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Theorem. Let D be a nonempty closed convex subset of a real Hilbert space X. Assume that
L is a pseudomonotone Lipschitz continuous bifunction and that T: X — X is a quasi-nonexpansive
mapping. If Assumption 1 is satisfied, then the sequence {u,,} converges weakly to the solution set.
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Anotatsiya: Ushbu maqolada yupga magnitelastik jismlarning chegaraviy masalalarini
yechishda Bubnov-Galerkinning variatsion usulidan foydalanish masalasi ko‘rib chiqgilgan. Magnit
maydon va elastik deformatsiyalar o‘zaro ta’sirini hisobga olgan holda, yupqa jismlarning
kuchlanish-deformatsiya holatini aniqlash uchun matematik modellar quriladi. Bubnov-Galerkin
usuli asosida yechimlarning tuzilmasi va ularning konvergentligi tahlil gilinadi. Natijalar yupqa
magnitelastik strukturalarni loyihalash va tahlil qilishda amaliy ahamiyatga ega.

Kalit so‘zlar:Bubnov-Galerkin usuli, variatsion yondashuv, magnitelastik jism, yupqa struktura,
chegaraviy masala, elastik deformatsiya, magnit maydon.

AHHoOTauus: B paHHOW cTaThbe paccMaTpuBaeTCsl NMPUMEHEHHE BAPUAIMOHHOTO METOJa
byOHoBa-T'anépkuna JuIsl pelieHusl KpaeBblX 3a7a4 TOHKMX MarHUTOMIACTHUYHBIX Tel. IlocTpoeHs
MaTeMaTHIeCKrue MOAETH Ui ONpeeNiCHHs HanpsuKEHHO-Ie(OPMUPOBAHHOTO COCTOSIHUSI TOHKHX
TeJ ¢ Y4€TOM B3aUMHOIO BIMSHHMS MarHUTHOTO MMOJS M ynpyrux nedopmanuii. Ha ocHoBe Metona
byOHoBa-l'anépkruHa MpoBOAUTCA aHAU3 CTPYKTYphl pEHIeHHH M UX cxoaumocTu. [lomydeHHble
pe3ynbTathl UMEIOT MPAaKTUYEeCKOe 3Haue€HHEe TMpH NPOSKTHMPOBAHMM M aHAIU3€ TOHKHX
MarHUTOAIACTHYHBIX KOHCTPYKITHIA.

KuroueBnble ciioBa: metoq byoHoBa-I"anépkuna, BapualimOHHBIN MOIXO0/I, MArHUTOIACTHYHOE
TEJO0, TOHKasl CTPYKTypa, KpaeBas 3a/1a4a, yrnpyras nedopManus, MarHUTHOE TOJIe.

Annotation: This article discusses the application of the Bubnov-Galerkin variational method
for solving boundary value problems of thin magnetoelastic bodies. Mathematical models are
developed to determine the stress-strain state of thin bodies, taking into account the interaction
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between magnetic fields and elastic deformations. The structure of the solutions and their
convergence are analyzed based on the Bubnov-Galerkin method. The results have practical
significance for the design and analysis of thin magnetoelastic structures.

Keywords: Bubnov-Galerkin method, variational approach, magnetoelastic body, thin
structure, boundary value problem, elastic deformation, magnetic field.

Kirish

Magnitelastik jismlar zamonaviy texnologik qurilmalarda keng qo‘llaniladi, xususan, sensorlar,
aktuatorlar va energiyani yig‘ish tizimlarida. Ushbu jismlar tashqi magnit maydon ta’sirida murakkab
elastik deformatsiyalarga uchraydi, bu esa ularning mexanik xususiyatlarini o‘zgartiradi va
loyihalashda maxsus hisob-kitoblarni talab qiladi. Yupqa magnitelastik jismlar uchun chegaraviy
masalalarni aniq yechish ko‘plab amaliy vaziyatlarda muhim ahamiyat kasb etadi[1].

Chegaraviy masalalarni yechishda Bubnov-Galerkin variatsion usuli o‘zining samaradorligi va
qulayligi bilan ajralib turadi. Bu usul analitik va sonli yechimlarning yaqinlashishini ta’minlab, qiyin
differensial tenglamalarni osonroq yechishga imkon yaratadi. Ushbu maqolada yupqa magnitelastik
jismlarning chegaraviy masalalarini Bubnov-Galerkin usuli asosida modellashtirish va yechimlar
tuzilmasini tahlil qilish masalalari ko‘rib chiqiladi. Shuningdek, variatsion formulalarning qurilishi,
asosly yechim funksiyalarining tanlovi va ularning magnit maydon ta’siridagi xatti-harakatlari chuqur
tahlil etiladi[2].

Metodlar

Bubnov-Galerkin usuli - L[u]= f(x)differensial tenglama uchun chegaraviy muammoni
taqribiy yechish usuli hisoblanadi. Bu yerda L[u]operator kerakli funksiyaning gisman yoki to‘liq
hosilalarini 0°z ichiga olishi mumkin[3].

