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GEODESY AND MINE SURVEY

-~

ABOUT CHANGE OF COORDINATES IN TERRITORY OF THE RUSSIAN
FEDERATION AT TRANSITION FROM CS-95 TO SSC-2011

Vladimir I. Obidenko

Siberian State University of Geosystems and Technologies, 630108, Russia, Novosibirsk, 10
Plakhotnogo St., Ph. D., Vice-Rector for Educational Activities, phone: (383)343-39-88, e-mail:
ovi62@yandex.ru

Results of researches are resulted according to character and sizes of changes of co-ordinates
on territory of the Russian Federation at transition from the state system of co-ordinates CS-95 to
state system of co-ordinates of SSC-2011. It is noticed that in SSC-2011 the problem put by the de-
cision of the United Nations before world geodetic community and consisting in necessity of the co-
ordinated approach in creation national and global co-ordinate of bases is optimum solved. SSC-
2011 by the principles of construction it is identical to the International Terrestrial Reference Sys-
tem (ITRS), and it spheroid on parametres practically coincides with applied in ITRF2008 sphe-
roids. As a result of researches sizes of changes of geodetic and flat rectangular co-ordinates for 80
000 points in regular intervals located within borders of the Russian Federation on which basis the
thematic cards adumbrating about change of widths, longitudes, abscisses and ordinates on territory
of the Russian Federation are constructed are received. The table of the maximum, minimum and
average values of a difference of abscisses and ordinates for each of 29 Russian Federations cover-
ing territory of 6-degree co-ordinate zones (from Ne4 to Ne32) in SSC-2011 and CS-95, and also 2
thematic cards classifying these changes in some intervals is resulted. The given table, and also
thematic cards of differences of abscisses and ordinates allow manually, without resorting to the
help special softs for co-ordinate transformations, to calculate flat rectangular co-ordinates of a
point in SSC-2011 on its flat rectangular co-ordinates in CS-95 with accuracy of 1 m.

Key words: geodetic system of coordinates of 2011 (SSC-2011), system of co-ordinates of
1995 (CS-95), transformation of coordinates from CS-95 in SSC-2011, change of co-ordinates at
transition from CS-95 to SSC-2011.
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THE METHOD OF LEAST SQUARES (STATICS, DYNAMICS, AND MODELS WITH
UPDATED STRUCTURE)

Boris T. Mazurov

Siberian State University of Geosystems and Technologies, 630108, Russia, Novosibirsk, 10
Plakhotnogo St., Dr. Sc., Professor, Department of Physical Geodesy and Remote Sensing, phone:
(383)343-29-11, e-mail: btmazurov@mail.ru

Vladimir A. Padve

Siberian State University of Geosystems and Technologies, 630108, Russia, Novosibirsk, 10
Plakhotnogo St., Asociate Professor, Department of Applied Information Science and Systems,
phone: (383)343-18-53, e-mail: evdapav@mail.ru

The authors discuss the origin and the technology of the least squares method (LSM) as a so-
lution to the problem of compensating random errors of observations in astronomy and geodesy.
The evolution of the LSM functionality from the sum of the squares of the imposed LSM correc-

tions [VV]=min to the quadratic form W =V;! K3/, = minis described, considering the an-
ticipated correlation of data and different degrees of their pre cision. The use of LS-adjustment is
highlighted by analyzing and interpreting data in dynamic systems with known structure. The au-

thors address the issue of the limitations of using the LSM-based technologies, in situations with
unknown structure of the object under study.

Key words: least squares method, LS-corrections, functionality, random errors of observa-
tions, structure.
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INVESTIGATION OF THE ACCURACY OF MARKS INTERPOLATION OF THE RAIL-
WAY LONGITUDINAL PROFILE BY DIFFERENT METHODS

Nikolay V. Kanashin
Emperor Alexander | St. Petersburg State Transport University, 190031, Russia, Saint Petersburg, 9
Moskovsky Pr., Ph. D., Associate Professor, phone: (812)457-85-38, e-mail: nikolay kanashin@mail.ru

Ivan I. Sukharev
Emperor Alexander I. St. Petersburg State Transport University, 190031, Russia, Saint Petersburg, 9
Moskovsky Pr., Senior Laboratory Assistant, phone: (812)457-85-38, e-mail: sukharev_ivann@mail.ru

The article contents the results of studies evaluating the accuracy of interpolation of the rail-
way profile elevation by different methods. It is shown that the existing methods of solving this
problem are understudied and contains drawbacks. It is assumed that the interpolation is more accu-
rate description of the longitudinal profile than the approximation, and the interpolation method
which provides the required accuracy does not depend of the profile type. The correctness of
these assumptions was confirmed by experimental calculations and it is found that the best re-
sult of interpolation of the elevations of the longitudinal profile of the railway is provided by
spline interpolation.

Key words: railway, longitudinal profile, interpolation, approximation, accuracy of interpo-
lation, spline interpolation, interpolation of marks.
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THE SUBSTANTIATION OF METHODS OF ASSESSING THE QUALITY
OF BUILDING DIGITAL ELEVATION MODELS

Alina A. Kochneva

Saint-Petersburg Mining University, 199106, Russia, Saint-Petersburg, 21 Line V. O., 2, Assis-
tant, Department of Informatics and Computer Technology, phone: (911)73-100-74,
e-mail: alinakochneva@mail.ru

The method of construction of digital elevation models according to the airborne laser scan-
ning. The dependence of laser reflection density points from the angles of inclination of the terrain,
which is a flat terrain at angles of up to 2 °; hilly terrain with slope angles up to 4 °; rugged terrain
with slope angles up to 6 °; Mountain and foothill terrain with slope angles of more than 6 °. Re-
vealed a minimal amount of laser reflection points, which is necessary in the construction of digital
elevation models for different typical terrain. In the work of GIS - modeling of the terrain along the
route of the road design. In this terrain modeling was carried out in two stages: the first stage of
modeling - the creation of a digital terrain model, which includes all the points belonging to the sur-
face. This DTM has been conditionally accepted for the "ideal” model. With her comparing digital
elevation models with lower density TLO. The second stage of modeling - the creation of a digital
model of the relief on the marks obtained by taking into account the rating of the laser scanner error
(m = 0.1 m). areas have been identified to assess the quality of data airborne laser scanning: man-
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made nature of the relief; sites located in areas with the greatest inclination angles, such as hilly ter-
rain with slope angles of the order of 4 ° and rugged terrain with slope angles of about 6 °. The
evaluation of the quality of digital elevation models built according to airborne laser scanning.

