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NCCNEQOBAHUE MEPAPXUYECKOW CTPYKTYPbI MCKOMAEMbIX
YIMEW METOLOM MPECCOBAHUA.
OMPELENEHME MOMHOW MOPUCTOCTU

CtaTtbsa noctynuna B pegakumio 26 mapta 2015 roga

Tlpusedenvt pezyromamosl 00HOOCHO20 0ehOPMUPOBAHUS Y2OTIbHBIX 00PA3UOE 00 MAKCU-
manvHou naepysku 1.2 GPa. B pamkax mooenu eemepo2eHHou NOpUCmou cpedvl noayue-
Hbl 3HAYEHUS KOIPOUYUeHmMo8 BHYmMpenHe20 MpeHus U CO8U208020 CYenaeHuUs Ojisl No-
cnedosamenvbHulx cmaouti degpopmuposanus. Tloxkazano, umo o06pasysl u3 blOPOCOONAC-
HbIX Y2OAbHBIX NIACHO8 OMIUYAIOMCS NO C8OUM XAPAKMEPUCTRUKAM OM 00pA3U08 U3 ye-
podrcaemvix naacmos. Hcnoavzyemulii Memoo no360asem Onpeoenums HOIHYI0 NOPUC-
mocms 06pa3y08 U 3HAYeHUe NIOMHOCINU MEEPOOU MaAMPUYbL NOPUCNOL cpedbl. Boiuuc-
JIeHa 3aKPbIMAs NOPUCTHIOCTY Ol UCCIE008AHHBIX 00PA3YO08, COCMABTAIOWAS OCHOBHYIO
yacmos 00veMa NOAHOU NOPUCHOCTIL.

Karouesblie cioBa: negopMupoBaHue, MOPUCTOCTh, BHYTPEHHEE TPEHHE, MCKOMAEMBIN
yTOJIb, yCTAHOBKA TPEXKOMIIOHEHTHOTO CXKATHUS

Haseodeno pesynrbmamu 00HOBICHO20 OeopmyanHs 8y2ilbHUX 3PA3KI8 00 MAKCUMANIbHO-
20 nasanmaoicennsa 1.2 GPa. ¥ pamkax mooeni cemepozeHH020 NOPUCmozo cepedosuiya
OMPUMAHO 3HAYEHHS KOepiyieHmie HYmMpiuHb020 mMepms ma 3CY8HO20 3YeNIeHHs O
nOCAI008HUX cmaoditl depopmyeanns. llokazano, wo 3pasku 3 BUKUOOHEOE3NEYHUX
8Y2IIbHUX NIACMIE BIOPIZHAIOMbCA 34 CBOIMU XAPAKMEPUCMUKAMU 8I0 3DA3KIE i3 3a2p03-
ausux naacmis. Memoo, wjo 6ys sukopucmaruil, 00380JA€ GUSHAUUMU NOBHY NOPUCMICMb
3pasKie i 3HAueHHs WintbHOCmI meepdoi mampuyi nopucmozo cepeodosuwa. Oouucieno
3aKpumy nOpucmicme, AKa CMAHO8UMb OCHOBHY CKIAO08) YACMUHY 00 €My NO8HOI no-
pucmocmi, 05 3pasKie, Wo 00CIIONCYBANUCS.

Konrouosi ciioBa: nedopmartis, NOpUCTICTb, BHYTPILIHE TEPTsI, BUKOIHE BYTLLIA, YCTAaHOBKA
TPUKOMITIOHEHTHOTO CTHCHEHHS

1. BBenenue

Nzyyenne (Hpu3nMKo-MeXaHMUYECKUX CBOMCTB HMCKOIMAEMOTO YIJI MPH BBICOKHX
JIABJIICHUSIX OCTAETCS AKTyaJIbHOW 3adadeil. MeToabl TMAPOCTATHYECKOTO U He-
PaBHOKOMITIOHEHTHOTO BO3/EHCTBUS MO3BOJISIIOT UCCIE0BATh CTPYKTYPY HEOIHO-
POIHOM Cpensl yIiield, MeXaHW3Mbl Je(OpMHUpPOBAHUS W pa3pylIeHUS 00pa3IoB
YIJI B POLIECCE HATPy KEHHUS.
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OpHoil U3 0cobeHHOCTEN U3MEHEHUS MJIOTHOCTH MPH OJHOOCHOM C)KaTHH 00-
Pa3LoB SBISIETCS MHOTOCTAIUHHOCTD, XapaKTEepPU3YIOIasAcs CKaYKOOOPa3HbIM U3-
MEHEHHEM IIJIOTHOCTH Ha pa3jM4yHBIX 3Tamax IpeccoBaHus. Takoe IMOBeneHUE
KPUBOM Harpy>KeHUsl ONpeAesieTcs U3MEHEHHEM BHYTPEHHEH CTPYKTYphl MaTe-
puana. [TonobHas MHOrocTauHHOCTH Obl1a OOHapyskeHa JUIst OyphIX M KAMEHHBIX
yriei B [1,2]. Ona BoIpakajiach B U3MEHEHUU HAKJIOHAa KPUBOH B rpaduueckoM
NpEeCTAaBICHUN 3aBUCUMOCTH OTHOCHUTENIHOW IUIOTHOCTU OT JIABJIECHUS Mpecco-
BaHus. CornmacHo [3] kaxnas cTaausl XapakTEpU3yeTCs OTHOCUTEJIbHON WHTEH-
CHUBHOCTBIO TPOLIECCOB pa3pyIICHUs U MPOCKAIb3bIBAHUS OTIACJIBHBIX YaCTHIl —
KOHIJIOMEPATOB, MOPOIIKOBBIX U CTPYKTYPHO-HEOAHOPOIHBIX 0OPA3IIOB.

