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the field ¢ is monotonically increasing. For the field &, we discovered that it is increasing till the

late time t — co. Spacetime in this class is asymptotically considered as de Sitter for t — 0.

In this work we considered a formal framework of nonlocal f(T) theory of gravity and
investigated the nonlocal f(T) theory through the Noether symmetry. We derived the Noether
equations of the nonlocal f(T) theory in FLRW universe. We analysed the dynamics of the field in
nonlocal f(T) gravity using the Noether symmetry. In summary, we observed classes of solutions
that there exists the transition from a deceleration phase to the acceleration one in our present
analysis.

Literature

1. Perlmutter S. et al. Measurements of Omega and Lambda from 42 High-Redshift
Supernovae // The Astrophysical Journal, Vol.517, Ne2, 1998, P. 13-15.

2. Riess A. G. et al. Observational Evidence from Supernovae for an Accelerating
Universe and a Cosmological Constant // The Astronomical Journal, Vol.116, Ne3, 1998, P.573-
579.

3. Bahamonde S., Capozziello S., Faizal M., Nunes R.C. Nonlocal Teleparallel
Cosmology // The European Physical Journal C, Vol. 77, 2017, P. 628.

4. Phongpichit C, Momeni D. Noether symmetry in a nonlocal f(T) Gravity //
arXiv:1712.07927.

UDC 532.5; 519.95
CONSERVATION LAWS FOR THE INHOMOGENEOUS HIROTA AND THE
MAXWELL-BLOCH SYSTEM
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Supervisor— G.N.Shaikhova

Introduction. In recent years, nonlinear science has emerged as a powerful subject for
explaining the mystery present in the challenges of science and technology today. Among nonlinear
science, the interplay between dispersion and nonlinearity gives rise to several important
phenomena in optical fibers, including parametric amplification, wavelength conversion,
modulational instability(MI), soliton propagation and so on. Among all concepts, solitons, positons
and rogons have been not only the subject of intensive research in oceanography [1, 2] but also it
has been studied extensively in several areas, such as Bose-Einstein condensate, plasma, superfluid,
finance, optics and so on [3-9].

An important ingredient in the development of the theory of soliton and of complete
integrability has been the interplay between mathematics and physics. In 1973, Hasegawa and
Tappert [10] modeled the propagation of coherent optical pulses in optical fibres by nonlinear
Schrodinger (NLS) equation without the inclusion of fibre loss. They showed theoretically that
generation and propagation of shape-preserving pulses called solitons in optical fibres is possible
by balancing the dispersion and nonlinearity. The H-MB system has been shown to be integrable
and also admits the Lax pair and other required properties for complete integrability [11].

In this paper, we will concentrate on the inhomogeneous Hirota and the Maxwell-Bloch (H-
MB) system as following specific form [12, 13],

q, = -la,(2)q, +2,(2)q +ia, ()9, + 2,20 + 35 D o, +ias (D)o’ a+a,(D)p) (@)
p, = 2b,(2)q7n — 2ib, (2)wp, (2)

. =-b,@)(ap" +9"p) @3)
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with constraint
ob,

a, = %;a5 = 6a,b?;a, = 2a,b’. 4)
1

In the equations above, z and t represent the normalized distance and time respectively,
E(z,t) denotes the slowly varying envelope axial field, p(z,t) is the measure of the polarization of

the resonant medium, 7(z,t) and represents the extent of the population inversion. a,(z) results
from the group velocity and a,(z)describes the amplification or absorption. The coefficients
a,(z) —a, (z) represent the group velocity dispersion (GVD), the third-order dispersion(TOD) [14],
self-steepening (SS) [15], and self-phase modulation respectively. a,(z) is the parameter describing
the averaging with respect to inhomogeneous broadening of the resonant frequency. b,(z) and
b, (z) depict the character of interactions between the propagation field and the erbium atoms. The

real parameter @is a constant corresponding to the frequency, and the * denotes the complex
conjugate. If we set

a, =a, =0;a, =—%a¢,a4 =-p,a, =—-6p,a, =—a,b, =1b, =-1. (5)

inhomogeneous H-MB equation will be reduced to H-MB equation as following

. (1 2 2
a. =—Ia(2qn+q QJ+ﬂ(qm+6q 6.)+2p, (6)
P, =2qn + 2iap, (7)
no=—ap"+q"p) ®)

