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Abstract: The study analyzes a wide range of technologies generated by the creation and application of
focusators of laser radiation. I give a brief review of methods for solving ill-posed inverse problems of
diffraction theory, the methods of monitoring and substrate forming a diffraction micro-relief, optical systems
and devices for experimental research of focusators, laser technologies and units on their basis.
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INTRODUCTION

Functioning of Diffractive Optical Elements (DOE)
15 based on diffraction of monochromatic light on a
microrelief. Due to adjustability of computer-aided design
of diffractive microrelief and modern precision equipment
capacity for its formation, we have a unique optical tool
necessary for required focusing of laser radiation
(Golub et al., 1981, 19914, 1992a).

In the course of years passed since the first
publication (Golub et al., 1981) of a revolutionary 1dea of
Prokhorov, Sisakyan, Soifer of a possibility to use
diffractive microrelief to achieve a required focusing of
laser radiation into a specified area, people developed a
wide range of technologies, connected with making and
usage of laser radiation focusators.

Possibility to concentrate radiation on a fragment of
a surface of a required shape allows to create new
technologies and means of their mplementation,
providing different products with new performance
properties. Diffractive optical elements are used in
medicine, machine tool building, n optical systems in
tooling, foed and pharmaceutical industries in lighting
engineering in the agricultural sector and also they can be
essential for many other types of human activities.

In this research, researchers analyzed the influence
of focusators creation on development of diffraction
optics, optical instrument makimg and mechanical-
engineering technologies.

FOCUSATORS DESIGN APPROACH

To design a focusator diffractive microrelief we need
to solve an inverse problem of diffraction theory
regarding this optical element’s phase function. Because
of complexity of the inverse problem it is usually solved
in the frame of geometrical optics approximation
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(Golub et al., 1981, 19914, b, 1992b; Born and Wolf, 1968;
Serafimovich, 2014; Doskolovich et al., 2002, 1995a, b,
1993; Kazanskii, 1989; Kazanskiy ef al., 1995; Kazanskiy
and Soifer, 1994). Due to ill-posedness of diffraction
theory inverse problems in some cases we can see
several types of a projected focusator phase function.
For example, during focusing inte a longitudinal
segment (Golub et al., 1981, 1988a; Kazanskii, 1989;
Doskolovich et al., 1995a), focusing of a round beam into
a rectangular domeain (Doskolovich ef af., 1993) and so on.
Revealing the most effective solution 1s especially
important for basic (the most widespread) problems of
focusing. For instance, solving of problems of focusing
into a transverse segment (Kazanskiy and Soifer, 1994,
Doskolovich ef al., 1995b; Soifer et al., 1998) and a ring
(Golub et al., 1988a; Soifer, 2013) 1s basic for focusators
directed at letters (Khonina ef al., 2011a; Golub et o,
1991¢) and solving of problems of focusmg into a
rectangle is basic for design of focusators for planar
domains (Soifer et al., 19935; Doskolovich et al., 1996). Tt
1s interesting that solutions obtained for laser radiation
focusing appeared to be useful for focusing of surface
electromagnetic waves (Bezus et al,, 2010, 2011a, b, 2014).

In some cases (for example, complex forms of
distribution of intensity or focal region) it is impossible to
obtain an analytic expression for the focusator’s phase
function. In these cases, we apply different iterative
methods of solving of inverse problems at approximation
of the scalar theory of diffraction (Kazanskii, 1989,
Kazanskiy et al, 1994). Developed design methods are
combined in comresponding  software  products
(Kazanskiy et al, 1994, Golovashkin et al, 2002;
Volotovskil et al, 2001; Doskolovich et al, 1995¢,
Kazanskiy, 2006, 2012).

To find the best solution, we need to analyze
focusators’ output parameters (Serafimovich, 2014,
Golub et al., 1988a; Doskolovich et al., 2002). Among
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characteristics describing processes of creation and
functioning of focusators we can mark out three types of
parameters (Serafimovich, 2014; Golub ef al, 1988a;
Doskolovich et al., 2002). The first type includes physical
parameters taken as a basis of DOE phase function
estimation: focal distance; wave operating length; size
of a focusator and a focusing domain and alse
characteristics describing its shape and a shape of a
focused beam; angle of radiation’s incidence onto an
optical element etc.

The second type parameters  of
discretization and quantization of a focusator’s phase
function, size and shape of elements of the focusator

mecludes

microrelief spatial resolution. These parameters are
connected with choice of a registrator of DOE phase
function and specificity of its estimation.
The third type includes focusator’s
properties-energy efficiency width of a focal
root-mean-square deviation of an obtained distribution of

diffractive
line,
mntensity in a focal region i comparison with a required
one and so on.

For design of focusing DOE the first two types of
parameters are internal and diffractive parameters are
external, resulting from functioning of a focusator with
chosen internal parameters. For research of a focusator it
is important to reveal the connection between external and
mtermnal parameters of design. Moreover, considering
labour required for and multivariance of DOE creation
procedure, focusator’s characteristics should be studied
as early as at the design stage. For such analysis
asymptotic methods of research of focusing DOE phase
function, information technologies and software tools of
computational experiment were developed (Serafimovich,
2014; Golub et al., 1988a; Doskolovich er al., 2002).

ANALYTICAL ASYMPTOTIC
METHODS OF RESEARCH

At the imtial stage of creation of a new focusator it 1s
umportant to carry out an analytical diffractive estimation
of the focused radiation taking into account finite size and
DOFE’s concrete physical parameters (Golub et al., 1987,
Golub er af, 1992, 1989a, Kazanskiy et al., 2000a
Kazanskiy et al., 1996, Kazanskiy and Kharitonov, 2012;
Kazansky, 1990). The analysis of obtained diffractive
correlations allows to study limitations of the geometrical
optical approach taken as a basis for estimation of the
focusator’s phase function to reveal mitial values of
physical parameters which lead to destruction of a
required shape of a domain of focusing to find possible
mistakes 1 the diffraction theory inverse problem
analytical solution. However, analytical research can be
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carried out only for the simplest phase functions, lighting
beams and domains of focusing such as ring (Golub et al.,
1991, 1987, Soifer, 2013) set of points, longitudinal
(Golub et al, 1988a, 1989, Serafimovich, 2014,
Kazanskiy et al., 2000a) and transverse (Kazanskiy et al.,
1996, Kazanskiy and Kharitonov, 2012) segments.

