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Sxay Lana Aleksandrovna, iqtisodiyot fanlari bo‘yicha falsafa doktori (PhD), dotsent
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Mirzayev Kulmamat Djanzakovich, 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
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STERJEN KO‘NDALANG KESIM YUZASI ELLIPS SHAKLIDAGI TRANSFORMATORNING QISQA TUTASHUV 
PAYTIDAGI MEXANIK ZO‘RIQISHGA CHIDAMLILIGI........................................................................................................10
Bekishev Allabergen Yergashevich, Yakubova Dilfuza Kuanishovna, Saidova Nozima 
Akkulovna
ВЛИЯНИЕ ДЕМОГРАФИЧЕСКОЙ ДИНАМИКИ НА РАЗВИТИЕ СФЕРЫ УСЛУГ: ЭКОНОМЕТРИЧЕСКИЙ 
АНАЛИЗ РЕГИОНОВ УЗБЕКИСТАНА....................................................................................................................................19
Мусаева Шоира Азимовна, Муйинжонов Хусейн Алишерович
МЕЖДУНАРОДНЫЙ ОПЫТ ЦИФРОВИЗАЦИИ ЭНЕРГЕТИЧЕСКИХ КОМПАНИЙ И ВОЗМОЖНОСТИ 
ЕГО АДАПТАЦИИ В УЗБЕКИСТАНЕ......................................................................................................................................28
Габбарова Ильмира Володиевна 
BALAND BINOLAR FASADLARINI PARDOZLASH TEXNOLOGIYALARINI EKSPLUATATSION 
ISHONCHLILIK VA XIZMAT MUDDATINI UZAYTIRISH ASOSIDA OPTIMALLASHTIRISH.................................34
Amirov Shavkat Rahmatullayevich
ИНТЕГРАЛЬНАЯ ОЦЕНКА УСТОЙЧИВОГО ЦИФРОВОГО РАЗВИТИЯ ТУРИЗМА И ЭФФЕКТИВНОСТИ 
ИСПОЛЬЗОВАНИЯ ТУРИСТСКОГО ПОТЕНЦИАЛА БУХАРСКОЙ ОБЛАСТИ.....................................................41
Усманова Азиза Баходировна
PEREGONDAGI HARAKATNI BOSHQARISH TIZIMLARINI MIKROPROTSESSORLI TEXNOLOGIYALAR 
ASOSIDA TAKOMILLASHTIRILGAN TUZILMAVIY SXEMASINI ISHLAB CHIQISH................................................46
Xujamkulov Eldor G‘ayratjon o‘g‘li
INVESTITSIYALAR HAJMINI OSHIRISHGA QARATILGAN CHORA-TADBIRLAR VA ULARNI 
TAKOMILLASHTIRISH YO‘LLARI...............................................................................................................................................55
Alimova Dilafro‘z Tohir qizii
HUDUDLAR KESIMIDA AHOLI O‘SISHINING BANDLIK DARAJASIGA TA’SIRINI EKONOMETRIK 
BAHOLASH (O‘ZBEKISTON MISOLIDA).................................................................................................................................61
Xusniddinova Gulnoza Ulug‘bek qizi
QUYOSH FOTOELEKTRIK PANELLARI SAMARADORLIGIGA ATROF-MUHIT OMILLARI VA 
CHANGLANISHNING TA’SIRI HAMDA ULARNI KAMAYTIRISHGA QARATILGAN INNOVATSION 
TEXNOLOGIYALAR..........................................................................................................................................................................67
Botirov Bozorbek, Iskandarova Charos, Avazov Jonibek, Sultonov Abror 
O‘ZBEKISTON RESPUBLIKASI QISHLOQ XO‘JALIGINI RIVOJLANTIRISHNING HOZIRGI HOLATI TAHLILI... 	
.................................................................................................................................................................................................................75
Rajapov Xayrulla Bekdurdiyevich, Sharipova Lobar Umrbek qizi
INTERPOLATSION TIKLASH ALGORITMLARINING OCR ANIQLIGIGA TA’SIRINI BAHOLASH.......................82
Aliyev Nodirbek Hamidullo o‘g‘li
IKORXONALARDA KORPORATIV BOSHQARUVNI TAKOMILLASHTIRISHNING ZAMONAVIY 
YONDASHUVLARI VA INSTITUTSIONAL OMILLARI.........................................................................................................90
Muxtorova Shaxlo Farxodovna
O‘ZBEKISTONDA QAYTA TIKLANUVCHI ENERGIYA MANBALARINING RIVOJLANISH ISTIQBOLLARINI 
EKONOMETRIK PROGNOZLASH...............................................................................................................................................94
Qo‘ziboyev Behzod Hamidovich
KPI-BASED PERFORMANCE MANAGEMENT AND ITS IMPACT ON EMPLOYEE PRODUCTIVITY................99
Sultanova Kamila Mukhtorali kizi
SANOAT KORXONALARI IQTISODIY XAVFSIZLIGINI TA’MINLASHDA MARKETING VOSITALARIDAN 
FOYDALANISH AMALIYOTINI TAKOMILLASHTIRISH..................................................................................................104
Tursunxoʻjayev Sardor Jamoliddin oʻgʻli
FARG‘ONA VILOYATI MAHALLALARIDA TADBIRKORLIK VA HUNARMANDCHILIKNI 
RIVOJLANTIRISHNING IJTIMOIY-IQTISODIY VA INSTITUTSIONAL OMILLARINI BAHOLASH...................110
Tuxtasinov Zafarjon Odiljonovich



