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K 100-TETHIO OTEYECTBEHHOHW T'PAXKJAHCKOH ABHAITHH

YK 001.92
DOI: 10.26467/2079-0619-2023-26-1-8-21

CraHoBJIeHHE 0TEYeCTBEHHOM IPaKIAHCKON AaBHALIMU:
IOpUIHYECKHE aCNEeKThI

B.I1. Enuceen’

1 . . . .
Mockosckuil 20cy0apcmeenHblll mexXHUYeCKull YHUgepcumem epadcoancKol asuayuil,
2. Mockea, Poccus

Annoramusi: B 2023 roxgy ormedaercs BEKOBOM 100mIel OTEUECTBEHHON IpaKIaHCKOM aBHarmu. Ha Kakmom sTame pa3sBUTHSA
OTpaciy PaBOBOe OOECHICUCHHE e NEeSTENIbHOCTH IOMOJHIIOCh M TPAHC(HOPMHUPOBAIIOCH, YTO OBLIO 00YCIIOBIEHO KOHKPETHBIMU
UCTOpUYECKUMH pearmsiMu. [lyOnmkanuii, TOCBAIEHHBIX UCTOKAM M PaHHMM TIEPHO/IaM CTAHOBJICHHMS BO3IYIIHOTO MpaBa Kak
CaMOCTOSATEBHOM OTpacin 3aKOHOATENbCTBA, HEMHOTO. B cTaThe B MCTOPHYECKOH PETPOCTIEKTUBE TIOKA3aHO PA3BUTHE CHCTEMbI
HOPMATHBHOTO PETyJIMpOBaHMUs NEATENbHOCTH aBUALIMOHHOM OTpaciy B IEpPBBIE JECATUIETHS ee cylecTBoBaHus. OTmedaercs,
YTO BIIEPBbIE HOPMATHBHBIN aKT, KaCAIOLIMICS OTEYECTBEHHOTO BO3/IyXOIUIaBaHusl, ObUT M3iaH B Poccuiickol MMIIeprn B KOHIIE
XVIII Bexka mmmneparpuneii Exarepunoit II, obecriokoeHHON HeHaeKHOCTBIO a’spocraroB. [lo3mHee M3naBaanch yKasbl HPH
nmrieparopax Anekcanape I u Hukomae II, xoTopsii 0co00 MOKPOBUTEIBCTBOBAI Pa3BHTHIO BO3AyXOIUIaBaHWs. HaumHas c
MEPBBIX JIET COBETCKOM BIIACTH OBLIM IPHHSTHI FOPUIMICCKH 3HAYUMEIC IS Pa3BUTHS OTCUYSCTBCHHOM aBHaIvy perreHus. Cpemu
HUX cyasOoHOCHBIM crano [locranoenenne Cosera Tpyna u O6oporsr CCCP ot 9 deBpamst 1923 roma o cozmanun CoBeta 110
TpaXkIaHCKOM aBuarmu npu [ maBaOM yripasnenrn Paboue-KpectpsiHckoro KpacHoro Bo3mymHoro (hiota, OCKOJIBKY 3TOT JICHB
MPUHATO CYUTATh OQHIIHAIBHON TAaTOH POXKICHWS TPaKTAHCKOW aBHAIMH CTPAHBI KaK CAMOCTOSITETIFHOM OTPAcii HApOIHOTO
xo3stiicTBa. B ropuamaeckux goxymenrtax 1920-40-x rogoB 3aTparuBaiich BOIIPOCH OPTaHM3AIMN PETYIBIPHBIX aBHAIIEPEBO30OK;
CTaHOBJICHMS TIEPBOI1 OTEUECTBEHHOM aBHaKOMITaHUH «J{00poIieTy; KooparHaI|y paboThl TUCHIETIEPCKON CITyKOBI; 0OecieueHus
YCIOBMI W OIUIaThl TPyJa aBHapaOOTHUKOB M jAp. HopMmaTHBHBIE aKThl NMPEIBOCHHBIX JIET OTJIMYAeT JIOTHKA, JIAKOHWU3M H
WCYEPIIbIBAIOIIAsT SICHOCTh IOPHANYECKHX (DOPMYJIMPOBOK. YXOOUT K3 000pOTa apXauyHbI CTWIIb, XapaKTEpPHBIA IS
JIOPEBOJTFOIIMOHHBIX FOPHIMYECKUX JTOKYMEHTOB. VICTOUHMKM TpaBa MOMYMHEHBI NPHHIMIIAM HEpPapXud U cyOopmuHanmu. Mx
COZICp)KAaHWE HAMpPABJICHO Ha TIOBBINICHHE 3S()(PEKTHBHOCTH WCIONB30BAHUS —ABHAIIMOHHOW TEXHUKH, 3()(MEKTHBHOCTH
WCIIONIb30BaHMs BO3/YIIHOTO MPOCTPAHCTBA U Oe30IacHOCTH 1oseToB. B ropr Bemukoii OTeuecTBeHHOH BOIHBI HA OCHOBaHUH
«[lonoxkennss 0 ['JTaBHOM yIIpaBICHUH TPaXKIAHCKOTO BO3MYIIHOTO (hioTa HA BOCHHOE BpeMsk» OT 23 wmroHs 1941 rona,
yrBepikaeHHoro CoBHapkomoMm CCCP, BBemeHBI B [IEHCTBHE MOOMIM3AIMOHHBIC IUIAHBL, JIMYHBIA COCTaB TPAKIAHCKOTO
BO3YIIHOTO (hioTa OBLT NPUBICYEH K BBIOJHEHWIO OOCBBIX 3aJaHWN, OCHOBHBIC YCHIINSA COCPENOTOYCHBI Ha OKa3aHUU
BCEMEPHOM MTOMOIIN (PPOHTY.

KiiioueBble cj10Ba: BO3IYXOIUIABAHWE, aBHALWMS, TIPAXKIAHCKUH BO3OYLIHBIA (IOT, BO3YIIHOE 3aKOHOAATENBCTBO,
rOCYJapCTBEHHOE PETYIMPOBAHKE JIESTEILHOCTH B 00J1aCTH TPaXKIAHCKOI aBHALHHL

Jnst untupoBanusi: Enucees B.I1. CraHoBneHHE 0TEYeCTBEHHOM TpaXKIaHCKOM aBUAIMK: FOPUAMYEcKUe acrekTsl // HaydHblii
Bectauk MI'TY T'A. 2023. T. 26, Ne 1. C. 8-21. DOI: 10.26467/2079-0619-2023-26-1-8-21

The establishment of domestic civil aviation: legal aspects

B.P. Eliseev'

"Moscow State Technical University of Civil Aviation, Moscow, Russia
Abstract: 2023 is the centenary anniversary year for the domestic civil aviation. At every stage of the branch development, the

legal support of its activity was supplemented and transformed which was caused with the specific historical realities. There are few
publications dedicated to the early days of the air law as a separate area of legislation. The article presents the historical
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retrospective of regulatory regime development throughout the first decades of the aviation industry existence. It is noted, that the
first legal act concerning domestic aeronautical industry was published in the late XVII™ century by Empress Catherine the Great,
who was worried about the poor reliability of aerostatic balloons. Later, decrees were published during the reigns of Emperors
Alexander I of Russia and Nicholas II of Russia, the latter being the patron of the development of aeronautics. The early Soviet
days brought into life the legally relevant resolutions for the development of domestic aviation. Among them, the Resolution of the
USSR Council of Labor and Defense dated from February 9%, 1923, about establishing the Council for Civil Aviation at the Main
Directorate of the Workers and Peasants’ Red Air Fleet became the crucial milestone. Hence, it is generally accepted that this day is
the official date of birth of the country’s civil aviation as an independent branch of the economy. The legal acts of the 20s-40s
touched upon the issues of scheduled air transportation, the foundation of the first national airline Dobrolyot, the air traffic control
service coordination, the labor and payment provisions for the aviation personnel. The regulatory acts of the pre-war period are
logical and laconic, with clear and comprehensive legal language. The pre-revolutionary period archaic style is no longer in use.
The legal sources conform to hierarchy and subordination principles. The document content is intended to increase the aircraft and
equipment, airspace and flight safety efficiency. During the Great Patriotic War, the “Statute Concerning the Main Directorate of
the Civil Air Fleet during the War Time” of the 23" of June 1941, established by the Council of People’s Commissars of the USSR
activated the call-up plans, the manpower of the civil air fleet was involved in combat missions, with the main effort being
concentrated on the all possible help to the battlefront.

Key words: acronautics, aviation, civil air fleet, air law, state regulation of civil aviation activity.
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Vkazom Ilpesunenta Poccuiickonn dexnepa-
ruu oT 31 oxTsa6ps 2022 roga Ne 783 «O mpa3a-
HoBaHuu 100-7€THS OTEUYECTBEHHOW TpaxkaaH-
CKOM aBuauum» npenycmorpeHo B 2023 roxpy
IIPOBECTU MEPONPHUATHS, TOCBSILEHHBIE Ipa3i-
HOoBaHUIO 100-1€THsI OTEUEeCTBEHHOW TIpaXkJaH-
cKoil aBmanuu. Ecim 00 UCTOpuM Tpa)kIaHCKOU
apuanuu nepuoga CCCP u coBpemenHon Poc-
CUM W3JaHbl Hay4HbIE MOHOTpaduu, BOCIIOMH-
HaHUS M3BECTHBIX KOHCTPYKTOPOB M 3HAMEHH-
THIX MWJIOTOB, TO O BOBHUKHOBEHUU U Pa3BUTHU
3aKOHOJIaTEIbCTBA, PETrYJUPYIOUIETO BOMPOCHI
BO3JyXOIUIAaBaHUs U TPaKIAHCKON aBHUAIUH,
0COOEHHO B MIEPUOJI €€ 3aPOXKACHUS U CTAHOBJIE-
HUS, HAIUCAHO MaJIo.

N3BecTHO, UTO BHEPBBIE B UCTOPUM OTEYE-
CTBEHHOT'O BO3/IyXOIUIaBAHHUS HOPMATUBHBIM aKT
ObUT U3/1aH emie Bo BpemeHa Poccuiickoil ume-
pun. IlepBbIi NEMOHCTPALIMOHHBINA IOJIET BO3-
nymHoro mapa B Poccun coctosinicst 5 nexadps
1783 rona B Cankr-IletepOypre Ha HabepexHON
HeBbl B neHb MMeHUH uMmiepaTpuilbsl Exatepu-
Hbl [I. Yepe3 HekoTopoe Bpemsi ExarepuHa cBo-
MM YKa3oM 3alpeTwia TOJIEThl a3pOCTaToOB
B Poccum «1mop ctpaxom BeIuiatel ieHu 20 pyo-
neit B Ilpuka3 oOIIECTBEHHOTO NTPHU3PEHUS H
B3bICKAHUS Bpena, yuiepOa U yObITKa TeM MpH-
yuHsiemoroy. [IpuunHa Obuta B moXapHO# omnac-
HOCTH — MMIIepaTpUlia y3Hajla O 3aropeBlIEMCs
MoHronbdbepe B [Tapuxe.

Crnenyromiee 3HaMeHATEIHLHOE COOBITHE TIPO-
m3ouwio 30 urona 1803 roga, korja Ha BO3TYII-
HOM IIIape ¢ CAaHKIMU umrneparopa Anekcanapa |
NOJHSUICS  NEPBBII  PYCCKUH —  reHepal
C.JI. JIsBoB. ITwiotupoBan aspocrtar (paHIry3-
aspoHaBT AHnpe-Kak ['apuepen. Bozgyxomua-
Barenu craptoBaiiu B Cankt-IletepOypre, mon-
Hsuch Ha BeicoTy 3000 MeTpoB M mepeneTenu
®unckwnii 3amuB [1, 2].

MHorue u3 Hac XOpOLIO TMOMHST IIUPOKO
pacTUpakMpOBaHHBIE B COBETCKOE BpEMs MJLTIO-
cTpanuu jetsiero camoisera A.d. Moxaiickoro
¥ BOCTOP>KEHHO HAONIOAAIONIUX 33 HUM 3pHUTE-
neit. IlpumeuarenbHO, YTO JOKYMEHTAJIBHOTO
MOATBEPKICHUS T0JIETa ATOrO arnmapara He Co-
XpaHuioch. Bce »TH kapTuUHBI — He Oolee 4eM

gun.rﬁ'i. :)a.’@.]{ofaa'ﬁo:o (1882)

Puc. 1. Camoner Mosxalickoro Ha o4TOBOI Mapke
CCCP, 1974 ron
Fig. 1. Mozhaysky’s airplane on a stamp, USSR, 1974
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TBOpYECKas (aHTazus XyJ0KHUKOB. A BOT caMO
nzo0perenne — (akT FOPUAWYECKH TIOATBEP-
xaeHnsii (prc.1')! M306peratens obpatmics B
['maBHOE MHXEHEPHOE YIpPAaBJIEHUE 32 aCCUTHO-
BanueMm 23 mapta 1878 roma. Komuccus, pac-
CMOTpEB MPOEKT, pEKOMEH0BaJIa 0POPMUTH €r0
opunmansHo. IOTO OBUIO  cAenaHo 4 Mo
1880 roga. 3 HosOps 1881 roma kamuTaHy
1-ro panra Anekcanapy MoxaiickoMy Oblia
BbI/IaHA MPUBUJIETUS HA «BO3yXOIUIaBATEIbHBIN
cHapsa» [lemapTaMeHTOM TOProBiU U MaHy(]ak-
typ. B 1883 roay ocobast komuccus npu Bozny-
XOIUIaBaTelIbHOM oTAene Mmmneparopckoro pyc-
CKOr0 TEXHMYECKOro O00IlecTBa MOCTaHOBHIIA
X0AaTalCTBOBATh Nepesl MPaBUTEILCTBOM O CyO-
cuauu MoxalicKoMy I OKOHYaHUsS €ro pado-
Thl. JleraTenpHbIN anmapat OblJI OCHAILEH JABHra-
TeneM aHrnuickoi ¢upmber Ahrbecker Son and
Hamkens. IloJIHOLEHHBIX JETHBIX HCHBITAHUNA
camoJieTa He IPOU3BOINIOCH.

Pa3zputuio BoO3MyXoIIaBaHUsS IOKPOBUTEINb-
croBall umneparop Hukonan II. M3BectHO, 4TO
OH HUHTEPECOBAICA TEXHUYECKUMH HOBHHKAMHU
TOTO BPEMEHM, B TOM 4Hcle adpoiuiaHamu. He-
KOTOpbIE IIard MNpEeANpUHUMAINCh U A0 Lap-
crBoBanus Hukomas II, HO 3TO OBUIO CBsI3aHO
UCKIIIOUUTENIBHO C  BOEGHHBIMH  HYXXJaMH.

Puc. 2. I'atunnckas aBuamkoina, 1913 rox
Fig. 2. Officer’s aeronautical school in Gatchina, 1913

' B crarThe HCMOMB30BaHbI WLTIOCTPALMK U GoTOrpadu,
B3SIThIE M3 OOIIEOCTYITHBIX PECYPCOB HHTEpHETA, HE
COZIEpIKaIlMX YKa3aHWH Ha aBTOPOB 3THX MaTEPHAIIOB U
KaKHX-JIM0O0 OrpaHMYEeHUH 11l UX 3aMMCTBOBAHMSI.
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B 1910 rony B Poccuu co3marorcsi AB€ BOCHHBIE
odurepckue aBuamkoisl B 'atunae u CeBacTo-
noJsie (puc. 2 u 3), MPOBOASATCS MEPBBIC OIMBITHI
[0 CO3JIaHUIO BOOpY>KEHHOTO camoJiera. Ho 3to
UCTOpPUS BOEHHOW aBHWAIMH, a Mbl TOBOPUM
0 rpaxJaHckoi. M3BECTHO, YTO MpUBaTHAs JIET-
Has mkona IlepBoro poccuiickoro ToBapwuIe-
CTBa BO3AyXOIUIaBaHUS a’pokiny0 «[amaron»,
pacnonoxenHas ¢ 1910 roga B yactu nox Ile-
TepOyprom, 3aHMMaNach MOJATOTOBKOM YaCTHBIX
nwiotoB. Tam mponwia MOATOTOBKY TMepBas
B Poccuu munorecca Jluaus 3Bepena.

ITepen IlepBoii MUpPOBOW BONHON MOSIBUJICS
YEeTBIPEXMOTOpHBIN  ajdporutan  «Mies  Mypo-
MeI — TepBbIi OoMOapaupoBIMK B mMupe. Ha
3TOM camoJieTe OBLIU MOCTABJICHBI MUPOBBIC pe-
KOpPJIbl TPY30MOIBEMHOCTH, YUCIAa TACCaKUPOB,
BBICOTHI M BPEMEHHM M0JieTa. B BOEHHBIN niepuon
npennpusitus Poccun HapacTuiu BBITYCK camo-
netoB. Ho COOCTBEHHBIX aBHAIIMOHHBIX JBUTA-
TeJIeM W MHOTMX 3alvyacTeil, Hampumep IMOoJI-
HIMITHUKOB, B Poccun He Mpou3BOIMIOCE.

[Tocne peBomtoruu 1917 rona, B mepBbie T0-
Il COBETCKOM BIIACTH OBUTH MPUHSTHI FOPUIAYC-
CKM 3HAUYMMbIE IS Pa3BUTHS OTEYECTBEHHOMN
aBuanuu pemeHus. B oktsa6pe 1917 roxa cosna-
HO Bropo komuccapoB aBuanuu M BO3AyXOIUIa-
BaHUs, KOTOPOE MPUCTYMUIO K (POPMUPOBAHUIO
B [lerporpase HOBBIX, KPAacHBIX aBUAOTPSAOB.
20 nexabps 1917 roga 6ropo Obuio mpeobpaszo-
BaHO BO BcepoccHilCKylo KOJUJIETHIO MO YIpaB-
JIeHHI0 BO3AYIIHBIM (hioToM Pecry6nuku (YBo-
¢baor). Peanusyss TOIWTUKY TPaBUTEILCTBA,
KOJUIETHsI OT/Aajia TpUKa3, KOTOPBIA TpeboBai
MOJIHOCTBIO «COXPAHUThH aBUALUIO JIJISl TPYIOBO-
ro Hapozaa». B anpene 1918 roxa npu YBodguiore
co3faerca OTAeNl MO0 MPUMEHEHWIO aBUAlUU B
HApOJIHOM XO3SIUCTBE. DTOMY OTAENY MOPYUHIIU
OpraHu3aIuio a’poPoTOChEMKH 3eMellb U Jiec-
HBIX MAacCHUBOB, a TakXK€ CO3/1aHHE BO3IyIIHOU
MOYTOBO-MACCAKUPCKON JMHUHU MexXTy MOcCK-
BOM U XapbKOBOM.

B mae 1918 roga YBodmot 6611 ipeoOpaso-
BaH B [7aBHoe ympasienue PabGoue-KpecTbsH-
ckoro Kpacnoro Bo3gymHoro ¢iota (I'maBBo3-
ayxguor). B 1919-m co3pmaercs Komuccus
10 TSDKEJIOM  aBHAllMM, KOTOpas 3aHMMaeTrcs
HaJIA)KUBAHUEM OTEUYECTBEHHOW aBUALIMOHHOM
MPOMBINIJIEHHOCTH ISl IPOU3BOJICTBA CBOMX Ca-
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MOJIETOB M aBuajaBurareneil. B wactHocrtu, mpo-
EKTUPOBAHUS JIBYXMOTOPHOTO TPAHCIIOPTHOTO
camolneTra, Il CMEHbl ycrapeBmIux «Mypom-
ueB». [IpomomkaeTcss MOATOTOBKA KaapoOB MJIS
aBuanuu Ha Oas3e OBIBIICH IIKOJBl aBHUALUU
MockoBckoro o01iecTBa BO3AyXOIUIaBaHUsI, TIe-
pEeMMEHOBaHHONM B MOCKOBCKYIO aBHAIIMOHHYIO
mKoiny ¢ ¢ummanamu B EropreBcke m 3apaii-
cke [3]. B 1918 rogy B mogmockoBHbII Erops-
eBCK ObUTa mTepeaucionupoBaHa [ aTymHCKas
aBHalMOHHAs miKkoja. Celyac TaM pacmnojOXeH
¢wmman Hamero MI'TY T'A — aBuanuoHHBIH
TEeXHUYECKUN Koyuielk um. B. Ukamosa, koTo-
poMy B 3TOM rofy ucnosusiercs 105 maer.

N3BecTeH emnie oauH M3 NEPBBIX MPaBOBBIX
aKTOB MOJIOJIOM COBETCKOM BJIACTH — JEKPET
«O xoH(pucKaImK adporIaHHOTO 3aBofa AHaTpa
B Cumdepomone», NpUHATHIA Ha 3acelaHUU
CHK 9 suBaps 1918 roga. CorinacHo 3TOMy akTy
«BBHJly KaT€rOpUYECKOro OTKa3a IMpaBJeHUs 3a-
Boja adporuianoB A.A. Anarpa B Cumdeporose
MOAYMHUTBCS JekpeTy CoBeTa HapOJHBIX KO-
MHCCapoB O paboyeM KOHTpOJe, HEKeIaHHue
MOWTH HAa YCTYNKH paboumm, Onmaromaps demy
BO3HHKJA 3a0acToBKa pabounx Cumdeporos.
Coser Haponueix KomuccapoB mnocTaHOBHI
KOH()MCKOBATh a3pOIJIaHHBIN 3aBOJI CO BCEM €r0
UMYIIECTBOM U OOBSBUTH €T0 COOCTBEHHOCTBIO
Poccutickoii PectyOmuku [4].

beur mprkaz MOCKOBCKOrO OKpPYXHOTO KO-
MHTETA [0 BOEHHOMY Jieqy OT 26 utons 1918 ro-
Jla O BOCIIPELIEHUHU TMOJETOB HaJl palOHOM pac-
MOJIOKEHUSI MOCKOBCKOIO CKJIaZja OTHECTPEIIb-
HBIX [IPUTIACOB.

bonpmeBUKY B3SIUCH 332 aBUALIMOHHOE HOP-
MOTBOPYECTBO 3aCy4MB pykaBa. Yke 17 sHBaps
1921 roga CoBeTOM HApOJHBIX KOMHUCCAPOB OBLIT
YTBEPXKACH NIEKPET O BO3AYLIHBIX MEpeABUKE-
HUSIX. OTOT JEeKpeT MpeAoCTaBisul Oojblline
BO3MOXKHOCTH JIJI1 BEIOMCTBEHHOIO HOPMOT-
BOpUYECTBa, B YacTHOCTH [ naBBo3myxdiota. Bo
UCTIONTHEHUE 3TOro B 1922 romy ObIIM M3MaHBI
JIBa MIpUKa3a:

1) IIpuka3z Ne 136, comepxamiuii npaBuia o
BbIJ]a4€ MWIOTCKUX CBUAETENIBCTB, O PErUCTpa-
MM BO3JYIIHBIX CYJOB, O BblJau€ YyJIOCTOBEpE-
HUM, O IPUTOAHOCTH BO3AYIIHOTO Cy/JHA K IOJIe-
TaM, 00 OIO3HABATEIBHBIX 3HAKAX, 00 OTHAX H
CUTHAJIaX U O MOPSAKE MPOU3BOACTBA MOJIETOB,
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Puc. 3. CeBacronoibckas aBuaiikoia, 1911 rox
Fig. 3. Sevastopol Officers Aviation School (Katcha
Military Aviation School), 1911

2) Ilpuka3z Ne 142, coxepskamuii mpaBUiIa
BEJICHHSI KHUT BO3YIIHBIX CYJOB M MHCTPYKIUH
0 MOPsIIKE MPOU3BOACTBA TAMOKEHHOTO HaJ30pa
BO3/IYIIHBIX CYIOB.

B cootBercTBUUM ¢ mpukazoM PeBBOoeHCOBETa
Pecny6nuku 1 nexabps 1922 roma B ['maBBO3-
nyxdiore Obia co3maHa WMHCTeKIus rpakaaH-
CKOT'0 BO3AYLIHOTO (10Ta, B QYHKIIMH KOTOPOH
BXOJMJIa pa3paboTKa MEpOINpPHUATHI MO MpHUMe-
HEHUIO CaMOJIETOB B HApOJHOM Xo3siiicTe. MH-
CHEKLHUS 3aHUMAaJIach OIpPE/IEICHUEM THUIIOB Mac-
CaXHPCKUX CaMOJIETOB U CPOKOB UX JKCILTyaTa-
UM, TIOPSIKOM TIOJIB30BAaHUS a’3pPOJPOMAaAMU;
0TOOpOM B TPaKTAHCKYIO aBHAIIMIO JIETHOTO U
TEXHUYECKOTO  COCTaBa,  OCYIIECTBICHHUEM
HA/J30pa U OOMIET0 TEXHUYECKOTO0 KOHTPOJS 3a
BO3/YIITHBIMH JTMHHUSIMH U ApyTHe QYyHKIUH [5].

JlHem poskaeHus Hailed TpakJIaHCKOW aBua-
uu cuntaercs 9 despans 1923 roma. ImenHo B
sToT neHb mnpuHATO Ilocranosnenne CoBera
Tpyna u O60opons! (CTO) «O BO3T0XKEHUN TEX-
HUYECKOTO Ha/A30pa 3a BO3AYILIHBIMU JIMHUSMHU
Ha [71aBHOE ympaBieHue BO3MYIIHOTO (IOTa U
00 opranmzanuu CoBeTa MO TpakJIaHCKON aBHa-
uun». TEeXHUYEeCKUH Haa30p 3a BCEMH BO3QYI-
HeIMH cygamu u a’dpoxpomamu CCCP mpepno-
ctaBiieH [ 71aBBO3IyX(JIOTY; T€M K€ IOCTaHOB-
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Puc. 4. Asporutan «Mnes Mypomeny, 1914 roa
Fig. 4. Illya Muromets Airplane, 1914

neHneM yupexaeH CoBeT Mo TpaxaaHCKON
aBUAIlMU, PYKOBOJAIIUN TPaKIaHCKUM MpHUMe-
HeHueM Bo3aymHoro ¢morta. IlocraHoBienue
CTO 00 opranmzaruu CoBeTa 3aKOHOAATEIHHO
3aKpENMIO TPAKIAHCKYIO0 aBHAIIMI0 B KauyeCTBE
CaMOCTOSITEJIBHON OTpaciv HAapOJHOTO XO3sii-
CTBa CTpaHbl, OOECHEUYWSIO €IMHOE Tocyaap-
CTBEHHOE PYKOBOJICTBO €€ JIeATEIbHOCTHIO B Op-
TaHU3AIlMOHHOM, TUTAHOBOM W aJMHUHUCTPATHB-
HOM OTHOLICHUSIX" [6, 7]. bbua ycraHoBieHa
oOsi3aTenbHasl TOCYJapCTBEHHAsI PETHCTPALUS U
MpUIKHCKA K OJHOMY U3 a’pOJIPOMOB JJIsi BO3-
JIyIIHBIX CyJIOB M NUiI0TOB. HOpMaTUBHBIN akT
YCTaHABIIMBAJ YCJIOBUSI MPOU3BOJCTBA TMOJETOB
COBETCKHMX M MHOCTPAHHBIX BO3AYIIHBIX Cy/J0B B
BO3YIIHOM MPOCTPAHCTBE CTpaHbl. B dacTHO-
CTH, TPeOOBAIOCH, YTOOBI MIJIOT MPOIIENI COOT-
BETCTBYIOIINE UCTBITAHUS, & BO3AYIIHOE CYIHO
MMEJIO OTPENICTICHHBIE CYJOBBIE JTOKYMEHTHI U
OTO3HaBaTeNbHbIe 3HAKU. ONpeaensuinch yclo-
BUSI, TIPU COOJIIOJICHUN KOTOPBIX MHOCTPAaHHOMY
BO3YIIHOMY CYJIHY MOTJO OBITh BBIJAHO pa3-
peleHrne Ha TOJIET B Mpeensl CcTpaHbl. bblna
YCTaHOBJIEHa OTBETCTBEHHOCTH BJIAJICIBIIEB BO3-
NYIIHBIX CYJIOB 3a «BCE YOBITKH, HEMOCpE-
CTBEHHO TMPUYHHEHHbIE BO3AYLIHBIM CYIHOM
MpU TOABEME, TOJETE WM CIyCKe, IMOJIeKaT
BO3MEIICHHIO, 32 UCKIIOYCHHEM CITydaeB, KOrja

* TIporpamma npasauoBanus «HS ABUALIUMy. M.
[onurpad xaura, 1934.
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OpUYMHEHUE YOBITKOB SIBUJIOCH CJIEJCTBHEM
rpy0OOi BUHBI CaMOTO HOTepneBLuero»3 [8].

