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Annotammst. Llexs. Onenka cocTosiHUSL yCTOHYMBOCTH OOPTOB Kapbhepa NOIpa3yMeBaeT BBISIBICHHE CyMMAPHOT0 JeHCTBUSI MHOTUX
(axTopoB. CyImecTByIOINEe TEOPHH ONIEHKH YCTOHUMBOCTH IIOCTPOSHBI HA BBIYMCICHHM 3allaca yAEp)KUBAIONIMX CHJI K CHIJIAM
C/BUTAIOIINM, a YYeT OONIBIIMHCTBA (PaKTOPOB CBOAMTCS K 3aJaHHIO KO PHIIMEHTA 3armaca yCTOHYHMBOCTH, KOTOPBIH BKIIIOYAET B Ce0s
BECh CIIEKTP paccMaTpuBaeMbIX (akTopoB. TTOMCK HOBBIX PELICHHH I yyeTa BAUSHHS (PAKTOPOB, UMEIOIIMX PAIMYHYIO PUPOLY.
CaeneHne UX B OJHY Pe3yNbTHPYIONIYIO BEIMIHHY IO3BOJIHT 0Ol TOYHO IIPOBOIWTH OIEHKY COCTOSIHIISL MAacCHBa, a TAakke IacT
BO3MOKHOCTh IPOEKTHPOBATh PabOTHI C YYETOM BIMSHUS (DAKTOPOB, TEPEHAMPABIAS WX W PasrTpyxkas HamOolee HEeyCTOWYHBEHIC
yuactku. Meroauka. [Ipeioxena MeTo100rust IpUBEACHNS Oe3pa3MepPHBIX MOKa3aTesel 1Mo OTAeIbHBIM PaHOHaM KapbepHOTO MO K
emHOM mkaze. OHa OCHOBaHAa Ha COITIACOBAaHMM TpeX TOYEK M3 pa3sHBIX JHANa30HOB H3MEHEHHs IIOKasareleil, KoTopble
paccMaTpuBalOTCS. A MMEHHO: JIEBOW M IpaBOH TPAaHUYHBIX TOYEK M TOUKH, COOTBETCTBYET CPEIHEMY 3HAUCHHIO MOKA3aTels.
Pe3ysibTaTbl. YCTaHOBIIEHO, YTO NPOLEAYPa CyMMapHOH OLIEHKH BIUSAHUS (haKTOPOB HA COCTOSIHHE TOPHOTO MacCHBAa OCHOBBIBAETCS Ha
CIISYIOIINX YTBEPIKICHHUSX: YHU(HUIMPOBAHHOCTE HHTErPAJIBHOM OLEHKH, TO €CTh BO3MOXHOCTh €€ NMPHUMEHEHHS JUISl OLICHKH BIIMSIHHS
Ha 00Iee COCTOSHUE YCTOWYMBOCTH OOPTOB Kapbepa KaXJOro OTAEIBHOro (akTopa, Tak M coderaHue Habopa (axTopoB B eIUHBIH
CBOIHBIH (DaKTOp; KCIIONB30BAHHE HEPapXUYEeCKOH CTPYKTYpBl MOKa3aTeled M y4deTa BCEX OCHOBHBIX (DaKTOpOB, BIMAIOMIMX Ha
COCTOSIHAE YCTOMYMBOCTH OOPTOB Kapbhepa; NPUMEHEHHME OLECHOK B O€3pa3MEpHOM BHJE; PAHXXUPOBAaHWE (HAKTOPOB BIUSIHUS 110
3HAYUMOCTH; AHAIOTUYHOCTh OIEHOK BO3JCHCTBHS IUII BCEX OCHOBHBIX (DAKTOPOB; BO3MOXKHOCTH ydeTa MAIBHEHINEro BIMSHUS
(hakTOpOB MPH MEPCIEKTHUBHON pa3paboTKe MoNe3HbIX nckonaeMelx. Hayunaa nosusna. Pazpabotan mepexos k 6e3pa3sMepHBIM IIKanaM
Pa3HOIUIAHOBBIX BennuuH. IIpakmuueckaa 3nauumocmey. VICNIONB30BaHUE TPUBEICHHS PA3HOIUIAHOBBIX (DAKTOPOB, BIMSIOIMX Ha
YCTOHYMBOCTh K 0O€3pa3MEepHOMY HHTETPaJbHOMY IIOKA3aTeTIO ITO3BOISET IPOBOJWUTH OOJNee TOUHBIM aHAIN3 COCTOSHHS MAacCHBa
TOPHBIX ITOPOJI, @ TAKXKE NPUHUMATD PELICHHU 110 HanboJiee ONTUMAIBHBIM IIapaMeTpaM ero 0TpaboTKH.

