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Abstract

A method for solving the Kaup system A number of problems of mathematical physics are
reduced to finding the eigenvalues and orthonormalized eigenfunctions of the Sturm-Liouville
operator. In particular, when solving the equations of string vibration and heat conduction,
which are considered the main equations of classical mathematical physics, by Fourier method,
it is necessary to determine the eigenvalues of the Sturm-Liouville boundary value problem,
orthonormalized eigenfunctions and expand the arbitrary function into the Fourier series using
them.

Keywords: Class of periodic functions, antiperiodic problem, periodic problem, eigenvalues,
Kaup system.

Introduction
INTEGRATION OF THE LOADED NONLINEAR MODIFIED KORTEVEG-DE FRIES
EQUATION

Let's look at the following mKdf equation
q,=69°q, —q,,, t>0, xeR (1)
A(x,1)]|_, =d(X), )
X according to 7 - is periodic and this
q(x,t) eC}(t>0)NC/(t >0)NC(t>0), ()
which satisfies the smoothness condition ¢(X,t) be required to find the actual function:
g(x+7,t)=q(xt), xeR,t>0

in this g,(X) € C*(R) is a given real function.

Teopema 1. If (X,t) - (1) - (2) be the solution to the problem. Then the Dirac operator A,
N e Z spectrum limits
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will be, in this

B:(O 1)’ Q(X’t):( 0 q(x,t)} y:(yl(x)],
-1 0 axt) 0 Y, (X)

7 and t will not depend on parameters, &, (7,t), N € Z and the spectral parameters are these

@atﬁ = 2(-1)" 0, (r.Oh, (&) {-2£, [0 (2, ) + 0, (r. D] - 473, 5)

Dubrovin satisfies the analogue of the system of equations, where

0,() =G~ 2or ) n &) J i Ve —&)la—c)
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(G =&

k=n
Here o, (z,t) ‘shint &, (z,t) the pointisitsown [A,, ;, 4,,] lacunae changes to its
opposite at each encounter with the border. In addition, the following prerequisites are met
&), =8 @), o,z =0,(2), neZ, (6)
Here £°(7), o2(r) neZ — py(x+7)=0, q,(X + 1) spectral parameters of the
Dirac operator with coefficients.

Proof. (4) for eq
¥,(0)=0, y,(r)=0,
of the Dirichlet problem &, =&, (7,t), neZ orthonormalized eigenvector-functions
corresponding to eigenvalues Y, = (ynyl(x,r,t), ynyz(x,r,t))T, neZ we define through
(L(z,t)y,,Y,) =<, equality t differentiated according to and L(z,t) using the symmetry
of the operator

& = (Q(x+7,0Y,,Y,) | (7)
we will have Do not do scalar multiplication
(SN _ yl(x)j (Zl(x)j
e X)Z,(X) + V,(X)Z,(X)]dx, y= , L= :
(:2) = JIL0OZ.00 + Y.(02,000ex y (yz(x) 00

(7) using the following equation

én = ZI yn,lyn,Z qt (X + T,t)dX,
0
we will write it down.
This
q,(X+7,t)= 6q2(x +7,1)q, (x+7,t) — q,,, (X + 7,1),
from equality
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én = 2.!.. yn,lyn,z (quqx _qxxx)dx ) (8)
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it turns out to be. By calculating the derivative directly
28,0, - (Vo1 = Yn2) + 204870+ 207 = 0y) Va1 Vo2 = 26,(285 +0°) - (Vou + Yo )Yy =
= 2yn,lyn,z (6q2qx - qxxx) )

i

can be shown to be
Also

2,[ yn|lyn,2 (6q2qx - qxxx)dx =
0

=2, [0°(7.) + 0, (7. 0) + 2571 [y7 (7, 7. ) = ¥, (0,7, 1)] ©)

will be. (8) and (9) from
& =[Vno (7,7,8) = ¥, (0,7, 0] x {25 [4° (7. ) + q, (7, 1)] -4}, (20)
originates. of this equation s,(0,4,7,t)=0, s,(0,4,7,t) =1 a solution that satisfies the

initial conditions S(X, A4,7,t) we define through.

In that case
Yo (%,7.1) = n(lr’t)s(x,én,r,t),
and in this
C2(rt) = [[S2(X. &, 1. 1) + S2(X,, 7, D)]dX = —851(”£n Y s (né o),
using these equ;tions,
2 S R PR —
$ialer 0¥ 0 0 = (ﬂc’gg (nr’,ft’)t) == os, (7, éns 2 x)g =2 ay
oA

we generate .
Here
1 2
S,(7,&,, 1) ————————=0,(7,)|A (&) -4, 12
2 (7.8, 7.1) P o, (7,0)4/A%(&,) (12)
putting the following expression

O, (T1 t)\/ AZ (gn) -4

Yo, (m,7,0)=y2,(0,7,t) = - os,(, & ,7,1)
o , (13)

we find that eq.
Using the following spreads

Az(ﬂ,) —4=—47Z’2 ﬁ (/1_/12k—1)(ﬂ’_/12k)’ Sl(ﬂ,/l,r,t):ﬂ ﬁ S —/1’
k=—o0

2
a, k=—o 8
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inthis a8, =1 sa &, =k, k0, he above equation

Yoo (7, 7,8) = ¥a,(0,7,8) = 2(-1)" o, (z,0)h, (&) , (14)
we will write it down. (14) expression (10) putting it into equality, we get (5).
If the Dirichlet boundary conditions are periodic Y(7z)=Yy(0) or antiperiodic

i

y(7r) =—Yy(0) If we replace with boundary conditions, then (3.5) instead of eq 4, =0 we
generate .
So, periodic and antiperiodic problem A, n e Z eigenvalues t will not depend on the

parameter. The theorem is proved.
Result 1. This

CEn+a = X (ﬁ”lT%—e‘f(r,t)} (1)

taking into account the trace formula (5), the system can be recorded in a closed form.

Corollary 2. This theorem (1)-(3) gives a way to solve the problem. for this initially
0, (X +7) corresponding to the coefficient A, £2(z), oo (r), neZ we can find the
spectral data. Then (5) for the system of Dubrovin equations

& (f,'[)‘t=0 =&)(r), o, (r,t)‘t=0 =c'(r), neZ
Let's solve the Koshi problem. After that

q@) = X (D" o, (O (EE ). (16)

according to the trace formula q(X,t) we find.

Conclusion:

Using the inverse spectral problem for the quadratic set of Sturm-Liouville operators with
periodic coefficients, the Cauchy problem for Kaup's system of loaded terms is solved in the
class of periodic functions. applied to finding solutions of the periodic class.
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