m TASHKENT STATE International
-] UNIVERSITY OF ECONOMICS Journal of tOpICS

INNOVATION SCIENCE
AND TECHNOLOGY

}L Scopus || Electronic journal specializing in Scopus m

E@ Acceptance of papers December, 2025

o

Acceptance of
papers
Published monthly

Sl
\6/

Topics

economics,
technology, social
sciences

@ Visit the website
t.me/scopus_IST2100




EDITOR-IN-CHIEF:
Mirzaliyev Sanjar Makhamatjon ugli

DEPUTY EDITOR-IN-CHIEF:
Makhmudov Nosir Makhmudovich
DSc., Prof., Academican

DEPUTY EDITOR-IN-CHIEF:
Ochilov Bobur Bakhtiyor ugli — Senior
lecturer at TSUI

THE SCIENTIFIC-POPULAR ELECTRONIC
JOURNAL "INNOVATION SCIENCE AND
TECHNOLOGY" HAS BEEN REGISTERED
UNDER THE NUMBER C-5669633 BY THE
AGENCY FOR INFORMATION AND MASS
COMMUNICATIONS (AOKA) OF THE
REPUBLIC OF UZBEKISTAN, EFFECTIVE
FROM OCTOBER 9, 2024.

CONTACTS
Phone: +998 50 737 87 88
Website: https://ist-journal.uz

Email: innovationist2025@gmail.com

The scientific electronic journal “Innovation
Science and Technology” has been
included in the list of scientific publications
recommended for the publication of

main scientific results of dissertations

for the award of PhD and DSc degrees

in economics and technical sciences, in
accordance with the Resolution No. 370
of the Presidium of the Higher Attestation
Commission of the Republic of Uzbekistan,
dated May 8, 2025.

Electronic publication, Issue 12. 474 pages.
Approved for publication on December, 2025.

Editorial board:

Sharipov Kongiratbay Avezimbetovich,
Doctor of Technical Sciences (DSc), Professor

Abdurakhmanova Gulnora Kalandarovna, Doctor of
Economic Sciences (DSc), Professor

Cham Tat Hueil,
Doctor of Philosophy (PhD), Professor (Malaysia)

Muhammad Imran Sadiq
Doctor of Philosophy in Economics (PhD), Professor,
Malaysia

Ahmed Aziz Ismail
Doctor of Technical Sciences (DSc),
Professor (Egypt)

Lee Chin
Doctor of Philosophy in Economics (PhD), (Malaysia)

Asongu Simplice
Doctor of Philosophy in Economics (PhD), Cameroon

Rui Dang
Doctor of Chemistry (DSc), Professor, China

Zahoor Ahmed
Doctor of Philosophy in Economics (PhD), Turkey

Shujaat Abbas
Doctor of Philosophy in Economics (PhD), Russia

Tina A Coffelt
Doctor of Philosophy in Educational Sciences (PhD),
USA

Abdikarimova Dinara Rustamxanovna
Doctor of Economic Sciences (DSc), Professor

Kurbonbekova Mohichehra Turobjonovna
Doctor of Economic Sciences (DSc), Professor

Alimardonov llkhom Muzrabshokovich
Doctor of Economic Sciences (DSc), Professor




12/2025 SOCIAL, ECONOMIC, SCIENTIFIC, AND TECHNICAL ACADEMIC JOURNAL

CONTENTS

THE THEORETICAL FOUNDATIONS OF APPLYING TAX INCENTIVES FOR INVESTMENTS

DIRECTED TOWARD HUMAN CAPITAL ..ttt sssssss s ssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns 14
Quliyev Begimqul Melikovich
ECONOMETRIC MODELS OF CASHLESS SETTLEMENTS AMONG ECONOMIC ENTITIES.......ooonrnienenns 21

Ruzimuradov Shukhrat Khusanovich

PROSPECTS FOR THE DEVELOPMENT OF TOURISM BRAND MARKETING IN MODERN

CONDITIONS (UAE: DUBAI ON THE EXAMPLE OF A CITY ) uuvuesireeetneernsesissssisssssssssssssssssssssssssssssasssssssssssassssansssans 26
Ibodova Dilsora Ibodovna

CREDIT DEFAULT SWAPS AS A WAY TO HEDGE AGAINST FORTHCOMING FUTURE

UNCERTAINTIES IN THE DEBT MARKET OF UZBEKISTAN ....ocoiviitrreressenssnssnesnessessessesssssssessessessesssssssssssssssssssessenss 31
Abduganiev Abdulaziz Alisher o‘g‘li

SHOULD THE REGULATION OF THE E-COMMERCE MARKET IN THE REPUBLIC

OF UZBEKISTAN BE CARRIED OUT BY THE NATIONAL AGENCY FOR PERSPECTIVE PROJECTS

OR THE CENTRAL BANKY ..o reeseteesresesseessesssssesssesssssesssess s sesssess s ssse s sses s s s s s e ssssssssssssssssnsas 39
Sadikov Aziz Mirsharapovich

