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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 (DSc), 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)
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.
Yusupov Maxamadamin Abduxamidovich, iqtisodiyot fanlari nomzodi (DSc), professor
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Pardaev Umidjon Uralovich, iqtisodiyot fanlari doktori (DSc), professor
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05.01.00 –	Axborot texnologiyalari, boshqaruv va kompyuter 
grafikasi

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

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

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

xavfsizligi
05.01.06 – Hisoblash texnikasi va boshqaruv tizimlarining 

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
05.08.06 – “Gʻildirakli va gusenisali mashinalar va ularni ishlatish” 

(texnika fanlari)
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 2026-yil, iyul.  № 7-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

MILLIY GVARDIYA TIZIMIDA HARBIY XIZMATCHILARNI KIYIM-KECHAK BILAN TA’MINLASH 
TIZIMINING NAZARIY ASOSLARI.............................................................................................................................................10
Omonov Usmonqul Raxmonqul o‘g‘li 
FOND BOZORLARIGA XORIJIY KAPITALNI JALB QILISH: ZAMONAVIY YONDASHUVLAR VA RIVOJLANISH 
IMKONIYATLARI...............................................................................................................................................................................17
Yusupova Jamila Karamatdinovna 
AXBOROT KOMMUNIKATSIYA XIZMATLARINING TASHKLIY-HUQUQIY VA ILMIY NAZARIY 
MASALALARI.....................................................................................................................................................................................21
Rajaboyev Shahboz Shodi o‘g‘li
PUL MABLAGʻLARI HISOBINI MOLIYAVIY HISOBOTNING XALQARO STANDARTLARIGA OʻTKAZISHNING 
DOLZARB MASALALARI...............................................................................................................................................................26
Eshonqulov Akmal Qudratovich 
XORAZM VILOYATINING IJOBIY IMIJINI OSHIRISHDA HUDUDIY MARKETING STRATEGIYALARINI 
ISHLAB CHIQISH..............................................................................................................................................................................34
Ibadullayev Dilshad Ibragimovich
OROL BOʻYI MINTAQASIDA QISHLOQ XOʻJALIGI VA TURIZMNI YASHIL MOLIYALASHTIRISH VA 
INVESTITSIYA MEXANIZMLARI: BARQAROR RIVOJLANISH ISTIQBOLLARI.........................................................40
Akramova Feruza
ATMOSFERA HAVOSI MONITORINGIDA IOT SENSORLARI O‘LCHASH NATIJALARINING METROLOGIK 
ISHONCHLILIGINI BAHOLASH VA OSHIRISH METODOLOGIYASINI TAKOMILLASHTIRISH..........................52
Sobirov Anvarjon, Melibayev Maxmudjan
BANK VA KREDIT MUASSASALARINING RIVOJLANISH TENDENSIYALARINI TREND MODELLARI 
YORDAMIDA TAHLIL QILISH VA PROGNOZLASH USULLARI........................................................................................59
Nazarov Elbek
PHYSALIS ALKEKENGI OʻSIMLIGIDAN FLAVONOIDLARNI AJRATIB OLISHNING BIOTEXNOLOGIK 
USULLARI VA JARAYON PARAMETRLARINI OPTIMALLASHTIRISH.........................................................................66
Xidirova Saboxat Baxrillayevna
ЧИСЛЕННАЯ ОЦЕНКА РАЗВИТИЯ ЗОН КОНЦЕНТРАЦИИ НАПРЯЖЕНИЙ В МАССИВЕ ГОРНЫХ 
ПОРОД ПРИ ВЛИЯНИИ ПРОЦЕССОВ ДОБЫЧИ В УСЛОВИЯХ РУДНИКА «КЫЗЫЛ-АЛМА».....................70
Салямова Клара, Меликулов  Абдусаттар, Уралбаев Абдукахар, Бакиров Гайрат, 
Зухритдинов Давронбек
XUSUSIY TAʼLIM SOHASIDA MALAKALI KADRLAR NOMUTANOSIBLIGI, IT MUTAXASSISLARINING 
YETISHMASLIGI VA ISHSIZLIKNING TAʼLIM SIFATI HAMDA BARQARORLIGIGA TAʼSIRI: ILGʻOR XORIJ 
TAJRIBASI VA UNING OʻZBEKISTON AMALIYOTIGA TATBIQ ETILISHI...................................................................77
Raxmatxo‘jayev Axrolxo‘ja Akmal o‘g‘li
SAND-PARTICLE-INDUCED LEADING-EDGE EROSION AND ITS IMPACT ON WIND TURBINE BLADES:  A 
REVIEW................................................................................................................................................................................................82
Normamatov A. A. 
IPAKCHILIK KLASTERLARI UCHUN INVESTITSION BOSHQARUV MODELINI ASOSLASH..............................87
Elboyeva Shaxzoda Olimovna
KICHIK VA O‘RTA BIZNES SAMARADORLIGINI EKONOMETRIK USULLARDA TAHLIL QILISH 
METODOLOGIYASI...........................................................................................................................................................................94
Nazarov Nazar G‘ulom o‘g‘li
OLIY TA’LIM MUASSASALARI BOSHQARUV FAOLIYATINI RAQAMLASHTIRISHNING AHAMIYATI..........101
Usmanov Sarvar Nigmatovich
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SРАЗРАБОТКА АДАПТИВНОГО МНОГОЗОНАЛЬНОГО АЛГОРИТМА УПРАВЛЕНИЯ FUZZY-PID ДЛЯ 

