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B HacTosiee Bpems B Poccumn Bo3HUKNA HEOBXOAMMOCTL MMMOPTO3aMELLEHMST (B TOM YKCIIe, TEXHONOMUi),
Mno3TOMy MacLLTabHO OCYLLECTBSIeTCS pa3paboTka CNpPaBOYHMKOB M pernameHTaums nopsaka BHeApeHus
HaunyyWwmnx OOCTYNHbIX TexHonormn (HOT, Best Available Technologies). CnpasoyHnkn HAOT, Hanpumep, ona
ropHoOW oTpacnu sBNAsOTCA 6a30BbIMU AOKYMEHTaMU, B KOTOPbIX AaeTca nowarosoe onucadme HAT, obecne-
ymBatoLLen cobnoaeHne obsa3aTesibHbIX NokasaTenen 3Kkofiormieckon pesynsratuBHocTu. OgHako 3To 060co-
OneHHble, He CBA3aHHble Mexay cob0oi KpaTkme BEPCUUM, HE MO3BOMAIOLLME KOMIMIEKCHO PeLnTb NpobieMel
nedunumta MCB 1 CHUXEHUS PUCKOB AerpazaLumnm oKpyXXatoLLel cpeabl.

[n§a pelweHns ykasaHHbIX Npobnem TpebyeTca pa3padoTka UHTerpasbHON CUCTEMbI YTUIN3AUNN TEXHOIEH-
HbIX OTXOA0B rOPHOO00LIBAIOLLMX N FOpHONepepabaThiBaOWMX NPEANPUATUN, TEPPUTOPUANBEHO 00beaVNHEH-
HbIX C LeSbio MAEHTUGUKaLUmmn, Bbibopa apPeKTUBHbIX TEXHOJIOMUA N3 aNbTEPHATUBHLIX NPEOOXEHUA N nx
BHeapeHue. Llesnb uccnenoBaHus — pa3paboTka MHTErpasbHON CUCTEMbI YTUAN3AUNN TEXHOTEHHbIX OTXOA0B
rOpHbIX NPeaNPUATUIA, TEPPUTOPMANBHO 0ObEeAUHEHHBIX. 3a4a4M nccaenoBaHUs: N3yd4eHne o6bLEKTOB pa3Me-
LLeHNs OTXOA0B, BKJIOYEHHbLIX B [ocyaapcTBeHHbIV peecTp Poccuiickon depepaunn; paspadboTka TeXHONOMM-
YECKOW CxeMbl COBMECTHOI NepepaboTkM TEXHOFEHHOr0 Chlpbsi PA3NINYHBIX BUAOB; pa3paboTka CTauMOHapHOMN
KIOBETbI 419 KPYrOroAMYHOro Ky4HOro BbilenadymsaHus (KB) 3o010Ta B KpMONNMTO30HE; NPOBEAEHME 3KCNepun-
MeHTasbHbIX nccnenoBaHuii KB 3ono0ta adbdEKTUBHBIM peareHTHbIM KOMIMIEKCOM; pa3paboTka MHTerpasibHom
MPOMBILLAIEHHOW CUCTEMBI O YTUAU3aUMN TEXHOMEHHbIX OTXOA0B FOPHbLIX NPEAnpUATUA, TEPPUTOPUANILHO
00beaMHEHHbIX; pa3paboTka anbTepHaTUBHbLIX BapnaHToB KB 30n0T1a ¢ uenbio Bbibopa adpdEKTUBHON TEXHO-
JIOrnKn B 3aBUCUMOCTHM OT XapakTepa 30/10TOM MuHepanm3aummn 1 Gopmbl HAXOXAEHMS 61aropogHoro Metanna
B TEXHOrEeHHbIX 0TX0A4ax. ABTOpaMm Hay4HO 060OCHOBaH 1 pa3paboTaH OAUH U3 BapUaHTOBR MHTErpasibHOM Npo-
MBILLJIEHHOW CUCTEMbI 3aMKHYTOMO LMK/1a C UCMOSIb30BAHMEM MOOUIIbHBIX ONEepaTUBHO NEPECTPANBAIOLLIMXCS
