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The proposed work is a continuation (the second part) of the overall work on the development of the struc-
ture of the hydroacoustic navigation system ( HNST) for bringing the autonomous underwater vehicle
(AUYV) to the docking module (DM). The first part was published in the previous issue of the magazine.The
purpose of this is to develop and study a prototype of the equipment for a short-range high-frequency
HNST to ensure the docking of AUV with a carrier. The expediency of constructing the equipment of a
high-frequency hydroacoustic system for bringing the AUV to DM in the form of a combined information
and navigation system combined on the basis has been substantiated. It can use hydroacoustic navigation
systems with short and ultrashort antenna bases; it is proposed to use data signals as navigation signals,
which are exchanged between the docking module and the autonomous underwater vehicle based on the
results of measuring the mutual navigation characteristics. It is recommended to select the operating fre-
quency in the lower part of the allocated frequency range 100 +200 kHz. It should be considered that the
accuracy of determining the position of the AUV in the process of alignment can be a variable value: with
an increase in the distance to the DM, the errors in estimating the spatial coordinates of the AUV can
increase without compromising the functionality of the alighment system. Therefore, in order to select a
scenario for the movement of the AUV in the process of alignment, it would be desirable to know the
dependence of the errors in estimating its spatial coordinates, admissible when con-trolling the movement
of the AUV, on the distance to the DM. In the absence of the indicated dependence, it is possible to take
advantage of the somewhat overestimated requirements for the targeting zone for the estimation of the
navigation characteristics of the targeting HNST. Then the alignment strategy can be reduced to the
choice of the AUV motion scenario, which provides the maximum required accuracy of the estimation of
its spatial coordinates in the entire alignment zone. A variant of building an HNST, consisting of unified
basic sets of a docking module (BS = DM) and an underwater vehicle (BS - AUV), has been proposed. The
basic set of the (BS = AUV) underwater vehicle is similar in structure and function to the basic set of the
docking module. Its difference from the (BS-DM) is in the presence of a control unit for the underwater
vehicle (CUV), through which signals are exchanged between the (BS - AUV) and the AUV autopilot.
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Introduction

The proposed work is a continuation (of the second part) of
the overall work on the development of the structure of the
hydroacoustic navigation system (HNST) for bringing the
autonomous underwater vehicle (AUV) to the docking module
(DM). The first part was published in the previous issue of the
magazine.

As previously indicated, the operating frequency of the
navigation system is in the range of 100 + 200 kHz. When
choosing an operating frequency, one should proceed from the
fact that suboptimal incoherent receivers of discrete relative
phase modulation (DPSM) signals are taken as the basis for
constructing equipment for HNST [1]. For reasons of increasing
the stability of the equipment to the action of Doppler
interference, it is advisable to process and receive data signals
directly at the frequency of the carrier wave f;. In this regard,

the frequency of the carrier wave f; must be a harmonic of the
frequency 1/T , here T, — the duration of the symbol, that is, the

frequency of the carrier wave must meet the condition:
f, = 4k [kHz], where k is an integer.

Due to the movement of AUV relative to DM with a radial
velocity V, the data signal changes the scale of its representation
in the time and spectral domains. The symbol duration decreases
to TO', and the average spectrum frequency increases to fo'

! \Y
T0=T0(1—Ej,
f = f0(1+!j,
C

where speed c is the speed of sound in water; we accept
¢ =1500 m/ ¢ . Substituting the value of the radial velocity of

the AUV relative to the DM vyv=3m/c, we obtain
TO' =0,998-T,, fo' =1,002- f,. The relative change in the time

scale of the signal is less than the assumed relative value of the
step of correcting the position of the output signals of the clock
synchronization system &, > 0,005, and it can be neglected.

The bandwidth AF of the data signal transmitted at the rate
V =4000 Baud is estimated to be 4000 7y. Since AF = (f;" — fy),

then with sufficient accuracy for engineering calculations, the
spectrum shift can be neglected, leading to a violation of the
orthogonality condition between the signal coming from the
channel and the reference signals generated in the receiver. The
absolute value of the aforementioned shift of the signal spectrum
due to the action of the Doppler interference decreases with
decreasing its operating frequency. This allows us to conclude
that it is preferable to select the operating frequency in the lower
part of the selected frequency range 100 + 200 kHz.

