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KomOuHUpOBaHHBIE TEXHOJIOTHH PAa3pad0TKM YIOJbHBIX MEeCTOPO:KIeHuil (0030p)

Epmaxkos A. 0.1, Cenxyc B. B.2, ®am Jlpix Txans®, Cenxyc Ban. B.*,
A6pamkun H. 11.°, Epmakos E. A.°
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AHHoTauus: B cTatee paccMaTpuBarOTCs OCHOBHBIC HEOCTATKH OTKPBITOTO M MOA3EMHOTO CIIOCOOOB, TUKBUIALIH
KOTOPBIX MOXHO AOOUTHCS IPH BHEAPEHNH KOMOMHUPOBaHHON TEXHOJIOIUHU Pa3pabOTKU yroOJIbHBIX MECTOPOKACHUH.
[Ton KOMOMHHUPOBAHHOW TEXHOJOTHEH MOHMUMAIOT TaKOH CIOCOO OCBOCHHUS YTOJNBHOTO MECTOPOKACHUH, KOTOPHIH
BKJIIOYAET B ce0s 3JIEMEHTHI HECKOJIBKUX IT'€OTEXHOJIOTHH, HallpuMep MOA3EMHOM U OTKPBITOM, a TAK)KE, BO3MOKHO,
MTOIBOAHON JOOBIYM, CKBKHHHOMN M APYTUX CIIOCOOOB pa3paboTku MecTtopoxkaeHnid. [Ipun koMmOnHUpOBaHHON TeX-
HOJIOTHH Pa3pabOTKH yroJbHBIX MECTOPOXACHUH MPEAyCMaTpUBaeTCs €AMHAs CXeMa BCKPBITHSA, TIOATOTOBKH, J0-
ObIuM U mepepabOTKU 3aMacoB Ha BECh MEPUOJ] OCBOCHUSI MECTOPOXKICHHSI HAa OCHOBE MPHUHSTHIX 3apaHee OOLIMX
TEXHOJIOTHUECKUX pelieHnil. KoMIIekcHoe pelieHne aclekToB BCKPBITUS U MOATOTOBKH 3aI1acoB IHOJIEH B paMKax
OTKPBITBIX U TOA3EMHBIX T'OPHBIX pa60T IMO3BOJISICT MUHUMHU3UPOBATH 00BeM BCKPBIBAOIIUX BI)Ipa6OTOK 1 COKPAaTUTH
CPOKH BBCACHHA B 3KCILTyaTallul0, CHU3UTh MHBCCTULHMOHHBIC 3aTpaThl, @ TAKKC COKpPATUTh pacXOoAbl Ha BECHTUJIA-
LU0, BOAOOT/IMNB, TPAHCIIOPTUPOBKY TOPHOM MAacChl M PEKyJIbTHBALUIO 3eMelib. OOOCHOBBIBast BAPHAHTHI BCKPBITHS
MECTOPOKACHUS, HEOOXOAUMO KOMIUIEKCHO YUUTHIBATh TEXHUUYECKHE, OPraHM3aLMOHHBIE U 3KOHOMHUYECKUE (ak-
Topsl [34-37]. AHanu3 BapuaHTOB Ha MpUMeEpe pa3padoTku MakapbeBCKOTO YrobHOTO MecTopokaeHus B Kysbacce
TIO3BOJIACT CACJIAaTh BBIBOJ O TOM, YTO KOM6I/IHHPOB3HHI>II71 cIr1oco0 sBIIsIETCS NEPCICKTUBHLIM M ITIO3BOJIACT HAPACTUTDH
ONTUMaJbHbIE 00BEMBI TOOBIYM YIS, IPU 3TOM COKPAaTHTb CPOK OCBOCHHUSI MECTOPOXKIEHHS OPUEHTUPOBOYHO Ha
15 %, a YMCThI TUCKOHTHUPOBAHHBIH J0XO0/] YBEJIUYHUTh 10 CPABHEHHMIO C MTOJI36MHBIM U OTKPBITBHIM CII0co0aMu 0oJiee
4yeM B 5 pas.

KiroueBnble cjioBa: ILO6I>I‘Ia yrisd, OTKpbITasds W IIOA3CMHAsA pa3pa60TKa, KOM6I/IHI/Ip0BaHHaH TCXHOJIOI'u4,
MaKapLeBCKoe MECTOPOXACHUC.

Jast murupoanusa: Epmakos A. 10., Cenkyc B. B., ®am Jlpik Txans, Cenkyc Ban. B., A6pamkun H. U.,
EpmakoB E. A. KoMOMHHPOBaHHBIC TEXHOJIOTHH pa3pabOTKH YrOJbHBIX MECTOPOXAeHUH (0030p). [ opHble HayKu u
mexnonoeuu. 2019;4(4):230-250. DOI: 10.17073/2500-0632-2019-4-230-250.

Combined Mining Technologies for Coal Deposits (Review)
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Abstract: The paper discusses the main disadvantages of strip and underground mining methods and possibilities
of eliminating the disadvantages through introducing a combined technology of coal deposit mining. Combined
coal mining technology is the method comprising elements of several geotechnologies, for example, underground
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and strip mining, as well as, possibly, underwater mining, borehole and other techniques of deposit mining. The
combined coal mining technology provides for unified layout for opening, development, production and processing
of reserves for the whole LoM on the basis of general technological solutions made in advance. Such complex
solutions for opening and development of deposit reserves within the opencast and underground mining contour
allows minimizing the volume of openings and reducing the time for commissioning, investment costs, as well as
decreasing the costs for aerage, drainage, rock mass hauling and land reclamation. Substantiation of deposit open-
ing options should comprehensively take into account technical, organizational, and economic factors [34-37].
Analysis of the options as exemplified by the Makar’evskoe coal deposit development in Kuzbass allows to con-
clude that the combined method is promising and promotes increasing optimal volumes of coal production, while
reducing the deposit development time by about 15 %, and increase the net present value compared to underground
and opencast mining options more than 5 times.

Keywords: coal mining, strip and underground mining, combined method, Makar’evskoe deposit.

For citation: Ermakov A. Yu., Senkus V. V., Pham Duc Thang, Sencus Val. V., Abramkin N. I., Ermakov E. A.
Combined mining technologies for coal deposits (review). Gornye nauki i tekhnologii = Mining Science and Tech-

nology (Russia). 2019:4(4):230-250. (In Russ.). DOI: 10.17073/2500-0632-2019-4-230-250.

O0630p ycia0BHii MCTIOJIB30BAHUS KOMOU-
HMPOBAHHOI TEXHOJOTHH Pa3padloTKM Yrojb-
HBIX MECTOPOXKIeHU

MupoBast yroyibHasi IPOMBIIIUIEHHOCTh HAaXO0-
JIUTCS HA CTAIUM UHTEHCUBHOTO PA3BUTHUSA, U OOJIb-
IIMHCTBO YIJIeAOOBIBAIOLINX CTpaH, HapaliuBas
JOOBIYY YTIIs, CO3At0T YCIOBUS JUIsl TEXHUUECKOTO
NIEPEBOOPYKEHUS U BHEJPEHUS] IPOTrPECCHUBHBIX
texHosioruii [1-9]. MHoroobGpa3ue TexXHOIOruYe-
CKHUX pelleHNH JoObIUH Yriisl, 0€3yCI0BHO, ONpese-
JISIETCS UHAUBUTYaTbHOCTHIO MECTOPOXKICHUA, HO
B TIOCJIEZIHEE BpEMs BCE Yallle BO3HUKAIOT 3aJaul
NPUMEHATH 0OJIee CI0XKHBIE TEXHOJIOINYECKUE pe-
HIEHUs], TO3BOJIsTIONINE Hanbonee 3(hGEeKTUBHO HC-
MOJIb30BaTh PECYPChl MECTOPOXKACHUS, pealn3ys
6e3omacHyto ero orpabotky [10-21]. Kommekc 3a-
Jlay, CBSI3aHHBIN ¢ HEOOXOAUMOCTBIO TIOMCKA pelle-
HUM B pa3HBIX OOJIACTSIX NEATETLHOCTH TOPHOTO
MIPENPUSTHS, TOIpa3yMeBaeT MPUHSATHE CTPATEr -
YECKHX PEIICHUI Ha CAaMBIX PAaHHHUX CTaJMSIX OCBO-
eHust Mectoposkaenuii [8-9, 11-32, 34, 35].

[Ton KOMOMHMPOBAHHON TEXHOJIOTHEH MO-
HUMAIOT TaKOW CIOCO0 OCBOCHHUS YTOJIBHOTO Me-
CTOPOKICHHM, KOTOPBIM BKJIIOYAaeT B cebs dne-
MEHTBl HECKOJIbKUX T€0TE€XHOJIOTHM, Harmpumep
MOA3EMHOM M OTKPBITOM, a TakKe, BO3MOXKHO,
MOIBOTHOM JOOBIYM, CKBRXKHHHOMW U IPYTHX CIIO-
co00B pa3paboTku MecTopoxaeHui. [Ipu komOu-
HUPOBAaHHOW TEXHOJIOTHH Pa3pabOTKH yroJbHBIX
MECTOPOXACHUN TPEeIyCMaTPUBACTCA €IUHAS
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cxema BCKPBITHSI, TOATOTOBKH, T0OBIYHU U TIepepa-
OO0TKHM 3aracoB Ha BECh IIEPUOJI OCBOCHUS MECTO-
POX/IEHUSI Ha OCHOBE MPHUHATHIX 3apaHee 00X
TEXHOJIOTHYECKUX PEIICHHH.

O60cHOBBIBasI BAPUAHTHI BCKPBITUS MECTO-
POXAEHUS, HE0OX0AUMO KOMIIJIEKCHO YUUThIBATh
TEXHUYECKHE, OpPraHU3allMOHHbIE U SKOHOMUYE-
ckue daxropsl [34-37].

B 3aBucuMOCTH OT MNpPHUHATON CXeMbl
BCKPBITUSI MECTOPOXKICHUS ONPEACISIOT TEXHO-
JOTHYECKUE CXEMBI BEHTHIISIMH MTOI3€MHBIX BBI-
pabOTOK, CHUCTEMBI INAXTHOTO BOJOOTIMBA U
TpaHcnopra. Tak, 11t obecrieyeHus IpoBeTpUBa-
HUS TOPHBIX BBIPAOOTOK NMPH 3HAUUTENBHBIX pa3-
Mepax CUHKJIMHAJIM HWKHEW CBUTHI IUIACTOB CO-
XPpaHSIOT CIapeHHbIe BBIPAOOTKM BEPXHUX ILIa-
CTOB, OCTaBJIss NPEAOXPAHUTEIbHBIE LIETUKH I10
6optam 1 mouBe BbIpaOOTOK. IIpoBonsAT cOOMKY
STHX BBIPAOOTOK C HIYKHUMHU BEHTHIISITHOHHBIMHU
BeIpaboTkamu [34—-36].

OC0OEHHOCTBPIO BEHTHIALIMH KOMOWMHHUPO-
BaHHOW TEXHOJIOTUU SBISieTCS obOecredyeHue
ATAIHOCTU TIepexo/ia MPOBETPUBAHUS TOPHBIX
BBIPAOOTOK OT BEHTWJIATOPOB MECTHOT'O NPOBET-
pHUBaHMA MPH MOATOTOBKE M OTpabOTKe 3amacoB
BEPXHET0 MOPH30HTA K CTallMOHAPHBIM BEHTHUIIS-
TOpaMm JUIs TIPOBETPUBAHUS TOPHBIX BBIPAOOTOK
HIOKHAX TOPWU30HTOB, YCTaHABIMBAaEMBbIM Ha
(ITaHTOBBIX CKBa)KWHAX WM CTBOJIAX.
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Uccnenoanus nposBiIeHUNA TOPHOTO AaB-
JeHUs TpU KOMOMHHUPOBAHHOM pa3paboTKe
YTOJIBHBIX MECTOPOKACHUN MO3BOJISIOT MPOTHO-
3MpOBATH OMACHBIC 30HBI B MPUKOHTYPHOU 30HE
TOPHOTO MacCHBa pa3pes3a, OLEHHBAas CKOPOCTh
CMEIIEHUs TOpOJ TOJ BIMUSHUEM B3PBIBHBIX
pabor.

Ha cragum nmpoekTupoBaHMsI Ba)KHOU CTa-
HOBUTCS 337lauya ONTUMU3ALMNU TITYOHUHBI OTKPbI-
TBIX paboT, OT KOTOPOI 3aBUCAT paclpeieeHne
3aIracoB IO BHJIaM OTKPBITHIX M MOA3EMHBIX pa-
00T Ha MPOTSHKEHUU OTPAOOTKU YTOJBHOTO Me-
CTOPOXKJICHHSI, 3aTpaThl Ha PEKYJIbTUBAILUIO 3€-
MeJlb U MHOTHE APYTUe TEXHUKO-IKOHOMUYECKUE
nokasarenu. Kpureprem ONTUMHU3ALUU CIYXKUT
YUCTBIN JUCKOHTUPOBAHHBIN JJOXO/]I 32 BpeMs pa3-
paboTku MecTopokacHus [31-36].

B xauectBe mpumepa pa3BUTHA KOMOWHH-
POBAaHHOW TEXHOJOTHH pa3pabOTKH YTrOJBHBIX
MECTOPOXKICHUI B CTaTb€ pPacCMaTpPUBAIOTCS
ycnoBus MakapseBCKOro MectopokaeHus B Kys-
6acce (Poccus).

OcHOBbI KOMOMHHMPOBAHHOW  pa3pa-
0OTKM YIrOJIbHBIX MECTOPOKICHUI

Hcropudeckn CIIOKHIOCh, YTO OCHOBHBIM
CIOCOOOM JTOOBIYM YTJISI SIBIISIETCS TIOA3EMHBIM.
K cepenune XX B., korja Obuia co3iaHa MaliiHO-
CTpoHTeNbHas 06a3a I yroNbHOM MPOMBIIUICHHO-
CTH, pa3paboTaHbl MOIIHBIE SKCKaBAaTOPHI, Jpar-
JalHBI W JIPYyras TOPHAsS TEXHUKA JUISI OTKPBITHIX
paboT. DTO CcHOCOOCTBOBAJIO MOCTENEHHOMY BBI-
TECHEHHUIO MOA3EMHOr0 crocoba J00bIYN YIJIs OT-
KpBITBIM Kak Hanbonee >¢pdextuBHbIM. B HacTos-
mee BpeMsi, Hampumep, B poccuiickom Kysbacce
OTKPBITBIM CHOcOOOM J00bIBaeTcst 65 % yrist ¢
MPOU3BOIUTEIIBHOCTRIO 2—6 MJIH T B roj1 [34—36].

B mocrnenHue TpH NECATHIETHS IOA3EM-
HBIMU pa3paboTuyMKaMH OBbLIN CO3/1aHbl MEXaHU-
3UpPOBAaHHBIC KOMITJIEKCHI, CTPYTH H IPyTUE arpe-
raTel JUIS TMOJ3€MHOM JOOBIYM YTIIA, WMEIOIIUe
COIIOCTAaBUMBbIE TI0 IPOM3BOIUTENFHOCTH MTOKa3a-
TEJIM ¢ TEXHUKOM OTKPBITHIX padot ot 1,5 10 6,0
MJIH T B TOJl B 3aBUCUIMOCTH OT MOIIIHOCTH TLIa-
CTOB Y TOPHO-TEOJIOTHYECKUX YCIOBHI 3aJIeTaHuUs
YTOJIBHOTO MecTopoXkaeHus [10].

EXPLOITATION OF MINERAL RESOURCES

[Ipucymiue oTKpbITOMY CIOCO0Y HEAOCTATKH
— marnast ryouna paspadotku (100-120 m), 3arpss-
HEHHE OKpYKaIoIIel Cpeabl, BBIBOJ OONBIINX
IJIOLIA/IEN U3 3€MJIETIONb30BaHMsI, a TAKKE IIpaK-
THYECKOE OTCYTCTBHE PEKYJIbTUBAIIMH HAPYIICH-
HBIX 3eMeJIb — HE BCTPEYAIOT MOIEPKKY Hacele-
HUS MPU MOJTYYSHUH TOPHBIX OTBOJIOB, YTO BBI3bI-
BaeT COLIMAJIBbHYIO HANPSXKEHHOCTh B OOLIECTBE,
TpeOyromeM  OnaronmpusTHOM  OKpYy)Karomiei
Cpeabl ISl TPOKUBAHUS.

BrIcokasi CTOMMOCTB CTPOUTEIBCTBA YTOJIb-
HBIX IIIAXT, OMAaCHOCTh MPOU3BOJCTBA M JIPYrue
HEIOCTATKH, IPUCYILHUE MTOI36MHOMY CIIOCO0y He
MIPUBJIEKAIOT UHBECTOPOB, IOATOMY HAIIPaBIICHUE
pa3paboTKu MEeCTOPOXKICHUI KOMOWHUPOBAH-
HBIM CIIOCOOOM SIBIISIETCS] IEPCIIEKTUBHBIM.

[Iupokoe pacnpocTpaHeHUE KOMOMHHPO-
BaHHBIC TEXHOJOTHH MOJYYHIIU MPU pa3paboTKe
PYZHBIX MECTOPOXACHUN, HO B YIOJBHOH IpO-
MBIIIUIEHHOCTH 1MOI00HAsT TEXHOJIOTUSI TIPUMEHS-
eTcs €AMHUYHBIX CIIydasix, B OCHOBHOM NpHU JO-
paboTke 3amacoB B 6opTax pa3pe3oB. Kommekc-
HOE OCBOEHHE YTOJIbHBIX MECTOPOXKIACHHH KOM-
OMHMPOBAHHBIMU TEXHOJOTHSIMH B  YTOJBHOM
MIPOMBIIIIEHHOCTH HE MPOBOAUIIOCH.

Oco6eHHOCTh KOMOMHHUPOBAHHOM TEXHOJIO-
THH 3aKTI0YaeTcs JOPMUPOBAHUU €MHOTO TEX-
HOJIOTHYECKOTO TIPOCTPAHCTBA YYACTKOB HJTH ATa-
MOB C pa3HBIMH TEOTEXHOJIOTHUSIMH, HaIpUMep
pa3pe3a W MIAXTHI, HAXOMASAILIMXCS B HEIOCpEa-
CTBEHHOM OJM30CTH, B3aMMOBIIMSHUS pa3pe3a U
maxTsl [36].

AHanu3 CyIecTBYIOMIUX CIIOCOOOB KOMOU-
HUPOBAHHOH pa3pabOTKH YTOJBHBIX MECTOPOX-
JICHUH JEMOHCTPHPYET, YTO TEXHOJOTHYECKHE
peleH s, TEXHUYECKHE CPEICTBA U TIOIX OBl IPH
BCKPBITUH U MTOJITOTOBKE MECTOPOKIACHHUS, CO3/1a-
HUE CHCTEM BOJOOTIMBA M MPOBETPUBAHUS TOP-
HBIX BBIPAOOTOK, HEMOCPEJICTBEHHO J100BIUM
yIJIs, @ TaKKe UCHOJb3yeMble MPU BHIOJIHEHUU
MIPOU3BOJICTBEHHBIX IIPOLIECCOB U  ONEpaluid,
OCTAlOTCsl aHAJOTMYHBIMU MPU peau3aliy OT-
KPBITOM ¥ TMOJ3EMHON TOOBIYH.

BckpeITHE YTOIEHOTO MECTOPOKICHHS TIPU
KOMOWHUPOBAaHHON TEXHOJIOTUH XapaKTepH3y-
€TCsl CIIeNYIOIUMHA OCOOCHHOCTSMH:
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— HaJIM4YKMe MPOCTPAHCTB OTKPBITHIX U MOJ-
3€MHBIX TOPHBIX PaboT;

— YBEJIMYECHHBIE DPa3Mepbl 30H HapyULICH-
HBIX, BOBJIEKAaEMBbIX B Ipouecc AeGopMupoBaHus
MaccHBa 0] BIMSHUEM FOPHBIX padoT;

— 3aBHCHUMOCTH PaclpeIeiICHUs 3a11acoB 110
croco0aMm pa3pabOTKH OT HPUHATOrO MOPSIKA
OCBOCHHSI MECTOPOKaAcHUS [37-45].

[Ipy KOMIUIEKCHOM OCBOEHHUHM 3aIlacoB
YTOJIbHBIX MECTOPOXKICHUH KOMOMHUPOBAHHBIMU
TEXHOJIOTUSIMU ITPOEKTHBIE PEIIECHUS JIOJIKHbI
OBITH TAPMOHU3HUPOBAHBI CO CIOCOOAMHM, CHCTe-
MaMH pa3pabOTKU ¥ BHIEMKH YTJIsI, B TOM YHCJIE:

— pa3MelleHle BCKPBIBAIOLINX BbIPaOOTOK
C YYETOM MEpPCHEKTHB Pa3BUTHS TOPHBIX PadoOT,
pas3pesa W MIAaXThl ¢ TOYKH 3PEHUS UX (PYHKIHO-
HUPOBAHMUSA Ha BCEX JTamax pa3paboOTKH MECTO-
POXICHUS C YUETOM YTJIOB MAJCHUS TUIACTOB;

— 000CHOBaHHE MTAPaMETPOB TEXHOIOTHYEC-
CKMX CXEM COBMECTHOTO BOJOOTJIHBA, TPAaHC-
NOPTa ¥ BEHTWISALINY;

— 0o00ocHOBaHME TIJyOMHBI paspes3a, 4YTO
o0ecrieynBaeT CHUKECHUE 3aTPaT Ha PEKyIbTHBA-
LIUIO 3€MEJIb, COKpAIEHUE CpOKa IKCIUTyaTalluu
NPEIPHUSTHS,

— 0o0ocHOBaHME 0€30IacHOr0 PACCTOSIHUS
yX0/JIa OTKPBITHIX pa0dOT OT MOA3EMHBIX, YTO T103-
BOJISIET COBMECTUTH BO BPEMEHH OTKPHITHIE, TO/I-
3eMHBIC ¥ PEKYJIbTHBAIMOHHBIE pabOTHI, pasjie-
JIMB UX B IPOCTPAHCTBE.

BcekpbiTHE YIOJBHBIX MECTOPOXKICHUM
NpH KOMOMHMPOBAaHHOM cHcTeMe pa3padoTku

MecToposkeHHs B 3aBUCIMOCTH OT THIICO-
METPUH MPUHIUTHAIEHO MOTYT OBITh BCKPBITHI
TpeMsi KOMOMHHUPOBAHHBIMU CIOCOOAaMHU, Mpen-
CTaBIICHHBIMH Ha puc. 1-3.

KomrmiekcHast pa3paboTka CBUT TOJIOTHX,
HAKJIOHHBIX U KPYTBIX IUIACTOB MECTOPOXKIECHUS
BKJTIIOYAET B ceOsl:

— BCKPBITHE IUIACTOB MPOJOJIBHON pa3pes-
HOM TpaHIIeel 1Mo MPOCTUPAHUIO U UX OTPabOTKY;

EXPLOITATION OF MINERAL RESOURCES

— BCKPBITHE U TIOJArOTOBKY IUIACTOB MOJ-
36MHBIMU TOPHBIMH BBIpaOOTKaMH M HMX OTpa-
0OTKY;

— PEKYJIBTUBALIUIO OTKPHITHIX TOPHBIX BbI-
paboToK;

— 0TpabOTKy MOIIHOTO IJIACTa A0 TPAHULIBI
TOPHOT'O OTBOJIA;

— BCKPBITHE HIKEJIEKAMX IUIACTOB J10-
MOJIHUTEJIbHOW pa3pe3Hoi TpaHiiee u (Win)
LITOJIBHSAMHU CO JHA Pa3pe3HON TpaHILEH MOIL-
Horo 1iacta [34-37, 43].

PexynbpTUBAINIO OTKPBITHIX TOPHBIX BBIpa-
OO0TOK MPOU3BOJIAT MOATAIHO IIyTEM BO3BpaTa B
00paTHOM MOPSIKE BCKPBIIIHBIX TTOPOJI U TUIOA0-
POTHOTO CJOSl TMOCJE BBIMOJIAKUBAHUS OOPTOB
pa3pe3Hoil TpaHIllen 0 Mepe OTPAOOTKU MECTO-
POXKICHUS.

KomrunekcHplii crioco0d pa3paOoTKH CBUT
IJIACTOB AHTUKIIMHAIBHBIX MECTOPOXKIACHHI 3a-
KIIFOUAEeTCs B CIEAYIOLIEM:

— BCKPBITHE IUIACTOB IIPOBOJAST pa3pe3HOil
TpaHIleell Mo JMHUU Neperuda aHTUKIMHAIN J10
TIIyOUHBI 3aJIeTaHUs HIDKHETO T1acTa;

— BCKPBITUE CBHUTHI IUIACTOB OCYIIECTB-
JSI0T 10 00€ CTOPOHBI AHTUKJIMHAIM CHApeH-
HBIMU HAaKJIOHHBIMHU CTBOJIAMH, TIPOBOJMMBIMH U3
pa3pe3Hoil TpaHILIen IO IUIACTaM;

— IpU OTPAOOTKE MJIACTOB MOA3EMHBIM CIIO-
co0OM HCIONB3YIOT MaHEIbHYIO U (UJIM) IOrOpH-
30HTHYIO (IIpY MOJIOTOM 3aJ€TaHUM IUIACTOB),
STAXHYIO U MOA3TAaXHYIO (IIPH KPyTOM 3ajera-
HUU IJIACTOB) CUCTEMBI pa3pabOTKH C MEXaHU3H-
POBaHHOW BBIEMKOM yIJIg Ha MOJOTHX M TMIpPaB-
JUYECKON  (MJIM) CJI0€BOM MEXaHW3MPOBAHHOMN
Ha KpYTBIX IUIaCTaX C MOJHBIM OOpyIIEHUEM
KpOBJIH;

— BOJIOCOOPHUKH IIIAXTHOTO BOJIOOTJIMBA
o0ycTpauBaroT B HIPKHUX TOYKaxX CTBOJIOB 1O 00e
CTOPOHBI AHTUKJIMHAIM W OCHAIAIOT YCTPOii-
CTBaMH JUIsl 00€3BOXKMBAHMS TOPHOM MaccChl MPH
TUApPaBINYECKOd W (WIM) MeXaHOTHApaBINyYe-
CKOi BbleMKe yriist [41-42].
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Puc. 1. KomniekcHslii cioco6 pa3padoTKH CBUT MOJOTHX U KPYTHIX IJIACTOB MECTOPOKIEHHUS:
1 — pa3pesHast TpaHies; 2 — JOTMOJIHUTENIbHAS pa3pe3Hasl TpaHIes:; 3 — LITOJbHS;
4 — xOpeHHBIE MTOPOJIBI; 5 — HAHOCHKI; 6 — MIOAOPOAHBIN CIIOMH

Fig. 1. Complex method for extraction of gently sloping and steeply dipping coal seams of the deposit:
1 —working trench; 2 — additional working trench; 3 — adit; 4 — bedrock; 5 — sediment; 6 — fertile soil layer

KommekcHblit cioco6 pa3pabOTKH CBUT
MOJIOTHX TJIACTOB CUHKJIMHAJIBHBIX M OpaxuCHH-
KJIMHAJIBHBIX MECTOPOXKICHUN BKIIOYAET B ceOst
pa3paboTKy CUHKJIMHAIBHOTO U (WIK) OpaXxUCHH-
KJIMHAJIBHOT'O MECTOPOKIeHus. BCkpbiTHe 1 noj-
TOTOBKY CBUTHI IIJIACTOB IPOBOJAT IBYMS pa3pes-
HBIMHU TpPAHILIESMHU 1 COUBAIOT CIIAPEHHBIMHU IO/
36eMHBIMH TOPHBIMU BbIpaOOTKaMHu. BbipaboTku
IPOBOASATCS MO IUIACTaM 4Y€pe3 HUKHUE TOYKH
MYJIbJI CHHKJIMHAJIEH TUTacTOB U (WUJK) OJIM3KO K
HUM. [[7151 ynmydiieHus npoBeTpUBaHUs, TOCTaBKU
MaTepuajoB U IMepernycka IIaxTHOro MPUTOKA B
HIKHIOIO TOYKY MOCJEAHEro IJjacTa MPOXOIsT

EXPLOITATION OF MINERAL RESOURCES

JIOTIOJTHUTEIIbHBIE BHIPAOOTKU MM OypsT CHelHu-
aIbHBIE CKBAXUHBI [42].

[ToAroToBKYy IUIACTOB OCYILECTBISIOT IO
TOPU30HTHOM U (MJIM) MAaHEIbHOUW CXeMme, OTpa-
OO0TKY IJIaCTOB MOJ3EMHBIM CIOCOOOM BenyT
JUIMHHBIMU CcTOJI0aMU. B 3aBUCHMMOCTH OT yria
NaJIeHUs IO IPOCTUPAHUIO U (WIIN) TaJICHUIO Me-
XaHU3UPOBAHHBIM CIIOCOOOM C MOJIHBIM 00pyIIIe-
HUEM KpOBJIH. BeleMKy yTiIs B 30HaX HapylIeHUH,
MPEIOXPaHUTEIBHBIX 1 OaphEPHBIX IEITHUKAX IPO-
W3BOIST KOPOTKAMH 33a00SMH MEXaHUYECKUM,
MEXaHOTHIPaBINYECKUM U (WJIM) TUApaBInYe-
CKHM CIIOCOOaMH.
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Puc. 2. KomniekcHblii cnocod pa3padoTKy CBUT IJIACTOB AHTHKJINHAJILHBIX MECTOPOKIEHHIi:
1 — npoznonbHas pazpesHas TpaHies; 2, 3, 4 — mwiacThl yrisi; 5 — cnapeHHbIe HAKJIOHHBIE CTBOJIbI; 6 — BEpXHHIA IJ1acT
(TIpu KpyTOM NaJeHny); 7 — HIKHUH Tu1acT (IpH KpyToM najieHnn); 8 — cooliku; 9 — KkBepIuiar;
10 — BOJJOCOOPHUK MIAXTHOTO BOJIOOTIINBA

Fig. 2. Complex method for extraction of coal seams of anticlinal deposits:
1 — longitudinal working trench; 2, 3, 4 — coal seams; 5 — paired incline shafts; 6 — upper seam (at steep dip); 7 — lower seam
(at steep dip); 8 — cross headings; 9 — cross drift; 10 — mine drainage drain sump

EXPLOITATION OF MINERAL RESOURCES
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Puc. 3. KomniekcHblii cniocod pa3padoTKu CBUT MOJIOTMX IJIACTOB CUHKJIMHAJIBHBIX U OPaXUCHHKJIMHAJIBHBIX
MeCTOPOKAEHUI:
1, 2 — pa3pesHsie Tpanien; 3, 4, 5 — cmapeHHBIE TOI3eMHBIC TOPHBIC BRIPAOOTKH;
6 — HIDKHAA TOYKA CHHKIMHAIH TUIACTOB; 7, 8 — ckBakuHEI;, 9 — BomocOopHuk; 10, 11 — BEeHTHIIAIIMOHHBIE BRIPAOOTKH

Fig. 3. Complex method for extraction of gently sloping coal seams of synclinal and brachysynclinal deposits:
1, 2 — working trenches; 3, 4, 5 — paired underground mine workings; 6 — lower point of the seam syncline;
7, 8 — boreholes; 9 — drain sump; 10, 11 — air courses

Jns obecrieyeHus MPOBETPUBAHMS IpU B 3aBucuMoCTM OT NPHUHATOH CXEMBI
OOJBIINX pa3Mepax CUHKIMHAIN HUKHHUX IUTa- BCKPBITHSI MECTOPOKICHUSI TPUHUMAIOTCS TEX-
CTOB CIapeHHbIE BBIPAOOTKU BEPXHUX IIACTOB HOJIOTHUYECKHE CXEMBI IPOBETPUBAHUS NOA3EM-
COXpAHSIOT MYTEM OCTAaBJIEHHUS MPEIOXpaHU- HBIX BBIPaOOTOK, IIAXTHOTO BOJOOTJIMBA H
TeJIbHBIX LEIUKOB [0 OOPTaM U MOYBE BbIPabO- TpaHCIIOpTa.

TOK, COMBAIOT UX C HIKHUMHU BEHTHJISIIMOH- CxeMbl MPOBETPUBAHUS NMPU KOMOHMHHMPO-
HBIMU BBIpaOOTKaMM U HUCMOJIb3YIOT Kak (iaH- BaHHOM croco0e pa3pabOTKH MECTOPOXKIEHUI
TOBBIC BEHTHJISIIMOHHBIC CTBOJIBI [48—53]. [35, 52-53] npencrasnensl Ha puc. 4—6.

Cucrembl NpoBeTPUBAHUSA NMOA3EMHBIX
BbIPa0OTOK NPU KOMOMHHPOBAHHOI cucTeMe
Pa3padoTKH YroJbHbIX MECTOPOXKACHUH

EXPLOITATION OF MINERAL RESOURCES




ISSN 2500-0632 (ON-LINE)

I % MINING SCIENCE MISIS
AND TECHNOLOGY (RUSS|A) 2020;4(4):230-250 National University of
GORNYE NAUKI | TEHNOLOGII Science and Technology

Puc. 4. BeHTuasinus noa3eMHbIX TOPHBIX BHIPA00TOK NPH KOMOMHUPOBAHHOM cIOco0e pa3padoTKH MeCTOPOIK-
AEeHUH MOJI0TUX, HAKJIOHHBIX M KPYTHIX IJIACTOB YIJIA:
1 — pa3pe3 (oTKpbITBIE paboOTHI); 2 — mIaxTa (TIOA3EMHBIE PadOTHI); 3 — TOPHBIE BHIPaOOTKH;
4 — BcrIOMOTaTENNBHBIA BEHTWIATOP; 5 — BEHTHIISILIMOHHBIE BBIPAOOTKH; 6 — BEHTUIIATOP IVIABHOTO NIPOBETPHUBAHUS;
7 — BEHTWISILIMOHHBIN cTBOJ (ckBaxkuHa); 8, 10 — rpanuna ropHoro otBoaa; 9 — pacupenenuTensHas kamepa

Fig. 4. Aerage of underground mine workings for the combined method for extraction
of gently sloping and steeply dipping coal seams of the deposit:
1 — opencast coal mine (open-casting); 2 — underground mine (underground mining); 3 — mine workings; 4 — auxiliary fan;
5 —air courses; 6 — main fan; 7 — air shaft (borehole); 8, 10 — mining lease boundary; 9 — air plenum

Puc. 5. BenTuisinusi mox3eMHBIX TOPHBIX BBLIPA00OTOK MPH KOMOHMHIPOBAHHOM CII0C00€ pa3padoTKH aHTHKJIA-
HAJIBHBIX YTOJbHBIX MECTOPOK/IEHHUIA:
1 — pa3pe3 (OTKpBITEIE PaboThI); 2 — mIaxTa (TIOA3EMHBIE Pa0OTHI); 3 — TOPHBIE BHIPAOOTKH;
4 — BCIIOMOTaTeNbHBINA BEHTHISTOP; 5 — BEHTHSIIIMOHHBIE BRIPAOOTKH; 6 — BEHTUIIATOP [JIABHOTO TIPOBETPHBAHMUSL,
7 — BEHTHIIIIUOHHBIH cTBOI (ckBaxkuHa); 8, 10 — rpaHuIa rOpHOTO O0TBOA; 9 — pacnpeennuTeNbHAs Kamepa

Fig. 5. Aerage of underground mine workings for the combined method for extraction
of coal seams of anticlinal deposits:
1 — opencast coal mine (open-casting); 2 — underground mine (underground mining); 3 — mine workings; 4 — auxiliary fan;
5 —air courses; 6 — main fan; 7 — air shaft (borehole); 8, 10 — mining lease boundary; 9 — air plenum

Puc. 6. BenTnisinys 1moA3eMHbBIX TOPHBIX BHIPA00TOK NIPH KOMOMHHUPOBAHHOM €I0C00e pa3padoTKH CHHKJIU-
HAJBHBIX YIrOJbHBIX MCCTOpOﬂC}IeHHﬁ:
1 — pa3spe3 (oTKpBITHIE PabOTHI); 2 — maxTa (M0A3eMHbIe paboThI); 3 — TOPHBIE BBIPAOOTKH;
4 — BcrioMOTraTeNbHbIH BEHTHISITOP; 5 — BEHTHILSIIIMOHHBIE BRIPA0OTKH; 6 — BEHTWIIATOP IJIABHOTO TIPOBETPHBAHUSL;
7 — BEHTHIIHOHHBIN ¢TBOJ (CKBakuHa); 8, 10 — rpaHuIia ropHOro 0TBOAA; 9 — pacnpeaeauTenbHas Kamepa
Fig. 6. Aerage of underground mine workings for the combined method for extraction of coal seams
of synclinal deposits:
1 — opencast coal mine (open-casting); 2 — underground mine (underground mining); 3 — mine workings; 4 — auxiliary fan;
5 — air courses; 6 — main fan; 7 — air shaft (borehole); 8, 10 — mining lease boundary; 9 — air plenum

EXPLOITATION OF MINERAL RESOURCES
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OcoOEHHOCTSIMH BEHTHJISIIIUM TIPH KOMOH-
HUPOBAHHOUN TEXHOJIOTUU SIBJISIOTCS ITAIlbI TIepe-
X0JIa TIPOBETPUBAHUS OT BEHTUIISITOPOB MECTHOTO
MPOBETPUBAHMSI PU MOJTOTOBKE U OTpabOTKE 3a-
MaCOB BEPXHEro FOPU30HTA K CTAI[MOHAPHBIM JIJIs
MIPOBETPUBAHUS TOPHBIX BHIPAOOTOK HIKHUX T'O-
PU30HTOB, YCTaHABIMBACMbIM Ha (DJIAHTOBBIX
CKBa)XMHAX WUJIM CTBOJIAX.

CtBOJIBI (CKBQ)KHHBI) MPOXOIATCS PAIOM C
BOJIOOTJIMBHBIMH BBIPA0OTKaMH, KOTOpBIE HAXO-
IATCS HIXKE OCHOBHBIX Ha 5—10 M, T1ie o0ycTpaun-
BaeTCs pacmpeenuTeNbHas kKaMepa, obecrneunBa-
Iol1asi ¢ MOMOIIBIO MEpeMbIueK, cOOeK pazgady
BO3/lyXa B OCHOBHBIC BBIPaOOTKH. Mcxomsmas
CTpys BBIOpachIBaeTCs B pabouyro 30HY paspesa.

[Ipu mpoBeTpUBAaHUHM TOPHBIX BBIPAOOTOK
cienyeT coOIroaaTh CleayoIIre IpaBuia.

1. Heo6xoaumMo pacronaraTh IJ1aBHYIO BEH-
THWISAIIMOHHYIO YCTAHOBKY BHE 30HBI BJIMSHUS aT-
Moctepsl paspesa. LlenecooOpa3Ho ucmonb3oBa-
HHUE BO3yXOIMOJAIONINX CKBAXHUH (TaK KaK CKO-
pPOCTh BO3IyXa HE OrpaHndeHa TpeOOBAHUSAMHU
npaBu 6€30IaCHOCTH), KOTOPBIE CHUYKAIOT DHJI0-
TeHHYIO M0’KapOOINacHOCTh IJIaCTOB, CKIIOHHBIX K
CaMOBO3TOPaHHUIO.

2. IIpu POEKTHPOBAHUU BEHTIIISAIIUH ClIe-
nIyeT obecrieunBaTh OpeMcOEpProByr0 CXemy IMpo-
BETPUBAHUS CBEXKEH cTpyel Bo3ayxa ¢ mojaueit
€ro B HUKHIOIO TOYKY IIAXTHOTO MOJIS.

3. Ilpu pa3meneHny rIT1aBHON BEHTUIISIIIMOH-
HOW YCTaHOBKH B OTKPBITBIX TOPHBIX BBIPAOOTKAX
ee CIeAyeT MaKCHUMaJbHO YIAIATh OT OTKPBITHIX
TOPHBIX paboT, a MECTO YCTAHOBKU JIONIKHO OBITh
BBIOPAHO C Y4E€TOM PO3BI BETPOB U KIIMMATHYECKUX
YCJIOBH pailOHa CTPOUTEIBCTBA.