ОБЕСПЕЧЕНИЯ РАВНОМЕРНОГО РАСПРЕДЕЛЕНИЯ ВЛАЖНОСТИ В ПРОЦЕССЕ УВЛАЖНЕНИЯ 
ЗЕРНА................................................................................................................................................................................................107
Камариддинов Шохрух Акмал угли
SANOAT KLASTERLARIDA “SANOAT 4.0” TEXNOLOGIYALARINI JORIY ETISH VA HAMKORLIK 
MODELLARI....................................................................................................................................................................................113
Mamadaliyev Anazxon Ziyodillayevich
SAND-PARTICLE-INDUCED LEADING-EDGE EROSION AND ITS IMPACT ON WIND TURBINE BLADES:  A 
REVIEW.............................................................................................................................................................................................119
Normamatov A. A. 
YOSHLARDA EKOLOGIK MADANIYATNI SHAKLLANTIRISHNING NAZARIY VA AMALIY ASOSLARI.......124
Xudoyberdiyev Norbek Komiljon o‘g‘li
HUDUDIY TURIZMDA XALQARO ESG MEZONLARINI MILLIY SHAROITGA MOSLASHTIRISH 
YOʻNALISHLARI.............................................................................................................................................................................128
Maxmudova Nodira Uktamovna
EVALUATION OF TECHNOLOGICAL LOSSES OF HYDROCARBONS OF LIGHT FRACTIONS IN THE 
PROCESSES OF COLLECTION AND PRIMARY TREATMENT AT THE MUBARAK FIELDS OF OGPD..........134
Norqulov Shohbozbek Samandar ugli
АНАЛИЗ СИСТЕМЫ КОРПОРАТИВНОГО УПРАВЛЕНИЯ В БАНКОВСКОМ СЕКТОРЕ УЗБЕКИСТАНА..... 	
..............................................................................................................................................................................................................140
Жумадуллаева Дурдона Шухрат кизи
XUSUSIY TA’LIM SOHASIDA MALAKALI KADRLAR NOMUTANOSIBLIGI TA’LIMNING SIFAT VA 
USTUVORLIGIGA TA’SIRI VA UNI TA’MINLASH YO‘LLARI...........................................................................................145
Raxmatxo‘jayev Axrolxo‘ja Akmal o‘g‘li
OʻZBEKISTONDA TOVAR YETKAZIB BERISH ZANJIRI ISHTIROKCHILARI FAOLIYATI VA BOJXONA 
NAZORATI TIZIMINING ZAMONAVIY HOLATI TAHLILI...............................................................................................150
Kilichov Nazar Bafoyevich
HUDUDLARDA TURIZM XIZMATLARINI RIVOJLANTIRISHNING AHOLI DAROMADLARI VA BANDLIGIGA 
TA’SIRINING TAHLILI..................................................................................................................................................................157
Abdurayimov O‘ktam Abdug‘ani o‘g‘li
GAZNI QAYTA ISHLASH KORXONALARIDA BARQAROR RIVOJLANISH HOLATINING IQTISODIY TAHLILI 
VA BAHOLASH................................................................................................................................................................................164
Kudratkhodjaeva Ziyoda Kamol qizi
COMPETITION IN THE INFORMATION MARKET: MONOPOLY TRENDS AND THE DIGITAL PLATFORM 
ECONOMY.........................................................................................................................................................................................169
Mo‘ydinjonova Durdonaxon, Ismanov Ibrohim
BOZOR INFRATUZILMASINING IQTISODIY MAZMUNI VA KICHIK BIZNES RIVOJIDAGI AHAMIYATI.....174
Ganiyev Botir Baxtiyorovich
MAGNIY VA KALSIY ELEMENTLARINI O‘RGATISHDA O‘QUVCHILARDA 4K KO‘NIKMALARINI 
SHAKLLANTIRISH........................................................................................................................................................................178
Esnazarov Abdiganiy Jamalatdinovich
DATA-DRIVEN STRATEGIK MENEJMENT: MA’LUMOTLARGA ASOSLANGAN BOSHQARUVNING 
ZAMONAVIY KORXONALAR RIVOJLANISHIDAGI AHAMIYATI..................................................................................184
Baymuradov Shoxrux, Dilmurodov Komiljon
YASHIL BUXGALTERIYA (GREEN ACCOUNTING) VA ESG HISOBOTLARI: RAQAMLI IQTISODIYOT 
SHAROITIDA BARQAROR RIVOJLANISHNING STRATEGIK VOSITALARI.............................................................190
Nematullayev Hamidullo, Bo‘stonova Nilufar
АНАЛИЗ ФАКТОРОВ РАЗВИТИЯ ФИНАНСОВЫХ УСЛУГ В УСЛОВИЯХ ЦИФРОВОЙ 
ТРАНСФОРМАЦИИ ЭЛЕКТРОННОЙ КОММЕРЦИИ...................................................................................................196
Нуралиева Мукаддас Мамуровна
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S AGROSANOAT MAJMUASIDA INVESTISIYALARDAN FOYDALANISH SAMARADORLIGINI OSHIRISH, 