Key words: digital terrain model, digital terrain model, airborne laser scanning, quality as-
sessment of digital elevation models.
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METHODICAL PECULIARITIES OF PROGNOSTIC MATHEMATICAL
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The compulsory condition of diagnostic control of dams is the creation of prognostic mathe-
matical models in accordance with the accepted "methodology of safety criteria determination of
hydraulic engineering structures™ [1] and recommendations of federal law.

With the development and evolution of numerical survey methods and calculating means
there appeared the opportunity to survey the condition of structures on the new more detailed level.
The created models of tense deformation condition of hydraulic structures due to actual loads: hy-
drostatic pressure, temperature, seepage condition etc. describe in details the condition of structures
from field studies data. However one should be careful to use them to predict deformations.

Modern Hydro Power Stations are the biggest structures on the planet, and their impact on the
nature and the nearest landscape is most significant. When creating mathematical models for de-
formation survey of hydraulic engineering structures it is necessary to choose correctly the right
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form and method of mathematical description of the process being studied, to determine the neces-
sary extent and accuracy of survey, to work out careful prognostic method and the efficiency of fi-
nal results.

The article describes methodical peculiarities of prognostic models’ creation for high dam de-
formation survey.

Key words: prognostic mathematical model, geodetic data, hydraulic engineering structures,
prognosis, dynamic models, recurrent models of 1 and 2 order, parametric model identification, de-
formation process.
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RESEARCH OF LASER SCANNING TECHNOLOGY AT ENGINEERING GEODESIC
SURVEYS FOR REPAIRING MOTORWAY
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In this article, the application of the laser scanning technique in the highway surveying for the
repair is considered. The measured are analyzed and the accuracy of the laser scanning data is esti-
mated by comparing them with the topographic elevation data resulting from geometric leveling of
the road axis. Also recommendations are given for field survey of terrestrial laser scanning to accu-
racy increase of measurements and increasing the effectiveness of geodetic survey. The investiga-
tion of accuracy the quantities measurement of milling and the new materials for the roadway re-
placement is made, depending on the density of the digital 3D terrain model of the road surface cre-
ated by laser scanning data.

Key words: laser scanning, engineering-geodetic surveys, accuracy estimation, digital relief
model, evenness, volume determination.
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THE RECOMPUTATION OF THE COORDINATES OF THE PROJECTION
OF GAUSS — KRUGER COORDINATES IN STEREOGRAPHIC PROJECTION
OF THE GAUSS IN THE CASE OF SOUTH KYRGYZSTAN
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At present the specialists of the GIS Centre of the Republic of Kyrgyzstan (RK) actively ex-
ists the implementation of GNSS technologies. The placement of base stations in the Republic of
Kazakhstan was started in 2011, and to provide a common coordinate system of the Kyrgyz Repub-
lic government resolution of 7 October 2010 No. 235, introduced a new unified state "coordinate
system Kyrg-06". The novelty of the article is that in return to the classical method of transition on
a plane, it is proposed stereographic projection of the Gauss. Its use increases the performance of
topographic and geodetic works, as well as automatiseret the production process of surveying for
the recomputation of the shooting. The article method was described for the South of Kyrgyzstan,
but it can be used for other areas. The size of the processed media can also vary from consisting of
several small base stations (local) to cover the whole country to the extensive national.

Key words: engineering and surveying work, stereographic projection, geodetic network, co-
ordinate system, projection, Gauss-Kruger, reduction of distances, GNSS, GIS, mathematical pro-
cessing, ellipsoid.
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In this work the preliminary estimate of crustal displacements at Far East region of Russia is
shown. Local Geodetic Network for space geodesy is presented at 2003-2014 period. Kinematics
parameters induced by strong earthquakes or geological structure are discussed. Analysis of the far-
field crustal displacements caused by the 2011 Great Tohoku earthquake inferred from continuous
GPS observations. Co-seismic jump up to 40 mm is registered at far-zone of Tohoku event. Irregu-
lar horizontal velocities are observed from 0,2 mm/y to 3,3 mm/y level.
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Set and achieved the aim of the study: the information obtained on the structural variation
landscape of a forest compartment using satellite images and displays it on the map. While this def-
inition: "spatial-temporal structure of the landscape, "structural variability of a landscape.”

The article suggests a methodology and the technological scheme of GIS-based mapping
of the structural variability of the landscapes of Baikal national Park based on automated interpreta-
tion of multispectral satellite images of Landsat. During the work the following methods were used:
processing and interpretation of multi-temporal satellite imagery, GIS processing, statistical analy-
sis, comparison of the results.

The calculated sum of squares and weighted percentages of areas classes change in each land-
scape partition. Also reviewed content created maps: "Map of NDVI changes in the landscapes
of Olkhon island and Preagonal the period of 2009-2015", "Map weighted average of the structural
variability of the landscapes of Olkhon island and Olkhon region in the period 2009-2015".

It is concluded that multi-temporal space images of medium resolution provide the ability
to perform spatial-temporal analysis of the condition of the landscape.
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Key words: the structural variability of landscapes, the weighted average percentage, auto-
mated processing and interpretation of space images, the method and technological scheme
of GIS mapping, maps contents, Pribaikalsky National Park.

REFERENCES

1. Solntsev, N. A. (2001). Uchenie o landshafte (izbrannye trudy) [The doctrine of the land-
scape (selected works)]. Moscow: MGU [in Russian].

2. Osobo ohranjaemye prirodnye territorii Irkutskoj oblasti i Baikal’skogo regiona [Specially
protected natural areas in Irkutsk region and the Baikal region]. (n. d.). Retrieved from:
http://www.irkobl.ru/sites/baikal/monitoring/kadastr/oopt/ [in Russian]

3. Nikitina, Yu. G., & Olzoev, B. N. (2014). Space image-based study of Baikal region landscape
anthropogenic transformation (by example of Olkhon island). Vestnik IrGTU [Vestnik ISTU], 2, 67-74
[in Russian].

