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Annomauusn:

Cucmemvl paspabomxi ¢ obpyuteHuem pyobl U EMeuaruix ROpPoo XapaKmepusyiomes ROGbIUEHHbIMU O-
Kasamensmu nomepe u pasyboxcusanus. Iosvtuenue s¢hghexmusnocmu cucmemvt paspabomri ¢ NOOIMANCHBIM
obpyuteruem obecneyusaemcs CoBEePULEHCINBOBGAHIEM MOPYEBO20 BLINYCKA PYObl. SHaHIle nApaMempos HomoxKa,
ucmexaiowe2o 8 gulpabomky, as1aemes Heobxooumvivm, Cyugecmayioujas meopus bINYCKa pyobl 0CHOGAHA HA
MOM, YO 00beM GbInYCKaeMoll pyobl RPOROPYUOHANEH ULHPUHE PYOOCRYCKA Ul OUaMempy 8bINYCKHO20 Omeep-
cmus. Dma 3aKOHOMePHOCHb He delicmeyem npu ucmedenu Homoxka pyosl, KOmopsil usMensen nanpaesienie
osuscenus. B oannoii pabome nokazanvl HOble 3aKOHOMEPHOCHIN NPOYecca ulycka pyobl. OmaudumenvHas
0COBEeHHOCb HOCTIONHO020 @LINYCKA 3AKTIOUACICA & MOM, MO PYOHbIE NOMOK PopMUPVERica Y CeHK PYOHO20
Maccuga, Komopas i A615emcs 00Holl U3 2paniy Homoka. B cnyyae mopyego2o 8bINycKka pyosl 8bINYCKHOE ONi-
gepcmiue Kak maxkogoe omcymemeyem. B3 pabome ycmanogieno, 4mo ucmeveHue pyost npu Mopyesom bInycke
NpOUCXOOUm yepes yclogHoe gbinyckHoe omeepemiue. OHO opMupyemes Ha ypoeHe Kpoeiu 00CmAagoyHoll ebl-
pabomxu u umeem onpeoeieHHulii pasmep. I panuya nomoxa onuceleaemcs eOUHvIM HapaboIUYecKum ypasHe-
Huem Ol yacmuy pasiudnoi kpynHocmu. Llonyyennas 3aeucumMocnis no3g0asem paccyumams WUpUHY 30Hbl
HOMOKA HA PA3TUYHOL 8bICOIE 8 3AGUCUMOCINU OM KPYRHOCHIU PYObl U KOdghehurjuenma paspuoixiens.

Knrouesvie ciiosa: cucmemvt ¢ ROOIMANCHBIM 0OpVULEHUEM PYObL U BMEWAIOUUX ROPOO, MOPYEEOT EbINVCK
PVOBL, WUPUHA NOMOKA PYObL.

Abstract:

The mining systems including caving of ores and enclosing rock are characterized by increased losses and
ore dilution. Increasing the efficiency of the systems with sublevel caving of ores and enclosing rock is ensured
by improving of ore drawing from working face. It is necessary to know the parameters of the flow that runs out
into the mine roadways. The current theory of ore drawing is based on the fact that the volume of ore produced
is proportional to the width of the draw raise or the diameter of the hole. This regularity does not apply fo the
ore flow, which changes the direction of its motion. In this paper, new regularities of the process of ore drawing
are presented. A distinctive feature of the layered ore drawing is that the ore flow is formed at the wall of the ore
massif, which is one of the flow boundaries. In the case of ore drawing from the working face, the outlet hole as
such is absent. In the study it is established that the outflow of ore from the working face occurs through a condi-
tional hole. It is formed at the level of the roof of the delivery workings and has a certain size. The flow bounda-
ry is described by a single parabolic equation for particles of different sizes. The obtained dependence makes it
possible to calculate the width of the flow zone at different heights, depending on the ore size and the disintegra-
tion coefficient.

