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On the intrinsic structure of possible solutions of the Dirac equation: 
peculiarities in applying the squaring method

O. V. Veko 

Mozyr State Pedagogical University named after I.P. Shamiakin 28, Studencheskaya Str., 
Mozyr, 247760, Gomel region, Belarus

-mail: vekoolga@mail.ru

In connection with the Casimir effect for the Dirac particle in the domain restricted by two planes, of 
special interest are solutions of the Dirac equation, which have vanishing third projection of the conserved 
current zJ on the both plane boundaries. Such solutions are reachable when considering 4-dimensional basis of 
states – plane waves with opposite signs of the third projection of momentum 1 2 3 1 2 3( ) ( )k k k k k k k .
Several different bases in this 4-dimensoinal space constructed within the squaring method have been 
investigated, some relationships between them are established. These solutions are applied to analyze the Dirac 
current zJ .

Keywords: spinor field, squaring method, Casimir effect.
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Measurement-based entanglement enhancement for quantum 
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We provide a protocol for qudit-type entanglement generation between two optical field modes, 
separated by lossy medium and distance up to 100 km, using weak local cross-Kerr interactions and 
linear optical scheme for probabilistic entanglement enhancement.  
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Dynamical diffraction of waves in 3D crystals (natural or photonic) formed 
by anisotropically scattering centers 

V.G.  Baryshevsky, E.A.  Gurnevich 

Research Institute for Nuclear Problems, Belarusian State University, 220030 Minsk, Belarus 
E-mail: genichgurn@gmail.com 

This paper considers the refraction and di raction of waves in three-dimensional crystals formed by 
anisotropically scattering centers. The expression for the refractive index of a crystal is derived. It is shown that 
instead of the diagonal elements of the scattering matrix T, appearing in the expression for the refractive index 
of a chaotic medium, the derived expression includes the diagonal elements of the reaction matrix K. This fact is 
taken into account in writing the equations describing the dynamical di raction of waves in a crystal. 

The results can be of interest for research into, e.g., di raction of cold neutrons and photons in crystals, 
nanocrystalline materials, as well as for the description of parametric and di raction radiation in electromagnetic 
crystals formed by anisotropically scattering centers.

Keywords: amplitude of scattering, refractive index, anisotropic scattering, dynamical theory of 
diffraction. 
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Magnetic field dependence of electron energy in semiconductor 
heterostructures in the presence of spin-orbit coupling of the Rashba and 

Dresselhaus

A. V. Baran, V. V. Kudryashov 

Institute of Physics NASB, 220072 Minsk, Belarus 
 E-mail: a.baran@dragon.bas-net.by

A numerical solution of the energy spectrum of electrons in two-dimensional semiconductor 
heterostructures in the presence of an external magnetic field and spin-orbit interactions of Rashba and 
Dresselhaus is presented. Analytic dependence of the energy levels of the magnetic induction in the case of a 
small magnetic field is found. 
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Electromagnetic field in extending anti de Sitter universe: 
Majorana–Oppenheimer formalism, exact solutions 

E. M. Ovsiyuk, K. V. Kazmerchuk

Mozyr State Pedagogical University named after I. P. Shamyakin, 247760 Mozyr, Belarus 
E-mail: e.ovsiyuk@mail.ru 

Tetrad-based generalized 3-dimensional complex formalism by Majorana–Oppenheimer is applied to 
treat electromagnetic field in extending anti de Sitter Universe in spherically-symmetric coordinates. With the 
help of Wigner D-functions, we separate the spherical coordinates ( , ) from time and radial coordinates (t, r).
In the system of three equations for the complex 3-function Ej(t, r)+iBj(t, r) separation of variables is performed 
its exact solutions are constructed. Oscillations in time of the geometry of anti de Sitter space lead to specific 
depending on the time for electromagnetic modes. 
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NMR signal structure in magnetic materials 

V. S. Kuzmina, V. M. Kolesenkob

a International State University of Radioecology by A.D.Sakharov, 220009 Minsk, Belarus 
b State scientific and production association “Scientific-practical materials research 

centre of the NAS of Belarus”, 220072 Minsk, Belarus 
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The analytical expression for a nuclear precession and nuclear echo signals, generated in magnetically 
ordered materials, as a result of resonance excitation of an nuclear subsystem by two pulses of same amplitude, 
but different duration, has been obtained. Is shown, that the signals of Two-pulse precession and echo are split 
accordingly on four and nine components in a nuclear subsystem with inhomogeneous broadening of 
spectroscopic transition  and inhomogeneous distribution of enhancement factor. The theoretically calculated 
times of formation a component of nuclear precession and nuclear echo signals are agree with experimental data, 
obtained in an alloy FeNiCo (70% Co). 

Keywords: NMR, signals of Two-pulse precession and echo, magnetically ordered alloy FeNiCo, 
inhomogeneous broadening, spectroscopic transition. 
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This paper analyzes methods of implementation of coherent nonlinear loss that are used to generate 
non-classical optical states, having important implications for quantum cryptography and quantum computing. 
Two types of systems are considered: systems with feedback and correlated optical fibers with strong linear 
losses. It is shown that the system of three nonlinear optical fibers with correlated linear loss is suitable for 
practical implementation of the model of nonlinear coherent loss. 
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The results of simulation of total and differential cross sections of two-photon production of lepton pairs 
in semielastic and inelastic cases are presented in this paper. 
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Nonclassical optical states generation in systems with nonlinear coherent 
loss and periodic excitation 
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b Belarusian State University, 220030, Minsk, Belarus 
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We consider nonclassical states generation by means of periodic excitation of a system under nonlinear 
coherent loss and linear dissipation. We optimize the regimes of excitation and compare the results with the sta-
tionary state of a similar system but with permanent thermal excitation. The advantage of periodic mode is 
shown.

Keywords: nonlinear coherent loss, nonclassical states, Fock states. 
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Optical technology of elimination the poisoning effect of carbon monoxide

M. . Asimov a, R. . Asimov b, V. Y. Plavsky a, D. B. Vladimirov a, A. N. Rubinov a 

a National Institute of Semiconductors, 00-004 Warsaw, Poland 
bInstitute of Physics NASB, 220072 Minsk, Belarus 

b Belarusian High-Tech Park, Minsk, Belarus
E-mail: vladzimirov@rambler.ru 

Optical technology of elimination the poisoning effect of carbon monoxide (CO) is proposed. This 
technology is based on the phenomenon of laser-induced photodissociation of carboxyhemoglobin in the blood 
vessels and capillaries.  

By numerical modeling of laser tissue interaction the carboxyhemoglobin and oxyhemoglobin action 
spectra in skin blood vessels are calculated. The criteria of effective ways of elimination the toxic action of 
carboxyhemoglobin under direct irradiation it on pulmonary alveoli, through the skin, intravenously and 
extracorporeal irradiation are considered.

Keywords: photodissociation, carbon monoxide, oxygen, carboxyhemoglobin, extracorporeal 
irradiation of blood. 
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Prospects for atmospheric aerosol investigations using multiwavelength 
airborne radiometers 
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bUniversité Lille 1 Sciences et Technologies 59655 Villeneuve d’Ascq, France 

E-mail: yana.karol@ed.univ-lille1.fr

The possibilities and prospects of the atmospheric aerosol investigations using multiwavelength 
airborne radiometer PLASMA are described. The vertical profiles of aerosol optical depth in comparison with 
lidar data are provided. The example of the particles' size distribution inversion from AOD measurements in the 
range 0.34 – 1.02 m at different altitudes is also shown.  
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Optical method for detecting of defects
of opaque coating of pipe interior surface

S. V. Solonevich, A. A. Ryzhevich, A. G. Smirnov, V. E. Leparskii 

Institute of Physics of NAS of Belarus, 220072 Minsk, Belarus
E-mail: a.ryzhevich@dragon.bas-net.by

We investigated reflectivity properties of opaque  polymer protective coating of  interior surface of 
large- and medium-diameter pipes with laser radiation of different polarization types. We proposed the method 
for detection, classification and registration of defects of coating which distinguish on reflectance from base 
pipe material at least in a some spatial angle.  

