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OTKPbITAA, CTPOUTENBHAA

VIK 622.272.5 DOL: 10.21440/0536-1028-2019-5-5-13

WUccnepoBaHue cucteMbl pa3paboTKU rOpU3OHTaNbHbIMU CNOSAMM
C rMapo3aKknaakon U BbIEMKOW pyabl B HUCXOAALLEM NOpsAAKe
noA rubKUm nepekpbITUeM

Banwues H. I}, BepkoBuu B. X., NMponn B. A.™*
1'YpanbCckuil rocyaapCTBEHHbIN FOPHbINA YHUBEPCUTET, T. ExatepuHbypr, Poccus
*e-mail: vliadimir.propp@mail.ru

Peghepam
Ilocmanoeka 3a0auu. IIpednosceH HOBbIIL 8APUAHNT CUCTEMbL PA3PABOMKU 20PUSOHMATILHBIMU CLOAMU
€ 2UOPO3aKNAOKOU U BLLEMKOU PYObl 8 HUCXOO0SIUjeM NOPAOKE NOO SUBKUM NOOBECHBIM NEPEKPLIMUEM.
Lens pabomet. Hccnedosams 603MOACHOCb OMPAOOMKU KPYMONAOAIOWUX PYOHBIX Mel MALOU MOy~
HOCmU cucmemoll paspabomxu 20pU30HMAIbHLIMU CLOAMU C 2UOPO3AKAAOKOI U 8bIEMKOU PYObl 8 HUCXO-
Osiuyem nopsioke noo 2UOKUM nepeKkpblimue.
Memooonozus. IIposedervl 1a60pamopHble U AHATUMUYECKUE UCCIeO08AHUs BIUSHUSL BLANCHOCU 3d-
KAAOOYHO20 MAMEPUANA HA €20 YCMOUYUBOCMb, NIOMHOCMb, KOS @uyuenm enympenne2o mpenus u,
6 KOHEYHOM UMo2e, Ha 6ENUYUHY HAZPY3KU OM YACTU 3aKA1A00YHO20 MACCUBA HA 2UDKOe nepekpuimue.
Pesynomamel. Yemanosneno, umo pazpabomantbwill cnocob nOCI0UHOU 8bleMKU NOO 2UOKUM HepeKpbl-
muem KOHCMPYKMUBHO HECLONCEH U NPUMEHUM NPU OMpabomKe Kpymonaoanuux pyoHsix mei Maiol
MOWHOCMU 8 YOAPOONACHBIX YCILOBUSIX.
Bo1600b1. [Ipednodicennas mexHono2us moxcem Ovims UCHOAb308AHA NPU OMPAOOmMKe KPYMONAOAOWUX
DYOHBIX mell Manou MOWHOCIU 8 YOapoonacHulx yciosusx. Ee npumenenue nozeéonum nosvicume 6e30-
nacHocms NPOGeOEeHUs: OYUCTHBIX PAOOM U OMKA3AMBCSL OM UCHONb308AHUSA O0OPO2OCHOAUIE20 U OCIPO-
depuyumuoeo mamepuana — yemeHma.

Knroueewie cnoea: zopusonmanvivie cnou, nucxodsauuii nopsook 6vleMKu; 2ubKoe nodeecroe nepe-
Kpblmue, 2u0pagIuyeckas 3aKiaoka, Qusuueckoe MoOeIuposanue; KPUBOIUHEUHAS Npuma, 61adlc-
HOCMb Maccusa.

Beenenue. [logzemnas 1o0bI4a MOJE3HBIX MCKONIAEMBIX B CIIOXKHBIX TOPHO-T€0JIO-
THYECKUX YCIOBHUSX 0O0YyCIaBIMBAaeT HEOOXOOMMOCTb NMOWCKA HOBBIX BAPHAHTOB CH-
CTEeM pa3pabOTKH, 00eCTIeUNBAIOIINX TTOBBIIICHUE TEXHUKO-9KOHOMHYECKUX ITOKa3are-
Jnieit u 6e3onacHoCTh Tpyaa. OTHUM U3 BO3MOXKHBIX BAPUAHTOB TAKOTO IMTOUCKA SBJISICTCS
NPEANIOKEHHBIH aBTOpaMu cIocod OTpabOTKH MECTOPOXKICHHN TOPHU30HTAIBHBIMU
CJIOSIMU € TMIPO3aKJIAIKOM M HUCXOAALICH BBIEMKOW PyIbl M0 TMOKMM IIOJBECHBIM
nepeKpbITHeM. B pe3ynbprate NpoBEIEHHBIX METOAOM (PU3NYECKOr0 MOAEIHPOBAHUS
UCCIIeIOBAaHUM YCTaHOBJICHO, YTO pa3paboTaHHBIN cOCcO0 MOCIIONHONW BBIEMKH MOX
THOKUM MEePEeKPBITHEM KOHCTPYKTUBHO HECTIOKEH M IPUMEHUM MPH 0TPabOTKE KPYTO-
nagarouux pyaHbIX TEJI Majou MOIITHOCTHU B YAapOOIIaCHBIX YyCJIOBHAX.

Mertoauka nposeaeHus uccjaeaoBanmii. Mcciienosanys mpoBOAWINCH IO JAHHBIM
yCIOBUH OTpaOOTKH PyAHBIX Tea KoukapcKoro MeCTOpOXAEHUs, NMPENCTaBICHHOIO
MHOTOYHCIIEHHBIMY KBapLIEBBIMU JKWIAMH KPYTOro najeHus. MecTopoxaeHue B Oc-
HOBHOM OTpa0aThIBajIOCh CUCTEMON Pa3pabOTKH TOPU30HTAIBHBIMU CIOSIMH C THIPO-
3aKJIAaJKOH, B EJIOM COOTBETCTBYIOIIEH TOPHO-T€OI0THYECKAM YCIOBUSM U UMEIOLIEH
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YIOBJIETBOPUTENbHBIE TEXHUKO-d)KOHOMUYECKUe Tioka3atenu [ 1-4]. OmHako ¢ moHmke-
HHEM YPOBHS TOPHBIX Pa0OT Ha OTAEIBHBIX YYaCTKax MpPU BEJCHUU OYMCTHBIX PadOT
BO3HUKIIN OCJIOKHCHUS, CBA3AHHBIC C PA3JIMYHBIMU ITPOSABJICHUAMUA I'OPHOTO JaBJICHUS,
B TOM 4HUCJIE U JUHAMHWYCCKUMMU. Ha y4acCTKax CO CJIOKHBIMH TOPHO-T€OJIOTUICCKUMU
YCIIOBUAMU PE3KO YXYAUINIIUCH ITOKA3aTCIN ILO6I)ILH/I, IMMOBBICHUJIACH OMTACHOCTL TpaBMa-
TU3Ma paboraromux. Bee 310 00yciioBuiao HeoOX0AMMOCTh TPUMEHEHUS HOBBIX BapH-
AHTOB CHCTEMBI pa3padO0TKH, 00ECIICUNBAIOIIIX MTOBBIIIEHIE TEXHUKO-IKOHOMUYECKHX
nokasaTesieil 1 6€30IacHOCTh Tpyna. BriBoa criennaincToB-reOMeXaHnkoB ObLT OJJHO-
3HAUYEH: NpU OTpabOTKE YUaCTKOB, OMACHBIX IO TOPHBIM yJapam, HauOoJiee Lelecoo-
Opa3Ha nocioiiHast BeIeMKa B HUCXO/SIIEM MOPSIIKE, TaK KaK OYUCTHBIE pabOThI B STOM
cayyae BeOyTCs B TOAPaOOTaHHOW, a CIEAOBaTEIbHO, pasTpyKeHHOHW 30HE [5].
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Puc. 1. BapuaHT cuctemsbl pa3paboTKH TOPU30HTAIBHBIMH CIIOSIMH C THOKHM TEPEKPBITHEM U
HUCXOZSIINM TIOPSIIKOM BBIEMKH:

I — ouncTHas BbIpabOTKa; 2 — 3aKJIAJIOYHBII MaccuB; 3 — rHOKOE MEPEeKphITHE; 4 — TPOCHI MOABECKH;

5 — 00beM KPHBOJIUHEHHO PU3MBL; 6 — HalIOpHBIE TPYOOIPOBOIBI
Fig. 1. A variant of the development system of horizontal layers with flexible overlap and
descending order of excavation:

1 — cleaning development; 2 — backfill array; 3 — flexible overlap; 4 — suspension cable; 5 — the volume of

a curved prism; 6 — pressure pipelines

Crnoesas cucteMa pa3pabOTKH C BRIEMKOW B HUCXOJISIIEM TOPSIIKE U TBEPJCIONIEH 3a-
KJIaJIKOH — TeXHoiorusi Oe3onacHas, ¢ OONBIIMMH pe3epBaMH B IUIAHE MOBBIIICHHS
MIPOU3BOIUTEIHFHOCTH TPy, Ka9eCTBA BRIEMKH TI0JIE3HOTO HCKOoaeMoro [6, 7]. Omna-
KO 32 CUET HEOOXOJMMOCTHY MPUMEHEHHUS B 3HAYUTEIIBHBIX 00beMaXx JIOPOTOCTOSIIETO 1
0CcTpoeUIIUTHOTO MaTepralia — [EMEHTa — CYIIECTBEHHO YBEJIIMYUBACTCS Ce0ECTOu-
MOCTh J0OBIBaeMoii pyasl [8—14]. [ToaToMy omHO# W3 3amad mcciaemoBaTesell Oblia
pa3paboTka crioco0a BEICHHsI OYNCTHBIX padoT 0€3 UCTIOIL30BaHHUS TBEPACIONINX CMe-
ceil. McribiTanusl HOBOTO BapuaHTa CHCTEMBI pa3paboTKH, TIPOBEACHHBIE IPU 0TPaOOT-
ke Koukapckoro MecTopoKJIeHHUsI, TIOKA3aJIH €r0 COOTBETCTBHE TOPHO-TEOJIOTHYECKUM
ycnoBusM. Clep KruBaia BHEJPEHHE 3TOTO BApUAHTA JIUIIb BHICOKAS TPYAOEMKOCTh pa-
00T 10 COOpY>KEHHIO ITOIBECHBIX NePeKPHITHH, noctruraromas 50 % B oOmem Oanance
TPy/J03aTpar 1o CHCTEME.

CyTh HOBOTO BapHaHTa 3aKJIIOUAETCS B CiieayromniemM (puc. 1). OgucTHas BeIpadoTKa
1 poxoauTCs MO MAacCUBOM 3aKIaJKh 2, KOTOPBIA MOAJIEPKUBAETCS THOKAM TIepe-
KpBITHEM 3, MIOJIBEIICHHBIM Ha TPOCcax 4.
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3akai0YHbIi MacCUB CO3/1a€TCs U3 XBOCTOB 00OTaTUTENbHOM (habpuku 0e3 KaKkux-
00 BOKYIUX A00aBOK. | MOKOE MepeKphITHE MPEACTABISIET COOOH ABYX-TPEXCIOWHBIN
HACTHJI M3 METAJUIMYECKON ceTKu ¢ nuameTpoM sigeek 10 x 10 MM, KOTOpBIHA CBEpXY
MOKPBIBAETCS MPOPE3NHEHHON TKaHbIO, 00eCeYrBaloLIel APeHaX BOAbI U3 3aKJIa104-
HOTO MaccuBa. [lepekprITie yCmmMBaeTcsi TpocaMu MOoABECKU AuaMeTpoM 28—30 mwm,
yAOKeHHBIMU Yepe3 2—3 M. Crocod mogaun 3akjaaoqyHOTro MarepHuajia — TAapaBiInye-
CKHU. YIIpaBlIleHHE YCTOWYMBOCTRIO 3aKJIaJ0YHOTO MAaCCHBa, a CJIEA0BATEIHLHO U KPOB-
Jieil OYMCTHOM BBIPAOOTKM, OCHOBAHO HA TOM, YTO CBHIIYYHMH 3aKIaJOYHBIH MaTepHai
o0magaeT CBOMCTBOM M3MEHSTH B 3aBUCHMOCTH OT BIXXHOCTH HEKOTOPHIE CBOU MPOU-
HOCTHBIE XapaKTEPUCTUKU.

TexHOMIOTHYECKII UK BKIIOYAET CIIeAyomue onepamnun. [locie orpaboTku ode-
PEIHOTO CII0sl TPOCHI MOJBECKH OCIA0NSIOTCS U THOKOE EPEKPHITHE BMECTE C YaCThIO
3aKJIaJI0YHOT0 MAacCHBa J OITyCKAeTCsl Ha MOYBY OTPabOTaHHOTO ci10s1. []o 3Toro Mmomes-
Ta MAacCUB 3aKJIaJKU JOJDKEH MMETh BIAKHOCTh W), 00eCreunBaroIy0 ero Makcu-
MaJIbHYIO yCTOH4NBOCTh. CHcTEMa MOABECKH, TAKMM 00pa3oM, OyJeT UCTIBITHIBATH Ha-
Tpy3Ky TOJBKO OT HEKOTOPOH OTJEeNMBIIEHCS YacTH 3aKJIaJJOYHOTO MAacCHBa,
NpeACTaBIsomeld co00H KPUBOIMHEHHYIO MPU3MY, OTPAaHHUCHHYIO CBEPXY CBOAOM
€CTECTBEHHOTO PaBHOBECHS, a CHU3Yy — THOKUM mepekpbiTieM. [loa neiictBuem 3Toi
Harpy3kd M IPOUCXOAUT OIyCKaHHE IMEPEKPBITHS Ha MOYBY OTPaOOTaHHOTO CIIOS.
ITocne aToro B 3akaI0uHBIA MacCUB Yepe3 HAIOpHbIE TPYyOOIPOBOIbI 6 HarHETAeTCs
BOJIA M €T0 BIAXXHOCTb NOBBINIAETCA 10 3Ha4eHus W, IIpU KOTOPOM 3aKJIaI04HbIA Mac-
CHB TepseT CBOIO YCTOMYNBOCTh. BOIOHACHITIICHHBIN 3aKIa0IHBIA MaTeprai mpuoo-
peTaeT CBOWCTBA IUIBIByHA M OMYCKaeTcs Ha TIOYBY OTPaOOTaHHOTO CJIOs. 3aTeM Ipe-
Kpalaercsl mojxada BOJIbI, NPOU3BOJUTCSA HATSDKKA CHCTEMbI IOABECKH NEPEKPBITHS
¥ JpeHaXx 3aknanodHoro maccusa 1o piaxuoct W,. Ilocne storo mox 3ammToit
HCKYCCTBEHHOT'O NIEPEKPBITHSI MOTYT HAYMHATHCSI OUMCTHBIE paO0OTHI HA HOBOM CJIO€.

TaxoBa mpUHIMIHABHAS CXeMa IIpeIoKeHHON TexHonoruu. Kak BuaHO U3 onuca-
HUSI, €€ Y3J0BBIM MOMEHTOM SIBJISIETCSI OIIPEAEICHNE HAarpy30K Ha CHCTEMY ITOJBECKH
THOKOTO TEePEKPHITUS TIPU YCTOHYMBOM COCTOSHHH 3aKJIQJIOYHOTO MAacCHBa, a TaKkKe
MHTEpBaJia BIaAXHOCTEH, 00€CIICUNBAIOIIETO TAKOE COCTOSHHE.

HccnenoBanne ycTOMYMBOCTH 3aKJIaJI0YHOTO MaTepHalia B 3aBUCHMOCTH OT €Tr0
BII&YKHOCTH IPOBOJIMIIN B J1a0OPATOPHBIX YCIOBUAX METOAOM (PU3MUECKOTO MOIEIUPO-
BaHUA. Monens mpencrapisiia coboit sk pasmepamu 350 x 1200 x 600 mm, niepe-
HsS CTEHKa KOTOPOTO BBIMOJTHEHA U3 OPraHMYECKOro CTeKiIa. bokoBbIe CTEHKH sIUKa
C LIEJIbI0 HMUTALUH LIIEPOXOBATOCTH C BHYTPEHHEH CTOPOHBI ObLIH MOKPHITHI MPaMop-
HOHW Kpomkoi. J{HO siiKa OTKUAHOE, Ha MapHUpax U CHA0KEeHO 3aMKOBBIM yCTPOH-
cTBoM. ['eomeTprdeckue mapamerpbl MOJIENIN COOTBETCTBOBAJIM CPEAHUM pazMepam
OYHMCTHOTO OJNOKa MpH BEPTHKAJIHHOM TMaJCHUM pyIHOU 3ajexxu B macmrade 1 : 10.
J1J1s1 3aCBIIKK MOZIENN UCTIONB30BaJIM PeabHbIi 3aKJIa0UHBIA MaTepral INIOTHOCThIO
1400 kr/M? Tipy BO3/yIIIHO-CYXOM BITAYKHOCTH.

OKCHEpUMEHTAIBHBIN SIIUK MOTHOCTHIO 3achIMajcs 3aKJIaJ0YHBIM MaTepHaioM.
3areM MarepHall HacBILIAJICS BOIOM /0 MpPENeNbHOM BIArOEMKOCTH, TOCTE YEro ero
OCTaBJISUTH Ha ONIPEAETICHHOE BPEMs], B TEUCHNUE KOTOPOTO MPOUCXOIMIT IPEHAK M3JTHIL-
KOB BOZABI M HEKOTOPOE €ro MojachixaHue. VI3MeHeHHeM 3TOro MPOMEKyTKa BPEMEHHU
pETyarpoBaNach BIaKHOCTH 3aKJIaJl04HOTO MaccuBa. [locie 3Toro OTKpsIBaIoOCh 3aM-
KOBO€ YCTPOWCTBO U JHUILE Ha IIapHUpaX OTKUIbIBAJIOCH. B 0Opa3oBaBiueecs oTBep-
CTHE MPOBAIMBAJICS MaTepUal, a HaJl OTBEPCTHEM 00Pa30BBIBANICS CBOJ €CTECTBEHHOTO
paBHOBECHSI, KOTOPBIH 10 JUIMHE UMEJI IPUMEPHO OANHAKOBOE OUepTaHHE. 3aMephl BbI-
COTBI CBOZIa POBOJAWJIMCH B YETHIPEX CEUCHHSAX, U CpelHEee M3 HUX (PUKCHPOBAJIOCH.
3areM B TpexX TOYKax CBOAA OTOMPAIMCH MPOOBI 3aKJIaLOYHOIO MaTepHaja, KOTOpble
NPOCYIIMBAIKCH B CYIIMILHOM mKady npu temneparype 105° C. B3pemmBanue npoo
JI0 ¥ TIOCJIE MPOCYIINBAHMS ONPEEIISUIO BIaXKHOCTh MacCUBa U COOTBETCTBYIOIIUH eit
00beMHBII Bec MaTepuana.
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Brnaxxnocts 3akmagounoro marepuana W, %, Beraucisiiach mo gopmyne [11]

W=[(G, - G,)/(G, - G,)]100 %

rae G, — Bec OIOKChI C BIAXHBIM 00pa3loM, KI; G, — BeC OIOKCHI C BBICYHICHHBIM
00pasnom, Kr; G, — BEC IyCTOM OIOKCBI, K.

Pe3yibTarbl 3KCIIEPUMEHTOB B YAacTH OIPEACIICHUS 3aBHCHUMOCTH BBICOTHI
CBOJA OT BJAXKHOCTH 3aKJIaJOYHOI0 MACCHBA IPHBEACHBI Jajice, daHbl CPEIHUC
3HaueHus1 Wu h.

BricoTa CBO/1a €CTECTBCHHOI'0 paBHOBECHS 3aK/TAJ0OYHOI0 MacCuBa NpPu pasjinIHbIX 3HAYCHUAX
BJIAKHOCTH
The height of the set of natural equilibrium of the backfill array at different values of humidity

53 7,8 12,9 16,1 22,2 26,0
- 142 102 60 48 40

B marepuane, mmeromem BiIaxxHOCTH 5,3 %, cBoga He oOpazoBanock. Ha ocHoBaHWHM
MIPEJCTaBIEHHBIX JAaHHBIX MOCTPOEH rpaduk, n300pakeHHBIH Ha puc. 2. Xapakrep
KPUBOI Ha TpaduKe TOBOPHUT O HATMYWH SBHOW 3aBUCHMOCTH BBICOTHI CBO/Ia OT BIIaXK-
HocTH Marepuana. Cy/s I0 UMEIOIIUMCS TaHHBIM, 3Ta 3aBUCHMOCTh HEJTMHEWHOTO Xa-
paxTepa, OHAKO C TOJIHOW YBEPEHHOCTHIO 00 3TOM MOXKHO Oy/IeT TOBOPHUTH ITOCIE Ce-
PHH TOTIOTHUTENEHBIX 3KCTIEPUMEHTOB.

h, Mmm

130
110
0

0r

30 L L L | )
5 10 15 20 25 W, %

Puc. 2. 3aBUCHUMOCTb BBICOTBI CBOJIa €CTECTBEHHOIO PABHO-
BECHS OT BIQKHOCTU MacCHBa

Fig. 2. The dependence of the height of the set of natural

equilibrium from the humidity of the array of internal friction

I'paHUYHBIMH YCIOBUSAMU CYIIECTBOBAaHMS CBO/IA €CTECTBEHHOTO PAaBHOBECHS NS
JAHHOTO MaTtepuana sipisiercs Biaxnoctb W= 6—7 %, pu KOTOpOoi TOSBISIOTCS MPHU-
3HaKK 00pa30BaHMA CBOJIA, M BIKHOCTb W =28 %, COOTBETCTBYIOIIAS [TOTHOMY BOJO-
HaCBIIICHUIO MaTepHuasia, IpHU KOTOPOM CHJIBI BHYTPEHHETO TPEHHS HACTOIBKO MAIbl,
YTO HE B COCTOSIHUH 00€CIeYnTh YCTOHUYMBOCTh MacCHBA.

[lapannensHO ¢ OMMCAHHBIM SKCIEPUMEHTOM MPOBOJMIACH CEpUsl UCTIBITAHUN 3a-
KJIaJI0YHOTO MaTepuaia Ha CTaHJAPTHOM TPHOOMETpE C LEbIO ONpeAeIeHNsT Hadallb-
HOTO CONPOTHBIIEHUS CABUTY MaTrepHalla B 3aBUCHMOCTH OT €T0 BIIQXKHOCTH, a TaKKe
omnpeneneHus KO3PPHUINUEHTOB U YIIOB BHYTPEHHETO TPEHUSI.
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HcnpiThIBaeMBbIi MaTepra 3aChIajcs B )KeJI00, STUM jKe MaTepUAJIOM 3aI0IHsIIAChH
Y TIOJBMKHASI KOPOOKa, yCTaHOBJICHHAS B XKenooe. [loBepXHOCTh MaTepraia BeIpaBHHU-
Bajach M yBIAXHIACH 0 ONMpeIeIeHHONH BETMYHHBI, TIOCIIe YeTO MaTepral, Haxos-
IIHIACS B TIOABMKHOM KOPOOKE, HarpyKajucs HaOOpOM MPMKUMHBIX IUIACTHH. 3aTeM Ha
Yaiky TpuOoMeTpa MPOU3BOIUIACK IOCTENICHHAS YKIIAKa THPh, TPOI0JKABIIASCS 10
TeX TOp, TIOKa KOopoOka He HayHeT nBHUTaThCsl. COOCTBEHHBIC CONMPOTUBIICHHS KOH-
CTPYKIIMM KOMIICHCHPOBAJNCh 3apaHee MOAoOpaHHBIMU pa3HOBecaMu. Harpykenue
YallKy OPOU3BOAUIOCH ¢ HHTepBasioM 10 r.

HopmaibHble HanpsbKeHHsT BBIYUCISUTUCH 10 opmyae [12]

c=[(G+G,)/S]|+h.

rae G, — Bec KOpoOkH, Kr; G, — BeC IPMKUMHBIX IUIACTHH, KI; S — IUIOIAIb CEYCHUS
KOPOOKH, CM?; s — BBICOTA CJIOS 3aKJIaJ0YHOTO0 Marepuaiga B KOpoOKe, CM; Y — ILIOT-
HOCTBH MaTepHaia, Kr/cM>.

HavanbHble cONMPOTHBIICHNUS CIIBUTY BBIYUCIISUTACH 110 (popmyIie

t=G(1-22)/s,

rae G, — BeC rMpb Ha YalIke (3a BEIYETOM BECA TUPb, KOMIIEHCUPYIOMIETO COOCTBEHHOE
COTIPOTHUBIICHHE KOHCTPYKIINH), KT; Z — KOA(G(OUIIHESHT COTIPOTHURICHHSI IBIKEHHUTO T10-
BEPXHOCTEH (B pacueTax MPUHUMAIICS PaBHBIM HYJIIO, TAK KaK BEJIMYMHA COTIPOTHUBIIE-
HUSI IBMDKEHHIO OBLIA HA TIOPSJIOK HU)KE HHTEPBAJIA HATPY)KCHHUS YaIIKH).

T, Kr/cM?

- W =20,8%
0,03 T/ W=142%

W=246%
W=97%
0,02 1
W=53%
W=0,7%
0,01
0 0,01 0,02 0,03 o, Kr/em?

Puc. 3. JlnarpaMmMa HOpMaJIBHBIX W KacaTeJIbHBIX HaIps-
YKEHHUH U1 OTpeIe/IeH st yIiia U Kod()GHUIHEeHTa BHY TPEH-
HETO TPeHHUS
Fig. 3. Diagram of normal and tangential stresses
to determine the angle and coefficient of internal friction

ITo OKOHYAHUH Ka)I0TO OIbITa OpauCh MPOOBI MaTepHasa U3 MIOCKOCTH, IO KO-
TOPOW MPOUCXOAUIT MPOIECC cABUTA. Kak/IpIii OMBIT MPOBOAUIICS C TPEMS Pa3IMUHBI-
MH BCJIMYMHAMH BE€Ca MPUXUMHBIX IIJIACTHH. ITo MOJIYUCHHBIM 3HAQYCHHUAM G U T
CTPOMIINCH AarpaMMbl HOPMAJIbHBIX U KaCaTCIbHBIX HaHpH)KeHI/Iﬁ JJIs1 OIPEACTICHUA
yIJIOB U KOG GHUIIUEHTOB BHYTPEHHETO TPEHHS MTPH PA3TUYHBIX 3HAYCHUSIX BIIAXKHO-
ctu (puc. 3).
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BenuuuHe! yrinoB u k03 QUIIMEHTOB BHYTPEHHETO TPEHUS PACCUUTAHEI 11O JJAHHBIM
3TOM AuarpamMmsbl, a ©BMEHCHUEC UX BCJIMYMHLI B 3aBUCUMOCTHU OT BJIA)KHOCTHU MAaCCHUBa
n300paxkeHo Ha puc. 4.

Hekotropoe mnoHMXeHHE MJIOTHOCTH 3aKiIaJ04YHOTO MarepHajla B HAYaJIbHOM
MEpUOAC YBIIAXKHCHUA 00BICHSAETCS TEM, UTO B 3TOM MPOMEKYTKE UACT 06pa3OBaHI/Ie
MOJICKYJIAPHBIX BOJAAHBIX IINICHOK BOKPYI' 4YaCTHIl MaT€pualia, KOTOPBIC INPCIIAT-
CTBYIOT HENOCPEICTBEHHOMY KOHTAKTy 4YacTHUI[ ApPyr C APYIrOM, B pe3ylbrare
Yero MOPUCTOCTh Marepuaja yBEINYUBAETCSA, CIOCOOCTBYS YMEHBIIEHHUIO €ro
TJIOTHOCTH.

CxoncTBO rpaduKoB, H300paKEHHBIX Ha pHC. 2 U 4, TOBOPHUT O 3aBHCHMOCTH BBICO-
THI CBOZIA €CTECTBEHHOT'O pAaBHOBECHS OT K03(p(pHiieHTa BHYTPEHHETO TPEHISI MaTepH-
aja, KOTOPBIH, TAKUM 00pa30M, MOXKET CITYy>KUTh OJHHM M3 TJIABHBIX TMTOKa3aTesei mpu
OIIEHKE YCTOMYMBOCTU MacCHBA.

v, kr/m® tg @

1900 |

1700

1500 F 0,7 |

10001 06 L L L L )

5 10 15 20 25 W, %

Puc. 4. 3aBucumoctn ko3hdUIHEHTa BHYTPEHHETO TpeHUS — | U
IJIOTHOCTH 3aKJIaZI04HOTO MaTepuaia — 2 OT ero BIaXHOCTU
Fig. 4. Graph of the coefficient of internal friction — / and density of
the filling material — 2 on its moisture

KoneuHo# 11e11b10 SKCIIEpUMEHTA SBISIETCS ONpeAelieHHe BO3MOKHBIX HArpy30K Ha
TUOKOE TIEPEKPHITHE, MOJICPKUBAIOIIEE OTACISIONIYIOCS YacTh 3aKIaI0YHOTO MacCH-
Ba. B ombITe 3Ta 4aCTh MacCHBa MPEJCTABISAET COOON KPUBOIUHEHHYIO MTPHU3MY, Orpa-
HUYCHHYIO CBEPXY CBOJIOM €CTECTBEHHOTO PABHOBECHUSI, CHU3Y — JJHOM, C OOKOB — CTCH-
KaMl Mojenu. TakuM o0O0pa3oM, HJsl ONpENeNeHHsT Macchbl OTHENSIOIEHCs
KPUBOJIMHEWHOM MPU3MBI IPY U3BECTHBIX pa3Mepax MOAETH He0OXOJMMO 3HATh BBICO-
Ty CBOJIa W IUIOTHOCTh MaTepuaia. BricoTa cBoma 3amepsiyiach B X0 IKCIIEPUMEHTA,
a XapakTep MU3MEHEHHS IUIOTHOCTH OIPEIEIICH Ha OCHOBE M3MEPEHHMSI TUIOTHOCTH B3sI-
ThIX TIp00. KprBas 3aBHCHUMOCTH IJIOTHOCTH MaTepuaja OT €ro BIaXKHOCTH H300paxe-
Ha Ha puc. 4.

[pu onpeneseHUU Macchl OTACISIONICHCS OT MacCUBA YaCTH 3aKJIaJJOYHOTO MaTe-
puana, IpeCTaBlIeHHON B BUIEe TPU3MBI, IJIOMIA/b €€ IMOMEePEYHOT0 CCUCHHS CUUTA-
Jach Kak IJIOMNIAh MapaboIMYecKoro CerMeHTa ¢ MOCTOSIHHBIM OCHOBaHHEM, PABHBIM
UIMPUHE MOJICITH.
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BricoTa cermenTa PpaBHAJIACH BBICOTC CBOJAA €CCTCCTBCHHOI'O PAaBHOBECUS, 3aMECPCH-
HOT'O B OKCIICPUMEHTE. PC3YJII>TaTI)I pacy€ToB NMPEACTABICHBI OaJiec.

Onpeaeﬂe}me MaccChbl OTIleﬂMBmeﬁCﬂ OT MacCuBa 4aCTH 3aKJIAJ0YHOI'0 MaTepuaJjia
Determination of the weight of the part of the backfill material separated from thearray

BBICOTA CBOMA, CM evuvnrenrrnrnenrenrenennenns 14,2 10,2 6,0 4.8 4,0

OOBEM HPUBMBL, CM%...eeeeeeeeeeeeeeeeeeeeenn,s 32 660 23460 13 800 11 040 9200
TII0THOCTH MATEPUAIA, KI/M® evvverveeeennns 1330 1430 1580 1660 1820
\Y ETSTer: 11007163 V0 10 4 o 43,44 33,55 21,80 18,33 16,74

Pesynbrarel ucmbITaHWil 3aKJIaZOYHOTO MaTepHaja Ha TPUOOMETpE HpUBEICHBI
B Ta0HLe, a pe3y/IbTaThl SKCIEPUMEHTA 110 OIPEACICHUI0 Harpy3Ku Ha rHOKoe mepe-
KpbiTHE (TeoMeTpruecKuii MaciTab Momenu 1 : 10, a BecoBoii macmTab 1 : 10%), nepe-
BEJICHHBIC B HaTypHbBIC U BBIPAXXEHHbIE, KaK Harpy3ka P Ha IOTOHHBIA METp CJOsI IPH
IIUPUHE BHIPAOOTKU 3 M M Pa3IMIHON BIAKHOCTH MAacCHBa, IIPEICTABICHEI Aajee.

Pe3yabTaThl J1a00paTOPHOro dKCIIEPHMEHTA, NepeBe/leHHble B HATYPHbIe 3HAYeHUsl
Theresults of the laboratory experiment, converted to field values

W, %0 i 7,8 12,9 16,1 22,2 26,0
e 7,12 3,28 0,90 0,53 0,39

W3 npuBeeHHBIX TaHHBIX CIEAYET, YTO MAKCUMAJbHBIE HArPY3KH, UCTIBITHIBAEMbBIC
THOKHUM TEPEeKPBITHEM, TOCTUTAIOT BEJIMYMHBI, KOTOPYIO BIIOJHE MOTYT BBIIEPKAaTh
CTalbHbIe KaHaTHl AuaMeTpoM 11-12 MM ¢ TpeXKpaTHBIM 3a11acoM MPOYHOCTH.

Pe3yabTaThl HCNBITAHUIN 3aK/120YHOI0 MaTepuaia Ha TpudomeTpe
Thetest results of thefilling material on thetribometer

W=0,7% W=53% W=9,7%
ITokazaTenn Bec npurpysku, xr Bec npurpysku, kr Bec npurpysku, kr
6 8 10 6 8 10 6 8 10

7, xr/cm? | 0,0111 | 0,0141 | 0,0180 | 0,0118 | 0,0150 | 0,0187 | 0,0120 | 0,0160 | 0,0196
o, kr/cm? | 0,0160 | 0,0210 | 0,0260 | 0,0160 | 0,0210 | 0,0260 | 0,0160 | 0,0210 | 0,0260
¢, rpan 34,6 33,8 34,6 36,5 35,7 357 36,8 37,2 36,8

tgo 0,69 0,67 0,69 0,74 0,72 0,72 0,75 0,76 0,75
W=142% W=20,8% W=24,6%
ITokazaTenn Bec npurpysku, xr Bec npurpysku, xr Bec npurpysku, kr
6 8 10 6 8 10 6 8 10

T, kr/cm? | 0,0146 | 0,0192 | 0,0230 | 0,0166 | 0,0212 | 0,0264 | 0,0170 | 0,0228 | 0,0280
o, kr/cm? | 0,0160 | 0,0210 | 0,260 | 0,0160 | 0,0210 | 0,0260 | 0,0160 | 0,0210 | 0,0260
¢, rpan 42,3 42,3 41,7 45,5 453 45,3 46,6 47,2 47,2

tgp 0,91 0,91 0,89 1,02 1,01 101 1,06 1,08 1,08

BoiBoabl. /loka3aHa oCyIleCTBUMOCTD MPEAiaraeMoi TEXHOJIOTHH Ha TIPaKTHKE,
TaK KakK BEJIMYMHA HArpy3KH Ha CUCTEMY TOJBECKH THOKOTO MEPEKPHITHS HE SIBIISICT-
Csl TPEMSATCTBUEM [UIsl ee KOHCTpyupoBaHus. [Ipu 3TOM HEOOXOOUMO OTMETHUTD,
YTO OKCHEPUMCHT IPOBCACH IIPpHU HAHUXYAIIHUX YCIOBUAX, KOrAga Yroja naacHUs
3aJIeKHU MPUHUMAJICS paBHBIM 90°. B cilydae HaKJIOHHOTO TaJeHUS HArpPy3KH OyIyT
elle MeHbIIIE.
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HeoOxonuMbiM ycioBueM 3(QQEKTUBHOTO MPUMEHEHHS MpeiaraeéMoro crocoda
pa3paboTKH SBISIETCS HAIMYKME HAJIEKHOTO CII0CO0a OBICTPOTO HACHIIICHUS U ApEHAXKa
3aKJIaJJ0YHOTO MAacCHBa, CBSI3aHO 3TO C TEM, YTO CKOPOCTH MPOTEKAHMsS MPOIECCOB
B €CTECTBEHHBIX YCIIOBUSAX YPE3BBIYAHO MalTbl. Takxke HEOOXOIUM HAJIeKHBIN KOHTPOITh
BJIQKHOCTH MacCHBa.

Brenpenne npeniokeHHOW TEXHOJIOTHH OTPaOOTKH KPYTONAAIOIINX PYIHBIX Tell
MaJIOl MOIIHOCTH B yAapOOTACHBIX YCJOBHAX ITO3BOJIUT IOBBICUTH O€30MacCHOCTH
OYHCTHBIX PadOT M OTKa3aThCs OT UCIIOIB30BAHUS IOPOTOCTOSIIIETO U OCTPOJCHHIINT-
HOTO Marepuasa — [IeMeHTa.
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Substantiating the parameters of open pit mine-technical system
for Olympiadinsky goldfield exploitation

Niiaz G. Valiev!, Viacheslav Kh. Berkovich!, Vladimir D. Propp!
1 Ural State Mining University, Ekaterinburg, Russia.

Abstract
Formulation of the problem. A new variant of horizontal slicing system with hydraulic filling and
descending extraction of ore under flexible overlap.
Research aims to investigate the possibility to mine steeply pitching ore bodies of low thickness with
a horizontal slicing system with hydraulic filling and descending extraction of ore under flexible overlap.
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Methodology. Laboratory and analytical researches have been carried out on the influence of the moisture
content of backfill material on its stability, density, internal friction coefficient, and, finally, the size of load
from the part of the backfill array on the flexible overlap.

Results. It has been stated that the developed method of slicing under the flexible overlap is structurally
simple and usable at steeply pitching ore bodies of low thickness mining in rockbump hazardous conditions.

Summary. The proposed technology can be used to mine steeply pitching ore bodies of low thickness in

rockbump hazardous conditions. The use of the technology will make it possible to increase the safety of
stoping and stop using expensive and scarce material — cement.

Key words: horizontal slices; descending extraction, flexible overlap; hydraulic filling; physical modeling;
curvilinear prism; moisture content of a massif.
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WUccnepoBaHue ycnoBuUi NpUMEHeHUs CUCTeM pa3paboTku
MEeCTOPOXAEHUN C 3aKNaaKon B PasfIMYHbIX FOPHO-Feonornyecknx
ycnoBusx

CmupHos O. 10.!
" MHeTuTyT ropHoro aena YpO PAH, r. Exatepun6ypr, Poccus
*e-mail: stress.igd@mail.ru

Peghepam
Beeoenue. Pazsumue noozemHotl 006biuu pyo 8 nepcnekmusee C8sa3aHo ¢ Nepexo0oM 2OPHbIX pabom Ha
bonviuue 2nybunvl. B smux ycnosusx éecoma akmyanen Onpoc nosbleHus 3PHexmusnocmu 20pHoco
npouU3B00CMEA NYMeM CHUICEHUsL 00bEMO8 NPUMEHEHUS YeMEeHmMa NpU 3aK1A00YHbIX pabomax.
Iens uccneoosanusn. Ilpeocmasienvt pe3yiomamol HAYYHO-UCCIEO08AMENLCKOU pAOOMbL, GbINOIHEH-
HOUL € Yenblo UCCTe008AHUS YCI08UI NPUMEHEHUs. CUCeEM pa3pabomKu ¢ 3aKAAOKOU 6 PAIUYHBIX 2€0-
JLOSUYECKUX YCAOBUSX C YHEmOoM MOPPOI02UuL PYOHBIX meil, XapaKmepa nojist APUPOOHBIX HANPSINCEHUT U
JIUMON02UYECKOU HEOOHOPOOHOCIU MACCUBA.
Memoouka uccnedosanusn. [Iposedenue ucciedo8anull 0Cywecmeaisioch ¢ y4emom Ciedyrouux noio-
orceHutl. 3aKaadounblll MACCUE PACCMAMPUBAILCS, 80-NEPBLIX, KAK 2€0/102UHeCKas KOHCIMPYKYUs, Hecy-
was Hazpy3Ky noo GIUSHUEM CUL 20PHO20 OAGILEHUsl, 80-8MOPbLIX, KAK MEXHOL02UYECKAs KOHCMPYKYUs,
02padcoarwas O4UCmHoe NPOCMPAHCIMEO OM BO3MOICHLIX 0OPYWIEHUT NOPOO U MAMepuana 3aKiaoku
U CEA3AHHBIX C HUMU HAPYULEHUT MEXHOLO2UU OYUCIHBIX pabom u pazybodicudanus pyoHOU MAacchl,
a maxoice Kax cpeocmeo no2awenus 00paz08anHbiX 8 20PHOM MACCUBE NYCHOM.
Ananus peynemamos. Ha ocrose nonyyennuix pe3yibmanmos pazpabomamsl peKoMeHOayuu no yciosu-
SAM NPUMEHEHUsT CUCmeM paspabomKu ¢ 3aKAA0KOU 6 PATUYHBIX 20PHO-2€0Nl02UYECKUX YC08UsX. B yc-
JIOBUAX NONI02020 U HAKIOHHO20 NAOEHUs PYOHbIX Mell MOWHOCMbI0 00 10 M 3aK1a00UHbIN MACCUE Gbl-
NnoaHACm NpeuMyuwecmeenio QYHKYUIo 2eoOMexanuieckol. KOHCMpPYKYuU, 60CAPUHUMAIOWel HACPY3KY
om eeca nopod HoOPABOMAHHO20 MACCUBA, YMO 3HAYUMENbHO CHUICAeM 8EIUYUHY U CKOPOCHb 0Ccedd-
HUsL NoOpabomanHo2o maccugda. B smux yciosusx mpeboganus K npOYHOCMU 3aKIA00YHO20 MACCUBA
MUHUMATIbHBL, YMO pacuupsien 061acms NPUMEeHeHUs: MAIONPOYHOU 3axiaoku. IIpumenenue meepoero-
wetl 3aKkaAa0KU PeKOMeHOYemcsi MOAbKO 8 YCI08USX Kame2opuu «yoapoonachoy. IIpu kpymom nadenuu
DYOHBIX mell MALol U CpeoHeli MOWHOCMU, a MAaKice 2IblO08bIX U NIACMO0OPA3HBIX PYOHBIX mel 11000~
20 nadenusi u OOALWOU MOWHOCIU 0OAACMb NPUMEHEHUs. MAIONPOYHOU 3aKIAOKU OZPAHUYUBACMCS]
nPeuMyujecmeeHo Cucmemamu pazpabomru ¢ 60CX00UWUM NOPAOKOM OMPAOOMKU PYOHbBIX MEL.
Bu1600bt. C yuemom 601bui020 MHO2000pA3US 2€0I02UYECKUX YCILOBUL PYOHBIX MECIOPONCOCHUL U 803-
MOdICHOCMEN 8b100PA PAZTUYHBIX MEXHOL02ULECKUX APUAHMOE CUCMEM UX OMPAOOMKU Clle0yem pyKo-
600CcMB0BAMbCSL CLEOYIOWUM. B ycrnosusx kamezopuu «HeyoapoonacHoy u Kpymozo nadenust pyoHsix
3anesicell credyem omoasams npeonoumeHue CUCMeMam paspabomru ¢ oopywenuem, a 8 yciosusx Ka-
me2opuu «yOapooOndacHo» U NPUMEHEHUsl KAMEPHO-CMOoa0060l cucmembl pazpabomku s NOGbIUEHUS
YCMOUYU80CMU MEXHOI02UYECKUX YENUKO8 U O0NI208PEMEHHO20 NO00epHCaHus noOpaboOmanHo2o Mac-
CUBA 8 JICECMKOM PedCUMe HASPYICEHUs OMpabomanHoe npoCmMpancmeo pekomMeHOyemcs 3anoaHAms
2UOpaABIUYECKOUl 3aKAAOKOLL.

Knrwoueswie cnosa: cucmema paspabomru,; mopgonozus pyOHwix mei, nojie Hanpsijicenull; 20pHoe 0as-
JleHUe; 3aKAA00UHbIN MACCUB, MATIONPOYHAS 3AKAAOKA, 20PHbLL yoap.

BBenenne. PazBuTie moazeMHoi 100OBMH pya B IEPCIIEKTHBE Kak B Poccuu, Tak u
3a pyOeXKoM CBS3aHO C TIEPEXO/IOM TOPHBIX paboT Ha Oomnbinme TiryouHsl [1]. Haubonee
3 QEeKTUBHBIM HaNpaBiIeHUEM OTPAOOTKH PYAHBIX MECTOPOXKICHHUN SBISIETCS MPUMe-
HEHHE CHCTEeM Pa3pabOTKH C 3aKIIaJKOH OTpabOTaHHOTO MPOCTPAHCTBA TBEPACIOIINMHU
[2-5], moponHBIMU, TUAPABINYECKUMU W KOMOMHUPOBAHHBIMU MarepuaiaMi. DTHM
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Jocturaercs HeoOxoanmasi 6€30MacHOCTh U SKOHOMHYHOCTh TOPHBIX padoT 3a cueT
BBICOKHUX TOKa3aTeleit n3BIeueHus pyasl u3 Heap [4-9].

B ckianpIBarommxcsi yCIOBUSX BEChbMa aKTyalleH BOIIPOC MOBBIIMICHUS dPPEKTHB-
HOCTHU I'OPHOTO IIPOU3BOZCTBA IIyTE€M CHIDKCHHS 00BEMOB NIPUMEHEHHUS LIEMEHTA MPH
3aKmaoyHbIX padorax [10—11], a Takke M0 BO3MOXKHOCTH OoJiee ITUPOKOTO MPUMEHE-
HUSI CHCTEM pa3paOOTKH C MOJHBIM WM YAaCTHMYHBIM IPOU3BOJIBHBIM WM MPUHYIHU-
TEJIbHBIM O0pYIICHHEM HAJICTaIOLIUX TTOPO/.

enn padoThI — HcCiIeA0BATh MPUMEHEHHE CUCTEM Pa3pabOTKHU C 3aKJIaJKOM B pa3-
JIMYHBIX T€OJIOTNYECKUX YCIOBUAX C yUETOM MOP(OIOrHM pyAHBIX Tell (YroJl MajeHus,
MOIIHOCTb), XapakTepa MOl IPUPOIHBIX HANPSDKCHUH (JIMTOCTaTUYECKHUM, TEKTOHHU-
YECKHH) M JIUTOIOTMYECKOH HEOJHOPOTHOCTH MaccuBa HA KOHTAKTE pyoHOe meno—
emewaioujue nopoobwi.

MeTtonuka npoBeaeHMsi McciaeqoBaHuii. [IpoBenenue nccnenoBaHuil ocyiect-
BJSIOCH C YUETOM CIIEAYIOUINX OCHOBHBIX KOHIIETITYaJIbHBIX TTOJIOKEHHH.

1. 3aknafo4YHbI MacCUB paccMaTpPUBAJICS, BO-NIEPBBIX, KaK I'€0JOrMYecKas KOH-
CTPYKUMS, HECYI[asi Harpy3Ky I0J] BIMSHUEM CWJI TOPHOTO JNaBJICHMS, U, BO-BTOPHIX,
KaK TEXHOJIOTHYeCKast KOHCTPYKLUS, OrpaKIaroliasi O4uCTHOE MPOCTPAHCTBO OT BO3-
MOKHBIX OOpYIICHHU MOPOA U MaTepHuasa 3aKJIaJAKH U CBSI3aHHBIX ¢ HUIMU HapyIICHUH
TEXHOJIOTUW OYMCTHBIX Pa0OT U pa3syO0KMBaHUS PYAHOM MacChl, a TAKXKE KaK CPEJICTBO
ToTamIeHus: 00pa3oBaHHBIX B TOPHOM MacCHBe MyCTOT. B 3aBucuMocTH oT Mopdoio-
THM PYAHBIX TeJI, XapakTepa IOojsl HanpsDKEHUH M JIMTOJIOIMYEeCKOH HEOIHOPOIHOCTH
MaccuBa TOPHBIX MMOPOJ YKa3aHHbIE (QYHKLIHUH 3aKJIaJ0YHOTO MaccuBa MOTYT BBINOJI-
HSTBCS COBMECTHO, HE3aBHCUMO APYT OT Apyra Wid ¢ npeoliialaHueM OTHON U3 HUX.
COOTBETCTBEHHO M3MEHSIOTCSI TPEOOBaHUS K BUAY, COCTaBY U (PHU3UKO-MEXaHHYECKUM
rapaMeTpam 3aKJIaZJlO9HOTO MAaCCHBA.

2. l'opHbIe pabOTHI OCYIIECTBIIOTCS Ha Oe30TacHOM mTyOnHe 1o hakTopy Imporec-
ca CIBM)KEHHS ITOApaboTaHHOTO MaccHBa (BpeAHOE BIMSIHUE MPoLecca CABMKEHUS He
JOCTUTACT 3eMHOU TMOBEPXHOCTH), WIH MO IKOJOTHYECKUM YCIOBHSM JOITyCKAaeTCs
MOJTHAs TOIPa0O0TKa 3eMHON TIOBEPXHOCTH.

3. JIunelinble pa3Mepsl 0TpabOTaHHOTO MPOCTPAHCTBA 110 IPOCTHPAHUIO H 10 IajIe-
HUIO PYIHBIX 3aJie)kKel MPEBBIIAIOT TIIyOUHY pa3paboTKH, T. €. TPOIECCHl CABMKEHUS
noApabOTaHHOTO MAacCUBa U MPOSIBICHUNA TOPHOTO AABJIEHUS JOCTUralT MaKCUMallb-
HOT'O Pa3BUTHAL.

4. Obnacth MpUMEHEHHUS pa3pabOTaHHBIX PEKOMEHAAIINA OTpaHNYUBAETCSl BEPTHU-
KanpHOM TiryOuHo# 1200 M.

IHony4yeHnHble pe3yJbTaThl M UX aHAJM3. Ha 0CHOBE MONTyUeHHBIX pe3yNIbTaToB pas-
padoTaHbl PEKOMEHAALUY II0 YCJIOBHSIM IIPUMEHEHHS CUCTEM Pa3pabOTKHU C 3aKJIaIKOi
B Pa3IMYHBIX TOPHO-TEOJIOTHYECKUX yCIOBUsAX. B Tabn. 1-3 mpuBeneHsl pekoMeHna-
UM TIPY MaJIod MOIHOCTH PYAHBIX Tesl — 70 3 M (Tabin. 1), npu cpeqHell MOLTHOCTH
pyznHBIX Ten — oT 3 10 10 M (Tabn. 2) U mpu MOLTHOCTH IIBIOOBBIX PYAHBIX TEJ CBHIIIE
10 M (Tabm. 3) npu aUuTOCTaTHYECKOM (CTONOIHI 3, 4) U TEKTOHUYECKOM (CTOOIBI 5—8)
XapakTepe 101 MPUPOHBIX HANPSHKEHUH U MaKCUMAIbHOM HAPSKEHUHU G,, IEHCTBY-
IOIIeM B MaccuBe TOpHBIX Topon [ 12]. Kareropus «ymapoonacHo» U «HEYAapOOIacHO
OTIPEEISIETCS TI0 TUTOJIOTHIECKOM HEOMHOPOAHOCTH MaccuBa coracHo [13] mo coot-
HOILIECHHUIO IPOYHOCTH PY/IHOTO Tela O, K MPOYHOCTH BMELIAOIIMX HOpox o. , MITa.

Kak BumHO m3 Tabmui, B ycioBusx monororo (0°—15°) u HakimonHoro (15°—45°)
najeHus PyIHBIX TeJ MOIIHOCTBIO 1 10 10 M 3aKiIaJ04HBIA MAacCHB BBIIIONHSET Ipe-
MMYILECTBEHHO (YHKIIMIO T€OMEXaHNYECKOM KOHCTPYKINH, BOCHIPHHUMAIOIICH Harpys3-
Ky OT Beca OpoJ opadoTaHHOTO MacchBa. HecMoTps Ha TO YTO 1MoJ] BIUSHUEM KOM-
MPECCHOHHOH yCalK1 3aKJIaJOYHOTO MaCCUBA M3TMOAIOIIUECS TOPOIBI KPOBIH CO3IAI0OT
BBICOKYIO OTIOPHYIO Harpy3Ky Ha KpaeByIO 4acTb PYIHOW 3aJIeXKH, HaJHUne 3aKIIa104-
HOT'O MacCHBa 3HAYUTEIBHO CHWXAET BEIMYMHY M CKOPOCTh OCEJaHusl MOAPadOTaHHOIO
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MacCuBa, CO37aBas TaKMM OOpa3oM B IIEJIOM JKECTKHU peXuM HarpyxkeHus [14].
B a1ux ycnoBusax TpeOOBaHWS K MPOYHOCTH 3aKIAJOYHOTO MAacCHBAa MUHHMAaIBHBI
(BBICOTA BEPTUKAIBLHOTO OOHAKEHHS 3aKJIaJOYHOTO MaccuBa He npeBbIaet 10—12 M),
YTO pacHupseT o0IacTh MPUMEHEHUS MAJIOTIPOYHOH 3aKIaIKH (TBEpACIOIEH, THIpaB-
JMYECKOH, MOpoxHOH, KOMOMHUpOBaHHOM). [IpuMeHeHne TBepaeroLIeH 3aKkIaaku pe-
KOMEHAYETCsI TOJIBKO B YCIIOBHUAX KaT€TOPHUU «YAapOOIIacHO».