MECHANISM FOR IMPLEMENTING ARTIFICIAL INTELLIGENCE TECHNOLOGIES IN THE

OPERATIONS OF COMMERCIAL BANKS IN UZBEKISTAN ...t ssssesssssssssesssssesssesssssssssssssens 46
Bakhriddin Berdiyarov

INNOVATIVE APPROACHES OF SMALL BUSINESSES IN THE INDUSTRY AND CONSTRUCTION

SECTORS AND THEIR IMPACT ON EMPLOYMENT ... sssssssssssssssssssas 53
Ergasheva Nigora Abdigapparovna

AI-BASED NORMALIZATION METHODOLOGY FOR COLLECTING AND PROCESSING KPI

INDICATORS ottt sis s ses s es bbb RS R R S R b 56
Shuhratov Mamurjon Shuhrat o‘g‘li

REFORMS AND PROSPECTS FOR THE DEVELOPMENT OF THE PARTICIPATORY BUDGETING

INITIATIVE IN UZBEKISTAN ...ttt ittt ssessessssssss st ssssssssssssssssssssssssssssssssssssssssssssssessesssssnssssssssnsessssssneas 63
Khamidov Khabibullo Hikmatulla ugli

PROBLEMS OF THE INWARD PROCESSING CUSTOMS REGIME AND WAYS TO ELIMINATE THEM........... 70
Abdullaev Shakhzodbek

FINANCIAL ANALYSIS OF SMALL BUSINESS AND PRIVATE ENTREPRENEURSHIP

IN CONSTRUCGTION ..oeeiiseenseuseeseessesseeseessessessesssessessssssessesssssses s sssses s sssses s sesssssesssssssssessssssessesssssesssessssssessesssssssssesssssssssessesaseas 74
Musayeva Shoira Azimovna

MEASURES TO ENHANCE THE ROLE AND EFFECTIVENESS OF SMALL BUSINESS IN REGIONAL

ECONOMIC DEVELOPMENT ..ottt ssssssssesssssssssessssssssses s sssss s sssss s s s s ssssssnns 80
Ergashev Jamshid Jamoliddinovich

THEORETICAL AND METHODOLOGICAL FOUNDATIONS FOR IMPLEMENTING INNOVATIVE

TECHNOLOGIES IN EDUCATION ..ottt ssssss s ssssssssss st sessssssss s sssssss s ssssss st sesssssssssesssssssssens 84
Alijonova Marjonabonu Jaxongir qizi

INDIA’'S EXPERIENCE IN ENHANCING PUBLIC WELFARE THROUGH THE DEVELOPMENT

OF ENTREPRENEURIAL ACTIVITY wotertstsseseesseseessesssessssesssssssssesssssssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnsas 88
Aripov Oybek Abdullayevich

GREEN STRUCTURAL TRANSFORMATION IN UZBEKISTAN: GREEN FINANCE AND ECO-INNOVATION

FOR SUSTAINABLE INDUSTRIAL AND AGRICULTURAL DEVELOPMENT ... sesseessessesseeseens 93
Egamberdiev Khumoyun

AGRICULTURAL MANAGEMENT BASED ON INNOVATIVE TECHNOLOGIES AT THE

INTERNATIONAL LEVEL: THE EXAMPLE OF UZBEKISTAN ...t sssseessesseseesses e sssssessssssssessssans 101
Bustonov Komiljon Kumakovich

ANALYSIS OF THE FINANCIAL CONDITION OF ENTERPRISES: ASSESSMENT OF EQUITY

0 T T (00 020 A\ O 4P 110

Umurkul Shukhratovich Fayziev

https://ist-journal.uz t.me/scupus_IST2100 @




SOCIAL, ECONOMIC, SCIENTIFIC, AND TECHNICAL ACADEMIC JOURNAL 12/2025

IMPROVING THE QUALITY OF ECONOMIC GROWTH THROUGH THE TRANSITION

TO THE DIGITAL ECONOMY ...ovuiereieensinsiresresnessesesssssssssssssessesssssssssssssssessssssssssssssssesssssssssssssssssssssssssssssssssssssssnssssssssssssssssssans 118
Mamadaliev Akmaljon

METO/Ibl U MEXAHU3MbI UCCJIEJIOBAHUA ITOTPEBUTEJILCKOI'O [TOBEJEHUA

HA TYPUCTCKOM PBIHEKE ...ttt s snsssssnn 124
HypmartoBa Cutopa LllaBkaToBHa

ANALYSIS OF INNOVATION ACTIVITIES ouererriseseereesessesessessessssessessessesssssssssssessssssssssssssssssssssssssssssssssssssssssssssssssssanes 133

