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MpuBexaaT ce pesynTaTuTe OT eKCEpUMEHTANHOTO U3CTefBaHe Ha AedopMaLMOHHUTE MapaMeTpu Ha rUncoBust MacuB B pyaHuk “Kowasa’, onpedenenu ¢
M3MON3BaHE Ha CKOPOCTUTE Ha PasnpoCTpaHeHMe Ha enacTuHuTe BbiHM. Tesu pesynTati Ce CpaBHSBaT C JaHHWTE, MONyYeHu 3a CbluuTe napameTpu B
nabopaTopHI YCIoBMSi C MOMOLLTA Ha CTaTUYeH W ANHAaMUYEH MeTop. YCTaHOBEHUTE ChOTHOLEHWS jaBaT Bb3MOXHOCT fia Ce ChbAW 3a CTEMEeHTa Ha HapyLUEHOCT Ha
onpegenexu ofemMu OT MacvBa. V3BefileHUTe 3aBMCUMOCTA MoraT Aa Ce W3noM3BaT 3a peluaBaHeTo Ha MpakTUYecku 3afaduu, CBbp3aHu C HabriofeHueTo Ha

YCTONYNBOCTTA Ha Liennum 1 13paboTki B pyAHMKA.

BBLBEAEHME

HeobxogmmocTTa 0T onepaTuBHO ynpaBreHne Ha ckanHus
HaTWCK B MOA3EMHUTE PYAHWULM M3UCKBA PEAOBHO NONyyYaBaHe
Ha WHQopMauus 3a HanperHatoto W AedopMUMpaHoTo
CbCTOSHIME Ha CKanHUS MacuB OKOMO MUHHUTE M3paboTku. 3a
Ta3n Len yCnewwHo ce U3Non3eat pasnnyHn U3nYH MeToau,
npeayu BCWYKO — aKyCTMYHM, OCHOBaBaly Ce BbpXy
W3MEHEHVETO Ha napameTpuTe Ha pas3npoCTpaHeHne Ha
enacTUYHUTe BbMHM B CKanWTe MNpU  M3MEHEHWe Ha
HanperHaToto MM cbeTosiHue. OCHOBHW  XapaKTepuCTUKy,
onpesenswy pasnpoCTpaHEHUETO Ha eNnacTUYHUTE BBIHU B
[afeHa cpefa, ca CKOpoCTUTE Ha pasnpocTpaHeHneTo um. Te
[0 ronsiMa CTeneH 3aBUCAT OT AedhopMaLMOHHUTE NoKasaTenu
Ha cpegaTta. Tean napameTpu Ha ckanuTe Hai-4yecto ce
onpegenaT B nabopaTopHM YCII0BUS C 3NON3BaHe Ha NpobHM
Tena- CPaBHUTENHO HEHApYLIEHU W C OrpaHN4eHn pasmepwm.
[edopmaLoHHUTe XapaKTEpPUCTUKW Ha CKanuTe B Macuea ce
pasnuyaBaTr OT Tean Ha obpasuute, W3Non3eBaHn B
nabopatopuuTe, rMaBHO NoOpaan HaNMYNETO Ha HapyLLeHus B
MacvBa, npeay BCUYKO Ha MykHaTuHW. C uen ga ce nomnyyu
WHopMaLms 3a  CTOMHOCTUTE HA  AedOpMaLMOHHUTE
napameTpu Ha rMNCoBKUS MacuB ca NPOBeaeHN ONUTHU paboTu
B ycrnoBusiTa Ha pyaHuK “Kowwasa”.

PESYNTATN OT EKCNEPUMEHTANHUTE U3CNEOBAHUA

3a onpepensiHe Ha fedopMaLMOHHUTE napameTpu (Moayn
Ha enacTUYHOCT M koeduumeHT Ha [loacoH) Ha mnca B
MacvBa ca M3MoM3BaHu CTaTUYHU M3MepBaHUs C MOMOLLTA Ha
npecuometbp [MNB-76 M w3MepBaHWs Ha CKOpOCTUTE Ha
enacTuyHuTe BbNHW. o AaHHM OT  MPEecUOMETPUYHUTE
uamepBaHus (Jackanos, W. n gp. 1969 r.) Ha abnbouunHa 0,5 —
0,9 m oT creHaTa Ha u3paboTkaTa CTaTUMHMAT MoOgyn Ha
enacTUYHOCT UMa cpedHa cToiHocT E¥* = 153 GPa, a Ha
pascTosH1e 5 M OT YCTUETO Ha coHpaxa - £ = 21,4 GPa.

