OIl[EHKA, KOMII/IEKCHOE OCBOEHHE MECTOPOKJIEHHH
U I'J1TYBOKAA IIEPEPABOTKA
CTPATEI'HY9ECKH BA’KHOI O CbIPbA
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A.E. BOPOBBEB

Poccutickuii ynusepcumem 0pyacovt Hapooos, e.Mockea

METOIOJIOI Ul ONPEJEJIEHUSI OITUMAJIBHOM I'TYBUHBI
INIEPEPABOTKN MUHEPAJIBHBIX OTXOA0B, BOSHUKAIOIIIUX
P OCBOEHUU MECTOPOXKJIEHU CTPATETMYECKH BAXKHOI'O

MMUHEPAJIBHOI'O CbIPbHA

CpaBHUTENBHBIN aHANIW3 TEXHOJIOTHHA OOpameHUs ¢ OTXOIaMH MO3BOJIWI pPa3paboTaTth
MPUHIUITHAIBHO HOBYIO, Oosiee Y(P(PEKTUBHYIO TEXHOJIOTHIO, OCHOBAHHYIO Ha BBEJACHHOM HaMH
MPHUHIUIIE TEXHOTEHHOTO BOCIIPOU3BOJICTBA PECYPCOB.

Pa3paboTka TEXHOJIOTUH OMUPAIach HA MATEMATHYECKYIO MOJIENb MPOLECCOB TEXHOTCHHO-
ro BOCIPOM3BOJICTBA MUHEPAILHOI'O CHIPhS, YYUTHIBAIOUIYIO (DaKTOphI, 00YCIOBIMBAOIINE pa-
HOHAIIBHYIO CTENeHb MepepaboTKH MUHEPAIbHBIX OTXOI0OB, TOPOTOBBIC 3HAYCHUS CTEMEHH HX
KOMILIEKCHOM MepepabdO0TKH U OIEHKY P PEKTHBHOCTH IEpepadOTKH.

The comparative analysis of available technologies of the reference with formed waste
products has allowed to develop essentially new, more effective technology based on a principle
entered by us technogenious of reproduction of resources.

By development of similar technology a number of the laws connected to available
competitiveness by the Russian mineral-raw-material base of polymetals has been revealed;
mathematical model of processes technogenious reproduction of mineral raw material; the
factors causing a rational degree of processing of mineral waste products; definition of sizes of

threshold values of a degree of their complex processing and an estimation of its efficiency.

K navany XXI B. obocTpuiachk mpobiiema
3¢ heKTUBHOTO OOpaIeHuss ¢ 00pa3yIOIUMHUCS
OTXOJIaMU TPOM3BOJCTBAa U MOTpeOJICHHUsA, 3a-
4acTyro 00JalaloluX TOKCUYHBIMU CBOMCTBA-
mu [3]. MeronamMu penukiIvHra mnpoodsieMa or-
XOJIOB HE MOXKET OBITh MOJTHOCTHIO peIlIeHa, TaK
kaK 0 100-mpoIEHTHOM MOJIE3HOM HCIOB30-
BAaHMM MAacCChl OTXOJIOB HE MOXET OBITh U peuHu.
[Ipr wCIONB30BaHUM TTOJAOOHBIX TEXHOJIOTHI
o0ecreynBaeTcsi CyIIECTBEHHOE YMEHBIICHHE
NepBOHAYAILHOTO 00BbEMa OTXO0JI0B, HO MpO-
OJieMa 3aXOpPOHEHHUSI OCTaBIIEHCS YacTH OTXO-
JIOB MO-TIPEKHEMY OCTAETCH.

CkilagupoBaHUe OTXOJI0B HAa 3€MHOMU MO-
BEPXHOCTH CBA3aHO CO 3HAYUTENLHOM 3KOJIO-
TMYECKOW OMAaCHOCTHIO, TaK KaK MOJHUTOHBI U
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CBAJIKM 3aHMMAlOT OTPOMHBIC IUIONIAA U SIB-
JSIFOTCSI UCTOYHUKAMH BBIOPOCOB TOKCHUYECKHX
BEILIECTB U COCAMHEHUI B Onocdepy.

Haubonee mepcneKTHBEH METOJ IMOJ3EM-
HOTO 3aXOPOHEHHS OTXO0JIOB, OOBIYHO OCYIIECT-
BIISIEMBIN B )KHIKOM (mucriepcHoM) Buae. Ho u
OH HE JIMIICH HEI0CTAaTKOB. Tak, HECMOTps Ha
TO, YTO 3aXOPOHEHHUE OTXOJOB OCYIIECTBISIOT
B CIICIIMAIILHO BBHIOpaHHBIE (TI0 TTOKA3aTeIsIM
MIPUEMHUCTOCTA W IKPAaHUPOBAHUS) YUACTKH JIH-
Tocepsl, HexKenaTeIbHOM (HeraTUBHOM) TpaHC-
(dbopMaIuu BMEMIAIONIMX OTXOJAbI TOPHBIX ITO-
poa B JIOOOM ciydae H30ekaTh HE YIAeTCs.
3TO 00BACHSIETCS TEM, UTO B HACTOSAIICE BPEMS
YUUTBIBAIOTCS, KaK TPaBUJIO, XapaKTEPUCTHKH
CBOWMCTB TOPHOTO MacCHBa M OTXOJIOB KaK Te€o-
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XHUMHUYECKHX 0apbepoB, MPEMSTCTBYIOMIUX pac-
NPOCTPAHEHUIO MUTPALUU TOKCHKAHTOB (IOJI-
JIeKAIIUX 3aXOPOHEHHIO) 3a Mpe/elibl BEIOpaH-
HOro y4actka. Ho 3Toro yxe HeZJ0CTaTOuHO.

