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PexoHcTpyKUMsI OpUeHTANUM AeHCcTBYOIINX Ha ''OeckoHeyHoCcTH'"'
Hanpsi:keHuii B npeaenax Kosaopckoro pyaHoro ysiaa
HAa OCHOBE HATYPHBIX oNpeaeeHui

HccnenoBaHus, LETbIO KOTOPBIX SABIAETCS N3YyYE€HHE BO3MOKHOCTEH YBEIMUYEHNS YITIOB HAaKJIOHa OOPTOB KaphepoB
B MacCHBaX MPOYHBIX CKAIbHBIX Mopo, nposoasatrcsa ['opueiM nHctutyToM KHL] PAH. OnHoli n3 3agad, pemenue
KOTOpO#i OyIeT crnoco0CTBOBATh TOCTHKEHHIO MOCTABJIEHHOM LIETH, SIBIAETCS ONpe/e/ieHNe HAIpPaBIIeHUs! IEWCTBHA
MaKCHMaJIbHOIT KOMITOHEHTHI ITIaBHBIX HANPSHKEHWH B HETPOHYTOM MaccHBe Ha "0eckoHeuHOCTH'", He0oOXoauMoe
JUTsL pa3pabOTKN MaTeMaTHYeCKUX MOJesielf MacCHBa MOPOJ, BKIFOUYAIOIINX KapbepHYIO BbIEMKY. [lIs peleHus
3TOM 3aa4¥ MPeUIOKEHO MCIIONIB30BaTh PE3yIbTaThl N3MEPEHHI MapaMeTPOB HAMPSYKEHHOTO COCTOSTHUSI METOIOM
pasrpy3ku B mpruObopToBOM MaccuBe. OCHOBHbIE MCCIIEIOBAHUS MPUOOPTOBOTO CKAJILHOTO MAacCHBa MPOBOAMINCH
Ha kapbepe pyanuka "JKenesnslit" AO "Kosnopckuii 'OK". I3MepeHust BBIMOIHEHB! METOIOM Pa3rpy3KU B BAPHAHTE
TOPLEBBIX M3MEPEHUI, HEMOCPEJICTBEHHO C YCTYNOB Kapbepa Ha CHELMATbHBIX HAOMIOJATENbHBIX CTaHLMAX
C WCTOJIb30BAHNEM TOPU3OHTAIBHBIX CKBaKMH. Ha OCHOBE 3KCMEpHMEHTANbHBIX OMNpeleNICHUH MapamMeTpoB
NEeHCTBYIOMMX HampsDKeHut B MaccuBe mopon Kosmopckoro anmarur-mraddennr-6anienenToBoro MecTopoXKICHUS
(KoBnopckwii pyaHsIii y3ei) Ipy MOMOLI MeTOa KOH(POPMHBIX 0TOOpasKeHMIi ONpe/IeNIeHO HaMpaBlIeHNE MaKCUMATbHOTO
CKaTws, NEHCTBYIOIIETO B MCCIIEIOBAHHOM MacCHBe B CyOMepHIMOHaTIbHOM HarpaBiieHnH. [lomygaemble npeuioyKeHHbIM
METOJOM PE3yJIbTaTbl MOTYT OBITH UCMOJIB30BaHbI MPH 33AaHUN TPAHUYHBIX YCIOBHI B IPOLIECCE MOAEINPOBAHUS
HarnpsKeHHO-1e()OPMUPOBAHHOTO COCTOSIHUSI IPUOOPTOBOTO MAacCHBA MOPOA W OLIEHKE YCTOHYMBOCTH yYacTKOB
6opTa Kapbepa.

KuroueBbie cJ10Ba: HAMPsHKEHHOE COCTOSTHUE, MACCHB MOPOJI, METOA Pa3rpy3KH, TEOPHs YIPYTOCTH, METOA KOH(OPMHBIX OTOOpaKEHHIA.

