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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 2026-yil, mart.  № 3-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

KORXONALARDA ICHKI AUDIT TIZIMINING BOSHQARUV QARORLARI QABUL QILISHDAGI 
OʻRNI................................................................................................................................................................24

Mexmonaliyev Ulugʻbek Erkinjon oʻgʻli

FISKAL SIYOSAT SAMARADORLIGI VA SOLIQ TUSHUMLARI DINAMIKASI: O‘ZBEKISTON 
MISOLIDA ILMIY TAHLIL................................................................................................................................30

Abduraimova Nigora Abdugapparovna

YASHIRIN IQTISODIYOTNI KELTIRIB CHIQARUVCHI ASOSIY OMILLAR HAMDA 
IQTISODIYOTGA TA’SIRI...............................................................................................................................37

Toxtabayev Oybek Odilovich

QISHLOQ XO‘JALIGI OZIQ-OVQAT SANOATI KORXONALARIDA ZAMONAVIY BOSHQARUV...........42
Rasulova Muxabbat Teshabayevna, Normurodov Sarvar Norboy o‘g‘li

OʻZBEKISTON GLOBAL-IQTISODIY RAQOBATBARDOSHLIGINI OSHIRISHDA RAQAMLI 
IQTISODIYOTNING OʻRNI.............................................................................................................................48

Kuvatova Oliya Sheraliyevna

QURILISH SANOATIDA KICHIK BIZNES SUBYEKTLARINING IQTISODIY MOHIYATI VA 
ULARNI KAPITAL BOZORI INSTRUMENTLARI ORQALI MOLIYALASHTIRISH IMKONIYATLARI.......54

Igitov Jurabek Kuzibekovich

IQTISODIY ISLOHOTLAR DAVRIDA TIJORAT BANKLARINING INVESTITSIYA FAOLIYATINI 
RIVOJLANTIRISHNING OMILLARI...............................................................................................................61

Yangiboyev F.B.

TIJORAT BANKLARIDA MUAMMOLI KREDITLARNI ERTA ANIQLASH VA BOSHQARISHNING 
INTEGRATSIYALASHGAN RISK-INDEKS MODELI....................................................................................68

Kalandarov Abdulla Baxtiyorovich, Rajabov Shoxrux Suvon o‘g‘li

RUX VA QO‘RG‘OSHINNI SELEKTIV AJRATIB OLISHNI KOMBINATSIYALASH TEXNOLOGIYASI 
VA NAZARIYASI...............................................................................................................................................74

Eshonqulov Uchqun Xudaynazar o‘g‘li, Haqberdiyev Dilshod Qodir o‘g‘li

UY-JOY QURILISHI HAJMINI UZOQ MUDDATLI PROGNOZLASHDA EKONOMETRIK 
MODELLASHTIRISH USULLARINI TAKOMILLASHTIRISH.......................................................................81

Qidirniyazov Ajiniyaz Sherniyazovich

O‘ZBEKISTONDA BOG‘DORCHILIKNI RIVOJLANTIRISHDA IQLIM  VA TABIIY OFATLAR 
NATIJASIDA YETKAZILDAN TALOFATLARNI DAVLAT TOMONIDAN KOMPENSATSIYA 
QILISH MEXANIZMI........................................................................................................................................85

Sattorov Orifjon Boymurodovich

AHOLI MOLIYAVIY SAVODXONLIGINI OSHIRISH ORQALI YASHIRIN IQTISODIYOTNI 
QISQARTIRISH MEXANIZMLARI..................................................................................................................90

Abdugʻaniyev Uchqun Habibulla oʻgʻli

O‘ZBEKISTON QURILISH SANOATIDA KICHIK BIZNES SUBYEKTLARINING RIVOJLANISH 
DINAMIKASI VA TENDENSIYALARI.............................................................................................................96

Musaeva Aynura Abayxolievna

THEORETICAL AND METHODOLOGICAL FOUNDATIONS OF SOCIAL INFRASTRUCTURE 
TRANSFORMATION IN THE CONTEMPORARY ENVIRONMENT..........................................................104

Normurodov Khusan Eshmakhmatovich

AKSIYADORLIK JAMIYATLARINING INVESTITSION FAOLLIGINI BAHOLASH YO‘LLARI.................108
Begamov S.X.

DEBITORLIK QARZLARINING STRATEGIK BOSHQARUV HISOBINI TASHKIL QILISH 
YO‘NALISHLARI............................................................................................................................................112

Normatova Gulmira Xayrullaevna



M U H A N D I S L I K  VA  I Q T I S O D I Y O T2026-yil, mart.  № 3-son

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
SSOLIQLARNI PROGNOZLASH METODOLOGIYASINI TAKOMILLASHTIRISH AMALIYΟTI 

TAHLILI...........................................................................................................................................................118
Ergashov Jamshid Ashurovich

MEHNAT XARAJATLARI HISOBI: NAZARIY ASOSLAR, USULLAR VA BOSHQARUVDAGI 
AHAMIYATI....................................................................................................................................................126

Tulyaganov Abdumalik Abdiraximovich

KORPORATIV XIZMATLARNING BANK FOYDASIGA TA’SIRI: KOMISSION VA FOIZLI 
DAROMADLAR TAHLILI...............................................................................................................................131

