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05.01.00 –	Axborot texnologiyalari, boshqaruv va kompyuter 
grafikasi

05.01.01 –	Muhandislik geometriyasi va kompyuter grafikasi. 
Audio va video texnologiyalari

05.01.02 –	Tizimli tahlil, boshqaruv va axborotni qayta ishlash
05.01.03 –	Informatikaning nazariy asoslari
05.01.04 – Hisoblash mashinalari, majmualari va kompyuter 

tarmoqlarining matematik va dasturiy ta’minoti
05.01.05 – Axborotlarni himoyalash usullari va tizimlari. Axborot 

xavfsizligi
05.01.06 – Hisoblash texnikasi va boshqaruv tizimlarining ele-

mentlari va qurilmalari
05.01.07 – Matematik modellashtirish
05.01.11 – Raqamli texnologiyalar va sun’iy intellekt
05.02.00 – Mashinasozlik va mashinashunoslik
05.02.08 – Yer usti majmualari va uchish apparatlari
05.03.02 – Metrologiya va metrologiya ta’minoti
05.04.01 – Telekommunikasiya va kompyuter tizimlari, telekom-

munikasiya tarmoqlari va qurilmalari. Axborotlarni 
taqsimlash

05.05.03 – Yorugʻlik texnikasi. Maxsus yoritish texnologiyasi
05.05.05 – Issiqlik texnikasining nazariy asoslari
05.05.06 – Qayta tiklanadigan energiya turlari asosidagi energiya 

qurilmalari
05.06.01 – Toʻqimachilik va yengil sanoat ishlab chiqarishlari 

materialshunosligi

05.08.03 – Temir yoʻl transportini ishlatish
05.09.01 – Qurilish konstruksiyalari, bino va inshootlar
05.09.04 – Suv ta’minoti. Kanalizatsiya. Suv havzalarini muho-

fazalovchi qurilish tizimlari
10.00.06 – Qiyosiy adabiyotshunoslik, chog‘ishtirma tilshunoslik 

va tarjimashunoslik
10.00.04 – Yevropa, Amerika va Avstraliya xalqlari tili va adabiyoti
08.00.01 – Iqtisodiyot nazariyasi
08.00.02 – Makroiqtisodiyot
08.00.03 – Sanoat iqtisodiyoti
08.00.04 – Qishloq xo‘jaligi iqtisodiyoti
08.00.05 – Xizmat ko‘rsatish tarmoqlari iqtisodiyoti
08.00.06 – Ekonometrika va statistika
08.00.07 – Moliya, pul muomalasi va kredit
08.00.08 – Buxgalteriya hisobi, iqtisodiy tahlil va audit
08.00.09 – Jahon iqtisodiyoti
08.00.10 – Demografiya. Mehnat iqtisodiyoti
08.00.11 – Marketing
08.00.12 – Mintaqaviy iqtisodiyot
08.00.13 – Menejment
08.00.14 – Iqtisodiyotda axborot tizimlari va texnologiyalari
08.00.15 – Tadbirkorlik va kichik biznes iqtisodiyoti
08.00.16 – Raqamli iqtisodiyot va xalqaro raqamli integratsiya
08.00.17 – Turizm va mehmonxona faoliyati

Maʼlumot uchun, ОАК 
Rayosatining 2024-yil 28-avgustdagi 360/5-son qarori 

bilan “Dissertatsiyalar asosiy ilmiy natijalarini chop 
etishga tavsiya etilgan milliy ilmiy nashrlar ro‘yxati”ga 
texnika va iqtisodiyot fanlari bo‘yicha “Muhandislik va 

iqtisodiyot” jurnali ro‘yxatga kiritilgan.

