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Abstract. A numerical calculation of the DC Stark effect for hydrogen and sodium atoms and
Wannier-Mott excitons in an external uniform DC electric field is carried out within the operator perturbation theory method. New adequate model for description of the unique especialitites
in the photoionization spectra of the hydrogenic atoms is proposed. It is found that the Stark shift
for the n=2 state of excitons in the Cu2O semiconductor (yellow series) at the electric field strength
600 V/cm results in — 3,1 10 -4 eV which agrees well with experimental data of Gross et al. It is indicated also that the analogous unique especialitites may possibly take a place in the Wannier-Mott
excitons spectra near the threshold boundary.
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ÅÊÑ²ÒÎÍÈ ÂÀÍ’ª-ÌÎÒÒÀ ² ÀÒÎÌÈ Ó ÏÎÑÒ²ÉÍÎÌÓ ÅËÅÊÒÐÈ×ÍÎÌÓ ÏÎË²:
ÔÎÒÎ²ÎÍ²ÇÀÖ²ß, ØÒÀÐÊ ÅÔÅÊÒ ÒÀ ÐÅÇÎÍÀÍÑÈ Ó ²ÎÍ²ÇÀÖ²ÉÍÎÌÓ ÊÎÍÒÈÍÓÓÌ²

Î. Â. Ãëóøêîâ, ß. ². Ëåï³õ, Ñ. Â. Àìáðîñîâ, Î. Ï. Ôåä÷óê, Î. Þ. Õåöåë³óñ, Ã. Â. ²ãíàòåíêî
Àíîòàö³ÿ. Íà ï³äñòàâ³ ìåòîäó îïåðàòîðíî¿ òåîð³¿ çáóðåíü âèêîíàíî ðîçðàõóíîê Øòàðêåôåêòó äëÿ àòîìà âîäíþ, íàòð³þ òà åêñ³òîí³â Âàí’º-Ìîòòà (íàï³âïðîâ³äíèê Cu2O) ó îäíîð³äíîìó åëåêòðè÷íîìó ïîë³. Íåçâè÷àéí³ îñîáëèâîñò³ ó ñïåêòð³ ôîòî³îí³çàö³¿ âîäíåïîä³áíèõ
ñèñòåì îïèñàí³ íà ï³äñòàâ³ àäåêâàòíî¿ êâàíòîâî-ìåõàí³÷íî¿ ìîäåë³. Åíåðã³¿ âèñîêî ðîçòàøîâàíèõ ðåçîíàíñ³â ó ³îí³çàö³éíîìó êîíòèíóóì³ äîáðå óçãîäæóþòüñÿ ç â³äîìèìè åêñïåðèìåíòàëüíèìè äàíèìè Gross et al. Ðîçðàõîâàí³ øòàðê³âñüê³ çñóâè äëÿ ðÿäà ñòàí³â åêñ³òîíó ó íàï³âïðîâ³äíèêó Cu2Î (æîâòà ñåð³ÿ) â åëåêòðè÷íîìó ïîë³ 600 Â/ñì. Ïðîãíîçóºòüñÿ ìîæëèâ³ñòü
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ïðîÿâëåííÿ íåçâè÷àéíèõ îñîáëèâîñòåé ó ñïåêòðàõ åêñ³òîí³â Âàí’º-Ìîòòà ïîáëèçó ãðàíèö³
³îí³çàö³¿ îñòàíí³õ.
Êëþ÷îâ³ ñëîâà: àòîì, åêñ³òîí Âàí’º-Ìîòòà, Øòàðê-åôåêò, ôîòî³îí³çàö³ÿ
ÝÊÑÈÒÎÍÛ ÂÀÍÜÅ-ÌÎÒÒÀ È ÀÒÎÌÛ Â ÏÎÑÒÎßÍÍÎÌ ÝËÅÊÒÐÈ×ÅÑÊÎÌ
ÏÎËÅ: ÔÎÒÎÈÎÍÈÇÀÖÈß, ØÒÀÐÊ ÝÔÔÅÊÒ È ÐÅÇÎÍÀÍÑÛ
Â ÈÎÍÈÇÀÖÈÎÍÍÎÌ ÊÎÍÒÈÍÓÓÌÅ