Qurbonov Abror Abdullayevich

TIJORAT BANKLARIDA MUAMMOLI KREDITLARNI BOSHQARISH TIZIMINI 
TAKOMILLASHTIRISHNING INSTITUTSIONAL VA TASHKILIY MEXANIZMLARI.................................136

Djamalov G‘ofir Oribjanovich

OCHIQLIK INDEKSI VA KORRUPSIYAGA QARSHI KURASH SAMARADORLIGI: 
O‘ZBEKISTON TAJRIBASINING INSTITUTSIONAL TAHLILI...................................................................144

Dilshod Pulatov, Uchqun Abdug‘aniyev

DUNYO SUG‘URTA KOMPANIYALARINING MOLIYAVIY HOLATI VA NATIJALARI TAHLILI................153
Alimov Baxodir Batirovich

QISHLOQ HUDUDLARIDA XIZMAT KO‘RSATISH SAMARADORLIGINI OSHIRISH 
IMKONIYATLARI............................................................................................................................................160

Yuldashova Nilufar Ziyabayevna

QURILISH TASHKILOTLARIDA BOSHQARUV SAMARADORLIGINI OSHIRISHNING 
INNOVATSION USULLARI...........................................................................................................................164

Muxibova Guli Yarkinovna, Sharifxodjayeva Odina Ulugʻbek qizi

AXBOROT-RESURS MARKAZLARINING TA’LIM JARAYONIGA TA’SIRINI BAHOLASH......................168
Pirmedova Xayitgul Muxammedovna

IJTIMOIY HIMOYA QAMROVINI KENGAYTIRISH MEXANIZMLARI: XALQARO TAJRIBA 
VA INSTITUSIONAL YONDASHUVLAR......................................................................................................173

Bafoyev Farrux Jo‘raqulovich

KORXONALARDA AI-DRIVEN “DECISION SUPPORT SYSTEMS” (DSS)NI JORIY ETISHNING 
KONSEPTUAL ASOSLARI...........................................................................................................................181

Mardanova Ra’no

STRENGTHENING THE FINANCING OF FAMILY-OWNED ENTERPRISES IN UZBEKISTAN 
THROUGH BANK CREDIT...........................................................................................................................186

Baymuratova Zina Aqilbekovna, Ibadullaeva Asal Ulugbek qizi

SUN’IY INTELLEKT ASOSIDA DAVLAT BOSHQARUV TIZIMLARINI RAQAMLASHTIRISH................192
Aytmuratov Qutlımurat Jalgasovich

ATTRACTING INVESTMENTS FROM FINANCIAL MARKETS AND FACTORS INFLUENCING 
THE INCREASE OF THEIR ATTRACTIVENESS.......................................................................................196

Kholov Sherali Akhrorboyevich

MARKAZIY OSIYODA TRANSCHEGARAVIY SUV RESURSLARINI BOSHQARISH 
VA ADOLATLI TAQSIMLASHNING NAZARIY-HUQUQIY ASOSLARI.......................................................200

Matkarimov Mansur

XALQARO XIZMATLAR SAVDOSIDA TIBBIY TURIZMNING IQTISODIY AHAMIYATI...........................206
Farxodova Shohnoza Umidbek qizi

BANK XIZMATLARI SIFATINI BAHOLASHNING KO‘P OMILLI INDIKATORLARI TIZIMI......................213
Ibroximov Ilxomjon Shavkatjon o‘g‘li

SANOAT KORXONALARINI IQTISODIY FAOLIYATINI OPTIMALLASHTIRISH YO‘LLARI...................219
Tillayeva Barno Ramizitdinovna

NOTIJORAT TASHKILOTLAR FAOLIYATIDA AUDITORLIK TEKSHIRUVI VA 
AUDITORLIK HISOBOTLARINING O‘ZIGA XOSLIGI................................................................................224

Xolmirzayev Ulug‘bek Abdulazizovich, Ubaydullayev Toxirjon Abdullajanovich



M U H A N D I S L I K  VA  I Q T I S O D I Y O T 2026-yil, mart.  № 3-son

6

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 ЦИФРОВЫЕ ИНСТРУМЕНТЫ РЕИНТЕГРАЦИИ ВОЗВРАЩАЮЩИХСЯ ТРУДОВЫХ 

МИГРАНТОВ: МЕЖДУНАРОДНАЯ ПРАКТИКА И ВОЗМОЖНОСТИ ДЛЯ КЫРГЫЗСТАНА...............230
Aмантурова Дилбара Кыдыкбековна

РОЛЬ ПРОФЕССИОНАЛЬНО-ОРИЕНТИРОВАННОЙ ЛЕКСИКИ В ЯЗЫКОВОЙ 
ПОДГОТОВКЕ ИНОСТРАННЫХ СТУДЕНТОВ ТЕХНИЧЕСКОГО ПРОФИЛЯ......................................237

Асрарова М.У.

