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BU3HAYEHHA XAPAKTEPY OE®OPMALII TA CynPOTHUB HA 3PI3
NMYXKUX PyQl, HACUMEHUX BOAOI0, NPU IX PYUHYBAHHI
CTPYMEHAMU BOAU

[Ona BAOCKOHANEHHA MoAeni reoMexaHiYHUX npoueciB BUHUKANA
HeoOXigHicTb B OTPUMaHHI poaaTkoBoi iHpopmauii npo napameTpu ny-
XKuX pya, aedpopmauiitHux xapakrepuctuk (moaynb KOHra) i napamer-
piB MILHOCTi NPM HaBaHTAXKEHHSAX, WO BiANOBIAAOTb YMOBaM 3aNfraH-
HA pyA. EKcnepuMeHTH 3 LMKNIYHOCTI 3MiHM ePeKTUBHOI BEPTUKANbHOT
Hanpyru B Mexax 0,5-2,0 MIa npu 3aranbHoMy TUCKyY Ao 8 MINa noka-
3anu, wo BUNpobyBaHi 3pa3Ku NPaKTUYHO He BigHOBNKIOTL AedopmMa-
uito. NMpu npoBeaeHHi 3cyBy 3pa3KiB BepTUKanbHi aedopMmauii 3pocra-
N1 NpOTAroM ycboro nepioay 3cyey. Lle cBigunTb npo Te, Wo MiHepanb-
Hi 3epHa pyAM Ha NOBEPXHi 3CYBY NepeyLLisiIbHIOITLCA Ta CTUCKAKOTLCS.

KnrouoBi cnoBa: 3cyB pyA; nyxKa pyAa; rinpoOBUAMaHHSA; PyWHY-
BaHHA CTPyMeHAMM Boau; AedopMaLifHi XapaKTepUCTUKKU; rigpomexa-
Hi3auia; nin3eMHa po3pobka.

Mpo6nemMa Ta i 3B'A30K 3 HAYKOBUMM Ta NPAKTU4HUMU 3aBAAHHA-
MU. [igpoBMINMaHHSA FipCbKUX NOTPEDbYyBaNo eKCnepMMeHTanbHOI nepe.i-
PKMU MOXNMBOCTI 3aCTOCYBaHHA B pPO3PaxXyHKOBMX CXeMax NpPuHUMMY
edeKTUBHUX Hanpy>keHb [1], WO nocigae Knw4yoBe Micle B YAOCKOHa-
NeHHi Mogeni NPorHo3y NoBeAiHKWU MacuBy FipCbKMX Nopig npu cBepano-
BUHHOMY FigpoBnaobyTKy Ta MexaHi3My BNpPOBaAXKEHHS TEXHOMONIT Ha nNi-
ANPUEMCTBA.

Ockinbku waxtn Kpueoro Pory 34iMCHIOWTL BUMMaHHSA KOPUCHUX
KonanuH 30e6inblioro NoBepXOBO-KaMepHUMM cucTemMamu 3 obBaneH-
HSM pyau i BMiCHUX nopig. BigcoToK IX BUKOPUCTAHHS Bif, 3arajibHol Ki-
NbKOCTi cucteMun cknagae npnénmnsHo 75%, a nutoMa BapTiCTb NpuU BUN-
MaHHi pyq cnabkol Ta cepeaHboi MiLHOCTI 6yae Bucokoto [2].

MapTuToBi pyaAn MOXHa poO3rnagatM SSK OBOKOMMOHEHTHI MiHepa-
NbHI CUCTEMU 3 FeMATUTY | KpeMHe3eMy. MiXK UMUMKW KOMNOHEHTaMM € Tic-
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Ha 3aNeXHicTb 3 KoediuieHToM Kopenauii 0,93-0,99 [3].

