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FPAHYJIOMUETPI/I‘IECKI/II;'I COCTAB PYIbI —
OCHOBHOMUAU PAKTOP BBIXOJAA METAJIJIA

AHHOTanus. B cratbe paccMaTpHBAaeTCsl COBPEMEHHOE COCTOSHUE JOOBIYH U MEepepabOTKM HEKOHAMIHOHHBIX MEIHBIX PyJ, BPEMEHHO OCTAaBICHHBIX M3-3a CO-
BEPIICHCTBA PAHHUX TEXHOJOIMil MOA3EMHON M OTKPBITOM Pa3pabOTKW MECTOPOXKICHHUI MOJIC3HBIX UCKONAEMBIX M XapaKTEPH3YIOUIUXCS BIHSHAEM 3aBUCHMOCTH
U3BIICUCHUS METAIlIa OT XapakTepa ApoOieHus. Jleno B TOM, YTO 4eM ONTUMANIbHEe KyCOK PyIbl [UIs BBIIIETAa4HBAHUS, KOHTAKT MOBEPXHOCTH CTAHOBHTCS OOIbIIE,
4T0 00ECIEeUNBaCT MAKCHMYM BBIXOJA METaI0B. OHAKO IS MOy ICHHS OXKUJAEMOTO IPAHYIOMETPHIECKOrO COCTaBa B30PBAHHOI FOPHOII MAaCCHI IIPH H3BECTHOM (-
(heKTUBHOI NTyOMHE MPOHUKHOBEHHUS PEareHTa BHYTPh PYIHOIO KyCKa BaKHO 3HATh TAKKE MAPAMETPhl CKBaXXUHBI, 00yCIaBINBAEMON TEXHHUYECKOH BOOPYKEHHOCTBIO
nporecca 0TOOHKH.

Knrouesvie cnosa: nexonouyuonnvle Mednvle pyobl, KyuHoe eblujelaqusanie, Opooienue, KOHMaxKmel, 2UOPOMEMANTYP2Us, PACMEOPUMETU.

KenHiH rpanyioMeTpHus/IbIK KYPaMbl — MeTAJL1 IIBIFBIMBIHBIH Heri3ri ¢pakTopbl

AmnpaTna. Makasiajia naiiaisl Ka30auap KeH OpbIHAaPbIH KEPACThI KIHE alllbIK SICIIEH UIrepy/iH TeXHOIOTHsIIaPbIHBIH JaMbIMaybIHa OaiIaHbICTBI METaJIbl OHJIIPY-
Jie KeHHIH ipiJIi-yCaFbIHbIH CHIIAThIHA TOYEJIUIITIHIH dCepiMeH MbIC KeHICPIH IIBIFapy MEH OHJCYIIH Ka3ipri araaibl KapacThipbuiaabl. KeHai amyably cinTiney oaiciH
YCBIHFAHBIMBI3/[a PyJaHBIH KECEKTiri THiM/i 00ca OHBIH epiTiHAIMEeH aHacy OeTi COFypibIM Kebipex Oomagbl, Oys1 MeTalaap/blH MAKCHMAIIbl HIBIFYbIH KAMTaMachl3
ereni. Kenzi KomapraHIa OHBIH ipili-yCaKTHUIBIFBIH KEH KECETiHE epiTiHAUIepiH CIHIpUTYiHIH THIMAI eJIIeM ayMarbIHa OaillaHbICTEI O0Iybl Kepek. by yaepic Oyprbi-
JIay/IbIH TEXHHUKAJIBIK jKa0/bIKTaTybIMCH OaillIaHBICTBI GOJTa/IbI J1a, YHFBIMAHBIH AXAaMETpi, COHal-aK OJap/IblH apa KalIbIKTHIFbl YChIHBUIATBIH TEXHOJIOTHsIFa OailylaHbICThI
60JIBITI, KEHHEH aJIbIHATBIH METaJIIap/IbIH MOJIIIEpi MaKCUMaJI/Ibl IeHrei/ie 60IybIH IIAapTThl TYP/E Kajlarajay Kepek.

Tyiiinoi cosdep: canawapmcuiz Moic Keni, pyoa yuinoici, ycakmay, KoHmaxkminep, Ciiminey, 2u0pomMemainypus, epiminoiiep.

Ore granulometric composition is the main factor of metal yield

Abstract. The article examines the current state of mining and processing of substandard copper ores, temporarily abandoned due to the insufficiency of early
technologies for underground and open-pit mining of mineral deposits and characterized by the influence of the dependence of metal extraction on the nature of crushing.
The fact is that the smaller the piece of ore for leaching, the contact surface becomes larger, which ensures a maximum yield of metals. However, to obtain the expected
granulometric composition of the blasted rock mass with a known effective depth of penetration of the reagent into the ore monolith, it is also important to know the

diameter of the well, determined by the technical equipment of the mining process, as well as the distance between the wells and other factors.
Key words: substandard copper ores, heap leaching, crushing, contacts, hydrometallurgy, solvents.

Beenenune

I'eoTexHOMOTHYECKIE METOABI JOOBIYH MOJIIE3HBIX HCKOIIa-
€MbIX, B TOM YHCIIE MOA3EMHOE M KYYHOE BBIIIEIAYHBAHHE,
HCTIONB3YIOTCSI B MUPOBOH MPAKTHKE /s mepepadoTku 3a6a-
JIAHCOBBIX, OTBAJBHBIX M ITOTEPAHHBIX pyd. Hambomee mm-
POKO TaKuWe METO/BI MPUMEHSIOTCS ISl Pa3pabOTKH MEITHBIX
U YPaHOBBIX pya. B TO ke BpeMsi HMEroTCsi OONbIINE 3amachl
HEKOHJMIIMOHHBIX MEIHBIX, CBHHIIOBO-IIMHKOBBIX PYZ, LA
Pa3paboTKN KOTOPBIX MOTYT OBITh IPIMEHEHBI T€OTEXHOIOT U~
YECKHE METO/IBI.

JpoOnenue pyasl — OAWH W3 HauOOJIee BaXKHBIX BOIIPOCOB
MIOATOTOBKM €€ K BHIIENaunBaHnio. KadecTBo apoOneHus
PYIBI CYIIECTBEHHO BIHAET Ha 3(P(EKTHBHOCTH METOAA BBI-
menadnBanus. [lapamMeTpsl OypoB3pBIBHEIX PabOT, yCTaHOB-
JICHHBIC TIPH TPAJUNNOHHON TEXHOJOTHH, HE 00ECHEeINBAIOT
TpeOyeMOro rpaHyJIOMETPUIECKOTO COCTaBa PyAbl W PaBHO-
MEPHOTO Pa3phIXJICHNUS, 0COOCHHO TPH Pa3pyHICHHH KPEIKHX
pya tuna JKe3ka3raHCKuX.