MOTOYHbIX JIMHWIA, COCTOSILLIMX U3 CAMOCTOSTESNIbHLIX MOAYNEN, A5 NepepaboTkn TEXHOreHHbIX 0TX0A0B [la-
PaCyHCKOro pyaHuka — npeanpusatmis no nobeliue v oborawleHnio pya, JapacyHckoro, TepeMkmMHckoro u Tana-
TYMCKOro MeCcTopoxzaeHuii 3onota (TyHroko4eHCKMIA paiioH, 3abaikanbckuii kpait). B cooTBeTCcTBMM C Kapa-
CTPOM TEXHOT€HHbIX CKOMMeHWA, UCTOYHUKaMWN OTXOA0B pyaHuKka 06beéMom 14410,2 Thic. T ABNSIOTCS OTBASbI
BCKPbILLIHbIX MOPOA, U 6eOHbIX Py, TEXHOFEHHOE ChlPbE XBOCTOXPAHWNLL, MPOYUE CKOMIEHUsI TEXHOTEHHOrO
cbipbs. [poBeaeHbl 3KCNepUMeHTaNbHble UccnenoBaHnsa KB 30510Ta peareHTHbIM KOMIMIEKCOM, BKITIOHAIOLLVM
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pacTBOpbLI LMaHuOa HaTpusa U nepekncu Boaopoaa B cooTHoweHnn H,0,:NaCN=10:1. YcTaHOBNIEHbI ONTU-
MaJlbHble TEXHOJIOrMYEeCKne napameTpbl PyAOnOAroTOBKM M NMPOLECCa BbllEenadyMBaHmsa 3010Ta U3 OKOMKO-
BaHHbIX FPaHyJsl OTXOLOB Pa3/IMYHbIX BUOO0B Npu cooTHoweHun 1:0,5:0,5, cooTBeTCTBEHHO 3abanaHcoBas pyna
mecTopoxaenns «Tanatyin» (B, — 0,7 r/T), nexansie xgocTsl (B,, — 1,45 1/T) 1 XBOCTbI TekyLe nepepaboTkm
pyabl AapacyHckon 3UD (B, — 0,3 r/1). N3sneuenne 3onota coctasuiio 87,1 %. [ OCYLLECTBIEHNSA KPYI/O-
roanyHoro KB B KpMonuMTo30HE coopyxeHa 3arnybneHHas 6eTOHHas KIoBeTa C MHOMOCOVHbLIM 9KPaHMPOoBa-
HUEM BepXHel NoBepxHOCTU WTabens n HarHeTaHMeM TEMJIOro BO34yxa Yepesd crneunanbHo 060pyaoBaHHbIE
nepdoprpoBaHHbie BUHUMIACTOBLIE TPYOLI 1 OcyLlecTBAeHa ocobas yknagka rpaHyn. Otxoabl KB nocne
ob6e3BpexmBaHusa NpeasioxXeHO NCMNOJIb30BaTb B AOPOXHOM U CTpoUTENbHOW oTpacnu. PaspaboTaHHas aBToO-
pamMy NPOMBbILLAIEHHAss CUCTEMA MO3BOSISIET KPYINOroguyHoO ocyulectenatb KB, kommepuvann3nposatb yTu-
nnM3aunmio TEXHOINEeHHbIX MGCTODO)K.EI.GHI/IVI KaK OJINTeNIbHOro nepmnoga KoHcepBauun, Tak 1 TGKyLLI,GVI ,D,OGbIHVI n
nepepaboTku, NOBLICUTb SKONOrMYeCKyto 6€30NacHOCTb rpaaoobpasyoLLmxX NPeanpUATUIA FOPHOro kKnacTepa.
MpepnoxeHbl anbTepHATMBHbLIE BAPUAHTLI C Liesblo Bbibopa 3P eKTUBHON TEXHONOMMN

Knio4eBsblie cnoBa: ferpanauus okpyxaroLyer cpenbl; aepuunt MCbB; nHTerpanbHasi pOMBbILLIIEHHAsS CUCTEMA; TEXHOMEH-
HOE CbIPbE; Ky4YHOE BbILLEIaYNBAHNE; KDUOIMTO30HA; LMAHWL HATPUSI;, MEPEKNCH BOAOPOAA; KIOBETA, KDYITTOroANYHOE BbiLLie-
s1a4nBaHvie