The influence of the Doppler shift of the signal spectrum
must be taken into account when assessing the bandwidth of the
receiving path. Based on the signal spectrum width
AF =4000 kHz , the spectrum shift of the signal coming from

the channel due to the Doppler effect (fo' — f,) <400 Hz, and

also taking into account the spread of the parameters of the radio
engineering elements used, the bandwidth of the receiving path
should be chosen approximately equal to 5 kHz.

Problem statement and solution

Presentation of the HNST in the form of a combined
information and navigation system allows you to select a signal
system that allows you to solve the problem of bringing the AUV
to the DM regardless of the type of HNST used, with a short or
ultrashort antenna base [2, P. 183].

At the same time, in HNST it is advisable:

— 0 use as navigation data signals, which are exchanged by
AUV and DM based on the results of mutual measurement of
navigation characteristics;

— 0 carry out data exchange between AUV and DM by the
method of relative phase modulation with  speed
V =4000 Baud ;

— select the operating frequency in the lower part of the
allocated frequency range 100 + 200 kHz;

— use he sequence of the header and the data block as the
data signal transmitted in the channel,

—a ply a header consisting of a number of repeating starting
15-bit  M-sequences and their corresponding numbers,
transmitted by the correcting +block cyclic code (15,4);

— hange in the header the number of starting 15-bit
M-sequences and their corresponding numbers, depending on the
quality of the channel,;

— o transfer the data block using the correcting block cyclic
code (224, 200);

— apply div rsity reception in combination with majority
decoding of symbols to receive a data block, and then correct
errors in the data block using a code, and accompany the data
output to the user with a sign of detection by an error code in the
block.

On the possibilities of GNSS with a short
and ultrashort antenna base

Analyzing and summarizing the results of qualitative and
guantitative assessments, in the first approximation, of the
navigation characteristics of HNST with a short and ultra-short
baseline [3, 4, 5], it is possible to formulate the features of the
considered HNST that are most signifion signal. It allows to
provide the required estimation error of the specified parameter
of the navigation system at the signal-to-noise ratio in the
"idealized" (for the channel model used in the calculations)
hydroacoustic channel not less than 12-15 dB [6-8]. Signal /
noise ratios of this order are quite achievable and can accant for
the construction of the AUV targeting system, which are reduced
to the following.

The use of HNST with a short antenna base makes it possible
to obtain in the AUV targeting system the full volume of
navigation characteristics (either the Cartesian coordinates of the
target object, or its angular coordinates and inclined distance)
and, in principle, makes it possible to implement the target zone,
limited only by the width of the radiation pattern (RP) of the DM
antennas and AUV [3].

Theoretically, when using weakly directional antennas, for
some areas of the deep sea, it is quite possible to provide AUV
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guidance even in a space bounded by a hemisphere, placing the
DM in the geometric center of the sphere. However, the practical
implementation of such a possibility is associated with the
structural and technological difficulties of creating weakly
directional antennas as part of the general design of the HNST
carrier, especially for the frequency range above 100 kHz.

The capabilities of the HNST with a short antenna base in
terms of the volume of navigation characteristics necessary to
bring the AUV to the DM allow it to be used either as an
autonomous navigation system, or to be included in the
combined information and navigation guidance system.

To ensure the required resolution of the HNST with a short
baseline, it is necessary to implement a subsystem for measuring
the propagation time of the navigation signal between the DM
and the AUV in the reference area, which allows determining the
specified parameter with a sufficiently high accuracy.

The preliminary studies carried out indicate the possibility of
technical implementation of such a subsystem for measuring the
propagation time of the navigattually be observed even in
shallow sea conditions in the presence of surface and bottom
scattering [6,7].

The distances between the antennas in HNST with a short
baseline allow, in case of insufficient signal / interference ratio in
the hydroacoustic channel, to implement in the combined
information and navigation system of bringing spatially-
separated reception, which ensures the specified reliability of the
reception of information transmitted over the hydroacoustic
channel.

