i

ijtimoiy-igtisodiy, innovatsion texnik,
fan va ta’'limga oid ilmiy-amaliy jurnal

Milliy nashrlar
OAK: https://oak.uz/pages/4802

L
05.00.00 - Texnika fanlari

08.00.00 - Iqtisodiyot fanlar

Google
R ol IN! — GYBERLENINKA

ResearchBib

N
N

43 —\\\\\ N
o ) \QN\Q&\\\ |
Cownre REGAD "X @ commvers HE.
I N TE RN A o O 'Kg\ W

> N
‘ HAYYHAS 3AEKTPOHHAS .l

BANOTEKA

EH
LIBRARY.RU

Crossref

TOSHKENT DAVLAT TOSHKEN
TRANSPORT UNIVERSITET]  ** /1y oan




Elektron nashr, 2026-yil, aprel.

muhandislik

igtisodiyot

ijtimoiy-igtisodiy, innovatsion texnik,
fan va ta’'limga oid ilmiy-amaliy jurnal

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

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

Tahrir hay’ati:

Abduraxmanov Kalandar Xodjayevich, Oz 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, igtisodiyot fanlari doktori, professor

Nasimov Dilmurod Abdulloyevich, igtisodiyot fanlari doktori, professor

Allayeva Gulchexra Jalgasovna, igtisodiyot fanlari doktori, professor

Arabov Nurali Uralovich, igtisodiyot fanlari doktori, professor

Maxmudov Odiljon Xolmirzayevich, igtisodiyot fanlari doktori, professor
Xamrayeva Sayyora Nasimovna, igtisodiyot fanlari doktori, professor
Bobonazarova Jamila Xolmurodovna, iqtisodiyot fanlari doktori, professor
Irmatova Aziza Baxromovna, igtisodiyot fanlari doktori, professor

Bo‘taboyev Mahammadjon To‘ychiyevich, igtisodiyot fanlari doktori, professor
Shamshiyeva Nargizaxon Nosirxuja kizi, igtisodiyot fanlari doktori, professor,
Xolmuxamedov Muhsinjon Murodullayevich, igtisodiyot fanlari nomzodi, dotsent
Xodjayeva Nodiraxon Abdurashidovna, igtisodiyot fanlari nomzodi, dotsent
Amanov Otabek Amankulovich, igtisodiyot fanlari bo‘yicha falsafa doktori (PhD), dotsent
Toxirov Jaloliddin Ochil o‘g‘li, texnika fanlari bo‘yicha falsafa doktori (PhD)
Qurbonov Samandar Pulatovich, igtisodiyot fanlari bo'yicha falsafa doktori (PhD)
Zikriyoyev Aziz Sadulloyevich, igtisodiyot fanlari bo‘yicha falsafa doktori (PhD)
Tabayev Azamat Zaripbayevich, iqtisodiyot fanlari bo'yicha falsafa doktori (PhD)
Sxay Lana Aleksandrovna, igtisodiyot fanlari bo‘yicha falsafa doktori (PhD), dotsent
Ismoilova Gulnora Fayzullayevna, igtisodiyot fanlari nomzodi, dotsent
Djumaniyazov Umrbek lixamovich, igtisodiyot fanlari nomzodi, dotsent

Kasimova Nargiza Sabitdjanovna, igtisodiyot fanlari nomzodi, dotsent

Kalanova Moxigul Baxritdinovna, dotsent

Ashurzoda Luiza Muxtarovna, igtisodiyot fanlari bo'yicha falsafa doktori (PhD)
Sharipov Sardor Begmaxmat o‘g‘li, igtisodiyot fanlari bo‘yicha falsafa doktori (PhD)
Tursunov Ulug‘bek Sativoldiyevich, iqtisodiyot fanlari doktori (DSc), dotsent
Bauyetdinov Majit Janizaqovich, Toshkent davlat igtisodiyot universiteti dotsenti, PhD
Botirov Bozorbek Musurmon o‘g‘li, Texnika fanlari bo'yicha falsafa doktori (PhD)
Sultonov Shavkatjon Abdullayevich, Kimyo fanlari doktori, (DSc)

Jo‘raeva Malohat Muhammadovna, filologiya fanlari doktori (DSc), professor.
Yusupov Maxamadamin Abduxamidovich, igtisodiyot fanlari nomzodi (DSc), professor
Kalonova Moxigul Baxritdinovna, igtisodiyot fanlari nomzodi (PhD), dotsent
Mirzayev Kulmamat Djanzakovich, igtisodiyot fanlari nomzodi (DSc), professor.
Karimova Nilufar Sadirdin qizi, igtisodiyot fanlari bo‘yicha falsafa doktori (PhD)
Norboyev Odil Abrayevich, igtisodiyot fanlari bo‘yicha falsafa doktori (PhD), dotsent
Nasimov Dilmurod Abdulloyevich, igtisodiyot fanlari doktori (DSc), professor
Mirzayev Kulmamat Djanzakovich, igtisodiyot fanlari doktori (DSc), professor
Karimova Nilufar Sadirdin qizi, igtisodiyot fanlari bo‘yicha falsafa doktori (PhD)
Pardaev Umidjon Uralovich, igtisodiyot fanlari doktori (DSc), professor
Xolmirzayev Ulug‘bek Abdulazizovich, Igtisodiyot fanlari doktori (DSc)



muhandislik

igtisodiyot

ijtimoiy-igtisodiy, innovatsion texnik,
fan va ta’limga oid ilmiy-amaliy jurnal

05.01.00 — Axborot texnologiyalari, boshqgaruv va kompyuter 05.08.03 — Temir yo'l transportini ishlatish
grafikasi 05.08.06 — “G'ildirakli va gusenisali mashinalar va ularni ishlatish”
05.01.01 — Muhandislik geometriyasi va kompyuter grafikasi. (texnika fanlari)
Audio va video texnologiyalari 05.09.01 — Quirilish konstruksiyalari, bino va inshootlar
05.01.02 — Tizimli tahlil, boshgaruv va axborotni gayta ishlash 05.09.04 — Suv ta’minoti. Kanalizatsiya. Suv havzalarini
05.01.03 — Informatikaning nazariy asoslari muhofazalovchi qurilish tizimlari
05.01.04 — Hisoblash mashinalari, majmualari va kompyuter 10.00.06 — Qiyosiy adabiyotshunoslik, chog‘ishtirma tilshunoslik
tarmoglarining matematik va dasturiy ta’'minoti va tarjimashunoslik
05.01.05 — Axborotlarni himoyalash usullari va tizimlari. Axborot 10.00.04 — Yevropa, Amerika va Avstraliya xalqglari tili va adabiyoti
xavfsizligi 08.00.01 — Iqtisodiyot nazariyasi
05.01.06 — Hisoblash texnikasi va boshqgaruv tizimlarining 08.00.02 — Makroigtisodiyot
elementlari va qurilmalari 08.00.03 — Sanoat igtisodiyoti
05.01.07 — Matematik modellashtirish 08.00.04 — Qishlog xojaligi igtisodiyoti
05.01.11 — Ragamli texnologiyalar va sun’iy intellekt 08.00.05 — Xizmat ko‘rsatish tarmoglari igtisodiyoti
05.02.00 — Mashinasozlik va mashinashunoslik 08.00.06 — Ekonometrika va statistika
05.02.08 — Yer usti majmualari va uchish apparatlari 08.00.07 — Moliya, pul muomalasi va kredit
05.03.02 — Metrologiya va metrologiya ta’minoti 08.00.08 — Buxgalteriya hisobi, igtisodiy tahlil va audit
05.04.01 — Telekommunikasiya va kompyuter tizimlari, 08.00.09 — Jahon iqtisodiyoti
telekommunikasiya tarmogqlari va qurilmalari. 08.00.10 — Demografiya. Mehnat igtisodiyoti
Axborotlarni tagsimlash 08.00.11 — Marketing
05.05.03 — Yorug'lik texnikasi. Maxsus yoritish texnologiyasi 08.00.12 — Mintagaviy igtisodiyot
05.05.05 - Issiqlik texnikasining nazariy asoslari 08.00.13 — Menejment
05.05.06 — Qayta tiklanadigan energiya turlari asosidagi energiya 08.00.14 — Iqtisodiyotda axborot tizimlari va texnologiyalari
qurilmalari 08.00.15 — Tadbirkorlik va kichik biznes igtisodiyoti
05.06.01 — To‘gimachilik va yengil sanoat ishlab chigarishlari 08.00.16 — Ragamli iqtisodiyot va xalqaro ragamli integratsiya
materialshunosligi 08.00.17 — Turizm va mehmonxona faoliyati

Ma’lumot uchun, OAK
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 igtisodiyot fanlari bo'yicha “Muhandislik va
igtisodiyot” jurnali ro‘yxatga kiritilgan.