CeromHss HEOOXOTUMBI TEXHOJIOTUH IIOJ-
3eMHOTO 3aXOpPOHEHHsI OTXOJ/I0OB, OCHOBAaHHBIE
Ha TPUHIMIIE BOCTIPOU3BOACTBA MUHEPATbHBIX
peCypcoB, T.e. TIpu pa3paboTKe MOAOOHBIX TEX-
HOJIOTHH JIOJDKHO TPEeIyCMaTpUBAThCA HE TPO-
CTO JKOJIOTUYECKH YUCTOE 3aXOPOHEHUE OTXO-
JI0B, HO MX TIOCJICAYIOUIHIA NIEPEBOJI C TCYCHUEM
BPEMEHU B pa3psi/i TEXHOTCHHBIX MECTOPOIKIC-
HUll [2]. DTOT mpuHLUI (BIEpBbIE BBEICHHBIIN
aBTOPOM) JIOJDKEH BBITIONHATHCS aBTOMAaTH4Ye-
CKH, U JJISl 3TOTO OH JIOJDKEH 3aKJIa/IbIBaThCS B
T00yI0 TEXHOJOTHIO, TaK WIM WHAYe CBA3aH-
HYIO C 3aXOpOHEHHEM M IepepaboTKOi OTXo-
JI0B. ET0 OCHOBOW CHYXHT T€OXUMHS SJIEMEH-
TOB, CBOWCTBA KOTOPHIX B pacTBOpax MOaOU-
parOTCsl ONTUMAIILHO M0 OTHOIICHUIO K T'EOXH-
MHH BMEIIAIOIIEN CPEIBI.

Panee HamMu ObLTH YCTaHOBIJIGHBI U pa3pa-
0OTaHbI OCHOBHBIC KPUTEPUH M MPUHIIUIIBI CO3-
JaHUS TPUPOIOOXPAHHBIX (IKOJIOTUYECKH YHC-
TBIX) TEXHOJIOTHH KOMIUIEKCHOTO OCBOCHUS
yOOTHMX MECTOpPOKACHUH CTPAaTEeTUYECKH BaXK-
HOTO MUHEpaJIBbHOTO ChIpbs [1], a Takxke oc-
HOBHBIE ACHEKTHl BBIOOpA W OIpEeIeNIeHHs Ia-
pameTpoB () HEKTUBHBIX TOPHBIX TEXHOJOTHH,

y=0,5x-0,5

y=0,3333x-0,3333

5

= 1

%0, ¥=0,0667x —0,0667

S o : : : .

0 10 20 30 40
DddexTrBHOCTS OOOTaNICHHS, Y0
8
y=—1,5944x"+19,35x — 11,485

Lé 50
; ° 40
g% 30
EZ 20
= 0 4 —t—t—
O 0 2,5 5

JlnameTp MUHEpaIbHBIX 3¢PCH, MM

KOTOpBIC B JAJIbHEHIIIEM MPUBEIIM HAC K ITOCTa-
HOBKE CJICJYIOIIMX, BEChMa aKTyaJbHBIX BO-
MIPOCOB:

e Kak co3maTh TEXHOJIOTHH TEXHOTEHHOTO
BOCTIPOM3BO/ICTBA MUHEPATBHOTO CHIPHSI?

e Kak 000CHOBaTh pallMOHANBHYIO CUCTE-
My TIyOOKOi mepepaloTKH Bce ele HEeM30ex-
HBIX MHUHEPAJIbHBIX OTXOJ0B TOPHOW MPOMBIII-
JICHHOCTHU (TOW WX YaCTH, KOTOPYIO HEBO3MOX-
HO BOBJICYB B MMPOIIECC BOCTPOU3BOICTBA)?

B xone mccnenoBanmii HaMu ObLTa paspa-
O0oTaHa MaremMaTH4ecKas MOJIENb Ipolecca
TEXHOTEHHOTO BOCIPOM3BOJCTBA MUHEPAIBLHO-
rO CBHIPbs, OIICHUBAIONIAs CIEAYIOIIUE €ro Ia-
pameTpsl:

® [UTUTEIILHOCTH TPOIIECCa;

® 00bEMBI TEXHOTEHHBIX Py B HEOOXOIH-
MBIX TEXHOJIOTHYECKUX PACTBOPOB;

® CoJIep)KaHHEe TOJIE3HBIX KOMIIOHEHTOB B
IeJIEHANpaBIeHHO 00oranaeMoil 4acTu MecTo-
POXKIICHHUSL.