[vcnepcHoreMaTUT-MapTMTOBI pyaun nowupeHi B KinbkocTi 20-35%
Ha niBaeHHMX i Ao 10% Ha niBHiYHMX waxTax KpnBopisbkoro 6acenHy.
Benuka vyactvHa pya uboro Tuny npepcTtaBneHa nopuctumn (14-24%)
HU3bKOI MiLHocCTI (f=2-4) pisHoBMAaMMN.

[dvucnepcHoreMaTuToBi pyAn HanyacTiwe NpUypoYeHi A0 PYyAHMX
noniB NiBOEHHOI rpynu waxT, ae cknagawTtb 15-25%. Ha niBHiuHiIM rpyni
LIaxXT BOHW CKNnagawTb He 6inbwe 4%. TekcTypa pyAa wapysaTa i rpybo-
LWapoBa, NopucTicTb Ao 26-31%.

ToMy opHielo 3 anbTepHaTMB TPagMUIMHUM cucTeMaM BUOO6YTKY
3anaciB ManoMiLHUX 3aNi3HMX PyA, WO 3aNaralTb B CKNAAHUX rigporeo-
JIOTIYHUX | TIPHNYO-MEXaHIYHMX YMOBAX POLOBUL, € CBEPASIOBUHHA Tif-
poTexHonoris. BoHa npugatHa ons 6e3nogHoro BianpauloBaHHSA MacuBiB
pyn fK i3 3eMHOI NoBepXHi, TaK i nig3eMHUM cnocobom [4-8]. B ocobnusy,
paHiwe HeBigOMY, rpyny Cnif BUAINUTU TEXHOMNONIYHI CXEMU KaMepHOI Ta
©6e3kaMepHOl po3pobkn 3 obBaneHHAM pyau rnvbokosansararwymx 3ani-
30pYAHUX PoAoBULY, 3 06BOAHEHUM pyAHUM MacusoM [9; 10-12]. MNpouec
BiABOINKN pyan B Uin rpyni € KOMH6IHOBAaHUM — NOEQHAHHA TiAPOMOHITOP-
HUX CTPYMEHIB | CUNOBUX MAPOANHAMIYHMX | FEOMEXaHIYHMX NOoniB.

MeTa cTatTi — eKCnepMMeHTanbHO BM3HAYUTN OCHOBHI MapameTpu
Ta BCTAHOBUTU 3aNexHoCTi aedopMaLin HacU4YeHOT BOAOK MyXKOI pyau
Npu iX pyuHYBaHHI CTPYMEHAMU BOOM.

BuknapeHHa maTepiany Ta pesynbTatu

06ir ekcnepMMeHTy Ta MOro pe3ynbTaTu HaBeAEeHO Yy Tabnuui.

Tabnuus
YMo0BM NpoBefeHHNA N1abopaTOpHUX EKCNEPUMEHTIB 3 MYXKO Pyaolo Ta
OCHOBHIi pe3ynbTaTn

YMOBUM eKCNepuMeHTy PesynbtaTtn
Koa | Tuck pi- | MosHa BepTu- BE¢$:::§:33 3cyBHe HaBaH- | Moaynb
3pa3Ka| guHun, P,,| KanbHa Ha- sanpwa TaXXeHHS npu HOHra, &
MMa npyra, g, MlNa (0- P.). MTa 3pi3i, T, Mla MMa
A1 2,0 7,0 50 3,0 0,31
A2 4,0 7,0 3,0 1,7 0,19
A3 6,0 7,0 1,0 1,0 0,13
A4 2,0 8,3 6,3 3,4 0,36
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NPOAOBXEHHA Tabnuui

A5 4,0 8,5 4,5 2,5 0,29
A6 6,0 8,9 2,9 2,0 0,20
A7 2,0 12,8 10,8 53 0,40
A8 4,0 12,8 8,8 4,1 0,33
A9 6,0 12,5 6,5 3,0 0,19
A10 2,0 4,4 2,4 2,4 0,21
B1 2,0 7,0 50 3,0 0,23
B2 4,0 7,0 3,0 1,6 1,00
B3 6,0 7,5 1.5 1,0 0,24
B4 2,0 10,0 8,0 4,2 0,51
B5 4,0 10,0 6,0 3,1 0,40
Bé 6,0 10,0 4,0 1.9 0,55
B7 2,0 13,0 11,0 52 0,38
B8 4,0 13,0 9.0 4,3 0,27
B9 6,0 13,0 7,0 2,9 0,25
B10 6,0 13,0 7,0 - -

