o‘quvchilarda matematik tafakkurni rivojlantirish, masalaga turli nuqtai nazardan qarash va murakkab ma-
salalarni sodda ko‘rinishga keltirish ko*‘nikmalarini shakllantirishda muhim ahamiyatga ega.
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GRAFEN ISHLAB CHIQARISH JARAYONIDA HARORAT MAYDONI VA ISSIQLIK
TARQATILISHINING TAHLILI

Annotatsiya. Ushbu tadgiqotda millisekundlik impulsli lazer nurlanishi ostida poliimid substratida
grafen hosil bo ‘lishi paytida harorat maydoni va issiqlik uzatilishi ragamli modellashtirish yordamida o ‘r-
ganildi. Vagtga bog ‘liq issiqlik uzatish tenglamasi Gauss issiqlik manbai bilan yechildi. Natijalar lazer
parametrlari va skanerlash tezligi issiqlik to ‘planishiga va grafen sintezi uchun kritik harorat zonasining
shakllanishiga sezilarli ta sir ko ‘rsatishini ko ‘rsatadi. Olingan natijalar lazer bilan induksiyalangan gra-
fen ishlab chigarish jarayonlarini optimallashtirish uchun ilmiy asos yaratadi.

Kalit so‘zlar: grafen sintezi, harorat maydoni, issiqlik targalishi, ragamli modellashtirish, COMSOL
multifizikasi, lazer bilan induksiyalangan grafen, issiqlik uzatish.

Canymnaes Ixypater Oiidexorud (acmmpant YpI'Y), Axmenor Mynncoex MyxamMmasn o1,
Bamaes Mypoadek Ipramorudy, lasieroB Hkpam KOcy6opma (YpI'Y)
AHAJIN3 TEMIIEPATYPHOI'O ITOJIA U TEIVIOIIEPEJAYHA B TIPOLECCE
HNPOU3BOJACTBA I'PA®EHA

Anuomayusi. B dannom uccne0osanuy ¢ nOMOWBIO YUCIEHHO20 MOOCTUPOSAHIUS UIYHANUC HeM-
nepamypHoe nojie 1 menionepeoaid 6 npoyecce Popmupo8anus epapena Ha NOJUUMUOHOT NOOTOHCKE NOO
6030eliCmeueM MUTLTUCEKYHOHO20 UMNYIbCHOZ0 A3ePHO20 usnyderus. boiio peueno 3aeucsaujee om epe-
MeHU ypasHeHue menionepeoas ¢ 2ayccosbiM UCMOYHUKOM menid. Pesyniomamul nokasvieaiom, 4mo na-
pamempul 1a3epa i CKOPOCHb CKAHUPOBAHUS OKAZbIBAION CYUeCMEEHHOe GIUAHUE HA HAKONIeHUe mend
U POpMUPOBAHUE KPUMUYECKOT MeMNepamypHoil 30Hbl Ol cunme3sa epagpena. Ilonyuennvie pe3ynvmamol
06ecnequeaom Hay4Hyo OCHOBY 0151 ONMUMUAYUL NPOYECCO8 NA3EPHO-UHOVYUPOBAHHO20 NPOU3BOOCEA
epaghena.

Knrwuegoie crosa: cunmes epagena, memnepamyproe noie, menioomoasd, YuUcieHHoe Mooeiupo-
sanue, COMSOL Multiphysics, nasepHo-unoyyupoeanulii epagen, menionepeoayd.

Sadullayev Jurabek Oybekovich (UrSU, basic doctoral student), Akhmedov Munisbek Muhammad oglu,
Vapayev Murodbek Ergashovich, Davletov Ikram Yusubovich (UrSU)
ANALYSIS OF TEMPERATURE FIELD AND HEAT DISTRIBUTION IN THE GRAPHENE
PRODUCTION PROCESS

Annotation. In this study, the temperature field and heat transfer during graphene formation on a
polyimide substrate under millisecond pulsed laser irradiation were studied using numerical modeling. The
time-dependent heat transfer equation was solved with a Gaussian heat source. The results show that the
laser parameters and scanning speed have a significant effect on heat accumulation and the formation of
a critical temperature zone for graphene synthesis. The obtained results provide a scientific basis for
optimizing laser-induced graphene production processes.