Keywords: laser radiation, polarization, coating, defect.  
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Efficiency of InGaN laser diode as a function of operation mode 

M. V. Rzheutski, A. G. Vainilovich, E. V. Lutsenko

Institute of Physics NASB, 220072 Minsk, Belarus
E-mail: m.rzheutski@ifanbel.bas-net.by 

In the work, quantum efficiency and coefficient of efficiency of InGaN laser diode as a function of 
operation mode were investigated. An injection current was varied from 0.2 A to 4 A and case temperature was 
changed from 5°C to 30°C. In pulse operation mode, an influence of pulse duration on diode’s efficiency was 
investigated. The main factors lomiting using of a laser diode in high-power applications are revealed. 
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77



-

. . a, . . , . b, . b, . b

a . . . , 220072 ,
b  « », , 11001 ,

E-mail: i.nikanchuk@dragon.bas-net.by 

 MnNiCrMo-
.  Nd:YAG- , -

 (  10 ,  = 532 ,  = 17 ).

(10,7 / 2). ,
.

. -
, .

.

: , , ,
.

 [1-5], 
,

 [6-7]. -
,

, ,
,

,
. .

.

,
-

,
.

1.
 (MnNiCrMo-

 MnNiCrMo- ,  Ti), 
 ( ).
 Nd:YAG-  LS-2137A  Lotis TII ( ),

. :
 = 532 ,  = 17 ,

q = 10.7 / 2 ( ),
d = 0.13 .

(  70%,  1013 ).

78



,  10  2000 ,
 10 .

,
 ( )  (Zeiss AX10) .

2.

,
, . .

 (  MnNiCrMo- ;
MnNiCrMo- ,  Ti), 

. 1-3. 
 200 

 ( . 1: 3 3).

( . 2).

. 1.  (A1) 
 (A2-B3) .

. 2.  (a, b) -
 (c).

,
, ,

 ( . 3: , ). ,
,

 (  10 

79



,  100 
  0,2÷2  ( . 3 - A2). 

.  ( . 3 - )
,

(  10, 100,  2000 ).
 100-2000 

 ( . 3 - 2, 3), .

 300  10 .
,  1 ,

 2000 ( . 3 – C3; . 4). 

. 4.

. 4. 
.

,
,

. 3. 
 532 .

80



 100  2000 
.  100 

0,5÷1 .  2000, 
,  2 ,

 200 .
, ,

,
.

 [6, 8]. 

,
.

,
.

,
-  [9-11]. 

,

.
-

. ,
-

-
 [12]. 

 MnNiCrMo-
,  Nd:YAG-

 17  532 .
 10.7 / 2 .

: - ,
, .

 (200 10 )
. ,

.

 ( 11 -004)
 « » (  2.4.05). .

 ( ) .

81



1. Xie, Q. Q. Formation of Nanostructures in Al–C–Ti Coating by Irradiated Nd:YAG Pulse 
Laser / Xie Q. Q., Guo Z. X., Hu J. D., Chumakov A. N., Bosak N. A. // V Int. Conf. 
Plasma Physics and Plasma Technology. Contr. Papers. - Minsk, Belarus. September  
18-22. - 2006. - Vol. II. - P. 487-490.

2. Trtica M. Surface Modification of a Titanium Implant by a Picosecond Nd:YAG Laser 
Operating at 1064 and 532 nm / M. Trtica, B. Gakovic, D. Batani, T. Desai, P. Panjan,  
B. Radak. // Applied Surface Science - Vol. 253 – 2006. - P. 2551-2556.

3. Liu. Y.H. Accumulation morphology on the surface of stainless steel irradiated by a 
nanosecond Nd:YAG pulsed laser / Y.H. Liu, J.D. Hu, L. Zhao, Z.X. Guo,  
A.N. Chumakov, N.A. Bosak. // Optics & Laser Technology – V. 42 – 2010 - P. 647-652. 

4. Chumakov, A.N. Nanostructural Modification of Al–C–Ti- oating on AZ91D Alloy 
Using Multipulse Nanosecond Laser Action /Chumakov A.N., Berjeza N.A., Bosak N.A., 
Hu J.D., Guo Z. X., Xie Q.Q. // Publ. Astron. Obs. Belgrade. - 2010. - No. 89. - P. 135–
138.

5. , . .  Al–C–Ti-
AZ91D  Nd:YAG  Nd-glass  / . .

, . . , . . , . . , . . , . .  // . - 2011. - .
84. -  3. - . 524–530. 

6. , . .
. / . . , . . , . .  // 

. – 1988. – .63 – . 4 – .948-951.
7. , . .

/ . . , . .  // –1984– .86 – . 1026–1036. 
8. , . .

. / . . , . . , . . , . . ,
. . . //  – 2013 – . 97 – .3 – .139 –144. 

9. , . . . / . .
 [ .] .: ,  1970. – 272 c. 

10. Gakovic, B. Laser ablation and structuring of hard coatings with ultra-short laser pulses / 
B. Gakovic, B. Radak, C. Radu, M. Zamfirescu, M. Trtica, S. Petrovic, J. Stasic, P.Panjan 
and I.Michailescu // Proc. of the IX Belarusian-Serbian Symposium “Physics and 
Diagnostics of Laboratory and Astrophysical Plasmas”- Minsk - 2012.  P. 13-16. 

11. , . .
. / . . , . .

, . .  // . – 2012. – . 81,  12. – . 1091 – 
1116.

12. , . . -

. //  – 2011–  41–  8 – 
. 738-741. 

82



Pulse-periodic laser modification of steel surface in plasma formation 
mode in the air 

I. S. Nikonchuka, A. N. Chumakova, B. Gakovi b, S. Petrovi b and M. Trticab

aInstitute of Physics NASB, 220072 Minsk, Belarus 
bVin a Institute of Nuclear Sciences, University of Belgrade, Belgrade, Serbia 

E-mail: i.nikanchuk@dragon.bas-net.by 

Results of surface modification are presented for MnNiCrMo-steel samples exposed to a Nd:YAG laser 
operating in a pulse-periodic mode (10 Hz frequency, 532 nm wavelength, and 17 ns pulse duration). The steel 
samples were irradiated in air by a series of laser pulses at a fluence of 10.7 J cm-2 close to a plasma formation 
threshold. Surface structures were examined by optical, scanning electron, and confocal optical microscopy. The 
appearance of the detected surface structures strongly depends on a number of laser pulses and power density of 
laser radiation. Significant differences were found between laser-induced structures in the center of the laser 
spot, at its edges, and in the nearest surrounding of the laser spot. The reasons for such differences are discussed. 

Keywords: laser surface modification, nanostructure, microstructure, modification of steel surface, pulse 
laser action. 
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Fullerene nanoparticles as photosensitizers for singlet oxygen generation 

A. S. Stasheuski a, V. A. Galievsky a, Mi Jin Choi b, Jin Young Jeong b

a B.I. Stepanov Institute of Physics, National Academy of Sciences of Belarus, Nezavisimosti 
Ave. 68, 220072, Minsk, Belarus

E-mail: a.stasheuski@ifanbel.bas-net.by 
b BioNanotechnology Research Center, Korea Research Institute of Bioscience and 

Biotechnology, 125 Gwahangro, Yuseong, Daejeon 305-806, South Korea

The kinetic properties of the singlet oxygen luminescence generated by a series of water-soluble 
fullerene-based nanoparticles were determined. Triplet state decay of the nanoparticles was longer than lifetime 
of singlet oxygen in water. Singlet oxygen quantum yield of a series of the fullerene nanoparticles is comparably 
higher ranging from 0.15 to 0.2 than that of polyhydroxylated fullerene, which is about 0.06.  

Key words: fullerene, nanoparticles, singlet oxygen, quantum yield, triplet state.  