3a cblynTe YCroBus ANHAMUYHWST MOLYN Ha eNacTUYHOCT,
ONpefeneH 4pe3 W3NON3BaHE Ha CEM3MMYEH KapoTax W
Npo3ByYaBaHe MeXay COHAAXMW, MMa CPEAHUN CTOMHOCTH, KaKTO
crieaBa: 3a NMpUKOHTYpHaTa 30Ha Ha u3pabotkata E%" = 19,6
GPa, a B gbnbounHata Ha macusa E%" = 25,0 GPa.

Mpu HEBL3MOXHOCT 3a W3BbPLUBAHE Ha MPO6MBHW paboT
CbC COHOaXHa TexHWka Ce W3Mon3eaT MeTogbT  Ha
CEN3MWYHOTO MPOMNMpaHe Ha CTEHUTE Ha M3paboTKuTe MM
LenMuuTe ¥ MeTOAbT Ha CEeU3MUYHOTO MPO3ByYaBaHe Ha
MacuBa, pasnoriokeH Mexay [ABe PasnnyHu U3paboTky.

Upes npunaraHeto Ha MeTOAa Ha CEeu3MWUYHOTO Npodm-
nupaHe e Bb3MOXHO [a Ce onpefenu MONOXEeHWETO Ha
BbHLUHATA rPaHMLa Ha 30HaTa Ha 3HauMTENEeH HaTUCK M Aa ce
[afe OueHKka Ha [OMHAMUYHUTE NoKasaTenu Ha ckanute B
ocnabeHata (HapyleHaTa) 30Ha W B mMacuBa. 3a paioHa Ha
103 ranepust N0 MeToda Ha CEM3MWUYHOTO MpodunupaHe ca
MONyYeH CreaHUTe pesynTaTi: 3a NPUKOHTYpHaTa YacT EY" =
5,0 GPa, a 3a BbTpelLHocTTa - EY" = 14,5 GPa. [lbnbo4usHaTa
Ha rpaHMUaTa Mexgy fsata CTPYKTYpHW Tuna Bapupa oT 1,5
[0 2,5 m, KaTO KOHTPACTHOCTTa W CE U3MEHSI CbLUECTBEHO.

ViHTerpanHa oueHka Ha AedopMaLMoHHUTE napameTpu Ha
uenuuute ce nonmyyaBa Mo MeToda Ha CEeU3MUYHOTO
npo3syyasaHe. Mpn NPo3By4aBAHETO HA HEHapyLleHaTa YacT
Ha Lenuka, pasnonoxeH mexay ranepun 103, 109 n 110 3a
AUHAMUYHUA MOZYN Ha €enacTMYHOCT € MoMyyeHa cpeaHa
cToiHocT E®" = 31,9 GPa, a npu npo3Byd4aBaHETO Ha
BapuepHus  LenuK, MpecevyeH OT  HAKOMKO  MyKHaTWHK,
3aMbfIHEHN C MMWHA, pesynTaTuTe ca: Npu egHa nykHaTuHa -
E*" = 19,1 GPa, a Npu Npo3ByYaBaHeTo Ha GapuepHus LenuK,
MpeceyeH OT HAKOMKO  BETPMIIoobpasHo  Pa3nonoXeHu
nykHaTuHK - E" = 17,0 GPa.

KoeduumeHTbT Ha lMoacoH B mMacuBa WMa CPaBHUTENHO
BUCOKM CTOMHOCTU. 3a 3apaBus macus Toi € okono 0.30, a 3a
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HapyLLEHUTE OT BMIUSHUETO HA MUHHWUTE paboTK 1 TEKTOHCKUTE
npoueck yactv — 0,32 - 0,34.

3HauuTeneH WHTEpeC MpeAcTaBsiBa CPABHSIBAHETO Ha
nonyYeHuTe pesyntati ¢ AedOpMaLMoHHUTE MapaMeTpu Ha
runca, onpeaeneHn B nabopaTopHu YCHOBUS C M3MON3BaHe Ha
obpasuM OT coHOaxHa saka. 3a LenTa ca MpoBeAeHU
3HAUMTENHM Mo 06emM OnNUTHU PaboTu C M3NON3BaHe KakTo Ha
CTATUYHMS,Taka W Ha JMHAMUYHIS METOL.

JedopmalyoHHNTe napameTpu ca onpegensHn npy
pasnMYHO HaMperHato CbCTOsSHME. Hskou OT nomyveHuTe
pesynTaTu ca fageHu B nybnukaums Ha aBTopuTe npes 2002 T.