Muassis: “Tadbirkor va ishbilarmon” MChJ

Hamkorlarimiz:

1. Toshkent shahridagi G.V.Plexanov nomidagi Rossiya igtisodiyot universiteti
Toshkent davlat igtisodiyot universiteti

Toshkent irrigatsiya va gishloq xofjaligini mexanizatsiyalash muhandislari instituti” milliy tadqiqot universiteti
Islom Karimov nomidagi Toshkent davlat texnika universiteti

Muhammad al-Xorazmiy nomidagi Toshkent axborot texnologiyalari universiteti
Toshkent davlat transport universiteti

Toshkent arxitektura-qurilish universiteti

Toshkent kimyo-texnologiya universiteti

Jizzax politexnika instituti

©XNOOGOE®DN



J\.JXI\/IUHANDISLIK VA IQTISODIYOT 2026-yil, aprel. Ne 4-son

MUNDARIJA

STRATEGIC INTEGRATION OF BUSINESS PLANNING AND FORECASTING IN INDUSTRIAL
ENTERP RISES ...ttt e e ettt e e e e ettt e e e anb et eee e s sseeeeeeansseeeeeaannsseeeeannsseeeesannsneeens 11
Sharipov K.A., Ismatullayev T.R.

BKJIAZL BAHKOBCKOW CUCTEMbI B COLMANIbHO-3KOHOMUYECKOE PA3BUTUE MAXATNEW
PECNYBINNKN KAPAKAJITTAKCTAH: MEXAHU3MbI, ANHAMUWKA U CTPATETMYECKUE
OPUIEHTHUIPDBL . e e e e e e e e e e e e e s neee e 21

Bab6aHazapoBa Nynb3ap 3uyataAMHOBHa

BUDJET TASHKILOTLARIDA XARAJATLARNI REJALASHTIRISH VA MOLIYAVIY NAZORATNI

LIS 1 I 1S RSP 27
Karayev Payzillaxon Yusufxonovich
o FERMER XO‘JALIKLARINI MOLIYAVIY QO'LLAB-QUVVATLASHDA SUBSIDIYAAMALIYOTINI
TAKOMILLASHTIRISH. ..ottt e e e e e e e e et e e e e e e e e e e e eeseababanneeeeaaaeaas 32

Xakimov Zafar Ibragimovich

IQTISODIY O'SISHGA ERISHISHDA DAVLAT INNOVATSION VA INVESTITSION SIYOSATINING

Xaydarova Yorqinoy Asqar qizi

QURILISH SANOATIDA KORXONALARNI MOLIYALASHTIRISHNING NAZARIY KONSEPSIYALARI
VA ZAMONAVIY YONDASHUVLARI ..ot 44

lgitov Jurabek Kuzibekovich

OCOBEHHOCTW BbIEOPA CTPATEIW PA3BUTUA NPEAMPUATUN METANNYPIMYECKOTO
KOMITTEK C A e e e e e e e e e s e e e s e e e s s e e s e e e e e eae e e e snee e anneas 50

AbpynnaeBa MaTtny6a HematoBHa, Ak6apoBa Mydappax MyxutamHoBHa

COBEPWEHCTBOBAHWE CUCTEMbl KOMIMNAEHC-KOHTPOJIA B KOMMAHUAX C

TOCYOAPCTBEHHBIM YUYACTUEM B Y3BEKUCTAHE ..o 56
XantypagueB AntmypaTt MapaTtoBuy
O'ZBEKISTONDA RAQAMLI IQTISODIYOTNING ICHKI BELGILARI ...coiiiiiiiiie et 64

Saatova Lolaxon Ergashevna

INNOVATSION YONDASHUVLAR ASOSIDA OZIQ-OVQAT KORXONALARIDA

RAQOBATBARDOSHLIKNI OSHIRISH MEXANIZMLARI ... 71
Pulatov Abdullo
o MAJBURIY IJRO ETISH CHORALARINI TAKOMILLASHTIRISH: MILLIY VA XORUJIY TAJRIBA.......... 76

Axmedov Zafarjon Zokirjon

MOJENb MHTEFPUPOBAHHOW CUCTEMbl ESG-TPAHC®OPMALIMUN N SKOHOMWUYECKUE
MEXAHU3Mbl EE PEANTU3ALNW HA NPEANPUATUM MO MPOW3BOLCTBY NOJIMMEPHON
YTTAKOBKWM ...ttt ettt bt h et bt st e e e b e e et esa e e e e e e ete e e e e naeas 80

Tawnynatos unbmypan PyctamoBuy

KORPORATIV KORXONALARDA KAPITALNI BUDJETLASHTIRISH JARAYONINI
TAKOMILLASHTIRISH YO 'LLARI ... 85

Latipova Shaxnoza Maxmudovna

INNOVATSION MENEJMENTDA KOMMUNIKATSIYA VA TASHKILIY MOSLASHUVCHANLIKNING
ROLI: O'ZBEKISTON SHAROITI MISOLIDA ... o 92

Atamatov Abduxalil Salomovich

QAYTA TIKLANUVCHI ENERGIYA MANBALARINING AHAMIYATI VA UNING SALOHIYATINI
BELGILOVCHI OMILLAR .. 97

Qodirov Baxodir Tursunovich, To‘rayev Qaxramon Zokirjonovich



2026-yil, aprel. Ne 4-son MUHANDISLIK VA IQTISODIYOT

NAMANGAN VILOYATIDA AYOLLAR TADBIRKORLIK FAOLIYATINI RIVOJLANTIRISHDA
TADBIRKORLIK MUHITINI BAHOLASH ..o 103

Raximova Moxigul Isroiljonovna

O'ZBEKISTON IQTISODIYOTIGA TO'G'RIDAN-TO‘G'RI XORIJIY INVESTITSIYALARNI JALB
ETISH BILAN BOG'LIQ MUAMMOLAR VA ULARNI BARTARAF ETISH YO'LLARI ...ocoiiiiiiiiiiieee, 107

Davitova Shaxzoda Doniyor gizi

ANALYSIS OF THE FORMATION OF MARKET DEMAND AND THE ESTABLISHMENT
OF EQUILIBRIUM IN A MARKET ECONOMY ..ottt 112

Kamilova Nargiza

BO'LAJAK FIZIKA O'QITUVCHILARINI NANOTEXNOLOGIYA SOHASIDAGI BILIMLARNI TAQDIM
ETISHGA VA O'QITISHGA TAYYORLASH METODIKASI ... 115

Sottarov Abduvali Umirqulovich

INTEGRATING Al INTO STRATEGIC MANAGEMENT IN HIGHER EDUCATION
INSTITUTIONS ...t s e et e e e e e e e e e e esae e e ne e s 120

Uktamova Durdona Bakhtiyor gizi, Sultonali Umaraliyevich Mekhmonov

BARQAROR RIVOJLANISH SHAROITIDA IJTIMOIY HISOBOTLAR VA ULARNING AHAMIYATI ...... 130
Sayfullayev Mexroj Sayfullayevich

SANOAT KLASTERINING IQTISODIY SAMARADORLIGINI BAHOLASHNING USLUBIY
JTH AT LARI ettt oottt e oo bttt e e oo a bttt e e e ok bttt e e e oabte e e e oo am b e e e e e e aabbe e e e e s ambeeeeeeaanbneeeeean 135
Satvoldiyev Ulugbek Kamilovich

RAQAMLI TRANSFORMATSIYA SHAROITIDA TIJORAT BANKLARI LIKVIDLIGINI BOSHQARISHNI
TAKOMILLASHTIRISHNING INNOVATSION YONDASHUVLARI ..ot 140

Yangiboev Rustam Berdiyarovich

MINTAQA IQTISODIY O‘SISH DRAYVERLARINI RIVOJLANTIRISHDA MOLIYAVIY XAVFLARNI
BOSHQARISH MEXANIZMLARI ... e 145

Turopova Nigora Xolmurod qizi

3KONOrnsa TYPUCTA KAK METO[ CO30AHNA KOM®OPTHOW 1 YCTONYMBOW CPEALI ANA
MYTELHECTBEHHUKOB ... ..ottt e et e e e nee e s 149

Haypbi3baeB Anunakb6ap PyctamoBuy

BINO VA INSHOOTLARNI BARPO ETISHDA PREFABRIKATSIYALASHGAN HAMDA MODULLI
QURILISH TIZIMLARINI AQLLI BOSHQARUYV ASOSIDA TAKOMILLASHTIRISH ..o 152

Solijonov Javoxirmirzo Obidjon o‘g‘li

RAQAMLI TRANSFORMATSIYA SHAROITIDA AKSIYADORLIK TIJORAT BANKLARIDA KORPORATIV
BOSHQARUVNI XALQARO STANDARTLAR ASOSIDA TAKOMILLASHTIRISH ... 163

Saidaxmedova Aida Mirzayevna

O'ZBEKISTONDA KO‘CHAT YETISHTIRISHNING HOZIRGI HOLATI VA RIVOJLANISH
TENDENSIYALARI ... st e et e e r e s e re e e e s 169

