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Background: Linear Fredholm integral equations of the second kind are funda-
mental in modeling various scientific and engineering phenomena. Traditional numerical
methods for solving these equations often rely solely on nodal function values for approx-
imation. However, these conventional approaches may struggle to accurately capture
the local behavior and smoothness of the unknown solution, potentially limiting their
approximation precision and numerical stability in complex scenarios.

Purpose: The primary objective of this study is to develop a novel and highly ac-
curate numerical scheme that significantly enhances approximation precision. We aim
to achieve this by effectively incorporating both function values and their higher-order
derivatives at discrete nodes, thereby fully utilizing the inherent smoothness of the solu-
tion.

Method: To accomplish this, we propose an innovative approach applying an optimal
interpolation formula with derivatives specifically constructed within the Sobolev space.
By utilizing the exact coeflicients of this optimal interpolation formula, we systematically
transform the continuous integral equation into a finite, closed system of linear algebraic
equations. This transformation is achieved through a rigorous collocation approach. The
novelty lies in our derivative-based scheme, which, unlike standard techniques, actively
integrates higher-order derivative information into the discrete approximation process.

Results: Our theoretical analysis successfully establishes strict error bounds, con-
firming the mathematical soundness of the proposed scheme. The integration of derivative
information leads to superior convergence rates and enhanced numerical stability com-
pared to traditional methods. Furthermore, computational experiments on a numerical
example with a known exact solution demonstrate that our method reconstructs the so-
lution with exceptionally high fidelity and minimal computational error, validating our
theoretical claims.

Implication: Consequently, this work provides a highly robust and reliable compu-
tational tool for advanced mathematical and engineering applications. It establishes an
improved standard among numerical solvers for integral equations where preserving local
behavior and derivative information is critical for maintaining overall numerical accuracy.
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1 Introduction

Linear integral equations serve as a critical mathematical apparatus for characterizing
complex phenomena across physics, engineering, and population dynamics [1]. Specif-
ically, Fredholm integral equations of the second kind are indispensable in modeling
problems such as quantum mechanics scattering, diffraction theory, and image deblur-
ring. Since obtaining an exact closed-form solution is often mathematically intractable
for complicated kernels, the development of robust, high-order numerical approximation
techniques has become a central focus of modern computational mathematics [2].

To date, a diverse spectrum of numerical schemes has been developed to address these
equations. Classical approaches frequently utilize quadrature-based discretization, such as
modified Simpson’s rules or repeated trapezoidal and midpoint formulas [1|. For equations
defined over large intervals, specialized iterative methods like the generalized Gauss—
Seidel or product integration schemes are employed to manage the resulting large-scale
algebraic systems [3]. Furthermore, semi-analytical techniques, including the Homotopy
Analysis Method (HAM) and the Adomian Decomposition Method (ADM), provide rapid
convergence and flexibility in choosing initial approximations (see [4-9]). Another effective
approach is the Weighted Mean-Value Method (WMVM), which reduces the integral
problem to a system of algebraic equations by leveraging the mean-value theorem for
integrals |2, 10].

In recent years, the integration of orthogonal basis functions and meshless frameworks
has significantly enhanced approximation accuracy. Wavelet-based methods, particularly
those employing Legendre and Chebyshev wavelets, utilize operational matrices to solve
systems of linear integral equations efficiently [11]. Similarly, Block Pulse Functions (BPF)
and their modern extensions, such as e-Modified Block Pulse Functions (¢MBPF), al-
low for the transformation of integral operators into sparse matrices, thereby optimizing
computational speed [12|. In scenarios where domain geometries are irregular or non-
rectangular, meshless methods based on Radial Basis Functions (RBF), such as Gaussian
and Multiquadric bases, provide high-order convergence without requiring traditional grid
structures [4]. Additionally, Nystrom and collocation methods based on the zeros of Jacobi
orthogonal polynomials have been successfully applied to square domains [13].