Alieva Elnara Ametovna

METHODS AND MECHANISMS FOR STUDYING CONSUMER BEHAVIOR IN THE TOURISM

IMARKET .ttt s b e e e e e e AR e e e e E et 139
Nurmatova Sitora Shavkatovna

ALGORITHMS AND METHODS FOR CALCULATING THE AREA OF A GASTRIC ULCER DEFECT

USING MODERN MATHEMATICAL TECHNIQUES. ...t ssessssessssssssneans 145
Yusupov Ibrohimbek XXX, Abdusamatova Munira Sultonbek qizi

UTILIZATION OF ARTIFICIAL INTELLIGENCE TECHNOLOGIES IN ENTERPRISE MARKETING

ACTIVITIES o eserereetresssressssessssessssessssessssessssessssessssesssssssssesssesssssssssesssssssssessssessssessssessssessssessssesssssssssessssessssesssssssssessesssssssenssnens 151
Sadikov Shohrux Shukhratovich

ENSURING THE FINANCIAL SUSTAINABILITY OF HIGHER EDUCATION INSTITUTIONS:

STRATEGIC DIRECTIONS, GLOBAL TRENDS, AND POLICY IMPLICATIONS.....oeeereererseeeessessesseessesseseenes 156
Inomiddin Imomov

THEORETICAL FOUNDATIONS OF THE STRUCTURE OF THE NATIONAL ECONOMY ....ooirenerreererrerreenes 161
Bustonov Mansurjon Mardonakulovich

IMPORTANT CHARACTERISTICS OF THE DEVELOPMENT OF E-COMMERCE SERVICES.........cconninienes 169
Jurakulov Shohruh Bahtiyorovich

AGRICULTURE PROMOTION AND DEVELOPMENT IN MOUNTAIN AND MOUNTAIN REGIONS............... 173

Abdulxayeva Gulshan Maxmudovna

IMPROVING MECHANISMS FOR ENHANCING ECONOMIC EFFICIENCY IN SERVICE

ENTERPRISES . ...ttt ssssssssssssss s ssssss s s s es s es st ss st st se st sessseessssessseessseessssessssessssessssesnssssssssnsssssssnsnenns 178
Seytimbetov Kabul Serimbetovich

INTEGRATION OF INTELLIGENT CONTROL IN DRYING SYSTEMS: PROCESS OPTIMIZATION

THROUGH SENSORS, ARTIFICIAL INTELLIGENCE, AND MODULAR DRYING.....ccsmmenerseneresressessesessessessenns 184
Yangiboyeva Raxbaroy Mashrabboy qizi

THEORETICAL MODELS AND CONCEPTS OF ECONOMIC DEVELOPMENT IN THE ENERGY

SECTOR. ettt s st s st s £ £ e e 190
Nigmatullaeva Gulchekhra Nurullaevna

STATISTICAL ANALYSIS OF REGIONAL ECONOMIC POTENTIAL (A CASE STUDY OF NAMANGAN

REGION) .ottt isesteessseesssessssssssssssssssessasessasess s ssssssssas s sssnssases e s s s s st s8R ans s s s ases b ass s snannsan 196
Tursinbayev Azizbek Nabijon o‘g’li, Sirojiddinov Kamoliddin Ikromiddinovich

DIRECTIONS FOR DEVELOPING INVESTMENT AND EXPORT IN REMOTE SERVICE

ENTERPRISES ...ttt ses st e 203
Uzakov Ortik Shaymardanovich

SPECIFIC FEATURES OF ENTREPRENEURSHIP IN INCREASING THE INCOME OF THE

POPULATION IN THE REGION ... ses st snessssssas 207
Kuldasheva Maftuna Musurmon kizi

KEY FACTORS OF ATTRACTING INVESTMENT THROUGH SUBSIDIES AND INVESTMENTS

TO INCREASE AGRICULTURAL CROP PRODUCTION IN UZBEKISTAN .....voiesrreiretrerressesessesssssssessessessesssssssenns 211
Mamatkulova Nadira Makkamovna

RAQAMLI MARKETING VA INNOVATSION TEXNOLOGIYALAR ASOSIDA EKOTIZIM

SAMARADORLIGINI OSHIRISH USULLARTI ...covitrtrresesensinsinssssssessessesssss s ssssssssssssssssssssssssssssssssssssssssses 216
Sobirov Azizbek Avazbekovich

WAYS TO IMPROVE THE STATISTICAL ASSESSMENT OF FRUIT AND VEGETABLE PRODUCTION

PROCESSES AND EXPORT POTENTIAL IN THE REPUBLIC OF UZBEKISTAN......corrnnnnneerereseseseeseseens 223

Anorboeva Bakhtijamol Daniyar kizi

@ t.me/scupus_IST2100 https://ist-journal.uz




12/2025 SOCIAL, ECONOMIC, SCIENTIFIC, AND TECHNICAL ACADEMIC JOURNAL

THE IMPACT OF DEGRADATION ON THE OPERATIONAL CHARACTERISTICS OF PHOTOVOLTAIC
MODULES UNDER SHARPLY CONTINENTAL CLIMATIC CONDITIONS .....oiiercerreeremsrermsenmsersserssesssessessseseees 229