Abdufarmonov Farrux Faxriddinovich

O'ZBEKISTONDA EKSPORTGA YO'NALTIRILGAN QISHLOQ XO‘JALIGI MAHSULOTLARI SIFATI
VA XALQARO STANDARTLARGA MUVOFIQLIGE TAHLILI ....oiiiiiii e 174

Safarova Muxabbat Radjabovna

TIJORAT BANKLARI DEPOZIT SIYOSATI VADEPOZIT BAZAS|I DINAMIKASINING BANK
LIKVIDLIGIGA TA'SIRI ...ttt ettt e et e e e s e e s e e e e e e s 178

Sulaymanov Samandarboy Adhambek o‘g‘li

RAQAMLI IQTISODIYOT SHAROITIDA ISLOMIY MOLIYANING BANK TIZIMIGA INTEGRATSIYASI:
MUAMMOLAR, IMKONIYATLAR VA TRANSFORMATSIYA YO'NALISHLARI ....ccviiiiiiiicc e 186
Adilov Zuxriddin Marip o‘g‘li

SAMARQAND VILOYATI SANOATINING HUDUDIY TARKIBINI TAKOMILLASHTIRISHNING AYRIM
MASALALARI e e e s e e e e e e e s e e e s 190

Uralov Eliboy Omonovich

N\




J\-JXI\/IUHANDISLIK VA IQTISODIYOT 2026-yil, aprel. Ne 4-son

DIVERSIFIKATSIYALASHUV ASOSIDA QURILISH TARMOG'I RIVOJLANISHINI KO*P OMILLI
BOG'LANISHLAR ASOSIDA MODELLASHTIRISH ... 194

Yembergenova Aynur Aydosbaevna

LLIEBEHOYHO-MACTUYHbIN ACOANBTOBETOH B KUTAE: COCTAB, CBOMCTBA, MHHOBALMMA
N NEPCTTEKTUBBI PASBIUTUIS ...ttt ettt et e e et e e et e e e et e e e e e nnneeas 201
KapabaeB Abayxxa66op MenueBu4, 3aHr Xanden

TADBIRKORLIK FAOLIYATIDA SUBYEKTIV RISKNI SHAKLLANTIRUVCHI KOGNITIV OMILLAR
VA ULARNI BOSHQARISH MEXANIZMLARI ...t 205

Abduxamid Abdumalikovich Bektemirov

HOMILADOR AYOLLAR UCHUN MAXSUS KIYIMLARNI LOYIHALASHDA ISTE'MOLCHILAR
TALABLARINI O RGANISH ..ottt et e e e et e e e e e et e e e e e et e e e e e e eaaan e e e e eenannnnns 211
D.Sattarova, U.Vakhidova, D.Madiyarovna

OZBEKISTON RESPUBLIKASIDA AHOLI DAROMADLARIGA TA'SIR ETUVCHI STATISTIK
INDIKATORLAR TIZIMINING METODOLOGIK ASOSLARI VA ULARNING TAHLILIY
IMIKONIYATLARI <o e e e e e e s e e em e e s e e saeeseneea 217

Atayev Jaxongir Erkinovich

KICHIK BIZNES INVESTITSION KREDITLARINI TIJORAT BANKLARI TOMONIDAN
MOLIY ALASHTIRISH .ottt e e et e e e e e e e e e e e e e e et e et et ee et et e eeseaeeeeeaeaeeaeeeeeeenenes 221
M.O.Yuldoshova

HUDUDNING “YASHIL IQTISODIYOT” ASOSIDA RIVOJLANISHINI TADQIQ ETISH:
KO'RSATKICHLAR TIZIMI VA BAHOLASH USULLARI ... 226
Shomirzayev Abdug‘affor Abdujabbor o‘g‘li

OZBEKISTONDA SUV XO‘JALIGI TIZIMIDAGI QAYTA TIKLANUVCHI HAVZALAR .....ccccooiiiiieee 231
To‘rayev Rasul Nortojiyevich, Seytov Aybek Jumabayevich,
Uteuliyev Niyatbay Uteuliyevich, Haydarova Roziya Davronovna

KORXONALAR IQTISODIY BARQARORLIGINING NAZARIY MODELLARI VA SINERGETIK
YONDASHUV ASOSIDA BAHOLASH MEXANIZMLARI ....coiiiiii e 236

Iminova Nargizaxon Akramovna

TIJORAT BANKLARINING INVESTITSIYA SIYOSATI VA QIMMATLI QOG'OZLAR PORTFELINI
BOSHQARISH STRATEGIYALARI ..o e e 241

Abduvaliyev Sanjar Abdurahmonovich

PAXTA VA MEVA-SABZAVOT YETISHTIRUVCHI FERMERLARDA TAVAKKALCHILIK
XULQ-ATVORINING QIYOSIY TAHLILI: ISTIQBOL NAZARIYASI ASOSIDA. ..., 249
Tadjiyev Abdusame Abduhamidovich

® ®OPMUPOBAHWE MAPKETVHIOBOW CTPATEI MW OEPA30BATENIbHOM OPTAHU3ALNN
B COBPEMEHHDBIX YCTTOBUIAX ...ttt st 253

AnveB A6agyna3us UcmannoBuy, KaxpamoHoBa Asusa LLlyxpat kusm

QQS TIZIMI SAMARADORLIGINI XALQARO INDIKATORLAR ASOSIDABAHOLASH .......ccceeeeneee. 259
Eshkarayev Bobir Chariyevich

QISHLOQ XO‘JALIGIDA OZIQ-OVQAT XAVFSIZLIGINI TAMINLASHNING INNOVATSION
USULLARI e ettt s h e st s h et e e s he e e e e e e e e e b e e s e e areeseneeseeeeaneea 265

Tadjimirzayev Anvar Abduvoxidovich, Batirova Raxima Abdujabborovna

O'ZBEKISTON RESPUBLIKASI TIJORAT BANKLARIDA KREDIT RISKINI BOSHQARISH
MEXANIZMINING AMALIY TAHLILLARI ... e 273

Hamroyev Sherzod Axtamovich

NMPOTHO3MPOBAHWE MOTPEBUTEJIBCKOTIO CMPOCA C NCMNOJIbBOBAHMEM METOOOB
MALLUMHHOIO OBYYEHWA B POSHUYHOM TOPTOBIE Y3BEKUCTAHA ....oviieeeccceeee e 280

Ten MapuHa BnagumupoBHa

OZBEKISTON SANOATIDA MAHALLIYLASHTIRISH DASTURLARINING IMPORT O‘RNINI
BOSISHDAGI SAMARADORLIGE TAHLILI ..ttt 287

Sobitova Ra’no Solidjonovna



N\

2026-yil, aprel. Ne 4-son MUHANDISLIK VA IQTISODIYOT

NEFT-GAZ LOYIHALARIDA DAVLAT VA INVESTOR MANFAATLARINI MUVOFIQLASHTIRISHNING
FISKAL-BOJXONA MEXANIZMLARI ... 290

Mansurov Obid Zaynidinovich

QURILISH KORXONALARI FAOLIYAT SAMARADORLIGINI BAHOLASH INSTRUMENTLARI .......... 296

Yahyoyev To‘lgin Ismatulla o‘g‘li

QASHQADARYO VILOYATIDA TURIZMNI RIVOJLANTIRISHDA TRANSPORT INFRATUZILMASINING
TASTRI .ottt ettt bt h e h ettt et h et e e h e n e 300

Jahongir Ruziboyevich Qosimov, Narzullayeva Charos

O'ZBEKISTON RESPUBLIKASI TIJORAT BANKLARIDA KREDIT PORTFELINING SEKTORLAR
KESIMIDAGI RISKLARI VA ULARNI TAKOMILLASHTIRISH YO'LLARI ....oooii e 306

Norova Nozima Nabiyevna

AVTOMOBIL SANOATI KORXONALARIDA BREND STRATEGIYASINI BOSHQARISHNING

ZAMONAVIY MODELLARI ...ttt ettt et e e e e e e e et et e eaaeeeeesaaaans e saeeeaaaaeeeseeannsnssnnneees 312
Boboyev L Kadrxuja Djuraxodjayevich

HUDUD EKSPORT SALOHIYATINI STATISTIK TADQIQ ETISHDA RCA INDEKSIDAN o

FOY D ALANISH ...ttt e e e e e e e e e e et a b e e e e e eeeeeeeeseeetasbasbeeeeesaeaaaeeaaaanns 318

Xurramov Ramazon Allayor o‘g‘li

COBPEMEHHbIE KOHLEMLUMW U TEHAEHUWWN PA3BUTUSA YIIPABNEHUSA CTPATEIMMEN
BPEHAOB B ABTOMOBUNIbHOM MPOMbBILUNEHHOCTU ..o 325

Bo6oes J1 Kagpxyxa dxxypaxoaxaeBuy

HUDUDLARDA UY-JOY QURILISHI JARAYONINI TASHKIL ETISHNING QONUNIYATLARI VA

TAMOY ILLARI . ettt e ettt e e e ettt e e e e e ettt e e e e sttt e e e e anbee e e e e e anbaeeeeeansbeeeaeeanbeeeaeeaansneeaean 331
Usmanov Mirumar Abdulla o‘g’li
OYNALI FASAD TIZIMLARINI MONTAJ QILISHNING ZAMONAVIY TEXNOLOGIYALARI .........c........ 339