Key words: sublevel caving systems, ore drawing, width of ore flow.
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BapmuaHT cucTeMsl pa3paboTku ¢ OOpYIICHHEM
pPyJsl H BMEIIAFOIHX MOPOJ H TOPLEBBIM BBITYCKOM
pPyIBl XapaKTepH3YETCS OTHOCHTEIbHO HH3KHMHU 3a-
TpaTamu NpH J00BIME U SABIJCTCA HaudoOIee pacmpo-
cTpaHeHHBIM. M3BECTHBIMH HEIOCTATKAMH 3TOTO Ba-
PHAHTA CHCTEMBI PAa3pad0TKH ABJSIOTCH HH3KHE TOKA-
zaTenH w3BneucHuA. CHIKEHHE MOTEPh H pa3yOoKH-
BaHH BO3MOKHO 33 CUET YVBEIHYEHHA COOTBETCTBHS
MCKIY 00BCMHOM (PUrypoil, B KOTOPOH HAXOJHMTCS
oTOHTask pyJa H TOH 00BeMHOIl (pUrypoid, U3 KOTOPOH
oHa uctekaeT. OHAKO paHee MPOBEACHHBIMH HCCIIE-
JOBAHUSIMH HE IIOJIYYEHBI 3ABHCHMOCTH. IO3BOJIIIO-
LIMC PACCUMTATh NAPAMETPHI MOTOKA IPH TOPLECBOM
BBIMyCKe pyasl [1 — 13].

[Ipu BbIIyCKE pyAsl (POPMHUPYETCS 30HA NOTOKA —
MPOCTPaHCTBEHHAs (pUrypa, oOpa3yrommascs Had Bbl-
MYCKHBIM OTBEPCTHEM, BHYTPH KOTOPOH YaCTHIIBI
OJHOBPEMEHHO  VYAaCTBYKOT B  JBIWKeHMH [1].
B. B. KynmukoB [2] 30HY MOTOKAa HA3bIBACT 00JACTHIO
BIHSHHA BBIMYCKHOTO OTBECPCTHA H TOBOPHT, YTO 3TO
— TIpeJieTbHAs TPAHHIIA, 32 KOTOPO# YaCcTHIBI OCTAKOT-
Cs1 HETMOABHYKHBIMH NIPH BBITYCKE TH000r0 KOJIUYECTBA
MarepHana U3 OTBEPCTHL.

IIpn BBOTyCKC pyIBl BO3MOKHBI JBa BapHAHTA
(hOopMHPOBAHHS IOTOKA.

B nepBoM ciyuae OUHCTHOE IPOCTPAHCTBO HAJ
BBIITY CKHOI BBIPAOOTKOM 3aI0OJTHEHO OTOMTOM PyIOii,
nmoToK JopMHpPYETCS B BUAC mapadonouaa (puc. la), ¢
rpannnci motoka 1. Takas kapTuna HaOmMOIACTCA
Opy NUIOMAJHOM BBIMYCKE, KOrga 0oibmoii oObeM
Py BBIIIYCKACTCA OJHOBPEMEHHO 4Yepe3 BhIPAOOTKH

JHHIIA O70KA.

YcranoBneHo [14], uTo BHE 3aBUCHMOCTH OT pas-
Mepa BBHIIYCKHOTO OTBEPCTHA Dors, MOTOK PYABI HCTE-
KAaeT Yepe3 HEKOTOPOE CEYCHUE HA YPOBHE H3MCHEHUS
MOTOKOM HAMPABICHHA JBMJKCHHSA. ITO CCUCHHE
HA3BAHO VCJIOBHBIM BBIMYCKHBIM OTBCPCTHEM, 4 €rO
pasmep Dy JMaMeTp YCIOBHOTO BBIIMYCKHOTO OT-
BEPCTHS PAaBEH HETBIPEXKPAaTHOMY pasMepy Kycka

. , . Dycn =4d

PYABL, OTHOPOIHOM MO KPYIMHOCTH: )

3aBUCHMOCTh HIMPHHBI MOTOKA /7 BBINC VPOBHSA
OorudaHHUA UETHKA OT €T0 BBICOTHI / HMEET BUI!

H = Dycp+h = 4d +~10d! i

rae d — pasMep Kycka pyabl OJHOPOIHOH Kpyn-
HOCTH.