YcTaHoBeHM Osixa aHamormMyHu 3aBUCUMOCTHW, XapakTe-
pU3NpaLLM U3MEHEHNETO Ha AedhOpMaLMOHHIUTE NapamMeTpu Ha
runca, onpegeneHn KakTo npu CTaTUYHO HaToBapBaHe, Taka U
ype3 M3MepBaHe Ha CKOpPOCTUTE Ha pPasnpocTpaHeHue Ha
HagmbxHaTa V, 1 HanpeyHaTa Vi BbITHW MPW M3MEHEHWE Ha
HanperHaToTo CbCTOSHME, 8 MMEHHO: 3HAYMTENTHO HapacTBaHe
Ha koeduumeHTa Ha MoacoH Npu HanpexeHUs, CbCTaBnsBaLLM
60-80% OT sKOCTTa HA €QHOOCOB HATWUCK, W HamansBaHe Ha
MOZyna Ha enacTuiHocT npu HanpexeHus gocturawm 80-90%
OT AKOCTTa Ha MaTepuana (curypa 1).
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Queypa 1. 3asucumocmu mexdy: a) koeghuyueHma Ha loacoH
U U HanpexeHusma g, OMHEeCEeHU KbM SKocmma Ha e0H00C08
Hamuck Rc; b) cmamuyHus Modyn Ha eflacmuyHocm ES#
HanpexeHusima g, OMHEeCeHU KbM ikocmma Ha e0Ho0C08
Hamuck Re.

3a [Ja ce HanpaBu CpaBHEHWE Ha MpUBESEHUTE
£ecopMaLoHHY MapamMeTpy Ha TUMCOBMSI MacuB C Tesu,
nony4yeHn no OTAenHW obpas3uy OT COHAaXHa saka OoT
coHpaxu 3473 n 3474, npokapaHu B 6GNnU30CT 40 U3CNeaBaHNS
yyacTek (kpbeta Mmexay 103 ranepus w ranepus 205) ce
NpoBeLOXa AOMbIHUTENHO OMUTHU paboT B nabopaTopHu
YCNoBMS 32 OfpefensHe Ha MOAynMa Ha €enacTUYHOCT W

koeduumeHTa Ha [MoacoH MO CKOPOCTUTE Ha enacTUyHWTE
BbITHM B 0BpasuuTe 1 N0 CTaTU4HUS METOL MPU HanpexeHus,
6nu3ku 0o nporHosvpaHuTe B Macuea. OcpefHeHuTe pesyn-
TaTW OT eKCNepUMEHTamNHUTE M3CneaBaHus B nabopaTopHu
PYLOHWYHM yCroBMS Ca NpuBeaeHM B Tabnuua 1.

Tabnuua 1. CpeaHu CTOMHOCTU HA E U 4 wa mincosu obpasum u
rmncoBsus Macue

lMpuBegeHuTe pesynTaTi NOKa3Bar, Ye AMHAMUYHUST MOAYN
Ha enacTUYHOCT Ha TUMCOBMSAT MacuB € MO- HUCHK Ha TOo3w,
Xapaktepuaupaly obpasuute U4 TO MO-CbLIECTBEHO B
HapyleHata 30Ha (nepudpepHata udact). Taka 4e no
n3MeHeHeTo Ha E%" mMoXe fia Ce Cbay 3a HacTbnBaluTe
N3MEHEHWS B CbCTOSHMETO Ha MacvBa M Mpeau BCUYKO 3a
HapyLuaBaHe Ha MOHONMTHOCTTa My. 3a KONMYECTBEHA OLieHKa
Ha CTeMeHTa Ha HamykaHoCT Ha MacvBa 4ecTo Ce M3non3sa
aKyCTUYHUAT nokasaTen Ha HanykaHocT A, (TypyaHuHoB U.A 1
ap. 1989)

2
A = HV”_H

CEEE

keaeto: V" e ckopocTTa Ha HapmbxkHaTa BbMiHa B MackBa,

(1)

lab
Vp“ - CKOpOCTTa Ha BbiHaTa B 0bpaselia, U3mMepeHa

B NabopaTopHM YCNOBKA.

CToiHoCTUTE Ha TO3K MoKa3aTen 3a KOHKPETHUS criyyaii ca
npueegexn B Tabnuua 1. C nomowra Ha A; ce onpegenst u
KOoeUUMEHTBT Ha CTPYKTYpHO ocnabBaHe Ha ckanute B
Macyea.

