
№11№11

noyabrnoyabr

ISSN: 3060-463X

20252025



Elektron nashr, 664 sahifa.
2025-yil, noyabr

Bosh muharrir: 
Zokirova Nodira Kalandarovna, iqtisodiyot fanlari doktori, DSc, professor

Bosh muharrir o‘rinbosari:
Shakarov Zafar G‘afforovich, iqtisodiyot fanlari bo‘yicha falsafa doktori, PhD, dotsent

Tahrir hay’ati:
Abduraхmanov Kalandar Xodjayevich, O‘z FA akademigi, iqtisodiyot fanlari doktori, professor 
Sharipov Kongratbay Avezimbetovich, texnika fanlari doktori, professor 
Maxkamov Baxtiyor Shuxratovich, iqtisodiyot fanlari doktori, professor
Abduraxmanova Gulnora Kalandarovna, iqtisodiyot fanlari doktori, professor 
Shaumarov Said Sanatovich, texnika fanlari doktori, professor 
Turayev Bahodir Xatamovich, iqtisodiyot fanlari doktori, professor 
Nasimov Dilmurod Abdulloyevich, iqtisodiyot fanlari doktori, professor 
Allayeva Gulchexra Jalgasovna, iqtisodiyot fanlari doktori, professor 
Arabov Nurali Uralovich, iqtisodiyot fanlari doktori, professor 
Maxmudov Odiljon Xolmirzayevich, iqtisodiyot fanlari doktori, professor 
Xamrayeva Sayyora Nasimovna, iqtisodiyot fanlari doktori, professor 
Bobonazarova Jamila Xolmurodovna, iqtisodiyot fanlari doktori, professor 
Irmatova Aziza Baxromovna, iqtisodiyot fanlari doktori, professor 
Bo‘taboyev Mahammadjon To‘ychiyevich, iqtisodiyot fanlari doktori, professor
Shamshiyeva Nargizaxon Nosirxuja kizi, iqtisodiyot fanlari doktori, professor, 
Xolmuxamedov Muhsinjon Murodullayevich, iqtisodiyot fanlari nomzodi, dotsent 
Xodjayeva Nodiraxon Abdurashidovna, iqtisodiyot fanlari nomzodi, dotsent
Amanov Otabek Amankulovich, iqtisodiyot fanlari bo‘yicha falsafa doktori (PhD), dotsent 
Toxirov Jaloliddin Ochil o‘g‘li, texnika fanlari bo‘yicha falsafa doktori (PhD) 
Qurbonov Samandar Pulatovich, iqtisodiyot fanlari bo‘yicha falsafa doktori (PhD) 
Zikriyoyev Aziz Sadulloyevich, iqtisodiyot fanlari bo‘yicha falsafa doktori (PhD) 
Tabayev Azamat Zaripbayevich, iqtisodiyot fanlari bo‘yicha falsafa doktori (PhD)
Sxay Lana Aleksandrovna, iqtisodiyot fanlari bo‘yicha falsafa doktori (PhD), dotsent
Ismoilova Gulnora Fayzullayevna, iqtisodiyot fanlari nomzodi, dotsent 
Djumaniyazov Umrbek Ilxamovich, iqtisodiyot fanlari nomzodi, dotsent 
Kasimova Nargiza Sabitdjanovna, iqtisodiyot fanlari nomzodi, dotsent
Kalanova Moxigul Baxritdinovna, dotsent
Ashurzoda Luiza Muxtarovna, iqtisodiyot fanlari bo‘yicha falsafa doktori (PhD)
Sharipov Sardor Begmaxmat o‘g‘li, iqtisodiyot fanlari bo‘yicha falsafa doktori (PhD)
Sharipov Botirali Roxataliyevich, iqtisodiyot fanlari nomzodi, professor
Tursunov Ulug‘bek Sativoldiyevich, iqtisodiyot fanlari doktori (DSc), dotsent
Bauyetdinov Majit Janizaqovich, Toshkent davlat iqtisodiyot universiteti dotsenti, PhD
Botirov Bozorbek Musurmon o‘g‘li, Texnika fanlari bo‘yicha falsafa doktori (PhD)
Sultonov Shavkatjon Abdullayevich, Kimyo fanlari doktori, (DSc)
Joʻraeva Malohat Muhammadovna, filologiya fanlari doktori (DSc), professor.



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 

elementlari 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, 

telekommunikasiya 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 

muhofazalovchi 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, noyabr.  № 11-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

JAHONDA KREATIV IQTISODIYOTNING RIVOJLANISHINING UMUMIY GLOBAL 
TENDENSIYALARI........................................................................................................................................ 12

Ismailov Azizbek Ruzimaxammatovich

CHORVACHILIK MAHSULOTLARI ISHLAB CHIQARISH VA EKSPORT SALOHIYATINI OSHIRISHDA 
BOZOR INFRATUZILMASINI RIVOJLANTIRISHNING IQTISODIY OMILLARI........................................... 22

Soxadaliyev Abdurashid Mamadaliyevich

XORIJIY INVESTITSIYALAR VA IQTISODIY O‘SISH O‘RTASIDAGI O‘ZARO TA’SIR................................. 30
Madraximova Irodaxon Sherzodbek qizi

O‘ZBEKISTON SHAROITIDA XIZMATLAR EKSPORTINING IQTISODIY O‘SISHGA TA’SIRI..................... 35
Sultonov Shodiyor Abduxalilovich, Karshiyeva Charos Mamasoliyevna

QASHQADARYO VILOYATIDA ОLIY TА’LIM VА MEHNАT BОZОRI INTEGRАTSIYАSI АSОSIDА 
YUQОRI MАLАKАLI KАDRLАR TАYYОRLАSHNING HОZIRGI HОLАTI.................................................... 41

Haqqulov Fazliddin Faxriddinovich

SOLIQ MA’MURCHILIGIDA XALQARO TAJRIBA ASOSIDA SAMARADORLIKNI OSHIRISH..................... 48
Xodjimatov Xamidullo Mamirjonovich

TIJORAT BANKLARI KREDIT PORTFELNI SAMARALI BOSHQARISH: MUAMMO VA TAKLIFLAR.......... 53
Yusupov Shaxzod Maxmatmurodovich

KICHIK BIZNES VA TADBIRKORLIKNING RIVOJLANISHIGA TAʼSIR ETUVCHI ASOSIY OMILLAR 
VA IQTISODI SAMARADORLIGI TAHLILI.................................................................................................... 59

Axatova Shahnoza

SANOATNING “DRAYVER” SOHALARINI RIVOJLANTIRISH..................................................................... 63
Mamurjonova Ruxshonabegim Farxodovna