At present, there is a need for import substitution (including technologies) in Russia, so the manuals develop-
ment and regulation of the best available technologies (BAT, Best Available Technologies) are underway. BAT
manuals, for example, for the mining industry are basic documents that provide a step-by-step description of
BAT, ensuring compliance with obligatory environmental performance indicators. However, these are isolated,
unrelated short versions that do not allow for a comprehensive solution to the problems of available mineral re-
sources (AMR) deficit and reduction of environmental degradation risks. To solve the above problems, it is nec-
essary to develop an integrated system for the disposal of man-made waste from mining and mining processing
enterprises, geographically united, in order to identify, select effective technologies from alternative proposals
and their implementation.

The purpose of the study is to develop an integrated system for the disposal of technogenic waste from min-
ing enterprises that are geographically united. Research objectives: study of waste disposal facilities included in
the State Register of the Russian Federation; development of a technological scheme for the joint processing of
technogenic raw materials of various types; development of a stationary cuvette for year-round heap leaching
(KV) of gold in the cryolithozone; conducting experimental studies of KV gold with an effective reagent complex;
development of an integrated industrial system for the disposal of technogenic waste from mining enterprises,
geographically united; development of alternative options for the production of gold in order to choose an ef-
fective technology, depending on the nature of gold mineralization and the form of finding the precious metal in
man-made waste.

The authors have scientifically substantiated and developed the variants of the integrated industrial system
of the closed cycle, using mobile operatively tunable flow lines consisting of independent modules for techno-
genic waste processing of Darasunsky mine - the enterprise for extraction and ore enrichment of Darasunsky,
Teremkinsky and Talatuysky gold deposits (Tungokochensky and Transbaikal regions). According to the cadastre
of technogenic accumulations, the sources of mine wastes with the volume of 14410.2 thousand tons are waste
dumps of overburden rocks and poor ores, technogenic raw materials of tailing dumps, other accumulations
of technogenic raw materials. Experimental studies of gold heap leaching (HL) by the reagent complex includ-
ing solutions of sodium cyanide and hydrogen peroxide in the ratio - H202:NaCN=10:1 have been carried out.
Optimal technological parameters of ore preparation and gold leaching process from waste pelletized granules
of different types at a ratio of 1:0.5:0: 5 are established, accordingly, out of balance ores of the Talatuy deposit
(B,, — 0.7 g/t), underlaid tailings (B,, — 1.45 g/t) and tailings of the current ore processing of Darasunsky gold
concentration plant (GCP) (B,, — 0.3 g/t). Gold recovery has amounted 87.1%. In order to implement year-round
heap leaching in the cryolite zone, a deepened concrete ditch with multilayer shielding of the upper surface of
the stack by injecting warm air through specially equipped perforated vinyl pipes has been installed and a special
pelletized granules placement has been carried out. After neutralization KV waste has been proposed to be used
in the road construction industry. The industrial system developed by the authors makes it possible to carry out
all year round KV, to commercialize utilization of man-caused deposits, both for a long conservation period and
the current production and processing, to improve the environmental safety of the city-forming enterprises of the
mining cluster. Alternative options are proposed in order to choose an effective technology

Key words: environmental degradation; shortage of SMEs; integrated industrial system; technogenic raw materials; heap
leaching; cryolithozone; sodium cyanide; hydrogen peroxide; cuvette; year-round leaching

41



BectHuk 3a6lY. 2021.T. 27. N2 6

Hayku o 3emne

Bse,qume. Bbicokast nons o0biBaOLWYX OT-
pacnen NpPOMBbLILLSIEHHOCTM B YpasbCKOM,
Cunbupckom 1 JanbHeBocTo4HOM PO 0O6BbACHSA-
eT 6osblUIOe KoNMYecTBo (76,62 %) cneunanm-
31POBaHHbLIX OOBHEKTOB A1 XPAHEHUS OTXOL0B.
DTN TEXHOrEHHbIE MECTOPOXAEHUS B OCHOBHOM
SABNSIIOTCA NOTEHUMANBbHBIMU MUHEPAJIbHO-CbI-
pbeBbIMM 00beEKTAMM  DUINKO-XMMUYECKOW
reotexHonornum (PXr), B 4aCTHOCTU Ky4YHOrO
BbiLLenaymeaHmnsa [1-6].