M U H A N D I S L I K  VA  I Q T I S O D I Y O T2026-yil, may.  № 5-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
SMHXS STANDARTLARIGA O‘TISH: KORXONALAR UCHUN AMALIY MUAMMOLAR VA YECHIMLAR......116

Eshniyazova Yulduz Yuldashbayevna
TURMUSH FAROVONLIGINI BAHOLASHNING KO‘P O‘LCHOVLI USULLARI VA MEZONLARI.....................120
Turdikulova Moxira Maxmasharifovna
KICHIK BIZNESNI RIVOJLANTIRISHNING MOLIYAVIY-IQTISODIY IMPERATIVLARI.....................................125
Kaxorova Zamira Safaraliyevna
YENGIL SANOAT KORXONALARIDA ROʻY BERISHI MUMKIN BOʻLGAN BAXTSIZ HODISALAR VA UNI 
BARTARAF ETISH CHORA-TADBIRLARI.............................................................................................................................131
Dehqonov Oyatillo Mansurbek o‘g‘li, Abduraxmanov Abdurashid Ataxanovich
VTULKA DETALINI ISHLAB CHIQARISHDA SHTAMPLASH TEXNOLOGIK JARAYONINI ISHLAB CHIQISH.... 	
..............................................................................................................................................................................................................136
Abdullayev Fatxulla, Xasanov Kamoliddin, Yolg‘ashova Madina, Jo‘rayev Muhiddin
JAHON MOLIYAVIY TIZIMINING TRANSFORMATSIYASI..............................................................................................140
Qobilova Nodira Qayumjon qizi, Normurodov X.E.
KORXONALARDA “TEJAMKOR ISHLAB CHIQARISH” KONSEPSIYASIDAN FOYDALANISHNING XORIJ 
TAJRIBASI.........................................................................................................................................................................................144
Mamasoliyev Gʻayratbek Maxamadyusupovich
HUDUDIY BARQARORLIKNI TAʼMINLASHDA MAHSULOT EKSPORTINI DIVERSIFIKATSIYALASH 
YOʻLLARI...........................................................................................................................................................................................149
Mamadjanova Tuyg‘unoy Axmadjanovna
PAXTA-TOʻQIMACHILIK KLASTERLARIDA ISHLAB CHIQARISHNI DIVERSIFIKATSIYA QILISH ASOSIDA 
YUQORI QOʻSHILGAN QIYMATLI MAHSULOTLAR ULUSHINI KENGAYTIRISH.................................................154
Yusupova Feruza Yoʻldoshevna
AHOLINING MOLIYAVIY SAVODXONLIGINI OSHIRISHDA MIKROLOYIHALARNING O‘RNI.........................159
Irgashev Anvar Farxodovich
XALQARO KOMPANIYALARDA INNOVATSION BOSHQARUV TIZIMLARINI RIVOJLANTIRISH 
STRATEGIYALARI..........................................................................................................................................................................166
Raxmankulov Sherzod Shokirovich
ИССЛЕДОВАНИЕ ПРОЦЕССА ДЕГРАДАЦИИ КОМПОНЕНТОВ ФОТОЭЛЕКТРИЧЕСКИХ МОДУЛЕЙ В 
ЗАВИСИМОСТИ ОТ КЛИМАТИЧЕСКИХ ФАКТОРОВ: ЛИТЕРАТУРНЫЙ ОБЗОР..........................................171
Дыскин Валерий Григорьевич, Курбанов Юнус Муртаза угли, Жубаназаров Ринат 
Шапагат Улы
RIVOJLANGAN DAVLATLARDA CHIQINDILARNI QAYTA ISHLASH TIZIMINING INSTITUTSIONAL 
ASOSLARI.........................................................................................................................................................................................177
O‘tbosarov Abrorbek Adxamjon o‘g‘li
DAVLAT ORGANLARI VA TASHKILOTLARI ICHKI AUDITORLARINING PROFESSIONAL AXLOQ 
QOIDALARINI ISHLAB CHIQISH.............................................................................................................................................182
Xamidova Zarifa Urol qizi
AUDIT JARAYONIDA DALIL OLISH VA UNING MUAMMOLARI..................................................................................189
Ro‘zmetov Mansur
OʻZBEKISTONDA IJTIMOIY TURIZMNI QOʻLLAB-QUVVATLASH MEXANIZMI VA ULARNING 
SAMARADORLIGI..........................................................................................................................................................................193
Shaydulova Marjona Alisher qizi
KORXONALARNING MOLIYAVIY HOLATINI IFODALOVCHI KO‘RSATKICHLAR VA ULARNING MOLIYAVIY 
TAHLILI AHAMIYATI....................................................................................................................................................................198
Rizoyev Farrux Hikmatilloyevich
NAMANGAN VILOYATIDA KICHIK SANOAT ZONALARIDA IQTISODIY SALOHIYATNI 
TAKOMILLASHTIRISH VA RIVOJLANTIRISH MASALALARI........................................................................................203
Turaboev Ibroxim Ismoil o‘g‘li
ISSIQLIK TEXNIKASIDA IKKILAMCHI BUG‘DAN FOYDALANISH SAMARADORLIGINI OSHIRISH............208
Komilova Nodira Abdirahmon qizi



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, may.  № 5-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 СОВЕРШЕНСТВОВАНИЕ КОРПОРАТИВНОГО УПРАВЛЕНИЯ В КОМПАНИЯХ С ГОСУДАРСТВЕННЫМ 