РОЛЬ КРЕАТИВНОЙ ИНДУСТРИИ В РЕГИОНАЛЬНОМ РАЗВИТИИ КАРАКАЛПАКСТАНА.................. 69
Хошимова Камилла Навфал қизи

РОЛЬ ЧЕЛОВЕЧЕСКОГО КАПИТАЛА В ПОВЫШЕНИИ КОНКУРЕНТОСПОСОБНОСТИ 
ОРГАНИЗАЦИЙ В УСЛОВИЯХ ГЛОБАЛИЗАЦИИ..................................................................................... 79

Тожиева Шахноза Бобомуратовна, Расулова Дилфуза Валиевна

АНАЛИЗ ФИНАНСОВОГО СОСТОЯНИЯ ПРЕДПРИЯТИЯ....................................................................... 86
Файзиев Умуркул Шухратович

TIKUV-TRIKOTAJ KORXONALARDA MARKETING FAOLIYATIDA ISTEMOLCHILARNI 
MOTIVATSIYALASH MASALALARI.............................................................................................................. 97

Jalilov Jamshid G‘anijonovich

СТАНДАРТЫ КАЧЕСТВА КАК ФАКТОР ПОВЫШЕНИЯ КОНКУРЕНТОСПОСОБНОСТИ 
ПИЩЕВОЙ ПРОМЫШЛЕННОСТИ.............................................................................................................. 103

Ўролова Севара Бехзод қизи

BANKLARDA KAPITAL YETARLILIGI VA LIKVIDLIKNI AUDITORLIK BAHOLASH 
USULLARINI TAKOMILLASHTIRISH............................................................................................................ 109

Narziyev Hayotjon Azamatovich

NATIJAVIYLIKKA YO‘NALTIRILGAN BudjetLASHTIRISH ORQALI FISKAL SAMARADORLIKNI 
OSHIRISH MASALALARI............................................................................................................................. 115

Allakuliyev Akmal Baltayevich

AUDITORLIK XULOSALARIDA AUDITORLARNING PROFESSIONAL MULOHAZALARNING 
ASOSLILIGINI ANIQLASH AHAMIYATI........................................................................................................ 120

Parpiyev Jaxongir Ilxomjonovich

YASHIL IQTISODIYOTDA YASHIL  MOLIYALASHTIRISH: NAZARIY VA AMALIYOT UYGʻUNLIGI............ 126
Xalikov S. X.



M U H A N D I S L I K  VA  I Q T I S O D I Y O T2025-yil, noyabr.  № 11-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
STURISTIK KORXONALARDA BREND KAPITALINI BAHOLASH................................................................. 131

Zufarov Akmal Gulamiddinovich

AYOLLAR ISH BILAN BANDLIGINI OSHIRISHDA KASANACHILIKNING AHAMIYATI............................... 141
Eshqobulova Charos O‘roq qizi

ПРАВОВОЕ РЕГУЛИРОВАНИЕ ИНВЕСТИЦИОННОЙ ДЕЯТЕЛЬНОСТИ В РЕСПУБЛИКЕ 
УЗБЕКИСТАН............................................................................................................................................... 148

Алимова Дилафруз

O‘ZBEKISTON UZUMCHILIK KORXONALARINING EKSPORT MARKETING STRATEGIYALARINI 
TAKOMILLASHTIRISHDA YASHIL INNOVATSIYALAR VA TEXNOLOGIYALARNING O‘RNI...................... 153

Usmonova Diyora Mahmud qizi

RAQAMLI MOLIYAVIY XIZMATLAR TRANSFORMATSIYASI SHAROITIDA SOLIQ BOSHQARUVI 
SAMARADORLIGINI OSHIRISH ISTIQBOLLARI......................................................................................... 161

Radjabov Umurzoq Ablakulovich

ЦИФРОВАЯ ТРАНСФОРМАЦИЯ ЭНЕРГЕТИЧЕСКОГО СЕКТОРА РЕСПУБЛИКИ УЗБЕКИСТАН: 
РОЛЬ ИНФОРМАЦИОННО-КОММУНИКАЦИОННЫХ ТЕХНОЛОГИЙ В ПОВЫШЕНИИ 
ЭФФЕКТИВНОСТИ ЭНЕРГЕТИКИ............................................................................................................. 165

Аллаева Г.Ж.

THE IMPORTANCE OF STRESS TESTING AND ITS IMPLEMENTATION IN COMMERCIAL BANKS 
OF THE REPUBLIC OF UZBEKISTAN......................................................................................................... 169

Mamatova Sevara

MINTAQADA SANOAT KORXONALARI SALOHIYATI VA RAQOBATBARDOSHLIGINI 
OSHIRISHNING INNOVATSION KO‘RSATKICHLARI.................................................................................. 175

Nabiyev G‘ulom Abdisalomovich

IJTIMOIY SOHA INVESTISIYA LOYIHALARINI DAVLAT–XUSUSIY SHERIKLIK ASOSIDA 
MOLIYALASHTIRISHDA RISKLARNI BOSHQARISHNING XORIJ TAJRIBALARI...................................... 185

Ergashev Axmadjon Maxmudjon o‘g‘li

YASHIL BANK MAHSULOTLARIDA RAQAMLI TEXNOLOGIYALARNI QO‘LLASH ISTIQBOLLARI........... 189
Mahmudov Ulugʻbek Davronovich

KICHIK BIZNESDA XUSUSIY VA UMUMIY AXBOROT TIZIMLARI INTEGRATSIYASI............................... 193
Navruz-zoda Layli Baxtiyorovna

O‘ZBEKISTON IQTISODIYOTIGA TO‘G‘RIDAN-TO‘G‘RI XORIJIY INVESTITSIYALARNI 
JALB QILISH MEXANIZMINI TAKOMILLASHTIRISH YO‘LLARI.................................................................. 197

Mamatkulova Nadira Maxkamovna

JAHON AMALIYOTIDA TASHABBUSLI BUDJETLASHTIRISHNING KONSEPTUAL 
YOʻNALISHLARI........................................................................................................................................... 203

Xamidov Xabibullo Xikmatulla oʻgʻli

РАЗВИТИЕ УПРАВЛЕНЧЕСКОГО УЧЁТА В УСЛОВИЯХ ЦИФРОВИЗАЦИИ МАЛОГО БИЗНЕСА 
КАК ФАКТОР ПЕРЕХОДА К “ЗЕЛЁНОЙ” ЭКОНОМИКЕ РЕСПУБЛИКИ УЗБЕКИСТАН.......................... 210

