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KIRISH (falsafa doktori (PhD) dissertatsiyasi annotatsiyasi)

Dissertatsiya mavzusining dolzarbligi va zarurati. Ma’lumki, fizika,
mexanika, kimyo, biofizika, biotexnologiya va ishlab chigarishdagi ko‘plab ilmiy
tadgiqotlar xususiy hosilali differensial tenglamalar nazariyasi masalalariga
keltiriladi. Shu jumladan, ko‘plab tarmoqlangan sistemalardagi jarayonlar graflarda
ushbu tenglamalarni o‘rganishni taqozo etadi. Masalan, tarmoqlangan sohalardagi
jarayonlarni  modellashtirishda metrik graflarda berilgan xususiy hosilali
differensial tenglamalar uchun boshlang‘ich-chegaraviy masalalar qo‘llaniladi.
Bunda grafning tarmoglanish nugtasida ogimning lokal saglanishi umumiy sharti,
ya’ni Kirxgoff sharti qo‘llanilib, u eng sodda holatda graf uchida yechimning
uzluksizligini va yechim bir tomonlama hosilalarining yig‘indisi nolga tengligini
ifodalaydi.

Asab tizimlarida impulsning targalish jarayonlarini modellashtirishda esa,
metrik graflarda berilgan diffuziya tenglamasi uchun boshlang‘ich-chegaraviy
masalalar ishlatiladi. Ba’zan Eyri tenglamasi deb ataluvchi chiziqlashtirilgan
Korteveg-de Friz tenglamasi chiziqli, yo‘nalmagan, oz tebranuvchi uzun to‘lginlar,
masalan kichik havzadagi suvlardagi to‘lginlarni asimptotik tasvirlash uchun
qo‘llaniladi. ~ Shuningdek,  tibbiyot  sohasida  jarayonlarni  matematik
modellashtirishda graflarda berilgan differensial tenglamalar keng qo‘llaniladi.
Xususan, genlarda RNK bilan bog‘liq jarayonlarni modellashtirishda differensial
tenglamalar zinapoyasimon graflarda garaladi.

So‘nggi yillarda mamlakatimizda fundamental fanlarning, shu jumladan
matematik fizika tenglamalari fanining zamonaviy usullarini o‘rganishga katta
e’tibor qaratilmoqda. Bunga metrik graflarda berilgan noklassik tenglamalar uchun
boshlang‘ich-chegaraviy masalalarni o‘rganishga garatilgan e’tiborni ham qo‘shish
mumkin. Metrik graflarda berilgan noklassik Eyri va subdiffuziya tenglamalarini
kvant fizikasi jarayonlariga qo‘llab, e’tiborga molik natijalar olingan. «Differensial
tenglamalar va matematik fizika»® fanining ustuvor yo‘nalishlari bo‘yicha xalqaro
standartlar darajasida ilmiy tadgiqotlar olib borish matematika fanining asosiy
vazifalar va faoliyat yo‘nalishlari etib belgilandi. Shu bois, metrik graflarda
berilgan tenglamalar uchun boshlang‘ich-chegaraviy masalalarni yechish fanning
muhim vazifalaridan hisoblanadi.

O‘zbekiston Respublikasi Prezidentining 2017 yil 7 fevraldagi “O‘zbekiston
Respublikasini yanada rivojlantirish bo‘yicha Harakatlar strategiyasi to‘g‘risida”gi
PF-4947-sonli Farmoni, 2017 yil 17 fevraldagi “Fanlar akademiyasi faoliyati,
ilmiy-tadgiqot ishlarini tashkil etish, boshgarish va moliyalashtirishni yanada
takomillashtirish chora-tadbirlari to‘g‘risida”gi PQ-2789-sonli 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 Qarorlari hamda
mazkur faoliyatga tegishli boshga normativ-huquqgiy hujjatlarda belgilangan

1 Ozbekiston Respublikasi Vazirlar Mahkamasining 2017 yil 18 maydagi “O‘zbekiston Respublikasi Fanlar
akademiyasining yangidan tashkil etilgan ilmiy-tadgiqot muassasalari faoliyatini tashkil etish chora-tadbirlari
to‘g‘risida”gi 292-son qarori.



vazifalarni amalga oshirishga ushbu dissertatsiya tadgiqoti muayyan darajada
xizmat giladi.

Tadgigotning respublika fan va texnologiyalari rivojlanishining ustuvor
yo‘nalishlariga mosligi. Dissertatsiya respublika fan va texnologiyalar
rivojlanishining IV. “Matematika, mexanika va informatika” ustuvor yo‘nalishi
doirasida bajarilgan.

Muammoning o‘rganilganlik darajasi. O‘tgan asrning 80-yillarida rus
olimi Merkov tomonidan graflarda berilgan issiglik targalish tenglamasini
o‘rganish boshlangan. Chex olimlari P.Eksner va P.Seba graflarda berilgan klassik
tenglamalar uchun boshlang‘ich-chegaraviy masalalarni o‘rganishgan. Eyri
tenglamasi uchun boshlang‘ich-chegaraviy masalalarni o‘rganishga qiziqish o‘tgan
asrning o‘rtalaridayoq mavjud bo‘lgan. Joriy asr boshlarida italyan matematik
ayoli B. Pelloni tomonidan uchinchi darajali tenglamalar uchun chegaraviy
masalalar o‘rganilgan. 2010-yillarda metrik graflarda berilgan Eyri tenglamasi
uchun boshlang‘ich-chegaraviy masalalar va Koshi masalasiga bag‘ishlangan bir
qator ishlar nashr etilgan. So‘nggi yillarda ko‘plab ilg‘or olimlar kasr hosilali
differensial tenglamalar ustida ish olib bormoqdalar. Jumladan, vatandoshlarimiz
Sh. Alimov, R. Ashurov, E. Karimov, O. Abdullaev va boshgalar ham. XXI asr
boshlarida kasr hosilaning qo‘llanilishi haqida bir gator ishlar nashr qilingan.
Jumladan, rus matematigi A. Aliev tomonidan kasr tartibli hosilali tenglamalar
uchun masalalarni o‘rganishga Kkatta turtki beradigan darajadagi juda muhim
tengsizliklar olingan, A.V. Psxu tomonidan vaqt kasr tartibli hosilali Eyri
tenglamasi uchun Koshi masalasining fundamental yechimi qurilgan.

Ma’lumki, diffuziya tenglamasi fizika, biologiya, mexanika, kimyo kabi
fanning bir nechta sohalarida keng qo‘llaniladi. Xususan, Bartolomey Dibiyes va
Yeva Gudovska-Novak 2009 yilda anomal diffuziya tenglamasi uchun modelni
o‘rganishgan. Sal keyinroq Lenglends va Genri biologik organizmalar
ko‘chishining kimyoviy yo‘nalishlarini modellashtirish uchun subdiffuziya
tenglamasining mezoskopik va makroskopik modelini Kiritishgan. A.V.Psxu va
S.Rexviashvili birgalikda chop etgan maqolasida vaqt bo‘yicha kasr hosilali
diffuzion-to‘lgin tenglamasi uchun boshlang‘ich shartsiz asimptotik masalani
tadgiq qilishgan. So‘nggi yillarda rus olimlari D.Gerasimov, I.Popov, I.Blinovalar
esa Maksvell nanosuyugligi uchun magnitogidrodinamik aralash masalaning
yechimini topishgan. S.A. Chivilxin va V.V. Gusarov nanosuyugliklar
dinamikasini tasvirlash uchun kasr hosilali modellardan foydalanishgan. Xususan,
vaqt bo‘yicha kasr hosilaning tartibi oshishi bilan issiqlik sig‘imining o‘zgarish
tezligi oshishi aniglangan. Grin funksiyasi metodi chegaraviy masalalarni yechish
uchun muhim usullardan biri hisoblanadi. A.V.Psxu 2005 yil nashr etilgan
monografiyasida Grin funksiyasi metodini kasr hosilali tenglamalar uchun
qo‘llagan. D.Mexdi va D.Muhammad Grin funksiyasi metodi orgali turli sohalarda
berilgan statsionar va nostatsionar differensial tenglamalar uchun chegaraviy
masalaning sonli yechimini topishgan.

Metrik graflarda berilgan kasr hosilali differensial tenglamalar ogim bilan
bog‘liq ko‘plab tarmoglangan sistemalarni, shu jumladan tarmoqlangan nanotruba
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orgali ogimni ifodalovchi anig model sifatida xizmat giladi. Shu boisdan, so‘nggi
yillarda bu borada ko‘plab izlanishlar olib borilmogda. Shu jumladan, grafda
berilgan Shryodinger tenglamasi ham keng tadqiq gilingan. D.S. Nikiforov va
|.V.Blinovaning 2019 yilda chop etilgan maqolasida o‘zgaruvchan qirrali grafda
berilgan Shryodinger operatori o‘rganilgan. Shuningdek, G.Xudoyberganov,
Z.Sobirov va M.Eshimbetovlar metrik grafda berilgan Shryodinger tenglamasi
uchun unifitsirlangan Fokas almashtirishi usulini qo‘llashgan. I.Lobanov va
D.Nikiforov 2020 yilda Kazimir dinamik effektini tasvirlash uchun vaqtga bog‘liq
bo‘lgan geometrik graf modelini taklif qilishdi.

Dissertatsiya tadqiqotining dissertatsiya bajarilgan oliy ta’lim yoki
iImiy-tadgigot muassasasining ilmiy-tadqiqot ishlari rejalari bilan bog‘ligligi.
Tadqgiqot O°‘zbekiston Milliy universitetining Nel4-022 RG/MATHS/AS_G;
UNESCO FR:324028610 ragamli “Mezoskopik fizikada yuzaga keluvchi metrik
graflarda nochizigli evolyusion va transport tenglamalari” nomli ilmiy loyihasi
doirasida amalga oshirildi.

Tadqgigotning magsadi metrik graflarda berilgan kasr tartibli hosilali
tenglamalar, xususan, Eyri va subdiffuziya tenglamalari uchun masalalarni qo‘yish
va bu masalalarning yechimini qurishdan iborat.

Tadgqiqgotning vazifalari quyidagilardan iborat:

yarim cheksiz qgirralarga ega ochiq yulduzsimon metrik graflarda berilgan
vaqt bo‘yicha kasr hosilali Eyri tenglamasi uchun Koshi masalasining graf
uchidagi to‘lqin dinamikasini o‘rganish imkonini beruvchi yechimini qurish;

chekli sondagi chekli va yarim chekli intervallardan tashkil topgan
yulduzsimon metrik graflarda berilgan kasr hosilali Eyri tenglamasi uchun
boshlang‘ich-chegaraviy masalalarning yechimini topish;

Grin funksiyasi metodini qo‘llab, yulduzsimon grafda berilgan subdiffuziya
tenglamasi uchun boshlang‘ich-chegaraviy masalani yechish;

chekli intervallardan tashkil topgan zinapoyasimon metrik grafda berilgan
subdiffuziya tenglamasining yechimi mavjudligi va yagonaligini isbotlash.

Tadqiqotning ob’ekti. Ochiq va yopiq sodda yulduzsimon metrik graflar,
chekli sondagi chekli va yarimchekli intervallardan tashkil topgan yulduzsimon
metrik graf, chekli intervallardan tashkil topgan zinapoyasimon metrik graf.

Tadgigotning predmeti. Subdiffuziya tenglamasi, vaqt bo‘yicha kasr
hosilali Eyri tenglamasi, Koshi masalasi, boshlang‘ich-chegaraviy masalalar, Grin
funksiyasi metodi, kasr hosilalar.

Tadqgigotning usullari. Tadgigot ishida potensiallar metodi, Grin funksiyasi
metodi, energiya integrallari usuli, shuningdek boshlang‘ich-chegaraviy
masalalarni yechishning boshqa usullaridan foydalanilgan.

Tadgigotning ilmiy yangiligi quyidagilardan iborat:

sodda ochiq yulduzsimon metrik graflarda berilgan vaqt bo‘yicha kasr hosilali
Eyri tenglamasi uchun Koshi masalasining yechimi qurilgan;

chekli sondagi chekli girralardan tashkil topgan yulduzsimon metrik graflarda
berilgan kasr hosilali Eyri va subdiffuziya tenglamalari uchun boshlang‘ich-
chegaraviy masala yechimining integral ifodasi topilgan;



Grin funksiyasi metodi graflarda berilgan subdiffuziya tenglamasi uchun
boshlang‘ich-chegaraviy masalalarni yechish uchun matritsaviy Grin funksiyasi
sifatida umumlashtirilgan;

chekli intervallardan tashkil topgan zinapoyasimon metrik grafda berilgan
subdiffuziya tenglamasi uchun boshlang‘ich-chegaraviy masalalar yechimining
mavjud va yagonaligi isbotlangan.

Tadgigotning amaliy natijalari quyidagilardan iborat:

Olingan natijalar va dissertatsiyada qo‘llanilgan usullar oliy o‘quv yurtlarida
magistratura talabalari va doktorantlar uchun o‘quv kurs sifatida o‘qitilishi
mumkin. Bundan tashgari, metrik graflarda berilgan kasr tartibli xususiy hosilali
differensial tenglamalar uchun boshlang‘ich-chegaraviy masalalarning bir giymatli
yechilishiga oid dissertatsiya natijalaridan tarmogqlangan sistemalarda to‘lqin
tarqalishi bilan bog‘liq jarayonlarda o‘tish va aks etish koeffitsientlarini hisoblash
va jarayonlarning matematik modellarini ishlab chigish uchun foydalanish
mumekin.

Tadqiqot natijalarining ishonchliligi Grin funksiyasi metodi, kasr hosilali
potensiallarning xossalarini isbotlovchi bir gator lemmalar va chizigli integral
tenglamalar nazariyasi bilan asoslangan.