À. Â. Ãëóøêîâ, ß. È. Ëåïèõ, Ñ. Â. Àìáðîñîâ, À. Ï. Ôåä÷óê, Î. Þ. Õåöåëèóñ, À. Â. Èãíàòåíêî
Àííîòàöèÿ. Íà îñíîâå ìåòîäà îïåðàòîðíîé òåîðèè âîçìóùåíèé âûïîëíåí ðàñ÷åò Øòàðêýôôåêòà äëÿ àòîìà âîäîðîäà, íàòðèÿ è ýêñèòîíîâ Âàíüå-Ìîòòà (ïîëóïðîâîäíèê Cu2O) â
îäíîðîäíîì ýëåêòðè÷åñêîì ïîëå. Íåîáû÷íûå îñîáåííîñòè â ñïåêòðå ôîòîèîíèçàöèè âîäîðîäîïîäîáíûõ ñèñòåì îïèñàíû íà îñíîâå àäåêâàòíîé êâàíòîâîé ìîäåëè. Ýíåðãèè âûñîêî ëåæàùèõ ðåçîíàíñîâ â èîíèçàöèîííîì êîíòèíóóìå íàõîäÿòñÿ â õîðîøåì ñîãëàñèè ñ
èçâåñòíûìè ýêñïåðèìåíòàëüíûìè äàííûìè Gross et al. Ðàññ÷èòàííûå øòàðêîâñêèå ñäâèãè
äëÿ ðÿäà ñîñòîÿíèé ýêñèòîíà â ïîëóïðîâîäíèêå Cu2O (æåëòàÿ ñåðèÿ) â ýëåêòðè÷åñêîì ïîëå
600 Â/ñì. Ïðåäñêàçàíà âîçìîæíîñòü ïðîÿâëåíèÿ íåîáû÷íûõ îñîáåííîñòåé â ñïåêòðàõ ýêñèòîíîâ Âàíüå-Ìîòòà âáëèçè ãðàíèöû èîíèçàöèè ïîñëåäíèõ.
Êëþ÷åâûå ñëîâà: àòîì, ýêñèòîí Âàíüº-Ìîòòà, Øòàðê-ýôôåêò, ôîòîèîíèçàöèÿ
Introduction
Observation of the Stark effect in a constant
(DC) electric field near threshold in hydrogen and
alkali atoms led to the discovery of resonances extending into the ionization continuum by Glab et
al and Freeman et al (c.f.[1-5]). Though the known
semi-empirical approach of Harmin [5] (c.f.[3]) is
effective enough, a full adequate consistent theory
of this phenomena is absent hitherto. Calculation
of the atomic characteristics in a strong electric
DC field remains very important problem of modern atomic physics and also of the physics of semiconductors [6-30]. It is well known [28] that the
availability of excitons in semiconductors resulted
experimentally in the special form of the main absorption band edge and appearance of discrete levels structure (f.e. hydrogen-like spectrum in Cu2O).
Beginning from known papers of Gross-Zaharchenya, Thomas and Hopfield et al (c.f.[28-30]), a
calculation procedure of the Stark effect for exciton spectrum attracts a deep interest permanently.
As it is well known [11], external electric field shifts
and broadens the bound state atomic levels. The
standard quantum-mechanical approach mutually relates complex eigen-energies (EE) E = Er +
0,5iG and complex eigen-functions (EF) to the resonances’ shape. The calculation difficulties in the
standard quantum mechanical approach are well
known [3]. The WKB approximation overcomes
6