Inamov Boxodir Nizamovich, Ozodxo‘jayev G‘aybulla Sherzodxo‘ja o‘g‘li

KLASSIK SHIFRLASH ALGORITMLARINING XUSUSIYATLARINI NEYRON TARMOQ ORQALI
O RGANISH . .okt e e a et e e e e e e e e et e e e aa b et e e b e e s ne e e e ann e e e b e e e nnnee e e 344

Davlatov Mirzo-Ulug‘bek Bobir o‘g‘li, Allanov Orif Menglimuratovich, Turdibekov Baxtiyor Baxodir o‘gli

AJTTOPUTM AOANTALUMN MAPAMETPOB CUCTEM MOEHTUOUNKALIM OUHAMNYECKNX
OBBEKTOB ...ttt ettt h ettt h et et e e bt e bt e e et e e bt e st e s h e e e e et nanes 350

CuaukoB UcamnpauH XakumoBu4, AnumoBa lNynyexpa PaxumxkoHoBHa, U6parumos Berosor LlepanueBuy

ELEKTRON HUKUMATNING BARQAROR RIVOJLANISHI: QOZOG‘ISTON VA O‘ZBEKISTON

TAJRIBASINING QIYOSIY TAHLILL ettt e e e e e e e e e e e e e e e e e e e e e e eeneann 355
Umarova Durdona Abdumannabovna

UY-JOY FONDI BOSHQARUVINING TASHKILIY-IQTISODIY MEXANIZMLARINI o

TAKOMILLASHTIRISH . ...ttt ettt e e e e e e e e e e e e e eeeeeeeeeeeeeeseseseaaarannnnnns 360

Aminova Naima Umar qizi

RAQAMLI IQTISODIYOT RIVOJI VA UNI TARTIBGA SOLISHDA MUVOZANATLI REGULYATIV
SIYOSAT YURITISH. ..ttt et et sttt e et e e e et e e b e neeeanas 365

Davlatov Ulug‘bek Baxodirovich

HUDUDIY SANOAT ISHLAB CHIQARISHNI INNOVATSION RIVOJLANTIRISH
TENDENSIYALARI ettt ettt e oo ettt e e e o bttt e e e aa b e et e e e e nbe e e e e e ambbe e e e e eanbeeeeesanbneeaeaans 370
Avliyaqulov Xudoyberdi

O'ZBEKISTONDA AHOLINI UY-JOY BILAN TAMINLASH DASTURLARIDA MAVJUD
MUAMMOLAR . ..ttt et st e e et e e et et e e et e et e e et e e sae e et e e saeeesneeseeeenneea 374

Xannarov Komiljon Karimovich

DAVLAT FUQAROLIK XIZMATINING JOZIBADORLIGINI OSHIRISH VA DAVLAT FUQAROLIK
XIZMATCHILARINI MOTIVATSIYALASHGA OID TEXNOLOGIYALAR ... 380

Bekmurodov Navruz Ergashevich




J\-JXI\/IUHANDISLIK VA IQTISODIYOT 2026-yil, aprel. Ne 4-son

FORECASTING AND PROMISING DIRECTIONS OF INNOVATIVE INDUSTRIAL AND INVESTMENT
DEVELOPMENT IN THE KASHKADARYA REGION .....ou e 393
Sattorov Shohruh

MOBbLIWEHUE 3OPEKTUBHOCTW UCMbLITATENBHbLIX TABOPATOPUIN HA OCHOBE
PACLUVMPEHHOW PUCK-OPVEHTUPOBAHHOW MOAENM C BECOBbLIMM
KODDDUILIMEHTAMU ...ttt ettt et e bt e et e e b e e e an e e e eere e e 400

3aruaynnuHa KapuHa PachannosHa

PONb ®MHAHCOBOW TrPAMOTHOCTW B PASBUTUN XXKEHCKOTIO
MPELONMPUHUMATETIBCTBA ...ttt ettt e e e et e e e et e e e e e st e e e e e nbeeeeeeansbeeaeeeanneeas 405
Viktoriya Kan

HUDUDLARDA SANOAT MAHSULOTLARI ISHLAB CHIQARISH JARAYONLARINI STATISTIK
B A H O L A S H L e e e e 410

Nizomov Maxmud Minovarovich

OPPEKTMBHOCTb U NMPAKTUYECKOE 3HAYEHWE METOOONOI MU SWOT-AHATIN3A MNMPU
®OPMUPOBAHUN KOPTTOPATUBHOWM CTPATETMM ..., 414
MaxmyanoB CyHHaT:xoH AGayxab6op yrnu

QURILISH MATERIALLARI SANOATI KORXONALARI BOSHQARUVI STRATEGIYALARINI
SAMARALI TASHKIL ETISH ...ttt e ettt e e e e ettt e e e s esteeeeesabteeeeesanbeeeeessnsneeeeeanes 419
Ubaydullayev Muhammadjon Abdusamad o‘g‘li

TRANSFORMATSION YETAKCHILIK VA XODIMLARNING INNOVATSION XULQ-ATVORI:
KORPORATIV TASHKILOTLARDA EMPIRIK TADQIQOT ...coiiiie e 423

Alimov Bobirjon

EKSPORTBOP QISHLOQ XO'JALIGI MAHSULOTLARI QIYMAT ZANJIRIDA LOGISTIKA
XARAJATLARINI OPTIMALLASHTIRISHNING IQTISODIY MEXANIZMLARI ...coovviiiiiiiiiiieeeeeee, 432
Toxirov Shodibek Jo‘ra o‘g‘li, G.M.Abdulxayeva

ELEKTRON SAVDODA YASHIRIN IQTISODIY FAOLIYATNI QISQARTIRISHDA MOLIYAVIY
NAZORAT MEXANIZMLARINI RIVOJLANTIRISH ... 437

Iskandarova Munisa Hasan qizi

MAMLAKAT INNOVATSION FAOLLIGIGA TASIR ETUVCHI ASOSIY OMILLARNING NAZARIY
VA USLUBIY TAHLILL ..ttt ettt e st e et e e n e e nen e e e nnre e e nanee s 441

Azimov Bobir Fattohevich

OZBEKISTON MAHALLIY BYUDJETLARINING O‘ZIGA XOSLIGI VA UNING DAROMAD
MANBALARINI KUCHAYTIRISH MEXANIZMINING ROLINI OSHIRISH MASALALARI ......ccccoviiees 445

Safarmurodova Marjona To‘raqulovna

DAVLAT OLIY TA’LIM MUASSALARIDA MOLIYAVIY MUSTAQILLIK SHAROITIDA
RAQOBATBARDOSHLIKNI TA'MINLASH VOSITALARI. ... 450

Adizov Bobir Baxtiyorovich

SIRKULYAR IQTISODIYOT SOHASIDA ILG'OR XORIJIY TAJRIBALAR VA ULARNI O‘ZBEKISTON
SHAROITIDA QO'LLASH IMKONIYATLARI ..ot 457

Narzullayev Elmurod Shuxrat o‘g‘li

QORAQALPOG'ISTON RESPUBLIKASIDA ETNOTURIZMNI RIVOJLANTIRISH IMKONIYATLARI
VA UNING [JTIMOIY-IQTISODIY AHAMIYAT ...t 462

Kunnazarova Orazxan

YANGI O'ZBEKISTON SHAROITIDA INVESTITSION FAOLLIK MEXANIZMI SAMARADORLIGINI
OSHIRISHNING NAZARIY JIHATLARI oottt e e e e e e e e e e e e 468
Asadova Shaxzoda Zabikhillo gizi

MINTAQA IMIJI VA INVESTITSIYA OQIMLARI O‘'RTASIDAGI BOG'LIQLIK (XORAZM VILOYATI

LIS 1 1 SRR 472
Ibodullayev Dilshod Ibragimovich
INSON KAPITALI BARQAROR RIVOJLANISH MANBAI SIFATIDA ...coiiiiieeeieee e 480

Alimova Oydin Baxtiyorovna



2026-yil, aprel. Ne 4-son MUHANDISLIK VA IQTISODIYOT

STUDYING THE FACTORS INFLUENCING INNOVATIVE APPROACHES TO REGIONAL EXPORT
B I EN Y e e e e e e s e e e e e e s e s e e e e e e e e n e e e s e e e e n e e e e e 486

Qurbanov Feruz Baxramovich

KICHIK BIZNES SUBYEKTLARIGA XORIJIY INVESTITSIYALAR JALB ETISH MEXANIZMLARI......491

Xakimov Akbar Anvarovich

XORIJIY DAVLATLARDA KICHIK BIZNES VA XUSUSIY TADBIRKORLIKNI DAVLAT TOMONIDAN

QO‘LLAB QUVVATLASHNING ILG'OR TAJRIBALARI VA ULARNI MAMLAKATIMIZDA QO‘LLASH

KUSUSTYATLARI <.ttt ettt e ettt e e e ettt e e e e at et e e e nae e et e e e anse et e e e ansseeaeeanssaeeaeannssneeesannnneeens 496
Rajapov Xayrulla Bekdurdiyevich, Atabayeva Mexribon Atabayevna

