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Peztome: OnHuM U3 HEGIATOMPUATHBIX GAKTOPOB, CHIKAIOIIUX 3()HEKTUBHOCTh TEXHOIOTUH BBIILYCKA PY/IBI IO OOPYIIIeHHbI-
MH IIOPOJIAMH, ABJISIETCS BO3MOXKHOCTb CMEP3aHUA OTOUTOM PY/IbI IIPH BBIIYCKE, CBI3aHHAS C OTPUIIATEIbHBIMU TEMIIEPATYPAMHU
MacCUBa FOPHBIX ITOPO U PYIHUYHON aTMOChepHI.

B craTbe mpuBeeHbl Pe3yIbTaThl HCCIENOBAHUI H3MEHEHHUs TI0Ka3aTesell moTepb OTOUTOI PyIbl BCIENCTBUE €€ CMEP3aHIs B
OYKCTHOM IIPOCTPAHCTBE TP BBIIIYCKE B 3aBUCUMOCTHU OT KOHCTPYKTUBHOTO OopMiieHHs auuIa 6I0Ka.

HccnenoBaHus IPOBOAMIIMCH METOAOM (GHU3UUECKOr0 MOAEIUPOBAHUS HA CIELUAaIbHOM CTEHE, B KPHOKAaMepe, [TO3BOJLIIONEN
BOCIIPOM3BECTU TEMIIEPATyPHbIE YCIOBUS PYIHBIX MECTOPOXKIEHUI 30HBI PACIIPOCTPAHEHUsI MHOTOJIETHEMEP3JIbIX TOPHBIX II0-
pox. Belt CKOHCTPYHPOBAHEI [iBa BApUaHTa AHUIIA, YCTAHABINBAEMOTO B CTEH/ U1 MOZIeIMPOBAHUS BBIITyCKa pyAbL [lepBblit
BApUAHT JHUINA IPEACTABIISII COOO0M TPAHIIIE, COMHEHHYIO C OPTaMU-3ae3aMt, BTOPOiT — PsiZi BOPOHOK C AYYKAMH. BbITyck
PYABI U KaSKAOT0 BapUaHTa AHUIIA IPOU3BOAMIICS IIPHU TemiiepaType —5°C 1 U3MeHeHUH BIIasKHOCTHU PyAHONI Maccel oT 0 10 1%.
B pesyipraTe npoBeeHHBIX UCCIeI0BAHUE YCTAaHOBIEHO, UTO IIPUPOCT IIOTEPh PYIHOI MACChl OT CMeP3aHUs B OUUCTHOM IIPO-
CTPAHCTBE COCTABJIAET I 6JI0KA C IOHHBIM BBIIIYCKOM Yepe3 BOPOHKH U NyUKU 46%, a C TPAHIIIEAHBIM BBIITYCKOM — 22%.
[lonyueHHbIE Pe3ybTATH OYAYT UCIIOIb30BAHBL IIPU Pa3paboTKe PEKOMEH/IAIHIL TI0 TEXHOJIOTUH BBIIIYCKA PYABL, B Y4ACTHOCTH,
0060CHOBAHMS ONITUMAJIbHBIX KOHCTPYKIIHIL AHHUIIA OUUCTHOTO 6J10Ka, obecreynBaromieil 6esonacuyro u a¢pderTusHyo oTpabot-
Ky 3aI1aCOB MECTOPOSKIAEHUI KPUOIUTO30HBI.

Kntouesble c108a: KpUOTUTO30HA, CUCTEMBI Pa3pabOTKH, 9TAXKHOE OOpyIIIeHNe, TOATAKHOE 0OPYIIIeHNE, BBIITYCK PYIbl, MO-
JleTMPOBaHKe, KOHCTPYKIMS JHHIA 6JI0KA, CMep3aHue OTOUTOM PY/IbI
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Abstract: The use of mining methods with caving and ore drawing under overlying broken rocks, which provide high mining
productivity at relatively low costs for rock pressure control, is very promising in the underground mining of ore deposits in the
North-East of Russia, which is characterized by harsh climatic, mining, geological and geographical conditions. However, the
possibility of freezing of broken ore in the working excavation can significantly reduce the efficiency of the drawing technology.
The article considers the influence of the stope sill design on the loss of ore mass from freezing during drawing. The studies were
carried out using the method of physical modeling, on a special stand. Two options of the stope sill design, which were installed
in the workbench for simulate ore drawing, were provided. The first option of the stope sill was a trench connected to the access
crosscut, the second option was made a series of bells with box holes. Experimental drawings for each design option of the stope
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sill were made in a cryochamber at the temperature of —5°C. Three series of ore drawing were performed with the ore moisture
content of 0%, 0.5% and 1%.

