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NEUTRINO FLAVOR OSCILLATIONS IN ROTATING MATTER

© 2011. M.S. Dvornikov “?

" Institute of Physics, University of Sao Paulo, SP, Brazil
? N.Pushkov Institute of Terrestrial Magnetism, lonosphere and Radiowave Propagation,
Russian Academy of Sciences (IZMIRAN), Moscow region, Russia

(e-mail: maximd@dfn.if-usp.br)

We study the evolution of the neutrinos system in rotating matter. Neutrinos are supposed to be mixed
massive particles interacting with background fermions by means of the electroweak forces. First we find the
solutions of wave equations for the neutrino mass eigenstates in matter. Then we study the behavior of
neutrino flavor eigenstates in background matter. The problems of neutrino bound states and neutrino flavor
oscillations are discussed. We also detive the analog of the quantum mechanical evolution equation for the
system of two flavor neutrinos in rotating matter and analyze its solution for the particular initial condition

for neutrino flavor eigenstates.

Keywords: exact solutions of wave equations, neutrino oscillations, rotating matter

1. INTRODUCTION

Nowadays it is acknowledged that neutrinos
play a significant role in the evolution of massive
stars at the ultimate stages of their life. When the
mass of a star is about 8-9 or 40-60 solar masses,
such a star can explode as a supernova with the
emission of great quantity of neutrinos carrying
away almost 99% of the initial gravitational energy
of a star [1].

Although neutrinos interact rather weakly with
background matter, these particles are the key
component in the dynamics of a supernova
explosion. After the supernova explosion the core
a massive star is converted into a compact dense
object, a neutron star. Neutrinos are supposed to
give the contribution to the subsequent evolution
of a neutron star, ie. causing its cooling [2].
Besides the direct influence to the supernova
explosion process neutrinos can also affect
various macroscopic characteristics of a neutron
star. For example, great peculiar velocities of
pulsars can be explained by the asymmetric
neutrino emission [3]. It is also supposed that the
emission of neutrinos can cause the spin-down of
a rotating neutron star [4].

The fact that neutrinos are massive particles
has many important consequences. Unlike
photons that immediately escape the region where
they are created, neutrinos with relatively small
initial energies can form bound states inside or in
the vicinity of various astrophysical objects. The

most proper candidates for the formation of such
non-trivial states are relic neutrinos. The
possibility of gravitational clustering of relic
neutrinos was studied in [5]. It was discussed in
[6] that both Dirac and Majorana neutrinos can
also create a superfluid condensate due to the
Higgs boson interactions. We considered the
situation of gravitational trapping of neutrinos by
a massive black hole in [7]. The neutrino trapping
in both curved space-time and rotating matter was
studied in [8].

There is also a possibility that neutrinos
emitted in a neutron star form bound orbits inside
the star due to their collective interactions with
neutron matter. This issue was studied in [9].
Neutrino trapping inside a rotating neutron star
was discussed in [10]. This effect results from the
neutrino electroweak interaction with
inhomogeneously moving matter.

Recently we developed an approach for the
description of neutrino flavor and spin-flavor
oscillations in various external fields [11]. The
problem is formulated in terms of wave quantum
mechanics and involves exact solutions to wave
equations for a neutrino in an external field. In
the present work we study the evolution of
massive mixed neutrinos in inhomogeneously
moving matter. In particular, we apply the
treatment to the emission of neutrinos in a
rotating neutron star.
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In Section 2 we give the general formulation of
two neutrino flavors interacting with rotating
matter of the type found in neutron stars. In
Sections 3 and 4 we find the solutions for the
Dirac equation for a neutrino interacting with
moving matter for massless and massive particles
respectively. We also compare our solutions with
the previously found ones [10, 12]. In Section 5
we discuss the possibility for low energy neutrinos
to form bound orbits inside a neutron star.
Neutrino flavor oscillations in rotating matter are
discussed in Section 6. In Appendix we state the
solution of the wave equation for a neutrino in
vacuum in cylindrical coordinates. Finally in
Section 7 we summarize our results.

2. GENERAL FORMULATION

Let us first formulate the evolution of two
neutrino  flavor  eigenstates, V3,4 =a,f,
interacting with moving matter due to the
exchange of the electroweak Z and W¥ bosons.
Phenomenologically this interaction with matter
can be implemented by means of a set of neutrino
wave equations with the external fields f/{l [13]
shown below. In the flavor basis, neuttinos also
have a non-diagonal mass matrix (myy,). The
Lagrangian for this system is then:

L= Z 7 (iy*0, — fiv,PL)vy — Z my vy,

A=a,p AM'=a,B
1
P,=-1-7%. @

In our case of interest, the flavor & will be either

#or 7, and the flavor B will be €.

The form of the currents f/{L are determined
by the neutrino interactions with the medium. In
the case of a neutron star the medium consists of
electrons, protons, and neutrons, with number

densities Mg, Ny and Ny, respectively, and
Ne=Nyp, corresponding to electrically neutral
Therefore, the

neutrino flavors & (either # or T) and S = €,
the corresponding external fields have the
following expressions [14]:

mattet. for standard model

GF . G i .
fo ==Fh I3 =5Q@e i) @

where G is the Fermi constant and,

jel; = (ng, Mev), ]# = (N, Mpv), 3)

are the hydrodynamical currents of each of the
background fermion species. We also assume that
all background fermions rotate as a rigid body,
L.e., moving with same velocity V.

To study the evolution of the system (1) we
diagonalize the mass (my) by
introducing the set of the neutrino mass
eigenstates YP,, a = 1,2,, with help of the matrix
transformation:

matrix

Vo= Z Ura¥a »

a=1,2
_(Un Uaz) _(cos@ —sinf
(Wha) = (Uel Up2) — (sinH cos@ ) )

Here 0 is the vacuum mixing angle, where 8 = 0
means v, =V, and v, =v,. After diagonalization

the Lagrangian (1) reads
L= Z ll_)a(iyﬂau - ma)lpa - Z ggblﬁayuPLlpb , 5)
a=1,2 a,b=1,2

where the matter interaction term contains the

2 X 2 matrix (ggb) in the mass eigenstate basis

u
(gab)
_ Gr ((2j&'sin?6 — ji) jtsin26 ©
2 j¥sin26 (2j¥cos20 —j )’

The Dirac equation for the neutrino mass
eigenstates, obtained from Eq. (5), has then the
form,

(iv#0, — Mg — GhaVuPL Wa — 9hpVuPLp =0, a=b (7)

where the last term corresponds to the off-
diagonal elements of Eq. (6), so it is an interaction
with the medium that mixes the different mass
eigenstates.

We solve Eq. (7) treating the last term (the
mixing of neutrino types) as a perturbation, so
that at zero-th order the neutrino types are
decoupled. Also, since the typical energy of a
neutrino emitted in a neutron star is ~10MeV
whereas the neutrino masses do not exceed a few
eV, the neutrinos are ultrarelativistic and we can
treat the masses Mg also as perturbations.
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Now, for a rigid rotating medium, the
interaction depends on a velocity v(r) = 2 X
r ,where r is the radius vector from the star center
and 2 is the angular velocity of the star.
Therefore we define the positive potentials as:

Vo = _gga

_ {GF (n, — 2n,sin?60)/V2,

B Gr (n,, — 2n,c0s%0)/V2,

for a=1

’ 8
for a = 2. ®)
Note that V, > 0in Eq. (8) since n, > n,ina
neutron star and g9, < 0(a = 1,2).

In order to proceed with the description of the
evolution of the system (7) we should have the
energy levels and wave functions of the mass

eigenstates P, which correspond to the wave
equation (7) at the absence of the mixing term

ggb' These quantities will be found in Sections 3
and 4.

3. SOLUTION OF THE WAVE EQUATION FOR A
NEUTRINO IN ROTATING MATTER IN THE
LIMIT OF ZERO MASS

In this section we find the solution of Eq. (7)
at the absence of the mixing between different
mass eigenstates due to the interaction with
matter, i.e. we put the coefficient gfz to zero.

This case corresponds to a single unmixed
neutrino interacting with an external axial-vector

field. The wave equation (7) is transformed to the
form [14, 15],

)

Here we interested in the case of
ultrarelativistic neutrinos, i.e. when the mass in
Eq.(9) is much smaller than the energy.

The equations of motion for the left-handed 7

(iy”c?ﬂ -m—g'yP, ) =0.

are

and right-handed & chiral components of the
spinor YT = (&,1) decouple in the m = 0 limit.
The mass contribution can be included in
perturbation theory (see Section 4). Using the

chiral basis for the y# matrices in the convention
of [16],

e D = D
=((1) —01)' (10)

Dirac equation for the left-handed component 1]
of the neutrino is

in={ie-V+a,9", (11)

where the matter interaction term is
gt =go+o-g.

The external field g* with non-zero spatial
components corresponds to the external
electroweak field due to the moving background
matter. In analogy to Eq. (6) we obtain for the
three-vector part, g = g,v. We want to study the

neutrino states inside a neutron star rotating with
the angular velocity € directed along the z-axis,
Q = Qe,. As we mentioned in Section 2, since
Jo < 0 in the case of a neutron star, we redefine
this potential as V = —gq. Accordingly,

g =VQ(ve, —xe,). (12)

It is natural to use cylindrical coordinates (7, ¢, z)
to solve Eq. (11) with

. ( 9,
ic-V=i

e[, + (i/r)dy]

e~ ®[a, — (i/r)6¢]>
-0, ’

0 e
a-g=V.Qr(_iel.¢ 0 ) (13)
Taking into account that Egs. (11) and (13) do
not depend on z, we look for a stationary solution
of the form n~u(r,¢)e {Ft=Pz2)  Using the
analysis of [17] we can further separate the two
coordinates r and ¢ in the two-component
spinor U using auxiliary functions Fj ,(p) as

1 (ei(l—l)d’Fl(p)) a9

MO =2\ e, ()
where p = VQr?, and lis an integer so that the
function of ¢ is single-valued. Since the system is
invariant under rotations around the Z axis, U has
to definite value of J, (total angular momentum),
which in our notation is equal to [ — 1/2.

The Fi, the
equations:

-1

functions satisfy coupled
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!
i/VQp (zap +1+ /—)) F, = iR,F,

=(E+p, +V)F, (15)

which can be separated into two independent
second order differential equations:

A S Gl PR 16

a7

where the parameter K is related to the energy in
the form,

(E+V)*-p?
K= TZ (18)

Let us just solve Eq.(16) for the function Fj.
Eq.(17) can be solved for F, by analogy.
Expressing F; (p) = e_p/zp(l_l)/zu(p), the
new function U(P) obeys an associated Laguerre
equation,

pu"+ (U —pu'+(x—-Du=0, (19)

whose solutions are the associated ILaguerre

polynonzials u(p)~Qt1(p). Here s = K — Lis
the radial quantum number, and #, defined in Eq.
(18), is related to the neutrino energy. The
function Fy is then a Laguerre function, F{(p) =
Ix—15(p). The Laguerre functions I,s(p) ate
defined in terms of the associated Laguerre
polynomials Q%(p) (where n = s + 1) as

1
Isyis = —P/2pl/2 é ,
1s(p) an l)!s!e p%Qs(p)
Qo) = epp-ldd—;(p“le-*’). (20)

Another common definition of the associated
Laguerre polynomials is L, (p)=Q!(p)/s! The

Laguerre polynomials satisfy the recursive
relation,
Qs (p) = Q5(p) — sQ5-1(p). 2D

We also mention that In,s (p) and Qé (p) satisfy
the integral relations,

j In,s(p)ln—l,s(p)\/zdp =n,
0

f we"’plQé(p)Qé,(p)dp =8s!(L+39) . (22)
0

In order to have normalizable functions at the
origin, [ must be a non-negative integer. Also, the

solution diverges at large radii, unless S is a non-
negative integer. Therefore, in order to have well-
behaved solutions, the smaller values of S and K
must be integers, in which case the lower values
of energy, E = =V +,/4VQk + pZ, are discrete:

-V

+./4V0n + p2. (23)

On the other hand, for large enough energies
the divergent behavior of the solution falls

E - E,

outside the star radius, in which case K has no
restrictions and it becomes a continuous variable.
Notice that the energy levels in Eq. (23) are
different from the analogous expressions obtained
in [10], E ==V +£,/4VQn + pZ. It was claimed in
[10] that there is an analogy between the charged
particle dynamics in an electromagnetic field and
the neutrino motion in matter. However this
analogy is just superficial. An electromagnetic
field is gauge invariant. Therefore when we study
the motion of an electron in an external magnetic
field B = (0,0,B), we can choose any gauge. In a
gauge that keeps the cylindrical symmetry explicit,
the vector potential A= (-yB/2,xB/2,0) is
required. The analog of this gauge is adopted in
the present work. If the electron motion is studied
in cartesian coordinates, the Landau gauge is
more convenient, A = (0,xB,0). This kind of
gauge was used in [10]. As shown in [17], in the
electromagnetic problem both gauges must give
the same energy spectrum for the electron.
However for the motion of a neutrino in rotating
matter, the situation is different: there is no gauge
freedom in this case. If one uses the analog of the
Landau gauge, as in [10], one underestimates the
matter contribution to the dispersion relation.
Finally, to derive the lower component of the

neutrino spinor U, we just need to use the
identities (see [17]),

Rlln—l,s(p) = V4V-Qn1n,s(p): R2[n,s(p)
=V 4V-Qn1n—1,s(p): (24)

to find the function F,(p). Thus we get the

complete two-component spinor in the form
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V2VQ (Ci1,_4 5(p)eit-D¢
u(r, ¢) = ( th-ss(p)e” ) (25)
\V2r lCZIn,s(p)e
The coefficients C 1,2 are related to each other
due to Eq(15) as
VAVOnC, + (E+V —p,)C, = 0, (26)

and their norm can be chosen to satisfy
Cl+C; =1.

Let us now discuss the limit of small angular
velocities to establish the connection with the
non-rotating case. For simplicity we study the
case p, = 0 which is examined in Sec. 2. The
limit Q— 0 should be taken together with n —
o, so that () -n = constant. Using the identity
(18],

711_{1010 In,n—l([er]2/4n) =] (py7), (27)

we reproduce the neutrino wave functions in
vacuum (56). Therefore one can identify v4VQn
with the neutrino momentum in the equatorial

plane, P, ,in Eq.(23).

