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Analysis of informativeness of features of classification of dangerous
weather events based on radar observation results

O.V. Vasiliev', E.S. Boyarenkol, A.N. Savelyevz, N.V. Gorbachev*
"Moscow State Technical University of Civil Aviation,
Moscow, Russia
’Bauman Moscow State Technical University, Moscow, Russia

The article was prepared within the framework of the project Ne 23-29-00450 granted by the Russian
Science Foundation

Abstract: One of the crucial factors affecting the safety and regularity of state and civil aviation flights is the meteorological
situation. The European territory of Russia is most characterized by dangerous meteorological phenomena associated with
cumulonimbus clouds: shower, thunderstorms, hail, accompanied by high atmospheric turbulence. Currently, meteorological radar
stations are an indispensable source of information about the weather situation for air transport. The criteria for the classification of
meteorological phenomena used in modern radar stations are formed for each event separately and are based on knowledge only
about the altitude distribution of radar reflectivity and air temperature, despite the fact that radar data assess the wind characteristics
of the atmosphere. It is shown that optimization of the classification criteria for the mentioned meteorological phenomena should be
realized by generalization of the criteria and their construction in accordance with the theory of statistical hypothesis distinction, as
well as by additional use of information on atmospheric turbulence. Based on the analysis of radar signals reflected from the
meteorological events of shower, thunderstorm, and hail, probability distributions of reflectivity and specific dissipation rate of
turbulent energy were obtained. Statistical analysis of probability distribution densities was carried out for: the maximum value of
reflectivity Zmax, its dependence on height H(Zmax), as well as the maximum specific dissipation rate of turbulent energy
EDRmax and the value H(EEDRmax). The classification criterion based on the maximum probability functional was chosen to
determine the structure of classification algorithms and decision rules. At the same time under the acceptable confidence is accepted
the value of the probability of correct classification not lower than 0.8. For the accepted criterion the decision thresholds are
constructed and the complete matrices of classification probabilities are calculated. The results of calculations showed that the worst
informativeness in the classification of dangerous meteorological events of cumulonimbus cloudiness have parameters H(Zmax),
H(EDRmax). Parameters Zmax, EDRmax have greater separating ability, but even for them the confidence of classification is
unacceptable. In the article to increase the confidence of classification the joint use of features in the form of multivariate
probability distribution densities of information parameters was applied. The best results are achieved when three
p(Zmax,H(Zmax), EDRmax) and four p(Zmax,H(Zmax),EDRmax,H(EDRmax)) features are used. In the probability matrices for
these cases, the maximum and acceptable at 0.8 level of probabilities of correct classification are achieved. Thus, the expansion of
the feature space due to atmospheric turbulence is justified in the problem under consideration. These results will be refined with
increasing observation time and will vary for different climatic zones. In general, the decision thresholds for classifying dangerous
meteorological events of cumulonimbus cloudiness should be adaptive.

Key words: weather radar, dangerous weather phenomena, classification of weather phenomena, pattern recognition, feature
separation function, Bayesian approach, decision threshold.

For citation: Vasiliev, O.V., Boyarenko, E.S., Savelyev, A.N., Gorbachev, N.V. (2024). Analysis of informativeness of features of
classification of dangerous weather events based on radar observation results. Civil Aviation High Technologies, vol. 27, no. 3,
pp- 8-22. DOI: 10.26467/2079-0619-2024-27-3-8-22
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AnHotammsi: OfHMM W3 pemaronmx (GakTopoB, BIMSIONIMX Ha OE30MaCHOCTh W PEryJSIPHOCTH II0JIETOB TOCYIApCTBEHHOM
U TPAXIAHCKOW aBHAIMH, SBIETCS MeTeoposiornueckas oocraHoBka. s EBpomeiickoii Tepputopuu Poccum HamOosee
XapakTepHbI OIAacHbIE METEOPOJIOTHYECKUE SIBJICHMS, CBSI3aHHBIE C Ky4eBO-JOXKIEBOM OOJIAYHOCTBIO: JIMBEHb, I'po3a, Tpal,
COINPOBOXKIAIOLINECS] BHICOKOM TypOYJIEHTHOCTBIO arMocdepsl. B Hacrosiiee BpeMss METEOpPOJIOTHUYECKHE PaNoIOKaIIOHHBIC
CTaHIMK SIBISIOTCSl HE3aMEHHMBIM HCTOYHHKOM HMH(OPMAlMM O METE0O0OCTaHOBKE JUIsl BO3IYIIHOTO TpaHcropta. Kpurepuu
KJ1acCH(HKaLNN OITAaCHBIX METEOSIBIICHHH, HCTIONB3yeMble B coBpeMeHHBIX PJIC, chopMupoBaHb! 71t K&XKIOTO SBJICHUS OTEIBHO
U OCHOBaHbl Ha 3HAHMAX JIMIIb O BBICOTHOM PACIPENENICHUH PAAUONOKALIMOHHONW OTPaKa€MOCTH M TEMIIEPATyphl BO3MIyXa,
HECMOTpsI Ha T0, uTo AaHHbIe PJIC oneHMBaOT BETPOBBIE XapakTeprcTHKN atMocdepsl. IToka3aHo, 9To ONTUMH3ALMS KPUTEPHEB
KIIacCU(UKAIINKA YKa3aHHBIX METCOSBJICHHH JOJDKHA OBITh peann3OBaHa IyTeM OOOOIIEHHS KPUTEPHEB M MX IIOCTPOSHHUS B
COOTBETCTBUH C TEOPUEH Pa3IMYCHHUs CTATUCTUUECKHMX T'MIOTE3, a TAKXKE JOMOIHUTENIBHBIM HCIIOIB30BAaHUEM HH(OPMALU O
TypOyneHTHOCTH atMocdepsl. Ha ocHoBaHMM aHanM3a pagvoIOKALMOHHBIX CHTHAJIOB, OTPKEHHBIX OT METEOSBIICHUH JIMBEHB,
Ipo3a, Ipajl, ObLIN TOTyUYEHbI BEPOSITHOCTHBIE PACTIPECIICHUS OTPAXKAEMOCTH U YIEIIbHON CKOPOCTH AUCCHIIALNK TYpPOYJICHTHOH
sHeprud. lIpoBeneH CTaTMCTHYECKMH aHAIM3 IUIOTHOCTEW pacHpeneNIeHUsl BEpOATHOCTEM Ul MAaKCUMAJIBHOIO 3HAYECHUS
OoTpa)kaeMOCTH Zmax, €€ 3aBUCUMOCTH OT BbIcoThl H(Zmax), a Tamke MakCUMyMa YAEIbHOM CKOPOCTU JHCCHIIAINI
TypOysenTHo# sHeprun EDRmax u Benmumnbel H(EDRmax). [lnst onpenesieHust CTpyKTypbl alrOpUTMOB KilacCH(HKALMU |
NpaBWJI TIPUHSTUS pEIIeHHH ObUT BHIOpaH KpHUTEpHH KiIacCH(UKAIMM, OCHOBAaHHBIH Ha MaKCHUMyMe (yHKIMOHAJA
nipasonooous. [1pu 3ToM 1oz npuemMIeMoi JOCTOBEPHOCTBIO IIPUHATO 3HAUYESHHE BEPOSITHOCTH TPABHIILHOM KilacCH(HKALN He
Hixe 0,8. Jis IpUHATOro KpUTEpHsl NOCTPOEHBI MOPOTH MPUHATHS PELIEHUN U BBIUKCICHBI MONHBIE MATPULII BEPOATHOCTEN
Knaccuukanyy. Pe3ynabTaTel BBIYMCICHWH IOKa3ald, YTO HAWMXYALIYI0 HMH(GOPMATHBHOCTH TIPH KIACCH(UKAIMKM OIMacHBIX
METeOsIBIICHHH Ky9IeBO-IOXKIEBOI 00magHoCTH nMetoT npm3Haku H(Zmax), H(EEDRmax). bonbrreit pa3nemnsirorieii criocoOHOCTBIO
obmamaror mpu3Haku Zmax, EDRmax, omHako W IS HHUX [OCTOBEPHOCTh KiacCH(puKamiy HempuemieMa. B cratee s
HOBBIILIEHUS IOCTOBEPHOCTH KiIacCu(UKamiy ObUIO NMPHMEHEHO COBMECTHOE HCIONB30BaHUE NPHU3HAKOB B BHJIE MHOTOMEPHBIX
IUIOTHOCTEH paclpesieNieHiss BEepOSTHOCTEH HMH(OPMALMOHHBIX NapameTpoB. Hawmydmme pe3ysbTaTbl OOCTHTAIOTCS IIPH
ucnonb3oBanuu 1pex p(Zmax, H(Zmax), EDRmax) un uerbipex p(Zmax, H(Zmax), EDRmax, H(EDRmax)) npusHaKkos.
B matpuriax BeposiTHOCTEH 11 3TUX CIydaeB JOCTUIHYThl MAKCHMaJIbHBIE U TIpreMiieMble Ha ypoBHe 0,8 3HaueHHs BEpOATHOCTEH
npaBWIbHON Kitaccudukaimu. Takum o0pa3om, B pacCMaTpyUBacMOid 3ajiaue paciiMpeHre TPU3HAKOBOrO MPOCTPAHCTBA 3a CUET
TypOyJIEHTHOCTH aTMocdepsl SIBISIETCS ONpaBIaHHBIM. [laHHBIE pe3yibTarhl OyAyT YTOUHSTBCS IPH YBEIMYECHHH BpPEMEHH
HaOJIONEHUS M BapbUPOBAThCS UL PA3NIMYHBIX KIMMATHYeCKHX 30H. B o0mieM ciydae MOpord NpHHATHS PEICHHi NpH
KJ1acCH(HKALMN ONTACHBIX METEOSIBIICHNH Ky4eBO-I0/IEBOI 00JIaYHOCTH JIOJDKHBI OBITh a/JalITHBHBIMHL.

KnaroueBble cj0Ba: METEOPOIIOTHYECKU  PAJMONOKATOp, OIMACHBIE METEOPOJIOTMUECKUE — SIBIICHHS, KIIACCH(DHKAIINSL
METEOPOIIOTHIECKUX SIBIICHUH, paclo3HaBaHHE O0pa3oB, paszersromias (DYyHKIMS TPH3HAKOB, 0aHECOBCKUI TOIXO[, TOPOTH
MIPUHATHS PELLICHUH.

Jnsi nutupoBanus: Bacwiber O.B. Anammz nH()OPMATHBHOCTH MPH3HAKOB KIACCH(HMKAIMKM ONMACHBIX METCOSBICHHU II0
pe3yabTaTtaM pauoiokaioHHbix HaomoaeHuii / O.B. Bacumbes, D.C. bosipenko, A.H. Cagenbes, H.B. 'opbaues / Hayunsiit
Bectauk MI'TY I'A. 2024. T. 27, Ne 3. C. 8-22. DOI: 10.26467/2079-0619-2024-27-3-8-22

Introduction flights is the meteorological situation. The Euro-
pean territory of Russia is most characterized by
dangerous meteorological phenomena associated
with cumulonimbus clouds: shower, thunder-
storms, hail, accompanied by high atmospheric

One of the contributing factors affecting the
safety and regularity of state and civil aviation
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turbulence' [1, 2]. The given dangerous meteor-
ogical phenomena pose threat for both takeoff
and landing and flight performance, unlike con-
ventional precipitation, wind and clouds®. Be-
sides that, dangerous meteorological phenomena
associated with cumulonimbus clouds, contain-
ing water in different phase conditions as a radar
reflector, are available for meteorological radar
stations surveillance’,

Currently, meteorological radar stations are
an indispensable source of information about the
weather situation for air transport. Now there
are two domestic meteorological radar stations in
the Russian Federation: DMR-S [3-5] and MR-
NZ “Monocle” [6,7] with C and X ranges re-
spectively, completely meeting the current re-
quirements. The given meteorological radars op-
erate using the pulse-doppler principle, also al-
low to estimate the wind characteristics of the
atmosphere, such as vector velocity field, turbu-
lence presence and value, on condition clutter
return is available. The mentioned mospheric
factors may be used as highly informative signs
of dangerous meteorological phenomena associ-
ated with cumulonimbus clouds.

The criteria for the classification of meteoro-
logical phenomena were formed in accordance
with guidance documents® [8]. At the same time
all criteria used in modern radar stations are
formed for each event separately and are based
on knowledge only about the altitude distribution
of radar clutter return and air temperature, de-
spite the fact that radar data assess the wind
characteristics of the atmosphere quite exactly.

The federal service for hydrometeorology and environ-
mental monitoring third estimation report on climate
change and its consequences on territory of the Russian
Federation. General summary. (2022). St. Petersburg:
Knowledge-intensive technologies, 124 p. (in Russian)
Ministry of transport order “on federal aviation rules
establishment “The Russian Federation civil aircraft
flight preparation and performance”, no. 128 dated July
312001. GARANT.RU. Available at:
https://base.garant.ru/196235/ (accessed: 19.11.2023).
Ministry of Transport Order “On Federal Aviation Rules
Establishment “Meteorological data provision for air-
craft flight performance”, no. 60 dated March 3 2014.
GARANT.RU. Available at:
https://base.garant.ru/196235/ (accessed: 19.11.2023).
The Russian Federation armed forces meteorological ser-
vice guidance, (AFMSG — 95). (1995), 92 p. (in Russian)
Observation and data use guidance with non-automatic
DMR-1, DMR-2 and DMR-5 radars. (1993). SPb.: Hy-
drometeopublish 350 p. (in Russian)
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Optimization of the classification criteria for
the mentioned meteorological phenomena should
be implemented by:

e generalization of the criteria and their con-
struction in accordance with the theory of sta-
tistical hypothesis distinction [9—14];

e additional use of information on atmospheric
turbulence.

Task for classification criteria optimization is
specified in [15], parametrical description for
maximum clutter return and turbulence distribu-
tion densities by values and altitudes is formed.

The paper continues the aimed research.

Problem statement

Classification problem of weather phenome-
na associated with cumulonimbus clouds is to
solve the following mutual issues basing on ra-
dar observations:

e forming the classification alphabet, in this
case these are: “shower-thunderstorm-hail”;

¢ choosing the sign space of the maximum value
of reflectivity Zmax, as well as the maximum
specific dissipation rate of turbulent energy
EDRmax, its dependence on height H(Zmax),
and the value H(EEDRmax);

e forming of sign probability description with data
parameters p(Zmax/w;), p(EDRmax/w;),
p(H(Zmax)/w;), p(H(EDRmax)/w;),  where
i € {l, gz, gd} probability distribution densities;

e choosing the statistical criteria of dangerous
weather phenomena associated with classifica-
tion for decision making threshold values, bas-
ing on data quality and classification veracity
required.

The iterative sequence of problems is to cor-
rect signs and criteria in order to reach veracity
required.

There is a probability sign description in [13].
Distributions close to Gaussian ones: lognormal,
Weibull, Riley, Riley-Rice, B-distribution were ob-
served to estimate the empiric datum meeting the
theoretical ones. For probability density distribu-
tions p(Zmax/w;), p(EDRmax/w;), p(H(Zmax)/w;),
p(H(EDRmax)/w;), where i € {l, gz, gd}, differ-
ent Pearson y~ agreement criteria hypothesis test-
ing for 0.01 relevance level has shown experi-
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Table 1
Rice distribution parameters for rain shower, thunderstorms and hail
Parameter Shower | Thunderstorm | Hail
H(Zmax)
ME-mean pu=2 u=3.5 u=4
SD 6y =25 o,=3 oy=4
H(EDRmax)
ME-mean pu=2 u=3 u=4
SD oy =25 o,=4 o,=4.5
Zmax
ME-mean p=22 p=29 p=42
SD o, =7 o, =8 o, =10
EDRmax
ME-mean p=0.2 nu=0.5 p=0.61
SD 0, =0.2 o, =0.12 ox = 0.08

mental relative frequences maximally meeting
the general Riley-Rice distribution

p(xi, i, 0)) = exp (%) o (25). ()

where Iy(z) is a modified Bessel function of the
first kind and zero-order. p and ¢ parameters are
strictly not the mathematical expectation mean
(ME) and standard deviation (SD), nevertheless
they express respectively the distribution form.
There are p and o values for maximum reflecti-
bility and turbulence, along with their altitude
distribution for rain shower, thunderstorms and
hail basing on experimental studies in Table 1.
The given table is essentially a parametrical
dangerous weather phenomena associated with
cumulonimbus clouds “rain shower-thunder-
storm-hail” sign classification description.

Let us take the obvious assumption: in case
of reliable radar observance range data absence
and justified loss matrix while taking mistakea-
ble decisions the relative sign x distribution den-
sities while ®; p(x/m;) weather phenomenon ob-
servation, where i € {shower,tstorm, hail}.
The given statistics allows decision making
based on the maximum-probability criterion to
meet ® = i, which is chosen.

p(x/m;) > p(x/wg) for all k#i. (2)

Sufficient statistics for conditions adopted
define the optimal decision structure and data
proceeding approach [16—18].

11

“Other event” class is to be included in the
alphabet whole forming the whole event group
in case of strict classification problem statement.
In the given statement the weather phenomenon
“rain shower” is the lowest by its danger and es-
sentially not threatening neither by precipitation
intensity, nor by cumulonimbus clouds with con-
tinuous precipitation (“rain shower”), along with
“tornado” which is higher by danger, neverthe-
less, not frequent for European part of Russia
temperate latitudes. The latter defines integration
limits while calculating respective decision-
making probabilitys, like it will be further
shown [19].

Besides that, let us take an assumption about
sign independence, which will significantly sim-
plify problem solution without considerably in-
fluencing its result.

Thus, let us define vocabulary classification
signs information value and their impact on de-
cision-making reliability for assumptions and
limits taken. At the same time let us take the
right classification probability value not less then
0.8 as an appropriate reliability.

Analysis of dangerous weather
phenomena associated with
cumulonimbus clouds signs
information value

Maximum plausibility criterion (2) forms al-
ternative threshold i, k; i # k considering (1) as
an equation
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Forming a threshold pair Agp, tstorm (Zmax) = 274 dABZ, hgp tstorm (Zmax) = 37.2 dBZ is the ex-

ample of the pdf pair of equation solved p(Zmax/w;),at i € {sh, tstorm, hail}.
The full matrix of classification probabilities [9] can be formed for any x sign for Zmax, EDRmax,

H(Zmax), HLEEDRmax) multitude

Pshsh (x) Pshtstorm (x) Pshtstormhail (x)
P(x) = Ptstormsh (x) Ptstormtstorm (x) Ptstormhail (x) s (4)
Phailsh (x) Phailtstorm(x) Phailhail(x)

which elements are calculated as

( Psh,sh (X) — fohsh,tstorm ) p(x’ Sh) dx;

fhtsorm,hail (x) (x Sh) dx:

Psh,tstorm(x) = hsh,estorm (X) p

Psphair(x) = fhtstorm hail (x)p(x, sh) dx;

h
Ptstorm,sh (x) = fO shistorm (%) p(x, tstorm) dx;
h .
f tstorm,hail ) p(x’ tStOTm) dx;

)\ Ptstorm,tstorm(x) = Jngh estorm ()

[ee]
P tstorm,hail(x) = fhtstorm nail (x)p(x, tstorm) dx;

Praivsn () = [0 p(x, tstorm) dux;
Rtstorm hai ) .
Phaisn(x) = fh;;m; ()lc) p(x, hail) dx;

Phaivhair(x) = fhtstorm it () p(x, hail) dx,

\

where diagonal elements define right decision-making veracity.

12
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Fig. 3. Decision thresholds for the EDRmax parameter

Using 0 and oo as integrity limits is not totally
correct, nevertheless analysis of dangerous
weather phenomena associated with cumulonim-
bus clouds signs information value problem

statement allows it.

For case in Figure 1 there is

0.715 0.263 0.022
P(Zmax) =|0.347 0.463 0.19 |. (6)
0.05 0.218 0.732

In (6) there are high probabilities of mixing
up in case of non-sufficient right classification
values, especially in terms of thunderstorm. For
H(Zmax) (fig. 2) decision making thresholds

13

have the values hsh'tstorm(H(Zmax)) =

4.63 km; htstorm,hail(H(Zmax)) = 6.53 km.
High curve overlapping square is expressed
in inappropriate classification matrix values,

each in its own quality.

0.759 0.153 0.088
P(H(Zmax)) =|0.518 0.205 0.277.(7)
0374 0.177 0.449

Almost the same can be seen for
H(EDRmax) where the thresholds have the val-
ues Ngp tsorm ((EDRmMax)) = 5.09 km;
htstorm,hail(H(EDRmax)) = 6.89 km
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0.791 0.156 0.053
P(H(EDRmax)) = |0.463 0.220 0.317
0.359 0.208 0.433

The situation for EDRmax (fig.3), thresholds
are gy ¢storm(EDRmMax) = 0.39 m?s~3,
RestormnairH(EDRmax) = 0.54 m?s~3 is hard-
ly ever better. In case of a thunderstorm the

plausibility of decision is unacceptable.

0.712 0.205 0.083
P(EDRmax) = |0.146 0.440 0.414(.(9)
0.002 0.170 0.828

Thus, H(Zmax), H(EDRmax) signs possess
the worst informative value in terms of danger-
ous weather phenomena associated with cumu-
lonimbus clouds classification. Zmax, EDRmax
signs present more dividing abilities, neverthe-
less thunderstorm classification reliability is also
inappropriate for them.

p(x1, Wy, 01, X3, Up, Oy, ...

where p(x;, u;, 0;) is (1).

There are two-dimensional distribution den-
sities p(Zmax, H(Zmax)/®;) and p(EDRmax,
H(EDRmax)/w;) respectively in Figures 4 and 5.

The respective probability matrixes look like

P(Zmax, H(Zmax)) =

P(EDRmax, H(EDRmax)) =

(8)

» Xn» Un, O-n) = H?:l p(xi' Hi, Gi)a

Vol. 27, No. 03, 2024

Estimation of dangerous weather
phenomena associated

with cumulonimbus clouds
classification in multidimensional sign
space

The recognition theory is an obvious solution
of the problem occurred [9, 20]. Joint use of
signs, for instance, as multidimensional random
data parameters Zmax, EDRmax, H(Zmax),
H(EDRmax) [21] distribution densities is neces-
sary in the given class alphabet in order to in-
crease weather phenomena classification reliabil-
ity. For the assumption about sign statistical in-
dependence their probability distribution density
n looks like

(10)

Thresholds for two-dimensional cases by
numerical method [18, 22] are planes, crossing
each other in Figures 6 and 7, presented as
curves.

For the most informatively valuable Zmax and EDRmax signs matrix is equal to

P(Zmax, EDRmax) = |0.141

0.753 0243 0.004
0.320 0.505 0.175], (11)
0.040 0216 0.744
0.761 0.175 0.064
0.146 0.463 0.391]. (12)
0.003 0.181 0.816
0.769 0.161 0.070

0.683 0.176|. (13)
0.031 0.159 0.810

Matrix (13) predictably presents the best classification reliability markers. Let us analyze the in-
crease of this marker with the given problem dimension increase. Thus,

14
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Fig. 4. Surface of the two-dimensional probability density of the radar reflectivity
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Fig. 5. Surface of the two-dimensional EDR probability density
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Fig. 7. Projection of the dividing plane onto the horizontal plane for p(H(EDRmax), EDRmax/w;)

0.809 0.174 0.017
0.231 0.553 0.216|, (14)
0.075 0.173 0.752

P(Zmax, H(Zmax), H(EDRmax))

0.788 0.146 0.066
0.251 0.497 0.252{, (15)
0.049 0.144 0.807

P(EDRmax, H(EDRmax), H(Zmax))

16
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Fig. 8. Relative increase in plausibility of heavy shower classification with increasing number of features

P(Zmax, H(Zmax), EDRmax)

And then

P(Zmax, H(Zmax), EDRmax, H(EDRamx))

Probability matrix (17) has predictably
reached the maximum correct classification
probability values. Only the plausibility of thun-
derstorm classification is below the required lev-
el. However, in case of practical implementation
the threshold hgp, ¢5¢0r-m may be slightly lowered,
considering the greater hazard of the thunder-
storm, or both thresholds hgpseorm and
hsh tstorm and C to equalize the plausibility for
all classes.

There are sums and probability right classifi-
cation increase for rain shower, thunderstorm
and hail respectively with different nomenclature
and number of signs in Figures 8, 9, 10. In case
of rain shower increase from one-dimensional
problem to four-dimensional one was only

17

0.800 0.195 0.005

=(0.162 0.691 0.147]. (16)
0.024 0.159 0.817
0.839 0.138 0.023

=(0.145 0.701 0.154]. (17)
0.022 0.157 0.821

13.5 %. Almost appropriate reliabilities for rain
shower occurred already in two-dimensional var-
iants. The whole increase for thunderstorm was
100%. Nevertheless, the appropriate classifica-
tion reliability is not reached even in a four-
dimensional variant. Zmax u EDRmax signs
possess the most informational value. The given
parameter distribution by altitudes is correlated
and by this reason is less informative. The per-
cent sum of decision-making reliability increase
in “one- to two dimensional” problem inter-
change is 30.22 %, “one- to three-dimen-
sional” — 34.6 %, “one- to four-dimensional” —
49.3 %. This confirms that the sign space in this
case is necessary considering the ‘“dimension
curse” [9].
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Fig. 9. Relative increase in plausibility of thunderstorm classification with increasing number of features

I'pan
T
p(H(Z;rmx)) p(Zmax) p(H(EDRmax)) p(EDRmax)
P=0,43 P=0,73 P =0,44 P=0,82 =061 —7— —_
z 29.5%
p(H(Zmax), Zma DRmax) p(H(EDRmax), EJRmax)
P=0,74 P=0,81 P= 0'32/ =0,79
z 30%
/ 0,4% 34.4%
H’
p(H(Zmax), Zmax, H(EDRmax)) p(H(Zmax), HEEDRmax), EDRpiax) p(H(Zmax), Zmax, EDRmax)
P=0,75 P=0,82 =0,793 —
3.4%
p(H(Zmax), Zmax, H(EDRmax), EDRmax)
P=0,82 =0,82———

Fig. 10. Relative increase in plausibility of hail classification with increasing number of features
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Conclusion

It is shown that maximum plausibility crite-
rion is the most productive for dangerous weath-
er phenomena associated with cumulonimbus
clouds classification problem in case there is no
reliable data or respective loss matrix. Decision
making thresholds are calculated and full proba-
bility classification matrixes are formed for one-,
two-, three- and four-dimensional sign spaces for
the criterion taken.

Results analysis has shown that H(Zmax),
H(EDRmax) signs are the least informatively
valuable in dangerous weather phenomena asso-
ciated with cumulonimbus clouds classification.
Zmax, EDRmax possess the more dividing abil-
ity. Thus, sign space expansion due to atmos-
phere turbulence is justified in the given prob-
lem. The percent sum of decision-making relia-
bility increase in “one- to two dimensional”
problem interchange is 30.22%, “one- to three-
dimensional” — 34.6%, “one- to four-dimensio-
nal” —49.3%. The best results are obtained while
using three p(Zmax, H(Zmax), EDRmax)
and four
p(Zmax, H(Zmax), EDRmax, H(EDRmax))
signs. Maximum and appropriate (up to 0.8)
right classification probability values are calcu-
lated for these cases in probability matrixes.
Thunderstorm classification veracity is insignifi-
cantly lower. However, in case of practical im-
plementation the threshold hgptsrorm may be
slightly lowered, considering the greater hazard
of the thunderstorm, or both thresholds
hsh tstorm and Agp ¢seorm and C to equalize the
plausibility for all classes.

The given results are based on observations
in Upper Volga region for one summer period.
They will obviously be refined during a longer
observation period and vary for different climate
zones. The authors are currently researching and
estimating the dangerous weather phenomena
associated with cumulonimbus clouds statistic
characteristics variability for different European
part of Russia meteorogical zones during a num-
ber of summer periods. The paper is being pre-
pared for publication. In general decision mak-
ing thresholds for dangerous weather phenomena

19

Civil Aviation High Technologies

associated with cumulonimbus clouds classifica-
tion should be adaptive and will be formed au-
tomatically in the foreseen future.
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MeToauka annmpoKcMMalUM TPEXMEPHbIX NOBEPXHOCTEH
B LIeJIAX CMHTE3a AJITOPUTMOB NPeI0TBPALICEHUS CTOJKHOBEHH S
JIeTAaTeJbHBIX ANNIAPATOB € NPEeNATCTBUAMH

A.B. Bopoones', A.M. Jleanxos', B.B. CTpbrii’

'Tocyoapemeennoiii nayuno-uccredosamensekuii uHCMUmMym asuayuoHHbIX Cucmem,
2. Mockea, Poccus

’Mockosckuii 20CY0apCmeeHHblll MeXHUYeCKULl YHUBEPCUMem 2paicoOancKol asuayul,
2. Mockea, Poccus

AnHOoTammsi: B pabore MOJOKEHO Havallo MPAKTHYECKOMY IPUMEHEHHIO aITOPUTMOB YBOZA JIETATENILHBIX allapaToB OT
TPEXMEPHBIX TIOBEPXHOCTEH OrpaHMYEHHMS, NPEACTABIIIONMX CO00H KOMOMHAIMIO penbeda MECTHOCTH W HMCKYCCTBEHHBIX
npersitctBuid. [IpoBenieH aHamm3 COOBITHH, NMPUBOAIIMX K ABHALOHHBIM IIPOMCIIECTBHSIM, M OCYILECTBJICHO CpPaBHEHHE
OOPTOBBIX CHCTEM IIPEIBAPUTEIHLHOTO YBEAOMIICHHS SKHNaXKeH BO3IYLIHBIX CYJOB O CTOJIKHOBEHHM C €CTECTBEHHBIMH WM
HCKYCCTBEHHBIMH IIPETITCTBHAME. [0Ka3aHO, YTO TaKHE CHCTEMBI SIBIIFOTCS HEIOCTATOYHBIMH BCIIEICTBHUE CBOETO MACCHBHO-
PEKOMEHIATENILHOIO XapakTepa BbIIAuM NpenynpexacHuid. IlocraBieH BOmpoc O HEOOXOAMMOCTH pEaTH3allid aKTUBHOM
ABTOMATHUYECKOH CHCTEMBI INPENOTBPAIEHUS CTOJIKHOBEHMII C NPOCTPAHCTBEHHBIMH MPEIATCTBHAMU. B memsix npumeHeHus
HMEIOIINXCSl AJITOPUTMOB YBOJA JIETAaTENbHBIX AlIapaToB OT HMPOCTPAHCTBEHHBIX MOBEPXHOCTEH OrpaHHUYEHMS pa3paboTaHa
METOJIMKa aIPOKCUMAIMK TPEXMEPHBIX ITOBEPXHOCTEW (TIPEISITCTBUIL), 3alaHHBIX HA IM(POBOW KapTe MECTHOCTHU B BHIE
JIUCKPETHBIX OTCUETOB BBICOTHI C ONPEICNICHHBIM IIarOM Ha KOOPJMHATHON ceTKe. B kauecTBe anmpoKCUMUPYIOIIEH NpersITCTBIe
HENPEphIBHOW MOBEPXHOCTH BTOPOrO MOpsi[Ka BbIOpaH MapaOoloW] BpalleHWs, W ONpPEAeieHbl €ro XapaKTepHCTHYECKUE
napamerpsl. Jis omnpeneneHus XapaKTepUCTHYECKUX HapaMeTpoB IMapalbosiona INpeyIoKeHbl K HCIONB30BAHNIO AJITOPHTM
OIpesieNIeHNs] MEePEeceueHrs] TPEXMEPHOM TOBEPXHOCTU M IUIOCKOCTH, OCHOBAaHHBI HA IPHHILUIE OMNPEEICHHS IepPeceueHust
TPEYTOJILHUKOB B IPOCTPAHCTBE, a TaKXKe METO/l BHIOOpa TOUKM mepernda penbeha MECTHOCTH, OCHOBAHHBIM Ha ONpeieIeHUH
3HA4YEHUs TPAJMEHTa BBICOTHI penbeda MECTHOCTH. [IpHBEneHO MOCTpOCHHE anmpOKCHMHPYIOMIETO Mapabosionia Ha IpuMepe
€CTECTBEHHOT'O IPEMSATCTBHUS B BHIE TOPHOTO MaccHBa. [Ipu CHHTE3€ allrOpUTMOB MPEAOTBPAILECHHS CTOJIKHOBEHHS JICTATEBHBIX
anmapaTtoB C TPEMSITCTBHSAMH OTMEYeHa HEOOXOAMMOCTh y4deTa HE TOJBKO MapaMeTpOB IOBEPXHOCTEH OrpaHMUYCHUS H
JMHAMHUYECKHX XapaKTEPHUCTHK JIETATENIbHBIX AalapaToB, HO W TOYHOCTHBIX XapaKTEPHCTUK HMCTOYHUKOB IAHHBIX 00 MX
nono>xeHuu. [1oka3aHbl epCeKTHBHbIE HAPABICHHS IPUMEHEHHSI pa3pa00TaHHOW METOIUKH.

