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Annotatsiya. Magolada aralash tarkibli kumush saglovchi rudalarni kompleks gayta ishlash yo‘nalishi
bo‘yicha olib borilgan laboratoriya tadgiqotlari natijalari keltirilgan. Tadgigotning asosiy yo‘nalishi rudaning
tarkibidagi kumushni dastlab gravitatsion usulda ajratish va gravitatsion boyitish chigindilarini keyingi qayta
ishlash imkoniyatlarini aniglashdan iborat. Tajribalar markazdan qochma «Knelson» konsentratori
yordamida turli yanchish darajalarida olib borildi. Yanchish darajasining kumushning gravitatsion boyitmaga
o'tishiga ta’siri o‘rganilib, bosgichma-bosgich yanchish va boyitish jarayonlarining samaradorligi baholandi.
Gravitatsion boyitishdan keyin hosil bo‘lgan chigindilarni sorbsion sianlash orgali gayta ishlash bo‘yicha
tajribalar o‘tkazildi.

Tadgiqgot natijalari kumushning gravitatsion boyitish va sorbsion sianlash jarayonlari mahsulotlari bo‘yicha
tagsimlanish xususiyatlarini aniglash imkonini berdi. Olingan natijalar aralash tarkibli kumush saglovchi
rudalarni gayta ishlashda gravitatsion boyitish va keyingi gidrometallurgik jarayonlarni uyg‘unlashtirish
imkoniyatini ko‘rsatadi.

Kalit so‘zlar: aralash tarkibli rudalar, gravitatsion boyitish, markazdan gochma konsentrator, «Knelsony,
yanchish darajasi, kumushni ajratib olish, boyitma, chiqindi, flotatsiya, sorbsion sianlash.

AHHOoTauma. B cratbe npeactaeneHbl pesynbTatbl NlabopaTopHbIX WCCRegoBaHW  KOMMIEKCHOW
nepepaboTkn cepebpocoaepallmx pya cMelaHHoro coctasa. OCHOBHOE BHMMaHWe B MCCreaoBaHWM
yOeneHo onpeaeneHunito BO3MOXHOCTEN NEepBUYHOrO rpaBUTaLMOHHOIO oTdeneHus cepebpa B pyae u
nocriegyowiern nepepaboTkM OTXOAOB rpaBUTALMOHHOIO oboralleHus. OKCNepMMEHTbI NPOBOAUNUCH C
MCNoNb30BaHNEM LIEHTPOOEXHOro KoHueHTpaTopa «Knelson» npu pasnuuHbIX CTENEHU N3MENbYeHUs.
N3yyanocb BnusiHME CTEMeHW U3MenbyYeHUsl Ha W3BreveHWs cepebpa B MpoLEcC rpaBMTaLMOHHOIO
oboralleHus, a Takke oueHnBanacb 3pHEKTUBHOCTb NO3TaMNHbIX MPOLLECCOB N3MenbYeHns 1 oboralleHus.
Bbinn npoBefeHbl aKCneprMMeHTbl NO nepepaboTke 0Txo40B, 06pa3oBaBLUMXCS NOCHe rPaBUTALMOHHOIO
oboralleHns, MeToagoM COpOLIMOHHOIO LIMaHUPOBaHUS.

PesynbTaTbl uccrnegoBaHU MO3BOMWIM OMNPEAEenuTb XapakTepucTuku pacnpegeneHus cepebpa B
NpoAyKTax MpoueccoB rpaBMTaUMOHHOrO oboralleHmss n COpBLUOHHOMO LMaHUpoBaHuA. [lonyveHHble
pes3ynbTaTbl Yka3blBalOT HA BO3MOXHOCTb KOMOUHMPOBAHUSA NPOLECCOB rpaBUTaLMOHHOro oboraleHms
nocnegywwmux rvapomeTaniypruieckux npoueccoB npu nepepabotke cepebpocogepxawinx pya
CMeLLIaHHOro cocTaBa.