OTMeueHHbIE BBIIIE XapaKTEepPHblIE OCOOCHHOCTH CTPYKTYpPHBIX H3MEHEHUH
YTOJILHOTO BEHIECTBA TOJTYYECHBI B SKCIIEPUMEHTAX IO OJHOOCHOMY Ie(OpPMHPO-
BaHMIO oOpa3ua 10 Harpy3ok 2 GPa [4]. 13 kpuBbIX Harpy»eHus, MpeacTaBiIeH-
HBIX B CIIEHUAIbHBIX KOOpAMHATAX, yAAETCA MPOCIEIUTh IOCIEI0BATEIbHOCTD
CMEHbl MEXaHU3MOB Je(OPMHMPOBAHUS M, B KOHEYHOM CYETE, OLIEHUTh 00BEM
MYCTOT B MOPHUCTHIX cpefax. Ilo3ToMy OCHOBHOHM 1LIE€NBIO HAIIErO HCCIEAOBaHUS
SBIISIETCS ONpEJieNIeHHE MOJIHOM NOPUCTOCTH UCKOMaeMbIX yrien JloHenkoro 6ac-
ceitHa. [lomydeHsl Tarke 3HaueHHUS KOX(PQPHUIMEHTOB BHYTPEHHEIO TPEHHS U
C/IBUT'OBOTO CLICIUIEHUS Ha BCEX CTaIusAX Ae(GopMUpOBaHUs 00pa3IoB.

2. OcHOBBI M€TOIA

[Ipy wm3ydeHuu mporecca MPECCOBAHMUS HAHOMOPOIIKOB COTJACHO TEOpUU
MPECCOBaHUSI TOPOIIKOBBIX MaTEpPHAIOB Mpeanoiaraercs [3], 4To yIUIOTHEHHE
YaCTHIl MPOUCXOMUT 32 CUET JABYX MEXaHHU3MOB — OTHOCHUTEIBHOTO MPOCKAIb3bI-
BaHMsSI ¥ TIOBOPOTA, a TAKXKE 3a cUeT ApoOseHus. Toraa BeIuyuHa rpeesia MUHTeH-
CUBHOCTHU KacaTeIbHBIX HAMPSKEHUI MOXKET OBITh OIIEHEeHa M0 opMyJie, UCIIOb-
3yeMOM B TEOPHUH CHITYYHX CPE:

1, =K+oP, (1)

rae K — ko3 UIMEHT CABUTOBOTO CLETICHHS, O — KOA(POUIIUEHT BHYTPECHHETO
TpeHHs. B oTiMYne OT METayuioB, T/Ie OTHOCUTEIIbHAS IIOTHOCTH p = p'/py —> 1
MIPY YBEJIMYECHUH JABJICHUS IPECCOBAHUS P —> 00, B MOPOIIKOBBIX MAaTepHaJIaxX 3Ta
BEJIMYMHA CTPEMUTCSI K HEKOTOPOMY MaKCHUMAJIbHOMY 3HAYEHUIO OTHOCUTEIIbHOU
IJIOTHOCTH, KOTOPasi MEHbIIIE €AUHULIBI.

Kaxxgas cranus ymioTHEHHs XapaKTepu3yeTcsi CBOMMH 3HAYCHUSIMH K03(du-
HUEHTOB K U O, KOTOPbIE MOYKHO ONPEAETUTD U3 JINHENHBIX YPAaBHEHUM BUIA

Y=a,+KX, (2)

rae X = X . B aTHX KOOpAMHATaxX KpHUBas yIUIOTHEHUS BBITJIAIUT

1 3 41-p
y= =3 F
2 p?