3HauuTenHo HapacTBaHe Ha koeduuneHTa Ha [loacoH
HamarnsBaHe Ha Mogyna Ha enacTU4YHOCT Mpu onpepfeneHu
CTOAHOCTW Ha HanmpexeHwsiTa, yCTaHOBEHU B nabopaTopHu
ycnosus (¢pueypa 1), B onpegeneHa cTeneH ce KoHcTaTupa u
npu onpegendaHeTo Ha Te3M napameTpu B MacuBa, Kato
CbLUECTBEHOTO UM U3MEHEHWUE € CBBP3aHO C MPOTUYAHETO Ha
OTAenHUTe CTaauW Ha npoLeca Ha paspyLuaBaHe.

Bb3MoXHOCTUTE 3a OMepaTWBHO W3MON3BaHe Ha aKyCcTud-
HUTE METOAM 3@ OMPENENsHE CLCTOSHUETO Ha PasfuyHM
oBemu OT MacuBa ce UMKOCTPUpPAT OT pes3ynTaTuTe, NONyyYeHN
Mpy M3CNedBaHETO Ha OTAENHWTE 4acTW Ha  Lenuup,
pasmnonoXeHn Mexay kamepa 44/1 v ran. 194. Kamepute ca
3ambiHeHu ¢ nackbk. OT KbM NaHenHata ranepus B LEnvka e
oopMeHa Huwa. W3gageHuTe YacTM Ha LUenuka umat
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pasmep 3.8 m u 10.5 m. [Mo-mankata 4acT OT LENuKa,
pasnonoxeHa OT CTpaHaTa Ha kamepa 44/1, e cunHO
HanykaHa. M3mepBaHusiTa Ce OCbLIECTBABAT MpU YeTUpU
NyHKTa Ha Bb3bYXaaHe Ha enacTUYHM BbITHW 1 YETUPU NYHKTA
Ha npuemaHe (MMNyncbT, reHepypaH BbB BCEKM OT MYHKTOBETE
Ha Bb30yXOaHe ce mpuema BbB BCEKM OT MyHKTOBETE 3a
npuemaHe) C TPUAMMEHCUOHANEH [daTuuK, u3paboTeH OT
reocoorm “CB-30". B Tabmmum 2, 3 n 4 ca npuBeaeHu
pesyntaTute OT MpO3BY4YaBaHETO Ha TE3W YacTn U
CEM3MUYHOTO NpodMNMpaHe Ha Lienvka OT CTpaHa Ha ranepus
194 (vrypa 2).

Naéci éxdi i0i06eé

Eai aoa 46/ A1
Eai aoa 450 A1

Aaedoey 194

T ai déi a @eddey 1

Eai aoa45/1 A4
Eai doa44/1 A4

Queypa 2. CumyayuoHHa cxema Ha uscrnedsaHus y4acmuk.

Tabnuua 2. Pesyntati oT onpedensHeTo Ha AMHaMWYHUTE
napameTpyu Ha runca B Lenuka mexay kamepa 45/1 n 46/1.

Tabnuua 3. Pesyntati oT onpenensHeTo Ha AMHAMWYHUTE
napameTpyu Ha runca B MacuBa Mexay kamepa 45/1 n naHenHa
ranepus 1.

Tabrmua 4. CpegHu CTOMHOCTM Ha AMHAMUYHUTE NapameTpy
Ha runca, OMPederneHn 4pe3 CeusMUYHO NpodmnmupaHe Ha
uenuka no ranepus 194.

Pesyntatute OT u3cneaBaHusaTa nokassat, Ye npouecuTe Ha
paspylLaBHE B MEXOykaMepHWTe Lienuuu ce mposiBsBaT mno-
WHTEH3WBHO OT CTpaHa Ha MNaHenHuTe ranepuu, a
LEHTpasHMTE 4YacTW oCTaBaT Mo-3amas3eHn. Hammumeto Ha
[O0CTaTbyHO ronsaM (C wupounHa 10 m), MOHOMMUTEH LienuK,
HeHapyLLeH OT MWHHUTE paboTu npeanassa OT paspyllaBaHe
Ha KpbCTOBETE MeXAy ranepunte.

BrneyaTneHne npaBy 3HAYUTENHUAT ana3oH HA M3MEHEHNE
Ha CKOPOCTWTE Ha enacTUYHUTE BbJHW, NOMyYeHu npu
namepBaHeto. ToBa ce obscHABa C (pakta, e
Mpo3ByYaBaHuUsiTa Ce M3BbPLUBAT B PA3NMYHM HaMpaBieHus,
MO MOCOKA Ha KOMTO CBOWCTBATa W CbCTOSIHMETO Ha MacuBa ce
pasnuyaBaT CblUeCTBEHO. TOBa CBMOETENCTBa 3a BUCOKaTa
YyBCTBUTENHOCT Ha MEeToZa M mpegnonara U3non3saHeTo My
3a [eTainHoO uacrnedBaHe Ha CTPYKTYpHWUTE OcoBeHocTU Ha
Macwea okono uspabotkuTe.