KnioyeBble cnoBa: CMellaHHble pyAbl, rpaBMTauMoHHOe oboralleHune, LeHTPOBEXHbIN KOHLEeHTpaTop,
«Knelson», cTeneHb namenbyeHns, n3BreveHme cepebpa, KOHLEHTpaT, XBOCTbI, hrioTauus, copbumnoHHoe
LuaHmpoBaHue.

Annotation. This article presents the results of laboratory studies on the integrated processing of mixed-
composition silver-bearing ores. The study focuses primarily on determining the feasibility of initial gravity
separation of silver from the ore and the subsequent processing of gravity tailings. Experiments were
conducted using a Knelson centrifugal concentrator at various degrees of grinding. The study examined
the effect of the grinding degree on silver recovery during gravity concentration and evaluated the efficiency
of staged grinding and concentration processes. Experiments were also carried out to process the gravity
tailings using sorption cyanidation.

The results made it possible to characterize silver distribution in the products of both gravity concentration
and sorption cyanidation. The findings indicate the potential for combining gravity concentration with
subsequent hydrometallurgical processes when treating mixed-composition silver-bearing ores.
Keywords: mixed ores, gravity separation, centrifugal concentrator, Knelson, grinding degree, silver
recovery, concentrate, tailings, flotation, sorption cyanidation.
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Aralash tarkibli gimmatbaho metallar saglovchi rudalarni gayta ishlashda mineral
xomashyoning murakkab moddiy tarkibi texnologik jarayonlarni tanlashga bevosita ta’sir
ko‘rsatadi. Bunday rudalarni gayta ishlash amaliyotida gimmatbaho komponentlarni
dastlabki boyitish va keyinchalik boyitma hamda chigindilarni alohida gayta ishlashga
asoslangan texnologik yondashuvlardan foydalaniladi [1, 2].

Rudaning mineralogik xususiyatlari va gimmatbaho komponentlarning zarracha tarkibida
tagsimlanishi yanchish va boyitish jarayonlarining texnologik ko‘rsatkichlarini belgilovchi
muhim omillardan hisoblanadi [3, 4].

Gravitatsion boyitish jarayoni gimmatbaho metallarning zichlik fargidan foydalanishga
asoslangan bo'lib, rudalarni gayta ishlashning dastlabki bosgichida gimmatbaho
komponentlarning bir gismini boyitib boyitmaga o‘tkazish imkonini beradi.

Jarayon samaradorligi, avvalo, gimmatbaho minerallarning ochilish darajasi, zarracha
o‘lchami va ularning mineralogik shakliga bog‘lig. Shu sababli yanchish jarayonini to‘g'ri
tashkil etish va optimal yanchish darajasini tanlash gravitatsion boyitish jarayoni
natijalariga sezilarli ta’sir ko‘rsatadi [2, 3]. Aynigsa, murakkab tarkibli rudalarda
gimmatbaho komponentlarning mayda zarrachalar holida targalishi ularni fagat
gravitatsion boyitish to‘liq ajratib olish imkoniyatini cheklashi mumkin. Bunday holatda
gravitatsion boyitishdan keyingi chigindilarni go‘shimcha qayta ishlash zarurati yuzaga
keladi.

Qimmatbaho metallarning bir gismi gravitatsion boyitish jarayonida ajratib olinmay,
chigindilar tarkibida golishi mumkin. Shu sababli bunday chiqgindilarni gidrometallurgik
usullar yordamida gayta ishlash kumushning umumiy ajratib olinish darajasini
oshirishning muhim yo‘nalishlaridan biridir.

Adabiyotlarda kumush saglovchi rudalarni sianlashdan oldin kislotali yoki ishqoriy
muhitda dastlabki ishlov berish orgali gimmatbaho komponentlarning keyingi eritmaga
o'tishini yaxshilash imkoniyatlari ko‘rsatilgan [5, 6]. Nitrat kislota yordamida go‘rg‘oshin-
rux-kumush boyitmalarini gayta ishlash bo‘yicha tadgigotlarda ham kumushning eritmaga
o'tish jarayoniga dastlabki ishlov berish sharoitlarining ta’siri o‘rganilgan [7, 8]. Kumushni
sianlash jarayonining o‘ziga xos xususiyatlari va uning samaradorligiga ta’sir qiluvchi
omillar ham alohida tadqgigotlarda ko‘rib chigilgan [9].