OZIQ-OVQAT XAVFSIZLIGINI TA’MINLASH VA MUSTAHKAMLASH MASALALARI...........................................201
Xakimov Rashid
TADBIRKORLIKDA RAQAMLI TRANSFORMATSIYANING IQTISODIY SAMARALARI......................................206
Salohiddinov Zuhriddin Nuriddinjon o‘g‘li
XIZMAT KO‘RSATISH KORXONALARIDA AXBOROT TEXNOLOGIYALARIDAN FOYDALANISH HOLATINI 
TAHLIL QILISH...............................................................................................................................................................................212
Achilova Firuza, Zohidov Jamshid
NAMANGAN VILOYATINING BOSHQA HUDUDLAR BILAN TOVAR VA XIZMATLAR AYLANMASI HAMDA 
IQTISODIY ALOQALARINING HOZIRGI HOLATI VA RIVOJLANISH TENDENSIYALARI...................................217
Sattarov R.A.
ОПТИМАЛЬНАЯ МОДЕЛЬ ФОРМИРОВАНИЯ ФИНАНСОВЫХ РЕСУРСОВ ТЕКСТИЛЬНЫХ 
ПРЕДПРИЯТИЙ В УСЛОВИЯХ ИННОВАЦИОННОГО РАЗВИТИЯ ЭКОНОМИКИ..........................................222
Нурмуродов Камолиддин Пирмаматович
OPTIK ABONENT KIRISH TARMOGʻINING XIZMATLARI SAMARADORLIGI.......................................................230
Uskenbayeva Dilfuza Shuxrat qizi
O‘ZBEKISTON RESPUBLIKASIDA AHOLI DEMOGRAFIK JARAYONLARINI IFODALOVCHI 
KO‘RSATKICHLARNI EKONOMETRIK MODELLARINI TUZISH VA PROGNOZLASH.........................................235
Siroj Zarina Rustambekovna
QISHLOQ XO‘JALIGINI RIVOJLANTIRISHDA AGROKLASTERLARNING O‘RNI VA AHAMIYATI....................242
Berdiyev Abdumalik Hakimovich
HUNARMANDCHILIK KLASTERLARI BO'YICHA XORIJIY TAJRIBA: TURKIYA, MAROKASH VA FRANSIYA 
MODELLARINING QIYOSIY TAHLILI ...................................................................................................................................249
Yaxshiliqov Sardor Rustam o‘g‘li
BANK TIZIMIDA LIKVIDLILIK VA KAPITAL YETARLILIGI RISKLARINI BOSHQARISH MASALALARI ....255
Qurbonov Ilhom Jumaqulovich
O'ZBEKISTON QISHLOQ HUDUDLARIDA AYOLLAR TADBIRKORLIGINI RIVOJLANTIRISHNING 
INSTITUTSIONAL OMILLARI ..................................................................................................................................................258
Saidakbarova Ziyoda Doniyor qizi
BIOLOGIK AKTIVLARNI HAQQONIY QIYMATDA BAHOLASHNING KO‘P OMILLI MODELI .........................266
Akhmetova Salima Seytovna
OZIQ-OVQAT SANOATI KORXONALARIDA ISHLAB CHIQARISH SALOHIYATINI BOSHQARISHNING 
NAZARIY - USLUBIY JIHATLARI.............................................................................................................................................272
Gulmatov Sunnatillo Nurillayevich
YASHIL INVESTITSIYALAR MINTAQA IQTISODIYOTINI BARQAROR DIVERSIFIKATSIYALASH VOSITASI 
SIFATIDA...........................................................................................................................................................................................281
To‘xtayev Maqsud Mansurovich
DAVLAT MUASSASALARIDA INSON RESURSLARIDAN FOYDALANISHNI IQTISODIY-STATISTIK TAHLILI... 	
..............................................................................................................................................................................................................287
Xusanova Muxsina Kasimovna
O‘ZBEKISTONDA QO‘SHILGAN QIYMAT SOLIG‘I MA’MURIYATCHILIGINI RIVOJLANISH QONUNIYATLARI 
VA UNDAGI TIZIMLI MUAMMOLAR TAHLILI....................................................................................................................294
Turdaliyev Eldor Sho‘xratjon o‘g‘li
TIJORAT BANKLARIDA DAROMAD MANBALARI INDEKSI VA UNING RENTABELLIGIGA TA’SIRI............300
Ahmedov Komron Muhammad-Alievich
KORPORATIV BOSHQARUV MEXANIZMLARINING ISHLASH TAMOYILLARI VA ULARNI QURILISH 
KORXONALARI AMALIYOTIGA JORIY ETISH MASALALARI.......................................................................................308
G‘iyosov Ilxom Karimovich
ECONOMIC STRUCTURE AND DEVELOPMENT PRIORITIES FOR STRENGTHENING INTERREGIONAL 
ECONOMIC COOPERATION: EVIDENCE FROM NAMANGAN REGION...................................................................316
Sattarov R.А.
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SUY-JOY BOZORIDA BIRLAMCHI VA IKKILAMCHI SEGMENTLAR O‘RTASIDAGI NARX TAFOVUTLARI VA 