these difficulties for the states, lying far from “new
continuum “boundary and, as a rule, is applicable
in the case of a relatively weak electric field. The
same could be regarded to the widespread asymptotic phase method (c.f.[1-4], based on the BreitWigner parameterisation for the phase shift dependence on scattering energy. Some modifications of
the WKB method were introduced by Popov et al.
and Ostrovsky et al.(c.f. [3]). Quite another calculation procedures are used in the Borel summation of
the divergent perturbation theory (PT) series and in
the numerical solution of the difference equations
following from expansion of the wave-function over
finite basis. In refs. [10-13] a principally new consistent uniform quantum — mechanical approach
to the non-stationary state problems solution had
been developed including the Stark effect and also
the scattering problems. The essence of the method
is the inclusion of the well known method of “distorted waves approximation” in the frame of the
formally exact PT [11]. The zeroth order Hamiltonian H0 of this PT possesses only stationary bound
and scattering states. In order to overcome the formal difficulties, the zeroth order Hamiltonian was
defined using the set of the orthogonal EF and EE
without specifying the explicit form of the corresponding zeroth order potential. In the case of the
optimal zeroth order spectrum , the PT smallness
parameter is of the order of G/E, where G and E are
the field width and bound energy of the state level.
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One could see that G/E ≤ 1/n even in the vicinity
of the "new continuum" boundary (where n is the
principal quantum number). This method is called
the operator PT (OPT) approach [11,12]. It is very
important to note that the hamiltonian H0 is defined
so that it coincides with the general Hamiltonian H
at ε ⇒ 0. (ε is the electric field strength). Let us note
that perturbation in OPT does not coincide with the
electric field potential though they disappear simultaneously. An influence of the corresponding electric potential model function choice on the values
of the Stark resonances energies and bandwidths
does not significantly change the final results for the
resonances shifts and widths [11,12]. All said above
regards the Wannier-Mott exciton characteristics in
semiconductors as well.
In ref. [13-17] the OPT approach have been
used for solution of the isotopes separation problem
and an account of the non-hydrogenic effects was
done as well as the improvement of the convergence
procedure. In ref. [18-24] the OPT approach have
been successfully used for studying new laser-electron nuclear spectral effects in thermalized plasma
(speech is about new cooperative laser-electronnuclear processes), new laser-electron-nuclear effects in atoms, ions and diatomic molecules. There
is very effective application of the OPT approach
in conjuction with S-matrix Gell-Mann and low
formalism to studying the resonance states of compound super-heavy nucleus and electron-positron
pair production in heavy nucleus and ioons collisions and under availibuility of the external superintense electromagnetiv filed, when the EPPP
chanell is opened [22-24].
In this paper we have used the OPT method
[11,12] for studying and exact calculation of the
DC Stark effect for hydrogen, sodium atoms and
Wannier-Mott excitons in an external uniform DC
electric field and the corresponding photoionization spectra. New adequate model for description
of the unique especialitites in the photoionization
spectra of the atoms is proposed. It is found that
the Stark shift for the n=2 state of excitons in the
Cu2O semiconductor (yellow series) at the electric
field strength 600 V/cm results in — 3,1 10 -4 eV
which agrees well with experimental data of Gross
et al. It is indicated also that the analogous unique
especialitites may possibly take a place in the
Wannier-Mott excitons spectra near the threshold
boundary.

Operator perturbation theory approach [10-13]
As usually, the Schrodinger equation for the
electronic eigen-function taking into account the
uniform DC electric field and the field of the nucleus (Coulomb units are used: a unit is h2 /Ze2 m
and a unit of mZ2 e4 /h2 for energy) looks like:
[-(1 – N/Z) / r + ε z – 0,5Δ – E] ψ = 0,

(1)

where E is the electronic energy, Z — charge of nucleus, N — the number of electrons in atomic core.
Our approach allow to use more adequate forms for
the core potential (c.f.[25-27]), including the most
consistent quantum electrodynamics procedure for
construction of the optimized one-quasi-electron
representation and ab initio core potential , providing a needed spectroscopic accuracy. For multielectron atom one may introduce the ion core charge
z*. According to standard quantum defect theory
(c.f.[26]), relation between quantum defect value
μl, electron energy E and principal quantum number n is: μl=n-z*(-2E)-1/2. As it is known, in an electric field all the electron states can be classified due
to quantum numbers: n, n1, n2,m (principal, parabolic, azimuthal: n=n1+ n2+m+1). Then the quantum defect in the parabolic co-ordinates δ(n1n2m) is
connected with the quantum defect value of the free
(ε=0) atom by the following relation [14]:
n −1