4. Heo6x0a1uMo OCYIIECTBISITh MOHUTOPUHT
[IMPUHBI [IEJHKA MEXIY OTKPHITHIMU M TOJA3EM-
HBIMH TOPHBIMH pPa0OTaMH 10 YCIIOBHIO a3pOJTUHA-
MHYECKOW MTPOHUIIAEMOCTH.

5. Ilpu mpoeKTUpOBaHUM BEHTUJISIMU CIie-
IyeT y4eCTh BO3MOKHOCTh HAIPaBIICHUS UCXO/IS-
el CTpyM BO3yXa W3 IIAXTHI U MPOBETPHBA-
HUSI BBIPAa0OTaHHOTO MPOCTPAHCTBA pa3pe3a U Co-
3aHUs] ONArOMPHUSATHBIX adPOJIOTUYECKHX YCIIO-
BUH B paboueii 30He pazpesa.

CucreMbl IMIAXTHOTO BOJ0OOTJIHBA NPH
KOMOMHHPOBAHHOI TEeXHOJIOTUM Pa3padoTKu
YIoJIbHBIX MECTOPOXKICHU I

EXPLOITATION OF MINERAL RESOURCES

CxeMBbl IIAXTHOTO BOAOOTJIMBA IIPU paspa-
0OO0TKE yroJbHBIX MECTOPOXKACHUIA TIPEICTABICHBI
Ha puc. 7-9.

[IIaxTHBIN BOJOOTIIMB IIPHU Pa3pabOTKeE Mo-
JIOTUX U KPYTBIX IJIACTOB YTOJBHBIX MECTOPOXK-
nenunit [49, 51] 3akmmouaercs B OpraHu3aliuu mnoji-
3€MHBIX BOJAOCOOPHUKOB, Pa3MEIICHHBIX HA HIX-
HUX TOPU30HTAX TOPHBIX BBIPabOTOK. B 3TN BOI0-
COOPHHMKHU CaMOTEKOM MOCTYMAIOT MPUTOKH MO/~
3€MHBIX IIAXTHBIX BOJI U3 CTOYHBIX KaHAJIOB MO/~
36MHBIX TOPHBIX BBIPAOOTOK dYepe3 MOJ3EMHbBIE
KOMIUJIEKCHI TMPEIBAPUTEIHLHON OUMCTKH BOJBI,
KOTOpBI€ CIYKaT JJIsl OTACJICHUS] KPYIHBIX U
B3BEUICHHBIX YacTull. HacocHble yCTaHOBKM Ja-
Jiee Mo/Ial0T BOAY B BOJOCOOPHUK, PACIIONIOKEH-
HbI Ha HW)XXHEM TOPU30HTE pa3pes3a, IZle OHU
CMEUIMBAIOTCS € MIAXTHBIM IPUTOKOM OTKPBITBIX
TOPHBIX BBIPAOOTOK, U HACOCHBIMU YCTAaHOBKAMH,
pacrnosoKeHHbIMU Ha OOpTax pa3pesa WiM I1aBa-
IOLLIEM IOHTOHE, BOJA Jlajee IOJAeTCsl B KOM-
TUIEKC TIyOOKOM OYMCTKM Ha MOBEPXHOCTH, OT-
KyZla OHa IOCJIe OYUCTKH M 00e33apaKMBaHUs C
WCIIOJIb30BAHUEM MEXAHUYECKUX, (PU3NUECKUX U
XUMHYECKHUX CIIOCOOOB CTEKaeT B MOBEPXHOCT-
HBII BOJOCOOPHHUK U MTOCTIE OTCTOS cOpachIBaeTCs
BO BHEILIHUE BOJOEMBI.

[Ton3emHBII KOMIUIEKC NPEABAPUTEIBHOU
OYUCTKHA BOJABI, HMEIOIIUNA 00€3BOKUBAIOIINIA
KOHBeilep 1 Habop yCTPOMCTB OUUCTKHU BOJbI, pac-
roJjlaraeTcsl rnepej MOoA3€MHBIM BOJIOCOOPHUKOM,
KOTOPBIN Pa30UT Ha YEThIpEe CEKIIUU BOJOHENPO-
HULIaeMbIMHU niepeMblukamu. [lepBas mepembluka
MO3BOJISIET MEpPENnycKaTh BOAY Yy JIHA KOMILIEKCA,
BCE IOCIIEAYIOUIME CIIYKAT PA3AEIUTENISAMU CEK-
UMH, TOE pacmojararoTcsi MOCIEeI0BaTEIbHO
YCTPOMCTBA OYMCTKA BOJBI: TOHKOCJIOWHBIN
OCBETJIUTEINb BOJIbI TUIIA «OKAJIFO3W» JUISI UHTEHCHU-
(buKanKu OCa)XICHUS B3BEIICHHBIX YACTHII, TIPO-
JIOJIbHbIE TOHKOCJIOMHBIE OCBETIUTENN BOJBI JJIs
OCAKIEHUS] TOHKOAMCIIEPCHBIX YACTHI]; YCTPOM-
CTBO HMeKkTpodusndeckoir obpadotku. Ilomzem-
HBII BOIOCOOPHUK UMEET (PyTepOBaHHOE CKOJIb3S-
UMM B BOJIE€ MaTepuajoM (pe3uHOH, MIACTUKOM
Y Jp.) AHO, YKIIOH KoToporo 6onee 0,03 B cTopoHy
BCACBIBAIOLINX KOJIJIEKTOPOB.
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Puc. 7. TexHosioruyeckas cxeMa IMIAXTHOT'0 BOAOOT/IMBA NMPH KOMOMHUPOBAHHON pa3padoTke
MOJIOTUX H KPYTHIX IUIACTOB YIOJbHBIX MECTOPOKICHHUIA:
1 — pa3pe3 (OTKpBITEIE PaboTHI); 2 — mIaxTa (TIOA3EMHBIE Pa0OTHI); 3 — MOA3EMHBIN BOZOCOOPHUK; 4 — KOMIUIEKC IPEIBAPHUTEIb-
HOMW OYMCTKHU BOJBI; 5 — BOJOCOOPHUK pa3pe3a; 6 — HaCOCHbIE YCTAaHOBKH IAaXThl; / — HACOCHBIE YCTAHOBKH pa3pe3a;
8 — TpyOonpoBoI; 9 — KOMILIEKC ITyOOKON OYHCTKU BOBI; 10 — BOMOCOOPHHK HA MTOBEPXHOCTH

Fig. 7. Mine drainage flow sheet for the combined method for extraction
of gently sloping and steeply dipping coal seams of deposits.
1 — opencast coal mine (open-casting); 2 — underground mine (underground mining); 3 — underground drain sump;
4 — preliminary water treatment facility; 5 — opencast coal mine drain sump; 6 — underground mine pumps; 7— opencast coal
mine pumps; 8 — pipeline; 9 — water fining facility; 10 — drain sump on the surface

Pabora TEXHOJIIOTMYECKOM CXEMBbl IaXT-
HOT'0 BOJIOOTJIMBA NP KOMOMHHUPOBAHHOM pa3pa-
00TKE aHTUKJIMHAJIBHBIX YTOJIBHBIX MECTOPOXK/IE-
HUH 3aKJII0YAcTCA B CICAYIOLIEM:

— [OJI3€MHBIE BOJOCOOPHUKH OOOMX KpBbI-
JIbEB AHTUKJIMHAJIBHOTO 3aJIETaHts YIJIs pa3Mela-
IOTCSI Ha HW)KHUX TOPU30HTAX FOPHBIX BEIPa0OTOK;

— NIPUTOKHU TOA3EMHBIX IIAXTHBIX BOJ W3
CTOYHBIX KaHAJIOB IOJI3EMHBIX T'OPHBIX BBIpa0O-
TOK MOCTYHAalOT 4Yepe3 KOMIUIEKCHl INpeaBapu-
TCIbHON OYHCTKH;

— HACOCHBIMU yCTAaHOBKaMU IMPUTOKHU TOJ-
3eMHBIX HIAXTHBIX BOJ BBIIAIOTCS B BOAOCOOp-
HUK, PaclOJIOXEHHBIH HAa HWXKHEM TOpPU30HTE
paspesa, I OHU CMEIINBAIOTCA C IaXTHBIM IIPU-
TOKOM OTKPBITBIX TOPHBIX BBIPA0OTOK;

— HACOCHBIMU YCTAaHOBKAaMH, PacIOJI0KEH-
HBIMH Ha OopTax pa3pes3a WM IJIaBaloleM IOH-
TOHE, IPUTOKH BBIAAIOTCS B KOMIUIEKC TITyOOKHUI
OUYHCTKH BOJIbI HA MTOBEPXHOCTH, OTKY/la OHA I10-
CJIe OYUCTKHU M 00€33apa’kiBaHUs BbIIaeTCs B I10-
BEPXHOCTHBI BOJOCOOPHUK M TIOCIE OTCTOS
cOpacbIBaeTcsi BO BHEIIHHE BOJJOEMBI.

TexHonornueckas cxema IIaxTHOIO BOJO-
OTJIMBA MPHU pa3pabOTKe CUHKIMHAIBHBIX YIOJb-
HBIX MECTOPOXJECHUN OTIMYaeTcs TEeM, 4TO B

EXPLOITATION OF MINERAL RESOURCES

MOJI3EMHBIA  BOJOCOOPHHK, pa3MCIICHHBIA Ha
HIOKHEM TOPH30HTE TOCIIEAHEr0 OTpadarhiBae-
MOTO I1aCTa B MYJIbJAC CUHKIIMHAJIBHOI'O MECTO-
POXIICHHUS, CAMOTEKOM ITOCTYIAIOT IPUTOKHU MO~
3EMHBIX IAXTHBIX BOJ U3 CTOYHBIX KaHAJIOB ITOJI-
36MHBIX TOPHBIX BBIPAOOTOK Yepe3 KOMILIEKC
MpeBapuTeIbHON 0UuCTKH. C BEpXHUX TOPU30H-
TOB IIAXTHBIC TPUTOKH TEPEITYCKAIOTCS 110 CKBa-
KHHE, MPOOYPEHHOU B MYJIbJIe CHHKIMHAIHHOTO
MecTopokacHus. Jlajiee IIaXTHbIE MPUTOKU
HAaCOCHBIMH YCTAaHOBKAaMH BBIJAIOTCA ABYMS I10-
TOKaMH B BOJIOCOOPHHMKH, PAaCIIOJIOKCHHBIC Ha
HWKHHAX TOPU30HTAaX Pa3pe3HbIX TPAHIICH,
BCKPBIBAIOMIUX BBIXO/BI IIJIACTOB, IO HAHOCHI Ha
IIPOTUBOIIOJIOKHBIX CTOPOHAX MCECTOPOXKIACHUA,
IJIc OHH CMEIIUBAIOTCS C IIAXTHBIMH MPUTOKAMHU
OTKPBITBIX TOPHBIX BBIPAOOTOK W HACOCHBIMHU
YCTaHOBKaMHM, pacCliOJIOKCHHBIMHA Ha 60pTax pas-
PE3HBIX TpaHHIeI\/’I HWIJIN IUJIaBAOIMUX ITOHTOHAX.
[Mocne ouncTku 1 00e33apakuBaHus C UCTIOJIB30-
BaHUEM MEXaHMYCCKHX, PU3UUCCKUX U XHUMHUYC-
CKHX CIIOCO0OB MIaXTHBIE IMPUTOKU CTCKAIOT B I10-
BEPXHOCTHBIC BOJOCOOPHHKH, a TIOCIE OTCTOS
cOpachIBarOTCs BO BHEIITHKE BO1oeMbl [48—53].
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Puc. 8. TexHosioruyeckasi cxeMa MIAXTHOT'0 BOJOOTJIMBA MPH KOMOMHMPOBAHHOI pa3padoTKe aHTHKJIMHAJIBLHOTO
YIOJIbHOTO MECTOPOKIEHUSI:
1 — pa3pe3 (OTKpBITBIE PaboThI); 2 — mIaxTa (IOA3EMHBIe Pa0OTHI); 3 — MO3EMHBIN BOZOCOOPHUK; 4 — KOMIUIEKC MPEIBAPUTEIb-
HOW OYMCTKH BOJIbI; 5 — BOJOCOOPHUK pa3pesa; 6 — HACOCHBIE YCTaHOBKH IIaxThl; / — HACOCHBIE YCTAHOBKH pa3pesa; 8 — Tpy-
6ompoBoj; 9 — KoMILIeKe TTy00KO#H 0uncTKU BoAabl; 10 — BogocOOpHUK Ha IIOBEPXHOCTH;

Fig. 8. Mine drainage flow sheet for the combined method for extraction of coal seams of anticlinal deposit:
1 — opencast coal mine (open-casting); 2 — underground mine (underground mining); 3 — underground drain sump;
4 — preliminary water treatment facility; 5 — opencast coal mine drain sump; 6 — underground mine pumps; 7— opencast coal
mine pumps; 8 — pipeline; 9 — water fining facility; 10 — drain sump on the surface

EXPLOITATION OF MINERAL RESOURCES
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Puc. 9. Texnonoruyeckasi cxeMa IIaXTHOTO BOJOOT/IMBA NPH KOMOUHHPOBAHHOM CIIOc00e pa3padoTKi CHHKJINHAJb-
HOT'0 YTOJILHOTO MECTOPOKIEHUSI:
1 — pa3pe3Has TpaHIIes Ha BBIXOJaX IJIACTOB; 2 — LIaXTa C MOA3EMHBIMH TOPHBIMHU BBIpAO0OTKaMu; 3 — MOJ3eMHBIN BOIOCOOD-
HUK; 4 — MOJJ3eMHBIN KOMIUIEKC NPeIBAPUTEIbHON OYUCTKH BOJbI; 5 — BOZOCOOPHUK pa3pe3Hoi TpaHIew; 6 — HacOCHbIE ycTa-
HOBKH IIaxThl; 7/ — HACOCHBIE YCTAHOBKH pa3pe3a; 8 — TpybonpoBo; 9 — KoMIuieke riry0okoit ounctku Boasl; 10 — BomocOop-
HUK Ha moBepxHOCcTH; 11 — ckBakuHa

Fig. 9. Mine drainage flow sheet for the combined method for extraction of coal seams of synclinal deposit:
1 —working trench at seam outcrops; 2 — underground mine with underground workings; 3 — underground drain sump;
4 — preliminary water treatment facility; 5 — working trench drain sump; 6 — underground mine pumps; 7— opencast coal mine
pumps; 8 — pipeline; 9 — water fining facility; 10 — drain sump on the surface; 11 — borehole
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Puc. 10. HOMOFpaMMa AJIA onpeaeJIeHUus nmpejaeiaa OCTATOYHOM MPOYHOCTH MMOpoA
MpU C)KATHUHU OT CKOPOCTH ceiicMHYeCKHMX cMelleHuit nopoa

Fig. 10. Nomogram for determining the limit of residual rock strength
under compression from the speed of rock seismic displacements

EXPLOITATION OF MINERAL RESOURCES




ISSN 2500-0632 (ON-LINE)

I % MINING SCIENCE

AND TECHNOLOGY (RUSSIA)

GORNYE NAUKI | TEHNOLOGII

2020;4(4):230-250 MISIS

National University of
Science and Technology

YnpasieHue MacCHBOM I'OPHBIX OPOJ

Uccnenoanus nposBiIeHUNA TOPHOTO AaB-
JeHUs TpU KOMOMHHUPOBAHHOM pa3paboTke
YTOJIbHBIX MECTOPOKIECHUN MO3BOJIMIIN pa3pado-
TaThb METOJUKY IIPOTHO3a ONACHBIX 30H B TOPHOM
MaccUBe B IPUKOHTYPHOU 30HE pa3pesa, KoTopast
OCHOBaHa Ha OIPEEIIEHUN CKOPOCTU CMELEHUI
HOPOJI 11O/1 BIMSHUEM B3pBIBHBIX paboT. O6sacTh
IPUMEHEHUS METOIUKH: YTOJIbHbIE MECTOPOXKIE-
HUS, pa3pabaTeiBaeMble KOMOMHHUPOBAHHBIM CIIO-
cobom.

WexonupiMu JaHHBIMU J171S IPOTHO3a Ollac-
HBIX 30H CITy’KaT [TapaMeTphl, B3ATbIE U3 CIIEAYIO-
MIUX JOKYMEHTOB: CTpaTurpaduyeckuii paspes
TOPHOT'0 MacCHBa C YKa3aHUEM MOIIHOCTH U IIpe-
JieJ1a IPOYHOCTH YTOJbHBIX U MOPOAHBIX CIIOEB;
nacrnopra 0ypoB3pBIBHBIX pabOT; MJIaHbl TOPHBIX
pabor.

BennunHbl cKOpOCTEH CMENIEHUH IO HC-
XOJHBIM JIaHHBIM OIPEJENAIOTCS 10 HOMO-
rpaMMe, pejcTaBiIeHHoM Ha puc. 10.

3Ha4yeHue CKOPOCTHU MPOJIOIbHOI BOJIHBI 110
HOMOI'paMMe€ OIpeJesieT Mpelied OCTaTOYHOM
HOPOYHOCTU IOPOJl MpHU CXKATUKU TMocie Oypo-
B3pBIBHBIX PAa0OT, Ha OCHOBAaHUU KOTOPOro B
YCTAHOBJICHHOM TMOpsKe pa3pabaThIBAIOTCS U
YTBEPKAAIOTCSI MEPOIPUATHS JUIsl 0€30I1aCHOCTH
BEJICHUSI TOPHBIX DPAa0OT, peanu3anusi KOTOPBIX
oOecrieunBaeT 0e30nacHyI0 U Y3PPEKTUBHYIO OT-
paboTKy IIacTa M MPOBEJEHUE MOATOTOBUTEIb-
HBIX TOPHBIX BBIPAOOTOK. Y/ajeHHue OTKPBITHIX
paboT OT MOA3EMHBIX, KaK IOKa3ana MpaKkTUKa,
coctaBisgeT 90—120 M B 3aBUCHMOCTH OT Kpemo-
CTH MOPOJ] TOPHOT'O MaccHBa.

HauOonee BakHOW Ha CTajuu MPOEKTHPO-
BaHUs SBJSETCS 3ajlaya ONTHUMM3AIMK TITyOHUHBI
OTKPBITBIX Pa0dOT, OT KOTOPOW 3aBUCST pacrpeie-
JIEHWE 3arlacoB 10 BUJAM OTKPBITHIX U MOJ3EM-
HBIX pabOT Ha NPOTSIKEHUH OTPaOOTKU Yrojb-
HOTO MECTOPOXACHHUS, 3aTpaThl Ha PEKYJIbTHBA-
LUIO 3€MeNlb U MHOTHE JPyrue TeXHUKO-PKOHO-
MUYeCcKHe Moka3zarenu. Kpurepuem ontumusa-
LU CIYXUT YUCTBINA TUCKOHTUPOBAHHBINA J10XO0
3a BpeMs pa3paboTKu MECTOPOXKIACHUSI.

TpaHcnopT ¥ 10CTAaBKa MaTepUAaJIOB NPH
KOMOMHNPOBaHHOI pa3padoTKe yroJIbHbIX Me-
CTOPOXKACHUM

EXPLOITATION OF MINERAL RESOURCES

TpaHncnopT M A0cCTaBKa MaTepualoB IpU
KOMOWHHMpPOBAHHON pa3pabOTKe YTroOJIbHBIX Me-
CTOPOKIACHUM IMPAKTUYECKH JUISl MOA3EMHBIX M
OTKPBITBHIX PA0OT HE U3MEHSIETCS, OTIIMYUTEIbHON
0COOEHHOCTBIO ABIISICTCS OYHKepU3alusi TOPHOM
Macchl OTKPBITBIX U MOJ3EMHBIX T'OPHBIX PadoOT
IIpU  Pa3feNbHOM TPAaHCHOPTUPOBKE TI'OPHOM
MAaccChl.

IIpumepbl 000cHOBaHUSI KOMOMHHUPO-
BAHHOH TEXHOJOTMH Pa3padoTKH YroJbHBIX
MeCTOPOXKIAEeHU I

[Tpumep oOGocHOBaHHUsI BBHIOOpPa KOMOMHH-
POBAaHHOW TEXHOJOIMU pa3pabOTKH YroJIbHOI'O
MECTOPOKJEHUS MPOU3BOAMIICS Ha OCHOBE I'€O-
JIOTUYECKUX JaHHBIX M XapaKTEpUCTUK Makapb-
eBckoro mecropoxxaenus Kysoacca.

Ha puc. 11-13 npeacraBieHsl pe3ysbTaTbl
pacueToB BbIOPAaHHBIX TEXHOJIOTMYECKUX CXEM
TOPHOAO0OBIBAIOIIETO TPEATIPUATHS.

Jli1s COBMECTHOM O0TpabOTKH y4acTKoB Ma-
kapbeBckuil CeBepHblii 1 MakapbeBckuii FOx-
HBINM IIpesaraeTcsi pacCMOTPETh TPU BapUaHTa:
BapuaHT | — 0TpaboTKa 3amacoB ydacTKa MoJ[3eM-
HBIM CIIOCOOOM; BapHaHT 2 — MOCJIe0BaTeIbHas
O0TpabOTKa 3alacoB y4acTKa OTKPBITBIM CIIOCO-
O0M, a 3aTeM M0/A3eMHbIM; BApHAHT 3 — OAHOBpE-
MEHHasi OTKPBITO-TIOA3E€MHAs OTpabOTKa 3aracoB
y4yacTKa.

Bapuant 1 peanusyercss CTpOMTEIBCTBOM
JBYX WIaXT C CYMMAapHOM IpPOU3BOJACTBEHHOMN
MOIIHOCTBIO 3,5 MJIH T YIJISl B TOA.

Ha ocHOBaHuU NPUHSTHIX TEXHUKO-TEXHO-
JIOTMYECKHUX PELICHUH IPOBEACH TEXHUKO-IKOHO-
MUYECKUH pacyeT Mo BapuaHTy 1 oTpabOTKH BBI-
JIEJIEHHBIX Y4acTKOB MakapbeBCKOTO KaMEHHO-
YTOJIBHOTO MECTOPOXKACHHUSL.

JleHe)XHBII TMOTOK 3a BECh MEPUOJ
orpaboTku coctaBiser 78,5 wipa  pyo.,
YUCTBIA JTUCKOHTHUPOBAHHBIN JT0OXOJl COCTABJISET
4,5 mupg pyo.

Bapuant 2 peanusyercs CTPOHUTEIBCTBOM
paspesa ¢ MpOU3BOACTBEHHON MOIIHOCTBIO 7 MIIH
T yIJI B TOJ IO TOCTHKEHUS] KOHEUHOU TITyOUHBI
OTKPBITBIX TOPHBIX paboT ¥ ¢ mOCIeyoEeH mo-
3eMHOM  JOopaOOTKOM 3amacoB  BBIJIEJIEHHBIX
Y4acCTKOB.
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Puc. 11. JleHe:kHbIe IOTOKHU U YMCTBIN AMCKOHTHPOBaHHbIH 1oxoa (Y1)
NPH N0/13¢MHOI pa3padoTKe yroJbHOI0 MeCTOPOXKIEHHUs ¢ TPAAUIIMOHHON peKyJIbTUBaLMel 3eMellb

Fig. 11. Cash flows and net present value (NPV)
for underground mining of coal deposit with traditional land reclamation
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Puc. 12. JleHe:kHble NOTOKU U YMCThINA AUCKOHTUPOBaHHbIN Aoxoa (U1/1) npu nocienoBareabHOil OTKPBITOM
U NMOA3eMHOIi pa3padoTKe MeCTOPOKIECHHUS HA MOJHYIO IIIyOMHY C TPaAULIMOHHOM peKy/JbTHBALUEH 3eMellb

Fig. 12. Cash flows and net present value (NPV)
for consecutive opencast and underground mining of a coal deposit to its full depth with traditional land reclamation

. A

\{
go.o_ r\\- &7

0 10 20 3

0 40 50 60 70
oAbl

s [1@HEKHDBIN MOTOK

H4AA

Puc. 13. JleHe:kHble NOTOKHU U YMCTHIA AUCKOHTUPOBaHHBLIN Aoxo0a (UI/]) npu koMOMHMpPOBaHHOI pa3padoTke
MECTOPOKICHUA HA MTOJHYIO l“.]'lyﬁl/ll-ly C HOBbIMH BapUAHTaAaMHU PEeKYJbTUBALIUUA 3€MEJIb
Fig. 13. Cash flows and net present value (NPV)
for combined mining of a coal deposit to its full depth with new land reclamation options
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Ha ocHOBaHUM IPUHSATHIX TEXHUKO-TEXHOJIO-
TMYECKHX PEIICHUH MPOBEIEH TEXHUKO-IKOHOMH-
YECKHI pacyer Mo BapHaHTy 2 0TpabOTKH BbI/IEIICH-
HBIX y4acTKOB MakapbeBCKOIO MECTOPOKIACHUSL.

OCoOEHHOCTBIO JAHHOTO BapUaHTa SBJISAETCS
y4eT B 3KOHOMUYECKOH 3(PPEKTUBHOCTH MPOEKTa
3aTpaT Ha PEKYJIbTUBALIMIO HAPYIIEHHBIX 3€MEITb.

JleHeXHbIi MOTOK 3a BECh NEPUO]] OTPAOOTKH
cocrapisieT 47,9 mupa py0O., YUCThIA TUCKOHTHPO-
BaHHBIN JI0XOJ1 COCTABIISIET 2,8 MiIpa pyo.

CpaBHeHHe€ [1epBOro U BTOPOr0 BapUAHTOB C
YYETOM PALMOHAIBLHOTO  MPUPOAONOIBE30BAHUS
yKa3bIBaeT Ha HU3KYIO 3(PPEKTUBHOCTH OTKPBITOTO
croco0a yrieno0brdm.

Ha nepBbiit B3rmsin, BTOpoil BapuaHT OoJiee
NPEIOYTHTENBHBIA 110 CPOKaM OCBOCHHS MECTO-
POXKICHUS 1 00beMy JT00BIYM — 7 MJIH T B TOJ, OJI-
HAKO MPUOBLIH TPEIIPHUITHS yXOAUT Ha PEKYITbTH-
BAallUIO 3€MeEb, IUIOIIAAb KOTOPOH MHOIOKPAaTHO
Oosbiie W3-3a paboueil TIyOMHBI pazpe3a Oolee
100 m. Bo3Bpar nmopoibl aBTOTPaHCIIOPTOM B BBIpa-
6otanHoe npocTpaHcTBo coctasisieT 90-130 py6./T,
a B miepepacyere Ha KOdQPHUIMEHT BCKPBILIH OyeT
COCTaBIATH 1-2 Mipa pyO, ModTOMYy Jydilie 00b-
SABUTH ce0s1 OAHKPOTOM U HE MPOBOJUTH PEKYIbTH-
BAlIMIO WK NPOBECTH PEKYJIbTUBALIMIO OTBAJIOB.

Bapuanr 3 peanu3zyeTcsi CTpOUTENBECTBOM Pa3-
pe3a ¢ MPOU3BOJICTBEHHON MOIIHOCTHIO 4,5 MITH T
YIJIS B TOJ1 M OTHOBPEMEHHOM MOJ3€MHOM 0TpaboT-
KOM 3aIacoB BBIJCJICHHBIX YYaCTKOB. JlaHHBIN Ba-
PHAHT TO3BOJIIET COBMECTHUThH MIPEUMYIIECTBA OT-
KPBITOTO ¥ TIOA3EMHOTO CIIOCOOOB YIiie00bIYM Ha
pa3HbIX dTanax oTpadoTKU MecTopoxaeHus. B Ba-
pHAaHTEe YUUTHIBAIOTCS 3aTPaThl HA PEKYIbTUBAIIUIO,
MIPY 3TOM BBIOMpaETCs ONTUMAaJIbHAS TyOHHA pa3-
pe3a 1Mo KPUTEPUIO 3KOJIOTMYEeCKON 0e30MacHOCTH
OTpabOTKH U C YYETOM 3aTpaTr Ha PalMOHAIBHOE
HPUPOAOIIOIH30BAHNE.

Ha ocHOBaHUM PUHSITHIX TEXHUKO-TEXHOIIO-
TMYECKUX PEIICHUH TPOBEIEH TEXHHKO-IKOHOMH-
YECKUH pacueT 1o BapHaHTy 3 0TpaOOTKHU BbIJIENECH-
HBIX YYacTKOB MakapheBCKOTO MECTOPOXKICHUS
Kys6acca.

JleHeXHbIi MOTOK 3a BECh NEPUO]] OTPAOOTKH
coctapysier 143.4 mupp pyO., YUCTHIN AUCKOHTHPO-
BaHHBII 10Xx01 coctanisieT 20,1 mapa pyo.

EXPLOITATION OF MINERAL RESOURCES

CokpalieHre Cpoka SKCIUTyaTallik MEeCTO-
pOXKIEHHS TPH CEOSCTOMMOCTH TOHHBI  YIJIA
2000 py0. maeT ycInoBHBIN 3KOHOMUYECKHI 3 (heKT
94, 6 mnpa py6. Cumxenue noreps Ha 30 % gaer
TpUpaIieHne ycIoBHOTo 3hdekTa Ha 28,37 Mipa pyo.
C YYeTOM TPEeJOTBPALCHHOTO 3KOJIOTHYECKOTO
yiepoa.

BriBoanl

[Ipu KOMILIEKCHOM MPOEKTUPOBAHUU U OCBO-
€HHU 3a11acOB KOMOMHUPOBAHHBIMU TEXHOJIOTUSAMU
MIPOEKTHBIE PEIICHUs JODKHBI OBITh YBSI3aHbBI 110
crocobaM, cructeMaM pa3paboTKU U BBIEMKH YIS,
B TOM YHCIJIE:

— pa3MenieHre BCKPBIBAIOIINX BBIPAOOTOK C
YUYETOM TEPCIIEKTHB Pa3BUTHSI TOPHBIX paboT, paz-
pe3a U MaxThl ¢ TOYKH 3pEHUs UX (PyHKIIMOHUPOBA-
HUS Ha BCEX ATarax pa3paboTKu MECTOPOXKICHUS;

— 000CHOBaHHE MapaMeTPOB TEXHOJIOTHYE-
CKHMX CXEM COBMECTHOTO BOJOOTJIMBA, TPAHCIIOPTA
Y BEHTHJISIHN;

— 000CHOBaHME TITYOMHBI pa3zpesa, uTo obec-
TIEUMBACT CHIDKEHUE 3aTpaT Ha PEKyJIbTHBAIUIO
3eMellb, COKpAIlleHHe CPOKa JKCILTyaTaly Mpej-
TIPUSTHSE

— TapMOHM3ALMsT  OE30ITaCHOTO PACCTOSHUS
MEXTY OTKPBITHIMUA U TIOA3EMHBIMU TOPHBIMH pa-
00TaMu, 4TO TO3BOJIIET COBMECTUTh BO BPEMEHU
OTKPBITHIE, TIOJ3EMHBIC U PEKYIbTUBAIIOHHBIE pPa-
OOTBI, pa3JeNNB UX B POCTPAHCTBE.

AHanu3 BapHaHTOB pa3paboTku Makapbes-
CKOT'O YTOJIbHOTO MECTOPOXKJIEHUs TTO3BOJISET Clie-
JaTh CIIETYOIINE BBIBOJIBL.

CoBMecTHOE pelieHre BOPOCOB BCKPBITHS 1
MOATOTOBKH 3aIacoB MOJIEH pa3pesa U MaxThl M03-
BOJISIET HAPACTUTh 00BEM JOObIYM HA TOPHOI00BI-
BaIOIIEM MTPEIIPHUSITHAH 0 5—9 MITH T B T0Jl, YMCHb-
IIUTh 00BEM BCKPBIBAIOIIUX BBHIPAOOTOK M COKpa-
TUTb CPOK CTPOUTENHCTBA, CHU3UTH Pa3Mephbl HHBE-
CTHUIIU, a TAK)KE YMEHBIIIHUTH 3aTPAThl HA BEHTUIIS-
U0, BOJOOTJIMB, TPAHCIIOPTUPOBKY TOPHOM MaCChl
Y PEeKYJIbTUBAIIMIO 3eMeNb B MPOIECCe IKCILTyaTa-
UM TIPEATIPUSATHSL.
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AnHoTanus: ONTHMH3ALNS ITPOIECCOB MOA3EMHOI pa3paboTKN MECTOPOXKACHHUH OCYIIECTBISETCS 3a CUET PALHO-
HAJILHOTO MCTIOJIb30BaHUS DHEPTUH JUIS MTOYYEHHUS 3aJlaHHON KPYHMHOCTHU pyH. Ee ycnex 3aBUCHT OT yueTa CBOMCTB
paspymaemMoii cpensl. BakHyio posb B yIpaBIeHUH HEPTHEil UTpaeT 0ciabIeHHOCTh ITOPO/] IPUPOTHBIMU U TEXHO-
TeHHBIMH CHJIOBBIMH ITOJISIMH. /17151 BHECEHUS! KOPPEKTUBOB B OOIIYI0 MOJEINb YIIPABICHHS YHEPIHEH HyKHbBI CBEIe-
HUA O CTPOCHUHN MAaCCUBA, IMOJIYy4YaCMBbIC I‘CO(I)I/BI/I‘IGCKI/IMI/I METOAaMU. HOCKOJII)Ky IJI1 YMCHBIICHHUA BBIXOJa Hera6a-
PHUTHBIX WM WU3JHIIHE U3MEIbUCHHBIX (DPaKIMii MUHEPAJIOB B MPOIIECCe OTOOMKH MCIIONB3YIOT PEryIUpOBaHue 3a-
TpaT SHEPTUH B3pHIBA HAa CTETICHb Pa3yMPOYHEHUS ITOPOJI, IENBI0 MCCIICIOBAHUS SBISETCS OnpeneneHne 3¢ heKTrB-
HOCTH HCIIOJIb30BAaHHS Te€O(PH3NIECKUX METOJOB JUIS OTIEPATHBHON M KOPPEKTHOW OLIEHKH COCTOSHHS TIOPOJHBIX U
3aKJIIOYHBIX MAaCCHBOB MPH MOJI3eMHOHN pa3pabdoTKe MECTOPOKACHHU TBEPABIX MOJIE3HBIX HCKomaeMbIX. OciadeH-
HOCTb MaCCHBOB ITOPOJI OIIEHUBACTCSI METOJIOM JIEKTPOMETPHUECKUX HCCIIEIOBAaHUI B OECKEPHOBBIX Pa3BEJOYHBIX
ckBakrHaX. COIOCTaBICHHEM JaHHBIX O CTEIICHH OCNIa0JIEHHOCTH YCTAaHOBICHO HAJMYHE KOPPEISIIUOHHOMN CBSI3H
MEX]y YYaCTBYIOIIUMH ITapaMeTpaMH, U4TO MMO3BOJISIET BEIPA3UTh 3aBICUMOCTh MEXIy HUMH. JlaHa omeHka ddek-
TUBHOCTH UCIIOJIb30BaHUA I‘eO(I)I/I3I/ILICCKI/IX METOAO0B AJIA ):[I/I(b(bepeHHI/IaHI/II/I MMPUPOAHBIX U UCKYCCTBCHHBIX MAaCCUBOB
10 OCNIa0JIEHHOCTH T€0JOTHYECKIMHI M TEXHOJIOTHYECKUMH CHIIOBBIMHU MOJIsIMU. [t onpenenenunst koahdpunnenta
ocJabIeHus 10 KaXXyIIeMyCsl COITPOTHBIICHHUIO TTOPOA UCTIOIB30BaHbl MATEPUANIBI AIEKTPOMETPHUECKOTO KapOTaXa.
Ha ocHOBe BBISBJICHHO!N 3aBUCHUMOCTH IOPOJHBIN MaccuB auddepeHIMpOBaH MO CTENCHH OCIA0JEHHOCTH MOPOI.
JuddepeHimpoBaHbl U ACTATH3NPOBAHB 0COOEHHOCTH COCTABIISIONINX KOMIUIEKCA Te0(hU3NIECKIX METOI0B HCCIIe-
noBaHuil. [IprBeIeHB METOIOIOTHS M PE3YIBTATHI MTOJ3EMHOTO JIEKTPO3OHIUPOBAHUS TIOCIIEIOBATEIBHON I'paiu-
SHT-YCTaHOBKOW C IMOMOIIBI0 TEOPETHIECKUX KPHUBBIX HA KOHKPETHOM METAITMYECKOM MECTOPOXKIACHUU C OIpeie-
JICHUEM MTPOBOANMOCTH MOPOJI X PACCTOSIHUS 10 BBIpAOOTKHU. J{nddepeHmpoBaHHO JaHa OLIEHKAa KOPPEKTHOCTH T'e0-
(GU3MYECKUX METOJIOB: OCIA0IEHHOCTH TOPO/] DIIEKTPOMETPUYECKIM KapOTakeM CKBAKHH, a OINEpEeKaroliee OKOH-
TypUBaHHUE 30H HEOJHOPOJHOCTEH B MACCHBAX MECTOPOXKICHHI —3JIEKTPO30HIMPOBAHNEM BIOJIb CTEHOK BEIPAOOTOK.
Ha ocHoBanun IMPOBECACHHBIX ONBITHBIX pa60T 110 BBIABJICHUIO CTPYKTYPHBIX I'PAHUI] B MaCCHUBC METO/ SJICKTPO30H-
JMPOBAHUS BJIOJb CTEHOK BBIPAOOTOK PEKOMEH/IOBAH JUI MIPAaKTHYECKOro nmpuMeHeHus. [Ipu ucronap30BaHny CKBa-
JKMHHOTI'O 3JICKTPO3OHANPOBAHUA CXOAUMOCTD SKCIIEPUMCHTAJIbHBIX KPUBBIX C TCOPECTUYCCKUMH HEAOCTATOYHA.

KioueBble cjioBa: pa3pa60TKa MECTOPOXACHUA, ITOPOJaa, OCJIa6J'IeHHOCTI), reoq)mw{ecxne METO/bI, 3JICKTPOMET-
pus, SJIEKTPO30OHANPOBAHUEC.

s uutupoBanusi: 'omiuk B. U., MacnennukoB C. A., Hynsec Ponpurec Anpbepro Maptun, Anumenko B. U.
HccnenoBanue ociaabIeHHOCTH MAaccHBa IOPOJ NPU TOA3EMHON n00bI4e pyn. [opHbie HAYKU U MeEXHONI02UU.
2019;4(4):251-261. DOI: 10.17073/2500-0632-2019-4-251-261.
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Abstract: The optimization of underground mining processes is carried out based on rational use of energy for
obtaining preset broken ore size. The effective optimization requires correct assessment of the properties of the
rock mass to be broken. Energy management requires assessment of rock mass stability decrease due to impact of
natural and technogenic stresses. To make adjustments to the general energy management model, information on
the rock mass structure is required to be obtained by geophysical methods. To optimize broken rock/ore size (to
minimize oversized or excessively crushed mineral fraction yield during breaking), blasting energy application
should be regulated and smart. The study is aimed at assessing the effectiveness of using geophysical methods for
the prompt and correct assessment of rock and backfill mass condition during underground mining of mineral
deposits. Decreasing stability of rock masses is assessed using the method of electrometric surveys in noncore
exploratory boreholes. Rock mass stability study allowed revealing correlation and dependencies between the
studied parameters. Effectiveness of using geophysical methods for differentiating natural and technogenic masses
by degree of decreasing their stability due to geological and technogenic stresses. To determine the coefficient of
decreasing rock mass stability based on rock apparent resistivity data, electrometric logging was used. This allowed
to differentiate rock mass by the degree of decreasing rock mass stability based on the revealed dependency. The
features of the geophysical survey components are described in details. The methodology and findings of the un-
derground electric sounding using a sequential gradient electrode system at specific metal deposit are presented,
including using theoretical curves and determining rock conductivity and the distance to workings. Besides, cor-
rectness of the geophysical method findings was assessed differentially. The assessment was prepared for decreas-
ing rock mass stability based on electrometric logging data, and for advance outlining heterogeneity zones in rock
masses by electric sounding along working walls. Based on findings of the conducted experimental work on re-
vealing structural boundaries within rock mass, the method of electric sounding along working walls was recom-
mended for application in practice. As for the studied borehole electric sounding application, the convergence of
the experimental and theoretical curves is insufficient to recommend the method for practical application.