О СКОРИНГОВЫХ МЕТОДАХ ЭКСПРЕСС-АНАЛИЗА ДОХОДНОСТИ АКЦИЙ УЗБЕКСКИХ 
ЭМИТЕНТОВ.................................................................................................................................................242

Ирмухамедова Муслима Дилшодовна

UY-JOY QURILISHIDA ESKROU MEXANIZMLARINI JORIY ETISH ORQALI INVESTITSION 
XAVFSIZLIK VA MOLIYAVIY SHAFFOFLIKNI TA’MINLASH.....................................................................247

Karimov Inomjon Ortikbaevich

YASHIL IQTISODIYOT SHAROITIDA KICHIK BIZNESNING RAQOBATBARDOSHLIGINI 
OSHIRISH MASALALARI.............................................................................................................................254

Kamoliddinov Ilxomjon Muxammadjonovich, Kobilov Murod Vakkosovich

TIJORAT BANKLARI RAQOBATBARDOSHLIGINING MOLIYAVIY BARQARORLIK 
KO‘RSATKICHLARIGA TA’SIRINI BAHOLASH...........................................................................................259

Axmedov Toxirjon Xasanjon o‘g‘li

SANOAT KORXONALARI IQTISODIY XAVFSIZLIGINI TA’MINLASHDA ENERGETIKA 
VA ISHLAB CHIQARISH SALOHIYATINING ROLI.....................................................................................264

Tursunxoʻjayev Sardor Jamoliddin oʻgʻli

TIJORAT BANKLARIDA KOMPLAENS-NAZORAT TIZIMI ORQALI RISKLARNI SAMARALI 
BOSHQARISH...............................................................................................................................................270

Fayziyev Sherzod Djunaydilloyevich

СОВЕРШЕНСТВОВАНИЕ УПРАВЛЕНИЯ БАНКОВСКИМИ РИСКАМИ И СТРАХОВАНИЯ 
ФИНАНСОВЫХ ОПЕРАЦИЙ В УСЛОВИЯХ РАЗВИТИЯ ДИСТАНЦИОННОГО БАНКИНГА 
В ХОРЕЗМСКОЙ ОБЛАСТИ........................................................................................................................275

Бахтиёров Худайберган Хамдам угли

DOIMIY BO‘LMAGAN KUCH TA’SIRIDA DEFORMATSIYALANUVCHAN STANDART CHIZIQLI 
QATTIQ MODEL ISHLAB CHIQISH VA SONLI TAHLIL QILISH................................................................282

Ahmadov Ilhom Aktam o‘g‘li, Isomova Sabohat Islom qizi

YOUTH ENTREPRENEURSHIP AS A FACTOR OF STRUCTURAL ECONOMIC 
TRANSFORMATION IN UZBEKISTAN........................................................................................................290

Isakjanova Saboxat Muhamedovna

МОДЕЛИРОВАНИЕ САМОВОЗБУЖДЕНИЕ НЕЯВНОПОЛЮСНОГО СИНХРОННОГО 
ГЕНЕРАТОРА ПРОДОЛЬНО-ПОПЕРЕЧНОГО ВОЗБУЖДЕНИЯ...........................................................298

Пирматов Нурали Бердиёрович, Бекишев Аллаберген Ергашевич,  
Бердиёров Улугбек Нурали угли, Бердиёров Улмасбек Нурали угли

YURTIMIZDAGI EKOLOGIK SOF YOG‘OCH MATERIALLARIDAN TAYYORLANGAN 
ORAYOPMA KONSTRUKSIYALARINING CHO‘ZILISHGA QARSHILIGI................................................305

Yunusaliyev Elmurod Muhammadyaqubovich, Toshpulatov Ilhomjon Baxtiyorovich

AYDAR-ARNASOY KO‘LLAR TIZIMINING SHAKLLANISH BOSQICHLARI VA ZAMONAVIY 
EKOLOGIK MUAMMOLARI..........................................................................................................................311

Aminov Hamza Husаnovich, Madrimov Rajabboy Masharipovich, Xamdullayeva Aziza Baxtiyor qizi

EXPLAINABLE AI YORDAMIDA SOC UCHUN TUSHUNTIRILADIGAN KIBERXAVF ANIQLASH 
TIZIMINI ISHLAB CHIQISH..........................................................................................................................318

N.N. Jo‘rayev, A.Sh. Juraboyev

QUYOSH FOTOELEKTRIK MODULLARINI SUV YORDAMIDA TOZALASH VA SOVITISH 
USULLARI TAHLILI.......................................................................................................................................324

Ibragimov Umidjon Hikmatullayevich, Qodirov Jobir Ro‘zimamatovich,  
Izomov Shahzod Niyoz o‘g‘li, To‘ymurodov Quvonchbek Sherzod o‘g‘li



M U H A N D I S L I K  VA  I Q T I S O D I Y O T2026-yil, mart.  № 3-son

7

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
SRAQAMLI TEXNOLOGIYALARNING QURILISH SOHASIGA INTEGRATSIYASI: 

ILG‘OR XALQARO TAJRIBA........................................................................................................................332
Fayziyeva Gulnoza Abdurahmonovna

ФАКТОРЫ НАЛОГОВОЙ КУЛЬТУРЫ И ИХ ВЛИЯНИЕ НА СОБИРАЕМОСТЬ НАЛОГОВ: 
СОЦИОЛОГИЧЕСКИЙ И ЭКОНОМИЧЕСКИЙ АНАЛИЗ.........................................................................339

