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ANALYSIS OF MODERN TECHNICAL SOLUTIONS FOR VACUUM
COATING FORMATION TECHNOLOGIES USED IN THE AVIATION
FIELD

Abstract. Modern requirements for technologies and mechanical engineering
products necessitate the creation of new technological methods for processing
materials and the development of appropriate technical means. Promising are
environmentally friendly vacuum, ion, beam and photonic processes for obtaining
materials, applying various coatings, and creating multilayer structures. An urgent
scientific and technical problem is the creation of devices and methods for processing
materials, vacuum devices for producing composite materials and forming coatings.

It is known that significant parameters of materials are determined by the
properties of their surface layers, therefore surface treatment technology, including
the application of coatings and the creation of complex structures based on them, is of
great importance. Vacuum-thermal and plasma surface treatment processes are
promising in this regard.

Key words: vacuum coatings, deposition, evaporation, condensation, magnetron
sputtering.

Introduction. A relevant and popular direction in the development of technology
and technology at the present stage is the use of vacuum coatings, in particular
functional coatings for the automotive industry.

The practical interest is the development of devices for applying vacuum coatings,
the study of coating deposition and their parameters in combination with plasma
treatment on the composition, structure and properties of various materials. The study
of these processes and determination of the practical possibilities of using coatings,
including nanocoatings and nanostructures, is an independent urgent problem in

10
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science and technology.

Main part. The deposition of various coatings, including decorative, conductive,
reflective metal coatings, is a whole group of methods in which the coating and its
connection with the base (the substrate being processed) is created by the deposition
(adsorption, sorption, chemisorption) of particles at the atomic-molecular level, as a
result whereby a layer of material of a given thickness is formed on the substrate. To
create coatings on products of the automotive industry, it is technically possible to use
galvanic (electrochemical) processes and the use of other similar coating deposition
methods. However, these technologies require a conductive substrate, are energy
intensive, and are environmentally incompatible with environmental conditions.

One of the most promising methods for deposition of some materials onto others
IS vacuum deposition. Under certain vacuum conditions, atoms of a substance
experience virtually no collisions or interaction with the environment when moving,
which allows them to be transferred to objects being processed (substrates). Deposition
of materials under conditions of low pressure (vacuum) forms a fairly large group of
coating methods [1], in which a functional coating of a given thickness and
composition is formed by sorption at the atomic-molecular level from material vapors
(flow of atoms A onto base B).

The diagram of mass transfer during evaporation and condensation (deposition)
of materials is shown in Figure 1.1. Of the total number of evaporated atoms of
material, A (NA), part of the flow reaches the front surface of the substrate B. In this
case, the atoms A are partially condensed and remain on the substrate (NO flow) and
are partially reflected (evaporated) - NR flow. The thickness and nature of the coating
being formed depend on the speed of these flows (and other deposition modes). The
deposited flow of NO on a relatively cold substrate usually forms a coating with a fairly
clearly defined boundary between material A and B. At high temperatures, evaporation
of atoms and mutual diffusion of atoms of the coating and substrate are possible.

- S
YiiiB

Figure 1. Scheme of evaporation and condensation of atoms
of materials on a substrate

Methods and devices for obtaining high vacuum in working chambers are well
11
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known and are used in various fields [2]. Technologies for surface treatment of various
materials at reduced pressure (in vacuum) currently represent a fairly developed field
of science and technology. Methods and technical means associated with the formation
of coatings and modified areas on the surface of materials are successfully used in
practice [3].

To obtain reflective, electrically conductive, shielding and other coatings in a
vacuum, methods of thermal evaporation of materials, cathode (ion) sputtering of
targets and pyrolysis of compounds under reduced pressure are widely used. The most
common method is vacuum deposition of coatings by thermal evaporation of various
materials, in particular pure metals, at pressures of 1071077 Pa. The process of coating
formation includes creating the required degree of vacuum, heating the evaporated
working material until steam is formed in the heating zone with a pressure of about 1
Pa, transfer and deposition of vapor on the treated base (substrate) in the selected mode.
Temperatures at which effective evaporation of most metals occurs are usually
1000+1700°C.

The thermal evaporation method can be used to obtain coatings of many non-
degradable materials, but significant difficulties are caused by the evaporation of
refractory materials, alloys and compounds, the composition of which changes when
heated, as well as interaction with the evaporator [4,5]. It should be noted that the
energy of atoms in a vapor flow during thermal evaporation usually does not exceed
51072 J (about 0.1-0.3 eV/atom). Application rates during thermal evaporation are
usually 1+100 nm/s.

To heat and evaporate materials in a vacuum, the heat generated in resistive
evaporators made of refractory materials (W, Mo, Ta, C) and boats of various shapes
Is most often used. In directly heated evaporators, filament currents reach hundreds of
amperes. Refractory ceramic crucibles are also used, in which evaporation can be
carried out due to induction heating of the material by eddy currents. A variation of the
thermal evaporation method is the application of coatings by heating refractory
crucibles using electron bombardment, for which electron flows accelerated to energies
of 2+4 keV are used.

When forming coatings, the method of electron beam evaporation of materials
with a focused beam with an energy of 5+50 keV of various powers is also used. The
electron flow is easily focused and controlled using magnetic coils and additional
electrodes. The specific power of the electron flow reaches 107 W/cm?, which allows
you to evaporate any materials from the surface heated zone. In this case, the
interaction of the evaporated molten material with the walls of the crucible is
eliminated, which ensures the purity of the applied coating. The coating deposition rate
during electron beam evaporation of materials is usually 5+100 nm/s.

Figure 1.2 shows one of the diagrams of a device for electron beam evaporation
of materials from copper crucibles.

12
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Figure 2. Diagram of the electron beam evaporation device:
1 - cooled crucible, 2 - electromagnetic coil, 3 - focusing coil, 4 - filament
cathode, 5 - high voltage insulator

Another large group of vacuum coating methods is based on the well-known
phenomena of cathode sputtering, in which the transfer of target material is observed
due to the transfer of energy from bombarding ions [6-8]. Spraying methods have
advantages such as the ability to apply refractory materials and alloys. The simplest is
the conventional diode system for cathode sputtering of materials in a glow discharge
at working gas pressures of about 10 Pa and cathode voltages of up to 3+4 kW (the
system provides a deposition rate of no more than 1-2 nm/s). There are complex
cathode sputtering systems for carrying out processes at pressures of about 107! Pa,
using additional electrodes, incandescent cathodes and magnetic fields, but the
deposition rate of coatings is low.

More advanced and promising systems are magnetron devices, which are
distinguished by the presence of perpendicular electric and magnetic fields in the
cathode region. The devices operate effectively at working (inert) gas pressures of
about 10! Pa, voltages up to 1000 V and discharge currents of 1+50 A. Cooled
cathodes usually have a long service life and provide a coating deposition rate of 1+10
nm/s.

Conclusion. An urgent technical problem in the industrial production of various
products is the development of environmentally friendly methods for processing
materials and industrial products, in particular parts of the automotive industry, the
creation of vacuum import-substituting devices and methods for producing functional
coatings from composite materials with specified properties, in particular reflective and
protective coatings.

P.X. Caitmaxmenos, I'.P.CanmaxmenoBa

ABHALIUS CAJTACBIHJIA KOJJIAHBLJIATBIH BAKYYM/IbI
"KABBIHJIbI KAJBIITACTBIPY TEXHOJOTUSIIAPBIHBIH 3AMAHAYH
TEXHUKAJIBIK IHEIIIMJIEPIH TAJIJIAY

AHnoamna. Texuonoeusanap MeH MAWUHA JHcACAY OHIMOEpIHe KOUbLIAMbIH
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3amanayu mananmap Mamepuaioaposl oHoeyoiy HcaHa MexHOI02USIbIK d0ICmepiH
acacayovl JHcoHe Muicmi MeXHUKAIbK KYpanoapowvl Hcacayovl Kadxcem emeoi.
Mamepuanoapost  any, apmypiai ocabblHOAPObL  KOJNOAHY, KOn  Kabammol
KYPOLILIMOAPObL KYPY YUWLIH IKOIO2USILIK MA3A 8AKYYMOBIK, UOHOIK, CIVIENIK HCIHE
GdomonovlK npoyecmep nepcnekmusanivl Ooavin  madwvliadvl. Mamepuanoapowi
oHOeyee apHANRAH KYpuligbliap MeH a0icmepoi, KOMNOZUYUSILIK Mamepuanioapobl
OHOIpY2e  JicoHe  JCAOBIHOApObl  KANbINMACMbIPY2A — APHANRAH — 8AKYYMObIK
KYPOLIZLLIAPObL HCACAY O3EKMI EbLIbIMU-MEXHUKAIbIK Macele 00abin madwvliaoul.
Mamepuanoapoviy manvi306l  napamempaepi o1apovly Oemki KabammapviHblH
KacuemmepimeH aHblIKMalamulHul Oeeini, COHObIKMAH HCAOIHOAPObL HCARYObL HCIHE
011apOblH He2i3iHOe Kypoeii KYpbLibiMOapobl iHcacayobl KOca aneanoa, bemmi oyoey
MEeXHON02UACLIHbIY,  Manbizbl  30p. Ocvlzan baiiianvicmvl  bemmi  8aK)YMObIK-
MEPMUSLIbIK HCIHE NIAZMANbIK OHOey npoyecmepiniy 601auazel 30p.

Tyitin ce30ep: 6akyymMowlK JHcabblHOAp, MYHObIPY, OYAAHY, KOHOEHCayus,
Ma2HempoHOapOblY WALUBIPAY L.

P.X. Caiimaxmenos, I'.P. CanmaxmenoBa

AHAJIN3 COBPEMEHHbIX TEXHUYECKHX PEH_IEHI/II7IU
BAKYYMHbIX TEXHOJIOI'HH ®OPMHUPOBAHUA ITIOKPBITHH,
IMPUMEHSAEMbBIX B ABUALITMOHHOMU OBJIACTH

Annomayusn. Cospemennvle mpeOOBAHUS K MEXHOA02UAM U  U30eUIM
MAWUHOCMPOEHUS, obycnasiusarom HeoOxXo00UMoCnb CO30aHU HOBbIX
MEXHON02UYEeCKUX  Memooo8  00pabomku  mamepuanios u  pazpadbomxu
COOMBEMCMBYIOWUX — MexXHuyeckux  cpeocms.  Ilepcnekmueuvimu — A6110MCA
9KONO02UYECKU HYUCMble BAKYYMHble, UOHHble, JyHesble U (HOMOHHbIe NPOYUECChl
NOJYYEeHUs. MaAMepuanlos, HaHecenue pa3iuidHblx NOKPbImMull, co30aHue MHO20CIOUHbIX
cmpykmyp. AKmMyanibHOU HAYYHO-MEXHUYECKOU NpoOaeMOoll SBNAemcs CO30aHue
VYCMpOUCme u Memooos 0opabomKu Mamepuaios, 8aKyyMHuIX YCMPOUCME NOJLYYeHUs.
KOMNO3UYUOHHBIX MAMEPUAN08 U POPMUPOBAHUS NOKDLIMULL.

H3zeecmno, umo 3HauuMble naApamempvl Mamepuanros  Onpeoensiomcs
CceOUCmBaAMU  UX HNOBEPXHOCMIHBIX CI0€8, NOIMOMY MEXHOI02Us 0Opabomku
NOBEPXHOCMU, 8 MOM YUCLe HAHeCeHUe NOKPLIMULL U CO30AHUE CIONCHBIX CIMPYKMYP
Ha UxX OCHoge umeem Ooavuwioe 3Hauenue. llepcnexkmusHvIMU 6 3MOM OMHOUEHUU
AGNAIOMCA  8AKYYMHO-MepMUdecKue U  NId3sMeHHble  npoyeccbl  00pabomixu
NOBEPXHOCTU.

Knioueevle cnoea: eaxyymuvie nokpulmus, — ocadcoeHue,  UCnapewue,
KOHOeHCayusl, MacHempOHHOe pacnblieHue.
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NCCIEAOBAHUE DOPPEKTUBHOCTU ITPUMEHEHUSA
[A®POBLIX TEXHOJIOI'MH B MNPOLECCE NOJArOTOBKHA JIETHOT'O
COCTABA HA ITIPUMEPE CUMYJATOPOB JUIA BECITMJIOTHbBIX
JIETATEJIBHBIX AIIITAPATOB

Annomauyus. B cmamve paccmampusaemcs npumenenue yughposvix mexHoao2utl
8 N0020MOBKe JIeMH020 COCMABA ¢ AKYEHMOM HA UCNOIb308AHUE CUMYISAMOPO8 Olsl
becnunomuwix temamenvhvlx annapamos (bI1IJ/IA). [env ucciedosanus saxnouaemcs
8 oyeHKe dhhexmusHocmu cumysImopos 8 npoyecce obyuenus onepamopos bIIJIA,
@ Mmakdice 8 BbIAGNEHUU UX POIU 8 PA3GUMUL KTIOUe8blX NPOYeCCUOHATILHIX HABIKOE.
B x00e uccnedosanus nposeden ananus cyuecmayiouux CUMYISIMOpPo8 U Memooo8 ux
NPUMEHEHUsL, & MAKNHCEe CPAGHUMENbHbII AHAIU3 UX IPDEKMUSHOCMU NO CPABHEHUIO C
MPAOUYUOHHBIMU — Memodamu  obyuenus.  Pezyromamor  nokaszwisaiom,  umo
CUMYSAMOPbL CROCOOCMBYIOM  YCKOPEHHOMY YCBOEHUIO NPAKMUYECKUX HABLIKOG U
CHUDICEHUIO PUCKA OWUOOK NPU PeanrbHuIX nojdemax. B 3axaouenuu npeonoicervl
peKoMeHOayuu  Nno - YAYYWEHUIO NPOSPAMM  NOO20MOBKU C  UCNOTIb308AHUEM
CUMYTISAMOPO8 U YKA3AHbL HANPAGIEeHUsl Ol OANbHEUWUX UCCTIe008anull 6 obracmu
NPUMEHEHUsL YUDPOBLIX MEXHONO2ULL 8 ABUAYUOHHOM 0OYUeHU.

Knwuesvie cnosa: yugposvie mexnonocuu, CUMyIsmopsl, OecnuiomHvle
Jlemamenbhble  annapamvl, NO020MOBKA  JEeMHO20  COCMABA,  ABUAYUOHHOE
obpazoearue, ooyuenue onepamopos bII/IA.

Bseoenue. CoBpeMeHHbIE TEHICHIMM B Pa3BUTHUM aBHALIMOHHOW OTpaciu
TpeOyroT Bce OoJiee BBICOKOW KBalIM(PHUKAIMM M TOJITOTOBKU JIETHOI'O COCTaBa,
O0COOEHHO C yUeTOM pacTyllel posii OeCIUIOTHBIX JieTaTenbHbIX anmapatoB (BITJIA)
B TPaXTAHCKOM aBHaIMK. B yCI0BUSX TUHAMUYHO Pa3BUBAIOLIETOCS MUPOBOT'O PhIHKA
aBUAIMOHHBIX TeXHONOTruH, 3dpexTuBHOE 00yueHue onepatopoB BITJIA cranoBuTcs
KJIIOUEBBIM ~ DJIEMEHTOM JJisi  oOecreueHus O€30MacHOCTH U TOBBILIEHUS
3¢ (HEeKTUBHOCTH TOJIETOB. AKTYyaJIbHOCTh NMPHUMEHEHHUS MHH(PPOBBIX TEXHOJOTHH B
aBUAITMOHHON cdepe HEYKIOHHO pacTeT, OCOOCHHO B CBSI3U C YyBEIUYEHUEM
MCIIOJIb30BaHUsl OecnMIOTHBIX JietarenbHbiX anmnapatoB (BIIJIA) B rpaxknaHckoin
apuauud. OnHMM M3 HauOosiee NEPCHEeKTUBHBIX HANpaBiCHU B 3TOH 00sactu
SBIIIETCS BHEIpPEHWE IUQPPOBBIX TEXHOJIOTHH W, B YaCTHOCTH, WCIIOJH30BAHHE
CUMYJISITOPOB ISl TOATOTOBKU MHJIOTOB U ONEPATOPOB OECIUIOTHUKOB. DTH CUCTEMBI
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HaxoJAT IMHMPOKOE MNPUMEHEHHE B Pa3IMYHBIX OOJACTIX — OT MOHUTOPHHTA [0
rpy30mMepeBo30K u olecredyeHus Oe30macHOCTH. BcenencTBue STOro BO3HUKAET
HEOOXOUMOCTh B  KA4eCTBEHHOM MOJTOTOBKE  CHEIMAIKMCTOB,  CIIOCOOHBIX
s dextuBHo ynpapnsath BITIJIA, yTo TpeOyeT He TOIBKO TEOPETUUYECKUX 3HAHUM, HO U
Pa3BUTHIX MPAKTHUYECKUX HABBIKOB. TpagullMOHHBIE METO/bl O0yUYEHHUS ONEPATOPOB
BITJIA He Bcerma o0ecreynBalOT JIOCTATOYHYIO CTENEHb MOJATOTOBKH, OCOOCHHO C
YU4E€TOM CJIO)KHOCTH COBPEMEHHBIX AaBUAIMOHHBIX CHUCTEM W HEOOXOIUMOCTH
JNENCTBOBATh B YCIOBHUAX BBICOKOW OTBETCTBEHHOCTH.

JIns pelleHHst 3TOM 3ajladyd BCE 4Yalle HCMHOJIb3YIOTCA CHUMYJSATOPBI, KOTOPBIE
MO3BOJIAIOT BOCIIPOM3BOAUTD PEabHbIE YCIOBHS MTOJIETOB B O€30MaCHOM BUPTYyaIbHOU
cpene. OHaKo, HECMOTPS Ha UX MIUPOKOE BHEAPEHUE B YUEOHBIH Mmpoiiecc, 0CTaloTCs
OTKPBITHIMU BONPOCHI, Kacaromuecs 3()PEeKTUBHOCTH CHUMYNIATOPOB B OOyUEHUU
OMepaTopoB OECHMIOTHUKOB. HaCKOJIBKO 3TH TEXHOJIOTHH CIIOCOOCTBYIOT YCBOEHUIO
KJIFOYEBBIX MPO(ECCHOHAIBHBIX HABBIKOB U TOTOBBI JIM ONEPATOPbI, MPOIICAIINE
oOy4yeHHEe Ha CHMYJSATOpPAX, K PEaJbHBIM IMOJETaM — 3TO OCHOBHBIE IMPOOJIEMBI,
TpeOyroIIKe JeTaIbHOTO aHAIN3A.

[lenp MAaHHOTO HCCIENOBAHUS — MPOAHAIU3UPOBATH BIUSHHUE CUMYJISTOPOB
BIIJIA na mporecc 0oOy4deHUs JIETHOTO COCTaBa, BBISBUTH MX 3(P(HEKTUBHOCTH B
MOJITOTOBKE OIEPaTOPOB, a TAKXKE OMPENETUTh, KaKUe aCIEeKThl 00y4eHHUs] TPeOyIoT
JAIBHENIIIET0 COBEPUICHCTBOBAHUS.

B KazaxcraHe moJarotoBka aBHUAIIMOHHOTO IEpPCOHaNa, BKIKOYAash OINEpPaTOPOB
BITJIA, akTUBHO pa3BUBAETCS C yUETOM MEXIYHAPOJIHBIX CTAaHAAPTOB U TPEOOBAHMIA.
AxkaneMusi rpakIaHCKOM aBUAIIMU UTPAET BAXKHYIO POJIb B POPMUPOBAHUU KAJIPOB JJIsI
HallMOHAJIBHOW aBUALIMOHHOM OTPACIIH, UCIIOJIb3YS IIEPETOBBIE TEXHOJIOTUN OOyUEHHUS,
B TOM YHCIIE€ CUMYJISTOPBI JJI JIETHOrO cocraBa. OAHAKO, B OTJIMYKME OT MHOTHX
pPa3BUTBIX CTpaH, TIJle NPUMEHEHUE CHUMYJSTOPOB CTajJo 0053aT€IbHOM YacThiO
o0Opa3oBarenbHOTO npolecca, B KazaxcraHe 3TOT HHCTPYMEHT HaXOJIUTCA Ha CTAaJlUU
AKTUBHOTO BHEAPEHUS U arpoOaluu.

Ins cpaBHenus1, B Poccun u apyrux crpanax CHI' cuMynsiTopsl yke akTUBHO
HCIIONB3YIOTCA B NOATOTOBKE omnepatopoB BIIJIA, HO ¢ pa3nuyHbBIM YpPOBHEM
unrterpanuu. Hanpumep, B Poccun 6b11u pazpaboTanbl COOCTBEHHBIE CUMYJISIIIUOHHBIC
cucteMsl 1751 00ydyeHus: onepatopoB bBIIJIA, ogHako oHM 4acTO OPUEHTUPOBAHBI HA
BOCHHOE MPHUMEHEHHE, B TO BpEMsl Kak rpa)KJaHCKas aBHalUs TOJbKO HAUYMHAET
aKTUBHO HCIIOJIb30BaTh JTOT HMHCTPYMEHT B 0O0pa3oBaTeNbHBIX Mporpammax. B
ctpanax EBpomnbl u CIIIA oOydenue ¢ ucnonbzoBanueMm cuMmyssitopoB BIUJIA crano
HEOTHEMJIEMOM YacThIO MOATOTOBKHU MUJIOTOB, U 3TH TEXHOJIOTMH COBEPIIEHCTBYIOTCS
B COOTBETCTBUU C TPEOOBAHUSIMHU IPAKIAHCKOW U BOEHHOM aBUAIUU.

3apyOeXHbId  ONBIT JAEMOHCTPUPYET, YTO HCIOJIb30BAHUE CHUMYJSATOPOB
CIIOCOOCTBYET HE TOJBKO YCKOPEHHOMY OCBOCHHUIO CJIOKHBIX HaBBIKOB, HO U
CHMKEHUIO 3aTpaT Ha O0y4YeHHUE 3a CUET YMEHbIIEHUS HEOOXOJUMOCTH MPOBEICHUS
MOJIETOB Ha peajbHOM TEeXHUKe. JTO O0COOEHHO akTyanbHO aia Kazaxcrana, rne
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HCITOJIb30BAHNE CUMYJIATOPOB MOXKET COKPATUTh PACXObl HA OOYYCHHE U TTOBBICHTH
Ka4eCTBO MOJATOTOBKH OMEPATOPOB B YCIOBUSAX, TPUOIMKEHHBIX K PEAJIbHBIM.

Takum 00pa3oMm, aKTyalbHOCTh JaHHOTO WCCIENOBAaHUS 3aKIIOYaeTcs B
HE0OXO0IMMOCTH aHAJIM3a U BHEAPEHUS NEPEIOBBIX IIUPPOBBIX TEXHOJIOTHH, TAKUX KaK
cumynstopsl  BIIJIA, B mpouecc moArotoBku JieTHOro cocraBa B Kazaxcrane.
HccnenoBanue Mo3BoJII€T CPABHUTH TEKYIIUE TOCTUKEHUS B 3TOM 00JIACTH C OMBITOM
IPYTUX CTpPaH, YTO MO3BOJUT BBIACIUThH KIIFOUYEBBIC HAMPABICHUS JJIS1 JAJIbHEUILIETO
Pa3BUTHS OTEUYECTBEHHON CUCTEMBI MOATOTOBKY aBUAIIMOHHBIX KaJpOB.

OcHosnas uacms. AHanu3 npeovlOyWUx Ka3zaxCmancKux UcCCle008anull 8
cpasHenuu ¢ sapyoesxcnvimu u cmpanamu CHI'. Kazaxcmanckuii onvim 8 obaracmu
NPUMEHEHUs. CUMYTIIMOPO8 U YUPDPOBbIX MEXHON02Ull 8 A8UAYUOHHOM 00yueHuu. B
KazaxcTane ucnonap30BaHue CUMYIISITOPOB U ITU(DPOBBIX TEXHOJIOTHUN JTSI IIOATOTOBKH
JIETHOTO COCTaBa M OIEPaTOPOB OECHMUIIOTHBIX JjeTarelbHbIX amnmapatoB (BITJIA)
HAXOJWUTCS HA CTaJWM AKTUBHOTO Pa3BUTHUA. AKAIEeMHS TPAXKIAHCKOM aBHUAIUU
Kazaxcrana (AI'A) akTUBHO BHeIpsE€T CUMYJISIUMOHHBIE CUCTEMBI JJIsi OOy4YEHHS
MAJIOTOB, BKJIoudasg omnepatropoB bBIIUJIA, ogHako 1oka UCCAEOOBaHUA IO
7 (PEKTUBHOCTU OSTUX TEXHOJOTUWA OrpaHuueHbl. B paMkax HalMoOHaJIbHOU
MpOrpamMMBbl 10 MOJEpPHHU3aLUKU 00pa30BaHMs U MOATOTOBKM aBUAIMOHHBIX KaJpoOB,
oOy4eHHEe C WHCIOJIb30BAHUEM CHMYIISITOPOB pacCcMaTpUBaeTCsd KaK BaKHas
COCTABJISIFOIIAST TTOBBIIICHUS MPOGECCUOHAIBHBIX HABBIKOB ONEPATOPOB, YTO TAKKE
CHUKAET pacxo/ibl Ha 00yUYeHHe U MUHUMH3UPYET PUCKU B peaIbHBIX MOJIETaX.

OgHuM H3 KIIOYEBBIX Ka3aXCTAaHCKUX HCCJEAOBAaHUM ABIsSETCS pabora IO
BHEJIPEHUIO CUMYJISITOPOB B yU€OHBIEC MTPOTPAMMBI JIETHBIX YUEOHBIX 3aBEJICHUM, Ie
JIeaeTcsl aKUEHT Ha CO3[JaHUE YCIIOBUM, MAKCUMAJIbHO MPUOIMKEHHBIX K peaabHOU
AKCIUTyaTally BO3AYIIHBIX CylOB. MccimenoBaHus MOKa3bIBAlOT, YTO CHUMYJISITOPBI
MO3BOJISIIOT 3HAYUTEIBLHO COKpPAaTUTh BpeMsi Ha oOOydeHue Oa30BbIM HaBbIKaM
MWIOTHUPOBAHUS, UTO BaXXKHO JJIsI NOATOTOBKHU oniepatopoB BIUIA, onHako ocraroTcs
BOMPOCHI [0 UX MPUMEHECHUIO JJIS CIIOKHBIX CLIEHAPUEB U UYPE3BBIYANHBIX CUTYaIIUH.

Bmecte ¢ tem, B Kazaxcrane moka OrpaHMYe€HO KOJIMYECTBO IyOJIUKAIIHiA,
Kacaronmxcsl aHaim3a MUQPPOBBIX TEXHOJOTHUH B 00ydeHuu omepatopoB BITJIA.
OCHOBHBIE HCCJEIOBAHUSI COCPENOTOYEHbl HA TPAJULIHMOHHBIX MHJIOTAXKHBIX
CUMYJIATOpaxX g TPaXIAHCKUX BO3AYUIHBIX CYJOB, B TO BpeMsl Kak OOydeHHe
onepatopoB BIIJIA B Oombliei CcTEMeHW OCHOBAaHO HAa HMHAWUBUIyaTbHBIX
o0pa3oBaTeNbHbIX MHUIUATUBAX WJIU aIallTallK 3apyOEeKHOTO OTIBITA.

Cpasnenue ¢ uccredosanusmu 6 Poccuu u opyeux cmpanax CHI. B Poccun
CUMYJATOPBI Uil NOATrOTOBKM oreparopoB bBIIJIA BHenpsioTcs B pamkax Kak
BOCHHBIX, TaK U TPAXKAAHCKUX MporpaMm. Poccuiickue ucciaeqoBaHus MOKAa3bIBAIOT,
yTo cuMyaaTopbl BIIJIA uMeroT BakHO€ 3HAYEHHWE JJIsi TOATOTOBKHU OIEPATOPOB,
OCOOCHHO B YCJIOBHUSIX UMHUTAIIMM CJIOKHBIX U HECTaHAAPTHBIX cutyauuii. OgHaKko B
OOJBIIMHCTBE CIy4yaeB CUMYJATOPBI pa3palaThIBAIOTCS B IEPBYIO Oyepenb s
BOCHHBIX HYXJ, U JIMIIb HEMHOTHME MPOTPAMMBI aIallTUPOBAHBI JJIsl TPaXIAHCKOU
aBuanuu. OCHOBHBIE HcciienoBanus B Poccuu kacarotcest 3 (HEeKTUBHOCTH TPUMEHEHUS
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CUMYJISITOPOB B YIIPABJICHUM BO3IYLIHBIM JBHKEHUEM, & TAKKE UX POJIM B CHUKEHUH
YeJI0BEYEeCKOro (DakTopa B UpE3BBIUANHBIX CUTYAITHSIX.

B ommmune ot Kazaxcrana, B Poccum cymectByer Oosbliie myOauKaliuii,
Kacarommxcs cnenupuku odydenus: oneparopoB bIIJIA ¢ moMouipo cUMyIsSTOPOB.
HccnenoBanuss MNOKa3bIBAIOT, YTO HCMOJB30BAHHE CHMYJIATOPOB B IOATOTOBKE
oneparopoB BITJIA 3HauuTeNbHO CHUKACT PUCKU MPU IKCIUTyaTallud OECIUIOTHUKOB,
yJIy4IllaeT HaBbIKK MPUHATHUS PEIICHUI U MOBBIIIAET 0€30MacHOCTh 1mojaeToB. OIHAKO
BOIIPOCHI, CBSA3aHHBIE C TMOJHON CHMYJISILIMEN BCEX AaCHEKTOB IOJIETOB, OCTAKOTCS
OTKPBITBIMH, TaK KaK MHOTHE CHUMYJSATOPbl HE CIHOCOOHBI BOCHPOU3BOJIUTH
AKCTPEMAJIbHBIE WM YPE3BbIYANHBIE YCIOBHUS C TOCTATOYHON TOYHOCTHIO.

B npyrux crpanax CHI' cutyanus cxoxa c poccuiickoil. B benapycu u Ykpaune
cumysTopsl BITJIA akTUBHO MCIIOJIB3YIOTCSI B OCHOBHOM J1JIsl BOGHHBIX 1IE€JIEH, XOTSI B
IIOCTEAHUE TOAbl HAYAIWCh WHUIMATUBBI II0 BHEAPEHUIO JITHUX TEXHOJIOTMH B
rpaXJaHCKyro aBHanuio. [Ipobnema 3akitouaercs B OTCYTCTBUM YHU(DHIIMPOBAHHBIX
cTaHJapToB 1o oOydeHuto omnepatopoB BITJIA m HexBaTke crenuanIu3UpOBAHHBIX
IIPOTPaMM I IPa*kAAHCKOI'0 CEKTOpa.

3apybexcuvie uccredosanus u onveim. Ha MexnyHapoaHON apeHe, 0COOEHHO B
CIHA wu EBpomne, cumynstopbl i NOAroToBku onepatopoB BIIJIA  cranu
HEOThEMJIEMOM 4acThio 0Opa3zoBaTenbHbIX nporpamm. B CIIA nelcTByroT cTporue
TpeOoBaHus K mnoaroroBke omeparopoB BIUIA, Bkimtoyatomue o00s3aTeNbHOE
HCIOJIb30BaHUE CUMYJISITOPOB JJIsl OTPaOOTKU KPUTHUECKUX CUTYyallMd M CIIOKHBIX
nojieToB.  3apyOexHble  HCCIEAOBAHHS  IOKAa3bIBalOT, YTO  CUMYJSTOPHI,
paspadotannbie B CIIIA u EBporne, 06:1a1at0T BEHICOKONH TOUHOCTBIO BOCITPOU3BEACHUS
pEaNbHBIX YCIIOBHM, BKIIIOYAs METEOYCIOBHUS, PAJUOHABUTALMOHHBIE IIOMEXU U
omnOku oneparopa. OHu no3BosOT oneparopam BIIJIA He Tonpko oTpabaThIBaTh
0a30Bbl€ HABBIKM YIPABICHHS, HO U Pa3BUBATh KPUTUUECKOE MBIIUICHHE B CIOXKHBIX
CLEHAPUSX, YTO CHMXKAET BEPOSATHOCTh MHIIMICHTOB B PEATIBHBIX MOJIETAX.

B uwactHocTtH, B CIIIA xomnanusimu, Takumu kak General Atomics u Northrop
Grumman, pa3paboTaHbl CIOXHBIE CHUMYJISIUOHHBIE CHCTEMBI JUJIsl ONEPATOPOB
BITJTA, koTOpBIE TO3BOJISIOT MOJICTUPOBATH OOEBBIE YCIOBHS U TPAKTAHCKHUE MUCCHH.
EBpomnelickue nporpammbl noarotoBku omeparopoB BIIJIA, Takue kak SESAR,
BKJIIOYAIOT HE TOJBKO HCIIOJIB30BAaHUE CUMYJIATOPOB, HO M MHTEIPALMIO HUX C
CUCTEMAaMH YIPABICHUS BO3AYLIHBIM JBW)XCHUEM, YTO II03BOJIIET OIEpaTOpam
paboTaTh B YCIOBHIX PEATbHOM BO3IYIITHOM CPE/IbI.

Kniouesvie konyenyuu. Budvl cumynsamopos, uUCHONb3YEMbIX 6 00yYeHUlU.
CuMyIATOpBI, HCHOJIB3YEMBIE IS MOArOTOBKU onepaTtopoB BIIJIA, M0kHO yCIOBHO
pa3leNnTh Ha HECKOJIBKO KaTETOPHIA:

1. ®uznyeckue CUMYIATOPHI (ammapaTHble KOMIUIEKCHI): 3TO CHUMYJSATOPSI,
KOTOpbI€ BOCHPOU3ZBOAAT (u3znueckue ycnoBusi ynpasienust BIUJIA, npenocrasisis
omepaTopaM peEajdbHbI KOHTPOJIb 3a JIPOHAMU C HCHOJB30BAHHEM HMMHUTATOPOB
NpuOOpPOB, JIKONCTUKOB U JIPYTUX HMHCTPYMEHTOB. Takue CHCTEMBbl 4YacTo
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UCTIONB3YIOTCSL Il 00y4deHHss 0a30BbIM HaBBIKAM MWJIOTHPOBAHUS M YIPABICHUS
BO3/YIIHBIM CYTHOM.

- IIpemmymectBa: PeanucTmuHOe BOCHpPOM3BEIACHHE  YNPABICHUS U
nHTep(DHelicoB, MPUOTIMKEHHBIX K peaJbHOMY APOHY. BHICOKHI ypOBEHB MOTPYKEHUS
B YCJIOBHSI TIOJIETA.

- Hepmocratku: BbicOokas CTOMMOCTh YCTaHOBKH U OOCITY>KHWBaHHS,
OTPaHUYEHHOCTh B MOJEITUPOBAHUU DKCTPEMAJbHBIX WJIM HETUIUYHBIX YCIOBUH
noJieTa.

2. IlporpamMmHBIE CUMYIISATOPHI (TIPOTPAaMMHBIE KOMITJICKCHI): 3TO CHMYJISITOPHI,
paboTafomme Ha OCHOBE TWPOrPAaMMHOTO OOECIeUeHHUs, KOTOPHIC ITO3BOJISIOT
oOyJaromuMcsi OTpabaThIBaTh HABBIKA YIIPABIICHUS B BUPTyallbHOW cpexae. Takwe
CHCTEMBI MOTYT MOJICJIMPOBATh Pa3iIMYHBIC YCIIOBUS IOJIETA U CUTYAIUH, BKIOYAs
aBapUMHBIE.

- IIpeumymiectBa: 6oJjiee JOCTYMHBIE MO CTOMMOCTH, BO3MOXHOCTh THOKOM
HACTPOWKH YCJIOBUH W CIleHapueB Tojera. [lo3BOJIAIOT TPOBOIWTH MacCOBOE
oOyudeHue 6e3 He0OXOJUMOCTH JIOPOrOCTOSIIET0 000PYI0BAHUS.

- Henocratku: OrpanndeHHasi pealiCTUIHOCTH IO CPABHEHUIO C (PU3HUSCKUMU
CUMYJISITOPAMH, BO3MOXHBIC 33JICP)KKH B OTKJIMKE CHCTEMBI Ha JICHCTBUS ONIepaTopa.

3. KoMOWHUPOBaHHBIE CUMYJSTOPHI (ammapaTHO-MIPOrPaMMHBIE KOMIUIEKCHI):
OTH cUCTEMBI OOBEAUHAIOT B ce0e AIEMEHTHI Kak (PU3MUECKOM, TaK U MPOTrpaMMHON
cumymsanud. OHH 00ecreynBalOT omepaTopaM BO3MOXKHOCTH B3aMMOICHCTBUS C
(GU3HYECKUMH WHCTPYMEHTAMH YIIPABJICHUS W TMPOTPAMMHBIMH MOJYJISIMH  JIJIS
MO/JICITUPOBAHUS 00JIee CIIOKHBIX YCIOBHIA.

- [IpeumymiectBa: Bricokasi pealrCTUYHOCTD, BO3MOKHOCTh KOMOMHHUPOBATH
oOyueHue 0a30BbIM HaBbIKaM C OTPAOOTKOM CIOKHBIX CLIEHAPUEB.

- Henocratku: Beicokasi CTOMMOCTb M CJIOXHOCTh MHTETPAIMH C PEaTbHBIMU
CHCTEMaMH YIPaBJICHUS.

Ipeumywecmsea u Hnedocmamku cumyasimopog. (OCHOBHOE TPEUMYIIIECTBO
CUMYJISITOPOB 3aKJIFOYAETCsl B TOM, YTO OHHU ITO3BOJISIOT OINEpaTopaM OTpadaThIBaTh
HaBBIKH YTIPABJICHUS B OE30IMACHBIX YCIOBUAX. ITO 0COOCHHO BAXKHO MPH 00yYSHHUH
CIIO)KHBIM MAaHEBpPaM WM B CHTyaIlUsX, KOTOpPBIE TPYAHO WM HEBO3MOXKHO
CMOJICITHPOBATh B PEaNbHBIX MoJyieTaX. CHUMYJSTOPHI TAK)KE TO3BOJISIOT COKPATHTH
pacxopl Ha O0Oy4YeHHE 33 CYET YMEHBUICHHS HEOOXOAMMOCTH MPOBOJIUTH PEabHbIC
TIOJICTBI U CHIDKATh U3HOC TEXHUKH.