Mpn BUHeCeHI pe3ynbTaTiB eKCNepPUMEHTIB y rpadik B CUCTEMI KO-
opAuHaT «3cyBHEe HaBaHTaXeHHA 3pisi (T)» — «EdexkTmBHa Hanpyra (O-
P,)» BMSABMIOCS, WO BCi TOYKN PO3TALLOBYIOTLCA Y340BX OAOHIEl 3aranb-
HoI npaMoi (puc. 1, 6) .

Lle nepekoHAMBO CBiAYUTb MPO MOXUBICTb BUKOPUCTAHHSA MPUH-
umny ePeKTUBHUX HANPYXXeHb NPWU aHani3i MiLHOCTI NYXKUX PYA i IX Ha-
MPY>XEeHOro CTaHy.

BcTaHoBNEHO TaKoX, WO Y BCbOMY Aiana3oHi 3MiHN eKCnepuMeHTa-
NbHUX MapaMeTpiB KpMBa Moxe ByTU anpoKCMMOBAHA NPSMOK JiHIEK
BUAY:

T =C+tang(o —P,) MMa, (1)
ae C — ¢isnuHa BennUMHa 34enneHHa (3aTUCHEHHA) NyXKoT pyau;
(@ — KyT BHYTPIiLWWHbOIO TEPTS, rpag.

Cnig 3a3HayuTW, WO MPOBEAEHHSI EKCMEPUMEHTIB NpU BUCOKOMY
TUCKY [03BONATL BUKOPUCTOBYBATM OTpMMaHi 3HauveHHsa C (0,5 MMa)
TINbKM SK MapameTp anpoKCUMMYIKOYOro PIiBHSAHHSA, OCKINbKW NMpu Manux
Tuckax (o 0,5 MIMa) uinkom NMoBipHe BiAXWNEHHSA Big NPSAMOT 40 HYNS.
OpHak ans yMoB NPOBeAEHHS eKCNepUMeHTanbHMX pobiT noyaTkoBa Ai-
NSAHKA KPMBOI HE MA€E BEJINKOr0 3HAYEHHS B CUJ1y BUCOKUX 3HAYEHb Ha-
Npyr B YMOBaxX 3asisiraHHA NyXKUX pyA. TakKoX pe3ynbTaTtv BUNpobyBaHb
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ANA pyA, BigibpaHMX 3 Pi3HUX ropu30oHTiB (6ini Ta YOpPHI TOUKK Ha puC. 2),
A03BONIAKOTb FOBOPUTU MPO IAEHTUYHICTb MILHOCTI MYXKUX PYA Ha PI3HUX
rOPM30HTaX i B MOAANbLIOMY PO3rNsgaTu pe3ynbTaTV eKCNepPUMEHTIB
3pas3kiB cepin A i B cninbHo. 3HayeHHs @ pns BCix BUNpobyBaHUx 3pas-
KiB 3riiHO 3 pUC. 2 CTaHOBUTb 24°.
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Puc. 1. Pe3ynbtati BUNpo6yBaHb 3pa3KiB NYXKUX pya Ha NPsMUR 3pi3 3 ypaxy-
BaHHAM TUCKY BOAU: @ — 3aJIEXKHICTb 3PIi3yH0UYMX HANpYy>XeHb 7 Bif MOBHUX Bep-
TUKaNbHUX HaNpPyXeHb; 6 — 3aJIeXKHICTb 3Pi3yHUNX HANPYXXeHb T Bif BEpPTUKa-
NbHUX eeKTUBHUX HanpyxeHb (0-P,). YopHi Touku BignosigawoTb 3paskamu
cepii B (rnnbuna Big6opy 490 M), 6ini — cepii A (rMnbuHa Bigdopy 578 M)