4. Nikitina, Yu. G., Olzoev, B. N., & Plastinin, L. A. (2015). Development of the man impact
map content on Pribaikalsky national park’s landscapes. Izvestia vuzov. Geodezija i ajerofotosemka
[1zvestia Vuzov. Geodesy and Aerophotography], 5/C, 211-217 [in Russian].

5. Kravtsova, V. I. (1995). Kosmicheskie metody kartografirovanija [Space methods map-
ping]. Moscow: MGU [in Russian].

6. Jelektronnaja karta "Baikal’skaja prirodnaja territorija. M-b 1 : 1 000 000" [Electronic
map "The Baikal natural territory. Scale 1 : 1 000 000"]. (n. d.). Retrieved from: http://geol.irk.ru/
baikal/ [in Russian].

7. Electronic card "Natural landscapes and their use". (2009). In "Prirodnye resursy,
hozjajstvo i naselenie Baikal’skogo regiona. Serija iz 100 kart". CD disk ["Natural resources,
economy and population of the Baikal region. A series of 100 maps". CD]. Irkutsk: V. B. Sochava
Institute of Geography SB RAS [in Russian].

8. Knizhnikov, Yu. F. (2004). Aerokosmicheskie metody geograficheskih issledovanij:
[Aerospace methods of geographical research]. Moscow: Akademiya [in Russian].

9. Atmosfernaja korrekcija po metodu DOS [Atmospheric correction by the method of DOS].
(n. d.). Retrieved from: http:// www.gis-lab.info/qa/atcorr-dos.html [in Russian].

10. Programmnyj kompleks ENVI [The software package ENVI]. (2011). Moscow: Sovzond
[in Russian].

11. Lur’e, 1. K. (2008). Geoinformacionnoe kartografirovanie. Metody geoinformatiki
i cifrovoj obrabotki kosmicheskih snimkov [GIS mapping. Geoinformatics and digital processing
of space images methods]. Moscow: KDU [in Russian].

12. Lis’ev, V. P. (2006). Teorija verojatnosti i matematicheskaja statistika [Probability theo-
ry and mathematical statistics]. Moscow [in Russian].

Received 08.02.2017
© Yu. G. Nikitina, B. N. Olzoev, 2017

AUTOMATION AND USE OF RETROSPECTIVE MAPS OF LAND REGISTRATION
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The article presents the results of the use of retrospective cartographic materials for land use regis-
tration in the geoinformation study of nature management and transformation of natural landscapes in
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the central part of the Lake Baikal basin in the 20th century. Comprehensive comparative analysis of
retrospective maps with modern maps similar to thematic content and scale is given. The characteristics
of retrospective maps are given, their suitability as documents for long-term monitoring of regional na-
ture management and transformation of natural landscapes is assessed. A methodology for geometric
correction of retrospective object layers in the Arc GIS software environment was developed. A tech-
nique for automating retrospective maps based on geoinformation technology has been developed.
An example of the final map of land use monitoring in the Lake Baikal basin is presented.

Key words: retrospective maps, cartographic monitoring of land use, GI1S-technology, geo-
metric correction.
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Calculating the volume of bodies is necessary in everyday human activities. You can find
multiple methods to solve this problem in the literature on classical geometry and mathematical
analysis. But it is very difficult to calculate volume of bodies with complex geometric shapes and
find a solution with required accuracy. The article offers an examination of a method used to calcu-
late the volume and/or the size of some bodies, which is based on some certain numerical se-
quence drawn up to assess the volume and/or the size to be calculated ‘from above’ as well as
‘from below’. It allows evaluating limiting measurement error in the process of volume calculation
and completing this process in achieving the required accuracy. Here are quoted the results obtained
by means of calculating the bodies’ volume and/or their size through the use of this method. The
results of the calculating experiments have been compared to those obtained when calculating the
volume and/or the size according to some analytical formulas. The results which have been ob-
tained here have demonstrated the fact that this method enables our calculating the volumes of bod-
ies with some certain accuracy quite acceptable for practical purposes whereas the number of opera-
tions which are necessary is rather small.

Key words: body volume, calculation “from above’, “from below’, limiting measurement er-
ror, numerical sequences, number of iterations.
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Forest industries in finding forest land for rent, do not have access to structured information
on the state of the site and its characteristics (distance from industrial centers, the possible ways of
transporting the wood to the processing sites, data on species composition and quality of the wood
at the site, the site relief, transportation path located at the site, soil structure of the site, the infor-
mation on protective and exploitation forests, etc.). For effective planning and organization of tim-
ber harvesting production must have structured information about the resource base for qualitative
analysis and modeling of the logging process. The most complete information of its quantity, quali-
ty, location, availability of forests in the area can be found on the basis of the geographical ap-
proach. The most effective way to assemble all the necessary information in an accessible form and
submit it to the end user is the development of a specialized geographic information system for for-
est users. The paper presents the experience of creating specialized geographic information system
based on Arc GIS for Desktop software for Krasnoyarsk Krai, containing map layers (boundaries of
forest districts of Krasnoyarsk Krai, road network, railways, hydrography, the rental base, slopes,
topography, associated with fire risk areas, soil map, species composition of forests, quarter net of
forest districts, specially protected natural territories. Using this information, forest user can per-
form wide range of tasks in planning and conducting forest management activities on the leased
forest areas, as well as to solve problem of choosing forest areas for future rent, delivery of raw ma-
terials, availability of information on forest resources.

Key words: GIS-technology, GIS resource, cartographic materials, forest use, management of
forest resources, forest parcel, planning timber production.
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From scientific and practical points of view, the article analyses the obstacles impeding the
implementation of the Unified Real Estate State Register (URESR) data public reliability principle
in Russia. The issues of filling the URESR information if data contradict other Federal information
resources. Judicial practice for the protection of Federal real estate property in cases of forest lands
and agricultural lands double accounting analyzed (on the example of Irkutsk region). The main
causes of land disputes in the modern period researched. The rights protection effectiveness by re-
solving individual disputes in the courts is discussed. The need to strengthen the geo-information
role in the ordering data in the state registries is substantiated.

Key words: geo-information, earlier registered land parcels, Unified State Real Estate Regis-
ter, state forestry register, state data holding, real estate cadastre, land double accounting, out of
register rights.
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Nowadays computers are the most popular in the human life. There are a lot ofRussian uni-
versities training highly qualified specialists in the field of geographic information systems (GIS) is
conducted at several levels: undergraduate, specialty, graduate and postgraduate (training of highly
qualified personnel). They have a person skilled in the field of GIS.