OT npencTaBeHuTe [JaHHM Ce BWXda, Ye Mexay
pesyntaTiTe, NOMy4yeHW B nabopaToOpHM YCroBUs W Mpu
HeNnocpeACTBEHOTO M3CNeABaHE B PYOHWYHW YCrOBMSA Ce
HabnogaBaT CbLLECTBEHM pasnnumMs. 3a OCMUCHSHETO U
MpaKTU4ECKOTO U3MOM3BaHe Ha To3u (akT crefgsa da ce
00bpHe BHWUMaHMEe BbpXy u3nkaTa Ha B3aUMOZENCTBME W
ycrnoBusiTa ~ Ha  W3mepBaHe.  EnacTuynHute  BBIHM
B3aI/IMO,E|el7ICTBaT CbC Cbu3MEpUMU C TdAXHaATa [ObIDKUHA
HeeHOPOAHOCTH. CeusMnyHuTe BBITHA B3aVIMO,EleI7ICTBaT C
MakpoaedekTuTe Ha cpegata — CrioeBe C  pasfnyeH
NIUTONOXKA CbCTaB, [PaHALMTE MEXZY TsX, TEKTOHCKM
NYKHATWUHU 1 30HW HA OMOPEH HaTWUCK, AOKATO YNTPa3ByKoOBUTE
BbIIHM B3aWMOAENCTBAT C ME30 U MUKPOHEEeAHOPOLHOCTUTE,
CbM3MEPUMM MO pa3Mepu C pasMepUTE Ha KpuctamnuTe,
MWKPOMYKHATUHUTE 1 30HMTE Ha MOBMWLLEHA MPOHMLAEMOCT.
Pasanukute B CTPYKTYpHUTE HWBA Ha B3aMMOLEWCTBUE
OMpegensaT pasNuyHUTe MEXaHW3MM Ha MpefaBaHe Ha
eracTyHaTa eHeprvisl 1 NOrbLLAHETO 1 OT cpegata. 3aToBa e
HeobxoguMo pa ce nogbupaT ycnoeusTa 3a nogobue —
MawabHnTe KOE(UUMEHTN MeXOy ObIDKWHUTE Ha BbHUTE,
pasMepuTe Ha HeeaHopogHoCTWTe, 6asata Ha W3MepBaHe U
TepMoAMHaMU4eckuTe B3aVIMO£|,eI7ICTBI/IF|.

EnHa ot 0COBGEHOCTUTE Ha perucTpupaHuTe CKOPOCTW Ha
enacTUyHUTe BbIHM U OedopMaLMOHHUTE NapameTpu, B
YaCTHOCT Ha MoAyna Ha €enacTUYHOCT, € TsiXHaTa
NPUHLMNMANHA HEMUHENHOCT U 3aKOHOMEpPHa M3MEHYUBOCT C
OT[aneyaBaHe OT CTeHaTa Ha u3paboTkaTa. BbB BEpTUKANHO
HanpaBreHWe CTOMHOCTUTE Ha MOAyNuTe Ce OonuceaT ¢
MOHOTOHHA €eKCMOHEHLManHa KpuBa W Aucnepcusita  Ha
napamMeTpute MoxXe f[a ce OOSICHM C WM3MEHEHWETO Ha
BellleCTBEHMA CbCTaB. B XOPU3OHTanHUTE COHAaXW KpusuUTe
Ha NPOCTPAHCTBEHOTO pasnpefenieHne ca NpUHUMIMANHO no-
CNOXHW, HanogobsBawm  cuHyconpa. Habniopasa  ce
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XapakTepeH MaKkCUMyM Ha MOLYNWTE Ha  enacTUYHOCT
OornpeerneH KakTo ¢ MOMOLLTA Ha CTaTWYHK, Taka U AMHAMUYHM
MeTOaM, cref, KOMTO criefpa NokaneH MUHUMYM M CreaBallo
noBULWIABaHE KbM BbTPELIHOCTTAa Ha Uermka. O6obieHnTe
KPMBM HA MOAYNa Ha €nacTMYHOCT Ca MokasaHu Ha durypa 3
a,b.

ToBa pasnpeaeneHe Ha aedopMaLMOHHUTE napaMeTpu
MoXe fgda ce obscHM C npefcTaBuTe 3a  30HanHaTa
OE3UHTErpalLMsl Ha CKanuTe OKOMO MWHHUTE U3paboTKM
(Wemsiknd E.N v gp, 1986).

