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Teopust KyuHOro BbilLiENaUMBAHMS LIEHHBIX KOMMOHEHTOB 13 MUHEPATbHOTO Chi-
pbs B 3Ha4YMTENbHON cTeneHn 6asmpyeTcs Ha MeTogax MOAENMPOBaHNS U UX KOMMbIO-
TepHoln peanu3aumm. O6bEKTOM UccredoBaHust B paboTte siBnsieTcsl 0600LWEHHas
dyHKUMSA 3PDEKTUBHOCTM NepeBoda LEHHOTO KOMMOHEHTa Npu Ky4HOM BbiLLenaym-
BaHWW B MPOAYKTMBHbIN PAcTBOP, paHee oHa Oblna nony4yeHa asTopamu npv 61104HOM
MOAENMPOBaHNM MpoLecca Ky4YHOro BbillenadymBaHus 30M0Ta U3 pygHoro wrabens.
Llenb uccnegoBaHus — Hay4yHoe OOOCHOBaHME BaXKHEMLUMX TEXHOMOrMYECKUx dhak-
TOPOB MOCE pacyeHeHnst nccnegyemon 0606LWEHHOM PYHKLMM C UCMONb30BAHNEM
nornyeckoro npuéma mMetoga SeAyKUMM Ha NOSHOTY NepeBofa LIEHHOTO KOMMOHEHTa
(n3BneyeHns) B pacTBop. 3agayumn nccnegoBaHns — NOrMKo-maTeMaTU4ecKMn aHanmsa
BapbUPYHOLLMX TEXHOMOrMYECKMX (PakTOpoB B OOOOLUEHHOW (DYHKUMM NYTEM KOM-
MMAEeKCHOro MCMNONb30BaHUs NPUEMOB AedyKUUW, MHOYKUMM U MaTeMaTU4eckmx me-
TonoB. MNMpuBeneHbl pesynbTaTtbl UCCNEA0BaHMS, NOMyYEeHHbIE METOAOM CUCTEMHOIO
aHanuaa no OLEHKe KaXaoro 1 nornapHO BapbUPYIOLLMX TEXHOMOMMYECKNX hakTopoB
Ha MOMHOTY M3BIEYEHNs LIEHHOTO KOMMOHEHTa B pacTBop. B pabote npeanoxeHo
MCMoMb30BaTb [EKapTOBO MPOM3BEAEHWEe MHOXEeCTBa KOMOMHALMI BapbUpyHOLLMX
hakTopoB (kapTexei) Ha 3PEKTUBHOCTL NepeBoaa 30510Ta B NPOAYKTUBHBIA pac-
TBOp. [laHa oueHKa BMUSHWUS OTAENbHbIX U MONapHO B3SATbIX BapbUpyeMblX dakTo-
POB Ha XxapakTep U3MeHeHNs1 PYHKLMOHANbHOM 3aBUCMMOCTU U3BIEYEHNS 30M10Ta OT
BpeMeH BblllenadmBaHus. [pn aToM BbISBNEHO, YTO BCe Mccrnedyemble dakTopbl
NOOYMHSIIOTCS SKCMOHEHLMANbHON 3aBUCUMOCTU. [JaHHOEe 3aKniyYeHue Takke Moa-
TBEPXXAEHO 1CMnonb3oBaHMeM Npuéma nepBon NPOM3BOAHON PYHKLMN BapbUPYHOLLIMX
akTopoB. CpaBHUTENBHOW OLIEHKON CKOPOCTU BbiLLenaynBaHus 30M0Ta U coyeTa-
HMS BapbupyOLLMX haKTOPOB Ha OCHOBE MCMOMb30BaHUS NOrMYecKoro npuéma ge-
OYKUUW YCTAHOBIIEHO, YTO Hanbonbluee BNMsiHUE OT BPEMEHM BhILLENAYNBAHUST OKa-
3bIBaeT KPYMHOCTb PYAHOTO Kycka U TemMnepartypa pactsopa. Peaynsrartsl MOryT ObiTb
MCMosb30BaHbl Anst OPMUPOBAHUST NPaKTUYECKMX PpeKoMeHAauuii no aheKTMBHO-
CTU UCMONb30BaHNSA TEXHOMOMMW KYYHOTO BblLLenayvMBaHns LeHHbIX KOMMNOHEHTOB 13
MWHEPAanbHOrO CbIpbsi.
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The theory of heap leaching of valuable components from mineral raw materials
is largely based on modeling methods and their computer implementation. The object
of study is a generalized function of a valuable component transferring efficiency dur-
ing heap leaching into a productive solution. Previously it has been obtained by the
authors during block modeling of the process of heap leaching of gold from an ore
stack. The purpose of the study is the scientific substantiation of the most important
technological factors after the division of the generalized function under study using
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the logical method of deduction to the completeness of the valuable component (ex-
traction) transfer into solution. The objectives of the research are logical and math-
ematical analysis of varying technological factors in a generalized function through
the integrated use of deduction, induction and mathematical methods. The results of
the study are presented, obtained by the method of system analysis by assessing
each and pairwise varying technological factors for the completeness of the valuable
component extraction into the solution. The authors propose to use the Cartesian
product in many combinations of varying factors (cartes) for the efficiency of transfer-
ring gold into a productive solution. An assessment of the individual and pairwise vari-
able factors influence on the nature of changes in the functional dependence of gold
extraction on leaching time is made. It is revealed that all the studied factors obey an
exponential dependence. This conclusion is also confirmed using the technique of the
first derivative of the varying factors function. By comparative assessment of the gold
leaching rate and a combination of varying factors based on the use of a logical de-
duction technique, it is established that the size of the ore piece and the temperature
of the solution have the greatest influence on the leaching time. The conclusion drawn
can be used to provide practical recommendations on the effectiveness of using heap