δ(n1n2m)=(1/n) ∑ (2l + 1)(C JJM, M − m;lm ) 2μl , J=
l =m

=(n-1)/2, M=(n1-n2+m)/2.
Naturally, it is possible to use more complicated
forms for the ion core potential (c.f.[3,17]). After
separation of variables, equation (1) in parabolic
co-ordinates could be transformed to the system of
two equations for the functions f and g:
| m | +1
f′ +
t
+[0,5E + (β1 – N/Z) / t- 0,25 ε(t) t] f = 0; (2)
f′′ +

| m | +1
g′ +
t
+ [0,5E+β2 / t + 0,25 ε(t) t] g = 0,
g″ +

(3)

coupled through the constraint on the separation
constants:
β1+β2=1.
For the uniform electric field ε (t) = ε. In ref.
[11], the uniform electric field ε in (3) and (4) was
substituted by model function ε(t) with param7
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eter τ (τ = 1.5 t2) . Here we use similar function,
which satisfies to necessary asymptotic conditions
(c.f.[11,12]) :
⎤
1 ⎡
τ
ε ⎢(t − τ) 2 2 + τ ⎥ .
(4)
t ⎣
τ +t
⎦
Potential energy in equation (4) has the barrier.
Two turning points for the classical motion along
the η axis, t1 and t2 , at a given energy E are the solutions of the quadratic equation (β = β1, E = E0).
It should be mentioned that the final results do not
depend on the parameter τ . It is necessary to know
two zeroth order EF of H0: bound state function ΨEb
(ε, ν, ϕ) and scattering state function ΨEs (ε, η, ϕ)
with the same EE in order to calculate the width
G of the concrete quasi-stationary state in the lowest PT order. Firstly, one would have to define the
EE of the expected bound state. It is the well known
problem of states quantification in the case of the
penetrable barrier. We solve the (2, 3) system here
with the total Hamiltonian H using the conditions
[11]:

z2′ = { ∫∫dζdη (ζ+η) f 2Eb(ζ)gEb (η)g1 (η) }/

2

ε(t) =

f(t)→ 0 at t ⇒ ∞,
∂x(β, E) / ∂E = 0,

(5)

with
x(β, E) = lim [g2 (t) + {g′(t) / k}2] t| m| + 1.
t ⇒∞

These two conditions quantify the bounding
energy E, with separation constant β1 . The further procedure for this two-dimensional eigenvalue
problem results in solving of the system of the ordinary differential equations(2, 3) with probe pairs of
E, β1. The bound state EE, eigenvalue β1 and EF for
the zero order Hamiltonian H0 coincide with those
for the total Hamiltonian H at ε ⇒ 0, where all the
states can be classified due to quantum numbers: n,
n1, l , m (principal, parabolic, azimuthal) that are
connected with E, β1, m by the well known expressions. We preserve the n, n1 ,m states-classification
in the ε≠0 case . The scattering states' functions
must be orthogonal to the above defined bound
state functions and to each other. According to the
OPT ideology [11,12], the following form of gE′s :is
possible:
gE′s(t) = g1 (t) — z2′ g2(t),

(6)

with fE′s , and g1(t) satisfying the differential equations (2) and (3). The function g2(t) satisfies the
non-homogeneous differential equation, which
differs from (3) only by the right hand term, disap8

pearing at t ⇒ ∞. The coefficient z2’ ensures the orthogonality condition and could be defined as [11]:

/ {∫∫ dζdη (ζ+η) f 2Eb(ζ)gEb (η)g2 (η) }.
The imaginary part of state energy in the lowest
PT order is:
Im E = G/2 =π <ΨEb |H|ΨEs > 2 ,

(7)

with the general Hamiltonian H (G- resonance
width). The state functions ΨEb and ΨEs are assumed
to be normalized to unity and by the δ(k -k')-condition, accordingly.. The photoionization cross section could be defined as follows:
σ F = 4π2 =ω /137 ×
×∑ < 0 | rm | Ψ l ' > [<Ψ ' | Ψ > −1 ]ll ' < Ψ l | rm | 0 >, (8)
l ,l '

where |0> is the initial state of the atom, rm = z for
π-polarized light and rm = (1/ 2)( x ± iy ) for σ-polarization; < Ψ l '' | Ψ l > - the overlap matrix of the
set {Ψ} (see details of its definition in [3] and cited
ref. therein). Note then that the whole calculation
procedure at known resonance energy E and separation parameter β has been reduced to the solution
of one system of the ordinary differential equations.
For its solution we use our numeral atomic code
(“Superatom” package [3, 10-16,24-27]).