In some cases as a result of analytical research one
can obtain diffractive corrections to the focusator’s phase
function. Nevertheless within a frameworl of an analytical
research it is impossible to take account of discretization
and quantization of the focusator’s phase function which
emerge during DOE creation.

COMPUTATIONAL EXPERIMENT

Methodology  and  software tools of the
computational experiment were developed for further
and more comprehensive researches of focusing DOE
(Golub et al., 1988a; Kazansky, 1990; Doskolovich ef af.,
1995d); these methodology and tools allow to account
impact of discretization and quantization of a focusator’s
phase function which emerge during designing and
making of DOE.

The same problem arises when focusing problem
solution is obtained with the help of different numerical
approaches and it is necessary to study obtained
solutions thoroughly. The choice of the best solution for
concrete internal (first of all physical) parameters of the
problem must be done on the basis of computational
experiment data (Serafimovich, 201 4; Golub et al., 1988a).

The most important line of this research 1s estimation
of energy deposition applied to process material in
relation to the focusator’s technological role marking,
hardening, formation of nanopores and so on.

Presence of a wide range of different methods of
focusators diffractive microrelief formation (Popov, 1989,
Volkov et al., 2002a, b, 1998; Kazanskiy et al., 2005, 2014;
Kazanskii and Kolpakov, 2009; Golub et al, 1995;
Pavelyev et al, 2007, Kazansku et al., 2004, 2007
Abul'khanov et al., 2011, 1993; Bezus ef ai., 2011a, b)
conditions necessity of choosing a concrete way of
microrelief creation as early as at the stage of DOE design.
A binary microrelief 1s the simplest to form but blunt
“bmarying” of the DOE phase function not always allows
to preserve required efficiency of an optical element. This
was demonstrated by a diffractive research of binary
focusators directed at a semiring and a segment with
linear distribution of intensity along a focusing segment.
The required intensity distribution breakdown was
revealed: emerging of a focus ring instead of a semiring,
absence of linear growth of intensity along a segment and
other negative developments in bmary focusators focal
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regions (Kazanskiy and Soifer, 1994). To eliminate such
negative developments special design methods were
suggested (Doskolovich et al., 1995¢); these methods
allow to mcrease effectiveness of binary DOE and extend
binary microreliefs application field.

The choice of the best solution for concrete internal
parameters (in this case parameters of discretization and
quantization of the phase function) of a problem 1s
effectively made on the basis of computational experiment
results.

TECHNOLOGIES OF DIFFRACTIVE
MICRORELIEF FORMATION

For making of designed focusators many methods
and technologies of diffractive microrelief formation were
developed (Popov, 1989, Volkov et al., 2002a, b, 1998;
Kazanskiy et al., 2005, 2014, Kazanskii and Kolpakov,
2009, Golub et af, 1995, Pavelyev et al, 2007,
Kazanskii et al., 2004, 2007, Abul'khanov et ai., 2011,
1993; Bezus et al., 2011¢, d). The choice of a technology
depends length,
focusator’s power.

radiation wave
required
Chronologically, the following methods became widely
used: hardbaking of dichromated gelatin (Popov, 1989),
darl growth in layers of liquid polymerizable compositions
(Volkov et al, 2002a), layer-by-layer bulding-up of
photoresist (Volkov et al., 1998), plasmochemical and
chemically-assisted ion beam etching, electron-beam
lithography (Volkov et al., 2002b; Kazanskiy ez al., 2005,
2014; Kazansku and Kolpakov, 2009, Golub er al., 1995,
Pavelyev ef al, 2007, Kazansku et al, 2004, 2007),
NC cut (Abul'khanov et al., 2011, 1993), plasmon
nanolithography (Bezus ef al., 2011¢, d), etc. Tshe choice
of the best diffractive microrelief formation method for
concrete mternal parameters (in this case parameters of
discretization and quantization of the phase function) of
a problem effectively made on the of
computational experiment results.

For work with lngh power technological lasers, it is
reasonable to process focusators working surface with
the help of technological methods connected with metal
removing (polishing, smooth finish and lathe work),
because in this case a focusator’s body 1s made of a solid
workpiece (as a rule of Oxygen-Free copper Cu-OF)
(Abul'khanov et al., 2011, 1993) in which coolant ducts are
made. Analysis of submicron unevennesses of the
focusator’s microrelief showed that the best results are
achieved with the help of smooth finish and polishing.
Technological limits of smooth finish and polishing can
be observed m unguaranteed metal removal from the
microrelief surface which impaws accuracy of 1ts

on the focused

material and laser

i basis
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processing. In this case, there is no possibility to process
zones of undercut of a microrelief, that is such its
fragments on which microrelief cylindrical walls are
conjugated with surfaces designed to reflection of laser
radiation.