УЧАСТИЕМ В УСЛОВИЯХ ЭКОНОМИЧЕСКИХ РЕФОРМ..........................................................................................218
Юсупов Зойиржон Ровшан угли, Жумаев Улуғбек Нодирбекович
ЦИФРОВАЯ ТРАНСФОРМАЦИЯ УПРАВЛЕНИЯ ВНЕШНЕЭКОНОМИЧЕСКОЙ ДЕЯТЕЛЬНОСТЬЮ 
КОМПАНИЙ В УСЛОВИЯХ ГЛОБАЛЬНЫХ ЛОГИСТИЧЕСКИХ ИЗМЕНЕНИЙ................................................224
Тожалиев Шохрух Талип ўғли
GAMES ARE A POWERFUL TOOL FOR IMPROVING LANGUAGE LEARNING......................................................229
Kulakhmedova Gulnora Abdurahimovna
O‘ZBEKISTONDA TIJORAT BANKLARINING INNOVATSION XIZMATLARI ORQALI KAMBAG‘ALLIKNI 
KAMAYTIRISH................................................................................................................................................................................234
Azlarova Aziza Axrorovna
AVTOMOBIL SANOATIDA MAHALLIYLASHTIRISH JARAYONLARINI BOSHQARISH VA RISKLARNI 
KAMAYTIRISH MEXANIZMLARI.............................................................................................................................................241
Marufxanov Davron Hasanovich
O‘ZBEKISTONDA KICHIK BIZNES VA YOSHLAR TADBIRKORLIGINI RIVOJLANTIRISHNING YANGI 
IMKONIYATLARI: 2026-YIL ISLOHOTLARI VA ISTIQBOLLARI..................................................................................249
Isakjanova Saboxat Muhamedovna
MINTAQA IQTISODIYOTI VA SANOATNING RIVOJLANISHI O‘RTASIDAGI O‘ZARO BOG‘LIQLIKNING 
NAZARIY YONDASHUVLARI.....................................................................................................................................................256
Jalolova Muazzamxon Akbarjonovna
DINAMIK NARX SHAKLLANTIRISHNI JORIY ETISHDA ASOSIY MUAMMOLAR VA ULARNI HAL ETISH 
YO‘LLARI...........................................................................................................................................................................................261
Anvar Deberdiyev
RAQAMLI XIZMATLARNING O‘ZBEKISTON TASHQI SAVDO BALANSIDAGI O‘RNI..........................................265
Latipova Shaxnoza Maxmudovna, Normurodova Zuhra Orzimurod qizi
TURISTIK KORXONALAR INNOVATSION FAOLIYATINI MOLIYALASHTIRISH SAMARADORLIGINI 
BAHOLASHNING METODOLOGIK ASOSLARI...................................................................................................................271
Ruzibayeva Nargiza Xakimovna
IQTISODIY TIZIMDA TADBIRKORLIK VA TADBIRKORLIK QOBILIYATIGA YANGICHA YONDASHUV.......276
Tadjiev Bexzod Umidjanovich
OTMNI MOLIYAVIY TAʼMINLASHNING INNOVATSION MOLIYAVIY MODELLARI.............................................283
Tuxliyev Bozor Karimovich
TOG‘-KON SANOATI KORXONALARIDA TEXNOLOGIK TIZIMLARNI RIVOJLANTIRISHNING KONSEPTUAL 