4. APPROXIMATE SOLUTION OF THE WAVE
EQUATION FOR A MASSIVE NEUTRINO IN
ROTATING MATTER

In this section we will study the effect of the
rotation of matter on the single massive neutrino
without mixing, analogously to the treatment of
Section 3. However, now we will take into
account the contribution of the neutrino mass to
the energy levels (23) using the perturbation
theory.

For a massive particle one should take into
account both spinors & and 7 in Eq. (9). The
coupled wave equations for these spinors have
the following form:

i§ = (o-p)§ —mn,

in=—(c-pp-mé+[g,+(c-)|n, 9

where the vector g is defined in Eq. (12).
Looking for the stationary solutions of Eq.

28), E~e7E and n~e "t and excluding
spinor ¢ from Eq.(28) we get the only differential

equation for the spinor 1],

[E2—m?—p*+VE—-E(a-g)—V(c-p)

+(o-p)(a-g)]n=0. (29)

Note that one should take into account the non-
commutativity of the operator p and vector g
since the latter depends on the spatial coordinates.
As in Section 3 we will use cylindrical
coordinates (7,¢,z) to analyze Eq. (29). It is
convenient to rewrite this equation for each of the
components of the spinor T = (1,15),

1 05 ,
{Ez—m2+VE+0r2+;5r+r—2+6zz+LVﬂa¢
+iVa, + VO(ro, + 2)In,

. i
= —e“‘l’V{i [6, - ;a(,,] — Or(iE — 62)} N2,
E? 2+ VE +0? 16 aé 0% +iVNo
—m* +VE +07 + -0, +—3+ 07 + V00,
—iVa, —VO(ro, + 2)In,

. i
- —e“¢V{i [ar +;a¢]

+ 0r(E + az)}nl. (30)

We look for the solution of Eq. (30) in the
following form:

n= eipzzu(.r, ¢)r u(r: ¢)

_L ei(l-wl(r))
7y ) @

where F1,2 (r) are the new unknown functions
[see Eq. (14)]. From Eq. (30) we derive the
equations for the functions Fy 5 (1),

(-1

r2

1
{Ez—mz—pzz+VE+6r2+;6r—
—-val-1)

—Vp, +VQ(rd, + 2)}F,
l
=—iV {[ar + ;] —r(E - pz)} F,,
1 12
{EZ —m? —pZ +VE + 0F +;6r—r—2—ml
+Vp, — VO (ro, + 2)}F,

= _iv{[ar - Z_Tl] +0r(E + pz)}Fl- (32)
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Introducing  the  dimensionless  variable
p = VQr?, as in Sec. 3, and using the properties

of the operators R ,, defined in Eq. (15),

-1 p I?
Ri\R, = 4VQ(pd, + 8, —-———5——),

2 4 4p
L p (1-1)?
RoRy = 4V pd, + 0, =5 =7 = ) (33)
we rewrite Eq. (32) in the following form:
{E? —=m? —p2 +VE —Vp, + 3VQ2 + RyR,
+/VQpR,}F,
= —i{VR, = JVOp(V + E — p)}F,,
{E? —m? —p2 +VE —Vp, — 3VQ2 + RR,
— JVQpR,}F,
= —i{VR, + /VQp(V + E + p,)}F,. (34)

To study the contribution of the neutrino mass
to the neutrino energy spectrum (23) we discuss
the situation of the neutrino bound states and
take into account neutrino mass with help of the
perturbation  theory. It means that in
Eq. (34) we can use the expressions for the wave
functions F1,2 presented in Eq.(25) which
correspond to the massless neutrino: F;(p) =
Cilh—1s(p) and F,(p) = C,1, (p). For this kind
of wave functions we get from Eq.(34) the
following relations:

{CLIE? —m? —pZ + V(E — p, + 40 — 40n)]
— CVVAVanil, 1 s(p)

+V2p(V + E — p,)Cy1,(p)
+2V0/p(n — 1)Ci 1,5 5(p) = 0,(35)

{C,VVavan — C,[E? — m? — p?
+V(E +p, — 402 — 4001}, s(p)

—+/ V-QP(V +E+ pz)Clln—l,s(p)

=2V p(n+ 1)Cylnyq5(p) = 0.

To obtain Eq. (35) we use the known properties
of the Laguerre functions,

, p [p+tn—s
In+1,s(p) = o 1[ 2p In,s(p) - I,n,s(p) ,

, p [ptn—s—1
In—2s(p) = n—2 [ 2p In-1,5(p)

+1'05(0)| 36)

which can be found in [19].

Let us study the situation when E% > V() and
n > 1. The former condition is always satisfied
for any realistic situations. Indeed, for a neutron
star with n, =10°cm™ we get that V~10eV. If
we suppose that the energy has the value of
several electron-Volts (we will see in Sec. 5 that a
bound state can be formed for such low energy
neutrinos) and a neutron star has the angular
velocity n, = Q = 103s71(~10713eV), we get
that the condition E2 > V) is satisfied. The
latter condition, n > 1, is also valid (see Sec. 5).
It is received there that the critical value of the
quantum number # at which a bound state is still
possible is equal to 10, It means that this
condition is fulfilled.

Taking into account the approximations made
above we obtain that the energy spectrum has the
form,

E=—V+.4V0n + p2 + m2. (37)

However, instead of the relation (26), which is
valid for the massless case, we have the corrected
one

b

VAVANC, + (E +V + 40 — p,)C, = 0. (38)

In Sec. 3 we obtained that the quantity perr =
VAVQn 4+ pZ has the meaning of the effective

momentum of a neutrino. Therefore we get in
Eq. (37) that in the limit n > 1 the neutrino
energy receives the correction m?/ 2pess due to
the non-zero mass, as it should be. Note that this
energy spectrum coincides with the analogous
relation found in [12].

5. LOW ENERGY WITHOUT FLAVOR MIXING:
BOUND STATES

In Sections 3 and 4 we found the basis spinors
(25) and the energy levels (37) of a single neutrino
mass  eigenstate interacting with  rotating
background matter. Now we apply these results
for the description of the evolution of the system

(7).
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Given the axial symmetry of the problem, we
use cylindrical coordinates and the eigenfunctions
Yq = (§a,ng) of Eq. (7) must be of the form

Na~Na (T, ¢)€_i(Eat_pzz). We find the energy

eigenvalues in terms of an index "n
Eq.(37)],

E(a)+

[see

-V, +\/4V.(2n+pz+m§,
n=012.. (39

Here E,(la)Jr is the energy of a particle (neutrino),
—V,", while

. a)—
the negative value e E,(l )~ must be understood as

E®”

containing an attractive potential "

, the positive energy of an antiparticle
(antineutrino), containg a potential term " + V",
which is repulsive. We included the neutrino mass
mg in the above expression for the energy,
although we will neglect it in the spinors.

In a rotating medium, the effect of rotation is
largest for neutrinos propagating in the equatorial
plane. Choosing Z as the rotation axis, we then

look for solutions which are Z-independent, i.e.
p; = 0.

The corresponding two-component spinors
are given in terms of Laguerre functions I, ;(p)

with an energy index "n" and a radial index "s
[see Egs. (25) and (20)]:

Va2 (1_1,5(p )ei(l'l)d’)
(€3) — n-1,s\Pa
vansh @) = o ( Filys(pg)e'™

l=n-s5, (40)
and  where p,=V,r? a=12, is a
dimensionless radial coordinate. For further
details of the derivation of Eqs, (39) and (40) the
reader is referred to Secs. 3
and 4.

In this case, when "n" is a non-negative
integer, the energies in Eq.(39) are discrete values

and the wavefunctions decay to zero as I — 0.
This is a required condition for low enough
energies, see discussion below Eq. (44), otherwise
the wavefunctions would diverge inside the star
before reaching the star radius.

Instead, for neutrinos with larger energies, the
wavefunction reaches the edge of the star and
should continue outside. For those cases the

"n" become
the name

neutrino energy and the index
continuous variables (we change

n = k in this case). The solution inside the star
now has the more general form:

u(r,¢) =

m(cme_pa/zp o U=kl pe!tHe (L~ 11 }> (41)
Vam iC{Me=pal2p2F (1 — k,1 + 1, pg)e® /1)
where F(a,f,z) is a confluent hypergeometric

function and the coefficients Cl(l; ) satisfy the

relation
JV 01 C 4 (B, +V, —p)ci™ =0, (42)
considering the energy E, with the same

expression as in Eq.(39), but with n—>x, a
continuous variable. We derive Eq. (42) from Eq.
(26) changing the norm of the coefficients C;
there as:

C(m) N C(m)

( )' (43)

and using the property of the confluent hyper
geometric function,
F(l—n,1+1,p)=l!Q._;(p)/n.

For the wave function outside the star one
must use the outgoing wave solution in vacuum

given in Eq. (63), i.e.

(out)( )= _1 Cl(out)Hl(—l)l(piT)ei(l_l)¢ 44
u, (¢ = an\ iclwy® up ) 44
2\ iy H M (pir)e

where H 1(1) are Hankel functions of the first kind

and p, =+ E?—pZ—m2 is the momentum

perpendicular to the rotation axis.

The coefficients Cl(,izn ) and Cl(gut)are related

due to the continuity of the wave functions (41)
and (44) at the neutron surface,

g (R, @) = ug™” (R, ). Eas. (42), (59), (66)
completely define the coefficients for the solution
corresponding to an unbound wave function.

As mentioned above, neutrinos could form
bound states inside a neutron star, provided the
energy is small enough. In those cases the energy
(39) assumes discrete values, because otherwise
the wave function would diverge before reaching
the edge of the star. In Fig.l we present an
example of wave function [see Eq.(40)] for
[ =10 and s = 15 (solid line). It can be seen that
the solution is a rapidly oscillating function in the
inner regions and approaches zero for large radii.

star
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We also present in Fig. 1 the wave functions for
[ =10 and s = 15.1 (dashed line) as well as for
[ =10 and s = 14.9 (dash-dot line), showing the
divergence at large radii.

From the fact that E,ga)-l- can be negative for a
medium dominated by neutrons, as seen in Eq.
(39), neutrinos of low kinetic energy can form
bound states inside the star. On the other hand,
antineutrinos cannot be bound because in their
case the potential is repulsive. Limiting the
analysis to p, = 0 only, the energy spectrum for
the bound states is discrete. The maximum value
of "n" for bound states can be estimated with the

equation ET(La)+ =0,

<o 45
=10 45
This condition is independent from (but

consistent with) the condition that the wave
function should not diverge before reaching the
star radius. The position of the last maximum in
the function is approximately at
Perie~2(n + ), and this point should be inside
the star, i.e. pPerir < VoQR?, where R is the star

radius (remember the definition p =V Qr?). This

wave

condition means n < VHQR2 /2.

We can estimate the index "n" in these bounds
for the case of a neutron star. Taking a reference
value for the neutron density n, = 1038cm™3
(close to nuclear density), we get a potential
Va~7eV. This is much larger than the natural
neutrino masses expected from oscillation
experiments, so the mass in Eq. (39) and Eq. (45)
is indeed negligible. Now, for the angular speed
Q, we can take the Keplerian angular velocity

Qmax =+GM/R3 (see [20]) as a rough upper
limit. Taking M = 1.5Mg and R = 10km one
obtains for Qpax~10%*s™ (typical values are two
or more orders of magnitude smaller). Eq. (45)
then gives n~1011, a rather large number of
bound states as well as nodes within the star. On
the other hand, the condition for the wave
function to fade before reaching the edge,
n < V,QR?/2, gives also n~101,

The particles inside the neutron star can be
created in the form of neutrino-antineutrino pairs
[2]. The fact that low energy neutrinos can be
trapped by the star and antineutrinos will be
accelerated out of the star makes it possible the

existence of the low antineutrinos

luminosity.

energy

Fig.1. The solutions of Eq. (19) for | = 10 and s = 15
(solid line), I = 10 and s = 15.1 (dashed line) as well
as for [ =10 and s =149 (dash-dot line). The
function I, s(x) at non-integer "s" should be
understood as the confluent hypergeometric function
F(k — 1,1+ 1,%x) in Eq. (41).

The validity of the wave function method has
one main drawback concerning wave coherence:
it must be assumed that incoherent scattering can
be neglected all over the star. This is particularly
unlikely if the number of nodes is as large as 10"".
Another drawback of this treatment concerns
neutrino production: most neutrinos are produced
with energies much larger than a few electron-
Volts, and again, the production is in general an
incoherent process.

6. EFFECT OF ROTATION ON FLAVOR MIXING
OF LOW ENERGY NEUTRINOS

So far we have neglected the off-diagonal
elements of Eq. (6) which mix the neutrino mass
states. Let us now include them as perturbations
to study the effect of rotation in the mixing of
neutrino flavors. The general solution of Eq. (7)
can be stated in the following form (see also [11]):

na(rogqb, t)

= > (augns o pexp[-iEPY]  (46)
n,s=0
+b{ Uz s (r, p)exp[—1EPt]), a=12

In Eq.(46) we consider the full state as an
expansion in the eigenstates with time-dependent
coefficients a,(g)(t) and b,(lcsl)(t), requiring the
expansion to satisfy the evolution equation (7),
and imposing the initial condition that the
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neutrino wavefunctions at t = 0 are of flavor
p = e only.

Substituting the solution into Eq. (7) and using
orthonormality of the spinors in Eq. (40) we
obtain the following set of ordinary differential

equanns for the functions a (t)

{{f uans(r)(gg_b()'#)ubn,s,(r)dz }

l - ans) (t) =
!

n',s'=0

el Y0
+ {f tgns (1) (9650 )ty 1o (1) d? }

x exp[i(E\F -ES ) S0}, a=b,  (47)

and a similar set of equations for 5'”(t) .

Now, since we are interested in the neutron
star matter, we can assume densities close to
nuclear matter or above, dominated by neutrons
(n, K ny). Within this approximation, the spinor
products in Eq. (47) can be easily calculated,

a ns (1') (gab O-y)ub n's' (r)dz
= f Ughs (1) (Gl )ty o (P)dPT

0
iz |12
— 22 |26 (26, —

- \/E5s,s’+1)'

~ G728, St Vs + 16564

f ans(r)(gab(f#)ub nrsr(r)dz

= f u;,its ) (g(,;b Eu)u;'n,s, (r)d?r

0
g1z |12
= V6ll'(\/g6s,s’+1

2
—Vs+1854_4), (48)

where l =n—s,l' =n' —s’, g2, is the potential
that mixes neutrino types, given in Eq.(6), and
V=G, /N2 is the
V1 ~V; neglecting the electron density n,. Here

approximation  of

we must keep terms linear in n,, otherwise gi,
would vanish, and the case of mixing would
become trivial. To linear order in n,, we can take
the arguments of the Laguerre functions in Eq.
(40) to be equal, p; = p,, neglecting n,in Eq. (8).
To derive these results we used the properties (21)
and (22) of the Laguerre functions, given in Eq.
(22).