ULARNI SHAKLLANTIRUVCHI OMILLARNING IQTISODIY TAHLILI......................................................................322
Sadikova Dildora Abdulla qizi
TABIY RESURSLAR SAMARADORLIGI VA INSON KAPITALI INTEGRATSIYASINING IQTISODIY O'SISHGA 
TA’SIRI: OʻZBEKISTON HUDUDLARI MISOLIDA..............................................................................................................329
Yusubboyeva Dinora Qudrat qizi
CHAKANA SAVDODA MAHSULOT TALABINI BASHORATLASH USULLARI.........................................................336
Mamatov Narzullo, Baxtiyorova Mohiruy
SOLIQ AUDITIDAGI XAVF-XATARLARNI TAHLIL QILISH (RISK-ANALIZ) TIZIMI VA BUXGALTERNING 
HIMOYA TAKTIKASI.....................................................................................................................................................................343
Nematullayev Hamidullo, Bo‘stonova Nilufar
YOSHLAR TADBIRKORLIGINI RIVOJLANTIRISHDA TA’LIM XIZMATLARI SIFATINING NAZARIY 
ASOSLARI.........................................................................................................................................................................................347
Raxmanov Raxmanbergan Abdullaevich
MA’LUMOTLARNI MOLIYAVIY HISOBOTDA TAQDIM ETISHNING XORIJ TAJRIBASI.......................................351
Kozimjonov Abrorbek
TADBIRKORLIK INFRATUZILMASINI DIVERSIFIKATSIYA QILISH ORQALI SANOAT ZONALARI 
RAQOBATBARDOSHLIGINI OSHIRISH.................................................................................................................................357
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THE COMPOSITION OF SOLID PROPELLANT IN 
MODEL ROCKETS AND ITS EFFECT ON FLIGHT 
PERFORMANCE: A COMPARATIVE STUDY OF 
BIOMASS CATALYSIS AND GRAIN GEOMETRY
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Abstract. This paper investigates the influence of solid-propellant composition on the flight performance of model rockets 
from two complementary perspectives: chemical catalysis and propellant-grain geometry. The conventional potassium nitrate–
sugar (KNSU/KNSB) formulation is typically catalyzed with iron(III) oxide (Fe₂O₃); however, this study examines tobacco ash, 
a low-cost, waste-derived biomass material containing calcium carbonate (CaCO₃), potassium carbonate (K₂CO₃), and trace 
metal oxides, as a potentially resource-efficient alternative. In addition, the internal grain port was formed in a star-shaped 
configuration rather than the conventional circular geometry, allowing an assessment of how a larger initial burning-surface 
area affects thrust development. Experimental data obtained through static-fire testing and flight telemetry indicate that the 
incorporation of tobacco ash was associated with higher measured burn-rate and specific-impulse values than those recorded 
for the standard and Fe₂O₃-catalyzed formulations. The star-shaped port geometry also produced an earlier and higher thrust 
peak owing to its larger initial perimeter. Collectively, these findings suggest that biomass-derived additives and grain-geome-
try optimization may represent useful directions for further research on model-rocket motor performance.