Бозорова Озода Рахимовна

TEMIRBETON KO‘RRIKLARDAGI BURDALANGIN BETONDAN OLINGAN CHAQIQ TOSHNI 
KOMPLEKS TADQIQOT QILISH.................................................................................................................. 222

Salixanov Saidxon Salixanovich, Kenjayev Temurbek Olimjonovich

KICHIK BIZNES VA XUSUSIY TADBIRKORLIKDA YASHIRIN IQTISODIYOTNI ANIQLASH 
USULLARI VA SOF FOYDA KO‘RSATKICHIDA AKS ETISH YO‘LLARI....................................................... 226

Mavlyanov Muzaffar Yusupovich

MAMLAKATIMIZ BANKLARIDA  FOIZ RISKILARI MUAMMOLARI VA ILMIY-TAHLILI................................ 230
Isakov.J.Ya

QISHLOQ XO‘JALIGI MAHSULOTLARINI EKSPORTGA YO‘NALTIRISHDA IQTISODIY 
BARQARORLIK TUSHUNCHASINING NAZARIY ASOSLARI VA BAHOLASH MEZONLARI..................... 238

Faxriddinov Bahriddin



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, noyabr.  № 11-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 TOʻQIMACHILIK SANOATIDA SUNʼIY VA KIMYOVIY TOLALARNING IQTISODIY AFZALLIKLARI........... 243

Raximov Furqat Jalolovich

BUXORO VILOYATIDA CHARM-POYABZAL TARMOG‘I RAQOBATBARDOSHLIGINI OSHIRISH 
STRATEGIYASI............................................................................................................................................. 249

Rahmonov Xurshid Xayriddinovich, Atoyeva Mehrigiyo Ilhom qizi

KORXONALARDA BUXGALTERIYA HISOBI VA UNI YURITISH TARTIBINI TAKOMILLASHTIRISH.......... 254
M.I.Murodova

SOLIQ SIYOSATI ORQALI AHOLI DAROMADLARINI RAG‘BATLANTIRISH MEXANIZMLARI.......... 258
Uzoqov Suhrobjon Do‘smat o‘g‘li

INNOVATSION VA RAQAMLI TEXNOLOGIYALAR ASOSIDA LOGISTIK XIZMATLAR 
KORXONALARINING IQTISODIY SAMARADORLIGI TAHLILI................................................................... 264

Xalimov Javlonbek Shaxriyorovich

O‘ZBEKISTON RESPUBLIKASIDA SOLIQ TIZIMIDA RAQAMLASHTIRISHNI TAKOMILLASHTIRISH 
ORQALI SOLIQLARNI UNDIRISHNING METODOLOGIK MUAMMOLARI................................................. 271

Muxammadov Nodir Karimovich

KICHIK BIZNES SUBYEKTLARI FAOLIYATIDA EKSPORTBOP MAHSULOTLAR ISHLAB 
CHIQARISH JARAYONLARINI TAKOMILLASHTIRISH ORQALI SAMARADORLIKNI OSHIRISH............. 277

Boymirzayev Zokirjon Mashrabboyevich

IQTISODIYOT VA TA’LIM BOSHQARUVI: O‘ZBEKISTONDA TA’LIM BRENDINGI UCHUN 
IQTISODIY JIHATLAR................................................................................................................................... 282

Dilfuza Shokirova

OLIY TA’LIM SOHASIDA DAVLAT-XUSUSIY SHERIKLIK TIZIMINI TAKOMILLASHTIRISH........................ 291
Raximjonova Shohsanam Baxodirovna

O‘ZBEKISTON BANKLARIDA RAQAMLI TRANSFORMATSIYANI INSON KAPITALI RIVOJI BILAN 
UYG‘UNLASHTIRISH: INSTITUTSIONAL YONDASHUV............................................................................. 295

Xushvaqtov Nodirbek Nomoz oʻgʻli

SUN’IY INTELLEKT ASOSIDA MOLIYAVIY STRESS-TEST TIZIMINI YARATISH 
METODOLOGIYASI...................................................................................................................................... 299

Zaynutdinov Ismoil Samariddin o‘g‘li

HOZIRGI SHAROITDA BANK FAOLIYATIDA RISKLARNI BOSHQARISH TIZIMINING 
INSTITUTSIONAL MEXANIZMLARI............................................................................................................. 303

Malikova Dilrabo Muminovna, Shakarova Kumush Faxriddin qizi

ENSURING SECURITY IN THE DIGITAL WORLD: HOW THE INSURANCE INDUSTRY CAN 
COUNTER CYBERATTACKS....................................................................................................................... 308

D.D. Omonova

JAHON SAVDO TASHKILOTIGA A’ZO BO‘LISH JARAYONIDA Budjet–SOLIQ SIYOSATINI 
ISLOH QILISH MASALALARI....................................................................................................................... 314

Hojiakbar Zaynabidinov

SILINDRSIMON KAMERADA QATLAMLI CHIGITLAR AYLANMA HARAKATINING TAHLILI...................... 319
Noʻmonov Mirjalol Abdumalik oʻgʻli

IPAKCHILIK KLASTERLARI ASOSIDA TARMOQNI O‘RTA MUDDATLI RIVOJLAN TIRISH 
STRATEGIYASI............................................................................................................................................. 325

Xudoykulov Mamarasul Radjabovich

INNOVATSION IQTISODIYOT SHAROITIDA UZOQ MUDDATLI AKTIVLAR HISOBINI 
TAKOMILLASHTIRISH.................................................................................................................................. 332

Shermamatov Sirojiddan Xaydarovich

O‘ZBEKISTONDA TURIZM IQTISODIYOTINING RAQAMLI MARKETING ORQALI RIVOJLANISH 
YO‘LLARI...................................................................................................................................................... 335

Egamberdiyev Muzaffar

РОЛЬ ЦИФРОВЫХ РЕШЕНИЙ В РЕАЛИЗАЦИИ ПРОЕКТА «БЕЗОПАСНЫЙ ГОРОД»......................... 339
Иминов Акбаржон Одилжонович



M U H A N D I S L I K  VA  I Q T I S O D I Y O T2025-yil, noyabr.  № 11-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
SIQTISODIY TIZIM VA INSON QADRIYATI: KAPITALIZM VA GUMANIZM O‘RTASIDA................................ 345

Raxmatullayev Sarvar Nazar o‘g‘li, Abdukarimova Muborak Sharaf qizi, Madrakhimova R. G.