Knrouesvie crosa: ycTounBoCTb, paifoOHMPOBaHNE, HHTErPAILHBIN 110Ka3aTeb, Kapbep, (paKkTopsL
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Amnotanis. Meta. Onigka cTaHy criiikocTi 60pTiB kKap'epa nependadae BUSBICHHS CyMapHOTO BINMBY 0araTbox (axTopis. IcHyroui
Teopii OLIHKK CTIHKOCTI OCHOBYIOTHCA Ha PO3paxyHKY BiJHOILICHHA 3aracy CHI YTPUMYIOUHX JI0 CHJI 3PYIIYIOUHX, a OOJNiK OLIBIIOCTI
(akTopiB 3BOAUTHCS JI0 3aBJlaHHs Koe(illieHTa 3amacy CTIHKOCTI, sSIKHil BKIIOUae B ceOe BeCh CIIEKTP PO3rJBIHYTHX (akTopiB. Ilomryk
HOBHX DIIICHb U BPaXyBaHHS BIUIMBY (haKTOPIB, IO MAIOTh Pi3HY MPHPOLY. 3BEACHHS iX B OIHY Pe3yIIbTYIOUy BEIHIHHY HO3BOIUTH
OLITBII TOYHO MPOBOIWUTH OILIHKY CTaHy MAacHBY, a TAKOX JaCTh MOMJIMBICTH MPOEKTYBAaTH PoOOTH 3 ypaxyBaHHAM BIUTUBY (HakTopis,
NIEPCHANPABIAIOYN X 1 PO3BaHTaXyOUM HaWOLIbII HecTiliki ningHku. Meronuka. 3anpornoOHOBAHO METOAONOTII0 IPUBEICHHS
0e3pO3MipHHUX MOKAa3HUKIB 10 OKPEMHX paifoHaX Kap'epHOTO IOIA A0 €auHoi mkamd. BoHa ocHOBaHA Ha Y3TOUKEHHI TPHOX TOYOK 3
pi3HHX Jiama3oHIB 3MiHM TOKAa3HHWKIB, IO PO3MIAAAIOTHECS. A came: JiBOI i MpaBoi IpPaHMYHHMX TOYOK 1 TOYKHM, IIO BiJNMOBiAaE
cepeJHbOMY 3HA4YCHHIO I0Ka3HUKa. Pe3ybraTn. BeraHoBNEeHO, 1110 TIpoliefypa CyMapHOT OLHKY BIUTUBY (haKTOpIB Ha CTaH TipChKOro
MAacHBY IPYHTY€ThCS Ha HACTYIHHUX TBEPKEHHSX: YHi()iKOBaHICTh IHTEIPaNbHOI OLIHKM, MOMJIMBICTB 11 3aCTOCYBAaHHS JUISl OL[IHKH
BIUIMBY Ha 3arajlbHUI CTaH CTIMKOCTI OOPTIB Kap'epa KOXKHOIro OKpeMoro (Gaxropa, moeaAHaHHs Habopy (akTopiB y €ANHMII 3BEACHUI
(akTOp; BUKOPUCTAHHS i€papXiuHOi CTPYKTYypU MOKa3HHKIB Ta OOJIKY BCIX OCHOBHHX (DAaKTOpiB, L0 BIUIMBAIOTH HA CTaH CTiHKOCTI
0OpTiB Kap'epa; 3acTOCYBAHHS OI[IHOK Y O€3p03MIpHOMY BUTJISi/IL; PAHXKYBaHHs (DAaKTOPIB BIUIMBY 32 3HAYMMICTIO; aHAJIOTTYHICTh OIIHOK
BIUIMBY IJI1 BCIX OCHOBHHX (DaKTODIB; MOXIMBICTH OOMIKY ITOIANBIIOrO BIUIMBY (haKTOPIB IPH IEPCHEKTHBHIH po3poOLi KOPHUCHHX
xonanuH. Haykosa nosusna. Po3po0neHo nepexin g0 0e3po3MipHMX LIKall BiJl Pi3HOIUIAHOBUX BenuuuH. [Ipakmuuna suauumicme.
BuxopucTaHHs TpHBEIEHHS Pi3HOIUIAHOBHX (DaKTOpIB 10 0€3pO3MIPHOrO IHTErpaJIbHOrO IMOKA3HMKA JO3BOJISIE IPOBOJAMTH OLIbII
TOYHHMII aHAJ3 CTaHy MAcCHBY TipCHKHX IIOPif, a TAaKOXK NMPHHAMATH PIlICHHA 3 BHOOPY HAMOINTBII ONTHMAIBHUX HapaMeTpiB Ul Horo
Bi/INpaItOBaHHs.