Tadqgigot natijalarining ilmiy va amaliy ahamiyati. Tadgigot
natijalarining ilmiy ahamiyati olingan natijalar metrik graflarda issiglik
targalishining va Eyri tenglamasi uchun tarmoglangan strukturalarda to‘lgin
tarqalishining xossalarini o‘rganish uchun qo‘llanilishi mumkin.

Tadqiqot natijalarining amaliy ahamiyati olingan natijalar to‘lqin
tarqalishining tarmoqlanish nuqtasidan o‘tish va qaytish koeffitsientini aniqlashda,
tarmoglangan mezoskopik va makroskopik maydonlarda to‘lqin jarayonlarini tahlil
qilishda, asab tizimlarida impuls tarqalishi jarayonini modelleshtirishda asos bo‘lib
xizmat giladi.

Tadgqiqot natijalarining joriy qgilinishi. Metrik graflarda berilgan Eyri va
subdiffuziya tenglamasi uchun potensiallar va Grin funksiyasi metodi orgali
olingan natijalar asosida:

grafda garalgan subdiffuziya tenglamasi uchun topilgan boshlang‘ich-
chegaraviy masalalarning Grin funksiyalaridan OT-®4-(37+29) ragamli “A-
analitik funksiyalarning funksional xossalari va ularning qo‘llanilishi. Matritsaviy
sohalarda kompleks analizning ba’zi masalalari” mavzusidagi fundamental
loyihada berilgan chegaraviy masalalarning chegaraviy qiymatlarini topishda,
hamda matritsa argumentli golomorf funksiyalar uchun ortonormal sistema bazisi
gurishda foydalanilgan. (O‘zbekiston Milliy universitetining 2022 vyil 22
oktabrdagi 04/11-6626-sonli ma’lumotnomasi). Ilmiy natijalarning qo‘llanilishi
Koshi formulasining analogini isbotlash imkonini bergan;

Eyri tenglamasi uchun sodda metrik grafda Koshi masalasining fundamental
yechimidan OT-®-4-(36+32) ragamli “Matematik fizika va optimal boshgaruv
masalalarini yechishning zamonaviy usullarini ishlab chigish. Toq tartibli xususiy
hosilali tenglamalar uchun noklassik boshlang‘ich va spektral masalalar va
ularning tatbiglari” mavzusidagi fundamental loyihada uchinchi tartibli tenglama
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uchun nolokal masala yechimining mavjudligini ko‘rsatishda hamda masala
yechimining integral ifodasini topishda foydalanilgan (O‘zbekiston Milliy
universitetining 2022 yil 22 oktabrdagi 04/11-6625-sonli ma’lumotnomasi). [Imiy
natijaning qo‘llanilishi uchinchi tartibli tenglama uchun nolokal masala
yechimining mavjud va yagonaligini isbotlash imkonini bergan.

Tadgiqgot natijalarining aprobatsiyasi. Mazkur tadgigot natijalari 10 ta
ilmiy anjumanlarda, jumladan 6 ta xalgaro va 4 ta respublika ilmiy-amaliy
anjumanlarida muhokamadan o‘tkazilgan.

Tadqiqot natijalarining e’lon qilinganligi. Dissertatsiya mavzusi bo‘yicha
jami 15 ta ilmiy ishlar chop etilgan bo‘lib, shundan 5 tasi O‘zbekiston
Respublikasi Oliy attestatsiya komissiyasining falsafa doktorlik
dissertatsiyalarining asosiy ilmiy natijalarini chop etish uchun tavsiya etilgan ilmiy
nashrlarda chop etilgan, 2 tasi SCOPUS ma’lumotlar bazalarida indekslangan
jurnallarda chop etilgan, 3 tasi respublika jurnallarida chop etilgan magolalar va 10
tasi tezisdir.

Dissertatsiyaning tuzilishi va hajmi. Dissertatsiya kirish gismi, uchta bob,
xulosa va foydalanilgan adabiyotlar ro‘yxatidan tashkil topgan. Dissertatsiyaning
hajmi 108 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 ilmiy-tadgigotlar
sharhi, muammoning o‘rganilganlik darajasi Kkeltirilgan, tadgigot magsadi,
vazifalari, ob’ekti va predmeti tavsiflangan, tadqiqotning ilmiy yangiligi va amaliy
natijalari bayon gilingan, olingan natijalarning nazariy va amaliy ahamiyati ochib
berilgan, tadgigot natijalarining joriy gilinishi, nashr etilgan ishlar va dissertatsiya
tuzilishi bo‘yicha ma’lumotlar keltirilgan.

Dissertatsiyaning “Dastlabki ma’lumotlar” deb nomlangan birinchi bobida
kasr hosilalar, Eyri va subdiffuziya tenglamalari nazariyasiga bag‘ishlangan
muhim tushunchalar va yordamchi ma’lumotlar keltirilgan. Bu bobda biz kasr
tartibli hosila tushunchasini keltirib o‘tamiz va Rayt tipidagi funksiyalar
xossalariga to‘xtalamiz. Bundan tashqari, vaqt bo‘yicha kasr hosilali Eyri
tenglamasi uchun Koshi masalasini garaymiz. Birinchi bobning to‘rtinchi paragrafi
subdiffuziya tenglamasi uchun Grin funksiyasi metodiga bag‘ishlanadi. Birinchi
bobning birinchi, ikkinchi va uchinchi paragraflarida keltirilgan tushuncha va
tasdiqlar umumiy tushunchalar bo‘lib, biz uni A.V.Psxu muallifligidagi
maqoladan, I|.Podlyubni va L.Kattabriga monografiyalaridan, to‘rtinchi
paragrafidagi natijalarni esa A.Psxu monografiyasidan keltirdik.

1-ta’rif. Quyidagi

9" (&)

[24 _ 1 t _
aﬂtg(t)_r(l_a) J-q(t_g)anﬂdg’ n 1<0{<n,

va



d" t_9(&)
D:9(t) = 1_(1_ o) dt {I( 9Z)Mﬂdg‘t} n-l<a<n,

munosabat bilan aniglangan operatorlar mos ravishda Kaputo va Riman-Liuvill
kasr tartibli hosilalari deyiladi. Quyidagi
» 9(¢)
t) =
nt g() 1_‘( )I|t Cf|1_
tenglik bilan aniglangan operator esa kasr tartibli integrallash operatori deyiladi.
Ba’zan D, “g(t) belgilash o‘rniga J7g(t) belgilash ishlatiladi. Kaputo va Riman-

dé, O<a<ln<t

Liuvill kasr hosilalari quyidagi tenglik orqali bog‘langan:

o o t_a
amg(t) = DOtg(t)—mg(O), O<a<l.
1-lemma. Aytaylik, v(t) funksiya [0,T] kesmada absolyut uzluksiz bo‘lsin.
U holda quyidagi tengsizlik o‘rinli:

v(t)agtv(t)z%agtw(t).
2-lemma. Aytaylik, nomanfiy y(t) funksiya deyarli barcha te[0,T] lar
uchun absolyut uzluksiz funksiya bo‘lib, quyidagi
d5y(t)<cy(t)+c,(t), O<a<l,
tengsizlikni ganoatlantirsin, bu yerda ¢, >0 va c,(t) funksiya [0,T] kesmada
nomanfiy va integrallanuvchi funksiya bo‘lsin. U holda quyidagi
(1)< Y(0)E, (ct°) + T ()E, . (ct*) Dyic, (1)

tengsizlik o‘rinli bo‘ladi, bu yerda E,(z) va E, (z) funksiyalar Mittag—Leffler

funksiyalari.
Kasr tartibli hisob nazariyasida quyidagi
$Au2)=> ———— i>-LueC.

= nIC(An+ )
gator bilan aniglanuvchi Rayt funksiyasi muhim rol o‘ynaydi.
2-ta’rif. Quyidagi

z
4
€ (D)= Z“1“(om+,u) r'(s-pn)
funksiya Rayt tipidagi funksiya deb ataladi. Agar o = =1 bo‘lsa, bu funksiya
Rayt funksiyasi bilan ustma-ust tushadi: e} (z) = ¢(-4.6,2).

A.V. Psxu maqgolasida vaqt bo‘yicha Kaputo kasr hosilali Eyri tenglamasi
3
8gtu(x,t)—%u(x,t): f(x,t), —oo<x<+0,0<t<T,
X

ushbu
limDg;'u(x,t)=7(x), xeR,

t—0

10



boshlang‘ich shart bilan tadqiq etilgan, bu yerda z(x) — berilgan uzluksiz funksiya

va O<a <l
A.V. Psxu tomonidan yugoridagi masalaning fundamental yechimi quyidagi

a 2a, X—-¢&
» N R XS
G, (x—g“,t—r]):gt—

( - 77)1 2al 2Re[e2m/3¢( 124 Z_a 273 X— 5

33 ) X0

ko‘rinishda aniglangan, bu yerda t > 7. Bu funksiyaning ba’zi xossalarini keltirib
o‘tamiz.
1-teorema. Aytaylik, z(x)e C(RR) va biror v, va v_ lar uchun

3 3
lim r(x)exp(—vix”T _3“} =0,

bo‘lsin.  Shuningdek,  f(x,t) funksiya f(x,t)=Dy/g(x,t) ko rinishida
ifodalansin, bu yerda t*°g(x,t) e C(B), y>0, >0, y+0>1-a, va ushbu

X—>Fo0

3 3
limt*°~7g (x,t)exp{—mx“T Mj -0

munosabat bajarilsin. U holda

+o0 2a t +o0

u(x.t)= [ 7(£)D5'G,2 (x-&t-0) dg+“ (& G3( —&t-n)d&dn

funksiya vaqt bo ‘yicha kasr hosilali Eyri tenglamasz uchun Koshi masalasining
yechimi hisoblanadi.
Endi, to‘g‘ri to‘rtburchakli D sohada berilgan quyidagi

8 3
yu(x,t)— Dyu(x,t)=f(xt),

subdiffuziya tenglamasi uchun chegaraviy masalaning yechimini topish uchun
Grin  funksiyasi metodini keltiramiz. Bu tenglama O<a <1 bo‘lganida
subdiffuziya tenglamasi, 1<a <2 bo‘lganida esa kasr hosilali to‘lqin tenglamasi
deyiladi.
1-masala. Subdiffuziya tenglamasining, O<a <2, n-l<a<n,
ne{l,2}, D sohada aniglangan va quyidagi

u(a,t)=g,(t), u(a,,t)=¢(t), 0<t<b,
lim Dy “u(x,t)=7,(x), & <x<a,

t—0
shartlarni ganoatlantiruvchi u(x,t) yechimini toping.

3-ta’rif. Ushbu
G(xt,&,n)-DiG(xt,&,n)=

tenglamaning quyidagi

11



limG(x,t,&,17)=0, 6!im G(x,t,&,n7)=0, t=n,

oy
shartlarni ganoatlantiruvchi G(x,t,&,77) yechimi subdiffuziya tenglamasi uchun

birinchi chegaraviy masalaning Grin funksiyasi deyiladi.
Birinchi chegaraviy masalaning Grin funksiyasi quyidagi

G(xt,E,77)= z[r —&t-n) =T, (x+&-2a,t-7)]

ko‘rinishga ega, bu yerda

2 _
L, (s,7)= %rﬂ-leijﬁ {— ‘S +2n(a, ai)‘)

B
T
Ikkinchi chegaraviy masalaning Grin funksiyasi quyidagi
G, (xt,&m)= Z[r —&t-n)+T, (x+&-2a,t-7)]

ko‘rinishga ega.
Yugorida garalgan chegaraviy masalaning yechimi

u(x,t)=[ v, ()G, (x.t.a,1)dn — [ v ()G, (x.t,a,7)dry +

ak—l t ray
! rk(@mel(x,tfﬁ)dg—jojal f(&m)Gy(xt.&m)dEdy

4
ko‘rinishida bo‘ladi.

Dissertatsiyaning “Yulduzsimon grafda berilgan vaqt bo‘yicha kasr
hosilali Eyri tenglamasi” deb nomlanuvchi ikkinchi bobi to‘rtta paragrafdan
iborat. Dissertatsiyaning bu bobida kasr hosilali Eyri tenglamasi uchun
boshlang‘ich-chegaraviy masalalar o‘rganilgan.

A.V.Psxu tomonidan topilgan fundamental yechimdan tashqgari bizga
quyidagi elementar yechim

V 2al3 (X t) _
ham kerak bo‘ladi.

Im[eZﬂ|/3¢( “ _a 27il3 )] X > 0

1 ‘pl2al3 3 ta/3

V#(x,t) funksiya uchun quyidagi munosabatlar isbotlangan:

3
DV (1) =V 7 (x,t), aa—V“(xt) V7 (xt), v;’(o,t):%

Fundamental va elementar yechimlar yordamida quyidagi funksiyalarni
tuzamiz:

t
W (x,t) = [ GZ*(x—at—n)z,(m)dn,

wy(x,1) = j V(- a,t-n)r, ()d,

w,(x,) = j 2 G (x-at-n)r,(n)dn,

12



w, (x,t) = j VZ“”(X— a,t—n)z,(n)dn,

W(x,t) = L GZP(x—E,0)75(£)d€,

va

w,(xt) = [ [ G2 (x~ & t-n) f (&, m)d .

Ushbu potensiallarning quyidagi xossalari isbotlangan.