O‘ZBEKISTONDA QULAY INVESTITSIYA MUHITINI SHAKLLANTIRISH VA INVESTITSIYALAR 
JALB ETISH MEXANIZMLARINI TAKOMILLASHTIRISH............................................................................. 350

Yusupov Muxiddin Soatovich

KONSOLIDATSIYALASHGAN MOLIYAVIY HISOBOT MA’LUMOTLARINI TAHLIL QILISH 
MASALALARI................................................................................................................................................ 358

Avazov Ilhom Ravshanovich

YANGI TUZILISHLI IKKI QATLAMLI TRIKOTAJ TO‘QIMALARINI OLISH USULLARI................................. 363
S. Saparova, M. Musaeva, M.Mirsadikov, M.Mukimov

KVANT MUHITIDA AXBOROTNI HIMOYALASHGA XIZMAT QILUVCHI MULTIPLEKSER 
TUZILMASI.................................................................................................................................................... 370

Safoyev Nuriddin Najmiddin o‘g‘li

ERKIN IQTISODIY HUDUDLAR: KO‘P QATLAMLI IQTISODIY MEXANIZMLAR, INNOVATSION 
INFRATUZILMA VA INSTITUTSIONAL UYG‘UNLIKNING KONSEPTUAL TAHLILI..................................... 377

Kuziev Ravshan Ramazonovich

SANOAT HAMKORLIGINING ILG‘OR TAJRIBALARI VA ULARNI O‘ZBEKISTON 
IQTISODIYOTIGA INTEGRATSIYA QILISH YO‘LLARI................................................................................. 385

Boyturayev Olimjon Urayimovich

DAVLAT-XUSUSIY SHERIKLIK ASOSIDA KICHIK BIZNESNI RIVOJLANTIRISH MASALALARI.............. 392
Akbarov Gʻayratjon Neʼmadjonovich

QORAQALPOG‘ISTON RESPUBLIKASI QO‘NG‘IROT TUMANIDA YILQICHILIK VA TUYACHILIKNI 
RIVOJLANTIRISH ISTIQBOLLARINI ARIMA MODELI ASOSIDA PROGNOZLASH.................................... 396

Sabit Gabbarov Nietali’evich

MAKTABGACHA TA’LIM MUASSALARIDA AUTSORSING FAOLIYATINI MOLIYALASHTIRISHDA 
ILG‘OR XORIJIY TAJRIBALAR..................................................................................................................... 402

Xamidov Anis Choriyevich

NЕXUS BЕTWЕЕN RЕNЕWАBLЕ ЕNЕRGY USЕ АND GDP GRОWTH ІN UZBЕKІSTАN........................ 407
Xalimjonov Nurbek Ulug‘bek o‘g‘li, Toxirov Shodiyor Zafar o‘g‘li, Jumamuratov Sultanbek Ilyasovich

MOLIYAVIY SALOHIYATNI OSHIRISHDA XORIJIY INVESTITSIYALARNI JALB QILISH 
MEXANIZMINI TAKOMILLASHTIRISH ISTIQBOLLARI................................................................................ 415

Akishova Shaxnoza Davlet qizi

O‘ZBEKISTON O‘RMON XO‘JALIGIDA INNOVASION MOLIYALASHTIRISH: NORMATIV TAYANCH, 
BOZOR INSTRUMENTLARI VA EKOTIZIM XIZMATLARI............................................................................ 420

Mamatqulova Muxlisaxon Mamirjanovna

SERVIS IQTISODIYOTIDA ISH BILAN BANDLIK SHAKLLARI TRANSFORMATSIYASINI TADBIQ 
QILISHGA METODOLOGIK YONDASHUV.................................................................................................. 425

Abdusaidov Akmal Abduvaliyevich

O‘ZBEKISTON IQTISODIYOTIDA TURIZMNING O‘RNI VA RIVOJLANISH TENDENSIYALARI................. 431
Kuymuratova Matlubaxon Abdimanabovna

МЕТОДОЛОГИЧЕСКИЕ ОСНОВЫ СОВЕРШЕНСТВОВАНИЯ «ЗЕЛЁНОГО» ФИНАНСИРОВАНИЯ
В БАНКОВСКОМ СЕКТОРЕ........................................................................................................................ 436

Мирдовидов Бахтиер Кобилович

MILLIY IQTISODIYOT UCHUN INVESTITSIYA RESURSI SIFATIDA UY XO‘JALIKLARI 
JAMG‘ARMALARINI RIVOJLANTIRISH ................................................................................................... 443

Bayxonov Baxodirjon Tursunbayevich

AXBOROT-KOMMUNIKATSIYA TIZIMLARI HIMOYA VOSITALARINI SUN’IY INTELLEKT 
BILAN INTEGRATSIYALASH MUAMMOLARI.......................................................................................... 448

Bozorov Suhrobjon Mumin 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 T 2025-yil, noyabr.  № 11-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 SANOAT KORXONALARIDА KPI TIZIMINI JORIY QILISHNI TАKОMILLАЅHTIRIЅHNING 

NАZАRIУ АЅОЅLАRI.................................................................................................................................. 453
Tursunov Orifali Samandarovich

IQTISODIY BARQARORLIKGA TA’SIR ETUVCHI OMILLAR VA ULARNING O‘ZIGA XOS 
XUSUSIYATLARI......................................................................................................................................... 457

Abdullayeva Sevaraxon Xasanovna

ZARAFSHON MINTAQASI HUDUDLARIDA XIZMAT KOʻRSATISH SOHALARI 
OʻRTASIDAGI MUTANOSIBLIKNI TAʼMINLASH ISTIQBOLLARI........................................................... 463

Murtazayev Isabek Bazarbayevich

YUQORI SAMARALI PAXTA TOZALAGICHDA MAYDA IFLOSLIKLARNI AJRATISH 
JARAYONINI TAKOMILLASHTIRISH VA UNING OPTIMAL PARAMETRLARINI 
MATEMATIK MODELLASHTIRISH ASOSIDA ANIQLASH...................................................................... 471

Mirzakarimov Mirsharoffiddin Mirzaabdurahimovich

MAHSULOTLAR RAQAMLI PASPORTI EKOTIZIMI VA UNI SHAKLLANTIRISH OMILLARI............... 478
Avloqulova Sadoqat Sobirjon qizi

ВЛИЯНИЕ РАЗЛИЧНЫХ МОЮЩИХ СРЕДСТВ И МЕТОДОВ НА ПОКАЗАТЕЛИ 
КАЧЕСТВА НАТУРАЛЬНЫХ ШЕРСТЯНЫХ ВОЛОКОН......................................................................... 484

Собиров ДаниёрХолмуродович

СТРУКТУРНАЯ МОДЕЛЬ ЦИФРОВОЙ КОМПЕТЕНТНОСТИ ПЕДАГОГОВ 
В СОВРЕМЕННОМ ОБРАЗОВАТЕЛЬНОМ ПРОСТРАНСТВЕ............................................................. 490