The use of HNST with an ultrashort base provides the
possibility of obtaining in the AUV reference system only the
angular coordinates of the reference object, which requires the
introduction of equipment into the navigation system to
determine the slant distance to the AUV [5]. In this respect, the
HNST with an ultrashort base fits well into the combined
information and navigation guidance system with the function of
determining the slope distance.

Another drawback limiting the use of HNST with an
ultrashort base as an autonomous navigation system is the need
to introduce a preliminary (rough) estimate of the AUV's spatial
position in the targeting zone into the procedure for bringing the
operation into account. This requires either the introduction of
additional equipment, or the availability of relevant information
from other standard navigation aids of the AUV or the DM
carrier.

HNST with an ultrashort base with a minimum number of
spatial receiving channels, which is equal to five, makes it
possible to provide the required error in estimating the angular
coordinates of the AUV when the signal / noise ratio in the
"idealized" hydroacoustic channel is not less than 3 dB, which
indicates the possibility of its effective functioning in real
hydroacoustic channels.

The capabilities of HNST with a short and ultrashort base for
determining the spatial position of the AUV in the targeting zone
are largely determined by the following characteristics: RP,
amplitude-frequency characteristic (AFC) and phase-frequency
characteristic (PFC) and characteristics of hydroacoustic
antennas, which, in turn, are closely related to the specific design
of antennas in a given frequency range and their placement on
appropriate  carriers. These issues deserve their own
consideration and are beyond the scope of this work.
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As part of the task, it is only necessary to note the following.
When implementing HNST alignment antennas, consisting of
separate elements, one should, if possible, strive to ensure the
identity of the characteristics of these elements in order to
minimize the errors in the assessment of navigation
characteristics associated with the non-identity of the transfer
characteristics and the calibration of the receiving paths of the
navigation system.

The width of the RP of the elements of the HNST antennas,
in the azimuth and elevation planes, has a significant impact on
the capabilities of the navigation system. The use of highly
directional antennas significantly limits the areas of the target
space, and the use of weakly directional antennas can lead to a
decrease in the required signal-to-noise ratio in the hydroacoustic
channel due to an increase in the level of reverberation noise
during surface and bottom scattering. In this regard, it would be
preferable to have antennas with weak directivity in the azimuth
plane and mid-directionality in the elevation plane.

To combine the positive qualities of HNST with a short base
and HNST with an ultrashort base in one system, it is possible to
build a targeting system combined on the basis of antennas.
There are no restrictions on the implementation of hardware and
software for such a targeting system, and the spatial
configurations of the antenna modules of HNST with a short
antenna base and HNST with an ultrashort base turn out to be
fundamentally compatible. The only factor limiting the use of the
combined targeting system may be the overall size of the antenna
module, which may not fit into the overall design of the HNST
carrier. Thus, it is most likely that the installation of the antenna
module of the combined guidance system on the DM of various
designs will not cause fundamental structural and technological
limitations, but its placement on the AUV may turn out to be
unacceptable. In this case, the AUV targeting system should be
based on a HNST with an ultrashort base, the antenna module of
which has a smaller overall dimensions.

AUV alignment strategies

In the process of targeting, the task of ensuring the
underwater docking of the AUV with the carrier is being solved.
Within the framework of the task, the targeting strategy can be
characterized as the choice of the scenario of the AUV
movement, which in different areas of the targeting zone
(distance from 1 m to 300 m) would provide the required
accuracy of determining its spatial location with the its
hydrology.

It should be noted that the accuracy of determining the
position of the AUV during the alignment process can be a
variable value: with an increase in the distance to the DM, the
errors in estimating the spatial coordinates of the AUV can
increase without compromising the functionality of the
alignment system. Therefore, in order to select the scenario for
the movement of the AUV in the process of alignment, it would
be desirable to know the dependence of the errors in the
estimation of its spatial coordinates admissible when controlling
the movement of the AUV on the distance to the DM.

