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In article models and methods of assessment of strategic efficiency of the innovative project on creation of hi-tech
products in the space-rocket industry as it unites in itself all cycle of production from design before assembly
of the equipment and also production of spare parts, units are considered, after-sale and service also has unique base
of research and development.

The mechanism of assessment of strategic efficiency of the project which feature is the possibility is offered to plan
the directions of development of technological, material, personnel, service structural characteristics, to analyze
efficiency of the project and to make management decisions on the organization of production of structural elements
of products taking into account country risk, to predict increase in value of the project due to taking note of structural
characteristics on implementation of adjacent projects and also on industry development in general.

Keywords: space-rocket industry, hi-tech products, strategic efficiency, innovative project, optimizing models,
methods of management, structural characteristics, country risks.
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MODELS, METHODS ANBCHANISMS OF THIOCH
OF PERSPECTIVE PROU&
OF THE SPAGEOCKET INDUSTRY

P.A. Kokhno, A.P. Kokhno

In article models and methods of assessment of strategic efficiency of the innovative project on creation
of hi-tech products in the space-rocket industry as it unites in itself all cycle of production from design before
assembly of the equipment and also production of spare parts, units are considered, after-sale and service
also has unique base of research and development. The mechanism of assessment of strategic efficiency
of the project which feature is the possibility is offered to plan the directions of development of technological,
material, personnel, service structural characteristics, to analyze efficiency of the project and to make
management decisions on the organization of production of structural elements of products taking into account
country risk, to predict increase in value of the project due to taking note of structural characteristics
on implementation of adjacent projects and also on industry development in general.
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The paper discusses the current direction of the development of simulation aircraft weapons when you create
virtual avionics polygons for training of flight personnel and specialists combat control of aircraft in the conditions
adequate to the real with the conventional use of unguided missiles. A method for modeling unguided aircraft missiles
is presented, which takes into account the initial nutation angle when calculating the coordinates of the missile fall,
and thereby increasing its adequacy.

Keywords: virtual electronic test site, aviation means of control, unguided aviation missiles, ballistic algorithms.
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SIMULATIOMODEIOFTSAFORUSE
INVIRTUAELECTRONIRPOLYGONS

A.R. Bestugin, N.N. Gultyaev, V.P. Rachkov, A.D. Filin

Currently, the Russian air force, for practical training of flight personnel and specialists of combat aviation
management, is developing virtual aviation electronic test sites (VEP), which provide testing of various tasks
in the conditions of simulated maneuvering, fire and electronic counteraction. At the same time, the problem
of creating a set of models that adequately reflect the development of the tactical situation in the simulated theater
of the tactical situation, including the use of aviation weapons of destruction (ASP), is very urgent.

The paper considers the current direction of development of simulation modeling of aviation weapons
of destruction in the creation of virtual aviation electron polygons. As a result of research, it is shown that in order
to improve the accuracy of the model for calculating the point of incidence of NAR, it is necessary to improve
the used mathematical apparatus of ballistic algorithms, taking into account the imposed coordinate, time
and computational constraints. A method for modeling unguided aircraft missiles is presented, which takes into
account the initial nutation angle when calculating the coordinates of the missile fall, and thereby increasing its
adequacy. It is shown that in order to improve the adequacy of the TSA modeling when creating aviation VEP and
TMK, it is necessary to enter the coordinates of the RNT or PPM of the missile launch point into the aiming model.
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The features of the problem of increasing the stealth of radar stations associated with the specifics
of the functioning of radio intelligence tools are considered. The gradation of on-Board means of radio-technical
intelligence, which corresponds to the modern level of technology development, is given. From the position
of information theory, the definition of the concept of radar station stealth is given.

