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KIRISH (falsafa doktori (PhD) dissertatsiyasi annotatsiyasi)

Dissertatsiya mavzusining dolzarbligi va zarurati. Jahon miqyosida olib
borilayotgan ko‘plab ilmiy-amaliy tadgiqotlar aksariyat hollarda aralash tipdagi
xususiy hosilali differensial tenglama uchun manbani aniglash teskari
masalalarining korrektligini tadqiq qilishga keltiriladi. Bugungi kunda xususiy
hosilali  differensial tenglamalar uchun teskari ~masalalar geologiya,
elektrodinamika, gazodinamika, to‘lqin tarqalish jarayonlari, geofizika va boshqga
ko‘plab sohalardagi tadqiqotlarning eng ko‘p o‘rganilayotgan asosiy masalasi
hisoblanadi. To‘g‘ri masala yechimi haqida qo‘shimcha ma’lumotga asoslanib,
teskari masala yechimini aniqlash, to‘g‘ri va teskari masalalarni sonli yechish
masalasiga doir tadgigotlarni olib borish bugungi kunda matematik fizikaning
muhim vazifalaridan biri bo‘lib qolmoqda.

Hozirgi kunda jahon migyosida matematik fizikaning eng tez rivojlanayotgan
sohasi — teskari masalalarni tadqiq gilish usullariga alohida e’tibor qaratilmoqda.
Bu soha fizika va texnik fanlardagi eng muhim muammolardan biriga aylandi,
chunki ularni hal qilish bevosita aniqlab bo‘lmaydigan parametrlarni topishga
imkon beradi. Bu yo‘nalish juda ko‘p sohalarda tadbiqqa ega. Aralash tipdagi
tenglamalar uchun to‘g‘ri va teskari masalalar qo‘llanish nuqtai nazaridan
dolzarbdir. Shunday qilib, aralash parabolo-giperbolik tipdagi tenglamalar uchun
go‘yilgan to‘g‘ri va teskari masalalarning korrektligini isbotlash zarurati bor.
Tadbiglarda aralash parabolo-giperbolik tipdagi tenglamalar uchun qo‘yilgan
to‘g‘ri va teskari masalalarni yechimini topish magqgsadli ilmiy tadqiqotlardan
hisoblanadi. Aynan shu tipdagi dolzarb ilmiy tadgigotlar ushbu dissertatsiya ishida
garaldi.

Respublikamizda fundamental fanlardan ilmiy va amaliy tadbigiga ega
bo‘lgan matematik fizikaning dolzarb yo‘nalishlariga e’tibor kuchaytirildi.
Jumladan, oxirgi vyillarda gazodinamikadagi jarayonlarni ifodalovchi aralash
parabolo-giperbolik tipdagi differensial tenglamalar uchun boshlang‘ich-
chegaraviy masalalarni tadqiq etish, ular uchun to‘g‘ri va teskari masalalarni
yechish orqali amaliy muammolarni hal etishga alohida e’tibor garatildi. Aralash
parabolo-giperbolik tipdagi tenglama uchun manbani aniglash teskari masalalari
yechimining mavjudligi, yagonaligini isbotlashga va uni sonli yechishga oid
salmoqli natijalarga erishildi. “Differensial tenglamalar, matematik fizika va
funksional analiz” fanlarining ustuvor yo‘nalishlari bo‘yicha xalqaro standartlar
darajasida ilmiy tadgigotlar olib borish matematika fanining asosiy vazifalar va
faoliyat yo‘nalishlari etib belgilandil. Bu borada matematik fizikaning aralash
tipdagi tenglamalar uchun teskari masalalar nazariyasini rivojlantirish muhim
ahamiyatga ega hisoblanadi.

O‘zbekiston Respublikasi Prezidentining 2017 yil 7 fevraldagi “O‘zbekiston
Respublikasini yanada rivojlantirish bo‘yicha harakatlar strategiyasi to‘g‘risida”gi

1 O‘zbekiston Respublikasi Vazirlar Mahkamasining 2017 yil 18 maydagi “O‘zbekiston Respublikasi Fanlar
akademiyasining yangidan tashkil etilgan ilmiy tadqiqot muassasalari faoliyatini tahkil etish to‘g‘risida”gi 292-sonli
garori.
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PF-4947-son Farmoni, 2019 yil 9 iyuldagi “Matematika ta’limi va fanlarini yanada
rivojlantirishni davlat tomonidan qo‘llab-quvvatlash, shuningdek, O°‘zbekiston
Respublikasi Fanlar Akademiyasining V.I.Romanovskiy nomidagi Matematika
instituti faoliyatini tubdan takomillashtirish chora-tadbirlari to‘g‘risida”gi PQ-
4387-son Qarori va 2020 yil 7 maydagi “Matematika sohasidagi ta’lim sifatini
oshirish va ilmiy-tadgigotlarni rivojlantirish chora-tadbirlari to‘g‘risida”gi PQ-
4708-sonli Qarori hamda mazkur faoliyatga tegishli boshga normativ—huquqgiy
hujjatlarda belgilangan vazifalarni amalga oshirishda ushbu dissertatsiya tadgiqgoti
muayyan darajada xizmat giladi

Tadgiqotning respublika fan va texnologiyalari rivojlanishining ustuvor
yo‘nalishlariga bog‘ligligi. Mazkur tadqgigot respublika fan va texnologiyalar
rivojlanishining V. “Matematika, mexanika va informatika” ustuvor yo‘nalishi
doirasida bajarilgan.

Muammoning o‘rganilganlik darajasi. Ko‘p hollarda ma’lum tabiat
hodisalarini o‘rganish matematik fizikaning tenglamalari deb ataladigan xususiy
hosilali differensial tenglamalarning yechimlarini topishga olib kelinadi.
Matematik fizika tenglamalari uchun Kklassifikatsiyalash mavjud. Giperbolik,
elliptik va parabolik tipdagi tenglamalarga nisbatan aralash tipdagi tenglamalar
nazariyasi kam tarixga ega. Ikkita erkli o‘zgaruvchili aralash tipdagi tenglamalar
birinchi marta italyan matematiklari F.Trikomi va M. Chibrario tomonidan tizimli
tadqiq qilingan. Bundan tashqari, aralash tipdagi tenglamalar ko‘plab matematiklar
tomonidan o‘rganilgan, xususan, M.A.Lavrentyev, A.V.Bistadze, V.N.Vragov,
M.S.Salaxitdinov va T.D.Jo‘rayev ilmiy maktablarida katta e’tibor berilgan.
Aralash ogimlar odatda aralash tipdagi elliptiko-giperbolik tipdagi tenglamalar
bilan aniglanadi, shuning uchun transtovushli gaz dinamikasi masalalarini
o‘rganish, aralash tipdagi tenglamalar nazariyasining rivoji bilan chambarchas
bog‘liq.

Aralash tipdagi tenglamalar xususiy hosilali differensial tenglamalar
nazariyasining muhim bo‘limlaridan biri bo‘lib, amaliy xarakterdagi ko‘plab
masalalarni hal qilishda uchraydi. Ushbu tipdagi tenglamalar uchun to‘g‘ri va
teskari masalalar aniq bir tipdagi tenglamalar uchun qo‘yilgan mos masalalarga
nisbatan kamroq o‘rganilgan. Shunga qaramay, bunday masalalar amaliy tadbiq
nugtai nazaridan dolzarbdir. Masalan, A.N.Tixonov va A.A.Samarskiy ishlarida
bir jinsli muhitda, uning o‘tkazuvchanligi past bo‘lgan taqdirda, elektromagnit
maydon kuchlanganligi to‘lqin tenglamasini ganoatlantiradi, ammo nisbatan yuqori
o‘tkazuvchanlik holatida, elektromagnit maydon kuchlanganligi uchun ko‘rsatilgan
qiymat issiglik o‘tkazuvchanlik tenglamasini ganoatlantiradi. 1.M.Gelfand va
F.l.LFrankl ilmiy ishlarida gaz dinamikasiga oid ko‘rib chiqilgan hodisa: g‘ovakli
devorlari bo‘lgan yopiq kanaldagi gaz harakati to‘lqin tenglamasi bilan, uning
tashqarisida esa diffuziya tenglamasi bilan tavsiflanadi. Aralash parabolo-
giperbolik tipdagi tenglamalarga qo‘yilgan to‘g‘ri masalalar F.Trikomi, G.Fiker,
T.D.Jo‘rayev, K.B.Sabitov, B.L.Islomov va boshgalarning ilmiy ishlarida
o‘rganilgan. To‘rtburchak sohada aralash parabolo-giperbolik tipdagi tenglamalar
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uchun boshlang‘ich chegaraviy masalalarda o‘ng tomonni yoki boshlang‘ich
funksiyani aniglashning teskari masalalari K.B. Sabitov, E.M. Safin, S.N. Sidirov
va boshqgalarning ilmiy ishlarida ko‘rib chiqgilgan bo‘lib, bu tadqiqotlarda teskari
masalalar yechimlarining mavjudligi va yagonaligi spektral usul asosida
isbotlangan.

Ikkinchi tartibli xususiy hosilali differensial parabolik, giperbolik va elliptik
tipdagi tenglamalar uchun tenglama koeffistientlarini, o‘ng tomonlarini
aniglashning turli xil teskari masalalari V.G.Romanov, A.M.Denisov,
S.I.Kabanixin, R.R.Ashurov, S.Z.Djamolov, A.l.Prilepko, D.G.Orlovskiy,
I.A.Vasin va boshqalarning ishlarida o‘rganilgan. Giperbolik integro-differensial
tenglamalarda yadroni tiklash teskari masalalari V.G.Romanov, D.K.Durdiyev,
J.D.Totiyeva, A.A.Raxmonov, U.D.Durdiyev, Z.R.Bozorov va boshgalar ilmiy
ishlarida o‘rganilgan. Boshqa tomondan, juda oz sonli ishlar teskari masalalarni
sonli yechish wusullariga bag‘ishlangan. Ushbu yo‘nalishda V.G.Romanov,
V.A.Dedok, A.A.Duchkov, A.L.Karchevskiylarning ilmiy ishlarini ta’kidlash
mumkin. Differensial tenglamalarning har bir sinfi uchun mos masalalar mavjud.
Ushbu masalalarning o‘ziga xos xususiyati ularning korrektligidir. Ushbu
dissertatsiya ishida aralash parabolo-giperbolik tipdagi tenglama uchun manbani
aniqlash teskari masalalarining korrektligi o‘rganilgan va sonli yechilgan.

Dissertatsiya tadqiqotining dissertatsiya bajarilgan oliy ta’lim
muassasasining ilmiy tadqiqot ishlari rejalari bilan bog‘ligligi. Dissertatsiya
tadgigoti Buxoro davlat universitetining M-02.2018 ragamli ~ “Matematik
fizikaning teskari masalalari” (2020-2022 yy.) mavzusidagi ilmiy-tadgigot
yo‘nalishi doirasida bajarilgan.

Tadgigotning maqsadi aralash parabolo-giperbolik tipdagi tenglamalar
uchun to‘g‘ri va teskari masalalarning korrektligini isbotlash hamda ularni sonli
yechishdan iborat.

Tadqgigotning vazifalari:

parabolo-giperbolik tipdagi tenglamaga qo‘yilgan aralash masala uchun
ayirmali sxema qurish, chekli ayirmali sxemaning turg‘unligini isbotlash va
approksimatsiya tartibini aniglash;

ikki o‘lchamli aralash parabolo-giperbolik tipdagi tenglamaga silindrik
sohada qo‘yilgan boshlang‘ich-chegaraviy masala va teskari masalalar
yechimining yagonaligi va mavjudligini isbot qilish;

aralash parabolo-giperbolik tipdagi tenglamaga to‘g‘ri to‘rtburchakli sohada
qo‘yilgan teskari masalaning bir qiymatli yechilishini isbot qilish;

aralash parabolo-giperbolik tipdagi tenglama uchun manbani aniglash teskari
masalasini sonli yechish algoritmlarini qurish.

Tadqiqotning ob’ekti. Bir o‘lchovli va ikki o‘lchovli aralash parabolo-
giperbolik tipdagi tenglamalar uchun teskari masalalardan iborat.

Tadgigotning predmeti. Aralash parabolo-giperbolik tipdagi tenglamalar
uchun to‘g‘ri va teskari masalalar, Furye-Bessel va Furye gatorlari, xususiy hosilali
differensial tenglamalar nazariyasi.



Tadgiqotning usullari. Dissertatsiya natijalarini hal gilishda funksional
analiz, differensial tenglamalar, xususiy hosilali differensial tenglamalar va
integral tenglamalar nazariyasi usullaridan foydalanilgan. Furye, Furye-Bessel
qatorlarining yaqinlashish shartlari qo‘llanilgan.

Tadgiqotning ilmiy yangiligi quyidagilardan iborat:

aralash parabolo-giperbolik tipdagi tenglamaga qo‘yilgan boshlang‘ich-
chegaraviy masala uchun ayirmali sxema qurilgan, hamda chekli ayirmali
sxemaning turg‘unligi va approksimatsiya tartibi haqidagi teoremalar isbotlangan;

Bessel operatorli aralash parabolo-giperbolik tipdagi tenglama uchun
noma’lum manbani topishga oid teskari masala yechimining mavjud va yagonaligi
isbotlangan;

aralash parabolo-giperbolik tipdagi tenglamaga qo‘yilgan teskari masalaning
bir qiymatli yechilishi isbotlangan;

aralash parabolo-giperbolik tipdagi tenglama uchun manbani aniglash teskari
masalasini sonli yechish uchun uchta algoritmlar qurilgan va bu algoritmlarni
aprobatsiya qgilish uchun bir gator misollar keltirilgan.

Tadgigotning amaliy natijalari. Tadgigot natijalaridan seysmologiyada,
gazodinamikada hamda yugori bosgich bakalavriat va magistratura talabalari
uchun matematik fizika tenglamalari fanidan maxsus kurslar o‘qishda foydalanish
mumkin.

Tadqgigot natijalarining ishonchliligi. Matematik analiz, funksional analiz,
differensial tenglamalar, xususiy hosilali differensial tenglamalar, integral
tenglamalar va teskari masalalar nazariyasi usullaridan foydalanilganligi hamda
matematik mulohazalarning gat’iyligi bilan asoslanadi.

Tadgiqot natijalarining ilmiy va amaliy ahamiyati. Tadgiqot natijalarining
ilmiy ahamiyati matematik fizikaning aralash tipdagi tenglamalari uchun teskari
masalalar nazariyasini yanada rivojlantirishi, bir o‘lchamli va ikki o‘lchamli
bo‘lgan hollarda manbani aniqlash usullari qurilganligi bilan izohlanadi.

Tadgiqot natijalarining amaliy ahamiyati seysmologiyada, gazodinamikada
tadbiq etilishi bilan izohlanadi.