Bubnov-Galerkin usulini amalga oshirishning birinchi bosqichi asosiy funksiyalar to‘plamini
tanlashdir:

»  chegara shartlarini qonoatlantirish .

»  asosning cheksiz sonli elementlari chegarasida ular to‘liq tizimni tashkil qiladi.

Yechim basiz ko‘pxadlar sifatida taqdim etilgan

()= YCf () 0

Bu yerda C, -nomalum koefitsentlar ¢, (x) -tanlangan bazis funksiya

So‘ng taxminiy yechim dastlabki differensial tenglamaga almashtiriladi va uning qoldig‘i
hisoblanadi. Bir jinsli L[] tenglama uchun qoldiq quyidagi ko‘rinishga ega bo‘ladi:

Llyu]= N(x)

Bir jinsli bo‘lmagan L[u]= f(x)tenglama uchun quyidagi N(x)= L{yu]— f(x) qoldiq
shaklga ega bo‘ladi.

Keyin esa, qoldiqning bazis funksiyalariga ortogonal bo‘lishi talabi ilgari suriladi, ya’ni

jN(x)¢k (x)dx =0.

Bu koeffitsientlar uchun bir xil tenglamalar tizimini beradi C, kengaytirishda va muammoning

0‘ziga xo0s qiymatlarini taxminan topish mumkin.
Vektor va matritsaning har bir hadini topish (1) uchun Bubnov-Galerkin variatsion usulidan
foydalanamiz. Bu jarayonni quyidagicha amalga oshiramiz:

M, =[[Lud®,  i=Ln; M,=[[LydQ,  j=Ln,;
Q Q

M, =[[LwdQ,  k=ln;M,=[[LTdQ,  [=ln,;
Q Q

183



INTERNATIONAL SCIENTIFIC AND THEORETICAL CONFERENCE

N, = Llluiude’ izl,_”nj :E;

o
N, = JJ le”ivdea i=Ln, j=1n,;
Q
Ny = _.,.L13WkuidQ7 i:Ea k :1’_”3;
O
Ny, = "L14“iTdes i:E» lzl,_n4;
o
N, = JJ L21uivde9 i=Ln,j=1n,;
Q
szz..Lzzvivde: i=Ln, j=Lny;
Q
Ny, — ) Ly wdQ, j=1n,, k=1ny;
Q
N,, — )] L24VjTIdQ> J=Ln,, I=1n,;
Q
Ny, :,...L31uiwde> = 1’_”1’ k= 1’_”3;
Q
Ny, = L,wydQ, k=1n,j=1n,;
o
N, = "L33wde, k = E;
o
N34 = ”L34WledQ: j:19n2’ 1:1’n4;
0
Ji=[fawdo,  k=lng J=[[gwd0,  k=Lng
S Q
J, = ”%wde, k= 1,_713; J, = _U%Wde» k= 1’_”3
S Q

Ll. R Ll.j -differensial operatorlar, i,j=1,2,3,4...

Natijalar
O‘Ichovsiz kordinatalar tizimiga o‘tkazish
Chegaraviy va boshlang‘ich shartlarga ega bo‘lgan tenglamalarni yechishdan oldin
koordinatlarini o‘lchovsiz ko‘rinishga o‘tkazamiz. Buning uchun quyidagi (3.3.20) belgilashlarni
kiritamiz:
3
t=tit,t,=a’ p—h, Dzi2
D 12(1- )

O‘Ichovsiz kordinataga o‘tgan ifodasi (u ko‘chish bo‘yicha)

x=ax, y=by,u=mu,y=v,w=hw (3.3.2)
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Pm*E 0 [ Ehm® hm® z)jazﬁ{ Ehm® hm? szaza

— + + H +H + +
R2a*(1-p*y ot \a*(1-u?) 47ra2( g o’ \2b°(l+pu) 4drma® 7)oy’
2 2 2— 2 2— 2 2—
N Eh/l12 N hi H 8_\/ N Eh2 8_{” a,  Ehm 5_\/__ hlexH 6_\;_
ab(l1-u~) A4rab oxoy a(l—-p’)ox (1—u) 2ab(l+u) oxdy 4ra  ox
2 2— 3 2= 3 2= 3 2—
L Ry 7y AL 00 W i OV N g g +E, =0,

- — - + HH
dzb* " T oOy° dma® T T oxt 4xb® " C0y° 2mab U ¢ ooy
O‘Ichovsiz kordinataga o‘tgan ifodasi (v ko‘chish bo‘yicha)
372 2— 2 2 2— 2 2 2—
}411E28_\;+ 2Ehl 2+h12(Hf+HZZ) 8_1;+ 2Ehlerhl2 581;+
12a"(1— ) ot 2a°(1-p°) 4ra ox b"(1-u°) 4nb oy
H y
Ehm’ Ehm* | 0’u Eh 0T a, ;o 0
+ + — | == = + H ——-
2ab(1+ ) ab(l—yw’))oxoy b(l—p") oy 1-—p) 4mab = Oxoy
2 2— 3.2 2— 3 2— 3 2—
_ hm HHau hmH ou h HH@W h HH@W

+ J
dra® " T ox’ 4xb® T Ty’ 4ma® T Toxt 4xbt T T oy?