Because of specified reasons for focusators surfaces
processing it is reasonable to use a cutting edge of
natural diamond. Processing of a microrelief with the help
of microcutting can provide the accuracy of focusator’s
work swface making >0.1 um. Microrelief should be made
with the help of microcutting at the final stage in two
stages. At the first stage, we form a microrelief with the
accuracy of not <1 pm with machining equipment using
roller bearings or slider bearings and also plain slideways
(Abulkhanov et al., 2011, 1993). Then the final processing
of the microrelief 15 performed with depth of cut >0.1 pm.
Finishing treatment of the microrelief may be performed in
two cuts. Amount of cuts depends on microrelief height
which 15 defined by the focused laser radiation wave

length.
TECHNOLOGICAL ERRORS ANALYSIS

When impact of discretization end quantization of the
phase function on focusator’s work can be researched
within the framework of the scalar theory of diffraction,
impact of minor technological errors of the diffractive
microrelief on quality and effectiveness of focusing can
be estimated only within the framework of a strict
electromagnetic theory, i.e., on the basis of Maxwell's
equations solution (Bom and Wolf, 196R). For solving of
this problem a range of difference schemes
(Golovashkin et «l, 2004), transparent radiating
conditions (Golovashkin and Kazanskii, 2007), Net
Domain Decomposition Method (Golovashkin and
Kazanskiy, 2009) cloud (Kazanskiy and Serafimovich,
2012a, b) and GPGPU-services (Golovashkin and
Kasanskiy, 2011) were developed. The developed set of
information processing methods allowed to estimate the
impact of errors of microrelief formation m the course of
laser ablation of polycrystalline diamond films on the
functioning of transmitting focusators of infrared band
laser radiation (Pavelyev et al., 2006).

CREATION OF NEW CLASSES OF DOE

Methods which had been developed for focusators
turned out to be effective for creation and studymng of
new classes of diffractive optical elements such as
multifocal (Golub et al., 1992¢; Scifer et al., 1994) and
spectral DOE (Doskolovich et al., 2005a, 2007a) optical
antennas (Golub ef al.,, 1989, Kazanskiy et al., 2000b, ¢;



Res. J. Applied Sci., 9 (11): 834-842, 2014

Doskolovich et al, 2004) diffractive beam splitters
(Kazanskiy and Skadanov, 2012), etc. (Golub ef al., 1988b,
1990; Khonina et al., 2011b, ¢). In particular, mathematical
modelling means (before the optical experiment)
demonstrated capability of working of the whole DOE’s
aperture on a composite focal region and also effective
functioning of multifocal DOE forming (as distinct from
composite DOE) focal lines which are several times
thinner. Also, we observed working capacity of spectral
DOE forming required distributions of intensity under
lighting with monochromatic beams with certain wave
lengths from the preset (Doskolovich ef af., 2005a, 2007a).
Optical antennas appeared to be effective elements of
lighting  technology devices (Kazanskiy, 2002,
Doskolovich et al., 2005a, 2007a; Moiseev et al., 2011,
Aslanov et al., 2013).

EXPERIMENTAL RESEARCHES

Nevertheless, analytical methods of researching and
careful mathematical modelling are just preparatory
research methods. Final decision on possibility of this
type of focusing, working capacity of multifocal or
spectral DOE, binary beam splitters or optical antermas 1s
taken in view of optical experiment results. Experimental
validation of quality passes through all stages of
focusators creation. The initial stage is dedicated to
clearmess and optical flatness of the base used. For this
purpose special methods based on analysis of behaviour
of a drop of Liqud falling onto the base surface
(Borodin et aid., 2005, 2009), tribometrical (Kazanskiy et al.,
2008a, b), mterferential and other approaches (Kazanskiy,
2006, 2012) were developed.

Also, we should note development of methods of
microrelief form control (Babin ef «al., 2009) and
different optical schemes and devices for DOE
experimental research (Volkov ef al., 2001; Golub ef al.,
1991d; Kazanskiy et af., 2000, Doskolovich et af., 2007¢;
Karpeev et al., 2007). The most important proof of
effectiveness of the developed information and optical
technologies is a fair congruence of data of computational
and physical experiments for focusator directed at
a ring (Doskolovich et al, 2002), diffractive lens
(Golub et al, 1991d), different focusators (Kazanskiy
et al, 2000d), spectral DOE (Doskolovich et al., 2007c¢),
fiber-optic sensors (Karpeev ef af., 2007) and binary beam
splitter (Kazanskiy and Skidanov, 201 2).

TECHNOLOGIES OF
FOCUSATORS APPLICATION

One of the most inportant ways of practical using of
diffractive computer optics is technological application of
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focusators. As examples of such ways we can mention
laser quenching (Sisakyan et af., 1990, Doskolovich et al.,
1993), buildup, marking (Doskolovich et al, 1991),
formation of nanopore structurs of crystalline
(Kazanskiy et al., 2008c) and metal (Kazanskiy et al., 2011;
Murzin, 2013) materials and so on. A focusator directed at
a ring (Golub et al., 1988a; Soifer, 2013) is used in the
installation for growing monocrystalline fibers with the
help of a minipedestal method (Bufetova ez al., 2006); this
installation was developed in the Institute of General
Physics of the Russian Academy of Sciences for creation
of solid state neodymium lasers. This mstallation, based
on ring laser heating, provides production of high-quality
fibers of activated monocrystals with a controlled radial
refraction index gradient. A focusator in a set of rings is
used for 3D-control of spacer grids of atomic reactor fuel
assemblies (Finogenov et al., 2007).

Obtaned theoretical and laboratory results found
practical use in the real production. Application of
focusators allowed to perform thermal quenching of a
cutting edge of an edge tool of a complex space form
(Soifer et al., 2007). Application of focusators allowed to
substantially reduce time spent for thermal quenching and
energy consumption too.

Many systems and devices binding edge tool cutting
edge comer to a coordinate testify to that this
technological problem is still actual. Milling tools used in
metalworking have several cutting edges for metal
removing. Degree of wear of each cutting edge determines
cost effectiveness of milling technological operation and
also quality of a surface layer of a piece processed with
the help of milling cut. There 1s no mformation on means
of controlling state of each milling cutter cutting edge
right during the processing. Focusators application allows
to solve two above mentioned problems at the same time
(Abul'khanov ef al., 2009), 1.e. at the same time to bind a
cutting edge cormer to a coordinate and to estimate wear
degree of each tool's cutting edge. Besides, focusators
allow to monitor wear degree of coatings covering the
cutting edge.