Keywords: solid propellant, potassium nitrate, tobacco ash, catalyst, star-shaped grain, specific impulse, burn rate.

Annotatsiya. Ushbu maqolada qattiq yoqilg‘i tarkibining model raketalarning parvoz samaradorligiga ta’siri ikki o‘zaro 
bog‘liq yo‘nalish — kimyoviy kataliz va yoqilg‘i donasi geometriyasi nuqtayi nazaridan tadqiq etilgan. An’anaviy kaliy nitrat–
shakar (KNSU/KNSB) tarkibida odatda katalizator sifatida temir(III) oksidi (Fe₂O₃) qo‘llanadi. Mazkur tadqiqotda esa kalsiy 
karbonat (CaCO₃), kaliy karbonat (K₂CO₃) va metall oksidlarining iz miqdorlarini o‘z ichiga olgan, biomassadan hosil bo‘luv-
chi arzon chiqindi material — tamaki kuli resurslardan samarali foydalanish imkonini beruvchi muqobil qo‘shimcha sifatida 
o‘rganilgan. Bundan tashqari, yoqilg‘i donasining ichki kanali an’anaviy aylana shakli o‘rniga yulduzsimon shaklda tayyorlanib, 
boshlang‘ich yonish yuzasining kattalashishi tortish kuchining shakllanishiga qanday ta’sir ko‘rsatishi baholangan. Statik olov 
sinovlari va parvoz telemetriyasi orqali olingan tajriba ma’lumotlari tamaki kulining qo‘shilishi standart hamda Fe₂O₃ katal-
izatori qo‘llangan tarkiblarga nisbatan yonish tezligi va solishtirma impulsning yuqoriroq o‘lchangan qiymatlari bilan bog‘liq 
bo‘lganini ko‘rsatdi. Yulduzsimon kanal geometriyasi ham kattaroq boshlang‘ich perimetr hisobiga tortish kuchining ertaroq 
va yuqoriroq cho‘qqisini hosil qildi. Umuman olganda, mazkur natijalar biomassadan olinadigan qo‘shimchalar va yoqilg‘i 
donasi geometriyasini optimallashtirish model raketa dvigatellarining samaradorligini kelgusida tadqiq etish uchun istiqbolli 
yo‘nalishlar bo‘lishi mumkinligini ko‘rsatadi.

Kalit so‘zlar: qattiq yoqilg‘i, kaliy nitrat, tamaki kuli, katalizator, yulduzsimon yoqilg‘i donasi, solishtirma impuls, yonish 
tezligi.

Аннотация. В статье исследуется влияние состава твёрдого топлива на лётные характеристики модельных ракет 
с двух взаимосвязанных позиций: химического катализа и геометрии топливной шашки. В традиционных составах 
на основе нитрата калия и сахара (KNSU/KNSB) в качестве катализатора обычно применяется оксид железа(III) 
(Fe₂O₃). В настоящем исследовании в качестве потенциально ресурсосберегающей альтернативы рассматривается 
табачная зола — недорогой отход биомассы, содержащий карбонат кальция (CaCO₃), карбонат калия (K₂CO₃) и 
следовые количества оксидов металлов. Кроме того, внутренний канал топливной шашки был выполнен в форме 
звезды вместо традиционной круглой геометрии, что позволило оценить влияние увеличенной начальной площади 
поверхности горения на формирование тяги. Экспериментальные данные, полученные в ходе стендовых огневых 
испытаний и полётной телеметрии, показывают, что добавление табачной золы было связано с более высокими 
измеренными значениями скорости горения и удельного импульса по сравнению со стандартным составом и 
составом, катализированным Fe₂O₃. Звездообразная геометрия канала также обеспечила более ранний и высокий 
пик тяги благодаря увеличенному начальному периметру. В совокупности полученные результаты свидетельствуют 
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о том, что применение добавок, получаемых из биомассы, и оптимизация геометрии топливной шашки могут 
представлять собой перспективные направления дальнейших исследований эффективности двигателей модельных 
ракет.

Ключевые слова: твёрдое топливо, нитрат калия, табачная зола, катализатор, звездообразная топливная шашка, 
удельный импульс, скорость горения.

I N T R O D U C T I O N
Model rocketry occupies a distinctive place at the intersection of hobbyist engineering and applied aerospace 

science. It provides students, independent researchers, and enthusiasts with an accessible research platform on 
which to study combustion chemistry, internal ballistics, and flight dynamics without the costs and regulatory 
burdens associated with full-scale propulsion systems. At the core of every amateur rocket motor lies the propellant 
grain, whose chemical composition and physical geometry jointly determine the thrust curve, total impulse, and, 
ultimately, the altitude that the vehicle can reach.