The time evolution for a (t) given in Eq.
(47), which is due to the ﬂavor off-diagonal
perturbation, has contributions from many levels
{n,s}, making a general analysis rather
complicated. One simplification occurs if we
disregard  neutrino-antineutrino  creation  or
annihilation, which means no transitions between
u* and u” states. In what follows we disregard
antineutrinos, so we neglect the coefficients

(a) s (t) altogether. Another simplification arises if
we con51der wave packets very narrow in energy,
so that only the nearest states are involved. A final
simplification occurs in the case s > [, where
level transitions are negligible, thus reducing the
problem to solving a two-state quantum system.

The situation § > [, occurs when the neutrino
angular emission is small,
corresponding to wave functions which are large
near the center of the neutron star. In this case

momentum  at

the coefficients a (t) are, in practice, functions
of just one quantum number s, since s =n —1

while [ is negligible. Assuming a(a) depend
and using Eq. (39),

we get an evolution equation of the form,
4 (ay (w/Z A ) at”
dt\g®) \ A —w/2/\g®)

al? =

smoothly on s, ic. a'” ~a'?,

ald =

where

agl)e—imt/Z, agz)eiwt/z’ (49)

ES(1)+ _ ES(2)+

= Vz - V]_ + 4’V1.QS + m%
- ’4V2.(25 +m?2,

A= g, (50)

w =

Since, for non-bound states, S is a very large and
continuous variable, we can define a continuous
variable inside the medium,

Derf =+ 4V s, chosen to be the same for both

neutrino types, as it is usually done in the
treatment of non-rotating media [21]. In terms of

“momentum”

more conventional quantities, A and w are then

2

om V26 20, A= sin20 (51)
- n,cossio, = —"nNn,Slnsu.
Zpeff F'te \/E e

In Egs. (50) and (51) we take into account the
non-zero masses of the neutrino mass eigenstates

w =
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my, and use the standard notation &m?* =
mZ—m3. As one can see, Eqs. (49) and (51) are
practically independent of the rotation velocity £2,
and so the evolution equation reduces to the
known case of neutrino oscillations in non-
moving background matter.

For the rotation to have any significant effect
on neutrino flavor oscillations the linear velocities
of the matter motion should reach very high
values. For the realistic angular velocities of
pulsars ~103s™1 and a neutron star with radius
of ~10 — 20km the matter velocity can be about
0.1, which is not enough to significantly change
the transition probability. Therefore the effect
potentially interesting from the phenomenological
point of view is the trapping of low energy
neutrinos discussed in Section 5.

7. CONCLUSION

Summarizing we mention that we studied
neutrino flavor oscillations in rotating matter. The
analysis was carried out in frames of the
relativistic quantum mechanics. We used the exact
solutions of the wave equation for a neutrino
weakly interacting with inhomogeniously moving
matter to solve the initial condition problem for
the system of mixed flavor neutrinos. Note that
the use of the relativistic quantum mechanics
method [11] is essential in describing neutrino
flavor oscillations since it takes into account the
coordinate dependence of the neutrino wave
functions (40). It was possible to derive the
Schrodinger like evolution equation for the two
component neutrino wave function for the
important case of neutrinos with small angular
momentum. This situation corresponds to the
particles emitted close to the central region of a
neutron star. It was found that rotation does not
change the dynamics of neutrino flavor
oscillations, ie. the quantum mechanical
description of neutrino oscillations is insensitive
to the rotation of background matter.

We have studied the possibility for the
existence of neutrino bound states inside a
neutron star. The cases of neutrinos and
antineutrinos are different. We revealed that low
energy neutrinos can be trapped by the rotating
neutron star whereas antineutrinos always escape.
The applicability of the relativistic quantum
mechanics method was analyzed. Despite this
approach allows one to account for the

interaction with external fields exactly it cannot be
used for the description of the evolution of high
energy neutrinos in dense rotating matter since
these particles experience many incoherent
collisions and it is difficult to form the coherent
cylindrical wave inside a star. It means that the
relativistic quantum mechanics is applicable for
later stages of the neutron star evolution when
one can neglect the multiple neutrino collisions
with background matter.
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APPENDIX. Solution to the wave equation
for a neutrino in vacuum in cylindrical
coordinates

In this Appendix we find the solution of the
wave equation for a neutrino in vacuum in
cylindrical coordinates. In the chiral basis for the
Dirac y-matrices [see Eq. (10)] the Dirac field
Y(x) is expressed in terms of two 2-component
chiral fields, n(x) and n(x) as YT = (&,7). In
cylindrical coordinates (7, ¢, z), the spinors &and
7 satisfy the differential equations

i§ = (0-p)§ —mn,

in = —(a-p)n—ms. (52)

We look for stationary solutions of Eq. (52),
which must be of the form,

{rt) = e P Pw(r,¢), n(r,t)

= e UEPAy(r, $),  (53)

where E is the energy and p, is the Z component

of the neutrino momentum. We can separate the

variables (r,¢@) introducing radial functions

Gy (r) and F, (r)

1 .
W, (T, ¢) = \/T_T[ el(l_l)¢61 (r)» w» (rl (P)
1 .
= Eelld’ G (1),
1 .
u’l (T, d)) = E el(l_l)d)Fl (r)r u2 (T, d))
1 .
N e Fy(r), (54)
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where [ measures the Z-component of the orbital
angular momentum. For the radial functions Gy ,
and F; , we obtain the system of the differential
equations,

l
(E - pZ)Gl + i (ar +;) GZ = _mFl,

-1
(E + pZ)GZ +1i <ar - T) Gl = _sz,

l
(E+pZ)F1_l(ar+;)F2 =—mGl,

[—1
(B =pIF, = i(0, ——) F, = =mG,.

(55)

The solutions of Eq. (55) can be given in terms
of Bessel functions. For standing waves that are
regular at the origin, the functions w(r,¢) and

u(r, @) are

_ 1 Bdl_l(plr)ei“w)
Wi = ( iB,],(p, et

_ 1 Cdz_l(plr)ei(l‘l)q’)
”(r’d))‘m( iCh@mete ) OV

where p? = E%2 — p2 — m?, B, and C; , are the
undefined coefficients.
Using the identity for the Bessel functions,

l l—
J1) + 10 = Ja (), T () = Jia ()
=, 67

and Eq. (55) we find that the coefficients B; , and
C;, obey the system of the following algebraic

equations:
(E —p)By —piB; = —mC,y,

(E +p,)B, —p1B; = —m(;,
(E +p,)C +p,C; = —mBy,
(E —p)C; + p, G = —mB,. (58)

In the limit of the small neutrino mass one can
see that the equations for By , and C; , decouple
giving one relation only for the coefficients C ,,

1’E+pZC1+‘,E_pZCZ :0,

Normalizing the wave function as

j 27 g () ) g o (r, 6) = ES(E — EN6yr, (60)
0

(59

and using the

functions

*® 1
f dr 1K) = 28k = k), (61)
0

integral property of Bessel

one finds that the coefficients Cj, also must
satisfy the relation

CE+C; =E>~ (62)

Instead of standing waves like Eq. (50), we can
have outgoing waves. These solutions are similar,
but in terms of Hankel functions of the first kind,

H® (x),

(€] i(l-1)¢
u(r, ) = — <61H1‘1(”*r)e 1 ) 63)

V2r\ iC,H® (p,r)ei'®

The Hankel functions have the asymptotic
behavior of outgoing radial waves in the two
dimensional plane

2 nl
Hl(l)(x)z aexp [i(x—?—z)].

Instead of the normalization (60) one has to

(64)

define the particle flux at large distances, Jo. For
a radial flow in two dimensions, the flux of

particles through a circle of the large radius 7" has
the form,

27
Joo = limj rdp ut(r, Pu(r, ¢), (65)
roo Jo

where we have assumed relativistic particles.
From this expression, one can derive norm for
the coefficients Cy 5,

nEj,
cz4cz="=

. (66)

On the other hand, the relation (59) is still
valid for the wave function (63).
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®AENMBOPHBIE OCLIUAAAITUY HEVTPUUHO
BO BPAIIIAFOIIIEVICA CPEAE

M.C. ABopruKOB

B pabore paccmorpena sBoArorna HEHTPHHHON CHCTEMBI BO Bparmaroreics cpeae. [Ipeanoaaraercd, aro
HCﬁTPHHO ABAAXOTCA MACCHUBHBIMU YaCTUIIaMU C HCHYACBI)IM CMCIIUBAHUEM Memy paSAI/I‘IHI)IMI/I
rmokoAeHuAMH. Kpome TOro, ydreHo, Uro HEHTPUHO B3aUMOACHCTBYIOT € (DEPMUOHAMU CPEABI
ITOCPEACTBOM 3AEKTPOCAADBIX cHA. HafAeHEI perrreHns BOAHOBOIO ypPaBHEHHUA AAA MACCOBBIX COCTOSHITH
HeirpuHO B cpeae. OO6cymaaerca mpobaema CBA3AHHBIX COCTOAHHI HEATPUHO U (DACHBOPHBIX
ocrmAAsnui. Takixke IMOAYYEH aHAAOT KBAHTOBOMEXAHUYECKOIO YPABHEHUA SBOAFOIIMH AASl CHCTEMBI ABYX
HEUTPUHBIX IIOKOAGHHI BO BPAINAIONICHCA CPEAC M IHPOAHAAUSHUPOBAHO €I0 PEIICHHE AAM
cneumpnqecxnx HAYAABHBIX YCAOBUM AAS BOAHOBBIX (pyHKLU/If/‘I HEUTPHUHO.

Karouesnie caoBa: Tounbe peI_HCHI/IH BOAHOBBIX ypaBHCHHfI, HefITPHHHI:IC OCHUAAALIAH, BpaH_Ia}OH_II/ICCH
cpeAa

FIRLANAN MUHITDO NEYTRINONUN
FLEYVOR OSSILYASIYALARI

M.S. Dvornikov

Magqalodo firlanan mithitdo neytrino sisteminin evolyusiyast todgiq olunub. Neytrinonun, novlor-arasi
stfirdan forqli cirlasmaya malik, kiitloyo malik olan zorrociklor kimi olmast forz olunur. Bundan basqa,
neytrinonun mihitda, elektro-zaif qiivvalar vasitasilo, fermionlar ilo qarsiliglt tasirde olmast n9zord alinib.
Miihitdd neytrinonun kiitld hallart Ggiin dalga tonliyinin hollori tapiib. Neytrino v fleyvor ossilyasiyalari
rabitoli hallar1 mizakirs olunub. Firlanan muhitda, iki név neytrino sistemi tigiin evolyusiya tonliyinin
kvant-mexaniki analoqu alinmis vo neytrinonun dalga funksiyasinin spesifik baslangic sortlori ndzoro
alinmagla, onun hallinin analizi verilmisdir.

Aparici s6z1ar: dalga tonliyinin doqiq hallari, neytrino ossilyasiyalari, firlanan mihit
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CUHXPOHHBIN MOHUTOPUHTI Y®-CITEKTPA RY TAU

© 2011. H.3. UcmanioB 1’2, A.H. Anpire3ansajae 1, I'.P. Baxayqunosa’

" Baxunexuii Tocydapemeenniii Y nusepcumen
? I amascurcxas Acmpogusuueccas Oboepsamopus HAH Asepbaiioncana
(e-mail: box1955m@yaboo.com)

IMpuBoaarcsa pesyapratel 10-aerHero cumaxponHoro monmrtopuara UBL-6aecka u sMHCCHOHHOTO AyDAeTa
MglI % 2800 A B V®-criextpe 3Be3apr RY Tau. HecMoTps Ha 3HAYHTEABHYIO MEPEMEHHOCTD OAecKa B 1983-
1984 rr., ammrccronmsrit Aydaer MgIIL 2800 A me moKa3aA CHEXPOHHOTO H3MEHEHHA ¢ (HOTOMETPHUECKIMI

AAaHHBIMM. Ilo ABYM CEPpHAM CHHXPOHHBIX CpOTOMCTpI/I‘*ICCKI/IX 58 V(D—CHCKTpaAbeIX Ha6AIOACHI/IIZ ITIOKa3aHO,

YTO P MOHOTOHHOM YBCAHMYCHHUM M ocAabAeHHn OAecka Ha6AIrOAaCTCH HCOAHO3HAYHOE HM3MCHCHUC

HHTECHCHUBHOCTHU SMUCCHOHHON AMTHHH.

Brrepsrre

OOHApYy/KECHA  IIEPHOAMYCCKAA  IIEPEMEHHOCTD

WHTEHCUBHOCTU SMUCCUOHHON AMHHUH C IIEPHOAOM 23 AHA.

KaroueBpie CAOBA: 3BE3ABI, OKOAO3BE3AHAA MATEpHA, HeCTalmOHapHOCTh, RY Tau

BBEAEHUWE

RY Tau saBAsercd OAHOU M3 KAACCHYECKHUX
sge3p Ttumma 1 Teapma. [locae HEOOBIMHOrO
yBeAndeHusn OAecka B V-roaoce ot 11" Ao 9™ B

1983-1984  rr. [1, 2], wmHTepec K
doromerpugeckum u CIIEKTPAABHBEIM
HICCACAOBAHHAM  9TOH  3BE3ABI  3HAYUTECABHO

Bo3poc. M3 amaansa dororpadpuaecknx AAHHBIX
1900-1955 rr. Oblam AB2A

IIEPEMEHHOCTH  OAecka: 1) IepeMeHHOCTH C

BBIABACHDBI THIIA

XapaKTepHBIM BpeMeHeM okoao 10 sew m
aMoAnTyAOH  2"-3";  2) 1mepeMeHHOCTB
XapAaKTEPHBIM ~ BPEMEHEM  OKOAO  TIOAd  C

amAnTyAOH A0 1™ [3]. CBoAHas kpmBas Oaecka,
oxBareBaromas uuaTepaa 1965-1985 rr., Obira
IIPOAHAAM3HPOBaHA XepOcToM [4], KOTOpPBIH
HAITICA M3MEHEHHE OAECKA 3BE3ABI C IIEPHOAOM
ooace 20 sem. B AanpHENIIEM ITOMCKH KAKHX-
AMOO HEPUOAMYECKHX HM3MEHEHHH OAECKa, KaK C
KPATKOBPEMEHHBIM, TaK M C AOATOBPEMEHHBIM
IIEPHOAOM, HE YBEHYAAUCH VCIIEXOM. Tak, B
HaOArOAeHHAX Xepbcra m Ap. [5] oOHapyKeHbI
doromerpudeckne IepHOAB 5.6 ¢k (c
asocrosepHOCTEIO Beero 10%) m 66 ¢ymox. B
ITOCACAYIOITIEH pabore [6] mOKazaHO, YTO H3-3a
TaCTBIX prCFyAHprIX H3MCHCHHI 6A€CK3.
3BE3ABI CYIIIECTBOBAHHE 3THX IIEPHOAOB IIO
doTosreKTpuIECcKIM HAOAIOACHUAM He
moatBepikAaeTca. K Tomy ixe, 3Be3aa mMeeT
OTHOCHTEABHO OOABIIYIO  CKOPOCTD
Bparenust - zsin/ = 50 xn/cex [7, 8],
1epuoA 06 ¢ymok HE MOKET OBITH
IIEPHOAOM OCEBOTO BPAIICHIS.