3-lemma. Aytaylik, t“z, (t),k =1,2 funksiyalar uzluksiz va chegaralangan
bo ‘Isin. U holda:

1. w,(x,t) va w,(x,t) funksiyalar ushbu

o*u(x,t)
3

Dyu(x,t)— =0

tenglamaning yechimi bo ‘ladi;

2. w,(x,t) va w, (X, y) funksiyalar uchun quyidagi munosabatlar o ‘rinli:
Itirgwk(x,t)zo, k=12.

4-lemma. Aytaylik, t"“z (t), k=3,4 funksiyalar biror intervalda

variatsiyasi chegaralangan, uzluksiz funksiyalar bo‘lsin. U holda quyidagi
munosabatlar o ‘rinli:

lim w,(x,1) zlfg(t),

I|m W, (X, t) ——§r3(t)

va
lim w,(x,t) =0.

x—a+0

5-lemma. Aytaylik, z,(x) € C[a,b] bo ‘Isin. U holda w;(x,t) funksiya ushbu
3

D u(x, t)—a—u(x t)=0

tenglamaning yechimi bo ‘ladi va quyidagi boshlang ‘ich shartni ganoatlantiradi:
Iting D& 7w, (X,t) = 74 (X).

6-lemma. Aytaylik, t=* f (x,t)e Co’l([a,b] x(0,T]) bo Isin. U holda ushbu
3

D u(X, t)—%u(x t)=f(x)

tenglamaning quyidagi

Dy 'u(X,t) |,o="0
boshlang ‘ich shartni qanoatlantiruvchi yechimi quyida potensial ko ‘rinishida
aniglanadi:
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wo(x,0) = [ din [ G2 (x~ £,t =) f (£m)dé.

Aytaylik, E ={(x,t):0<x<L0<t<T}, E,={(x1):0<x<x0,0<t<T},
E, ={(x,t):—0<x<0,0<t <T} bo‘lsin.
Kasr hosilali Eyri tenglamasi uchun quyidagi masalalarni garaymiz:

2-masala. Ushbu
3

D2u(x,t) —%u(x,t) — F(x.1) (1)
tenglamaning quyidagi
Dy u(x,0)=0, 0<x<1,
boshlang‘ich shartni, ushbu
ou
u(o,t) = (t), g(o,t) =¢,(t) va u(Lt)=g(t)
chegaraviy shartlarni ganoatlantiruvchi E, to‘plamdagi regulyar yechimini toping.

Bu yerda regulyar yechim deganda ushbu sinfdan bo‘lgan yechim
tushuniladi:

V, ={u(x,t):ueC*(E,), Dy ueC(E), t™*ueC(E),t"*u, eC([0,1) x[0, T])}.

3-masala. (1) tenglamaning
Dy u(x,0)=0, 0<x<oo,
ushbu boshlang‘ich shartni
. 0ou
U0, =y;(0; lim=— (1) =y (1)
chegaraviy shartlarni ganoatlantiruvchi E, to‘plamdagi regulyar yechimini toping.

Bu yerda regulyar yechim deganda ushbu sinfdan bo‘lgan yechim
tushuniladi:

V, ={u(x,t):ueC*(E,), DyueC(E,), t™“ueC(E,),t"*u, e C([0,+x)x[0,T])}.
4-masala. (1) tenglamaning

Dy u(x,0)=0, —o0<x<0,

boshlang‘ich shartni va ushbu
2

. 0U

lim Pl (x,t)=w(t)
chegaraviy shartni ganoatlantiruvchi E, to‘plamdagi regulyar yechimini toping. Bu
yerda regulyar yechim deganda ushbu sinfdan bo‘lgan yechim tushuniladi:

V, ={u(x,t):ueC*(E,), DjueC(E,), t™“ueC(E,), t""u, e C((—o0,0]x[0,T])}-

Yugoridagi masalalarning yechimlari mavjudligi va yagonaligi isbotlangan.
14



2-teorema. Agar t"p,(t)eC[0,T], (j=1,23) va t"“f(xt)eC’(E),
bo ‘Isa, 2-masala quyzdagl ko ‘rinishdagi yagona yechzmga ega:

u(x,t) = jGZa’s(xt T)l(r)dT+IV2“/3(Xt D u(r)dr +

+jej“’3(x—1,t —r)v(r)dH”OGj“’S(x—g,t—r) f(&,7)d&dr,
bu yerda(t), ;(t) va v(t) funksiyalar 0
d(t) :jK(t —7)®(7)d7 + F(t),
sistema orgali aniglanadi. O

3-teorema. Agar t"“y,(t)eC[0,T], (j=123) va t™“f(xt)eC"(E,), bo isa,
3-masala quyidagi ko ‘rinishdagi yagona yechimga ega:

u(x,t) = jG;“/3(X,t —D)A(r)dz + jV;“’3(X,t —7)u(r)dz +Q(x,1),
bu yerda, O 0
QU t) = [ [ "GZ*(x-¢&t-n) F(&,r)dédr,

3 2al3 3 al3 a
At) =2 D3 (wl(t)—Q(O,t))+§60t (wz(t)—&Q(O,t))
va

) =303 (1,(1)~Q(0:)) D5 . (1)~ S0 (01) |

4-teorema. Agar t““y eC[0,T] va t™“f(x,t)eC*(E,), bosa, 4-masala
quyidagi ko ‘rinishdagi yagona yechimga ega:
2
u(x,t) = 2jGZ"‘“(x t— r)[a— R(x,7)—y(r )Jdr+ R(X,1),

0

bu yerda
R(xt) = [ [ G2 (x~&t-7)f (&, r)dédr.

Dissertatsiya ikkinchi bobining uchinchi paragrafida yarimcheksiz girrali
yulduzsimon grafda berilgan vaqt bo‘yicha kasr hosilali Eyri tenglamasi uchun
Koshi masalasi tadqiq gilingan.

Aytaylik, I' graf k ta kiruvchi va m ta chiquvchi girradan tashkil topgan
bo‘lsin. Kiruvchi girralar koordinatalari —o dan O gacha, chiquvchi girralarda esa,

O dan 400 gacha aniglangan bo‘lsin. Graf girralarini B;, j=1Lk+m orqali
belgilaymiz.
Masalaning qo‘yilishi. I grafning har bir girrasida ushbu
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p o
DU (X,1) —yuj(x,t) = f,(xt), 0<t<T,xeB;,
vaqt bo‘yicha kasr hosilali Eyri tenglamasi va quyidagi
u;(x,0)=¢;(x), xeB;, j=Lk+m
boshlang‘ich shartni qanoatlantiruvchi yechimini qidiraylik.

Shuningdek, yechim grafning uchi — 0 nugtada quyidagi ulanish shartlarini
ganoatlantirsin:

au;(0,t)=u,(0,t), O<t<T, j=2,k+m,
u,(0,t)=Bu, (0,t), 0<t<T,

K1 6 1 o
——Uu. (Xt = > ——u(x,t) _, 0<t<T,
J-Zl:aj ox? Dy izkglai ox* (0l

buyerda a =1 a;#0, J=Lk+m, u™=(u,,u,,...u)", u" = (U1, Up,p,,Uy.)" VA

B — mxk o‘lchamli o‘zgarmas matritsa. Shuningdek U=(Uj,U,,...,Uy,, )T
belgilashni kiritamiz.

Masalaning yagona yechimining aniq ko‘rinishi topilgan.

5-teorema. Aytaylik, B'B—E manfiy aniglangan matritsa bo ‘Isin,
#.(x)e C(B_J) tf(xt)e Co'l(Bj x [O,T]), j=Lk+m, va bu funksiyalar

X —>*00 bo ‘Iganda nolga aylansin. U holda qaralayotgan masalaning yagona
yechimi quyidagi ko ‘rinishga ega:

u(x,t)=F(x,t)+ jU (x=0,t —7)M "'d(7r)d7,

bu yerda

G (x,1)1 0 0
U (X,t) — a ( ) k | rurs kxm | pors kxm .
0. | G*o(x0l, | V.U (x, )1,
To‘rtinchi paragrafda chekli girrali yulduzsimon metrik grafda berilgan Eyri
tenglamasi uchun boshlang‘ich-chegaraviy masala o‘rganilgan.
Aytaylik, T, graf K ta kiruvchi va m ta chiquvchi girradan tashkil topgan

bo‘lsin. Kiruvchi girralar koordinatalari L, (Lj <0, j :ﬂ> dan O gacha,
chiquvchi girralarda esa 0 dan L (Li >0,i=k+Lk+ m) gacha aniglangan bo‘lsin.

Graf girralarini b;, j=1k+m orqgali belgilaymiz (2.4.1. rasm).
Masalaning qo‘yilishi. Aytaylik, f =(f,f,,...,f_. ), u =(u,u,,..u)",

+

U" = (U1 Uppreen Up,p)' VA U :(u j bo‘lsin. ", grafning har bir girrasida ushbu

u
3

D&u(x,t)—%u(x,t) ~ f(xt), 0<t<T,xeB,,
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vaqt bo‘yicha kasr hosilali Eyri tenglamasini va ushbu
u(x,0)=u,(x), xeB,, j=Lk+m,
boshlang‘ich  shartni qganoatlantiruvchi  yechimini qidiraylik, bu yerda
T (AT I
Shuningdek, gidirilayotgan yechim grafning uchida ushbu
Au(0,t)=0, 0<t<T
va
uy(0,t)=Bu, (0,t), 0<t<T,
moslik shartlarini ganoatlantirilsin, bu yerda A — o‘zgarmas matritsa

1 0 0 .. O
1 -a, 0 .. O
0O -a .. O
A= %
1 0 0 .. O
1 0 0 .. —a.,

ko‘rinishga ega va B — mxk o‘lchamli o‘zgarmas matritsa.
Qirralarning birlashish nugtasida barcha t € (0,T] uchun quyidagi Kirxgoff

shartlari bajarilsin:
_o* 0°
C yu (X,t) |X:O: C yu (X,t) |x=0’ O<t<T.
Grafning chekka nugtalarida quyidagi chegaraviy shartlar bajarilsin
0 _
U(X,t) |x=aF: ¢(t)’ &U (X,t) |x=aF1: ¢(t)’ O <t< T’

bu yerda barcha j=2,k +m uchun
1

C =) C (1) a =1 8,20
a'a, 'a

2 k a'k+1 ak+m
Va 0= (05 Prim) s 8= (B0 )"
Qo‘yilgan masalaning yechimi mavjud va yagonaligi isbotlangan.
6-teorema. Aytaylik, B'B—E manfiy aniglangan matritsa bo lib,
u?(x)eC(b_j), D5 f,(x,t) eC™ (b, x[0,T]), j=Lk+m, o(t) va ¢4(t) funksiyalar
[0,T] kesmada differensiallanuvchi bo ‘Isin. U holda qaralayotgan masala yagona
yechimga ega.

Dissertatsiyaning “Metrik graflarda berilgan subdiffuziya tenglamasi
uchun boshlang‘ich-chegaraviy masalalar” deb nomlangan uchinchi bobida
subdiffuziya tenglamasi uchun ikki xil metrik grafda boshlang‘ich-chegaraviy
masalalar garalgan.
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Aytaylik, Q graf O nugtada birlashuvchi m=k +1 ta teng girralardan tashkil
topgan bo‘lsin. Grafning koordinatalarini 0 dan L gacha, har bir girrasini esa

B,, j=1m orqali belgilaylik.
Ushbu grafning har bir girrasida ushbu

2

., 0 —
Dgil; (X,1) —yuj(x,t) =f,(xt), 0<x<L,0<t<T, j=1m (2)
bu yerda 0 < a <1, subdiffuziya tenglamalarini va ushbu
lim Dy 'u; (%, t) =@, (x), 0<x<L, j=1m (3)
boshlang‘ich shartlarni qanoatlantiruvchi yechimini qidiraylik.

Qirralarning tutashish nugtasida esa barcha t<[0,T] lar uchun Kirxgoff
shartlari bajarilsin:

u(0,t)=u,(0,t)=...=u_(0,t), O<t<T, (4)
|im(zﬁui (x,t)J:O, 0<t<T. (5)
x>0\ 4= OX
Grafning chekka nugtalarida quyidagicha bir xil:
u(Lt)=w(t), O<t<T,i=1m, (6)

yoki quyidagicha aralash:
. — 0 :
u(L,t)=y(), O<t<T, |:1,k,&uj(L,t):;/j(t), 0<t<T, j=k+1m. (7)

chegaraviy shartlarni garaymiz.

5-masala. (2) tenglamaning (3)-(6) shartlarni ganoatlantiruvchi regulyar
yechimlari topilsin.

6-masala. (2) tenglamaning (3)-(5) va (7) shartlarni ganoatlantiruvchi
regulyar yechimlari topilsin.

7-teorema.  Aytaylik, t“@(t), t“@(t) eC[0,T] (i=LmT>0), va

t f (x,t) e C*{(x,1):0<x< L,0<t<T}. boIsin. U holda 5-masalaning yagona
yechimi quyidagi ko ‘rinishga ega:

u(x,t)=— j; (G, (x,t; L, 7)u(L, 7)+)dz - _[OLgo(t)G(x,t; E,7)dE—
[ ] BixtEF(E Ddcdr,
bu yerda u = (u,,....u,)", F =(f,...f )" va
G(x,t;&,7) = Z'O (-)"M"(T(x = &£+ 2nL,t — ) + MT(x+ & + 2nL,t - 7)).

N=—00

8-teorema. Aytaylik, ¢.(x)eC[0,L], t*“y,(t) eC[0,T]. bo Isin. U holda 6-
masalaning yagona yechimi quyidagi ko ‘rinishga ega:
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u(xt) =I;Gfg)(x,t; L,r)%tﬂ ~GO(x, L;t,r)uD(L,r)jdr—

[ 06 (& DdE - [ [ GxLEDF(E DdEdr,

bu yerda
GY G2 .. G 0 0 .. 0
G(D) _ lel leZ lem | G(N) _ O O 0 ’
1 0 O N 0 1 le+1,1 le+1,2 . le+1,m
0 0 N 0 Glml Glm2 . Glmm

u=(U,...,u.)", us =(U,..u,0,..,0", u, =(,.,0,U,,,..u. )" va F=(f,.,f).