Tadgiqot natijalarining joriy gilinishi. Aralash parabolo-giperbolik tipdagi
tenglama uchun manbani aniglash teskari masalalarining korrektligiga oid olingan
natijalar asosida:

Aralash parabolo-giperbolik tipdagi tenglama uchun noma’lum manbani
aniglash to‘g‘ri va teskari masalalarining yechimni mavjud va yagonaligidan,
aralash masalani sonli yechishdan OT-F4-14 ragamli “Suyuqlik oquvchi yer osti
egri chizigli quvurning tashqi kuchlari ta’sirida kuchlanish-deformatsiyalar holatini
tadgiq qilish nazariyasini rivojlantirish va hisoblab chiqish”  mavzusidagi
fundamental loyihasida qovushqoq suyuqlik oquvchi ko‘p qatlamli kompozit
quvurlar harorat va dinamik yuklanishlar ta’sirini aniglashda qo‘llanilgan (Buxoro
muhandislik-texnologiya institutining 2023 yil 25 yanvardagi Ne 01/04-87/125-
sonli ma’lumotnomasi). [lmiy natijaning qo‘llanishi qovushqoq suyuqlik oquvchi



ko‘p qatlamli kompozit quvurlar egri chizigli bo‘laklarining chiziqli bo‘lmagan
dinamik kuchlanish-deformastiya holatini tekshirish imkonini bergan;

aralash parabolo-giperbolik tipdagi tenglamaga qo‘yilgan teskari masalaning
bir giymatli yechilishi va tenglama uchun manbani aniglash teskari masalasini
yechish algoritmlaridan Ar05133873 ragamli “Gravimetriyada qo‘llaniladigan
kasr tartibli elliptik operatorlarning matematik modellari uchun chizigli bo‘lmagan
teskari masalalarni yechishning sonli usullari va parallel algoritmlari” mavzusidagi
xorijily grant loyihasida kasr tartibli elliptik operatorning birinchi tartibli
evolyutsion tenglamasi uchun to‘g‘ri va teskari masalalarni yechishda
foydalanilgan (Xo‘ja Ahmad Yasaviy nomidagi xalqaro qozoq-turk
universitetining 2022 yil 28 dekabrdagi Ne04/4173-sonli ma’lumotnomasi). [lmiy
natijalarni qo‘llanishi kasr tartibli elliptik operatorning birinchi tartibli evolyutsion
tenglamasi uchun to‘g‘ri va teskari masalalarni sonli yechish imkonini bergan.

Tadgiqot natijalarining aprobatsiyasi. Dissertatsiyaning asosiy natijalari 4
ta xalgaro va 7 ta respublika, jami 11 ta ilmiy-amaliy anjumanlarda muhokamadan
o‘tkazilgan.

Tadqiqot natijalarining e’lon qilinganligi. Dissertatsiya mavzusi bo‘yicha
jami 17 ta ilmiy ish chop etilgan, shulardan, O‘zbekiston Respublikasi Oliy
attestastiya komissiyasining falsafa doktori dissertatsiyalarini himoya qilishda
tavsiya etilgan milliy nashrlarda 6 ta ilmiy magola, jumladan 2 ta ilmiy magola
SCOPUS bazasidagi xorijiy jurnallarda e’lon qilingan va 4 tasi Respublika ilmiy
jurnallarda chop gilingan.

Dissertatsiyaning hajmi va tuzilishi. Dissertatsiya Kirish gismi, uchta bob,
xulosa va foydalanilgan adabiyotlar ro‘yxatidan tashkil topgan. Dissertatsiyaning
hajmi 90 betni tashkil etgan.

DISSERTATSIYANING ASOSIY MAZMUNI

Kirish gismida dissertatsiya mavzusining dolzarbligi va zarurati asoslangan,
tadgigotning respublika fan wva texnologiyalari rivojlanishining ustuvor
yo‘nalishlariga mosligi ko‘rsatilgan, mavzu bo‘yicha xorijiy va mahalliy ilmiy-
tadqiqotlar sharhi, muammoning o‘rganilganlik darajasi keltirilgan, tadqiqot
magsadi, vazifalari, ob’ekti va predmeti tavsiflangan, tadqiqotning ilmiy yangiligi
va amaliy natijalari bayon gilingan, olingan natijalarning nazariy va amaliy
ahamiyati ochib berilgan, tadgiqot natijalarining joriy qilinishi, nashr etilgan ishlar
va dissertatsiya tuzilishi bo‘yicha ma’lumotlar keltirilgan.

Dissertatsiyaning birinchi bobi “Dastlabki ma’lumotlar” deb ataladi. Bu
bobda hisoblash usullari va Furye-Bessel gatorlaridan dissertatsiya natijalarini
isbotlashda foydalanilgan asosiy tushunchalar keltirilgan. Shuningdek, aralash
parabolo-giperbolik tipdagi tenglamaga qo‘yilgan birinchi chegaraviy masala
uchun turg‘un chekli ayirmali sxema qurilgan va qurilgan ayirmali sxemaning
approksimatsiyasi va turg‘unligi haqidagi teoremalar isbotlangan.

D ={(x,t):0 <x <1, 0<t<T}sohada quyidagi tenglamani garaymiz:



Lu = K(t)u;y — HOOuUyy + alx, t)uy + b(x, Hu, + c(x, t)u = f(x,t), (1)
bu yerda K(t), H(x), a(x,t), b(x,t), c(x,t) — berilgan funksiyalar bo‘lib,
quyidagi shartlarni ganoatlantiradi:

1) K(t) € C%([0,T]),t # 0 da K(t) > 0vaK(0) =0;
2) agar xe€(0,1)H(x) € C?(0,1]) bo‘lsa, u holda H(x)>0 va
H(0)=H(l) =0;
3)a(x,t),b(x,t) € C1(D),c(x,t) € C(D);
4) B(x) = a(x,0) — K.(0) > 0,x€[0,];
C — uzluksiz funksiyalar fazosi, D- D sohaning yopig‘i, I = dD - D sohaning
chegarasi.

(1) tenglama uchun quyidagi aralash masalani garaymiz:

Aralash masala: D sohada (1) tenglamaning shunday yechimi aniglansinki,
u quyidagi shartlarni ganoatlantirsin:

u(x,0) =0,u,(x,0) =0, xe[0,1], (2)
u(0,t) =0, u(l,t) =0,t > 0. (3)

(2)-(3) aralash masalani yechish uchun taqribiy (sonli) usuldan foydalanamiz.
Ushbu masalaga chekli-ayirmalar usulini qo‘llaymiz.

D={(xt):0<x<I 0<t<T} sohada, gadamlari At = h,,Ax = h,,
(T = mhy,l = nh,) bo‘lgan ayirmali to‘rni quramiz.

uf orgali aralash masalaning (t*,x;) nugtadagi taqribiy yechimini
belgilaymiz. Bu yerda (t*,x;) — t = t* = kh,,x = x; = ih, to‘g‘ri chiziglarning
kesishishidan hosil bo‘lgan tugun nuqta. Siljish va ayirmali ¢,y,7,7,& &
operatorlarni quyidagi shaklda kiritamiz:

puk =l = Ut =g, gl =Wl =k =, gl =l =,
_ A
T=¢p—-1, T=1-—¢7}, E=yP—1, E=1—-y r=a
X
(1)-(3) masalani quyidagi chekli-ayirmali sxema bilan

approksimatsiyalaymiz:
A S 3 .
Lhu = Kkh_tz_Hih_,zc-l_ a{‘h—t+b{‘h—x+ cFlu=fFk=1Tm;i=0,n, (4)
u) =0,uf =0,uf =uk=0,i=0,nk=0m. (5)
(4)-(5) ayirmali sxema yopig emas. Bu uchun qo‘shimcha chegaraviy va
boshlang‘ich shartlarni berish talab qilinadi. Oddiylik uchun, quyidagi shartlardan

foydalanamiz:

uk, =uk,  uk . =uk, k=0m. (6)
(4)-(6) ayirmali sxema approksimatsiya tartibi aniglanib, quyidagi teorema

isbotlangan.
1-teorema. (4)-(6) chekli-ayirmali sxema (1)-(3) aralash masalani h;, h, ga
nisbatan birinchi tartib bilan approksimatsiyalaydi va u uchun quyidagi baho
o ‘rinli
I8FIl < OCh; + hy).
Qurilgan ayirmali sxemaning turg‘unligi uchun quyidagi teorema o‘rinli.
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2-teorema. Agar ayirmali sxemaning gadamlari uchun quyidagi shartlar
bajarilsa

h < mi (rK 260) L <2H
t min MZJ Ml ) X M3J

u holda (1)-(3) aralash masala uchun qurilgan (4)-(6) ayirmali sxema turg ‘un va u
uchun

i=1,N-1, k=-m+ 10,

m-1n-1 m-1n-1

he - hy kz ;uhuxzw > hy by kz Z {(2K — heMy) (;—“) ¥

2
+(2H — hMy) (i—”) + (26, — htMl)uZ}

baho o rinli, bu yverda M;, i=13 -
lal, IBl, IK' O IH' GO, lagel, by, [K® @], |[H® (x)|  orgali  chegaralangan
musbat sonlar.

Simulyatsiyalangan berilganlar uchun masala garalgan va u sonli yechilgan.
rrl)%xly —M|<1073,i=0,n,k=0,M — sonli usulning absolyut xatoligi.

Qo‘yilgan masalani sonli yechish uchun matritsaviy haydash usulidan foydalanildi.
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1-rasm: y — tagribiy yechim, M — aniq yechim.

Dissertatsiyaning ikkinchi bobi “Aralash parabolo-giperbolik tipdagi
tenglamalar uchun teskari masalalar” deb nomlanadi, unda Bessel operatorli va
turli koeffistientli aralash parabolo-giperbolik tipdagi tenglama uchun noma’lum
o‘ng tomonni aniqlashga doir teskari masalalar o‘rganilgan. O‘zgaruvchilarni
ajratish metodi asosida, ushbu masalalar noma’lum funksiyalarni ortonormallangan
nolinchi tartibli birinchi tur Bessel va sinus funksiyalari bo‘yicha Furye va Furye-
Bessel qatorlariga yoyilmasining koeffistientlariga nisbatan oddiy differensial
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tenglamalarga qo‘yilgan masalalarga keltiriladi. Qo‘yilgan masalalar yechimlari
uchun yagonalik va mavjudlik teoremalari isbotlangan.
Ikkinchi bobning birinchi paragrafida Bessel operatorli aralash parabolo-
giperbolik tipdagi tenglamaga qo‘yilgan teskari masala o‘rganilgan.
G={(xyt):x*+y2 <1, —a<t<p} silindrda quyidagi aralash
parabolo-giperbolik tenglamani garaymiz:

Du, — Au = f(/x2 + y?), t>0, @
c?uy — Au = f({/x% +y2), t <0,

bu yerda «a, S, ¢, D — berilgan musbat sonlar, A - x va y o‘zgaruvchilar bo‘yicha
Laplas operatori.

Quyidagi masalani qaraylik: Shunday  u(x,y,t) va f(yx%+y?)
funksiyalar topilsinki, ular G sohada (7) tenglamani va quyidagi shartlarni
ganoatlantirsin:
chegaraviy shartlar:

2lirrzl ((x,¥),Vu) =0, u|x2+y2=1 =0,—a<t<p, (8)
x“+y<-0

boshlang‘ich shart:

u(x,y,—a) = p(\/x2+y2), x*+y?<1, (9)
t = 0 skleyka sharti:
» t1—1>%10u(x' Y, 1;) (= %rpou(x, Y, t),
; u(xyt) . u(x,y, 2 2
tl—1>IPO at t1_1>r-|1-10 ac X ty =1 (10)

bu yerda ¢ (-) — berilgan yetarlicha sillig funksiya.

G, = Gn{t > 0},G_ =G n{t < 0}belgilash kiritamiz.

1-ta’rif. (7)-(10) masalaning yechimi deb, C(G) N C*(G) N CZ; (G, VU {t =
B N C?(G_ U {t = —a}) sinfga tegishli bo ‘lib, G sohada (7) tenglamani va (8)-
(10) shartlarni ganoatlantiruvchi u(x, y, t) funksiyaga aytiladi.

Agar ¢, f funksiyalar ma’lum bo‘lsa, u vaqtda (7)-(10) munosabatlardan
u(x,y, t) yechimni topish masalasiga to‘g‘ri masala deyiladi.

Endi silindrik sohada teskari masalani qo‘yamiz.

Teskari masala: Agar (7) - (10) to‘g‘ri masalaning yechimi haqida quyidagi
go‘shimcha ma’lumot berilgan bo‘lsa:

u(x,y, B) = p(yx% +y?2), (11)

f(y/x% + y?2) — funksiya aniglansin.

2-ta’rif. (7)-(11) teskari masalaning yechimi deb mos ravishda C(G)n
CHG) N CHH(GLu{t = BY) NC3(G_ U {t = —a}) va C[0,1] sinflarga tegishli
bo'lib, (7)-(11) tengliklarni ganoatlantiruvchi — u(x,y,t) va f(y/x2+y?)
funksiyalarga aytiladi.

(7) tenglamaning o‘ng tomoni, (9) va (11) ga kiritilgan funksiyalar
p =+/x?+ y?masofaga bog‘lig, shuning uchun u(x,y,t) = u(p,t), p =
\Jx? 4+ y2, ya’ni biz osesimmetrik holga kelamiz.
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Qutb koordinatalar sitemasida (7)-(11) teskari masala quyidagicha
ifodalanadi: G:={(p,t): 0 < p < 1,—a <t < B} sohada shunday

u(p,t) Ba f(p) funksiyalar aniglansinki, ular quyidagi aralash parabolo-
giperbolik tenglamani
u 2 _ou lou _
O()D—+0(=t)c* = = 2302 T 53, TF(P), (p,t) €(0,1) X (—a,B), (12)

(bu yerda 8(t) — Xevisayda funksiyasi) va quyidagi shartlarni:
chegaraviy shartlar:

lim p 2428 = o,

p—0 ap
t = 0 da skleyka sharti:

u u
] —_— 1 — = i — < <
ulp, +0) = u(p, -0), lim 5 (p,t) = lim 5t (p,t), 0<p<=<1, (14)
boshlang‘ich shartni

0%u 92 1 0u

u|p=1 :0, _aStSﬁ, (13)

u(p,—a) =¢p(p), 0<p<1l, (15)
shuningdek qo‘shimcha shartni
u(p, B) = y(p), (16)

ganoatlantirsin.

Shunday qilib, (7)-(11) to‘g‘ri masala (12)-(15) munosabatlardan u(p,t)
funksiyani aniglashga keltirildi, teskari masala esa u(p, t) va f(p) funksiyalarni
(12)-(16) munosabatlardan foydalanib topish masalasiga keltirildi.

Dastlab (12) tenglamaning xususiy yechimlarini Furye usulidan foydalanib,
f(p) = 0 bo‘lganda quyidagi ko‘rinishda qidiramiz:

u(p,t) = R(p)T(®).
R(p) funksiya uchun:

R"(p) +-R'(p) + 2*R(p) = 0, (17
chegaraviy sharti quyidagicha bo‘lgan:
lin(l)(pR’(p)) =0,R(1) =0, (18)
p—

masalani hosil gilamiz.
1-izoh. (17)-(18) masala o ‘z-o ziga qo ‘shma masala.
(17) tenglamaning yechimi birinchi tur nolinchi tartibli Bessel funksiyalari
bo‘ladi:
R(p) = ]0(/1](,0), k = 1,2,3, ..

Ular (17)-(18) masalaning xos funksiyalari bo‘ladi. (19) chegaraviy shartlardan
foydalanib, J,(1;) = 0 tenglamaning musbat ildizlarini, xos sonlarni topamiz.