BeeneHue

B teuenue nocneanux 30 net ['opueiM unctutytoM KHL PAH npoBoasTcst ncciaenoBaHus, LEJIbIO0 KOTOPBIX
SIBJISIETCS] M3yYeHHE BO3MOKHOCTEH yBeJIMUEHHS YIJIOB HAKJIOHA OOPTOB KaphepOB B MACCUBAX MPOYHBIX CKaTbHBIX
mopox [1; 2]. OmHIM U3 OCHOBHBIX O0BEKTOB, HA KOTOPOM BHITIOJHSIOTCS FICCIIEIOBAHUSI TPUOOPTOBOTO CKATBHOTO
MaccHBa, sBIsieTcs Kapbep pyanuka "Kemesnsnii' AO "KoBmopckuit 'OK", Toe ynamocs 060CHOBaTh BO3MOYKHOCTh
(hopMHpPOBaHUSI BEICOKUX BEPTHKAJIbHBIX YCTYIIOB, MPU 3TOM BEJIMUMHA F€HEpaJIbHOro yriia 6opTa Kapbepa COCTaBIIsIET
oT 45° 10 60° B 3aBUCHIMOCTH OT WHKEHEPHO-TCOJIOTHIECKIX M TeOMEXaHNIeCKUX ycIIoBwii [3; 4]. [TomydeHHBII
pe3yabTaT 00BACHAETCS YUETOM MapamMeTpoB HANPSKEHHOTO COCTOSHMSA MAacCHBa MOPOJ, KOTOpPbIe OKa3bIBAIOT
BIIUSTHHE Ha yCTOWIMBOCTH OOPTOB M YCTYIIOB B CTOPOHY €€ YBEITUUSHUSI ITPH COOTBETCTBYIOIINX YCIOBUSX.

Marepuaiibl U MeTOAbI

MHOro4HCIEHHBIMY U3MEPEHUSIMHU, BBITIOJIHEHHBIMU METOIOM Pa3rpy3Kd B BapUaHTE TOPLEBBIX U3MEPEHUH,
MOKa3aHo, 4TO B MPUOOPTOBOM MAacCHBE MOPOJA MPH YCIOBUHU NPUMEHEHUS ASAIUX TEXHOIOTUI NPOU3BOJICTBA
B3PBIBHBIX Pa0OT NEWCTBYET MOJIe HANPSKCHUI rpaBUTAIIMOHHO-TEKTOHMYECKOTO ThTa. K HacTosmeMy BpeMeH!
npoBeeHo Oosiee 25 M3MepeHUi HENOCPENCTBEHHO C YCTYIOB Kapbepa Ha CleUUalbHbIX HaOmoaaTelbHbIX
CTAHIMAX C WCTIOF30BAaHUEM TOPU30HTAIBHBIX CKBAXHUH [3; 6].

Ha puc. 1 B xauecTBe nmpumepa MoKa3aHa TUIOBAs KOHCTPYKLMS CTaHLUU MO0 W3MEPEHUI0 MapaMeTpoB
HATPsDKEHHOTO COCTOSHIS MOPOIHOTO MacCHBa METOIOM pasrpy3ku. Ha puc. 2 mpuBeneH rpaduk pacmpeaeieHus
HaNpsKeHUH MO JUTMHE CKBaXKHUHBI.
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Puc. 1. Tunosas KOHCTpYKUMs CTaHLUU Puc. 2. PacnipenieneHne Hanpsi>keHUH MO JUTMHE CKBAYKHHBI:
10 U3MEPEHUIO TIapaMETPOB HANPSKEHHO- 1,2, 3 — cOOTBETCTBEHHO pachpeaeieHNe MaKCUMAaJIbHOM,
ne(opMIPOBAHHOTO COCTOSIHUS TTIOPOIHOTO MUHUMAJIbHON ¥ MaKCUMAJIbHON KacaTelbHON KOMIOHEHT
MaccuBa METOJIOM pa3rpy3KH: oOwas ATMHA KBa3UIIaBHBIX HAIIPSHKEHUI MO JJIMHE y4acTKa
CKBaXXUHBI — 50 M, y4acTOK U3MepeHuii — 15 M M3MEpPEHUN B CKBaXKUHE

Fig. 1. Standard design of the station to measure the ~ Fig. 2. The stress distribution along the borehole length:
parameters of the stress-strain state of rock mass 1, 2, 3 —respectively distribution of the maximum, minimum and
by the unloading method: the total length of the maximum tangential component of the quasi-principal stresses
borehole — 50 m, the measurement site — 15 m along the length of the section of measurement in the borehole
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PesynbTaTsl n 00cyxaeHue
Iocmanoska 3a0avu
B 10 ke Bpems npu pazpaboTke MaTeMaTHYECKUX MOJEeil MaccrBa MOpoJ, BKIIOUYAOINX KapbepHYIO

BBbIEMKY, BO3HUKAET 3a[a4a OIpPEIEICHNS HAIPaBJICHUs JEHCTBUA MAKCUMAIbHOM KOMIIOHEHTHI [TIABHBIX HAIPSHKEHUI
B HETPOHYTOM MaccuBe Ha "OeckoHedHOCTH". J[Jis pelmeHus 3Toi 3agadyé MOKHO HCIIONB30BaTh Pe3yJIbTaThI
HM3MEPEeHUH mapaMeTpoB HAMPSKEHHOTO COCTOSTHUA METOAOM pa3rpy3Ku B MPUOOPTOBOM MacCHBeE.