[Tpu xpyTom magennn (45°-90°) pynHbIx Ten Manoi u cpeaneit (o 10 M) mormrHO-
CTH, a TaKXe TIBIOOBBIX U TIACTOOOPA3HBIX PYAHBIX TEN JIFO00TO MaIeHus 1 OOIBIIOi
momHocTH (10-50 M 1 Gosee) oOMacTh MPUMEHEHHUS MaJOMPOYHON 3aKIIAKU 3HAYH-
TENBHO CYXKaeTCs M OrPAHWYMBACTCS IPEUMYIISCCTBEHHO CHCTEMaMH pPa3pabdOTKU
(B TOM YuCIIe CIIOEBBIMU) C BOCXOJSIIMM MOPSAKOM OTPa0OTKU PYAHBIX Tel. B aTHx
YCIIOBUSIX TPeOOBaHUS K IPOUYHOCTH TBEPACIONIEH 3aKJIaIKU MPAKTHUECKH COXPAHSIOT-
s, 0COOEHHO TTPH OOJBIIOH BRICOTE BEPTUKAIBHBIX 0OHAKEHUH 3aKIIaJOTHOTO MaCCH-
Ba U MPH CJIOEBBIX CUCTEMAaX C HUCXOMASIIUM TTOPSIKOM OTPaOOTKH.

Ta6una 3. PekoMeHaanuM N0 ycJA0BHAM NPHMEHEHHUS CHCTEM Pa3padoTKH ¢ 3aKJIaAKO0M
B PA3/IMYHBIX TOPHO-T€OJOIrHYCCKHUX YCIOBUAX ITPH OTpaGOTKe MOIIHBIX (I‘JILIGOBLIX) PYAHBIX TeEJ
Table 3. Recommendations on the conditions of applying the filling method of field development
in various mining and geological conditions when mining the ore bodies of high thickness (blocky)

XapakTep 101l IPUPOJHBIX HANPsHKEHUMH

Bun TexToHnueckuit
3aKIa/Ky, Cucrema JlutocTaTHyeCKHit G2 IEACTBYET BKPECT G, JIEACTBYET 10 TPOCTH-
yron paspaGoTKy HPOCTHPAHHUS PyHBIX TEJ PaHHUIO PYIHBIX TEN
MaCHNA Kareropust | Kareropus | Kateropusi | Kateropus | Kateropus | Kareropus
«ylapo- | «Heymapo- | «ymapo- «HEYIapo- «ymapo- «HEeyapo-
OITaCHO» OImacHO» OImacHO» OImacHO» OImacHO» OImacHO»
I'ne160- CruromnrHas ¢ TBepaetomas 3axnanka oex = 1,0-5,0 MIla
BbIE Y- |3aKIaJIKON
HBIE Tella
0°-90° Kawmepnas ¢ Teepaeroras 3aknanka oex = 1,0-5,0 MIIa
3aKJIaKOM

Kamepsr 2-it u 3-it ouepeneit MOTYT He 3aKIIaIbIBATHCS TIPH OTPAOOTKE
PYA, HE CKIIOHHBIX K CAMOBO3TOPAHHIO

I'opuzonransHsle | TBepaeromas 3aknanka npoyaoctsio 3,0-6,0 MIla
CJIOHU C 3aKJIaj-
KOH B HUCXOISI-
IIeM TIOpSI/IKe

[opusonTasnbHble | ['MapaBaryeckas 3aknajka Jro00oro cocrasa, cyxas Mopoja ¢ yKperuie-
CJIOM C 3aKJIaJI- | HUEM BEPXHETO HECYIIEro CJIOsi OETOHOM

KOH B BOCXO/IsI-
LIEM TTOpsIIKE

BoiBoabl. C ydeToM 0ONBLIIOr0 MHOTOOOPa3Hs T€ONOTHYECKUX YCIOBUH PYIHBIX
MECTOPOXKICHUH M BO3MOXKHOCTEH BBIOOpa Pa3sMUUHBIX TEXHOJIOTUUYECKUX BapUAHTOB
CHCTEM UX OTPa0OTKH KPOME PEKOMEH AN, U3I0KEHHBIX B Ta0I. 1-3, cinenyeT pyko-
BOJICTBOBATHCS CIICAYIOIINM:

— B YCIJIOBHSIX KaTETOPUH «HEYIAPOOIIACHO» M KPYTOTO MAJCHUS PYIHBIX 3aJIeKer
CIIeIlyeT OT/aBaTh MPENNOYTEHUE CHCTEMaM Pa3padOTKH C 00pyIIeHHEM;

— B YCJIOBHUSIX KaTerOPHU «yIapoOINacHO» W MPUMEHEHHS KaMEepPHO-CTOIO0BOM CH-
CTEeMBI Pa3pabOTKH LIS OBBIIIEHUST YCTOMYMBOCTH TEXHOIOTHYECKUX LEITUKOB H 101~
TOBPEMEHHOTO TTOJIIePKaHus MoAPabOoTaHHOTO MacCcHBa B )KECTKOM PEKUME HarpyKe-
HUA OTpabOTAaHHOE NPOCTPAHCTBO PEKOMEHIYeTCS 3allOiHATh THIPABINYCCKON
3aKJ1aJIKOM;

— IpH OTPAbOTKE PYAHBIX 3ajeXkeil OONBIION MOIIHOCTH KaMEPHBIMH CHCTEMaMHU
00J1acTh MPUMEHEHUSI MAIOPOYHON 3aKJIAAKH MOXKET OBITh 3HAUYUTEIBHO pacIiupeHa
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3a CUCT NPUMCEHCHHA IMOADTAXKHO-KaMEPHBIX BAPUAHTOB OTpaGOTKI/I TNIEPBUYHBIX U BTO-
PUYHBIX KaMep ¢ YMEHBIIICHHOHN BBICOTOM ATaxa (10 10 M) ¥ BOCXOISAIITAM TTOPSIIKOM
OTpabOTKH MOIITAKEN.

[TpumeneHne cuctem pa3pabOTKH € 3aKIIKON B MAKCUMATLHOM CTENIEHU CIIOCOOCTBY-
€T CHIDKCHUIO WITH TIOJTHOM JIMKBUIALIMY OIACHOCTH MPOSIBJICHUH TOPHBIX YIAPOB, SBISISICH
OCHOBOM TEXHOJIOTUH OTPAaOOTKHA MECTOPOXKICHHUH, CKIIOHHBIX K TOPHBIM yIIapaMm.
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Investigating the conditions of applying the filling method of field development
in various mining and geological conditions

Oleg Iu. Smirnov!
! Institute of Mining UB RAS, Ekaterinburg, Russia.

Abstract

Introduction. In the future the development of underground ore mining is connected to mining transition
to greater depths. In this regard the problem of improving the effectiveness of mining by means of reducing
the use of cement at backfilling is rather relevant.

Research aim. The results of the scientific research are presented carried out with the purpose of
investigating the conditions of applying the filling method of field development in various geological
conditions with the account of ore bodies morphology, natural stresses field character, and lithologic
inhomogeneity of the massif.

Research methodology. Research has been done with the account of the following provisions. The filling
mass has been considered, firstly, as a geological structure bearing load under the influence of rock
pressure, secondly, as a process structure saving the stope from possible rock caving and filling material
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caving and the related stoping procedural violations and ore mass impoverishment, as well as a means of
eliminating voids in the rock massive.

Results analysis. Based on the acquired results the recommendations have been worked out concerning
the conditions of applying the filling method of field development in various mining and geological
conditions. In the conditions of flat and steeply pitching ore bodies with the thickness up to 10 m, the filling
mass mainly functions as a geomechanical structure receiving load from the weight of rocks of the
underworked massif, which significantly reduces the size and the speed of the underground massif
subsidence. In these conditions the requirements to the strength of the filling mass are minimal; this widens
the scope of weak filling. The use of the consolidating filling is recommended only in the conditions of
“rockbump hazard” category. With steeply pitching ore bodies of low and medium thickness, as well as
block and tabular ore bodies of any pitching type and high thickness, the scope of weak filling is limited
mainly by the development systems with ascending mining of ore bodies.

Summary. Taking into account the great variety of geological conditions of ore deposits and the great
choice of various technological variants of development systems it is necessary to be guided by the
following. In the conditions of “rockbump safe” category and steep pitching of ore deposits it is necessary
to give preference to the development systems with caving; and in the conditions of “rockbump hazard”
category and the room and pillar mining, in order to increase the stability of temporary pillars and long-
term maintenance of the undermined massif in the hard mode of loading, the mined-out space is
recommended to be filled with the hydraulic filling.

Key words: development system; ore bodies morphology; field of stresses; rock pressure; filling mass;
weatk filling; rockbump.
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Control over the geotechnical processes at the goldfields
of Eastern Siberia
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Abstract
Introduction. There are more than thousand lode mineral deposits of gold, rare metals, polymetals, and
uranium in Eastern Siberia. Only 10% of them are in operation. Geotechnical conditions of the fields
are poorly studied, therefore geotechnological parameters are not explored at a sensibly reliable level.
The authors have conducted multi-year research of geotechnical processes at goldfields of Eastern
Siberia.
Methodology. During geotechnical processes investigation at goldfields the authors have created the
methods and techniques calculating the parameters of stable pillars and chamber exposures, selecting
rock pressure control procedures based on the complex analysis of mining and geological factors:
physical and mechanical properties of rock and ore, tectonic faulting, cryologic state of rock in a massif,
high natural gravitational and tectonic stresses of rock mass, technogenic stresses in structural elements
of underground geotechnologies.
Results. For practical use of research results, methodological and normative documents have been
developed for a range of mines, including Darasun, Kholbinsky, Irokindinsky, Novo-Shirokinsky,
Maiskoe, Konevinsky, Mnogovershinnoye, Birkachan, Kedrovskoe, etc. The documents have undergone
expert exanimation of industrial safety and have been approved by RF Rostekhnadzor for practical use
at gold mines.

Key words: gold lodes; geotechnics; rock pressure control; pillars; chamber roof and walls exposures;
physical and mechanical properties of rocks; natural and technogenic stresses.

Introduction. In Eastern Siberia there are more than thousand lode mineral deposits
of gold, rare metals, polymetals, and uranium. Only 10% of them are currently in
operation. 50% of deposits are at the design and construction stage and are planned to
be developed in the nearest decades. Deposits are developed with labor intense and
high-cost mining systems making metal losses up to 20% and more as well as increased
impoverishment up to 30% and more. Harmful manifestations of geotechnical processes
of displacement and rock pressure in static and dynamic forms are observed. Mine
operation is complicated by the presence of significant permafrost up to 200 m and
more. Geotechnical conditions of deposits are generally not explored or poorly explored.
For that reason geotechnological parameters are not substantiated at a sensibly reliable
level [1-9].

Since 2000 the authors have been carrying out multi-year research of geotechnical
processes at lode gold deposits situated in Eastern Siberia. During this time certain
methods and techniques of stable pillars and chamber exposure determination
parameters have been developed as well as rock pressure control procedures with the
account of physical and mechanical properties of rock and ore, tectonic faulting,
cryologic state of rock in a massif, high natural gravitational and tectonic rock stresses
and technogenic stresses in structural elements of development systems.
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Basic results. Research results for the conditions of lore gold deposits are as
follows [10-11].

The classification of rock mass conditions has been worked out according to its
stability level in various cryogenic conditions [11]. The classification makes it possible
to determine the category of rock mass stability based on the revealed basic mining and
geological factors influencing the stability of structural elements of development
systems during the extraction of lodes of low and medium thickness in the condition of
cryolithic zone [5, 11, 12]. It has been stated that the following geological and
engineering-geological conditions directly influence the stability of the roof and walls
of stopes during reserves depletion: the inclination angle of a lode and the shape
of stoping face roof relief; the presence of the foliation zones and their characteristic; the
intensity of relatively large-scale block tectonics; orientation of fissures towards
the mine goaf and the degree of their opening, temperature mode and water (ice) phase
in the marginal massif.

Qualitative and quantitative characteristics of rock mass source stresses field have
been substantiated. Discrete character of rock pressure distribution in local rock has
been determined, which creates essentially different geotechnical conditions of reserves
extraction. The sections of both medium and high pressure have been discovered in the
rock massifs of the deposits.

For the conditions of the medium pressure sections, natural stresses have been
determined by in-situ measurements of stresses at 16 lode gold deposits. The algorithms
have been developed to calculate stresses in medium pressure zones: in thawed rocks,
vertical stresses 6, are —yH; horizontal longitudinal, along the strike, 6, = —0,95yH;
horizontal crosscut, across the strike, 6, =—1,6yH, where y —rock and ore density, MN/m?;
H — the depth of mining, m. In cryolithic zone (permafrost) stresses are 6, = 6, = o, = —yH.

In high pressure zones the values of natural stresses are determined based on
inversed geotechnical problems solution according to the data from actual rock pressure
manifestations at deep horizons of mines in operation. Stresses are calculated as
follows: 6, = —yH; 6, = 0o, =-2,5 YH.

According to research results, the matrix of rock massifs natural stresses at lode
gold deposits [4] has been built. The matrix of natural stresses is the basis for the
substantiation of rock pressure control methods, geotechnological parameters
determination, and mine workings and pillars bump hazard assessment.

For the conditions of low- and medium-thickness ore bodies mining using the
systems with open faces, the technique of stable pillars and chamber exposure
determination by L. I. Sosnovsky has been improved [2, 11, 13].

The main provisions of the technique are as follows.

The condition of operation blocks stability is approximated by the following
expressions:

o = [(Kypcv + prcsh) — Gh:| Kw 64 £0mKes
G, = (Kywcsv + vach) K < Ojims
| H 10, K KoK _ (Ich - Iup) h N
[Glim — Oy (1 - Ky ):'A 4 '

where 6, — stresses in the floor (arch) pillar, MPa; K , K — concentration ratios of
technogenic stresses caused by vertical and horizontal single loads in floor (arch) pillar;
K, K, ~ concentration ratio of technogenic stresses caused by vertical and horizontal

single loads in chamber walls; 6, o, — stresses in undisturbed massif (source), acting
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vertically and horizontally correspondingly, MPa; K, — the coefficient of transition
from two-dimensional to three-dimensional geotechnical problem; o, ~— rock
compressive (tensile) strength in a massif, MPa; K . — coefficient taking into account the
geometry of a pillar (Cern coefficient); o, — stresses in a wall (edges) of a chamber, MPa;
K, . K, — concentration ratios of stresses from the action of vertical and horizontal
single loads in the wall (edges) of a chamber; | , — chamber length, m; H,— average
length of a floor, m; K| — the coefficient taking into account the influence of vertical
stresses; K, — the coefficient characterizing the influence of irregularity in the distribution
of vertical stresses under various number of abandoned levels; | - the width of upraise, m;
h — the height of an intervenning pillar, m; 4 — the total height of an arch pillar with the
account of cut-through, m.
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Fig. 1. Stress concentration ratios K u K in stope roof — a and in floor pillar during inclined lodes

mining with the working thickness of 1-3 m — b:
1, 2, 3 — working thicknesses of an ore body, m; / — the height of the floor pillar, m
Puc. 1. Kos¢uumenTsl KoHLEHTpauny HanpsokeHnii K, 1 K B KpOBIIe OYHCTHON KaMEPbl — d H B MEK-
JTySTa’KHOM LIEJIUKE MPH OTPAOOTKE HAKJIOHHBIX JKMJI BBIEMOYHOU MOIIHOCTBIO 1-3 M — b:
1, 2, 3 — BBIEMOYHbIE MOLIHOCTH PYAHOI'O Tela, M; /I — TOJILIMHA MEXyITaXHOTO LEJINKA, M

Stresses concentration ratios are proposed to be determined based on the nomograms
developed with finite element method (fig. 1, 2). Concentration ratios of technogenic
stresses in the walls and roof of chambers and floor pillars are established depending on
the angel of incidence of ore lode and its working thickness [11, 13, 14].

Stresses in undisturbed massif are set up according to the natural stress matrix of
lode gold deposits depending on the depth of mining [4]. The coefficient of transition
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from the two-dimensional to the three-dimensional geotechnical problem is advisable
to determine according to the methods of A. V. Zubkov [3].

Compressive strength and tensile strength of rock in a massif is determined from the
following expressions

oK. 1
Ky *053(1/1, +1.75)

Giim =

+0.315+ A, (1)

where ¢° — compressive strength or tensile strength of rock in a sample, MPa;
K, —the coefficient of structural weakening; K, —the coefficient of long-term strength,

3 5 7 9 11 13 15 17 19 h,m 3 5 7 9 11 13 15 17 19 hm
-0,2 T T T T T T T T

-0,030

-0,035

-0,040

-0,045

-0,0s0 L
KX
b
K
25 10
8
6
4
N -
2_\
~——
.\ c—_'
0 1 1 1 1 1 1 1 1 O 1 1 1 1
3 5 7 9 11 13 15 17 19 m 3 5 7 11 13 15 17 19 hm

Fig. 2. Stress concentration ratios K, u K in the stope wall — a and in the floor pillar during inclined
lodes mining ; with the working thickness of 1-3 m — b:
1, 2, 3 —working thicknesses of an ore body, m; i — the height of the floor plllar m
Puc. 2. Kosnp(bnunemm KOHLCHTPAINH HanpsokeHnit K n K B CTEHKE OYHMCTHOI KaMepel — a U B
MEK/TyITaXKHOM LIETIMKE ITPU OTPabOTKe prTonaz[a}ome KW BBIEMOYHON MOIIHOCTBIO 1-3 M — b:
1, 2,3 — BbIEMOYHBIE MOIIHOCTH PYIHOTO T€Nla, M; /i — TOJNIINHA MEXIYITKHOTO LETHKaA, M

based on the life of mine workings and pillars; | — the linear size of the massif section
which is assessed for strength, m; /,, — the linear size of a structural block, m;
A — the correction which takes into account the influence of subzero temperatures.
Correction A elaborates the algorithm of VNIMI; the suggested value of the
correction is 0.4 for the conditions of permafrost, 0.2 for the zones of permafrost
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transition into thawed rock, and 0 for the thawed rock [5, 11, 12, 15]. The use of
correction A leads to the fact that the design factor of structural weakening increases
and makes up approximately 1 in the conditions of permafrost, i. e. jointing does not
exert significant influence in permafrost. In the process of temperature rise the cohesion
of the permafrost rocks reduces, and the well-known methods of VNIMI can be used
for the thawed rock.

The coefficient of long-term strength can be applied according to the methods of the
Institute of Rock Physics and Mechanics [2, 16] in compliance with the design spell of
service of the pillars ¢, required to mine the blocks and eliminate the voids, equal to
1.4-1.5. The Cern coefficient for the floor pillar is determined from the well-known
formula [2]:

where /1, — the height of the pillar, m; m — working thickness of the lode, m.
When assessing the stability of walls of the stope, the coefficient of form of formula
(1) is not taken into account.

Table 1. The parametersof pillarsfor the steeply pitching lodes of low and middle thickness mining
with the systemswith ore shrinkage
Ta6auna 1. ITapaMeTps! LeJMKOB NPH 0TPA0OTKe KPYTONAJAIOLINX PYAHBIX TeJl MaJIoi U cpeaHei
MOIIHOCTH CHCTEMAaMH € MeJIKOLIIYPOBOii 0TOOHKOM pyabl

The One level mining Two levels mining
Thedepth | thick- ; T ; .
of mining, | nessof Arch Intervenning | Activities ensur- Arch Intervenning | Activities ensur-
m an ore illar. m pillar (inteme- | ing the stability ilar. m pillar (inteme- | ing the stability
body,m | © diate), m of ablock | P diate), m of ablock
Upto 200 1 2 7 _ 3 7 _
2 2 7 - 3 8 -
3 3 8 - 4 8 -
200-400 1 3 8 Extraction by 4 8 Extraction by
2 3 8 the ribbons 4 8 the ribbons
10-20 m 10-20m
3 4 8 length. Cham- 4 8 length. Cham-
ber walls sup- ber walls sup-
400-600 1 4 8 porting with 4 8 porting with
2 4 8 wood 4 8 wood
3 4 8 4 8

Based on the given methods the parameters of stable pillars are substantiated for the
steeply pitching lodes of low and middle thickness under open-stope mining and ore
shrinkage (table 1), as well as the parameters of stable pillars under the systems of
inclined ore bodies development (table 2) [11, 13].

It has been stated that at the mining depth up to 200 m the dimensions of stable
pillars and chamber exposures can be determined by the proposed methods. The volume
of ore in pillars in the case will be about 20% of the reserves of the block. At the depths
of 200-600 m the dimensions of stable pillars will significantly increase to lead to
unreasonably serious ore loss up to 40% and more. For that reason at the depths of
200600 m additional activities ensuring the reduction of stresses in structural elements
of development systems are necessary; it is also necessary to keep smaller pillars.

The following activities ensuring the stability of stopes have been proposed.
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When mining steeply-pitching narrow lodes, to ensure the stability of arch pillars
and the edges of chambers, it is proposed to mine the reserves in the operation block by
the ribbons of 10-20 m width but not by breast. Under these activities, design stresses
in arch pillar and chamber wall are smaller than the allowable ones even at great depths,
because the major share of stresses is born by the adjoining massif but not by the edges
of a pillar.

In the process of simulating stopes walls stress-strain state when mining steeply-
pitching ore bodies, with the help of the finite element method, the size of the zone of
disintegrating layer has been determined, which changes from 3 to 5 m depending on
the thickness of an ore body and the depth of mining. It is proposed to support this zone
with anchor and anchor-cable support at sublevels to ensure the stability of the direct
roof of the overlying rock.

Table 2. The parameters of pillarsunder the development systems of steeply pitching lodes of low
and middle thickness with an open stope
Ta6auuna 2. [TapaMeTpbl LEJUKOB MPH CHCTEMAX Pa3pad0oTKU HAKJIOHHBIX PYAHBIX TeJ MaJIoil 1
cpe;meifl MOIIHOCTH € OTKPBLITBIM OYUCTHBIM IIPOCTPAHCTBOM

) One level mining Two levels mining
The thick-
Thedepth | o~ f an inter | Activities Inter. | Activities
of mining, | ' body, | Stump | Arch .| ensuringthe | Stump Arch . ensuring the
m | . venning S . . venning "
m pillar, m | pillar, m illar. m stability of a | pillar, m | pillar, m illar. m stability of a
e, block par, block
Up to 200 1 2 2 6 2 2 6
2 2 2 6 2 2 6
3 3 3 6 3 3 6 Roof sup-
Roof sup- port with the
200-400 1 2 2 6 port with 3 3 6 pit props.
; Voids elim-
2 2 2 6 the pit 3 3 6 e
props or ination by
3 3 3 6 anchors 3 4 6 the con-
trolled rocks
400-600 1 3 3 6 3 3 6 self-collapse
2 3 3 6 3 4 6
3 4 4 6 4 4 6

At great depths (400-600 m and deeper) a need arises to take some measures
preventing the manifestation of rock pressure in dynamic forms [6]. For the conditions
of lode deposits it is proposed to take the complex of special measures: getting the mine
workings into the bump hazard state, field development of ore bodies, giving hipped
roof shape to the pillars, creating the elements of pliability in pillars [2, 10, 11, 17].

Simulation of the development of inclined lodes of low and medium thickness
determined the size of the zone of possible caving in heading and hanging sides of
chambers, which is equal to 1-2 m in order to ensure the stability of operation blocks it
is proposed to support the roof with the pit props or anchors.

Upon extraction of inclined lodes reserves at one or two levels, subsurface voids are
recommended to be eliminated by controlled rocks self-collapse. It has been stated that
the most favourable conditions for controlled self-collapse of roof at lodes are roof
surface troughs where it’s possible to control the self-collapse process [5, 11, 12, 15].
Caved sections of rock support the roof and prevent caving at vast areas and allow
avoiding the hazard of technogenic manifestations, such as impulse air wave and
overpressure.

Conclusion. Basic recommendations of the research have been applied by design
agencies in mining projects development: OAO Irgiredmet at Darasun mine and
Karalveem mine, Buryatzoloto at Kholbinsky and Irokindinsky fields, JSC Polymetal
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at Maiskoe and Birkachan fields, Mnogovershinnoye at Mnogovershinnoye mine,
00O Hooshzir Enterprises at Konevinsky mine, OOO Artel Staratelei Zapadnaia at
Kedrovskoe field.

Forpracticaluse of research results for the conditions of certain mines, methodological
and normative documents have been developed, including:

— directions for the determination of structural parameters of development systems;

— directions and manufacturing instructions for support and maintenance of capital,
development, face, stoping, and exploration headings;

— directions for structures, natural objects, and mine workings protection from the
harmful effect of underground mining;

— directions for secure mining;

— directions for the organization of geotechnical condition complex monitoring.

The documents have been developed for a rande of mines, including Darasun,
Kholbinsky, Irokindinsky, Novo-Shirokinsky, Maiskoe, Konevinsky,
Mnogovershinnoye, Birkachan, Kedrovskoe, etc.

The documents have undergone expert exanimation of industrial safety at OAO
Irgiredmet, ANO Zabaikalskii gornotekhnicheskii tsentr, OOO Sibirskaia proektnaia
ekspertnaia kompaniia. The documents have been approved by RF Rostekhnadzor for
practical use at gold mines.
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YnpasiieHne reoMeXxaHU4eCKIMH MPOLECCAMHU HA 30JIOTOPYAHBIX KUJIBHBIX
MecTopoxaeHnsax Bocrounoii Cudupu

Cocnosckas E. JLL, Apnees A. H.1
MuctutyT ropuoro aena YpO PAH, ExarepunOypr, Poccus.

Peghepam
Beeoenue. B Bocmounoii Cubupu 6visi61eHO 601ee MblCaul HCUTbHBIX MECHOPOACOEHUT NONE3HbIX UCKO-
naemulx — 3010Ma, peOKUX Memainos, NOIUMemanios, ypaua. B skcnayamayuu uz nux naxooumcs moasko
10 %. I'eomexanuueckue ycno8us MecmoposicOeHUli Mauo u3yieHsl, Nod3Momy 0060CHOBAHUSL NAPAMEMPO8
2e0MeXHON02UL NPU UX 0C60EHUU HA OOCMAMOYHO HAOEHCHOM YPOBHE He Npou3eooumcs. B meuenue 06ao-
yamu nem agmopamu padomsl NPOBOOUNUCL UCCTEO0BAHUSL 2COMEXAHUYECKUX NPOYECCO8 3010MOPYOHbIX
Mmecmopooicoenuit Bocmounou Cubupu.
Memoouku. B npoyecce uccredosanuii 2eomexaHuieckux npoyeccos Ha 3010MopyOHbIX JCUTLHBIX MeCO-
DPOACOeHUAX paspabomanvl agmopcKue mMemoobl U MemoOuKy onpedeleHus napamempos yCmousugbix
yenukos u 0bHadicenull kamep, 8b100pa CHOCOO08 YNPasieHus 20pHbIM 0asieHUeM Hd OCHO8Ee KOMNIEKCHO-
20 AHANU3A 20PHO-2€0N02UHECKUX PAKMOPOB: PUIUKO-MEXAHULECKUX CEOUICIE 20PHBIX NOPOO U PYO, MeK-
TMOHUYECKOU HAPYUEHHOCMU, KPUOLO2UHECKO20 COCMOSHUSA 20PHBIX HOPOO 8 MACCUBE, BbICOKUX NPUPOO-
HbIX 2PABUMayUOHHO-MEKMOHUYECKUX HANPAICEHUN MACCUBA 20PHBIX NOPOO, MEXHO2EHHbIX HANPAICEHUT
6 KOHCIMPYKMUBHBIX 2NeMEHMAX NOO3EMHbIX 2e0MEeXHON0UI.
Pesynomamaot. /s npakmuueckozo ucnoib306anus pe3ynomamos paspabomansl Memoouieckue u Hopma-
MueHvle OOKYMeHmbl 015 psioa pyOHUKos, 8 mom uucie /apacynckozo, Xonounckozo, UpokuHOuHckoeo,
Hoeo-Llupoxuncrozo, Maiickozo, Konesuncrkozo, Mnozosepwunnozo, bupkauanckoeo u opyeux. /[oky-
MeHmMbl NPOWLIU IKCHEPMU3Y NPOMbIULIEHHOU 0e30nacHOCmU, peKomeHndosansl opeanamu Pocmexnadsopa
P® 0ns npakmuuecko2o npumenenust Ha 3010mo000bI8aIOWUX NPEONPUAMUSIX.

Knroueevie cnosa: 30¢70m0py()Hbl€ HCUJIbL, ceoMexanHuKka, ynpaejlenue copHbim ()aeﬂeHueM; yenuku, obna-
IHCEHUS KPOBIU U CMEHOK OYUCNIHbLX Kamep, d)umko-mexanuttec;cue ceoticmea 2OPHbIX I’lOpO@,’ npupodele
U MEXHOCEHHblE HANPINCEHUS.
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TeopeTuyeckune uccnenoBaHns MIMEHeHUs pagvyca 30H
TpelwmrHooOpa3oBaHusA B pyAHOM LTabene Ky4YHOro BbillenavuBaHus
B3PbIBOM KamyprneTHOro ckBaxxuHHoro 3apsiga BB

Boposkos 10. A.%, Akwnbaes T. M.1*
1 Poccuiickuil rocyaapcTBeHHbIN reonoropassefoyHblit yHuBepeuTet, r. Mocksa, Poccus
*e-mail: temurl9.01.1988.tm@list.ru

Peghepam
Beeoenue. Cosepuiencmeoganue npoyecca Ky4Ho20 6bliyelaiu8anus MHO2OAPYCHO20 pyOHO20 wmabe-
JI5L BOZMOJCHO NOCPEOCMBOM NPUMEHEHUS. HOBBIX PAYUOHATLHBIX MEMOO08, OOHUM U3 KOMOPBIX AGJIAENI-
€S UHMEHCUDUKAYUsL nymeM BCMPAXUSAHUS MHO205PYCHO20 PYOHO20 WmMAabenst nOpoo 83PbleoM Kamyd-
JIEMHO20 YUTUHOPUYECKO20 CKBANCUHHO20 3apsada BB. Jlannbiil cnoco6 npuemnem 6 ciyude CHUNCEHUS
KOHYEeHmpayuu 3010ma 8 npoOyKmMuEHOM pAcmeope ¢ meueHueM 8pemenu, a makice 6 ciyyae oopaszo-
8aHUs 30Hbl KoTbMamayuu. Heobxo0umo npousgecmu 6Cmpsaxudanus MHO20APYCHO20 PYOHO20 wmabens
20PHBIX NOPOO E3PbIBAMU KAMYPAEMHBIX CKEANCUHHBIX 3apa008 BB, npu smom npoucxoosm nepemeuye-
HUe, UsMeNbYeHUe, PAZMENCEBANHUE U USMEHEHUEe OPUEHMAYULU KYCKO8 NOPOObL 8 2IyOUHE MHO20APYCHO20
PYOHO20 wmabenst ¢ 06paz0eanuem OONOIHUMENbHBIX MUKPO- U MAKDOMPEUUH.
Llenv pabomsr. Onpeoenenue paduycog 301 00pazoeanus mpewunoobpazosanus 6 pyoHom wmabene
KYUHO2O0 8bLUYeNAUUBAHUS NPU 63PbLEE KAMYPILEMHO20 CK8ANCUHHO20 3apsda BB.
Memooonozusn. Onpedenenue enuanus Kamy@premnoo 83pbiea CK8aXCUHHO20 3apada BB na unmencuguxa-
YU NpoYyecca KyuHO20 bl elauUBaHls 3010Ma ¢ UCNOTb308AHUEM MAMEMAMULECKO20 MOOETUPOBAHUS.
Bui6oovt. Paspabomana mamemamuueckas Mooenb 0eticmsus Kamypiemnozo 63puléa YuiuHOpUecko-
20 CKBANCUHHOZ20 3apsdd, ONUCHIBAIOWdsl 30Hbl MPEUUHO0OPA308AHUS 8 2NYOUHE MACCUBA 2OPHBIX NO-
POO pyOH020 wimabens Ky4HO20 bl elauusanus. YCmanoeieHo, Ymo npu 63pulee Kamy@premno2o cKed-
HCUHHO20 YUTUHOPUHECKO20 3PSO NOO 8030elicmeuem YOapHOU U OMPAXNCEHHOU 60JIH HANPANCEHUS OM
C80000HOIL NOBEPXHOCMU YCMYNA 8 2IYOUHE MACCUBA 20PHBIX NHOPOO PYOHO20 umabens Ky4H020 ebluje-
JaYUBaHUs 06PA3YeMCs 30HA MpewuHo0Opazoeanus maccusd. Onpedenen paouyc 30Hvl MpewuHooopa-
308aHUsl, 3a6UCAWUL OM PAOUyca KamydiemHozo 3apsaoa, ko3 @uyuenma, onpedensirouezo yciogus
63PbIBANUS, AKYCMUYECKOU JHCECMKOCMU MACCUBA, Kodgduyuenma I[Iyaccona u npoyHOCHMHbIX C80UCME
20PHBIX NOPOO PYOHO20 WMabens Ky4HO20 GbliyelauU8AHUs HA PACMAICEHUe.

Knroueenvte cnoea: paouyc mpewunoobpasosanus,; pyousiii wmabens, 63pwle; Kamy@iemuvlil yu-
JUHOPUHECKULl CKBAJNCUHHBIL 3aps0 BB; paduanvhoe uanpsicenue; MAaccus cOpHbIX HOPOO; paouyc
CKBANCUHHO20 3apsioa BB.

BBenenune. CoBepIlieHCTBOBaHHE IIPOIIEcCca KyYHOTO BEITICIAYUBAHISI MHOTOSIPYC-
HOTO PYIHOTO INTabessi BOZMOXHO IMTOCPEICTBOM IIPAMEHEHHUS HOBBIX PAlMOHAIBHBIX
METO/IOB, OTHUM W3 KOTOPBIX SBJISCTCS HHTEHCU(HUKAIIHS ITyTEM BCTPSIXUBAHUS MHOTO-
SIPYCHOTO PYIHOTO IITa0es MOPoJT B3PHIBOM KaMy(IIETHOTO IUJIHHIPHYECKOTO CKBa-
JKuHHOTO 3apsina BB. JlanHbIi crioco0 mpuemiieM B ciydyae CHUXKCHHS KOHIICHTPAIUU
30J10Ta B IPOAYKTHBHOM PAacTBOPE C TEUCHUEM BPEMEHH, a TAKKe B Cilyyae oOpa3oBa-
HUsI 30HBI KOJIbMaTalluH. HCO6XOZ[I/IMO IMPOU3BECTU BCTPAXHUBAHUA MHOT'OAPYCHOI'O
PYIHOTO MITa0esNs TOPHBIX TIOPOJ B3phIBAaMU KaMy(IeTHBIX CKBAYKHHHBIX 3apsiioB BB,
TIPH 3TOM TIPOUCXOJIAT IepeMeIieHIe, H3MelbUeHHe, pa3MekeBaHNe U H3MEHEHUE OpH-
EHTAINH KYCKOB MOPO/IbI B IITyOHMHE MHOTOSIPYCHOTO PYAHOTO IMITades ¢ 00pa3oBaHH-
€M JOIIOJHUTECIIbHBIX MUKPO- U MaKPOTPCIIMH.

Hens padornl. OnpeneicHre pagnycoB 30H 00pa30BaHUsS TPEIIMHOOOPAa30BaHUS
B PyAHOM ITabene Ky4HOTO BBIIeadiBaHuUs IIPH B3PBIBE KaMy(IeTHOTO CKBaYKHHHOTO
3apsiga BB.
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MeTtopoaorusi. OnpezaeneHue BIUSHUS KaMy(IeTHOTO B3pbIBa CKBAKUHHOTO 3a-
psina BB Ha uHTeHCH(UKALHIO MTpoliecca KyYHOTO BBIIETaYWBaHUS 30J10Ta C UCIONb-
30BaHUEM MaTE€MaTU4eCKOr0 MOJEIUPOBAHUSL.

[ onpenenenus paguyca 30H TPELIMHOOOPa30BaHUs B PyIHOM IITa0ee Ky4HOrO
BeimenaynBanus (KB) ucnonp3oBanace Metonuka, paspaboTaHHas aBTOpamMH padOT
[1-14]. IIpu 3TOM OymeM cuuTarth, 4YTO paAnyC TPEIIMHOOOPA30BAHMUS MacCUBa OIpee-
JsieTcsl JeCTBUEM B3phIBa KaMy(hIeTHOTO IMIMHAPHUIECKOTO CKBRXKMHHOTO 3apsina BB
JUAMETPOM d,.

R M
26

6 1 1 1 1 1 )

0,10 0,15 0,20 0,25 0,30 0,35 U

Puc. 1. 3aBucUMOCTh MaKCHMAIBHOTO PaANyca 30H TPEUIMHOOOpa30BaHUs
TOPHEIX Topof B pynHoM mrtabene KB ot koaddunmenta [yaccona npu
pa3HO aKyCTHUECKON )KECTKOCTH MOPOJ;:

1 —npu pC,=8,0 - 10° kr/™’* - M/c; 2 — pu pC, = 10,0 - 10° kr/™? - M/c;
3—npu pC, =12,0 - 10° kr/m’ - M/c; 4 —npu pC, = 14,0 - 10° kr/ve® - m/c

Fig. 1. Dependence between the maximum radius of rock fracture zones
ina HL ore pile and Poisson ratio under various acoustic stiffness of rocks:

I —under pC, = 8,0 - 10° kg/m’ - m/s; 2 —under pC, = 10,0 - 10° kg/m® - m/s;
3 —under pC, = 12,0 - 10° kg/m’ - m/s; 4 — under pg'p =14,0 - 10° kg/m? - m/s

CorracHO 3aKOHaM TEOPUHM YHPYTOCTH, PAINyC TPEIIMHOOOpPa30BaHUS TOPHOTO
MacCHBa 3aBHCHT OT BEJIMYMHBI TAHTCHIIMAIHHBIX HAMPSDKEHUH HA PacTSHKEHUE, BO3-
HUKAIOIIMX B TOPHOM MacCHBE, KOTOPBIE OMPEICIIIOTCS 10 SMIUPUIECKOi popmymne

— uccnc
Gpac = (1—“),

e u — xkoddunuent [lyaccona; 6, — paauanbHble HanpsKeHus Ha cxkarue, MITa.
PaguanbHble HanmpsHKeHUS Ha CkaTHe Ha (PPOHTE IETOHALMOHHOW BOJHBI U CKO-

POCTh MacCOBOI'O CMEIIICHUSI MAaCCHBA TOPHBIX MOPOJ] CBA3aHBI MY COOOM CIeIyto-
e 3aBUCUMOCTBLIO

_ UpC,
oK 4
g
rme U — ckopocTh MacCOBOTO CMEMICHHMSI, M/C; pCp — aKyCTHYECKasl )KECTKOCTh MacCHBa

ropueix mopozx, pC, = (1,5-15) - 103 kr/m® - M/c; g — ycKopeHHe CBOOOTHOTO majie-
Hus, M/C2.

9
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CKOpOCTh MacCOBOTO CMEIIEHHS MPOAYKTUBHOTO IJIaCTa ONMpPEAEISIETCs 10 H3BECT-
Hol popmyie M. A. CagoBckoro:

u- 4R

Rrp ! (1)

rae A — k03(hUIHEHT, 3aBUCAIIMN OT YCIOBHUS B3pbIBaHuUs, npuHuMaercs 200-250;
Q — macca 3apsiza BB, kr; R, — paccrosiHue oT LeHTpa 3apsijia 10 paccMaTpuBacMoii
TOYKH, M; M — KO3(Q(PULIUEHT MOIIOMIEHHUS SHEPTHH U1 KaMy(IeTHOTO MIMHApHYIe-
ckoro 3apsna BB, m =2 [15].

801
60

40 |

0 1 1 1 1 1
0 40 80 120 160 200 Gy, MITa

Puc. 2. 3aBHCHMOCTh MaKCHMAIILHOTO pajMyca 30H TPEHIMHOOOpa3oBa-
HUS TOPHBIX MOpoJ B pynHoM mTabene KB OT MpOYHOCTHBIX CBOWMCTB Ha
pacTsDKeHHe IPH pa3HbIX paanycax CKBaKHHHOTO 3apsina BB:

1 —npu Ry =0,05m; 2—npu Ry=0,075m; 3 —npu R;=0,1 Mm; 4 —nipu R; = 0,125 m
Fig. 2. Dependence between the maximum radius of rock fracture zones
in a HL ore pile and the tensile strength under various radii of a blasthole charge:
I —under R= 0,05 m; 2 —under R, = 0,075 m; 3 —under R, =0,1 m; 4 —under R= 0,125 m

[Moncrasisis B ypasaenue (1) snauenns Q = 27IR:', AMEEeM:

n

U =354 R , (2

P

e R, — paauyc KaMy(IeTHOTO CKBa)KUHHOTO 3aps/a, M.
PemnB ypaBHenue (2) OTHOCHTENBHO R M MOACTaBMB 3Ha4eHus U, ., modydum
CJICAYIOILYIO SMIIUPUYECKYIO GOPMYITY:
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MaxkcuManbHBIH paguyc 30H TPEIIMHOOOpa30BaHUsl B TIyOMHE PYOHOTO IITalems
OKOHYATEJIBHO ONPEACISETCS U3 YCIOBHil G, = |(5

e

Pesyabrarsl uccienopanns. Ha puc. 1 nokasansl 3aBUCMMOCTH MaKCHMaJIbHOTO
panuyca 30H TpeInHOOOpa30BaHus TOPHBIX TOpol B pynHoM mradene KB B 3aBucu-
MocTH OT Kod¢ppunmenTa [TyaccoHa mpu pa3HOW aKyCTHYECKOH KECTKOCTH MOPOJ.

Ha puc. 2 noka3aHsl 3aBUCIMOCTH MaKCUMAJIbHOTO Pagnyca TPEIIMHOOOPa30BaHuUs
TOpHBIX TopoA B pyxHoM mmrtadene KB oT MX MpOYHOCTHBIX CBOWCTB Ha PacTSKEHHE
MIPU pa3IMUHBIX pajycax CKBaXMHHOTO 3apsaa BB.

R M
20r

16

12

0,01 0,03 0,05 0,07 0,09 0,11 Ry, M

Puc. 3. 3aBUCHMOCTb MakCHMAJIBHOTO paanyca 30H TPEUIMHOOOpa30BaHHS
TOPHBIX MOopoA B pyaHoM mradene KB ot pagnyca ckBaxxuHHOTO 3apsiga BB
IIPU pa3HON aKyCTUYECKOMN JKECTKOCTH:

1 —npu pC,=8,0 - 10° kr/™’* - M/c; 2 — pu pC, = 10,0 - 10° kr/™? - m/c;
3—npu pC,=12,0 - 10° kr/m’ - m/c; 4 — npu pC, = 14,0 - 10° kr/m® - m/c
Fig. 3. Dependence between the maximum radius of rock fracture zones
in a HL ore pile and the radius of a blasthole charge under various acoustic
stiffness:

I —under pC,=8,0 - 10° kg/m* - m/s; 2 —under pC, = 10,0 - 10° kg/m® - m/s;

3 —under pC, = 12,0 - 10° kg/m* - m/s; 4 —under pC, = 14,0 - 10° kg/m’ - m/s

Ha puc. 3 moka3anpl 3aBUCHMOCTH MaKCUMAJIBHOTO Pajiyca 30H TPELUIHHOO0Pa30-
BaHUs TOPHBIX MOpoz B pyaHoM mrabdene KB ot paanyca ckBaxurHOTO 3apsina BB mpu
pa3HOU aKyCTHYECKOM HKECTKOCTH.

Ha puc. 4 npencraBneHsl 3aBUCHMOCTH MaKCUMAaJIbHOTO paJlyca 30H TPEIINHO-
00pa30BaHus TOPHBIX OO/ B pyaHoM miTadesne KB ot koadduimenTa, yauTbiBaroie-
TO YCJIOBHA B3pPhIBaHHUSA, TIPY PAa3TUYHbIX paguycax 3apsana BB.

BouiBoabl. Pazpaborana maremaTrdeckasi MOJEINb IEHCTBUSI KaMy(QJIETHOTO B3phIBa
MWIAHAPAYIECKOTO CKBAXHHHOTO 3apsi/ia, OMMCHIBAIOIIAs 30HBI TPEIIMHOOOPAa30BaHU
B INTyOMHE MaccuBa FOpHBIX Opoj pyaHoro mradens KB.
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YcTaHOBJICHO, YTO MPH B3PBIBE KaMY(IIETHOTO CKBKUHHOTO IIMJIMHAPUIECKOTO 3a-
psiAa o BO3ACHCTBHEM YIAPHOM M OTPaKEHHOH BOJIH HANpPSHKEHUS OT CBOOOIHOM TT0-
BEPXHOCTH yCTyTIa B TITyOMHE MacCHBa TOPHBIX MOpOx pymaHoro mradens KB obpazyercs
30Ha TPEMMHO0O0pazoBaHus MaccuBa. OIpeneseH paguyc 30HbI TPEIIMHOOOPa30BaHHUA,

R, M

18 \

2 1

20 60 100 140 180 220 A

Puc. 4. 3aBUCHMOCTS MaKCUMAJIEHOTO paJiiyca 30H TPEIHHO00pa30BaHuUs Top-
HBIX IOpoZ B pynHoM 1uTtadene KB ot koadduiinenTa, yauTHBaOIETO YCIOBUS
B3pbIBaHMs, IPH PA3HBIX paJlilycax CKBaXHHHOTO 3apsna BB:

1 —npu R, =0,05m; 2—npu Ry=0,075m; 3 —npu R;=0,1 Mm; 4 —nipu R;= 0,125 m
Fig. 4. Dependence between the maximum radius of rock fracture zones
in a HL ore pile and the coefficient accounting for the blasting conditions under
various radii of a blasthole charge:

I —under R, = 0,05 m; 2 —under R,= 0,075 m; 3 —under R, = 0,1 m; 4 —under R, = 0,125 m

3aBHCSIIMN OT pagmyca KaMyQIeTHOro 3apsaa, koddduipenTa, onpeaensonero yc-
JIOBHSI B3PBIBaHMWS, aKyCTHUECKOW >XKECTKOCTH MaccuBa, kodddumnuenrta Ilyaccona n
MIPOYHOCTHBIX CBOMCTB TOPHBIX NTopoA pynHoro mradens KB Ha pacTsokenue.
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Theoretical studies of changes in fracture zones radius in the ore pile of heap
leaching with camouflet blasthole charge explosion

Turii A. Borovkov!, Temur M. Iakshibaev!
I Russian State Geological Prospecting University, Moscow, Russia.

Abstract
Introduction. Multi-tiered ore pile heap leaching process improvement is possible by using new rational
methods, including a method of intensification by means of shaking a multi-tiered ore pile by an explosion
of a camouflet cylindrical borehole charge. This method is acceptable if the concentration of gold in the
productive solution gradually reduces, and also if clogging zone is formed. It is necessary to shake a multi-
tiered ore pile with explosions of camouflet borehole charges, thus moving, grinding, delimiting and
changing the orientation of rock pieces in the depth of a multi-tiered ore pile with the formation of
additional micro and macro cracks.
Research aim is to determine the radiuses of fracture zones in heap leaching ore pile upon the explosion
of a camouflet blasthole charge.
Methodology includes the determination of the effect of the explosion of a camouflet blasthole charge on
the intensification of gold heap leaching process with the use of mathematical simulation.
Summary. A mathematical model of the action of a camouflet explosion of a cylindrical borehole charge
has been developed, which describes fracture zones in the depth of the rock massif of heap leach ore pile.
1t has been stated that during the explosion of a camouflet borehole cylindrical charge, under the action of
a shock or reflected shock waves of stress, from the free surface of a bench, fracture zone is formed in the
depth of the rock massif of heap leach ore pile. The radius has been determined of a fracture zone depending
on the radius of a camouflet charge, the coefficient determining the blasting conditions, massif acoustic
stiffness, Poisson coefficient, and the coefficient of heap leach rock tensile strength.

Key words: fracturing radius; ore pile; explosion; camouflet cylindrical borehole charge; radial stress;
rock mass; borehole charge radius.
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Physical aspects of methane mass transfer in well influence zones
when degassing coal seams
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Abstract
Introduction. Gas control and aerological safety of high-performance coal mining in mining faces is
possible only after qualitative preliminary degasification, which requires a detailed study of methane
mass transfer in well influence zone.
Research aims to simulate the processes of methane mass transfer to well’s exposed surface based on
coal mass gas-dynamic state detailed study, taking into account the variable values of gas content along
its length and unit segments exposure time. The summation of gas volumes released from each well
segment in a definite time will characterize the total flow rate of a well for the same period. This allows
a more soundly based design of coal seams preliminary degasification.
Methodology. Modern methods of coal seam degasification design do not take into account differentiated
gas emission over the length of the well only using its total flow rate. However, the structure of total flow
rate of gas into the well reveals the unevenness of initial gas emission from each unit segment depending
on its distance from the wellhead; it creates general unevenness of gas yield over the length of the well
until it enters the zone of steady gas pressure and gas content. The present article proposes a mathematical
simulation method for a complex gas-dynamic process of methane mass transfer in the radial filtration
mode within a circular power loop in a massif and a similar flow path in a well.
Results. The proposed method will make it possible to calculate the total flow rate of gas from coal seam
near-wellbore zone and thereupon determine its residual gas content as well as develop the methods of
coal seam degasification design.

Key words: well; coal seam; gas flow rate; gas permeability; gas pressure; gas content; radius
of influence, filtration.

Introduction. At the present time coal seams preliminary degasification prior to
mining is the only way to ensure normal air-gas condition of coal mines. It makes it
possible to maintain permissible concentration of methane, allowed by Safety
Regulations, in the outcoming jets of working and development faces equal to 1% by
means of reduce gas emission out of the mined seam and its leaders.

It should be noted that in the process of coal bearing strata formation, the associate
methane has been creating continuous chemical binding with coal by mean of sorption;
as a result, the volume of gas sorbed by one ton of coal has been growing continuously
with the growth of pressure. As a result, today, natural gas content in coal seams is a
few tens of cubic meters per ton of coal. In particular, in Kuzbass at the attained depths
this value may reach 20-30 m3/t. At the same time, in accordance with RF Government
Decree no. 315 of 35 April 2011 “On the Permissible Levels of Hazardous Gas
(Methane) Content in a Mine, Coal Seams and Goaf, Requiring Obligatory
Degasification if Exceeded” a coal seam can be mined if natural gas content is
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reduced to 13 m3/t. This standard obliges almost all Kuzbass mines to fulfill preliminary
degasification by wells of various orientations in coal massifs.

A well creates internal exposed surface in a massif through which gas yields from
the seam over the whole surface of a well as a fissure filtration by means of different
pressures in a well and in a massif. Numerous observations at wells in various mining
and geological conditions of Kuzbass make it possible to obtain a typical curve of
methane flow rate as a function of time (fig. 1) [1-3].

Taking into account different time of exposure for various segments of a well at
drilling, it can be stated that total methane flow rate into the well represents the sum of
gas volumes escaped from the unit segments of its length which increase as far as they
intrude into the massif (¢,, ¢, ... g;) and become stable at entrance to the zone of the
established natural gas content (¢, ). However, these components cannot be identified
at the total flow rate of gas metered at the wellhead, for that reason it is necessary to use
the method of mathematical simulation [4].
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Fig. 1. Typica gas flow rate into the well (OACD) and its components (4, Oz --- G, Omax)
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As it has been mentioned before, the factor which initiates gas motion in a coal seam
is the difference of pressures at the power loop and flow path represented by the internal
surface of a well. Fig. 2 shows the character of gas pressure and its gradients variation
in near-well-ore zone of a massif in various time points.

Gas will escape into the well until the balance between the pressure gradient and
massif’s resistance to gas motion is set. This distance can be considered the limiting
radius of well influence, formed under ¢ = oo [5].

As soon as pressure gradient in radial direction from the axis of a well is the main
initiator of filtration flow of gas towards the well, the speed of its filtration in a massif,
m/s, can be calculated with Darcy’s formula [6—8]:

—_kdp
T I.Ldl’ (1)

where k — the coefficient of coal gas permeability, m?; p — methane kinematic viscosity,
Pa - s; dp/dl — pressure gradient, Pa/m.
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At that it should be taken into account that pressure gradients at various segments of
a well are not the same and are formed depending on the pressure which has formed in
the given area of the massif near the mine working, from which the well is drilled.
Thus, gas pressure gradients along the axis of a well will be a variable value,
consequently, methane filtration speed changes as far as the depth of well increases.
All these factors make methane mass transfer more complex in the zone of well influence
which makes it impossible to study it by an experiment. The proposed mathematic
model will make it possible to obtain adequate reflection of the gas-dynamic processes
around the well, allowing to calculate the flow rate of gas as a function of its length,
drilling speed and the time of operation, with the purpose of further coal methane
utilization [9-11].
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Fig. 2. The change in gas pressure and its gradients in the near-wellbore zone
of the array at different time points
Puc. 2. M3MeHeHne ra30BOro AaBJIE€HUs U €r0 IPaJMeHTOB B PUCKBAXHHHON 30HE
MaccHBa B pa3HbIe MOMEHTHI BDEMEHU

Mathematical model development. As soon as the face of a well crosses the zones
of coal massif with various natural gas content in the process of drilling, its value in any
time point will be the function of time x = f{£), which will be equal to x, under 7 = 0,
and correspondingly, equal to x, under 7 = T.