Ikkinchi paragrafda 3m—1 ta teng qirraga ega bo‘lgan zinapoyasimon graf
garalgan. Graf girralarining koordinatalarini girraning 0 dan L gacha bo‘lgan
intervalga izometrik  akslantirishi  sifatida aniglaymiz. Graf qirralarini

B., k=1,3m-1 orgali belgilaymiz. Biz shu grafda berilgan subdiffuziya
tenglamasi uchun boshlang‘ich-chegaraviy masalani o‘rganamiz. Bunda, m ning

juft va toq giymatlarida grafning chekka qirralari farg giladi. Shu sababli ikki xil
holatni garaymiz.

Aytaylik, m juft son bo‘lsin. (3) subdiffuziya tenglamasining (4)
boshlang‘ich shartni qanoatlantiruvchi yechimini qidiramiz.

Grafning ichki nugtalarida yechimlar barcha t<[0,T], ] =O,[mT_2] lar
uchun quyidagi Kirxgoff shartlarini ganoatlantirsin:
Us .. (0,1) =Ug;,5(0,t) = ug,,5(0,1),
Ug .4 (0,8) = Ug 6 (0,1) = U, (0,1),
U s (L D) = Ug (L) = Ug . (L),
Ug js (Lo 1) = Ug . (L,t) = Ug; 5 (L, T) (8)

va

.0
IIrn_(ufij+2 (X!t) + U6j+3(X,t) + u6j+5(xit)) O’

x—0 OX

.0
Ilm_(u6j+4(xit) + u6j+6(xit) + u6j+7(xit)) 0!

x—0 OX
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.0
!(I—I;TI}&(UGJ'H(X’U + u6j+3(x’t) + u61+4(x’t)) - O’

. 0
M= {Us 504 8) U .5 (%) + g5 (x,1)) =0 (9)

Bu shartlar tarmoglanish nuqtalarida ogimning saglanishini ifodalaydi.

Yechim grafning chekka nugtalarida quyidagi chegaraviy shartlarni
ganoatlantirsin:

U (0,t) =y (), Uy s (0,1) =y, (1), U, (L,t) =p5(t), Us, (L) =y, (). (10)

7-masala. (2) tenglamaning (3) boshlang‘ich shart va (8) — (10) shartlarni
ganoatlantiruvchi regulyar yechimi topilsin.

Ushbu qo‘yilgan masala yechilgan va yechimning integral ko‘rinishi
topilgan.

9-teorema. Aytaylik, t*“¢ (t) € C[0,T],¢.(X) € C[O; L],

(i=1,3m-1T >0),m— juft son va t"*f (x,t) e C*{(x,1):0<x < L,0<t <T}.
bo ‘Isin. U holda 7-masalaning yagona yechimi quyidagi ko ‘rinishda bo ‘ladi.:

u(x,t) = [, (G, (x t:0, U™ *(0,7))dz - [ (G, (xt; L, U™ *(L, 7))d -
[ PG L& D)dE - [ [ G(x.t:& D)F (£ n)dédr,

bu yerda U" =(0,0,...0,u;,0,...,0,u;,0,...,0)", F = (..., f,, ;)" va
G(x,t;&,7)= D (M'T(x—&+2nLt—7)+(DC™)'T(x+&£+2nL,t - 7))

XULOSA

Dissertatsiya ishi metrik graflarda berilgan kasr hosilali Eyri va subdiffuziya
tenglamalari uchun boshlang‘ich-chegaraviy masalalarni Grin funksiyasi metodi va
potensiallar metodi orqali tadqiq qilishga bag‘ishlangan.

Tadgigot ishining asosiy natijalari quyidagilardan iborat:

1. Ochiqg yulduzsimon metrik grafda kasr hosilali Eyri tenglamasi uchun Koshi
masalasi yechimining aniq integral ko‘rinishi topildi.

2. Ochiq va yopiq yulduzsimon metrik grafda vaqt bo‘yicha kasr hosilali Eyri
tenglamasi uchun boshlang‘ich-chegaraviy masala yechimi topildi. Potensiallar
metodi orqali yechimning aniq ko‘rinishi topildi.

3. Yopig yulduzsimon metrik grafda subdiffuziya tenglamasi uchun
boshlang‘ich-chegaraviy masala yechimi topildi. Umumlashgan Grin funksiyasi
metodi orqali yechimning aniq ko‘rinishi topildi.

4. Umumlashgan Grin funksiyasi metodi orgali zinapoyasimon grafda berilgan
subdiffuziya tenglamasining yechimi topildi.
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BBEJIEHUE (anHoTaumus aucceprauuu 1oKkropa ¢punocodpuu (PhD))

AKTYaJIbHOCTh U BOCTPe0OOBAHHOCTH TeMbI JuccepTaumu. V3pecTHo, 4yTo
OOJBIIMHCTBO HAYYHBIX MCCIIEIOBaHUN B (hU3UKE, MEXaHUKE, XUMHUH, OMOPU3HKE,
OMOTEXHOJIOTMM W TPOU3BOJICTBE B OCHOBHOM TMPUBOJUTCA K TEOPUHU
muddepeHnanbHbIX YpaBHEHUH € YacTHBIMM TMPOU3BOJHBIMU. B ToM umcne,
MHOTHE TIPOLIECCHl B PAa3BETBICHHBIX CHUCTEMax IIO3BOJISIET MCCIENIOBATh ATH
ypaBHeHUsi Ha rpadax. Hampumep, mnpu MOJEIMPOBaHUM TIPOLIECCOB B
pPa3BETBJICHHBIX OOJACTAX MCHOJB3YIOTCS HAYaJIbHO-KpAaeBblE 3aJaud I
auddepeHInanbHbIX YPaBHEHUM C YaCTHBIMHM TMPOW3BOJHBIMA HAa METPUUYECKHX
rpadax. [Ipu 3ToM B TOukax pa3BeTBICHHS rpada MpuUMEHseTCs o0IIee yCclIoBUe
JIOKQJIbHOTO COXpaHEHHUsl MOTOKa, TOo ecTh ycioBue Kupxrodda, uro B camom
AJIEMEHTAPHOM CTy4ae 00ECHEUNT YCIOBHE HEMPEPHIBHOCTH PELICHUS HAa BEPLINHE
rpada ¥ paBEHCTBA HYJIIO CYMMBI HCXOJSIIMX OJHOCTOPOHHUX MPOU3BOIHBIX
pELIeHHs Ha BEPILUHE.

MopnenupoBaHue MPOLIECCOB PACHPOCTPAHEHUE HMITYJIbCOB B HEPBHBIX
CUCTEMax MPUBOJUTCA K HAUaJbHO-KPAEBBIM 3a/iayaM Uil ypaBHeHUs nuddys3uu
Ha MeTpuyeckux rpadax. JluneapmzoBanHoe ypaBHeHusi Kopresera-ne ®pusa,
MHOT/IAa Ha3blBaeMbl ypaBHEHHMEM OHpH, OOECHEeUMBAET aCHMIITOTHYECKOE
OMKCaHUe JIMHEWHBIX, HEHAIIPABJICHHBIX, CIA00UCTIEPTUPYIONIUX JIIUHHBIX BOJIH,
HampuMep, BOJH Ha MeNKoW Boje. Takke nuddepeHIalbHble ypaBHEHUS,
3aJlaHHbIX Ha rpadax, [MHUPOKO HCHOJB3YIOTCS MPU  MaTeMaTHYECKOM
MOJEIIMPOBAHUM TPOLECCOB B 00JlacTU MeAWIMHBL. B 4acTHOCTH, TmpH
MOJEJIMPOBaHUU TMpoleccoB, cBsizaHHbIXx ¢ PHK B renax, nuddepenunanbubie
YpaBHEHUSI pacCCMaTPUBAIOTCA B JIECTHUYHBIX Tpadax.

B mnocnenHue ronpl, B Hamed CTpaHe OOJIbIIOE BHUMAHUE BBIIEIAETCA
COBPEMEHHBIM METOJIaM B ()yHJAAMEHTAIbHBIX HAyKaX, B TOM YHCII€ U YPAaBHEHUSIM
maTeMatudeckor Qusuku. Crojja MOXHO BKJIIOUHTH BCE BHUMAHMUS, YJEsIEMbIE
U3YYEHHUIO HAYaJIbHO-KPAE€BbIX 3aJad I HEKJIACCUYECKUX YypaBHEHUU B
MeTpudeckux rpadax. 3HauMTeNbHbIE PE3yNbTaThl ObUIM TOJYYEHBI NMPU aHAIIN3E
IPOLECCOB KBAaHTOBOM (DM3UKU C NPUMEHEHHEM HEKJIACCUYECKOTO YpaBHEHUS
Ditlpu u cyomuddys3un, 3amaHHOr0 Ha MeTpudyeckux Tpadax. I[maBHBIMEU
BOIIPOCAMU U HANpPaBJICHUAMH AECATEIbHOCTH MAaTEMAaTHUYECKON HAyKH SIBIISIOTCS
IpPOBEACHUE W3YYECHH Ha YpPOBHE WHTEPHAIMOHAIBHBIX CTaHIAPTOB IO
MPUOPUTETHBIM  HampaBieHusM  «luddepennuanbHble  ypaBHEHUS U
MaTemaTudecKkas (Qusuka».! [103ToMy pelleHHMe HadalbHO-KPAEBBIE 3a1a4d I
ypaBHEHUN Ha MeTpudeckux rpadax, o000OmUTH METOJ MOTEHIHUAJIOB Jis
pelieHusl HayaJbHO-KpAaeBBIX 337a4 M  pa3paboTaTb METOAbl  pPELICHUs
cyomudpdy3MOoHHBIX YpaBHEHUHW Ha METPHUUECKUX Trpadax SBISIETCS BaKHBIMU
3a/layaMu B HayKe.

! Mocranopnenne Kabunera Munuctpos Pecry6muku Y36ekuctan ot 18 mas 2017 roma Ne292
«O0 opraHu3aly BHOBb CO3JaHHBIX HAyYHO-HCCJIEI0BATEIbCKUX MHCTUTYTOB AKaJeMUU HayK

PecriyOnuku Y30ekuctany.
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HccnenoBanusi JaHHOW JUCCEPTALMOHHOM pabOThl B ONPEAECICHHOU
CTEIIEHM CIIy>)KaT PELICHUIO 3a4ad, yka3aHHbIX B lloctanoBnenusax IIpe3mpenta
Pecniyonuku V36ekucran VYII1-4947 ot 7 ¢espans 2017 roma «O Crpareruun
JEUCTBUM 10 JanbHeimemy pa3putuio Pecryonuku Y306ekucrtany, YII-2789 ot 17
deBpans 2017 roma «O Mepax MO JajdbHEHIIEMY COBEPIICHCTBOBAHUIO
NeATEeNbHOCTH AKaJeMHHM HayK, OpraHW3allid, YNpaBleHUs U (PUHAHCHUPOBAHUS
Hay4yHO-UCClIenoBaTenbCckon aestenbHOCTH» U I111-4708 ot 7 mas 2020 roga «O
Mepax IO TOBBIIMICHHIO KayecTBa OOpa3oBaHUS M PAa3BUTHUIO HAYYHBIX
HCCIIeIOBAaHMUM B 00JIaCTH MaTEMATUKU», a TAKKE B IPYTHUX HOPMATUBHO-TIPABOBBIX
aKTax, OTHOCSAUIUXCS K JAHHOW 00JIaCTU AESTENbHOCTH.

CooTBeTcTBHE  HCCJEIOBAHUST  NPUOPUTETHBIM  HANPABJEHUSIM
Pa3BUTHUST HAyKM M TeXHOJIOrMid pecnyOuauku. J[aHHOe wuccienoBaHue
BBITIOJTHEHO B COOTBETCTBUU C NMPUOPUTETHBHIM HAIPABICHUEM PA3BUTUSI HAYKHU U
texHosorud B Pecnybnuke VY30ekuctan [V. «Marematuka, MexaHuKa U
uH(pOpPMaATHKAY.