To review and further study of GIS technology, students in practical classes and seminars perform
various tasks with the help of computer applications, primarily in MapInfo Professional. At the same
time the more practice the students will be, the more they will become competent professionals.

The article provides the development and the initial data for the scientific and educational
geoinformation portal of Tyumen Industrial University, whose purpose — placing, storage, and free
on-line access to diverse educational, scientific and reference spatial data on the territory of the ur-
ban district of the city of Tyumen

Key words: GIS, web technologies, spatial data infrastructure, geoportal, agricultural lands,
planningarea.
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THE RESULTS OF DATA QUALITY IMPROVEMENT IN UNIFIED STATE REGISTER
OF REAL ESTATE ON THE TERRITORY OF NOVOSIBIRSK REGION
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The Unified State Register of Real Estate (further — USR of RE) has been legally exiting from
01.01.2017, but actually it is necessary to complete the data flow from the Unified State Register of
Real Estate Rights and Deals (further — USR of RERD) and State Real Estate Cadastre (further
SREC), that is, the transfer of data from the given inherited information systems with the condition
of simultaneous assurance of completeness, quality and authenticity of these real estate objects data
being transferred and integrated.

The data flow (migration) is planned to be completed by July 2017, however the existing mi-
gration results highlight the overall picture of data completeness and quality on the Novosibirsk Re-
gion territory, and also serve as the quality work evidence of verification and harmonization of data
from USR of RERD and SREC both in corresponding cadastral numbers and harmonizing essential
features of real estate objects from USR of RERD and SREC in relation to each other.

Key words: the Unified State Register of Real Estate, USR of RERD data migration, verifica-
tion and harmonization of data from USR of RERD and SREC, information completeness and au-
thenticity, right register, cadastral control, data quality improvement.
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THE MAIN APPROACHES OF CONDUCTING THE REGISTRATION SYSTEM ON THE
EXAMPLE OF «A UNIFIED REAL ESTATE COMPLEX»
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Introduction in the Civil code of a new object of the corporeal rights — the single immovable
complex (ENK) is intended to simplify the procedure of registration and to increase efficiency of
turnover of complex infrastructure facilities. The practical demand and efficiency of application of a
design of ENK in civil circulation will be determined in many respects by refining and enhance-
ment of relevant provisions of the land and town-planning legislation, legislation concerning the
cadastral registration and registration of the rights to real estate. This article is devoted to changes in
Art. 133.1 of the Civil Code of the Russian Federation directed to implementation of the idea of
creation of a single immovable complex which components are united by an overall objective of
use. Creation of the universal information resource containing all information base of real estate
objects and data on all urgent and stopped liabilities of owners allows to receive well-defined rules
of rendering the state services, the exhaustive list of documents, a detailed regulation of services,
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reducing terms of rendering the state services that completely modernizes accounting and registra-
tion system.

Key words: unified real estate complex, enterprise, parcel, registration system, cadastre, real
property, unified state register of rights, the unified state of real estate register, technical plan, Fed-
eral information address system.
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In article methodical scientific approaches whis forming steady land use in intensively devel-
oped territories are considered. The advanced methodology of steady land use on the base of biotic
regulation of the environment and of the hierarchy management's levels of steady land use is of-
fered. On the basis of this methodology the scientific and methodical principles of steady land use
are considered: reasons for strategic priorities and indicators, complex (ekologo-economic) assess-
ment, determination of "corridors™ of admissible land use, coordination of interests of individual
land users and public concerns, multicriterial (cross-disciplinary) optimization of multi-purpose
land use. Strategic priorities and indicators of steady land use depend on the ecological, economic
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and social conditions and forms of land use. Ecological and economic evaluation of land resources
is based on physical indicators, technological and technical parameters, economic equivalents and
complex criterion. Determination of "corridors™ of admissible land use is made in ecological, eco-
nomic and social parameters. Individual interests of land users are manifested on rather short peri-
ods of time, and public preferences are expressed in continuous, long-term land use. The search for
optimal sustainable land management variants unconsists in disclosure of uncertainty optimal solu-
tions for particular criteries in multicriterial decision on reasonable concessions.

Key words: steady land use, intensively developed territories, methodology of steady land
use, the principles of steady land use, biotic regulation, hierarchy of management, strategic priori-
ties, complex assessment, ""corridors” of land use, individual interests.
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The review is devoted to one of most intensively developing sections of optics — to photon
jets. The general concept of a photon jet is formulated and the basic characteristics which concern
to the given section of a science are resulted. Are considered dielectric mesoscale the particles
forming photon jets with axial and without axial symmetry. The basic directions of researches and
areas of practical application of the phenomenon of «photon jet» from an individual particle, and
array particles are shined.
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REFERENCES

1. Minin, I. V., & Minin, O. V. (2015). Kvazioptika: sovremennye tendentsii razvitiya
[Qasioptica: sovremennuie tendenzii razvitia]. Novosibirsk: SSUGT [in Russian].

2. Minin, I. V., & Minin, O. V. (2014). Experimental verification 3D subwavelength resolu-
tion beyond the diffraction limit with zone plate in millimeter wave. Microwave and Optical Tech-
nology Letters, 56(10), 2436-2439.

3. Pendry, J. B. (2000). Negative Refraction Makes a Perfect Lens. Phys. Rev. Lett., 85, 3966 p.

4. Mansfield, S. M., Kino, G. S. (1990). Solid immersion microscope. Appl. Phys. Lett., 57,
2615 p.

5. Minin, V., Minin, O. V., Gagnon, N., & Petosa, A. (2006). FDTD Analysis of a Flat Dif-
fractive Optics with Sub-Reyleigh Limit Resolution in MM/THz Waveband. Proceedings of Joint
31st International Conference on Infrared Millimeter Waves and 14™ International Conference Te-
rahertz Electronics (IEEE) (p. 170). China: Shanghai.

6. Minin, V., & Minin, O. V. (2014). 3D diffractive lenses to overcome the 3D Abbe
subwavelength diffraction limit. Chin. Opt. Lett., 12, 060014 p.