Ular quyidagi ko‘rinishda bo‘ladi:
/[
)l'k = km — Z

Endi qidirilayotgan funksiyani va tenglamaning o‘ng qismini Jo(A;p)
funksiyalar bo‘yicha Furye-Bessel qatoriga yoyamiz, ya’ni

u(p,8) = ) w(Oo(Aep), (19)

k=1
13



F0) =D fdoGp), (20)
bu yerda !

2
w(©) = 350 | puto, OaChun)dp
0

fk =3 f pf(P)o(Akp)dp.
Jiow 3

Qo‘yilgan masalani yechimi uchun quyidagi teorema o‘rinli:

3-teorema. Agar (12)-(16) masalaning yechimi mavjud bo ‘Isa, bu yechim
a=4cp, pEN yoki a= 4C%, n,m€ N, EKUB(n,m) = 1 va barcha
B > 0 giymatlarda yagona bo ‘ladi.

Bu bobning ikkinchi paragrafida (12)-(16) teskari masala yechimi uchun
mavjudlik teoremasi isbotlandi.

u, (t) va f;, koeffitsiyentlarni (19), (20) ga qo‘yib, formal yechimni quyidagi
qatorlar ko‘rinishida olamiz:

_ N Ve — o 2k Pk — 9k _&3
u(pr t) - ;[6a,ﬁ(k) e D"+ lpk 6a,ﬁ(k) e b IJO(AR,D)' t>0, (21)

u(p,t) = ]Zn:lng(k) (Akt> /B‘l’g’;ﬁ(k) '(Akt)+

Vi B(k)k e‘fﬁlfo(/lkp), t <0, (22)

£ —ZAZ [ = e Jo o) (23)

Qatorlarning umumly hadlari uchun quyidagi baho o‘rinli:

+r —

auk (p! t)
ot |

<

Jt )
max{rg[g>§ |ficl (ntl)ae>é+|uk(p ), Jax u(p, O], r max,

azuk (p; t)
dp?

uk(p; t)
ot2

uk (,0; t)

max apz

(p,t)EG_

, Ima , ma
(p,t)EG4 (p,t)EG-

bu yerda N— musbat o‘zgarmas.
Berilgan teskari masala yechimi mavjudligi uchun quyidagi teorema o‘rinli:

4-teorema.  {p(p), Y(p)} e C°[0,1] bo'lib, |8,p(k)| = Co > 00 rinli
bo lsin, bu yerda S4p(k) = e DB (COS (Ack ) + C%ksm (AC )) Shuningdek
quyidagi tengliklar bajarilsin:
14



9P0)=0, pP(0)=0, (i=05); @MW) =0, Pp@P(1) =0, (i=04)

va o®(p), Pp©(p) chegaralangan. U holda (12)-(16) teskari masalaning (21),
(22), (23) gatorlar yordamida aniglanadigan yagona yechimi mavjud, bu yerda
oD, YD — ¢ va 1 funksiyalarning i-hosilalari.

Ushbu bobning uchinchi paragrafida turli koeffitsiyentli aralash parabolo-
giperbolik tipdagi tenglama uchun teskari masala garalgan.

G:={(xt):0<x<l—a<t<p} to‘rtburchak sohada quyidagi aralash

parabolo-giperbolik tenglamani gqaraymiz:

c20(—ug + 0(Ou, = Duy, + f()g (%), (24)

bu yerda I, @, B — berilgan musbat sonlar, D = {11) ;:8 6- Xevisayda

funksiyasi, D, c —doimiylar.
(24) tenglama uchun teskari masalani qo‘yamiz.
Teskari masala. Quyida funksional sinflardan:
u(x,t) EC(G)NCHH(GLU{t=BNNCEHG_U{t =—a}), (25)
glx) € C[O, 1, (26)
chegaraviy shartlar:
u0,t) =u(ll,t) =0,—a <t < B, (27)
nolakal shart:

u(x, B) —ulx,—a) = ¢(x),0 < x <, (28)
= 0 skleyka sharti:
. . ou(x,t) _ . du(x,t)
tliT u(x,t) = tl—IEIO u(x, t)’tliTo — = t1—1>IPO o € [0, 1], (29)

shu bilan birga tenglamaning yechimi haqida quyidagi qo‘shimcha ma’lumot
berilgan bo‘lsa:

ulx,f) =vkx), 0<x<l, (30)
G sohada (24) tenglamaning u(x,t) yechimi va tenglamaning noma’lum o‘ng
tomonidagi g(x) funksiya aniglansin, bu yerda f(t), ¢(x) va y(x) — berilgan
yetarlicha sillig funksiyalar, G, = G n{t > 0}, G_ =G n{t < 0}.

Agar ¢(x), g(x) funksiyalar va c, D o‘zgarmaslar ma’lum bo‘lsa, u vaqtda
(24)-(29) munosabatlardan u(x,t) yechimni topish masalasiga to‘g‘ri masala
deyiladi.

Faraz gilaylik f(t) =1 bo‘lsin. U holda (24)-(30) masalaning yechimini
olamiz:

r oo

Z At e D@kt 4+ I dk(t)> sin(wyx), 0<t<p,

k=1

u(x, t) = l_l (l - 1) +ﬁ(l - 1) cos (ﬁt) - (31)
’ K 2 oz (5 wE\D c
k=1
—Dcwk)lk <g0k o2 ,uk —— 1)) sin (% t) + g_;; sin(wix),—a < t <0
c w}

va
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00 A_l ,
gx) = Z w? (d;/)(%) — dl,i((gl)( e‘D“’k3> sin(wyx). (32)

k=1

bo‘ladi.
2-izoh. Qaralayotgan (24)-(30) masala amaliy tadbiqga ega va gazning
truba ichida va undan tashgaridagi harakatini ifodalaydi bu yerda
D —diffuziya koeffitsiyenti, ciz esa gaz tezligi.
3-izoh. (31), (32) yechim mavjud bo ‘lishi uchun quyidagi shartlar bajarilishi
kerak:
Ay #0vad,(B) #0,

bu yerda
— o-Dwip _ D N _ o (L
Ay =€ k cos( c a) Dcwksm( c a),
1 1 2
d () = = — /1—1(—— ) -Dwit,
k(6) D Ug Ay D 1)e

Quyidagi shartlar o‘rinli bo‘lsin:
@k -Dwif -1
|| = |1 — cos (T“)| <2, e PUif <1, |2 <G,

uk=1—cos(% )

Teskari masalaning yechimi uchun quyidagi teorema o‘rinli:
5-teorema. Faraz qilaylik, 3-izohdagi va quyidagi shartlar o ‘rinli bo ‘Isin:
(B ¢ €C3[0,1],0™ € Ly(0,1) va ¢(0) = (D) = 0,9"(0) = " () =0,

o™ = %fol @@ (x) sin(wyx) dx.

(B2) $ecCq0ll, y® e L(0,) u p(0) =) =0, ¥p"(0) =y" (1) =

bu yerda

0,

Y™ =2 [ @ () sin(w;x) dx.
U holda (24)-(30) teskari masala yagona yechimga ega va bu yechim (33)-(34)
qator ko ‘rinishida ifodalanadi, shuningdek g(x) funksiya uchun quyidagi baho
o ‘rinli:

lgllcroy < C—1||1/)(4)||L2(0,l) + C_2||<P(4)||L2(0’l).

Dissertatsiyaning uchinchi bobi “Aralash parabolo-giperbolik tipdagi
tenglama uchun o‘ng tomonni aniqlash haqidagi teskari masalani sonli
yechish” deb nomlanadi, unda nolokal shartli aralash parabolo-giperbolik tipdagi
tenglama uchun o‘ng tomonni aniqlash haqidagi teskari masalani sonli yechish
uchun algoritmlar taklif etilgan. Nolokal shartga kiradigan va qo‘shimcha shartga
kirgan funksiyalar tajribalar asosida aniglanganligi sababli, ular gandaydir xatolik

16



bilan ma’lum bo‘ladi. Sonli yechish uchun uchta algoritm tavsiya etilgan. Taklif
etilgan algoritmlarni aprobastiya qilish uchun bir gator sonli eksperimentlar
o‘tkazilgan.

Quyidagi differensial tenglamani:

e(t)ut(xi t) + 6(_t)utt(xf t) - O-uxx(xr t) = g(X), (x' t) € (Or l) X (—a, ﬁ)

(33)
a, B3, 1, o— berilgan musbat sonlar,
chegaraviy shartlar:
u(0,t) =0, u(l,t) =0, t € [—a,pB], (34)
t = 0 da skleyka sharti:
. ou(x,t) . ou(x,t)
u(x,t+0)=u(x,t—0), tl_l)glo e = Am— e, X € [0,1] (35)

va quyidagi nolokal shart:
u(xr ﬁ) - U(X, _a) = ¢(X), x € [0, l], (36)
bilan garaymiz. Bunda g(x) uzluksiz va g(0) = g(1) = 0 deb hisoblaymiz.
(33)-(36) munosabatlar to‘g‘ri masala, ya’ni agar ¢(x),g(x) ma’lum
funksiyalar va o > 0 — berilgan musbat son bo‘lsa, u holda u(x,t) yechim (33)-
(36) munosabatlardan aniglanadi.
Teskari masala. (33)-(36) to‘g‘ri masalaning yechimi haqida quyidagi
go‘shimcha shart ma’lum bo‘lsa:
ulx,p) = (), x € [0,1], 37)
(33) tenglamaning o‘ng tomonidagi g(x) funksiya aniglansin.
(33)-(36) to‘g‘ri masalaning yechimi gator ko‘rinishida ifodalanadi:

/[
u(x,t) = z u (t)sin(wyx), Wy, = Tk'
k=1
Yechimni quyidagi ko‘rinishda yozib olamiz:
u(x, t)
( Z <Ak¢ke_”“’it + g—k2> sin(wx),0 <t < B,
& Awy
Z <Ak¢)kcos(\/5wkt) —Vow A, sin(Vow,t) + %) sin(wyx),—a <t <0.
k=1 W
buyerda A, = ! :
y k e_Jwiﬁ—(cos(\/Ewka)+\/Ewksin(x/5wka))
Uchinchi bobning birinchi paragrafda o‘suvchi ko‘paytuvchili gatorning
yig‘indisi hisoblangan.
(33)-(37) teskari masalaning yechimi quyidagi qator ko‘rinishida ifodalanadi:

969 = 0 ) (i — e M sin(w0).  (39)
k=1
Ushbu gatorda o‘suvchi ko‘paytuvchi wi bo‘lganligi uchun yig‘indisini hisoblash
murakkablik tug‘diradi.

17



3-ta’rif. Agar § (mos metrikada, yetarlicha kichik miqdor) aniglikda Furye
gatori masalaning taqribiy berilganlariga asosan, masalaning ixtiyoriy ¢
aniqlikdagi yechimini bersa, Furye qatori yig ‘indisini hisoblash turg ‘un deyiladi.

(36)-(40) masalaning sonli yechimi sifatida quyidagi gatorni olamiz:
Ng

96) =) Wi — e @M Jsin(wx), j=ON -1 (40)
k=1
Hisoblash natijalari 2-rasm (a) da keltirilgan. Ushbu sonli hisoblashda Ng =
7, N = 300.
Ikkinchi paragrafda dastlab (33)-(37) masala Fredgolmning 1-tur integral

tenglamasiga keltiriladi:
l

kZZ— sin(wy) = jK(x,s)g(s)ds,

0

bu yerda

K(x,s) = e

X (1 — T) s> X.
Natijada quyidagi Fredgolmning 1-tur integral tenglamasini olamiz:
l

B () = j K(x,5)g(s)ds, (41)

0

bu yerda

pp(x) = op(x) — o z e kB sin(wpx).
k=1

4-izoh. (33)-(37) teskari masala (41) Fredgolmning 1-tur integral
tenglamasiga ekvivalent. (41) tenglamaning yadrosi simmetrik va uzluksiz
bo ‘Iganligi uchun (41) tenglama yechimga ega.

Fredgolmning 1-tur integral tenglamasini yechish uchun bir gator usullar
mavjud. (41) integral tenglamani yechish uchun Kklassik usuldan — Tixonov

regulyarizatsiyasi bilan funksionalni minimallashtirish usulidan foydalanamiz:
l l l

191 = [ | [ KGe9)g()ds - #p00| dx + & [ 1960 + pg' () ax
0 |0 0
bu yerda € va p parametrlar — regulyarizatsiya parametrlari.
Quyidagi masalani

hz Kig;=¢p(x), i=LN—-1,

sonli usulda xatolik funk3|onaI|n|
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N-— N-1 2

N-1
z zKijgj—Qbﬁ(xi) +€th]2+
i=1

- g]+1 g]l
+ephz —n ) ,
j=

minimallashtirish yordamlda yechamiz.

Uchinchi paragafda qaralayotgan (33)-(37) masala quyidagi masalaga
keltiriladi:

Teskari masala: Agar quyidagi to‘g‘ri masalaning

u(x,t) — ou,, (x,t) = g(x), (x,t) € (0,01) x (0, B), (42)
u(0,t) =0, u(l,t) =0, t €[0,B], (43)
l
1
u(x,0) = ¢po(x) + EJ K(x,s)g(s)ds, (44)

0
yechimi haqida qo‘shimcha shart

ulx,p) = P(x), x € [0,1], (45)
ma’lum bo‘lsa, g(x) funksiya aniglansin.
5-izoh. (33)-(37) teskari masala (42)-(45) masalaga ekvivalent.
(33)-(37) teskari masala to‘r funksiyasi uchun quyidagi ko‘rinishda yozib
olamiz:
Uikrr = Uige _ Yit1k = 2Ujp + U1

=g,i=1,N—1k=1K—1,(46)

T B h?
u0k=0uNk=0k=0K (47)
N 1
u10_¢0(x1)+ zKl]g] l_lN_l (48)
Ui = lp(x)L 1,N —1. (49)

(46)-(49) masala quyidagi xatolik funksionalini minimallashtirish yordamida

yechiladi:
=h Z ulK lp(xl)

Uchinchi bobda teskari masalanl yechlsh uchun uchta algoritm tavsiya etildi:
« l-algoritm koeffitsiyentlari wi o‘suvchi ko‘paytuvchiga ega Furye
qatorini yig‘indisini regulyarizatsiyalashga asoslangan;
« 2-algoritm 1-tur Fredgolm integral tenglamasini Tixonov regulyarizatsiyasi
bilan yechish usuliga asoslangan;
 3-algoritm maxsus parabolik tenglamaga qo‘yilgan teskari masalani
yechishga asoslangan.
Sonli hisoblash natijalari quyidagi rasmda keltirilgan.
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2-rasm: g(x) funksiyani tiklash natijalari aniq yechim punktir chiziq bilan
berilgan, uzluksiz chiziqg bilan — tiklangani.
(a) —1-algoritm natijasi, (b) —2-algoritm natijasi, (c) —3-algoritm natijasi.

XULOSA

Dissertatsiyada aralash parabolo-giperbolik tipdagi tenglama uchun manbani
aniqlash teskari masalalarining korrektligi tadqiq gilindi.
Asosiy tadgiqgot natijalari quyidagilardan iborat:

1. Aralash parabolo-giperbolik tipdagi tenglamaga qo‘yilgan boshlang‘ich-
chegaraviy masala uchun ayirmali sxema qurilgan, chekli ayirmali
sxemaning turg‘unligini va approksimatsiya tartibi haqidagi teoremalar isbot
gilingan;

2. Bessel operatorli aralash parabolo-giperbolik tipdagi tenglama uchun
noma’lum manbani aniqlash to‘g‘ri va teskari masalalari tadqiq etilgan.
Yechimning yagonaligi va mavjudligi hagidagi teoremalar isbot gilingan;

3. aralash  parabolo-giperbolik tipdagi tenglamaga qo‘yilgan teskari
masalaning bir giymatli yechilishi hagidagi teorema isbot gilingan;

4. Aralash parabolo-giperbolik tipdagi tenglama uchun manbani aniglash
teskari masalasini sonli yechish uchun uchta algoritmdan foydalanilgan va
algoritmlarni aprobatsiya gilish uchun bir gator sonli tajribalar o‘tkazilgan.