In the absence of the indicated dependence, it is possible to
take advantage of the somewhat overestimated requirements for
the reduction zone for estimating the errors of the navigation
characteristics of HNST. Then the alignment strategy can be
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reduced to the choice of the AUV motion scenario that provides
the maximum required accuracy of the estimation of its spatial
coordinates in the entire alignment zone.

For a combined antenna based on a combined information
and navigation system, the strategy for bringing the AUV to the
DM can be based on the choice of such a scenario for the AUV
movement, in which, depending on the section of the targeting
zone, navigation characteristics of either GNSS with a short base
or characteristics of HNST with an ultrashort base. The trajectory
of the AUV is predicted on the basis of the water area profile,
based on the conditions for providing in the hydroacoustic
channel of the targeting system sufficient for assessing the
navigation characteristics of the signal-to-noise ratio, indirectly
estimated by the quality of the hydroacoustic channel of the
targeting system data exchange [3].

So, in the areas of the far targeting zone, where the
probability of the appearance of small signal / noise ratios is the
highest, the navigation characteristics of a HNST with an
ultrashort base can be used to control the movement of the AUV.
As we approach the DM (starting from the middle targeting
zone) and at the berthing area, to improve the targeting accuracy,
it is more expedient to use the navigation characteristics of
HNST with a short base.

Prediction of the trajectories of the AUV, allowing to provide
the required resolution of the HNST in the reference zone, is
based on the data of measurements of the water area and
hydrology profile.

In the conditions of shallow sea water areas, characterized by
the presence of sufficiently strong surface and bottom scattering,
it is preferable to preferentially horizontal trajectory of the AUV
during the alignment process, since it is very difficult to ensure
the required accuracy of measuring the elevation angle in the
areas of the far alignment zone even when using GNSS with an
ultrashort baseline [4, 5].

For deep sea water areas, the trajectory of the AUV in the
targeting zone has a much lesser effect on the accuracy of
determining the location of the AUV during the targeting
process. The boundaries of the targeting zone will depend on the
width of the antenna pattern installed on the DM and AUV.

Additionally, it should be noted that, according to
preliminary qualitative estimates, the refractive distortions of the
navigation signal in the middle and near target zones in most
cases turn out to be insignificant and this component of the error
in determining the navigation characteristics of the targeting
system can be neglected. In the areas of the far target area, in
order to meet the requirements of the technical specifications for
the accuracy of the assessment of the spatial coordinates of the
AUV, it is necessary to take into account the component of the
error associated with the refractive distortion of the navigation
signal [2, P. 31].

Taking into account the influence of refractive distortions of
the navigation signal in the guidance system will lead to an
increase in the time for updating the navigation characteristics
when controlling the movement of the aircraft. To confirm the
feasibility of introducing into the structure of navigation signals
processing, the procedure for assessing the errors of refractive
distortions, a quantitative assessment of the influence of this
error on the accuracy of assessing the navigation characteristics
and the tactical capabilities of the targeting system is required.

Such an assessment can be made at the stage of the technical
design of a component of the experimental design developments
(EDD) in the development of an experimental sample of the
equipment of the targeting system and the refinement of its
tactical and technical characteristics. The remarks presented in
this paper contain information of a systemic nature and can serve
as the basis for the development of the general structure and
tactical and technical characteristics of the equipment of the
high-frequency hydroacoustic targeting system.

Suggestions for choosing the structure of HNST

Above, the expediency of building HNST equipment in the
form of a combined information and navigation combined
system based on antennas was shown, in which HNST with a
short and ultrashort antenna base can be used, and data signals
are used as navigation signals, which are exchanged between
DM and AUV based on the results of measuring mutual
navigation characteristics.

If we assume that the implementation of the HNST is carried
out mainly with the use of algorithms for digital processing and
signal generation, then one of the possible options for
constructing the equipment is associated with the implementation
of unified basic sets of the docking module (BS - DM) and the
underwater vehicle (BS - AUV) according to the schemes, shown
in Figures 1 and 2, respectively.