Киличева Феруза Бешимовна

KICHIK BIZNESNING BARQAROR IQTISODIY RIVOJLANISHINI TA’MINLASHDA 
SAMARALI OMILLARDAN FOYDALANISH NAZARIYASI...................................................................... 495

Imomnazarov Xurshid Ozodbekovich, Zakirova Gulnora Mirzaliyevna

TIJORAT BANKLARIDA MOLIYAVIY BARQARORLIKNI BAHOLASH INDIKATORLARI 
VA ULARNI TAKOMILLASHTIRISH YO‘LLARI......................................................................................... 499

Abdusalamov Olimjon Eshmirzayevich

O‘ZBEKISTONDA TURIZM SOXASIGA DAVLAT-XUSUSIY SHERIKLIK MEXANIZMINI 
TA’SIRI.......................................................................................................................................................... 504

Yuldashev Kodirjon Mamadjanovich

O‘ZBEKISTONDA DAVLAT BUDJETI XARAJATLARINING SAMARADORLIGINI BAHOLASH 
METODLARINI TAKOMILLASHTIRISH..................................................................................................... 508

Shernayev Akbar Aqmirzayevich

O‘ZBEKISTON RESPUBLIKASINING TIJORAT BANKLARIDA MUAMMOLI KREDITLARNI 
KAMAYTIRISH YO‘LLARI........................................................................................................................... 514

Adilov Mirkomil Miralimovich

IDORALARARO INTEGRATSIYANING NAZARIY MODELLARI VA UNING DAVLAT 
BOSHQARUVIDAGI AHAMIYATI............................................................................................................... 520

Ashirov Jamolbek Shuxrat o‘g‘li

MO‘RT MATERIALLARNI MEXANIK KESIB ISHLOV BERISHDA ASBOB YUZASIDA 
KUZATILADIGAN YEYILISH...................................................................................................................... 526

Allanazarov Akmal Abdulxaqovich, Axmedov Azamat Xaitovich, Shakirov Shuhrat Musayevich

RAQAMLI IQTISODIYOT SHAROITIDA SOLIQ MONITORING TIZIMINI RIVOJLANTIRISH 
ISTIQBOLLARI............................................................................................................................................ 530

Lukmanov Kahramon Abdurahmanovich

NODAVLAT OLIY TA’LIM MUASSASALARIDA MARKETING FAOLIYATI SAMARADORLIGINI 
OSHIRISH VA TAKOMILLASHTIRISH BO‘YICHA XORIJIY TAJRIBALAR............................................ 534

Yuldashov Isomiddin Sidiqovich

KICHIK BIZNESNI MOLIYAVIY QO‘LLAB-QUVVATLASHDA TIJORAT BANKLARINING KREDIT 
SIYOSATINI TAKOMILLASHTIRISH YO‘NALISHLARI............................................................................ 540

Norqobilova Nargiza Abdiqodirovna



M U H A N D I S L I K  VA  I Q T I S O D I Y O T2025-yil, noyabr.  № 11-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
SPNEVMOTRANSPORT TIZIMIDAGI PNEVMOQUVUR TIRSAK MATERIALINI YAXSHILASH 

ORQALI PAXTA SIFATIGA TA’SIRINI O‘RGANISH.................................................................................. 546
Boltabayev Bekzod Egamberdiyevich

QURILISH MATERIALLARI SANOATI KORXONALARINING EKOLOGIK AKTIVLARINI 
HISOBGA OLISH......................................................................................................................................... 549

Mirzayev Komiljon Abdullajonovich

DEHQON XO‘JALIKLARIDA YER RESURSLARIDAN FOYDALANISHNING EKOLOGIK 
XAVFSIZLIGI VA UNING BAHOLASH USULLARI.................................................................................... 553

Axmatov Abutolibxon Ochilxon oʻgʻli

XUSUSIYLASHTIRILGAN KORXONALARDA KORPORATIV BOSHQARUVNI 
TAKOMILLASHTIRISH ORQALI MOLIYAVIY NATIJADORLIKNI OSHIRISH YO‘LLARI...................... 557

Asomidinova Moxigulbonu Oybek qizi

O‘ZBEKISTONDA INVESTITSION JOZIBADORLIKNING ORTIB BORISHI JAHON 
MIQYOSIDA JORIY ETILAYOTGAN BUSINESS READY REYTINGIDAGI BAHOLASH 
NATIJALARIDA YAQQOL NAMOYON BO‘LMOQDA................................................................................ 562

Pulatov Dilshod Xaqberdiyevich, Raxmonov Doniyor Ixtiyorjon o‘g‘li,  
Ortiqova Niginabonu Alisher qizi, Raxmonov Jo‘rabek Hamroyevich

QISHLOQ XO‘JALIGI SOHASIDA INVESTITSIYADAN FOYDALANISH SAMARADORLIGI 
VA RIVOJLANTIRISH STRATEGIYASI...................................................................................................... 570

Nilufar Mengqobilovna Xudayberdieva

МАGNEZIAL BOG‘LOVCHI МАТЕRIALLAR ISHLAB CHIQARISHDA SANOAT 
CHIQINDILARNI FOYDALANISHNING DUNYO VA O‘ZBEKISTON 
MIQYOSIDAGI HOLATI.............................................................................................................................. 574

Rahimjon Jalilov Ravshanbek o‘g‘li, Orazimbetova Gulistan Jaksilikovna

KORXONALAR ISHLAB CHIQARISH POTENSIALINING XUSUSIYATLARI VA UNDAN 
FOYDALANISH IMKONIYATLARI.............................................................................................................. 578

Jalilov Bahrom Sotiboldievich

O‘ZBEKISTONDA INKLYUZIV SUG‘URTA INSTITUTINING RIVOJLANISH ZARURATI 
VA UNING IJTIMOIY-IQTISODIY AHAMIYATI........................................................................................... 583

Ravshanova Mohinur O‘rolovna

INNOVATIVE APPROACHES TO IMPROVING STUDENTS’ DIGITAL COMPETENCE....................... 588
Jalgasbayev Sultanbek Tayrbek uli

KREATIV TURIZMDA YANGI TAJRIBALAR YARATISH: IJODIY KLASTERLAR, MAHALLIY 
HUNARMANDCHILIK VA IMMERSIV TEXNOLOGIYALAR ROLI........................................................... 593

Hamzayeva Dilfuza Samarovna

TO‘QIMACHILIK SANOATI KORXONALARI EKSPORT SALOHIYATINI BOSHQARISHNING 
ZARURIYATI VA AHAMIYATI...................................................................................................................... 599