OmHAaKO CHUMYJIATOPHI UMEIOT U CBOM OrpaHWYeHus. Hampumep, oHM He Bceraa
CIOCOOHBI TOYHO BOCIIPOM3BECTH YCJIOBHUS pPEAbHOTO TIOJIETa, Takue Kak
HEOXXHUJIAaHHOE M3MCHCHHUE IOTOJHBIX YCIOBUN WM TEXHUYCCKHE HEHCIPABHOCTH.
KpoMe TOoro, HEKOTOpbIE MCCIICIOBAHUS TMOKA3BIBAIOT, YTO OINEPATOPBI, OOYUCHHBIC
UCKJTFOUUTENILHO Ha CHMYJIATOPaX, MOTYT UCIHBITBIBATH TPYAHOCTH MPHU MEPEXOe K
peabHBIM TOJIETaM, YTO YKa3bIBa€T HAa HEOOXOJIUMOCTh OalTaHCUPOBAHHS MEXKIY
UCTIOJIb30BAHUEM CHUMYJISITOPOB U PealbHBIMHU TPEHUPOBKAMHU.
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Paszeumue naevikoe ynpaenenus bIIJIA. ViccmenoBaHusl TMOKa3bIBAKOT, YTO
CUMYJIATOPbl UIPAlOT BaXXHYI0 pOJb B Pa3BUTHM TaKHX HAaBBIKOB, Kak
NPOCTPAHCTBEHHAsT OpHUEHTAalMsA, OBICTPOTAa TMPUHATHUS PEIICHHWH U TOYHOCTH
BbITIOJIHEHUS MaHeBpoB. i oneparopoB BIIJIA, koTopsiM npuxoautcs padboTaTh B
YCIIOBUSX OFPAaHUYEHHON BUJIMMOCTH WJIM Ha OOJIBIIUX BBICOTAX, CAMYJIATOPHI MOTYT
CTaTh HE3aMEHHUMbIM MHCTPYMEHTOM [IJIi OCBOCHHS CHEIU(UUECKUX YCIOBUM
MOJIETOB.

Memooonocusi  uccnedoganus.  Onucanue  UCCredyemMblX  CUMYIAMOPOS
becnunomnukos. B JTaHHOM HCCIEOBAaHUM OBLUIM HCIOIB30BAHBI CUMYIISATOPHI,
npuMmensemble B Kazaxcrane [ TOATOTOBKM — OMEPAaTOPOB  OECIMIOTHBIX
neratenbHblx anmnapatoB (BILJIA), mpenocrtaBieHHble AKaJeMHEN TIpaXxIaHCKOU
aBuaiuu (AI'’A) W HECKOJIBKMMH YaCTHBIMM YYEOHBIMH LEeHTpamMu. (OCHOBHOE
BHUMaHUe ObUIO YJIEJNIEHO IBYM THIIAM CUMYJIATOPOB:

1. AppSim UAV Pro — nporpaMMHBIi CHMYJISTOP, pa3padoTaHHbBIH 15t 00ydeHHUSI
onepatopoB BIIJIA B rpaxnanckor aBuanuu. OH MOJEIUPYET WMIUPOKUH CIEKTP
peaJIbHBIX YCIOBUH, TAKMX KAaK Pa3JIMYHbIC IOTOJIHbIE YCIOBUS (IITOPM, JOXKIb, CHET,
CWIbHBII BETEp), U3MEHEHUs OCBEIICHHOCTH (JHEBHOE W HOYHOE BpeMs), a TaKKe
paboTy B ycioBusix orpannueHHoN BuauMocTu. AppSim UAV Pro taxke cumynupyer
CUCTEMY HABUTallMM, B3aWMOJCHCTBUE C HA3€MHBIMH CTAHIMSIMU M BO3MOXHBIC
PaarOIIOMEXH.

- Texnonoruu: VR-TeXHONIOTUM 1JI1 UMMEPCUBHOTO O0YUYEHUS, HHTErpaIus ¢
peanbHbiMU  cuctemMamu  ynpasienus BIIUIA, GPS-cumynsuusa, noanepxkka
MYJIbTU3KPaHHOTO HHTEp(eiica.

- DJeMEHTbl CHUMYJISILIUU: TIOTOJIHbIE YCIIOBUS, HaBUTAlUsl, CHUCTEMBbI
paauoCBsI31, aBapuiiHbIe CUTyalluu (HampuMep, OTKa3 JBUratesis), COOU B CUCTEME
GPS.

2. SkySim Trainer — anmapaTHO-IPOrpPaMMHBIN  KOMIUIEKC, KOTOPBIH
UCIIONb3yeTCs 111 OOy4YEeHHs OlepaTopoB OECNHIOTHUKOB Ha YPOBHE Kak 0a30BOM
MOATOTOBKH, TaK M TIOJATOTOBKH JUIsl BBITIOTHEHUSI CIOXKHBIX Muccuit. SkySim Trainer
MHTETPUPOBaH C (PU3UUECKUMH HMHCTPYMEHTAMU YIPABJICHUS, BOCHPOU3BOISAIINMU
peanbHyt0 kabuny omnepatopa BIUIA. DTOT cumynarop MO3BOJIIET ONEpPaTopy
oTpabaThiBaTh TaKUE CIIEHAPUHU, KAK IOJIEThl HaJ CJIOXHOW MECTHOCTBHIO (TOpBI,
MyCTBIHU ), BBIMIOJTHEHUE MUCCUH B YCIOBUSX IJIOTHOW TOPOJICKON 3aCTPOMKH, a TAKXKE
Ype3BbIYAMHbBIE CUTYAI[MU, TAKUE KAaK IMOTEPs CBSA3UM C HA3€MHOW CTAHUMEW U OTKa3
HAaBUTaLlMOHHBIX CUCTEM.

- TexHonoruu: (uU3HUECKUE CUMYJSITOPHI yNpaBlieHUs (Py4yKd yHpaBieHUS,
JKpaHbl), TOAJEpKKa uHTepdeiicoB peanbHbIX cTaHuui yrpaBieHus bBIIIA,
MOJEJIUPOBAHUE CUCTEM aBTOMMIOTA, MHOTOYPOBHEBAS CUMYJISIIUS MUCCHH.

- DIJIeMEHTbl CUMYJISILIUM: CJIOKHBIE TOTOJIHBIE YCJIOBHS, JKCTPEMAaJIbHbIE
CUTYalMH (ITOJIOMKH, MIOTEPH CBSI3H), pab0Ta C pa3HbIMU TUITAMH MECTHOCTH.
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OTH CUMYJIATOPBI UCHOJIB30BAIUCH JJISI TOATOTOBKHM ONEPATOPOB HA PA3IMYHBIX
sTamax ux o0ydeHus, HaunHas ¢ 0a30BbIX HABBIKOB YIPABIICHUS M 3aKaHYHMBas 0oJiee
CJII0KHBIMH MUCCHSMH.

Memoowr oyenku 2¢ppexmusnocmu. OueHka 3PHEKTUBHOCTH OO0yUYeHUS
onepatopoB BIIJIA ¢ mcnonp30BaHUEM CUMYJIATOPOB MPOBOJNIIACH C IPUMEHEHUEM
HECKOJIBKUX METO/IOB:

1. AHKkeTHpOBaHHE O0YHAIOUTUXCS: TOCTIE 3aBEPIICHUS KaXI0ro ATana o0yueHus
oreparopaM ObLIO MPEIIOKEHO 3aMOJHUTh aHKEThI, B KOTOPBIX OHU OLIEHHUBAJIA CBOU
HaBBIKM JI0 M IIOCIE€ MCIIOJb30BAHUS CUMYJSITOPOB. BOINpockl Kacamuch TakuX
aCIEeKTOB, KaK yBepeHHOCTh B ynpasieHnu BI1JIA, cnocoOHOCTh OBICTPO pearnpoBath
Ha BHEIITAaTHBIE CUTYalluH, TOYHOCTh HABUTALIMHU U BBIIIOJTHEHUE 3aJaHHBIX MUCCHU.

- [Ipumep BOIpOCOB aHKETHI:

- Hackosbko BBl 4yBcTByeTe ceOsi yBepeHHbIM B yrnpasieHun BIIJIA mocie
UCIoab30Banus cumyistopa? (ot 1 1o 5)

- Kaky1o cl10’KHOCTb BBI3BAJIM IMOT'OJIHBIE YCIOBHS HA CUMYJISITOPE MO CPABHEHUIO
¢ peanbHbIMU TIoJieTaMu? (o1 1 10 5)

- OueHuTe CBOIO CIOCOOHOCTD CHPABIISATHCS C BHEIUITATHBIMU CUTYAIUSIMU T1OCIE
oOyuenus Ha cumyJssitope (ot 1 10 5).

2. CpaBHUTENBHBIN aHAIN3 C peAIbHBIMU TTosieTamMu: [IpoBeeH CpaBHUTENIbHBIM
aHaJu3 BPEMEHH BBINIOJHEHUS MHUCCUN HA CUMYJISITOPAX U B PEAJbHBIX YCIIOBHSX.
Omneparopel, npouieame oOydeHHE HAa CUMYJSATOpaxX, ObUIM MpPUIJIALIEHBI JJIs
BBITIOJTHEHUA TEX ke 3a7a4 Ha peasibHbIX BITJIA. OnieHnBanuch TOYHOCTh BBITOJTHEHHUS
MUCCUM, pEaklus Ha BHEIUTAaTHbIE CUTyaluud M 3(PQPEKTUBHOCTh HCIIOIb30BAHUSA
BPEMEHU.

- [Ipumep cpaBHEHUA:

- Bpems BBINONHEHWsS MHUCCUW: HAa CHUMYJATOpEe — 15 MHHYT, B peanbHBIX
yCHoBUsAX — 17 MUHYT.

- KonnyecTBo OmMOOK B CUMYNSTOPE M Ha peajbHBIX MOjeTax (Hampumep,
HapyIIeHUE BO3YIIHBIX KOPUIOPOB, COOU B YIPABICHUH).

3. TectupoBaHue HABBIKOB JJO M NOCJIE MCIOJIB30BAHNS CUMYIIATOPOB: B Havaie
oOy4eHHs OrepaTopbl MPOXOIUIN TeCT Ha 0a3oBbie HaBbIkU ympasienus BITJIA B
pealIbHbIX YCJIOBMSIX, MOCJIE YEro MX o0ydyanaH ¢ HMCIOJIb30BAaHUEM CHUMYJSTOpOB. B
KOHIIE MPOrpaMMbl OHM CHOBA MPOXOJIWIM TECTUPOBAHME HA TEX XK€ 3aJaHMSX, U
pe3yNbTaThl CPAaBHUBAJIUCH.

- [Ipumep TectupoBaHus:

- Jlo ucnonp30BaHus CUMYJISITOpA: YCIEUTHOCTh BBIMONHEHUs 3aganuii — 70%,
BpeMsl BbINOJIHEHUS — 20 MUHYT.

- [Tocre ucnob30BaHus CUMYJISITOPA: YCICIIHOCTD BBITIOTHEHUS 3a1aHuii — 85%,
BpeMs BBITIOJIHEHUS — 15 MUHYT.

Hccneoyemasn evibopxa. Ins uccnenoBaHusi Obuia otoOpaHa rpynma u3z 30
YeJIOBEK, COCTOSIIIAs U3 CIEAYIOIUX KaTeropuii:
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1. Hauunatomme onepatopsl BIIJIA (15 yenoBek) — HOBHYKH, HE HMEIOLIUE
onbiTa yrnpasieHus BIIJIA. Ouu nponumm 0a30Byr0 MOATOTOBKY Ha CHUMYJISITOpax
AppSim UAV Pro, 4TtoObl OCBOMTH OCHOBHBIE MpUHIUIBI yrpaBieHusi BIIJIA,
B3aUMOJECHCTBUE C HA3EMHOM CTAHIIMENW WM BBIIIOJHEHWE MHUCCHM B CTaHJAPTHBIX
YCIIOBUSIX.

- YpoBeHb NOATOTOBKMU: HaYaJIbHBIN, 0€3 omnbiTa yrnpasienus BITIA.

- Cumynaropst: AppSim UAV Pro nist 6a30B0il HOATOTOBKH.

2. Onwitabie onepatopbl BITJIA (10 uenoBek) — omepaTopbl ¢ MPEILIYIIHM
onbIToM pabdoTel ¢ BIIJIA, koTOopble MpOLLIM KypC MNPOABUHYTOIO OOY4YEHUsS C
ucrnoiib3oBaHueM cuMyisiTopoB SkySim Trainer. OcHOBHOE BHHUMaHHUE YAENSJIOCH
Pa3BUTHIO HABBIKOB BBIMOJIHEHUS CJIOKHBIX MHCCHI B 3KCTPEMAJBHBIX YCIOBHSIX
(ropoackast cpena, moTeps CBA3M C HA3EMHOM CTaHIUEH ).

- YpoBeHb NOATOTOBKU: CpeIHUM, onbIT padboThl ¢ BITJIA.

- Cumysaropsl: SkySim Trainer a1 npoABUHYTOTO 00y4eHHUS.

3. [IunoThl rpaKJaHCKOM aBUALIMM, MPOXOAsIIe nepekBanrudukamnuto Ha BITJIA
(5 yenoBeK) — MUIIOTHI C OIBITOM YIIPABJICHUSI TPAJUIIMOHHBIMU BO3AYIIIHBIMU CYAaMH,
KoTopele Havyasim oOydeHue pabdore ¢ BIIJIA. Mx mnoaroroBka BKIOYanIa Kak
UCIOJIb30BaHUE CUMYJISTOPOB JUIsl U3YUYEHHUS] OCHOB YIPABJIEHUSI OECIIUIOTHUKAMH,
TaK 1 MPOJABUHYTOE MOJIECIINPOBAHUE MUCCUI C PEAJIbHBIMU MIOTOJHBIMU YCIOBUSAMU U
TEXHUYECKUMH HENCIIPABHOCTSIMH.

-  YpoBeHb MOArOTOBKHU: BBICOKMM, NWJIOTHI TPAXAAHCKOM aBHALWH,
nepekBandukanusg Ha ynpasienue bITJIA.

- Cumynstopsl: AppSim UAV Pro u SkySim Trainer ajis Bcex 3TaroB 00y4eHuUs.

Ota BBIOOpKA MO3BOJIMJIA OLUEHUTHh 3(PPEKTUBHOCTH CUMYISTOPOB JJI Pa3HBIX
YPOBHEM MOJTOTOBKH, YTO MTOMOTJIO CII€JaTh BEIBOABI O POJIU HU(POBBIX TEXHOJIOTHMA
B 00yuenuu onepatopoB BITJIA.

Pezynomamer ananuza oannwix:

1. CpaBHEHrE BpEMEHM Ha BBINIOJIHEHUE 3aJaHUK HA CUMYJISITOPE U B PEATIbHBIX
II0JIETax

Jnst oneHkn 3(PGEKTUBHOCTH CHUMYJISITOPOB OBLUIO TMPOBEACHO CpPAaBHEHHE
BPEMEHH BBINIOJHEHUS 33/JaHUl B CUMYJIAITOPE U B PEAIBHBIX yCIOBHUIX. Oneparopsl
BBIIOJIHSUIA UJIEHTUYHBIE MUCCHM, BKJIIOUYAIOIME HABUTALIUIO, BBITIOJHEHUE CIOKHBIX
MaHEBPOB U PEAKLIMU HA BHEIITATHBIE CUTYaLlNN.

- CpentHee BpeMs BBIIIOJIHEHHS 33JaHUI B CUMYJIATOPE: 15 MUHYT.

- CpeniHee BpeMs BBITIOJTHEHHUS TEX K€ 33/IaHHI B PEaIbHBIX YCIOBHAX: 18 MUHYT.

Pe3ynbTaThl mokaszajiu, 4TO BpeMs BBINOJIHEHUSI MUCCHI B CUMYJISITOpax ObLIO B
cpenHeM Ha 15-20% meHblire, 4eM B peaJIbHBIX YCIIOBHSX, YTO CBSA3aHO C OTCYTCTBUEM
peanbHBIX PUCKOB M BO3MOXKHOCTEH O0siee ObICTpOro MOBTOPEHUs orepanuuii. TeM He
MEHEee, CUMYJIATOPHI MO3BOJIWIN OTPabOTaTh BCE 3TAabl MUCCHUU, BKIIIOYAS CIIOKHBIE
MOTOJHBIC YCIOBUS M HABUTALIMOHHBIE OLIUOKHU.
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CuMynsSTOpBl  TO3BOJISIIOT ~ YCKOPHUTH — BBITIOJHEHWE 3aJaHuil  Ojarojaps
OTCYTCTBHUIO BHEITHUX (haKTOPOB, TAKUX KaK MOJATOTOBKA TEXHUKU M BHEIITHUE TTIOMEXH,
IIPU 3TOM COXpaHssi PEaAIUCTUYHOCTh CIICHAPUEB.

2. OleHKa YpOBHS CTpecca OIepaTopoB MHpH paboTe ¢ CUMYIATOPOM U B
peaTbHBIX YCIOBUSAX

JIJisi OLIEHKH TICUXOJIOTMUYECKOW Harpy3Kd omeparopam ObLIO MPEeIoKEHO
OLICHUTHh YPOBEHb CTpPECCa MPHU BBHINOJHEHUU 3aJlaHUN B CUMYJIATOpPaxX U peajbHbIX
noJjietax 1o mkasue ot 1 go 10.

- CpenHuii ypoBEHb cTpecca pu paboTe ¢ CUMYIIATOpPOM: 4 Oaia.

- CpenHuii ypOBEHb CTPECCa B PCATBHBIX YCIOBUAX: 8 OaJIIOB.

Onepatopsl COOOUIMIN, YTO CUMYJISITOPBI CO3/1al0T HU3KUH YpOBEHb CTpecca,
MIOCKOJIBKY OTCYTCTBYET PUCK MOBPEKICHUS TEXHUKHU U YIPO3bl 0€30MACHOCTH, UYTO
MO3BOJISIET COCPEAOTOUYUTHCS HAa BBIOJHEHUHU 33/1aHus. B peallbHbIX MoJieTax CTpecc
YBEIIMYMBAETCS U3-3a OTBETCTBEHHOCTH 3a TEXHUKY, YCIOBHUS M0JieTa U 0€30MaCHOCTh
MHUCCHH.

CumynsTopbl 00eCredyuBalOT OO0y4YeHHE B YCIOBUAX MEHBIIEro CTpecca, 4YTo
MO3BOJISIET ornepaTopaM 3PGHEeKTUBHO OCBaWBATh HABBIKH, OJIHAKO BAXKHO YUUTHIBATH,
YTO TEpPEeXOJ] K peaJbHBIM MOJeTaM TpeOyeT IOMOJHUTEIHHOM IMOATOTOBKU JIS
aJanTallyi K CTPECCOBBIM CUTYALIHSIM.

3. Ananu3 mporpecca CTyJI€HTOB B 3aBUCHMOCTH OT YAaCTOTHI HCIIOJIb30BaHUSA
CUMYJISITOPOB

JIns OLICHKHM BIIMSIHUSL YacTOThl TPEHUPOBOK HA CHUMYJSATOpPax Ha IMPOrpecc
00yueHHus ObUIO TTPOBECHO MCCIIEIOBAHUE, B KOTOPOM YYACTHUKHU TPEHUPOBAIKCH C
Pa3HOM YacTOTOM: OT 2 JI0 S5 CECCHUM B HENIEIIO.

- I'pynna 1 (2 ceccuun B Henento): YpoBeHb HaBBIKOB BbIpoc Ha 15% mocne 10
HeJleNb 00yUYeHHUS.

- I'pynna 2 (3 ceccuu B Henen0): YpoBeHb HABBIKOB BBIPOC Ha 25% 3a TOT ke
MEPHUO/I.

- I'pynma 3 (5 ceccwuit B Heento): YpoBeHb HaBBIKOB BhIpoc Ha 40%.

PesynbraTel nokaszanu, 4To 60Jiee 4acToe UCTIOIb30BAHUE CUMYIISITOPOB IMPUBEIIO
K 3HAUYUTENTLHOMY YIIYYIIICHUIO HaBBIKOB ympasieHus BIIJIA, ocobenno B oGmactu
OBICTPOTHI PEAKIIMU M TOYHOCTU BBHITIOJIHEHUS MaHEBpOB. [Iporpecc Obutr Hamboiee
3aMETEH Y HAUYMHAIOIINX OMEPaTOPOB.

I'paguueckoe npedcmasinenue pazoenos anaiu3a OaHHbIX:

1. Cpennee Bpemst BBITIOJIHEHHUS 3aJJaHU HA CUMYJISITOPE U B pPEaIbHbBIX MOJIETaxX
MOKA3bIBAET, YTO BBHIMOJHEHHUE 33JJaHUN HA CUMYJISITOPE 3aHUMAET MEHBIIIE BPEMECHU

(15 MHHYT) 110 CpaBHEHUIO C peaibHbIMU T0JIeTaMu (18 MUHYT), MOKa3aHO HA PUCYHKE
1.
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Average Task Completion Time

Tire (minutes)
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2.0+

25

0.0

Simulatian

Real Flight

Pucynok 1. CpenHee BpeMsi BBIIIOJIHEHUS 33/JaHUI HA CUMYJIITOPE U B
pEaJIbHBIX OJIETaX

2. YpoBeHb cTpecca OIepaTopoB: IPHU pabOTe HAa CUMYJISITOPE YPOBEHb CTpecca
3HAYUTENIbHO HWXe (4 Oana) 1Mo CpaBHEHUIO C peaslbHbIMM mosieTaMu (8 0asioB),
IIOKa3aH Ha PUCYHKE 2.

" Operator Stress Level

Stress Level (1-10)

Simulaticn Real Flighs

PucyHok 2. YpoBeHb CTpecca ornepaTopoB

25



A3aMaTTBIK aBUAIUS aKaIEMUSCHIHBIH XKaPIIBIChI Ne3(34)2024

3. Ilporpecc CTyaeHTOB B 3aBUCMMOCTH OT 4YacCTOThl HCIIOJIb30BAHUS
CUMYJISITOPOB: CTYICHTBI, KOTOPbIE TPEHUPOBAIUCH 5 pa3 B HENENI0, MOKa3alu
HauOonpui nporpecc (40%), Mo cpaBHEHHUIO C TEMH, KTO TPEHUPOBAJCSA 2 pasza B
Heaenmo (15%), mokazan Ha pucyHke 3.

. Student Progress by Session Freguency

40t

30

20

Skill Improvernent %)

2 sessinnsiwesk 3 sessions/week 5 sessions/weesk

Pucynoxk 3. [Iporpecc cTyAeHTOB B 3aBUCHIMOCTH OT YaCTOTHI MCITOJIH30BAHUS
CUMYJISITOPOB

OTH JaHHBIC TIOMYEPKUBAIOT BAXKHOCTh PETYIAPHBIX TPEHHPOBOK HA
CUMYJISITOpax JiJisl yCKOPEHHOI'0 00YyUEeHUS U CHUXKEHHUS CTpecca.

Yem damie omepaTtopbl TPEHHPYIOTCS Ha CHMYISTOpax, TeM ObIcTpee u
adpexkTrBHEEe MPOUCXOAUT yCBOeHHE HaBbIKOB yrparieHus BIIJIA. PexoMmennyercs
WHTETPUPOBATh CHUMYJISIIMKM KaK OO0S3aTCIbHYI0 YacTh Y4YeOHOW NPOrpaMMbl C
PETYISAPHBIMHA TPEHUPOBKAMHU.

Pesynomamot u ux obcysicoenue.

Ananuz Oannvix. B Xome wmccnemoBaHus ObutM  cOOpaHBl JaHHBIE 00
s dexTuBHOCTH HcTOab30BaHus cuMyisiTopoB AppSim UAV Pro u SkySim Trainer
JUisi 00y4YeHusi ornepaTopoB OecnmmyIOTHBIX JietarenbHbix amnmapaTtoB (BIIJIA). Ha
OCHOBE MPOBEJICHHBIX TECTUPOBAHUM, aHKETUPOBAHUS U CPABHUTEIHLHOTO aHaIn3a C
peaTbHBIMU MOJIETAMH MOYKHO BBIJICTTUTH CJIEIYIONTUE PE3YIbTATHI:

1. D¢ (hekTUBHOCTH BOCTIPOU3BEACHUS PEATbHBIX YCIOBHM MOJIeTa

- AppSim UAV Pro noka3zai BbICOKYI0 TOYHOCTb B MOAECIUPOBAHUN TTOTOAHBIX
yCIIOBHI 1 HaBUTAIMU. boiee 85% ydacTHHKOB OTMETHITH, YTO CUMYJISIUS TIOTOTHBIX
SIBJICHUW, TAKUX KAaK CUJIbHBIA BETEP U JTOXK/b, OUYEHb PEAUIUCTUYHA. T€M HE MEHeEe,
CIIOXKHBIC CIICHApHWH, BKJIIOYAIONINE PE3KHE W3MEHEHUS METCOYCIOBHHA WA
TEXHUYCCKHE HEUCITPAaBHOCTH, OBLIH BOCITPOU3BEICHBI MEHEE TOYHO.

- SkySim Trainer Bocmpou3Boamsi 0oJjiee CIOXKHBIE CIEHAPUH TI0JIETOB,
BKJIFOYAs yMPaBJICHUE B TOPHON MECTHOCTH, TIOTEPU CBSI3U M COOM HABUTAIIMOHHBIX
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cucteM. OmepaTopbl COOOIIMIM, YTO CUMYJSATOP OOECIeUMBAET BBICOKHI YPOBEHB
MMMEPCUBHOCTU U MIOMOT'A€T Pa3BUTh HABBIKK, HEOOXOIUMBIE JUISI CIIOKHBIX MHCCHIA.
bonee 90% yuactaukoB ormeTwin, 4To SkySim Trainer nydie moAaroToBuI UX K
AKCTPEMAJIbHBIM CUTYaIUsM.

AppSim UAV Pro and SkySim Trainer Workflow
J\l:'pslmuml\N
avigation

Weather Conditions

/

Opetator Interaction

Emergency Scefiarios

\

//ﬂuht Controls

SkySim Trainer

Pucynok 4. Cxema pabotsl cumynsstopoB AppSim UAV Pro u SkySim Trainer

Ha pucynke 4 npencrapiieHa cxema padoThl CUMYJISITOPOB, KOTOPast MOKA3bIBAET,
KaK CHUMYJISITOPbl HMHTEIPUPOBaHbl B TIpolecc OOyYeHHs, B3aUMOACHCTBYS C
OIepaToOpaMHu Yepe3 Pa3INUHbIC MOIYJIU: HABUT ALK, TOTOHbIE YCIOBUS, YIIPABICHHUE
MOJIETOM U aBapUilHbIE CLIEHAPUU.

2. Pa3BuTHE HABBIKOB yIIPaBJIEHUS

- B cpaBHEHUH C peasbHBIMU MTOJIETAMH, OTIEPATOPHI, NPOLIEAIINE O0yUYeHHE Ha
CUMYJIATOpaXx, YJAy4YLIWIM CBOM HaBBIKM HAaBUTallMKW W NMPUHATUSA pemieHuid Ha 25%.
OcoOblif mporpecc ObUI OTMEUEH y HAUYMHAIOIIMX OINEPaTOpPOB, KOTOPHIE CMOTIIH
ocBoUTh 0a30oBbie HaBblku ympasienus BIIJIA wa 30% ObicTpee, ueM Te, KTO HE
HCITOJIB30BaJl CUMYJISITOPBI. DTU JaHHBIE TOATBEPKIAIOT, YTO CUMYJISITOPBI YCKOPSIFOT
npouecc oO0y4eHHs 3a CUeT MHOTOKPATHOTO MOBTOPEHHUS CIIOKHBIX MaHEBpPOB 0e3
PHUCKOB, CBSI3aHHBIX C PEAJIbHBIMHU ITOJIETAMH.

- Onepatopsl ¢ ombITOM paboThl, ucnodb3ytomue SkySim Trainer, mokazanu
ynyuiieHue B yrpaBieHud BIIJIA B CIIOXKHBIX YCIOBHUSX, TakKMX Kak paboTa B
TOpPOJICKOM cpefe W MmosieTbl Ha OonbIIMX BbicoTax. CpenHee BpeMs peaklMh Ha
aBapuiiHble CUTyallMd cokpartwiochk Ha 20%, 4To yka3biBaeT Ha 3(PPEKTUBHOCTH
CUMYJIATOPOB JJIsl TOATOTOBKHU K YPE3BbIYAHBIM 00CTOATENHCTBAM.

3. CpaBHEHHE BPEMEHU BBIMOJIHEHUSI MUCCUHN

- Bpemsi BbINIOJIHEHHSI MUCCUIM HA CUMYJISITOpax B cpenHeM Obutio Ha 10-15%
MEHBIIIe, YeM NpPU pealbHBIX MOoJIeTaX. DTO OOBSICHAETCS OTCYTCTBHUEM pealbHbIX

PHUCKOB H OI]_II/I60K, CBJA3aHHBIX C HaBHFaHHeﬁ WK YIIPABJIICHHUCM. Tem He MCHCEC,
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CUMYJATOPBI  YCIICHIHO  MOJCIMPOBAJIM  BPCMCHHBLIC  3aJCPIKKH, BBI3BAHHBIC
MCTCOYCJIIOBMAMU HJIM TCXHUYCCKHUMU C60$IMI/I, 4TO IMO3BOJIMJIO OIICpaTropaM Pa3BHUTh
HaBbIKH ITPUHATUA pGIHeHI/Iﬁ B YCJIOBHAX CTpPECCaA.

s Operator Training Stages

Difficulty Level
= Ing g W w
wv o w o wv

=
o

0.5

%gsic Training Intermediate Training Advanced Training
Training Stages

PI/IcyHOK 5. BpeMSI PCAKIHUU Ha HCIITATHBIC CUTYyallHU

Ha pucyHke 5 mpencraBieHa JIMHEWHAs auarpamma, KOTopas JEMOHCTPUPYET
sTanbl 00yuyeHus: onepartopoB BIIJIA: oT 6a30Boif MOArOTOBKM 10 MPOJBHUHYTOIO
ypoBHs. Ha kaxxqom »3T1ame ypoBEHb CJIOKHOCTH IOBBIIIAETCSA, YTO IIOMOTAET
OIepaTopaM OCBAWBATh HABBIKM IOCTENEHHO. DTH CXEMBbI HAITIIHO WIIIOCTPUPYIOT
IIPOLIECC UCIIOIB30BAaHUS CUMYJISITOPOB U ATAIbI ITIOATOTOBKU OIIEPATOPOB.

[Ipumep unrepdeiica cumynaropa s oo0yuenus oneparopoB BITJIA nokazan Ha
pUCYHKE 6, KOTOpBI BKJIIOYAET B c€0s AIIEMEHTHI YIPABIEHUS APOHOM, MOTOIHBIC
ycioBusi (obmaka u Betep), GPS-nHaBuramuio, nmpuOOpHYIO MMaHENb C TaKUMU
MOKa3aTeNsIMU, KaK BBICOTa U CKOPOCTh, a TAKKE aBapUITHOE MPEAYIIPEKIACHHE.

Pucynok 6. Uutepdeiic cumynaropa ans oOyuerus oneparopos BITJTA
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[TpuBenem cpaBHUTENbHYIO TaONMIy | BO3MOXXHOCTEH CHMYISATOpOB AppSIiMm
UAV Pro u SkySim Trainer mo kiro4YeBBIM MapameTpaM, TaKUM Kak IOJICpPKKa
METEOYCIIOBUH, HABUTAIIHS, CIIOKHOCTh MUCCHH M MOJICIMPOBAHUE YPE3BBIYANHBIX
cuTyanuid. JTa TabiIHMIla MOMOTAeT HAIMISAHO YBUACTb, B KAKUX ACMEKTaX KaKIbIH
CHMYJISITOP MPEAOCTABISIET CBOU IMPEUMYIIIECTBA U TJI€ MOTYT OBITh OTPAaHUYCHUSI.

Ta6auna 1. — CpaBHuTenbHas TabIMIIa BOBMOXHOCTEH CUMYJISITOPOB

Ne | Xapakrepuctuku AppSim UAV Pro SkySim Trainer
[Monnepxka
1 [Tonnepxka [Tonnepxka 6a30BbIX CJIOKHBIX YCIIOBUU
METEO0YCI0BUI YCIIOBHM (0K[1b, BETEP) | (CHIIBHBIN IITOPM,

TOpHAasi MECTHOCTB)
HNurerpanus c

[TonHass cumymnsiuus peanbHBIMU
2 | HaBuramus
GPS-naBuramun HaBUTAIlMOHHBIMU
CUCTEMaMU
Cpennuii ypoBEeHb Bricokuit ypoBeHb
3 | ClHOXHOCTh MUCCHI CI0>KHOCTH CJI0KHOCTH
(ctangapTHbie MUCCUHU) | (CTIOKHBIE MUCCHUH)
Hcnons3oBanue
4 | peallbHBIX CUCTEM Her [a
YIpaBJICHUS
[IponBunyThIE
MonenupoBaHue . POABHIHY
. ba3oBble aBapuiiHbie aBapuUiiHbIEC CLIEHAPUU
5 | Upe3BbIYANHBIX
. CLIEHapuu (0TKa3 cucTeM,
CUTyalnuu

OTEPSI CBSA3U)

Obcyacoenue. TlonyyeHHble pe3ynbTaThl MOJITBEPKAAIOT TUIIOTE3Y O TOM, YTO
CUMYJIATOPBl 3HAYUTENIBHO YCKOPSIOT mporecc oOydenus omneparopoB bIUIA u
pa3BUBAIOT BaxkHeilMe npodeccuoHanbHble HAaBbIKM. CpaBHEHHME C NaHHBIMU U3
3apyOeKHON JUTEpaTyphl MOKA3bIBAET, YTO Ka3aXCTAHCKUE CUMYIISITOPBI, TAKUE Kak
AppSim UAV Pro u SkySim Trainer, conoctaBumsbl 10 CBOE€H (PYHKIIMOHAIBHOCTH C
3apyOE€KHBIMU  AHAJIOTAMM, XOTA MX PpEAJTUCTUYHOCTh B  MOJEIUPOBAHUU
AKCTPEMAJIbHBIX CUTYyAIil MOKET TPeOOBATh YIIYUIIICHHM.

CornacHo uccinenoBanusiM, nposeaeHHbIM B CIIIA u EBpone, cumynaTopsl s
BITJIA o0GecneunBaOT BBICOKHN YpPOBEHb IOJATOTOBKH OIEPATOPOB K pPeaTbHBIM
noJieTaM, 0COOEHHO B YCIOBHSIX CII0)KHOM MECTHOCTH MJIM HEOJIaronpusTHOM MOTO/IbI.
Kazaxcranckue CUMyJISTOpPBI MOKa3add CXOXKHE Pe3yibTaTbl, OCOOEHHO B YacTH
6azoBoro o0yuyeHus. OgHaKO ecTb HEOOXOAUMOCTh B OoJiee JETaJbHON CUMYJISIUU
CJIIOXHBIX CIEHApUEB, TAKUX KaK IMOJHBIA OTKa3 HABUTallMOHHBIX CHUCTEM WIIU

HeCTaOWJIbHAS CBSI3b ¢ Ha3eMHOM CTaHIIMEH. ITO O0COOEHHO Ba)KHO IS MOATOTOBKH
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OIepaTopoB, pabOTAIOIIMX B YCIOBUSX, IJIE PUCK TaKUX COOEB BBICOK, HAIpUMEp, B
TOPHBIX PailOHaX WJIM MPU BBIOJHEHUHA MUCCHNA B TOpOAaXx.

[IpuBenem uetrbipe rpaduka, KOTOPbIE BU3YAIU3UPYIOT PA3IUYHBIC ACTIEKTHI
aHajau3a JaHHBIX:

1. T'ucrorpamma pe3yJabTaTOB O M MOCJIE HCIOJIb30BaHUS CUMYJSITOPOB Ha
PUCYHKE 7: MOKa3bIBa€T U3MEHEHHUSI BO BPEMEHH BBINOJTHEHUS 3a7a4, YCIECIIHOCTH U
KonuuecTBe omuOOoK. [locne o0yueHns Ha CUMYJSITOpax BpeMs BBIMOJHEHUS 3aad
COKPaTHJIOCh, YCIIEITHOCTh BO3POCHA, @ KOJIMYECTBO OMIMOOK YMEHBIIHIIOCH.

Comparison Before and After Simulators

Before Sim
a0 W After Sim

Performance Metrics

0 .

Task Time Success Rate Errers

Pucynok 7. UnTepdeiic cumynsatopa 11 o0yuenus onepatopon bBITIA

2. Jlunelinbiit Tpaduk mporpecca onepaTopoB Ha PUCYHKE &: JEMOHCTPUPYET
VIyYIIEHHE YCHEUIHOCTH BBIMOJIHEHUS 3aJad MO0 Mepe MPOXOXKIEHUS HTaroB
00y4eHHs Ha CUMYJIATOpaX.

100, Operator Progress Over Training Stages

80
B0t

T

Success Rate (%)

a0t

5 i i i i
OSL.: ge 1l Stage 2 Stage 3 Stage 4

Pucynok 8. Untepdetic cumymnsatopa ans o0yuenus onepatopos BITJIA
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3. CpaBHuTeNbHAs AUarpaMMa BPEMEHM BBINOJHEHUS MUCCHA HAa pUCYHKE 9:
MOKA3bIBAET, YTO BPEMS BBIMOJIHEHHUS MHUCCHUH B CHUMYJSTOpPE OBUIO 3HAYUTEIHHO
KOpOY€, YEM B peajIbHbIX MOJIETAX.