7. Lu, Y. F., Zhang, L., Song, W. D., Zheng, Y. W., & Luk’yanchuk, B. S. (2000). J. Exp.
Theor. Phys. Lett., 72, 457 p.

8. Hao, X., Kuang, C., Liu, X., Zhang, H., & Li, Y. (2011). Appl. Phys. Lett., 99, 203102 p.



9. Heifetz A. et al. (2006). Experimental confirmation of backscattering enhancement in-
duced by a photonic jet. Appl. Phys. Lett., 89, 221118 p.

10. Minin I. V., & Minin, O. V. (2016). Diffractive optics and nanophotonics: Resolution be-
low the diffraction limit. Springer. Retrieved from http://www.springer.com/us/book/
9783319242514#aboutBook

11. Rashed, R. (1990). A Pioneer in Anaclastics: Ibn Sahl on Burning Mirrors and Lenses.
Isis, 81, 464-91.

12. C. Crombie. (1971). Robert Grosseteste and the Origins of Experimental Science. Ox-
ford: Clarendon Press.

13. Li, X., Chen, Z., Taflove, A., & Backman, V. (2005). Optical analysis of nanoparticles
via enhanced backscattering facilitated by 3-D photonic nanojets. Opt. Express, 13, 526 p.

14. Mie, G. (1908). Contributions to the optics of turbid media, particularly of colloidal metal
solutions. Ann. Phys., 25(3), 377-445.

15. Geinc, Y., Zemlinov, A., & Panina, E. (2012). Mikrochasticia v intensivnom svetovom
pole. Palmarium Academic Publishing.

16. Benincasa, D. S., Barber, P. W., Zhang, Jian-Zhi, Hsieh, Wen-Feng, & Chang R. K.
(1987). Spatial distribution of the internal and near-field intensities of large cylindrical and spheri-
cal scatterers. Applied Optics, 26(7), 1348-1356.

17. Jalalia, T., & Erni, D. (2014). Highly confined photonic nanojet from elliptical particles.
Journal of Modern Optics, 61(13), 1069-1076.

18. Ruiz, C. M., & Simpson, J. J. (2010). Detection of embedded ultrasubwavelength-thin di-
electric features using elongated photonic nanojets. Optics Express, 18(16), 16805 p.

19. Cheng-Yang Liu. (2014). Photonic nanojet shaping of dielectric non-spherical
microparticles. Physica E, 64, 23-28.

20. Luk’yanchuk, B., Zheludev, N. I., Maier, S. A., Halas, N. J., Nordlander, P., Giessenand,
H., & Chong, T. C. (2010). The Fano resonance in plasmonic nanostructures and metamaterials.
Nat. Mater, 9, 707-715.

21. Liu, C-Y., & Li, C-C. (2016). Photonic nanojet induced modes generated by a chain of
dielectric microdisks. Optik, 127, 267-273.

22. Jinlong, Zhu, & Lynford, L. (2016). Goddard. Spatial control of photonic nanojets. Optics
Express, 24(26), 30445.

23. Pacheco-Pena, V., Beruete, M., Minin, 1. V., & Minin, O. V. (2014). Terajets produced
by 3D dielectric cuboids. Appl. Phys. Lett., 105, 084102 p.

24. Minin, I. V., Minin, O. V., & Geintz, Y. E. (2015). Localized EM and photonic jets from
non-spherical and non-symmetrical dielectric mesoscale objects: brief review. Annalen der Physik
(AdP). doi: 10.1002/andp.201500132.

25. Geints, Yu. E., Zemlyanov, A. A., & Panina, E. K. (2015). Characteristics of photonic
jets from microcones. Optics and Spectroscopy, 119, 849-854.

26. Liu, C. Y. (2015). Photonic jets produced by dielectric micro cuboids. Appl. Optics, 54,
8694-8699.

27. Minin, V., Minin, O. V., Pacheco-Pefia, V., & Beruete, M. (2015). Localized photonic
jets from flat, three-dimensional dielectric cuboids in the reflection mode. Optics Letters, 40, 2329-
2332.

28. Minin 1. V., & Minin O. V. (2014). Fotonica izolirovannuh dielectricheskih chastic
proizvolnoi trehmernoi formy — novoe napravlenie opticheskih informacionnuh technologii. Vestnik
NGU. Seriya: Informacionnue technologii [Novosibirsk State University Journal of Information
Technologies], 4, 4-10 [in Russian].

29. Minin, 1. V., & Minin, O. V. Patent RF No 153686. Novosibirsk: IP Russian Federation.

30. Minin, I. V., & Minin, O. V. Patent RF No 164738. Novosibirsk: IP Russian Federation.


http://lukiyanchuk.ru/publ/52.pdf
http://lukiyanchuk.ru/publ/52.pdf
http://lukiyanchuk.ru/publ/52.pdf
http://www.sciencedirect.com.ejproxy.a-star.edu.sg/science/article/pii/S0030402615013261?np=y
http://www.sciencedirect.com.ejproxy.a-star.edu.sg/science/article/pii/S0030402615013261?np=y
http://apps.webofknowledge.com.ejproxy.a-star.edu.sg/full_record.do?product=UA&search_mode=GeneralSearch&qid=4&SID=R2jeh3mfp96HQuoFem3&page=1&doc=6
http://apps.webofknowledge.com.ejproxy.a-star.edu.sg/full_record.do?product=UA&search_mode=GeneralSearch&qid=4&SID=R2jeh3mfp96HQuoFem3&page=1&doc=6
http://apps.webofknowledge.com.ejproxy.a-star.edu.sg/full_record.do?product=UA&search_mode=GeneralSearch&qid=4&SID=R2jeh3mfp96HQuoFem3&page=1&doc=8

31. Wang, Z. B., Guo, Wei, Pena, A., Whitehead, D. J., Luk'yanchuk, B. S., Li, Lin., Liu, Z.,
Zhou, Y., & Hong, M. H. (2008). Laser micro/nano fabrication in glass with tunable-focus particle
lens array. Optics Express, 16(24), 19706 p.

32. Arnold, N. Influence of the substrate, metal overlayer and lattice neighbors on the focus-
ing properties of colloidal microspheres. (2008). Appl. Phys., A Mater. Sci. Process., 92(4), 1005-
1012.