3oHanHaTta [e3nHTerpauust ce Ogbimki Ha PopMUPaHETo Ha
peayBally Ce 30HW Ha CBMBaHE U pa3TsiraHe, 00OYCNOBEHM OT
XapaKkTepa Ha BbrHaTa Ha gedopmaumsra. OT Tyk cneaga, Ye
B pPasnnyHnTE 30HU CTOMHOCTUTE Ha MEXAWHHOTO [NaBHO
HanpexeHne g, ce WUIMEHAT HEeNUHENHO U HEeMOHOTOHHO.
CbLOTO Ce OTHaCs M 3a pa3npedeneHneTo Ha napamMeTbpa Ha
Hapau-loge, onpedensLy Buga Ha HanperHaToTo CbCTOSHUE U
MexaHn3Ma Ha paspyLiaBaHe.
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Queypa 3. ObobuwieHu epaguyu Ha Modyrna Ha efracmuyHocm
a- 8b8 8epMuKasHume coHdaxu, 6-6b8 XOpPU3OHMasnHume
COHOaxuU.

AHanu3bT Ha pasnpefeneHneTo Ha aedopMaLyoOHHNTE
napameTpu B LenuuuTe roKasea, Ye MakcUmamnHute

paspylleHust B LenvuuTe ce mposesieaT npu o; = 0, B
obnactta Ha 06OBLIEHOTO Cpsi3BaHe, a 30HaTa Ha KPEXKoTo
paspyllasaHe ce chopMmupa B AbnbounHaTa Ha Macuea,
MpaKTUYeck! eOHOBPEMEHHO B HSIKONKO MOCMefoBaTesHu
30HM, CbC 3aTUXBalla MHTEH3WBHOCT. M3cneaBaHeTo Ha Tesu
npouec e O0CoOEHHO BaxHO B YCNoBMSITa  Ha
WHTeH3udMKauMsSTa Ha [JobuBa WK  MpemMuHaBaHe KbM
W3MOM3BaHe Ha CUCTEMA C MUHUMU3NPAHE Ha 3aMbIIHEHNETO.

380N

1. Ceu3MoakyCTU4HWTE MeTOOM Ca  MPUNOXMMM 3
OnepaTUBHOTO ONpeensiHe Ha AedhopMaLMOHHUTE NapamMeTpy
Ha CkalMTe B MacuBa, KOMTO Ce pasnuyaBaT OT Te3u Ha
0BpasuuTe, onpeaenexmn B TabopaTopHK YCMoBWS, B pasnuyHa
CTEMeH 3aBuCella OT HamperHatoto W LedopMUpaHoTo
CBCTOSIHME Ha N3CTeaBaHMs MacyB.

2. HenpekbcHaTOTO CcnegeHe 3a  W3MEHEHWETO  Ha
AedopMaLMOHHUTE NapamMeTpu Ha CKanHWA MacuB OcUrypsiea
MH(OpMaLMs 3a Pa3BUTMETO Ha NPOLECUTE Ha Aedopmaums u
paspyLuaBaHe.
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Mpenopvyaxa 3a nybnukysaHe om kamedpa
“Tod3emHO paspabomeaHe Ha none3Hu uskonaemu “, MT®



PARAMETERS OF DEFORMATIONS OF GYPSUM MASSIFFE IN CONDITIONS OF "KOSHAVA" MINE

Kolyo Kolev

University of Mining and Geology
"St. Ivan Rilski"
Sofia 1700, Bulgaria

ABSTRACT

Sergey Boyanov
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"St. Ivan Rilski"
Sofia 1700, Bulgaria

The results of an experimental research of deformation parameters of gypsum massiffe in mine "Koshava", determined by the use of speeds of elastic waves. These
results are compared to the data received for the same parameters in laboratory conditions with the help of a static and dynamic method. The established ratio enable
to estimate a degree of destruction of the certain volumes of a massiffe. The deduced dependences can be used for the decision of practical tasks connected with

supervision over stability of pillars and mine workings.
INTRODUCTION

The necessity of operative management of rocky pressure in underground
mines requires regular reception of the information about the strain and
deformation condition of a rocky massiffes near mine workings. There are
various physical methods for this purpose. First of all - acoustic, based on
change of parameters of distribution of elastic waves in rocks dependent of
their strain condition. The basic characteristics determining distribution of
elastic waves in environment are their speeds. They in the large degree
depend from deformation of parameters of environment. These parameters of
rocks in the most cases are determined in laboratory conditions. For this
purpose use the rather not broken samples with the limited sizes. The
deformation characteristic of rocks in a massiffes differs from the
characteristics of samples used in laboratory, mainly because of presence of
infringements in a massiffes, first of all of cracks. In order to get information
about values of deformation parameters in the gypsum layer, investigation
works in mine "Koshava" were carried out.