KnioueBbie cioBa: 0e€30macHOCTH IOJIETOB, TPEIOTBPAILCHHE CTOJKHOBEHHH, YBOJ C ONAcHOM BBICOTHI, LM(poBas KapTa
MECTHOCTH, alPOKCUMALIHS, TPEXMEPHAs! TIOBEPXHOCTb, AJITOPUTMBL.

Jnst nurupoBanusi: Bopoobe A.B., JlenmukoB A.M., Crpsiii B.B. MeToauka anmpokcuManyy TpeXMEpHbBIX IMOBEPXHOCTEH B
LEJSIX CUHTE3a aJITOPUTMOB IPEIOTBPALIEHNUS CTOJIKHOBEHUS JIETaTeIbHBIX alaparoB ¢ npenstctBusiMy // Hayunblit BecTHuk
MI'TY T'A. 2024. T. 27, Ne 3. C. 23-34. DOL: 10.26467/2079-0619-2024-27-3-23-34

The technique for approximation of three-dimensional surfaces
in order to synthesize algorithms for preventing aircraft collisions
with obstacles

A.V. Vorobyev', A.M. Lelikov', V.V. Stryy’

IState Scientific Research Institute of Aviation Systems, Moscow, Russia
’Moscow State Technical University of Civil Aviation, Moscow, Russia

Abstract: The work marks the beginning of the practical application of algorithms for making the aircraft recovery maneuver from

three-dimensional constraint surfaces, which are a combination of terrain and artificial obstacles. An analysis of events leading to
aviation accidents was carried out, and a comparison of on-board systems for preliminary notification of aircraft crews about
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collisions with natural or artificial obstacles was made. It is shown that such systems are insufficient due to their passive-
recommendatory nature of issuing warnings. A question has been raised about the need to implement an active automatic collision
avoidance system with spatial obstacles. In order to apply existing algorithms for the aircraft recovery maneuver from spatial
constraint surfaces, a technique has been developed for approximating three-dimensional surfaces (obstacles) specified on a digital
terrain map in the form of discrete height readings with a certain step on a coordinate grid. A paraboloid of revolution was chosen
as a continuous 2™ order surface approximating the obstacle, and its characteristic parameters were determined. To determine the
characteristic parameters of the paraboloid, an algorithm for determining the intersection of a three-dimensional surface and a plane,
based on the principle of determining the intersection of triangles in space, as well as a method for selecting the inflection point of
the terrain, based on determining the value of the terrain height gradient, are proposed for use. The construction of an
approximating paraboloid using the example of a natural obstacle in the form of a mountain range is given. When synthesizing
algorithms for preventing collisions of aircraft with obstacles, the need to take into account not only the parameters of the constraint
surfaces and dynamic characteristics of aircraft, but also the accuracy characteristics of data sources about their position is noted.
Promising application areas of the developed methodology are shown.

Key words: flight safety, collision avoidance, aircraft recovery maneuver, digital terrain map, approximation, three-dimensional
surface, algorithms.

For citation: Vorobyev, A.V., Lelikov, A.M., Stryy, V.V. (2024). The technique for approximation of three-dimensional surfaces
in order to synthesize algorithms for preventing aircraft collisions with obstacles. Civil Aviation High Technologies, vol. 27, no. 3,
pp. 23-34. DOL: 10.26467/2079-0619-2024-27-3-23-34

BBenenue Jns ymensiienuss konudectBa All, Bxons-
IMX, corlacHO MeXAyHapOoJHOW OpraHU3aluU
rpaxknanckoit apuanuu (MKAO), B kiacc cToJik-
HOBeHUH ucnpaBHoro BC ¢ 3eMHOI mOBEpXHO-
ctpto (CFIT — Controlled Flight Into Terrain),
ObLTH CO37aHBI OOPTOBBIE CHUCTEMBI TIPEIBapH-
TeIbHOTO yBenomuienus skunaxeir BC o croink-
HOBEHUHU C €CTECTBEHHBIMH WJIM MCKYCCTBEHHBI-
MU mpensaTcTBUsAMU. OAHOW M3 TAKUX CUCTEM
crana GPWS (Ground Proximity Warning
System), kotopas c¢ konma 1970-x romoB wuc-
nmoJib30Basiach Ha OoapmmHCTBE BC, ocymiecTs-
JSIOMKUX KOMMeEpYecKue mnepeBo3ku. CHUTrHaibl
GPWS dopmupyroTcst ucxons U3 OIEHKH HC-
TUHHOM BBICOTHI II0JIETA, OIPEAEIIAEMOU IO pa-
JIMOBBICOTOMEPY, BEPTUKAIBHOW CKOPOCTH, IIO-
noxxenust BC OTHOCUTENBHO TIIUCCAbl, 8 TAKKE
MOJIOXKEHUS [IACCH M MEXaHU3aluu Kppuia. Oue-
BUJIHO, YTO MPU HAIMYUU PA3IUYHBIX TPEIAT-
ctBuii o kypcy BC GPWS moxer ObITh Kpaiine
Hed(p(PEeKTUBHA, TaK KaK BPEMEHH OT MOMEHTA
cpabaThIBaHUS CUTHAIM3AIMK 10 CTOJKHOBEHUS
ObIBaeT HEAOCTATOYHO ISl YKIIOHEHHS OT Tpe-
MSATCTBHUS.

Jns onoemenus skunaxeir BC o mpenst-
CTBUSIX IO Kypcy ObUTM pa3paboTaHbl CHCTEMBI
OTIOBEIICHMS, BKIFOUYAIOIINE 0a3bl TaHHBIX PEllb-
eda MECTHOCTU M UCKYCCTBEHHBIX MPEMATCTBUM.

CormacHo AaHHBIM OTYETOB MexXrocynap-
CTBEHHOTO aBuaimoHHoro komuteta (MAK)
0 COCTOSIHUM 0€30TaCHOCTH TOJIETOB B TPAXKIaH-
CKOM aBWALMM TOCYJIapcTB — ydacTHUKOB Co-
TJIAIICHUS O TPAKIAHCKOW aBHAIIMU U 00 HCTIONb-
30BaHUU BO3YIIHOTO HpOCTpchTBa1 KoJInye-
CTBO CTOJKHOBEHHH BO3aymHbIX cyA0B (BC)
C Pa3IMYHBIMU MPENSATCTBUSIMHU B YNPABIIEMOM
MOJIETE€ JIOCTAaTOYHO Benuko. Tak, 3a mepuoj ¢
2001 mo 2018 r. 17 % coObITHii, MPUBOIAIINX K
aBUAlMOHHBIM npouciiectBusaMm (All), u 16 %
cOoOBITHI, MPUBOAAIIUMX K  KaracTpodam,
C caMoJIeTaMu KOMMEpYeCcKol aBuamuu B Poc-
cuiickon Penepauuy NPUXOAWIOCH HAa CTOJIK-
HOBEHHE C 36MHOW MOBEPXHOCTHIO HIIA MPETIST-
CTBUSIMHU B ympasisieMoMm nojetre [1]. B 2020 r.
nenbix 7 % ot obmero komudectBa All mpuxo-
JINJI0Ch HA CTOJIKHOBEHHUsSI C MPOBOJAMHU U OIO-
pamu nuHU 3nexTponepenaun (JISII). A yxe B
2022 r., 04EeBUIHO BCJIEACTBHE HEIOCTATOYHOI'O
M3y4YeHHUs paiioHa TMOJIETOB, OTBJICUYCHHUS BHUMA-
HUSA U HEJOCTAaTOYHOM OCMOTPHUTEIBHOCTU SKH-
maxet BC, 1o yucio gocturio 6omnee 15 % ot
ob6mero kommuectBa Al

' Oruerst Mexrocy1apCTBEHHOI0 aBUALIMOHHOTO KOMH-

TeTa 0 COCTOSHMY 6e30MaCHOCTH IONEeTOB JlanHble cucTeMbl OTHOCAT K cucteMaM TAWS
B IPaKJIaHCKOM aBuanuu [ DNeKTpoHHbIH pecypc] // (Terrain Awareness And Warning System).
mak-iac.org. URL: https://mak-iac.org/rassledovaniya/ K cucremam TAWS OTHOCST ¥ CHUCTEMBI

bezopasnost-poletov/ (mara ooparuenus: 02.06.2023).
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Puc. 1. Orobpaxenue penbedha MecTHOCTH Ha HapuranmoHHOM juciuiee Cessna Citation Mustang
Fig. 1. Terrain view on the Cessna Citation Mustang navigation display

EGPWS (Enhanced GPWS)?, siBistrorimecst cie-
nytomuM tnokoiaeHueM GPWS. ['maBHeiM oTH-
gyuem cucrembl EGPWS or GPWS sBnsercs
¢ynkmus FLTA (Forward Looking Terrain
Avoidance), To ecTb (GYHKIUS OIEHKH YTPO3BI
CTOJIKHOBEHHS C MPEMSATCTBUSIMH O KypCy IIO-
nera. OOHoBNseMas 0a3a JaHHBIX, BXOAALIAs B
coctaB EGPWS, Bkmowaer wunpopmamuio o
HPEMATCTBUAX BOKPYT OCHOBHBIX a’pOJIPOMOB U
JAHHBIE O penbede MECTHOCTH B PErHOHE MoJie-
toB. H(popmanus u3 06a3pl JaHHBIX, IpU HC-
MOJIb30BAHUN COOTBETCTBYIOIETO PEXHMa, BbI-
BOJIUTCSI HA HAaBUTALIMOHHBIE TUCIUIEH B KaOWHE
sxumaxa BC? (puc. 1).

2 Honeywell MK VI & MK VIII EGPWS Pilot Guide
[Onexrponnsiit pecypce] // SKYbrary. May 2004. 60 p.
URL: https://skybrary.aero/sites/default/files/bookshelf/
3365.pdf (mata obpamienus: 02.06.2023).

Garmin G1000 Pilot’s Guide for the Cessna Citation
Mustang [DnekTpoHHbIH pecype] // static.garmin.com.
May 2007. 508 p. URL: https://static.garmin.com/
pumac/G1000:CessnaMustang_PilotsGuide.pdf (nara
obpamenwns: 02.06.2023).
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[Ipu namuumm Ha Gopry BC cucrem Ttuma
TAWS, a Taxxe cCBOEBPEMEHHBIX U IIPABUIIBHBIX
JIeMCTBUI CO CTOPOHBI SKUIAXKa 00ecreunBaeTCs
JOCTAaTOYHO O€30MacCHOE PAaCX0KJICHHE C ecTe-
CTBEHHBIMH WJIM MCKYCCTBEHHBIMH IPEMSATCTBU-
aMu. OIHaKO BO3MOKHOCTbh BHE3AITHOI'O OTKIIIO-
YeHUs vacTu (QyHKuuoHaabHocTH EGPWS,
HaIpUMep, TaKOW Kak MOJTy4YeHHE JaHHBIX O pe-
Jabede MECTHOCTH MJIH MOJIy4YE€HHUE JaHHBIX O I0-
JIO’KEHUH IIacCH WM MEXaHW3aluu Kpblia, MO-
KeT MPHUBECTH K aBapUIHBIM WMJIM KaTacTpogu-
YECKUM CHUTyalusM. Tak, OTKIIIOUEHHUE IOJyde-
HUSl JaHHBIX O peibede MECTHOCTU IPHUBENO K
katactpode camomera Sukhoi Superjet 100 9
Mag 2012 r. B UHgoHe3nn. DKHUITAK BBIITOIHSI
BU3YQJIbHBIN JIEMOHCTPALMOHHBIA IIOJIET HA Ma-
JIOW BBICOTE B TOPHOM MECTHOCTH B HE3HAKOMOM
Juist ce0si paliloHEe M CTOJIKHYJICS CO CKJIOHOM TO-
pbl Canak. ITorubmau Bce 45 yenoBeK, HaXOMB-
mIuxcst Ha 0opTy.

IToMrMO ecTecTBEHHBIX (IOpHbBIE MAaCCHUBBI,
OMACHbIE SBJIEHMSI MOTOAbl U T.I.) U HCKYC-
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CTBEHHBIX (BBICOTHBIE 3[aHMs, JTMHUHU DJIEKTPO-
neperady U T.I1.) B Ka4eCTBE MPEMSTCTBUM ciie-
IyeT YYUTBIBATh M Pa3JIM4YHbIE 30HBI OrpaHUYE-
HUHM TOJETOB (B TOM YHUCIJE 30HBI MPOTUBOBO3-
JTYLIIHOM OOOpOHBI, 00JAaCTH pasiieTa OCKOJIKOB
00enpuIacosB u T. I.).

Taxum oOpasom, cuctemsl THa TAWS xoTb
Y MOTYT OLICHMBATh BEPOSITHOCTH CTOJIKHOBEHUS
C 3€MHOM MOBEPXHOCTBIO M APYIMMH €CTECT-
BEHHBIMH WJIM HMCKYCCTBEHHBIMH IIPENSATCTBHUS-
MU, HO U3-3a OOJIBLIOTO BIMSIHUS YEJIOBEUECKOTO
(dakTopa BO MHOTMX CUTYyalUsIX SIBJISIFOTCSI HEHO-
CTaTOYHBIMU BCJIEICTBUE CBOETO IMACCUBHO-
PEKOMEHIaTEIbHOTO XAapaKTepa BBIJAYU IIPEIy-
MIPEXKACHUN.

ITocTanoBka 3agaun

[Ipu nocratouno Gosmbiiom komuuectse All,
NPUYUHOM KOTOPBIX SBJISIOCH  CTOJKHOBEHHE
C36MHOW TOBEPXHOCTHIO WJIM MPENATCTBUSIMU
B YIIPaBJISIEMOM TIOJIETE, OCTAETCSI OTKPHITHIM BO-
npoc o ToMm, nodemy mnpousBogurenu BC, ocHa-
IIEHHbIX CHUCTEMaMH JMCTAHIIMOHHOTO U aBTO-
Matrueckoro ynpasienus (CHAY, CAY), BToMm
Yyci€ aJaNTUBHBIMU M TMPOTHO3UPYIOLIMMH [2],
MOTEHIIMAJIbHO MMEIOIIMMHU BBIXOJIbl Ha PYyJIEBbIE
HPUBOABI U JJOCTATOYHO MOIIHBIC BBIYUCIUTEIb-
HbIE CUCTEMBI, BKJIIOUAIOIIUE B ce0s MOIYJH MO-
IpoOHBIX 1HppoBeIX KapT MectHocTH (LIKM)
Y OOLIMPHOE KOJIMYECTBO JAaTYMKOB (Oecruiat-
(bopMeHHBIE HHEpLUAIbHbIE HABUTALIMOHHbIE CHC-
tembl — BUHC, npueMHuku rinodanbHbIX HaBUTa-
IMOHHBIX cyTHUKOBBIX cucteM — [HCC u . m.),
JI0 CHX MOp OIpaHMYMBAIOTCS B OCHOBHOM IIPELy-
NPEKACHUAMHI O MPUOIMKEHUHM K TIOBEPXHOCTU U
HayuaJld PEealn30BbIBATh JIOTMUYECKHUE IOCIIE0Ba-
TENIBHOCTH U aITOPUTMBI IIPEAOTBPAILIEHHS CTOJIK-
HOBEHHUH C MPOCTPAaHCTBEHHBIMM IPENATCTBUSIMU
OTHOCHTEJIBHO HEJJABHO [3,4].

B paGorax [5, 6] paccMOTpEHBI aIrOPUTMBI
yBOJa JieTaTeabHbIX anmnapatos (JIA) B Tom uuc-
Je OT pas3anyHbelX npenarcrBuil. Pynpamen-
TaJIbHOM OCHOBOM JTaHHBIX AJITOPUTMOB SIBIISIOT-

* Automatic Ground Collision Avoidance System (Auto
GCADS) [3nexrponnslii pecypc] // lockheedmartin.
URL: https://www.lockheedmartin.com/en-us/products/
autogcas.html (nara obpamenus: 01.11.2023).
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Cs YpaBHEHHUS IPOCTPAHCTBEHHBIX ITOBEPXHO-
CTEl OrpaHUYeHUs, OJJHAKO KOHKPETHBIE METO-
UKW pacyeTa MapaMeTpoB 3TUX YpPaBHEHHWI He
npopaboTaHBbI.

JUIg NpakTU4eCKOro NPUMEHEHHS aJrOpUT-
MOB yBozAa JIA OT HpOCTpaHCTBEHHBIX MOBEPX-
HOCTEH OIpaHWYEHHMs CIIELYET YYUTBIBAaTb OCO-
OCHHOCTH 3aJaHus penbeda MECTHOCTH U pa3-
nuyHbIX npenarcTBuil Ha LIKM, xoTtopele yare
BCEr0 33/1al0TCSI B BHUJIE JUCKPETHBIX OTCUYETOB
BBICOTBI C OIPEAEICHHBIM IIAaroM Ha KOOpIU-
HATHOM CETKE’, T. €. He MOTYT ObITh HCIOIB30-
BaHbl HANpsSMYyI0 B aIrOpPUTME yBOJA BCIEH-
CTBHE CBOEH JUCKPETHON IPUPOBI.

Takum oOpa3zom, HeoOXoAMMO pa3padoTaTh
METOJIMKY aIlPOKCUMAllUd TPEXMEPHBIX IO-
BEPXHOCTEeH (MpensTcTBHil), 3a1anHbIx Ha [IKM,
o0ecreunBaroIly0 KOPPeKTHYIO U B TO )K€ Bpe-
Ms TIPUEMJIEMYIO TIO OBICTPOJEHCTBUIO PabOTy
YKa3aHHBIX BBIIIE aJITOPUTMOB.

B kauecTBe nmpumepa BO3bMEM €CTECTBEHHOE
MPEnsITCTBUE B BUJE TOPHOTO Maccusa (puc. 2) u
aNIpPOKCUMUPYEM €r0 YpPaBHECHHEM HETPEPHIB-
HOI moBepxHOCTU 2-r0 nopsnaka (Beicota Hygy
Ha pHUC. 2 yKa3aHa B METpax COINIACHO CHCTEME
koopauHat WGS84/EGM96):

¢(x,y,z) = 0. ()

Bb160p HemnpepbIBHOW NOBEPXHOCTH 2-TO TO-
psnka (1) B kauecTBe anmpoOKCHUMUPYIOIIEH IO-
BEPXHOCTH OOYCIJIOBJIEH B TOM YMCJIE U TEM, YTO
npu paborte anroputma yBoza JIA momkeH co-
BEpIIaTh MAaHEBPbl IO HENPEpPBIBHOW Tpaek-
TOPHUH, KOTOpasl AOJKHA OBbITh (pU3MUECKH pea-
au3yemMa U He npuBoauTh JIA K KpUTHUECKUM
pexkuMaM nosera. JlaHHas TpaekTopus, corjac-
HO alrOpUTMY yBoJa [5], pacmosiaraercst B HEKO-
Topoil mockoctu U, conepxkaiuei Hopmainb Ng
K anmnpoOKCUMHUPYIOIIEH MOBEPXHOCTH B TOUKE 7,
IIOJly4aeMOl IIEpPEeceYEeHUEM JIMHMHM BEKTOpa
CKOPOCTH caMoJIeTa C 3TOW MOBEPXHOCThIO. [Ipu
BKJIIOYEHUHU B paboTy anropurMa ysozaa JIA u3-
MEHSET CBOE MOJIOXKEHUE B IIPOCTPAHCTBE, COOT-
BETCTBEHHO, U3MEHACTCS U MOJ0XKEHUE TOUKH T

> Shuttle Radar Topography Mission website [nekTpon-
Heiid pecypc] // NASA. URL: http://www?2.jpl.nasa.
gov/srtm/ (nata obpamenwns: 01.11.2023).
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Puc. 2. [Ipumep n300paxkeHust TOPHOTO MaccHBa Ha HU(PPOBOIl KapTe MECTHOCTH
Fig. 2. Example of the mountain range view on the digital terrain map

Ha MOBEPXHOCTH OrpaHuyeHus. Benencrsue ms-
MEHEHUS IOJIOKEHUS TOYKM 71 W3MEHSIOTCA U
rapamMeTpbl OPUEHTALlMA B IIPOCTPAHCTBE IIJIOC-
koctelt U m K, raoe mimockocte K — 310 mioc-
KOCTb, KacaTelbHas K ITOBEPXHOCTU OrpaHU4e-
Hus B Touke 7.

[Ipumenenue noBepxHocTel 1-ro nmopsaka B
KaueCTBE aNNPOKCUMUPYIOLIUX JOMYyCTUMO AJIS
pPaBHUHHOTO penbeda, a MPUHIMIHAIBHAS BO3-
MOKHOCTb IIPUMEHEHUS NIOBEPXHOCTEN 3-TO MO-
psanka TpedyeT ganbHele npopadboTKu.

Takum oOpa3oM, McXols M3 TpeOOBaHMS K
W3MEHEHUIO IIapaMeTPOB OpPHEHTALMM B IPO-
ctpaHcTBe mockocreil U n K, a UMEHHO BO3-
MO>XHOCTH HENPEPBIBHOIO IIOCTPOCHUS Kaca-
TEIBbHON IUIOCKOCTH K, TO €CTh HENPEPHIBHOMY
M3MEHEHUIO NIEPBOM NMPOU3BOJHOM aNIPOKCUMH-
pytomeld QyHkuuu [7], BpIOOp MOBEPXHOCTH
2-ro mopsjKka B KauecTBE alIpOKCHUMHUpPYIOIEH
MIOBEPXHOCTHU SBJIAECTCS ONTUMAJIBHBIM IO CPaB-
HEHUIO C MOBEPXHOCTSIMHU 1-ro U 3-ro mopsaka

27

JUISL pacCCMaTpUBAEMOr0 B IAHHOM IIPUMEPE TOp-
HOTO penbeda MECTHOCTH.

MeTtoauka annpoKcuMauuu
TPeXMEepPHbIX IOBEPXHOCTEH

B kauecTBe ammpoxcuMUpYIOILIEH Tpexmep-
HYI0 TIOBEPXHOCTH (MPENSATCTBUE) HEMPEPHIBHON
MOBEPXHOCTU 2-TO MOpsIKa BO3bMEM Hapabolio-
UJ BpalleHUs M ONPENEIUM KOOPAMHATHI €ro
BEPILMHBI, a TAKXKE MapaMeTphbl €ro OCHOBAHUS.
Jlist 3TOro HaxoauM MaKCUMaJbHYIO ONvKaii-
IIyI0 BBICOTY peiibeda MECTHOCTU B yHpexaae-
Mot 30He (puc. 3). Ota Touka U OyIeT BepIIH-
HOU Py mapabosonja.

Ha puc. 3 JIA HaxoguTcs B TOUKe A, OTPE30K
AB 00603Ha4aeT HANpaBJICHUE BEKTOPAa CKOPOCTH
JIA, a Touka B 0003Ha4aeT MECTO TMEepPeCeUCHUS
BeKkTOpa ckopocth JIA u penbeda MECTHOCTH.

B kauectBe Touku P, onpeaensrouei napa-
METphl OCHOBaHMs TMapabojonaa (TO €CTh €ro
BBICOTY M paauyc), Oepem Ommxkaiimyro k JIA
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Puc. 3. K onpenenenunto koopauHat BepmuHb Py mapaboionma
Fig. 3. Determining the coordinates of the paraboloid vertex Py

TOUKy neperuda penbeda MECTHOCTH, Y KOTOPOii
3HaY€HWE TpajJleHTa BBICOTHI PaBHO, HaIpH-
mep, 10. [l atoro, ucnomns3ys anroput™ Toma-
ca Mennepa [8], mOCTpOUM Cpe3 BBICOTHI pelibe-
a MecTHOCTH BEPTUKAJIBHOM IUIOCKOCTBIO
(puc. 4 u 5), B KOTOPOH JICKHUT BEKTOpP CKOPO-
ctu JIA.

KonkpeTHoe 3HaueHHe BEJIMYMHBI FpagueHTa
BBICOTBI, NP KOTOPOM IIPOMCXOJIUT OIpeEre-
JIeHHe KOOpAMHAT TOYKH P), BHIOMpaeTcs TuHa-
MUYECKH, UCXOJ U3 MAaHEBPEHHBIX BO3MOXKHO-
creii JIA u mapaMeTpoB BKJIIOYEHHS] CHCTEMBI
yBojaa JIA ot npenarcTBus B paboTy.

['paduk 3HaYeHMs TpaJHEeHTa BBICOTHI peilb-
eda MECTHOCTH IIPECTaBIICH Ha puc. 6.

[TocTpouMm TpeOyeMblil anmpoOKCUMHUPYIOIIHIA
napaboIonl B YCJIOBHOM CHCTEME KOOpIUHAT
ENH wucxons U3 W3BECTHBIX MApaMETPOB TOYEK
Py u Py. ]l moctpoeHus napabosiouia Haiem
ero ko3¢ dunuentsl a u b. KorddumueHTs: 31-
JUNTUYECKOTO mapabonouna a u b — 3to noso-
KUTENbHBIE TapaMeTpbl, XapaKTepU3yIolle mna-

28

paboton b1, MpUYEM IS AIUTUIITHYECKOTO Tapa-
Oomouaa a > b, a nna mapabosonaa BpalleHUs
a=>b[9].

KaHoHuveckoe ypaBHEHHE SJUTHIITHYCCKOTO

napa6onopma, «Pa3BECPHYTOr0» OCHOBAHHEM
BHHU3:
x2 y?
; b_Z = —2Z. (2)
Z[J'Iﬂ napa60n01/ma BpalCHUA:
a=bh. 3)
COOTBETCTBEHHO:
x2 2
ﬁ + ﬁ = —-2z. (4)

2
JlomHOXHB 00¢ yacTu ypaBHeHus (4) Ha b,
HOTy9UM

x% +y? = -2b?z. ®)
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Fig. 4. The plane in which the aircraft velocity vector lies
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Fig. 6. Graph of the terrain elevation gradient value

Tak kak BeprMHa mapabojouja HaXOAUTCA
B Touke Py ¢ koopauHaramu Pop, Poy u Py,
TO ypaBHEeHHE (5) OyJET BHITJISAACTh TaK:

(x — Pog)* + (¥ — Pon)? = —2b*(z — Pyy). (6)

N3 ypaBHeHus (6) ciemyer, 9To KO3 UIH-
eHT b paBeH

_ | Ge=PoE)?+(y—Pon)?
b= \/ -2(z—Pon) )
N
_ |(x=PoE)?+(y=Pon)?
b= \/ 2(Pop—2) (8)

Jlns Beramcnenust 3HadeHus kodpduimrenta b
MOJICTAaBUM B YypaBHeHHUE (8) 3HaYEHUs KOOp-
IUHAT TOYKu Py, jexamieil Ha mapaboroune.
B xauecTtBe Takoil TOYKM BO3bMEM TOUKY, JI€XKa-
IIyl0 B IUIOCKOCTH OCHOBaHMS Tapaboiousa
Y HaXOJSIIYIOCS B TOYKE IMEPECEUEHUS OKPYXK-
HOCTH paguycoMm Ry ¢ miockocteio EOH, tne
O — TouKa Hayajga KOOPAUHAT CHCTEMbI KOOPIHU-

Hat ENH. KoopauHaTaMu OJHOM U3 TaKUX TO-
4yeKk OyIyT, OUYEBUIHO, CIECAYIOIINE:

Pig = Pog— Ry,
Pin = Pon;
P]H = H().
Torna

p = (PoE—Ro—PoEg)2+(Pon—Pon)?
2(Pog—Ho) ’

To ectb

b= ’R—g (9)
N 2(Pon—Ho)’

[IpencraBum ypaBHeHue (6) B Buue z = f(x,y)
Y TIOJICTABUM B HETO 3HaUYCHUE KO3 puiueHra b:

5 = (=Pop)*+(r=Pow)?
—2p2

+P0H;

_ (x=Pop)?+(y—Pon)?

2
R2
_2< 2(P0H0—H0)>

+P0H;
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Puc. 7. [loBepXHOCTh OrpaHUYEHUS
Fig. 7. Constraint surface

;= (x—Pog)?+(y—Pon)?
_R(Z)
Poy—Ho

+ Poy;

_ ((x=Pog)*+(y=Pon)*)(Por—Ho)
RZ '

Z = POH (10)

VYpaBuenue (10) u ecTb HICKOMOE YpaBHECHHE
napaboyionia BpalieHus ¢ y4eToM KO3 Quim-
€HTOB a U b.

Tak Kkak HWKHsAS TpaHULAa IIOBEPXHOCTH
OTpaHHYEHUSl JOJKHA COBMANaTh C pealbHBIM
penbedoM MOBEPXHOCTH 3E€MJIM, BKJIIOYas Ipe-
MATCTBHS, OrpaHnyuM ypaBHeHue (10) cHuzy
BbICOTONM Hpgy cormacHo 1u(poBOil KapTte
MECTHOCTH:

((x=Pog)?*+(y—Pon)*)(Por—Ho)
R§
Z > Hyxm

Z=POH_

. (11)
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N3obpaxenue cuctembr ypaBHeHud (11)
B TPEXMEPHOM NPOCTPAHCTBE IOKa3aHO Ha
puc. 7, tae HKHsA rpanuna H gy TOBEPXHOCTH
OTpaHUYECHUS NTOKa3aHa YCIOBHO.