Introduction
Since their initial synthesis, the photophysical properties of different carbon 

nanomaterials such as fullerenes, carbon nanotubes, graphene have attracted much attention 
[1-2]. Due to its unique chemical and physical properties, fullerene C60 can generate singlet 
oxygen (1O2) and other reactive oxygen species upon irradiation with UV or visible light 
through energy and electron transfer processes and has strong potential for photodynamic 
damage to biological systems. Because of its extremely low solubility in water, monomeric 
C60 is unlikely to have a significant effect in aqueous systems. Therefore C60 is modified in a 
variety of ways to make it water-soluble. Such functionalization of fullerenes allows them to 
be used in a variety of applications. However, this alteration can modify properties that make 
fullerenes interesting from a photophysical standpoint. Modification of fullerene surface to 
make it watersoluble, like hydroxylation in fullerols, leads to significant decreasing of 
photosensitizing activity in comparison with pristine fullerene. Alternative approach is to 
utilize delivering agents. However, high affinity to carrier may prevent the effective 
redistribution in target region. Other approach is creation of nanoparticles composed of 
modified fullerenes [3]. Additional advantage of fullerene-based nanoparticles is their 
sufficient luminescence for bioimaging as opposed to nonfluorescent pristine fullerene. 

1. Materials and methods 
The water-soluble fullerene nanoparticles (C60-TEGs) were prepared following 

previous procedure [3]. The nanoparticles were denoted as CT006, CT012, CT025, CT050, 
and CT100, according to initially used fullerene concentration in “toluene / tetraethylene 
glycol“ reaction mixture (respectively 0.06, 0.12, 0.25, 0.5, and 1.0 mg/mL). 

Absorption spectra were recorded on an  122 spectrophotometer (Proscan Special 
Instruments, Belarus) in quartz cuvettes. Triplet state decay traces were recorded using a 
home-made laser transient absorption setup. 

The luminescence of singlet oxygen was measured using laser near-infrared lifetime 
spectrometer (detection range 950–1400 nm), which was created at the Institute of Physics of 
the National Academy of Sciences of Belarus [4-5]. Samples were excited by the third 
harmonic (355 nm) of an Nd:YAG laser (LS-2134, JV LOTIS TII, Belarus). Typical 
parameters of the laser were as follows: the pulse width of 15 ns, the pulse energy of 20 J,
and the repetition rate of 15 Hz. The time channel width of the multiscaler (P7888-2, FAST 
ComTec GmbH) was set to 32 ns. 
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Independent measurements were carried out using a new more sensitive device [5-6], 
which is a modified version of the abovementioned laser NIR lifetime spectrometer. Samples 
were excited by laser pulses at a wavelength of 532 nm (DTL-314QT Nd:YAG laser, Laser-
export Co. Ltd., Russia) with an energy of 1 J, a pulse duration of 10 ns, and a repetition rate 
of 5 kHz. Wavelength selection was achieved using a 1270-nm bandpass filter (13-nm 
FWHM, Axicon, Belarus), the center wavelength of which corresponds to the maximum of 
the 1O2 luminescence (phosphorescence) spectrum. Four additional bandpass filters at 1200, 
1250, 1300, and 1350 nm (10–12 nm FWHM, Thorlabs GmbH, Germany) were used. The 
1250 nm and 1300 nm filters are off-center from the peak of the spectrum but still within the 
1O2 emission band. The 1200-nm and 1350-nm filters lie outside the 1O2 band. 

Singlet oxygen quantum yield, , is a ratio of number of produced singlet oxygen 
molecules to the number of absorbed quanta of excitation light by sensitizer molecules. The 
most common method of  estimation is a comparative one. To evaluate  from the C60-
TEGs, we compared intensities of near-infrared (~1270 nm) luminescence of 1O2 generated 
by the C60-TEGs and the tetra(N-methyl-4-pyridyl)-porphine (TMPyP) in water, the latter 
being a standard with st  = 0.77 ± 0.04. The common expression for the time dependence of 
the number of 1O2 molecules may be derived under condition of pulsed laser excitation of the 
photosensitizer in a given volume of solution [6]: 

)}/exp()/{exp()101()](O[ T
T

2
1 ttNt

OD
L , (1) 

where [1O2] is the concentration of singlet oxygen molecules,  is the singlet oxygen 
quantum yield, NL is the number of quanta in the laser pulse, OD is the optical densities of the 
solute at the excitation wavelength,  and T  are lifetimes of singlet oxygen and 
photosensitizer triplet state, respectively.

The intensity of 1O2 emission is proportional to the concentration of produced 1O2
molecules [6]: 
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where  is a constant that contains geometrical and electronic factors of the detection system, 
kr is 1O2 radiative decay constant, n is the solvent refractive index, and 

2
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Lr , (3) 

Eq. (3) may be used to determine singlet oxygen quantum yields. Under the identical 
experimental conditions the  from the modified fullerenes was calculated according to: 
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In Eq. (4), the superscript “st” corresponds to the standard. 

2. Results and discussion 
We have employed two different classes of fullerene derivatives: (i) C60(OH)n, a 

covalent functionalized hydroxylated C60, and (ii) the C60-TEGs particles. Both of these 
fullerene derivatives are readily soluble in water. However, it has been reported that some 
functionalized fullerenes may form aggregates in polar media at high concentrations. To 
verify the formation of aggregates, UV-visible absorption spectra of different concentrations 
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of the C60-TEGs and C60(OH)n in aqueous solution were recorded. We found that in water 
both C60(OH)n molecules and the C60-TEGs particles were present in the monomeric state. 

Diatomic oxygen is able to quench nanoparticle’s triplet states resulting in formation 
of singlet oxygen, which is the main cytotoxic agent during photodynamic therapy of 
malignant tumors. Therefore, nanoparticles with long-lived triplet state are promising for 
medical treatment and diagnostics. Flash photolysis experiments resulted in longer triplet 
state lifetime for the modified fullerenes than for the porphyrin (Table 1). 

Table 1. Lifetimes of triplet state of investigated sensitizers; lifetimes and quantum yields of 
singlet oxygen sensitized by the standard porphyrin and by the modified fullerenes in air 

equilibrated distilled water solutions. 

Sample T
†, s T

‡, s , s

TMPyP 1.9±0.1 1.8±0.1 3.7±0.1 0.77 

CT006 9.0±1.2 13±1 1.9±0.4 0.16±0.03 

CT012 9.2±1.1 11±1 2.5±0.4 0.15±0.02 

CT025 9.3±1.7 11±1 1.7±0.4 0.18±0.03 

CT050 7.1±0.8 10±1 2.3±0.3 0.20±0.03 

CT100 7.0±1.4 8.9±0.9 2.3±0.4 0.19±0.03 

C60(OH)n 5.9±1.3 6.2±1.5 1.6±0.8 0.06±0.02 
† During flash photolysis, triplet state decay was monitored at 600 nm. ‡ Triplet state 

lifetimes, obtained from measurements of singlet oxygen luminescence. Confidence intervals 
for all values are stated at the 80% confidence level. 

It is known, that every collision of oxygen and porphyrin molecule resulted in 
quenching of porphyrin triplet state. As we can see from the Table 1, in comparison with the 
porphyrin, the C60-TEGs and C60(OH)n are effectively shielded from the interaction with 
ground state oxygen. TEG residues at the C60-TEG particle’s outer layer protect sufficiently 
excited triplet state from dissolved oxygen quenching. Also OH surface groups shield 
fullerene core of both the C60-TEGs and C60(OH)n. Similar shielding effect was found for the 
number of fulleropyrrolidine and bismethanofullerenedendrimers in aerated organic solvents 
[2]. It was proofed that dendritic wedges are able to protect fullerene cores from the 
quenching of oxygen molecules. 