B cosercknii mepuoj NepeBO3KM T'pa)kaaH-
CKHUM BO3AYUIHBIM (IOTOM Haudaiuch B 1921 ro-
ny. B coorBerctBum ¢ moctanosiennem CTO c
1 mas 1921 rona npoBOAMINCH MONETHI MO Tpac-
ce MockBa — XapbkoB Ha camoiietax «Wibs
Mypomeny» (puc. 4), ocraBmuxcs nocie Ilepsoii
MHUpPOBOM M ['pakmaHCkoil BOMH. BpInosHsAmuCh
Ipy30-MacCaXUPCKUE ABUANIEPEBO3KU 10 Mapli-
pyram XapbkoB — KueB — Exarepunocnas — Ce-
BaCTONOJIb, XapbkoB — XepcoH, Kazanp — Eka-
TepuHOYypr. 3a 5 MecseB OBUIO BBIIOJIHEHO
43 peiica, nepee3eHo 60 maccaxupoB u Oonee
6 ToHH Tpy3a. B oktsa0pe 1921 roma sra muHUS
ObUIa 3aKpbITa M3-3a U3HOLIEHHOCTH CaMOJIETOB
1 aBurarenei [9].

B urone 1922 rona ToBapumectso «HayuHno-
SKCTIIEPUMEHTAJIbHASI CTaHIUA "ABHAKYIbTypa'»
OpraHu3oBajia IepesieTsl 1Mo Mapumpyty Moc-
kBa — HwxnHuii-HoBropox — MockBa B nepuon
Hwuxeropoackoit spmapku. Ha nunum O6butn 3a-
neiictBoBaHbl Tpu camonera — «tOnkepe F-13» ¢
HEMELKUMHU NWIOTAMH U TEXIEPCOHAIOM. OTO
OBLT TIEPBBIA OTECYECTBEHHBIM OMBIT 3aKIIOUCHUS

0 BO3yIHBIX nepeasuxenusx. Jekper CHK PCOCP
ot 17.01.1921 [Onexrponnslii pecypc] // Koncynaprant-
ITmroc. URL:
https://www.consultant.ru/cons/cgi/online.cgi?req=doc&
base=ESU&n=9422#RypLsQT2BHEfTdQ31 (nara 06-
pamenus: 14.12.2022).
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JIOTOBOpa «MOKPOTO JIM3UHTa». BblIo coBepie-
HO 57 peiicoB, nepeBe3eHo 209 maccaxxupoB u
CBbILIE 2 TOHH rpy3a. CBOW >KU3HEHHBIN IMKII
«ABHAKyJIbTypa» 3aKOHUWJIA C 3aKPBITUEM sIp-
MapKH.

[IepBrie perynsipHble IEPEBO3KU B COBETCKOM
Poccun ObutM  OpPraHU30BaHbl €  MOMOILBIO
HEMEIKOH aBHaKOMITaHWH. JTO Oblla OpraHu3a-
LIMOHHO-IIpaBoBas ¢opma, OnM3Kas K Kiaccuye-
CKOMY COBMECTHOMY mpennpusitiio. OOImecTBo
«Jepmod1» 6bU10 co3nano B HOsiOpe 1921 rona
Ha OCHOBE KOHILIECCHOHHOT'O COTJIAIICHUS MEXKIY
Coserckont Poccueit ¢ oqHOW CTOPOHBI U rep-
MAHCKAM OOIIECTBOM BO3IYIIHBIX COOOIICHUN
«Aspo-YHuon» ¢ apyroil. OCHOBHOM KamuTal
oOmiecTBa COCTaBWJI 5 MIIH MapokK, [OJOBHMHA
BHECEHA COBETCKOI CTOPOHOM, JIpyras MoJIOBUHA
— HeMelkoi. IIpu 3TOM Bce Tekylme pacxojbl
[0 SKCIUTyaTallud aBUAIMHUU JIOXKUJIMCh Ha CO-
BETCKYIO CTOpPOHY. Bo3riaBnsumm o0mecTBo /Ba
JUPEKTOpa, MO OJHOMY OT KaXXIOH CTOpOHBI,
JETYUKU M TEXHUYECKUH MEPCOHAT COCTOSUI Kak
U3 COBETCKMX, TaK M M3 HEMELKUX TIpakJaH.
C 1924 rona u Hemelkas CTOpOHa CTaja OIula-
YMBaTh JKCIUTyaTallUOHHBIE PacXoJbl B pa3Mepe
30%. B 1926 romy «Aspo-YHUOH» BIMICS B
TOJBKO 4YTO OPraHHW30BaHHYIO aBHAKOMIIAHMIO
«JTrotranzay», craBuIyto TakuM 00OpazoM mIpen-
cTaBuTeneM «JlepymodT» oT HeMeukoro maprt-
nepa® [10].

Becnoii 1922 rona aBuanpennpusiTue 3aiy-
CTHJIO TIEPBYIO PEryJIsIpHYI0 aBHAIMHUIO Moc-
kBa — Cmonenck — Kosuno — Kenurcoepr, mo xo-
TOpPONl MEpPEBO3WINCH IOYTAa M  MACCaKHUPBI
(puc. 5). B 1922 roay ObLIO0 TIEpEBE3EHO OKOJIO
400 maccaxxupoB, 6osee 18 TOHH MOYTHI U Tpy-
30B. B aBrycre 1925 roma mapTHEphl TOpKe-
CTBEHHO OTMETWJIM HaJleT IMEPBOr0 MMJUIMOHA
kuiomeTpos. Ilo perynspHocTu u 6e30nacHOCTH
MOJIETOB, KYJBTYpe OOCIY>KUBAHHS MMacCAKUPOB
JIMHHS CUYUTAJIACh OJHOM M3 Jydlliux B EBporme.
CeTp MapuIpyTOB IOCTOSHHO YBEJIWYHBAJIaCh.
Cpenu maccakupoB ObUIM «3BE€3]Ibl» TOI'O Bpe-

* «JlepymydT» — pyccKo-repMaHCKoe 0OIIECTBO BO3AYIII-
HBIX COOOIIEeHUI [ DNeKTpoHHbIH pecypc] / Bukumnemus.
URL: https://ru.wikipedia.org/wiki/%D0%94%D0%
B5%D1%80%D1%83%D0%BB%D1%8E%D1%84%D
1%82 (nara obpamenus: 14.12.2022).
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MeHu — 11o3Tel Cepreit Ecenun u Bnagumup Ma-
axoBckuil. B 1935 roay peiic bepaun — Mocksa
nponospkancs 10 yacos. buner croun 160 goii-
yemapok uinu 74 py6ns. Ilocnegnum aupexro-
poM oO0IecTBa C COBETCKOM CTOPOHBI ObLI
M.O. ApHOJIBIOB, KPaCHBIM BOCHJIET, OTIUYHBIN
yHOpaBleHell, MPEeKPACHO BIAJEBIINI HEMEKUM
s3pikoM. B 1937 romy oH ObLT penmpeccupoBaH
U PacCTpENsiH, a MPeANpUiTHe MPEKPATUIIO CBOIO
OTIEPALMOHHYIO IS TEILHOCTb.

CraHOBJIEHHE TIEPBOM OTEUECTBEHHOW aBHa-
KOMITAaHUHU — 3TO OTJIEJIbHAS, O/IHA M3 CaMBIX 3a-
MEYaTeIbHBIX CTPAHMIl B PA3BUTUU HAIIMOHANb-
HOT'O BO3JYIIHOTO TpaBa — MOXKHO TaK CKa3aTh,
€ro KOpPIOPAaTHBHOTO HamNpaBlieHUs. YCTaB aK-
uoHepHoro odmecTBa «Poccuiickoe o0mIecTBO
J1oOpOBONIBHOTO BO3IYIIHOTO (hj0Ta» OBLT 0J0-
Open l'ocyaapCTBEHHBIM KOHIIECCHOHHBIM KO-
mutretom S5 ampens 1923 roma, a yTBEpKIeH
30 anpenss 1923 roma. JIokyMeHT mnojnucaiu
3ammpenacenatens CoBeTa HapoOJHBIX KOMHCCa-
poB A. Iioprona u cexperaps JI. dortuepa. Co-
3naBajcs «JloOponer» s pa3BUTHS TpaKIaH-
CKOTO BO3IYLIHOTO (pyioTa, OpraHu3aluud BO3-
OYUIHBIX JMHUHM JJ5 TEPEeBO3KU MacCakKUpoB,
HOYTHl M TPY30B, MPOMU3BOJACTBA a3PO(OTOCHE-
MOK ¥ MHBIX OTpacjeil MpUuMeHEeHHs BO3AYIIIHOTO
¢yoTa, Ha OCHOBE OTEUECTBEHHOW aBHAIpoO-
MbIIUIeHHOCTH [6] (pHc. 6).

Puc. 5. Peiic bepiun — MockBa aBuakoMaHuu
«depymrodt», 1927 ron
Fig. 5. Flight Moscow — Berlin Deruluft Airline, 1927

> YcraB akuupoHepHOro obmectsa «Poccniickoe 061ie-
CTBO JOOPOBOIBHOTO BO3AYIIHOTO (biota "{oOpomer"».
M.: To6po3em, 1923. 34 c.
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JUia peanu3anyy O3HAYEHHBIX YCTaBHBIX Lie-
Jeil OOIIECTBY «B I'paHMLIAX CYIIECTBYIOIUX 3a-
KOHOB» MpEAOCTaBIIseTCsS MpaBoO MpHOOpeTaTh B
COOCTBEHHOCTh CTPOEHHS, adPOAPOMBI, aHTapHI,
BO3YLIHBIE Cy/la BCEX BUIIOB, MEXaHUYECKUE 3a-
BOJbl U JApPYTH€ MPEINpUSATHUS, «BbI3bIBAEMbIEH
€ro JeATEIbHOCThIO, ApEHI0BaTh U yCTpauBaTh
CKJIaJIbl TOPIOYMX U APYTUX MaTepUasoB, OpraHu-
30BBIBATh aBUALIMOHHBIE U BO3AYXOIUIaBAaTEIIbHBIC
KYPCBhI U ILIKOJIbI, TOCTOSIHHBIE BO3AYIIHbIE TUHUN
U pa3oBblE IOJIETBI, OTYY)KIaTh, 3aKJIaJbIBATh
«CBOM HMMYILIECTBA», 3aKJII0YaTh BCAKHE UMYIIE-
CTBEHHBIE JOTOBOPBI U CAEIIKH, BbIIaBaTh BCAKHE
00s513aTeNbCTBA, U B UX YHCJE BEKCENbHBIE, «HUC-
KaThb U OTBEYaTh» HA CyZAE M COBEPILATh BCIKHE
IOPUINYECKUE JICHCTBUS, CBS3aHHBIE C JESTENb-

BaB0eBUBARTS BOJAYX N BpEMA.
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Puc. 6. [Tnakar oomectBa «J{o6poneT», 1923 rox
Fig. 6. The “Dobrolyot” society poster, 1923

HOCTBIO OOIIECTBA M U3 HEE BBITEKAIOIIUE, CO-
rinacHo I'paxknanckomy kojekcy. Takum 1o0poT-
HbIM M HEMHOI'O «CTapOpPEKUMHBIM» HOpUANYE-
CKHM SI3BIKOM ObLT HarcaH ycras «Jlobpomneray’,
[lepBbIMHM yupeaUTEIsIMU OOILIECTBA CTAHOBSITCA

6 JloGpOBONBHEII BO3AYIIHBII (JIOT, €r0 BOSHHOE H MH]-
Hoe 3Ha4yenue. M.: Tunorpadust Bozxymnoro ¢uiora,
1923.24 c.
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JIM. KpacnoumekoB, M.U. Jlamuc, ®.M. Ce-
HiomkuH, B.A. Tpudonos, A.®. TonokoHIEB,
b.®. Mankun, A.A. 3aamenckuii, K.M. IlIBequn-
koB u W.C. Ileperepckuii. IlepBbie akumoHepsl
ObUTM OuYeHb HHTEPEeCHbIMU MOabMHU. CTapbie
OOJBIIIEBUKH, XOPOIIO 0Opa3oBaHHBIC, NMEBIIIHE
0OMBIIONW OMBIT PabOTBI B OpraHax BIAacTU U
YIPaBJIEHUSI MOJIOZIOTO COBETCKOTO TOCY/IapCTBa.
Hekotopble u3 HHUX ycmenu mopaboTaTh Ha JH-
ioMarndeckoii padore B Kurae n OunistHInm.
ABuaTopoB cpeau HUX He ObuIo coBcem! [Ipume-
YaTeJIbHO, YTO YacTh M3 HHUX OBUIM IOPUCTAMH.
KpacHomiekoB okoHUMI KOy npaBa Yukarcko-
ro yHHBepcuTeTa, MajKuH — IOpUANYECKUi (a-
KyJbTET ICUXOHEBPOJOTMYECKOTO WHCTUTYTa B
Cankr-IlerepOypre, 3HaMeHCKMII yuMics Ha
opuandeckoM (akyiabrere MOCKOBCKOTO MHCTH-
tyTa. [leperepckuii OKOHUMI IOpUIUYECKHA (a-
KkynbTeT CankT-IleTepOyprckoro yHHMBEpCHUTETA.
OH OIMH W3 HEMHOTHX JIOAEH CO CHACTIMBOU
Cynp0oi, craBmUi mpodeccopoM, TOKTOPOM
IopuIuieckux Hayk. K cloBy, Mo ero y4eOHHKY
«Pumckoe 4acTHOe mpaBoO» y4MIOCh MOE IOKO-
JICHHWE IOPUCTOB. bBOJBIIMHCTBO  co3jaareneit
«JloOposeray OBLIIM pEenpecCHPOBaHBI U PacCTpe-
el B 1937-1938 romax. CnemyeT OTMETHUTS,
YTO OJTHOBPEMEHHO C «JloOponeTom» co3maroTcs
JIBE KOMITAHUU — « Y KPBO3IYXITyTh» U «3aKaBUa»
co mrad-kBapTupol B XaprkoBe U baky cooTBeT-
ctBeHHO. B 1925 romy «YKpBO3IyXIyTh» IIO-
momaer «3akaBuay. B 1930 romy «YkpBo3mgyx-
nmyTh» BIUBaeTcs B «JloOponmer». DTO MOHSTHO,
HA4YMHAETCS MPOIECC OTXO0/1a OT HOBOM 3KOHOMH-
YECKOM MOJUTHUKH, JEJI0 UAET K LEHTPaIU30BaH-
HOMY YNPaBJIEHHUIO OTPACIIBIO.

J5is MOJIO/IOM COBETCKOM aBHWAIuM TpeboBa-
JUCh OTE€YeCTBEHHbIE camosieTbl. B 1922 rony
COBETCKOE€ MPABUTEIBCTBO IMOAMMCATIO COTJIaIle-
Hue ¢ ¢upmoit «tOHkepc». OHO Ha3BIBAJIOCH
«Koniueccuss 0 MPOU3BOJACTBE METALTUYECKUX
CaMoJIETOB U MOTOpOB». PaboThl pa3BepHyIHCH
Ha 3aBoae «Pycco-banr»y B ®unsax. HemHe 310
['ocynapcTBEHHBINT KOCMUYECKUNA HAYy4YHO-ITPOU3-
BOACTBEHHbIM LEeHTp uM. M.B. XpyHuuesa.
Ho yxe B xonne 1923 roga B LHAI'U Ob11 CKOH-
CTPYHMPOBaH JJI TPAXJAHCKOW aBUALUUA NEPBBII
COBETCKHMI MacCCaXKUPCKUN YETBIPEXMECTHBIN ca-
mozet AK-1. On pa3zBuBas ckopocTb 10 146 kxm/u
1 uMmen notosok 2200 M, 3KCIUTyaTHpOBaJICS HA
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aBuannHu MockBa — Kazans. B 1925 rongy kon-
nextuB, Bosrnasiasemelii H.H. [TonvkapnoBemm u
A.A. CeMEHOBBIM, CKOHCTPYHUPOBaJ ISTHMECT-
HBIM maccaxkupckuii momytopamian [IM-1. Ca-
moneTbl [IM-1 skcrutyatupoBanuch Ha Tpaccax
MockBa — JlemuHrpax u MockBa — bepnuH.
[To ckopocTy U TPY30MOJEMHOCTH OHH HE YCTY-
nanu 3apyoexHeIM camonietaMm «JlopHbe», «tOH-
kepc» u «Dokkep». B 1926 romy 3aBepiumnuch
UCTBITAaHUS MEPBEHLA COBETCKOrO TSHKEJIOro ca-
monetoctpoenuss AHT-4 (Th-1).

ABHalIMOHHAs POMBIIIIEHHOCTb MTOCTOSIHHO
yBeIM4MBajia BbITYCK camoseToB. B 1923 ropy
uX ObLI0 U3rorosiieHo okojio 150, a B 1924 ro-
ny — 6onee 200. 3HaMeHaTeIbHBIM B HCTOPHH
COBETCKOM aBmanmu O 1925 Tox, Korma crpa-
Ha cTaja MOCTENEHHO OTKAa3bIBaThCA OT MPHUOO-
pEeTeHUs] HHOCTPaHHBIX CaMoJIeTOB (puc. 7).

19 okTsa6ps 1923 roma CTO yTtBepaun opwu-
€HTUPOBOYHBIN TPEXJIETHUH IUIaH Pa3BUTHUSA BO3-
nymHbix auHud B CCCP Ha 1924-1926 ronpl,
IIPElyCMaTpUBABIINI  OTKPBITHE BO3TYIIHBIX
JUHUKA  O0IIe  TPOTSHKEHHOCTHIO  CBBIIIIE
6000 kM. DTO OBUI HOBBIM 3Talm B Pa3BUTHU
aBUAIEPEeBO30K B MHAYCTPUAJIbHBIX paiioHax, a
takxke B Cubupu, Ha Jlaneaem Bocrtoke, B 3a-
kaBkasbe. K xoHny 1924 rona Hayanm nencTBO-
Batb aBuanuHuun MockBa — Hwxuuii Hosro-
pon — Kazanb, MockBa — XapbkoB, XapbKOB —
Opnecca, XapbkoB — Pocros-Ha-/lony, EBnaro-
pust — CeBacronoisb, Tudmauc — baky, Tudauc —
Mamnrnel, XuBa — byxapa, byxapa — Jyman6e.
OO0m1as MpOTSHKEHHOCTD JIMHUM COCTaBmiIa 0oJiee
5000 kM. K cnoBy, 10 suBaps 1923 rona He ciy-
YaiiHO m3aaeTcsa JekpeT «O HapyLIEeHHH OTBET-
CTBEHHBIMU JIMLIAMH TPAHCIOPTAa TAMOMXEHHBIX
IIOCTAaHOBJICHHI», YCTaHABIMBAIOIIMM OTBET-
CTBEHHOCTD JIETYMKOB 3a HApyIIEHHE TAMOXKEH-
HbIX mipaBui! 3a 1923—-1928 roxapr obuit HayeT
COCTaBWJI MOYTH 8 MJIH KM, IEpeBe3eHO Ooee
28 ThICSY maccaxupoB, okosio 700 TOHH rpy30B;
IPOTSKEHHOCTh BO3AYIIHBIX JMHUI YBEIUYH-
jach B 7 pa3, HaJeT B KWJIOMeTpax — noutu B 10,
KOJIMYECTBO IEPEBE3EHHBIX MACCaXUPOB — B 15,
rpy30B U nouThl — B 9 pa3. B 1926 rony nunus
MockBa — Kenurcoepr Oputa npomsieHa 1o bep-
muHa. B 1927 rony otkpeuiack aBuatpacca Jle-
HuHrpaa — bepnun. B 1926 roay BozmymiHas
Tpacca csazaina CCCP ¢ Mounronueit [9].
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Puc. 7. ITnakat CCCP, 1933 rox
Fig. 7. The USSR poster, 1933

JluHaMu4YHOE pa3BUTHE aBHAIMHM HYXAAJIOCh
B OPraHU3allMOHHOM, YIIPaBICHUYECKOM U MPaBO-
BoM oOecrieuernn. 19 oktsa6ps 1930 roma BeIxo-
nuT nioctaHoBieHue CoBeTa HapOIHBIX KOMUC-
capoB (CHK) CCCP «O6 o6pa3zoBaHHH BCECO-
I03HOTO OOBEIMHEHUS TPAXKIAHCKOW aBHAITUNY.
Nmenno CTO mopydanoch yTBEpIUTh MOJOXKE-
HUE 00 YyKa3aHHOM B CT. | OOBemWHEHWW, WU
29 oktsa6ps 1930 roga CHK CCCP npunumaer
ouepenHoe mnocraHoBieHue «O Bcecoro3HoM
00BEAMHEHUN TPAKJAHCKOTO BO3IYIIHOTO (hito-
ta». Bo m3amenenne nocranosinennss CHK CCCP
ot 19 oxtsa6ps 1930 romga 06 obpazoBanuu Bce-
COIO3HOTO OOBEIMHEHUS TPAKIAHCKOW aBUALIUU
CHK CCCP nocranoBuin: «B HenocpenctseH-
HOM BejieHnn CoBeTa Tpyaa U OOOPOHBI OpTaHM-
30BaTh Bcecoro3Hoe 00bequHEeHHE TPaskJaHCKO-
ro BO3AYIIHOTO (hoTa, JAEHCTBYIOIee Ha Haya-
JaxX XO3SIICTBEHHOTO pacyeTay.
Ha Bcecoro3Hnoe o0beanHeHNEe rpaxaaHCKoO-
ro BO3AYIIHOTO (proTa OBUIM BO3TOXKEHBI Clie-
nytonue QyHKINH:
® SKCIUTyaTalus BO3AYILIHBIX MyTel COOOIEHUS;
e [JJAaHUPOBAaHUE U PETyJIMPOBAHHUE TpaxkaaH-
CKOTO BO3AYIIHOTO (hI10Ta, HAXOZSIIETOCS B
BEJICHUU OOBEAMHEHUS U JPYTHX OpraHu3a-
LM

® U3BICKAHWE W OPraHM3alMsl HOBBIX BO3IYIII-
HBIX JIMHUI;

® [IOATOTOBKA KaJIpOB JUISl TPa)KAAHCKOTO BO3-
JQYLIHOTO (IIoTa;

® OIBITHOE CTPOMTEIICTBO BO3AYIIHBIX CYJIOB,
MOTOPOB M TpUOOPOB K HHUM; JUpHKade-
CTPOEHHUE.
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['maBHas MHCHIEKIUS TPAKIAHCKOTO BO3AYIII-
Horo ¢uora mpu Hapomnom komuccapuarte mo
BOCHHBIM U MOpcKkuM jaenam ¢ 10 HosOps
1930 rona ynpasnusiercs u QyHKINU €€, a TaKKe
MMYUIIECTBO U oTmylleHHble Ha 1930 rox Hewus-
pacxoJIoBaHHbBIE CpeICTBa, mepenaroTcs Bceeco-
I03HOMY OOBEIMHEHUIO TPaKIaHCKOTO BO3AYII-
HOro ¢iora. M, 94T0 OYEeHb Ba)KHO, KAIUTAIBI U
MMYIIIECTBO aKIIMOHEpPHOro olrmiecTBa «J{obpo-
JIET», COTIIACHO PEIICHUI0 O0IIero cOOpaHus ero
aKIMOHEpOB, mepeAaroTcsi BcecorozHomy 00b-
CIMHCHUIO TPaKIAHCKOTO BO3IyIIHOTO (hioTa.
Bcecoro3Hoe o0beauHeHne OBLIO 005A3aHO [0
1 sauBapss 1932 rona BBIUIATUTH YAaCTHBIM JIH-
nam — akuuonepam «JloOponer» CcTOMMOCTh
ATUX aKUUW. AKIIUHU, HE TIPEAbIBICHHBIC K OTUIa-
e 10 1 suBaps 1932 rona, anuymupyrotcs’ [6].

[Tocranosneanem CHK CCCP ot 25 ¢espa-
a5t 1932 roma 6suto cosmano ['nmaBHOE yripaBie-
HUE TPAXIAHCKOTO BO3AYIIHOTO ¢JoTa TpHU
CHK CCCP, 26 mapra TOro »*e roja mojiy4uB-
iee HauMeHOBaHUE «APPodIoT».

IToctanosnenuem 1K u CHK Coroza CCP
ot 27 ampens 1932 roga Obul yTBEpXkKACH Iep-
BbIit Bozmymabiid kogeke Coroza CCP. Oto Obut
OJIMH W3 TNEPBBIX B MHUPE CBOJHBIX 3aKOHOB IO
aBUanuu. B HeM Hanum cBoe OTpa)K€HHWE OCHOB-
HbI€ MOJI0KEHHSI COBETCKOTO BO3TyIIIHOTO MPaBa.
Bo3nymneiit kogexkc 1932 ropa onpenenun mpa-
BOBOE TIOJIOXKEHUE TPakJIaHCKUX BO3AYIIHBIX
CyJIOB, DKHIIAXa U YPETYIUPOBAJ IPYTUE BOIIPO-
Chbl, OTHOCAILIMECH K JACSITEIBHOCTU BO3IYIIHOTO
¢drnora. B Koxekce ObUTO 1aHO TOYHOE Ompenie-
nenue Bo3ayuHoro npocrpancra CCCP. Yerko
U OTIPECIICHHO BBIPAXKEH MPUHIIUTI TIOJTHOTO HC-
kiountensHoro cyBepenurera Corwsa CCP nan
€ro BO3JAYUIHBIM TPOCTPAHCTBOM, YCTaHOBIICH-
HBIN €lle B MEPBBIX JEKPETaxX COBETCKOMN BIIACTH
0 BOMNPOCAM O BO3IYIIHOM IEPEIBIKCHUHA H
MCIOJIb30BAaHUU BO3AYLIHOTO MPOCTPAHCTBA.