ASOSLARI.........................................................................................................................................................................................286
Abirova Nargizabonu
TADBIRKORLIK SUBYEKTLARI FAOLIYATIDA INNOVATSION LOYIHALARNI MOLIYALASHTIRISHNI 
SAMARADORLIGINI OSHIRISH YO‘LLARI..........................................................................................................................291
Ro‘ziyeva Maftuna Yusufovna
OMMAVIY AXBOROT VOSITALARI KORXONALARINING MOLIYAVIY BARQARORLIGINI BAHOLASHDA 
IQTISODIY KO‘RSATKICHLAR DINAMIKASINING EMPIRIK TAHLILI....................................................................296
Sharipova Shahlo Istamovna
METROLOGIYANING ILMIY-METODIK ASOSLARI VA UNING ZAMONAVIY RIVOJLANISH 
TENDENSIYALARI.........................................................................................................................................................................301
Maxmudov Dostonbek Soyibjon o‘g‘li
SANOAT KORXONALARIGA KIRITILGAN INVESTITSIYALAR SAMARADORLIGINING ILMIY-NAZARIY 
ASOSLARI.........................................................................................................................................................................................305
Mirzakulova Risolat Musurmankulovna
O‘ZBEKISTONDA RAQAMLI DAVLAT BOSHQARUVI TIZIMINI RIVOJLANTIRISHNING USTUVOR 
YO‘NALISHLARI.............................................................................................................................................................................310
Ibragimova Saodat, Mirhamidova Dilorom, Shagaipova Gulchehra
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KAPITALI ORQALI IJTIMOIY XARAJATLARNI BOSHQARISH......................................................................................316
Primova Nigora Ikrom qizi
GLOBAL BIZNESDA INNOVATSIYALARNING ROLI: YANGI TEXNOLOGIYALARNI JORIY ETISHGA 
STRATEGIK YONDASHUVLAR.................................................................................................................................................324
Raxmankulov Sherzod Shokirovich
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Abstract: A number of studies have been carried out worldwide on the one-stage production of synthesis gas from 
methane, as well as methanol and dimethyl ether based on it, which are characterized by high economic efficiency. The 
selection of low-cost and active catalysts with high productivity and selectivity for the carbonate conversion of methane 
in the presence of carbon dioxide and water vapor for synthesis gas production is of great importance. In addition, the 
development of energy- and resource-saving technologies based on a comprehensive thermodynamic study of methane 
and carbon dioxide carbonate conversion processes in the presence of water vapor remains highly relevant.