M u a s s i s: “Tadbirkor va ishbilarmon” MChJ
H a m k o r l a r i m i z: 
1.	 Toshkent shahridagi G.V.Plexanov nomidagi Rossiya iqtisodiyot universiteti 
2.	 Toshkent davlat iqtisodiyot universiteti
3.	 Toshkent irrigatsiya va qishloq xo‘jaligini mexanizatsiyalash muhandislari instituti” milliy tadqiqot universiteti 
4.	 Islom Karimov nomidagi Toshkent davlat texnika universiteti
5.	 Muhammad al-Xorazmiy nomidagi Toshkent axborot texnologiyalari universiteti 
6.	 Toshkent davlat transport universiteti 
7.	 Toshkent arxitektura-qurilish universiteti
8.	 Toshkent kimyo-texnologiya universiteti
9.	 Jizzax politexnika instituti



M u h a n d i s l i k  va  i q t i s o d i y o t 2025-yil, avgust.  № 8-son

4

m
u

n
d

a
r

ij
a

 
 с

о
д

е
р

ж
а

н
и

е
 

 c
o

n
t

e
n

t
s

Visualdsp++ platformasida raqamli signal protsessorlarini dasturlash texnologiyasi.................................... 12
Ibragimov Sanjarbek Salijanovich

Tadbirkorlik tushunchasi: falsafiy-iqtisodiy va ijtimoiy-psixologik tahlil.......................................................... 19
Rajabov Sirojiddin Mansurovich

Xorijiy davlatlar sogʻliqni saqlash tizimida investitsiya loyihalarini davlat-xususiy sheriklik asosida moliyalashtirish 
mexanizmi..................................................................................................................................................... 26

Karabayev Sanjar Abdusamatovich

Feasibility study and site optimization for small hydropower plants along the syr darya river in 
Uzbekistan..................................................................................................................................................... 33

Karimov Mustafo Aminbayevich, Berdiyev Usmon Tolib o‘g‘li

Agrar sohada risklarning o‘zaro ta’sirchan tarzda namoyon bo‘lish xususiyatlari.......................................... 42
Baymirzaev Dilmurod Nematovich

Parrandachilik mahsulotlari omilli tahlil qilishda  indeks usulidan foydalanish.............................................. 47
Bobomuratov Imomkul Islamovich

O‘zbekiston telekommunikatsiya sohasida raqamlashtirish jarayonlarini samarali boshqarish: “O‘zbektelekom” 
ak misolida.................................................................................................................................................... 56

Islamov Javlon Rasulovich

Tijorat banklari amaliyotida jinoiy daromadlarni legallashtirishga qarshi kurashish yo‘nalishlari................... 59
Rustamov Sunnatillo Rustamovich

Tadbirkorlikning mamlakat yaimdagi ulushi va uning o‘zgarish tamoyillari ................................................... 66
Ibragimova Gulchexra Toxirovna

Norasmiy bandlikning yashirin iqtisodiyot shakllanishi va dinamikasiga ta’sirining nazariy va amaliy
 jihatlari.......................................................................................................................................................... 72

Xasanov Jaxongir Jamshidovich, Sharifxo’jayev Shavkat Oqilovich

O‘zbekiston Respublikasi tijorat banklari tomonidan kichik biznes subyektlariga ajratilgan kreditlarning amaliy 
holati va dinamikasi....................................................................................................................................... 80

Irgasheva Nigora Akbarovna

Туристская мобильность стран персидского залива как устойчивый и перспективный источник въездного 
туризма в Узбекистан ................................................................................................................................. 87

Голышева Елена Вячеславовна;  Додиев Феруз

O‘zbekistonda sug‘urta bozori holati va o‘sish sur’ati ................................................................................... 96
Bazarov Zakir Xonqulovich 

Davlat xaridlarida narxning eng yuqori chegarasi: huquqiy mexanizm va amaliy ahamiyati ........................ 101
Mamasoliyev Abrorbek Abdug‘ani o‘g‘li

O‘zbekiston respublikasida norasmiy sektor va aholini norasmiy mehnat bilan bandligining legallashtirishini 
boshqarishni istiqbolli ko‘rsatkichlari............................................................................................................. 105