Experimental studies on a physical model determined the qualitative patterns of changes in the loss of broken ore from freezing
in the working excavation during ore drawing, depending on the design of the stope sill. The results of the conducted studies
showed that the increase in the loss of broken ore from freezing in the working excavation when drawing through bells with box
holes is 46%, through a trench and access crosscut 22%.

The results obtained will be necessary in the development of recommendations to justify the optimal designs of the stope sill.

Keywords: cryolithozone, mining method, block caving, sublevel caving, ore drawing, modeling, stope sill design, freezing of
broken ore
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BBenenue

OpHUM U3 myTeli MoBbIIeHUs 3PPEKTUBHOCTH IOA3EMHOMN
paspabOTKHU PYIHBIX MECTOPOSKIEHUH IIOJIE3HBIX UCKOMIAEMbIX
CeBepo-Bocroka Poccuuy, xapakTepu3yrOmerocsl CIOSKHBIMHU
KIIMMAaTH4Y€CKUMHU, TOPHO-T€OJIOTHYECKUMU U reorpa(bnqecm/l-
MU YCIOBUSAMHY, SABJILIETCA IIPUMEHEHUE CHUCTEM paspa60TKu
C MAaCCOBBIM OOpYIIIEHHEM U BBIIIYCKOM PY/BI IIOJ] HAJIErao-
MKUMU [TOPOAAMHU, OOECIIeUHUBAIOIIUX BBICOKYIO MPOU3BOMIMU-
TEIbHOCTb U OOJbIe 00beMbl JOOBIUU IIPHA OTHOCUTEIBHO
HebOJIbIIMX 3aTpaTaX Ha OCHOBHBIE IIPOIECCH OYHMCTHOM
BbIEMKH. TEXHOJIOTHS 3Ta’KHOTO U MOASTAXKHOIO 0OpyIIeHH
C BBIIIYCKOM DYZbl IIOJ HaJerallluMu OOpYIIEHHBIMU IIO-
pozlaMu MOJIy4Yria IIUPOKOe paclpoCTpaHeHHe B MHUPOBOM
MIpaKTHUKe TOPHOTo Ipou3BoACTBa [1-3]. BmecTte ¢ TeM naHHbBIE
cucTeMbl pa3pabOTKU 3avacTyio He IO03BOJSAIT 00eCIeYnuTh
BBICOKHUE ITOKa3aTesau u3piedeHusl. OCHOBHOI IIPUYHHOI BBI-
COKUX [TOTEPh ¥ pa3yOOsKUBAHMSL, KAK IIPABUIIO, ABJIIETCS [IPU-
MeHeHHEe KOHCTPYKTUBHBIX [apaMeTpOB CHUCTEMBI pa3pabor-
KU, HE COOTBETCTBYIOINUX KOHKPETHBIM I'OPHO-T€0JIOTUYECKUM
yciaoBusMm [4-6].