3 2—
__h H H. oW +N +q,+¢,+& =0.
27ab oxoy 7 77
O‘Ichovsiz kordinataga o‘tgan ifodasi (w ko‘chish bo‘yicha)
KE 0w, EW o'W _ EW o'w  EW 0'w
12a*(1—-p*) or* 2b*(1-p*) &t 2a°h*(1-p*) ox’y* 12a*(1—- ) ox*
2 2— 2 2 2— 2 2—
_hmszHza_L;_ Ehm2 [ Al (H.H.+H H) 8_\/__ hlev 28__\;_
4ra ox° ab(-u’) \4rab g oxoy 4ma® 7 T ox
3 2= 3 2— 3 2 —
L L Ly e T ALy A L
dra’ " 7 ox® 4nb> 7 oy’ rmab Y f oxoy

+N,+q,+¢.+&,=0.

Muhokama

Qaralayotgan masalani sonli yechish uchun murakkab konstruksiyaviy shakldagi magnitelastik
plastinalarni analitik R-funksiya usuli (RFM), Nyumark usuli, variatsion Bubnov-Galerkin usuli va
Gauss sonli usullarni birgalikda qo‘llagan holda ishlab chiqilgan hisoblash algoritmi va ularni amalga
oshirish ketma-ketligi yoritib berilgan. Xususiy hosilali differensial tenglamalar tizimlarini
yechishning hisoblash algoritmi, izotrop egiluvchan plastina harakat tenglamalar tizimining
yechimlar tuzilmasini qurish va fazoviy o‘zgaruvchilarga nisbatan diskretlashtirish haqida bayon
etilgan.

Xulosa

R-funksiya usuli bilan murakkab konfiguratsiyali magnitelastik plastinalarning soha tenglamasi
hamda yechimlar tuzilmasi normallashtirilgan algebraik mantiqiy tenglamalar olindi.

Elektromagnit maydonda joylashgan yupga murakkab shakldagi anizotrop plastinalarning
deformatsiyalanish masalasini sonli yechish uchun hisoblash algoritmi ishlab chiqildi. Murakkab
shaklli yupqga anizotrop plastinalarning termo-elektro-magnit-elastiklik masalalarini yechishda R-
funksiya va Bubnov-Galerkin variatsion usullarini birgalikda qo‘llash samarali bo‘lib hisoblanadi.
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DAVRIY FUNKSIYALAR FAZOSIDA EKSTREMAL FUNKSIYA|
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Annotatsiya: Texnikada uchraydigan ko‘plab jarayonlar aniq integrallarni hisoblashga
keltiriladi. Aksariyat hollarda bunday integrallarni analitik usullar yordamida hisoblashning iloji
bo‘lmaydi. Ushbu ishda davriy funksiyalarning ma’lum bir sinfida aniq integrallarni taqribiy

hisoblash uchun kerak bo‘ladigan ba’zi asosiy tushunchalar keltiriladi. Variatsion usulda S,(P,)

fazoda aniqlangan xatolik funksionalni eng kichik qiymatiga erishtiruvchi ekstremal funksiyani
topish masalasi qaraladi.

Kalit so‘zlar: Gilbert fazosi, haqiqiy qiymatli davriy funksiyalar fazosi, kvadratur formula,
xatolik funksionali, norma, ekstremal funksiya.

AHHOTauusi: Bo MHOrMX TEXHMUYECKUX IMpoleccaXx BO3HUKAET HEOOXOAMMOCTb BBIYMCICHHUS
OTIpeNIeNIEHHBIX HMHTETPajioB. B  OOJBIIMHCTBE CiIydyaeB aHAJIUTHYECKOE BBIYUCICHHE TaKHUX
MHTETPaJOB HEBO3MOXKHO. B maHHOI pa0OoTe mpuBeneHB HEKOTOpble OCHOBHBIE MOHATHS,
HEOOXOIUMBIE IS TMPUOMMKEHHOTO BBIYUCICHHUS ONPEACIEHHBIX WHTETPAJOB B ONPEACIEHHOM
KJ1acce nepuonndecknx GyHkimid. B BapuanoHHOM MeTO/ie pacCMaTpUBAETCs 3a/1a4a HaXOXKACHUS
OKCTpeMaNbHOW  (DYHKIMH, MHHAMHU3UpPYIOMIEH (YHKIMOHAN OIIMOKH, OINpENeIEHHBIA B

npoctpancTee S,(P,) .

KuroueBble ciioBa: npoctpancTBo [ minbepra, IpoCcTpaHCTBO AEHCTBUTEIbHBIX
nepuoanueckux (GpyHKIMH, KBaaparypHas Gopmyna, GyHKIIMOHAI MOTPEIIHOCTH, HOPMA,
AKCTpeMasbHas QYHKIIMSL.

Abctract: Many processes in engineering involve the computation of definite integrals. In most
cases, it is not possible to evaluate such integrals analytically. This work presents some fundamental
concepts necessary for the approximate calculation of definite integrals within a certain class of
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