Crenenb u3y4eHHOCTH mnpodjembl. B konme 80-x romoB mOpouioro
CTOJIETUS PYCCKHUM Yy4YE€HbIM MEpKOBOM HA4yaTO MCCIEAOBAaHUE YpaBHEHUE
TEIUIONPOBOAHOCTH Ha rpadax. Yemickue yuenole I1.Okchep u I1.Ceba
UCCJIeIOBAI KpaeBble-3a/jauM JJisl KJIIACCUYECKUX ypaBHEeHUH Ha rpade. UHuTepec k
HAaYaJIbHO-KPAeBbIM 3ajjayaM JUJIsl ypaBHEHUsI Oipu ObUT €lle B CEpPEeaUHbI
MPONLIOro BeKa. B Hauane TeKyiero Beka UtanbsiHCKOW MaremaTukoM b.Ilemionn
M3y4EHO KpAEBBbIE 3aJauv Il ypaBHEHHs Tperbero nopsaka. B 2010-x romax
OMyOJIMKOBAHbI PsAJl pacciaeOBaHM, MOCBAIIEHHBIX HAYaJIbHO-KPAECBBIM 3a/iadyaM
JUIsl ypaBHEHUs Oilpu Ha MeTpuueckux rpadax u 3agadye Komwm st ypaBHEHUs
Dlipy Ha pa3HbIX MeTpUuYecKHX rpadax. B mocnenHue roapl MHOTHE BEAyLIUE
YYEHbIE aKTUBHO MCCIEAYIOT YpaBHEHHs APOOHOro nopsaka. B Tom uucne u Hamm
cooreuectBeHHuku III. Amumos, P. Amypos, D. Kapumos, O. AOnynnaeB u
npyrue. B mauane XXI| Beka Obuti ormyOJIMKOBaHBI HEMAJIO KAU€CTBEHHBIX PaboT O
NPUMEHEHUE M BAXKHOCTH JPOOHBIX MPOU3BOAHBIX. B YaCTHOCTH, PYCCKUM
MaTEeMaTUKOM A.AJHEBBIM OBLUTM TOJYYE€HBI BaXKHBIE OLIEHKHU JJIs MPOU3BOIHBIX
IpOOHOTO TOpS/IKA, YTO Jajd MOIIHBIA TONYOK K U3YYEHHUIO MpoOJieM st
ypaBHEHU# ¢ ApoOHOI mpous3BoaHON. B Hauvame 10-X rogoB TEKyIIEro CTOJICTHS
pycckuM yueHbiM A.B. Ilcxy Obuto moctpoeHo ¢yHIAMEHTAIbHOE pelIeHUs
3anaun Ko nist ypaBHeHUs: DWpH ¢ IpoOHBIM IPOU3BOIHBIM IO BPEMEHH.

W3BecTHO, YTO ypaBHEHHE IU(DPPY3UU MIUPOKO HCIOIB3YETCS BO MHOTHUX
00JacTsAX HAayKH, BKJIIOYass (PU3HMKY, OMOJIOTHIO, MEXAaHHUKY, XUMUIO U Apyrue. B
yactHOocTH, baptinomeinr [pioueny u EBa ['ymoBcka-HoBak B 2009 romy
paccMOTpenu MOAEIb JIJIsl ypaBHEHUs1 aHoMalbHOU auddy3uu. [lozxe, Jlenrnenac
u ['eHpu BBeNM ME30CKONUYECKME U MAKPOCKONMUYECKHUE MOJENH YpPaBHEHHS
cyomuddysun TUTSt MOJEIUPOBAHUS XUMHYECKUX HaIpaBJICHHBIN
TPAHCTIOPTUPOBKY Omosornueckux opranu3MoB. A.B.Ilcxy u C.PexBuamBuimm
MCCIIEIOBAJIM aCUMIITOTHYECKOE KpPaeBYIO 3ajady 0e3 HaudalbHBIX YCIOBUH IS
11 (y3MOHHO-BOJIHOBOTO ypaBHEHHsI ¢ JIPOOHON MPOM3BOIHOW MO BpeMeHu. B
nocienuue roawl, pycckue yuenele [l.I'epacumon, WU.Ilonos, M.baunoBa Hanum
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peleHust JUisi MarHUTOTUIPOAMHAMUYECKON CMEIIaHHOM 3aa4ll HAaHOXKUJKOCTH
Makcema. C.A. YuBunxud u B.B. I'ycapoB m3yuanu mopaenu ¢ JpOOHBIMHU
IPOU3BOJHBIMU 11 OINHCAHUS JUHAMHKA B HAHOXKUIKOCTAX. B wyacTHOCTH,
3aMEYEHO, YTO CKOPOCTh TEIJIOOOMEHA YBEIMYMBACTCS C YBEJIMYEHUEM pa3Mepa
HAHOYACTULIBI U C YBEIMYCHUEM MOpsaKa APOOHONW MPOU3BOJHOW MO BPEMEHHU.
Meroa @yukiuit ['puHa siBIss€TCS MOUTHBIM MHCTPYMEHTOM JIJIsl PEIICHUs KPaeBbIX
3agad. A.B. Tlcxy B cBoeii MoHorpaduu (2005) ucmonb3oBan MeTon (DYHKIUN
I'puna nns ypaBHeHu#l apoOHoro nopsnaka. J[.Mexmu n [[.Moxamman no Merony
¢yskiuu ['puHa HAILTH YUCIEHHOE PElIeHUE KPaeBOil 3a1aun sl CTAallMOHAPHBIX
Y HECTAIMOHAPHBIX MU (PEepeHINATBHBIX YPaBHEHUS B PA3HBIX 001aCTsIX.

Juddepenunanbabie ypaBHEHUS ¢ APOOHOI MPOU3BOIHON HA METPUUECKUX
rpadax ciayKaT TOYHOH MOJEIBI0 OOJIBIIMHCTBO (DU3UYECKUX Pa3BETBICHHBIX
CUCTEM, JIEMOHCTPUPYEMBIX TE€UEHHS, HAPUMEp, TEUECHUS YEPE3 Pa3BETBICHHBIC
HaHOTPYOKH. 1o 3T0# NpuuMHe, yBEIUYUIUCH UCCIIEIOBAHUA 110 3TON TeMaTuke. B
TOM uucie, u ypaBueHnus Llpéaunrepa Ha MeTpudyeckoMm rpade XopoIio U3y4eHsl.
N.C. Hukudopos u U.B. baunosa B crateu 2009 roga uccienoBaiu omnepaTop
[peaunrepa Ha rpade ¢ nepemennbiMu pedbpamu. Taxxke, I'. Xynoitbepranos, 3.
CobupoB u M. DmmmberoB wuccinenoBanu ypaBHeHue Illpenunrepa Ha
METpUYECKOM Tpade MEeToaoM YHH(PHUIIUpOBaHHOTO mpeodOpazoBanusi dokaca. B
2020 roxy WU. Jlo6anoB u /. HukudopoB mpemyiokKmim MOJEIb 3aBUCSIIETO OT
BPEMEHU T'E€OMETPUYECKOro rpada g ONUCAaHUA JUHaAMU4YecKoro 3ddekra
Kazumupa.

CBsi3p TeMbl JHCCEPTALMH € HAYYHO-MCCJIEA0BATeIbLCKUMHU padoTaMu
yUYpe:KIeHueM BbICIIero 00pa3oBaHUsl, IJe BbIIOJHJIOCh IHCCepPTALUS.
JluccepTallMOHHOE MCCIIEI0BAaHUE BHIMIOJIHEHO B COOTBETCTBHHM C IIJIAHOM HAYy4YHO-
HCCIIEI0BATENbCKUX pab0oT HalmoHanbHOro yHUBEpCUTETAa Y30€KUCTaHa B paMKax
uccienoBareabckoro  mpoekta  Nel4-022  RG/MATHS/AS G;  UNESCO
FR:324028610 no teme «HenuHeiHble 3BOTIOLMOHHBIE YPABHEHUSI U TPAHCHOPT
Ha METPUUYECKHUX rpadax, BOSHUKAIOIINE B ME30CKOTTMYECKON (PU3HKEN.

Heabro uccaeg0BaHUs SBJISICTCS IMOCTAHOBKA 3ajad JUIsL YpPaBHEHUU C
JIPOOHBIMH TIPOU3BOJHBIMUA B METPUYECKUX Tpadax, B YACTHOCTU KPAEBBIX 3a/1ady
JUTsl ypaBHEHuU Diipu, cyoaudPy3uu, 1 mMOCTPOCHHUE PEIICHHS 3THX 3a]1ay.

3apaum uccjie0BaHUA:

NOCTpOUTh pemeHus 3agaun Komwm ayg ypaBHeHMss OHpH ¢ ApOOHOU
MIPOU3BOJAHON MO BPEMEHHU B MPOCTHIX 3BE31000pa3HBIX METpPUUECKUX rpadax ¢
MOJIyOECKOHEUHBIMU pedpaMu U MpPOAHAIM3UPOBATh BOJIHOBYIO JAMHAMUKY B
BepIIMHE rpada, UCIOJb3ys MOTYyYEHHbIE PEIICHUS;

HAWTU pEIICHUE HayalbHO-KPAaeBOM 3ajaud sl YpaBHEHHM OWpU Ha
3B€3/1000pa3HOM METPpUUECKOM rpade, COCTOSIIEM U3 KOHEUHOTO YHCJIa KOHEYHBIX
Y TI0JTyOECKOHEYHBIX HHTEPBAJIOB;

UCIIOJIB30BYSI MeToJa (yHKIMK ['puHA pemuTh HA4aJIbHO-KPAeBYIO 3a/1auy
Ut ypaBHeHuUs cyoauddy3un Ha 3Be31000pa3HoM Tpade;
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J0Ka3aTh CYIIECTBOBAaHHME M EIWHCTBEHHOCTb pEIICHUS ypaBHEHUS
cyomuddy3nn Ha MeTpudeckoM rpade JICCTHUYHOTO THIIA, COCTOAIIEM U3
KOHEYHOT0 MHTEpBaJIa.

OO0bekTOM HCCIeIOBAHUSA SIBIISIIOTCS TMPOCTHIE OTKPBITHIE M 3aMKHYTHIE
3Be3/1000pa3Hble MeTpuyeckue rpadbl, 3BE37000pa3HbI MeTpudeckuid Tpad,
COCTOAIIMN M3 KOHEYHOTO YMCJIa KOHEYHBIX U MOJyOECKOHEUHBIX HWHTEPBAJIOB,
MeTpHUYecKuil rpad JECTHUYHOTO TUIIA, COCTOSIINE U3 KOHEUHOTO MHTEpBaa.

IIpenmeTroM wuccieA0BaHMA  SBISIIOTCS  ypaBHeHue cyOmuddysumn,
ypaBHEHHE DUpH ¢ ApoOHOI MPOU3BOAHOM MO BpemeHH, 3anadya Koim, HayanbHO-
KpaeBble 3a/1auu, MeTo1 GyHKIMU ['prHa, ApoOHbIE MPOU3BOIHEIE.

Metoauka ucciaenoBanusi. B pabote nCmnonb3yroTcss METO MOTEHIIUANOB,
meton (ynkuuu ['puHa, MeTon WHTErpajgoB sHeprud, auddepeHIanIbHbIe
ypaBHEHUSA C JpOOHOW TMPOM3BOAHOM, a TaKKE€ METOAbl PEIICHUS HavyalbHO-
KpaeBbIX 3ajad.

HayuyHasi HOBU3HA MCCJIeIOBAHUSI COCTOUT B CIEAYIOLIEM:

NoJlyueHo penieHue 3anaun Kowmm ans ypaBHeHUss OWpu B IPOCTBIX
OTKPBITHIX 3B€31000pa3HbIX METPUUECKUX Irpadax;

IOJlyYEHO MHTETPAJBbHOE pELIeHHE HayalbHO-KPAeBbIX 3axady s
ypaBHeHUl Oiipu u ypaBHeHuUs cyOaubdy3un Ha MeTpudyeckux rpadax,
COOZiepXKallliX KOHEYHbIE U OECKOHEUHbIE HHTEPBAJIBI;

0000men Meron (yHkuuu I'puHa Ha MartpuuHoW GyHkumu ['puHa 1715
pelIeHns] Ha4aJIbHO-KPAaeBbIX 3a/1a4 JJid ypaBHeHUM cyOaudy3uu Ha rpadax;

JI0Ka3aHbl CYIIECTBOBAHNE U €IUHCTBEHHOCTh PEIICHHUSI HAYaIbHO-KpPaeBOU
3a1a4yu i ypaBHeHUs cyOaudPy3un Ha MeTpuYecKoM rpade JeCTHUYHOTO THIIA
C paBHBIMH peOpaMH.

IIpakTHYeckue pe3yJibTAThl HCCIEI0BAHUS COCTOST B CIICAYIOMIEM:

[TosryueHHble pe3ynbTaThl U METOJbl, WCIOJIb30BAHHBIE B JIMCCEPTALIUH,
MOTYT OBITh HCHOJB30BaHbl B KauecTBE Y4eOHOTO Kypca Hjsi MarucTpaHTOB U
JOKTOPAHTOB  BBICIIMX y4eOHBIX 3aBeAeHuil. Kpome Toro, pesyibTaThl
JMCCEPTALIMOHHOM pabOThI O OJJHO3HAYHOMY PEIICHUIO HadallbHO-KPaeBbIX 3aa4
st nuddepeHIMalbHbBIX  YPaBHEHUNM  JIpPOOHOTO  TOpsANKa, 3aJaHHBIX B
METpPUUYECKUX Tpadax, MOTYT OBITh MCIIOJNIB30BAHBI ISl pacdyera Kod()PHuImeHTon
POXOXKICHUS U OTPAXKEHHUS B MIPOLIECCAX, CBA3AHHBIX C PAaCIpOCTPAHEHUEM BOJIH B
pa3BETBIECHHBIX CHUCTEMaxX, M JUIsi pa3pabOTKM MaTeMaTUYeCKUX MOJeTeH
MPOLIECCOB.

JlocTOBEPHOCTD pe3yJbTaToB uccJjie10BaHusA OCHOBaHa Ha
MCIIONIb30BaHNU MeTona (QyHkumu ['puHa, psga JeMM, JOKa3bIBAIOIINX CBOWCTB
MOTEHIIUAJIOB C JAPOOHON MPOU3BOJHON W TEOPUM JIMHEMHBIX HWHTErPaJbHBIX
YPaBHECHUU.