20



HAYYHBIA COBET DS¢.02/30.12.2019.FM.86.01
IO MPUCYKAEHUIO YYEHBIX CTEIIEHEU ITPU
NHCTUTYTA MATEMATHUKHN NMEHHU B.1.POMAHOBCKOI'O

BYXAPCKHWHN I'OCYJAPCTBEHHBI YHUBEPCUTET

MEPAXKOBA HIAXJIO BEP/IMEBHA

NCCIIEJOBAHHUE KOPPEKTHOCTHU OBPATHbBIX 3A/IAY
OB UCTOYHUKE JIJI1 YPABHEHU CMEIIAHHOI'O
ITAPABOJIO-THIHEPBOJIMYECKOI'O THUITA

01.01.02 — In¢pdepeHuuanbHble ypaBHEHUsI M MaTeMaTH4yecKast pu3uka

ABTOPE®EPAT
auccepranuu 1oKkropa ¢puiaocopun (PhD) no pusnko-mareMaTn4ecKuM HayKam

Byxapa — 2023



Tema aucceprauum aoxkropa ¢uuocopuu (Doctor of Philosophy) mo ¢mu3suxo-
MaTeMaTHYeCKMM HayKaM 3apericTpupoBaHa B Bpiclueil aTTeCTAMOHHON KOMHCCHHM TpH
Kaounere MunuctpoB Pecny6inku Y36ekucran 3a Ne B2022.4.PhD/FM695.

Jluccepraiys BBIMOIHEHA B ByXapckoM rocy1apCTBEHHOM YHHUBEPCUTETE.

ABropedepar auccepranMd Ha Tpex s3blkax (y30€KCKUHM, PYCCKHMM, aHTJIMHACKHIA (pe3rome))
pa3merieH Ha BeO-ctpanuiie Hayunoro cosera (https://kengash.mathinst.uz/) u na Wudopmannonto-
obpazoBareapHOM mopTaje «Ziyonety (Www.ziyonet.uz)

Hay4yHblii pyKOBOAMTEJIb: dypaues Aypaumypon Kanangaposua
JIOKTOP (pH3MKO-MaTeMaTHYSCKUX HAYK, Ipodeccop

OdunuanbHbie ONMOHEHTHI: AmypoB PaBman PagxadoBuu
JIOKTOP (pH3MKO-MaTeMaTHYECKUX HAYK, Ipodeccop

KapueBckuii Anapeii JleonugoBu4
TOKTOp (pr3MKO-MaTeMaTHYECKUX HayK, podeccop
(Poccus)

Benymasi opranuszanusi: CamapkaHICKUil rocy1apcTBeHHbIl YHUBEPCUTET

3amuTa quccepranuu coctoutes « 14 » mapra 2023 roga B 16:00 yacoB Ha 3acemnanuu Haydnoro
cosera DSc.02/30.12.2019.FM.86.01 npu MuctutyTe Matematuku umern B.J. PomanoBckoro. (Ampec:
100174, r.TamkenT, AaMa3zapckuii paion, yia Yausepcuterckas, 9. Tem.: (+99871) 207-91-40, e-mail:
uzbmath@umail.uz , Website: www.mathins.uz).

C nmucceprammeli MOXXHO O3HaKOMHTHECA B HH(popmarmoHHo-pecypcHOM meHTpe WHcTutyTa
Maremarekn umenn B.J.PomanoBckoro (3apeructpupoBana 3a Ne 156). (Ampec: 100174, r.TamkeHT,
Anmazapckuii paiion, yi. YauBepcuterckas, 9. Tem. (+99871) 207-91-40).

ABTopedepar auccepranuu pazociaH « 28 » despans 2023 roxa.
(mpotokoun paccsutku Ne 2 ot « 28 » eBpans 2023 rona).

Y.A.Po3ukoB
Ilpencenarenp HAy4HOTO COBETa 11O
MPUCYXKJEHUIO  HAYYHBIX  CTENEHEH,
I.¢.-M.H., mpodeccop

K.K.Agames
YueHslil CeKpeTapb HAyYHOrO COBETA IO
NPUCYKIECHUIO  HAy4YHBIX  CTEINEHEH,
A.¢.-M. H., CTapIINi HAYYHBI COTPYIHUK

A.A.AB3aMO0B
[Ipencenarens Hay4dHOro ceMuHapa IpU
HAy4YHOM COBETE€ 10 NPUCYKICHUIO
HAy4YHBIX CTEIeHeH, 1.].-M.H., aKaIeMHK


http://www.ziyonet.uz/

BBEJIEHUE (anHoTamusi Auccepranuu Jokropa ¢puaocodun (PhD))

AKTYaJIbHOCTh W BOCTPe0OOBAHHOCTHL TeMbl auccepTanuu. MHorue
HAy4YHO-TIPUKJIQIHBIE HKCCIEOBaHUs, MPOBOJUMBIE B MHPOBOM MacuiTabe, B
HEKOTOPBIX CIydasX CBOASTCS K MCCIEIOBAHUIO KOPPEKTHOCTU OOpATHBIX 3a/ad
10 ONpPEAENICHUIO UCTOYHUKA JIJIsi CMEeIIaHHbIX AuddepeHnaibHbIX ypaBHEHUN B
YaCTHBIX MPOM3BOJHBIX. Ha ceromHsmHuil AeHb B re0JIOrTHH, SJIEKTPOJIUHAMUKE,
ra3oJiIMHaMHUKe, MPOoIeccax PaclHpOCTPAHEHUS BOJIH, TeO(PU3UKE U MHOTUX JIPYTUX
o0jacTax oOpaTHbIC 3aauM JJi1 CMEIIaHHBIX AuddepeHnaNIbHbIX ypaBHEHUHN B
YaCTHBIX IPOU3BOJHBIX COCTaBIIAIOT OCHOBY HCCIENyeMbIX 3anad. OmnpeneneHue
pelieHrss 0OpaTHOW 3a/ladyll OCHOBBIBASICh Ha JIOMOJHUTENBbHYI0 MH(OPMALIUIO O
pELIeHUH NPSIMOW 3aJa4, TPOBEJACHUE MCCIECIOBAHUMN MO YHUCIEHHOMY PELICHUIO
MpSAMBIX U OOpaTHBIX 3a]a4, HA CETOJHSIIHUNA J€Hb OCTA€TCS OJAHOW M3 BaXKHBIX
3a/1a4 MaTeMaTU4eCKON QU3UKH.

B Hacrosimee BpeMst BO BCEM MHUpPE MPOBOJATCS HCCIENOBaHUS B OypHO
pa3BUBAIOIIEMCS HAIIPABJICHUN MaTEMaTUYECKON (PU3UKH, OCBSIIEHHBIM METOAAM
UCCIIEIOBaHUsT OOpaTHBIX 3aJad. JTa O0JIacTh cTaja OAHOM M3 BaKHEHIIMX
npobsieM B (pU3MKE U TEXHUYECKUX HayKaX, MOCKOJIbKY PElIEHUE 3TUX IpodiieM
HO3BOJIIIOT HAXOAWUTh IapaMeTpbl, KOTOpPblE HE MOTYT OBITh OIPEICIICHBI
HanpsAMYyI0. DTO HalpaBJIEHUE UMEET NPUMEHEHHUE BO MHOTUX obOnacTsax. [Ipsmbie
U 0OpaTHbIE 3a7]a4u U1 YPaBHEHUN CMEIIAHHOTO THIA SBJISIFOTCS aKTyaJIbHBIMU C
TOYKM 3peHus MpuwioxkeHud. Takum o0O0pa3oM, BO3HHUKAET HEOOXOJIUMOCTh
UCCJIEIOBAaHMUSI KOPPEKTHOCTH MPSAMBIX M OOpaTHBIX 3a4ad [Uisl ypaBHEHUS
CMEIIIAHHOTO MapaldoJI0-TUIIEPOOIMUECKOTO TUTA. B MPUIIOKEHUSX HAXOXKICHUE
pemeHuii mpsMbIX W OOpaTHBIX 3a7ad, IOCTABJICHHBIX [JI YpaBHEHUU
CMEIIIAHHOTO Mapad0I0-TUIIEPOOIMUECKOTO THUIIA, SBJISIIOTCS IIeJICHANPAaBICHHBIMU
Hay4YHbIMU HMCCIEOBaHUAMHU. IMEHHO Takue aKTyaJbHbl€ HAy4HbIE MPOOJIEMBI U
UCCIIEYIOTCS B 3TOM JUCCEpTAallMOHHOM paboTe.

B nameli PecnyOnuke ynensiercss OoJibllioe BHUMAHHUE COBPEMEHHBIM
HalpaBJIEHUSAM MaTeMaTH4ecKoW (M3HMKHM, UMEIOUIMM HAay4yHOE U MPaKTHUYECKOe
npUMeHeHne B (yHJaMEHTalbHbIX HaykaX. B 4acTHOCTH, B TOCJEIHHUE TOJbI
0c000€ BHHUMaHUE yJelsieTcs MPUKIAJAHOMY MPUMEHEHHUIO ITYyTEM HCCIEIOBaHMS
HaYaJIbHO-TPAHUYHBIX 3a1ad Uil nuddepeHmanibHbpIX YPaBHEHU CMEIIaHHOTO
napabosio-TUnepOOINIECKOr0 THIIA, OMUCHIBAIOIINX MPOIECCH B ra30IMHAMUKE U
pelieHrueM Il HUX MNPSMbIX UM O0OpaTHbIX 3aj1ay. J[OCTUTHYTBI 3HAYUTEIbHBIC
pe3ynbTaThl MO JI0KA3aTEeNbCTBY CYIIECTBOBAHUS, €IMHCTBEHHOCTH PEUICHUS U TI0
YUCJICHHOMY PEIICHHI0 OOpaTHBIX 3a/ay Ui YpaBHEHUN CMEIIaHHOTO napabdoJio-
runepOonuueckoro Ttuma. [IpoBeneHue wucCcCienoBaHUA Ha YpPOBHE MHPOBBIX
CTaHAApTOB MO MPUOPUTETHBIM HAMpPABIECHUAM TUCHUIUINH «luddepenuumanbabie
ypaBHEHUSI U MaTremaTudeckas (u3uka, TeOpuUsi JTUHAMUYECKHX CHCTEM)
0003Ha4YEHbl KAK OCHOBHBIE LIEJIU M HATIPABJIECHHS JEATENBHOCTH UCCIeaoBaTenei’,
B cBsi3u ¢ 3TUM NIpeaCcTaBisIeTCs BaXHBIM pa3BUTHE TEOPUHM OOpATHBIX 3a4ay AJis

! Tlocranosnenue Kabunera Munnctpos PecnyGnuku Ys6exuctan ot 18 mas 2017 roma Ne292 «O mepax 1o

OpraHu3allui JIEATCIBHOCTH BHOBH CO3JIAHHBIX HAYYHO-UCCIICIOBATEIBCKUX YUYPCKICHUA AKAaJeMHH HAyK
PecniyOnnku Y30ekuctany.

23



CMEIIaHHbIX AU(depeHnaIbHbIX YPaBHEHUI MaTeMaTH4eCKON (DU3HUKH.
WccnegoBanusi, MpoBOAMMBIE B paMKax JAHHOW TUCCEPTAIMOHHOW palOThI,
COOTBETCTBYIOT pEIICHHIO 3a7ad, oO0O3HaueHHbIX B Ykaze I[lpe3unenta
Pecniyonuku V36ekuctan NeVII-4947 ot 7 deBpans 2017 roga «O crpareruu
JNeWCTBUS MO  JalibHeHmeMy pa3BuTuio  PecnyOnmuku — Y30ekuctan», B
noctaHoBleHUsIX [11INe4387 ot 9 urons 2019 roma «O Mepax rocygapCTBEHHOU
NOJJICPKKU JaJIbHEHIIIEr0 pa3BUTUS MAaTEMaTUYECKOro OOpa3oBaHUs W HAyKH, a
TaKKe KOPEHHOI'O0 COBEPIICHCTBOBAHMSA JAeATeNbHOCTH MHCTMTyTa Maremaruku
nmenu B. U. Pomanosckoro Akanemun Hayk PecniyOnnku Y36ekucran» u NellIl-
4708 ot 7 masa 2020 roga «O mepax MO MOBBIIICHUIO KauecTBa OOpa3oBaHMs U
Pa3BUTHIO HAY4YHBIX HCCIEAOBAaHMM B O00JACTM MaTeMaTUKW», U B JPYTHUX
HOPMAaTUBHO-TIPABOBBIX aKTaX, Kacarolmmxcs (pyHaaMeHTaaIbHON HAyKH.
CoorBercTBHE HCCIEA0BAHUSA NPUOPUTETHBIM HANIPABJCHUAM Pa3BUTHUA
HAYKM M TEXHOJIOTMH B pecnyOJuuke. /[aHHOE HCCIIEIOBAaHUE BBIIOJHEHO B
COOTBETCTBUM C NMPUOPUTETHHIM HAIPABICHUEM Pa3BUTHUS HAYKU U TEXHOJIOTUU B
PecniyOnuke Y30ekucran IV. «MaremaTtuka, MexaHuka 1 uHOOpMaTHKa.
Crenenp M3y4eHHOCTH NMpodaeMbl. Bo MHOTHX cilydasx HCCIeIOBaHUE TEX
WIM WHBIX SIBJIECHUW NPUPOJABl MOKHO NPHUBECTH K HAXOXICHUIO PEIICHUIN
YPAaBHEHHII C YacTHBIMH MPOU3BOJAHBIMHM, HOCSIIUX HA3BAHUE YpPaBHEHUU
MaTeMaTtudeckor pusuku. Jljis ypaBHEHHM MaTeMaTUYeCKON (PU3UKH CYIIECTBYET
knaccudukanua. I[lo  cpaBHEHMIO € ypaBHEHUSIMH  TUINEPOOIUYECKOTO,
AJUTMNITUYECKOTO M MapaOoJIMYeCKOro THUIOB, TEOPUS CMEIIAHHBIX YpaBHEHUMN
MMEET CPAaBHUTEIBHO HENOJITYI0 MCTOPHUIO. BHIEpBbIE CMEHIaHHBIE YpaBHEHHUsS C
IBYMSl HE3aBHUCHUMBIMU TI€PEMEHHBIMH OBLJIM CHUCTEMATHYECKH HCCIEI0BAHbI
utanbssHcKUMU MaTematukamu @. Tpuxomu u M. Yubpapuo. Jlanee ypaBHeHUs
CMEIIAHHOTO THUIA W3Y4YaJIMCh MHOTMMHM MAaT€MAaTUKAMH, B YAaCTHOCTH, UM
yIensaoch OOJbIIoe BHHUMaHUE B HaydyHbIx mmkomax M.A.JlaBpeHTheBa, A.B.
bunanze, M.C.CanaxutaunoBa u T.J[. J>xypaeBa. YpaBHEHHsS] CMEIIAHHOTO THUIIA
HallJId MHOTOYHMCJIEHHBIE NPUMEHEHHUS] — HANpHUMEpP, B 3aJayax, CBSI3aHHBIX C
TPaHC3BYKOBOW Ia30BOW JTMHAMUKOM.
Teopust KpaeBbIX 3a/1ay [Jii YPABHEHUN CMENIAHHOTO TUMA SBJSETCS OJHUM
U3 LEHTPAIbHBIX PAa3/IeIOB TEOPUU YPABHEHUW B YACTHBIX MPOU3BOJIHBIX U
BCTPEYAETCS MPU PELICHUM MHOTMX Ba)KHBIX BOIPOCOB MPUKIAJHOIO XapakTepa.
[IpssMble W oOpaTHble 3adaud [Js YpPaBHEHUM CMEIIAHHOTO THIA W3Y4YEHbI
OTHOCHUTEJIBHO MEHBIIIE, YEM 3aJa4 JJI1 YPABHEHUU KOHKPETHOrO THUma. TeM He
MEHEE, TaKHE 3aJauyM SBJISIOTCS AKTYyaJIbHBIMHU C TOYKH 3PEHHS TNPUIIOKEHUU.
Hampumep, B paborax A.H. TuxonoBa m A.A. Camapckoro mokaszaHo, 4TO B
OJHOPOOHOW cCpele B cliydae €€ Majod NPOBOJAUMOCTH HANPSKEHHOCTh
AJEKTPOMArHUTHOTO MOJI YAOBJIETBOPSET BOJHOBOMY YPaBHEHHIO, B CIydae ke
CPaBHHUTEIBHO OOJIBIIONW MPOBOJUMOCTH, KOTJa MOXKHO THpeHeOpedb TOKaMH
CMEILEHNS [0 CPaBHEHUIO C TOKaMH IIPOBOAMMOCTH, YIOMSHYTas BEIMYMHA
YIOBIIETBOPSIET YPaBHEHHUIO TEIIONMPOBOAHOCTH. B pabdorax U.M. l'enbdanga u
O®.U. OpaHkig 3aMEUYEHO, UTO MPOLECC ABMKEHUE Ta3a B 3aKPhITOM KaHalle C
IIOPUCTBIMU CTEHKAaMHM  OIIMCBIBAETCS BOJIHOBBIM YPAaBHEHHEM, a4 BHE €ro —