Then

X(T) =kt + X,

where
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or

x:xl__l_xot+x0,

where T — the total time of drilling.
Gas flow rate as a function of time is described by the following expression

q(t)zj'f(s)ds under 0< s<t. (1)

On condition that

we will get

wherez=T7T—1¢+s.
Then

f(s)=k(T-t+s)+x =kz+k(T —t)+ X, )
Taking into account (2), expression (1) will be:

t

q(t):J:f(s)ds=.[(ks+k(T—t)+x0)ds. 3)

0
Having integrated expression (3), we will get

q=(kT+x0)t—kt7. 4)

Equation (4) describes the law of gas emission into the degassing well during the
process of drilling.

In real conditions of mine operation, at coal seams preliminary degassing, the factor

of time cannot always be an argument because the process of drilling can interrupt for
various reasons [12].

In this case it is reasonable to use the length of a well as an argument, which results
in the increase in its internal gas yielding surface area.
Having assumed that

X% =0 X =0f",

we will get

BT =In2,
%o
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or

_Inx —1Inx,
p=—"7"

Gas flow rate, described as a function of well length, and, consequently, the area of
its internal surface, can be described by the following function

t

q(t) = j f (s)ds, (5)

0

where T(s)=f (T —t+s)=qe"
As soon as z = T — ¢ + s, then, substituting its value into formula (5), we will get

t

q(t) = j e Ve ds. (6)

0

Equation (6) describes the law of gas flow rate behaviour in a well in time. Having
integrated expression (6) in time within the preset limits, we will obtain the total value
of capped methane for a certain period. This, in its turn, can be a basis for the
determination of a required number of wells at coal seam degasification, which will
provide the guaranteed reduction in natural gas content down to the preset values.

Conclusion. The proposed approach using the method of mathematical simulation
of a complex gas-dynamic process of methane mass transfer in mine workings and
wells makes it possible to develop the methods of coal seams degasification design.
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du3nyeckne acneKThbl Macconmepenoca Merala B 30HAX BJIUAHUSA CKBAKUH
npH aeras’sanvu yrojJdbHbIX IJ1ACTOB

IleBuenko JI. A.!, Tkauenko [I. A.!
b
! Ky36acckuii rocyqapcTBEHHbIN TeXHHUECKHiT yHIBepeuTeT, Kemeposo, Poccust.

Pegpepam
Beeoenue. Ynpasnenue cazosvioenenuem u obecnevenue aspoiocuteckoli 6e30nacHocmu npu 8b1IcOKONPo-
U3600UMeNbHOU 000bIUEe Yensi 6 OYUCHBIX 3A00AX B03MONCHO MOTLKO NOCTE KAYECBEHHO NPOBEOEHHON
npeosapumenvroil 0e2azayuu, Ol ue2o mpedyemcs OemaibHoe U3y4eHue MAcConepeHoca Memana 6 30He
BIUAHUSA CKBANCUM.
Lenv pabomur. Ha ocnose 0emanvHo20 u3ydeHus: 2a300UHAMUYECKO20 COCMOSHUS Y20IbHO20 MACCUBA
CMOOENUPO8AMyb NPOYECChl MACCONEPEHOCA MEMANA K OOHAMHCEHHOU NOBEPXHOCIU CKEANCUNDL C YYEmOom
nepemMeHHbIX 3HAUeHUll 2a30HOCHOCIU O ee ONUHE U 8peMeHY 0OHAadICeHUs eOuHUYHbIX ompe3kos. Cymmu-
PposaHue 06vemMo6 2a3a, 8bIOETUBUIE20CA C KANCO020 OMPE3KA CKBANCUHBL 3 OnpedeneHHoe epemsl, Gyoem
Xapaxkmepu3zoeams 00wull 0edum cK8adCuHvl 3a mom dice nepuod. dmo nozeonum doiee 0OOCHOBAHHO
oCyuecmenams NPOEKMuposanue npedsapumebHoll 0e2asayuu y20abHix Niacmos.
Memooonozun. Cospementivie Memoobl NPOEKMUPOSAHUsL 0e2a3ayull Y20lbHbIX NIACHO8 He YYUmuvleaiom
ouggepenyuposarnnoco 2azo8vioenenus no OuHe CK8AICUHbL, a onepupyiom ee obugum oebumom. Oonarko
6 cmpyKkmype 06we20 0ebuma 2aza 8 CKEANCUHY DUKCUPYEMCst HEPABHOMEPHOCHTb HAUATbHO20 2A308bl0e-
JIeHUsL € KAHCO020 eOUHUUHO20 OMPE3KA 8 3A8UCUMOCHIU O €20 PACCOAHUS O YCIbSL CKEANCUHDL, YMO
co30aem 6 Yeiom HepasHOMEPHOCb 2a300MAAYU NO OUHE CKBANCUHBL 00 MeX NOp, NOKA OHA He 8otidem
6 301y YCIMAHOBUBUIE20CA 2A308020 0ABIEHUsS U 2A30HOCHOCIU. B cmambe npednosicen Memoo mamema-
MUYECKO20 MOOETUPOBAHUSL CLONCHOLO 2A300UHAMUYECKO20 NPOYECCa MACCONEPEHOCA MEMAHA 8 PelCUMe
PaouansHoll puabmpayu 6 npedenax Kpy2o8o20 KOHMypa NUMaHus 6 Maccuee u aHaloeusHo20 KOHmypa
CMOKA 8 CKBANCUHE.
Pesynomameot. IIpeonosicennviti Memoo no360um paccyumamys oowull 0edum 2asa u3 nPucK8alcuHHouU
30HbL Y20NIbHO2O NIACMA U HA MO OCHO8E ONPedeuntb €20 OCMAMOUHYIO 2A30HOCHOCb, d MAKICe YCo-
BEPUIEHCME08ATNG MEMOOUKU NPOEKMUPOSAHUA 0e2a3ayUU Y2OIbHbIX NIACMOE.

Knrwouesvie cnosa: cxeasxicuna, y2onvhbviii niacm, 0ebum 2asa; ea30npoHUYaemMocmy, 2a3o8oe 0asieHue;
2A30HOCHOCMb; PAOUYC GIUAHUSA, DUTLMPAYUSL.
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[a30BbIgeNneHne Npu MeXaHO4eCTPYKLUM YIS

ObipavH B. B.1, Kum T. 1.™*, ®ochaHoB A. A.l, NMnoTtHukoB E. A.2, BopoHkuHa H. M.2
' Kyabacckuii rocyapCTBEHHbIA TEXHUYECKUI yHUBepCUTET MeHU T. ®. Mopbavesa,
r. Kemeposo, Poccus
2[llaxTa «Pacnaackas», r. MexaypeueHck, Poccus
3 CY3K-Kysbacc, r. JleHuHck-KysHeukui, Poccus
*e-mail: tanyakim@list.ru

Pechepam
Beeoenue. Obecneuenue 6ezonacnocmu 20pHblX pabom npu noO3EMHOU paspabomKe MecmopoNcoeHUl
KAMEHHO20 Y2 Hepa3PblBHO CEA3AHO C NPUMEHEHUeM Mep, HANPABLEeHHbIX HA YMeHbUeHUe 2a308bloere-
HUSL U3 KPAEBbIX 30H Y2ONbHbIX NIACMO8. B nacmosiuee epems nem mouno2o omeema na 60npoc, novemy
npu 6HE3ANHBIX BLIOPOCAX Vs U 2a3d YOEIbHOe 2a308blOe/eHUe NPEesbludem 8 HeCKOIbKO pa3 Npupoo-
HYI0 2a30HOCHOCMb. B ces13u ¢ smum nayunas 3adaua uzyuenust 2a308bl0e/leHust npu MexaHo0ecmpyKyuu
Veist AGNSeMCSL AKMYALbHOLL.
Lens pabomut. Llenvio dannoti cmamuu 51815€mMcsi NPOBEPKA 2UNOME3bl HANUYUSL 8 KAMEHHOM Yeile Me-
mana, Haxo0se2ocst ¢ Mampuyell 8 UHbIX, He COPOYUOHHBLX (POPMAx c6s3u, HO CROCOOHO20 NePexoounts
6 2a3000pasHoe cocmosiHue nPu MEXAHO0eCmMPYKYul, m. e. npu pa3pyuleHuu yis.
Memooonozua. Aemopamu nposedern omoop yeonvbhblx npob u3z niacmos yeonvhwix uiaxm Kyszbacca.
Yemanoenen xapaxmep uzmenenus cpeoHe836euenH020 pasmepa Yacmuy Yeist 8 3a6UCUMOCIU OM YUC-
J1a YuKI08 paspyuienus. A makaice npugedeHvl pe3yibmanmvi XpoMamozpapuieckoeo aHaiu3a 2asd, 6bi-
0enusue2ocs npu paspyuieHuy OmoOPAHHBIX Y20NbHbIX NPOo.
Pesynomamot. Yemanogneno, 4mo npu paspyuwenuu npod yeis, OmoOpanHbiX KA 2PAHUYE 30HbL GLUSHUSL
8bIPAOOMKU, NPOUCXOOUM UHIMEHCUBHOE BbLOECTICHUE (V2ONbHbIXY 2308, NPU IMOM HAUOONLULASE KOHYEH-
mpayus Haboaemcs y Memand. YcmanoeieHo, 4mo npu Mexano0ecmpyKyuu yeis npoucxooum pas-
Dbl6 BHYMPUMONEKVIAPHBIX C8A3€ell AMOMO8 Yenepooa ¢ «06axpomouy, a maxce mexicoy epagumonoooo-
HbIMU CILOSIMU Y2TePOOHOU peulemKuy, 4mo npueooUuUm K 6biC6000NCOCHUIO 3HAUUMENbHO20 KOIUYECMEd
2aza u nepexody e2o 8 c60600HOe COCMOSHUE.
Bo1600v1. Pazpabomana memoouxa 3KCRepumMenmaibHo20 onpedesenus y0eibH020 2a308bl0eNeHuUsl, no-
380IAI0WASL OYEHUBAMb CKIOHHOCMb YHUACKA Y20NbHO20 NIACA K BHE3ANHbIM 8b16pOCAM Yes U 2a3d.

Knroueevle cnoea: paspywenue yens; 2azosvidenenue; mexanodecmpyKkyus, YeoubHblil NAACHL;
6He3anuvle 8bl6POCHI.

BBenenme. IlpakTika mom3eMHON pa3pabOTKH YTOJNBHBIX IHIACTOB, CKIIOHHBIX
K BHE3aIHbIM BbIOpOCaM yIiis M rasa, Iokasaja, 4To IpU BBIOpOCax ra3oBblAEIECHUE
cocrapisier npumepro 50-100 M3/t [1, 2], a B Kaparanmunckom Gacceiine — Goinee
100 v/t [3], 9TO 3HAYUTETHHO TPEBBIIIACT MPHUPOIHYIO TA30HOCHOCTh ILTACTOB, Ha KOTO-
PBIX IIPOU3OIILTH BEIOPOCHL. Mepbl 60psOBI ¢ BHE3AITHBIMU BHIOPOCAMH YIVIS U Ta3a CBS3aHbI
B OCHOBHOM C TIPEABAPUTENHHON JIera3alliieil OMacHbIX M0 BRIOpOCaM IIacTOB, HO €€
3¢ deKTUBHOCTD B OONBIIMHCTBE ciaydaeB He mpebimaet 10-20 % [1]. IIpotuBoBHI-
OpoCHBIE MEPOTIPUATHSI MOTYT OBITH O0Iee 3(ppeKTUBHBIMH, eCiTi OyAyT YCTaHOBJICHBI
MCTOYHMKH TOCTYIJICHUSI METaHa B 30HbI, e (OpMHUpPYETCs BEIOpOCOOIacHas CUTya-
s, boapmuHCTBO aBTOPOB [ 1, 4, 5] CKIIOHHBI CYUTATh, YTO 00OPA30BaHUE METaHA WU
€ro OCBOOOXKIEHHE M3 3aKPBITHIX MOP [6] BOZMOXKHO B IpoIiecce pa3pylIeHUs YIIId,
KOIZla HapylIalTCs BHYTPUMOJEKYJISIPHBIE CBA3HM «0axpoMbl» € MaKpOMOJIEKYIOH
YIIIS, @ CBA3M MEXKAY aTOMaMH yrieposa, 00pa3yloUMMHy PaBUIIbHbIE IIECTHYTOJIbHU-
Kd, coxpaHstoTca. «baxpoma» comepKUT BOOOPOH, a TakXKe METHUIbHBIE TPYIIIHI.
[To pacueram, npeacTaBieHHBIM B [ 1], eciii TObKO 5 % OTOpBaBIIMXCS METHIIBHBIX IPYIIIT
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y4acTByeT B 00pa30BaHUH MOJIEKY/I METaHa, TO 3TO SKBUBAIICHTHO BBIICICHHIO 10 42 M
JIOTIOJIHUTENIFHOTO METaHa, YTO B KaKOM-TO Mepe MOXKET OOBSICHUTH BHICOKOE yAETIhHOE
ra3oBbIZIeNIeHUe ITPH BHE3AITHOM BBIOpOCE YIS U Ta3a.

JIefiCTBUTENBHO, B YIJIE MOXKET CYIIECTBOBAaTh HEOPraHUYECKHAN CHHTE3 HACBILICH-
HBIX W HEHACHIIIEHHBIX YIIIEBOJOPOAOB anrparrnieckoro psaa. [Ipu atoMm nByxBajieHT-
HOE YKEeJIe30 MOXKET CITY’KUTh KaTaau3aTopoM TaKUX peakLui.

Cunres 6b1 OTKphIT @umepom u Tpommewm [7-9]. Peakuuu tvna 2 CO + H, =
= [-CH,-] + CO, (-204,8 k1) 1m0 X pac4eTam MO3BOJISAIOT IIOJyYUTh MAKCUMAJIbHBIH
BBIXOJ yreBofopoznos 1o 208,5 r Ha 1 m* cmecn (CO + H,), a o6pa3oBaHue MeTaHa
moxkeT uaru o peakuun CO + 3H, = CH, + H,0 (-206,4 xJIx).

B yronbHOM miacTe 3T0 BO3MOXKHO TOJIBKO TP JIOKAJTFHOM IMOBBIIIIEHHH TEMIIEpa-
TYpBl U HaJIWYMU KaTanuzaropa. [eiictButensHo, aBropamu pabotsl [10] mMeTomamu
MOHHON Macc-CIeKTPOMETPUH 3a(h)MKCUPOBAHO BBIACICHUE METaHa IPU HU3KOTEMIIe-
paTypHOM HarpeBe U yCTAHOBJICHO, YTO JBYXBAJICHTHOE KeJe30 ABJAeTCS dPPEKTHUB-
HBIM KaTaJIM3aTOPOM 3TOTO IpOoIecca.

OO0s3arenpbHOE HANMWYME Karajau3aropa W JOCTAaTOYHO BBICOKAas TeMIieparypa
B YTOJIBHOM ITJIACTE, KOTOpas IPY CIIOKOWHOM 3aJIeTaHWH TUIACTa HUKOT/Ia He HaOIroIaeT-
cs, ABJISIIOTCS] OTPAHUYEHHUSMH PEATbHOIO OCYIIECTBICHMS JaHHOU runore3sl. OnHako,
M0 JaHHBIM [6], B YTrOJBHBIX IUIaCTax NMPHUCYTCTBYET JBYXBajleHTHoe >kene3o [11].
A cormacHO JaHHBIM, IpUBeNEeHHBIM B [11], Temmeparypa mOBEepXHOCTHOTO CJIOS Tpe-
IIMH B MOMEHT MX 00pa30BaHU BBIIIE, YeM B OKpPYKAIOIIeH cpefe, U IS TPAaHUTOB
MoxeT cocTaBaTh 103 K, uTo 3aduKcHpoBaHo TEMIOBH30pOM. TpelmHooOpa3oBaHue
TIPH Pa3pylIEHUHN TOPHO MOPOJIBI CBA3AHO C pa3JieIeHneM 3aps/I0B Ha ee Oeperax, mo-
3TOMY HPH JOCTIKCHHU MPOOOHHON HANMpPSKEHHOCTH 3IIEKTPUUECKOTO MO MEXIY
OeperaMu TpEeLIMH MPOUCXOAMUT Pa3psl, COMPOBOXKIAIOLUINICS MMITYIBCOM 3JIEKTPO-
MarHuTHOTO u3nydeHus. [1o3ToMy BbIcOKas Temmeparypa, oOHapy»KeHHas Ha CTEHKax
TPEIINH, He SBISETCS YeM-TO HCKIIOUNTENbHBIM. HepemeHHpIMI 0CTaloTCsl BOIPOCHI
BPEMEHH TOJIJIEPKAHNUS BHICOKOI TeMITepaTyphl U KOIMYECTBA SHEPTUH, TTepeIIe et
B TEIUIO, CIIOCOOHOU BBI3BATH PEAKINIO CHHTE3a YITIEBOAOPONOB. Jis yris mogoOHbIe
uccienosanus nposoauaucsk B. H. Onmapunsv u T. A. Kupsesoii [12]. mu ycTaHOB-
JIEHO, YTO TPU C)KUMAIOIINX HaIPSDKEHUSIX, cocTaBisomux 0,5 oT paszpymaomux A
oOpa3sia yIiis, TeMIeparypa B lieHTpe o0pasiia Obuta Beiiie Ha 0,7-0,9°, uem Ha KpasX.
HeoOxommmas yaenbHas SHeprust IJsl OAHOOCHOTO pa3pyIIeHusl 00pasia KaMeHHOTO
yriast coctaBisier npuMepHo 3,7 kJIx/m3. TIpu MOITHOCTH BHE3AITHOTO BBIOPOCA OKOJIO
100 T ymis 3aTpadyeHHas SHEPrys Ha pa3pylICHUE YIS COCTaBIsAET OKoio 285 kJ[k,
T. €. COIIOCTaBMMAa C DHEPrHel aKTUBAIMU Mpolecca 00pa3oBaHuUs TOMOIHUTEIEHOTO
o0bema MeTana. Ho Ha/o MeTs B BUAY, YTO €CJIM MOTEHIMAJIbHAS SHEPTHS TOPHOTO
JTABJICHUS] 3HAYUTEIBHO OOJBIIE 3TOM BEIMYHMHBI, TO €€ OCTaBIIasICs YacTh MOCTe pa3-
pYLIeHHS HIST Ha TOBBIIICHHE KHHETHYECKOW HHEPIHH pa3pyILIeHHOTO o0BbeMa.
Ha HarpeB MOXKET MOWTH TONBKO B HCKITFOUNTENFHBIX CITydasX, KOTJa HET BRIHOCA YTIIS
WJIHA TIOPOJ] B TOPHBIE BHIPAOOTKH.

Kax m3BecTHO, KaMEHHBII Yronb SBISAETCS YIIEPOAHBIM MOJUMEPOM IOCTaTOYHO
CJIOKHOTO COCTaBa M UMEET CIIOMCTYIO CTPYKTYpy. CepAlieBHHa MaKpOMOJIEKYIIbI YIS
ABIIsieTCs TPadUTONOAO0HON U CONEPKUT BHYTPH KaXKIOTO CJIOS MPABIIIBHBIC IIECTH-
YIOIBHUKH M3 aroMOB yriepona. Ciion HaxomsaTest Ha paccrosuuu 3,35 + 10719 m gpyr ot
npyra [13]. A 3ddexTuBHBII AEaMeTp MOJNEKYJIBl METaHa COCTABISAET IPHUMEPHO
4,14 - 10710 m. Tak 4TO B CIIOKOMHOM 3aJIETaHHUHU TIPH MPOLIECCAX COPOIMHU-IeCOPOIUH
METaH B MEKCIIOEBYIO CTPYKTYPY YIVIsl IPOHUKHYTH HE MOKET. MOXKHO MPENOI0KHUTb,
YTO MOJIEKYJIBI METaHa MOIVIM TaM OKa3aThCs B OT/AJICHHbIE T€0JIOIMYECKHUE IEPUOIBI,
KOT/Ia [IUTH TIPOLIECCHI yIIIe00pa30BaHuUs U3 PACTUTENIBHBIX OCTATKOB, TOPHOE JaBIEHUE
erie He Ob110 chopmupoBano [14], a Temmneparypa OblTa JOCTaTOYHO BRICOKOH. Bemen-
CTBHE TIPOIIECCOB yIIIE00Pa30BaHUs B MEXILIOCKOCTHOM 00bEMEe MOYKET pacrioiararb-
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Cs 3HAUUTENILHOE YHUCIIO OOpa30BABIIMXCS MOJICKYNT MeTaHa. BciencTBue TOro, 4to
MEKCJIOEBEIE PAaCCTOSIHUS MEHBIIE 3()PEKTUBHOTO THaMeTpa MOJIEKYIbI METaHa, OHU
OCTArOTCSI TaM MPAKTUIECKH HEMOABMKHBIMH IO MOMEHTA pa3pylIeHus ciioeB. B aTom
Clly4ae MOXKHO TOBOPHUTh 00 «HMHTEPKAIAIIMOHHOI» QOopMe CBSI3U METaHa C MaKpOMO-
JIEKYJOH yIIIsl, KOTOpasi MOXKeT HapyIIaThes (a METaH BHICBOOOXKIATHCS) TOIBKO B IPO-
[[ecce MEXaHMYECKOTO Pa3pyLIeHHS.

HeoOxoanMo OTMETHTH BO3MOXKHOCTH CYIIECTBOBAHUSA Ui rpaduTa MCKyCCTBEH-
HBIX «MHTEepKaIATOB» [14, 15].

B MeXIm10CKOCTHOE MPOCTPAHCTBO rpaduTa BBOAATCS MOJICKYJIBI a30THOM MU Cep-
HOM KHCTIOTHI, UIMEIOITHE Pa3MeEpPBI OOJIBINE, YeM MEKIIJIOCKOCTHOE paccTosiHue. B pe-
3yJBTATE MPOUCXOINT JIMOO0 Pa3IBUTAHHE CIIOEB, TH00 HApYIIEHNE BHYTPEHHEH CTPYK-
TypBI, 0OecIieunBarolee APYTUM MOJIEKYlIaM «OOJIETYEeHHBIN» BXOJ B MEXKCIOCBOE
MPOCTPAHCTRO.

Hean padotsbl. B padorax [14, 16] mokazaHo, 4TO Ha €AUHUITY OPTAHUICCKON Mac-
CBI YIVISl B «MHTEPKATSIIUOHHOW» (pOpMe CBSI3M METaHa C YrOJbHOW MaTpHIIEH MOXET
HaxoauThes 10 4,17 monelt rasa, 4To 3KBUBaAeHTHO 90 M3/T.

Lenpio maHHOM CTAaThU SBISETCS MPOBEPKA TMIIOTE3bI HANWYUS B KAMEHHOM YTIIe
MeTaHa, HaXOSIIEroCs ¢ MATPHUIICH B HHBIX, HE COPOIIMOHHBIX (JOPMAX CBSI3H, HO CITO-
COOHOTO TTEPEXONUTh B Ta3000pa3HOE COCTOSHUE MPH MEXAHONECTPYKIHWH, T. €. TMPHU
pa3pyLIECHUN YIIIA.

Ta6auua 1. XapakTepuCTUKH YI0JbHBIX IJIACTOB
Table 1. Characteristics of coal seams

Brnax- yrox [Inot- | Ilpupoanas
Mapka | Momnocts | Kpenocts | I[Topucrocts najieHusl
[Tnact HOCTh W, HOCTb ra3oHoc-
yriis m f I, % by miacra 3 3
) P, KI/M° | HOCTB, M°/T
o, rpaj
ToamaueBckuit T 2,35-2,50 1,3 55 51 1-50 1440 12-17
10 K 19-2,2 1,4 7,8 0,8 1420 10-12
[MonenoBckuit r 1,72-2,4 152 3,6 4-6 39 1390 9-10
7-7a K 41 14 74 0,8 1490 12-15
XXIV K 0,71-1,8 11 35 38 1420 15-18

MeTononorusi. C 3TOH 1I€NIbI0 HA PsJIe MJIACTOB YroyibHBIX Iaxt Kysbacca Obuin
0TOOpaHBI MPOOKI YIIIS C TOMOIIBIO KEPHOOTOOpHHKA Ha paccTosiHuH 3,0—3,5 M ot Oop-
Ta BbIpaboTKH. Ha Kax1oM ydacTke miacta oTOMpaioch 0 ABE MPOOBI, OAHA U3 KOTO-
PBIX TIOMEMIaNach B TEPMETHYHBIN KOHTEHHEp W OCTaBIsJIach B JaOOPaTOPHIO IS
WCCIICZIOBAHUS Ta30BBIICTICHHS TIPU TMOCIEI0BaTeIbHOW MeXaHonecTpykuuu. Jpyras
npoba Taxke MoABEPratach MEXaHOAECTPYKLUH, C €€ MOMOLIbIO U3MEPSUTU CpenHe-
B3BEILICHHBIA pa3Mep YacTUL] YIJIA.

[Ipoba yrst Ayis m3MEpeHwsI Ta30BBIICICHIS TTOMEIAIach B TEPMETHIHBIN ITHIIHH-
JIpPUYECKUMN CTaKaH, COIepKalIui CTaJIbHON CTEPXKEHb JIJISl pa3pyILEeHUS YIS, B KPBIIII-
Ky cTakaHa ObUTM BMOHTHUPOBAHBI KPaH CO MITYIIEPOM IS OAKIIOYSHUSI MAHOMETPA U
TEPMOCONPOTHUBICHHUE 751 KOHTPOJST M3MepeHus Temneparypsl. [Ipouecc npobienus
YIJISl OCYIIECTBIISUICS IyTeM BpAaLICHUs CTakaHa B TeueHne | MuH, mocjie S-MUHYTHOH
BBIIEP)KKH MTPOU3BOANIIOCHh U3MEPEHHE AaBICHUS ra3za u Temreparypsl. Eciau nasne-
HUE Ta3a B CTaKkaHe IMociie pa3pymenus coctanisio okoio 10 xIla, To ra3 orbupancs
U3 CTaKaHa W MOJBEprajcs XpoMarorpadguaeckoMy aHanuzy. llepBoHadansHOE aBie-
HUE B CTaKaHe, 3aBUCSAIIECE OT IPUPOAHON Ta30HOCHOCTH TUIACTa U Ha4aJbHOH CKOPO-
CTH Ta300Tauu yIisl, U3Mepsutoch yepe3 2—2,5 4. C KakpIM HOBBIM LIUKJIOM, 110 MEpe
npoOeHust MpoObl, YMEHBLIAJCS CPEIHEB3BEUICHHBIN pa3Mep YacTHUI YIS, KOTOPBIA
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OIIPEJICIISICS TI0 BTOPO# MpoOe ¢ MOMOIIBI0 CUTOBOTO aHAJIU3a U PACCUMTHIBAJICS MO
hopmyiie

<dn>=idiAm/m, (1)

i=1

rae N — 4ucno HUKIOB paspymienus; Am, — Macca 4aCTHULl Yl quameTpom d > d;
d, — IMameTp 4acTull, ONpeJeNeHHbI HOMEPOM CHUTa; 711 — Macca IpoOs! ymis. B Taom. 1
MIPEICTABIEHBI XapaKTEPUCTUKHN HCCIETyEMbIX YTONbHBIX IUIACTOB.

Ha puc. 1 nokaszana 3aBUCUMOCTbh JUaMETpPa YacTHL YIVIA OT KOJUYECTBA LUKJIOB
paspyLIeHnH, BKIOYAOIUX | MUH pa3pyLIeHuUs TPOObI U 5 MUH BBIICPKKH.

17,0 4

CpeHeB3BeILICHHBII pa3Me]
o
[=}
—L

¥ 1 ]
0 2 4 6 8 10
Yucio HUKIIOB pa3pyleHHs
Puc. 1. V3MeHeHne cpeqHEB3BEIIEHHOTO pa3Mepa 4acTull YIiisi B 3aBUCUMOCTH
OT YHKCJIa IUKJIOB IPOOIEHUS:
1 — mnact TonmaueBckuii maxtel «Komcomoneuy, r. JlennHck-Ky3nenkuid; 2 — miact
10 maxtel «Pacnazackas», I. Mexaypedenck; 3 — miact Ilonenosckuil maxter «Kuposay,
r. Jlennnck-Ky3neukuit; 4 — muiact 7-7a mwaxrtsl «Pacnajackasy», T. MeXIypeueHek; 5 — miact
XXIV maxts! «IlepBomaiickasy, I. bepezoBckuii
Fig. 1. Change in the average weighed size of coal particles has been determined
depending on the number of grinding cycles:
1 —Tolmachevsky seam of Komsomolets mine, Leninsk-Kuznetsky town; 2 — seam 10 of
the Raspadskaya coal mine, Mezhdurechensk town; 3 — Polenovsky seam of Kirova mine,
Leninsk-Kuznetsky town; 4 — 7-7a seam of the Raspadskaya coal mine, Mezhdurechensk
town; 5 — seam XXIV of Pervomaiskaya mine, Berezovsky town

Jst uccnenoBaHus OTOMPAIUCh MPOOLI MPUMEPHO OAMHAKOBOTO 0ObeMa. Ilpu pas-
PYLICHUH B OJJMHAKOBOE KOJIMYECTBO LIMKJIOB YTOJb BeJl ce0s MO-pa3HOMY: OAHMH YTOJb
(6onee cnabplii) pa3pyLiancs B ABa-TPU LMKJIIA U BBIAEIISUII IPH 3TOM NMPAKTUYECKH BECH
ra3, HaXOJUBILHUICA B CBSI3H C MAKPOMOJIEKYJIOH, a Ipyroi (0oJiee Kperkuil) pa3pymani-
Cs He cpasy ¥ ra3 OTAaBall OCIEA0BATEIbHO B KXKIOM LIUKIIE U B OOJIBIIEM 00BeMe 10
CPaBHEHUIO CO CIA0BIM yTIIEM.

ITo pe3ynbraram H3MepeHus Ta30BbIIEIICHIS IPY Pa3pyIICHHUH POOBI YT PacCUUTHIBA-
JIM YHCII0 MOJICH BBIJICIMBILIETOCS Ta3a, TIPUXOJIICECs Ha €IMHHUITY MacChl YIJIsL, MOJIB/KT:

N —
APO+Zyexp M \%
, = c
Av'=—. )
RT,

3
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e AP — UCXO[HOE JaBlIeHHE Ta3a B cTakane, I1a; y, b, ¢ — MOCTOsHHEIE, ONpeaese-
MBI€ IS KOKIOTO IIacTa 1o SKCIIEpUMEHTaIbLHBIM 3HaUeHUM, [1a; <d> — CpeIHEB3Be-

IIEHHBIM pasMep YacTHIl [TOCIIe OYEePETHOTO IIUKIIA pa3pyLIeHHs], MM; R — yHUBepcallb-
Has rasoBas nocrosHHasd, Jix/mMons - K; 7| — TepMoauHamMuyeckas Temneparypa Inpu
paspyiieHuu, Kotopas coctasisuia 294,5° C; V — o6seM ipoOsI rasa.

O0peM MPOOBI ra3za HAXOMWIIM C YYETOM OOBEMOB CTakKaHa, YIS, JKEJIEe3HOTO
CTEPIKHSI.

3
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KomuuaecTBo BBIJACIIMBIICTOCS rasa, MOJIB/T
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Yueno HUKIIOB paspyLIeHHs

Puc. 2. V3MeHeHne koauuecTBa BBIIEIMUBIIETOCS U3 YIVIS ra3a B 3aBUCUMOCTH OT
YHcia UKIJIOB APOOICHHUS:
1 —mnacr 10 maxtel «Pacnanckasy, r. MexaypedeHck; 2 — miact 7-7a maxThl «Pacmanckas»,
r. Mexnypeuenck; 3 — muact XXIV maxtel «IlepBomaiickas», . bepe3osckuil; 4 — macrt
TonmayeBckuii maxtsl «Komcomoneny, r. Jlenunck-Kysneukuii; 5 — mact [ToneHoBckuit
maxtel «Kuposay, I. Jlennnck-Ky3nenxuii
Fig. 2. Change in the amount of gas liberated from coal depending on the number
of grinding cycles:
I — seam 10 of the Raspadskaya coal mine, Mezhdurechensk town; 2 — 7-7a seam of the
Raspadskaya coal mine, Mezhdurechensk town; 3 — seam XXIV of Pervo-maiskaya mine,
Berezovsky town; 4 — Tolmachevsky seam of Komsomolets mine, Leninsk-Kuznetsky town;
5 —Polenovsky seam of Kirova mine, Leninsk-Kuznetsky town

VienbHOE Ta30BBIACICHNE, TPUBEAECHHOE K HOPMAILHBIM YCIIOBUAM, OBIIIO paccyu-
TaHo 110 popmyie:

aTt™

rae z — KOOQQULIUEHT CKUMAaEMOCTH ras3a; R — yHUBepcajbHas Ta30Bas MOCTOSHHAS,
Ix/monb - K; T, — TepmoaMHamMuyeckas TemMneparypa, pasias 273 K; P — atmoc-
¢beproe nasnenue, pasuoe 1,013 - 10° ITa.

Pesyabrartsl. Ha puc. 2. npuBeneHb! SKCIIEpUMEHTaAIbHbBIE 3aBUCUMOCTH YIEIbHO-
IO Ta30BbIJIENICHUS U3 P00 yIiIst Jyis uiactoB 7-7a u 10 maxTel «Pacnagckasy, miacra
Tonmauesckuii maxtel «Komcomonery, miacta [Tonenosckuii «lllaxter umenu Kupo-
Bay U miacta 24 maxTsl «bepe3oBckasy B 3aBUCMOCTH OT YHCIIa IUKIIOB pa3pyIIeHUs
B IiepecyeTe Ha TOHHY YIJIS.
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B Tabn. 2 mpuBeneHbl pe3yNbTaThl OMPESICHUs CYMMApHOTO KOJMYEeCTBa MOJICH
rasa, BBIZICTMBILETOCS IPH MEXAHOIECTPYKINY P00 yriist. Takke MPUBEACHBI pe3yiibTa-
ThI pacueTa 00bEMOB BbIJICJIUBIIIETOCS ra3a, PUBEICHHBIC K HOPMAJIbHBIM YCIIOBHSIM.

Kakwue rassl BBIACISIOTCS P MEXaHOACCTPYKIMK MpoOsl yris? Ha ator Bompoc
OB OJTyYeH OTBET MOCIIE MMPOBEASHHS XpoMaToTrpadpuaecKkoro anamu3a npoo rasa, Ko-
TOpBIE OTOMPAITNCH U3 CTaKaHa ITOCIIe OYePETHOTO KA pa3pymeHus. Ha puc. 3 mpen-
CTaBJICHBI PE3YJbTaThl U3MEPEHUI COCTABA BBIJCIIMBIICTOCS T'a3a U3 MPOOBI YIJISI C M1a-
ctoB 7-7au 10 maxtel «Pacnaackasy, macta « TonMadeBckuii» maxtbl «Kk KoMmcomoreny,
mnacta [Tonenosckuil «1llaxTel nMeHn Kuposay.

AHanu3 M3MEHEeHHs COCTaBa raza B CTaKaHe ITOKasajl, YTO IMOCJE KaXJOTO IHKIA
pa3pylIeHns] KOHIICHTpAIlisl MeTaHa W IPYTHX YIIEBOIOPOIOB, B TOM YHCIIE OKUCH U
JIBYOKHCH YIJIepOoJia, YBEIHMUNBAIACh, & KUCIOPOa — YMEHbIIANach. Tak, HOCIe MIeCTOo-
TO [UKIJIA pa3pylicHUs KOHIICHTpAIMs MEeTaHa Bo3pocia B 5,6 paza u cocraBmia 52 %,
KOHIICHTpalUs dTaHa — B 2,6 pa3a, OKHCH yriiepoja — B 4 pasa, a KOHIIEHTPAIHs KUCJIO-
pona ymenbmuiack ¢ 17,8 % no 7,6 %.

Ta6auna 2. Pe3yjabTaTsl onpeejeHus U pacyeTa 00beMOB BbIIeJIUBIIET0Cs
ra3a nnpu MexXaHOACCTPYKIUHU YIJIfd
Table 2. Results of the deter mination and assessment of the amount of gas
liberated under coal mechanical degradation

IMnacr KomuuectBo raza | VYzaenbHslil 00beM
! Av, MOJIB/T V, M%1

10, maxra «Pacnaackas» 518,7 10,3
r. MexaypedeHck
7-7a, maxta «Pacnaackas 1026,1 20,4
r. MexaypedeHck
XXIV, maxra «IlepBomaiickas» 736,2 14,6
r. bepe3zosckuit
TonmaueBckuii, maxra «KoMmcomoiem» 293,2 5,8
r. Jlenunck-Ky3neukuit
[TonenoBckuid, maxra «Kuposa» 522,3 10,4
r. Jlenunck-Kysnenkuit

YMeHbIIIeHNe KOHIICHTPAIUK KHCIIOPOAa BIOJHE OOBSICHUMO, TaK KakK IepBOHA-
JaJpHO Mpoba raza cojeprkaia BO3AYX, B KOTOPOM KOHIICHTPAIIUS KHUCIOPOJa COCTaB-
msma 21,8 %.

Takum 00pa3oM, pa3pyIieHHe YroJdbHON MPOOkI MPUBOAUT K HAPYIIICHHIO BHYTPEH-
HUX CBsI3¢ii B TBEPIIOM YIJIETa30BOM PAaCTBOPE U BBIACICHHUIO JOMOJHUTEIBHBIX 00be-
MOB «YTOJIbHBIX)» Ta30B.

IIpoBeneHHBIE HICCTICMOBAHNS TTO3BOJISIOT IPEAIIOIOKUTE, YTO OCHOBHAS Macca rasa,
BBIJICIISIOIIETOCS TIPH BHE3AITHOM BBIOPOCE YIUIA M Ta3a, B UCXOMHOM COCTOSTHUH HAaXO-
JIUTCS B JOCTATOYHO CUIILHOM CBSI3U C MaKpOMOJIeKyIo# yritsi. Ho mpu uMmynbsCHOM BO3-
JICCTBUM MEXaHUYECKUX HArPY30K NPU BEICHUM OYUCTHBIX WIH OYpPOB3PBIBHBIX paboT
HAa COCEIHMX Y4YacTKax WU IUIAcTaX MPOUCXOAUT Pa3pylICHUE OTICIBHBIX 30H YIS U
WHTCHCHUBHOE T'a30BhIIeIcHIEe. BEIOpOcoomacHas CUTyarmst MO>KET BO3HUKHYTh Ha TUIa-
CTaX, UMCIOIMNX MaIy0 MPOHUIIAEMOCTh M COXPAHSIONTNX BHICOKOE Ta30BOC TABIICHUE
BONM3M 320051 BRIpaOOTKHU. [Ipu 3TOM MOXKET peann30BaThCsi MOJIENb, IPENCTaBICHHASL
C. A. XpuctuaHoBUYEM, COTNIACHO KOTOPOM MOJT ACHCTBUEM NEPBOHAYAIEHOTO MEXaHU-
YECKOTO MMITYJIbCa BO3HUKAIOT BOJIHA JPOOJICHUS, PACIPOCTPAHSIONIASACS B CTOPOHY
MacCHBa, U BOJIHA BEIOPOCA, PACIPOCTPAHSIONIASICS B CTOPOHY 32005 BRIPAOOTKH.

BeiBoanl. [Tokazano, 9T0 BBIZICICHIE 3HAYUTEIIPHOTO KOJTMYECTBA METaHa TIPH BHE-
3aITHBIX BBIOPOCAX YIS M Ta3a HEBO3MO)KHO OOBSICHUTH TOJIBKO B PAMKAX CyIIIECTBOBA-



ISSN 0536-1028

UuMO) ASIUZN-YSUIUST ‘QUILL BAOIIY] JO WEIS ANSAOUI[OJ — £ ‘UMO) ASIUZNI-NSUIUT ‘QUIL SIQ[OWIOSWO] JO WLdS

AYSAQUORWI[O], — £ ‘UMO) YSUIYIIINPYZIJA ‘QUIL [BOD BABYSPRASEY 9} JO WIBIS B/ -/ — 7 ‘UMO} YSUSYIINPYZIIA ‘Oultl [200 BARYSpedsey oy} Jo (] weas— 7
:uononsap Jaye djdwes [eod & ur sased Jo uonenuaouod Ay} ul dduey)) ‘¢ 31

UIDINOHEAY -MOHUHI[[ I ‘«edodud]» ILXEI HUNOGOHILO] | LRI — # SUMMITOHEAY-MOHUHI[[ U ‘CIIOIFONOINOY»

[9LXBIT UIMOGORBIWIO], LORIII — & SIOHOhAAAINKIIA U ‘«EBMOTRIIOR» I9LXEII B/ -/ LOBLI — 7 NOHORIAAIKIJA I ‘KERMOTBLOR]» I9LXBHI ()] 1OBLI —

:¥uHomAdeed orroon K1 99odi € g0€el nUed LHOTIHON OMHOHOWE]] ¢ "OUJ

¥uHomAdeed gomun orroup

or 6 8 L 9 & ¥ €
.-._.l..'..l.

guHomAdeed goIruI OUrOUE

or 6 8 L 9 § ¥ € ¢

o

Nr
o

®
(=}

<
[}

0
(=}

"Izvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal". No. 5. 2019

50

K4
€0
7’0
S0
-9'0

gAY

F8'0

% ‘9“H?D ¥uIed1HOMHOY]

0 ‘20D BUIRdLHOIHOY

guHomAdeed gomum Orroup
o 6 8 L 9 § ¥ ¢ ¢ T 0 T

¥uHomAderd gomun orroup
or 6 ¢ L 9 § ¥ € ¢ T 0 T-

: B r 0€

0% ‘YHD BUITRdLHOIHOY

o'
=~
o
o8 E
(¢}
=
o
. o
2T &
x
Q
e
9T %
0z



ISSN 0536-1028 «Hz6ecmus 8y308. Topnutil srcypuany, Ne 5, 2019 51

HUsI CBOOOIHOTO W copOuMpoBaHHOro Merana. [lo Bce BHIMMOCTH, 3HAYMTENbHAS
YacCTb «YTOJIbHBIX» I'a30B HAXOAUTCA B yFOJ’ILHOﬁ MaTpuic B KOHACHCUPOBAHHOM CO-
CTOSTHUM 1 00pa3yeT ¢ MaKpOMOJIEKYJIOH TBEPHABIA yTIIEra3oBhIil pacTBOP.

YCTaHOBIIEHO, UTO ITPH MEXAHOAECTPYKIUHN YITISI TPOUCXOANT pa3pblB BHYTPUMOIIE-
KYJISIPHBIX CBS3€H aTOMOB yIiIepoJia ¢ «0axpoMoiiy, a Takke MeXAy rpadUTONno100HbI-
MU CJIOSIMU YIJIEPOTHOM PELIETKH, YTO MIPUBOJUT K BHICBOOOXKACHUIO 3HAYUTEIHHOTO
KOJINUECTBA ra3a U epexoy ero B CBOOOJHOE COCTOSIHUE.

Xpomarorpapuueckuii aHaJIi3 I'a30B, BBIACIUBIIMXCS MOCIIC MEXaHOACCTPYKIIUU
poOBbl yIuis, OKa3aj, 4YTO0 KOJIMYECTBO METaHa, NepeuIeee Ipd ITOM B CBOOOAHOE
COCTOSIHHE, IIPEBBIIIAET AHAJIOTHYHOE KOJIMYECTBO IPYTHX Ta30B.

[onmy4eHo, 4To Mpy MEXaHOAECTPYKLMH MPOO YIS, B3ATHIX HA YUACTKE YTOJIBHOTO
TUIacTa, CKIIOHHOTO K BHE3aITHBIM BEIOpOCaM YISl M Ta3a, BBIIENSAETCS KOJTHYECTBO Me-
TaHa, IPCBLIMIAIOIICE KOJIUYCCTBO rasa, BbIACJIUBUICECCA ITPHU MEXAaHOACCTPYKIINU Hp06
YIIIsd, B3ATBIX U3 HCOITAaCHBIX 30H.

Pa3pa0orana MeToauka onpeneneHus Ira30BbIACICHUS U3 YIS IPH €r0 MEXaHOAE-
CTPYKLMH, TO3BOJIAIONIAS BBISIBIISATE YYACTKH YTOIBHOTO IUIACTA B IIPEENax MaXTHOTO
NOJIsI, HTOTEHIMAIBHO OMacHbIE IO BHE3aMHBIM BBIOpOCaM YISl U rasa.
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Gas emission under coal mechanical degradation

Valerii V. Dyrdin!, Tatiana L. Kim', Andrei A. Fofanov!, Evgenii A. Plotnikov2, Natalia M. Voronkina®
I'T. F. Gorbachev Kuzbass State Technical University, Kemerovo, Russia.

2 Raspadskaya coal mine, Mezhdurechensk, Russia.

3 SUEK-Kuzbass, Leninsk-Kuznetsky, Russia.

Abstract
Introduction. Hard coal underground mining safety is inextricably bound up with the measures aimed at
the reduction of gas development from the margins of coal seams. At the present time there is no accurate
answer to the question why under gas and coal outbursts, specific emission overruns natural gas content
by several times. In this regard the scientific task of studying gas emission under coal mechanical
degradation is relevant.
Research aim. The present article aims to test the hypotheses of the presence of methane in hard coal,
being in other, not sorption bonds, with the matrix, but being able to transfer into gaseous state under
mechanical degradation, i.e. coal destruction.
Methodology. The authors collected coal samples from the seams of coal mines of Kuzbass. The character
of change in the average weighed size of coal particles has been determined depending on the number of
destruction cycles. The results of the chromatographic analysis of gas liberated under the coal samples
destruction are introduced.
Results. It has been stated that under the destruction coal samples, collected at the margin of mine
influence, “coal” gas is intensively liberated, methane having the higher concentration. It has been stated
that under coal mechanical degradation there is a breaking of bonds between the atoms of carbon with
“fringes”, and between the graphite-like layers of carbon grating, which leads to the liberation of
a significant amount of gas and its transition into the unbound state.
Summary. The method of experimental determination of specific gas emission has been worked out,
making it possible to assess the tendency of a coal seam to coal and gas outbursts.

Key words: coal destruction, gas emission; mechanical degradation; coal seam; outbursts.

REFERENCES
1. Malinnikova O. N., Feit G. N. Effect of methanogenesis and additional sorption under gas-saturated coal
destruction in the conditions of three-dimensional stress state. Gornyi informatsionno-analiticheskii
biulleten (nauchno-tekhnicheskii zhurnal) = Mining Informational and Analytical Bulletin (scientific and
technical journal). 2004; 8: 196-200. (In Russ.)
2. Malinnikova O. N. Conditions of methane liberation from coal under destruction. Gornyi informatsionno-
analiticheskii biulleten (nauchno-tekhnicheskii zhurnal) = Mining Informational and Analytical Bulletin
(scientific and technical journal). 2001; 5: 95-99. (In Russ.)
3. Chernov O. 1., Rozantsev E. S. Coal and gas outburst prevention in coal mines. Moscow: Nedra
Publishing; 1965. (In Russ.)
4. Khodot V. V., Ianovskaia M. F., Premysler Iu. S. Gas emission from coal under coal destruction. Fiziko-
tekhnicheskie problemy razrabotki poleznykh iskopaemykh = Journal of Mining Science. 1966; 6: 3—11.
(In Russ.)
5. Dyrdin V. V., Oparin V. N., Fofanov A. A., Smirnov V. G., Kim T. L. Possible effect of main roof
settlement on outburst hazard in case of gas hydrate dissociation during coal mining. Fiziko-tekhnicheskie
problemy razrabotki poleznykh iskopaemykh = Journal of Mining Science. 2017; 5: 3—14. (In Russ.)
6. Alekseev A. D. Methane in coal seams. Forms and extraction problems. In: Geotechnical mechanics:
interauthority collection of scientific articles. Dnepropetrovsk: IGTM NANU Publishing; 2010;
87: 10-15. (In Russ.)
7. Fischep F. Preparation of synthetic. Brennstoff. Chem. 1923; 4: 276-285.
8. Falbe Iu. M. Chemicals from coal. Moscow: Khimiia Publishing; 1984. (In Russ.)



ISSN 0536-1028 «H36ecmust 8y306. Topuwiii sicyprany, Ne 5, 2019 53

9. Proskurowski G., Lilley M. D., Seewald J. S., Friih-Green G. L., Olson E. J., Lupton J. E., Sylva S. P.,
Kelley D. S. Abiogenic hydrocarbon production at Lost City hydrothermal field. Science. 2008;
319 (5863): 604-607.

10. Gavriliuk V. G., Shanina B. D., Skoblik A. P., Konchin A. A., Kolesnik V. N., Ulianova E. V.
A mechanism for formation of coal methane. Gornyi informatsionno-analiticheskii biulleten (nauchno-
tekhnicheskii zhurnal) = Mining Informational and Analytical Bulletin (scientific and technical journal).
2015; 8: 211-220. (In Russ.)

11. Menzhulin M. G., Montikov A. V., Vasiliev S. V. Physical processes of methanogenesis under coal
destruction. Zapiski Sankt-Peterburgskogo Gornogo instituta. Geologiia = Journal of Mining Institute.
Geology. 2014; 207: 222-225. (In Russ.)

12. Oparin V. N, Kiriaeva T. A., Gavrilov V. Iu., Shutilov R. A., Kovchavtsev A. P., Tanaino A. S., Efimov
V. P., Astrakhantsev 1. E., Grenev 1. V. Interaction of geomechanical and physicochemical processesin
Kuzbass coal. Fiziko-tekhnicheskie problemy razrabotki poleznykh iskopaemykh = Journal of Mining
Science. 2014; 2: 3-30. (In Russ.)

13. Glinka N. A. General chemistry. Moscow: Integral-Press Publishing; 2003. (In Russ.)

14. Smirnov V. G., Dyrdin V. V., Ismagilov Z. R., Kim T. L., Manakov A. Iu. On the influence of the forms
of the connection of methane with the coal matrix on the gas dynamic phemonena arising in the underground
development of coal seams. Vestnik nauchnogo tsentra po bezopasnosti rabot v ugolnoi promyshlennosti =
Industrial Safety. 2017; 1: 34—41. (In Russ.)

15. Sorokina N. E., Nikolskaia 1. V., lIonov S. G., Avdeev V. V. Acceptor-type graphite interaction
compounds and new carbon materials based on them. [zvestiia Akademii nauk. Seriia khimicheskaia =
Russian Chemical Bulletin. 2005; 8: 1699-1716. (In Russ.)

16. Smirnov V. G., Dyrdin V. V., Ismagilov Z. R., Manakov A. Y., Ukraintseva E. A., Villevald G. V.,
Karpova T. D., Terekhova l. S., Ogienko A. G., Lyrshchikov S. Y. Formation and decomposition of methane
hydrate in coal. Fuel. 2016; 166: 188—195.