B BUJIC JIOMAHOM, KaXXJ0€ 3BEHO KOTOPOM COOTBETCTBYET OMNPEACIICHHON CTaJIUH
nehopMupOBaHHUS.
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JlaHHYI0 MOJIelb MOXHO PaclpOCTPaHUTh MPUMEHHUTENBHO K MOPHUCTHIM Mate-
puanamM, 00J1a1at0IIUM HEOTHOPOAHON CTPYKTYypoi MaTpullsl [5]. B 006oux cimyuasx
YCIIOBHE TUIACTHYHOCTH MPH JePOPMHUPOBAHUHN 00paslia 3a1aeTcsl ypaBHEHHEM

P
¥(0) o(0)

rae W(0) u ¢(0) — ¢pynkuuu nopucroctu 0; T, T) — UHTCHCUBHOCTH J€BHATOPA
HaIpsHKEHUST MIOPUCTOM CPelbl M TBEPIOl MAaTPHULIBI.

Teopusi, mpeacTaBieHHas! BbIIIE, TO3BOJSET ONPEACISATh U3MEHEHNUE TTOPUCTO-
cTH 00pa3LoB YISl MPH UX 1eOPMUPOBAHNHU OJHOOCHBIM cxkaTthueM. VIcxomHpIMu
JAHHBIMU SIBJISIIOTCSL KpUBBIE nedopMaliii 0O0pas3ioB yrieil B Buae pa3MesbyeH-
HOM ()pakIuy WIN HETbHOTO IMJIMHIPUYECKOro o0pas3la B pa3iIMYHBIX BapHaH-
Tax: JUIMHAa, 00bEM WM TUIOTHOCTh 00pa3ia Kak (PyHKIIMHM BETHUYHUHBI OJTHOOCHOTO
Harpyxenus {L(P), V(P), p'(P)}.

= (1-0)15, (3)

3. MeToauka BLINIOJTHEHHUS aHAJIN3A

PaccmoTrpennas Beilie MeTonuka omnpeneneHus ko3 dunueHToB oo u K Oblia
HaMU HCIIOJIb30BaHa Ha OCHOBE KPHUBBIX HATPY)KEHUS, MOJYYEHHBIX IIPH OAHOOC-
HOM TIPECCOBaHUM 00pa3lloB KAMEHHOTO YTJIsl B UHTepBajie AaBiaeHui 1o 1.25 GPa
[6]. B nHacrosmeil pabore NMpUBOAATCS pe3yJbTaThl HCCIENOBaHUSA Ui yTrien
[enTpansHoro JlonGacca, MOJyYEHHBIX W3 Pa3IMYHBIX MIAXT TOCYJApPCTBEHHBIX
npeanpustuid (I'Tl) «MaxkeeByroas» u «Apremyronby. Lunuaapudeckue odpas-
bl THAMETPOM 1.2-10_2 m MOMELIAIUCh B KaMepy Bbicokoro aasieHus (KBJI),
coznanHyto B MOITI [1,4]. OcHOBHBIMM MapaMeTpaMH KOHCTPYKIMH SIBJISIFOTCS
BHyTpeHHul auametp d = 1.2- 107 m, HapykHbIi quamerp D = 3.1 102 mu JUTH-
Ha paboueii vactu /= 8.0-10 ~ m.

['maBHOe oTiiMume Wcmosb30BaHHON B pabore KBJl oT KOHCTpyKUMi Ipyrux
aBTOPOB COCTOUT B TOM, YTO KaMmepa paboTaeT B ympyroi o0iactd BO BceM Aua-
Ma30HE MPHUKJIAJbIBAEMBIX JABJICHUM. JTO MO3BOJISIET YCTPAHUTh OLIMOKU W IO-
TPEUTHOCTH, CBSI3aHHBIE C IJIACTUYECKOM nedopMarueil kaHana KaMepsl moj JaB-
aeHueM. B oTinume oT MpeAlecTBYIOIIMX 3KCIEPUMEHTOB B JaHHOW paloTte
MPEJICTaBICHBI Pe3ybTaThl Ae(OPMHUPOBAHUS YTOIBHBIX 00PA3IOB, MOJIYYEHHBIX
OJTHOOCHBIM J1e(hOPMUPOBAHHEM C TIOMOIIBIO YCTAHOBKH HEPAaBHOKOMIIOHEHTHOTO
tpexocHoro cxarusg (YHTC), coznannoii B UGT'TI HAHY [7,8].