technique

BeedeHue. Pa3paboTka MeTOOOB KY4YHOro
BbILLENAYMBAHMS LLEHHOTO KOMMOHEHTa 13 npu-
POOHBIX U TEXHOMEHHbIX MECTOPOXAEHUA OTHO-
CUTCS K YNCMY BaXKHENLUMX HayYHbIX Npobnem.

AKkmyanbHocmb membl uccriedogaHust —
MCMOnNb30BaHNe TEOPETUHECKUX METOLO0B MO3Ha-
HMS Ha OCHOBE CMCTEMHOrO aHanmsa nccnenosa-
HUA NMYTEM pas3BUTUSA NPUMEHEHUs MaTemaTuye-
CKOTrO MOZENUPOBAHUS U KOMMbIOTEPHON peanu-
3aumnn husunko-xummudecknx mogenen. OgHako B
HMX cnabo OTpa)keHO BMMSHNE MaTEMaTUYECKON
NOrVKM UCCNeaoBaHuiA, KoTopasi Mo Npeamery —
rioruka, a no Metogdy — matematuka'.

O6bekmom uccrniedoeaHusi  SIBNSETCS
0606LEHHas yHKUMA 3PPEKTUBHOCTN nepe-
BOAA LIEHHOrO KOMMOHEHTAa Mpu Ky4YHOM BbliLLie-
navnMBaHMM B MPOAYKTUBHBIA pacTBOp, paHee
OHa Oblna nonyyeHa aBTOpaMu Mpu GNOYHOM
MOZENMpoBaHMKM NpoLecca Ky4HOro Bbillenaydu-
BaHMS 300Ta U3 pygHoro wrabens.

ABTopamn  paspabotaHa  0000LWEHHas
YHKLMSA, yumTbiBaoWwas apdPeKTMBHOCTL Me-
peBoda LEHHOro KOMMOHEHTa B MPOAYKTUBHBIN
pactBop E(T) nyTém 6noyHoro mogenmpoBaHus
npouecca Ky4yHOro BblllenayvBaHust 3onota u3s
pygHoro wtabens [1; 8; 10].

06061 EHHasa hyHKLMA OCHOBaHa Ha y4éTe
BIMUSIHUSI XapaKTepHbIX BapbMpPYOLLUX TEXHOMO-
rmyecknx daktopos? [5] ¢ yHETOM BapbUpYOLLMX
PUINKO-XMMUNYECKUX MOKa3aTenen npouecca
BblLLENAYMBaHm1s, NCMOMNb3yeMblX Afsi aHanmsa
E(T): cooepxaHue 30mnoTa B pyge, Temneparypa
BbILLENAYMBaIOLLEr0 pacTBopa, MakCMMasbHbIN
avameTp Kycka B CCOPMUPOBAHHOM pPYyOHOM
wrabene, pacxon pactBopuTens 3onoTta (uua-
HWAA HaTpWsl), MHTEHCUBHOCTb OPOLLEHUS pya-

" OpewmHckuin B.A. MeTogonorns Hay4HbIX Mccneno-
BaHui: y4ebHuk ans BysoB. — M.: FOpawT, 2022. — 274 c.
2 Tam xe.

leaching technology for valuable components from mineral raw materials.