Ho OypHoe pa3BuTHe TpaxgaHCKON aBUAIUH
B HaIllel CTpaHe, a TaKkKe HEOOXOAMMOCTh Tepe-

7 O Bcecoro3HOM 06beIHHEHHH IPAKIaHCKOrO BO3/IyIII-
Horo ¢nota. [TocranoBnenne CoBeTa HAPOJIHBIX KOMHUC-
capoB. Ct. 574. [Qnexrponnsiii pecypc] // Cobpanue 3a-
KOHOB U pacrniopspkennii Paboue-Kpectbsackoro [1pa-
surenscTBa CCCP 3a 1930 rog. C. 1048. URL:
https://istmat.org/node/50718 (nata oOpameHus:
14.12.2022).
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CMOTpPa HEKOTOPBIX MOJ0KEHHUIN KOJEKCa O pery-
JUPOBAHUU TOJIETOB, YCJIOBUH TpyJa paOOTHH-
koB ['B®, BO3AyHIHBIX NMEPEBO30OK, pabOTHI Be-
JIOMCTBEHHOM aBHAIMK TOTPEeOOBAIM W3JaHUSA
HOBOro kozekca. Hosbeii Bo3gymiHslii Komekc
CCCP obut ytBepkneH mocranoBieanem 1K
u CHK CCCP 7 aBrycra 1935 ronag.

brina BwICTpOeHaA ympaBieHYECKass BEPTH-
KaJlb B TPAXKIAHCKOW aBHALMHM, COCTOSIIOCH
IOpUINYECKA O(GOPMIIEHHOE «paslelieHue Tpy-
Ja». YTpaBlIeHUE U PEryJIMpOBaHUE B YacTH,
Kacaromieicsi aJMUHUCTPATUBHO-IIPABOBBIX BO-
MIPOCOB, OCTAJIOCh 32 TOCYAApPCTBEHHBIMH Opra-
HaMH, a XO3pacyeTHasl, CBA3aHHAsI C U3BJICUCHHU-
€M MPHUOBUIM M OCHOBAaHHAs Ha TPaKIAHCKOM U
TPYJOBOM MpaBe, Jieria Ha Aspodior. imeHHO
Ha cepeauHy 1930-x rojoB NpUXOAMUTCS MUK
pa3BUTUSA HOPMATUBHOU IIPABOBOM CHUCTEMBI, pe-
TYJUPYIOIIEH BCE CTOPOHBI «KPBLJIATOM OTpac-
nu» HapoaHoro xo3siictBa CCCP. B cyurnocty,
MOSIBJICHUE HOBOW OTPACIM MPaBa — BO3IYLIHO-
ro. Oco0oe BHUMaHHUE CTaJO YACHATHCS MOITO0-
TOBKE KaJIpOB, PETYJIMPOBAHHUIO IPaBOOTHOUIE-
HUI B chepe Tpyaa u 3apabOTHOM miarTel, a ma-
pajuIeIbHO — JUCLUILIMHE MEepCOHaNa Ha TaKOM
CJIOKHOM U OIIACHOM BHJI€ TPaHCIOPTa, CTaHO-
BAIIEMCSI Bce 0oJiee paclpoOCTPaHEHHBIM U Mac-
coBeiM. Hampumep, mnpukasom mno ['nmaBHOMY
yrpasieanto ['BD Ne 223 ot 29 urons 1935 ro-
Jla BBOJUTCS B JICCTBUE HOBAsi CUCTEMA OILJIAThI
TpyZa B JIETHBIX YacTAX TEPPUTOPHUAIBHBIX
ynpaBieHuil 1 y4eOHbIX 3aBeneHuil. Cpa3sy 3a-
KJIFOYaeTcs cornamenue ¢ LleHTpanbHbIM KOMH-
tetoM Coro3a aBHapaOOTHUKOB OT 29 wuiond
1935 rona o BBEJIEHUH B )KU3HL HOBOM CUCTEMEI
OIUIaThl TPYyJa B TPAHCIOPTHBIX, CIIECLIPUMEHE-
HUW U TPEHUPOBOYHBIX OTPsAAaxX W JIETHBIX 4a-
CTSX y4eOHBIX 3aBenennii . He CKpOI10, MHE, KaK
yieHy LleHTpaJbHOro KOMHTETa COBPEMEHHOIO
npodcoro3a aBUapabOTHUKOB, OBLTO 0COOEHHO
MHTEPECHO U3y4YaTh 3TOT APXUBHBIN JOKYMEHT.

«ITockosIbKy HOBBIE CHUCTEMBI OIUIATHI TPYy/a
BBOJSTCS B KM3Hb ¢ 1 ceHTs0ps c. I., OCTaB-

¥ Bosmymmsiii komexc CCCP. M.: PenakiionHo-13/1a-
Tenbekuit otaen Aspoduiota, 1935. 58 c.

? Ontara Tpyaa B aBHAOTPAAX TEPPHTOPHAIBHBIX YIIPAB-
JICHUH ¥ JICTHBIX YacTsIX Y4eOHBIX 3aBeneHuid A3podio-
Ta. M.: Pen.-u3n. otnen Yupasienus nenamu A3poduio-
Ta, 1935.
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HIMICST TPOMEXKYTOK BPEMEHH JIOJKEH OBITh HC-
M0JIb30BaH XO30praHamMu JUisl IOATOTOBKH U
MPOBEICHUST HEOOXOIUMBIX MEPONPUSATHI K Tie-
pexolly Ha HOBYIO CHCTEMY, a MPO(ECCHOHATb-
HBIMH OPTaHU3alUSIMH — HA MacCOBO-Pa3bsICHU-
TENbHYI0 pPabOTy C TaKUM pacdyeToM, YTOOBI
KKl paboTHUK "As3podioTa” 3HANI CBOIO CH-
CTeMy OIUIaThl TpyAa». Tak ObuT chopMymTupo-
BaH OJUH U3 MMyHKTOB OTPACIEBOTO COTJAIICHUS
TOTO BpeMeHn .

B nensix okazaHusi MpakTUYECKOW MOMOIIA
OTpsiIaM HayaJdbHUKHU TEPPUTOPUATBHBIX YTPaB-
JICHUH, TpeaceaaTen TepPUTOPHAIBHBIX KOMH-
TeTOB U ynonHomoueHHble LK coro3a momkHbI
KOMaHAMPOBaTh B KaXJbI OTpPs OTBETCTBEH-
HBIX paOOTHUKOB, a TAK)KE JINYHO OKa3aTh HEIO-
CPEIICTBEHHYIO IIOMOIIb OCHOBHBIM OTpsJiaM
CBOET0 TEPPUTOPUAIBHOIO YIIPABJIECHUSA. OTOT
JOKYMEHT ObUI MOANHCAaH HadadbHUKOM [naB-
Horo ynpasieHuss [ BO 1.d. TkaueBslM U mpea-
cenatenem LK Coroza aBuapaboraunkoB CCCP
IT.A. dypuuneiasv 29 urons 1935 rona.

Otpacinp pazBuBasiach. CeTh BO3AYIIHbBIX JIU-
HUI COIO3HOT'O 3HAUEHUS HENPEPBIBHO pocia U
coctaBmwia B 1929 rony — 15 426 km, B 1930 ro-
ay — 26310 kM, B 1931 romy — 27716 xm,
B 1932 rony — 31 934 kM. K navany 1934 rona
oOmias MPOTSHKEHHOCTh BO3AYIIHBIX JIMHUN
CCCP nocturia 34 760 km (puc. 8).

B 1936 roay moctymui B OTpacib JBYXMO-
topHbIi camouet [1C-35. MamumHa, ocHanieHHast
aBTONMWJIOTOM, PAJAHOINOIYKOMIIACOM U CBSI3HOU
paauoCTaHIIMEN, pa3BUBaIa KPEUCEPCKYI0 CKO-
pocth 10 350 KM/4 mpH JATbHOCTH IOJIETOB
okosio 2000 kM, Opana Ha 60pT 12 maccaxupoB.
C 1938 roma Ha Tpaccax «AlpodiioTa» MOSBH-
JUCh IBYXMOTOPHBIE LI€TbHOMETANINYECKUE ca-
mouieTsl [1C-40. (ycoBepuieHCTBOBaHHBIN Bapu-
ant «lyrnaca JIC-3», ero nmpousBoaunu B CCCP
T10 JIUICH3HUN).

B 1930-e rogpl mOCTOSIHHO COBEPIIEHCTBO-
Bajach CHoyk0a JBMXKEHHUS (qUcCTieTyepcKasi),

' Omnara Tpyza B aBHAOTpAIAX TEPPUTOPHATIBHBIX
YIpaBIIEHUH U JIETHBIX YACTSIX YU€OHBIX 3aBEJICHUI
Aspodutota. M.: Pen.-u3n. otaen YnpasieHue AeiaMu
Anspodiora, 1935.

! COOpHUK BaXKHEHITUX TOCTAHOBJICHUH U TIPUKA30B,
PETYIUPYIOLUIMX BOIPOCH TPyAa B IPa’KIaHCKOM BO3-
nymHoM duore. M.: KpacHsiii newarHuk, 1938.
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BO3AYWHBIE NYTH CCCP B 1934 r.

\6:"""

b\:— MPOTAMENHE BOIAYWNBIX NYTER
Spmaza

e

BAIAYIHME AYTH wa
——— THAPOBDIAYLINKE NYTH

Puc. 8. Cers Bo3nymnsix nunuiit CCCP, 1934 rog
Fig. 8. The network of airlines in the USSR, 1934

nmpu3BaHHas o0ecreuynBaTh 0€30MAaCHOCTh U pe-
TYJSIpHOCTh ToJieToB. Opranu3anusi ee padoThI
omnpenensnach psAAOM HOPMATHBHBIX JOKYMEH-
TOB, OJHHUM U3 KOTOpbIX Obu1O0 «IlomoxxeHue
0 JucreTuyepckor ciyxoe B cucteme ['YI'BD
U KaTeTOPUPOBAHUU PAOOTHHUKOB CIIYXOBI IBH-
KEHMs» .

C pacmmpeHueM ceTH BHYTPEHHUX M MEX-
QYHAPOJHBIX JIMHHUHA, POCTOM O00beMa TpaHC-
MOPTHBIX Pa0OT COBEPILIEHCTBOBANACH JICATENb-
HOCTb CIIY»OBbl OpraHu3alMu INepeBo3ok. B ee
paboTte OombIIOe BHUMAaHHE YJIEISIOCH SKOHO-
MHUKE BO3AYIIHBIX II€PEBO30K, IOBBIIIEHUIO
KyJbTYpbl OOCITYXHBaHHUS TAaCCaKUPOB, CBOE-
BPEMEHHOCTH JIOCTAaBKH aJipecaTaM I'py30B U IO-
YThl, UX COXPAHHOCTH B MYTH U a’3pONoOpTax.
[IpaBa u 00s13aHHOCTH PAOOTHUKOB CITY>KOBI Op-
TaHU3alMKU TEPEBO30K PErIAMEHTHUPOBAIIUCH, B
4acTHOCTH, «[loyiokeHneM o mepeBo3Ke MOYTHI»,
BBEJICHHBIM B jeiicTBue 29 amnpens 1937 rona
npukasoMm 1o ['nmaBHomy ynpasnenutro I'BO, n
«ITonoxenunem o ciayx0e mepeBo30K» OT 4 UIOHS
1937 roma® [9].

Ha ocnoBanuu ct. 33 Bo3nymHoro koaekca
CCCP ¢ 1 mapra 1935 roga BBOAMTCS B JICH-
ctBue cornacoBanHslii ¢ [IK Coro3a aBuapabot-
HUKOB OOHOBJICHHBI YCTaB BHYTPEHHEH CIiIyXK-

12 CGopHIK BaKHEHMIIIX TOCTAHOBICHHIT H PHKA30B,
PETYIUPYIOIIKX BOIPOCHI TPYAA B TPAKIAHCKOM BO3-
nyurHoM ¢utore. M.: Kpachslii neyatHuk, 1938.

" Ycra BHyTpeHHei Ciry kOBl FPakIaHCKOTO BO3AYIIHOTO
¢ota Coroza CCP. M.: CoBeTckoe 3aKOHOIATEIBCTBO,
1935.
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Obl TpakJaHCKOro Bo3aymHoro duota . Ha-

YJaJlbHUKaM BCEX YUYpEeXIEHHUH, y4eOHBbIX 3aBe-
JEHUH U MpeanpUATUl TPa)kKAaHCKOTO BO3IYII-
HOro (uioTa MOPYYEHO JOBECTU COJIEp)KaHUE
ycTaBa J10 CBEICHUS BceX pabOTHUKOB M yua-
IIUXCsI, HA KOTOPBIX, COTJIACHO CT. 6, yCTaB pac-
npocTpaHsercs, W He mo3gHee 1 ampens
1935 roga mpou3BeCTH HpPOBEPKY €ro 3HaHUS.
Nmenno Tak. He pocro BBecTH YCTaB, HO U3y-
YUTh U NIPOBECTHU NPOBEPKY 3HaHUU. B rpaxnan-
CKOM aBHallUM TE3UC «HE3HaHWE 3aKOHa He
0CBOOOXKIIAET OT OTBETCTBEHHOCTH» HE paboTa-
er! OTciojla OCHOBHOM aKLEHT B BEIOMCTBEH-
HBIX aKTax JieJaeTcsd, KOHEYHO, Ha MOATOTOBKY
KaJpOB, HUX TEXHUYECKYI0 TI'PaMOTHOCTb. ITO
MOHSTHO, TEXHHKA CTAHOBUTCS BCE CIIOXKHEE.
Kak pextopy MOCKOBCKOTO TEXHHYECKOTO YHU-
BEPCUTETA TPaXJAHCKOW aBUAIMHM, MHE HMIIO-
HUPYIOT HECKOJIbKO OY€Hb MHTEPECHBIX HOpMa-
TUBHBIX JOKYMEHTOB TOI'O BPEMEHH.

Hampumep, Ilpukaz mo I'BO Ne 1010 or
31 sauBaps 1937 roga «OcHoOBHBIE 3amaun A3po-
¢dnota B 1937 romy B 0051aCTH TEXHHUYECKOU M KO-
MaHIUPCKOW y4yeOb». 1o HbIHEIIHMM BpeMeHaM
3TO CUCTEMa JOIOJIHUTEIBHOIO IMPO(eccCHOHaAb-
HOTO 00pa30BaHMS M TIOBBIIICHUS KBATU(PHUKALINH.
B napyrom npukaze o 'B® Ne 54 ot 10 deppans
1936 roga oTMevaeTcsl, YT0 COBMEIIEHHE YICOHBIX
3aHATUI CO CiyKeOHOW pabOTON OTPHIIATEIIHHO
oTpaxkaercs Ha yuebe' . B CBA3M ¢ 3THM yCTaHAB-
JIMBAETCs 3alpeT CTyJCHTaM y4eOHbIX 3aBelCHUI
«Anpo(ioTay Ha COBMEIICHHE YUEOHBIX 3aHITHIA
CO IITATHOM CITY»KEOHOM paboTOM, 32 UCKITFOUYCHH-
€M 3a0YHHMKOB, OOywaroummxcs 0e3 OTpbpIBa OT
npou3BojcTBa. HayaabHUKaM BTy30B pEKOMEHIO-
BAJIOCh OTYHUCIIATH CTYJICHTOB, COBMEIAIOIINX 03
HCKJTFOYUTEBHON Ha TO HEOOXOAMMOCTH y4eOy CO
IITaTHOM CITy>keOHOIl paboToii, ¢ paboToii Ha
NPENNPUATUSX, B IPOEKTHBIX KOHTOPAX U JPYTHX
OopraHu3anusx. BBoauTcs npsaMoin 3arper Hayallb-
HUKaM TIoJpa3fieNieHuit «AspodioTay NpUHAMATh
CTYJICHTOB Ha LITAaTHYIO CITy>KeOHYyI0 paboTy B MO-
pSIIKE COBMELIEHHs C YYeOHBIMH 3aHSTUSIMU BO

" Yeras BHYTPEHHEH CIIyObI MpakTaHCKOT'O BO3TYILIHO-
ro ¢iota COKO3A CCP. M.: CoBeTckoe 3aKOHOIaTeb-
ctBO, 1935.

13 COOpHUK BaKHEHITNX TOCTAHOBJICHUH U TIPUKA30B,
PeryJupyIOIKX BOIPOCH! TPYAA B TPAXKJAHCKOM BO3-
nymHoM duore. M.: Kpacubiii nmewarHuk, 1938.
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BTy3e 0€3 CIEIMaTbHOIO Ha TO TMEPCOHATBHOTO
paspeleHnsi HadyaJlbHUKa OT/ieNna KaapoB. [Ipuka-
30M 1o 'B® Ne 235 ot 2 Hos0ps 1932 roma yeTko
OTIPE/ICTICHBI JILTOTHI, TIPaBa U OOSI3aHHOCTH yYa-
HIMXCS 3a04HBIX Y4eOHbIX 3aBeneHuii [ BO. Pyko-
BOJIUTEIH OBUT OOS3aHBI HE JIOMYCKATh 3arpy3Kd
yUaluxcsl 3a04HUKOB CBEPXYpPOUYHOIl paboToH, He
OTPHIBATh 3a0YHUKOB OT Y4eObl YaCTHIMH KOMaH-
JUPOBKaMU; HayaJlbHUKaM MPEIIpUATHIl ¢ MHO-
TOCMEHHBIM PEXHUMOM TIEPEBOJIUTH U3 CMEHBHI B
CMEHY YYalIMXCS-3a0YHUKOB COOTBETCTBEHHO C
pacnucaHusIMU OYHBIX 3aHSATUN W KOHCYJIbTallUd
Ha OMOPHBIX IMyHKTaX U B OTJEJICHUSX, JaBasi BO3-
MOKHOCTh TPHUHUMATh yYacTHE B 00S3aTeIbHBIX
IUIS HUX 3aHATHSX. Bee 3a04HMKH 0CBOOOXKIAIOTCS
OT JIOTIOJTHUTENIbHOW TeXy4eObl B MMEIOIIUXCS HA
NPEANPUATHSIX Y4eOHBIX 3BEHBSX, TaK KaK 3a04-
HOE OOyuYeHHe SIBIISICTCS OCHOBHOW (hOpMOl To-
TOTOBKH, TMEPENOArOTOBKM W TOBBIIECHUSI KBAJIU-
¢dukammu. [IpennuceBanocy «IpoBOIUTH B )KHU3Hb
CHUCTEMY MPEMHUPOBAHMSI AKTUBHBIX 3a0YHUKOB)»
MO TPEJCTABICHUSM YYEOHBIX 3aBEICHUM, IS
yero B cMeTax Ha 1933 r. BbaenuTh U3 (OHIOB
MPEMHUPOBAHUS ClIEUANIbHBIE CpeACTBa». B aHu
3aHATHN W KOHCYJIBTAIlMil OCBOOOXKIIATh 3a0YHU-
KOB OT BCSIKMX COOpaHW ¥  3acelaHuid
(B cootBetcTBUU ¢ moctaHosneHrneM [{IKK BKII(6)
u HK PKI1 CCCP or 23 cents6ps 1931 rona ot-
HOCUTEJIEHO O0y4eHHsI 6€3 OTphIBa OT MPOH3BO/I-
CTBa).

[Ipukazom mo I'B® Ne 889 or 5 nexalps
1935 roga Obuta yTtBepkaeHa «MHCTpyKIMsS O
BBOJIC B CTPOH M MOPSIKE paOOTHI MOJIOJIBIX TTHJIO-
TOB, MHXKCHEPOB U TeXHUKOB ['BD B TeueHue nep-
BOTO TOJ1a CITYKObI». DTO NIENaaochk sl PaBHIIb-
HOTO Y TIOCJIEIOBATEIBLHOIO BBOJA B CTPOIl MOJIO-
IBIX CICIUAIMCTOB M JJI1 OOCCIIeUeHUs «HaJjie-
JKalled TMOCTAaHOBKU Jiela TOJATrOTOBKM U pocTa
KaapoB», Ui 0e3aBapHHOCTU JIETHOM pPaOOTHI.
Hampumep, 11st BBoJia B MPOU3BOACTBO MOJIOIBIX
CICIIMATIMCTOB-UHKCHEPOB OHU OO0S3aHBI B Teue-
HHUE TEPBOTO TOfAa CITY>KOBl TPOUTH CTAXKUPOBKY
MyTeM TOCJEI0BATEIBHOIO HA3HAYEHHUSI Ha Clie-
IyIOIME IITaTHbIE JIOJDKHOCTH: aBUATEXHHUKA
1-ro x1macca mociieoBaTeILHO Ha BCEX THIIAX Ca-
MOJIETOB U MOTOPOB, HAaXOJAAIIUXCS B 3KCILTyaTa-
MM B JAHHOM HKCIUTYyaTallMOHHOW OpraHU3allvy;
CTapIIEr0 aBMATEXHUKA 3BEHA OTPs/Ia; MUCIOJHS-
IOILIETO JIOJDKHOCTh CTapIliero TEXHWKAa WM MO-
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MOIITHUKA MacTepa PeMMacTePCKUX, C UCTIOTHEHH-
€M padoT 1o AedekTayy NocTynaroei B pEMOHT
MaTepUaTbHOW YacTH, a TaKKe MO PEMOHTY H
cOOpKe camMolIeToB ¥ MOTOpOB. B cBOIO odepenp
MOJIOZIbIE CHEUUATNCTHI-aBUATEXHUKH JOJKHBI B
TEUCHUE TIEPBOTO TOJA CIYXKOBI TPONTH CTaXKHU-
POBKY ITyTeM TOCIIEIOBATEILHOTO Ha3HAYCHUS UX
Ha CJIEIYIOLIUE IUTATHBIE JOJDKHOCTU: CTapLIETO
MOTOpHCTa Ha OJHOMOTOPHBIX, MHOTOMOTOPHBIX
CaMoJIeTax; MCIOJHSIOIIEr0 JIOKHOCTh TEXHHMKA
PEMMACTEPCKUX C HETIOCPECTBEHHBIM YYaCTHEM B
paboTe 1Mo peMOHTY ¥ COOpKE CaMOJIETOB U MOTO-
poB. [IpomomKUTENEHOCTh CTaXXUPOBKU HA KaXK-
JOM W3 YKa3aHHBIX JOJDKHOCTEH OIpenenseTcs
JUIl MHXCHEPOB TJIaBHBIM WH)KEHEPOM YyIpaBlie-
HUA (y4yeOHOTO 3aBENCHHUS), JJIsI TEXHUKOB — WH-
JKEHEpPOM OTpsAJa B Ipenenax oT 2 1o 4 Mecsies
B 3aBUCHMOCTH OT OCBOEHHS MPAaKTHKU. Bo Bpems
CTaKMPOBKHU MOJIOJIbIE CIIEIMATUCTHI HE Ha3Haya-
JIMCh Ha BBINIOJHEHHUE CaMOCTOSTENIBHBIX 3a/laHUi
C OTPBIBOM OT CBOETO MOJpa3ACICHUs], OHU JOJIK-
Hbl OBUTM OCTaBaThCs BCE BpeMs IOJ HaOIo-
JICHWEM CTapIliero pyKOBOIWTENS TMOApa3erne-
aps 7. OTMedy, 4TO Takas CHCTEMa BO MHOTOM
COXpaHMJIACh U B HAIIIE BpeMsl.

HopmaTuBHbIE akTBl TOTO BPEMEHH OTJINYAET
JIOTHKA, JJAKOHHW3M M HCUYEpPIbIBAIOLIAs SICHOCTD
IOPUINYECKUX (OPMYIMPOBOK. YXOIUT U3 000-
poTa apxauyHbId CTHJIb, XaPAKTEPHBIA NI J10-
PEBOJIOIMOHHBIX IOPUINYECKUX JTOKYMEHTOB.
HcTouynuku mpaBa MOJYUHEHBI MPHUHILIUIIAM
uepapxun u cyoopauHauuu. KX conepxaHue
HalpaBJeHO Ha TOBBIIIEHHE 3S()PEKTUBHOCTH
WCIIONIb30BaHUsI aBHAIIMOHHOW TEXHUKH, d(hdek-
TUBHOCTH HCIOJIb30BaHUSl BO3AYIIHOTO TPO-
CTpaHCTBA U 0€30MaCHOCTH MOJIETOB.

Benukas OreuyecTBeHHass BOMHA 3acTaBHIIA
«A3po¢IoT» BBECTH B JCHCTBHE MOOHIM3AIN-
OHHBIE IJIaHbl, COCPEJOTOUUB OCHOBHBIE yCHUITUS
Ha OKa3aHMM BCEMEpHOHl moMomu (POHTY
(puc. 9). VYxe 23 utonsa 1941 roma CHK CCCP
yrBepaw «llomoxenue o I'maBHOM ynpaBiieHUH
rPpaXKIaHCKOTO BO3AYIIHOTO (hjloTa Ha BOEHHOE

e COOpHUK BayKHEHIINX TOCTAHOBJICHUH M IPUKA30B,
PeryJIMpyIOIIHX BOIPOCH! TPYAA B TPasKJaHCKOM BO3-
nyuHoM ¢uore. M.: Kpacubiii nmeyatHuk, 1938.

"7 Monoxenue o KacCUUKALMHI CIELHATHCTOB IPa-
JAHCKOT0 Bo3ayIIHOro ¢rota. M.: PegakumoHHo-
U3IaTeNnbCKuin otaen Aspodiora, 1940.
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Puc. 9. Canurapuas moaudukaius camosuera Y-2,
«Aspodraor», 1944 ron
Fig. 9. The ambulance variant of Polikarpov Po-2,
Aeroflot, 1944

BpeMsD». B onepaTMBHOM OTHOLICHUU I'PaXkIaH-
CKMH BO3IyIIHBIN ¢uioT momunHmm Hapkomary
00OpOHBI, XOTS MHOTHWE (YHKIMH, MNPUCYLIHE
OTpaciy, COXPAaHWINCH 3a [ JTaBHBIM yNIpaBIICHHU-
em ['B®. Jlng yyacTust BO (pOHTOBBIX Olepariu-
X ObuM Cc(HOPMHUPOBAHBI MIECTh ABUAIIMOHHBIX
rpynn 'B® ocoboro HazHa4yeHwHsl, aBUATPYIIIbI
OBLIM YKOMILJIEKTOBAHbI JTYUYIIMMH SKUIAKaMU U
TEXHUYECKUM COCTaBOM. A3p0o(I0TOBIIBI BHECIH
CBOM JTOCTOWHBIA BKJIAJ B TOOETYy COBETCKOTO
HapoJa Haj rutiepoBckoil ['epmanuei. Mmes
BCEr0 JIMIIb OKOJO 3 ThIC. CAMOJIETOB, U3 HHX
350 JIu-2 u C-47, 'B® naneran 4,5 MJIH 4acos,
U3 HUX 2,6 MJIH 4acoB JJisi 0OCTy>KMBaHUS ThLJIa
ctpanbl. MIM Obuto mepeBezeHo Ooisee 2,3 MulH
BOCHHOCIIYKallluX, MMapTU3aH M JAPYIuX Iacca-
*KUpoB, 280 ThIC. TOHH TPY30B, B TOM 4Hcie 00-
enpunacoB [7]. AKT O KamuTyssimuu (ammcT-
ckoit ['epmanum ObT 1HocTaBieH B MOCKBY
MMEHHO CaMOJIETOM «A3podiaoTay.
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ABTOMATHU3UPOBAHHAS CHCTEMA COKPAIIEHUS NMOTEPh OT UCTIAPEHUS
1 00BOJIHEHNSI ABHATOILINBA B pe3epByapax TONJIMBO3ANPABOYHOI0
KOMILIEKCa

1
A.A. bpauiako
1 . . . .
Mockosckuii 20cyoapcmeentblil meXHU4eCKUll YHU8epcumem eparicOaHcKoll asuayull,
2. Mockea, Poccus