CoBpemenHsbIit MoaepHu3upoBandbiii Bapuant Y HTC mo3Bossier B aBTOMaTH-
YECKOM PEKHMME OCYIIECTBIISTh BBIBOJI IaHHBIX (pa3Mep o0Opaslia 1o ocsM X, y, 2)
B 3aBUCHUMOCTH OT JIaBJICHUS MPECCOBAHHUS BOJIb COOTBETCTBYIOIIMX HAIpaBJe-
Huit: Py, P,, P, (puc. 1). Ilpu u3BecTHO! Macce oOpasia m u AuameTpe Kamepsl d
BCE JIaHHBIE OBUIN MPEACTABICHBI B 3HAUYECHUAX TJIOTHOCTH pP; (kg/m3). Ha puc. 2,a
NOKa3aHa AKCIEPUMEHTAIbHAS KPUBas HAarpyXeHUs IUIsl OJHOTO U3 OOpa3loB.
[Tonnoe xonmmuectBo Touek mocturaetr 2000 B mHTEpBAJlE OT MUHUMAJIBHOTO 0
MakcHUMaibHOro Harpyxenus 1.2 GPa.
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—

Puc. 1. YcTraHOBKa HEPAaBHOKOMIIOHEHTHOT'O TPEXOCHOTO CKATHUS

B cootBercTBUU ¢ Teopuel, MPEICTaBICHHON BHIIIE, HEOOXOUMO TEPEUTH K
OTHOCHUTENIbHOU IJIOTHOCTHU Z = P;/pg, TAE P; U Pj — IUIOTHOCTH 00pa3iia mpu JaH-
HOM 3HAQ4YE€HHUM JABJIEHUS OJHOOCHOI'O HArpyXeHUs M IUIOTHOCTh MATPULBI YIS
(T.e. 6€3 mop):

:&: Pi —Po +1 p_O (4)
Pk Po Pk

Zi

r7ie po — HavanbHas (Kaxyiascs) mioTHocTb. [locne nmepexona B cuctemy Koop-
nuHat X, Y 3aBUCHUMOCTb U3MEHEHHUS TUIOTHOCTH OT JIaBJICHUS Harpy>KeHHs Ipe-
obOpasyercs K BUIy, IPEJICTaBIICHHOMY Ha pHC. 2,6. Kaxymiascs miIoTHOCTh yIJIeh
onpeensiiach MNMKHOMETPUYECKUM METOAO0M coriacHo [9] mo 5 unu 6 usmMepeHu-
sum. IlorpemmHocTs onpenenenus pg cocrasuia +1.0 kg/m3.

2.25
1.4
2.00
13
Q.
2 >~ 1.75
)
1.50
1.1
o 1.25
02 0.6 1.0 3 10 15 20
P, GPa X
a 6

Puc. 2. Kpusas HarpyxeHus st oopasia Ne 2: ¢ — ucxogaHas, HOpMAPOBaHHAs Ha TIJIOT-
HOCTB pg; O — B KoopauHaTax X, ¥
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OCHOBHBIM MapaMeTPOM, OT KOTOPOTO 3aBUCSIT 3HAYEHUS MIOPUCTOCTH TIPH Je-
bOopMHUPOBAaHUM YTIICH, SIBISAETCS IUIOTHOCTh YTOJbHOW MaTpuilbl pi. Jaxke mpu
Harpyxenuu P = 2 GPa nosHas mopucTocTh HE JTUKBUAUpPYeETCa. Onpenaenurb py
ynaeTcst ¢ OoJbIell HaaeKHOCTBIO, ecliu JeopMUpoBaTh oOpaser] Mpu J0CTa-
TOYHO BBICOKOH TemmepaType, KOrja IUIACTUYHOCTh MaTepuasa yBEeIUYHBACTCS
(unmm mpenen ynpyroctu ymeneinaercs). [lonoOnas npouenypa, npoaenaHHas st
KPUBOH YIIIOTHEHUS 00pa3IoB MpU Pa3NUYHBIX TeMIepaTypax, MO3BOJIUIA HAUTH
TEOPETUUECKOE 3HAUEHUE Pj, KOTOPOE MOXHO NPUHATH 32 3HAUYEHUE IJIOTHOCTH
6e3 mop [5,6]. IIpu M3BECTHBIX 3HAYCHHUSAX Py M Pir MOKHO OINPENEIUTH MOpPHUC-
TOCThH 0Opasiia yriis Ha J1000# CTauK YIIJIOTHEHHS.