Qoraboev Nuriddin Pardaboy o‘g‘li

Разработка инновационных инструментов и механизмов стратегического управления 
проектами..................................................................................................................................................... 110

Мансурова Севара Мансуровна

Sug‘urta kompaniyalarida moliyaviy barqarorlikni ta’minlashning metodologik asoslari: nazariy va amaliy 
jihatlar ........................................................................................................................................................... 114

Haqberdiyev Bekzod O‘ktamovich

Учёт и аудит обязательств на предприятиях: анализ зарубежного опыта и практики .......................... 120
Халыкназарова Гулназ Жалгасбай кызы 

Theoretical Basis for Ensuring a Cotton Layer on a Conveyor Belt ............................................................. 126
G’.R.Rakhmatov 



M u h a n d i s l i k  va  i q t i s o d i y o t

5

m
u

n
d

a
r

ij
a

 
 с

о
д

е
р

ж
а

н
и

е
 

 c
o

n
t

e
n

t
s

2025-yil, avgust.  № 8-son

Korxonalarning moliyaviy barqarorligini  boshqarish .................................................................................... 132
Foziljonov Ibrohimjon Sotvoldixoʻja oʻgʻli 

Targetlangan iqtisodiy siyosat orqali kambag‘allikka qarshi kurash.............................................................. 138
Baratov J.N.

Jismoniy shaxslarning daromadlariga deklaratsiya asosida soliq solish mexanzmini takomillashtirish ....... 144
Ibragimov Zafar Ismailovich

Bekobod sement zavodida ishlab chiqarish jarayonlarida og‘ir mehnat omillarini avtomatlashtirish orqali xavfni 
kamaytirish  .................................................................................................................................................. 152

Ishchanov Atabay Reyimberdiyevich

Tadbirkorlikning mamlakat yaimdagi ulushi va uning o’zgarish tamoyillari   ................................................. 159
Ibragimova Gulchexra Toxirovna 

Практические подходы к выявлению и оценке налоговых рисков на основе сегментации деятельности 
налогоплательщиков .................................................................................................................................. 164

Голубова Ольга Сергеевна, Элбаева Мукаддас Рашидовна 

Tijorat banklari faoliyatini transformatsiyalashuv jaroyonlarini takomillashtirish............................................ 170
Kulboyeva Nargiz Majitovna 

O‘zbekistonda innovatsion faoliyatga ta’sir qiluvchi tashqi va ichki omillar.................................................... 176
Anasxon Yunusov A’zamjon o‘g‘li 

Применение метода анализа иерархий для выбора оптимальной экспортной стратегии: на примере 
Узбекских предприятий, экспортирующих товары в россию.................................................................... 180

Муниса Мирзалиевна Турдибаева 

Processing of Sulfide Copper Ores With Copper and Silver Recovery......................................................... 185
Mamaisakova Zebo Bahodir qizi 



M u h a n d i s l i k  va  i q t i s o d i y o t2025-yil, avgust.  № 8-son

185

Processing of Sulfide Copper Ores With 
Copper and Silver Recovery

Mamaisakova Zebo Bahodir qizi 
PhD student at Almalyk branch of NUST “MISiS”

mamaisakovazebo@gmail.com 

Abstract:  The processing of sulfide copper ores presents significant challenges due to the complex mineralogical com-
position and the need for efficient extraction of both copper and silver. This research analyzes existing methodologies 
for processing sulfide copper ores, focusing on flotation, pyrometallurgical, and hydrometallurgical approaches. Through 
comprehensive literature analysis, this study examines the effectiveness of various processing techniques and their 
applicability to different ore types. The research identifies that combination processing methods, particularly flotation fol-
lowed by pyrometallurgical treatment, demonstrate the highest recovery rates for both copper and silver. Environmental 
considerations and economic factors significantly influence the selection of processing methods. The findings indicate 
that modern integrated approaches can achieve copper recovery rates of 85-95% and silver recovery rates of 70-85%, 
depending on ore characteristics and processing parameters.