[lpu mon3eMHOIN pa3paboTKe MECTOPOXKIEHUMN IOJIE3HBIX
HCKOIAEMbBIX KPUOJIUTO30Hbl CUTYalUs YCYTyOsaeTcs psamoM
}akTOpOB, CBA3aHHBIX C OTPUIIATENLHBIMH TeMIIEpaTypaMu
MacCHBa TOPHBIX IMOPOM U PYAHUYHONU aTMocdeprl. OmHUM
13 HeOIAronpUaTHBX (DAKTOPOB, CBA3AHHBIX C HAIHUYHUEM
MHOTOJIETHEHl Mep3JI0TBl U CYPOBBIMU IIPHUPOJHO-KIUMATH-
YEeCKUMHU YCJIOBUSIMU, SIBJISIETCSI BO3MOXXHOCTb CMep3aHUsl OT-
OUTOI py/IbI IIPH BBITyCKe. VcCeJ0BaHUAMH, IIPOBEIEHHBIMU
corpyauukamu UTTIC CO PAH, 6bU10 YCTAHOBIIEHO, UTO AaKe
[IpY He3HAYUTEJIbHOM YBeJIWYeHUU BJIAXKHOCTH PYAHOM Mac-
Chl U IIPOJOJIKUTENBHOCTH €€ HAXOXKAEHUS B HEeIOJBIKHOM
COCTOSIHUHM CMEp3aHHe OTHENbHBIX YUaCTKOB OTOUTOM DYHIbI
B OUKCTHOM IIPOCTPAHCTBE IIPUBOAUT K CYILIECTBEHHOMY DO-
CTy IIOTepb IIpU BBIITyCKe [7].

XapaxTepHOi 0COOEHHOCThIO CUCTEM Pa3padOTKU 3TAXKHOTO
U [IOA3TAKHOTO OOPYIIEHUS C JOHHBIM BBIITYCKOM PY/IbI ABJIS-
eTCd [poBeJieHre BhIpaOOTOK /1718 BBIIIYCKA U BTOPUYHOTO APO-
0J1eHUS B HIDKHEHN YaCTH OUYUCTHOrO 6510Ka. KoHCTpyKTHBHOE
odopMiIeHre AHUINA OYMCTHOrO OJIOKA SABJISETCS OAHUM U3
BaJKHEUIIINX 3JIEMEHTOB TEXHOJIOTHH, BIUSIOIINX HA I1OKa3a-
TeJIU U3BJIEYeHUs TIPU IIO3EMHOIT pa3paboTKe MeCTOPOsKIe-
HUM TI0JIE3HBIX UCKOMIAEMBIX CUCTEMAMH C 00pYIIIeHuEeM PYIbl
Y BMEILAIOIIUX [TOPOJL C JIOHHBIM BBITYCKOM [8; 9]. Haubonee
pacIpocTpaHeHHBIMU KOHCTPYKUIMSIMU THUINA B HACTOSIIEe
BpeM ABJISI0TCA Pa3IMUHble BADUAHTHI PYAOIIPUEMHBIX TPAH-
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I11ei1 WIK BOPOHOK B COUETAHMH C BBIITYCKHBIMU BHIPa0OTKAMHY,
06pa30BaHHbBIMU B OCHOBAaHMUU 0j10Ka. Tak:Ke KOHCTPYKIUHU
JHUII PA3TUYAIOTCS PACCTOSIHUEM MeSKAY BBIMYCKHBIMHU BBI-
pabOTKaMU U UX PACIOIOKEHUEM OTHOCHUTEIBHO OCcU 0JI0Ka,
yIJIaMHU HAaKJIOHA OOPTOB PYAOIPHUEMHBIX BBIPAOOTOK U UX Pa3-
MepaMu. BeIbop TOit WiIn KOHCTPYKIUY AHUIIA 3aBUCUT IJIaB-
HBbIM 006pa3oM OT FOPHO-T€0IOTMYECKUX 1 TOPHOTEXHUUECKUX
yenosuii [10; 11].

MeToapl CCIIeTOBAHU ST

Jliia oripesienieHus BAUSHUA KOHCTPYKIMU AHUIIA OJI0Ka HA
[I0KA3aTe/Iu IIOTEPh OTOUTOM PY/bI OT CMEP3AHUS B OUMCTHOM
MIPOCTPAHCTBE IIPU BBIITYCKE B YCJIOBHUSX IOA3EMHOI paspa-
GOTKU MECTOPOKIEHUIN KPUOIUTO3OHBI ObLIHM IIPOBEIEHBI HC-
C/1elOBaHUsS MeTOn0M GU3UUECKOr0 MOJETUPOBaHHUSL.