The most widely adopted amateur propellant is potassium nitrate–based solid fuel, in which potassium nitrate 
(KNO₃) serves as the oxidizer and a carbohydrate—typically sucrose or sorbitol—serves as the fuel and binder. 
These formulations are commonly designated KNSU (potassium nitrate–sucrose) and KNSB (potassium nitrate–
sorbitol). Upon ignition, KNO₃ undergoes thermal decomposition, releasing oxygen that reacts exothermically with 
the carbohydrate matrix to yield nitrogen, carbon dioxide, water vapor, and potassium carbonate as the principal 
combustion products.

The overall thermochemical efficiency of this reaction—quantified through specific impulse (Iₛₚ) and linear 
burn rate—is one of the most decisive parameters governing motor performance. Burn-rate modification is 
therefore a central concern in propellant engineering. A burn rate that is too low may produce insufficient thrust to 
overcome the rocket’s weight and aerodynamic drag, whereas an excessively high burn rate may generate chamber 
pressures beyond the structural limits of the motor casing, potentially resulting in structural damage or failure.

Catalytic additives—most notably transition-metal oxides—have long been used to adjust this parameter 
within a safe and useful range. Mechanistically, such catalysts operate by lowering the activation energy required 
for the thermal dissociation of KNO₃ and by providing heterogeneous nucleation sites at the burning surface, 
thereby intensifying local heat transfer.

A second, largely independent means of controlling thrust behavior is the geometric design of the propellant 
grain itself. Because the mass-generation rate of a solid rocket motor is proportional to the instantaneous burning-
surface area, the cross-sectional shape of the internal port—whether a simple circular bore or a more complex 
star-shaped channel—directly determines how thrust evolves over the burn duration.

A circular port, burning radially outward, tends to produce a comparatively modest and gradually increasing 
burning perimeter. A star-shaped port, by contrast, begins combustion with a substantially longer perimeter 
concentrated around the points of the star. This configuration is hypothesized to produce a sharper and higher 
initial thrust peak—a property of considerable interest for improving the initial acceleration and launch-rail 
departure velocity of a model rocket.

This paper addresses both variables within a single, coherent experimental framework. First, it examines 
the chemical hypothesis that the alkaline carbonates present in tobacco ash—principally CaCO₃ and K₂CO₃—may 
facilitate nitrate decomposition through the formation of a low-melting-point phase at the grain surface, thereby 
improving heat transfer between the condensed and gaseous phases.

Second, it examines the geometric hypothesis that a star-shaped grain port, by virtue of its larger initial burning 
perimeter, produces measurably higher initial thrust than an equivalent circular-port grain. Taken together, these 
two variables—catalyst chemistry and grain geometry—are proposed as complementary and largely independent 
means of tailoring the performance characteristics of amateur solid rocket motors.

L I T E R A T U R E  R E V I E W
Over the past two decades, a substantial body of amateur and educational propulsion literature has focused on 

characterizing and optimizing KNSU and KNDX (potassium nitrate–dextrose) formulations. Several authors have 
demonstrated that the burn-rate response to iron oxide loading is nonlinear, typically reaching an optimum within 
a relatively narrow concentration range before catalytic saturation and diminishing returns occur.

Reports involving nanoscale Fe₂O₃ particles indicate a marked increase in catalytic activity compared with 
micron-scale powders, attributable to the greater specific surface area available for heterogeneous reactions. 
However, this advantage is frequently offset by the higher processing costs and greater synthesis complexity 
associated with nanoparticulate oxides, limiting their practicality in hobbyist and educational applications.



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

504

2026-yil, iyul.  № 7-son

Manganese dioxide (MnO₂) has likewise been investigated as an alternative catalyst, with several studies 
reporting greater burn-rate enhancement per unit mass than Fe₂O₃. Its adoption is nonetheless constrained by 
pronounced hygroscopicity, which may compromise long-term storage stability and introduce variability into the 
density and mechanical integrity of the cured grain.

Copper oxide (CuO) has received comparatively less attention in amateur applications but presents similar 
disadvantages related to cost, toxicity, and handling requirements.

In parallel, an emerging strand of materials-science literature has explored biomass-derived ashes as functional 
catalytic materials in unrelated industrial processes, most notably as heterogeneous base catalysts in biodiesel 
transesterification. In such applications, the alkaline carbonate and oxide contents of agricultural and wood ashes 
have demonstrated catalytic activity.

This literature, however, is primarily situated within renewable-energy and waste-utilization research rather 
than energetic-materials research, resulting in a limited body of evidence on the potential applicability of such 
ashes to solid-propellant combustion. Tobacco ash, in particular—despite being generated in substantial quantities 
as agricultural and consumer waste and possessing a chemical profile dominated by CaCO₃ and K₂CO₃, broadly 
analogous to other biomass ashes already evaluated as catalysts—has not, to the authors’ knowledge, been 
systematically investigated as a rocket-propellant additive.