Keywords:  sulfide copper ores, copper recovery, silver extraction, flotation, pyrometallurgy, hydrometallurgy, ore pro-
cessing
Annotatsiya: Sulfid mis rudalarini qayta ishlash murakkab mineralogik tarkib va mis ham, kumush ham samarali ajratib 
olish zaruriyati tufayli jiddiy muammolarni keltirib chiqaradi. Ushbu tadqiqot sulfid mis rudalarini qayta ishlashning mavjud 
metodologiyalarini tahlil qiladi, flotatsiya, pirometallurgik va gidrometallurgik yondashuvlarga e’tibor qaratadi. Keng qam-
rovli adabiyotlar tahlili orqali ushbu tadqiqot turli qayta ishlash texnologiyalarining samaradorligini va ularning turli ruda 
turlariga qo’llanilishini o’rganadi. Tadqiqot kombinatsiyalangan qayta ishlash usullari, ayniqsa flotatsiyadan keyin piromet-
allurgik ishlov berish, mis ham, kumush ham uchun eng yuqori qaytarib olish ko’rsatkichlarini namoyish etishini aniqlaydi. 
Ekologik mulohazalar va iqtisodiy omillar qayta ishlash usullarini tanlashga sezilarli ta’sir ko’rsatadi. Natijalar zamonaviy 
integratsiyalangan yondashuvlar ruda xususiyatlari va qayta ishlash parametrlariga qarab, mis uchun 85-95% va kumush 
uchun 70-85% qaytarib olish ko’rsatkichlariga erishishi mumkinligini ko’rsatadi.

Kalit so‘zlar: sulfid mis rudalari, mis ajratib olish, kumush ajratib olish, flotatsiya, pirometallurgiya, gidrometallurgiya, 
rudalarni qayta ishlash
Аннотация: Переработка сульфидных медных руд представляет значительные проблемы из-за сложного мине-
ралогического состава и необходимости эффективного извлечения как меди, так и серебра. Данное исследо-
вание анализирует существующие методологии переработки сульфидных медных руд, сосредотачиваясь на 
флотационных, пирометаллургических и гидрометаллургических подходах. Посредством всестороннего анализа 
литературы данное исследование изучает эффективность различных технологий переработки и их примени-
мость к различным типам руд. Исследование определяет, что комбинированные методы переработки, особенно 
флотация с последующей пирометаллургической обработкой, демонстрируют наивысшие показатели извлечения 
как меди, так и серебра. Экологические соображения и экономические факторы значительно влияют на выбор 
методов переработки. Результаты указывают на то, что современные интегрированные подходы могут достичь 
показателей извлечения меди 85-95% и серебра 70-85%, в зависимости от характеристик руды и параметров 
переработки.

Ключевые слова: сульфидные медные руды, извлечение меди, извлечение серебра, флотация, пирометаллур-
гия, гидрометаллургия, переработка руд

INTRODUCTION          
Sulfide copper ores constitute approximately 80% of the world’s copper resources, making their efficient 

processing crucial for global copper supply [1]. These ores typically contain various sulfide minerals including 
chalcopyrite (CuFeS2), bornite (Cu5FeS4), chalcocite (Cu2S), and covellite (CuS), often accompanied by pre-
cious metals such as silver, gold, and platinum group elements [2]. The presence of silver in sulfide copper 
ores presents both opportunities and challenges, as silver recovery can significantly enhance the economic 
viability of mining operations while requiring specialized processing techniques.