Qurbanov Yunus Murtaza o‘g‘li

INTEGRATED NEW MEDIA OPERATION MODEL FOR INTELLIGENT TALENT ASSESSMENT

PLATFORMS: THE PATH OF QR CODE ACTIVATION AND CONTENT-DRIVEN ENGAGEMENT......c..ccovven. 235
Wang Biao

METHODOLOGICAL FOUNDATIONS FOR SHAPING THE CREATIVE ACTIVITY OF YOUNGER PUPILS

IN SOLVING MATHEMATICAL PROBLEMS ... sssns 239

Dzhurakulova Adolat Khalmuratovna

SOLIDWORKS-BASED MODELING OF AN AIR-BLOWING SYSTEM TO ENSURE HIGH-QUALITY

FIBER REMOVAL FROM SAW TEETH ...ttt sss st sssssssssssessssssssssssssssssssssssssssssasssssssssssnsssssssenens 247
Mirzakarimov Mirsharoffiddin Mirzaabdurahimovich

THEORETICAL STUDY OF TEMPERATURE AND THERMAL PHENOMENA IN MECHANICAL

CUTTING OF WHITE CAST IRON ...ttt tstseses s ssssessssssssssessssssssssssssssssessssssssssenssssssssssssssssssensssssssssnssssssnenens 256

Allanazarov Akmal Abdulxaqovich

THEORETICAL AND METHODOLOGICAL FOUNDATIONS OF SUSTAINABLE DEVELOPMENT

OF THE REGIONAL ECONOMY ....cvtvirtrerereneressersssessssessssesssessssessssessssesssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssasssassnsasens 262
Turdiyev Ulug‘bek Qayumovich

THE INTERRELATIONSHIP BETWEEN MIGRATION AND THE INDUSTRIAL ECONOMY .....ccvvrveererenene. 266
Khusanbek Begmatov

THE IMPACT OF ESG PRINCIPLES ON THE HOTEL INDUSTRY ..o sesessssessesessssessessssessssesens 271

Khusenova Mekhrangiz

CURRENT STATUS OF INDUSTRIAL PRODUCTION AND SERVICES MARKET IN KASHKADARYA

2 PP 276
Norov Murodjon Makhmudovich

DEVELOPMENT OF AN ARTIFICIAL INTELLIGENCE-BASED CYBERSECURITY SYSTEM

FOR THE AUTOMATIC DETECTION OF FAKE FINANCIAL RECEIPTS, PHISHING URLS, AND

MALICIOUS APK FILES .ot sttretriiseseseseses s s sssssessessesssss s ssssssssessesssss s s sssss s s st ssssssss s s s ssssnssssssssssesses 284
Shermatov Axlidin Sharobiddin o‘g‘li
WAYS TO INCREASE REVENUES IN COMMERCIAL BANK OPERATIONS ...t ssessesnens 287

Ostonaqulova Gulchehraxon Muhammadyoqub gizi

POJIb CBOBO/IHbIX 3KOHOMUYECKHKX 30H B PETUOHAJIbHOM PA3BUTHHU U 3APYBEXKHBIN

®dansuena LLinpun LLlogmoHoOBHa

RAQAMLI IQTISODIYOTGA O‘TISH SHAROITIDA IQTISODIY O‘SISH OMILLARINING TA'SIRINI
BAHOLASH METODOLOGIYAST ..ottt seesssssesssssssssssssssss s ssssssss s ssssssssssssssssssssssssssssss s sssssssssssssssssessaens 307

Bustonov Mansurjon Mardonakulovich

FINTECH TRENDS: NEW TOOLS FOR ATTRACTING FINANCING IN THE CONTEXT OF DIGITAL

TRANSFORMATION ..oeiesteseesessesseessessessssssessessssssessesssssses s ssssssse s ssss s s ss s s bbb s 313
Madjitova Lolakhon Lazizovna

CHALLENGES AND PROSPECTS FOR THE DEVELOPMENT OF E-COMMERCE IN UZBEKISTAN.............. 317
Toshpulatov Akhror Tukhtamurod ugli

STRATEGIC DETERMINANTS OF FOREIGN DIRECT INVESTMENT IN UZBEKISTAN ..o 326
Rustamov Foziljon

TYPES AND MEANS OF ADVERTISING IN THE FIELD OF TOURISM.....ooinenererreeseseesessessessessesseesesssessesees 335

Bahriyeva Zarina Nasimovna

INTELLECTUALIZATION OF TECHNICAL MEANS FOR CONTROLLING TECHNOLOGICAL
REFINING PROCESSES. ...ttt ssss bbb s s s s sesnans 340