Touka T Ha puc. 7 aBIs€TCS TOYKOU Tepece-
YEHUsI TIOBEPXHOCTH OIrPAHUYEHUS U BEKTOpaA
ckopoctd JIA W MOXET ompenensiThCid aHajo-
rMYHO Touke B no anroputmy Tomaca Memnepa
n bena TpambGopa [10] wnmm mist «OGOpPTOBOI»
peanu3aluy Mpu MOMOIIM TOYHOI'O aHAIUTUYe-
CKOT'O pEelIeHHs] CUCTEMbl YpaBHEHUI MMOBEPXHO-
cti (11) u npsmoit AB, copepxkailueil BEKTOP
ckopoctu JIA.

3akioueHue

[loxazanHas B JaHHOM paboTe METOJIUKa ail-
NPOKCUMAILIUU TPEXMEPHBIX MOBEPXHOCTEH MO3-
BOJIIET OCYIIECTBUTH MEPEXO0J OT TUCKPETHOIO
npejcTaBiIeHus HUPPOBOH KapThl MECTHOCTU K
MaTEeMaTUYeCKU TOYHOMY OIMCAHUIO MPEMsT-
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CTBUH, MPUTOJHOMY K UCHOJIB30BaHUIO B OOPTO-
BBIX alropurMmax ysoja JIA oT mpocTpaHCTBEH-
HBIX [TOBEPXHOCTEW OTpPaHUYECHUSI.

OnHako CTOUT 3aMETHTh, YTO TPH pas3pa-
00TKe M pealu3aluyd alrOPUTMOB MPEIOTBpa-
IICHUSI CTOJIKHOBEHHH C MPOCTPAHCTBEHHBIMU
MPENsATCTBUSMU Ba)XHO YUYWUTHIBATh HE TOJBKO
napameTpbl TTOBEPXHOCTEH OrpaHUYCHUS U JIH-
HaMHUYECKHE XapaKTEPUCTUKHU CaMOJIETa, HO HU
TOYHOCTHBIE XapaKTEPUCTUKH MCTOYHUKOB JaH-
HBIX O MOJIOKCHHUM camoieTa, Takux kak bBIAHC
u nmpuemuuku 'HCC [11].

ANNpOKCUMAIMIO TPEXMEPHBIX MOBEPXHO-
creil (TPEemsATCTBUM), COTJACHO OIHUCAHHOW B
JTaHHOW paboTe METOAMKE, MPU OTCYTCTBUHU JI0-
CTAaTOYHBIX BBIYMCIUTEIBHBIX BO3MOKHOCTEH Ha
6opty JIA MOXHO MPOU3BOAUTH U HA 3eMIIEe TIPU
MOATOTOBKE TMOJETHOTO 3aJaHus B COOTBET-
CTBYIOILIIEH aBTOMATU3UPOBAaHHOW cucteme. st
CHI)KCHHSI 00beMa MPOCTPAHCTBEHHBIX JTaHHBIX
kak Ha Oopty JIA, Tak u mpu padore ¢ [IKM Ha
3eMJI€ CTOUT MPETyCMOTPETh BO3MOXKHOCTH MX
cxarus [12].

JlanHast MeTOIMKA MOXKET OBITh UCTIOIh30Ba-
Ha B aJTOPUTMUYECKOM OOECIIEYeHHH aJamTHUB-
HBIX CHCTEM NPEIOTBpPALICHUSI CTOJKHOBEHUS
¢ penbedom (ACIICP) [13], a Takke B crenma-
JU3UPOBAHHBIX OOPTOBBIX AITOpPHTMAaX, obecre-
YUBAOIIUX OIEPATUBHOE IEPECTPOCHHUE MaplIll-
pyta nonera JIA [14, 15].

ABTOpBI BeIpaXatoT Omarogapaocts A.H. Axu-
MoBy, B.B. Bopo6seBy 1 M.A. KuceneBy 3a mo-
MOIIb B ITOJATOTOBKE CTaThH.
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HccnenoBanus no nepecTpoeHno MapuipyTa B mpoiuecce rnoJiera
BO3JYIIHOTO CyJIHA

M.A. KI/IC@JICBI’Z, 1O.C. Ka.JIlO)KHbIﬁZ, A.B. KapHOBZ,
C.®. Bopoakun'

"Mockosckuii 20Cy0apcmeeHHbIll MeXHUYeCKUll YHUgepcumem 2padcoancKoll asuayui,
2. Mockea, Poccus
2 DedepanvHoe asmonomHoe yupedxcoerue «I ocyoapcmeenHviil
HAYYHO-UCCIIe008aAMENbCKUL UHCIMUMY M ABUAYUOHHBIX cucmemy, 2. Mockea, Poccus

AnHotamust: [TyOnvkaryiel TaHHON CTaThby aBTOPBI MPOJOJDKAIOT MCCISOBAHNS B YacTH pa3pabOTKU U anpoOaIiy METOIMKH
MIEPECTPOEHHST MaplIpyTa BO3IYLIHOTO Cy[JHA B HPOLIECCE €TI0 BHINOJIHEHHs, HadaThle B paHee OIMyOJMKOBAaHHBIX CTaThsX B
«Hayuynom Bectauke MI'TY I'A». B nanHo¥ cTathe NpUBOASATCS PE3YJIbTAaThl KCCIEAOBAHMUS B YACTH PACILIMPEHHUS] BO3MOYKHOCTEH
METOJIMKH OT PEKOH(HUIYpaIy MapIpyTa IojeTa Ul THIIOTeTHYECKOr0 BO3AYIIHOTO Cy/IHA U TIPEIISTCTBHI B TOPH30HTAIBHON
IUIOCKOCTH, KOTOpBIe OBUTH TPOJEMOHCTPHPOBAHBI paHee, A0 MEPECTPOSHHUS MapIIpyTa MOJIETa KaK B TOPH30HTAIBHOM, TaK U B
BEPTHKAIIBHOM IUIOCKOCTH TSI IBYX PA3fIMYHBIX TUTIOB NPETISITCTBUIL 1) HA3eMHOTO €CTECTBEHHOTO MIIM HCKYCCTBEHHOTO (Topa,
oropa JIDII u 1. 1.); 2) Bo3mymIHOTO (TPO30BO# (YPOHT, 3ampeTHAS 00IACTD MOJIETa U T. I1.) ¥ MX COYETaHUS Ha IPUMEpE TOJIeTa 110
MapuIpyTy BeprojieTa THiia MH-8 C HCIOJB30BaHHMEM peabHON I(POBON KapThl MecTHOCTH. HamomHmM, 9TO, Kak ObUIO
OTMEUEHO paHee, OOJIBIIOE KOJIMYECTBO aBHAIIMOHHBIX IPOUCIIECTBUH CBS3aHO C MOTEpEH yNpaBlieHHs! B TIOJIETE, a TAKKe CO
CTOJIKHOBEHHEM ¢ 3emuiel B ympasisgemoM mojere (kareropun LOC-I, CFIT, LALT). B pe3ynbrate paccienoBaHus TaHHBIX
ABHALIOHHBIX TPOMCILIECTBUH BBIABJICHO, YTO 3a4acTyl0 YyKa3aHHbIC aBHALMOHHBIE IPOWCLIECTBHS  OOYCIIOBJICHBI
HE00XOMMOCTBIO OBICTPOrO0 M3MEHEHHWsI MaplipyTa II0jeTa BCJIEACTBHE BBIABICHHS HA ITyTH CIIEZOBAHHS BO3IYLIHOTO Cy/HA
NPETSITCTBUM, HaNpUMep Tpo30Boro gpoHTa. IIpn onpeneneHny aabTepHATUBHBIX MapIIPyTOB 00JieTa BO3HUKIIETO IIPEIISITCTBHS,
a TaKkKe B TMPOIECCe pEeATN3alMHM BHIOPAHHOTO Mapmipyra o0JeTa SKHIaX COBEPIIACT OIIMOKW BBHIY IOBBIIICHHOH
MICUXO(U3NOIOTNYECKOH HAarpy3KH U Aeduumta BpeMenH. [Ipennaraemast aBTopaMu METOIMKA M aJITOPUTMBI TTO3BOJISIIOT OLIEHUTD
6€e301macHOCTh MCXOAHOTO MapIIpyTa, pacCUMTaTh BapHaHTHl AJIbTEPHATUBHBIX MApIIPYTOB 00IeTa OOHApYKEHHBIX B IIPOILIECCE
TOJIETa TPEIBITCTBUM, TMPOBEPUTh MX HA PEATU3YEMOCTb C YYETOM JIETHO-TEXHMYECKHX XapaKTEPUCTHK BO3MYIIHOIO CyIHA,
OrpaHMYCHUI Ha YNPaBIIONIME MApaMeTpsbl, a TAaKKe BHIOPATh CPeaH HAMIEHHBIX MapIpyTOB OOJETa ONTUMAJIBHBIA C TOYKH
3peHns] KaKoro-TMOO KpPHUTEpHs, HalpuMep HCXOAi W3 MHMHHMMHU3ALMM YBEJIMYECHWS MNPOTSHKEHHOCTH MapIupyTa IMOJeTa,
COKpallIeHHs JOTIOTHUTENBHBIX 3aTpaT TOILINBA, BpEMEHHU, HEOOXOIMMOI0 Ha peaTi3alliio HOBOTO MapIIpyTa MoJeTa  T. 1.

KunioueBble cioBa: Mapmpyr mnosnera, oOJIeT MpPEnsSTCTBHI, 0€30MmacHOCTh TI0JIeTa, CHHTE3 YIpaBJIEHHs, OTpaHHYeHHE Ha
yIIpaBJieHue, TOIUTMBHAS Y()(PEKTUBHOCTD.

Jnst murupoBanusa: Kucenes M.A. HccnenoBaHus 1Mo MEpecTpOCHUIO MapIIpyTa B MPOIECCEe IMOJNETa BO3MYIIHOTO CyaHa /
M.A. Kucenes, 10.C. Kamoxusnii, A.B. Kaprios, C.®. boponkun // Hayursrit Bectauk MI'TY T'A. 2024. T. 27, Ne 3. C. 35-49.
DOI: 10.26467/2079-0619-2024-27-3-35-49

Studies on in-flight aircraft rerouting

M.A. Kiselev"?, Y.S. Kalyuzhny?, A.V. Karpov?, S.F. Borodkin'

"Moscow State Technical University of Civil Aviation, Moscow, Russia
2FAO “State Research Institute of Aviation Systems”, Moscow, Russia

Abstract: With the publication of this article, the authors continue the research on the development and testing of a methodology
for in-flight aircraft rerouting which have begun in previously published articles in the Civil Aviation High Technologies of the
Moscow State Technical University of Civil Aviation. This article presents the results of the study in terms of developing the
potentials of the methodology from reconfiguring a route of a hypothetical aircraft and obstacles in the horizontal plane, which were
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previously demonstrated, prior to rerouting in both the horizontal and vertical planes for two different types of obstacles: 1) ground
natural or artificial (mountain, power line support, etc.); 2) air (squall line, prohibited flight area, etc.) and their combinations using
an example of a Mi-8 helicopter flight on route using a real digital map of the terrain. As mentioned above, a large amount of
aviation accidents is associated with the loss of control in-flight, as well as the collision with terrain in a controlled flight (categories
LOC-I, CFIT, LALT). As a result of the investigation of the aviation accidents, it was found that these accidents are often caused by
the requirement to reroute quickly due to obstacles, for example, a squall line. When determining alternatives to avoid an obstacle,
as well as while implementing the selected route for avoiding action, the crew makes errors due to the increased
psychophysiological load and lack of time. The methodology and the algorithms, proposed by the authors, make it possible to
assess the safety of an original route, estimate options for alternatives to avoid around obstacles detected in-flight, check them for
feasibility, taking into account aircraft performance, flight envelope, and also select the optimal route from the view of some
criterion, for example, based on minimizing the route length increase, reducing additional fuel consumption, the time required to
implement a new route of flight, etc.

Key words: route, obstacle avoidance, flight safety, control synthesis, flight envelope, fuel efficiency.

For citation: Kiselev, M.A., Kalyuzhny, Y.S., Karpov, A.V., Borodkin, S.F. (2024). Studies on in-flight aircraft rerouting. Civil
Aviation High Technologies, vol. 27, no. 3, pp. 35-49. DOI: 10.26467/2079-0619-2024-27-3-35-49

Beenenue OO01mmast cTaTUCTUKA aBUALMOHHBIX MPOUCIIIE-
CTBHIA/KaTacTpod MO KOMMEPUYECKOW aBUAIUU
W aBUAIlMK  OOIIEero Ha3HA4YeHHs MpHUBEICHA
B Tabm. 1.

W3 mpuBeCHHBIX BBINIE JaHHBIX OYEBUIAHA
aKTyaJIbHOCTh CO3JaHUsl MHCTPYMEHTa oOIlepa-
TUBHOTO, B TOM YHUCJIC M B MPOIIECCE MOJIETa, aB-
TOMAaTHUYECKOTO MEPECTPOCHUs MapIIpyTa MoJje-
Ta, WHTETPUPOBAHHOTO B CHCTEMY CaMOJIETO-
BOXKJICHUSI BO3JAYIIHOTO CyJHAa U OOecreunBaro-
IIErO:

1) dbopmupoBaHHe HECKOJbKHX albTepHA-
TUBHBIX MapuIpyToB [2], mo3BoJjsromux oobie-
TETh MPEMATCTBUS B BUJEC HA3€MHBIX €CTECTBEH-
HBIX [3], UCKYCCTBEHHBIX OOBEKTOB [4, 5] wiun
rpo3oBoro ¢poHTa [6] Ha Ge30MacHOM paccTos-
HUU B ABTOMATUYECKOM HIIM B JTUPEKTOPHOM
peXKHMaxX C Y94ETOM JIETHO-TEXHHUYECKUX Xapak-
TEPUCTUK BO3IYIIHOTO CY/HA;

o moteps ynpasienus B mosere (LOC-D); 2) BBISBICHHUE ONTHMAJbHBIX C TOYKH 3pe-
e CTOJIKHOBEHHUE C 3€MJIEH B YIIPaBIISIEMOM IIO- HUA 32JaHHBIX Kputepues [7] (MuHHManbHOE
nete (CFIT); OOKOBOE OTKJIOHEHHE, JONOJIHUTEIbHBIE 3aTpa-

Tbl BPDEMCHH, TOIIJIMBA OTHOCUTCIIBHO UCXOOHOT'O

Hannas pabota mpezacraBisier coOoil joru-
YeCKOe pa3BHTHE paHee OMyOJIMKOBAaHHOW CTa-
TbU [1], 1 IOTOMY MBI NPEAOCTABISIEM HEKOTO-
poe KpaTkoe MOBTOpeHHEe MHPOPMAIMU U3 TIpe-
IBITyIIeld paboThl B YaCTH aKTyaTbHOCTU HCCIIe-
JIOBAaHUM M KITFOYEBBIX ITOJIOKCHHH METOIUKHU, C
TE€M 4YTOOBI OOJIETYUTHh TTOHUMAaHUE COJACPIKAHUS
JIAHHOM CTaThM 0€3 HeOOXOIUMOCTH OOpaIeHuUs
K MIPEABLIYIINM TEKCTaM.

N3 cTaTUCTUKM aBUAIMOHHBIX IPOUCIIIE-
ctBuif 3a nepuon ¢ 2011 mo 2020 rox' B Poccuii-
ckoil dexnepanuu ciaeAyeT, YTO NPHU BBIMOJIHE-
HHUH TI0JIETOB HaMOOJIbIIee KOJIUYSCTBO aBUAIIU-
OHHBIX MTPOUCIIIECTBHUI CBSA3aHO CO CJICTYIOIIUMHU
rpynramMu COObITHH:

e CTOJKHOBEHHE C TMPEMATCTBUSAMH TPHU TOJETE
Ha Manoii Beicote (LALT);

e TOMAJaHue B TPUOOPHBIE METEOYCIIOBUS,
K KOTOPBIM SKHTax He noryien (UIMC); MapuipyTa MojieTa u T. I1.) MapIIpyToB o0JeTa.

e TIOMAJaHUE B 30HY CIJIBHOL FpOSOBOﬁ nest- Z[aHHBII/I HHCTPYMCHT IOOJIKCH CII0CO0CTBO-
TeILHOCTH (WSTRW) BaTh HMCKIIOYCHUIO OIIMOOK OKHIIaXa, BO3HHUKaA-

FOIIMX M3-3a TOBBIIICHHOMN HCI/IXO(i)I/I?»I/IOJ'IOl"I/I‘le-

CKoM Harpy3ku [8, 9] u gedwumnura Bpemenn [10
AHanu3 cocTosTHUS 6€30MaCHOCTH MOJIETOB B IPaKIaH- 14 [8, 9] u neuu P [10]

ckoif aBuarmu Poccuiickoit denepanmu B 2020 roxy. NpH BEIOOPE ABTEPHATHBHOIO MapIIPyTa Tojie-
VHpagsieHre MHCIIEKIMM 10 GE30MAaCHOCTH MOJIETOB Ta B Cllyda€¢ BOSHMKHOBCHUA IPCEIATCTBUA BO
[DnexTponnsrii pecypc] // DABT, 2021. 97 c. BpeMs II0JICTa.

URL.: https://aviaforum.ams3.cdn.digitaloceanspaces.

com/data/attachment-files/2021/04/1598384 a3450

354b90aa72fe5588472bb4eedfc.pdf (nara obpamieHus:

20.12.2023).
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Taoauma 1
Table 1

JlanHbie 00 aBUAIMOHHBIX MpouciiecTBUsAX B Poccuiickoit @enepanun 3a 2011-2020 rr.
Data on aviation accidents in the Russian Federation for 2011-2020

ITocTanoBka 3agaun

Hcxonnanie nanHble:

1) mapuipyT monera B BUAE KOOpAUHAT TO-
yek MapmpyTa X;(Xgi, Yei, Zgi) B HOPMAJIBHOM
3eMHOM cucteme koopauHat [11]:

e HayaJbHOU Xy,

e MPOMEXYTOYHBIX (MMOBOPOTHBIX) X, X2, ...,
>(n71;

e KOHEUYHOM Xp;

2) orpaHM4YeHHE MO MHUHHUMAJIbHOW BBICOTE
moJieTa HaJl MOBEPXHOCThIO 3emuin (B pacyeTax
npussro 100 m);

3) nmomycTtuMoe OTKJIOHEHHE OT MapIipyTa
nosieta (B pacuerax npuHsaTo 200 m);

4) mpensarcTBus (Ha3eMHbIE, B BHJIE T'PO30-
BOro (hpOHTA, 3aIIPETHON 30HBI MOJIETOB) B BUJIC
MacCUBa KOOPAMHAT TOUEK WX OrPaHUYHBAIOIINX
noBepxHoCTeN Xip 1, - ..y Xup m-

5) xaptra mectHoctu Tuna SRTM (Shuttle
Radar Topography Mission)® ¢ paspemennem
30 M (puc. 1);

6) BO3aymIHOE CyaHO Tuma Mu-8 co ciemy-
IOIUMH  XapaKTePUCTUKAMH M OTPaHUYCHHUSI-
mu [12]:

? SRTM Database [Jnextponnsiii pecype] // dwtkns.com.
URL: https://dwtkns.com/srtm30m/ (nara oOpareHus:
20.12.2023).
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KOMMepYecKasi aBpuaiusi, aBHALUA
% o01mero HazHaueHnmsi, %
caMoJIeThbl | BEPTOJIETHI | CaMoOJIEThl | BEePTOJIETHI
CTonKHovBeHHe C TIPENATCTBUAMH TIPH TIOJIETE e 33 10/11 11.2/10.7
Ha manoi Beicote (LALT)
[Toteps ynpasnenus B monere (LOC-I) 18/— 17,4/13,3 44/22 14,1/17,4
CTOJIKHOBEHHE C 3eMJICH B yIPABISEMOM I10- 9/16,7 43,5133 6.4/42 24/13
nere (CFIT)
ITonmaganue B mpuOOPHEBIE METEOYCIIOBHS, K
4,5/5,6 —/— —/— —/—
KoTopbIM 3kunax He nomymieH (UIMC)
ITonaganue B 30Hy CUIBHOU FPO30BOH €S- /5.6 L e .
tensHOCTH (WSTRW) ’
e DKCIUIyaTallMOHHBIM  JUANa3oH HU3MEHEHUS

HOpMasbHOU neperpy3ku —0,5...2,5;

e OKCIUTyaTallMOHHBIN JMANa30H U3MEHEHUS yT-
na kpena —30...30°%

e MaKCHMallbHasi CKOPOCTh WM3MEHEHHs Tepe-
rpy3ku He 6onee 1 en/c;

e MaKCHMallbHasi CKOPOCTh TOJIETa 0 MapIipy-
Ty 240 x™M/4;

e MHUHUMAaJbHAs
nojiera 70 kMm/d;

e JIONYCTUMBIN Juamna3oH kpena —30...30%

e MaKCHMaJibHasi CKOPOCTb H3MEHEHHS KpeHa
24 rpanycalc.

Heo0xoanmo:

1) omeHuth 0€30MACHOCTH HCXOAHOTO Map-
HipyTa IMOJIeTa UCXOAS M3 MUHUMAJIbHO JOMYy-
CTUMOTO PACCTOSIHHSI MEXy MapIIpyTOM TOJje-
Ta U MPEMSITCTBUEM B MpOIlecce MOjeTa U, eCiu
UCXOIHBIA MapIIpyT MojieTa He Oe3omaceH, pac-
CUMTaTh albTepHATHUBHbIE OE30MAaCHbIE MapIIPY-
THl TMOJIETa W3 HAYAIbHOH B KOHEYHYIO TOYKY
MapIIpyTa;

2) ompenenuTh BO3MOXKHbBIE CKOPOCTH MOJe-
Ta MO aJbTEPHATUBHBIM O€30MacHBIM MapHIpy-
Tam;

3) BBIOpaTh aJBTEPHATUBHBIA O€30MACHBIN
MapuIpyT, ONTUMAIbHBIA MO YCTAaHOBICHHOMY
KPUTEPHUIO.

CKOPOCTh TOPU3OHTAJIBHOI'O
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Puc. 1. l{udposas kapTa MeECTHOCTH
Fig. 1. The digital map of the terrain
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Puc. 2. Mapuipyt nosera Ha [UQPOBOii KapTe MECTHOCTH B TOPU30HTAIILHOM TIOCKOCTH
Fig. 2. The route on a digital terrain map in a horizontal plane

Beie nana obmas GopMmynupoBKa 3ajauu
uccienoBanys. Jlanee mpeacTaBIeHO cCoAepXkKa-
HU€ HayaJIbHBIX M KOHEYHBIX YCJIOBUH IATH pe-
[IaeMbIX 3a/1a4.

3agava 1: mOCTpoOUTh MapuIpyT olsera mpe-
ISATCTBUS B TOPU30OHTAJIBHOW IJIOCKOCTH ISt
cilydasi, KOTJa MCXOAHBIM MapLIpyT IoJieTa 3a-
JaH JByMs Toukamu (puc. 2), BbICOTa IMOJETa
300 M, KpuTEepHil ONTUMAIBHOCTA — MUHUMAJIb-
HOE BpeMsl IoJIeTa 110 MapuIpyTy.
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3ajgaua 2: IOCTPOUTH MapLIpyT obisera mpe-
ISATCTBUSL B BEPTUKAIBHON IIOCKOCTU JJISL CITy-
Yasi, KOTla MCXOJHBIA MapLIpyT IoJieTa 3aJaH
JIBYyMsI TOUKaMu (puc. 3), UCXOJHasi BbICOTA IIO-
neta 300 M, KpuTepuil ONTUMAIBHOCTH — MUHU-
MaJbHOE BpeMsl 110JIETa IO MapIIpyTy.

3ajgaua 3: MOCTPOUTH MapUIPYT 0OJsieTa B ro-
PHU30HTAIBHOM IIOCKOCTH T'PO30BOro (hpoHTa,
NpPEJCTaBICHHOTO B BHJE HECKOJIBKUX MHOTIO-
YTOJIbHUKOB, PACIIOJIOKEHHBIX APYT HaJ JPyroM
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Puc. 3. MapuipyT nosera Ha HU(POBOH KapTe MECTHOCTH B BEPTUKAILHOM INIOCKOCTH
Fig. 3. The route on a digital terrain map in a vertical plane
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Puc. 4. MapuipyT Ha nudpoBoii KapTe MECTHOCTH B TOPU30HTAIILHOM INIOCKOCTH € TPO30BBIM ()POHTOM
Ha BbIcoTax 2000...4000 m
Fig. 4. The route on a digital terrain map in a horizontal plane with a squall line at altitudes of 2000...4000 meters

Ha BbicoTax 2000...4000 m ans cimydast, Kornaa
MCXOJIHBIN MapIIpyT MOJeTa 3aJaH ABYM TOYKa-
Mu (puc. 4), ucxogHas Boicota mojueta 2500 m,
KpUTEpUN — MUHUMAJIBHOE BpeMs IOJIeTa IO
MapIuIpyTy.

3amada 4: MOCTPOWTH MapumpyT o0JeTa B
BEPTUKAIBHON TIJIOCKOCTH TPO30BOTO (PpOHTAa,
MIPEACTABICHHOTO B BHUJIE HECKOJBKUX MHOTO-
YTOJIBHUKOB, PACTIONOKEHHBIX JPYT HaJ IPYroM
Ha Bbicotax 2000...4000 M, mns ciyyasi, Kormaa
UCXOIHBIA MapLIpyT MOJeTa 3aJaH ABYMs TOY-

39

Kamu (puc. 5), ucxoanas BeicoTa mosnera 2500 m,
KPUTEpUH  ONTHUMAITLHOCTH MUHUMAJTBHOE
BpeMs MOJIeTa M0 MapIIPyTYy.

3amada 5: IOCTPOUTH MapuIpyT o0iera B ro-
PU30HTANBHOW TUIOCKOCTH TPO30BOr0 (PpOHTA,
MPEJICTABJICHHOTO B BHJE HECKOJIBKHX MHOTO-
YTOJIbHUKOB, PACIOJIOKEHHBIX APYT HAA JPYroM
Ha BeicoTax 1600...3500 M, mns ciyyasi, Korma
UCXOAHBIA MapLIpyT TMOJeTa 3aJaH ABYMs TOY-
kaMmu (puc. 6), ucxoanas soicota nosuera 2000 m,
HIDKHHUM Kpall Tpo30Boro (ppoHTa Kacaercs 3eM-
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Puc. 5. Mapuipyt Ha 0udpoBOil KapTe MECTHOCTH B BEPTUKAIBHOMN IIOCKOCTH C TPO30BBIM (PPOHTOM
Ha BbIcoTax 2000...4000 m
Fig. 5. The route on a digital terrain map in a vertical plane with a squall line at altitudes of 2000...4000 meters
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Puc. 6. MapmipyT Ha ¢ poBoii KapTe MECTHOCTH B TOPH30HTAIEHON TNIOCKOCTH C TPO30BBIM (PPOHTOM
Ha BeicoTax 1600...3500 m
Fig. 6. The route on a digital terrain map in a horizontal plane with a squall line at altitudes of 1600...3500 meters

HOM MOBEPXHOCTH. KpuTepuii ONTUMAaIbHOCTH — HUKOB, PACIOJOKEHHBIX JAPYr HaJ JAPYyrOM Ha

MUHHUMAJIBHOE BpeMs OJIETA 110 MapILPYTY. BbicoTax 1600...3500 M mns ciaywas, Korna uc-

3aga4a 6: HOCTPOUTH MapHIPYT 00JeTa B BEp- XOJHBIA MapHIPyT MOJETa 3a/1aH IByMS TOUKaMHU
TUKAJIbHOM MJIOCKOCTH I'PO30BOro (poHTa, Mpe- (puc. 7), ucxomnas BbicoTa mnoseta 2000 M,
CTaBJIEHHOIO B BUJIE HECKOJIBKUX MHOIOYTOJb- HWKHUH Kpail rpo30oBoro (poHTa MecTaMu Kaca-
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Puc. 7. MapuipyTt Ha nnpoBoii KapTe MECTHOCTH B BEPTHKAIBHOHN TIOCKOCTH C TPO30BBIM (PPOHTOM
Ha BbIcoTax 1600...3500 m
Fig. 7. The route on a digital terrain map in a vertical plane with a squall line at altitudes of 1600...3500 meters

eTCsl 3eMHOM MmoBepxHOCTH (puc. 6). Kpurepuit
ONTUMAJIBHOCTH — MUHUMAJIBHOC BpPCMs IIOJICTA
10 MapUIpyTy.

MeToaosorusi HcCJaeI0BaAHUA

Mertoauka mepecTpoeHHsl MapuipyTa BO3-
QYIIHOTO CyJHA B TPOIECCE €r0 BBHIMOJTHEHUS
IpeIoyiaraeT OIpPEAEICHHYI0 IOCIeA0BaTENb-
HOCTB JE€UCTBUH:

1) oleHKy MCXOTHOTO MaplipyTa IMoJieTa Ha
0€301IaCHOCTE;

2) OIIEHKY peaiu3yeMOCTH MapIIPyTa;

3) pacyer aIbTEpPHATUBHBIX OE30MACHBIX
MapHIpyTOB TOJIETA;

4) BbIOOp ONTHUMAILHOTO MapuipyTa Ha Oc-
HOBE YCTaHOBJICHHOT'O MUJIOTOM Kputepust [7];

5) cornacoBaHHe MapUIpyTa C IUCIETYEPOM,
OTBETCTBEHHBIM 32 YIPABICHUE BO3IYIIHBIM
JBMxeHueMm [13];

6) peanu3alMio BBIOPAHHOTO MapuUIpyTa B
ABTOMATHYECKOM PEXHUME I B JUPEKTOPHOM
pexume [14].

CopepxaHre METOIUKU MOAPOOHO PaccMOT-
peno B [1].

41

Pe3yabTaThl HCC/IEI0BAHU A

3amaua 1. Pe3ynbraThl pemenHus 3anauu |

B BUJIE aJbTEPHATUBHBIX O€30MacCHBIX MapIlIpy-

TOB o00JieTa MNPEensITCTBUS B TOPU3OHTAIBHON

IUIOCKOCTH NPEACTaBIEHBI Ha pUcC. 8.