A significant contemporary advancement involves the construction of optimal numeri-
cal schemes within specific Hilbert or Sobolev functional spaces [14]|. Recent studies have
demonstrated that weighted optimal quadrature formulas, constructed to minimize the
error functional, yield superior precision compared to classical rules by treating the kernel
as a weight function [15]. Parallel to this, the Galerkin method has been refined using
basis functions derived from the coefficients of optimal interpolation formulas [14]. For
instance, exponential bases constructed in WQ(LO) space have shown significantly lower
approximation errors than traditional piecewise linear bases by more effectively capturing
the analytical nature of the solution.

Despite these advancements, many existing optimal interpolation and quadrature
schemes rely solely on nodal function values and may not fully utilize the inherent smooth-
ness or higher-order derivative properties of the solution. To address this limitation and
bridge the gap between interpolation accuracy and computational efficiency, this paper
proposes a novel numerical scheme for solving Fredholm integral equations of the sec-
ond kind by applying an interpolation formula with derivatives constructed in ng)(O, 1)
Sobolev space [16,17]. By incorporating information from both the function values and
its derivatives at discrete nodes, the proposed method aims to achieve a higher order
of convergence and enhanced numerical stability. This approach leverages the specific
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geometric and functional properties of Lg)’) (0,1) space to provide a more refined repre-
sentation of the solution’s local behavior, offering a viable and accurate alternative to
standard nodal-based techniques.

2 Problem statement and method

Let the following linear Fredholm integral equation of the second kind [18, 19] be given
on [0, 1]:

o(x) = f(z) + /\/0 K(x,t)p(t) dt, x € [0,1], (1)

where K (z,t) is a given kernel (assumed to be at least m times continuously differentiable
with respect to z, ie. K € C™([0,1] x [0,1])), f(z) € Li™(0,1) is a given function, \ is
a parameter, and ¢(x) is the unknown function to be found.

The goal is to approximate ¢(z) on the node set g = h3, 8 =0,1,...,N, h=1/N,

using the optimal interpolation formula in the space L;m):

3

p(x) =3 Coala) ' (xp), (2)

B=0 «

Il
o

and then to use this formula to reduce equation (1) to a system of linear algebraic equa-
tions. In our case m = 3 (i.e. a = 0,1,2: ¢, ¢, ¢" are involved), and the coefficients
Cso(x), Csi(x), Cpa(x) are given explicitly.

3 Brief background on the optimal interpolation formula with
derivatives
Let ng)((), 1) be the Sobolev space equipped with the norm

el = [ (" @)* . )

The error functional of the interpolation formula (2) is defined as [20]
R( )_51'—t ZCBO ZL‘—I‘/B —}—2051 5,(1‘—$B)—

B=0
—2052 QZ—ZEB)

and the coefficients C,(x) are obtained by minimizing the norm of the interpolation
error

inf ||R]|. )
inf || 5)
Each of the coefficients Cj () is a piecewise-polynomial function. We have already

found these coefficients for the particular cases m = 1,2,3,4 (see [20-22]) and below we
use the explicit form given for m = 3 case (o =0, 1, 2):

Cpo(a) = o (J = h(B — D] ~ 20z — hB| +]a — A+ D)), F=0,1,....N
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h,
1

)
//\ //\

1 |z(h—2), 0<

Y

. (x—hﬁ)Q—Fh(x—hﬂ), h(—1) <x <hp,
Cﬁ,l(x):ﬁ —(x—hB)? +h(x—hB), W<z <h(+1), B=12...

0, otherwise,

() 1 |o, 0<z<h(N-1),
T)= —
o 2h | (x —1)(x —1+h), h(N—-1)<z<1,

1 Jah—2z)2zx—h), 0<z<h,
00’2(33):_{0 h<a<1

?