OCEBOTO
II03TOMY
PeaAbHBIM

Bemoanenneiit - 3afineBoit  [9]  AeTaAbHBIN
aHAAU3 KPHBOM OAECKA 3BE3ABI IO AAHHBIM 1965—
1980 IT. IIOKA32A, HaOAIOAZETCH
IIEPHOAMYECKASA ~ IIEPEMEHHOCTH  OAecka €
mepuoaoM 5.84 cda m mmerorca Takxke Ooace

AAWHHBIC TICPHUOABI. ITokaszarean OBETA MCHATOTCHA

91O

HE3aBUCHMO OT OAECKa, IIPHYEM B OTACABHBIC
CE30HBI IIPH IIOBBIIICHUN OACCKA IIOKA3aTCAN
IIBETA MOTYT YBEAHUYHBATHCA HAM YMCHBIIIATHCH.
Tam Ke IIOKa3aHO, YTO 3aBHCHMOCTD CTEIICHH
ITOAIPU3ALNK OT OAGCKA HOCHT HEMOHOTOHHBII
XapaxTep. Han6oarbmasn
HAOAFOAAETCH npu
MAKCHMAABHOM YPOBHE OAECKA 3BE3ABIL.

HOAHpI/IS aIrmAa
MHHHUMAaABHOM n

B pasHBIXx cocrofHmAX OAecka ITOKasaTeAd
IIBETA 3BE3ABI IIOYTH HE MEHAOTCA. 3aBUCHMOCTH
OAecka OT IBeTa IMOAPOOHO HE M3y4eHA, XOTA B
OTACABHBIC MOMEHTBI HAOAIOAACTCA HEKOTOPAs
arasorus co 3pespamu UX Ori: mpu ocaabAeHIH
oaecka ot 17=9"5 Ao 10."0 mBer caerxa
KpacCHEET, a B O0Aee CAADOM COCTOAHUU FOAyOEeT
[9-11].

CIIeKTpaABHBIH KAACC 3BE3ABI OIIPEACACH KaK
Kle IV-V (Li) [12] u K1 [13], a mo3xe kak G2
[14] m GOV [15]. 3Be3pa nmeer cAadyIO CTEIICHB
BYaAHMPOBAHNA B BUAUMON oOAacTu criekrpa [16],
dpHOAETOBOIT wYaCcTH ByaAHMpPOBAHHE HE
mabaroaaerca  [17].  DxBuBaseHTHAsA —ITHPHUHA
amamn H, oxoro 20 A, a awmmns H; maxoawnTes
AMOO YaCTHYHO B OMUCCHH, AHOO B abcopOmmm
[15]. Ilpoduap  ammmm  H, mokaseBaer
U3MEHEHHE CO BPEMEHEM 32 CYTKH, HMEETCA
abcopOIMA B KPaCHOM HAH (PHOACTOBOM KPBIAC
amaEN (CM., Hanpumep, [2, 15, 18]). [To AramabIM

a B
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PasHBIX aBTOPOB, CBEACHHA OO H3MEHEHHIH
motoka B AmHnu H, ¢ nsmenenmem Oaecka
IIPOTUBOPEYHUBHI.

[To cpaBuenuro ¢ Apyrumu 3Besaamu Tuma T
Teasia, y RY Tau mabaroaaercs OTHOCHTEABHO
BBICOKAA  cTereHb  moaspmsammu  (1-2%).
[TepeMEHHOCTD AMHEHHON ITOAAPH3AIHH ObIAQ
BIIEpBBIC ycTaHOBAEHA B [19] M IOATBepiAeHA B
pabore [20].
ITOAAPHU3AIIHE OT AAUHBI BOAHBI TOBOPHT O TOM,
YTO IOAAPU3ALNA BO3HHUKAET B OKOAO3BE3AHOM

3aBUCHIMOCTD AUTHEMHON

ITIBIACBOM  OOOAOYKE, AAAEKO OT H3AYYAIOIIEro
raza. Kak moxkasano B [21], crenmens nmoaspusanmm
pacrer mpu ocaabAeHHN DAECKa.

[To AammBIM [22], pacrpeAeACHHE SHEPIUU B
cuexrpe (POC) RY Tau nmeer mmaockyro ¢popmy B
NK-Amamazorne. IVmeerca  Takke  CHUABHBIA
130BITOK B MUAAUMETPOBOM KOHTHHYyME [23].

ITerpoB m Ap. [24] OPHBOAAT PeE3yABTATHI

KOMIIAEKCHBIX  HAOAFOAGHHUU  3BE3ABI npu
yBeamdeHun ee Oaecka B 1996 1. ABTOpBHI
ITOKA3aAM, YTO OCHOBHOI IPUIHHOM

repemensoctr RY Tau moker ObITh 3aTMEHHE
3BE3ABI
obaakamu. [lepBere mccaeaoBanusa Y P-crexrpa
IIOKA3aAM IIPUCYTCTBHUE CAaDOH 9MHCCHH B
amapax Fell [11]. B pabore [24] mokasano, urto
mpu ocaabAeHnn OAecka B V-moaoce ot 9.9 Ao
10.™8 crpyxrypa amema MglIA2800 A mepexoauT
or abcopbruu k smuccun. Ha ocHoBannn
VO®- croexrpa 3Be3asl Aamsux [25]
MOKa3aA, 9T0 amuccuonnbie anmanu RY Tau wme

OKOAO3BC3AHBIMHI Ta30BO-IIBIACBBIMA

aHaAM3a

MOTYT  OOpPa30OBBIBATBCHA B THAPOCTATHYCCKH
PaBHOBECHON Xpomocdepe, a IMIPUIHHOH HX
obpazoBaHuA SABASIETCSA aKKperus u3
OKOAO3BE3AHOIO BEIIECTBA.

I'lo pe3yAbTaTam doromerpugecknx
HaOAropeHnit  1985-1986 1. B [26] OblrO
ITOATBEPKACHO CYIIIECTBOBAHUE IIEpHOAa 5.6 1
7.25 oneil. Heaasno, npu OHCKE
AOATOBPEMEHHBIX u KPATKOBPEMEHHBIX
IIEPUOANYECKHX ~ H3MeHeHHH, 3aiinesa  [27]

poseaa araaus 30-aeraeit UBV- kpuBoii 6aecka
II0 AAHHBIM, HOAyYeHHBIM 3a 1965-2000 rr. B
pabore OBIAO ITOATBEPKACHO
cymecrsoBarue 2000-0wesr020 AOATOBPEMEHHOTO
KOTOPBI  OBIA
pesyapTatam  poTorpadpudeckux HAOAFOACHHI
[28]. B  pabGore [27] ITOATBEPAKAACTCH
CYIIIECTBOBAHHUE TAKKE IIEPHOAA 7.5 dwed, HO He
BBIAABAIETCA  IIEPHOA 5.6 owedl, aBTOP

5TOU

ITUKAAQ, BBIIBACH  paHCC IIO

910

oObACHAET — HM3MeHEeHHeM (a3l  IIEPHOAA.
HeaaBHMIT Hanr aHAAM3 CBOAHOM KPHBOM OAecka
3BE3ABI ITOKa3aA, 9TO ITOCAe coObrtua 1983/1984
. OAECK 3BE3ABI MeHsACTCH ¢ mmepuoAom 377110
OHell, I CAEAAHO IIPEAIIOAOKEHHE O TOM, YTO 9TO
H3MEHEHUE CBA32HO c IIPUCYTCTBHEM
AOIIOAHUTEABHBIX ~ TEA B OKOAO3BE3AHOM
okpyxeHnu [29].

Coraacuo pAauubM [30] B amamrazone 1.3 av y
RY Tau mabaroaaercss yABOEGHHAs CTPYKTypa B
IIBIAGBO  OMHUCCHH, YTO CBHACTEABCTBYET O
PAa3peIleHnH ABYX KOMIIOHEHT BHYTPH CTPYKTYPBI
B 14 ae Ilo MHEHHIO 35THX aBTOPOB, Ha
paccroaann 15-50 a.e. OT IIEHTPAABHOM 3BE3ABI
HMEETCS IIAAaHETa C MACCOM Ooaee 5 MacCH
IOnmrepa.

B pabote Mcmanaosa u Ap. [31] mokazamo, 4to
CBOAHBIC KPHBBIE OAECKA HEKOTOPBIX 3BE3A THIIA
T TeAblra MOXKHO OOBACHUTH OAHOBPEMEHHBIM
AcHicTBHEM 2-3 HanmOOAee BEPOATHBIX IIEPHOAOB.
[ToctpoenHas Ha HX OCHOBE CHHTETHYECKAA
KpHBasg OAECKA YAOBACTBOPUTEABHO COIAACYETCA C
HabAfOAcHHAMH. B Hacrosmme#r paborte HaMu
10-AeTHMIT V-

HNCCACAOBAH MOHHUTOPHHT

crexrpa 1o amuccun Ayosera Mgll.

HABAFOAATEABHBIN MATEPUAA U
PE3YABTATDI

B apxmse IUE mmerorcs crekTpel, KOTOpBIE
OBIAM IIOAYYEHEI C IIOMOIIBIO TPEX KaMep; ITepBas
M3 HHX OXBaTmBaeT Amamason 1175-2000 A
(Short Wavelength Prime - SWP), Bropas mu
tperba — 2000-3200 A (Long Wavelength Prime —
LWP u Long Wavelength Redundant - LWR).
CrexTpaAbHOE Pa3pEIECHUE COCTABAAET OKOAO 0
A Taxue

HMCITOAB30OBaHBI

CHEKTPOIPAMMBI ~ HAMH  OBIAM
AASl  H3YYCHHA  BPEMEHHBIX
U3MEHEHHH B cIIeKTpe 3Be3Abl. O MeTOAMKe
00paboTKH CIEKTPOIPaMM  ITOAPOOHO
m3rokeHo B pabore [32]. Aas RY Tau mamm
ob1A0 0OpaboTano 15 crexrporpamm SWP m 86
cuexkrporpamm tuma LWP n LWR, moaygennbix B
1979-1990 rr.

Bo  usbexamme  ydera
IIOKPACHEHUA B OMHCCHOHHBIX AHMHUAX CIIEKTPA
MBI IIPUMEHAAN KAACCHYECKUH METOA OOPabOTKH

9THUX

MCIK3BE3AHOI'O

CIIEKTPOTPaAMM, B KOTOPOM H3MEpPEHHE
IIPOU3BOANTCA B OTHOCHTEABHBIX CAMHHUIIAX:
IIOCA€  TIPOBEACHHA  YPOBHA  HEIIPEPHIBHOTIO

CHCKTpa OHpﬁACA}IAI/ICb HﬁHTpaAbeIﬁ rAy6I/IHbI
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|
R, =1- I—) u noAymupussr (AL, , — FWHM)

0
AVMHHIH UAU OAeHA. 3aech [ — aGCOAFOTHBIN TOTOK
IIpU BEPIIHHE AUHNH, [,— aDCOAFOTHBII ITOTOK Ha
YVpOBHE KOHTHHYyMa IIPH OCHOBAHHH AHHHU. B
TAKOM H3MEPEHHH OCHOBHAf OIIHOKA IIpH
I/I3MCPCHI/II/I HNMHTEHCUBHOCTH AMHHWM BO3HHKACT
ypOBH#
HenpepbBHOrO crexrpa. lloatomy, mporeaypy
IIPOBEACHHUS  HEIPEPBIBHOIO  CIEKTPa MBI
BBIIIOAHAAU  OYCHb AOOHBAsACH
IIOCTOSIHCTBA IIPOBEACHNSA KOHTHHyyMa dYepes
OTACABHBIC  y4dacTKH crekrpa. LlenTpasbHbe
rAyOHHBI AMHIU R, H3MEPAAKCH C TOYHOCTBIO HE
xyxe 5 %. Tak xak moAymmpuHbl AuHEA A4, ),
ompeaeasrores ¢ Tounoctsio + 1.5 A4 (aas SWP
kameper) m + 3 A4 (aas LWP m LWR xawmep),
BEIYHCACHHBIC 110 TUM ITapamMeTpam
9KBUBAACHTHBIC IITHPHHBI TAK/KE AAIOT OOABIIYIO
orru6OKy uamepennii — Ao 15-20 %. Taxk kax u3-3a
HU3KOTO Pa3PEIICHUA SKBUBAACHTHBIC IIIHPIHBI
OIIPEACAAFOTCA €  OTHOCHTEABHO  OOABIIION
OIMMOKOM, AASl  AAABHEHIIIETO

n3-3a HCHpaBI/IAI)HOFO HpOBCACHI/IH

TIATEABHO,

aHAAW32 MBI
HCITOAB30BAAHM TAYOHHEI AMHHIT K, .