B ocHOBe mporecca BbIIENIAYMBaHI METAIa U3 Py Jie-
XKUT siBeHue auddys3un, XapakTepusyromeecss BeCbMa HU3-
KHMH CKOPOCTSIMH, CHW)KEHHE BPEMEHH BBIIIECIAYMBAHUA W
YBEIMUCHNE O M3BICUECHHS METalula MPH MPOYMX MOCTO-
SIHHBIX MTapaMeTpax 0OpaTHO MPOIOPIHOHATIBHO JTHHEHHOMY
pa3mepy Kycka. BemenctBue, macmiTab mporecca OymeT Tem
OomnbIe, yeM OOJbIIE MIIOIAAb KOHTAKTA PyAHOTO MHHEpaa
C paboguM PacTBOPOM.

[Ipn moa3eMHOM M Ky9YHOM BBIIIECTIaYMBAHUY CYIIECTBEH-
HBIM SIBIISICTCS IOJTyYEHHE ONTHMAIBHOrO Ko3((hummenra
Pa3pBIXJICHNUS PyAbl O OTOMBAEMBIM CIIOSIM ISl PABHOMEPHOU
(uIbTpanE pacTBOpa, a TAKKe TONyYeHHE (DPAKIIMOHHOTO
COCTaBa PyZpl, 3aJJaHHOTO XUMHUYECKOW TeXHOJIOrHen. OmpIT
ITOJTOTOBKH TOPHOW MAacChl 3aJaHHOW CTENEHH IPOOICHHUS
CBHJIETENIBCTBYET O TOM, YTO CPEIHMI pa3Mep KycKa IIPOIop-

IIMOHAJICH JAMaMeTpy OypOBBIX CKBaKMH M 00OpaTHO MPOIOp-
LIMOHAJIEH yAelbHOMY pacxony BB.

3a MoCeHNe ISCATHIICTHS TIPOU30ILIO 3HAYUTEIEHOE HCTO-
IIEHUE 3aMacoB OOraTbiX Py, OCOOCHHO B MPOMBIILUIEHHO Pa3-
BUTBIX paloHaX. BcrencTBrue 3TOro BO3HMKIIA HEOOXOIUMOCTh
TIOMCKA M BHENIPEHMSI HOBBIX CIIOCOOOB TIPOM3BOJICTBA METAJIIOB
N3 HCTPaAUIIMOHHBIX MCTOYHHUKOB CBIPbS. K Takum ncTodHMKaM
CIICITyeT OTHECTH OKHUCIICHHBIC, CYNIb(DUIHBIC U OOJIee HITH MEHee
Gorarble TPYIHOOOOTaTUMBIE PY/IbI IIBETHBIX METAJLIOB. OTBAIBI
3a0aJIAHCOBBIX U HEKOHIUIMOHHBIX Py, a TaKkKe «OTpaboTaH-
HBIC» MECTOPOXKICHUA ABJIAIOTCA JOJITOBPECMEHHBIM HCTOYHHUKOM
3arpsI3HEHMST OKPYIKAIOIIEH CPEIbl 32 CYET CaMOIPOM3BOJIBHOIO
BBIIICIAYUBaHNA U3 HUX MCIU, [IMHKA, CBUHIIA, MBIIIIbAKA U JIpYy-
I'MX MeTauioB. Hanboree paroHaibHbIM CrIOCO00M M30aBIICHHUS
OT MaryOHOTO BIMSIHUS TAKUX OOBEKTOB Ha OKPYIKAIOLIYIO CPELY
SIBISIETCSL OPraHM3aIMsl YIIPABISIEMOr0 KyYHOTO M TIOA3EMHOIO
BbIIICJIAYBaHMsA. Taxum 06pa30M, BBIIICIAYMBAHNC TIPHU3BAHO
PEIINTH OTHOBPEMEHHO JIBE 3aJIa4: PACIIUPHTH CHIPHEBYIO 0azy
IIPOX3BOJICTBA METAJLJIOB U YITyUIINTh SKOJIOTUIO JAHHBIX PaliOHOB.

B ycnoBusix JKe3ka3raHCKOro ropHO-METaIypruuecKoro
KOMOHMHATa Py/bl B OCTABISIEMBIX [IEIHKaX KoJIeOmoTes ot 12
1o 25%, nocturas unorna 40%, 3a nepuon pa3pabOTKH B pa3-
HOT'O pojia TIOTEPSIX OCTABJICHO JICCATKU MJIH T OOTaTod PyJIbL.
E>xerogsslii IpUpOCT MOTEPD B LIEIUKAX C YYETOM YBEIMUUBA-
IOIIeHCs T00BIYM paBEeH MPUMEPHO TOJIOBOH MPOU3BOANTEIb-
HOCTH HOBOI'O MCIIHOI'O PyJAHUKA.

[TosToMy wu3bIcKanue Hambonee 3((PEKTUBHBIX METOJO0B
JTIOOBIYH TIOTEPSTHHBIX, 320aJIAHCOBBIX U OPOCOBBIX PYI UMEET
TMEPBOCTCIICHHOC 3HAYCHUE. OI[HI/IM U3 TaKuX METOAOB SBJIA-
eTCsl MOJ3EMHOE M KYYHOE BbIIIeNIadrBaHKe. YCIICHIIHOE pelle-
HHUE TPOOIEMbI JOOBIUN MEIN W3 PAa3HBIX THUIIOB PYI CIOCO0-
CTBYET UX BTOPUYHOW pa3pabOTKe ¥ MaKCHMAJBHO IOJIHOTO
MCIIOJIb30BaHUIO OOraTcTB HEP.
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Ilenpro HacToOsIIEl CcTaThbU sIBIsIETCS oOciemoBanue JKes-
Ka3raHCKOTO MECTOPOXIICHHSI U pa3padoTKa PEKOMEHIAlni
I10 BOBJICUCHUIO B MOA3EMHOEC U KYUYHOC BbIIICJIaYUBAHNUC HAU-
0oJiee TPUTOHBIX YYACTKOB PYIHOIO MOJIS.