AnHoTammsi: B mporiecce mMpoM3BOICTBEHHON NIEATENBHOCTH TOILTHBO3anpaBouHoro komruiekca (T3K) aspormopra B pesynsraTe
JIBW)KEHHSI aBHAKEPOCHHA, CBS3aHHOTO C OMOPOKHEHHWEM U 3aIl0JIHEHHEM PE3epBYapoB NP MPHEME W BblJaue aBUATOILIMBA HA
3ampaBKy Bo3AymHBIX cymoB (BC), HeM30eHO MPOMCXOIAT /1BAa HETATHBHBIX SIBICHHWS — OOBOJHCHIE aBHAKEPOCHHA TPH
B3aMMOJICHCTBHIH C BO3YXOM, €ro MCIapeHre U yHOC B atMoc(epy. DTO BieyeT 3a cOO0H SKOHOMHYECKHUE ITOTEPH, OBBIIEHHBIH
YPOBEHB I0KapOB3PBIBOONIACHOCTH M SKOJIOTHYECKUH yiepO. Pasmeps! yrep0a oT moTepb eCTeCTBEHHOH yObIIN aBHATOILINBA B
pesynbrare Heu3OexHoH sMmuccun napoBo3myinHol cmecu ([IBC) m3 obopynoBanus pesepByapHoro mnapka T3K mocruraror
10...14 % ot oObeMa mepeBaIKN aBHAaKepOCHHA. B cBOIO ouepenp Takoi 00beM HCIapsieMOro KEpOCHHA MPHBOAUT K CEPhE3HOM
9KOJIOTHYECKOM Mpo0iieMe — 3arpsi3HEHHI0 atMocdepbl Mapamy aBHATOILIMBA, MPHUBOJSILEH K 3aTpaTaM Ha KOMIICHCALMIO U
HAJIOr000JIO’KEHHE IPUPOAOIIONIB30BaHMS, BO3MOXKHOCTH HAaHECEHHS! BpeJia 30poBbIo mTtaTHoro nepconana T3K, a Tarke k Tomy,
yro T3K craHOBUTCSI T0XKapOOacCHBIM OOBEKTOM, YTO BJIEHYET 3a COOOI 3aTpaThl Ha TI0XKapOOXpaHHbIE MepoIpHsTHsL. B cratbe
MIPOBE/ICHA OLICHKAa KOJIMYECTBEHHBIX M KAUECTBEHHBIX MOTEPh OT WCIIAPEHHUSI M OOBOIHEHMS B YCIIOBMSIX XpaHEHWs, TPHUEMa U
BbIJIaYM aBUATOILIMBA U3 pe3epByapoB T3K asporopra. Ha ocHOBaHMM aHanm3a MexaHU3Ma yXyIILICHHS] Ka4eCTBA aBUATOILIMBA OT
OOBOHEHWS ¥ 3arpsi3HEHUS] MEXaHIIECKIMH TIPAMECSMH, a TaKKe TOTeph JIeTKuX (pakiwii aBuatorwmsa (JIYB), Be3BaHHOTO
SIBJICHMSIMU OOJIBIIMX M MaJbIX ABIXaHWH PEe3epBYapHOro 00OPYIOBaHMs, HEM30EKHO COIMPOBOXKAAIOUINX IPOLIECCHl XPAHEHHS,
BBIJIAYM U TIpUEMa aBHATOIUINBA, YCTAHOBJICHBI PHYMHBI K MEXaHU3M 00pa30BaHUs IIOTEPh aBHATOILIMBA OT MAIBIX M OOJBIIMX
JIBIXaHMI, TIOTEPU OT HACBIIEHUS Ta30BOTO MPOCTPAHCTBA U MPEUIOKEHBI PEKOMEH/IAIMH 110 CHIPKEHHIO 3THX MOTepb. B craThe
NIPOBEZICH aHAIN3 M3BECTHBIX CIIOCOOOB CHIDKEHHs! (mpemorsparuenusi) BbiopocoB I[IBC u paccmarpuBaercs 3amada cO3aHUS
HAJCKHBIX M aBTOMATU3MPOBAHHBIX METOZOB M TEXHOJOTHMII yMEHBIICHHUS MOTEPh aBHMAKEPOCHHA, B YACTHOCTU yMEHBIICHUS
YPOBHSI COZEp)KaHWs BOIBI B aBHAKEPOCHHE. AKTyaJlbHOW CTaHOBUTCS aBTOMATH3AlMsl IPOIIECCOB YMEHBIICHWS MOTEph
aBuakepocusa. IIpuBeneH pacuer moTepb aBUATOIUIMBA OT MCHAPEHUH MpU XpaHEHWH, IpueMe U Bblnade aBuarormsa B T3K
a’poropra B TIEpHOJ] HauOONiee MHTCHCHBHBIX IIOJIETOB, a 3HAYUT, HAWOOJBIIETO [BWDKCHWS aBHAKEPOCHHA, MIArOIIve
MPEIICTAaBICHAE O MacIiTabe SKOHOMUYECKHMX ITIOTEPh M IKOJOTHMUYECKOro yiepOa. PaccMOTpeHbI CyIIECTBYOIINE CHCTEMBI
YMEHBIICHHUS NTOTeph HE(PTENPOIYKTOB, IIPHIMEHSIEMBIX B HACTOSIIEE BpeMsl. B cTaThe mpencTaBieHo TEXHMYECKOE pellieHne s
COKpaIlIeHHUs TIOTEPh aBHAaKEPOCHHA OT MCHApEeHHs B pe3epByapax IyTeM pa3pabOTKU aBTOMATH3HPOBAaHHOW CHUCTEMBI, KOTOpas
o0ecrieynBacT CHIDKCHHE YPOBHS OOBOJHEHHOCTH aBHMATOIUIMBA B pe3epByape W COKpalleHHWE IOTepb JIETKUX (paKiui
ABUATOIUIMBA NP XpaHEHWH, NPHEMe W BblIauye aBHATOIUIMBA, 3a CUET OCYIICHHS aTMOC(EPHOr0o BO3MyXa, HOCTYIAOIIErO B
HaATOIUIMBHOE ITIPOCTPAHCTBO pe3epByapa, a Takke KoHieHcamwy W otaeneHuio [IBC npu ManmbIx M OOJBIIMX JBIXaHUSX
pesepByapa. IlpennokeHHas K HCHOJMb30BAaHHIO CHCTEMa COKpAIEHHs IIOTepPb aBHAKEPOCHHA OT MWCIApeHus] IO3BOJUT
CYILECTBEHHO TOBBICUTH 3(ekTnBHOCTh ynapnmuBaHus [IBC aBuarommBa mpu XpaHeHWH B pesepByapHoM mapke T3K,
YIAyYIIUTH SKOJIOTMYECKYI0 OOCTAaHOBKY TOILTMBO3AINpPaBOYHON nesTensHOcTH 13K, MHHIMH3HMPOBATE SKOHOMHYECKHE IMOTEpPH
T3K oT ecTecTBeHHOH YOBUIM, a TaKKe MOHU3UTH YPOBEeHb mokapoornacHoctn T3K aspomopra. Cuctema mpemHa3HadeHa Ui
JI0000PYIOBaHMS pe3epByapoB IpHeMa, XPaHSHHS 1 BRIIAUH aBUATOIUINBA, Pe3ePBYapHBIX MapkoB, ckianos 'CM T3K.

KnroueBble cioBa: TormBo3anpaBouHblii komruiekc T3K, npIxarenbHas cucrteMa pesepByapa, MApOBO3IYIIHAs CMeECh,
00BOJJHEHHOCTh aBUATOILINBA, TOTEPH ABHATOILIHMBA, UCIIAPEHNE aBUATOIIINBA.

Jas uutupoBanusi: bpamiko A.A. ABTOMATHM3MPOBAaHHAS CHUCTEMa COKPAILEHUS IMOTEPh OT HWCIAPEHHS W OOBOIHEHUS
ABHATOIUINBA B pe3epByapax TOILIMBO3arpaBoyHOro komruiekca // Hayunsnii Bectauk MI'TY T'A. 2023. T. 26, Ne 1. C. 22-33.
DOI: 10.26467/2079-0619-2023-26-1-22-33
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The automated system for reducing losses from evaporation and water
contamination in jet fuel in the tanks of the refueling complex

A.A. Brailko'

"Moscow State Technical University of Civil Aviation, Moscow, Russia

Abstract: In the process of the production activity of the airport refueling complex (RC), because of the movement of jet fuel
associated with emptying and filling fuel tanks when receiving and supplying jet fuel for aircraft (AC) refueling, two negative
phenomena are bound to occur — water contamination in jet fuel with when interacting with air, its evaporation and entrainment into
the atmosphere. This entails economic losses, an increased level of fire and explosion hazard and environmental damage. The
amount of damage caused by the natural loss of jet fuel, because of the inevitable emission of vapor-air mixture (VAM) from the
RC tank farm, reaches 10...14% of the volume of jet fuel transshipment. In turn, such volume of evaporated kerosene leads to a
serious environmental problem — pollution of the atmosphere by aviation fuel vapors, escalating the costs for compensation and
taxation of environmental management, potential harming the health of the RC full-time staff. The RC becomes a fire-hazardous
object, which incurs expenses for fire protection measures. The article evaluates the quantitative and qualitative losses from
evaporation and water contamination in fuel in the conditions of storage, reception, and delivery of aviation fuel from the airport
RC tanks. Based on the analysis of the mechanism of deterioration of the aviation fuel quality from water contamination and
mechanical impurities, as well as losses of light fractions of aviation fuel caused by the phenomena of strong and inconsiderable
breathing of tanks of the tank farm facilities, invariably accompanying the processes of storage, delivery, and reception of aviation
fuel. The causes and mechanism of formation of aviation fuel losses from strong and inconsiderable breathing of tanks as well as
from saturation of the gas space are established. The recommendations for reducing these losses are proposed. The article analyzes
the known methods of reducing (preventing) VAM emissions and considers the task of developing reliable and automated methods
and technologies for reducing jet fuel losses, particularly, reducing the level of water content in jet fuel. Automation of the
processes to minimize jet fuel losses is becoming relevant. The calculation of jet fuel losses from evaporation during storage,
reception, and delivery of jet fuel to the airport RC within the heavy air traffic period concerned with the greatest movement of jet
fuel, giving an idea of the scale of economic losses and environmental damage, is presented. The currently existing systems for
reducing losses of petroleum products are considered. The article presents a technical solution to reduce the loss of jet fuel from
evaporation in tanks by developing an automated system that minimizes the level of water content in jet fuel in the tank and reduces
the loss of light fractions of jet fuel during storage, reception, and delivery due to the dehumidification of atmospheric air entering
the above-fuel space of the tank, as well as VAM condensation and separation under inconsiderable and strong breathing of tanks.
The proposed system for reducing losses of aviation kerosene from evaporation will significantly increase the efficiency of
capturing VAM of aviation fuel when stored in the RC fuel tank battery, improve the environmental situation of the RC activity,
minimize the economic RC losses from natural loss, as well as mitigate the risk for fire hazard of the airport RC. The system is
designed for retrofitting tanks for receiving, storing, and delivering jet fuel, fuel tank batteries, fuel, and lubricants warehouses.

Key words: refueling complex, tank breathing system, vapor-air mixture, water contamination in jet fuel, jet fuel losses, aviation
fuel evaporation.

For citation: Brailko, A.A. (2023). The automated system for reducing losses from evaporation and water contamination in jet fuel

in the tanks of the refueling complex. Civil Aviation High Technologies, vol. 26, no. 1, pp. 22-33. DOI: 10.26467/2079-0619-
2023-26-1-22-33

pe3epByapax, a 3T0 HeM30€KHO COMPOBOXKIACTCS

Beenenne OOJIBIIMMH M MaJIbIMU JIBIXaHUSIMH PE3€PBYapoB,
HACBHIIIIEHUEM Ta30BOT0 MPOCTPAHCTBA M BHIOPO-

[pousBoactBennas maesreabHocTh T3K siB-  com I[IBC, 9TO NpHBOIMT B CBOIO OYEpe/bh K HC-
JISETCS HETPEPBIBHOM W MPEJACTABISET €000  MMapeHuro, OOBOJIHEHHUIO M 3arpA3HEHUIO aBHAKe-
[IUKJIMYECKUE TPOIECCH «KOHBEWEPHOrO» Xa-  pOCHHA. B mporiecce nmpuemMa aBUaToIUInBa B pe-
pakTepa: mpueM, XpaHeHHe, MIOrOTOBKA, Bbllaya  3epByap IPOMCXOIUT BBHITECHEHHE 00beMa Hajl-
u 3anpaBka BC aBHAlMOHHBIM TOIUIMBOM. Tex-  TOIUTMBHOrO mpocTpaHcTa U yHoc [IBC B atmo-
HoJIOTHYecKue mpotecchl nesrenbHoctu T3K mo chepy okpyxkaromieit cpeasl. B mporecce 00ib-
aBuarorBoobecneuyeHnio BC BKIIOYAIOT B Ce-  MIOTO M MAJIOTO JBIXaHHs [PU BbIJaue aBHATOII-
O MHOTOYHMCJIEHHBIE TEPEKAyKH aBUATOIUIMBA  JIMBA M3 pe3epByapa WM MOHWKCHUH TeMIIEpa-
W3 pe3epByapa B pe3epByap, HAllOJHEHHUE U OMy-  Typbl HPH XPAHEHUH IIOHMKAETCS JIABJIECHUE
CTOLICHHE pE3EPBYapoOB, a TAKKE XPAaHEHHWE B B Pe3epByape, MPOMCXOAUT BIOX U TOCTYIICHHE
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aTMOC(EepHOro BO3JyXa B HAATOILUIUBHOE IPO-
cTpaHCTBO. Bmara w3 armocdepHOro Bo3myxa
KOHJIGHCHPYETCS Ha CTEHKax pe3epByapa, uTo
IPUBOJUT K MOBBIIICHUIO YPOBHS COJEp:KaHUS
BOJIbI B ABUATOILINBE.

MacmTabsl ¥ pa3Mepbl SKOHOMHYECKOTO
yiep0a oT HoTephb MPHU UCHIAPEHUH aBUATOIIIIMBA
KpaCHOpPEYMBO TOATBEPKAAIOTCS  CTAaTHUCTKOMN
75:25 % (puc. 1), pacueTHO-IKCIIEpUMEHTAIb-
HBIMHU HCCJIEIOBaHUSIMU (puc. 2), a TakKe HOp-
MATHBHBIMH  JOKYMEHTaMH' ™, TpPEMHCHIBAIO-
MMM HOPMBI €CTECTBEHHOH yObUIM, HUX Yy4eT
NPy XpaHEHHWH, IpUEME U BblJaue aBUATOILIMBA
Ha cxiamax I'CM T3K u garommMmu Kojude-
CTBEHHOE IPE/ICTaBJIEHUE O 3HAUYUTEILHOM Mac-
mrade MoTeph TOIIMBO3AIIPABOYHOTO OM3HECA U
yiep0Oa skonoruu [1-3]. OcHOBHas 10711 HOTEPh
OT WCIIApPEHMsI Ha MPOTSKEHUU BCETO IyTH JIBU-

NMotepu asuaronamea

rEYKH M asapuu
25%

HcnapesHa
75%

Puc. 1. Cratuctuka noreps aBuaroruimea B T3K
B pe3yJIbTaTe MaJIbIX ¥ OOJIBIINX ABIXaHUH pe3epByapoB
Fig. 1. Statistics of jet fuel losses in the refueling
complex due to “insignificant and strong breathing of
tanks®

' Tpuka3 Mumsuepro P Ne 527, Muntpanca PO Ne 236
ot 1 Hos10ps 2010 1. «O06 yTBEp>KAEHNH HOPM ecTe-
CTBEHHOI yObUIM HE()TH U HEPTENPOIYKTOB IIPH Iepe-
BO3KE JKeNIE3HOJJOPOKHBIM, aBTOMOOMIIBHBIM, BOJHBIM
BUJIAMH TPAHCHOPTA M B CMELIAHHOM JKeJIe3HOIOPOKHO-
BOJHOM COOOIIeHUM [ INeKTpoHHBIN pecypc] // TA-
PAHT. 2010. 8 c. URL: https://base.garant.ru/12181410/
(mata oopamenus: 12.04.2022).

P/1 153-39-019-97. MeTtoandeckue yKa3aHHs MO OTIpe-
JIEJICHUIO TEXHOJIOTHYECKUX MOTeph He()TH Ha MPEAIpHU-
SITAAX HeQTIHBIX KoMmanuii Poccutickoit denepanuu
(yrB. MunHTOmHEpro PO 16.06.1997) [DnekTpoHHbII
pecypce] // KoucynprantlLimtoc. 1997. 61 ¢. URL:
http://www.consultant.ru/document/cons_doc LAW_99
863/ (mata oopamenwns: 12.04.2022).
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JKEHUs] aBMATOIUIMBa OT HedTe3aBoaa 10 3a-
npaBkd BC NpUHAMICKHAT TEXHOJIOTHYECKUM
mporeccaM paboThl pe3epByapHOro 0OOpyaoBa-
st [4].

Bri6pocer TIBC, Hensz0exHO cOnmpoBOXKIar0-
[IME TPAHCIIOPTUPOBKY, MPUEM, XpAaHCHUE H BbI-
Jady aBUATOIUTMBA Ha 3ampaBky BC, mpuBoasT K
CYIIIECTBEHHBIM TOTEPSIM aBUATOIUIMBA, 3arpsi3-
HEHUIO aTMocdepbl M TPEACTABISIOT YTPO3y
0€30MacHOCTH W 3J0POBBI0 OOCTY>KMBAIOIIETO
nepconana T3K. Bopsba ¢ moTepsmu aBuatomn-
JUBAa OT HWCIAPCHUS SBIICTCS TPUOPUTETHOM
9KOJIOTHUECKON NIeATeNbHOCThIO. Y1Iepd OT Hc-
MApeHUs BBIPAXKACTCS HE TOJIBKO B CTOMMOCTH
HEBO3BpPATHBIX MOTEPh AaBHATOIUIMBA, HO U B
HETaTUBHBIX IKOJIOTHUECKUX ITOCICICTBUAX 3a-
TpSA3HEHHs] OKpYy»Karoieil cpeabl. Takum oOpa-
30M, pa3paboTKa METO0B U CIIOCOOOB, CO3aHKE
YCTPOMCTB M TEXHOJIOTUWA MO MUHUMM3AIMU T10-
TEpPh OT HCMApPEHUS U OOBOJHEHUS aBHATOILINBA
Ha 00BEKTaX TOIUIMBO3AIPABOYHOTO KOMILIEKCA
1esiecoo0pasHbl U UIMEIOT BaKHOE 3HAUYEHUE IS
SKOHOMMKH OM3HEca aBHATOILIMBOOOECIICUEHMUS,
a TaKKe JUIsl OXPaHbI YKOJIOTHH.

Jpyroii BUI moTeph, 00YCIOBICHHBIA IMHC-
cHeil JIerkux (pakiuii aBHaKepoCHHa B yCIOBH-
X TPAHCHOPTHUPOBKHM AaBHATOIUIMBA U TOILIUBO-
3aMmpaBOYHON JESITETHLHOCTH, B CBSI3U C y)KECTO-
YeHHEeM TpeOOBaHWUN HOPMATHBHO-TEXHHUYECKOU
nokymenrtaiuu (HTJ]) B wacTu mpenenbHO J0-
nyctumbix KouueHntparui (I1JIK) 3arpssnsto-
IIMX U TI0KAPOOIMACHBIX BEIIECTB, HHUIIUAPYET
HEOOXOAMMOCTh Pa3pabOTKU TEXHOJIOTHH M CO-
3MaHus OO0OpYyAOBaHUS sl TPEJOTBPAIICHUS
WJIM COKpaIIeHHs] 00beMOB BRIOPOCOB MPOU3BO/I-
CTBa TOIUIMBO3aNpaBo4yHoi aedarenbHocTy T3K.

PaccMoTpuM MexaHu3M (QOpMHUpPOBaHUS TO-
TEpPh OT WUCMAPEHHUS W OOBOJHEHUS aBUAKEPOCH-
Ha B TEXHOJOTUHU PabOTHI pe3epBYyapHOTO 000-
pynoBanus T3K.

1. B mporecce npueMa aBHaKepOCHHA MpHU
HATIOTHEHUHM PEe3epBYyapoOB MPOUCXOTUT OO0JIb-
I0M BBIIOX (OOJIBIIIME JBIXaHUS) U BHITECHEHUE

3 Tlotepu oT ncnapenns HedTH U HeYTENPOIYKTOB H3
Ha3eMHBIX pe3epByapoB [DNEeKTPOHHEIN pecypc]: Kypco-
Bas pabora. Ya: YHU, 1987. 73 c. URL:
https://www.bibliofond.ru/view.aspx?id=655290 (nara
oOpammenwust: 10.05.2022).
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[IBC, copepamieii 3HAUUTEIBHOE KOJIMYECTBO
ABHAKEPOCHHA.

2. B mponecce XxpaHeHMsT U OTCTaWBAHUSA
aBUAKEPOCHHA TPU HEMOABIXKHOM XPAaHECHUU
MIPOUCXOTUT Majblii BBIJIOX, KOTOPBII 3aBUCHUT OT
CYTOYHOTO TIOBBIIICHUS TEMIEpaTyphl (Majibie
neixanus), W BeiTecHeHue [IBC, copepxareit
HE3HAUYMTEJIbHOE KOJIMYECTBO aBUAKEPOCHHA.

3. B mpouecce BblJauM aBUATOIUIMBA IpU
OTIOPOXKHEHUH pPe3epByapa B pe3yibTare 00Jb-
1I0r0 BAOXa B HAATOIIMBHOE MPOCTPAHCTBO pe-
3epByapa MoCTyIaeT aTMoc(epHbIN BO3IyX, Bila-
ra KOTOporo B JaJIbHEHIlIeM KOHJIEHCUPYETCS Ha
CTEHKaX pe3epByapa, 4TO MPUBOAUT K OOBOIHE-
HUIO aBHATOIUIMBA, MOBBILIASl YPOBEHb COJEpKa-
HHS B HEM BOJBI.

4. B mpomecce XxpaHeHUST M OTCTaUBaHUsA
aBUAKEpPOCHHA MPU HEMOJBWKHOM XpaHEHUU
MPOUCXOJAUT MAJIBIA BIOX MPU CYTOYHOM MOHHU-
JKEHUM TeMIlepaTyphl (Majible AbIXaHWs) U 3a-
MOJIHEHUM 00BbeMa pe3epByapa aTMOCHEpPHBIM
BO3AyXOM. Bilara B panpHeieM KOHAEHCUPY-
eTcsl, 1 OOBOJHSET aBUAKEPOCHH, yXYIIas €ro
napameTphbl KauecTBa.

5. B pesynbTaTe OONBIIMX U MaJIbIX BIOXOB
B OCBOOOJMBIIEMCS OT aBHaKepOCHHA OO0bEeMe
MPOCTPAHCTBA MPOUCXOAUT SMHUCCUA TAPOB U
MOCJIEAYIOIIEE HACBIIICHUE Tra30BOr0 MPOCTPAH-
CTBa pe3epByapa JIETKUX (pakiuid yriIeBOA0pO-
noB (JIYB).

KayecTBeHHBIE M KOJHUYECTBEHHBIE IMOTEPU
aBHakepocuHa, (opMmupyemble IaHHBIM MeXa-
HU3MOM, 3aBHUCAT OT KJIMMATHYECKHUX YCIOBHM
JKCIUTyaTalluu pe3epByapa U 4acTOThI MPOBOIU-
MBIX IIMKJIOB NpPHEMa-BbIIayd U3 PE3EpByapa
aBHaKEepOCHHA.

Konnentpanus I1BC 3aBucut oT naBieHus,
U €€ MOXXHO PacCYUTaTh 1o Gpopmyie

PH_. 100,
PH +A

CH.H. % = (1)

rae Cy . — konuentpamus [1BC;
P, — naBneHune HACBHIEHHBIX MApPOB JIETKUX
yraesogopoanbix ¢ppakuuii B [IBC, klla;
A — BenuuuHaA aTMOc(epHOro NaBieHUs, KO-
Topyto npunumaroT pasHoit 100 klla.
BennunHa naBieHMs HACBHIIIEHHBIX MapoB
JIETKUX YTJIEBOAOPOIHBIX (Dpakuuii 3aBUCUT OT
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TeMIIepaTypbl, KOTOPYIO MOXKHO paccuuTarh Co-
45
[JIaCHO YpaBHEHHIO AHTyaHa

B

lgPy = A CCc+t’

)
rjae t — remmneparypa, °C;

PH — BenuuuHa JaBieHHsS HACHIIICHHBIX Ma-

POB JIETKUX YTJIEBOJOPOIHBIX (DpaKiuii, MM

pT. CT.;

A, B, C — cnpaBouHbIe KOXPPHUIIMEHTHI; TO-

CTOSIHHBIC, TIONyYeHHBbIE OSKCIEPUMEHTANb-

HBIM TIyTEM.

Pe3ynbpTaTel MpOBENEHHBIX PAcYeTOB BBIOPO-
coB [IBC u ux cpaBnenue ¢ tpedoBanusmu HT/]
NpeCTaBlIeHBI Ha PUC. 2, 0 IPOBEICHHBIX paboTax
no «Pa3paboTke HOpPMATHBOB TEXHOJIOTMYECKUX
norepp I'CM s 3AO «TomnnmmBo-3anpaBo4HbIN
cepBucy, BbIMOMHEHHBIX 3A0 «KUTIDHEPT Oy
«KoHTpOIbHO-U3MEpPUTENbHBIE TTPUOOPHI B SHEP-
retuke» B 2018 romy.

B paGote npoBeneHa orieHKa MOTeph aBUaKe-
pocuHa B ycnoBusax peanbHoro T3K. Pesynbra-
Thl ONBITHO-TIPAKTUYECKOW OIICHKH KOJIWYe-
CTBEHHBIX 3HAYCHHUM MOTEpbh aBHAKEPOCHMHA U3
pacxoanbix pesepByapoB T3K, mpoBeneHHBIX B
2018 romy, cocraBuIM 100 Tonu (pmc. 3).
ExxemecsuHO B aTMOCheEpy «yJIeTy4duBaeTCs» OT
1 mo 12 TOHH aBHMAaKepOCWHA B 3aBUCUMOCTH OT
KIUMATHYECKUX YCIOBHUI 3KCIUTyaTallud pe3ep-
Byapa U 4acTOTHI MPOBOJAUMBIX ITUKJIOB MpUEMa-
BBIJIAUM U3 pe3epByapa [5].

~
~

* PJI 153-39.2-048-00. Meroauka onpeernerus sdhdhek-
TUBHOCTHU NPUMEHEHHS yJIaBJIMBaHUS JIETKUX (DpaKLuii
HedTH U3 pe3epByapoB [DiekTponHsii pecypce] // Cu-
cTeMa HopMaTUBHBIX TokyMeHToB « MEITAHOPM».
2000. 47 c. URL: chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj/
https://meganorm.ru/Data2/1/4293816/4293816396.pdf
(mata obpamenns: 12.04.2022).

P/1 153-39-018-97. MuCTpYKUHMS IO HOPMHPOBAHUIO
TEXHOJIOTHIECKUX MMOTeph HEPTH HA HeTerazomooml-
BAIOLIHMX MPEANPHUATHAX HEPTIHBIX KOMITaHU# Poccuii-
ckoit @eneparun (BMecTe ¢ « TexHnIecKkuMu TpeboBa-
HHUSAMH K IPOBEIECHHIO HCCIISIOBAHUMN 110 OIIPEISIICHUIO
TEXHOJIOTUYECKHX MMOTeph He(hTH Ha HedTerazon00bl-
BAIOLIUX NPEINPUATUAX U IPEACTABICHUIO UX PE3YJIb-
TaToB») (yTB. MuHTONm3HEpro PO 16.06.1997) [Dnek-
TpoHHBIH pecypc] // Koncynsrantlliroc. 1997. 61 c.
URL.: http://www.consultant.ru/document/
cons_doc LAW 99862/ (nata oopamenus: 12.04.2022).
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Puc. 2. Beidopocsr mapososaynrHoit cmecu (IIBC) mpu xpaneHnn B pesepByape
Fig. 2. Emissions of vapor-air mixture (VAM) during storage in a tank

[ToTepu aBHakepoCHHA TaKXKeE CBS3aHBI C €r0O
obBomHeHHeM. [IpucyTCcTBHE BOJBI JJaXKe B BECh-
Ma MaJIbIX KOJUYEeCTBaX CIIOCOOHO PE3KO TOBJIH-
STh HA CBOMCTBA aBUAKEPOCHHA, YTO MOXKET IPH-
BECTH K HEXEJIATEeJbHBIM IMOCIEICTBUAM TMpU
AKCIUTyaTalliu aBUALIMOHHOM TeXHUKH [5—7].

Bo3MoxxHOCTH TTONIaAaHus BOJIBI B aBUAKEPO-
CHH TIPU TPAHCMOPTUPOBAHUHU, XPAHCHUH U 3a-
npaBke BC oueHp Benmka, a yJaJieHHE €€ U3

ABHAKEPOCHHA CBS3aHO CO 3HAYUTEIIbHBIMU
TpyaHocTsMmu. [lpomecc 3arpaTHbld U JIOPOTO-
CTOSIIMI M CBSI3aH C TOBBILIEHHBIM PACXOA0M
(GUIBTPOITIEMEHTOB, YBETUYCHUEM JIUTEIBHO-
CTU OTCTaWBaHHS, YTO B UTOTe MPHUBOJIUT K CY-
IIECTBEHHBIM TOTEPM U Hed(PPEeKTUBHBIM 3a-
Tparam 6uzHeca T3K, a Takxe siBisieTcs yrpo30ii
0€30MacHOCTH MOJIETOB.

MexaHu3M HacChIIICHUSI aBUATOIUIMBA BOJIOU

NOTEPU OT UCNAPEHUNA TC-1 B 2018r.

