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Improving the Accuracy of Target Coordinate Estimation in an Automated
Acoustic System through Temporal Characteristics Analysis

The aim of the paper is developing an algorithm to enhance targeting accuracy by establishing a functional relationship between
the bearing-angle error and the width of the time-decryption window, thereby improving the precision with which automated
acoustic systems determine target coordinates

Relevance. Artillery acoustic reconnaissance (AAR) is a key component of counter-battery operations, as it enables covert,
round-the-clock detection and high-precision localization of enemy firing positions by capturing and processing acoustic signals
from gunfire and explosions. However, the practical effectiveness of conventional sound-ranging systems is significantly limited
by the nonlinear influence of spatiotemporal gradients in meteorological fields (temperature and wind) and by errors in
topogeodetic support. These factors cause considerable systematic and random shifts in the phase and time characteristics of
signals, which in turn degrade the accuracy of spatial target localization.

Research methods. This paper develops a generalized mathematical model of the acoustic direction-finding process, in which
the vertical-layered atmospheric profiles are described as piecewise-constant sub-models of a stratified medium, with rational
approximations of temperature gradients and horizontal wind components. To enhance signal decoding robustness in
environments with background noise, adaptive time windows with variable apodization are introduced, synchronized with the
spectral evolution of the muzzle blast impulse. Based on this model, analytical expressions are derived for correcting phase and
time shifts, which are integrated into a modified target localization algorithm for the standard AAR system AZK-7.

The results. Numerical experiments conducted for typical scenarios of unstable atmospheric stratification (inversion, isothermy,
and super-adiabatic gradients) demonstrate a reduction in the root mean square error of coordinate estimation. The proposed
approach does not require hardware upgrades and can be implemented within the software of existing sound-ranging systems of
the Armed Forces of Ukraine by updating the data processing and ballistic computation modules. It is expected that this will
increase the probability of neutralizing enemy batteries with the first counter-battery salvo by 10-15%, reduce the average
response time of fire units by 30-40%, and lower ammunition expenditure in the forward zone.

Conclusion. A relationship between the temporal decoding window value and the error in determining the directional angle of
the target, based on measurements from one of the base points, has been identified, and an algorithm for determining and
accounting for this error magnitude has been developed. Prospects for further research include automated consideration of actual
terrain relief using digital elevation models and the potential integration of unmanned aerial systems equipped with radio-acoustic
sounding tools for real-time meteorological data updates.

Keywords: acoustic reconnaissance, automated acoustic system, hardware-software complex, acoustic baseline, geometric
baseline, acoustic ray, temporal decoding.
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1 Introduction

The combat operations during the Russo-Ukrainian war have highlighted a critical need within the fire
support units of the Rocket Forces and Artillery to enhance the accuracy of artillery reconnaissance
systems. This improvement is essential for precisely locating enemy firing positions in order to conduct
effective counter-battery operations and reduce the impact of hostile artillery on the units of the Armed
Forces of Ukraine. One such reconnaissance tool is the automated acoustic (sound-ranging) system.
However, due to outdated equipment, the influence of meteorological conditions, and limitations in
topographic referencing accuracy, these systems currently provide insufficient precision in target
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coordinate determination. As a result, more ammunition is required to achieve effective counter-battery
fire. An analysis of the tactical and technical characteristics of the AZK-7 system indicates that its target
coordinate accuracy is insufficient for effective reconnaissance missions. When detecting a target at a
distance of 10 km, the mean error in range is approximately 80 meters, and in direction — about 40
meters. This limitation is primarily due to one of the inherent disadvantages of acoustic reconnaissance:
its strong dependence on meteorological conditions and terrain features. For instance, crosswinds can
alter the direction of acoustic wave propagation, while the vertical distribution of meteorological elements
can create either favourable or unfavorable conditions for reconnaissance. Under adverse conditions, the
effective range of detection may decrease by a factor of 1.5 to 2. Additionally, accuracy is significantly
affected by either the failure to account for or incorrect assessment of meteorological conditions and their
variability along the acoustic propagation path. Moreover, the extended reconnaissance ranges impose
stricter requirements on the accuracy of direction angle determination and the positioning of acoustic base
lines. For example, a misalignment in the orientation of one of the 0—10 acoustic bases at a range of 15
km can result in a directional error of up to 150 meters and a range error of up to 300 meters. Such
deviations may prevent target detection due to failure to meet the time decryption criteria.

