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ANNOTATION

This in the article high orderly derivative in front of small parameter
participated differential equations solution for initially integration method offer The
method is main idea — in the equation the most high orderly derivative Chebyshev
polynomials in a row spread , then him/her two times integrate and solve row in
appearance is to express . Example as a rule second orderly linear equation
g@ + ldu_ 1( y+1), ye(-11),borderline conditions with considered

dy> 2dy 8
Clearly solution with comparison for analytical expression The method is given
below . other high orderly apply to equations as well possible .

Key words . Small parameter , High orderly derivative , Chebyshev plurals |,
originally integration method , boundary value problem, singular differential
equations , exact solution and approximate analytical method

ENTRANCE

Small parametric differential equations physics , mechanics and other
engineering in the fields borderline layer , turbulent flows and relaxation processes
in modeling wide occurs . Such in equations the most high orderly derivative in front
of small parameter because of solution sharp to a variable ( singular ) property has
will be . Definitely the solution find many in cases difficult or possible not , that's
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why for approximate analytical and numerical methods working Traditional methods
( e.g. , asymptotic extensions , separate schemes ) some low accuracy in cases to
give possible .

This in the article author initially integration method offer The method
essence — in the equation the most high orderly derivative Chebyshev many things
according to in line spread , then this derivative necessary times integrate , solution
himself and lower orderly derivatives rows in appearance to express . Integration
immutable borderline from the conditions This approach is defined as spectral of
methods one type to be , to be high accuracy and fast to approach provides . In the
article of the method main stages clear example through explained and comparison
for of the matter analytical solution cited .

Initially integration method high orderly derivative in front of small parameter
was equation to solve implementation following differential equation in the example
of considered is , it is other high orderly easily to equations generalization possible

du 1du 1
e—+=-—==(y+1),
dy 2dy 8

ye(-11), (D
this borderline conditions with considered

u(-1)=u(1)=0, (2)

this on the ground & - small parameter . The differential problem (2.1) - (2.2) of
clear solution

_&=05(, /N y+1 (y+1)2
u(y)—l_g_%(l & ] e+ 5 (3)

to look has . This solution of the matter initially integration method with taken
approximate solution with comparison for necessary will be . In equation ( 1) high

orderly derivative and right on the side f(y) function below limited rows in

appearance is searched for :

3;: ZiZi):aiTi(Y), f(y):iZl:biTi(Y), @)
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this on the ground T, (y) - i- orderly first round Chebyshev polynomials , &,b.-

unknown coefficients . Initially integration method main in the idea of formula ( 4)
high orderly until the derivative problem is solved until initially integrally to take in
mind is captured . For this purpose , in line (4) derivative initially two times
integrated , the following expressions harvest we do :

3; :iZ flaT, (y)+CTo(y), (5)
j=0 i=0
u(y)=3 3 78T, (y)+ CT(y) +C.T(y). (©6)
j=0 i=0

there, C,-C, unknown integration Invariants . To determine them, the
boundary conditions ( 2 ) are used. and we use the following properties of
Chebyshev polynomials: T, (+1) = (+1)"

In this case following to equality has we will be :

u(+1)

=
N

+

fi%, +C, +C, =0, (7)

n

Il
.MZ

Il
o

—
I
o

=2
+
N

N
> (-1)" fi%, -C,+C, =0. (8)

i=0

I
o

i

Unchanged C , what determination for equations (7) and (8 ) initially we add :
N+2 N N .
u(+1)+u(-2)=Y.> % + (-1)" f\% +2C, =0,

j=0 i=0 100

this from the equation C , s the constant clearly we get :

=——ZPZ+Z £+ fl )}ai.

Same also the constant C ; determination for Equation (7) to (8 ) minus , C ;
unchanging for following expression harvest we will do
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1 N | N+2 . N+2
Co=o 2 2| () =21 |l
23| = '

The following designations input through

N+2

SN AT
i=0

C ; and C , immutable for expressions this in appearance writing we get :

N

Z[ ) +89 ] )

i=0

22_%i[ 50T, (10)

The constants ( 9), (10 ) in consideration received without formulas (5), (6 )
following general in the form to write possible :