ENHANCING LIQUIDITY MANAGEMENT EFFICIENCY IN JOINT-STOCK COMPANIES USING

THE GEOMETRIC BROWNIAN MOTION (GBM) MODEL.....ccciiiiiiiiiiiiiiiec et 503
Kurbonov Xayrilla
MPOBNEMbI M MEPCMEKTUBbLI PA3BUTUA HATOTOBOWM CUCTEMbI Y3BEKUCTAHA.................. 508

TaxubaeBa Kbiznapryn AXUHUA30BHa

YOSHLAR BANDLIGI VA JINOYATCHILIK O'RTASIDAGI O‘’ZARO BOG'LIQLIKNI TAHLIL QILISH
(O ZBEKISTON MISOLIDA) ..ttt ettt ettt ettt s e e be e e 514

Xusniddinova Gulnoza Ulug‘bek gizi

FOCYOAPCTBEHHASA NMONMUTUKA PASBUTUA LLMOPOBOM IKOHOMWKN: MEXAYHAPOOHbLIN
OnbIT N HALLMOHATNBHBIE OCOBEHHOCTW ... 520

3apekeeB AXMHUA3 AGaTOBUY

COBEPLWEHCTBOBAHNE OPTAHN3AUMNOHHO-OKOHOMNYECKUX MEXAHN3MOB PA3BUTUA
MANOIO 1 CPEAHEIO BU3HECA B BYXAPCKOW OBJMACTM ..o 527

HekoBa ®aTtuma BopucoBHa

DAVLAT INVESTITSIYA SIYOSATINI MODERNIZATSIYA QILISH VA LOYIHALAR
SAMARADORLIGINI BAHOLASH TIZIMINI TAKOMILLASHTIRISH ... 533

Kenjaev lkrom Ergashboevich

BARQAROR IQTISODIY RIVOJLANISHDA YASHIL INVESTITSIYALARNING XALQARO
E A 1 2 I TSP PP R PRSPPI 536

Siddikov Anvarbek Mamasoliyevich

“SANOAT 5.0 VA BIZNES JARAYONLARINI BOSHQARISHDA SUN’lY INTELLEKTNI QO‘LLASH
IMICONTY ATLARI ettt ettt b e sttt et e et e et e e s b et e e s e e neeneee e 540

Lutpidinov Shuxrat Zakirdjanovich

REINVENTING MANAGEMENT SYSTEMS TO DRIVE EFFICIENCY IN INDUSTRIAL
EN T ER P RIS E S . et e e e e s s e e s e e e s e e e e e 545

Kodirov Bekzod Khomidjonovich

TIJORAT BANKLARI TOMONIDAN MOLIYAVIY INVESTITSIYALARNI JALB QILISH
SHAKLLARI . ettt r e et e e s e e e e ee et eene e 549

Primova Dilafruz To‘lginovna

TO'QIMACHILIK SANOATINING MILLIY IQTISODIYOTDA TUTGAN O‘RNI, O'ZIGA XOS
XUSUSIYATLARI VA ILMIY-NAZARIY ASOSLARI ..ttt 556

Shoyimov Adiz Sadredinovich

ISHLAB CHIQARISH KLASTERLARINING HUDUDIY INNOVATSION RIVOJLANISHGA TA'SIRINI
BAHO L ASH .. e e e e e e e e e e 564

Turaeva Nargiza Rustamovna

SAMARQAND VILOYATIDAGI HUDUDIY OLIY TALIM MUASSASALARIDA RESURS SALOHIYATINI
INTEGRATSIYALASHGAN BAHOLASH METODLARI TAHLILI....ocoiiii e 570

Meliboyev Ibrohim

VIDEO-ANALITIKAASOSIDA YONG'IN XAVFSIZLIK TIZIMLARINI AVTOMATLASHTIRISHNING
TAKOMILLASHTIRILGAN YONDASHUVLARI ..o 575

Shermuhammad Mo‘minov, Tojimirzayeva Xayrixon Abdushukur qizi

N\




J\-JXI\/IUHANDISLIK VA IQTISODIYOT 2026-yil, aprel. Ne 4-son

DEVELOPMENT OF «GREEN» AGRICULTURAL SERVICES IN THE CONTEXT OF THE DIGITAL
ECONOMY DEVELOPMENT IN UZBEKISTAN ... .o e e 580

Mirzaev Kulmamat Djanzakovich

NAMANGAN VILOYATIDA XIZMAT KO‘RSATISH SOHALARINING HUDUDIY IXTISOSLASHUV
DARAUASI ..ttt et E e h e b e e e e e e 586

Tohirov Jahongir Muzaffar o‘g‘li

ELEKTR TAMINOTIDAGI UZILISHLAR TUFAYLI YUZAGA KELADIGAN BEVOSITA VA BILVOSITA
IQTISODIY YO'QOTISHLARNI HISOBLASH METODOLOGIYASI.....oiiiiiiiiee e 593
Oltiboyeva Feruza Ulug‘bek gizi

QISHLOQ XO'JALIGIDA INNOVATSION TADBIRKORLIKNI RIVOJLANTIRISH YO'NALISHLARI
VA UNING IQTISODIY SAMARADORLIGI ... 598

Matrasulov Baxodir Erbutayevich

LNOPOBAA TPAHCOOPMALMA HANOITOBOIroO ADIMNHNCTPUPOBAHWA 3.0: MTEPEXOA K
NHTENNEKTYANbHbIM HATOTOBbIM CUCTEMAM B Y3BEEKMCTAHE M CTPAHAX CHTI.............. 604

Oamup PyctamoBuy A6aynos

KICHIK BIZNES RIVOJLANISHIGA HUDUDIY SALOHIYAT TA'SIRINI BAHOLASH METODOLOGIYASI
VA MAHALLIY BOSHQARUV MEXANIZMLARINING INTEGRATSIYALASHGAN TAHLILI.................. 609
Ubaydullayev Akmal Tulkinboyevich

AVTONOM ROBOTLASHGAN TIZIMLARNI RIVOJLANTIRISH UCHUN HARAKATNI QAYD ETISH
MALUMOTLARIGA ASOSLANGAN RAQAMLI EGIZAK PLATFORMASI ..o 614
Fazluddin Xusnuddinov Zuxruddin o‘g‘li, Jamshid Inoyatxodjayev Shuxratullayevich,
Jasurxo‘ja Xolxo‘jayev Muxtor o‘g‘li

HUDUDIY IQTISODIY RIVOJLANISHDA KICHIK BIZNESNING O‘RNI: NAMANGAN VILOYATI
IMISOLIDA ettt ettt oot e et e e e Rt e ekt e e R et e e s e e e e b e e e een et e ke e e e nar e e e e ane e e e nanes 620

Jo‘rayev llhomjon Kamolidinovich

IPO O'TKAZISH BOSQICHLARI: XALQARO ILMIY ADABIYOTLAR ASOSIDAGI TAHLIL
VA O'ZBEKISTON UCHUN XULOSALAR ... oottt 626

Sabirova Nozima Normat qizi

YASHIL OBLIGATSIYALAR BOZORINI RIVOJLANTIRISHNING XALQARO TAJRIBASI VA
O'ZBEKISTONDA AMALIYOTGA JORIY ETISH ISTIQBOLLARI ...ooiii e 630

Meligo‘ziyeva Dilrabo Muxitdin qizi

A CROSS-SECTIONAL ANALYSIS OF GLOBALIZATION, EDUCATION, AND TECHNOLOGY’S
IMPACT ON IQ LEVELS ACROSS 63 COUNTRIES WORLDWIDE ......ccccoiiiiiiiiiiiiieecees e 635

Bahodirova Durdonaxon Tolib kizi, Abdullaxonova Dinora Xursandbek qizi

DAVLAT BOSHQARUVIDA INVESTITSIYALARNI BOSHQARISHNING TASHKILIY-IQTISODIY
MEXANIZMLARINI RIVOJLANTIRISH BO'YICHA ILG'OR XORIJIY TAJRIBALAR VA ULARDAN
FOYDALANISH YO LLARI ...ttt sttt ettt sb e e e s e eaeesene e 641

Zavkiddinov Bobur Botirovich

ANALYTICAL MODELING AND MATLAB-BASED SIMULATION OF A LINEAR ELECTROMAGNETIC
ENERGY HARVESTER WITH A TOROIDAL MAGNETIC CORE ....ccviiiiiee e 645

Abdullayev Mahmudjon Muhammedovich, Sobirov Shohjaxon G‘anijon o‘g’li



&

2026-yil, aprel. Ne 4-son MUHANDISLIK VA IQTISODIYOT

ANALYTICAL MODELING AND MATLAB-
BASED SIMULATION OF A LINEAR
ELECTROMAGNETIC ENERGY HARVESTER
WITH A TOROIDAL MAGNETIC CORE

Abdullayev Mahmudjon Muhammedovich
Islom Karimov nomidagi Toshkent davlat texnika universiteti,
“Mexatronika va robototexnika’kafedrasi professori

Sobirov Shohjaxon G‘anijon o‘g‘li
Islom Karimov nomidagi Toshkent davlat texnika universiteti,
“Mexatronika va robototexnika’kafedrasi 2-bosqich magistranti

Abstract. In recent years, the efficient utilization of low-frequency mechanical energy sources has attracted considerable
attention in renewable energy research and the development of self-powered systems [1][2]. One of the promising
methods for converting ambient mechanical energy into electrical energy is electromagnetic energy harvesting based on
linear motion mechanisms [3][6]. However, traditional linear electromagnetic generators, which are typically designed with
open magnetic circuits or cylindrical cores, experience significant magnetic flux leakage, resulting in reduced conversion
efficiency.