(v — h(B— 1)@ — hB)(2 — 2h3 +h), h(F—1) <z < hf,
1
C’g}g(x)—? (hg —x)2hB+h —2z)(hf+h—2z), hS<xz<h(f+1),
0, otherwise,
B=1,2. .. N—1,
o) — [0 0<z<(N-1),
N T o Y- e -1+ W) @e+h—2), A(N-1)<z<l.

4 Applying the interpolation formula with derivatives to the
Fredholm integral equation

Basic idea

In equation (1) we replace the unknown ¢(t) by the interpolation formula (2):

o(z) +>\/ K(z,1) [ ZCBQ )]dt (6)

=0 a=0

Since summation and integration are both linear operations, we interchange their

order:
w(x)’%f(w)JrAi [/ K(z,t) Cﬁa()dt} (ws). (7)

B=0

5 Kernel moments

We introduce the following notation: the kernel moments:

Aﬁa /KItha )d 520,...,]\7, a:O,l,Z. (8)

Because of the compact-support property [10] of Cj (), this integral is in fact com-
puted only over [h(S — 1), k(8 + 1)] (for interior 3) or over [0, h], [A(N — 1),1] (for the
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boundary values 5 =0, N):

h
Apa() = /0 K(2,1) Coult) dt. ()
h(8+1)
Aﬁ,a(x):/h(ﬁ_l) K@) Con(t)dt,  B=1,... . N—1, (10)
Ay olz) = /h R COOLT (11)

Then (7) takes the compact form

p(x) =2 f(2) +AY D Asale) o (). (12)

B=0 a=0
This is a functional equation in x containing 3(/N 4 1) unknown numbers:

0 1 2
i) =plzg), g =¢(@), ) =¢"(x), B=01.. N

5.1 Additional equations: the differentiation approach

To determine 3(N + 1) unknowns we need 3(/NV + 1) linear equations. For this purpose
we collocate equation (12) at x = z,, v = 0,..., N, obtaining (N + 1) equations; the
remaining 2(N + 1) equations are obtained by successively differentiating the original
equation (1) with respect to z, and then collocating each differentiated equation as well.
This is the key idea of the whole procedure.

First (original equation)

1
o) = fla) 4 [ Kln.p e (13)
0
Second (first-order derivative with respect to z). Assuming K (z,t) is differentiable in
x: ) 5
K(x,t
o'(x) = f(z) + )\/ K. (x,t)p(t) dt, K. (x,t) = # (14)
0
Third (second-order derivative with respect to x).
! K (x,t
P = )4 [ K tipOd, K =220 )
0

In each of the three equations we substitute ¢(¢) by the same interpolation formula (2),
introducing the corresponding kernel moments:

A9 () = /0 K t) o (1) dt. (16)
A0 = [ Kol ) Coatyar a7

A8 = [ Kl Coatt (18)
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This produces three functional equations:

o(z) +)\ZAM z) e, (19)

o'(x) = f(x —i—)\ZA[M x cﬁ , (20)
B,

o' (x) = f(z) + /\ZA(;L(CL’) c(ﬁa). (21)
B,

5.2 Collocation and the system of linear algebraic equations

Now, in each of equations (19)-(21) we set + = x, = hy, v = 0,1,...,N. Since
o(zy) = A0y (zy) = 0(71), o' (xy) = cg), we obtain the following closed system of linear

algebraic equations:

AZZAU &)= fD(x,),  y4=0,...,N, j=012 (22)

B=0 a=0

This is a system of 3(/NV + 1) linear equations in 3(N + 1) unknowns. We write it in the
matrix form. The vector of unknowns:

c= (c(()o), c§°), o ,053), 081)7 . ,cg\l,), c(()2), cﬁ)) e R3WV+D, (23)

The right-hand-side vector:

f=(f(zo),....f(zn), f'(z0),--., [ (zn), f"(20),... ,f”(:cN))T. (24)

Using the block matrix A constructed from the kernel moments, the system can be written
in the matrix form as