Received 5 April 2019
Information about authors:

Valerii V. Dyrdin — DSc (Engineering), Professor, professor of the Department of Physics, T. F. Gorbachev
Kuzbass State Technical University. E-mail: vvd1941@mail.ru

Tatiana L. Kim — DSc (Engineering), acting Head of the Department of Physics, T. F. Gorbachev Kuzbass
State Technical University. E-mail: tanyakim@]list.ru

Andrei A. Fofanov — senior lecturer of the Department of Physics, T. F. Gorbachev Kuzbass State
Technical University. E-mail: thunder55@mail.ru

Evgenii A. Plotnikov — PhD (Engineering), assistant foremaster of aerological safety section
at the Raspadskaya coal mine. E-mail: plotnikov_ea@raspadskaya.com

Natalia M. Voronkina — manager of control over the dynamic conditions and rock massif monitoring
at SUEK-Kuzbass. E-mail: voronkinanm@suek.ru

Jnst umrupoBanmsi: eipaun B. B., Kum T. JI., ®odanos A. A., [TnotaukoB E. A., Boponkuna H. M.
T"azoBBIIENEHME ITPU MeXaHOAeCTpyKInH yriis // 3Bectus By3oB. [opHsIii xkypHam. 2019. Ne 5. C. 44-53.
DOI: 10.21440/0536-1028-2019-5-44-53

For citation: Dyrdin V. V., Kim T. L., Fofanov A. A., Plotnikov E. A., Voronkina N. M. Gas emission
under coal mechanical degradation. [zvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal = News of the
Higher Institutions. Mining Journal. 2019; 5: 44-53 (In Russ.). DOI: 10.21440/0536-1028-2019-5-44-53



OBOTALLEHWE NONE3HBIX UCKOMAEMbIX

VK 622.34:622.013 DOI: 10.21440/0536-1028-2019-5-54-62

Mpo6nembl pySONOAroTOBKN B «4eTBEPTON NPOMbILLNIEHHON
peBonoLMUM»
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' KoHcynbTaLMOHHO-aHanUTUYECKIA LieHTp «Poccuitckuii ctaHmapTy, r. Ekatepunbypr, Poccust
e-mail: hopunovi@gmail.com

Peghepam
Llenvio pabomut sigrsiemces ananus npobrem 2opHo-nepepadbamuléaioweli Ompaciu Ha HaYaiIbHOM dmane
meKyweti «4emeepmoti nPOMbluieHHOU pesomoyuuy. Ommeueno, Ymo momanbHas yupposusayus u
pobomusayusi MexHoNI0SUYeCKUX NPoYeccos He uzdagum ompaciv om uzbblmoYHO20 IHEP20- U 80OONO-
mpebnenuss 00 mex nop, noka He OyOym peuienvl 6a3oevie NPoOLEMbl HEPAYUOHATbHO20 PACX0008AHUS
YyKazauHolx pecypcog. Ipunumas 60 6HuManue, YmMo cMeHa NOKOLEeHUIl MEXHOL02UL CONPOBOIICOAeM sl
CMeHOU napaousmsl, a8Mop NPeosoAHCUN KOHYEeNnYuio Ho8ou napaouzmul.
Memooonozua ananuza o0yCio61eHa coOeplcanuem napaouemvbl MexHoro2uu 000bluY U nepepadomxu
MuHepanvrno2o coipvs. Chopmynuposan «uoearbHulli KOHEUHbI Pe3yabmamy, 00CMUSHYmb KONMopo2o
MOXCHO, CLe0ysl NPUHYUNAM: He 000bl8amb, He Opobums u He 0bo2awjams Hu4e2o quwnezo. B pabome
nocmasgienvl 3a0auu pazpadomru Ho8blX MexHoL02ull U 060py006anust ONisk 00CMUNCEHUSL KA4eCMEEHHO
UHBIX nOKazamenel pyOono020mosKi.
Pesynvmamol ananuza oo napaouemvl OCHOBbIEAIOMCS HA NPUHYUNAX U3OUPAMENbHOCIU, NO KOMO-
PbIM NPOMEICYMOYHbLE U KOHEUHble NPOOYKMbL PYOONn0020moKU NPeonoiazaemes opmuposans 6 pe-
3yibmame  NOCAE008AMENbHBIX YUKIIO8 NPeodpaso8anus CMpPYKMypHbIX ILEeMEHMO8 pa30eleHUs.
6 cmpyKmypHble 21emeHmol packpvimust. [1ockonbKy npu o0viuHoM uU3MenbyeHul 6H08b 00PA306aHHAS
NOBEPXHOCHb 20pA300 (8 0eCAMKU PA3) 6bliie NOBEPXHOCMU CPACMAHUS, COKpaujerue 00bema mamepu-
ana npu cenekmueHOM pa3pyuieHuu No3600Um 6 Pazvl CHU3UMb IHep2onompebienue Ha packpvimue.
Oobnacmuio npumeneHuss paccmampugaemoll KOHYenyuu se6isaemcs 6cs 20pHo-nepepabamléaouias
ompacv, NOCKONbLKY NPAKMUYECKU 8Ce KPYNHble HeOPONONb308Ament NPUMEHSION 0OUHAKOBbIU YUKIL
PYOOn0020mosKu: 83pbleHAs 0MOOUKA—OpodIeHUe—pAaACKpblmue—obo2auyeHue.

Knwueevie cnosa: PYOOno02omosKa, CMeHa NOKOLEHUIl MEXHON02Ul, CeleKMUGHOe pa3pyuleHue;
pecypcocbepedicerue.

Hean padoTsl — aHAINA3 TIPOOIIEM TOPHO-TIEpepadaThIBalONIei OTPACIN Ha HaYalb-
HOM 3Tale TeKylIeil «4eTBepTON IPOMBILIIIEHHOW peBOIonrm». OQHONU U3 IPUYUH OT-
CTaBaHUs OT OOIIETO TPEH 12 BCTPANBAHNUS B HOBBIH TEXHOJIIOTUIECKUH YKIIa ] IBISETCS
HEIOCTaToYHas MoAAepKKa GyHIaMEHTaIhHONH HAyKOH TEXHOIOTHI MepepaboTKi MH-
HEPaJIBHOTO CHIPhsA. Bo MHOTOM 3TO CBSI3aHO ¢ OONBIIMM AWANa30HOM (TIOYTH JIEBSATH
nopsiakoB 10410 M) pasmepHOro psiga 0ObEKTOB, OTHOCSIIMXCS K Pa3HbIM HayKam
o 3emite. Henb3s cka3aTh, 4TO «9eTBEepTast MPOMBIILIEHHAS PEBOITIOIINS 000IIITa CTOPO-
HOH OTpacii, CBsI3aHHBIC ¢ JOOBIUEH U ITepepaboTKON MUHEPAITLHOTO CHIPhs. B 0CcHOB-
HOM M3MEHEHUS CBSI3aHbI C BHEIPEHUEM IPOTPAMMHBIX CPEJICTB ISl KOJTHIECTBEHHOTO
OIMCaHUsl MECTOPOXKICHHUH, mocTpoeHus 3D-kapT 3anmeranus pya, reopu3muecKux
JAHHBIX pa3Benkd. [lofBUIIICH IPOTPaMMHBIE POAYKTHI, TIO3BOJISIFOINNE TOCTATOYHO
OnICTpO 00pabaThIBaTh OOINBIIIE MACCHBHI JAHHBIX O COCTaBE M CTPYKType pyad. Bme-
CTe C TeM TOTalbHasA NU(POBU3ANNSA U POOOTH3AINS TEXHOJIOTHUECKHUX TIPOIIECCOB HE
n30aBUT OTPACiIb OT M30BITOYHOTO DHEPIO- M BOMOTOTPEOICHHUS A0 TEX IOp, IOoKa
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He OymyT pemieHBI 0a30BbIE MPOOIEMBl HEPAITMOHATLHOTO PACXOM0BAaHUS YKa3aHHBIX
pecypcoB. AKTyanu3anus paccMaTpuBaeMoi MpoOIeMbl BEI3BaHA TEM, UTO «pealIbHBIN
BKIaj Hepporonb3oBaHus B BBII Poccun ¢ yuetom Bcex OM3HecC-IpoIrieccoB (TpaHc-
MOPTHPOBKA TOJIE3HBIX MCKOMAEMBIX, YHEProcHaOKeHne, MPOM3BOACTBO MaTepHaIb-
HBIX PECYPCOB U T. 1.), CBSI3aHHBIX C J0OOBIYEH MONE3HBIX HCKOMAEMBIX, TOCTUTAET
50-60 %» [1]. Ilepexon oTpaciu B HOBBIN TEXHOJOTUYECKHUI yKJIa] MOMOTAeT TaKKe
pelars 3a/1auu CTpaTerunieckoi 6€30MacHOCTH Mo 00eCTIeYeHUI0 MUHEPATBHO-ChIPhEe-
BOii 0a3bl B YCIOBHUSX IMOCTOSIHHOTO MCTOLIEHUS] MUHEPAJIBHBIX pecypcoB. [Ipensiay-
M 3Tall TEXHOIOTUYECKON PEBONIONMH HE PEUINI 33/1a9d PaIlHOHATIHHOTO HEAPO-
MOJIb30BaHMS], & BOSHUKILIMKI BCJIEICTBUE ITOIO HE3AMOJHEHHBIM «TEXHOJIOTMYECKHUI
pasphiB» CYIIECTBEHHO YBEIMYWI PUCKH OTCTaBaHus oTpacid. OOBIYHO MOATOTOBKA
K CMEHE IIOKOJICHUM TEXHUKHU U TEXHOJIOTUHA MPOUCXOIUT 33J0JT0 A0 TOr0, KaK MIPOU30H-
JeT WUCUeplaHue MOTEHIMalla Pa3BUTHUA IEHCTBYIOIIMX CHCTEM: BEPXHHMH y4acTOK
S-KpuBOIl )KU3HEHHOTO LIUKIA [2—6].

MeTononorusi ananm3a oOyCIIOBICHA COAEPKAHUEM TMapaguTMbl TEXHOIOTHU J0-
ObIYM U MepepabOTKH MHUHEPATBHOTO CHIPhS, KOTOpasl, COXpaHs;s MPEeeMCTBEHHOCTb,
OCHOBBIBaeTCsl Ha 0a30BBIX MPUHIMIIAX pecypcocOepekeHus: He A0ObIBaTh, HE IPO-
OuThL 1 HE o0oramarsk HU4ero JUIIHero. [loTHOIeHHOe COOTIoeHIE YKa3aHHBIX ITPHH-
[IUIIOB BO3MOXKHO JIMIIb C IPUMEHEHHUEM TEXHOJIOTHUI U 000pyIOBaHUS, OCHOBAHHBIX
Ha UHBIX MPUHIIUIAX, C 00Jiee BELICOKUMH MOKA3aTEISIMH IePepadOTKH MUHEPATHHOTO
ChIpbs. B Teopun pemenus mzobperarenbekux 3amad (TPU3) cymecTByeT moHATHE
«uaeanbHbIi KOHEYHBIH pesynbrary [7]. ns npoueccoB 1o0s4u u mepepaboTKu MU-
HEPaITLHOTO CHIPhS MOYKHO 0003HAYHTH CIIETYIOIIHE «HAAeaTbHbIE KOHSUHBIE PE3YIIBTaThD»:

— MoTpebIeHne SHEPTUH, BOABI U IPYTUX UCTIOIB3YEMBIX PECYPCOB COOTBETCTBYET
¢u3nueckn 000CHOBAaHHBIM YPOBHSM (HEOOXOIUMBIM U IOCTaTOUYHBIM);

— UCTOJIBH30BaHNE MUHEPATHHOTO CHIPhS, COJIEPIKAIIErocs B pa3padaTbIBaeMOM Me-
CTOPOXKICHUH, MPUOIMKAETCS K MakcuMyMy (B uzneane k 100 %);

— YCTaHOBJIEHO ONTHUMAJBbHOE COOTHOIIEHUE MEXAY MOJHOTOM U3BIEUEHUS] MUHE-
paNBHBIX KOMIIOHEHTOB, 3aTparaMu BCEX PeCcypcoB ((PMHAHCOBBIX, YHEPTETUUECKUX,
BOJHBIX H JIp.) U JMHAMUKOW I€H Ha METAJIJIBl 1 MUHEPAJIbHOE CHIPBE.

st Toro 4TOOBI AOCTHYB YKA3aHHBIX PE3yIBTaToOB, HEOOXOAMMO KaK MUHHMYM pe-
IIATH PsIT HAYYIHBIX, KOHCTPYKTOPCKHUX W TEXHOJIOTUIECKUX 3a]1ad:

— pa3paboTaTh HOBbIE TEXHOJIOTHH B3PBIBHOW OTOOMKH, HCIIONB3YIOIINE BOJHOBBIE
3¢ exThl AT N30UPaTeNbHOTO pa3ylpoOYHEeHUsI TEKCTYPHO-CTPYKTYPHBIX HEOIHOPOI-
HOCTEW B3pHIBAEMOTO MaCCHBA;

— pa3paboTaTb CKBO3HYIO MOJICITb SHEPTONOTPEOICHUS B TIpolieccax JOObIYY U Tie-
pepaboTKK MHUHEPAJIBHOTO CHIPbS;

— CO371aTh HOBBIE YCTPONCTBA, CIIOCOOHBIE aJIallTUBHO M3MEHSTH MapaMeTphl Je-
(dbopMupoBaHUs B 3aBUCHMOCTH OT MEHSIOUIMXCS CBOWCTB OOBEKTOB pa3pyICHHs
(B TOM UHCIIE U B TIpoLIeCCE IE3UHTETPaLiN );

— pa3paboTarh TEXHUKY JUTA Pa3pylIEHUs Py ¢ H30UPaTEIbHBIM BBIBOJIOM PACKPHI-
THIX Ha JAHHOM CTaJUU MPOIAYKTOB (B TOM YHCJIE U MOAYIBHYIO);

— CcO37aTh MOAYJBHBIE YCTPONCTBA I «CYyXOTr0» Pa3/eNeHUs MUHEPAIbHBIX KOM-
TOHEHTOB, CONPATaEMbIE C KaXXJI0i cTajuei pa3pylieHus.

Heo0xoauMocTh co3anusi CKBO3HOW MOJIENT SHEPTonoTpeOIeH S TI0 BCEMY IIHKITY
dodviua—nepepabomka 00yCIOBIIEHa TE€M, YTO pa3pylIeHHe, 00€3BOXKHBAHUE U CYIIIKa
KOHIIEHTpaTa OTHOCSTCS K IpoleccaM C HaumOONBIINM TOTPEOIICeHHEM JHEPIHU.
[Tpu 3TOM TOTpebIeHNE SHEPTUU Ha PACKPBITHE 3aBUCHT OT DHEPTHH, 3aTPAYeHHON Ha
B3pBHIBaHUE, a 3aTPaThl Ha 00€3BOKMBAHNE U CYIIKY 3aBHCAT OT CTEIICHU U3METBUEHUS
(T. €. OT 3aTpaT SHEPTUH HA Pa3pyIICHHUE).
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Bo3MokHBIE BApHAHTBI peCcypcocOeperarox MoIeei:

— MOJICJIb CYMMAapHOTO HEPrOMOTPEOIICHUS B MPOIIeccax JOOBIUU (XUMUYIECKHMA K-
BUBAJICHT SHEPIUU B3pbIBa I1€pEeBOAUTCSA B KBT), n3mensueHus, 06e3B0KUBaHUS, CyIL-
K{ ¥ yTUIM3aLUI OTXOI0B (XBOCTOB, IIJIAMOB H AP.);

— CTOMMOCTHAs! (IKOHOMHYECKast) MOZIEIb.

DOKoHOMHUYECKasi MOZAETb MPU3BaHa YUYUTHIBATH BCE 3aTPaThl, OIHOTY U3BJICYCHUS,
CTEIeHb KOMIUIEKCHOCTH JTOOBIYM M UCTIOJIF30BAHUSI BCETO MUHEPAIBHOTO CHIPBS IaH-
HOTO MeCTOpoXKAeHus. J{Jsl ynpaBieHus MpoleccaMu MoJyYeHns] TOBAPHBIX MPOIYK-
TOB B 3aBHCHUMOCTH OT MEHSIOIIEHCS] KOHBIOHKTYPbI PhIHKA B CTOMMOCTHOM MOZIENIN
HE0OXOIMMO paccMaTpuBaTh TPU CLEHAPUS: TEKYLIHHA, ONTUMUCTUYECKUN 1 IECCUMU-
CTHYECKHH (17151 pa3HbIX YPOBHEH PUCKOB).

bBasncom a1 mOCTaHOBKHM LieNed U 3a7ia4 paccMaTprBaeMON MapaJgurMbl CIYKHIIH
CIIEAYIOIINE HAYYHBIE TIOJIOKEHUS:

— TEOopHsl BOJHOBBIX MPOIIECCOB B MHOTOKOMITOHEHTHBIX TBEPJABIX Telax (TOpHBIC
HOPOZbl, MUHEPAJIbHbIE KOMIUIEKCHI U T. I1.), BBI3BAHHBIX B3PHIBOM U MHBIMU BUIAMH
JUHAMHUYECKOTO BO3/ICHCTBHS;

— TEOPHH CIOKHOHAIPSKEHHOTO COCTOSHHS TOPHBIX MOPOJ MpPU JI€3UHTErpaliu
Py Ha pazfensieMble MUHEPaIbl M KOMIUICKCHI;

— TEOPHHU pa3/IeICHUs] MaTEPUAIOB B COOTBETCTBHH C KOHTPACTOM CBOWCTB, BBISIB-
JICHHBIX 10 NETPOPU3NIECKUM XapaKTEPUCTHKAM;

— 3aKOHOMEPHOCTH Pa3pyIICHHsI C OMHOBPEMEHHBIM Pa3/ieICHUEM B IPOCTPAHCTBE
(bparMeHToB ¢ pa3HBIMU CBOMCTBaMH.

Pe3ynbTaThl aHanM3a HOBOW MapaJurMbl MOCTABUIIN IOl COMHEHHE HEN30€KHOCTD
CIUTOLITHOTO M3MEJIBUEHHS B TOJIOBE MpOIiecca, PEBPalIaloniero pyay B MPOLYKT pas-
MEpPOM B JI€CATKH (COTHH) MUKPOMETPOB, C M30BITOUHBIMHU 3aTpaTamMu dHepruu. [Ipen-
Jaraemas rapajurmMa OCHOBBIBAETCS Ha IPUHLIUIIAX W30MPaTEIbHOCTH, YU THIBAIOIINX
TEKCTypHO-CTPYKTYPHYIO HEPApXHUIO PyH, U3MEHEHHE TEXHOIOTUYECKHUX XapaKTepH-
CTHK CBIPbs, IUCIIEPCHUIO MAapaMeTPOB U MX HW3MEHEHHE B Tpoleccax mnepepadoTKu.
[TpoMexxyTOuHBIE ¥ KOHEUHBIE MPOAYKTHI PYAOMOATOTOBKH MIpeIonaraeTcst popMupo-
BaTh B pe3yNbTaTe MOCIEA0BATENbHBIX IIUKIIOB MPE0Opa30BaHMsI CTPYKTYPHBIX dJIEMEH-
TOB pa3eNICHus B CTPYKTYPHBIC 3JIeMEHTHI packpeiTrs [8, puc. 1.1]. B kauecTBe mep-
BUYHBIX CTPYKTYPHBIX 3JIEMEHTOB Pa3leJICHHUs MCIOIb3YIOTCS MPOLYKTHI B3PHIBHOIO
paspywmenus. Ha nocienyomumx craausx CeIeKTUBHOMY Pa3pyLICHHUIO ITOBEPIraloTCs
TOJIBKO T€ CPAaCTaHMsl, MUHEPAJIbl KOTOPBIX MOAJIEKAT pa3iesIeHHI0 Ha JAaHHOW CTaJAnuu
PYZIOTIOATOTOBKH. B 3TOM OTHOMIEHNN (U3HYECKU HEBEPHO OTOXKIECTBISTh U3MEIBIe-
HHUE U PACKPBITHE NPU CENIEKTHBHOM Pa3pyIICHUH, MPUHIMITHAIEHOE OTINYHE KOTO-
PBIX COCTOHUT B LIEJIAX U METOAAaX MX AOCTHKeHHUs. Llenp n3MenbueHns: — MakCuMab-
HBI BBIXOJ 3aJlaHHBIX KJIACCOB KPYIHOCTH, KOTOPBIH NOCTHUIaeTcs MHOTOKPATHBIM
COKpallleHHEM pa3Mepa HCXOTHOr0 MPOAYKTa W YBEIMYEHHEM BHOBb OOpa30BaHHOM
MOBEPXHOCTH. LIeNb CEeNeKTHBHOTO pa3pyIICHHs — PACKPHITh U3BICKAEMbIE MUHEPAIIBI
(MHHEpaTbHBIE KOMILIEKCHI) B €CTECTBEHHOM KPYITHOCTH JUIS TTOCTIEYIONIETO KOHIICH-
TpupoBaHus. TeopeTnueckue 3aTparbl JHEPTUM HA PACKPHITUE MOYKHO COIOCTAaBIIATh
¢ (haKTHUECKUMHU TOJIBKO IPHU CEJIEKTUBHOM pa3pylICHUH, KOIIa BHOBb O0pa30BaHHAs
MOBEPXHOCTh MAJIO OTJIMYACTCS OT HOBEPXHOCTH CPACTAHUS Pa3AeiieMbIX MUHEPAJIOB.
CenexkTuBHOE pa3pyllieHHEe He MPeAonaraeT pa3pyLuieHne pyasl 10 pa3Mepa n3BjieKae-
MOTr0 MHHepana ¢ o0pa3oBaHHEM H30BITOYHON BHOBH OOpa30BaHHOH MOBEPXHOCTH.
[MockonbKy Tpu OOBIYHOM M3MEIBUEHHH BHOBb 00pa30BaHHAs MMOBEPXHOCTH TOPa3Io
(B mecsATKH pa3) OOJIbIIE TIOBEPXHOCTH CPACTAHUS, COKpaIlleHHe 00heMa MaTepraia Ipu
CEJIEKTUBHOM Pa3pyLICHUU IO3BOJISET B pa3bl CHU3UTH SHEPronoTpedieHne Ha pac-
kpbiTHe. [lo3ToMy moTpebneHue PHEPruM NpU U3MENBYEHHH B HECKOJBKO JECSITKOB
KBT - u/T Henp3s npusHaTh Pu3NUecKkHn 00OCHOBAaHHBIM. PacueTsl MOKa3bIBAIOT, YTO
NpY paloHaIBHON PYIOMOATrOTOBKE SHEPrONOTpeOIeHre JOKHO ObITh Ha TOPSIIOK
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HIDKE (Ja)Ke ¢ y4eTOM BCeX MOTeph). AHAIN3 HU3KOH () (HEKTUBHOCTH PACKPBITHS MU-
HEpaJIOB BBISIBUJI MHOXECTBO HEYCTPaHHUMBIX (DaKTOPOB M30OBITOYHOTO IHEPrOTOTpE-
OJIeHUS TIPY U3MENTBUCHUHY Py Ha TPAAUIIMOHHBIX yCTpOHCTBaX [8]. DKcIiepuMeHTalb-
HO JIOKAa3aHO, YTO DHEPIHsl W yCHJIME pa3pylIeHHs YMEHBIIAIOTCA C YMEHBIICHHUEM
pa3MepoB YaCTHII, B TO BPEMs KaK CIIEKTP CHJI M SHEPTHH BO3ICHCTBUS B MEIbHUIAX
ocTaeTcst Hem3MeHHBIM. CBS3b SHEPTUH U pa3pyILIAIOIIEro yCUiINs C pa3MepoM YacTHIl
dwumeer BuI: A = kd " 'e(d)/2 u F = kd " (k — ko3 HULIHEHT pa3MEPHOCTH, TIOKa3aTelh
1 3aBHCHUT OT CBOWCTB pa3pyllIaeMbIX MHHEpanoB, &(d) — aedopmanusi YacTHII).
Ha ¢one cHmKeHNS IPOYHOCTH YaCTUI] HEOOXOIMMO YUHUTHIBATH CTETIEHHOW XapaKkTep
YBEJNIMYEHHS YHCIa BHOBH 00pPa30BaHHBIX (pparMeHTOB Mpu n3MensaeHnu. [Ipessirie-
HUE TEMIIOB POCTA YKCIIa YaCTHII (Ha MOPSAIKH) OTHOCUTEILHO MapaMeTPOB CHIKEHUS
NPOYHOCTH MPUBOAMT K CyMMapHOMY POCTY SHEPromnoTpeOiieHHs NpU COKpaIleHUH
pasmepa, gaxe 6e3 yueTa yBEIUUICHHUS MOTEPb Ha aMOp(H3alnIo, arperupoBaHue, pas-
JMYHOTO POJia M3ITyueHHs U HedpPeKTUBHYIO TIepeady pa3pylaromux ycumi [8].

B npobuike (Hampumep, MIEKOBO) IO MHUKY MOTPEOITeMON aKTUBHON MOIITHOCTH
Ha CYeTYHKe (MITH M0 UMITYIIECY TOKa) MOXXHO HISHTH()HUIINPOBATh 3aTPaThl SJHEPTUU HA
paspylieHre, B OTJIMYME OT MEJIbHUIBI, Y KOTOPOH 1Mo Npubopy ydeTa S3HEpruu, ycra-
HOBJICHHOM Ha MPHUBOJE, CENaTh 3TO HEBO3MOXHO. JlnarpaMma notpebnsemoit sHep-
T'MY Ha CYETYHKE aKTHBHOW MOIIHOCTH MEJIbHHUIIBI IIPAKTHYECKH (C yUETOM KOoJIeOaHuit
Macchl Py/Jbl Ha BXOJIE U YMEHBIICHHUS MAcChl MApOB 3a CUET U3HOCA) «HE 3aMETHT
PasHUIIBL: TMPOUCXOIUT JIM Pa3pyIIEHUE PYABI WM OHA «TPAH3UTOM» MPOXOIUT Yepe3
Oapaban. OCHOBHBIMH MHIWKATOpaMu (paKkTa pa3pyIieHus PyIbl B MEIBHUIIE SBIISFOT-
Csl: JUIMTENILHOCTH MPOLecca U pa3HHUIA CONEPKAHUS KIacCOB Ha BXOJE U HA BBIXOJE.

B pynomnoaroToBke u3 Bcex METOAOB HArpyKEHUsSI HanOoiee MHTEHCHBHOE BO3/ICH-
CTBHE Ha PY/y OKa3bIBacT B3phIB. BcTpanBaHMIO B3PBIBHOI OTOOMKH B OOIIYIO KapTHHY
SHEProcOepeKESHIS MOKET TIOMOUb KOHBEPTEHITHS HAyK O 3eMIIe: TeOJIOTHH, Teo(u3u-
K (pa3BesiKa ¥ ONMCaHue MECTOPOXKICHHS ); TEOTEXHOJIOTUH, TeOMEeXaHUKH ((popMupo-
BaHHE TOPHOM MAacChl), MUHEPATypriu (PyAONOATOTOBKA, OOOTalleHne MOIe3HbIX HC-
KOTlaeMbIX, u3Bieuenue) [9]. UccnenoBanus cBsi3u 000raTMMOCTH Py € ITOKa3aTeNsIMH
OypUMOCTH ¥ B3pPBIBAEMOCTH TOPHBIX MOPOJ MMOKA3ald, YTO PYAOMOATOTOBKY IIeJIeco-
00pa3HO HAYMHATH CO CTAJNH B3PHIBHON 0TOOIKY [§]. CHIDKEHME SHEpro3aTpar Ha Mo-
CIEYIONIYI0 JEe3WHTETPAIlIo PyA MPH YBEIHMUYEHUH PAcXOAa B3PHIBUATHIX BEUIECTB
(BB) e Be13biBaeT comHenws [ 10]. Bonpoc mumib B 3KOHOMUYeCKOM 000CHOBaHUH Ta-
KHX pelleHHid, HOCKOIbKY YHEpPro3arparbl Ha JpoOieHre U TaK UMEIOT HU3KHE 3Haue-
Hust. OTCIeAUTh U ONHO3HAYHO MOATBEPAWTH 3HAYMMOCTH BIMSHHA pacxona BB Ha
9HEPrOEMKHE TPOILIECCHl U3MENBUCHUS JIOCTATOYHO CIIOXKHO, IMOCKOJIBKY 9TH W3MEHE-
HUSI HUBEJIMPYIOTCS YBEITMYEHNUEM COIEP KaHUS MEJIKUX KJIACCOB, N3MEHEHHEM CTPYK-
TYpBI TPaHCOCTaBa TOPHOM MacChl U IPUMEHEHHEM Pa3HbIX TUITOB MenbHUIL. [Ipu cTo-
uMoCTH XuMmu4eckod sHepruu (BB) mpumepHO B miecTh pa3 BHINIE CTOMMOCTH
anexTpuueckoid snepruu [11] Bonpoc o ponu BB B moBeimennn 3¢pdexruBHOCTH AE-
3WHTETPAlM HE CTOJIb OYEBUJICH, YUUTHIBAs (PaKTOPBI HEIPOU3BOAUTEIBHBIX SHEPIO-
3aTpar npu U3MebaeHIH. [10CKONBKY U HEKOTOPBIX TUIIOB PYI YIENbHBIC SHEPro3a-
TpaTel Ha OypOB3PHIBHEIC pabOTHI COM3MEPHUMEBI C DHEpProsarparaM Ha IpoOJIeHHe,
WHHOBaIlMU B OypOB3PHIBHBIX paboTax HEOOXOAMMO HCKaTh B OONACTH TEXHOJIOTHIA,
noBeImarmux 3¢dekTuBHOCTL nepeaaun sHeprun BB paspymaemomy maccusy.
OnHUM 13 TaKMX HAIPaBJICHUH SIBISIETCS CENIEKTUBHOE B3phIBAHUE, OCHOBAHHOE HA pa3-
JMYUH aKyCTHYECKOTO UMITEIaHCa CTPYKTYP TOPHBIX IMOPO/] C Pa3HBIM COCTAaBOM MUHE-
panbHOTO CHIpbA (IPUHIUOBL W METOABl ceiicMopasBenku). llpemcraBienne
€CTECTBEHHOH HEOAHOPOMHOCTH B3PHIBAEMOTO OJIOKA B BHUJE HEPAPXHUA CTPYKTYP
¢ pasmepamu d,, d, ..., d;, TO3BOISCT MPUMCHUTH BOIHOBYIO TCOPHIO ISl HEOXHOPOJ-
HBIX cpel. B cooTBETCTBUU € 3TOM Teopuel B HEOTHOPOJHOM MaCCUBE TOPHBIX IIOPOJT MOXK-
HO 0KuJ1aTh (POPMHUPOBAHKE YIPYTUX BOJIH PA3INYHOM JUIMHEI A, A, ..., Xj, COM3MEPH-



58 "l zvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal”. No. 5. 2019 ISSN 0536-1028

MBIX €  pa3MepaMd  CTPYKTYpHBIX  HEOIHOPOAHOCTEH. B LIUPOKOM
aMIUTATYIHO-YaCTOTHOM CIIEKTPE YAApHBIX BOJH BCETIA «HAWIYTCA» YaCTOTHI, COBIA-
JTAIOIINE C YaCTOTOW COOCTBEHHBIX KOJIEOAHW 3JIEMEHTOB HEOJHOPOAHOCTH B Pa3py-
maemoM Onoke. Tem caMbIM MOTYT OBITH CO31aHBI MPENINOCHUIKU ISl CEIEKTUBHOIO
pa3yNnpovYHEHUs PyAbl 32 CUET PE30HAHCHOTO MOITIOIIEHNS SHEPTUN YIIPYTHUX BOJIH 3J1€-
MEHTaMH CTPYKTYPHBIX HEOAHOPOIHOCTEH C pa3HbIM aKyCTUYECKHUM HMIIEIaHCOM.
TexHoNorus B3pbIBHOM 0TOOWKH JIOJIKHA COOTBETCTBOBATh HOBBIM 3aj[a4aM U TpeOoBa-
HUSM K KOHEYHOMY IMPOAYKTY B3pPBIBaHUS. 3aJa4d CEJIEKTUBHON TEXHOJOTHH B3pPbIBa-
HUS — NIOJy4UTh TOPHYIO Maccy B Bujie (parMEeHTOB, Pa3pyILCHHBIX 110 TEKCTYPHOH He-
OIHOPOIHOCTH C PasHbIMU METPO(PU3NUECKUMU XapaKTEPUCTUKAMH, IO KOTOPBIM HX
MOHO Pa3[IeNUTh HA pa3HbIe MOTOKH yXe Ha 9TOM 3Talle pyJoNoAroToBKU. Bropas 3a-
Jlada — CEJIEKTUBHOE Pa3yNpOYHEHNE CTPYKTYPHBIX AJIEMEHTOB JUIsl CHHXKEHHUS SHEprosa-
TpaT Ha MOCIEeAYIOINX CTaausIX pacKpbITus. [Ipeanoceuiku s pa3paboTKU CEIeKTHB-
HBIX OypOB3pPBIBHBIX TEXHOJNOTMH Ha 0a3e MJaHHBIX TI'€0JOr0-TEXHOIOTHIECKOTO
KapTUPOBAHUS MECTOPOKACHHUS X IAPAMETPOB OypeHUsI CKBKUH CO3IAHbI IIPEIbLILYILIMH
uccienoBanusaMu [ 10—16]. CoBpeMeHHas paKTHKa paciioyiaracT MHOXECTBOM CPEACTB
[Tl obecriedeHrs HeOOXOIUMBIX MapaMeTpOB B3pbIBA: KOHCTPYKLUS 3apsiia (TUpIsH-
JIOBBIE, IIIJIAHTOBBIE), 3apSAAbl C U3MEHSIOIMMMUCS SHEPreTHYEeCKUMHU CBOWCTBAMH IO
JUIMHE CKBaKUHBI, U3MEHEHHE WHTEepBaja 3aMeNJIeHUs U TOpAIKa WHUIIMHPOBAHUS
KOHTYPHBIX 3aps[0B, INPHMEHEHHE IIEKTPUYECKUX JAETOHATOPOB C DIEKTPOHHBIM
B3pBIBaTeeM U JIp. Bo3HHMKHOBEHHE COOCTBEHHBIX KOJIEOAHUI Ha HEOIXHOPOAHOCTSX
CTPYKTYpHI pa3pyliaeMoro Onoka Joka3aHo aBTopamu pabot [14, 15]. TecHas cBs3b
MoKa3aTeJiei Te0JIOTMYECKON U (PU3MUYECKO HEOTHOPOAHOCTH MacCHBa FOPHBIX TOPOA
OTKPBIBacT BO3MOXKHOCTH JIJIsl COBMELICHHUS MOJIeNiel TeonH(POPMAIOHHBIX CUCTEM H
TEXHOJIOTUIECKUX MOJIeJIel PyIOTIOATOTOBKHY, HAPUMEDP Yepe3 MOKa3aTeNId YDHEPTOEeM-
kocTh OypeHus. CKBO3Has MOJENb DHEPTONOTPEOICHHs MprU3BaHa ONTHMU3HUPOBATH
pacnpenenaeHue YHEPropecypcoB Mo MepenenaM pyIoNoArOTOBKH.

B pabore [16] cnpaBenmBo OTMEUEHO, YTO PYIOMOArOTOBKA Ha 0a3e «CyXux» Me-
TOJIOB pa3pyIllICHUS U Cerapalnu, sIBISIEeTCS OYEBUIHBIM MTyTEM CHIDKEHHS BOJOIOTpE-
onenus. Ilpenen ne3wHTErpanyy CyXMMH METOAAMHU OIPENeNseTcsd SKOHOMUYECKOH
11eJ1€CO00PA3HOCTHIO MPUMEHEHUS MEXaHMUECKOTO pa3pyILICHHUs HA KOHEUHBIX CTAANAX
(dbopMupOBaHUS CTPYKTYPHBIX 3JIEMEHTOB PACKPBITUS PYX CO CIOXHOH CTPYKTypon
cpactanusi. Mcrnons3oBaHue «MOKPBIX» METOAOB oOorameHus HeoOXoAuMO paccMa-
TPHUBaTh KaK MPEJebHYI0 CUTYallHIO0 B CIy4dae HEAOCTATOUHOIO KOHTpacTa pas3nieiu-
TEJIBHOTO MPU3HAKa JUIs CyXMX METO/IOB celapaluu U packpbITus. [Ipennaraemas ae-
KOMITO3UIIHSI «TIpOIIecCa HM3MENBUCHHS» Ha IHKIbI CyXoe paspyuleHue—cenapayus
nocie Kadxcoou cmaouy MO3BOJINT YMEHBILINTE JOJI0 NEepepabOoTKH B MOKPBIX Ieperne-
nax (eciy B HUX BO3HUKHET He0O0XoauMocCTh). [Ipu 3ToM HE0OX0AMMO yUUTHIBATh, YTO
MOKa3aTeNIl 00OTalIeHHOTO MPOIYKTa ONpeneNsieT NoTpeOuTeNnb (MeTaJulypry, XUMH-
KU ¥ 1p.). Tak, TpeOOBaHUs K KeJIe30pyAHOMY KOHLIEHTpATy AJIS arioMepara U OKaThl-
1€ CyIIeCTBEHHO OTIIMYAIOTCS KaK M0 COIEP KaHUIO JKee3a, Tak U 10 TPaHyJIOMEeTpH-
YECKOMY COCTaBY.

ITocTaHOBKA 3a/1a4l CHUXKEHUS BOJIOIIOTPEOICHHS OTKPHIBAET HOBBIE BO3MOXKHOCTH
PasBUTHS CyXHUX METOJOB CENapalyd U pa3padOTKH COOTBETCTBYIOIIUX YCTPOWCTB.
Bonbiue nepcrnekTuBbl B 3TOM IUIaHE Y METOAO0B PaAOMETPUUECKOH cenapauu, uMe-
IONIMX IIUPOKUI CIIEKTP CPenCcTB BO30YKICHHUS M aHAIN3a OTKJIMKA: PEHTTEHOPAIHO-
MeTpUUeckue, (poToMeTpruiecKkre, PeHTTCHONIOMHHECIICHTHBIE, TaMMa-paJioOMeTpH-
yeckue U T. 1. CoueTaHue pajguOMETPUYECKHUX METONOB, COBPEMEHHBIX METOAOB
pacrio3HaBaHusI 00pa3oB (00pabOTKa MHOTOMEPHBIX CUTHAIOB HEHPOCETEBBIMU TEXHO-
JIOTHSAMH) C METOaMH BHOPALIMOHHOTO B3BEILMBAHUS YAaCTHII B IPOCTPAHCTBE M1O3BO-
JIUT TIOAONTH K PEIICHUIO 3a/1a4l CHUKEHUS KPYIHOCTHU pa3/iejeHNs TaHHBIMU METO-
JaMH U YBETUYEHUS IPON3BOIUTEIFHOCTH HHHOBAIIMOHHBIX YCTPOHCTB.
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O0acThI0 NTPUMEHEHHUsl PacCMaTPUBAEMOM MapagurMbl SBISETCS BCA TOPHO-IIE-
pepabarbIBaromiasi OTpacib, MOCKOJIbKY MPAKTHUECKH BCE KPYITHBIE HEAPOIIOIh30BaTe-
JIU TIPUMEHSIOT OMMHAKOBBINA MK PYJOTIOATOTOBKH: 83PblEHASL OMOOUKA—OpoOaeHe—
packpeimue—obozaujeHue. Peammzanus TOCTaBIEHHBIX 3a1ad TpeOyeT He TOJBKO
WHHOBAIMOHHBIX TEXHOIOTUH W MPHUHIUITHAIEHO HOBOTO O0OPYIOBAHHS, HO U 3HAYN-
TeJIbHBIX (PUHAHCOBBIX pecypcoB. Ha sTarne nHHOBaIMIA ¢ HANOOJIBIIMM YPOBHEM PHC-
koB (HMOKP, pa3zpaboTka 1 UCTIBITAHUE ONBITHBIX 00Pa3LoB H T. I1.) BOPOC 00 HHBe-
CTOpE ABISAETCS KITIOYEBBIM.

MHBecTHpoBaHUE pacCMaTPUBAEMBIX TEM OCIOKHEHO CIEAYIOMUMH (PaKTOpaMu:

— OTCYTCTBHUE EIMHOIN KOMILJIEKCHOHN MpOorpaMMbl padoT ¢ yKazaHHeM TpeOOoBaHHN
K KOHKYPEHTOCIIOCOOHOMY 00OPYIOBaHHUIO M TEXHOJOTHSM, C YKa3aHUEM YYaCTHHKOB
Ka)KJIOT0 3Tama Mpolecca, ¢ yKa3aHueM 3aKa3uukoB U norpedureneil pa3paboTok, uc-
TOYHUKOB (PMHAHCHPOBAHMUSI, CPOKOB U T. I1.;

— orcytcTBHe 3anpoca Ha HUOKP y npeanpusituii Heponoas30BaTenei s perie-
HUST MEKOTPACIIEBBIX 33134,

— OTCYTCTBHE KOOPAMHAIIUU MEX]Ty Pa3IMIHBIME OTPACIISIMHU HayK 0 3emile, Kaxaas
U3 KOTOPBIX pa3BUBAeTCs BHYTPH ceOsi, CTaBsl CBOM LM M pelas CBOM 3ajaqu, 0e3
orIsIIKA Ha 3((QEKTHBHOCTH HEAPOIOIb30BAaHUS B KaueCTBE KOHEYHOTO pe3ylbTara,
MMEIOIIETO MEKOTPACIEBOM XapaKkTep;

— COIVIaCHO YTBEPKICHHIO aBTOPOB [1], «3a UCTEKITNE NECATUICTHS yTepsSHA TIPO-
W3BOJICTBEHHAs 0a3a, HayYHbIE M KOHCTPYKTOPCKHE IITKOJIBI IO pa3paboTKe U N3TOTOB-
JICHUIO TOPHO-000TaTUTENFHOTO 000PYIOBaHUS.

He «oueHp BBICOKYIO» 3aMHTEpecOBaHHOCTh HexapomonsizoBareneii B HMOKP,
HEXeJlaHWe MPEANPUITHH BKIIAIbIBaThCS B MHHOBALUM MOXKHO OOBSICHUTH U3/ICPKKa-
MU CTPaTErMyeCcKOro MJIAaHUPOBAHUS M MOTPYKEHHEM B pelIeHre TeKyInX (PHHAHCO-
BO-DKOHOMHYCCKHUX TIpo0sieM [1]. MOXHO COTTIAaCHUTBLCS ¢ TOYKOM 3PSHHS aBTOPOB, UTO
y TPEANPUATHI OTCYTCTBYEeT BHYTPEHHSS MOTHBAIHA, KaK y IMOTpeOUTENeH, Tak U Yy
NPOU3BOAUTENEH YKa3aHHOTO 000pyaoBanus. OpueHTHp NOTpeduTeNeil Ha HIMIIOPTHOE
000pyIOBaHKE aBTOPHI CBS3BIBAIOT C HENATBHOBUIHOCTHIO M HEIIOHWUMAaHUEM CHTYa-
M, OCOOCHHO B YCJIOBUSIX HEMPEPHIBHBIX caHKIUi. CTPYKTYpa MHBECTHIIUH HEIPO-
MOJIB30BATENSI B MPOEKTHl TEXHOIOTUIECKOTO OOHOBJICHHS TAaKOBa, YTO OCHOBHAS HMX
JIOTISI HATIpaBJIeHa Ha PacIIMpPeHNe MUHEPATBLHO-CHIPhEBON 0a3bl, HA OCBOEHHE HOBBIX
MecTopoxieHuil. HBecTHpOBaTh pa3pabOTKH Ha CTAAUIX MaKCUMAJIbHBIX PHUCKOB HE-
JpOTIONB30BaTeNh He TOTOB. OO 3TOM CBHICTENBCTBYIOT IPOIPaMMBI Pa3BUTHSI TOPHO-
nepepadaThIBaIONIE MPOMBIIIICHHOCTH, IMPEACTaBICHHBIE HEKOMMEPUECKUM MapT-
HepcTBOM «TexHomormyeckasi rmiaropMa TBEPABIX MOJE3HBIX HCKOIIAEMBIX», TIE
B Ka9e€CTBE OCHOBHBIX HCTOUHHMKOB (hmHaHcupoBanuss HWUOKP paccmarpuBaroTcs mene-
BbIE TIPOTpaMMBbl TOCYJapCTBEHHOHN momaepxKu. OJHAKO pacyeT TONBKO Ha MPOorpaM-
MBI TOCYIapCTBEHHOTO (PMHAHCUPOBAHUS BPS JIM MO3BOJIUT MPHOTU3UTHCS K pelle-
HUIO JaJKe YacTH MPOOJIeM, IPECTaBICHHBIX B 3THX IUIaHaX. MacmTal, KOMIUIEKCHOCTD
U MEXOTpacieBOl XapakTep MOCTaBICHHBIX 33/1ad He TO3BOJISIET pelarh ux 6e3 ¢u-
HAHCOBOTO y4YacTHsI HEAPOTIOIb30BaTeNei U MPOMBIIIICHHBIX PEATPUATHIA, 6€3 Koop-
JTUHAIIAA TOCYIaPCTBEHHBIMU CTPYKTYPaMHU BCETO IUKJIA paboT MO CTPaTeTHIeCcKOMY
pa3BUTHUIO TOPHO-TIepepadarbIBaromiell oTpaciu. MIHBeCcTOpaMy TaHHOTO MPOEKTa MO-
TyT OBITb HEAPOIOJIb30BaTENM, MALIMHOCTPOUTENbHBIE NPENIPUITHS, COOCTBEHHHK
Hesp (TOCyAapCcTBO) U MHBIC (PMHAHCOBBIC MHCTUTYTHI.

Crnenyet OTMETHTb, YTO Ypal IBISIETCS TEM PETHOHOM, B KOTOPOM KaK HUTZE CKOH-
HEHTPUPOBAHBI TPOOIEMBI ¥ BO3MOKHOCTH PAallMOHAIIFHOTO HEAPOTIONb30BaHus. MHO-
JKECTBO MPEINPHUATHI, 3aHUMAIONITNXCS Pa3BEIKOH, MOObIUEH U mepepadoTKONH MHIHE-
pPaJbHOTO  CBHIPBS,, NPOQWIbHBIE aKaJeMHYECKHE HMHCTHTYTHI, BO3POXKIAIOIIEECs
MAaIIMHOCTPOEHUE HMEIOT BCE MPEANOCHUIKM AJS PELIeHHs MOCTaBIEHHBIX 3ajad.
HuctutyTtel YpO PAH, o6pa3zoBarenshbie yupexaenus (YITY, Texunueckuid yHUBEp-
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cutet YI'MK, Yp®Y) B koOpaAWHALIUY C OTPACICBBIMA HHCTUTYTAMH B COCTOSTHUH BBI-
MOJIHATh HEOOXOMUMBIH 00beM (hYHIAAMEHTANbHBIX M TPUKIATHBIX HCCIICAOBAHUH.
MammHOCTPOUTEIbHBIC TPEATPUITHS PETHOHA CIOCOOHBI OOECIICUHTh Pa3paboTKy,
CO3/IaHue U BBITYCK HOBOTO 00opynoBanus. Kousepcus npeanpustuii BIIK otkpriBaet
JIOTIOJTHUTENbHBIE BO3MOXKHOCTH JJIS1 OpraHU3aly MPOU3BOJCTBA HAYKOEMKOTO TEXHO-
JIOTHYECKOT0 000pyI0BaHHsI, KOTOpOe OyJeT He KOMMMPOBaTh AaXe CaMble JTyUIlINe UM-
MOPTHBIE 00pas3Ibl, 8 BHITYCKaTh MPUHIMITHAILHO HOBYIO TeXHUKY. CXEMbI HEKOTOPBIX
KOHCTPYKIIUK IS pa3paboTKu mpuBeAcHBI B padote [8]. [Ipu pazpaboTke o6opymoBa-
HUS HA YPOBHE «ITMOHEPCKUX M300PETEHUID HCIIONB30BaHIE IIPUEMOB M AITOPUTMOB
pemreHust n3ooperarenbekux 3anad (APU3) mo3BomuT 3HAYNTENEHO COKPATHTD BpeMs
HA MOWMCK HAWJIYYIIUX PEUICHHI, 0a3upyrOIUXcs Ha MPUMEHEHUU IUPOKOTO CIIEKTpa
pa3nuuHbIX (u3NYecKuX sBiaeHuid. Tem Oonee uto coBpemeHHbie | T-TexHOMOTMYU OT-
KPBIBAaIOT HOBBIE BO3MOXKHOCTH IMpoxoro npumeHernst TPU3 u APU3 B pazaudHbIx
0071aCTSIX TEXHUKHU U TeXHOJoTHH [7].

OueBuIHO, YTO HH OJHH, Jaxe KpymHbIiA Heppomnonb3oBarens (YIMK, EBPA3,
HOPUJIBCKUU HUKEJIb, METAJUJIOMHBECT u ap.), He B COCTOSIHUH B OIUHOYKY
unsectupoBats HUOKP u koopanHupoBaTh, Hanmpumep, pa3paboTKy TEXHOIOTHH H3-
OuparenbHON B3PhIBHON OTOOWMKM MIIM CO3[aHUE HOBOTO o0opymoBanus. [lorpeOyercs
OpraHM3alMOHHAS CTPYKTypa-uHTerparop (ycioBHO — Meowcompacnesoll yenmp pas-
padbomKu mexHuKy u mexnono2utl 0Jist 000bl4U U NepepadbomKy MUHEPANIbHO20 CbIPbsl),
KoTopasi OyJer oOecreynBarh, TUTAHUPOBaTh U KOOPAUHHPOBATH BECh ITMKJI PadoT:
HUOKRP, co3nanyre ONBITHBIX M CEPUIHBIX 00pa3L0B, BHEIPEHHE U CONPOBOKICHUE HOBBIX
texHosoruii. HoBoii cTpykType npenctout Ha 0a3e U3I0KEeHHOM KOHIICTIIIUU CPOPMHU-
pOBaTh HHHOBAIIMOHHBIN TPOEKT «HOBBIN TEXHOIOTMYECKUH YKJIa]l B TOPHOM JieJie» U
B paMKaX IPOEKTHOTO YIIPaBIIEHUS 00ECIEUNTh €ro peaan3aliiio, B TOM YUCIIE U BO3-
MOKHOCTb BKJIFOUEHHS B LEJIEBBIC FOCYIapCTBEHHbIE MporpaMMbl. MHunmaropamu u
yupeautensamMu Mesicompacinegozo yeHmpa... MOTYT CTaTh rOCYIapCTBEHHBIE CTPYKTY-
pot (cobetBennuk Henp, YpPO), HUU, By3bl, MalIMHOCTPOUTENBHBIE MPENIPUSTHS,
npeanpusaTus-ueaponons3osarenu, HIIO u ap.

OTpaboTKy HEKOTOPHIX 3JIEMEHTOB HOBOM MapagurMbl MOKHO HadaTh, HE OXKHUIA-
sICh KOMILJIEKCHBIX MHHOBAaLIMOHHBIX penienuil. Hanpumep, mouck napaMeTpoB B3pbIBa-
HUS JUIs1 CENIEKTUBHOTO Pa3yNpOYHEHUsI TOPHBIX MOPOJ 33 CUET PE30OHAHCHBIX SIBICHUI
Y BOJIHOBBIX ITPOLIECCOB, UCCIIEN0BaHNE MpoIiecca AEKOMITIO3UIIUN N3MEIBUEHUS Ha IIH-
KIIBI CyX0e paspyuienue—pazoenenue B ape IpoOniKa v cernapaTop — J0CTOHHBIE TEMBI
MarucTepckux padbot. B oxxuganuu, 4to ujes HHHOBALMN B TOPHOM JieJie «OBJIa/IEeT
MaccaMy M caMa IOWJET», MOKHO B OYEPEIHOUN pa3 MOCMOTPETh BCIEA MUMO YXOIs-
IIeMy BUTKY TEXHOJOTHYECKOTO Pa3BUTHS M BHOBH YIIOBaTh Ha 3apyOeKHBIE PBIHKU
TEXHOIIOTUH 1 000pyA0BaHUS.
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Abstract
Research aims to analyze the problems of the mining industry at the initial stage of the current “fourth
industrial revolution”. It is noted that the total digitalization and robotization of technological processes
will not save the industry from excessive energy and water consumption until the basic problems of the
irrational use of these resources are resolved. Taking into account that the change of generations of
technology is accompanied by a paradigm shift, the concept of a new paradigm is presented.
The methodology of the analysis is determined by the content of the paradigm of technology for the
extraction and processing of mineral raw materials. An “ideal final result” has been formulated, which
meets the principles: do not extract, crush or enrich anything superfluous. In this paper, the tasks are set
in terms of the development of new technology and equipment to achieve qualitatively different indicators
of ore preparation.
The results of the new paradigm analysis are based on selectivity principles, according to which
intermediate and final products of ore preparation are supposed to be formed as a result of successive
cycles of transformation of division structural elements into disclosure structural elements. Since, with
ordinary grinding, the newly formed surface is much (tens of times) higher than the surface of the accretion,
the reduction in the volume of the material during selective destruction will make it possible to reduce the
energy consumption per opening by several times.
The scope of the concept under consideration is the entire mining and processing industry, since practically
all large subsoil users use the same ore preparation cycle: explosive blasting—crushing—opening—
enrichment.