AnbTepHaTHUBHBIE O€30MacHblE MapLIPyTh
o0jeTa mpensTCTBUA B TOPU3OHTAIBHOM ILIOC-

KOCTH UMEIOT CIIEIYIONIUE XapaKTePUCTHKU:

1) mapupyT 1 (BBIIEIEH KENTHIM LIBETOM):

e jnuHa MapupyTa 80 544 wm;

e Oe3omacHasl CKOpOCTb IOJIETa MO MapUIPyTy
79...240 xM/4 (orpaHMYEHUS] CKOPOCTH TOJIe-
Ta U3MEHSIOTCS MO JUIMHE MaplipyTa U OomIpe-
JIEIISAIOTCS €70 TEKYIEH KpUBU3HOMN);

e MaKCHUMallbHOE€ OOKOBOE YKJIIOHEHHE OT Map-
mpyTa coctaBuio 172 m;

e BpeMs npoxoxaeHus mapuipyra 1 377 c;

2) mapupyT 2 (BbIIEJICH KPACHBIM 1IBETOM):

e JuHA MapupyTa 99 258 m;

e MakcHUMallbHas Oe30macHas CKOpPOCTb IOJeTa
no mapupyty 240 km/4 (COBIagaeT ¢ MaKCH-
MaJIBHOW pa3pelIeHHOM CKOpOCThIO TOJeTa
BO3JIYIITHOTO CYJIHA);

e MakcHUMaJibHOe€ OOKOBOE YKJIIOHEHHE OT Map-
nipyTa coctaBmiio 172 m;
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Puc. 8. AnpTepHaTUBHBIN MapIIPyT MoJieTa Ha HU(POBOI KApTe MECTHOCTH B TOPU3OHTAIBHON TNIOCKOCTH
Fig. 8. The alternative on a digital terrain map in a horizontal plane

Yq, KM

0 11 22 33 44

56

: : ]
89 100 Xg KM

78

67

Puc. 9. AnpTepHaTUBHBIN MapIIpyT IojieTa Ha U(POBOH KapTe MECTHOCTH B BEPTHKAIBFHON TTOCKOCTH
Fig. 9. The alternative on a digital terrain map in a vertical plane

e BpeMs IpoxoxaeHus Mapupyra 1 489 c.
3agaya 2. Pesynbrarthl pemieHus 3aaadu 2

B BUJI€ AJIbTEPHATUBHOTO 0€30IaCHOT0 Mapiipy-

Ta o0JieTa MPEnATCTBUS B BEPTHKAIbHOM ILIOC-

KOCTH NPEACTABIIEHBI HA pUC. 9.
AnbTepHaTUBHBIN 0€30MacHBIM MapIIpyT 00-

JileTa TPENSTCTBUU B BEPTUKAIBHOM IUIOCKOCTH

UMEET CIEeAYIONINE XapaKTePUCTUKHU:

e JuMHA Mapupyta 53 559 m;

e Oe3omacHasl CKOpOCTb IOJIETa MO MAapUIPyTy

215...240 xM/4 (orpaHHYEHHs] CKOPOCTH IIO-

42

JeTa W3MEHSITCS 1O JJIMHE MapiipyTa
1 OTIPEICTISIOTCS €T0 TEKYIIeH KPUBU3HOMN);
e MaKkCHUMaJibHOE€ OOKOBOE YKJIIOHEHHE OT Map-
uIpyTa cocTaBuiio 1 m;
e BpeMs IpoxoxkaeHus Mapuipyra 804 c.
3agaya 3. Pe3ynbrarhl pemieHus 3aaadf 3
B BUJIE aJbTCPHATUBHBIX O€30MAaCHBIX MapIIpy-
TOB 00JieTa TPo30BOro ()pOHTA B TOPU3OHTAIb-
HOM IIJIOCKOCTH MpeCTaBiIeHbl Ha puc. 10.
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Puc. 10. AnpTepHaTHBHBIC MapIIPYTHI TIOJIETA HAa IUPPOBOI KapTe MECTHOCTH B TOPU3OHTAIBHOM IIIOCKOCTH
pu o0J1eTe rpo30BOro ppoHTa
Fig. 10. The alternatives on a digital terrain map in a horizontal plane while avoiding a squall line

AnbTepHaTUBHBIE O€30MacHbIE MapIIPyThI
obsera Tpo30BOro (HpoHTAa B TOPU3OHTAIHHOU
IUIOCKOCTH HMMEIOT CIEYIONINe XapaKTepPUCTH-
KH:

1) mapupyr 1 (00G03Ha4eH >KENTHIM IIBe-
TOM):

e uHa MapupyTta 107 360 wm;

e (Oe3omacHas CKOpOCTb IIOJIETa MO MapuIpyTy
99...240 xM/4 (orpaHMuYeHHs CKOPOCTH IOJIe-
Ta U3MEHSIOTCS 10 JJIMHE MaplpyTa U olpe-
NENIAI0TCSI €0 TEKyIeH KpUBU3HOM);

e BpeMs NpoxoxkaeHusa Mapuipyta 1 824 c;

e MakCHUMaJlbHOE€ OOKOBOE YKJIIOHEHHE OT MapIil-
pyTa coctaBuwio 197 m. OTMeTuM, 4TO B CIy-
yae ocnabieHus TpeOOBaHUI K TOYHOCTU BBI-
Jep>KMBAHUS MapIIpyTa BpeMs MPOXOKIACHUS
MapuipyTa MOXHO YMEHbIIUTb. Hampumep,
NPHU YBEIMYCHHUH JIOMYCTHMOTO OTKJIOHECHUS
oT Mapupyta 10 700 M Bpems mosieTa yMeHb-
mutes 10 1 620 c;

2) mapuipyT 2 (0003HAaY€H KpPACHBIM IIBE-
TOM):

e nnuHa MapupyTa 83 439 m;

e (Oe3omacHasi CKOpPOCTh IOJIETa IO MapuipyTy
134...240 xM/u (orpaHMYEHUS] CKOPOCTHU IIO-
JeTa W3MEHSIOTCS MO JUIMHE MapuipyTa
U ONPEJEIIAIOTCS €ro TeKYIEeH KpUBU3HOMN);
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e MakCHUMaJibHOE€ OOKOBOE YKJIIOHEHHE OT Map-
mIpyTa cocTaBuio 79 M;

e BpeMs IpoxoxaeHus Mapupyra 1 681 c;

e IIPU YBEIMYCHHUU [OIYCTHUMOIO OTKJIOHEHUS
oT MapuipyTa a0 600 M Bpems moJjieTa yMEeHb-
muTest no 1 254 c.

3amaua 4. PesynbpraThl peuieHust 3agauu 4

B BUJI€ QJIBTEPHATUBHOIO 0€30MaCHOr0 Mapuipy-

Ta 00jera rpo30BOro (ppoHTa B BEPTUKAIBHOM

MJIOCKOCTH MPEICTaBIEHbI HA puC. 11.

AnbTepHaTUBHBIE O€30MacHbIe MapUIPyThI
obsera Tpo30BOro (poHTAa B TOPH3OHTAIHHOU

IUIOCKOCTH HMMEIOT CIIEAYIOIIHUE XapaKTepUCTH-

KHU:

1) mapmpyt 1 (00O03Ha4eH 3eJeHBIM IIBe-

TOM):

e JuMHA Mapupyta 53 559 m;

e Oe3omacHasl CKOpOCTb IOJIETa MO MAapUIPyTy
240 xm/u (coBmamaeT ¢ MaKCHUMalbHOW pas-
PEIIEHHON CKOPOCTBIO IOJIeTa BO3IYIIHOTO
CynHa);

e MaKCHUMallbHOE€ OOKOBOE YKJIIOHEHHE OT Map-
HIpyTa COCTaBUIIO 1 M;

e BpeMs NpoxoxkaeHus mapuipyra 804 c;

2) mapuipyT 2 (0003Hau€H KOPUYHEBBIM

IIBETOM):

e JMHA MapuipyTa 53 656 m;
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Puc. 11. AnprepHaTUBHBIE MapLIPYTHI HOJIeTa HA U(POBOH KapTe MECTHOCTH B BEPTHKAIBHOM IIJIOCKOCTH IIPH 00JIeTe
rpo3oBoro ¢ponTa Ha BeicoTax 2000...4000 m
Fig. 11. The alternatives on a digital terrain map in a vertical plane while avoiding a squall line at altitudes of
2000...4000 meters
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Puc. 12. I'paduk n3MeHEeHHUs: HOPMAIBLHOH Meperpy3Kku  yriia KpeHa npu oosiere rpo3oBoro (GpoHra
Fig. 12. The graph of changes in normal overload and a bank angle while avoiding a squall line

e (Oe3omacHasi CKOpPOCTb IOJIETa MO MapuIpyTy
240 xM/4 (coBmajaeT ¢ MaKCUMaJIbHOU pas3pe-
IIEHHON CKOPOCTBIO TOJIETa BO3AYIIHOTO CY[I-
Ha);

e MakCHUMallbHOE€ OOKOBOE YKJIOHEHHE OT Map-
IpyTa COCTaBUJIO 2 M;

e BpeMs NpoxoxaeHus Mapupyra 805 c.

VYropasnsgomuye mnapaMerpbl, HE0O0XOAUMBbIE
JUISL pealu3aluy MapuipyTa 1, npeacraBieHbl Ha
puc. 12.

3amaga 5. PesynbraTel pemeHus 3anadv S

B BUJIE aJbTEPHATUBHBIX O€30MacHBIX MapIIpy-

TOB 00JI€Ta T'PO30BOTO (PPOHTA B TOPU3OHTAIH-

HOM IMJIOCKOCTH MPEICTaBIEHbI Ha puc. 13.

AnbrepHaTUBHBIE O€30MacHbIE MapUIPyThI
obsera Tpo30BOro (poHTa B TOPU3OHTAIHHOU
IUIOCKOCTH HMMEIOT CIEIYIONINE XapaKTePUCTH-
KU:

1) mapupytr 1 (0o0o3HAauYeH KENTHIM IIBE-
TOM):

e JuMHA Mapupyta 98 618 m;

e (Oe3omacHas CKOpOCTb IOJIETa MO MapLIpyTy
119...240 xm/4 (orpaHMYEHHs CKOPOCTH TO-
JeTa H3MEHAIOTCS 10 JUIMHE MapuipyTa
U OIIPENETSAIOTCS €r0 TEKYIEeH KPUBU3HOMN);

e MakcHUMaJibHO€ OOKOBOE YKJIIOHEHUE OT Map-
nipyTa coctaBmwiio 193 m;

e BpeMs NpoxoxxaeHus Mapuipyta 1 548 c;
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Puc. 13. AnpTepHaTHBHBIE MAPUIPYTHI 110JIETA HA HU(PPOBOIL JIOT-KapTe MECTHOCTH B TOPU3OHTAIILHOM INIOCKOCTH
pu obieTe rpo3oBoro ¢ppoHTta Ha BeicoTax 1600...3500 M
Fig. 13. The alternatives on a digital log map of the terrain in a horizontal plane while avoiding a squall line
at altitudes of 1600...3500 meters
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Puc. 14. AnbTepHaTHBHBIC MapIIPYTHI M0JIeTa Ha U(POBOI KapTe MECTHOCTH B BEPTUKAIBHOM TNIOCKOCTH TIPH
obnere rpo3oBoro ¢ppoHTa Ha BeIcoTax 1600...3500 m
Fig. 14. The alternatives on a digital terrain map in a vertical plane while avoiding a squall line at altitudes of
1600...3500 meters

2) mapuipyT 2 (0003HAaY€H KpACHBIM IIBE- e MaKCHMaJIbHO€ OOKOBOE YKJIOHEHHE OT Maplil-

TOM): pyTa cocraBuio 180 m;

e jummHa Mapuipyta 70 803 M; e BpeMs NpoxoxaeHus mapuipyta 1 453 c.

e (Oe3omacHasi CKOpPOCTh IOJIETa IO MapuipyTy 3amaya 6. Pesynbrarhl peuieHus 3azadu 6
119...240 xM/u (orpaHMuYEHUS] CKOPOCTH IIO- B BUJIC aJbTEPHATUBHBIX O€30MAaCHBIX MaplIpy-
JeTa U3MEHSIOTCAd MO0 JUIMHE MapuipyTa Hu TOB 00JieTa TPO30BOr0 ()pOHTA B BEPTHUKAIBHOU
OMPENEIAIOTCS €T0 TEKYIIEH KPUBU3HOM); MJIOCKOCTH MPEJCTaBIEHBI HA puc. 14.

45



HayuyHblit BectHuk MITY TA

Tom 27, Ne 03, 2024

Civil Aviation High Technologies

Nya

0.95

0 200 400 600 tc

Vol. 27, No. 03, 2024

g ]
o

400 600 t,c

4

Puc. 15. I'paduk n3MeHeHNsT HOPMATIBHOH IEPETPY3KU U yTiIa HaKJIOHA TPAEKTOPUH MpH 00J1eTe rpo30BOro (ppoHTa
Fig. 15. The graph of change in normal load factor and a flight path angle while avoiding a squall line

AnbTepHaTUBHBIE O€30MacHbIe MapIIPYThI
obiera rpo30BOTO (PpoHTA B BEPTUKATHHOU
IUIOCKOCTH HMMEIOT CIIEAYIOIINE XapaKTepUCTH-
KU:

1) mapuipyr 1 (0603HaueH 3elEeHBIM IIBe-
TOM):

e JuMHA Mapupyta 53 559 m;

e Oe3omacHasl CKOpOCTb IOJIETa MO MAapUIPyTy
240 xm/4 (coBmamaeT ¢ MaKCHMMAalbHOW pas-
PEIIEHHON CKOPOCTHIO TMOJieTa BO3IYIIHOTO
CyAHa);

e MaKCHMaJIbHO€ OOKOBOE YKJIOHEHHE OT Maplil-
pyTa coctaBuio 1 m;

e BpeMs npoxoxaeHusa mapuipyta 804 c;

2) mapuipyT 2 (0003HaYeH KOPUYHEBHIM
IIBETOM):

e JUIMHA Mapupyta 53 656 Mm;

e Oe3omacHasl CKOpOCTb IOJIETa MO MAapUIPyTy
240 xm/4 (coBmamaeT ¢ MaKCHUMalbHOW pas-
PELIEHHON CKOPOCThIO TMOJIeTa BO3LYIIHOTO
CyaHa);

e MaKCHMaJlbHO€ OOKOBOE€ YKIOHEHHE OT Map-
HIpyTa COCTaBHUIIO 2 M;

e BpeMs poxoxkaeHus Mapuipyra 805 c.
VYropasngoomuye mnapaMeTpbl, HEOOXOAUMBIE

JUISL peajiu3alliy MaplipyTa 2, MpeAcTaBlIeHbl Ha

puc. 15.

Oo0cy:xkaenue pe3yabTaToB

Kak cnenyer u3 mpencTaBiICHHBIX BBIIIE Pe-
3yJbTATOB, aJITOPUTM TOKa3aj CBOIO PabOTOCIIO-
COOHOCTB NPH NEPECTPOCHUN MapIIpyTa MoJIeTa:
e B FOPU30HTAJIbLHOM INIOCKOCTH;
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¢ B BEPTUKAJIbHOM IUIOCKOCTH;

e IS CTy4yaeB o0Jiera:

€CTECTBEHHBIX HAa3EMHBIX IIPETSITCTBUI;
BO3AYIIHBIX HPENATCTBUHA THUMA I'PO30BOTO
¢bponTa.

B ywactHOCTH, U3 MpenCTaBIEHHOTO HA PUC. 6
U 7 TPO30BOr0 (PpOHTA U €CTECTBEHHBIX Ha3eM-
HBIX INPENATCTBUI B BUAE peibeda MECTHOCTH,
HaMJIEHHBIX aJIbTEPHATHBHBIX O€30MacHBIX Map-
HIPYTOB TMOJIE€Ta, MPEACTaBICHHBIX Ha puc. 14,
BUJHO, YTO QJITOPUTM PabOTOCIIOCOOEH B TOM
qucie U B Cilydae, KOraa Juls MpoJeTa UMeeTcs
3aMKHYTBIH «TYHHENb», 00pa30BaHHBIA 3€MHOMN
IIOBEPXHOCTBIO M IIOBEPXHOCTBIO TI'PO30BOTO
¢ponra.

Hcxona w3 pe3yiabTaToB pacyeToB, NpUBe-
JNEHHBIX B 3aJade 2, MOXXHO CHENaTb BbIBOJ
0 TOM, 4TO C TOYKH 3PEHUS MUHHUMAJIBHOM IpO-
TSOKEHHOCTH M BPEMEHHU MPOXOXKACHUS B TOpH-
30HTaJIbHOM IJIOCKOCTH ONTUMAJIbHBIM SIBIISIETCS
mapuipyT 1 (puc. 8), HO mpu 3TOM OOKOBOE
YKJIOHEHHE OT MaplipyTa Ha HEM COCTaBIISIET
175 m. MapuipyT 2 uMeeT OOJBIIYIO JUIHHY U
TpeOyeT OoJbllle BpEMEHH Ha MPOX0XKIECHHUE, HO
OOKOBOE YKJIOHEHHME B 3TOM CIIydyae COCTaBIISIET
Bcero 18 M. AnbrepHaTHBHBIM Oe30macHbIN
MapuipyT MOJeTa B BEPTUKAJIbHOM IJIOCKOCTU
Nel (puc. 9) mo cpaBHEHHIO C MapUIpyTaMu
B TOPU30HTAJIBHON INIOCKOCTH BBIUTPBIBACT Kak
1O JUIMHE, TaK U MO0 BPEMEHU MPOXOXKICHUS 3a
cuyer Oonee MpOCTOM KOHPUTypauuu (ABE Tps-
MBIE C OJJHOM ITOBOPOTHOM TOYKOM Ha Mapuipy-
TE€), YTO MO3BOJSET JOCTHraTh MaKCHUMAaJbHO
pa3pelIeHHY0 A7 UCIOIb3yEMOIr0 BO3IYILIHOTO
CyJlHa CKOpPOCTh ITpoJsieTa MapupyTa. AHaIOTUY-
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HBII BBIBOJI O MPEUMYIIECTBE MAPIIPYTOB 00JIe-
Ta B BEPTUKAJIBHON IUIOCKOCTH TIO CPaBHEHHUIO
¢ MapuIpyTamMu o6jeTa B TOPU30HTAIBHON TIIIOC-
KOCTH MOKHO CJIeaTh U UCXO/sI U3 Pe3yJIbTaTOB
pemenus 3anay 3 u 4.

BriBoabI

B cratbe paccMOTpeHO najbHEHIIee pa3BU-
THE paHee MPEAJIOKEHHOTO aNropurMma, odecre-
YUBAIOIIETO HA OCHOBE JAHHBIX O TEKYILIEM Map-
HipyTe TMOJ€Ta, KOOpAMHATaX NpPENsTCTBUN
OILICHKY 0€30MacCHOCTH peallu3yeMOoro MapuipyTta
[I0JIETA, PAacyeT MHOXECTBA AJIBTEPHATUBHBIX
0€30MacHbIX U pealin3yeMbIX JaHHBIM BO3YIII-
HBIM CYJHOM MapIIpyTOB IOJIETA C BBIACICHUEM
ONTUMAJIFHOTO 0 BHIOPAaHHOMY KPUTEPHUIO Map-
mpyTa obnera mpensTcTBuil. B nmanHom wmcce-
JIOBaHUM PacCMOTPEHO MPUMEHEHHUE alropuTMa
JUIsL pacdyeTa BapuUaHTOB oO0JieTa MPEmsITCTBHIA
B TOPU30HTAJIBHON U BEPTUKAIBHOMN IIJIOCKOCTSIX.
HccnenoBanuss mpOBOAMINCH HA OCHOBE peallb-
HOW 1mdpoBoi KapTel MecTHOCTH. [Ipencras-
JIEHHBbIE B CTaTh€ PE3yJbTaThl PEIICHUS TECTO-
BBIX 3aJlay MOKa3aju paboTOCIOCOOHOCTh alro-
pUTMa JUIsl IPOKJIaJKH HOBOIO MapuIpyTa moJje-
Ta B CJIy4yae MOSIBJICHHUS Ha3eMHOTO U (WUJK) BO3-
JyIIHOTO MPENsATCTBUS.
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IpennoxeHus M0 NPOCKTUPOBAHUIO OPraHU3ALMH BO31YLIHOIO
npocrpancTea ceKropoB OB/l paiioHHOI0 JMCETYEPCKOro HEHTPa
XOIHUMHHA € HeJbI0 MOBBIIIEHHUS €ro MPOIyCKHOM CIIOCOOHOCTH

Hryen Hrok Xoanr Kyan"?, B.H. Heuaes'
"Mockosckui 20Cy0apCmeeHHblll MeXHUYeCKULl YHUBEPCUmenm 2paicoOancKoll asuayul,
2. Mockea, Poccus
? Bvemuamckas asuayuonnas akademus, 2. Xowumun, Boemuam

Annotamust: [lo onenkam MexmayHapoaHOH accormaryn Bo3ayiiHoro TpaHcrnopra (IATA), BeeTHaM BXOJUT B UMCIIO CTpaH C
OBICTPBIM pa3BUTHEM I'paknaHckoi aBuatwu (I'A). JlaHHOE pa3sBHUTHE SBISIETCS HOJIOKUTEINBEHBIM 3HAKOM JUTS TIOBBIIICHHUST POJTH 1
nonoxeHwst ['A BretrHama B MupoBoit ['A, HO B TO e BpeMs YBEIUUCHHE TIOJIETOB BO3MyIIHBIX cy0B (BC) co3maeT mpobnemsl B
obmacTr obecriedeHns1 OE30IACHOCTH TIOJIETOB, YBEIMYMBACT HATPy3Ky Ha BO3AyIIHOE IpocTparcTBo (BII) u aspomoptsl, a Taroke
3arpsaHIET OKpyXKaromyto cperny. BIT XommmuHa — ogHO U3 KpynHeHmX u Haubostee 3arpykeHHbIX B FOro-BoctouHoit Azum.
Kaxpiii To11 THICSIUM peiicoB BBUIETAIOT, MpruteTatoT U nepecekaroT BIT Xommmvuaa. Kpome Toro, nestensHoCcTh aBuaryn B BIT
XommMHHa CTAaHOBUTCS Bce OoJiee CIIOKHOW (OHA BKITFOUAET AESTENHPHOCTh TOCYapCTBEHHOHM aBHuamy, ['A u aBuarim oOImero
Ha3HAYCHHUS), YTO TPEOYeT MOCTOSHHOTO COBEPIIICHCTBOBAHUS OpraHM3aliiy Bo3ayiHoro mnpoctpanctsa (OpBIT). OpBII B cBoro
odepe/b TpeOyeT OIpelieIeHHOM 'MOKOCTH M OBICTPOTO PearupoBaHusi Ha CJIOKHOCTH, Bo3HMKaronwe B BI1. OnHOI U3 BaKHBIX
cocrapsstrorux BIT Xommmuna sisisiercs BII paiionnoro mucnerdepckoro menrpa (P/ILL). B Hactostiee Bpems ctpykrypa BIT
P11 XommmuHa, pa3aeineHHOro Ha LIECTb CEKTOPOB, AEMOHCTPUPYET NPU3HAKU IEPErpyKEHHOCTU, YTO BEJET K YBEIUUECHUIO
paboueii Harpy3ku aBuamucneTdepos. [loatomy nepepacnpenenenue BIT PIAL] XommmiHa kpaiine HeoOxomumo. B cBsi3u ¢ 3tiM
aBTOPBI CTaThbU paccMarpuBaroT Borpoc pasaenenus BIT P/II] XommmuHa Ha BOCEMb CEKTOPOB U MPEIUIOKEHHSI, HEOOXOIMMbIC
Jutst ero pearm3aryu. [lo MHeHHIO aBTOPOB, nepepacnpeneitenne BII Oyzner criocoOCTBOBATH MOBBIMIEHHIO KAUeCTBA OPraHN3aLIH
Bo3aymHoro npmwkeHus (OpBJ), ysemmaenmio mpormyckroit cnocooHoctn (IIC) BII u cHmwkeHmto pabouelt HarpysKu
ABHAJJUCIIETYEPOB.

KnrodeBble cjioBa: BO3IYIIHOE MPOCTPAHCTBO, BO3IYIIHOE MPOCTPAHCTBO PAMOHHOIO IMCTIETYEPCKOTO ILEHTpa XOIIMMUHA,
OpraHu3aIWs BO3IYIIHOTO IBMKCHUS, CEKTOpP, aBUAMCIIETYEp, IMOJETHAS JEATEILHOCTD, IMPOITYCKHAS CIIOCOOHOCTh BO3IYIITHOE
[IPOCTPAHCTBO, TPAXKIAHCKAs aBUALIHS.

Jns uurupoBanus: Xoanr Kyan H.H., Hewaes B.H. IlpemnoxeHus Mo MpOEKTHPOBAHMIO OPTraHW3ALNH BO3IYIIHOTO
npoctpaHcTBa cekTopoB OBJl paifoHHOTO AMCIIETYEPCKOTrO IEHTpa XOIIMMHHA C IIEbI0 TOBBIIICHUS] €r0 MPOITYCKHOM
criocoonocty // Hayunsiit Bectauk MI'TY T'A. 2024. T. 27, Ne 3. C. 50-66. DOI: 10.26467/2079-0619-2024-27-3-50-66

Proposals for designing the airspace management of the ATM sectors of
the Ho Chi Minh City Area Control Center to increase its capacity

Nguyen Ngoc Hoang Quan"?, V.N. Nechaev'
"Moscow State Technical University of Civil Aviation, Moscow, Russia
*Vietnam Aviation Academy, Ho Chi Minh City, Viet Nam

Abstract: According to the International Air Transport Association (IATA), Vietnam is among the countries with the rapid
development of civil aviation (CA). This development is a positive sign to enhance the role and position of Vietnam civil aviation
in the civil aviation community. But at the same time, the increase in flight operations poses challenges to flight safety, increases
the load on airspace and airports, and pollutes the environment. The Ho Chi Minh City (HCM) airspace is one of the largest and
busiest airspace in Southeast Asia. Every year, thousands of flights depart, arrive, and cross the HCM (VVTYS) airspace. In addition,
aviation operations in the HCM airspace are becoming increasingly complex (they include activity of state aviation, civil and
general aviation), which requires the continuous improvement of airspace management. Airspace management, in turn, requires a
certain flexibility and a quick response to difficulties arising in the airspace. One of the important components of the HCM airspace
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is the airspace of the HCM Area Control Centre (ACC' airspace). At present, the structure of the HCM ACC airspace, which is
divided into 6 sectors, shows signs of congestion, which leads to an increase in the workload of air traffic controllers (ATC).
Therefore, the HCM ACC airspace redesign is imperative. In this regard, the authors of the article consider the issue of dividing the
HCM ACC airspace into 8 sectors and the proposals which are necessary for its implementation. According to the authors, the
HCM airspace redesign will contribute to improving air traffic management (ATM) quality, increasing airspace capacity, and
reducing ATC workload.

Key words: airspace, HCM ACC airspace, air traffic management, sector, air traffic controller, flight operation, airspace capacity,
civil aviation.

For citation: Hoang Quan, N.N., Nechaev, V.N. (2024). Proposals for designing the airspace management of the ATM sectors of
the Ho Chi Minh City Area Control Center to increase its capacity. Civil Aviation High Technologies, vol. 27, no. 3, pp. 50-66.
DOI: 10.26467/2079-0619-2024-27-3-50-66

Beenenue [Ipu BBIIEYKa3aHHBIX TEMIaX POCTa aBHUa-
MEePEeBO30K BO MHOTHX a’poOINopTax W BO3IYIII-
CornacHo oTueTy YmpaBneHus rpaxmad- — HOM mpoctpanctse (BII) BeeTHama mporHosu-
CKOH aBHaIMi BreTHaMa’, aBHAIMOHHBINA PHIHOK pyroTcst pusHaku neperpysxennoctu BII, oco-
Beernama B 2023 romy BOCCTaHOBHiCS mocie ~— OCHHO BII palloHHOro IucmeTvepckoro ueH-
Bosaericteua mnagaemun COVID-19. OO0mmit tpa (P/IL) Xommumuna. Mcxons u3 3toro HeoO-
MTaCCaKUPOIIOTOK 32 9 MecsUeB yepe3 a’rporop- XOAMMO CBOEBPEMCHHO aJallTUPOBATBCA K TEM-
ThI cocTaBmwi 89 MIJIH maccaxupos, 4o Ha 20 % nam pocTa NPUMEHCHHsS TPaXAHCKOW aBHa-
OompInie, yeM 3a aHamoTuuHbIi nepuos 2022 ro- unu (I'A), Bce Gosee pasHOOOPasHOMY U CIIOK-
Ja. YUucno MHOCTpPaHHBIX NMACCAKUPOB JOCTUTIIO HOMY XapakTepy €€ JEATENbHOCTH, 00ECIEeUnTh
23,7 MiH, 49TO Ha 266,8 % GoIbIIe MO CpaBHe- 0e30MacHOCTh MONETOB U 3((HEKTUBHOCTh HC-
HUIO C aHaJIOrMYHbIM nepuonom 2022 roxa. nosb3oBanus BIl, Takum oOpasom, peopranusa-
O6umit 066EM TPY30MEPEBO30K Yepe3 adPOIIOp- s BIT PJI1] XommMuHa cTaHOBUTCS BCe Ooliee
Tel BoerHama coctaBun 887,5 THIC. T, U3 HUX: aKTyaJbHOW M HEOOXOMMOHN.
MEXIyHApOAHBIX: 637 ThIC. T, BHYTPEHHUN 00B-
em: 250,4 TeIC. T. Oprann3annoHHas CTPYKTypa

Ha PHIHKE BHYTPEHHHX aBHAICPEBO3OK Bbez- u cextopuzanusi BIT PJII Xommmuna’
HamMa JCUCTBYIOT 5 KpYyIHBIX aBUAKOMIIAHWA,

BBITTOJIHSIOIIMX TMOJEThl TouTu 1o 70 BHYTpeH-
HUM MapupyTam ¢ Oonee yem 650 peiicamu B
neHb. UTo KacaeTcs MeXAyHapOJIHBIX aBUarepe-

BII P/l XomuMuHa B HACTOSIIEE BpEMS
BKIItOUaeT 6 cexTopoB (puc. 1) co creayromumMu

rpaHULIAMM.
BO30K, TO 64 HHOCTpaHHBIE aBHAKOMIIAHUU U
5 BETHAMCKHX BBIITOJIHSAIOT MOJIETHI 110 169 Mexk- BeprukanabHas rpannna BIT
JlYHAPOJHBIM MapLIpyTaM, COCIUHSAIOINUM Bper- OT noBepxHOCTH 3eMJM (BOJbI) A0 HeEorpa-
HaM ¢ 28 cTpaHamu u TeppuropusiMu. Cpeau HUX HUYEHHON BBICOTHI, 33 HCKIIOYEHUEM 30H Ma-
10 ¢ HamOONBUINM KOJIMYECTBOM IMAaCCaXHUPOB, HeBpupoBanusi (TMA (TepMuHanbHas 30Ha Ma-
nepeBe3eHHBIX BO BretHam, Brmrovas Kopero, HeBpupoBanusi (Terminal Control Area)) Tan
Taunaun, TaiiBanb, Anonuto, Kutaii, Cunramyp, Con Hxar (TCH), TMA Hanaur, TMA Kampaub
Mamnaiizuto, ['onkonr, ABctpanuto u Maauzo. n Jlucnieruepckas 30Ha (ITWR — a’>poIpOMHBINA
nucrieTuepckuit myHkT (Tower (Aerodrome Con-
' ACC — Area Control Center. trol)) B BII P11 XommMuHa.
? San luwong hanh khach thong qua cac cang hang khong
trén ca nudc trong 9 thang dau nim tang 20 % so voi Il'opusonranbhas rpanuna BIT
cung ky ndm trudc [Dnexrponnsiii pecype] / CAAV. Koopaunarts! rpanunst BIT P/ Xommmuna
URL: https://caa.gov.vn/hoat-dong-nganh/san-luong- npeICTaBICHbI B Ta0II. 1.
hanh-khach-thong-qua-cac-cang-hang-khong-tren-ca-
nuoc-trong-9-thang-dau-nam-tang-20-so-voi-cung-ky-
nam-truoc-20230925141432841.htm (xara oOpareHus:
11.05.2023). 3 Aeronautical information publication of Vietnam.

