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TPEIIHHOOBPA3OBAHHE B VI'/IAX PASHbBIX

I'EHOTHIIOB *

PaccmoTtpeHsr 0OCHOBHBIe ¢hbaKTOPbI, onpede/IsioliHe TPelIMHOBaTOCTh HCKOIaeMbIX Yr-
aed. [lpuBesneHpl sKcriepuMeHTa/IbHbIe AaHHbIe O 3aBUCHMOCTH KO/THYECTBEHHbIX I1apa-
MeTpPOB TPEIHHOBAaTOCTH OT CTPYKTYPHBIX M MOPGOO/TIOTHYECKHX OCOOEHHOCTEH YIVIeH
pasHbIX FeHOTHIIOB. YcraHOB/IeHO, YTo MOpghooruyeckHe 0COGeHHOCTH BelleCcTBa BHUT-
PHHHTOB YIVIeH B Mpolleccax COpOLIMH HIPaioT BTOPOCTEEHHYIO (10 CpaBHEHHIO CO
CTPYKTYPHBIMH, OIpeae/IieMbIMH T10 TTOKa3aTe/IIM COPOLIMH H HabYXaHHS YI7IeH) posb B
KO/TH4eCTBeHHBIX ITOKa3aTe/1fX TPellHHOBaTOCTH.

KaroueBble ci0Ba: yro/ib, reHOTHII, (Q/IHKKep-IIIYMOBas CIIEKTPOCKOITHA, TPeLIHOBa-

TOCTb, OKHC/IeHHe, COPOLIHA, HabyXaHHe.

S.A. Epishtein

CRACK FORMATION IN THE
COLAS OF THE DIFFERENT TYPE.

The main factors that define the crack
formation of the mineral coal are reviewed.
The experimental data on the dependence of
the quantative parameters of the fracturing
on the structural and morphological
characteristics of colas of different genotypes
are given. It was proven that the
morphological characteristics of the coal
vitrinite  during the sorption play the
secondary role in forming the fractures in
comparison with the structural characteristics
(the parameters of sorption and coal
bulking).

Key words: coal, genotype, flicker-noise
spectroscopy, fracturing, oxidation, sorption,
bulking.

“Pabota BbIMonHeHa MpH (PUHAHCOBOM IOA-
nepxke rpaHta PODOH Ne 09-05-00263-a

T PelMHOBAaTOCTb VI7IeH, UMelo-
mas BakHOE 3HaueHWe IIpU
MPOTHO3e MX APOBHUMOCTH W PasMorIo-
CIIOCOGHOCTH, 3aBUCUT OT MeTporpadu-
UeCKOro COCTaBa YI7ied, B MepBYIO oue-
penb, OT colepXaHWsi BUTpHUHWTA. Ha
puc. 1 mpuBeneHa 3aBUCHMOCTb H3Me-

HEHHsl SHAOTEHHOM TPEIMHOBATOCTU
yr7aei ¢ pas3IMyHbIM CoePKaHUeM B HUX
Mallepa/ioB TPYIIbl BUTPUHHTA. DHAO-
reHHasl TPelIMHOBaTOCTh He3HaUHUTe/TbHO
M3MeHseTCs TIPY Ma/IbIX COAePKAHUAX B
UIZIX PasHblX CTaAuil BUTPUHHTA; pes-
KOe BO3pacTaHWe TMPOUCXOAWT MpU YBe-
MUUEHHH KO/IW4ecTBa BUTPUHUTa Ooriee
50%. Ok3oreHHas TPEIMHOBATOCTD
Takxke 6o71ee APKO MMPOAB/ISETCH 171 Yr-
ney, oborameHHbIx BUTpuUHHUTOM [1,2].
TpemmHHOBAaTOCTE  OKa3blBaeT  Heco-
MHEHHOe B/IMsAHMEe Ha MPOYHOCTh U Ipa-
HY/IOMETPUYECKHI coctaB yrrernt [3-5],
YTO OuUeHb BaxKHO MPU UX A0DbUE U Tie-
pepabotke. CyiecTByeT TecHas CBs3b
MeX/y WHTEHCUBHOCTBIO 3K30reHHOM
TPENMHOBATOCTY M CK/AOHHOCTHIO TI/1a-
CTOB K BhIOpocaM [5].