Knrouosi crosa: cTiiikicTsb, pallOHYBaHHsI, IHTETPAJIBHUN MTOKAa3HUK, Kap’ep, (pakTopH.
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Summary. Purpose. Assessment of the pit edge stability of walls involves identify the total of many factors. Existing theories of
sustainability assessment base on the calculation of the reserve holding forces to shear forces and keeping the majority of factors is
reduced to job safety factor, which includes the whole range of considering factors. The search for new solutions for the effect of factors
that are different in nature. Mixing them into a single result value will more accurately assess the status of the array, and an opportunity
to design work taking into account the influence of factors, redirecting them to unload the most unstable areas. Methodology. The
methodology of bringing the dimensionless parameters of individual areas of career field to a single scale. It is based on the agreement of
three points from the different ranges of parameters, are considered. Namely, the left and right of the boundary points and the point
corresponds to the mean value indicator. Findings. It was found that the procedure for evaluating the total impact of factors on the state
of the rock mass is based on the following assertions: commonality integrated assessment, it is possible to use it to assess the impact on
the overall stability of the pit walls of each factor, and the combination of factors in a single consolidated factor; the use of the
hierarchical structure of indicators and taking into account all the main factors influencing the state of stability of pit walls; the use of
estimates in the dimensionless form; factors influence the ranking in importance; similarity of impact assessments for all major factors;
the possibility of taking into account the influence of factors in the future development of promising mineral deposits. Originality.
Designed transition to dimensionless quantities of diverse scales. Practical value. Using a cast of diverse factors affecting the stability of
a dimensionless integral indicator allows a more detailed analysis of the rock mass, as well as to decide on the optimal parameters of its
mining.

Keywords: stability, division into districts, integrated indicator, pit, factors.

BBenenue
IIpu pemeHnn 3amad  yCTOHYHMBOCTH  Kapbepa AHaJu3 ucciiegoBaHuil U nyoauKanui
BO3HHMKAaeT  MpobieMa  yBA3KH  Pa3sHOIUIAHOBBIX
nokasaresel U yueTe UX MpH OLICHKE COCTOSHUS YCTyIOB
n OoproB Kapeepa. Pa3paboTka W TPOEKTHPOBaHHE
nIyOOKHX  KaphepoB  HEOTHEMJIEMO IOIpa3yMeBaeT
OLIEHKY COCTOSIHMS OOpPTOB, KOTOPbIE HAXOASATCS I0J
BIMSHUEM MHOXECTBA (AKTOPOB, HUYTO  YCIIOXKHSICT
BBIIIOJIHEHHE MAaKCHMAaJbHO [JOCTOBEPHOIO aHAIIU3a.
Kotopeif B pmampHeifmem  BimseT Ha  pacder
MaKCHMAaJbHO JOIyCTUMBIX YIJIOB OTKOCa, IIIyOHHY
pa3paboTKu U Ipyrue MapaMmeTphl, KaxAbli U3 KOTOPBIX
MPUBOAMT HAC K OLIEHKE peHTa0eIbHOCTH pa3pabOTKU
MECTOPOXKICHUS.