Keywords: deposit development, rock, decreasing stability, geophysical methods, electrometry, resistivity
sounding.

For citation: Golik V. I., Maslennikov S. A., Nunez Rodriguez Alberto Martin, Anischenko V. I. Study of rock
mass stability decrease due to underground mining. Gornye nauki i tekhnologii = Mining Science and Technology
(Russia). 2019;4(4):251-261. (In Russ.). DOI: 10.17073/2500-0632-2019-4-251-261.

Beenenue

g onTHMH3alMM IPOLECCOB MOA3EMHOMN
pa3paboTKU MECTOPOXKACHUM, HampuUMep BbILIe-
Ja4YMBaHUS METAJJIOB U3 PYIl, HY)KHbI HaJIe)KHbIE
METO/Ibl YIIPaBJICHUS SHEPTUEN B3pbIBa AJIS MOITY-
YyeHus 3a1laHHoi kpynHocTH pyA [1-3]. KauectBo
NpoOJIeHNs OLIEHUBAIOT 10 PACHpPEACTICHUI0 OT-
O6uTOM pyabl MO (pakuUsIM KPYIHOCTH U Xapak-
Tepy NpopabOTKH MOBEPXHOCTH OTpPbIBA, IPHUEM
OCHOBHBIM II0Ka3aTEJIEM SIBJISIETCS CyMMapHas
ioniab 00pa30BaHHBIX B pe3yNbTaTe B3phbIBa
KYCKOB.

JU1st TOCTUKEHM S 9TOT0 ITapaMeTPhI B3phIBa
JOJDKHBI  ONPENENATbCA B 3aBUCUMOCTH  OT
CBOKMCTB pa3zpymiaeMoil cpeapl. UTOOBl yMeEHb-
UIUTh BbIXOJ HEra0apUTHBIX WU W3JIMLIHE U3-
MeJIbUEHHBIX (Dpakiuii MUHEpasoB, B Ipoliecce
OTOOMKHU PerynupyroT 3aTpaThl SHEPIHH B3phIBa
Ha CTeNeHb pa3ynpoyHeHus nopoy [4—7].

Paspymenue maccuBa TOpHBIX ITOPOJ IPH
B3PBIBAHUM 3apsifa INPOUCXOIUT IIOJX BO3JEHU-
CTBHEM HU3MEHSIOLIUXCS B IIPOCTPAHCTBE U Bpe-
MEHH HaNpssKeHW. B HOBBIX yCIIOBHSX Mapa-
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METphl B3pbIBa JOJKHBI OO€cleynBaTh paBHO-
MepHOE JIpOOJICHHE C MMHHUMAJIBHBIM BBIXOJOM
HerabapuTHBIX (paKUuii, pABHOMEPHOE Pa3phIX-
JIEHUE B30PBaHHOMW py[bl U MOJIHYIO IPOPabOTKY
PYIHOTO MaccuBa.

VBenuyeHue BBIXOAA MAIIMHHOIO Kiacca
UMEET MEepPBOCTEIICHHOE 3HaYeHUe JUIsl BCeX TeX-
HOJIOTMH JOOBIYM py[, MO3TOMY IPUOPUTETHOE
3Ha4yeHue npuolOperaer mpolieMa yuyeTa OJHO-
POIHOCTH MaccuBa IIPU OpraHU3alluy B3pBIBHOMN
orOoiiku pya. OCHOBHYIO POJb B YIpaBIICHUH
B3pPBIBOM UT'PaeT OCIa0JICHHOCTh MOPOA MPUPOJI-
HBIMU U TEXHOI'€HHBIMU CHJIOBBIMM NMOJISAMU. [
BHECEHUsI KOPPEKTHBOB B OOILYI0 MOAEb Jeii-
CTBHSI B3pbIBa HYXKHBI CBEIEHUS O BHYTPEHHEM
CTPOCHUM MaccMBa WIM O BJIMSHUU Ha HEro
TOPHO-TE€OJIOTMYECKUX M  TOPHOTEXHUYECKHX
¢axropos [8-13].

Pemmmte 3TH ipoGiieMsl MOTyT reodusnye-
CKHE€ METOJIbl MCCIIEA0BAaHUS NMPUPOAHBIX U TEX-
HOTEHHBIX MaccuBoB [14-19].

enn n 3aga4um. Llenpro Hcciie0BaHUS SB-
JsIeTCsl OIpeJieNIeHUue B HATYPHBIX YCIOBHUAX 3(-
(EeKTUBHOCTH HCHOJB30BAHUS TI'€OPU3NUECKUX
METOJOB JUIsl ONEPATUBHON OLEHKU COCTOSIHHS
HOPOJHBIX M 3aKJIaJOYHBIX MAacCHBOB IPH IOJI-
36MHOM pa3pabOTKe MECTOPOKIEHUI TBEPIbIX
MOJIE3HBIX HCKOMaeMbIX. {7 AOCTMKEHUs Mo-
CTaBJICHHOM 1LI€JHM SKCIEPUMEHTAJIbHO MOJy4YeH-
HbI€ JaHHbIE CPAaBHUBAIOTCA C JIaHHBIMM pacue-
TOB. 3aJjauel MCCIEN0BaHNUS SIBIISIETCS OpraHu3a-
U1 HKCIIEPUMEHTOB MO NMPUMEHEHUIO reo(u3u-
YECKUX METOJOB B YCJIOBHSX KOHKPETHOIO Me-
TaJNINYECKOTO MECTOPOKICHUS.

Pe3syabTaTsl

HN3yuenne ocsiab1eHHOCTH MacCUBOB MO~
PoA 3JieKTpoMeTpHYecKUM MeToaoM. Orpene-
JeHre ocaabIeHHOCTH MacCUBOB IOPOJ METOJIOM
U3BJICYEHHOIO KEpPHA NPEAIOJaraeT KEpHOBOE
OypeHue, 4yTo HE BCeraa BO3MOXKHO. Bo3Mox-
HOCTh U3Y4YEHHsI OCJIa0JICHHOCTH MacCHUBOB TO-
pOJl yBEJIIMYMBAETCS NPUMEHEHUEM Treopu3nde-
CKHX METOJIOB 3JIEKTPOMETPUUECKUX HCCIeI0Ba-
HUM B OECKEpHOBBIX PAa3BEAOYHBIX CKBAKHMHAX, B
XO0JI€ Yero MOoJIy4YeHbl MOATBEPKACHUS L1eTIeco00-
Pa3HOCTH NMPHUMEHEHHS METOJa 3JIEKTPOMETPUU

JUISL U3YYEeHUSI CTPYKTYPBI M OCJIa0JIEHHOCTH Mac-
CHUBa TIOPO/I.

ConocraBieHne JaHHBIX O CTENEHU OCIa0-
JICHHOCTH 110 KEPHY H JICKTPOMETPUIECKOMY Ka-
pOTaxy OBLJIO YCTAHOBJICHO HATTMYHUE KOPPEIISIIH-
OHHOM CBS3U MEXIy KoddduimeHTom ocnabdie-
Hus nopox B MaccuBe (Ko) 1 3 heKTUBHBIM Ka-
XKYIIUMCSI COIIPOTUBIICHHMEM TOPHBIX MOPOJ (Px).
Cy1iecTBOBaHUE TaKOM CBSI3U MOKET OBITH 00B-
SICHEHO 3aBUCHMOCTBIO O0OMX ITHX TOKa3aTeyen
OT OJTHOW XapaKTePUCTHKU MAaCcCUBA — TPEIIHMHO-
BaTOCTH MOPO/I.

ConocraBnenue 3HaueHuil Ko U cperHux
WHTErpalbHBIX 3HAYEHUH KaXKyILErocs COIpo-
TUBJICHUS MOPOJ TMO3BOJIIET BHIPA3UTh 3aBHCHU-
MOCTh MEXIYy 3THMHU Mapamerpamu (GyHKIUei
BUJIA:

Ko(px) = {-2,148-10 "p,® + 3,84-104 + 0,7}
s 0 < (pg) <1-107° Om-m;
Ko(px) = {-1,545-108p,2 + 1,556-10* +1,114}
ams 1:1073 < (pe) < 2,6-10°% Om-m.

Anpokcumanusi GyHKIUH, 3aJaHHOW Tao-
JUYHO, MPOBOJWIACH CIHOCOOOM HAMMEHBIIUX
kBazpaTtoB. OIleHKa HaWJAECHHONW 3aBUCHUMOCTU
Ko(px) 1aHa ¢ TOMOIIIBI0 KOPPENSLIUOHHOTO OTHO-
meHusi, koropoe cocrasnser He meHee 0,94. Ta-
KUM 00pa3oM, JJaHHas CBSI3b SBISIETCS pEaTbHON
Y TIO3BOJISIET OMPENEIUTh KOIPPUIIUEHT OCiIad-
JICHHSI TIOPOJT B MaCCHBE 10 KXKYIIEMYCsT COPO-
TUBJIEHUIO. 3aBUCUMOCTh Ko(pk) TpuBeneHa Ha
puc. 1.

Jnst onpenenenus koddduiueHTa ocnad-
JICHHSI 10 Ka)KYIIEMYCSl COMPOTUBIECHUIO TOPOT
MaTepuagbl AIIEKTPOMETPUYECKOTO KapoTaxka
MpeABapPUTEIHLHO 00pabaThIBAIU 10 CYIIECTBYIO-
UM METOJIWKaM. Pe3ynbTaThl KapoTaka CKBa-
KUH rop. —155 M, —180 M, —202 M npuBeIeHBI HA
puc. 2-5.

JlanHble rpaduKoB (px) CBUAETENBCTBYIOT O
pa3nuuuu B TpemuHOBaTOCTH Topon. Ilo HuMm
BO3MOXXHO BBIJICJICHHE WHTEPBAJIOB CKBAXKUH,
pa3IUYANONIMXCS 3HAYEHUSIMHU (px), a 3HAYMT,
OTIPE/ICIICHHOW CTEIEeHBI0 TPEIIMHOBATOCTH IT0-
pon u 3HaueHneM Ko.
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Puc. 1. T'paduk 3aBucumoctu ko3puuuenta ociiadaenus nopoa B maccuse (Ko) 0T Kaxyuerocst conporujienus (px)

Fig. 1. The dependence of coefficient of decreasing rock mass stability (Ko) on apparent resistivity (p«)
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Puc. 2. Pe3yabTaThl 3JIEKTPOMETPHYECKOI0 KapOTaka B CKBasKUHAX 644...646

Fig. 2. Results of electrometric logging in boreholes 644 ... 646
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Puc. 3. Pe3yabTaThl 2JIEKTPOMETPUYECKOT0 KAPOTakKa B CKBaKUHaAX 649 u 651

Fig. 3. Results of electrometric logging in boreholes 649 and 651
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Puc. 4. Pe3yabTaThl 3JIeKTPOMETPHYECKOI0 KapoTaxka B CKBaskuHax 650 u 655

Fig. 4. Results of electrometric logging in boreholes 650 and 655
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Puc. 5. Pe3yabTaThl 3J1eKTPOMETPHYECKOI0 KApPOTaXKa B CKBasKMHAX 652 u 654

Fig. 5. Results of electrometric logging in boreholes 652 and 654

Tak, uatepBainbl 28...38,43...53,63...80 M
ckBakuHBI No 650 xapakTepu3yroTcsi HU3KOIPO-
BOJSIIIIMMU TIOPOJIaMU C HEBBICOKOM CTENEHBIO
TPEUTMHOBATOCTH U 0oJiee BEICOKUM 3HaueHueM Ko.
B ckBaxune Ne 655 ueTko BbIENIsAETCS 30HA TI0-
POJI, UMEIOIIUX CPABHUTENBHO HU3KYIO TPOBOJIU-
MOCTh (MHTepBai 28—42 Mm).

BaxHo, 4TO MOIIHOCTH 3TOM 30HBI 3HAYH-
TEJIbHO MPEBBIIIAET PACCTOSHUE MEXKAY MapHBIMU
AJIEKTPOJIaMH  DJIEKTPOMETPUYECKOTO 30HJa, B
CBS3M C uYeM 3Ha4YeHHUs yMmeHblnarorcs. Kpome
TOTO, YMEHBIIICHHE 3HAYCHHUH KaXXyIIerocs Co-
MPOTHUBJICHHUS] HA KOHTAKTE Pa3HBIX IO MPOBOJIN-
MOCTH TIOpoJ1 00BsIcHSETCS 3G (HEKTOM SKpaHHOM
aHOMAaJIMM, KOTOpasi CBsI3aHA C MEPEXOAO0M IUTa-
IOILMX DJIEKTPOJOB U€pe3 KOHTAKT CYIIECTBEHHO
pa3IMYaIOIIUXCS IO MPOBOAUMOCTH MOPO/I.

AHanmu3 pe3yiabTaTOB  BIIEKTPOMETpHUYE-
CKOTO KapoTa)ka CKBa)KWH IO3BOJIMJI Ha OCHOBE

BBISIBIIEHHOH 3aBUCHUMOCTH Ko(px) auddepenin-
pOBaTh MacCHB IO CTETEHH OCJIa0JICHHOCTH TIO-
pox (Tabnuiia).

BoisiBjileHHe 30H HEOJHOPOAHOCTEeH B
MaccuBe Mopoja reopu3sn4ecKUMH MeTOAAMM.
Ha mecropoxaeHusix pya pa3BUThl MOIIHbIE JIH-
HEHHBIE TIIMHUCTO-IIEOHUCThIE OOBOJHEHHBIE
KOpBI BBIBETPHUBAHUS, TNTyOWHA Pa3BUTUS KOTO-
peix gocturaer 200...400 M OT MOBEpXHOCTH
3emuid. [Ipu oTpaboTKe TakWX MECTOPOXKICHUMN
aKTyaJIeH OIepeXaroluuidi MPOTHO3 TaKUX IOJIO-
CTel.

3amaua BBISBICHUS 30H TEKTOHUYECKHUX
HapyLIEHNUW, TUHENHBIX 30H BBIBETPUBAHUS, Kap-
CTOBBIX IOJOCTEW, KOHTAKTOB PA3JIMYHBIX JIUTO-
TUIIOB MOPOJ B MOA3EMHBIX YCIOBHIX pELIaeTCs
KOMIUJIEKCOM Te0(pH3UYecCKuX METOJIOB, B TOM
YHUCJIe aKyCTHYECKUM, PaJUOBOJIHOBOIO MPOCBE-
YUBAHUSI, DJIEKTPOMETPHH.
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Pe3y.111>TaT1>1 JICKTPOMETPHIECCKOI'0 KapoTaxKa CKBAXKHH

Results of electrometric borehole logging

Homepa ckBa:kuH
644 | 645 | 646 | 649 | 651 | 652 | 654 | 650 | 655
HuTepBan riryouH, M/ko3¢ppunneHT ocjiadjieHus

1...9 1...27 1...14 1...15 1...8 1...42 1...17 1...28 1...23
0,15 0,16 0,12 0,18 0,13 0,14 0,20 0,12 0,14
9...14 27...38 15...39 1...35 ...35 4...47 1...23 2...38 2...28
0,12 0,22 0,18 0,22 0-16 0,18 0,19 0,20 0,22
14...34 38...52 39...43 35...39 35...71 47...80 23...45 38...46 28...42

0,21 0,09 0,16 0,16 0,18 0,13 0,40 0,12 0,40
34...38 52...60 43...53 39...41 71...77 45...56 46...53 42...69

0,16 0,19 0,26 0,23 0,14 0,18 0,24 0,20
38...50 _ 53...58 _ 71...80 _ _ 53...63 60...78

0,22 0,13 0,16 0,13 0,14
50...65 _ 58...75 _ _ _ _ 63...80

0,18 0,18 0,19

CyIIHOCTh aKyCTHUECKOTO METOJIa 3aKItoya-
ercsi B U3MEPEHUM KMHEMATHYECKUX U TUHAMHUYe-
CKHMX XapaKTEePUCTUK PA3IMYHBIX THIOB BOMH. Oc-
HOBHbIE MOJJ(DMKAIIMU STOr0 METO/Ia: IPO3BYUNBaA-
HHE MEXIy CKBOKHHAMHU, MPOPUIUPOBAHUE BIOJH
CTEHOK BbIpa0OTOK M aKyCTUUECKUIN KapOTaX.

Metol paauOBOIHOBOIO IPOCBEUMBAHUS
ABJISIETCS JIydeBbIM. B ofHOM ckBakuHe (BbIpa-
00TKE) yCTaHaBIMBAETCS MepeAaTyuK pajauo-
BOJIH, @ B COCEIHMX CKBOKHUHAX (BBIpaOOTKAX ) U3-
MepsieTCsl HANPSHKEHHOCTb 3JIEKTPOMAarHUTHOIO
nonisi. lHTepripeTanus pe3ynbTaToB OCHOBaHA Ha
MOBBIIICHUH KOO PUIIEHTA MOTJIOMICHUS PaIHO-
BOJIH KAPCTOBBIMU MOJIOCTSAMHU U 30HAMH.

MeTto/1 ANEKTPOMETPUN OCHOBAH Ha BBblJie-
JIEHUM TIOPOJ C Pa3IMYHON 3JIEKTPONPOBOIAHO-
cThi0. Oco0Oro BHUMaHUS MpPHU 3TOM 3aCIyXKH-
BalOT YYacTKU IOHM)KEHHOTO 3JIEKTPUYECKOTO
COIIPOTHUBIIEHUS. Pe3KMM CMeHaM 3HaueHUH HIeK-
TPUYECKOTO COITPOTUBIIEHUSI MOTYT COOTBETCTBO-
BaTh KOHTAaKThl MOPOJ C CHJIBHO pa3iHyarolu-
Mmucs cBorctBaMu. CyllecTByeT MHOKECTBO MO-
TudUKAIId  ATOTO METOJa,
HauOoJiee NIMPOKOe MPUMEHEHHUE UMEIOT 3JIEKTPO-

Cpenu KOTOPBIX

METPUYECKUH KapOTax M MEKTPOIPOPUIMpOBaHUe
10 CTEHKaM BbIpaboTOK. VccnenoBaHus MeTonoM

anektpozoHaupoBanus  (I193)
Ha MecTopoxxaeHun CeBepHOro

OJ3EMHOTO
IIPOBEJICHBI
Kaszaxcrana. B oTiinumne oT moBEpXHOCTHOT'O 30H-
JUPOBaHUs, B IMIAXTHBIX YCIOBUSAX MPEIOCTABIIA-
eTcsl BO3MOXKHOCTh MpoBouTh [193 B aBYyX MoO-

T (DUKAITASX

—Oolepeskaroniee CKBaKUHHOE 30HIUPOBa-
HUE — pa3BelKa 30H C PA3IMYHON MPOBOJAUMO-
CTBIO BIEpeu 32005,

—30HJMPOBAHME IO CTEHKaM BBIPAOOTOK
JUISL OIIPEJICJIEHNs] KOHTAKTa ABYX Cpe, pacroio-
JKEHHBIX TapajlieIbHO TOPHOW BBIPAOOTKE WIIN
1o yrioM He Oosee 15°.

CkBa:kKMHHOE  JJIEKTPO30HAUPOBAHME.
Haubonbime uckaxeHus px MpU OMEPesKaoeM
ANEKTPO30HAUPOBAHUM UMEIOT MECTO B clyyae,
KOT/Ia MHUTAIMUNA TUO0 MPUEMHBIA SIEKTPOJ]
HaXOJATCS KaK MOYKHO OJTMKe K KOHTAKTY pa3HO-
ponHbIX nopod. B 3ToM ciyuae nenecoodpazHo
TPEXDIEKTPOAHOE TPATUEHT-30HAUPOBAHHUE, B
KOTOPOM H3-3a MaJIOW BEIMYMHBI IPUEMHOU JIU-
HUM TTOMEXU HeBeNUKH. BOIM31 320051 CKBa)KUHBI
OCTaBIISIFOT HEMOJBIKHBIM TPUEMHBIA JUOTIh
MN, a nuTtaromui 3MeKTpoa A ¢ OmnpeieNeHHbIM
LIaroM MepeMenIatoT K yCThIO CKBaXXUHBL. Jpyroi
MUTAIOUINI AJIEKTPOJT OTHOCAT B OECKOHEYHOCTH,
T.€. UTOOBI €ro BIUSHUE MEHBIIIE CKa3bIBATIOCH Ha
BEJIMYMHY TIOTCHIIMAJIA TPU PA3JIMYHBIX MOBEJIE-
HUSIX TPaJMCHT-YCTAaHOBKH. Takyr YCTaHOBKY
Ha3bIBAIOT «IIOCJI€IOBaTeNbHAs TPAJAMEHT-yCTa-
HoBka» AMN (mo aHamoruu cO CKBaKMHHBIM
anekTpokaporaxem). Haumbornee ymauHoil 9Ta
YCTaHOBKa SIBJIAETCS €LI€ M3-3a TOTO, YTO OJUH
JUIIb THUTAIOMIMI 3JEKTPOJ MepeMeniaeTcss B
Mpoliecce U3MEPEHUM, a TpU APYTHMX OCTAIOTCS
HETIOJBMKHBIMH, Y€M JIOCTUTAETCS BBICOKAS TOU-
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HOCTh M3MEPEHUH, MOCKOJIbKY MEPEXOIHBIE CO-
MPOTUBJICHUS HEMOABUKHBIX 3JIEKTPOJIOB OCTa-
FOTCS IOCTOSIHHBIMU. /{7151 TAKOM YCTaHOBKH BEJIU-
yrHa K03 Punmenra K:
p, =AU/l

ONPEAENSAETCA U3 BHIPAXKECHUS
AM - AN

MN
rae AU — pa3HOCTh MOTEHIIMAJIOB Ha TIPUEMHBIX

K=4n

anektpoaax MW, | — TOK MUTAOIIKMX AIEKTPOIOB
AJl; AM, AN, MN — paccTosiHHSI MEXITy TUTAIO0-
HIMMH IPUEMHBIMU 3JIEKTPOIaMHU.

WNurtepnperarus AKCMEPUMEHTATBHBIX
KPUBBIX 30HJAMPOBAHUS IOCJIEI0BATEIHLHON Tpa-
JTIUEHT-YCTAHOBKOM MPOBOAUTCS C MOMOIIIBIO TEO-
peTudeckux KpuBbIX (manerok). [mst atoro uH-
TeprnpeTupyemasi KpuBasi CTPOUTCS Ha Ouiiora-
pudmuyeckom Onanke. Ilo ocu opauHaT oTkia-
nwIBaeTcs (P, ), Mo ocu abemuce — AQ, paccTosHne
OT MHUTAIOUIETO AIEKTPOJIA A0 LIEHTPa TPUEMHOTO
nunosst MN. HaknaneiBast Ha majieTky U 100uBa-
SICh HAWJTYUIIETO COBMEIICHHS SKCIIEPUMEHTAIIb-
HOM KPUBOM € TEOPETUUYECKOM, OMpEeAestoT KO-
JMYECTBEHHBIE PE3yJIbTaThl MPOBOAUMOCTH IIO-
POl U PAacCTOSIHUE 10 KOHTaKTa, OMMKANIIero K
BbIpabOTKe.

[Ipu »MeKTPO30OHIUPOBAHUU TIO CTEHKAM
BBIPAOOTOK METOJMKA HM3MEPEHUN OTINYAETCS.
BBITIOJTHSIOTCS

Nsmepenus CUMMETPUYHOU

YETBIPEXIIEKTPOIHON IPaUEHT-YCTaHOBKOM
AMNB. BennunHa ocraercs moctosHHO# (0,5 M),
a pacCcTOSHUE MEXAY MUTAIOINUMH 3JIEKTPOJAMHU
(pa3HOChI) TOCTENEHHO YBEJIMYMBAIOTCSA C I€o-
MeTpHUYECKOi mporpeccueil 1,3. 3Hasg pa3HOCTH
notenuuana Ha MN u cuny Toka | B AB p, pac-
CUMTBHIBAIOT U3 BBIPAKEHUS
p, =AU/,

rae K onpenensiercst mo popmyiie
o (AB?/2)* —(MN / 2)? C.

MN
Bxopsiuit B opmyny nonpaBovHbI MHO-

K

xutenb C yduThIBaeT BIUsHHME BbIpaboTKH. Ero
BenuyuHa onpenensercs no BHUMMU. Hurep-

npeTanus KpUBbIX CUMMETPUYHOTO JIEKTPO30H-
JTUPOBaHUS MPOBOJUTCS AaHAJIOTUYHO ONMKUCAHHOU
BBIIIIE.

CHUMMETPUYHOE T10CJIEI0BATEIBHOE 3JIEK-
TPO30HUPOBAHUE MTPOBOAMIIOCH 10 CTEHKAM Op-
TOB, a CKBOXMHHOE OIlepeXkarouee 30HAUpOBa-
HHE — 110 cKkBakuHE N 90. CKBaXKHHHBIM 30HIUPO-
BAaHHUEM OIPEJEISUIN PACCTOSHHE 10 KOHTAKTA U3-
BECTHSAKOB, KOTOpPbIE OTJIMYAKOTCS NO MPOBOIU-
MOCTH OT BMEILIAIOIIUX UX aJIEBPOJIUTOB U TIOP-
¢upuToB Ha OpsAIO0K. OT KOHTAKTa U3BECTHIKOB
Ha Pa3JIMYHOM PACCTOSIHUM CTABUJIMCH TPEXIJICK-
TPOJHBIE 30H]IbI TIOCJIEOBATEIILHOW M 00paIeH-
HOM ycTaHOBKHM. lloiiyueHHBIE KpUBBIE HHTEp-
MIPETUPOBAIUCH C IOMOUIBIO CIIEHUATIBHBIX MaJie-
TOK. OJIHaKO 3KCIIEPUMEHTAJIbHbIE KPUBBIE JIUIIb
YaCTUYHO COBMEIIAIUCH C TeopeThuueckumu. Co-
OTBETCTBEHHO JIMHUS TJTyOWH Ha MaJIeTKe B 0OJIb-
UIMHCTBE CIy4acB HE COOTBETCTBOBAjJA HMCTHUH-
HOMY PAacCTOSIHUIO JIO KOHTaKTa H3BECTHSIKOB.
J171s1 COOTBETCTBUS IKCIIEPUMEHTATIBHBIX U TEOpe-
TUYECKUX KPUBBIX B (DOPMYIJIBI TEOPETUUYECKUX
KPHUBBIX HEOOXOIUMO BBOJUTH KOA(P(MUIIMECHTHI,
YUUTHIBAIOIINE BIUSHUE TOPHBIX BBIPAOOTOK,
YIJIbl HAKJIOHA U IPOCTUPAHUSI KOHTAKTOB.

[Io pe3ynbTaTam »3IEKTPO30HAUPOBAHUS
BJIOJIb CTEHOK BBIPAOOTOK TPOBOJMIICS Kaue-
CTBEHHBIN aHAIN3 HAOIIOTAeMBIX KPUBBIX (Py),
MO3BOJIUBIIMKA  BBIACIHUTh  T€ORIEKTPUUECKUE
30HBI, COOTBETCTBYIOIINE KOHTAKTY BBICOKOIPO-
BOJISIIIIETO MacCHBa M3 3aTBEpAEBIIEH OCTOHHOI
cmecu. [loxbem npaBoil BeTBH KpUBOW OOBACHS-
€TCsl TEM, UTO C yBEJIMYEHHEM Pa3HOCOB IUTAlO-
UX JIMHUU Ha TE€O0RJIEKTPUYECKOE IOJIe CYIIe-
CTBEHHO BJIMSIFOT HHU3KOMPOBOJAIINE 30HBI W3-
BECTHSIKOB.

B uenom paHHbIE 31EKTPO30HAUPOBAHUMN
COBNAJAIOT C pe3yibTaTaMU MAapKIIEHIEPCKUX
JTAHHBIX B KOHTYpaX Kamep, 3alOJHEHHBIX TBEp-
JEIOLIEeH 3aKIaaKON.

Pe3ynbTatel uccieqoBaHU 1O CYHIECTBY
paccmaTrpuBaeMoil mpoOieMbl MOTYT OBITh BOC-
TpeOOBaHBI TPHU PEIICHUH MPOOJIEM OXpPaHbI
OKpY>Karolle cpeapl OT arpeCCMBHOIO BO3JECH-
CTBUS TOpHOro npou3BozcTaa [20...24].
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Hcnonb3oBanne TexHomoruii quddepeHiim-
POBAaHHOTO Ha3HAYEHUS TAPAMETPOB JOOBIYH Py
IPU COOTBETCTBYIOIIMX YCIOBHSX (opMUpyeT
9KOJIOTO-3KOHOMHYECKHH A ekt [25...27].
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DKCIIepUMEHTAILHO 00OCHOBaHA BO3MOJXK-
HOCTh MPOU3BOIMTH OLEHKY OCIa0JICHHOCTH TI0-
PO AIEKTPOMETPUIECKUM KapOTaXKeM CKBaXKHH,
a DJIEKTPO30HIMPOBAHKEM BJIOJIb CTCHOK BBIPa0o-
TOK — OTIEpeXaroliee OKOHTYPHUBAHKE 30H HEOJI-
HOPOJHOCTEH B MacCHBaX MECTOPOKICHUN.

Bbubéanorpaduyeckmnii cnucok

Ha ocHOBaHMM MPOBECHHBIX OMBITHBIX Pa-
OOT MO BBISIBJICHUIO CTPYKTYPHBIX TPAHUI] B Mac-
CHUBE 3JICKTPO30HIMPOBAHUEM BJIOJIb CTCHOK BBI-
paboOTOK METOJ] MOXHO PEKOMEHIOBATh s
MIPAKTUIECKOTO UCIOJIb30BaAHUS.

PesynbTaThl ke CKBaKUHHOTO DJICKTPO30H-
JTUPOBAHUS HE TIO3BOJISIIOT CYAUTH 00 3(HEKTHB-
HOCTH 3TOTO METOJa, MOCKOJBKY JKCIIEPUMEH-
TaJIbHbIC KPUBBIC UMCIOT HEJIOCTATOYHYIO CXO/IH-
MOCTbH C TEOPETHYCCKUMH pacueTaMHu.
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HoBble penieHusi B 00/1aCTH PYAHAYHOTO TPAHCIIOPTA
JJIS TIepexoa K MOTOYHOH 0TPadoTKe MOJIeE3HbIX HCKOaeMbIX
Acanos A. A.l, T'ymennuxos E. C.2
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AnnoTtauusi: TpaHcOpTHBIE CUCTEMBI TOPHBIX NPEANPHATHI BO MHOTOM OIPEENsIoT UX d3QPeKTHBHOCTE. Llennio
paloThI ABISIETCS BBIPAOOTKA HOBBIX TEXHUYECKUX PEIIECHUH Ul IPOTPECCUBHBIX CUCTEM PYAHUYHOTO TPAHCIIOPTa,
0a3upyIOIIMXCS Ha TAPMOHHU3ALINHU TEXHOIOTHYECKUX PEeIeHnH U 000pyaoBanus. Llens paboThl JoCTHTaeTcs Mocpea-
CTBOM BBEJICHMSI HOBBIX KOHCTPYKIIMH pYAHUYHOTO TPAHCIIOPTA, COBMECTHUMBIX C MPOXOTYECKON TEXHUKOU, KOTOpas
MO3BOJISIET NEPEHTH OT LMKIMYECKON KOHLENIMHU AEATEIIBHOCTH TOPHOAOOBIBAIOIIETO MPENIPUATHI K IOTOYHOM.
PaccmarpuBaeTcs BapuaHT pa3BUTUS KOHCTPYKLMHA KPYTOHAKJIOHHBIX M U3THOAIOIINXCSA B KOHTYypaX TPAaHCIIOPTHBIX
BBIpaOOTOK KOHBEHEPOB, B TOM YHCIIE TIOJIBECHBIX U HAMTOJIBHBIX TPYOOJICHTOYHBIX KOHBEHEPOB U TTHEBMOTHIPABIIH-
YECKUX TPYOOIPOBOAHBIX CUCTEM Ul JOCTABKH KYCKOBOM pyZbl OT 320051 Ha MOBEPXHOCTH pyAHuKa. [Ipu 3ToM oc-
HOBY IIpeAIaraeMoil TEXHOJIOTUH 1 000pYyIOBaHUS COCTABIISIET CII0CO0 OECKOHTAKTHOIO Pa3pyILEHHUS KPETIKUX IIOPOA
IyTeM HCIOIb30BaHUS THIPOUMIYJIBCHBIX CHUJIOBBIX cucTeM. [IpeanaraeMple pemeHus Mo3BOJIAI0T CHU3UTh Kalu-
TaJNbHBIC ¥ DKCIUTyaTallMOHHBIE 3aTPaThl MPH JOOBIYE U MepepadOoTKe TBEPBIX MOJIE3HBIX UCKOMAEMBbIX.

KiroueBble c10Ba: ropHOE MPEONPUITHE; TEXHOIOTUU NOOBIYM; PYJHUYHBIN TPAHCIOPT, KOHBEHEp, TPyOOIpoBOA-
Hasl yCTaHOBKA, THAPOUMITYJIbCHOE Pa3pyLIEHHE TOPHBIX ITOPOJ, TEXHOJIOIMYECKUH KOMIUIEKC, TOPHBIE BEIPAOOTKH.

Jast uurupoBanmsi: AcanoB A. A., 'ymennukoB E. C. HoBble perieHust B 001aCTH pyTHUYHOTO TPAHCIIOpTA IS
nepexojia K MOTOYHOW OTpabOTKE IMOJIE3HBIX HCKOMaeMbIX. [ opHble Hayku u mexuonoeuu. 2019;4(4):262-272.
DOI: 10.17073/2500-0632-2019-4-262-272.

New Solutions for Mine Transport for the Transition to In-Line Mining of Minerals
A. A. Asanov?, E. S. Gumennikov?

'Kyrgyz State University of Construction, Transport and Architecture, Bishkek, Kyrgyzstan
2D. A. Kunayev Mining Institute, Almaty, Kazakhstan

Abstract: Mining transport systems largely determine effectiveness of mining enterprises. The study aim is de-
veloping new technical solutions for progressive mining transport systems based on the harmonization of techno-
logical solutions and equipment. The aim is achieved through the introduction of new mine transport designs com-
patible with tunneling machinery, enabling change from cyclic concept of a mining enterprise activity to in-line
system concept. The option is considered on development of designs of steeply inclined and curving conveyors in
transport workings, including overhead and floor pipe belt conveyors and airdraulic pipeline systems for delivering
lump ore from the face to the surface in the mine. At the same time, the basis of the proposed technology and
equipment is the method of contactless hard rock breaking by using hydroimpulsive facilities. The proposed solu-
tions allow decreasing mineral mining and processing capital and operating costs.

Keywords: mining enterprise; production techniques; mine transport, conveyor, pipeline installation, hydroimpulsive
rock breaking, technological complex, mine workings.
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BBenenue

YcnemHocTh SKOHOMHK MHOTHX —CTpaH
ompenensercss APPEKTUBHOCTHIO MHUHEPAIBHO-
CBIPHEBOTO KOMIUIEKCA, BKIIOYAIONMIETO B ce0st
3HAYUTEIBHOE YHCIIO TOPHOAOOBIBAIOIINX TPE/-
NPUSATHN, MCHOJNB3YIOIIUX Pa3Hble TEXHOJIOTUU
J00BIYM MOJIE3HBIX MCKOMaeMbIX. HezaBucumo ot
¢GopM COOCTBEHHOCTH NPAKTHYECKH BCE COBpE-
MEHHBIE KOMITAHUH TIOCTOSIHHO 3aHSTHI TIOUCKOM
HOBBIX TEXHHYECKHUX M TEXHOJIOTUYECKUX pellle-
HU, HalIpaBJICHHBIX Ha MOBbIIIEHUE 3(deKTrB-
HOCTH J00BIYM U TMIEPBUYHON 1epepaboTKH TBep-
JIBIX TIOJIE3HBIX MCKOMAEMBIX. YUUTBIBAsI 0COOYIO
pOJIb TPAHCIIOPTHBIX CUCTEM B oOecriedeHun 3¢-
(EeKTHBHOCTH BCETO TOPHOTO MPEANPHATHS, BO-
IPOCHI, CBSA3aHHBIE C UX MOJICIIUPOBAHUEM, IIPO-
SKTHPOBAaHHEM, CO3JaHUEeM, SKCIUTyaTalued u
pa3BUTHEM, SBIISIOTCS aKTyallbHbIMHE [ 1—7].

OpHUM W3 TaKWX HANpaBIICHUH pPa3BUTHS
BHEPTO- U PECypCcOCOEPETAIONINX TeOTEXHOIOTUI
SIBIISICTCSI TEXHOJIOTHSI, OCHOBaHHAsl Ha O€3B3PHIB-
HOM pa3pyIICHUU TOPHBIX MTOPOJ] U OpraHU3aluu
NOTOYHOro TpaHcrmopra. OcoOeHHO yKa3aHHOE
HAaIpaBJICHUE aKTYaJIIbHO B CIOKHBIX TOPHO-TE0-
JOTMYECKUX YCIOBHMSIX WU TNPU HEOOXOAUMOCTH
pa3pyleHHs TOPHBIX OPOJ C BBICOKMMH IOKa3a-
TEJISIMU KPETIOCTH HETIOCPEICTBEHHO B MacCHBE, a
TaKXKe Tepell 3arpy3Koil B TPAHCIIOPTHYIO CH-
cremy [8-16].

[Ipu mom3eMHBIX TOPHBIX paboTax B ycIo-
BUSIX OIPAaHMYEHHOI'O MPOCTPAHCTBA MEpPeXoja K
HNOTOYHOW CHUCTEME TpaHCIoOpTa TOPHOH Macchl
TaKXe UMeeT 0co00e 3HaUCHHE.

Hean pabdoTsbl

CHoXHBIE TOPHO-TEOJIOTHYECKUE YCIIOBHS
¥ KPETIKHEe TTOPOJIBI PE3KO CHUXKAIOT CYIIECTBYIO-
ee MHOTOOOpasne TEXHUKH W TEXHOJIOTHH pa3-
PYIICHHST TOPHOTO MAacCHBa, M, KaK IPaBHIIO,
000CHYeTCSl BBHIOOP TEOTEXHOJOTH Ha OCHOBE
B3PBIBHBIX METO/IOB Pa3pyLICHUs TOPHBIX MOPO/,
YTO MPUBOJIUT K OTPAHUYEHUIO MPOU3BOIUTEIb-
HOCTH TPEANPUATHS U3-3a LUKIUYHON CHCTEMBbI
OpTaHu3aINH MTPOIECCOB.

[{enbto paboTHI sIBIIsSIETCS BRIPAOOTKA perie-
HUIl, OCHOBaHHBIX Ha WCIIOJIb30BaHUM HEB3PHIB-
HBIX TEXHOJIOTHI pa3pyIIeHUs] MAaCCHBA TOPHBIX

MOpPOJ, CO3JaHHE EIUWHBIX JUHUNA TPaHCIIOPTHU-
POBKH U TIEPBUYHOM MepepaboTKHU TOPHOM Macchl
(mosTamHOE ee ApoOIIeHNE), BO3SMOKHOCTH U T10-
Ka3aTeIu KOTOPBIX JIOJKHBI OBITh TApMOHHU3HPO-
BaHbl C TEXHOJOTWYECKHM TOPHOIOOBIBAIOIIUM
WJIM TOPHOTIPOXOAYECKUM KOMILIEKCOM.