Horo wrabens, koadduumeHT unsTpaumm Bbl-
LenaymsatoLLero pacteopa [4; 12]

E(t) =Kg il — exp (_5 Ll Lk Lk ) ! oo
Fdsmax' Tty
(1)
rae K. — npefenbHbin KOIPMUUMEHT U3BNeYe-
HWUS 30M0Ta;

W, — KO3(O(PMLMEHT KOHBEKTUBHOW Ancdy-
31K, MM/CYT.;

fp, F o P qub, pr— n3meHeHne yHKUMO-
HanbHbIX MapameTpoB OTAEMbHbLIX Bapbupye-
MbIX TEXHONMOMMYECKUX U U3MKO-XUMUYECKNX
¢akTopoB:

— (PYHKUMOHAN MHTEHCUBHOCTW OPOLLEHNS
pyaHoro wrabens (f ), n/m?xcyT;

— (OYHKUMOHanN coaepxaHusi 3oroTa B UC-
xogHow pyae (f, ), r/T;

— byHKUMOHanN copepxaHusa unaHvga Ha-
TpusA B pacteope (Qy,.,) /1

— dpyHKUMOHanN TemnepaTypbl
pactBopa (f; ), °C;

— (OYHKUMOHaN MakcMMarnbHOro anamerpa
Kycka B pyaHom wrabene (f, ), MM;

— (pyHKUMOHan koadpduumeHTa uneTpa-
UMM BbILLIENAYMBAIOLLIETO pacTBopa B PYAHOM
wrabene (f,), M/cyT, Gasmpyemblit Ha AaHHbIX
NPaKkTVKN BbILLENadnBaHns LEHHOTO KOMMOHEH-
Ta U3 TEXHOrEHHOro cbipbs [2];

— BPeMS BbILEeNnavymMBaHns LLEHHOro KOMIMO-
HeHTa B wWrabene (i), cyT.

CnoxHbIi 06bEKT MCCNegoBaHus npoLec-
COB BbILLENaYMBaHNs 30110Ta U3 MUHEParbHOro
cblpbs (cucTema) onpegensieTcs B 9ToM criyyae
He TONMbKO OTAEMNbHBbIMU 3NieMeHTaMmn (OYHKLNK,
HO N XapaKTEPHbIMU CBA3AMU U OTHOLLEHUSAMMU
Mexay HUMMU.

lTpedmem uccriedoeaHusi — N3BMeYEHNE
LlEHHOTO KOMMOHEHTA B pacTBOP B 3aBMCMMOCTM

pabouyero

BecmHuk 3a6ly. 2023. T. 29, Ne 4
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OT OCHOBHbIX BapbMUPYIOLLMX TEXHOMOMMYECKMX
hakTopoB.

Uenb uccnedoeaHusi — Hay4Hoe 0OOCHO-
BaHWEe BaXXHEMNLUMX TEXHOMOrMYeckux ¢hakTopos
nocrne pacyneHeHns nccrnegyemomn o606LWEHHON
YHKLMM C UCTIONB30BAHUEM JTOTUYECKOro Npré-
Ma MeTofa AeAyKUMM Ha NOMHOTY nepeBoda LieH-
HOro KOMMOHEHTa (M3BeYeHns) B pacTBop.

3adayu uccnedosaHusi: 1) OLEHUTb BNUS-
HMe oTAemNbHbIX BapbupyOLLMX (hakTOPOB nocre
pacuneHeHns yHKLUN Ha OTAENbHbIE 3rieMeH-
Tbl ANS OLUEHKM MONHOThLI Nnepesofa 3oroTa B
NPOOYKTVBHbLIN pacTBoOp; 2) NnpoaHannaMpoBaTb
BMUSIHNE 3HAYUMbIX (PaKTOPOB MCMONb30BaHMWS
OEeKapToOBOro Mpou3BEdEeHNs MHOXeCTBa KOM-
OuHauMn (kapTexen) Ha OCHOBE NPUMEHEHUS
FIOrMYECKMX MPUEMOB WHOYKUMU W OedyKuuv
AN apHeKTMBHOIO n3Bne4YeHne 3ororta B Npo-
OYKTUBHBIN pacTBop; 3) NOrMko-maremarumye-
CKUA aHanu3 BapbUPYOLLUMX TEXHONOTNYECKMX
hakTopoB B 0606LLEHHON DYHKLMN NYTEM KOM-
NMEKCHOro MCMNOoNb30BaHUA NPUEMOB AeOyKLnK,
WHAYKUMM 1 MaTeMaTU4eCcKux METOLO0B.

Memodonozuss u memodsl uccnedosa-
Husi. CUCTEeMHbI NOAXOA WCCrefoBaHWs Ha
OCHOBE FOrMKO-mMaTeMaTU4ecKoro aHanusa oT-
OenbHbIX 3MIEMEHTOB pacyneHEHHON 0000LEH-
HOM (DYHKUMKM, onpedensiowmx MonHOTy nepe-
BOOA LEHHOr0 KOMMOHEHTa B MPOAYKTMBHBIN
pacTBop.