[laHHble 06 M3MEHEeHWM 3TAOTeHHOM
TPeIIMHOBAaTOCTH TIpH  MeTaMopdou3Me
MpYBeIeHbl Ha pUc. 2. ITa 3aBUCHMOCTD
VMIMeeT 3KCTPEeMa/lbHbIN XapaKTep: Mak-
CHMa/lbHasi 4acTOTa 3SH/AOTeHHBIX Tpe-
IIMH XapaktepHa ans yraew -V craauit
Metamopduama. HameneHwe MMKpO-
TBEPAOCTH BUTPUHUTOB HMeeT Ooree
C/IOXKHYIO 3aBUCUMOCTb OT CTAIMU MeTa-
MopduaMa. MUKPOTBEpAOCTh YBE/TUUU-
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Puc. 1. HsMeHeHHe 3HAOreH-
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HOH TpewmnHoBatoctH Lya B
3aBHCHMOCTH OT COJepXKaHHSA
2 Burpunuta (Vt) B yraax I (1),
III u IV (2) craauii Mmeramop-
cusma [4]

YeCKHI COCTaB
CIOCOBHOCTB),

(pasmorno-

COTIPOTUB/ICHUE Pe3aHUI0 U
ApYyrvie MexaHW4yecKue Xa-
PAKTepUCTHKH. Tak, Ccompo-
TVB/ICHVe VI7IeH pe3aHrioO NMe-
eT MUHMMYM /1 VI7Iel cpen-
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BaeTca Ans Yr7ieil B MHTepBasie IOKa-
3ateneit orpaxerusa 0,5-1,0%, 3atem
YMeHbIIAeTCA BIVIOTh A0 CTAaauM MeTa-
MopduaMa, cootBetctByomert  1,5%,
TI0C/le Yero HayuHaeT OINSATh BO3pacTaTh.
Takoit XapakTep H3MeHeHUs MHKPO-
TBEPAOCTU CKOpee BCero CBsi3aH C Io-
NOOHBIM M3MeHeHHeM I7IOTHOCTH BelleCT-
Ba BUTPUHUTOB [1]. MaMeHeHe TpemHo-
BaTOCTH, [VIOTHOCTH U XPYIIKOCTH YI7Ien
npy MeTaMopMaMe OKa3BIBAIOT CYLIECT-
BeHHOe B/WsIHMEe Ha MX PaHy/IoOMeTpU-
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HUX CTaaMii MeTaMopdpraMa,
3TO 3aBMCUMOCTD [TPO-SIB/ISICTCH
TeM sicHee, yeM Goribilie B Yr-
nsax ButpuHuta. C yBenvue-
HUeM cTaaun Metamopdusma ot | mo 1II
YBE/TMUMBACTCS KO/IMUECTBO Me/IOUM B TO-
BapHbIX Npodax yrried [3, 4 |.

[l vsoMeTaMOPMOHBIX BUTPHHUTOB Pas-
HbIX TE@HOTUIIOB [10 CTereHH BOCCTaHOB-
NIeHHOCTU OBOpa3oBaHUe TPeIMH MPH HH-
[IeHTUPOBAaHUM  (OTIpesiefleHN  MUKPO-
TBEP/IOCTH TYTeM B/IaB/IMBAHMS a/IMa3HOM
MMMPAMM/IKM) XapaKTepHO 71s1 Yrriert 6oree
BOCCTAHOB/IGHHOTO THMa [6]. MURpoxpyr-
KOCTb BWUTPHHMTOB KaMEHHBIX YI/IeH I10-
CTereHHO Bo3pactaeT OT |
CTalMi 710  MaKCHMa/IbHbIX
3HaueHuii Ha IV craaun meta-
Mopcuama (R, ~1,30 — 1,49
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%), a 3aTeM yMeHblaetcs K VI
cramnu (R, ~2,00%). Msome-
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Tamop-oHble  Goree  BOCCTa-
HOB/IGHHBIE VIV XapaKTepi-
3VIOTCH  3HAUMTE/IBHO BO7IbIIIeH