OcHoBHoOe coJep:kaHue U Pe3yabTAThl

Cpenn MexaHUYECKHX CpEJICTB paszpylie-
HUS TOPHBIX [TOPOJ 10 SHEPro3aTpaTam, MPOU3Bo-
JUTEIIBHOCTH U PECYPCHOM CTOMKOCTH HHCTPY-
MEHTa pa3pylieHus Hanbolee 3PPEKTUBHBIM SB-
AsieTcsl TUAPOCTPYMHBIN cmocobd [9—11]. Ilpu
9TOM CKOpPOCTb THIPOCTPYH UMEET BakKHEWIIee
3HaueHue B 3PPEKTUBHOCTU MpoIlecca pazpyiie-
Hus. [Ipu ckopoctsax 1000—1200 m/c u 6omee 3¢-
(heKTUBHOCTH C1I0CO0a MOXKET MPEBBICUTH B3PbIB-
HOIl. BexyTcs MHOrouncieHHble pabOThHI MO TO-
UCKY TEXHUYECKHX CPEJCTB JJIS CO3AaHUS MOIL-
HBIX CHJIOBBIX IPUBOJOB JJIsl JOCTUKEHUS CBEPX-
3BYKOBBIX M JIajJie€ TUIIEP3BYKOBBIX CKOpOCTEH
HUMITYJIbCHBIX CTPYH B YCJIOBHUSX CYLIECTBYIOIIUX
MIPOMBIIIJICHHBIX CTAHAAPTOB ANEKTPONUTAHUS U
9KOJIOTHUECKUX OTPAHUYCHHU ISl TOPHOPYAHOM
MPOMBIILICHHOCTH [17-22].

B coBpeMEHHOI TEXHHKE HCIOJIb30BAaHUE
THJIPOCTPYH B OOJIBIIMHCTBE CIy4aeB CBSI3aHO C
OypOBOI TEXHUKOW WJIN C TEXHUKOH pe3aHbs 0J10-
KOB I10/I€JI0YHOT0 KaMHS TOHKHMHU CTPYSIMH C J0-
OaBJIeHUEM B CTPYIO aOpa3UBHBIX CHIITYYUX MaTe-
puanoB. Kak aran pa3Butusi 0€3B3pbIBHOTO CIIO-
coba pa3pylIeHus] KpPeNnKUX MOpOA MHTEHCHBHO
Pa3BUBAIOTCSI KOMOMHHMPOBAHHBIE CXEMBI C HC-
II0JIb30BAHUEM MEXaHMYECKOI0 yzaapa B coueTa-
HUU CO CTPYHHBIMHU CPEJICTBAMU.

ABTOpaMH CTaTbU HAa OCHOBE PaHee BhIMOJI-
HEHHBIX HCCleI0BaHUM ObLT pa3paboTaH HOBBII
CHJIOBO MPUBOA JIJIs1 TUIPOCTPYHHOTO pa3pyiie-
HUS CaMbIX KPETIKUX TOPHBIX MTOPO/I, OCHOBAHHBIN
Ha 3JIEKTPOPA3PSIIHOM NPHUHLHUIIE HUCIAPEHUS U
neperpesa HeOOJBIION MOPLKHU €1a00T0 ANEKTPO-
JWUTa B 3aKaTON cpelie B TEPMETUYHOM OObEMeE.
[Ipn 3TOM B mMIMHApPE neperperas mapo-IuJias-
MEHHasi cyOCTaHIUsl C HEKOTOPHIM BPEMEHHBIM
SHEPrOHAKOIJICHUEM CO3/1aBajla JOCTATOYHO BbI-
cokoe maBienue [23, 24].
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bbutn  1poBeAEHBI ONBITHO-KOHCTPYKTOP-
CKHE PabOThl MO CO3JAHHIO JCHCTBYIOUIEH MO-
JIeN TUIPOUMIYJIBCHOTO OYypOBOro CHapsja.
[IpoBeneHbpl MOJEIBHBIE UCIIBITAHUSL YCTPOMCTBA
(puc. 1) nansa paspymenust ropusix nopoa. Ilpu
9TOM HapaMeTpbl UCHBITAHUH OBLIM CIEAYyIOIHUE:
NOTEHIMaJbHAs HHEPIUs CKaroro oodbema —
56 kJk; mosie3Has MEXaHUYeCKas SHEpPrus Bbl-
crpena — 24 kJIx.

Pe3synbraTel MCHBITaHUS TOKa3ald, YTO
HOBOE SHEPrOHAKOMMUTEIBHOE YCTPOHCTBO CIO-
COOHO obOecneunTh CKOPOCTh BBIOpOCA OTpaHU-
yeHHOro oobema Boibl 700—800 m/c u 6onee. Ipu
9TOM IPU PE3KOM TOPMOXKEHUHU BOJSHOIO 3apsijia
B IPOOMBAEMOM KaHaJle B €CTECTBEHHBIE  TEXHO-
TeHHbIE TPELIUHbl POHUKAET BBICOKOHAIOpPHAs
BOJIa ¥ MPOU3BOJUT BOPOHKOOOPA3HBIN OTPHIB C
HaMMEHBIIMM PacXo0/I0M dHepruu. B aTom cirydae
JUTSL pa3pyLICHUsI TOPHBIX MTOPOJT TpeOyeTcs sHep-
THM B pa3bl MEHbIIE, MOCKOJBKY pa3pylIeHHE
OO0JIBIIIEH YaCThIO TIPOMCXOUT HA PACTSHKEHHUE, a
He Ha cxarue. KOHCTpyKIMs CHIIOBOIO MPUBOJIA
CO3JIaHHOT'O TUAPOUMITYJIBLCHOIO CHapsijia Obuia

3aJI0’K€Ha B OCHOBY JAJbHEUIINX UCCIIEI0BaHUT,
a €ro TEXHOJOIMYECKHE XapaKTEPUCTHKHU CTaju
OCHOBOH 17151 pa3pabOTKU AIIEMEHTOB CHUCTEMBI
PYIHUYHOI'O TPAHCIIOPTA.

B nocnenHee BpeMsl B KayecTBE pyJHMY-
HOT'O TPAHCIIOPTA Ha OTKPBITHIX pa3paboTKax Bce
Yalle UCMOoNb3YIT KPyTOHAKIOHHbBIE KOHBEHEPhI
JUIS JIOCTaBKM KYCKOBOH pyZbl Ha IOBEPXHOCTh
Kapbepa U MOoJjauy ee Ha HeOOIbIIOe PACcCTOSHNE
(mo 10 xM). B xauecTBe MarucTpanabHOIO Helpe-
PBIBHOI'O TpaHCIOpTa NOMHMMO KOHBEWEpPOB U

CTpPYHHBIC
TpaHCIIOPTHBIE cucteMbl [25-27]. WnxeHepHas

MyJBIIONPOBOJIOB  IPEIAratoTcs
ujes, CBsI3aHHAas CO CTPYHHOM TPAHCIIOPTHOM CH-
CTEMOM, OKa3aach HACTOJIBKO 3aMaHYUBOM, YTO
B TIOCJICJIHEE BpPEMSI 3TOT CIIOCOO TPaHCIOPTH-
POBKH I'Py30B M OCHOBaHHbBIE HA HEM TEXHOJIOTHU
MOJTyYar0T PAacHpOCTPAHEHUE IO MHpPY, OJHAKO
NPAKTUYECKU MUHYS IIPU YTOM I'OPHYIO IIPOMBIIILI-
JICHHOCTh. JTO BO MHOTOM OOBSICHSIETCS TIPOOIIe-
MaMi 10 UX IMPUMCHCHHUIO B YCJIOBUAX KapbCPOB
U IIaXT.

Puc. 1. [leiicTByomasi Mojeb IHIPOUMITYJILCHOTO OYypPOBOTo CHapsiaa

Fig. 1. Scaled—down hydroimpulsive rock breaking drill
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Jnst obecrieueHusl HEMPEPHIBHOW KOHBEM-
€pHOM  TPAHCTIOPTUPOBKH  pa3pabaThIBacMOM
TBEP/I0M MacChl CyLIECTBYIOT TP OCHOBHBIX IIPO-
0JIeMBI 10 €€ TPUMEHEHHUIO:

e TiepBasi TEXHOJIOTHYECKasi mpobiiema 3a-
KJIFOYAaeTCd B ONEPaTUBHOCTH HapallMBAHMS
JUIMHBI KOHBEWepa M0 Mepe MPOJBUKEHUS IPO-
XOJIYECKOro 32005 OT MecTa BBITPY3KH B Maru-
CTpaJIbHbIE TPAHCIIOPTHBIE CPEACTBA;

e BTOpas mpobieMa — 3TO HECIIOCOOHOCTh
OOBIUHBIX CTaHKOBO-JICHTOYHBIX WU CKpEeOKO-
BBIX KOHBEHEPOB 00CITY>KMBATh MPOXOKY KPHBO-
JMHEHHBIX YYaCTKOB BBIPAOOTOK JHMOO BBIPaOO-
TOK ¢ ykioHoM Oomnee 10—12°. ITpu sTom ckped-
KOBbIE€ KOHBEHepbl BeCcbMa HEIKOHOMHUYHBI U
UMEIOT MaJIyI0 pabouyro AJIMHY;

® TpeTbs IpobiieMa COCTOUT B obecriede-
HUU JIOCTaBKU OTOUTON PYABI 10 MECTA JOCTAaBKH
0e3 moTepb.

Pemenue »tux npobiem mperycMaTpuBaeT
MPUMEHEHUE IUKIMYHO-IIOTOYHOIO Ipolecca ¢
MeJNKO(PPaKIIMOHHOW OTOOMKON rOpHOM MAacChl B
3a00€e, IpU 3TOM TPAHCIIOPTHBIE, BCKPHIBAIOIIINE,
HOJATOTOBUTENIbHBIE W JIOOBIYHBIC BBIPAOOTKH
MOTYT MMETh KPUBOJIMHEHHBIE TPACCUPOBKH U
ykioubI 10 30°. MccrenoBanus 0TeuecTBEHHOTO
¥ MUPOBOTO OIIbITa MOKA3aJId OTCYTCTBHE TEXHU-
YECKUX pEIICHU B JaHHOM 001acTu.

B cBA3M ¢ M3I0KEHHBIM BBIIIE IIpejyIara-
€TCs CHEUHANBHBIA IOTPY30YHBIH MEXaHU3M
(puc. 2), npenHa3HaYeHHBIN U1 HOBBIX YCIIOBHIi
paboTsl. Heo0xomuMocTh co3aHus TaKoro 00opy-
JIOBaHMs OIpeJieNisieTcsi Kak KPYTOHAKIOHHOCTBIO
HPOXOUMOM BBIPAOOTKH, TaK U MOCTOSHHBIM pa3-
MEIIEHHEM Y I'pyau 320051 HEMPEPBIBHO JEHCTBYIO-
e TEXHUKH, Hampumep ruaponymku [5, 6].
[Torpy3ouHslii MEXaHNU3M IPOEKTUPYETCS B BUIE
napbl HAKJIOHHBIX CTAJbHBIX ILTUT, MEXIY KOTO-
PBIMH CMOHTHPOBAHA Ha MOANPYKUHEHHBIX 1Iap-
HUPHBIX TATaxX OIIO3UTHAas Tapa TYCEHUIl B
coope. Tpaku ryceHur] o00pya0BaHbI KECTKHMHU
CBEMHBIMH CKpeOKaMu. 3aJlaHHBIH TPOMEKYTOK
MEXJy OINIMO3UTHBIMH T'yCEHHIIAMU CO CKpeo-
KaM{, OTPAaHUYEHHBIN CBEpPXy U CHHU3Y CTajb-
HBIMH TUTUTaMHU, 00pa3yeT KpyTOHAKIOHHBIN die-
BAaTOPHBIN JIOTOK.

O6e ryceHuIIbl MOANPYKUHEHBI HAaBCTPEUY
Opyr Ipyry. OTo olecredyuBaeT MpPOXO0KIECHUE
KYCKOBOT'O MaTepuaia MeXAy CKpeOKamu B CIy-
yae MX HAKJIQJKH MEXIy coOoi. J[Be BepxHuUe
MIPUBOJIHBIE 3BE3JJOYKU TYCEHHI] 0OOPYIOBAaHbI
BpalaTeIbHbIMU MPUBOJAMHU (DJIEKTPUUYECKUMU
MOTOP-PEIYKTOpAMU MOIIHOCTBIO 1O 25 KBT
Kakapiid). [IuTel CBsI3aHBI MEXAy co0oi peo-
paMH KECTKOCTH M YCTAHABIIMBAETCS C IOMOIIbIO
MTHEBMOKOJIECHOM Mapbl HAKIOHHO K 332000 Tak,
9TO a0CONIOTHBIM yrojl ee HakJIOHa COCTaBUT
no 75°. Tlepenuuii kpail IIIUTHI KOHCOJILHO OIH-
paeTcs Ha MOYBY BbIpaOOTKH. B mupokoii yactu
IUTUTHI, IPUMBIKAOIIEH K 320010 Ha MOJIHYIO €T0
UIMPUHY, TPAKU CO CKpeOKaMu MoArpedarT oTou-
TYIO IOPOAY OT OOPTOB BHIPAOOTKH K LIEHTPAlb-
HOM JIMHUM U 3aBJIEKAIOT €€ B KPYTOHAKJIIOHHBIN
3J1€BaTOPHBIN JIOTOK.

Jlns TpaHCIOPTUPOBKU MOPOAOIOrPY304-
HOM MaIuHbl T0JT 3a00HHBIA Kpail IMOABOIUTCS
cbeMHas Tenexka. O0e TUIUTHI UMEIOT CKBO3HOM
MIpoeM, 3a0paHHbIN IPOYHON peIIeTKON U moape-
IETOYHBIM OpoHEBBIM cTekoM. [lepen mpoemom
Ha BHUCAYEH CTOpPOHE MOrpy3urKa 00OpyaoBaHa
KaOWHa oreparopa, yrpasJsomero padoTou rui-
poumnyibcHOM nymku. Kpome Toro, Ha Bucs4den
CTOpPOHE YCTPOEHO pabouee MecTO oIeparopa,
yIpaBisionero paboroil morpysuvka. Pabouune
MeCTa OIepaTopoB UMEIOT CBOOOIHBIN TOCTYI B
Mpu3a00iHOE MPOCTPAHCTBO KaK sl poduiak-
TUYECKHX paloT, TaK U B LIENSAX 3aIUTHI JIIOJEH B
SKCTPEHHBIX cUTyalusx. PacuerHas npousBoOAM-
TENIbHOCTh TOTpYy3YMKa OTOMTOM TI'MIpOMMITYJIbC-
HBIM CIIOCOOOM PYJIBI JOCTUTAET 70 6 M° B MUHYTY.

B kawectBe pyAHMYHOIO TpaHCIOpPTa
Ha OTKPBITHIX U MO/A3EMHBIX pa3paboTKax Mpeasio-
’KEH HOBBIM BUJ KPYTOHAKJIOHHOTO JIGHTOYHOI'O
KOHBENepa Uisl JOCTABKH KYCKOBOW M CBhIy4el
PYyIbl, U3rMOAIOIIErocss B JIBYX HM3MEpPEHHSX IO
CIIO)KHOM  TpPacCUpPOBKE TOPHBIX BBIPAOOTOK.
Ha puc. 3 mpuBeneHa cxema S5KCIIEpUMEHTATIBHOTO
obpasiia KoHBeliepa [28], rie rpy3onecymmm op-
raHOM HCIOJIb3YeTCsl TOHKas TpaHCHOpTepHas
JieHTa (C ABYMS UM TpeMs TPOKIIaIKaMHu ).
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Puc. 2. Texnosoruyeckasi cxema IMpoXoAK1 KPyTOHAKJIOHHOMH BbIPa0OTKU:
1 — runpounmiryscHast mymka ['TI13-1200; 2 — nByxaneBaTOpHBINA eperpykarteib; 3 — KpyTOHAKIOHHEIH TPYOOICHTOYHBIH
KOHBeifep; 4 — kabuHa ormepaTopa; 5 — MyJbT YIpaBICHHS; 6 — pyaoneperpy309HbIil JOTOK; 7/ — BEICOKOBOJIBTHBIH KaOeb;
8 — BomompoBo T THAPOIYIIKY; 9 — cTep)KHEBOH Kapkac KoHBelepa; 10 — kopmyc
Fig. 2. Steeply inclined working driving process layout:
1 — hydroimpulsive rock breaking drill GPE-1200; 2 — two—elevator reloader; 3 — steeply inclined pipe belt conveyor;
4 — operator's compartment; 5 — control panel; 6 — ore reloading tray; 7 — high voltage cable; 8 — water supply line for hydroim-
pulsive rock breaking drill; 9 — conveyor skeleton frame; 10 — frame plan
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Puc. 3. [IpoMe:kyTouHOE CeyeHHe TOPU30HTAIBLHOM KOHBelepHOIi BLIPA0OTKH (@) U €XeMa YCTPOIicTBa MPOMEXKYTOY-
HOTo NpuBoAa (0):

1 — pe3suHOTKaHEBas KOHBEUEPHAS JICHTA; 2 — 3JIEMEHTHI MOABECKH; 3 — THOKKE 10s1ca; 4 — CKOOBI OABECKH; 5 — HATSKHOMN
3aMKHYTBIH KaHaT; 6 — pOJIMKH T0/1 HATSDKHOW KaHaT; 7 — MPOMEXKYTOUHbIE PUBO/IBI; 8 — MepeiaTOuHbIH MEXaHU3M OT MPH-
BOJIa Ha HATSHKHOM KaHat; 9 — nprxuMHbIe ponnky; 10 — pacniopHele ctoiiku; 11 — TpaBepcsl; 12 — Bast IpUBOIHOM;

13 — memns ckpebkoBast; 14 — kponmTeiin; 15 — Hampasisiomas eny; 16 — KoHIeBas 3Be3109Ka

Fig. 3. Intermediate section of horizontal belt roadway (a) and arrangement of intermediate drive (b):
1 — rubber-fabric conveyor belt; 2 — suspension members; 3 — flexible belts; 4 — suspension supporting clips;
5 — tension endless rope; 6 — rollers for the tension rope; 7 — intermediate drives; 8 — transmission gear from the drive to the
tension rope; 9 — pressure rollers; 10 — simplex jacks; 11 — spreader bars; 12 — drive shaft; 13 — scraper chain;
14 — supporting arm; 15 — chain guide; 16 — sprocket tip
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JleHTa  MOJBEMIMBAETCS  MOCPEICTBOM
OXBaTHBIX IIOSICOB, PAcCCPENOTOYEHHBIX IO €€
uHe depe3 1,5 M. Mexay noscamu 1o Kpasm
JIEHTBI WJIM 110 MECTY CKJIENKHU Iapsbl JEeHT (cra-
pEHHAs JIeHTA JJIs YBEIMUYCHHSI POU3BOAUTENb-
HOCTH JJOCTaBKU MaTepuajia) MOHTUPYIOTCS I'H0-
KHE€ CTaJbHbIE IOJIOCHI JKECTKOCTH, IIAPHUPHO
CBSI3aHHBIC C TMOCJEAYIOIIUMH JKECTKOCTSIMH 10
Bcell JyinHe KoHBelepa. KoHIbI mosicoB B MecTax
HIAPHUPOB 00OPYAOBAaHBI HAKUIHBIMHU POJIMKAMH,
ONUPAIOIIUMKCI Ha TMOKHE CTaJbHBIE CTEP)KHHU,
KOTOPBIE CBA3aHbI MEXY COOO0H B MOJIYKECTKYIO
KOHCTPYKLHUIO OT/AEIbHBIMH Y4acTKaMH 1o 15 m.
Mexay coboif yyacTKM COEIUHSIIOTCS T'MOKUMU
arieMeHTaMu. HakuiHbIe PONMKH COeTMHEHBI 110~
CJIeZIOBaTeNIbHO THOKUMHU TATaMU, KOTOpbIE HaXO0-
JSTCS BO B3aMMOJEHUCTBUM C IMPOMEXKYTOUHBIMHU
(uepe3 30 M) npuBogamMu. ITO MO3BOJISET Hapa-
IIMBaTh JUIMHY KOHBEiepa Ha MOBEPXHOCTH 10
100011 BeNMYMHBI 0€3 W3MEHEHHs PeXHMa ero
pabotel. ITockonbky mepenaya TArOBOro YCHIIUS
nepefaercss OT MPUBOJOB HA COEAMHEHHbIE
MeXy co00il HakWIHBIE POJIMKM W Jlajee Ha
OXBaTHbBIE I05Ca, CaMa JIEHTa CMOXET COCTOSITh
U3 OTJENBHBIX JKECTKO HECBSI3aHHBIX MEXIy CO-
00l y4yacTKOB C BO3MOKHOCTBIO MOHTHUPOBAThH
HOBBIE YYaCTKH BHaXJeCT. DTO MO3BOJSAET YU~
HSTHh WM YKOpPAuMBaTh JUIMHY KOHBEHepa Ha JIto-
O0M ero yuacTke.

Hecymue crep»Hu KOHBEHEpa B TOJIOBHON
3arpy304HON 4acTH UMEIOT (POpMY, COOTBETCTBY-
IOLIYI0 TEperpy3ke pyAbl B YCIOBHUAX KpYyTO-
HAKJIOHHOHW BBIPAOOTKH, U COCIUHSIIOTCS C TIOPO-
nomnorpy3uukoM. OTxon 3a00s BiedeT 3a coOoi
COOTBETCTBYIOILlEE NEPEMELICHHE MOrpy3unKa C
POXOIYECKON TEXHUKON U, KaK CIEICTBHE, OYK-
CHPOBKY KOHBeiepa, KOTOpbIi dyepe3 12 M mpo-
XOJIKM HApamuBaeTCs Ha IMOBEPXHOCTH HOBBIM
Y4aCTKOM.

Takast KOHCTPYKIIMSI MMEET BO3MOKHOCTH
u3rubaTbcst MO  (PAKTUUECKOM  TpacCHpPOBKE
BBIpAa0OTOK B JABYX IIOCKOCTAX. TArOBBbIM KaHAT
HaBellaH Ha CIICUAIbHBIE OIOPHBIE POJHKH,
HA/Ie)KHO YACP)KUBAIOLINE KaHAT KaK Ha IPSMBIX,

TaK M  Ha  KPUBOJIMHEHHBIX  y4acTKax
TpPACCHI.

B pe3ynbrare neHTa NpUHUMAET B JIIOOOM
CeUeHUM KaruieoOpasHyto (opMy M OXBaThIBAeT
rpy3 npumepHo Ha 270°. IIpoBucanue rpyx’eHbx
YUYaCTKOB JICHTBI MEXAY IOJIBECKaMH IPU OTCYT-
CTBMM KOHILIEBBIX HATSIKHBIX YCTPOWCTB MCKIIIO-
YyaeTcs CTAJbHBIMU M0JOCAMU 10 KpasiM JIEHTHI.
Takoe mnpoBHcaHuEe HEAONYCTHUMO, IOCKOJIBKY
JI€30praHU3yeT JICHTY Ha IOPOXKHEMN BETBU. A BOT
caMHM TIOJBECKM CTATMBAIOT KaljeoOpa3Hylo
JICHTY 110 CEUEHUIO U Ha/IeXKHO 3aLIEMIISIOT ChIITY-
Yuil Ipy3, HOJHOCTHIO HCKJIKOYasl IPOCHIIaHUE
rpy3a, B TOM YHCJIE€ U Ha KPYTOHAKJIOHHBIX y4acT-
Kax Tpacchl. [Ipu 3TOM rpy3 B ceueHuu rpy3oHe-
CYIIEro opraHa OT MOTPY3KH A0 pasrpy3KH Ha
Tpacce HAXOIUTCSI B OTHOCUTEIBHO HENOJBHX-
HOM COCTOSIHUM M IO3TOMY HE BbI3bIBaeT abpa-
3MBHOTO M3HOCA OXBaThIBAIOILEH €ro MOBEPXHO-
CTH JICHTBI, KaK 3TO IMPOUCXOAUT Ha MOAJIEHTOY-
HBIX POJMKOONOPHBIX KOHBelepax. B 3aBucumo-
CTM OT YyIjJa HaKJIOHA, JJUHBl KOHBEHepHOM
Tpacchbl, @ TAKXKE CKOPOCTH JIBUYKEHHS JIEHTHI U
CEUeHMsI TPY30I0TOKA MPUHUMAIOTCS MOIIHOCTb
Y YUCJIO IPUBOJIOB, PACCPETOTOUEHHBIX I10 JAJINHE
KOHBelepa.

Konseliep criocoOeH 3arpyxaThCsi U pas-
Ipy’XaTbcs B 000N TOUKE TPAacChl UM OJTHOBpE-
MEHHO BO MHOTHX TOYKaX, MpHU 3TOM Oyaromaps
CBOEH 3aKpBITOW KOHCTPYKIMM HE JOIYCKAET
pacchlllaHus U NIbUICHUS MaTepuaa, B TOM YHCIIe
NP WHTEHCHUBHOM IPOBETPUBAHUU BBIPAOOTKH.
Kongeiiep nmeeT BO3MOKHOCTh CBOOOJIHO M3TH-
0aTbCs B JIBYX IUIOCKOCTSIX U OOCIY>KUBaTh pas-
BETBJICHHbIE TOpPHBIE BBHIPAOOTKU WJIM OTCHINAE-
MBbI€ IUIOIIAX Ha OBEPXHOCTHU M0 KOJIbIY, IpHU-
YeM I'PaHUYHbIE [TOJIOKUTEIBHBIE U OTPULIATEIb-
HbIE yIJIbl HAKJIOHA KOHBEWepa MOTYT JIOCTUraTh
30-35°. OH MajO4yBCTBUTEJCH K HAIHUIAHHIO
WM HAMOPaKMBAHHWIO MaTepuayiia Ha paboueit
CTOPOHE JIEHTHI, TOCKOJIbKY 00€ €€ TTOBEPXHOCTH
KOHCTPYKTUBHO HE KOHTAaKTUPYIOT C 2JIEMEHTaMU
JOBUKUTENST W HANpaBJSIIOIIMMH, HampuMmep
HATSDKHBIMU M TIPUBOJHBIMM OapabaHamu, IyTe-
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BBIMH POJIMKaMH U T.J., KaK B OOBIYHBIX KOHBEH-
epax. Cioil HaJMMIIEro mMaTepuasa BCerga pas-
MEIIAETCsl BHYTPU IPY30HECYIIET0 OpraHa, CBEp-
HYTOTO B TPpyOy WJU B IIyOOKHH Kea00, U 1O
Mepe HapallMBaHUs CBOEHM TOJIIMHBI U KECTKO-
CTH pa3pyllaeTcs U pasrpyxkaercs C OCHOBHOM
Maccoil. bonee Toro, HaIMIIIIMKA CIOM JTOTOIHH-
TEJIbHO 3AIIUIIACT JICHTY OT a0pa3sUBHOTO U3HOCA.

Konseiiep MoxxeT 00ecneYnTh BBICOKOIIPO-
U3BOJIUTENLHBIE U BBICOKOPEHTAOENbHbIC IIHK-
JUYHO-TIOTOYHBIM M TMOTOYHBIH METOIBI OTpa-
6oTku. KoHCTpyKIMs KOHBelepa He HYKIAeTCsl B
MO/JICHTOYHBIX POJIMKAX M KOHIIEBBIX HATSKHBIX
YCTPOMCTBAX, UTO 3HAYUTEIHHO MOBBILIAET U3HO-
COCTOMKOCTHh OOBIYHOM JICHTHI Ha JIOCTaBKe abpa-
3UBHOM ropHOil Maccel. KoHBeliep He UMeeT mpo-
0J1eM ¢ HaTUNaHUEeM TTIMHUCTBIX MaTepUaoB, Mo-
CKOJIbKY Tpy30Basi MOBEPXHOCTh BCErJa Haxo-
JTUTCS] BHYTPU TPYOBI M HAJTUIIIIIAas Macca OTCIJIan-
BaeTCS NP B3UMOJICHCTBUHU C KyCKOBBIM MaTepH-
anoMm. B Hacrosimee Bpemsi aBTOopamMu Ha Tpe-
MPOEKTHOM CTaJuM pellleHa TeXHUYecKas 3a/1a4ya
MPUBO/A, MOTPY3KH U pa3rpy3Ku KOHBEHepa moJ-
BECHOM KOHCTPYKIIMH JJSl MPOTSKEHHBIX TMOJ-
3€MHBIX BBIPA0OTOK.

[IpuMeHUTENBHO K KPYTOHAKJIOHHBIM BbIpa-
00TKaM, HarpuMep Ha OTPabOTKe HAKIOHHBIX CIIO-
€BBIX MaHEeNeH WIK Ha BCKPBIBAIOIIECH PY/IHOE TEJIO
KOHBeHepHOH BhIpaboTKe (CM. pHC. 2), CTOCYHYIO
KOHCTPYKIIIO KPYTOHAKIIOHHOTO JICHTOYHOT'O KOH-
Beliepa MOKHO 3aMEHUTh Ha HAIIOJIbHYIO KOHCTPYK-
U0 C THOKOCTEPKHEBBIM KapKacOM >KECTKOCTH.
OTO AUKTYETCS CIOXKHOCTHIO 3a00MHOI0 Hapamy-
BaHMs KOHBENEpPA B YCIOBUAX MPOXOJUMON KPYTO-
HAKJIOHHOM BBIPAOOTKH TMPH HENPEPHIBHOM TEpe-
MeTleHnH 3a00iHOT0 orpy3urka. OTHaKo BCe Tpe-
Oyemble CBOWCTBA HOBOW KOHCTPYKIIMM COXpaHS-
totcsi. TpeOyemast Mpon3BOAUTENBHOCTD KOHBEHEpa
MO0 TEXHUYECKUM BO3MOXKHOCTSIM OyJIeT COH3Me-
pHUMa C yaeNbHOM BBIpAaOOTKOM MTPOXOTYECKON TeX-
HUKU. B 1oa3eMHOM NMPUMEHEHUN KOHBEWep Mo3-
BOJIUT BCKPBIBaTh PYAHOE TEJIO KPYTOHAKIOHHBIMU
KOHBEHEPHBIMUA CTBOJAMH Mayioro cedyenws. [lpu

CKOpPOCTH JBFDKEHUS JIGHTHI 1,5 M/C mpou3BoaM-
TEIbHOCTh KOHBEMEPHOW JOCTAaBKH COCTaBUT IO-
psanka  150-180 MY/d,  MaKCHMAJbHbIH yroi
HaKJIOHa Tpacchl paBeH +45°.

[Tpu HaMYMY UTHTEHCUBHOTO JIe0eTa rPyHTO-
BBIX BOJI MpEAJIaraeTcsi BAPHAHT C MPUMEHEHHUEM
ITHEBMOTHJIPABIIMYECKOTO TPYOOIPOBOJHOTO KOH-
Beiiepa B OJHOTPYOHOM HCTIOJIHEHHH C BO3MOKHO-
CTBIO M3r10a B COEIMHEHUH CEKIINIA, OCHAILIEHHOTO
COOCTBEHHBIM BO3AYIIHBIM THAPOYIAPHBIM KOM-
IIPECCOPOM IMOBBIIIEHHOTO TABJICHUS C DIICKTPOPa3-
PSTHBIM TIPHBOIOM.

TpancnopTHbIl KoMILieKke (puc. 4) Ha Me-
CTe meperpy3ku OTOUTOI TOpHOI Macchl 00opy-
JIOBAaH CpPEJICTBAMH BTOPHUYHOTO JIPOOJICHUS
KPYIHBIX KYCKOB. DTH CPEJICTBA pa3MEILECHbI HaJ
MIPUEMHBIM ONPOKUIHBIM JIOTKOM. Pa3pyiiennbie
KyCcKH mopoasl 10 ¢pakuuu 50-80 mm 3arpyxa-
I0TCA U3 JIOTKA B THEBMOKaMepy ¢ 100aBIeHUEM
Bozbl. [IHEBMOKamepa coenMHEHa ¢ TPAHCHOPT-
HBIM CEKIIMOHUPOBAHHBIM TPYOOIIPOBOIOM, Y KO-
TOpPOTO Bce TPYObl AMUHHON 4—4,5 M coeIMHEHBI
MEXIy Co0O0# CIenUaTbHBIMU TMOBOPOTHBIMU
y3JIaMH.

[IpuBOOM TPAaHCIIOPTHOTO KOMILIEKCA SIB-
JSeTCs CHNEeUUATIbHBIA OJHOUMIMHAPOBBIA KOM-
npeccop. I[IpuueM nuanMHApP OCHAIIAETCs KECTKO
CBA3aHHOM mapoy nmopuHend. Mexay nopimHsiIMH
HaXOAUTCS MOCTOSHHO ITOJKauyrBaeMasl BoAa, KO-
TOpasi yAapHO CKMUMAaeT aTMOC(EepHBIN BO3IyX U
OJTHOBPEMEHHO OOECIeUrBaeT BOISHYIO CMa3Ky
VIUIOTHEHUW TOpLIHEN B nuiauHape. OTcyTcTBUE
CMa30YHBIX Macej Oo0ecIeurBaeT OJHOCTAJIHIi-
HBIH Mpoliecc ckaTus aTMOCPEPHOTO BO3AyXa 110
BBICOKUX TApaMETPOB IO JABJICHUIO U TEMIIepa-
Type. [IpuBoa KoMIpeccopa OT ANeKTpopaspsl-
HOTO TeHepaTopa C pabouuM JaBICHHEM BOJISI-
Horo mapa 100—120 MIIa. CxaTelii BO31yX MO-
CTYIAEeT B 3alI0JIHEHHYIO MOPOJI0 U BOJIOM ITHEB-
MOKaMepy, ¥ 10 KOMaH/e orepaTopa MpPOU3BO-
JTUTCSI BBIOPOC MaTepuaia Ha pacCTOSHUE, COOT-
BETCTBYIOIIIEE HCIIOIb3YEMOMY JABIECHUIO CKa-
toro Bo3ayxa [10].
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Puc. 4. Cxema ruipouMILy/ibCHOM MPOXOAKH KPYTOHAKJIOHHOM BbIPA0OTKHU
¢ NIHEeBMOTHAPABJINYECKOH JOCTABKOI rOPHOI MacChI:
1 — xpyronasatomas BepabOTKa B IUIAHE, UM BEPTHKAJIBHBINA CTBOJ; 2 — MOATOIICHHBIH 3a00i1; 3 — rTHAPOTPaHCIIOPT-
HBII TPyOONPOBOJ; 4 — HIDKHSASA 4acTh TMAPOTPACIIOPTHOTO TPYOOIPOBOIA; S — BEPXHSI YacTh THAPOTPAHCIOPTHOTO TPYOO-
npoBoa; 6 — orpaHuuuTENk; 7 — 3aTBOP; 8 — CBOOOIHO IUIaBAIOIIUE MOPLIHU-CKPEOKH; 9 — eMKOCTb 11l utaMoouncTku; 10 —
MPUEMHO-BBITECHUTENBHBIN anmapat; 11 — HrkHuit kinanan; 12 — BepxHuil kiianas; 13 — cTpyiiHblil Hacoc; 14 — BHITECHHUTEIb-
HbII Hacoc; 15 — mut npoxoueckuii; 16 — rugpoummyibcHas mymka; 17 — 3a00iHbII neperpyxatens; 18 — nennoi npusoa
3a0oitHOro Neperpyxkarens; 19 — peBepcHbIil epeKIItoUaTeNb BHITECHUTEIBHOTO Hacoca

Fig. 4. Steeply inclined working hydroimpulse driving process layout with airdraulic transportation of rock mass:

1 — steeply inclined working in plan view, or vertical shaft; 2 — flooded face; 3 — hydrotransport pipeline; 4 — lower part of the
hydrotransport pipeline; 5 — upper part of the hydrotransport pipeline; 6 — limiter; 7 — gate; 8 — free—floating piston-scrapers;
9 —sludge purification reservoir; 10 — reception-displacement apparatus; 11 — lower valve; 12 — upper valve; 13 — liquid—jet
pump; 14 — positive-displacement pump; 15 — tunneling shield; 16 — hydroimpulsive rock breaking drill; 17 — face reloader;

18 — chain drive of the face reloader; 19 — reversing switching device of the positive-displacement pump

Jns crabwibHONW pa®oThl Ha OoJjblINe
paccTosHUS MPeyCMaTpUBAETCS UCIOIb30BaHNE
napajelbHOTO BO3AYIIHOrO TpyOonpoBoja, co-
€IMHSAIOUIETO YYaCTKU TPAHCIOPTHOIO TpyoOo-
MpoBoJia 4Yepe3 oOpaTHble KiamaHbl. KiamaHbl
CpabaThIBAIOT MPH CO3/IaHUH MaTEPHATBHBIX IPO-
00K C TIOBBIIEHHEM BHYTPHIIOJIOCTHOTO JaBIIe-
HUs. B pe3ynbpTare naBieHne Bo3Iyxa Ha ydacTKe
POOKH PE3KO MOBBIIIAETCS U MMPOU3BOINUTCS €ro
pa30IOKUPOBKA.

K nocronHcTBam Takoro KoHBeHepa OTHO-
CHUTCS TO, UTO TPYOOIIPOBOJI MOXKET U3TUOATHCS B
COOTBETCTBUHM C TpaccaMH BBIPaOOTOK, JIETKO
HapaIIuBaeTCsI C MOMOIIBI0 OBICTPOCHEMHBIX
(raHIIeB ¥ HE 3a/IePKUBACT MPOXOIAUECKUE pa-

60Tbl. MOXHO IPUMEHHUTH TPYOBI U3 JTHOOOT0 U3-
HOCOCTOIMKOro Marepuaiga ¢ TMHOKMMHU MaTpyoKo-
BBIMM COEIMHEHUSMHU CBOEH KOHCTPYKIIMH.

BoIBoabI

1. IlpumeHeHue npeayiaraéMbIX KOHCTPYK-
LUUH PyJHUYHOTO TPAHCIIOPTa COBMECTHO C HOBOI
JTOOBIYHOM WJTM MPOXOTYECKON TEXHUKOU MO3BO-
JUT B CBOEW OCHOBE pPEain30BaTh MOTOUYHYIO CH-
cTeMy (DYHKIHOHUPOBAHUS TOPHOTO MpEANpus-
TUS.

2. HoBas TexHosOrMuecKas cXxema I03BO-
JsIeT B ONPEACTICHHON CTeleH! YHU(PHUIMPOBAThH
ropHble paboThl, HECMOTPs Ha MHOroobpasue
TOPHOTEXHUYECKUX M  TOPHO-TE€OJIOIMYECKUX
ycnoBuil. [lenaer BO3MOXHBIM 0TpabaThIBaTh Me-
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CTOPOJK/ICHHE B JIIOOOM MOPSIKE W Ha BCIO BBI-
COTy, IpPUYEM IMOJATOTOBKA OTPAOOTKU PYIHBIX
TEJl OCYILECTBIIAETCS HEe Oojiee ueM OJHUM WU
JBYMSI TPAHCTIOPTHBIMU TOPU30HTAMHU.

3. KpyToHak/iOHHBIE KOHBEWEpHBIE YCTa-
HOBKH MO3BOJISIIOT 00E€CIEYUTh BCKPBHITHE MECTO-

Science and Technology

POXJICHUH C WCIIOJIB30BAaHHEM CTBOJOB MEHb-
IIeTO CEYCHHUsS C MOJIXO0AO0M HEMOCPEACTBEHHO K
pyIHOMY Telly, Pa3BUBAaTh CUCTEMY HAKIOHHBIX
WM KPYTOHAKJIOHHBIX MaHEIbHBIX y4aCTKOB, Be-
cti ux 3(PeKTUBHYIO OTpabOTKy CO 3HAYH-
TEJILHO MEHBIIIMMU KalIUTATbHBIMH 3aTPAaTaMH.
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Metoa onpeeieHUs] HCTOYHHKA POCCHIITHOIO 30/10TA

Baagumupuena O. B.