Stark resonances energies and widths calculation
results
The calculation results for Stark resonances
energies and bandwidths for some states of Í atom
are presented in Tables 1. For comparison we have
indicated the data, obtained within another approach — complex eigen-values and numerical
calculation (c.f.[1,3,11]. In table 2 we present the
calculation results for Stark resonances energies
for some Rydberg states of Na atom in an electric
field 3,59 kV/cm. For comparison we have also
presented the experimental data [5], the results of
calculation within the 1/n-expansion method by
Popov etal , semi-empirical approach of Harmin
(c.f. [5,14]).
For the most long-living Stark resonances with
quantum numbers n2 = 0 , m = 0, a width of energy
level is significantly less than a distance between
them. These states are mostly effectively populated
by π-polarized light under transitions from states
with (n1-n2) = max, m = 0. As a result, the sharp
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isolated resonances (their positions under E>0 are
determined by energies of quasi-stationary states
with n2=0 , m=0) are appeared under photo ionization from these states in a case of π-polarization.
In particular, calculated values of photo ionization
cross-sections (ε=6,5 kV/cm.): (24, 23, 1, 0) σF=
0,63 (atomic units), (24, 23, 0, 0) σF= 1,7 (atomic units) [14]. In general, the agreement between
theory and experiment is good. Let us note that our
results are obtained in the first PT order, i.e. already
the first PT order provides the physically reasonable
results.
Table 1
The energies Er (at.units) and widths G (at.units)of
Stark resonances of the hydrogen atom ina DC electric
field with strength: ε=6,5 kV/cm.
(n n1 n2 m)

E,
Ref. [5]

G,
Ref. [5]

24,23,0,0
25,23,1,0
25,23,0,1
25,24,0,0

0,1192
0,2748
0,8298
1,4329

0,2752
1,0868
0,7484
0,4175

E,
Present
paper
0,1194
0,2749
0,8301
1,4331

G,
Present
paper
0,2754
1,0871
0,7487
0,4177

Table 2
The energies (cm-1)of the Stark resonances for the Na
atom (ε=3,59 kV/cm):
A-experimental data ; B- Popov et al; C- semiempirical approach of Harmin;
D- OPT approach.
State:n1n2m
26,0,0
25,0,1
25,0,0
24,0,1
24,1,0
24,0,0
23,0,1
23,0,0
22,0,1
22,1,1

δ
0,140
0,007
0,145
0,008
0,130
0,151
0,008
0,157
0,009
0,016

A
15,5
21,1
35,5
41,1
50,5
56,5
61,2
79,3
84,1
75,0

B
15,5
21,2
35,6
40,4
50,3
57,0
60,7
80,3
83,1
74,8

C
15,5
21,2
35,7
40,5
50,4
57,2
60,8
80,6
83,5
74,9

D
15,5
21,1
35,5
41,0
50,5
56,5
61,1
79,4
83,9
75,1

ρ = (me* re + mh* rh ) /(me* + mh* ) ' ,
one could rewrite (9) as:
[− = 2∇ 2 / 2μ − e 2 / εr − = / 2 ×
×(1/ mh* − 1/ me* ) K ⋅ p − eEr ]F = [ E − = 2 K 2 / 8μ]F .
This equation then could be solved by the
method, described above. Preliminary estimates
show that this approach, in a case of electric DC
field, gives the results for Stark states in a reasonable agreement with known results of Thomas and
Hopfield (TH) [28]. According to our preliminary
estimate, the Stark shift for the n=2 state of excitons in the Cu2O semiconductor (yellow series) at
the electric field strength 600 V/cm results in — 3,1
10 -4 eV. This value agrees well with experimental
data of Gross et al.[28]. Ionization of the exciton in
an electric DC field occurs if a change of potential
on a small enough distance (the orbits diameter) is
comparable with a bonding energy of particle on
this orbit. According to data of Gross et al., the
corresponding electric field is ~ 9 103 V/cm. Our
calculation agrees with this value. Near ionization
boundary, a hydrogen atom demonstrates a behaviour of quantum chaotic system, including the diffusion mechanism of ionization. Besides, for nonhydrogen atoms, there are unique especialitites in
the photoionization spectra (alkali atoms) [5,14].
Probably, the analogous unique especialitites may
take a place in the Wannier-Mott excitons spectra
in semiconductors (of Cu2O type) near the threshold boundary. One could suppose very interesting
mechanism of the exciton ionization under different values of the electric field strength with possible
positive energy resonances in spectra.