PaszpabomaHHocmb membl uccredoea-
Hus. TvgpomMeTtannypruyeckasi TEXHONOrMst KyY-
HOrO BbILLENaYnBaHNs Kak cuctema 4ocTtaTtodHO
MOJSTHO M3y4YeHa 1 nony4una pacnpocTpaHeHue B
BeOyLUMX cTpaHax n Poccun.

Ocobyto pornb norvke uccregoBaHus OT-
OernbHbIX 3IeMEHTOB B METOA0MO0MMM U MeTodax
nccnegosanvs Y. [dapeuH cdopmynuposan B
crnegyloLieM nspeyeHmmn, obpaLléHHbIM K KpUTu-
kam: «O HabnogaTens OH XOPOLLUMIA, HO CNOCO6-
HOCTM paccyXaaTb Y HEro HeT».

[MepBble onucaHusa O Norvke nccrnegoBaHnin
NpUHaanNexuT gpeBHerpeyeckon Hayke (dwuno-
codbl — ApuctoTtens, Cokpar, lNnaToH). BaxHen-
lee OOCTWXKEHME Hayku B aHTUYHbIA nepuos
BpEeMeHW ABMnSeTCA co3faHve AeQyKTUBHOMO Me-
Toda MCCNeaoBaHUsl, KOTOPbIA B 3aKOHYEHHOM
BMAE BnepBble Obin npeactaeneH B «Jlormke»
Apuctotens'. ManoxeHa MeToguka pacyéTa
XapaKTepPUCTUK CMOXHbIX CUCTEM TEeXHOoMormye-
CKOro Npoduns, a KoNMYeCcTBEHHbIE XapakTepu-
CTUKM CUCTEMbI BbIpaXXeHbl Yepes Brioku ¢ MomMo-
Wbto anrebpbl NOrvku.

' OpelmHckuin B. A. MeToponorus Hay4HbIX uccneno-
BaHuWN: y4ebHuk ans By3oB. — M.: FOpanr, 2022. — 274 c.

B 310 e Bpems WMpOKoe pacnpocTpaHe-
HWe nony4alwT maTtemMaTuyeckue MeTofbl, WC-
nonb3yowmnecs And peleHns NpuKknagHbIX K
HayyHbIX 3apad. [Nocnegyowyo cuctemaTmsa-
LMo BCEX MatemaTuyecknx OOCTWKEeHW npea-
LLIECTBEHHUKOB OcyLlecTBun EBknna, B KOTopomn
OH BbIABUHYN CUCTEMY aKCMOM, NMPUHUMAaEMBbIX
6e3 gokasatenbCTBa, a 3aBepLUeHNEe aHTUYHOW
HayKn 3aKoH4YMNocb OBOCHOBaHWEM LEMbHON
KOHLEenuMn ¢ UCNonb30BaHNEM MOrMkn  (OCHO-
BOMOMOXHUK ApUCTOTEND).

Pa3BuTne norvkum Kak Hayku NOrnmyeckmx
3aKOHOMEPHOCTEN NO3HaHWA U e€ CBA3b C Me-
Togonornen n metogammn uccriegoanus. OcHo-
BOMOMOXHUKM pas3paboTkn MaTtemaTu4ecknux me-
TOOOB NOMMKM — HEMELKMI Y4€HbIN I, JlenbHuu, n
aHrnuyaHuH Ixopmx bynb? [7].