MUKPOXPYIIKOCTBIO Ha  BCeX
cTamusx MetamopdrsMa. Be-

10 +—o==]

MMUMHBI MPKPOXPYITKOCTU  BUT-
PUHUTA MOTYT C/IYKUTH TIpH-

Craams meramopdisva

72

\

Vi Puc. 2. HsmeneHHe 3HAOreH-

HOH TPeUIHHOBAaTOCTH CTaaAHH
Mmeramopchbusma yraeii [5]



3HaKaMH, TTO3BO/IAIOIIMIMY OrIpee/iIaTh CTe-
IeHb BOCCTaHOB/ICHHOCTH KaMEHHbIX ymeﬁ

(1].

B pesynbTate HamuMx MpeablayIiniX
vccnenoBanuit  [7-10]  ympyro-naactu-
YEeCKMX CBOWCTB BUTPHUHHWTOBBIX YI/7eH B
YC/IOBUAX BO3AENCTBUS CW/IOBBIX I10/1eH
M aKTHBHBIX Cpe/l YCTaHOB/IeHa 3aBUCH-
MOCTb MeXKay KO/TMUeCTBEeHHBIMU U Kaue-
CTBEHHBIMH XapaKTepUCTHKaMH IpoLiec-
ca TpelrHOOOpa3oBaHHA U TreHeTHue-
CKUM TUIIOM yried. Tak, B3aMMOJeHCT-
Bre BUTPUHMTOB yr7iedt | u Il renorumnos
CO crieLMUYecKNM OpraHH4YecKrM pac-

Puc. 3. Tpemnns!r B yrasx I
(a) u 1V (6) renotHnoB nocne
B3aHMOJEHCTBHS C [IHMETH/-
dopmamuaom

TBOpUTENIeM — AUMeTUIdopa-
MHZIOM, TIPUBOAMT K 06paso-
BaHHMIO I'YCTOM CeTKU TpellVH,
3aTparvBaiollMX BCIO TTOBEpX-
HOCTb

YaCTHLl ¥ K YaCTHUHOMY WM
TO/IHOMY HAPYILIEHHIO CIVIOLI-
HOCTM BemlecTBa (puc. 3).
HarnpoTuB, BUTPUHMUTHEI yr-
nern Il u IV reHorunos,
umerommx cxoausitt ¢ [ u 1
nerporpadruuecKkuil  CoCTaB
Y 6M3KMUI MOKasaTelb OT-
parkeHVs BUTPUHUTA, IIPU
B3aumozenctBul ¢ [AMPA
paspyualTca ¢ obpasoBa-
HUEM e[WHMYHBIX TpeIlVH,
HIMEIOIINX V-o6paznyio
dopMy U 3aUacTyio /10Ka/lu-
3VIOIMXCH B MECTe KOHTaKTa
C MUHepaIbHBIMU  BK/IIOUe-
HUSAMHA WM APYTUMU  Malle-
panamu.

Okucrnenvie yrreit B pas-
HBIX YC/IOBUSIX, KakK T[IpU
KOMHaTHOM TeMmriepaType,
Tak U B avarnasoHe 100-300
°C, npuBoaut K 0BpasoBa-
HHIO MHOTOUMC/ICHHBIX TpelrH (puc.4)
[11]. Tlono6Hble HabmoaeHNS WU3BECTHBI
MpY  MCCIeAOBAaHUM BbIBETPEHHBIX U
OKHUC/ICHHBIX B I/IaCTax YI7ziei. YCcTaHoB-
[IeHO, UTO XapakKTep TPellvH 3aBUCUT OT
FeHOTUIIa YI/ieH.