Key words: ore preparation; change of generations of technologies, selective destruction, resource saving.
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YcnoBusa focToBEpHOro onpeaeneHns MacCoBoW A0ONU LIEHHOrO
KOMNOHEHTa B NpoAyKTax oboralleHus

Komnes A. C.!
1'Ypanbckiuil rocyaapCTBEHHBIN FOPHbINA YHUBEPCUTET, T. ExatepuHbypr, Poccus
*e-mail: tails2002@inbox.ru

Peghepam
Beeoenue. Oonum uz mpebo6anuil K nOSbIULEHUI0 0OCMOBEPHOCU ONPODOOBAHUSL HA 0002aAMUMETbHBIX
Gabpuxax senemcs coomseencmesue CUCmemvl OnpoOo6anUs 0euCmeyIiouumMm CMaHoapmam.
Memooonozua uccnedosanuit. Ha mnozux obocamumenvHulx ¢abpukax npogooumcs paboma no npu-
8e0eHUI0 cucmemsl ONPOOOBAHUsL 8 COOMBEMcmeue ¢ mpebosaHusMu cmanoapmos. Imo O0NAICHO
npueecmu Kk 00CMOBePHOMY ONPEOeNeHUI0 MACCOB0U Q0N YEHHO20 KOMROHEHMA 6 NPOOYKMAX 0602alyeHusl
U MUHUMUSUPOBAMb He8A3KY mogapro2o bananca. Ha borvuuncmee oboeamumensuvlx pabpux ¢h-
pexm om npugedeHus cucmemvl OnRPOOOBAHUS 8 COOMBEMCMEUE C MPEHOBAHUAMU OMCYMCMEYEN U3-3d
GNUAHUSL HA Pe3YIbmam Onpobo8aHUs. 6ePOSIMHOL cucmemamuieckol nogpewrHocmu. Llenvio pabomol
AGNACMCA U3VUeHUe YCI08Ull onpoboeanus, 0becneuusaruux 00CMoBepHoe OnpedeseHue Macco8ol
007U YEHHO20 KOMNOHEHmMA 8 npodyKkmax oboeawerus. Ilpedmem uzyuenuss — meopemuyeckuti aizopumm
NOMYUeHUsT YCL08ULL 00CNOBEPHO20 OnpedeleHUs Maccogol domu. OObeKmom uccied08anull 6usemcs
cmamucmuka onpoboeaHusi RPOOYKMo8 0002AueHUs:, COOePIHCAUdst TOKATIbHbLE IKCMPEMATIbHbIE 3HAYe-
HUsL MACCOB0 00U U 0OYCLOGILEHHbIe MAKUMU SHAYEHUSIMU HEBA3KU MOBAPHO20 OANAHCA 0002amument-
HbIX habpuk. Hccnedosanus 6bInOIHEHbL Nymem u3yueHus CIamucmuky onpobosarnusi npoOyKmos 060-
2aujeHUsl Ha OCHOBAHUU COBDEMEHHBIX HAYYHBIX NPEOCMABIEHUL 0 NO2PEUHOCHIAX ONPOOOBAHUS.
Pesynomameot. IIpeonodicennvlii aneopumm 00CMOBEPHO20 ONPedeNeHuUst MACCOBOU 00U YEHHO20 KOM-
NOHEHMa 8 NPOOYKMAX 0602aueHUsi OCHOBAH HA UCHONb308AHUU PE3YIbIMAMO8 MeKyue20 Onpobo8aHus,
Qurcupyrowe2o nepuoouyecKue «8CnIecku» maccogo donu. Halloennvitl unmepean pemenu Meicoy
0mbOOPOM MOUEUHbIX NPO6 NO360A5EM ONPEOeluntb MACCOBYI0 OO0 YEHHO20 KOMHOHEHMA ¢ 3A0aHHOU
noepewnocmoio. IlonyueHHvill unmepsan epemenu 0k 00CMOBEPHO20 ONPeOeseHUst MACCOB0U 00U CO-
cmaensiem om HeCKOAbKUX MuHym 0o ooletl munymul. Ha 6onvuuncmee deticmeyrowux obocamumeins-
HbIX (pabpUK yKA3aHHBLIL UHMEPSAL 8peMeHU cocmagisiem He meree 30 MuH.
Bu1600wt. /[ docmogepHo2o onpedenenuss Maccosol 00U YeHHO20 KOMNOHEHMA 8 NPOOYKMAax 0boz2a-
weHuss HeobX00UMO UCNONBb308AMb KOPOMKUE UHMEPBATbL BPEMEHU MENHCOY OMOOPOM MOYEUHBIX NPOO
BENUYUHOT 0N HECKONbKUX MUHYN 00 Q0Jeti MUHYmbl. Dmo no3eoasem npuMeHums KOMOUHUPOBAHHbIL
cnocob ombopa npob. Hcnonvzosanue KOPOMKUX UHMEPBEALOE 8PEMEHU MeNHCIY 0OMOOPOM MOYEYHBIX
npob oononusem mpebosanus 0eucmayouux CMmaHoapmos.

Knrouesvie cnoea: maccosas oons; nessska mogapro2o banamca, uHmepean epemenu omoopa
MoueyHvlX npoo, ypazanHas npooa.

Beenenue. [Ipaktuka BHeOpeHUs Ha 00OTaTHTENBHBIX (abpukax paboueil JTOKy-
MEHTaI[H, CO3JIaHHON Ha 0a3e CHCTEM MEHEPKMEHTA KauyeCTBa M HKOJIOTHIECKOTO Me-
vemkmernta (I OCT P UCO 9001-2008, TOCT P UCO 14001-2016) noka3ana HEOOX0-
JUMOCTh TIOBBIIICHHS TPEOOBAHUH K JOCTOBEPHOCTH TIPOILIECCOB OMPOOOBAHUS.
B niepByto ouepesib JaHHBIC TPEOOBAHUS KACAIOTCS MPEICTABUTEIBHOCTH OIICPATHBHO-
IO KOHTPOJISI CHIPbsI M TOTOBOM MPOAYKIIWH, @ TAK)KE MUHUMHU3AIUH HEBSA3KH TOBAPHOTO
OanaHca 1Mo LIEHHBIM KOMIIOHEHTaM. J[OMOHUTENBHO K 3TOMY HOPMATHBHBIMHU JIOKY-
MEHTaMH YCTaHOBJICHEI TPeOOBaHMsI K O€30MIaCHOCTH TpH OTOOpE U TOATOTOBKE Tpod [1].
Takxum oOpa3om, 11t 0OecIIedeHIS KadeCTBA TOTOBOM TTPOXYKIIHH, COOTIOIEHMUS KO0~
THYECKUX HOPM U TpeOOBaHMIl 0€30MacCHOCTH BO3ZHHKAET HEOOXOMMMOCTH CO3JIAHMS
TEXHOJOTUH ONpoOOBaHUs, aTaNTHPYEMOH MMOJ YCIOBHA PaOOTHl KaKAOH OTAETBHON
oOorarutenabHON HabpHKH.
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OpnHuM 13 TpeOOBaHMIA SBIISCTCS BBITOJHEHUE ONPOOOBaHUSI MPOIYKTOB o0oraiie-
HUS B COOTBETCTBHH C YTBEPKACHHBIMH CTaHAapTaMu. Tak, JJsl Pyl U KOHIIEHTPATOB
LBETHBIX METAJIJIOB ACHCTBYIOIUM CTaHIApPTOM Ha OTOOp U MOATOTOBKY IIPOO sBIIAET-
csa OCT 14180-80 (I'OCT 14180-80. Pyosi u xoHyeHmpamsl Y8eMHbIX MEMALLO8.
Memoowvr ombopa u nod2omosku npod 0N XUMUYECKO20 AHAIU3A U ONpeoeleHUs.
enaeu. M.: U30-60 cmanoapmos, 27 c.).

MeTononorus uccjenoBanmuii. Ha ropHo-o60raTuTenbHbIX U TOPHO-METAILITYPIH-
YECKHUX MPEIPUATHAX HAKOTUIEH OOJBIION OMBIT MPUMEHEHUsI YKa3aHHOTO CTaHIapTa
Y aHAJIOTUYHBIX €My AJISI APYTHX PYyZA M MPOAYKTOB oOoramieHus. B cBeTe ke HOBBIX
TpeOOBaHM K IpoLeccaM OnpoOOBaHMS COOIONEHUIO CTaHAAPTOB YAETSETCS IOBBI-
HIeHHOE BHUMaHue. B yacTHOCTH, Ha psAne o0oraTuTeNbHBIX GadprUK MPOBOJUTCS Tie-
pHoAnYecKas MPOBEPKa COOTBETCTBHSA MPOLECCOB 0TOOPA U MOATOTOBKU Mpod Tpebo-
BaHusIM ['OCT. CooTBeTCTBHE KOHTPOJIUPYETCA IO OCHOBHBIM XapaKTEPHUCTHUKAM
mporiecca orpoOoBaHUs U TapaMeTpaM yCTPOHCTBA 000pYIOBaHMS IJIs1 0TOOpa U IO~
roToBKH 1po0. IlepeueHb BO3MOXKHBIX TyHKTOB KOHTPOJIS IPUBOJUTCS Aajee.

IIpouecc onpoboBaHus:

— 4ucio (MepHoIUIHOCTh 0TOOpa) TOUEUHBIX MTPO0;

— Macca (00beM) TOUCUHOM MTPOOHI;

— MUHHMMaJIbHasi Macca IpoOkI ITOCe COKpaIIeHNs 00beTUHEHHOH MPOOHI;

— OTCYTCTBUE MU3MEHEHHUs COCTaBa NpoOkI B IIpoliecce 0T00pa U MOATOTOBKH.

O6opynoBaHue st ONPOOOBaAHUS:

— COOTBETCTBHE WIMPHHBI IMIEIH HPOOOOTCEKaTeIs] MaKCHMMAalbHOW KPYyIHOCTH
onpo0yeMoro MpOAyKTa;

— COOTBETCTBUE 00BEMa MPOOOOTCEKAIONINX HHCTPYMEHTOB M HAKOITUTEIbHBIX €M-
KocTel 00beMy TOUeUHO! (HaKOTIEHHOW) TPOOHI;

— COOTBETCTBHE JJIMHBI IIEJIH ITPOOOOTCEKATENs IMPUHE OTOKA OIIPOOyeMOro mpo-
TYKTa;

— MEXaHU4YeCcKasi HCIIPAaBHOCTh 000PYI0BaHUSI.

[Tpu oOHapyXeHHH TOTO WJIM MHOTO HECOOTBETCTBHUS OHO JIOJDKHO OBITH ycCTpa-
HeHo [2, 3]. /lomomHUTEeNbHO K 3TOMY IPOBOIATCSA pabOTHI MO 0alaHCOBOMY YYETy
BCEX BXOAALIMX U BBIXOISIIMX MPOAYKTOB IporeccoB oboramenus. CoracHo mono-
JKCHUSIM CHCTEMBbl MEHEIPKMEHTA KaueCTBa, BHEAPEHHOW HAa MHOTHMX HPEANPUATHIX,
COOTBETCTBHE IPOLIECCOB ONPOOOBaHUS CTaHIapTaM W OaJlaHCOBBIA YYeT BCEX
NPOAYKTOB 0OOTraleHus JOKHBI 00eCTIeUnTh TOCTOBEPHOE OIpeesieHne MacCOBOM
JIOJIM LIEHHOTO KOMITOHEHTa U MUHUMAJIbHYIO BETMUMHY HEBSI3KH TOBApHOTO OajaHca,
HE MPEBBIIAIONIYI0 YCTaHOBIEHHYIO HOpMY [4].

3amadeil pabOTHI SBISETCS M3YYCHHUE YCIOBUH OMPOOOBAHMS, 0OECIECUHBAIOIINX
JOCTOBEPHOE OIpeJiesieHe MacCOBOM 0K LIEHHOTO KOMIIOHEHTa B MPOAyKTax 000-
ramenus. [IpeaMeT u3ydeHus: — 3TO TEOPETHUECKUH aJTOPUTM TONYUYEHHUsT yCIOBUN
JOCTOBEPHOTO oOIllpezieNieHns MaccoBoil nomu. OObEKT MCCIEAOBAHUN — CTATHCTHKA
onpoOOBaHUs TPOAYKTOB O0OTAICHUS, COAEPIKaIas IOKaJIbHBIE SKCTpeMaslbHbIE 3Ha-
YEHUSI MACCOBOM 10JIU 1 00YyCJIOBIEHHbBIC TAKUMH 3HAUCHUSMH HEBSI3KU TOBAPHOIO Oa-
naHca o0oratuTenbHbIX (paOpuK. MccnenoBaHys BBIOIHEHbI IIyTeM U3yY€HHs CTaTH-
CTHKH OIIPpOOOBaHMUS MPOAYKTOB 0OOTAIIEHHUs] HA OCHOBAaHUU COBPEMEHHBIX HAyUHBIX
NpEeACTaBICHHI O OTPEIIHOCTAX onpoboBanus [ 1-4].

Pe3ynbTarsel. B Ta0n. 1 npuBeeHbI HEBS3KH TOBAPHBIX OAJIAHCOB IO IIEHHOMY KOM-
MIOHEHTY JUISI HECKOJIbKUX 000TaTuTeNbHbIX (adpuk. B Tabn. 2 moka3aHbl HEBSI3KU TO-
BapHBIX 0AJTAHCOB TEX JK€ 000TATUTENBHBIX (PaOpPHK TTOCIIE BEITTOTHEHUS MEPOTIPUATHI
[0 TPHUBEICHUIO CUCTEMBI ONPOOOBAaHUS B COOTBETCTBHE C TPEOOBAHUSAMHU
TI'OCT 14180-80.

Ha GonpmmHcTBe 000TaTUTENBHBIX (aOpUK 3HAYUMBIA U CUCTEMHBIH 3(dexT oT
NPOBEJCHNUS BCEX YKa3aHHBIX MEPONPHUSTHI OTCYTCTBYET.
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Pa3BuTHE COBpEMEHHBIX TEOPETHUECKUX 3HAHUI B 00JIaCTH IpoleccoB onpoboBa-
HUSI, OCHOBAaHHBIX HAa aCHMMETPUYHBIX PACIPEACICHUSIX MaCCOBOM JIOJH IIEHHOTO KOM-
MOHEHTa M0 OnpoOyeMOMY MAacCHBY, MO3BOJHIO YCTaHOBHTH HOBYIO IOTPEUIHOCTD
onpo0OOBaHMs, TONYYUBINYIO HAa3BaHHE BEPOSTHOW CHUCTEMATHYECKOH MOTPEIIHOCTH
(BCII). Bnusiane BCII Ha pesyasrar ompoOoBaHUs MPOAYKTOB 0OOTaTUTENBHBIX (a-
OpuK TpejicKa3aHo U 000CHOBAHO TEOPETUYCCKU B HayyHOU juteparype [4—6]. boib-
HIMHCTBO MPOIYKTOB Ha 00OTaTHTENBHBIX (haOpHKax MpeICTaBISIOT COOOH TEXHOIOTH-
YecKHe MOTOKH B CHITy4eM WK mynbnoobpasHoM coctossHud. BCII Bo3HMKaeT mpu
MIEPUOINIECKOM O0TOOpE MPOoO OT TEXHOJOTHYECKUX IMMOTOKOB CIIOCOOOM MOIIEPEYHOro
nepeceucHus. ITO OOBACHSIETCS MPOIYCKOM TMOSBISIOIIMXCS B MHTEPBANIAX MEXKIY
0TOOPOM TOYEUHBIX MPOO PE3KUX U3MEHEHHI MacCOBOH JIOJHM [EHHOTO KOMIIOHEHTA,
HOCSIIMX XapaKTep JIOKAJIBHBIX IKCTPEMAbHBIX 3Ha4eHUH. OCOOEHHOCTD MOSBICHHS
JIOKaJBHBIX SKCTPEMAIbHBIX 3HAYEHUI COCTOUT B TOM, YTO M3MEHEHHE MacCOBOM AOJIN
HAIpaBJIeHO B OJIHY CTOPOHY: Ha XBOCTaX O0OTalICHUSI — B CTOPOHY YBEJIMYCHUS Mac-
COBOM J10JIH, Ha OOTaThIX KOHIIEHTPaTax — B CTOPOHY YMEHBILIEHUS MacCOBOH JIOJH,
Ha WCXOIHBIX PyAax — MPEUMYIIECTBEHHO B CTOPOHY YBEIHUYEHHS MacCOBOH IOJIH.
[TosTOMY B cilyyae BOHUKHOBEHHUSI JIOKAILHBIX U3MEHEHUH CpeHsIsI MaccoBast JI0JIsl B
00BETMHEHHO TIPOOE XBOCTOB M, KaK MPABUIIO, PYIbI, UMEET TEHICHIHIO K 3aHKEHHIO
(Ha camoM fieJie XBOCTHI U pyja Ooraue), a B 0orarhix KOHIEHTPATaX — K 3aBBIIICHUIO
(Ha caMoM Jierie OoraThie KOHIICHTpATHI Oe/IHee).

BCII He yunTHIBaeTCS HH OTHUM M3 CYIIECTBYIOIIUX CTaHJAPTOB Ha OTOOp M MOJI-
rotoBKy 1mpo0. Mexny tem pons BCII B 4acTi BIMSHUS Ha pE3yNbTaT ONpOOOBaHUS
3HAYMMa U MOXKET MPOSIBUTHCS B BHJE MOSBICHUS M3JIMIIKOB WM HEOCTAu IIEHHBIX
KOMITOHEHTOB, a TaK)ke B BHJIe OOJBIION HEBS3KM TOBapHOTO OanmaHca [5—10].

HecmoTpst Ha MHOTOUYHCIICHHBIE KOCBEHHBIE CBUIETENBCTBA BaskHOH ponu BCII, ee
BEJINYHMHA JIO HEAABHEr0 BpeMeHH He Momia ObITh JOCTOBEPHO OIpesesieHa dKCIepH-
MEHTaJbHO. Takas BO3MOXXHOCTH MOSBUJIACH TOJBKO IMMOCIE BHEAPEHHS B MPAKTUKY
onpoOOBaHMsI HOBOTO KOMOMHHPOBAHHOTO crioco0a oTbopa u cokparienus mpod [11],
CHIDKAIOIIIETO CITyYaiHYF0 OTPEITHOCTh Pe3ybTrara 1 ucKitouatoero Biusaue BCIT.
TeXHONOTHYECKOW OCHOBONH KOMOMHHPOBAHHOTO CIIOCO0a SIBISETCS OTOOP OONBIIOro
KOJIMUECTBA TOUYEUHBIX MPOO OT MapTHH MPOAYKTA (32 KOHTPOJIBHBINA MEPHUONT) C MOCIIEe-
IYIOUIMM COKPAIICHUEM KaXKJIOW M3 HHUX, YTO MO3BOJISIET YUECTh BCE BO3MOXKHBIE JIO-
KaJbHbIC N3MEHEHHS MAaCCOBOH JIOJH [IEHHOTO KOMITOHEHTA.

B03MOXHOCTH TIPSIMOTO AKCHEPUMEHTAIBLHOTO OTPEACICHHS HAUYHUS U BETUYUHEI
BCII nosiBisieTcs1, eciv Ha OJJHOM U TOM K€ TEXHOJIOTUUECKOM MTOTOKE BBITIONHSTH 0TOOP
po0 crmocoOoM TOMIEPEIHOTO MepeCceUeHIsI 1 KOMOMHUPOBAHHBIM criocobom [1, 4, 11].

NnrocTpanmeit mporecca JIOKaJabHOTO MOSIBICHHSI SKCTPEMaIbHOM MacCOBOM 10U
[EHHOTO KOMITOHEHTA SIBJISIETCSI IEpPUOANYECKasl pETUCTPAIlHs Ha 000TaTHTENBHBIX (a-
Opukax yparaHabeix mpo6 [1, 12—-14].

Ha 3omnotousenekarensHoit padpuke (3UD) B Teuenne 50 cmen mo 12 4 or6op npod
OT TIOTOKa OTBAJbHBIX XBOCTOB BBITIONHSIICS CHOCOOOM TOIEPEYHOro IMepecedeHHsI
C MHTEPBAJIOM B OJIMH Yac, a TAKXKE BBIMOJIHSIICS OTOOP MPOO OT TOTO ke MOTOKA KOMOM-
HUPOBaHHBIM criocoOoM. [pu oTbope mpob KaxkapIil yac MaccoBas A0S 30JI0Ta B XBO-
crax 3a mecsii cocrapmia 0,499 1/1, a mpu 0oTO0pe MPOO KOMOMHUPOBAHHBIM CIIOCOOOM
MaccoBast 0 30J10Ta 0Kaszanack Beiie — 0,527 /1. Pa3Huiia B MacCOBOM JI0JIE 30J10Ta
B XBoCTax 3a Mecsil cocraBuia +0,028 r/t (5,3 % otHocuTenbHbIX). [0 JaHHBIM 110-
yacoBoro onpobopanus 3a 50 cmed Ha 3D 3adukcHpoBaHbI HATh yparaHHBIX Yaco-
BbIX po0. [leproandHOCTh MOSBIEHNUS TAKUX MPOO COCTaBMIIAa HEe Ooiee OMHOM TPOObI
B cMeHy. Tak, HanpuMep, B TeUeHne Tpex cMeH B xBocTax 3D ¢dukcupyercs oTHOCH-
TEJIBHO MTOCTOSHHASI MacCcoBasi JOJIS 30J10Ta, XapaKTepHas IS IITaTHOTO peKuMa pabo-
161 3V®. Ho BO BTOpOIi CMEHE B YETBEPTHIH Yac MOMyUeH yparaHHbIA pe3yiIbTaT OMpo-
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OoBanwms1, coctaBistomui 4,94 r/T (tadn. 3). BaxHo, 4To nmpoueaypa onpoOoBaHUs Ha
3U® nonHOCTHIO COOTBeTCTBYET TpeboBanusam 'OCT 14180-80.

AHaau3 u odcy:kaeHue. Ha ocHOBaHMM MMEIOIIMXCA MapaIeNbHBIX pe3yIbTaToB
ONpOOOBaHMs IPEATIOKEH aJITOPUTM OTIPEeNICHHS YHCiIa yparaHHbIX Mpo0, MacCcoBOi
J0JI1 30J10Ta B HUX U IMTPOAOJIKUTCIbHOCTH MMOABJICHU A OTIPEACTIAIOIINX 3TN HpOGI)I 3Ha-
YEHUH MacCOBOM JIOJIH.

Ta6auna 3. MaccoBasi 1011 30J10Ta B XBocTax 3U®D npu noyacosoM oTéope nNpod B TedyeHHe CMEHbI

Table 3. Massfraction of gold in the tailings of a gold processing plant under the hourly sampling
over aperiod of a shift

MaccoBast 10151 301074, T/T
Homep yaca B cMeHe
1 2 3 4 5 6 7 8 9 10 11 12

1 048 | 048|049 | 045 | 044 | 048 | 050 | 045 | 0,46 | 043 | 0,50 | 0,49
2 048 | 051|048 | 494|052 | 060 | 052 | 051 | 053|053 | 053|054
3 055 [ 049|048 | 050 | 050 | 052 | 0,48 | 050 | 0,50 | 0,47 | 054 | 0,51

Homep
CMEHBI

[TycTh MMeeTCst KOHTPONBHBIN NIepuoA onpoOoBaHust 7, B Te4eHHE KOTOPOTro OTOM-
paetcst N Toueunsix npob (puc. 1). MuTepBan or6opa Toueunsix mpod At = 7/N. B Te-
YEHUE KOHTPOJILHOTO MEPHUO/Ia BO3HUKAET 71, yParaHHBIX 3HAYEHUH MacCOBOH 101 —
«BCILIECKOBY. IIPOIOIKUTENBHOCTD «BCILIECKA» AT,, aMILIUTyaa Ao, 0, — MaccoBas
JI0JIS 32 KOHTPOJIBHBIN Neproa 0e3 yueTa yparaHHbIX Ipoo.

Cpennsisi MaccoBasi 10JIs O 32 KOHTPOJIBHBIH IEPHO]] COCTABHT:

a=0, +Aq, 2"
NAt

I7ie o, — Maccopas 0N 3a KOHTPOJbHBIA mepuoj 0e3 ydera yparaHHbIX HpoO;
Ao, — aMIUINTYJ]a yparaHHOTO 3HAYEHWs MAcCOBOM JOMHM («BCILUIECKA»); 1, — YHMCIIO
«BCILJIECKOBY», BO3HUKAIOIIUX B T€YEHUE KOHTPOILHOrO nepuona 7; At — mpoaomKu-
TENBHOCTH «BCIUIECKa»; N — 4MCII0 TOYeUHBIX P00, OTOMPAEMBIX B TEUEHUE KOHTPOJIb-
Horo nepuona T; At — uHTEepBa BpEMEHU MEXLy 0TOOPOM TOUEYHBIX MPOO.

Tak Kak 1pu onpoOOBaHUH HE BCE «BCILIECKHM» MOMAMYT B TOYEUHBIC IPOOBI, a 1o~
Ny T TOJBKO 71, «BCILIECKOBY, PE3YNbTAT aHAJIN3a TOYEYHOM NPOOKI C IONABLIMM B HEe
«Bcreckom» o, + Aa,, Oyzner pacnpocrpaneH Ha uHTepsan Az, Ha puc. 1 Toueunas mpo-
0a co «BcrieckoM» 00O3HaYeHa WHAEKCOM St. PacueTHas maccoBast JIOJsl ¢ y4eTOM
MOTIABIINX B TIPOOY «BCILIECKOBY 338 KOHTPOJIBHBIN TIepro T COCTaBHT:

n
o, =o, +Aa, =
N

OTKIIOHEHHE 0, OT CPEJIHEr0 HCTHHHOTO 3HAYCHMs OYACT HaliZIeHO 110 popmyre:

g —G= N, _NnAt,
Ao=o,—0 AaB(N NAL ] (1)

Ecni HU OIMH U3 «BCILIECKOB) HE NONAJET B TOUEUHbIE IPoOHI (72, = 0), To pacuer-
Hasl MaccoBast J10JIs 0, OK&KETCsl 3aHIKCHA Ha BEIHUUHY

n,At

- )

Ao =-Ao,
NAt
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C msmenennem n, ot 0 10 n, BenuuuHa Ao OyIeT U3MEHATHCS B COOTBETCTBUM
¢ dhopmymoii (1). He yareHHBIH TpoOO# «BCIUTECK» 32 KOPOTKUH KOHTPOJIBHBIN ITEPHOT
(n,= 1 wm n, = 2) IPUBOJMT K 3aHUKEHHMIO MaCCOBOH JIOJIU B COOTBETCTBHUH € (hOpMy-
710 (2), 3aBUCALIEMY OT COOTHOILEHMS €T0 IIPONOKUTEILHOCTU AT, M MHTEpPBaja Bpe-
MEHH MEXIy 0TOopoM mpob Az. DT0 3aHIKEHHE MOXKET OBITh CPABHUTEILHO HEOOIb-
mUM. Y4YeT K€ TOMaBIIero B Mpo0y «BCIDIECKa» NPHUBOIUT K Topasno Ooree
3HAYUTEITHHOMY 3aBBIIIEHUIO MacCOBOH J10NH. 3aBbiieHne Ao OyieT mpenonpeneisTh-
Cs yYTEHHBIM «BCIIECKOM». Tak kak cooTHomeHnue At, /At ABIAeTCA MajIoOl BeIUYH-
HOM, u3 Gpopmyisl (1) mpun, =n_

n,

Ao~ Aa, —.

MaccoBas JOJIA 3a KOpOTKI/Iﬁ nepuon 6yI[CT CHJIBHO 3aBbIIIICHA.

| Sn
- T
| |
Toueunble | |
Ads | |
TIPOOHI | |
a, |11 2n l3n/ \iln : JI_()H Tn 8n
? ? ) | I M -
g | | | | | | |
| Ar, | | | | | | I
| | | | | | | |
| I At | | | | | I
| le—>l | | | | I
t >
0 1 2 3 4 5 6 7 T tu

Puc. 1. I3menenne MaccoBoii 10IH 0 B TEU€HHE KOHTPOJILHOTO neproza 7.
(11—811) — HOMepa YacoBBIX TOYSYHBIX IIPOO
Fig. 1. The variation of mass fraction o within atesting period 7:
(1r—8m) — the numbers of hourly spot samples

Ecnn «Bcmecku» B mpo0ax HE YUYMTBHIBATh 3a OONBLIONH KOHTPOJBHBIA MEPHOL,
B KOTOPOM «BCILJIECKOB» MHOTO, 3TO MPUBENET K 3HAUUTEIILHOMY 3aHMKEHUIO MacCOBOM
nonu. Takoe 3aHIKEHHE KOMICHCHUPYET yUeT TOMAaBIIMX B TOUYEYHBIC MPOOBI «BCILIE-
ckoB». [1o 3TOl mpUUMHE pe3yabTaThl aHaU3a yparaHHbIX Npo0 3a JUIMHHBIH (00ITb-
II0M) KOHTPOJBHBIA TIEPUON TPU pacdeTre CpeaHell MacCOBOW JONHM HE YYIHTHIBATh
Hemb3s. TeopeTndeckne BHIBORI, clieaHHbIe panee [1, 12, 15], 3To moATBEpKIaIoT: 10
HEKOTOPOTO IIpefiesia 0 BEJIMYMHE KOHTPOIBHOTO NIEPUOa yparaHHble IpoOs! cleayeT
UCKJIIOYaTh U3 PacyeTa, a P NPEBBIIIEHUH 9TOTO Mpeneia — IPUHUMATh K pacydeTy.

I'pannIy MeX Iy KOPOTKAM H ATUHHBIM KOHTPOJIBHBIM IIEPUOAOM I MOXKHO YCTaHO-
BUTb OPUEHTUPOBOYHO M3 yca0Bua Aa = 0,01 o, (OTHOCHTENbHASA CIyYaliHas NOTPELI-
HOCTB onpeaenenus Aa cocrasiuseT 1 %).

Ortcrona

Aa,
a

H

N =100

Ecmu Aa, /o, =2, 10 N=200,a ecin Aa,/a, =10, 10 N=1000.
ITpu nouacoBoM onpo6oBanuu (Af =1 1) ATMHHBIM KOHTPOJIBHBIM NIEPUOIOM OyneT
T=200-1000 4, a npu 10-muayTHOM — T = 33-166 U.
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Otcrona dopmynupyeTcsi 001as 3aKOHOMEPHOCTb: ueM Oouiblie Af, TeM JIMHHEE
KOHTPOJIBHBIH TIEPHO]T, 32 KOTOPBIH HE CIIeAyeT MPUHUMATH K pacyeTy yparanHble IpOOBL.

WHTepBan BpeMeH! MEX Iy OTOOPOM TOUCUHBIX TIPOO Af, 00ECTICUNBAIOIIINIA CHATHE
BOTIPOCA ydeTa yparaHHbIX IPoO B 3aBUCUMOCTH OT BEJIMYMHBI KOHTPOJIBHOTO TIEPUO-
na, nis ycnosus Ao = 0,010, Gyner Haiinen no ¢popmyie

At=— . % 3)
100 Aa,

Pacuer cpenneit maccoBoit nonu 3omota B xBoctax 3U®D 3a 50 cMeH mpuBOAUT
K JPYTHM pe3yJibTaTaM: CpellHee 3HAYCHHWE MACCOBOHM JOJM NPU IOYAaCOBOM OTOOpE
npob 6e3 yueTa yparaHHbIX Ipo0 3aHIKEHO 10 CPaBHEHHIO C pe3yJbraraMu oTdopa
po6 KOMOMHHPOBAHHBIM cITOCOOOM Ha 5,3 %, a ¢ UX y4eTOM MPaKTUIECKH COBIIAIaeT
(paznmuane menee 0,6 % OTH.).

Tax xak 3a 50 cMeH 10511 0OHAPYKEHHBIX B TOUEUHBIX NIPOOAX U UCTIOIH30BAHHBIX
B pacyeTe «BCIUICCKOBY» IMOJHOCTHIO KOMIICHCHUPYET BJIMSHUE MPOITYIIEHHBIX «BCILIC-
CKOBY», MOYKHO PAaCcCUHMTAaTh O0IIEe YMCIIO ITUX «BCIUICCKOBY 3a Mecsll u3 yciaoBus (1),
nonaras Ao = 0:

At

=n —.
n=ns

Cpennsis mpofoIKUTENBHOCTD /1, = 5 00HAPYKEHHBIX IIPH IOYaCOBOM 0TOOpE Mpod
(At =60 muH) «BcruieckoB» coctaBmia 12,1 muH. ClieI0BaTeIbHO, YUCIIO «BCILIECKOBY
3a 50 cmen Ha 3D cocraBmiio

n, = 24,8,

Pesynbrar o3Havaert, uto B TeueHue 50 cMEH BO3HUKAJIO 25 «BCILIECKOBY — IO OJHO-
My KaXJbIe JBE CMeHBI. Eciu Obl yparaHHble IPOOBI HE OBUIM BKITFOYCHBI B PAcyeT,
MaccoBast J0JIs 30J10Ta B XBOCTax 3a 50 cMeH ObLta Obl 3aHIkeHa Ha 5,3 %. Bkimtouenue
K€ B pacueT MATH OOHAPYKEHHBIX «BCILICCKOB» TaKOE 3aHUKCHHUE KOMIICHCHPYET.
B utore Ha 311 He BOZHHKHET MOJIOKUTEIbHAS HEBSI3Ka TOBapHOTO Oananca [4, 5].

CryuaiiHasi OTPEIIHOCTh ONMPOOOBaHUS ISl YKa3aHHOW MAacCOBOM JIONMU 30J0Ta
B XBOCTax 3a 0OJIbIIION KOHTPOJIBHBIN niepuo npu yepeanenun 600—700 npo6 He Oynet
Oonbmoit (He 6onee 1,5 % oTH.). DTO MO3BONSAET CUNUTATH BENMMUUHY +5,3 % sKcrepu-
MeHTaJIbHO ycTaHoBieHHoi BCII.

[IpeniokeHHBIH aNTOPUTM yUeTa yparaHHbIX TPO0 MO3BOJISET OMPEAEIIUTE BPEMEH-
HOW MHTEpBaI 0TOOpa TOYEYHBIX MPO0 B YCIOBUAX U3MEHEHHS MaCCOBOH JIOJIH IEHHO-
ro KOMIIOHEeHTa. B Tabi. 4 mpuBeneHsl pe3ynbpraTel pacueTa mo ¢popmyne (3) uHTepBaia
0TOOpa TOUEUHBIX P00, 00ECIICUNBAIOIIETO JOCTOBEPHBIN yUET KOJIeOaHHi MacCOBOH
JIOJIM LIEHHOT'O KOMITIOHEHTA. PacueThl BBIMOJHEHBI JIJIS OTBAJILHBIX XBOCTOB M UCXOJI-
HBIX Py Pa3IMYHBIX 000raTUTEIbHBIX Gadpuk. /s yKka3aHHBIX MPOAYKTOB XapaKTep-
HO CHCTEMaTH4YeCKOe TOSIBICHUE TTOJIOKHUTEIHHBIX «BCIIJIECKOB» MAacCOBOM JOJHA II€H-
HOTO KOMITOHEHTAa Pa3IMYHOW BEIMYHHEI. PacueT ocHOBaH Ha 3a()MKCUPOBAHHBIX MPU
TeKyIeM onpoOdoBanuu 3a cyTku (T = 1440 MUH) «BCILIECKaX» MacCOBOM JIOJIH, KOTO-
pble MOTYT OBITH OTHECEHBI K yparaHHbIM mpobam. HeoOxomumelii nHTEpBan otdopa
TOYCUHBIX TPOO Af paccuuTaH JJisi OTHOCHTEIBHON MOIPENIHOCTH OINPEICICHUS
Aa 1,00 %, 0,50 % un 0,25 % (Ao = 0,01a,; Aa = 0,0050_; Aa = 0,0025a, ).

[Ipu ananm3e MpUBEIEHHBIX PE3YIBTATOB O0paIaeT Ha ceOs BHUMAHUE HECOOTBET-

CTBHE CYIIECTBYIONIETO HHTEPBAIa 0TOOPA TOYCTHBIX POO Al M PACCTUTAHHOTO MH-
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TepBana Af. YcioBreM JOCTOBEPHOTO onpoOOBaHUS B JaHHOM ciy4dae OyJeT 3aBUCH-
MOCTh Atcym < At. D10 ycnoBue Mpu ONpoOOBaHMM Ha 00OTAaTUTENBHBIX (adpuKax He
BBITIONHsIETCs. Tak, HanmpuMep, ISl TOMYYCHUsT JOCTOBEPHOTO pe3yibTara onpodoBa-
HUSI XBOCTOB OOOTAIEHHS] METHO-IIMHKOBBIX PYJ C OTHOCHTEIBHOW CIy4alHOW Mo-
rpenrHocThio 1 % HeoOXonauMble WHTEPBAIBl OTOOPa TOYEYHBIX POO COCTABIIIN JIBE
MUHYTHI JUIS MEIM ¥ TPU MUHYTHI JUid IMHKA. [Ipu 3TOM Ha nefcTByromiei odoraru-
TENbHOHN (padpHKe UHTEPBAJ 0TOOPA TOYCUHBIX TPOO OT XBOCTOB 00OTAIIICHUS COCTAB-
nsiet 60 MuH.

Ta6uuna 4. Pe3yjbTaTsl pacyeTa HHTEPBaJa 0TGOPA TOUEYHBIX PO A5 10CTOBEPHOrO
yuera MaccoBOM JO0JIM IEHHOT0 KOMIIOHEHTA
Table 4. Theresults of calculating a time frame of spot sampling for reliable account
of valuable component mass fraction

. Maccosas Awmmuryna | HeoGxoaumblil uHTEpBan or6opa Cymie-

Henmiit K?MHO- nous 6e3 3a(uKCUpo- At, MuH CTBYIOILHH

npoz{y:'fl(jgorame— yuera BaHHOT'O A= A= A= HHTEpBAI

- yi*gjg*;“x GAED | 0010, | 00050, | 00025a, | Tﬁoﬁ .
Mens/XBOCTEI 0,22 % 1,62 % 2 1,0 0,5 60
LMHK/XBOCTBI 0,45 % 2,46 % 3 1,3 0,7 60
30J10TO/XBOCTEI 0,25 /T 2,40 r/T 2 0,8 0,4 30
30J10TO/XBOCTEI 0,70 r/T 3,23 1/t 3 1,6 0,8 30
CBUHEL/XBOCTBI 0,39 % 1,65 % 3 1,7 0,9 30
IIMHK/XBOCTEI 0,17 % 0,41 % 6 3,0 15 30
3onmoTo/ucx. pyna 6,30 r/T 30,12 r/t 3 15 0,8 5
CBHHEI/HUCX. pyJa 1,68 % 5,88 % 4 21 11 30
Menp/ucx. pyaa 2,42 % 4,10 % 8 4.3 2,2 30
[uHK/ucx. pyaa 0,69 % 3,20% 3 1,6 0,8 30

ObecneueHre BeMMIUHBI Af B Ipe/iesiaX HECKOIBKUX MUHYT BO3MOXKHO 32 CUET MpH-
MEHEHHUs] KOMOMHHPOBAHHOTO criocoba otdopa mpod. Pesynsrar BHeApEeHUs! 1aHHOTO
croco0a Ha 000TaTUTENbHBIX (hadprKax HAMISIHO JEMOHCTPUPYET 3PQEKT OT A0CTO-
BEPHOTO Y4eTa MAacCOBOM IOJIM IIEHHOI'O KOMIIOHEHTa B IPOAYKTax OOOralieHus.
ITo pesynbratam paboThl 00OraTUTEIBHBIX (HaOPHK MOCIIE epexoa Ha KOMOMHHUPOBAH-
HBII crmocod oTdopa U cokpamieHus: npod (YMEHbBIICHUSI HHTEPBAIa BpEMEHN MEXILY
0TOOPOM TOUEYHBIX MPO0) 3a(UKCUPOBAHO CHM)KEHHE BETMUMHBI HEBS3KH TOBAPHOTO
Oananca. B Tabn. 5 moka3aH mpuMep TaKoro CHMXKEHHS HEBSI3KHU ISl MEIHO-LIMHKOBOM
oborarutenpHON Gadpuku (o Menu u MHKY) 1 31D (110 30510TY 1 cepedpy) COOTBET-
CTBEHHO.

CHWKeHMe BEeIMYMHBI HEBSA3KH JIJISl MEIHO-IIMHKOBOM 00OTraTuTeNbHON (hadpHuku
MIPOM30IILIO B cpeaHeM B 1,5 paza o meau u B 1,3 paza no nuHky, 1uia 3UD — B 1,6 paza
1o 30JI0Ty ¥ B 1,9 pasa mo cepeOpy.

VYerpoiicTBO ¥ MPUHLIUIBI PabOTHl CHEIMAIbHOTO 000pYyIOBaHUS, MPUMEHSIEMOTO
JUTsE 0TOOpa W TOATOTOBKH MPOO KOMOWHUPOBAHHBIM CITOCOOOM, PACCMOTpPEHBI paHee
[1,6,11,12].

BouiBoabl. /111 TOCTOBEPHOTO OMpe/eNieHHs] MACCOBOW JIOJH IIEHHOTO KOMITOHEHTa
B MIPOIYKTax oOoramieHusi HeoOXOANMO HCTIOJIB30BaTh KOPOTKHE WHTEPBAJIbl BPEMEHH
MEKIY OTOOPOM TOUEUHBIX TPOO BEIMYMHON OT HECKOJIBKUX MUHYT A0 JOJIEH MUHYTHI.

Ilepexon K KOPOTKMM HMHTEPBaJlaM BPEMEHU MEXIY OTOOPOM TOYEUYHBIX MPOO BO3-
MOKEH TOJIBKO IIPY OZHOBPEMEHHOM C OTOOPOM COKpaIeHWH ToueuHbIX Mpod. Takyro
BO3MOJKHOCTH 00€CTIeYMBacT KOMOMHHPOBAHHBIN CITOC00 0TOOpa M COKpaIeHuUs IPpoo.
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[epexom k KOPOTKMM HHTEPBAJIaM BPEMEHH MEXIy 0TOOPOM TOYEYHBIX MPOO CIO-
COOCTBYET CHMKCHUIO BEJIMUMHBI HEBSI3KH TOBAPHOIO OaaHca.

Pacder uHTEpBaa BpeMEHH MEXKY OTOOPOM TOUCUHBIX TPOO BO3MOXKEH IO PE3YITb-
TaTraM TEKYIIEro ONpoOOBaHMs Ha 000TaTUTEILHON (habpuke 0e3 MPOBEICHUS OO~
HUTEJBHBIX HCCIICAOBAHNUN U BHITOTHEHUS TOTIOTHUTENBHBIX aHAN30B.

Taﬁmlua 5. CHHKeHHe BeJIMYMHBI HEBSI3KH TOBapHOIo 0aj1aHca 3a cueT
NMOBBIIICHUA T0CTOBEPHOCTH Y1eTa MaccoBOM JO0JIM IEHHOI'0 KOMIIOHEHTA
Table 5. Reducing the size of the product imbalance by means of increasing
thereliability of valuable component massfraction registration

Tlepuon . V3meHeHue HeBA3KH
Llennbrit
paboTsl, TOBapHOro OajaHca
KOMIIOHEHT N
Mec 3a nepuox paboTsl, %

OGorarutesbHas
(habpuka

o nepexooa na KoMOUHUPOBAHHYLIL CNOCOO

M 8 Menb +4,1 -5,9
HO-IIUHKOBas

CApHoTIHHOBa Hunx +4,7 -3,3
3o50TO +5,9 -7,1

3UD 10
Cepebpo +4,7 -43

Iocne nepexooa na KOMOUHUPOBAHHDLL CHOCOO

Menp +3,2 -3,6

M - 12
CIHO-I[HKOBAsI Ik +29 33
3o50TO +3,5 -4,8

3UD 16
Cepebpo +2,3 -2,5

Hcnonp30BaHie KOPOTKHX MHTEPBAJIOB BPEMEHU MEXIy OTOOPOM TOYEUHBIX MPOO
JIOTIOJTHSIET TPeOOBaHMs CUCTEMbI MEHE/PKMEHTA Ka4eCTBa, ICHCTBYIOIMX CTaH/IapTOB,
a TakKe pa3paboTaHHBIX Ha WX 0a3e pabovYMX JOKYMEHTOB.
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The conditions of reliable determination of valuable component mass fraction
in mineral processing products
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Abstract
Introduction. One requirement to sampling reliability improvement at concentrating plants is sampling
system conformity to the current standards.
Research methodology. At a number of concentrating mills measures are taken on bringing the sampling
system in the conformity with the standard requirements. It should lead to reliable determination of
valuable component mass fraction in mineral processing products, and minimize product imbalance.
In most concentrating plants the effect from bringing the sampling system into the line with the requirements
is lacking due to the influence of a probable systematic error on the result of sampling.
Research aims to study the conditions of sampling ensuring reliable determination of valuable component
mass fraction in mineral processing products. Subject matter — the theoretical algorithm of arriving at the
conditions of reliable determination of mass fraction. Research object — the statistics of mineral processing
products sampling, containing local extreme values of mass fraction and conditioned by such values of
product imbalance at concentrating mills. Research has been carried out by means of studying the statistics
of mineral processing sampling based on modern scientific image of sampling errors.
Results. The proposed algorithm of valuable component mass fraction reliable determination in mineral
processing products is based on the results of the current sampling, recording the recurring “outbursts” of
mass fraction. The discovered time frame between spot samplings makes it possible to determine the mass
fraction of a valuable component with the specified error. The obtained time frame for mass fraction
reliable determination makes up several minutes to fractions of a minute. At a majority of the operating
concentrating plants the indicated time frame is not less than 30 min.
Summary. For reliable determination of valuable component mass fraction in mineral processing products
it is required to use short time frames between spot samples from some minutes to fractions of a minute.
1t makes it possible to apply to integrated way of sampling. The use of short time frames between spot
samplings supplements to requirements of the current standards.

Key words: mass fraction; product imbalance; time frame between spot samples, hurricane sample.
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Pa3paboTka TeXHONOrun U3BneYeHNs POCChHINHOrO MUKPOHHOTO
30M10Ta C MCNONMb30BaHUEM SUCTIEPrUPOBaHUA MIMHUCTON
COCTaBNAKLLEN BMeLaloLwmX Nopoa
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Peghepam
Beedenue. B cogpemMeHHbIX YCIOBUAX 6 CEA3U C HAKONIEHUEM MEXHOLEHHBIX OMBAL08 3010MOCO0ePHCa-
wux pyo ece OOTLULYIO AKMYAIbHOCHb npUuobpemaem paspabomra HO8bIX dPHEKMUBHBIX MEXHON02UL
U36/1e4eHIUs MeNKO20 U MOHKO20 3010Ma. AGmopamu paccmampueaemcs i aHAIU3Upyemcs CUmyayus
0obvbluy u nepepadbomru 3010mocooeparcaueco covipvs ¢ Poccuu u na Ypane.
Henv uccnedosanuii. C nomowvio npeonodiceHHOl mexHoNI02UU y8enudums u3gieyeHue 3010ma us mex-
HO2EHHBIX OMBANI08 U PA3PAOAMBIEAEMBIX POCCHINHBIX MECHOPONCOCHUIL.
Memoowt uccnedosanusn. B npoyecce pabomul 6bLiy UCNONb306AHbL. CUMYAYUOHHBII AHAU3, 0030D,
AHANU3 U CUCEMAMU3AYUS OAHHBIX HAYYHBIX PAOOM, CUHME3 U CDAGHUMENbHbLI AHAU3, AHATU3 CYUye-
CMBYIOWUX MEXHOLOSUYECKUX YENOoYeK NO U36/LeUeHUI0 3010Md.
Pesynomamul. [Iposedennviii ananu3s no3goaul cOeians 8bl600, Ymo npu UCHOIb308AHUU COBPEMEHHO
mexHono2uy 0602aujeHus 3HAYUMeNbHAs 00N MEIKO20 U MOHKO20 3010Md OCMAemcs 6 Omealdx.
Asmopamu cmamwvu npednazaemcs HO8As MEXHOI02USL, NO360NAUASL U3BLEKAMb MENKOE U MOHKOE 30-
aomo ¢ bonvutell 3pghexkmusnocmuio. B pabome npedcmagnen u onucan ucnonv3yemuiii 0Jia npedsapu-
MenbHOU Oe3unmezpayu Kpayo8ouHulll OUCHepP2amop ¢ MHO20YENeBLIM NPUBOOOM U BOZMONHCHOCHIbLIO
UCNONb30BAHUS NCEBOOKUNAUE20 CILOSL.
Bu1600wt. Ilpeonoscennas mexnonoeusn modxcem 6vimsv d¢hexmusnoll npu nepepabomxe mexHo2eHHbiX
0MBAN06 C MPYOHOU3BNIEKAEMBIM 3010MOM.

Knrouesnte cnosa: npeosapumenvias desunmezpayus; Kpayoeouiwiii OUCnepzamop,; Mekoe u moi-
Koe 30710Mmo.

Beenenue. TexHOreHHBIE MECTOPOXKACHUS OIarOpOHBIX METAJIOB U MPEXKIE BCe-
IO TEXHOTEHHBIE POCCHINN KaK OOBEKTHI MPOMBIIIJICHHONW NepepaboTKu B MOCIEAHNE
rofbl IIPUBIIEKAIOT BCE OONbILIEe BHUMAHHUE U IIOJBEPratoTCs KApANHAIBHON MEPEOIICHKE
B CBSI3M C ABYMs TeHAeHIUAMH. OJIHA U3 HUX COCTOMUT B MOSBICHUH HOBBIX TEXHOJIOTUI
M HOBBIX OOOTAaTHTENBHBIX allaparoB, IO3BOJSIOMMX 3HAYMTEIBHO TOBBICUTH
W3BJICUCHUE U YIyUIINTh S5KOHOMUYECKHE MTOKa3aTe NepepabOoTKH ChIPhs, OTHOCHUB-
HIerocsl paHee K 3a0aJaHCOBOMY IO COACPKAHMIO 30JI0TA MU 10 TEXHOJOTMYECKUM
npuauHaM [ 1-6].

Bropas TeHneHIHs 3aKI04aeTcsl B HEYKIOHHOM CHIDKEHHH CPEIHETO COACPIKaHHs
305I0Ta B OaJlaHCOBBIX 3aracax LEJUKOBBIX POCCHIIEH MPHU OJHOBPEMEHHOM pOCTE
YAETBbHBIX 3aTPaT Ha TOPHOKAMTAIbHBIE U TOPHO-TIOATOTOBUTENbHBIE PaOoThI. Tak Ha-
MpUMED, YPATBCKUI PETHOH YK€ C MOMEHTa OCBOEHUS, T. €. ¢ Hayana X VIII Beka cta-
HOBHUTCS KPYNHEHIIUM TOPHONPOMBIIIJICHHBIM, TOPHOIIEpEpabaThIBAIOIIIM U MeTall-
mypruueckuM kiactepoM Poccuu. BcenmeactBue 3Toro CepiyioBckas 007acTh
OTHOCHUTCSI K CTapOIIPOMBIIICHHBIM paifoHaM ¢ OOJIBLIMM KOJIMYE€CTBOM TEXHOTCHHBIX
orxozos [7-11].

PecypcHblii moTeHIIMa1 TEXHOTEHHBIX 30JI0TOCOAePKAINX 00beKTOB B Poccun ome-
HuBaercs B 55-60 % ot goOwiToro B crpane 30110t1a. [Io coBpeMeHHBIM OLIEHKaM, cTapa-
TEJIbCKUE apTesH, UCIOJNB3YIONINE TPaJUIMOHHBIE TPOMBIBOUHBIE HPUOOPHI, TEPSIOT
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or 20 mo 50 % 3omoTra. MHOrOYHMCIEHHBIMH HCCIEJOBAaHUAMHU psAa HayYHBIX
KOJJIEKTUBOB YCTaHOBJIEHO, YTO JOJISi MEJIKOTO W TOHKOTO 30JI0Ta B TEXHOTEHHBIX
oTBaJax, Kak MpaBHJIO, IpeodiafaeT Haj KPYIMHbIM U coctaBiseT 10 90 % obiero
konmmgectna [10-27].

Pecypcbl MUKPOHHOTO 30J10Ta TOJIBKO B TEXHOT'€HHBIX pocchlsix PO ouenunBarorcs
B HECKOJIBKO THICSY TOHH. OCHOBHBIE IMIOTEPH B CHUIIy OCOOEHHOCTEH TEXHOJIOTHH A0-
OBIYM POCCHIMHOTO 30J0Ta MPUXOASTCS Ha TOHKOE, IUIACTHMHYATOE M AMCIEPCHOE.
Ha npennpustusix pernoHa 3ty npo6iaeMy B OCHOBHOM PElIalOT IyTeM COBEPLICHCTBOBA-
HUSI TPAJIUIIMOHHBIX TEXHOJIOTHYECKUX CXEM: MPUMEHEHUEM [IUTI030B MEJIKOTO HAITOJI-
HEHUs, OTCAJI0YHON TEXHOJIOTHH, MEHTPoOeKHOUW cemapanuu [21]. Peanm3anus 3Tux
HarpasJIeHUH HE pelIaeT MpoOIeMbl U3BIECUECHHUS TOHKOANCIIEPCHOTO 30J10Ta.

I'paBuTanmonHbIi
I'mapomamna KOHIICHTPATOP LleHTpoGeKHbBIIH
KOHICHTPATOP 3arIMHA30BaHHBIN
i MIECOK C MUKPOHHBIM

/’_H / 30JI0TOM

. — ~ 3
o 0JI0TO KPYITHEE
— 20 MKM

MI/IKpOHHOC 30JI0TO

Kaapn
IloneBoi mmar

Puc. 1. Cxema TpaJuIIIOHHON TEXHOJIOTUH 00OTaIlCHUS
Fig. 1. The scheme of the traditional processing technology

ABTOpaMU CTaThU NPEJIaraeTCs HOBasi TEXHOJIOTHS C MCIIOIb30BAHUEM IPEIIBAPH-
TETHLHOM JIE3MHTETPAINH CHIPhs, COIEPKAIIEro TOHKOIUCIIEPCHOE 30JI0TO, Ha 0a3e BhI-
CcOoKOA(D(PEKTUBHON M3MENFIUTETHFHON TEXHUKH, UCITONB3YIomei 2 (heKThl: MeXxaHnde-
CKOTO BO3JIEHCTBHS B TypOYJICHTHOM IOTOKE, KaBUTAIIMIO, THAPABINYECKUN ymap U
npyrue. Ha ceromusiniauii 1eHb BEICOKOA((EKTUBHAS M3MEIBYUTEIbHAS TCXHUKA JaH-
HOTO THIIA B ITPOIECCaxX 000ralleHUs] MUKPOHHOTO 30JI0Ta 110 PAAY MPUYUH HE UCIIOJb-
3yercs. B mporecce TEXHOIOTHYECKOTO IIUKIIa BO3MO)KHA TOHKAsl HACTPOWKA MPHUBO/IA:
TIPH MCTIOJIb30BaHUH yCTPOUCTB MPpeodpa3oBareseil 4acTOTH C BEKTOPHBIM YIIPaBIICHH-
em [19, 28-30] mubo npW KCIONBE30BaHUY MTPUBOAA C U(PPOBBIM YIIPABICHUEM OCY-
IIECTBIIATH IUKINYECKOe BO3JIeiCcTBUE Ha pabouee Temo [20].