Pewenue 3a0auu
BBenem crienyromiye npeanoioxKeHus:
a) ToJiaraeM, 4To Ha HEKOTOPOI ITyOHHe KOHTYp Kapbepa B TUIaHe MPe/ICTABIISET JUIUIIC C MOIYOCsMU a U b;
0) KoH(pOpPMHOE 0TOOpakKeHNE BHEITHOCTH JJUINIICA HA BHYTPEHHOCTh SAMHIIHOTO KPyTa OCYIIECTBISET

GyHKUMSA:

0(g) =R(g+%j, (1)

a .
rae m= , G — TOYKa BHYTPH BHEIIHOCTHU IJIUNTUYECKOTO OTBEPCTHs, R — paanyc 3Toi Touku. [lpn R =1

a+b
n ¢ = | mo;yyaeM KOHTYp 33/JaHHOTO SJUTUIITUIECKOTO OTBEPCTHSL.
Torna npu geiictBuu Ha "OeCKOHEUHOCTU'" HampskeHUHl G, =—p (puc. 3) UMeeM TaHreHLUAJbHbIE

HamnpsHKeHUS Ha KOHType oTBepcTus [7]:

1—m” +2mcos2a —2cos2(0—ar) )
1-2mcos20+m’ ’

Ge=

rae 6 — yroa Mexny ocbto OX ¥ TOUKOW Ha KOHTYpE 3JUTUIICA, O — YToJ MeXIy ocbio OX M HamnpaBlieHUEM NEHCTBUS

HanpskeHnit 67 =—p.

/i\

Puc. 3. Cxema [u1s onpeiesieHus] HanpsbKeHUi npyu AeHCTBUU CUIL G, = —p

Fig. 3. Scheme for determining the stress under the action of forces 67 =—p

4 " " o
HpI/I JCUCTBUU Ha OECKOHEYHOCTH" CHJT G v = —-q (pI/IC. 4) HMMEEM TAHI'C€HLMAJIbHBIE HAPSYKEHUA Ha KOHTYPE

OTBEPCTHUSA:

1—m” —2mcos20 +2cos2(0—a) 3)
1-2mcos20+m’ ’

Ge=
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rae 0 — yron Mexxay ocbio OX U TOUKOM Ha KOHTYpe 3JIIMIICA, 0. — YTOoJl Mexay ocbio OX 1 HanpaBJieHUeM IeicTBUA

HanpskeHNi G =—q .

>
!

Ms

Puc. 4. Cxema 1715 onpefiesieHusl HaNpsKEHUi Npu IEHCTBUM Ul G, = —¢

Fig. 4. Scheme for determining the stress under the action of forces ¢} =—¢

ITpu coBMeCTHOM JeHCTBUU CUI G

OTBEPCTUA:

1—m* +2mcos20 +2cos2(0 —ar) +q1_m2 —2mcos20+2cos2(0—a)

—p Gf =—¢ VIMEEM TaHTCHUHWAJIbHBIC HANPSHKCHUA Ha KOHTYpPE

1—2mcos20 +m*

1—2mcos20+m*

“

I[J'I}l OonpencjeHus BEJIUYUH p U g U3 (4) HE0O0X0JUMO UMETh JBE TOUYKHU Ha KOHTYP€ SJUIMNTUYECKOTO
OTBEPCTUS, MOJTYUYECHHBIE SKCTIEPUMEHTAJIbHBIM ITyTEM. HpI/I 9TOM CJIEAYET pEIINTb CUCTEMY ypaBHCHHfII

1—m* +2mcos2a —2cos2(6, —0) 1-m* —2mcos20 +2cos2(0, —a)

1 _
Gy =P

1-2mcos 26, +m’

1-2mcos20, +m’

; (6)

o = 1-m* +2mcos2a —2c0s2(6, —a) . 1—m" —2mcos2a +2cos2(6, —a) .

1-2mcos20, +m’

1-2mcos20, +m’

B Tabmuie TPEACTABJICHbI NIAPAMETPbI HANIPAYKEHHOI'O COCTOSTHUSA MacCHBa MOPOJ, MOJTyYEHHBIC IO pE3YyJibTaTaM
I/IBMepeHI/Iﬁ METOAOM pa3rpy3KH, a TAKKE HaIPsHKEHWUA B MaCCUBE, PACCUUTAHHBIE HA OCHOBE JIEHCTBUSA COOCTBEHHOTO
B€Ca BbILICJIC)KAIUX MOPOI (B NOCJIEAYIOIUX PACCYXACHHUAX PACTATMBAIOIINEC HAMNPSHKEHUA NPUHUMAIOTCA
MOJIOXKHUTEIbHBIMU, COKUMAKOIIHUE — OTpI/II_laTCJ'ILHBIMI/I).