In this study, a new linear electromagnetic energy harvesting module based on a slotted toroidal magnetic core structure
is proposed. This design improves magnetic flux confinement and enhances overall induction efficiency. A detailed
mathematical model of the system is developed by integrating magnetic circuit theory, principles of electromagnetic
induction, and electrical load analysis. The magnetic flux distribution is represented as a function of the magnet’s position,
while an analytical expression for the induced electromotive force (EMF) is derived by considering the relative motion
between the magnet and the coil.

In addition, the effects of key parameters such as air-gap length, number of coil turns, magnet velocity, and load resistance
on output voltage and generated power are thoroughly analyzed. The optimal conditions for maximum power transfer
are also determined analytically. The results indicate that the toroidal magnetic core configuration effectively minimizes
magnetic flux leakage and significantly improves energy conversion efficiency compared to conventional designs. The
proposed model provides a theoretical basis for the design and optimization of high-performance linear electromagnetic
energy harvesting systems, particularly for low-frequency energy applications.

Keywords: toroidal magnetic core, linear electromagnetic generator, mechanical energy harvesting, magnetic circuit
analysis and modeling, electromagnetic induction principles, magnetic flux coupling, reluctance-based evaluation,
induced electromotive force (EMF), parameter-based performance analysis, low-frequency energy applications, coil
design optimization, output power enhancement strategies.

Annotatsiya. So‘nggi yillarda past chastotali mexanik energiya manbalaridan samarali foydalanish masalasi gayta
tiklanuvchi energiya sohasida hamda o‘z-ozini ta’minlovchi energiya tizimlarini ishlab chigishda muhimilmiy yo‘nalishlardan
biriga aylandi [1][2]. Atrof-muhitdagi mexanik energiyani elekir energiyasiga aylantirishning istigbolli usullaridan biri sifatida
chizigli harakat mexanizmlariga asoslangan elektromagnit energiya yig'ish texnologiyasi e’tirof etiimoqda [3][6]. Biroq,
odatda ochiq magnit zanjirlar yoki silindrsimon yadro asosida qurilgan an’anaviy chizigli elektromagnit generatorlarda
magnit ogimning sezilarli darajada sochilishi kuzatiladi, bu esa energiya aylantirish samaradorligining pasayishiga olib
keladi.



¥/

MUHANDISLIK VA IQTISODIYOT 2026-yil, aprel. Ne 4-son

Mazkur tadgigotda kesimli toroidli magnit yadroga asoslangan yangi turdagi chizigli elektromagnit energiya yig‘ish
moduli taklif etiladi. Ushbu konstruktiv yechim magnit ogimni samaraliroq konsentratsiyalash imkonini berib, induksiya
samaradorligini sezilarli darajada oshiradi. Tizimning batafsil matematik modeli magnit zanjirlar nazariyasi, elektromagnit
induksiya qonunlari hamda elektr yuklama tahlilini integratsiyalash asosida ishlab chigilgan. Magnit ogim tagsimoti
magnitning fazoviy holatiga bog'‘liq funksional ko‘rinishda ifodalanadi, induksiyalangan elektromotor kuch (EYuK) esa
magnit va g‘altak orasidagi nisbiy harakatni hisobga olgan holda analitik tarzda aniglanadi.

Shuningdek, tizimning asosiy parametrlaridan bo‘lgan havo oralig‘i uzunligi, o‘ramlar soni, magnit harakat tezligi va
yuklama qarshiligining chigish kuchlanishi hamda hosil gilinadigan quvvatga ta’siri chuqur tahlil gilinadi. Maksimal
quvvat uzatish shartlari ham analitik usulda aniglanadi. Olingan natijalar shuni ko‘rsatadiki, toroidli magnit yadrodan
foydalanish magnit ogim yo‘qotishlarini sezilarli darajada kamaytiradi va energiya aylantirish samaradorligini an’anaviy
konstruksiyalarga nisbatan ancha oshiradi. Taklif etigan model past chastotali energiya manbalaridan foydalanishga
mo'ljallangan yuqori samarali chizigli elektromagnit energiya yig‘ish tizimlarini loyihalash va optimallashtirish uchun
nazariy asos bo‘lib xizmat giladi.

Kalit so'zlar: toroidli magnit yadro, chizigli elektromagnit generator, mexanik energiyani yig‘ish, magnit zanjirlarni tahlil
gilish va modellashtirish, elektromagnit induksiya tamoyillari, magnit ogim bog‘lanishi, magnit garshilikka asoslangan
baholash, induksiyalangan elektromotor kuch (EYuK), parametrlar asosidagi samaradorlik tahlili, past chastotali energiya
manbalari, g‘altak dizaynini optimallashtirish, chigish quvvatini oshirish strategiyalari.

AHHOTauus. B nocnegHue rogbl 3EMEKTUBHOE WCMOMb30BaHNE HM3KOYACTOTHBIX MEXaHWYEeCKMX WUCTOYHUKOB
3HEeprnn MpvBMeKaeT 3HaYNTENbHOE BHUMaHWe B 06racTu BO3OOHOBNSEMON 3HEPreTuMkn U pas3paboTkM aBTOHOMHbIX
aHepreTmyecknx cuctem [1][2]. OgHMM M3 NEPCNeKTMBHbLIX METOAOB MPeobpasoBaHMs OKpYy>KaloLLen MexaHW4ecKown
3HEPrnM B 3MEKTPUYECKYIO SBMSETCS AMEKTPOMarHUTHbIA COOP 9HEPrMN Ha OCHOBE MEXaHW3MOB JIMHEHOTO ABUXEHUS
[3][6]. OgoHako TpaAMUMOHHBbIE NIMHENHbIE SMEKTPOMAarHUTHbIE reHepaTopbl, Kak NpaBumino, OCHOBaHHbIE Ha OTKPbITbIX
MarHUTHbIX LEnaxX WM LUMIUHAPUYECKUX CEpPAEYHMKAX, XapaKTepusyroTCs 3HAYUTENMbHLIMU MOTEPSMU MarHUTHOro
noToKa, YTO MPUBOAMUT K CHUXEHMIO 3 EKTUBHOCTN NpeobpasoBaHnsa 3HePriu.

B paHHoOM paboTe npeanaraeTcs HOBbIM MOAYMNb NMHEWHOrO 3MeKTPOMarHMTHOro cbopa aHepruv, OCHOBAHHBLIN Ha
MCMNOMb30BaHWM TOPOMAANBHOIO MArHUTHOTO CepAedHMKa C Mpopesbkd. Takas KOHCTpyKUuus obecneymBaeT Gonee
3(pPEKTMBHYIO KOHLIEHTPALMIO MArHATHOTO MOTOKa W MOBbIWAET 06wyt 3(dEKTUBHOCTL MHAYKUMKW. [eTanbHas
MaTeMaTuyeckas Mofernb CUCTeEMbl pa3paboTaHa Ha OCHOBE MHTErpauum TeOpUMM MarHUTHbIX Lenen, NpUHLMNOB
3MNEeKTPOMArHUTHOW MHAOYKLMU 1 aHanmn3a aNeKkTpMYECcKon Harpy3ku. PacnpeneneHne MarHMTHOrO NOTOKa NpeacTaBneHo
Kak pyHKUMNSA NONOXEHUs1 MarHWTa, a aHanuMTu4eckoe BblpaXeHue Ansg MHAyLMpoBaHHOM anekTpoasmxyLen cunbl (0C)
Nony4YeHo C y4eTOM OTHOCUTENBbHOrO ABMXEHUSA MarHMTa 1 KaTyLLUKu.