4. OnpeneneHue NOPUCTOCTH

Ecnm u3BecTHA IIOTHOCTH Py, TO OTHOCUTEITBHAS TOPUCTOCTH 00pa3IioB OyIIET paB-
Ha 0 = V,/V, rne V), V — 00beMBI COOTBETCTBEHHO MOP U 00pasia, MOCKONIBbKY Macca
MIOCJICZIHETO OCTAeTCsl HeM3MEHHOM B TpOLIecCe YIUIOTHEHUs, m = Vp = Vipy = const.
[TosTOMY MOPUCTOCTH CBSI3aHA C OTHOCUTEIBHOM IJIOTHOCTHIO BBIPAKEHHEM

- e _y_p (5)
v v b

Ecnu u3BecTHBI 3HaY€HUS MJIOTHOCTH JI0 Harpy>kKE€HUs U Pk, TO MaKCUMaJlbHas
(mosiHas ) mMOpUCTOCTh 00pasua 0yaer paBHa 0y = 1 — po/px-

JedopmupoBanue MWIMHAPUYECKAX OOPA3IMOB OCYHIECTBISUIA C TIOMOIIBIO
YHTC. Ilocne onpeaeneHus: KaxyIencs: mIOTHOCTH pg MPOBOIWIA HOPMUPOBKY
M3MEPEHHBIX 3HAYEHUH TNIOTHOCTH K IUIOTHOCTH Pk U BBIYMCIISIIM IOPUCTOCTH CO-
riacHo BeIpaxkeHUto (5). OauH U3 BapuaHTOB M3MEHEHHUS MOPUCTOCTH O B mpo-
1iecce HarpykeHus ooOpasia rnokasad Ha puc. 3. Kak cnenyer u3 pucyHka, Ha J0c-
TAaTOYHO OOJIBIIOM MHTEpBaJie NaBieHui HarpyxkeHus P > 0.4 GPa nabmomaercs

OKCMIOHEHIIMAIbHAS 3aBUCHUMOCTh BHaa O = Opexp(—aP). Omnako Ha Ooiee
09 045
< D@
= S
-12
. -0.55
02 0.6 1.0 -15 -10 -05 0
P, GPa IgP
a o

Puc. 3. Usmenenne mopuctoctu st oOpasma Ne 2 B momynorapudMuiIeckux (a) u IBOH-
HBIX JIorapupMuyeckux (6) KoopauHATaxX
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pPaHHUX CTaAUAX JeOPMHUPOBAHUS BO3MOXKHA ANMPOKCUMAIIHS CTCTICHHOW 3aBH-
cuMocThio 0 = 0gP . HaubGosee HamexHas anmpoOKCHMAIlMs BO3MOXKHA, CCIIH
NpEaACTaBUTb SKCIICPUMCHTAJIBHBIC KPUBLIC JIA MOPUCTOCTU B BHAC CYMMBI ABYX
AKCHOHEHIMANBHBIX (pyHKIMi. [TomHbI HAOOp JaHHBIX AJIs apTHH 00pa3ios (13
00pa3IoB) npeacTaBicH B Ta0. 1.

Tabmuma 1
OcHOBHbBIE JaHHbIE, MOJYyYeHHbIE PH 0JHOOCHOM Ae()OPMUPOBAHUHU
YroJIbHBIX 00pa31oB

Mapxka _3 3 Ilonnasa OTKkpEITasg _3 3

Ne obpasua yriﬂ po, 10~ kg/m TTOPUCTOCTH 6 HOpI/Ir()tTOCTL Pr- 10 ~kg/m
1 oC 1.299 0.220 0.022 1.665
2 ocC 1.273 0.220 0.034 1.632
3 ocC 1.335 0.240 0.061 1.756
4 r 1.293 0.290 0.068 1.821
5 K 1.262 0.304 0.101 1.813
6 ocC 1.295 0.232 0.094 1.686
7 K 1.356 0.235 0.049 1.772
8 K 1.313 0.153 0.051 1.550
9 ocC 1.325 0.187 0.143 1.630
10 ocC 1.339 0.194 0.027 1.661
11 K 1.288 0.227 0.058 1.667
12 X 1.290 0.178 0.029 1.885
13 A 1.220 0.241 - 1.607

Jisi BBIYUCIEHUS TUIOTHOCTH MATPHIIBI YIJISL HCIOJb30Banack (Gopmyna
Po
Pk = :
1-6
i Bcex MCCIEeIOBaHHBIX yIJied MOXKHO OLIEHHTh OCTATOYHYIO MOPHUCTOCTh
Ipu MakcuMasibHOM Harpy>keHuu 110 1.2 GPa. CornacHo naHHbIM Tabia. 1 oHa u3-
MeHseTcs B npeaenax 6—14%.

5. Onpenenenne k03¢ pUuMEHTOB BHYTPEHHEI0 TPEHHUS
U CABMI'OBOI0O CLENJICHUS

OcHOBHas 1IeJb HCCIICIOBAaHUS Tporecca aehOpPMUPOBAHUS YTOJIBHBIX 00-
paslioB — ompeneNieHne mapameTpoB: KodhduiimeHTa BHYTPEHHETO0 TPEHUS o U
kodpdummenta casurosoro cuemieHus K. [loatomy s kaxaoro obpasua Obl-
JU TOCTpPOeHbI Tpaduku AePopMallMOHHBIX KPUBBIX B KoopAuHaTax Y, X (cMm.
puc. 3,0).