Pyay, mpeactaBmsmomyro co0o0# CMeCh KYCKOB
Pa3IMYHON KPYITHOCTH, MOKHO NMPEACTABHTE KAK pPy-
Iy OJHOPOJHOIO COCTABA C JKBHBAJICHTHBIM pa3Me-

d e
poum kycka ~ 2K6 TIpm 3ToM XapaKTCpHCTHKH MOTO-
Ka PyJbl U3 KyCKOB Pa3IH4HONH KPYIHOCTH COBHAAA-
T C XapakTePHCTHKAMH MOTOKA PYyJbl OJHOPOIHOMH

d
kpymHocTH  2K6  JlmameTp Kycka pyas1 1714 pacueTa
HIMPHHBI IIOTOKA ONPCACTIACTCA M3 YCTAHOBJIICHHBIX
COOTHOILCHHUIA:

d g = 1=5dcp33, P Y yep < 50%;
d, mpu ygp =50%,

2)

b)

Puc. 1. @opmuposanue o2ubarouge2o nomoka: npu niowaoHom (a) u mopyegom (b) ewinycke pyosl; 1 — zpa-
HUYa NOMoKa pyosl
Fig. 1. Formation of the envelope flow of ore: at areal drawing from stope sill (a) and at sublevel dfawing

from working face (b); 1 — boundary of the ore flow
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Tabmmma 1 - Pe3yasTaTel H3MCPCHUI IIMPHHBI TOTOKA

d=2mMm d=35mm
- h. MM - h, MM
I, MM (mpn T(’)i)HeBOM (HPH ILTOIATHOM BhI- 1, MM (an‘ToiJue- (WP ILIOMAHOM BhI-
’ IYCKC YEPE3 BOPOHKY C ’ MYCKE YePe3 BOPOHKY C
BEIIYCKE) . BOM BEIITYCKE) N
AYYKOH) JYYKOH)
0 0 0 0 0 0
20 12 22 50 30 60
40 17 30 100 60 90
60 20 36 200 80 120
80 24 40 300 920 150
100 27 43 350 100 160
120 29 46
140 30 48
200 40 63
a) b)
i, mm
400 T
Hs ks h' =061k
{ j A, mm
300 | b 120
h'ohy d
s ; 100 /»—
30 o
g4 ! 60 —
100 +—F£4 10 :
+H / .
Py }1 20
£
0 r I T T T
0 100 & .':T,mm 0 50 100 150 f, mm
A -d=2mm ® —d=5mm

Puc. 2. Hlupuna nomoxos npu mopyesom guinycke pyowet h™ u niougaonom gumycke h (a); 83aumocssisb
Mmexncoy hu ™ (0)
Fig. 2. Width of ore flow in the process of ore drawing from working face h™ and ore drawing from stope sill
h (a); the relationship between h and h™ (b)

d cpe:
e epes

i — CPEIHEB3BEIICHHBIN pa3sMep KyCKa
PY bl PA3IHYHOM KPYITHOCTH.

BripaxkeHue (2) HCMOIB3YETCA CICIVIOIIHM 00-
pasoM. Ecnmu comepikaHue B pyac KpymHOH (hpaxiuu

Yk "
kP Gonee 50%, To pazMep MMEHHO 3ToH (ppakumu
ompeAcseT IWHPHHY moToKa. Eciam coacpskaHue B

pyzxe KpymHOH (paxuuu Txp McHee 50%, TOo mmA
pacuyera WHPUHBI TOTOKA CIEAYET UCHOJIB30BATh K-
BHBAJICHTHBII pa3Mep KycKa.

Takum oOpasoM, MUPHHA OTHOAMOIMETO MOTOKA /1

PYABI pa3smHYHOI KPYHNHOCTH NpPH COACP/KAHHH B HCI
KpynHoii (ypaxumu menee 50% Haxogutcs mo (hop-

MYyJIe
4 Sdepas+ [15dcpgs1 ) .