Ha puc. 1 u 2 cxemarndecku MoKa3aHbl TPATUITMOHHAS TEXHOJIOTHS 00OTAIICHUS
POCCHIITHOTO 30JI0Ta W TpeajiaraeMasl aBTOpaMu, KOTopasi TO3BOJIseT Onaromaps ¥c-
MOJIb30BAHHIO BBICOKOA((PEKTUBHOTO AUCIIEPTraTOpa U3BJICKaTh MUKPOHHOE 30JI0TO Ha
TEXHOTEHHBIX OTBajaxX U CHJIBHO 3aIIMHU30BAHHBIX POCCHIMHBIX MECTOPOXKICHUIX
B ITPOMBITINIEHHBIX MacITadax.

HoBu3Ha TEXHUKO-TEXHOIOTUIECKOTO PEIICHHUS 3aKIII09aeTCs B pa3padoTKe U Ipu-
MEHEHHH BBICOKOA(P(PEKTUBHOTO TUCIIEPraTopa, CIIOCOOHOTO OOHAXKUTH 3arTHHH30-
BaHHBIE TIECYMHKH U MOJHOCTHIO «PACITyCTUThY» BBHICOKOIUCIIEPCHYIO TIIMHY, COAepKa-
Y0 9aCTUIEI MUKPOHHOTO 30JI0Ta, HAXOIAIIUECS KaK pa3 Ha MMOBEPXHOCTH KOHTAKTa
necuunka—enuna [31, 32].

IIpu pabote 1Mo TpaaUIMOHHON TEXHOJIOTHH BHICOKOAUCIIEPCHAS IIINHA HE yCIIeBaeT
«PacIyCTUTHCS» U OCBOOOIUTH CBI3aHHBIC YaCTUI[BI MUKPOHHOTO 30JI0Ta, B Pe3yJIbTa-
T€ Yero 3HAYUTENIbHASI YaCTh MEJIKOTO U MUKPOHHOTO 30JI0Ta YXOJAUT B OTBaJIbBI, 00pa-
3ysl MPEIBAPUTEIHHO XOPOIIIO MTOITOTOBIEHHBIE CKOTUICHUST UCXOMHOTO MaTepuaa s
JTATBHEHTIIETO N3BJICUCHHS MEJIKOTO U MUKPOHHOTO 30J10Ta. [10 HOBOM TeXHOJIOTHH BCS
IJIMHA HA MOBEPXHOCTHU MECYMHOK, COAep KaIias MUKPOHHOE 30JI0TO, MPOXOIsS depe3
BBICOKO3()(DEKTHUBHBIN KPAIlOBOYHBIN JTUCHIEPraTop, «PaciycKaeTcsa» 10 KOJJIOUIHOTO
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COCTOSIHUSI M1 OCBOOOKAaET MUKPOYACTHIIBI 30JI0Ta, KOTOPBIE B JabHEHILIEM YIIaBIrBa-
IOTCSI B CHICIMANIBHBIX LEHTPOOEKHBIX KOHIIEHTPATOpax.

AHanu3 METOJI0B BO3ACHCTBHUS NP MepepadOTKE TEXHOTEHHBIX OTBAJIOB M POCCHIII-
HBIX MEeCTOpOXKAeHNH [21] mokasasn npenMyIeCTBEHHOE NCIIOb30BaHNE Kiaccurka-
TOPOB M IIPOMBIBOYHBIX MAIINH Pa3IXYHbBIX BHIOB.

ITpu Takoi TEXHOJOTWH IVIMHA, HOKPBIBAIOILAS [TOBEPXHOCTh MECUMHOK, COAEpKa-
IIMX MEJKOAUCIIEPCHOE 30JI0TO, HE «PACITyCKaeTCA» 10 KOJIJIOUAHOTO COCTOSHUS U 30-
JIOTO HE BBICBOOOXKaeTcs [21].

IIpu mcnoabp30BaHMU KPallOBOYHOTO JMCIEpraropa ¢ BO3MOXHOCTBIO CO3JaHUS
IICEBJOKHUILAIIETO CJI0SI C UIMPOKUM JAUAIa30HOM PETYINPOBaHUS IPUBOAA, PEXKUMOB
BpALICHUS! U HAllpaBJICHUS BpalleHUs Pabouero opraHa MOBBIMIAETCS BO3MOXHOCTD
BCKPBITHUSA U MOCIEAYIOMETO U3BJICYEHUS MEJIKOTO M TOHKOJMCIIEPCHOTO 30J10Ta.

MuxkpoHHOE 30JI0TO I'paBuTainOHHBIN

isa _IIH_CH_eP:aT_OIi conish KOHLEHTPATop  LlentpobesHbiit R ——
- e T KOHLCHTPATOP g pactaop
G 1 e ¥ |
fiii '.I)I — [lecok
sk il
p
T 301010
3os0TO JI0 pa3MepoB
Kgapu 0,1 MKkM

TToneoii mmar

Puc. 2. Cxema pa3paboTaHHOI TEXHOJIOTUHU 00OTAICHUS
Fig. 2. The scheme of the developed processing technology

MeTtoauka. PazpaboTaHHbIi aBTOpaMy KPallOBOUHBIN TUCTIEPraTop C MCEBIOKHIIS-
MM CJIOEM OTJIMYAETCS OT APYTHX IMPOMBIBOYHBIX MAIIMH MEXAaHUYECKOTO THIIA TEM,
YTO IPOLECC IE3UHTETPALM INIMHUCTOTO MaTepHalla OCyIIEeCTBISETCS 3a CYET HEIpe-
PBIBHOTO pa3pyLIEHHs €ro IOBEPXHOCTHOIO CIIosl KpaloBKoM. Kak nmokasanu teopeTu-
YeCKUe MCCIEeIOBaHUSA, 3aTpaThl SJHEPTUN Ha JE3WHTETpaluio INIMHUCTOIO Marepuasia
B JUCIIEPTaTOpax ¢ KPamoBOYHBIM OCHAIIIEHHEM POTOpa ropa3fo HIKE, 9eM B ITPOMBI-
BOYHBIX MaIlIMHAX C JIOMACTHBIM POTOPOM, II€ MPOLECC Pa3pyIICHUS MaTeprana HOCUT
00BEMHBIH XapakTep.

KoHcTpykTuBHas cxema pa3pabOTaHHOTO KPallOBOYHOIO JUCIIepraropa MmpeicTas-
JieHa Ha puc. 3. Jlucnepratop COCTOMT U3 BEPTHKAIBHOTO IMIIMHIPUYECKOTO Kopiryca /,
C BEpXHHMM HalpaBJIAIOIINM alllapaTtoM 2 U HUKHUM BBIXOAHBIM KaHajoM 3. BHyTpeH-
HSISl IOBEPXHOCTD LIMJIMHAPHYECKOro Kopiryca 1 ¢yTepoBaHa BRICOKOIPOYHOH CTaIbIO
4. B xopiyce / COOCHO pa3MelleH pOTop S5, BHIIOIHEHHBIHN B BUE KPalOBKH 6, 3aKpe-
TUIEHHOH Ha 1oJIoM Baity 7, 3a)MKCHPOBAHHOM B BEpXHEM § W HIKHEM 9 MOALIUITHU-
KOBBIX y37ax. Hamuuume oceBoro xaHaja Ha Bajly / IO3BOJIIET IOJAaBaTh B pabouyro
30HY CKaTblii BO3IYX, TAaKUM 00pa3oM co3znaercs 3P ekt mceBIOKUIISIIETO CIIOs.

Hucneprarop padoTaer cienyrommM oopazoM. BHyTps kopmyca / depe3 BepXHUN
HaNpaBJIIOMKIN anmapar 2 HeNpEePhIBHO MOJAETCs MyJbIa, T. €. 30JI0TOCOAEpIKaIas
3arIMHU30BaHHas nopona. [lepemernasce B kopiyce / CBepXy BHU3, BMEILAIOILIAS 110~
poza moxBepraercsl pa3pylieHHIO, OZHOBPEMEHHO IMCIEPIUPYeTCs B JKUAKOH (aze
NOZ BO3/IEHCTBHEM KpalloBOK 6 Bparmatorierocsi poropa J. JlucneprupoBanHasi NIHHO-
recyaHasi mynblia, cofeprKalias MUKPOHHOE 30J10TO, OTBOJUTCS U3 Kopmyca / uepe3
BBIXOJTHOM mMaTpyOoK 3.

Pa3paboTranHas KOHCTPYKLHsS KpPallOBOYHOIO AMCHEPraTopa IMO3BOJSET MPOHU3BO-
JIUTDH PacKpbITHE (HPAKIKN 30JI0TOCONEPKAIIETO 3arTHHA30BAHHOTO N1ECKA U BEIBOAUTH
u3 paboueil MoI0CTU rOTOBYIO K Pa3AeNIeHHIO 30J0TOCOAECPIKAIILYIO0 My IbITy C YaCTHIA-
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MU TBEpJoW (a3bl B BUJAC MECKA U «PACIYCTHBIICHCS» IO KOUIOWIHOTO COCTOSHUS
TIMHKUCTOM (PPAKIUK ¢ HECBA3AHHBIMH YaCTUI[AMH MUKPOHHOTO 30JI0Ta.

B kayecTBe OCHOBHOIO amnmapara JJis BbIICICHUS TOHKOAUCIIEPCHOIO 30J10Ta PEKO-
MEH/IyeTCsI HCIIOIB30BaTh IIEHTPOOESKHBIN KOHIIEHTPATOP.

Pe3yabrarsl uccaenoBanus. [lo pesynpraraMm McclienoBaHHUS U3TOTOBIEH OIBIT-
HBII 00pasel] qucnepraropa u MpOBEJCHBI UCIBITAHUS BO3MOXXHOCTH M3BIICYCHUS 30-
JIOTa C €ro UCIOJIb30BAaHUEM U3 JICKAJIOr0 OTBAJIBHOTO CHIPhS METOJIOM IPABUTAIIMOH-
HOTO 00OTaIeHus.

Jlns ompenerieHust BOSMOKHOCTH U3BJICUCHUS 30J10Ta U3 JISKAIOTO OTBAITBHOTO CHIPHS
(poccrlmeit) METOOM TPaBUTAIFIOHHOTO 00OTaIleH s ObLTa FCIOIB30BaHa Ipoda JaHHOTO
Marepuaia Maccoi okoso 150 k. Marepuai ObUT BBICYILIEH, YCPEHEH, OTKBAPTOBAH.
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Puc. 3. Cxema KkpaioBOYHOTO JucrepraTopa
Fig. 3. The scheme of a scratch brushing disperser

Jns onpeneneHus BO3MOXKHOCTH TPaBUTAMOHHOTO OOOTAIICHUS] TaHHOTO CHIPBS
Beck 00beM MaTepuaa Ol mpocestH uepe3 cuto 1,6 Mm. [paBuTanmonHoMy oboraiie-
HUIO MOJBEprajcs MaTepuaj kiacca KpymHoctd — 1,6 mm. [IpoOsl 3TOoro marepuana
OBUIM MTPOaHAJIM3UPOBAHBI HA COAEPKaHHe Au MPOOUPHBIM 1 aTOMHO-a0COPOOHHBIM
Metogamu. LMK 1abopaTopHBIX HCCIIEIOBAHUI M0 TPaBUTALIMOHHOMY O0OTrallleHHIO
NPOBOAMIIM Ha IIEHTPOOEKHOM KOHILIEHTpaTrope. Macca HaBECKH CBIPbS AJISL OJHOTO
onbiTa — 10 k1. bUTO TIpOBENIEHO 4 OMBITa AJSl ONpPEACNICHUs ONTUMAIBHBIX Iapame-
TPOB Tpoliecca. Pe3ynsraTsl npeacTaBieHbl B TaOIUIIC.

B 3aBepiienue uccineaoBaHui Py rPaBUTALMOHHOM 00OTallleHHH OBbLT HCIOJb30-
BaH MaTepual, 00padOTaHHBIN Ha KPallOBOYHOM fuciepratope (onbiT Ne 5), mpeicras-
TSIOIUI co00# cycreH3uto (MyJblly) ¢ IIMHUCTOM COCTABIISIONIEH AaHHOTO CHIPHSI.
bruta orMeIiTa nopona kpynHee 1,6 MM. KpynmHOCTB ChIpbs B CyCIIEH3UU COCTaBIIsIa
1,6 mMm. JlaHHas cycrieH3us ObUia mpomylieHa uepe3 koHieHTpartop. Cyxas macca
TBepIOi cocTasnsomeit — 12, 754 kr.
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ITo momyueHHBIM pe3yabTaTaM B XOJ¢ MPOBEACHHBIX HCCIICIOBAHUN BHIOPaHHBIMU
napamMeTpaMu JJisi U3BJICUEHHsI 30JI0Ta U3 JISKAIOTO OTBAIBHOTO CHIPhS METOIOM T'pa-
BUTAIMOHHOTO oOoraIieHus sBisgiorcs: 4dacrora 40 [, maBiaeHHe pazKmKaroIIeH
skunakoctr 0,3 atM. 910 yemoBust onbIToB Ne 1, 3, 5, B ombitax Ne 1, 3 mpu HU3KOM CO-
JIepKaHUH 30JI0Ta B ICXOIHOM MaTepHalie MOly9eHO CaMo€e HU3KOE COJepKaHHe 30J10-
Ta B XBOCTaX. B ombiTe Ne 5 mpu MCIONBE30BaHUY KPAIIOBOYHOTO JAHUCIIEPraropa moiy-
4yeH HanOosee OoraTelii KOHIEHTPAT MPU HAUOOJIBIIEM H3BJICUSHHH 30J10TA.

Pe3yabTaThl 1a60paTOPHBIX HCCIe10BAHMIT
Laboratory research results

OmpiT Ne 1 OmpiT Ne 2 OmpiT Ne 3 OmpiT Ne 4 OmpiT Ne 5
TTokasareins N=40Tu, N=40Tu, N=50T, N=50Tu, N=40Tu,
P=10,3 atrm P=0,5atm P=0,3 amm P=0,5armm P=0,3amm
CoieprxaHue 30J10Ta B HC- 0,11 0,11 0,11 0,11 0,16
XOIHOM CBIPbE, I/T
Macca 1nosry4eHHOr0 KOH- 164 165 170 163 189
LeHTpara, T
Brixon xoHnenTpara, % 1,64 1,65 1,7 1,63 1,48
CozepxaHue 30J10Ta B 2,7 1,7 2,7 1,8 4,0
KOHIIGHTpare, I/T
CopneprkaHue 3070Ta B XBO- 0,07 0,08 0,07 0,08 0,1
CTax rpaBUTAHOHHOTO
oborarieHus, r/t
U3Bneyenue 3010Ta B KOH- 36,4 27,3 36,4 27,3 37,5
LIEHTPAT METOJIOM IPaBUTA-
LIMOHHOTO oOorameHus, %

ITapameTpsl nporiecca rpaBuTalnonHoro odoramenus: N — qacrora; P — naBnenue pa3xmKaromen )uIKocTu.

Y4uuteIBas pe3yapTaTsl MOCIEIHETO OMBITAa C OTMBIBKOH KPYITHOM ITOPOJIBI, CIETyeT
paccMOTpeTs 3TOT MeToq Oolee MompoOHO. AHAIM3UPYS PE3YNbTaThl MPOAEIaHHBIX
SKCTIEPUMEHTOB, MOXHO 3aKJIIOYUTh, YTO OTMBIBKA KPYITHOH MOPOABI TOMOTAET MOy~
YUTH O0JIee TTOATOTOBIECHHBIN K pa3elIeHNI0 MaTeprall, 9YTO TIO3BOJISIET TOBBICUTH CO-
JiepKaHie HeCBSI3aHHOTO 30J10Ta B CYCIEH3WH W YBEIMYUTH CTETICHb M3BICUCHUS Me-
Tajuta B KoHIeHTpaT. CiieoBaTeIhbHO, TEXHOIOTHS W3BIIEUEHHUS 30J10Ta M3 JaHHOTO
CBHIPbSI METOIOM T'PaBUTAITMOHHOTO 000TAIIEeHNUS MOXET OBITh 3 (HEKTHBHOM TP TIpa-
BIJIBHOM Tofi00pe 000pyIOBaHUs, COOTBETCTBYIONIEM MPEIIOKEHHONH TEXHOJIOTHYIE-
CKOM cxeMme.

BuiBoabl. BHenpenre B IpOMBITITIEHHBIX MacIiTadax MpeasiaraeMoi TeXHOIOTHH
MOXKET TTO3BOJINTH TiepepabaThIBaTh HAKOTICHHBIE TEXHOTEHHBIE OTBANEBI C TPYIHO U3-
BJIEKAEMBIM MEJKHUM ¥ TOHKHM 30JI0TOM W TIOBBICHTH M3BIIEYEHHE 30JI0Ta HA POCCHIII-
HBIX MECTOPOXKICHHSIX JIPArOIEHHBIX ¥ PEIKUX METAJLIOB.
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Developing the technology of extracting placer micron sized gold with the use
of enclosing rock clay bond dispersion

Gavrila A. Usov!, Sergei G. Frolov!, Boris N. Tarasov’
! Ural State Mining University, Ekaterinburg, Russia.

Abstract
Introduction. In present-day conditions due to gold ore technogenic dump piling, the development of new
effective technologies of small-sized and fine-dispersed gold extraction is becoming more relevant.
The authors consider and analyze the situation of gold-bearing rock extraction and processing in Russia
and in the Urals.
Research aims to increase gold extraction out of technogenic dump and the developed gold-bearing
placers with the help of the proposed technology.
Research methodology. In the course of work the following analyses have been used: situation analysis,
survey, analysis and systematization of research data, synthesis and comparative analysis, the analysis of
the existing gold extraction process chains.
Results. The conducted analysis has made it possible to make a conclusion that under the use of the
modern processing technology the significant part of small-sized and fine-dispersed gold remains
in the dumps. The authors of the article offer a new technology which allows to extract microscopic and fine gold
with a greater effectiveness. The present research presents and describes the scratch brushing disperser
with a multipurpose drive and the possibility to use a pseudo boiling layer, which is used for preliminary
disintegration.
Summary. The proposed technology can be effective if used to process technogenic dumps with difficult
gold.

Key words: preliminary disintegration; scratch brushing disperser,; small-sized and fine-dispersed gold.
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Peghepam
AKmyansnocms pabomst 06yci061eHa mem, Ymo OOHUM U3 YCA08ULl UHHOBAYUOHHO20 MEXHON0UYECKO-
20 pazsumus NPeOnpuUsmMUs GNAEMCs e20 JICUZHEeCNOCOOHOCMb, 0becneueHHas CO0OMeemcmeyouuM uH-
HOBAYUOHHBIM NOMEHYUATOM.
Lens pabomsr — o60cHo6anue CMpyKnmypbl UHHOBAYUOHHO20 NOMEHYUANA 05l 0becnedeHUs. ICUSHECHO-
coOHOCMU NPeOnpUAMUS 8 YCIOGUAX UHHOBAYUOHHO20 MEXHOI02UYECKO20 PA3GUMUSL.
Memooonozus uccnedoganun 6a3upyemcs. Ha UCNONb308AHUU COYUATLHO-IKOHOMUUECKO20 NOO0X00d,
¢ NOMOWBIO KOMOPO20 OblI0 6bl0eNeHO OOMUHUPYIOWee 3HAYeHUEe He0CA3AeMO20 pecypcd CyObeKmos
npeonpuAmusa 8 obecnedeHul HCUIHeCnoCoOOHOCmuU npeonpuamus, 000CHO8AHbI 803MOXCHOCIU DOoJlee
NONHO20 UCNONb306AHUSA PECYPCO8 UHHOBAYUOHHO20 NOMEHYUANLA 6 UHHOBAYUOHHOM MEXHOI02ULEeCKOM
pazeumuu npeonpusmusl.
Pesynomamul. O60cHo6ano noHamue Hu3HeCnoCOOHOCMY NPEONPUAMUA KAK COYUATbHO-IKOHOMUYe-
CKOU cucmembl, onpedeiena CMpYKmypa pecypco8 UHHOBAYUOHHO20 HOMEHYUAnd npeonpusmus
U YCMAaHoBIeHa Ux Cé:a3b ¢ UHHOBAYUAMU, BbIAGIEHO OOMUHUPYIOUjee 3HaAUeHUe HeOCA3aeM020 pecypca
cyb6bexmog 0is 0becneyenus HCUsHeCnoCoOHOCU NPeONPUAMUsL 8 YCIL0BUAX UHHOBAYUOHHO20 MEXHONO0-
2UYECKO20 pa3BUMUs; 6 Kauecmee UHCIMPYMEHMA O0OecneveHus: JCU3HeCnOCOOHOCMU NPeOnpusmus
NPeONIONHCEHO PACCMAMPUBATND KOMIIEKC (DYHKYULL YIPAsLeHUs opMUposanuem UHHOBAYUOHHOU CPedbl.
Hpumenenue pesynomamos. Ilokazanvl npumepvl UCnONb308AHUA NOTYYEHHBIX PE3YIbMAaANO8 6 NPaK-
Mu4eckoll 0esmerbHOCMU Pe2UOHAIbHO20 NPou3600cmeenno2o obveounenus « CYOK-Xakacusy.

Knroueevie cnosa: npeonpusmue; coyuanvrno-skonomuueckas cucmema; iCUSHECNOCOBHOCHIb;
cybvexmuvl npeonpusmus; UHHOBAYUU; PecypCbl, UHHOBAYUOHHBIN NOMEHYUAL, HeOCA3aeMblil pecypc;
UHHOBAYUOHHASA CPedd; DYHKYUU YNPABTEHUSL.

JKnzHecrnocoOHOCTh — CIIOCOOHOCTh CYIIECTBOBATh M Pa3BUBAThCS BO BHEIIHEH
cpene [1]. [lonarue kU3HECTTIOCOOHOCTH CBSI3aHO C JICATEIBHOCTHIO YEJIOBEKa, KOTO-
PBI CTPEMUTCS K BBIKHBAHUIO, YCTOMYUBOMY CYIIECTBOBAHUIO, @ TAKKE K JINYHOMY
Pa3BUTUIO WM PA3BUTHIO CUCTEMBI, B KOTOPOW OH HaXOAMTCA. PecypcHBIi moTeHIuan,
KOTOPBIN YEJIOBEK IPH 3TOM HCIIONB3YET, SBISETCS ONMPEIENSIOMNUM (DaKTOPOM IMPO-
rpecca 000l opranu3aiuu (MpeanpusiTis) U Mepol 3Toro mporpecca [2, 3]. Camoit
Ba)XHOH CUCTEMOM MPENIPUATHS, B HAHOOJBIICH CTEIIEH! XapaKTePU3YIOIIEH ero Ku3-
HECMOCOOHOCTh, SABJSCTCS COIMaNbHO-3KoHOMHYecKas cuctema (COC) — Henocpen-
CTBEHHO CYOBEKTBI IPEIAIPHUATHSI BO BCEM MHOTOOOPA3HH UX COIIMALHBIX H YKOHOMH-
YeCKUX CBs3eil. B conMambHO-3KOHOMUYECKOM aCIeKTe «KH3HECIHOCOOHOCTh
MIPEIIPUATUS PACCMATPUBACTCSI KaK CIOCOOHOCTH €ro CyOhEKTOB 00€CIIeUnBaTh YCTON-
yrBO€ ()YHKIIHOHHUPOBAHHUE U Pa3BUTHE 00BEKTOB SKOHOMUYECKOM JAEATEIILHOCTIY [2, 4],
3Ta CIOCOOHOCTh 3aBUCHUT OT MOTCHIIMATA MPEANPHUITUAS — COBOKYITHOCTH PECYPCOB,
BIMSIFOIIIMX HAa 3KOHOMHYECKYIO COCTaBJISAIONIYr0. [loTeHIMan co3maeTcs B XOJe
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Pa3BUTHUS TPEANPUSATHSI U MO3BOJISET 3a0JIATOBPEMEHHO O0CCIICUUTh MPEATIPUITHIO,
MOAPA3IeICHUIO U KOHKPETHOMY pabOTHHKY KOHKYPEHTHOE MPEUMYIIECTBO U JIHUACP-
CKHE TIO3UIIMU B CBOEM BHUJIEC MPOU3BOACTBEHHOU NeaTenbHoCTH [5—8]. B pamkax Teo-
puu camoopranuzaunu COC kU3HECIOCOOHOCTh MPEANPHUITHS IOHUMAETCS KAK COBO-
KyIHOCTb CIIOCOOHOCTEH ero CyOBEKTOB K CaMOOpPraHH3alUH, CaMOCTOSITEIBHOMY
(YHKIMOHHPOBAHUIO U PAa3BUTUIO B KOHKYpPEHTHOH cpezae [4]. Camoopranuzanust —
npolecc YHOpSJOYCHHUs] BJIEMEHTOB CHUCTEMBI 32 CUET BHYTPEHHHX (DakTopoB, 0e3
creru(rUecKoro BHEIIHEro Bo3zeicTBus [7, 9]. Oto Haubosee obiiee onpeaeieHue
TEPMHUHA «CaMOOPTaHU3aLHs», KOTOPOE MOJKHO HCIIOIB30BaTh MPUMEHHUTENLHO K 00ec-
MICUCHUIO J)KU3HECTIOCOOHOCTH mpeanpusatus kak COC.

Ta6auua 1. DjaeMeHTbI CTPYKTYPbl HHHOBAIIMOHHOIO MOTEHIMAJIA NPEANPUATHSI U UX CBI3HU
¢ HHHOBauusiMH [3, 4]

Table 1. The structural elements of the innovation capacity of an enterprise and their relations
with theinnovations[3, 4]

OneMeHThI CTPYKTYpPbl HHHOBALHOHHOTO MIOTEHIKAa

SKCII kak CDC Casi3u ¢ WHHOBAIUAMU

MarepuanbHO-TEXHUIECKUE PECYPCHL: 000py- [Ipobrema obecneuenus XKCII pemaercs 3a

JIOBaHUE, 3/1aHHS U COOPYKEHHS, MOIHOCTH
9KCTIEPUMEHTAIIBHBIX YCITyT, JOPOTH, HHXKE-
HEepHbIe KOMMYHHUKAIUH, COOCTBEHHBIE 000-
POTHBIE CPEACTBA, HHCTPYMEHT U OCHACTKa,
CpeJCTBa TEXHOJIOIMYECKOTO KOHTPOJIS

HemaTepuanbHbie pecypebr:

Hay4HBIE, IPOEKTHBIE U KOHCTPYKTOPCKHE pas-
pabOTKH, HOPMBI i HOPMATHUBBI, PETIIAMEHTHI U
CTaHapThl, TCXHOJIOI'MYECKHUE CXEMbI, NH-
CTPYKIMHU U TIPABUIIA, CUCTEMbI OL[CHKHU U OT-
60pa UHBECTULIUOHHBIX ITPOCKTOB, CUCTEMBI
KOHTPOJISI Pe3yJIbTATUBHOCTH HMHHOBAIIHOHHBIX
npeodpa3zoBaHuii

Heocs3aemble pecypesl:

JHJEPCKUE KauecTBa, MHHOBAMOHHBIC CIIO-
COOHOCTH CYOBEKTOB NpenpusTus (KBaaudu-
KaIysl, 3HaHUs1, OTBETCTBEHHOCTD, TyHKTYallb-
HOCTb, CKJIOHHOCTb K TBOPUYECTBY); HHHOBALIH-
OHHBIE BO3MOXHOCTH CyOBEKTOB IPEAIPHUSTHUS
(ipencTaBieHuUs, 3aHUMAeMbIe TIO3ULIMH, B3aH-
MOOTHOILICHUS)

CYeT MPUOOPETEHHUS, CO3TaHUSI WU YITyqICHUS
MaTepuaIbHO-TEXHHIECKUX pecypcoB. MHHOBa-
UK IPEUMYIIICCTBEHHO TEXHUYECKUE, TEXHOJIO-
TMYECKHE U OPraHH3al[IOHHbIE, HAlIPaBICHHbBIC
Ha pOpPMUPOBAHNE HOBOW MaTEepPUATLHO-
TEXHUYECKOMN 0a3bl

[Ipo6iema obecneuenus XKCII pemaercs 3a
cyYeT pa3paboTKHU WM 3aMMCTBOBAHHS Kaue-
CTBEHHO HOBBIX HEMATePUAJIbHBIX PECYPCOB.
VHHOBaIMU NPEUMYIIECTBEHHO YIpaBIeHYe-
CKHE U OpraHH3alliOHHbIC, HAIIPABJICHHbBIC HA
co3aaHue pabovrx TPy U CTUMYJIMPOBAHHE
J0OPOBOJIBHOTO y4acTHst CyOBEKTOB MPeIIpHusi-
TSI B MHHOBALHSX

[Ipo6nema obecneuenus XKCII pemaercs 3a
CYeT yIpaBJIeHHs Pa3BUTHEM HEOCA3aEMBIX
pECypcoB B LieXe, CTPYKTypPHOM TOApa3AeICHUN
U B LIEJIOM Ha Ipeanpuaruy. MiHHoBanuu npe-
HMYIIECTBEHHO OPTaHN3allMOHHBIE U YIPaBIICH-
YyecKue, HallpaBJICHHbIEC HAa CO3JJaHUEC HHHOBAIIU-
OHHOM CpeJibl, CIIOCOOCTBYIOIIEH Pa3BUTHIO
HEOCA3aeMBIX pecypcoB st obecrieuenus KCIT

[Tpu o6ocHOBaHMM BBIOOpA MOHATHUS «KU3HECTIOCOOHOCTh TPENNPUSATHS» B aCIEK-
T€ ero0 MHHOBAIIMOHHOTO TEXHOJIOTHYECKOTO Pa3BUTHS IpeAToiaraeTcs, 4To obecrede-
HHE )KU3HECNIOCOOHOCTH CBs3aHO C (hOPMHPOBAHHEM MPOU3BOJCTBEHHBIX, HEMATEPH-
ANBHBIX W HEOCA3aeMbIX YEJIOBEYECKHX PECYpCOB, KOTOPBIE HEOOXOAMMBI JIJIs
oCylecTBIeHHs WHHOBanuu. JKusHecmocoOHocTh mnpennpusitus (KCII) kak
CSC —3T0 COBOKYITHOCTH IIPOU3BOICTBEHHBIX, HEMATEPUATLHBIX M HEOCSI3aEMBIX UEIIOBE-
YeCKUX PECYPCOB, OIPEICISIONINX CIIOCOOHOCTH CyOBEKTOB MPENIPHUSITHS K CaMOOpTa-
HU3AIUH U CaMOCTOSTEIbHOMY (DYHKIIMOHUPOBAHWIO B MHHOBalmAX. [1o cymiecTsy,
KHU3HECTIOCOOHOCTD npeanpusaTus kak COC — 3To aKTyaJIM3UpOBaHHBIH HHHOBAIIMOH-
HBIA TIOTEHIHAJ MPEeINpPUATHS, KOTOPBIA MO3BONISET CyObEKTaM OCYIIECTBISATh HHHO-
BalliH B COOTBETCTBUH C pa3pabOTaHHON MpOTrpaMMOil U TPAeKTOPHE MHHOBAI[HOHHO-
T'O TEXHOJIOTMYECKOTO Pa3BUTHA.

WNunoBanmonHoe texHomorudeckoe passutue (MTP) mpennpusatus mpeacrasiseTr
co00if HeobpaTruMoe 3aKOHOMEPHOE €ro M3MeHeHHe, 00yCIOBICHHOE Pa3paboTKON U
OCBOCHHMEM HOBBIX TEXHOJOTMH M TEXHHYECKHX YCOBEPIICHCTBOBaHMI Ha 0a3e wc-



ISSN 0536-1028 «H36ecmust 8y306. Topuwiii sicyprany, Ne 5, 2019 85

MOJIb30BaHMS HEOCA3aEMbIX M HEMATepUAIbHBIX PECYPCOB U OpraHU3allMOHHO-3KOHO-
MHUYECKUX MPe0Opa3oBaHmii, B pe3ynbTare 4ero (JoOpMHUpYeTCsl KaYeCTBEHHO HOBas TeX-
HOJIOTWYECKass CHUCTeMa, OOeCleunBalomasi KOHKYPEHTOCIOCOOHBI  YpOBEHb
a¢dexruBHOCTH U Oe3omacHOoCTH mpousBoncTia [10]. [Tpobnema obecneuenus XKCIT
B ycnoBusix TP npeanpusitust 1omKHa GOPMHUPOBATHCS B COOTBETCTBUU C KOHIICIIIUEH
JIOCTaTOYHOCTH MaTepUaIbHO-TEXHUYECKUX, HEMAaTepUaIbHBIX U HEOCI3aEMBIX PECYp-
COB JJI OCYIIECTBJICHHS TEXHUYECKHX, TEXHOJIOIMYECKHX, OPraHU3al[MOHHBIX U
yIpaBieHUYECKUX HHHOBALIMH. DTO 00eCIeunBaeTCs COOTBETCTRYIOIIEH OpraHu3auei
CTPYKTYpBl HHHOBaIiMoHHoro norennuana (UI1) npeanpustus.

Tabauna 2. ®yHKIHM JUAEPOB-PYKOBOANTe 1€l 10 (POPMHPOBAHMIO HHHOBAIIMOHHOM cpeabl
NpeAnpUATHS
Table 2. The functions of the leading manager s concer ning the formation of innovation
environment of an enterprise

IMpu3nakn pyHKUMHA
Junep
Henn 3agaun
Beicmmii me- ®opmuposanne | [IpuHstie ynpaeineH4eckux pemenuii no ¢popmuposanuto 1C;
HEJDKMEHT UC npenmpus- OpraHM3alus CHCTEMBI YIPABICHHS; OIpe/elIeHUe eneil U 3a-
TUS nay; pacrpeseieHne GpyHKIMA; BbISIBICHHE HEraTUBHBIX (pakTo-
poB MC, Brustomux Ha 3 HEeKTHBHOCTS YIPABICHYECKUX HHHO-
BalUii; IJIAHWPOBAHUE U OPTraHU3aLMs MEPONIPUATHI IO yCTpa-
HEHUIO HETaTHBHBIX (h)aKTOPOB; Pa3pabOTKa CHCTEMbI MOTHBALIUH
B MacITabax MpeAnpuUsITUs; OLleHKa FTOTOBHOCTH HEOCSI3aeMOTr0
pecypca BEICIIET0 MEHEPKMEHTA K B3aUMOJICHCTBUIO B KOM-
IUIEKCHBIX MHHOBAIMX
PyxoBonutenu ®opmupoBanue | PopMHpOBaHHE MHHOBAIIMIOHHOM IPYIIIBI; OIpeieIeHHe LeIel U
CTPYKTYPHBIX HUC crpykryp- 3a1ad; pactpenenenne (GyHKINIT; BBIIBICHNE HETATUBHBIX (haK-
nojpasieieHuit | Horo mozapasae- | TopoB MC, Buusronux Ha 3pGEeKTUBHOCTD Pa3pabOTKH U pealiu-
JCHUS 3aI[Uy HHHOBAIUH; IUIAHUPOBAHKE W OPTaHU3AIHS MEPOIIPUATHI
0 YCTPAaHEHHIO HEraTUBHBIX (AKTOPOB; pa3paboTKa CHCTEMBI
MOTHBAIMHU B MacIITabaxX CTPyKTypPHOTO IOJpa3/IeJICHHNS; OLIEHKA
rOTOBHOCTHU HEOCS3a€MOr0 pecypca CTPyKTYPHOTO MoJpasiene-
HUS K B3aUMOJICHCTBHIO B KOMIUIEKCHBIX M OT/CJIBHBIX HHHOBA-
LMSIX
PykoBonurenu ®opmupoBanue | dopMupoBaHuE MHULIMATUBHON IPYIIIbL; BBISIBICHUE JUAEpaA-
LIEXOB, IIPOU3- UC B nexe, Ha pYKOBOIUTENS; pa3paboTKa Lesiel 1 3a/1a4; pacupeesicHue
BOJICTBEHHBIX TIPOU3BOJ- GbyHKUWiT; BRIIBICHNE HETaTHBHBIX akTtopos MC, Bnusromux Ha
Yy4acTKOB CTBEHHOM 3 }exTHBHOCTE pa3pabOTKH U pea3aliy JOKAIBLHEIX NHHOBA-
ydJacTKe LUH; TUTAaHUPOBAHUE M OPTaHU3ALUSI MEPOTIPHATHH 110 yCTpaHe-
HUIO HETaTHBHBIX ()aKTOPOB; pa3paboTKa CHCTEMBI MOTHUBALMN B
Macmrabax 1exa; OleHKa TOTOBHOCTH HEOCA3aeMOro pecypca
nexa K pa3paboTKe U peann3aniy JIOKaIbHBIX HHHOBAIMH

OmemeHTsI cTpyKTyps! U1 ipeqmpusTist v MX CBSA3W ¢ MTHHOBAIASIMY TIOKa3aHbI B Ta0M. 1.

ITo cytu UIT npeampusitist kak COC — 3T0 MaTepHaIbHO-TEXHUICCKUE, HEMaTCPH-
aJbHBIE U HEOCS3aeMble PECYPCHI MPEAIPHUATHS, HAXOAIINECS Ha CTaIUSIX peai3aiin
B MHHOBAIIMOHHOM LIMKJIE WM Ha CTaauu (POPMUPOBAHUS PE3EPBOB U 3aI1aCOB 3TUX Pe-
CYPCOB, B COBOKYITHOCTH CO3/afo1ie BosMoxxHocTH 1t ooectiederns JKCII B ycmoBusix
WHHOBAIIMOHHOTO TEXHOJIOTUYECKoro pa3BuTusi. Heocszaemelil pecypce nuaepa-pyKkoBo-
JUTEIS SIBIISIETCS TIIaBHBIM pecypcoM U mHcTpyMeHToM obecrniedernns JKCII. On mposiB-
JISIETCS B TUIEPCKAX Ka4eCTBAaX PYKOBOIUTEIS, KOTOPBIE OH UCTIONB3YeT ISl YIIPABICHHUS
camoopranmuzanyeii cyobekToB npeanpusaTrs. CaMoopraHu3aIus — 3T0 YMEHHE OpTraHu-
30BBIBaTh PECYPCHI, UMEIOIIUECS B PACTIOPSHKEHUH CyObeKTOB mpeanpustas [12].

B pamMkax J1aHHOM CTaThbU Peub UJET O CAaMOOPTaHU3AIMH KaK O Mpollecce, KOTOPhIN
TTO3BOJISIET JIUJIEPY YIPABISITH HEOCA3a€MBIMH aKTUBAMH CYOBEKTOB MPEIIPUSATHS: HH-
HOBAIIMOHHBIMH CIIOCOOHOCTSIMU (3HAHHE, KBaJTH(PHUKAIHS, OTBETCTBEHHOCTD, ITYHKTY-
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aJbHOCTh, CKJIOHHOCTB K TBOPYECTBY ); HHHOBAIIMOHHBIMHU BO3MOXXHOCTSIMH (TIPEICTaB-
JICHMSI, 3aHMMAaEMbIC MTO3UIUH, B3AUMOOTHOIIICHHS ). YIIPaBICHUE HHHOBAI[USIMH — 3TO
KOMIUTEKCHBIM TIPOIIeCcC, KOTOPBIH JOHKEH OCYIIECTBIATHCS MOCTOSHHO M MOIIEPIKA-
BaThCs B aKTUBHOM COCTOSIHUH ITOCPEICTBOM ITPe00pa3oBaHuii B MHHOBAIIMOHHOM Cpe-
ne. THHOBaIMoHHAs cpena MpeanpuaTis — cucteMa (GakTopoB, CO3AAMOIINX BO3MOXK-
HOCTH JUIsI IEPEX0/1a THHOBAIIMOHHBIX CITOCOOHOCTEH M MHHOBAIMOHHBIX BO3MOXHOCTEH
CyOBEKTOB MPEIIPUATHS B HOBOE, 00JIee KaueCTBEHHOE COCTOsiHME. B o0si3arenbHOM
MOPSJIKE MCIIOJB3YIOTCS METOBI M3yUEHHS; METO/IbI, CTUMYJIMPYIOIIHNE Pa3BUTHE Ca-
MOCTOSITENTFHOCTH U CaMOJIOCTaTOYHOCTH CYOBEKTOB ISl Y4aCTHs B MHHOBAIIHX; Me-
TOJBI MPE0OPa30BaHUSI WHCTUTYTOB, BIUIONIME HA TIO3WIMH W B3aWUMOOTHOIICHUS
cyobekroB npeanpusatus [ 13—15]. Takum 00pazom, Ha pa3BUTHE CIIOCOOHOCTEH CYyOb-
€KTOB MPEINPUATUS K CAMOOPTaHU3AIUN U CAMOCTOSTEILHOMY (DYHKITHOHUPOBAHUIO
B mporieccax obecrneuenus JKCII nanbompIinee BIMSHIE OKa3bIBACT JIUIEP-PYKOBOIHU-
TeNb, GYHKIMOHAJ KOTOPOTO JOJDKEH COAep aTh (PYHKIMIO HETPEPHIBHOTO ITOUCKA U
BEISIBIICHUSI PE3€PBOB PAa3BUTHS WHHOBAIMOHHBIX CIIOCOOHOCTEH M MHHOBAI[MOHHBIX
BO3MOXHOCTEH cyObekToB npeanpusatus, odecneunBaromux JKCII B ycinoBusx nHHO-
BallMOHHOTO TEXHOJIOTHYECKOrO pa3BUTHUSA Npennpusitus [4, 16].

Taomuua 3. Tloka3zatenu aesteasnoctd PIIO «CYIK-Xakacusi» [13, 17-20]
Table 3. Capacity rate of the regional production association “SUEK-Khakassia” [13, 17-20]

TTokazarens Fon

2002 2003 2005 | 2007 | 2009 | 2011 | 2013 2015 2017
Jlo6bI4a, THIC. T 4399 | 6324 | 7308 | 7647|8521 |10487{10570| 12007 | 13017
Bckpbiiia, Teic. M3 16 797 | 24 064 |27 881|25 441 |29 788|41 399|47 534| 53 132 | 79 056
OPEX, p./t 195 197 246 | 292 | 403 | 540 | 711 761 1005
Lena, p./T 222 202 481 | 527 | 985 | 1406|1209 | 1433 | 1796
EBITDA, muH p. 15 17 265 | 396 | 4557|7496 |4507| 7160 | 8405
VHBECTHLINH, MJH P. 0 187 100 | 609 | 734 (1725|1752 | 1858 | 2603
[Ipon3BoAUTENBHOCTD!
3KCKaBaTOPOB, 85 118 128 | 109 | 116 | 152 181 205 269
ThIc. M¥/M3 KOBIIA
aBTOCaMOCBAJIOB, 7 8 7 10 9 9 10 11 13
TBIC. T/T TPY30I0IbEMHOCTH
TpyJa, THIC. T/4el.-TOJ 1 1 2 2 2 3 3 4 7
TpyJa, ThIC. M3/4en.-rox 4 5 7 6 8 12 14 18 26
YHCIEHHOCTD, Yell. 4356 | 4502 | 4266 | 4384 | 3675 | 3431 | 3435 | 2910 | 3028
HomunanbHast 3apaboTHast 5219 | 6907 |10 356|13322(20008|27 799|34 538| 42 761 | 52 484
iaTa, p.
PeanbHnast 3apaboTHas 5219 | 6168 | 7462 | 7872 | 9592 |11547|12645| 12 451 | 14 146
miara, p.

OmHUM 13 HHCTPYMEHTOB BOBIICUEHUS PE3EPBOB HEOCI3aEMOr0 pecypca B odecrie-
yenue JXCII sBnsieTca GyHKIMA TuAepa-pyKOBOAUTENS MO YIpPaBIeHUIO (OPMHPOBa-
HUEM MHHOBAIIMOHHOH Cpelbl Ha YpOBHE MPEANPHUATHS, CTPYKTYpHOTO TOIpa3ele-
HUSI, 11eXa, MPOU3BOJICTBEHHOTO y4yacTka. VIHHOBalMOHHAS cpefia MPEANpUsTHs — 3TO
crucreMa (hakTopoB, 00YCIIOBIMBAIOIINX PAa3BUTHE HEOCI3aEMOTO pecypca CyOBEKTOB
npeanpustusi. OyHKIUU THASPOB-PYKOBOTUTEICH MO (HOPMUPOBAHHIO WHHOBAI[HOH-
Holt cpensl (MC) npennpusTst mpeacTaBieHbl B Ta0M. 2.

[Ipu onpenenenuu ueaen M 3a1a4 cieayeT pyKOBOACTBOBATHCA:

6 Macumabe npeonpusimus — TMOKa3aTeIIMH WHBECTHIIMOHHON MPHUBIEKATEIHHO-
ctH (LieHa MpoAyKuuu, oobeM uaBectuninii, EBITDA);
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6 Macumadax cmpykmypHo2o noopaszoenenus u yexa — TEXHUKO-9KOHOMHYECKUMH
MOKa3aTeIsIMH, OTPAKAIOIINMH YPOBEHb 3(()EeKTUBHOCTH MPOU3BOACTBA (IIPOU3BOMIH-
TEJBHOCTh TPY/a, IPOU3BOIUTEILHOCTE 000PYI0BaHMsI, 3apab0THAs TIaTa).

Pernonansaoe npoussoacteenHoe oobenunenne (PI10) «CYDK-Xakacus» — oc-
HOBHasi CTpyKTypHast enuHuia CHOMPCKOM YrONbHOW HSHEPreTHYECKOH KOMITaHUH
(CYDK). PykoBoactro PIIO onpenenuiio is ce0s CISAYIOIIYIO 1eJb Pa3BUTHSA: CTAaTh
WHBECTUIIMOHHO MMPHUBJICKATCIIbHBIM O6’be}II/IHeHI/IeM KaK B DJKOHOMHUYCCKOM, TaK 1 B CO-
IUaJJbHOM OTHOWICHHWH, T. €. CTaTb TaKUM MNPCANPUATUEM, B IMOBLIIICHUHN KHU3HECIIO-
COOHOCTH KOTOPOTO OyIyT 3aMHTEPECOBAaHbI KOMITAHUS, OPTaHbl TOCYIAPCTBEHHOTO H
MECTHOTO camoympasiieHus, nepconan [13, 19]. JocTwkenne >TON IeNH BHIEIOCH
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Puc. 1. lunamMuka MHBECTUIIMOHHOM npuBiekaTenbHoctu PIIO
«CYDK-Xakacus» [13]
Fig. 1. The dynamics of the investment attractiveness of the regional
production association “SUEK-Khakassia” [13]

B INHAMUYHOM TIOBBIIICHUH 3P PEKTUBHOCTHU UCTIONB30BAHMUS KAXKIOTO BHJIA PECYPCOB
MPOM3BOJICTBA: 3alIaCOB MECTOPOXKIICHHI, TEXHUKH, TOPHBIX BHIPAOOTOK, 31aHHIA U CO-
OpY)KEHHIi, MaTepHalioB U SHEPTUH, (PUHAHCOBBIX CPENCTB, a TIIaBHOE — TPYIOBOTO
NoTeHIMaia TepcoHana. [loka3arenu JesTeNbHOCTH OOBEAMHEHHS B MEPUOJ
2002-2017 rr. moka3aHsI B Ta01I. 3.

bnarogapsi ycTOHYMBOMY MOBBIIICHUIO YKOHOMUYECKOH 3((HEKTUBHOCTU OOBEIU-
HEHHsI OKa3aJIOCh BO3MOXHBIM JIOCTHKEHUE TpeOyeMOro YpOBHS WHBECTHUIIMOHHOM
MIpPUBJIEKATeTLHOCTH (puc. 1).

IToHSATHO, YTO UHBECTUIIMOHHAS TPHBIIEKATEIFHOCTh 00BETMHEHHS OTPAHUIHBACT-
Cs1 BO3MOXXHOCTSIMH HanMeHee C(OPMHPOBAHHOTO pecypca WHHOBAIMOHHOTO MTOTEH-
nuana. JlmHamuka u3MeHeHHs pecypcoB B cTpykrype MII oObenmHeHUMs MmoOKa3aHa
Ha puc. 2.

JIOMUHUPYIOIIAM pEeCypCcOM M3 yKa3aHHBIX TPeX SBISAETCS HEOCI3aeMBbli, TOCKOIb-
Ky 9eJIOBEK SBJISIETCA CyOBEKTOM YTIPABIICHUS U MOYKET CaM OTIPEJIENSITh CBOIO JIESTEINb-
HocTh To obecniedennto JKCIT u cTpaTeriio MHHOBAIIHOHHOTO TEXHOJIOTHUYECKOTO
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pasButus. [losTomy BaxkHOU 3amaucii ooecnieuenus JKCII sBisiercs cOanaHCcupoBaH-
HOE Pa3BHTHE Ka4eCTBa HEOCSI3aeMOr0 M HEMAaTepUaIbHOTO PECYPCOB C LIENbIO MpHBe-
JICHUSI X B COOTBETCTBHE CTPATETHU M YPOBHIO KaueCTBa MaTepHATbHO-TEXHUIECKOTO
pecypca. ['maBHbIM nctounnkoM naneHekiniero odecneuenus XKCII spnsrores cyObek-
TBI TIPEATIPUATHUS, UMEIOIIUE MOTPEOHOCTh B POCTE CBOMX 3HAHUH M KBaNH(UKAIHY,
COOTBETCTBYIOIIUM 00pa30M OpraHW30BaHHBIC W YCIICUIHO CIPABISIONINECS CO CBOU-
MU JOJKHOCTHBIMU 00S13aHHOCTSIMU TT0 pereHwuro 3aaa4d odecnedenus JKCII B ycnou-
SIX MHHOBAIIHOHHOTO TEXHOJIOTHYECKOTO Pa3BUTHSL.

Heocsizaemsie pecypcest (HOP)

Ilens
4 2025r.

2017 .
2003 r.

'y \

b \
._3_________3_

4 4

5
Marepuasnsusie pecypcst (MP) Hemarepunainsusre pecypest (HMP)

Puc. 2. Jlunamuka usmenenus pecypcos B ctpykrype UIT PI1O
«CVYDK-Xakacusn» [13]
Fig. 2. The dynamics of the resources change in the structure of the regional
production association “SUEK-Khakassia” [13]

BuiBoa. XKu3HecnocoOHOCTh NMPEANPUITUAS KaK COLUATBHO-IKOHOMHYECKOM CHCTE-
MBI — 3TO COBOKYMHOCTh MaTE€pPHAIbHO-TEXHUYECKUX, HEMaTepUaIbHBIX U HEeocs3ae-
MBIX PECYpPCOB, OIPEACISIONINX CIIOCOOHOCTH CyOBEKTOB MPEATIPUATHS K CaMOOpTa-
HU3aIUU ¥ CaMOCTOSTEILHOMY (DYHKIIMOHMPOBaHUIO B WHHOBaIusaX. Heocszaemblit
pecypc — TUIEPCKUE KadeCcTBa PYKOBOAUTENS — B pab0OTE ONPEICIAIOTCS KaK IIaBHBIN
peCypc ¥ MHCTPYMEHT IPUBEACHUS CIIOCOOHOCTEN CYOBEKTOB MIPEANPUATHS K TpeOye-
MOMY COCTOSIHUIO. JIuaepckue KadecTBa PYyKOBOIUTENS, KOTOPHIC MPOSBIAIOTCS MPHU
(hOopMHUPOBAHUY aKTUBHOW MHHOBAIIMOHHOW CPEbI, CO3/IAal0T BOBMOXKHOCTH Tepexoja
WHHOBAIMOHHBIX CIIOCOOHOCTEW ¥ MHHOBAIMOHHBIX BO3MOXXHOCTEH CyOBEKTOB MpEIl-
MPUATHS B HOBOE, O0JIee KaYeCTBEHHOE COCTOsIHME. VICTonp30BaHue MPUHIIUIIOB JIaH-
Ho#l koHIenIH pykoBoacTBOM PITO «CYDK-Xakacus» Ha sTanax ero HHHOBAIMOH-
HOTO TEXHOJOTHYECKOTO Pa3BUTHS IMO3BOJMIO YBEIUYHUTH MO cpaBHeHHIO ¢ 2002 r.
MPOU3BOIUTEIILHOCTh 000pynoBanus B 2,0-3,2 pa3a, IpOU3BOIUTEIHLHOCTD TPYy/Ia pa-
bouero — B 6,7-6,8 pasa; coorHomenne EBITDA / naBecturuu cocraBmiio 3,5 pasa.
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Ensuring the viability of an enterprise in the conditions of innovative
technological development

Natalia V. Galkina!
! Research Institute of Mining Industry Efficiency and Safety, Chelyabinsk, Russia.

Abstract
Research relevance is conditioned by the fact that one condition of innovative technological development
of an enterprise is its viability ensured by the corresponding innovative capacity.
Research aim is to substantiate the structure of innovative capacity to ensure the viability of an enterprise
in the conditions of innovative technological development.
Research methodology is based on the use of social and economic approach to determine the dominant
significance of the intangible resource of enterprise subjects which ensures the viability of an enterprise;
the possibilities are substantiated for more complete utilization of the resources of innovative capacity for
innovative technological development of an enterprise.
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Results. The notion of enterprise viability has been substantiated as a social and economic system; the
structure of the resources of innovative capacity of an enterprise has been determined and their connection
to the innovations; the dominant significance of the intangible resource of subjects to ensure the viability
of an enterprise in the conditions of innovative technological development has been determined; by way of
an instrument to ensure the viability of an enterprise it is proposed to consider the complex of functions
controlling the formation of innovation environment.