Keywords: synthesis gas, methane, carbonate conversion, carbon dioxide, water vapor, catalyst, methanol, dimethyl 
ether, thermodynamic analysis, energy-saving technology.

Annotatsiya: Jahonda metandan bir bosqichda sintez-gaz olish hamda uning asosida iqtisodiy samaradorligi yuqori 
bo‘lgan metanol va dimetil efir ishlab chiqarish bo‘yicha ko‘plab tadqiqotlar olib borilgan. Metanning karbonat konversiyas-
ini karbonat angidrid va suv bug‘i ishtirokida amalga oshirish, sintez-gaz olish uchun yuqori unumdorlik va selektivlikka 
ega, arzon hamda faol katalizatorlarni tanlash muhim ahamiyat kasb etadi. Shuningdek, karbonat konversiyasi va suv 
bug‘i ishtirokida karbonat angidrid hamda metanning konversiyasi jarayonlarini termodinamik jihatdan kompleks tadqiq 
etish asosida energiya va resurs tejamkor texnologiyalarni yaratish dolzarb hisoblanadi.

Kalit so‘zlar: sintez-gaz, metan, karbonat konversiyasi, karbonat angidrid, suv bug‘i, katalizator, metanol, dimetil efir, 
termodinamik tahlil, energiya tejamkor texnologiya.

Аннотация: В мире проведено большое количество исследований по получению синтез-газа из метана в одну стадию, 
а также метанола и диметилового эфира на его основе, отличающихся высокой экономической эффективностью. 
Важное значение имеет выбор недорогих и активных катализаторов с высокой производительностью и 
селективностью для карбонатной конверсии метана с участием диоксида углерода и водяного пара с целью 
получения синтез-газа. Кроме того, актуальным является создание энерго- и ресурсосберегающих технологий на 
основе комплексного термодинамического исследования процессов карбонатной конверсии метана и диоксида 
углерода с участием водяного пара.

Ключевые слова: синтез-газ, метан, карбонатная конверсия, диоксид углерода, водяной пар, катализатор, 
метанол, диметиловый эфир, термодинамический анализ, энергосберегающая технология.

I N T R O D U C T I O N
Methane is the main component of natural gas and represents one of the most important raw materials for 