The( BS — DM) includes: a docking module control panel
(DU — DM) D1, a cyclic code decoder (224,200) D2, a majority
symbol decoder D3, a channel quality analyzer D4, a D5 calculator,
a start sequence extraction unit D6, a time interval measurement unit
D7, a data signal transmitter D8, a block of suboptimal DPSM
receivers D9, an analog-to-digital converter (ADC) block D10, a
transmitter-receiver hydroacoustic antenna D11.

The peculiarity of the proposed scheme is the use of a
combined hydroacoustic antenna system based on which a HNST
with a short and ultrashort base can be built. As indicated in [3],
a minimum of 4 receiving elements should be used in the
antenna system to build HNST with a short base. To implement a
HNST with an ultrashort base, the antenna system must have 5
receiving elements [4]. Some of these elements (up to four) can
be simultaneously used to build HNST with a short baseline. In
[4], it was shown that to ensure the required quality of data
exchange between the DM and the AUV at the limiting slope
distances between them, one should use their five- or, even
better, seven-fold diversity reception in combination with
majority decoding of the symbols that make up the data block.
This is ensured by the addition of one or three additional
receiving elements to the antenna system, respectively.

In addition, one transmitting element must be included in the
hydroacoustic antenna system, through which the transmitted
data signals are emitted. As a result, the transmitter-receiver
hydroacoustic antenna module can contain from 6 to 8 receiving
elements and one transmitting element. The final composition
and design of the module is set by the customer, who is the
developer of the transceiving hydroacoustic antenna. The output
signals of the receiving elements of the transceiving
hydroacoustic antenna module are converted into a sequence of
digital samples by means of the D10 ADC unit and fed to the D5
calculator.
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At the same time, the sign digits of the indicated digital
readings from an odd number of receiving elements of the
receiving-transmitting hydroacoustic antenna module (from five
or seven), used for organizational reception of the data signal,
arrive from the output of the ADC D5 to the block of suboptimal
DFM receivers D9. Suboptimal DPSM receivers D9, the
corresponding number of sequences of demodulated binary
symbols are fed to the inputs of the majority symbol decoder D3
and the block for separating the starting sequences D6.
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Fig. 1. HNST. Equipment. Block diagram
of the basic docking kit module (BS-DM)

As the sequences of demodulated binary symbols of the start
sequences are detected in the sequences of the demodulated
binary symbols of the start sequences coming from the
suboptimal DPSM receiver D9 block, the corresponding "sign”
signals from the start sequence selection unit D6 are fed to the
input of the time interval measurement unit D7.
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Fig. 2. HNST. Equipment. Block diagram of the basic set
of underwater vehicles (BS — AUV)

The time interval measuring unit D7, with its output signals,
sets the sequence of operation of the calculator D5, the majority
symbol decoder D3, the channel quality analyzer D4, the cyclic
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code decoder (200,224) D2, the control panel of the docking
module D1 and the data signal transmitter D8.

First, when the first of the starting sequences is detected, the
D5 calculator starts processing signals from the output of the
D11 receiving-transmitting hydroacoustic antenna module
according to the HNST program with an ultrashort base. At the
end of the header, according to the signal from the D7 time slot
measurement unit, the majority symbol decoder D3 and the D4
channel quality analyzer start processing the sequences of
demodulated binary symbols coming from the suboptimal DPSM
receiver D9 unit. After majority decoding in symbol-by-symbol
form, the cyclic code combination (224,200) is fed to the input of
the D4 channel quality analyzer and to the input of the cyclic
code (224,200) decoder D2, in which it is decoded.

In the channel quality analyzer D4, based on the comparison
of the output sequence of the majority symbol decoder D3 with
the sequences of demodulated binary symbols from the block of
suboptimal DPSK receivers D9, an indirect estimate of the
signal-to-noise ratio in the channel is carried out. Signal
processing in the decoder of the cyclic code (224,200) D2, in the
majority decoder of symbols D3 and in the channel quality
analyzer D4 is completed by the signal from the time interval
measuring unit D7 at the end of the cyclic code combination (at
the time of the end of the data signal).