Salimjonova Zilolaxon Salimjon qizi

O‘ZBEKISTONDA “YASHIL” IQTISODIYOTGA O‘TISHNI QO‘LLAB-QUVVATLASH UCHUN 
FOYDALANILADIGAN MOLIYAVIY MAHSULOTLAR.............................................................................. 605

Nazarova Umida Mamadali qizi

CREDIT RISK MANAGEMENT AND PROFITABILITY OF COMMERCIAL BANKS 
IN AN EMERGING MARKET: THE CASE OF UZBEKISTAN................................................................... 609

Ruzmamat Khudayberganov Shokirjon ugli, Sobirov Yuldoshboy Ruzimboevich, Nodirbek Fayzullaev Baxtiyor Ugli

PAXTA XOMASHYOSIDAGI IFLOSLIKLARNI TOZALASHDA UNUMDORLIKNI OSHIRISHGA 
TA’SIR ETUVCHI OPTIMAL PARAMETRLARNI ANIQLOVCHI MATEMATIK MODEL.......................... 616

Karimov Abdusamat Ismonovich, Imomnazarova Nurjaxon

ГОСУДАРСТВЕННО-ЧАСТНОЕ ПАРТНЁРСТВО КАК ИНСТРУМЕНТ МОДЕРНИЗАЦИИ 
СИСТЕМЫ ДОШКОЛЬНОГО И ОБЩЕГО СРЕДНЕГО ОБРАЗОВАНИЯ В УЗБЕКИСТАНЕ............. 621

Муродбек Болтабоев



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, noyabr.  № 11-son

10

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 YOSHLAR TADBIRKORLIGINI MOLIYALASHTIRISHDA MAVJUD MUAMMOLAR 

VA KAMCHILIKLAR..................................................................................................................................... 626
Valiev Umid Gulamovich

TURIZM SOHASIDA MARKETING STRATEGIYALARINING SAMARADORLIGINI OSHIRISH 
YO‘LLARI...................................................................................................................................................... 631

Normurodova Zebo Eshmaxmatovna

HR MARKETING STRATEGIYALARINING KORXONA SAMARADORLIGIGA TA’SIRI........................ 635
Adilova Zulfiya Djavdatovna

ISHLAB CHIQARISH KORXONALARIDA MARKETING TADQIQOTLARINI 
TAKOMILLASHTIRISH YO‘LLARI.............................................................................................................. 641

Musayeva Shoira Azimovna

ЭМПИРИЧЕСКАЯ ОЦЕНКА ЗРЕЛОСТИ УПРАВЛЕНЧЕСКОГО УЧЁТА И ЦИФРОВИЗАЦИИ 
В МАЛОМ И СРЕДНЕМ БИЗНЕСЕ УЗБЕКИСТАНА.............................................................................. 646

Джуманиязова Сабина Михайловна

MAMLAKATIMIZDA INKLYUZIV TURIZMNI RIVOJLANTIRISH: ISTIQBOLLAR VA STRATEGIK 
YO‘NALISHLAR........................................................................................................................................... 654

Maxmudova Aziza Pirmamatovna

SYNTHESIS OF FLAME-RESISTANT NANOCOMPOSITE COATINGS, THEIR 
THERMO-MECHANICAL PROPERTIES, AND PRACTICAL APPLICATION 
IN THE EVALUATION OF HEAT RESISTANCE........................................................................................ 658

Tosheva Dilfuza Farxodovna, Siddikov Ikrom Iminjonovich, Rakhimov Firuz Fazlidinovich



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

658

2025-yil, noyabr.  № 11-son

SYNTHESIS OF FLAME-RESISTANT 
NANOCOMPOSITE COATINGS, THEIR THERMO-
MECHANICAL PROPERTIES, AND PRACTICAL 
APPLICATION IN THE EVALUATION OF HEAT 
RESISTANCE
Tosheva Dilfuza Farxodovna
Doctoral candidate of Bukhara state technical university.

Siddikov Ikrom Iminjonovich 
Professor, Department of construction and environmental engineering, 
Tashkent Architecture University

Rakhimov Firuz Fazlidinovich 
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Department of construction engineering, 
Bukhara state technical university

Abstract. This research focuses on the synthesis of flame-resistant nanocomposite coatings and the evaluation of their 
thermo-mechanical properties and heat resistance. Phenol–formaldehyde resins modified with nanosilicate additives 
were prepared and systematically investigated. The incorporation of nanoscale fillers was found to significantly enhance 
the thermal stability, mechanical performance, and flame-retardant behavior of the coatings. Experimental results 
demonstrated that these nanocomposites exhibit delayed thermal degradation, higher char yield, improved adhesion, 
and resistance to mechanical stress under thermal cycling. The coatings also provided effective protection against high-
temperature exposure, showing promising potential for practical applications in aerospace, construction, and energy 
industries.

Keywords: Flame-resistant coatings; nanocomposites; phenol–formaldehyde resins; thermo-mechanical properties; heat 
resistance; nanosilicates; polymer modification.
Annotatsiya. Ushbu tadqiqot olovga chidamli nanokompozit qoplamalarni sintez qilish va ularning termomexanik 
xususiyatlari va issiqlikka chidamliligini baholashga qaratilgan. Nanosilikat qo‘shimchalari bilan modifikatsiyalangan 
fenol-formaldegid qatronlari tayyorlandi va tizimli ravishda tekshirildi. Nano o‘lchamli plomba moddalarini qo‘shish 
qoplamalarning termal barqarorligini, mexanik ishlashini va olovga chidamliligini sezilarli darajada oshirishi aniqlandi. 
Tajriba natijalari shuni ko‘rsatdiki, bu nanokompozitlar termal degradatsiyani kechiktiradi, yuqori ko‘mir hosil qiladi, 
yaxshilangan yopishish va termal sikl ostida mexanik stressga chidamlilikni namoyon etadi. Qoplamalar shuningdek, 
yuqori harorat ta'siridan samarali himoya ta'minladi va aerokosmik, qurilish va energetika sanoatida amaliy qo‘llanilishi 
uchun istiqbolli salohiyatni ko‘rsatdi.