the production of synthesis gas (syngas), which consists primarily of hydrogen (H₂) and carbon monoxide (CO). 
Syngas serves as a fundamental intermediate in the chemical industry and is widely used for the production of 
methanol, dimethyl ether (DME), ammonia, and synthetic liquid fuels. In recent decades, significant attention 
has been given to the development of efficient technologies for methane conversion due to the increasing 
demand for hydrogen and environmentally friendly fuels. Conventional technologies for syngas production are 
mainly based on steam methane reforming (SMR), dry reforming with carbon dioxide (DRM), partial oxidation 
(POX), and autothermal reforming (ATR). These processes are typically carried out in tubular catalytic reactors 
operating at high temperatures (700–900 °C) and require significant energy input, which affects the overall 
economic efficiency of the process [1].
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Steam methane reforming is currently the most widely applied industrial technology for hydrogen and 
syngas production. In this process, methane reacts with water vapor in the presence of nickel-based catalysts to 
produce hydrogen and carbon monoxide according to the reaction CH₄ + H₂O → CO + 3H₂. The reaction is strongly 
endothermic and therefore requires high operating temperatures and efficient heat transfer systems within 
reforming furnaces. Industrial SMR units typically consist of multi-tubular reactors placed inside large furnaces 
where heat is supplied externally through combustion of fuel gases. Although this technology is well established, 
it suffers from several limitations including high energy consumption, large equipment size, and thermodynamic 
equilibrium restrictions that limit methane conversion [2].

Another promising route for methane utilization is the dry reforming process, in which methane reacts with 
carbon dioxide (CH₄ + CO₂ → 2CO + 2H₂). This technology is attractive because it simultaneously converts two 
greenhouse gases—methane and carbon dioxide—into valuable syngas. However, dry reforming reactions occur 
at high temperatures and often lead to catalyst deactivation due to carbon deposition and sintering of active metal 
particles. Therefore, the development of stable catalysts and advanced reactor designs is necessary to improve 
process efficiency and catalyst lifetime [3].

In recent years, membrane reactor technology has emerged as a promising solution for improving methane 
conversion processes. A membrane reactor integrates catalytic reaction and selective separation in a single unit, 
allowing continuous removal of one of the reaction products from the reaction zone. According to Le Chatelier’s 
principle, removal of hydrogen through a hydrogen-selective membrane shifts the reaction equilibrium toward 
higher methane conversion. This approach enables operation at lower temperatures while achieving higher yields 
compared to conventional fixed-bed reactors [4].

Membrane reactors can be designed in various configurations such as tubular membrane reactors, packed-
bed membrane reactors, and catalytic membrane modules. In these systems, selective membranes—often made of 
palladium alloys or ceramic materials—allow hydrogen permeation while retaining other gases within the reaction 
zone. The integration of membrane separation with catalytic reforming significantly improves mass transfer, 
enhances catalyst utilization, and reduces reactor volume. In addition, membrane-assisted reforming processes 
can lead to more compact and energy-efficient technological schemes for hydrogen and syngas production [5].

The combined conversion of methane with water vapor and carbon dioxide represents an important 
technological approach that integrates the advantages of both steam reforming and dry reforming processes. 
This combined reforming process improves the H₂/CO ratio in the produced synthesis gas, making it suitable for 
downstream chemical processes such as methanol synthesis and Fischer–Tropsch fuel production. The efficiency 
of such systems strongly depends on the interaction between catalyst properties, reactor design, and membrane 
characteristics including permeability, selectivity, and thermal stability [6].

R E V I E W  O F  L I T E R A T U R E  O N  T H E  S U B J E C T
The processes of methane conversion and membrane reactor technology have become one of the most 

important scientific directions in recent years in terms of improving the efficiency of hydrogen and synthesis gas 
production. In particular, steam and carbon dioxide reforming of methane have been extensively investigated due 
to problems associated with high energy consumption, catalyst activity, and product selectivity. In this field, the 
studies conducted by Jens Rostrup-Nielsen, Jens Sehested, and Jens K. Nørskov comprehensively analyzed the 
thermodynamic and kinetic aspects of steam and CO₂ reforming reactions of methane. The authors demonstrated 
that high operating temperature, catalyst stability, and carbon deposition are the major challenges in hydrogen and 
synthesis gas production processes, while also confirming the effectiveness of nickel-based catalysts [1].