33. Pikulin, A., Afanasiev, A., Agareva, N., Alexandrov, A. P., Bredikhin, V., & Bityurin, N.
(2012). Effects of spherical mode coupling on near-field focusing by clusters of dielectric micro-
spheres. Optics Express, 20(8), P. 9052-9057.

34. Geinz, Y. E., Zemlyanov, A. A., & Panina, E. K. (2016). Characteristici fotonnuch
nanostrui ot yporiadochennuh microsborok dielectricheskih sphere. Qantovaia electronic, 46(3),
236 p.

35. Allen, K. W., Farahi, N., Li, Y., Limberopoulos, N. I., Walker Jr., D. E., Urbas, A. M., &
Astratov, V. N. Overcoming the diffraction limit of imaging nanoplasmonic arrays by microspheres
and microfibers. Opt. Express, 23, 24484-24496.

36. Zeng Bo Wang, Wei Guo, Luk'yanchuk, B., Whitehead, D. J., Li, Lin., & Liu, Z. (2008).
Optical Near-field Interaction between Neighbouring Micro/Nano-Particles. JLMN-Journal of La-
ser Micro/Nanoengineering, 3(1), 14-18.

37. Prevo, B. G., Hon, E. W., & Velev, O. D. (2007). Assembly and characterization of col-
loid-based antireflective coatings on multicrystalline silicon solar cells. J. Mater. Chem., 17, 791-
799.

38. Chan, C.-H., Fischer, A., Martinez-Gil, A., Taillepierre, P., Lee, C.-C., Yang, S.-L., Hou,
C.-H., Chien, H.-T., Cai, D.-P., & Hsu, K.-C. et al. (2010). Anti-reflection layer formed by mono-
layer of microspheres. Appl. Phys. B., 100, 547-551.

39. Lebedev-Stepanov, P. V., Cadychnicov, R. M., Molchanov, S. P., Ivanov, A. A.,
Mitrohin, V. P., Vlasov, K.O., Rubin, N. I, Yrasik, G. A., Nazarov, V. G., Alfimov, M. V. (2013).
Nanoparticles self-assembly into a microvolume of colloidal solution: physics, computation, exper-
iments. Rossiskie nanotechnologii [Russian nanotechnology], 8(3-4), 5-23 [in Russian].

40. Aizenberg, J., Braun, P. V., Wiltzius, P. Patterned Colloidal Deposition Controlled by
Electrostatic and Capillary Forces. Phys. Rev. Lett., 84(3), 2997-3000.

41. Br’etagnol, F., at al. (2007). Fabrication of functional nano-patterned surfaces by a com-
bination of plasma processes and electron-beam lithography. Nanotechnology, 18, 135303.

42. Gencelev, A. N., Goldenberg, B. G., Condratiev, V. |., & Penrova, T. V. Patent RF Ne
2350996. IP Russian Federation.

43. Alfimov, M. V., Lebedev-Steganov, P. V., & Hohkov, P. E. Patent RF Ne 2387044. IP
Russian Federation.

44. Meyerhofer, D. (1978). Characteristics of resist films produced by spinning. J. Appl.
Phys., 49, 3993-3997.

45. Calinin, D. V., Serdobiceva, V. V., Plehanov, A. I., Sobolev, N. V. (2005). The mecha-
nism of formation of regular structures of precious opal in the form of a film on the surface of sol-
ids. Dokladu akademii nayk [Reports of the Academy of Science], 2, 227-229 [in Russian].

46. Dziomkina, N., & Vancso, J. (2005). Colloidal Crystal Assembly on Topologically Pat-
terned Templates. Soft Matter, 1, 265-279.

47. Tretyakov, S. Yu., Khokhlov, P. E., & Lebedev-Stepanov, P. V. (2008). Self-Assembly of
colloids in solution thin films. 3rd International Conference Proceedings, October 1-4: Vol. 1
(pp. 104-105). Russia: Kaluga.

48. Rudenko, O. V., Lebedev-Stepanov, P. V., Korobov, A. 1., Korshak, B. A., Molchanov,
S. P., & Alfimov, M. V. (2010). Self-assembly of colloidal-particle ensembles in an acoustic field.
Rossiyskie nanotekhnologii [Nanotechnologies in Russia], 7-8, 63 p. [in Russian].


http://elibrary.ru/title_about.asp?id=31866

49. Molchanov, S. P., Lebedev-Stepanov, P. V., Clinovskii, S. O., Cherstov, K. F.,
Tretyakov, S. Yu., & Alfimov, M. V. (2010). Self-assembly of ordered layers of silica microspheres
on a vertical plate. Rossiyskie nanotekhnologii [Nanotechnologies in Russia], 5-6, 54 p. [in Rus-
sian].

50. Langmuir, 1. J. (1917). The constitution and fundamental properties of solid and liquids
Am. Chem. Soc., 39, 1848-1906.

51. Blodgett, K. B. (1935). Films built by depositing successive monomolecular layer on a
solid surface. Am. Chem. Soc., 57, 1007-1022.

52. Khan, A., Wang, Z. B., Sheikh, M. A., Whitehead, D. J., & Li, L. (2011). Laser mi-
cro/nano patterning of hydrophobic surface by contact particle lens array. Appl. Surf. Sci., 258(2),
774-779.

53. Minin, O. V., & Minin, 1. V. (2017). Acoustojet: acoustic analogue of photonic jet phe-
nomenon based on penetrable 3D particle. Opt Quant Electron, 49, 54 p. doi: 10.1007/s11082-017-
0893-y.

54. Hoang, T. X., Duan, Y., Chen, X., Barbastathis, G. (2015). Focusing and imaging in mi-
crosphere-based microscopy. Opt. Express, 23, 12337-12353.

55. Darafsheh, Li, Y., & Astratov, V. N. (2013). Super-resolution microscopy by dielectric
microcylinders. 15th Int'l Conf. Transparent Opt. Networks. Paper Tu (38 p.).
d0i:10.1109/ICTON.2013.6602907.

56. Hao, X., Liu, X., Kuang, C. Li, Y., Ku, Y., Zhang, H., Li, H., & Tong, L. (2013). Far-
field super-resolution imaging using near-field illumination by micro-fiber. Appl. Phys. Lett., 102,
013104 p. doi:10.1063/1.4773572.