Keywords: information conflict, radar station, stealth, electronic warfare, radio technical intelligence, radar
warning receiver, anti-radar missile.
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METHODOLOGICAL FEHRES OF INCREASING
THE STEALTH OF RACAARTIONS

N.N. Litvinov, A.M. Lawrent’ev

The relevance of the article is caused by an unresolved technical contradiction, which consists in the need

for radar stations to use powerful electromagnetic radiation, which in turn is quite easily detected by means

of

radio intelligence. Based on the analysis of a large number of sources on the subject in question, the article

considers the features of the problem of increasing the stealth of radar stations, related to the specifics

of

the functioning of radio intelligence tools. The tasks that are solved in the exploration of radio signals,

as the main stages of the functioning of radio intelligence tools, are noted. The gradation of on-Board means

of

of

radio-technical intelligence, which corresponds to the modern level of technology development, is given.
Generalized and particular conditions of probing signals exploration are considered. From the position
information theory, the definition of the concept of radar station stealth is given.
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In the article are offered models of behavior of high-maneuverable air objects in characteristic points of a trajectory
on the basis of aprioristic dependences. Application of such models at data processing of a trajectory measurements
allows to considerably improve the quality of estimation of parameters of trajectory of high-maneuverable air objects
at field-tests.

Keywords: trajectory measurements, model of trajectory, processing system.
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MODELS OF BEHAVIGRHIGFMANEUVERABLE
AIR OBJECTS IN CHARARI®BIC POINTS
OF A TRAJECTORY GNEBASIS OF APRIOR(ES
DEPENDENCES

V.l. Lobeyko

In the article are offered models of behavior of high-maneuverable air objects in characteristic points
of a trajectory on the basis of aprioristic dependences. Application of such models at data processing
of a trajectory measurements allows to considerably improve the quality of estimation of parameters of trajectory
of high-maneuverable air objects at field-tests.
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A question considered in this paper is joint detection, estimation and recognition of returned pack signal from
slow and fast fluctuating targets in the noise by multi-frequency simultaneous emission radar in conditions of parametric
antecedent random of statistical characteristics, time-lag and target velocity. Formulation and statistical hypothesis
testing corresponds for two-step problem of multi-alternative detection. The generalized likelihood ratio algorithm
is in use as optimization criteria.

Keywords: signal burst recognition, slow and fast fluctuating targets, multi-frequency radar, estimation.
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METHOD OF JOINT DETI®N AND TRACKINKKRGETS
IN THE NOISE

A.A. Pozdnyakov

The aim of this work is to form the optimal tracking algorithm of signals received from slow and fast
fluctuating targets in the noise and disturbance by using multi-frequency simultaneous emission radar. As well,
we analyze quality of its work in parametrical prior random conditions.

We suggest that phased array consist of some sublattices, which design for emission and receiving
at different frequency. Random signal received by radar is noted as the plug-in vector that consist of sum of echo
signal, disturbance and Gaussian noise vectors.

If these conditions are in progress signals returned from slow and fast fluctuating targets have to receive.
We describe these via math models as pack signals, which include few pulses on every carrier wave. First model
takes place if not big target motions do not have a noticeable effect to received signals in radar that use often
pulse repetition. Second model takes place if not big target motions have sufficient effect to received signals.
In this case, target moves so fast as received signal pulses are independent. This model is suited in the case
of maneuvering target detection advisably.

In the radar observation process there is a need to determine the presence either the echo signal with noise
and disturbance or only noise and disturbance as well as to determine its relation to pointed models. We suggest
that statistical characteristics of signals, noises and disturbances are known completely.

In optimal received data processing, there is a need in the testing of statistical hypothesis to determine
correct ones. In pointed conditions, we decide the problem of multi-alternative detection.

In recognition questions generalized likelihood ratio algorithm are able to employ as optimization criteria.
In this case, we solve according to followed plan:

1. Formation likelihood ratio logarithms: we calibrate hypothesis of presence the echo signal with noise
and disturbance or only noise and disturbance without specification of target type.

2. Compare likelihood ratio logarithms: if the echo signal is detected, we determine the most meaning ones.

For practical utilization we find sufficient statistics and its distributions.