Kumush tarkibli rudalarni gayta ishlashda gravitatsion boyitish usullari gimmatbaho
minerallarning zichliklaridagi fargdan foydalanish imkonini beradi. Aynigsa, markazdan
gochma kuch maydonida ishlaydigan zamonaviy gravitatsion konsentratorlardan
foydalanish mayda zarrachalar tarkibidagi gimmatbaho komponentlarni ajratib olish
imkoniyatlarini kengaytiradi.

Shu bilan birga, gravitatsion boyitish samaradorligi rudaning yanchish darajasi,
zarrachalarning o‘lchami va gimmatbaho komponentlarning mineral tarkibida tarqgalish
xususiyatlariga bog‘liq.

Mazkur tadgigotda kumush tarkibli rudani intensiv gravitatsion boyitish sharoitida gayta
ishlash imkoniyati o‘rganildi. Tajribalar «Knelson» markazdan qochma konsentratorida
olib borilib, rudaning o‘lchami -0,074 mm sinf bo‘yicha 50, 65 va 80 % gacha yanchish
darajalarining kumushni boyitmaga ajralishi aniglandi.

Laboratoriya sharoitida markazdan gochma maydon tezlanishi 90 g, flyuidizatsion suv
sarfi esa 3 I/min ni tashkil etdi. Turli xil sinfdagi dastlabki rudani gravitatsion boyitish
bo‘yicha olingan natijalar 1-jadvalda keltirilgan.

Laboratoriya sharoitida gravitatsion boyitish natijalari shuni ko‘rsatdiki, rudaning
yanchilish darajasini oshirish kumushning gravitatsion boyitish jarayonidagi ajratib
olinishiga ijobiy ta’sir ko‘rsatadi.
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1-jadval.
Turli xil sinfdagi dastlabki rudani gravitatsion boyitish natijalari
Chigish iadori. % Airatib olish. %
Mahsulot nomi o Ag, Ss, Corg, Ag, Ss, Corg,
» 70 g/t % % % % %
50%. - 0.074 mm sinf
Bovitma 0.88 5.3 6.8 0.26 2.09 5.2 0.7
Chiaindi 99.12 2.2 1.1 0.33 9791 | 94.8 99.3
Jami: 100 2.23 1.15 0.33 100 100 100
65%. - 0.074 mm sinf
Bovitma 0.85 11.1 12.7 0.22 3.97 10.3 0.5
Chiaindi 99.15 2.3 0.95 0.35 96.03 | 89.7 99.5
Jami: 100 2.37 1.05 0.35 100 100 100
80%. - 0.074 mm sinf
Bovitma 1.00 10.9 17.0 0.2 4.77 15.4 0.6
Chiaindi 99.00 2.2 0.94 0.33 9523 | 84.6 99.4
Jami: 100 2.29 1.10 0.33 100 100 100

-0,074 mm sinf migdori 50 % dan 65 % gacha oshirilganda boyitmadagi kumushning
ajratib olinishi 2,09 % dan 3,97 % gacha, 80 % gacha oshirilganda esa 4,77 % gacha
yetgan. Bunday o‘zgarish aralash tarkibli rudalarda kumush tarkibli minerallarning
yanchish jarayonida ochilishi va gravitatsion ajratish uchun qulayroq zarracha
o‘lchamining hosil bo‘lishi bilan bog'lig.