The scope of results. The examples have been shown of applying the obtained results in the practice of the
regional production association “SUEK-Khakassia”.

Key words: enterprise; social and economic system; viability; enterprise subjects; innovations; resources;
innovative capacity; intangible resource; innovation environment; control functions.
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Metogonorusa popmupoBaHus apheKTMBHON CUCTEMbI 06ecneyeHus
paboTocnoco6HOCTU FOPHON TEXHUKK

AngpeeBa J1. U.™*, KpacHukoBa T. U.2, Ywakos 0. 10.2
" YensbuHckuin punman WHctutyTa ropHoro gena YpO PAH, r. Yens6uHck, Poccust
2 Hay4Ho-MccrieaoBaTenbCkuin MHCTUTYT 3chdeKTUBHOCTM 1 GE30MaCHOCTH FOPHOTO NPOM3BOACTBA
(HUMOTP), r. YensbuHck, Poccus
*e-mail: tehnorem 74@list.ru

Peghepam
Beeoenue. TpaouyuoHHO CLOMCUBMAACS NPAKMUKA NOBBIUEHUS IPPEKMUBHOCIU NPOU3BOOCMEA
¢ opuenmayuell Ha MexHU4ecKoe nepesoopyxcerue, yeenuieHue eOUHUIHON MOWHOCMU 060PYO06aHUs,
ocyujecmenaemas 6e3 O0NHCHO20 USMEHEHUs OP2AHUZAYUL NPOUZBOOCEA, CUCHIEMbL NIAHUPOBANHUSA De-
MOHMHO20 OOCIYHCUBAHUA, NPUBOOUM K HEIPDPEKMUBHOMY UCNOTLI0BAHUIO pabOUe0 6peMeHU Nepco-
HAIOM, YUMo 8 C8010 04epeds Gausem HA GbINYCK KOHEYHO20 NPOOYKMA.
Llens padomour. Dopmuposarue Ha 0pHOO0OBLIBAIOWUX NPEONPUATIUAX P DekmueHol cucmembl obec-
neyenusi pabomocnocoOHOCmu 20pPHOT MEXHUKU HA OCHO8e MEMOOO0No2Ul, 8KII0OYAwell NPUHYUNLl,
00vexm, npeomem, NOLOHCEHUS U MEMOOb.
Memoodonozusn. Tpaouyuonno crOHCUBUAACA OP2AHUZAYUSA NPOUZBOOCTNEEHHOU CUCTEMbL NPEONPUAMUSL
npeoonpeoensiem opmuposanue CyuecmeeHHbix nomepb 6peMeHu IKCNIYAMAYUOHHIM U PEMOHMHBIM
nepconanom. Ilomepu epemenu 06yCr081eHbl PIOOM OCHOBHBIX NPUUUH. HEPPEKMUSHBIM 83AUMOOeli-
CMeuemM peMoHmMHO20 U IKCHIYAMAYUOHHO20 NEPCOHANA, OMCYMCMBEUEM 0eliCMEEeHHO20 MEXAHUSMA MO-
mugayuu U CIMUMyIUpOSaAHUs paboOMHUKO8, d MAKd*Ce HeOOCMAMOYHbIM NOHUMAHUEM C6A3U NOMePb
spemenu ¢ skoHomuueckumu nomepamu. Cywecmeylowue nomepu epemenu 6 npoyecce obecneyenus
pabomocnocobHocmu 20pHo20 060PYO0SAHUs NO CYMU ABNAIOMCI pe3epeamu NPOU3800Cmed, aKmusu-
3UpYs KOMopble, 6O3MONUCHO KAUECMBEHHO USMEHUMb COCTOAHUE CAMOT CUCTEMbL U NOBbICUMb ee I¢h)-
gexmusrocmy.
Pesynomamul. B nybnuxayuu npeocmasieHa mMemooono2us Gopmuposanus 3Qpdexmunoll cucmemol
obecneyeHuss pabomocnocooHOCmu 20pHO20 000PYO08AHUSA, KOMOPAsA (opmMupyemcs nocpeocmeom
cmanoapmuzayuu GYHKYull nepconand peMoHmMHO CIyHCObL U MEeCHOU 83aUMOCEA3U CeAYVIOWUX OI0KO8
VRPAGLEHUA: OP2AHUZAYUSL, PeSYIUPOBAHUe, KOHMPOLb NOMOKO8, ONepayul.
Bu16oovl. C ucnonb3o6anuem npeoiodiceHHo20 6 Cmambe Menod0I02UYeCK020 NO0X00d K NOGbIULEHUIO
PabomocnocobHoCmU 20pHO20 060PYOOBAHUS CMAHOBUNCS BO3MONCHBIM 8b1OOD PAYUOHANLHOU CIMpa-
meauu peMOHMHO20 OOCIYHCUBAHUA, OCHOBAHHOU HA COYEMAHUU PEMOHIMHBIX 8030€UCMEULl NO CPOKY
IKCHIyamayuu, Hapabomke u MexXHU4eCKOMy COCIMOAHUIO 20PHBIX MAULUH.

Knroueewie cnosa: cmanoapm; gynxyuonan; cmpameaus peMOoHmMHO20 0OCAYHCUSAHUS; 3AMPAMbL;
mexnuueckoe cocmosnue; dhgekmusHocms, onepayus; npoyecc; QyHKYUOHAI, MemoooLo2usl; pe2yu-
posanue; KOHMPOAb, ONACHA NPOU3BOOCIBEHHAS CUTNY AYUSL.

BBenenue. PeMOHT ropHOI TEXHUKU SIBISIETCS CIIOKHBIM M JJOPOTOCTOSIIIIMM TIPO-
LIECCOM B CTPYKTYpE OCHOBHOTO ITPOM3BOJICTBA. 3aTPaThl, CBA3aHHBIE C COAEPIKaHUEM
TOPHBIX MaIlliH, cOCTABISIOT 28—40 % B ce06eCTOMMOCTH JOOBIUH MOJIE3HOTO UCKOTIAe-
Moro. PacueTsl MOKa3bIBAIOT, YTO MPH BO3PACTAHUH CTOMMOCTH NOTPEOIIeMbIX pecyp-
COB JI0 YPOBHSI MUPOBBIX 1IEH C€0€CTOMMOCTb AOOBIYH [I0JIE3HOI'0 HCKOIIAEMOT0, B TOM
YHUCIIe 1 PEMOHTHOTO OOCITYKHBaHUs, Bo3pacTaeT Oonee ueM B 3—4 pasa (tadm. 1) [1].

Ora 3aj1aua CTaHOBUTCS elle 00Jee akTyallbHOM, MOocKobKy ¢ 2000 . Ha Kaphepbl Bcex
oTpaciiell TOpHOH TPOMBIIUIEHHOCTH TIOCTYTAET BEIEMOYHO-TIOIPY304HOE 000pYIOBaHHE —
TUAPABINIECKHE IKCKABATOPHI M KOJIECHBIE TIOTPY3UHKH — B OCHOBHOM 3apyOeKHOTO MPO-
m3BozacTBa. 3a nepuon 1999-2016 r. 6pu10 nocrasneHo npumepHo 1130 en. kappepHBIX
9KCKABaTOPOB C KOBIIAMH BMECTUMOCTBIO 4—50 M? (B TOM YHCIE THAPABIMYECKUX —
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1090 ex1. ¢ KoBIIaMu BMECTHMOCTBIO 4—36 M3). J[0M1s1 pOCCHIACKUX SKCKaBaTOPOB B OOIIEM
o0beMe moctaBok Ha npeAnpusaTus Poccun ¢ 2000 r. He npebimaet 20 % [2].

OpHako NPUHIMITEI 000CHOBaHHOH 3()(EKTHUBHOM IKCILTyaTalluy THAPABINYECKUX
9KCKaBaTOPOB JI0 CHX MOP HE ycTaHOBJeHbl. OTHOCUTENILHO HU3KHH Kypc pyOIis Mo oT-
HOLICHUIO K OCHOBHBIM MHOCTPAHHBIM BAJIIOTaM OINPEIEIUI YBEIUYEHHUE CTOUMOCTH
MPUOOPETCHHS U 3aTPAT Ha PEMOHTHOE 00CITY)KMBaHUE 3apYOCIKHBIX IKCKABAaTOPOB [2].

ABTOCAMOCBAJIbI Ha MPEANPHUITUS TOPHOH HPOMBIIIICHHOCTH MTOCTABISIOTCS (QUp-
mamu benA3, Komatsu, Caterpillar, Hitachi, Unit Rig. B Poccuu 3a mnocnennue
10-15 ner Hanbonee BocTpeOOBaHBI ABTOCAMOCBAIIBI TPY30M0ABEMHOCTBIO 110—136 T
(= 68 % Bcex nocraBok, win 1057 w.), 180-220 1 (= 18 %, unu 269 wit.) u 75-100 T
(= 14 %, win 223 mr.).

Tab6auna 1. CTouMoCcTh pecypcoB A1 YroJAbHBIX pa3pe3oB Poccuu B cOOTBETCTBHH ¢ eHAMH
MHPOBOro pbiHKa, 0. CIIA/T

Table 1. Cost of resourcesfor the coal mines of Russia according to world market prices, US $/t

DAKTHICCRHI Koaddumuent ynopoxanust | YpoBeHb 3aTpaT B COOT-
Bun pecypcos PecypcoB 10 OTHOILEHHIO K BETCTBUU C MUPOBBIMHU
YpOBEHb 3aTpar
LE€HaM MHUPOBOI'0 pbIHKa LI€HaMU Ha pECYpPChI
Marepuanst 3,20 1,8-2,0 5,8-6,4
DIEeKTPOIHEPTUs 0,30 2,9-3,2 0,9-1,0
Tpyx 2,70 8,5-11,0 23,0-29,7
OCHOBHOM KamuTa 0,80 1,6-1,8 1,3-14
Ycnyru u npouee 1,00 1,3-1,6 1,3-1,6
HUmozo 8,00 4,050 32,3-40,1

B cBsi3u ¢ mpuMEHEHHEM aBTOCaMOCBAJIOB PA3INYHBIX MAapOK U IPy30HO0AbEMHO-
CTH, YBEIWYCHUEM WHTEHCHUBHOCTH TOPHBIX Pa0OT M TIyOMHBI KapbepOB IPOLECC UX
9KCIUTyaTallil U PEMOHTA YCIIOXKHAETCs, COOTBETCTBEHHO, PACTYT 3aTpaTbl Ha COMEP-
JKaHHe U PEeMOHT IapKa aBTocaMocBajios [3].

AHaju3 pe3ysIbTaToB JCATEIbHOCTH PEMOHTHBIX CIyK0 rOpPHOIOOBIBAIOIINX TPE-
HOpUATHHA IOKa3aj, 4TO IPU HECBOCBPEMEHHOM PEMOHTHOM OOCIIY)KMBaHHU TOPHOM
TEXHHUKH POIOKUTEIBHOCTD IPOCTOEB M0 OTKa3aM, B YACTHOCTH IKCKaBaTOPOB, yBe-
nnuuBaercs Ha 147 Teic. 4. B MacmTabax yroiapHOM KOMIaHUU 3TO cocTasiser 1,6 %
OT TOJOBOTO KaJEHAApHOTo (JOHAa BPEMEHH, OJHAKO C YUETOM (PaKTHYEeCKOH CTOMMO-
CTH aBapUHHBIX PEMOHTOB 3aTpaThl Ha 00CTYKMBaHHE TOPHBIX MAILIUH YBEINYHBAIOTCS
Ha 30 MJIH B TOI.

Beicokuil ypoBeHb 3aTpaT Ha PEMOHT I'OPHBIX MAIIKH CBSI3aH HE TOJIBKO C BEJINYH-
HOW MaJIOJMKBHUIHBIX U HEJIMKBUIHBIX 3aIlaCOB B PEMOHTHOH CiyxO0e, HO U C HEHO-
CTaTKaMH IJIAHUPOBAHUS U ITPOBEIEHHUS PEMOHTHBIX pa0OT, HECOBEPIIEHCTBOM TEXHO-
JIOTUM PEMOHTAa, HU3KMM KaueCTBOM 3allaCHBIX 4YacTell M MarepuajioB, ciaboil
peMoHTHOM 0a30ii. CyIiecTByroIas Ha MPeANPUIATHIX CUCTEMa PEMOHTA XapaKTepu3y-
eTCsl HU3KUM YpOBHEM 3(h(heKTHBHOCTH M BBICOKHM YPOBHEM HEOTPaBIaHHBIX 3aTpaT
MarepuanoB, Tpyzna u BpeMeHu. CIeICcTBUEM TaKoi CHCTEMBI Pa0OTHI SIBISIETCS. CHUDKE-
HHUE Ha/Ie)KHOCTH TOPHBIX MAIIHH.

Hean padorsl. CoBEpIICHCTBOBAHUE CUCTEMBI TEXHUYECKOTO 00CTYKUBAHUS U Pe-
MoHTa (TOuP) ropHoO#l TEXHUKH OCYIIECTBIsIETCS B OCHOBHOM B HalpaBICHUU YITyd-
HICHUS] OPraHU3alMOHHO-TEXHOJIOTHYECKUX MPOIIECCOB, 00ECIIeUNBAIOIINX, KaK Ipa-
BUJIO, MOJ/EPKAaHUE INOCTUTHYTOTO YPOBHS PaOOTOCIOCOOHOCTH MAallMH B paMKax
cioxuBIIeTrocs Oromxera. B ycnoBusax obecnieueHns OM3HEC-IESITENbHOCTH TOPHOAO-
OBIBAIOIIUX MPEIIPHUSITHH 3TOr0 HEIOCTATOYHO, HEOOXOOUMO MOAJIEPKHUBATh PabOTO-
CHOCOOHOCTh TEXHUKU Ha 3KOHOMHUYECKH 11eJIeCO00pa3HOM ypOBHE.
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B cBs13u ¢ 3TUM BO3HUKaeT HEOOXOAUMOCTH (POPMHUPOBAHUS HA MPEANIPUATHN -
¢dexTuBHOW cHucTeMbl oOecriedeHus pabOTOCIIOCOOHOCTH TOPHOTO O0OPYAOBaHHMS
(COPI'O) Ha oCHOBE METOMOJIOTHH, BKIIFOYAIOIICH MPUHIUIBI, OOBEKT, IPEAMET, T0-
noxenus, Metoasl (puc. 1, rae IIIIP — mnnaHOBO-TIpenynpenUTENbHBI PEMOHT;
I'TO — ropHoTpaHCOpTHOE 000PYAOBAHUE).

MeTtopoaorusi. PazpaboTka MoJeny ynpaBieHHst TOH cUCTeMOM 00ycioBiieHa He-
00XOIMMOCTBIO TONyYeHUsI OOBEKTHBHOM OLIEHKH JIESTEILHOCTH PEMOHTHOH CITYKOBI.
OddextuBaocts ynpasienuss COPI'O gocrturaercs crannapruzanueii GyHKIUN nep-
COHaJIa U B3aUMOCBSI3bI0 OJIOKOB Op2anusayus, pe2yiuposanue, KOHmpoib NOMOKO8 U
onepayuu (puc. 2, tae OIIC — onacHbie TPOU3BOJICTBEHHBIE CUTYAIIHNN).

CyuecTByomas Ipennaraemast

O0BexT
T'opHOTpaHCIIOpTHOE 000pPYIOBaHNE B I'opHOTpaHCIIOpPTHOE 000PYAOBAHKE B CHCTEME
cucreme TO u peMoHTa obecrniedeHus ero paboToCIIOCOOHOCTH

IIpeamer
[Tnansr 1 rpaduKH PEMOHTHBIX PaboT Mexanu3M QyHKIIMOHUPOBAHHS CHCTEMBI

obecrniedeHust pabOTOCIIOCOOHOCTH TOPHBIX MAIIMH
IpuHuUnBI
1. IIpou3BoACTBEHHAS HEOOXOAUMOCTh 1. DxoHOMHUYECKAS 1eJIECO00PA3HOCTh PEMOHTHOTO
BBITIOJTHEHHSI PEMOHTOB. 00CITy)KUBaHMSI.
2. Kax/iplit peMOHT YHHKAJICH. 2. CtaHaapTu3aiys mpoieccoB PEMOHTA.
3. Otknonenns ot [1I1P o6ocHoBans! ianoMm | 3. PaBHas u B3aMMHasi OTBETCTBEHHOCTD MEXKITY
TOPHBIX paboT CITy>k0aMU SKCIUTyaTallui U PEMOHTa
Ilosoxenust
1. PeMOHT — 3TO mpoliecc YaCTUYHOTO 1. O6ecnieuenne pabOTOCIIOCOOHOCTH Ha OCHOBE
BOCCTaHOBIICHHS pecypca o GakTy 0TKaza. 9KOHOMUYECKOH 1eTIeCO00pa3HOCTH.
2. OteHka cnivicanust 000pYIOBaHUS 110 2. BeIBOJT M3 SKCIUTyaTAIH IO KPUTEPHUSIM:
CPOKY aMOpPTH3alMU U HOPMaTUBHON CTOMMOCTb 0OCITYKMBaHHSI U IPOU3BOIUTEIBHOE
HapaOoTke BpeMst paboThl. nddepeHnnpoBaHHbIil BEIOOD
CTpaTEeTHH PEMOHTHOTO OOCITYKHBaHUS

MeTtoabl
1. Pacder peMOHTHBIX TIPOTPaAMM. 1. Ompenenenue 1eneBoil GyHKIHNA CUCTEMBI
2. TIoBbILICHNN KBaNH (UKL obecnedenus padorocrocodroctu I'TO.
3. Pa3paBoTka JOKHOCTHEIX HHCTPYKIIHIA 2. OcBoenune KoMreTeHIMH nepconana. O0yyarorue

cemuHapsl. [IpoBepka u olieHKa 3HaHU.

3. Cucrema HeNpephIBHBIX YIYYIICHUI B 00JIaCTH
TEXHOJIOTMU PEMOHTHOTO 00CITYKUBAHHUS,

3G PEKTUBHOCTH B3aUMOACHCTBHUS CITYXKO,
MOTHUBAIIAH [TEPCOHANA

Puc. 1. Metonomnorust opmupoBanus 2pHeKTUBHOM CHCTEMbI 00ecnedeH st paboTOCIOCOOHOCTH FOPHOIT
TEXHUKH
Fig. 1. The methodology of forming efficient system of ensuring the operability of mining equipment

Mopnens COPI'O BrittodaeT B ce0st cieayronye 010Kd 1 QYHKITUH.

1. Opeanuzayus:

1.1. Onpenenenue QyHKIHOHATa PAOOTHUKOB, MTO3BOJISIONIETO COCPEIOTOUUTD pa-
0O0THI ¢ y4eToM (aKTOpPOB, OKA3bIBAIOIIMX HAanOOJbIIee BO3IEHCTBYE HA MOBBIIICHUE
YPOBHSI OPTaHU3ALIUU CUCTEMBI;

1.2. YcTaHOBIICHHE TTOTHOTHI BBITOIHEHHS (DYHKINI JOKHOCTHBIMU JIMIIAMH, B3a-
MUMOJICHCTBYIOIIMMH B XO/ie 00ECIICYEHUSI COOTBETCTBYIOIIEIO YPOBHS OpTraHH3AIMH
npoueccoB peMoHTa MamuH. OOecnieueHre OanaHca MHTEPECOB U OTBETCTBEHHOCTH
pabOTHUKOB.
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2. Pecynuposanue:

2.1. [oBeimeHne ypoBHS KBAIU(UKAMK TIEPCOHATA HA OCHOBE MPOBEICHUSI pa3-
BUBAIOIIMX aTTECTAlMM ¢ TOCIEAYIOLIEH MPOBEPKOM 3HAHUW U OLIEHKOW YpOBHS MPO-
(deccuoHanu3ma;

2.2. IoBbllIcHHE 3aUHTEPECOBAHHOCTH PEMOHTHOTO U 3KCILTyaTallMOHHOTO NIepCo-
HaJla B pe3yJIbTaTax CBOET0 TPpy/Aa IIOCPEACTBOM yCTPaHEHHs HETPONU3BOAUTEIILHBIX 3a-
Tpar BPEMEHU IPU PEMOHTE U IKCILTyaTalluy TEXHUKH.

3. Konmpons nomokos:

3.1. DxoHOMHYECKOE 0OOCHOBAHUE JIOCTATOYHOTO KOJIMYECTBA HEOOXOIAMMBIX pe-
CYpCOB Jyis o0ecrieueHus: paboTOCIIOCOOHOCTH TOPHOM TEXHUKH;

3.2. O0ocHOBaHHE SKOHOMUYECKOH LIENeCOO0pa3sHOCTH COMEepKaHMs TTapKa TOPHOM
TEXHHUKHU C YYE€TOM €T0 TEXHHYECKOTO COCTOSIHUS, HApaOOTKU M YCIIOBUH AKCILTyaTal|H.

O
11 31
OyHKIMOHAT Pecypcst
~———
Ao )
1. 32
Bzaumopueii-
| O0bopynoBanue
CTBHC [ 1. Opranm3anus ] 3'111(0?:;&?"
~
Buok ynpasiieHust
cucremoii COPI'O
2
: (1 )
Kpamuhuxarmms Vs 4.1
repcoHana 2. Perysinpo- 4. Omepamm Cuctema TOuP
\ ) BaHHe . P L
J
]
2.2 R
Cucrema -
OILIATHI TPyJa chgin;e}gg CHa
— >
~—

Puc. 2. Mopaens cucteMsl obecriedeHns: paboTocoCOOHOCTH TOPHOTO 000PYIOBAHUS
Fig. 2. The model of the mining equipment operability support system

4. Onepayuu:

4.1. IlpumMeHeHre COBPEMEHHBIX METOJIOB PEMOHTA, MO3BOJISIFOIIUX 00ECIeYUTh €ro
KaueCTBO C IPUEMJIEMON CTOUMOCTBIO M CPOKAMH BBITIOJTHEHMUS,

4.2. CrangapTusanus TPOIECCOB M OMEpalldid, OCHAIIEHHUE PEMOHTHBIX OpHTad
YHHDUIPOBAHHBIM HHCTPYMEHTOM C YUETOM Mep 0€30MacHOCTH.

Bonee petanbHO ciaeqyeT OCTAaHOBUTHCS Ha PACKPBITHH OCHOBHBIX OJIOKOB yIIpaBiie-
Hus COPI'O.

Pesyabrartsl.

brok 1. Opeanuzayus.

DYHKITHOHA — 3TO crcTeMa (QYHKITNH paOOTHHUKA MIPEATIPUSATHS, HEOOX0quMast s
obecrieueHus: TpeOyeMOro ypOBHS U TUHAMUKU TEXHUKO-DKOHOMUYeCcKol 3(deKTuB-
HOCTH MTPOU3BOJICTBA B KOHKPETHOM 30HE OTBETCTBEHHOCTH [4].

Bnok-cxema coBepuieHCTBOBaHHA (DYHKLIMOHANA paOOTHHUKA, OCHOBAaHHAs Ha OIICH-
K€ KauecTBa TPYAOBOTO MpoLecca, IpeACTaBleHa Ha puc. 3.

[oseimenne 3¢ dexruBaocTH COPI'O B 3HAUNTENHFHOW MEpe 3aBUCUT OT CTEIIEHU
KOHKOpJALUU CyOBEKTOB, T. €. OT COIIACOBAHHOCTH YCTAaHOBOK U MHTEPECOB, YMEHUH U
HABBIKOB, COOTBETCTBYIOIINX PEIIAEMbIM 3a/1a4aM.
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Jist cornacoBaHHOCTH JIeMCTBUH TMepcoHana HeoOXOAUMO, YTOOBI BCE YPOBHHU 00-
Jasiany AOCTaTOYHBIM KBaJH(HUKAIMOHHBIM TTIOTEHIIMAIOM, MOTHBAIKEH, TIOJIHOMOYH-
SIMH ¥ OTBETCTBEHHOCTBIO [5]. C 3TOi menpio Ha TOpHOAOOBIBAIONIEM MPEIPHUITAN
CceBepo-3amaJHOTO peruoHa PO mpucTtymuim K pa3paboTKe MPOEKTOB [lonosicenutl
0 83aumooelicmeuy cybbexmos npeonpusmusl, KOTOpble BKIIIOYAIOT UHTEPECHl 00EUX
CTOPOH M YETKO pa3rpaHUYMBAIOT OTBETCTBEHHOCTh M IIOJIHOMOYHUS YYacCTHHKOB
nporecca.

KiroueBbiM acniektoM [lonoorcenuii SIBIAIOTCA 1IeNIeBbIe TIOKAa3aTeN!, XapaKTepu3y-
OIIIE PE3YTBTATUBHOCTE M YPOBEHb OTBETCTBEHHOCTH KaX/10H U3 CTOPOH (puc. 4).

bnok 2. Pecynuposanue.

OnHUM 13 METOJO0B KOHTPOJISI YPOBHS NpodeccHoHanm3Ma MepcoHana npeanpus-
TUs (Lexa, yyacTKa) sBJSIeTCS Pa3BHUBAIOIIAs arTecTalus. JTa MpoLeaypa BKIIOYAET
orpeesicHHe YPOBHS KBalU(HUKALUK (3HAHUH, MPAKTUYECKUX U JIETOBBIX HABBHIKOB,
TIOHUMaHWUS 1eiel, 3a/1a4 1 PyHKIHH), a Takke cTerneHd 3Q(HEKTHBHOCTH BHITIOTHEHUS
JTAHHBIM COTPYIHHMKOM CBOMX OOs13aHHOCTEH [6].

[ DopmynupoBka HYHKLIHOHAIA H TPEOYEMBIX Pe3yJIbTaTOB JESTEIbHOCTH
~N
O1eHKa CyIEeCTBYONIUX PacnpenencHue BpeMeHN
h Y YIOUUTX. pen P OreHka (GpakTHYecKoro u
JIOJDKHOCTHBIX 00SI3aHHOCTEH, PpeIIeHUs 32129 U ero TDeBVeMOro
HX COOTBETCTBUE TPEOyeMOMY COOTBETCTBHE Pa3pabOTaHHOMY peoy
npodeccronanu3ma pabOTHUKA
dyHkIHOHATY (yHkIHOHATY
J
+ \
OuneHka KauecTBa OueHka MoTeHIHana
TPYZOBOTO IpoLEecca paboTHHKa
7
[ + J
[ Pa3paboTka I1aHa COBEPIICHCTBOBAHMS (DyHKI[MOHAA ]
[ Peanunszanus niuana ]

!

Y4yer 5KOHOMHUYECKUX
Pe3yIbTaTOB AESATEIBHOCTH

Puc. 3. brok-cxema coBepieHCTBOBaHUS (DyHKIMOHAIA PYKOBOAUTEIS
Fig. 3. The flowchart of improving the functional of a manager

Ienp arrecranuu — pa3Butve (PyHKIMOHANA PAaOOTHUKOB HA OCHOBE OCBOCHUS
(GYHKIMY HENPEPhIBHOIO COBEPIICHCTBOBAHMS MPOU3BOACTBA. [l e€e MpoBemeHUs
OTIPENEINAIOTCS KPUTEPUH OIEHKH: BPEMs MPOM3BOAUTENHHON PaOOTHI, OTHOIICHUE
K pecypcaM U K 6e30MacHOCTH, Takxke (HOPMYITHPYETCS PsJi BOIPOCOB, XapaKTePH3YIO-
IIMX HE TOIBKO MPOPECCHOHAIHN3M U JIMYHOCTHOE Pa3BUTHE PAOOTHHUKOB, HO M 3HAHUE
TEM, CBSI3aHHBIX C SKOHOMHKOH Tpy/a, 3pPeKTUBHON OpraHu3aiueii mporecca u pabo-
gyero mecra [7, 8].

IIpoBeneHHas Ha MPEINPUATHU aTTECTAIlUs BhISIBMIIA HauOoyiee Cialble 3HAHUS
MePCOHAIA O KITFOYEBBIM BOIPOCAM, COCTABIISIONIIM KOMITETCHITUIO PYKOBOJUTENEH 1
CIIeIaaucToB (Tadi. 2).

[IpoBeneHrEe KOMIUIEKCHOM pabOTHI MO OICHKE MpodeccroHanmm3Ma nepcoHana mo-
3BOJISICT OTCJIC)KUBATh HE TOJIBKO SIBHBIC TIO3UTUBHBIC TCHICHIIUU MOBBIIICHUS YPOBHS
3HaHWUH PEMOHTHOT'O TIEPCOHAJIA, HO U CYIICCTBEHHBIC OTCTABAHUS, BIUSIONIUE HA Pe-
3yJBTaThl UX TPYy/A.
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JI71s1 MOBBIIIEHHSI KAYeCTBAa PEMOHTHBIX BO3ICUCTBUIM, COKPAILIEHUS BPEMEHH U yBe-
JIUYEHUST HapaOOTKU TOPHOM TEXHUKH IEIeco00pa3HO MPEJOCTaBUTh BO3MOXHOCTh
PEMOHTHOMY U 3KCILTyaTallMOHHOMY IIEPCOHAITY €KECMEHHO BIUSTH HA BEJIUUYHUHY CBO-
ero 3apa00TKa TOCPEICTBOM YCTPaHEHHUS HEMPOM3BOJUTEIBHBIX 3aTpaT BPEMCHHU.
Pemuts 3Ty 3amady MOXHO ITyTeM pa3padoTKu [1onodicenus o npemuposanuu pabomuu-
KO8 U CReyUanucCmos, y4acmeyiouux 6 dKCHIyamayuu 4 pemMoHmHOM 0OCIYHCUBAHUU
eopnotl mexuuxu. OCHOBHOM 3an1auei [1on0cenus SIBISETCS CBA3b PE3yNIbTaToOB pado-
THI IIEPCOHAJIA C OIIATOU UX TpyAA.

3aKa3quk: Hcnonnurens:
npobunbHas hadbpuka [eX IeHTPAITU30BAHHOTO PEMOHTa
1. OTKJIOHEHUS OT yTBEP)KAEHHOTO TpadHKa 1. Bpems npocTost B pemonte Ty

OCTaHOBKH 000pyIOBaHUSA Ty,

2. KonuuectBo mpoctoeB 000pyJ0BaHUsI O BUHE
3akazanka Ny 3. OrepaTUBHOCTh YCTPAHEHHS HEMCTIPABHOCTH
3. KoahpunmeHT TeXHIIECKOT0 UCIOIh30BaHHS obopynosanus T, orep

obopynoBanus K,

4. CobnroieHre HOPMATHBOB MOJATOTOBKH K
peMoHTYy — 2 nnu 4 9

2. Tpyno3zaTpaTbl Ha PEMOHT, Yell.-4

4. Koaunment roroBHoCTH K,

Puc. 4. [IpumMep BbIOOpA LIEJIEBBIX ITOKa3aTeNei
Fig. 4. An example of selecting target indicators

Pacuer pa3zmepa exemecsiuHOM TpeMUn (BO3HATPAXKICHUS ) JUI BCEX KaTETOPHIA pa-
OOTHHKOB TPOU3BOUTCSI HA OCHOBAHUHM CJICIYFOIIUX KPUTEPUEB:

Kauecmeo — KOJIMYECTBO HETJIAHOBBIX PEMOHTOB Ha SMHUILY TEXHUKHU 3a OTUYCTHBIN
NepHUOA, €1l.;

KOAUYeCme0 — MPOIOIIKUTEILHOCTh IPOCTOS B HETUTAHOBBIX PEMOHTAX HA CIUHUILY
TEXHUKH 32 OTYCTHBIN MEPUO, Y.

JI1s OTIeNBHBIX KaTeropuii paOOTHUKOB JOOABISECTCS MTOKA3aTellb 3D eKmueHoCb:

— IJI PYKOBOJIUTEIIS, CIICIIMAINCTOB, MEXaHUKA y4acTKa — CTOMMOCTh MalllMHO-Ya-
Ca TOTOBHOCTH TEXHHKH, P.;

— JUI1 MAIlIMHUCTa 3KCKaBaTOpa, MOMOIIHUKA MAIMHUCTA YKCKAaBaTOpa — BpeMs
MIPOU3BOIUTEIILHOM PabOThI, MaIl.-4.

brnok 3. Konmpons nomoxoa.

TexHHUYECKOe COCTOSIHUE IKCKaBATOPOB BO MHOTOM OTIPENEISICTCS COCTOSIHUEM (HC-
MIPaBHBIM WJIM HEUCTIPAaBHBIM) 0a30BbIX y3JI0B U jaetaiei [9]. HencnpaBHOCTH 0a30BBIX
Y3710B U JIETallell eJeCO00pa3HO OLEHUBATh Kodpduyuenmom neucnpasnocmu K :

KH =100— (100_ kpo)(loo_ an)(loo— wa )1
10 000

r1e k,, — k09 GULECHT HeHCIIPABHOCTH pabodero obopynosauus, %; k,, — kodpduuu-
€HT HEUCIPABHOCTH OCHOBHBIX MEXaHM3MOB Ha IIOBOPOTHOM muardopme, %o; k,  — Ko-
3¢ $ULMEHT HEUCITPaBHOCTH MeXaHU3Ma Xoza, %o.

CooTHolleHNe BeIHYHHBI YAEIbHON palMoOHaTbHOW MPOU3BOAUTEILHOCTH U 3HAYe-
HUI Ko3(p(punreHTa HEUCIIPAaBHOCTHU I KKAOH eIMHUIBI TEXHUKH NPENICTABICHO Ma-
Tpuuerd (puc. 5), HccienoBaHbl cleAyromue Mapku dKckaBartopos: JOKI-6,3VC;
OKI'-8U; ODKI-8YC; OKI-10; DKI'-12,5; Hitachi EX-3600; Hitachi EX-5500; RH-170.

Pacnionokenre SKCKaBaTOPOB HWKE JMHUHM PAlUOHAIBHOW MPOU3BOAMTEIEHOCTH
CBHUJIETENBCTBYET 00 X HEI03arpyKEHHOCTH 00beMOM padoT, BBIIIE — O TIOBBIICHHBIX
9KCIUTYyaTallHOHHBIX HAarpy3kax C BBHICOKOH WHTEHCHBHOCTBIO, YTO YBEIMYHBAET PHCK
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BO3HMKHOBEHHS BHE3AIIHBIX 0TKa30B. Pacmonoxkenue OKCKaBaTOpPOB BOJIM3H TUHUH pa-
I.IPIOHaJ'ILHOﬁ MMPpOU3BOAUTCIBHOCTU CBUACTCIILCTBYCT O PE3YJIbTATUBHOCTHU HpI/IHSITOﬁ
CTpAaTerum NMoAACPIKaHUA 3(1)(1)6KTI/IBHOFO peKruMa 3KCILTyaTaluu. VenoBust OKCIUTyaTaluu

Ta6anua 2. Pe3y1bTaThl HHANBHAYAJIBHOI aTTecTanuy (pparMenT) MacTepa Mo peMOHTY

00opyoBaHus

Table 2. Results of individual certification (fragment) of a maintenance foreman

Bomnpocst

Ornenka

Okenept
1

OkcnepT
2

OkenepT
3

Okcnept
4

Uro Bel moHnMaete moj TEPMHUHOM «IOAT'OTOBKa» K peMOHTy?

YTO OTHOCUTCS K OPTaHU3AIHOHHON, MaTepHAIbHON U TEXHUYE-
CKOH MOJTOTOBKE PEMOHTOB?

CKOJbKO 10 BPEMEHH 3aHUMAET TUIAHUPOBAHHUE, TOJITOTOBKA U
npoBeneHre peMoHTa? OTKIOHSHUS

Benercs n onepatuBHO (BpeMs)-KOIUYECTBCHHBIH YIET HATHYHS
U MCIOJIb30BaHKsI BTOPUYHBIX Y3JI0B U AeTalei?

Uro Takoe arperaTHO-y31m0Boi MeTo pemonTa? Ero npenmymie-
cTBa?

UYro Takoe 00e3IMUCHHBIA 1 HEOOe3INUEHHBIH PEMOHT?
Kaxkue Buab! koHTposs Bbl npumensere?
Jlnst 9ero HeoOXOANMO KOHTPOJIMPOBATH TIPOLECC PEMOHTA?

Ha ocHoBaHuM Kakux (akTOpOB IUIAHUPYIOTCS PEMOHTHBIE
BO3ICHCTBHS?

Kakas ucnonb3yercs crparerust pemonra? Bunsl crpareruii?
(K®B, HopmatuB)

Cormnacyrorcs 1 rpadUK peMOHTa TEXHUKU ¢ OCHOBHBIM
npou3BocTBoM? OTKIIOHEHHS OT rpaduka

Kak Bb1 onieHrBaeTe 3))eKTUBHOCTD B3aUMOACHCTBHUS MEXKLY
y4acTKaMu, CIryxO6aMu?

KakoBa auHamMuKka B3auMO/ICHCTBUS y4aCTKOB, CIIyX0 (J1yudriie-
xyxe)?

Ha ueM ocHOBaHO B3anMOJEHCTBHE MEXAY ITOPA3ACICHUIMH
nexa? (IlonoxeHus, HHCTPYKLUH)

Kro Takoit «pyxoBonutens»? Ero orauune ot «crnenuanicray?
Crasute i Bel 3amaun nepen nogunHeHHBIMU? (VX MacmTaOb1?)

Kak Bb1 oLieHMBaeTe KauecTBO CBOEro pyKoBOJACTBa? (ycrexu-
Hey/auu)

Bur TITAHUPYETE CBOIO ACATECIbHOCTD KaK pyKOBO[[I/ITeJIB?

Yto Takoe «IKOHOMHUKa» OTHOCHTEIBHO 00ECIIeUueHUS PaboTOCIIO-
coonoctu ['TO?

Kaxk BrI cBs13bIBaeTE pe3ynbTaT Tpya ¢ OmiaToi? (CBoii-
MepcoHaa)

Kakue paznunuust Mex 1y HEeHOH U LIEHHOCThIO Tpyaa?

Kakue onacHbie pakToOpbsl MOTYT HPOSIBUTHCS MIPU PEMOHTE
TEXHHUKH?

Kak ¢opmupyroTcs onacHble IPOU3BOJICTBEHHBIE CUTYAIMH
(OIIC) u peanu3yroTcsi B HEraTHBHOE COOBITHE?

UYro HeoOxoauMo caenath s npeaotsparieHus OIIC?
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(cocrosiHMe 3a00s/paboueil TUTOMIAKK) 3KCKABATOPOB OKAa3bIBAIOT CYIIECTBEHHOE
BIMSIHUE Ha OJKCIUTyaTallMOHHBIE TIOKa3aTeNd. YMEHbIIEHHE IMUPUHBI paboueit
wiomaaku ¢ 80 mo 40 M u Hanmmume HerabaputoB Oonee 10 % CHMXKAIOT TOJOBYIO
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MPOU3BOIUTENBHOCTD Ha 15-20 %. brnaronpusTHeIE yCIOBUSA SKCILTyaTalllH TO3BOJIA-
0T MOBBICHTH CPENHIOID MPOU3BOAUTENBHOCTD SKCKaBaropa Ha 20-25 % npu cHuxe-
HUM yIeNbHBIX 3aTpaT Ha 10-15 %.

s mmaHupoBaHUsT YPOBHS Ha/Ie)KHOCTH TEXHUKH HA NMPEINPHUATHAX IPUHATO HC-
N0Jb30BaTh KOO()(QUIMEHT TEXHUIECKOH TOTOBHOCTH K . JIaHHBIA MOKa3aTenb HE pe-
mameHTupyercs I OCTom, HOCUT CyOBEKTHBHBIN XapaKTep U PaCCUMTHIBACTCS IO pa3-
HbeIM MeToaukaM. Taxke K = ucnonb3yercss s OLEHKH 3(Q(EKTHMBHOCTH CIy:K0
TEXHHUUYECKOT'O CEpBHUCA NMPH BBIBOJAEC PEMOHTHBIX MOAPA3/EICHUN B ayTCOPCHHI WU
(upMEeHHBIN TEXHUYECKHIA CEPBHC.

Y Xtc Vrc Hrce

5 300 = Py o

g (4

E Bn ~ N~ < ¢ &

o By

= ~ ¢ O, ®

=@ (3

= ME Cn = ~ - 8 o @
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2 > 150 4 & 7~ 8 ¢

S 2 >

e A ~

S [ ~~

3 <o ~ <

= Hm JIunus pannoHaIbHOM ro10BOM ~~ ~

§ HPOM3BOUTETLHOCTH ~ <

> O 1 1 1 1 \
0 20 40 60 80 100

3HayeHHe HeHCIPaBHOCTH, %o

Puc. 5. Marpuna pacmpeneneHnsi SKCKaBaTOpOB MO KOA(P(UIMEHTY HEHCHpPaBHOCTH M YAETBHOM
MIPOU3BOIUTEIBHOCTH:
Htc — HeynoBaeTBOpUTENPHOE TEXHHYECKOE COCTOSHHE, YpoBeHb HencnpaBHocTH 50—100 %; YTc — ynoBIeTBOPHTEb-
HOE TEXHHYECKOE COCTOSIHHUE, YPOBeHb HencnpaBHocTH 20-50 %; XTC — Xopoliee TeXHHYECKOe COCTOSHUE, YPOBCHb
HeucnpasHoctr 0-20 %; Hi — Hu3Kast y/iesibHast IPOM3BOUTENBHOCTD; CIl — CpEeHsIsl yelbHas IPOU3BOANTENBHOCTD;
B — BeIcOKast y/ielIbHast IPOU3BOAUTEIBHOCTh
Fig. 5. Matrix of distributing the excavators according to the coefficient of fault condition and
specific duty:
Hrtc — poor technical condition, the level of fault condition 50—-100 %; Yc — satisfactory technical condition, the level
of fault condition 20-50 %; Xtc — good technical condition, the level of fault condition 0-20 %; Huo — low specific
capacity; Crr — medium specific capacity; Bn — high specific capacity

Jlns Gonee KayeCTBEHHOHN OIICHKH TEXHUYECKOTO COCTOSHMS KaphbepHBIX aBTOCA-
MOCBAJIOB 11€JIeCO00Pa3HO UCIIONB30BATh KOI(@uyuenm oegexmuocmu, KOTOPbIN SB-
nsercs ctagaaptuzupoBanasiM nokazateneM (I'OCT 15467-79) u onpenenseT cpenne-
B3BCILICHHOE KOJMUYECTBO Je(EKTOB, IPUXOIAIIMXCS Ha enuHUIy TexHuku [10, 11].

Koadpdunument nedekrHoctd D BEIYUCISIOT TIO GOpMYIIe:

1 o
D==2 mr,
ni=
r71e 71 — BHIOOPKA €JMHUII TEXHHKH; 0. — KOJIMYECTBO BUJIOB JAE(PEKTOB; 7, — YUCTIO JIe-
(exToB Kax10r0 BUA B BBIOOpKE, THe I = 1, 2, ..., a; I', — KO3 QULUEHT BECOMOCTH

nedekxra (orpenenseTcs SKCIepTHBIM METOIOM MIIH 110 CTOMMOCTHU yCTpaHeHUsI 1edek-
Ta JAHHOTO BHJIA).

Pacuer kodddunuenra gedekTHOCTH i aBTOcaMocBaioB Mapku bemnA3-75130
(12 en.) Ha OOHOM W3 MPEANPHUITHH CEBEPO-3aMaJHOTO PErHOHa MO3BOJMI BBIIBUTH
B3aUMOCBSI3b YAETBHOTO IPy30000p0Ta ¢ K03 UIIHEHTOM NePEKTHOCTH, KOTOpasi Xa-
pakTepu3yeTcs 3KCIIOHEHIIMAIbHOMN 3aBHCUMOCTBIO (prc. 6). MakcuMaibHOE 3HaYeHHE
ko3 punreHTa 1eeKTHOCTH HE JODKHO MPEBBIIIaTh CYMMApHYIO HapaOOTKy MAIuH
B MECSII] C BEpOSTHOCTHIO 0TKaza 75—80 %.
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Hnsa ouenkn s¢dexruBHocTn COPI'O nenecooOpa3HO HCIIONB30BaTh IMOKA3aTeNb
CMOUMOCHb MAWUHO-YACA 20MOBHOCU, BBIPAXKEHHYIO B 3aTparaX Ha PEMOHTHOE
obcnyxkuBanue MamuH. OHa (GOPMHPYETCS C YUETOM CBOCBPEMEHHOCTH YCTPaHCHHS
nedektoB (Kod(hGUIMEHT YCTPaHIEMOCTH Ie(PEKTOB) M IUIAHOBOCTH PEMOHTHOTO
o0ciyxuBaHus (KOAPQPHUIMEHT TIIAHOBOCTH).

4000
300 | ¢ @ .
3000 |

2500

* y = 3557,56~ 0.974x

2000 R = 0.62

1500

1000 |

VY nenbHbli rpy30000pOT, T © KM/aBTO T

500 f .
4

0 0,25 0,50 0,75 1,00 1,25 1,50 1,75 2,00
Koadpuuunent nedexrnoctu

Puc. 6. 3aBucuMocCTh yAEIBHOTO Tpy30000poTa aBrocamocBaioB benA3-75130 ot xoaddu-
LUeHTA 1e(eKTHOCTU
Fig. 6. Dependence between specific freight turn-over of dump trucks BelAZ-75130 and
the factor of defectiveness

CTOMMOCTH MaIlIMHO-9aca TOTOBHOCTH OIpenesieTcs o Gpopmyre, p./Marr.-4:

2.5

Mur’

CM‘{F =

rae »3p — 3aTparbl Ha PEMOHTHOE OOCITYKMBaHUE 3a YUYETHBIH NEpPHOH, P.;

MUI" — MalIMHO-4ackl TOTOBHOCTH TEXHUKH 32 YYETHBIU MIEPUOL, Y;
MYI =Ty _ZTPH _ZTPH _zTnep’

e Tyqp — Kanenaapusii Gonn Bpemenu (8760 u); > Ty, — BpeMs HEIUIAHOBBIX PEMOH-
TOB, 4; T, — BPEMsI IJITAHOBBIX PEMOHTOB, 4; ».T°  — BpPeMsl, CBA3aHHOE C IIEPETOHOM

MallIvH, 9.
KoaddummeHT miaHOBOCTH pEMOHTHOTO 00CTY KUBaHUS OTIpEeNsieTcs 1Mo Gopmyre:

€p

T

PI1

Ky = ,
o Z(TTO+TTP+TPH)

rne ), (I'tg + Trp + Tpy) — CyMMapHOE BpeMs TEXHHYECKOIO O00CIyXKHBaHUS,
TEKyLIMX PEMOHTOB, HEIUIAHOBBIX PEMOHTOB, BKJIIOYas PEMOHTHI, CBSI3aHHBIE
C OTKa30M.
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Koaddunuent ycrpansemoctu 1eheKTOB OmpeaeseTcs mo hopMyrie:

rae Nyﬂ — KOJIMYECTBO yCTPAHEHHBIX Ae(eKToB; N, — KOJIMIECTBO BBISBICHHBIX Ae(eK-
T0B; K — KOppekTupyromuii kospdunuent: K = 1, ecnu 1eeKTbl yCTPaHEHBI B CPOK
¢ MOMeHTa uX BblsABIeHus; K = 0,8, ecu 1€eKThl yCTPaHEHBI C OIO3JaHHEM JI0 2 U;
K _=0,5, ecnu nedekThl ycTpaneHsl ¢ onosganueM 1o 4 4; K= 0,2, ecinu neexTol
YCTpaHeHk!I ¢ ono3nanuem 1o 6 4; K = 0,1, ecinu 1edeKThl yCTpaHEHBI € OII031aHUEM
CBBIIIE 6 .

Kombunnposannas cucrema TOuP

v

TexHmIeCKOe 00CITYKHBAHHE U IIAHOBO-MPEIYIIPEAUTEIHHBIC PEMOHTEI
I'TO Ha ocHOBE MPUHIIUIIA «IKOHOMUYECKOIT IIETeCO00Pa3HOCTI

v
v v v ) v

TIOTOHHBII MITH M , TBIC. T
M TOPHOM T/KM M 1
P! NPOYKTa
(TBIC. M) MacChl

| | | | |
'

®dakTrueckoe Texandeckoe cocrostaue [ TO

'
v v v v '

Opranusamnus 1 || Yaer ycroBui IInanupoBanue IToaroroska Vuer u 29 GeKTHBHOCTH
TEXHOJIOTHS 9KCIUTyaTallln PEMOHTHOTO PEMOHTHOTO pecypcHOTO
peMoHTa 00CTyKHBaHUS 00CTyKHBaHUS 00eCIIeUCHUST

| | |
v

CToMMOCTh OOeCTIeueH s OTHOr0 MaIIMHO-9aca
roroBaoctu I'TO

v

KOHTpOJ’IB Ka4yecTBa pEMOHTA B YCTAaHOBHUBILIEMCS
PEXKUME SKCIIITyaTalluu
Kr = Kar + Kl(l" + K'rr
3

Puc. 7. Mopenb KOMOMHUPOBAHHOHN CTPAaTETHH PEMOHTA
Fig. 7. A model of integrated repair strategy

bnok 4. Onepayuu.

Hesarensaocts COPI'O Kak COBOKYMHOCTH B3aUMOCBSI3AHHBIX OPTaHU3AI[MOHHBIX,
YIPaBICHYSCKUX U TEXHOJOTHYECKUX MPOIECCOB JIOJDKHA ObITH HAIlpaBiicHa Ha 4Ya-
CTHUYHOE WU IOJIHOC BOCCTAHOBJICHHE pecypca TOPHOW TEXHHMKH MPU MPUEMIIEMBIX
3arparax Ha pEMOHT. 210.]'[5[ TPYAOCMKHX, CIIOKHBIX BOCCTAHOBUTECIIbLHBIX PEMOHTOB 10
CHX TIOp OCTAeTCs JOCTaTOYHO BBEICOKOH. B OOIbINE# YacTH 3TO 3aBUCHUT OT TOTO, Ha
OCHOBE KaKOW CTpaTeTuy OPraHU30BAHO PEMOHTHOE 0OCTYKMBAHHE TOPHBIX MAIIFH.

Taxast 3amaga OpTa IpopadboTaHa Ha ceMuHape co cnenuanucramu AQO «KoBropckuit
I'OK». PesynsraTom 3101 IpopabOTKH cTaja MoAelsh KOMOMHHPOBAHHOMN CTpaTeruu
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pemonta (puc. 7, tae K — Kod(Q(UUUEHT OKCIIyaTalliOHHOH TI'OTOBHOCTH;
K. — k03 (QUIHEHT KOHCTPYKTUBHOH TOTOBHOCTH).

OCHOBHBIM KPUTEpPHEM 3TOM CHCTEMBI OBIIT OTPEAEIIeH KITPUHLIUT SKOHOMUYECKOH
1eNneco00pa3HOCTH» PEMOHTa TOPHOW TeXHHKH. OCHOBHBIC 3Tamnbl (OPMHUPOBAHMUS
KoMOMHHMpOBaHHOM cuctembl TOMP: akTyanu3amus, BHEPEHNE U OCBOCHHE KOMOMHN-
poBanHOMU cuctembl TOuUP; pazsutre >(hPeKTUBHON CHCTEMBI MOHUTOPHUHTA SKCILTya-
Talli¥ TOPHOI TEXHUKHU; TOpabOTKa U OCBOEHHE POTPAMMHOTO 00eCTIedeH s IS yUe-
Ta mokasateneil; GopMupoBaHHUe TPYIIIHI aHATTN3a MTOKa3aTelei; MepecMOTp CHCTEMBI
MOTHUBAL[UH PEMOHTHOTO [IEPCOHAIA.

OpanM 13 MetonoB 3ddexruHoro ¢yHkunonuposanus COPI'O sBusiercs craH-
JapTuzanus pabodnx MpOIECcCOoB, OCHOBaHHas Ha pa3paboTKe OpraHM3alMOHHBIX
U TEXHOJIOTHUECKUX PETIaMEHTOB Ha PEMOHTHOE OOCIy>KMBaHWE TOPHON TEXHHUKH.
Texnonozuueckue peznamenmol BKIIOYAIOT: IOCIE0BATENBHOCTD ONEpalnii, peKOMEHye-
MBI MHCTPYMEHT, OCHACTKY U HPUCIOCOONCHHUS, KOIIMYECTBEHHBI U KadeCTBEHHBIH
COCTaB PEMOHTHOI OpUrajbl, TPYA03aTpaThl Ha BHIOJIHEHUE ONEpalluii 1 OOMepaLu-
OHHBIE MepHI OE30MaCHOM OpraHu3aluyu TpyAa nepcoHana. Opeanuzayuonuvie peaia-
Menmbl BKITIOYAIOT: TMapaMeTpbl PEMOHTHON 30HBI, BCTIOMOTATeIbHOE 000py/I0BaHHE,
METOJIBI CTPOIIOBKH KPYITHOTa0APUTHBIX Y3JI0B  METAJUIOKOHCTPYKIIHH.

[Ipumep cTaHmapTU3UPOBAHHON TEXHOJIOTHUECKOHN KapThl (PErTaMeHTa) Ha PEMOHT
npobminku CM/I-117 mpuBenen Ha puc. 8.