—4—TloTepu OT UCMapEeHUii U3 pe3epByapos XpaHeHUA, TH

~{—oTepu OT UCMAapeHU U3 PACXOAHbIX Ppe3epByapoB Npu «B6ONbLUMX AbIXaHUAXY, TH

UTOTO, TH
14 12,681
12 9,956
10
8 7,041
5,751
6 e B
3,473 - 3,5
a
2 2,725 1;2_9//
0,956
0
AHBAPDb MAPT UIOHb

Puc. 3. Pe3ysbTaThl ONBITHO-NPAKTHYECKOH OLIEHKH KOJIMYECTBEHHBIX 3HAUCHHUH ITOTEPh aBUATOILIUBA
u3 pacxomHbIX pesepByapoB T3K B 2018 roxy
Fig. 3. Results of the experimental and practical assessment of quantitative values of jet fuel losses
from RC feed tanks in 2018
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U3 BJIard atMoc(epHOro BO3AyXa, MPUCYTCTBY-
IOLEr0 B HAATOIUIMBHOM INPOCTPAHCTBE pe3ep-
ByapoB, YIIOMHMHAETCsl B TEXHUYECKOH IuTepa-
type [5, 8]. [Ipu BbICOKOM ypOBHE BIaKHOCTH
Bo3ayxa, B npezgenax 70...100 %, xak mpaBuio
3TO BECEHHE-JIETHUM MEepUoid, U B OCOOEHHOCTHU
IpU JOXKAJTUBON MOT0JIe, B Pe3epByap €eMKOCTBIO
5000 M’ mpH ero GOIBIIOM BIOXE B IPOLECCE
BbIJJaYM aBUATOIUIMBA MOXET HOCTYNuTh 10 50
JUTPOB BOJBI, 3TO COCTaBJISIET 1 JUTP BOABI Ha
100 »° BO3/lyXa, BJlara U3 BO3/yXa KOHJIEHCHpPY-
eTcs Ha CTEHKaxX pe3epByapa W NPUBOJIUT K 00-
BOJIHCHMIO aBUATOIUIUBA [5, 9].

[lytu nomajgaHus BOAbI B aBMAKEPOCHUH Xa-
PaKTEpHBI JUIsl CIIyyaeB MPOCTOsI, OTIOPOKHEHUS U
3aIl0JIHEHHS PE3EPBYAPOB XPAHEHUSI U TPAHCIOP-
TUpoBKH. [IpeBbilieHne ypoBHS OOBOJHEHHOCTH
aBHakepocuHa B obopyznoBanuu T3K npuBomut x
HOBBIIIEHUIO YPOBHS COZIEPKAHUS MEXAaHUYECKUX
IIPUMECEH, BOBJIICUEHHBIX B IIOTOK BMECTE C IpH-
MECSIMHU BOJIbl, a TAKXKe BEPOATHOCTH Pa3BUTHs
OaKTepUaAIbHOTO 3apaXCHUS] aBUAKEpOCHMHA B
obopynoBannn OATO ¥ TOIUTMBHBIX CHUCTEMAaX
BC, mockonbKy OakTepuu pa3BHBAIOTCS Ha rpa-
HULIE pa3jierna Bojia — KEpocHH [6, §].

Takum 00pa3oM, aKTyaJbHOCTh Pa3pabOTKU
CHCTEM CHIKEHHs TMOTEph B IMPOLECCE JESITENb-
Hoctu T3K oueBnaHa, a B CBA3U C COBPEMEHHBIM
pa3sBUTHEM HOBBIX MH(DOPMALMOHHBIX TEXHOJIO-
Ml CTAaHOBUTCS 11€7I€COO0PAa3HBIM JOCTHKEHHE
LeJIel CO3/laHMsl 3TUX CUCTEM ITyTeM aBTOMAaTH-
3allUM TEXHOJOTMYECKUX IPOLIECCOB PECYPCO-
cOeperarommx TexHOJOTHHA. Paccmorpum yxke
CYILECTBYIOIINE yCTPOMCTBA U CHUCTEMBI COKpa-
IIEHUS OTEPh HEPTEMPOAYKTOB.

O0630p anajioros

B nHacrosimee Bpems CyIIECTBYeT OOJIBIIOE
MHOrooOpa3ue TEeXHOJOIMYECKUX peIIeHuil Mo
cHkeHnio BeiopocoB [IBC B armocdepy mpu
TPAHCHOPTUPOBKE U XpaHEHHM aBHATOILINBA,
HanOonee 3(pPEeKTUBHBIM SBISETCS TepMETH3a-
IUsl pe3epByapHOro o0OpylOBaHMsS, Ta3o0ypaBs-
HUTETBHBIX CHCTEM, a TaK)Ke NMPHMEHEHHE CH-
cTeM pekyneparuu aBuatoruusa u3 I[1BC.

AKTyalTbHBIM SIBJISIETCSI IPAMEHEHHE CPEJICTB
peKyIepalnuy MapoB MpH HajlMBe/ciauBe HedTe-
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MPOAYKTOB B MOPCKHE CYJIa, BarOHbBI-IIUCTEPHBI
U aBTOIUCTEPHBI. Tarke 3pPEeKTUBHO MPUMEHE-
Hue cucremel pekynepauuun Ha A3C, HII3 un
I'CM. YcranoBka cucteM peKymnepamnuu ooecre-
YUBaeT MpEAOTBpallleHHe BHIOPOCOB BPEAHBIX
napoB HEPTENPOIYKTOB B aTMOC(epy U IMO3BO-
JSET MONyYaTh JOMOJMHUTEIbHYIO NMPUOBUIL Ha
BO3Bpare HeTEenpoayKTa OOpaTHO B TEXHOJIO-
THYECKUN [TUKII.

AncopOIMOHHO0-a0COPOIIMOHHBIC YCTAHOBKH
peKymepaluu mapoB Ha OCHOBE CYXOW BaKyyM-
HOW TEXHOJIOTHH MPU3HAHBI OOJBITHHCTBOM MH-
POBBIX HE(DTAHBIX KOMIAHUH KaK JTy4IlIue.

Cucrtema pexyrnepamnuu JIETKHX yTIEBOAOPO-
JIOB TIOJIHOCTBIO M30JIMPOBAaHA OT OKPYKArOMIEH
Cpenbl W TPUMEHSETCS TMPU TPAHCTIOPTHPOBKE
OCH3MHOB, Ta30KOHJEHCATOB HE(PTHU H JPYTrHX
HE(PTENPOAYKTOB C JaBIICHUEM HACHIIIEHHBIX
napoB Beime 500 MM pT. CT., Ipu 3TOM obecrie-
YUBAET CHUKCHHE BHIOPOCOB JIETKUX YTJIEBOJIO-
pomos ¢ 1500 mo 30 I/M° B TOUKe BBIOpOCA.

Cucrema pexynepauuu [IBC repmernyHo
U30JIUPYET HAaATOIUIMBHOE MPOCTPAHCTBO pe3ep-
Byapa OT atMoc(epbl U HCHOIB3YeTCS TpHU
TPaHCTIOPTUPOBKE OEH3MHA, Ta30KOHAEHCaTa U
NpoYNX HEPTENMPOIYKTOB C JaBICHHUEM HACHI-
IIEHHBIX MMapoB, npeBbimaomum S00 MM prt. CT.,
yMmeHbl1as ypoeHb BbiOpocoB [IBC B 50 pa3: ¢
1500 mo 30 r/M° B Touke BBIOpOCA.

CymecTByeT METOJl COKpalleHHsl MOTeph
HedTenpoaykToB npu xpanenuu [10], KoTOpsIA
cHaOXeH KaMepoii, PacloNI0KEHHOW BHYTPU pe-
3epByapa W MpeacTaBistomend codoit rodpupo-
BaHHBIN AJIACTHYHBIA 0aK, BHYTPEHHSS I1OJIOCTD
KOTOPOT'0 cOO0IIaeTcsi ¢ atMochepoil U U3MEHS-
€T CBOW 00BEM 10 Mepe HANOJIHEHUS WM OITy-
cTolIeHUs pe3epByapa. TpybOompoBoabl A
HATIOJTHEHUSI U OTIOPOXKHEHUS pe3epByapa, pas-
MEMICHbI APYT HaJ APYroM, COEAMHEHBI MEXIY
co0o0i1 TpyOONMpPOBOJOM, BOJASHBIM HACOCOM,
COOpHUKOM Ta3a U COOPHHKOM BOJTHO-COJIEBOTO
pactBopa HCl.

PaccmaTrpuBaeTcss KOHCTPYKLHUS YCOBEpILIEH-
CTBOBAHUS JIIXaTEIHHOIO 000pYyIOBaHUS pe3ep-
ByapoB XpaHEHHs JIETKOHCHapsAomuxcs HedTe-
npoaykToB [11], mpexncraBnstomasi co0oif co-
obOmaromuecst Mexay coboil pe3epByap, KOH-
neHcop co cooparnkom JIYB, ancopbep ¢ copou-
pYIOIIMMH TpaHyJIaMH, pa3MEIICHHbI B KOH-
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JEHCOpE, TEMJI0O0OMEHHUK COCTOSIIUN u3 OaTa-
pEH TEPMOAJIEMEHTOB, PACIHOJIOKEHHBIH MEXY
KOHZCHCOPOM U ajcopObepoM M OpPHEHTUPOBAH-
HBII XOJIOJHBIMU CTasiMU K KOHJIEHCOPY, a Topsi-
YUMH — K ajacopOepy, KOHIEHCOp H aacopoep
COCIMHEHBI MAaTPyOKOM MEXay coO0Oil W aTMmo-
coepoil. Coopaux JIYB usrorosneH w3 nopu-
CTOr0 Tra30IpPOHUIIAEMOr0 MaTepHuala, UMerolle-
ro SYEUCTYyI0 CTpyKTypy. KoHcTpykuusa coctour
U3 JIBYX IUIACTHH, pa3MEIICHHbIX C TOpsiueit CTo-
POHBI TEPMORJIEMEHTOB M COOTBETCTBEHHO XO-
JIOJHOM CTOPOHBI TEPMONTEMEHTOB. llnmacTuHsl
M3rOTOBJIEHBI U3 MOPUCTOTO T'a30MPOHUIIAEMOI0
MaTepuasa, UMEIOIIEro SYEUCTYI0 CTPYKTYpY, U
pa3meleHsl Ha coopHuke JIYB.

Pazpaborana ycranoBka ynasnuaHusi JIYB
U3 CPEACTB TPAHCIIOPTHPOBAHUS TOIUIMBA U pe-
3epBYapOB XPAaHEHHs C UCIIOJIb30BAHUEM XJIaja-
reHTOB [12], CyIIHOCTh KOTOPOM, 3aKII0YAETCS B
YCTAaHOBKE Ha KPBIIy pe3epByapa WM ropjIOBU-
HYy aBTOIIMCTEPHBI ycTporicTBa-3abopHuKa [I1BC,
COEIMHEHHOTO MapoIpOBOAOM C JONOJIHUTENb-
HbIM pe3epByapoM. B mpouecce HanmBa pesep-
Byapa ypOBEHb TOILIMBA yBEIMYUBACTCS, & 00b-
€M HaATOIIMBHOIO IPOCTPAHCTBA YMEHBIIATh-
ci. B pesepByape yBenuuuMBaeTcs JaBICHUE
IIBC. TIBC oTkaunBaeTcsi HaCOCOM 4Yepe3 Mmapo-
IIPOBOJ B JONOJHUTENBHBIN pe3epByap. [IBC,
MPOXOJs Yyepe3 TEII00OMEHHUK, KOHIEHCUPYET-
Cs, a OCTaBIIMECS HECKOHJICHCUPOBAHHBIE MapPhI
MOTJIOIIAOTCS HU3KOOKTAHOBBIM TOILJIMBOM.

3amarenToBaHa cucrema abcopommu JIYB co
BCIIOMOTaTeNIbHBIM MapOCOOPHUKOM U OXJIaHTe-
JieM, TpeTHa3HaYeHHast Ui 10000pyI0BaHUS JTbl-
XaTeJIbHbIX cHucTeM pe3epByapoB [13]. B mannHoi
KOHCTPYKIIMU JIbIXaTeIbHBIA KJIanaH COOOIIaeTcs
CO BCIIOMOTaTelbHBIM MapOCOOPHUKOM, HMEIO-
M npuemHuk [IBC 1 Hacoc [1st OTKauKU apoB
B TAapOCOOPHHK, CHAOKEHHBIM PEryJIUpyeMbIMU
knananamu. [IBC HacocoM nepekaumBaeTcsi BO
BCIIOMOTaTeJIbHBIA MapOCOOPHUK, MPHU JOCTHXKE-
HUM JIaBJICHUS TIOpora cpadaThiBaHUS KilaraHa
IIBC gepe3 oOpaTHBI peryimpyemMblid KianaH mo-
CTYIIAeT B OXJIaJIUTENb, a Jajiee BO3BpAILACTCS B
pe3epByap, re OKOHYATEIbHO a0COpOUpPYIOTCSI.

[lepcneKTUBHBIMU SIBIISTIOTCST pa3paOOTKH TeX-
HOJIOTHI1 TOATOTOBKM M OCYLIEHHs BO31yXa, IO-
CTYMAIOIEro B JbIXaTelIbHOE 00OpYIOBaHUE pe-
3€pBYapOB XpAaHEHWS AaBHUATOIUIMBA, TOIUIMBO3a-
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NPaBIIUKOB, TOIUIMBHBIX cuctem BC [14, 15].
Haubonee >ddexkruBHBIME sIBISTIOTCS MeMOpaH-
HbIE TEXHOJIOTUH Pa3/ieieHuUs 3arpsi3HEHHBIX CPE,
B CBSI3U C 3TUM HCCIICIOBAHUS B JaHHOM Harpas-
JICHUU TIPEICTABIISIOT HAUOOIBIINI HHTEPEC.

Haubonee >QQekTUBHBIM METOJIOM HCKIIIO-
YeHHUs WM MUHMMHU3ALUU TOTEPb OT UCIApPEHUS
U 0OBOJHEHUS aBUATOIUIMBA SIBJSIETCS olecreye-
HUE TEepPMETHYHOW M3OMSAIUHU HAATOILTUBHOTO
NPOCTPAaHCTBAa pe3epByapa OT aTMOC(EPHOIro
BO3AyXa. DTOT METOJ] UMEET BBICOKUN HKOHOMH-
yeckuil a@dext s T3K ¢ BeicOkuM ypoBHEM
pacxoga U 000pauMBAaEMOCTH DPE3EepPBYapoOB, MO-
KET OBbITh peaJln30BaH NPUMEHEHUEM YCTaHOBOK
peKymnepauuu U (Wiu) ra30ypaBHUTEIBHBIX CH-
CTEM JJIi XpaHEHUS U TPAaHCIOPTUPOBKU aBHUa-
ToriBa. OTHAKO pacCMOTpEeHHOE 000pyI0BaHKE
CIIO)KHOE — TpeOyeTcs BHECEHHE H3MEHEHUH B
KOHCTPYKIIMIO IITaTHOTO OOOPYIIOBaHHUS U 000-
PYIOBaHMS JbIXaTENbHOM CUCTEMBI pe3epByapa, a
3¢ pexTHBHOCTH PabOThI 3aBUCUT OT CHHXPOHHO-
CTU TIpHEMa U OTITyCKa aBUATOILUIMBA U3 PE3epBY-
apoB, YTO HE BCErJia BO3MOXKHO OCYIIECTBUTH.

Bwmecte ¢ TeM IpencTaBisieT MHTEpEC pelle-
HUE CHIDKEHHS MOTeph OT HCMapeHus u oOBOA-
HEHUS aBHATOIUIMBA METOJIaMU TIOJTOTOBKHU at-
MOC(EepHOTo BO3AyXa Mepe]l MOCTYIUIEHUEM €ro
B pE3epByap: OCYLIEHHWEM IIyTEM HarpeBa WU
OXJIKJEHUS, a TaK)Ke KOHJEHCalluel aBuakepo-
cuna u3 [IBC, BeIxonsimei U3 pesepByapa npu
€ro HaroJHEHUH aBUATOIINBOM.

Cucrema coxkpaieHusi NoTepb
OT UcNnapeHus U 00BOIHEHH S
aBuaTomJInBa B pesepByapax T3K

[Ipemmaraemoe pemreHue AJisi CHWKEHUS TI0-
Tepb oT I/ICHapeHI/IH nu OGBOI[HGHI/ISI aBHUATOIJIMBA
B pe3epByape XpaHEHUs 3aKITI0YAeTCS B TOJTO-
TOBKE aTMOC(EpPHOT0o BO3/AyXa IyTEM OCYIICHUS,
MO/IauM OCYIICHHOTO BO37yXa B HAJTOILIMBHOE
MPOCTPAHCTBO pe3epByapa vepe3 AbIXaTebHBIN
kianad U orBone IIBC u3 3TOro ’xe apIxareib-
HOTO KJIarnaHa 4epe3 MpeI0KEHHOE YCTPOUCTBO
MO/IBO/Ia-0TBO/Ia BO3/lyXa, KOTOPOE BBITTOJTHEHO
B BUJIE KOJIBI[EBOTO BO3AYXOBOJAA U COOOIIAETCS
C OKPYXaIOIIei CpeIoi.
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[TpuHLIMI AEHCTBUS CUCTEMBI AJs CHIKEHUS
MOTEPh OT MCTAPEHUS U OOBOJHEHHUS aBUATOII-
JUBa B pe3epByape XpaHEHUs 3aKII0YaeTCs B
1ojilaye IMOArOTOBJIEHHOIO OCYIIEHHOTO aTMO-
chepHOro Bo3IyXa uepes AbIXaTeIbHBIA KilanaH
B HAaJTOIJIMBHOE IMPOCTPAHCTBO pe3epByapa, a
taxke orBeneHun [IBC w3 gpixaTenabHOro Kia-
[aHa 4epe3 KOJBbLEBOM BO3AYXOBOJ, KOHAEHCOP
U janee B aTMocepy OKpyKaroIiel Cpeibl.

[IpunnunuaneHas cxema cuctemsl (puc. 4)
MpeCTaBiIsieT co00il MOIyNb MOATOTOBKH BO3-
nyxa, 070K BO3IyXOOUHCTHUTEINS U XOJIOIUIHHU-
Ka-KOHICHCOpa, MOJAIEPKUBAIOIIETO HHU3KYIO
BJIQYKHOCTH BO3/yXa. B kauecTBe X01I01UIbHUKA-
KOHZCHCOPA MOXET HCIOIb30BAThCS, MPOMBIIII-
JICHHBI KOHIUIIMOHEpP, PpACIIOJIOKEHHBIN 3a
npeAeliaMi  pe3epBYyapHOro mapka. YpOBEHb
OHEPreTHUECKUX 3aTpar, TpeOyembIX IJisi OXJja-
KJICHUS TapOBO3IYIIHON CMECH, 3aBUCUT OT
o0beMa HAJITOILTUBHOTO IMPOCTPAHCTBA, TEMIIE-
patypsl TIBC, obopaunBaeMOCTH pe3epByapa u
KITJI xonoaunbHUKa-KOHIEHCOPA.

KonbueBble BO3AyXOBOABI CHCTEMBI YyCTa-
HAaBJIMBAIOTCSI HA JIbIXaTeJIbHbIE KJIAMaHbl 6 pe-
3epByapa [ (puc. 4), obopymoBaHHE BO3IY-
xonoarotoBku u oreeneHus I[IBC pacnomnaraer-
cs 3a mpeneiamMH pesepByapHoro mapka. Komb-
LIEBBIC BO3/IYXOBOJIbI CHCTEMBI JbIXaTEIbHbIX
KJIalTaHOB 6 CcOO0OMmaTcs TpyOOmpoBOgaMHU C
000py0BaHHEM BO3AYXOIOATOTOBKH U OTBEe-
Hus [IBC. [IpixaTenpHbli Knamad 6 MOXKET IHK-
TUYeCKH (PYHKIIMOHUPOBATH B PEKUMAX TOJAYH
B pe3epByap BO3/AyXa, a TAKXKE U B PEKUME BBI-
nycka [IBC u3 pesepByapa npu COOTBETCTBYIO-
[IeM M3MEHEHUH JaBJICHUS BHYTPH pe3epByapa,
CO3/1aBA€MOI'0 HAIOJHEHUEM WA OMOPOKHEHH-
eM pe3epByapa /, CHHXPOHHO MOBTOpSISl POIIeC-
ChI BJOXa-BbI10XaA.

Pexum Bbinauu apuaromymsa. [locie Bo3-
nyxo3abopHuka /3 aTMoc(epHBId BO3AYX, IPO-
X0/l BO3yXOOUHCTUTEIb-TIbIIECOOPHUK /4, Ha-
rHeTaeTcsi HacocoM [8 B XOJOJIUIbHUK-KOH-
JEHCOp, T/Ie MPOUCXOAUT OTAENICHUE BIar, T. €.
OCyIIeHHE aTMOC(PEPHOTO BO3IyXa, 3aTeM IOJ-
TOTOBJICHHBI BO3AyX MOCTYMNAaeT B KOJBLEBOM
BO3AYyXOBOJ &8, a jgajee uepe3 «aTMOC(epHBIN
3a30p» 3acachblBaeTCs JbIXaTeNbHBIM KJIallaHOM B
HAJTOIUIMBHOE IMPOCTPAHCTBO pe3epByapa, Npu
ATOM KOHJIEHCAT IMOCJIE€ OCYIIEHUS U3 XOJOIUIb-
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HUKa-KOHJIEHCcOopa /5 OTBOAUTCS B LUCTEPHY /9.
PabGora BO3ayHIHOrO HarHeTaroUIEro KOMIIpeC-
copa /8 cCHHXpOHM3UpOBaHA C pabOTON Hacoca
BBIJIa4YM aBHATOIUIMBA 3 U3 pe3epByapa U ympas-
JSieTCSl TMPOTPAMMHPYEMbIM JIOTUYECKUM KOH-
tposuiepom PLC 4.

[Ipn Bblmaye aBUATOIIMBA U3 pe3epByapa
(mpu OTKauke AaBUATOIJIMBA) OYMUIIECHHBIN U
OCYIICHHBIN BO3/IyX M3 CUCTEMBI BO3AYXOIMOATO-
TOBKHU BcachlBaeTcs B pe3epByap /. Bozayuinsiii
KOMITPECCOP HATrHETaeT OYHUIICHHBIN U OCYIICH-
HBIH BO31yX ¢ u30bITKOM 10 % Ha KOMITEHCAIHIO
noteps. Pacxon Bo3ayxa ompenensercs mokasa-
HUSMH PacXO0JIOMEPOB TOIUIMBOTEPEKAYHBAIO-
IIMX HAacOCOB Mojaud 2 BbIAAYM aBHATOIIWBA,
MIPU ATOM QJITOPUTM KOHTPOJIEpa Ha OCHOBAHUU
JMaHHBIX pacxoja HAaCcCOCOB MOJA4d W BbIAYU 3
YYUTHIBACT COOOMIArOIIHECS OOBEMBI BO3IYX —
I[IBC — aBuaromnuBo. Pacxogomepsl Jal0T TOY-
HbIE MTOKa3aHUsl KOJIMYECTBA aBUATOIUIMBA, COOT-
BETCTBYIOIIETO TpeOyeMOMYy pacxoqy BO3IyXa
(+10 %), uTo obecmeunBaeTcsi paboTaroIIel cu-
CTEMOM COOOMIAIOIMUXCST O0OBEMOB aBUATOILIN-
BO — BO3/YX.

Pexxum npuema aBmaromusa. [Ipu BKITIO-
YEeHUHM Hacoca 2 Mojayd aBUATOIUIMBA, B pe3ep-
Byap [/ IIBC BbITeCHsSIETCSI M3 HAATOILUIMBHOTO
MPOCTPAHCTBA pe3epByapa 4Yepe3 AbIXaTeIbHbIN
KJanaH 6 depe3 «aTtMocgepHoro 3azopa» /7 mo-
CTYTIaeT B KOJIbLIEBOM BO3IyXOBOJ &, AaJiee mepe-
KauMBaeTCsl KOMIPECCOpPoM 22 10 BO3IyXOBOIY 7
B XOJIOJWJIbHUK-KOHJIEHCOp /6. B X0noauibHuKe-
koHzeHcope 16 u3 [IBC B pesynbTaTe oxiaxie-
HUSl OTJEMBIIUNACSA KOHACHCAT YTUIIU3UPYETCS B
Oak-KepocHHOCIUB 2(), a OYMIIEHHBIM BO3IYX
BBIBOJIUTCS HAPYXKY uepe3 BBIXJIONHYIO TpyOy 2/
B aTMoc(epy OKpyKaromie cpenbl (aHATOTUIHO
OUYUCTHBIM coopyxeHusM T3K).

PaGora BO3AYIIHOTO OTKAaYMBAIOLIETO KOM-
npeccopa 22 CHHXPOHH3HMpOBaHa € paboOTOH
Hacoca Mojayd aBHATOIUIMBA 2 B pe3epByap U
YIOPaBISIETCS MPOTPAMMUPYEMBIM JIOTHYECKUM
koHTposuiepoM PLC 4 (mo amroputmy motped-
HbI pacxoa +10 % B COOTBETCTBHM C pacxoja-
mu ooveMa «IIBC — BO3ayx — aBUATOIUIMBOY), C
eJIbI0 UCKITIOUeHHsI 00paTHbIX nepeTokoB [1BC
U BO3JlyXa MpU NepeMeHe PEeKUMOB BJI0OXa U BBI-
JI0Xa BO3IyXOBOJBI 7 CHAOKEHBI BO3TYIIHBIMH
3aCJIOHKaMH C 3JIEKTPONPUBOAOM 23 Ha JIMHHIX
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Puc. 4. [IpyHUMTIHATBHAS CXEMa CUCTEMBI COKPALICHHMS ITOTEPh OT UCTIAPEHUs M OOBOIHEHUS aBHATOIUINBA
B pe3epByapax T3K:
1 —pesepByap; 2 u 3 — HacOCHI;, 4 — OJIOK YIIpaBIICHHS;, J — KpHIIIa pe3epByapa; 6 — ApIXaTeNbHBIN KiIamaH
KJC2-1500/250; 7 — BozayxoBox (momaun Bo3ayxa u otBoga [IBC); 8§ — konpueBoil Bo3ayxoBo; 9 — BHYTPEHHSA
obeuaiika; /(0 — HapyxHasa obedaiika; /[ — menu; /2 — KoIbLeBas MOJOCTh; /3 —BO3Ayx03a00pHUK; /4 — GUIBTP-
BIIECOOPHUK; /5 1 16 — XONOOMIBHUK-KOHACHCOP; /7 — «aTMOC(epHBIit 3a30p»; /8 — BO3MYIIHBIN KOMITPECCOp
HarHeTaromuii; /9 — nucrepHa coopa armocdepHoit Biaru; 20 — rucrepHa st kKouaeHcara [1BC; 271 — tpyOxka;
22 — 0TKaYMBAIOIIUI BO3AYIIHBIM HAcOC; 23 — BO3AYIIHbIE 3aCTIOHKHU C JIEKTPONPUBOIOM; 24 — OCHOBAHUE
Fig. 4. Schematic diagram of the system for reducing losses from evaporation and water contamination in jet fuel
in the RC tanks:

1 —reservoir; 2 and 3 — pumps; 4 — control unit; 5 — tank dome; 6 — breathing valve KDC2-1500/250; 7 — single air
duct (air supply and VAM exhaust); 8 — ring (hollow) air duct; 9 — inner shell; /0 — outer shell; /7 — slots; /2 —ring
cavity; /3 — atmospheric air intake; /4 — filter-dust collector; /5 — refrigerator-condenser; /6 — refrigerator-condenser;
17 — “atmospheric gap”; 18 — pneumatic pump; /9 — tank for collecting atmospheric moisture; 20 — tank for VAM
condensate; 21 — tube; 22 — extraction pump; 23 — electrically-actuated air dampers; 24 — base

BBIJIOXA M BJIOXa COOTBETCTBEHHO. DJIEKTPOIPHU-
BOJ KaXKJOM 3acliOHKH 23 ympaBisieTcsl Mpo-
rPaMMHUPYEMBIM  JIOTHYECKUM  KOHTPOJUIEPOM
PLC 4 no anropuTMy BIOX-BBIIOX — COOTBET-
CTBEHHO I0Jladya-Bbljladya aBuarommsa. llpu
5TOM 3aCJIOHKH 23 OTKPBIBAIOTCS U 3aKPBIBAIOTCSA
MOOYEPEIHO: MPU OTKPHITUH OJHONW CUHXPOHHO
3aKpbIBAeTCs Jpyras ¥, Ha00OPOT, MPOTrpaMMHU-
pyemblil sorndyeckuil kontposuiep PLC 4 ot-
KpbIBa€T OJIHY M3 3aCIOHOK 23 CHUHXPOHHO C
BKJIFOUEHUEM HArHETAKOLIEr0 BO3IYIIHOTO KOM-

30

npeccopa /8 WIM OTKAYMBAIOIIETO BO3IYILIHOTO
KoMIpeccopa 22, B 3aBUCIMOCTH OT MpUEMa WU
BBIJIaYM ABHATOILJIMBA B PE3epByap U COOTBET-
CTBEHHO OT peXHMMa BJAOXa WM Bbloxa. B co-
CTOAHHUHN IIOKOSA CHCTEMBI (KOFI[a AbIXaHUA HC
MPOUCXOINT) TPU PABEHCTBE MaBJICHHUSI aTMO-
chepbl 1 HAATOIIMBHOTO MPOCTPAHCTBA pe3ep-
Byapa BC€ 3aCIOHKHM 23 3aKpbIThl, HCKIIOYas
JT100bIE IEPETOKHU BO3/4yXa 110 BO3AYXOBOAY 7.
[Tpu m0OBIX HEMCIIPABHOCTSIX CUCTEMBI, B T. 4.
IPU OTCYTCTBUHU BJIEKTPONUTAHMs, padoTa 1mTaT-
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HOTO JIbIXaTeJIBHOTO KJIallaHa pe3epByapa HE Ha-
pylIaeTcs, B 3TOM cliydae aTMOC(EpHBIH BO3IyX
u [IBC GecnipensTCTBEHHO NPOHMUKAIOT B JIbIXa-
TENBHBIN KJammaH 4epe3 «aTMOC(EepHBI 3a30p»,
TakuM 00pazoM obecrieunBaeTcs OecriepeOoitHas
paboTa IbIXaTeIbHOTO 00OPYAOBAHUS pe3epBya-
pa, He TpeOys BMEIIaTeNbCTBAa 0OCITYKHBaIOIIIe-
ro nepconaina. [locie BO300OHOBIEHHH 3JIEKTPO-
NUTaHUA PabdOTa CHUCTEMBI BOCCTAHABIMBACTCS
aBTOMATHYECKH.