Acoustic waves focusators give possibility to
implement vibration isolation for a specified vpm range
and selectively, i.e. for an intended frequency harmonic
(Abul'khanov et al, 2012) and that allows to set
technological equipment for solving a concrete problem
delicately and to a maximum degree of effectiveness.
Vibrations applied to tool’s zone of contact with a
working surface reduce cutting force and that mcreases
energy effectiveness of technological processing, lowers
temperature in cutting zone which results in increasing of
qualitative parameters of a piece surface layers and also
tool hardening. Focusators provide vibrations of required
frequency and amplitude on a swface of a specified
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shape. In this case, we may achieve vibration frequency
not obtainable for other sources of vibrations used in the
production and that allows to lower temperature in
At that burns are avoided,
temperature is much lowered in the zone of grinding

smooth finish zone.

wheel’s contact with a piece’s surface, grinding wheel’s
resistance 1s improved, we observe no loading of grinding
wheel’s cutting edge (Evdokimov et al., 2014, Perez et al.,
2008; Skuratov et al., 2007).

Giving high-frequency vibrations of small amplitudes
to the diamond indentor’s zone of contact with a working
swface allows to substantially decrease the friction
coefficient in the contact zone («0.2) and that practically
elimmates heating under piece’s surface strain hardening
sphere. Besides, high-frequency
vibrations provide decrease of sizes of hardened metal
metallographic structure grains and that in its turn affects

with a diamond

plece’s performance characteristics favourably.

Focusators allow to give vibrations not only to a
swface but also to some space. This property was used
for mixing abrasive grains of different fractions up to a
high degree of homogeneity (Abul'khanov et al., 1993;
Soifer et al., 2011).

Focusators application in the engineering technology
allowed to align large and box-type workpieces with
machine accessories spmdle rotation axis to high
precision and also to align optical pieces to high precision
too (Abul'khanov et al., 1994).

CONCLUSION
Developed methods, devices and technologies
allowed not only to solve a wide range of problems of
creation and research of focusators but also to start
designing machine systems

(Volotovskii et al, 2005, Tzotov et al, 2011,
Kazanskiy and Popov, 2010, 2012) investigating unique

effective vision

properties of diffractive mnanophotonics components
(Kazanskiy et al., 2010, 2013; Serafimovich ef al., 2013;
Khonina et al., 2013, Kazanskiy and Serafimovich, 2014;
Glushchenko et al., 2011, 2013, Bykov et al., 2010) and
creating promising information technologies on this basis
(Soifer, 2014) and also to proceed to development of new
high-efficiency technological processes.

ACKNOWLEDGEMENTS

The research was implemented with the support of
Ministry of Education and Science of the Russian
studies were conducted on the
equipment of CAM technology common use center.

Federation. These

838

REFERENCES

Abul'khanov, SR. and L.I. Doskolovich, 1993. The
method of processing an aspherical surfaces by
cutting and device for its implementation. Patent STUJ
No. 1816532, Bulletin of Inventions No. 19, May 23,
1993,

Abulkhanov, SR., AY. Dmitriev, N.L. Kazanskiy,
V.A. Soifer and SI. Kharitonov, 2009. Device for
contactless measwrement of sharpening angles and
coordinates of the tool tip for the machines with
numerical program control. Patent for Invention RUS
2399461, April 07, 2009,

Abulkhanov, SR., ED. Vasilyev, V.V. Kotlyar and
V.A. Soifer, 1994. Laser device for determining the
center of rotation details. Patent for Invention SU
2022232, October 30, 1994,

Abulkhanov, SR., MA. Golub, LL. Doskolovich,
V.A. Soifer and S.I. Kharitonov, 1993. Aerosol device.
Patent for Invention RUS 1819684, August 07, 1993.

Abul'khanov, SR., N.L. Kazanskii, L..L.. Doskolovich and
0.Y. Kazakova, 2011. Manufacture of diffractive
optical elements by cutting on numerically controlled
machine tools. Russian Eng. Res., 31 : 1268-1272.

Abul'khanov, SR., N.L. Kazanskiy and V.A. Soifer, 2012.
The damper of high frequencies. Patent for Invention
RUS 2462630, Russian Bulletin of Inventions No. 27,
September 27, 2012.

Aslanov, ER., LL. Doskolovich, MA. Moiseev,
E.A. Bezus and N.L. Kazanskiy, 2013. Design of an
optical element forming an axial line segment for
efficient LED lighting systems. Opt Exp.,
21: 28651-28656.

Babm S., L. Doskolovich, Y. Ishibashi, A. Ivanchikov and
N. Kazanskiy et al, 2009. SCATT: Software to model
scatterometry using the rigorous electromagnetic
theory. Proc. SPIE, Vol. 7272. 10.1117/12.816904,

Bezus, E.A., L.L. Doskolovich and N.L. Kazanskiy, 2011a.
Scattering suppression mn plasmomc optics using a
simple two-layer dielectric structure. Applied Phys.
Lett., Vol. 98. 10.1063/1.3597620.

Bezus, E.A, LL. Doskolovich, N.L. Kazanskiy and
V.A. Soifer, 2011b. Scattering m elements of plasmon
optics suppressed by two-layer dielectric structures.
Tech. Phys. Lett., 37: 1091-1095,

Bezus, E.A., L.L. Doskolovich and N.L. Kazanskiy,
2011c. Evanescent-wave mterferometric nanoscale
photolithography  using guided-mode resonant
gratings. Microelectronic Eng., 88: 170-174.

Bezus, E.A., L.L. Doskolovich and N.L. Kazanskiy,
2011d. Interference pattern formation in evanescent
electromagnetic waves using waveguide diffraction
gratings. Quantum Electronics, 41: 759-764.



Res. J. Applied Sci., 9 (11): 834-842, 2014

Bezus, EA., L. Doskolovich and N.L. Kazanskiy, 2014.
Low-scattering swface plasmon refraction with

1sotropic materials. Optics Express, 22: 13547-13554.

Bezus, EA., L.L. Doskolovich, N.I. Kazanskiy, V. A. Soifer
and 3.I. Kharitonov, 2010. Design of diffractive
lenses for focusing surface plasmons. T. Optics, Vol.
12.10.1088/2040-8978/12/1/01 5001.