Kpome TOro, ObLIM HaieHBI ONTUMAIIb-
HBIC YCJIOBHUSI TPOTEKaHUs TMpolecca KOHTPO-
JUPYEMOTO BOCIPOU3BOJICTBA MHUHEPAIHLHOTO
CBIPBSI, a TaKXKe pa3paboTaHbl TEXHOIOTUH TeX-
HOTEHHOTO BOCIPOHM3BOJCTBA MHHEPAIHHOTO
CBIPBSI JJIS1 30JI0TO-, IUHK-, CBHHEI- U MEJbCO-
JepKalix pyd, a Takke He(YTH U TOPIOYEro

o
10
8
£ o
. 4 =5,0743xLn(x) - 0,3754
S5 y )
0 -+ T T T T )
0 10 20 30 40 50
OddexTHBHOCTS OOOTAIIEHHS, Y0
pes
) 50
3 40 y=67,181¢ *'3"
A X
g = 30
EEZ 20
EE 10
[
E 0 +————r—T—"—"Tr—T—T—T—
@}
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CopneprkaHue BpeHbIX IpuMecei, %o

AHanuTHYIeCKHe U SKCIePHMEHTAIbHbIC 3aBUCHMOCTH BINSHUS (paTopoB 1-4 (a-2)

23
Canxm-Ilemepbype. 2005



raza (mpuyeM, Kak Ha JHEBHOM MOBEPXHOCTH,
TaK U B TIIyOMHaX JTUTOCHEPHI).

Jnst TO HeyTWIM3UPYEMON YacTH MUHE-
pPAJIbHBIX OTXO/0B, (KOTOPYIO MO Pa3IUYHbIM
IIPUYMHAM HE YAaeTCs BOBJIEYb B IPOLECC TEX-
HOTE€HHOI'O0 BOCIIPOM3BOJICTBA MHMHEPAIBHOTO
CBIPbsI) OBUTM TMOMYYEHbl AHAIUTHYECKHE U
9KCIIEPUMEHTAJIbHBIE 3aBUCUMOCTH (CM. pHUCY-
HOK), OIICHMBAIOIINE BIHMSHUE Ha TIyOWHY Iie-
pepaboTKH cieyromuX (GaKkTopoB:

1) conepxaHue  TMOJIE3HOTO  KOMIIO-
Henta Cy ;

2) pacKpbITHE MMHEPAIbHBIX CPOCTKOB
(rmy6una tpewuH L);

3) ntnameTp MUHEpAIbHBIX 3€pPEH;

4) Hamuuue TEXHOJOTHMYECKH  BPETHBIX
MIPUMECEN.

IIpoBeneHo Takke CpaBHEHUE pa3IMYHBIX
TEXHOJIOTHIA MepepadOTKH OTXOJIOB U pa3pado-
TaHbl HanOosiee d(h(PEeKTUBHBIE CXEMBbI Mepepa-
OOTKM MapraHelcoJepkaux yoorux pya,
npeayCcMaTpUBAIONINE HampaBJIeHHE OCTalo-
HIMXCS KEKOB B CTPONMHIYCTPHIO.

JlanpHeiiee pa3BUTHE MCCIELO0BAHUN
JOJDKHO OBITH COCPENOTOYECHO HAa HM3YYCHUH
BO3MOJKHOCTEH II€JCHANPABICHHON TpaHC-
dbopmManuu TEOXMMUYECKHX CBOHCTB MHHE-
pa’IbHBIX OTXOJOB Ha BCEX CTAAMIX UX 00pa-
30BaHMsA, YTO MO3BOJIUT IOBBICUTH CTENEHb
UX KOMILIEKCHOTO HCIIOJB30BaHUS U CyIIe-

CTBCHHO CHH3HUTb OJKOHOMHUHYCCKYIO HaAIIps-
JKCHHOCTb Ha TCPPUTOPUAX HUX AJIUTCIBHOI'O
XpaHCHHA.

BoIBOaBI

1. Pazpabotana meTomosiorusi ompexese-
HUSI ONTUMAIBHON TIIyOMHBI TIepepabOTKH MH-
HEPAJBHBIX OTXOJIOB, BO3HHKAIOUIMX IPH OC-
BOCHHHM MECTOPOKICHUNA CTPAaTETHMYECKU BaxK-
HOTO MUHEPAJILHOTO CHIPbSL.

2. Pe3ynpraThl mpoeKTa BHEAPECHBI B
yueOHbIl mpouecc Kadeapsl TOPHOTO U Hed-
TAIHOTO Jena POCCUHWCKOTO YHHBEPCHUTETA
IpyXO0bl HapoOJOB NpPHU IMOATOTOBKE MarmucT-
POB U IUTAHUPYIOTCS K BHEAPEHUIO B TOPHO-
JOOBIBAOIIICH OTPACIIH.
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