ypaBHeHueM nuddys3un. [Ipsmpie 3agaun 1y ypaBHEHUN CMEIIAHHOTO 1MapadoJio-
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runepOoIMYecKoro Tumna usydaiauch B padorax @. Tpukomu, I'. Duxepa, T. .
JlxypaeBa, B.H. Bparosa, M.C. CanaxutnuaoBa, K.b. Caburtora, b.1. MciomoBa
u 1ap. ObpatHble 3a/1a4u 00 ONMpeeIeHUH TPaBOM YacTH WM Ha4aJIbHON (DyHKITUH
B HauyaJbHO-KPAEeBBIX 3aJadyax JUIsl ypaBHEHHM cMemaHHoro mnapaboio-
rUnepO0IMYECKOro TUIa B MPSIMOYTOJIbHON 00J1acTH paccCMaTpUBAIKMCh B paboTax
K.b. CabutoBa, D.M. Caduna, C.H. CumupoBa u ap., TJi€¢ Ha OCHOBE
CIIEKTPAJIBHOTO  METOJA  YCTAHOBJIEHBl  KPUTEPUM  E€AUHCTBEHHOCTH U
CYIIIECTBOBAHUS PEIICHUS.

Paznmunbie oOpaTHBIC 3a7a9n OnpeaesieHus KO3 GUIIMEHTOB, ITPaBbIX YacTeh
OTIIETBHBIX TUIOB IU((PEPEHIMATBHBIX YPAaBHCHUA B YAaCTHBIX IPOU3BOIHBIX
BTOPOTO TMOPSAKA, T. €. MapaboIMdecKuX, TUNEPOOTHMUYECKUX W AIUTANTHYECKHUX
ypaBHEHUH, N3ydanuch BO MHOrux padorax B.I'. PomanoBa, A.M. [/lenucona, C.1.
Kabanuxuna, P.P.Amypona, C.3.[I:xamonoBa, A.W. Ilpunenko, I.I". OpnoBckoro,
N.A. Bacuna u ap. OOparHble 3a7a4d BOCCTAHOBJICHUS S7Ipa B TUIIEPOOINYECKUX
UHTErpo-nudepeHIIMaNbHbBIX ~ YPAaBHEHUSX  HUCCIENOBAIMCh B paborax
B.I".Pomanosa, JI.K. lypauesa, JXK.JI. TotueBoii, A.A. Paxmonosa Y./l. Jlypauesa,
3.P. bozopoBa u np. C npyroit CTOpOHBI, BeCbMa Majio€ KOJUYECTBO PabOT
MOCBSIIIEHO YMCICHHBIM METOJIaM PEIICHUs OOPATHBIX 3a7a4. MOKHO OTMETUTH Ha
sty Temy paboty B.I'. Pomanosa, B.A. Jlenok, A.A. JlyukoBa, A.JI. KapuyeBckoro
u apyrux. Jns kaxmporo kimacca auddepeHIuaIbHbIX YpaBHEHUN HMEIOTCS
TUNHAYHBIE TOCTAHOBKM 3a/1ad. XapaKTEpHOM YEpPTOM ATUX 3adad SBIAETCS HX
KOPPEKTHOCTb. B 3TOi nucceprauimoHHOM paboTe UCCIenyeTcsi KOPPEKTHOCTh
oOpaTHBIX 3a7ad 00 UCTOYHUKE JJIsI YpaBHEHUM CMeElIaHHOTo mapaboJo-
TUTEPOOJINUECKOTO TUTIA, & TAKXKE CTPOATCS AITOPUTMbI YHCJIICHHOTO PEIICHUS.

CBa3b TeMbl JUCCEPTAIMN € HAYYHO-MCCJIEI0BATEILCKUMH pPadoTamMmu
HHCTUTYTA, B KOTOPOM BBINIOJIHSIETCSI JUCCEPTALMS.

JluccepranioHHas paboTa BBINOJHEHA B COOTBETCTBHM C TUIAHOBOM TEeMOM

Hay4YHO-HCCIIE/I0BATEIIbCKUX pabor M-02.2018 «O0paTHbIe 3a/1aun
mateMatudeckon  gusukm»  (2020-2022r.) bByxapckoro rocyaapCTBEHHOTO
YHUBEPCHUTETA.

Heabo ucciae0BaHus SBISETCS JOKA3aTEIbCTBO KOPPEKTHOCTU MPSIMBIX U
oOpaTHBIX 3a/1a4 JUIsl YpaBHEHU CMEIIaHHOTO Mapabo0-TUIepOOTUIECKOTO TUTIA,
a TAK)Ke UX YUCJICHHOE PEIICHUE.

3agaum UccJeI0BaAHNA:

NOCTPOUTh PA3HOCTHYIO CXEMYy [UIsl CMEIIAHHOW 3a/Jaud MOCTaBJIEHHON
ypaBHeHUIO mapaboso-runepbonuueckoro tuma. Jlokazarb  yCTOMYHMBOCTH
IIOCTPOECHHOU Pa3HOCTHOU CXEMBI, HAUTH MOPALOK alIIPOKCUMALINY;

UCCJIeIOBATh HAuaJbHO-KPAeBYI0 M OOpaTHBIE 3a/layd, MOCTAaBJICHHBIC JJIS
ypaBHEHUS! CMEIIAHHOTO MapadoJIo-TUIEpOOIMYECKOro TUMA B IBYMEPHOM Cllydyae
B IIWIMHApUYECKOM obmactu. Jloka3aTh CyIIECTBOBAaHUE U EIMHCTBEHHOCTb
pelieHns MoCTaBJICHHON 00paTHOM 3a/1a4H,

JI0Ka3aTh CYIIECTBOBAHWE €IMHCTBEHHOTO pEIEeHUs OOpaTHOM 3amayu Jyist
YpaBHEHUSI CMEIIAHHOTO MapaboJIo-TUIIEPOOIMYECKOTO TUITA B YETHIPEXYTOJIbHON
00JacTu ¢ pa3pbIBHBIM KOA((HUIIUEHTOM;

YHCIIEHHO MCCIEAO0BAaTh pEHIeHHe OO0paTHOM 3aJaud MO OMpPEIEICHUIO
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MCTOYHUKA JJI yPABHEHUSI CMEIIAHHOTO Mapabos0-TUnepOoInuecKoro THia.

O0bekT uccaenoBanusi. OqHOMEpPHBIE U ABYMEpHbIE 0OpaTHBIC 3a7auu ISt
ypaBHEHUI CMENIAHHOTO MapadoI0-TUIEPOOTUYECKOTO TUIIA.

IIpeamer uccaenoBanms. [Ipsimbie W oOpaTHble 3adaud JUIsl ypaBHEHUU
cMenIaHHoro napabosno-runepoonnyeckoro tuna. Pansr dypre-beccens u Oypre,
Teopust TudPepeHIaTbHBIX YPAaBHEHUN B YACTHBIX TPOU3BOIHBIX.

Metoabl ucciaegoBanus. B nuccepranuy KCMOIb30BaHbl METOABI TEOPUU
muddepeHnanbHbIX  YpaBHCHWA C YacTHBIMH TPOWM3BOJHBIMH W TEOPUU
VMHTETPAJIbHBIX YPAaBHEHWUHM, TEOPUS YHUCIEHHBIX METOJOB, a TAaKXKE METOBI
¢yHKIMOHAIBHOTO aHanu3a. OIHO3HAYHAS PaA3PEIIMMOCTh MPSMBIX U OOpaTHBIX
3a71a4  JOKa3aHa METOJAaMM CIEKTpalbHOTO aHanmm3a. /[l jokaszarenbcTBa
HCTOJIb30BaHbl YCIOBUS CXOAUMOCTH psAioB Pypwe u Oypre-beccens.

Hay4Hasi HOBU3HA MCCJIEIOBAHUSA COCTOUT B CIIEYIOLIEM:

IIOCTPOEHA PA3HOCTHAs CXE€Ma Il HAYAJIbHO-KPAeBOW 3a/1a4ul NOCTaBJICHHOM
YPaBHEHUIO CMEIIAHHOTO Mapaloyio-TUNEpOOIMYEeCKOro THIA W JIOKa3aHbl
TEOpeMBbl 00 YCTOMYMBOCTHU U O MOPSJKE allIPOKCUMALIUU PAa3HOCTHOU CXEMBI;

J0Ka3aHbl TEOPEMBI O €IMHCTBEHHOCTH U CYILIECTBOBAHUS PELIEHUsI 00paTHON
3a/lauyd 1O OMNpeAesieHUI0 (YHKIMM WCTOYHUKA [IJIi YpaBHEHUS CMEIIAHHOTO
napaboJi0-runepOoInIecKoro Tuma ¢ oneparopom beccens;

J0Ka3zaHa TeopeMa 00 OJHO3HAYHOW pa3pemrMOCTH OOpaTHOW 3adauu 00
ONPENEIICHUM IPaBOM 4YacTH B HAYaIbHO-KPA€BOW 3ajade Uil YpaBHEHUS
CMEUIaHHOTO NapadoJIo-TUIEPOOINYECKOTO TUIIA C PA3PBIBHBIM KOA(DPUITUEHTOM;

MPEAJIOKEHbl AJNTOPUTMbl YHUCIEHHOTO peUIeHUusT OOpaTHOW 3ajadyu s
YPaBHEHUSI CMEIIAHHOIO MapaboJIo-TUNEPOOINYECKOTO THUIMA C HEJIOKAJIbHBIM
YCJIOBHUEM I10 ONPEACIICHUIO IPABOW YaCTH YPAaBHEHUS U MPOBEIEH PSJl YUCIEHHBIX
AKCIIEPUMEHTOB IO anpoOaIy NpeI0KEHHbIX aJrOPUTMOB.

IIpakTHyeckue pe3yabTaThl HCCIAeA0BaHUs. PaboTa HOCUT TeopeTHUYECKUI
Xapaxrep, OJIHAKO CYILLIECTBEHHO OCHOBBIBAETCS Ha UMEIOLIUXCS
DKCIIEPUMEHTANIBHBIX  JAaHHBIX. Pe3yiabTaThl  HCCIENOBaHUN  MOTYT  OBITh
VCIIOJIB30BAHBI B CEHCMOJIOTMH, Ta30JMHAMHMKE W IPU UYTEHUU CIIECHUAJIbHBIX
KypCOB JICKIIUH IO TPEAMETY MaTeMaTHUeCKOW (PU3MKHU JUIsl CTapIIdX KypCOB
OakanaBpuaTa ¥ MarucTpaTyphl.

JlocTOBepHOCTL Ppe3yJabTaTOB HCCJIeI0BaHusA. Vcrnonb30Banuche MeETOAb
MaTEMaTUYECKOro U (GyHKIHMOHAIBHOTO aHaau3a, dJIEMEHThl AUu(depeHIIuanbHbIX
ypaBHEHUI 1 Teopun oOpaTHbIX 3a1ay. [lomyyeHHble pe3ynbTaThl UMEIOT CTPOTUE
MaTeMaTHYECKHE T0KA3aTENIbCTBA.

Hay4Hasi u npakTHYecKasi 3HAYUMOCTb Pe3yJIbTAaTOB HUCCICA0BAHMS.

Haydnast 3Ha4uMOCTb pe3yJbTaTOB UCCIEIOBAHUN OOBSACHSAETCA TEM, YTO B
HUX OblIa pa3BUTa TEOpUS OOpATHBIX 3aJad i1 YPAaBHEHHM CMELIaHHOTO
napa0oJio- runepOOIUYECKOro TUIA, TOCTPOEH YHMCIECHHBIA METOJ ONpeiesieHuUs
MPpaBOM YAaCTU YypaBHEHUA. Takxke Ui NOpAMOM 3a1add Uil  ypaBHEHUSA
CMEIIaHHOTO THUIIA MIOCTPOCHA YCTOMYMBAs PA3HOCTHAS CXEMA.