Pa3paboTannas COBMECTHO CO CHEIHATINCTAMU MPENNPHUATAN PeTIaMEHTHPYIOIIAs
JIOKYMEHTAIHA Ha TOPHYIO TEXHUKY UCIIONIB3yeTCs IpH 00ydeHNH ITepCOHaa, BbIIade
HapsI-33JaHAN ¥ IPOBEPKE 3HAHWN 0E30IMMaCHBIX IMPUEMOB TPyZa MPH PEMOHTHOM 00-
CIIYKUBAaHUU TOPHOU TEXHUKH.

OpanM 3 BakHeHHX snemMeHToB ynpasienus COPI'O sBisercs 6e30macHOCTh
TpyAa peMOHTHOrO nepconana. [Ipakruka nokaseiBaet, uto 10 40 % TpaBM NpUXOAUT-
Csl IMEHHO Ha PEMOHTHBIE PaOOTHI.

CemuHap, MPOBEACHHBIN Ha OJHOM U3 MPEANPUATHI CEBEPHOTO PETHOHA, MTOKa3all,
4To omacHast mpousBoacTBeHHas curyanus (OIIC), He B3ATas MO KOHTPOIb, pa3BUBa-
€TCsI CaMOTIPOM3BOJILHO. [103TOMY BaskHOE 3HAUCHHE MMeeT HHPOPMAIIMOHHOE o0ecTie-
YeHHEe — He3HaHUE pealIbHOM 00CTaHOBKHU M 3aKOHOMEPHOCTH €€ N3MEHEHUs He TI03BO-
JISIeT B3SITh CUTYAITUIO TI0J] KOHTPOJH [12].

BrisiBi€HBI NpU3HAKK ONACHOM NIPOU3BOJACTBEHHON CUTYaIlUU:

— OIIC mpoBorupyeT pabOTHHKA K MPUHITHIO HEPEITIAMEHTUPOBAHHBIX, @ 3HAYHUT
3aBEJIOMO OINACHBIX B UCIIOJHEHUHN PENIEHUN U HEAIEKBATHBIX CUTYallUK IEUCTBUM;

— OIIC uMeeT Tpu CTaauu CYIIECTBOBAHIS: 3apOXKIACHIE, Pa3BUTHE M peaTn3ars/
HCYE3HOBEHUE.

Ycranosnens! craguu cymectBoBanus OlIC, KoTopble XapaKkTepHu3yOTCs:

— pa3HbIM BPEMEHEM CYIICCTBOBAHMS;

— BO3pAaCTalolIell CKOPOCTHIO YBEJIWYEHHUS PUCKA BO3HUKHOBEHMSI HETaTUBHOI'O
COOBITHSI.

OmnpeneneHs! NPUHLIUIBL HAAEKHOTO obecneyeHns: 0€30macHOCTH Tpyaa:

— IUTAHUPOBAHHUE MIPOU3BOICTBEHHOM IESTEILHOCTH Ha OCHOBE MOJIEPKaHus 0e30-
MaCHBIX YCIIOBUH Tpy/a;

— yMeHHe pabOTHHKa MpeaBuaeTh U BRIABIATE OIIC, Ge30macHo B HUX AEHCTBOBATh
U B3aUMOACHCTBOBATE;

— MOJTHOE, TOCTOBEPHOE U CBOEBpEMEHHOE HH(POPMUPOBaHUE PAOOTHUKOB O Peab-
HBIX OMACHOCTAX B ITPOM3BOICTBEHHOMN JEATEIHHOCTH;

— B3aMMHAas CTPaXOBKa paOOTHHUKOB OT OHMIMOOYHBIX JICHCTBHIA;
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— orIara Tpyzna pabOTHHKa, CTUMYIHPYIOIIAs CO3aHne U TToAep KaHNe KaueCTBeH-
HBIX pab04MX U TPYAOBBIX MTPOIECCOB.

BouiBoabl. Takum 06pazom, GopMHUpOBaHKE CHCTEMBI 00eCTIeUeHHsT paboTOCIOC00-
HOCTH TOPHOTO 000PYAOBaHUS TOIKHO OBITH OCHOBAHO:

— Ha COBEPIICHCTBOBAaHMH (DYHKIIMOHAJIA PEMOHTHOM CTy»OBbI;

— COTJIACOBAaHHOCTH JIEUCTBHI paOOTHUKOB CTPYKTYPHBIX TTOIPA3ACICHHUIH;

— EPUOINYECKOH OLICHKE NPOo(deCcCHOHaIN3Ma PAOOTHUKOB HA OCHOBE IIPOBEICHUS
pa3BUBarOIIEH aTTeCTAINH;

— MOHMTOPHMHI€ M aHAJIM3€ COCTOSIHUS TOPHOM TEXHHMKH C Y4eTOM IOKa3aTelei,
MO3BOJISIIOLINX OLIEHUTH KAXKIBIH 3JIEMEHT TEXHUYECKOM CHCTEMBI;

— 3KOHOMHYECKOM 000CHOBaHMH 3aTpar Ha PEMOHT;

— pauroHaJIbHOM BBIOOPE CTPATETMH PEMOHTHOTO 00CITYKUBAHUS TOPHON TEXHUKU;

— CTaHAapTU3alK PadOUnX MPOLECCOB;

— OLIEHKE PUCKa peaii3alii ONAacHBIX MPOU3BOJCTBEHHBIX CHTYAIHH.

OTO TO3BONHUT OTCIEKHBATH HE TOJBKO SBHBIC MO3UTHBHBIE TEHICHINH
B JICATEIBHOCTH CUCTEMBI 00eCIedeHNns padoTOCIOCOOHOCTH TOPHBIX MAIINH, HO
CBOEBPEMEHHO PEATHPOBATh Ha HENOMYCTUMBINA YPOBEHb OTKJIIOHEHHH BCEX ITOKa3a-
TEJIEH CUCTEMBI.
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The methodology for the formation of an effective system to ensure
the performance of mining equipment
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Abstract
Introduction. The traditional improvement of manufacturing efficiency with a focus on the technical re-
equipment and equipment scale-up, carried out without necessary modification of manufacturing
organization and maintenance planning system leads to inefficient utilization of duty time by the personnel,
which, in its turn, influences the final output.
Research aims to form an effective system to ensure the operability of mining equipment based on
the methodology including the principles, object, subject, provisions and methods.
Methodology. The traditional organization of the manufacturing system at an enterprise predetermines the
formation of significant losses of time by operational and maintenance personnel. Time losses are
conditioned by a number of basic reasons: inefficient interaction between operational and maintenance
personnel, lacking viable mechanism of motivation and incentive for the workers, as well as poor
understanding of connection between time loss and economic loss. The existing time losses within the
process of ensuring the operability of mining equipment are the reserves of an enterprise in themselves, by
activating them, it is possible to qualitatively change the state of the system and increase its efficiency.
Results. The publication presents the methodology for the formation of an effective system to ensure the
operability of mining equipment. The effectiveness of this system is achieved through repair personnel
functions standardization and close interconnection of control units: organization, regulation, control and
operation
Summary. With the methodological approach ensuring the operability of mining equipment proposed in
the article, it becomes possible to select the rational strategy of repair maintenance based on the service
life, operating time, and the technical condition of mining machines.

Key words: standard; functional; repair service strategy; costs; technical condition; efficiency, operation;
process; methodology, regulation; control; hazardous production situation.
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Cutting torque stabilization system synthesis of the shearer loader
with a fuzzy controller
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Abstract
Introduction. The efficiency of mineral production carried out by the shearer loaders entering the
winning and heading mechanized systems is improved by their design and control systems development.
At mineral resistance variation, in order to provide the full capacity utilization of shearer executive
body electric motors, cutting electric drive torque (load) controller is used, control quality parameters
of which depend on the value of cutting resistance. In this regard, relevant is the task of developing
cutting torque stabilization system for shearer loader drive with constant control quality parameters
through the use of intelligent control systems.
Research aims to synthesize the fuzzy controller of the shearer loader electric drive cutting torque
which increases the quality of cutting torque stabilization at material cutting resistance variation and to
assess its efficiency by the mathematical modeling method.
Methodology. The mathematical model of shearer loader electric drive cutting torque stabilization has
been worked out; structure and parameters of cutting torque fuzzy regulator have been substantiated.
The comparison of the proposed fuzzy controller with a typical PI controller has been carried out with
the use of the model experiment method.
Results. The mathematical model of shearer loader cutting torque stabilization system has been obtained
which takes into account material cutting resistance variability, the constant of chip formation and the
dynamic properties of cutting drives and feed drives. Shearer loader cutting torque fuzzy controller has
been synthesized, in which four fuzzy sets have been applied at proportional part fuzzification, providing
an automatic variation of the controller gain depending on error ratio. The model experiment has shown
that the use of a fuzzy controller makes it possible to reduce the transient overshoot by torque by 15%
and increase its speed by 25% under material cutting resistance variation by a factor of 2.
Summary. The use of the proposed fuzzy controller makes it possible to obtain the quality of control
action transition process independent of cutting resistance variation and lower overshoot under
perturbing actions.

Key words: fuzzy controller; coal shearer; feed drive; cutting drive; mathematical model; transition
process; coal hardness.

Introduction. The efficiency of mineral production by the shearer loaders (SL)
entering the winning and heading mechanized systems is improved by their design and
control systems development. Nowadays, shearer loaders which mine minerals (coal
and sylvinite) have got the drives of shearer cutting and feed mechanism interacting at
mineral stratum disintegration.

As a rule, cutting drive consists of two unregulated asynchronous electric motors,
which rotate screws equipped with cutters through the reduction gears. As a feed
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mechanism drive the variable frequency asynchronous electric drive is used which
includes general frequency changer (FC) feeding one or two asynchronous electric
motors (AM) agitating the chainless feed system mover. In order to provide the full
capacity utilization of cutting electric motors, power controller or torque controller
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Fig. 1. Operator structural scheme of shearer cutting torque stabilization system
Puc. 1. OmeparopHasi CTpyKTypHasi cCXeMa CUCTEMbI CTAOMIIN3AI[I MOMEHTA pe3aHusi KOMOaitHa

(TC) is used in shearer loader electric drive (ED) control system,; it is aimed at providing
the full power capacity of screws electric motors by means of changing feed velocity of
a shearer under mineral cutting resistance variation and the conditions of shearer’s
operation.
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The use of the indicated control scheme ensures maximum productivity of a shearer
under some restrictions by gas factor, roof support speed, cutter overhang, etc., typical
of various operation conditions.

Researches and publications analysis. As a controlled member, SL automation
system represents a complex electromechanical system including a number of
nonlinearities, variable gain and the retardation of chip formation of an executive body
[1, 2]. The object’s gain is defined by material cutting resistance which changes within
the mineable stratum according to normal law in the range of 0.5 to 1.5 from the average
value. The retardation of chip formation makes up 0.3—0.6 s [1]. In accordance with the
indicated features of the object, shearer ED torque controllers in service do not ensure
the required features of transition processes when working in the stope which mines
one stratum.
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Fig. 2. Structural scheme of torque fuzzy controller
Puc. 2. CtpyKkTypHast cxema HEUEeTKOTO peryysitTopa MOMEHTa

Works [3-6], in order to stabilize the quality of transition processes, propose using
self-adjusting parametric automation control systems (ACS) with the adjustment of the
torque controller gain by the indirectly measured material cutting resistance. However,
the accuracy of measurement for this parameter is rather low because of the influence
of a large number of unmeasurable parameters. Because of the relevance of the shearer
loader ED cutting torque stabilization task in the conditions of vaguely changing gain
of an object, the present research sets the task of synthesizing the fussy controller of
torque and assessing the quality of its operation under material cutting resistance
variation by the mathematical modeling method. The preconditions of this task solution
are presented in works [7—10].

Body. Based on the generalization of experience of K10PM shearer feed frequency-
controlled ED application [1] and machining devices cutting efforts stabilization [11-13],
shearer loader cutting torque stabilization system has been proposed, operator structural
scheme of which is presented at fig. 1. The scheme includes unregulated asynchronous
electric drives of advanced and retarded screws, feed variable frequency electric drive,
mineral cutting process model taking into account the retardation of chip formation
process and disintegrated material cutting resistance variation. According to operation
and technical parameters of a shearer, the model of cutting process forms the torque of
resistance at screw executive bodies M_ |, M, and the torque of feed drive resistance
M. Electromechanical system of each cutting drive is represented as a two-masses
mechanical model with the J, J, motors and J_, J , screws moments of inertia,
mechanical transition elasticity C, C,, and the account of the electromagnetic time

constant of electric motors 7, T.,.
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Shearer variable frequency electric drive includes asynchronous electric motor
with the following parameters: moment of inertia J , electromagnetic time constant
T, , torque transfer coefficient B, frequency changer (FC) with transfer coefficient
Ky and time constant 7, feed control slave system of a shearer with the proportional-
integral current controller (CC) and proportional speed controller (SC). At fig. 1
the following notations are used: K, — speed controller gain, K, — torque feedback
gain (torque sensor) of a feed electric motor, K — rotation velocity feedback gain
(speed sensor) of a feed electric motor, o , — feed drive reference velocity.
The synthesis of CC and SC of feed electric drive is implemented according to the

criterion of technical optimum [1].

a b
i) W)

CURNC €3 €u € €1 €2 €3 €

Fig. 3. Torque fuzzy controller membership functions:
a — proportional part; b — integral part
Puc. 3. OyHKIMM NPUHAIEKHOCTH HEYETKOTO PETYISITOPa MOMEHTA:
a— HpOHOpHHOHaHLHOﬁ Y4acTH, b— PIHTCFpa.TII:HOﬁ qacTHu

Shearer ED cutting torque stabilization loop includes the fuzzy controller (FC), to
the input of which the preset value of torque M, and the maximum actual value of
torque M, are applied out of two values M, or M,, detected by the maximum detector
(MD), while the signal from the output of FC is applied to the input of the feed electric
drive control system forming the traversing speed of a shearer V_.

The system of equations for the advanced screw in the operator form is [14]:

M (P)A+ T, p) = Bloy,(P) — @, (P)]; (1
M, (p) - M,,(p) = J, pw,(p); )
M, (p) - M (p) =J,,po,,(P); (3)
M, =2 [0, (p) -0, () @

where M| — electromagnetic torque of an electric motor which rotates the head screw in
the cutting electric drive; T, — electromagnetic time constant for this motor; C, —head
screw electric drive transmission elasticity torque moment; J; — cutting drive electric
motor moment of inertia; M_, — torque of resistance at the executive body head screw;
J, — head screw moment of inertia; ®,, ® , — rotation velocity of a rotor of the first
cutting electric motor and the head screw correspondingly; p — Laplace operator.
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Set of equation for the retarded screw has got the same equations (1)—(4), while their
parameters have got index 2 instead of 1 (fig. 1).

When describing the process of cutting, an assumption has been made that the
constant of chip formation t for the screws is the same and does not depend on the
frequency of the screws rotation, for example, slip of cutting asynchronous motors in
the standard operating mode is 0.02—-0.05.

The connection between power parameters of cutting electric drive and feed drive in
the process of rock massif disintegration is described by the following equations [15]:

h =Ve™,

where 4, — the thickness of the coal chip; V, — the traversing speed of a shearer;
T — the constant of chip formation retardation.

In its turn, the constant of chip formation retardation is described by the following
formula

t=1/(o,R.),

where / — the distance between the cutters in one cutting line of a screw; o, — screw
rotation frequency; R — screw radius.

Cutting resistance force £, and feed resistance force /7 are determined by the
following formulae:

Fpl = Mlnm1&1e71M1 P);
sz = '_Akpznmz Rﬁeﬂprn (p);
F, =[(A,n,, +A,n,,)e ®ai’, (p) + Goosa- f = Gsina)IR,

where A —material cutting resistance; kpl, kp2 — coefficients taking into account material
cutting resistance softening in the cutting zone and cutters parameters for the advanced
and retarded screws; n_,, n_, — the number of cutters in service at the advanced and
retarded screws; R |, R ,, R, — the radii of the advanced and retarded screws and the
radius of a star wheel of the shearer chainless feed system; a — the coefficient taking
into account the cutting force projection on the vector of shearer traversing speed,
G — shearer weight; f'— shearer legs friction coefficient in the guides of the shearer;
o — strata descent angle of incidence.
The torques of cutting and feed resistance forces:

Mcl = Fle_ul; Mcz = szuz; M, =FR.

The present research proposes proportional-integral FC as a cutting torque controller,
the structure of which is presented at fig. 2.

At the structural scheme, the signal of error in discrete form e, = M, — M_
(M., M, — correspondingly preset and actual maximum value of cutting torque of one
screw) incomes to evaluation units of proportional part e, and integral part e,
In fuzzification block for signal e, four fuzzy sets have been applied 41, 42, A3, A4,
and for signal e, — three fuzzy sets N, Z, P. The membership functions for FC inputs are
presented at fig. 3. The use of four fuzzy sets for proportional part fuzzification makes
it possible to automatically change the gain of FC proportional part depending on the

error signal ratio.
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Thus, if error signal is withine  <e <e ,ore ;<e <e , then gain is the same and
. : ; P P ) A
is determined by static slope u(e,j and is equal to K,, and if the error signal is within
e,<e,< ep3,then gain is equal to K, which is less than K. Thus, FC gain variation at
cutting error ratio variation makes it possible to keep the general coefficient of torque
stabilization system constant and ensure permanent transient performance.

a
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Fig. 4. Graphs of transition processes of the nominal torque M * =M, /M, —a and feed velocity
V, of the shearer — b under step control action and perturbing action

/M, — a n cxopo-

t,c

max

Puc. 4. [paduKu MEPEXOIHBIX MPOIECCOB OTHOCHTEBHOTO MOMeHTa M ™ = M.
ctu mofadu V, kombaiina — b mpu CTyNeHYaToM yHpaBISIOEM U BO3MYIIAIOIIEM BO3IEHCTBIAX

The rule of the worked out structure of FC (fig. 2) includes 12 elements of linguistic rules:

R1:if (e, = Al) and (e, = N), then (u-B));

R12: if (e, = M) and '('ép — P), then (U-B,,).
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Defazzification is carried out according to the method of one-element fuzzy sets
with the use of sets B, ... B, (fig. 2). In this case the signal at the output of torque
controller also takes on one of discrete values B, ... B,,.

The comparison of the quality of shearer cutting torque stabilization and the
traditional PI controller and the proposed FC is carried out using the method of
mathematical modeling in MATLAB in Fuzzy Logic Toolbox section. As a result
of modeling the graphs are drawn (fig. 4) for nominal cutting torque transition processes
M™=M_, /M, and feed velocity V,_of a shearer under step control: the graphs of torque

I and velocity 1’ correspond to the transition process for PI controller and FC under
material cutting resistance A =200 kN/m; graphs 2 and 2’ correspond to the transition
process for PI controller and FC under A = 100 kN/m; graphs 3 and 3’ — transition
process for PI controller, under A = 100 kH/m. It follows from the analysis of graphs
that the time of cutting torque transition process and feed velocity for PI controller
increases approximately twice if material cutting resistance reduces, and for FC the
time of the transition process remains almost permanent.

For step perturbing action and material cutting resistance variation from 100 to 200 kN/m
the graphs of torque and velocity of feed are shown at fig. 4: for PI controller — 4 and 4/,
for FC — 5 and 5. Graphs analysis has shown that the use of FC has made it possible to
reduce the system overshoot by 15% and increase the speed by 25%.

Summary. The mathematical model of shearer loader cutting torque stabilization
system has been obtained which takes into account material cutting resistance variability,
the constant of chip formation and the dynamic properties of cutting drives and feed
drives.

Shearer loader cutting torque fuzzy controller has been synthesized, in which four
fuzzy sets have been applied at proportional part fuzzification, providing automatic
variation of the controller gain depending on error ratio.

The results of mathematical modelling of the shearer cutting torque stabilization
system have shown that the use of the proposed fuzzy controller makes it possible to
obtain control action transition process independent of cutting resistance variation and
lower overshoot under perturbing actions.
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CuHTe3 cucTeMbI CTAOWIN3ALMH MOMEHTA pe3aHusl BHIEMOYHOI0 KoM0Oaiina
C HEYETKHUM PeryJjsiTopoM

Badokun I. U.1, HInpexep . M.2, Koaecnukos E. B.2

! HanioHasIbHBINH HCCleoBaTelIbcKuil TexHomornueckuit yauepcuter "MUCuHC", TopHbI HHCTUTYT,
Mocksa, Poccus.

2 TyAbCKHUiA roCyaapcTBeHHbIN yruBepeutet, Tyna, Poccus.

3 HOBOMOCKOBCKHI HHCTUTYT POCCHIICKOIO XHMHKO-TEXHOJIOTHYECKOr0 YHUBEpcHTETa, HOBOMOCKOBCK,
Tynbckas o6im., Poccus.

Pecgpepam
Beeoenue. [losviuenue 3¢pgpexmusHocmu 000biuy NOLEIHBIX UCKONAECMBIX BbIEMOYHBIMU KOMOAUHAMU,
NPUMEHAEMBIMU 8 OYUCHBIX U NPOXOOHECKUX MEXAHUSUPOBAHHBIX KOMNILEKCAX, OOCUSAEMCs COBEPULEH-
CMBOBAHUEM UX KOHCIMPYKYUU U cucmem ynpasnenus. IIpu eapuayuu conpomuensieMocmu noie3Ho2o uc-
KONAaemozo 0Jis NOMHO20 UCNONb308AHUA MOUWHOCIU ANEKMPOOSUeamenetl UCHOTHUMENTLHOZ0 OP2AHA KOM-
batina npumensemcs pecyisimop MOMeHma (Hazpy3Ku) 1eKmponpusood pe3anus, Napamempbl Kaiecmsa
Pe2YIUPOBaAHUs KOMOPO2O 3A6UCAT OM GENUYUHBI CONPOMUBTAEMOCIU pe3anuio. B ceasu ¢ smum akmy-
anbHa 3a0aya paspabomxu cucmemvl CMadUIU3AYUY MOMEHMA PE3AHUS. NPUBOOA BbIEMOYHO20 KOMOAUHA
¢ HeUSMEHHbIMU NApaMempami. Kayecmed pezyiuposanus, nymem npUMeHeHUs UHMeLIeKmMYanibHblX Cli-
cmem ynpaeneHus.
Lenv padomur. Cunmes Heuemro2o pecyiamopa MOMEHMA Pe3anus NeKMpoOnpusood 8bleMOYHO20 KOM-
batina, nosvIAWe20 Kauecmeo cmabuIu3ayuu MOMEHMa Pe3anus npu U3MeHeHUU COnPOmueAemMocmu
Mamepuana pe3anuio, U OYeHKa e2o dP@eKmusHOCmU MemoOOM MAMeMAMULECcKo20 MOOETUPOBAHUS.
Memooonozusa. Paspabomana mamemamuieckas Mooenb Cmaduiu3ayuy MOMEeHma pe3anus 21ekmponpu-
800a 8bleMOUHO20 KOMOAlHA, 060CHOBAHA CMPYKMYPA U NAPAMEMPbl HEYeMKO20 Pecyiamopa MOMeHma
pesarus. Memooom MOOenbHO20 IKCHEPUMEHMA NPOBEOEHO CPABHEHUE NPEOTIOHCEHHO20 HEYEMKO20 pe2y-
aamopa ¢ munosvim ITH-pezynamopom.
Pesynemamui. [lonyuena mamemamuueckas mMooenb CUCEMbL CIMAOUIUIAYUL MOMEHMA PE3AHUsL Y2Oilb-
HO20 KOoMOAUHa, YUUMbleaowjas UMeHYUBOCMb CONPOMUBTICHUS MAMepuand pe3anuio, NOCMOSIHHYIO
CMPYHCKOOOPA30BAHUSA U OUHAMUYECKUE CBOUCMBA NPUB0008 pesanus u nodadu. CuHmesupogan neuem-
KUl pe2yisimop MOMEHMA pe3anusi bleMOYH020 KOMOALHA, 8 KOMOpom npu @assugukayuu nponopyuo-
HANbHOU Yacmu NPUMEHeHbl Yemblpe HeYemKuxX MHOXCeCmsa, obecnequsaioujie asmomamuyecKoe usme-
HeHue Koa(hhuyuenma ycunenust pe2yisimopa 8 3asUCUMOCIU Om 8elUdUHbL paccoenacosanus. MooenvHblil
IKCHEPUMEHM NOKA3AIL, YMO NPUMEHEHUE HEYeMKO20 Pe2yNsimopa NO360Is1em YMEHbUUMb nepepecyiupo-
8aHue nepexooHo2o npoyecca no momenmy Ha 15 % u nosvicums eco bvicmpooeiicmaue na 25 % npu us3-
MeHeHUU CONPOMUBIAEMOCIIU MAMEPUANa pe3anuio 6 2 pasa.
Bu1600w1. TIpumenenue npednodiceHHO20 HEUemKo20 pe2yiamopa no36oiaem NoLyyuns He 3d6Ucumoe om
UBMEHEHUSL CONPOMUBTAEMOCTU PE3AHUA KAYECMB0 NePexoOH020 Npoyecca no Yynpasisiowemy 6030eli-
CMBUIO U MeHblUee nepepeyIuposanue npu BO3MYWaruem 6030eticmeul.

Knrouesvle cnosa: neuemxuil pe2yisamop; y2onbHulll KOMOAtiH, npugood no0ayu, npueoo pe3anus; mamema-
muueckas Mooenb, nepexooHblll npoyecc; Kpenocms y2is.
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Peghepam

B nacmosweti cmamve nokazana o6beKMusHas poib MeCHO20 83AUMOOEUCMBUS NPOU3EOOCHIEEHHbIX
OP2aHU3AYUL ¢ HAYYHBIMU WIKOIAMU 8)306 8 NOO20MOBKE HAYUHLIX KAOPO8 OJist NPEONPUAMULL U 8Y308 U
nogvluenuu ux npogeccuonanusma. Panee npoexmol pabom noopaszoeneHuii IKCneouyuu 00 ux ym-
eepaicoenus I1a6KomMom 6 0bs3amenbHOM NopsAoKe pACCMAMPUBATUC HA HAYYHO-MEXHUYECKOM cogeme.
OO0HaKo HayuHblll KOHMPOLbL 3d XOOOM BbINOTHEHUS 2e011020PA38e00UHbIX PAOOmM NO YMEepHCOeHHbIM
npoeKmam He npedycmampuean npusiedenus compyoOHUKo8 IKCneouyuu K no02omoeke ouccepmayuil
Ha couckanue yuenvblx cmeneneil. [I1000meoproe coOpydicecmeo npou36o00CMEEHHUKO8 IKCNeOuyul
Ne 101 u nayunvix compyonuxoe Ceepono8ckoeo 20pHO20 UHCMUMYma Ha Oase uzyueHus Yparockux
MeCcmopodicOe ULl Nbe300NMUUECKO20 U JICUNLHO20 KEapYya 03HAMEHO0BAN0Ch 3auwumoli 17 KaHOuoamcKux
u 4 doxkmopckux ouccepmayuii compyonukamu CIHU, a maxoce 20 xanoudamckux u 7 0OKMOPCKUX
OJuccepmayuti eeonozamu sxcneouyuu Ne 101. Taxum obpasom, mecHoe g3aumooelicmeaue npou3eoo-
CMBEHHUKO8 U HAYYHBIX COMPYOHUKO8 8Y306 — OOUH U3 IPPEKMusHbvX cnocobos opmuposanus
HAYYHBIX KAOPO8 U NOBbIUEHUS UX NPOpecCUoOHanumMa.

Knroueswte cnosa: nayunvie kadpwl; yuenas cmenens; CIH; sxcneduyus; ypanisckue Mecmopodicoe-
HUSL KBAPYEBO2O CIPb, POPMUPOBAHUE HAYYHBIX KAOPOS.

[ToTpeOHOCTh B TbE300NTUIECKOM ChIphE, UMEoIeM 000POHHOE 3HAYCHUE, U TTOJI-
HOE€ OTCYTCTBHE BBISIBJICHHBIX MECTOPOXKICHUI STOTO CHIPHSI BBI3BAIO HEOOXOIUMOCTD
coznanusi B CCCP crnienmann3npoBaHHOW OpraHHU3alliy, KOTopas 3aHuMasach Obl 1o-
WCKaM{ MECTOPOXKICHUH U B KpaT4aInii CpOK cMomia Obl peluTh npodiemMy obec-
MIEYESHHUs IPOMBIIIITICHHOCTH CTpaTernueckuM ceipbeM. [Ipukazom Hapkomara 060poH-
Hoii npoMpinuieHHOCTH CCCP ot 28 urons 1937 roga Ne 259 B MockBe opraHu30BaH
T'ocynapctBennsiii Tpect Ne 13 ¢ mogunnenuem S-my [maBHOoMy ynpasieruro Hapko-
Mata obopornoit mpomsinuieHHOCTH CCCP. IIpaBonmpeemankom Tpecta Ne 13 B mocie-
nytoreM craHoButcs 6-¢ ImaBHoe Ynpasienne Munreo CCCP, koTopoe B manbHElH-
nreM npeoOpaszoBasioch BO Bcecoro3Hoe miectoe MpOM3BOACTBEHHOE OOBEIMHEHHE,
Bcecoroznoe mpomebinuieHHOe o0bennHeHne «COI03KBapICAMOIIBETE)Y, U B (DHHANb-
HBIW MEPUO CBOETO CYIIECTBOBaHUsA 110 nekadps 1991 rona — [ocymapcTBeHHOE MPo-
MEIIIeHHOE 00BeauHeHHEe «Coto3kBapIicaMonBeTsy MunuctepcTsa reojoruu CCCP.

Ha orpomMHoit Tepputopun Ypaia opraHu3aiusi reoJIoropa3BeI0uHbIX U JOOBIYHBIX
paboT ocymiecTBisIach U3 AByX IeHTpoB. Paboramu Ha [IpunonspHom Ypane pykoBo-
nuio IpousBonctBenHOE 00bemuHeHNE «CeBepKBapIICAMOIIBEThI», 6a3a KOTOPOTO Ha-
xonuiachk B Jlenunrpanue, a pabotel Ha CeBepHoM, CpenteM u FOxxHOM Ypasie npoBo-
oo pacriojokeHHoe B CBepANIOBCKE — MPOW3BOJACTBEHHOE  OOBEIWHEHHE
«YpankBaprcamouseTs» [1].
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B CCCP peiicTBoBana LIEHTpaIU30BaHHAsL CUCTEMA YIPABICHUS HAYYHBIM MOTEH-
LI1AJIOM [IPOMBIIUIEHHOCTH, 003aTeNbHast U P BHIMOJTHEHNH I'€0JI0T0Pa3BEA0UHBIX U
MOOBIYHBIX paboT, KoTopas Bkitodana nHCTUTYTEl AH CCCP, orpaciessie HUU muam-
CTEpCTB, Hay4YHbII MOTEHIMAT BYy30B, TEMAaTHYECKHE MOAPA3ACICHUS TCONIOTHIECKUX
SKCIIEIUIINN.

B HacTosiie# cratbe aBTOpBI, MpopadoTaBIIKe Oojiee COpOKa JIET B HKCIIECAULIUH
Ne 101, I1O «YpanksaprcamonBeTsDy 1 CBEPATIOBCKOM TOPHOM MHCTUTYTE, TOKA3bIBAIOT
00BEKTHUBHYIO POJIb TECHOTO B3aMMOJCHCTBUS MPON3BOJCTBEHHBIX OPTaHU3alNi C Ha-
YYHBIMH ILIKOJIaMH By30B B ITOATOTOBKE HayYHBIX KaJpOB IS MPEANPHUATHI U By30B U
MOBBIICHUN UX MPO(deCCHOHATN3MA.

K 1962 roay Bes momaas Cesepaoro, Cpennero u FOxuoro Ypana Oblia HOKpBITa
cpenHemaciTabupiMu (1 : 50 000) OMCKaMU ¥ OCHOBHBIE MECTOPOXKACHUS MhE30K-
Bapla, 3aJieraronme OJM3Ko K JHEBHOW MOBEPXHOCTH, ObIIIM BBISBICHBI. JlanbHeiimee
pacLIMpeHre ChIpbeBON 0a3bl MbE30KBapLA CTAJO BO3MOXKHO JIMIIb 38 CUET HOMCKOB
CKPBITOTO OPYACHEHUSI U PEBU3UH YK€ M3BECTHBIX 00BEKTOB. Bee 310 TpeboBano yrimyo-
JICHHOTO U3y4YCeHHUs TEPPUTOPHH C IIUPOKUM IPUBICUCHUEM I'€O(PH3UKH, COBPEMEHHBIX
Hay4YHBIX METOJIOB UCCIIEIOBAHU, BEHIIOM KOTOPBIX JOJDKHO OBIIO CTaTh HAYYHO 000-
CHOBaHHOE POTHO3UPOBAaHUE MECTOPOXKACHUI TOPHOTO XpycTas. st perenus 3Tux
npoOeM TpeboBaach KpymnHas, LEHTPAIN30BaHHAs!, XOPOLIO OCHAILCHHAs! IPOU3BOI-
CTBEHHAsl €MHUIIA, TECHO CBA3aHHAsI C HAYYHBIMH CHJIAMH CTPaHBI B 00JaCTH MbE30K-
BapLIEBOTO CHIPBSL.

B coorBercTBUM C mpuka3oMm HauvanpHHKa 6-ro [maBHoro ympasnenus MI' u OH
CCCP ot 16 urons 1962 roma Ne 28 Ha 6a3e sxcrrenuimii Ne 101, 103, 104 oprannzoBaHa
obobenuHenHas dxcnequnus Ne 101 ¢ 6a3oit B c. HoBoanekceeBckoMm [lepBoypanbckoro
paifoHa. DKCeAULUs NPOAOIIKHIIA TIOUCKOBBIE, pa3BEI0YHBIE M HKCILTyaTal[IOHHEIE pa-
0OTBI Ha TLE300NTUYECKUI U TPAaHyIMPOBAHHBIN KIIBHBIN KBapLl Ha miomaasx Cesep-
Horo, Cpennero u HOxuoro Ypana. IIpu skcrenunyy ObUTH CO3IaHbI TE€OIOTHIECKUE U
MPOU3BOACTBEHHBIE OTIEIIbI, KOTOPBIX PaHEE B yPAIBCKUX AKCIEIULIUIX HE OBUIO.

C nenpro panpHEMIIEH KOHLEHTPALMU Te0J0ropa3BeJOYHbIX, TOPHBIX U TOPHO-
9KCILTYaTallHOHHBIX Pa0OT, BBITyCKa MPOMBILUICHHON MPOAYKLUUH W3 KBapLEBOIO H
KaMHECaMOILIBETHOIO CBhIPbsA, HAyYHO-TEMaTHYECKUX M NPOEKTHO-KOHCTPYKTOPCKHX
pabot Ha Tepputopun Cpennero u lOxxHoro Ypana ¢ 1 HosOps 1977 roga Ha Gasze
sxcneuimid Ne 122, 101 u FOxHOTO pymHHKa OBLIO CO3MAHO MPOU3BOACTBEHHOE 00BEIHE-
Hue «Ypankapucamonsets». B 1990 rony B coctaB 11O «VYpankBaprcaMouBETbD»
Bo1ia [lonspHo-Ypanbckas reosioropa3BejouHast IKCIETULIHSL.

3a 1962-1991 roap! oObennHEHNE BEIPOCIO B KPYHHEHIIYIO OpraHu3annio MuHu-
crepctBa reoorud CCCP mo mouckam, pa3senke, J00bIYe U epepadoTKe Mbe300MITH-
YECKOT'0 M KHJIBHOTO KBapIla U BCEX Pa3HOBUIHOCTEH KaMHECAMOLBETHOTO ChIpbs [1].

Pabota npon3BOACTBEHHBIX MPEANPHUITUHN TIOOBIX OTpAcieH, B TOM YHCIIE U Te0JI0-
TOpa3BEIOYHBIX, YETKO OINPENENIETCS LENbIM PAAOM MHCTPYKIHMH U METOIUYECKUX
yKa3aHUH, 00513aTeIbHBIX IS HEYKOCHUTENBHOTO UCIIOTHEHUs. Takue TOKyMEHTHI CO-
CTaBJISIIOTCS BRICOKOKBATU(HUIMPOBAHHBIMU CTICLIATICTAMH.

Hns nonpaznenenuii 6-ro I'maBuoro Ympasnenus MI' u OH CCCP, BIIIIO, BITO
«CoroskBaprcamonseTsl», HIIO «KBapucaMonBeTs Takue JOKYMEHTHI COCTaBIIS-
much cneumanucraMu BHUMCHUMC u cnenyanusupoBaHHOM 3kcnenunueil «LleHTp-
KBapILCAMOLBETHD), YTO 00ECHeYrBaI0 €IUHBIM CHCTEMHBIH MOAXON K MPOBEICHHIO
J0OBIX BHJIOB PadOT: Te0I0ropa3BelOYHbIX, SKCITYyaTallMOHHBIX, TEXHOJIIOTHUECKUX U
JIpyrux [2].

Konnerus I'ocynapctsennoro Komurera no koopauHaluy HayqYHO-HCCIIEN0BATENb-
ckux pador CCCP pemenuem ot 18 despains 1963 rona Ne 11 npuznana uenecoodpas-
HbIM npeoOpazoBats BHUUIT Bo BHUHMCUMC:
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1. ITpeodpazosars BHUNIT Bo BHUNCHUMC.

2. BoznoxuTe Ha Bcecoro3Hblil HaydHO-UCCIIEI0BAaTeNIbCKIU HHCTUTYT CHHTE3a
MUHEpaJIBHOTO CHIPbs MPOBEIEHNE M KOOPJIMHAIMIO B cucTeMe [ ocynapCcTBEHHOTO
reonorngyeckoro komurera CCCP HayyHO-HMCCIEI0BaTENbCKUX U OMBITHBIX paboT
B oOnacTu:

— DKCTIIEPUMEHTAIFHONH MUHEPAIOTHH M U3YUYCHHUS YCIOBUH 00pa3oBaHMs MPUPOA-
HBIX MOHOKPHCTAJJIOB;

— TEOJIOTHYECKHUX HCCIENOBaHUNM U MEPCHEKTUB OIIEHKH MECTOPOXACHUS Mbe30-
KBaplia, MCIaH/CKOTO IIMAaTa, ONTUYeCKOro (UII0OpUTa U IPYTUX BaKHEHIINX IS Ha-
POIHOTO X0351ICTBa MPUPOAHBIX MOHOKPHCTAJLIOB.

3. PyxoBoncteo BHUMCUMC Bo3noxuth Ha 6-¢ [maBHoe ynpasnenue MI' u OH
CCCP.

[TpoeKThl MOUCKOBBIX, Pa3BEIOYHBIX, JOOBIYHBIX M TEMaTHYEeCKUX paboT moapas-
JICJIEHUH SKCIeTUIINH 10 UX YTBEpXKAeHUs [ TaBKOMOM B 0053aTEIbHOM MOPSIIKE pac-
cmarpuBanuck Ha HTC Bo BHUUCHUMC. OnHako Hay4dHBIH KOHTPOJIB 38 XOJIOM BBI-
MOJHEHUsI  TeOJIOTOPa3BEJOYHBIX  pabOT 1O  YTBEPKICHHBIM MPOEKTaM  He
npeaycMaTpUBall IPUBIICUCHHSI COTPYIHUKOB SKCIIEUIINHI K TOJTOTOBKE TUCCEPTALU
HA COMCKAaHHUE YUEHBIX CTECIICHEMH.

BrinonHeHne reonoropa3BeloYHbIX MPOEKTOB CTPYKTYPHBIMH MOJpPa3AeICHUSIMH
skcrequiuu Ne 101 u I1O «YpankBapiicaMOIIBETED) BCETIa 3aBEPIIAIOCh COCTABICHU-
€M 00CTOSITEIBHBIX TE0JIOTUIECKUX OTYETOB C KOMIUIEKTOM Pa3HOOOpa3HOro rpaduye-
cKoro marepuaina. Ha Bcex cTausx reojoropa3BeioyHbIX U JOOBIYHBIX Pa0OT dKcIie-
UL TTOJIeP KUBajia TECHBIE JI€JIOBbIE CBA3M M TBOPUECKOE COAPY>KECTBO C By3aMH.
J1Jist BBIIOJTHEHHSI TEMaTHYECKUX paboT dKCIIEUIIHS Ha JOTOBOPHBIX Hayaiax MpuBIie-
Kaja coTpynHuKoB CBepanoBckoro u JIeHMHrpaaCcKuX TOPHBIX MHCTUTYTOB, MOCKOB-
CKOTO TOCYJapCTBEHHOTO YHUBEpCUTETa, MOCKOBCKOTO T€0JIOTOpa3BEA0YHOTO0 HHCTH-
tyta. 10 «VYpankBaprcaMoIBeTs» B 12 NATWIETKE €XKErOAHO W3 Pa3sIuIHBIX
MUCTOYHHUKOB BbIACsI0Ch OT 1,0 1o 1,5 MiIH pyOsieii Ha HAy4YHO-HCCIICIOBATEIbCKHE,
TEMaTU4YeCKHe M OIBITHO-KOHCTPYKTOPCKHE pa3pabOTKU. BONBIIMHCTBO X03/10TOBOP-
HBIX paboT BBIMOIHAJIOCH C YYaCTHEM CHEIIMATHUCTOB Ie0JI0TMUECKUX MAapTUil SKCIIEAN-
un. COTPYTHUKH Te0JIOTOPa3BEJOYHBIX TAPTUH MPUHUMANIN aKTHBHOE Y4acTHE B pa-
6ote Bcecoro3HbIx U 0TpaciieBbIX KOH(EpEeHIINH 1 CeMUHAPOB.

Hauano cucremaTnyeckoro McciiefoBaHHs KBaplia Ha Ypaje CBA3aHO C HUMEHEM
I H. Beprymkosa. [Ipounsie cBsizu skcnenuiuu Ne 101 u CBepamoBcKoro ropHoro
WHCTUTYTa, 0COOCHHO Kadelpbl MHHEPAJIOTuH, mpoaoibkamuck ¢ 1961 mo 1991 ron.
BrInonHeHHbIe B TeUeHHE HECKOJIBKUX JICCATHICTHH COBMECTHBIE pabOThI MPUBEIH
K CO3/IaHHIO0 CaMOCTOSITEIFHONW OTpaciii HapOJHOTO XO3SHCTBA, KOTopas obecrednsia
HaIeKHYI0 MUHEPATIBHO-CHIPHEBYIO 06a3y sl KBapII€BOIl MPOMBIIIUIEHHOCTH CTPAHBI.

B pesynberare coBMecTHOI paboTHI KOJUIeKTHBA Kadeapsl MuHepanorun CBepioB-
CKOTO TOPHOTO HMHCTHUTYTa M T'€OJIOTOB IMPOM3BOACTBEHHBIX OPraHU3aIlMil B MEPUOL
¢ 1961 mo 1964 roas! Ob11 pa3paboTaH METOJ MTOJIEBBIX HAOIIONEHMIA 1 JTaOOPaTOPHBIX
WCCIIeIOBaHUM JKUIILHOTO KBaplia — KBaplieMeTpuieckas cheMka, 3(ppekTHBHOCTD Ko-
TOpO¥ JI0Ka3aHa ee UCIoIb30BaHueM B TeucHue S0 et [3].

Ha py6exe 50—70-X TOIOB MPOIIJIOTO CTOJICTHS B MPOMBITINICHHOCTH BHEIIPEH HO-
BB BUJI IPUPOTHOTO KBAPIIEBOTO CHIPhS — IPaHYJIUPOBAHHBIN KBapIl, HA MHOTO JIET
OTIPENIENTUBINNI TIYTH pPa3BUTHs CHIPhEBOW 0a3bl KBapla Ui IJIABKH TPO3PAYyHOTo
KBapIEBOIO CTeKJa — 0c000 YncToro KBapra. OTKPHITO, N3y4EeHO U MEepeaaHo IMpo-
MeIieHHOCTH iepBoe B CCCP MecTopoXxacHIe TpaHyIMPOBAaHHOTO KBapIla — HOBOTO
BHJIa CBIPHS IS POU3BOACTBA KBAPIIEBOTO CTEKJIA. 32 MPOMBIIINIEHHOE OCBOCHHE HO-
BOTO BH/Ia MUHEPAJILHOTO CHIPhS — IPaHyIMPOBAHHOTO KBaplia — rpymiia Jui (paboTHH-
ku skcnenui Ne 101, ydensie CBepAIOBCKOTO TOPHOTO WHCTHTYTAa M PaOOTHHKHU
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CXOIHEHCKOTO CTeKOIBHOTO 3aBo/1a) 1 HosOps 1982 roga momyynia 3Banus Jlaypeatos
T'ocynapctsennoit npemun CCCP [1].

[TnogoTBOpHOE COAPYKECTBO MPOM3BOACTBEHHUKOB dKcTienunnu Ne 101 u HaydHBIX
corTpynHukoB CBEpJIOBCKOTO TOPHOTO MHCTUTYTAa Ha 0a3e M3y4YeHHS YPaIbCKUX ME-
CTOPOXKJICHUH MbE300NTUYECKOTO ¥ KUJIBHOTO KBaplla 03HAMEHOBAJIOCH 3aIuToi 17
KaHIUIATCKUX U 4 NOKTOpcKux Auccepranuid corpyaaukamu CI'U, a takxke 20 kaHIu-
JIAaTCKUX U 7 JOKTOPCKUX auccepranuii reomoramu sxcneaummu Ne 101 (tabnuma).

Cnucok corpyanukos CI'M u s3xcneguuuu Ne 101, 3aiMTHBIIMX AMCCEPTALIMY Ha §a3e M3yyeHHUsI
YPaIBCKHX MeCTOPO:KIeHNii KBapua
Thelist of membersof SSI and expedition no. 101, who defended dissertations based on the study
of Ural quartz deposits

Cotpynuuxu CI' Corpynauku Dxenenuumu Ne 101
VYuenas VYuenas VYuenas VYuenas
OHO CTeneHb CTeneHb [)5(0) CTeneHb CTEINEHb
KaHauaara JOKTOpa KaHaujaara JOKTOpa

Beprymxos I'. H. K.T-M. HayK | O.r-M. Hayk | Jly3un I'. I K. TeéX. HAyK | . 3K. HayK
Sxmun B. U. K.T-M. HayK | 1.r-M. Hayk | bosnrteipos B. b. K. I-M. HAyK | J. I-M. HayK
Emmun 3. ©. K. T-M. HayK | A.T-M. Hayk | Kucun A. 1O. K. I-M. HayK | JI. T-M. HayK
OroponnukoB B. H. | k. r-m. Hayk | A.r-M. Hayk | MenbHukoB E. I1. | k. r-M. Hayk | I. I-M. HayK
Bopuckos @. . K. I-M. HayK Iansax C. T K.-M. HAyK | J. I-M. HayK
Bymmaxun A. ©. K. I-M. HayK ITonenos 0. A. K.I-M. HAyK | J. I-M. HayK
XKepnaxos B. 1. K. T-M. HayK Tananues A. C. K. T-M. HayK | J. T-M. HayK
Kaiinos B. 1. K. T-M. HayK AreeB b. 1. K. T-M. HayK
Kopnunos 1O. b. K. T-M. HayK Any¢pues 10. H. | k. r-m. Hayk
Makaronos E. I1. K. I-M. HayK bemux 1. M. K. I-M. HayK
Pynckuii B. T K. I-M. HayK Bypnaxos E. B. K. I-M. HayK
Cepxosa JI. E. K. I-M. HayK Bypesn 0. U. K. I-M. HayK
Cunkesuu [, A. K. T-M. HayK Kamxypos K. ®. K. TeX. HayK
CnobomunkoB E. A. | k. r-M. Hayk Kyxaps H. C. K. T-M. HayK
Coxomnos 1O. A. K. T-M. HayK Ocramuyk B. B. K. T-M. HayK
Cycrasos O. A. K. I-M. HayK Ilerpyxa JI. M. K. I-M. HayK
Cycrasos C. T K. I-M. HayK CaBuues A. H. K. I-M. HayK

Cepbix H. M. K. T€X. HayK

Crpamenko I'. 1. | k. r-m. Hayk

Pe3ynbrarsl Hay4YHBIX UCCIIEIOBAHUI MECTOPOXKICHUH KBAPIIEBOTO CHIPhS, IIOIKOH-
TpoabHbIX dKceauiu Ne 101, ormyOIUKOBaHEI B psiie HAYYHBIX MOHOTpaduii, aBTOpa-
MU KOTOPBIX ObUTM Hay4uHbIe coTpyaauku CI'U u Benymye crenuanucThbl SKCIEAUIIIT
Ne 101. Bot HexkoTopbsie MOHOTpaduu.

1. Emaun 3. @., Cunxesuy I A., Axwun B. U. Kunvuwuii keapy Ypana 6 nayxe u
mexnuxe. Ceeponoeck: Cpedne-Ypan. kun. uzo-eo, 1988. 272 c.

2. Menvnuxos E. I1. I'eonozcus, zene3uc u npomMululieHHble Munbl MeCmopoiCOeHUll
keapya. M.: Heopa, 1988. 216 c.

3. Tananyes A. C. Kamepnovie neemamumot. M.: Hayka, 1988. 144 c.

4. Kunvnoui xeapy Ypana 6 nayke u mexuuxe. I eonoaus 0CHOBHBIX MeCmMOpodicoe-
Hutl keapyeso2o colpvsi / A. A. Eecmponog [u op.]. M.: Heopa, 1995. 207 c.

5. Kaiinos B. U. Munepanoeus keapyeguix scun FOxcnoeo Ypana. Examepunoype:
VITTA, 1998. 106 c.
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6. Ozopoonukos B. H., Cazonose B. H., Ilonenos FO. A. Munepazenus wosHwix 301
Ypana. Y. 1. Kouxapckui pyownwitl paiion (FOxcuwiii Ypan). Examepunbype: YITTA,
2004. 216 c.

7. Ozopoonuxos B. H., Cazonoe B. H., Ilonenos FO. A. Munepazenusi uwio8HbIx 30H
Ypana. Y. 3. Ypaneiicxuii eneiicoso-amgpubonrumoswiti komniexc (FOoxcuwiti Ypan).
Examepunoype: UI'T' YpO PAH-YITY, 2007. 187 c.

8. Ilonernos FO. A. DHOocenHble Kéapyeso-dicuibHble 0Opaszosanus Ypana. Exame-
punbype: YITY, 2008. 269 c.

9. Munepaeenus wosnwix 301 ¥Ypana /B. A. Kopomees [u op.]. Examepunbype: UT'T
YpO PAH, 2010. 415 c.

10. Ipanumnvle neemamumel, KapoOOHAMUMsl U cUOpomepmarumel Yganeiickozo
memamopghuuecxozo komniexca / B. H. Ocopoonuxoe [u Op.]. Examepunbype: UI'T
YpO PAH, YITYVY, 2016. 273 c.

VYXOmUT BpeMsi, YXOIAT JIIOMH, HO OCTAOTCS Pe3yiabTaThl UX Tpyaa. [ epoudeckuit
TP/ KBapIIEBUKOB Ypasa JOCTOWH TOTO, YTOOBI O HEM 3HAIH U TOPAMIINACH CACTaHHBIM.

Paboma evinonnena é pamkax memot 2ocyoapcmeennozo zaoanus UI'l' YpO PAH
(2coc. pecucmpayus No AAAA-A18-118052590028-9).

BUBJIMOI'PAOMYECKHNHU CITMCOK
1. Hcropusi THOHNCKOB, pa3BeAKH U OCBOCHHS YpalIbCKUX XPYCTAICHOCHBIX MECTOPOXKACHHI
(1937-1991): nayunas monorpadusi / FO. A. Tlonenos [u ap.]. Exarepundypr: YITYV, 2017. 114 c.
2. Bonkosa A. H. O kBapue u apyrux musepanax: Hcropus BHUMCHUMCA. M.: Henpa, 1989. 231 c.
3. Emiua O. @. Ouepku uctopun kadepsl MUHEPATIOrUH YPaibCKOro TOPHOTO HHCTUTYTA. ExarepuH-
oypr: VITY, 2008. 257 c.
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Effective conditions for academic personnel formation and professional
development

Turii A. Polenov', Vitalii N. Ogorodnikov', Aleksandr Tu. Kisin?
! Ural State Mining University, Ekaterinburg, Russia.
2 Institute of Geology and Geochemistry UB RAS, Ekaterinburg, Russia.

Abstract

The present article reveals an objective role of close cooperation between manufacturing companies and
scientific schools of colleges in training academic personnel for enterprises and colleges and in their
professional development. In earlier times it was compulsory to bring the operating plans of expedition
departments to the Science and Technical Council before they were approved by the Central Board.
However, the scientific control over the geological prospecting by the approved projects did not bring the
personnel in on preparing degree dissertations. Fruitful cooperation between the manufacturers of
expedition no. 101 and scientific researchers of Sverdlovsk Mining Institute based on the study of Ural
deposits of piezooptical and gangue quartz was marked by the defense of 17 PhD and 4 DSc dissertations
by the members of SSI, and 20 PhD and 7 DSc dissertations by the geologists of expedition no. 101. Thus,
close cooperation between the manufacturers and scientific researchers of colleges is an effective way to
form academic personnel and develop professionalism.

Key words: academic personnel; academic degree; SSI; expedition;, Ural deposits of gangue quartz;
academic personnel formation.
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