3akiroueHnue

1. IlpoBeneHHBIN pacueT NMOTEPb aBUAKEPO-
CHHA MpH OOJBIIMX U MaJIbIX JIBIXaHUAX pe3ep-
ByapoB B ycnoBusx peanbHoro T3K mokasan,
YTO B MpeJesiax HOPM €CTECTBEHHOW yObUIH Mo-
TEpU COCTABIISIOT OT 1 10 12 TOHH B MecHll.

2. OO030pHBIE HCCIENOBAHUS TPUMEHSEMbIX
CHUCTEM CHIDKEHUS TMOTEph aBHATOILUIMBA OT 00-
BOJIHEHUSI M UCTIAPEHHUS aBUATOIUIMBA KOHCTPYK-
TUBHO CJIOXHBI, TPEOYIOT PEKOHCTPYKIIUHU IITAT-
HOTO pe3epBYyapHOTO O0OPYIOBaHUS, a TaKKe
HEOOXOUMOCTH BMEIIATENbCTBA B PabOTy IbI-
XaTeJIbHOW CUCTEMBI pe3epByapa.

3. TlpemnoxkeHa aBTOMATH3UPOBAaHHAS CH-
CTeMa COKpAIICHHS MMOTePh OT HCIAPSHUS B 00-
BOJHEHUSA 3a CUET OCYIICHHsSI aTMOC(HEpPHOro
BO3/lyXa, MOCTYMAIOUIEro B pe3epByap, U KOH-
neHcauuu aBuakepocuHa u3 [IBC, Beixopsiueit
U3 pe3epByapa Mnpu OOJBIIUX U MAJIBIX JbIXaHH-
X pe3epByapa B IMpolieccax XpaHEHUs, MpHema
Y BBIJIa4M aBHATOIUTMBA U3 pe3epByapoB T3K.

4. MoHTax pa3pabOTaHHOTO YCTpPOMCTBa
MOJITOTOBKH BO37yXa HE TpeOyeT BMEIIaTelb-
CTBa B KOHCTPYKIHIO IITATHOTO OOOpYAOBaHUS
Y HE 3aTparuBaeT TEXHOJIOTHIO pabOThI pe3EpPBY-
apHOTO Tapka U O0OPYIOBaHHS AbIXaTEIbHBIX
CHCTEM.

5. HaubGonbmmii 3¢exT oT BHEApEHUs CH-
CTEMBI COKpAIICHHSI TTOTEPh OT UCIIAPSHHS U 00-
BoaHeHus OynyT umetb T3K ¢ BeIcCOKMM pacxo-
JIOM aBHMATOIUINBA, WHTCHCHBHOW OOOpadmBac-
MOCTBIO PE3EPBYapHOIO MapKa U ¢ BBICOKO CTe-
TIEHBIO 3ara30BaHHOCTH.

6. BHenpenue cucteMbl COKpaIlleHUsI MOTEPh
oT ucnapenust u obsoaHenust B T3K u npyrux
00beKTax aBHATOIUIMBOOOEcCHieueHUs (HedTe3aBo-
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Ibl, TepMUHAIBL, Hedrebassl, cknaasl ['CM u mp.)
Oyzer cmocoOCTBOBATH TOJMYYEHUIO JIOMOJIHU-
TENIbHOW MPUOBLIM 32 CUET CHIKEHUS] S5KOHOMUYe-
CKHX TOTEPb, YITyUIICHAIO SKOJIOTUIECKOi 00cTa-
HOBKM M  TIOBBIIIEHUIO  YPOBHS  MOXapo-
B3pPBIBOOE30IIACHOCTH pe3epByapHbIX mapkoB T3K.
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HccnenoBanune COBpeMEHHBIX MOAX0/10B K 00Y4EeHHUIO U pa3padoTKe
KBAJIH(PUKANMOHHBIX TPeOOBAHMI K MUAJIOTY/0oNepaTopy 0ecnuj0THOM
ABHALMOHHOM CHCTEMbI B COOTBEeTCTBUHU cO cTanaapramu UKAQO

1
K.C. Epmakos
] o o o o
Mockosckuii 20cy0apcmeenHvlli mexHUYeCKull YHUgepcumem epaxcoanckol asuayuu,
2. Mockea, Poccus

AHHoTammsi: B cBs3u ¢ OypHBIM pa3BHTHEM TEXHOJOTHMH OecmmIOTHBIX aBHAIMOHHBIX cucteM (BAC) Bo BceM Mupe OHHU
CTaHOBSTCS Bce 00Jiee 3HAYMMBIMH TS IPUMEHEHHS KaK B BOCHHOM, TaK U B TPaYKIAHCKOM 00J1aCTsX. SHAYUTEIIBHBINA POCT YKCIa
U paciunupeHue C(l)epl)l HCII0JIb30BaHUA 6eCHl/L]'lOTHI)IX JICTATCJIbHBIX alnapaTtoB IPUBEIIM K YBCJIMYCHUIO l'[OTpe6HOCTI/l B
MUJIOTax/oneparopax OECHWJIOTHBIX JIeTaTeNbHBIX allllapaToB, M TakuM o00pa3oM JaHHas mpodeccus craja Haduparh
TOITYJIIPHOCTh B aBHAIMK. B HacTosued crarbe BHayane gaercst knaccudukanuss BAC, B TOM 4ucie ¢ y4eToM CTaHIapTOB
HKAO, a Tarxoke yHUKaJIbHBIE XapaKTEPUCTHKH. 3aTeM, YUUTBIBAs TEKYILE TpeOOBaHMs K KBalIM(HKaUK rnoTa/oneparopa bBBC
aBranoHHbIX Biactel CILA, BemukoOpuranny, Kutast n Poccnn, anamizupyrorcst oO1ye 1 crieniaibHble KBaTM(pUKAILMOHHBIE
TpeOOBaHMsI, KOTOPbIE BKIIOYAIOT MPO(ECcCHOHATBHBIE KadecTBa, MEAWIMHCKUE TpPEOOBAHWS, IICHXOJOTMYECKYIO OICHKY,
TpeGOBaHNsI K 00yHIEHHIO, OTIBIT SKCILTyaTalliK 1 B3anMoeiicTBIsA. KpoMe Toro, Ha OCHOBE pasinuimii MeXx 1y 00ydIEeHHEM IIHIOTOB
MMIOTHPYEMBIX BO3IYLIHBIX CYAOB M IHJIOTOB OECIMIIOTHBIX JIETATENBHBIX AIApaToB PACCMOTPEHBI COICPKAHUE M METOBI
00ydeHus1, BKIIFOUas YeJIOBEUECKHH (PaKTop M IICHXOIOTHIECKOE 30POBBE, UTO MIMEET BaKHOE 3HAYECHHE IPU 0TOOpE U 00yIeHNI
mstota/omeparopa BAC.

KnioueBbie cioBa: o0ydeHHe NMIJIOTOB/OIEPaTOpOB OECHMIIOTHBIX aBHALMOHHBIX cucTeM, Kinaccudukammss BAC, obumme u
CreIHabHBIE KBATH(HKAIIMOHHBIE TPpeOOBaHMS K TtoTy/oneparopy BAC.

Jonst murupoBanus: Epmakos K.C. MccienoBanne cOBpeMEHHBIX IMOIXOA0B K OOyYEHHIO W pa3padoTKe KBATH(DUKAIFOHHBIX
TpeOOBaHUI K MMIIOTY/ONepaTopy OECIMIOTHON aBHAIIMOHHOW CHUCTEMbI B cooTBeTcTBUM cO craHmapramu MKAO // Hayunbiii
Bectauk MI'TY T'A. 2023. T. 26, Ne 1. C. 34-48. DOI: 10.26467/2079-0619-2023-26-1-34-48

Research of modern approaches to training and developing qualification
requirements for a pilot/operator of unmanned aircraft system in
accordance with the ICAO standards

K.S. Ermakov’

"Moscow State Technical University of Civil Aviation, Moscow, Russia

Abstract: Due to the explosive development of unmanned aircraft systems (UASs) technology worldwide, the UAS is becoming
increasingly relevant for applications in both military and civilian fields. Good progress in the number and scope of unmanned
aerial vehicles utilization has led to a high demand for pilots/operators of unmanned aerial vehicles. Thus, this profession began to
gain in popularity in aviation. First, this article outlines the UAS classification considering the ICAO standards as well as unique
characteristics. Futhermore, taking into consideration the current requirements for the qualification of the UAV pilot/operator issued
by the aviation authorities of the USA, Great Britain, China and Russia, general and special qualification requirements, such as
professional qualities, medical requirements, psychological screening, training requirements, operation and cooperation experience,
are analyzed. In addition, based on the differences between the training of manned aircraft pilots and UAV pilots, the syllabus and
methods of training inclusive of a human factor and physiological health are considered, which is of vital importance for selecting
and training the UAS pilot/operator.
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BBenenue

B cBs3u ¢ pa3BuTHEM U aKTUBHBIM BHeJpe-
HUEM COBPEMEHHBIX TEXHOJOTHH OeCHHIOTHBIC
aBuannonHeie cucteMbl (BAC) B BoeHHO# chepe
IIPEBPAaTWINCh W3 BCIIOMOTaTEIIbHON B OCHOB-
HYIO CHJIY, KOTOpasi MOXET OCYIIECTBIIATH MpaK-
TUYECKHU BEChb CIIEKTp OIepauuii: HalOroaeHue,
pa3BelKy, paaWOdJIEKTPOHHYIO pa3BelKy H
HaHeceHue yaapos [1, 2]. B cBoro ouepens Oec-
NUWIOTHBIE JIeTaTeNbHBIE ammaparbl (Jajiee —
bBC) mmpoko HCHOJB3YIOTCS B I'Pa)IaHCKHUX
HEeNsIX, TaKUX KaK MOHHUTOPUHI OKpY>Karolen
cpenbl, a3pooToCcheMKa, METEOPOJIOTHSI, MOXKa-
pOTyIlIEHHE, TMOTPAaHUYHOE MaTPYIHMPOBAHUE,
oXpaHa pbIO0JIOBCTBA, IPABOOXPAHUTENbHAS Je-
arenbHOCTh [3] u np. Takum o6pazom, BBC cra-
M HE3aMEHHMBIMU KaK B BOCHHOW, TaKk U B
Ipa)xJIaHCKOU cdepax.

Jannpie aBuwanmonHoro perymstopa CIIIA
(FAA) nokazamu, uro B 2012 roxy B He6e CLIA
JUIS TIPOBEACHUS AaBHALIMOHHOW JESTEeIhHOCTH
npuMensioch 6onee 19 000 OecMnOTHBIX JeTa-
TeNbHBIX ammapatoB. FAA mporHosmpyer, uTo
B2030romy B mHebe CIIA Oyzmer nerarb
30 000 BBC!. Tlourn KQKIBIA TPETUH CaMOJIET,
UCTIONIb3yEeMBId aMEPHKAHCKUMH BOCHHBIMH, SIB-
nsercsi BBC [4]. BoeHHO-BO3IyIlIHBIE CHIIBI
CHIA rorosst Oomnpite mioros bBC, yem mmio-
TUPYEMBIX OOMOApIMPOBIIMKOB U HCTPEOUTENEH
BMmecte B3aThiX. BBC CIIA Takxke roTtoBar
6onpiie nutoroB bBC, uem mo6oit apyroit pox
Boiick. Okuaaercs, 4To B TEKYIIEM JIECATUIICTUN
unayctpuss BBC co3mact or 100000 nmo
200 000 pabouux mect. Mexy TeM Takue yHH-
BEpPCUTETHI, Kak YHuBepcuteT mmrTara Kanzac,
VYuusepcurer CeepHoit JlakoThl, ABHAIIMOHHBIN

' Department of Defense, FY2011-2036 [InexkTpoHHbIit
pecypc] // publicintelligence.net. 2011.108 p. URL:
https://publicintelligence.net/dod-unmanned-systems-
integrated-roadmap-fy2011-2036/ (nata oOpamenus:
27.07.2022).
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yHHUBepcuTeT OMOpu-Puman, mnpemnaraior cre-
neHb OakanaBpa B 00JIacTH OECHHMIOTHBIX JIeTa-
TEJIbHBIX anmnapatoB. HekoTopble aBHallMOHHBIE
npeanpustys, Takue kak CAE u Northrop, Takxe
NPEJOCTAaBIAIOT NPOrpaMMy OOYYeHHs OIeparo-
poB BBC. B Kurae agMuHucTpauus rpaxiaH-
ckoii apuanuun Kuras (CAAC) noacuurana, 4To B
ompkaiiem OyaymieM yucno nuiaotoB bBC npe-
BeicuT 30 000. B Hacrosiiee BpeMsi TOJIBKO
27 opraHoB MO CepTU(PHKALUY, YHNOTHOMOYEH-
HeIXx CAAC, ObUIH KBATH(DUITUPOBAHBI JIS TTOJTY-
yeHus ceprudukata nuiora bBC, koTopslii B oc-
HOBHOM IIpe/iHa3HaueH 171 Hebonbiux bBC.

B Poccuiickoit @enepaiinu B BOGHHOH cdepe
¢ 2015 rony 8 BYHI] BBC «BoeHHO-BO31y11I-
Hast akagemus uM. mnpocgeccopa H.E. XKykos-
ckoro u lO.A. T'arapuHa» OTKpBHIT (akyIbTET
OecIUIOTHON aBUaIMM, a B cepe rpaxTaHCKON
aBHAllMM TOJIBKO MOCKOBCKHMII TOCYIapCTBEH-
HBI TEXHUYECKUU YHUBEPCUTET TPa)kKAaHCKOU
aBuanuu ¢ 2022 roma mpemiaraeT IMOJYyYUTh
crerneHb OakanaBpa B obmactu BBC. Taxxke
BHemHUU muoT-ucnsirarens bBC u onepartop-
UCIBITATENb CPEICTB YIPABJIEHUS LEJICBOW Ha-
rpy3koii BBC — 3T0 HOBBIE CHEIHATIBHOCTH
AaBUALMOHHOTO IIEpCOHANIa IKCIEPUMEHTAIbHON
aBuarmu (JA), koTopsie ObUTH BBeieHBI B [lepe-
yeHb cnenuaiauctoB DA P® npukazom Mun-
npomtopra Poccun ot 22 centsops 2016 rona
Ne 3366. IlepBoHauanpHy0 NOArOTOBKY MU IIO-
BbIILIEHUE KBaJU(UKALUU CHELHATUCTOB-UCIIBI-
Tareneu, Bxoasumx B skunax bBC, mo mpo-
rpaMmMaM TIpoQecCHOHATBHON MEePenoaroTOBKH
B cootBeTcTBUH DAII-1570 (yTBepkaeHbsl MuH-
npomToproM Poccun) ocyuiecTBiseT aBUalMOH-
HBI y4YeOHBIA IIEHTP HAyYHO-HUCCIIEI0BATEb-
CKOM (MCTBITATEIbHOM) OpraHu3alli aBUALIH-
OHHOM mpoMsbiieHHocTH [lIKkona neT4YnKoB-uc-
neitatenied AO «JIMM um. M.M. I'pomoBay.
Ona sBIsieTCS €AMHCTBEHHBIM y4eOHBIM 3aBefie-
HueM B Poccuu, BBIOJIHSIONIMM T'OCYIapCTBEH-
HYI0 (QYHKIHIO 10 MOJArOTOBKE CIELUAINCTOB
ABUAIIMOHHOTO MepcoHana DA Juisi IpeanpusTui
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M OpraHu3alMil aBUAMOHHOW MPOMBILIJIEHHO-
CTH, CO3JAIONIMX HOBYIO OTCUYECTBCHHYIO aBMa-
LIMOHHYI0 TeXHUKY U BC rpaxnanckoro u BOeH-
HOTO Ha3HA4YEHUs, B TOM YHUCJIE U OCCIHIIOTHBIC.
[lepBbIil BBITYCK BHEUIHUX MUJIOTOB-UCIBITATE-
ne#, mpomeamux ooyuenue B llIkone neTunkoB-
ucneitatenei (LIIJIA) JIMU um. M.M. I'pomoBa
MW aTTEeCTOBaHHBIX LleHTpanbHOM aTTeCTaIMOH-
HOM KoMuccHell DA B KOIMYECTBE 16 4EIOBEK,
cocrosucst B 2018 romy”.

ITo mepe pocTta crpoca nuiot/oneparop bBC
CTaHeT MOMYJSpHON mpodeccueil kKak B MUpE,
Ttak U B Poccuu. IIpembep-munuctpom Poccuii-
ckor @epepanmn MuxawioM MunlyCTHHBIM
5 okTs0psa 2021 r. yrBepkaeHa Konuenuus uH-
Terpanuu OCCIUIOTHBIX BO3IYIIHBIX CYJIOB B
€MHOE BO3IYLIHOE npOCTpaHCTBo3 . [Iporpamma
paccurTaHa Ha TpU dTama U JOJDKHA OBITH MOJ-
HOCThIO peann3oBaHa Kk 2030 romy. be3onacHas
WHTETpaIysl TWIOTHPYEMBIX U OECIUIOTHBIX
BO3JIyIIHBIX CYJIOB B €QMHOE BO3JYIIHOE IPO-
CTPAHCTBO CTPaHBbI SBJISIETCA KIIFOUEBOM 3a7a4ueid,
yTto U npeaycmatpuBaeT k 2030 romy mosrtan-
HYI0 HMHTETpaluio OeCHIOTHHKOB. B pamkax
Konnenuuu 1o 2023 rona npoajiurcsi opraHusa-
LMOHHBIM MEepUOJ MO YIPOIIECHUIO MPOLEayp U
CHSITHUIO psJla OTPaHUYEHUH IS MTOJIETOB Oecru-
JIOTHBIX BO3JYIIHBIX CYJOB, a TaKXe IUIAHUPY-
€TCS BHEAPEHHE CIEHUAJIbHBIX CEPBUCOB IS
ANIEKTPOHHOM peructpauuu u yuyera bBC, ycra-
HOBJICHUSI INPaBUJI MOATOTOBKH M BBINOJHEHUS
nosietoB. Jlanee no 2027 roga mpegycMmarpuBa-
eTcsl pa3paboTKa U BHEJIPEHHE HOBBIX TEXHOJO-
T MO0 OOECIeUeHHI0 Oe30MacHOCTH TOJIETOB
BBC, co3nanue HEoOX0muMoN HHPPACTPYKTYPHI
CBSI3M, CHCTEM HAaBUTallMd U HaOmroneHus. Tak-
Ke HeoOXoaumo pa3paboTaTh HW YTBEPAWTH,
HaIpUMep, TEXHUYECKHe TpeOOBaHUS K CHUCTe-

? HcTopusi pa3sBUTHS M CETOHANIHMI 1eHb GECIIMIOTHOI

aBuanmu [ DIeKTPOHHEIH pecypc] // Poccuniickue Oecrm-
notauku RussianDrone. URL:
https://russiandrone.ru/publications/istoriya-razvitiya-i-
segodnyashniy-den-bespilotnoy-aviatsii/ (zaTa oOparie-
Hus: 27.07.2022).

[IpaBuTenbcTBO yTBepAMIo KoHuenumio naTerpanum
OECMUIIOTHUKOB B €IMHOE BO3/IYIIHOE MPOCTPAHCTBO
Poccuu [Dnextponnstii pecype] // [lpaBurenberso Poc-
cun. Odpunmanpuerii caiit.URL:
http://government.ru/news/43502/ (nata oOpareHus:
27.07.2022).
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MaM U OOOpYyJOBaHUIO MO obOecrmeueHuio 0e3-
OTIaCHOCTH TIOJIETOB, MOPSAOK HCIOJIH30BAHUS
CErperupoBaHHOIO BO3JYIIHOTO MPOCTPAHCTBA.
Ho 2030 roma rutaHupyeTcs 3aBEPIIUTH CO3/a-
HUE TEXHHYECKONW HH(PACTPYKTypbl Uil obec-
neueHusi Oe30MacHOCTH, BHEAPUTH LU(PPOBBIC
TEXHOJIOTHH YIIPABJICHUS TOJETaMU OECIHIIOT-
HBIX U MWIOTHPYEMBIX BO3IYIIHBIX CYZOB B He-
CErperupoBaHHOM TMPOCTPAHCTBE, MPUHATH He-
00XOMMbIE HOPMATHUBHBIC TIPABOBHIC AKTHI.
BaxxHbIM acmekTOM KOHLEMIUU SIBISETCS HC-
MOJIb30BAHME OKCIIEPHUMEHTAIBHBIX  IPABOBBIX
pexxumoB (DOIIP) kak OCHOBHOTO MeXaHH3Ma IO
ee peanu3anuu s pa3paObOTKH U BHEIPECHHUS
WHHOBAIIMOHHBIX TEXHOJOTHH.

Jlnist ycTienrHo# peanu3anyy KOHIETIUHN TI0-
TpeOyeTcst pazpabotath nuddepeHIpoBaHHbIC
HOPMBI JIETHOM TOJHOCTH M JIONyCKa K BBITOJ-
HeHuto nosietoB BAC Ha OCHOBE PUCKOPHUEHTH-
POBAaHHOTO TOAXOJA C YYETOM PEKOMEHAALUHU
NKAO [5] u ny4mmx MexayHapOIHBIX Ipak-
TI/IK4’5’6’7, YTO HEOOXOIMMO I CepTUUKAIIH
BAC u nocnenyroonieii KOMMEpUYECKO 3KCILTya-
taiuu. Takke HeoOXxomumo pa3paboTath
BHEJPUTh THUIIOBbIE MPOrpaMMbl TOJATOTOBKHU
HepcoHaja M BHEIIHUX MUJIOTOB, COTJIacOBaH-
HbIE€ M yTBEP)KICHHbIE YMOJIHOMOYEHHBIMU Op-
raHaMH.

* Doc 7300/9: Kousenmus o MEXIYHApPOJHOM rpaXKaaH-
ckoit aBuanuu. 9-e uzg. / UKAO, 2006. 116 c.
° Unmanned aircraft systems beyond visual line of sight
aviation rulemaking committee [DeKTpOHHBII
pecypc] // Final report. 2022. March 10. URL:
https://www.faa.gov/regulations_policies/rulemaking/co
mmittees/documents/media/UAS BVLOS _ARC _FINA
L REPORT 03102022.pdf (nata obparmicHus:
27.07.2022).
% European union aviation safety agency acceptable
means of compliance (AMC) and guidance material
(GM) to commission implementing regulation (EU)
2019/947. Annex I to ED Decision 2019/021/R [Dnexk-
TpoHHBIH pecypc] // Annex I to ED Decision
2019/021/R. 2019. October 9. Iss. 1. 130 p. URL:
https://www.casa.europa.eu/sites/default/files/dfu/AMC
%20%26%20GM%20t0%20Commission%20Implement
ing%20Regulation%20%28EU%29%202019-
947%20%E2%80%94%201Issue%201.pdf (nata obpa-
menus: 27.07.2022).
Introduction to ICAO model uas regulations and advisory
circulars [QnekrponHsIit pecypc] // icao.int. URL:
https://www.icao.int/safety/UA/Pages/ICAO-Model-
UAS-Regulations.aspx (mara oopamienus: 27.07.2022).
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Taomauna 1
Table 1
Knaccudukanus bBC (BAC)
UAV(UAS) classification
Karteropus Bec, kr |BbicoTa moJiera,|{ansHocTs, Bpems noJiera, IIpumenenne
BbIIIIE YPOBHS KM q
3eMJIH, M
Muxkpo <2 10 60 <5 <1 pa3BeJika, MHCIIEKIUA
Munu 2-20 10 900 <25 1-2 pa3BeliKa, MHCIIEKI U
Maubie 20-150 Jo 1500 <50 1-5 pas3Bejika, MHCIIEKIUS
TakTnueckue 150-600 1o 3000 100-300 4-15 pa3BeKa, HHCIIEKIUS
Cpennsist BEICOTA, AalTb- >600 1o 13500 >500 >24 pasBe/Ka, HHCTICKITHS,
Hero neictBust (MALE — BOCHHOE yJapHOE IIpU-
MediumAltitude Long MEHEHHe
Endurance)
BrICOTHBIE, JAIILHETO >600 o 18 000 IIpakTuye- >24 pa3Beqka, MHCIIEKIIUS,
neiicteust (HALE — High CKHU Heorpa- BOEHHOE yJapHO€ NpH-
Altitude Long Endur- HUYCHHA MEHEHUE, PETPAHCIISIIIHIS
ance) CHUTHAJIOB

B nanHOM cTaThe HAMHM PaCCMATPUBAIOTCS OC-
HOBHBIE ACHEKTHI, CBSI3aHHbIE C KBaJIM(UKaLen
u oOyuyenuem mminoToB/onepatopoB bBC. Bo-
HEPBBIX, U3JIAratoTCsl KJIacCU(PUKALUSA U IKCILTya-
TaluoHHble Xapakrtepuctuku bBC. 3atem, B co-
OTBETCTBUM C TPeOOBAHUAMHU JEHCTBYIOLIMX Ipa-
BUJI, 00CY>XJat0Tcsl TpeOOBaHUS K KBaTH(DUKAIIN
nuorta/onepatopa bBC. Hakonern, B mocineanem
pasziene NpeanararoTcsi METOIbl M COJEp/KaHUE
nporpaMMm oOyudeHUsl, TaKKe B 00JacTU YesloBe-
4ecKOoro (pakTopa M MCUXOJI0rHYECKOro 3J0POBbS,
YTO UMEET BXKHOE 3HAUYCHUE TIpu 0TOOpE U 00y-
yeHuu nuora/oneparopa bBC.

1. Kinaccuuxanus
U JKCIJIyaTallMOHHbIE
xapakrepuctuku BBC (BAC)

1.1. Knaccupukanusa bBC (BAC)

B HacTtosmiee Bpems u3-3a pazHooOpa3usi Be-
COBBIX, Ta0APUTHBIX, IKCILTyaTallUOHHBIX H JIET-
HBIX XapaKTepUCTUK HE CYIIECTBYET €ANHOU
mexayHapoaHoi kmaccudukanmmu BBC. Kak
npaBuio, bBC kmaccuduiupyroTcs mo mMakcu-
MaJIBHOM B3JIETHOM Macce, BBICOTE, BPEMEHU I10-
JieTa, BUAY MCIOJIb30BAaHUS M JAJIbHOCTH IOJIETA
(Tabm. 1).