Kalit so‘zlar: Olovga chidamli qoplamalar; nanokompozitlar; fenol-formaldegid qatronlari; termomexanik xususiyatlar; 
issiqlikka chidamlilik; nanosilikatlar; polimer modifikatsiyasi.
Аннотация. Данное исследование посвящено синтезу огнестойких нанокомпозитных покрытий и оценке 
их термомеханических свойств и термостойкости. Были получены и систематически исследованы 
фенолформальдегидные смолы, модифицированные наносиликатными добавками. Было обнаружено, что 
введение наноразмерных наполнителей значительно повышает термостабильность, механические характеристики 
и огнестойкость покрытий. Экспериментальные результаты показали, что эти нанокомпозиты демонстрируют 
замедленную термическую деградацию, более высокий выход коксования, улучшенную адгезию и устойчивость 
к механическим нагрузкам при термоциклировании. Покрытия также обеспечивают эффективную защиту от 
воздействия высоких температур, демонстрируя перспективность практического применения в аэрокосмической, 
строительной и энергетической отраслях.

Ключевые слова: Огнестойкие покрытия; нанокомпозиты; фенолформальдегидные смолы; термомеханические 
свойства; термостойкость; наносиликаты; модификация полимеров.
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I N T R O D U C T I O N
In recent decades, the development of advanced protective coatings has become a priority in materials 

science, particularly in fields where safety, durability, and high performance are essential. Among these, 
fire-resistant nanocomposite coatings have attracted significant attention due to their superior protective 
functions and versatile applications. Unlike conventional flame-retardant materials, nanocomposite coatings 
combine the unique structural features of nanoscale components with the stability of polymeric or ceramic 
matrices, resulting in improved thermal, mechanical, and chemical resistance. The synthesis of fire-resistant 
nanocomposite coatings is closely linked to the growing demand for safety in construction, transportation, 
aerospace, and energy industries. Materials exposed to extreme temperatures are prone to degradation, 
loss of structural integrity, and catastrophic failure. Therefore, enhancing the thermo-mechanical properties 
and fire endurance of protective coatings is crucial for extending service life and preventing fire hazards. 
Recent studies have demonstrated that the incorporation of nanoparticles—such as layered silicates, carbon 
nanotubes, metal oxides, or graphene derivatives—into coating matrices significantly improves thermal 
stability, char formation, and barrier effects, thereby reducing flammability and heat release rates. From a 
practical perspective, these nanocomposite coatings not only ensure fire protection but also offer additional 
advantages such as lightweight design, environmental compatibility, and cost-effectiveness. Their potential 
applications range from building materials and protective layers for steel and aluminum structures to insulation 
systems and fire-safe polymer composites. Moreover, the interdisciplinary nature of this research—combining 
polymer chemistry, nanotechnology, and materials engineering—makes it an important step toward sustainable 
and safe technological development. Thus, investigating the synthesis, thermo-mechanical properties, and 
fire resistance evaluation of nanocomposite coatings is vital for both scientific advancement and industrial 
application. The outcomes of such studies are expected to provide valuable insights into the optimization of 
fireproof materials, ensuring not only performance but also safety in real-world conditions.

L I T E R A T U R E  R E V I E W
The demand for fire-resistant materials has grown significantly in construction, aerospace, energy, and 

defense industries. Traditional flame-retardant coatings were primarily based on halogenated compounds, 
phosphorus additives, or inorganic fillers. While these materials demonstrated some efficiency in delaying 
ignition, their toxicity, environmental concerns, and limited durability led researchers to seek alternative 
solutions (Horrocks & Price, 2008). This has motivated the development of nanocomposite-based coatings, 
which offer enhanced safety and improved physical properties. Nanocomposites are hybrid materials where 
nanoparticles—such as clays, metal oxides (TiO₂, Al₂O₃, MgO), carbon nanotubes, or graphene derivatives—
are dispersed in polymer or ceramic matrices. Their nanoscale dimensions create a high surface-to-volume 
ratio, enabling strong interfacial interactions that improve mechanical strength, thermal stability, and fire 
retardancy (Alexandre & Dubois, 2000). For example, layered silicates have been shown to create char 
barriers during combustion, which slow down heat and oxygen penetration, thereby reducing flammability 
(Gilman, 1999). Numerous studies highlight that nanocomposites not only resist fire but also enhance thermo-
mechanical performance. Carbon nanotube-reinforced coatings, for instance, exhibit higher elastic modulus, 
thermal conductivity, and toughness compared to conventional polymer coatings (Yu et al., 2012). Similarly, 
graphene-based additives improve both fire resistance and mechanical resilience, making them suitable for 
multifunctional protective systems (Lin et al., 2016). Assessment of fire-resistant coatings typically involves 
thermogravimetric analysis (TGA), differential scanning calorimetry (DSC), limiting oxygen index (LOI), and 
cone calorimetry. These methods provide insights into thermal decomposition behavior, heat release rate, 
ignition delay, and residual char formation (Alongi et al., 2015). The combination of laboratory evaluations with 
real-scale fire testing is critical for validating the industrial applicability of nanocomposite coatings. Practical 
applications of these materials are broad. In the construction sector, nanocomposite coatings improve the 
fire safety of steel and concrete structures. In aerospace and automotive industries, they provide lightweight 
yet fireproof protective layers. In electronics, thin-film nanocoatings ensure thermal stability and reduce fire 
hazards in devices. Scholars note that these multifunctional properties—fire resistance, mechanical durability, 
and environmental compatibility—position nanocomposite coatings as essential for next-generation protective 
systems (Kashiwagi et al., 2005). Despite remarkable progress, challenges remain. First, uniform dispersion of 
nanoparticles in coating matrices is technically complex. Second, large-scale production requires cost-effective 
synthesis methods. Finally, the balance between mechanical performance, fire retardancy, and environmental 
safety needs further optimization. Addressing these gaps is essential for the commercialization of nanocomposite 
fire-resistant coatings. The literature shows that nanocomposite coatings represent a breakthrough in fire-
resistant material science. Their ability to combine thermal stability, mechanical reinforcement, and fire 
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protection makes them superior to conventional coatings. However, the scalability, cost, and eco-safety of 
these materials require further investigation. Future studies should focus on innovative synthesis approaches, 
environmentally friendly additives, and industry-specific applications to maximize their potential.

M E T H O D O L O G Y
The synthesis of fire-resistant nanocomposite coatings requires the careful selection of base materials 

and reinforcing agents. In this study, polymeric binders (such as epoxy or polyurethane) are combined with 
nanofillers including metal oxides (Al₂O₃, TiO₂), layered silicates, and carbon-based nanomaterials (graphene, 
CNTs). The choice of nanoparticles is based on their ability to improve thermal stability, char formation, and 
barrier properties. The obtained results are statistically analyzed to compare the performance of different 
nanocomposite formulations. Correlations between nanoparticle type, dispersion quality, and thermal/
mechanical properties are identified. Comparative analysis with conventional coatings is conducted to highlight 
the advantages of nanocomposite-based systems. This methodological framework provides a comprehensive 
approach to the synthesis, characterization, and evaluation of fire-resistant nanocomposite coatings. By 
combining advanced analytical techniques with standardized fire testing methods, the study ensures both 
scientific rigor and industrial relevance.