Bom, M. and E. Wolf, 1968 Principles of Optics.
Pergamon Press, Oxford, Pages: 721.

Borodin, S.A., AV. Volkov and NL. Kazanski, 2009.
Device for analyzing nanoroughness  and
contamination on a substrate from the dynamic state
of a liqud drop deposited on its surface. J. Opt.
Technol., 76: 408-412.

Borodin, S.A,, AV. Volkov and N.L. Kazanskiy, 2005.
Automated system for assessing the degree of
purity of the substrate dynamic state of drops of a
liquid that is applied to its surface. Comput. Opt.,
28: 69-75.

Bufetova, G.A., V.V. Kashuin, D.A. Nikelaev, S.Y. Rusanov
and V.F. Seregin et al, 2006. Neodymium-doped
graded-index single-crystal fibre lasers. Quantum
Electron., 36: 616-619.

Bykov, DA, LL. Doskolovich, V.A. Soifer and
N.L. Kazanskiy, 2010. Extraordinary magneto-optical
effect of a change in the phase of diffraction orders
in dielectric diffraction gratings. I. Exp. Theor. Phys.,
111: 967-974.

Doskolovich, LL., N.L. Kazanskiy, V.A. Soifer and
AY. 1995a.  Analysis  of

quasiperiodic and geometric optical solutions of the

Tzaregorodtzev,

problem of focusing into an axial segment. Optik,
101: 37-41.

Doskolovich, L.L., NL. Kazanskiy and V.A. Soifer,
1995b. Comparative analysis of different focusators
focusing mto a segment. Optics Laser Technol,
27:207-213.

Doskolovich, IL.I., MA. Golub, N.I. Kazanskiy,
A.G. Khramov and V.5. Pavelyev ef al., 1995c.
Software on diffractive optics and computer-
generated holograms. Proc. SPIE, 2363: 278-284.

Doskolovich, T.I.., N.L. Kazanskiy, S.I. Kharitonov and
AY. Tzaregorodzev, 1995d. A method for estimating
the DOE's energy efficiency. Optics Laser Technol,,
27:219-221.

Doskolovich, L.L., N.L. Kazanskiy, P. Perlo, P. Repetto
and V.A. Soifer, 1995e. Direct two-dimensional
calculation of binmary DOEs using a non-binary
series expression approach. Int. J. Optoelectronics,
10: 243-250.

839

Doskolovich, L.I., MA. Golub, N.I. Kazanskiy,
S.I. Kharitonov and V.A. Soifer, 1993. Diffraction
investigation of focusators into plane area. Proc.
SPIE, 1983: 656-657.

Doskolovich, L.I. N.IL. Kazanskiy, P. Repetto and
Y.V. Tyavin, 2007a. Design and investigation of
colour separation diffraction gratings. J. Opt,
9:123-127.

Doskolovich, 1..1.., N.L. Kazanskiy and S. Bernard, 2007b.
Designing a mirror to form a line-shaped directivity
diagram. J. Mod. Opt., 54: 589-597.

Doskolovich, L.I., N.IL. Kazanskiy, S.N. Khonina,
R.V. Skidanov, N. Heikkila, S. Sutonen and J.
Turunen, 2007¢. Design and investigation of color
separation diffraction gratings. Applied Opt,
46: 2825-2830.

Doskolovich, 1..1.., N.I.. Kazanskiy and V. A. Soifer, 2002.
DOE for Focusing the Laser Light. In: Methods for
Computer Design of Diffractive Optical Elements,
Soifer, V.A. (Ed.). John Wiley and Sons, New Yorl,
ISBN: 9780471095330, pp: 347-443.

Doskolovich, L.L., N.L. Kazanskiy, S1. Kharitonov and
(. V. Uspleniev, 1991. Focusators for laser-branding.
Opt. Lasers Eng., 15: 311-322.

Doskolovich, I..I.., N.I.. Kazanskiy, S.I. Kharitonov and
V.A. Soifer, 1996. A method of designing diffractive
optical elements focusing mto plane areas. J. Modermn
Optics, 43: 1423-1433.

Doskolovich, L.I., NI. Kazanskiy, S.I Kharitonov,
P. Perlo and 8. Bernard, 2005b. Designing reflectors
to generate a line-shaped directivity diagram. J. Mod.
Opt., 52: 1529-1536.

Doskolovich, L.L., N.L. Kazanskiy, V.A. Soifer, P. Perlo
and P. Repetto, 2005. Design of DOEs for wavelength
division and focusing. I. Mod. Opt., 52: 917-926.

Doskolovich, L.I., NIL. Kazanskiy, V.A. Soifer,
SI. Kharitonov and P. Perlo, 2004. A DOE to form
@ line-shaped diectivity diagram. J. Mod. Opt,
51: 1999-2005.

Evdokimov, D.V., D.G. Fedorov and D.L. Skuratov, 2014.
Thermal stress research of processing and formation
of residual stress when end milling of a workpiece.
World Applied Sc1. T, 31: 51-55.

Finogenov, L.V, Y.A. Lemeshko, P.S. Zavyalov and
Y. V. Chugui, 2007. 3D laser inspection of fuel
assembly grid spacers for nuclear reactors based on
diffractive optical elements. Measur. Sci. Technol.,
18:1779-1785.

Glushchenko, A.G., EP. Glushchenko, N.L. Kazanskiy
and L.V. Toporkova, 2013. Standing waves 1n
nonreciprocal media. Comput. Opt., 37: 415-418.



Res. J. Applied Sci., 9 (11): 834-842, 2014

Glushchenko, A.G., GN. Goncharova, N.I.. Kazanskiy and
L.V. Toporkova, 2011. Effect of magnetization of
magnetooptic  structure  on  the reflection of
electromagnetic waves. Comput. Opt., 35: 231-237.

Golovashkin, D.L.. and N.L. Kasanskiy, 2011. Solving
diffractive  optics  problems using  graphics
processing units. Optical Memory Neural Networks,
20: 85-89.