B KauecTBe HATYPHOrO 0O'HEKTA, KAK U MPU PAHEE BBIOJ-
HEHHBIX UCC/IeIOBAHUSAX, ObUI IIPUHSAT KIACCUYECKUIT BAPUAHT
CHCTEMBI pa3pabOTKU MOAITASKHOTO OOPYIIIEHHUS PYIBL U BMe-
MIAIOIIMUX IIOPOJ, C PACIONIOKeHHeM KaMep II0 MPOCTUPAHUIO
PYZAHOTO Tejla U JOHHBIM BBIITYCKOM, IPUMEHEHHBII IIPU IO -
3eMHOI1 pa3paboTke HeXXIaHMHCKOTO 30JI0TOPYAHOTO MECTO-
PO>KIEeHUs, Ife NPU ONbITHO-IIPOMBIIIJIEHHBIX HCIBITAaHUSIX
JIAHHOM CHUCTeMBbI pa3paboTKu ObUT yCTaHOBIEH GakT cMep3a-
HUS OTOUTOI PY/Ibl IIPY BHIILYCKe [12].

VccnenoBanus SBJISIUCh Pa3BUTHEM paHee MPOBeJeHHBIX
9KCIIEPUMEHTAJIbHBIX PAabOT I10 ONpPEIEIeHUI0 3aKOHOMEPHO-
cTelt U3MeHeHU s IoKa3aTesiell u3BJIedeHus PyAbl B 3aBUCUMO-
CTHU OT pa3JIMYHbIX BADUAHTOB Pe’KUMa JOHHOTO BBIITYCKa IPU
MOJ3eMHOI 7I0OBIYE TIOJMIE3HBIX HMCKOMAEMBIX MECTOPOKIIE-
HUIT KPUOJIUTO30HBL I MpOBefeHUs UCCIENOBAHUN ObLIH
IPUHATHL YCIOBUS U MaciiTabbl Mopo0us, pacCUMTaHHBIE U
NpUMEeHeHHbIe NIPU paHee IPOBENEeHHBIX 9KCIIEPUMEHTaX II0
¢dusnyeckoMy MOIETUPOBAHUIO IPOLECCA JOHHOIO BBIIY-
cka pyzapl. [IopsSnoK MOATOTOBKM MaTepUaloB U MPOBEIEHUS
9KCIIEPUMEHTOB 10 GU3NUECKOMY MOAETUPOBAHUIO JOHHOTO
BBIIIYCKA PY/Ibl TAKKE OBbUI aHAJIOTUYEH MPEAbIAYIIEMY ITAILy
HCCIeA0BaHuM

Tl obecriedeH s MAarHUTHOR Cerapariyu Py OIpeesieHuH
[Ipe/iesIbHOTrO pa3y0OsKUBAHMUS B 03€ BHIITYCKA, B KAYECTBE 00-
PYIIEHHBIX TOPOJ, IPYU MOZETUPOBAHUY GBI UCITOIb30BAH JKe-
J1e3UCThIN KBapuuT. C/1ou 0TOUTOM pyibl GOPMUPOBAIUCH U3
MpaMOpHOiT Kpomku. HeoOXOMUMBIN TpaHyIOMeTPUUECKUI

1 PaspaboTka athheKTUBHON TEXHONOr M OTPABOTKM PyAHbIX Ten HexaaHnHCKoro
mecTtopoxpaenus: otyet o HUP. TUMNPOLBETMET; pyk. Bevaes M.[.; ncnonH.
AptemoHoB C. B. [u gp.]. YuTa, 1989. 120 c.



COCTaB PY/Ibl U TIOPOJIbL OOecreunBascsa kiaccudukanuein Ha
reoJIOrnYeCcKUX CUTAX.