Cpeau coBpeMeHHbIX NpeaLeCTBEHHNKOB
pasBMBaloLWnX TeOpeTudeckne meToabl nccne-
[0BaHWS npouecca Ky4YHOro BblllernadynBaHus
LleHHbIX KOMMOHEHTOB crieayeT BblAennTb cre-
aywowmx ydérbix: U. H. Nnakcuna (ocHoBomo-
NOXHUKa COBPEMEHHOW TrnapomMeTannyprum
BnaropogHbIX MeTannos 1 oboraleHns nones-
HbIX uckonaemnbix), b. H. JlackopuHa (kpynHo-
ro cneumanucta B obnactu nonyyeHus LBeT-
HbIX M BriaropogHbIX MeTannos (copbuwus, ge-
copbuuns), ®. Xabawwn (paspaboTtaBLuero Teo-
peTnyeckne OCHOBbI MPUKNagHON rmapomeTan-
nyprun), A. H. 3envkmarna n . M. BonbamaHa
(ob6oCcHOBaBLUMX TEOPUIO MPOLECCOB BbiLLena-
YMBaHWS 30510Ta NPU rMAPOMeETannypruyeckmx
MeTodax nepepaboTkn MUHEPanNbHOrO Chipbs),
I I. MuHeeBa (06o03HaumBLLUErO TeopeTuye-
CKMe OCHOBbI MeTanmnyprum 3onota Metogamu
KYYHOrO 1 NOA3EMHOrO BblLLenavynBaHns 30M0-
Ta), M. N. ®asnynnuHa (paspabotymka npoek-
TOB W TEXHOMOMMM Ky4HOro BbllenavymBaHus
npy OCBOEHMUM YpPaHOBbLIX W 30M0TOCOAEpPXKa-
wmnx MectopoxgeHun), [. B. CegenbHukoBy
(paspabotynka MeToaoB UHTEHCMUKaLMm
npouecca Ky4yHOro BblllenadvBaHus LLEeHHOro
KOMMNOHeHTa u3 6efHblX pya, Teopus obora-
LeHunsa 3onotocoaepxawmx pya), /1. B. lWymu-
nosy (JasLyto TeopeTnyeckoe oboCHOBaHUe
METOAOB Ky4YHOrO BbllLEnaynBaHms LiEHHbIX
KOMMNOHEeHTOB, paspaboTka WHHOBALMOHHbIX
TEXHOMOMMA KYYHOrO BblLenaymBaHnsa) un Ha-
yyHble wWKonbl akagemuka B. A. YaHTypus
(paspaboTtumka TexHonorun nepepaboTkn pya
LUBETHbIX M BnaropogHblX MeTannoB, KOMOU-
HUpoBaHHble MeToAbl oboraweHus), MHCTuTyT
npobrnem KoMnnekcHoro ocsoeHust Hegp PAH,
Poccuncknin rocynapcTtBeHHbI reonoropasse-
[0YHbIN yHUBepcuTeT uMm. Cepro OpaXoHUKMA-

2 Tam xe.
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3e, MocKoBCkMI rocygapCTBEHHbIN FTOPHbBIN YHU-
BepcuTeT, HaumoHanbHbIN UccneaoBaTenbCKuin
TexHonornvecku yausepeutetr MUCuC, Ypane-
CKU hedepanbHbIi YHUBEPCUTET UM. MEPBOro
Mpesngenta Poccun B. H. EnbuuHa, 3aban-
KanbCKU rocygapCTBEHHbIV YHUBEPCUTET.

KombuHupoBaHHOe coyeTaHne npueEMOB
MNOrMKM N MaTtemaTnyeckux MeTofoB B UCCNeno-
BaHUSAX NpelwecTBEHHNKOB OO CMX Mop cnabo
paspaboTtaHbl. [Ond pganbHenWwux TeopeTunye-
CKUX MCCMNefoBaHU NOMHOTLI NepeBoga LEeHHO-
ro KOMMOHEHTa B MPOAYKTMBHBLIN pacTBop, pa-
Hee OTMeYeHHoro B pabote meTogomM BnovHoro
mMogenupoBaHus [9], npeanaraeTca B ganbHen-
lWeM npoaHanuamMpoBaTb BNUSHME APYruX He-
YyUYTéHHbIX dhakTopoB. K HMM B nepByto ovepenb
cnepyert OTHeCTU:

— coAepXaHue unmaHmga HaTpusi B paboyem
pacTBopE;

— WHTEHCUBHOCTb OPOLUEHUS PYAHOrO LiTa-
bens;

— BMYsSIHWE BELLECTBEHHOIO COCTaBa pyAbl B
wraberne Ha M3MEHEHNEe YUCIIEHHOIO 3HaYeHus
KoadhpuumeHTa uneTpaymmn, onpeaenstoLero
3(h(PEKTUBHOCTb BbILLENAYMBaAHUA Ha rpaHuLe
pasgen gas TBépaoro u xuakoro (T:2K);

— BIUSIHWE KNUMATUYECKMX MapameTpoB
OoKpyXatoLlen cpefbl, B TOM 4uCre XapakTepu-
CTUKM KPUONWUTO30HbI Ha MecCTe pa3meLleHns
TEXHOMOrMYeCcKon Mnowaakn noa pyaHblv WwTa-
Benb Ha adhheKTMBHOCTL MpoLiecca Bhilenadn-
BaHW4 3omoTa.

Teopemuyeckue mMemoObi uccredoea-
Husi: 1) cucteMHbIn aHanu3 akTopoB C Npwu-
MEHEHMEM JIOTMYEeCKUX NPUEMOB UHAYKLMUK
WU gegykumn; 2) mMogenvpoBaHue TexHOMoru-
4YecKkoro npouecca BbllLenaynBaH1s 30M0Ta;
3) paspaboTka MHHOBaLMOHHbLIX TEXHONOrMYye-

CKMX peLleHUAn Npu KyYHOM BblLLenavnBaHum
3ornorTa.