57. Allen, K. W., Farahi, N., Li, Y., Limberopoulos, N. I., Walker Jr., D. E., Urbas, A. M.,
Liberman, V., Astratov, V. N. (2015). Super-resolution microscopy by movable thin-films with em-
bedded microspheres: resolution analysis. Ann. Phys., 527, 513-522.

58. Darafsheh, Walsh, G. F., Dal Negro, L., & Astratov, V. N. (2012). Optical super-
resolution by high-index liquid-immersed microspheres. Appl. Phys. Lett., 101, 141128 p.
doi:10.1063/1.4757600.

59. Yang Hui, Cornaglia Matteo, & Gijs Martin. Patent WO 2016/020831. System for optical
detection and imaging of sub-difraction-limited nano-objects.

60. Minin, I. V., & Minin, O. V. Patent RF No 166253. Novosibirsk: IP Russian Federation.

61. Vahala, K. J. (2003). Optical microcavities. Nature, 424, 839 p.

62. Zyravlev, M. V., Solis, N. W., & Pereniagin P. Y. et all. (2016). Threshold intensity and
coefficient of raman scattering amplification in a high-q bilayer microresonator during the for-
mation of internal and external submicron photonic jets: a photonic nanojet in the near field.
Zhurnal tekhnicheskoy fiziki [Technical Physics. The Russian Journal of Applied Physics], 86(4),
106-112.

63. Minin, I. V., & Minin, O. V. The optical microgauge on the basis of photon jets
TeparepuoBbIX, IR or optical waves. Patent RF No 153471, 155174, 161592. Novosibirsk: IP Rus-
sian Federation.

64. Minin, I. V., & Minin, O. V. The subwave gauge of wave front. Patent RF No 152504,
160810, 153626. Novosibirsk: IP Russian Federation.

65. Minin, I. V., & Minin, O. V. Small-sized spectrometric the gauge of radiation. Patent RF
No 153680. Novosibirsk: IP Russian Federation.

66. Minin, I. V., & Minin, O. V. (2016). Metrologiya v fotonike i nanooptike [Metrology in
photonics and nanooptics]. Novosibirsk: SSUGT [in Russian].

67. Minin, I. V., & Minin, O. V. The dielectric aerial to a basis of a semi-conductor material
with optical in operated electromagnetic parameters. Patent RF No 160955. Novosibirsk: IP Rus-
sian Federation.


http://elibrary.ru/title_about.asp?id=31866
http://elibrary.ru/contents.asp?issueid=1667943

68. Minin, I. V., & Minin, O. V. The multielement small-sized emitter of the generator
terahgerz radiations. Patent RF No 160986. Novosibirsk: IP Russian Federation.

69. Minin, I. V., Minin, O. V., Pacheno, Pena, & Beryente, M. (2016). Subwavelength, stand-
ing-wave optical trap based on photonic jets. Kvantovaya elektronika [Quantum Electronics], 46(6),
555-557 [in Russian].

70. Minin, I. V., & Minin, O. V. The device of transportation focused plazmon-poliariton an
optical range. Patent RF No 166250. Novosibirsk: IP Russian Federation.

71. Minin, I. V., & Minin, O. V. The device of the water drain and transportation of energy
photon jets. Patent RF No 163673. Novosibirsk: IP Russian Federation.

72. Minin, I. V., & Minin, O. V. The device of the water drain and subwave electromagnetic
waves. Patent RF No 163674. Novosibirsk: IP Russian Federation.

73. Minin V.F., Minin, 1. V., & Minin, O. V. The device quasioptical lines of transfer
terahgerz waves. Patent RF No 2591282. Novosibirsk: IP Russian Federation.

74. Minin, 1. V., & Minin, O. V. Century lightdevide a dielectric cube with an opportunity of
focusing. Patent RF No 160168. Novosibirsk: IP Russian Federation.

75. Tingting Wang, Cuifang Kuang, Xiang Hao, & Xu Liu. (2011). Subwavelength focusing
by a microsphere array. J. Opt., 13, 1-5 doi:10.1088/2040-8978/13/3/035702.

76. Wei Wu, Alex Katsnelson, Omer G Memis, & Hooman Mohseni (2007). A deep sub-
wavelength process for the formation of highly uniform arrays of nanoholes and nanopillars. Nano-
technology, 18, 485302 p. doi:10.1088/0957-4484/18/48/485302.

77. Chiu, W. L., Alkaisi, M. M., Kumaravelu, G., Blaikie, R. J., Reeves, R. J., & Bittar A.
(2006). Sub-Wavelength Texturing for Solar Cells Using Interferometric Lithography. Adv. Sci.
Technol., 51, 115-120.

78. Rogalski, A. (2003). Quantum well photoconductors in infrared detector technology.
J. Appl. Phys, 93, 4355-91.

79. Masuda, H., Ohya, M., Nishio, K., Asoh, H., Nakao, M., Nohtomi, M., Yokoo, A., &
Tamamura, T. (2000). Photonic band gap in anodic porous alumina with extremely high aspect ratio
formed in phosphoric acid solution. Jpn. J. Appl. Phys., 39(2), L1039-L1041.

80. Weekes, S. M., Ogrin, F. Y., & Murray, W. A. (2004). Fabrication of large-area ferro-
magnetic arrays using etched nanosphere lithography. Langmuir, 20, 11208-11212.

81. Gadegaard, N., Martines, E., Riehle, M. O., Seunarine, K., & Wilkinson, C. D. W.
(2006). Applications of nano-patterning to tissue engineering. Microelectron Eng., 83, 1577-1581.

82. Simovski, C. R., Shalin, A. S., Voroshilov, P. M., & P. A. Belov. (2013). Photovoltaic
absorption enhancement in thin-film solar cells by non-resonant beam collimation by submicron
dielectric particles. Journal of Applied Physics, 114, 103104 p.

83. Zhang, X. Y., Whitney, A. V., Zhao, J., Hicks, E. M., & Van Duyne, R. P. (2006). Ad-
vances in contemporary nanosphere lithographic techniques. J. Nanosci Nanotechnol., 6(7), 1920—
1934. doi: 10.1166/jnn.2006.322.