Hamm U3MEPEHBI  IIEHTPAABHEIC
TAYOMHBI U ITOAYIIHPHHBI HAHOOAEE CHABHBIX
SMUCCHOHHBIX AHHHH. CpeAr HAMOOAEE CHABHBIX
OMECCHOHHBIX AMHIE B 0b6Aactm A 2000-3000 A
mmerorca AmaEn Aybaeta Mgll Ak 2795, 2802 A.
[Tapamerpsr 910r0 AyOA€Ta YBEPEHHO H3MEPEHBI
crekTporpammam.  FI3-3a
AHCIIEPCHH 3TOT AYOAET HAOAFOAQETCH KAaK OAHA
cuapHas ammcens — Mgll 22800 A. Pesyabrar
msmepennit o Ayoaery Mgll A2800 A cocrasma

86 TOYEK, 1 3TO ABAAETCS HANOOABIIIHIM MACCHBOM

OBIAT

II0 BCEM HU3KOU

CpeAr M3MEpAEMBIX AMHNN. B HacTodme# pabore
IIPUBOAUM PE3YABTATH AHAAH3A 9TOTO AYOACTA.
Ha Puc.1 B BepxHeld mmaHeAn mpuBeaeHa V-
KpuBasg OAeCKa 3BE3ABI, B3Arad m3 apxusa [33], a
HA HIDKHEH ITaHEAM IIPUBEACHA BpPEMEHHAA
3aBHCHMOCTh HWHTEHCHUBHOCTH R, AAf  Bcero
nHTepBasa HabAroAeHud. 3uavenns R, aBadgrorcsa
OTPUIIATEABHBIMU AAf SMHUCCHOHHOHM AMHHH, HO
Ha Prc.]l m HA TOCAEAYIOIIIX PHCYHKAX MBI AAf
IIPOCTOTBI IIPHUBOAUM MOAYAb 3HAYEHHUN 3TOrO
mapamerpa. Kak orcroaa BUAHO, HECMOTpPA HA TO,
YTO KpuBasg OAECKAa XOPOIIO AEMOHCTPUPYET
yBeanmdenne aktuBHoctH B 1983-1984  rr.,
amucensi Aybaeta Mgll 22800 A me mokasana
OAHO3HAYHYIO  CBfI3b C OTHM  COOBITHEM.

V3smeHenne WHTEHCMBHOCTH AWHHAHA HOCHT B
IIEAOM HPPEIYAAPHBIH XapakTep, YTO ABASETCA
XaPAKTEPHBIM AASl OOABIIIMHCTBA 3BE3A THIIA T
Teapma.

PaccmarpuBaemblil CIIeKTPaABHBIN MaTEpPHAA B
OTAEABHBIE IIPOMEKYTKIA BPEMEHI OBIA IIOAYYEH C
Doaee CAve)
ITIO3BOAAET IIPOCACAUTDH OBICTPYIO IEPEMEHHOCTH
SMHCCHOHHOTIO cIeKTpa 3Be3Abl. Ha Puc.2 mamm
IIPUBEACHBI TPH OOA€E IIAOTHBIE IIO BPEMEHH
OTAEABHEBIE
HaOATOACHNI. [1epBEIil pparMeHT OBIA ITOAYYCH B
1983 r. (JD 2445623-2445630, aammere [1, 33]).
DTO TOT IEPHOA BPEMEHH, KOTAA HAOAFOAACTCH
yeanmuenue Oaecka B 1983 rr. (Puc.1). B atom
IIPOMEIKYTKE BPEMEHU HAOAIOAAIOTCA OTACABHBIC
xapakrepa —
HHTEHCUBHOCTH AVHHKA

ITAOTHBIM BPCMCHHI)IM pHAOM.

dparmenToI us3 HHTEPBAAA

BCIIAECKH
YBEANYHBAIOTCH
IIPUMEPHO B 3 pasa.
Bropoii dparmenT Obia moaygen 8 1988 r. (JD
2447224-2447244, aammbie |27, 33]), T.e. yxe
rmocae coowrrua 1983 r., a Tpernit pparMenT - B
1989 r. (JD 2447538-2447554, aammere [33]).
WurepecHo, dro Bce T1pu (pparMeHTa, II0
XaPAKTEPy MEPEMEHHOCTH N IO aAMIIAHTYAC
IIEPEMEHHOCTH, OTAHYAIOTCA APYr OT Apyra. K
HanOOAee
OTHECTH IIEPBBIM, a4 K HAHOOAEE CIIOKOHHOMY,
BTOPOM WHTEPBAA BPEMEHH. OTH PE3yABTATHI
ITOKA33aAH, YTO HAOAFOAAETCA TaKiKe OBICTpas
IIEPEMEHHOCTD NHTCHCUBHOCTH AMHHUH OT HOYHU K

BCIIBIITICYHOI'O

AKTUBHOMY COCTOAHHIO MOXKHO

HOYIL.

Ha Puc.3 npuBoauTcs 3aBUCHMOCTh OAECKA 1
MHTEHCUBHOCTH 3MUCCHOHHOIO AyoOaera Mgl
A2800 A AAA  BHINIEYKA3AHHBIX  BPEMEHHBIX
nurepsasoB. Kak Buano u3 Puc.3, B JD 2445623-
2445630 mHabArOAa€TCA MOHOTOHHOE YBEAMYCHUE
Ooaecka ma AV=0.2 ", B TO Bpems Kak, CpeAHee
3HAYCHNE MHTECHCUBHOCTU AMHUU YBEAHYUBACTCA
b6oaee uem B 2 pasa. Ilpu JD 2447224-2447244
HaOATOAaeTcst yMeHbIeHne OAaecka Ha AV=0.2 ",
KOTAA HHTEHCHBHOCTb CIIEKTPAABHOW AHHHH
MOHOTOHHO pacTeT IPHUMEPHO B ABa pas3a. B
nareppase JD  2447538-2447554 mabAropaercs
ObICTpasg UPpPEryAfpHas IIEPEMEHHOCTh OAEGCKa K
MHTEHCUBHOCTH  JIMHUM  0€3  Kako-1mmbo
3aKOHOMCPHOCTH.

Wamenenue |-3uHaueHmii OACCKa B YKa3aHHBIC
IIPOMEIKYTKH BpemeHH paBHB mpumepro (.72,
YTO COOTBETCTBYET H3MEHECHHIO M3AYYCHUA B
KOHTHHYyMe OkoAO 1.2 pasa.
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OAHAKO W3AyYECHHE B OSMHCCHOHHOW AHMHHN
M3MEHACTCA B ABA pasa. DJTO IIOKA3BIBACT, YTO
MEXAHU3M H3MEHEHUA OAECKA W 3MUCCHOHHOTIO
CIIEKTPA OTAIYAIOTCA.

[ToAydeHHBII MACCHB IICHTPAABHBIX I'AYOHH
Ayoaera Mgll 22800.4 GBia 00pabOTaH METOAOM
Ckapraa [34] ma npeamer nepuopmdHOcTH. B
IIEPHOAOTPAMME HAMH IIOAYYEHO 5 HamOoAee
3HAYHMEIX 9aCTOT C AOCTOBEpHOCTBIO Ooaee 90%
B uHTepBase 1epuoAoB 2-300 ameir. B Taba.l
IIPUBEACHBI  9YACTOTHI, CIIEKTpa
COOTBETCTBYIOIIHE  3HAYCHUSA
IIOAYYEHHBIX IIEPHOAOB. CBEPTKU IIOKA32aAH, ITO

BCAMYMHA
MOIOTHOCTH "

Taba.1. Cpean HAHAEHHBIX HAaHOOAEE BEPOATHBIX
[ICPHOAOB TIPUBIEKA€T BHUMAHUE M MCHEE
3HAUUMBIA ~ TIEPHUOJ 748
ITEPHOA 7.25¢ ITOAYIEHHBIA 1O AHAAU3Y KPHBOM
Oaecka 3Bespabl  [26, 27]. Oanaxo,
3HAYUMOCTH ITOCACAHETO IIEPHOAR

CIIEKTPAABHBIM AAHHBIM ABAACTCA HEBBICOKOI.

HAITOMUHAIOIIN

CTCIICHDb
II0

3amerum, YTO IO AaHHBIM JafineBon [27]
aHAAW3 KPHBONH OAECKa A2eT OAM3KHE K ITOMY
3HaYeHnsA M3MeHeHue OAecka ¢ rmepuoaamu 20 u
29 ouei. Ha Puc.4 npuseaena (pasoBas kpupas
wsMeHeHns HHTeHCHBHOCTH Amamm Mgll 128004

mo BceM wm3MepeHHAM. Kak oOTcroaa BHAHO,
HAMOOAEE YAOBACTBOPHUTEABHYIO KapTUHY  HaDAFOAACTCA YAOBACTBOPHTCABHASA KapTHUHA
IIEPUOAMYHOCTH MOKHO IIOAYYHTH IIO pazam HEPHOAMYHOCTH.
mepuopa P=23.26 * 0.06 odueis. Dror mepmoa
ABAACTCA OAHHMM H3 HAaHOOAEE BEPOATHBIX CPEAH
IIEPBBIX 5 IIEPHOAOB, KOTOpBIE IIPUBEACHEI B
9.9 y 3
10 - 9.80 1
9.85
10.1 - 9.90 -
10.2 - 9.95 -
10.3 | | | 10.00
5623 5625 5627 5629 5631 7224 7228 7232 7236 7240
JD2440000+ JD2440000+
q 25 R 1"
20 A o 10
15 - ¢ g
101 So 2 5 8
5 - @ ° 7
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Puc.3. Msmenenne Oaecka m muTencmBHOCTH Amumu MglIl 22800 A aan Pa3HBIX BPEMCHHBEIX HHTEPBAAOB. ANMHUH

IIPOBCACHBL AMHEHHBIM [IOAMHOMOM.

Taba.1. Pesyapratsr cratucruueckoro ®ypre amaansa mo aanasmv anamm Mgl 2800.4

Ne Yacrora d! | Mormmocts, P | Ilepuoa, d
1 0.00655 9.575 152.67

2 0.00455 10.552 219.78

3 0.0102 9.450 98.04

4 0.01895 9.380 52.77

5 0.04305 9.032 23.23

6 0.0691 7.42 14.47

7 0.0952 5.7 10.5

8 0.128 5.07 7.81

22



Azarbaycan Astronomiya Jurnali Ne 3, 2011 Azerbaijani Astronomical Journal
25
R, RY Tau
20 - . . Mgll2800
s ” & &
15 - L E
* - * -
& Q% - P L 2 $ - & i
[ X T i * * 4 Re . ry *
10 7] » :’..."t e : %o :’. .."‘l o t %
o ., Py ‘q' - L, ., ‘1.' - 3 »
) *e : 3 as.0 + * " : > P ”
5 1 iy - t. ‘ '.. - v f:'
D ! 1 ! | ! | | | | |
-0.1 0.1 0.3 0.5 0.7 0.9 11 1.3 1.5 1.7 1.9 2.1
daza (P=23.269)
Puc.4.. ®azoBas KpHBas HHTEHCHBHOCTH SMHCCHOHHOTO Aybaera Mgl A2800 A.
SAKAIOUYEHME n3MeHeHu Oaecka ¢ mepuopamu 20 m 29 duen

Hamr amaans smumccmonnoro ayoaera Mgll
22800 A IIOKA34A, YTO HEBO3MOKHO OAHO3HAYHO
TOBOPHUTD O KaKOH-AHOO KOPPEAANH OAECKAa U
SMUICCHOHHOTIO CIIeKTpa 3Be3Abl. Habaroaarorcs
Kak ObICTpBIE, TaK H MEAACHHBIC H3MECHCHHA
3MHUCCHOHHOIO CIeKTpa. boaee mAoTHBIE PAABI
doromerpugeckux
HAOAIOAGHHN ITOKAa3aAM, YTO IIPH HM3MEHEHUU
baecka Ha AV =

CHCKTp AADBHDBIX "

0 ™2, T.e. mpu H3MEHEHHE
motoka B 1.2 pasa, HWHTEHCHUBHOCTb AMHHH
MEHAETCA B HECKOABKO pa3. B AByX pasAmdanbIx
HADATOACHHU B

cepHAx OAHOM  CAyYae

SMUCCHOHHBIA CIEKTP € OAECKOM CHHXPOHHO
Bospacraer (JD 2445623-2445630), a B Apyrom
cayuae (JD 2447224-2447244), yosBaer. Tpernit
pAA  TakuxX ~ HaOAFOAGHHN  OIIPEACACHHOM
KOPPEAALIMH 9MHCCHOHHOIO CIIEKTPa C OAECKOM
HE OOHAPYKHBAET. DTO CBHAETEABCIBYET O TOM,
YTO HM3MEHECHHE CIIEKTPa U OAECKA IIPOHCXOAUT
HesaBucuMo. CAEAOBATEABHO, CTAHOBHUTCSH SCHO,
IIOYEMY B OAHOM CAy4dae XOATCMaH H Ap. [35]
IIOAYIHAN ~ yMEHbIIEHHE 1oToka H, 1pm
ocaabAeHHE OAecKa, a B APYIOM CAydae,
coraacHO Bpba m Ap.[30] yBeamdeHme morToka B
H, mpum ocaabaennn Oaecka 3Be3abl. [lomck
IIEPHOAA II0 MACCHUBY 3MHCCHOHHOIO AyOA€Ta
MglI 22800 A nokasaa, uro oAHEM 13 HanGoAece
BEPOATHBIX IIEPUOAOB MOMKET OBITb 23.26 oreil.
PesyapraTel amaamsa KpHBOH OAe€CKa 3BE3ABI
TaKKe ITOKA3aAH CYIIECTBOBAHHE IIEPUOAMIECCKIX

[27].
Takum  0OpasoM, wH3MeHEHHE V-3HAYCHHH
Haecka u ammccuorHOTO AyGAeTa Mgll 22800 A4

ITOKa3aA0 91O HCBO3MOXHO OAHO3HAYHO

b

TOBOPUTH O KAKOH-AHUOO KOPPEAALNH OAECKA K

OSMHCCHOHHOI'O CHCKTpa 3BE3ADI. Jr1o
CBUACTCABCTBYET O TOM, HYTO HCPCMCHHOCTI)
SMHCCHOHHOIO CIICKTpPa %8 bAecka HMCIOT

PasSAHYHYIO TPHPOAY. UTO Kacaercs IpHYMHBI
TAKMX H3MEHEHHH, TO C Y4ETOM PE3yAbTATOB,
ITOAYYEHHBIX B [29], MBI CKAOHHBI CUHTATB, YTO
CYIIIECTBYIOIITUI IIEPHOA MOZKET OBITH
pesyabrarom mpucyrcrsusa B cucreme RY Tau
AOITOAHHTEABHBIX €Ire HeCPOPMUPOBABIIIIXCA
KOMITOHEHT.