The complexity of sulfide copper ore processing stems from several factors including the variability in 
mineralogical composition, the fine-grained nature of valuable minerals, and the presence of gangue minerals 
that interfere with separation processes [3]. Traditional processing methods have evolved significantly over the 
past century, with modern approaches focusing on maximizing metal recovery while minimizing environmental 
impact and processing costs. The selection of appropriate processing methods depends on various factors 
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including ore grade, mineralogy, particle size distribution, and economic considerations.
Current industry trends emphasize the development of integrated processing approaches that combine 

multiple techniques to achieve optimal recovery of both copper and silver. These approaches typically involve 
primary concentration through flotation, followed by pyrometallurgical or hydrometallurgical treatment for final 
metal extraction [4]. The increasing demand for copper and silver, coupled with declining ore grades, has 
intensified research efforts to develop more efficient and environmentally sustainable processing technologies. 
Research conducted at Central Asian mining enterprises has demonstrated the particular importance of devel-
oping region-specific processing approaches that account for local ore characteristics and economic conditions 
[5].

 LITERATURE           ANALYSIS        ON   THE    TO  P IC  
Flotation remains the predominant method for primary concentration of sulfide copper ores, with vari-

ous collectors, frothers, and modifiers used to achieve selective separation of valuable minerals from gangue 
[6]. The literature indicates that xanthate collectors are most commonly employed for copper sulfide flotation, 
with collector consumption typically ranging from 20-100 g/t depending on ore characteristics. Research con-
ducted at Uzbek mining operations has shown that local ore conditions often require modified flotation reagent 
schemes to achieve optimal performance [7]. Frother selection significantly impacts flotation performance, with 
alcohols and glycol ethers being preferred for their selectivity and environmental compatibility.

Pyrometallurgical processing involves high-temperature treatment of concentrated sulfide materials, typi-
cally through smelting in flash furnaces, reverberatory furnaces, or more recently, top-submerged lance (TSL) 
furnaces [8]. The literature reveals that modern smelting operations achieve copper recovery rates exceeding 
95%, with silver recovery rates varying between 85-98% depending on the specific process configuration and 
feed characteristics. Russian research has contributed significantly to the development of advanced smelt-
ing technologies, particularly in the areas of oxygen enrichment and waste heat recovery systems that have 
improved energy efficiency and reduced environmental emissions.

Hydrometallurgical approaches, including heap leaching, vat leaching, and pressure leaching, offer alter-
natives to traditional pyrometallurgical processing, particularly for low-grade ores or environmentally sensitive 
locations [9]. Recent developments in bioleaching and chloride leaching systems have expanded the applica-
bility of hydrometallurgical methods to sulfide copper ores, though these approaches typically require longer 
processing times and may have limitations in silver recovery efficiency. Studies from Central Asian research 
institutions have explored the application of these methods to regional ore deposits with varying degrees of 
success [10].

RESEARCH         M ETHODOLOGY          
This research employs a comprehensive literature review methodology to analyze existing process-

ing techniques for sulfide copper ores with particular focus on copper and silver recovery. The methodology 
framework categorizes processing techniques into three primary approaches: physical beneficiation methods 
(primarily flotation), pyrometallurgical processes (smelting and converting), and hydrometallurgical methods 
(leaching and solvent extraction). Each category is analyzed in terms of technical effectiveness, economic 
viability, and environmental impact. The analysis also considers hybrid approaches that combine multiple pro-
cessing techniques to optimize overall metal recovery.

RESULTS       AND    DISCUSSION        
The analysis of processing methodologies reveals distinct advantages and limitations for each approach, 

with selection criteria dependent on ore characteristics, economic factors, and environmental considerations. 
Table 1 presents a comparative analysis of major processing methods, including typical recovery rates, capital 
requirements, and operational parameters.