In most pure solvents under 1 atm. pressure due to high concentration and diffusion 
rate of dissolved oxygen, triplet state lifetime is generally much shorter than singlet oxygen 
lifetime. Therefore, the rising part of 1O2 signal from Eq. (2) is described by T  and the decay 
part by . But if the sensitizer is effectively shielded from interaction with ground state 
oxygen, T  may become larger than . Consequently, denominator in Eq. (2) will be 
negative leading to rise  and Tdecay  which is so called inversion of kinetic phases in 
detected signal. As was mentioned above, the modified fullerenes are effectively shielded 
from interaction with ground state oxygen. Therefore, when illuminated by UV light, the C60-
TEGs and C60(OH)n produce clear kinetic signal of 1O2 luminescence at 1270 nm with 
inverted kinetic phases (Table 1, Fig. 1). Similar effect was observed for chlorin e6 binding 
with polyvinylpyrrolidone in aqueous solutions [7]. 
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Fig. 1. 1O2 luminescence from CT050 in water.  
(a) Kinetics of CT050-photosensitized luminescence of singlet oxygen in water at excitation 

wavelength 355 nm after 7.5×103 laser pulses. The time resolution is 32 ns/channel. The 
average noise level equal to 80 counts was subtracted from the signal. A solid line is the two-
exponential curve fitting by Eq. (2). 1O2 luminescence rise and decay times were found to be 

2.3±0.5 s and 10.3±1.8 s, respectively. WR are the weighted residuals;  
(b) Normalized time-integrated spectrum under 532 nm excitation  

The biexponential fit of TMPyP signal at 1270 nm by Eq. (2) yields T  ~1.8 s, being 
the typical value of triplet state lifetime of this porphyrin, and  ~3.7 s corresponding 
singlet oxygen lifetime in pure water [4-7]. There is no literature evidence of time-resolved 
investigations of the C60-TEGs and C60(OH)n triplet state or their singlet oxygen generation in 
water. Data recorded at 1270 nm yielded time constants,  (Table 1), being smaller than the 
typical value 3.7 s in pure water. 

After 1O2 formation, it interacts both with solvent and with the C60-TEGs molecules. 
Within the accuracy of measurements, rate constants of 1O2 deactivation k =1/
~(0.5±0.1) s-1 were the same for all C60-TEGs. Based on FTIR analysis, the C60-TEGs have 
high density of hydroxyl group (OH) which may act as an effective quencher of singlet 
oxygen luminescence. Moreover 1O2 in C60(OH)n water solution has the same rate constants 
k ~0.6 s-1similar in the solutions of the fullerene nanoparticles. Therefore, the presence of 
hydroxyl termini is the reason of faster 1O2 deactivation in solutions under investigation in 
comparison with water solution of porphyrinoid sensitizer, where singlet oxygen decays with 
a rate constant about 0.3 s-1.

Time-resolved luminescence signals at 1270 nm were used to determine the efficiency 
of singlet oxygen generation by the modified fullerenes (Table 1). In this study, we also 
measured the of polyhydroxylfullerene (C60(OH)n) purchased from MER Corp. to compare 
its capability of singlet oxygen generation with the newly synthesized water-soluble fullerene 
derivatives. The  value for C60(OH)n was equal to 0.06, which was lower than those 
obtained from the C60-TEGs. Therefore the C60-TEGs more efficiently generate singlet 
oxygen than polyhydroxylfullerene. 
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Conclusions
For the first time the 1O2 kinetic luminescence signals produced by 

polyhydroxylfullerene and C60-TEGs nanoparticles were detected in water. The kinetic phases 
of singlet oxygen traces at 1270 nm from modified fullerenes were inverted since their triplet 
state lifetimes were longer than singlet oxygen decay. 
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Electrical conductivity of thin tin dioxide films has been investigated by means of impedance 
spectroscopy. Nonstoichiometric SnO2 films have been fabricated by magnetron sputtering of tin target followed 
by a two-step oxidation annealing. Equivalent circuits of samples, taking into account influence of technological 
parameters of fabrication of tin dioxide films on their microstructure and electrical properties, have been 
calculated.
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Comparative analysis of the SERS spectra of porphyrin nanotubes on 
the basis of quantum-chemical calculations 

S. D. Gogoleva 

Yanka Kupala Grodno State University,Grodno,Belarus
-mail: gogoleva.svetlana1@mail.ru 

This work is devoted to the study of SERS spectra for porphyrin nanotubes. Using HyperChem, semi-
empirical methods vibration spectra have been calculated. On the basis of the comparison of experimental and 
theoretical intensities in vibrational spectra some non-planar changes for porphyrin macrocycle in PNT were 
proposed upon their fixation on silver nanoparticles. 

Keywords: porphyrin nanotubes,SERS spectra, quantum and chemical calculations 
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.

2.
 (1) – (3) .

 (0,+ ) × (0,+ ), ,
 (0,L ) × (0,Lz),

- .
.

, ,
. ,

, 2( )O h , h  - .
, h 2Ch ,

C  - .
C

, 0h .
h ,

C . 2Ch ,
,

 1. ,
 10-3.

104



0,04 0,05 0,06 0,07 0,08 0,09 0,1

1E-5

1E-4

1E-3

0,01

Re
la

tiv
e 

Er
ro

r

h

 E0, 0=2
 E0, 0=4.6798
 E0, 0=6

. 1. 
L  = Lz = 10; d = 4, 0 8z .

,
0 0.032h .

3.

0( )C  - ,
.

, 0 ,z

 (1) – (3) ˆ 0DV  ( . .

), '
ˆ 0DV ˆ 0imV  ( . .

).
0 0( ( ))gE

0 0( )gE , 1d . 0z
, *

0 0( )gE Ry .
. 2 (  1). 

0z

(  2  3 . 2). 
, 0 ,

, , .
, d

, ,  [5]. 
d ,

, ,
. . 2, 0C

0z ,
.

105



0 2 4 6 8 10 12 14 16 18 20
0

2

4

6

8

0C
,R

y* /e

d, a*

1

2

3

. 2. ,
0z .  1 

*
0 0( )gE Ry ,  2  3 – 

0 16z 0 8z .
, ,

, . . .d
. 3 

, .
,

 ( . . 3). 

0 2 4 6 8 10 12
-4

-3

-2

-1

0

En
er

gy
, R

y*

, Ry*/e

E0

E1

E2

0 1 2 3 4 5
-3,0

-2,5

-2,0

-1,5

-1,0

-0,5

0,0

En
er

gy
, R

y*

, Ry*/e

E0

E1

E2

. 3. ,

 c d = 4, 0 8z  ( )  ( ).

.
.

106



.
 ( h ).

2Ch ,
C .

, ,
.

. ,

, .

 [8]. 

1. Kane, B.E. A silicon-based nuclear spin quantum computer / B. Kane // Nature (London), 
1998. – Vol. 393. – P. 133-137.

2. Calderon, M.J. Quantum control of donor electrons at the Si-SiO2 interface / M.J. 
Calderon, B. Koiller, S. Das Sarma // Physical Review Letters, 2006. – Vol. 96. – P. 
096802.

3. Calderon, M.J. External field control of donor electron exchange at the Si/SiO2 interface / 
M.J. Calderon, B. Koiller, S. Das Sarma // Physical Review, 2007. – V. B75. – P. 125311. 

4. Numerical study of hydrogenic effective mass theory for an impurity P donor in Si in the 
presence of an electric field and interfaces / L.M. Kettle [et al.] // Physical Review, 2003. 
– Vol. B68. – P. 075317.

5. Gate-induced ionization of single dopant atoms / G.D.J. Smit [et al.] // Physical Review, 
2003. – Vol. B68. – P. 193302. 

6. , .  / . . – .:
, 1954. – 604 .

7.  / . .  [ .]. – .:
 « », 1963. – 415 .

8. A single-atom transistor / M. Fuechsle // Nature Nanotechnology. – Nature Publishing 
Group, 2012. – Vol. 7,  4. – C. 242-246. 