[IpakTrueckass 3HAUUMOCTh PE3YJIbTATOB MCCIEAOBAHUM 3aKIIOYAETCS B TOM,
YTO HMX MOXKHO TPUMEHHTh K MOJCISIM TE€ODU3UYECKUX U CEHCMHUYECKHUX

HaOIIOICHUM, B ra30JMHAMUKE.
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BHenpenne pe3yabraToB HccieqoBanns. Ha oCHOBe HayYHBIX pe3yibTaTOB
10 OOpaTHBIM 3a/1auaM JjIsl YPaBHEHHUM CMEIIaHHOTO 1Mapabo10-TUnepooIndecKoro
THUIIA:

0 CYIIECTBOBAaHUIO W €JAMHCTBEHHOCTH pEIIeHUs OoOpaTHOW 3ajadu 00
UCTOYHHUKE ISl YPAaBHEHUI CMEIIAHHOTO Mapaloio-TUIepO0IMYeCKOro TUIA U 110
YUCJICHHOMY pEIICHUI0 CMEUIaHHOW 3ajauu OBLTM  UCIOJIB30BAHBI  MPH
BBITIOJIHEHUM HAy4YHO-UCCIEeNOBAaTeNbCKUX pabor mo mnpoekry OT-D4-14
«Pa3paboTka © pacyeT TEOpUU HCCIACAOBAHUS COCTOSIHHS  HaIpsDKCHUMN-
nedopManyii  MOJ BO3ACHCTBUEM BHEIIHMX CHJI TPYOBl C  KHIKOCTHIO,
MPOTEKAIOIIEN o/ 3eMIICH» (CnpaBka  Byxapckoro VH)KEHEPHO-
TEXHOJIOTUIECKOTo MHCTUTYTa 32 HOMepoMm Ne 01/04-87/125 ot 25 suBaps 2023
roga). [lpuMeHeHHe Hay4yHOTO pe3ysbTaTa MO3BOJIIO MPOBEPUTH HEITHMHEWHOE
JUHAMHYECKOE HaIpPSKEHHO-Ie(POPMUPOBAHHOE COCTOSIHUE KPUBOJMHEHHBIX
YY4aCTKOB MHOTOCJIOMHBIX KOMIIO3UTHBIX TpyO, MO KOTOPHIM TeueT Bs3Kas
KUIKOCTD.

METOIbl M TOAXOJbl pEHICHUS OOpaTHBIX 3aJad IO  ONPEEICHUIO
HEU3BECTHOTO HCTOYHHMKA, a TAaKXK€ YMCICHHBIE METOJbl pEIIeHUs OOpaTHOM
3a/1auu JJIsl CMEIIAHHOTO MapaboI0-TUIepOOIMIECKOr0 TUIa ObUTH UCTIOIb30BaHbI
IIPU BBIIOJIHEHUU MeKTyHapoaHoro npoekta AP05133873 «UucneHHble METOABI U
napajjieibHble QJITOPUTMBI  PEIICHUS HETWHEHWHBIX OOpaTHBIX 3a7ad s
MaTEeMaTUYECKUX MOJENEN C APOOHBIMU CTENEHIMU SJUIUIITUYECKUX ONEPATOPOB C
NpuwiokeHussMu B rpaBuMerpun» (CropaBka MexayHapogHoro Kasaxcko-
Typeukoro ynuepcurera uMeHu Xomxka Axmena Scasu 3a Homepom Ne04/4173
or 28 nexabps  2022r., Kazaxcran). Hcnonb3oBaHWE HAy4yHOIrO pe3yjbTara
MO3BOJWJIO MM YHCIEHHOE pelleHHe MpsAMbIX M OOpaTHBIX 3ajad s
ABOJIIOLIMOHHOTO  YpaBHEHHsI MEPBOrO0 MOpsAKa C€ JApOOHOM  CTENEHBIO
AJUIMOTUYECKOTO OIepaTopa.

Anpofauuu  pe3yJabTAaTOB  HCCJeAOBaHUAA. Pe3ynbTaThl  JAaHHOTO
uccienoBanus oocyxjeHbl B 11 HaydHO-pakTUYeCKHX KOH(EPEHIHSX, B TOM
9ucie B 4 MEXIYHAPOIHBIX U [ PECITYyOIMKAHCKHX.

Onyo0aukoBanue pe3yjbTaToB. [lo Teme mauccepranum omybiukoBaHo 17
HAy4YHBIX palbOT, BCE CTAaThU OIMYOJMKOBAHBI B KypHajaX, BXOISAIIMX B MEPEUYCHb
HAYYHBIX HW3JaHHM, NPEIJI0KEHHBIX BpICied arTecTauMoOHHOW KOMMCCHEH
PecnyOnuku Y30ekucTan sl 3alludThl auccepTanuii qoktopa (unocoduu. [(Be
CTaThU OMyOJIMKOBaHbI B 3apyOEKHBIX KypHasax, Bxoasmux B 6azy SCOPUS u 4
CTaThbU B PECIYOIMKAHCKHUX KypHAJaX BXOIAIINX B MEPEUCHb HAYYHBIX W3TaHUM.

Crpykrypa m 00beM auccepraumm. J[uccepramusi COCTOUT W3 BBEACHHS,
TPEX TJIaB, B3aKIIOYEHUS M CIHUCKa HCIOJIb30BAHHBIX JuTeparyp. O0bem
nuccepranuu cocrasisier 90 crpanu.

OCHOBHOE COIEPKXAHUE IUCCEPTALINU

Bo BBegeHuM OOOCHOBaHbI AaKTyaJlbHOCTb M BOCTPEOOBAaHHOCTH TEMBI
AUCCEepTAall, OMPEACNIEHO COOTBETCTBUE  HCCICNOBAHUS  MPUOPUTETHHIM
HAIPABJICHUSM PA3BUTHUA HAYKH M TEXHOJOTMM pecrmyOJuKd, MPUBEACHBI 0030p
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3apyOeKHBIX ¥ OTEYECTBEHHBIX HAYYHBIX HUCCIICOBAHHK 10 TEME IHUCCEPTAlUU U
CTETICHh W3YYCHHOCTH MPOOJIEeMbl, CPOPMYITHUPOBAHBI IIEIH W 3a7a4d, BBISBIICHBI
OOBEKT W TIPEeIMET MCCIICIOBaHMS, U3JI0KCHBI HaydyHas HOBHU3HA U MPAKTUYCCKHUEC
pe3ynbTaThl  HCCICNOBAaHUS, pACKphITa TEOpeTHYecKas M  TpaKTHUYeCKas
3HaYUMOCTD IMTOJIY9CHHBIX PE3YJIbTATOB, IaHBI CBEICHUS O BHEAPECHUHU PE3yIbTaTOB
UCCIIeIOBaHUs, 00 OMyOJIMKOBaHHBIX Pab0Tax M O CTPYKTYpE AUCCEPTAIIHH.
ITepBas rmaBa auccepranuu HaszbiBaeTcs «IloAroTOBHTEIbLHBIE CBEIECHHS.
B »TOoli TnaBe mnpuBEACHBI HEOOXOAHMMEBIC IPEABAPUTEIBHBIC CBEICHUS IS
W3JIOKEHUS 3TOW JUCCEPTAIlMH M3 YHCICHHBIX METOJOB U psiyioB Dyphe-beccens.
Taxoke mocTpoeHa yCTOHYMBasE pa3HOCTHAS CXeMa JIJIsl IEPBOM KpaeBOM 3a1aun JJIs
YPaBHECHHS CMEIIAHHOTO IMapadoII0-THIIEPOOTHIECKOTO THIIA M JIOKA3aHbI TEOPEMBI
00 anmpokcuManuy 1 00 yCTOMYMBOCTH IOCTPOEHHOM Pa3HOCTHOM CXEMBI.
B obmactu D = {(x,t):0<x <[, 0 <t<T} paccMOTpUM CJEIYIOIICE
ypaBHEHUE:

Lu = K(t)usy — HOOuUyy + alx, )us + b(x, u, + c(x, )u = f(x,t), (1)
smecy K(t), H(x), a(x,t), b(x,t), c(x,t) - 3amanHble (QYHKIHUH, KOTOPHIC
YIIOBJICTBOPSIOT CJICAYIOIIAM YCIOBHSIM:

1) K(t) € C3([0,T]),K(t) >0 mput # 0u K(0) = 0.
2) H(x) € €%([0,1]) ecnm x € (0,1), To H(x) >0u H(0) = H(l) = 0.
3) a(x, t),b(x,t) € C*(D),c(x,t) € C(D).
4) f(x) = a(x,0) — K:(0) > 0,x€[0,1].
C - IpOCTPaHCTBO HENPePhIBHLIX PyHKIWMi, D- 3ambikanue D.
['=0D -rpanuna obmactu D.
Jlns ypaBHeHus (1) uzydyaeM ciaeayronyo CMEIIaHHYo 3a1a4y:
CMmemannas 3agava: Haiitu pemenue ypaBuenus (1) B o6mactu D u takoe,
9TO:
u(x,0) =0,u,(x,0) =0, xe[0,1], (2)
u(0,t) =0, u(l,t) =0,t > 0. (3)
Jlist pemienust cMmemannoi 3anadu (1) - (3) Bocnosib3yeMcst TpUOIMKEHHBIM
(unciaeHHBIM) MeToZoM. [[ist 3TOH 3aaun MPUMEHUM METOJT KOHEYHO-Pa3HOCTHBIX
CXEM.
B o6mactu D = {(x,t):0 < x <[, 0<t<T} cTpOMM pa3HOCTHYIO CETKY C
maramu At = hy, Ax = h,, (T = mh;,l = nh,).
UYepes uf 0003HaYUM MPUOIMKEHHOE pelieHne CMEIIaHHON 3a7a4i B TOYKE
(t*, x;). 3mecy (t*, x;) — y3noBas Touka, 0Opa3oBaHHAs TEpECEUEHHEM MPIMBIX
muHMi t = t* = kh,,x = x; = ih,. BBeném omnepatopsl @,,1,T, &, cnsura u
Pa3HOCTHBIE, CIEAYIOIMINM 00pa3oM:
puf = u = u =g, gl = = et =, el =l =
_ A
1_§0_1; lep_lr f: _lp_lr r=—-—.
Ay
B sTom cnmydae anmpokcumupyem cmeriannyto 3anaudy (1)-(3) cnemyromneit
KOHEYHO-PA3HOCTHOW CXEMOM:

T=¢—1, T
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L'y = KkT—TZ—Hi§+afl+b{‘i+cik u=fFk=1mi=0n, (4
ht hx ht hx

w) =0,ul =0,uf =uk=0,i=0,nk=0m (5)

PasnoctHas cxema (4)-(5) sBisieTcst He3amMkHYyTOM. st Hee TpeOyercs 3amaHue

TaK HAa3bIBAEMOTO JOMOJIHUTEIBHOIO TPAHUYHOTO M HAYaJIbHOTO YyCJIOBUA. Jlis
HPOCTOTHI MBI MPEJJIaraeM CJICIYOIINUE JOMOJHUTEIbHBIC YCIOBUS:

uly = uf, ug,q = ug, k=0m (6)

Jlanee ompeneiseM MOPSJIOK allpPOKCUMAIIMU, U YCTaHABIMBACTCS CIICIYFOIast

TeopeMa.
Teopema 1. (4)-(6) xowmeuno-paznocmnas cxema annpokcumupyem (1) -(3)
CMEWAaHHyo 3a0ayy nepeviM Nopsokom omuocumenvHo hg, h,, u ona Hee 6epna

cnedyrouas oyeHKa

I16f1l < OChe + hy).
Jlokazanu cleayroIlyo TeOpeMbl 00 YCTOMYUBOCTHA MOCTPOCHHOM CXEMBI.

Teopema 2. Eciu 0ns wiaeo6 pazHocmHoil cemku 6blNOIHAIOMCS YC0BUSL
B - (TK 2§,
e<min|—,— x < —
M, M,)’ M’
mozoa nocmpoennas onsi cmewiannou 3adauu (1)-(3) pasnocmnas cxema (4)-(6)
YCmouuuea, u 0Jis Heé 8epHA IHEPLeMUHeCKas OYeHKA

i=1,N-1,k=-m+10,

m-1n-1 m-1n-1 Tu 5
he - hy Z Z(Lhu)(Zu) > h, - h, Z Z 2K — h,M,) (h—) +
k=1 i=1 k=1 i=1 t

2
u
i’_) + (260 - htMl)uz
X

2o0e Mi’ [ = 1,3 — NOJIOJHCUMETIbHbIE YUCA, OZCPAHUYEHHRble 6 KOHEYHOM Umocee depes

|a|; |b|) |K,(t)|, |H,(x)|l |att|; |bxx|; |K(4)(t)|; |H(4)(X)|

+(2H — hyMy) (

Perraem cmemanHyro 3amady JUis  ypaBHEHHS CMEIIAHHOTO —mapabosio-
runepOOUYECKOr0  THIA, KCIOJB3Yysl TOCTPOCHHYIO pa3HOCTHYK) CXeMy Ha
CUMYJIUPOBAHHBIX JAHHBIX. m%xly —M|<1073,i=0,n,k =0,M — abcomtoTHas

L

omuOKa YuciaeHHOro Merona. IIpu YHCIEHHOM pelleHUH IOCTAaBICHHON 3anaun
HCIIOJIb30BAJIM METOJI MATPUYHOM ITPOTOHKH.
a

'1.":2";:"::::?: i
I

H

B

il

H

.

e
ZEx

1;";,{...,,
iy,
v vy ?b::{
-... -
e
) e 8
= ==- E
I RemmREas
AmnE A
e
oSS tRe

Puc. 1: y — npubnmxeHHoe pemieHne, M — TouHoe perieHue.

29



Bo Bropoil rnaBe pguccepranuu, Ha3BaHHOW «(QOpaTHble 3axadu JAJs
YpPaBHEHM CMEIIAHHOT 0 napadoJ10-runepooJIM4ecKoro THIIAY,
paccMaTpuBalOTCs  3aJaud  JUIS  ypaBHEHUST ~ CMENIaHHOro  mapaboJo-
runepOoIMYecKoro Tuma ¢ oneparopom beccens u ¢ pa3pbIBHBIM KODPUITUEHTOM,
u3ydaeTcsi oOparHas 3ajada, CBsA3aHHasi C IMOMCKOM HEU3BECTHOW MpaBOil 4acTH.
Ha ocHoBe merona pazaeneHus MNEPEMEHHBIX 3TH 3a/1a4yd CBOJSTCS K PEIICHUIO
O0OBIKHOBEHHBIX U] hEepeHINMATBHBIX YPABHEHUNH OTHOCHUTEIBHO KO3(PPUIIMEHTOB
pasnoxenuss B panel Dypwe-beccens m Dyppe HEU3BECTHBIX (YHKIUH IO
OPTOHOPMHUPOBAHHBIM (YHKITUAM beccenss mepBOoro poja HYJEBOTO TMOPSAKA U
CUHYCOB. JloKa3aHbl T€OpeMbl O €AMHCTBEHHOCTH W CYIIECTBOBAHUM PEIICHUS
MMOCTaBJICHHBIX 33]1a4.

B nmnepBom maparpade BTOpOW TIIaBpl HW3y4yaeTcss OOpaTHas 3ajava,
MOCTaBJICHHAs! YPAaBHEHHUIO CMEIIAHHOTO Mapaboio-TUNEepOOINYECKOro THUMa C
orneparopa beccens.

Paccmotpum B mummHape G = {(x,y,t):x?+y2 <1, —a <t < B},
ypaBHEHHUE CMEIIAHHOTO MapadoIo-TUIIEPOOTUIECKOTO THIIA

Du, — Au = f(/x% + y?), t>0, @
ctuy — Au = f({/x2 + y2), t <0,

rie a,f,c,D - 3amaHHBIE TOJOXUTEIbHBIC 4yucia, A - omepartop Jlammaca mo

NIEPEMEHHBIM X U .
IlocTtaBuM caeayomyro 3aaady: HaiiTu B oonactu G pynkuuu u(x,y,t) u

f (\/x2 + yz) yJIOBJIETBOPSIONINE YPABHEHUIO (/) U CICTYIONIUM YCIOBHUSIM:
KpaeBbI€ YCIIOBHUSL:

lim ((x,y),Vu) = 0,ul,24y2-1 =0, —a <t < B, (8)
x%+y?-0
U CUHMTAEM, YTO UMEET MECTO JIOKAJIbHOE YCIIOBHUE:
ulx,y,—a) = <P(\/X2 + yz) : x?+y% <1, 9)

a TaK)Ke yCIIOBUs CKJICHKHU npu t = 0:
lim u(x,y,t) = lim u(x,y,t),
t—>—0(y) t—>+0(y)

. Ou(xyt) . du(xyt) 2 2
tl—l}llo at 1;1_1>r-|1-10 ac X ty =1 (10)

31ech @ () -3aaHHas JOCTATOYHO TiaaKast yHKIIHS.