Marepuajibl 1 0CHOBHBIE METOBI

[To xapakTepy SIBJICHHS pacTBOPOB BCE MHOrOOOpasue M3-
BCCTHBIX CHOCO6OB U TCXHUYCCKHX peH_leHI/Iﬁ IIOA3€EMHOI'O BbI-
IIEJIaYMBaHUsI METAIUIOB HA MECTE 3aJleraHusi MOYKHO KJIACCH-
(uLMpOBaTh HA TPU NMPUHLIHUINAIBHO THAPOTEXHOJIOTUUECKHE
CXEMBbIL: THAPOANHAMUYCCKasd, IPUMEHACMas MMPpU BbILICIa4YBa~-
HUUY U30TPOIHBIX ¥ aHU30TPOIHBIX Py, HAIIPABJIIEHHBIM HAIIOp-
HBIM IIOTOKOM PacTBOpa peareHra; MHQHUIBTPALUOHHAS, MPH-
MCHsCMas NpU KaAIWUIAPHOM BBIICIAYMBAHUNA HN30TPOITHBIX
PYA; TUIpOCTaTHYECKast. DTH CXEMbl B PABHOM MEpe BKIIFOYAIOT
Kak BblIEJIAYMBAHIE METAIUIOB U3 PyJ €CTECTBEHHOIO 3aJiera-
HUA, TaK U BbIIICTIAYUBAHUE MCTAJIJIOB U3 PYyA OT6I/IT])IX " 3a-
Mara3uHHPOBaHHBIX B Kamepax. Takoe pacuieHeHHe MO3BOJISET
IMMPpOaHaJIN3UPOBATH BCE€ BO3MOXXHBIC BApUAHTHI U BbIGpaT]) OIl-
TUMAJIBHYIO CXeMY VISl JTF000T0 KOHKPETHOTO MECTOPOXKIACHHSI.

[Tpu mMenkoM apoOIIeHUH Pyibl 00pa3yeTcst KOpKa, CIioco0-
CTBYIOILLAsl HApYIICHWIO LUPKYJIALUA pacTBOpa, IPHU KpPyIl-
HOM — IUIONIa b KOHTAKTa YMEHbBIIAETCSI U CO3/AF0TCS YCIIOBHS
Jutst POPMHUPOBAHMS 3aMKHYTOW IIMPKYJISIIMK pacTBopa [1, 2].

OTO omnpezenseT HEOOXOAUMOCTh Pa3pabOTKU ONTHMAIIb-
HOI'O BapHaHTa pa3pylIEHHWs TOPHBIX IIOPOJ B3PBIBOM IIpHU-
MEHHUTEIBHO K TpeOoBaHHUAM 3(D(HEKTUBHOIO OCYIIECTBICHHS
MOJ3EMHOI0 BBIIIETAaYMBAHUSA CKaNbHBIX pyd. CpeaHuit nu-
HEHHBIA pasmep Kycka (d,, ) OnpenesnseTcs:

_ Kidi+K, dy+---+K, dy

d‘fl* K1+Kz++Ky, ! D
rae d,, — CPEHHMA TE€OMETPHYECKUH B3BEIICHHBIH pasMep
KyCKa;

K. . . n — IIPOLIEHTHOE COAEP/KAHUE KYCKOB Pa3JIMYHBIX

KJIaCCOB KPYIHOCTH;
d...n — cpenHUN TUHEHHBIN pa3Mep KycKa BHYTPHU KJIaCcCOB
KPYITHOCTH.
CBA3b MEXIy AUAMETPOM CKBaXHH (d,) U CPeTHUM JIHU-
HEWHBIM pasMepoM Kycka (d,,) 1 TPyIHOAPOOUMBIX MOPOL

BbIpakaeTcs 3aBucuMocTsimMu (1o B.H. Mocuniry):
Hnsa mpyonoopooumeix pyo d.,=d., LI13-1,15. (2)
Hnsa neckoopooumvix pyo d,, = d,,, 1,00-1,05. A3)
Jlist ompenereHus] mapaMeTpoOB PACIIONOKCHHS CKBAKHH-
HBIX 3apsIJIOB YPABHEHHUE TI0 ONPE/ICIICHUIO BEITHYUHBI 3aPsII0B

B 3aBUCHUMOCTH OT BMECTMMOCTH CKBaXXMH, pa3pyIlaeMoro
o0beMa U yienbpHOoro pacxona BB:

a _1/1T'L3'5BB
d. ~—  41Lq "’ £

T7I€ @ — PACCTOSIHUE MEXTy CKBaKHHAMHU;
d,. — nTaMeTp CKBaKUH;
L,— nuivHa 3apsia;

Jpp — TUIOTHOCTH BB;

L — nnvHaA CKBaKWHBI;

q — ynenpHbI pacxon BB.
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J1J1s1 IpOBEICHUSI OTIBITHBIX UCIIBITAHUI COOPYIKEH Oacceiln
JUIsl KYYHOIO BBILLEIAYMBAHUS MEIHBIX DY PEryIupyeMOn
BBICOTOM HaBaya ChIpbsi. [IpuueM ocHoBaHuUs OacceiliHa 3a-
JIUTBI KACJIOTOCTOMKMM OETOHOM pa3Mepami: B JUIMHY 25 M,
B IIMpUHY 12 M. OTH pa3Mepsl yCTaHOBJIEHBI B COOTBETCTBUE
C pa3MepamMM KpyIHOra0apuTHOH MOrpy304HON M pasrpy3od-
HOU TEXHMKHU.