Thus, enhancing the accuracy of target coordinate determination by automated acoustic systems
through the analysis of time decryption data during target acquisition represents a current and significant
research challenge.

2 Problem formulation and literature review

In recent years, the rapid advancement of computational technologies has enabled the widespread use
of virtual computer experiments as a substitute for costly and sometimes hazardous full-scale physical
tests. This shift has significantly reduced development time and expenses while enhancing design
flexibility and safety. A number of efficient and highly accurate numerical methods have been developed,
such as the finite element method (FEM), boundary element method (BEM), and computational fluid
dynamics (CFD).These methods are now routinely employed in the analysis of complex structures in
rocket engineering [1, 2] and power equipment design [3, 4]. These approaches allow engineers to
simulate real-world conditions with remarkable precision, supporting optimization and failure prediction
in highly demanding environments/

In the current context of full-scale aggression against Ukraine, mathematical modeling has become
increasingly focused on improving the accuracy of enemy firing position localization.

A review of the literature and published materials concerning the improvement of sound-ranging
system accuracy [5-10] indicates that this issue has received considerable attention, with various potential
solutions being explored. However, the phenomenon of temporal signal decoding remains largely
unaddressed. In existing works [7-8], it is used solely for associating bearings to targets with specific
acoustic events, or for detecting errors in the “VO” mode (topogeodetic error detection mode). A detailed
analysis of the temporal decoding phenomenon has revealed the possibility of developing an algorithm
whose implementation in the target localization process would significantly enhance the overall accuracy
and operational efficiency of the system. Decoding is the process of selecting the true location of a target
from an array of calculated coordinates by comparing the time difference of signal arrival at the base
points (BPs) with the difference in distances from the target to the BPs. This process involves analyzing
the time difference of arrival (TDOA) measurements and matching them with theoretical values derived
from geometric considerations. By minimizing the discrepancy between measured and expected time
differences (typically using optimization or statistical estimation techniques such as least squares or
maximum likelihood) the algorithm identifies the most probable position of the target, effectively
filtering out spurious or ambiguous solutions.

3 The research aim and problem statement

The main aim of the paper is developing an algorithm to enhance targeting accuracy by establishing a
functional relationship between the bearing-angle error and the width of the time-decryption window,
thereby improving the precision with which automated acoustic systems determine target coordinates.

The task of performing time-based decoding arises due to the need to determine the coordinates of
several targets that simultaneously reveal themselves through the sounds of gunfire. In complex acoustic
environments, sound receivers register streams of acoustic signals that are partially organized during the
initial processing.
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As a result, a set of data related to various targets, including the time of arrival of the acoustic signals,
is stored in the memory of the Central Processing Module (CPM) for each BP. If this time is not taken
into account and the coordinates of the target are determined based only on the obtained directions (by
solving a triangulation problem), nine intersection points will be obtained. The coordinates of six of these
points (X1, X2, X3, X4, X5, X6) will be false.

For example, without time-based decoding, three directions from two base points result in nine
intersection points, but only three of these can be true (see Fig. 3.1).

Figure 3.1. Target triangulation using two baseline points for simultaneous localization of multiple targets
Pucynox 3.1. Tpuaneynayis yini 3 GUKOpUCMAHHAM 080X 6A308UX MOUOK O] 0OHOUACHOT TOKANIZAYTT MHONCUNHU
yineu

Here BP-1, BP-2 are centers of the acoustic baselines used to determine the bearing to the target; T1,
T2, T3 are true target coordinates; and X1, X2, X3, X4, X5, X6 are false target coordinates.

Thus, to perform temporal decoding, the signal arrival time is recorded with an accuracy of 2 ms,
which allows for identification of the true target coordinates and elimination of false ones by computing
the temporal decoding window.

4 Influence of topogeodetic referencing errors
Let us now consider the influence of topogeodetic referencing errors on the width of the temporal
decoding window, i.e., the discrepancy between the actual and calculated time differences of signal
reception at the baseline points.
To simplify the analysis, we choose a point such that the triangulation angle is close to 90° (see
Fig. 4.1).