51



HayuyHbiit BectHuk MITY TA

Tom 27, Ne 03, 2024

Civil Aviation High Technologies

Vol. 27, No. 03, 2024

TPHMEYIAHHE
cexrop 1 P Xomusuna \ N
Jo 460 menomTeanno:
Jlo 265 mecnounTeanne:
cextop 2 I Xomnynna

o ITM460 RETARTEALRO:
Mo T30S mcnoamTeanmno:
cewrop 3 PAI Xommsmnna

Ao 460 micnomyeanno:

cextop 4 FII Xommwnna

e © o© o

Mo 460 BrnounTeTRn0:
cextop 5 PO Xommuvnna

Mo 460 mrcnonTesno:
Or 3265 a0 460
TR e
Or SM3S a0 460
WETORTE R

0 ©

cextop & P1I Xomnynna
Ao 460 BrAKHTEILHD

Jlo ILI0S mcamnTeanmo:

1

DVORDUE
LOWER LT
.
4 7
. { . &
o= [1]
s .
Fs ¥ + > —= >
b s
Y 24
o
o # /
ol 8 # e » s
e % 7
; .
/ #— {
. /
#e
: 5
#
P *
«
"
#
4

Puc. 1. [llects cexTopoB u rpanuiisl BIT P11 Xommnmusa®*
Fig. 1. The HCM ACC airspace boundaries and 6 sectors®

Texymasi cHTyauusi KCNMOJIb30BAHUSA
BII PJAIl XomumuHa

B no6asnenun 11I-C UKAO Doc 9971* npu-
BOJUTCS MPUMEP YIPOIICHHONW METOIUKH OIpe-
nenenust mporyckHoi crmocobnoctu (I1C) cek-
topa B P/IL. Yka3zanHas meToauka OCHOBaHa Ha

* Doc 9971: PyKoBOICTBO 1O COBMECTHOW OpTraHU3aINN
moTokoB Bo3ayuHoro asmwkenus (OIIB/I), no6aBnenne
II-C. 3-e uz3n. // UKAO, 2018. 62 c.
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nporiecce, pazpadboranHoM DenepaabHBIM aBHa-
UOHHBIM yrpaBieHueMm (PAY) misa ycraHoBie-
Husa IIC cekropa. IIC cextopa ompenensiercs
C UCMOJb30BaHUEM JIAHHBIX O CPETHEM BPEMEHU
1oJIETOB B cekTope B MuHyTax ¢ 7:00 mo 19:00
C TIOHEJIENIbHUKA 0 MATHUILY B T€YEHHE JTH000r0
15-munyTHOrO Nepuona Bpemenu. 11C cexropos
BII P/II] XommMuHa Ha OCHOBE JAHHOH METO-
JTUKY TIPEJICTaBJICHA B Ta0II. 2.

Onnako ontumainbHas [IC OyaeT KoppekTH-
pOBaThCS B 3aBUCHUMOCTH OT CJIOXHOCTH CEKTO-
pa. CIOXHOCTH CEKTOpa 3aBHCHUT OT MHOTHX
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Taoaunma 1
Table 1
Koopaunats! rpanuner BIT P/ Xommmuna
Coordinates of the HCM ACC airspace
boundaries

Civil Aviation High Technologies

Tabuauna 2
Table 2
I1C cexropa B BII ACC Xomumuna
(ympolieHHast METO/IMKA)
Sector capacity of the HCM ACC airspace
(simplified methodology)

Touka Hoarora — lllupora
1 10°22°00”’ c. m. — 103°44°00”’ B. Cpennee Bpemst OnrumanbHoe
2 09°00°00”’ c. m. — 102°40°00° B. 1 CekTop nojera 3nayenue IIC B cexTope
3 07°00°00”’ c. m1. — 103°00°00° B. 11 B CEKTOpe 3a 15 MUHYT
4 07°00°00”’ c. m. — 108°00°00”" B. 1. 1 09 15
5 10°30°00” ¢. m1. — 114°00°00” B. 1. 2 12 18
6 16°40°00” c. m1. — 114°00°00”’ B. 1 3 12 18
7 16°00°12” c. . — 110°20°43”° B. 1. 4 16 18
8 15°24°44”° c. m. — 108°42°16”° B. 11 5 20 18
9 14°41°10”" c. . — 107°33°24”’ B. 11 6 09 15
(dakTOpOB, TaKMX Kak IUIOTHOCTb Tpaduka, B npasgauussle qHu konuuectBo BC, kak
cinoxHocTh  MapuipytoB  OBJI, o6vem BII MPABWIO, YBEJIWYUBAECTCS, @ BEPOATHOCTh MEpE-

(B BEPTUKAIBHOM M TOPHU3OHTAJIBHON IJIOCKO-
ctax), Tunsl CNS (Communications, Navigation,
Surveillance — cBsI3b, HaBUTallKs, HAOIIOJACHUE),
M0JIETHI TOCYIAPCTBEHHON aBUAIIUH U T. JI.

ITo gannbiM cratuctuky, B P/l XommmuHa ¢
22 no 24 urong 2023 r. B yachl MUK B CEKTOpax 1,
2, 3, 5 u 6 BII Obuio meperpyeHo, 0COOCHHO
KpuTU4HO B cektopax 1, 3 u 5. Tak, B cekrope 1
KOJIMYECTBO BO3ayIIHbIX cya0B (BC), Bxoasux B
MMMKOBBIE Yackl, gocturino 105-125 % onrumans-
Horo 3HadeHus [1C (tabm. 2), ocobeHHO B epHo
¢ 10:30 go 11:00 23 mrons, xorma xommaecTBo BC
nocruraer 126,67 % onTHMaabHOIO 3HAYEHUS
I1C. AnanornyapiM 00pa3oM B ceKkTopax 3 u 5 Ko-
muuectBo BC nocturno 105-122 % ontumanbHo-
ro 3HaueHust [IC. Makcumym ObUT JOCTUTHYT B
cekTope 3 Ha BpeMeHHOM uHTepBaie ¢ 11:30 o
11:45 23 urons u B CEKTOpPE 5 HA BPEMEHHOM WH-
tepBasie ¢ 10:45 mo 11:00 u ¢ 11:30 mo 11:45
23 mronst — 122,22 % (moapoOHOCTH — puc. 2).
Cektop 1 u 3 mpencTaBnsiOoT coOON CBSI3YIOIIHE
cekTopsl Mexay ctpaHamu FOra (Cunramyp, Ma-
naii3us u T. 1.) u ctpanamu Cesepa (Kwuraii, Poc-
CHUSl M T. JI.), @ CEKTOP 5 — MEXIy CTpaHaMu 3araja
(Tamnann, Kambomka u 1. 11.) 1 ctpanamu Bocro-
ka (Anonus, Kopes um 1. n.). B Asmarcko-
THXO0KEaHCKOM PETHOHE BBICOKHUI YPOBEHb Tiepe-
TPY3KH B 3THUX CEKTOpaxX MPHUBOIUT K 3aJEpPiKKaM
Y CTarHallvu aBHAlMOHHOW aKTMBHOCTH, YTO CKa-
3BIBACTCS HA SKOHOMUYECKOM Pa3BUTHH PETHOHA.
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IPY’KEHHOCTH CEKTOPOB Bo3pacTtaeT. Hampumep,
3a 7 gHe#l myHHOro HoBoro, 2023 r. (20-26 su-
Bapsi) 00IIee KOJIMYECTBO B3JICTAIOIMIUX WU TIPH-
obBatomux BC B aspomoprax BnerHama no-
cturiio 13 657 (B To BpeMsi KaK CpeHUH IMOKa-
3aTeinb 3a 7 nHeu utons 2023 r. cocTaBisil BCEro
OKOJIO 8 THIC. B3JICTHO-TIOCAJOYHBIX OTEPAIIHii).
[Ipu Oonpmom komuyectBe BC u  BbICOKOM
MJIOTHOCTH BO3IYIITHOTO JIBHKEHHS TUCTIETUYEPHI
B IPOLIECCE OCYLIECTBIEHUSl YINPABIEHUS BO3-
nymaeiM asuwxkeHueM (YBJI) B BIT P Xomm-
MHHA UMEIOT BBICOKUW YPOBEHB 3arpy>KEHHOCTH,
OJIM3KUI K TIPEIETTbHO JOMYCTUMBIM 3HAYCHUSM,
YTO NPHUBOJUT K BO3HUKHOBEHHIO CTPECCOBBIX
CUTYyaLH.

Kpome Toro, B cektopax 3 u 5 mepuoauye-
CKH BO3HHMKAIOT CIIy4au NEPEerpy3KH paaroCBsI3U
VHF (VHF — o4eHb BBICOKHE YacCTOThI — YacTO-
b1 0T 30 10 300 MI'1 ¥ COOTBETCTBEHHO METPO-
Bole — OT 1 10 10 M — paguOBOJHEI'), YTO 3a-
TpyAHAET oOecriedeHne Oe30macHOCTH, dPQek-
tuBHOCTU U HemnpepbiBHOcTH OBJI. CornacHo
Metoxy oreHkn Eurocontrol® mopor pa6oueii

CoBapb TEPMHHOB PaJHOCBS3H IJIsl HACTPOIKH mapa-
METpPOB ¥ IPOrPaMMHUPOBaHHMS PAIHOCTAHINI U MEHIO
pammu [DnextponHbIi pecype] / Kombat. URL:
https://combat-center.ru/blog/detail/glossariy-terminy-
radiosvyazi/ (nara odpamenus: 11.05.2023).
EBpokonTpoiib, [leccumucTuunas olieHka nmoTeHIuana
cekropa, 2003.
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Puc. 2. [TnotHOCTH BO3ayLIHOTO NBHXEHUS B cekTopax P/IL] Xowmumuna ¢ 22 no 24 uronst 2023 1.
Fig. 2. Air traffic density in the sectors of the HCM ACC from July 22, 2023 to July 24, 2023

Harpy3ku (workload threshold) — 3To mporneHT
BpPEMEHH, MMOTPAYCHHBIN HA BEJICHUE PATUOCBSI3U
JIUCTIETYEPOM B dac. JTa pabodas Harpys3ka
ompeneisieTcss A KaxIoro pabodyero Mecta
JUcreTyepa.

Hampuwmep, 1 urons 2023 r. B cekrope 3 nuc-
neT4ep PaauoIOKAIMOHHOTO KOHTpOJIA / JHC-
MeT4ep MPOLETyPHOTO KOHTPOJS TPEBBICHIN
nopor BpemeHnu ucnois3oBanus VHF (puc. 3).
B nepuoasr Bpemenu 02:00, 03:00, 04:00, 05:00,
06:00, 07:00 UTC, ocobenno B 06:00 UTC,
TUCTIETUEPY  PAIUOJIOKAIMOHHOTO  KOHTPOJIS
MPUXOJUTCS BECTH PaTUOOOMEH C HKHUIaxKa-
mu BC 51 MuHyTY B TeueHue dyaca ISl OCy-
mectBieHus: YB/I, Bkiroyasi BpeMs BblJauu pas-
pEIlIeHUs U YKa3aHUH, y JIUCIeTYepa €CTh BCETO
9 MUHYT Ha TO, YTOOBI AHAIM3UPOBATH OOCTa-
HOBKY W NMPUHUMATH PEUICHUS B HECTaHIAPTHBIX
CUTYalIUsX, €CJIM TaKOBBIE BO3HUKAIOT.
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AHAJIOTHYHO B CEKTOPE 5, XOTA mopor pado-
4yeil Harpy3Ku B HEM MEHbILE, €CTb HEKOTOpHIE
BPEMCHHBIE PAMKH, KOTOPBIE IIPEBBIIIAIOT JOITY-
ctumblii opor. Hanpumep, B 02:00 UTC auc-
IeTYEPY PAAUOJIIOKALNOHHOIO KOHTPOJI IpH-
IIJIOCh BECTH pajinooOMeH 48 MUHYT B TEUCHHE
yaca.

Kpome Ttoro, UKAO mnpokoMMeHTHpOBaia
POCT MEPETPYKEHHOCTH HEKOTOPBIX MAPLIPYTOB
OB/I u BII B Asunarcko-THXOOKEaHCKOM peru-
OHEe B [ENIOM W BO BheTHame B uacTHOCTH ™,
a TaKKe Jlaja peKOMEHJALMU [0 OpraHu3aluu
u niepenpoektupoBanuio BII. Ilostomy mnepe-
npoexktupoBanue OpBII gaBnsgercs HacymHON
HEOOXOIUMOCTBIO.

7 Karanor mapupyros OBJI Asuarcko-THX00KEaHCKOTO
peruona. Bepcus 21.2 // UKAO, 2022. 56 c.

¥ Asmarcko-THXOOKEaHCKHiA pErMOHANIBHBIN IJIaH aBUa-
HHMOHHOM O0e30onmacHocTd Ha 20232025 rr // UKAO,
2022. 120 c.
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Tabamna 3
Table 3
opor pa6oueit Harpy3ku’
Workload threshold’
3anucanHoe padouee BpeMs
Iopor, % HNuTepnperanus B TedyeHue 1 yaca, MuH
Threshold, % Interpretation Recorded Working Time during
1 hour
70 Uy BbIIIE Heperpysia 42+
Overload
5469 Tspkenas Harpy3ka 3941
Heavy load
CpenHsg Harpyska
30-53 Medium load 18-31
Jlerkasi Harpy3Ka
18-29 Light load 11-17
OueHb jerkas Harpyska
0-17 Very light load 0-10
i i
| N ‘ ‘ ‘ ‘ | | I | ‘
CEKTOP 3 CEKTOP 5

Puc. 3. Bpems ucnosnb3opanust VHF Ha mo3unmu aucnetyep paarosioKalMOHHOTO KOHTPOJIS / AUCHIETYEp MPOLEAYPHOTO

KOHTpoJs cektop 3 u 5 1 mrons 2023 r.
Fig. 3. VHF usage time at a Radar Controller position / Procedural Air Traffic Controller position,
sector 3 and 5 on June 1, 2023

B mHacrosimee BpemMss B MHUpE IPOBEACHO
MHOKECTBO HCCIJIEIOBAHUM 10 PeopraHu3aluu
BII ¢ uenpto ontumuzanuu [IC u npumeHeHus
NEPEIOBBIX ANTOPUTMHUYECKUX Moaened [1-9].
Kpome Toro, nmpoBoasTCsl UCCIEAOBAHMS IO OTI-
tumuzanun Mapupytos OB/l [10-14]. Oxnako
BO BbeTHaMme B 3THX NIBYX 001acTsIX MCCIEA0Ba-
HUS TIOYTU HE MPOBOJWIKNCH, 32 UCKIIOUYEHHUEM
HECKOJIbKMX HCCIICIOBAaHUN aBTOPOB M UX KOJI-
ner [15-18]. [TosTomy ¢ uensto nobieHus [1C,
ontumuzanuu BIl BrerHama, mpenoTBpanieHus
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neperpyxxeHHoctu BIT XomumuHa aBTOpsI 1ia-
HHUPYIOT IIPOBECTU HCCIEAOBAHUSA II0 ABYM BBI-
HIeyKa3aHHbIM HalpaBICHUSIM.

MeTOI[])I H ME€TOA0JI0I'nA
HCCIeaJ0BaHUSA

MCTOIII:I 1 MCTOOO0JIOTHUA HMCCICAOBAaHUA, UC-

MOJIb30BAHHBIC aBTOPAMH B CTAThE:
e CTaTUCTHUYECKHU MeTon (cOop, o0000meHue
1 00paboTka MHGOPMAITUU M TaHHBIX O KOJIH-
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3agava 6
Cornacoaauue aonywexnis——
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MHCTPYMEHTOB peanuaaLuu
W OrpaHUYeHHi

Puc. 4. [Ipouecc pa3paboTKH U BHEAPEHHs KOHLIETIHMH BO3IYITHOTO MIPOCTPAaHCTBA
Fig. 4. Airspace concept development and implementation process

YeCcTBE PENcoB, BhINOJIHsAeMbIX B BII Xommu-
MUHA);

e AHAIUTHYECKUI MeToX (aHajau3 M OLEHKAa MH-
dbopmani M JTOKYMEHTOB JUIS BBISBICHUS
pobJIeM M TEOPETHUECKUX OCHOB KaK OCHOBBI
pelieHus npoodiem);

e JIOTMYECKHH MeToJ (OCHOBAaH Ha JIOTMYECKHX
IIpaBUJIaX W NMPUHLHUIAX PACCyKAaTh U J€1aTh
BBIBO/Ibl HA OCHOBE JIOCTYIHOM HH(pOpMAaIHHN).

Pe3y.]'ll>TaTI>l HCCJIeA0OBAHNA U UX
OonmucaHnme

OO0mmii npouecc NPOeKTHPOBAHUSA
OpPraHu3anyuy BO3AYLIHOIO MPOCTPAHCTBA

Cornacio pexomennauusm MKAO, conep-
karmest B8 Doc 99927, Mpouecc MpoeKTHUpPOBa-

° Doc 9992: PyKkoBOACTBO 1O HCIIOIB30BAHNIO HABHTA-
1Y, OCHOBaHHOMW Ha xapakrtepuctukax (PBN), mpu mo-
CTpoeHHH Bo3aylnHoro npocrpanctsa / UKAO, 2013.
56c.

HUS W pealu3aly BO3AYLIHOTO IPOCTPaHCTBA
MOYHO Pa3JelIUTh Ha YEThIPE ATara: IJIaHUpO-
BaHME, NPOECKTUPOBAHHME, TECTUPOBAHUE U pea-
Tu3anus. DTH YEeThIpEe dTarna cocTosuT u3 17 oT-
JienbHBIX WaroB. [IpoekTpoBanne opranu3auuu
BO3AYIIHOTO MPOCTPAHCTBA YACTO WHUIIMUPYET-
Ci B CBSI3U C BO3HMKAIOIIMMH JKCILTyaTal[MOH-
HBIMU TPEOOBAHUSMHU C IIEJIbIO TIOBBIIICHUS 0€3-
omacHoctH, [IC u sddexTuBHOCTH IKCIUTyaTa-
UM, CHHKEHUS BO3JICHCTBHS Ha OKPYKAIOLIYIO
cpeny u T. 1. (puc. 4).

Kpome Toro, mo muenuto M. I'opbenko [1],
HEKOTOpBIE MOKa3aTeNnu OleHKU 3 PEeKTUBHOCTH
OpBII moxHO paccmaTpuBaTh IPHU MPOEKTHPO-
BaHWUM, HAIIPUMED:

e [OKa3aTejab 0 HEOPTOAPOMUYHOCTH MapIIpPy-
TOB ABkeHus 11 motokoB BC B 30ne YB/I;

e mokasarenah (Q o00mero pacxoga aBUAIMOH-
Horo ToruiuBa BceMu BC B 3oHe YB/I B Teue-
HUE aHAIM3UPYEMOro TMepuoja BpeMeHu (Me-
CsII1a THK);

e ToKazatenb E 0KuAaeMOro KoJn4yecTBa MOTEH-
UanbHbIX KOH(MMUKTHBIX cutyauuit (ITKC)
B TOUYKAX CXOXJICHHUS M TEPECEUCHUs MapI-

56
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pyTOB B uachl MUK B 30He YBJI c pa3buBkoit
o cektopam YB/I;

e nokazarenb CR pucka cronkHoBenuii BC
(B emuHUIIAX KaTacTpod HA JICTHBIA Yac) B 30-
He YB/I B 11eJIOM U Ha OTAEIBHBIX 3JIEMEHTAaX
BII (cMmexHbIe BIIETOHBI M0JIeTa, Napaiesb-
HbI€ MapLIPYThl, TOYKH NEPECEUCHHs] Mapll-
PYTOB U T. 1.);

e IIOKa3zaTenb 1 OOIIEro KOJIWYecTBa CEKTOPOB
B aHanu3upyeMon 3oHe YBJ/I, mpu kotopom
OB/l BO3MOXHO 0€3 HapylIeHHsS YCTaHOB-
neHHslx HopMmatuBoB [IC cexropoB VYBJ]
B YacChl MHK;

e mokaszarenb N 3arpyKe€HHOCTH CEKTOPOB Y BJI
o konuuectsy BC ogHOBpeMEHHO Ha ympas-
JICHUH B Yachl UK.

B kauecTBe AONMONMHUTENBHBIX MOKa3aTeseu
spdextuBHocTH OpBII npu cpaBHEHUH ajbTEp-
HaTuBHBIX BapuanToB OpBIl Mmoryt mnpume-
HATBCS:

e 001I[ee KOJTUYECTBO TOUEK CXOXKACHUS U Tepe-
cedeHus: MapupyToB aABrxeHus BC;

e KOJMYECTBO TOYEK, UMEIOUINX JBa WK Ooiee
CXOJISLIMXCS TIOTOKOB C MEPEMEHHBIM Mpodu-
JIEM TIOJIETA;

e KOJIMYECTBO TOUYEK, UMEIOIIUX TPU WU Ooee
cekTopoB  YBJI, mnpuHMMaKOMMX Yy4yacThe
B (DOPMHUPOBAHUN UHTEPBAJIOB BMIKCHUS;

e KOJINYECTBO U NMPOTSHKEHHOCTh YYaCTKOB BO3-
OYLIHBIX Tpacc JBYCTOPOHHETO JBUKCHHS
C IepeMeHHBIM MpoduIeM MojeTa;

e KOJINYECTBO YYAaCTKOB BO3IYLIHBIX Tpacc
uiu Tpaekrtopuil nuxkenus BC, a takxke To-
YEeK MEPECEUECHUS U CXOXKIEHUS MapLIPYTOB,
3arpyKeHHocTh KoTophix BC B wacwkl muk
JOCTUTAET TMOPOTOBOTO 3HAYEHUS, OJIU3KOTO
k ux IIC;

e yAEIbHOE KOJUYECTBO TOUYEK IE€PECEUCHUs
U CXOXKIEHUS MapuIpyTOB, B KOTOPBIX, IIO
OLIEHKAaM  9KCIIEPTOB, CIIO)KHOCTh  pabOThHI
JUCIIETYEpa B Yachl MUK JIOCTUTAET YPOBHS,
Korga 1npu  (OPMHPOBAHUU  HHTEPBAIOB
pacxoxaenus BC  Bo3HHMKaer  yrposa
MPUHATHUSA peleHus 0 Ha3HAYeHUH
HEYCTaHOBJICHHOTO MapuipyTa WA
HEYCTAHOBJIEHHON BBICOTHI (IIPOMEXYTOYHOMN
MeXy smenonamu mojeta (OI1)).

[Tocne yuera mepeyuciaeHHBIX BbIIIE (ak-
TOpPOB M OLIEHKH TeKylmero coctosiuug BII
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cexropoB OB/l P/II] XomunmMuHa aBTOPBI BHO-
CAT MPEIJI0KEHUS MO MPOEKTHPOBAHUIO pac-
cmatpuBaemoro BIl ¢ wnenp0 mnoBBIIEHUS
ero IIC.

IIpenmyiecTBa ¥ HEIOCTATKH
cylecTByromux mectu cekropos B BII P/ILL
XomuMHHA

CexTop 21 6
B Hacrosimee Bpemsi CEKTOp 2 B OCHOBHOM
oOciyxuBaer ucxonsamue nortoku BC, a cek-

Top 6 obcmyxkuBaetr BC, npubsiBaromue B a3po-

nopt TCH. Takoe pazgenenue naetr psij mpe-

UMYUIECTB:

e COKpallleHHE BPEMEHU pPaTU0oOOMEHa MEXIY
aBUaMCIIETYEPAMH U UJIOTAMU;

o yBenuuenue [IC BII u B3nerHo-nocagodHoi
nostockl (BIIIT) asporopra TCH;

e okazanue nomou BC g BbINONHEHUS OI-
TUMaJbHBIX PabOYMX TPAaEeKTOPUM, MPOTHO3U-
pOBaHME METOJAOB 3aX0Ja HA MOCAAKy M IO-
CaJKH, 4YTO TMOBBIIIACT OE30MacHOCTh U (-
(EeKTUBHOCTH BBINIOJHEHUSI MOJETOB, YCTpa-
HEHHE neperpykeHHoct adpornopra TCH.

OpBII cexktopoB 2 U 6 CTaJIKUBAIOTCA C He-

KOTOPBIMH KOHKPETHBIMU HEJIOCTaTKaMH,

a UIMEHHO:

e BBINOJHEHUE NOJIETOB FOCYJaPCTBEHHOMN aBUa-
nuu Ha adpoapomMax brenxoa u PaHpaHr Biu-
SIeT Ha TOJIETHI B CEKTOpax 2 U 6;

e rpanuna cexropa 5 (Bepxuuii JI1) u cexropa 6
(amwxanit JI1) seuserca DI1305, uro ycmox-
HAET KOOPAMHALIMIO ACHCTBUM MEXAY IUC-
METYEPAMH 3THX CEKTOPOB;

e BII cexropa 2 byonmerxyor (bMT) nocra-
TOYHO HaIlpsKEHHOE, MOTOMY YTO B HEM IIe-
pecekatorcs 10 mapmpyro OB/, BC gacto
MEHSIOT D3IIEJIOH, IO3TOMY Harpys3ka Ha
aBUAIMCIETYEPOB 37€Ch OUYEHb BBICOKad

(puc. 5);
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Puc. 5. Touka BMT — MecTo npoBeieHuUs CII0KHON
ABUALMOHHOM AEATEIbHOCTH
Fig. 5. BMT point — the location for complex aviation
operations

e BO3HUKHOBEHHUE NMOTEHUHUAIBHBIX KOH(QIUKTOB
C JIpYrMMHM CEKTOpaMU BBUAY OIpaHUYEHHH
B BII u ycTapeBmux cucTeM ynpaBieHHUs], UYTO
MOJKET TPUBECTH K CHIDKCHHIO 0€30TacHOCTH
IIOJIETOB.

Cektop 11 5

Jlna cekmopa 1

[Ipumenenne RNAV 5 Ha aByx napaienb-
HBIX OCHOBHBIX MapuipyTax (Q1-Q2) cmoco6-
ctByet yBenuuenuto [1C BII cextopa 1, obecne-
yyBas 0€30MacHOCTb, CKOOPAMHUPOBAHHOCTh U
3(pPEKTUBHOCTh HCIIOJIb30BaHMUS  BO3YIIHOTO
npoctpanctsa (MBII).

Puc. 6. Harmpasnenus asmxenns BC B cextope 1 u 5
4acTO KOHQIUKTYIOT
Fig. 6. Aircraft movement direction in sectors 1 and 5
frequently conflict

B cextope 1 BC, BbInONHSAIONIME MOJIET C CE-
Bepa Ha or, MeHsomue JIl, MoryT BCTyNnuTh B
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KOH(IUKT ¢ Apyrumu BC, BBINOIHAIOMUMHU I10-
JEeThl C BOCTOKa M CEBEPO-BOCTOKA, KOTOpHIE
CHWJKAIOTCSI JUISl BBIIIOJIHEHHS IOCAIKH B a3po-
nopt Kampanb. Hampumep, npubsiBatomee
B a’ponopt Kampanes BC cHmxkaercs ¢ OI1320
wmm OI1360 mo wmapmpyty OBJ[ L642 no
OI1100. B to xe Bpems BC, mpuObiBaromue B
Ipyrue aspornopTsl oT Mapiipyta N500 no tou-
ku DAMVO, Takxe ncnonbs3yror yetHele Ol
B pesynbrare uwacto BosHukaior [IKC wmexmy
BC (puc. 6).

na cekmopa 5

I'panuua cextopa 5 (Bepxuuit OI1) u cexropa
2 (mwxuuit OII) sBasercs DI1305 (pacnonoxen-
HBI MEXIy cekrtopamu 1, 2 u 6 (puc. 7)), 4To
YCIOXKHSET KOOPAMHAUWIO JEUCTBUUA MEKIY
JUCIIETYEPAMH 3TUX CEKTOPOB.
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Puc. 7. TpeyronbHas 30Ha, 3aTpyAHSIOLIAs] KOOPAUHALMIO
Mexy cekrtopamu 1,2 u 6
Fig. 7. This triangle area hinders the coordination between
sectors 1, 2 and 6

N7

O6bem BII cekrtopa 5 cocTaBisieT MOYTH
40 % BII XommnMuHa, MO3TOMY y HErO OTHOCH-
TenbHO BbicoKas [IC. B aToM cexTope nmpumeHs-
ercst RNP10, uro ynpomaer OB/I. OnHako u3-3a
OOLIMPHOI TEPPUTOPHUH U YAATEHHOCTH OT Oepe-
ra UBII moaBep:KeHO BIUSHHUIO CIIOKHBIX MeE-
TEOPOJIOTUYECKUX YCIOBHM, OrpaHUYEHHON 00-
3opHOCTH cucteM HaOmonenus OBJl u Hecrta-
OMIIBHOCTH PAa0OTHI HABUTAIMOHHOTO 000pY.I0-
BaHUS.

Cextop 3 n 4

Jlna cekmopa 3

O6bem BII cektopa 3 cocTaBisieT OKOJO
20 % BII XomumuHa, B KOTOPOM OCYILECTBIISI-
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ercs YBJl BC, Bbuteraroummu u mpuObIBaIo-
IIMMU U3 1ecTy BHyTpeHHuX asponoptoB (TCH,
Kantxo, Patp3s, @ykyok, Kamay u Konmion) u
PIIN Kyana-JIlymnyp, Cunranyp, [Ilnomnens. B
yackl MUK pabodas Harpyska Ha JAMcIeTyepa
VYB/I Bcernia BoICOKA.

B cextope 3 Touka BITOD moxer cuntatbest
«ropsiuei» Toukolt (puc. 8). OHa siBIseTCS nepe-
cedeHreM MHorux mapuipytos OBJI, Takux kak
L637, M765, M755, M753. BC, xotopsie cie-
QYT II0 3TUM MapupyTaMm, MOTYT BbLIETATb
WIN TIPUOBIBATh B a3pPOIOPTHI CEKTOpa WM BbI-
MIOJIHATH TPAH3UTHBIE IIOJIETHI B COCEAHUE CTpa-
Hbl, MO3TOMY Harpy3ka Ha aBHaJUCIIETYEPOB
B 9TOM CEKTOPE BCEr/la BEJIMKA.

Puc. 8. Touka BITOD — Touka ¢ BEICOKOH IIJIOTHOCTBIO
BO3JIYILIHOTO JIBHKEHUS B CEKTOpE 3
Fig. 8. Point BITOD — the high air traffic density point
in sector 3

MHorue a’pomnopThl PaCHONOKEHBI OJIM3KO
npyr k apyry (aspormoptel TCH, KanTxo u PaTs-

)
o

Ny =

A\ -

&
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35), 4TO TOBBILIIAET BEPOSTHOCTb BO3HUKHOBE-
Hus [IKC npu msmenenun D11 BC npu Beinosn-
HEHMHU B3JICTHO-TIOCAJOYHBIX OMEpaIvi.