AanHasa paGoTa BHIIIOAHEHA IIPU (PMHAHCOBOM
noaaepkke  Poopaa Passurna Haykm 1pn
ITpesuaenre Asepbaiiakanckoit PecryGamku
(Ipaur Ne EIF-2011-1(3)-82/31/1).
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SYNCHRONICAL MONITORING UV SPECTRUM OF RY TAU
N.Z. Ismayilov, H.N. Adygezalzade, G.R.Bahaddinova

Results of 10-year synchronical monitoring of UBI” —brightness and of the emission doublet MgIT A 2800 A
in the UV spectrum of the star RY Tau are presented. Despite the considerable variability of brightness in
1983-1984, emission doublet MgII A 2800A showed no synchronous variation from UBI-photometric data.
Two series of separate simultaneous photometric and UV spectroscopic observations showed that despite the
monotonically increase and decrease of brightness there were observed no synchronous variability in the
intensity of emission lines. The periodic variability of the intensity with a period of 23 days was detected.

Key words: stars, circumstellar matter, nonstationarity, RY Tau

RY TAU ULDUZUNUN UB SPEKTRININ SINXRON MONITORINQI
N.Z.Ismayilov, H.N.Adig6zslzadd, G.R.Bahaddinova

RY Tau ulduzunun UBI -patlaghginin vo UB spektrindo MgIl A2800 A dubletinin siialanma spektrinin 10-
illik sinxton miusahidosinin noticesi verilmisdir. 1983/1984-cti illordo patlaqligin ciddi doyismesine
baxmayaraq, MglI A2800 A siialanma dubletinin doyismasi fotometrik 6lgmalorla sinxron doyismo gostarmir.
Tki ayrica alinmis sinxron fotometrik vo UB-spektral miisahido gostordi ki, parlagliq monoton artib-azaldigi
halda, siialanma xattinin intensivliyi bununla birmanalt sinxron doyisma gostarmir. Tlk dofs siialanma xattinin
intensivliyinin 23 giinluk periodla doyismasi agkar olunmugdur.

Aparici s6z1dr: ulduzlar, ulduzatrafi madd9, qgeyri-stasionatliq, RY Tau
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HD21291 (B9Ia) ULDUZU ATMOSFERININ TODQIQI

© 2011. Y.M. Maharromov

AMEA N.Tusi adina Samaxt Astrofizika Rasadxanas:
(e-mail: y_meherremon@rambler.ru)

Bu isdo HD21291 ulduzunun 2005-2010 — cu illorde alinmis spektrlorinda H,, Hg, Si 11, He I, Na I vo Fe 11
xatlori profillorinin incd qurulusu vo spektral parametrlori zamandan asili olaraq tadgiq olunmusdur. Eyni
zamanda musahido materiallart 9sasinda HD21291 ulduzu spektrlorindd  hidrogen xotlorinin  profillori
miiqayisali sokildo tohlil olunmusdur. Askar olmusdur ki, biitiin xatlorin spektral paramettlori zamandan asili

olaraq dayisir.

Aparici s6zlar: ifratnohang, pulsasiya, spektral parametrlor

GIRIS

HD21291 ulduzu (B9la; m, = 4".3; T, =
10250K; Ssin i = 29 km/5) P Cyg tipli ifratnohong
ulduzdur. Giinds sistemindon tdxminan 4300 isiq
ili masafasindadir. Bu ulduzun muasir eselle

spektrometri  ilo  alinmus  spektrlori  tadqiq
olunmusdur. HD21291 ulduzu atmosferinin
coxsayll spektral todqiqatlarindan  mudyyan

edilmisdir ki, onun atmosfer xatlorinin xtsuson
do H, xottinin profilindd zamana g6rd glclu
struktur dayiskonliklori bas verir [1-2].

1957-ci ildon etibaran P Cyg tipli ulduzlar vo o
cimlodon HD21291 ulduzu intensiv musahida
edilmis vo spektroskopik tadqiqatlar baximindan
bir ne¢d maraql xususiyyatlar askar edilmisdir. Bu
ulduzun uzun muddot tadqiqind baxmayarag,
onun atmosferindd gedon fiziki vo kimyovi
proseslor tam Syronilmomis vo hatta bu ulduzun
qosa vd ya daha cox sistemdon ibardt olmast
birgiymatli toyin edilmomisdir. Beloliklo, H,
xdttinin  profilinin - bandvsayl  vo  qirmuzi
qanadlarinda  z9if stalanma komponentlorinin
yarantb  yoxa  ¢ixmast vd  beld
tokratlanmasi, homin hadisonin sobabi, hom do
onun periodikliyinin axtarilmast zorurdtini yaratdi.
Eyni zamanda H, xottinin profilindd bas veron
doyiskonliyin = ulduz atmosferindd  miisahidd
olunan digar spektral xotlorlo paralel tadqiq
olunmast da mihim ohomiyyot kasb edir. Ona
g6rd do ovvalki islorimizdon [3] forgli olaraq bu
isdo H, xattinin profilindon basqa digdr xatlorin
dd spektral parametrlori Slgilmusdir.

hallarin

MUSAHIDO MATERIALLARININ
ALINMASI VO ISLONMOSI

2005, 2006, 2009 vo 2010-cu illorde N.Twusi
adina Samaxi Astrofizika Rasadxanasinin 2m-lik
teleskopunun kasseqren fokusunda miasir eselle
spektrometri  vasitdsilo  HD21291  ulduzunun
spektral ~miusahidalori aparidmis  vo  ylksok
keyfiyyotli CCD spektrlori alinmusdir. Alinmis
spektrlor DECH-20 vo DECH-20T [4-5] paket
programlari  vasitasilo islonmisdir. Ol¢malorin
xotast sta suratlori tclin £2 km/san, ekvivalent en
Gclin 189 5-7%-dan ¢ox deyil.

Misahido materiallart  9sasinda  miidyyon
edilmisdir ki, HD21291 ulduzunun spektrlorindd
H, xattinin profili ham qurulus cohatdon, hom da
stia suroti vo spektral parametrlorin giymatlari
baximindan zamana gbro kaskin doyisir. [6] - da
geyd olunmusdur ki, bu ulduzda H, xattinin
profili dérd miuxtalif formada misahido olunur.
Eyni zamanda H, =xottindo sta sirdtinin
doyiskonliklori Gg¢tn 2.5, 53.5 vo 244 gunlik
periodlar tapilmis vo ilkin marhalods onlardan an
¢ox ehtimallt olani, 244 gunlik period mudyyon
edilmisdir. Lakin miisahido materiallarinin az vo
sistematik homin
doqiqlosdirilmasing imkan vermir. Qeyd edok ki,
ifratnohang ulduzlarin atmosferlorinda bas veran
hadisalar tgtin periodikliyin axtarilmast masalasi
son dovrlorde aktuallasmisdir. Belo ki, bozi
tadqiqatcilarin  islorindd  ifratnohang ulduzlarin
tadqiqi zamani kvaziperiodik doyismolor askar
edilmisdir. Bundan olavo bozi elmi maqalalordd
beld atmosferlorindo  bas

olmamast periodun

ulduzlarin veran
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doyiskonliklor ulduzlarin  déytunmasi ilo  izah
olunmagqla onlarin periodikliyi ehtimali da irali
surtilmisdir [7-9]. Qeyd edok ki, stasionar vo
genis atmosferd malik HID21291 ifratnohong
ulduzunun spektrlorindo H, xattinin profilinin
bon6vsayi vo qirmizi ganadlarinda zaif stalanma
komponentlarinin  yaranib yoxa ¢ixmast bozi
tadqiqatcilar tarafindon ulduzun pulsasiyast ild
izah olunmusdur [9-12]. Molumdur ki, bu tip
10 R, =+ 1000 R,
intervalindadir vo onlar seyrok atmosferd, genis
ortiyd vo yuksok isiqhiga malikdirlor. Demali
ifratnohanglorin atmosferlori dayanigsizdir. Ona
g6rd do geyri — stasionar atmosferd malik beld
atmosferlorindoki  doyiskonliklor
kvaziperiodik pulsasiyalarla izah oluna bilor.
HD21291 wulduzu ilo bagh yuxarida qeyd
olunan masaloyd aydinliq gatirmak t¢iin homin

ulduzlarin  radiuslart

ulduzlarin

ulduzun atmosferindo musahido olunan H,, Hg,
Si II A6347A, Si 11 A6371A, He I A5876A, Na 1
A5890A, Na I A5896A, Fe 11 A5018A vo Fe 11
A5169A  xotlorinin  profillori  qurulmus, onlari
xarakterizd edon bitiin spektral parametrlorin
qiymatlori analiz edilmisdir.

Sokil  1-don ki, H, xottinin
profillorindo  struktur doyiskonliklori boyukdur.
Belo ki, 18.09.2005, 20.09.2005, 15.10.2009,
17.10.2009, 18.10.2009, 01.02.2010 Vo
10.10.2010-cu il tarixli spektrlordd homin profillor
yalniz udulma komponentlorindon  ibaratdir.
Lakin sokil 1 vo cadval 1-don molum olur ki, H,
tcin  yuxarida  qeyd udulma
komponentlorinin  profillorindoki  dsas  forq
onlarin yarim en, tam en, qaliq intensivliyi,
ekvivalent en vo sua siurotlorinin ¢ox guclu
doyismasidir. Bundan olavo  18.09.2005 vo
20.09.2005-ci il tarixli spektrlorda yalniz udulma
komponentindon ibarot H, profilinin qurmuzt
qanadinda  dlavd diskret
komponentlari yaranmus, lakin sonraki miisahidd
materiallarinda isd bu hala rast golinmomisdir.
11.11.20006, 04.10.2009 vo 19.09.2010-cu il tarixli
spektrlordo H, — nin profillorindon gorinir ki, bu
xottin  profillorinin - bondvsdyi  vo  qirmuzi
qanadlarinda komponentlari
yaranmisdir. Cadval 1-don aydin olur ki, yalniz
udulma komponentindon ibarot H, xattindd stia
siiratlori -25 km/s + -1.0 km/s, yarim en 1.7A +

gorunir

olunan

olaraq udulma

stialanma

2.8A, tam en 4.2A + 6.7A, qaliq intensivliyi 0.74 +
0.83 vo ckvivalent en 043A + 0.65A
intervallarinda  doyisir.  Lakin ~ 11.11.2000,
04.10.2009 vo 19.09.2010-cu il tarixli spektrlor
Uctin cadval 1-don askar olur ki, H, xottinin
udulma komponentindoki stia strotlori uygun
olaraq -23 km/s, -17 km/s vd -25 km/s, yarim enlor
1.3A, 1.0A vo 2.0A, tam enlor 2.6A, 1.7A vo 4.1A,
qaliq intensivliklari 0.91, 0.93 vo 0.90, ekvivalent
enlor iso 0.11A, 0.07A vo 0.22A — dir. Alinmis
noticalorin  miiqayisasi gostorir ki, H, xattinin
udulma komponentinin bandvsdyi vo qurmizt
qanadlarinda stialanma komponentlari yaranarkon
xdttin yarim eni, tam eni, darinliyi vo ekvivalent
eni kaskin azalir.

Cadval 1-don vo ham do H, xattinin siialanma
komponentlori yaranmis profillorindon gorintr
ki, bu komponentlordo spektral parametrlorin
giymatlori nisboton kigikdir. Bu da siialanma
komponentinin zdif olmasint gostarir.

Sokil 1-do Hp xottinin profillori do  tasvir
olunmusdur vo struktur  cohatdon
nazardgarpacaq doyiskanlik yoxdur. Cadval 3-don

onlarda

mdlum olur ki, Hp xattinda spektral parametrlorin
qiymatlorindd doyiskonliklor tmumilikdo zaifdir.
Stia stiratlori is9 -39 km/s + -4.0 km/s intervalinda
doyisir. Gorindiyt kimi yalniz sta stratlorindd
guiclu dayiskonliklor bas verir.

Sokil 2-don goriiniir ki, He T A5876A, Na I
A5890A vo Na I A5896A xotlori profillorinda
struktur cohatdon doyiskonlik yoxdur. Cadval 2
vo cadval 3 — dan askar olunur ki, He I vo Na I
xdtlorindd  spektral parametrlorin - qiymatlorindd
midyyon doyiskonliklor vardir. He I xottindd
yarim en vd qaliq intensivliklorinda doyiskanliklor
cox zdif, tam endd isd nisbaton guclidir. Xattin
ekvivalent eni isd 04.10.2009-cu il tarixindd
minimum qiymat alir, digdr vaxtlarda isd
doyiskanlik ¢ox zaifdir. Stia stiratlorinda is9 yalniz
18.10.2009-cu il tarixdo minimum -18 km/s
qiymati alinmigdir. Digdr vaxtlarda isd nisbaton
kicik doyiskonliklor musahidd edilmisdir. Na I
xdtlorindd isd yarim enlordd ¢ox zdif, tam en vo
qalilq intensivliklorindo iso nisboton  giicla
doyiskonliklor miisahido olunur. Sta surotlori isd
uygun olaraq -20 km/s + -5.0 km/s vo -19 km/s +
-4.0 km/s intervallarinda doyisir.
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Sokil 3-don goriiniir ki, Si 1T A6347A, Si 11
A6371A, Fe II A5169A vo Fe II A5018A
xotlorinin - profillorindd  struktur  cohatdon
doyiskanliklor misahidd olunmur. Cadval 2-don
aydin olur ki, Si II A6347A vo Si II A6371A
xatlorindd yarim enlor vo qaliq intensivliklorindd
doyiskanliklor ¢ox zdif, tam enlordd isd nisbaton
gucludur. Ekvivalent enlordd iso 04.10.2009 — cu
il tarixindd maksimum qiymatlor alinmisdir. Sta
suratlori uygun olaraq -13 Am/s + -3.0 km/s vo -17

I/(IO_

H,, »6563

1.0 18.09.2005

L1 L
Aa557.5 A562.5

L&
A567.5

20.09.2005

11.11.2006

04.10.2009

15.10.2009

17.10.2009

18.10.200%

01.02.2010

15.09.2010

10.10.2010

km/s + -7.0 /s intervallarinda doyisir. Codval 3-
don molum olur ki, Fe II A5169A vo Fe II
A5018A  xotlorindo enlor vo  qalq
intensivliklorindo  doyiskonliklor  ¢ox  zaif,
ekvivalent enlordo nisboton zoif, tam enlordo iso

yarim

gucludur. Sua surotlori iso uygun olaraq -28 km/s
+-6.0 km/s vo -35 km/s + -6.0 m/s intervallarinda
doyisir.