[Tpu mpoBeieHUY SKCIIEPUMEHTOB UCIIOIb30BAJICSI CTEH/T AJIS
¢dusuueckoro mMomenupoBaHUs AOHHOTO BBIIYCKA PY/IbI, UC-
[T0JIb30BABIIIMICS MPU paHee MPOBEIEHHBIX HUCCIeOBAHUX,
IIPeICTABJISAIONIUI COO0M KOHCTPYKIUIO B BUZIE IPU3MEL, CTEH-
KU KOTOPOI1, U3TOTOBJIEHHbBIE U3 PO3PAYHOr0 OPraHNUUYECKOro
CTeKJ1a, ObIIM 3aKpeIyIeHbl Ha HeIOABU KHBIN MeTaUIndeCKHt
KapKac ¥ MacCUBHOE OCHOBaHHe. B cTeHy ObUIM BHECEHBI 13-
MeHEeHHs, MMO3BOJISIOIINE YCTAHOBUTD AHUIE O0Ka Tpebye-
MO KOHCTPYKIIUY, IPU COXPAHEHUU OOIIUX reOMEeTPUYECKUX
MIPOTIOPIIUE U pa3MepOoB CTEHA.

PesynbraThl HCCIeKOBaHUS

JUia ompeznesieHUs BIUSHUS PYAONPHUEMHBIX BBIPAOOTOK
nauIna 6J10Ka HA IOKA3ATeNH U3BJIeUeHUs [IPU BBIIIYCKE B yC-
JIOBUSIX OTPUIIATEIBHOI TeMIlepaTypbl OYMCTHOTO IIPOCTPaH-
CTBA U PA3IMYHOM YBJIAKHEHUHU 0TOuTOM pybl (0T 0 mo 1%),
ObLIM PACCUMTAHBI, CKOHCTPYUPOBAHBI U WU3TOTOBJIEHBI [[BA
BapUaHTa JHUIIA, YCTAHABIUBAEMOrO B CTEH/ JJISI MOZIeJIUPO-
BaHUS BBITYCKA PYAbL.

[lepBoe MpeACTABIIAIO COOOM TPAHIIIEI, COEAUHEHHYIO C Op-
Tamu-3ae3gamu (puc. 1).

Puc. 1
CxeMa BbIpa6oToK AHULA 610Ka
(BapuaHT TpaHwes)

Fig. 1

Schematic diagram of mine
workings of the stope sill (the
trench option)

Puc. 2

Cxema BblpaboTok

AHMLa 6n10Ka

(BapMaHT BOPOHKM € Aiy4KamMm)

Fig. 2

Schematic diagram of mine
workings of the stope sill
(the bell and box hole option)

KOHCTpYKTHUBHBIE MTapaMeTpbl PYAOIPUEMHBIX BHIPAOOTOK
OTIPEIEJISUTUCh C YUETOM pasMepoB BbIpabOTOK aHHUINA 0J10-
Ka, IPUHATHIX TIPU TOA3eMHOM paspaboTke HexkmaHuHCKOro
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MECTOPOSK/IEHUSI CUCTEMOIT ITOA3TAKHOIO 0OPYILIeHUsI C AOH-
HBIM BBIITYCKOM. J[/IMHA ¥ MIMPUHA BEPXHEN 4acTh 000UX Ba-
PUAHTOB JHUII ObLIA OMUHAKOBOI U PABHOI UIMHE U ITUPUHE
OCHOBHOW YaCTH CTEHA, i yA0OCTBA MOHTAXKA. YIJIbL OTKO-
ca 60pTOB BOPOHOK U TPAHIIEU COCTABJISUIA 55°, paccrosiHue
M€Ky BBIIYCKHBIMU BbipaboTkamu — 200 MM, 4TO C y4eToM
reoMeTpu4ecKoro Maciuraba nogobus pasHo 10 M B HATYpHBIX
yonosusix. TpeGyemblil BApUAHT AHUIIA MOHTHPOBAJICS B HUXK-
Hell YaCTH CTeH/a Ha I1aTGopMe U3 MeTa/INUeCKUX YTOJIKOB
(puc. 3).