Pe3ynbTaThl 1 00cyKIeHIE

CI/ICTeMaTl/I?:aLII/I}I CHUCTEM IIOZA3€MHOI'0 BBIIICIIAYUBAHUSA U
HX KJIacCHU(HKAIKs, OT00HO KiIacCH(DUKAIUK CHCTEM pa3pa-
OOTKHM PYIHBIX MECTOPOXKICHUH, UMEET BaXKHOE 3HAUCHUE JUIsI
JIAJIbHEHILIEro pa3BUTHUsI 3TUX MeTON0B. B padore Pobepra B.
Baptiera [3] npuBeneHa kiaccuuKaIys CHCTEM ITO3EMHOIO
BblLIENauuBaHus. [Ipu 3TOM moa cucTeMoi MOA3EMHOIO BbI-
mera4yuBaHrsl MOHUMACETCA COBOKYIHOCTH KOHCTPYKTHBHBIX
JJIEMEHTOB y4YacTKa OTPa0OTKH, 00CCICYMBAIONINX OIpEe-
JICHHUEC TOpAAKa U TCXHOJIOTMU BCACHUA YIIPABJISICMOTO IIPO-
1ecca nepeBoja Meramia B pacteop. [IpuBenenHas B pabore
KﬂaCCI/I(bI/IKaLII/IH SABJISICTCA MEPBBIM OIIBITOM CHUCTEMATU3ALUU
METOJ0B MMOA3CMHOTI'O BhIIICIAYBAHUS. OHa, KOHCYHO, UMCCT
OITpe/IeIeHHbIE HEIOCTAaTKU U TpelyeT JopaboTku. B yacTHO-
CTH, JI€JICHHE CHUCTEM IIO/I3€MHOTO BBIIIETaYMBAHUS Ha KJac-
CBl HEJJOCTATOYHO 4eTKO. [Ipu 3TOM HCTIONIB3yI0TCS OHOBpE-
MEHHO HECKOJIBKO PA3JIMYHBIX MPU3HAKOB — CIIOCO0 BCKPBITHS
3aJIeKH, COCTOSIHHE OTpadaThlBaeMOI0 MacCHBa, COYETAHUE
Pa3JIMYHBIX CIIOCOO0B OTPAOOTKH.

Bornee ueTko pasaeneHbl CUCTEMBI IOA36MHOTO BhINIEIauH-
BaHUs Ha rpynnsl. [IpuHATHIA B JaHHOM Cily4ae OTJIMYUTEIIb-
HBIA IMMPU3HAK — TEXHOJIOT'MYECKHUE CXEMbl NBUIKCHHS BbIIIC-
JIAYMBAIOIIUX PACTBOPOB pPeareHTa Mo pyAe CIEAyeT CUUTaTh
OCHOBHBIM IIDU3HAKOM TIPYIIIMPOBAHUS CUCTEM B JIaHHOM
KJIACCU(HUKAIIH.

l'uapoanHamMyueckass cxeMa OCHOBaHa Ha HCIOJNb30Ba-
HUU IIOCTOSHHOIO WIM IEPUOJUYECKU JEHCTBYIOLIETO I'OPHU-
30HTAJILHOTO (DMIIBTPALIMIOHHOTO IIOTOKA pacTBOpa pearcHTa,
3aMOJHSIOIIEr0 BCE TPEUIMHBI U MOPBI PYAOHOCHBIX IOPOI.
JIBIkeHHe MOTOKa MPOUCXOAUT 3a CUET Pa3sHOCTH HAOPOB Y
PacTBOPOB MOJAIIINUX U JIPEHAXKHBIX YCTPOUCTB MO 3aKOHAM
THJIPABIMKH, UCIIOJIB3YEMBIX ITPH IOIA3EMHOM pa3paboTKe PyII.

I'mpponnHamuyeckass cxema MOXKET IPUMEHATHCA IIpU
BbIICIIAYMBAHUN METAJJIOB U3 pyHd, MNPUYPOUCHHLIX KakK
K U30TPOITHLIM B (bHHLTpaIJ,l/IOHHOM OTHOIIE€HWHU ITOpoJaM, TaK
U K aHU3O0TPOITHBIM, CJIOHUCTLIM. Hpnqu, €CJIn pyAOHOCHBIE
MOPOJIbI 00JIA/IAI0T HU3KMMH (PUIIBTPAIIMOHHBIMH CBOMCTBAMH
(K - < 0,5 m/cyTku), TO HCOOXOTUMO HUCKYCCTBEHHO CO3/aTh
MIPOHHUIIAEMOCTh MAaccHBa. JTO JOCTUTAETCs MpEABAPUTEINb-
HOW MOATrOTOBKOW PYAOHOCHBIX MOPOJ K BBIIIEIAYNBAHUIO
myTeM IpoOJieHNs] MacCuBa Py OOBIMHBIMU U siiepHbIME BB,
XMMHUYECKOH 00pabOTKOM, MOJA3EMHBIM OOKUIOM HOpPOJ, OT-
0O0IHOW N Mara3MHUPOBAHHEM Pyl B KaMepax M JpyrHMHU Me-
TOIAMH.

CucteMbl OI36MHOT'0 BBIIIEIAYMBAHHS METAJUIOB B Cl1a00-
HAKJIOHHBIX W T'OPHU30OHTAJIbHBIX KaMeEpax IMPUMEHAIOTCA IPU
0TpabOTKE FOPU30HTAIBHO 3aJETAIONIMX U MOJIOrOaal0IIHuX
MecTopoxaeHui (¢ ymiamu mageHust 0-15°, mpuypodeHHBIX
K ciaboBomonponuiiaeMbiM mopoaam (K < 0,5 m/cyTkmu).

OTU CHUCTEMBI MMOA3CMHOI'O BBIIICIAYMBAHUSA B 3aBUCHMO-
CTH OT MOIIHOCTH PYAHBIX TCJI U KOHKPETHBIX TOPHO-T'C€OJIOT -
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YEeCKHUX YCIOBUH pa3fesssioTcs Ha ABE OCHOBHBIE MOATPYIIIbL:
CHCTEMBI MOA3EMHOIO BBIILEIAYNBAHUS C PAa3/eIbHBIM Mara-
3MHUPOBaHKUEM; OTOUTON pyabl (000COOICHHBIE KaMEphl); CH-
CTEMBI MOJI36MHOTO BBIIIENAYMBAHUS CO CIUIOIIHBIM Marasu-
HUPOBAaHHUEM; OTOUTOM PY/IbI (CMEXKHBIE KaMEpBI).

CuctemMbl C pasleibHBIM Mara3MHHUPOBAHHEM OTOMTOMN
pyZbl B 000COOJICHHBIX KaMepax HailyT IPUMEHEHHE TIPH OT-
paboTKe TUIaCTOBBIX 3ajekel ¢ yriamu najgeHus 0-5°, mpen-
CTaBJICHHBIX CJIIOMCTBIMH AHHU3O0TPOIHBIMU OCAJOYHBIMHU IIO-
poznamu co cpeHuM Ko durreHToM QuibTpanuy NpuMepHO
0,2-1,2 m/cyTku. MOIITHOCTh PYIOHOCHBIX IJIACTOB COCTABJIS-
et ot 4 o 12 m [3].

3aexu pa3iessioTes Ha OJIOKH, BKIIFOYAIOIINE KaMephl C
MarasuHUPOBAHHOW B 3a)KaTOW Cpee PyAou M MeXIyKamep-
HBIE IIETHKH. B cepenuHe 1enuKoB NPOXOIsT APEHAXKHbBIE TOp-
HBbI€ BBIPAOOTKH, U3 KOTOPBIX Ha BCIO MOIIHOCThH PYJOHOCHBIX
MIOPOJI Pa3/ieibIBAIOT APEHAKHBIE IIENH.