Mission Completion Time (Simulator vs Real Flight)Survey Results:

20,01 Confidence in Operating After Training

17.5¢

Simulatar Time
Feal Flight Time

15.0F
12.5F

10,0}

Time (minukes)

1.5}

501

2,51

0.0 Mission 1 Mission 2 Mission 3

Pucynok 9. Untepdetic cumymnstopa ans o0yuenus onepatopos BITJIA

4. Kpyrosas nuarpamMma OIpoCOB YYaCTHUKOB Ha pUCYHKE 10: OTpa)kaeT ypOBEHb
YBEPEHHOCTH OIIEpaTOpPOB IIOCIE 3aBEpIICHUS OOYy4YEHHs Ha CUMYJATOPAX.
BOJBIIMHCTBO YYaCTHUKOB BBIPA3WIIM BBICOKYIO YBEPEHHOCTh B CBOMX HABBIKAX.

Mot Caonfident

Meutral

15.10%
Very Confident

Confident

Pucynoxk 10. Matepdeiic cumymnstopa mist o0yuenus onepatopoB bITJIA
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Kpome Toro, HeKOTOpBIE ONIEPATOPHI OTMETHIIN, YTO CUMYJIATOPBI BOCIIPOU3BOIAT
HE BCE BO3MOKHBIE TEXHUYECKUE MPOOJIEMBI, C KOTOPHIMH OHU MOTYT CTOJIKHYTHCS B
peabHBIX YCIOBUSIX. DTO YKa3bIBAET Ha HEOOXOUMOCTh YIYUIIEHHUS] TPOrPAMMHOTO
oOecrieueHus sl 0oJjiee TOYHOW CHUMYISIIUM PEAKUX, HO KPUTHUECKH Ba)KHBIX
MHIHJICHTOB, TAKMX KaK MOJIHBIA O0TKa3 cucteM cBaA3u uinu GPS.

ACIEKTBI, KOTOpBIE JIy4Ille BCETO MpopadaThIBAIOTCS C MOMOIIBIO CUMYJISITOPOB:

1. ba3zoBble HaBbIKU yIpaBieHUs U HaBUTranuu: OnepaTopbl ObICTPEE OCBAaUBAIOT
OCHOBHBIC IpUHLMIKI yripaBiaeHus BITJIA.

2. OrtpaboTka CIOXHBIX MaHEBpOB: CHUMYIATOPHI, OCOOEHHO amMapaTHO-
IIPOTPAMMHBIE KOMIUIEKCHI, ITO3BOJISIIOT MOJEIIMPOBATH TOJETHI B YCIOBUAX CIOKHOU
MECTHOCTH M HEOJIArONpHUATHON NOTO/IbI.

3. Peakius Ha BHewITaTHbIE cuTyauuu: CUMYJISITOPBI IOMOTalOT Pa3BUTh HaBBIKU
OBICTPOTO pearupoBaHHsl Ha aBapUWHBIC CHUTYyalldd, TaKhe Kak COOM CBSI3U WIIU
HaBUTALUH.

AcnekTsl, TpeOyIoLue yIyqIIeHUN:

1. MoaenupoBaHue 3KCTPEMAIBHBIX CUTYAlMl: XOTS CUMYJATOPBI YCIEUIHO
BOCIPOU3BOIAT 0Aa30BbIE aBApUNHBIE CLIEHAPUH, TPEOYETCs YIydIlIEHUE CUMYJIALNUU
PENKHUX U CII0KHBIX TEXHUUYECKUX COOEB.

2. IlosHass uMUTaLuMsl pPEaJbHOIO CTpEcca W HENPEICKa3yeMbIX ycioBHii: B
CUMYJIATOpPAaX CJIOKHEE CMOZCIMPOBATh SMOLMOHAIBHBIA CTPECC, CBSI3aHHBIA C
peanbHBIMU I10JIETAMUA U OTBETCTBEHHOCTBIO 3a TEXHUKY U MUCCHH.

Takum oOpazoMm, cumynstopsl BIIJIA sBAsSIOTCS BaKHBIM HMHCTPYMEHTOM B
MOATOTOBKE OIEpPaTOPOB, OJJHAKO TpeOyeTcs JajbHEMIIee pa3BUTHE TEXHOJOTUNA JJIs
MOBBIIIEHUST UX 3(P(HEKTUBHOCTH B MOJEIMPOBAHUU CIOKHBIX U SKCTPEMAJbHBIX
CLICHAPHEB.

Bwvisoov. B xonme wuccinenoBaHusi ObUIO MOATBEPXKICHO, YTO NPUMEHEHHUE
cumynaropoB  BIIJIA  3HauntensHo moBBIMIAET 3(PEKTUBHOCTH MOATOTOBKU
OMepaTopoB OECHUIOTHBIX JETaTeNIbHbIX ammapaTtoB. CUMYyISTOpPbI, TaKUE Kak
AppSim UAV Pro u SkySim Trainer, cnocoOCTBYIOT ObICTPOMY YCBOEHHUIO 0a30BBIX
HABBIKOB YIIPABJICHUS W HAaBUTALMM, IO3BOJSIOT ONEpaTOpaM pa3BUBaTh HAaBBIKU
NPUHATHSL PEIIEHUW B CIOXKHBIX CHUTYalUsAX, a TAKKE€ MUHHUMU3UPYIOT PHUCKH,
CBS3aHHbIE C OOy4Yye€HHEM Ha pealbHbIX BO3AYIIHBIX cydax. Mcnonb3oBaHue
CUMYJIATOPOB YCKOpSIET MpPoIlecC MOAroTOBKH Ha 25-30%, ymydiiaer crmocoOHOCTh
CIIPABIIATHCS C BHEIITATHBIMU CUTYALIUSIMU U IIOMOTaeT COKPATUTh BPEMsI peakLiM Ha
aBapuiiHbIe clieHapuu. TakuMm 00pa3oM, CUMYIISTOPHI MPEACTABISIOT COO0M BaXKHBIN
MHCTPYMEHT [iJIsi TOBBIIICHUS YPOBHS mpodeccruonanuzma omnepatopoB bBIIIA,
O0COOEHHO B YCJIOBUSIX CIIOKHBIX WJIM SKCTPEMAJIbHBIX MUCCHMA.

Pexomenoayuu:

l. VYnyuymenue cUMyIALUU SKCTPEMAIbHBIX YCIOBHW: Uil JalbHEHIIErO
MTOBBIIIEHNS KAYECTBA MMOJATOTOBKHA PEKOMEHAYETCS pa3BUBATh CUMYJIATOPHI, KOTOPbHIE
OyIyT Jy4lle MOJEIUPOBATH CIOKHbIE TEXHUYECKHE COOU, TaKKE KaK MOJHBIE OTKAa3bl
HAaBUTAI[MOHHBIX CHUCTEM, IIOTE€ps CBA3M C HA3eMHOM CTaHLUMEW, a TaKxKe
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HeMnpeCKa3yeMble M3MEHEHHUS TIOTOIHBIX YCIOBUNA. DTO MO3BOIUT Oosee 3(hpexkTHBHO
TOTOBUTH OINEPATOPOB K peajbHBIM IOJIETaM, OCOOCHHO B CJIOXKHBIX 30HaX WJIU MpU
BBINIOJTHEHUH KPUTHYECKH BaKHBIX 3a/1au.

2. Huterpamus ¢ pealbHbIMH CHCTEMaMHU YIOPABICHUS: Ui YIayOneHHs
MMMEPCHUBHOCTH OOyUEHUS CIENYET YCUIUTh MHTETPALIMIO CUMYJISITOPOB C pealbHBIMU
cucremamu ynpasieHust BIIJIA. OTo momMoxeT oneparopam JIydllle aIarnTupOBaThCs K
HEPEXOy OT BUPTYAJIbHOM Cpe/bl K peaJbHON IKCILTyaTaluH IPOHOB.

3. OOHOBEHME TPOrpaMM OOYYEHHS C aKLIEHTOM Ha KPUTUYECKHE CUTYAILHU:
[IporpaMMbl OATOTOBKU JIOJKHBI BKJIIOYAaTh OOJIbIIE TPEHUPOBOK IO YIPABICHUIO
BIUIA B ycnoBusX dYpe3BBIYAHHBIX CUTyallud U cOOEB. DTO HEOOXOAUMO Jis
MOBBILICHUSI  YCTOWYMBOCTH  OMEPATOPOB K CTPECCY M HEMpeIBUICHHBIM
00CTOSATENBCTBAM.

4. Vcnonp3oBaHHE MYJIbTUCHUMYJISIIMOHHBIX IIATGOPM: PpPEKOMEHAYETCS
BHEJPUTHh MYJIBTUCUMYJISIIMOHHBIE TUIAT(QOPMBI, TO3BOJSIONINE OJHOBPEMEHHO
TPEHHPOBATh OIMEPATOPOB M HAa3eMHBIE CIY>KOBI, YTO CIIOCOOCTBYET IyUIlIeH
KOOpJMHAIIMY U B3aUMOJCHCTBUIO B pEaIbHBIX MUCCHUSIX.

Ilepcnexmusbl uccnedosanus:

1. CpaBHeHue 3(G(EKTUBHOCTH PA3IUYHBIX TUIIOB CUMYJIATOpoB: B Oyaymiem
MCCJIEIOBaHMsI MOTYT OBITh HANpaBJeHbl HA JETaJbHOE CpaBHEHUE 3(PPEKTUBHOCTH
pa3HBIX TUIOB CUMYJISITOPOB (IIPOrPaMMHBIX, allllapaTHBIX U KOMOMHUPOBAHHBIX ) IS
noaArotoBku omneparopoB BITJIA. DTo mO3BOAUT BBISIBUTH, KAaKOW TUIl CUMYJISITOPOB
o0ecrieunBaeT Hauiydlllee OOy4deHHME JUIsl Pas3JIMYHBIX KaTEropuil ONepaTtopoB
(HauMHAIOIINE, OTIFITHBIC, BOCHHBIE HII TPAXKIaHCKHE).

2. H3ydeHue BIHMSHHUS CHUMYJIATOPOB HAa TICUXOJOTHMUYECKYIO TOJATOTOBKY
OTIepaTOPOB: BaXKHO MPOBECTH JaJbHEHININE UCCIICIOBAHMS BIUSHAS CUMYJIATOPOB Ha
MICUXOJIOTHYECKYIO0 TOTOBHOCTh OTMEPAaTOPOB K CTPECCY, CBSI3AHHOMY C YITPaBJICHHUEM
BITJIA B peanbHbix nonetax. OCOOEHHO ATO aKTyaJIbHO JIJIs1 OEPATOPOB, pa0OTAIOLIUX
B YCIIOBUSIX PUCKA, TJI€ SMOIIMOHATIbHAS YCTOMYUBOCTh UTPAET KIIOUYEBYIO POJIb.

3. Amamm3 3arpaT Ha OOydYe€HHE C HCIOJb30BAHHEM CHUMYJISTOPOB:
[lepcieKTUBHBIM ~ HANpaBJICHUEM  SIBISIETCS  UCCIEJOBAaHME  HKOHOMHYECKOU
s pexTUBHOCTH TIporpaMM OOy4YEeHHUS C MPUMEHEHHWEM CUMYISATOpoB. CpaBHEHHE
3aTpaT Ha TPaJWLIUMOHHOE OOYy4YeHHME M CHUMYJSIUOHHOE IO3BOJIUT OIPENEIUTD,
HACKOJIBKO CUMYJISITOPBI MOTYT CHU3UTh OOIIME PACXO/Ibl HA MOATOTOBKY OIEPaTOPOB,
O0COOEHHO B JUTUTEIBHBIX IPOrpaMMax 00ydeHUsI.

JlanpHelmye  MCCledOBaHUS MOTYT  TIOMOYb  YCOBEpPILEHCTBOBATbH
CYHIECTBYIOIINE CHUMYJATOPHI, PACIIUPUTh HMX BO3MOXHOCTH U  TOBBICUTH
s dexTuBHOCTH 00yueHus onepatopoB BILIA, 4Tto, B KOHEYHOM cyeTe, MPUBENET K
Oosiee OezomacHOM M A(PEKTHUBHON HKCIUTyaTallMM OECHUJIOTHBIX JE€TaTEIbHbIX
anmnapaToB B TPaKJAHCKOHN aBHAIIHH.
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P.K. Tyneymosa, O.B. XXupHosa

YIIAKCBI3 YIIIY AIITAPATTAPBI CUMYJISITOPJIAPLIHBIH
MBICAJIBIHJIA HUPPJIBIK TEXHOJTIOT UAIAPABI KOJJIAHY IbIH
YIIKBIIITAPABI JAVMBIHAAY YIEPICIHAETT TUIMALIITTH 3EPTTEY

Anoamna. Makanaoa yugpavlk mexnonousnaposvl YuKblumaposbl OAUblHOAY
yoepicinde Kondany, aman aumxanoa Yuwkbliuicolz yuly annapammapol (¥¥A)
CUMYTIIMOPIAPBIH NAUOAIAHY Maceneci Kapacmulpuliaovl. 3epmmeyoiy MaKcamsl —
¥¥A onepamopnapvin oxbimy 6apulcbinoa CUMYIAMOPAAPObIY, MUiMOilicin bazanay
JHCOHE ONAPObIH KaCIOU Hezi32l 0agobliapobl 0amblmy0agsl poJiiH aHblKkmay. 3epmmey
OapwicbIHOA KOJOAHLICMAZbL CUMYASIMOPILAP MeH 01apobl KONOaHy 20icmepine manioay
acacanvin, 0ICMYpai OKbimy 20iCMepPiMeH CAlbICMbIPMAIbl MAn0ay Hcypeizinoi.
Homuoicenep cumynamopaap npakmukaisi 0a20biiapobl HCblIOAM MeH2epyee HCoHe
Hakmol yulynapoagel Kamenikmepoi azaumyea blKnai ememiHiH Kepcemmi.
Kopvimvinovioa cumynsamopnapovt Koa0amy apkwlivbl OAUbIHObIK 6A20aplaMalapblit
Jrcemindipy OoubiHWa YCbIHbicAap Oepinin, asuayusivlk OKbImyO0asbl YUDPIbIK
MeXHON02USANAPObI KONOAHYObIH DOauaK 3epmme)y 6a2uimmapvl KOpCceminoi.

Tyiiin ce30ep: yu@pvlk MEXHONOUANAD, CUMYTAMOPAAD, VUIKBILUCHIZ YULY
annapammapbl, YUKbIUMaposbl 0aiblHoay, asuayusiivlx oiniv, ¥¥A onepamopaapuin
OKbIMY.

R.Zh. Tuleushova, O.V.Zhirnova

RESEARCH ON THE EFFECTIVENESS OF DIGITAL
TECHNOLOGIES IN THE PILOT TRAINING PROCESS: A CASE STUDY
OF SIMULATORS FOR UNMANNED AERIAL VEHICLES (UAVYS)

Abstract. The article examines the application of digital technologies in pilot
training, with a focus on the use of simulators for unmanned aerial vehicles (UAVS).
The aim of the research is to evaluate the effectiveness of simulators in the training of
UAYV operators and to identify their role in developing key professional skills. The study
analyzes existing simulators and their application methods, as well as conducts a
comparative analysis of their effectiveness compared to traditional training methods.
The results show that simulators contribute to the accelerated acquisition of practical
skills and reduce the risk of errors in real flights. The conclusion provides
recommendations for improving training programs through the use of simulators and
outlines directions for future research on the application of digital technologies in
aviation education.

Key words: digital technologies, simulators, unmanned aerial vehicles, pilot
training, aviation education, UAV operator training.
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BU®YPKAIIMOHHBINA AHAJIVN3 BETOHHBIX IOBEPXHOCTEM
A3POJPOMOB ITPU ITOMOIIHA BIIJIA

Annomayusn. B oannou cmamve paccmampuéaemcs UHHOBAYUOHHBIL NOOX00 K
aHanu3y COCMOSIHUS 831€MHO-NOCAOOYHBIX NOJIOC, NOCMPAOAGUUX OM 8030eLCmBUs.
PA3IUYHbIX (PAKmopos, ¢ UCHOAb308AHUEM (GPaKMAlIbHO-KIACMEPHO20 AHAIU3Ad U
becnunommuulx temamenvhvix annapamos (bIIJIA). Ocnosubim 21eMeHmom s6715emcsl
npumeneHue YpaKmanbHo20 aHAIU3A U COBPEMEHHBIX MEXHON02UU UCK)YCCMBEHHO20
UHmMesleKma 0Jisl 8bIAGNEHUS U OYEHKU KOPPO3UU U Opyeux 0eghekmoa.

Knrwueswie cnosa: ppaxman, bII/IA, asuayus, 6emon, bugypaxayus, aspoopom.

B coBpeMeHHOM Mupe BOMpOChl 6€30MaCHOCTH U 3()PEKTUBHOCTH IKCILITYaTALUH
aBUAIMOHHBIX 00BEKTOB MPHOOpeTatoT Bce Oonbliee 3HaueHne. OTHUM U3 KITFOUEBbIX
aCIeKTOB SIBJIIETCS. CBOEBPEMEHHOE OOHapy)X€HHE M YCTpaHEHHE KOppO3UU Ha
B3JIETHO-TIOCAIOYHBIX TI0JIOCaX. TpaJiMIMOHHBIE METOJbl HWHCHEKLIHUH 3a4acTyIo
TpeOyIOT 3HAYUTENbHBIX BPEMEHHBIX M (PMHAHCOBBIX 3aTpaT, a TAaKKe BOBJICUEHHUS
0O0JIBIIOTO KOJIMYECTBA CIELUAIUCTOB. B 3TON CBA3M, MCIOJIb30BaHNE OECTIMIIOTHBIX
nerarenbHblx anmnapatoB (BIIJIA) B coderanuu ¢ mepegoBbBIMU METOJAMU aHAIIN3a
JAHHBIX, TAaKUMHU KakK (paKTaabHO-KIACTEPHBI aHaiu3, NPEeICTaBIseT Cco0oi
MEPCIEKTUBHOE HANpPABJICHWE JUIsl TOBBIIMICHHUS ONEPATUBHOCTH U TOYHOCTH
BBISIBJICHUS 1e(DEKTOB.

[lenp aHHOM CTaThbU — pACCMOTPEHHE BO3MOKHOCTEN MPUMEHEHUS (PPaKTATILHO-
KjactepHoro aHanusza B Komruiekce ¢ BIUUIA gns 3@dekTuBHOrO MOHHMTOPHUHIrA
KOPPO3UH Ha B3JIETHO-TIOCAJ0YHBIX MOJI0ocax. Mbl 00CYyIUM TEOPETUYECKHE OCHOBBI
(pakTaabHOTO U KJIACTEPHOTO aHAJIN3a, PACCMOTPUM MPUMEPHI YCIICIIHOTO BHEAPEHUS
JaHHOM TEXHOJIOTUH, a TaKKe OOCYAMM IEpPCHEeKTUBBI U BO3MOXKHBIE MPOOIJIEMBI,
CBSA3aHHBIE C €€ MPAKTUYECKUM IPUMEHEHHUEM.
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[Ipeapiaymine uWcCClAeNOBaHMS — IOKAa3aldd, YTO TPAJAMLMOHHBIE  METOJBI
JUArHOCTUKH, TAKWE KaK BU3YaJbHBIA OCMOTP M YJIbTPAa3BYKOBOE HCCIEIOBAaHUE,
o0nafaroT 3HAYMTENbHBIMU oOrpaHuyeHusiMu. Hamnpumep, B pabote [1] Obuia
IpEeACTaBICHAa METOMKA UCII0JIb30BAHNS MAILIMHHOTO 3pEHUS JI aHAJIN3a YCTAIOCTH
OETOHHBIX KOHCTPYKIMI. OHAKO 3Ta METOUKA TPeOYeT 3HAUUTEIbHBIX BPEMEHHBIX
1 (PMHAHCOBBIX 3aTPaT, a TAKXKE HE BCeria 00eCeunBaeT IOCTATOYHYIO TOYHOCTh MpHU
BBISIBJICHUY HAYaJIbHBIX CTA/IUI MOBPEKICHUI.

B npyrux nccienoBaHusix, TaKuX Kak CTaThs [2] paccMaTpUBaIMCh BO3MOKHOCTH
npUMEHEHUs1 (PaKTaIbHOTO aHaiu3a JJIsl JUArHOCTUKH COCTOSIHUSL OETOHHBIX
KOHCTPYKUMH. OTOT METOJ IMOKa3al BBICOKYI0 S()(PEKTUBHOCTh B BBISBICHUU
MUKPOCTPYKTYPHBIX H3MEHEHHUI, OJHAKO €ro MpHMEHEHHE Ha MpPaKTHKE Tpedyer
BHEJIPEHUSI MOIIHBIX BBIYMCIUTEIBHBIX PECYPCOB, KOTOPHIE HE UMEIOT MOOUIIBHOCTH.
HecmoTpss Ha OOWIMPHYIO HAay4yHYIO JUTEPATypy, OMYyOJUKOBAHHYIO MO JaHHOMY
BOIIPOCY, JAHHOE HCCIeAOBaHHE (POKYCUPYETCS Ha HEJOCTATOYHO PACKPBITOU
npobJieMe UHTeTpaluu (PpakTaabHOTrO aHaidu3a ¢ ucnonbzoBanueM BIUIA u UU nis
OTNEepaTUBHON TMAarHOCTUKU CTPOUTEIBHBIX COOPYKEHHMH M pacueTa AUPPaKIIMOHHBIX
¢bpakranoB (nudpakranos).

HccnenoBanue npoBoaAnIoch Ha aspoapomax Keipraeickoii PecyOinku, a Takxke
Pecny6uku Kpeim 1 Maraganckoit o6macTu.

OOBEKTHl BKIIIOYAIM B3JIETHO-NOCAJAOYHBIE IOJIOCHI, JOPOTHM U JIpyrHue
uH(pacTpyKTypHbIe coopyxenus. [3] Kiumarudeckue ycioBusi BApPbHPOBAIUCH OT
YMEPEHHBIX J10 IKCTPEMAJIbHBIX, UYTO 00ECIIEUHIIO Pa3HOOOpa3He NTaHHBIX JIJIs aHAJIN3A.
JUist uccnegoBaHMsl 3a OCHOBY OblUla B3siTa MOJENb W3 MPOBEACHHBIX paHee
HCCIIENOBAaHNM [3], Tak pemras KpaeBylO 3a4ady, Mbl MOJIYYWIIA MaTeMaTHYECKYIO
MOJEJIb JIsl TOYHOT'O BBIUKCIEHUS (PPAKTAIBLHON pa3MepHOCTH OETOHA:

2
D = lim 2¥@D) (1)
-0 ll’lg

Ine N(6?) — MUHMMAJILHOE YHCIIO S9eeK paguyca O , HOKPHIBAIOIIEE HCXOIHOE
MHOECTBO.

Peanusys nannyro GopMyiy U pemias CIEIYIOUIYIO 3a7ady, MOKHO MPUUTH K
CJICNYIONIMM CBOWCTBAM, KOTOPBIE OMNUCHIBAIOTCS uepe3 (YHKIMIO TMepeaadu
BEKTOPHOM KOOpAMHATHI P B MNpeaMeTHoW rmmiockocTd. CoriacHO Teopuu
npeobpazoBanust dypbe B HalbHEH W OMMKHEH 30HE H3IIYYCHHUS, a TakKXe C
CBOMCTBaMHM CaMOMOI00UsI pactpeiesieHus HHTEHCUBHOCTH [(§) B mpocTpaHCTBEHHOM
00BEKTE MOKHO 3aMKcaTh B BUIC BEKTOPHON KOOPAMHATHI B JAHHOM KYOHYECKOM WA
chepudeckoM 00BEKTE, TP YCIOBHH, YTO MBI 3aBEIOMO CUNTAEM KaXK/IbIi 00HEMHBIN
00BEKT MOXKET MPEACTABISATH COOO0M JIEMEHTHI IIOCKOCTEH.

DTO ypaBHEHHE TOKa3bIBaeT JudpakTad B paclpeieieHud ¢ MaclITaOHbIM
Kod(purmeHTOM.

A®) o A(6ug) (2)
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OTOT aHanu3 TMO3BOJSET HCMHOJIb30BaTh HOBBIA CIOCOO MJisi TMOHUMAaHHUS
CTPYKTYphl OOBEKTOB M HCIIOJIb30BaTh CBOMCTBa camMomoioOusi s Ooiee
TOYHOCTHOTO aHain3a. MaTremaTuyeckuil NOJXOJ, ONHMCAHHBIA TYT MpeiJiarer
3HAYUTENIbHBIN OTEHLMAN B 001acTy 1U(paKTaioB, a TAaKKE B IPUMEHEHUH TEOPUU
npeoOpa3oBanus Oypwe I aHAIH3a Xa0TUIECKUX CTPYKTYP. [4]

Wtepanyy NOBEpXHOCTHBIX U BHYTPEHHUX SYEEK COOTBETCTBYIOT CIEK/I-KapTUHE
[OJyYEHHOW IpU MOMOIIM ONTHYECKUX HCCIEAOBaHUM, a (AKTOp CTPYKTYpbI
OIIpEICISICTCSl aJrOPUTMOM TOCTPOSHHS 3TOro (Qpakrana. [5], apyrumu cioBamw,

mudpakTal MOXXHO VYCIOBHO pa3lieuTh Ha TpU o0jactu — ¢pakTajbHYyIo,
MEPUOINYECKYIO U POCT.
A(x,y,2) = Agexpl= (x? +y2 + 29)]) 2)

B sTOM ypaBHEHHH MOIYEPKUBAETCS BAXKHOCTH (DaKTOPOB (POPMBI U CTPYKTYPHI
IpU aHajau3e NUQPPAKIIMOHHBIX KAPTUH (PPAKTATBHBIX CTPYKTYp M UX BIUSHUE HA
XapakTepUCTHKNA  MOJy4YaeMbIX  pe3yJbTaroB.  PaccMmarpuBaeMass — pelieTka
MPEJCTaBIIACT COO0OM MOENb CTPYKTYPhl OETOHHBIX KOHCTPYKIMHU. B miiockoctu 3Toi
pELIETKN aMILTUTYyAa BOJHBI U3MEHSETCA B 3aBUCUMOCTU OT (DYHKIIUU MPOMYCKAHUS
T(X, Y, Z), 9TO ONHUCHIBACT, KaK pa3JUYHbIC YYaCTKH PEIICTKH IPOIYCKAIOT HIIN
OJIOKUPYIOT CBET.

A'(x,y,2) = A(x,y,2) T(x,y,2) 3)

AMIITUTY1a BOJHBI, AUdparupoBaBlIell Ha JTON pEIIETKE, OMPENESETCs C
noMoInbko hopmysisl nudpakiuu Openens. [6] B koHTekcTe 3TOr0 aHanusa, hopmysia
mupakuun DpeHenss MO3BOJSET BBIYUCIUTH AMIUIMTYJY BOJHBI B IUIOCKOCTH
HaOII0ICHUS, TO €CTh TIOCJIe TOTO, KaK BOJIHA MPOIIIAa Yepe3 PelIeTKy U MpeTepresia
audpakiyio. [7] DTo BeIpakKeHHE BBITIISANT CIICIYIONIMM 00pa3oM:

Aspp = S—Zexp (% (6% +p* + <p2)> [ 467 T(x,y,2) exp(—2im(8x +py +
pz))dxdydz. (4)

YrioBoilt (daktop ¢ mnpeAcTaBiseT coOOM OCEBOM Yros TMpU OTPaAXKEHUH
U3ITyYeHUS IPU CKAaHUPOBAHHUH MTOBEPXHOCTH. DTOT YTOJI BXKEH JUIsl TIOHUMAHHUS TOTO,
KaK M3JIy9CHHE B3aMO/ICHCTBYET C IIOBEPXHOCTHIO MaTepraia U Kak OHO OTpakaeTcs
obpatHo B aeTekTop. [8] Yrii0Boit (hakTop yuuThIBaE€T HalIpaBJICHUE U HHTEHCUBHOCTD
OTPAXEHHOTO W3JIYYCHHS, YTO TMO3BOJIIET OO0Jee TOYHO HHTEPIPETHPOBATH
TUQPPAKIIMOHHBIC KAPTHUHBI M BBISBJISATH MUKPOCTPYKTYPHBIC OCOOCHHOCTH MaTepHala.

. pl
VYrinosoit daktop ¢ = acrtan—— TOMOTaeT ONPEJETUTh HaNpaBIeHHE, TOJ

KOTOPBIM U3JTy4YeHHE Han0o0Jiee MHTEHCUBHO OTPAYXKAETCS OT MMOBEPXHOCTH, UTO BAKHO
JUTSI TOYHOTO KapTHPOBAHUS ITOBPEKICHHIM.

T(X,y, Z) onuchIBacT, KaK pa3IMYHbIC yYaCTKH PEIICTKH B3aUMOJCHCTBYIOT C
MIPOXO/ISIIIICH Yepe3 HUX BOTHOU. ITO MOXKET BKIIFOUATH MOTJIONICHHE, OTPAKEHNE WITH
MPOXOXKJIeHWe cBeTa. VIHTerpamus B YypaBHEHHHM NPOBOJUTCS IO BCEM TOYKAM
PEIIETKH, YTO TO3BOJISIET YY4E€CTh BKJIAJl KaXJAOTO AJIEMEHTa CTPYKTYPhI B OOIIYIO
KapTUHY TU(PPAKITUH.
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[lomyuennass nudpakuroHHAs KapTHHA OTPAXaeT CTPYKTYpHBIE OCOOCHHOCTH
OCTOHHBIX KOHCTPYKIIMM, Takhe KaK HaJluuuhe TPEUIUH, MOPUCTOCTh H Jpyrue
MHUKPOCKOIUYECKUE Je(QEeKTbl. OTU OCOOEHHOCTH BIMSIOT Ha pacHpeleseHue
MHTEHCUBHOCTH CBETA B IIJIOCKOCTU HAOIIOACHMSL.

B ypaBHeHum (4), NIPOCTPAHCTBEHHBIE YACTOTHI OIPENCISAIOTCS Uepe3
KOOPJMHATHI U ¥ V, JUTHHY BOJHBI A U paccTosiHKe 0 OT pemeTKH JI0 TIOCKOCTH 0030pa.
3nech AmpencraBnsieT coOOW ANUHY BOJIHBI M3JIyYEHHUS, HCIOIB3YEeMOIro MJis
CKaHUPOBAHUS OETOHHOW MMOBEPXHOCTH HA HAJIMYKE MTOBPEKICHUM. BakHO OTMETUTB,

YTO MHOXHUTENb eXp (% (6% + u? + <p2)> , IPUCYTCTBYIOUIUN B YpaBHEHHUU, UTPACT

KIIIOYEBYIO pOJib, BHOCS (Da3oBbIi caBUr B audparupoBaHHyio BoiHYy. be3 3toro
MHOXXUTENsST ypaBHeHHE (4) cBoauTcs K mpeobOpaszoBanuio Dypbe s QyHKIMU
nponyckanus pemerku T (X, Y, Z).

@a30BbIil CABUT, KOTOPBII BHOCUT 3TOT MHOKHTEIIb, SIBJISIETCS BAJKHBIM aCIIEKTOM
aHannza audpakranoB. OH MO3BOJISIET YYUTHIBATh BIMSHHUE MHKPOCTPYKTYPHBIX
0COOEHHOCTEN MaTepuana Ha (POpMy U HHTEHCUBHOCTb 1U(pparupoBaHHON BOJHBI, YTO
O0COOEHHO Ba)XHO INPHU U3YYEHHUU KOPPO3UU OETOHHBIX KOHCTpYyKUMH. Pa3za BOIHBI
ONpE/ENsAET, KAaK CBETOBbIE BOJIHBI HHTEP(EPUPYIOT JPYyr € JAPYyroM IMOCIe
MIPOXOXKJICHUS Yepe3 pEeLIETKY, YTO T[O3BOJIAET BBISBISATH MHUKPOCTPYKTYPHBIE
W3MEHEHUS, CBI3aHHBIE C KOPPO3UEM.

®opm-pakrop F(§) B audpaknmmoHHOM — IKCIEPUMEHTE  IO3BOJISET
IIPOAHAIIN3UPOBATh, KaK CBET PACCEMBAETCSA HA DJIEMEHTAPHOM SYEHKE CTPYKTYpPHI.
DneMeHTapHO! SYEUKOW MOXKET ObITh, HaIpUMEp, MPSIMOYTOJIbHAS IIENb IHUPUHON
¢ = 1. Koaddumument dopmbl F(§) oTpakaeT MHTEHCHMBHOCTh CBETa, PACCETHHOTO
JTAHHOM CTPYKTYPHOU 0COOCHHOCTHIO. B KOHTEKCTE MOBPEKICHUSI KOHCTPYKIIUN ATOT
(dakTOop OCOOEHHO Ba)X€H, TaK Kak M3MEHEHHs B Kod(dduimente GopMbl MOryT
yKa3blBaTh Ha W3MEHEHHE CTPYKTypbl Marepuana, CBSI3aHHOE C pa3IMYHbIMU
HETaTUBHBIMHU COCTOSIHUSMM, TAKUMH KaK MOBPEXICHUE WIIA KOPPO3HUSL.

cos?(md)e

NHTEeHCUBHOCTh HU(PParupOBaHHOW BOJIHBI OINpPEAENSIeTCS] TPOIYKTOM (HopM-
daxtopa F(§), ctpykrypHoro daktopa S(8) u yrimoBoro dakropa ¢.

[(6)=F([)x S(O6) X ¢ (6)

OTa 3aBUCHMOCTH II03BOJISIET BBIABISITH M AHAJIM3UPOBaTh HW3MEHEHHUS B
CTPYKType Marepuajia, BbI3BaHHbIE Koppo3uei. Jludpakranbl, MOIy4YEHHbIE C
MOMOILBIO ATOTO METO/1a, MOT'YT MPEAOCTABUTH ACTAIbHYIO HH(POPMALIMIO O COCTOSIHUU
Marepuaia U CTENEHU €ro MOBPEXKIEHUs, YTO OCOOEHHO BaXKHO JIJIi CBOEBPEMEHHOIO
OOHapY>KEHHS U YCTPAHEHUS] KOPPO3UOHHBIX MTPOLIECCOB B OETOHHBIX KOHCTPYKIIHUSX.

Kak namMu BbIlie OBUIO BBIACHEHO W IIOKa3aHO B ypaBHEHUHM (6) Takue
nudpakTansl 001a1al0T MaclITAOHONM MHBAPUAHTHOCTHIO. B cBsA3M ¢ yem st Oonee
ToyHOro aHanm3a npu momoum Lidar u CCD-kamepsl KOTOpbIC YCTaHOBJICHBI Ha
BIUTA, HaM HYXHO pemuTh MPOOJEeMy CHHTE3a aHTEHH. DTO TMO3BOJUT Hallen
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HEWPOHHOU CETH OTOPOCUTH TIOMEXH, ONTHYECKUE a00epariu U Ipyrue BOSHUKAIOIINE
XA0TUYHO MMOMEXU B MOMEHT aHaJli3a COOPYKEHUH.

HaM Hy)XHO HalTH 35IeMEHT U TakuM 00pa3oM, 4TOObl CHHTE3UPYEMbI HAMH
curnai Lidar o6maman tpedyembiMu cBoiicTBaMu. KpoMme Toro, nckomasi ctaOuiIbHas
BEJIMYMHA JIOJDKHA COOTBETCTBOBATH HAIIMM TEXHUYECKUM TpeOoBaHUsM. B pamkax
Takoro mojaxojaa B paborax [5-7], mpeasiaraeTcsi OmpejesieHue CHHTE3UPYIOIIETO
CUTHAJa U M3 pELICHUS yPABHEHHUS:

f=A0)u (7)

Tak nama ¢ysxius A(S) sBiIsseTCs KOMIAKTHOM, TO CACIyeT MPUMEHUTH METOIbI
perymsiuu. Tak Hama 3amada wmietcs B uHTepBasie 0 <t <1 d¢yukuus u(t),
MOPOK/IAr0IIasi BBIXOIHOW CUTHAI:

f(©) = [] h(t,0)u(6)d 8, te [0,7] 7

Oyukuus f(t) 3amaeTcs UCXOAS W3 PA3NUYHBIX TEXHUUYECKUX TpeOOBaHHM K
Ka4yeCcTBY aHaJIH3a.

Hwxe na dynkuuio f(t) HaJOXKUM CIEAYIONINE YCIOBHUS:

1) Ha unrepBaiie [0, ] BeLACTSAIOTCS JBE 00JaCTH: 30HA IIEHTPATBHON KapTHHBI

T T T T T
A= [— U 30Ha OOKOBBIX KapTHH A, = [0 ] U —1:
0 [2—d0'2+d0] P 1 ’2 [2+d1' 2]’

_dl
2) |f(w)| < My, u € Ay;
3 If W] < Mo/m,u € [0,T]\(4, U Ay);
4) Ha Apdyukuus f(u) momKHA OBITH OCTPO HAIIPABICHHOM.
Crnenys [9], BBeeM (pyHKIIMOHAI, OLICHUBAIOIIUN «IHEPTETUUECKUE 3aTPaThD»:

wo(u()) = f, lu(O)I dt ®)

JUIst yMEHbLIEHUS TOTEPH IIPH CTIa)KMBAHUU BO3BMEM, YTO PACKPBIBOM SIBJISIETCS
He uHTepBan [0,1], a HEKOTOpPOE MHOXXECTBO CETMEHTOB, NPUHAIJICKAIIUX ITOMY
MHTEpBATY, WM, 4TO 00JIee COOTBETCTBYET TEXHUUYECKOW PEANbHOCTHU, MHOXKECTBO
IPSIMOYTOJILHUKOB, PACcIOIOKeHHbIX B KBaapare [0,1]° mmm MHOXeCTBO KybOB,
pacnonoxeHHbIX B Kyoe [0,1]3.