HccnenoBanre BONPOCOB pallOHUPOBAHUS, CBEICHUS
rokasareseil 1 00pabOTKH ¢ MOMOLIBI0 MATEMaTHIECKOH
CTaTHCTHKH pasHOTO poja JaHHBIX W  BEJIWYNH
3aHMMAJIOCh JIOBOJBHO MHOIO YueHbIX: Bakynun I'.f,
EmenmpsHoB A.®., Abpamor JI. C., Ucawenko A.T.,
Comanesa H.II. Taxxe, mpu HamucaHWH CTaTbH OBLTH
YUYTEHBI BOIPOCHI, CBSI3aHHBIC C YCTOIYMBOCTHIO OOPTOB
KapbepoB,  HUCCICNOBAHUEM  COCTOSIHMS  KOTOPBIX
3aHUManKCh u3BecTHole yuennle: O.M. Apcentses, JI.U.
Bapon, A.M. T'ansnepun, E.JI. T'anycTsn, A.M. [IémMun.

MeTtoauka

Hean I[Ipy KOMIUJIEKCHOM paOHUPOBAHHHU KaphEPHOTO
TOJIsA Ha MEPBHIN IJIaH BBIHOCSATCS BOMPOCHI arperanum,
HOPMHPOBAHUS M COIMOCTABICHUS (DAKTOPOB, BIHAIOLINX
Ha COCTOSHUE TPHOOPTOBOTO MaccuBa. [10CKONBKY MBI
“MeeM JIeJI0 C MOKa3aTeNsIMU Pa3iuyHOM NPUpPOABL, TO
CleTyeT UX MPUBECTH K OAHOM rpalalluil U3MEPEHUSI.
MeTtomomorus TIPUBEICHUS 6e3pa3sMepHBIX
M0Ka3aTesiel Mo OTACIbHBIM PallOHAM KapbepHOI'O MOJIS
K €IMHOM IIKaJie OCHOBaHa Ha COTJIACOBAaHUU TPEX TOUYEK
U3 pa3HbIX JMAla30HOB HM3MEHEHHWs II0Ka3aTeleil,
KOTOpBIE pacCMaTpUBAIOTCSl. A UMEHHO: JIEBOM U MIPaBOi
TPaHUYHBIX TOYEK U TOYKH, COOTBETCTBYET CpEIHEMY
3HAUEHUIO TIOKa3zaTessi. MaTeMaTHdecKd 3TO BBITJISIUT
cienytomum obpazom. Eciu nokazarens K, mensiercs B
nuamna3oHe oT Ay 10 A, a mokazarenb Ky - B uHTEpBasue
3HaueHuil ot By, mo B;, TO B3auMOCBA3b MeXIY
3HAYCHUEM TIepBOro Mokasatens K, co BTopeM K, 6yner
BBIpa)kaThbcs Yepe3 pellieHre CUcTeMbl ypaBHeHuH (8).