Conclusions

Wannier-Mott Excitons in a DC electric field
The analogous method can is formulated for description of the Stark effect in the Wannier-Mott
excitons in semiconductors (CdS, Cu2O). The Schrodinger equation for the Wannier-Mott exciton
has a standard form:
[− = 2∇ e2 / 2me* − = 2∇ 2h / 2mh* −
−e 2 / εreh − eEre − eErh ]Ψ = E Ψ .

Here all notations are standard. A vector potential is as follows: A(r)=1/2 [Hr]. Under transition to
system of exciton masses centre by means of introducing the relative coordinates: r = re − rh

(9)

We have applied earlier developed the operator
perturbation theory method [10-13] in numerical
calculation of the DC Stark effect for hydrogen-like
atoms and Wannier-Mott excitons in an external
uniform DC electric field. We have demonstrated
the existence of common features in behaviour of
such a different physical objects as hydrogen atom,
non-hydrogen (alkali) atoms and Wannier-Mott
exciton under Stark effect caused by a DC electric
9
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field.. The latter is to be the generator of the states
mixture leading to the resonance states ionization
threshold lying in the continuum, which can not be
correctly described by standard available quantummechanical methods [4] as specch is about sufficiently strong fileds.
References
1. Matter in super-intense laser fields. Eds. D. Batani
and C.J.Joachain. — AIP Serie. — 2006.
2. Superintense Laser Atoms Physics.Eds. C.A Ullrich.,
S Erhard., E.K.Gross. — N-Y: Kluwer,2005.
3. Glushkov A.V., Atom in electromagnetic field. —
Kiev: KNT, 2005. — 400 p.
4. Lisitsa V.S. New in Stark and Zeemane effects
for Hydrogen Atom// Usp.Fiz. Nauk. — 1987. —
Vol.153,N3. — P.379-422.
5. Harmin D.A. Theory of the Non hydrogenic Stark
Effect// Phys.Rev.Lett. — 1982. — Vol.49,N2. —
P.128-131.
6. Mercouris T., Nikolaides C.A. Solution of the
many-electron many-photon problem for strong
fields: Application to Li- in one and two-colour laser
fields//Phys.Rev.A. — 2003. — Vol.67. — P.0634031-063403-12.
7. Krajewska K, Kaminski J.Z., Potvliege R.M., Stabilization of Resonance States in Crossed Magnetic
and Laser Fields in a Parabolic Quantum Well// Laser Physics. — 2005. — Vol.15,N2. — P.238-244.
8. Benvenuto F., Casati G., Shepelyansky D.L. Rydberg Stabilization of atoms in strong fields:
“magic”mountain in chaotic sea// Z.Phys.B. —
1994. — Vol.94. — P.481-486.
9. Dando P.A., Monteiro T.S. Atoms in Static Fields:
Chaos or Difraction// Photonic, Electronic, Atomic
Collisions. — Singapore:World Sci.Pub. — 1997. —
P.621-630.
10. Glushkov A.V. Negative Ions of inert Gases// JETP
Lett. — 1992. — Vol.55,N2. — P.97-100.
11. Glushkov A.V.,Ivanov L.N. DC Strong-Field
Stark-Effect: Consistent Quantum-mechanical Approach // J. Phys. B: At. Mol. Opt. Phys. — 1993. —
Vol.26,N16. — P.L379-L386.
12. Glushkov A.V.,Ivanov L.N. DC Strong-Field StarkEffect: new consistent quantum-mechanical approach// Preprint N92-1-AS. — Institute for Spectroscopy of RAN. — Moscow,1992. — 13p.
13. Glushkov A.V., Ivanov L.N. QED theory of shift and
deformation of the radiation atomic lines in a laser
field// Proc. 3rd Symposium on Atomic Spectroscopy. — Chernogolovka (Russia). — 1992. — C.113125.
14. Glushkov A.V., Ambrosov S.V., Ignatenko A.V.,
Korchevsky D.A., DC Strong Field Stark Effect for
Non-hydrogenic Atoms: Consistent Quantum Me-

