCTUK YTOJIBHOTO TIIACTA,
KOTOpBIE PEKOMEHIYIOTCS K MCIOJB30BAaHUIO TIPU pa3pabOTKe METOIOB BO3ACHCTBUS
Ha YTOJBHBIN TUTACT JJIs1 TOBBILICHUS €T0 Ta300TJa4H.

3. Pa3paborana matemaruueckas MOJENb DHEPTETHUECKOTO BO3ACHCTBHS Ha
YTOJIBHBIN TIJIACT /IS TIOBBIIICHUS Ta300Ta4l METaHa, ONMUCHIBAIOIIAs] HOBBIA METO/
BO3/ICICTBUS Ha YTOJbHBIN IJIACT, OCHOBAHHBIA HAa TEPMOXUMHUUYECKOM DPA3JI0KEHUU
MeTaHa I@pU OJHOBPEMEHHOM BO3JECHCTBUM HA IUIACT KHUCJIOTHOW >KHUIKOCTH
TUJIPOPACUICHEHUSI U TEMIIEPATYPhI.

121



3AK/IIOYEHUE

MHO10 OBLITH POBEJICHBI TEOPETUUECKHIE U IKCIIEPUMEHTATBHBIC NCCIICIOBAHMS
Ha mpumepe IllepyOalilHypHHCKOTO ydYacTKa ¥ HEKOTOPBIX JPYTHX  IIaXT
Kaparanguackoro yronpHOro OacceiiHa [J1i OOOCHOBaHUSI HOBBIX METOJOB
BO3JCHCTBHUS HA YTOJIBHBIM IUIACT C LIEJIBIO MOBBIIICHUS TA300TIa41 YTOJIBHOTO IJ1aCTa
C yY4eTOM €ro HampsHKeHHO-Ie(OPMHUPOBAHHOTO  COCTOSHUS W BIUSHUS
HAaHOCTPYKTYPHhI YTJIs.

OTH HCCIIEI0OBaHUs Jal0T OCHOBaHUE s pa3pabOTKU METOI0B BO3ICUCTBUS HA
YroJIbHBIA  IJIACT C  LEJIbI0 CHUXKEHUST €ro Ta30HOCHOCTH, ITOBBIIICHUS
MIPOU3BOJIUTEIIBHOCTH TOPHBIX PA0O0T MPHU JT0OBIUE YTJIs M MOBBIIIEHUS O€30IMaCHOCTH
TpyZJa WIaXTEPOB, YTO SBISIETCS aKTyalbHbIM sl KaparaHIWHCKOTO YIroOJIBHOTO
OacceiiHa U yroJbHBIX OacCetHOB, 00JIaAIONINX CXOAHBIMH FOPHO-T€OJOTUYECKUMHU
YCJIOBUSMH pa3pabOTKU U Ta30HOCHOCTHIO YTOJIBHBIX IJIACTOB.

1. Ha ocHOBe aHanu3a CyIIECTBYIOIIMX METOJOB BO3JCUCTBUS Ha YTOJbHBIN
MJacT JJIS TIOBBIIIEHUSA Ta300TAa4d MeTaHa BbIOpaHbl (U3WYECKUE METOIbI,
OCHOBAHHBIE HA MCITOJIb30BAHUN MEXAHUYECKHUX, TETUIOBBIX, SJIEKTPUUYECKUX MOJIEN U
XUMHUYECKOM  BO3JICUCTBUU; OMNPEACIICHbl MNPUHUMUIBI W KPUTEPUU BBIOOpA
PACIIOJIOKEHUSI CKBAXKUH, MCMOJIb3YEMBIX JJIsI TUIPOPACUIEHEHUSI YTOJIBHOTO IUIACTa
U paauyca BIMSHUS JIeTa3allMOHHBIX CKBaXXWH, oOecreuuBaronux 3(QPeKTuBHOE
CHUKEHUE I'a30HOCHOCTH.

2. PazpaboTaH HOBBIM METO]T BO3ICHCTBHSI Ha YTOJIBHBIN IIJIACT, OCHOBAaHHBIN Ha
OypeHUU CKBaXXHHBI 10 CIHEIUATBHBIM MPOGUISIM C OTKJIOHEHHEM CTBOJIa 10
BEPTUKAJIU [0 MPOCTUPAHUIO HECKOJIbKUX MPOAYKTUBHBIX YIOJIBHBIX ILUIACTOB C
MPOBEJECHUEM B HMX MOMHTEPBAJIBLHOIO T'HIPOPACUWICHEHUS JJIsl OTKAYKHU raza 4epes
BEPTUKAJIBHYIO CKBaXWHY, 3200l KOTOpOHl coBMEHIEH ¢ 3a00SMHU HAKJIOHHO-
HaIpaBJICHHBIX CKBAYKUH.