Ienbro 1aHHOW PabOTHI SABIAETCS: OLEHKA COCTOSIHUS
YCTOHYMBOCTH ~ OOpPTOB  Kappepa  I[OJPa3yMeEBaeT
BBISIBJICHHE CYMMAapHOTO JEHCTBUS MHOTHX (DAaKTOPOB.
CylecTBylolieé  TEOpPUM  OLEHKH  YCTOMYMBOCTH
TOCTPOEHBI HAa BEIYUCIICHHUH 3aaca yAEPKUBAIOIINX CHIT
K CHJIaM CIBMTAIOIIMM, a y4eT OOJbIIMHCTBA (HaKTOPOB
cBomuTcs K  3ajaHuio  koadduuumeHra  3amaca
YCTOMYMBOCTH, KOTOPBI BKIIOYaeT B ceOs BECh CHEKTP
paccmarpuBaeMbIX (akTopoB. [ToWCK HOBBIX pEIICHHIH
UL ydeTa BIMSHMA (HaKTOPOB, MMEIOIHMX Pa3IMIHYIO
npupony. CBeleHHE HX B OAHY PE3yJIbTHUPYIOLIYIO
BEIMYMHY TO3BOJHUT 0OO0JIcE TOYHO TNPOBOAWTH OLCHKY
COCTOSIHMSI MacCHBa, a TakXkKe OacT BO3MOXHOCTb
MPOEKTHPOBATh PabOTHl C Y4eTOM BIMAHHUS (HaKTOPOB,
nepeHanpasiii  MX M pasrpyxas  Haubonee
HEYCTOWYNBBIC YUACTKH.
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IIycts pakrop K4 m3menseTcs ot Ko* o KA, a K —
ot K® 10 K,® (puc. 1a), Torza:
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Puc. 1. Veszka mouex pasuvix ouanazonos
usmenenus nokazamens/Tying up of points of different
turn-downs index

Ilepexon k  Oe3pa3sMepHBIM  LIKalaM  MOXXHO
o0ecTieunTh, MPHUHSAB, YTO CPEMHA 3HAYCHHUS (PAKTOPOB
pasHa 1 (puc.16).

A = K 2Kb aA _ K akf
O T RA T KA+kE U T KA, T KAKS
B — Ks _  2KB 4 B. = KB 2kB
07 KB, T KB+KY L7 KB, T KB+KE

I[JISI JaHHBIX YCJ'IOBI/Iﬁ 3aKOH COOTBECTCTBUA BCIIMYUH
TPUHAMACTCA B BUJIC:

Kp = C; + C; x Ky, (1)
I'me C;, m C, — HeusBecTHbIC KOA(POHUIMEHTEHI,
KOTOPBIE HAXOJSITCS U3 YCIIOBHUS:
By =C; +C,A

b e o At

B C,+C,A @)
=C +

f e ey p o 1Ky

3);

BorunTas u3 ypaBHeHus (2) neByro U IpaByHO 4acTb
HAXOJUM:
Bo—1

C=1 (4).
U3 Broporo ypasuenus (2) Cl=1-C,A,, noxacraBus
(4) u (5) B (1), nony4nm:
Kg=1-C,+C,xKy,=1—-(1-K,C, =

BO - 1
=1- (1 ~K) o — =
-1
=1- (1 - KA) HpI/I A0<KA<1 (5)
Ananoruuno u3 (3):
B
C2 = Al CZ (7)
Ioncrasus (6) u (4) B (1) r[onyth:
Kg=1-(1-
- B,
1—(1—Ka) °,AOSKaS1 (8)
K - 1- 4, .
e B -1
1-(1-K )L — 1<K, < 4

W3 stux BBIpaxkeHuit cieayert, uro npu Ky =1 u K, =
1, a mpu K = Aq, K, = By, ipu K, = A, K, = By, T0 ectb
JIOCTUTHYTO COTJIACOBaHHE MEXTy CO0Oi JIBYX pa3HBIX
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Iuana3oHoB. JIokanpHBIE MHIEKCH HATPY3KH IO 30HAM
HPUBOJSTCS K €UHOM 1IKalle B Oe3pa3MepHOM BHJIE.