Figure 4.1. Influence of bearing angle error on target localization accuracy and the temporal decoding
window

Pucynox 4.1. Bnaug noxubku Kyma neneHey8aHHs HA MOYHICMb JOKAA3ayii yini ma uacose GiKHO
0eK00y8anHs
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From Figure 4.1, it can be seen that the distance from the control point (CP) to base point BP-3
changes significantly less than the distance to base point BP-1, which changes by AD. Using the mil
formula, the value of AD can be approximately calculated:

AD = 0.001DA«

Then the value of the temporal decoding window will change by AD / ¢ (where c is the speed of sound
in m/s). For example, for a target range of 4000 m and an orientation error of 0—10 mils, the difference in
distances AD will be 40 m, and accordingly, the decoding window value for a sound speed of 340 m/s
will be 0.1176s. This value does not exceed the allowable limit of 0.8 s, but it can be detected by
equipment operating with an accuracy of 0.002 s. Thus, based on the measured value of the temporal
decoding window, it is possible to estimate the directional angle measurement error of the base point,
assuming that all other top-geodetic reference data are accurate and that meteorological conditions remain
uniform during the propagation of the acoustic wave.

To confirm this, we simulate the process of processing target interception results by secondary data
processing equipment, in particular the determination of target coordinates and verification of the
temporal decoding window. For this purpose, we use an Excel spreadsheet (Fig. 3) designed for manual
processing of target interception results by base points. The directional angle error is assumed to be Ao =
—0-10 mils. To perform this, it is necessary to use the Excel table? Presented in the Fig. 4.2 below

BP -1 data inverse sound metric problem
Aw= 20 Ad= | 7 | X6nl= | 22321 Xu_ist= 26316
W= 0 L= | 300 | yonl= | 40288 Yu_ist= 44080
C= 342 Toyka B Xzp3_bp3=25897 Xzp3 bpl= 22421
Cw3= _ 342 Cwl= 34 Opw= 0,00 Yzp3_bp3= 37026 Yzp3 bp1=40177
_ BP-3 D3=7066,5 D3=5514,1
Ad= | 14,1 | X6n3= | 25748 Time= 9:58:40 T3= 20,6624 T3= 16,1231 td=-4,53
L=_| 300 | ¥6n3= [ 37040 w
peleng [0,250411 Xzp2_bp3=25599 Xap2_bpl= 22221
bjiw= 0 angle 1 17,250411 Yzp2_bp3= 37054 Yzp2 bpt=40399
angle 2 10.759261 D2=7062,4 D2=5506,2
Time= beleng | angle] angle 2 T2= 20,65032 T2=16,100027 t d=-4,55
9:58:40 01306385 14,2306 1.4902) Xu= [26316,41 _
Yu= |44079,83 4,5
td | 454517

D6n3  7062,74
D6nl  5508,292

Fig. 4.2. Excel spreadsheet
Puc. 4.2. Enexmponna mabnuys Excel

This Excel spreadsheet is used for directional angle error estimation.

5 Directional angle error estimations
The following algorithm is used for estimations of decoding window changes.

1. Using the inverse acoustic localization problem and the true coordinates, determine the
time bearings t for the first and third base points (3 = 0.0120, 1 = 0.0231).

2. Insert the obtained T values into the coordinate calculation algorithm and verify that the
computed coordinates match the true ones.

3. Determine the time difference of acoustic signal arrival at BP-1 and BP-3 (td = 4.54517).

4. Introduce a bearing error (—0-10 mils) at the "bearing” input for base point BP-3 and
record the change in the acoustic signal arrival time difference at BP-1 and BP-3 (td — 0.1).

5. Calculate the difference in temporal decoding windows, i.e., how the decoding window

changes due to the directional angle error of the target, using Atd = ((td — 0-10) — td). The calculation
results are summarized in Table 1.
The results of calculation are presented in Table 5.1
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Table 5.1 Results of temporal decoding window calculations
Tabnuya 5.1 Pesynvomamu po3paxyHKie 8iKHA MUMYACOB8020 0eKOOYBAHHS