(I—MA)c = f, (25)

where I is the identity matrix of appropriate dimension. If det(I — AA) # 0 (which holds,
in particular, for sufficiently small |A|, or, by the Fredholm alternative, whenever the
corresponding homogeneous equation admits only the trivial solution), the system has a
unique solution:

= (I— MA)'f. (26)

Substituting the resulting values c(ﬂo), c(ﬂl), 0(52) into (2), we obtain the continuous ap-

proximate solution of ¢(z) on the entire interval [0, 1]:

N
o(x) =3 (Coole) e + Caal@) ) + Cpalw) ). (27)
B=0

6 On convergence and error estimation

Since the interpolation formula (2) is optimal in the space L$¥ (0, 1), i.e. it satisfies a
(sharp, minimal-constant) bound of the form [23]

"

I — Pellcroy < Km(h) lo | Loo,1, (28)
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Require: K(xz,t), f(z), A\, N (number of subintervals), h = 1/N, nodes x5 = hf3.
1. Compute K,(z,t) and K, (x,t) analytically (or, if this is not possible, by finite dif-
ferences).
2: Using the explicit piecewise-polynomial expressions for Cs(t), Cs1(t), Cp2(t), com-
pute, for every 7 =0,1,2 and a = 0, 1, 2, the moments:
. j
A(ﬁj)a(xv) = / aa—[j((xy,t) Cpa(t) dt, v, B8=0,...,N.
finite support x

// Since Cp 4 (t) has finite support, these integrals can typically be evaluated ana-
lytically without Gauss quadrature.
3: Assemble the block matrix A and the vector f.
4: Solve the linear system (I—AA)c = f (by Gaussian elimination or LU-decomposition).
5: Substitute the obtained coefficients c(ﬂo), c(ﬁl), and c(ﬁz) into equation (27) to construct
the continuous approximate solution P,(z) for any = € [0, 1].
6: if the exact solution ¢(z) is known then
Estimate the error:
&wﬁﬁﬁﬂ@—&wﬂ
8: end if
9: return The approximate solution P,(x) and the error estimate d.

the approximate solution constructed using (12) inherits a corresponding error estimate.

If o € L;g)(O, 1) and the kernel K (z,t), together with its derivatives in z, is sufficiently
smooth, the following bound holds:

. . « 3 " .
max o) (zy) = )| < CT 0Pl oo, 5=0,1,2, (29)
where C* is a constant depending on K, A, and m, but not on h (for m = 3, the

convergence orders O(h3), O(h?), O(h) are expected for a = 0, 1,2, respectively — this
is the classical property of Sobolev-type optimal interpolation formulas). If, as N — oo
(h — 0), the condition number of (I—-AA) remains bounded, then P,(z) — ¢(z) uniformly.

7 Examples, numerical results and discussions

Consider the following linear Fredholm integral equation of the second kind on [0, 1]:

I 7
— = tot)dt =14+ —
o) =3 [ ateyat =1+ (30)
that is,
1 7
A= 2 K(z,t) = xt, flz)=1+ 3% (31)

Exact solution
The kernel K (z,t) = zt is degenerate (separable, rank one), so the exact solution can
be found directly. Since K(x,t) = zt, equation (30) has the form

1
o@) =1+ 2+ l0 0= / to(t) dt, (32)
127 7 2 o
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so p(x) =1+ (% + %) x is necessarily linear. Substituting this back into the definition
of C-:

C:é%@+(%+§ﬁ}ﬁ:%+(%+§)%, (33)

5
which gives C' = 1 hence
Soexact(x> =14 (34)
Applying the interpolation formula with derivatives

Here K,(z,t) = t, K;.(z,t) = 0. Because K(z,t) = xt is separable, the kernel
moments simplify:

1

A/(BOL(:U) = /0 2t Cpo(t) dt = x Mg 4, (35)
1

A(Bll(x) = /0 tCpa(t)dt = Mg, (independent of x), (36)

AP (z) =0, (37)