L1 [ 1 s
4855 4ga0 4365

Sokil 1. H, va Hg xatlorinin profillari.
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Sakil 2. He I vo Na I xotlorinin profillari.
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Sokil 3. Si II vo Fe II xatlorinin profillori.
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Codval 1. H, xattinin stia stirati vo spektral parametrlori.

Spektrlarin H, (abs) H, (em)
alinma Vr AN 1 AM r, W, Vr ), AN 17 AM r, Wi
tarixlori km/s A A A km/s A A A
18.09.2005 -25 2.1 5.2 0.77 0.57
20.09.2005 -13 2.6 5.3 0.76 0.65
11.11.2006 -23 1.3 2.6 0.91 0.11 40 0.5 0.8 1.01 0.08
04.10.2009 -17 1 1.7 0.93 0.07 -87 1.1 2.9 1.09 0.12
15.10.2009 -10 1.7 4.2 0.74 0.43
17.10.2009 -13 1.7 5.6 0.74 0.47
18.10.2009 -12 1.7 4.2 0.75 0.44
01.02.2010 -1 2.8 6.7 0.83 0.49
19.09.2010 -25 2 4.1 0.9 0.22 ? ? ? ? ?
10.10.2010 -25 2.3 6.7 0.83 0.43
Codval 2. Na I va Si II xotlorinin giia stiratlori v spektral parametrlori.
. Na I
Spektrlarin 758904 758964
almma
tarixlori Vr AN 45 AM r, W, Vr ), AN 15 AN r, W,
km/s A A A km/s A A A
18.09.2005 -9 0.7 2.6 0.2 0.61 -8 0.5 1.9 0.3 0.46
20.09.2005 -7 0.7 2.4 0.24 0.65 -7 0.7 1.9 034 | 048
11.11.2006 -12 0.8 2.5 0.31 0.58 -9 0.7 2.9 0.4 0.5
04.10.2009 -9 0.9 4 0.3 0.68 -9 0.9 3.8 0.31 0.73
15.10.2009 -5 0.7 2.8 0.28 0.67 -4 0.7 2.2 0.34 0.59
17.10.2009 -15 1.1 2.7 0.42 0.66 -15 1 2.5 0.47 0.6
18.10.2009 -20 0.9 2.5 0.41 0.6 -19 0.9 2.5 046 | 0.57
01.02.2010 -8 1 3.8 0.43 0.65 -6 1 3.3 0.5 0.57
19.09.2010 -11 1 2.9 0.41 0.69 -10 1 2.4 049 | 0.59
10.10.2010 -10 1.1 2.8 0.46 0.66 -9 1.1 3.2 0.52 0.63
Sill
A6347A A6371A
18.09.2005 -5 1.5 4.8 0.57 0.76 -8 1.5 6 0.64 0.62
20.09.2005 -6 1.5 5.1 0.58 0.72 -9 1.5 5.8 0.65 0.58
11.11.2006 -10 1.5 6 0.58 0.73 -10 1.5 6.5 0.66 | 0.57
04.10.2009 -3 1.5 5.9 0.53 0.92 -7 1.5 5.3 0.6 0.65
15.10.2009 -5 1.5 4.6 0.55 0.74 -9 1.4 52 0.63 0.57
17.10.2009 -7 1.5 4.1 0.56 0.73 -11 1.5 4.9 0.63 0.62
18.10.2009 -13 1.6 5 0.59 0.71 -17 1.6 5.3 0.66 | 0.59
01.02.2010 -8 1.6 5.9 0.59 0.74 -13 1.5 7.7 0.66 | 0.61
19.09.2010 -10 1.6 5.2 0.61 0.73 -13 1.5 5.7 0.68 0.54
10.10.2010 -8 1.7 5.6 0.58 0.75 -10 1.6 5.3 0.66 0.58

ALINMIS NOTICOLORIN MUZAKIROSI

Todgiq olunan bitin spektral xotlor Gzrd
alinmis  noticalor
proseslor HD21291 ulduzu atmosferinin yuxari
qatlarinda vo ortityiindo daha guclidiir vo bunun
naticasindo H, xattinin hom strukturu, hom do
spektral parametrlari, xtisuson do sta sturatlori cox
intensiv doyismalord maruz qalir.

Moalumdur ki, ulduz kildyi ifratnohonglorda
ulduzun  ortiik  hissasinin  gidalanmast = vo
hayacanlanmasina tasir  edir.  Ulduz
kialoyinin  doyismosi  vo  sirotlonmasindd  isd

gostarir ki, qeyri-stasionar

gucli

ulduzun giicli stialanma seli 9sas rol oynayir [13].

Ifratnohonglords ulduz kiilayinin yaranmast vo
doyismasi ulduz atmosferinin asagi qatlarinda bas
veran ddyison xarakterli konvektiv vo turbulent
harokatlarin méveud olmasindan vo bu ulduzlara
xas olan pulsasiyadan asitidir [13-14]. Bu tip
ulduzlarin oksariyyatindd atmosferin yuxart qatlar
nisboton  daha
hoyacanlanmaya moruz qalir. Taodqiq olunan
HD21291 ulduzunu da qeyd olunan tipd aid
etmdk olar. Ona g6rd do bu ulduzun atmosferinin
nisbaton darin qatlarinda yaranan spektral xatlorin
(Hgp, Si 11 A6347A, Si 11 A6371A, He T A5876A,

fotosfera yaxin qatlara cOX
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Na I A5890A, Na I A5896A, Fe II A5169A vo Fe
I A5018A) profillorinde  koskin  struktur
doyiskonliklori  musahido  olunmur.  Ulduzun
stialanma selinin vo elocd do ulduz kilayinin
doyismasi atmosferin nisbaton yuxari qatlarinda
vo Ortikdo gucli doyismolor yaradir. Metal
xdtlorindon  farqli olaraq, ifratnohonglordo H,
xdtti atmosferin yuxari qatlarini ohatd etdiyind
g0rd naticadd H, xattinin mixtalif formali P Cyg
profillori miisahidd olunur [13-15].

HD21291 atmosferindo musahida
olunan H, xattinin profilinin banovsayi vo qirmuizt

ulduzu

qanadlarinda  z9if gstalanma komponentlorinin
yaranib yox olmast tokcd pulsasiya hadisdsi ild
deyil, hamginin bu ulduzun qosaliliq fakt1 ilo do
izah edilo  bilor. zamanlar  elektron
odaobiyyatlardan HID21291 ulduzunun qosa vo
hotta daha ¢ox sistemdon ibarot olmas: (Binary
star system, Double or multiple star) haqqinda
muxtolif molumatlar vardir [16-17]. Ona g6ra do
gdlocokds bu ulduzun spektrlorindd H, profilinin
yuxarida qeyd olunan xisusiyyatlorini  todqiq
edorkon onun qosa vd ya ¢ox komponentli

Son

NOTICO

1. HD21291 ifratnohang ulduzunun 2005-2010-
cu illor orzindo alinmis spektrlorindo H,
xattinin profillori vo siia stratinin zamandan
astlt olaraq doyismasi tadqiq edilmisdir. Askar
olmusdur ki, HD21291 ulduzu spektrlorindd
H, xotti mirokkob qurulusa malikdir.
Ulduzun aktivlik dovrindon asili olaraq H,

diskret komponent

yaranir v9 itir. Bir stialanma komponenti isd

zamandan asilt olaraq H, xdttinin bon&vsayi

xattinin  udulmasinda

vd yaxud qurmizi qanadinda yaranir v yox
olur.

2. HD21291 ulduzu atmosferindo miisahido
olunan H, xattinin profilinin bandvsayi v
qirmizi qanadlarinda zoif  stalanma
komponentlarinin 1tmast
pulsasiya hadisdsi il9, hamgcinin bu ulduzun
gosa vd ya ¢cox komponentli sistemdon ibarot
olmast ilo dlagadar ola bilar.

3. H, xottinin profili vd onu xarakterizd edon
spektral ~ parametrlorin - qiymatlori, ulduz
atmosferinin yuxart qgatlarinda vo ortitkdo bas

yaranmasi  vd

sistemdan ibarot ola bilmasi fakti nozora veron  qeyri-stasionar  proseslorin - aktivlik
alinmalidir. fazasindan asili olaraq glicli doyisir.
Cadval 3. He I, Fell vo Hg xatlorinin siia stiratlori vo spektral parametrlori.
. Hel H,
Spektrlorin A5876A )4361A
alimma
tarixlori Vr i, AN 1y AL ry W, Vi, A1y AL ry Wi
km/s A A km/s A A
18.09.2005 -8 1.5 4.1 0.74 0.42 -9 2.5 11.4 0.54 1.5
20.09.2005 -8 1.4 5 0.73 0.45 -5 2.6 10.4 0.55 1.43
11.11.2006 -9 1.4 4.3 0.74 0.42 -8 2.6 12 0.6 1.37
04.10.2009 -5 1.3 4.4 0.79 0.33 -25 2.6 11.3 0.59 1.36
15.10.2009 -3 1.4 4 0.73 0.4 -29 2.4 11.4 0.54 1.49
17.10.2009 -9 1.5 5.5 0.75 0.45 -32 2.4 10.8 0.54 1.44
18.10.2009 -18 1.5 5.1 0.74 0.44 -39 2.7 11.9 0.54 1.62
01.02.2010 -3 1.5 5.8 0.75 0.43 -4 2.8 13.2 0.56 1.62
19.09.2010 -8 1.6 4.8 0.76 0.42 -16 2.8 12 0.61 1.38
10.10.2010 -8 1.6 5.1 0.76 0.43 -19 2.7 11.8 0.56 1.46
Fe Il

A5169A AS018A
18.09.2005 -8 1.2 3.8 0.71 0.4 -7 1.2 3.5 0.76 0.32
20.09.2005 -9 1.2 3.7 0.73 0.37 -7 1.4 4 0.77 0.35
11.11.2006 -6 1.2 4.4 0.72 0.39 -6 1.2 3.6 0.78 0.3
04.10.2009 -17 1.2 5.8 0.64 0.51 -24 1.2 3.3 0.7 0.41
15.10.2009 -20 1.2 3.3 0.69 0.38 -27 1.2 3 0.74 0.33
17.10.2009 -22 1.2 3.8 0.69 0.39 -31 1.2 2.8 0.76 0.3
18.10.2009 -28 1.2 4.4 0.7 0.4 -35 1.4 3.7 0.78 0.34
01.02.2010 -6 1.2 4.8 0.74 0.38 -7 1.3 3.5 0.79 0.31
19.09.2010 -11 1.3 4.4 0.75 0.36 -11 1.3 3.3 0.82 0.26
10.10.2010 -12 1.3 4.4 0.74 0.37 -11 1.3 3.5 0.79 0.29
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CITIEKTPAABHBIE HCCAEAOBAHMA ATMOC®EPHI 3BE3ADBI HD21291 (B9Ia)
SL.M. Mareppamos

B aammoit pabore Ha crrekrporpammax 3sesast HD21291 (B91a), moaywennsix B 2005-2010 r.r., ccaeaoBana

TOHKas cTpykrypa nmpocuaeii amnmit Hy, Hg, Si 11, He I, Na I u Fe II n ux mepemennOCTS B HAOAFOAQEMBIIT
repuoA BpemeHH. [lpuBeacHB! TPOMUAM AMHHI M IPOBEACH CPABHHTEABHBIH AHAAH3 IICPEMEHHOCTEH,
HAOAIOAQEMBIX B ITPOUAAX BOAOPOAHBIX AMHHUIL y 3Be3Asl HD21291. BrrmBAeHO, 9TO BCE CIIEKTPAABHBIC
ITapaMeTPhl AMHII TOKA3bIBAIOT IIEPEMEHHOCT.

KaroueBpie caoBa: CBEpXIHIaHT, IYABCAIIHA, CIIEKTPAABHEIC ITAPAMETPEI

SPECTRAL INVESTIGATION OF THE ATMOSPHERE HD21291(B9Ia) STAR

Y.M. Maharramov
On the basis of spectrograms HID21291(B91a) star obtained in the period 2005-2010 the H,, Hg, Si 11, He 1,
Na I u Fe II profiles and structure were discussed. Profiles of the line and comparative analysis of the
variables obsetved in the profiles of hydrogen lines of the HD 21291 star adduced. It has been cleared up that

spectral parameters of all line have changed with time.

Key words: Supergiant, pulsation, spectral parameters
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AoKTOpYy (pU3UKO-MAaTEMATHUECKUX HAYK, 3aBEAYIOILIEMY KadeApoit

acTpodusuku, mpocgeccopy
AKADAPY MYCEWUD oray KYAH-3AAE - 75!

e

B 2011 roay mpodpeccopy Axadap Myceud

oray Kyamn-3aae ncnoaHHAOCH 75 A€T.

AM. Kyam-3aae B 1961 r1oAy OKOHUHA
Aenmarpaackuii  (merHe  C.-IletepOyprexmi)
Vausepcurer 110 CIEIINAABHOCTHI

«actpodusnkay. [To pekoMeHAAIIIN YACH- KOPP.
AH CCCP npod. O.A.MeApHHUKOBA ITOCTYIIHA B
acuupantypy Ha kKadeapy acrpodpmsuku. [lo
OKOHY2aHHNH aCHHpaHTypI)I ACHHHTPQACKOI‘O
VHHBepcHTETa  IIOAYIHA  IIPHUIAAIICHHC — HA
padory B 'AO AH CCCP u B AeHHHIpascKnii
VHuBepCcHTET, OAHAKO OH IIPEATIOYEA BEPHYTHCA
B AszepOaiiaxKaH.

A.M.Kyan-3aae ¢ 1966 o 1969 roa padboran B
LITAO HAH Aszep6aripkana.

C 1969 1. paboraer B  bakunckom
I'ocyaapcrBennom  Vemsepcurere (BIY), rae
OPraHH30BaA HOBYIO CIIEITHAAU3ALIIIO
«acrpodusukay npu  Kadeape OITHKH U

MOAEKYAAPHON (PU3HKH, HA OCHOBE KOTOPOH B

1975 roay Opraa otkperTa KadpeApa acTpOPHUIUKH.
C 1997 roaa AMKyan-3apae sBasercs

3aB.kadpeapoit «Acrpodpusukay B BI'V.