[PaHnYHble 3HAYEHWS U3MEHEHUS KaXKOoro
13 BapbupyoLWmUX hakTopoB NPUHATLI NO AaH-
HbIM MPaKTUKN MCNOMb30BaHWUS MEeToAa KyYHOro
BblLLIeNa4YnBaHNs 30M0Ta U3 TEXHOMEHHOro Cbl-
pbs (cm. Tabnuuy) [11; 14; 15].

KpvBble, xapakTepusylowme addeKkTmB-
HOCTb Mnpouecca BbllLenaynBaHns 3ofoTta 13
pygHoro wrtabens B MNpPOOYKTVBHbLIN pacTBop,
npuBegeHbl Ha puc. 1. YcTaHoBneHo, 4To 3a-
BMCMMOCTb 9(h(PEeKTUBHOCTM nepesoda 3050Ta
B MPOOYKTVBHbBIN PacTBOP MOAYMHAETCH 3KCMOo-
HeHLUMansHoW 3akoHoMepHOCTU. MNMpuyém nsme-
HeHNs OYHKLMN NPOCIeXnBaeTCs B pa3Hou cTe-
NeHn Anst pasnuyHbIX BapbupyeMbiX DakTopoB.
KpuvBble, xapakTtepusytowmne BrnvsHue cogepxa-
HWS 30M0Ta, TeMnepaTypbl BbilenadmBaoLwero
pacTBopa, MaKCUMarnbHOW KPYMHOCTU PYOHbIX
KYCKOB B pygHOM LiTabene, oTpaxeHbl Ha puc. 1.

AHanu3 nameHeHns yHKUUK, NONYYEHHbIN
B BUAE 9KCMOHEHTbI NOKa3bIBAET, YTO 3KCMOHEH-
Ta BbICTpee gocTuraeT nnaro, T. K. Bo3pacraet
3(PPEKTUBHOCTL NPOTEKAHUA DUBNKO-XUMUYE-
CKUX peakunin. B To Bpems Kak C NoBbILLEHNEM
KyckoB pyabl B wWTabene adekTMBHOCTb MPo-
Liecca BbllenadvBaHus 30510Ta CHUXKaeTCs.

BrnusHmne kaxgoro mHamMemuayanbHoro dak-
Topa 06O6LLEHHOM (PYHKLMM U3YYEHO C UCMOSb-
30BaHMeM MeToda MaTeMaTW4yecKoro aHanusa
[3; 6], nyTéM HaxoxaeHnsa NepBon NPON3BOLHON,
yYUTbIBaOLLEN CKOPOCTb BbIlLenaynBaHus LeH-
HOro koMnoHeHTa B wTabene E-(1) = AE(T) / AT .

Pesynbratbl M3MeHeHUs nepBovi Npon3Boa-
HoW 0606LWEHHON DYHKLUN 3DDEKTUBHOCTU Ne-
peBoda LEHHOIO KOMMOHEHTa B NPOAYKTUBHbLIN
pacTBOp OT BPEMEHU BblLLENavynBaHns npuse-
OeHbl Ha puc. 2.

OcHoBHble Bapbupyrowme TexHonornyeckue cakropsl / Main varying technological factors

Lla2 usmeHeHusi
uccnedyemoeo
Bapbupyembie mexHosioau4yeckue Eduruua O6o3HayeHue / Mun. Maxc. napamempa /
¢ghakmopsi / Technological factors u3mepenus / Designation 3HayeHue /| 3Haverue / Step of the
P g Unit measure 9 Min. value | Max. Value studied
parameter
change
CopepxaHue 3omnota / Gold Content It/ Gt 1,5 4 0,1
Temnepatypa paboyero pactsopa / oC T 5 25 1
working solution temperature 4
,cl_;l,ilgzranme(i;i) pyaHoro kycka / Ore piece Mm / Mm d_ 10 40 10
E::ZMH BbilenaymsaHus / Leaching Cyr. / Day ¢ 0 60 9
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Puc. 1. 3aBMCUMOCTb NOSHOTLI NepeBoAa LEHHOTO KOMMOHEHTA B NMPOAYKTMBHbIN pacTeop (a, 6, B) OT BpeMeHu
BblLLEeNnavyMBaHus: a) cogepxaHme LEHHOro KOMMOHeEHTa, r/T; 1 — 4,0; 2 — 1,5; 6) TemnepaTypa BblLLEeNa4yMBaloLLErO
pactBopa, °C, rae 1 — 25; 2 — 5; B) MmakcumanbHasi KpynHOCTb Kycka pyabl B utabene, mm, 1 — 20, 2 — 40/