Pemass 3Tu ypaBHEHUS C YyYE€TOM CTPYKTYpHOro (hakTopa, MbI CO3JaeM
KOMITBIOTEPHYIO MOJI€NIb CTPYKTYpbl aBHALMOHHOTO TOKPBITHUA. ITa MOJENb
UCIIONB3YeTCsl I TOCIEAYIOIIEro aHajliu3a C NPUMEHEHHMEM HUCKYCCTBEHHOIO
unrtesiekta (M) ni1s1 BbIsSBIIEHHS TOBPEKIEHUN U KOPPO3UH MaTepHraioB. BuzyanbHo
sta 3D-mMojenb MpencTaBisieT coOOM CIO0XKHOE MPOCTPAHCTBEHHOE OTOOpaKEHHUE
KOHCTPYKIMH, BKIIIOUAIOIIEE E€TATM U OCOOEHHOCTH, CBSA3aHHBIE CO CTPYKTYPHBIM
(haxTopoM.
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Pucynoxk 1. DnemenTtsl mammaHOr0 3peHus B BIIJIA nipu ananuze
ITOBEPXHOCTH

Anammn3 ¢ nomoupo MU BBIABASET NMHUKA WHTEHCUBHOCTH INPOHUKHOBEHUS
M3IIyYCHHS] 4Yepe3 KOHCTPYKUHMIO. DTU MHKUA COOTBETCTBYIOT OO0nacTsiM Hauboiee
MHTEHCUBHOI'O B3aMMOJICHCTBHS BOJIH C MarepuajioM. B KOHTEKCTe HUCClelI0BaHUS
KOPPO3UM MaTepUaJIOB TaKWE€ MUKW MHTEHCUBHOCTH MOTYT YKa3blBaTh Ha HAJIU4YHE
KOPPO3MOHHBIX JE€(PEKTOB, U3MEHEHUI MUKPOCTPYKTYPBI WM IPYTHX aHOMAJIHI.

Ha ocHoBe TOJIydeHHBIX pe3ylbTaToOB, MbI  pa3paboTalii  CHCTEMY
uckyccrBeHHoro uHtemekra (MU), koropas Oyaer paboraTh C¢ OecCHUIOTHBIM
nerarenbHbiM anmapatoMm (BIIJIA) B pexume peanbHOro BpeMEHM Ui aHAJIW3a
COOPYKEHMH ¢ TOBpexAeHUsAMU. 11 3TOro HEOOXOAMMO Y4YeCThb HECKOJIBKO
KJIFOUEBBIX KOMIIOHEHTOB M 3TAIlOB pa3pabOTKH.

OCHOBHbBIE KOMITOHEHTHI HAILIEW CUCTEMBI:

1. OcnoBa cuctembl BIUJIA, xoTopsiii OyaeT MpoOBOAUTH TMOJIETHI M COOMPATH
JAHHBIE.

2. Raspberry Pi, st 00paO0oTKH JaHHBIX U YIIPABIEHUS JaTIUKAMH U CEHCOPaMHU.

3. Jlazepnsrit ckanep (LIDAR) nst momydeHrs TOUHBIX JAHHBIX O PACCTOSTHUH 10
00BEKTOB U CO3[JaHUSI TPEXMEPHBIX MOJIENEH MOBEPXHOCTEN.

4. CCD-kamepa BBICOKOTO pa3pemieHUs [JIsi TOJYYCHHS ACTAIU3UPOBAHHBIX
M300paXeHHUI MOBEPXHOCTU COOPYKEHHII.
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poeonne g e e
vehicle = connect('127.0.0.1:14550', wait_ready=True)

#

Initializing LIDAR and Camera

lidar = LidarSensor('/dev/ttyUsBe')
camera = cv2.VideoCapture(0)

#

Loading a Trained AT Model

model = load_model('damage_detection_model.h5')

def process_lidar_data(lidar_data):

# Convert LIDAR data to point cloud

points = np.array(lidar_data)

point_cloud = o3d.geometry.PointCloud()
point_cloud.points = o3d.utility.Vector3dVector(points)
return point_cloud

process_camera_data(frame):

# Image pre-processing

resized_frame = cv2.resize(frame, (224, 224))
normalized_frame = resized_frame / 255.0
return np.expand_dims(normalized_frame, axis=0)

analyze_damage(lidar_data, camera_frame):
# LIDAR Data Processing
point_cloud = process_lidar_data(lidar_data)

# Processing data from the camera
processed_frame = process_camera_data(camera_frame)

# Analyzing data using an AI model
prediction = model.predict(processed_frame)

# Interpretation of results

damage_detected = np.argmax(prediction, axis=1)[0]
return damage_detected, point_cloud

print("Arming motors and taking off")

Pucynoxk 2. [TporpaMmmHbIii Ko JUTsl PpaKTaIbHOTO aHAIM3a OBEPXHOCTEN
npu nomouu BITJIA peanusoBan Ha Python

Crnenyer OTMETHUTB,

YTO HAMH HCHOJIB3YeTCS YK€ paHee OOydyeHHas

KOHBOJIIOLIMOHHAsI HEUPOHHBIE CETh [2] IJIs aHau3a U MOUCKa KOPPO3HH B OETOHHBIX
3naHusX. lenepp ke sl ee MoAu(UKAIMU Mbl JOOABUIM M JIPYyTME€ THUIIBI
IIOBPEKIACHUN U CTPYKTYPHBIX U3MEHEHUN COOPYKEHUH, BBI3BIBAIOIIUX HETaTUBHbBIC

IIOCICACTBHS.

def main():

try:

print("Arming motors and taking off")
vehicle.mode = VehicleMode("GUIDED")
vehicle.armed = True

while not vehicle.armed:

time.sleep(1)

vehicle.simple_takeoff(10)

while True:

# Receiving data from LIDAR and camera
lidar_data = lidar.get_data()
ret, frame = camera.read()

if not ret:
continue

# Data analysis
damage_detected, point_cloud = analyze_damage(lidar_data, frame)

if damage_detected:
print("Damage detected!")

time.sleep(1)

except KeyboardInterrupt:

print("Landing")
vehicle.mode = VehicleMode("LAND")

while vehicle.armed:

time.sleep(1)

finally:

vehicle.close()
camera. release()

Pucynok 3. [IporpammubIif Kot 11 PpaKkTaIbHOTO aHa3a OETOHHBIX
coopyxenuir 1ipu nomoiu bITJIA peanuzoBan Ha Python
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Bo Bpems nonera Raspberry Pi 6yner nmonydats gannsie ¢ LIDAR u xameps! B
peanbHOM BpeMeHU. Takke Ha OCHOBE IMOJYYEHHBIX pe3yibTaToB B (8) Oyner
IPOBOAUTH (PUIIBTPALIUIO IIIyMa, KOPPEKLIUIO U KaTUOPOBKY JaHHBIX.

Bvisoowi. B pesynprare Haiero ucciaenoBaHusi ObUl pa3pabOTaH U YCIHEIIHO
IPUMEHEH MeTO]l (PpaKTaIbHO-UTEPALMOHHOTO aHAJIN3a JIJIsl IUarHOCTUKHU COCTOSIHUS
OCTOHHBIX  COOPYXXEHHUI, B  YaCTHOCTU  B3JIETHO-NIOCAJAOYHBIX  MOKPBITH.
OcCHOBHBIE BBIBOJIbI UCCIIEIOBAHUS MOKHO C(HOPMYJIUPOBATH CIEAYIOLIMM 00pa3oM:

1. Hame uccnenoBanue NoATBEPAUIIO BBICOKYIO 3(()EKTUBHOCTh (PPAKTAIBHOTO
aHaJIu3a Ui BBISIBICHUS MUKPOCTPYKTYPHBIX M3MEHEHUH B MaTepuasiax OETOHHBIX
COOPYKE€HHUWA. DTOT METOJ MO3BOJISIET JI€TAaJbHO HM3y4aTh KOPPO3UIO, TPEUIMHBI U
Opyrue 1e(eKThl, 4TO 3HAUUTENIBHO MOBBIIIAET TOYHOCTh JUATHOCTUKU IO CPABHEHUIO
C TPaJAULIMOHHBIMU METOJJAMHU.

2. BrepBble OblIa yCIENIHO UHTEIPUPOBAaHA CUCTEMa (PPAKTaIHLHOTO aHAJIN3a C
ucnoap3oBanueM BIIJIA m MCKyCCTBEHHOrO0 MHTEIUIEKTA. JTO MO3BOJISAET IPOBOJUTH
ONEpPAaTUBHYIO JMATHOCTUKY M MOHUTOPHUHI B PEAJIbHOM BpPEMEHH, YTO SIBISETCSA
3HAYUTEIBHBIM IPEUMYIIECTBOM B YCIOBUSAX YPE3BBIUANHBIX CUTyal[UH.

3. Ucnonb3oBanue BIIIA, ocHamennbix LIDAR u CCD-kamepoii, B coueTaHUU
¢ ¢pakTanbHBIM aHanu3oM U MU, no3Bonser 6ojiee TOYHO U ONEPATUBHO BBISBISATH
CTPYKTYpHBIE TOBpEeXIEHUS. AHaln3 IU(PAKUMOHHBIX KAapTUH BBIIBUI IHKHU
MHTEHCUBHOCTH, COOTBETCTBYIOIINE 00JACTsIM HauOOJIBIIETO B3aUMOICHCTBUS BOJIH C
MaTEpUajoM, YTO YKa3blBae€T Ha HAJIMYUE KOPPO3UOHHBIX JE(PEKTOB U JPYrUX
MUKPOCTPYKTYPHBIX U3MEHEHUM.

4. TlosydyeHHBIE JlaHHBIE IIO3BOJISIIOT HE TOJBKO OOHAPYKUBATH TEKYIIHE
ne(eKTbl, HO U MPOTHO3UPOBATH MX Pa3BUTUE. DTO MMEET BaKHOE 3HAYECHHE IS
MPUHATHUS PEIICHUA O PEMOHTY M OOCTY>KUBAHUIO KeJI€300€TOHHBIX KOHCTPYKIUH,
YTO B KOHEYHOM UTOTE MOBBIIIAET UX 0€30MaCHOCTh U I0JATOBEYHOCTbD.

5. byaymue wuccnenoBaHus JOJDKHBI ObITh HaMpaBlEHbl Ha YIIy4IlIEeHUE
QIrOpUTMOB  0OpaOOTKM  JAaHHBIX, [OBBIIIEHUE YCTOMYMBOCTH CHCTEMBI K
HEOJIaronpHUsTHBIM TOTOJHBIM YCIOBUSIM M HWHTETpAalMI0 JPYTUX CEHCOPOB U
texHojoruil. Taxke BaxkHO pa3pabaThiBaThb METO/IbI ONITUMHU3ALINN BBIYUCIUTEIbHBIX
pecypcoB st oOecrieueHuss d(HPEKTHBHON pabOThI CHCTEMBI Ha MEHEE MOIIHBIX
YCTPOMCTBAX.

Hame wccienoBanue mokasajio, YTO HHTETpalnus (PpaKkTaJbHOTO aHajau3a C
ucrnonb3zoBanueM BIIJIA u UM npencraBnser coOod MOIIHBIA HHCTPYMEHT JUISI
MOHUTOPUHIA W  JMATHOCTUKHA  COCTOSIHUS ~ CTPOMUTENBHBIX  COOPY>KEHMIA.
Pa3paGoTanHblii MeTOA JEMOHCTPUPYET BBICOKYIO TOYHOCTH M ONEPATHBHOCTH B
BBISIBICHUH W MPOTHO3MPOBAHUM MOBPEKIEHUN, UTO OCOOEHHO Ba)XXKHO B YCIIOBHSIX
Ype3BblYaMHBIX CcUTyaluui. I[IpumMeHeHue HaHHOro MeToJa MOXKET 3HAYUTENIBHO
CHU3UTbH 3aTpaThl HA TEXHUYECKOE OOCTY>KMBAaHUE W PEMOHT COOPYKEHHUI, a TakkKe
MOBBICUTH MX KCILTyaTAllMOHHYIO HAaJIEKHOCTb.
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JL.H. lonenko, 1U.JI. Jounenko, C.JI. JloHeHKO

_ YHIKBIIICHI3 YIIY AIITAPATTAPBIHBIH KOMETIMEH
OYEAMJIAKTAPIBIH BETOH BETTEPIH BU®YPKALMSIJIBIK TAJIJIAY

Anoamna. byn wmaxanaoa ¢paxmanovix-kiacmepiik mandayovl HCIHE
yuwkbiucolz  ywy —annapammapvin - (¥Y¥A)  naidarama  omeipein,  apmypii
Gaxmopnapovly acepiner 3apoan UeKKeH Yuly-KOHY JHCONAKMAPBIHbIY HCAU-KYUIH
manoayea UHHOBAYUANLIK MACIl Kapacmuipwliaovl. Hezizei snemenm-koppo3ustbl
JHcoHe backa akaynapovl aHbIKMay HcaHme 0aganay yulin pakmanovlk mauoay MeH
3amManayu Hcacamobl UHMeENNIeKm MeXHON0USNAPLIH KOLOAHY .

Tyiiin ce30ep: ¢ppakman, YWKbIUCHI3 YULy annapammapul, asuayus, 6emon,
oughyprayus, aspoopom.

L.N. Donenko, I.L. Dorenko, S.L. Donenko

BIFURCATION ANALYSIS OF CONCRETE SURFACES OF
AIRFIELDS USING UNMANNED AERIAL VEHICLES

Abstract. This article discusses an innovative approach to analyzing the
condition of runways affected by various factors using fractal cluster analysis and
unmanned aerial vehicles (UAVSs). The main element is the use of fractal analysis and
modern artificial intelligence technologies to identify and evaluate corrosion and other
defects.

Keywords: fractal, UAV, aviation, concrete, bifurcation, airfield.
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THE UNIQUENESS OF BOEING AND AIRBUS AIRCRAFT

Abstract. This article analyzes the uniqueness of Boeing and Airbus aircraft, their
structural structure, technological innovations, and manufacturing processes. It is
analyzed how these companies differ from each other due to their different approaches
to aerodynamics, automated processes, quality of passenger service and production
efficiency. The main points that distinguish Boeing and Airbus from each other are
analyzed, and the article provides detailed information about their contributions to the
aviation industry.

Keywords: Boeing, Airbus, aircraft construction, technological innovation,
production processes, market strategies.

Introduction. Currently, it is possible to show Boeing and Airbus to large
corporations that make modern airships in the aviation industry. Each company has its
own constructive layout on airships, technological innovations, production processes,
and has its own characteristics through market strategies. Both corporations are
compared in the product portfolio, mainly large commercial aircraft and defense
equipment, but differ in some ways. Boeing has a significantly larger Defense
Department focused on research and development and production of military
equipment and equipment. In contrast, Airbus profits are much more dependent on its
passenger aircraft operations, with Boeing's relatively lower revenue stream as it is
even smaller than the total number of companies, in addition, Airbus has relied
extensively on subsidies and other government financial benefits throughout its history.

The main part. Boeing has historically focused on a pilot-oriented design
philosophy. This approach emphasizes the role of pilots, allowing for more manual
control and input at different flight stages. Boeing aircraft such as the Boeing 737 and
revolutionary 787 Dreamliner are known for their powerful manual flight capabilities,
providing pilots with direct control over the aircraft.

Airbus, on the other hand, supports a philosophy centered around automation and
advanced wiring technology. Airbus aircraft, like the A320 and A350, are equipped
with sophisticated computer systems that control many aspects of flight. This design
minimizes pilot workload and increases security through automated systems that
perform real-time adjustments [1].
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Table - 1 shows the product types of the production industry of both corporates.

Table -1
Product type Boeing Airbus
Passenger Aircraft Yes Yes
Cargo Aircraft Yes Yes
Corporate aircraft No Yes
Civil helicopters No Yes
Military helicopters Yes Yes
Corporate helicopters No Yes
Military aircraft Yes Yes
Satellites Yes Yes
Space Launchers Yes Yes
Weapon Yes No
Unmanned aerial vehicles Yes Yes
Reconnaissance aircraft Yes Yes
Commercial Aircarft Portfolio Comparison
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Figure 1. Graph of the height of flight of Boeing and Airbus aircraft and the
dependence on the number of passengers

Through the graph above, we can obtain information about the flight Heights and
passenger capacity of aircraft belonging to each privateer. The main factors that airlines
take into account when deciding which aircraft to use on a particular route are mainly
focused on the intensity-dependent route. Note in the graph two separate groups that
clearly distinguish narrow-body aircraft from wide-body aircraft. Naturally, there is a
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linear relationship between aircraft range and passenger capacity-more passenger-
carrying aircraft have a longer range. For example, a particular airline prefers to operate
multiple flights per day on a short but high-demand route using a short, narrow-distance
body plane as opposed to a single flight on a high-powered aircraft. It is a financially
precise choice of perspective, minimizing investment in large, expensive aircraft that
remain most empty for part of the day and additionally offers travelers the flexibility
to travel in the preferred time frame. In fact, an aircraft is an income-generating asset,
and the aircraft increases its profits by making the maximum profit the time the aircraft
is flying [2, 5].

Technological innovations are at the forefront of the integration of modern
materials and technologies into Boeing's aircraft. The Boeing 787 Dreamliner is a
prime example involving the extensive use of composite materials that reduce weight
and increase fuel efficiency. Boeing also pioneered the use of braced wingtips and
advanced aerodynamics to improve performance.

Airbus has made significant progress in introducing innovative technologies such
as the "cockpit commonality™ concept, which allows pilots to switch between different
Airbus models with minimal retraining. Airbus also became a leader in the
development of sustainable aviation technologies, focusing on reducing emissions and
noise pollution through advanced engine designs and aerodynamic improvements [1].

Midsize widebody 2022 orders 2022 deliveries
BOEING 767 tankers & freighters
—— I31 E I31
BB A330
—— ......._:. - — - 0 E 9
A330neo
\ S [l 65 ;23
BOEING 787
— . s B 5

A350-800/900

AIRBUS

Figure 2. Mid-size and wide fuselage airships of Boeing and Airbus bodies
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Large widebody 2022 orders 2022 deliveries
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Figure 3. Large-scale and wide-fuselage airships of Boeing and Airbus bodies.

Jumbo/superjumbo 2022 orders 2022 deliveries
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Figure 4. Jumbo / super jumbo aircraft

Production of the aircraft is seen to lag behind the plan in production due to delays
in spare parts and lack of labor in suppliers. Processing on many of the aircraft collected
in Boeing's inventory for over three years is slow and laborious. Still in December
2022, it brought the total delivery of Boeing aircraft to 480, with an average of 40
aircraft per month. Boeing Commercial Aircraft CEO Stan contract company, 737
continued to deliver 787 production stabilization, 777-8 cargo launch and, most
importantly, 8 Worked hard to meet our customer obligations. Against Boeing's
number 479, Airbus delivered 661 jets in 2022. However, 700 deliveries for this year
were far below Airbus ' target. CEO Guillaume Faury cited delays in receiving parts
due to the ongoing impact of the covid-19 pandemic, the war in Ukraine, energy supply
problems, inflation and limited labor markets. "The supply chain remains fragile,"
Fauri said. And yet, Faury repeated his ambitious Airbus goal to expand its A320
single-lane production to 65 jets per month next year and 75 jets per month "mid-ten"."
Obviously, Airbus aims to continue the outproduce of Boeing, which is struggling to
get higher MAX production than 31 jets per month. Airbus was the first to overtake
Boeing in aircraft production in 2003 and then took this 1st place for nine years. At the
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peak of 787 deliveries in 2012, Boeing regained 1st place and held it for seven years
until 2019 when the second 737 MAX crashed in Ethiopia. Airbus has been on top
since [5].

Manufacturing processes Boeing uses a global manufacturing network with
significant parts of aircraft parts manufactured by suppliers around the world. The final
assembly was held at Boeing's major U.S. plants, primarily in Everett and Renton,
Washington. This decentralized approach allows Boeing to use global expertise and
simplify production costs.

Airbus operates a more centralized production model in Europe, particularly with
large assembly lines in Toulouse, France and Hamburg, Germany. Airbus also has
assembly facilities in China and the United States that reflect its strategy to meet global
demand. The Airbus manufacturing process is characterized by a highly integrated

supply chain and the use of modular assembly techniques that increase efficiency and
flexibility.

1,000,000 Have
dalaysia  Hong Kong . Qatar
| Maldives Icqland.
Thailapd Turkey vt . UAE + Singapore vay
" Spain . e .
100,000 14, 3 - i KR Caustralia Switzerland Luxembourg
. * o Usa
Indonesi +
ﬂ\ \‘.\‘Glfrrmﬂn:-.r
5+ France
10,000 14
E +
m
@
a2 Global ave. South Korea
E 1,000 e
t e, e China
g Y Migeria
]
E 100 |DR Congo
-
(=1
m
L]
E
]
g 10 -
1]
"
[+ 1]
]
1 T T T T T
0 20 40 &0 a0 100 120

GDP per capita (USD000)

Figure 5. Airline options relative to GDP

This chart adjusted GDP per capita of several countries to the capabilities of its
airlines-this Global market forecast includes an estimated growth forecast for travel
from 2019 to 2038, divided by geographic regions). However, it can be noted that
insider sources require air traffic to return to pre-pandemic levels by 2024 (Bouver et
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al., 2021), the dynamics that drive this growth is expected to be a very long-term
expectation.

Market Strategies Boeing traditionally addresses the American market and has a
strong position in the Asia-Pacific region. Its market strategy is to produce aircraft sizes
and types to meet the needs of different airlines. The strength of the Boeing market is
strengthened Dby its strong ties with major U.S. airlines and a solid defense and space
division that complements commercial aircraft sales.

Airbus has a more balanced market in Europe, Asia and the Americas. Airbus's
strategy emphasizes innovative and customer-oriented solutions, offering a family of
aircraft with common features and components, reducing the cost of airline
maintenance and training. Airbus has also been aggressive in increasing the
environmental efficiency of its aircraft in line with global sustainability goals.

2020 5-year trend
Total Assets Cash &Short-Term Investment
1608
25598 [ —— .
Total Debt
1208
64948 - .
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0
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o ¢ 2 Book Value Per Share
-31.45

Figure 5. Boeing Balance Sheet Overview

The most surprising thing about Boeing's balance sheet is the sharp increase in
cash and short-term investments and total debt in 2020, which coincided with the
additional measures taken by the firm to maintain its liquidity. In addition, shareholders
' equity reached negative values for the first time in 2019, when the firm reached
negative equity after 737MAX groundings, which was further exacerbated by the
pandemic, reaching more than us $ 18b [6, 7].
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Figure 6. Airbus Balance Sheet Overview

5-year trend

The Airbus balance shows a similar trend, let it be less heavy. The firm's cash and
short-term debt investments grew rapidly in 2020, while its overall liabilities remained
relatively constant. In contrast to Boeing the firm did not record the capital of negative

shareholders after the pandemic
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Figure 7. Boeing Revenue Statement

S5-year trend

The Boeing revenue report gives a negative picture of the companies revenue-
related operations deep from scratch in FY 2020. At the quarterly level, after a heavy
loss in the last quarter of 2020, the company reported significantly higher revenue in
the first quarter of 2021. Sales and revenue growth have already declined sharply in

2019 and have remained similar in 2020.
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Conclusions. Boeing and Airbus are the main competitors in the commercial
aviation market. Their struggle for market share is in the segments of narrow-body and
wide-body aircraft. Airbus is actively implementing the latest technologies such as
composite materials and automation, which makes its aircraft more economical and
environmentally friendly. And Boeing is also focusing on innovation, including
developments in autonomous flight and safety systems. Both manufacturers offer low-
maintenance models, but specifications may vary depending on specific models and
airline requirements. Boeing has faced problems such as incidents with the 737 MAX,
which has affected its reputation. Airbus, in turn, also had its difficulties, but generally
enjoyed stable trust. Both manufacturers are focused on sustainable development,
introducing technologies to reduce their carbon footprint and increase fuel efficiency.
Boeing and Airbus have a wide network of service centers and support, which is
critically important for airlines in terms of maintenance and spare parts. Overall, both
companies continue to evolve and adapt to changes in the industry, offering
competitive solutions to their customers. The choice between them often depends on
the specific needs and strategies of the airlines.

N.C. Marypazos, C.K. Ogam6oeB
BOEING )KOHE AIRBUS YINAKTAPBIHBIH BIPETEMJIITT

Anoamna. byn maxanaoa Boeing owcone AIrbUS ywaxmapuvinoly 6Oipeeetinici,
011apObIY KYPUIIBIMObIK KYDbLIbIMbL, MEXHOJIO02USIbIK UHHOBAYUALAPLL, OHOIPICMIK
npoyecmepi Mmanodanaowl. byn KOMNAHUSLAPObIH aA’apPoOOUHAMUKARA,
ABMoOMammanobIPbLIZAH NPpoYecmepee, HColayubliapaa Kbl3mem Kopcemy canacvlia
JHCOHe OHOIpic MUIMOINiciHe Oe2eH apmypli KO3KApAcmapuvlHa OauiaHvicmsl Oip-
Oipinen xanail epexuwienenemini mandanaosi. Boeing nen Airbus-mor 6ip-6ipinen
epeKuieneHoipemin He2izel ounap mandaHaobl HCIHE MAaKaiadd Oaapovly asuayus
canacvina KOCKau yarecmepi mypaivl mMoablK aknapam 6epineen.

Tyuin co3oep: Boeing, Airbus, yuwax sicacay, mexnonocusnvi unHosayusiap,
OHOIpICMIK npoyecmep, HapbIKMblK CMPameusiiap.

N.C. Marypazos, C.K. Ogam6o¢eB

YHUKAJBHOCTBb CAMOJIETOB BOEING U AIRBUS

Aunomauun. B Oannou cmamve aHAIUUPYEMCSA YHUKATLHOCHb CAMOJIEnO8
Boeing u Airbus, ux koHcmpykmugHoe ycmpoucmeo, mexHoa02uiecKue UHHO8ayul u
NpPOU3800CMBEHHbIE NPOYECChl. AHAnU3Upyemcs, uem 3mu KOMHAHUU OMAUYAIOMCS
opyz om Opyaa u3-3a pasiuyHblx H00X0008 K A3POOUHAMUKE, ABMOMAMUZUPOBAHHBIM
npoyeccam, — Kawecmey — OOCIAVIHCUBAHUS — NACCANCUPO8 U dhhekmusHocmu
npouszeoocmea. llpoananuzuposansvl ocHogmvie Momenmyl, omaudarouwue Boeing u
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Airbus opye om opyea, u 6 cmamve npeocmasiena noopooHas ungopmayus o6 ux
8KIIa0€ 8 ABUAYUOHHYIO OMPACTD.

Knwueevie cnosa: Boeing, Airbus, asuacmpoenue, mexHoI02UYecKue
UHHOBAYUU, NPOU3BOOCNBEHHbIE NPOYECChL, PLIHOUHbLE CIPAMESUU.
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BOEING 737 JKOHE BOEING 757 YINAKTAPBIHBIH
TUJIPABJIMKAJIBIK JKYHECIHIH KYPBLIBIMBIH CAJIBICTBIPMAJIBI
TAJIJIAY

Anoamna. Oye Kemenepiniy 2uopasiukanvlk icyuenepi, acipece Boeing 737
Jocone Boeing 757 ywakmapwviHOa, 01apobly KYPbLIbIMbL MEH HCYMbICHIHbIH
adxcvipamac oeniei bovin madwiiadsl.

Onap ywy Kayincizoiein xammamacwlz emyode, OYpblLivicmapovl Oackapyoa,
KaKnaxmapobvl, ulaccudi komepyoe dcame mycipyoe dcame Yulyobly 0acka 0a Maybl30bl
acnekminepinoe wewywi pen amkapaowl. "l'uopasnuxa” cesi epexmin "cy" cezinen
WBIKKAH JiCoHe 0acmankuloa MblHbIUMbBIK NeH KO32ANblCMAgbl CYOblH (DUUKATILIK
MiHe3-KYIKbIH 3epmme)0i 0indipedi. Yuakmapovly cuopasiukaivlik xcylienepi Yuax
KOMNOHEHMMEPIHIK JHCYMbICbIH Kammamacwlz emeoi. Illaccudiy, wenbepnepoiy,
JHCEHIN PYNbOEPOIH JHCaHe mediceciumepoil HCYMbLCbl He2l3iHeH cUOPABGIUKANLIK KYam
Jcyienepiniy Komecimen Jcyseze acvipuliaowl. Tonvizvipax moxkmanap 6oacax, Boeing
737 ocone Boeing 757 2u0pasiuKkanvlk dCyuenrepin CaivblCmuvlpmManibl maioday OcChl
MOOeNb0epOiy, MEeXHUKANbIK CUNAMMAMANApbl MeH (DYHKYUOHANObIRbIH MY CIHY0e2l
JHCoOHe dceminoipyoeci Mauvi30bl Kadam 007bin mabwuliadvl, OV catbln KeaceHoe
ABUAYUATBIK, MACLIMALOAYObIH CANACLL MeH KAYINci30ieiH JcaKcapmyead biIKnai emeoi.

Tyitin ce30ep: Yywak, ouzaiiH, UOpPaAGIUKAILIK dcyie, Ilackane 3anbi,
AKKYMYAAMOp.

Kipicne. bapnwix Boeing 737 ymakrapsl 3 TUIike OOTIHTEH:

737 Original (Tymayckansik), 737 Classic (Kimaccukanbik) u 737 Next Generation
(Keneci renepenns, NG).

Original: 737-100, -200

Classic: 737-300, -400, -500

Next Generation: 737-600, -700, -700ER, -800, -900, -900ER, BBJ, BBJ2

Komnnmansicrarel Boeing 737 ymakrapeinbiH ken Oeuriri Classic men Next
Generation Tumreri ymakrap.

Oye KeIulepiHiH ymakrapasl ataysl: Boeing 737-200- B732, Boeing 737-600-
B736, Boeing 737-700- B73G, Boeing 737-800- B73H. Beprukampai KaHaT
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yimtapeiMeH (yuHrnertep) »xabapikranraH ymaktap 737W nemece 739W nen
oenrineneni. Herizinen ymak MoaubuKanusaapbiHbIH aTaybl (IO3€NsK Y3bIHBIFbIH
oinmipeni. Anaitna 6 dro3ensbk HyckacbiHa 9 atay coiikec.

XKanapmait yHeMIUTITIHIH a3/IbIFbIHAH, KO3FAITKBIIITAP/bIH KATThI ITYbIHAH XKOHE
KbIMOAT KbI3MET Kepceryre Oaitmanpictel 737 Original TumiHiH yIimakTapsl
KOJIJIaHBICTaH Te3 IIBIFBIN Kaael. 737 Original yiaktapseiHblH Boeing 727 mojeniHiH
0acTbl aWBIPMAIIBUIBIFBI- YINAK KAaOWMHACHI €Ki VIIKBIIIKA apHaIbI KacaJibl,
OopTuHXKEeHEp KaxkeT Oonmazabl. KeliHipek ekl »KHHax MYIIECiHe apHaIbIII
’KacalblHFaH KaOWHa, JK0JayIlbl YIIAKTaphl YIIIH CTAaHAAPTTHI OOJIBII KETTI.

Bounr 737 Heri3inje >kacajdblHFaH apHaWbl d9CKepU YIIAKTapAblH OipHelle Typi
oap.

T-43- AKIL ©OK mtypMangapbeia faspiay yiIiH KojaaHbuiateiH Boeing 737-
200 ymarer. KeiiOip ymakrap agamaap taceiManbiHa apHaiFaH CT-43 myckackiHa
©3rePTUITEH.

C-40 Clipper- 737-700C Heri3ine xacanraH TackiManaayiisl yirak. C-9 Skytrain
IT yimarpia anMacteipy yiriH xacanrad. C- 40B xone C- 40C AKII ©OK xorapsr
HICH/I1 9CKEPWIIEP Il TachIMalay YIIiH KOJIJaHbLIA bI.

Project Wedgetail- bounr 737-700IGW HerisiHie jKacaJblHFaH aJjbIC
PaAMONOKAIMAIBIK OaKbulay yiiarbl. EH anramkbl Tamncelpeic Oepyini AycTpayius
OOK.

Boeing 737 xone Boeing 757-Boeing KOMIaHUACH! jKacaraH >KOHE IIbIFapraH
JKOJIaylIbUIap VINAKTapbIHBIH €H TaHbIMal eki Mmojeni. Boeing 737-aBuanus
TapUXbIHJAFbl €H COTTI JKOHE Y3aK eMip CYypeTiH MozenbaepAiH Oipi. Boeing 737
opTypIti MogubuKaIMsIapra ue, consly iminae 737-300, 737-400, 737-500, 737-600,
737-700, 737-800 >xone 737-900 Boeing 757-a¢ Gipuerie Mmoaudukamys 6ap, COHbIH
imiage 757-200, 757-200 PF (xyk Hyckacser), 757-200m (xoyraymisiiap MEH KYKTEpre
apHajiFaH apanac Hycka), 757-300 sxone 757-300M. Boeing 737 sxone Boeing 757 ne
opTYpil yuly cumarramanapeiHa ue. Boeing 737 opeTrre KhICKa KOHE OpTa
KAIIBIKTBIKKA KOJIJAHBLIAbl, MaKCUMAJbl Auana3oHbl ImamameH 5700 kM 3koHE
MaKCHMAJIJIbI KbUIIaMIBIKKA maMaMer 940 km/car »eTyl MyMKiH. ExiHI skaFbIHaH,
Boeing 757 y3ak KalIbIKTHIKKA apHAJIFaH, MaKCUMaJIAbl Auana3oHsl mamMameH 7400 km
’KOHE MaKCHUMaJIIbI JKbIIIaM/IbIKKa mamaMeH 950 km/car xeTyi MyMKiH. [1]

[MunpaBnukansik xxyite Boeing 737 sxone Boeing 757 yimakrapbiH Koca ajdfFaH/a,
oye KeMeJIepiHiH Heri3ri kyhenepiHiy Oipi Oombin Tabbuiaasl. O THAPABIMKAIIBIK
COpFBIJIaH IIACCH, aiHaMajbl KYPBUIFbUIAp, KaHAT OeTTepiH Oackapy xkoHe Oacka
KyHenep CHSAKTBI JKETEKTepre KYII IEeH SHEpPrusiHbl Oepyal KaMTamachl3 €Tel.
['unpaBauKanbIK Kyie Yy Kaylrnci3Agiri MeH sKalilbl YIIaKThIH dKYMBbICHIHIA MaHbI3]IbI
PO aTKapabl.

Heezizei 6onim. I'mapoxkyiere TeXHUKAJBIK IOy

[MunpaBIuKaNbIK KYHEIepIiH CYHBIKTBIKTAPhI, €H aIBIMCH, KYIITEPAi SpTYpi
KOHJBIPFbUIapFa Oepy JKoHE TapaTy YIIiH Kojmanbutafgel. CyHBIKTHIKTap OyFaH
KaOUIeTTi, OWTKEeH1 oyiap ic Ky3iHAe ChiFbUIMaiabl. [lackans 3aHBl KOpIIanraH
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CYMBIKTBIKTBIH K€3 KeJITeH O6JIiriHe KOJIJaHbUIATHIH KBICHIM OapiibiK Oacka OemikTepre
TYPaKThl KapKbIHIBUIBIKIICH OepineTiHiH aiTaasl. Ocbuiaiiia, erep xyiene OipHerie
apHasiap 0osca, KbICBIMIBI OJapJblH OapiblFblHA CYWBIKTHIK apKbUIbI TapaTyra
Ooonazapl. ['mapaBnuMKanblK KYPBUIFBl OHAIPYIIUIEP] 9JIETTE KYMBIC >KaraaisiapbiH,
KOKETTI TEXHHUKAJBIK KbI3MET KOPCETYl, >KYHeNepiiH IIIiHIe >KOHE CBIPTHIHIA
KYTLJIETIH TeMIepaTypaHbl, CYWbIKTBIKKA TOTEN Oepyl KepeK KbICBIMIbI, KOPPO3US
MYMKIHAIKTEpPIH JkoHe ©Oacka Ja >Kargaligapiabl €cKepe OTBIPBIN, OJIAPIbIH
XKaONBIKTApbIMEH MaiiallaHyFa €H KOJailsibl CYWBIKTBIK TYpPIH KepceTesl.
['unpaBnuKaiblK KYpPBUIFBl OHAIPYIIUIEP] SJETTE KYMBIC >KaFdailiapbiH, KaKeTTi
TEXHHUKAJIBIK KbI3MET KOPCETY/l, JKYyHelepaiH IIIHIe >XOHE CHIPThIHIA KYTLICTIH
TEMIIEpPAaTypaHbl, CYMBIKTBIKKA ToOTelm Oepyl KepeK KbICBIMIbL, KOPPO3HS
MYMKIHIIKTEpPIH JkoHE ©Oacka Ja >KaFgaiiaapabl €CKepe OTBIPHIN, OJIAPIBIH
KaOMBIKTaphIMEH TalalaHyFa €H KOJIAWIbI CYHBIKTHIK TYpiH Kepcerenl. bepinren
THJIPaBIMKAIIBIK KYHEre COMKEC KEeJIEeTiH CYHBIKTBIK COPFBUIAPIBIH, KJIalaHAapIbIH
KOHE TOPIICHBACP/IH >KAKChl THIFBI3JATYbIH KaMTaMachl3 €Ty VIIIH >KETKUIIKTI
KOHCHUCTEHIIUSFa He OO0Jybl Kepek, Oipak o TOMEH TemIeparypara Te3imii
OonaThIHIal KaJIbIH 00JIMaybl KEpeK, OYJI KyaTThIH >KOFaTybIHA JKOHE KoFaphl JKymbic
TeMIiepaTypacbiHa okenedl. by dakToprap OeinmiekTepAiH JKYKTEMECIH >KOHE
mamaZaH TbIC TO3YBIH apTThIpafbl. ThIM CYHBIK CYHBIKTBIK COHBIMEH KaTap
KO3FaJlaThIH OOJIKTEp/iH HEMECe ayblp >KYKTeMelepre VIlblparaH OeJKTEep/iH Te3
TO3ybIHA JKEJEII.