MOXHO KOHCTaTMPOBAaTb, YTO OTCYTCTBY-
€T eOuVHbIVi pernamMeHTMpPOBaHHbIM Noaxond K
M3Y4YEHNIO WM CUCTEMATU3AUUM TEXHOrEeHHbIX
MecTopoxzaeHuin. KapacTtposad (NporHo3Has)
OUEHKAa COBPEMEHHOr0 COCTOSIHUSI MUHEpanb-
HO-CbIPbeBOW 6a3bl TEXHOMEHHbIX 06pPa30BaHNA
B LLeJIOM MO POCCUU 1 KOHKPETHBIX TEXHOMEHHbIX
006BLEKTOB, B HaCTHOCTU, SBASIETCSH BaXHbIM Ha-
YasnbHbIM 3TanNOM CUCTEMHOM OLLEHKU TEXHOTEH-
HbIX MECTOPOXAEHWUN [7].

B cnoxwuslierncs cutyauum, ¢ y4etom o6-
wero coctosaHus MCB cTpaHbl, MMHEpanbHO-pe-
CYPCHOro noTeHuyana rOpPHOMNPOMbILLIEHHbIX
OTXOLOB, UX HEFATUBHOIO BAINSIHUSA HA OKPYXato-
LLIO MPUPOAHYI0 Cpeay, HacToATENIbHON HeO6-
XOAMMOCTbIO ABASIETCH pasBUTUE eOMHOro Tex-
HOJIOMMYECKOro umkna fobbiin 1 nepepaboTku
NOME3HbIX NCKOMaEMbIX [0 YPOBHS BOBJIEYEHUS
B XO35IMCTBEHHbI 0O0POT TEXHOMEHHbLIX OTXOL0B
(MecTopoXxaeHuit): «aobblda — nepepaboTka —
pa3MeLLeHne OTXOA0B — YTUANIALLNS».

B Poccuu ocylecTtenaeTca uMnopro3amMe-
LeHMe (B TOM YnCe TEXHONOMM, OTHOCSALLUXCS
K Hamnyywmm SOCTYMNHbIM TexHonornam — HAT,
Best Available Technologies). CnpaBo4Huku
HAT ons ropHon oTpacnu aBnAsioTcs 6a30BbIMU
JOKYMEHTaMn, B KOTOpbIX AaeTcs noLlarosoe
onucaHne HAOT. OgHako KOMMMIEKCHOoEe pelle-
Hue npobnembl pedpuumta MCB 1 CHUXeHUs
pVCKOB Aerpajaumn oKpyxawlwien cpeipl B
KOHKPETHOM pernoHe no onpeaenéHHbIM Tunam
MWUHEPanbHOro Cbhlpbs MNO-MPEXHEMY SIBASETCS
NnpeporaTMBon y4EHbIX N MPOU3BOLACTBEHHUKOB.

AKTyaslbHOCTb UCCeA0BaHNI 3aknovaeT-
cs B HEoOX0AMMOCTM pa3paboTkym NHTerpasb-
HO CUCTEMBI YTUIN3aUUM TEXHOTMEHHbIX OTXO-
[0B rOpHbIX rpafoobpasylowmx NpeanpusTui,
TeppuTopranbHO O0O0bLEAVHEHHbIX C LENbIO 03-
[OPOBMIEHNS 9KONOIMMYECKOM CUTyaumm B MyHU-
uMnanbHbIX 00pPa3oBaHMUSIX.