OboznaunM G, = G N{t > 0},G_ =GN {t < 0}

Onpenenenne 1. Pewenuem 3adauu (7)-(10) nazosem gynxyuio u(x,y,t) u3z
Kuacca CENCHG)N CHL (G Ut = BHNCA(G_U{t =—a)) u
yoosnemeopsitowas coomuoutenusim (1)-(10).

Cootnomenus (7)-(10) sBasroTcss mpsMO# 3amaycii, T.€., €CIIM U3BECTHBI
byukuuu @, f, To perrenue u(x,y,t) MOKeT ObITh HAWICHO U3 COOTHOMICHHH (7)-
(10).

Teneps mocTaBUM 00paTHYIO 3a7a49y B 33JJaHHOH ITMIIHHIPUICCKON 001aCcTH:

Oo6partHas 3agaua: Heob6xoaumo onpenenuth GyHKIUIO f (,/x2 + yz), eciu
o pemenun npsMoi 3amaum (7)-(10) m3BecTHa cleayromas IOMOJHUTEIbHAS
uHpopMmarus:
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uC,y,B) =9p(Vx2+y2), x*+y*<1. (11)
3nech Y () -3amaHHas JOCTATOYHO TIIaaKast PyHKITHUS.
Onpenenenne 2. Pewenuem 3aoauu (71)-(11) nazosem gpynxyuu u(x,y,t) u

f(Jx2+y2)us xnacca C(G)NCHG)N CHL(GLU{t = BHNCHG_U{t=
—a}) u C[0,1] coomeecmsenno, yoosnemsopsiowas coommnowenusm (1)-(11).
3aMeTuM, YTO TaK Kak IpaBas yacTh ypaBHEHUs (/) U QYHKIMU, BXOJASIINE B

(9), (11) 3aBucsar or paccrostHusA p = +/x2 + y2, To u(x,y,t) = u(p,t), p =

VX% + y2, T. e. MBI IMEEM OCECUMMETPHUYECKHI CITyJail.

CnenoBaTellbHO, MOCTaBieHHas oOpaTHas 3amada (7)-(11) B momsipHOi
KOOPAMHATHOM CHCTEME 3allMChIBACTCS CIACAYIONINM 00pa3oM:

OopaTnas 3agaya. Haiitu B obimactu G: = {(p,t): 0< p < 1,—a < t <

B} oymxkmwmm  u(p,t) m  f(p)  ynoBieTBOpsAIOmME  CIEIYIOLIEMY
i depeHIMaTLHOMY YPaBHEHHIO CMEIIAHHOTO TapadosIo-rUIepOoIunIecKoro
THUTIA:
0, g2 P 1o _
0D —+0(=t)c* = = 32 53, TP (p,t) E(O) X (—a,B), (12)
(3mech O(t) — dyHkMs XeBucaina) U yCIoBUIM

KpacBbIC YCIIOBUS:

. ou(p,t) _
/1)1_r)r(1) 3y 0, ul,=1=0, —-ast<p, (13)
ycnoBus ckneku npu t = 0:
0) = o), lim 2% (p,6) = lim 2 0<p<1 14
u(pl+ ) - u(p,— );t_I}POE (,D, t) - tiIPOE (,D; t); — p — 5 ( )
Y UMEIOT MECTO HAYaJIbHOE YCIIOBUE:
u(pr —CZ) = <P(P), 0< p= 1, (15)
TaKKe JOMONHUTENbHAsS nHdopMarus o pemenun U(p, t) :
u(p, ) =¢({p), 0<p=<1l (16)

Takum oOpasom, mpsimas 3amada (7)-(11) cBemach K 3amade ONpeneiICHUS
dynkuuu u(p,t), uz pasencts (12) — (15), a oOparnas 3amava (7)-(11) cBenack
3ajmade onpenenenus GpyHkuu u(p,t), f(p) us pasencts (12)-(16).

PasbickuBaem, coriacHo merony ®ypbe, 4acTHbIC penieHus ypaBHeHus (12)
npu f(p) = 0 B BUzE

u(p,t) = R(p)T (D).
g naxoxaeHus GyHKuuu R(p) noaydum 3aaavy Juist ypaBHEHHUS

14} 1 !
R"(p) +-R'(p) + AR(p) = 0, (17)
C TPAaHUYHBIMH yCIIOBHSIMU
lirr(l)(pR’(p)) =0,R(1)=0. (18)
p—

3ameuanue 1. 3aoaua (17)-(18) sensemes camoconpsisicennoi sadauvell.
Pemennem ypaBuenust (17) sBmstorcs cnenyromue (ynkmun  beccens
IIEPBOTO POJIa HYJIEBOTO MOPSIIKA:

R(,D) = ]O(}lkp)’ k = 1,2,3, ..,
OHM K€ €CTh COOCTBEHHBIC (DYHKIIUH.

31



Haxomum coOCTBEHHBIC 3HA4YeHHS WCIOJB3Yysl TpaHudHbie yciaoBus (18),
OJIOKUTENIbHBIC KOPHHU ypaBHEeHUs [3(A;) = 0, OHM UMEIOT CICAYIOIIMI BHI:

T

A, = km——

k .

4

Pa3nokuM Tenepb UCKOMYIO (DYHKIIMIO U IPaBYIO CTOPOHY YPaBHCHHS B Pl

dypoe-beccens o cobcTBeHHBIM GyHKIUAM [y (A4 0), T.€.

u(p,) = ) ue(®Jo ), (19)
k=1
F0) = fidoGp), (20)
k=1

rIe
w (t) = 0 )f pu(p, t)Jo(Akp)dp, fi =

Jlokazaym cIenyronyo TeopemMy:
Teopema 3. Eciu cywecmeyem peuwtenue oopamnou 3aoaqu (12)-(16), mo

" fPf(P)]o()lkP)dP

1(

n
OHO eOUHCIMBEHHO npu  3HadeHusx,a = 4cp, peN unu a =4c -

n,meN, HOl(n, m) = 1 u npouseonvrom 3 > 0.
Bo BropoM maparpade BTOpPOM TIJIaBBl JIOKa3bIBAaeTCS TeopeMa o
CYIICCTBOBAHMHM pelieHus oOpaTHoi 3a1aun (12)-(16)

HOHY‘-IHJ'II/I Q)OpMaHBHOC PCIICHUC B BUIAC PAOOB IIOACTABJIAA KOB(l)(l)I/H_II/ICHTBI
B (19), (20):

u(p,t) = ,i [‘”aﬁ(g‘ B4, - % D ]10 (), £>0,  (21)
u(p,t) = kz lp’;ﬁ(k) cos (Ak t) )Z‘lg';ﬁ(k) sin (Ak t) +
iy — %e‘fﬂ] JoQup), t < 0, (22)
F(p) = Z [ - | 1 up) (23)

JIist 00X YWICHOB nonyqaeM CJIEIYIOLIYO OLICHKY:

max{ max |fi|, max |u,(p,t)|, max |uk(p t)|, max M
pE[0,1] (p,H)EG, ’ ’ (p,t)EG, ot |
uk(p' t) uk(p' t) azuk(pi t)
max |[—————|, max |[————|, max [————|; <
(p,t)EG— ot? (p,t)EG, dp? (p,t)EG— dp?
2.3
< N5,
ZS—E
Ak

rac N— noa0XuTeabHast NOCTOSIHHAS.
Takum O6p8,30M J0Ka3aHa clieayromas T€opemMa 0 CyIIeCTBOBAHMHU PCHICHHUC
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0o0paTHOM 3a1auH.

Teopema 4. IIpeononoscum, umo {@p(p),Y(p)} € C6[0,1] u xpome mozo,

8bINOIHEHDL YCNI0BUE
1625(K)| = C, >0,

AZ
20e 64 5(k) = e_Fkﬁ - (cos (%k a) + C%ksin (% a)).
Taxowce 6epHbl pagencmaa:
@) =0, pP(0) =0, (=05) P =0, YOV =0, (=04) u
0©®(p), YO (p) ocpanuuenvi. Tocda cywecmeyem eduncmeennoe peuierue
sadauu (12)-(16), komopoe onpedensiemes popmynamu (21), (22) u (23), 20e @,
YD — i-bie npoussoonvie yrryuii @ u .

B tperhem maparpade 3Toi TiaBBI paccMaTpuBacTCs oOpaTHas 3aaada 1o
OTIPEICIICHUIO TPABOM YacTH I OJHOTO MOJICIIEHOTO YPaBHEHUS CMEIIaHHOTO
napadoa0-runepO0IMYEeCcKOro THIA ¢ Pa3phbIBHBIMU KO3 (PULIMEHTAMHU.

B npsimoyronbroit o6mactu G == {(x,t):0 < x < l;—a <t < B}, 31¢ch |, a
U [ — 3aJaHHBIC TIOJOXXUTEIBHBIC YHCIIa, PACCMOTPUM YPaBHEHHS CMEIIaHHOTO
napado0-runepOoIMYEeCKOro THIIA:

CSH(_t)utt +0()u, = Duyy + f(D)g (%), (24)
~ D, ecrut > .
rne D = { 1 ecmnt <0’ 0 - dbyukusa XaBucaiaa, D, c —TIOCTOSIHHBIE.

JIJ1st 3TOTO ypaBHEHUSI IOCTABUM CJICIYIONIYI0 OOpPAaTHYIO 3a/1a9y.
Oo6parTHas 3agava. Haiitu B obnmactu G pemienue ypaBuenus (24) u(x,t) u
HEU3BECTHYIO QYHKIIMU g (X) B IPABOM YaCTH yAOBIECTBOPSIONINE YCIOBUSM:

u(x,t) €C(G) N Cry (G, U{t =N NCAHG- U {t=—-a}). (25)

g(x) € C[0,1], (26)
KpaeBbI€ YCIIOBHSL:
u(0,t) =u(l,t) =0,—a <t <P, (27)
CUMTAEM, YTO HMEET MECTO HEJIOKAIBHOE YCIOBHUE:
ulx,B) —ulx,—a) = p(x),0 < x <, (28)
ycnoBus cknerku npu t = 0:
im u(x,t) = lim u(x, ), lim 2% = Jim 259 v e10,11,  (29)
t—>+0 t—>—0 t->+0 Ot t-»—0 Ot

CCIIM  M3BECTHA CJICAYIOIIas JOMOJHUTEIbHAsS HWH(POPMAIMs MPO PpeIIeHHEe
ypaBHEHUSL:
ulx,B) =¢v(x), 0<x<l, (30)

rae f(t), ¢(x) u Y(x) — 3aganHble HOocTaTo4HO aakue (yHKuuu, G, = G N
{t>0}, G_=Gn{t<O0}

Ecnu u3BectHsl pynkunu @ (x), g(x) u nocrostHHbIE ¢ U D, TO HaXOXJIEHUE
pemenne u(x,t) u3 cootHoureHnuit (24)-(29) HaspiBaeTCs NpsIMO#t 3a1aueii.

[Tycts f(t) = 1. Tlomyuwnu perieHre 3aaHHON 0OpaTHOW 3a/1a4H:
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r (e}
Wy

k=1
_ C _ Ik 1 gk (1 Wi
u(e,t) = Z l(a (w - 1)) o5 1)) G- 6o
—DcwpAt | @ —&u (l—l) sin(ﬁt)+ﬁ sin(wgx),—a < t <0
\ Kk k= gz te\p - 2 kX))
"
N Yy A @ 2 .
x) = E w2< — e Pwil ) sin(w, x). 32
g() £ k dk(ﬂ) dk(ﬁ) ( k ) ( )

3ameuanue 2. Paccmampusaemasn (24)-(30) szadauwa wnocum npukiaouoi
xapakmep u ORNUCblBaem O8udceHue 2aza 6 mpybe u 6He mpyowvl, 20e D —

1
Koagpuyuenm oughghyzuu, = —CKopocmb 2asa.

3ameuanmne 3. Criedyem ommemums, 0I5l MO20 YMOObL CYUWECMBOBAI0 PEULeHUE
(31), (32) oonncnbr sbinoansmest ciedyrougue ycaosusi:
)"k *0 Mdk(lg) * 0,

20e
— e~DORB _ cos (LK g — in (2%
Ay = e "%k 1cos( - a)l Dccoksm( - a),
di(8) = = — Azt (——1) ~Doft,
k(t) D U Ak D e
[TycTh BBIOJIHSIOTCS CIEAYIOIIUE YCIIOBUS:
w
kel = |1 = cos (Tka)| <2, P <1, A <G,

|dp(B)| = C; >0,

rae

U =1—cos (%a),

Jlisa perrenyst oOpaTHOM 3a7a41 TOJTYUMIIH CIIEAYIONIYIO TEOPEMY:
Teopema 5. [Tycmw svinonnsitomes ycnosus 3ameuanue 3 u

(B) ¢ €C*0,11,9@ €L (0,0 m ¢(0) = p(1) = 0,¢"(0) = 9" () = 0,
0 ® =2 f o™ (x) sin(wyx) dx.
(B) pEeC 0l @ €Ly (0,) u P(O) =pD =0, Y (0) =y"() =
0,
i =2 LY@ @) sin(wyx) dx.

Toe0a nocmasnenHas 0OpamMHasL 3a0a4a umeem eOUHCMBEHHOEe PeueHUe, KOmMopoe
npeocmasisiemces 6 éude psoa (31), (32), a maxoice ons pynxyuu g(x) evinoansemcs

OUYEHKA ycmodqueocmu:
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lgllcron < C_1||¢(4)”L2(0,l) + C_2||‘p(4)”Lz(o,l)'

B Tpetbeit rmaBe nucceprainyy, Ha3BaHHOM «YUuciIeHHOe pelieHusi 00paTHOM
3a/a4M JJIsi YPABHEHUS] CMEHIAHHOTO MNapa®o/0-TunepooIM4ecKoro TUIA IO
onpeeIeHHI0 MPABOM YaCTW», NPEJIOKEHBI AITOPUTMBI YUCIICEHHOTO PEIICHUS
0OpaTHOH 3a/1a4u [T YpaBHEHHS CMEIIaHHOTO Mapabosio-THIepOOIMYeCcKOro THIIa ¢
HEJIOKAIBHBIM ~ yCJIOBUEM IO  ONPEICJIEHUI0 MpaBOd  YacTH  ypaBHEHHSL.
[Ipeamonaranoch, 4to (YHKIMS, BXOIAIIAs B HENOKAILHOE YCIOBUE, U (DYHKIIHA,
ABJISIOLIAsICS  AOMOJHUTENbHOM HMH(pOpManuen uid peumieHus oOpaTHOW 3adayw,
MOTYT OBbITb U3BECTHBI C HEKOTOPOH OIIMOKOM, MOCKOJIbKY SBIISIFOTCS PE3YJILTATOM
NPAKTUYECKUX H3MepeHui. [IpemyioxkeHsl Tpu alropuTMa YHUCIEHHOTO PELICHHS.
[IpoBea€H psii YMCIEHHBIX OSKCIEPUMEHTOB IO ampoOaluy MpeasioKEHHBIX
JIITOPUTMOB.