Golovashkin, D.L. and N.L. Kazanskii, 2007. Incident
wave source conditions for the finite-difference
time-domain method: Two-dimensional formulation.
Optoelectronics Tnstrum. Data Proc., 43: 547-555.

Golovashkin, D.L. and N.L. Kazanskiy, 2009. Mesh
domain decomposition in the finite-difference
solution of Maxwell's equations. Optical Memory
Neural Networks, 18: 203-211.

Golovashkin, D.L., NL. Kazanskiy, V.A.  Soifer,
V.8. Pavelyev, V.S. Solovyev, G.V. Usplenyev and
A V. Volkov, 2002. Technology of DOE Fabrication.
In: Methods for Computer Design of Diffractive
Optical Elements, Soifer, V.A. (Ed.). John Wiley and
Sons, New York, pp: 267-345.

Golovashkin, D.L., N.L. Kazansky and V.N. Safina, 2004.
Using the finite-difference method for solving the
problem of H-wave diffraction with two-dimensional
dielectric gratings. Optical Memory Neural Networks,
13: 535-62.

Golub, M.A., IN. Sisakyan and V.A. Soifer, 1991 a. Infra-
red radiation focusators. Optics Lasers Eng.,
15:297-309.

Golub, M.A., LI. Doskolovich, NI. Kazanskiy,
S.1. Kharitonov, N.G. Orlova, LN. Sisakian and V. A.
Soifer, 1991b. Computational experiment for computer
generated optical elements. Proc. SPIE, 1500: 194-206.

Golub, M.A., LIL. Doskolovich, N.IL. Kazanskiy,
3.1 Kharitonov, IN. Sisakian and V. A. Soifer, 1991c.
Focusators at letters diffraction design. Proc. SPIE,
1500: 211-221.

Golub, M.A., N.I. Kazanskii, [N. Sisakyan, V.A. Soifer,
G.V. Usplen'ev, D.M. Yakunenkova and P.S.
Spangler, 1991d. Multigradation fresnel lens. Soviet
Phys. Tech. Phys., 36: 487-488.

Golub, MA., LIL. Doskolovich, N.I. Kazanskiy,
IV. Klimov and V.A. Soifer et al., 1992a. Focusers
of near-infrared laser radiation. Tech. Phys. Lett,
18: 39-41.

Golub, M.A., L L. Doskelovich, N.L. Kazanskii, V.A. Soifer
and S.I. Kharitonov, 1992b. Diffraction approach to
the synthesis of multifunctional phase elements.
Optics Spectroscopy, 73: 111-113.

Golub, M.A., LIL. Doskolovich, N.IL. Kazanskiy,
S.I. Kharitonov and V.A. Scifer, 1992¢c. Computer
generated diffractive multi-focal lens. . Med. Opt,
39:1245-1251.

Golub, M.A., N.I. Kazanskii, ITN. Sisakyan, V.A. Soifer
and S.I. Kharitonov, 1989a. Diffraction calculation of
the field intensity near the focal line of a focuser.
Optics Spectroscopy, 67: 814-815.

Golub, M.A., NL. Kazanski, AM. Prokhorov,
I.N. Sisakyan and V.A. Scifer, 1989b. Synthesis of
optical antennae. Comput. Opt., 1: 25-28.

Golub, M.A., N.L. Kazanskii, LN. Sisakyan and V.A. Soifer
1988a. Computational experiment with plane optical
elements. Optoelectron. Instrument. Data Process.,
1: 78-89.

Golub, M.A., S.V. Karpeev, N.L. Kazansku, A V. Iiraiv,
IN. Sisakyan, V.A. Soifer and G.V. Uvariv, 1988b.
Spatial phase filters matched to transverse modes.
Soviet J. Quantum Electron., 18: 392-393.

Golub, M.A., N.L. Kazanskii, LN. Sisakyan, V.A. Soifer
and S.I. Kharitonov, 1987. Diffraction calculation for
an optical element which focuses into a ring.
Optoelectron. Instrument. Data Process., 6: 7-14.

Golub, MA., NL. Kazanskiy, IN. Siakjan and
V.A. Soifer, 1990. Wave fronts forming by computer
generated optical elements. Proc. SPTE, 1183: 727-750.

Golub, MLA, O.E. Rybakov, G.V. Usplemjev, A.V. Volkov
and S.G. Volotovsky, 1995, The technology of
fabricating focusators of infrared laser radiation.
Optics Laser Technol., 27: 215-218.

Golub, M.A., SV. Kampeev, AM.  Prokhorov,
IN. Sisakyan and V.A. Soifer, 1981. Focusing light
into a specified volume by computer-synthesized
holograms. Sov. Tech. Phys. Lett., 7: 264-265.

Izotov, P.Y., N.L. Kazamskiy, D.L. Golovashkin and
S.V. Sukhanov, 2011. CUDA-enabled implementation
of a neural network algorithm for handwritten digit

recognmition. Opt. Memory Neural Networks,
20; 98-106.
Karpeev, S.V., V.8, Pavelyev, SN. Khonina,

N.L. Kazanskiy, A.V. Gavrilov and V.A. Eropolov,
2007. Fibre sensors based on transverse mode
selection. I. Modern Opt., 54: 833-844.

Kazanskii, N.I. and V. A. Kolpakov, 2009. Effect of bulk
modificattion of polymers m a directional low-
temperature plasma flow. Tech. Phys., 54: 1284 -1289.

Kazanskn, N.L., 1989. Correction of focuser phase
function by computer-experimental methods. Comput.
Optics, 1: 69-73.

Kazanskii, N.I., AL Kolpakov, V.A. Kolpakov and
V.D. Parann, 2007. Temperature measurement of a
surface exposed to a low-temperature plasma flux.
Tech. Phys., 52: 1552-1556.

Kazanskii, N.I., V.A. Kolpakov and AT Kolpakov,
2004. Amisotropic etching of Si10, in high-voltage
gas-discharge plasmas. Russian Microelectro.,
33:169-182.