Bo BTOpOM ciavuae pyaa 0OTOHBACTCA U BBITYCKa-
€TCA MmOCNOHHO MO0 YCpPE3 TOPCH AOCTABOYHOM BBI-
paboTkn, b0 yepes3 BOPOHKH ¢ Ayukamu. OTiH4u-
TEIbHOM O0COOCHHOCTBEO MOCIOHHOIO BBIIMYCKA SABJIA-
€TCA TO, YTO NMOTOK (JOPMUPYETCA Y CTEHKH PYIHOTO
MaccuBa (puc.10), koTopas U ABIICTCA OJHOH U3 rpa-
HUI[ NOTOKA. B ciayyaec TOPIEBOro BBIIYCKA Pyabl
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BBITYCKHOE OTBEPCTHE KAK TAKOBOE OTCYTCTBVET.
IToTok pyabl moJ YIjioM €CTECTBEHHOIO OTKOCA HCTe-
KAaeT B JOCTABOYHYIO BbIpaOOTKY. IIpH 3TOM IOTOK
OrudacT KpOBJIO LETMKA HAJ JOCTABOYHOI BBIPabOT-
KO, TA¢c ()OPMHPYETCS VCIOBHOC BBIMYCKHOC OTBCP-
CTHE, AHAJOTHYHO TICPBOMY CJIYYAX0 IPH BHITYCKE
PYABI 4EPE3 BOPOHKY € AYYKOIL.

MogemnpoBaics TOPUEBOH BBINYCK PyAbl IOJ
OoOpYIICHHBIMH TOPOJAMH, MPOBOJMIMCH HAOIHOAC-
HUS 32 HETMOABIKHON YaCTBE) PYABI HAJ BBITYCKHBIM
OTBCPCTHCM M MOJBHKHOH — 30HOH MoTOKa. Beimyck
PYAHOH Maccel MpEeKpalajIcs MOCIe TOro, KaK 30HA
MOTOKA TepecTaBana pacmupsaTses. Jlanee mposoiu-
JTUCHh U3MEPECHUS IIHMPUHBI TOTOKA /1 HA HECKOIBKUX
VPOBHAX 1O BICOTE /. Tak Kak IIMpHHA MOTOKA CKIa-
JBIBAETCA M3 JBYX COCTABIAIOIINX, OBIIA paccUMTAHA

hT =H - DOTB

mHPHHA  mapabomsI TPHYCM

Ozasako W3 CMBICIA 3a0a4d CIEAYET, uTo A" =0,
xorna /i =0, TO eCTb IUHHH PErpeccHd HPOXOIAT
yepe3 Hauano koopauHat. HaxookaeHue Takux THHHI
perpeccun OBITO BHIMOJHCHO COTIAcHO pabote [15],
CHA4aja /Ui pyabl KPYIMHOCTBED 2 MM, a 3aTeM — 5
MM.

1) Ins pyabl KPYHHOCTBIO 2 MM.

O003HaYHB HE3ABUCHMYH MICPEMCHHYIO /12 KaK X,
a 3aBHCHMYI0 TICPECMCHHYIO /"> KaKk y, OBUIH HalacHBI
BCTHMHHEI

3 =328, Yy =199, ;2 = 14518, 3% =5479, ¥ ;- yj = 8909,
¥ (o~ 5 = 2564, 3 (3 - 3 =1079, 3 (x; ¥ ); - 7)=1657.
2
o 1657
-V =
> (-5 5554
[MocTpoum TabmuLy AMCIEPCHOHHOTO AHATH3A.
YPBBHEHHG PErpecCuu, nmpoxoasdmee 4cpes Hava-

=1071.

Cocrapnsromue Jucmep- CyMMBI KBAAPaTOB Uucno creneneii cBo00Ib1 Cpenree KBaapaToB
CHH
Perpeccua 1071 1 1071
Ocrarok 8 7 1.14
Bceero 1079 8

Dy =Dyenq=4d
OB —=yCI . TAK KaK MOTOK H3MCHSCT HAIpaB-

JICHUC JBIDKCHHA. Pe3ynbTaThl 3KCICPUMCHTOB TO
BBIMYCKY PYABI KPYIHOCTEIO 2 MM H 5 MM 34HECECHBI B
Tadn.1. B 31y k¢ TAOMMOy 3aHCCCHBI 3HAYCHUA /1,
MOJIVUCHHBIC TPH BBIYCKE PYIbI 3TOM K€ KPYITHOCTH
yepe3 BOPOHKY C AyYKOH, KOTJa MOTOK uMeeT (hopmy
napadonIona.