Distances from Time Signal Arrival Times at -I;eeTop doiLaI
Target . Differences |BP-1 and BP-3: Without . g
Target : Base Points to . Window
Coordinates Target (m) (Temporal Error (td) and With At._dec (td — td-
g Bearing) Error (td-0.1) "0 1)
N X 26402 D3 6955 Tp3  |0,0001 td 4,275 0.083
Y 43963 D1 5493 10,0001 | td-0,1 4,192 ’
1 X 25700 D3 4462 Tp3  |0,0919 td 2,546 0.097
Y 41500 D1 3592 1 -0,332 | td-0,1 2,449 ’
9 X 28000 D3 9239 Top3  |-0,133 td 3,461 0.077
Y 46000 D1 8056 1 10,0484 | td-0,1 3,384 ’
3 X 25750 D3 8961 | tems |0,0823 td 6,717 0.076
Y 46000 D1 6663 10,2567 | td-0,1 6,641 ’
4 X 23500 D3 7315 Top3  |0,3469 td 6,534 0.073
Y 44000 D1 3896 w1 |0,4434 | td-0,1 6,461 ’
5 X 26400 D3 3034 | Tps |-0,107 td -3,085 0.079
Y 40000 D1 4090 Tp1  |-0,631 | td-0,1 -3,164 ’
6 X 24939 D3 3891 Top3  |0,2622 td 3,548 0.118
Y 40844 D1 2677 Top1  -0,438 | td-0,1 3,430 ’
7 X 28000 D3 4991 Top3  |-0,319 td -2,368 0.073
Y 41500 D1 5800 Top1  -0,438 | td-0,1 -2,441 ’

The data in the table indicate that for all cases of temporal bearings (target positions both in front
and in depth), a consistent value of the temporal decoding window is observed. This value depends on
the directional error Ao and, to a lesser extent, on the distance to the target. Thus, the modeling results
confirm the theoretical considerations regarding the change in the temporal decoding window in the
presence of a target coordinate determination error. For example, the theoretically calculated error value
for the case when the interception angle is close to 90° is 0.118 s, which closely matches the modeling
result of 0.1176 s, confirming the reliability of the obtained results. In the case where the interception
angle is not a right angle, as illustrated in Figure 2, the algorithm for determining the directional angle
error will differ slightly. Let us consider this in more detail (Fig. 5.1).

BP-3(A) BP -1(C)

Fig. 5.1. Determination of the directional angle error from BP-3
Puc. 5.1. Busnauenns noxudku xkyma nanpsamy 6io BP-3
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The presence of an angular error Aa changes the distances by ADgr and AD.. To determine the
magnitude of this change in distance, it is necessary to construct a segment p (segment ED in Figure 4),
which forms a right triangle EBD. From the trigonometric relationships of the right triangle, the following
formulas can be derived:

The presence of a directional angle error Aa results in changes to the distances, denoted as AD, and
AD.. To determine the magnitude of these distance changes, it is necessary to construct segment p
(segment ED in Figure 4), which forms a right triangle EBD. Based on the trigonometric relationships in
the right triangle, the following formulas can be derived:

AD, = :? ARg = ﬁy (5.1)

Thus, the difference in distances to the target will change by a value of AD
Based on the above, the following formulas can be derived:

14
AD =ADR—ADL=S;W—E.

Simplifying we have

AD = p (= = S20) = p (220,

siny  siny

Next, we determine the value of p:
_ . (1-cosy) _ ... (1=cosy
p=4D+ (=t : ) = Atge ¢+ (20, (5.2)

It follows from Figure 5.1 that

Dy, = Dyyp — ADrpp), DL = (DL) + pt. (5.3)

Using the previously obtained values of p and D,, the sine of the angle Aa is determined based on the
definition of the sine as the ratio of the side opposite the angle (p, equation (5.2)) to the hypotenuse D,,
calculated using equation (5.3).

sinAa =2 (5.4)
Dy,

Using the formulas provided above, an algorithm was developed and calculations were performed
using the data for Target No. 7 from Table 4.1. The algorithm computes:
1. The value of segment p according to formula (5,2).

1-cos(8,53-6)

p=0,073-340 + ( sin(8,53-6)

) ~ 51,82.

2. The change in distance for the left base point (AD;) according to formula (1).

51,82
AD, = s = 41,69,

3. The refined distance to the target for the left base point according to formula (5.3).

D; = 5034 — 41,69 ~ 4992,3, D; = /(4992,3)% + (51,82)2 ~ 4992,6.
4. The value of the directional angle error for the left base point according to the formula (5.4).

. 51,82 arcsin(0,01037
sinA o = 252 £ 001037, Ag = 2resin(0.01037)
4992,6 6

~ 0,099 =~ 0 — 10.
5. The refined directional angle to the target from the left base point.
ar,=10—44+0—-10 =10 — 54.