Хакимова Ситора Ильёсжон кизи, Муталова Дилором Махамаджановна

ИННОВАЦИОННЫЕ МЕТОДЫ ЭКСПЕРТНОГО ПРОГНОЗИРОВАНИЯ КОМПЕТЕНЦИЙ 
В ЦИФРОВОЙ ЭКОНОМИКЕ......................................................................................................................345

Л.А. Кадырова, Б. Н. Эгамов

O‘ZBEKISTON RESPUBLIKASIDA SUG‘URTA BOZORINING TUZILISHI TAHLILI...............................350
G‘oziyeva Aziza Abdusalomovna

MINTAQALARDA INNOVATSION FAOLIYATNI MOLIYALASHTIRISH MANBALARINI 
DIVERSIFIKATSIYA QILISH MASALALARI................................................................................................358

Xamrayev Quvvat Iskandarovich

KONTEYNERLI TASHUVLARNING JORIY HOLATI, MAVJUD MUAMMOLAR VA RIVOJLANTIRISH 
ISTIQBOLLARI..............................................................................................................................................366

Samatov Gʻaffor Alloqulovich, Xolmatov Bekzod Nurmatovich,  
Toxirov Maxmudjon Murodjon o‘g‘li, Absattarov Isomiddin Xotam o‘g‘li

KICHIK BIZNES KORXONALARIDA ISHLAB CHIQARISH OMILLARI BO‘YICHA NOMUVOFIQLIKNI 
ANIQLASH VA BARTARAF ETISH MEXANIZMI........................................................................................381

Kaypnazarova Gulshad Xojamuratovna

TASHQI SAVDO BALANSINI MUVOZANATLASHTIRISH: NAZARIY VA AMALIY JIHATLAR...............386
Rahimov Eshmurod Normurodovich, Misliddinov Ikromjon Kamoliddin o‘g‘li

SIFATLI TIBBIY XIZMAT KO‘RSATISH VA AHOLIGA QAMROVNI TA’MINLASHDA BOSHQARUV 
QARORLARINING AHAMIYATI....................................................................................................................391

Satvoldiyev Ulugbek Kamilovich

SUN’IY INTELLEKT TIZIMLARIDA GIPERPARAMETRLARNI MATEMATIK OPTIMALLASHTIRISH 
USULLARI......................................................................................................................................................396

Husan Arziqulov Normurod o‘g‘li

ENHANCING THE SERVICE SECTOR AS A MEANS OF CREATING EMPLOYMENT IN TOURISM 
INFRASTRUCTURE......................................................................................................................................401

Zarikeev Rasul Polatovich

EXPANDING BANK CREDIT OPPORTUNITIES FOR FAMILY-OWNED ENTERPRISES 
IN UZBEKISTAN............................................................................................................................................406

Isakov Janabay Yakipbaevich

BANKS’ BROKERAGE AND ADVISORY SERVICES IN FACILITATING SECURITIES 
TRANSACTIONS AND IMPROVING MARKET LIQUIDITY.......................................................................412

Isakov Isobek Janabay uli

АКТУАЛЬНЫЕ ПРОБЛЕМЫ РАЗВИТИЯ МЕХАНИЗМОВ ФИНАНСИРОВАНИЯ ВНЕШНЕЙ 
ТОРГОВЛИ....................................................................................................................................................416

Ибрагимов Мансур Ахметович

ОПТИМИЗАЦИЯ ДЕЯТЕЛЬНОСТИ ЛОГИСТИЧЕСКИХ ПРОВАЙДЕРОВ В УСЛОВИЯХ 
ПОСТРОЕНИЯ НОВЫХ ЦЕПЕЙ ПОСТАВОК...........................................................................................421

Маннапова Феруза Фахриддин кызы 

O‘ZBEKISTON RESPUBLIKASIDA ISLOM MOLIYASINI HUQUQIY TARTIBGA SOLISH 
VA INSTITUSIONAL ASOSLARINI TAKOMILLASHTIRISH MASALALARI..............................................428

Isroilov Obid Olimjonovich

OZIQ-OVQAT BOZORI KON’YUNKTURASINI BAHOLASHDA KO‘P OMILLI REGRESSIYA 
MODELINING SAMARADORLIGI................................................................................................................433

Abduraхmonov Adxamjon Sultonboyevich



M U H A N D I S L I K  VA  I Q T I S O D I Y O T 2026-yil, mart.  № 3-son

8

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 AHOLI TURMUSH TARZINI YAXSHILASHNING ISTIQBOLLARI.............................................................438

Djuraeva Didora Sobirjonovna

ZAMONAVIY MOLIYAVIY INFRATUZILMANING INSTITUSIONAL ASOSLARI: TO‘LOV TIZIMLARI 
NAZARIYASI VA O‘ZBEKISTON AMALIYOTI.............................................................................................441

Toshniyozov Sherali Kamoliddinovich

XIZMAT KO‘RSATISH KORXONALARIDA RAQAMLI MENEJMENT VA SUN’IY INTELLEKT 
ASOSIDA STRATEGIK BOSHQARUVNI TAKOMILLASHTIRISH.............................................................449

Zayavitdinova Nafisa Muxammadovna

CORPORATE GOVERNANCE, FDI, AND URBANIZATION IN THE GREEN ECONOMIC 
TRANSFORMATION OF UZBEKISTAN......................................................................................................454