XUMUSUTBIK TYPAKThUIBIK — TUPABIUKAIBIK CYHBIKTHIKTHI TAHIAY 12 6T€ MaHbI3]IbI
Tarbl Olp KacueT. bysl CYMBIKTBIKTBIH Y3aK YaKbIT OOWBI TOTBIFyFa >KOHE OY3bLIyFa
Kapchl Typy KaOuneTi. bapiiblk CYMBIKTBIKTap ayblp >KYMBIC KaFJalbIHIa KOJAKChI3
XUMUSJIBIK ©3repicTepre yuiblpaiabl. by, mbicainbl, )yiie jKorapbl TeMoeparypana
alTapabIKTall yaKbIT )KYMBIC 1CTETEH KE37I€ OPBIH aJIaIbl.

Harpg?gggmrhﬂblﬁ MacnsHoii 6ar TepmomeTp

Pesepeyap

MNpo6ka

Arperar

1 - cyper. Busko3umerp
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[MunpaBIUKaIbIK CYHBIKTBIKTAP IBIH YIIT HET13T1 KATETOPHUSICHI:

* Munepangap

* [Tommansdaonedunaep

* docdop KpIKBUIBIHBIH AhUpaepi

['uppaBnukanblK >KyHere KbI3MET KOpCETy Ke31HJE€ TEXHUK alIMACTBIPFBIII
CYMBIKTBIKTBIH ~ JYPBIC ~ CaHAThIH  KOJIJAHATHIHBIHA CEHIMJI  OOJybl  KEpekK.
[M'uapaBaMKanbIK CYHBIKTBIKTap MIHAETTI Typae yiieciMmai emec. Meicansl, MIL-H-
83282 MIL-H -5606 otka Te3iM/1 CYHBIKTHIKTBIH JacTanybl MIL-H-83282-11 otka
TO3IM/I eTreyi MyMKiH. [3]

[M'unpaBIUKaIBIK CYHBIKTBIKTHIH K€3 KEITeH TYPIMEH KYMBIC ICTeTeHIC opKalllaH
THICTI KOJIFAll TEeH Ke3/1 Koprayasl naipamaneiHei3. Erep FH-51/Hyjet tymanbpina
HeMece OyrapblHa ocep €Ty MYMKiH 0oJica, OpraHHWKajblK TYTIH MeH TyMaHIbI
KETIPETiH pecupaTop Kuto Kepek. Ke3 KenreH ruipaBIuKaibIK CYHBIKTHIKTHI )KYTYAaH
aynak 0oy Kepek. A3 Mellepie YJKEH Kayin OojiMaca J1a, Ke3-KEITreH MaHbI3]IbI
MeJIIIepil OHAIPYIIIHIH HYCKayJiapblHa COHKEC TEKCEpIl, COJIaH KEilH acKa3aH]Ibl
eMJICY/ll aypyXaHaHbIH 0aKblJIaybIMEH KYPrizy Kepek.

IK-neri ruapaBiaIuKabIK Kylesaep ;KYMbICHIHBIH HeTi3ri NIPUHIUNTEPI

¥maKkTblH TUIPABIMKAIBIK JKyHecl KbICBUIMAWTBIH CYHBIK OpTa apKbUIbI
KYLITepii O1p sKepJieH eKIHIII XKepre KoJJJaHyFa, KoOeuTyre xoHe 0epyre MyMKIHIIK
oepeni. ['mapasiuka-06apabIK JEpIiiK 3aMaHayy YIIAKTapIbIH MaHbI3/bI xKyliec. JKeHut
yIIaKTap/ia TUAPABIMKA HETI31HEH TeXey KYIITepiH KaOWMHaJaH TEXKETII JHUCKIre
HeMece OapabaHFra KeOeTy xoHe Oepy YIIH KOJIIaHbUIa IbI.

I'uppaBnukaneik oxkyhe Ilackans 3aHbBIHBIH NPUHLOUANTEP] OOMBIHILA KYMBIC
ICTEH 1 JKOHE KYHEHIH Olp HYKTECIHEH €KIHILII HYKTECIHE aybICy YILUIH SHEPIHsHbI
yHemzaeial. ['uapaBiukanblK KyHEHIH HEri3ri NpUHLIMOTEPl TOMEHAE CHUIATTAJIFaH.
[Tackanb 3aHBI OHAAFBI CHIFBIIMANTBIH CYWBIKTBHIKTBIH KE€3 KEJITeH HYKTECIHIETi
KbICBIMHBIH ©3repyl 0apiibIK >xkepie Oipaeil 00JaThiH KbICBIMHBIH ©3repyl YIIiH OYKiI
CYMBIKTBIKKA Oepiayi kepek neimi [5].

g = = =

2 — cyper. [lackanb 3aHbI THAPABIUKAIIBIK KYUESHIH OapIIbIK KEePIIEPIHJIC KBICKIM
Oip/aeit eKeHiH alTabl.
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KpichiM aynaH Oipirine KeneTiH KYII PeTiHe aHbIKTaTa bl

P=c [1]
OJI KYII apKbIJIbI OHaﬁ aybICaabl:
F=PS 2]

[Tackanb 3aHbI KyHeneri KbICBIMHBIH K€3 KEITeH e3repyl OYKiJd CYMBIKTHIKTa
Oipaeil OonaThIHBIH aiTanbl. byl THAPaBIUKANBIK KYHWEAEri KIpIC KOHE IIBIFBIC
KYIITEPl MWIMHIAPJICPAIH THICTI ayJdaHIaphIHBIH apaKaThIHACBIMEH OaiIaHBICTHI
eKeHiH oumipeni. [6]

OpTaJIbIK THAPABIMKAIIBIK COPFBI THAPABIUKAIBIK KyaTThl VITYAbl HET13T1 JKOHE
KOCBIMIIIa 0acKapyabIH aTKapyUIbl )KyHesepine, 00caTy, )KUHaAY xKoHE TEKEY IIaCCUIHe,
KO3FaJITKBIIITAPBl ICKE KOCYFa, Kepl TapTy KyheJepiHe >KOHE KONTereH KOMEKIIl
xKyhenepre Oepeni. Herisri reHeparop aBHOHHMKaHBI, KaOWMHAHBI >KOHE YIIAKThI
KAPBIKTAH/IBIPY/IbI, TaJJIEpPEsiHbl KoHE Oacka Jla KOMMEPIUSUIBIK >KyKTeMelepi
(MBICaNbl, OMBIH-CAyBIK JKYHenepl) KyaTIeH KamTaMachl3 ereni. byn mactypii
SHEPTUSHBIH Tapaidybl OYTiHIEC aBUALMSIIBIK >KYHENepiH Kajlail >KIKTENIM, CaThII
AJIBIHATHIH/IBIFBIH/IA TOJIBIK KOPIHE/I].

Boeing 737 men Boeing 757 apackiHaaFbl ailblpMallbUIbIK Hee?

['unpaBnuKaiblK >Kyde SHEpPTrUsiHbl Oepy YIIIH CYWBIKTBIKTBI, SJETTE MaiIbl
KOJIIaHyFa HeT137eNreH. [ uapaBiukanbIK )KyHEHIH HEr13rl KOMIIOHEHTTEP1-COpFbLIap,
Oartapestiap, Kiama"jaap, UWJIUHApJIEp JkoHEe KyOwipimap. Boeing 737-ne
TUAPABIMKAIIBIK Kyhe 1-kyie, 2-xyile oHe 3-)Kyle JIen aTajlaTblH YII TOYyesci3
KyHeneH Typaabl. OpOip KYHeHIH 3 COpFbUIapbl, OaTapesuiapbl *oHE KIIalaHIaphbl
Oap >xoHE oJlap Oip-OipiHEH ToyeJci3 KYMBIC icTell. bys yIyabiH ceHIMIUIr MeH
Kayirci3IiriH KaMTaMachl3 €Te/Il, OMTKeH1 Oip )Kyie 1CTeH IIBIKKaH Ke3/¢ KaJaFaH eKeyl
’KYMBICBIH aFacTeipaisl. [10]

Byn yury anmapaTeIHBIH THAPABIMKAIBIK )KYHeCiHIH 1 xkylieci MeH 2 xyiieci yiak
KO3FaNTKBIIITAPIMEH KYMBIC ICTEHTIH THUIAPABIMKAIBIK COPFBUIAPABI Maiiiananyra
Heri3/ienreH. [ upaBianKaabiK COPFbIIAP CYUBIKTHIKTHI THIPABINKAIBIK JKYHE apKbLIbI
Oepy YIIiH KaKETTi KbICBIMIBI JKacalIbl. By KBICBIM JKOFaphl KbICBIMIIBI CYUBIKTHIK
pe3epByapbl pETiHAE KbI3MET €TETIH OaTapesylapMeH KamTaMachl3 €TUIel. DJIEKTP
TUAPABIMKAIIBIK JKYHE Jem Te aTajdaThlH 3-)KYHe YIIaKTBIH KO3FaJITKBIIITAphIHAH
TayeIici3 KYMbIC icTel 1. O ruapaBiINKaIbIK KY€ apKbUIbl CYHUBIKTBIKTBI O€py YILIiH
KBICBIM YKaCalTBIH AJIEKTP COPFHICHIH MaiAaNaHyFa HeTi3AeNnTeH. by Ko3ranTKeImTap
OIIIPUIreH Ke3/Ie 1€ )KYHUEeHIH CeHIMAUTITIH KaMTaMachl3 eTel

byn ymy anmapaThlHBIH THUIPAaBIUKAIBIK >KYWECIHIH HETI3r1 KOMIIOHEHTTEpI
coprhUIap, OaTapesiap, Kiamnanjaap, MAIHHAPIEP XKoHE KYObIpaap OOJbIT TaObUIA k.
Coprbutap Kyie apKbUIbl CYWBIKTBIKTBI O€py VIIH KaKETTI KbICBIMIIBI TYIbIPAJIbI.
Barapesnap ®&orapbl KbICBIMJIBI CYHBIKTHIK IIUCTEPHATIAPHI PETIH/E KBI3MET €TE/I1 )KOHE
KYWENE TYPaKThl KbICBIMABI cakrauapl. Kiamangap CYMBIKTBIKTBIH —aFbIHBIH
OaKpUTAlIbI KOHE OHBI KAXKETTI XKyWelep MEH KOMIIOHEHTTepre OaFbITTaiIbl.
[Hunusapnep CYWBIKTBHIKTBIH SHEPTUACHIH MEXAHUKAIBIK KYIIKE aiHAIIBIPy YIIiH
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KOJJAAHBLIAAbI, MBICANBI, aWHaIMajdbl MEXaHU3MJIEpP MEH pyJIbIaepal Oackapy.
KyOwipnap xyiieHIH KOMIIOHEHTTEP1 apachlHaa CYHBIKTHIKTHI TachIMajgayFa KbI3MET
erenl. byn ymy anmapaTTelH =~ TUAPABIMKANBIK — KYHENEpiHIH  KeNTereH
apTHIKIIBUIBIKTaphl Oap. Onap YIIyABIH SKOFapbl CEHIMIUIIN MEH Kayilci3Airia
KaMTaMachI3 eTe/ll, OUTKEH1 op KyHhe OackamapaaH TOyelci3 KyMbIc icTeii. byn Oip
KyHle ICTeH IIBIKKAaH Ke3je Je YIIaKThl OacKapyJbl caKTayFa MYMKIHIIK Oepejl.
CoHBIMEH KaTap, TUIpaBIUKaIbIK XKyHenep OacKapyablH >KOFapbhl THIMILIIT MEH
JQIIIITIH KaMTaMachI3 €Te/Il, Oy acipece YIIy KoHe KOHY Ke3iH/1e MaHbI3IbI. [7]

Boeing 757 runpaBnukansik xKyieci Boeing 737 xxylieciMeH ykcac AU3aifHFa He,
Oipak kelOip alpIpMamIbLIBIKTAphl 0ap. Herisri aifbipMambuibiKTapabH Oipi-Boeing
757 xyiiecinge A, B sxone C xyiienepi Jen aTalaTbiH YII TOYEJNCi3 THAPABIMKAIBIK
Kyiie Oap, Oy JKyKTeMeH1 Oipkenki Oenyre oHE KYWEeHIH CEHIMIUIITIH apTThIpyFa
MYMKiHZIK Oepeni. COHBIMEH KaTap, OyJ1 YIIy anmapaThIHbIH JKYHeCl )KOFapbl )KYMBIC
KbICBIMBIHA W€, OYJI THIPABIUKAIBIK CYUBIKTBIKTBIH KyaTThl JKETKI31IylHE MYMKIH/IK
Oepeni. by TUNTI YIIAKTBIH THAPABIMKAIBIK JKYHECIHIH Olp €peKIIelNiri-yiakThiH
TapThUIATHIH IIACCUIH OacKapyFa apHaJIFaH THAPABIMKAIIBIK JKETEKTiH O0ybl. by
YIIIy ’KoHE KOHY Ke31H]Ie IIIaCCH/I1l CEHIM/I1 JKOHE THUIM/II OacKapyFa MYMKIHJIIK Oepei.

ConbiMeH KaTap, OyJ1 YIIy afmapaTbhiHbIH KYMECIH/IE BIKTUMaJl aKayJapibl
HEMece akayJapibl >Ke[el aHBIKTayFa >KOHE >KOI0Fa MYMKIHAIK OepeTiH Kypieni
Oackapy koHe Oakbuiay xyieci O6ap. Boeing 737 sxone Boeing 757 runpaBIuKaibiK
KYHMECIHIH cUmaTTaMaiapblHa dKYMbBIC KbICHIMBI, THIPABIMKAIBIK CYHUBIKTBHIK KeJeMmi,
KOJJIAHBIJIATBIH THAPABIUKAIBIK CYMBIKTBIK Typl KoHe Oacka Jla KeNTereH
napametpiep kipeai. Boeing 737 ruapaBauKanblK SKYMECIHIH >KYMBIC KbICHIMbI
mamMamen 3000 PSI (mmamamen 207 Gap), an Boeing 757 xyiecinne mamamen 3500
PSI (mamamen 241 6ap)kyMbIC KbICBIMBI O0ap. [8]

Anaiiia, TUAPABIMKAIBIK KyHenepaiH ae Kemuaikrepi 6ap. Onap arbilm KeTy
MEH ChIHY/IbIH AJIJIbIH a1y YIIIH YHEM1 TEXHUKAJIBIK KbI3MET KOPCETY/ 11 ’KoHE TeKCepy i
KaxxeT eteqi. COHbIMEH KaTap, oJ1ap KOI YHEPTHUSIHBI KAXKET eTe/Il )KOHE COPFhUIap MEH
0acKa KOMIIOHEHTTEP/I1H KYMBIChIHA OAMJIaHBICTHI ITYJIbI OOTYbI MYMKIH.

Boeing 737 rTunmpaBaukanblK OKyHecIMeH caibicThipraHga Boeing 757
TUAPABIMKAIBIK ~ JKYHeCciHIH  KeiOip  alplpMambuibikTapel  Oap.  Herisri
alBIPMAITBUIBIKTAPABIH O1pi-757 KyleciHae YIII eMec, TOPT TOYeJICi3 THAPABINKAIIBIK
Kyie 6ap. bys yirynibIH CeHIMAUTIT MEH KayiTCi3AiriH apTThIpaibl, OUTKEeH1 O1p Kylie
1CTEH MIBIKKAH Ke37I€ KaJIFaH YIIeYl dKYMBICHIH KaJIFaCThIPAIbI.

ConbimeH Katap, Boeing 757 ruapaBnukaibik xxyiecit Boeing 737-re kaparanaa
KYpACN apXHUTEKTypara »KOHE KONTETeH KOMIIOHEHTTepre ue. byJ yImakTeIiH YiIKeH
eJIIIIeMi MEH cajMaFbIHa, COHMal-aK 0acKapy/Jbl KaKeT eTETiH KONTereH yienepre
OalIaHBICTHI.

Kopsitbinasinait kene, Boeing 737 sxone Boeing 757 ruapaBiuKaibIk Kyhenepi
OCBI YIIIaKTapAblH MaHbI3IbI Kypamaac 0esiri 6osbin Tadbutaapl. Onap oye KeMeCiHiH
OPTYPJIi KYHeNepiH OacKapyIbl )KoHE OacKapy/ibl KaMTaMachkl3 e€Tel, Oy acipece yIy
KayINci3Airi yiriH MaHe3Abl. Exi KyHEeHIH 7€ apThIKIIBUIBIKTaphl MEH KEMIIUTIKTEPI
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O0ap >KoHE oOMapAblH apachlHAaFbl TaHAAy YIIAKTBIH HAKThl TajanTapbl MeEH
cumnaTTamasapbiHa OaiIaHBICTHI.

Kopvimvinowr. "Boeing 737 xone Boeing 757 ymakTapbIHBIH THAPABIMKAIBIK
KYMECIHIH KOHCTPYKIUSIApbIH CaJbICTBIPMANIbl Tajijaay" TaKbIpbIObIHIA KeJeci
TYXBIpBIMJIAp JkKacayra Oonaabl. byn yimakrapnaeiy exeyi ne Boeing xommaHUsChI
»KacaraH Tap JEHeN *koJaylibuiap JaitHepiaepi. Onap mMesepi MEH ChIABIMIBLIBIFDI,
KOJIJIaHBbUIATBIH ~ KO3FANTKBIIITap, COHAAM-ak  Keibip 0acka  TEXHUKAJIbIK
cUIaTTaMajapbl OOMbIHIIA epeKieneHemi. [4]

Makanaga  eki JKyde Je THIPaBIUKAIBIK COPFbUIApAAH, TUIPABIMKAIIBIK
aKKyMyJATOpiapjaH,  THAPABIMKANBIK  TapaTy  KYpbUIFbUIAPBIHAH  JKOHE
TUAPABIMKAIBIK KETCKTEPACH TYpajbl. Anaiiga, OChbl KYWelepiH AW3ailHbl MEH
KOJIJIaHBIIAThIH KOMITIOHEHTTEPiH/IEe KeWOip alibipMablIbiKTap 6ap. Meicansl, Boeing
737 xy#ecinae yu TUAPaBIMKAIBIK Kyhe 6ap, anm Boeing 757 xyiiecinae TopT Kylie
0ap. Conpaii-ak, Boeing 757 xylieci >koFapbl OHIMAUTIK MEH TUIMILTIKTI KAMTaMachl3
€TETIH TUAPABIMKAIBIK >KYWeIepae >Korapbl KbICBIMIBI MaiinanaHanasl. Boeing 737
xoHe Boeing 757 ruapaBiuKaibIK )KyHeIepiHiH CaJbICThIPMAIIbI TaIayhl €K1 )KYHEeHIH
JIe CEHIMJILTIT1 MEH KayiICi3/Iir1 >KOFaphl eKeH1H KopceTTi. Anaiina, Boeing 757 xylieci
Boeing 737 xyiieciHeH KeiOip apThIKIIBUIBIKTapFa ue. TopT TuapaBIUKaIbIK KYHEH]
KOJiIaHa OThIphII, Boeing 757 sxyiect >koFapbl CEHIMJIUTIK TIEH aKayJiapra TO31MJIUTIKTI
KamTamacei3 eteni. byn makamama Boeing 737 xone Boeing 757 yilakTapbIHBIH
TUAPABIVKANIBIK ~ OKYHENEpiHIH  TEXHUKAJIbIK  WHHOBAIMSUIAPBI  MEH  Jamy
MEePCIEKTUBAIAPHI J1a KapacThIPBUIALL. 3aMaHAayd TEXHOJOTHUSIIAP THAPABIMKAIBIK
KyHenepAiH eHIMAUIIN MEH THIMAUITIH KaKcapTyFa, COHAAa-aK OJap/blH CaJIMAFbI
MEH eJIIEMJEpIH a3alTyra MYMKIHIIK Oepeai. MbIcaibl, 3IEKTPOrUApPaBIUKAIBIK
KyHelepAl eHri3y YIIaKTapIblH TMAPABIMKAIIBIK )KYHeIepiHIH PYHKIMOHAIBIFb MEH
CEeHIMIUIITIH aTapabIKTail )xakcaprta ananabl. JKanmel, Boeing 737 xone Boeing 757
YIIaKTapbIHbIH THAPABIMKAIBIK KYHEJIEpIHe KYPri3UIreH calbICThIpMalIbl Taliay eKi
KYWEHIH A€ CEeHIMAUII MEH KayilCI3Airl >KOFapbl JE€Te€H KOPBITBIHABI >Kacayra
MYMKiHAIK Oepeni. Amaiima, Boeing 757 »xyieci »ofapbl KbICHIMFa KOHE TOPT
TUAPABIMKANIBIK JKYHEHI KoJyijaHyFa OaitnmanbicThl Boeing 737 sxyleciHeH KeuOip
apTHIKIIBUIBIKTapFa ue. TeXHUKaIbIK MHHOBAIIMSUIAP MEH THAPABIUKANBIK JKYyHeIep/l
JTaMBITY TIEPCIIEKTUBANIAPhl OOJIalaKTa OChl )KYHeJIepAiH OHIMILIIr MEH THIMIUITIH
0JIaH dp1 KAKCAPTY/bl KYTYre MYMKIHIIK Oepei.

A.A.PricoexoBa, T.J. AbmumaroBa, T.b. Kepubaesa, H.P.Cypanuuena

CPABHUTEJIbHBINA AHAJIN3 CTPYKTYPBI T'HJIPABJIUYECKOM
CUCTEMBI CAMOJIETOB BOEING 737 U BOEING 757

Annomayusn. ['uopasiuyeckue cucmemvl camoiemos, 0COOEHHO HA CAMOJIemax
Boeing 737 u Boeing 757, aenaiomcs HeomveMIeMOU 4acmbio UX KOHCMPYKYUU U
9KCHIyamayuu.
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Onu ueparom Kaouesyro poib 8 obecneyeHur Oe30nacHoCmu noiema, ynpasieHuu
nogopomamu, nooveme U ONYCKAHUU KPbIUEK, WACCU U OPYeUX BANCHLIX ACNEKMAX
nonema. Cnoso " Il'udpasnuxka "npoucxooum om epeueckoco cnosa" eoda " u
Nep8OHAYANbHO 03HAUALO0 U3YYeHUe PU3ULECKO20 NOBEOEHUS 800bl 8 COCMOSHUU NHOKO5
u osudcenus. luopasnuueckue cucmemvl camonemos obecnedusaom padbomy
KomMnonenmog camonema. Paboma waccu, obpyueu, neekux pynei u mopmo308 8
OCHOBHOM OCYWECMBIAEMC ¢ NOMOWDbIO 2UOPABIUYECKUX CUNOBbIX cucmeM. Ymo
Kacaemcsi LOOpOOHOCmeEl, CPABHUMENbHbLU AHANU3 2UOPAsIUYecKux cucmem Boeing
737 u Boeing 757 s6ns1emcs 6adCHbIM WA2OM 68 NOHUMAHUU U COBEPULEHCINBEOBAHUU
MeXHU4eCKUx XapaKmepucmux u hyHKYUOHANbHOCIU IMUX MOOelel, YMo 8 KOHeYHOM
umoee Oydem cnocobcmeosamv NOGbLUEHUIO Kauecmea U  be3onacHocmu
ABUAYUOHHBIX NEPEBO3OK.

Kniouegvle cnosa: camonem, koncmpykyus, 2uOpasiuyeckas cucmemd, 3aKoH
llackansa, akkymyaamop.

A.A. Rysbekova, T.D. Abdimatova, T.B. Keribaeva, N.R. Suranchieva

COMPARATIVE ANALYSIS OF THE STRUCTURE OF THE
HYDRAULIC SYSTEM OF BOEING 737 AND BOEING 757 AIRCRAFT

Abstract. Aircraft hydraulic systems, especially on the Boeing 737 and Boeing
757 aircraft, are an integral part of their structure and operation.

They play a key role in ensuring flight safety, cornering control, raising and
lowering flaps, landing gear, and other important aspects of flight. The word"
hydraulics "comes from the Greek word" water "' and originally meant the study of the
physical behavior of water at rest and movement. Aircraft hydraulic systems ensure
the operation of aircraft components. The operation of the chassis, rims, light steering
and brakes is carried out mainly with the help of hydraulic power systems. In more
detail, the comparative analysis of the Boeing 737 and Boeing 757 hydraulic systems
Is an important step in understanding and improving the technical characteristics and
functionality of these models, which ultimately contributes to improving the quality and
safety of aircraft transportation.

Key words: aircraft, design, hydraulic system, Pascal’s law, battery.
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'U.M. Caiigymapos”, 'M.K. Boiimanos
'TamkenTCcKuii roCy1apCTBEHHBIA TPAHCIIOPTHBIN YHUBEPCHTET

“E-mail: saidilh@mail.ru

METO/I IOBBIMIEHUA ITPOITY CKHOM D®®EKTUBHOCTH
CKOPOCTHBIX B3JIETHO-IIOCAJJOYHbBIX ITOJIOC ASPOIIOPTA

Aunomauusn. B cmamve paccmampueaemcsi cxopocmuou Pl 6 ycrosusix
CE30HHO20 Y8eudenuss NOMOKA 8030YUIHBIX CYO08 Memod NOGbLULeHUsL NPONYCKHOU
P exmueHocmu CKOPOCMHBIX 831eMHO-NOCAOOYHBIX NOIOC, CLYHCAUWUL NOBLIUEHUIO
nponycknot agppexmusnocmu BIIII, onpedensemcs na ocHoge cymmpl ONIUH YYACKA
om Hayana om BIIII camonema 00 mouxku KoHmaxma ¢ 3emaeti U OJIUHbL MOPMO3HO2O
NYMU UCXOO05L U3 MENCOVHAPOOHBIM MPeDOBAHUSIM.

B pezynomame, 6vi10 Odocmuchymo nosvluieHue 3¢hhexmusHocmu 83/1emHo-
NOCAOOYHOU NOJIOCHL 3 cyem IPPeKMUBHO20 UCNOTb308AHUSL CKOPOCMHOU PYIeHCHOU
O0POIHCKU 8 YCILOBUSX CE30HHO20 POCA NOMOKA 8030VUHbIX €Y008. C yuemom yciosuil
CE30HH020 Y8eIUYeHUss NOMOKA 8030YUIHBIX CYO08 8 YelsiX NOBGbIUEHUS NPONYCKHOU
cnocoonocmu  BIIIl co30am memoO ygenuuenusi NPONYCKHOU CHOCOOHOCMU
ckopocmuvix BIIIl. B pe3ynbmame 8 YcClo8UAX CE30HHO20 YGelUudeHusi Nomoxa
Ccamonemos y0aniocb NO8blCUMb 3PGHeKmusHOCmsb 831eMHO-NOCAOOUHOU NONOCHL 3d
cuem 3¢hhekmuHo20 UCNONIb308AHUS CKOPOCMHOU NOJIOCHL NO MUNAM CAMONEMO8.

Knwuesvie cnosa: Aspoopom, 831emHo-nocadounas nonoca, 3ghghexmusHocme,
asuayus, a3ponopm, camonem, nPonyCcKHas CNOCOOHOCMb.

Beedenue. B ycnoBusix CE30HHOTO YBEIMYEHMsI MOTOKA BO3AYIIHBIX CYJIOB
METO/i TOBBIMIEHUS] MNPONYCKHON 3(P(PEKTUBHOCTH OBICTPBHIX B3JIETHO-TIOCAA0YHOM
nosnockl (BBII), ciayxaumii MOBBIIEHUIO NPONYCKHON 3()PPEKTUBHOCTU B3JIETHO-
MOCaJ0YHOM MOJIOCHI, OMPEIENSIETCS HAa OCHOBE CYMMBI JJIMH y4acTKa OT Hayajia OT
BIIIT camonera 10 TOYKM KOHTAKTa C 3€MJIEM W JJIMHBI TOPMO3HOTO IYTH UCXOAS U3
CTaHJapTOB U pekoMeHnayeMon npaktuku MKAO.

OcHosnas uacms. B yCnOBUSX YBEIWYEHUS INOTOKA CE30HHBIX CaMOJIETOB
BO3HUKAIOT MPOOJEMBbl € MPHUEMOM BO3IYIIHBIX CYJIOB H3-3a HEIOCTATOYHOM
MPOITYCKHON CITOCOOHOCTH a’poropTa. OJHUM U3 PEHICHU dTUX MPOOIeM SBIISETCS

67


mailto:saidilh@mail.

A3aMaTTBIK aBUAIUS aKaIEMUSCHIHBIH XKaPIIBIChI Ne3(34)2024

YBEJIMYEHUE TPOMYCKHONW CIMOCOOHOCTH B3JIETHO-TMOCAJAOYHBIX TOJOC a’3pPOIOpPTOB.
[Ipeumy1iecTBO OBICTPBIX B3JIETHO-MOCAJOYHBIX IMOJIOC MEpel OOBIYHBIMU B3JIETHO-
MOCAI0YHBIMU TOJIOCAMHU 3aKJIIOYAETCS B TOM, YTO OHU OBICTPO MOKUJAIOT B3JETHO-
MOCAJI0YHBIX IOJIOC BO BpeMsl IMOCAJKU, OTKPBIBas MyTh JJIs B3J€Ta W IOCAIKU
MOCJIEYIOIINX CaMOJIETOB. BpeMsi, COKOHOMIIEHHOE 3a CUET UCII0Ib30BaHUS DKCITPECC-
0JIOC, TIO3BOJIUT YBEJIMUUTH KOJTUYECTBO CAMOJIETOB.

AHanu3 naHHbIX [1] mokasbIBaeT, 4TO CyIIECTBYET psiJ (aKTOpPOB, KOTOpHIE
CIIOCOOCTBYIOT TOBBIIICHUIO 3(PPEKTUBHOCTH MPOIYCKHOW CIOCOOHOCTH 3a CUET
COKpallleHHs] BpEeMEHHM OOCIyKMBaHUSI camoJIeTOB B a’jpornopty. CoBMecTHOE
ucnonb3zoBanue ILS m DME B cucreme nocaaku, HNpUMEHSIEMOW B a’pomopry,
WCIIOJIb30BAaHUE CIIYTHUKOBBIX CHCTEM T[OCAaJKH IOJIOKHUTEIBHO BIUSET Ha
YBEJIMYECHUE CKOPOCTH JABW)KEHHS, a HAJIWYUE CKOPOCTHBIX IOJOC IMOJOXKUTEIBHO
BIUseT Ha 3()PEKTUBHOCTH MPOIMYCKHOW cmocoOHocTu. B [2-3] mokaswiBaeT, 49TO
CyLIECTBYET psAx (HaKTOPOB, KOTOPbIE MOKHO MCIOJIb30BaTh JJIsl TOBBILIEHUS
3O PEKTUBHOCTH TPOMYCKHOM CHOCOOHOCTH 3a CYET COKpalleHUs BpPEMEHHU
oOCITy’kKMBaHHUSI CaMOJIETOB B 3TOM a’ponoptTy. CoBMecTHOe ucnoisib3oBanue ILS u
DME B cucreMe nocaiku, UCII0JIb3yEMOU B a3pONOPTY, NCIIOJIb30BaHUE CITyTHUKOBBIX
CUCTEM IIOCAJKU IIOJOKUTEIBHO BIUSAET HA YBEIWYEHUE CKOPOCTH JBWKEHUS, a
HaJIMYUe CKOPOCTHBIX TOJIOC MOJIOKUTEIBHO BIIUSAET HA 3(P(HEKTUBHOCTH IPOMYCKHON
criocoOHOCTH. bBojblIoe KOJMYECTBO B3JIETHO-NIOCAJOYHBIX IOJIOC TOCTPOEHBI
pa3IMYHBIMHM CHOCO0aMHU, 00ECTIEYMBAIOLIMMHI HENPEPBIBHBIN B3JIET U MOCAAKY HpHU
J000M HAINpaBiICHUU U CKOPOCTH BETPA, BO3HUKAIOIIETO HA B3JIETHO-NIOCAIOYHOM
M0JIOCE, @ HAJMYHUE CKOPOCTHBIX B3JIETHO-NOCAJOYHBIX IOJOC IMO3BOJISET YAOOHO
COEJIMHATH MEPPOHBI U B3JIETHO-TIOCAIOYHBIE MTOJIOCHI.

Bonpiioe konvuecTBO B3JETHO-MOCATOYHBIX MOJIOC U PA3IHMYHBIE MAarHUTHBIE
HaIpaBjeHUs O0ECNeYMBAIOT HENPEpPbIBHBIA B3J€T W MOCAAKYy MpH JTHOOOM
HaIlpaBJIECHUU U CKOPOCTHU BETPA Ha B3JIETHO-MIOCAJOUYHOM M0JI0CE, a HATUYUE ObICTPBIX
B3JIETHO-TIOCAQ/IOYHBIX TOJIOC TMO3BOJSET yIOOHO COEOUHATH MEPPOHBI U B3JIETHO-
MOCAJIOYHbIE TOJIOCHL. BBICOKHMI MaccaXUpONOTOK OOECHeUYnBAET HENPEPBIBHYIO
paboty aspomnoptoB. [lpuBeneHHBIN BbIIIE aHAJIW3 JaHHBIX 10 Haubosee
3arpy’K€HHBIM a3pONOpTaM C TOYKM 3PEHHUS TIPY30IEPEBO30OK U aBUAIIEPEBO30K
MOKA3bIBAET, UTO COKPAILLEHUIO BPEMEHU OOCITYKMBAaHUS CaMOJIETOB B a’pONOpTy U
MOBBIMCHUIO A()PEKTUBHOCTH MPOMYCKHOM CIIOCOOHOCTH CIOCOOCTBYET  psll
OCHOBHBIX ()aKTOPOB.

Croco® TIOBBIIMICHUS TPOMYCKHOM CIIOCOOHOCTH CKOPOCTHBIX B3JIETHO-
MOCaJ0YHOM TMOJIOCHI, CIYXalllMi 71 TOBBIMIEHUS MPOMYCKHOM CHOCOOHOCTH
B3JIETHO-TIOCQIOYHOM TOJIOCHI, JAeT TIOJOKHUTEIbHbIE pe3yJbTaThl B YCIOBHSX
CE30HHOTO YBEJIMYEHHUSI MOTOKA BO3AYUIHBIX CyA0B. OH CIY>KHUT JJIsi 00CITy KUBAHUS
OOJIBIIET0 KOJMYECTBA CAaMOJIETOB 32 CYET COKPAIIEHHUS PACCTOSHUS U BPEMEHH,
3aTpayuBaeMoro camojieTamu ¢ MomeHra npusemienus 10 BIIII Bo Bpems nocanku

[4].
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HeobxoaumMo TOBBICUTH MPOMYCKHYIO CIIOCOOHOCTH a’pOTOPTOB 3a CYET
ctpororo coomoaeHus mpasuia MKAO no ynpasiaeHuto 6€3011acHOCTHIO MOJIETOB TPU
OCYIIECTBJICHUHU JBW)KECHHUS BO3JYIIHBIX CyA0B. MUHHMAaJbHBIE OrPaHUYEHUS Ha
IpoLIeyphI B3JIETa U TIOCAJIKK BO3AYIIHBIX CyI0B yKa3aHbl B nmpaBuiax MKAO.

B kadecTBe cUCTEMBI 3JIEMEHTOB a3pONOpPTa BO3MOKHO OTOOpaKEHUE B3JIETHO-
MOCAI0YHON TMOJIOCHI, MOJIOC JBIMXKEHMsSI, MEPPOHA, TEPMHUHAIA a’3pONOpTa, 30HBI
BOK3aJ1a.

M3BecTHO, 4YTO M3 OTUX MapaMeTpoB OOJAJaeT 4YacTh OIpPEIeNCHHOM
MPOITYCKHON CIIOCOOHOCTBIO a3pOApOMa, CIIOCOOHOCTHIO 00CITYKMBATh OMPEIEICHHOE
KOJIMYECTBO MACCAKHUPOB (BO3MYIIHBIX CY/I0OB) B €IUHUITY BPEMEHU B COOTBETCTBHH C
TpeOOBaHUAMHU OE30TIACHOCTH ITOJIETOB U YPOBHSI OOCITYKUBAHUS ITaCCAKUPOB.

B pabore mpoanamm3upoBaHBI METOABI OOECIEYeHUsT PabOTOCIIOCOOHOCTH H
HeTpepbIBHOM dKciuryaTauny BBII aspoapoma a3ponopTos, a TakKe OLEHKa HATMYKE
MIOJIOC CKOPOCTHOTO JBIKCHUS KOTOPBIH CIOCOOCTBYET IOBBIIMICHHIO MPOITYCKHOM
CIIOCOOHOCTH a3poriopTa.

brictpasi pynexHass JOpOKKa — 3TO PYJISKHAs JOPOXKKA, COCIMHEHHAS C
B3JICTHO-TIOCQJIOYHOM  TIOJIOCOM  TIOJT  OCTPhIM  YIJIOM W TO3BOJISIOIIAS
MPU3EMJIISIOIIEMYCSI CAMOJIETY Pa3BOPAYMBATHCS C OTHOCUTEIBLHO BHICOKOM CKOPOCTHIO
[0 CPABHEHUIO C JAPYTMMHU B3JIETHO-TIOCAJOYHBIMU MOJOCAMH, TEM CAMBIM COKpaIiast
BpeMs MpeObIBaHMS Ha B3JIETHO-TIOCA0YHOM moJioce [5].

Ha pucynkax 1-2 moka3aHbl TUIIOBbIE KOHCTPYKIIMM HEKOTOPBIX CKOPOCTHBIX
JIOpor ¢ KOAOBBIM HOMepoMm | wim 2, u 3 unu 4 oceas quHus BIIII [6].
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Pucynok 1. Cxema ckopocTHbIX BBIBOJIHBIX P/] (komoBbIit HOMeEp 1 i 2)
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Pucynok 2. Cxema ckopocTHbIX BBIBOJHBIX P/] (komoBbIit HOMep 3 wiu 4)

B paGote onucan ckopoctHoit PJI, 1 yBenuueHus ee mponmyCcKHON CIIOCOOHOCTH,
a Takxe crnocoObl obecnieuenust decriepedborinoi padotst BIIII.