Uenb nccrnegoBaHus — pa3paboTka UHTe-
rpasbHON CUCTEMbI YTUAN3ALUUN TEXHOrEeHHbIX
OTXOZOB ropHbIX NPeanpuaTuii, Tepputopmanb-
HO OObEAVNHEHHBbIX.
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3apgauym wnccnepoBaHus: nU3ydyeHne 00b-
€KTOB pa3MelleHns OTXOOO0B, BKJIIOYEHHbIX B
locynapcTBeHHbI peecTp Poccuiickon dene-
paumn; padpaboTka TEXHONOrMYECKOW CXEMbI
COBMECTHOI nepepaboTkn TEXHOrEHHOMO Chipbs
pa3finyHbIX BMOOB; pPa3paboTka CTaLMOHAPHOWN
KIOBETbI AN4 KpyrnorogmyHoro KB 3onoT1a B kpu-
OJINTO30HE; MNPOBEAEHME IKCMEPUMEHTASBbHBIX
nccneposaHnin KB 3onota adpdektnBHbIM pea-
FEHTHLIM KOMIMNEKCOM; pa3paboTka MHTerpasb-
HOMN MPOMBILLJIEHHOW CUCTEMbI 19 YyTUAM3aumn
TEXHOTEHHbIX OTXOA0B TOPHbIX MNPEeanpPUATUN,
TEppUTOPUanNbHO OObEOUHEHHBLIX; pa3paboTka
anbTepHaTUBHLIX BapuaHToB KB 30n0Ta ¢ uenbto
Bblbopa 3¢pEdEKTUBHON TEXHONOMMN B 3aBUCU-
MOCTU OT XapakTepa 30/10TON MUHEPANU3aLLIN U
dOopMbl HaxoXxaeHMs 6naropogHoro metanna B
TEXHOT€HHbIX OTXOAAX.

OO6BLEKT MCCIEA0BaHNS — TEXHOTEHHbIE OTXOAbI
JapacyHckoro pyaHvka — npeanpusatus no noobbl-
Ye 1 oboraieHuio pya, JapacyHckoro, TepemMKUH-
CKOro mn TanaTymckoro MecTopOXAEHW 3050Ta
(TyHroko4eHckuii paioH, 3abaikanbCkuii Kpai).

lpeameTt nccnenoBaHuWsi — NMPoOLECC Bbl-
Lena4yMBaHms 3010Ta U3 TEXHOMEHHbIX OTXO40B
pasnnyYHbIX BUOOB.

Metoabl nccnenosaHus. CUTOBON, crek-
TpanbHbIA, ONTUYECKNA 3MWUCCUOHHLIA, aToM-
HO-abCcopOLUMNOHHbIN, Ha30BLIV FEOXMMUYECKUI,
9NEKTPOHHO-MUKPOCKONUYECKUIA,  PEHTreHo-
dnyopecueHTHbIN aHann3bl 1 ap. MeTtoasl ma-
TEMaTMYeCKON CTaTUCTUKN.

PaspaboTtaHHOCTb Tembl. OOBLEKTbI pas-
MeLleHusa otxogos (OPO) Bknto4yatotcs B focy-
[apCTBeHHbIN peecTp Poccuitickoih Pepepaumm
(FTPOPO). CucrtematnanpoBaHHble CBEAEHUS O
3,5 Teic. OPO no ¢depepanbHbiM okpyram PO,
npeacTasneHbl Ha puc.1.

Mo paHHbIM DepepanbHOi Ccnyx0Obl Frocy-
OAapCTBEHHOM cTaTtucTukm n3a 5060,2 MnH T 06-
pa3oBaHHbIX B 2015 . 0TX040B NpOM3BOACTRA
N NoTpebieHns, Ha CeKTop AOObIYM MOSIE3HbIX
nckonaembix Npuxoamnock 92 % (4653,0 MAH T)
[www.gks.ru — website of the Federal state sta-
tistics service of Russia.].

OLeHKa TEXHOMEHHbIX MUHEpPasibHbIX 00b-
€KTOB OCYLLECTBASETCS HA OCHOBE YTOYHEHHOM
nHdpopmaumMoHHOM 6a3bl AaHHbLIX U Npegycma-
TpuBaeT 0B6OCHOBaHME MPUHLMNNANIBHON BO3-
MOXHOCTU MPOMBILLUAEHHOTO  UCMNOMb30BaHUS
KOHKPETHOro BMaa TeXHOrEHHOro Chipbs Ha OC-
HOBE KOMMMIEKCHOIro yYeTa reosiormyeckunx, Tex-
HONOrMYECKNX, IKONOMMHECKNX, COLMANBHBIX U
9KOHOMMYECKMX NokasdaTenen [8—16].