Ablaeva Valentina

FEMALE ENTREPRENEURSHIP AND MICRO-ENTERPRISE DEVELOPMENT...................................460
Dilafruz Kuchkorova

LEGIRLANGAN PO‘LATLARDAN TAYYORLANGAN PROKATLASH JO‘VALARINI 
CHIDAMLILIGINI OSHIRISH UCHUN TERMIK PUXTALASH TEXNOLOGIYALARINI 
TAKOMILLASHTIRISH..................................................................................................................................466

Saydumarov Botir Muradovich, Berdiyev Darob Murotovich, Tashmatov Ravshan Qobilovich

SHAMOL TURBINASINING IKKI TOMONLAMA TAʼMINLANADIGAN ASINXRON GENERATORI 
OʻTKINCHI JARAYONLARINING TAHLILI..................................................................................................471

Bekishev Allabergen Yergashevich, Kurbonov Najmiddin Abduxamidovich,  
Yunusov Obidxon Abdivait oʻgʻli, Joʻrayev Doston Majid oʻgʻli

TIJORAT BANKLAR FAOLIYATI SAMARADORLIGINI OSHIRISHGA TA’SIR QILUVCHI OMILLAR 
TAHLILI...........................................................................................................................................................479

Babaxanova Dildora Rustamovna

RAQOBAT USTUNLIGIGA ERISHISHDA ZAMONAVIY MARKETING TEXNOLOGIYALARINI 
QO‘LLASH .....................................................................................................................................................485

Meliqulov Abduhalil Norinovich

JAMOAT AHAMIYATIGA EGA TASHKILOTLAR TOIFASIGA KIRITISH MEZONLARI, ULARNING 
MOLIYAVIY HISOBOTLARI VA AUDITIGA QOʻYILADIGAN TALABLAR..................................................490

Shodiyev Murodjon Bakirovich

EFFICIENCY OF IMPROVING THE IT SERVICES EXPORT...................................................................494
Uzakov Ortik Shaymardanovich

CHORVACHILIKDA ILK VETERINARIYA XIZMATI TARIXI: QADIMGI OʻZBEKISTON 
MISOLIDA......................................................................................................................................................499

Sayfudinova Djamila Badridinovna

AHOLINI IJTIMOIY HIMOYALASH TIZIMINI BOSHQARISHGA BAG‘ISHLANGAN DASTLABKI 
ILMIY QARASHLARNING SHAKLLANISHI VA ULARNING TAHLILI.......................................................503

Xamroyev Anvar Ashurovich

AHOLINING MOLIYAVIY SAVODXONLIGINI RIVOJLANTIRISH OMILLARI HAMDA MOLIYAVIY 
TEXNOLOGIYALARDAN FOYDALANISHNING IQTISODIY AFZALLIKLARI..........................................508

A.A.Abduvoxidov

NODAVLAT OLIY TA’LIM MUASSASALARINING MOLIYAVIY HOLATINI KOMPLEKS BAHOLASH 
VA IQTISODIY SAMARADORLIGINI TAHLIL QILISH................................................................................518

Turmanqulov Norpo‘lat Sa’dullayevich

PERFORMANCE APPRAISAL FAIRNESS AND EMPLOYEE OUTCOMES IN UZBEKISTAN’S 
EDUCATIONAL INSTITUTIONS: A QUANTITATIVE INVESTIGATION....................................................525

Farida Nishanova

SANOAT KORXONALARIDA SIFAT BOSHQARUVI TIZIMLARINING ISHLAB CHIQARISH 
JARAYONIGA TA’SIRI...................................................................................................................................535

O‘.M. Baytanov



M U H A N D I S L I K  VA  I Q T I S O D I Y O T2026-yil, mart.  № 3-son

9

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
SDIGITAL METHODS FOR MONITORING HAND HYGIENE AND AUTOMATIC NAIL 

SEGMENTATION USING COMPUTER VISION TECHNOLOGIES..........................................................540
Shavkat Shukhratovich Azimov, Temurbek Zokir Ugli Daminov,  
Durdona Nurjonovna Rasulova, Dilorom Umrzakovna Nalibaeva



M U H A N D I S L I K  VA  I Q T I S O D I Y O T

540

2026-yil, mart.  № 3-son

DIGITAL METHODS FOR MONITORING 
HAND HYGIENE AND AUTOMATIC NAIL 
SEGMENTATION USING COMPUTER VISION 
TECHNOLOGIES

Shavkat Shukhratovich Azimov
Candidate of Biological Sciences, Associate Professor,
Vice-Rector for International Affairs and Transformation,
Tashkent State Technical University named after Islam Karimov

Temurbek Zokir Ugli Daminov
Head of the Department of Commercialization of Scientific and Innovative Developments
Tashkent State Technical University named after Islam Karimov

Durdona Nurjonovna Rasulova
2nd-year Doctoral Student of the Department of Ecology and Environmental Protection,
Tashkent State Technical University named after Islam Karimov

Dilorom Umrzakovna Nalibaeva
Candidate of Medical Sciences, 
Associate Professor of the Department of Neurology and Traditional Medicine,
Tashkent State Medical University

Abstract. Compliance with hand hygiene is one of the key factors in preventing infectious diseases and ensuring patient 
safety in healthcare institutions. In recent years, digital technologies have been increasingly introduced to automate the 
monitoring of sanitary and hygienic procedures. This study examines modern computer vision and machine learning 
methods for analyzing the condition of hands and determining nail growth parameters.