Considered description and presented way of recognition of signals received from slow and fast fluctuating
targets let to make sufficient simple optimal target tracking algorithm in the noise for practice as well as to analyze
quality characteristics of its work in parametrical prior random conditions.
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Design of a system intended for restoring the running parameters of object motion after the fault
of the navigation system is studied. Airborne computer based system enables emergency rebooting, storing
the critical data for estimation of the par-tanmeredetive at a p
calculating the navigation parameters without sacr. fice of
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THE INERTIAL NAVIG2N SYSTEM RECOVERY
AFTER FAILURE

S.V. Andreev, S.V. Shalashov, A.V. Klyuchnikov

Airborne equipment of the flying vehicle (FV) may be exposed to different external forces, resulting
in functional disorder. Special measures are designed to counteract the consequences of the failure. In the article
a package of hard- and software measures, as well as mathematical methods are given to apply for restoration
of the navigation system. The architecture of the calculator with a block of the emergency restart ensuring
refunctioning of hung up calculator is described along with a unit of information storage, retaining the information
important for continuation of operation after the system recovery. The operational algorithm of the recovery
system is shown; it identifies the fact of failure of the navigation system to make steps for its refunctioning.
The | east square method is applied here for prediction of
non-operability. The algorithm of restorative function of the navigation system after the failure is successfully
tested at a real calculator used in flying vehicles.
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The technology for micro-strip RF-devices for measuring electromagnetic radiation losses have been
developed. The method allows for quality control in the production of micro-strip RF-devices. The influence
of material and technology on electrical parameters of micro-strip lines has been evaluated.

Keywords: micro-strip line, electromagnetic losses, integrated circuits, IC technology, control through
the resonance measurements, thin film technology, process and quality control.
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OPTIMIZATION OF MIH RIP RF DEVICES
FOR RADIOOCATION RECEIVERDHEH
THE PARAMETER OF ELEOMAGNETIC LOSSES

A.A. Areshkin

The technology for micro-strip RF-devices for measuring electromagnetic radiation losses have been
developed. The method allows for quality control in the production of micro-strip RF-devices. The influence
of material and technology on electrical parameters of micro-strip lines has been evaluated. Analytic dependencies

of radiation losses in micro-strip lines have been derived. The radiation losses have been measured using
the resonance method.
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Based on a general Bayesian approach, algorithms for combining particular solutions in digital communica-
tion and recognition (classification) systems of objects are considered. A method is proposed for optimally taking
into account the current reliability of particular decisions, which in a particular case leads to an optimal voting
algorithm. The criterion of optimality is the criterion of an ideal observer. It is shown that the decoding algorithm
that implements the minimum generalized distance (MGD) is a special case of the optimal voting algorithm.

Keywords: radio telecommunication, identification, reliability, posteriori, two-stage, combination, decoding,
voting.
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OPTIMUM ACCRNUNG OF CURRENTIRBLITY
IN RADIO SYSTEMSRMVIWGESTAGE DECISIOMKING

S.B. Zhironkin, V.O. Chervakov, A.R. Kurnykov

This article discusses radio systems with two-stage decision-making. The analysis of algorithms

for combining private solutions based on the Bayesian approach is carried out. A method is proposed for optimally
taking into account the current reliability of particular decisions, leading to an optimal voting algorithm. Based
on the obtained data, a computer simulation model of a multi-sensor recognition system was implemented.
The proposed method allows you to effectively use private decisions to make a general decision in another
alphabet based on information about the composition of the observed group of objects and their distribution
by classes, as well as the optimal consideration of the current reliability of these particular decisions.
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Distribution of target locator unique frequencies requires to analyze a huge number of options, so an
optimization approach is required. The optimality criterion reflecting the study objectives and is crucial for finding
an efficient solution but it is not easy to define it. The study analyzes a multi-criteria approach to assessing
the EM compatibility between combat vehicles (CV) in a formation considering the CV-to-CV interference,
the total interference by the CVs, and exposed to a specific CV, and a generalized interference between
all the CVs in the group. These aspects are to be investigated to apply optimization methods to the target locator
frequency distribution problem; otherwise, the results would be unreliable. The proposed criterion is based
on the multidimensional measurement theory and is suitable for decision making in uncertain conditions.

