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Annotatsiya:

Mazkur tadqiqot xususiy hosilali differensial tenglamalarni (XHDT) sonli
yechish uchun zamonaviy algoritmik yondashuvlar va samarali dasturiy vositalarni
shakllantirishga bag‘ishlanadi. Amaliy fanlar va muhandislik masalalarida
uchraydigan ko‘p o‘lchamli, nochizigli va murakkab chegaraviy shartlarga ega
differensial modellarni analitik usulda yechish imkoniyati cheklanganligi sababli,
barqaror va yuqori aniqlikdagi sonli metodlarni ishlab chiqish dolzarb vazifa
hisoblanadi. Tadqiqotda differensial operatorlarni diskretlashtirishning nazariy
asoslari, yaqinlashuv va barqarorlik masalalari hamda katta o‘lchamli algebraik
sistemalarni samarali yechish mexanizmlari ko‘rib chiqiladi. Algoritmlar
zamonaviy dasturlash muhitida implementatsiya qilinib, hisoblash samaradorligi
va xotira tejamkorligi nuqtai nazaridan tahlil etiladi. Ish natijalari ilmiy
modellashtirish, texnologik jarayonlarni simulyatsiya qilish va muhandislik

hisoblashlarida qo‘llash imkonini beradi.

Kalit so’zlar:
Xususiy hosilali differensial tenglamalar, sonli usullar, diskretlashtirish,
barqarorlik, yaqinlashuv, chekli ayirmalar usuli, chekli elementlar usuli, iteratsion

algoritmlar, siyrak matritsalar, parallel hisoblash, dasturiy modellashtirish.
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Annotation:

This research is devoted to the development of modern algorithmic
approaches and effective software tools for numerical solution of partial
differential equations (PDEs). Due to the limited ability to analytically solve
multidimensional, nonlinear and complex boundary conditions differential models
encountered in applied sciences and engineering, the development of stable and
high-precision numerical methods is an urgent task. The research considers the
theoretical foundations of discretization of differential operators, convergence and
stability issues, and mechanisms for effective solution of large-dimensional
algebraic systems. The algorithms are implemented in a modern programming
environment and analyzed in terms of computational efficiency and memory
efficiency. The results of the work allow for their application in scientific

modeling, simulation of technological processes, and engineering calculations.

Keywords:
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AHHOTALMSA:

JlanHO€  uWcCcleloBaHME  TOCBSILIEHO  pa3palboTke COBPEMEHHBIX
AITOPUTMUYECKUX TMOJX0JI0B U I(P(DEKTUBHBIX MPOTPAMMHBIX CPEICTB IS
YUCJICHHOTO pemieHus TudepeHInaabHbIX YPAaBHCHUN B YACTHBIX TTPOU3BOIHBIX
(JAYUII). B cBsA3u ¢ OrpaHUY€HHBIMH BO3MOXKHOCTSIMU aHAJTMTUYECKOTO PEIICHUS
MHOTOMEPHBIX, HEJIMHEWHBIX 151 CJI0>KHBIX TPaHUYHBIX YCJIOBUM
mudpepeHnanbHbIX  MOJIENe, BCTPEUAIONMUXCS B TMPHUKIAIHBIX HayKax W
TEXHUKE, pa3paboTKa YCTOWYUBBIX M BBICOKOTOUHBIX YHCIEHHBIX METOJIOB
ABJSICTCS ~ aKTyaJbHOW  3amadeil. B HccaegoBaHMM — paccMaTpUBAarOTCS
TEOPETUUYECKHE OCHOBBI JUCKpeTH3aluu Au@QepeHIIuaibHbIX ONEepPaTopoB,

BOIIPOCBHI CXOOUMOCTH H yCTOﬁqHBOCTH, a TaKK€C MCXaHHN3MbI Bq)(l)eKTI/IBHOFO
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pelIeHUs] MHOTOMEPHBIX alre0pandyecKuX CUCTEM. AJITOPUTMBI pEaiM30BaHbI B
COBPEMEHHOW Cpejie MPOrpaMMHUPOBAHUS U NMPOAHAIM3UPOBAHBI C TOUYKU 3PEHUS
BBIYUCIUTENHHON 3(PPekTuBHOCTH U 3P(HEKTUBHOCTH HCIOIB30BAHUS TMAMSTH.
Pe3ynbraThl paboThl MO3BOJISIOT MPUMEHSITh UX B HAyYHOM MOJIEIMPOBAHUM,

MOJCINPOBAHNH TCXHOJIOTHUICCKUX IMTPOUCCCOB U MHKCHCPHBIX paCUCTaX.