The research carried out by David L. Trimm and Zehra I. Onsan focused on the development of compact fuel 
conversion systems for hydrogen-fuel-cell-driven vehicles. Their study emphasized that optimization of heat 
transfer and catalytic systems is essential for achieving high efficiency in methane steam conversion processes. 
The researchers also noted that the application of membrane technologies in compact reforming reactors shifts the 
reaction equilibrium toward hydrogen formation [2].

The mechanisms of CO₂ reforming were extensively investigated by Matthew C. J. Bradford and Mark A. 
Vannice, who evaluated the reaction between methane and carbon dioxide as a promising environmentally friendly 
technology. The authors highlighted that CO₂ reforming allows simultaneous utilization of two greenhouse gases. 
However, they also identified coke formation on the catalyst surface and catalyst deactivation as the major limiting 
factors of the process [3].

In the field of membrane reactors, the studies conducted by Fausto Gallucci and Angelo Basile investigated 
steam reforming systems based on palladium-silver (Pd-Ag) membranes. Their results demonstrated that selective 
removal of hydrogen from the reaction medium shifts the chemical equilibrium toward product formation and 
significantly increases methane conversion. The researchers concluded that membrane reactors provide higher 
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hydrogen yield, lower energy consumption, and more compact reactor design compared with conventional reactors 
[4].

The studies of Joko Sunarso, Stefan Baumann, José Manuel Serra and co-authors on mixed ionic-electronic 
conducting membranes made an important contribution to the development of next-generation membrane 
technologies. They analyzed the high-temperature stability and selectivity of membranes used for oxygen 
separation and demonstrated that such systems can effectively control the oxidizing environment in reforming 
processes [5].

Research by Nathan W. Ockwig and Todd M. Nenoff on hydrogen separation membranes compared the 
technological characteristics of metallic, ceramic, and composite membranes. The authors concluded that high 
selectivity and permeability of membranes are among the key factors for improving the efficiency of reforming 
systems. In particular, palladium-based membranes were identified as one of the most promising materials for 
obtaining high-purity hydrogen [6].

Overall, the existing scientific literature demonstrates the growing importance of membrane reactors in 
methane conversion processes. Membrane technologies provide significant advantages in controlling reaction 
equilibrium, increasing hydrogen yield, reducing energy consumption, and improving environmental sustainability. 
Therefore, membrane reactors are considered one of the most promising modern technologies for efficient 
synthesis gas and hydrogen production.

R E S E A R C H  M E T H O D O L O G Y
In a reactor designed for membrane reforming of methane with steam and carbon monoxide (IV), both the 

chemical process and the membrane process occur simultaneously. In recent years, many methods have been 
proposed to use membranes in combination with the chemical process to accelerate the overall process. Depending 
on the function of the membrane in a membrane reactor designed for reforming methane with steam and carbon 
monoxide (IV), methane intended for reforming methane with steam and carbon monoxide (IV) is processed into 
carbonized and membrane reactors. Designed for steam-carbonate reforming in the presence of water vapor and 
carbon monoxide (IV), are divided into three main types:

In the extractor, the membrane selectively separates one or more products of the process, i.e. carbon dioxide 
and hydrogen, from the mixture of the substance undergoing the initial reaction and the substances formed as a 
result of the process;

In the distributor, the membrane controls the addition of the primary reactant to the mixture of primary 
reactant and process product;

The contactor membrane accelerates the interaction of the initially reacting substances with the catalyst.

A N A LY S I S  A N D  R E S U LT S
The productivity of the membrane reactor designed for the conversion of methane with steam and carbon 

monoxide (IV) into carbonate under the influence of carbon monoxide (IV) and steam-carbonate reforming in the 
presence of water vapor and carbon monoxide (IV) The most common type operates on the extractor principle. In 
one of the reactors designed for the conversion of methane into steam and carbon monoxide (IV), only one of the 
products can pass through the membrane - carbon dioxide and hydrogen, and selective separation occurs, and in 
others - retention of the catalyst occurs, that is, the membrane is permeable to all components of the mixture of 
substances formed as a result of the process, except for the catalyst.