IIpeasnoxenus no pasaesieHUIO
U peopranusanum cexropos B BII P/AL{
XomuMuHa

ITepepacnpenenenue BII cextopos 3, 4
U co3aanue cexropa 7 B BII P/IIl Xommmmuna

Bapuanm 1

Cekrop 7 Oynmer orBeuars 3a BII, xotopoe
Oyner uMeTh (hopmy, MOKa3aHHYIO Ha pHC. 9.

bokoBas rpanuna OyaeT MpeacTaBIsTh CO-
00lf 3aMKHYTYIO JIOMAaHYIO JIMHMIO, COEIUHSIO-
myto touku: D15 — RUNOP — D18 — D19 —
D25 - D26 — D27 — RG — D28 — B10J1b TpaHUIlbI
BII Xomummuna v [THomnenst — D15.

BeprukanbpHas rpanuna OyJeT pacmnpocTpa-
HATBCS OT TOBEPXHOCTH 3eMIH (BOABI) 1O
OII255 BxmouutTenbHO, Hckimodas BII TMA
TCH u BII TWR asponopros B cexTope.

[locne BbIIIEyKa3aHHOTO pa3/EICHUS CEK-
Top 7 OyAeT MMEThb TpaHMIly, OXBaTHIBAIOIIYIO
Bce BII aspomoproB TCH, Kan Txo, Parb3s,
Ka May u Kon Con (ne Bkmouas BIT TWR BbI-
[ICYKa3aHHBIX a3pPOTOPTOB). DTO O3HAYAET, YTO
OTBETCTBEHHOCTh 3a YBJI Ha Hu3kom 3II255
(rme BC OynyT BBINONHATH MaHEBpP MeEpen Io-

/

Puc. 9. [Tnan co3nanus cekropa 7 myTeM IPOJOJIBHOTO pa3esieH st cekTopa 3 (KenTol JInHIeH
BbIienieHa rpanuna BII cekropa 7)
Fig. 9. Plan for creating sector 7 by longitudinal dividing sector 3 (the yellow line
marks the airspace boundary of sector 7)
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Puc. 10. ITnan coznanus cextopa 7 MmyTeM rOpU30HTAIBHOTO PaselieHns ceKTopa 3 (KenToH JIMHuei
BhIIeneHa rpanuna BII cexropa 7)
Fig. 10. Plan for creating sector 7 by lateral dividing sector 3 (the yellow line
marks the airspace boundary of sector 7)

CaJIkKOM W Tocie B3neTa) OyJeT mepegaHa Juc-

IeT4yepy CeKTopa 7, 4TO CHU3UT HArpy3Ky Ha

cyuiecTByronuii cekrop 3. B 310 Bpems aBua-

JTUCTieTuephl ceKkTopa 3 0yIyT KOHTPOIUPOBATh:

e BC, cumxaronme OII, 4ToOBI NpUOIM3UTHCS
K a3poIopTaM B 3TOM cekTope (B yactHocTH, BIT
BOKpyT adporopra Dykyok U B paiioHE TOUKU
nepeceyeHrss  Bo3AylIHbIX — Tpacc  BITOD
(puc. 8)), mocine 4ero OTBETCTBEHHOCTh 3a YIIPaB-
neHre OyZIeT repeiana JucneTyepy cexropa 7;

e BC, creayomue TpaH3UTOM IO MapuHipyTam
OB/ B cexTope.

BII cekropa 4, nocne nepepacupeneneHus u
co3faHMs cexTopa 7, OyAeT pasleleHo Ha JBa
COOTBETCTBYIOIIUX OTHOCUTEIBHO HEOOIBIINX
BII criegyronmm oGpazom:

e yacte BII cexropa 7 aBuagucreTyepsl CEKTO-
pa 4 OynyT KOHTpoJiMupoBaTh Ha HH3KHX Ol
(ot BI1255 no DI1460 BKIIOUUTENHHO);

e octanbHOoe BII aBmaaucneryepsl cexkrtopa 4
OyoyT KOHTPOJHPOBaTH OT 3eMiid (BOJBI)
10 DI1460 BKIIOUUTETHHO.

Bapuanm 2

Bropoii BapuaHT neneHuss OyAeT BBINOJ-
HATBCS TOPU3OHTAIBHO, @ HE MPOJIOJIBHO, KaK B
nepBoM BapuaHnte. Cektop 7 OyJeT BKIOYATh
BII Bokpyr asponoproB TCH, ®y Kyok u Kan

60

Txo (puc. 10). Jducnetuepsl cextopa 3 OyayT
otBedaTh 3a OBJI B BII, Bkito4as n1Ba OCHOBHBIX
paiioHa, KOTOpbIE OBIBAIOT YaCTO MEPErpyKEHBI:
BIT Bokpyr asponopra Kon CoH u B paiioHe
TOUYKHM IlepeceueHus Bo3aymHsIx Tpacc BITOD.
enbto mannoro Bapuanta OpBII saBnsiercs
BBIJICJICHHE aBUAAMCIETYEPOB CEKTOpa 7 MAJid
OB/l na mmskux OII, roe BC BeImomHSAIOT Ma-
HEBpHI ISl 3aX0Jla Ha MOCAAKy U TOCJe B3JeTa
B a9poOIopTax cekTopa. ABHUAIUCIIETYEPH CEK-
Topa 3 OynyTt orBeuats 3a OB/l B 30Hax moaxo-
na u BC, crnenyromye TpaH3UTOM IO MapIipy-
tam OB/ B cexTope, mosTomy pabodas Harpy3ka
Oyner pacrpenenisiThCsi OTHOCHTEIBHO MOPOBHY
MEXIy aBUAAUCIETYEPAMU OSTUX CEKTOPOB.
B pesynbrare BII cexTopa 7 Oyaer pacnpoctpa-
HiaThcsa oT OII255 u Hmxke, a octaabHOoe BII oT
OTI1255 u Boiie OyIEeT OTHOCUTHCS K CEKTOPY 3.
[Ipu sToM Bapuante BII cextopa 4 He u3zme-
HUTCS, OJHAKO aBUAJUCIEeTYepaM ceKTopa 4
HeoOxoauMo OyAeT oOpaTUTh BHUMAaHHUE Ha KO-
OpIMHALAIO JACUCTBUH C aBUAAMCIETYEPAMH
CeKTOopa 3 ¥ BHOBb CO3/1aBa€MOT0 ceKkropa 7.

Ilepepacnpeoenenue BII cexmopa 5 u co-
30anue cekmopa 8 ¢ BII P/[I] Xowmumuna

Cektop 5 BII P/IL] XomumuHa umeer 6011b-
Y10 TUIOIIA/h, TO3TOMY Harpy3ka Ha aBHaJIHC-
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Puc. 11. Ilnan co3manus cexkropa 8 (kpacHoi JuHKEH BbieneHa rpanuna BT cektopa 8)
Fig. 11. Plan for creating sector 8 (the red line marks the airspace boundary of sector 8)

IIETYEPOB B ITOM CEKTOpPE MOBBILIEHHAS, YTO
NPUBOAUT K CHUXKEHUIO 3¢ ¢extuHocTH OB/I.
Kpome Toro, B BBIXOAHBIE JHU WM BEYEPHHUE
4achl B CEKTOpe 5 HaONI0aeTcs BBICOKAs IUIOT-
HOCTb BO3AYIIHOTO JIBM)KEHMS, IO3TOMY, IO
MHEHHIO aBTOPOB, pa3JeJIEHNE 3TOr0 CEKTOpa Ha
nBa MeHbuMx cekrtopa mnoseicuT [IC BIL
B Gmkaiiniee Bpems TIaHUPYETCST peOpraHu30-
Bath cextop S5 BII P/IIl Xommmuna u chopmu-
pOBaTh CEKTOP 8 B CACAYIOMIMX LEIAXK:
e noBbIicuTh 3¢ dekTuBHOCTE OpBIl M ymeHb-
IIUTh 3arPY>KEHHOCTh AUCIIETUYEPOB;
o yBeaunuuth [1C BIIIT asponopra TCH;
e noBbIcUTh KauectBO OBJ[ B paiioHHOM ucC-
MEeTYEPCKOM IEHTpe XOIMMHUHA.

B HacTosiee Bpems ceKTop 5 UMeeT Tpu oc-
HOBHBIX IOTOKa BO3JYLIHOTO JBW)KEHHS, OKOH-
YaHUEM KOTOpbIX sBisieTcs nocajaka BC B aspo-
noprax TCH u Kampans. It BC BBIIOJIHSIOT
noJsieTsl Mo Mapmpytam L642, Q15, N892. Jlns
CHI)KEHMSI HArpy3kd Ha JWCIeT4epoB, paboTa-
IOIUX B CEKTOpE 5, CEKTOp § MIaHUpyeTCs pe-
OpraHu30BaTh, U B Pe3yJIbTaTe AUCIETUYEPHI ITO-
ro CeKTopa OyQyT OTBEUYaTh 3a BBIMOJIHEHHE I1O-
netoB BC ot nmenona DI1255 u HuKe ¢ LENbIo
BBITIOJIHEHUS B3JIETHO-TIOCAIOUHBIX Olepaluil B
asponoprax TCH u Kampane. I'panunia BHOBb
CO03/1aBaeMOro ceKTopa oToOpakeHa Ha puc. 11.
[lenpro cekTopa 8 sABISIETCA YIpaBICHUE Majo-
BbIcOTHBIMH BC, pabotaroumu Ha Hu3koM OI1.
Cextop 5 Oyner kontposmpoBath BC ¢ DI1255

61

uBbiie B BIl oTBercTtBeHHOCTH CekTopa 8.
3a ocrasurytocst yacth BII Oyzer HecTH mosHyio
OTBETCTBEHHOCTb CEKTOp 5 OT MOBEPXHOCTHU
3emMiu (Bojbl) 1o D11460.

Peszynromamul oyenku eapuanma 1

I'pynna mo wuccnenoBanuio BII BreTHama
oOparmnacek B HayuHo-uccrienoBaTenbCKuil UH-
CTUTYT YIpPaBJIEHUS BO3AYIIHBIM JBHKEHUEM
(Cunramyp, ATMRI) nst coBMeCTHOTO Hcclie-
JOBaHMSI C UCIOJB30BaHHMEM mporpammsel Fast-
Time Simulation study'’ ¢ 1enb0 OIEHKH Tpe/-
JI0’KEHHOT0 BapuaHTa 1.

Jns  u3MepeHust Tmokaszarenei  paboueit
Harpy3ku nansbeie mojeToB (1-7 urons 2019 r. u
1-7 nexabpst 2019 r.) ObUIH UCTIOTB30BAHBI IS
MOJIEJMPOBAHUS IMOTOKA BO3IYIIHOTO JBHKEHUS
B momemu AirTOp'' mo ymomuanmio «O6meit
paboueii Harpy3ku aucnetdepa YB/I». [To atum
nokasaressiM ObLIO MPOBEJICHO CpaBHEHHE JIBYX
OpBII: weiemnen OpBII «ba3oBblii ypOBEHB
(meficTByromme cektopsl 3 u 4) u HoBOoM OpBII
«TecToBbIli ypOBeHb» (IpeiJIaraéMble CEKTO-
pel 3, 4 u 7). Pe3ynbTarel U3MEpEeHUN IOKa3bI-

10 Fast time simulation [dnexTporusiii pecypc] / NLR.
URL: https://www.nlr.org/capabilities/fast-time-
simulation/#tab-id-1 (gara oo6pamenus: 11.05.2023).

" AirTOp — ozHa U3 IBYX mIaT(hOpM, HCIIONB3yEMbIX B
nporpamme Fast-Time Simulation study (MmuTanuos-
HOE HCCIIeIoBaHHEe B yCKopeHHOM pexnme) ATMRI
nst ouenku [1C BIT.
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Fig. 12. Evaluation results for variant 1 using the “Fast-Time Simulation study” model

BAaIOT, 4YTO KOJUYECTBO OIlepaluil mepeaadu

yrnpabieauss BC Mexay CMEXHBIMU CEKTOpaMH

BO3pOCIIO:

e 0T 6a30BOTO YpOBHS (B cpenHeM 91 pa3 B AeHb
3a UIoHb, 89 pa3 3a 1ekadph);

e B TEKCTOBOM ypoBHe (B cpemHeM 240 pa3 B
neHb B uroHe, 203 pasa B nexadpe).

HecmoTpst Ha yBenuyeHue omepainuii nepe-
Jlaud  ympaBieHus, oOmas pabodas Harpyska
nucrierdyepa YBJI (¢ yd4eToM IOMOTHUTEIHHOU
pabodeil HArpy3Kkd, CBSI3aHHOW C OIEpaIUsIMH
nepefadynd ymnpaBlieHHUs) OblJla YMEHBIIEHA Ha
TECTOBOM YpOBHE, Tak 4YTO pabouas Harpyska
nucnerdyepa YBJI nis npemyiaraemoro cexkropa 3
MEHbIIIE, YeM JIJIsl CYILECTBYIOIIEro ceKTopa 3, a
Ul TpeajlaraeéMoro cekropa 4 MeHbIIEe Jei-
CTByIOILIETO cekTopa 4 (puc. 12).

Takxe mnpuMedatrenpbHO, YTO MPHUOBITHE B
cpenneM 91 peiica B 1eHb (B uUtoHe) win 89 peii-
coB (B nexkabpe) B TMA TCH u3 3TuX 10KHBIX
cextopoB (Cunranypa, Manai3uu u T. 1.) NOJI-
HOCTBIO MEPEMECTUTCA U3 JAEUCTBYIOUIETO CEK-
Topa 3 B IpexaraeMslii cextop 7. B ciydae ne-
perpy3ku npu npudsiTin BC B asponopt TCH
JIMCTIETYEPCKAs CMEHa CMOXXET NepelaTh 4acTb
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pabodeil Harpy3Kku JEUCTBYIOIIETO CEKTOpa 3 Ha
npearaeMeii  cexkrop 7. ucnerueper YBJ]
CeKTOpOB 3, 4 u 7 3TOTrO BapHaHTta OyIyT UMETh
0oJbIlle BpEMEHH JJs1 BBIMOJIHEHUS IPYTUX 3a-
Ja4 (Hampumep, TaKUX Kak: MIIAaHUPOBAHUE WU3-
menenus DIl BC, pannee oonapyx)enue [IKC u
T. 1.). B pesynbrare OB/l B paiione a3ponopToB
u BII pernona, mo MHEHHIO aBTOPOB, MO3BOJIUT
obecrieunth TpeOyemyto [IC u HeoOXOoaMMBIH
YpOBEHb O€30MaCHOCTH IOJIETOB.

Heoocmamku u 0yoyuwjue nanpaenenus uc-
cnedosanuil

OpHako MpeasoKeHHbIE BapUaHThl CEKTOPH-
3alMM OCHOBaHbI Ha (PaKTUYECKUX Pe3yJIbTaTax
HBIHEITHETO MPUMEHEHUs CeKTopa 6 M B HACTO-
SIIIIEM Ha TPAKTHKE OHU HE OBUIM pealin30BaHEI,
MO3TOMY OIeHKa A(()EKTUBHOCTH TpeiaracMo-
ro BapuaHTa MPaKTHYECKH HE JO0Ka3aHa. B Oy-
IyIIeM aBTOPHI IUIAHUPYIOT pa3paboTaTh U Olle-
HUTH PE3YJIBTATHI C TIOMOIIBIO MPOTPAMMBI KOM-
NBIOTEPHOTO MOJIETUPOBAHUS ISl MOATBEPIKIC-
HUS 9 (HEKTUBHOCTH BapUAHTOB.
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3akiroueHnue

B crathe aBTOpamu npejacTtaBieH HOBBINA Ba-
puant nenenus BII P/AL XomwumuHa myteM pe-
OpraHu3aiuu ceKTopoB 3, 4, 5 u popmupoBaHus
HOBBIX CEKTOpPOB 7 U 8. DTOT BapuaHT JIaeT s
MPEUMYIIECTB, TAKUX KaK COKpalleHue padboueit
Harpy3Kyd aBHMAJIUCIIETYEPOB; TOBBIIICHUE O€3-
ONAaCHOCTH TOJIETOB; CHUKEHUE MEPErpyKEHHO-
ctu paccmarpuBaeMoro BII; cHmkeHne BpeMeHn
PaguoOCBA3H MEX]y aBUAJUCIIETYEPAMH U MHJIO-
tamu;, noBeiteHue [1C mpu mponere yepe3 BII
P Xommmuna; nosbiuenue 11C BIIII aspo-
nopros P/IIl XommnMuHa; ynydimeHue KOOpAH-
Haumu Mexnay aucnerdyepamu BIT P/ Xommwm-
MUHA U IpYIrUMH rpannyamumu opranamu OBJI.

[ToMmuMo mpeumyiiecTB, NpejjiaraeMmble Ba-
PHUAHTHI CO3/IaHMsI HOBBIX CEKTOPOB, 0€3YCIIOBHO,
MMEIOT HEKOTOpPbIE HEJIOCTAaTKU, TAKUE KaK yBe-
JIMYEHHE KOJIMYECTBA aBUAJMCIETYEPOB B CME-
HE; JIONOJIHUTEIBbHOE BpeMs Ha MOJATOTOBKY HO-
BBIX aBUAUCIIETYCPOB; MOBHIIIICHUE TPEOOBAHUIMA
K UH(PACTPYKTYpe U TEXHOJIOTHUSIM.

OnHako BbINIEYKa3aHHBIE HEIOCTATKH OTHO-
CUTEIIbHO HEBEIMKH M MOTYT OBITh JIETKO Ipe-
OJ0JICHBI C TCUEHUEM BPEMEHH, HO B PE3YJIbTATE
MOSIBATCSI TAKWME NPEUMYIECTBA, KaK yBeIU4de-
mue IIC BII, noseimenne 0e€30mMacHOCTH IIOJIE-
TOB, yCTpaHEHUE aucOamaHca MEXay CEeKTOpaMH
U yCTpaHeHHe neperpyxenHoctu BIIL.

Takum oOpa3oMm, ¢ OBICTPBIM pa3BUTHEM
IpaXJTaHCKOW aBHalMU BO BbeTHaMe HensOexk-
HOW TeHJEHIMEN ABIsAeTCS pa3paboTka mpo-
rpaMM 1O yJydIIeHu0 Bo3MoxkHocTedt OpB/l u
BII ¢ nenpro moseienusa [IC u onTtumMuzamunu
BII. PasButme cucrembr OpBJl Oyner croco6-
CTBOBATH IMOBBIINICHUIO OTEHIMaNa oTpaciu ['A
B COOTBETCTBMM C OpPHEHTAUHMEH Pa3BUTHUSI
Tpancnoprta Ha nepuoa 2020-2030 rr. Bo Brer-
Hame',

12 Pemrenne 318/QD-TTg 06 yrBepxnenun Ctpareruu
pa3BUTHA TPAHCIOPTHHIX ycuryT a0 2020 roxa c mep-
cnektuBoit 10 2030 roxa. IlocranoBnenus [Ipembep-
munuctpa Ne 355/QD-TTg ot 25 despans 2013 roaa.
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Analysis of a balanced safety performance indicator as a key element of
operational controlling in the ATS organization

R.A. Obraztsov', V.D. Sharov’
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’Moscow State Technical University of Civil Aviation, Moscow, Russia

Abstract: Controlling is considered as a versatile modern focus of management. It is widespread in various fields of human activity
but has not found direct application in civil aviation yet. Meanwhile, any aviation organization is subject to the general laws of
management, therefore, controlling can and should find its application in the management of an aviation organization. Due to the
particular importance of safety management considerations, controlling, as a management concept that allows you to control
processes rather than results, fits seamlessly into the procedures of safety management systems (SMS) of aviation service providers.
In particular, the development and monitoring of safety performance indicators (SPI) can be considered as a key element of
operational controlling. In the SMS, the procedure to deal with the SPI, in conjunction with the risks mitigation procedure for
safety, is an essential component of the entire system. To ensure the effectiveness of this procedure in the Air Traffic Service (ATS)
organization, it is necessary to develop a balanced overall SPI. As the analysis showed, the indicators applicable in ATS
organizations are focused on considering only incidents of the same “weight” and do not objectively reflect a level of safety
assurance at ATS and its dynamics. The article presents a variant of developing a revised balanced indicator, which considers less
significant deviations from the proper ATS system operation, errors and violations of personnel. The indicator was developed on
the basis of the expert survey of ATS specialists. Monitoring and predicting of indicators are also important tasks of operational
controlling. These problems can be solved by various methods, the applicability and comparative effectiveness of some of them are
discussed in this article. All calculations are based on real data of one of the major ATS organizations of the Russian Federation.

Key words: operational controlling, air traffic service, aviation safety, expert assessments, predicting.
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AHam3 cOAJTaHCHPOBAHHOIO MOKa3aTe sl 0€30IMaCHOCTH 0JIeTOB
KAaK KJII0YeBO 3JIEeMEHT ONePATUBHOI0 KOHTPOJIJIMHIA
B opranusanum no OB/{

P.A. O6pasuos', B.JI. Illapos’

! Llenmpanvnoe mesrcpezuonanvroe meppumopuanshoe ynpasnenie 6030yuHo20
mpancnopma Llenmpanonvix pationos @edepanvHo2o azeHmcmea 6030YUIHO20
mpancnopma. Munucmepcmeo mpancnopma Poccuiickoii @edepayuu, 2. Mockea, Poccus
’Mocrosckuii 20CY0apCmeeHHblll MeXHUYeCKULl YHUBEPCUMem 2paicOanHCcKoll asuayul,

2. Mocxea, Poccus

AHHoTaumsi: KOHTPOIIMHI paccMaTpuBaeTCsl KaKk yHHBEPCAJIbHOE COBPEMEHHOE HAIpaBlieHHE MeHemkMeHTa. OH IIHPOKO
pacTpoCTpaHEeH B PA3NIMUHBIX OOJACTSIX HYETIOBEUECKOM NEATENBHOCTH, HO B TPKIAHCKON aBMALMM IOKA HE HAIIEN INPSIMOTO
npuMeHeHus. Mexay TeM Jiro0oe aBHanpeIpusITHe TTOJUMHSETCS OOIMM 3aKOHAM YIIPaBJICHHsI, CJIE0BATEIBHO, KOHTPOJUIHT
MOYKET M JIOJDKEH HAWTH CBOE MECTO B YIPAaBICHHWHM aBHALMOHHOW opraHuszaimed. BBumay oco0oil BaKHOCTH Ui aBHALMN
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BOIIPOCOB YIIPABJICHHUA 0E30MaCHOCTELIO TT0JIETOB KOHTPOJUUIMHI' KaK KOHLEMIHWA MEHEIKMEHTA, IMO3BOJIAIONIIAA KOHTPOJIUPOBATH
TIPOIIECCHI, @ HE PEe3yJIbTAaThl, OPraHUMYHO BIMCHIBAETCS B IPOLEAYPHI CUCTEM ynpasieHusi Oe3zomnacHoctbio mnoneroB (CYBIT)
TMIOCTABIMKOB aBHAIMOHHBIX yCIyr. B uacTHOCTH, pa3spaboTka M MOHHUTOPHHI MOKazarened 3(h(EeKTHBHOCTH OOecredeHHs
6e3onacHoct monietoB (SPI) Moker paccMarpuBaThesi Kak KIIFOYEBOHM SJIEMEHT OINepaTMBHOrO KoHTposumHra. B CYBII
nporeypa padotsl ¢ SPIL, Hapsmy ¢ Hpomemypoil ympapieHHs pHCKaMH UTs Oe30MacHOCTH TOJIETOB, SIBIICTCS BAXKHEHUIIIM
KOMIIOHEHTOM Bcell cucteMsl. [nsa oOecriedeHns S(PQPEKTHBHOCTH 3TOM TPOIEAYypPHl B OPraHM3aIllMd IO OOCITYKWBAHHIO
Bo3aymHoro nerwkeHns (OB/I) Heobxommmo pazpadorars cOamancupoBanHbiii oommit SPI. Kak moka3an anamms, nmpuMeHseMble B
opranm3aiusix o OB/l mokasateny OpHEHTHPOBAaHBI HA Y4YET TOJNBKO WHIMACHTOB, NPUYEM C OJMHAKOBBIM «BECOM», M HE
OTpakaroT OOBEKTUBHO YPOBEHB 0OecreueHust Oe3omacHocTy nosieros mpu OB/l u ero nuHamuKy. B cTaThe mpeacTaBieH BapuaHT
pa3paboTKN HOBOTO COAIAHCUPOBAHHOTO IMOKA3aTellsl, KOTOPbIH yUMTBIBAET U MEHEE 3HAUMMbIE OTKJIOHEHUS! OT HOPMAIBHOTO
(ynxumonuposanust cuctembl OBJI, ommOKu 1 HapyIieHus nepcoHana. [lokasarens pa3paboTaH Ha OCHOBE SKCIIEPTHOTO OIpoca
crermanucToB o OB/l MoHUTOpHHT MoKa3aTesniel 1 UX MPOTHO3UPOBAHUE TAKXKE SBJIIOTCS BaXKHBIMH 337auaMy OIEPaTHBHOTO
KOHTPOJUIMHTA. OJTH 3aJla4d MOTYT peIIaThCs Pa3IMYHbIMK METOJaMH, NMPHUMEHMMOCTh W CpaBHUTEbHas 3(pQeKTHBHOCTH
HEKOTOPBIX M3 HUX OOCY’KIAlOTCs B JAHHOM cTaThe. Bee pacuers! BBIMOIHEHbI Ha OCHOBE PEabHBIX JAHHBIX OTHOW M3 KPYIHBIX
opranmzaiuii o OBJ] Poccuiickoit ®eneparyu.

KuoueBble cj10Ba: onepaTiBHbBIA KOHTPOJUIMHT, OOCITY>KMBAaHHE BO3YIIHOTO JBIKEHHS, OE30MaCHOCTH II0JIETOB, SKCIEPTHBIC
OLICHKH, IIPOTHO3UPOBAHHE.

s murupoBanusi: OOpasuoB P.A., IllapoB B.J[. Anamm3 cOagaHCHMPOBAHHOTO TIOKa3aTeslsi Oe30MacHOCTH TOJIETOB
Kak KJIFOYEBO# 3JIEMEHT OINEepaTUBHOTO KOHTpoJutkHra B opranusauuu 1o OB/l / Hayunsiit Bectuk MI'TY T'A. 2024. T. 27,
Ne 3. C. 67-80. DOI: 10.26467/2079-0619-2024-27-3-67-80

Introduction mance upon expiration of the term. Controlling
1S a management concept that allows us to su-
pervise processes rather than performance, helps
to define a phase of the process where a disrup-
tion event took place, obtain feedback, and make
adjustments in due time.

According to Professor A.I. Orlov [4], cur-
rently, controlling principles are, in fact, applied
quite on a large scale. The issues of controlling
were considered, at least, in 40% of the reports
at the International Conferences of the Russian
Academy of Sciences of the Institute of Control
Sciences ‘“Management of the Evolution of
Large-Scale Systems”, which have been held
since 2013. The authors [5] assert that success-
fully developing global major companies have
pursued the concept of controlling for a long
time, even though do not use this term.

The literature on the different aspects of con-
trolling is extensive. The Scientific and Educa-
tional Center “Controlling and Managerial Inno-
vations” works in the Bauman Moscow State
Technical University under the charge of Profes-
sor S.G. Fal’ko and Professor A.l. Orlov
http://cmi.bmstu.ru.

According to [4], strategic controlling is
developing objectives and focal points in the
light of the medium and long term, proposing
ways to attain objectives and solve problems
(principle “do the proper thing”). Operational

Controlling represents a modern advanced
theoretical and practical focus of management
which stipulates setting up an integrated system
to facilitate the organization management aimed
at coordinating the interaction of management
systems and control of their effectiveness.
A brief definition by the economists of repute
E.A. Gomonko, T.F. Tarasova is given in [1]:
“controlling is a unified management system of
the process to achieve objectives and entity per-
formance”.

If at the onset, controlling was interpreted as
a system of entity profit management [2], then in
the modern sense, the term comprises risk-
management, quality management, the infor-
mation support system, management of a set of
main indicators and a system of implementation
of the decisions made. A concept of controlling
has been used in the western science and man-
agement practice since the 19" century. Howev-
er, in Russia, it has not gone mainstream since it
is associated with the term ‘“control”. A word
“controlling” derives from the English verb fo
control, but this verb has other meanings such as
to manage, monitor, track, configure, regulate.
The difference of controlling from control by [3]
is as follows: Control is monitoring perfor-
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controlling deals with timely arrangements
within a limited span of time to eliminate devia-
tions of actual indicators from planned ones and
fulfils a short-term prediction (principle “do the
thing in a right way”).

Management of an aviation entity obeys the
objective management laws, which means the con-
trolling concept is implemented in its activity.

1. Application of controlling methods
in aviation organization safety
management

In various branches of production, control-
ling examples of different safety aspects can be
encountered.

A concept “risk-controlling”, integrating risk
management into all fields and processes of
management, is formulated in the entity policy
of risk management [6].

The controlling methods are employed in the
industrial safety management. The article [7]
proposes the system of operational controlling
indicators of safety in the oil and gas company.
It encompasses an analysis of incidents, costs on
preventive measures to avoid accidents and inci-
dents, penalty sums, occupational health service.
The point assessment of an indicator and their
summation to form an overall coefficient is stip-
ulated.

The article [8] proposes to include issues to
ensure economic, transport, technological, and
informational safety for the defense industry en-
terprise into controlling.

Safety management is an integral part of a

general process of the aviation organization
management and implemented by the Safety
Management System (SMS). Let us specify the
article [9] as an example of embedding safety
issues into the system of controlling. The author,
speaking about “the key elements of the airline
risk-controlling”, includes them as components
into the system of safety performance. However,
without being familiar with the SMS principles,
he includes such elements as “drawing up a list
of abusive passengers” as well as “expansion of
a number of partners as part of code-sharing”
into the system.
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Issues of ensuring security (protection from
unlawful interference) are also important for an
operator. Moreover, as stated above, controlling
incorporates the quality control system as well.
Hence, within the framework of the controlling
concept, setting up of the integrated system of
safety management, which encompasses the
SMS, the quality management system, as well as
the systems of security and occupational safety
management, can be implemented. It complies
with the best practices in Civil Aviation and will
allow for the allocation of the aviation organiza-
tion resources to be optimized.

For an aviation organization, the structure of
controlling as an integrated system of manage-
ment, considering a general scheme from [10, 11],
can be represented in the form in Figure 1. The
SMS elements that fit seamlessly into this struc-
ture are highlighted.

An assessment and monitoring of the Safety
Performance Indicators (SPIs) is one of the two
major SMS constituents. The development of a
balanced SPI and its monitoring are substantial
considerations of operational aviation organiza-
tion controlling including ATS organization.
The development of the prediction technique for
safety performance is also of interest for opera-
tional controlling.

2. Forming a balanced Safety
Performance Indicator in an Air
Traffic Service organization

Confirmation that the safety of the aviation
organization is maintained at an acceptable level
is ensured by the implementation of component
3 of SMS called “Safety assurance”.

Element 3.1 Safety performance monitoring
and measurement is the core of this component.