Puc. 3

CteHp B Kpuokamepe,
NOAroTOB/IEHHbLIN K NMPOBEAEHUIO
3KCNEePUMEHTaNbHOro Bbinycka
pyAbl

Fig. 3

A stand in a cryochamber
prepared for an experimental
ore drawing

JIyig KaK0M KOHCTPYKIMU JHUINA 0JI0KA OBUIN BBIITOIHEHBI
TPU CEepUU KCIIEPUMEHTOB 110 MOJIEIMPOBAHUIO JOHHOTO BbI-
IIyCKa PYBI C pa3InYHOM cTernenbio yeiaaskueHusdg (0, 0,5 u 1%).

Bce 9KCIIepuMeHTHl TIPOBOJUINCh B KPUOKaMepe 00beMOM
30 M3 OCHAIeHHO! CpefHeTeMIepaTypHOU CIUITUT-CHCTEeMON
«Polaris», MMO3BOJIIONIEN CO3[ATh TeMIIePATypPHbIE YCIIOBUS
[IOJ3EMHOM pPa3pabOTKU MECTOPOXKAEHUIN KPUOJIUTO30HbL.
JI71s1 KOHTPOJISI TeMIlepaTyphbl BO3IyXa HUCIIOIb30BAJICS CTALIM-
OHAapHBII TepMoMeTp. TemiiepaTypy pyAbl U IIOPOABL, a TAKKE
CTEeHOK MOJIeJIY IpH MpPOBeAeHUN 9KCIePUMEHTOB U3MepsIIu
terioBu3opom FLIR SC660 (puc. 4).

C y4eroM pe3ysbTaTOB MPEABIAYINUX UCCIENOBAHUI ObUI
MIPUHAT MOCJIOMHBIN PESKUM BBIITYCKA, PyZa BBIIYCKaIach U3
BBIPAOOTOK j03amMu 50 I 10 JOCTHUXKEHUS TIPeeIbHOTO pasy-
GO>KUBAHUS B 703€ BIMycKa 80% MO0 10 3aBUCAHMS PYIHO
MacChl B OUMCTHOM IIPOCTPAHCTBE.

B pesysnbraTe nmpoBeNEeHHBIX HCCIEAOBAaHUU yCTaHOBJIEHO,
uTo npu TeMmreparype —5 °C ¥ U3MeHeHUHU BJIA’KHOCTH PYA-
HOU Maccel oT 0 1o 1% mpupocT moTepb PYAHOM MAacChl OT
CMep3aHus B OYUCTHOM IIPOCTPAHCTBE COCTABIIAET [yIsl 010K
C ZIOHHBIM BBIIIYCKOM uepe3 BOPOHKH U Ay4KY 46%, 11 6110Ka
C TPAHIIEHHBIM BBIITYCKOM — 22% (puc. 5).

Kak u3BecTHO, IIpu BHITYCKe CHIIYUYUX Cpell U3 OTBepCTUil B
OKpY>KalollleM 30HY IIOTOKA CJI0€ BO3HUKAaeT AMHAMUYeCKUI
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Puc. 4
Temnepatypa oT6uTO pyAbl
B AyYKe Npw Bbinycke,

Fig. 4
Temperature of the broken
ore in the box hole during

3admkcupoBaHHas drawing, recorded using
C NoMolLubIo Ten/10BM3opa the FLIR SC660 thermal
FLIR SC660 imager