B uinoMy pe3ynbTaTM eKCNepuMMEHTIB MOKa3ylTb 3HAYHUW BMJMB
Ha PYMHYBAHHSA NYXKUX pyn TUCKY pPiaMHU. 30KpPEMaA, HarHiTaHHS pianHn
B MacuB Nig Hag/MWKOBMM TUCKOM PO3BAHTAXYE NyXKi pyan Big HOpMa-
NbHUX Hamnpy»eHb, NONErwy4Yn pynHyBaHHSA MacuBy B pe3ynbTaTi Ail
3CYBHMX HaNpyr Ha rpaHULSAX BiGKPUTUX MOPOXKHUH Y MACUBI.

[HWO BaXNMBOK XapaKTEPUCTUKOK NYXKUX pyn, WO rPaE BU3HA-
YyasibHY posib B NPOrHO3i 3CyBiB MacuBy, € Mmoaynb HOHra, akun npeacras-
nsie coboto KoediLiEHT NPOMNOPLINHOCTI Mixk AedopMaLiaMK | HANPYXXeH-
HAMMW.
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Tunosi KpuBi «Hanpyra — gedopMauis» npeacTaBneHi B rpadiyHo-
My BUTNAAi Ha puc. 2. Bei rpadikn xapakTepusyrTbCs KPYTOK MOYaTKoO-
BOK AiNsAHKOW (MyHKTUPHA NiHiA Ha rpadiky, AKMI BiANOBIAAE 3HAYEHHIO
2 MMa, piBHe Moaynto npy>HocTi Boan [13]) i nopiBHAHO Nonorot piBHO
AINAHKO, L0 XapaKTepu3ye CTUCAUBICTb NyXKUX pyA. AHani3 gaHux cei-
AYNTb NPO HAABHICTb OEAKOro 3pOCTaHHA MOAYNA NPYXHOCTI MYXKUX pynA,
3 NiABULWEHHAM ebEKTUBHUX HAMPYXKEHb, NPOTE 3 [OCTAaTHbOK TOYHICTHO
mopynb HOHra Moxe 6ytn npunHatuin pieHmum 0,30 MMa. OTpuMaHi paHi
TAKOXX NOKAa3yloTh, WO 3B'A30K MiXK aedpopMauiaMn i HanpyxXeHHAMN ans
NYXKUX pPy4 € NiHINHUM Y BCbOMY Aiana3oHi A0CAIAXEeHUX NnapaMeTpiB.
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Puc. 2. XapakTtep nedopMyBaHHS NyXKUX pyn;: a, 6, B - rpadikn nedopMyBaHHS
NyXKUX py4 BignoBigHo npu P, = 2, 4, 6 MMa; r - rpadik 3anexHocTi
BEPTUKANbHMX 3CYBIB BiJ rOPU30HTANIbHUX

BucHOBKM Ta HaNPSAAMOK NoAanbLMX AOCAIAXKEHb. [1pV 3MEeHLEHHI
edbEeKTUBHMX HaMpyXeHb 3pa3Ku MPOSABAAAN [OCUTb HE3HA4He BigHOB-
neHHsa gedopmauin (rpadik 3paska A9), BignosigHe BiAHOBNEHHIO NPYXK-
HOW AedopMaLieEr pPigUHN, NPUYOMY BKasaHe siBMLLE 3a3HA4asiocs npwu
3MEHLEeHHI ePeKTUBHNX HAMPYXXEHb K 3@ PAXYHOK 3HWMXXEHHSA 3arab-
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HOro HAaBAHTAXXEHHS Ha 3pa3Ky, TaK | 3@ PaxyHOK 3POCTaHHA HenTpanb-
HOrO TUCKY.