Shu bilan birga, yanchish darajasining oshishi boyitma chiqishiga sezilarli ta’sir
ko‘rsatmagan bo‘lsa-da, boyitmadagi kumush miqgdorining 5,3 g/t dan 10,9 g/t gacha
oshishi kuzatildi. Bu holat yanchish jarayonida gimmatbaho komponentlarning nisbatan
boy fraksiyalarda to‘planishi va gravitatsion boyitish jarayonida ularning ajralish imkoniyati
ortishini ko‘rsatadi. Biroq kumushning umumiy ajratib olinishi hali ham past bo'lib, bu
usulni mustagil texnologik jarayon sifatida qo‘llash imkoniyatlarini cheklaydi. Shu sababli
gravitatsion boyitish mahsulotlari, aynigsa chigindilarini, keyingi qayta ishlash usullari
bilan birgalikda go‘llash magsadga muvofigdir.

2-jadval.
Bosgichma-bosgich gravitatsion boyitish jarayoni natijalari
_ Chigish Migdori, % Ajratib olish, %
Mahsulot nomi % Ag, Ss, Corg, Ag, Ss, Corg,
’ glt % % % % %
boyitma 1 0,92 450 | 6,20 | 0,36 | 2,07 | 5,56 0,95
boyitma 2 0,81 540 | 7,70 | 0,28 | 2,19 | 6,08 | 0,65
boyitma 3 0,81 8,30 | 13,10 | 0,25 | 3,37 | 10,34 | 0,58
boyitma 1+2+3 2,54 6,00 | 888 | 0,30 | 7,63 | 2197 | 219
boyitma 4 0,78 850 | 1150 | 0,26 | 3,32 | 8,74 0,58
Boyitma 1+2+3+4 3,32 6,59 | 949 | 0,29 |10,95|30,71| 2,77
boyitma 5 0,77 6,80 | 890 | 0,26 | 2,62 | 6,68 | 0,58
Boyitma umumiy 4,09 6,63 | 938 | 0,28 | 13,57 37,39 | 3,35
Chigindi 95,91 1,80 | 0,67 | 0,35 | 86,43 | 62,61 | 96,65
Ruda 100,00 | 2,00 | 1,03 | 035 | 20011990 100,00

Laboratoriya sharoitida dastlabki rudani ko‘p bosgqichli gravitatsion boyitish amalga
oshirildi. Birinchi bosqich boyitmasi 2 mm oflchamda yanchilgan dastlabki rudadan
olingan. Olingan gravitatsiya jarayoni chigindilari belgilangan vaqt oraligiida ketma-ket
turli o'lchamlarda yanchilib (50; 65 va 80% 0,074 mm o‘lchamda 3 bosqichli yanchish) 3
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boshgichli boyitish jarayoni amalga oshirildi. Beshinchi bosgich nazorat bosgichi
hisoblanadi. Olingan natijalar 2-jadvalda ko‘rsatilgan.

Bosgichma-bosqgich yanchish va gravitatsion boyitishda kumushning boyitmaga ajratib
olinishi 13,57 % ni tashkil etdi, bunda chigindilardagi oltin migdori 1,8 g/t bo‘ldi. Bu
ko‘rsatkich yanchilgan rudani to‘g‘ridan-to‘g‘ri boyitishdagi natijaga nisbatan 8,4 % ga
yuqori. Birog kumushning ajratib olinish darajasi hanuz pastligicha golmogda. Shuni
hisobga olish kerakki, mazkur natijalar stadiyali boyitish, intensiv gravitatsion boyitish va
yanchishning yakuniy bosgqichida yetarlicha mayda zarracha o‘lchamiga erishilgan
sharoitlarda olingan. Sanoat sharoitlarida esa an’anaviy gravitatsion boyitish
apparatlaridan (konsentratsion stol, cho‘ktirish mashinalari) foydalanilganda kumushning
kutilayotgan ajratib olinish darajasi taxminan 8-10 % ni tashkil etishi mumkin. Bu esa
gravitatsion boyitish jarayoni uchun yetarlicha samarali ko‘rsatkich hisoblanmaydi.
Gravitatsion boyitish jarayoni chiqgindilari tarkibidan kumushni maksimal ajratib olish
maqsadida sorbsion sianlash jarayoni bo'yicha laboratoriya tadqigotlari amalga oshrildi.
Sorbsion sianlash vaqti 18 soatni tashkil gildi, NaCN konsentratsiyasi 250 mg/l, pH 10,5-
11,0 oralig‘ida amalga oshirildi. 3-jadvalda gravitatsion boyitish jarayoni chigindilarini
sorbsion sianlash natijalari keltirilgan.