Peszynbrarel M3MepeHHH NPEACTABICHBI B BHJIC
rpajuxoB Ha puc. 2a. [IIupuxa napabonsl npu Topie-
BOM BBIIYCKE PYIBI KPYITHOCTBIO 2 MM H 5 MM IIOKa-
3aHa muHUAMEA /2 B 75 cooTBeTcTBeHHO. JINHUH /> T
/s TOKA3BIBAOT WHUPHHY Napadobl MPH TIOIATHOM
BBIMYCKE PYABI KPYIMHOCTBIO 2 MM H 5 MM COOTBCT-
CTBEHHO.

M3 rpadukoB HArIAIHO BHIHO, YTO LUMPHHA IIO-
TOKA HPH TOPLUEBOM BBIMYCKE /" MCHBINE, YCM IIHPH-
HAa MOTOKA TPH TJIOIATHOM Bhimycke /. [Ipu 3tom
BEJIHYHHBI /1 © /1" HAXOJATCS B OMpPEIEICHHOM COOT-
HOIUCHUHU, PACCUMTAHHBIC KOI(P(PUIIMCHTHI KOPpEIsi-
OUU MCOKIY HUMH 3HAYUMBL METOI0M HAHMCHBIMTNX
KBAJPATOB OBLIH HAHJCHBI YPABHCHHSA PETPECCHH:

"> = 0,646-h> — 1,433 ana pyasl KpyIHOCTEIO d =
2 MM, “)

h*s = 0,634-hs — 1,305 ama pyasl KpYITHOCTBIO d =

5 Mm. (5)

70 KOOPJIHHAT, HMCCT ypPaBHCHHC y=bx , HA3BaHO
OJHOTIAPAMETPHYCCKUM, B OTIHMYHE OT pPaHEE TOINy-
YCHHBIX YpaBHEHHH (4, 5), coaep:kamux JBa mapa-
METpa.

Haiinena oucHka kod(h(puUueHTa PErpeccuu 0a-
HOMIAPAMETPHYECKOTO YPABHCHHSA !

p= 25061

>

BrerducaeHsl: cyMMa KBAJIpaToOB, 00VCIOBICHHAS

i) }2*)2 = 5467

2%

perpeccuei: H OCTATOYHAA CYMMA

-5 )Y =37 (Z‘,g);)z ~12

I[J'IH TPOBCPKH THIMOTE3BI O COOTBCTCTBUH OJHO-

. . y=b-x=006I1x
MapaMeTPHUCCKOT mpAMOi
XOJHBIM JAHHBIM OBL1a COCTABIICHA TAOTHLA.
IIposepka HyneBO#l rumoTe3sl 00 OTCYTCTBHH
VAVYIICHHA NpPH PACCMOTPEHHH JBYXMApaMETpHUC-
CKOM MPAMOM BMECTO OJHOTAPAMETPHYCCKON MPOH3-
BOJUTCH C MOMOIIBI AWCTICPCHOHHOTO OTHOLICHHS,

KBAIPATOB:

Hc-

Cocrasmomue AUCICPCHH CymmMeI kBaa- | Uucno cre- Cpeanee
paros NICHCH CBO- | KBAIPaToOB
00ab1
O - y = b X 12 8
TKJIOHCHHS OT NPAMOi B g 7 1.14
OTKJIOHCHHS OT MPAMO# y=a+b-(x-X)
Pa3HOCTB, KOTOPYIO MOKHO OOBACHHTH YIIYUIICHHEM COOTBCT- 4 1 4
CTBHS NPH MCHO/Ib30BAHUH JBY XIAPAMETPHUCCKO I NPAMOii
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KOTOpPOE€ B JAHHOM CIY4Yac pPaBHO 114 [Ipu
ypoBHE 3Ha4uuMoCcTH 0=0,05 3HayeHue [-KpuUTEpHUA C
YUCJIOM crTenmeHeil cBoGoasl 1 u 7 cocraBaseT
F(1:7)=35.59. Tak kak 3,51 <35.,59, 10 HyICBadA T'H-
MOTE3a NPHHAMACTCS, Y Iy4YIIEHHE OTCYTCTBYET.