Simultaneously with the moment of the end of the data signal
in the unit for measuring the time intervals D7, the measurement
on all channels of receiving the time intervals counted from the
moment of the last transmission of the data signal in the direction
of the APU ends.

In the D5 calculator, the processing of signals according to
the HNST program with an ultrashort base is stopped. The
indicated time intervals characterizing the propagation time of
the acoustic signal from the AUV to each of the receiving
elements of the receiving-transmitting hydroacoustic antenna
D11 module are fed to the D5 calculator. Their processing begins
according to the HNST program with a short base. After a fixed
period of time, sufficient for the execution of the HNST program
with a short base, according to the signal from the time intervals
measuring unit D7, the results of determining the navigation
characteristics of the AUV from the calculator D5 together with
the data block decoded in the decoder of the cyclic code
(224,200) D2, obtained from the AUV, and also with the
estimate of the signal-to-noise ratio in the channel, obtained in
the channel quality analyzer D4, are transmitted to the control
panel of the docking module D1, where they are displayed and
documented in the appropriate form. At the same time, in the
transmitter of the data signal D8, on the basis of the AUV
navigation characteristics determined in the D5 calculator, and
transmitted through the (DU-DM), a data signal is generated to
be transmitted to the AUV. The header length (the number of
retransmissions of the start sequences in its composition) is set
based on the signal-to-noise ratio estimate obtained in the D4
channel quality analyzer.

Depending on the chosen strategy of bringing the AUV, the
operator can enter the necessary correction as part of the data
block to be transferred to the AUV.

To ensure the measurement of the propagation time of the
navigation signal between the DM and the AUV, between the
AUV and the DM, the data signal is transmitted by the D8
transmitter according to the signal from the D7 time interval
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measurement unit after a fixed time interval after receiving the
data signal from the AUV. After that, the (BS — DM) again
switches to the mode of receiving and processing signals coming
from the channel.

The basic set of the underwater vehicle (BS — AUV) is
similar in structure and function to the basic set of the docking
module. Its difference from the (BS-DM) is in the underwater
vehicle control unit (DU-DM) D11, through which signals are
exchanged between the (BS — AUV) and the APU autopilot.
Otherwise, the purpose and interaction of the (BS — AUV)
components coincides with the purpose and sequence of actions
of the (BS — DM) components.

Conclusion

1. The effect of the Doppler shift of the signal spectrum must
be taken into account when assessing the bandwidth of the
receiving path. Based on the signal spectrum width
AF = 4000 kHz , the spectrum shift of the signal coming from

the channel due to the Doppler effect (fo' — f,) <400 Hz, and

also taking into account the spread of the parameters of the radio
engineering elements used, the bandwidth of the receiving path
should be chosen approximately equal to 5 kHz.

2. When developing the structure of the AGSP, it is
advisable:

— to use as navigation data signals, which are exchanged by
AUV and DM based on the results of mutual measurement of
navigation characteristics;

— to carry out data exchange between AUV and DM by the
method of relative phase modulation with  speed

V =4000 Baud ;
— select the operating frequency f; in the lower part of the

allocated frequency range 100+200 kHz;

3. A variant of the HNST construction is proposed, consisting
of unified basic sets of the docking module (BS — DM) and an
underwater vehicle (BS — AUV). The basic set of the (BS -
AUV) underwater vehicle is similar in structure and function to
the basic set of the docking module. Its difference from the (BS —
DM) is in the presence of a control unit for the underwater
vehicle (DU - DM), through which signals are exchanged
between the (BS — AUV) and the (DU — DM) autopilot.
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AHHOTauuA