3-jadval.
Gravitatsion boyitish chigindilarini sorbsion sianlash natijalari

Sianlash jarayoni Pe3synbTaThl ULMaHMPOBaHUSA
_ ko‘rsatgichlari
£ .| Reagent
< Vagt, soat NaCN Ag miqdori, git | <= S| sarfi,
2 konsentratsi = 2| kg/t (100%)
2 [g[sg=ime |2 qds3 87 -
8 |5 a 8| 293 8w O | 9
= 97 2 g T - _ 3| 8SgE€ET| IR I 8
8 |35 85 89 S|°F786] = =
Gravitatsiya | 6,0 | 12,0 | 250 2:30’ 108(18|15(1,20(334/081| 14
chigindilari 540
(knelson). - |1 18,0 | 250 O’ 10,7 (1,8 | - 1,14 | 36,6 | 0,89 | 1,4

Olingan natijalardan ko‘rinib turibdiki, gravitatsion boyitish jarayoni chigindilarini sorbsion
sianlash orqgali metallning maksimal ajratib olinish darajasi 36,6 % ni tashkil etdi. Bunda
sorbsion sianlash chigindilaridagi metall migdori 1,14 g/t ni tashkil qildi. Gravitatsion
boyitish jarayoni chigindilaridan kumushni umumiy ajratib olish darajasi 31,6 % ni tashkil
etdi. Gravitatsiya-sorbsion sxema bo‘yicha, gravitatsion boyitmadan ajratib olishni
hisobga olmagan holda, umumiy ajratib olish darajasi 45,17 % ni tashkil etdi.

Sianlash vaqgtining uzaytirilishi kumushning eritmaga o'tishi va keyinchalik sorbent
tomonidan yutilishi uchun go‘shimcha vaqt yaratadi. Biroq olingan natijalar kumushning
to'lig ajratib olinishiga erishilmaganligini ko‘rsatadi. Bu holat kumushning rudada turli
mineral shakllarda uchrashi, ayrim zarrachalarning ochilmaganligi yoki sianlash
reagentlari bilan o‘zaro ta’sirlashishining qgiyinligi bilan izohlanishi mumkin.

Shu nuqtai nazardan, gravitatsion boyitish chigindilarini dastlab flotatsion boyitish,
so‘ngra sorbsion sianlash orqali gayta ishlash istigbolli yo‘nalishlardan biri hisoblanadi.
Flotatsiya orgali kumush tarkibli minerallarni konsentratsiyalash va keyingi sianlash
jarayoniga yuborish gimmatbaho komponentlarning eritmaga o‘tishini yaxshilashi
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mumkin. Mazkur yondashuv gravitatsion, flotatsion va gidrometallurgik jarayonlarning
afzalliklarini birlashtirgan kompleks texnologik sxemani shakllantirish imkonini beradi.

Xulosa

O‘tkazilgan laboratoriya tadqgigotlari natijasida kumush tarkibli rudani gravitatsion boyitish
hamda gravitatsion boyitish chigindilarini keyingi gayta ishlash samaradorligi baholandi.
1. «Knelson» markazdan qochma konsentratorida rudani turli maydalash darajalarida
gravitatsion boyitish natijasida -0,074 mm sinf migdorini 50 % dan 80 % gacha oshirish
kumushning boyitmaga ajratib olinishini 2,09 % dan 4,77 % gacha oshirish imkonini berdi.
Bu yanchish darajasining kumushni gravitatsion usulda ajratib olishga ijobiy ta’sir
ko‘rsatishini ko‘rsatadi.