Fig. 1. The dependence of the completeness of a valuable component transfer into a productive solution (a, b, c)
on the time of leaching: a) content of the valuable component, g/t, where 1 — 4.0; 2 — 1.5; b) temperature of the leaching
solution, °C, 1 — 25; 2 — 5; ¢) maximum size of a piece of ore in a stack, mm, 1 — 20, 2 — 40

Earth and Environmental Sciences Transbaikal State University Journal. 2023. Vol. 29. No. 4
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Puc. 2. 3aBUCUMOCTb NEPBO NPOU3BOAHON 000BLLEHHOW OYHKLUM NONHOTLI NepeBoia LIEHHOro KOMMOHEHTa B Npo-
OYKTUBHBI pacTBop (a, 6, B) OT BpEMEHM BbILLENAYMBAHUS: a) COAEpXKaHWE LIeHHOro KOMMOHeHTa, /T, 1 —4,0; 2 — 1,5;
0) TemnepaTypa BbilLenaynBatoLlero pacteopa, °C, 1 — 25; 2 — 5; B) makcMmanbHasi KpynHOCTb Kycka pyApl B LUTabene,
mm, 1 —20, 2 — 40/ Fig. 2. The dependence of the first derivative of the generalized function of the completeness of
a valuable component transfer into a productive solution (a, b, ¢) from the time of leaching:

a) content of the valuable component, g/t, 1 — 4.0; 2 — 1.5; b) temperature of the leaching solution, °C, 1 — 25; 2 - 5;
¢) maximum size of a piece of ore in a stack, mm, 1 — 20, 2 — 40
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Xapaktep M3MeHeHUs NpoM3BOOHON (DYHK-
LK (CKOPOCTU NpoLiecca OT OCHOBHbIX TEXHOSO-
MMYeCcKnX NapameTpoB — KONMYeCcTBa BELLEeCTBa,
nepexodsillero B pacTtBOp B €4VHWLYY Bpeme-
HW) NpPOSsIBNSiIETCS ANsl KaXOoro u3 hakTopoB
no-pasHomy. Mpuyém 310 B BonbLuen cTeneHu
NosIBNSAETCS NMPU MakCUManbHOW KPYMHOCTU Ky-
Cka B pyaHoM wTabene n 3aBUCUT OT OCOBEHHO-
CTW NpOTEKaHUA PU3MKO-XMMUYECKNX peakLnin
Ha rpaHuue pasgena das XK:T, puc. 2B. XKng-
kag dasa (K) npeacraBneHa KoOHLUeHTpauuen
unaHmga B paboyem pacTBope BOAbl, @ KYCOK
pyabl — MWHeparnbHOW MOBEPXHOCTbLIO oOnpe-
OenéHHonm opMbl, coaepXallen pasnuyHble
YacTuubl BKPamnieHHOro Merikoro 3orora u 30-
noTa, CKOHLEHTPMPOBAHHOIO Ha MOBEPXHOCTU
cynburaHbIX MMHepanoB. CpaBHEHMEM AaHHbIX
CKOPOCTM BblLLeNnaynBaHns LEeHHOro KOMMOHEH-

e ——

ATV POCTEGR. %

8,

Nonmota nepeeata ues

a)

MCNHOTa NEPEBORA LIEHHOTO KOMNOHEHTE
8 NPOAYKTUBHbIA PacTBop, %

6)

Ta, HadEeHHbIX MO TaHreHCy yrra HakrnoHa Ka-
caTenbHbIX K COOTBETCTBYHOLLUMM KpuBbIM 1, 2,
AOKa3aHa CyLlEeCTBEHHaAs pasHuLa MexXay HUMMU.
Yron HaknoHa gnsa nepBOW KPUBOW COCTaBMSAET
10°, a anga sTopon — 40°.

[1na oueHKM COBMECTHOIO BIUSIHNS aHanunan-
pyembix hakTopoB Ha apdeKTMBHOCTbL NepeBoda
30r10Ta B NPOAYKTMBHBIN PacTBOP NPELTIOXKEHO UC-
Monb30BaTh AEKapTOBOE NPOM3BELEHNE MHOXECTB
komBuHauui (kopTexeit) R = a, - T -d. t 3]
3Ha4YeHUs1 KOTOpbIX NpuBeAeHbl B Tabnvue. 3a-
BUCMMOCTM 0006LWEHHOM chyHKumm E(t), npea-
CTaBreHHble B BUAe TPEXMEPHbIX MOBEPXHOCTEN
AP PEKTUBHOCTU NepeBoa LEHHOTO KOMMOHEH-
Ta B MNPOAYKTMBHbIA pacTBOp, MOKasaHbl Ha
puc. 3. YncneHHoe 3HayeHWe U3MEHEHUSA TeM-
nepatypbl pactBopa o6o3Ha4eHo umdppamu 1,
2,3, rge 1-20 °C; 2-10 °C; 3-5 °C.