Keywords: control, radar, target locator frequencies, optimization, analysis, decision making, simulation.
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DEVELOPMENT AND AXKRAIS
OF THE OPTIMALITYTEHRIA
FOR COMBAT VEHICIADRR FREQUENCY DISTHION

V.A. Koveshnikov, A.Ya. Mekhtiev, A.A. Zubarev, O.Yu. Shevtsov

When more than one radar operates within a military unit, it is rather difficult to estimate the radar frequency
vs. electromagnetic compatibility (EMC) relation. Still, it is obvious that the mutual interference of two radars
depends on the distance between them and the difference in their frequencies. The relation is inverted: the more
the distance and the frequency difference, the lower the mutual interference. Modern radars have extensive
frequency ranges consisting of up to several hundred discrete values. When the combat vehicles (CV) in a group
are stationary, the frequencies shall be distributed to ensure the lowest possible interference. Another complica-
tion is that each CV is affected by all the other CVs of the group, and the laws of total interference are not known
yet. That is why we introduced some assumptions as follows:

i all the radars have the same power;

i the receiving feeder losses are approximately equal;

i the receiver passband of each radar is fixed;

i all the radars have identical probe signal spectra (except for the central frequency) and frequency
responses.
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It is advisable to distribute the frequencies to evenly fill the available range. It indirectly reduces the effects
of targeted interference produced by the enemy's electronic warfare systems. The radars shall also operate
smoothly when two or three combat groups share the same frequency range, and each group has a different
number of CVs as in this case the mutual interference increases.

The study analyzes a multi-criteria approach to assessing the EM compatibility between combat vehicles
(CV) in a formation considering the CV-to-CV interference, the total interference by the CVs, and exposed
to a specific CV, and a generalized interference between all the CVs in the group. These aspects are to be inves-
tigated to apply optimization methods to the target locator frequency distribution problem; otherwise, the results
would be unreliable. The proposed criterion is based on the multidimensional measurement theory and is suitable
for decision making in uncertain conditions.
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A signal with cosine amplitude spectrum constructed with a couple of ultra-wideband LFM signals
with square envelope is considered. LFM signals are spaced by time interval inverse to frequency deviation.
Two signal compressing methods are proposed with the use of window functions in order to reduce side lobe level
with minimum mismatch loss. Effect of Doppler frequency shift on compressed signal structure is considered
in comparison with NLFM (nonlinear frequency modulated) signal with similar amplitude spectrum.

Keywords: signal processing, linear and nonlinear frequency modulation, compressed signal, matched filter,
side lobe level, window function, signal base, mismatch loss, Doppler frequency shift.
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COMPRESSION OF ULYWRBEBAND FRIQUENCY
MODULATED SIGNALMWIOSINE SPECTRUM

V.S. Okoneshnikov, K.K. Sevostiyanov

The problem of compressing a signal constructed with a couple of ultra-wideband LFM signals with square

envelope is considered. LFM signals are spaced by time interval inverse to frequency deviation in order to obtain
cosine amplitude spectrum. Possibility of using matched and non-matched filter is examined with the use
of window function of raised cosine in 2-power on a pedestal empirically selected in order to reduce side lobe
level less than -54 dB in the almost absence of mismatch loss and with minimum widening of main peak
of compressed signal. Robustness of compressed coupled signal to Doppler frequency shift is demonstrated
in comparison with NLFM (nonlinear frequency modulated) signals with similar amplitude spectrum.
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In connection with the expected increase in intensity and density of air traffic at airports of the state aviation
one of the main tasks, facing the management bodies of aircraft in the near future is determining scientifically
the longitudinal spacing between aircraft, informational support specialists of the management of flights in order
to ensure a safe air traffic control. Since the pre-landing line and the runway are often bottlenecks in the structure
of the airspace of the airfield area, the greatest interest is to optimize their use. In our study, we introduce a model
for determining longitudinal intersections between aircraft using statistically reliable methods of specifying
the laws of aircraft movement to predict the air situation and develop possible solutions for the formation
of a conflict-free flow of aircraft performing a landing approach.

In contrast to the traditional methods of calculating the longitudinal interval between aircraft on the landing
course, using the value of the average flight speed, the proposed model considers the speed of the aircraft on the
landing course as a continuous distribution of speed depending on time (range). With the use of the developed
model, it is possible to determine the safe longitudinal interval between vessels of different classes.

The proposed model can be applied to the formation of a queue of aircraft by distributing aircraft
in the landing process, in which the separation time (interval) is different for different combinations of aircraft
types. Obtaining a reliable value of the longitudinal inter-shaft between the aircraft on the landing course will allow
having an objective picture of the carrying capacity of the pre-landing line.