BrlmenaunBaHue Merajaiga U3 3aMara3MHUPOBAHHBIX B
KaMepax pyJ OCYIIECTBISIOT TOPU30HTANbHBIM THAPOIU-
HaMHYECKUM IOTOKOM peareHTa, KOTOPBIH MOJAarT B Ka-
Mepy 1O TpyOOmpoBoJaM 3a pPacTBOPOHENPOHHUIAEMYIO
MEPEMBIYKY I0J] HEKOTOPHIM HM30BITOYHBIM JaBICHHUEM IO
OTHOULIEHUIO K KpOBiIe KaMephl. [IpueM NpoxyKTHBHBIX
pPacTBOPOB OCYIIECTBISIETCSA B APEHAXKHBIE LIEIH, KOTOPhIE
SIBIISIFOTCS OOIMMU JUIsSi CMEXHBIX OJ0KOB. Jlanmee pactBo-
PBI TPAHCIIOPTUPYIOTCS [0 TOPHBIM BBIPAOOTKaM K 001IeMy
PacTBOPOCOOPHHUKY M HACOCAMHU IEPEKAUYMBAIOTCS HA TEX-
HOJIOTUYECKYI0 COPOIMOHHYIO YCTAHOBKY JUISI M3BJICUCHHUS
13 HUX MeTaJlja.

[ToaroroBuTenbHbIE pabOTHI 3aKIOYAIOTCSI B MPOBEACHUH
OTKaTOYHBIX MOJEBBIX HITPEKOB, BOCCTAIOMUX O IOIOIIBEI
PYZHOTO IUIacTa ¥ OKOHTYPHBAIOIIUX OJIOK PYIHBIX JPEHaX-
HBIX IITPEKOB, IPOXOJUMBIX Ha YPOBHE MOYB IJIacTa.

PaccMOTpeHHBIN BapuaHT CUCTEM IOJ3EMHOIO BBILIENA-
YUBaHUS NMPUMEHUM IPU BBIIETAYMBAHUU MeTajjia U3 Cclia-
OOBOIONPOHMIIAEMBIX DPYA, KOIJa PAacTBOp peareHra HMMEeT
BO3MOKHOCTh IIPOHUKHYTh B JPEHAKHYIO IIEIb U3 KaMephl C
3aMara3uHMpPOBAHHOM PyHoil Yepe3 QUIbTPYIOINii [EeTHK.

B ycnoBuSX BOIOHENPOHHMIIAEMBIX PYAOHOCHBIX IIOPOJ
LIEJIUKH 110 KOHTYpY OJIOKa JIOJDKHBI OBITH O0YpEHBI IpeHak-
HBIMH CKB&KHHAMH, 00OPYJOBaHHBIMU HEPHOPUPOBAHHBIMU
TpyOamu ¢ 3aaBMKKaMHU. B 3TOoM cilyyae JpeHa)kKHbIE BbIpa-
OOTKH JTOJDKHBI OBITH OTKPBITHIMHU. Takast KOHCTPYKITUS OJIoKa
IIO3BOJIIET CO3JaTh B KaMepe € 3aMarasMHUpPOBAHHOW pyHOH
HAaINpaBJIE€HHbI TUAPOAMHAMUYECKHN IOTOK pacTBOpa pea-
TeHTa C PeryIUpyeMbIMH IPOU3BOIUTEIBHOCTHIO U BPEMEHEM
KOHTaKTa ¢ 0TOMTOM pynoil. Eme ogHuM BakKHBIM (pakTOpoM
PacCMOTPEHHBIX KOHCTPYKIMH OJIOKOB SIBJISIETCS TO, YTO OT-
OwuTast B 3aKaToM Cpejie pyJa cama IoJJIepKUBAET HEYCTONYH-
BYIO KPOBJIIO TIOCJI€ BBINIEIAUUBAHHUS.

Juist nepepaboTKU HU3KOKAYECTBEHHBIX MEIHBIX DY/ BHU-
MaHHUe HcclefoBaTenell u NMPOU3BOJCTBEHHUKOB MPUBIEKIN
METO/Ibl KyYHOTO M IIOA3EMHOTO BBIII[EIaYNBAHNS MEIH, K KO-
TOPBIM NMPUMEHEH METOJ OaKTepHalIbHOTO BhIIIEIaunBaAHHS
[4-5]. [IpennoxxkeHo [6] MPOBOAUTH MPOILECCHI MOA3EMHOIO
1 KYyYHOTO BBIIIETAUMBAaHUS MEIHBIX PYJ B TPU CTAJIUHU, YTO
o0ecrieunBaeT YBEIMYCHUE N3BJICUCHUSI ME/IU U3 PYIbI U CO-
KpalleHue pacxoja CepHOM KUCIOThL. [l 3TOro Ha mepBoi
CTaJIMM BCKPBIBAIOTCS JIETKOPACTBOPUMbIE (OPMBI Me/H, Ha

BTOpOﬁ CTaan BBOAUTCH May3a MCKIAY OPOIICHHUAMH IJid
AKTUBU3AIIUN OKUCIUTCIIbHBIX IMMPOLCCCOB, TPECThA CTAAUA —
(bHHaﬂbHaﬂ, Ha KOTOpOﬁ MCb BBLIMICIIAYUBACTCA U3 TPYAHO-
pacTBOPUMBIX (opM cyiabhuaHON ee yacTu. Ha ucnbITaHmsIx
JnocTUrHyTO 80%-€ M3BICUEHNE MEIU U PACXOJ CEPHON KHC-
JOTHl — He Oosee 5 T/T Meau. Ha onbitHOM yuactke ®wuar-
noHckoro pynauka Camonckoro CLIK mpoBeneHbl MUIOTHBIE
HCIIBITAHUS 110 U3BJIeYeHHUIO 30 ICHHBIX KOMIIOHCHTOB, B TOM
qyclie M, U3 IPOTYyKTUBHBIX pacTBOPoB [7]. TexHomOrus
BKJIFOYasia cOpOLMIO CBUMHIIA U IIMHKA Ha aHMoHHTe AMII ¢
OTJEJIEHHEM OT JKeljle3a U MEJU C MOCIeAYIOLUINM 3II0HUPOBa-
HUEM BOAOW. Meap U3BJIEKACTCS LIEMEHTALIUEH JKEJIe30M U3
pacTBopa mocie cOpOIMOHHOTO yAaleHUs CBUHIA M LUHKA.
B pabote [8] pa3paboTaHa TEXHOJOTHS OYUCTKH MEIHBIX
KoHIIeHTpaToB (Ha mnpumepe ComHeuHoro u IIpumopcko-
ro 'OKoB) OT MblIlIbsiKka ¢ NPUMEHEHHEM OaKTEepUAIbHOTO
okucineHus. Pyna nmoasepraercs nsMensaeHuo 10 200 mer.
unpu T : XK = 1:5, remneparype 30°C u pH 2, npu 6ap60o-
Ta)ke BO3yXOM IOIBEpPraeTcsi 00paboTKe ¢ CII0JIb30BAHUEM
aJlalITUPOBAHHBIX MUKPOOPTaHHU3MOB. HpOI{OJ’DKI/ITeJ'IbHOCTb
OaxkTepuaabHOIO BhINIETadrBaHus cocraBumia 60-100 yacos.
Mennbie koHLIEHTpaThl tocae bB nogarrces HenocpeacTBeH-
HO B MEJHYIO TUIaBKY [9].