Hayuynass M npakTuyeckasi 3HAYUMOCTb Pe3yJbTATOB MCCJIeI0BAHUS.
Hayuynass 3HauMMOCTb pe3yJlbTaTOB HCCIEIOBAaHUS COCTOMT B TOM, 4TO
MOJIy4YE€HHBIE PE3yJbTaThl MOTYT OBITh HCHOJB30BaHBbl Uil W3Y4YEHHUSI CBOMCTB
paccestHUsI Teljla U paclpOCTPAHEHHs BOJH B Pa3BETBICHHBIX CTPYKTypax.
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[TpakTHyeckast 3HAYMMOCTb PE3yJIbTaTOB UCCIEAOBAHUS COCTOUT B TOM, UTO
pe3ysbTaThl MOTYT OBITh HCIOJB30BaHbl JIs OINpeneiaeHHus KOod(p(UIUEHTOB
IOPONyCKaHWsl U BO3BpaTa pPACIpOCTPAaHEHMsI BOJH B TOYKE PAa3BETBICHMS, IS
aHaJlu3a BOJIHOBBIX IIPOLECCOB B  PA3BETBICHHBIX ME30CKONUYECKUX U
MaKpOCKOIIMYECKUX MOJIAX, IS MaTeMaTHYeCKOTo MOJEIHMPOBAaHMs Ipolecca
pacnpoCTpaHEHUs UMITYJIbCOB B HEPBHBIX CUCTEMAX.

BHenpenue pe3yabTaToB HMcciaenoBaHusi. [loaydyeHHbIe pe3ynbTaThl IO
METOJl TOTEHIMATOB W Meroay (yHkumu ['puHa a5 ypaBHeHHH OWpu u
cyonuddy3un Ha METpUYecKuX rpadax BHEAPEHBI B MPAKTUKY MO CIEAYIOIIUM
HaIPaBIICHUSIM:

¢bynkun ['puna ana ypaBHeHus cyOanddys3uu, pacMOTpEeHHBIH Ha rpade
ObUIM HCIOJIB30BaHbl ISl HAXOXKJICHUS TPAHUYHBIX 3HAYCHHUM JaHHBIX KPAaeBBIX
3a1a4 M JJI TOCTPOEeHHs 0a3uca OPTOHOPMAJIBHOM CHCTEMBI C TOJOMOP(HBIMU
byHKIUIMU MaTpUYHOTO apryMeHra B rpaHTe OT-D4-(37+29)
«DyHKIIMOHANIEHBIE CBOWCTBAa A-aHanuTniyeckux (YHKIMA W HX MPUMCHCHHS.
HekoTtopsie 3amaunM KOMIUIEKCHOTO aHalW3a B MATPUYHBIX OO0NACTAX», MAJIA
J0Ka3aTeNIbCTBA (DYHKIIMOHAIBHBIX CBOWCTB aHamuTHYeckux ¢(yHkuuil (CrpaBka
Ne 04/11-6625 ot 22 oktss0ps 2022 roma, HarnumoHanpHBIH YHUBEpPCHTET
V36ekucrana). Pe3ynbrarel quccepTaluyl MO3BOJIMIM J10Ka3aTh aHAIOr (Gopmyiy
Komm;

¢yHnameHTanbHOe pemieHue 3anaun Komwm mnis ypaBHeHMs Oiipu ObuIO
UCIIOJIb30BAaHO MPU JOKA3aTEIbCTBE CYLIECTBOBAHMS DPELICHUS HEKJIACCHUYECKOIO
YPaBHEHEHUS TPETHETO MOPSAKA U MIPU HAXOKJIECHUS MHTETPAIIHOTO BUJA PELLICHUS
no mnpoekty OT-®-4-(36+32) «Pa3zpaboTka HOBBIX METOJOB pEIICHHS 3aaad
MaTEeMaTHYeCKOH (HU3WKM W ONTUMAIBHOTO YyIpaBieHus. Hexmaccuueckue
HAYaJIbHBIC M CTIIEKTPaJIbHBIC 3a/1a4U U UX MPUJIOKEHUS JJI1 YPAaBHEHHUH B YaCTHBIX
MPOU3BOJIHBIX HeueTHoro mopsaka» (CrnpaBka Ne 04/11-6626 ot 22 okrsiops 2022
roga, HanmoHaneHbli YHuBepcuteT Y30ekucrtaHa). Mcmosib30BaHHE HAyYHOTO
pe3ynbTaTa MO3BOJIIIO UM JI0OKa3aTh €IMHCTBEHHOCTh U CYIIECTBOBAHUE PEIICHUS
JUIS. HEKJIACCUYECKOI0 YPAaBHEHUS TPEThErO MOPsIKa.

Anpobauuss pe3yJbTaToB HcciaegoBanus. (OCHOBHOE COJEpkKaHUE
JUCccepTaK 00CYkKIaIOCh Ha 6 MEXIIYHAPOIHBIX U 4 pecyOIMKaHCKUX HAYYHO-
MPAKTUYECKUX KOH(DEPEHITUSX.

IIyonukanusi pe3yabraToB HcciaenoBanus. [lo Teme nucceprauuu
omyO0nMMKOBaHO 15 HaydHbIX pabOT, U3 HUX 5 BXOAAT B TNEPEUCHb HAYYHBIX
U3JIaHUW, TPENJIOKEHHBIX Bpicimielt arTecTanoHHON Komuccued PecryOnuku
VY30ekucTan s 3allMThl AUCCEPTAalMi Ha CTENEHb AOKTopa Quiocopuu, B TOM
yucie 2 pabota onyOJMKOBaHa B 3apyOE€KHOM KypHAJIe U 3 — B peCIyOIMKAHCKHUX
HAYYHBIX W3TaHUSX.

CrTpykrypa u o0bem auccepramuu. /[uccepraius COCTOWT W3 BBEICHUS,
4eThIpeX TJIaB, pPa3OWTHIX Ha JEBATh TNaparpadoB, 3aKIIOUEHUS W CIHUCKa
UCIOJIb30BaHHOM uTepaTtyphl. O0beM aucceprauuu coctasisieT 108 crpanuir.
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OCHOBHOE COJAEPXAHME IMCCEPTALIMHU

Bo BBeneHun OOOCHOBAaHBI AaKTyalbHOCTb W BOCTPEOOBAHHOCTH TEMBI
IUCCEepPTAllUM,  OINPEIEICHO COOTBETCTBHUE  HUCCIEAOBAHUS  IPUOPUTETHBIM
HAIpaBJICHUSAM Pa3BUTUS HAYKHM U TEXHOJOTUH pecryOJIMKH, MPUBEIEHBI 0030p
3apyOEKHBIX HAyYHBIX HCCIEAOBAaHUM MO TeMe JHUCCepTallid M  CTENeHb
U3YYEHHOCTH MPOOIJIEMbI, CHOPMYITUPOBAHBI LIEIN U 33]]a4H, BBISBICHBI OOBEKT U
OpEeAMET HCCIEIOBAHUS, W3JI0KEHbl HAay4yHass HOBH3HA M NPAKTHYECKHUE
pe3yabTaTbl  UCCIENAOBAHUSA, PACKpPbITA TEOPETHYECKass M IMPAKTHYECKas
3HAYMMOCTB ITOJYyYECHHBIX PE3YJIbTATOB, TaHbl CBEACHUSA O BHEAPEHUU PE3YIIbTATOB
MCCIIEIOBaHMs, 00 OMyOJIMKOBAaHHBIX pab0oTax M O CTPYKTYpE AUCCEPTAIIH.

B nepBoi rmaBe guccepraumu, Ha3BaHHOM —«lIpeaBapuresibHbIE
pe3yJabTaTbD», IPUBEICHBl HEOOXOAUMBIE TMOHATUS MW  BCIOMOTaTEJbHbBIE
pe3ynbTaThl MO TEOpUHM JPOOHBIX TMPOU3BOJAHBIX, ypaBHEHUH Dilpu u
cyoauddysun. B aToil npenBapuTenbHON I1aBe Mbl IPUBOJAUM MOHATHE APOOHOM
IIPOU3BOIHOM M OCHOBHBIE CBOMcCTBa (yHKiud Tuma Paiita. Kpome Toro, msi
paccmotpuM 3anauy Komm st ypaBHeHust Dilpu ¢ ApoOHOM NPOU3BOJHOW MO
Bpemenu. [locnennuit, 4 nmaparpad rnasel | mocesimen metony gyskiuu ['puna
it ypaBHeHus cyonudadysuu. Bee npuBenennsie B maparpadax 1, 2 u 3 nmoHsATUsA
U YTBEPXKICHUS OOILIEU3BECTHBI, Mbl HMX 3aMMCTBOBAIM U3 MOHOTpaduii
moHorpaduit U.IToxmyonu u u3 crateu A.B. [lcxy u JI. KattaOpura, a pe3ynbTaTsl
4 maparpad u3 monorpapuu A.B. [lcxy.

Omnpenenenue 1. Oneparopsl, onpeaeisieMble COOTHOIIEHUSIMU

")

a _ 1 t g _
a’"g(t)_F(l—a)'[”(t—f)“‘“”dg’ n 1<0{<n,

D,a(t) = dé|, n-l<a<n,

1 d It 9(%)
F(l—a) dtn ”(t—g)a_ml
COOTBETCTBEHHO, HA3BIBAIOTCS JPOOHBIMH Mpou3BoaHbIMU Kamyto u Pumana-
JInyBumns. Onepatop, onpeaensieMblii paBeHCTBOM

caty =L 96
%90=r ), el @0

Ha3bIBACTCA  OMEPATOpoM  JpOOHOTO  HWHTerpupoBaHusi. MHorma  BMecTo

o6osnauenne D, “g(t) ucnonbsyerca J7g(t). Tlpoussoanbie Kamyro u Pumana-

.HI/IYBI/IJ'IJ'ISI CBA3aHbI CJICAYIOIIHMM COOTHOIICHUCM:

05,9(t)=Dsg(t)-

—-a

t
r(l-a)

Jemma 1. ITycts dynxuus V(t) abeonroTHo HenpepsiBHa Ha otpeske [0,T].

g(O), O<a<l.

TOFI[a HMCCT MCCTO CJICAYIOIICC HCPABCHCTBO
« 1.
v(t)ogVv(t)= Eaotv2 ().
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Jlemma 2. [lyctb HeoTpumatenbHasi aOCOJIOTHO HempepbiBHAs (QYyHKUUSA
y(t) st mourn Beex t€[0,T | yaoBnerBopsieT HepaBEHCTBO

dgy(t)<cy(t)+c,(t), O<a<l,
rie ¢, >0 u Cz(t) HEOTpHUIaTeNIbHAsL U UHTErpupyeMas (yHKIUS Ha [O,T]. Torna
UMEET MECTO HEPABEHCTBO
(1)< y(0)E, (ct°) + T(@)E, . (ct*) Dyt (1),
rae pynkuuu E | (Z) U Ea’ﬂ(z) ¢bynkuuu Mutrar—Jleddnepa.

B Teopun apoOHOro McCUHCIEHHUS BaKHYIO poib urpaetr ¢yHkuus Paiira,
OTpeesieMON ¢ MOMOIIBIO psizia

A ;2) > A>-LueC
w2 nz_;‘nll“(ﬁn+ 1) e

Omnpenenenue 2. PyHkums

n
u,8

YA
an(2)= Zr(an+y) r(o—pn)
Ha3biBaeTcss (yHkimed tuma Paiita. [lpu = =1 310 dyHKIUS coBmamaeT
bynxuueit Paiira: €5(z) = ¢(-f,6,2).

B pabGore A.B.Ilcxy wuccienoBaHo ypaBHeHHE Oipu C  ApoOHOM

npousBoaHoK KaryTo 1o BpemeHu
3
ag‘tu(x,t)—%u(x,t): f(xt), —o<x<+00,0<t<T,
X

C Ha4aJIbHBIM YCJIOBHUEM

limDg"u(x,t)=7(x), xeR,

t—0
rae 7(X) — 3amanHas HenpepsiBHas pyHkuust u 0 <o <1.

[Ipu »sToM, HalaeHO (QyHAAMEHTAIBHOE pEUICHUE BBIIICYKA3aHHOTO
YPaBHEHHUS B BUJIE

a 2o, x-¢

1 ¢(_§ 3 (t )a/3)’ ngl

Gjals(x_éj’t_n): 1-2a/3
3(t - 77) 2Re[82m/3¢(

a 20, o X=§
e al3
3'3 (t—n)

rae t > 7. [lpuBeneHbl HECKOJIBKO CBOMCTB 3TOM (DYHKITUH.

) x>¢,

Teopema 1. ITycts dyrkums 7(x)eC(R) u

3 3
lim r(x)exp(—mx”T _?’“j =0,
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it Hekotopelx v, u v.. W ¢dymkums  f(xt) npeacrasuma B Buze
f(xt)=Dy/g(xt), rme tl_‘sg(x,t)eC(B),y>O,5>O,7/+5>1—a, "

BBIITOJIHCHO COOTHOIICHUC

3. _ 3
lim t”yg(x,t)exp[—mx“T 3&}:0,

X—>Fo0

JUIsL HEKOTOPHIX v, U v_. Toraa GyHkuus

+00 20 t +oo

u(x.t)= [ 7(£)DLG (x—&t-0) d§+” (& G3( —&t-n)dédy

ABISICTCS  pemieHueM 3amadu Komm s ypaBHeHuss Oipu ¢ ApoOHOU
ITPOU3BOTHOM 110 BPEMEHH.

Hanee, npuBeaeH MeTon GyHKmu ['puHa 11 pemieHus] KpaeBbIX 3aad s
ypaBHeHus cyonuddpy3un

2
£ u(xt)-Dgu(xt) = f (xt).

B MOpSAMOYrojpHOM o6Omactu D. DTo ypaBHeHHE Ha3bIBACTCS YpaBHEHUEM
cyomuddysun npu 0<a <1, U BOIHOBBIM ypaBHEHHEM APOOHOIO MOPSAKA IPH
l<a<?2.