Keywords: landing pattern, dynamic spacing, speed of aircraft in dangerous proximity.
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MODEL KD ALGORITHM FOR BEMINING
THE LONGITUDINALERYAL BETWEEN AIRERA
IN THE LANDING PARNEBASED ON THE BERENCE
OF THE SPEEDS OFGRRFT

S.V. Petrenko, A.V. Zibrov

In connection with the expected increase in intensity and density of air traffic at airports of the state aviation
one of the main tasks, facing the management bodies of aircraft in the near future is determining scientifically
the longitudinal spacing between aircraft, informational support specialists of the management of flights in order
to ensure a safe air traffic control. Since the pre-landing line and the runway are often bottlenecks in the structure
of the airspace of the airfield area, the greatest interest is to optimize their use.

In our study, we introduce a model for determining longitudinal intersections between aircraft using
statistically reliable methods of specifying the laws of aircraft movement to predict the air situation and develop
possible solutions for the formation of a conflict-free flow of aircraft performing a landing approach. In contrast
to the traditional methods of calculating the longitudinal interval between aircraft on the landing course, using
the value of the average flight speed, the proposed model considers the speed of the aircraft on the landing
course as a continuous distribution of speed depending on time (range). With the use of the developed model,
it is possible to determine the safe longitudinal interval between vessels of different classes.

The proposed model can be applied to the formation of a queue of aircraft by distributing aircraft
in the landing process, in which the separation time (interval) is different for different combinations of aircraft
types. Obtaining a reliable value of the longitudinal inter-shaft between the aircraft on the landing course will allow
having an objective picture of the carrying capacity of the pre-landing line.
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In the monopulse direction finding with the use of difference patterns, the signal-to-noise ratio drastically

decreases in directions close to the target direction. In this paper, a 4-channel antenna is studied and a method

is proposed that precisely determines direction of arrival of the signal reflected from the target when it is within

the half-power wi dt h of the antennads sum patt.ern. The difference
Keywords: direction finding, phase shift, phased array antenna.
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MONOPULSE DIREGN FINDING
WITHOUT DIFFERENGEHERNS

F.K. Povolotskii, T.P. Sidorova

A direction finding method is proposed that does not use difference patterns. The method is studied with
the help of a mathematical model (in the form of a 4-module array antenna). Phase shifts are applied to each
of the modules so that their patterns are shifted from that of the initial sum pattern of the whole antenna by certain
angles in azimuth and elevation. These phase shifts must be such that in the conic angular domain within the half
power width of the sum pattern there is only one direction in which all the four patterns are equal for all scan
angles. This direction is determined from the following system of 4 inequalities:

abyGG.(a, j) GG, Pj ;< AEGCGE ,,)qCA,) ¢
aby GG, (a,, j) GG, Q| ; <abs GG{ ,,)q GG(,)) .«
A poiyn{is fdund in the conic domain at which all 4 inequalities are satisfied, i.e. the differences

between the functions are smaller than the admissible value. This point is the direction of signal arrival i
d =z dliy= 0
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The binary phase-coded pulses with the periodic code sequence having ambiguity of measurements of range are
considered. The analysis of elimination of ambiguity of measurements in the target tracking process is carried out.
Performance of the correct elimination of ambiguity is estimated.

Keywords: ballistic missile, reentry vehicle, ionized wake, radar signal detection, ambiguity function.
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ELIMINATIOBFAMBIGUITOFMEASUREMENTS
AT APPLICATION OFCHRENGULAR BINARY BHRODED
PULSES WITH THE RHNRC CODE SEQUENCE

A.A. Trukhachev

As the probing signals binary phase-coded pulses with the periodic code sequence are considered. These
signals have good possibilities on observation of the ballistic target against the background of the interfering
reflections from an ionized wake.

However such signals possess the shortcoming. Measurements of the signal delay reflected from the target
have ambiguity. The measured delay may contain the accidental component equal to several intervals
of ambiguity.