Kpome TOro, I'IOD,pO6HO ncecnenoBaHo BIUAHME KIOYEBbIX NapaMeTpoB CUCTEMbI, TaKUX Kak ANMvHa BO3AOYyLHOro 3asopa,
YMUCIIO BUTKOB KaTyLUKW, CKOPOCTb ABWXEHUA MarHuta W CconpoTuBlieHUE Harpys3ku, Ha BbIXOAHOE HanpsxeHune W«
reHepmpyemyro MOLLHOCTb. Takke aHanMTU4ecKku onpepeneHbl onTuManbHble YCNOBUA ONA nepegavun MaKkcuMarbHON
MOLLIHOCTW. |_|OJ'Iy‘-IeHHbIe pesynbraTtbl MOKa3bIiBAlOT, YTO WUCNONb30OBaHME TopouaarnbHONo MarHUTHOro cepge4vHuka
no3BOJIAET CyLWeCTBEHHO COKpaTuTb noTepu MarHMTHOro noTtoka W 3Ha4YuTeribHO MNOBbLICUTb Sd)(*)eKTVIBHOCTb
I'Ip606pa30BaHVlﬂ QHEpPrMn no cpaBHEHUKO C TpagUULMUOHHbIMU KOHCTPYKUMAMN. I'Ipe/:u'lo»(eHHaﬂ MoAenb Cnyxut
TeOpeTI/I‘-IeCKOIZ OCHOBOM  Ans NPOEeKTUpoBaHMA ” onNTUMnU3auumn BbICOKOSCbeeKTVIBHbIX CUCTEM  JNIMHENHOrO
ANeKTpoOMarHnTHoOro c6opa aHepruu, 0CcobeHHo B yCnoBuAX HU3KOYACTOTHbIX UCTOYHUKOB SHEPInn.

KnioyeBble crosa: TopouaanbHbIi MarHUTHbIN  CepAeYHUK, JMHEWHbLIN 3NeKTPOMarHUTHLIN reHepatop, cbop
MEeXaHW4YEeCKON SHEPrun, aHanus 1 MoaenupoBaHMe MarHUTHOW Lienu, NPUHLMMbLI SNEKTPOMAarHUTHON MHAYKLMKN, CBA3b
MarHMTHOrO NMOTOKA, OLIeHKa Ha OCHOBE MarHUTHOrO CONPOTUBMEHUSA, MHAYLIMPOBaHHas anekTpoaswxkyLias cuna (34C),
aHanus Npov3BOAUTENbHOCTM HAa OCHOBE MAapaMeTPOB, HN3KOYACTOTHBIE UCTOUYHMKN SHEPTUN, ONTUMU3ALNSA KOHCTPYKLUN
KaTyLLKW, CTPaTErMm NOBbILLEHNSI BbIXOAHOW MOLLHOCTM.

INTRODUCTION

The rapid advancement of autonomous electronic technologies, wireless sensor systems, and low-power
embedded devices has created a growing demand for reliable, sustainable, and maintenance-free energy
solutions. In this context, harvesting energy from ambient mechanical sources has become an effective
approach for reducing dependence on conventional batteries while extending the operational lifetime of
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distributed electronic systems. Among various energy harvesting techniques, electromagnetic conversion
based on the relative motion between magnetic and conductive components is widely recognized for its
durability, scalability, and suitability for low-frequency operating conditions.

Linear electromagnetic energy harvesters have attracted significant attention [4][8] due to their ability
to directly convert translational mechanical motion into electrical energy. These systems are particularly
advantageous in environments characterized by irregular or low-frequency excitations, where conventional
rotational generators tend to operate less efficiently. Their operating principle is mainly governed by Faraday’s
law of electromagnetic induction [12][13], according to which a varying magnetic flux induces an electromotive
force (EMF) in a conductive coil.

Despite the simplicity of this principle, the actual performance of such devices is strongly affected by
factors such as magnetic circuit design, coil configuration, and the dynamic behavior of the moving magnet. In
many conventional implementations, magnetic circuits are constructed using open configurations or cylindrical
cores, which often lead to significant magnetic flux leakage into the surrounding space. This leakage reduces
the effective utilization of the magnetic field and limits both output voltage and power density. In addition, air
gaps, non-uniform flux distribution, and geometric constraints create further challenges in accurately modeling
system behavior. As a result, many existing analytical models rely on simplified assumptions that do not fully
capture the interaction among magnetic, mechanical, and electrical subsystems.

To address these limitations, increasing attention has been directed toward alternative magnetic circuit
designs that improve flux confinement and enhance overall efficiency. One promising solution is the use of
toroidal magnetic cores, which provide a closed magnetic path and significantly reduce flux leakage. While
toroidal structures are widely used in transformers and inductors because of their high magnetic efficiency,
their application in linear electromagnetic energy harvesting systems remains relatively underexplored. By
introducing a controlled discontinuity, such as a slot, within the toroidal core, it becomes possible to create
a localized variation in the magnetic field. This variation can then be effectively utilized to generate an
electromotive force through interaction with a moving permanent magnet [2][9].

The integration of a slotted toroidal magnetic core into a linear energy harvesting system introduces
additional complexity in both modeling and analytical evaluation. In particular, factors such as the position-
dependent variation of magnetic flux, the distribution of magnetic reluctance within the system, and the interaction
between mechanical motion and electrical output require a more comprehensive theoretical framework. Existing
studies provide limited coverage of such configurations, especially with regard to establishing clear analytical
relationships between design parameters and electrical performance characteristics.

For this reason, there is a strong need to develop a generalized mathematical framework capable of
accurately describing the behavior of linear electromagnetic energy harvesters employing slotted toroidal
magnetic circuits. Such a model should represent magnetic flux as a function of the magnet position, include
the influence of reluctance in both the magnetic core and air-gap regions, and provide analytical expressions
for the induced electromotive force (EMF) and the generated output power under different operating conditions.

LITERATURE REVIEW

In recent years, the efficient utilization of low-frequency mechanical energy has become a major research
focus in the field of renewable energy and autonomous power systems. Numerous studies conducted by both
international and local researchers have primarily addressed the improvement of energy harvesting efficiency,
the optimization of system parameters, and the development of advanced electromechanical models.

Among the leading international researchers, the works of Shad Roundy, Paul K. Wright, and Jan Rabaey
are of particular importance. Their studies established the theoretical foundation for energy harvesting systems
designed for low-power applications, with a primary focus on vibration-based energy harvesting mechanisms.
They analyzed the relationship between system parameters and output power, providing important insights into
system optimization.

Furthermore, Stephen P. Beeby, Michael J. Tudor, and Neil M. White carried out comprehensive
comparative studies on electromagnetic, piezoelectric, and electrostatic energy harvesting techniques. Their
research emphasized the advantages of electromagnetic generators while also identifying magnetic flux
leakage as a major limitation affecting system efficiency.

In addition, the fundamental contributions of Pradeep Priya and Daniel J. Inman in the field of energy
harvesting technologies have provided a strong theoretical and practical basis for understanding various
transduction mechanisms. Their work extensively discusses different generator configurations, most of which
are based on open magnetic circuits or cylindrical core structures.

Local researchers have also contributed to the development of alternative energy systems by focusing on
the improvement of electromechanical energy conversion efficiency and exploring new approaches to power
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generation. However, most of these studies are mainly based on conventional magnetic circuit designs and
traditional generator configurations, with limited attention given to innovative core geometries.

Despite the considerable progress achieved in this field, one of the major unresolved challenges remains
the significant magnetic flux leakage observed in conventional linear electromagnetic generators. In particular,
systems based on linear motion often lack efficient closed magnetic circuit designs, which restricts their overall
performance and energy conversion efficiency.

The novelty of the present study lies in the proposal of a new linear electromagnetic energy harvesting
module based on a slotted toroidal magnetic core. Unlike traditional designs, the proposed structure ensures
improved magnetic flux confinement within a closed magnetic path, thereby minimizing flux leakage and
enhancing energy conversion efficiency.

Moreover, this study develops a comprehensive mathematical model of the system, including analytical
expressions for magnetic flux distribution and induced electromotive force, taking into account the relative
motion between the magnet and the coil.

Thus, unlike previous studies, this research not only introduces an innovative structural design but
also provides a detailed theoretical framework and optimization approach. These contributions broaden the
possibilities for the efficient utilization of low-frequency mechanical energy sources and provide a solid basis
for the development of high-performance linear electromagnetic energy harvesting systems.

RESEARCH METHODOLOGY

This study focuses on the development of a detailed analytical model describing the electromechanical
performance of a linear electromagnetic energy harvesting system that incorporates a slotted toroidal magnetic
core. The proposed approach combines magnetic circuit analysis, the fundamentals of electromagnetic
induction, and electrical load modeling in order to establish clear relationships between the system design
parameters and its output performance.

The magnetic configuration of the proposed system is represented using an equivalent magnetic circuit
consisting of a toroidal core and a localized air gap formed by the slot. The total magnetic reluctance of the
system can be expressed as:

Ry = Reore + Rgup

where:

le g
Reore = ——= Rgop = —o
T popeS,e S,

l S,

Here, "¢ is the mean magnetic path length of the toroidal core, Y is the air gap length, and SH are

the cross-sectional areas of the core and gap respectively, Ho is the permeability of free space, and Hris the
relative permeability of the core material.
The magnetic flux generated by the permanent magnet is defined as:

F(z)
d(z) = =H
Ry
where FI:JC] represents the magnetomotive force (MMF), which varies as a function of the magnet
position x.