Earth sciences Bulletin of ZabGU. 2021. Vol. 27. No. 6

Q0 BeKTEI XpaHEHHA 0TX010E O BeKTHI 3aX0POHEHNS 0TXO0B Q0 BeKTHI pa3MelIeHNs 0TI0N0B
7 108 341
390 — e 16

592_J‘||||l"'

M TeHTpaTbHBIH E Cepepo-3anaaHbiii M HOsxHbIH  Cepepo-KapKascruil M IpHBOILHC KT

5 — T Ay 5 so 14 [

' L P i 311

{ 177 '

| 282 £ {I | 4

‘ ' | | / )
153

164' '\545

968 263

@ Ypanb ki & CrOHpCmH M JTansHEeBOCTOYHbIH i Kpbivckai
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disposal site included in the State Register of the Russian Federation per federal districts
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results of the free gold particles’ material composition in the tailings of the processing plant ( differential and
integral histograms): a) quantitative (number %) and the mass ( TPL, %) distribution of particles by size
(length); b) quantitative (number %) and mass ( TPL, %) distribution of particles along the width; c) distr
ibution of grains of one of the minerals along the length, d) distribution of grains of one of the minerals of the
raw material along the roundness
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MpoBegeHbl aKCNepuMeEHTallbHbIE UCCTe-
nosaHuna KB 30n10Ta peareHTHbIM KOMMIEKCOM,
BKJIIOYAIOLWIMM PacTBOPbI  UMaHMOA HaTpus
N Mnepekncnm BOAOPOLAA B COOTHOLWUIEHUN —
H,0,:NaCN=10:1. YctaHoBfieHbl ONTMMasbHbIe
TEXHOJIOrMYECKME NMapamMeTpbl PyaonoaroTOBKM
M npouecca BbllLeNayMBaHna 30/10Ta N3 OKOM-
KOBaHHbIX IpaHysl 0TXO0OO0B pPa3fiNyHbIX BMOOB
npu cootHoweHun 1:0,5:0,5 cooTBETCTBEHHO,
3abanaHcoBas pyaa MeCcTOPOXAEHUs «TanaTyin»
(By, = 0,7 r/7), nexanbie xsocThl (B, — 1,451/T)n
XBOCTbI Tekylleln nepepaboTku pyapl JapacyH-
ckonm 3D (B,, - 0,3 r/T). N3BneveHue s3onora
coctaBuno 87,1 %.

HoBOe TexHn4eckoe MHXeHepHoe pelue-
HMe ong akcnnyataumn nonvroHa KB B kpuo-
JINTO30HE K pe3ynbTaTbl 3KCMEPUMEHTaNbHbIX
uccnenosaHuim npeacTasnedHsl Ha puc. 4. Ong

a)

ocyLlecTBieHus kpyrnorognyHoro KB B kpuo-
JINTO30HE COoOopyXeHa 3arnybneHHas 6eToHHas
KIOBETa C MHOrOCJ/IOMHbIM 3KPaHMPOBAHNEM
BEPXHEWN NOBEPXHOCTU LUTABENA M HAarHETaHNEM
TENJIOro BO3A4yxa Yepes crneunansHo obopyno-
BaHHble NepdOpPUPOBAHHbIE BUHUMIACTOBLIE
TpyObl M ocyulecTBfieHa ocobas yknagka rpa-
Hyn. OTxoabl KB nocne o6e3BpexvBaHuns npef-
JIOXXEHO MCMoNb30BaTh B LOPOXHON U CTPOU-
TeNbHOM OTpacnu.