One of the components formed during a chemical process is selectively removed from a mixture of the 
substance undergoing the initial reaction and the substance formed as a result of the process. If one of the products 
- carbon dioxide and hydrogen - acts as an inhibitor, its removal can significantly increase the productivity of a 
reactor designed to convert methane into steam and carbon monoxide (IV). Also, a membrane reactor designed to 
convert this type of methane with steam and carbon monoxide (IV) allows for an increase in the concentration of 
the starting materials.

Reactors of this type are designed for the conversion of methane into water vapor and carbon oxide (IV) in 
the form of a contactor with a forced flow through the membrane, that is, a flow-catalytic methane designed for the 
conversion of water vapor and carbon oxide (IV) into carbon (It is interesting to use it as a membrane reactor and 
an interphase contactor for steam-carbonate conversion in the presence of carbonate vapor and water under the 
influence of IV) oxide and carbon oxide (IV).

Methane membrane reactor designed for the conversion of methane under the action of water vapor and 
carbon dioxide in the presence of catalysts into carbonate under the action of carbon monoxide (IV) and steam-
carbonate conversion under the action of water vapor and carbon (IV ) oxide in this type, the initially mixed reagents 
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are passed through a special porous catalytic membrane. The function of the reactor designed for the conversion 
of methane under the action of steam and carbon dioxide in the presence of catalysts is to provide the reaction 
space with a short controlled exposure time and high catalytic activity. The purpose of using reactors designed 
for the conversion of methane with a flow-through catalytic membrane under the influence of water vapor and 
carbon dioxide in the presence of catalysts is to achieve complete conversion in the shortest possible time and in 
the smallest reaction space, or for this process the catalyst with the substance undergoing the initial reaction must 
achieve maximum specificity due to a narrow distribution of the exposure time between the active centers.

The process of methane conversion to carbon monoxide (IV) was compared with the operational characteristics 
of their material in a reactor designed for the conversion of methane to water vapor and carbon monoxide (IV) in 
membrane catalysts in a contactor and distributor. As the main parameters of the process of catalytic conversion 
of methane with carbon monoxide (IV), water vapor and carbon monoxide (IV) conversion (reforming) of methane 
are the main indicators of the change in the concentration of components in the products, i.e. carbon dioxide and 
hydrogen, the degree of change in gaseous substances entering the original process, and the ratio of the components 
of the mixture of hydrogen and thermal gas depending on the time of interaction of the substance entering the 
original process. reactions and the active center of the catalyst (Figure 1).

Figure 1. Comparison of Membrane Catalysts at 900°C in Methane Carbonate Conversion�

In this case, the structure of the membrane catalyst affects the degree of change and selectivity of the process 
of conversion (reforming) of methane with water vapor and carbon monoxide (IV).

Kinetic regularities of the process recorded under the conditions of a differential reactor (rate of change of the 
initial substances, kinetic model of the process, influence of various factors on the conversion rate and selection of 
the optimal process mode). The optimal conditions for carrying out the process were also studied (CH4 :H2O:CO2 = 
1:1:0.4; P = 0.1 MPa; V0 = 1000 h-1 ; T = 900°C and τ kont = 0.88 s).

C O N C L U S I O N S  A N D  S U G G E S T I O N S
In conclusion, the use of membrane reactor technology significantly improves methane conversion with water 

vapor and carbon dioxide. The integration of catalytic reaction and selective hydrogen separation in one reactor 
increases methane conversion and enhances synthesis gas yield. Continuous hydrogen removal shifts the reaction 
equilibrium toward product formation, resulting in higher efficiency compared to conventional reactors. These 
results correspond to the objectives stated in the abstract, highlighting the importance of developing energy- 
and resource-efficient technologies for syngas production. The use of active catalysts together with membrane 
reactors improves reaction selectivity and stability. Therefore, membrane reactor systems represent a promising 



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

359

2026-yil, may.  № 5-son

technological approach for efficient synthesis gas production and further chemical processes such as methanol and 
dimethyl ether synthesis.
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