Application of finite element method for modeling charge qubit states on 
based on the donor in silicon 

E. A. Levchuk

, 220030 ,
E-mail: liauchuk.alena@gmail.com 

The application of the finite element method for quantum-mechanical modeling of electron states near 
semiconductor surface in external electric field is considered. The technique of a posteriori error estimation of 
calculated energy is proposed. The dependence of the critical potential, that determines the electron shuttling 
between the donor and the interface, on geometrical parameters of the system is obtained.  of the donor on 
geometrical parameters is obtained. The effect of gate size on the efficiency of control of the wave function.

Keywords: charge qubit, wave function, donor, modeling, energy level. 
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Atomic force microscopy: a method to study the reorganization of 
erythrocyte membrane surface

D. S. Filimonenkoa, V. A. Petrovichb, E. I. Belevichb

aInstitute of Physics NASB, 220072 Minsk, Belarus 
bInstitute of Biophysics and Cell Engineering NASB, 220072 Minsk, Belarus

E-mail:demonr@tut.by

Metabolically depleted erythrocyte membranes incubated in medium containing 1 mM of sodium 
iodoacetate as well as in glucose-free medium were investigated by atomic force microscopy (AFM). 
Fluorescence parameters of lipophilic fluorescent probes embedded in cell membranes were measured. 
Coefficients characterizing the roughness of the membrane were calculated. Smoothing of the surface 
nanostructure, which was revealed in metabolically depleted erythrocytes, and formation of aggregative globules 
and lacunes can be attributed to the restructuring of cell membranes during echinocytosis. It was shown that 
Fourier spectral filtering of AFM-images is an efficient tool for analytical studies of various effects associated 
with the modification of erythrocyte membranes. 

Keywords: erythrocytes, metabolic depletion, membrane nanostructure, atomic force microscopy 
(AFM). 
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Luminescence properties of hybrid associates of colloidal CdS quantum 
dots with methylene blue 

M. Smirnova, T. Shatskikha, A. Katsabab, A. Perepelitsaa, N. Koroleva

a Voronezh St. University, Voronezh 394006, Russia
bP.N. Lebedev Physical Institute of RAS, Moscow 119991, Russia

E-mail: Smirnov_M_S@mail.ru 

The luminescence properties of hybrid associates of colloidal CdS quantum dots ( ) with diameter of 
2.5 nm and methylene blue molecules (MB+) were investigated using techniques of transmission electron 
microscopy, X-ray diffraction, absorption spectroscopy, luminescence, and the time correlated single photon 
counting techniques. When [n  CdS]: [nMB

+] concentrations ratio increases from 100:1 to 1:3 for associates, then 
a increase in the intensity of MB+ luminescence were found during  CdS excitation. Using experimental data 
on decreasing of luminescence lifetime for  CdS and its considerable increase for MB+, it was concluded that 
dynamic quenching due to nonradiative resonance energy transfer of electronic excitation take place. The 
efficiency of this process was 0.36 ± 0.06. 

Keywords: hybrid associates, colloidal quantum dots, methylene blue, luminescence, nonradiative 
resonance energy transfer of electronic excitation. 
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Energy structure of colloidal CdS quantum dots in the gelatin matrix 

N. V. Koroleva, M. S. Smirnova, T. S. Shatskikha, V. V. Bukab

aVoronezh State University, 394006 Voronezh, Russia 
bMESC AF-Academy named Pr. N. Zhukovsky and Y. Gagarin, 394064 Voronezh, Russia 

E-mail: korolevn33@yandex.ru 

We synthesized colloidal CdS quantum dots in the gelatin matrix ranging from 2.5 to 3.7 ( 0.1) nm in 
diameter. We used absorption spectra to study the energy of interband transitions. The quasi-stationary energy 
levels of the electron are calculated with an open quantum dot model. The hole energy levels are calculated 
taken into account the valence band degeneracy in two band approximation. The energy of interband transitions 
1S3/2  1Se and 1P3/2  1Pe are given as a function of the diameter and compared with the experiments. As a 
result, we obtained values of the effective mass for the heavy and light holes, such as 1.70m0 and 0.30m0.

Keywords: quantum dots, ensemble, energy structure, absorption spectra. 
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Highly dense aluminum nitride ceramic target for obtaining film 
coatings  by laser ablation 

N. V. Shipiloa, . D. Solonenkoa,  P. V. Chekanb, S. N. Lugovsky 

a SSPA “Scientific and Practical Materials Research Centre  NASB”, 220072 Minsk, 
Belarus

E-mail: shipilo@physics.by 
bInstitute of Physics NASB, 220072 Minsk, Belarus

cPowder Metallurgy Institute NASB, 220005 , Belarus 

Highly dense ceramic target with a fine-grained structure obtained by high pressure sintering (4 GPa) of 
aluminum nitride without any additives  is used for film deposition. Colorless nanocrystalline thin AlN films on 
leucosapphire with high transparency in the visible and infrared regions of the spectrum is obtained by laser 
ablation. 

Keywords: aluminum nitride, high pressure sintering, target, laser, film.
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Radiative and nonradiative rate constants of deactivation of singlet oxygen 
in water and organic solvents

E.S.Jarnikova, .S.Stasheuski, M.V. Parkhats 

B.I.Stepanov Institute of Physics, National Academy of Sciences of Belarus,
Nezavisimosti Avenue 68, 220072 Minsk, Belarus 

E-mail: e.jarnikova@ifanbel.bas-net.by 

The influence of the microenvironment and the dielectric properties of the medium on the spontaneous 
radiative transition in the oxygen molecule were investigated. We have measured relative radiative rate constants 
for singlet O2 (a1

g) luminescence kr in various solvents and binary mixture of acetone-toluene. All data - have 
been normalized such that kr

rel=1.0 in toluene. It have been demonstrated that the change in these rate constants 
of deactivation were related by the optical properties of the medium such as the local field factor and the density 
of photon states, as well as the intrinsic properties of the molecule emitter 1O2. In its turn the value of the 
transition moment is directly proportional to the molecular polarizability of medium molecules. 

Keywords: singlet oxygen, molecular polarizability, refractive index, radiative rate constant. 
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Up-conversion properties of SiO2-PbO–PbF2–CdF2  oxyfluoride glass with 
Eu3+-Yb3+ ions

E. V. Vileishikova a, P. A. Loiko b, G. E. Rachkovskaya c, S. L. Radchenko c,
K. V. Yumashev b

a Belarusian State University, Department of Laser Physics  and Spectroscopy,
220030 Minsk, Belarus 

b Center for Optical Materials and Technologies, Belarusian  National Technical University, 
220013 Minsk, Belarus 

c Glass and Ceramics Technology Department, Belarusian State Technological University, 
220006 Minsk, Belarus 

E-mail: vilejshikova@gmail.com 

New oxyfluoride glass co-doped with Eu3+-Yb3+ ions is prepared. Glass doped with YbF3 and Eu2O3 is 
synthesized in the SiO2–PbO–PbF2–CdF2 system. Spectroscopic and physical properties of this material are 
studied. Optical absorption spectrum is measured. Under UV excitation of developed glass, visible emission was 
observed. Photoluminescence bands centered at 578, 591, 612, 652 and 700 nm are attributed to transitions 
5D0

7FJ. Visible yellow-red up-conversion emission is investigated under excitation at 960 nm. Spectral 
position and relative intensity of these bands correspond to intrinsic emissions of Eu3+ under UV excitation. 
Studied glasses have good potential for production of transparent glass-ceramics with enhanced luminescent 
properties. 

Keywords: oxyfluoride glass, europium ions, absorption, luminescence.  
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Fourier transform infrared spectroscopy of 3-(Adamantan-1-yl)-4-phenyl-
1-[(4-phenylpiperazin-1-yl)methyl]-1H-1,2,4- 

triazole-5(4H)-thione 

A. S. Matsukovich, E. V. Shabunya-Klyachkovskaya 

B.I. Stepanov Institute of Physics, NASB, 220072 Minsk, Belarus.  
E-mail: Ahnju@tut.by 

This work shows investigation of vibration states of the newly synthesized molecule 3-(Adamantan-1-
yl)-4-phenyl-1-[(4-phenylpiperazin-1-yl)methyl]-1H-1,2,4- triazole-5(4H)-thione, a potential antibacterial agent. 
We can identify the vibrations of different components of the title molecule. 