TOPU3OHTAJIbHBIN PACIIOP B pe3ysibrate 06pa3oBaHus HaJl Bbl-
IIYCKHBIMU OTBEPCTUSIMHU Pasrpy’Karolierocss CBOJa WIH Ky-
nona [13; 14]. Habionenus 3a mponeccoM BbIIYCKA TIOKA3aIIH,
YTO MPU OTCYTCTBUU YBJIAKHEHUS OTOUTOM PYIBI FOPU30H-
TaJIbHBIM PACIIOp He OKAa3bIBAeT CYIIECTBEHHOIO BIMSIHUS Ha
mmokasaTtesu ussnedeHus (puc. 5). [Ipu yBenuueHuu BIakKHO-
cTé 0TOUTOI pyabl HA 1% TPHU TeMIepaType OYMCTHOTO IIPO-
crpancrsa -5 °C B 0651acTé 00pa3oBaHusI KYII0JIa IPOUCXOTUT
ee cMepaanue. [Ipy BEIITyCKe yepe3 BOPOHKU U AYUKHU UHTEH-
CHBHOCTb CMep3aHus Oblla 3HAYUTENIHHO BHIIIE, YeM IIPU
TpaHIIeHHON KOHCTPYKIMHY JHUIIA. OUeBUAHO, IIPU YTO BHIILY-
CKe Yyepes3 IYYKU BeJIMYMHA FOPU30HTAIBHOTO JUHAMUYECKO-
T'O pacropa B 3aMKHYTOM IIPOCTPAHCTBE BOPOHKU BHIIIIE, YEM
B TpaHIIIee, T OTOUTAs Pya OTpAaHUYEeHA TOJIBKO C IBYX IUIO-
ckocterl. COOTBETCTBEHHO, BO3pACTaeT YIUIOTHEHUE U pacTeT
YHCJIO0 KOHTAKTOB CMEpP3aHUs MeKIy KycKaMu pyael. Bece aTto
IIPUBOJUT K CY>KEHHUIO 30HBI IIOTOKA PY/IbL, Jajiee IIPOUCXOAUT
OBICTPOE MPOHUKHOBEHNE HAJIEraIOIIUX IOPOJ, IPUBOJAIIEE K
npeebHOMY pas3yboKUBAHUIO B 103€ BBIMYCKA. TaksKe ObUIo
3a(pUKCUPOBAHO 3aBUCAHUE PYABI B OTAEIbHBIX BBIPAOOTKAX
BCJIEZICTBUE €e CMeP3aHus C 00pa30BaHUEM KYIIOJIA U3 CMep3-
IIefiCcs pyapl Hafl TYUKOIL.

Cnucok anumepamypul

Puc. 5

MokasaTtenu notepb pyaAbl
npu BbiNnycke BCneacTeue ee
CMep3aHus B YC/IOBUSAX
oTpuuaTenbHbIX TeMnepaTyp
OYUCTHOIrO NPOCTPAHCTBA U
yBeNU4YEeHUs BNaXKHOCTU B
3aBUCMMOCTM OT BapuaHTa
KOHCTPYKLMM AHULLA

Fig. 5

Indicators of ore loss during
drawing, due to its freezing

in conditions of negative
temperatures of the working
excavation and an increase

in humidity, depending

on the stope sill design option

3axyiroueHue

IKCIeprMeHTaNIbHBIMU HUCCIeJOBAHUSIMHU Ha (U3UUeCKOH
MOZeIM OIpeNieJIeHbl KadyeCTBEHHbIE 3aKOHOMEPHOCTH H3-
MeHEeHHs [OTepb OTOUTOI PYIABl OT CMEP3aHHsl B OYMCTHOM
NPOCTPAHCTBE NP BHITYCKE B 3aBUCMOCTU OT KOHCTPYKTHB-
Horo odopmieHus quuina 6;70Ka. YCTaHOBIEHO, YTO IPUPOCT
[IOTepPb OT CMEeP3aHus it 6JI0Ka C ZOHHBIM BBIITYCKOM Yepes
BOPOHKHU U AYUYKH B 2 pa3a IpeBblIaeT aHaJIOTUYHBII [10Ka3a-
Tesb 71 6JI0Ka C TPAHIIENHOM KOHCTPYKIMEH JHUIIA.

[TosyueHHble pe3yynbTaThl OYAYT UCIIOIB30BAHBI TIPU Pas-
paboTKe peKOMEH AU T10 TEXHOJIOTUH BHITyCKa Py/bL, 00e-
crieynBaromieit 6e3onacuyio U 3bGEKTUBHYIO IOA3EMHYIO
0TpabOTKy 3aIacoB MECTOPOXKIEHUI TBEPABIX MOIE3HBIX UC-
KOIAaeMbIX KPHOJIUTO30HBI, B UaCTH 0OOCHOBAHUS ONTUMAJIb-
HBIX KOHCTPYKIIUHI AHUIIA OYUCTHOTO 6II0KA.
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