W36bITOYHOE YBIIQ)KHEHUE MTPEABAPUTEIHHO pa3pyLICHHBIX
TOPHBIX MOPOJ IMO3BOJIACT MOBBICUTH CKOPOCTH IMPOAOJIbHBIX
BOJH 110 HuM 710 1800 M/c 1 mrotHOCTH 710 2100 Kr/m*. D0 M0-
3BOJISICT PE3KO MOBBICUTH Ka4Y€CTBO [lpO6J'IeHI/IH TaKuX Mopoa
IIpyu YBCJIMYCHUU K.II1.J. B3pbIBa U CHU3UTH yﬂeﬂbeIfl pacxon
BB. Ecnu nipu 3a11o/IHeHUY TPEIIKH, IIyCTOT BO3LyXOM Hallpsi-
JKE€HHs Ha (l)pOHTe BOJIHbBI CHHMIKAKTCS II0 OTHOLICHUIO K MO-
HOJUTHBIM cpefgaM B 25-100 pa3, B 3aBUCHMOCTHU OT HIMPHHBI
HEOIHOPOJHOCTEH, TO IPU 3allOJHEHUH HUX BOJOW HAIpshKe-
HHS B (prHTe BOJIHbI CHWKAKTCS I10 OTHOIIECHHWIO MOHOJIUT-
HBIM cpefiaM JiuIb Ha 25-30%.

BaxHoli 0cOOEHHOCTBIO JIPOOJICHNs] HAPYILIEHHBIX MOPOJ
SABJISICTCA TO, YTO 3TO paspylICHUC JOCTHUIacTCsA JIUMIIb B pe-
3yJIbTaTe COyAapeHUsl pa3pyLIeHHBIX Macc. JTO 00CTOSATEIb-
CTBO NpPH MOBTOPHOM pa3pylIEHUM TOPHBIX MOpOA TpedyeT
UX 32)KMMa, YTO BEAET K CHUKEHHIO CKOPOCTH CMELIECHUSI 110-
CIEIYIOIINX OTACIBHOCTEH, U B CBSI3U C 9TUM K YBEIHUEHHUIO
SHEepruu coyaapeHwus. J[jisi moBbIIMICHHSI COOCTBEHHO YHEPTUU
COyZlapeHus KaK IepBOM, TaK U MOCIEAYIOIIUX OTAEIbHOCTEN
1[eJIECO00PA3HO Ha IPAHMIIC pa3lieia Cpell MoIyIeHHue Hanbo-
Jiee OIHOPOJIHOTO MEPBUYHOIO MOJISI HAPSIKEHUI TIPH MaKCH-
MaJIbHO BO3MOYKHOW W3 YCIIOBHI 0€30MaCHON KUHETHYECKON
SHEPIUu pasjeTa YHEPTUU BOJIH.

OCO0EHHOCTBIO APOOJICHUSI HAPYIIEHHBIX TOPHBIX MOPOJ
SIBJISIETCSI PE3KOE 3aTyXaHUE BOJIH HANPSDKEHUH U ()OPMHUPOBa-
HHUE B CBA3U C OTUM JIMIIb IIEPBUYHOIO MOJIA Hal'[pﬂ)KeHI/lﬁ npu
MIOJIHOM OTCYTCTBUH BTOPUYHOTO TIOJISI HAIIPSKEHUH. DTO 00-
CTOSITETILCTBO PE3KO COKpAIIaeT BO3MOKHBIE B TAKUX MOPOAAX
METO/bl YIIPABJICHUSI SHEPTUEN B3PbIBA.

CoIppeM i mepepabOTKU SBISETCS TPYAHOOOOraTH-
Mas OKHCIEHHas MenHas pyna JKe3ka3raHCKoro MecTo-
poxaeHusi, B yacTHocTu Manoro-Cmacckoro kapbepa Ce-
Bepo-JKe3kazranckoro pynHuka. Kommiekc mopox, ciara-
IOIIUNA pallOH MECTOPOXKIECHUs, IPEACTABIEH YEpEeayONIu-
MU CIIOSIMH KPAaCHBIX M CEPBIX IECYAHHKOB AJIEBPOJUTOB C
MMpoOCTIOAMU apPrujlyiInTOB, KOHINIOMEPATOB U OKPEMHCHHBIX
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M3BECTHIKOB. MeIHOE OpylIeHEHHE MPUYPOUYCHO K CEephIM
necyanukaMm. KpemocTe mOpoja aprujuinToB U alleBPOJIH-
ToB — 7-10, ceporo necuanuka — 10-16. IlnotHOCTE pyn 1
mopoJ1 B Maccuse 2,5-2,6 r/m>.

XapaKTepUCTUKA OKHUCIEHHBIX PYI — BKPAIJIEHHOCTb MHU-
HEpaJioB, CIIOCOOHOCTh K JEKPHUITAIMU M LIaMO0Opa3oBa-
HUIO TIpY 00pabOTKe KUCIOTaMH, BBICOKAs! KMCIOTOIOIIONIA-
I0IIasi CIIOCOOHOCTH OINpEZesnia OCHOBHOE IOJIOKEHHE MpU
pa3pa60Tl<e TEXHOJIOTMH — BBIIC/IAYMBAHUC B MAJIbIX Ky4ax,
BBICOTO# He Oosiee 1 M, ¢ mpeIBapUTeIIbHOM 00PAOOTKOM PyIbI
KOHLICHTPUPOBAaHHOM KHUCJIOTOM Ky4M IIEpel, €€ IPOMBIBKOI
[10].