B ornnume OT KpUBBIX HArpy»eHus [Js MOPOIIKOBBIX MaTepHaioB, 3Ta
KpHUBasi HE MMEET SIBHO BBIPAKEHHBIX JUHEUHBIX OTPE3KOB, COOTBETCTBYIO-
IIUX OJHOMY 3HAYEHHIO TAaHTEHca yrila HakJoHa KpUBOH K ocu abcuucc. Tem
HE MEHee B KoopauHarax Y, X yIanoce annpoKCUMUPOBATh OTPE3KU KPUBOU
JUHENHBIMU ypaBHEHUSIMHU BuAa (2), KO3PGUIUEHTH KOTOPHIX AAIOT 3Haye-
Hust K; u o;. JlaHHbBIe 1)1 OJTHOTO M3 MCCIICOBAHHBIX 00pa3IoB MpecTaBlie-
HBI B Ta0JI. 2.
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Ta0mnuia 2
3Hauvenust ko3ppuunenToB K u o 11 pa3jIMUHBIX 3TANOB J1e(OPMUPOBAHUS
KaMeHHOT0 yrJjisi Mapku maxthbl SlicunoBckasi-I'imyookas I'll «MakeeByrojb»

Ne sTama P.’ MPa a K, MPa |Neorana P.’ MPa o K, MPa
(min—max) (min—max)
1 43-62 1.88 10.0 6 298-384 1.29 95.5
2 67-89 1.72 18.8 7 435-667 1.10 177
3 100-139 1.61 30.1 8 714-909 | 0.881 328
4 169-238 1.46 52.8 9 1020-1060| 0.790 413
5 244-278 1.35 78.8 10 1040-1200| 0.675 537

Jis vccaenoBaHHBIX 00pa3oB BO BCEM HMHTEpBaje M3MEHEHHs HarpyXeHUH
K02(ppULIMEHT BHYTPEHHETO TPEHUS U3MEHSETCs B Mpolecce 1eGOpMUPOBaHUS B
ocHOBHOM B uHTepBajie 1.9-0.6. CornacHo GU3MIECKOMY CMBICITY o [5] 3TO 03Ha-
YaeT, 4To, Jake IPU MaKCUMalIbHOM OJHOOCHOM HarpyxkeHuu 1.2 GPa, ctpyk-
TypHasi OpraHu3alys YrojJbHOIO BEIECTBAa HE JOCTUraeT MOJHON OJHOPOJHOCTH
U aKKOMOJAIIMK CTPYKTYPHBIX JIEMEHTOB Ha pa3HbIX MacHITaOHBIX ypoBHAX. [1o-
CJIe/IHee BBIMOJIHsAETCS TpH o = 0.

Crnenyer OTMETHUTD CIEIYIOIIYI0 0COOEHHOCTh: 00pa3iibl OJJHON U TOU ke Map-
KM yTJIeH UMEIOT JJOCTaTOYHO OOJIBIION pa3dpoc B xapakTepuctukax. Hampumep,
yriaun OC (o6pasipr Ne 1-3) Ha HauanbHOU cTamuu nedopmuposanus (P = 100
MPa) umerot 3rauenus o ot ~ 0.6 (mact l4) 10 ~ 1.6 (twiact ms). [IpomexyTod-
Hoe 3HaueHue (.8 mpuHuMaeT K03(pPUIMEHT BHYTPEHHErO TPEHUS ISl YIieh u3
miacra klg. HImMeroTcs CyIIecTBeHHbIE pa3iinyus M B 3HaUeHHIX Kod(duumeHta
C/IBUTOBOTO CIICTIJICHUS, XapaKTepU3yIOIIEro MPOYHOCTHBIE CBOICTBA yriei mpu
CABUTOBBIX Aedopmarusax. Haubosee yeTko 3TO MpOSBISETCS NMPU MaKCUMAalb-
HbIX Harpy3kax mo0 1.2 GPa. [[ns yka3aHHBIX BBIIIE OOpa3IOB YIJICH MOJYYCHBI
caenyromue 3Hauenus K: 165, 537 u 327 MPa.

OtnenbHO OBUIM pacCMOTpPEHBI JaHHbIE Ui yrien maxtel uM. AWM. T'aeBoro, ko-
TOPBIE PACIIOJIOKEHBI HA OJJHOM ropu30oHTe H = 975 m, HO MpUHAAIEKAT Pa3TMUHBIM
wiactam kpyrtoro naaeHus. CpaBHuM koddduimentsl K U o, TOITyYeHHbIE HA Ha-
YaJbHBIX ¥ KOHEYHBIX cTaausX aedopmupoBanus (Tabdm. 3).