Paccmotpum nuddepenimanbHoe ypaBHEHNE

B(6)u(x, ) + 0(—D)u (%, ) — Otk (x,6) = g(x), (x,) € (0,1) X (—a, B)

(33)
a, f, |, 0— 3amanHbIC TIOJIOXKHUTEIHHBIC YUCIIA,
C KPaeBbIMHU YCIIOBUSIMU:
u(0,t) =0, u(l,t) =0, t € [—a,B]. (34)

ycioBUeM CKIeku npu t = O:
. ou(x,t) . ou(x,t)
ulx,t+0)=u(x,t—0), lim ——= —
( ) ( ) t-—0 Ot t—-+0 Ot

Y CUMUTAEM, MIMEET MECTO HEJIOKAIbHOE YCIIOBHE:
ulx,B) —ulx,—a) = p(x), x€]0,l]. (36)
Bynem cuntath, uto dyHkuus g(x) uwenpepoiaa u g(0) = g(l) = 0.

Cootromrenust (33)-(36) sBstroTCS IPSIMOM 3amaveii, T.C., €CIIM H3BECTHBI
byuxkmmu ¢(x),g(x) u mnocrosiHHas o > 0, To pemenue u(x,t) MOXKeT OBITh
HaiineHo u3 cootHorenuii (33)-(36).

Oo0parnast 3agaya: HeobOxomumo onpenenuts (yHKmO g(x), €cim o
pemienun npsimori  3amaun  (33)-(36) wm3BecTHa creayromias  JOMOJHUTEIbHAS
uHpOpMAIIHSL:

, x €1[0,1] (35)

ulx,B) = Yx), x € [0,1]. (37)

Pemrenue npsimoii 3amaun (33)-(36) npeacraBiseTcs B BUIC psija:
(0]

T
u(x,t) = Z u (t)sin(wgx), Wy = Tk'
k=1
[Tosry4urM perieHre B CIEAYIOIIUM BH/IE:
u(x,t)

( Z <Ak¢ke—awﬁt + %) sin(wx),0 <t < B,
w
={ k=1 ’ (38)
Z <Ak¢)kcos(\/5wkt) —Vow A, sin(Vow,t) + %) sin(wyx),—a <t <0,
w
k=1 k
rne  Ap = L

e_oa’iﬁ—(cos(\/Ewka)+\/Ewk5in(‘/5wka)).

B nepBoM naparpade cymmupyeTcs psiji ¢ BO3pacTaroliiM MHOKUTEIIEM.
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Pemrenvie oopatroit 3anaun (33)-(37) nmpencrasisercst B BUIE psa:
(00]

909 = 0 ) (i — e W sin(w0).  (39)
k=1
TpyaHOCTH CYMMHPOBaHUS JAHHOTO Psi/ia COCTOUT B TOM, YTO KOX(PQPHUIIMEHTHI psiaa
MIMEIOT PACTYILMI MHOKHTENb W,

Onpenenenne 3. Memoo ona cymmuposanus psaoa Dypve  HA308EM
VCMOUYUBLIM, eCU N0 NPUOTUNCEHHBIM OAHHBIM 3A0aYU U3BECIHOMY NOPSAOKY UX
mounocmu & (8 COOMEEMCMBYIOWULL MempuKe) OH Oaem NPUOIUICEHHOe peuleHue
3a0auu ¢ 000U Cmenenvio MoYHOCmU &, eciu § 00CmMamoyHo Mao.

3a pemienue oopaTHoM 3a1auu (33)-(37) mpruHUMAaEM pe3yJibTaT CyMMHPOBAHHS:
Ns

gx) = UZ wi(ll’k - /1k¢k€_aw’z‘ﬁ)5in(wkx); j=0,N—-1, (40)
k=1
Pesynbrar Bbhuucienuit npuBenéH Ha Puc. 2 (a). B nmaHHOM umncieHHOM
npumepe noayuwiy, uro Ng = 7, N = 300.
Bo BTopom maparpade, 3agaua npuBoautcss K ypaBHeHuto ®penronbma 1-ro
pona:
o l
Ik .
— sin(wy) = | K(x,s)g(s)ds,
k=1

w
0

&N

rac

X
K(x,s) = S(l‘z)' s <x,

x(l—T), s> X.

B urore nomyunnu uHTErpagbHoe ypaBHeHrne @pearonsma 1-oro poaa:
L

b (x) = j K(x,5)g(s)ds, (41)

0

rIe

B0 = oY) — 0 ) Apre ™M sin(w;0).
k=1

3ameuanue 4. Peutenue oopamuoti 3a0auu (32)-(37) sxeusanenmmuo pewrenuro
unmezpanbHo2o ypasuenus Opeozorvma 1-02o pooa (41). Tax, kax s0po ypasHenus
(41) cummempuuno u HenpepwvieHO, SMO YPAGHEHUE UMEENT PEUUECHUS.

Jlns peienus ypaBHenus @pearoiasma 1-oro pojia CylmecTByeT MHOTO METO/IOB.
JInst pelieHnst MHTErpalbHOrO ypaBHEeHUs (41) MbI BOCIOJB3YeMCS KIIACCHYECKUM

METOJIOM — MUHUMHU3AIHeH (GyHKIIMOHAJIA ¢ peryisipu3anueii TuxoHoBa:
L[ ! L

Jlg] = f f K(x,5)g(s)ds — pp(0)| dx + € j [92(0) + p(g'(0))?]dx,
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3JIECh ITOCTOSIHHBIE € U P — IMapaMEeTPbl PEryJIspU3aLim.
YuCcieHHO pelaeM CIeIyoNyIo 3a1a9y

N-1
hZKijgj:¢ﬁ(xi); i=1,N-1,
=1

ITpH ITIOMOITHU MUHHUMHU3alINH Q)YHKHI/IOHaHa HCBA3KH

N—-1 N—-1 2 N-1 N-1 g —g 2
][g]=hz thijgj_¢ﬁ(xi) +eh2gf+eph2(%h]_l) :
-1 | =1 i=1 =

B tperbem maparpade, HaspiBaeMbIii mocTaBieHHas 3amada  (33)-(37)
TPUBOTUTCS K CIIEAYIOIIEH 3a/1aue:
Oo6paTHas 3aga4a: Haittu pynakuumio g(x), ecim o pelieHu mpsMoi 3a1auu:

ut(x' t) - O-uxx(x; t) = g(X), (x' t) € (0, l) X (01 B) (42)
u(0,t) =0, u(l,t) =0, t €[0,B]. (43)
u(x,0) = ¢o(x) + %fol K(x,s)g(s)ds. (44)
M3BECTHA CIICIYIOIIAs JOMOIHUTEIbHAS HHOPMALIUS:
ulx,B) = Yx), x € [0,1]. (45)

Bameuanusi 5. Oopamnas 3adaua (33)-(37) sxsusanenmna 3aoaue (42)-(45).
O6patnas 3amada (33)-(37) s cetouHbIx GyHKIMHA Obula CHoOpMyIMpPOBaHA
CIICTYIOIIIM 00pa3oM:
Uiers — Uik Uit1k — 2Ujp + Uj—q i

=g,i=1,N—1k=1K—1 (46)

T h? T
U = 0uyr =0,k =0,K (47)
L N-1
Uio = Polx;) + gz Kijgj i=1N—1, (48)
j=1
wx =Px),i=1,N—-1. (49)
3amaua (46)-(49) peraercst mpy MOMOIM MUHHUMHU3AIHH (QYHKIIHOHAIA HEBSI3KH

N-1

Jlg) = h ) fuyx = wCe)T
i=1
B Tpetbeii rnaBe npeiiokeHo TpU alropuT™Ma YUCIIEHHOTO PELleHs] 00paTHON

3aJ1a4HU:

» Anroput™m 1 OCHOBaH Ha peryispuzalnuu CyMMHpoBaHus psaa Dypbe, ybn
K02 (OUIIMEHTHI cofepKaT BO3PACTAOIINN MHOXKHUTEITb w,zc;

e AnroputM 2 OCHOBAaH Ha peunieHHH ypaBHeHus Ppenaronpma 1-oro pona
ONTUMU3ALMOHHBIM METOAOM C peryispuzanueil no TuxoHoBy;

e Anroput™M 3 OCHOBaH Ha PEIIEHUU CICIHAILHOM OOpaTHOM 3amauu JyIs
napaboIMYECKOTO ypaBHEHHUSI.

Pe3ynbTarsl UnCIEHHBIX paCYETOB IPUBEICHBI B CIEIYIOLIUM PUCYHKE.
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Puc. 2: Pesynbratsl BoccTaHoBIeHUs QyHKIMU g(X), TOYHOE 3HAYCHUE
(YHKIMH AAHO IyHKTUPHOM JTMHHUEN, BOCCTAHOBIIEHHOE — HEMPEPHIBHOM. (a) —
pE3yJIbTAaT BOCCTAHOBJICHUS IO aNroputMmy 1, (b) — pe3yiabTaT BOCCTAaHOBICHUS 110
aNIrOpuUTMYy 2, (C) — pe3yJIbTaT BOCCTAHOBJIEHHUS 110 aJITOPUTMY 3.

3AK/IIOYEHHUE

B muccepranmonHoit pabote ucciaenoBaHa KOPPEKTHOCTh 00paTHOU 3a1auu 00
WCTOYHUKE I YPABHEHUI CMEIIAaHHOTO NTapa0doJIo-TUnepO0IMYECKOro TUIIA.

OCHOBHBIE Pe3yJbTAThl UCCIIEAOBAHUI COCTOST B CIEIYIOIIEM:

1. Jlokazanbl TeopemMbl 00 YCTOMYMBOCTM M OO0 ONpEAENICHUH  MOpsAIKa
aMMpOKCUMAIIMK PA3HOCTHOW CXeM ISl ypaBHEHUI CMEIIaHHOTO MapadoIio-
TUNEepOOTMYECKOTrO THIIA;

2. Jlns  ypaBHEHHS CMEIIAHHOTO TMapaboJIO-TUIEPOOTMIECKOT0 THTIA €
ornepatopoM beccens nccnenoBanbl npsimas U oOpaTHas 3ajaya, CBI3aHHAs C
MOMCKOM HE HW3BECTHOM mMpaBodM 4YacTu. JlokazaHbl TEOpEMBI O
eIMHCTBEHHOCTH M CYIIECTBOBAHMS PELICHUSI IOCTAaBIEHHOM o0OpaTHOU
3a/1a4H;

3. [lokazana TeopemMa 00 OJHO3HAYHOW PA3PEIIMMOCTHA OOpAaTHOM 3amadyu 00
OIpEIeNICHUH TPaBOM YacTH B HAYaIbHO-KPAEBBIX 3a/auax Uil ypaBHEHH
CMEILIAHHOTO  Mapaboyo-TUNEPOOIMYECKOT0O  THUMA € pa3pbIBHBIM
KO3 PULIMEHTOM;

4. TlpenyoxkeHbl aNTOPUTMbl YHUCJICHHOTO pEUIeHUs OOpaTHOM 3ajaduu AJis
YpaBHEHUS CMEIIAHHOTO Mapabosio-TUIEepOOTMYECKOTO TUIIA ¢ HEJIOKAJTbHBIM
YCJIIOBUEM IO OIIPEACIICHUIO NPAaBOM YacTh ypaBHeHus. IIpoencH psin
YHCJICHHBIX SKCIIEPUMEHTOB 10 alipo0aIiuy MPEeI0KEHHbBIX aJITOPUTMOB.
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INTRODUCTION (abstract of the PhD thesis)

The aim of the research work is to prove the correctness, uniqueness and
existence of direct and inverse problems for equations of mixed parabolic-
hyperbolic type, as well as their numerical solutions.

Research problems:

to construct a difference scheme for a mixed problem for an equation of
mixed parabolic-hyperbolic type. Prove the stability of the constructed difference
scheme, find the order of approximation;

to investigate the initial-boundary and inverse problems posed for an equation
of mixed parabolic-hyperbolic type in the two-dimensional case in a cylindrical
domain. To prove the existence and uniqueness of the solution of the inverse
problem;

to prove the existence of a unique solution of the inverse problem for an
equation of mixed parabolic-hyperbolic type in a quadrangular domain with a
discontinuous coefficient;

numerically investigate the solution of the inverse problem of determining the
source for an equation of mixed parabolic-hyperbolic type

The research object. One-dimensional and two-dimensional inverse
problems for equations of mixed parabolic-hyperbolic type.

The research subject. Direct and inverse problems for equations of mixed
parabolic-hyperbolic type. Fourier-Bessel and Fourier series, theory of partial
differential equations.

The scientific novelty of the research is as follows:

the stability of the difference scheme for equations of mixed parabolic-
hyperbolic type is proved, the order of approximation is determined;

theorems on the uniqueness and existence of a solution to the inverse problem
of determining the source function for an equation of mixed parabolic-hyperbolic
type with a Bessel operator are proved,;

a theorem on the unique solvability of the inverse problem of determining the
right-hand side in the initial-boundary value problem for an equation of mixed
parabolic-hyperbolic type with a discontinuous coefficient is proved;

algorithms for the numerical solution of the inverse problem for an equation
of mixed parabolic-hyperbolic type with a non-local condition for determining the
right side of the equation are proposed and a number of numerical experiments are
carried out to test the proposed algorithms.

Implementation of the research results. Based on scientific results on
inverse problems for equations of mixed parabolic-hyperbolic type:

on the existence and uniqueness of the solution of the inverse source problem
for equations of mixed parabolic-hyperbolic type and on the numerical solution of
the mixed problem were used in the implementation of research work on the
project OT-F4-14 “Development and calculation of the theory of studying the state
of stress-strain under the influence of external forces of a pipe with a liquid
flowing underground” (Reference of the Bukhara Engineering-Institute of
Technology number no. 01/04-87/125 dated January 25, 2023). The application of
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the scientific result made it possible to check the nonlinear dynamic stress-strain
state of curved sections of multilayer composite pipes through which a viscous
liquid flows.

methods and approaches for solving inverse problems by determining an
unknown source, as well as numerical methods for solving the inverse problem for
a mixed parabolic-hyperbolic type were used in the implementation of the
international project AR05133873 "Numerical methods and parallel algorithms for
solving nonlinear inverse problems for mathematical models with fractional
powers of elliptic operators with applications in gravimetry" (Reference of the
International Kazakh-Turkish Khoja Ahmed Yasawi University, No. 04/4173 dated
December 28, 2022, Kazakhstan). The use of the scientific result allowed them to
numerically solve direct and inverse problems for a first-order evolutionary
equation with a fractional degree of an elliptic operator.

Approbation of the research results. The results of this study were
discussed in 11 scientific and practical conferences, including 4 international and 7
republican.

Publications of the research results. 17 scientific papers have been
published on the topic of the dissertation, all articles have been published in
journals included in the list of scientific publications proposed by the Higher
Attestation Commission of the Republic of Uzbekistan for the defense of
dissertations of the Doctor of Philosophy. Two articles have been published in
foreign journals included in the Scopus database and 4 articles in republican
journals included in the list of scientific publications.

The structure and volume of the thesis. The dissertation consists of an
introduction, three chapters, conclusion and bibliography. The general volume of
the thesis is 90 pages.
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