10

chanical Approach // Int.Journ.Quant.Chem. —
2004. — Vol.99,N5. — P.936-949.
15. Glushkov A.V.,Ambrosov S.V., et al , Resonances
in Quantum Systems in strong external fields: Consistent Quantum Approach//Journal of Technical
Physics. — 1997. — Vol.38,N2. — P.215-218.
16. Glushkov A.V.,Dan’kov S.V., Prepelitsa G.P et al,
QED Theory of nonlinear Interaction of the complex
atomic systems with laser field. Multiphoton Resonances// J. Techn. Phys. — 1997. — Vol.38,N2. —
P.219-224.
17. Glushkov A.V., Ambrosov S.V. and Ignatenko A.V.,
Non-hydrogenic Atoms and Wannier-Mott Excitons
in a DC Electric Field: Photoionization, Stark Effect, Resonances in Ionization Continuum and Stochasticity// Photoelectronics. — 2001. — Vol.10. —
P.103-106.
18. Glushkov A.V.,Malinovskaya S.V., Chernyakova
Yu.G., Svinarenko A.A., Cooperative Laser-Electron-Nuclear Processes: QED Calculation of Electron Satellites Spectra for Multi-Charged Ion in Laser
Field// Int.Journ.Quant.Chem. — 2004. — Vol.99,
¹5. — P.889-894.
19. Glushkov A.V., Ambrosov S.V., Loboda A.V., Svinarenko A.V., Chernyakova Yu. G., Khetselius O.Yu,
QED calculation of the superheavy elements ions:
energy levels, radiative corrections and hyperfine
structure for different nuclear models// Nucl. Phys.
A. — 2004. — Vol. 734. — P. 21-24.
20. Glushkov A.V., Malinovskaya S.V., Prepelitsa G.P.,
Ignatenko V.M., Manifestation of the new laser-electron nuclear spectral effects in thermalized plasma:
QED theory of cooperative laser-electron- nuclear
processes// J.Phys.CS. — 2005. — Vol.178. — P.199206.
21. Glushkov A.V., Malinovskaya S.V., Loboda A.V., Prepelitsa G.P., Consistent quantum approach to new
laser-electron-nuclear effects in diatomic molecules
// J.Phys.CS. — 2006. — Vol.35. — P.420-424.
22. Glushkov A.V., Energy Approach to Resonance
states of compound super-heavy nucleus and EPPP
in heavy nucleus collisions// Low Energy Antiproton
Phys., AIP Serie. — 2005. — Vol.796. — P.206-210.
23. Glushkov A.V., Rusov V.D., Ambrosov S.V., Loboda
A.V., Resonance states of compound super-heavy
nucleus and EPPP in heavy nucleus collisions // New
Projects and New Lines of research in Nuclear physics.Eds. Fazio G.,Hanappe F. — Singapore : World
Sci., 2003. — P.142-154.
24. Ivanov L.N., Ivanova E.P., Knight L. Energy Approach to consistent QED theory for calculation of
electron-collision strengths//Phys.Rev.A. — 1993. —
Vol.48,N6. — P.4365-74.
25. Glushkov A.V., Ivanov L.N. Radiation Decay of
Atomic States: atomic residue and gauge non-invariant contributions // Phys. Lett.A. — 1992. —
Vol.170(1). — P.33-38.

A. V. Glushkov , Ya. I. Lepikh, S. V. Ambrosov, O. P. Fedchuk, O. Yu. Khetselius, A. V. Ignatenko
26. Ivanova E.P., Ivanov L.N., Glushkov A.V., Kramida A.E. High order corrections in the Relativistic
Perturbation Theory with the model Zeroth Approximation, Mg-like and Ne-like ions //Phys.Scripta –
1985. — Vol.32,N4. — P.512-524.
27. Glushkov A.V., Ivanova E.P. Theoretical Study of
Multicharged Ions Spectra of Ne-and F- isoelectronic sequences// J.Quant.Spectr. Rad.Transfer. —
1986. — Vol.36, N2. — P.127-145.

28. Electron-Hole Drops in Semiconductors. Eds. Jeffriss K.D., Keldysh L.V. (Moscow, 1988).
29. Agranovich V.M., Ginzburg V.L. Crystals Optics witn
Acount of Space dispersion and Theory of Exciton
(Moscow,1979).
30. Brodin M.C., Blonsky I.V., Nitsovich B.M., Nitsovich B.B. Dynamical Effects in Multicomponent
Gas of Quasiparticles. — K.: Nauk.Dumka,1990. —
176p.

11