AHanornyHo nposeaeHsl ccnenoBaHus no
APYyrvm TMnamMm MMHEPasnbHOro Cbipbs (XapakTep
30/10TON MUHepanusaunu, dopma 3010Ta) u”
npensioXXeHsbl anbTepHaTUBHbIE BAPUAHTbLl TeX-
HONOMMI KY4YHOro BbILENaYMBaHNA 30510Ta U3
TEXHOrEHHbIX OTXO0B, 3alUVLLEHHbIE NaTeHTa-
Mn PO (puc. 5).

0-0

11 2-1 31 41 51 101 121

H202 : NaCN

Puc. 4. HoBoe TexHN4Yeckoe MHXEHEePHOE peLLeHue /151 IKCryaraumm
4) rnosivroHa KB B KpyOJINTO30HE 1 pe3y/ibTaTbl IKCrepuMeHTaslbHbIX
7 uccnenosaHuwii: a, 6, B — akcriyatauus novroHa KB B nepuos oTpyLaTesibHbIX

TemMneparyp, 4 — HOBOE TEXHNYECKOE MHXEHEPHOE peLueHne: 1 — KioBeTa;
6 2 —rpaHynbi; 3 — nep@doprpoBaHHbIe BUHUMIACTOBbIE TPYOb! AJ151 PacnpenesieHus
r10A0rpPeToro BoillienaynBaloLLero pacTsopa o cedeHuio LuTabens;
4 — nep¢oprpPoBaHHLIE BUHUMIACTOBbIE TRYOL! AJ151 MOAa4YY MOAOrPETOro
Bo3ayxa; 5 — TpybornpoBoA A4Sl 1oAaqYy rnoforpeToro BhilLeIaqynBaroLLero
pactBopa; 6 — 0V CynbOUAHbBIX MOPOA; 7 — CJA0M KPYMHbIX KYCKOB PYyAbl;
4 8 — TennIoM30/IMPYIoLLIEE MOKPLITUE U CJIOM [TINHBI; I — PE3Yy/1bTaTbl
SKcriepuMeHTasibHbIX nccnenoBaHu / Fig. 4. A new technical engineering
solution for the operation of the KV landfill in the cryolithozone and the results
of experimental studies: a, b, ¢ — operation of the KV landfill during negative
1 temperatures; e — a new technical engineering solution: 1 — cuvette;
2 — granules; 3 — perforated vinyl plastic pipes for distributing the heated

2 leaching solution along the stack section; 4 — perforated vinyl plastic pipes
for supplying heated air; 5-a pipeline for supplying heated leaching solution;
6 — a layer of sulfide rocks; 7 — a layer of large pieces of ore; 8 — heat-insulating
coating and a layer of clay; d — results of experimental studies
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3aknodeHne. PaspaboTaHa uvHTerpafib-  JlaHCOBasi pyaa, nexarnble XBOCTbl M XBOCThI Te-
Has  NPOMbIWJIEHHAs cuUCTeMa YyTuaM3auun  Kyliel nepepaboTkn) Ha YKPYNHEHHOM nabopa-
TEXHOTEHHbIX OTXO[OB TOPHbIX MPEeanpuaTUiA,  TopHOW nMpobe. feomartepuan npensBapuTesibHO
TEPPUTOPMAIIbHO 0ObEAVHEHHBIX O KPYIJIOr0O-  OKOMKOBbIBAJICS.

OMYHOM nepepaboTKy TEXHOrEeHHbIX OTXOAOB B MpennoxeHol BapuaHTbl Ky4HOrO BbillE-
KPUONUTO30HE. nlauyMBaHna 30510Ta U3 TEXHOrEHHbIX OTXOO0B
lMpoBeaeHbl 9KCNepuMeEHTaslbHblE UCC/Ie-  PasfiN4YHbIX BUAOB C LESbio ONnepaTMBHON WOEH-

[0BaHWs BblENayYnBaHMs 30/10Ta pacTBOPOM  Tudurkaumm Tuna reomarepuana n selbopa ad-
umaHmpa HaTpus U nepekmcu Boaopoda M3  PEKTUBHbLIX TEXHONOMMM U3  anbTEPHATUBHbLIX,
TEXHOrEHHOr0 Chblpbsi PA3/INYHbIX BUOOB (3aba- 3alWMLLEHHbLIX naTteHtamn PO,
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