The given analysis showed that relative indi-
cators of flying hours per one aviation incident
and the number of aviation incidents per 100000
flight hours are used to assess safety perfor-
mance at the level of the State ATM Corporation
and its branches. For this purpose, major avia-
tion incidents, which are considerably more seri-
ous in terms of severity, are not emphasized
from a total number of aviation incidents. Con-
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Fig. 1. The general structure of controlling in an aviation organization
ycmanosaeHue yenel — establishing targets; nianuposanue u ynpasnenyeckuil yuem — planning and managerial
accounting; ynpagnenue u oomen ungopmayueii — data management and sharing; puck-meneoxrcmenm —
risk-management, konmponnune — controlling; svipabomra pekomenoayuii — issuing recommendations; anans
omxnonenull — analysis of deviations, ynpasnenue kauecmeom — management of quality; konmpons — control;
MoHumopune noxaszamerneil — indicator monitoring; cmpamezuyeckue pucku-strategic risks, 3KoHoMuuecKue pucku —
economic risks; gunancosvie pucku — financial risks,; pucku npouzsodcmeennou 6ezonacnocmu — risks for industrial
safety,; pucku 0ns besonacHocmu noiemos — risks for aviation safety; pucku 0ns aguayuonrou bezonacthocmu — risks for
air security; pucku ungopmayuonnou dbezonaciocmu — risks for data security, sxonoeuueckue pucku — ecological risks;
9KOHOMUYeCKUe noKazamenu — economic indicators;, noxazamenu npousgoocmseenHoll 6esonachocmu — indicators of
industrial safety; nokazamenu aguayuonnou bezonachocmu — air security indicators; noxkazamenu 6e30nacHoCmu
nonemos — aviation safety indicators; noxazamenu ungopmayuonnou bezonacnocmu — data security indicators;
nokazamenu sxonozuueckou bezonachocmu — indicators of ecological safety

sidering all aviation incidents with the equal
weight, while calculating the SPI, distorts an
idea about the safety level. On the other hand, if
aviation incidents are not available over the re-
porting period, the SPI will amount to zero in an
entity which formally indicates an ideal status
quo with safety performance. But, at the same
time, the same organization can have quite a
considerable number of discrepancies according
to objective control data and/or findings during
Rostransnadzor. The data is not considered at all
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in the currently applicable SPI of the SMS or-
ganization.

A similar problem in the SMS of other air enti-
ties is resolved by the introduction of additional
SPIs. For example, the air entities (Aeroflot, S7,
etc.) use “an integral indicator” developed by the
Chair of Aviation Safety of the Moscow Civil En-
gineering Institute (currently the Moscow State
Technical University of Civil Aviation) [12] in the
80s last century. While calculating an integral indi-
cator, not only aviation events (aircraft occurrenc-
es, aviation incidents, and work-related incidents)
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can be interpreted as the term “event”, but also
precursors, i.e., facts affecting safety performance
but not having a status of an aviation event. The
indicator is based on an event attributed to one of
the “problematic situations” which can be accepta-
ble for an aviation organization but interpreted
with difficulty for an ATS organization.

Another example of such an indicator is the
indicator of “a based-risk event” (EBR), pro-
posed by the International Group ARMS [13].
This method assesses each event similar to an
aviation incident or a precursor. It is adopted
based on expert answers to two questions:

1. How close were we to an aviation acci-
dent?

2. What damage would occur while develop-
ing an event?

Answers are processed using a special matrix
to obtain a quantitative assessment of the indica-
tor “classifier of event risk” (ERC) in condition-
al units from 0 to 2500. The method is employed
in the air entities SAS, Finnair, etc.

A simplified variant of an assessment, fo-
cused on not significant events, is proposed by
S.A. Tolstykh [14] to use aerodrome operators in
the SMS. The calculation of “a coefficient of
risk for deviations and events” (KPOS) is carried
out under a formula

KPOC, = 0,25n, J]rvn3+2nA ’

1

(1)

where KPOC; — the SPI in the i-period (month,
week);

na, ng and nc — the number of events by risk

categories (A, B, C).

But in the formula (1), the ratio between
weights is expressed as 1:4:8, such proportions
can be applied only for insignificant and medium
incidents by severity.

Thus, the indicators under consideration can-
not be recommended as a balanced SPI for an
ATS organization.

On the assumption of the conducted research
of the existing structure of deviations from regu-
lations, violations, and events under ATS, it is
proposed to introduce a 4™ level indicator Kgma
as the balanced SPI per 10000 served flights
over k-th span of time:
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K Cn +C,n, +Ciny, +Cyn,
BIl-k —
Nk

x10000, (2)

where n;, n,, n3, ny — the number of recorded
events in an organization over k-th span of
time by groups of severity (gr. | — minimum
severity, gr. 4 — maximum one);
Ci, Cy, Cs, C4 — the weight coefficients for
deviations and events of the group (tab. 1).

Fitting of weight coefficients using
the Delphi method

Fitting of weight coefficients in the formula
(2) is carried out based on the expert survey. In
order to solve a problem, an expert survey, de-
veloped in the late 1950s in the USA [14, 15],
was executed using the Delphi method. A unique
feature of the method is that experts make as-
sessments irrespective of each other in the first
phase, hereafter, each expert gets familiar with
group assessment results, and another round of
assessing is executed. The recommendations
concerning the procedure by the Delphi method
are stated in the Russian National Standardl, and
voluminous relevant literature is provided. There
is no theoretical substantiation of the method,
but it is largely used to formulate expert opinions
while solving complex formalizable problems.

In conformity with the principles of the
method, a group of 10 experts was set up in the
preliminary phase, maintaining confidentiality.
Questionnaires were drawn up, and the first
round of the survey was conducted. In the sec-
ond phase, the evaluation was carried out. In the
first phase, the most considerable discrepancies
occurred among experts 3, 4 and 6 for minimum
significance, and among experts 3 and 5 for de-
viations Experts referred to insufficiently clear
understanding of the problem. During another
survey, experts 3, 4 and 6 proposed amendments,
and these assessments were recognized ultimate
(tab. 2).

' The State Standard R -58771-2019. (2020). Risk
management. Risk assessment technologies. Moscow:
Standartinform, 90 p. (in Russian)
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Table 1
Criteria for assigning deviations and events to severity groups

Ne Severity Examples C
1 Minimum Insignificant deviations in the ATC work from the technology or from the ra- C
diotelephony phraseology, insubstantial errors while transmitting information
to a flight crew under inspections or FDR/CVR data.

Radio communication equipment, navigation aids failures, monitoring with the
timely changeover switching for backup. Complaints of flight crews about the
radio communication equipment operation which have not caused flight plan
updating or the go-around procedure

2 Medium Crude ATC errors in the technology of work or in the radiotelephony phrase- C,
ology which have not caused an aviation event but recorded as a potential traf-
fic conflict by FDR/CVR data corrected by a flight crew or the adjacent en-
route control. Radio communication equipment, navigation aids failures and
monitoring which complicated the ATC work or the flight crew work (accord-
ing to flight crew reports) but not attributed to an aviation event

3 Hazardous Aviation incidents. Separation violation and near-miss not attributed to serious | Cs
incidents. Radio communication equipment, navigation aids failures and moni-
toring not attributed to serious incidents

4 Critical Serious aviation incidents. Hazardous proximity of aircraft. Radio communica- | Cy4
tion equipment, navigation aids failures and monitoring attributed to serious
incidents

Table 2
The results of expert assessments of weight coefficients
Assessment summarizing to the unified
Expert Expert assessments Y scale 3
Cil CiZ Ci3 Ci4 Cil—s CiZ—s Ci3—s Ci4—s
1 1 4 7 12 24 0.04 0.17 0.29 0.50 1.00
2 1 5 10 15 31 0.03 0.16 0.32 0.48 1.00
3 1 4 12 23 0.04 0.17 0.26 0.52 1.00
4 1 3 6 10 20 0.05 0.15 0.30 0.50 1.00
5 1 3 4 6 14 0.07 0.21 0.29 0.43 1.00
6 2 6 10 15 33 0.06 0.18 0.30 0.45 1.00
7 1 5 8 10 24 0.04 0.21 0.33 0.42 1.00
8 1 3 6 10 20 0.05 0.15 0.30 0.50 1.00
9 1 4 8 10 23 0.04 0.17 0.35 0.43 1.00
10 1 3 7 10 21 0.05 0.14 0.33 0.48 1.00
Average values MO(Cjy) 0.048 0.172 0.308 0.472
Normalized averages CjN 1.000 3.573 6.384 9.781
Weight coefficients C; 1 4 6 10
Mean-root-square deviations 0.011 0.024 0.026 0.036
Variation coefficients 0.228 0.139 0.085 0.076
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Expert coordination was assessed by a coef-
ficient of variation as good. Transferring of the
original expert point assessments C;; to the as-
sessments in the unified scale C;;_g were con-
ducted using the formula

Cij
ey —
Xj=1Cij

Cijos =

Normalized average values Cj of each
weight were calculated:

where Cjy — the average value of weight in the
unified scale for the j-th coefficient,
Cis= 0,048 — the weight value for the coeffi-
cient C; in the unified scale.
Plugging findings into the formula (1), we
will derive a final formula to calculate the SPI
for an ATS organization.

K n,+4n, +6n, +10n,

Bll-k =

x10000 .

€)

k

According to the formula (3), calculations
Kg-x must be made in an ATS organization eve-
ry month individually for the ATS (air traffic
controllers) as well as for the service of radio-
technical support (for engineers and technicians)
and shown on a screen.

3. Methods of SPI monitoring during
operative controlling in an ATS
organization

An analysis of deviations in the management
system is one of the most major objectives of
operative controlling [5]. While monitoring the
process of varying controlled values, deviations
from planned values are revealed. In this case, it
is necessary to decide if these deviations are
within tolerance or their availability cannot be
neglected, and the correction is required. It is
fully referred to the SPI.

The following basic types of monitoring are
used:

73

Civil Aviation High Technologies

e direct monitoring of an indicator;

e methods of a simple and weighted moving av-
erage;

e method of Shewhart checklists and cumulative
sums.

While direct monitoring and monitoring by
means of a moving average, a targeted level
(Safety Performance Target (SPT) and two
threshold levels (triggers), calculated by data
from previous years in accordance with the
methodology recommended by the ICAO in the
Safety Management Manual the 3¢ edition®, con-
sidering the amendment, recommended by our
article [16] are distributed on the screen.

The diagram of direct monitoring shows the
excess of triggers but has a sawtooth view and is
not sufficiently informative to identify tenden-
cies. For the purpose of smoothing temporal se-
ries, the methods of moving average [17],
which can be used for the SPI, are successfully
employed. During a span of smoothing the 1
quarter (3 months) calculation of the indicator
for the r-th month for a moving average K¢ is
conducted according to the formula:

r—2 r—1 T
_ Wr—2Kgn "+Wr—1Kgn +WirKpn
3 5

K¢

where K&2, Kiq ! end KE; — the indicators over

3 previous months;

wi_,, W;_1,w; — the weight coefficients, in
addition, w,_, + w,_; + w,. = 3.

For a simple average w,_, = w,_; = w,. = 1,
and for a weighted one, they are selected so that
recent events could be considered to a greater
extent than remote by time.

Table 2 gives actual data of one of the ATS
organizations of the Russian Federation over
2023, Figure 2 demonstrates the diagrams of di-
rect monitoring Kg as well as a simple and
weighted moving average (w,_, =0.75,
w,_; = 1, w, = 1.25) by data.

The moving average methods make it possi-
ble to obtain a detailed picture of variation Kg,
particularly under its abrupt fluctuations. Each
value represents a mean indicator over a period

% Doc. 9859: Safety Management Manual (SMM) (2013).
3 rd ed. ICAO, 318p.
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Table 3
Data from one of the ATS organizations for 2023
Level of Jan. | Feb. | Mar. | Apr. | Ma Jun Jul. | Au Sept. | Oct. | Nov. | Dec
the events . . . pr. y . . g. pt. . . .
1 0 3 0 1 9 8 23 0 0 0 14
2 12 15 13 22 25 20 16 15 22 17 21 14
3 0 1 0 1 1 3 0 0 0
4 0 0 0 0 0 0 0 0 0 0
S;Z:gt 43747 | 38947 | 44589 | 45522 | 51739 | 55954 | 59558 | 61342 | 61897 | 57930 | 55890 | 46122
Aviation
safety co- | 10.97 | 17.72 | 11.66 | 20.87 | 23.39 | 16.44 | 13.10 | 16.47 | 14.22 | 11.74 | 15.03 | 17.78
efficient
S —-1.93 | 2.89 | 1.65 | 9.62 | 20.11 | 23.65 | 23.84 | 27.41 | 28.73 | 27.57 | 29.69 | 34.57
24
23 - 2\ Kin
g 22 Kg; B3BelIeHH "\1/
E 21 CKOJIb3. _‘
: ll
K 20 ol
vl
£ 19
% 18
=
k. 17
© 16 4 A Zeol
é is 159
S 14 L
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E 124 ! '\,-f K mpoctoe
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Fig. 2. Monitoring the SPI of the ATS organization in 2023 by various methods

of smoothing. The method of a simple and
weighted moving average is employed in some
airlines for monitoring various safety perfor-
mance indicators [18].

The methods of Shewhart checklists and the
checklists of cumulative sums [19] are massively
used to reveal deviations of product parameters
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from their target values in controlling of indus-
trial enterprises. In the airline management, there
is also experience of applying checklists [4]
while solving problems of one of the controlling
types.

The most appropriate for problems of the SPI
assessment is the “cumsum method”, founded
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Fig. 3. A map of the cumulative amounts of the Kgpy indicator of one of the ATS organizations in 2023
svicokutl yposenwv BII — the high level of aviation safety, nuskuil ypogenv BII — the low level of aviation safety, cpeonuii
yposenv BII — the medium level of aviation safety

on considering cumulative sums, recommend-
ed by the State Standard R ISO 7870-4-2013°,

The formula of calculating cumulative sums
in conformity with [19] in agreed notations is
represented as:

S, =Y (Ki|-Ky) = Sr1 + (K — Ky). (D)

The diagram in Figure 3 is built according to
data from Table 2 based on the calculations un-
der the formula (4). The graph shows variations
of a level of safety performance respectively the
standard-compliant level, which is relevant to 0.
The method is more illustrative under an array of
data and frequent observations.

For a quantitative assessment of worsening
the indicator, the State Standard recommends
establishing special patterns, but they are ac-
ceptable to assess imbalance in the technological
process or discrepancy of product quality, when

the assessed parameter variation is less than
10%.

? The State Standard R ISO 7870-4-2013 Statistical
Methods (2013). Checklists. Ch. 4. Checklists of cumu-
lative sums. Moscow: Standartinform, 52 p. (in Russian)
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Moreover, these patterns respond to devia-
tions from a target downwards, which would
mean “too high level of safety performance” for
Kesn. Thereafter, the patterns are not relevant for
the SPI, and an inclination of a graph curve may
be a criterion. Similarly, to imbalance, when an
inclination reaches 45° and greater, it is regarded
that a process is out of control, and troubleshoot-
ing is required. When deviations are accidental
at small angles, adjustment is sufficient. When
the graph line is horizontal or has a negative in-
clination, the SPT is maintained, at least.

4. Prediction of the SPI

Prediction of the SPI in aviation activity has
always been of great importance, which is also a
controlling problem. Let us consider two predic-
tion methods: the method founded on exponen-
tial data smoothing and the Holt’s method.

The method of exponential smoothing is
employed to form a prediction for a single period
ahead. The formula to employ the method from
[20] in the agreed notation:

n=ak? + (1 - a)U, (5)
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Table 4
Actual data for 2022 and predicted values (Kgpy) in 2023
Jan. | Feb. | Mar. | Apr. | May Jun. Jul. | Aug. | Sept. | Oct. | Nov. Dec.
Krcb 19.09 | 14.70 | 16.27 | 13.52 | 13.61 | 17.76 | 5.50 | 13.90 | 10.32 | 18.68 | 14.00 | 23.52
Actual data and the prediction for 2023. MAPE = 20,67%
Kr‘b 1097 | 17.72 | 11.66 | 20.87 | 23.39 | 16.44 | 13.10 | 16.47 | 14.22 | 11.74 | 15.03 | 17.78
K | 1648 | 14.22 | 15.33 | 14.36 | 15.80 | 16.48 | 15.74 | 15.28 | 15.66 | 15.39 | 15.03 | 15.30
& 0.50 | 0.20 | 0.32 | 0.31 | 0.32 0.00 0.20 | 0.07 | 0.10 | 0.31 | 0.00 0.14

Kf.l) — the actual value of the indicator; K, ; — the predicted value of the indicator; &, — the error

where
tor;
K.® — the actual value of the indicator over
the previous period;
a — the smoothing parameter;
U — the exponentially weighted average.
[20] recommends calculating the parameter

1 — the predicted value of the indica-

2 .
a=—, where n — the number of observations

within a smoothing range. Let us conduct the
prediction Ky for each month of 2023 taking
into consideration data over 12 months of 2022.
Therefore, while calculating the prediction by

months of 2023, a will change from a =

0.167 to @ = —— = 0.008.
24+1

The parameter U is calculated as an average
value of the previous period of observation, i.e.,
while calculating the prediction by months of
2023, U will also change from average over 12
months of 2022, when predicting Kgp; for Janu-
ary 2023, to average over 23 months, when pre-
dicting Kgy for December 2023. Calculation data
is summarized in Table 4. Each line calculates
relative operational margins of the prediction
K?-kn

K}
erage operational margin MAPE (Mean Absolute
Percentage Error [21]):

12+1

& = , which are used to calculate an av-

MAPE =~ 3 &,°100. (6)
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The prediction by [20] is considered excel-
lent under 10% > MAPE, good under
10% < MAPE < 20% and satisfactory under
20% < MAPE < 30%, i.e., the prediction is quite
close to a good level. Predicting a level of safe-
ty performance using the Holt’s method
by [20] is carried out by means of exponential
smoothing considering a trend.

Values of exponentially smoothed series K¢
are calculated according to the formula

Ki = akl + (1=K —Try), ()
where 7,-; — the trend value over the previous
period.

For the first period, let us assume K} = Kr(b ,
further, the calculation is conducted considering
a trend:

T =)+ (1=BTr-1,
Kl =K', +T, ®)
where [ — the coefficient of trend smoothing, «

and B are selected within a range from O to 1.

Initially let us assign @ = = 0.5. Calcula-
tion data is summarized in Table 5.

Prediction accuracy can be increased by the
function MS Excel “Search for solution™. Opti-
mal fitting of coefficients a = 0.16 and B = 0,65
is provided, which enabled us to minimize a tar-

* Manual on the use of the “Search for solution”
MS Excel function. microexcel.ru. Available at:
https://microexcel.ru/funkcziya-poisk-
resheniya/?ysclid=Iqtb 1 wapdo508027718#poisk-
resheniya-exc-1 (accessed: 11.03.2024).
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Table 5
Initial prediction by the Holt method. MAPE = 20.64%
Jan. | Feb. | Mar. | Apr. | May | Jun. | Jul. | Aug. | Sept. | Oct. | Nov. | Dec.
Krcb 1097 | 17.72 | 11.66 | 20.87 | 23.39 | 16.44 | 13.10 | 16.47 | 14.22 | 11.74 | 15.03 | 17.78
K7€ 10.97 | 14.35 | 12.16 | 16.64 | 18.96 | 16.59 | 14.88 | 16.12 | 15.08 | 13.63 | 14.80 | 16.23
T, 0.00 | 1.69 | —0.25| 2.12 | 2.22 | —0.08 | —0.89 | 0.17 | —0.43 | —0.94 | 0.11 | 0.77
Ky 1097 | 10.97 | 16.03 | 11.91 | 18.75 | 21.17 | 16.52 | 13.99 | 16.30 | 14.65 | 12.68 | 14.92
Kﬁb — K/ | 000 | 675 | —437 | 896 | 4.64 | 473 | —3.42 | 248 | —2.08 | -2.91 | 2.35 | 2.86
&r 0.00 | 038 | 0.38 | 045 | 0.20 | 0.29 | 0.26 | 0.15 | 0.15 | 0.25 | 0.16 | 0.16
Table 6
Prediction by the Holt’s method with coefficient optimization. MAPE = 15.29%
Jan. | Feb. | Mar. | Apr. | May | Jun. | Jul. | Aug. | Sept. | Oct. | Nov. | Dec.
Krcb 1097 | 17.72 | 11.66 | 20.87 | 23.39 | 16.44 | 13.10 | 16.47 | 14.22 | 11.74 | 15.03 | 17.78
Kr© 10.97 | 12.03 | 11.39 | 13.02 | 13.81 | 13.50 | 13.35 | 13.89 | 13.67 | 13.39 | 13.81 | 14.26
T, 0.00 | 069 | —-0.17 | 1.00 | 0.86 | 0.10 | =0.06 | 0.33 | —0.03 | —0.19 | 0.20 | 0.36
Ky 10.97 | 10.97 | 12.72 | 11.22 | 14.02 | 14.68 | 13.60 | 13.29 | 14.22 | 13.64 | 13.20 | 14.01
Krcb —K/| 000 | 675 | -1.06 | 9.65 | 9.37 | 1.76 | —-0.50 | 3.18 | 0.00 | —-1.90 | 1.83 | 3.77
&y 0.00 | 038 | 0.09 | 0.46 | 040 | 0.11 | 0.04 | 0.19 | 0.00 | 0.16 | 0.12 | 0.21

get function MAPE and obtain
with MAPE = 15.29% (tab. 6).

the prediction

Conclusion

The implementation of the controlling prin-
ciples and philosophy into aviation activity will
help enhance management efficiency and, in
perspective, to generate an integrated system of
production, safety, and quality management.

Calculation and monitoring of quantitative
efficiency indicators to provide the SPI, as well
as their prediction can be regarded as operative
controlling considerations.

Currently, the SPIs applicable in ATS organ-
izations do not reflect objectively a safety factor
since:

1. Only aviation events are considered with-
out assessing their severity;
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2. Errors and violations of established rules
and procedures by personnel, affecting safety
performance which have not caused to an avia-
tion event yet are not considered. In order to
eradicate the defect, a balanced SPI has been de-
veloped relied on the expert survey with the as-
sessment of the consistency of expert opinions.

The advantages of the SPI monitoring are
shown by the methods of moving average and
cumulative sums compared to direct monitoring.

Drawing on actual data of one of ATS organ-
izations, the potential of short-term predicting
the SPI, using the method of exponential
smoothing and the Holt’s method, was demon-
strated. It is shown that while calculating by the
Holt’s method, minimization of a target function,
by fitting optimal coefficients using the function
MS Excel “Search for solution”, enables us to
substantially improve the reliability of the pre-
diction.
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The proposed methods of calculation, moni-
toring and predicting SPI do not require addi-
tional software and expert knowledge, therefore,
can be implemented in any aviation entity within
the framework of its SMS.
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anpeBaﬂ 0e30IMacHOCTh IIPH IMOJIETEC HA 3aIaHHOM J1IEC/IOHE

1
A.N. Kes1laHHUKOB

! Henmpansnviii aspoeudpoounamuyeckuii uncmumym umenu npog. H.E. Kykosckozo,
e. Kykoeckuii, Poccus

AnHoTamusi: C KaXIpIM TOJOM BO3PACTacT MHTEHCHBHOCTH BO3YIIHOTO ABIDKEHUSI MEXKIY CTPaHAMH M BHYTPU OTIEIBHBIX
crpad. Kak mpaBmio, BO3MyIIHBIC Tpacchl Ul MOJNETOB HPOXOMIT IO OJHMM W TEM JKE€ MapmpyTam. B pesymprare 3Toro
00pa3yroTcs Tak Ha3bIBaeMbIe OPOTH B HeOe. A TIie JOPOTH, TaM CO BpeMEHEM MOSBILIIOTCA yXalObl. B maHHOM ciydae B Buze
BO3YIIHBIX M, BOCXOMSIIMX M HHUCXOMSIIMX IOTOKOB M IIOBBIMIEHHOM TypOyJIeHTHOCTH. BakHyro ponp B obecriedeHuH
6€30MacHOCTH TIOJIETOB BO3AYIIHBIX CYAOB IO MAapIIpyTaM OKa3blBaeT MPOJONBHOE M BEPTHKAIBHOE SIIEIOHUPOBAHMUE.
B Hacrosiiiee BpeMsi IPUHSAT Psifl PEriIaMEHTHPYIOIIHMX JIOKYMEHTOB, ONPEAEISIONMX Oe301acHbIe IMCTAHIMK Ha d1esione. Tak,
NIPH HATMYKK TYpOYJICHTHOCTH B BUXPEBOM CJIEZIE MPOAOJILHOE SIIETIOHUPOBAHHUE OCHOBBIBACTCS HA PAa30MBKE TUIIOB BO3/IYIIHBIX
CYJZIOB Ha TpU KaTETOPHU B COOTBETCTBHHU C MAKCUMAIIBHOM CepTH(HIMPOBAHHON B3JIeTHON Maccoi. A ¢ Hos10pst 2011 1. B Poccun
BHEJIPEH 3allaJiHbIi CTaHAapT BepTHKaIbHOro smenonuposanuss RVSM (Reduced Vertical Separation Minimum). BeprukansHoe
SIIENOHAPOBAHNE — 3TO PACCTOSHUE MEXIy BEPTHKaIGHBIMH SIIEJIOHAMH TI0JIeTa BO3AYLIHBIX CY/IOB 10 Mapmpyty. Panee sto
paccrostaze coctaBisuio 600 M (2 000 ¢yToB), HO B CBSI3M C POCTOM HHTEHCHBHOCTH BO3IYIIHOTO JBIDKCHUS OBUIO MPUHSATO
peleHre YMEeHBIUT BepTuKainpHoe dmrenonuposanne 10 300 m (1 000 ¢yros). Takum oOpa3om, Ha caMOM PacIIPOCTPaHEHHOM
SIIIETIOHE MOJIETOB BO3AYIIHBIX CyI0B BEPTHKAIBHOE dIeTIoHnpoBanie cocTaBisieT 300 M. Bo3HHKaeT Borpoc, a o0ecreunBaeT i
3TO paccTosHNE OE30IaCHOCTh BO3LYIIHBIX MEPEBO30K? JIeno B TOM, YTO BBICOTA 3IIIEIIOHA COBCEM HEOOS3aTENBHO COBIAJIACT C
peabHOM BBICOTOH MOJIETa BO3LYIIHOTO CyHA. BBICOTOMEPHI B camMoiIeTax — O CYTH KaIHOpyeMble 0apOMETPBI, TO ECTb BBICOTY
OHM BBIYMCIIAIOT 10 Pa3HMIIE IABJICHMS Ha 3eMiIe W B BO3AyXe. JUIsi BBIUMCICHWS MCTUHHOHW BBICOTBI NOTPEOOBATIOCH OBI
MIOCTOSIHHO BHOCHTH B BBICOTOMEPBI JAaHHbIE 00 aTMOC(HEPHOM JaBICHUH B Ka)KIOH TOYKE MapIIpyTa M yIUTBIBATH BBICOTY 3THX
TOYEK HaJl ypoBHEM Mops. [103TOMy HPHHSATO MOJIB30BATHCS CTAHIAPTHBIM JaBlieHHeM. Eciii Ha Bcex BO3IYILIHBIX Cyaax Oyler
YCTaHOBJICHO OJIMHAKOBOE 3HAYEHWE JABJICHUS Ha albTUMETPE, TO M TI0Ka3aHMsl BBICOTHI Ha NMPUOOPE B 3aJ]AHHOM TOUKE
BO3/IYIIHOTO IIPOCTPAHCTBA OyIyT OAMHAKOBBIMU. [103TOMY C OMNperienieHHOro MoMeHTa Ipu Habope BBICOTHI (BBICOTA IIEPEX0Ia)
U 70 OIpPEAENEHHOI0O MOMEHTa IpPH CHIDKCHMH (PIIENOH IIepexojia) BBICOTA BO3IYLIHOIO CyIHA PacCUMTBIBACTCS I10
CTaHJAPTHOMY JaBieHuro. 3HaueHue cranaprtHoro nasieHust (QNE) oxmHakoBo Bo BceM mMupe M cocTasiser 760 MM pT. CT.
(1013,2 rexromackainst). Takum o0Opa3oMm, MHOJET MO MapIIPyTy KOHTPOJMPYETCS 10 AIBTHMETPY, OapoMeTpHYecKOMY
BBICOTOMEPY, KOTOPBII BXOJWT B MHIOTAKHO-HABUT AIMOHHBIH KOMIUIEKC. AHAJIN3 TOYHOCTH PabOThI 3TOTO MprOOpa MOKa3bIBAET,
YTO MPH PE3KOM Iepenane aTMOC(EpHOro JaBIeHUs NMOKAa3aHUs ANBTUMETPa MOTYT OTIMYAThCs OT WCTHHHOTO INOKAa3aHWs Ha
+100 M. M3BecTHO, 9TO 3a JETSIIMM CaMoJIeTOM oOpasyercst BuxpeBoit cien. Co BpeMeHeM BHXPEBOU CIIEN OIyCKACTCsS BHU3 U
MOXKET OKa3aThCsl Ha JPYIOM OIIeNoHe. MOXET Ju 3TO CTaTh NPUYMHONW BO3MYIUHBIX 5IM Ha amenone? s orsera Ha
TIOCTABJICHHBI BOMPOC B KauecTBE OOBEKTa HCCIeNoBaHMs ObUT BBIOpaH camoneT A-380. DTo oauMH M3 caMbIx OOJBIIHX
camoJieToB B mupe. [1oaToMy mccrenoBanme BUXpPEBOro ciefa 3a A-380 Ha SIIesioHe mojieTa KaKk caMOM OITAaCHOM C TOYKH 3PEHHUS
BO3/ICHCTBHSI €r0 BUXPEBOTO Clie[ia Ha JIPYTHe CaMOJIEThl ITO3BOJIUT MOHSTh, HACKOJIBKO 0€30MacHbl 1 00OCHOBAaHHBI MPHUHSITHIC
MPOJIONIBHOE U BEPTHKAIBLHOE SllesoOHKpoBanue. J{ist uccnenoBanust ObLT MCHIONB30BaH CHELMAIbHBINA PacyeTHO-POrpaMMHBIN
KOMIUIEKC, Oa3UpyIOLIMICS Ha METOJE IMCKPETHBIX BUXpEH. OTOT KOMIUIEKC MpOIIe] HEeOOXOIMMYIO amnpolaiuio H
TOCYIapCTBEHHYIO PETUCTPALIHIO.