Pocculickuil rocy1apCTBEHHBIN ME€0JI0rOpa3Bel0YHbIM YHUBEPCUTET
uM. Cepro Opmxonnkuaze (MI'PU), Mocksa, Poccust

AHHOTauus: BemecTBeHHbIE XapaKTEPUCTUKHU 30J10Ta POCCHIITHBIX 00BEKTOB U F€0JIOr0-T€OMOP(OIOTHIECKUE OCO-
OEHHOCTH POCCHIIIECOAEPKALINX BOJOTOKOB IO3BOJISIIOT CYAUTh O THIIE MCTOYHMKA, CPOPMHUPOBABLIEIO POCCHIIb.
Uccnenyemslii paiioH (cpeqHee TeueHne peku Anprua, BepxostHckuil paitoH, SKyTHs1) XapaKTepu3yeTcsl CUIIBHO pas3-
BUTON POCCHIITHON 30JI0TOHOCHOCTBIO KaK JPEBHUX TEPPACOBBIX OTJIOXKEHUH, TaK U BOJOTOKOB HU3KHX IOPSIKOB.
3Ha4yuTeNbHAs 30JI0TOHOCHOCTh BOJZOTOKOB HU3KUX MOPSAKOB IIPHU €ANHUYHBIX MECTOPOXKACHHUSX 30J10Ta IPEATIOa-
raeT HaJu4ue elle He U3BECTHBIX KOPEHHBIX CKOIIEHUH 300Ta. OnpeeneHue Tua HCTOUHUKOB POCCHINIEH MOJIO-
1b1x BogoTokoB (I 1 Il mopsiIkoB) MO3BOJISIET CTPOUTH MPOTHO3HO-TTOUCKOBBIE MOJICTTH KaK JIsi HOTEHIUAIBLHO POC-
CBIITHBIX, TaK U A7 pyJHBIX 00BeKTOB. Llens ucciaeoBaHus 3aKII04aeTCs B COCTaBICHUHN JOTUKO-HH(OPMAaLIMOHHOTO
JITOpPUTMa, KOTOPBIH Ha OCHOBE HanOoJiee 3HAYMMBIX BEIIECTBEHHBIX U I€0J0ro-reoMopgoaorndeckux (pakTopoB
MTO3BOJIUT HE TOJBKO OMPEAENUTh THUII HICTOUHUKA POCCHINU, HO U BEPOSITHOCTH €T0 JIOKAIU3ALUY U MPOOIIKaIoIIe-
rocsi cHoca MeTajuia. Pe3yiabpTaToM ncciieoBaHms crana nporpamMma (s3elk nporpammuposanusi Python), xapakrepu-
3yIOIAs TUI HICTOYHHUKA POCCHIIH HA OCHOBE OKAaTaHHOCTH 30JI0TUH, HAJIMYMS CPOCTKOB 30JI0TA C IPYTUMH MHUHEPa-
JIaMH ¥ TIPEJICTaBICHHOCTH TsDKeNol (pakimu. OleHKa BEpOSITHOCTH JIOKATH3aIUN UCTOYHHUKA POCCHIITA OCHOBBIBA-
€TCs Ha Teo0JIoro-reoMopQoIoTniYecKux (hakropax: MOPSJOK BOJOTOKA, TUI POCCHINH, IPOCTPAHCTBEHHAS CBSI3b C
TeppacaMi IPEBHUX 3PO3HMOHHBIX ypoBHEH. IIpH mccienoBaHMK W3BECTHBIX POCCHINHBIX OOBEKTOB HA CO3JAaHHOU
MporpaMMe BBISIBJIEHBI POCCHINHU C IPEANOI0KUTETEHO KOPEHHBIM HCTOUHUKOM U HICTOUHHUKOM B BUJIE IPOMEKYTOU-
HOTO KOJUIEKTOpa. Takxke cocTaBiieHa KapTa 3K30I€HHOH 30JI0TOHOCHOCTH C 3JIEMEHTaMM NMPOTHO3a: IUIOLaAsIMH,
NEPCHIEKTUBHBIMU Ha BbISBICHHE KOPEHHBIX CKOIJICHUH 30J10Ta (00JIaCTH paclpoCTpaHEeHHs BOAOTOKOB HU3KUX I10-
PSIAKOB C PYZHBIM MCTOYHHKOM) M BOJOTOKAMH HHM3KHX MOPSAKOB, IEPCIEKTUBHBIMU ISl BBISABIICHUS POCCHITHBIX
00BEKTOB (BBIICIICHBI 10 IPUHIIUIY aHAJIOTHH T10 T€0JIOr0-TeOMOP(HOIOrHUECKON TTO3UIUH ¢ H3BECTHBIMHU BOJIOTO-
KaMU C HICTOYHHKOM B BHJIE IPOMEKYTOUYHOTO KOJIIEKTOPA).

KiroueBble cjioBa: 30JI0TO, POCCBIIIH, A,HLI‘Ia, IMIPOrHO3, AJITOPUTM, OKATAHHOCTB 30JI0TaA.

Just nurupoBanus: Brnagumupuesa O. B. Meron onpeneneHnss HCTOYHUKA POCCBHIITHOTO 30J10Ta.  OpHble HAYKU U
mexnonozuu. 2019;4(4):273-281. DOI: 10.17073/2500-0632-2019-4-273-281.

Method for Revealing Placer Gold Source
O. V. Vladimirtseva
Russian State Geological Exploration University named after Sergo Ordzhonikidze, Moscow, Russia

Abstract: Material characteristics of placer gold and geological and geomorphological features of placer-contain-
ing watercourses allow revealing the type of source that formed the placer. The studied area (the middle reach of
the Adycha River, Verkhoyansk District, Yakutia) is characterized by highly developed placer gold mineralization
both in ancient terrace sediments and high-order watercourses. The significant placer gold mineralization in the
high-order watercourses, at very limited number of known bedrock gold deposits suggests the presence of not yet
discovered bedrock gold mineralization. Revealing the type of sources of placer gold in young high-order water-
courses allows to create prognostic and prospecting models for both potential placer and primary (vein) ore occur-
rences. The purpose of the study is to compile a logical-information algorithm, which, based on the most significant
material and geological-geomorphological factors, will enable revealing the type of placer gold source and the
possibility of its location discovery and probability of gold transportation continuation from the source. The study
result is presented by a program (the Python programming language) that characterizes the type of placer gold
source based on gold grain rounding degree, the presence of gold intergrowths with other minerals and the presence
of heavy fraction. Assessment of the possibility of placer gold source location determination is based on geological
and geomorphological factors: watercourse order, the type of placer, and spatial association with terraces of ancient
erosion levels. The study of well-known gold placers using the created program allowed revealing gold placers
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with supposedly primary gold source and other ones with the source in the form of a natural intermediate gold
concentrator. A map of exogenous gold mineralization with forecast elements was also created, presenting areas
promising for revealing primary gold mineralization (areas of presence of high-order watercourses with gold min-
eralization source) and areas of high-order watercourses promising for discovering gold placers (identified by
analogy (in geological and geomorphological position) with watercourses with the known source in the form of

natural intermediate gold concentrator.

Keywords: gold, placers, Adycha, forecast, algorithm, gold grain rounding degree.
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BBenenue

OmnpeneneHre HCTOYHUKOB POCCHINEH —
Ba)KHasl IIPaKTUYECKas U Hay4dHas 3ajaya, KoTo-
past OTKPbHIBAET BO3MOKHOCTb IPOTHO3UPOBAHUS
MECTOPOXKACHUM U IPUPOCTa PECYpPCOB Kak KO-
PEHHOT0, TaK M POCCHITHOTrO 30510Ta [1]. s au-
arHOCTUKU BEPOSITHOTO UCTOYHUKA POCCHINH Clie-
JyeT PYKOBOJCTBOBATbCS, IPEXkJE BCEro, HaH-
HBIMH, YKa3bIBAIOLIMMHU Ha YCIIOBUS ee hopMupo-
BaHMSL.

Llenb paGoThI 3aKIFOYAETCS B COCTaBIEHUU
MHTEPAKTHBHOHN JIOTMKO-MH()OPMAIMOHHON TIPO-
rpaMMbl, IO3BOJIAIOIIEN ONPEAETUTh TUIl UCTOU-
HUKa pOCCHINEN HU3KUX MOPSAKOB (COIJIacHO
knaccupukanun H.A. Pxxanunpiaa, 1952 r.) paii-
OHa cpesiHero TedyeHus pexku Ajneiya (BepxosH-
CKui paiioH, Skytus).

3agaun:

— HccreloBaHue  rpaHysnoMopdonoruye-
CKUX 0COOEHHOCTEH 30JI0TUH BOJOTOKOB HU3KHUX
MOPSIIKOB PAiOHa;

— BBISIBJICHUE KPUTEPUEB CpPEAM TeO0JIOTO-
reoMop(OJOrMUECKUX M BEIIECTBEHHBIX (aKTo-
pOB, HanboJiee BIMSIOMUX Ha MpeIrnojaraeMblit
THUI UCTOYHHKA POCCHITHOTO 00BEKTa;

— COCTaBJIEHHE JIOTUKO-UH(POPMAIIHOHHOTO
QJITOPUTMa, OIIPEIEISIFOIIETO BEPOSITHBIN THIT UC-
TOYHUKA POCCHIIH, BEPOSTHOCTD MTPOJOJIKAIOIIIE-
rocs CHOCa, a TAKXKe BO3MOKHOCTb OIPEAEICHUS
MECTOHAXO0XIEHHSI UCTOUHUKA.

B Anprua-TapbIiHCKOM MHHEpareHM4ecKoi
30HE, 3aHMMAIOIEN CPEIHION YacTh JOJUHBI P.
AJpIya, Ha rOCy/1apCTBEHHOM OajlaHCe YUCITUTCS
nopsika 40 pocchInmHbIX 00beKTOB. CymMMapHbIe
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3amacel POCCHITHOIO 30JI0Ta MO KaTeropusMm
C1+C2 cocrasmsitor 6osee 30 1. ITo reomopdorto-
TMYECKOM MMO3ULIUHU POCCHINU pa3JIEIsIFOTCS Ha JBE
IpYNIbL: TEPPACOBBIE, IPUYPOUEHHBIE K OTIIOXKE-
HusaM teppacsl |11 3po3nonHoro ypoBHs p. Ansiua
(80 % 3amacoB), U POCCHIITU BOJOTOKOB 1—4-r0
nopsiakoB. [Ipupoct pecypcoB pocchITHOrO 30-
JOTa B UCCJIEAYEMOM pallOHE BO3MOXEH B TOM
YUCJIE U 33 CUET BBISBIECHUS HOBBIX POCCHINEN BO-
JIOTOKOB HU3KHUX MOPSAKOB.

HMcTOYHMKOM 30JI0TBIX POCCHIIEH MOTYT
BBICTYIIaTh KaK PYyJIHbIE CKOIJICHUS MeTaJlja, TaK
U €ro MpOMEXYTOUHbIE aKKymyJsiuuu. B kaue-
CTBE PYJHOTO0 UCTOYHHKA POCCHIITHBIX 00pa3oBa-
HHI B HCCIIEYEMOM pailOHE BBICTYNAIOT PYIHbIE
MECTOPOKICHUS, PYAONPOSABIECHUS M ITyHKTHI
MUHEpaIM3aluu JBYX PYAHBIX (opmarmii: 30-
JOTO-KBapI-MaJIOCYIb(PUIHON U 30J10TOCYPbMS-
HOH. B kauecTBe IMPOMEXKYTOUHOTO KOJUIEKTOpa
MOTYT BBICTYNATh OTJIOXKEHHSI 30H OKHUCIICHMUS;
JPEBHME POCCHIMHBIE 00pa30BaHMsI; KOPbI BBIBET-
puBaHusa. B pailloHe cpemHero TedeHus pPeKu
AJlbIYa Ha CETOJIHAIIHUM JIEHb HE OBLIO YCTAaHOB-
JIEHO POCCHINEN C ICTOYHUKAMH B BUJIE IPOMEXKY-
TOYHBIX KOJUIEKTOPOB. OJHAKO HAJINYME POCCHI-
neil ¢ XopoIIo OKaTaHHBIM 30J0TOM NpH (paKkTH-
YEeCKH IOJIHOM OTCYTCTBUHU TSDKENOH (pakuuu
MO/Ipa3yMeBaeT BO3MOXKHOCTh HaJIMYMs MPOMe-
KYTOUHBIX aKKYMYJISIITUM, TPOJYKTUBHBIX Ha
poccsinHoe 30110710 [1, 2, 4-6, 8].

Poccbinu ¢ KOpEeHHBIM HCTOYHUKOM

B cpennem teuennn pexu Anplya pocchlIIy,
JUISL KOTOPBIX MPEIOJIaraloTcs KOpEHHbIE HCTOY-
HUKH, [IOIPA3JENIAI0TCS Ha PyCIOBBIE — BOJOTO-
KOB 1—4-ro mopsKoB, T€pPpacoBble — POCCHITU
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pPaHHUX LMKIJIOB Pa3BUTHUS PEUHBIX JOJIUH U 3IIIO-
BUAJIbHO-JIENIIOBUANIbHBIE. B HcciaenyemMom paii-
OHE M3BECTHO JIBAa MEJIKHX, HA JAHHBI MOMEHT HE
0CBOEHHBIX MecTopoxieHus (JIazo u CopeBHOBa-
Hue) u 38 pynomnposiBieHuit 3o50ta. M3BecTHo,
YTO 30JI0TO, MOCTYIHUBILIEE B POCCHINb HEMOCPEI-
CTBEHHO M3 KOPEHHOT0 UCTOYHHKA, O0Ia1aeT Xa-
PaKTEpPHBIMH OCOOEHHOCTSIMH, ONPEICIIIEMbIMU
PYIHBIM OOBEKTOM.

1. Cnabas creneHb OKATAaHHOCTH 30JI0THH,
KOTOpasi 00yCIIOBJICHA OJIM3KUM PACTIOIOKEHUEM
POCCHINU OT KOPEHHOTO UCTOYHHKA, KaK MTPABUIIO
10 10 km. YacTo Takue 30710TUHBI Ha3bIBAIOT «CY-
OpyAHBIMI.

2. Hanmuume cpocTKOB 30J0Ta C MHUHEpa-
namu. be3ycnoBHO, MUHEpaTIbHBINA COCTAB Pyl Ha
KOKIOM KOPEHHOM O00bekTe YyHukaneH. J[lns
OOJIBIIMHCTBA MECTOPOXKJIECHUN 30JI0Ta Xapak-
TEPHO HAJIMYHME MUHEPATIOB-CIIyTHHKOB, C KOTO-
pPBIMH  30JI0TO 3a4acTyl0 00pa3yeT CpOCTKH
(HampuMep, TaJeHUT, NMHUPUT, ChaAIEPUT U Tp.
Cynb(hUIBL; KBapII).

3. Tskenas muxoBas (Qpakius B TaKHX
POCCHIMSIX MpeICTaBlIeHa MUHEpalaMH, MPUCYT-
CTBYIOUIMMU B KOPEHHOM HCTOYHHUKE (TaJeHUT,
MarHeTuT, MUPUT U TIp. ).

Poccpinu ¢ HCTOYHUKOM B BHJIe MpoMe-
JKYTOYHOT'0 KOJIJIEKTOpa

B kauecTBe MpOMEXYTOYHOTO KOJUIEKTOpA
B pallOHE CpPEeHEro TeUeHUsl peku AJbldya MOTYT
BBICTYIIATh OTIOXKeHHs ApeBHHX Teppac [10]. 3o-
JIOTO, MOCTYIHUBIIEE B POCCHINb M3 MPOMEKYTOU-
HOT'O KOJJIEKTOpa, 00J1a/1aeT XapaKTepPHbIMU OCO-
OEHHOCTSIMU.

1. 30710TO UMEET CPEAHIOI0 U BHICOKYIO CTe-
NeHh OKAaTAHHOCTH B CHJIy MHOTOITAITHOCTH M
JUTMTEIIFHOCTH TIpollecca IepeHoca MaTepHuaa.
OTCYTCTBYIOT «CYOpPYIHOE» 30JI0TO.

2. OTCYTCTBYIOT CPOCTKH 30JI0Ta C MUHEpa-
JaMHd Ha TIOBEPXHOCTH 30JI0THH. KoHTpacTHbIE
(GU3UKO-XMMHUYECKHE YCIOBUA (HOPMUPOBAHUS
TaKUX pOCCHINEH O00eCeynBaoT pa3pylIieHue
MHUHEPAJIOB, HAXOJSAIINUXCS B CPACTaHUM C 30J10-
toM. OTHaKO MHKPOBKJIFOUEHHS] MUHEPAJIOB MO-
T'YT COXPaHUTHCSI BHYTPH 30JI0TUH (TAJICHUT, TTH-
PUT, MarHeTHT, KBapIl U TIp.).
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3. CymiecTBeHHO pa3Has MPOOHOCTH 30J10Ta
U €r0 Pa3INYHbI XUMUYECKHM COCTAB TAKKE MO-
I'yT YKa3bIBaTh HA MOCTYIJICHWE METaJljIa U3 MPo-
MEXYTOYHOTO KOJUIEKTOPA, HICTOYHUKA KOMOWHU-
POBaHHOTO THIIA, HECKOJIBKUX UCTOYHUKOB, C pa3-
JMYHBIX 3PO3UOHHBIX YPOBHEW PYIHOTO HUCTOY-
HUKA.

[IpumeyaTenbHO, 4TO MUHEPAIIBI TSKEION
¢bpakuuu MOryT OBITH MpPEJCTaBICHBI BeCbMa
OTPaHUYEHHO, & MOTYT U BOBCE OTCYTCTBOBATbh,
9T0 00YCJIOBJICHO HEOJHOKPATHBIM IEPEOTIIONKE-
HUEM PBIXJIOT0 MaTepHalla, B Ipolecce KOTOpOro
MUHEpasbl, 00JIAA0MUe TUIOTHOCTBIO HUXKE,
YeM Y 30JI0Ta, BHIHOCUJIHC.

[Ipu3Haku, MO3BOJSIOUINE OTHECTU POC-
CBIIIb POCCHIIIA BOJIOTOKOB BOJIOTOKOB HH3KUX
MOPSAIKOBHU3KUX TOPSAKOB B pallOHE CpeqHEM
CpPEIHEro pailoHe TEYeHHUSI peKH AJbpIUa K TOMY
WM UHOMY THUITY UCTOUYHHMKA, MOXKHO Pa3JIeIUTh
Ha JIB€ TPYIIbBI: BEHIECTBEHHBIE U T'€OJOT0-T€0-
Mopdonorugeckue.Pazpaboran  ioruko-uHpOp-
MalMOHHBI aJITOPUTM CHUCTEMATHKU POCCHII-
HOTO 30JI0Ta OTHOCUTENFHO TUIAa UCTOYHHKA 30-
JIOTHH.

Bewecmeennvle ocobennocmu poccvinHo2o
30710ma. AHaIN3 BEIIECTBEHHBIX TPU3HAKOB M03-
BOJISIET HE TOJIBKO OIPEACIIUTh BEPOATHBIA THUII
HWCTOYHHUKA, HO M CIENATh MPEANOI0KEHUS O KO-
JUYeCTBE UCTOYHUKOB. HecMoTps Ha oOwmme Be-
IIECTBEHHBIX XapaKTEPUCTUK 30JO0TUH (KJacc
KPYIHOCTH, OKaTaHHOCTb, MPOOHOCTD, YILIOIIEH-
HOCTh, HAJIMYHUE CPOCTKOB 30J10Ta C APYTUMU MU-
HepajlamMH, paBHOMEPHOCTb  paclpeeieHus
npobuocty u 1p. [3, 9]), Hanboee 3HAYNMBIMU
KPUTEPHUSAMH JJI ONPEACIICHUS] TUTIA UCTOYHHKA
POCCBHIITHOTO 30J10Ta SBISIOTCS CIEAYIOLIUE Xa-
PaKTepUCTUKHU: OKATAaHHOCTHh 30JI0Ta, HAJTHYHE
CPOCTKOB 30JI0Ta C IPYTUMU MUHEpaJlaMu, HaJIU-
YHe WU OTCYTCTBUE TSHKEIION (PpaKIIum.

Oxamannocms 3010mun. CTENEHb OKaTaH-
HOCTH 30JIOTHH SBIISIETCS HauOoliee 3HAUYUMBIM
BEILIECTBEHHBIM NPHU3HAKOM JIsi PA3JIMYHBIX IO
TUTIAM UCTOYHHUKA POCCHITIEH BOJOTOKOB HH3KHX

MOPSIAKOB ~ CPEHEro  TedeHus p. Agpya.
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Tabmuma 1
AHaJIN3 OKATAHHOCTH 30JI0THH

Analysis of gold grain rounding degree

CTeneHb OKATAHHOCTH 30JI0THH 110 ATHOAJLILHOM MmOJIyKO-
JHYECTBEHHOM IIKaJIe

1 | 2 | 3

4] s

YeCTBEHHOM IIKaJie

CreneHb OKATAHHOCTH 30JI0THH MO TPeX0aIbHOM MOJTYKOJIH-

Han6oJ1ee BeposAITHBINA THII HCTOYHHMKA POCCHINU

1 2 3
Hauno S300 5900 Pynueria
anboree gacTas
CTENECHb OKaTaHHO >5% <5% i
cTH <5% >5% HeckosbKo HCTOYHHUKOB PA3IMYHOTO THIIA
>5% >5% p
<5 % <5 % Haub ITpomexyTOUHBIN KOJUIEKTO
amnboJee yactas
<5% >5% CTENEHb ’ " ’
>5% <5%
5 5 OKAaTaHHOCTH Heckosibko HCTOYHHUKOB PA3IMYHOTO THIIA
>5% >5%
>5% Hau6 <5% Pynmubiit
amnboJee yacras =
<5% >5% ITpomexyTOUHBIH KOJUIEKTOP
5 CTEIICHb 5 "
>5% >5% KomOuHMpOBaHHEI / HECKOIBEKO
OKaTaHHOCTH —
<5% <5% BeposTHBII THIT ICTOYHUKA HE OTIPEISITNM

Jlns ompeneneHus] CTETIEHW OKAaTaHHOCTU 30J10-
THUH POCCHIITA HEOOXOANUMO ONPEAETUTH MO MOTY-
KOJIMYECTBEHHOW MATHOAIIBFHON IIKalle OKaTaH-
HOCTh Kax1ou 30j0THHBI [9]. 3aTeM C 1enbio
YCTaHOBJIEHHS] PAaBHOMEPHOCTU pacIpeaeeHus
OKaTaHHOCTH 30JI0TUH CJEyeT MEepeBECTH IMOJIy-
YEHHbIE PE3YNbTAThI B TPEXOAIIBHYIO MOJIYKOJIN-
YECTBEHHYIO IKany. Jlamee HeoOXomumo orie-
HUTH PACIIPOCTPAHEHHOCTh Ka)XI0T0 KJlacca OKa-
TaHHOCTHU. J[J151 3TOTO pacCYUTHIBAETCS MPOIICHT-
HO€ COOTHOIIEHHME KaXJOro Kiacca B BBIOOpPKE.
3areM TOJy4YeHHbIE JIaHHBIE CpPaBHHUBAIOTCS
MEXIy CO000H 10 NpeUIoKeHHOW —Tabnuie
(Tabun. 1), u nenmaetcsi MpeNBapUTEIbHBIA BBIBOJI
O TUTIE UCTOYHHUKA POCCHITIH.

[TepeBoa maHHBIX 00 OKATAHHOCTH U3 TISATH-
OaIbHONW B TPEeXOAJIbHYIO IMOJYKOJIUYECTBEH-
HYIO IIKamy OOYCJIOBIEH [BYMS NpPHUYUHAMHU.
[lepBas — ¢akTUUECKU UCKIIOYAETCS YeToBeue-
CKUl (aKTOp MPHU OLIEHKE CTETICHH OKATAaHHOCTH
3o070Ta. Jlake eciu UcciaenoBaTeNb HE CMOT pas-
JUYUTh OKATaHHOCTb «4» M OKaTaHHOCTH «5» IO
nATUOAJUTPHON IIKaje, B TPeXOa/UTbHOW IIKaje
3Hau€HUE OKATaHHOCTH Oy/JeT COOTBETCTBOBATh
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«3» — XOpoIo OKaTaHHOE 30JI0TO. Bropas mpu-
YHHA — [IPOCTOTA IepecueTa pacipeieeH s OKa-
TAaHHOCTH 30JIOTHH B BBIOOPKE HCXOS U3 TpeX
BO3MOJKHBIX 3HAUCHHMH M JAIBHEHIIEro UX CpaB-
HEHUSI MEXK]Ty COOOi.

Hanuvyue cpocmros 3010ma ¢ opyeumu mu-
Hepanamu. B 3aBHCHMOCTH OT OXHIAeMOH pyII-
HOM (pOpMaIINH MPEOoIaraeMoro KOpeHHOTO HC-
TOYHHKA OIPEJIENIIETCs] BEPOSTHBIN HA0Op MUHE-
paJjioB, KOTOPbIE MOTYT HaXOJUTHCS B CPACTAaHUU
¢ 3o0i10ToM. [l paiioHa cpeqHero TedeHUs p.
Afpl4a 3TO MUPHT, TANEHUT U Op. CyIb(Ub,
kBap1l. OueBUIHO, 1aXe B YCIOBHSIX THIIEpreHe3a
MHUKPOBKIIFOYCHHUS MHHEPAJIOB MOTYT COXpa-
HUTHCS BHYTPH 30JI0THHBI, OJJTHAKO HA TIOBEPXHO-
CTH 30JI0TUHBI TH MHHEPAJIBI pa3pymarorcs. bes-
YCIIOBHO, aJIEKO HE BCE 30JI0TUHBI POCCHITIEH KO-
PEHHBIX UCTOYHHKOB COXPAHHUIU CPOCTKH C APY-
'MMU MUHepajgaMu. YeM GoJbiie BEIOOpKA 30J10-
THH, TEM JIOCTOBEpHee pe3ynbTar. [l oLeHKH
JAHHOTO TapaMeTpa HEoO0XOAWMO pacCUUTaTh
MPOIIEHTHOE KOJIMYECTBO 30JI0THH CO CPOCTKAMHU
¢ MUHepanaMu. Beiiemnsiercs 1Ba BEpOSTHBIX pe-
3yJIbTaTa: CPOCTKH C MHHEpPATaMU COCTaBJISIFOT
MeHee 5 % 1 CPOCTKH ¢ MUHEpaJIaMU COCTaBIISIFOT
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6onee 5 %. B ciyuae ecnu no pe3ynpraTam aHa-
732 OKaTaHHOCTH 30JI0Ta MpeJroaaraeMblil uc-
TOYHUK — PYJHOE CKOIUJICHHE MEeTaija, OTCYT-
CTBHE CPOCTKOB 30JI0Ta C JAPYTUMH MHHEpaJaMH
HE SIBJIICTCSI ONPOBEPKEHUEM MOJTYYSHHOTO BbI-
BOJIa, a JIUIIb OTpa)kaeT JIM0O HeMpeCTaBUTENb-
HOCTh BBIOOpPKH (B cllydae eciii ObLJIO MCCIeIo-
BaHO MeHee 50 30JI0THH), MO0 0OCOOEHHOCTH Ca-
Moro uctoyHuka. Eciu no pesynpraTtam aHanusa
OKaTaHHOCTH 30JI0TA MPEAIOIaraeMblii UCTOYHHUK
— MPOMEXYTOUHBIA KOJUIEKTOp, HAJMYUE CPOCT-
KOB 30JI0Ta C IPYrUMHU MuHepaiamu (bosee 5 %)
a100 CTaBUT MOJI COMHEHUE BBISBICHHBII THIT HC-
TOYHUKA, JTUOO IpeanoaraeT Halu4ue JOMOIHU-
TEJIHHOT'O UCTOYHUKA POCCHIIH.
Ilpucymcmeue msocenou ¢paxyuu. Hanu-
Yhe WU OTCYTCTBUE TSKENOM (pakiuu B poc-
CBIITU TJIABHBIM 00Pa30M 3aBHCHUT OT PacrpocTpa-
HEHHOCTH MHHEPAJIOB TSDKEJIOH (hpakiuu B pyaax
U TOpOJIaX KOPEHHOTO MCTOYHMKA. OIHAKO s
pOCCHITIEHl ¢ UCTOYHUKOM B BHJE MPOMEXKYTOY-
HOTO KOJUIEKTOpa 3a4acTyl0 XapaKTepHa He3Ha-
yuTeNbHas TsDKenas Qpakiius, 4To 00yCIOBICHO
HEOJIHOKPATHBIM MEePEOTI0KEHUEM MaTepHaa.
KavecTBeHHO-KOIMYECTBEHHAS OLIEHKa
JAHHOTO TIapamMeTpa BeCbMa 3aTpyJHHUTENbHA, I0-
ATOMY BBIOOp OyJeT MpeCTaBJICH ABYMS BapHaH-
TaMH: MHHEPaJbl TSDKEIOHW (pakmud OTCyT-
CTBYIOT W MHUHEpaJbl TSHKEION (pakiuu mpe-
cTaBieHbl ABHO. [{nst Anprya-TapblHCKON MMHE-
pareHMYecKor 30HBI XapaKTepHO PacHpoCTpaHe-
HUE JBYX 30JOTOPYIHBIX (hopMaruii: 30510TO-
KBapI-MaJoCyab(UIHON (pyIHbIE MHHEpAIbI:
ApPCEHOMHUPUT, XAITbKOMHUPUT, TACHUT, IICENuT,
KaCCUTEPUT, MHUHEPAIbl BUCMYTa, PYTHJI) U 30-
JIOTO-CYpbMSIHOM (MUHEPAJILHBIM COCTaB Py Me-
cropoxxneHust CeHTayaH: aHTHMOHUT, KBapIl, M-
PUT, apCEHOITMPUT, CaMOpOIHAsI cypbMa, cae-
pPUT, MarHETUT, JIUMOHUT, APTEHTUT H TIP.).
T'eonozo-eeomopghonocuveckue  xapaxmepu-
CMUKU POCCHINHBIX 00beKmos. JlanHas rpyma npH-
3HAKOB TMO3BOJISIET CYUTh O BEPOSTHOCTU OOHApY-
YKEHHS TIPEIIONIAraéMoro HCTOYHUKA POCCHITTH.
llopsook eooomoxa. Yem HUXKe MOPAIOK
BOJIOTOKA, BKITIOYAIOIIETO B CE€0Sl POCCHIITb, TEM
BBIIIIE JJOCTOBEPHOCTH CYXKICHHU O TIPUPOJAE €TO0
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HUCTOYHHKA. Tak, MaTeprasl pocchinell BOJOTOKOB
MIEPBOTO TMOPSIIKA MPOJENIaTl HAMMEHBIIUN MyTh
OT WCTOYHHMKA JI0 CBOETO HBIHEIIHETO I0JIOXKe-
Hus. C MOBBIIICHUEM TOPSJIKa BOJIOTOKA BO3pac-
TaeT KOJIMYECTBO IMyTEeH BEPOSATHOTO IepeMelne-
HUS MaTepuaia U yBeJIM4YUBaeTCs IUIOMIA b JIOKA-
JU3aUU BO3MOXKHOTO UCTOYHHUKA.

Tun pocceinu. Poccbinu BOAOTOKOB 1-2-10
MOPSAZIKOB CPETHEr0 TeUEHUsl peKu AJibIua pasje-
JSIFOTCS TI0 TUITY Ha JIOKKOBBIE, PYCIIOBBIE, TEppa-
COBBI€, IOJMHHBIE. TeppacoBbie U JOIMHHBIE POC-
CBIIIY CBSI3aHBI C PAHHUMH dTAllaMH Pa3BUTHS J10-
JIMHBI BOJOTOKA [7], pyciioBbIe pocchinu — ¢ 00-
jee TO3JAHUMH, JIO)KKOBBIE — C COBPEMEHHBIMU
npoieccamMu. YeM MOJI0Ke POCChINb, TEM BBILIE
BEPOSATHOCTh OOHAPYKEHHSI BEPOATHOTO HCTOY-
HUKA.

Pe3yabTarsl

Takum 0Opa3oM, 3aKIOUYEHHE O TUIE HC-
TOYHHKA POCCHINM CTPOUTCS HA OCHOBAaHUU pe-
3yJIbTATOB aHAJIM3a TPYIIIBI BEMIECTBCHHBIX (haK-
TOpOB. BeposATHOCTH JIOKaMM3aIMH HCTOYHHKA
POCCHINH OTKPBIBAETCS MPU aHAIIN3€ TPYIIIHI Te0-
joro-reomopooruueckux (pakropos (puc. 1).

Ha ocHoBe mpencraBieHHBIX WH(pOpMAIIU-
OHHO-JIOTUYECKUX cXxeM (cM. Tabn. 1 u puc. 1) ne-
JaeTcsi BO3MOKHBIM HE TOJBKO OIpeNeIeHne
TUTIA KUCTOYHUKA POCCHINA, HO M WX KOJMYECTBA,
a TaKKe OICHMBAETCS BO3MOXXHOCTH OOHapyKe-
HUS UCTOYHHMKA POCCHITIH, YTO B CBOIO OYepeib
MOJKET MPUBECTHU K MPUPOCTY CHIPHEBOI 0a3bI Hc-
CJIElyeMOT0 paioHa.

Ha ocHoBe manHOro momxoma paspaboTaHa
WHTEPaKTHUBHAS MPOrpaMma (S3bIK IPOrpaMMHPOBa-
Hust — Python), nmo3Bossitomas onepaTtBHO MpoaHa-
JIM3UPOBATH OTAEIHHO B3SITHI BOJIOTOK (pHC. 2).

Ot omeparopa TpeOyeTcs BBECTH CTETCHBb
OKATaHHOCTH 30JI0THH, OTMETHUTH 30JIOTHHBI CO
CpPOCTKaMu C JPYTMMH MUHEpallaMH, OICHUTH
MPE/ICTABJICHHOCTh TSKENON (PpaKiuu, yKa3aTh
MOPSAZIOK HCCIIEyeMOr0 BOJOTOKAa U THIl POC-
ceinu. J{Jis poCCHIMHBIX 00pa30oBaHUl ¢ MPeArno-
JaraeMbIM UCTOYHUKOM B BHJIE TPOMEKYTOTHOTO
KOJUIEKTOPa BBOJMUTCS JOIOJTHUTEIBHBIA KPHTE-
puii — «lIpocTpaHcTBEHHas CBsI3b C TeppacaMu
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JIPEBHUX 3PO3MOHHBIX ypoBHEW». Ilepecuer cre-
MEHU OKATAaHHOCTH U3 MOJIYKOJWYECTBEHHOU IIsi-
THOAITBHOW B TpeXOa/IbHYIO IIKATy TPOU3BO-
JIUTCSI aBBTOMATUYECKHU.

PesynbTar paboThl MPOrpaMMbI — BEIBOJIBI O
TUIIE UCTOYHUKA POCCHINU HCCIEAYEMOro BOJO-
TOKa, BEPOATHOCTH MPOAOJDKAIOLIETOCs CHOCA U
BEPOSITHOCTH JIOKAJIM3AIMKd MCTOYHUKA (puc. 3).
B Hacrosiiiee Bpemst JaHHas porpamma anpoou-
poBaHa aBTOpoM Ha 21 pyube B paiiloHe CpeHEero

teueHus p. Anbya. [Toctpoena cxema pacnpene-
JIEHUS POCCHINIEN BOJOTOKOB HU3KUX MOPSAKOB C
BBIJICJICHHBIMU TIE€PCIIEKTUBHBIMU Ha OOHapyxe-
HUE KOPEHHOT'O CKOIIEHUS 30J10Ta IUIOIAsIMHU, a
TaK)K€ BOJAOTOKAMH, IPOMBIILIEHHAs 3HAYMMOCTh
KOTOPBIX HE YCTAaHOBJIEHA, OJTHAKO U HE UCKIII0Ya-
eTcsi B CHIy T€0JIOro-reoMop(doIornuecKux
MIPENOCHIIOK 00pa30BaHUsl POCCHIMHBIX O0BEK-
TOB, B TOM YHCJI€ MPOCTPAHCTBEHHON CBSI3U C
ocratkamu teppac |, 11, 11l 3po3nonHbIX ypoBHE

(puc. 4).

S I'eonoro-
E = E g reoMopdonoruueckue BerectBeHnble (hakTops BeiBosl
Q|
S g S g (bakTopsl
= @
HE B Hamnune TIpencraneHHocTs
o Z gl 3 Beposraocts
g2 e gl 5 Tun 9PO3UOHHBIX Hanmuue cpoctkos ¢ TsDKENol PpaKiun BepositHOoCTB
29 3| & TIPOIOJIKAIOLIETOCS
m = 5| poccemu | ocrannos MHUHepalIaMu B B OOHapyKeHHs
bIB bIB cHOCa
= JPEBHUX on A HCTOYHHKA
| o CpeaHss
a JIOKKOBast /111 B cyuae Hamnus Meree 5% BBICOKasI BBICOKaA
e 1 HET 30J10Ta CO CPOCTKAMHU Cpeanss
[
8 “/||“ MHUHEPAJIOB, MOYKHO TOBOPHTE O = - CpEISL
. 3] S BBICOKasI
E pycnosasi ot TOM, 4TO Npenonaraemslii Tnn [ 5| 5 5 BBICOKaAs P
. < <
= | HCTOUHMKA (POMEKYTOUHBIH | & g gl = CpCIHSISI
3 I o o
E pycnoBast /11 KOJUIEKTOP) - MOATBepiKaaercs, | 8| & g = BBICOKAsI BBICOKas
> @ HSIA
<] HET B IIPOTHBHOM ciydae 31oT ¢akr| 8| & g3 & cpen
g ] p y gl 5
=
% CBHETEIBCTBYET O BEPOSTHOM o °
) 2 [reppacoBasy] /111 = = 1S OLLEHKH
= HeT HAJIMYUH JOTIOJHUTEIBHOTO
g CIIe/lyeT U3YYHTh CpeHsst
= | HCTOYHUKA HHOTO THIIA
JOJIMHHAs 1/ (pynioro) BOZI0TOK I mopsizika
HeT
|
JIOKKOBast 1/ Hamzrame cpocTxos ¢ BBICOKAs BBICOKAs
1 HeT MHHepaiamMi 00yCIOBICHO
| yIaJE€HHOCTBIO OT KOPEHHOTO
pycioBast 1/ HCHTOHMKA POCCBIIH BBICOKast BBICOKast
HET
I >5% BBICOKas
<5% CpeHsist
Wi >5% 5 5 BBICOKasI
pycnoBast <506 g & g BBICOKast CPeAHAA
= >5% > 2 I°) S BBICOKas
Z HeT 5 ol & |z| &
= <5% 5 g gl & CpEIHsIA
g | >5% 2 g |8 2
A~ <5% el & |8 §
0 ) o X
2 |reppacosas| /111 o 2 g
TeppacoBas <506 2 = cpeaHsst
0
Her >5% VTS OLIEHKH
<5l CIICyeT U3y4nTh
I >5% y Y
<5% BOZOTOK I mopsiika
Hn 2o
JOJIMHHAS <% cpeaHsst
HET 2%
<5%
|
HOYKKOBAS W B ciyuae HanuuHMs HECKOIBKUX HCTOYHHKOB BBICOKAS cpeHss
8 1 HET Pa3IMYHOIO THIIA, BELIECTBEHHBIE XapaKTePHCTUKU
£ e | 30J10Ta CIIe/lyeT PACCMATPUBATh OTAAIBHO IS
EE pycmopai I}'{Qll HCTOYHUKA 30JI0Ta B BUJIE IPOMEKYTOIHOTO BEICOKas CpeAHii
<) M
5 : ] KOJUTIEKTOpa (151 30JI0THH C BBICOKOW CTEIIEHBIO
i E pycioBas 1/ OKaTaHHOCTH) M OTJCIBHO I HICTOYHNKA PYTHOTO BBICOKAs HU3Kast
5 N
E = HfT THIA (30JI0THHBI HU3KON CTENCHU OKATAHHOCTH).
S 2 BepostHOCTE 0OHApYKEHUSI HCTOUHUKA
< P p
Z 3 | 2 |reppacoBas 1/11 y 1S OLLEHKH
o] HeT 000CHOBBIBACCS HCKIJIFOUMTEILHO Ha OCHOBE I'€0JIOr0-
an CIIElyeT U3y4nTh HU3Kast
| reoMop(OTOrn4ecKuX KpUTeprueB (TUI POCCHINU 1
TOJMHHAS /111 BooTOK | mopsaxa
HoT MOPSIIOK BOIOTOKA).