Keywords: Graphene synthesis, temperature field, heat dissipation, numerical modeling, COMSOL
multiphysics, laser-induced graphene, heat transfer.

Kirish. So*nggi villarda grafen o°zining yuqori elektr va issiqlik o‘tkazuvchanligi, mexanik mustah-
kamligi hamda atom darajasidagi yupqaligi tufayli materialshunoslikda keng e’tibor qozondi [1,2]. Ushbu
xossalar uni nanoelektronika, energiya saglash va sensor texnologiyalarida istigbolli materialga aylantirdi
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bargarorroq kritik zonasi shakllanishini ko‘rsatib, eksperimental kuzatuvlarni tasdiglaydi. Bu holat taklif
etilgan modelning fizik jihatdan asoslangan va real jarayonni yetarli darajada ifodalay olishini ko‘rsatadi.

Mazkur modellashtirishda grafen hosil bo‘lish jarayoni haroratning kritik giymatdan (T = 2000 K)
oshishi orqali baholandi. Biroq amalda polimid substratning grafitlash va grafenlash jarayoni nafagat mak-
simal harorat, balki lazer ta’sirining davomiyligi, sovish tezligi hamda uglerod atomlarining qayta tashkil
topish kinetikasiga ham bog‘liq ekanligi ma’lum. Ushbu ishda kimyoviy parchalanish va fazaviy o‘zgarish-
lar kinetikasi alohida hisobga olinmagan bo‘lib, ularning ta’siri harorat maydonining vaqt bo‘yicha evolut-
sivasi orgali bilvosita inobatga olindi. Shunga garamay, olingan natijalar yuqori harorat zonalarining davo-
miyligi va barqarorligi grafen gatlamining bir jinsli shakllanishi uchun hal giluvchi omil ekanini ko‘rsatadi.

Xulosa va takliflar. Ushbu ishda millisekund impulsli lazer ta’siri ostida polimid substratda grafen
hosil bo‘lish jarayonidagi harorat maydoni sonli modellashtirish orqali tahlil gilindi. Gaussian issiqlik man-
bayi asosida lazer parametrlari va skanerlash tezligining issiqlik jarayonlariga ta’siri aniglandi. Natijalar
skanerlash tezligi grafen hosil bo‘lishida hal giluvchi omil ekanini ko‘rsatdi: 55 mm/s.da maksimal harorat
~1750 K bo‘lib, barqaror struktura uchun yetarli emas, 40 mm/s.da esa~2100 Kga yetib, grafen qatlamining
bir jinsli va barqaror shakllanishi uchun optimal sharoit yuzaga keladi. Tezlikning ortigcha kamayishi issiq-
lik yig‘ilishini kuchaytirib, material shikastlanishiga olib kelishi mumkin.

Olingan natijalar lazerli grafen sintezida kritik harorat zonasi va optimal skanerlash tezligi mavjudli-
gini tasdiglab, avvalgi eksperimental ma’lumotlar bilan mos keladi hamda jarayonni optimallashtirish
uchun muhim nazariy asos varatadi.
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DISKRET WAVELET TRANSFORMATSIYA ASOSIDA TEXNIK KELIB CHIQADIGAN
TENSO VA VIBROMETRIK SIGNALLARNING STOCHASTIC MODELLASHTIRILISHI VA
DIAGNOSTIK XUSUSIYATLARI

Annotatsiva. Murakkab mexanik tizimlarning texnik holatini erta aniglash sanoat xavfsizligi va eks-
pluatatsion samaradorlikni oshirishda muhim ahamiyatga ega. Ushbu tadqgiqotda tensometrik deformat-
siya va vibratsion signallarning ko 'p masshtabli hamda no-statsionar xususiyatlarini aniglash uchun dis-
kret wavelet transformatsiyaga asoslangan matematik model ishlab chiqildi. Signal Hilbert fazosida sto-
chastic differensial tenglama orqali generativ jarayon sifatida garaldi, impulsli nosozliklar esa Dirak delta
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