Tabmuma. [TapameTpbl HAMPSYKEHHOTO COCTOSHIS MacCHBa MO pe3yJIbTaTaM M3MEPEHHH METOIOM pa3Tpy3Ku
Table. Parameters of the massif stressed state according to the results of the discharge method measurements

= [MapameTpsl OTHOIIEHNE MaKCUMAaJTbHOM
2 = E" HarnpsHKeHHOTO KOMIIOHEHTHI TJIABHBIX (CKMMAFOIINX )
E 5 CraHuus1, TOPU30HT, = Ny
=5 N = COCTOSIHUS MacCHBa HaTPSKEHUN K paCueTHBIM
& | rom m3MepeHmit, yqactok 6opra g
9 s = TOPOI TIO pe3yibTaTaM BEePTHUKAIHLHBIM HATIPSKSHUSAM
T © Kapbepa "E’, W3MEPEHU I UCXOS U3 AEUCTBUS TOJIBKO
=
~ Gmaxs MITa | Gpin, MITa | COOCTBEHHOTO BeCa MOPOJ Gy / YH
Ms | H/C-5, +40 M, 2005, ceB.-BocT. | 217 —13 -4 2,0
Mg | H/C-8, +10 m, 2007, ceBepHblit | 247 -20 -3 2,7
Mo | H/C-19, +40 M, 2011, 10:KHBIi 175 —13 -7 2,6
M, | H/C-21, +10 M, 2012, 10:KHBIi 250 -28 -4 3,5
M>; | H/C-23, +70 M, 2012, roro-3am. | 170 24 -9 4.8

[puMeuanue: Y — coGCTBEHHbIIT Bec TIOpoa (Y = 3 T/M°).
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B paCCManHBaeMOfI 3a4a4€ Mpu MNOCICAYIINUX PpacCyXACHUAX B TMOJIAPHBIX KOOpAHMHATaX Oy

COOTBETCTBYET Gy

PaccMoTprM HECKOTBKO TIPUMEPOB.
[To HammM maHHBIM UIMeeM a = 5 yCII. ell.; b = 3,5 ycn. en., cinenoBarensHo, m = 0,1765. V3 Tabnuisr mis

Touku Mg nonydaem o = 0, 0 = 0, oy = —20 MIla; g Touku My; cootBeTcTBeHHO 0 = 0, 6 = 90°, 69 = —24 MlIla.
OTcrozia Ha OCHOBe (5) Moy4yaeM CUCTEMY YpaBHEHUIL:

—-p+3,858¢q =20,

2,4p—q=-24.

Pewmenue naHHo# cucteMbl ypaBHeHMit: p = —13,63 MIla, g = —8,72 MI1a.
BozbMeM Tenepb Touku Mg 1 My, ast kotopoii a = 0, 8 = 150°, 6y = 28 MIla.

OrTcrona cucteMa ypaBHEHUI:
—-p+3,858g =-20,
0,377p+1,887g =-28.
Pewmenue cuctemsl ypaBHenuit: p =-20,96 Mlla, g =—10,63 MI]a.
PaccmatpuBast Touku Ms co 3HaueHusiMu o = 0, 0 = -27°, 64 =—13 MIla u M,y ¢ mapameTpamu o = 0,
6 = 140°, 6y = —13 MlIla, umeem cuctemy:
0,177p+2,177q =13,
1,004 p +0,994g = —13.

[Tomyuyaem pewenue B Buze: p = —7,66 Mlla, g = —5,35 Mlla.
Ecnu B34Th cpefHee 3HaueHHEe OTHOLIEHHUA p/q TO HAIIUMM pacyeTam, TO MOJayuuMm p/q = 1,656.

ITo pe3ysbTaTam onpeneneHns: HAMPSHKEHHOTO COCTOSIHYS B OKPECTHOCTH KapbepHOH BHIEMKH, BBITIOTHEHHOTO € YHETOM
reoyiormaeckoro ctpoerns Kosnopckoit maTpy3uu p =—1,05 yeu. en., g =—0,85 ycn. en. [8]. 3mecs oTHOmEHME
p/q=1,235. IHpIMH CTTOBaMH, OTHOCHTETbHAS TIOTPEITHOCTh K HANOOJTBIIIEMY 3HAYEHHIO OTHOIIEHMI cocTaBIsieT 25 Y.
Bo Bcex paccMaTpuBaeMBbIX CITydasx Mbl MOJIYYHIH p > ¢, T. €. B HANIPaBJICHUM JUIMHHOI OCH Kapbepa JeWCTBYIOT

OoubIve HANPsKEHMS, YeM B HalpaBJICHUH KOPOTKoit (puc. 5).