84. Kosiorek, A., Kandulski, W., Glaczynska, H., & Giersig, M. (2005). Fabrication of
Nanoscale Rings, Dots, and Rods by Combining Shadow Nanosphere Lithography and Annealed
Polystyrene Nanosphere Masks. Small, 4, 439-444.

85. Pikulin, A. V., Bityrin, N. M. (2012). Fluctuation limitations on the voxel minimal size at
laser nanopolymerization. Zhurnal tekhnicheskoy fiziki [Technical Physics. The Russian Journal of
Applied Physics], 82(5), 120-128 [in Russian].

86. Afanasiev, Bredikhin, V., Pikulin, A., llyakov, I., Shishkin, B., Akhmedzhanov, R., &
Bityurin, N. (2015). Two-color beam improvement of the colloidal particle lens array assisted sur-
face nanostructuring. Applied Physics Letters, 106, 183102 p.

87. Yinzhou Yan, Yong Zeng, Yan Wu, Yan Zhao, Lingfei Ji, Yijian Jiang, & Lin Li. (2014).
Ten-fold enhancement of ZnO thin film ultraviolet-luminescence by dielectric microsphere arrays.
Optics Express, 22(19), 23552-23564. doi: 10.1364/0OE.22.023552.


http://elibrary.ru/contents.asp?issueid=1667943
http://elibrary.ru/contents.asp?issueid=1667943

88. Yuchao Li, Hongbao Xin, Xiaoshuai Liu, Yao Zhang, Hongxiang Lei, & Baojun Li
(2016). Trapping and Detection of Nanoparticles and Cells Using a Parallel Photonic Nanojet Ar-
ray. ACS Nano, pp. 1-28.

Received 06.03.2017

© I. V. Minin, O. V. Minin, 2017
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Currently, the production of infrared technology, devices and systems in the developed countries
has reached enormous proportions and become a separate industry. Amount of expenses for creation
and production of infrared devices only military in NATO countries billions of dollars a year.

The design of complex IC devices, the vector of development — increase in matrix size and
resolution, sensitivity. Increasing the size of the matrix is accompanied by scaling its elements to
topological sizes up to 1 micron. Element base is filled with mostly transistor structures having a
layered architecture. In this regard, the scientific interest are the electrical processes occurring at the
interfaces of the layers of the changing terrain.

In the article the model of ionic charge in the relaxation of the oxide films with inhomogene-
ous boundary in the interlayer insulation gate accumulation and transfer photodetector cells in the
mode switching matrices FPU based MOS structures. The methodology for determining the bound-
aries of the critical configurations inhomogeneous dielectrics and gate transistors accumulation and
transfer of large-format matrices.

Key words: structure and composition of silicon PD matrix, an oxide of polysilicon, silicon
oxide charge mobile relaxation, the electrical properties of the oxide of polysilicon, the heterogenei-
ty of the oxidized polysilicon.
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The purpose of the work: elimination of some contradictions in the energy approach to the
study of cyclic damage and the development of a new thermodynamic method that makes it possi-
ble to increase the accuracy of predicting the accumulation and development of damage.

Research method: a thermographic method for predicting the cyclic strength of structural el-
ements based on the kinetics of a passive thermal field formed on the surface of a component under
its test loading is developed. As the parameter of damageability, the increment of the specific entro-
py in the lesion center during the cycle of oscillations is used. Such a parameter was chosen because
entropy is a state function that most fully takes into account all irreversible processes, including
damage development processes.

Derivation of the calculated formulas: the entropy flux is decomposed into functional parts:
going for heating, for the safe movement of dislocations and for the development of cracks. In do-
ing so, we relied on the deformation criteria of fatigue failure, according to which, when working to
the endurance limit in the lesion focus, only non-hazardous entropy is produced, and when working
beyond the endurance limit, part of the entropy produced goes to the development of damageability.
These entropy fluxes are calculated from the kinetics of the temperature of the source of damage
and the energy absorption coefficient.

Results. The proposed thermographic method has advantages in accuracy and productivity in
comparison with the known methods due to the fact that the temperature field on the surface of the
tested object is fixed with high accuracy in a non-contact way using modern infrared technology.



Key words: cyclic strength, temperature, specific entropy, passive thermal field, fatigue re-
sistance, thermographic method, macroelastic deformation, endurance limit.
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In the article the principle of the simulator-analyzer, which provides simulation of microwave
amplifiers and oscillators in a coaxial of meter tract in accordance with their terms of reference and
then measuring the complex loads reflection coefficient of the active ingredient of these devices for
the subsequent design in microstrip design. The patient was discharged mathematical model simula-
tor analyzer, as well as its mathematical model calibration. In addition, we consider a method of
analysis of the active ingredient stability in the space of his loads complex reflection coefficient,
which facilitates the selection of these loads and the most active component in simulations of ampli-
fiers and oscillators. In addition, the possibility of using the simulator analyzer for the measurement
of the complex reflection coefficient at the input and output of the loaded active ingredient, as well
as measuring its complex transmission coefficients, which together with the measured complex co-
efficients it loads reflection enable the proposed method to determine the S-parameters of the com-
ponent, which he | would have when incorporated in a microstrip line.

Key words: simulator analyzer, active four-poles microwave, mathematical model, calibra-
tion, complex reflection coefficients and transmission, S-parameters, an adequate measurement
of S-parameters, amplifiers, oscillators.
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The implementation of the principle of commensuration and balance production and natural
potentials requires a quantitative assessment of the environmental characteristics of the territory.
The formation, functioning and resilience of natural systems decisively depends on a combination
of ecological and geographical factors, regional and local scale, the main ones are resources heat
and moisture areas. Research of conditions of formation of resources of heat and moisture the natu-
ral systems of the West Siberian North is of scientific and practical interest, as the national strategy
for sustainable development provides for the preservation of bioproductive environment in natural-
technogenic systems formed in areas of new development. To the effects of economic activity not
led to irreversible changes in life-supporting natural resources systems in the study region, it is nec-
essary to assess the current state of their prirodovedeniya elements — the resources of heat and mois-
ture. The article shows a methodical approach and the results of the hydrology-climatic calculations
to determine the ecological and geographical parameters and characteristics of the natural systems
of the region.

Key words: resources heat and moisture, landscape sphere, heat power resources, the maxi-
mum possible evaporation, evapotranspiration, moisture ratio, water-balance calculations, the sta-
bility of natural systems.
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