Puc. 1. Jloruko-uHpopmManuoHHas Tadamua
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OnpefeneHite THNa UCTOUHNKE

OnpeaeneHve TMna UCTOUHMK

pynna reanoro-reoMophonorMueckux GakTopos

I'pynna BewecTBeHHbIX GakTopos
|

[ TIATV6anbaR WKARS | Hamuuwe cpocTkos ©
N9 Jomomume

®

BbiBOAbI

Nopssex BoAcTOK Tun poccuinu

1 . Noxxoeas -

p— wenepanamy
42 4 . "
FIDOCTp#HCTBENHES B30 € TEPPACANH ADESHAX SPOSHONHSE YPOBHER f
a1 4 JL0CTOBEPHOCTL BLIBOPKN  awiGopka AocTonepHa, ecnn npoananwanposao Bonee SO sonomw | AocTosepna
11 yposes ™
4 +
45 4 THN NCTOMHMKE  ONPEAEARETCA D OCHOBINWH BHANMES OKATAMNOCTH SONOTHH ipouexyrounuil Konnexrop
% +
a1 5
r S TPyNNa BeiLeCTReHHLIX. TT03B0/AET ONPeASAHTS BepOATHOCTL NPOAO/XAIOILETOCA CHOCA 30M0Ta Beicoka
E BEPOATHI TN MCTOUHMKS W AOCTOBEPHOCTE O EHHOTO
40 5 pesynsrata
50 5 BEpOATHOCTS NOKANM3ALIAN UCTOUHMKA
[ PYNA FEOAOTG-TEOMOPONDTMHECKHX NPHIHAKDE
al * 10380.RET ONPEARAUTE BOIMOKHOCTE IOKANMIBLMM NPEACTABNEHHOCTSIO TAMEADR $PaNLIN - AN o
52 4 WETOUHMKS, 8 TAKOKE OLIEHKTE BEPOATHOCTL
= - N ——_— MNoATBepXaeHme BLIBOAA Ha OCHOBANMUY NPEACTABARHHOCTA TAXENOH PaKLA Moameepxaserca
k) 4 B C/yHae YCTAHOBASHIA HAINAA HECKONBKHK MCTOUHAKOR

PA3NHUHOTO THTTA, OLIEHHBAETCA BOIMOKHOCTE MoATBEPXAEHHE BLIBOAA HA OCHOBAHWN HATWUHA CPOCTKOR 30/10TA € MUHEPANAMM ToateepxazeTc

Mipeactasaennocts TAKencR gpacim | OTEYTCTEYET v Pacuer WV

Puc. 2. OnpenesieHne BeposiTHOr0 THIA HCTOYHHMKA JUIA
TeXHOTeHHOI pocchinu py4d. CHeXHbII

Puc. 3. PesyabTaThl, BelJaBaeMble POrPaMMOIi

Fig. 2.Revealing the likely type of gold source for tech-
nogenic placer of Snezhny creek

Fig. 3. The program findings

Yenosrrie 0003HATEHIS

Nk~ kR
1774 o 7 r0c Jn o~ ]

1. Opconbl paccesnus 3onora (SIuI'PD, 1961 r.),

2. ITyHKTbI MUHCPANU3ALUN: & - 30J10TO, O - 30J10TO-CYPbMSHbIC;
PyjronposiBiienus: B - 3041010, I' - 30J10T0-CYPbMSHbIC; MECTOPOMKACHUSL!
I' - 30JI0TO, JI - 30JI0TO-CYPbMSAHEIE;

3. lMosepxnocts Teppacs! 11 sposnonroro yposus pekn Anpraa
(75-100 m);

4. ITosepxuocts Teppacet I 5po3snoHHOro yposHs pexu Ablua
(240 m);

5. PoccblliHble 00bEKTHl BOAOTOKOB 1-4 110psi/iKoB;

6. Poccuimm otnoskennit reppacst [ sposwonrioro yposus;

7. Poccwimibie 00BEKTE ¢ BEPOSITHO KOPEHHBIM HCTOTHIKOM;

8. PocchinHbIC 0OBCKTBI C HCTOYHHKOM B BUJIC IPOMCIKYTOUHOTO
KOJLACTOpA,

9.B0o0TOKN HU3KUX HOPSKOB, IIEPCIEKTUBHbIE HA OOHAPYIKEHHE
poCCHITIEH (TIPOMEIKYTOUHBIH KOILTIEKTOP);

10. TTmomaan, meperneKTHBILIE T1a BBISBIETHE PYIIBIX
KOHLCHTpALuMii 3010Ta;

11. Bojoroku.

é ¢ ,
chon{?@ﬁue
t%ymmuo;\‘ ‘

Y SORa
{ Kun?)ret

- 30J10TO BBICOKOM CTEIICHH

oy

OKATAHHOCTH
! |- OrcyrcTBue Tskenol ppakium (axe B
™~ TCXHOI'CHHbIX O'l‘JlO)KCHMﬂX)

- OTeyTeTBIE CPOCTKOB 30510TA ¢ MUTIEpATIaMn
|- Kpymnoe 301010
HETOUHHK - HPOMEKY TOUHDBIH KOJLIEKTOP

- 301010 HU3KOIL K cpejiHel
7 CTENEHN OKATAHHOCTH, HAJTMYHE 3epeH

-\> «cyOpyIHOTO» 00IHKA
- ITpeACTaBACHHOCTD TSOKEION (DPaKLMK: TATICHNT,
cpaepur, IUpUT

AMUUE CPOCTKOB 30/10Ta C MUHEPAJIaMU: KBapL, Cyab(uibl
Kopennoii ucrounuk

Puc. 4. ®parMeHT KapThl 30JI0TOHOCHOCTH PaiioHa CPeHEro TeYeHHUs PeKH AbIYA C 3JIeMEHTAMH NPOrHO3a

Fig. 4. Fragment of gold mineralization map of the Adycha River middle reach area with forecast elements
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Pa3paboranHplii mpoOrpaMMHBI  MPOAYKT
IIO3BOJISIET ONPENEIUTH TUIl HICTOYHUKA POCCHIITH U
BO3MOKHOCTb OIPENEICHHUs €r0 MECTOHAXOXKIEC-
HHS HAa OCHOBE MOP(OIOTHUECKOTO aHaIM3a 30J10-
THH, XapaKTEPUCTUK THKEIIOH ITMXO0BOH (pakiyn
U TPYIIIBI F€0JI0r0-reoMOP(POIOrHYECKUX MTPU3HA-
KOB pOCCBIIECOAEpXKAIUMX BOLOTOKOB. Heco-
MHEHHO, (h)aKTOpOB, BIMAIOLIMX Ha pOCChIeoOpa-
30BaHHE 3HAYUTEIHHO OOJIbIIE, YeM IIECTh UCCIIe-
JOBaHHbIX. OIHAKO UMEHHO 3TH KPUTEPUU SIBIISI-

bubauorpadguyeckuii cnmcok

Science and Technology

I0TCSI HanOOJIee 3HAYMMBIMH TIPH PEIIICHUH TTOCTaB-
JICHHOH 3a/1a4¥, & UIMEHHO ONpENEICHHsI THIA HC-
TOYHHUKA POCCHITA ¥ BO3MOXHOCTH OIPEHACICHUS
€ro MecToHaxoxeHus. KomriekcHoe uccnenoBa-
HUE Pa3JIMIHBIX BEIIECTBEHHBIX U T'€0JI0r0-TEOMOp-
(homornvecknx (HakTOpoB POCCHIMHBIX 00pa3oBa-
HUIA ITO3BOJISIET HE TOJIBKO OIICHUBATH MPOMBIIILICH-
HBI MMOTEHITNAT BOJIOTOKOB, HO M COCTaBJISITh TIPO-
THO3HO-TIOMCKOBBIC MOJICIN 3K30T€HHOW 30JI0TO-
HOCHOCTH, YTO B CBOIO OY€pE/lb CIIOCOOCTBYET OT-
KPBITHIO HOBBIX POCCHITHBIX OOBEKTOB.
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I'eoxumunueckass anoMaIus KO0AIbTA M HUKeEJISI HA IO YepHOropcKkoro
MeCTOPOKIEHHS I0BEJTUMPHOro ckanoaura, Hlenrpanbupiii [Tamup (TaxxukucTan)

Onunaes 1. A, Iuteunenko A. K.1, Bepueoa A. A%, ArumoB V. A.°

Poccuiickuit TocymapcTBeHHBIH Treonmoropassenounblii ynusepcuteT uM. Cepro OpIKOHHKH3E,
Mocksa, Poccus

?MuctutyT Munepanoruu FOxHo-Ypanbekoro (efepaibHOr0 HAyYHOTO HEHTPa MHHEPAIOTUH U Teo-
skosiorun YpO PAH, Muacc, Poccus

AHHOTanus: YepHOropcKoe MECTOPOKICHUE IOBEIUPHOTO CKAIOINTA PACIIONOKEHO B BOCTOYHON YaCTH TEKTOHH-
yeckoii 30HbI LlenTpansraoro [lamupa (Boctounas gacte Pecniyonmku Tamkukucran). Ha tepputopun MmecTopoxie-
HUS mwiomaasio 6onee 55 000 M2 BbIsIBIIEHA FeOXMMUYECKas aHOMAaITUsl K0OanbTa U HUKeJs. MeTaJulbl BXOAST B CO-
CTaB BCEX MHUHEPAJIOB, KOTOPBIE HAa 95% mpeacTaBieHbl HEPYTHBIMU: OJMBUH, SHCTATHT, POroBasi oOMaHKa, (ioro-
IIUT, KaJIbLUT, JOJIOMHUT, IJIArMOKJIa3, CKAIIOIUT, KAIUIINAT, HeelTuH U CONaIUT. B cocTaBe pyIqHBIX MHUHEPAJIOB
YCTAHOBJIEHBI WIBMEHUT, TUTAHUT, PYyTUJ, MarHETUT, T€MATUT, IEHTIAHANUT, MTUPPOTUH U UpUT. Coaep:kaHue Ko-
Oanbra Gosnee uem B 20 pa3 Bhille Kiapka, HUKes — B 10 pa3. Pekomenayercs MuHHCTEpCTBY reoiorud 1 MuHU-
CTEPCTBY IPOMbINUIEHHOCTH PeciyOnuku TamKuKucTal IpoBeIeHNE TOUCKOBO-OLEHOUHBIX PA0OT AJIsl OLIEHKH IPO-
THO3HOTO PECYPCHOTO NTOTEHIMANIA YKa3aHHBIX JIEMEHTOB. JTO MO3BOJISAET PACCMAaTPHUBATh TOPHBIE TOPOBI JTAHHOTO
MECTOPOKACHUS (TapuOypruThl, aMPUOOTUTHI ¥ aTbOUTHTHI) KaK KOOATHTO-HUKEIEBYIO T€OXUMHUYIECKYIO aHOMAIIHIO.
B ee rpannuax TpeOyercst NpoBeaeHHUE CIIEMANM3UPOBAHHBIX [TONCKOBO-OLIEHOUHBIX PadoT. JlaHHOE MecTopoxIe-
HUE U3 paHTa MOHOMUHEPAIBHOIO MOXKET IEPEUTH B pa3psa KOMIUIEKCHOTO MOJMMHHEPAIEHOTO U ITOTMMETaNIBHOTO
00beKTa. DTO 3HAYUTEIILHO TIOBBICUT €TI0 HHBECTHIIMOHHYIO TIPUBIICKATENILHOCTh U PEHTa0EIbHOCTb.

Kuarouessle caoBa: Llentpanbubiil [lamMup, MecTopokaeHre I0BETUPHOTO cKarnonura YepHoropckoe, reoxXxuMude-
ckast anomanus Co-Ni, conep:kanue pyAHbIX 3JIEMEHTOB, FT€OXUMHUYECKUH MOTEHINAI, PEKOMEHIALINH [0 OCBOCHHUIO
MECTOPOXKACHUS.

s uurupoBanus: Onqunaes L. A., JlutBunenko A. K., Bepueba A. A., SItumoB Y. A. T'eoxumudeckas: aHOMaITusI

KOOaJbTa M HUKENS Ha IUION[aqd YepHOropcKOro MECTOPOXKICHHUS IOBEIMPHOIo cKamnojmra, LleHTpanbheiii [Tamup
(Tamkukucran). [ opreie nayku u mexnonozuu. 2019;4(4):282-291. DOI: 10.17073/2500-0632-2019-4-282-291.

Geochemical Anomaly of Cobalt and Nickel
in the Area of Chernogorsky Jewelry Scapolite Deposit, Central Pamir (Tajikistan)

Sh. A. OdinaeVv!, A. K. Litvinenko?!, A. A. Verchebal, U. A. Yatimov?

'Russian State Geological Exploration University named after Sergo Ordzhonikidze, Moscow, Russia
2Institute of Mineralogy, South Ural Federal Scientific Center, RAS UB, Miass, Russia

Abstract: The Chernogorsky jewelry scapolite deposit is located in the eastern part of the Central Pamir tectonic
zone (the eastern part of the Republic of Tajikistan). A geochemical anomaly of cobalt and nickel of more than
55,000 m? was identified in the territory of the deposit. Within the anomaly, the metals were detected in all min-
erals, 95% of which belong to non-metallic minerals: olivine, enstatite, hornblende, phlogopite, calcite, dolomite,
plagioclase, scapolite, potassium feldspar, nepheline, and sodalite. The deposit ore minerals comprise ilmenite,
titanite, rutile, magnetite, hematite, pentlandite, pyrrhotite, and pyrite. The cobalt content is more than 20 times
higher than its crustal abundance, and that of nickel is 10 times above its crustal abundance. It is recommended
that the Ministry of Geology and the Ministry of Industry of the Republic of Tajikistan conduct the prospect eval-
uation to assess the prognostic resource potential for these elements. This allows to consider the deposit rocks
(harzburgite, amphibolite and albitite) as cobalt-nickel geochemical anomaly. This anomaly should be the subject
of greenfield exploration for the elements. The deposit monomineral category may change to complex polymineral
and polymetal category. This will significantly increase its investment attractiveness and economic feasibility.

MINERAL DEPOSIT GEOLOGY
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BBenenue

YepHOropckoe MECTOPOKIEHHUE PaCIOJIo-
’)KEHO B BOCTOYHOM YaCTH TEKTOHHYECKOW 30HBI
enTpansHoro [lamupa Ha kpaiiHeMm BocToke Pec-
nyommku Tamkukucran [1-4]. CoBpeMeHHbIE
IPEJCTABIEHNS O TEKTOHUUYECKOM PA3BUTUU PErU-
OHa PacCMOTPEHbI B MHOTOUMCIIEHHBIX MyOJIMKa-
usx [5—7].

HepaBHomepHoe pacnpezeneHue OBEIHp-
HOU CKaIlOJIMTOBOM MUHEpaTU3alliK, PE3KUe KOoe-
0aHUs KaueCTBEHHbIX XapaKTEPUCTUK CaMOILIBETA,
Oospie 00BEMBI «ITYCTBIX» MOPOA TIO3BOJIHIIN
OTHECTH €ro K 4-ii rpymnmne cioxxHoctu. Bomusu
HEro, B 3 KM K 10Ty, HaXOJUTCS KPYITHOE MECTO-
poxnenue pyouna CHexxHoe. B ero 3amexax
HaOJII0AAI0TCS KPYITHBIE KPUCTAILIBI OETIOTo U uep-
HOTO CKaroJInTa JI0 8 CM JUTMHBI HU3KOTO FOBEITUP-
HOTO KauecTBa. Ero reojornueckoe crpoeHue, Mu-
HepaJlorus pyOUHa U CKarojiInTa, a TaKXKe FreHeTu-
Yyeckue cBA3H ¢ UepHOrOPCKUM MECTOPOKIACHUEM
paccmotpensl B [7-9].

MuHepanornyeckue M T€HETHMYECKHE OCO-
OEHHOCTH CKaIlloJIMTOBOM MMHEpalu3aliu pac-
CMaTpUBAaEMOr0 paiioHa NpUBEJIEHbI B MyOJIHKa-
usix [7, 10-12].

Mertoasb! 1 1eIb HCCIETOBAHUSA

MuHepanbHbIi COCTaB ONPEAETSIICS HA MET-
porpaduueckom mukpockorne [Tomam-P211 (A.K.
JlurBunenko, I11.A. OnuHaeB) 1 3aBepsuics peHT-
reHo¢a3oBbIM aHaM30M Ha npubdope JJPOH-3M
(ananmutuk A.B. ®@enopos, MI'PN). Xumuueckuit
COCTaB MUHEPAJIOB MCCIIEN0BAJICA METOAOM MHK-
POPEHTTEHOCTIEKTPAIILHOTO aHaln3a Ha mpubdope
Cameca SX 100 B pesxxume chemku 15 KB, 30 HA,
(amamutuk H. H. Kononkosa, '[EOXU PAH). 13
800 ompenereHuii cocraBa MuHEpaioB B HUX CO u
Ni ObuTH ycTaHOBICHBI B 680 Cydasx.

MINERAL DEPOSIT GEOLOGY

Lenbto npencTaBaeHHOro UCCIEA0BAHNS SIB-
JISIeTCS BBISIBJICHUE COACP)KaHHMA KoOalnbTa M HH-
KEJIsl B COCTaBE MUHEPAIOB MECTOPOXKIeHUs. BbI-
SIBJIEHUE STHX METAJUIOB 3HAUUTENILHO YBEJINYH-
BaeT PECYpPCHBIN MMOTEHIMA]l KAMHECAMOLBETHOI'O
o0ObeKTa.

PernonasibHoe moJio:keHHe MeCTOPOKICHHSA

Tepputopust MectopoxkaeHusi YepHorop-
CKoe pacnojiokeHa B My3kon-PaHrkynbckom aH-
TUKIIMHOPUH, COCTOSLLEM U3 IByX TEKTOHUYECKUX
OmokoB: CapbIMyJaMHCKOrO (Ha 3amajge) |
[aTmyTckoro (Ha BOCTOKE), NEPEKPHITHIX B LIEH-
TPAIbHOM YacTH  MaJ€030MCKO-ME3030MCKUMHU
BYJIKAHOTE€HHO-OCA/I0UHBIMU TIOpoJaMu. MecTo-
POXIEHUE HAXOAMTCS Ha IOTO-3aMagHOM (iaHre
aTtmyTckoro 6moka [7, 13].

My3kon-Panrkynsckuii Ha Boctoke 1 Banu-
S3ryneMckuii aHTUKIIMHOPUM HA 3aaje SABISIOTCS
TEKTOHMYECKUMHU 3JIEMEHTaMu 30HbI lleHTpanb-
Horo [1amupa. OHu peCTaBISIOT BBIXO/BI TOKEM-
OpHIICKOr0 OCHOBAHUS, HAa KOTOPOM BCJEICTBUE
TEKTOHMYECKOM aKTMBU3aLMH B KaiiHO30€ chopMHU-
POBAINCH TPAHUTO-THENCOBBIE Kymona [ 14-16].

Hentpansubii Ilamup sBisiercsa ceBepo-3a-
NaJHBIM TPOJODKEHUEM CKJIAI4aTOW KUMMEpH-
ckoit cuctembl Tubera [17-22], a B TEKTOHUYECKOM
IUIaHE OH MpeJICTaBIseT cOOON 3amagHoe MpoIoI-
xeHue Yumanrranrckoro teppeiina B Tubere [23—
24]. Bmecte ¢ HEHTpaTbHBIM U I0KHBIM TrOeTOM
(Unnartanrckuii u JIxaca TeppelHBI COOTBET-
ctBeHHO) Llerrpansubiii [Tamup, FOro-3anaansrii u
Oro-Bocrounsnii [lamup B Me3030e chopmupo-
BaJlM KUMEPPUNCKUI CYNIEpTEPPENH, KOTOPBIA OT-
Jenuics oT I'oHBaHbI B HaYaJIe IEPMU U aKKPETH-
poBaincs ¢ EBpazueli B koHie tpuaca [25]. Llen-
TpanbHbIM [[amMup 3aHMMaeT MPUrpPaHUIHOE ITOJIO-
xeHue Mexxay repruauaamu CesepHoro [Tamupa u
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kummepugamu  FOro-Boctounoro u FOro-3anan-
Horo Ilammpa. Kummepuiickag uacte Ilammpa
HazbiBaercs FOxubim [lamupom [ 1, 26].

O6pazoBanue [lamupckoit ckiaguaToi cH-
CTEMBI SIBJISIETCS CIIEACTBUEM KalHO30MCKOM BHYT-
PHUKOHTHHEHTAIbHOM KOJTM3uu Muanu u Asuu [2].
OnpezneneHuie MOJIOKEHUS! TTyOUHHBIX Pa3IOMOB
texHojorueir GPS, orpanmumBarormmx Ilamup-
ckoe Haropbe (Ilammpckyro ckiaguaTyro cu-
CTEMY), IIOATBEPHKAAIOT, YTO 3TA CTPYKTYypa SIBJIsI-
ercst 3neMeHTOM MHI0eBpOonecKol KOJUIM3UOH-
HOM cuCTeMBI [3].

B cocraBe Ilamupckoi cknagyaron cu-
CTEMBI BbIJIEJIeHA MY3KOJIbCKasi MeTaMmopduueckas
cepusi MOIITHOCTBIO OKOJIO 6 KM, cOpMUPOBABIIAst
TEKTOHUYECKYIO CTPYKTYpy — My3kon-PaHrkymb-
CKUW aHTUKJIMHOPUN. Cepusi COCTOUT U3 YEThIPEX
CBUT TOPHBIX IMOPOJ: CACCHIKCKOM, OETICyTUHCKOM,
CapbUKWITUHCKOM U OYypyNIOKCKOM  (CHU3Y
BBepXx) [27].

My3KkonbcKkast cepys IpeTepriena NoMUIHUKI-
YecKuii MeTamMopH3M OT BBICOKOTEMIIEPATypPHON
amM(puOOIMTOBOM JI0 AMUA0T-aM(PHOOIUTOBOM U 3¢-
JieHocNaHeBoi ¢auun. Bospact nepBoro meramop-
¢udeckoro mmkma — 1,9-1,6 mupxa ser [27-28].
OH mpoTekan B YCIOBHUSIX BBICOKOTEMIIEPATYPHOU
am¢pudonmroBoi arwm: 7= 700—750 °P = 8-9 x0ap.
Bropoii ki cocrosincs 0,1-0,02 mapy net Hazan
U TiposiBUIICS 30HaIBHO [4, 10] B P—T ycOBUAX OT
800 C° u 9 x6ap (30Ha MOJHOTO IJIABJICHUS ) B 1I€H-
TpaJbHON YacTU AHTUKIMHOPHS U IO HampaBie-
HUIO K nepudepun depes3 3MuaoT-aMmpuOoInTo-
BYIO K 3eJeHociaHueBod ¢auuu mpu 350 C°
u 4 x6ap.

Bwmemaror Mectopoxnenue YepHoropckoe
MeTaMOp(UYECKUE TOPOIBl  CAPBIIKUITHHCKON
ceuthl MomtHOCTEIO 1300 M. BakHOE 3HaueHME B
€€ COCTaBe U BCEW CepUu UIpar0T MarMaTHYeCcKue
MOPOJBI TPEX HMHTPY3UBHBIX KOMILIEKCOB, ABYX
JTOKeMOPUHCKUX : KyKYPTCKOTO (JIEPIIOTUTHI, Tapil-
OypruThl, MUPOKCEHUTHI, KAIUEBBIE TaOOpPOUIbI,
He(ETMHOBbIE CUEHUTHI, MIOHKUHUTBI, HHOJIUTHI,
YPTHUTBIL,) U 30pOYpYIIOKCKUI (THEHCOrpaHUThI), a
TaKXe IMaJeOreHOBOr0 — HIATIYTCKUN KOMILIEKC
(TpaHUTHI ¥ IETMATHUTHI).

MINERAL DEPOSIT GEOLOGY

I'eonornueckoe cTpoeHne MeCcTOPOKIEHUS

[Imomane  MECTOPOXKIEHHSI  COCTaBIISIET
360%(110-180) M. OHO c10’KEHO MOPOIAMU JABYX
TUIIOB, UMEIOLINX CYOLIMPOTHOE IPOCTUPAHUE C
najieHueM Ha ceep noj yrinamu 60—75°. Mbl ux
pazzensieM Mo L[BETY Ha TEMHOI[BETHBIE U CEpO-
userHsle (puc. 1) [29-30].

TemnoygemHuvle nOpoobl, B CBOIO 0YEPE]Ib,
paszzaeneHsl Ha ABe rpynmnsl. [lepBas rpymnmna BbisB-
JIEHa B CEBEPO-BOCTOYHON YaCTU MECTOPOXKIECHUS
(cMm. puc. 1). TTopoasl cpenHe3epHUCTBIE, TOPHU-
POBUIHON TeKCTypbl. OHU UMEIOT HopMy dalKu
MOIIHOCTBIO 0K0j10 10 M. [ImoTtHOCTH TOpOA CO-
crapister 3,29 r/cm® TTopdHUpOBHIHbIC KPUCTAILIBI
MIPECTAaBICHBl HEU3MEHEHHBIM, CIIETKa BBITSHY-
ThIM OJTUBUHOM pazmepoM ot 0,1 1o 5 mm. Ilo ero
niepudepun HabJIOIAIOTCS MEJIKHE 3epHa pOMOHU-
YECKOI'0 IHUPOKCEHa C JKEJIE3UCTOCTHhIO OKOJIO
20 %, cocrosimiero Ha 80 % u3 SHCTATUTA U HA
20 % w3 ¢eppocunura. B cepreHTHHOBOM arpe-
rare pacroiaraloTcsi MeNKhe YeUryHKu (¢Iioro-
nuTa. AKIIECCOPHBIE MUHEpPAIbl MPEICTABISIOT
ITFOMOXPOMHUCTBI MAarHeTUT, KEJIE30XPOMHUCTYIO
HIMHUHENb, JKene3ucTolid (10 9,1 % (mac.) marne-
3WUT, WIIbMEHOPYTHJI, allaTUT U MIEHTJIaHINT.

Beicokoe conepxaHue MarHe3uaabHOTO
oJIMBHUHA B JaHHOU mopojie (6onee 50 %) u sHCTA-
tuta (30%) MO3BOJISET OTHECTH €€ K TapiOypruTy,
KOTOpBIN paHee He ObLI M3BECTEH B COCTAaBE KY-
KYPTCKOTO KOMILIEKCA.

Bropast rpymnmna TeMHOLBETHBIX ITOPOJI, caMast
KpyIHas 10 00beMy, Mpe/ICTaBlIeHa MEeTaHOKPaTo-
BOM 10 ME30KPAaTOBOM, CJIETKA IIOPUCTOM ITOPOJIOH, C
BapbUpYIOMIeH MIoTHOCTBIO 3,13-3,18-3,20 r/cv’.
[lemounast poroBasi oOMaHKa SIBISETCS TJIABHBIM
MHHEPAJIOM ITOPOJ, 3TOU rpynmnsl. BTopsiM 1o 3Ha-
YEeHHI0 MUHEepalioM ciieayet ¢uioronut. Ero noms
nocturaet 20%. TpeTbuMHu SBISIOTCS TIIArMOKIIa3
Y CKaroJIUT, CO 3HAYUTENILHBIM MPeoOiaTaHueM
nepBoro. B ero cocrase conepxxutcs ot 5 10 20 %
AQHOPTUTOBOM MOJIEKYJIbI, YTO COOTBETCTBYET OJIH-
roksa3y. I1o nerpoXuMuaeckuM 0COOEHHOCTSM Mbl
OTHOCHM 3Ty TPYTITY IOPOA K OpToaM(pruOOoIUTaM.
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Puc. 1. 'eonnornueckmii niian MecroposxaeHusi Yepuoropckoe:
1 — MWH3BI ¢ IOBEJIHPHBIM CKANOIHTOM; 2 — aM(puOoIHuTh, 3 — ambOUTHUTEI, OeTHBIC TEMHOIIBETHEIMH MUHEpATaMHU;
4 — anmpOUTHUTHI, OOOTaIICHHBIC TEMHOIIBETHRIMI MUHEpAIaMH; S5 — rapIOyprUuThL; 6 — 3JICMEHTHI 3aJIeTaHus

Fig. 1 Chernogorsky deposit geological map:
1 — lenses with jewelry scapolite; 2 — amphibolite; 3 — albitite with low content of mafic minerals;
4 — albitite enriched in mafic minerals; 5 — harzburgite; 6 — dip and strike

Cepoysemmbie nopoobl 3aHUMAIOT CEKYIIIEe
MOJIOKEHHE 110 OTHOLLIEHHUIO K TEMHOLIBETHBIM, I10-
YTH YEPHBIM OpTOaM(PuOOIUTaM U rapiOypruTaM.
CeponBeTHbIE TOPOIbI pa3eaeHbl Ha ABE IPYIIIIbL.
IepBas npencTaBiaeHa abOUTUTAMU, KOTOPbIE 00-
Pa3yloT TpU KPYIHBIX Tesla CIOKHOM (hopMbl Ha
¢uanrax (cm. puc. 1). [Tnarnoknas B anbOuTUTaX
coaepxkut 1-5 % aHopTuTOBOM MONIEKyabl. OH
(dopMHpyeT arperarbl co CpeHe- U KpyIHO3EpHU-
CTOM TpaHo0JIacCTOBON CTPYKTypoii. BerpewaroTcs
Y4aCTKH C MacCHBHOM, IIOJIOCYATOW W BKPAIUICH-
HOW TeKCTypoil. B mHTepcTuIusaX 3epeH anpOuTa
OTMEYAETCs CKAIOJINT, & B MACCE — BKIIFOUEHUS PY-
THUJIA, TATAHUTA, (DJIOronuTa, KalblUTa, T0JIOMHUTA
U POroBOi 0OMaHKH /10 3 cM B nornepevyHuke. Bro-
past rpymnmna ImpezicTaBieHa CKarnoJuT(MapHajInT)-
TbOUTOBBIMHU JINH3aMH, 3aHUMAIOIIMMH OYEHb He-
00IIbI1I0i 00BEM B KOHTYpPE MECTOPOKIACHUS (CM.
puc. 1). OHa uMeeT TTIaBHBIA IPOMBIITUICHHBIA WH-
Tepec KaK MCTOYHMK MOJIyUYeHHs FOBEJMPHOTO CKa-
nojura. B cBeTnBbIX MOpoaax aBTOpamMH YCTaHOB-
JIeHBI peNIMKTHI He(enHa U coganura [4, 29].

MINERAL DEPOSIT GEOLOGY

KonueHTpanuu Ko6a1bTa 1 HUKeJIs

Bricokne KOHICHTpamuu KoOanbTa W HHU-
KeJsl B TOPHBIX MOPOJIaX OBUTH YCTAHOBIICHBI 11O
680 ompeneneHusM BO BCEX MHUHEpajax MeECTO-
poxaenus. Cogepxanue Co cocrasuser ot 0,03
1o 0,07 B HepynHbix muHepanax u ot 0,06 mo
1,8 mac. % B pyaubix. Coneprkanue Ni Bapbupyer
ot 0,06 no 1,8 B HepynubIX (Tabn. 1) u ot 0,07 10
41,1 mac. % B pyaHbIX MUHepanax (Tadm. 2). 9to
MO3BOJISIET CUUTATh JTaHHBIN (PAKT TUIIOMOP(HBIM
MIPU3HAKOM JIJIsl TOPOJI000pa3yIOIINX, aKIECCOop-
HBIX ¥ PYJAHBIX MUHEPAIOB paiiloHa MECTOPOIKIC-
Husl ckanonuTa. CpaBHEHHE MOJYYEHHBIX 3Hade-
uwuii ¢ kimapkom Co (0,0018 %) u Ni (0,058 %) [31]
MO3BOJISIIOT OIIEHUTH cofieprkanue Co Oosee ueM B
20 pa3 BIlIe Ki1apKa, a coaepxkanue Ni—B 10 pas.
CoBpeMeHHBIE MOJCYETHI KJIapKa paccMaTrpuBae-
MBIX JJIEMEHTOB ONPEACISUTHCH JIEBATHIO TPYII-
namu uccnenorareneit [32]. [lo wux mgaHHBIM,
kiapk Co umeer 3Hauenus ot 0,0007 go 0,0017, a
Ni — 010,019 no 0,047 %. DT paHHbBIE ewie
OOJIbIIIE MOBBIIIAIOT MEPCIEKTUBBI U BO3MOXKHO-
CTH KOMILIEKCHOTO OCBOCHUS KaMHECaMOIIBET-
HOT'O MECTOPOXKJICHHSI CKATIOUTA.
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Tab6muma 1
XuUMHYecKHIi coOcTaB HePYAHBIX MHHEPAJI0B MeCTOpO:KAeHus, % (Mac.)
Chemical composition of the deposit non-metallic minerals, % (wt.)
Si02 | TiO2 | AlOs | FeO | MgO | CaO [ Na20 [ KeO [ Cr20s [ P20s | CI | F | Co [ Ni
Anamum
03] - [ - Joo02] - [5334] 014 ] 002 [ 012 ][39,76 [ 1,03 5,0 | 0,04 | 0,05
Buomum
37 [ 266 ] 152 [17,7]1622] 025 | 0,12 | 818 [ 0,06 | 0,14 [0,32] 0,2 ] 0,04 [ 0,09
Kanoyum
— Joo01] 00207 ] 124 [5544]004] - [ - ]006[001] - [0,03]0,04
Kanuwunam
58 | - ] 209 [01] - [ o004 208 [109] 004 [017 | - | - [0,03]0,02
Onusun
39 [006] 023 [195[4028] 014 [ 004 ] — [ 007 [ 03 J001] — Jo,06]0,23
Ilnazuoxnas
65 | - | 225 [ 01 ] 001 ] 291 [10,27] 0,09 | 0,02 [ 0,37 [ 0,02]0,2]0,04]0,03
Tlupokcen
54 [002] 163 [112[2755] 083 ] 003 [ 001 [ 0,02 [ 028 J0,01] — [0,05]0,06
Pozosas oomanxa
41 [ 1,33 ] 113 [180] 1011 114 | 227 | 1,13 [ 004 | 04 [O051] — [006 0,10
Cranonum
54 [003] 253 [ 01 ] 003 [ 914 ] 91 [ 043 ] 004 [ 016 ] 21 ] — [0,03]0,03
Cooanum
37 | - [336]02] - [009 [2646] 004 [ 003 [ 0,14 [652]0,1]0,04]0,06
Dnoconum
39 [119] 171 [ 62 | 228 | 0,06 | 1,89 | 6,74 [ 002 | 0,35 [ 0,2 [ 0,4 ] 0,07 [ 0,13
Tabmuma 2
XHUMHYeCKHUI cOCTaB PYAHBIX MIHEPAJIOB MeCTOPOsKAeHns, % (mMac.)
Chemical composition of the deposit ore minerals, % (wt.)
SiO2 | TiO2 | Al,Os | FeO | MgO | CaO | NaO | K2O [ Cro0s [ P20s | CI [ F [ Co | Ni
Temamum
— Jo01]o001]605]001] - Jo003] - [0027]02[002]01]0,097]0,07
Hnvmenum
0,1 [3999] 009 | 549 [ 035 ] 001 [ 001 [002] - [025[001] - [0,07]0,08
Maenemum
01 ]017 ] 014 [ 777 ] 01 J 004 002 001] - J023] - Jo3]o011]046
Ilenmaanoum
02 | - ] o001 [354]015]002] - Jo001] 006 [0,28[001]01]1,80]441
Tlupum
- | - 1 - J48 ]| - | - [ - [ -Joo2[ - | - [-]o06]011
Tuppomun
37 ] 005005651 ]036]047 [004] — [002 03] - J02]069]041
Tumanum
29 [3563] 11 | 12 [o002[2812] - Jo002] - [o026] - [02]0,06]0,07
TaGnuma 3

PecypcHblii noTeHnuaa ko6ajabTa B Mupe, (Thic. T) 0 [35] ¢ 10n01HEHUSIMU AaBTOPOB

The world cobalt resource potential, kt (based on [35] with the additions of the authors)

Crpana Pecypcsl, ThIC. T % OT MHPOBBIX Cpennee conepxanune Co, %
ABcTpanms 420 5,2 0,07
BorcBana 70 0,9 0,06
Ipertust 120 0,9 0,04
3anp 2500 31 0,31
3amOust 540 7 0,17
Nunonesns 580 7 0,11
Kazaxcran 70 0,9 0,04
Kurait 320 4 0,04
Ky6a 1800 22 0,10
Hosas Kanegonus 860 11 0,07
[Tamya — HoBast ['Bunest 151 1,9 0,11
Poccust 230 2,9 0,10
TamKUKUCTaH 409 5 0,06

MINERAL DEPOSIT GEOLOGY
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Konmnentparuu Co u Ni B 04eHb MaJIbIX KO-
audecTBax (Ha YpOBHE UYBCTBHTEIHHOCTH aHa-
JM3a) BCTPEUAIOTCS M B CMEKHBIX TEPPUTOPUSIX
IOro-3amagnoro [Tamupa [33].

B MecTOpoXIeHUSIX CHIIMKATHOTO THIIA
KOpBI BbIBETpHUBaHUs cosiep:kanne Co cocTaBisieT
ot 0,0n g0 0,n %, a Ni — ot 0,7 10 n1,0 % [34].
CopepxaHue 3TUX 3JIEMEHTOB B [TOPOA000pa3yto-
HIMX MHHEpalax Ha paccMaTpUBAeMOM OOBEKTe
COIOCTaBUMO C COJIEP)KaHUEM ITHX METaUIOB B
ropHoii macce (cMm. Tadiu. 1). Beicokoe comepika-
Hue Co u Ni Bo Bcex MUHEpasax, BKIOYas Pya-
HBIC (CM. TabJ1. 2), TO3BOJISIET pacCCMAaTPUBATH BCIO
TOJIILYy TOPHBIX MOPOJ MECTOpOXIeHUs YepHo-
TOPCKOE KaK YHUKAIbHYIO T€OXHUMHUYECKYIO aHO-
MAaJIHIO.

[Inomane  reoXMMHUYECKOW  aHOMAaIHH
cocTaByIsAeT okoyo 55 Teic. M2, C y4eToM KpyTo-
najaroniero 3aieranus am(uOOIMTOB 00BEK-
THBHO MOXXHO JKCTPAroJINpOBaTh TIIyOUHY
na 100 M. Ilpu cpenmeit mmornoctu 3,16 /M
ropHas Macca coctaBut 17 064 teic. T. Cpennee
coJiep>KaHue UCCIEIOBAHHbBIX AJIEMEHTOB COCTaB-
nset: Co — 0,06 %, a Ni — 0,09 %. IIporno3uslii
TEOXUMHUYECKH TMOTEHIMAal COCTAaBHUT: KO-
6anpra — 102 384 T 1 Hukens — 153 576 T. Yuu-
THIBas, YTO KOOAIBT- U HUKEICHOCHBIC MOPOIBI
MECTOPOXKACHUS MPOCJIeKEeHbl Ha 3aman Ha 0,2
KM, a2 Ha BOCTOK — Ha 1 KM, T€OXMMHYCCKHUI I10-
TeHIuan 3Tux metamio: Co — 409 teic. T, Ni —
614 teic. T. ['eoxuMHuuUecKWi TOTEHIHAN KO-
OanbTa MECTOPOXKIEHHS COMOCTaBUM C pecyp-
caMH TaKuX CTpaH, Kak ABCTpalivds, U 3HAYU-
TEIbHO TPEBBIIIAET pecypchl kKoOanbra Kuras,

bubanorpapuyeckuii cnmcox

Poccun, Kazaxcrana, borcBansl, ['pertun u Ho-
Boit ['Bunen (Tabu. 3). Ouenennsie pecypcesl Co B
KPYIMHEHIIUX JOKEMOPUHCKUX MECTOPOKICHUIX
AQpUKH COCTaBISIOT COTHH ThiCsid TOHH [35].
PaccmarpuBaeMblii HaMu OOBEKT IO COJEpIKa-
HUIO U pecypcaM MO>KHO CPaBHUBATh C HUMHU.