[Io moBoAy CKOpPOCTM ABMKEHHSI MO CKOPOCTHBIM pyieBoM aopoxke BIIII
BEeIyTCs CIOpbl. HekoTophle HMCClieIOBaHUS MPUIIIA K BBIBOJY, YTO TaKUE MOJIOCHI
JBIDKEHUST OOBIYHO UMEIOT CKOPOCTh MEHee 46 kM/u (25 y37I0B) WIM Jaxe HUXE B
HEKOTOPBIX CHUTYAIUSAX, HAMpPUMEpP, MPU IUIOXOM TOPMOKCHHHM WU TPU CUIHLHOM
O0okoBOM BeTtpe. VcnbiTanus, MPOBEICHHBIE HA IPYTOM a3pOApPOME, MOKA3alIM, YTO B
CYyXyI0 TOTOAY MOXHO IBUTAaThCS CO CKOpPOCThbIO Oojnee 92 km/u (49 yznoB). U3
coOOpakeHHt 0e30MacCHOCTH B KayeCTBE OPHUEHTHUpA MJIA ONpEeNeNIieHUs paauyca
KPUBH3HBI U MIPUWJIECTAIONINX MPSIMBIX YIACTKOB MOJIOC IBHKEHHSI C KOJJOBBIM HOMEPOM
3 wiu 4 6bu1a ipuHsATa cKopocTh 93 kM/4 (50 y3moB). OgHako /i pacueTa Hanbosee
BBIFOJIHOTO MECTa JIJIsi MOCAJAKA Ha B3JIETHO-TOCATOYHYIO MOJIOCY KOHCTPYKTOPY
noTpedoBaIach CPaBHUTEIBHO HEOOJbIAs CKOPOCTh. DP(HEKTUBHOE MCTIOIB30BAHHUE
CKOPOCTHBIX TMOJOCHI TpeOyeT COTpPYyIHHUYECTBA C TUIoTaMH. PexomeHpanuu 1o
MIPOCKTUPOBAHUIO U TIPEUMYIIIECTBA HCIOIB30BAHUS TAKUX TOJOC JIBUKEHUS MOTYT
pacUIMPUTh UX UCIIOJIb30BaHUE.

D¢ DHeKTUBHOCTH MPOITYCKHOM CITOCOOHOCTH U CPETHEE BpEMs OXKUIaHUs PEUCOB
B OXKHJIAHUM B3JIETA SIBJISIOTCS BAXKHBIMHM MOKazaTeasIMU d(PGEKTUBHOCTU B3JIETHO-
MOCaJI0YHOM TOJIOCKL. B pe3ynbpTaTe COKpallleHHusT BPEMEHU 3aJEepKKHU PEHCcOB ATO
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NPUBOJAUT K CHIDKEHUIO pacxoja TOIUIMBA, IOBBIIIEHUID 3KOHOMHYECKOU
3¢ (HEeKTUBHOCTH, YMEHBIICHHIO BHIOPOCOB BpPEAHBIX Ta3oB B BO3ayx. Kpome Toro,
MPOITYCKHAsl CIOCOOHOCTh B3JIETHO-TIOCAJIOYHOM TOJOCHI HAIMPSMYIO OIPEICIsIeT
MPOITYCKHYIO CIIOCOOHOCTH a’pornopta. CyliecTByeT HECKOJIBKO CIIOCOOOB yIyUIlIUTh
MPOIYCKHYIO crnocoOHOocTh. Haumbonee pacnpocTpaHEHHBIM U3 HHUX SIBIISIETCA
CTPOUTEIBCTBO JOMOJHUTEIBHOW B3JIETHO-MIOCAJOUYHOM TMOJIOCHI, 4YTO Tpedyer
3HAYUTENBHBIX CTPOUTEIBHBIX U SKCILTyaTallMOHHBIX 3aTparT.

Meron yBenuueHus MpomyCKHON CIOCOOHOCTH CKOPOCTHBIX PYJICHKHBIX I0POKEK
cyxuT ana nobieHus s¢ddextuBHoctu BIII u, nns onpenenenue merona
MCIIOJIb30BaH U3BECTHBIX CJIEIYIOIIUX THITUYHBIX BEIPAKEHUE:

(L+C)=<L.<Lp,
rae L — nnunHa yyactka npoxoaumas camosieramu oT Havana BIII no ckopoctHoi P/,
C1 — nnuHa mytd TOpMOXeHus, L, — nmuuHa ywyactka oT Hauyana BIIIT mo toukwu
CONIPUKOCHOBEHUS BO3AYIITHOTO CyaHa ¢ 3emiier, L — nmuna BIIIL.

Ha puc. 3 mpexacraBieHa CTpyKTypa YBEIMYEHHS MPOMYCKHOW CHOCOOHOCTH
CKOPOCTHBIX PYJIEKHBIX JOPOKEK HOBOTO METO/Ia, KOTOPAsk CIIYXHUT ISl OBBILLICHHS
s peKkTUBHOCTH TTponycKHOM criocooHocTr BIIIL.

thll ~ Cl X Lrh_\-a
Lpeiz o Cz ' Loy e
Lpeia - Ca > Lenys

Pucynok 3. CTpykTypHasi cxema MeTOJ TOBBIIIEHUS TPOITyCKHON
3¢ (HEKTUBHOCTH CKOPOCTHBIX B3JETHO-IIOCAAOYHBIX MOJIOC

YuuThIBasi yCJIOBHS CE30HHOTO YBEJIMYEHUS TTOTOKA BO3AYIIHBIX CY0B, B IIEJISIX
MOBBIIIEHUS TTporryckHoi criocoOHocT BIIIT co3nan Meron yBenudeHust MpoImyCcKHON
crtocobHocTH ckopocTHBIX BIIII. C y4eToM CE30HHOCTH NEPEBO30K M COOIOCHUS
YCJIOBHM 00€CTICUeHHsI HETIPEPHIBHOCTHU JBMKCHUS BO3AYIITHBIX CY/IOB CO37aH METOJ
oOecrieueHrss  HETMPEPHIBHOM  DIKCIUTyaTallMM  B3JICTHO-TIOCAJIOYHOM  TIOJIOCHI
a’poropra. TakuM ciocoOOM JTOCTUTAETCS O0ecredeHrne HEMPEPHIBHOCTH TPOIECCOB
B3jeTa u nocagaku BC na BIIII.
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BazmeTHONMOCcAOOUYHOH IQIOCEHL
X: 25
X3
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w

Pucynok 4. Crioco6 yBean4eHus MpoMmyCKHON CIOCOOHOCTH
BBICOKOCKOPOCTHBIX TOJIOC CITYUT MOBBIIEHUIO 3P dexTuBHOCTH BBII

K kakoil TEXHOJIOTMYECKOW YaCTH OTAEJIBHO OTHOCSITCS ITApaMETPhl B METOJIUKE
YBEJIMYEHHUS] MPOIMYCKHOM CIIOCOOHOCTHM  BBICOKOCKOPOCTHBIX TIOJOC  CIIY>KHT
noBbIleHHIo 3pdektuBHOoCcTH BBII, Oyner BBITIAIETh KaK OKAa3aHO PUCYHOK 4.

X1 — mpotiecc NpuOBITHS K MECTY BbINIOJIHEHUS perica BC:
3,6~Li5yl.

tisvl- -

) 2

Visti

X2 — mponecc OCTaHOBKH B MECTE BBITTOIHEHUS perica BC:
X3 — npouecc paszrona anerarouiero BC na BIIIL, ¢ Hayanoi pa3rona 1o oTpsiBa

ot BIIII:
7,2-Ltezi-Kt-KH-Kyi )
= 2 C)

ttezi - 1
-

X4 — mpomecc Habopa BietatonM BC Beicotel Hi (mo 10,7 MerpoB) Han

noBepxHocThi0 BIIII:
7,2-Hj
thbk; = 10 &
(Vli+V2i)-sin oci-\/%

X5 — mporiecc Habopa BwicoThI B3eTaronuM BC ot Touku otpsiBa ot BIIII mo

topueBout Touku BIIII:
_ 7'2'(LUQY_LteZi'Kt'KH'Kyi_ Lismi)

tp =
1 (V1i+V31)'\/%

) 2
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Y — MUHUMAaJIbHBIC BPEMEHHBIC HHTEPBAIIBI MEXKTY B3eTaMu U mocagkamu BC
C YYETOM BO3YIIHOTO MOTOKA, CO3/IAI0IIETO TYPOYJIECHTHOCTbD, PUBEICHBI B TA0JINIIC
1
Taomuna 1
VY4eT Bo3AyIIHOTO NOTOKA, BHI3BIBAIOIIETO TYPOYJIEHTHOCTh, MUHUMAJIbHBIN
BPEMECHHON MHTEPBAJ MKy B3JIETOM H ITOCAIKON CaMOJIETa B COOTBETCTBHU C
tpeboBanusimMu ICAO (B cekyHax)

[TocrosinHbIe (IPUHSTHIC) 3HAYCHUS
[MOCaKa-mocaaKa, B3JIET-I10CaaKa MEXIY
MMOCagKON 1
nerkue BC cpeanue u tsokensie BC
B3JIETOM
3a JIETKUM 3a JIETKUM U JUUIS BCe
3a TsoxessiM BC 3a TsoxessiM BC
BC cpenaum BC kareropuu BC
1 mun 3 MUH 1 mun 2 MUH 45 cex

Z; — mpoliecc 3aHATUsA 0€30MacHOro MHTEpBaja IMPHU JBHXKECHUU CaMoJieTa IO
TJIMCCAJIE B MPOILIECCE, CBSI3aHHOM C TTOCAIKOM:

— 3’6'(HT1_HV1)

toric. =
glis
! T l-sine
I\Ip

Z, — iporiecc nosieta BC ot Touku yxoaa Ha BTopoi kpyr a0 topia BIIII:
3,6:(Hy,~15)

Crej; = = 0
ti' B-smﬂ

Z3 — miporiecc nosieta BC ot topnia BIIII 10 Touku kacaHus 3eMIIn:
712'Lre]'i

! —_ .
ttegi - 1’ C,
(ti+v4i)' 5

Z4 — miporiecc mpobera (copoca ckopoctr) BC mo BIIIT:

» €5

7,2'Lpy,
tbosl =— 7 6
V4il\/%+V5i
Zs — npouecc ocBoOoxkaenus BIIIL:
¢ 7,2'Lhyi
e T s vy,

Bwvisoowi. B uiensax nossimeHust 3pHEKTUBHOCTH B3JIETHO-TIOCAA0UYHON MOJIOCHI
C YYETOM YCIIOBUU CE30HHOTO YBEIMYEHUS MMOTOKA BO3AYLIHBIX CYJOB CO3/1aH METO]I
YBEJIMYEHUS] TPOMYCKHON CIIOCOOHOCTH CKOPOCTHBIX TMOJIOCKI. B pesynbrare B
YCIIOBHUSIX CE30HHOTO YBEIMYCHHUS TIOTOKAa CaMmoOJIETOB yAaloch 3(h(EKTUBHO
WCIIOJI30BaTh CKOPOCTHBIC TOJOCHI M TMOBBICUTH 3(PHEKTUBHOCTh B3JIETHO-
nocajioyHo  moyiockl.  CTpyKTypHO-(QDYHKIIMOHAIbHA ~ MOJENb  IMOBBIIICHUS
MPOITYCKHOW CTIOCOOHOCTU B3JIETHO-TIOCAIOYHOMN IMOJIOCH a’poropTa pa3zpaboTaHa ¢
yuetom craaapra MKAO wu npennaraemoil mpaktuku. B pesynbrare ynanock
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MOBBICUTH MPOIMYCKHYIO CITOCOOHOCTH B3JIETHO-TIOCAIOYHOMN TTOJIOCHI.
N.M. Caitnymapos, N.2K.boiimaHoB

"KOFAPBI )KBLITIAMBI OVEKAMJIBIK YITY-KOHY KOJIIAPLIHBIH
OTKI3Y TUIMJILIITTH APTTBIPY QJICI

AHnoamna. Makanaoa aye Kemenepi aBbIHLIHLIY MAYCHIMOLIK  YI2AIObl
AHCAROAUBIHOA HCOEAPDL AHCHLIOAMOBIKMbL MAKCOMOMOP IHCONbL KAPACMBIPBLIAODL, OJ1
YKOK-uoity  emxizy kabinemminicin apmmulpyea Kbl3mMem ememin  JHCo2apbl
acvLioamovikmol  YKIK-uvity  emxizy xabinemminicin apmmulpy 20iCi  KOCbIHObL
Hez2i3iHOe aHblKmanaowl, aye kemeciniy YK 6acvinan scepmen dcanacy Hykmecine
Oellin2i YUacKeHiy Y3bIHObIRbIH JHCIHE XANbIKAPANbIK MAlanmapaa He2iz0enceH meicey
JHCOTILIHBIY Y3bIHOBIZbIH.

Homuorcecinoe yuwy-Kony srconagvinvly muiMOinicin apmmolpyea aye Kemenepi
ARLIHBIHLIY ~— MAYCHIMObIK — YIRAIObl  JHCAROAULIHOA — HCO2APLL  HCLLIOAMOBIKINbL
Maxkcomomopobl MUiMOi NAUOAIAHY apKblivl Ko dcemkizinidi. YK emkizy xabinemin
apmmuipy MaKcamvlHoa aye Kemeiepi AeblHbIHbIH MAYCHIMObIK YA2AI0 HCAROAUNADbIH
eckepe omulpbln, H#o2apsl Hewvlidamovikmol YKK emkizy kabinemin apmmulpy a0ici
aocacanovl. Homudwcecinoe, aye Kemenepi a2bIHbIHbIY — MAYCLIMObIK — YI12AI0bl
HCAROAUBIHOA YULAK MUNi OOUbIHWA JHcedel HCON0bl MUIMOL NAtl0AIaHy eceDiHeH Yuly-
KOHY JICONARbIHbIH, MULMOLLICIH apmmulpy MYMKIH 00J10b1.

Tyitin co30ep: A2poopom, Yury-KOHY JHCONAebl, MUIMOINIK, asuayus, ayexrca,
ywax, omkizy Kaoiiemi.

I.M. Saydumarov, 1.J. Boymanov

METHOD FOR INCREASING CAPACITY EFFICIENCY OF HIGH-
SPEED AIRPORT RUNWAYS

Abstract. The article discusses a high-speed taxiway in conditions of a seasonal
increase in the flow of aircraft; a method for increasing the throughput efficiency of
high-speed runways, which serves to increase the throughput efficiency of the runway,
is determined based on the sum of the lengths of the section from the beginning of the
aircraft runway to the point of contact with the ground and the length of the braking
distance based on international requirements.

As a result, an increase in the efficiency of the runway was achieved through the
effective use of a high-speed taxiway in conditions of a seasonal increase in the flow
of aircraft. Taking into account the conditions of a seasonal increase in the flow of
aircraft in order to increase runway capacity, a method has been created to increase
the capacity of high-speed runways. As a result, in the context of a seasonal increase
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in the flow of aircraft, it was possible to increase the efficiency of the runway due to
the efficient use of the expressway by aircraft type.
Key words: Airfield, runway, efficiency, aviation, airport, aircraft, throughput.
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REVIEW OF INNOVATIVE METHODS TO IMPROVE THE RELIABILITY
OF RADAR INFORMATION IN AIR TRAFFIC CONTROL

Abstract: The paper looks into how onboard aircraft technology may negatively
impact the efficiency of ATC operations. It specifically notes that secondary
surveillance radars (SSRs) may experience interference from systems like the Airborne
Collision Avoidance System (ACAS), Automatic Dependent Surveillance-Broadcast
(ADS-B), and other related systems that operate on the same frequency band. The
accuracy of radar data may be compromised by this interference, making it more
difficult for ATC controllers to manage and monitor air traffic efficiently. Thus, the
paper provides an overview of current problems and promising solutions in the noise
immunity of ATC radar systems, emphasizing the importance of continuous
improvement of technologies to ensure air traffic safety.

Keywords: air traffic control, radar interference, false radar indication,
optimization of radar data, increasing the reliability of radar information, Neyman-
Pearson criterion, radar detection, ACAS interference.

Introduction. Secondary surveillance radars (SSR) are key in providing accurate
and timely information about air objects. Even though SSR is renowned for its
dependability and immunity to interference, risk assessments must carefully reflect the
fact that SSR is still somewhat vulnerable to malfunctions or false alarms. ATC and
other radar systems may be interfered with by aircraft onboard equipment like the
ACAS and ADS-B. Serious problems including false alerts, a loss of radar signals, or
even a full breakdown of the radar system might result from this interference. These
issues originate from the overlap of frequency bands, namely in the 1030 MHz band
utilized by aircraft systems such as ACAS and ATC radar [1-3, 6].

To solve these problems, optimal signal processing methods are actively used.
Analysis of existing data processing methods in ATC radar devices showed that they
have several advantages. Classical methods, such as correlation signal processing,
successfully cope with the task of distinguishing useful signals from noise and
interference. However, these methods have their limitations, especially in complex and
unstable signal propagation environments, which leads to a decrease in the accuracy
and reliability of signal detection [2, 4, 5].
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This article proposes to conduct a comprehensive analysis and synthesis of
existing methods to develop a new approach that will improve the efficiency of radar
signal processing in conditions of increased noise and interference levels. This work is
based on the integration of the most appropriate elements of classical and modern
signal processing methods [3].

Review of the concept of an optimal moving air target detector. To improve
the quality of information, the SSR targets are processed using modern information
technologies. One of the popular methods for improving the reliability of radar
information is a joint optimization approach that combines signal processing and
primary data processing to improve the overall quality of information support provided
to airspace management systems. This approach discusses a scheme for joint
processing of signal data, which is presented in Figure 1. The scheme synthesizes a
structure that allows simultaneous processing of signal data. This integration is critical
to improving the quality of information available to decision-makers in airspace
management systems. Joint processing aims to optimize airborne object detection by
effectively using both types of data [2, 3].

X Implementation Matrix
X; (t) if Generator
MFI D (= 1D . ¢ :>
T X,
:, ¢ X B2 HIDl
Matrix of Weighting [
Coefficients Generator :> ) A
Q X; (t)
;

Figure 1. Block diagram of an ideal detector

The processing involves a weighted summation of binary values (0 and 1) that
reflect previous signal detection decisions. This method allows the system to prioritize
certain signals based on their detection probabilities, which can improve the overall
accuracy of detection.

It should also be noted that the scheme involves the formation of two separate
databases. The first database contains detection results classified by time and space
separation, while the second database contains weights associated with these detection
results. This separation is necessary to apply different processing strategies based on
the data context. The scheme also includes a threshold value that is determined by the
probability of false positives in airborne object detection. This threshold is critical for
making decisions on whether the detected signal should be considered a valid airborne
object or not.

The overall goal of the scheme is to implement an optimal detection algorithm
that can adapt to changing conditions and improve the quality of data processing. This
adaptability is essential to maintain a high probability of detection in different
scenarios.
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To summarize, the scheme covers a complex framework for joint processing,
informed decision-making, database formation, threshold management, and algorithm
optimization. These elements work together to improve the performance of secondary
radar surveillance systems in detecting airborne objects [3].

The analysis shows that certain methods provide better detection rates under
certain conditions, such as a low false alarm probability. These algorithms aim to
improve the tracking accuracy of multiple targets and improve the overall data
processing efficiency in distributed tracking architectures. The synthesis of these
algorithms is critical for predicting activity at the design stage and for combining
probabilistic data associations [4].
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Figure 2. Air object detection features review

The first dependence in Figure 2 demonstrates the relationship between the
probability of detecting an airborne object and various parameters such as the detection
threshold and the number of response signals. The data can be presented as curves that
show how the probability of detection changes for different values of the detection
threshold (z) and the number of signals (n). The curves can represent different data
processing methods, allowing for a comparative analysis of their effectiveness. Thus,
Figure 2 can highlight that as the detection threshold changes, the probability of false
alarms and successful detections changes, providing an idea of the optimal settings for
detecting an airborne object [2,4].

The second dependence in Figure 2 focuses on the effect of the aircraft
transponder readiness factor on the probability of detecting an airborne object. The
figure shows how the probability of detection varies depending on different availability
factors, as seen in the curves to represent different data processing schemes. The
analysis indicates that the data processing scheme is less sensitive to changes in the
readiness factor, indicating its reliability in different operating conditions.

The third dependence in Figure 2 compares the quality indicators of different data
processing schemes for detecting airborne objects. It presents a comparative analysis
of the performance metrics of the first and second data processing schemes using bar
charts or line charts to illustrate the differences in detection probabilities.
Consequently, the second dependence consistently outperforms the first in terms of
detection quality, supporting the conclusion that the new processing structure provides
significant advantages over existing methods.
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Dependences in Figure 2 are expected to provide critical information on the
performance and efficiency of the different data processing schemes for secondary
radar reconnaissance systems, focusing on detection probabilities, the impact of
availability factors, and comparative quality metrics. Significant attention in the
analysis is given to the inter-stage optimization of data processing. The proposed
structure aims to facilitate better decision-making by improving the quality of the
processed data [4, 7].

The analysis highlights the importance of optimizing the processing structure to
ensure the accuracy and reliability of the information used for decision-making. This
Is essential for effective air traffic management and national security. The analysis of
the optimal processing structure for surveillance radars highlights the importance of
detection probabilities, comparison of processing methods, the role of optimization
algorithms, and the impact on decision-making [7].

This innovative approach enables adaptive control of signal detection thresholds,
which is necessary to improve the efficiency and quality of data processing.

The proposed methods represent significant advances in the processing of SSR
data, they also have some disadvantages and limitations that are worth noting:

e Implementation complexity;

e Dependence on accurate data;

e Potential for increased processing time;

e Environmental Dependence. Sensitivity to the environment;
e False Alarm Potential and Risk;

e Cost and Resource Requirements. Resource Intensive;

While the innovations presented above offer valuable insights and advances in
SSR data processing, they also face challenges related to implementation complexity,
data accuracy, processing time, testing volume, and limitations inherent in existing
systems.

Study of detection criteria and decision-making processes based on Neyman-
Pearson and Wald criteria. The study suggests that a sequential detector may
demonstrate advantages under certain conditions. The difficulty of analytically
determining the distribution of the resulting statistics should be considered. Therefore,
it proposes the use of mathematical modeling techniques to effectively compare
detection procedures. The study also discusses the use of the sequential probability
ratio test for radar detection and describes the necessary conditions for comparing the
Neyman-Pearson test and the sequential probability ratio test.

The sequential detection method can reduce the required signal-to-noise ratio for
the Wald test while maintaining fixed false alarms and target miss probabilities. This
Is especially important when the average sample size is equal to the fixed sample size
for the Neyman-Pearson test. The average sample size required for the Wald test is
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smaller compared to the Neyman-Pearson test, given the same false alarm and target
miss probabilities. The sequential decision process based on the Wald criterion
involves setting lower and upper detection thresholds determined by the required false
alarm and target miss probabilities. This iterative process continues until a final
decision is made. The sequential Wald criterion can provide significant advantages in
radar detection performance, especially in terms of reduced sample size and lower
signal-to-noise ratio requirements. This can have practical implications for improving
radar systems in various applications [8].

The approach presents a comprehensive analysis of radar detection
methodologies, highlighting the advantages of the sequential approach over traditional
methods. The use of mathematical modeling and emphasis on practical implications
make this study relevant to researchers and practitioners in the field of radar
technology[7, 8].

Comparison of Neyman-Pearson and Wald criteria. Two important methods
used in this field are the Neyman-Pearson detector and the Wald detector. The
Neyman-Pearson method is based on a statistical test that helps determine whether a
signal is present or not. It uses a specific criterion that aims to maximize the probability
of detecting a signal while keeping the probability of false alarms (incorrectly claiming
that a signal is present when there is none) below a certain level. The Neyman-Pearson
detector is especially useful when the costs of false alarms and missed detections are
different. The Wald detector, also known as the successive probability ratio test, is
another method of signal detection. Unlike the Neyman-Pearson detector, the Wald
detector continuously evaluates the incoming data and makes decisions based on the
probability of the signal being present [9].

It is designed to minimize the mean time to detection, which means that it tries to
make a decision as quickly as possible while maintaining accuracy. Comparing
Neyman-Pearson and Wald detectors is important because it helps researchers and
engineers choose the best method for their specific applications. The comparison can
be visualized using a diagram or flow chart that shows how each detector processes
signals and makes decisions. The diagram can illustrate the steps used in each method,
highlighting the differences in their approaches to detection.

The Neyman-Pearson detector plans based on a fixed threshold, while the Wald
detector continually updates its decision based on incoming data. The Neyman-Pearson
detector is often more effective when the cost of errors is well understood, while the
Wald detector is better suited for situations where quick decision-making is critical.

Taking into account the above, the following scheme is used to compare the
sequential detector with the Neumann-Pearson detector. Using the method of
mathematical modeling of the sequential detection procedure with the specified
stopping thresholds, the authors obtained calculated values of the detection
characteristics (Figure 3). The obtained graphs are completely analogous to the
detection characteristics for the Neyman-Pearson criterion, which is due to the identity
of the operating conditions of the compared detectors.
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Figure 3. Comparison diagram of Neyman-Pearson and Wald detector

Similar results are obtained when using non-coherent accumulation. The
differences lie only in the shape of the detection curve (Figure 4). Thus, the sequential
probability ratio test, like the detection procedure with a fixed sample size, has optimal
properties. In this case, the estimate of the average duration of the sequential procedure
in the absence of a target (no) turns out to be less than the fixed duration of the sample
(N) for the Neyman-Pearson criterion equivalent in error probabilities. The presence
of a gain in the average duration of the decision-making procedure is due to the
transformation of the distribution law of the square of the correlation integral modulus
Z,. In this case, the magnitude of the gain depends on the number of accumulated
signals i n. The noted result agrees with the statement about the time advantage of the
sequential criterion given in, since in the overwhelming majority of resolution elements

there is no target in the radar survey.
D
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Figure 4. Detection characteristics of the sequential criterion and the Neyman-
Pearson criterion

Figure 5. Average duration of a sequential procedure

The obtained dependence of the average duration of the procedure in the
presence of a useful signal n; has a characteristic maximum, called the resonance of
the duration. It should be noted that in the region of the resonance point, the duration
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of the sequential procedure in several experiments may be longer than the fixed
duration N of the Neumann-Pearson procedure.
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Figure 6. Estlmatlon of instantaneous values of the duration
of a sequential procedure (N=6)

The noted feature will inevitably lead to a delay in the radar detection procedure.
In such cases, it becomes necessary to interrupt the observation procedure at a certain
step with the adoption of a resulting decision in favor of the presence or absence of a
target in the analyzed resolution element. The procedure under consideration is called
truncation of sequential analysis. It should be noted that in practice, primarily due to
the limited observation time, only truncated sequential procedures can be used in radar
detection devices. At the same time, there is no consensus on obtaining optimal
methods for truncating a sequential detection procedure.

Analysis of Mode S responses obtained from single-channel stations with
progressive digital enhancement. In high-density traffic areas, Multilateration
systems, ADS-B and systems of this type may receive several superimposed signals
simultaneously. Current operational systems use only one receive channel connected
to an omnidirectional antenna. When the received responses are superimposed, i.e.
"distorted", their detection and/or decoding in modern equipment is seriously impaired.
In fact, the multiple-channel problem is a typical signal separation problem applied to
a Mode S mixture for which several algorithms already exist. The authors' algorithm,
called the Single Antenna Projection Algorithm (SA), is based on existing PAs and can
be easily implemented on existing receiving stations. The effectiveness of their method
Is demonstrated on real data collected from an experimental receiver. The transponder
Is also one of the most important units of the ACAS system and plays an important role
In issuing advisory recommendations, and in the ATC system it is used for its intended
purpose to provide controllers with location data [1,3,6].

On-board transponders are classified according to their design capabilities,
depending on which they can provide information. The most advanced transponder is
the Mode S transponder, which stands for "select". The Mode S onboard transponder
generates response signals selectively, unlike the two previous modes. This ensures
efficient use of the radio frequency spectrum and reduces the workload on controllers.
This transponder is also capable of generating data on the flight speed, aircraft tail
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number, and flight number (call sign). The front surface of the transponder has
indicators that signal the state of the SSR components [10].

The idea is a channel separation method for SSR signals suitable for any
receiving station with a single omnidirectional antenna. The algorithm is based on the
data adaptation required to use the projection algorithm (PA) and leads to a simpler
and more efficient method, the PA single antenna (PASA). As explained earlier, the
goal is to mitigate the distortion problem and improve the channel capacity even in
high-density traffic situations. A typical Mode S station for ADS-B consists of an
antenna, an analog front-end, and a digital section for signal detection and decoding.
Figure 7 shows the general block diagram of a Mode S receiver; the dotted line contains
additional logic functions for the PASA method [1].

Description of the operating principle of the proposed circuit of an
autonomous device for detecting a radio signal of the SSR. To eliminate the
shortcomings in the operation of the ATC in advance, it is important to develop
autonomous detection systems that can improve the reliability and efficiency of radar
equipment. In the proposed innovation, autonomy plays a key role. An independent
detection scheme will be used, in which the central element is a digital data processing
unit. This unit consists of a memory device and a threshold device, which ensures
autonomous decision-making based on incoming data.

non-directional
antenna

AMNALOG E MIXING . i |  SIGMNAL . o
FRONT-END[ 7| AP [T [pETECTION[ | FASA [T DETECTION[T| PECUPING

________________________

Figure 7. 1090 MHz receiver scheme for the PASA

The peculiarity of the SSR radio signal detection scheme is that at each stage of
observation, the SSR signal is compared with two threshold levels - the lower and
upper stopping limits. These limits are determined by the required probabilities of false
alarms and target miss. If the SSR signal exceeds the upper threshold, a decision is
made about the presence of a target (1 A*). If the signal value is below the lower
threshold, a decision is made about the absence of a target (0 A*). If the OP value is
between the thresholds, the observation process continues with the calculation of the
signal for the extended input vector. The transition to using the logarithm of the
likelihood ratio (In(A(f))) in the detection process allows replacing the multiplication
operation with a simpler summation operation, which simplifies computational tasks.
The sequential accumulation of statistics at each observation step continues until one
of the threshold values is reached. If the threshold is reached, the observation procedure
is stopped and a final decision is made. This procedure is an analog of the incoherent
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accumulation of a random number of optimal processing results. An example of
implementing the proposed SSR radio signal detection scheme is the generalized
scheme shown in Figure 7. In this scheme, random signal realizations are sequentially
fed to the input of the optimal processing device. After the first step of the procedure,
the current value of the decision statistics proportional to the logarithm of the radar
signal is formed at the output. This value is accumulated and compared with the
threshold levels at subsequent observation steps until the final decision is made. The
scheme is developed taking into account the need to filter out unwanted noise and
Improve detection accuracy. The statistical methods underlying this process are critical
to the development of reliable radar systems capable of effectively identifying and
tracking targets. The digital information processing unit, which includes a memory and
threshold unit, plays a key role in this system, ensuring autonomous and accurate
decision-making.

DT Reset
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Figure 8. Scheme of the autonomous device for detection of the radio signal of SSR

The input of the device receives received random realizations sequentially. In the
general case, their number is determined by the course of the detection procedure and
Is random. After the 1st step of the detection procedure, a random variable z is formed
at the output of the optimal processing device - the current value of the decision
statistics proportional to the logarithm of the SSR radar signal. The accumulated value
of the statistics is formed at the output of the storage device (SD). The threshold device
makes a decision: to make a final decision with the stop of the observation process or
to make the next observation. The check continues until the decision statistics cross
one of the stopping detection thresholds. In this case, the SD is reset by the "reset"
pulse. Despite the theoretical efficiency of the proposed scheme, there are practical
difficulties, such as the Doppler frequency shift and the unknown energy spectrum of
passive interference, which complicate the detection process in real conditions. In
addition, modern primary and secondary ATC radar systems, despite their critical
importance for aviation safety, may face these and other limitations, which require the
development of more advanced algorithms and approaches to improve their reliability.
In this context, the use of autonomous digital information processing units makes it
possible to increase the reliability and stability of radar systems in difficult conditions
[7, 10].
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The discussion of sequential analysis methods with the concept of an ideal signal
detector and the implementation of autonomous detection systems highlights the
Importance of statistical methods and autonomy for improving the reliability of radar
information in air traffic control (ATC) systems. The application of these approaches
contributes to the development of [9, 10].

Conclusion. This study has examined and suggested novel approaches to enhance
the dependability of radar data in ATC systems, specifically tackling the obstacles
caused by noise and interference in primary and SSR systems. The study draws
attention to the SSR systems' susceptibility to interference from onboard aircraft
technologies, such as ACAS and ADS-B, which share a frequency range and may result
in false warnings or even system failures. A more resilient architecture has been
suggested to improve detection accuracy and lessen the effect of noise by combining
traditional and contemporary signal processing techniques, such as correlation
processing and adaptive filtering. This study's combined optimization methodology
and thorough investigation of data processing techniques show great promise for
raising the general quality and dependability of radar data, which will ultimately lead
to safer and more effective air traffic control. Subsequent investigations can
concentrate on refining the suggested models for instantaneous use and augmenting the
system's resistance to external factors, guaranteeing the dependability of ATC systems
in a range of operational scenarios.

Ucnam Uckennepos, Telimyp Annes

OBb30P HTHHOBALIMOHHBIX METOAOB ITOBBIIIIEHUA
HAJEKHOCTH PAJIJUOJIOKAIIMOHHOM
NHO®OPMALIUU YB/]

Annomayusn: B cmamve paccmampusaemcs, Kak 00pmosvle MeXHOI02UU
CAMOIemo8 MO2YM He2amu8Ho NOGIUAMb Ha 3P dexmusHocmsb onepayuti YBJ[. B nem
0cobo ommeuaemcs, umo 6mopuyHvle 0030pHvie padapvl (BOPJI) mozcym
noosepeamvCsi NOMexXam cO CHOPOHbL MAKUX cucmem, Kak Oopmoeas cucmemda
npeoomepauwenuss  cmoaxknosenutt  (ACAS),  asmomamuueckoe  3a8ucumoe
wupoxosewamenvroe Haovoodenue (ADS-B) u opyeux cesasanuvix cucmem, xomopwie
pabomarom 8 mom dxe OUAnazoHe 4acmom. Dmu HOoMexu Mo2ym NoCmasums noo
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Yepo3y moyHOCMb PAOUOJIOKAYUOHHBIX OAHHBIX, YMO YCA0dCHAem oucnemyuepam YBJ[
agppexmuenoe ynpasieHue u MOHUMOPUH2 8030YUIHO20 08udcenus. Takum oopazom, 6
cmamve npedcmasieH 0030p MeKyWux npoodnem u NepcneKmuHbIX peuleHull 6
obracmu nomMexoycmouuusocmu paouoiokayuouusvlx cucmem YBJ[, noouepknyma
BAJICHOCMb ~ NOCMOAHHO20 — COBEPUICHCIBOBAHUS — MEXHONIo2ull  obecneueHus
bezonacnocmu 8030YULHO20 OBUNCEHUSL.

Knroueswvie cnosa: ynpasienue 8030yuHbiM 08UNCEHUEM, PAOUOTIOKAYUOHHBLE
nomexu, J0JHCHAS UHOUKAYUSL paoapa, ONMUuMU3ayusi paouoioKayuoOHHbIX OAHHBIX,
nosblueHUe 00CMOBEPHOCMU PAOUOLOKAYUOHHOU uHGopmayuu, Kpumepuu Helimana-
Ilupcona, paouonoxayuonnoe oonapyacenue, nomexu bCIIC.

Ucnam Eckennipos, Telimyp Onves

I9Kb PA/INOJIOKAINUAJIBIK AKITAPATBIHBIH CEHIMALJIIT'TH
APTTBIPYJAbIH UHHOBAIUAJIBIK 9JAICTEPIHE IIOJIY

Anoamna: byn makanaoa aye kemenepiniy 6opmmulk mexHonocusicvt OKbH
onepayusnapulHbly muimoinicine xKanaiu xepi acep ememini Kapacmwvipwliadsl. On
Kaumanama oakwviiay paoaprapvinviy (SSR) ayeodeci coxmwiebicmbl 6010blpMay
acyuieci (ACAS), asmomammor mayendi 6axviiay-xabap mapamy (ADS-B) owcone
Oipoell JHCUINIK OUANA30HbLIHOA JHCYMBIC Icmelmin 0acKka 0a Kamvicmbvl JHcylienep
CUSIKMbL Jicylieniepdin Kedepeinepine Yublpaybl MyMKIH eKeHiH epeKuie aman omeol.
byn kedepei paoap depexmepiniy 0an10iciH OY3ybl MYMKIH, OY Oucnemuepiep yYulin aye
KO032aNblCblH mMUuimMoi 6ackapyovl dcaHe 0Oaxbliayovl KuvlHOamaowl. Ocwvliatiua,
makanaoa aye KO32AIbICbIH 06acKapyoObly paouOIOKAYUATLIK MHCYUeNepiHiy ulyea
Me3iMOiNiei canacblHOazvbl 03eKmi Maceielep MeH NepCneKmueanvly uleuimoepee
WOy  JKcacanvin, aye KO32alblCbl KaVINCi30ieiHiy MeXHONoUSsNAPbIH  Y30IKCI3
AHCeMiNOIPYOiy MAHBIZOBLILIELL KOPCEMII2EH.