2) AHanornyHo OBLIa PACCMOTPEHA BO3MOIKHOCTB
HCIIOJIb30BAHUS OJHONMAPAMETPHYECKON MpAMOH 1t
JAHHBIX, TOJIYVYCHHBIX HPH BBHITYCKE PYAbI KPYITHO-
CTBHO 5 MM,

Sy =580, 3y =360, Sy = 74200, Y 3,2 =20000, T - 4 = 46300,

3,51.

[TpuanMaem, uto mupuHA mMapabosl mpH TopLE-
BOM BEIIIYCKE (PHC. 20) OMHCHIBACTCA YPABHCHHEM
W =061h . (6)

OOmas mupHHA MOTOKA HAXOAMTCH KAK CYMMA
AUAMETPA BBIMYCKHOTO OTBCPCTHA H INHPHHBI Mapa-
0oL

H =Dyeq+h! =4d+0.61h

e h=10d-1

Taxkum oOpa3oM, MPU TOPLECBOM BBIMYCKE IIHPH-

Cocrassaromue AMCICpCHu Cymmebr kBag- | Umucio cre- Cpeanee
paroB TICHEH CBO- | KBAJpaToB
00.1pI
OTK/IOHCHHS OT IPAMOH @ b-x 109 > _
—a+h-(x—%) 107 4 26,75
OTK/IOHCHHS OT mpsvMoii ¥ —
Pa3HOCTB, KOTOPYIO MOKHO OOBSCHHTD VIIYYIICHHEM COOTBET- 2 1 2
CTBHJ IIPH HCTIOJIb30BAHHH IBYXMAPAMETPHUCCKOH MPAMOit

¥l 5 = 18133, X (0 - 7)* = 7400, 3 (x; - x)p -~ 7)= 11500,
2
__ 11500
- P = = T293.
Z(}r J) 18133
OncHka KO3()(DHUIMEHTA PETPECCHH OTHOTApa-
METPHYECKOTO YpABHEHUS perpeccun
e
po itV =062
2%
HaiizeHsl: cyMMa KBAJpaToB, 00YCIOBICHHAS pe-
i nf _ 58891
2
rpeccueii 2%

KBAJIPATOB: 20 _yf)z =109
PacyeTHOC 3HAYCHHC [-KPHTCPHA COCTABILICT

2 =007

26,75 . Kputmucckoe 3HaucHme F(1:4)=7.7.
Tak kak 0,07 <7.7, T0 HyaeBas runoresa 00 OTCYT-
CTBHH YIYYINCHHA TPH HCHOIb30BAHHH JBYXMApa-
METPHYECKOH MPAMOI IPHHAMAETCA.

H OCTATOYHAs CyMMa

Ha 30HBI MOTOKA PACCUUTBIBACTCA IO BBIPAIKCHHIO!
H=4d +0,61Y10d -1 .

BeipaskeHue momyyucHO 114 pyasl ¢ ko3dduimen-
ToM pazpeixaeHus k,=1,3+1,4. [lna pacuera mupuHb
30HBI IIOTOKA NpH k,=1,2 cIeayeT YUHTHIBATB Pe3yib-
tatel uccnegopanuii B. B Kymkosa [2]: npu yBenu-
ueHnH kp ¢ 1,2 10 1,3+1.4 06peM 2MIMNCONIA BhIITyC-
Ka TIPH TOH K¢ €TO BLICOTC yBenwuuBacTcs B 1,3+1.4
pasa. JIuHCHHBIC pa3sMEpbl: HHPHHA 3JLIMIOCOMAA H
30HBI MOTOKA NPH 3TOM yBenHuuBaroTcs B 1,14+1.18
pasa. [Toatomy B 00uieM CiIyyac [MHPHHA MOTOKA MPH
H3MEHCHHH MM HANMPABJICHHS IBIDKCHHS TPH TOPIC-
BOM BBIITYCKC PACCUHTBIBACTCA KaK

H=(4d +06110d-1) K o

rae K=1 npu k,=1,3+1,4 : K=0,85 npu k,=1,2.
IIpn HEOAHOPOAHON KPYNHOCTH PYAbL CJAEAYET
BOCIIOJIb30BATbCA BBIPAKEHUEM (2).
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