Keywords: 3-(Adamantan-1-yl)-4-phenyl-1-[(4-phenylpiperazin-1-yl)methyl]-1H-1,2,4- triazole-
5(4H)-thione, Fourier transform infrared spectroscopy.
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Glass-ceramics containing Er3+:PbF2 nanocrystals: optical absorption and 
up-conversion luminescence 

O. P. Dernovich a, P. . Loiko a, N. . Skoptsov a, G. . Rachkovskaya b, G. B. Zakharevich b,
K. V. Yumashev a

a Belarusian National Technical University, Center for Optical Materials and Technologies, 
220013 Minsk, Belarus 

b Belarusian State Technological University, Department  of Glass and Ceramics, 220006 
Minsk, Belarus 

E-mail: pochta.dop@gmail.com

Spectroscopic properties of oxyfluoride glass-ceramic containing lead sulfide nanocrystals with erbium 
ions, Er3+:PbF2, are investigated, namely its optical absorption, near-infrared and up-conversion luminescence. 
Under excitation of erbium ions by means of laser diode emission (960 nm), intense green-yellow luminescence 
is observed. The dependence of intensity of up-conversion luminescence on the excitation power is studied; and 
two-photon mechanism of this process is established. Studied materials are promising as glass phosphors. 

Keywords: glass-ceramics, nanocrystals, lead sulfide, erbium ions, up-conversion. 
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Investigation of the triangular two-dimensional electromagnetic band gap 
structure with plasma control elements at high microwave power  

L. V. Simonchik, M. S. Usachonak 

Institute of Physics NASB, 220072 Minsk, Belarus 
E-mail: m.usachonak@dragon.bas-net.by

Triangular two-dimensional electromagnetic band gap structure with plasma control elements was 
tested at microwave radiation power of 5 mW and 50 kW. Two cases were considered: plasma as defects 
compensator in the band structure and plasma as an additional defect in the structure. In the first case electron 
density increase in the plasma columns up to 3.5 × 1013 cm-3 leads to decrease of transmitted signal level by 
more than four times. In the second case the plasma defect initiation leads to the excitation of the microwave 
radiation propagation through the triangular structure in the direction of 45° at the defect side. The delay in the 
transmission formation is associated with the electron density growth in the plasma. 

Keywords: microwave radiation, electromagnetic band gap structure, directivity pattern, plasma 
control, electron density. 
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Spectral characteristics and bactericidal components of atmospheric 
pressure glow discharge plasma jets  

A. A. Kirillov, A. V. Paulava, Y. A. Safronau
Institute of Physics NAS of Belarus, Minsk, Belarus

E-mail: pavlovaav91@gmail.com 

Chemical composition analysis of dc atmospheric pressure glow discharge plasma jets in various gas 
mixtures (Ar/O2, He/O2, N2 and air) using emission and absorption spectroscopy methods is presented. 

Keywords: nonequilibrium plasma, glow discharge, plasma jet, emission spectroscopy, infrared 
absorption spectroscopy, temperature profile. 
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Numerical and experimental study backward wave oscillator 

V. G. Baryshevsky, P. V. Molchanov 

Research Institute of Nuclear Problems, Minsk, Belarus 
E-mail: molchanov@inp.bsu.by 

We report a numerical and experimental study of a relativistic HPM backward wave oscillator (BWO). 
The results of performed simulations are in good agreement with the experimental data of the first successful 
BWO’s generation with output radiation power of 500 MW. The  experimental method for  determination of the 
dispersion curve for TM01 wave was  developed and applied. We refined the parameters of the considered slow-
wave structure  to generate HMP pulses with electron beam energy and current of 150 keV and 2 kA, 
respectively. The predicted efficiency  and power of  microwave generation  is 17 %  and 50 MW.  

Keywords: Backward Wave Oscillator, relativistic electron beam, dispersive equation, particle in cell 
method. 
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The spectral composition and thermodynamic parameters of high-frequency air discharge plasma, 
which is used for pre-sowing seed treatment, have been studied by optical-spectroscopic methods. The gas-
kinetic temperature of plasma was measured during the process of seeds treatment and an optimal mode of 
plasma irradiation of seeds was determined. This mode is realized at a specific power input value of 0.34 W/m3

and low gas temperature that not exceed 310 K.
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Spectroscopic diagnostics of electrical discharge plasma over with liquid 
electrode

A. V. Butsen , V. V. Kiris 

B.I. Stepanov Institute of Physics of NASB, 22007,  Minsk, Belarus 
 E-mail: a.butsen@ifanbel.bas-net.by 

The spectral features of the emission of plasma formed in the argon flow between the metal electrode 
and the liquid has been investigated. It has been established that the emission spectrum contains lines of nitrogen 
molecules, hydroxyl and atomic silver, which is the cathode material. 

Nitrogen molecules band was shown to be diapered in the plasma emission spectrum, with increasing 
the argon flow rate. But argon spectral lines were not detected, most probably due to their high excitation 
potentials. 

Keywords: plasma, electrical discharge , emission diagnostics. 
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The morphology of the nickel surface obtained of the nickel electrolyte 
with a sulfamic acid 

I. Andrukhovich 

Institute of Physics NASB, 220072 Minsk, Belarus 
E-mail: irini.andrukhovich@gmail.com 

The results of studies of the surface morphology of nickel by electron microscopy are considered in this 
paper. Nickel was prepared by electrochemical deposition on aluminum of nickel electrolyte with nickel sulfate 
and sulfamic acid. The dependence of the surface morphology of nickel on the current density and temperature 
of the electrolyte is shown. By increasing the current density of 10 to 90 mA/cm2 observed grain growth from 5 
μm to 18 μm, while in the presence of films with grain sizes of 1÷2 μm. It was established that the increase in 
temperature of electrolyte from 20 °C to 40 °C enhances the current efficiency in twice. 

Keywords: electrochemical nickel plating, aluminum, electrolyte with sulfamic acid, grain size. 
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Measuring of thrust characteristics of pulsed plasma microthrusters 

P. V. Chekan 

Institute of Physics NASB, 220072 Minsk, Belarus 
E-mail: chekan@imaph.bas-net.by

New methods of measuring of thrust and specific impulse of laser plasma microthruster based on using 
of piesoelectric pulse pressure sensor, optic and electric probes were developed. This methods were used to 
carry out measurements of thrust and specific impulse on new laser plasma microthruster prototypes developed 
in Institute of physics in cooperation with TsNIIMash. Results of measurements show the perspective of 
application of this microthrusters for orbit correction and dimensional orientation on new microsatelites. 

Keywords: measuring of thrust, measuring of specific impulse, laser plasma microthruster, 
piezoelectric pressure sensor, electric probe. 
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Features of ablation materials at the action of infrared and ultraviolet laser 
radiation with nanosecond duration 

P. Viarenich, D. Filimonenko 

B. I. Stepanov Institute of PhysicsNational Academy of Science of Belarus 
E-mail: verenich_pavel@mail.ru 

Laser ablation of steel-45 was studied under exposure to single pulses of Nd:YAG laser with 
wavelengths of 1064 and 355 nm and power density from 108 to 1011 W/cm2. Erosion pits on the surface of the 
irradiated targets have been investigated by optical microscopy using a scanning near-field optical microscope 
and a microscope system Nanoflex. The dependencies of the mass removal and specific mass removal on the 
power density and wavelength of incident laser radiation have been analyzed. The observed features of ablation 
under exposure to different radiation wavelengths of 1064 and 355nm are associated with the difference in the 
absorbance of the incident laser radiation by the target and emerging plasma formed near the target surface. 

