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Pedepar:

1. InceprauiiiHa po60Ta NpUCBSIYEHA BUPIIEHHIO HAYKOBOI 3a/1a4i MiIBUIIEHHS IKOCTi 300paKEHHS Ta
epeKTUBHOCTI 6e3MiNIOTHUX, aBialliiHUX Ta KOCMIYHMX TEIJIOBi3iTHUX CUCTEM CIIOCTEPEXXEHHS HIISIXOM
y3rOJPKEHHSI TapaMeTpiB i XapaKTepPUCTUK CUCTEMHU, 3MiHU (POKYCHOI BifICTaHi 06’€KTHBA Ta JOAATKOBUM JI0BOPOTOM
3a KyTaMU Bi3yBaHHS. PO3p061eHO METO, pO3paxyHKy IIPOCTOPOBOrO PO3Pi3HEHHS TEIJIOBI3iHOI cucTeMU
CIIOCTEPE>KEHHSI, SIKUH I0JIAra€e y BpaxyBaHHI BIUIMBY BilXWJIeHHSI Bi3MPHOI OcCi Bif, Haaupy Ha gedopmaliiio mpoeKLii
1iKceJliB Ta [03BOJIsIE OiJIbII JOCTOBIPHO PO3paxyBaTH JliHiliHE PO37isieHHs] Ha MiCLIeBOCTi. YIOCKOHa/IEeHO (Pi3uKO-
MaTeMaTU4HYy MOJIeJIb, KA ONUCYE NPOLEC [IePETBOPEHHS iHPPavyepBOHOTO BUNIPOMIHIOBAHHS BiJl 3 MHOI IIOBEPXHI
IIO TEIJIOBI31MHOI CUCTEMM CIIOCTEPEKEHHS Ha JIiTaJIbHOMY arapari, IUIIXOM BpaxXyBaHHS BIUIMBY AVMHAMIKY PYXy
IIpY BiIXWJIEHHI Bi3UPHOI OCi Bif, HAAUPY, 110 Kpalle i TOYHille XxapaKTepu3sye SIKiCTb OTPUMYBAaHOTO TEIJIOBI3iHOTO
300pa’keHHS1. 3alIpONIOHOBAHO Ta HAYKOBO OOIPYHTOBAHO HOBi METOY MiIBULIIEHHS [IPOCTOPOBOrO i EHEPreTUYHOTO
pO3IineHHs, sKi 6a3yI0TbCs HA TOJAATKOBOMY IOBOPOTI TEIJIOBI3iMHOI CUCTEMHU CIIOCTEPESKEHHS 32 KyTaMU
Bi3yBaHHS Ta 3MiHi POKYCHOI BificTaHi 06’€eKTHBA B 3aJI€XKHOCTI Bif KyTiB Bi3yBaHHS, 1110 JO3BOJIUJIO 3MEHIINUTHU

PO3MMUTTSI 306pa>KEHHSI.

2. The dissertation work is devoted to solving the scientific problem of improving the image quality and efficiency
of unmanned, aviation and space thermal imaging viewing systems by matching the parameters and characteristics
of the system, changing the focal length of the objective and additional rotation angles of sighting. The first section
reflects the relevance of this topic based on an overview of the areas of application and purpose of thermal
imaging viewing systems (TIVS), that is analysis of the current state and prospects. The conditions in which aircraft
TIVS work are considered and the modern requirements necessary to formulate the purpose and tasks of research
are defined. The directions of research of ways of improvement of technical characteristics of TIVS which are
based on the analysis of dependence of quality of the thermal imaging image on arbitrary angles of sighting and
accounted of dynamic of movement are substantiated. In the second section processes are formalized that form
the image of the moving TIVS when the deviation of the TIVS at the angles of sighting from the nadir that which
will estimate the amount of blur and deformation of the projection points of the focal plane array (FPA). A model
for determining the velocity of the observation point is proposed, which allows to calculate the velocity of the
image movement in the focal plane, depending on the trajectory of the orbit, coordinates and inclination of the
spacecraft. A model for determining the angular velocity of the TIVS additional rotation to solve the problem of
effective observation of an object over a long period of time is described. The technique of angular motion is
described, which describes the physics of deformation of the projection points of the FPA on the Earth's surface
(ES) during the deviation of the TIVS at the angles of sighting. The third section is devoted to the development and
improvement of a physical and mathematical model (PMM) for the study of the conversion of infrared radiation
from ES to a thermal imager (operator) under different conditions of observation. In this section the basic
analytical expressions and dependences are received, techniques are developed and algorithms of calculations
which will be used for the analysis of quality and efficiency of TIVS are described. PMM information
transformations for TIVS aircraft are developed, which takes into account the characteristics of observation
conditions, backgrounds, objects, motion dynamics, optical system and FPA. An algorithm is presented that allows
to calculate the spatial resolution and to simulate the deformation of the projection of the FPA’s pixels on the plane
taking into account the curvature of the Earth. Possible ways to improve the technical characteristics of the main
blocks of the system involved in the formation and transformation of information, and to improve the linear
resolution on Earth’s surface (LRES) are identified. The fourth section is devoted to the development of new
methods to increase the spatial resolution of the TIVS, the coordination of components and parameters of the
TIVS and analysis of their effectiveness. The dependence of the modulation transfer function (MTF) on the
presented TIVS constructions is analyzed and shown. The proposed solution is related to the problem of shifting
the mercury cadmium telluride matrices with the TDI. The need for additional rotation of the TIVS at the angle of
yaw is substantiated. A model is developed for determining the required angular coordinates and angular velocities
for additional rotation of the viewing angles at the appropriate time. An approach has been proposed that keeps



the spatial resolution almost constant throughout the field of view by changing the focal length of the objective
when it deviates from nadir. The formula is obtained for determining the effective path length for sloped routes,
which takes into account the rarefaction of the atmosphere and is necessary to calculate the transmittance of the
atmosphere. An expression is proposed that reflects the dependence of SNR on the angles of sighting, taking into
account the influence of the atmosphere. On the basis of the developed PMM the software which allows to
estimate quality of the developed thermal imaging and television systems of supervision and to synthesize new
systems is created. The fifth section focuses on the experimental verification and confirmation of the obtained
PMM by computer simulation in famous software products and using a digital camera. The effect of a parallel line,
which occurs when the deformation of the projection of pixels on the ES due to the deviation of the viewing
angles, and the physical principle of forming projections of conditional lines of rows and columns, which explains
the manifestation of this effect. Theoretically is obtained results were confirmed by modeling in the programs
"Compass 3D" and "Zemax", as well as by the results obtained on a digital camera.
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