KiroueBble cj1oBa:

Jubdepennmansaple  ypaBHEHHS CO CICHHAIBHBIMUA  MPOU3BOIHBIMH,
YUCJIEHHbIE METOJbl, JUCKPETU3alMsl, YCTOWYUBOCTb, CXOJUMOCTb, METOJ]
KOHEYHBIX Pa3HOCTEH, METOJI KOHEYHBIX JIEMEHTOB, UTEPALIMOHHBIC aJITOPUTMBI,
pa3peKEHHBIE ~ MATPHUIlbl,  MNapaJUieJbHbIE  BBIYUCICHHUSA,  MPOrPAMMHOE

MOACIUPOBAHUC.

Zamonavily ilmiy-texnik masalalarning aksariyati xususiy hosilali
differensial tenglamalar orqali modellashtiriladi. Issiqlik almashinuvi, suyuqliklar
dinamikasi, elastiklik nazariyasi, elektromagnit jarayonlar va boshqa ko‘plab fizik
hodisalar aynan shu turdagi tenglamalar bilan ifodalanadi. Real jarayonlar ko‘p
o‘lchamli va murakkab bo‘lganligi sababli analitik yechimlarni topish amaliy
jihatdan qiyin yoki imkonsizdir. Shu bois sonli metodlar asosiy tadqiqot vositasiga

aylanadi.

Tadqgiqotning maqsadi — xususiy hosilali differensial tenglamalarni sonli
yechish uchun nazariy jihatdan asoslangan va amaliy samaradorligi yuqori bo‘lgan
algoritmlar ishlab chiqish hamda ularni dasturiy shaklga keltirishdir. Bu jarayonda
differensial operatorni diskret modelga o‘tkazishning matematik asoslari chuqur
tahlil gilinadi. Diskretlashtirish natijasida hosil bo‘ladigan algebraik tenglamalar
sistemasining strukturaviy xususiyatlari, xususan siyraklik va spektral xossalari
hisobga olinadi.

Tadqiqot davomida chekli ayirmalar va chekli elementlar asosidagi
yondashuvlar taqqoslab o‘rganiladi. Diskret sxemaning konsistentligi, barqarorligi

va yaqinlashuvi nazariy jihatdan asoslanadi. Katta o‘lchamli sistemalarni
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yechishda iteratsion usullardan foydalanishning samaradorligi tahlil qilinadi
hamda hisoblash jarayonini tezlashtirish maqsadida parallel algoritmlar
qo‘llaniladi.

Metodologiya matematik modellashtirish, sonli tahlil va dasturiy
realizatsiyani o‘z ichiga oladi. Hisoblash eksperimenti orqali taklif etilgan
algoritmlarning aniqligi va samaradorligi baholanadi. Turli to‘r zichliklari va
chegaraviy shartlar uchun xatolik dinamikasi o‘rganiladi.

Kutilayotgan natija sifatida xususiy hosilali differensial tenglamalarni
yechish uchun optimallashtirilgan algoritmik yadro va modulli dasturiy ta’minot
yaratiladi. Ushbu tizim murakkab muhandislik va ilmiy masalalarni yuqori
aniqlikda modellashtirish imkonini beradi hamda kelgusida parallel va yuqori

unumli hisoblash platformalariga moslashtirilishi mumkin.

Mazkur tadqiqot xususiy hosilali differensial tenglamalarni sonli yechishning
nazariy va amaliy jihatlarini kompleks yondashuv asosida tahlil qilishga qaratildi.
Diskretlashtirishning matematik asoslari, barqarorlik va yaqinlashuv shartlari
chuqur o‘rganilib, katta o‘lchamli algebraik sistemalarni samarali yechishga
xizmat qiluvchi algoritmik yechimlar taklif etildi. Hisoblash tajribalari natijalari
ishlab chiqilgan yondashuvning aniqlik va samaradorlik ko‘rsatkichlarini

tasdiglaydi.

Natijada yuqori aniqlik va hisoblash tejamkorligini ta’minlaydigan
optimallashtirilgan algoritmik-dasturiy platforma shakllantirilib, u murakkab ilmiy

va muhandislik masalalarini modellashtirishda qo‘llash imkoniyatini yaratadi.
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