840



Res. J. Applied Sci., 9 (11): 834-842, 2014

Kazanskiy, N. and R. Skidanov, 2012. Binary beam splitter.
Applied Opt., 51: 2672-2677.

Kazanskiy, N.L. and P.G. Serafimovich, 2012b. Cloud
computing for  nanophotonic  simulations.
Proceedings of the 4th International Workshop on
Optical Supercomputing, Tuly 19-21, 2012, Bertinoro,
Ttaly, pp: 54-67.

Kazanskiy, N.L. and P.G. Serafimovich, 2012a. Cloud
computing for rigorous coupled-wave analysis. Adv.
Optical Technol., Vol. 2012, 10.1155/2012/398341.

Kazanskiy, N.L. and P.G. Serafimovich, 2014. Coupled-
resonator optical waveguides for temporal integration
of optical signals. Opt. Exp., 22: 14004-14013.

Kazanskiy, N.I.. and S.B. Popov, 2010. Machine vision
system for singularity detection in monitoring the
long process. Opt. Memory Newral Networks,
19: 23-30.

Kazanskiy, N.I.. and S.B. Popov, 2012. Distributed storage
and parallel processing for large-size optical images.
Proc. SPIE, Vol. 8410.10.1117/12.92844]1.

Kazanskiy, N.L. and 8.1. Kharitonov, 2012. Transmission
of the space-limited broadband symmetrical radial
pulses focused through a thin film. Comput. Optics,
36: 4-13.

Kazanskiy, NI. and V.A. Soifer, 1994. Diffraction
investigation of geometric-optical focusators into
segment. Optik, 96: 158-162.

Kazanskiy, N.L., 2002. DOE-Based Lighting Devices. In:
Methods for Computer Design of Diffractive Optical
Elements, Scifer, V.A. (Ed.). John Wiley and Sons,
New York, USA., pp: 651-671.

Kazanskiy, N.L., 2006. Research complex for solving
problems of computer optics. Comput. Optics,
29: 58-77, (In Russian).

Kazanskiy, N.L., 2012. Research and education center
of diffractive optics. SPIE, Vol. 8410.
10.1117/12.923233.

Kazanskiy, N.I.., G.A. Podlipnov, A.A. Rakhaev and
ML. Sosnin, 2000a. Computation of the
electromagnetic field in longitudinally regular
structure. Optical Memory Neural Networks, 9: 23-29.

Kazanskiy, N.L., S.I. Kharitonov and V.A. Soifer, 2000b.
Simulation of DOE-aided focusing devices. Opt.
Memory Neural Networks, 9: 191-200.

Kazanskiy, N.I.., 81. Kharitonov, V.A. Scifer and
A V. Volkov, 2000c. Investigation of lighting devices
based on diffractive optical elements. Opt. Memory
Neural Networks, 9: 301-312.

Kazanskiy, N.L.., G.V. Uspleniev and A.V. Volkov, 2000d.
Fabricating and testing diffractive optical elements
focusing into a ring and into a twin-spot. Proc. SPIE,
10.1117/12.407678.

Proc.

841

Kazanskiy, N.I.., P.G. Serafimovich and S.N. Khonina,
2010. Harnessing the guided-mode resonance to
design nanooptical transmission spectral filters. Opt.
Memory Neural Networks, 19: 318-324.

Kazanskiy, N.I.., P.G. Serafimovich and S.N. Khonina,
2013. Use of photonic crystal cavities for temporal
differentiation of optical signals. Opt.  Lett.,
38:1149-1151.

Kazanskiy, N.I.., S.I. Kharitonov and V.A. Soifer, 1995.
Calculation of the field formed by a focusator
lluminated by Gaussian-Hermite beams. Proc. SPIE,
2363: 285-289.

Kazanskiy, N.L., S.I. Kharitonov and V.A. Soifer, 1996.
Application of a pseudogeometrical optical approach
for calculation of the field formed by a focusator.
Optics Laser Technol., 28: 297-300.

Kazanskiy, NIL., V.A. Kolpakov, AI Kolpakov,
S.V. Krichevsky, N.A. Tvliev and M.V. Desjatov,
2008a. Parameter optimization of a tribometric device
for rapid assessment of substrate surface cleanliness.
Opt. Memory Neural Networks, 17: 167-172.

Kazanskiy, N.L., S.V. Karpeev, V.A. Kolpakov,
3.V. Krichevsky and N.A. Ivhev, 2008b. Interaction of
dielectric substrates in the course of tribometric
assessment of the surface cleanliness. Opt. Memory
Neural Networks, 17: 37-42.

Kazanskiy, NL., SP. Murzin, A'V. Mejemun and
Y.L. Osetrov, 2008¢c. The formation of laser
radiation to create nanoscale porous structures
materials. Comput. Opt., 32: 246-248, (In Russian).

Kazanskiy, NL., SP. Mwzn, YL. Osetrov and
VI Tregub, 2011. Synthesis of nanoporous
structures in metallic materials under laser action.
Opt. Lasers Eng., 49: 1264-1267.

Kazanskiy, N.L., V.A Kolpakov and A.L Kolpakov, 2005.
Studies on a mechamsm of catalytic mask generation
in irradiation of an al-si structure with high-voltage
gas-discharge particles. Optical Memory Neural
Networks (Inform. Optics), 14: 151-160.

Kazanskiy, NL., V.A Kolpakov and V. V. Podlipnov, 2014.
Gas discharge devices generating the directed fluxes
of off-electrode plasma. Vacuum, 101: 291-297.

Kazanskiy, N.L., V.V. Kotlyar and V.A. Soifer, 1994.
Computer-aided design of diffractive optical
elements. Optical Eng., 33: 3156-3166.

Kazansky, N.1., 1990. Numerical experiment with a Fresnel
lens. Comput. Opties, 2: 17-21.

Khonma, SN., N.L. Kazanskiy and S.G. Volotovsky,
2011a. Influence of vortex transmission phase
function on intensity distribution in the focal area of
high-aperture focusing system. Optical Memory
Neural Networks, 20: 23-42.