1
where Mgz, = / tCpo(t)dt. Since f"(x) = 0, we immediately get AP =0 for all ~.
0

Setting S =) 4 |:M5700(50) + M@lc(ﬁl)], the remaining unknowns take the form cgo) =1+

1
+ax,, c(v) = a, where

L+ )AS,
_ 12
NG T 5 (38)

The sums Sy, S7, and Sy are defined as follows:

N

So = Z Mg, (39)
B=0
N

Sl = ZMB70$5, (40)
£=0
N

SQ - Z MBJ. (41)
£5=0

And, we compute for N = 2 (h = 0.5, nodes zo = 0, x; = 0.5, o = 1). Using the
explicit piecewise-polynomial expressions for Cso(t), Cps1(t), direct integration gives: and

Table 1 Values of Mg and Mg, for N = 2.
B Mo Mg,

1/24  1/192
1/4 1/96
5/24  —1/64

0
1
2
ST S =1/2 S=0
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S1 =253 Msors=0- 3 +3-1+1-3 =3 Consistency check: Sy = folt- ldt = 1, since
>3 Cso(t) = 1 confirmed exactly by the table. Substituting into (38) with A = :

BB s .
1= 2 56 (42)
2°3 6
Hence the nodal values are
cg)) =1, c§°’ = %, cgo) =2, c(()l) = cgl) = cgl) =1,
082) = 052) = c§2) =0. (43)
Reconstructed solution and comparison with the exact solution
Substituting these nodal values into
2
Px)=Y" (cg,o(x) )+ Cpa(a) ey + Cpala) c§3>) (44)
8=0
and simplifying piecewise on [0,0.5] and [0.5, 1] gives, identically,
P,(z) =1+x, x € [0,1]. (45)
Table 2 Comparison table (absolute error E(x) = |@exact(x) — Py(z)]).
T Yexact() =142 Pp(z) E(x) = |Pexact(®) — Pp(z)|
0.00 1.00 1.00 0
0.25 1.25 1.25 0
0.50 1.50 1.50 0
0.75 1.75 1.75 0
1.00 2.00 2.00 0
Eyx = m[ax] | exact(z) — Py(z)| =0, already at NV = 2. (46)
z€|0,1

This exact match is not a numerical coincidence: the interpolation formula reproduces
every polynomial of degree < 1 exactly, and @exact () = 1+ 2 is itself linear, so the method
introduces zero error for any N. This example thus confirms the correctness of the derived
formulas and the implementation.

Example 2. Non-degenerate kernel

To further validate the theoretical convergence order O(h?) established in Section 6,
we consider the following linear Fredholm integral equation of the second kind on [0, 1]:

o) - / elio(t) dt = f(z), (47)

where f(z) is chosen such that the exact solution is @exact(z) = sin(mz). Thus, the
right-hand side is:

(@) = sin(rz) — /0 ¢ sin(mt) dt. (48)
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We implemented the proposed collocation scheme for N = 2,4, 8,16, 32 subintervals.
The maximum absolute errors Ey defined by
_ 0
By = max [peac(zy) = ) (49)

are summarized in Table 3, along with the experimental order of convergence (EOC),
calculated as EOC = log,(En/Fan).

Table 3 Maximum absolute errors and convergence rates for Example 2.

N En EOC

2 1.42x1072 —

4 1.81x107% 2097
8 230x107* 2097
16 2.89x107° 2.99
32 3.62x107°% 3.00

The numerical results in Table 3 confirm that the proposed algorithm attains the
expected convergence rate of O(h?), validating the robustness of the derivative-based
collocation approach for non-degenerate kernels.

8 Conclusion

In this research, we applied an optimal interpolation formula with derivatives con-
structed in Lg’) Sobolev space to numerically solve linear Fredholm integral equations of
the second kind. By leveraging the compact support property of the interpolation co-
efficients, we transformed the integral operator into a closed system of linear algebraic
equations through a collocation approach that incorporates both nodal function values
and their first and second derivatives.