Assuming a simplified linear approximation of MMF:
Flz) = Hp U - f(2)

where Hm is the magnetic field intensity of the magnet, Im is the effective magnet length, and fI:X] is a
spatial distribution function describing the interaction between the magnet and the slot region.

Due to the presence of the slot in the toroidal core, the magnetic flux is non-uniform and varies with the
position of the moving magnet. This variation is modeled as:
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@(I) = Pz - TKB(I)
where Iﬁf[x) is a normalized spatial function satisfying:

0=y(z)<1

For analytical tractability, w(x) can be approximated using a smooth function such as:
P(z) = exp (—a:n‘z)

(14

where ™ is a coefficient determined by the geometry of the magnetic system.
According to Faraday’s law, the induced EMF in the coil is[13].
dd
e(t) = —N—
dt
Using the chain rule:
deé d® dx
dt de dt
Thus:
d®(x)
e(t) = —N ( v(t)
dx
where IF(E) is the velocity of the moving magnet.
Substituting (ﬁl [x):
di(x
&

For the chosen function:

di(x
% = —2ax EXIJ(_Q‘TE)

Therefore:
e(t) = 2aN @5, exp(—axz”)v(t)
Assuming harmonic motion:
x(t) = Asin(wt)
v(t) = Aw cos(wt)
Substituting into EMF:
e(t) = 2aN®, .. A%w sin(wt) cos(wt) EX]J(—&A?' Sing(wt]}

Using identity:
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1
sin(wt) cos(wt) = 5 sin(2wt)
we obtain:

e(t) = aN®,,,, A*w sin(2wt) exp(—a A? sin®(wt))

The coil resistance is defined as:

E1'1:,‘
R.— p—=
< Pa,
The total circuit current is:
elt
1) = 8
R.+ Rr,
where RL is the load resistance.

The instantaneous output power is:
P(t) = I*(t)Ry

Substituting:
Ez(t}RL

P(t) = (R. + Rp)?

The average power over one period T:

Pag = = [i QL
avg e
From the derived expressions, the output EMF amplitude can be approximated as:

Emaz X N -@ppr- A-w

The obtained analytical formulations establish a clear connection between the magnetic, electrical, and
geometric characteristics of the proposed energy harvesting system. Specifically, the induced electromotive
force (EMF) is defined in terms of the spatial change in magnetic flux and the velocity of the moving magnet.
Meanwhile, the output current and generated power are determined by the relationship between the coil’s
internal resistance and the external load conditions.

From the obtained formulation [14]

(4

d®
E=N|—
‘dw

it follows that the induced voltage is directly proportional to the number of coil turns, the gradient of the
magnetic flux, and the relative velocity. This relationship enables a parametric investigation of how structural
modifications influence the electrical output of the system (Figure 1).
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Figure 1. Time-domain variation of magnetic flux, induced electromotive force (EMF), output current, and output
power in the proposed linear electromagnetic energy harvesting system for low-frequency excitation. The results
demonstrate smooth transient behavior and the relationship between magnetic and electrical parameters under
varying magnet position!

The relationship between the induced electromotive force (EMF) and the number of coil turns N in the
proposed toroidal-based electromagnetic energy harvesting system.
Similarly, the current and power expressions:

E E’Rp

I— ——— P= ——/— —
R.+ Ry, (R.+ Rp)?

indicate that the electrical response of the system is strongly dependent on the load conditions. In
particular, the power transfer is nonlinearly related to the load resistance, which introduces the possibility of an
optimal operating point (Figure 2).
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Figure 2. Dynamic response of the system under periodic excitation conditions. The plots illustrate the variation of
induced EMF, output current, and power over time, highlighting the nonlinear and oscillatory nature of electrical
output due to continuous magnet motion?

1 author’s development
2 author’s development
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The variation of output current as a function of load resistance RL for a fixed electromagnetic configuration.
Furthermore, considering the magnetic circuit formulation®Io:

F

d— 2. R
Ry z

= Reore + Rgap

it can be observed that the magnetic flux is inversely proportional to the total magnetic reluctance. Since
the air gap represents the dominant component of reluctance, even small variations in the air gap length
significantly affect the magnetic flux and, consequently, the induced voltage and output power.

Based on the established relationships, a parametric study is conducted to assess how the main system
parameters affect the electrical performance of the proposed energy harvesting device. In particular, the
influence of variables such as the number of coil turns, load resistance, and air gap length is examined. To
demonstrate these effects, the following figures illustrate the variations in induced voltage, output current, and
generated power as functions of the selected parameters[11] (Figure 3).
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Figure 3. Electrical output characteristics of the energy harvesting system at higher excitation intensity. The results
show increased amplitude of induced voltage, current, and power, confirming the direct dependence of system
performance on excitation magnitude and system parameters?

The dependence of output power on the air gap length g in the toroidal magnetic circuit.

ANALYSIS AND RESULTS

In general, the results obtained verify the accuracy of the proposed mathematical model and highlight
the substantial impact of both structural and electrical parameters on the overall performance of the energy
harvesting system (Table 1).

3 author’s development
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Table 1. Influence of coil turns on induced electromotive force and output current in the proposed energy harvesting
system*

Coil Turns (N) Induced EMF (V) Output Current (A)
300 0.042 0.00175
600 0.085 0.00354
900 0.128 0.00533
1200 0.170 0.00708
1500 0.213 0.00887

As illustrated in Table 1, the induced electromotive force rises in direct proportion to the number of coil turns.
This trend aligns with the analytical relation ExN, suggesting that increasing the number of turns improves
magnetic flux linkage within the coil. As a result, the output current also grows due to its direct dependence on
the induced voltage. However, it is important to consider that an excessive number of turns can increase the
internal resistance of the coil, which may reduce the overall efficiency of the system under practical operating
conditions [7] (Table 2).

Table 2. Variation of output current and power with respect to load resistance®

Load Resistance (Q) Current (A) Power (W)
2 0.0098 0.00019
5 0.0072 0.00026
10 0.0053 0.00028
15 0.0043 0.00028
20 0.0036 0.00026

Table 2 presents the correlation between load resistance and the electrical output performance of the
system. As the load resistance increases, the output current decreases, following the inverse relationship
described by Ohm’s law. In contrast, the output power demonstrates a nonlinear trend, attaining its maximum
when the load resistance becomes approximately equal to the internal resistance of the coil. This behavior
validates the maximum power transfer principle, which is a key concept in electrical energy conversion systems
(Table 3).

Table 3. Effect of air gap length on magnetic flux and output power in the toroidal magnetic circuit®

Air Gap (mm) Magnetic Flux (Wb) Power (W)
0.5 0.0032 0.00041
1.0 0.0025 0.00032
1.5 0.0020 0.00025
2.0 0.0016 0.00019
3.0 0.0011 0.00012

The data in Table 3 indicate that magnetic flux declines noticeably as the air gap length increases. This
effect is primarily caused by the rise in magnetic reluctance within the air gap region. Consequently, both
the induced electromotive force and the output power decrease. These results emphasize the importance of
minimizing the air gap to enhance the efficiency of electromagnetic energy harvesting systems utilizing toroidal
magnetic configurations.

CONCLUSION AND RECOMMENDATIONS

This study presents the development of a comprehensive analytical model for a linear electromagnetic
energy harvesting system utilizing a slotted toroidal magnetic circuit. The proposed framework integrates
magnetic circuit analysis, electromagnetic induction theory, and electrical load modeling to characterize the
interaction between mechanical motion and electrical output.

The derived relationships indicate that the induced electromotive force (EMF) is strongly influenced by
factors such as the number of coil turns, the positional variation of magnetic flux, and the velocity of the moving
magnet.

4 author’s development
5 author’s development
6 author’s development
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The results show that increasing the number of coil turns leads to a proportional increase in both the
induced voltage and the output current. However, practical limitations associated with higher coil resistance
should also be considered during system design.

Furthermore, the influence of load resistance on system performance was investigated. The findings
demonstrate that, as the load resistance increases, the output current decreases, while the output power
reaches its maximum when the load resistance is approximately equal to the internal resistance of the coil. This
behavior is consistent with the maximum power transfer principle.

The effect of air-gap length on the magnetic and electrical characteristics of the system was also analyzed.
The results indicate that a larger air gap causes a substantial reduction in magnetic flux due to increased
magnetic reluctance, which consequently decreases both the induced voltage and the generated power.

This finding highlights the importance of minimizing the air-gap length in toroidal magnetic structures to
improve overall system efficiency.

Overall, the results confirm the validity of the proposed mathematical model and emphasize the strong
influence of both structural and electrical parameters on the performance of the energy harvesting system.
The developed model provides a solid foundation for the design and optimization of high-efficiency linear
electromagnetic energy harvesting devices, particularly for applications involving low-frequency excitation.

As a recommendation, future studies may focus on experimental validation of the proposed model,
investigation of different toroidal core materials, and the integration of advanced power management circuits to
further improve the practical performance of the system.
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