6. Refined target coordinates obtained by solving the forward geodetic problem for the left base
point, using the values of AD, and a. calculated in the previous steps.
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For Target No. 7, the initial coordinates with error were: X = 28059, Y = 41512. After performing the

calculations according to the algorithm, the coordinates were refined to: X = 27996.

The initial coordinate Y was 41512, and after performing the calculations according to the
algorithm, the refined coordinates were: X = 27996, Y = 41499. Thus, the presented algorithm confirms
its effectiveness by refining the target coordinates by 63 m along the X-axis and 13 m along the Y-axis.

Conclusion

The results of the analysis of the dependence of the temporal decoding window on meteorological
conditions indicate that under uniform meteorological conditions in the acoustic ray propagation area,
this window will be independent of whether meteorological conditions are taken into account. It has been
established that an error in determining the directional angle of the target, based on measurements from
one of the base points, leads to a change in the temporal decoding window. A relationship between the
temporal decoding window value and the error in determining the directional angle of the target, based
on measurements from one of the base points, has been identified, and an algorithm for determining and
accounting for this error magnitude has been developed. The effectiveness of the algorithm has been
confirmed by calculations performed using data from an Excel worksheet. For Target No.7 from
Table 4/1, the coordinate determination errors were 63 m along the X-axis and 13 m along the Y-axis. To
more accurately determine the coordinates of a target that emits sound from a shot, it is advisable to
calculate the temporal decoding window and, based on it, determine the error in the directional angle
measurement from a base point, especially when it is impossible to establish an acoustic reference point.
In cases where directional angles from two base points are determined with errors, accounting for the
cumulative error for one base point will not reduce the accuracy of coordinate determination by the
acoustic system.

In the future, the created algorithm can be implemented in the software of the modernized AZK-7
hardware-software complex, enabling automation of calculations according to the algorithm and
improving the accuracy of target coordinate determination by the system.
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IHigBuIIeHHS TOYHOCTi BU3HAYEHHS KOOPAUHAT LiJIi B ABTOMaTH30BaHI
AKyCTHYHII CHCTEeMI HIJIIXOM aHAJI3y YaCOBUX XaPAKTEPUCTUK CUTHAJLY

MeTa fgocTiiKeHHSI - TIPOBENEHHS aHANi3y IIPOIECY YacOBOTO MACIIU(PYBaHHS, IOCTI/PKEHHS BIUIMBY ITOXHOOK
TOIIOT€0/Ie3NYHOI IPHB’I3KM HA BU3HAYCHHS KOOPAMHAT ITiIi Ta BioOpaskeHHs iX Ha 3HAYEHHI 9aCOBOTO ACIIN(pyBaHHS.

AxTyanbHicTh. ApTHiepiiicbka 3BykoBa po3Binka (A3P) — oHa 3 KIIIOYOBUX CKJIAQIOBUX KOHTpOaTapeiHHoi 00pOTEOM, OCKITBKH
3abe3neyye NPUXOBaHE, IiI01000BE BUSABICHHSA Ta BHCOKOTOYHE BHU3HAYCHHS KOOPJMHAT BOTHEBUX IIO3MILIH NPOTHBHHKA
HUISIXOM peecTpalii Ta 00poOIeHHs aKyCTUYHUX CUTHATIB MOCTPLTiB 1 BUOYXiB. OJHAK MpaKkTHYHA e()eKTUBHICTh TPaIUIIHHIX
3BYKOMETPHUYHHUX KOMIUIEKCIB iICTOTHO OOMEXYETHCSI HEMIHIHHUM BIUTMBOM IIPOCTOPOBO-YAaCOBUX I'PAJIEHTIB METEOPOJIOTIUHUX
HOJIB (TEMIIEpaTypH Ta BITPY) i MOXUOKaMH TOIIOT€01e3MYHOTO 3a0€3MeUeHHS, 1110 IPU3BOJUTH 10 3HAUHUX CHCTEMAaTHYHUX Ta
BUIIAIKOBHX 3CYyBiB (Da30BHX i YaCOBUX XapaKTEPUCTUK CHTHAITY 1, BIIIOBIIHO, 10 eTpaanii TOYHOCTI IPOCTOPOBOT IPUB’I3KH
IiIeH.