KiroueBnle ciioBa: BO3AYUIHOC ABHUKCHUE, BO3AYIIHBIC TPACCHL, SIICJIOH 1TOJIETA, BO3AYIIHOE CYJHO, BHXpeBOﬁ cJen.

s uutupoBanus: KemanaukoB A.J. Buxpeas Ge3omacHOCTp mpH TONETe Ha 3amaHHOM dmieone // Haywnerii Bectrmk
MI'TY T'A.2024.T. 27, Ne 3. C. 81-91. DOI: 10.26467/2079-0619-2024-27-3-81-91
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Vortex safety when flying at an assigned flight level

A.L Zhelannikov'
! Central Aerohydrodynamic Institute, Zhukovsky, Russia

Abstract: Air traffic intensity between countries and within individual countries is increasing year by year. As a rule, airways
follow the same routes. As a result, so-called “roads in the sky” are formed. And where there are roads, there are bumps by the
time, in the form of CAT, updraughts and downdraughts and increased turbulence. Horizontal and vertical separation plays an
important role in ensuring flight safety on route. Currently, a variety of regulatory documents, defining safe separation at the flight
level, has been adopted. Thus, provided there is turbulence in the vortex wake, longitudinal separation is based on the arrangement
of aircraft types by three categories according to their maximum certified take-off weight. Since November 2011, the Western
standard of vertical separation RVSM (Reduced Vertical Separation Minimum) has been introduced in Russia. Vertical separation
is the distance between the vertical flight levels on route. Previously, this distance amounted to 600 m (2000 ft), but due to the
increasing intensity of air traffic, it was decided to reduce the vertical separation to 300 m (1000 ft). Hence, at the most common
flight level, the vertical separation is 300 m. The question arises if this separation ensures the safety of air transportation? The fact is
that the altitude of the flight level does not necessarily coincide with the actual aircraft height. Aircraft altimeters are, inherently,
calibrated barometers, that calculate the altitude by the difference in pressure on the ground and in the air. To calculate the height
above ground, it would be necessary to constantly input atmospheric pressure data to altimeters at each waypoint and take into
consideration the waypoint altitude above the sea level. Consequently, it is customary to use standard pressure. If the same pressure
values are set on the altimeter on all aircraft, then, altitude readings on the instrument at an assigned point of airspace will be
similar. Therefore, from a certain moment during the climb (transition level) to a certain moment during the descent (transition
level), the aircraft height is calculated according to the standard pressure. The value of the standard pressure (QNE) is the same all
over the world and amounts to 760 mmHg (1013.2 hectopascals). Thus, the flight on route is controlled by an altimeter, a
barometric altimeter, which is comprised into the integrated flight and navigation system. An analysis of the instrument accuracy
shows that when atmospheric pressure drops, altimeter readings may differ from true reading by +100 m. It is known that a trailing
vortex forms behind a flying plane. By the time, the trailing vortex descends and may be found at another flight level. May this
cause air bump at the flight level? To answer this question, the A-380 aircraft was chosen as the object of research. This is one of
the largest aircraft in the world. Therefore, the study of a trailing vortex behind the A-380 at the flight level, as the most dangerous
in terms of the impact of its trailing vortex on other aircraft, will allow us to understand how safe and reasonable the accepted
vertical and horizontal separation is. For the study, the special computational software system, based on the discrete vortex method,
was used. This complex has passed the evaluation test and the state registration.

Key words: air traffic, airways, flight level, aircraft, trailing vortex.

For citation: Zhelannikov, A.I. (2024). Vortex safety when flying at an assigned flight level. Civil Aviation High Technologies,
vol. 27, no. 3, pp. 81-91. DOI: 10.26467/2079-0619-2024-27-3-81-91

BBenenue 26 ampenst 2012 r., 12 mas 2014 r., 21 wutons
2016 r. u 14 deBpans 2017 r. B 1. 3.8. MUHUMY-
MBI MPOJIOJBHOTO SIICJIOHUPOBAHUS MPU HAJIH-
YU TYpOYJIEHTHOCTH B CJI€/Ie€ OCHOBBIBAIOTCS Ha
pa3buBKe THIIOB BO3AYIIHBIX cynoB (BC) Ha Tpu
KaTerOpuy B COOTBETCTBUU C MaKCHMaJIbHOU
cepTu(pUIUPOBAHHON B3JIETHOM Maccoi: TsKe-
aeie BC — maccoii 136 000 kr u Oostee, cpeHme
BC — wmaccoii menee 136 000 xr, HO Oosee
7 000 xr u nerkue — mMaccoit 7 000 kr u MeHee.
[TpononpHOE 3IIETOHUPOBAHHE — ITO PACCTOS-
Hue Mexay BC, neTsammmu Ha OJTHOM 3IIETIOHE.
C nos16ps 2011 1. B Poccum BHeapeH 3anai-
HBIM CTaHJAPT BEPTUKAIHLHOTO SIICJTIOHUPOBAHUS
RVSM (Reduced Vertical Separation

' Doc 10004: Global Aviation Safety Plan 2023-2025 // Minimum). BeprukanbHOE 3IICIOHUPOBAHKEC —
ICAO, 2022. 58 p. 9TO paCCTOSHME MEXKAY BCPTHUKAIILHBIMM 3IICIIO-

BuxpeBas 0e3omacHOCTh Mpu TONETE Ha
SIICJIOHAX OCTACTCS aAKTyaIbHOU MPOOJIEeMON AJIs
rpak1aHCKOU aBI/IaI_II/II/Il. B naHHOl cTaThe peub
noiier o 0e30MacHOCTH MoJjieTa Ha »SIIENIOHE.
OTMeTHM, YTO BaXXHYIO pPOJIb B 00eCreYeHHUU
6e3onacHoctr noneroB BC mo mapmipyram oka-
3bIBAET MPOJOJIBHOE M BEPTUKAIBHOE SIIEJIOHH-
poBanue. B npukaze Muntpanca P® ot 25 Ho-
s6pst 2011 1. Ne 293 «O6 yrtBepxknenuun dDene-
pa’bHBIX aBUALMOHHBIX TpaBwmil “OpraHu3anus
BO3AYIIHOro JBHXeHUA B Poccuiickonn denepa-
OUK» € W3MEHEHUSIMH W JONOJHEHUSMH OT
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Hamu nosiera BC no mapupyty. Panee ato pac-
crosiuue cocrasisuo 600 M (2 000 ¢yToB), HO B
CBS3M C POCTOM HMHTEHCHBHOCTH BO3AYIIHOTO
JBHKCHHSI OBUIO TIPUHATO PEIICHUE YMEHBIIHUTH
BEpTUKAJIbHOE »siIenoHupoBanne 10 300 M
(1 000 dyToB). BepTukaapHOE 3MICIOHUPOBAHUE
300 m peiictByeT OT »mienoHa 900 M 10 smienoHa
8 100 M. Ha apyrux simieioHax 3TO pacCTOSTHHE
yBenuueHo. Hampumep, Ha »JIIENOHE BBINIE
8 100 M BepTUKaJIbHOE »SIICTOHUPOBAHHE CO-
craBisgeT 500 M, a Beimre 12 100 m— 1 000 m.
Takum 00Opa3oMm, Ha caMOM pPacHpPOCTPAHEH-
HOM »H1enone nojetoB BC BepTHkanbHOE 3lile-
nonupoBanue cocrapimsier 300 M. Bosnukaer
BONpOC, a o0ecrne4yuBaeT JM 3TO PacCTOSHHUE
0€30macHOCTh BO3IYIIHBIX TepeBo3ok? [lemo B
TOM, YTO BBICOTA SIIEIOHa COBCEM HeoO0s3aTelb-
HO COBIIAJAET ¢ peaibHOM BbIcOTOM nosera BC.
BricoTomepsl B camoinieTax — Mo CyTH Kanuopy-
eMble OApOMETPBI, TO €CTh BBICOTY OHHU BBIYHC-
JSIOT 1O pa3HUIle JaBJeHHsI HA 3eMJie U B BO3-
nyxe. JI7s BBIYUCIICHUS UCTHHHOW BBICOTHI TO-
TpeOoBanoCh Obl MOCTOSIHHO BHOCUTH B BBICOTO-
Mepbl JaHHBIE 00 aTMOC(EpPHOM [JaBIICHUU B
KaKIOW TOUKE MaplIpyTa M YYUTHIBATH BBICOTY
ATUX TOYEK HaJ ypoBHeM Mops. [loatomy mpu-
HSTO TIOJIb30BAThCSI CTAHAAPTHBIM JABJICHHUEM.
Ecnu Ha Bcex BC OyneT ycTaHOBICHO OJAMHAKO-
BOC 3HAUEHHUE JaBJIEHUS HA alIbTHUMETpE, TO U
MOKa3aHUsl BBICOTHI Ha TpUOOpe B 3aJaHHOU
TOYKE BO3YIIHOTO MPOCTPAHCTBA OYAYyT OJUHA-
KOBbIMU. [l03TOMY € OIpeneneHHOro MOMEHTa
nmpu HaOoOpe BBICOTHI (BBICOTA TEpexoja) U 10
OTIPEICIIECHHOTO MOMEHTA MPH CHWKEHUU (dIIIe-
J0H Tiepexoja) Beicota BC paccuuthiBaeTcs 1o
CTaHJApTHOMY JaBJICHUIO. 3HAUCHUE CTaHIApT-
Horo nasieHust (QNE) onuHakoBO BO BceM MHUpe
u coctasmsier 760 mm pt. cT. (1013,2 rexromac-
Kansg). Takum oOpa3om, TOJET MO MapupyTy
KOHTPOJIMPYETCS 10 aJbTUMETpPY, OapoMeTpuye-
CKOMY BBICOTOMEpPY, KOTOpPBIN BXOJIUT B IHJIO-
TaXHO-HABUTAIIMOHHBIA ~ KOMIUIEKC.  AHAIu3
TOYHOCTH PabOTHI ITOr0 MpHOOpa IMOKa3bIBAECT,
YTO MPH PE3KOM Iepernaae aTMOchEepHOro IaB-
JICHUs TIOKa3aHUs albTUMETpa MOTYT OTJINYaTh-
cs OT UICTUHHOTO noka3zanust Ha =100 M.
AKTyalIbHOCTh JAHHOTO HCCIEAOBAaHUS CBS-
3aHa elle ¢ TeM, YTO C KaXKJbIM I'0JI0OM BO3pacTa-
€T MHTEHCUBHOCTb BO3JYIIHOTO JIBHKEHUS
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Puc. 1. «Jopora B HeOe» HAZ Ap ABHTICKIIM
MOMYOCTPOBOM

Fig. 1. "The road in the sky" over the Arabian

Pemnsula

MEXIYy CTpaHaMH M BHYTPU OTIEIBHBIX CTpaH.
Kax npaBuiio, Bo3yIIHbIe TPACChl ISl MOJETOB
OPOXOJAT O OJHUM U TeM ke MapupyTam. B
pe3ynbTare 3TOro 00pa3yloTcs Tak Ha3blBaeMble
noporu B Hebe. B xauecTBe mpumepa Ha puc. |
MOKa3aHa Takasl 0pora Haa ApaBUKCKUM IOJY-
octpoBoM. Poto B3sTO c caifta Flighadar24.
A Tne AOporu, TaM CO BpPEMEHEM MOSBISIOTCA
yxaObl. B maHHOM ciydae B BHJE BO3IYILIHBIX
M, KpYITHOMACIITAaOHBIX BUXpEH, a TaKke BOC-
XOSIIUX ¥ HUCXOJSAIIUX BO3AYIIHBIX MOTOKOB.
Bo3snukaet Bompoc, a He caMu JIM CaMOJIEThl Ha
3IIEJIOHAX MOPTAT CBOIO Aopory? B naHHoM cTa-
Th€ JIEJIAETCSl MOMbITKA OTBETUTh Ha 3TOT BO-
poc.

BoznymHoe nBukeHHe ymOpaBisieTcss uc-
neTyepaMu, KOTopble CIEIT 3a TeM, 4Toobl BC,
JeTsIIMe Ha OJHOM JIIEJOHe, He CONMKaIHCh
JpyT ¢ IpyroM MeHee 4eM Ha 5 kM. OOBIYHO 3TO
paccrosinue coctapisieT 10—15 kM. XoTs B nipu-
kaze Muntpanca PO or 17.07.2008 Ne 108 (pen.
ot 23.06.2009) «O6 ytBepxknenun Denepaib-
HBIX aBHALMOHHBIX MpaBui “TloArotoBka M BbI-
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MOJIHEHUE TOJIETOB B TPaXIAHCKOW aBHUAllUU
Poccutickoit ®eneparun™» B m. 10.10.1 mMunam-
MaJbHbIE MHTEPBAJIbl MPOJAOIBHOTO SIIETOHUPO-
BaHus npu noserax BC mo ogHomy mapuipyTy
Y Ha OJTHOM SIIENIOHE MPHU HAIWYUH PagrooKa-
LIMOHHOTO KOHTPOJII yCTaHaBIMBAIOTCS HE Me-
Hee 20 Kkm.

W3BecTHO, 4TO 3a JIETALIMM CaMOJETOM 00-
pasyercs BUXPEBOU ciex’ [1]. 3amerum, uTO
BUXPEBOM clieZ] — 3TO 00JaCTh BO3MYIIEHHOIO
BO3YIIHOTO TIOTOKa 3a CaMOJIETOM, 00pa3yro-
masicst B pesyibTare ero AsmxeHus. Co Bpeme-
HEM BHXPEBOMW Clie]] OMyCKAaeTCs BHU3 U MOXET
OKazaTbCsi Ha Jpyrom smenoHe. Kpome Toro,
BUXPEBON cIel TpU OMPENEICHHBIX YCIOBHSIX
MOKET OCTaTbCsi M Ha JaHHOM »JIIejoHe. B
HACTOSAIIEH CTaThe HA OCHOBAHUU MCCIIEIOBAHUS
BUXPEBOro ciena 3a camoinetoM A-380 mpu mo-
JieTe Ha DSIIEJIOHE JeJaeTcs IMOIbITKA MOHSTH,
HACKOJIbKO 0OOCHOBaHHO U 0€30MacHO MPUHSITOE
Ha CEeroJHs IMPOJIOJIbHOE M BEPTUKAIBHOE dIIle-
nonupoBanue. Camosier A-380 BbiOpaH B Kaye-
cTBe 00BEKTa MCCIEAOBAaHUS HE CIydalHO. DTO
OJIMH W3 CaMbIX OOJIBIIUX CaMOJIETOB B MUPE U
CaMblii OMACHBIA C TOYKH 3PEHUS BO3ICUCTBUS
€ro BUXPEBOIO clie[la Ha Apyrue camoiersl. Ha
CErOJHSIIHUN JIEHb U3BECTHO, YTO BCETO B MUpE
noctpoeH 251 camoner 3toro kiacca. IToaromy
A-380 B HacTosilee BpeMsi aKTUBHO SKCILTyaTH-
pyeTrcs MHOTUMH MHPOBBIMU aBUAIIMOHHBIMH
KOMIIaHUIMH. 3amMeTnM, 49To camouer A-380
MOKET MepeBO3UTh 10 850 maccaxupos, a €ro
nojieTHast Macca gocturaet 560 T.

Jnst uccnenoBanus ObLT MCHONB30BaH CHEIH-
QIbHBIA PACYETHO-IPOTPAMMHBIN  KOMILIEKC [2],
0a3UpYIOUINIICSI HA METOJE TUCKPETHBIX BHX-
pe1712. B HeM mpu pacuere XapaKTEpPUCTHUK BUX-
peBOro ciefa YYUTHIBAIOTCS TOJETHBIM Bec,
CKOPOCTh W BBICOTa IOJIETA CaMOJIETa, €ro IMo-
JeTHas KOH(QUTypalus, aTMOC(epHbIe YCIOBHS,
oceBasi CKOPOCTb B SIpE BHUXPS U HEKOTOpHIE
apyrue ¢GakTopsl. JTOT KOMIUIEKC MPOIIEN He-
00XoaMMyI0 ampoOaIrio W TOCYJIapCTBEHHYIO
perucTpannio. bbul BBINOIHEH Psii MEPONpPHs-
TAA TO0 Balujanuu W BepuduKaiuu pas3pado-
TaHHOTO KOMIUIEKCa, MOATBEpXKIAoIuX pabdo-

* Doc 10004: Global Aviation Safety Plan 2023-2025 //
ICAO, 2022. 58 p.
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TOCTIOCOOHOCTH MPOTPAMM, BXOJSAIINX B HETO, U
JIOCTOBEPHOCTh IOJIy4aeMbIX pe3ynbraroB. Ilo-
JyY€HBI Pe3yJIbTaThl, aHAIN3 KOTOPBIX MO3BOJIS-
€T TIOHATh, MOXKET JIK BUXpeBOil cien 3a A-380,
JETSIIMM Ha 33/IaHHOM DIIIEJIOHE OBITh MPUYH-
HOW TOBBIIIEHHON TypOyJIEHTHOCTH M BO3IYyII-
HBIX SIM Ha CBOEM M JPYTUX SIIEJIOHAX IOJIETa.
B Hacrosiiiee BpeMsi W3BECTHbI MHOTOYHCIICHHBIE
pabotel mo OGe3omacHoctH ToneroB BC [3-9],
a Taxoke padotsl [10—14], B KOTOPBIX HCCIETYET-
Csl BUXPEBOM ClIe]] 3a BO3IYIIHBIMHU CyJlaMH, HO
MPAKTUYECKH OTCYTCTBYIOT pabOThI [0 UCCIIEN0-
BAaHMIO BUXPEBOTO ClI€/Ia Ha AIIEJIOHE TOJIETA.

MeToauka uccJie10BaHus

HccnenoBanne XapakTEpUCTHK — BHXPEBOIO
ciena 3a camonetoM A-380 mpoBOAMIIOCH C TO-
MOIIBIO PACYETHO-TIPOrPAMMHOTO KOMILIeKca [2],
OCHOBHBIE TOJIOKEHHUSI U UAEH KOTOpPOro OmHca-
HbI B MOHOTrpadmsix” [15-17] u craTbsx [18-20].
N3BectHBI paboThl [19-26], B KOTOPBIX BUXPEBOM
CIJIE]] UCCIIEYETCsl aIbTEPHATUBHBIMU METOJAMHU.
OCHOBY pacyeTHO-NPOrpaMMHOIO  KOMILIEKCa
COCTaBJIIET MaTeMaTHuYecKass MOJENb JalbHEro
BUXPEBOTO ciuena’, B KOTOpPOil BO3MYIIICHHBIE
BO3AYIIHBIM CYJAHOM CKOPOCTH IIOJIy4€HBl Ha
OCHOBE TOYHOIO pEIICHUs ypaBHEHUs [enbm-
roJeia [16]. 3To MO3BOIUIIO YYECTh AUCCUTIALIUIO
u quddysuto BUXpel, MOIETUPYIONINX BUXPEBON
ciefl. OTU SIBJIEHUS CONPOBOXKIAIOT E€CTECTBEH-
HBIM IIPOLIECC 3aTyXaHUs BUXPEU B peaJbHOM aT-
Mocdepe. [ OIIEHKH COCTOSIHUSI aTMOC(EpHI B
MaTEeMaTHYEeCKOM MOJEIN JAJIBHEr0 BUXPEBOIO
clefla pacdyeTHO-IPOrPaMMHOI0 KOMILIEKCa HC-
MOJIB30BAJIOCh Uyncio Puuapacona Ri 2

VYuyer BIUAHMS OCEBOM CKOPOCTH B SIAPE BUX-
P Ha XapaKTEpPUCTHKU JaJbHEr0 BUXPEBOTO
clle/la B peajbHOM IIOJIETE CBOAUTCS K IOSIBIIE-
HUIO JIONOJIHUTENIBHOTO pa3pshKEHUs B SApe U
JIONIOJIHUTEINBHBIX CKOPOCTEN K LIEHTPY BUXPEM.
B pa3paboraHHON MaTeMaTHYECKOW MOICIH
JAJIBHETO BUXPEBOT'O Clle[a paclpeaeiieHue oce-
BOW CKOpPOCTH Vy B BUXPEBOM KI'yT€ CUMUTAETCS
U3BECTHBIM. Takke CUMTaeTCs, UTO B SAPE BUXPS
3TO pacHpeesIeHHe 0CECUMMETPUYHO.

V.=V.(x,r"), r'=|r—r0|.
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Puc. 2. [Tone Bo3my1eHHbIX ckopocTeil 3a A-380, X =1 km
Fig. 2. Field of perturbed velocities behind A-380, X = 1 km

371ech r — KOOpJMHATA MPOU3BOJIBHOM TOUKH, Iy —
KOOpJMHAaTa BUXps. Tak Kak paccMaTpuBaeTcs
MOJCNIb HEeC)KUMaemMou kuakoctu [17], TO
divV =0. Ecnu BBecTH cucTeMy KOOPIHMHAT,
CBA3aHHYIO C CaMOJIETOM, TO CIIPaBEIMBBI Cle-
nyromue paccyxkaenus. Eciau oceBas ckopocThb
HEIIOCTOSIHHA BIOJb OCH 0.X, TO

iV +£VZ:—EVX¢O.
oy = oz Ox

B nBymepHO# mocTaHOBKE B IUIOCKOCTH YoZ
3TO COOTBETCTBYET HAJIUYUIO MCTOYHHUKOB (CTO-

0
KOB) C INIOTHOCTBIO ¢ = —a—Vx. OTH UCTOUYHUKHU
e

UHAYLUPYIOT CKOPOCTh

Vq(r)zijﬁq(yq,zq)ds.

[Ipu ocecHMMETPUIHOM pACIIPECIICHUH HC-
TOYHHKOB UMEEM

vV, =""100), 0= jr—V(r')dr

| —r0|

Takum 00pa3om, 3Has 3HAYCHHE W 3aKOH
pacrpeesieHus: OCEBOM CKOPOCTH B SIPE BUXPS,
ornpeaenseM HHTCHCUBHOCTH HUCTOYHHKA
(croka) Q(r). Yepe3 Q(r) onpenensem TOMONTHU-
TEIbHYIO CKOPOCTh B IPOU3BOJIBHON TOUKeE [3].
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Pe3yabTaThl HCC/IE10BAHUS

B kauecTBe 00BeKTa HCCIeTOBaHUS ObLT BbI-
Opan camonet A-380 kak OJWH U3 CaMbBIX OIac-
HBIX C TOYKHU 3PEHHUS BO3JEHCTBUS BUXPEBOTO
ciela Ha JIpyrue camolieTol. B pacuerax BeicoTa
nosiera cocrasisuia H = 8 000 M, ckopocth mo-
nera V = 850 kM/4, paccTOSTHUE 3a CaMOJIETOM,
0 KOTOPOTO pPAaCCUUTHIBAJIICS BUXPEBOH clef,
coctaBimsuio 30 kM. IlometHslii Bec camorera
A-380 B pacuerax cocrasisul 560 T. IIpu sToM
cocTtossHUe atMoc(epsl B pacderax BBOJIUIIOCH
KaK HeWTpanbHOE, YTO COOTBETCTBOBAJIO UHUCIY
Pugapacona 0,01>Ri>-0,01[1]. Ha Hmxenpu-
BEJICHHBIX TpaduKax Bce IJMHEHHBIC pa3Mepbl
TUTSE y10OCTBa BOCTIPUSTHS BBITIOJHEHBI B OJHOM
macmtabe. Ha puc. 2 mokaszaHbl Moisi BO3MY-
HIEHHbIX CKopocTed 3a camoietoM A-380 Ha
yaanennn X = 1 KM B BHJI€ TaHI€HIUAIbHOU
ckopoctu W;, mocuntanHoi 1o ¢popmye

W, = /WZZ + W2,

3nece W, u W), — cocrapisommmie BO3MYIIEHHOM
CKOPOCTH IO OCSIM 0Z W 0Y CBSI3aHHOM C camo-
JIETOM CHCTEMBI KOOpAWHAT. BennunHy TaHreH-
uagbHOM ckopoctu W, B M/C MOKHO OIIEHUTH
IO LIKAaJIE CIpaBa OT PUCYHKA, a €€ HaIllpaBJICHUE
[0 HANpaBJIEHUIO CTPENIKU. XOPOIIO BHIHBI
BUXPH, COLIENIINE C KpbLJa W CTaOMIM3ATOPA.
Kontyp camonera A-380 Ha puc. 2 mO3BOJISIET
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Puc. 3. X=5xm
Fig. 3. X=5km

Puc. 5. X =15km
Fig. 5. X=15km

Puc. 7. X =25 km
Fig. 7. X =25 km

OLIEHUTH TOJOXKEHUE BUXPEH OTHOCHUTENBHO Ca-
MOJIeTa Ha JAHHOM YIaJICHHH.

Ha puc. 3 nokaszanbl mosis BO3MYIIEHHBIX
ckopocteil 3a camosietom A-380 Ha ynaneHun
5 kM. Buaum, 4to Ha ynaneHuuM 5 KM BO3MY-
[ICHHBIE CKOPOCTHU JOCTUTalT 25 m/c u Oornee.
Ha puc. 4-8 mnokaszanbl 1mojisi BO3MYIICHHBIX
ckopocteil 3a camosietom A-380 Ha ynaneHun
10, 15, 20, 25 u 30 kM. Buaum, uto mpu yBenu-
YEHHUU yJAajeHuss X OT caMoJieTa HHTEHCHUBHOCTb
BUXPEBOro cliefa yMeHblnaercd. Ho naxe Ha
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Puc.4. X =10 km
Fig. 4. X =10 km

0
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Puc. 6. X =20 km
Fig. 6. X =20 km

»
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»
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Puc. 8. X =30 km
Fig. 8. X =30 km

yaaneHu X = 25 KM OT camoJjieTa BO3MYLICH-
HBbIE CKOPOCTH JocTuratoT 5—7 m/c. Ha atux pu-
CyHKax KOHTyp camoiieta A-380 oTCyTCTBYeT,
TaK KaK OH HaXOJUTCS BBIIIIE TPAHUL PUCYHKA.
Ha puc. 9 mnokazaHo nosjoxeHHE LEHTPOB
KpBUIBEBBIX BUXPEBBIX KI'yTOB 32 A-380 B 3aBU-
CUMOCTH OT yJaJeHus 10 camojera X, IMOJy-
YeHHOE pacdyeToM. Buiaum, 4To mpu 3aJaHHBIX
yCIIOBUSX MosieTa Ha ynaieHuu 30 KM BUXPEBOM
cien omyctuics Oonee yem Ha 60 M. 3amerum,
YTO Ha PUC. 9 MOKA3aHO IOJOKEHHUE TOJIBKO
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MonoxeHue LeHTpPa KpbiNbeBoro Buxps 3a A-380
L
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Puc. 9. [TonoxxeHue MeHTpa KPbUILEBOTO BUXPS 3a camoseToM A-380
Fig. 9. The position of the wing vortex center behind the A380 aircraft

N3meHeHue BepTukanbHon ckopocTtu 3a A-380

—o— X=1 KM
—=— X=5 km
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X=10 kM| |
X=15 km
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—%— X=20 km
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Puc. 10. 3menenune BepTruKaibHOI ckopocTy 3a A-380
Fig. 10. Change of vertical speed behind the A380 aircraft

eHTpoB Buxpen. CaMm BHUXpbh MMEET CBOM pas-
Mepbl. B MOMEHT cxoj1a BUXps C IJIaHEpa camo-
neta quametp ero 6osiee 20 M. C yBennueHUEM
yAaJeHHs 10 CaMoJIeTa, 3a CUeT JAMCCHUMAIUU U
nud@y3un, WHTEHCUBHOCTH BHUXPEBOTO Cjeaa
YMEHBIIAETCSA, HO JUAMETp BUXPS OCTaeTcs 3a-
METHBIM.

BaxxHol XapaKkTepUCTUKON BUXPEBOIO CleAa
ABIIAIOTCS BEpPTHKaJIbHBbIE CKOPOCTH. MMeHHO
OHH MOTYT OBITh MPUYUHOW BO3YIIHBIX SIM Ha
smenone. Ha puc. 10 mokazaHo mnoigydeHHOE
pacueToM HM3MEHEHHE BEPTUKAJIBHOM CKOpPOCTH
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3a camosietoM A-380 Ha yganenuu X = 1, 5, 10,
15, 20, 25 u 30 kM. Bunum, 4to Ha ynaneHuu
X =10-15 kM BepTUKAJIbHBIE CKOPOCTU COCTAB-
asroT 10—15 m/c.

BriBoabl

PacyeTsl mokazanm, 4TO BUXpPEBOM ciep 3a
OJHUM U3 CaMBbIX 60.HBIJ_II/IX CaMOJICTOB B MI/Ipe
A-380 mpu mosieTe Ha SUICTOHE MOXKET Mpe.-
CTaBJIATh OIIACHOCTH IJIA ;[pyr UX CaMOJICTOB.
Buxpesoit cnen 3a A-380 Ha ynameHuu
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X = 10-15 xm omyckaercs Ha 40-50 M, a Tan-
reHIMaJIbHbIE CKOPOCTU B HEM JIOCTHTraroT Ooiiee
15 m/c. BepTukanbHble CKOPOCTH MPU 3TOM CO-
craBsitoT 10-15 M/c. YauTeiBas TO, 94TO PEKoO-
MEHAyeMble AHUCTAaHIMU Ha OIIEJOHE IoJeTa
coctaBistoT 10—15 kM, a moka3aHus aabTUMETPa
(bapoMeTpHuecKOro BBICOTOMEpA) MPHU PE3KOM
nepenaze aTMOC(hepHOTO aBJIEHUS MOTYT OTJIH-
yaThCs OT MCTHMHHOTO ITOoKasaHus Ha =£100 M,
BIIOJIHE BO3MOXKHO MOMAJIJaHUE APYroro camose-
Ta B BuxpeBoil cnex ot A-380. Takum oOpazom,
IIpU TOJIET€ HA OJHOM SUIEJIOHE JIETSAIIMUN clie-
oM 3a A-380 camousier Ha muctaniuu 10—-15 km
MOKET C OOJIbLIONW BEPOSITHOCTHIO OKa3aThCsl B
30HE MOBBIIIEHHON TYpOYJIEHTHOCTH, CO3JaHHON
netsiuuM Briepean BC. Ilostomy ¢ mosiBneHueM
BO3YIIHBIX Cya0B Maccoil 6onee 500 T u moka
HET HOBBIX HOPM MO MHUHUMYyMaM SUIEJIOHUPO-
BaHUS MpPH HAIWYUKU TypOYyJIEHTHOCTU B CIEe,
CJIElyeT YBEIUYMUTH MPOJOJILHOE SIIEIOHUPOBa-
HHUE 33 TAKUMU cyJaMu 10 25-30 kM.

JIOrMYHO MPEoNIoKUTh, YTO 33 APYTUMH, 00-
Jiee JIETKUMH CaMOJIeTaMM, BUXPEBOM clel TakkKe
NPEACTABIIET ONACHOCTh. XOTS HMHTEHCUBHOCTH
BUXPEBOI0 cliefia 3a 0osee JErKUMH CaMoJIeTaMU
MEHbIIE, YeM 3a TshkenbIM A-380, ma u caM BuX-
PEBOI1 CJie/ OIMyCKaeTCs Ha MEHBIIYIO BBICOTY. TO
ectb Ha yaaineHun 10-15 kM BuxpeBoi cnen 3a
OoJiee IETKUMH caMOJIeTaMH MPAKTUYECKU OCTAET-
Csl Ha BBICOTE DILEJIOHA. JDTO TOXKE HAN0 YUUTHI-
BaTh MPU MPOAOILHOM JIIETIOHUPOBAHUM.

[Ipuxox BUXpEBOTO Ciiea Ha IPYroM dIIEI0H
nojieTa MalioBeposiTeH. BeprukanpHoe »s1iieno-
HupoBanue B 300 M 000CHOBAHHO M BIIOJIHE O€3-
onacHo. Jlaxxe 3a A-380 BHXpeBOU cien HIXe
70 M OT 31I€JI0HA TOJIETA HE OIyCKAETCS.
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