The aim of this research is to develop a digital approach to monitoring hand hygiene based on the analysis of nail plate 
images and the application of segmentation algorithms. As part of the study, a dataset of nail images was created, data 
preprocessing was performed, and the effectiveness of several segmentation models, including U-Net, Mask R-CNN, 
and YOLOv8-seg, was evaluated.

The results of the study demonstrated that the use of deep learning models provides high segmentation accuracy and 
allows automatic detection of nail boundaries and the grown part of the nail. Among the tested models, Mask R-CNN 
showed the highest accuracy indicators. The obtained results confirm the potential of artificial intelligence technologies 
for digital monitoring of hand hygiene and prevention of infectious disease spread in healthcare institutions.

Keywords: hand hygiene, computer vision, image segmentation, deep learning, Mask R-CNN, YOLOv8, medical 
information technologies, healthcare digitalization.

Annotatsiya. Qo‘l gigiyenasiga rioya qilish yuqumli kasalliklarning oldini olish hamda tibbiyot muassasalarida bemorlar 
xavfsizligini ta’minlashning muhim omillaridan biri hisoblanadi. So‘nggi yillarda sanitariya-gigiyena jarayonlarini monitoring 
qilishni avtomatlashtirish maqsadida raqamli texnologiyalar keng joriy etilmoqda. Mazkur tadqiqotda qo‘llarning holatini 
tahlil qilish va tirnoq o‘sishi parametrlarini aniqlash uchun zamonaviy kompyuter ko‘rish hamda mashinaviy o‘rganish 
usullari o‘rganildi.
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Tadqiqotning maqsadi tirnoq plastinkasi tasvirlarini tahlil qilish va segmentatsiya algoritmlaridan foydalanish asosida 
qo‘l gigiyenasini monitoring qilishning raqamli yondashuvini ishlab chiqishdan iborat. Tadqiqot doirasida tirnoq tasvirlari 
ma’lumotlar to‘plami yaratildi, ma’lumotlar oldindan qayta ishlash jarayonidan o‘tkazildi hamda U-Net, Mask R-CNN va 
YOLOv8-seg kabi bir nechta segmentatsiya modellari samaradorligi baholandi.

Tadqiqot natijalari chuqur o‘rganish modellari yuqori segmentatsiya aniqligini ta’minlashini hamda tirnoq chegaralarini va 
tirnoqning o‘sib chiqqan qismini avtomatik aniqlash imkonini berishini ko‘rsatdi. Sinovdan o‘tkazilgan modellar orasida 
Mask R-CNN eng yuqori aniqlik ko‘rsatkichlarini namoyish etdi. Olingan natijalar sun’iy intellekt texnologiyalarining 
tibbiyot muassasalarida qo‘l gigiyenasini raqamli monitoring qilish hamda yuqumli kasalliklarning tarqalishining oldini 
olishda katta salohiyatga ega ekanligini tasdiqlaydi.

Kalit so‘zlar: qo‘l gigiyenasi, kompyuter ko‘rish, tasvir segmentatsiyasi, chuqur o‘rganish, Mask R-CNN, YOLOv8, tibbiy 
axborot texnologiyalari, sog‘liqni saqlashni raqamlashtirish.
Аннотация. Соблюдение гигиены рук является одним из ключевых факторов профилактики инфекционных 
заболеваний и обеспечения безопасности пациентов в медицинских учреждениях. В последние годы цифровые 
технологии активно внедряются для автоматизации мониторинга санитарно-гигиенических процедур. В данном 
исследовании рассматриваются современные методы компьютерного зрения и машинного обучения для анализа 
состояния рук и определения параметров роста ногтей.

Целью исследования является разработка цифрового подхода к мониторингу гигиены рук на основе анализа 
изображений ногтевой пластины и применения алгоритмов сегментации. В рамках исследования был создан 
набор данных изображений ногтей, выполнена предварительная обработка данных и проведена оценка 
эффективности нескольких моделей сегментации, включая U-Net, Mask R-CNN и YOLOv8-seg.

Результаты исследования показали, что использование моделей глубокого обучения обеспечивает высокую 
точность сегментации и позволяет автоматически определять границы ногтя и его отросшую часть. Среди 
протестированных моделей наибольшую точность продемонстрировала модель Mask R-CNN. Полученные 
результаты подтверждают потенциал технологий искусственного интеллекта для цифрового мониторинга гигиены 
рук и профилактики распространения инфекционных заболеваний в медицинских учреждениях.

Ключевые слова: гигиена рук, компьютерное зрение, сегментация изображений, глубокое обучение, Mask R-CNN, 
YOLOv8, медицинские информационные технологии, цифровизация здравоохранения.

I N T R O D U C T I O N
Hand hygiene is one of the most effective and accessible measures for the prevention of infectious 

diseases. This concept refers to a set of practices aimed at removing pathogenic microorganisms from the 
surface of the skin of the hands through the use of water, soap, or antiseptic agents. The main objective 
of these procedures is to prevent the transmission of bacteria, viruses, and other microorganisms between 
individuals and the surrounding environment.