Ruziyev Umidjon Abdimajitovich

NECESSITY OF ENSURING AND INCREASING THE COMPETITIVENESS OF PLACEMENT MEANS......... 349

Sherkulov Dilshod Jurakulovich

YASHIL IQTISODIYOT VA MOLIYAVIY INKLYUZIYANING OZARO BOG'LIQLIK NAZARIYALARL.......cccoeeee 354

Adashaliyev Baxtiyorjon Valisher o‘g‘li

https://ist-journal.uz t.me/scupus_IST2100 @




SOCIAL, ECONOMIC, SCIENTIFIC, AND TECHNICAL ACADEMIC JOURNAL 12/2025

THE IMPORTANCE OF THE AUDIT OF LEASING OPERATIONS ON FARMS OF THE REPUBLIC

OF UZBEKISTAN ..oeecrteectrestrststssusesessessssesssssssssesssssssssesssssssssssssesssssssssssssssssssssssssesssesssssessssessssessssessssssstesssssessssssssssssssessssssssenns 359
Tursunov Ulugbek Sativoldievich
METHODOLOGY DEVELOPMENT RETAIL MARKETING AND TRADING SYSTEM......eeerereeeretreneenenas 365

Makhmatkulov Golibjon Kholmuminovich

NECESSITY OF ENSURING AND INCREASING THE COMPETITIVENESS OF PLACEMENT MEANS......... 369
Sherkulov Dilshod Jurakulovich

ENVIRONMENTAL FISCAL POLICY AS A DRIVER OF GREEN GROWTH AND EMPLOYMENT

IN CENTRAL ASIA: EMPIRICAL EVIDENCE ...ttt es s ssssssssssssesessssssssssssssssssssssssssssssssssssssnsasns 374

Rakhmatova Zilola Yurevna

ON THE ISSUE OF CALCULATING THE POWER REQUIRED TO HEAT THE EDGES OF THE PIPE

BILLET TO THE WELDING TEMPERATURE ... sssssssnes 379
Zairkulov Elyor Yoqubjon o‘g‘li
STATISTICAL ASSESSMENT OF REGIONAL ELECTRICITY GENERATION VOLUMES.......omneererrerseees 385

Doliev Shokhabbos Kulmurat ugli
ANALYSIS OF ICT APPLICATION IN UZBEKISTAN’S TOURISM BASED ON EMPIRICAL RESEARCH........ 389

Nazarov Khusanbek Avazbek ogli

METHODOLOGY FOR FORECASTING AND ANALYZING MANAGEMENT ACCOUNTING INDICATORS

AT AN ENTERPRISE ...ttt sesssessss s ss s s e s RsesEeR e s e e R e 395
Minutdinova Liliya Tagirovna

WELLNESS TOURISM AS AN ESSENTIAL COMPONENT OF HEALTH TOURISM.....oooerinecreneecenreesennens 402
Tashtayeva Saida Kahharovna

THE EXPERIENCE OF GERMANY IN DEVELOPING SMALL AND MEDIUM ENTERPRISES.......cccccoinininnnes 409

Annaklichev Saxi Saparmuxamedovich

ANALYSIS OF THE APPLICATION OF THE INTERNATIONAL STANDARD ON AUDITING

“ANALYTICAL PROCEDURES” IN NATIONAL AUDIT ACTIVITIES ..ottt sesssessssss s sssssassssssssesses 416
Tajekeev Ziynatdin Kobeysinovish

ORGANIZATIONAL AND ECONOMIC FOUNDATIONS OF GREEN ENTERPRISE DEVELOPMENT

IN ENSURING REGIONAL ENVIRONMENTAL SAFETY .ot ssssssss s sssssssssssssssssssssssssssssssssases 421
Khamidillo Odilov

A REALIST-POSITIVIST FRAMEWORK FOR ANALYSING MERGERS AND ACQUISITIONS UNDER

ECONOMIC POLICY UNCERTAINTY eeeeeerireuseresessusessssessssesssessssessssesssessssessssessssessssessssessssessssessssessssessssssssssssssessssssssseans 429
Zakhidov Azizbek Rustamovich

DEVELOPING MATHEMATICAL MODELS TO SIMULATE THE DYNAMIC BEHAVIOR OF SEPARATION

PROCESSES, CONSIDERING THE IMPACT OF EXTERNAL FACTORS ...t seesssnenns 436
Abdulleva Kamola Rustamovna

THEORETICAL FOUNDATIONS OF IMPLEMENTING DIGITAL TECHNOLOGIES IN THE

TRANSFORMATION OF BANKS. ...ttt sttt nsnssnen 445

Umarova Malika Baxtiyarovna

ON THE ISSUE OF RESEARCH AND DEVELOPMENT OF A SLAG-FORMING BASE FOR ELECTRODE

COATINGS FOR WEAR-RESISTANT SURFACING ...t ssssssssssesssssssssssssssssssessessesssssses 451
Sadikov Jaxongir Nasidjanovich

MODELING OF HEAT FLOWS IN GAS-FIRED CHAMBER FURNACES....... s sssssssesesssssssnens 456
Rajabov Azamat Toirovich

DEVELOPMENT OF A MIMO MODEL OF AZEOTROPIC DISTILLATION ....covnnrrresesensenssssssssessessesesssssssens 462