Jns  mpumepa  pacdeTa  TPEANOIOXKHM,  UTO
nokazatenb K, m3MeHsercs B mpezaenax ot Ay = 0,4 1o
A,=7, a nokazarenb Ky u3mensiercs ot By=-1 g0 B=1.
Torna yes3ka mexy 3HaueHusMu K, u Kg Oyner umers
CITeyIoNIee pactpeesneHue (puc. 2):
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Puc. 2. Ilpumep ysasku noxazameneti Ky u Ky no
sadannwvim seauuunam / Example of linking performance
Ky and K, for present values

PesyabTarsl

Takum o0Opa3om, mpoueaypa CyMMapHOH OLICHKH
BIHUSHUA (HAKTOPOB HA COCTOSTHHE TOPHOTO MacCHBa
OCHOBBIBAETCS HA CIEAYIOIIUX YTBEPIKACHUAX:

- YHU(UIHMPOBAHHOCTb WHTETPATBLHON OLEHKH, TO
€CTb BO3MOYKHOCTh €€ PUMEHEHHUS Il OLIEHKH BIIMSHUS
Ha oO0Imee COCTOSHHE YCTOMYMBOCTH OOPTOB Kaphepa
Ka)KI0r0 OTAENIbHOro (akTopa, Tak U coueTaHue Habopa
(haKTOPOB B CIMHBIN CBOTHBIN (aKTOP;

- WCTONB30BAaHUE  HEPAPXHUECKOH  CTPYKTYPBI
HoKa3aTeneil M ydeTa BCEX OCHOBHBIX (DakToOpoB,
BIMSIOIIMX Ha COCTOSIHME YCTOMYMBOCTH OOpTOB
Kapbepa;

- IPUMEHCHHUE OIICHOK B Oe3pa3MepHOM BUJIE;

- pamkupoBaHue (HaKTOPOB BIUSAHUS 110 3HAYMMOCTH;

- QHAJOTWYHOCTh OILCHOK BO3ICHCTBUS I BCEX
OCHOBHBIX (PaKTOPOB;

- BO3MOXHOCTH yd4eTa JajbHEHIIero BIHSHUSI
(axkTopoB TpH TEPCIEKTUBHON pa3paboTKe IOJE3HBIX
HCKOIIAEMBbIX.

Hay4ynasi HOBU3HA H IPAKTHYeCKast

3HAYUMOCTD
Hayunaa  noéusna. Pa3zpabotan  mepexoq K
0e3pa3MEpHBIM  [IKAJAM  Pa3HOIUIAHOBBIX  BEJIMYMH.
Ilpaxmuueckasn 3HAYUMOCHb. Hcnoas3oBanme
NPUBEICHUS PA3HOIUIAHOBBIX (DAKTOPOB, BIMSIOIIMX HA
YCTOWYMBOCTH K  0€3pa3MEpHOMY  HHTETPATLHOMY

II0Ka3aTeio 1103BOJISIET IPOBOAUTEL 00JIee TOUHbIH aHaIN3
COCTOSTHHSI MAcCCHBa TOPHBIX TOPOJ, a TaKKe MPHHAMATh
pelieHusl 10 Haubolee ONTUMAIBHBIM IIapaMeTpaM €ro
OTPabOTKH.

BeiBoabl.  IIpuMeHeHue  METOOUKHM  CBEACHUS
0e3pa3MEepHBIX BETUUYMH BO3MOXKHO MCHOIB30BATH IS
BBINTOJTHEHHS CBEICHUS (PAaKTOPOB, MMEIOIINX Pa3IMIHYIO
IPUPOAY U OKa3bIBAIOLIMX BJIHMSHUE HA COCTOSHUE
YCTOWYHMBOCTH TOPHOTO MAacCHBa, a TaKke C IO
pe3ylbTaTaM UCIONb30BaHMs JAHHOI'O METOJA M0Jy4aTh
WHTETPANbHBIA  TIOKa3aTelb, KOTOPHIM  obecrednT
MaKCUMaJIbHO TOYHYIO OLEHKY COCTOSIHMS MacCUBa.
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