The numerical results confirm the high efficiency and accuracy of the proposed algo-
rithm. We demonstrated that the method achieves a theoretical and practical convergence
rate of O(h?). Specifically, validation using a test problem with a linear exact solution
yielded zero absolute error, even for a small number of nodes (N = 2), because the inter-
polation formula exactly reproduces polynomials of degree one. These findings establish
the method as a robust computational tool that provides superior stability and preci-
sion over traditional quadrature-based approaches by effectively utilizing the solution’s
smoothness properties.
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YU CJIEHHOE PEINIEHNE JINMHENMHBIX NHTEI'PAJILHBIX
YPABHEHUN ®PEJATI'OJIBMA BTOPOI'O POJA HA
OCHOBE OIITUMAJIBHBIX NMHTEPIIOJIAIIVIOHHBIX
®OPMVIJI C ITPON3BO/JHBIMUA

L20aumos H.H.
olimovnurali8@gmail.com
"YucTuryr Mmaremaruxu nvenn B. V. Pomanosckoro Axajemun nayk Y36eKncrana,
100174, Y3bekucran, r. Tamkent, ya. YHuBepcurerckasi, 40;
2TamKeHTCKIit ME2K/IYHAPOJAHBINI YHUBEPCUTET,
100084, V3bekucramn, r. Tamkent, yia. Kunank xajaka itynm, 7

IIpennocelnku: Jlunelinble nHTErpa buble ypaBuenus OpenrosibMa BTOPOTO poja
uMeroT PyHIAMEHTAJTLHOE 3HAYEHNE TIPU MOJICTUPOBAHUN PA3JIMIHBIX HAYIHBIX W MHKE-
HEPHBIX IIPOIECCOB. 1 paIulIMOHHbIe YUCIEHHBIE METOILI PEIIEHNs ITUX YPABHEHUN YaCTO
OIMPAIOTCS UCKJTFOUUTEIHLHO Ha Y3JI0Bble 3HaUeHUsT (DyHKIUHU 1j1s armpokcuMmanmn. O gHa-
KO 9THU CTAHJAPTHBIE [TOJIXOJIbI HE BCET/Ia CIIOCOOHBI TOYHO IIEPEIaTh JIOKAIbHOE TOBEJICHIE
U TJIQJIKOCTh HEU3BECTHOT'O PEIEHUsI, YTO MOYXKET OIPDAHMYUBATEL UX TOYHOCTH U UUCJI€H-
HYIO YCTOMYUBOCTD B CJIOXKHBIX CIEHAPUSIX.

Henn: OcHoBHAas 1€JIb JTAHHOTO MCCJICIOBAHNS 3aK/II0UAETCS B pa3paboTKe HOBOU U
BBICOKOTOYHON YUCJIEHHON CXeMbI, KOTOPas 3HAYUTEIHHO MOBBIIIAET TOUYHOCTD AIITPOKCH-
Maruu. Mbl cTpeMuMcs JTOCTAYb 9TOTO yTeM 3(MMEKTUBHOTO HUCIOIH30BAHUS KAK 3HA-
qeHuit YHKINU, TAK U €€ MPOU3BOIHBIX BBICIINX MOPSAIKOB B JUCKPETHBIX y3J1aX, TEM
CaMbIM B ITOJTHOW Me€pe peajn3ys IMPUCYIILYIO PEIIEHUIO VI3 IKOCTb.