Shamsutdinova Vinera Khafizovna

THEORETICAL FOUNDATIONS OF THE INTERACTION OF A COTTON TUFT WITH A SCREW
CONVEYOR AND A MESH SURFACE ...t ssss st sssssssssssssssssses 468

Matyaqubova Jumagul Bakhtiyarovna

@ t.me/scupus_IST2100 https://ist-journal.uz




SOCIAL, ECONOMIC, SCIENTIFIC, AND TECHNICAL ACADEMIC JOURNAL 12/2025

THEORETICAL FOUNDATIONS OF THE
INTERACTION OF A COTTON TUFT WITH A
SCREW CONVEYOR AND A MESH SURFACE

Matyaqubova Jumagul Bakhtiyarovna

Urgench State University named after Abu Rayhan Beruniy
E-mail: Jumagul@mail.ru

ORCID: 0000-0002-9347-5958

Abstract: This paper presents a theoretical study of the motion of a cotton piece in a screw cleaner and the impact forces
generated during its interaction with screw spikes and a mesh surface. The impact impulse is analyzed as a function of the
initial velocity of the cotton piece, the rotational speed of the screw, and the tilt angle of the spikes. Theoretical calculations
show that at a screw rotational speed of 180 rpm and a spike tilt angle of a; = 8°, the impact impulse reaches its minimum
value. An increase in the impact force leads to a higher number of broken seeds in seed cotton. In addition, the proposed
screw cleaner combines the cleaning and drying processes, which contributes to an increase in the overall operational
efficiency of the equipment.

Key words: screw cleaner, cotton piece, impact force, screw spike, mesh surface, theoretical calculation, rotational speed,
tilt angle.

Annotatsiya: Ushbu maqolada vintli tozalagichda paxta bo‘lagining harakat jarayoni hamda uning vint qoziglari va
to'rli sirt bilan o‘zaro ta’siri natijasida yuzaga keladigan zarba-impuls kuchlari nazariy jihatdan tadqiq etilgan. Zarba
impulsi paxta bo‘lagining boshlang‘ich tezligi, vintning aylanish chastotasi va qoziglarning og‘ish burchagiga bog'ligligi
aniglangan. Nazariy hisob-kitoblarga ko‘ra, vintning aylanish chastotasi 180 ayl/min va goziglarning og‘ish burchagi a,; =
8° bo‘lganda impuls kuchi minimal giymatga ega bo‘ladi. Impuls kuchining ortishi chigitli paxtada shikastlangan chigitlar
sonining ko‘payishiga olib keladi. Shuningdek, taklif etilayotgan vintli tozalagichda tozalash jarayoni quritish jarayoni bilan
birlashtirilgan bo‘lib, bu uskunaning umumiy ish samaradorligini oshirishga xizmat giladi.

Kalit so‘zlar: vintli tozalagich, paxta bo‘lagi, zarba kuchi, vint qoziglari, to'rli sirt, nazariy hisob-kitob, aylanish chastotasi,
og'ish burchagi.

AHHOTaLusA: B cTaTbe BbINOMHEHO TEOPETUYECKOE MUCCIIEA0BaHME MpoLecca ABMKEHUST XJTONMKOBOrO KOMKa B BUHTOBOM
o4ucTUTENE, @ TaKkKe YOAPHO-MMMYMbCHBIX CUS, BO3HMKAOLMX NPY €ro B3avMOLEVNCTBUMU C BUHTOBBLIMU KOMbILLKAMU 1
ceryaTou NoBepxHocTbio. OnpeaeneHa 3aBUCUMOCTb BEMUYMHBI YAAapHOTO MMMYNbCa OT HaYanbHOW CKOPOCTU XITOMKOBOTO
KOMKa, YacTOTbl BpaLLEeHUS BUHTA 1 yIa HaKrNoHa KOSbILLKOB. Pe3ynbsraThl TEOpeTU4ecKnx pacHETOB MOKa3bIBaOT, YTO MpU
yacrtoTte BpalleHus BuHTa 180 06/MVH 1 yrre HaknoHa KOMbILWKOB 04 = 8° yAapHbIA MMMNYbC NPUHUMaET MUHMMaIbHOE
3HayeHue. YBenuyeHne ygapHoro NMnynbsca npuBoAUT K POCTY KONMYECTBA NOBPEXAEHHBIX CEMSAH B CEMEHHOM XJ1OMKe.
Kpowme Toro, B npeanaraeMom BUHTOBOM OYMCTUTESE NPOLIECC OYUCTKM COBMELLEH C MPOLIECCOM CYLLIKW, YTO CMOCOOCTBYET
MOBBbILLEHNIO 00LLEN 3hdPEKTUBHOCTU paboTbl 060pyA0BaHUS.