3a 3aCcAyIHM B ITOAIOTOBKE MOAOABIX KaApOB U
passuTHE KOocMmmueckor Haykn B 1991 roay
AM.Kyan-3aae moayuma awmmaom Peaeparrun
Kocmonasruku CCCP.

B 2001 TOAY OH YAOCTOEH
MEKAYHAPOAHOIO AHIIAOMA «3HAMEHUTBIE AFOAU
XXI Beka», a B 2009 TOoAy ykKasom IIpe3smAEHTA
AszepbaiiakaHa eMy OBIAO IIPUCBOCHO ITOYETHOE
3BaHHE «3ACAYKEHHBIN YIUTEADY.

ITpodp. AM.Kyau-3ase sBasercsa

OBIA

YACHOM

Espormetickoro Acrporommaeckoro O0rmectsa,
YAEHOM MexayHApOAHON CoBpemMeHHOIT
Axapemun Hayk uMm. Arordu  3ase, YAeHOM
MeXAYHAPOAHOH — IIPOOAEMHOH — IPYIIIBI IO
OIPEACACHUIO  TAOOAABHBIX  XaPaKTEPUCTHK
Coamnina, PEAKOAACTHH
«A3epOafAKAHCKOTO ACTPOHOMUYECKOTO
KypHAA@» H YACHOM peakossernn «BecrHmka
baknackoro I'ocyaapcrserHOTO YHIBEpCHTETAN.
[Mpod. A.M.Kyau-3ase sBasiercs aBTOpoM 7
YVIEOHUKOB, YIEOHBIX TIOCOOHMH 1 MOHOIPadOH.

ITpodp. A.M.Kyau-3ase - aBrop OGoaee 200

YACHOM

OpI/IrHHaAbeIX Hay‘-IHBIX CTaTeI;‘I,
OIIyOAMKOBAHHBIX B PECHYOAMKAHCKHX U
MEKAYHAPOAHBIX  :KypHaAax. O ABAfeTCH
ABTOPOM  HIDKEYKA3aHHBIX ~ HOBBIX ~ METOAOB
nccaeaoBanuii o pusuke Coanmna:
- Meroa OITPEACACHUSA AOKAABHOTO
HenpepbiBHOrO  (poHa  CIEKIpa IO

pOHITOBCKOMY aHAAN3Y HPOPHUAEH CAAOBIX
dpayHroepOBEIX AHHMIIT;
- Meroa ompeaeAeHnsA MEXaHH3MA YIITHPEHHA

CHABHBIX  (ppayHroepOBBIX  AHMHHI B

dorocepe Conmnrra;

- HoBBI1 KOAMYECTBEHHBII  METOA  AAA
M3MEPEHUA U AHAAM3A TOHKOH CTPYKTYPBI
npocduaeii  crabeix  payHrodepoBhIX
AVIHIH,

OCHOBHBIMHA HAYIHBIMI pe3yAbTaTaMH,
moaygenasiMa  mpod.  AM.  Kyam-3aae
ABAAIOTCH:

- Boepsere moayuma  Hamboaee  TOYHBIE
IPpO(OUAM  CHABPHBIX  PE30HAHCHBIX U

CyOOPAMHATHBIX, T.€. IIOYTH PE3OHAHCHBIX,
dpayrarodeposex annuii - H u K Call; D1
n D2 Nal; bl, b2 u b4 rtpumaera Mgl u
IIEPBBIX YETBHIPEX AHMHHN OaAbMEPOBCKOI
cepun  Bopaopoaa He, Hp, Hy, m Hs B
Pa3sperIeHHOM U HEPa3pPEelIeHHOM CIIEKTpe
CoAmn1a. OmpeaereHBr OCHOBHBIE
ITAPAMETPEL, XaPAKTEPU3YIOIIHE IIPOPUAN
AMHHUH C OOABIION TOYHOCTBIO.

- Ilokasaa, 9TO B HEpa3pEIIEHHOM CIEKTpE
Coanma mpoduAn OAABMEPOBCKHX ANHIN
BOAOPOAA OOAee V3KHE U KPBIABA MeEHee
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IPOTAKEHHBIE, Y€M B  Pa3pEIIeHHOM
crekrpe (IIEHTpa AUCKA).

[Tokasaa, uro npocduan D ammamit Nal u b
AMHUI Mgl B
HEPA3pPEIIEHHOM CIIEKTPE OYEHb MaAO

pa3pCLHCHHOM "

OTAHUYAFOTCA.
IToayuna, wro B crekrpe IIpommona
upocduan D ammmit Nal u b ammmit Mgl
ropasA0 MEHee TAyOOKme u 0Ooaee y3KHE,
gyem B crekrpe CoAHIIA, 9YTO CBA3aHO C
pasAHYHEM  YCAOBHH  BO3OYKACHHUA B
armocdepax Coanna u [Ipornmona.
[Toayuma, 91O B pPa3peIIeHHOM CIIEKTpE
mpocduman amumii H mw K Call 0Goaee
IIHPOKH ©  OoAee TIAyOOKH, dYeM B
HEpPa3perIeHHOM CIeKTpe Coamnra.
Hepaspemennsiii  criexkrp Coanma  0oaee
O6amzok Kk cmekrpy Ilpommona, dem K
paspemrennomy crektpy Coanra.

Briepie  manboaee TOYHO — OIpEAEAHA
IIOAOKEHHA  (PUOACTOBBIX M KPACHBIX
SMUCCHOHHBIX KoMmmoHeHT AmHud H m K
Call wm paccrosHHA MEXAy HHMH B
Pa3peIlICHHOM H HEPA3PEILICHHOM CIICKTPE
Coanrna.

ITokasaA, 910 SMHUCCUOHHBIE KOMIIOHEHTH B
HEPA3PEIIEHHOM CIeKTpe BBIPA/KCHBI
HECKOABKO CHABHEE, UE€M B pasperreHHOM. B
obonx cAygasx (PHOAETOBBIC KOMIIOHEHTBI
HECKOABKO CHABHEE, YEM KPACHEIE.
[ToAyuna, 910 KaK AAA PA3PEINIEHHOTO, TaK K
AASL HepaspereHHOro craektpos  Coania
paccrofHnsa (PHOAETOBBIX KOMIIOHEHT OT
nentpa aumunit K3 m H3 Call meckoapko
OOABIIIE,  YEM  PACCTOAHHUA  KPACHBIX
KOMITOHEHT.

BHCpBbIC BBIYMCAHUA I/IHTCrpI/IpOBaHHbIC I10
AVICKY Coania npodpuAn CHUABHBIX
dpayarodepoBbIx AHHHIT II0 MEHTP-Kpai
HaOAIOAEHUAM, KOTOPBIE XOPOIIIO
coraacyrorci ¢ OpodHAAMA  AHHHH,
HEITOCPEACTBEHHO HAOATOAAEMBIMI B
HepasperreHHOM cirektpe CoAHIIa.
Beramcama  Teopermueckue npodpuan D
amamii - Nal ¢ yuerom orkAoHeHHIT OT
AOKaABHOTIO TEPMOAHHAMHYECKOIO
PABHOBECHA M C YYETOM MOAEAH aTOMa U
mMoaeAn poTocdepsr.

Pazpaboran METOA AAA IIPOBEACHHUA YPOBHSA
AOKaABHOTO HEIIPEPHIBHOIO (POHA CIIEKTPa
Coanma 1o OWUITOBCKOMY  aHAAH3Y

npoduseii  caabbix  dpayHrodepoBBIX
AVTHHIH,

[IpeAArOKHIA METOA AAA OBICTPOrO aHAAH3A
MEXAHU3MOB VILHPEHUA CHABHBIX
dpayarodpepoBbIx  AHHHII B CIEKTpE
COAHIIA U 3BE3A.

[Toctpoua mamboaee TOUHBIE IIPODUAT
okoao 100  cAabbIX ©  yMEPEHHBIX
dpayHropepOBEIX AHMHHUI, U OIPEACAHA HX
ITapaMeTPHl C OOABIIION
TOYHOCTBIO B pasperreHHOM u
nepasperrenHom cuekrpe Coanma. Ilo ero
popuau AMHUI B
HEpPAa3peIIeHHOM creKTpe Coamniia
OKA3aAUCh MEHEE TAYOOKHMH K MCHEE
ITUPOKUMH B KPBIABAX, YEM B PA3PEIIIEHHOM
CHIEKTpeE.

OCHOBHBIC

pacueram,

Ompeaeanr k03D PUIHEHTH ACHMMETPUN
rpoduaeit 0koAro 100 cAabBIX 1 yMEPEHHBIX
dpayHrodepOBBIX AUHHIH B Pa3pEILICHHOM U
HepasperreHHoM cuekrpe Coanra.

Paspaboras KOAHYECTBEHHBIH 1 (PU3HYECKH
OOOCHOBAHHBIH METOA AAA H3MEPEHHA U
aHAAM32 ACHMMETPHH IIPOPHUAEH CAAOBIX U
yMepeHHBIX  (bpayHroepoBBIX AHMHUNA B
cuexrpe Coanma u 38e3A. [Ipr stom on BBEA

HOBBIE Jpusugeckue BEAWYMHBL
(Anddepennmaspaas, MHTEIPaAbHaA,
OCTATOYHAA U OTHOCUTEABHAS ACUMMETPHUN),
ITO3BOASIFOIIIHE boAee IIOAPOOHO

HCCAEAOBATD ACHMMETPHIO rpoduaeit
CAAOBIX H yMEpPeHHBIX (HpPayHrodepOBBIX

AVTHIH u nx 3aBHCHMOCTb oT
MHUKPOCKOIITYECKUX (aTOMHBIX) u
MaKPOCKOITHYIECKIX (porochepusbIx)
BEAMYUH.

[Tokazaa, wro acummerpus 1poduAeit
cAaOBIX  H  cpeAHHX  (ppayHrodepOBHIX
AVHHH HOCHUT CAOXKHBIH XapakTep H, B
IPEAEAAX OAHOM W TOM K€ AUHHH,
HEOAHOKPATHO  MOKET  MEHATBCA IO
BeAm4HnHe 1 110 3Haky. [lokazaa, 49ro B
KPBIABAX OOABIINHCTBA AMHHH IIPEOOAaAACT
duoaeToBas
duoreTOBaA ACHMMETPHA IIEPEXOAUT B
KPACHYIO.

ACUMMCTpHA, B AApax

ITokazaa, 9To MHTErpaAbHas M OCTATOYHAA
ACUMMETPHUHU 3HAYUTEABHO pacryT C
YBEAUTYEHHUEM CHUABI AUHHH.

Brrepoie  moAyuma, 9TO  HHTErpaAbHaf,
OCTaTOYHAad U OTHOCHUTEABHAA ACHMMETPUH
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ABHO  YMEHBIIAIOTCA  C  YBEAMYCHHUEM Analysis of the Ball star HD 2042757,
5 PeKTUBHOII  TAYOHMHBI ~ OOpasOBaHHA Washington, 1971;

AuaHHA B dporocdepe CoaHra.

- Bmepsrie mocTpomA KpuBEIE pOCTA  AAA
PAa3pEeIIeHHOI0 U HEPA3PEIIEHHOTO CIIEKTPA
CoAHIIa Ha OCHOBE HOBEHINHX IH(POBBIX
CIIEKTPAABHBEIX MATEPHAAOB M TOYHEHIIIHX
CHA OCITMAAITOPOB AMHHHA B aOCOAFOTHOM

ITTKAAE.

- Ilokasaa, 9ro cpeaHme u  HamboAce
BCPOSITHBIC dusmaeckue ITapaMETPEL
dorocdepsr, olpeAeAsieMbIe AAS
Pa3pEIIEHHOIO M HEPA3PEIIEHHOIO CIEKTPa
CoAHiia, T.e. 3BE3AHBIE U COAHEYHBIE

xapakrepuctukn COAHIIA, IIPAKTUYECKA HE

OTAMYAFOTCH.

- Buepseie moxasaa, 49ro  dusmgeckme
XapaKTEPUCTUKH (POTOCEPB 10 ANHUAM
YETHO-HEYETHBIX u HEYETHO-YETHBIX

IIEPEXOAOB 3HAYUTEABHO OTAUYIAIOTCA.

IIPUBEACHBI ~ OCHOBHBIE ~ HAYYHBIC

pesyaprater - A.M.Kyam-3ase, BKAIOYCHHBIE B

MEKAYHAPOAHBIE MOHOTpadum,

’KYPHAABHBIC CTATBU:

- C.W.Allen, “Astrophysical quantities”, Lon-
don, 1977;

- J.LTech,

Huxe

VICOHUKH |

“A High-dispersion ~ Spectral

- C.B.IlepOuna-Camoriirosa, «CoAmnney,
Mocksa, 1965;
- MA.Andrmun, «Pusuxa Coanma», Mocksa,
1967,
- B.B.CobGoaes, «Kypc TEOPETHIECKOI
acrpodusukm», Mocksa, 1982.

IIpop. AM.Kyam-3ape  yuactBoBaA ¢
AOKAQAAMI Ha MEKAYHAPOAHBIX KOH(DEPEHIIHAX
mo ¢dusuke Coanna Bo Ppanmmm, ['perrum,
Poccun, Vpane, Typrun, Ykpaure, I'pysun u Ap.
OH un30upasci YACHOM OpPIKOMHTETOB HA
MHOTHX MEKAYHAPOAHBIX KOH(PEPEHIINAX.

ITpodp. A-M.Kyan-3ase akTHBHO y9acCTBYET B
IIOATOTOBKE ~MOAOABIX ~KaApOB 1O  pusmke
Coanma. Iloa ero pykoBoactBom ©Ooaee 20
YEAOBEK IIOAYYHAN
KAHAHAATCKYIO, 4 OAUH - AOKTOPCKYIO CTCIICHb.

B macrosmee Bpemsa npod. A.M. Kyau-3ase
AKTUBHO  IIPOAOAJKAET  CBOIO  HAVYHYVIO U
IIPEIIOAABATEABCKYIO ACATEABHOCTb. ¥ Ha 3TOM
IIOIIPHIIE ACTPOHOMBI A3epOaliAiKaHa KEAAIOT
€My HOBBIX AOCTHKCHHH H AOATUX ACT KU3HH.

MaTrACTPCKYIO u

A.C. IT'yanes
D.C. babaes
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