IToxo>kas reosoruueckasi CUTyarus HabJIo-
naetcsi B YrioBcko-TypyxaHnckom Omoke Hp-
TBILICKON 30HBI CMATHUSA. 31€Ch B rapli0yprutax u
amdubonuTax conepxanue CO JOCTUTAET COOT-
BercrBenno 0,01 u 0,007, a Ni — 0,19 u
0,01 mac. % [36]. DTo comeprkaHue UMEET 3HAUU-
TEJIbHO MEHbILINE 3HAYEHUS 110 CPABHEHHUIO C pac-
cMaTpuBaeMbIM YEpHOTOPCKUM MECTOPOXKie-
HUEM.

Hy»XHO OTMETUTh, YTO paiioH yCTaHOBJIECH-
HOIl Hamu reoxumuyeckoil anomanmuu Co u Ni
OJIarONpUATHBIN JIJIs1 BCKPBITHS U OTPabOTKHU OT-
KPBITBIM CIIOCOOOM B YCJIOBHSIX PACUJIEHEHHOTO
TOpPHOTO penbeda U KpyTOIaJarollero 3ajeraHus
0JI0Ka PyIOBMEIAIOIINX TTOPO/I.

3akJ/rouenune

Ha Teppuropuu, cneuuanu3upoBaHHONW Ha
KaMHECaMOILIBETHOM KPHUCTaJUIOCHIPbE, BIIEPBBIE
oOHapyKeHa YHHMKaJlbHasi F€OXUMHYECKas aHo-
Manus Co u Ni. Pe3ynbraTsl uccnenoBanuii mos-
BOJISIFOT PEKOMEHI0BaTb MUHUCTEPCTBY T€0JIO-
run PecniyOnuku Tampxkukuctan 1 MUHUCTEPCTBY
npomblieHHocTd  PecniyOnuku  Tamxukucran
MECTOPO’KJCHHE IOBEIIMPHOTO cKarnoiauta YepHo-
TOpPCKO€ KaK KOMITIEKCHBINA 00beKT CO—Ni 1 kaM-
HECAMOIIBETHOT'O ChIpbsi, HA KOTOPOM TpeOyeTcst
IIPOBEJICHUE IIEPBOOYEPEAHBIX ITOUCKOBO-OLIE-
HOYHBIX paboT.
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Abstract: Mining and sustainable development may be compatible with the priority of measures to reduce impacts
on the major ecosystems with severe consequences for the future generations. Infiltration of contaminated water into
soils/rocks due to activity of different sectors of mining industry causes increasing concentration of minor and major
deleterious elements in natural environment, forcing an economic operator to implement the best available techniques
to solve severe environmental problems. The research is aimed at determining heavy metal contents in tailings storage
facilities of coal mining operations in the eastern part of Jiu Valley, revealing mechanism of interaction of the TSF
infiltrate with East Jiu River, as well as assessing the impact of the TSF on quality of the natural environment. One
more aim of the research was to determine the ways by which the TSF components produce negative impact on the
soils and surface waters. The obtained results can be fundamental basis for the future researches in the field of closing
and maintaining the mining activities in Jiu Valley and the land reclamation.
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Bausinue XBOCTOXPpAaHUJIHUI B BOCTOYHOM YyacTu JOJIUHBI II)KI/Iy Ha Ka4e¢CTBO BOAbI

Cummon A. ®@.%, ipeermrenr K.2, Jlazap M.

'HanmonansHelii HHCTUTYT HccnenoBanuil M pa3paboTok B 06J1acTH GE30MACHOCTH TOPHBIX PaboT M 3a-
muThl oT B3pbiBa — INSEMEX Iletpomanu, Ilerpomanu, PymbrHus)

Texunueckuit Yausepcurer I'opHas akanemus, ®paiibepr, lepmanus

3y uusepcuret Ilerponranu, Iletponranu, Pymbinmus

Annotammst: ['opHOIOOBIBAOIIAS IPOMBIIIIEHHOCTh M YCTOWYMBOE Pa3BHTHE OOIIECTBA MOTYT OBITH COBMECTHMBI C
NPHOPUTETOM MEP 0 CHIKEHUIO T1COaIaHCOB, BOSHUKAIOLIMX B OCHOBHBIX SKOCHCTEMAX, OKa3bIBAIOIIMX 3HAUUTEIILHOE
BIMSIHHE Ha Oyay1ye nmokoseHus. [ [poHNKHOBEHHME 3arpsi3HEHHBIX BOJL B TIOUBBI B PE3yJIbTaTe ACSTEIbHOCTH PA3IIMIHBIX
CEKTOPOB TOPHOJIOOBIBAIOIIEH ITPOMBIIIIIEHHOCTH TIPUBOIUT K YBEIMUCHHIO KOHIIEHTPALIMH BPEHBIX JIsl OKPY>KaroIIeH
Cpe/Ibl BJIEMEHTOB B ITOYBAX, YTO BEIHYKAAET XO3SIUCTBYIOIIETro CyObeKTa MPUMEHSTH BCE JIOCTYITHBIE MEpPBI IS PEIICHUS
BO3HMKAIOIINX CEPHE3HBIX SKOJIOIMUECKUX MpobieM. JlaHHOe ncceoBaHre BKITIOYAIO ONPEAETICHUE CONEPKaHNH Ts-
YKEJIbIX METAJUTOB B XBOCTOXPAHMJIMIIIAX, COAEPKAIINX OTXOABI MOA3EMHON TOOBMHN U 000TaIIeHHs YTJIs, PACIION0KEH-
HBIX B BOCTOYHOM YacTH J0JMHBI J[PKuy, MEXaHu3Ma B3auMOJIEMCTBUS XBoCcTOXpaHwuil ¢ pexkoil Uct Jxuy, a Takxe
BO3/JICHCTBHS XBOCTOXPAHMIIHII] HA KAUECTBO OKPYKaroIel cperpl. M3ydeHsl yTH 1 MeXaHU3MBbl pealIu3alliy BPEIHbBIX
BO3/ICHCTBUI KOMIIOHEHTOB M3 XBOCTOXPaHWJIHII] HA TPYHTOBBIE U TOBEPXHOCTHBIE BOAIBL. [10iTydeHHBIE pe3yabTaThl MO-
T'yT CTaTh GYHJIaMEHTAILHON OCHOBOM JUTst OY/TyIIMX UCCIIEJIOBaHMI B OOJIACTH BEJICHHSI TOPHBIX Pa0OT U 3aKPBITHS TOP-
HBIX IPOU3BOACTB B JOJIMHE J[KHY B LIENSIX MUHUMH3ALMY HETATUBHOTO BO3JEHCTBHS HA OKPYKAIOIIYIO CPERY U PEKYIIb-
TUBALMHU 3aTPOHYTHIX 3EMETb.

KiroueBble cjioBa: peHTTeHO-(III00peceHTHas criekTpoMeTpus ¢ paccesiureM sHepru (EDXRF), okpyskaromas
cpexaa, ropHble padOoThI, TOUBBI/TPYHTHI, XBOCTOXPAHMIIUILA.

Jas murupoBanus: CumnoH A. @., [Ipedbenmrenr K., JIazap M. Biustare XBOCTOXpaHIIAI B BOCTOYHON YacTH
nonuHel JKMy Ha KauecTBO BOIBL. I opubie nayku u mexronoeuu. 2019;4(4):292-301. DOI: 10.17073/2500-0632-
2019-4-292-301.
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1. Introduction

In Jiu Valley, the human influence on soil
cover determines two ways of soil types develop-
ment: the first involves modification of the soil
profile geomorphology due to disposal of tailings
material from the coal extraction activity, and the
second through intensive usage of the soils in ag-
riculture [4, 5]. Mining activity in Jiu Valley is the
main source of environmental pollution, both due
to the extraction of coal and as a result of its wash-
ing. The main purpose of mining industry is to ob-
tain useful mineral substances from underground
resources and prepare them for their valorisation.
Deterioration of environment components due to
different activities performed within this industry
leads to ecological imbalance that affects all liv-
ing beings. Consequently, finding ways to prevent
and reduce the impact of mining activities on the
environment is a priority issue in this industry.

5
\

2. Presentation of tailings storage facili-
ties and soil sampling networks

In the eastern part of the Jiu Valley there are
4 tailings storage facilities used by 3 mining units
(Petrila, Lonea and Livezeni). The tailings storage
facilities contain wastes of underground coal min-
ing and following coal washing.

2.1. Livezeni tailings storage facility

Livezeni tailings storage facility was built
for tailings disposal originating in the processes of
coal mining and preparation at the Livezeni mine.

The taillings consist of both petrograph-
ically and granulometrically heterogeneous mix-
ture of mostly barren rocks of productive and ba-
sal horizons of Petrosani carboniferous strata,
comprising clay, gritty clay, marl, sandstone, coal
shale and fragments of coal.

- "5‘&,: ~
E 5 )
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Fig. 1. Livezeni tailings storage facility

2 =
‘.A

-

Pe

s i L—-m‘-{-.- < - -
trila tailings storage facility

PROCESS SAFETY IN MINING AND PROCESSING INDUSTRY

AND ENVIRONMENTAL PROTECTION




ISSN 2500-0632 (ON-LINE)

I Q MINING SCIENCE
AND TECHNOLOGY (RUSSIA)

GORNYE NAUKI | TEHNOLOGII

Blank sample

2020;4(4):292-301

MISIS

National Un
Science and

Fig. 4. Lonea 1 tailings storage facility

2.2. Petrila tailings storage facility
Petrila tailings storage facility was built for stor-
age of waste rocks of Petrila mine and coal wash-
ing tailings of Petrila coal-washing plant. The Pe-
trila tailings storage facility consists of 5 cells oc-
cupying the area of approximately 86 ha.

As for the hydrological regime, the pres-
ence of four lakes, the water level in which de-
pends on season and precipitation rate, should be
noted. In rainy periods the tailings heap is crossed
by several streams with arising some water accu-
mulations [5].

2.3. Jiet tailings storage facility

Jiet tailings storage facility is located in the
vicinity of the former Jiet-Defor coal strip mine
and oriented SE-NW. In the north, the TSF heap

borders with the decommissioned coal silos,
which belonged to Lonea Ill. In the southwest, the
TSF borders with the road connecting the former
Jiet-Defor coal strip mine and the mine coal stor-
age site.

2.4. Lonea 1 tailings storage facility

From geological point of  view,
Lonea 1 TSF is located on the northern flank of
the Petrosani synclinal basin. The base formation
consists of Oligocene sediments represented by
clayey rocks and greyish rocks. They are overlaid
by recent deluvial and quaternary sediments rep-
resented by vegetal soils of 0.1 to 0.3m thick. The
current TSF volume is estimated at approximately
229,100 m®,
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In order to evaluate the TSFs negative im-
pact on groundwater and surface water quality in
the region, soil samples were collected from
depths of 5 cm and 30 cm below the tailing heap
surfaces, according to Order No. 184 of Septem-
ber 21, 1997, and, in addition, several samples at
a depth of 60 cm were collected for more detailed
survey of the profile under consideration.

3. Assaying for characterization of the
tailings storage facilities materials

The soil samples taken from the tailings
storage facilities belonging to the mining enter-
prises of the East Jiu Valley (the sampling points
are marked on the maps of Figs. 1-4), were dried,
crushed and pressed to produce pills, and then as-
sayed by portable X-ray fluorescence spectrome-
ter (EDXRF). Calibration of the instrument was
performed in accordance with the standard
"SR EN 15309:2007 Characterization of waste
and soils — Determination of X-ray fluorescence
elementary composition” using the certified refer-
ence material (NIST SRM 2711a Montana 11 soil)
for soil matrix.

The research was aimed at determining con-
tent of heavy metals in the surveyed tailings, as
well as assessing their influence on local hydrol-
ogy and hydrogeology. For this, contents of Arse-
nic, Cadmium, Cobalt, Chromium, Copper,
Nickel, Lead, Antimony, Thallium, Vanadium in

Science and Technology

the collected tailing soils were measured
(Tabs. 2-5), and the obtained results were com-
pared with the alert and impact thresholds accord-
ing to the land use categories (Table 1), by
"ORDER No. 756 of November 3, 1997 for the
approval of the Regulation on Environmental Pol-
lution Assessment”.

The choice of heavy metals for the assaying
has been made taking into account the economic
activities carried out in the area and the toxicity to
the aquatic ecosystems.

The contents of arsenic, copper and lead in
the tailings of Livezeni mine is slightly above the
baseline value (see Tabs. 1, 2), with no significant
potential pollution being recorded. The chromium
and nickel contents exceeded the alert threshold
for the sensitive use category, evidencing poten-
tially significant pollution in the area. Therefore,
additional monitoring shall be performed for ob-
taining additional details, based on which soil im-
provement techniques shall be applied to reduce
the concentrations of pollutants and to mitigate
potential impact on the environment. The concen-
trations of antimony, vanadium, thallium, and
cadmium exceed the impact threshold for sen-
sitive and less sensitive uses, requiring imple-
menting measures for reducing the soil pollutant
concentrations and performing risk assessment
studies.

Table 1
Limits of heavy metal contents in soils [7]
Alert threshold Impact threshold
Assayed | Baseline Type of use Type of use Reference
component| values | Sensitive Less | Sensitive Less condition
Sensitive Sensitive
/Arsenic 5 15 25 25 50
Cadmium 1 3 5 5 10
Cobalt 15 30 100 50 250
Chromium 30 100 300 300 600 Order No.
Copper 20 100 250 200 500 756/1997
Nickel 20 75 200 150 500 (mg/kg, on a dry
Lead 20 50 250 100 1000 substance basis)
Antimony 5 12,5 20 20 40
Thallium 0.1 05 2 2 5
VVanadium 50 100 200 200 400
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Table 2
Livezeni tailings storage facility material assays (mg/kg, on a dry substance basis)
s | intDepth Element
ample poIntLePtNIA reenic [Cadmium | Cobalt | Chromium Copper | Nickel | Lead [Antimony | Thallium | Vanadium
INEN] 5cm 8 14 ubDL” 137 36 90 22 19 47 211
092
Eﬂg gg 30em|l 7 9 60 171 49 154 33 26 44 345
AL
zw |goem| 13 19 59 133 50 99 29 25 27 258
I g 5cm 3 8 41 126 47 113 33 15 35 342
P
Eﬂg g 30cm| 10 4 31 148 40 109 27 30 33 278
AL
zw |goem| 13 7 50 154 66 118 36 21 40 301
- § § S5cm | 12 18 9 132 62 127 27 37 46 336
2NN
g38 |30cm| 25 20 42 131 61 138 34 35 55 281
AL
zw |gocm| 9 26 37 148 27 102 20 37 24 190
Z
@o@d [seml 2 | uDLY | 12 39 18 | 41 | 12 9 11 58
Qe
1%} ™~ [{e)
<37 |30cm| 3 UbL" | 18 49 11 21 6 15 9 72
o O
E <
* UDL - under detection limit
Table 3
Jiet tailings storage facility material assays (mg/kg, on a dry substance basis)
Sample Depth Element
point P Arsenic | Cadmium |Cobalt |Chromium|Copper| Nickel | Lead |Antimony|Thallium|{Vanadium
28 5cm 14 18 87 112 54 75 29 29 38 368
PR
E‘l @ ;\r' 30cm 3 16 127 107 50 83 28 33 15 323
38 -
Z W 60cm | UDL 3 42 125 27 77 25 18 26 168
3 < 5cm 9 10 88 133 74 109 33 19 39 208
o o
289
g RN 30cm 6 4 58 99 27 70 24 6 21 296
&0 o
; o~ 60 cm 7 4 66 131 39 89 26 12 43 208
ey 5cm 3 5 44 242 70 108 24 15 62 278
295
‘_El Qg 30 cm 9 4 82 147 53 106 25 18 41 141
T 0 ¢
w <
ZWw |60cm | 12 UDL™ | 59 | 255 | 61 | 148 | 28 | 19 31 268
ISEH 5cm 13 7 71 187 66 123 36 16 39 398
289
g 9y 30 cm 11 12 60 167 47 124 27 15 58 161
89 :
Z W 60cm | UDL 3 42 125 27 77 25 18 26 168
z o
282 5cm 17 1 106 162 25 82 45 28 34 206
£9 ™
oS
Q<
‘:‘% 0 & 30cm 12 ubDL” 48 142 38 330 51 29 47 101
- L
m
* UDL - under detection limit
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Table 4
Lonea 1 tailings storage facility material assays (mg/kg, on a dry substance basis)
Element
Sag?rp]){e Depth
p Arsenic |Cadmium| Cobalt |[Chromium| Copper | Nickel | Lead |Antimony| Thallium |Vanadium
88| 5cm 10 11 44 162 69 85 38 13 47 208
8%
g;?: g | 30cm 10 19 35 206 28 117 24 20 22 87
8 o ™
; 8 60 cm 16 11 31 135 64 91 64 16 46 213
88| 5cm 11 4 uDL” 129 40 71 21 23 46 263
223
g el S| 30cm 16 7 39 153 75 130 56 28 35 195
39
zw | 60cm 14 3 55 148 84 95 26 31 38 224
By | 5cem 10 9 0 124 41 81 20 33 27 120
-]
g e} S| 30cm 16 7 97 160 36 95 35 18 53 314
39 Q
zuw | 60cm 11 7 33 139 35 93 27 14 29 223
Y| 5cm 5 12 67 162 74 110 42 18 32 355
28d
g el S| 30cm 9 1 42 183 78 119 34 21 75 265
39 -
zw | 60cm 5 uDL 33 82 41 83 18 22 26 340
8SZ | 5em 6 UDL" | UDL" 122 38 63 23 17 27 ND
P
E— Q: S| 30cm 8 14 81 110 66 111 34 25 35 343
59
; E 60 cm 7 16 170 150 65 147 57 25 54 154
Y| 5cm 13 3 53 139 45 125 51 20 27 148
2383
293 |30cm| 9 4 39 | 170 |UDL" | 8 | 23 | 24 42 113
8 o ™
>0 |60em| 17 | 29 | 38 | 251 | 37 | 159 | 24 | 22 34 144
z = I | 5cm 12 21 81 154 199 133 38 51 61 190
£58
Bwo I
é E & | 30cm 10 11 44 162 69 85 38 13 47 208
- L
foa)
* UDL - under detection limit

In the Jiet TSF, the contents of arsenic, cop-
per, and lead are slightly higher than the baseline
levels (see Tables 1, 3), with no significant poten-
tial pollution of the area. The chromium and
nickel contents exceed the alert threshold for the
sensitive use category, evidencing potentially sig-
nificant pollution in the area. Therefore, addi-
tional monitoring shall be performed for obtain-

ing additional details, based on which soil im-
provement techniques shall be applied to reduce
the concentrations of pollutants and mitigate po-
tential impact on the environment. Concentrations
of antimony, vanadium, thallium, and cadmium
exceed the impact threshold for sensitive and less
sensitive uses, requiring implementing measures
for reducing the soil pollutant concentrations and
performing risk assessment studies.

PROCESS SAFETY IN MINING AND PROCESSING INDUSTRY

AND ENVIRONMENTAL PROTECTION




ISSN 2500-0632 (ON-LINE)

I Q MINING SCIENCE MISIS
AND TECHNOLOGY (RUSSIA) 2020'4(4)292-301 National University of
GORNYE NAUKI | TEHNOLOGII Scleria s Tctvisiogy
Table 5
Petrila tailings storage facility material assays (mg/kg, on a dry substance basis)
Element
SScr)Ti]rﬂe Depth
Arsenic |Cadmium| Cobalt |Chromium|Copper| Nickel | Lead [Antimony|ThalliumVanadium
83| 5cm 15 ND 35 135 49 128 28 45 39 127
PR
EL @ x| 30cm 15 9 74 130 47 128 25 32 51 221
S8R
zuw | 60cm 13 2 58 134 53 151 30 42 47 222
88| 5cm 14 ubDL” 0 111 33 89 27 30 30 174
298
g Q: 2 | 30cm 8 uDL" 72 139 53 106 24 23 39 173
k) I
; w 60 cm 11 9 61 143 48 104 32 41 40 164
T | Scm 8 uDL" | UDL" 111 53 84 31 28 36 207
P
2¢g | 30cm | 24 9 37 161 65 | 140 | 51 30 44 219
598
; w 60 cm 16 15 123 158 67 162 43 ubDL” 59 145
a8 | S5cm 2 uDL" 49 162 35 98 24 17 33 178
>33
g Qo | 30cm 7 14 81 143 28 109 35 27 42 246
598
zuw | 60cm 10 9 97 129 33 104 28 31 51 260
2R | 5cm 13 24 80 123 57 99 33 28 37 92
oy
E— x| 30cm 26 uDL" 155 114 68 125 41 14 51 250
S8R
zuw | 60cm 7 4 103 148 51 134 31 34 47 96
8s| 5cm 15 ubDL" | UDL" 119 68 93 38 26 22 233
288
_g Qg | 30cm 12 uDL" 80 104 36 72 22 35 46 83
598
Zzuw | 60cm 9 uDL" 0 56 27 65 17 55 19 67
z [{o]
28& 5cm 5 1 29 68 19 55 18 22 11 74
xS
82 o 30cm 7 3 27 76 21 74 11 29 9 68
0
* UDL - under detection limit

In the Lonea 1 TSF, the contents of arsenic,
copper, and lead are higher than the baseline levels
(see Tables 1, 4), with potentially significant soil
pollution occurring only in some horizons. The
chromium and nickel contents exceed the alert
threshold for the sensitive use category, evidenc-
ing potentially significant pollution in the area.
Therefore, additional monitoring shall be per-
formed for obtaining additional details, based on

which soil improvement techniques shall be ap-
plied to reduce the concentrations of pollutants
and mitigate potential impact on the environment.
Concentrations of antimony, vanadium, thallium,
and cadmium exceed the impact threshold for sen-
sitive and less sensitive uses, requiring imple-
menting measures for reducing the soil pollutant
concentrations and performing risk assessment
studies.
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In the Petrila mine TSF, the contents of cop-
per and lead are slightly higher than the baseline lev-
els (see Tables 1, 5), with no significant potential
pollution of the area. In most cases, the arsenic,
chromium and nickel contents exceed the alert
threshold for the sensitive use category, evidencing
potentially significant pollution in the area. There-
fore, additional monitoring shall be performed for
obtaining additional details, based on which soil im-
provement techniques shall be applied to reduce the
concentrations of pollutants and mitigate potential
impact on the environment. Concentrations of anti-
mony, vanadium, thallium, and cadmium exceed
the impact threshold for sensitive and less sensitive
uses, requiring implementing measures for reducing
the soil pollutant concentrations and performing risk
assessment studies.

4. Discussion

The pollution of the surveyed soils with heavy
metals was mainly due to the coal mining and wash-
ing enterprises activity. Additional marked pollu-
tion sources were wood processing, coal burning,
road traffic, natural fires, the use of fertilizers, and
household activities. Soil enrichment in cadmium
was mainly caused by anthropogenic pollution,
namely underground coal mining, the use of fertiliz-
ers in local micro-farming, the upward movement
of metals in the soils due to repeated precipitation
and association with organic matter occurring in or-
ganic horizons (the upper part of the soils) [3, 8].

Precipitation

Oh 0h O
L2020
a4 “ad “o
Infi Itratlon\L 0:

As CdV

Rff

Ground water

Aquifer

Pb Organic matter

W /r Evaporation
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The use of high-zinc or phosphorus fertilizers, in ad-
dition to soil enrichment with these components,
also mobilizes other heavy metals: Ni, Cu, Cd, V,
Cr, etc. In the vicinity of the TSFs in the eastern part
of Jiu Valley, uncontrolled household waste stor-
ages are located, which may produce negative im-
pact on surface water chemistry. Such storages may
generate heat to promote mobilizing cadmium into
the hydrological system, accompanied by entraining
Cd-containing particles in the predominant wind di-
rection [1, 7]. The anthropogenic chromium sources
are mainly represented by coal burning in house-
holds and thermal power plants. Lead is sourced
from extraction and processing of ores and also
from the combustion of petrol Pb additives (lead
tetramethyl, Pb(CHz)s and lead tetraethyl,
Pb(CH3CHy>)4) [2, 6]. The TSFs in the eastern part
of Jiu Valley are generally characterized by reduced
cover crop, uneven slope angles that encourages in-
filtration and leakage, and the effect is amplified by
abundant precipitations and decreased water inter-
ception due to the lack of vegetation cover. Thus,
important water flows enter into the tailings storage
facilities, where, depending on oxygen content in
the air, pH, complexing agents, Eh in the TSF, acid
rock drainage and metal leaching (ARDML) condi-
tions arise, which promote leaching of metals and
following precipitation of their salts resulting in pol-
lution of soils and surface and ground waters

(Fig. 5).

Fig. 5. Influence of TSFs on river basin

Table 6
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The East Jiu river water assay data

Sample point[East Jiu river . East Jiu river| East Jiu river | East Jiu river .

East Jiu East Jiu

downstream . downstream | upstream the | downstream the | .
river up- . X river near
the confluence stream Taia the confluence|confluence with| confluence with Livezeni

Indicator with Riiscoala with Jiet Banita Bénita
'Temperature, °C 7.5 8.1 8.4 7.9 7.7 10.2
pH 6.82 6.7 6.59 6.87 6.67 7.15
Conductivity, uS/m2 84.3 145,6 129.3 141.8 107.1 138.7
TDS*, mg/l 59.4 83.9 68.4 87.3 104.2 92.7
Turbidity, NTU 35 46 45 47 42 45
Sodium, mg/I 4,97 15.1 8.9 7.3 7.9 11.8
Dissolved 02,

12.75 11.91 10.47 12,94 14.9 11.34
mg O2/I
BODs, mg/l 4,97 6.34 5.49 6.18 5.67 491
Total phosphorus, 0.11 0.14 0.17 0.15 0.16 0.21
mg/l
Nitrite NO—2, mg/I 0.04 0.11 0.06 0.21 0.09 0.34
Nitrate NO—3, mg/I 1.23 3.14 2.84 3,11 3.17 3.58
Sulfate, mg/I 72.7 68.9 97.3 104.7 98.4 127.5
Phenol, pg/l 1.63 0.8 1.92 4.9 3.4 4.3
IArsenic, pg/l 5 14 13 15 11 12
Chromium, pg/l uDL” 3 3 2 2 3
Cooper, pg/l 3 5 4 7 3 4
Lead, pg/l uDL" uDL" 1 2 2 uDL"
Mercury, pg/l ubL* uDL" ubpL” ubpL” ubL* ubDL*
Cadmium, pg/l uDL" ubDL” 1 1 uDL" ubL”

* UDL - under detection limit

Groundwater pollution mainly affects aquatic
ecosystems present in the eastern part of Jiu Valley,
which can very easily accumulate heavy metals
from the environment, because of the time exposure
for most species of 100% due to the inability to
change the living environment. From toxicological
point of view, the pollution with minor elements
takes effect only at the regional or river basin level,
but the complexity of the effects on aquatic ecosys-
tems, taking into account the local population needs,

produces major impact on health of the population.
In this connection we took a decision to collect and
assay water samples from East Jiu River (Table 6).
Based on the assaying results, the river water proved
to be of category 1 quality in terms of metal concen-
trations and categories 2 and 3 quality in terms of ni-
trite, nitrate, phenol, and phosphorus concentrations.

Table 6 shows no major impact of the TSFs
on East Jiu River. The problem is that the mobility
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and mechanism of fixation (and forms of occur-
rence) of metals in the soils is not yet known, and
it is not possible to objectively correlate the metal
concentrations in the TSFs in East Jiu Valley with
the concentrations of metals in the Jiu River water.

5. Conclusions

As a result of the research on the heavy
metal contents in the TSFs in East Jiu Valley, the
concentration of the minor elements in the lower
horizons of the soils was determined. Notice that
the number of metals detected in the assayed soils
exceeded that of the metals presented
in the paper, but we decided to show the data only
for the metals regulated in the Romanian legisla-
tion by Order No. 756 of November 3, 1997 (the
regulation on environmental pollution assessment).

In the surveyed TSFs located in the eastern
part of Jiu Valley contents of arsenic, copper, and
lead in the soils exceed the baseline values from
the Order 756/1997, and potentially significant
soil pollution was revealed in some layers.
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The alert threshold for the sensitive use category
has been exceeded for chromium and nickel that
means significant potential pollution in the sur-
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vanadium, thallium and cadmium exceed the im-
pact thresholds for sensitive and less sensitive
uses. This requires implementing measures for re-
ducing the soil pollutant concentrations, modern-
ization of the TSFs, and recycling of the TSFs ma-
terials. The research findings can serve as useful
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ment of complex programs for monitoring and
surveying the behavior of heavy metals in soils.
Heavy metals contained in the TSFs located in the
eastern part of Jiu Valley do not heavily impact
on Jiu River water, because the waters with such
metal concentrations (measured) belong to quality
category 1. However, due to designed long life of
the TSFs, they may have greater impact on the
river’s water in the long term.
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Driver Safety System Implementation in Europe
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Abstract: In mining industry safety is top priority. There is a request for safety management, risk prevention and
operator training. Operator fatigue and distraction leads to dangerous situations. The paper is aimed at reviewing the
issues of fatigued or distracted driver operation. This is achieved through creating models in occupational safety
strategies. Hereafter the implementation of fatigue and distraction control system within a pilot project is discussed.
The pilot project was aimed at collecting realistic operation data from mining industry in Europe. Caterpillar Inc.
offers a solution called Driver Safety System (DSS). When driver’s micro-sleep is detected, the system alerts operator
through different alarms directly. Dangerous events are also recorded and classified individually in 24/7 monitoring
centre. The DSS was tested at European limestone open pit mine with typical working regime. This paper discusses
theories, results and transferable insights of the study.

Keywords: mining safety, HS models, Driver Safety System (DSS, Caterpillar Inc.), operator safety.
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Bueapenue cucrembl 0e3onacHocTu Boauress B EBpone

Manre JI., ITonos JI. M.
Texuuueckuit Yuuepcuter ['opnas akagemusi, @paiibepr, I'epmanus

AnHoTanusi: B ropHog00bIBaroIeii MPOMBIIIIEHHOCTH 0€30aCHOCTD SIBISIETCSI TIIaBHBIM MproputeToM. Cytiie-
CTBYET 3aIlpoC Ha yNpaBiieHHe 0e30MacHOCThIO, CHI)KEHHE PHCKOB U O0YYSHHE OIepaTopoB. Y CTaJIOCTh U pacce-
SIHHOCTB OTIepaTopa MPUBOAUT K BO3SHUKHOBEHHMIO OITACHBIX CHTyalui. [lepBoHavanbHas Hamma 3aqada — MpOWII-
JIOCTPUPOBATH MPOOJIEMY YCTAJIOCTH WIIM OTBJICUCHUS] BHUMaHHA oreparopa. CHadana 3TO BBHINONHSAETCS C HC-
MIOJIB30BaHUEM MOJIENEH B CTpaTerusx oxpaHsl Tpyna. Jlanee oOcyxaercsi BHEIpeHHE CHCTEMBI KOHTPOJIS yCTa-
JIOCTH B paMKaX MHJIOTHOTO MpoeKTa. [TUIoTHBIH MpOeKT ObUT KIIFOYEBBIM METOIOM ITOJTyYEeHUs aKTYalIbHbIX JTaH-
HBIX 10 TopHOA0OBIBatomield mpombinuieHHocTH EBponbl. Kommanus Caterpillar Inc. npemmaraer pemenue noj
Ha3BaHneM Cucrtema GesonacHoctu Bomutens (DSS). Korma oOHapyxuBaeTcsi MEUKPOCOH, CUCTEMa HAIPSIMYIO
OIOBEIIAET BOAUTENS/ONepaTopa NOCPEACTBOM PA3JIMUHBIX TPEBOXKHBIX CUTHANOB. OnacHble COOBITHS TaKxke Oy-
IyT 3apUKCUPOBaHbBI M KIaCCU(PHUIMPOBAHBI HHANBUIYAILHO B KPYIIIOCYTOYHOM LIEHTpE MOHUTOpHHTa. Cuctema
6e3onacHoctu Boautelns (DSS) Obia ucnbiTaHa B €BPONEHCKOM Kapbepe Mo JA00bIue M3BECTHSKA C TUITHYHBIM
pexuMoM padboTsl. B 3T0i#i cTaThe 00CYKIAOTCSl TEOPUH, PE3YIIbTAThI U MOJIE3HBIE BHIBOABI U OILICHKH.

KioueBble ci10Ba: 0e301MaCHOCTh TOPHBIX PabOT, MOZENN OXPaHbI TPy/Ja U NPOMBIILIeHHOH 6e3omacHocTu (OT
u IIBb), cucrema 6e3onacHoctu Boautens (DSS, Caterpillar Inc.), 6e3omacHOCTh Omeparopa.

Jas uurupoBanus: Mante JI., [Toros JI. M. BHenpenue cuctemsl 6e3omacHoctr Boautens B EBpore. [ oprbie
nayku u mexnonocuu. 2019;4(4):302-308. DOI: 10.17073/2500-0632-2019-4-302-308.

1. Introduction to the subject

Topics and concepts in the field of operational
safety are of great importance in mining operations.
The reason for this lies in the fact that industrial en-
vironment of extractive industry offers a variety of
different hazards. These hazards may relate to both
employees of mining company and the immediate
environment, but also to uninvolved third parties.

This all attracts high interest in systems that increase
operation safety by detecting risks and counter-act-
ing them by taking appropriate measures [3-7].

1.1. Background

Fatigue detection systems can make an im-
portant contribution to increasing safety in the envi-
ronment of material handling machines. Fatigue and
tiredness reduce operator/driver capability to safely
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and consciously operate a device or a vehicle. Aris-
ing driver’s micro-sleep moments results in com-
pletely uncontrolled machine movement. Such peri-
ods produce tremendous risk to the machine opera-
tor, capital goods and the machine immediate envi-
ronment. A simple example is illustrated in Fig-
ure 1, in which general dangerous situation scenario
is illustrated by realistic figures [5].

In addition to fatigue, distraction can lead to
unsafe condition. If vehicle operator gets dis-
tracted for a certain period of time, he or she will
not be able to respond to sudden and unexpected
events during this time. Again, the assumed loss
of control, or at least the limited attention in re-
gards to the safe operation of the machine leads to
increased accident risk.

1.2. Problem definition

These negative effects resulting from tired-
ness and their frequency are generally not observa-
ble or assessable by management and other respon-
sible persons for occupational safety. Dealing with
fatigue and distraction is therefore the problem of
the device operator himself only; his full commit-
ment and ability to operate safely in the work envi-
ronment is almost taken for granted. At the same
time, operators/drivers usually have little oppor-
tunity in this respect to receive more favorable con-
ditions (e.g. shift schedule or breaks) [6].

1.3. Basic project objectives and project
partners

Basically, it should be noted that fatigue as
natural condition, which can be never completely
excluded. The same applies to the downstream con-
sequences such as micro sleep. The goal must there-
fore be to improve the operational conditions and to

42 km/h
=~ 11,67 m/s

Science and Technology

early detect fatigue signs. The aim is to reduce fre-
quency of dangerous situations in the long term.
Such strategies are discussed in the context of Oc-
cupational Safety and Health (OSH) strategies.

Safety is also a top priority within Caterpillar
Inc.; that is why the Caterpillar Safety Services di-
vision was established. In addition and under the
agreement with the TU Bergakademie Freiberg, two
surveys were performed in this field. Among other
things, various models of occupational safety
should be produced and analyzed in the case study.
Unfortunately, insufficient attention is paid to fa-
tigue issues and consequences in recent investiga-
tions and regulations, although it produces ubiqui-
tous and everyday impact on work outcomes and
safety.

2. Detailed consideration of the problem

During micro sleep no decision can be
made. Self-explanatory visual impressions are not
consumed and processed by the (largely) “disa-
bled” sensory organs. Thus, operator misses the
most important information for controlling vehi-
cle/device/machine or piece of equipment. Real-
istic consequences of this may be as follows:

— accidents as a result of braking too late,
driving obstacles;

— leaving haul road and collision with a
berm or facilities in the immediate vicinity of the
hauling way;

— leaving due lane towards the opposite
lane and collision with oncoming vehicles;

— vehicle going downhill due to misjudg-
ment and slow reaction;

11,55m

T

1 sec microsleep nearly equals machine length

Fig. 1. Simple illustration of the basic problem as an introduction to the topic [5]
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— dangerous actions (abrupt acceleration,
mistaken wheel turning) when suddenly waking up;

— incorrect operation of vehicle (sudden ac-
celeration, sudden deceleration, wrong getting
into gear, etc.).

An initial rough consideration of the prob-
lem would suggest that fatigue events occur ex-
clusively or at least for the most part in night
shifts, whereas distraction does not strictly de-
pend on shift/time of day. However, this consid-
eration would be too simple and does not corre-
spond to the data available from comparable
studies [1, 4, 6, 8, 10].

2.1. Investigation: Dangerous time

Previous studies in similar environments
showed that fatigue-related accidents should not
be considered as a phenomenon of late work or
night shifts. Instead, the accidents time-distribu-
tion is almost even, with an exception of rising in
the afternoon hours. One of identified reasons for
this is the influence of circadian rhythms. Circa-
dian rhythms describe human performance for
24-hour day and is colloquially referred to as the
"internal clock”. According to these rhythms, hu-
man activity (performance) decreases in the af-
ternoon hours [10]. If one compares the accident
curve with the performance curve, the congruence
of these curves suggests the existing correlation.

2.2. Investigation: Frequency of hazard-
ous situations

2.2.1. Essentials

The main objective of the investigations in
the field of risk assessment related to fatigue and
distraction accidents was determining their fre-
quency. Thereafter, implementing intervention
(correction) measures/mechanisms results in de-

Science and Technology

creasing frequency of the situations that are con-
sidered hazardous. Basically, when assessing risk,
complete safety can never be reached. In any case,
a residual risk remains. A certain risk must there-
fore be within the range that is adopted as an ad-
missible risk (Fig. 2).

So far, individual fatigue-related operation
accident events cannot be correctlycounted, since
fatigue impact is seen in most of accidents occur-
ring. If quantitative assessment is impossible, the
need for qualitative assessment arises. In this
field, vehicle/machine operator should evaluate
himself his operating condition and arising related
risks in each situation. On the other hand, a com-
pany must set and evaluate long-term safety objec-
tives and strategies. Such approach allows to out-
line boundaries/boundary conditions, when the
need for response/mitigation actions and their
scope become apparent.

2.2.2. In-depth scheme:
thresholds

For an identified hazard, a chain of correc-
tion actions emerges, which is illustrated in Fig. 3,
complementing Fig. 2 above.