EKCnepMMeHTM 3 UMKNIYHOCTI 3MiHN ePEeKTMBHOI BEPTUKANbHOI Ha-
npyru B Mexax 0,5-2,0 MlMa npu 3aranbHoMmy TMcKy Ao 8 Mla nokazanm,
Lo BUNpobOyBaHi 3pa3ku NPaKTUYHO He BiHOBNTL AedopMaLil CTPyK-
Typn, ane momynb HOHra HesHayHO 36iNbWYETLCA 3@ PaxyHOK 6inbLu
LWiNbHOT YNAaKOBKKN 3epeH. 3MiHa LA 3HAaXoOuMTbCS B MeXax po3kugy pe-
3ynbTaTiB BUNPoOyBaHb Pi3HUX 3pa3KiB i HE MOXKe BPax0OBYBaTUCS.

lNpn npoBeneHHi 3cyBy 3pa3KiB BepTMKanbHi gedopmalii 3poctanu
NPOTAroM yCcbOro nepiogy 3CcyBy. TMMNOBI KPMBi B3aEMO3B A3KY BepPTUKaA-
NbHUX NepeMilleHb i FOPU30OHTANIbHMUX NEPEMILLEeHb HAaBEOEHI Ha puc. 2, T.
Lle cBigunTh Npo Te, W0 MiHepasibHi 3epHa pyau Ha NOBEPXHi 3CyBy ne-
penpobnolThCs Ta CTUCKATLCS B6inbl LWiNbHO.

AK noganbWwnii PO3BUTOK MNAHYETLCS MPOBOAUTWM OOCAHIAM 3 BU-
3HAYEeHHS O0[ATKOBMX MapaMmeTpiB, Ta 06rpyHTYBaHHSA BMPOBAAXEHHS
Ha pesaKkux pinsaHkax KpuBopisbKoro 3anizopyaHoro 6acenHy TexHonoril
CBEPAJIOBUHHOTO Tigpo BUOobyBaHHS.
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DETERMINATION OF THE CHARACTER OF DEFORMATIONS AND
RESISTANCE ON SECTIONS OF SATURATED WITH WATER LOOSE ORES
BY WATER JETS DESTRUCTION

To improve the model of geomechanical processes, it became
necessary to obtain additional information about the parameters of
loose ores, deformation characteristics (Young's modulus) and
strength parameters under loads corresponding to the conditions of
ore occurrence. Since most of the underground enterprises of Kryvyi
Rih work with classical systems that are not adapted to the extraction
of minerals in conditions of flooding of deposits and low stability of
ores, studying the technology of destroying an array with water jets
will make it possible to invent ways to introduce this technology into
the production process.

The purpose of the article is to determine the main deformation
indicators during the destruction of loose ores by water jets.
Determine the dependence of the change in various deformation
characteristics when cutting ores with water jets under pressure. The
obtained results are mathematically processed and dependencies are
derived on the basis of the performed analysis, to propose further
implementation of hydraulic extraction technology.

In the process of conducting a physical experiment on the
hydraulic destruction of the massif, according to the cyclical change in
the effective vertical pressure in loose ores in the range of 0.5-2.0
MPa at a total pressure of up to 8 MPa. Experiments have shown that
the tested samples practically do not restore the deformation. When
shearing the samples, the vertical deformations increased during the
entire period of shearing. This indicates that the mineral grains of the
ore on the surface of the landslide are overcompacted and
compressed. Experience data allow us to consider the ways of
introducing the technology of hydraulic destruction of loose ores, at
various technological processes in the underground forgery of
mineral deposits, both as a separate process and as an auxiliary
process in the development of deposits, which makes it possible to
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increase the safety of mining operations through the use of a non-
explosive method of rock destruction.

A result of work dependences of shearing stress on total vertical
stresses were calculated and established. On the basis of the
established dependences, graphs of the deformation of loose ores
from the pressure of the liquid were compiled, which make it possible
to trace the process of destruction of ores when they are cut by water
jets.

Keywords: ore shearing; loose ores; hydraulic mining;
destruction by water jets; deformation characteristics;
hydromechanization; underground development.
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