Y= 3 Y aaT (), =01 (1D
20 iz
this on the ground
o = 11 +6,,5(37 o). =
o =i+ 51,1%(5(0) _@(O))_5J,O%(5i(0) _gi(O))’ (13)

in this
l,agari=j,
é‘ij = .. — Kronecker symbol
0,agari # j,

Now , lines (4), (11) are replaced by (1) put it down , one kind orderly
polynomials in front of coefficients equalize , unknown odds @,a,a,...,ay what

determination for following linear algebraic to the system has we will be :
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N 1 4 i
Z[gé‘ik +§gi(k)}ak =b, 1=012..,N (14)
k=0
System (14) of right side as follows is determined ,
as is known ,
1 N
f(y):g(y+1):ZbiTi(y), (15)
i=0
from this in formula (15) D, coefficients , as follows reverse replacement with is
determined
2 1 :
b=—>» —f T , 1=01..,N
T Ne &¢ (Y)Ti(w)
or
1 ii(y, +1)T(y,), i=01..,N (16)
' 4Nc, ¢, !

this is on the ground C,=Cy =2, C,=Lif 1x0;N, y,:cos%I- first kind of

Chebyshev polynomials collocation nodes .

In formulas (11) - (13) the immutable calculation algorithm we bring :

N+2-4 _ N+2-3 .
é‘i(ﬁ) — Z fj(iﬂ)’ é‘i(ﬂ) — Z (_1)1 fj(iﬁ)’ B =01
i=0 i=0

f W= 5j,i+1,3i(l) + 5j,iflé/i(1)’

ji
£ = 5j,i+218i(0) + 5j,ié/i(0) + §j,ifzﬂ(0)’

ji i

this they are immutable on earth 3, -, .. following formulas through is :
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(1): Ci 1> a _(O): ﬂ| |>O
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o _ -1 i>2 _(O):é/I _ﬂl i>1

- 2(i-1)" - 2i ’
_ A0

uw= L 1>3

REFERENCES

1. Kichik parametrli singulyar differensial tenglamalar bo‘yicha klassik ishlar
(masalan, A. N. Tixonov, A. B. Vasilyeva, M. 1. Vishik, L. A. Lyusternik). Ularda
asimptotik usullar (bog‘langan kengaytmalar, chegaraviy qatlam nazariyasi) ishlab
chiqilgan.

2. Spektral va Chebishev ko‘phadli usullar — C. Lanczos, D. Gottlieb, S. Orszag
ishlari. Chebishev polinomlari oraliq uchlarida ortigcha og‘irlik berib, Runge
hodisasini bartaraf etadi va yuqori aniglikni ta’minlaydi. Ushbu maqolada aynan shu
ko‘phadlardan foydalanilgan.

3. Integral tenglamalarga keltirish usullari —ba’zi mualliflar (G. F. Carrier, C. C. Lin)
differensial tenglamalarni bir necha marta integrallab, yechimni integral operator
ko‘rinishida ifodalaydi. Maqoladagi “dastlab integrallash™ g‘oyasi shu yo‘nalishga

yaqin.

4. Chegaraviy masalalarni qatorlar yordamida yechish — Galerkin, Rits, va spektral
usullar. Maqgolada qo‘llanilgan yondashuv spektral metodning bir varianti bo‘lib,
unda eng yugqori tartibli hosila koeffitsiyentlari bevosita tenglamadan emas, balki
integrallash orqali topiladi.

5. Hopmypomos UY.b., JIxypaesa H.T. Maremarnueckoe MoaenrnpoBaHue
aMIUTUTYIbl (PYHKIIMM TOKa Juisl muiockoro teueHus Ilyaszeins // Xucobnam Ba
amanuii Mmarematuka myammornapu, Tomrkent, 2018 i Ned(16). -C. 14-23.

6. Hopmyponor U.b., AbnypaxumoB b.®., Djurayeva N.T. [lactiiad unTerpamian
METOJIY OWJIaH TUAPOANHAMUK TYPFYHIIMK MyaMMOCHHH COHJIA MOJEIUIAIITUPHUII //

Volume 4 ISSUE 3 2026 http://ajmdr.com/index.php/ajmdr/issue/view/18



http://ajmdr.com/index.php/ajmdr/issue/view/18

{ ™.\ ASIAN JOURNAL O
AR MULTINSCIPLINARY
e RESEARCH

Asian Journal of Multidisciplinary Research
(AJMDR)
ISSN: 2395-1729

;Crossref d GO | gle @WorldCat‘ A Mendeley

“MaTemMaTuKaHUHT 3aMOHABUI Macaiaiapu:MyamMmosap Ba eunmiiap” PecmyOnuka
MUKECHIaru OHJIaitH KoHpepeuus MaTepuaiapu tymamu, Tepmus, Tepdy, 2020
i, 21-23 okta6ps. 302-304 Getmap.

Volume 4 ISSUE 3 2026 http://ajmdr.com/index.php/ajmdr/issue/view/18



http://ajmdr.com/index.php/ajmdr/issue/view/18