RESULTS OF EXPERIMENTAL RESEARCHES.

For definition of deformation parameters (module of elasticity and Poison

ratio) gypsum massiffes static measurement by pressiometter MrMNb-76 and
measurement of speeds of elastic waves were made. According to the data of
pressiometric measurements (Daskalov, Iv. etc. 1969) on depth 0,5 - 0,9 m
from a wall of pillars the static module of elasticity has average value E** =
15,3 GPa, and on depth 5 m - E** = 21,4 GPa.
For the same conditions the average values of dynamic module of elasticity
determined by the use of seismic-log method are the next : for an external
zone of development E*" = 19,6 GPa, and in depth of massiffes E*" = 25,0
GPa.

If it is impossible to drill, then either the method of seismic profiling of walls of
mine workings or the method seismic ring out of a massiffes, located between
two various developments is used .

The method of seismic profiling allows to define a situation of external border
of a zone of basic pressure and to receive an estimation of dynamic
parameters of rocks in the weakened zone and in a massiffes. In area 103
galleries on a method seismic profiling the following results are received: for an
external part E*" = 5,0 GPa, and for internal - E*" = 14,5 GPa. The depth of
border between both structural types varies from 1,5 up to 2,5 m and its
contrast changes considerably.

Integrated estimation of parameters of deformation of pillars turns out on a
method seismic ring out. At ring out of the not broken part of pillars, located
between by galleries 103, 109 and 110 for the dynamic module of elasticity the
value E*" = 31,9 Gpa is received. At ring out barrier pillars, crossed by several
cracks filled by clay: if one crack - E*" = 19,1 GPa, if some cracks, located by
afan, - E¥ =17,0 GPa.

Poison ratio in a massiffes has rather high values. For a strong massiffes its
value is about pt = 0.30, and for broken massiffes as a result of influence the
mining works, or tectonics processes W = 0,32 - 0,34.

The significant interest represents comparison of the received results with
deformations parameters of gypsum determined in laboratory conditions with
use of drilling samples. For this purpose the significant volumes of test works
were carried out. Both static and dynamic method Were used. Deformation
parameters were determined at the various strained conditions. Some of the
received results are shown in the publication of the authors in 2002.

The similar dependences describing change of deformation parameters of
gypsum, determined were established both at static loading, and through
measurement of speeds longitudinal V, and transversal Vs of a wave and at
change of the intense condition, namely: significant increase Poison ratio p at
pressure, making 60-80 % from durability on one-axial compression, and
reduction of the module of elasticity at pressure reaching 80-90 % from
durability of a material (figure 1).
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Figure 1. Dependences between: a) Poison ratio i and pressure, per limit to
compression Rc; b) static module E* of elasticity and strain o to limit of
compression Rc.

To compare given deformation parameters of gypsum massiffes with
received at research of separate samples from boreholes 3473 and 3474,
located near to a researched site (crossing between 103 gallery and gallery
205) the in addition experimental works in laboratory conditions for definition of
the module of elasticity and Poison ratio by speeds of elastic waves in samples
and static method were carried out, at pressure close to expected in a
massiffes. Average results of experimental researches in laboratory and miner
conditions are shown in the table 1.

Table 1. Average values of the module of elasticity E and Poison ratio p for
samples of gypsum and gypsum massif's



The given results show, that dynamic module of elasticity of a gypsum
massiffes is less what characterizes samples, it is more essential in the broken
zone (peripheral part). Thus, on change E*" it is possible to estimate coming
changes in a condition of a massiffes and first of all processes of infringement
of its solidity. For a quantitative estimation of a degree of cracks of a massiffes
an acoustic parameter of cracks, A; (TypyanuHos U.A etc. 1989) often is used.
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Where: Vp is a speed of a longitudinal wave in a massiffes,

A = (1)

lab . . .
Vp - is a speed of a wave in a sample measured in laboratory

conditions.

The values of this parameter for a concrete case are given in the table 1.
With the help A; factor of structural easing of rocks in a massiffes is defined
also.

The substantial growth of Poison ratio and reduction of the module of
elasticity at the certain values of strain established in laboratory conditions (a
figure 1), in determined of a degree is ascertained and at definition of these
parameters in a massiffes. And their essential change is connected to course
of separate stages of process of destruction.