Fig. 2 shows that a risk resulting from haz-
ardous behaviour is divided into individual seg-
ments from low to high in magnitude. The transi-
tional areas of these segments show "alarm
threshold” and "danger (hazard) threshold”. To
determine danger threshold, specific limiting or
guiding values are usually proposed. For the case
in point, however, no specific figures are availa-
ble. Data of in-house risk assessment and the as-
sociated accident frequency allow to determine
area, to which a fatigue-related risk of accidents
belong.

intervention

DANGEROUS BEHAVIOUR

May lead to a harm

SAFETY
Considered safe

admissible

DANGER
Will lead to harm

inadmissible

RISK THRESHOLD

Fig. 2. Representation of the concepts of safety, dangerous behavior and danger [11]
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QUANTITATIVE:
i.e. limits, guidlines,
critical values
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QUALITATIVE:

i.e. requirements, basic
‘ duties

Decision making ]

|
ACCEPTANCE | CONCERNING
AREA

AREA |
1

Alarm Threshold

DANGER
AREA

|
I
|
|
|
|
I
I
I
I
I
|
|
|
|
1
I
I

I

I

Danger Threshold

Fig. 3. Scheme for risk assessment [11]

3. Assessing/predicting and displaying risks

However, since qualitative risk assessment
depends on individual perception of each, the
need arises to quantitatively describe risk using
figures and formulas. The best way is to apply for-
mulas proposed in [11], which assess risk based
on probability of occurrence and damage severity,
see Equation 1 below:

Risk = Probability * Damage;
Damage @~ Event
Time interval Time interval

3.1. Probability

Assessment of the likelihood of occurrence
is based on Table 1, which makes both qualitative
and quantitative grading possible. It is important
that realistic framework is chosen, first of all, the
period under consideration, which reflects the
type of work and time periods. The typical period
for reviewing is one calendar year.

In the present study, the probability of haz-
ardous micro sleep event occurrence is consid-
ered. Through a fatigue detection system (here:
Driver Safety System) these events should be

,Damage (1)
Event

minimized. For a correct detection of the actual
state before the introduction of a fatigue detection
system, it will be necessary to record the number
of events via the system, without any feedback to
the device operator in this test period. Based on
these figures, the actual hazard for the operation
becomes visible. In the course of a project, all ac-
tual hazardous situations and also near misses,
which for various reasons did not lead to an acci-
dent, must be taken into account.

In the present study, the micro sleep event
probability is considered. Through fatigue detec-
tion system (hereinafter, Driver Safety System)
these events should be minimized. For correct de-
tection of actual state, before introduction of the
fatigue detection system, record a number of such
events should be detected in recorded in the sys-
tem, without any feedback to a vehicle operator in
this test period. Based on these data, the actual
hazard for the operation becomes visible. In the
course of the project, all actual hazardous situa-
tions and also near misses, which for various rea-
sons did not lead to accident, should be taken into

account.
Table 1

Assessment of probability of occurrence [11]

Qualitative Quantitative
Impossible 0
Almost impossible 1075=0.00001
Possible but unlikely 104 =0.0001
Occasionally possible 102 =0.001
Highly possible 102=0.01
Almost imminent 101=01

Inevitable 1

1
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Table 2

Representation of (health) damage severity [11]

Severity Description Example of consequence

A No health impact consequences no injury small cuts

B Petty consequences (work can be continued)
Moderate consequences (temporal loss of

C ability to work without permanent damage) lacerated wound
Heavy consequences (irreparable, perma-

D nent damage is possible) loss of limbs
Lethal consequences

E fatal injuries

3.2. Damage severity

Besides the hazard event likelihood, the risk
assessment also requires more detailed
knowledge of the consequences and possible
damage severity. An accident may lead to:

1. heavy impact on human (from injury to
death - the most impressive impact);

2. machine damage (from repair necessity
to total loss), and finally

3. loss of operation performance.

Due to the decreased availability of a ma-
chine, the requirements for material transport
could no longer be satisfied completely. In addi-
tion, investigations following an accident may re-
quire temporary operation stoppage.

Since occupational safety primarily focuses
on an individual or employee, the severity of an
accident refers to the injured person's health. Fur-
ther information is given in Tab. 2.

3.3. Risk Assessment and Occupational
Safety Models

Up to this point the danger from fatigue re-
mains abstract and barely representable. This re-
sults especially from the general situation. Alt-
hough fatigue and the negative consequences are

known, no data recording and analysis are pro-
duced. It is therefore impossible to describe the
situation using actual figures from operation.

In this case, occupational safety models
provide description of the conditions to be as-
sessed. For this purpose, a number of models are
available, differing based on the application. As
usual for the models, they simplify general situa-
tion. As a result, the complexity and multiplicity
of different influencing factors considered tend to
take a back seat compared to the illustrative
presentation. The following models are therefore
suitable to form a basic understanding. However,
the resulting numerical values or ranges must al-
ways be checked for their correlation, taking into
account the individual circumstances in actual
considered case in real space.

3.3.1. Risk matrix according to NOHL

A well-understood and simply structured
overview of the relationship between probability
of risk occurrence (actualization) and damage se-
verity, as well as the resulting risk is presented in
the risk assessment matrix according to NOHL
(BG RCI 2016), see Tab. 3.

Table 3

Risk matrix according to NOHL [2, 10]

Damage severity No health conse- Low consequences Moderate conse- Serious conse- Lethal conse-
(right) quence guences guences guences
Probability (below) A B C D E

Almost impossible Extremely low (1) Extremely low (1) Very low (2) Low (3) Middle (4)
Imaginable but un- | 2 Extremely low (1) Very low (2) Low (3) Middle (4) High (5)
likely
Occasionally possi- | 3 Very low (2) Low (3) Middle (4) High (5) Very high (6)
ble
Well possible 4 Very low (2) Middle (4) High (5) Very high (6) Extremely high (7)
Almost certainly 5 Very low (2) Middle (4) Very high (6) Extremely high (7)  Extremely high (7)
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The risk can be assessed based on infor-
mation on the probability of occurrence and the
severity of the accident. This is performed using
values from Tabs. 1 and 2. The result is the matrix
in which the hazard starts from the top left and
increases towards the bottom right. The actual as-
sessment of the hazard in a European operation
will only be possible after completion of the pilot
project (see thesis of D. M. Popov).

3.3.2. Presentation of the tripod theory in
relation to fatigue

The notion that fatigue alone or a single
component of error leads to an accident is criti-
cized by most accident theories [9]. The complex-
ity of possible consideration proves the root cause
analysis (RCA). Due to the limited size of this pa-
per, it is not suitable to explain the RCA in more

SAFETY PRECAUTIONS

Science and Technology

details than the following sentences. Nonetheless
the complexity of the facts about fatigue related
accidents requires further breakdown in order to
make possible effective protection concepts.
Therefore, in addition to the previously presented
model, the tripod theory is briefly discussed. This
assumes that a certain number of preconditions
must be fulfilled in order to an accident event to
occur. Each individual condition is represented by
a punched card. If the errors/defects lie multidi-
mensionally behind one another, a dangerous sit-
uation may arise if protective measures are not
taken (represented by the filled-in areas of the
punched card). A sketch about the tripod theory,
which is occasionally referred to as the Swiss-
cheese model, is shown in Fig. 4.

DANGEROUS BEHAVIOUR
triggers, safety lacks,
mistakes,

Sequence of developing
accident

Fig. 4: Consequences of error sequences based on the tripod model, the model after REASON [9]

4. Summary of findings from the accident
models and initial conclusion

To conclude this section, the following should
be noted: fatigue and distraction are able to reduce
the driver's attention to such extent that an accident
occurs as a result. In this case fatigue shall be con-
sidered as top-priority cause of accident risks. Other
causes may be organizational as well as have their
origin in the inherent health condition of the opera-
tor or in operation environment. Human error is
dominating cause of operation accidents. Fatigue
may be both primary cause or partial reason of a
dangerous situation in the process chain, which may
result in an accident. In the field of managing tired-
ness and readiness to work, there is a great potential

for reducing dangerous situation and accident rate in
a company. Minimizing accident risks shall be
based on aforehand detecting fatigue signs at all lev-
els and taking countermeasures to reduce accident
risks and mitigate possible accident consequences.

There are possible ways to describe the risk
of, first of all, fatigue using OHS models. At the fi-
nal stage of this initial study, the shortage of realistic
figures from the European mining operation should
be noted, which are required for the models and for
substantiating the assumptions made. That is why
this investigation is continued to more precisely as-
sess the operation risks.
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Hydrothermal Minerals Mapping using based on Remotely Sensed Data
from Sentinel 2 Sattelite: a Case Study in Vinh Phuc Province, Northern Vietnam
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Abstract: This paper presents the experiences obtained in the application of Principal Component Analysis (PCA)
method to map hydrothermal minerals based on remotely sensed data. In this study, Sentinel-2B MultiSpectral In-
strument (MSI) image is used to detect distribution of hydroxyl-bearing minerals in Vinh Phuc province, northern
Vietnam. Four bands of Sentinel-2B image including blue band (band 2), Vegetation Red Edge band (band 8A) and
SWIR bands (band 11 and 12) are used to calculate the Principal Components, thenand then select the Principal
Component, which containing provides information on the hydrothermal minerals information. The obtained results
findings show that the methodology and data are effective in detecting and mapping hydrothermal mineralization.
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KaprupoBanue ruiporepMajibHbIX MUHEPAJIOB 10 JaHHBIM JUCTAHIMOHHOIO
(CIIyTHMKOBOI'0) 30HIMPOBAHUSA C HCIOJIb30BAHHEM CIIEKTPO30HAJIBHOI0
npudopa CenTune b 2 Ha npuMepe npoBuHIuM Bunb-IIxyk, CeBepHblii BbeTHam

Yunp Jle XyHr
Texunueckuit YuauBepcutet Jle Kyii [lon, Xanoii, BebetHam

AHHoOTauusi: B 1aHHOH cTaThe MpenCTaBIeH OMBIT, MOIYYEHHBIH NPU NPUMEHEHHH METOAa aHaJIn3a IJIaBHBIX
koMroHeHToB (PCA) nist kapTupoBaHUs THAPOTEPMATEHBIX MUHEPAIOB Ha OCHOBE JAHHBIX IMCTAaHIIMOHHOTO 30H-
IpoBaHus. B 3TOM nccnenoBaHu H300pakeHUsl, MOTy4YEeHHbIE TIOCPEACTBOM JUCTAHIIMOHHOTO (CITYTHUKOBOTO)
30HIMPOBAHHS C UCTIOJIb30BAaHUEM CIIEKTPO30HAIBHOT0 prbopa CentruHens 2b, NConb3yoTCs IUIs ONpeaeIeHus
pacnpezesieHus] MUHEPAJIOoB, COAEP KAIUX TUAPOKCHI, B TpoBUHIMK Bunb-IIxyk, CeBepublii BoeTnam. Yetsipe
moJiockl (AnanazoHa) n3oopaxenust CeHTuHens 2b, BKIItoYasi CHHIOKO 1MoJIocy (1mosioca 2), IoJI0Cy pacTUTETbHOCTH
(KpacHBIi1 (JUITMHHOBOJHOBEIN ) Kpa# criekTpa) (tonoca 8A) u mosocsl SWIR (koporkoBomHoBast K obnacts criek-
Tpa, moJstockl 11 u 12), ncnone3yroTes Aj1st pacdera rJiaBHBIX KOMIIOHEHTOB, a 3aT€M BbIOMpPaeTCs TIIaBHbIM KOMITO-
HEHT, HeCYIIHi HH(POPMAIIUIO O THAPOTEPMaIbHBIX MUHepanax. [loryueHHbIe pe3ynbTaThl TOKa3bIBAIOT, YTO pac-
CMaTpHBaeMble METOAOJIOTHS U JaHHbIE 3} (HEKTUBHBI IPU 00HAPY>KEHUH M KApTUPOBAHUH THAPOTEPMAIBbHON MU-
HEepaIu3aLuy.

KiroueBblie c10Ba: qUCTAHIIMOHHOE 30HTUPOBAHUE, THIPOKCHII-COICPIKAIIUE MUHEPAITBI, AHATIN3 TIIABHBIX KOM-
noreHToB, CentuHens 2 (Sentinel 2), BreTHaMm.

Ja nurupoBanus: Ynns Jle Xynr. KaptupoBanue rupoTepMaibHBIX MUHEPAJIOB MO JAHHBIM JIUCTAHIIMOHHOTO (CITyT-
HHKOBOTO) 30HIMPOBAHHS C UCTIONB30BAHNEM CIIEKTPO30HAIBHOTO Mproopa CeHTHHENb 2 Ha NpUMepe NPOBUHIMK BrHb-
Ixyk, CeBepHblii BeetHam. [ oprbie nayku u mexronoeuu. 2019;4(4):309-317. DOI: 10.17073/2500-0632-2019-4-309-317.
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INTRODUCTION

Vinh Phuc province comprises many types
of minerals resources, including those with signif-
icant reserves such as building stone, granite, ka-
olin, sand, gravel, and clay. These minerals are of
great significance in development of construction
industry and other sectors, contributing to the eco-
nomic development in the province [19].

Remote sensing has been used for hydro-
thermally altered mineral mapping and mineral
prospecting [6]. The Landsat and ASTER data are
the most widely used multispectral data for
mapping iron oxides and hydroxyl-bearing
minerals [1, 2,4, 5, 8, 11, 12; 16]. There are many
technique based on band ratio and Principal Com-
ponent Analysis (PCA) applicable to detecting
and mapping distribution of minerals [2, 17].
In general, these studies showed that the PCA
method is able to detect and map hydrothermal
minerals better than band ratio—based method.

Fraser and Green [5] developed DPCA (Di-
rected Principal Component Analysis) method for
monitoring hydrothermal minerals distribution. The
DPCA method is based on the combination of ad-
vantages of the band ratio and PCA methods. Trinh
and Zablotskii [17] have developed computer pro-
gram RS-MINERALS to detect and map iron oxide
and clay minerals from Landsat 8 OLI data.

Sentinel-2 (2 satellites: Sentinel-2A and
Sentinel-2B) carried on-board high-resolution
multispectral imager with 13 bands spanning
VNIR through SWIR bands. Sentinel-2A data
found the first use for geological applications by
Van der Meer et al. in 2014 [18]. In study [18],
the authors compared the performance of Senti-
nel-2A MSI imager with that of the ASTER im-
ager in mapping hydrothermal mineral areas. So far,
there are a few studies on mapping and detecting
minerals using Sentinel 2 MSI data [6, 9, 13, 15].
Spatial and spectral performance characteristics
of the Sentinel-2 MSI are similar to those of Land-
sat data, and the band ratio and PCA methods can
be also used to map hydrothermal minerals based
on Sentinel-2 MSI data [6].

This study focuses on the application of
Sentinel 2 MSI data to detect and map hydroxyl-
bearing minerals in Vinh Phuc province, northern
Vietnam. In this study, four Sentinel 2 MSI bands
(band 2, 8A, 11 and 12) were used to calculate
Principal Component (PC). The PC containing in-
formation concerning hydroxyl-bearing minerals
was selected based on the comparison of eigen-
vector matrix values and then used to map hy-
droxyl-bearing minerals.

STUDY AREA

Vinh Phuc is the province in the Red river
delta in northern Vietnam. The province is bor-
dered to the north by Thai Nguyen and Tuyen Quang
provinces, to the west by Phu Tho province, and to
the south by Hanoi capital city (Fig. 1). According to
the statistical yearbook 2018, Vinh Phuc province co-
vers area of 1235.87 km? with population of
1,092,424 people. The province is subdivided into
7 districts and 2 cities. The terrain features extend
northwest — southeast, that is characteristic for the
North and Northeast of Vietnam. The northern
part of the province comprises Tam Dao mountain
range with the highest peak of 1.592 m, and the
southwestern part is surrounded by two large riv-
ers (Red River and Lo River). The terrain altitude de-
scends from northeast to southwest and is divided
into 3 regions with characteristic topography: plains,
hills, low and medium-altitude mountains [19].

MATERIALS

The Sentinel-2 mission comprises two sat-
ellites developed and launched to support vegeta-
tion, land cover, and environmental monitoring.
The Sentinel-2A satellite was launched by ESA
on June 23, 2015 and operates in sun-synchronous
orbit at 10 day repeat cycle. The second identical
satellite (Sentinel-2B) was launched on March 7,
2017. Together they cover the whole Earth’s land
surface, large islands, and inland and coastal wa-
ters every five days. The Sentinel-2 MultiSpectral
Instrument (MSI) acquires 13 spectral bands
ranging from Visible and Near-Infrared (VNIR)
to Shortwave Infrared (SWIR) wavelengths along
the 290 km orbital swath. Characteristics of Sen-
tinel 2 satellite bands are showed in Tab. 1 [14].
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Fig. 2. Sentinel 2B multispectral image in Vinh Phuc province, RGB=B11:B8A:B2

PROCESS SAFETY IN MINING AND PROCESSING INDUSTRY

AND ENVIRONMENTAL PROTECTION




ISSN 2500-0632 (ON-LINE)

| B N0 TECHNOLOGY RUSSIA)  2020:4(4):309-317 MISIS
e

T

Sentinel-2 band characteristics ;

Sentinel - 2 Bands Central wavelength (um) Resolution (m) 1

Band 1 — Coastal aerosol 0.443 60 e
Band 2 — Blue 0.490 10
Band 3 — Green 0.560 10
Band 4 — Red 0.665 10
Band 5 — Vegetation Red Edge 0.705 20
Band 6 — Vegetation Red Edge 0.740 20
Band 7 — Vegetation Red Edge 0.783 20
Band 8 — NIR 0.842 10
Band 8A — Vegetation Red Edge 0.865 20
Band 9 — Water vapour 0.945 60
Band 10 — SWIR-Cirrus 1.375 60
Band 11 — SWIR 1.610 20
Band 12 — SWIR 2.190 20

Table 2

Comparison of the nominal band centers, bandwidths, and spatial resolution of Sentinel-2 MSI and Landsat 8 OLI

Nominal band centers (nm)

MSI 444 497 560 664 704 740 783 843 865 1613 2190
OLlI 443 482 561 665 NA NA NA NA 865 1609 2201
Nominal bandwidths (nm)

MSI 20 55 35 30 15 15 15 115 20 90 175
oLl 20 65 60 40 NA NA NA NA 30 85 190
Spatial resolution (m)

MSI 60 10 10 10 20 20 20 10 20 20 20
OLI 30 30 30 30 NA NA NA NA 30 30 30

In this study, multispectral cloud-free Sen-
tinel-2B images with spatial resolution of 10 m
(bands 2, 3, 4, 8), 20 m (bands 5, 6, 7, 8A, 11, 12)
and 60 m (bands 1, 9, 10), produced since Decem-
ber 5, 2019 in the Vinh Phuc province (northern
Vietnam) were used for mapping hydroxyl-bear-
ing minerals distribution (Fig. 2). The Sentinel-
2B data presented the L2A level product, down-
loaded from Copernicus Open Access Hub
(https://scihub.copernicus.eu)  website.  The
Level-2A product provides Bottom Of Atmos-
phere (BOA) reflectance images derived from the
associated Level-1C products. The comparison of
the nominal band centers, bandwidths, and spatial
resolution of Sentinel-2 MSI and Landsat 8 OLI
bands is presented in Tab. 2 [14].

METHODS AND FINDINGS

The image processing started with radio-
metric and geometric correction. At the next step,
the Sentinel-2B MSI images were subdivided into
subsets for the study area. In this study, image
processing was performed using ERDAS Imagine
2014 programs, and hydroxyl-bearing distribution
map was created using ArcGIS 10 program.

The PCA method uses the Principal Com-
ponents transformation technique for reducing di-
mensionality of correlated multispectral data [10].
The analysis is based on multivariate statistical
technique, which selects uncorrelated linear com-
binations (eigenvector loadings) of variables in
such a way that each successively extracted linear
combination, or Principal Component (PC), has
smaller variance [12]. The statistical variance in
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multispectral images is related to the spectral re-
sponse of various surficial materials such as
rocks, soils, and vegetation, and it is also influ-
enced by the statistical dimensionality of the im-
age data [10]. Eigenvalues provide information
(using magnitude and sign) about spectral proper-
ties of vegetation, rocks and soils, which are re-
sponsible for statistical variance mapped into
each PC [12].

Hydroxyl-bearing minerals, which have spec-
tral diagnostic feature in the 2.10 — 2.28 um [3, 7],
can cause low reflectance in the Sentinel-2B MSI
band 12 (2.180 — 2.200 um). These minerals also
have very high reflectance in the Sentinel-2B MSI
band 11 (1.600 — 1.620 um). Similar to Crosta
technique using Landsat TM images, which
adopts the association of bands 1, 4, 5 and 7, hy-
droxyl-bearing minerals are extracted by the com-
bination of Sentinel-2B MSI bands 2, 8A, 11, 12.

The four Principal Components transfor-
mation on unstretched bands 2, 8A, 11, 12 of Sen-
tinel-2B image of Vinh Phuc province are shown
in Fig. 3. As can be seen, PC1 — the "albedo" im-
age, is about 67.442 % of eigenvalue of the total
variance for the unstretched data PCA. PC2 com-
prises 29.316 % information, PC3 comprises
2.601 % information and PC4 comprises 0.5 %
information of four Sentinel-2B bands. In this
study area, PC4 highlights hydroxyl-containing
minerals as dark pixels because of the greatest
loading of band 11(-0.6745) and band

12 (0.6813) (Tab. 3).
The hydroxyl-containing minerals are manifested
as dark pixels because the positive loading at
band 12, and the bands need to be reversed. Fig. 4
shows the PC4 reverse, in which the bright pixels
represent hydroxyl-bearing minerals.

The anomalies for hydroxyl-bearing minerals
are determined based on threshold of pn + 26, where
nand o represent the mean value and standard devi-
ation of the relevant Principal Component images,
respectively [6]. In this study, the threshold value is
6439.928. Fig. 5 shows the final result for hydroxyl-
bearing minerals derived from Sentinel-2B MSI
data in Vinh Phuc province, in which the hydroxyl-
bearing minerals are depicted by blue color. The re-
sults presented in this figure show that the hydroxyl-
bearing minerals in Vinh Phuc province are concen-
trated in the central and northwestern parts. This is
also consistent with the Vinh Phuc mineral distribu-
tion map at a scale of 1 : 200 000 [20].

In this study, the authors also compared

the results of mapping hydroxyl-bearing minerals
in mines of Vinh Phuc province and their images
based on the Sentinel-2B MSI data (Tab. 4).
Tab. 4 shows that the mines bearing hydroxyl-
containing minerals such as Nhan Ly pegmatite
mine, Dong Dao and Xuan Hoa sedimentary rock
mines have been correctly mapped based on the
Sentinel-2B MSI data using PCA method.

Table 3

The eigenvector matrix values and eigenvalues of PCA for 2, 8A, 11, 12 bands of Sentinel -2B MSI images

Principal Eigen matrix .
Eigenvalues (%0)
Component B2 B8A B11l B12
PC1 0.1081 0.5628 0.6353 0.5176 67.442
PC2 —0.2599 0.7834 —0.2295 -0.5159 29.316
PC3 —0.9335 —0.1952 0.2980 0.0414 2.601
PC4 —-0.2222 0.1774 —0.6745 0.6813 0.941
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Fig. 3. Principal Component Analysis for mapping hydroxyl-bearing minerals
in Vinh Phuc province, northern Vietnam

PC4 reverse

Fig.4. PC4 reverse, bright pixels represent the hydroxyl-bearing minerals
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Fig. 5. Results of mapping the hydroxyl-bearing minerals (blue color) in Vinh Phuc province using Sentinel-2B image
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Fig. 6. Mineral distribution map of Vinh Phuc province [20]
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Table 4

Hydroxyl-bearing minerals in mines of Vinh Phuc province (northern Vietnam)
and results of mapping based on the Sentinel-2B data

Mine name

Hydroxyl-bearing minerals on Sentinel
2B image

Results of mapping based on
Sentinel-2B data

Nhan Ly pegmatite mine

Dong Dao sedimentary rock mine

Xuan Hoa sedimentary rock mine

CONCLUSION

This study attests to the significance and ad-
vantages of the application of Sentinel-2 MSI data
to detect and map hydrothermal alteration zones.
The Sentinel-2B MSI image produced on Decem-
ber 5, 2019 was analyzed to map spatial distribu-
tion of hydroxyl-bearing minerals in Vinh Phuc
province (northern Vietnam). Four Sentinel-2B
MSI bands (2, 8A, 11 and 12) were used to calcu-
lated Principal Components, and then select the

Principal Component which contains the basic in-
formation of hydroxyl-bearing minerals. The 4%
Principal Component clearly identifies the area
comprising hydroxyl-containing altered minerals
in this region. The results obtained in this study
show that the Sentinel-2 MSI image with spatial
resolution exceeding that of Landsat image can be
effectively used in mapping hydrothermal mineral
distribution.
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Abstract: The launch of the Russian-Germany interstate project (the Russian-German Year of Scientific and Educa-
tional Cooperation 2018-2020) sets new requirements for the agenda formation for interstate cooperation in the field
of education and science. The “Russian-German Roadmap for Cooperation in Education, Science, Research and
Innovation” (the Roadmap) defines new opportunities for expanding cooperation between states in the educational
and research fields, as well as developing economical innovations. The key directions of the cooperation are: “Large
research infrastructure”, “Priorities”, “Young talents”, “Innovations, science and society”. The expansion of bilateral
cooperation on a wide range of topics, the development of large research infrastructures and joint research projects
in particular, will be carried out in the areas that are priority for both countries. By means of the Roadmap, young
scientists should be supported, and the academic mobility of researchers, students and postgraduate students should
be increased. It is also planned to enhance the transfer of research results to the real economy, as well as increase the
advanced innovative business involvement in the partnership. One of the tasks that the organizers of the year face, is
to create conditions for the public presentation of specialized events, as well as the dissemination of cooperation
practices in the academic environment. For this purpose, a special website to gather the information from participants
and organizers of events implemented in both countries, was launched (https://russia-germany-cooperation.ru). The
inclusion of innovative business in the year’s action field will create conditions for the formation of joint teams, both
in the academic and professional environment, aimed at tackling new problems of states economies' innovative de-
velopment.
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Introduction

Russia and Germany have a rich tradition of
cooperation in higher education and science,
which forms Russian-German relations. In 2000,
Russia and Germany declared a new stage of re-
lations, based on a policy of strategic partnership.
Many projects, implemented under this policy,
have become historical and have made a signifi-
cant contribution to the development of relations
between countries. As an example, one can name
such projects as the German-Russian public fo-

rum “Petersburg dialogue”, a global partnership

PROFESSIONAL PERSONNEL TRAINING

program that was launched in 2002 by the G8 in-
itiative. Considering Germany as the leader of the
European Union, Russia has always formed a spe-
cial agenda for the development of political, eco-
nomic and intercultural dialogue with Germany.
It should be noted that scientists from dif-
ferent subject areas pay great attention to the
study of aspects of cooperation between Russia
and Germany, highlighting not only the project
facts and event statistics, but also the results ob-
tained on the basis of a scientific approach and the

application of scientific knowledge methods in
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this area [1-7]. As a result, one can observe a di-
verse cooperation between the two sides, each
playing its unique role in the intercultural dia-
logue [8].

1. Russian-German Year of Scientific
and Educational Partnership 2018-2020

In 2018, relations between Russia and Ger-
many moved to the next level, when the Russian-
German Year of Scientific and Educational Part-
nership 2018-2020 (the Cross-Year) was opened
on December 6 by a joint statement of the Foreign
Minister of Russia Sergey Lavrov and the German
Minister of Foreign Affairs Heiko Maas.

The aim of the Cross-Year is to attract more
attention to bilateral scientific relations and give
them a new impetus, to stimulate further develop-
ment of cooperation and interaction between uni-
versities and representatives of the scientific com-
munity, making it more transparent, and to pro-
mote international exchange of students, re-
searchers and teaching staff.

In December 2018, the Ministers of Educa-
tion and Science of Russia and Germany signed
the “Russian-German Roadmap for Cooperation
in Education, Science, Research and Innovation”,
the main task of which was to create new oppor-
tunities for expanding cooperation between the
countries in the educational and research fields, as
well as to develop economical innovation [9].

The bilateral Roadmap is designed for 10
years and sets new criteria for German-Russian
cooperation in the field of education and research.
The Roadmap encompasses 4 directions: “Large
research infrastructure”, “Priorities”, “Young tal-

ents”, “Innovations, science and society”.

PROFESSIONAL PERSONNEL TRAINING

Science and Technology

This comprehensive document is aimed at
expanding bilateral cooperation on a wide range
of topics, in particular, in the development of
large research infrastructures, joint research pro-
jects in in the areas that are priority for both coun-
tries. By means of the Roadmap, young scientists
should be supported, and the academic mobility
of researchers, students and postgraduate students
should be increased. It is also planned to enhance
the transfer of research results to the real econ-
omy, as well as increase the advanced innovative
business involvement in the partnership.

2. Role of the academic community in sci-
entific and educational partnership of Russia
and Germany. Institutions of self-government

Undoubtedly, the academic community,
represented by leading universities and research
centers, plays the key role in implementing the
roadmap. They have historical experience and big
potential in implementing joint projects and es-
tablishing international research teams [10-13].
At the same time, the scale and significance of the
implemented scientific and educational projects
have determined the formation of large funds
which coordinate the development of educational
and scientific cooperation.

The project cooperation is based on a net-
work of agreements and cooperation projects be-
tween key Russian and German centers of science
and education, among which the following can be
distinguished [13-19]:

1. Scientific cooperation between the Ger-
man Research Foundation (DFG), the Russian

Academy of Sciences (RAS) and the Russian
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Foundation for Basic Research (RFBR). DFG, be-
ing the main organization of scientific self-gov-
ernment in Germany, provides comprehensive
support for research in higher education and has a
significant historical experience of interaction
with the Russian academic community. For in-
stance, in 2002, more than 500 scientists from
Russia and Germany took part in exchange pro-
grams with the financial support of the German
research community. To a certain extent, DFG
demonstrates new mechanisms of public-govern-
mental management of research funding, estab-
lishing the practice of scientific self-management,
as well as R&D organizational and process man-
agement [13, 14].

2. Cooperation of Russian science institu-
tions with the Max Planck Institute for Astrophys-
ics (MPG). MPG is a non-commercial research
organization. It includes about 80 research organ-
izations that mainly do fundamental research, and
also implement projects aimed at establishing
“centers of excellence” [13, 15].

3. Collaboration with the Fraunhofer Soci-
ety in support of applied research. The Fraunhofer
Society is the German leading organization in the
field of applied research. Much of this research is
innovative. The society unites almost 50 research
institutions. The main research areas of the Fraun-
hofer Society are: materials, production, infor-
mation, communication, testing, chemical, energy
technologies, as well as microelectronics [13, 16].

4. Cooperation with institutions of the
Helmholtz Association of German Research Cen-
ters (HGF). HGF unites 16 German research in-
stitutions. Its activities are mainly funded by the
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federal and land budgets. The key research direc-
tions are: natural, technical, and biomedical sci-
ences. The key areas are: energy, fundamental phys-
ics, transport, aviation and space, IT, Earth sciences,
biotechnology and medicine, as well as various en-
vironmental studies and technologies [13, 17].

5. Cooperation with the German Academic
Exchange Service (DAAD). Founded in 1925,
DAAD is an association of higher education insti-
tutions and students in Germany. The main aim of
DAAD is to promote international academic ex-
change. As a National agency and advisory body,
it is included in European ERASMUS/TEMPUS
programs. All in all, DAAD implements over 100
different programs, providing support to students
and university graduates, teaching staff and scien-
tists from Germany, as well as from several other
countries [13, 18].

6. Cooperation with the Alexander von
Humboldt Foundation. It was established in 1860,
and for a long time was engaged in organizing in-
ternational trips of German scientists, and then
providing scholarships to foreign scientists, in-
cluding those from Russia. In addition, the Foun-
dation awards world-renown international re-
searchers with grants to support their scientific
work directly in Germany [13, 19].

A comparable network of Russian organiza-
tions is also quite representative:

1. Rossotrudnichestvo, the Federal Agency
for the Commonwealth of Independent States,
Compatriots Living Abroad and International Hu-
manitarian Cooperation, founded in 1925. Thanks
to a wide network of Russian centers, Rossotrud-

nichestvo promotes cultural cooperation and the
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spread of the Russian language. At the same time,
Rossotrudnichestvo is the Russian contact point
for independent national friendship societies in
these countries.

At the same time, the Agency is represented
by 74 Russian centers in Europe, America, Asia
and Africa. Russian House of Science and Culture
in Berlin is among them.

2. The Russian Science Foundation (RSF)
was established on November 2, 2013. RSF pro-
motes fundamental research projects within the
concept of the highest achievements in certain ar-
eas. RSF is one of the most important institutions
promoting development in Russia.

3. The Russian Foundation for Basic Re-
search (RFBR) was established in 1992. The
Foundation promotes the development of specific
targeted research projects in all areas of funda-
mental research. Since 2016, RFBR has been pro-
moting projects in the humanities and social sci-
ences.

4. The Foundation for Assistance to Small
Innovative Enterprises (FASIE), established in
1994. The main aims are:

- stimulating the development of small in-
novative enterprises in science and technologies;

- financial and administrative support for
small innovative enterprises in research and de-
velopment projects;

- creation and development of infrastructure
to support small innovative enterprises in science
and technologies.

University cooperation between Russia and

Germany has a long tradition. At the same time, it
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is constantly expanding due to the active partici-
pation of teaching staff, students, managers and
university employees. In both countries, univer-
sity partnerships are seen as a key strategic ele-
ment in developing scientific cooperation. It is
also an effective way to enhance their interna-
tional attractiveness for learning and research.
Thanks to universities cooperation, joint training
of specialists also makes a significant contribu-
tion to the formation of sustainable partnerships
in all spheres of society.

Currently, about 980 joint university part-
nerships are represented on the Internet platform
“International cooperation” of the German Rec-
tors' Conference (HRK). 203 German universi-
ties, 233 Russian universities and 33 organiza-
tions with other status participate in them. Thus,
Russia is at the 9th place in the number of part-
nerships [20].

The most important areas of international
cooperation between Russian and German univer-
sities include student and academic mobility, in-
ternational cooperation in teaching and research,
as well as international cooperation in institu-
tional development.

3. Cooperation in the field of the cutting-
edge research

Higher education institutions and research
organizations in Russia and Germany cooperate
in various research fields, achieving international
recognition of the scientific community. Cutting-
edge research is considered the key to innovation
and development in both countries. In Russia, the

development of advanced research is part of the
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Strategy for Research and Technology Develop-
ment till 2020, as well as the National Technology
Initiative. The Agreement on Scientific and Tech-
nical Cooperation (STC) includes establishing
partnerships between universities, non-university
research institutions and scientific organizations,
the intensification of bilateral cooperation in the
field of innovation-oriented research between
Russian and German enterprises, cooperation in
the field of professional education, young scien-
tists exchange, and the promotion of joint research
and innovation structures.

Russia and Germany support large-scale re-
search infrastructure, for instance, through inter-
national non-governmental organizations such as
the Joint Institute for Nuclear Research (JINR)
and the European Organization for Nuclear Re-
search (CERN). Cooperation is also being devel-
oped within the framework of the European X-
Ray Free-Electron Laser Facility (European
XFEL) and the Facility for Antiproton and lon
Research (FAIR) projects implemented in Ger-
many. In the near future, cooperation will begin
in the framework of the Nuclotron-based lon Col-
lider Facility and the International Center for
Neutron Research based on a high-flow PIK reac-
tor, located on the territory of Russia.

4. Partnership practice of 2019

From the Russian side, the National Univer-
sity of Science and Technology “MISIS” is the
operator of the Russian-German Year of Scien-
tific and Educational Cooperation. One of the

tasks that the operators of the year face, is to cre-
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ate conditions for the public presentation of spe-
cialized events, as well as the dissemination of co-
operation practices in the academic environment.

For this purpose, a special website to gather
the information from participants and organizers
of events implemented in both countries was
launched (https://russia-germany-cooperation.ru).
The examples of such significant events are:

4.1 The 35th anniversary of cooperation be-
tween Peter the Great St. Petersburg Polytechnic
University and the Leibniz University Hannover.

In 2019, the Leibniz University Hannover
and Peter the Great St. Petersburg Polytechnic
University celebrated the 35" anniversary of co-
operation and took part in two joint conferences
“Cyber-physical systems and management” and
“High-speed turbomachines and electric drives”,
as well as a seminar “Digitalisierung der
Hochschulen”. Currently, two joint master's pro-
grams and a trilateral master's program with the
Lappeenranta-Lahti University of Technology
LUT (Finland), research projects, and exchange
of students, teachers, and researchers are being
actively developed.

4.2. The 9th Russian-German Young Scien-
tist Week (September 23-27, 2019, Moscow). Or-
ganizers: Lomonosov Moscow State University,
DWIH, DFG, DAAD.

The main goal of this event is to promote
the network expansion and strengthen the cooper-
ation of young scientists. The event was attended
by postgraduate students, young scientists, and
professors, invited to present and discuss their re-

search projects in the field of quantum science.
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4.3. German-Russian musical dialogue
(April 2019, the State Academic Chapel of St. Pe-
tersburg, Moika river embankment, 20). Organ-
izer: Choir of the St. Petersburg Rimsky-Korsa-
kov State Conservatory, Europe-Choir of Berlin,
Choir of the Freiberg Higher School of Music,
symphony orchestra “Youth Ensemble of Berlin”.

4.4. Youth concert project “German-Rus-
sian Musical Dialogue”, which was successfully
launched on January 13, 2019 in the Berliner Phil-
harmonie. The second concert of the project was
held on the stage of the State Academic Chapel of
St. Petersburg, famous for the traditions of the
Russian composers. More than 160 young musi-
cians from four Russian and German ensembles
played music by Tchaikovsky and Stravinsky,
Brahms and Schumann.

4.5. Cooperation in the field of artificial in-
telligence (May 28, 2019, Lomonosov Moscow
State University). Organizers: Ministry of Culture
and Science of North Rhine-Westphalia, the Ger-
man House of Science and Innovation (DWIH)
and Lomonosov Moscow State University.

The talk was performed in the National
Center for Digital Economy of Lomonosov Mos-
cow State University. The event was organized by
the representative office of the Ministry of Cul-
ture and Science of North Rhine-Westphalia
(NRW), the German House of Science and Inno-
vation (DWIH) and the Center for Digital Econ-
omy of Lomonosov Moscow state University.
The talk was opened by academician Igor Osipov
(Lomonosov Moscow State University), Ekate-
rina Karpushenkova (NRW) and Mikhail Rusa-
kov (DWIH). After the key reports of Alexander
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Panov from the Moscow Institute of Physics and
Technology and Thomas Gris from RWTH Aa-
chen University, a scientific talk was held. Lead-
ing scientists from RWTH Aachen University
(German side) and from Lomonosov Moscow
State University, the Moscow Institute of Physics
and Technology, Bauman Moscow State Tech-
nical University and the Russian Academy of Sci-
ences presented their approaches to research and
development in the field of artificial intelligence
and discussed prospects for cooperation.

Russian and German scientists agreed that
the development of artificial intelligence technol-
ogies requires an interdisciplinary international
approach. Possible areas of cooperation include
joint development of artificial intelligence tech-
nologies for medicine, production automation,
phenomena and processes forecasting, as well as
for other artificial intelligence applications.

4.6. Russian-German Forum of University
Science (December 2, 2019, Moscow, the National
University of Science and Technology “MISIS”).
Organizers: the Ministry of Foreign Affairs of the
Russian Federation, the Federal Foreign Office of
Germany, the Ministry of Science and Education of
the Russian Federation, the German Academic Ex-
change Service (DAAD), German House of Science
and Innovations in Moscow, the National Univer-
sity of Science and Technology “MISIS”. The fo-
rum united representatives of Russian and German
university and academic communities. The scien-
tific and educational sector of Germany was repre-
sented by both a large delegation of young research-
ers and world-renown scientists. Among the Rus-

sian participants were rectors and representatives of
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the innovation sector, the Russian Academy of Sci-
ences, the Kurchatov Institute, and the Joint Institute
for Nuclear Research. The forum was attended by
scientists, young researchers and experts from both
Moscow and regional universities.

At the forum, Russian and German experts
discussed the relationship between university and
academic science, ways to support international
scientific and technical cooperation, and the inter-
nationalization of the university research sector.
A special session of the forum was devoted to dis-
cussing the further implementation of the “Rus-
sian-German Roadmap for Cooperation in Educa-
tion, Science, Research and Innovation”.

Conclusion

The development of relations between Rus-

sia and Germany is determined by the historical
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