A parallel and comparatively mature body of literature addresses propellant-grain geometry rather than 
chemistry. Classical internal-ballistics theory establishes that thrust–time behavior is governed by the evolution of 
the burning perimeter as the grain regresses, giving rise to the familiar classification of progressive, neutral, and 
regressive burn profiles associated with tubular, cylindrical, BATES, and star-shaped grains.

Star-shaped and wagon-wheel grain configurations are well documented in professional solid-rocket-motor 
design as methods of achieving high initial thrust followed by a gradually decreasing burn profile. Nevertheless, this 
design principle remains comparatively underutilized and underreported in the amateur KNSU/KNSB literature, 
in which circular or simple cylindrical ports remain the default choice, largely because of their ease of fabrication 
rather than their performance characteristics.

Taken together, the literature identifies two areas requiring further investigation: the substitution of relatively 
costly transition-metal-oxide catalysts with inexpensive, waste-derived biomass ash and the deliberate application 
of star-shaped grain geometry in amateur-scale KNSU propellant systems to improve initial thrust. The present 
study addresses both gaps within a unified experimental design.

R E S E A R C H  M E T H O D O L O G Y
The experimental program was organized into sequential stages comprising material conditioning, catalyst 

incorporation, grain preparation, curing, and grain-geometry assessment. All procedures were conducted under 
controlled laboratory conditions and in accordance with the applicable safety requirements for energetic materials.

3.1. Material Conditioning
Step 1—Component Preparation. Technical-grade potassium nitrate (KNO₃) was mechanically conditioned to 

obtain a uniform particle distribution and subsequently dried under controlled conditions to minimize residual 
moisture before blending. Sucrose was selected as the carbohydrate fuel component because of its availability and 
suitable energetic characteristics. The oxidizer and fuel components were combined according to a conventional 
KNSU formulation.

3.2. Catalyst Incorporation
Step 2—Incorporation of the Tobacco-Ash Catalyst. Raw tobacco ash was thermally conditioned to remove 

residual organic and volatile matter and was then sieved to obtain a homogeneous fine powder. The prepared ash 
was incorporated into the KNO₃–sucrose matrix at several low-percentage concentrations to determine the most 
effective catalyst loading.

A control batch without a catalyst and a reference batch containing Fe₂O₃ were prepared in parallel under 
equivalent laboratory conditions to enable direct comparison among the formulations.

3.3. Grain Casting, Geometry, and Curing
Step 3—Grain Preparation and Curing. The blended materials were processed under carefully controlled 

thermal conditions and formed into cylindrical laboratory samples fitted with removable core inserts. Two internal-
port geometries were evaluated: a conventional circular port and an experimental six-point star-shaped port, as 
illustrated schematically in Figure 1.

Following preparation, the samples were cooled and conditioned under controlled environmental conditions 
to reduce residual moisture and ensure dimensional stability. Before testing, each sample was examined for density, 
structural integrity, geometric consistency, and the absence of visible cracks or internal defects.
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Figure 1. Two-dimensional technical comparison of a circular-port propellant grain (left) and a star-shaped propellant 
grain (right), illustrating the difference in initial burning perimeter geometry1.

As shown in Figure 1, the circular-port grain presents a comparatively short, uniform burning perimeter 
defined solely by the bore circumference, whereas the six-point star-port grain presents a considerably longer 
initial perimeter concentrated at the star’s points, where the propellant thickness is locally minimal. Each finished 
grain—spanning both catalyst formulations and both port geometries—was subjected to two evaluation protocols: 
(1) static bench testing, in which the motor was rigidly mounted on a load-cell thrust stand to record thrust as 
a function of time, and (2) flight testing, in which the motors were installed in an instrumented model-rocket 
airframe to capture altitude and acceleration telemetry throughout the ascent.

A N A LY S I S  A N D  R E S U LT S
4.1. Effect of Catalyst Composition
The three catalyst formulations—control, Fe₂O₃ baseline, and experimental tobacco ash—produced clearly 

differentiated performance outcomes, as summarized in Table 1 (mean values from three replicate static firings 
per condition).

Table 1
Effect of catalyst composition on propellant performance2.