37

B 10 ke BpeMs B COOTBETCTBUU C Pe3yJIbTa-
TaMH, TIOJIYYEHHBIMH TPOGUIBLHON paboueid
rpynmnoi MeXayHapoqHOW OpraHu3alud Ipax-
nanckor apuaruu (MMKAQO) u KOHCYJIbTaTUBHOU
rpymnoiit UKAO mno GecnuioTHBIM aBUAIMOH-
ubiM cucremaM (UAS-AG)®, Hamu Gbia cocras-
JeHa cheayromas o0oOIIeHHas KIacCU(UKAIINS
bBC nmo MakcuMmanabHOHM B3JIE€THOM Macce BXO-
JSIIAX B UX COCTaB OCCHMJIOTHBIX BO3JYIIHBIX
cynoB (Taou. 2).

Takxe Ha OCHOBaHHWU PEKOMEHAALMNA UKAQ’
Hamu npuBojutcs kinaccudukanus BBC (BAC)
TPaXIAHCKOTO MPUMEHEHHsI 10 BUIAM aBHAIlH-
OHHBIX paboT:
® TPAHCIIOPTHBIC PAOOTHI;

e aBHAlMOHHBIE PAOOTHI MO OKA3aHUIO MEIU-
[IUHCKON TOMOIIM W TPOBEJCHUIO CaHUTAp-
HBIX MEPOTPUATHU;

® aBHMAIMOHHBICE MOHTAXKHbIE M OYKCHUPOBOYHBIC
paboTsI;

¥ Unmanned aircraft systems advisory group (UAS-AG)
[DnexTponunsriipecype] // icao.int.
URL.: https://www.icao.int/safety/UA/Pages/Unmanned-
Aircraft-Systems-Advisory-Group-(UAS-AG).aspx (na-
Ta obpamenust: 27.07.2022).

? Cir 328: Unmanned aircraft systems (UAS) // ICAO,
2011. 38 p.
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Taoaumna 2
Table 2

Knaccudukammuss BBC (BAC) UKAO
ICAO UAYV (UAS) classification

Kareropus Bec BBC, kr YpOoBEHB peryJInpoBaHus
Mansie BBC (FAC) Ho 25 HanmnonanbHeiit
Jlerkue bBC (BAC) Ot 25 o 150 HauunonanbHbiit

BBC (BAC) bonee 150 HNKAO, nHanHannoHa bHBINA

AaBUAIMOHHOE pAaCIpe/ieTieHue BEIIECTB W
OMOJIOTHYECKNX OOBEKTOB (B TOM YHCIIC BHE-
CCHHE arpOXMMHUKATOB, YKOJIOTUYECKHE pado-
ThI, TYIIIEHUE TIOKAPOB U TIP.);

BO3JIYIITHBIE ChEMOYHBIE pabOTHl — a’dpodoTo-
ChEMKa, KHHOCHEMKa, MHOTOCIIEKTpaIbHAS
ChEeMKa, JMCTAaHIIMOHHOE 30HIMPOBAHUE 3EM-
v,

BO3AyIIHOE HaOmrogeHne (3a COCTOSTHHEM
CEeNbX03YTOIUi, OOBEKTOB WHOPACTPYKTYPHI,
MacCOBBIMU MEPOTIPUATHSAMHU U TIP.) U MATpPY-
JMPOBAaHUE, JIETHBIE TPOBEPKH, MOUCKOBBIC
paboThI.

1.2. DkcniryaTallMOHHbIE XapPaKTEePUCTUKH
BBC (BAC)

B cBs3u ¢ Tem uro OonbmmHCTBO BAC
YIPABIAIOTCS Ye€pe3 KaHaJbl [epefadyn JaHHBIX,
X (DYHKIITMOHMPOBAHHE UMEET CHerupUIECKUe
ocobeHHOCTH. Bo-mepBhIX, TOCKOJIBKY IH-
not/onepatop BBC ympasnser BBC no kanamy
nepeaayn JaHHbIX CO CTaHIUU JUCTAHIIMOHHOI'O
yIOpaBleHUs,, KOTOpasi MOXKET OBbITh PacIooxke-
Ha Ha 3HAYUTCIILHOM YJaJICHUH, B TOM YHUCIIC U
BHE 30HBI MPSMOIl BUAMMOCTH, JaX€ B COTHSX
HJIM TbICAYaX KHJIOMETPOB, TO OYCBUIHO, YTO
HEOOXOAMMO OO0ECIEYUTh BBICOKYIO IPOITYCK-
HYIO0 CIIOCOOHOCTh KaHAJIOB OOMEHa JaHHBIMHU
MpY MUHUMAaJIBHOM 3aJepkKe curHaia. J[anHeie
Tp€60BaHI/ISI OKa3bIBaAOT CYIICCTBCHHOC BJIMAHUC
Ha yCIEIIHOe BhINOJIHEeHHEe nojeTa. To ecTh ueM
60nee ABTOHOMHBIM SABJIACTCA YHPABJICHUC, TCM
Oompie TpeOOBaHMS MPEIBSBISIOTCS K Orepa-
TOpy. BO-BTOpBIX, IPOJOIKUTENBHOCTD TOJIETA
MO3KET BaApbUPOBATHCSA OT HECKOJIBKUX MHUHYT 0
0ojiee 4eM CyTOK, a TaK)KE€ Ha BBITIOJHEHHE TO-
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JeTa OKa3blBA€T BIIMSHUE LENbIM psii HeOnaro-
OPUATHBIX  OOCTOSATENBCTB BHEIIHEH  Cpelbl.
Hampumep, nmns BAC tuna HALE 1nu-
JOT/0onepaTop AOKEH CIEAUTh 3a HKpaHaMH,
MOKA3bIBAIOIIMMH KPUTUYECKH Ba)KHbIE Iapa-
METPBI BCEH CHCTEMBI, UYTO AJI OIEpaTopa yTo-
MUTEJIBHO U PyTUHHO. B-TpeThux, m000ii moser
s kpynHelx bBC, kak mpaBuiio, HE MOXET
OBITh YCHEIIHO BBINOJIHEH OAHUM YEJIOBEKOM, a
TpeOyeT COBMECTHOH paboOThl LENIOM KOMaHJIbI
oreparopoB. Hampumep, 4TOOBI yCIEIIHO BBI-
noaHUTh OoeByro 3amauy BBC tuma Global
Hawk TpeOyercst miecTs onepaTopoB, KOTOpPBIE
KOHTPOJHUPYIOT 13 3KkpaHOB M paboTalOT Ha Ile-
CTH paboYMX MECTaX HA CTAHIMH yIIPABICHAS .

Kpome Toro, ecnu cpaBHUBATh C BBIIOJIEHU-
€M Io0JIeTa MWJIOTOM MUJIOTHPYEMOT'O BO3YIIHO-
ro cyasa [6, 7], To nunot/oneparop BBC: ne
HaXoAUTCs Ha OOpTy, a HENOCPEACTBEHHO
ynpasisieT bBC ¢ HazemMHOl cTaHIUM ynpasie-
Hus noneroM (HCVII), He MokeT moay4yuTh Ta-
KO€ K€ KauecTBO U 00beM MH(POPMALUU O XOAE
noJjera.

310 00YCIOBIEHHO TEM, YTO MUIJIOT/Omepa-
Top BBC Tepsier Gomnbliyto 4acTb CEHCOPHOU
UH(POPMALIUU — 3PUTENIbHON, 3BYKOBOM, KHHETH-
YECKUE ONIYLIEHMS], @ TAK)KE Y HErO HET MPSMOM
00paTHOM CBSI3M B 3aBUCUMOCTHU OT YCJIOBHUH IO-
JeTa, TaKUX Kak 10roja, 3aJbIMIeHue, BUOpauus
JIETATEIbHOTO aImapara, CUIbl TSXKECTH U yCKO-
peHusi, Korja MUJIOT/OnepaTop MepeMenaeT op-
ragsl ynpasineHusa. On koHTponupyer bBC

' Northrop Grumman RQ-4 Global Hawk [DnekTponHsrit
pecypce] // wikipedia.org. URL:
https://en.wikipedia.org/wiki/Northrop Grumman RQ-
4 Global Hawk#Specifications (RQ-4B_Block 30/40)
(mara obpamienus: 27.07.2022).
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TOJIbKO C TOMOIIbIO OOPTOBBIX JaTYUKOB U Ka-
MeEpbI, ToJay4as HHPOPMAIUI0, O0TOOpakaeMyro
Ha skpane HCVII. Bes undopmanus u cocoros-
aue BBC MoryT OBITh MOJy4YeHBI THJIOTOM/OTIe-
patopoM bBC HCKIIOUNTENBHO ¢ MOMOUIBIO pa-
JUOTEIIEMETPUN, COTOBOM WM CITyTHUKOBOW
CBS3M, @ BCE MAaHEBPBI, KOTOPHIE BBIIIOJIHAET M-
JIOT, MEPENAOTCS TOJBKO MO JIMHUU CBS3HM JJIA
nepenaud aaHHbix Ha bBBC. Hakowen, nwu-
not/oneparop BBC uyBcTByer cebst m3ommpo-
BaHHBIM OT JIETATEJILHOTO almapara U UCIBITHI-
BA€T HEJIOCTATOK B TPAIUIIMOHHOMN, (PU3HMUECKOU
oOpatHO# cBsa3u. Takum oOpa3om, H3-3a Halu-
yust pasnuyHblx TUNOB BAC umerommx yHH-
KaJIbHBIE WHAMBHUIYaJIbHBIC XapAKTCPUCTUKU K
mtory/oneparopy bBC momkHBI IpebIBIsSTh-
csi, BO3MOXHO, Jaxke Oosee BBICOKHME TpeOoBa-
HUs, YEM K ITUJIOTY IUIOTUPYEMOrO BO3LYIIIHOIO

CyaHa.

2. KpanupukannoHHblie TpeOOBaHUA
k nmuiory/oneparopy BBC (BAC)

2.1. O030p Tekymux TPeOOBaHUH
aBMAllMOHHBIX BJacTeil

B nacrosiiiee BpeMsi aBUaIlMOHHBIE BIACTH T10
BCEMY MHPY CTPEMSTCS 3aKOHOJIATEIBHO 3aKpe-
NUTh TipaBuiia U nonoxxeHus ans bBC He Tonbko
0 TIpoIiecce JISTHOM M TeXHHYECKOH SKCIuTyara-
un [8], HO u o mporiecce ceptudukanuu. EBpo-
MeiCKOe areHTCTBO aBHUAIIMOHHOW 0€301acHOCTH
(EASA) omy6nukoBano A-NPA 2015-10 «Bse-
JICHWE HOPMATHBHOW 0a3bl ISl DKCILTyaTalluH
OECIUIIOTHBIX  JIETATeNBbHBIX  amaparoB» B
2015 roxy'', B KOTOPOM TOBOPHTCS, UTO MHIIOT
BBC nomxeH nmoiay4yuth cepTU(HUKAT HA BBITIOJE-
HHE MOJIETOB. B 1enax obOecrieuenust 0e301macHo-
ctu nosietoB DeepanbHOE aBUAIIMOHHOE YIIPaB-
neane (FAA) paspaborano BpemenHoe PykoBo-
CTBO MO BbIMONHeHUI0 1oieroB  (Interim
Operational Approval Guidance) 08-01: Dkcrury-
atanusi OECHUIIOTHBIX aBUAIIMOHHBIX CUCTEM B
HaumonaneHO#M crucTeMe BO3AYIIHOTO MPOCTpaH-

" Introduction of a regulatory framework for the operation
of drones [DnekTpoHHbI pecypc] // easa.europa.eu.
URL: https://www.easa.europa.eu/sites/default/
files/dfu/A-NPA%202015-10.pdf (nara oOpamenus:
27.07.2022).
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ctBa CIIJA B 2008 ronylz, BIIEPBBIE MPEIOKHUB
TpeboBanusi K mmioty/onepatopy BBC, B koto-
POM TOBOPUTCS, YTO NWJIOT JOJKEH HUMETh JIH-
nensuto. B 2011 rony FAA omy6nukoBaio npu-
ka3 8130.34B o ceprudukanmu 1eTHON TOAHOCTH
OCCIMIIOTHBIX ABUAIIMOHHBIX CHUCTEM U, BO3MOX-
HO, MJIOTUPYEMBIX BO3TYIIHBIX cyLLOB13 , B KOTO-
POM COAEPKUTCS TPeOOBAHUE O TOM, YTO MUIIOT
BAC nomxeH uMeTh CBUAETENBCTBO KaK MUHH-
MyM 4acTHoro mwiota FAA u neicTBUTENbHBIN
MEIUIMHCKUN cepTH(UKAT JEeTYUKa BTOPOTO
kiacca (uu Beie). B pa3gene 333 3akona o Mo-
nepuuzain u pepopme FAA ot 2012 rona Tak-
e roopurtcs, uro mwioT BBC nomkeH umersb
JUIEH3UIO MUJI0Ta, MEJAULMHCKYIO CIPaBKY WIH
NEHCTBUTENbHBIE BOAUTEIbCKUE MpaBa. Y BEIOM-
JIEHUE O IMpeagaraéMoM HOPMOTBOPYECTBE IS
Manbix BBC (NPRM), Beimmymennoe FAA B
2015 roz[yM, YETKO OMNpEACIsIeT KBATH(PHUKAIIUIO
1 0053aHHOCTH MUJIOTA, YIPABISIOMIETO JIETKUMU
BBC Becom menee 25 kr. JlJis BOEHHBIX Cylle-
crByeT Pernament apmun CHIA 95-23: IlpaBuna
MOJIETOB OECTIMIIOTHBIX JIETaTEIbHBIX aIllapaToB,
TpeOytomuii, uroosl omneparop BBC mporen
o0yueHHMe U  OIICHKY. B nmokymenre
DEFSTANO00-970 «TpeGoBanust K KOHCTPYKILIHH
U JIETHOM TOHOCTU AJISl CITY>KEOHBIX CaMOJIETOBY,
gacth 9 «CuCTeMbl OECIMIOTHBIX JIETAaTEeIhHBIX
anmapaToBy, BBITYIIEHHOM MHUHHCTEPCTBOM 000-
pousl Benukobpuranuu B 2013 rony, yka3biBaet-
cd, uro oneparop bBC MoxxeT He MMETh OmbITa
YOpPaBJICHUS  MUJIOTUPYEMBIMH  CaMOJIETaMHU.
B 2002 ronry VYmpaBnenue 10 0€30MacHOCTH
rpaxknanckoir aBuanmu (CASA) B ABcTpanuu

12 Unmanned aircraft systems operations in the U.S. na-
tional airspace system [DmekTpoHHEIH pecypc] /
hsdl.org. URL:
https://www.hsdl.org/?view&did=723339 (nata oOpa-
menus: 27.07.2022).

13 8130.34B — Airworthiness certification of unmanned
aircraft systems and optionally piloted aircraft document
information [Dnexrponuslii pecypc] // Federal Aviation
Administration. URL:
https://www.faa.gov/regulations_policies/orders notices
/index.cfm/go/document.information/documentID/1019
693 (nata obpamenus: 27.07.2022).

4 Unmanned aircraft systems (UAS) [DnekTpoHHbIiT pe-
cypc] // Federal Aviation Administration. URL:
https://www.faa.gov/regulations_policies/rulemaking/re
cently published (mara oopamenus: 27.07.2022).
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omy6nukoBano «lIpaBuna Ge30macHOCTH Tpaxk-
naHckoil aBuarum» (CASR) AC101-1 «becnu-
JIOTHBIE JIeTaTeNIbHbIE amnmapaThl U PaKeThl: IKC-
TUTyaTanusi OCCIUIOTHBIX JIETAaTeNbHBIX anmnapa-
ToB (bBC), TexHuueckne XapakTepUCTUKU, TEX-
HUYECKOe 00CIIyKUBaHUE M OOy4YeHHE TMEepPCOHA-
na»'>, B KOTOPBIX COJEPXKUTCS TpeOOBaHUE K
OTepaTopy, HaMEpEeBaAIOIIEMYCS OCYIIECTBIATD
KOMMEpUECKHUe OIEepaluu C HCMOIb30BaHUEM
BBC, umers ceptudukar skcruryaranta. B Ku-
Tae, paccMaTpuBasi pa3BUTHE OECIMIOTHBIX Jie-
TaTeIbHBIX annapaTOBlé, CAAC eme B 2013 ro-
oy uznan BpemeHHoe momokeHue o0 ympasie-
HUW TWIOTaMU TPAKIAHCKUX OCCHMIOTHBIX Jie-
TaTENbHBIX allapaToB, KOTOPOE SBISETCS PyKO-
BOJICTBOM JUIsl THUJIOTOB TPaXIaHCKUX Oecru-
JIOTHBIX JIETAaTENIbHBIX amMapaToB U COACPKHUT
KOHKpPETHBIE TPeOOBaHUS K CepTH(HKATY MUIIO-
Ta, 3HaHWSAM MW Skcmryatauud. B 2015 romy
CAAC wu3zpan BpemeHHYI0 aJIMUHUCTPAaTUBHYIO
OpoUeaypy [Ulsl SKCIUTyaTallud TpaxJAaHCKHX
BBC mmsi xomMMmepyeckoll aBWAMK  OOIIETro
Ha3Ha4YeHUsI, B KOTOPOW yKa3aHO, YTO ONEpaTop,
KoTopbiii ympasnser bBC Becom Gonee 7 xr,
OCYUIECTBIIAIOIIMM TOJETHl Ha BbICOTE Ooiee
500 meTpoB, pamguycom monera 6onee 500 met-
POB, JOJDKEH MMETh cepTHdHUKAT 00 OOydeHHH
wm junensuto. C 2016 roma TpebGoanus x
YOpaBJIEHUIO CTaHJIApPTaMU MOJIeTaMH T'paKIaH-
CKOM aBuanuu OOS3BIBAIOT, YTOOBI OMEPATOP
BAC o6namanm cOOTBETCTBYIOIICH TEXHHYECKOU
KBaJTM(HUKAIMEH W MPOXOAMI HPOPecCHOHATb-
HyI0 oArotoBky, a BAC momkeH OBITh BKIIIO-
YeH B CHUCTEMY YIIPABJICHUS aBHAIMEH OOIIEro
HA3HAYCHHS .

TaxkumM 00pazoMm, AEHCTBYIOIINE MEXKITyHAPOI-
Heie ipaBuia BAC copepkar Tonbpko oOIme Tpe-

' Advisorycircular (AC) 101-1 [DnexTpoHHsIii pecypc] //
icao.int. URL:
https://www.icao.int/safety/UA/UAID/Documents/AC%?20
101-1.pdf (nata obpamenus: 27.07.2022).

' Low level operation of light and small unmanned
aircraft systems [DnexTpoHHslii pecypc] //
droneregulations.info. URL:https://droneregulations.info/
China/CN.html (nata obpamienus: 27.07.2022).

"7 Management requirements for the translated
airworthiness documents of civil aecronautical products and
articles [QnexTponnsIiii pecypc] // caac.gov. URL:
http://www.caac.gov.cn/en/ZCFG/ZCXWJ/GLWD/20160
2/t20160226 29239.html (nara obpamenus: 27.07.2022).
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6oBanust k nuioty/onepatopy BAC. He cyme-
CTBYET COIJIACOBAHHBIX M MOJIPOOHBIX TPEOOBAaHHI
K KBanmpukamu nunora/oneparopa bBC, u or-
pacid KpUTHYECKH BaXKHO BBIPAOOTATh €IMHBIC
KBAUTM(UKAIMOHHBIE TpeOOBaHMS  yNpPaBJIECHUS
MOJIrOTOBKOM mutoTa/ornepatopa bBC.

2.2. KpanupukannoHHbie TpeOOBAHUA

[Io anamoruu ¢ NEUCTBYIOIIMMH IPABUIIAMHA
JETHOM TOAHOCTH M B3aMMOJEHUCTBHS MEXIY
OIIEpaToOpOM M CHCTEMOH BO BpeMs JKCILITyaTa-
UM BO3IYILIHBIX CYAOB AJS KBaIU(UKALUU IH-
norta/onepatopa bBC crnemyer yduThBaTH He-
CKOJIKO (haKTOpPOB, B TOM YHUCIIE Hpodeccuo-
HaJIBHBIC Ka4de€CTBa, MCIUIIMHCKUC Tpe6OBaHI/I$I,
IICUXOJIOTHUECKYIO OLIEHKY, TpeOoBaHMs K 00y-
YEHHUIO, OIBIT PA0OTHI U KOOPIUHALIUS.

2.2.1. Ilpogpeccuonanvnvie kauecmea

[IpodeccronanpHbBlii W KBATH(PUIIUPOBAH-
Helii mot/onepatop bBBC pomken obnamathb
MATHIO KauyecTBaMH, BKJIIOYas MPOQEecCHOHAb-
HYIO MPEAAHHOCTh JIeTy, YyBCTBO JIOJITa, CaMo-
KOHTPOJIb, YHTY3Ha3M B paboTe, TIOTHYHOCTH (pa-
[IUOHANBLHOCTE). Kpome Toro, mumot/omeparop
bBC nomxen ObITh HE MotoXke 18 neT, ObITh hu-
3WYECKH MOATOTOBICHHBIM, XOPOIIO pa3Ouparh-
Cs B TEOPUH a’pPOHABUTallUU M JIEHCTBYIOIIMX
ABUAIMOHHBIX MTPaBUIIAX.

2.2.2. Meouyunckue mpedoeanus

[Io cpaBHEHHIO C MHUIOTOM MNHJIOTHUPYEMOTO
BO3JYIIHOIO Cy/JHa B HACTOSIIEE BpeMs IH-
not/onepatop BBC MoxkeT nMeTh MEAUITMHCKYIO
CIIPaBKy, HO OHA HE SBISETCS OOS3aTEIBLHOM .
besycinoBHO, HEOOXOIMMO MMETH XOpOIllee 3pe-
HHUE, HO OHO MOXXET OBITh XyXe, YeM y MUIOTa
NUJIOTUPYEMOTO JIETaTEeIbHOrO amnmapara. Me-
JUIMHCKHE TPEOOBaHHUS MOTYT OTJIMYATHCS U3-3a
pazHooOpazusi tumoB BbBC. Jlns HeOombmmx
BBC, skcmmyatupyeMbIx B IMpsIMOW BHUAMMOCTH,
MO’KET OBITh JIOCTATOYHO MEAMILIMHCKON CIpaB-
KM, Kak JJIsl TIOJy4eHHs] BOJMTENIbCKUX IpPaB.
Tem He menee, Hanpumep, B CIIA mis Gornee

' Cir 328: Unmanned aircraft systems (UAS) // ICAO,
2011. 38 p.
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KPYHHBIX OECHHUIOTHBIX JIeTaTeJIbHBIX armapa-
TOB OMNEPATOP AOJKEH HUMETh JICHUCTBUTEIbHBIN
MEIHUIMHCKHUI cepTu(dUKaT BTOPOTO MU TPEThE-
ro xmacca, omucanaeii B 14 CFR, uwacte 67
«MeaunmHCKUE CTaHAApThl U CepTH(bHKaHHH>>19.
Jnst orepatopoB, KOTOPbIE OTBEYAKOT 3a IUIAHU-
pOBaHUE MaplIpyTa BBHINOJHEHUs MOJeTa, Iepe-
Jladyy JAHHBIX W IMOJIE3HYI0 HArpy3Ky, MEIHIUH-
cKHe TpeOOoBaHUS MOTYT OBbITh YNPOIIEHBI B 3a-
BHUCUMOCTH OT JOJKHOCTH.

2.2.3. Ilcuxonozuueckas ouenka

B mnocnenHue roAapl 4YMCIO aBHALMOHHBIX
MIPOUCIIIECTBUH, BEI3BAHHBIX IICHUXOJIOTHYECKUMHU
npobiieMaMu MUJIOTOB, PAacTET, HO HE BCE aBHa-
KOMITAHUH YJIETISIIOT CEpbe3HOC BHUMAHUE TICH-
XOJIOTHYECKOMY  37I0POBBIO. MeXayHapoaHas
opranmzanus rpaxnanckoir asuauuu (MKAO)
yAeNseT 3TOMY MHOTO BHUMAaHMsI, HO 1O JIaHHO-
My BOTIPOCY BcC€ €Il HEJIOCTAaTOYHO pa3paboTa-
HO HOPMATHBHBIX aKTOB HJIM IMPOBEJIEHO HAyd-
HbIx uccnenoBanuil. Eme B 2013 romy FAA
OMyOJIMKOBAJIO OTYET O paccie0BaHUU aBHAIlH-
OHHBIX MPOUCHIECTBUN, B KOTOPOM YKa3aHO, YTO
B 2758 aBMALMOHHBIX MPOUCIIECTBUSIX B IEPUO]
¢ 2002 mo 2012 rox mpousounuio § HECYACTHBIX
Clly4aeB, BBI3BAaHHBIX CaMOYOHMIICTBOM MHJIOTa
[9, 10]. CormacHO OKOHYAaTEIBHOMY OTYETY O
paccienoBanuu OpaHIly3CcKOro 010po paccieno-
BaHWH W aHaiM3a 0E30MaCHOCTU TPa)TaHCKOU
asuanmu (BEA) kpymenue peiica 9525 aBua-
kommanuu Germanwings ObUTIO MpeIHAMEPEHHO
BBI3BAHO BTOPBIM MWJIOTOM, Yy KOTOPOTO ObLIN
CUMIITOMBI TICUXOTHYECKON JIeNpeccuu, KOTO-
pBIA JIeYmiics OT CYMUUAANBHBIX HaKJIOHHO-
creii®’. DTH HecyacTHbIE CIy4au 3acCTaBJIIOT
aBMAKOMIIAaHUM U aBUAI[MOHHBIE BJIACTH YAENATH
OonbIlle BHAMAHHUS TICHXOJIOTUYECKOMY 3I0PO-
BbIO IMUJIOTOB.

' Aeronautics and space [Dnexrponnsiii pecypc] /
ecfr.gov. URL: https://www.ecfr.gov/current/title-
14/chapter-1/subchapter-D/part-67?toc=1 (mara oOpariie-
Hus: 27.07.2022).

0 Accident on 24 March 2015 at Prads-Haute-Bléone
(Alpes-de-Haute-Provence, France) to the Airbus A320-
211 registered D-AIPX operated by Germanwings
[Onexrponnsrit pecypc] // Final Report. URL:
https://bea.aero/uploads/tx_elydbrapports/BEA2015-
0125.en-LR.pdf (nara obpamenus: 27.07.2022).
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ACHEKTBI, Kacaroluecs TICUXOJOTUH MHIIO-
ta/oneparopa BBC, u BhIMyIICHHBIE TNpaBHiIa
BBC He ccpuiaroTcst Ha MCUXOJIOTHYeCKHue Tpedo-
BaHMA B KBaJIM(UKAIIMOHHBIX TPEOOBAHMAX U HE-
JOCTAaTOYHO WCCIICAOBAHbI, YTO OOYCIIOBIEHO Ma-
JIBIM KOJIMYECTBOM HAayYHBIX CTaTell M0 JaHHOMY
Bonpocy. B 2014 ronry BBC CIIA nposenu uc-
CJIEZIOBAHUE MCHUXOJIOIMYECKON OLIEHKU KaHAWuJa-
TOB Ha 00yuYeHHE MUIOTOB JUCTAHIIMOHHO MHIIO-
TUPYEMBbIX TpaHCHOpTHBIX cpeactB (RPV) u
BIIEPBBIC MPEUIOKUIN  CTaHIAPTU3UPOBAHHOE
TECTUPOBAHUE JIMYHOCTH Tepen 0OydeHueMm.
B TecTupoBaHuMM JIMYHOCTH HCHONB30BAJICS Me-
ton (NEO-PI-R), koTopbIii OorieHMBaeT KaHAWA-
TOB TIO TSATH OCHOBHBIM JIMYHOCTHBIM XapaKTepH-
CTHKaM: HEBPOTU3M, SKCTPAaBEPCUS, OTKPHITOCTb,
YCTYMUUBOCTh U JJOOPOCOBECTHOCTh. B mccneno-
BaHUM NPUHIIM yyacTue 7682 yyacTHUKA, KOTO-
pple mpouut OOyueHHe MWIOTHUPYEMOMY WU
OecnuI0THOMY NHJIOTHPOBaHUIO B niepuo ¢ 2009
o 2013 rox [4]. MccnenoBanue mokaszano, 4To
KaHIuAaThl Ha oOy4yeHue nuiaotoB RPV ¢ Gomb-
el BEPOATHOCTHIO COXPAHSAIOT CIOKOWCTBHUE
10J] AABJIEHUEM, MEAJICHHEE BIAJAlOT B THEB, Mé-
Hee CKJIOHHBI K YyBCTBY I'pyCTH M O€3HaJEKHO-
CTH, UMEIOT 00JIee BBICOKYIO CAMOOIICHKY M CUH-
TaloT ce0si OoJjiee CIOCOOHBIMU  CITPABJIATHCS
C TPYAHBIMHU CUTYaIUAMHU.