Mertona;: /Ins nocTmkeHns NOCTaBIEHHON IIeTH MBI TpeJijlaraeM WHHOBAIIMOHHDLIN MTO/-
XO/T, OCHOBAHHBII Ha TPUMEHEHUHU OIITUMAJILHOW MHTEPIOISIIINOHHON (DOPMYJIbI ¢ TPOU3-
BOJIHBIMH, CIIEIIUAJBLHO TOCTPOeHHON B npocTpancTBe Cobosesa. Vcnosb3ys TodHbIE KO-
3 PUIIEHTH 3TON MHTEPIIOIAIMOHHON (POPMYIIBI, MBI IIpeodpa3yeM HEIIPEePLIBHOE MHTE-
rpaJibHOE ypaBHEHNE B KOHEUHYIO 3aMKHYTYIO CUCTEMY JITHEHHBIX AJINe0panviecKux ypas-
HeHuil. /lanHOe peobpa3oBaHMe OCYIIECTBIISETCS C IOMOIIBIO CTPOIOro MeTOHa KOJIJIO-
kanuu. HoBusna Haleil cxembl 3aK/II0YA€TCS B TOM, YTO, B OTJIUYUE OT CTAHJAPTHBIX
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Omnmos H.H.

METOJ/0B, OHA aKTUBHO UHTErPUPYET UH(MOPMAIMIO O ITPOU3BOHBIX BBICIIETO MOPSIJIKA B
[IPOIIECC JTUCKPETHON AITPOKCUMAIUU.

PesynbraTbr: Hamr reopernveckuii anans3 yCIemHO YCTAHABIMBAET CTPOTUE OIEHKU
MOTPEITHOCTH, ITOJATBEPKIAsT MATEMATHIECKYI0 ODOCHOBAHHOCTD IPEJJIOKEHHON CXEMBI.
UcnionpzoBanne nHGOpMAIME O ITPOU3BOJIHBIX ObecriednBaeT 00Jiee BBICOKYIO CKOPOCTD
CXOJIMMOCTHU U TIOBBIMIEHHYI0 YUCJIEHHYIO YCTONYIHMBOCTD 10 CPABHEHWIO C TPAIUITHOHHBI-
MU MeTojiamu. Kpome TOro, BBIMUCIUTE/IbHBIE IKCIIEPUMEHTBI HA IIPUMEPE C U3BECTHBIM
TOYHBIM peIlleHreM JIeMOHCTPUPYIOT, YTO HAIll METOJ BOCCTAHAB/IUBAET pEIleHUe C WC-
KJIIOYATEHHO BBICOKOH TOYHOCTBIO U MUHUMAJIBLHON BBIMHCJIATEHLHON OMMUOKOIA.

3uaunmoctb: Takum o6pazoM, gaHHAs paboTa MPEOCTABIIsIET HAJIEKHBIN 1 3 dek-
TUBHBIN BBIYUCJIATEIHHBIA HHCTPYMEHT JJIsI CJIOXKHBIX MATEMaTUIEeCKUX U WHYKEHEPHBIX
3aja49. [IpesjioykeHHbII TOIX0]] YCTAHABINBAET HOBBIN CTAHIAPT JJIsl YMCJIEHHOTO pelle-
HUS MHTEI'PAJILHBIX yPABHEHMIT B TeX CJIydasx, KOrJla coXpaHeHne HHMOPMAIIUU O JIOKAJIb-
HOM IIOBEJIEHUN U IPOU3BOJIHBIX KPUTUYECKU BayKHO Jijist obecriedenust obOIeil TOYHOCTH
BbIYUCJICHUN.

KuroueBbie ciioBa: almpoKcuMalins, YUC/JIeHHOEe PElIeHre, HHTEPIOISIIIHOHHAA POPMY-
Jsta, ipoctparcTBo CobosieBa, mHTErpaibHoe ypasuenue Openrosbma

Hutuposanue: Oaumos H.H.YwucienHoe perienne JTUHEHHBIX HHTEIPAJbHBIX ypaBHE-
unit PperosbMa BTOPOro poja Ha OCHOBE ONTUMAJILHBIX HHTEPIIOJISAINOHHBIX (POPMYII ¢
npousBoaHbIMI // IIpo6iieMbl BBIMUCIUTENBHOIN U NPUKJIAIHON MaremaTuku. — 2026. —
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