40

30 ot
Bah
0 sauneat
oun BOE
¢!

Puc. 3. 3aBUCMOCTY NONHOTLI NEpeBoa LEHHOTO KOMMOHEHTa B NPOAYKTUBHbBIA PAcTBOP: a — TeMneparypa
pacTBopa, cogepXaHue LleHHOro KOMMOHEHTa, BPEMS BbilLienayvBaHms; 6 — Temnepartypa pacteopa, Bpemsi
BblLLIENIa4MBaHust, KPYNHOCTb PyAHOrO Kycka B LWTabene, 1 — Temnepatypa pactsopa 20 °C, 2 — TemnepaTypa pacTtsopa
10 °C, 3 — Temnepatypa pacteopa 5 °C / Fig. 3. The dependencies of the completeness of a valuable component
transition into a productive solution: a — temperature of the solution, the content of the valuable component, leaching
time; b — temperature of the solution, leaching time, size of the ore piece in the stack, 1 — solution temperature 20 °C,
2 — solution temperature 10 °C, 3 — solution temperature 5 °C
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AHanus npeacTaBneHHbIX MNOBEPXHOCTEN
Ha puc. 2 nokasblBaeT, YTO COBMECTHOE Co4ye-
TaHue OBYX (PakTOpoOB — KPYMHOCTWU PYAHOrO
Kycka K TemnepaTtypbl pacTBopa oOKasbiBaeT
fonblee BnusHWe Ha 3(PPEKTUBHOCTL NON-
HOTbl MepeBoda LEHHOO0 KOMMOHEHTa, YeMm
BMMSIHWE COAEepXaHMs LIEHHOrO KOMMOHEHTa U
Temnepartypbl pacTBopa Mpu 3TOM Xe BPEMEHMN
BblLLEenayYnBaHns.

Bbieodbl. C wucnonb3oBaHMeM MNPUEMOB
MOTMKM Hay4HbIX WUCCregoBaHWA, OCHOBaHHbIX
Ha aHanu3e npaBun BbiBOAA 3aKMOYeHWA U3
NOCbINOK AeAYKLUUN, MOKa3aHO BNNSHUE OTAerb-
HbIX TEXHONOrMYecknx akTopoB Ha apdeKTmB-
HOCTb nepeBofa LEHHOr0 KOMMOHEHTa u3 pya-
Horo wTabens B NpoayKTUBHbLIN PacTBOP.

YCTaHOBNEHO, YTO Kaxabl mccnegyembin
dakTop (cogepxaHue LEeHHOro KOMMOHEHTA,
TemnepaTypa BbillenadymBalolero pacTteopa,
MakcumarnbHas KpynHOCTb Kycka pyabl B LUTabe-
ne) NOAYMHSAETCA SKCMOHEHUManbHOW 3aKOHO-
MepHocTM. COBMECTHOE BNUSIHUE PaCCMOTPEH-

Cnucok numepamypbi

HbIX TEXHOMOrM4yecknx OakTopoB MNPW MCMOSb-
30BaHUM PYHKLMKN, XapakTepuayoLen NonHoTy
nepeBoa LEHHOro KOMMOHEeHTa B pacTBoOp, Tak-
Xe NoAYNHSIETCS paHee BbISIBIEHHOW SKCMNOHEH-
LManbHOW 3aKOHOMEPHOCTH.

AHanua ckopocTn M3MeHeHus apdeKTnB-
HOCTM NOMHOThI NepeBoga LEHHOro KOMMOHEHTa
B NPOAYKTUBHbLIV PacTBOP, BbIMNOMHEHHbINA C NO-
MOLLIbO MEPBON NPON3BOLHON MO3BOMNMI 3aKIHO-
YNTb, YTO MOBbILIEHVE COAEepXaHWs 30roTa B
pyde v TemnepaTypbl BbllenadmBaroLero pac-
TBOpa NPMBOAUT K MOBbILLEHNIO 3DPEKTUBHOCTHU
PEXMMHbIX NapaMeTpoB Ky4YHOrO BbllLenaynsa-
HWs 3omnoTa.

KpynHocTb Kycka pyabl B pyAHOM LiTabene
NMPUBOAUT K CHWDKEHMUIO NpoLecca Bbllenayvsa-
HUS LLEHHOTO KOMMOHEHTa B NPOAYKTUBHbLIV pac-
TBOP.

OanbHenwas oueHka apdHEKTUBHOCTU Bbl-
LlenaymBaHns 3onoTta B pygHom wwrtabene Tpe-
OyeT nocregyloLllero NpoBeAeHUss TeopeTnye-
CKUX N 9KCNepUMEHTarbHbIX UCCregoBaHuN.
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