KritoueBble crioBa: BUHTOBOW OYUCTUTENMb, XITOMKOBbIM KOMOK, yAapHas cuna, BUHTOBbIE KOMbILLKWU, ceTYaTasd MOBEPXHOCTb,
TEOPETUYECKUI PacYET, YacToTa BpaLLEeHMs, Yror HakmoHa.

INTRODUCTION

The study of the laws governing the motion of raw cotton along a mesh surface under the action of pegs
makes it possible to assess both the cleaning efficiency and the degree of seed damage. When a cotton
tuft moves along the surface of a mesh screen, it is subjected to impact—vibration impulses that facilitate
the separation of impurities. However, an excessive increase in impact—vibration impulses leads to damage
to cotton seeds. Therefore, determining the optimal parameters of the screw dryer and cleaner is of great
importance for calculating the limiting values of impact-vibration impulses [1-8].

It is known from studies conducted on the working elements of cleaning machines [9—10] that when the
peripheral speed varies from 4.71 to 19 m/s, the highest cleaning efficiency is achieved in the range of 7.85—
11.5 m/s.
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LITERATURE REVIEW

Raw cotton cleaning processes have been extensively studied due to their significant impact on fiber
quality and seed integrity. Research shows that the interaction between cotton tufts and the working elements
of cleaning machines is accompanied by impact—vibration impulses, which play a key role in impurity separation
[1-3]. At the same time, excessive impact loads lead to seed damage and deterioration of technological
properties of seed cotton [4]. Fundamental studies based on classical mechanics and impact theory have
provided theoretical tools for analyzing collision processes in technological machines. The works of Panovko
and Vulfson established the principles for determining impulse forces, restitution coefficients, and vibration
effects during short-term impacts, which are widely applied in the analysis of cotton-cleaning equipment [5,6].
Studies on machines for primary cotton processing indicate that the rotational speed of working elements and
their geometric parameters significantly influence cleaning efficiency. It has been established that within an
optimal range of peripheral speed, effective impurity separation is achieved without excessive seed breakage,
whereas deviation from this range results in either reduced cleaning efficiency or increased mechanical damage
[7-9].

Research devoted to mesh surfaces shows that they actively participate in the dynamic interaction with
cotton tufts, generating additional impact impulses. The inclination angle of pegs and the rotational speed of
the screw substantially affect the magnitude of these impulses and, consequently, the degree of seed damage
[10,11]. Despite numerous studies on drum and vibration cleaners, the interaction of cotton tufts with screw-
type cleaners in combination with mesh surfaces remains insufficiently investigated. This necessitates further
theoretical analysis aimed at determining optimal design and operating parameters to minimize impact impulses
and improve cleaning efficiency [12].

RESEARCH METHODOLOGY

When the speed is lower than 7.85 m/s, a decrease in cleaning efficiency is observed. Seed breakage
occurs when the speed exceeds 11.5 m/s. However, in our studies, the higher rotational speed of the peg screw
requires additional investigations for the newly proposed design. Figure 1 [a-b] shows the force diagrams
acting on seed cotton as it moves along the peg screw and the mesh surface.

A

Figure 1. Process of cotton tuft motion in a screw conveyor
a) Scheme of the interaction between a cotton tuft and a screw peg
b) Scheme of the interaction between a cotton tuft and a mesh surface

ANALYSIS AND RESULTS

When a cotton tuft moves along a mesh surface, it receives impact—vibration impulses from the pegs and
the screen, which results in the separation of fine impurities. In order to determine the impact impulses, first,
the velocity of the cotton tuft along the surface of the peg drum and its direction are determined. At the initial
stage, the cotton tuft has a circumferential velocity V . While moving along the mesh screen surface, the cotton
tuft is pressed against the screen by the force. Taking into account that the cotton tuft is moved along the mesh
screen surface by the action of the peg, the velocity of the cotton tuft is determined as follows.
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{C'J_ Vf+Gs:’naf}e MA —Gssina
C
v, = ' [1]
y, — the length of segment AB; let us assume y,=55y_2 = 55y2=55 mm.

¥z
If the time of motion of the cotton tuft along section AB is taken as T, ="& then the impulse exerted by the
peg drum can be expressed in the following form.

t t
7 17 |.?Pdt— | *Fdt
m1V1_mV2 =-I-tJ_ fti 2]

Using impact theory,

Szarb:S_: £, mzaf

J.-tz — -
Serkin= tl p dt = F_','lip r

Here: T — duration of the impact process.

Considering that the deflection S__, is very small relative to the impact force, equation (2.7) can be written
as follows:

S= mviL - mVZ [4]

In most screw cleaners, the rotational frequency of the screw is variable and primarily depends on the work
efficiency. Studies conducted on the proposed screw cleaner have shown that when the rotational speed of
the screw varies and the work efficiency ranges from 6 to 8 tons, w is within the range of 12—24.6 rad/s. In this
case, the initial velocity of the cotton piece can vary within 9=2.8—4.8 m/s, and the screw diameter is d=400 mm.