2. Bosgichma-bosgich yanchish va gravitatsion boyitish natijasida umumiy boyitmaning
chiqishi 4,09 %, undagi kumush miqdori 6,63 g/t, kumushning boyitmaga ajratib olinishi
esa 13,57 % ni tashkil etdi. Gravitatsion boyitish chigindilarida kumush miqgdori 1,80 g/t
bolib, kumushning 86,43 % qismi chigindilarda golgan.

3. Olingan natijalar kumushning fagat gravitatsion usulda ajratib olinish darajasi nisbatan
past ekanligini ko‘rsatdi. Shu sababli gravitatsion boyitish chigindilarini go‘shimcha qayta
ishlash kumushning umumiy ajratib olinishini oshirishning muhim yo‘nalishi hisoblanadi.
4. Umuman olganda, tadgiqot natijalari aralash tarkibli rudalarni qayta ishlashda faqat
gravitatsion boyitish bilan cheklanib golmasdan, gravitatsion boyitish chigindilarini keyingi
flotatsion gayta ishlash bilan birlashtirish kumushni go‘shimcha ravishda ajratib olish
imkonini berishini ko‘rsatdi. Olingan natijalar kumushni kompleks ravishda ajratib olishga
yo‘naltiriigan kombinatsiyalangan texnologik sxemani ishlab chigish uchun asos bo'lib
Xizmat qilishi mumkin.

Foydalanilgan adabiyotlar ro‘yxati

[1] Teopuss n npakTMka OCBOEHMS MepepaTkn 3051I0TOCOAEPXaLLMX YMOPHbIX pya
Kbi3binkymos / K.C.CaHnakynos., Y.A. Oprawes.// TawkeHT 2014r.

[2] Hoaup metannap metannypruscu / H.A.JoHnsipos, H.B.Xyxakynos, 5.P.Boxngos,
O.A.Asumos, A.P.Apunos // TowkeHT-2021.

[3] A.A.Canpaxmepnos, C.K.Apnaka6os, H.P.Hacupoga, N.N.Maxnposa,
LW.H.Typo6os, T.T.CupoxoB. Ponb matepuana KpUTUYECKOW KPYNHOCTU Npu camo—u
nonycamonamenosyeHmn. 6BK 1 M27. 2018/6/15. pp.67.

[4] H.Xyxakynos, H.Hacuposa. WccneposaHue MeToooB  nepepaboTku
3onoTocoAepXalumnx TexHoreHHblx otxogoB. E3S Web of Conferences 627, 03008.
https://doi.org/10.1051/e3sconf/2025627030

[5] Acidic pretreatment of a copper silver ore and its beneficial effect on cyanide
leaching. (2020). Minerals Engineering, 149, 106233.
https://doi.org/10.1016/j.mineng.2020.106233

[6] Awe, S. A, et al. (2011). Implementation of sodium hydroxide pretreatment for
refractory antimonial gold and silver ores. Hydrometallurgy, 108(1-2), 109-114.

[7] Nitric acid pretreatment applied to a refractory gold tellurides ore. (2023). Mining,
Metallurgy & Exploration, 40, 2051-2058.

[8] Pressure leaching of a lead zinc silver concentrate with nitric acid at moderate
temperatures. (2010). Hydrometallurgy, 104(12), 8-13.
https://doi.org/10.1016/j.hydromet.2010.04.001

[9] Advances in the cyanidation of silver. (2011). Mining, Metallurgy & Exploration,
28, 37-42.

© Journal of Advances in Engineering Technology Vol.3(23), July — September, 2026

DOI 10.67889/2181-1431-2026-3-37-41


https://актуальность.рф/PNT-2_originalmaket_N.pdf#page=67
https://актуальность.рф/PNT-2_originalmaket_N.pdf#page=67
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=zyQgcjgAAAAJ&citation_for_view=zyQgcjgAAAAJ:WF5omc3nYNoC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=zyQgcjgAAAAJ&citation_for_view=zyQgcjgAAAAJ:WF5omc3nYNoC
https://doi.org/10.1051/e3sconf/2025627030
https://doi.org/10.1016/j.mineng.2020.106233
https://doi.org/10.1016/j.hydromet.2010.04.001