Llensto pabotel ABnsAeTca paspaboTka U UcCneoBaHNE OMbITHOrO obpasiia anma-paTypbl BbICOKOYACTOTHOM MMAPOaKyCTUHECKOW HaBUTALIMOHHON CUCTEMbI
npu-segenna (FTHCIT) GnuxHero aeiictBua Ana obecnedeHus CTbIKOBKM aBTOHOMHOro noggogHoro anmapata (AlA) c Hocutenem. O6ocHoBaHa
LieNlecoobpasHOCTb MOCTPOEHUA anmnapaTypbl BbICOKOYACTOTHOM FMAPOaKycTMYeckom cucteMbl npuseaeHna AlA k cTbikoBouHoMy Mogynto (CM) B Buge
COBMELLEHHON MHPOPMALIMOHHO-HABUIaLMOHHOM KOMOGUHUPOBaHHOM Mo 6ase cucTeMbl. B Hell MOryT MpUMEHSATLCA FMAPOAKYCTUHECKUE HABUrALMOHHbIE
CUCTEMbl C KOPOTKOW W YNbTPaKOpOTKOW 6a3oi aHTeHH; B Ka4yecTBe HABMraLMOHHbLIX MPEASIOKEHO WCMOMb30BaTh CUrHasbl AaHHbBIX, KOTOPbIMU
O6MEHMBAIOTCA CTbIKOBOYHbIA MOZy/lb M aBTOHOMHbIA MOABOAHbIN anmapar Mo pe3ynbTaTaM WM3MEpEeHUsA B3aUMHbIX HABUMALMOHHbBIX XapaKTEpUCTHUK.
Bbibupath pabouyto 4acToTy f, peKOMeHAYeTCA B HWXHEl 4acTu BblAeNIeHHOM YacToTHoro avanasona 100 +200 klu. Cregyer cuwtath, YTO TOYHOCTHL
onpegernenns Mectononoxenus AlA B npolecce npuBeAeHUs MOXKET GbiTb BEIMHUHOM MEPEMEHHOIA: C yBenuyeHneM paccrosHua 4o CM norpeluHocTu
OLIEHKM MPOCTPAHCTBEHHbIX koopauHaT AlTA MoryT yBenuumatbea 6e3 yuiep6a ¢yHKUMOHANbHBIM BO3MOXHOCTAM CUCTeMbI NpusefeHus. [Nostomy ana
Bblbopa cueHapusa asuxenna AMA B npouecce npuBeaeHUs xenatenbHO Obio Gbl 3HaTh 3aBUCMMOCTb AOMYCTUMBIX NpU ynpasnienun agwkeHnem AlA
MOTrPEeLUHOCTEN OLIEHKU €ro MpOCTPaHCTBEHHbIX KOOPAMHAT OT pacctoAHua Ao CM. Mpu oTcyTcTBMM yKa3aHHOM 3aBUCMMOCTM MOXHO BOCMOJSb30BaThLCA
HECKOJIbKO 3aBbILLIEHHbIMU AJi 30HbI MpUBEAEHWUA TPeGOBaHWAMU MO OLEHKE MOrpeLIHOCTEN HaBUraumoHHbiX xapaktepuctuk MHCII. Torga crparerus
NpuBeileHUA MOXeT ObITh cBeAeHa K BblGopy clieHapua ApuxeHua AlNA, obecneuuBaiollero MaKCUMasibHyio TpebyeMylo TOYHOCTb OLIEHKU ero
MPOCTPAHCTBEHHbIX KOOPAMHAT BO Bceit 3oHe mpusefenus. [MpeanoxeH BapuaHT noctpoenus MTHCII, coctoswmit U3 yHudULMPOBaHHbIX 6a30BbIX
KOMMeKToB cTbikoBouHoro mogynsa (BK-CM) u nogsoaHoro annapata (BK-AlNA). basosbiit komnnekt nogsogHoro anmapata (BK-AlMA) no ceoeit
CTPYKTYpe M YHKLMOHUPOBAHUIO aHanormvyeH 6a3oBOMy KOMMIIEKTY CTbikoBO4HOro Moayns. Ero omunyme ot (BK-CM) 3akntovaerca B Hanuumm Gnoka
ynpaenenus nogsogHoro annapata (BYI1), Yyepes koTopsiit ocyuiecTeisetcs obMen curHanamu Mexxay (BK-AlT) n asronunotom ATA.

Knioyeeblie cnoea: asmoHoMHbIl n0d800HbIl annapam, CmbiKogo4HbIli Modysb, Cmpykmypa annapa-mypbl 2udpoaKycmuyeckol cucmembi npueedeHus.
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