Res. J. Applied Sci., 9 (11): 834-842, 2014

Khonina, SN., NL. Kazanskii, AYV. Ustinov and
S.G. Volotovskii, 201 1b. The lensacon: Nonparaxial
effects. J. Opt. Technol., 78: 724-729.

Khonma, SN., N.L. Kazanskiy and S.G. Volotovsky,
201 1¢. Vortex phase transmission function as a factor
to reduce the focal spot of high-aperture focusing
system. J. Mod. Opt., 58: 748-760.

Khonina, S.N., S.G. Volotovsky, S.I. Kharitonov and
N.L. Kazanskiy, 2013. Calculating the energy
spectrum of complex low-dimensional
heterostructures m the electric field. Scient. World T,
10.1155/2013/807462.

Moiseev, M.A., L.L. Doskolovich and N.L. Kazanskiy,
2011. Design of high-efficient freeform LED lens for
llumination of elongated rectangular regions. Opt.
Exp., 19: A225-A233,

Murzin, S.P., 2013, Exposure to laser radiation for creation
of metal materials nanoporous structures. Opt. Laser
Technol., 48: 509-512.

Pavelyev, V.5, S.A Borodin, N.L. Kazanskiy,
G.F. Kostyuk and A.V. Volkov, 2007. Formation of
diffractive microrelief on diamond film surface. Optics
Laser Technol ., 39: 1234-1238.

Pavelyev, V.5, V.A  Soifer, NL. Kazansky,
D.L. Golovashkin and A.V. Volkov et af, 2006.
Synthesis and investigation of diamond diffractive

optical elements. Proc. SPIE, Vol 6200.
10.1117/12.682129.
Perez, T, 8. Hoyas, DI. Skuratov, Y.I. Ratis,

1.A. Selezneva, P.F. de Cordoba and I.F. Urchueguia,
2008. Heat transfer analysis of intermittent grinding
processes. Int. J. Heat Mass Transfer, 51: 4132-4138.

Popov, V. V., 1989. Materials and methods for flat optical
elements. Comput. Optics, 1: 125-128.

Serafimovich, P.G., 2014. Diffraction analysis of focusing
optical  elements. SPIE, Vol 9156
10.1117/12.2054492.

Serafimovich, P.G., N.I.. Kazanskiy and SN. Khonina,
2013. Two-component cavity based on a regular
photomic  crystal nanobeam. Applied Opt,
52: 5830-5834.

Sisalcyan, IN., V.P. Shorin, V. A. Soifer, V.I. Mordasov and
V.V. Popov, 1990. Technological capabilities of
focusators i laser-induced material processing.
Comput. Opt., 2: 85-87.

Skuratov, D.I.., Y L. Ratis, I A. Selezneva, J. Perez, P.F. de
Cordoba and J.F. Urchueguia, 2007. Mathematical
modelling and analytical solution for workpiece
temperature in grinding. Applied Math. Modell.,
31:1039-1047.

Proc.

842

Soifer, V.A., 2013. Computer Design of Diftractive Optics.
Woodhead Publishing Ltd., USA., ISBN: 978-1-84569-
635-1, Pages: 896.

Soifer, V.A., 2014, Diffractive nanophotonmics and
advanced information technologies. Herald Russian
Acad. Sci., 84: 9-20.

Soifer, V.A,, L L. Doskolovich and N.L. Kazanskiy,
1994, Multifocal diffractive elements. Opt. Eng.,
33:3610-3615.

Soifer, V.A., L.L. Doskolovich, N.I.. Kazanskiy and
V.5, Pavelyev, 1995. Hybrid method for calculating
diffractive optical elements (DOEs) focusing into
radial focal domain. Proc. SPIE, 2426: 358-365.

Soifer, V.A., N.L. Kazanskiy and S.I. Kharitonov, 1998.
Synthesis of a binary DOE focusing into an arbitrary
curve, using the electromagnetic approxumation.
Optics Lasers Eng., 29: 237-247.

Soifer, V.A,, NL. Kazamskiy, SR. Abulkhanov,
L.L. Doskolovich and S.1. Kharitonov, 2007. Device
for thermal hardening of the cutting edge of the
cutter. Patent for ITnvention RUS 2341568, Tanuary 09,
2007,

Soifer, V.A., N.I. Kazanskiy, Y.S. Strelkov, AY. Dmitriev,
L.I. Doskolovich and S.1. Kharitonov, 201 1. Vibrating
mixer. Patent for Invention RUS 2422195, June 27,
2011.

Volkov, A V., N.L. Kazansku and G.V. Usplenev, 2001.
Automation of the physical experiment in computer
optics. Pattern Recogmit. Image Anal., 11: 469-470.

Volkov, AV, NL. Kazanskiy, O.J. Moiseyev and
V.A. Soifer, 1998. A method for the diffractive
microrelief formation using the layered photoresist
growth. Optics Lasers Eng., 29: 281-288.

Volkov, A.V., N.L. Kazansky and V.3. Solovjev, 2002a.
Checking the refractive index change in liquid
photopolymerizable  compositions. SPIE,
4680: 214-219.

Volkov, AV, NL. Kazansky, G.F. Kostyuk and
V.5. Pavelyev, 2002b. Dry etching of polycrystalline
diamond films. Optical Memory Neural Networks
{(Inform. Optics), 11: 135-137.

Volotovski, S.G., N.L. Kazanski, P.G. Serafimovich
and S.N. Khonma, 2001.
technologies in computer optics. Pattern Recogn.
Image Anal., 11: 471-473.

Volotovskii, S.G., N.I. Kazanskii, SB. Popov and
R.V. Khmelev, 2005. Machine vision system for
registration of oil tank wagons. Pattern Recognit.
Image Anal., 15: 461-463.

Proc.

Modem mformation



	834-842_Page_1
	834-842_Page_2
	834-842_Page_3
	834-842_Page_4
	834-842_Page_5
	834-842_Page_6
	834-842_Page_7
	834-842_Page_8
	834-842_Page_9