Takas TexHOIOrHsI B OTIIMYHUE OT O6ﬂleI/l3BeCTHOFO Ky4HO-
T'O BhIIICJIaYUBaHUs ITIO3BOJISACT 3a KOpOTKI/lﬁ CPOK JOCTUTHYTbH
BBICOKOT'O YPOBHSA U3BJICYCHHA IMOJIE3HBIX KOMIIOHCHTOB IIPH
CPaBHUTEIILHO HU3KOM pacxoje pactBoputeiei. [Ipu atom uc-
OJIb3YETCsl 000POTHOE BOJOCHAOKEHHUE, MCKIIIOYAIoIee 00-
pa3oBaHUC KUJIKHUX OTXOIOB. Ky‘{HOC BbIIICIIAYUBAHUEC MEIU
1 KOMIIJIEKCHOE MCIIOJIb30BAHUE OKUCICHHOW PYy/bl BKJIIOYAET
CJIE/IyOLIHE OIepalny:

1) opobnenue u epoxouenue;

2) 06pabomky KUciomot;

3) ev10epoicKy;

4) svuyenauusanue;

5) omcmausanue oboeawennozo pacmeopa;

6) yemenmayuio meou;

7) omcmausanie 0bopomHo2o pacmeopa,

8) pecenepayuio eviuyenavusaioujeco pacmeopa,

9) nanpasnenue meepovix 0mx0008 Ha 3aK1A0K).

Pynp! cpenneii 3a00itHoit kpynHocty 300 MM 1po0siTCst 10
pasmepoB yactul] -40 + 00 MM, cMauMBarOTCSl KOHIIEHTPHU-
poBaHHOU cepHOU KucinoTor u3 pacuera 0,08-0,09 /1 pyas
B TeueHue 1-2 MuH, BbIIepKMBatOTCs B Kyde (610 1) mo 24
4acoB, 3aT€M IIEPEHOCSTCS B KAMEPY U YKJIAJbIBAIOTCS CIOEM
B 1 M (0,5 cyTok), BhIIIeaunBaloTCa B kamepe (4 KaMmepsl)
cepHoii kucinotoi konuenrpauuei 0,5 r/i (3 cyrok). O0umii
pacxox kuciotsl B mporecce 0,1 1/T pyasl. Beirpyska orxo-
JIOB pyabl niocie BoienaduBanus — 0,5 cyrok. Obmas npo-
JIOJDKUTEILHOCTD IIUKJIa B KaMepe 4 CyToK (3 CyTOK BhIIIea-
YUBaHMs, | CyTKH — IPOMBIBKA BBIIEIOUEHHON PYIbI BOAOH,
3arpy3ka M BBITPY3Ka), OOOTAIICHHBI METaIOM PacTBOpP
OTCTaMBAETCs OT IIIJIAMOB CO cKopocThio 0, 1 cM/MuH, 3aTeM
13 OCBETJIICHHOTO PAaCTBOPA M3BJIEKACTCS ME/Ib IEMEHTAIen
Ha JKeJIE3HOM CKpalle WiK JpyrumMu crocodamu. [Ipomgomku-
TEIbHOCTh KOHTAKTa co CKpanom — 6-10 MuH, pacxo ckpara
1,5 1/t megu. B kauecTBe ckpama MOTYT OBITH HCIIOJIb30Ba-
HBI YyT'YHHBIE OIMJIKY, CTaJbHAasl CTPYKKA U JPYTHE OTXOIbI
IIPOM3BOJICTBA.

CIIMCOK HUCIIOJIB30BAHHBIX UCTOYHHUKOB

BoiBoAbBI

1. I3 maHHBIX 3apyOEKHOTO U OTEYECTBEHHOTO OIBITA Kyd-
HOTO U TOJ3EMHOTO BBINIEIAYNBAHNS MEIHBIX Py CIEIYET,
YTO mepepadoTKa Pa3IMYHBIX OCIHBIX W HEKOHIUIIMOHHBIX
PYyA METOAOM TEOTEXHOJOTWH SIBISETCS YPE3BBIUANHO Mep-
CIIEKTHBHBIM B YacCTHU MOJHOTHI U 3((EKTUBHOCTH HCIIONIB30-
BaHMS MUHEPAJIEHOTO CHIPBSI.

B nanHOl crarbe mpeaMETOM HCCIIEAOBAHUN M IPOMBILI-
JICHHOH pea3anuy BEIOpaHbI MEIHBIE PY/Ibl, KOTOPHIE MOTYT
ObITH NepepaboTaHbl KyYHBIM WM MTOA3EMHBIM BBIIIETAUYHBaA-
HHEM M KOTOpBIE IO TEXHOJIOTMYECKUM WM SKOHOMHUYECKUM
COO00pakeHUSM HE MOTYT OBITH IepepabOTaHbI IO TPaIHIIU-
OHHBIM TEXHOJIOTHSM.

1. TopHo-Teonormyeckne 0COOCHHOCTH JKe3Ka3raHCKOTO
MECTOPOXKICHHS (HEIyOOKOe 3aJleraHue, BOJOHETPOHUIIA-
eMbIi 9KpaH, OTCYTCTBUE KAMUTAJIbHBIX COOPYKEHHH Ha IO-
BEPXHOCTH, YTOJl 3aJIeTaHus U T.I1.), BBIIBICHHBIC B IIPE/ienax
paHee oTpaboTaHHBIX MAaxTHBIX moner NeNel, 2, 3, 7, 10, 11,
12, 26, 34, 39, «Iletpo-Ll», «Iletpo-2», «IleTpo-4» momycka-
IOT TIOCTAaHOBKY MCIBITAHHM TI'€OTEXHOJIOTHYECKOTO METOoAA
W3BJICUEHHS METaIa Py

2. 3a 10 wmecsmeB W3 HEOKUCICHHO-CYTb()HUIHON PyIBI
KpymHOCTBIO -20 MM MOXKHO BbIIEnouuTh 50-80% memu. 3a
TOT 7K€ MEPHOJI U3 XaJIbKO3UHOBOH pybl BbIesnodeHo 30-50%
MenH, a U3 OOPHUT-XAIBKOITUPUTOBOB 5-12%, 4TO CBHAETEND-
CTByeT 0 Maioil 3((}eKTHBHOCTH IepepaboTKH MOCIeIHEH
METOJIOM BbIIIeNIaunBaHusl. JlydmmmMu pacTBOPUTEISIMU SIBIIS-
foTcs cepHas kuciora (5-10 T/1) ¥ MOAKHUCICHHBIA Cyab(ar
OKHCH xene3a (5 1/m).