3. Pazpaborana uyucneHHas MoOJETb BO3ICHCTBUS HA YTOJBHBIA ILIACT,
ycra"aBinuBaronias nsMeHenne HJIC yroapHOro miacra B OKOJOCKBaKMHHOM 30HE C
ryOuHOM, (QopMHpys CUCTEMY TOPU30HTAIBHBIX W BEPTUKAIbHBIX TpPEIIUH, B
3aBUCUMOCTH OT TJIyOMHBI 3aJIeTaHusl TJ1aCTa, YTO JOJKHO YUUTHIBATHCS MIPU BHIOOPE
texHosoruu I'PII; pazpaborana Mozaens (GopMUpPOBaHUS TPEUIUH B 3aBUCHMOCTH OT
CKOPOCTH U3MEHEHMS IaBJIEHUS )KUIKOCTH TUAPOPACUICHEHUS.

4. PazpaboTtana MeToAuMKa pacy€Ta  paguyca  BIMSHUS  IJIACTOBBIX
JIera3aliOHHBIX CKBKHH JIJIs1 ypaBlieHUus 3O PEKTUBHOCTHIO UX PaOOTHI.

5. lpennoxkena TexHOJOTHS OypeHHUs JETa3allMOHHBIX CKBOXHH W3 TOJEBOM
ra3opeHaXHON BHIPAOOTKH, TPOMIEHHOM 1O BBICOKOTa30HOCHBIM ILIACTaM,
oOecreunBaroIiasl CHIKEHNE Ta30HOCHOCTH IIacTa /10 25 pa3 3a CUéT MOBBIMICHUS
ra3ooTAauH MiacTa.

6. YcraHoBieHa 3aBUCUMOCTh IUIOTHOCTH PAacTBOpa THAPOPACUICHEHUS] OT
kodpdunmenta nuddy3un, KHNHEMATUUECKON BSI3KOCTH, CKOPOCTH YaCTHI], UX MACChI
u sHeprun ['m60ca cMecHu 4acTUIl U >KUAKOCTH, TTOBEPXHOCTHOTO HATSKEHUS YIS,
CTPYKTYpbl (DOPMUPYIOIIUXCA TPEUIMH U UX KPUTHUECKOTO pajuyca, TMHAMUYECKOU
BSI3KOCTHU JKUJAKOCTH THAPOPAUTICHEHUS.
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7. nst 3¢HeKTUBHOTO BBIOOpA MPOAYKTHUBHBIX ILIACTOB, MCHOJIB3YEMbBIX IS
TUAPOPACUWICHEHHUSI  OMpEJeNieHbl Teo(u3nuecKue KPUTEPUH  BEJIMYMHBI  UX
ra3ooT/Javu.

8. Pa3paboTrana mMareMaTH4eCKOW MOJENHU PHEPTeTUYECKOrO BO3IACHCTBHUS Ha
YIOJBHBIM TIACT JJIA TOBBIIIEHUS Ta300TAAa4d METaHa, BXOISALIET0 B CUCTEMY
«yIJIA+MeTaH», OCHOBaHHYIO Ha TEPMOXUMHYECKOM BO3/CHCTBUU C UCIIOIb30BAHUEM
KHCJIOTHOTO pacTBOpa.

9. YcraHoBieHBI pa3iavuus TOJIIUH MOBEPXHOCTHOTO CJIOS YIVIEH Pa3IHYHbIX
Mapok KaparanauHckoro 6acceitHa, KOTOpbIM BiMsieT Ha TU(Qy3ut0 MeTaHa U3 YIJIs
U TepexoJ MeTaHa U3 TBEPAOro YIJIETa30BOI0 pacTBOpa B CBOOOJHBIN ras;
YCTaHOBJICHA CBS3b TEIJIOEMKOCTH M BJIAXKHOCTU YIJISi C MOBEPXHOCTHBIM CJIOEM;
npeioxkeHa (opMyia 171 OLIEHKH CaMOBO3TOpaHMsl YIJIsl; TOKa3aHa CBsI3b U3MEHEHMUSI
ra30HOCHOCTH YTOJIBHBIX IUIACTOB C POCTOM C POCTOM IOBEPXHOCTHOW SHEPTHUH.
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