Human hands constantly come into contact with various surfaces, objects, and people. Therefore, they 
act as a primary mechanism for the transmission of infections. Studies show that a significant number of 
microorganisms may be present on the skin surface of the hands, many of which are capable of causing 
various diseases. When touching the face—especially the eyes, nose, or mouth—infectious agents can easily 
enter the body.

The issue of hand hygiene compliance is particularly relevant in medical institutions. Healthcare workers 
interact daily with patients, medical instruments, and biological materials. Failure to comply with sanitary 
standards may lead to the spread of hospital-acquired infections, which pose a serious threat to patients’ 
health.

According to international studies, a significant proportion of infection transmission cases in medical 
institutions are associated with insufficient compliance with hand hygiene practices. Therefore, the development 
of effective methods for monitoring and controlling sanitary procedures is one of the key challenges of modern 
medicine.

In the context of the digital transformation of healthcare systems, increasing attention is being paid to the 
application of artificial intelligence and computer vision technologies. These technologies make it possible to 
automate the analysis of medical data, improve diagnostic accuracy, and optimize the processes of quality 
control in healthcare services.
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One promising direction is the development of digital systems capable of automatically analyzing the 
condition of hands and assessing compliance with hygiene requirements. In particular, computer vision methods 
can be used to analyze images of hands, determine nail shape, and evaluate the degree of nail growth.

The aim of this study is to develop a digital method for analyzing nail condition and monitoring hand 
hygiene based on machine learning and computer vision algorithms.

R E V I E W  O F  L I T E R A T U R E  O N  T H E  S U B J E C T
Hand hygiene has long been recognized as one of the most effective preventive measures for reducing 

the transmission of infectious diseases, particularly within healthcare settings. The importance of proper hand 
hygiene practices has been emphasized by numerous international organizations and researchers. According 
to the guidelines developed by the World Health Organization, hand hygiene is a fundamental component 
of infection prevention and control in medical institutions. The organization highlights that appropriate hand 
hygiene practices, including handwashing with soap and water and the use of alcohol-based antiseptics, 
significantly reduce the spread of pathogenic microorganisms in healthcare environments. The WHO guidelines 
also emphasize the importance of integrating systematic monitoring and compliance strategies to ensure that 
healthcare workers consistently follow hygiene protocols.

Substantial empirical evidence supporting hand hygiene promotion has been provided by researchers such 
as Didier Pittet, Benedetta Allegranzi, and Hugo Sax. Their research proposes an evidence-based model for 
hand hygiene promotion that integrates education, institutional support, monitoring, and feedback mechanisms. 
This model demonstrates that effective hand hygiene programs require a comprehensive approach combining 
behavioral change strategies, organizational commitment, and continuous evaluation of compliance. Their 
work has significantly influenced international health policies and has become the foundation for many infection 
prevention programs implemented in hospitals worldwide.

Further methodological foundations for hand hygiene practices in healthcare environments were established 
in the clinical guidelines developed by John M. Boyce and Didier Pittet in cooperation with the Centers for 
Disease Control and Prevention. These guidelines provide a comprehensive framework for hand hygiene in 
healthcare settings, describing the epidemiological significance of hand contamination, the effectiveness of 
different hygiene techniques, and the conditions under which hand hygiene procedures must be performed. 
Their work highlights that consistent adherence to hand hygiene protocols can substantially reduce healthcare-
associated infections, which remain a major challenge for patient safety across the world.

In parallel with advances in infection control research, rapid progress in computer vision and deep learning 
technologies has opened new opportunities for automated hygiene monitoring systems. One of the most 
influential developments in biomedical image analysis is the convolutional neural network architecture known 
as U-Net, proposed by Olaf Ronneberger, Philipp Fischer, and Thomas Brox. The U-Net architecture was 
specifically designed for biomedical image segmentation tasks and enables precise pixel-level classification of 
structures within medical images. Its encoder–decoder architecture allows the model to capture both contextual 
information and fine spatial details, making it particularly suitable for identifying small anatomical structures 
such as nails or skin regions in digital images.

Another significant advancement in image segmentation was introduced through the Mask R-CNN 
framework developed by Kaiming He, Georgia Gkioxari, Piotr Dollár, and Ross Girshick. This method extends 
object detection models by incorporating an additional branch for predicting segmentation masks at the pixel 
level. Mask R-CNN has demonstrated high accuracy in detecting and segmenting complex objects within 
images and has been widely adopted in medical image analysis tasks due to its ability to combine object 
localization and detailed structural segmentation.

In addition to segmentation-based approaches, real-time object detection models have become 
increasingly important in computer vision applications. One of the most widely used frameworks is the YOLO 
(You Only Look Once) architecture developed by Joseph Redmon and Ali Farhadi. Unlike traditional multi-
stage detection algorithms, YOLO processes images using a single neural network, allowing object detection 
to be performed in real time. This characteristic makes YOLO-based models particularly suitable for practical 
monitoring systems that require rapid image processing and immediate feedback.

The integration of modern computer vision algorithms with healthcare hygiene monitoring systems creates 
new opportunities for improving sanitary control. By combining advanced image segmentation models such 
as U-Net and Mask R-CNN with real-time detection frameworks like YOLO, it becomes possible to develop 
automated systems capable of analyzing hand images and assessing hygiene-related parameters. Such 
technologies can significantly enhance infection prevention strategies by enabling objective monitoring and 
supporting compliance with established hand hygiene standards.
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R E S E A R C H  M E T H O D O L O G Y
To achieve the stated objective, a comprehensive approach was developed that included image collection 

and preparation, data preprocessing, and the application of segmentation algorithms.