Tabmmia 3
3HaveHus ko3(pGuureHToB K M ¢ VI HAYATbHON M KOHEYHOH cTaamii
nedopmupoBanus yrJeii maxtbl uM. A.W. T'aeBoro

HauanpHas craaus Koneunas cragus
Tnact 1;1‘2‘)‘)’1‘;3 ( nﬁ’nli/[nfsx) o | KMPa| nﬁ’nli/[nfsx) o | K,MPa
k2 K 87-222 | 0.735 | 48.1 [1040-1200| 0244 | 324
ke K 83-125 | 0722 | 169 [952-1200] 0324 | 118
ky OC | 100-167 | 0.745 | 443 [1000-1180] 0351 [ 202
k3 OoC | 59-125 | 0718 | 17.3 [952-1190| 0.100 | 325
Iy K | 110-180 | 0753 | 204 |943-1200] 0.192 | 318
m! K | 69-110 | 0.786 | 265 [1053-1190| 0.137 | 344
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JlaHHble TabMUIBl YKa3bIBAIOT HA OTIMYME ApaMETPOB JUIsl HEKOTOPBIX 00pa3-
IIOB KaK Ha Ha4aJbHOHM cTaguu NeOpPMHUPOBAHUS, TaK U HA KOHEYHOH. Bwiens-
IOTCsI TpH 00pasiia u3 IIacToB ks, k3 u lg. OHE MMEIOT MUHUMANbHBIC 3HAYECHUS K
cpeau Bcex oOpasloB, MPEACTaBICHHBIX B Tabmuie. [lo macmopTHBIM JaHHBIM
IIaXT 3TH IUIACThl OTHECEHbI K BBIOPOCOOMACHBIM, YTO XOPOILIO COOTBETCTBYET
OOMICTIPUHATHIM TIPE/ICTABICHUSM O TMOHMXEHHOW MPOYHOCTH YTJEeH BBIOPOCO-
omacHbIX Iu1acTtoB. [lapamerp K XapakTepu3yeT MMEHHO 3TO CBOWCTBO YIVIEH —
IPOYHOCTH Ha CIBUTOBBIE CMEILIEHUSI.

Ha xoneunoit craagum nepopmupoBanus npu P = 0.9-1.2 GPa stu yram B
MEHBIIIEH CTENeHN BBIJENICHBI TI0 OTHOUICHUIO K APYruM obpasnam. OmHako npu
CpaBHEHHMH IEPBOT0 U BTOPOro o0Opa3loB MOXKHO OTMETUTh, 4TO mapametp K cy-
IECTBEHHO MEHbLIE JUIS YISl U3 BBIOPOCOOMACHOTO IUIAcTa ks, a mapamerp o B

T0JITOpa pasa OoJIbIIe TS [UIacTa ks, 4eM sk yTPOKAEMOTO IIacTa k52 .

6. 3akaouenune

PaccMoTpeHHbIE MOJENBHBIE NMPEACTABICHUS U AKCIEPUMEHTAJIbHBIH METOJ
U3MEpPEHUs] MOJHON MOPUCTOCTH YTOJIBHBIX OOpa3loB OCHOBAaH Ha MOJENH Jie-
(opMHpOBaHUS MOPOIIKOBBIX U MOPUCTHIX MaTEPHAJIOB, KOTOpas SABIsETCS 0000-
IIEHUEM MOJeNu Ae(OpMHUPOBAHUS YIPYToMIacTUYECKUX cpel [5] u, mo HameMmy
MHEHHUIO, aJIEKBaTHO OINHCHIBAECT CYIIECTBEHHO HEOJHOPOIHYIO CTPYKTYpPYy U MpO-
necc J1eopMHpOBaHUs 00pa3OB MCKONAeMbIX yriei. JlIoCTOMHCTBO 3TOro moj-
X0Jla — BO3MOKHOCTb IPOCJIEIUTH MPOILIECC YIJIOTHEHUS! HAa OTIENIbHBIX 3Tarax,
Pa3INYAIOIIUXCS CTENICHbIO arperupoBaHMs M XapaKTepHbIM MacIITabOM KOHIJIO-
MEpaTOB HEOXHOPOIHOM IIOPUCTOMN CPE.IbI.

Pe3koe n3MeHeHue xapakrepa 3aBUCHUMOCTHU (TaHI'€Hca yIJla HaKJIOHA) IOpHC-
TOCTH OT JABJICHUS YKa3bIBACT HA CMEHY MEXaHH3Ma YIUIOTHEHHs yTOJIBHOIO Be-
miectsa. [IepBblii 3Tal HarpyKeHHsl B KAMEPE BBICOKOIO JIaBJIEHUS COOTBETCTBYET
Ipoleccam MPOCKaIb3bIBaHUS YaCTHUI MOPOIIKA UM 3aKPBITUIO OTKPBITHIX TIOP U
TpeuH. Ha mocnenyromei craguu neopMUpoBaHUE MPOUCXOAUT B OCHOBHOM
3a CYeT JMKBUIALWHU 3aKPBITOM MopucTocTH. Ha KoHeuHol craauu nedopMHupo-
BaHUs MPU OONBLINX JABJICHUAX MPEOOIaaloMM CTAaHOBUTCS MEXaHU3M pas3py-
IIEHUs MEJIKUX arperaToB, KOTOPbIE MOKHO COIIOCTABUTh C KPUCTAIITUTAMH.