Keywords: laser ablation, laser pulse irradiation, mass removal, melt, form of laser pits. 
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Estimation of mTHPC binding to blood cells 

I. Yakovetsa, I. Yankovskya-d, V. Zorina, L. Bolotineb-d 

aLaboratory of Biophysics and Biotechnology, Physics Faculty, Belarusian State University, 
Minsk, Belarus 

bUniversité de Lorraine, Centre de Recherche en Automatique de Nancy, Campus Sciences, 
Nancy, France; 

cCentre National de la RechercheScientifique, Nancy, France; 
dLorraine Cancer Institute, Vandoeuvre-lès-Nancy, France 

E-mail: viprorok@mail.ru 

Estimation of 2-nd generation photosensitizer mTHPC binding by serum proteins and blood cells have 
been carried out. It was shown, that the processes of mTHPC binding by serum proteins and blood cells play an 
important role in mechanisms of transport of the photosensitizer in blood and should be taken into consideration 
during PDT pharmacokinetic studies. 

Keywords: PDT, mTHPC, serum proteins, blood cells. 
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Magnetorheological immersion medium for ultrasonic thrombolysis 

M. D. Yekelchyk 

Belarusian State University, Minsk, Belarus 
E-mail: yekelchyk@yahoo.com 

Cardiovascular diseases are the main reason of incidence and mortality in the world. At ultrasonic 
thrombolysis blood clot effectively collapses by high-intensity ultrasound and drug lysis. Low-frequency high-
intensity ultrasound causes changes in the structural and functional state of the blood cells and the vascular 
endothelium. The aim of this work is to develop a method of reducing damage to the vessel walls with ultrasound 
thrombolysis. Modification of the method of ultrasound thrombolysis is made by using magnetorheological fluids 
as an immersion medium. 

Keywords: ultrasound thrombolysis , magnetic fluids , cavitation, thrombus , cardiovascular disease. 
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Optical contrast of enamel cracks depending on illumination  

S. V. Solonevich a, A. G. Smirnov  a, A. A. Ryzhevich a,
I. P. Kovalenko b, I. K. Lutskaya b, T. A. Zheleznyakova c,

a  Institute of Physics of NAS of Belarus, 220072 Minsk, Belarus
b Belarusian Medical Academy of Post-Graduate Education, 220013 Minsk, Belarus

c Belarusian State University, 220030 Minsk, Belarus
E-mail: a.ryzhevich@dragon.bas-net.by

We investigated the influence of the spectral distribution of light to optical contrast of cracks in solid 
tissues of human teeth in photographic images and under visual inspection . We carried out a coloristic analysis 
of an object areas of a digital photos of several patients oral which made under the optimal conditions for 
photographing. We determined the average optical contrast of enamel cracks for each of RGB- components. We 
have shown that a blue color in the RGB color model gives a greatest contribution to the overall contrast of the 
crack on alive tooth enamel. With the light sources of 5 different colors (light-emitting diodes with the spectral 
maxima at wavelengths of 457, 509 , 589, 610, 628 nm ), we visually examined contrast of discolored crack on 
tooth enamel. We found that unpigmented cracks are most visible when their are illuminated by diffused green 
radiation. 

Keywords: enamel, crack, light-spectrum, light-emitting diode, wavelength.  
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Application of partially coherent radiation for near-surface laser phoresis

S. V. Solonevich a, T. A. Zheleznyakova b, A. A. Ryzhevich a

a  Institute of Physics of NAS of Belarus, 220072 Minsk, Belarus
b Belarusian State University, 220030 Minsk, Belarus

E-mail: a.ryzhevich@dragon.bas-net.by

In the framework of a model of biological tissues with nonequilibrium radiation absorption by its 
microstructures we calculated the general form of the temperature response dependence on the coherence ratio 
of the affecting DGLF. We proposed a criterion for choice of a laser source on the coherence ratio of its 
radiation for near-surface laser phoresis with DGLF. 

Keywords: laser phoresis, dynamic gradient light field, interference, coherence ratio.  
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Photoinduced graft-polymerization of acrylic acid onto polyethylene and 
polypropylene – comparative analysis through ir-spectroscopy 

L. V. Shkrabatovskaya, A.A. Gorbachev 

B.I.Stepanov Institute of Physics of the National Academy of Sciences of Belarus, 68 
Nezavisimosti Ave., Minsk 220072, Belarus 

E-mail: shkrabatouskaya@yandex.by 

Photoinduced graft polymerization of acrylic acid on the surface of polyethylene and polypropylene 
films, containing a preadsorbed water-insoluble photoinitiator (benzophenone), from a thin layer of nondeaerated 
aqueous monomer solution was investigated. The data about correlation of conversion of monomer and depth of 
grafting from duration of UV- irradiation and polymer`s nature were obtained by IR-spectroscopy method. 
Comparisons of this data, as well as reactions kinetics, were held. 

Keywords: modification, surface, polyolefin, grafting, photopolymerisation.  
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Interpretation of IR spectra  of 4,4’-chlorobenzophenone based on 
molecular modeling by method of density functional theory 

L. M. Babkov , V. A. Boykov , N. A. Davydovab, K.E. Uspenskiyc

a Saratov State University named after N.G. Chernyshevsky, Saratov 
-mail: boykov_v.a@mail.ru

b Institute of Physics, NAS,U Kiev 
c The Russian Presidential Academy of National Economy and Public Administration, Volga 

Institute of Management  after P.A Stolypin, Saratov 

Vibrational IR and Raman spectra of 4,4’-chlorobenzophenone (4,4’-ClBP) have been 
measured at room temperature. Modeling of structure and vibrational spectra has been 
performed. Energy, structure, dipole moment, polarizability, force constants, frequencies of 
normal modes in harmonic approximation and their intensities in the IR and Raman spectra 
have been calculated. Modeling by a density functional theory (DFT) method of the of is 
realized in a software package Gaussian’03. Functional B3LYP and Basis 6-31+G(d), 6-31-
G(d) have been used for our calculations. Process of scaling has been used for decrease of the 
discrepancy between calculated frequencies in harmonic approximation and measured 
frequencies.

Keywords: 4,4’-chlorobenzophenone, molecular modeling, density functional method, structure 
modeling, normal modes, IR spectrum, frequencies, intensity. 
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Ultrashort light pulses in nonlinear disordered multilayer structures 

D. V. Novitsky

Institute of Physics NASB, 220072 Minsk, Belarus 
E-mail: dvnovitsky@tut.by 

Propagation of ultrashort light pulses in nonlinear disordered photonic crystals is studied by using 
numerical simulations in time domain. We consider the case of instantaneous Kerr nonlinearit  of the structure 
materials. The competitive nature of disorder and nonlinearity is revealed on the long and short timescales.  

Keywords: photonic crystal, disordered structure, ultrashort pulse, optical nonlinearity. 
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Illumination structure and three-dimensional imaging properties 
in optical coherence microscopy 

A. A. Grebenyuk a, V. P. Ryabukho a,b 

aSaratov State University, Astrakhanskaya str. 83, 410012 Saratov, Russia 
bInstitute of Precision Mechanics and Control, Russian Academy of Sciences, 

Rabochaya str. 24, 410028 Saratov, Russia 
E-mail: grebenyukaa@yandex.ru 

Methods of optical coherence microscopy (OCM) allow for three-dimensional imaging of 
semitransparent objects by using gating of the interference signal from different depths of an investigated object. 
The structure and properties of illumination in OCM influence the spatial resolution and the possibilities of 
numerical focusing of the reconstructed images. In this paper we investigate the possibility of increasing the 
transverse resolution while preserving large maximum numerical focusing distance by using structured 
illumination in OCM. 

Keywords: optical coherence microscopy, structured illumination, numerical focusing, three-
dimensional imaging, spatial coherence. 
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Determination of optimal parameters of optical scheme for generation
of radially or azimuthally polarized laser radiation 

S. V. Solonevich, N. A. Khilo, A. A. Ryzhevich, 

Institute of Physics of NAS of Belarus, 220072 Minsk, Belarus
E-mail: a.ryzhevich@dragon.bas-net.by

We investigated the method of radially or athimuthally polarized laser beams formation using biaxial 
crystal under conditions of conical refraction. We developed a technique for optical elements parameters 
optimization for creation of a converter for generation of radially or athimuthally polarized laser radiation in 
dependence on material of using crystal.  