Propellant Group Catalyst / Loading Burn Rate (mm/s) Specific Impulse, 
Iₛₚ (s)

Max. Thrust (N)

Control Group None 6.4 131 44.8
Baseline Group Fe₂O₃, 2 wt.% 8.1 141 57.6

Experimental Group Tobacco Ash, 1 wt.% 7.5 138 52.3
Experimental Group Tobacco Ash, 2 wt.% 8.9 146 61.9
Experimental Group Tobacco Ash, 3 wt.% 9.7 152 67.4

The data indicate that tobacco ash at a loading of 3 wt.% showed higher measured values than the conventional 
Fe₂O₃ baseline across all three metrics, achieving a 51 percent increase in burn rate and a 16 percent increase in 
specific impulse relative to the uncatalyzed control. This outcome may be associated with the proposed mechanism 
whereby the alkaline carbonates in tobacco ash—principally CaCO₃ and K₂CO₃—may form a low-melting eutectic 
phase at the propellant surface during combustion, which may expand the contact area between the condensed 
and gaseous phases and lower the effective activation energy of KNO₃ decomposition. The potassium ions released 
from K₂CO₃ may further act as additional mobile ionic carriers without disrupting the existing K⁺ equilibrium 

1	  Source: Developed by the authors.
2	  Source: Compiled by the authors based on experimental static-fire test results.
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contributed by KNO₃ itself, potentially influencing the slowest stage of the decomposition process. Trace-metal-
oxide impurities naturally present in the ash, principally iron and copper compounds, may also provide additional 
heterogeneous catalytic sites, although confirmation of this secondary mechanism would require dedicated 
spectroscopic characterization beyond the scope of the present study. The static-test results were broadly consistent 
with the flight-telemetry measurements: motors loaded with 3 wt.% tobacco ash reached apogees approximately 
22 percent higher than those of the uncatalyzed control under the reported test conditions, a result that may be 
associated with the measured increases in specific impulse and peak thrust.

4.2. Effect of Grain-Port Geometry
Independently of catalyst chemistry, the grain geometry experiment isolated the effect of internal port shape 

using the 2 wt.% tobacco-ash formulation as a common chemical baseline. Table 2 summarizes the comparison 
between the circular-port and six-point star-port configurations.

Table 2
Effect of grain-port geometry on initial burning perimeter and thrust characteristics3.

Grain Configuration Initial Burning Perimeter 
(mm)

Peak Thrust (N) Time to Peak Thrust 
(s)

Circular Port (baseline 
geometry)

31.4 61.9 0.85

6-Point Star Port 
(experimental geometry)

58.7 89.2 0.41

The star-shaped port produced an initial burning perimeter nearly 1.9 times longer than that of the circular 
port, resulting in an earlier and higher measured thrust peak. Because the instantaneous mass-generation rate of 
a solid-propellant grain scales with the product of burning-surface area, density, and linear burn rate, the enlarged 
perimeter at the star’s points allows combustion gases to be generated more rapidly during the initial burn phase, 
before the points erode and the burning surface transitions toward a more circular profile. This thrust profile 
may be advantageous where a higher initial launch-rail departure velocity is required, since greater aerodynamic 
stability may be achieved earlier in flight when the control surfaces are more effective at higher airspeeds.

The circular port, by contrast, exhibits a comparatively flatter and more gradually developing thrust curve, 
consistent with its smaller and less rapidly changing burning perimeter. Taken together, the two experimental 
variables examined in this study—catalyst chemistry and grain geometry—appear to act through largely 
independent physical mechanisms and may therefore be evaluated jointly. A tobacco-ash-containing propellant cast 
with a star-shaped port could combine a higher measured chemical burn rate with geometrically increased initial 
thrust. However, determining whether these effects are additive would require a dedicated controlled experiment 
evaluating both factors simultaneously, which is beyond the scope of the present study.

C O N C L U S I O N  A N D  S U G G E S T I O N S
The experimental results identify two complementary factors that may influence the flight performance of 

model-rocket motors. First, tobacco ash—a waste-derived biomass material containing CaCO₃, K₂CO₃, and trace 
metal compounds—showed potential as a relatively low-cost additive for KNO₃-based propellants. Under the tested 
conditions, the formulation containing 3 wt.% tobacco ash produced higher measured burn-rate, specific-impulse, 
and flight-altitude values than the selected Fe₂O₃ reference formulation. Its relatively low expected cost and the 
productive use of an otherwise discarded waste material suggest that tobacco ash may represent a potentially 
useful alternative warranting further technical and environmental evaluation.

Second, replacing the conventional circular grain port with a six-point star-shaped port increased the initial 
burning perimeter and produced an earlier and higher measured thrust peak. This characteristic may contribute to 
greater launch-rail departure velocity and improved early-flight stability.

Future work should employ a controlled experimental design evaluating both variables simultaneously, 
alongside particle-size optimization of tobacco ash, chemical characterization of its composition, measurement-
uncertainty analysis, and systematic assessment of long-term grain-storage stability.
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