MeTtonu gocaizxkeHHst. Y cTaTTi po3po0IIeHO y3araabHeHy MaTeMaTHIHY MOJEIb IIPOIECY aKyCTHYHOTO MEJICHIyBaHHs, Y SIKiH
BUCOTHO-IIAPOBI TpoQimi aTtMocepu OMUCYIOThCA SIK KYCKOBO-CTali CyOMozeni cTpaTH(]iKOBAaHOTO cepeloBHIIa i3
paIlioHaNbHO aNPOKCUMOBAaHMMH T'PAJi€HTaMU TEMIICPaTYpH Ta TOPU3OHTAJIbHUMHU CKJIAJOBMMHM IIBHAKOCTEH Bitpy. Jlms
MiABUIIEHHS CTiMKOCTI IemuQpyBaHHS Yy CepeloBHINI 3 (OHOBUMH 3aBaJaMd 3alPOIIOHOBAHO aJalTHBHI YacoBi BikHA 3i
3MIHHOIO aloAn3alli€lo0, 0 CHHXPOHI3YIOThCS 31 CIIEKTPAIFHOIO €BOJIIOLIEI0 TOCTPUIFHOTO iMITyIbey. Ha ocHOBI miel momeni
OTPHMAaHO aHANITHYHI CIIBBITHOLIEHHS JUISl KOPEKIiT (ha30BHX Ta YaCOBHX 3CYBIB, IKi IHTETPOBAHO Y MOANU(IKOBAHIH alTOPUTM
00YHCIICHHS KOOPIUHAT LI mTaTHOro KoMruiekcy A3K-7.

Pe3yabTaT. UncnoBi eKcriepuMEHTH, POBECHI I CIIeHapiiB TUIIOBOI HeCTiiKoi cTpaTtudikamii (iHBepcis, 130TepMis, cymep-
aniabaTMuHi Tpaji€HTH) NPOJIEMOHCTPYBAIM 3HIKEHHS CEpPEeJHBbOKBAAPATHYHO! ITIOMMJIKM BHM3HAYCHHS KOOPAWHAT.
3amponoHOBaHUN MiAXig He moTpeOye amapaTHOi MoJepHi3amii Ta MOXe OyTH BIPOB3/DKCHUH y CHUCTEMHE IMPOTpaMHe
3a0e31eYeHHs HassBHUX 3BYKOMETPUYHUX KoMIUIeKciB 30poitHux Cu YKpaiHu depe3 OHOBJICHHS MOAYIIB 0OpOOICHHS AaHUX
Ta OATIOCTHYHOTO HEHTPY. OUiKyeThCs, IO IIe 3a0e3MeYUTh MiIBUILCHHS HMOBIPHOCTI Ypa)XXCHHS BOPOXKUX Oarapeit mepimMu
K KoHTp3anmaMu Ha 10-15 %, ckopodeHHsI CepeAHBOT0 Yacy peakilii BOrHeBUX mifpo3finis Ha 30-40 % Ta 3MEHIIEHHS BUTpAT
OoenpHIaciB y nepeIoBii 30Hi.

BucHoBku. BCTaHOBIEGHO 3aleXHICTP MK 3HAUEHHSM BiKHA YacOBOTO JACMIM(PPYBaHHS Ta TOXHOKOI Yy BH3HAYEHHI
JUPEKLIHHOrO KyTa LiJi 332 pe3yJbTaTaMH 3aCiuKd OJHUM 3 0a3HUX MyHKTiB, CTBOPEHO alTOPUTM BH3HAUEHHS Ta BPaxyBaHHS
BEJTMYMHY 11i€] TOXHOKH. OKpecIeHo MepCreKTHBY MOAANBIINX JOCIiKEeHb, 30KpeMa aBTOMaTH30BaHe BpaxXyBaHHS PEATLHOTO
penpedy MiceBocTi 3a THPPOBAMH MOJEISIMHA BHCOT 1 MOXITHBICTB iHTErpalii 3 0e3miIOTHIMH 3aco0aMu pasioakyCTHIHOTO
30HyBaHHs JUISl OTIEPaTHBHOTO OHOBJICHHSI METCOIAHHX.

Knrouosi cnosa: 38yxoea po3eioka, asmomamu306auuti 36YKOMEeMpPUUHUl KOMNIIEKC, NPOSPAMHO-ANAPAMHULL KOMNIJIEKC,
akycmuyna 6aza, 2eomempudna 6a3a, aKkyCmudHULL POMIHb, 4aco8e Oewudpysanis
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