We will call the inhomogeneous Hirota and the Maxwell-Bloch system when a =2,
B = —1the classical H-MB equation. The linear eigenvalue problem of IH-MB takes the form

@, =Uo, 9)
D, =V, (10)

where U and V can be expressed in following polynomials about complex constant eigenvalue
parameter 1

Uz( A b
_bl(z)q -4

V=/13(_4a“ 0, o ~2as —4aba) .—al—*2a4b.f\q\z* —2ibl(a3q—ia4zqt)
0 4a, 4a,b,q 2ia, 2ib,a,q" - 2ia,q, a, +2a,b’[q| (12)

j=w3+uo, (11)

-C, -bB, n -Pp 3 2 1
. . =V, + AV, + AV, +V, + ——V_,,
(—bls1 C, J+A1(—p - J s AN TART °+/1+icob2 '
v - _Pa P (13)
-1 2 _p* _77 ’
ba . .
A1 :m'Bl = 2a4b12q q2+a1q+|a3Qt +a,0y, (14)
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C1 = iasblzqq* + a4b12 (q*qt - qqt*)

(10
%70 -1

Defining ' = W%/ , We can derive a I"-Riccati-type equation from the Lax pair of Eq.
1

(20)-(21) as
I = _bl(z)q* - ZM_bl(Z)qFZ-

(15)
(16)

(28)

Substituting the expansion I” = EZFJ.I" into equation (28) and equating the like powers

j=1
of A to zero, we can obtain the recursion formulas for I,

5@
5 1d

1
r,- _2@ —Z‘rlj,

i q
Iy :_Z(FZ,t _Etfz +b1(z)rlz}

2

i1
I :_(r —%F +b,(2D)> I T, J(J =234,.)
k=1

(29)
(30)
(31)

(32)

Similarly, by using (Iny,), =(Iny,),.,and symbolic computation, the infinitely many

conservation laws for equations (17) - (19) can be constructed

.0 0 .
—p.=—131.,(=123,.
I@tpl o (I )

where p, and J,,(i =1,2,3,..)are the conserved densities and associated fluxes, respectively, then

we multiply both sides to A +iab,, while the first three conservation laws are shown as

p=—5B,2))

. ba . b, (z b, (z b, (z
Jl——'wbzcl—lz’n+4.a4b1[ b@) ()) o - ()qqn] ()qq

b 20)b1b2 s _g (bl(z))3 2
q (a3q 'a4Qt)J ( q (asq Ia4qt) q ] ‘q"

2

[ 4a,biob, -

:;(bl(z))zqqu(bl(zz)) b gl
), - —4a4b1iwb2—2;bl(a3q—ia4qt)][ @) bl“qqn] 28

(2 b, . _bB |a)b2b1 bla _b(2), 2
[ (a;0—ia,q,) qj+( ; 2 j( > j

ps = (b @)’ ——(b (2)) 0,9 (bl(Z))2 b,aqa;

J, = (Za’zb (a,q-ia,q,)- quJ( b (Z)) o* b(z)qan b(z)qqf-(—i“’blbzs + a8y

4 q
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The existent of infinite conservation laws helpfully indicates the completely integrable
property of equation (3).

Conclusion. In this paper we consider the creation of an infinite number of conservation
laws for the inhomogeneous Hirota and the Maxwell-Bloch (H- MB) system. Creating an infinite
number of conservation laws for the inhomogeneous Hirota and the Maxwell-Bloch (H- MB)
system -Lax pair and Riccat equation. This means that the system of equations, which we discussed
above, is sufficiently integrated.
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