B pe3syinbraTe 1aHHOTO MCCIEA0BaHUS MOKHO CIENaTh CIEAYIOUE BBIBODIL:

1. HecmoTps Ha TO, 4TO, axe npu oAHOOCHOH Harpyske B 1.25-2.0 GPa, e
yAAeTCsl TOCTHYDL CTPYKTYpPBI BELIECTBA U IUIOTHOCTH, IIPU KOTOPOW IMOPHCTOCTH
MOJTHOCTBIO JINKBHIUPOBaHA, TEM HE MEHEE 10 XapakTepy KpuBoil aedopmuposa-
HUs, NIOCTPOCHHOM B KoopaumHarax X, Y, ynaercs OIpeneiauTb TEOpEeTUYECKOoe
3Ha4YE€HUE TUIOTHOCTU KapKaca IOPUCTOU CPesl .

2. JloctaTOYHO TNIaAKUe KPHUBBIE JeOpPMHUPOBAaHUS 00pa3IOB YIIIeH, MOTyUYeH-
HbIX ¢ nomouplo YHTC, ABIAIOTCS CIIEACTBUEM HENPEPBIBHOTO PaCIpECIICHUs
HOp IO pa3MepaM U UepapXUuecKON CTPYKTYpbl T€TEPOTr€HHOI0 BEIIECTBA KaMEH-
HBIX yTJIei B O0IbIIOM HHTEpBaJIe MacIITa0OB.
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3. Bo BceM uHTepBajie U3MEHEHMs HAarpyKeHUH yroJibHbIX 00pa3ioB ko3¢ du-
[IMEHT BHYTPEHHETO TPEHHS M3MEHsSeTCs B mpoliecce 1e(OpMUPOBAaHHS B OCHOB-
HoM B uHTepBasie 1.7-0.1. CorinacHo ¢pu3M4ECKOMY CMBICITY O 3TO O3HAYaeT, YTo,
Jake MpU MaKCUMaJIbHOM OJHOOCHOM Harpykenuu 1.2 GPa, ctpykrypHas opra-
HU3aIMsl YTOJIBHOTO BEIECTBA HE JOCTUTaeT MOJIHON OJHOPOAHOCTH U aKKOMOJ1a-
IIUU CTPYKTYPHBIX 3JIEMEHTOB Ha Pa3HbIX MAacIUITAOHBIX YPOBHSX, a MOPUCTOCTH
HOJHOCTBIO HE JIMKBUIUPYETCS.

4. TlokazaHo, 4yTO KOA()(PHUIIMEHT CIBUTOBOTO CIEIUICHUS MOXET CIIy)KHTh Xa-
PAKTEpUCTUKON BBIOPOCOONIACHOCTH YTOJIBHOTO IUIACTa, MOCKOJIBKY I TaKHX
IUTACTOB €r0 BEJIMYMHA CYIIECTBEHHO MEHbILE, YTO YKa3bIBA€T Ha MEHBIIYIO yC-
TOWYMBOCTH YTOJIBHOT'O BELIECTBA K CIIBUTOBBIM Jie(OpMaLIUIM.
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T.A. Vasilenko, A.K. Kirillov, V.V. Slyusarev

STUDY OF THE HIERARCHICAL STRUCTURE OF COALS
BY PRESSING.
MEASURING OF THE TOTAL POROSITY

The results of monoaxial deformation of coal samples to the maximum loading of 1.2 GPa
are presented. Within the model of heterogeneous porous environment, the coefficients of
internal friction and shift coupling for consecutive stages of deformation are obtained. It
is shown that the samples taken from the outburst-hazardous coal layers differ in charac-
teristics from the threatened layers. The used method allows estimation of the total po-
rosity of the samples and the density of the solid matrix of the porous environment. The
closed porosity making the main contribution to the total porosity is calculated for the
studied samples.

Keywords: deformation, porosity, internal friction, fossil coal, triaxial compression unit

Fig. 1. Triaxial true compression unit
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Fig. 2. Loading curve for sample No. 2: a — the initial curve normalized to the density p,
data; b — the curve converted to X, Y coordinates

Fig. 3. Evolution of the porosity of sample No. 2 in semilog () and in double logarithmic
(6) coordinates
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