In article the ambiguity elimination realized in the target tracking of a detected target is considered. When
processing of the reflected signals in addition to the data necessary for tracking, data for ambiguity elimination
are formed.

After several of tracking loop it is possible to provide enough high probability of elimination of delay
ambiguity.
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In article theoretical bases of the description of subject domain and design of logical and physical structures
of databases of production systems of defense industry complex are stated. The technique of design of databases
of complex technical systems of various level of management which essence consists in construction
the infologicheskikh of models of fragments of subject domain with the subsequent creation of initial model of subject
domain of all system is offered. In turn, the initial model is displayed in conceptual, external and internal models of data
of the used database management system.

Keywords: defense industry complex, information systems, databases, subject domain, models of subject
domain.
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MODELS OF THESE IRMATION SYSTEMS
OF DEFENSE INDUSTRMPLEX

P.A. Kokhno

In article theoretical bases of the description of subject domain and design of logical and physical structures

of databases of production systems of defense industry complex are stated.

The technique of design of databases of complex technical systems of various level of management which

essence consists in construction the infologicheskikh of models of fragments of subject domain with
the subsequent creation of initial model of subject domain of all system is offered. In turn, the initial model
is displayed in conceptual, external and internal models of data of the used database management system.
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The issues of increasing the level of artificial intelligence of onboard and ground-based information and measure-
ment systems of modern weapons, military and special equipment based on the introduction of applied mathematical
methods for transmitting, collecting and processing information are considered. It is shown that their use makes
it possible to find an acceptable solution to a large number of existing problems related to the transmission
and processing of received information. The main achievements and new features of the developed methods and
technologies are presented.

Keywords: interference, radio engineering measurements, representation of data by leftovers, logical noise-
tolerant encoding, communication channel bandwidth.
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METHODS FOR IMPRGWERFICIENCY
OF INFORMATION ANBPABUREMENT SUPPORT
FOR TESTING AND BlAH APPLICATION
OF MODERN SAMPLESNBAPONS, MILITARY
AND SPECIAL EQUIPNEN

G.V. Svetlov, S.S. Kukushkin

The article is devoted to the development of mathematical methods that expand the possibilities
of application of fundamental abstract mathematical theories, which include the theory of finite fields by E. Galois
and additions based on it that relate to finite differences and adaptive nonlinear filtering of measurement data.

It is shown that their use makes it possible to find an acceptable solution to a large number of existing
problems that are associated with low alarm reliability of detectors and sensors that perform the functions
of sense organs in military robotic complexes, based on which the operational situation is evaluated and control
solutions are formed. The proposed mathematical model allows you to better hear, see, and more accurately
determine the objects of control and their movement in the surrounding space, including in the conditions
of interference and information and technical influences, organized by the enemy.
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The article states plans of the Japan Defense Agency on equipping of two AEGIS ASHORE missile defense
systems, being deployed on the territory of Japan, with AN/SPY-7 radar (SSR) instead of AMDR complex, developed
by the Raytheon company, and with Lockheed Martin standard AN/SPY-1 radar of AEGIS missile defense system.

Keywords: radar, missile defense, AEGIS ASHORE, AN/SPY-7, AN/SPY-6, AN/SPY-1.
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AN/SPY/ RADAR INSTALLATIRROSPECTS
ON AEGIS ASHORE NIEDEFENSE SYSTEMAPAN

A.E. Svistunov, N.A. Maleeva

The article states an information published by the US and Japan military departments on current deployment
plans of AN/SPY-7 radar (SSR) as a standard Lockheed Martin radar for AEGIS ASHORE missile defense
system on the territory of Japan, including time-period and expected cost of deployment. Besides, the sources
stated the radar characteristics, which are similar to AN/SPY-7 radar, and were examined by the Japan Defense
Agency as possible variants for integration into AEGIS ASHORE missile defense system. Thus, the article
considers the AN/SPY-1 radar of Lockheed Martin company development, which is at present time a standard
radar for AEGIS BMD ships in the inventory of US and Japan Navy, and land-based AEGIS ASHORE missile
defense systems, deployed in the United States and Romania. The current development state, tests
and deployment prospects of Raytheon AN/SPY-6 radar, integrated into AMDR complex, are stated in the article
as well.
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