Keywords: laser radiation, converter,  radial and athimuthal polarization, biaxial crystal, optimization.  

252



-

. . , . . , . . , . .

, 220050 ,
E-mail: romanov@bsu.by

- ,
;

;
.

: , , ,
.

 ( )  « »

 ( ) [1]. 

 [2-3]. 
,

 / .

1.

 ( . . 1). He-Ne
1 2 3 5

 CCD- 6.
4

f = -10 , L = 670 
.

.
,

.

,
,

He-Ne -36,

.
,

, ,
 1. He-Ne 1 2 3

4  1°  CCD- 6
7.

5  f = 120 ,

253



CL

4

1 2

3

5 6

 L1 = 190 .
 L2 = 250 

.
.

. 1. 
, .

2.

,  0-0 
He-Ne -36.

 CCD- .  2 
 ( 1)

 ( 2).

. 2.  ( 1- 1)  ( 2- 2)
.

He-Ne -36
,

. ,

1

2

1 1 1

2 2 2

254



 0-1  1-0 
,

 2 , .
-36

,
 0-1  1-0 ( ).

 2 1.

,
( ) .

3. -

- ,
 1, , 5

.
 3. , -

-
-8, ,

.  7  29 .

. 3.  ( ),
 ( ),  ( ),

 ( ).

 4 
, .

 ( )  ( )  27 
 7 ,

 ( )  ( )  15 
 47 .

,  ( , )  ( , )
.

255



. 4. ,
,  ( , )

 ( , ) .

,

.

.

.

.

1. J.Durnin / Exact solutions for nondiffracting beams. I. The scalar theory // J. Opt. Soc. 
Am. – 1987. Vol. A4. – P. 651-654.

2. Z.Bouchal / Nondifracting optical beams: physical properties, experiments and 
applications // Czechoslovak journal of Physics. – 2003. – Vol. 53, 7. – P. 537-578.

3. . . , . . , . . , . . , . .  / 
  // . . . – 2004. – 

. 71, 5. – . 640—643.

0 1 2 0 1 2

0 1 20 1 2

256



Formation of Bessel light beams by using computer-synthesized 
diffractive optical elements 

Y. D. Kurapov, A. A. Kazak, D. V. Gorbach, O.G. Romanov

Belarusian State University, 220050 Minsk, Belarus 
E-mail: romanov@bsu.by 

Computer-synthesized diffractive optical elements allowing to form the Bessel light beams of different 
orders were developed. The parameters of optical scheme forming the Bessel beams of higher orders were 
defined; transformation of light beams of different spatial and topological structure was also investigated. 

Keywords: Bessel beam, diffractive optical elements, diffraction, transformation of light beams.

257



:

. , . .

, 220030 ,
E-mail: romanov@bsu.by

, - ,
.

-
.

.

: , , .

 1970- ,
 –  [1]. 

 (
), , ,

. -

, ,

, . [2-3].

.

-

. ,
, ,

.

1.

.
.

-
 [4]. 

 « »,
,

. ,
,

 [5]. ,

258



,
.

-

, , 4 , ,l nlt tr E r r E .
E H

:

c t
HE , (1) 

1
c t

DH . (2) 

(3)

rel D
E :

, 4 , , ,lin nlt t tD r r r E E r , (3) 

(3) 2nl
rel nlt

E . (4) 

,
: 0x x , t tT , 0 – , T = 1/  –  (  – )

.  (1) – (2) 
 = (x)

 = 1 c = 0 :

yz EH
t x

, (5) 

y zD H
t x

, (6) 

0/z zH H E , 0/y yE E E , 0/y yD D E , 0E  – 
.

FDTD- ,  (5) – (6) 
- :

1/2 1/21/ 2 1/ 2 1l l l l
z z y y

tH i H i D i D i
x

, (7) 

1 1/2 1/21/ 2 1/ 2l l l l
y y z z

tD i D i H i H i
x

. (8) 

x  – x ,
t  – . :

259



, , lF x t F i x l t F i .
: t x v , v – 

. -
: t x n .

 (4) :
21 (3) 2

0
l l l l
nl nl nl y

rel rel

tT tTi i i E E , (9) 

 (3) :
1

1
14

l
yl

y l
lin nl

D
E i

i i
. (10) 

,  (7) – (10) 

-
.

A  [5]: 

2
0 02R

A A A iA g A
t

. (11) 

,
: 2

2n n A .

0A  – ;

0 0(2 / ) (1 )n L m R  – ; L  – 
; R  – ;  – 

; m  – ; 24g n L
; 2 / (1 )R L v R  – ; v  – 

.

2.
, ,

.
R ,

, .
R , ,

 10–10 10–12 .
(11) ,

R ,

. . 1 

260



2 2 2
0 0 exp iI t A t ,

,
. . 1, , , ,

,
,

.

. 1.  –  ( )
 ( );  – 

. 200i R , 0= 2,5. 

i = 100-200  ( 0 = 1 )
,

. ,
n1 = 1.45 (SiO2)

n2 = 2.28 (TiO2) 0 4i in L
n1 = 1.6 1 02 1 2cn L m  ( 1, 2,...m ).

-7 (n = 1.54).

,
,

,
 ( . 2). ,

 ( .2, )
, ;

 ( .2, )

.
 ( .2, )  ( .2, )

.

0

1

2

3

4

5

0 100 200 300 400 500
t/ R

I0 , Iout

0

1

2

3

4
Iout

0 1 2 3 I04

261



,

-
.

1. , . . .  / 
. . . – .: , 1988. – 520 .

2. Grieco A., Slutsky B., Tan D.T.H., Zamek St., Nezhad M.P., Fainman Y. / Optical 
bistability in a silicon waveguide distributed Bragg reflector Fabry-Perot Resonator // 
Journal of Lightwave Technology. – 2012. – V. 30. – P.2352-2355. 

3. Etchrich Chr., Iliew R., Staliunas K., Lederer F., Egorov O.A. / Ab initio dissipative 
solitons in all-photonics crystal resonator // Physical Review A. – 2011. – V. 84. – 
P.021808(R).

4. Taflove, A. Computational Electrodynamics: the Finite-Difference Time-Domain Method 
/ A.Taflove, S.C.Hagness. Norwood, MA: Artech. – 1995. – 599 p. 

5. , . . -
 / . . , . . . – .: , 2009. – 

191 .

. 2.  ( ),  ( )
,  ( )  ( ) .

150 200 250 300 350 400 450
-1.0

-0.5

0.0

0.5

1.0

z, m

E/E0

550 600 650 700
-1.0

-0.5

0.0

0.5

1.0

z, m

E/E0

0.0 0.1 0.2 0.3 0.4 0.5

0.1

0.2

0.3

0.4

0.5

E2
0

Lc=0.88 m
Lc=0.89 m
Lc=0.9 m
Lc=0.91 m

T

0.6 0.8 1.0 1.2 1.4
0.0

0.2

0.4

0.6

0.8

1.0

/ 0

R L
c
=0.9 m

262



Optical bistability in one-dimensional photonic crystals with nonlinear 
defect layer: numerical analysis of Maxwell equations 

N.Dadashzadeh, O. G. Romanov

Belarusian State University, 220030 Minsk, Belarus 
E-mail: romanov@bsu.by 

The theoretical model for optical bistability phenomena in one-dimensional photonic crystals with Kerr-
like nonlinear defect under action of ultra-short light pulses has been developed. Numerical modeling of 
transient dynamics of nonlinear microresonator has been performed with the use of finite-difference time-
domain solution of Maxwell equations. Spatial-temporal structure of the light pulses in the mode of optical 
bistability has been studied. 

Keywords: optical bistability, photonic crystals, Maxwell equations.
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