Puc. 5. OpueHraiysa MakCUMajibHON KOMIIOHEHTHI M1aBHBIX HAMpPsKEHUH Ha "0eCKOHEYHOCTH" B HETPOHYTOM
MaccuBe KoBIOpCKOro pyIHOTO y3/1a: pa3auyHbIMU LIBETaMU 0003HAueHbI pa3IMyHble TUIIbI Py U BMELIAIOIIUX
MOPOJT; KpaCHBIMHU JIMHUAMK 0003HAUSHBI KPYITHbIE CTPYKTYPHBIE HApyIIEHNS B MPEAeIax Kapbepa; YepHbIMU
MYHKTUPHBIMA JIMHASMH — TPaHULIbl HHKEHEPHO-TE€0JIOTMIEeCKUX CEKTOPOB (0003HAUEHbI PUMCKUMHU LI pamMu)
Fig. 5. Targeting the maximum component of the principal stress on the "infinity" in the pristine massif Kovdor
ore unit: different colors represent different types of ore and host rocks; red lines represent major structural
irregularities within the quarry; black dotted lines — the boundaries of engineering and geological sectors
(denoted by Roman numerals)
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3akioueHHe

Ha ocHOBe BEITIOJTHEHHOTO aHAM3a MOXKHO CIcJIaThb BbIBOJ, 4YTO MaKCHMaJIbHaA KOMIIOHCHTA TJIAaBHBIX
HamnpsbKeHUi B HETPOHYTOM MaccuBe KoBaopckoro pyqHoro ysnia aefcTByeT B CyOMepuaIMOHaIbHOM HaNpaBleHUH
(puic. 5). JlaHHbII BBIBOA MMEET OOJIBIOE 3HAYEHHME JUTS OLIEHKH YPOBHS NEiCTBYIOIINX HANPSHKEHHI HEMOCPEICTBEHHO
B MPUKapLEPHOiT 30HE, NCTIONB3YETCs TPH 3aJaHUU TPAaHNYHBIX YCIOBHI B MPOLECCe MOJETMPOBAHUS HANPSKEHHO-
Ie(hopMUPOBAHHOTO COCTOSIHUA MPUOOPTOBOrO MaccHBa MOPOJ U OLEHKe YCTOMYMBOCTH Y4acTKOB O0pTa Kapbepa.

HccnenoBaHus BBIMOIHEHBI B paMKaxX IpaHTa MO NPUOPUTETHOMY HampaBlieHHIO AedarenbHoctu PHO
"ITpoBenenne GyHAAMEHTAILHBIX HAyYHBIX MCCIIEIOBAHUN W MOMCKOBBIX HAYUHBIX UCCIIENO0BAaHUN OTASIbHBIMU
Hay4yHbIMU rpynnamu’ Ne 14-17-00751.
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Reconstruction of orientation of stresses acting in infinity
within the Kovdor ore body based on field determinations

Mining Institute KSC RAS has conducted research which aim is to study the possibilities of increasing the tilt
angles of pit walls in massifs of solid rock. One of the problems the solution of which will contribute to
achieving this goal is to determine the direction of the maximum component of principal stresses in intact massif
on the "infinity" necessary to work out mathematical models of rock massif including quarry recess. To solve
this problem it has been proposed to use the results of parameters' measurement of stress state by the unloading
method in near-wall rock massif. The basic research of near-wall rock massif has been conducted on mine quarry
"Zhelezny" (JSC "Kovdor ore processing plant"). The measurements have been performed by the discharge
method in option of end measurements directly from the quarry ledges on special observation stations using
horizontal wells. The direction of maximum compression acting in sub-meridional course in the Kovdor apatite-
shtafelyte-baddeleite deposit (the Kovdor ore cluster) has been determined by the conformal mapping method on
the basis of experimental estimations of stress parameters in the rock massif. The results obtained are of great
importance for assessing a level of stresses acting directly in a near open-pit zone. They are applied to set
boundary conditions when modeling stress-strain state of near-wall rock massif and assess slope stability.

Key words: stress state, rock massif, unloading method, theory of elasticity, conformal mapping method.
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