Tak xe, Kak U B cydae B3auMoaew-
ctBus ¢ [AIMPA, yrau | u 1l resotunos
XapaKTepU3yIoTCs  0BpasoBaHUeM  Tyc-
TOM CeTKH TPeIMH W ITPAKTHUECKU MO/-
HbIM paspylleHHeM MaTepyasa YI7iei.
MayueHune moBeseHUs MCCAeAYeMbIX Yr-
ey TpU MexaHHWUeCKOM BaB/IMBaHWUH
a/IMa3HOM MMPaMUIKK MOATBEPAUIO, YC-
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TaHOB/IGHHbIE paHee B paboTax pas3auny-
HBbIX aBTOPOB, 3aKOHOMEPHOCTU: yrau [
u Il reHOoTHMNOB mNpW HWHAEHTHPOBAHUU
MPOSAB/AIOT CBOMCTBA XPYIIKOTO Terna, B
TO BpeMs Kak nzoMetamopdHbie yrzu I
u IV reHOTMNOB AalOT T/IACTUYHBIN OT-

reyaToK.

M3BectHO, uTO O6pasoBaHue TPELVH
B MHOIOKOMIIOHEHTHBIX OpPraHO-MHHe-
Pa/IbHBIX BellleCTBaX CBA3aHO B I1E€PBYIO
oyepenlb C UX eTepOreHHOCTbIO, a TaK-
XKe C XWMHUUeCKOM CTPYKTYpPOHM, B YacT-
HOCTU C IVIOTHOCTBIO M KO/IMUeCTBOM
Ba/ICHTHBIX M HEeBa/IeHTHBbIX CBf3eH MeX-
oy accoLraTaMy MaKpOMOZIeKY/l U X
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Puc. 4. Xapakrtep ob6pa3oBa-
HHS TpPeWHH NPH OKHC/ICHHH
yI/Z1ei pa3HbIX TeHOTHIIOB (a-
I renorun, 6- IV renornn)

MPOCTPAHCTBEHHBIM  Pacrio-
noxeHvieM. Wayuenve mpo-
L1IeCCOB copbLumu-aecopb-
MU YI7IAMU  OPraHUYeCcKoro
pacTBopUTens, U3bUpaTenb-
HO pa3pyllaioniero MexkMo-
NeRyfpHble CBSA3M B YITIAX,
nokasazno, yro yrau 1l u [V
reHOTHITOB OT/INYAIOTCS
Gonbllied T/IOTHOCTBIO Mexk-
MOZIERY/ISIPHBIX CBs3eit
(7,10]. Takue pasmuusa B
CTPYKTYpe N30MeTaMOPGHBIX
yr7ieil  pasHbIX T[eHOTHUIIOB
MPOSBAAIOTC B GO/MBIINMX
3HAYeHUX  OTHOCHTEe/bHOM
copbLIMK ¥ U3MEHEeHHH YITpyY-
ro-M7IaCTUYECKUX  CBOMCTB
BemectBa yrzient 1l u IV re-
HOTWUIIOB TMoc/ie  copOuru
vMH pactBopurens. Mukpo-
CKOTMYeCKoe HCCe0BaH1e
oOpaslLoB  yrzier  rocrne
B3auMoserctBus ¢ [IMPA u
orpeniesieHe  OTHOCHUTE/b-
HOM 7011 YJaCTKOB 3aTPOHY-
TBIX TpeUMHaMH I[10Ka3aso,
YTO OTHOCHTe/IbHas Tpelly-
HoBatocts yrziedt Il u IV renoturios
Gorbille  aHa/IOTMYHBIX ~ 3HAUGHHWM /17151
nzoMetamopdHbix yrzed [ u 1l renotw-
TOB.

Ecnu konvuecTBeHHble MOKa3aTesny
TPENMHOBAaTOCTU YI7Iel OlpeaensioTcs
B 3HAUMTE/IBHOM Mepe KO/MNYeCTBOM
COPOUPOBAHHOTO YI7/ISIMM BeIlecTBa, TO
dopMa TpeumH M xapakrep COPOLIMOH-
HOTO pa3pylleHHsl MaTepuasa 3aBHUCUT
OT MOPQOMOrHYEeCKUX OCOGeHHOCTEE
OPraHHUuYeckoro Yro/ibHOrO —BellecTsa.
[IpoBenennrsie B pabote [12] uccneno-
BaHUsA TEKCTYPhl YI7iel B MPOXO/sIieM
CBeTe U oOlpesieqieHre MeToaoM (IMK-
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Puc. 5. 3aBHCHMOCTb OTHOCHTE/IbHOH TPEIIHHOBATOCTH VYIVTIEH Noc/1e B3aHMOAEHCTBHA
c aumetuachopmamuaom ot PILIC-napamerposB