A N A LY S I S  A N D  R E S U LT S
During the study, a specialized dataset of hand nail images was created. The dataset included more than 

500 photographs obtained under different lighting conditions and from various shooting angles.
When forming the dataset, the following parameters were considered:
•	 diversity of shooting angles;
•	 variations in lighting conditions;
•	 characteristics of the nail surface;
•	 age and gender of participants;
•	 differences in skin color.
The use of diverse images made it possible to improve the robustness of machine learning algorithms and 

ensure their ability to generalize.
Specialized data annotation tools were used to label the images, including LabelMe, CVAT, and Roboflow. 

Using these platforms, the contours of the nail plate and the boundaries of its grown-out part were marked for 
each image.

After the annotation process was completed, the dataset was divided into three parts:
•	 training set — 80% of the images;
•	 validation set — 10%;
•	 test set — 10%.
Such a distribution of data makes it possible to correctly evaluate the performance of the trained models 

and reduces the likelihood of overfitting.
Before using the images in machine learning algorithms, a preprocessing stage was performed. This step 

is an important part of data preparation, as images may significantly differ in brightness, contrast, and noise 
level.

The main stages of preprocessing included:
Filtering is used to remove noise that appears during image acquisition. The following methods were 

applied in this study:
•	 Gaussian filtering;
•	 Median filtering;
•	 Bilateral filtering.
These algorithms help smooth random fluctuations in pixel brightness and improve overall image quality.
Normalization is used to bring images to a uniform brightness value range. Pixel values are transformed to 

the range from 0 to 1, which is a standard practice when training neural networks.
To improve the distinction between the nail and the surrounding skin, contrast enhancement techniques 

were applied, including:
•	 histogram equalization;
•	 adaptive histogram equalization (CLAHE).
These methods make it possible to more clearly highlight object boundaries in the image.
To separate the image into object and background, a thresholding method was used. The optimal threshold 

value was determined using the Otsu method.
Segmentation is one of the key stages of image analysis. It represents the process of dividing an image 

into separate regions corresponding to different objects.
Within the framework of this research, several segmentation algorithms were considered.
Traditional methods include edge detection algorithms such as:
•	 the Canny edge detector;
•	 the Sobel operator.
These methods make it possible to identify object contours; however, their effectiveness largely depends 

on lighting conditions and image quality.
To improve the accuracy of the analysis, modern deep learning models were applied.
The U-Net architecture is widely used in medical image processing. It has a symmetrical encoder–decoder 

structure and allows segmentation at the level of individual pixels.
Mask R-CNN is one of the most accurate segmentation models. It combines object detection with the 

generation of pixel-level masks.
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YOLOv8-seg is a modern model that enables object segmentation in real time.
After the nail region is segmented, its structure is analyzed to determine the boundary between the main 

part of the nail and the grown-out area.
For this purpose, several feature extraction methods are applied:
•	 analysis of color characteristics;
•	 evaluation of texture features;
•	 computation of brightness gradients.
To detect the boundary between different parts of the nail, edge detection algorithms are used, such as the 

Canny edge detector and the Sobel operator.
After identifying the boundary, the relative length of the grown-out portion of the nail is calculated. This 

parameter can be used for automated monitoring of nail condition and hygiene compliance.
During the experiments, a comparative evaluation of the effectiveness of different segmentation models 

was carried out.
The obtained results demonstrated the following accuracy indicators (Table 1):

Table 1. Comparative performance of segmentation models in nail plate detection
Model IoU Dice

U-Net ~0.87 ~0.92
Mask R-CNN ~0.91 ~0.96
YOLOv8-seg ~0.88–0.90 ~0.93–0.95

The most accurate results were demonstrated by the Mask R-CNN model.
At the same time, the YOLOv8-seg model showed high processing speed and can be applied in real-time 

systems.
Failure to comply with hand hygiene rules is one of the key factors contributing to the spread of infectious 

diseases.
Diseases that can be transmitted through contaminated hands include:
•	 intestinal infections;
•	 viral gastroenteritis;
•	 respiratory diseases;
•	 infections of the skin and soft tissues;
•	 hospital-acquired infections.
Studies show that regular hand washing can reduce the spread of intestinal infections by approximately 

30%, and respiratory infections by more than 20%.
Thus, improving compliance with hand hygiene practices is an important component in the prevention of 

infectious diseases.

C O N C L U S I O N S  A N D  S U G G E S T I O N S
In this study, a digital method for analyzing nail condition and monitoring hand hygiene using computer 

vision technologies was developed.
The experimental results demonstrated that the application of deep learning algorithms makes it possible 

to effectively perform segmentation of the nail plate and determine its grown-out part.
The highest accuracy was demonstrated by the Mask R-CNN model, while YOLOv8-seg provides an 

optimal balance between speed and accuracy.
The proposed approach can be used in digital hand hygiene monitoring systems in medical institutions. 

The implementation of such technologies can improve the effectiveness of sanitary control and reduce the risk 
of the spread of infectious diseases.
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