The opportunities of operative use of acoustic methods for definition of a
condition of various volumes in amassiffes are illustrated by results received at
research of separate parts is whole, located between the chamber 44/1 and
gallery 194. The chambers are filled with sand. On the part of panel gallery in
pillar the niche is made out. The acting parts of pillar have the sizes 3.8 m and
10.5 m. The smaller part of pillar is located on the part of the chamber 44/1 is
strongly destroyed. For measurements four items of excitation of elastic
waves are used and four items of reception (pulse generated in each of items
of excitation are accepted in each of items of reception) three - dimensional by
a geobackground made of devices "CB-30". In the tables 2, 3 and 4 the results
ring out of these parts and seismic profiling of pillar from the party Gal. 194
(figure 2) are given.

Table 2. Results of definition of dynamic parameters of gypsum in pillar,
located between chambers 45/1 and 46/1.

Table 3. Results of definition of dynamic parameters of gypsum in massiffes
between the chamber by 45/1 and panel gallery 1.
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Figure 2. Scheme of a researched site.

Table 4. Average values of dynamic parameters of gypsum determined
seismic profiling of pillar along gallery 194.

The results of researches show that the processes of destructions in
between chamber pillars are shown more intensively on the part of panel
galleries, and the central parts remain are more saved. Presence it is enough
large (width 10 m), monolithic pillars not broken by miner works protects from
destruction of crossings between galleries.

The impression makes a significant range of changes of speeds of elastic
waves received at measurements. It is possible to explain it by the fact, that
ring out are spent in various directions, in which directions of property and the
condition of a massiffes differ essentially. It testifies to high sensitivity of a
method and assumes its use for detailed research of structural features of a
massiffes about miner developments.

From the given data it is visible, that between results received in laboratory
conditions and at direct research in mining conditions the essential distinctions
are observed. For understanding and practical use of this fact follow to pay
attention to physics of interaction and condition of measurements. The elastic
waves cooperate with commensurable with their lengths not by uniformity.
Seismic of a wave cooperate with macrodefects of environment - layers
different litology of structure, borders between them, tectonic cracks and zones
of basic pressure, while ultrasound waves cooperate with mezo and micro not
uniformity, commensurable on the sizes with the sizes of crystals, microcracks
and zones of the raised permeability. The distinctions in structural levels of
interaction define various mechanisms of transfer elastic energy and
absorption by its environment. Therefore it is necessary to pick up conditions
of similarity - scale factors between lengths of waves, sizes not uniformity base
of measurements and thermodynamic interactions.

One of features of registered speeds of elastic waves and deformation of
parameters, in particular of module of elasticity, is their basic nonlinearity and
natural variability with removal from walls of development.

In a vertical direction of value of modules is described monotonous
exponental by a curve and dispersion of parameters it is possible to explain by
change of material structure. In horizontal chinks of curve spatial distribution
essentially more complex, similar on sinusoid. The characteristic maximum of
modules of elasticity determined as with the help static is observed, and
dynamic methods, after which the local minimum and following increase to an
interior yenvka follows. The generalized curves of the module of elasticity are
shown on a figure 3 a, b.



0.0 30 b

1E | E“E™faPa
0s 15 1
IE > 25 o
S 1
0 IE \\ 20 /r\‘;'\'/ £
15 E ﬂ?”ﬁ
T }> 15
20
25 - 10
a0 | eera| | g i g L]

5 10 15 20 25 00 05 10 15 20 25 30
Figure 3. The generalized diagrams of the module of elasticity a- in vertical
boreholes b -in horizontal boreholes.

It is possible to explain this distribution of parameters of deformation by
representations zonal disintegration of rocks about mining developments
(LUemskmH E.N and gp, 1986).

Zonal disintegration is obliged to formation of compression, alternating by
zones, and stretching caused by character of a wave of deformation. This
implies, that in various zones of value of an intermediate main pressure o, will
change not linearly and not monotonously. Same concerns and to distribution
of parameter Nadai-Lode, intense condition, determining a kind, and
mechanism of destruction.

The analysis of distribution of deformation parameters in pillar shows, that
the maximal destructions in pillars are shown at o; = 0, in the field of the
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generalized shift, and the zone of fragile destruction is formed in depth of a
massiffe, practically simultaneously in several consecutive zones, with
decreasing intensity. The research of these processes is especially important
in conditions of the greater intensity of production or transition to use of system
with minimization of volume of filling.

CONCLUSIONS

1. The seismic and acoustic methods can be used for operative definition of
deformation parameters of rocks in massiffes, which differ from parameters
measured in samples, in laboratory conditions, in the various degrees
dependent on strained and deformed condition of a researched massiffes.

2. The continuous measurements of changes in deformation of parameters of
a rocky massiffes provide the information about development of processes of
deformation and destruction.
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