rep-mymoBoi  crietpockoruu  (PIIC)
[13] KomMuecTBeHHBIX MapaMeTpoB (o,
S01), oTBeyaomMX PA3/IMYHBIM TeHOTH-
ram BUTPHHUTOB, TMOKa3a/k, UTO YIOB-
NeTBOPHUTE/BHYIO COI7IaCOBAHHOCTb 3THX
MapaMeTpoB M TOKasaTeslell MUKPOXPYIT-

KOCTH ymeﬂ: UBe/IM4eHrie I1apaMeTpoOB,
XapPaKTepHr3yIoIrX reteporeHHOCTb opra-
HMYeCKOro BeleCTBa BUTPHHWTOB, IIpH-
BOAWT K TIPOIOPLMOHA/IbBHOMY yBe/1r4ye-
HHIO MX XPYITKOCTH.
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AHazornyHoe COTOoCTaB/IeHUe YKa-
3aHHBIX TApaMeTPOB C TMOKa3aTe/AsIMU
TPEUIMHOBATOCTU Yr7ier Iocsie copbLmu
(puc. 5) Mo3BOMMIO YCTAHOBHTH [1OXO-
KYIO 3aKOHOMEPHOCTb: OTHOCHTE/bHask
TPEUIMHOBATOCTb YI7ZIeHM CHUMXKAeTCs C
UBE/IMUEHUEM CTeleéHU TIeTepOreHHOCTU
BellleCTBa yr7et. Takol pes3y/nbTar Mos3Bo-
asieT cAenath MpeaBapyUTe/IbHbIN BbIBOA O
TOM, UTO MOPJO/IOTHYEecKHe OCOBEHHO-
CTU BellleCTBa BUTPHMHWTOB I7IeH B IIPO-
Lileccax COpOLMM MrpaioT BTOPOCTerieH-
HYIO (IO CpPaBHEHUIO CO CTPYKTYPHBIMM,
ornpenensieMbIMM O TIOKasaTensaM copb-
LMK ¥ HaOyxaHWsl YI7ier) po/ib B KOMuue-
CTBEHHBIX ITOKa3aTe/IsX TPEeIMHOBATOCTH.
OaHako mMapaMeTpbl reTeporeHHOCTH Be-
IIeCTBa BUTPHUHUTOB orlpeaenseT popMy
TPeIlMH U XapaKTep PaspyllieHus Yr7ier.

OTOT BBIBOA CTAHOBUTCH Ooriee ouye-
BHZHBIM IPH UCC/1eIOBaHNUK TPeLIMHOBA-
TOCTU VI7lell TMpeaBapyTesisHO 06pabo-
TaHHBIX MpH Temrieparypax 150-300 °C
[9, 10]. MaMeHeHre HaaMOIEKyISAPHOM
CTPYKTYPBl  OPraHU4Yeckoro BellecTBa
yried mpu TepMoobpaboTKe MPUBOAWUT
K YBe/IMUEHHIO TIOKasaTener copbimu 1
3HAUWUTE/IbHOMY — M3MEHEeHHIO  YIpYro-
M/IaCTUYeCKUX CBOMCTB. [lpu 3ToM oT-
HOCHTe/IbHas  TPeUIMHOBATOCTb  YI7IeH
rocne copOLMK YBemMuuBaeTcs, a op-
Ma TpellVH U XapakTep paspylieHus Ka-
YeCTBEeHHO M3MeHsieTCs As YI7ied, Xa-
PAKTepPH3YIONIMXCA BBICOKOM  CTereHbIO
reteporeHHocTH BeitiectBa (yrau [ u Il
[EeHOTUIIOB).
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