From equation (4), if the velocities are known, it is possible to determine the impact impulse forces acting
on the seed cotton from the screw spikes and the mesh. For this, we use Newton’s second law.

Based on Newton’s second law, the equation of motion for the system between the initial and final states
can be written as:

Uﬂmv + mp Un = mv I.'; + mpL{I[S]

Where Uv and Up are the initial velocities of the screw spike and the cotton piece, and Vv and Vp are their
velocities in the final state. Projecting both sides of the vector equation (5) onto the N axis gives:

U, U I V,

mv BN + mp BN + m o [6]
From this, the coefficient of restitution for the collision of the two bodies can be determined as:
lUEN_Un."'Jl UEN_UHN

oN =m
\'

KT= |VEN_VEI:N| =_ Ven—Van ,[7]
If VEN = V'TN then:
U — Usy = KT(B - Vn!‘u‘) [8]

Solving equations (2.8) and (2.11) together, we obtain:

UEN = VEN - (1 + K'r] ==

Mg +mn(VEN - VI’IN‘)
B

Unw = Vnw + (1 + K?)

mr["'mg(VEN - VIIN),

Using the equation of momentum change, the impact impulses can be expressed as:

SBN = mB(UEN - VEN);
SnN =- SBN [9]
Substituting U _ from (2.12) into the expression, we obtain:

Mgy

SBN =- SnN =mBNVBN -(1 +K3)mg+mn*(VBN - VnN) — My VI'IN [10]
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My

Considering that ™= - is very small, equation (2.13) can be simplified as:

S,,=-Sn, = My (1+K_)( Von —Va
VBN = V

B va VpN =V sina1, equation [11] can be rewritten as:

N) 1]
From Figure 2.3, taking

Sn=m_ (14K )(V,+V *sin®1) [12]
The average force exerted on the cotton piece by the screw spikes can be calculated using the following
equation:

5
F" — Joi
¥p T [13]
Thus:
For, T =my (1 + K )(V, + 1 * sina,) [14]

By solving this equation using the given values, we can obtain the graph of the impact force of the screw
spike on the cotton piece as a function of the rotational frequency of the screw (Figure 2.4).

- — 00
Here; m=0.65g;V, =2.8° 4.8 m/c: K, =0.3; a, =8 :
1

H. 10 1
0.4 / 2
0.3 1 3
0.2
0.1

™ T t T (e
0.00025 0.0005 0.00075 0.001 9

1-n=360 ayl/min, 2-n=270 aylmin, 3-n=750 ayl/min.

Figure 2. Force of the screw spike on the cotton piece

From the graph, it can be seen that increasing the rotational speed of the screw leads to an increase in the
impact force acting on the seed cotton. According to the literature, it is recommended that the impact force on
a cotton piece should not exceed 3—4 N. An increase in the impact forces may lead to a higher degree of seed
breakage.

The graph also shows that the minimum value of the impact force corresponds to n=180n = 180n=180 rpm.
Similarly, high impact forces during the collision of the cotton piece with the mesh can cause seed breakage
and damage to the fibers.

Therefore, a theoretical study of the process of the cotton piece striking the mesh is important when
determining the design and operational parameters of the proposed screw cleaner. It is known that the impact
force of a cotton piece on the mesh depends on the angle of the spike and the rotational speed of the screw.

The velocity of the cotton piece approaching the mesh can be expressed as follows:

6 G-C Vi

c, z2C1y

C,e m

[15]
Here, u- is the distance between the mesh and the cotton piece.
Impact impulse of the cotton piece on the mesh.
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=F; 1
Sy B =myv, (1 +KB)cosﬂrz
Considering that the impact impulse depends on the velocity of the cotton piece and the angle a, equation
(16) can be solved using the recommended values, yielding the following relationships.
@; =8+24 grad m=0.65g here [16] from the formula, V,=3.9 m/s It is determined by calculation.
1

1
H. 10 2

0.4
[/ s
0.3 1
0.21
0.1
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50 100 150 200 250
1—a, =24° 2—a, =16" 3—a,, =8°

Figure 3. Graph of the dependence of the impact impulse force on the tilt angle of the spike during the
collision of the cotton piece with the mesh

CONCLUSION AND SUGGESTIONS

From the graph, it can be seen that the impact force of the cotton piece on the mesh depends on the tilt

angle of the spiked drum. When the minimum tilt angle of the screw spike is ar1=8° the minimum impact impulse
corresponds to the maximum rotational speed of the screw. In conclusion, the theoretical study shows that at
_ o
a rotational speed of 180 rpm and a spike tilt angle of @ = 8 the impact impulse on the cotton piece is
minimal. It can also be observed that increasing the rotational speed and the tilt angle of the screw spike leads
to an increase in the impact impulse. This, in turn, increases the number of broken seeds in the seed cotton.
In the proposed screw cleaner, the cleaning process is carried out simultaneously with a drying process. This
additionally enhances the cleaning efficiency, as it occurs under the influence of a hot air flow acting in the
working zone.
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