3amaua 1. Haiitu perynsproe pemenne U(X,t) ypaBuenus cybanddysum,
O<a<2, n-1l<a<nne{l,2}, B obmactu D, ynosierBopsiomue KpaeBbIM

YCIIOBHSIM
u(a,t)=p,(t), u(a,t)=p(t), 0<t<b,
lim Dy “u(x,t)=7,(x), a <x<a,

t—>0
e @y(t), @i (t), 7, (X) — 3ananHbIe QyHKIHH.
Omnpenenenne 3. ®Pyuxuus G(X,t,£,77), KoTopas SBISETCS PEIICHHEM
ypaBHEHUS
G(xt,£,17)-DIG(x1,£,17) =0
YIOBJIETBOPSET YCIOBUAM
limG(x,t,&,17)=0, é!iﬁr?zG(x,t,é‘,n):O, t=n,

oy
Ha3biBaeTca (yHkiued ['puHa mepBoil KpaeBOW 3agauu Il ypaBHEHHUS

cyonuddysun.
Oynkuus [ 'puna nepBoﬁ KpacBOM 3a7a4u UMEET BU]I

G(xt,&n)= Z[r —&t-n)-T, (x+&-2a,t-7)],

2 _
Fn(s’r):%z_ﬁlei,g(JS-i- n(a2 ai)q

rae

P
Oynkuusa ['prHa BTOpOM KpaeBOM 3a4a4u UMEET BUJL
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G,(x,t,&m)= Z[F —&t—n)+T,(x+&-2a,t—-n)],

N=—o0
rae I (S,r).
Pemenue paccmarpuBaeMoil KpaeBoM 3aa4u UMEET BHU]T

U(xt)= [ ()G (% t.a,m)dn = [ vy (17)G. (x. .2y, ) dy +

+J:i_(—l)k‘lrk(g)‘Gj,]k_l (xt,£,0)de = [[[™f (£.7)G,(xt.£m)déd.

Bropas rmaBa auccepranuu, Ha3BaHHas «YpaBHeHHMe JHUPH C JAPOOHOU
NPOU3BOJHOM MO BPeMEHH HA 3Be31000pa3HOM rpage», COCTOUT U3 YEThIPEX
naparpacdoB. B 3Toif rmaBe nuccepranuu ucciaeq0oBaHbl HAYaIbHO-KpPaeBhbIe 3a/1auu
JUTSL ypaBHEHUS Diipu ¢ JpOOHOM MPOU3BOIHOM 11O BPEMEHHU.

[Tomumo ¢yHmameHTanpHOTO pemieHus, HainenHoro A.B.Ilcxy nHam
MOHA00UTCS AIIEMEHTAPHOE PELIEHUE

a i a 200 45 X
V2 /3(X t) 12 —— Im[e2 /3¢( 3 ? 2 i3 a/3

—)], x=0.

Jisa dysknun V2 (X,t) JIOKa3aHbl CIEAYIOIINE COOTHOIICHUS:
DoV (X,1) =V (X,1);

0t o

0 _
ﬁv;(x t)=V/7(x,t)

Na

v;‘(o,t)zm.

C nomMomplo (PyHIAMEHTAJbHOM M 3JIEMEHTAPHOM pEIICHU COCTaBUM
byHKIIH

t

W, (X,t) = J.o G2 (x—a,t—n)r,(n)dn,
t

w,(x,t) = [ VP (x—at—n)z, (7)dn,

w, (X, 1) =jta—2G§“’3(x—a,t —1)75(17)d7,
w,(x,t) = j &V (- at- e, (),

w(x,t) = L G (x— &)z, (9)d¢,

wo(xt) = [ [ G2 (x - &t — ) (£ m)ddn.

Jloka3aHbI CIEQYIONIME CBOWCTBA ATUX MOTEHIUAJIOB.
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Jemma 3. Ilycte 7%z, (t),k=12 HenpepblBHbIE M OrpaHUYEHHBIE

dbynkuu. Toraa:
1. ®ynkum w, ( X,t) u w, (X,t) SBJIAIOTCS PELICHUAMU YPaBHEHUS

o*u(x,t)
Ogu(X,t) — —=0;
ot ( ) axg
2. st pyskumit W, (X,t) 1 W, (X,y) HMEIOT MECTO COOTHOLICHHS
ItirEka(x,t):O, k=12

tl—a

Jlemma 4. I[lycte QyHKINH 7, (1), k=3,4 — HenpepbIBHBIE (QYHKIHH C

OTpaHUYCHHBIMU BapHUAlMSIMU Ha HEKOTOPOM HHTepBaje. Torma MMET MecTo
CJIEIyIOLIME PABEHCTBA!

. 1
fim (0 =30

Iimow3(x,t):—§rs(t)

X—a+

lim w,(x,t) =0.

x—a+0

Jlemma 5. Ilycte 7,(x)eC[a,b]. Torma ¢ynkmus w,(X,t) sBiasgercs

pelIeHNEM YpaBHEHUS
3

0
osu(x,t)——u(x,t)=0
Ot( ) 8Xg ( )

¥ YIOBJICTBOPSET HAYATEHOMY YCIIOBHIO:
Itﬁg D&w, (X,t) = 74 (X).
Jlemma 6. ITycts t“ f (x,t) € C**([a,b]x (0,T]). VpaBuenue

3

O U(X,t) — %u(x,t) = f(x,1)

C HaYaJIbHBIM yCJIOBHEM
a1
Dg; u(x,t)],,=0
HUMEET PElICHHE B BUIE MOTEHIMAIA

wo(xt) = [ dy [ G2 (x - £t~ ) £ (£ )&,
IIycte  E ={(x,1):0<x<1,0<t<T}, E,={(Xt):0<Xx<0,0<t<T},
E, ={(x,t):—0<x<0,0<t<T}.

PaccMmoTtpum crnepyromue 3a1aun 1Jisl ypaBHEHUS
3

D u(x,t) —%u(x,t) = T (x,1), (1)

Ha3bIBAEMOMW ypaBHEHHEM DUpH ¢ IPOOHON TPOU3BOAHOM.
3agaua 2. Haiitu perynspHoe pemenue ypaBHeHuu (1) Ha moxkectBe E,,

YAOBJIETBOPAIOIINY HAYAJIbHYIO YCIIOBUIO
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Dy u(x,0)=0, 0<x<1
I'paHUYHBIC YCIIOBHUH
u(0,t)=e (t), u 0,t)=gp,(t), 0<t<T,

u(Lt)=g,(t) 0<t<T.
311ech MO/ PErYJISIPHBIM PEIICHUEM TIOHUMAETCS PEIICHUE U3 Kilacca
V, ={u(x,t):ueC**(E,)), DyueC(E), t™“ueC(E), t"*u, eC([0,1) x[0, T])}.

3agaya 3. Haiitu pemenne ypaBHenun (1) Ha MoxectBe E,,

YJIOBJICTBOPSIONIHMI HAYaIbHYIO YCIIOBHUIO
Dy u(x,0)=0, 0<x<oo,
Y TPAHUYHBIM YCIIOBHUSM
u(0,t) =y, (t); u (0,t)=w,(t) O<t<T,
311ech Mo/ PEeryJSIPHBIM PEIICHHEM TIOHUMAETCS PEIICHUE U3 Kilacca

V, ={u(x,t):ueC**(E,), DjueC(E,), t™“ueC(E,), t"u, e C([0,+) x[0, T])}.

3amawa 4. Hailitu pemenwe ypaBHeHMM Ha  MoxectBe E,,
yIOBJICTBOPSIONTNI HAYaIBHOMY YCIIOBHIO

Dy u(x,0)=0, —o0<x<0,
Y TPAaHUYHOMY YCIIOBHIO
o%u(x,t)
x|

31ech MoJI PEeryJSIPHBIM PEIICHHEM TIOHUMACTCS PEIICHNE U3 Kilacca
V, ={u(x,t):ueC*(E,), Dy ueC(E,), t™“ueC(E,), t""u, e C((—oo,0]x[0, T])}

Jloka3aHbI CyIIECTBOBAHUE M SUMHCTBEHHOCTh PEIICHHUH ITUX 3a/1a4.

Teopema 2. Ecau '[1_”‘(pj (t)eC[0T], (i=123) ut™f(xt)e C°'(E,), mo

3aoaua 2 umeem edurncmeenHoe peuieHue 8 8uoe

=y (t) O0<t<T.

u(x,t) = jGj“B(X,t —)A(r)dz + jV;“’s(X,t —7)u(r)dr +
+jG§“/3(X -1t-7)v(r)dr + “:Gj“’s(x —&t—1)f (&, r)dédr,

20e Heuzgecmubvle QYHKYUU /"t(t), ,u(t) u V(t) onpeoensiomces no cucmeme
t
d(t) = j K(t—7)D()dr + E(t).
0

Teopema 3. Eciu tl_al//j (t)EC[O,T], (1=12,3) u t f (X,t)ECO'l(E_Z), mo

3aoaua 3 umeem eourHcmeerHHoe peuieHue 8 8uoe
t t
u(x,t) = j G2*(x,t —7)A(r)dr + j V2B (x,t = 1) u(r)dr + Q(x, 1),
0 0
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20e

Q1) =[], G (x-&t-r) f (£, r)dédr,

A(t) =gaéf’s(wl(t)—Q(o,t)%2881’3(% (t)—%@(o,t)j

u(t)=ﬁaéf“(wl(t)—Q(o,t))—ﬁaa’?’(% (t)—go(o,t)}

Teopema 4. Eciu t"“y e C[O,T] u O f (X,t)eCO‘l(E3), mo 3aoaua 4

umeem eOuHcmeeHHoe peuternue 6 guoe
t

u(x,t) = g!Gi“"?’(x,t —r)[aa—); R(x,7) —y/(r)jdz' + R(x,1),
20e

R(x,t) :jjwaj“/3(X—§,t —7)f(&,7)d&dr.

B Tperbem maparpade BTOpPOW THaBbl JUCCEPTAIMM HCCIIEIOBaHA 3aaada
Komm mys ypaBHeHust Diipu ¢ JpoOHOW NPOW3BOJHON IO BpEeMEHH Ha
3B€3/1000pa3HOM Tpade ¢ MmoTyOeCKOHEYHBIMH peOpaMH.

Iycts rpad ' umeer K Bxogsammx u m ucxomsmux pedep. Bo Bxoasmumx
pebpax KOoOpAWHATHI omnpeeisieM oT —o g0 0, a B ucxomsammx pedopax or 0 mo

+00. PeGpa rpada o6o3naunm uepes B;, j=Lk+m .

ITocranoBka 3agaun. Ha xaxaom pedpe rpada [' paccmorpum ypasHenue

Diipu ¢ 1poOHOI MPOU3BOAHOM 1O BpeMEHU
3

ag‘tuj(x,t)—%uj(x,t):fj(x,t), 0<t<T,xeB,
X
C Ha4YaJILHBIMHA YCHOBI/IﬂMH

u;(x,0)=¢,(x), xeB,, j=Lk+m.

Ha Bepmmne rpada — B Touke 0, TpedyeM BBIMOTHEHUE CIICTYIOITIX
YCJIOBUHW CKJICUBAHUS:

au;(0,t)=u,(0,t), O<t<T, j=2,k+m,
u, (0,t) =Bu, (0,t), 0<t<T,

K1 o7 m 1 o°
——Uu. (Xt =) ——Uu,(xt)] ., 0<t<T,
%:aj ox* 1060l iglai ox* (0,

rae =1 a;#0, j=Lk+m, u=(u,u,...u)" U = (U1, Upprsl) B B —

NOCTOSIHHAss Marpuua pasmepHoctH MxK. Eime MbI MCIONb3yeM 00O03HAYEHHE

U= (U, Uyl )
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Haiineno TOYHOE IIPEICTABIICHHUE €UHCTBEHHOMN peleHns
paccMaTpuBaeMoi 3a1aui.

Teopema 5. IIyemv B'B—E ompuyamensno onpedenennas mampuya,
9, (X) eC(B_j), f (X,t) EC(BJ- x[O,T]), J=LK+m, u omu ¢ynkyuu obpawaromes

6 Hoab npu X —>*too, Toeda eduncmeenHoe peuieHue paccmampusaemol 3a0aiu
umeem 6uo.

u(x,t)=F(x,t)+ _t[U (x-0,t —7)M '@ (7)dr,

20e
Gl | O

| 0,
U(x,t) = xm .
0 ( 0 | GER(x DI, | VAR,

mxk

B derBeproM maparpade paccMoTpeHa HadalibHO-KpaeBas 3ajada Jyis
ypaBHEHHUsT OWpU Ha 3Be37000pa3HOM METPUYECKOM TIpade ¢ KOHEUHBIMU
pebpamu.

[Tycts rpa¢ I', mmeer K BXomAmux u m ucxXoasammx pedep. Bo Bxomamux

pebpax KOOPAMHATBHI OMPEICIIIEM OT Lj(Lj <0, jzl,_k) no 0, a B mcxomsmumx

peopax or 0 mo L (LI >0,i=k+Lk+ m). PeOpa rpada o0o3Hauum uyepes

b;, j=Lk+m.

MocranoBka 3amaum. Ilyctes f=(f,f,... f_ )", u =(U,u,..,u)",

v Tk+m

+

u
Ut = (U Uppreenn Uy )T | U:L j Ha xaxnom pebpe rpada I', paccMoTpum

u

ypaBHeHUE DUpH C IpoOHOM IPOU3BOIHOMN IO BPEMEHH
3

ag‘tu(x,t)—%u(x,t)z f(xt), 0<t<T,xeB;,
X
C Ha4aJIbHBIMU YCIIOBUSMUA

u(x,0)=uy(x), xeB,, j=Lk+m,
31ech U, :(uf,ug,...,ufm)T.