Tyitin ce30ep: oye Ko32anbICbIH Oackapy, paoap Keoepeici, icaneam
PAOUONOKAYUSIBIK, KOpcemxKiul, paoap Ooepexmepin OHMAUNAHOBIDY,
PAoUoNoOKayusIblK — aknapammely — ceHimoinicin - apmmoipy,  Hetiman-Ilupcon
Kpumeputii, paoapnapowsi anvikmay, ACAS xeodepeici.
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UHTEJUIEKTYAJIbHBIE CUCTEMBI YIIPABJEHUS ITOJIETOM HA OCHOBE
HNCKYCCTBEHHOI'O MHTEJIJIEKTA

Annomayus. B cmamve  aHAIU3UPYIOMCA — NEPCNEKMuUbl  GHEOPEHUs.
unmesiekmyaivHolx cucmem ynpaeierus nonémom (MCYII) ¢ Kazaxcmane na ocnose
mexnono2utl uckyccmeennoz2o unmeniekma (MHU). Paccmampusaiomcs 0CHOBHble
Memooonozudeckue nooxoowl, GKAOUASL MemoObl MAWUHHO20 00VYeHUsL U 271YOOKUX
HEUPOHHbIX cemell Ol NPOSHO3UPOBAHUS ABAPULHBIX CUMYAYUL U ONMUMUIAUUU
mpaexmopuii noaéma. Imu NoOX00bl NO360JAIOM NOBLICUMb 0OE30NACHOCMb U
aghghexmusrnocms  ynpasnenus G030YWIHbIMU CYOAMU, A MAKICe CHUZUMb DPUCK
yenogeyeckol  OowubOKu 8  CIHOJNCHbIX  yciosusx. Ilpusedenvl  pe3ynrbmamol
MOOeUPOBAHUSL U IKCNEePUMEHMANbHBIX OAHHBIX, KACAIOWUXC MOYHOCMU HABU2AYUU
U BpeMeHU peakyuu HA HewmamHvle CUmyayuu, Komopvle noOmeepHcOaom
agppexmusnocmvs MU 6 ynpasnenuu nonémom. QOcoboe 6HUMAHUE YOeNeHO
npumernenuro UM 6 cucmemax agmomamuyeckoco YynpasieHus u pecyiuposanus s
MUHUMUBAYUU Hell08eyecKo2o (hakmopa 6 nuiomuposanuu. Ilonyuennvle pe3yibmamol
Mo2ym Oblmb UCNONB308AHbL 8 ABUAYUOHHOU uHOYcmpuu Kazaxcmana 0151 nosviuienust
OezonacHocmu, HAOENCHOCMU U MOYHOCMU NONEéMo8. B 3axnrouenue ucciedosanue
gvloesisiem nepcnekmushvle Hanpaesienus pazsumust UCYII, maxue xax unmezpayus ¢
OeCnUIOMHBIMU JIeMAMENbHbIMU ANNAPAMAMU U CUCTEMAMU 8030YULIHO20 KOHMPOJIS
6 Kazaxcmane.

Knrouegvle cnoea: uckyccmeenmulil uHme1eKm, UHMeL1eKmyalbHble CUCEMbL,
ynpasieHue noiémom, AemomMamu3ayus, npubopocmpoenue.

Beeoenue. Pazputue Texnonoruii uckyccrsenHoro untesekra (M) okaspiBaer
3HAQYUTENBHOE BIIMSHUE HAa AaBHAIMOHHYIO oTpaciab B Kazaxcrane. BHenpenwme
HMHTEIJIEKTYalIbHBIX cucTeM ympasiieHuss nojérom (MCVII), ocHoBanubix Ha WU,
M03BOJIAET 3HAUUTEIIHLHO MOBBICUTH O€30MaCHOCTh U TOYHOCTH BBITTOJTHEHHUS OJIETHBIX
omepaiuii. OTH CUCTEMBbI CHOCOOHBI aJaNTUPOBATHCA K OBICTPO MEHSIOIIUMCS
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YCJIOBHSIM M MHUHHMH3UPOBATh BIUSHUE dYenoBedeckoro ¢aktopa. lLlens manHOTO
uccienoBanus — oueHuth dpdextuBHocTs UCVYIIL, pa3zpabotannbix Ha 6aze UU, B
ycnoBusax Kazaxcrana m ux moTeHUMan Juisi MOBBIIEHUsT 0€30MacHOCTH aBuanuu. B
nociequue roael MW momydmsn mMpoOKOe pachpocTpaHeHwe OJarojapsi CBOUM
BO3MOXHOCTSIM B 00paboTKe OoJbIInX 00BEMOB NAHHBIX W aJANTAllMd K CIOXKHBIM
ycioBuaM dKciuryaranuu. Ocolasi akTyalbHOCTh Takux cucreM B Kazaxcrane
0oOyCJIOBJIEHa YHUKAJIbHBIMH KIMMAaTUYECKUMH YCIOBUAMH U HEOOXOJUMOCTHIO
oOecrieueHus 6€30MaCHOCTH, KaK B IPAKJAHCKOM, TaK U B BOGHHOHN aBUAIIUU.

CpaBHEHHE MEXIYHApPOJHOIO OIbITA, TAKOTO KaK POCCHIICKHE pa3padOTKu
CUCTEM aBTOMaTH4eckoro mnuwioTupoBanus u mnpoektsl DARPA B CIHIA,
JIEMOHCTPUPYET 3HAUUTENbHBIE ToCTIKeHHs B o0actu U, B Kazaxcrane, HecMoTps
Ha MCHBININN MAacIITad MCCIICAOBAHMM, YKEe BeayTcs ycnemHbie pazpadotkun NCVYII
JUTSL DKCIUTyaTalliy B SKCTPEMAJIbHBIX YCIOBUSIX. MoaenpoBaHUE MOJETHBIX CUCTEM
B KazaxcTane mokaszajao CHUKEHUE UYMcClia aBapUHHBIX cuTyarui Ha 25% Onaronaps
ucnonp3oBanuio MU, 4ro aenaer nanpHeuInee pasBUTHE 3TOM TEXHOJIOTMU KpanHe
MEPCIIEKTUBHBIM.

Takum oOpazom, Kazaxcran aktuBHo BHeapser WCVII, onupasch Ha
MEXyHAPOIHBIN ONBIT U aJaNTUPYS pa3pabOTKH 1Mo COOCTBEHHBIE MTOTPEOHOCTH, YTO
CIIOCOOCTBYET TOBBIIIEHUIO 0€30MacHOCTH W 3(PGEKTUBHOCTU B aBUAIMOHHOU
WHyCTPHH.

OcHnoenasi uyacmes. OCHOBHBIMH NPEUMYIIECTBAMH HCNONb30BaHus WU B
yIPaBJICHUH TOJETOM SIBIISIFOTCSI €r0 CIOCOOHOCTh OBICTPO 00padaThiBaTh OOJIbININE
00bEMBI JTAaHHBIX UM TpeAJiaraTb ONTUMAaJbHBIE PEIICHHS Ha OCHOBE aHaJIM3a
noy4yeHHo uHpopMauuu. B pamkax maHHOW paboOThl ObLIa pa3zpaboTaHa MOJAEIb
WHTEIJIEKTYaJIbHOW CHCTEMBI, KOTOpash CHOCOOHAa CaMOCTOSTEIbHO MPUHUMATH
pelIeHus B Ciiy4ae 0TKa30B OTACIbHBIX KOMIIOHEHTOB CaMOJIETa.

Memooonozuueckue nooxoovl K CO30AHUIO UHMENIEKMYANbHbIX CUCHeM
ynpaenenus noaémom. Intemnexryanbuble cuctemsbl ynpasieHus: nojaérom (MCVYIT)
OCHOBaHbI Ha TEXHOJIOTHSIX MUCKyccTBeHHOro mHTewiekTa (M) u BkirodaroT B ceds
HECKOJIbKO KJIFOYEBBIX METOJOJIOTUYECKUX TMOJAXOAO0B, TaKMX KaK MAaIlMHHOE
oOyueHue, riayOOKHe HEHPOHHBIC CETH M METOAbl 00pabOTKM OOJBIINX JaHHBIX.
OnHoit u3 rinaBHbIX 1eneit BHeapeHus MCVYII aBisercs aBTomMaTu3aius U yiaydllieHue
VIOPABJICHHUS BO3AYIIHBIMH CyJaMH, YTO CIIOCOOCTBYET MOBBIMICHUIO O€30MaCHOCTH,
MUHHUMM3AIMY OMHUOOK MUJI0TAa U ONTHUMHU3AIUUA PA0OTHI B CIIOKHBIX yCIOBUAX [1].

[IpeacraBum Tabmuiyy 1 ¢ METOMOJIOTMUECKUMHU TOIXOJaMU U HECKOJIBKO
rpadukoB 1,2 ayid BU3yanu3aluu JaHHBIX:
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Tab6auna 1. — IIpencraBieHne MCHOIB3YEMBIX METOJOJOTHYSCKUX IMOAXOI0B
NCVII B uccnenoBanuu

ToyHOCTB Bpems
KOPPEKIUU peakiuu Ha (CHIDKEHHE PHCKa
Ne Meron . ABAPUMHBIX
TPAeKTOPHl | HEIITaTHbIE cutyanuit (%)
nosieta (%) | curyanuu (cek) Y
1 2 3 4 5
1 Mamunaoe 38 3.5 15
oOydeHue
p | Lyborie 95 2,8 20
HEHWPOHHBIE CBS3U
3 O6padoTKa 6OJIBIINX 90 3.2 18
JAHHBIX
4 [IpenukTrBHBIE 92 3.0 19
MOJIeNIU

['paduiku 11 BU3yanu3anmu SKCIIEPUMEHTAIbHBIX JaHHBIX:
1. To4HOCTH KOPPEKIMHU TPACKTOPUH MOJIETA IO PA3NIMYHBIM METO/IaM IMOKa3aHa
Ha niepBoM rpaguke (Pucynok 1, A)).

[NpeanKTHEHLIE MOOEIA [MpeankTUBHBIE MOOENA

ObpaboTka BonkWWE DAHHBIX ObpaboTea DONBWWE OAHHBIX

I nybBokne HeApOHHRE CETH I nyBokne HEADOHHRE CeTH

MallnHHoe 0by4eHne MalwunHHoe obyYeHne

] 25 50 75 o 1 2 3
TOMHOCTE (%) Bpewms (cex)

A) To4HOCTBH KOPPEKIIUU b) Bpems peakiiuu Ha HEIITaTHBIE
TpaeKTOpUH MONETa CUTYaIuU

Pucynok 11. Bpems peakiuu Ha HEIITaTHBIE CUTYAIHH

2. Bpemsi peakuuu Ha HEWITaTHbIE CUTYallMM OTPAXKEHO Ha BTOPOM rpaduke
(Pucynok 1, b)).

3. lnarpamma CHIDKEHMSI pUCKa aBapUMHBIX CHUTyallMd 1O MeEToAaM
MpejIcTaBlIeHa B BUJIE KpyroBoil auarpammbl (PucyHok 2).
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MalumMHHOe obyyeHune
MpeanKkTuBHbLIE MOAENN

20.8%
26.4%

27.8%
25.0%

nybokue HellpoHHbIe ceTr

O6paboTka bonblWNX daHHBIX

Pucynok 12. CHmkeHre prcKa aBapuiHBIX CUTYaIlui TI0 METOaM

DT  JaHHbIE TIOMOTalT HANMIHO  NPEACTABUTH, KAaK  Pa3JIUYHbIC
METOJA0JOTUYECKUE MOAXOAbI BIUSAIOT Ha 3()PPEKTUBHOCTD YIPABICHUS MOJETOM.

Mawunnoe obyuenue u nevponnvie cemu ¢ UCYII1. Mamunnoe o0ydenue (ML)
n HeilipoHHsle cetr (NN) urparr mneHTpaibHyto posb B paszsutuun UCVYIL. Otun
CUCTEMBbI O0y4YaroTCsd Ha OTPOMHBIX OO0bEMax JAHHBIX, MOJYYEHHBIX B PE3yJibTaTe
MPEABIIYIIMX IOJETOB, YTO IIO3BOJIAET MOJENUPOBaTH W NIPOTHO3HPOBATH
MOTEHIMAIbHbIE HEIITaTHbIE cUTyauuu. Hampumep, MeToasl TiTyOOKHX HEHPOHHBIX
CeTel MO3BOJISIOT BBISIBIISITh 3aKOHOMEPHOCTHU B JAHHBIX, UTO CIIOCOOCTBYET paHHEMY
oOHapyXeHHIO cOOEB B CHCTEMaX CaMOJIETa U aBTOMATHUECKOMY IIPUHITHIO pEIICHUN
JUIA TpeNoTBpalleHus aBapuil. B xone Hamiero uccrienoBaHus Oblia pa3paboTaHa
MOJIeNIb HEHPOHHOM CEeTH, KOTopas crocoOHa d(PGEeKTUBHO aHATU3UPOBATh JAHHBIC B
peanbHOM BpPEMEHM W IpelJlaraTb KOPPEKTUPYIOIIHUE IEUCTBUSA IPU W3MEHEHUU
BHEIIIHMX YCJIOBUH, TAKUX KaK IIOIOJIHBIE SIBJIEHUS U OTKAa3 CUCTEM YIPABIICHHUS.

DKCIEpUMEHTANbHBIE JaHHBIE, MOJYYEHHbIE HA OCHOBE CUMYJILIUM IOJETOB C
ucnonb3zoBanueM HWCVYII, noxarBepxkaat0T UX CHOCOOHOCTh K aJdalTUBHOMY
VIPABJICHUIO B YCJIOBUSAX HU3KOM BUAMMOCTH U TypOYJI€HTHOCTH. B pe3ynbrare TecTOB
B CUMYJSTOpe OblIa 3aUKCHUPOBAHA TOUYHOCTh KOPPEKLUHU TPACKTOPUN MOJNETA HA
95%, uto Ha 20% BBIIIE 10 CPABHEHUIO C TPAAULHUOHHBIMA METOJAMU YIIPABICHUS
BO3AYIIHBIMH CYJaMH.

Cucmemvr  asmomamuuecko2o ynpasienus u pecyauposanusd. OIHAM U3
BakHeWmmx acnektoB HMCVYII  saBasiercss WX  UHTETpalus ¢ CUCTEMaMu
ABTOMATUYECKOTO YIPAaBJICHUS U PEryJUpOBaHUS. DTH CUCTEMBI, ocHaIEHHbIe VU,
CIIOCOOHBI yNPaBIATh CAMOJIETOM B aBTOHOMHOM PEXHUME, CHUXasi He0OXOIUMOCTh
BMEIIATENIbCTBA MWJIOTa, YTO OCOOCHHO Ba)XXHO B UPE3BbIYAWHBIX CHUTYaIUsX.
[IpumMepoM Takoro NMpUMEHEHHs SIBISETCS aBTOMAaTHYECKash KOPPEKLHs Kypca IpH
oOHapykeHHH cO0eB B HABUTAIIMOHHBIX CUCTEMaX WJIM H3MEHEHHE MapIIpyTa B CIIydae
VXYIIIEHUs TOTOAHbIX yciaoBUHM. JlaHHBIM (yHKIMOHAT OCHOBBIBAETCA HA
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NPEIUKTUBHBIX MOJENAX, OOYYEHHBIX HA JAHHBIX pEaJbHBIX MOJETOB, KOTOPHIE
MO3BOJIAIOT AHANM3UPOBATh MWUIMOHBI KOMOWHAIMKA BHEIIHUX (PAKTOPOB U
IpeAiaratb ONTUMAJIbHBIE PEIICHHS B PEKUME PEaTbHOTO BPEMEHHU.

[Ipumenenne MM B cuctemax aBTOMATUYECKOTO YNPABJIECHUS TAKXKE MO3BOJISET
YMEHBIIUTh PUCK YesnoBeueckor omunoOku. CoriiacHo pe3ysibTaraMm HCCIEeOBaHUM, B
80% cnydaeB aBapuil B aBUallMy yejoBedeckuil paktop ObuT KiItOYeBbIM. BHenpenue
NCVYII cnocoOHO MUHUMU3UPOBATH ATOT (PAKTOp 3a CUET MOJHOW WM YaCTUYHOU
aBTOMATHU3allM MHOTHX IPOLECCOB, TAKUX KaK B3JIET, MOCAAKa U KOPPEKTUPOBKA
Kypca.

Ilpumep mesxcoynapoonoco onvima. ONBIT 3apyOEKHBIX CTPaH JIE€MOHCTPHUPYET,
YTO HWHTEJUIEKTYaJIbHBIE CHUCTEMBbI YIpPaBICHUS MOJETOM MOTYT 3HAYUTEIBHO
NOBBICUTh  A(P(EKTUBHOCT, U 0OE30MACHOCTh aBUAIIMOHHBIX omepauuid. B
Coenunénnbix Illtarax Awmepuxku (CIIA) npoekt DARPA ALIAS poxazan
BO3MOKHOCTh TIOJHOTO ABTOHOMHOIO YIpPaBJIEHUS KaKk KOMMEPYECKMMHU, TaK H
BOCHHBIMU CaMOJIETaMU. ABTOHOMHBIE CUCTEMBI, UCHOJIb3YIOIIKE ainropurmel MU,
CIOCOOHBI HE TOJBKO OTCIEKUBATh COCTOSIHHE OOPTOBBIX CHCTEM, HO M MPUHUMATh
pemieHuss 0e3 yyacTHsl MWJIOTa, OCHOBBIBASCh Ha JIaHHBIX CEHCOPOB U
IIPEACKA3ATEIbHBIX MOJEIIEH.

Kpome toro, B I'epmanuu OblIM pa3paboTaHbl CUCTEMBl ABTOHOMHOTO
[IUJIOTUPOBAHUSA, KOTOPBIE MOTYT CaMOCTOSITENBHO aHAJIU3UPOBATH TPACKTOPHUIO
M0JIETA ¥ MPUHUMATh PELICHUS B YCIOBUSIX OTPAHUYEHHON BUAMMOCTH WUJIU TIPU OTKA3€
HABUTAILIMOHHBIX CUCTEM. DTU pa3pabOTKU MO3BOJISIOT COKPATUTh BpEMs peakluu Ha
HELITaTHbIE CUTyallud U oOecneunTh OecrepeOoiiHyt0 paboTy Jaxe B KPUTHUECKUX
YCIIOBHUSIX.

UckyccrBennsiid uaTeiekT (MN) ynydmaer HaBuramuio BO3AYIIHBIX CYI0B MO
HECKOJIbKMM  KJIIOYEBBIM HAIpaBJICHUSM, HCIHOJb3Yd CBOM BO3MOXKHOCTH IS
00pabOTKM JAHHBIX, aHAJIW3a B PEaJbHOM BPEMEHM W MPOTHO3UpOBaHUA. BoT kak
nMeHHO MU BnusieT Ha ynydllleHre HABUTALIMN:

1. OnTuMu3anusa TpaeKTOpUH MOJIETA

NN moXeT aHanu3hpoBaTh OrPOMHBIE MACCHBBI JAHHBIX O TEKYIIMX H
HCTOPUYECKHX TMOJETaxX, BKIOYas HH()OPMALIUIO O TOTOJHBIX YCIOBUSAX, BO3AYILIHOM
IBWKEHUM U COCTOSHUU camoiéra. Mcmonb3yss METOo[bl MAaIIMHHOTO OOY4YeHHsS U
npenukTuBHbIe Monenu, M cnocoben mpenckasbiBaTh ONTHUMalbHBIE TPAEKTOPUU
MoJj€Ta B peaJibHOM BPEMEHU, MUHUMU3UPYS BpEMs B MYTH, TOIUIMBHBIE 3aTPAThl U
PHUCKH CTOJIKHOBEHUH C IPYTHUMH BO3AYLIHBIMU CYZaMHu.

[Tpumep: UM MoxkeT pekOMEHI0BaTh U3MEHEHUE MaplIpyTa, YTOObl HU30EeXKaTh
HEOIaronpusITHBIX MOTOJAHBIX YCIOBHUH, TAKUX KaK TypOYJIEHTHOCTb MJIM T'PO3bI, YTO
MOMOTaeT MUJI0TaM MPUHUMATh 0oJiee 000CHOBAaHHBIE PELICHUSI.

Ha pucynke 3, nemoHctpupyromieM, kak cucreMa UM pexkoMeHayeT n3MeHEeHHE
MapuipyTa mosiéra, yToobl n30eKaTh HEOJIAroNpUSITHBIX MOTOAHBIX YCJIOBHHM, TaKUX
KaK TpO3bl WK TypOYJEHTHOCTh, Moka3zaHa poib MU B ynydmenun 6e3omacHoCTU
noJIETOB, Mpeasaras albTepHATUBHBIA MapLIPYT AJs1 00X0/1a ONACHON 30HHBI.
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ROUTE CHANGE ; o , Al
/
«— | =/

(e ..

~STOUTNE

ZORIGINAL | BAID ROUTE CHANGE
: |WEATHER -8 |  1.27%
@ AVODING | _2-20® | -27%

: STORM | 3-UM | -107%
. NEW ROUTE,

Pucynok 13. Pexomennarus MU no uaMeHeHno Mapuipyra mpu

HeOar OIIPUATHBIX ITOTOAHBIX YCJIIOBHAX
*(co3maHo ¢ ucnosib3oBaHueM uHcTpymenta UN)

2. IIporao3upoBanue U NPEAOTBPALLICHUE aBAPUUHBIX CUTyalun

NN obyuaeTcst Ha JaHHBIX O MPOILIbIX aBAPUHHBIX U HEIITATHBIX CUTYalUsIX U
MCIOJIb3YET 3TU 3HAHUA JUISl IPOTHO3UPOBAHUS MOTEHUUANIBHBIX MpolieM. Cucrema
MOJKET MPEAYNPERIATh FIKUMAX O BOBMOXKHBIX COOSIX B pabOTe€ HABUTALMOHHBIX WIN
OOPTOBBIX CUCTEM 33]I0JITO 10 TOr'0, KAK OHU MPOSIBATCS, UTO AAET BpeMsl sl IPUHATHUS
KOPPEKTUPYIOLIMUX MEP.

[Tpumep: UM MoxkeT pacno3HaTh aHOMAJMU B JAHHBIX JAaTYUKOB, YTO MOYKET
yKa3blBaTh HAa HAyMHAIOLIMECSs NpoOJeMbl C HABUTAIMOHHOW CHUCTEMOW WJIHU
JNBUTATEIIMU, W TMPEIVIOKATh KOPPEKTUPYIOIIME JEUCTBHUS 10 BO3HUKHOBEHMS
aBAPUIHOW CUTYaIINH.

3. AanTuBHAas HABUTALKs B PEAJIbHOM BPEMEHHU

NN mno3Bonser cHUCTEME HABUTALMM aJanTUPOBAThCS K H3MEHSIOLIMMCS
YCIIOBHUSIM B PEXUME pEaJbHOTO BPEMEHH, YUHMTHIBAsl TEKYILME BHEUIHUE (PAKTOPBHI,
TaKHe Kak CKOpPOCThb BETpa, INIOTHOCTh Tpaduka U aTMocepHoe AaBieHue. B otnuune
OT TPAIWLMOHHBIX CHUCTEM, KOTOpBIE [IOJIAralOTCs Ha IPEAYCTAHOBIICHHBIC
anroputmbl, MM moxeT rubko mMojacTpauBaTh MapaMeTpbl MOJNETa MOJ HOBBIE
0OCTOSITENTLCTRA.

IIpumMep: npu U3MEHEHNH CKOPOCTH BETPa WM IOSBJICHUM HOBBIX BO3IYILIHBIX
CyZlOB B HemocpeacTBeHHo Omm3oct MU MoxeT NpemiokuTh KOPPEKTHPOBKY
BBICOTHI MJIM Kypca /17151 6€3011aCHOTO BBITTOJIHEHUS TOJETA.

4. Yiy4ieHue TOYHOCTH NO3ULHOHUPOBAHUS
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NN wunHTETpHpyeTCS C TJIOOATHHBIMH HABUTAIMOHHBIMH  CITyTHHKOBBIMH
cuctemamu (I'HCC) m cencopamm camomnéra st Oojiee TOYHOTO OIpPEaesICHUs
NO3UIMK CynHa B rmpocTtpaHcTBe. OH cnocoOeH KOMOMHUPOBATH [JAHHBIE OT
paznuyHbiXx UCTOYHUKOB (GPS, mHepHHOHHBIE CHCTEMBI U JIp.) ISl YCTPaHECHHS
BO3MOXHBIX OIUOOK U MOBBIIIEHUS] TOYHOCTH HABUTAIIUU.

[Ipumep: NN MoxkeT koMIEHCHpOBaTh BpeMeHHble cOou B pabore GPS,
UCIOJIb3Ysl MHEPIIMOHHBIE JAaHHBbICE W JaHHBIE OT JIPYIMX CEHCOPOB, oOecreuyuBas
TOYHOE OIPEJIETIEHUE MECTOIOJIOKEHUS B KDUTUUECKUE MOMEHTHI TOJIETA.

5. CHIKEHHE YeI0oBeuecKoro gakropa

NN MuHUMH3UPYET BEPOSTHOCTh OIMMOOK, CBSI3aHHBIX C YEJIIOBEYECKUM
(hakTOpOoM, OCOOCHHO B CIIOKHBIX CHTYaIlUSX, KOTJA THJIOTHI MOTYT HCHBITHIBATH
neperpy3ky naopmanueit. Cuctemsr M MOTyT aBTOMaTHYECKH BBIOTHATH MHOTHE
HAaBUTAIIMOHHBIC  (PYHKIIMKM WM  TPEJOCTABIATH  NUJIOTaM  ONTHUMAJIbHBIE
pPEKOMEHaIu1, TEM CaMbIM CHUXasi UX Harpy3Ky.

[Ipumep: B CHOXHBIX YCIOBHUAX, TAKUX KAK HOYHBIC MOJIETHI WM MOJETHI TIPU
10Xou BUANMOCTH, I MOKET aBTOMaTUYECKH KOPPEKTUPOBATH KYpPC U BBICOTY, UTO
CHUKACT HArpy3Ky Ha MUJIOTa U MOBBIIIAET 0€30MaCHOCTb.

6. MuTerpanus ¢ cucteMamu yIpaBieHUsI BO3IYIIHBIM JBHKEHUEM

NN Ttakxke nomoraer ONTHUMHU3UPOBATH HABHUTalIMIO 3a CYET HWHTETpaluu C
cUCTEMaMU ynpaBiieHus Bo3aymHbIM JBwkeHueM (ATC). DOto mospomser UU
YUUTBHIBATh HE TOJHKO MECTHBIC, HO U IJ100aIbHBIC JAHHBIE O BO3AYIIHBIX MapIIpyTax,
YTO TMO03BOJIAeT Oosiee A(PPEKTUBHO YHPaBIATh BO3IYIIHBIM MPOCTPAHCTBOM U
MUHUMU3UPOBATH 33JICPIKKH.

[Tpumep: NN mokeT mporHO3UpOBaTh 30HBI C BEICOKUM TPa(UKOM U ITPEATIOKHUTh
aJbTEpHATUBHBIC MAPIIPYTHI, YTOOBI U30€KATh 3arpyKeHHBIX obnacteit. B nienom, U
JienaeT HaBUTrauuioo OoJjiee Oe30macHOM, TOYHOW M A(PPEKTHBHOW 3a CUET CBOMX
aJanTUBHBIX, TPEAUKTUBHBIX U ABTOMATU3UPOBAHHBIX BO3MOKHOCTEH.

Ananusz pezynomamos u nepcnekmuswvt npumenenusi UCVII ¢ Kazaxcmane. B
XOJIe HMCCJEeNOBaHUS ObUIM TOJYYCHBI JaHHBIC, MOATBEP)KIAIONINE 3HAYUTEIHHOE
YIYUYIIEHUE XapaKTEpUCTUK ymopaBieHus nonétom npu BHeapenun HWCYIL B
aBHaIMOHHYIO oTpacib Kazaxcrana. [lo cpaBHEHUIO C TpaAUIIMOHHBIMU CHUCTEMaMHU
ynpasnenus, UCYII nponeMoHCTpHpOBaIN CHUKEHUE aBAPUIHBIX cUTyaluii Ha 25%,
YTO CBHUJIETEIHCTBYET 00 MX BBICOKOUN 3((HEKTUBHOCTH B YCIOBUAX CHEIHU(PUIECKUX
JUTSI pETHOHA KIIMMAaTUYECKUX (PaKTOPOB, TAKMX KaK PE3KHE TIEPEeTaibl TEMIIePaTyphl U
cuibHble BeTpa. Kpome TOro, pe3ynbTarbl UCHBITAHUM B PEAJbHBIX IMOJETHBIX
YCJOBUSX MOKa3bIBAlOT, UTO cucTeMbl MM MOTYT 3HAUUTENIbHO MOBBICUTH TOYHOCTh
BBITIOJTHEHUSI CJIOKHBIX MaHEBPOB, OCOOCHHO B YCJIOBHUSIX HHU3KOM BUIUMOCTU U
TypOyJICHTHOCTH, YTO OCOOEHHO BaXHO nJisi aBuanuu KaszaxcraHa, rje morojiHble
YCJIOBUSI MOTYT M3MEHSTHCSI OYeHb ObICTpO. [lepCcrneKTuBbl MalbHEUIIEro pa3BUTHS
NCVYII BxioyaroT HWHTETpaldi0 ¢ OCCHUJIOTHBIMHM JIETaTEeIbHBIMU arlapaTaMu
(BIUTA), a Takke cucTeEMaMU KOHTPOJISI BO3IYIIHOTO MPOCTPAHCTBA, YTO MO3BOJIMT
aBTOMATH3UPOBATh YIPABICHHUE KaK IPakJIaHCKUMU, TaK U BOCHHBIMH BO3yIIHBIMU

95



A3aMaTTBIK aBUAIUS aKaIEMUSCHIHBIH XKaPIIBIChI Ne3(34)2024

cynamu. [Imanupyercs pacmupenue dyaknuonana MCYIL gns ucnonb3oBaHus B
CJIO’KHBIX CLIEHAPUSIX, BKJIIOUasi aBTOHOMHBIE MTOCAJIKU B UPE3BbIYANHBIX CUTYAIUSIX U
AKCTPEHHBIE MAHEBPHI IPU OTKA3€ CUCTEM YIIPABJICHUS.

Bv1600v1. Pe3ynbTaThl HccneA0BaHMs OITBEPKAAIOT, YTO HHTEIUIEKTYaIbHbIC
cucteMbl Ha ocHOBe MM MOryT CyIieCTBEHHO MOBBICUTH 0€30MacHOCTh U TOYHOCTh
ynpaBiieHuss noJaETtoM. PexomeHayeTcs MNpPOAOIKUTH pa3pabOTKU B JTaHHOM
HAIIPaBJICHUH C LEJBI0 CO3/IaHUS MOJHOCTHIO aBTOHOMHBIX CUCTEM YIIPABJICHUS JJIs
UCIIOJIb30BaHUsl B KOMMEPYECKUX U BOCHHBIX CAMOJIETaX.

1. AKTyanbHOCTb UCCIIEJOBAHUS:

- NurennekryanbHble cucteMbl ynpasiieHus noinétoMm (MCVYII), ocHoBaHHBIE
Ha ucKyccTBeHHOM uHTemiekTe (W), cTaHOBATCS HEOThEMJIEMON YacThIO
aBUALIMOHHON oTpacau. OHM TPEAOCTaBISIOT BO3MOKHOCTH JUISl TTOBBIIICHHUS
0e30omacHOCTH  TIOJIETOB, aBTOMATH3AIlMU  YIOPABICHUS W  MUHUMHU3AIUH
YeJI0BEYECKOro (hakTopa.

- Ilpumenenne MM B aBuanum mno3BossieT 3((PEKTUBHO pemaTh 3aJadd B
YCIIOBUSAX HETPECKa3yeMbIX TOTOJHBIX SIBJICHUM, BBHICOKOTO YpOBHA Tpaduka u
Ipyrux (paKkTopoB, BIUSIOMIUX Ha O€30MACHOCTD MOJIETOB.

2. llens uccnenoBaHus

- Onenka 3¢(HeKTUBHOCTH MHTEIIEKTYaJIbHBIX CUCTEM YIPABJICHUS TOJIETOM,
ocHoBaHHbIX Ha U, B ycnoBusax Kazaxcrana.

- UccnenoBanue Bo3moxHocter U ans ynydiieHuss HABUTalud U CHUKEHUS
aBApUMHBIX CUTYyaIMd 3a CYET aBTOMATHU3AIMU MPOLIECCOB MPUHITHUS PEIICHUI B
pEaIbHOM BPEMEHH.

3. Hayuynas HoBU3Ha:

- Beenenue MCVYII, ocHoBanubix Ha WM, B aBHAIMOHHYIO HHAYCTPHUIO
Kazaxcrana, uccnegoBanne uMx ajanTaldMd K JIOKAJIbHBIM YCJIOBHUSAM, TaKUM Kak
AKCTpEeMaJIbHbIE MOTOIHBIC SBJICHUS 1 0COOCHHOCTH UH(PACTPYKTYPHI BO3AYIITHOTO
IIPOCTPAHCTBA.

- IlpoBeneHne CpaBHUTEIBHOTO aHANIM3a C MEXKIYHAPOJHBIMH CHCTEMaMH,
takumu Kak pa3zpabotku B CIIIA u Poccuu, ¢ akiieHToM Ha cienuduieckue 3aaaqm,
xapakTtepHble 11 KazaxcraHa.

4. I'unoresa uccie0BaHus:

- Braeapenane HMCVYII na 6a3ze MM noBeicuT 0€30MacHOCTh M TOYHOCTH
BBITIOJIHEHUS TOJNETHBIX onepanuid B Kazaxcrtane Ha 25% 1m0 CpaBHEHUIO C
TPAJUUUOHHBIMA CHCTEMAaMU YIPaBICHUS 32 CYET YIY4YIICHHOW ajanTaluu K
MEHSIOIINUMCS YCIIOBUSIM M aBTOMAaTU3ALIMHU TIPOLIECCOB.

5. MeTobl UCCIICHOBAHUS:

- AHanu3 METOJ0JIOTHYECKUX TMOAXO0B, TAKUX KaK MallMHHOE OOy4YeHUEe U
HEUPOHHBIE CETH, Il MPOTHO3UPOBAHUS aBapPUIHBIX CUTYallMi W ONTUMHU3AIUN
TPAaeKTOPUU MOJIETA.
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- IlpoBenenune mopenupoBanusi ¢ ucnonb3zoBanueM HMCVYII B ycnowusx,
NpUOTMKEHHBIX K PEANbHBIM, I OLEHKH UX 3(P(GEKTUBHOCTH B YIYUIICHUU
yIpaBJICHUs MOJIETOM U MUHUMH3ALIUM PUCKA aBAPUMHBIX CUTYaIUH.

6. [IpakTueckast 3HAUMMOCTb:

- Pesynbrarsl nccneaoBaHusi MOTYT OBITh UCTIOIB30BaHbI JUisl BHeApeHust -
CUCTEM B aBHMAIIMOHHYIO MHAycTpuio KazaxcraHa, 4to mpuBEAET K MOBBIIICHUIO
0e30MacHOCTH TOJIETOB, CHIDKCHHMIO 3aTpaT Ha OOCTY>KMBAHHE U TOBBIIICHUIO
o01mieit 3pheKTUBHOCTH BO3IYIIHBIX OTIEpaIUi.

O.B. XKupnosa, P.2K. Tyneymoa

KACAH/AbI HHTEJUIEKTKE HET'I3AEJI'EH UHTEJVIEKTY AJIAbI
YIIIY BACKAPY KYHEJIEPI

Anoamna. Maxkanaoa  Kazaxcmanoa — scacanovl  ummennekm  (/KH)
MEXHON02UANAPbL He2i3IH0e UHmMeNIeKkmyanovl yuly oacxapy owcyuenepin (M¥BIK)
eH2i3y nepcnexmusanapvl manioanaosl. Heeizei aoicmemenik macindep, coHvly iuinoe
YuLy mpaexmopusiiapvlH OHMAUIAHObIPY JHCIHE aAnammbvlk HCa20auiapovl 00xcay
YULIH MAWUHATIBIK OKbIMY d0icmepi MeH mepeH HeuUpoHObIK JHcelilepoiy KOJIOAHBLIYbL
Kapacmoulpviiaosl. byn moacinoep aye kemenepin o6ackapyovly Kayincizoiei MeH
MUIMOLNiciH apmmulpyed, COHOAU-aK Kypoeii dca2oauiapoa aoam Kameniei Kayniu
azaimyaa MymMKiHOik 6epeodi. Hasueayuanwvly 0anoiei scone memeruie sxcazoaiiapaa
Jocayan Oepy yakvlmovl OOULIHWA MOOenb0ey MeH OdKCHEPUMEHMMIK OepeKmep
Hamudcenepi keamipineen, oarap KHU-0iy ywy 6ackapyoagbt muimoiniein pacmauowl.
Epexwe nazap KU-0iy asmomammsl Oacxkapy oicone pemmey dHcylielepinoe
nuiommslx  (hakmoposvl azaumy YuliH KOJOAHBLIYbIHA ay0apblieaH. AnvbiH2aH
Homuxcenep Kazaxkcmannoly —asuayusi uHOyCcmpuscelHOa  Yuly — Kayincizoiei,
CEHIMOLNI2IH JicoHe 02/1012IH apmmblpy VUIH NAUOAIAHbLIYbL MYMKIH. Kopvimbinobl
bonimoe UYB)K-Hbi Oamvimy nepcnekmueanapvl, COHblH [WIHOe YMKbIUICHIZ YULY
annapammapvl  MeH dye KeHicmiciH 6axwliay oicyuenepiMer UHmezpayusnay
MAKbLIAHAObL.

Tyitin ce30ep: oicacanObl UHMENNEKM, UHMELIEKMYaiobl icylenep, YuLy
backapy, asmomammaHnowipy, Acnan Heacay.

O.V. Zhirnova, R.Zh.Tuleushova

INTELLIGENT FLIGHT MANAGEMENT SYSTEMS BASED ON
ARTIFICIAL INTELLIGENCE

Abstract. The article analyzes the prospects of implementing intelligent flight
management systems (IFMS) in Kazakhstan based on artificial intelligence (Al)
technologies. The main methodological approaches are considered, including machine
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learning methods and deep neural networks for predicting emergency situations and
optimizing flight trajectories. These approaches improve the safety and efficiency of
aircraft management and reduce the risk of human error in complex conditions. The
results of modeling and experimental data regarding navigation accuracy and
response time to emergencies are presented, confirming the effectiveness of Al in flight
management. Particular attention is given to the application of Al in automatic control
and regulation systems to minimize the human factor in piloting. The obtained results
can be applied in Kazakhstan's aviation industry to enhance flight safety, reliability,
and accuracy. In conclusion, the study outlines the development prospects of IFMS,
such as integration with unmanned aerial vehicles and air traffic control systems in
Kazakhstan.