R E S U LT S  A N D  D I S C U S S I O N
FTIR spectra confirmed the successful formation of phenolic networks and the interaction between 

nanosilicates and the polymer matrix. The presence of Si–O–Si stretching vibrations indicated strong bonding 
between the inorganic phase and the resin. Thermal analysis revealed that the incorporation of nanosilicates 
increased the initial decomposition temperature by up to 80 °C. The char yield at 600 °C was significantly higher 
compared to unmodified resins, indicating enhanced barrier formation against heat and oxygen diffusion. DMA 
results showed that nanocomposite coatings exhibited higher storage modulus and improved elasticity, making 
them more resistant to cracking and mechanical deformation. The coatings also demonstrated excellent 
adhesion to steel substrates, ensuring durability under thermal cycling. Cone calorimetry tests indicated a 
considerable reduction in peak heat release rate (PHRR) and total smoke production. The synergistic effect of 
phenolic resin and nanosilicate reinforcement provided strong flame retardancy. When applied as protective 
coatings on metal panels, the nanocomposite materials significantly delayed substrate heating and maintained 
structural integrity during prolonged exposure to high temperatures. This demonstrates their suitability for 
aerospace thermal shields, fire-resistant construction panels, and industrial protective coatings. Flame-resistant 
nanocomposite coatings based on phenol-formaldehyde resins modified with nanosilicates were successfully 
synthesized. Their enhanced thermal stability, superior mechanical properties, and high flame resistance 
make them highly promising for practical applications. These coatings can serve as effective protective layers 
in industries where high thermal and fire resistance are essential. A new silicon-organic compound was 
synthesized using phenol, formaldehyde, and liquid glass, and reaction processes were carried out at different 
ratios of these components. The π-electron system of phenol consists of 8 electrons (6 from the benzene ring 
and 2 from the oxygen atom). Under the influence of the positive mesomeric effect of the hydroxyl group, the 
electron density increases at the ortho- and para- positions of the ring, while it decreases at the oxygen atom.

O H
δ+

δ- δ-

δ-

O H
+0,03

-0,01-0,01

-0,01                   (1)
+M (p,π) > -I
The C–O bond in phenol is not a purely σ-bond. Due to p,π-conjugation, it also possesses a certain 

degree of π-electron density. This can be illustrated by the resonance structures of phenol as follows:

O OH OH OH

                   (2)
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The separation of the oxygen atom from the benzene ring in phenols is very difficult. Most reactions of 
phenols take place on the activated benzene ring due to the electron-donating effect of the hydroxyl group. 
Because of this hydroxyl group, phenols also exhibit weak acidic properties and undergo alkylation and 
acylation reactions. Phenol (benzene or carbolic acid) is a crystalline substance that melts at 43 °C and is 
poorly soluble in water. Worldwide, 1.5–2 million tons of phenol are produced annually. Of this amount, 90% 
is obtained by synthetic methods, while 10% comes from coal tar. Phenol is an important product in organic 
synthesis. It is used in the production of phenol-formaldehyde resins, polymers, dyes, pharmaceuticals, 
explosives, pesticides, caprolactam, polymer stabilizers, detergents, antiseptic substances, picric acid, and 
other chemical products. By repeatedly condensing formaldehyde with phenol or its homologs, thermoplastic 
or thermosetting phenol–formaldehyde resins are obtained. The formation of a particular resin depends on the 
ratio of the main substances. Thermoplastic phenol–formaldehyde resin dissolves well in alcohol and acetone. 
Upon dissolution, it forms a thin film. This property allows the resin to be used as a natural varnish substitute. 
Therefore, it is also called a new type of lacquer. The reaction between phenol and formaldehyde proceeds 
with the formation of different products depending on the molar ratio of the reagents. For example, if an excess 
amount of phenol is taken for the reaction, novolac resin is formed.

 (3)
If a large amount of formaldehyde is taken in the reaction process, a resol resin is formed:

(4)
If the reaction process is continued with heating, the polycondensation product resol undergoes further 

condensation. As a result, a thermosetting solid polymer — resite — is formed. Based on the above, in order to 
carry out the reaction processes, metasilicic acid was first synthesized from liquid glass.

Na2SiO3  + HCl  → H2SiO3↓ + NaCl
In the reaction process, the excess acid and the resulting salt are washed away until they give no qualitative 

reaction with silver chloride solution. The white, gelatinous precipitate formed as a result of the reaction — 
metasilicic acid — is separated and dried. To the dried metasilicic acid, under continuous stirring in an acidic 
medium, equimolar (1:1) amounts of formalin and phenol are added.

O

Si

OHHO

O

+ +

OH

Si

OHO

O

OH

H2C

 (5)
The products formed as a result of the reaction depend on the quantitative ratio of the reagents. For 

carrying out the condensation reaction between phenol and formalin in aqueous solution, the decisive factors 
are as follows:

•	 the initial ratio of the reactants;
•	 the concentration of hydrogen ions;
•	 the reaction temperature.
Taking the above into account, phenol–formaldehyde resin oligomers modified with liquid glass were 

synthesized. In addition, during the copolycondensation of phenol and formalin, the influence of the ratio of 
the reactants, the solvents, and the temperature was studied. The dependence of these parameters on the 
molecular weight of the oligomer was analyzed. It was determined that the substances react according to the 
following scheme.
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C O N C L U S I O N
The synthesis and investigation of flame-resistant nanocomposite coatings have demonstrated that the 

incorporation of nanosilicate modifiers into phenol–formaldehyde resin matrices significantly enhances their 
structural integrity, thermo-mechanical behavior, and overall resistance to elevated temperatures. Experimental 
findings confirmed that nanoscale fillers not only improve thermal stability by delaying decomposition and 
increasing char yield, but also provide superior mechanical strength and durability under thermal cycling. 
Furthermore, the coatings exhibited notable flame-retardant properties, as evidenced by reduced peak heat 
release rates and improved barrier formation during combustion tests. These effects are attributed to the 
synergistic interaction between the organic polymer matrix and the inorganic nanosilicate phase, which creates 
a stable protective layer that restricts heat transfer and oxygen diffusion. From a practical standpoint, the 
developed nanocomposite coatings have shown promising potential for use in industries where high thermal 
and fire resistance are critical, such as aerospace, construction, and energy sectors. By combining enhanced 
flame resistance with improved mechanical properties, these materials provide a reliable and efficient solution 
for extending the service life of structural components exposed to extreme conditions.
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