Table 1: Comparative Analysis of Sulfide Copper Ore Processing Methods
Processing 

Method
Copper Recovery 

(%)
Silver Recovery 

(%) Capital Cost Operating Cost Processing Time

Flotation + 
Smelting 92-96 88-95 High Medium 2-4 days

Flotation + 
Leaching 85-92 70-85 Medium Low 15-45 days
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Direct Smelting 90-94 85-92 Very High High 1-2 days
Heap Leaching 70-85 60-75 Low Very Low 180-365 days
Pressure Leaching 88-94 75-88 High High 3-8 hours

The data demonstrates that flotation followed by smelting achieves the highest recovery rates for both 
copper and silver, though at the cost of higher capital and environmental compliance requirements. This combi-
nation remains the industry standard for most large-scale operations processing medium to high-grade sulfide 
copper ores. The effectiveness of flotation is particularly dependent on ore mineralogy, with chalcopyrite ores 
generally showing superior flotation characteristics compared to more complex sulfide assemblages. Experi-
ence from Uzbek mining operations has shown that local ore characteristics may require significant modifica-
tions to standard flotation flowsheets to achieve optimal performance.

Environmental factors increasingly influence processing method selection, with stricter regulations on 
sulfur dioxide emissions favoring processes that incorporate acid production or sulfur recovery systems. 
Modern smelters typically include sulfuric acid plants to capture sulfur dioxide emissions, creating additional 
revenue streams while meeting environmental compliance requirements. The integration of these systems 
adds complexity but significantly improves the overall economics of sulfide ore processing operations.

Economic analysis reveals that silver recovery can contribute 15-25% of total revenue in typical sulfide 
copper operations, making optimization of silver recovery processes economically significant. Table 2 provides 
an economic comparison of different processing scenarios based on current metal prices and typical operating 
parameters.

Table 2: Economic Analysis of Processing Methods (USD per tonne of ore)
Processing Route Copper Revenue Silver Revenue Total Revenue Processing Cost Net Margin

Flotation + Smelting 185.50 42.30 227.80 95.20 132.60
Flotation + Leaching 168.75 35.70 204.45 78.40 126.05
Direct Smelting 178.20 38.85 217.05 125.60 91.45
Heap Leaching 138.25 28.50 166.75 42.30 124.45

The economic analysis indicates that flotation combined with smelting provides the highest net margin, 
though heap leaching remains attractive for low-grade ores where alternative processing methods may not be 
economically viable. The contribution of silver recovery to overall profitability highlights the importance of opti-
mizing processing parameters for both metals rather than focusing solely on copper recovery.

Recent technological developments have focused on improving the efficiency of existing processes rather 
than developing entirely new approaches. Advanced process control systems, improved flotation cell designs, 
and enhanced smelting technologies have incrementally improved recovery rates and reduced operating costs. 
The implementation of real-time ore characterization systems allows for dynamic optimization of processing 
parameters, particularly in flotation circuits where feed composition variations significantly impact performance.

CONCLUSION           AND    SUGGESTIONS           
The processing of sulfide copper ores with efficient copper and silver recovery requires careful consider-

ation of ore characteristics, economic factors, and environmental constraints. The literature analysis demon-
strates that flotation combined with pyrometallurgical processing remains the most effective approach for 
achieving high recovery rates of both metals, typically exceeding 92% for copper and 88% for silver. However, 
the selection of optimal processing methods must consider site-specific factors including ore grade, mineral-
ogy, environmental regulations, and economic conditions.

Hydrometallurgical alternatives offer advantages in terms of environmental impact and capital require-
ments but generally achieve lower recovery rates and require longer processing times. The economic analysis 
confirms that silver recovery contributes significantly to overall project economics, justifying the additional com-
plexity and cost associated with optimized silver recovery circuits.

Future developments in sulfide copper ore processing will likely focus on incremental improvements to 
existing technologies rather than revolutionary new approaches. Areas of particular interest include enhanced 
flotation reagents, improved pyrometallurgical efficiency, and integrated processing systems that optimize the 
recovery of all valuable components including copper, silver, and other associated metals. Environmental sus-
tainability will continue to drive technological development, with emphasis on reducing energy consumption, 
minimizing emissions, and improving waste management practices.
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