Key words: artificial intelligence, intelligent systems, flight management,
automation, instrumentation.
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A3BAMATTBIK ABUAIIUA AKAJJEMUACBIHBIH KAPHIBICHI™
FBUIBIMM KYpPHaJIJ1a )KapHUsUIaHAThIH FBUIBIMM MaKaiajgap KaObuigay YLIiH
ABTOPJIAPTA APHAJIFAH EPEKEJIEP

"AAA JKapmibicel" KypHanbl TOMEHJAET! OarbITTap OOWBIHINA JMCCEPTAMSIIAPIBIH HETi3Ti
HOTWDKEJIEPIH JKapusijay YIIiH 0achlIbIMIApP Ti3IMIHE SHT131ITeH:
e Oye KoJiel dcoHe MexHON02USNAD
o Jloeucmuka, macolmanodayovl YublMOoacmolpy, Koaikmeei Kayincizoix
o  Komnvromepaix blnblmMoap, Acnan Jdcacay Heane asmomammanobipy

MAKAJAHBI PECIMJIEYTE KOVMBIJIATHIH FBIJIBIMUA TAJIATITAP

Makanana ©3eKTUIIri, FhUIBIMA MaHBI3AbUIBIFBI, 3€PTTEY HOTHIKEIEepl MEH TYXKBIPhIMIAPhI
HAKThI KOpceTilyl Kepek. backa Ke3JepAeH albIHFaH Ke3-KeJIreH MaTepraiap CliTeMeMeH IyphIC
peciMaenyi KepekK, ajl aBTOp CUITEME jKacaFraH JEPEKKO3iH aTaybl 9JeOMeTTep Ti3IMiHIe KOpCeTiIyi
KEpeK.

Makana FbUIBIMH CTHJIBJE Ka3bUTybl KepeK. FBUIbIMH CTHIIBMAIH JIEKCHUKATBIK KypaMbl
CaJIBICTBIPMAJIBl OIPTEKTUTIK TMEH OKIIAYJTaHYMEH CHUMATTalafbl >KoHE OyJl CHHOHUMIEPIIH a3
KOJIIaHbUTYbIMEH KepiHenai. FrutbiMu cTunbae Oaranayra TOH eMmec ceijiey 0ostybl 6ap JeKcuka
6onmMaybl kepek. FeutbiMu eHOexTepaeri 6aranay aBTOPABIH OWBIH TYCIHIAIPY YLIIH KOJIaHBLIA IbI
YKOHE YTBIMJIbI CUNIaTKa ve. F'bulbIMU coliniey OMIbIH ASMAITT MEH KUCHIHABUIBIFBIMEH, OHBIH JTOHEKTI
YCHIHBUTYBIMEH JKOHE MPE3CHTAIUSHBIH 00bEKTUBTUTITIMEH €pPEKIIEICHE/I].

FoutbiMu xapusiaHbIM 3epTTEYI KbI3METIHIH HET13T1 HOTHXKeNepiHiH Oipi OOJbIN TaObLIaabl.
"AAA Xapuibicel" FRUTBIMH JKYpHaJbIHIA JKapusjiay VIIH YChIHbUIFaH Martepuan Oacka Oacma
OacbUTBIMIApBIHA OYpBIH JKapusulaHOaFraH TYIMHYCKa Oonybl THic. Makajia Heri3iHeH 3amMaHayu
FBUIBIMU O/ICOMETTEepl KOJJaHa OTBIPBIN Ka3bUTybl KEPEeK >KOHE >KAHANBIKTBI KAMTYbl KEpek.
bacbuTbIMHBIH 0acThl MaKCaThI-aBTOPJIBIH KYMBICHIH Oacka 3epTTeyIIiiepre KOJ JKETIMIl eTy.
XKapusinay apKblUIbl aBTOp TaHJAJIFaH 3€pTTEy CalachlHAa ©31HIH OachIMIBIFBIH OENT1IeH .

Kipicne Oeinimae FBUIBIMA MOCEJIEHI HEMEeCe TarChIpMaHbl o31pJeyaiH ©3eKTUIr MeH
OPBIHJIBUTBIFBIH KOPCETY KaxeT. MaKalaHbIH HETi3T1 OeiriHae akmapaTThl Taliay )KOHEe CUHTE3/IeY
apKBUTBI 3€PTTENETIH MACeNeNepii, oJap/bl IIeNTy JKOJIapbiH anry Kaxer. CoHpmaii-ak, MYMKiH
HOTIDKETIEP/Il JKOHE OJIapbIH CEHIMIUTITIH HEeTi3[ey KakeT. Makanaga FhUIBIMHBIH (MPaKTUKAHBIH),
OHBIH JKEKEJETeH KBhI3MET TYPJIEPIHIH, KYOBUIBICTApPIbIH, OKHFaJap/AblH >KoHE T. 0. MaMybIHBIH
MaHBI3/Ibl )KOHE TIEPCIIEKTUBAIIBIK OAFBITTAPBI TAAAHYBI, CATBICTHIPBHLTYHI )KOHE aHBIKTATYbI KEPEK.

FouibiMu Makasna npo6ieManblK cUIaTTa 00J1ybl KepekK, FallbIMIapAblH FhUIBIMU (IIPAKTHKAIIBIK)
OUTIMAI1I JTaMBITyFa JIET€H JpTYpJl Ke3KapacTapblH KepceTyl KepeK, KOPBITBIHIbLIAp, *KUBIHTHIK
MomiMeTrTep Oonybl Kepek. KoOpBITBIHABI OeiimMae aBTOpP KOPBITHIHIBLUIAI, KOPBITBIHIBLIAD,
YCBIHBICTAp TYXXBIPBIMIAI, 9p1 KapaiFbl 3epTTeyaep/liH MyMKIH OaFbITTapblH KOPCETY1 KEpeK.

MAKAJIAHBI PECIMJIEYTE KOUBLJIATBIH TEXHUKAJIBIK TAJIATITAP

Makasnanapabl JailbIHIaY Ke31H/Ie peIaKiisa TOMEH IET] epeKenep/Ii )KoHe )KypHalIa )KapHsiay
YIIIH YCHIHBUIATBIH MaTepHaiaplbl peciMeyre KONbLIAThIH TalanTapAbl OacIIbUIBIKKA ayJIbl
CYpanpl:

1. XKapusanayra yChIHBUIATBIH Makanajap >kaHa, OypblH Oacka Oacma jkoHe DIEKTPOHJBIK
OaceuTeiMIapaa Oipaeilt Typae >kapusuiaHOaraH OoNybl THIC. MakajgaHBIH Ma3MYHBI KypHAaJIbIH
TaKbIPBINTHIK OAFBITTAphl MEH FBUIBIMH JICHI€HiHE colikec Kemyl, Oenrii Oip jkaHalbIKKa ue O0Iyb
KOHE aBHWAIMs CalACBIHAAFBl FBUIBIMA  KBI3METKEpJep, OKBITYIIbIIap, MaMaHaap YIIiH
KBI3BIFYIIBUIBIK TAHBITYBI KepeK. Makananap Ka3ak, OpbIC, aFbUIIIBIH TUIIEPIH/E KapUsIaHaIbl.

Makana kejeMi 6-1an 12 0eTKe IeHin;
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e Marepuan WORD wmotianik pegaktopsiaaa Times New Roman kapiniMen, 6ip apansikta 14
enemMze Tepiryi kepek. Cxemanap, rpadukTep, IuarpaMmManap, cbizoanap skoHe 0acka rpapuKaIbIK
marepuagap WORD MOTiHAIK pENaKTOPhIHBIH KOMETIMEH HEMece BEKTOPIIBIK TpadHKaIbIK
Oarmapnamanapaa (Adobe Illustrator, Corel Draw) ak-kapa HYCKada djkacalybl MYMKIH J>KOHE
AIIEKTPOH/IBI PeAaKIMsIIayFa MyMKiHAIK Oepeni. ['padukanbik MaTepraimap MeH KOWBIH/IBI TYJIFAIap
PETTIK HOMIp/i ’KSHE TaKbIPHINTHI KaMTYhI Kepek. Popmynanap Mach type Garnapiamacsiia HeMece
MC Office kochIMIIIachIHAA TEPUIEI] )KOHE OYKLUIT CTHIIb OOMBIHINA O1p CTHIIB/II YCTaHAIBI.

2. MaxkananblH OacbiHAa >KOFapFbl coi kakta FTAXP (FeUIbIMH-TEXHHKAIBIK aKMapaTThiH
XaJbIKapaJbIK pPyoOpHuKaTopbl) kepcetiyl kepek, FTAXP www.grnti.ru caiiTeiH1a aHBIKTaIaabl opi
Kapaii, 0eTTiH opTackIHIa Oac opinTepMEH — aBTOPIAP/IBIH aThl — )KOHI, JIaya3bIMbI, TOPEKEC], COAaH
KEeHIH OpTachIHIA Killll OPINTEPMEH-)KYMBIC KOHE Kaja OpbIHIAIFaH YWBIMHBIH(JIAPABIH) aTayhl,
TOMEHJIe COHJIall — aK, opTachkiHa Oac opinTepMeH (KaJbIH KapiIiieH )-MaKaJIaHbIH aTaybl.

3. AHzaTtna >KyMBICTBIH MaKCaThIH, 9/1iCi HEMECE YKYMBICTBI jKacay dJ[iCHAMACBIH, KbICKAIIa
HOTIDKEIIEP/li, HOTMKENEp/i KOJJAAaHY asiChlH, KOPBITHIHABUIAPBIH alKbIHAAY KepeK. AHIATHaHBIH
kejieMi 1/3 OerreH keM OonMaybl KepeK. AHJaTnagap MIiHISTTI TYpAe Ka3ak, OpbIC KOHE aFbUIIIBIH
Timaepae Oonybl THic. AHJaTnagaH KeWiH TYWIH ce3[ep aHjaaTrna TUTIHJIE Kilm opinTepMeH, YTip
apKBUIBI 5 CO37ICH KeM 00JIMaybl KepeK.

4. MakaJia MOTiHIHIH Tapayiapsl MiHAETTi Typae cranaaprrairal "Kipicre", "Herisri 6emiM",
"KopbIThIHIBLIAD jkoHE Y ChIHBICTAP" aTayiaapblH KOJIJIAHY apKbUIbl KYPBUIBIMAANYBI Kepek. KaxkeT
OoJIFaH JKaFaaiiia TapayablH KOCBIMIIIA apHAYIIBI aTayJIapbl KOCHUIAIbI.

5. Makananbiy coHpiHIa «IlaliananbIFad IepeKKo3AepIiH Ti3iMi» KeTipiaea (5 TeH KeM eMec).
MoriHzeri cuitemenep - MapIibl KaKIIaTapbiHAa. JlepeKkesnep MOTiHAe JoHeKce3 aimy TOpTiOiHIe
Kepcetiieni. MariHae oneOuerTiH Ti30eciHeH OapliblK JepeKkeslepre ciiremenep OOMybl Kepek.
[Natinananeuran  gepekkesnep Tizdeci "bubmmorpadusumeik  xaz0a" MEMCT  7.1-2003  coiikec
pacimaeneni. OaeouerTep TiziMi: OMOIMOrpadusIBIK Ti3iM €Ki PET Kacalapl: IePEeKKe3ACep/IiH TYITHYCKA
TUTIHIIE (Ka3aK, OpbIC), KUPWITAIIAHBI KOJJIAHATHIH TLIIE JIATHIH OPINTEpIMEH TPAHCIIUTEPAIHsIIaHYbI THIC.

6. XKeke daitnga makanara aBTopiap Typajbl MOTIMETTEp Koca Oepiiie/ii: MaKalaHbIH aTaybl,
TET1, aThl XKOHE OKECiHIH aThl (Ka3ak, OpbIC, aFbUIIIBIH TUIIEPIH/E), FRUIBIMU JIOPEXKECi MEH aTaFbl,
YUBIMHBIH TOJIBIK aTaybl MEH MEKEH-Kailbl — )KYMBIC OPBIH/IAPhl, aTKAPAThIH JIaya3bIMbl, OailiaHbIC
TeneOHBI, TCKTPOHIBIK MOIITA MEKEHKAMHI.

7. FouibiMu MakallaHBIH aBTOPBI OHBI JKYPHAJAAPABIH LIBIFY KECTECiH/Ie OeNTiIeHreH Mep3iM/Ie
KOHE FRUTBIMH MaKaJlaJlapFa KOWBUIATBIH TAIANTAPFa COMKEC dJIEKTPOHIBI TYP/C YChIHABI.

8. KaObinganran mMakananap aHTUIUIATHATTHIK capanTayiaH oTe/ll opi Kapai eKi pelieH3eHTKe
perieH3usnayra xioepineni. PenieH3eHTTiH Makananbl Kapay mMep3imi 7-10 kyHai Kypaiasl. FeuibiMu
OacbuTbIMIApA )KapusIay YIIIiH YCIHBUIATHIH FRUIBIMU MaKajiaiap TYIHYCKa MOTiHHIH keminae 70%
- Kypaysl Tuic. Eki perieH3eHT MakyJjaFraHHaH KeillH Makaiia Oacrara xioepiieni.

9. MakanaHblH Ma3MyHBIHA aBTOP JKayarThl.

MaxkanaHbIH MeTaJepeKTepiH pacimaey:

e Makana aBTOpbIHBIH aTbl-keHi, Teri (Times New Roman, kernp 14 kanein); 2. XKymbic
opubl, KOO ataysr; 3. Kana, en; 4. Koppecnionnent apropsiabiH E-mail; 5. Eckepty: aBTOp-
KOppecoHieHTKe — * (kyJiapI3iia) Genrici oepinei.

HA3AP AYJIAPBIHbBI3! Epexeni Oy3a OTBIPBIN peciMIeNTeH HeMece rpaMMaTHKAIIBIK KOHE
opdorpadusablK KaTenepl Kell, arbUIIIBIH TUIIHE aBTOMAaTThl ayAapMackl Oap Makajanap
penakuusMeH KaObu11aHOaIb] XKoHE OJIapIbIH MOHI OOMbBIHINIA KapaiMail aBTopiiapFa KalTapbliaibl.

Penakuus kaxer OonFaH >KaFjaiijla aBTOpJIapAaH KOCBIMIIA SKCIIEPEMEHTTIK JepeKTepl
(MbICabl, CIIEKTpPIIEP) CYpaTyFa KYKbUIbI.
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bacTankpl 1IOMYIBIH HOTHXKENEpiHE KapamMacTaH, OepecKeN KaTesep, ayKbIMIAbI Kapbl3lap
HEeMece Kare JoMeKce3[ep aHbIKTaJFaH Ke3[e Makaja KYMBICTBIH Ke3 KEJIreH CaThIChIHa
KaObU11aHOAybl HEMECE MBICHIKTayFa KauTapblUTybl MYMKIH.

Kypnan xapusimaMaiiipl:

- )KypHaJ TaKbIpbIObIHA COMKeC KeIMEUTIH MaTepuaniap;

- aBTOpJap OyphIH Oacka GacbUIbIMAApA KapUsJIaFaH MaTepHaaap;

- Ty3eTUIMEHTIH opdorpadusuiblK, MaTeMaTUKAJIBIK HeMece Oacka KaTeNiKTepIeH TYpPaThIH
Marepuaniap, COHIai-aK OCNT1JICHTeH FhUIBIMU (PaKTLIepre TIKeIeH KalIlbl KeJIETIiH MaJIiMIeMerep
MEH TUIoTe3anap.

PelakUsJIbIK _aJIKa, erep 0J KYPHAJJIBIH _ABTOPJIADFA KOWBLIATBHIH _TAJaNnTapbIHA
coiikec pecimjiesniMece, MaTepuabl KAPUAJIAHBIMFA KapaylaH 0ac TapTyFa KYKbUIbI,
KO0J1’ka30aJ1ap aBTOPJIapFa KauTapbLIMANbL.

104



A3aMaTTBIK aBUAIUS aKaIEMUSCHIHBIH XKaPIIBIChI Ne3(34)2024

IMPABUJIA J1JIs1 ABTOPOB
npreMa HayqHbIX CTaTeH Ml MyOIMKalii B HAyIHOM JKypHaIe
«BECTHUK AKAJEMHUHU I'PAXKKIAHCKOU ABUALIUN»

Kypunan «Bectnuk AI'A» BKIIOYEH B NEpPEUYCHb HW3JIaHUM I MYOJUKAIMM OCHOBHBIX
pEe3yIbTATOB AUCCEPTAIIUN 110 HAIIPABICHUSM:
o B030yuwHblIlL MPAHCROPM U MEXHOI02UU
o Jloeucmuka, opeanuzayus nepeso3okx, 6e30NacHOCMb Ha MPAHCNOpMe
o  KomnvromepHvle HAYKU, NpUOOPOCMPOEHUS U ABMOMAMUZAYUSL

HAYYHBIE TPEBOBAHUS K O®OPMJUIEHUIO CTATbU

B craThe 10KHBI OBITh 4€TKO 0003HAUYEHBI aKTYallbHOCTh, HAy4Hasi 3HAYMMOCTh, PE3YJIbTaThl
HUCCICAOBAaHUA U BBIBOJBI. .HIOGBIG 3aMMCTBOBAaHHA MAaTCpHUAJIOB M3 JAPYIrUX MCTOYHUKOB IOOJIKHBI
OBITh TOJDKHBIM 00pa3oM O(OpPMIIEHBI CCHUIKOM, a Ha3BaHHE MCTOYHHMKA, HA KOTOPBIN CChUIACTCS
aBTOP, 10JKEH OBbITh YKa3aH B CIIMCKE JTUTEPATYPHI.

Crates nomkHA OBITH HamUCaHa B HAYYHOM cTuiie. JIeKCHMUecKHii cOCTaB HAYYHOTO CTHIIS
XapaKTEePU3yeTCs] OTHOCUTEIBHOMW OJHOPOJHOCTHIO M 3aMKHYTOCTBIO, M OTO BBIPAXKAETCS, B
YaCTHOCTH, B MEHBIIIEM HUCII0JIb30BAHUH CHHOHUMOB. B Hay4HOM CTHIIE HE I0JKHA MPUCYTCTBOBATh
JIEKCHKA C Pa3rOBOPHOM OKPACKOM, KOTOPOM HE CBOMCTBEHHA OLEHOYHOCTh. OlIEHKa B HAy4YHBIX
paboTtax mpuUMeHseTCs [Tl MOSICHEHHUSI MBICTTH aBTOpa M MMEET palloHaNbHbIN xapakTep. Hayunas
p€Yb OTIMYACTCA TOYHOCTBIO U JIOTHYHOCTBIO MBICIIM, €€ MOCICAOBATCIbHBIM IMPCACTABJICHUEM H
OOBEKTUBHOCTHIO H3JIOKECHHS.

Hayunas myGnukanus npeacTaBiseT coO0i OAMH M3 OCHOBHBIX PE3YyJIbTaTOB JIEATEIHHOCTU
uccnenoBarens. Marepuan, NpeICTaBICHHBIM A MyONIMKanmuyd B HAyYHOM XypHaie «BecTHuk
AT'Ay, nomxkeH ObITh OPUTHHANBHBIM, HE OMYOJMKOBAaHHBIM pPaHEe B JAPYTUX MEYATHBIX U3JIAHUSX.
Cratpsi noiKHA OBITH HalKMCaHa C UCIOJIb30BAaHUEM IPEUMYLIECTBEHHO COBPEMEHHON HAy4YHOMH
JTUTEpaTyphl, U COAEpKaTb HOBHU3HY. | 7aBHas uenb MyOmuMKanuU — cienat paboTy aBTopa
JOCTYITHOM JIpyruM  uccienoBarensiM. [locpeacTtBom myOnmkanuu aBTOp OOO3HAYaeT CBOM
MPUOPUTET B M30paHHON 00J1acTH MCCIEAOBAHUN.

B BBOJHOI yacTH HEOOXOAMMO 00O3HAUUThH AKTYyaJIbHOCTh U EI€CO00Pa3HOCTh Pa3pabOTKH
HAy4YHOU MPOOIEeMbI UK 33a4i. B OCHOBHOM 4acTH CTaThy MyTEM aHAllM3a U CHHTE3a WH(OpMaLIUn
TpeOyeTcsl pacKpbITh HCCIEAyeMble MPOOJEeMBbl, MyTH UX pelleHus. Takke HYXHO 00OCHOBATb
BO3MOXXHBIE PE3YyNbTaThl U WX JOCTOBEPHOCTh. B cTaThe MOMKHBI OBITH MPOAHATM3UPOBAHBI,
COIIOCTaBJIEHLI M BBLISIBICHLI HanOOJee Ba)KHBIE U NEPCICKTUBHLIC HAIIPABJICHUA Pa3BUTHA HAYKH
(pakTUKH), €€ OTAETBHBIX BUAOB JEATEIbHOCTH, IBICHHUH, COOBITHIA U TIp.

Hayunast crathsi j0mKHa HOCUTH MPOOJIEMHBIN XapakTep, JAEMOHCTPUPOBATH Pa3IMUHBIC
B3TJISIBl YUEHBIX HA PA3BUTHE HAYYHBIX (MPAKTUYECKUX) 3HAHUMU, COJIEP>KATh BBIBOJIbI, 0000IIECHNUS,
CBOJIHbIE JaHHbE. B 3aKkirounTenbHONW 4YacTH aBTOPY HY)KHO MOJBECTH WTOT, C(POpPMYIHPOBATh
BBIBOJIbl, PEKOMEHJAIIMH, YKa3aTh BO3MOXKHbBIE HAIIPaBJICHUS JAIbHEHIINX UCCIIEI0BAHUM.

TEXHUYECKHUE TPEBOBAHUA K O®OPMJVIEHUIO CTATBU

[Ipn moaroroBke crarel penakius IMPOCUT PYKOBOJACTBOBATHCS NPHUBEACHHBIMM HUKE
npaBUIaMd M TPeOOBAHUSAMHU K OQOPMIICHHIO MaTepHasIOB, NMPEACTABISEMbIX JJS MyOJUKAIlMH B
KypHaJe:

1. Ilpennaraemple i MyOJUKAIMU CTAThU JOJDKHBI OBITH HOBBIMH, HE OITyOJIMKOBAaHHBIMHU
paHee B TOM K€ BUJE B IPYTHUX MEYATHBIX U IEKTPOHHBIX n3aaHusax. CoaepkaHue CTaTbu JOJIKHO
COOTBETCTBOBATh TEMAaTHYECKUM HAlpaBJIEHUSIM W HAyYHOMY YPOBHIO >KypHajia, oOnajgaTh
OTIpe/IeIEHHOW HOBU3HOM W MPEJCTABIATH MHTEpPEC NJIs HAY4YHBIX paOOTHHUKOB, IperojaBaTelieH,
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CHEINaTMCTOB B obnmactu aBuanuu. CTaThl MyOJUKYIOTCS Ha Ka3aXCKOM, PYCCKOM, aHTIHHCKOM
S3BIKaX.

O6beM cTaTthk OT 6 10 12 cTpanuIr;

Marepuan nokeH ObiTh HaOpaH B TekcToBOM pefakrope WORD c ucnonp3zoBanuem mpudra
Times New Roman, 14 pa3mepa uepe3 oaun unTepBai. Cxembl, rpaduku, AuarpaMmMbl, PUCYHKH U
uHbIe rpaduueckue MaTepuagbl MOTYT OBbITh BBIIOJHEHBI B YEPHO-OEIOM BapHaHTE CPEICTBAMU
TekcToBoro peaakropa WORD wim B nporpammax BekropHoit rpaduku (Adobe Illustrator, Corel
Draw) u o0s3aTenpHO JAOMYyCKaTh AJIGKTPOHHOE pelaKkTHpoBaHue. ['paduueckue marepuansl U
TaOIUIIBI TOJDKHBI COAEPIKATh MOPSIKOBBIN HOMEp 1 HazBaHue. DopMyiTbl HAOMPAIOTCS B IPOrpamMMe
Mach Type nnmu B npunioskearn MC Office n nmpumep >XuBaroTCsi OJJHOTO CTHIISI HA MPOTSHKEHUST BCEi
CTaTbH.

2. B Hauane craTh BBEpXY cieBa cieayer ykazatb MPHTU (MexayHapoaHslii pyOpuKaTop
Hay4HO-TexHH4Yeckoil nHpopmanmu), MPHTU omnpenensiercs na caiite www.grnti.ru Jlamee mo
cepearHe CTPAaHUIbI TPONUCHBIMU OYKBaMU — MHULIMAJIBI U (PaMUIIUU aBTOPOB, I0JKHOCTD, CTETIEHb,
3aTeM 10 CepeluHe CTPOYHBIMU OYKBaMU — Ha3BaHUE OpPraHMU3alUU(Mii), B KOTOPOH BBIOJHEHA
paboTa U TOpOJ, HIKE TAaKKe MOCEPEAMHE 3arjiaBHBIMU OyKBamMH (TOTY>KUPHBIM IIPUPTOM) —
Ha3BaHME CTaThH.

3. AHHOTauusa JOJDKHA OTpaxarh Leib paboOThl, METOJ WM METOAOJOTHIO IPOBEICHUS
paboThI, KpaTKuE pe3ysbTaThl, 00JIACTh NMPUMEHEHHUS Pe3yJbTaToOB, BBIBOABI. Pa3smep aHHOTammu
nomkeH OblThb He MeHee 1/3 cTp. He3zaBucuMo OT s3blka CTaThbU 0OO0s3aTelbHBl AHHOTALIUK HA
Ka3aXCKOM, PyCCKOM M aHTJIMICKOM si3bIkax. Ilocne aHHOTanuu OJIKHBI ObITh yKa3aHbl KIHOYEBbIE
CJIOBA Ha SI3bIKE AaHHOTAIIMH, HE MEHEE 5 CIIOB, CTPOYHBIMU OyKBaMU, 4yepe3 3amsiTyo.

4. Tekcr craThbu JOJDKEH OBITH CTPYKTYPUPOBAH C NMPUMEHEHMEM CTAaHJAPTHBIX Ha3BaHUI
pasnenoB «BBenenue», «OcHoOBHas 4vacTh», «BbBonbsl u Ilpemioxenue». [Ipun HeobxomumocTu
JIOITYCKAIOTCS AOIMOJIHUTENbHBIE CIIELIMATIbHBIE HA3BaHUSI Pa3/IeIOB.

5. B konme cratb npuBoAuTCcs «CIHCOK HCIOJB30BAHHBIX HCTOYHHMKOBY» (HE MeHee 5).
CchUIKM B TEKCTE — B KBaJIpaTHbIX CKOOKax. MICTOUHMKM yKa3bIBaIOTCS B MOPSAJIKE HUTHPOBAHUS B
Tekcte. Ha Bce HMCTOYHMKHM W3 CIUCKA JUTEPATyphbl AOKHBI OBITh CCHUIKM B TekcTe. CHHCOK
WCTIOJNB30BAaHHBIX ~ MCTOUYHUKOB  odopmisitorcss B cootBerctBun ¢ CTCT  7.1-2003
«bubnuorpaduueckas 3anucb». CMCOK JIUTEPaTyphl: OMOIMOrpapUUECcKuil CIIUCOK COCTABIAETCS
JBAX/bl: Ha SI3bIKE OpPUTMHAja MCTOYHUKOB (Ka3aXCKHM, PYCCKMIi), Ha SI3bIKE, MCIIOJIb3YIOIIEM
KUPUJLTUILY, TOJKHBI OBITh TPAHCIUTEPUPOBAHBI JJATUHCKUMU OyKBaMHU

6. B ornmenpHOM (aiie K CTaTbe NMPHIIATAIOTCS CBEJCHHS 00 aBTOpax: Ha3BaHUE CTAThH,
(dbamMuHst, UMsI 1 OTYECTBO (Ha Ka3aXCKOM, PYCCKOM, aHTJIMICKOM SI3bIKaX ), yueHasi CTENIeHb U 3BaHUE,
MIOJIHOE HA3BaHME M aJpec OpraHu3aluud — MecTa padoThl, 3aHMMaeMasl JOJKHOCTb, KOHTaKTHBIN
TenedoH, aApec IMEKTPOHHONU MOYTHI.

7. ABTOp Hay4HOH CTaThbU MPEIOCTABISIET €€ B JIEKTPOHHOM BHJI€ B CPOKH, YCTAaHOBIIEHHBIE
rpadukamMu BBIXOJa )KypHAIOB U B COOTBETCTBUU C TPEOOBAHUSAMU, MPEIBSIBISIEMBIMU K HAyYHBIM
CTaThsIM.

8. IlpunsTHIE CTATHU MPOXOAT AHTUILIATHAT Jaliee HAMpPaBISIeTCA Ha PELIEH3UPOBAHUE IBYM
penienzeHTamM. Cpok pacCMOTPEHHS PEIEH3EHTOM CTaThu cocTaBisieT 7-10 nueit. Hayunbie cTaThu,
Mpe/icTaBiIsieMble sl MyONMKAallMM B HAYYHBIX HW3JIaHUSAX, JOJDKHBI COCTaBiATh He MeHee 70%
OpUTHHANIbHOTO TeKcTa. [locie 0100peHus ABYX peLieH3eHTOB CTaThs HAIIPABIIAETCS HA MeYaTh.

9. OTBeTCTBEHHOCTH 32 COIEP)KaHUE CTATbU HECYT aBTOPBI.

Odopmnenue memaoannuvlx cmamou:

1. ®UO aBropa craThu; uHUIMAIBI U ¢amuwinu aBTopoB (Times New Roman, xernp 14
BBIJICTATh KUPHBIM); 2. Mecto paboTel: Ha3zBaHue By3a; 3. ['opox, crpana; 4. E-mail aBtopa
KoppecroHenTa; 5. [I[puMedanue: aBTopy KOPPECTIOHIEHTY TIPHCBAMBAETCA 3HAK - (3BE3J0UKA).

106



A3aMaTTBIK aBUAIUS aKaIEMUSCHIHBIH XKaPIIBIChI Ne3(34)2024

Buumanue! Crateu, odopMiieHHBIE C HapyIIeHHWEM, MPaBHI I COJEpKallue OOoJbIIoe
KOJMYECTBO TpaMMaTuyeckux U opdorpadpuyeckux omudOK, aBTOMATHUYECKUNW TEpeBOj Ha
AQHTTIMICKUN SI3BIK, pEJaKkiueld He NPUHUMAIOTCS W OyAyT BO3BpallaThcs aBTOpaM 0e3 ux
PaccMOTpPEHHUSI 110 CYIIECTBY.

Penakuus uMeeT mpaBO MPU HEOOXOJMMOCTH 3alPOCUTH OT aBTOPOB JIOMOJHUTEIIBHBIC
SKCIIEPUMEHTAaJIbHbIE JaHHbIE (HAlIPUMEp, CIIEKTPHI).

HezaBrcuMo OT pe3ynbTaToB EPBOHAYAILHON PEIICH3UH, CTAThsl MOXKET OBITh OTKJIOHEHA UITU
BO3BpaIllcHa Ha JO0pabOTKy Ha JIOOOW cTaguu padoThl NPH OOHAPYKEHHH TPYyObIX OIIMOOK,
OOIIMPHBIX 3aMMCTBOBAHUH WM OITUOOYHBIX [IUTUPOBAHUM.

KypHaa He nmy0JIuKyeT:

- MaTepHalbl, HE COOTBETCTBYIOIIUE TEMATHUKE KypHAa;

- MaTepHalbl, OMyOJIIMKOBAHHbBIE aBTOPAMHU PaHee B IPYTUX U3JaHUIX;

- MaTepuanbl, cojaepxkamme opdorpaduyeckue, MaTeMaTHYECKUE WU JPYTHE OIIHOKH,
KOTOpBIE HE MOTYT OBITh UCIIPABIICHBI, a TAKXKE YTBEPIKJICHUS U TUIIOTE3bI, IPSIMO MIPOTUBOpEYAILIHEe
YCTaHOBJICHHBIM HayYHBIM (haKTaM.

PenkoJuierusi BipaBe 0TKa3aTh B PACCMOTPEHMU MaTepuaia K Ny JIUKALMU, eCJIH OH He
oopMieH B COOTBETCTBUH C TPeOOBAHMSIMH KYPHAJA K aBTOPaM, PYKONMCH aBTOpPaM He
BO3BPAIIAIOTCS.
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RULES FOR AUTHORS
on accepting scientific articles for publication in a scientific journal
"BULLETIN OF THE CIVIL AVIATION ACADEMY™

The journal “Bulletin of the CAA” is included in the publications listing for the issuance of the
main results of dissertations in the following areas:

e Air Transport and Technologies
e Logistics, Organization of Transportation, Transport safety
e Computer Science, Instrumentation Engineering and Automation

SCIENTIFIC REQUIREMENTS FOR ARTICLE COMPOSITION

The article must clearly indicate its relevance, scientific significance, research results and
conclusions. Any borrowing of materials from other sources must be properly documented with a
reference, and the name of the source referred to by the author must be indicated in the list of
references.

The article must be written in a scientific style. The lexical composition of the scientific style
is characterized by relative uniformity and restraint, and this is expressed, in particular, in the lesser
use of synonyms. The scientific style should not contain vocabulary with a colloquial tone, which is
not characterized by evaluativeness. Evaluation in scientific works is used to explain the author’s
thoughts and is rational in nature. Scientific speech is distinguished by the accuracy and logic of
thought, its consistent presentation and objectivity of presentation.

A scientific publication is one of the main results of a researcher’s activities. Material submitted
for publication in the scientific journal “Bulletin of the CAA” must be original and not previously
published in other print media. The article should be written using predominantly modern scientific
literature and contain novelty. The main purpose of the publication is to make the author’s work
accessible to other researchers. Through publication, the author indicates his priority in the chosen
field of research.

In the introductory part, it is necessary to indicate the relevance and worthwhileness of
developing a scientific problem or task. In the main part of the article, through analysis and synthesis
of information, it is required to reveal the problems under study and ways to solve them. You also
need to justify the possible results and their reliability. The article should analyze, compare and
identify the most important and promising directions in the development of science (practice), its
individual types of activities, phenomena, events, etc.

A scientific article should be problematic in nature, demonstrate different views of scientists on
the development of scientific (practical) knowledge, and contain conclusions, generalizations, and
summary data. In the final part, the author needs to summarize, formulate conclusions,
recommendations, and indicate possible directions for further research.

TECHNICAL REQUIREMENTS FOR THE ARTICLE COMPOSITION

When preparing articles, the editors ask you to be guided by the following rules and
requirements for the design of materials submitted for publication in the journal:

1. Articles proposed for publication must be new, not previously published in the same form in
other printed or electronic media. The content of the article must correspond to the thematic areas and
scientific level of the journal, have a certain novelty and be of interest to researchers, teachers, and
specialists in the field of aviation. Articles are published in Kazakh, Russian, and English languages.

The volume of the article should be from 6 to 12 pages;
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The material must be typed in a WORD text editor using Times New Roman font, size 14,
single spaced. Schemes, graphs, diagrams, drawings and other graphic materials can be made in black
and white using a WORD text editor or in vector graphics programs (Adobe Illustrator, Corel Draw)
and must be electronically editable. Graphic materials and tables must contain a serial number and a
title. Formulas are typed in the Mach Type program or in the MC Office application and adhere to
the same style throughout the entire article.

2. At the beginning of the article at the top left you should indicate IRSTI (international
rubricator of scientific and technical information), IRST1 is determined on the website www.grnti.ru.
Further in the middle of the page in capital letters (italics) there should be the initials and surnames
of the authors, position, degree, then in the middle in lowercase letters - the name of the
organization(s) in which the work was performed and the city, below also in the middle in capital
letters (bold) - the title of the article.

3. The abstract should reflect the purpose of the work, the method or methodology for carrying
out the work, brief results, the scope of application of the results, and conclusions. The abstract size
must be at least 1/3 page. Regardless of the language of the article, annotations in Kazakh, Russian
and English are required. After the annotation, key words in the language of the annotation must be
indicated, at least 5 words, in lowercase letters, separated by commas.

4. The text of the article should be structured using standard section titles “Introduction”, “Main
Part”, “Conclusions and Proposal”. Additional special section names are allowed if necessary.

5. At the end of the article there is a “List of used sources” (at least 7). References in the text
are in square brackets. Sources are indicated in the order they are cited in the text. All sources from
the bibliography must be referenced in the text. The list of used sources is drawn up in accordance
with SAUS 7.1-2003 “Bibliographic record”. References: the bibliographic list is compiled twice: in
the original language of the sources (Kazakh, Russian), in a language using the Cyrillic alphabet,
must be transliterated in Latin letters.

6. In a separate file, information about the authors is attached to the article: title of the article,
last name, first name and patronymic (in Kazakh, Russian, English), academic degree and title, full
name and address of the organization - place of work, position held, contact phone number, email
address.

7. The author of a scientific article provides it in electronic form within the deadlines established
by the journals' publication schedules and in accordance with the requirements for scientific articles.

8. Accepted articles undergo anti-plagiarism and are then sent for review to two reviewers. The
review period for the article is 7-10 days. Scientific articles submitted for publication in scientific
journals must comprise at least 70% of the original text. After the approval of two reviewers, the
article is sent for publication.

9. The authors bear responsibility for the content of the article.

Formatting article metadata:
1. Full name of the author of the article; initials and surnames of the authors (Times New Roman,
font 14 in bold); 2. Place of work: name of the university; 3. City, country; 4. E-mail of the
corresponding author; 5. Note: the corresponding author is assigned the sign - * (asterisk).

Attention! Articles written in violation of the rules or containing a large number of grammatical
and spelling errors, automatic translation into English, will not be accepted by the editors and will be
returned to the authors without consideration of their articles in a substantial manner.

The editors have the right, if necessary, to request additional experimental data (for example,
spectra) from the authors.

Regardless of the results of the initial review, the article may be rejected or returned for revision
at any stage of the work if gross errors, extensive borrowings or erroneous citations are detected.
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The journal does not publish:

- materials that do not correspond to the subject of the journal;

- materials previously published by the authors in other publications;

- materials containing spelling, mathematical or other errors that cannot be corrected, as well
as statements and hypotheses that directly contradict established scientific facts.

The editorial board has the right to refuse to consider material for publication if it is not

prepared in accordance with the journal’s requirements for authors: manuscripts are not
returned to the authors.
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