3. Pacxox cepHOIl KHCIOTBHI MO MEpE BBHIIIEIAYNBAHUS U
Pa3BUTHA OKUCIUTEIBHBIX MPOIECCOB CHIDKaercs no 1,6-3,2
T/T MEIH U OKHCICHHOW pyabl U 10 2,5-4,1 T/T mmsa xanb-
KO3WHOBOM PY/IBI, UTO JIENAET CEPHO-KHUCIOTHOE BhIIIEIa9rBa-
HHUE BIIOJHE TPHEMIIEMBIM UL 3THUX Py MO TEXHUKO-IKOHO-
MHYECKUM MOKA3aTeJIsIM.

4. IIpenno)xeHHbIE BADHAHTHI CHCTEM MOA3EMHOTO BBINIEIIa-
YMBaHMSA (CHCTEMa MMOA3EMHOTO BBIIIETAYNBAHUS METAIIIOB 13
PYZ, OTOUTHIX TPU TOMOIIA OOBIYHBIX OypOB3PHIBHBIX PabOT
C TIOCJIIYIOIIMM Mara3MHUPOBAHHEM U CHCTEMA IOJ3EMHOTO
BBIIETIAYMBAHNS C Pa3pylICHHEM OMOPHBIX IEIMKOB M Halle-
TafolIeH TOJIIIN MOPO/T) MOTYT HAWTH IIPIMEHEHHUE B YCIIOBUAX
oTpaboTaHHO# yacTh JKe3Ka3raHCKOTO MECTOPOKICHUS.

Cmambsa no02omoeena 6 pamKax panmogozo QuHancu-
poseanusa no HAyYHLIM u (U1U) HAYYHO-MEXHUYECKUM NpPO-
exmam «Texnonozus nonyueHus npenapama-adanmozena
Ha 0CHOGE 2yMAamog u3 y2ia u IKCMPAKno8 OUKOPACHIYUiUX
pacmenuil 011a co30anus yCMou4u6020 pacmumenbHozo no-
Kpoea na mexunozennvix oovekmax (AP14871298)».

1. Axcenos A.B. Kyunoe sviyenavusanue meou u3 okuciennwvix pyo. Ocobennocmu npoyecca npumeHumensHo
K poccuuckum Kiumamudeckum yciogusim. / A.B. Axcenos, A.A. Bacunves, A.I. Huxumenko. //
BECTHHUK UpI'TY. 2014. Nel (84). C. 72-75 (na pycckom s3vike)

2. Xanesoe b.J]. Uccrnedosanus u pazpabomra mexnono2uu KyuHo2o 8bliyelavyuanus Meonvlx u MeoHo-

YUHKOBBLX pYyO: asmoped. ouc ...

0-p. mexu. nayk. Examepunobype: 2009. 548 c. (na pycckom s3vike)

3. Robert W. Bartlett. Hzeneuenue memannos u3z pyo mMmemooom KyuHo2o 8vlujelayusanus. //
Memannypeuueckoe deno u mamepuanvt. 1997. T. 28. C. 529-545 (ha anenuiickom s3vike)
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10.

Bar D.E. Cmamucmuueckuti n00X00 K 9KCNepuMenmy no 8blujeiavueanuio cyibuoa meou u3 pyo

c ucnoavsosanuem sviyjeravusaioujei cepnou kuciomel. / D.E. Bar, D.A. Barkat. // XKypunan eopnoiu
nayxu. 2016. T. 52. Boin. 3. C. 569-575 (na anenuiickom s3vike)

Jochen Petersen. Kyunoe gviuyenauusanue Kax Ki04eedas mexHoi02us u3eiedenus noie3nvlx UCKONnaemblx
u3 6eonwvix pyo — kpamkui 063op. // Tuopomemannypeus. 2016. T. 165. 4. 1. C. 206-212 (ha anenutickom
sA3biKe)

Xi-liang Sun. Texunonocuueckue yciogus u KUHEMUKA @bl el1AYUBAHUSL MeOU U3 KOMNIEKCHBIX
MeOHooKCcUuOHbX pyd. / Xi-liang Sun, Bai-zhen Chen, Xi-yun Yang & You-yuan Liu. // Kypuan
Lenmpanvno-tOoxcnozo mexunonocuuecxkozo ynusepcumema. 2009. T. 16. C. 936-941 (na aneauiickom
sA3biKe)

Kaupbexos K. K. 'eomexnonozus 6 npoyecce gviwyjerauueanus Kezxazeanckux meoucmulx necuanukos. /
JK.K. Kaupbekos, E.A. Aybaxupos, H. XKaneacynv. // IIpomviuwnennocms Kazaxcmana. 2017. Nel. C.64-
68 (Ha pycckom sA3biKe)

Kaneacyner H. Hccnedosanue gviuyenaqueaemocmu mMeonulx pyo Kezkazeanckoeo mecmopoicoerus.

/ H. XKaneacynvr, A.B. Koeym, A.A. Ucmaunosa. // I'opnvie nayku u mexunonoeuu. 2018. Ne2. C. 14-22
(Ha pycckom sA3vblKe)

3axapvan C.B. Hccnedosanue u pazpabomka eudpomemaniypeuieckoi mexHoio2uu nepepabomxu
0e0H020 MeOHO-CYIbPUIHO020 Cblpbs JKe3Ka32aHCK020 pe2uoHa ¢ U3giedeHuem meou U COnYymcmeyrujux
YEHHbIX KOMNOHEHMOE COPOYUOHHBIM MEMOOOM: OUCC. ... YUEHOU CmeneHu 0-pa mexH. Hayk.
Examepunobype, Kapazanoa: 2019. 362 c. (na pycckom s3viKe)

Pocos A.E., Kamkanbaes E. Kunemuka nod3emMHo20 CK8ANCUHHO20 8blUelAYUBAHUS YpaHa: Aamame,
2009, C. 204 (na pycckom sA3viKe)
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Cu-nan Cyn. Kypoeni mvic 0KCUOMI pYOACLIHAH MbICMbL CIAMINEYOIH MEXHON02UALbIK WaAPMIMAP bl
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mexHono2us ynugepcumeminiy scypuanet. 2009. T. 16. 5. 936-941 (azeinwein mininoe)
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