Ha Bepmmne rpada tpedyem cienyronue ycaoBUs COrIacoOBaHUs
Au(0,t)=0, 0<t<T

u; (0,t) =Bu, (0,t), O<t<T,

rac A — KOHCTaHTa MaTpHla B BUAC
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-a, O 0
A 0 -—a 0
i1 0 0 .. O

1 0 0 .. —a.,

u B — xoncranra marpuna pasmMepaocty mxKk.
B Touke coemunenue pedep TpeOyeM BBIIOIHEHUs yenosus Kupxrodda ms
scex t€[0,T]:
2 2

_ 0% _ L0,
C WU (X,t)lXZOZC yu (X’t)|x:07 O<t<T.
Ha I'PaHUYHBIX TOYKaX MCIIOJb3YyCM I'PAHUYHBIC YCIIOBHA

U =0, S (KD, =40, O<<T,

rae
11 1 1 1
C =(—,—,...,—), C"=(—,..., ) a=1a=0
al aZ ak a'k+1 k+m
maBeex j=2,K+mu o=(0,0, @) = (4,050 8)".
Haiineno TOYHOE IIPEICTABIICHHE €IUHCTBEHHOMN peleHnn

paccMaTpuBaeMoOu 3a1auu.
.
Teopema 6. Ilycmv B B—E ompuyamenvno onpeoenennas mampuya,

Pynryuu u?(X)EC(b_j), Dét_“fj(x,t)eCo’l(Ejx[O,T]), j=Lk+m, o) u ¢(t)

ougppepenyupyemuvie pynxyuu na [0,T]. Toeoa paccmampusaemasn 3a0aua umeem
eOUHCMEeHHoe peuletue.

B Ttperbel rnaBe auccepranuu, Ha3BaHHOU «HavyaabHO-KpaeBble 3a1a4u
IJ  ypaBHeHusi cyoauddy3um Ha MerTpudeckux rpadax» wuccienoBaHa
HavYaJIbHO-KpaeBasi 3a7ada Jjisl ypaBHeHHs cyOaubdy3uu 3agaHHOTO Ha JABYX
pa3HbIX rpadax.

[Tyctb rpady Q coctout u3 M=K +| paBHBIX pedep, COSTUHEHHBIX B OHOM
touke 0. Koopauuater pebep rpada ompenensiem ot 0 mo L, a xaxmoe pedbpo

uepes B;, ] =1m.

Ha kaxnom u3 pedep rpacda Q paccMoTpuM ypaBHeHHEe cyOonuddy3un
2

Dgtuj(x,t)—%uj(x,t)z f.(xt), 0<x<L,0<t<T, j=Lm (2)

rae 0<a <1, ¢ HauanbHBIMU YCIOBHAMU
[iLQDgfgluj(x,t):¢j(x), 0<x<L, j=1m. (3)
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B touke coeaunenue pedep TpedyeM BbinoaHeHUs yciaoBus Kupxrodda ms

scex t€[0,T]:

u,(0,t)=u,(0,t)=...=u, (0,t), O<t<T, (4)
ilgg(i%u, (x,t)j =0, O0<t<T. (5)

Ha I'PaHUYHBIX TOYKAX UCIIOJIb3YCM I'PAHUYHBIC YCIIOBUA
u(L,t)y=w.(t), O<t<T,i=1m, (6)
HJIN YCJIOBHUA B BUIC
u (L,t)=y (), 0<t<T, i=1k,
(7)

aﬁuj(L,t):yj(t), 0<t<T, j=k+im
X

3agaya 5. Haiitu perynspHble pelieHus ypaBHeHHH (2), YIOBIICTBOPSIOIIHE
yciouu (3) — (6).
3agaya 6. Haiitu perynsipHble pelieHus ypaBHEHUHA (2), YIAOBIETBOPSIOIINE
ycaoBuu (3) — (5) u (7).
Teopema 7.  Ilycme ¢ (1), @ (t)eC[0,T] (i=1,m,T >0), u
f(x,t)eCo(x,1):0<x<L,0<t<T}. Tozda 3a0aua 5 umeem eduncmeennoe
peuuerue 8 uoe

u(x,t)=— j; (G (x,t; L, 7)u(L, 7)+)dz — joLgo(t)G(x,t;g,r)dg—
- [ 6(xtg F € n)dedr,
20e U= (Uy,..u,)", F=(f..f) u
G(xt;&,7) = i (-)"M™(T(x—&+2nL,t —7) + MT(x+ &+ 2nL,t — 7).

N=—c0

Teopema 8. IIycmv ¢.(X) €C[O,L], y;(t) eC[O0,T]. Toeoa 3a0aua 6 umeem
eOUHCMBEHHOE peuleHUe 8 8Uoe

u(x.t) =j;Gf§>(x,t; L,r)%h GO(x, L;t,r)uD(L,r)jdr—

[ 106~ [ [ G (& 7F(E R)dEdr,

2oe
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G G? .. G 0 o .. ©0
B e e e R
1 0 O 0 ’ 1 le+1,l le+1,2 le+1,m !
O 0 . 0 G" G .. G
u=(u,..,u), ug = (U,...,u,,0,...,0)", u, =(0,...,0,U_4,...,u )" u

F=(f,..f).

Bo BTopom maparpade paccMmoTpeH rpad JecTHHYHOTO THma ¢ 3m-—1
paBHBIMH  peOpamu.  OmpenensieM  KoopauHaTel  pebep rpada  depes
M30METPUYECKOe OTOOpakeHHe 3Toro pedpa Ha wmHTepBan or 0 mo L. PeOpa

o6o3HaunM uepe3 B, K=1,3m—-1 Msl paccCMOTpUM HaydalbHO-KPAEBYIO 3a/ady

Uit ypaBHeHuu cyoauddysuu. [Ipy 4eTHbIX 1 HEUETHBIX 3HAYEHHUSX M KpaeBbie
pebpa rpada ornuyarorcs. [loaTomy paccMoTpuM JiBa Cirydasi.

[Tyctb m detHoe uumcio. Paccmorpum ypaBHeHue cyoauddy3uu (2) ¢
HayaJIbHBIMH yCa0BUAMH (3).

Bo Bcex BHyTpeHHMX Toukax rpada TpeOyeM CIEeAyIOUIMe YCIOBHS
cknenBanue (Kupxrodda)

u6]+2 (O’t) = u6j+3 (O’t) = u6j+5 (O’t)1
u6j+4 (O’t) = u6j+6 (O’t) = u6j+7 (O’t)’

u61'+1(L’t) = u6j+3(|—’t) = u6j+4(L’t)v

u6j+5(L’t) = u6j+6(th) = u6j+8(L’t) (8)
u
Iimg(u. (X, 1) + Ug 5 (X,1) +Ug 5 (X,1) ) =0
X_>08X 6j+2\ "1 6j+3\ ™ 6j+5\™ !
M- (g0 (6 0) + g (X,0) + U (X,1)) =0
HOGX 6j+4\"™ 6j+6 \ "1 6j+7\"™ '

. 0
lim— (U, (X,1) + Ug 5 (%, 1) + g, (1) ) =0,

x—>L OX

.
1@&(% s (X 0) + Ug 6 (1) + Ug o (X, 1)) =0 (9)
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mis Bcex te(0,T], j=0,[mT_2]. OTH yCIIOBUSA XapaKTEpU3YIOT JIOKAJIbHOE

COXPAaHCHHC IIOTOKA B TOYKAX BCTBJICHUC.

B kpaiinnx toukax rpada TpeOyeM BBINOJHEHHE CICAYIOIIUX T'PAHHUYHBIX
YCJIOBHM

Ul(O,t) = Wl(t)’ u3m—1(olt) =Y, (t)1
U, (L, t) =w5(t), Uy, ,(L.1) =y, (D). (10)

3agaua 7. Halitu perynspHbie pelieHus ypaBHeHHH (2), YIOBIETBOPSIONINE
HavaapHYI0 ycinoBuio (3) u yeaosusm (8) — (10).

Haiineno wuHTerpajgpbHOe  TNPEACTaBICHHE  CIWHCTBEHHOW  pEIICHUU
HOCTaBJIEHHOM 3aJa4H.

Teopema 9. Ilycmov ¢ (t) eC[0,T],¢ (x) eC[O;L], (i=1,3m—-1T >0),m—
yemnoe uucno u f(x,t) eC*{(x,1):0<x<L,0<t<T}. Toeda 3adaua 7. umeem
peuterue 8 suoe

u(x,t) = j; (G (x,£;0,)U*"(0,7))d7 - j; (G.(xt;L, U™ 2(L, 7))dz —
[ oOG(x.t:&, DA~ [ [ Gx & )F (£ 1)dédr,

20e  U"=(0,0,.0.u,0,..,0u,0,..0", F=(f,..f,, )" u G(Xt&7)
onpedensemcs ¢ hopmynou

G(xt & 7) = f (M'T(x=&+2nLt—7)+(DC)"T(x+ &+ 2nL,t-7))

N=—o0
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3AK/IIOYEHUE

JuccepTanusi MOCBSIIIEHA HCCIEIOBAHUIO HAYaIbHO-KPAEBBIX 3a/lay JUIsl
ypaBHeHUN O¥pu ¢ ApOOHONW TPOU3BOAHOM MO BpeMeHU U cyOoauddy3uu Ha
MeTpUYeckux rpadax ¢ HUCIOJb30BaHMEM MeToaa (yHknuu ['pyHa U Metona
MOTEHIINAJIOB.

OcHOBHBIE pe3yJIbTaThl UCCIEAOBAHUS 3aKIIIOUAIOTCS B CIEAYIOIIEM:

1. Haiineno ToyHoe MHTErpajibHOE MpEACTaBIeHHE peleHus 3aaaun Komm
UL ypaBHEHUsT OWpW ¢ APOOHOW TPOWM3BOMHOW TIO BPEMEHH HAa OTKPBHITOM
3BE3/1000pa3HOM METPHUECKOM rpade ¢ moayOecKOHEUHBIMU pedpamu.

2. C momomipl0 METO/Ja TOTCHIIMATIOB W METOJAa HWHTETPajoB HDHEPTUU
JI0OKa3aHO KOPPEKTHOCTh HAydaJIbHO-KPACBOW 3adaud JUIsl ypaBHEHUS OWpu C
IpoOHOM TPOM3BOAHOW MO BPEMEHH Ha 3BE3/1000pa3HOM rpade ¢ KOHEYHBIMHU
pebpammu.

3. Merogom ¢yukuuu ['pyHa TOJNy4eH HMHTETpaIbHOE MPECTaBICHUE
pelIeHus] HavyallbHO-KPaeBbIX 3a/au g ypaBHeHUs: cyonuddy3un B 3aMKHYTOM
METPHUYECKOM 3Be31000pa3HoM rpade. Haitnen Tounsiit Bun ¢hynkuuu ['puna.

4. O6001IeHHbIM MeTOIOM (PYHKIMU ['prHa HaiijleHO pelieHue HadajabHO-
KpaeBbIX 3a7a4 Jjsi ypaBHeHUs cyOnuddys3uum B rpadax JIECTHUYHOTO THUIA.
Haiinen tounbiii Buj ¢yHkuuu [puna ¢ mMeTtogoMm, 0000HIAIONIMM XOPOIIIO
U3BECTHBIA METOJ OTPAKEHUM JIJIs1 YPABHEHMSI TETUIONPOBOJHOCTH HA OTPE3KE.
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INTRODUCTION (abstract of PhD thesis)

The aim of the research is to formulate problems for equations with
fractional derivatives in metric graphs, in particular, boundary value problems for
the Airy and subdiffusion equations and to construct a solution to these problems.

The object of research is open and closed star-shaped simple metric graphs,
a star-shaped metric graph consisting of a finite number of finite and semi-infinite
intervals, a ladder-type metric graph consisting of a finite interval.

Scientific novelty of the research work is as follows:

it is obtained the solution of the Cauchy problem for the Airy equation in
open and closed metric star graphs;

it is obtained an integral representation of the solution of initial-boundary
value problems for the Airy and subdiffusion equations in the metric graph
consisting of finite and infinite intervals;

it is generalized the Green's function method on the matrix Green's function
for solving initial-boundary value problems for subdiffusion equations on graphs;

it is proved the existence and uniqueness of a solution to the initial-boundary
value problem for the subdiffusion equation on a ladder-type metric graph
consisting of a finite interval.

Implementation of the research results. The results obtained in the thesis
were used in the following research projects:

Green's functions for the subdiffusion equation considered on the graph were
used in the framework No grant OT-®4-(37+29) "Functional properties of A-
analytic functions and their applications. Some problems of complex analysis in
matrix domains”, to prove the functional properties of analytic functions”, to find
the boundary values of these boundary value problems and to construct the basis of
an orthonormal system with holomorphic functions of the matrix argument.
(Reference from National University of Uzbekistan No 04/11-6626, October 10,
2022). The results of the dissertation used to prove an analogue of the Cauchy
formula;

the fundamental solution of the Cauchy problem for the Airy equation was
used in the framework No OT-®-4-(36+32) “Development of new methods for
solving problems of mathematical physics and optimal control. Non-classical
initial and spectral problems and their applications for partial differential equations
of odd order”, to prove the existence of a solution to a non-classical third-order
equation and to find the integral form of the solution. (Reference from National
University of Uzbekistan No 04/11-6625, October 10, 2022). Using the scientific
result allowed them to prove the uniqueness and existence of a solution for a non-
classical third-order equation.

The structure and volume of the dissertation. The dissertation consists of
an introduction, three chapters divided into nine paragraphs, a conclusion and a list
of references. The volume of the dissertation is 108 pages.
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