[To Mepe moBbILIEHUS YPOBHS HHPOpPMATH3a-
1y ¥ aBToMatusanuu bBC ¢usnueckas Harpys-
ka Ha mwiota/oneparopa BBC cHmkaercs, HO
YMCTBEHHAasl Harpy3ka yBeJIWYHBAeTCs, 0COOEH-
HO B YpEe3BBIYANHBIX, CIELUUATbHBIX U OTBET-
CTBEHHBIX MHCCUsX. Ecnm mogo6HbIe mpobiembl
He OyIyT pelaThCsi ONEpPaTHUBHO, ATO MOXET
OKa3aThb BIIMSHUE HA IICUXUYECKOE 3/I10pOBbE
oriepaTopa M, COOTBETCTBEHHO, HA YPOBEHb 0e3-
OIMACHOCTH TOJETOB. Takum 00pa3om, mpu oToo-
pe nunorta/oneparopa bBC Heobxoaumo oreHu-
BaTh ICUXOJIOTHYECKOE COCTOSHUE KaHIWUIATOB,
KOTOpOE€ BKJIIOYAET psif cieayoumx (akTopos:
YPOBEHb JT0OPOCOBECTHOCTH, OTBETCTBEHHOCTD,
OpHEHTAIMI0 Ha JOCTHKEHHUE pe3ysbTara, KOM-
MYHHKa0€IbHOCTh, AMOIMOHAIBHYIO CTaOWIIb-
HOCTb, YBEPEHHOCTh B ce0e, caMOyBa)keHHUe, ca-
MOJIUCLUIUIMHY, a TAaKXe DPEryJIIpHOE IOcelie-
HUE TICHUXOJOTHYECKUX KOHCYJIbTALUN, BCE ATO
HeoOXxonuMo st ofecrieyeHus 0e30MacHOCTH
MOJIETOB.
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2.2.4. Tpebosanusn K odyuenutro

OO01eMUpOBOI OMBIT MOKA3bIBAET, YTO MAJIS
nuiotra mainoro bBC HeoOxomumo cnath 3K3a-
MEH 110 TEOPUH aBUALIMH, IPOUTHU MIPOCTOE BapHU-
aTHBHOE O0YYEeHHE U MOJYYHUTh cepTU(UKAT WIN
JULEH3UI0 B COOTBETCTBUU C HAMOHAIbHBIMU
TpeOOBaHUSIMHU aBUAIMOHHBIX mpaBwi [11, 12].
CornacHo, Hampumep, MpaBUJIaM ABHALMOHHBIX
Biacteii CIIIA muimor BBC nomxkeH nMeTh BOAU-
tensckue npasa. s BBC Bblie TakTHueckoro
YPOBHS TIJIOT/ONIEPaTop AOHKEH UMETh 00pa3o-
BaHUE ypOBHs OakajiaBpa B 00JacTH aBHUALUU
WIH WHXCHEPUU, TPOUTH MNPOdeCcCHOHATBHYIO
porpaMmy MOJATOTOBKM IHJIOTOB, HW3Y4YUTh
a’pOHABUTALIMOHHBIC JUCIUIUIMHBI U UMETh He-
o0xoauMeblii Hanet dacos. s oneparopa BBC,
CIY’KaIllero B apMUH, TMOJHIMH U TOCCITyXO0e,
HEO0OXOUMO HMMETh JIULEH3UIO MUJIOTa C OIlpe-
JIeJICHHBIM HAJIETOM YacoB, a IPUHUMAs y4acTHe
B 0OCBBIX ONEpaIMIX WKW OyIy4Hd CBSI3aHHBIM C
MECTOM MPECTYIUIEHUS, BOCHHBIN WIH MOJULICH-
CKHMIl Oomeparop AOJKEH IMOCelaTh MCHUXOJIOTH-
YecKue KOHCybTaluu [13] nmst noaATBepKaeHuUs,
YTO €ro MCUXUYECKOE COCTOSTHUE HAXOAMTCS Ha
JOJDKHOM YpOBHE UI 3((EKTUBHOTO BBIMOJIHE-
HUS IOCTABJICHHOM 3aJa4u.

2.2.5. Onoim 1emnoi u mexHuueckou
IKCnayamayuu

B cBs3u ¢ TeM uto >xunax bBC He Haxonur-
cs Ha OOpTY, DIKCIUTyaTallMOHHBIE XapaKTepH-
ctuku U ynpasienue bBC oTnuyatrorcst ot nu-
JOTHUPYEMBIX BO3IYIIHBIX cy10B. Kak mpaBuio,
AKHUIAXH OECMUIOTHBIX JIETaTEIbHBIX alapaToB
HaxXoJATCSI Ha HA3eMHBIX IMYyHKTAaX YIMPaBJICHUS
MOJIETOM, KOTOpPbIE MOTYT HaXOJUThCS Ha 3HAYH-
tenbHOM ynaneHun ot bBC. Takxke, kak npaBu-
10, bBC ynpasnsieTcs mocpeacTBoM mpeaBapu-
TEJBHO 3arpy>KeHHOM MPOrpamMMbl IMOJIETA, a HE
HEINOoCpeACTBEHHO orepaTopoM. Takum oOpazom,
nwiiot/onepatop BBC nomkeH mpolTH creru-
QTBHYIO TOJTOTOBKY, YTOOBI 0OecrneunuTh Oe3-
OMacHOCTh MOJIETa B YCJIOBHSX, KOTJa CHUCTEMa
ynpasieausi bBC HaxoguTcs B M30JUPOBAHHON
cpene [14]. Ecnu omeparop neGonbmux BBC
MO’KET HE UMETh OOJIBIIIOTO OMbITA BBHITOJIHEHUS
MOJIETOB B 30HE MPSAMOI BUAMMOCTHU, TO Jisi 00-
nee kpynHbix BBC, ocoOeHHO 11 TpuMeHeHus
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B BOCHHBIX HJIM CIYXEOHBIX ILEJSIX, ONepaTopy
HeO6XOI[I/IMO HNUMCTH 3Ha‘-IHT€J'II:HLII>i OIIBIT JIs1
o0ecrieueHHsl YCIIEITHOTO BBIMOJHEHUS 3a[aHUs
1 0€30I1aCHOCTH MOJIETOB.

2.2.6. Koopounayusn

[TockonbKy B mocienHue rojibl pa3paboTka u
npumenenne bBC pacuupsitorcs, To Bo3pacTaer
HEOOXOIMMOCTh MX B3aUMOJICHCTBHS B BO3/YII-
HOM mpocTtpaHcTBe ¢ npyrumu bBC, nunorupy-
€MBIMH JIeTaTeIbHBIMH alllapaTamu, OecruioT-
HBIMH Ha3€MHBIMH armnapaTamMd ¥ OeCHUIOTHBI-
MU HAJBOJHBIMH U TOJBOJHBIMH aIllapaTaMH.
OueBuanHo, yto mmiot/oneparop BBC momken
ObITh 3HAKOM HE TOJIBKO C JIETHOM M TeXHUYe-
ckoil skcrutyatanet bBBC, Ho Takxke u ¢ 3Kc-
IUTyaTallMOHHBIMU  XapaKTEPUCTUKAMHU JIPYTHX
TPAHCHOPTHBIX CPEACTB, MPOXOIUTh CUCTEMATH-
YeCKYIO IMOATOTOBKY IO B3aMMOJEHCTBHIO C pa3-
HBIMU TUIIAMH aNMapaToB IEpe] BBINOJIHECHHEM
noJjera.

[Tonaraem, 4To KBamU(pHUKAIMOHHBIE TPEOO-
Banus k muioty/oneparopy bBC (BAC) u Hop-
MaTHBHas 0a3a TpeOyIOT MOCTOSHHON 0paboT-
KU B COOTBETCTBUU C BHEIPEHUEM TEXHOJIOTHH U
MU3MEHEHUH B 3aKOHOJIaTENIbCTBO.

3. O0y4yeHue NUJI0TOB/ONIEPATOPOB
BBC (BAC)

B nHacrosmee BpeMsl B COOTBETCTBUHM C IpH-
ka3oM Muntpanca P® TtunoByro mnporpammy
o0yueHHsl A CHEeMAIMCTOB MO 3KCILTyaTalluu
BAC nnanupyercs yrBepauts 1 mapra 2023 ro-
na. IIpoekT HaxoauTcs Ha CTaaAuU MyOIMYHBIX
o6cysxaenuii’ . KiTIOueBbIME aCIeKTAMHI ITPOEK-
Ta IPOTPaMMBI SBIISIOTCA CIEAYIOLIHE.

Boigeneno tpu pabounx MmporpaMMsbl ¢ JIBY-
Ms KBaTU(UKALUAMU:

e «Crnenuanuct Mo SKCIUTyaTaluud OecHuiior-
HBIX AaBHAIIMOHHBIX CHCTEM, BKJIIOYAIOIIHUX B
ce0s 0HO OECHUIOTHOE BO3AYIIHOE CYIHO C
MaKCHMaJIbHOW B3JIeTHOW Maccoil 10 xr u me-

I DopMupoBaHHe OKOHYATEIBHOTO BAPHAHTA TEKCTA
MPOEKTa HOPMATUBHO-TIPABOBOTO aKTa [ DJIEKTPOHHBIH
pecypc] // TIpoekt. URL:
https://regulation.gov.ru/projects#npa=130645 (nara
obpamenus: 27.07.2022).
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Hee». Cpok oOyueHus — 72 akageMHYECKUX
yaca,

o «Crenuanuct Mo SKCIUTyaTallud OecTuiIoT-
HBIX aBHAIIMOHHBIX CHCTEM, BKJIIOYAIOIIUX B
ce0sl 0OIHO WJIM HECKOJIBKO OECIUIOTHBIX BO3-
IOYIIHBIX CYJOB C MaKCHMAallbHOM B3JIETHOM
maccoil 30 kr u meHee». Cpok oOydeHHs —
144 akameMudeckux yaca.

[IporpaMMa nepenoaroToBKu ¢ NEPBOM KBa-
mupukanun Ha BTOpyro. Cpok oOydeHus —
72 akaJeMHUYECKHX Yaca.

OOyuaThCcsi MO MporpaMmaM CMOTYT JHIIa,
UMEIOIIHe cpeaHee oliee oOpa3zoBaHuE, Cpejl-
Hee mpodeccuoHanbHOe 00pazoBaHuEe U (WJIH)
BbICIlIeE 00pa3oBaHUE, a TAKXKE IOJIy4arollne
cpenHee mpodeccruoHaibHOe W (WJIHM) BHICIIEE
obOpasoBaHue.

Bech mporiecc oOyueHusi MOJeNeH Ha TPHU
ATara " MsITh MOLYJIEH.

1. Teoperuueckas MOATOTOBKA, MOMIYJIHU:
«O0mass HOpMaTHBHO-TEXHHYECKass HWHQOpMa-
uus», «YCTpoucTBO M 3Kcrutyatauus BAC» u
«Teopernyeckass yacTh HAa3€MHOW MOATOTOBKHU
Ha Bug BAC».

2. HazemHas mpaxtuka, moayib «IIpaktuye-
CKas 4acTh Ha3eMHON MOAroToBKY Ha BAC».

3. Jletnas npakTtuka, Moayib «JleTHas mpak-
Trka Ha BAC».

[Ipennonaraercsi, yTo MEPBBIA ATall MOXKET
ObITh TPOWIEH B OYHONH WM OYHO-3a0YHOU
dbopMe C BO3MOXKHOCTBIO TPUMEHEHHUS DJICK-
TPOHHOTO OO0Y4YEHUS M JUCTAHIIMOHHBIX 00pa30-
BaTEJIbHBIX TEXHOJOTUH.

O4eBHIHO, UYTO CYIIECTBYET pa3HHIIA B MOJ-
xone kK obydenuto nunoroB bBC u nmunotupye-
MBIX BO3IYIIHBIX cyAoB [6, 7]. Bo-mepBbix, 06e3
HaJIM4MA 4eloBeka Ha Oopty omepatop BBC
(BAC), maxomsace B HITVYII, onpenenser mecto-
nonoxxenne u ympasiger bBC (BAC). Bo-
BTOpHIX, Y Tmiiota BBC (BAC) Het dusznueckux
OrpaHUYEHUM, HAaBBIKU YIIPABJICHUS OTINYAIOT-
cs, 4TO TpeOyeT COBEPIICHHO APYruX TpeboBa-
Huii. B-tpereux, bBBC (BAC) ynpasnsercs ko-
MaHJI0M, BKJIIOYAsl MIJIOTA, ONIepaTopa MoJae3HOM
Harpy3KkH, oneparopa KaHaljla epeiau JaHHbIX,
orepaTopa IUIAHUPOBAHMS 3aJaHusl U Jpyrou
BCIIOMOTATENbHBIN MEePCOHAII, YTO TpedyeT aud-
(bepeHIUPOBAaHHOTO TMOAX0/Aa K OTBETCTBEHHO-
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CTH KaXJOro 4jeHa KOMaHIbl U COJEpPKAHUIO
nporpaMM oOydeHus. B-ueTBepThIX, CyLIECTBY-
10T paznuuHble TUIIEI BBC (BAC), Tpebyromue
YUUTBHIBaTh Pa3HOOOpa3HbIE aCMEKThl 00YyUYEHMS.
Taxkum oOpa3oM, cofepkaHue U METObl 00yue-
s mutotos/oneparopoB BBC (BAC) momkHbI
YUUTBIBATHCS B K&KIOM KOHKPETHOM CIIyyae.

Kak u npu oOydeHuH nuiaoToB NUIOTHpYE-
MBIX BO3JYLIHBIX CYAOB, HHJIOTY/OnepaTopy
BBC (BAC) Taxxe HeoOXoauMa MpaKkTUYECcKas
JeTHas MoArotoBka. Vcmosb3oBaHue mpu o0y-
YEHUH TOJIbKO peanbHbIX Ppusndyeckux bBC nume-
eT 1Ba Hejoctarka. IlepBblii M3 HUX — MOBBI-
IICHHBI PHCK ABUAIIMOHHOTO MPOMCIIECTBHSA,
TaK Kak MWJIOT HWJIOTUPYEMOI'O BO3IyIIHOTO
CyJlHa IpH TOSBICHUM HEUCIIPABHOCTU MOKET
OPEANpPUHATh ONpeaeNieHHble (u3ndeckue neil-
CTBHSI JJIsl CHUKCHUSI BEPOSITHOCTU BO3HUKHOBE-
HUS aBHALIMOHHOTO mpoucuiectBuss. OnHako ec-
o cOOil WM HEHMCIPAaBHOCTb MPOM30HAET BO
BpeMms nosiera bBC, To ckopee Bcero Hanbosee
BEPOSITHBIM TIOCIEACTBUEM OYIEeT €ro Kpyiue-
Hue. Bropoit — pacrymas croumocte bBC
(BPAC) mpu mNOCTOSSHHO — YBEIMUYMBAIOIICHCS
CJIO)KHOCTH, OCOOEHHO 3TO XapaKTepHO s
6onpmnx bBC. Takum 00pa3om, HCIIOIB30BaHHE
peansubix BBC mis 00yuenus mpuBeneT K 3Ha-
YUTEIHHOMY YBEIMYEHHUIO PACXOI0B Ha o0yue-
HHE U TOTpeOyeT NPUBJICYEHUS JONOTHUTEIBHO-
ro KOJIMYECTBA IPENOAABATEIBCKOIO IIEPCOHAA.
Taxke oOyuenne Ha peanbHbix BBC (BAC)
NpUBEET K MOBBIIIEHHOMY W3HOCY WJIM TOBpe-
xaeauto bBC (BAC) u3-3a BO3MOXXHOU Herpa-
BWJIBHOM OKCIUTyaTalM TNpu OOyYeHHUH, YTO
MOJKET YBEJIMYUTh PACXO/bl Ha 3alacHble YacTU
u Ha TexHuueckoe oocyxuBanue bBC (BAC).

YuuteiBast Bce 3TH (HaKTOphl, 0OyUeHUE TH-
nota/oneparopa bBBC nomkHO BKIIIOYaTh TEope-
TUYECKYIO MTOATOTOBKY, 00s3aTeIbHOE 00y4CHHE
Ha TpeHaXxkepe, 00yUYeHHEe YNPaBICHUIO MaJIbIMU
bBC wu cnenuanmu3upoBaHHoe OOydYeHHE, 4YTO
JIOJDKHO OXBATBIBAaTh NMPAKTHUECKU BCE yueOHBIE
NpEeIMEThl, CHUXKaThb PUCKHM U 3aTpaThl Ha 00y-
YeHHE, MOBBIIATh 3((HEKTUBHOCTh M YMEHbBIIATh
HEHYKHBIA yIepo M3-3a 4eJIOBEYECKUX OIIMOOK.
OcHOBHOE coJepKaHWe M METOAbl O0Y4YEeHHUs
nuiorta/onepatopa BBC (BAC) mpuenens B
Tabm. 3.
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Taoauna 3
Table 3

OcHoBHOE coaepxkaHue 1 MeTo bl 00yueHus nuiotos/oneparopoB bBBC (BAC)
Syllabus and methods of training UAV (UAS) pilots/operators

1| Kypc |AucuMiuviaHa Conep:xanue MeTtona u odopya0BaHue
BasoBele 3Ha- | A’poauHaMuKa, IPUHLUI [10JIETA, YIIPABICHHE Teoperuueckue JTeKIUM, Kaxaas
HUA MOJIETOM, YIPaBJIEHUE BO3AYIIHBIM JBIDKEHUEM, | TeMa IPENoAaeTcs MpernoaaBa-
IIpaBuJIa MOJIETa, KPUTHUECKUE METEOPOJIOTHYe- | TeISIMHU/3KCIEPTaMH.
CKHE YCIIOBHS U T. [I.
Brenenue Pazpabotka, kareropun u npumenerne BAC, nipo- |Ilcnxomorundeckoe 300poBbe
B BAC OJIeMBI ¥ pa3BUTHE TEXHOJIOTHH MPENoaeTCs MPOQPECCHOHATb-
Kommonentsr | BAC, Ha3eMHBIH IyHKT yIIpaBICHUs MOJIETOM, HBIM aBHAllHOHHBIM IICHXOJIO-
BBC (BAC) KaHaJbI Iepeadn JaHHBIX, TI0Je3Has Harpy3Ka, TOM, a TIeJIeHANpaBJICHHAS TICH-
BCIIOMOTATeNbHOE 000PYI0BAHUE, YENOBEYECKUN | XOJIOTHYECKAs MOJIrOTOBKA ObLIa
daxTop MHTETPUPOBAHA B TPEHAXKEPHI U
Teoperu- 3amanus BAC | TunmuHbIf aHAMN3 337129 ¥ JJAHHBIX, IJJAHUpOBaHKe | PEAIbHBIC ITOJIETHL.
MHCCHH, IPOLIENYPHI 3aBEPLICHHS] MUCCHH
1 Heckoe Be30nacHoCTh | AHAIIN3 PUCKOB, yIIpaBiIeHHe 6e30macHoCThIo o- | CONIACHO OTYeTaM O pacciieio-
obyuenne I10JIETOB JIETOB, CLIEHAPUU aBAPUNHBIX CUTYallUul BaHUAX HECHACTHBIX CIIy4acs,
Hopmatusuble | UKAO, PocaBnanus, FAA, HATO, EASA, Ku- BBI3BAHHBIX YCTTOBEYCCKUM (hak-
JIOKYMEHTBHI Tail, BenmukoOpuTaHus M T. 1. TOPOM, BBE/ICHHE IIPOOIEM €
PaccrenoBa- | TUIM4HBIE OTUeTHI O paccieosanusix A[I BAC | 4€10BEUECKHM (akTopoM B
aue AIT W IIp. 9KCIUTyaTalUI0 OECIMIOTHBIX
Tcuxornornde- | basoBble 3HAHMS ABHAIMOHHON MICHXOJIOTHH, ricHxo- | 11¢141¢/IPHBIX alllapatos,
CKOE€ 3[I0pOBbE | JIOTMYECKUI TPEHUHT, YIIPaBJICHUE CTPECCOM, KEHCBI TpENOCTABICHIC COOTBETCTBY~
(TemMaTHYecKne MCCIIe/IOBAHNs) IOLLVX PEKOMEH Il 1IpHt 00y~
Yenoseuecknii | ba3oBble 3HaHUs, YE€IOBEUYECKHE OIIMOKH U O€3- HCHHH SKCILTyaTallni
(axrop OIaCHOCTh, 3PTOHOMMKA, KEHCHI (TeMaTHIecKue
MCCJIEJOBAHMs)
Berynienue Kommonentsl, pynkunonansHocth BAC, skcruty- | Y4eOHbli TpeHaxep, IMUTALHS
AaTallMOHHBIC MTPOUEAYPbL OT aHaJiIn3a MHUCCHH 110 IIJIaHU-
JletHsle BasoBeie onepannu, mIaHupoOBaHHE MUCCHH, B3ieT | POBAHUSA IIyTH, OT KOHTPOJIA 10
HaBBIKH W TI0CaIKa, aBapuiHas OCaaKa U T. 1. neOpuuHra, M0 PyKOBOJ-
Obyuenue CTBOM TIPO(ECCHOHAEHOTO
2 |Ha Tpe- MonenupoBa- | Kparkue nmocranoBkH 3a1a4 U pa3dop MoJIeTOB, HHCTpyKTOpa
Hakepe HHE THUITUYHBIX | TPEHAXXEPHAs IIOAr0TOBKA, aHAIN3 JaHHBIX, JJIEK-
3a/1a4 TPOHHBIE/OYMaXXHbIE OTYETHI
CoBmectHOe | CoBMECTHasi TPEHUPOBKA KOMaHbI OIIEPaTOPOB
o0ydeHue OeCHMIOTHBIX JIETATEIBHBIX ANIMAPATOB 10 BbI-
TIOJTHEHHIO THITMYHOTO 33aHusl
Tpowus- JlerHsle TexHn4IecKue HaBbIKH, B3JIET, HA0OP BBICOTBI, T10- BunHTOKpBUTBIE MM HEOOITBIINE
BomcTBo | HABBIKH JIeT, T0CA/IKa M BOCCTAHOBJICHUE, aBapUiiHas 0- | OECIIMIIOTHBIE JIETaTeIbHBIE
3 |momeron cajka anmnaparsl ¢ QUKCUPOBAHHBIM
Bzaumopeiict- | UmuTanus B3auMoAeHCTBUS C KOMAaHAUPOM, AUC- | KPBIJIOM, OTYETHI O pacCiaeqoBa-
Majoro BUE neruepoMm YB/I u npyrum nepconaiom HUAX BOCHHBIX U I'PaXKIaHCKHUX
BBC aBHAIIMOHHBIX BJIACTEH
CnenuansHas | Haneneno na BBC cnenmanbHOro Ha3HauCHUS, Hcnons3oBanue cnenuaibHOM
[peaMeTHast Hanpumep Ha BBC, npenHazHaueHHbIC IS TYIIE- | 30HBI/TUIONIAIKH, CIICIIHATbHBIX
Criera- | TOATOTOBKA HUSI JIECHBIX TI0’KapoB (3aIlyCK OTHETYLINTENEH, BBC.
nepesapsijika, 3aMeHa I0JIe3HON Harpy3ku, oOHa- | Mcnosip3oBanne yueOHO-TpEeHH-
4 JM3HPO- py’KeHHe I0XKapa | T. 1.) POBOYHBIX CAMOJIETOB, TAKUX
B%HHOG OcOBEHHOCTH Jnst oneparopa 6onee kpynHoro bBC, kak, Haripumep, AH-2, Cessna
00yHCHHC MUWIOTUPYIOLIETO MUIOTUPYEMBIH JIETATENbHbII 172 v TB-20
BBITIOJTHEHHSA
HOIIETOB arnmapar, CpaBHUBAs PA3HUILY B YIIPABICHUH MEXITY
BBC 1 niiotHpyeMbIM BO3IYIITHBIM CYIHOM

44



Tom 26, Ne 01, 2023

HayuyHbiit BectHuk MITY TA

Vol. 26, No. 01, 2023

CornacHO CTaTHUCTUKE M OTYETaM O paccie/o-
BaHMAX ABHAIIMOHHBIX MPOWCIIECTBHN TICHXOJIO-
T'MYECKOE 37I0POBbE U YEIOBEUECKUE OIIUOKU SIB-
JSIFOTCSL TByMsI OCHOBHBIMH (DaKTOpaMH, BITUSIO-
MKMMH Ha 6e3omacHocThb nosetoB. Ho s o0yue-
Hus motos/onepatopoB bBC (BAC) atu dak-
TOpBI €lle HEJOCTaTOYHO HCCIEeNOBaHbl. Takum
00pa3zoM, MCUXOJOTUIECKOE 3I0POBbE U YEJIOBE-
yeckuii akTop B 00y4eHUH MUIOTOB/ONEpaTOpPOB
BBC (BAC) TpebyroT nanbpHEHIIero n3ydeHusl.

3.1. IIcuxosornyeckoe 310poBbe

ViydmieHre ICUXOJOTUYECKOTO  3/10POBbS
HEOOXOJUMO JIETHOMY COCTaBY, 4YTOOBI CHSATH
yCTaJIOCTh, TMOBBICUTH 3(PPEKTUBHOCTh pabOThI U
Jyd4llle CIPaBIATHCS C HArpy3KamH. OKCIEPThI
OTMEYAIOT, YTO HAINYME NCUXOJIOTUYECKUX IPO-
OJ1eM TpY BBHITIOJIHEHUH TOJIETa 3aTPyIHUTEIHHO
OIPENENINUTh TPU ICUXOJOTHYECKOM OLIEHKE Ha
sTane npuemMa Ha padoty [15]. [TumoTer muIOTH-
PYEMBIX BO3YLIHBIX CYZOB PETYJISPHO MPOXOISAT
MICUXOJIOTUYECKHUE TPEHUHTH U TOCEIIaloT KOH-
cyabTaimu. Takum o0pa3oM, TPEHHWHTHU IO IICH-
XOJIOTHYECKOMY 37I0POBBIO JTOJKHBI OBITh BKIIIO-
YHBl B MpOrpamMmy oOyuYeHMs MNHIOTOB/Omepa-
topoB BBC. TpeHMHTH AOMKHBI MPOBOIUTHCS
aBHAIMOHHBIM TICHXOJIOTOM, YYE€OHBIH IUIaH J01-
XKeH (OPMHUPOBATHCS C YUETOM OCOOCHHOCTEH
BBIIIOJIHEHUS IOJIETOB, BO3pacTa U TEKYIIEro
MICUXUYECKOT0 COCTOSTHUSI MUJIOTA, JIJIsl TOTO YTO-
OBl TIOMOYb OCBOUTH HEOOXOAMMBIE METOJBI TIO
YCTpPaHEHUIO0 HeraTUBHBIX 3Mouuid. CoaeprkaHue
TPEHUHTA IO NICUXOJIOTHYECKOMY 3/10pPOBBIO BO3-
MO>KHO pa30UTh Ha TP 4acTH. Bo-nepBbIX, aBua-
[[UOHHBIC TICUXOJOT'M 3HAKOMAT C OCHOBAaMHU
aBUALIMOHHOMN MCHUXOJOIMH U Ha OCHOBE OTYETOB
M0 paccleOBaHUIO ABHALIMOHHBIX MPOUCIIE-
ctBuii bBC, BBI3BaHHBIX YeIOBEYCCKUM (HaKTO-
poM, 00CY>KIAl0T C MUJIOTOM BaKHOCTb TICHUXOJIO-
ruyeckux (axkropoB mpu skcmyaranuu bBC.
Bo-BTOpbIX, THIOTY OOBSCHSIOT COBPEMEHHBIC
METObI ICUXNYECKOI TpeHHpoBKU. Heobxoaumo
oOyuath nunota/onepatopa BBC Takum acmek-
TaM, KaKk BHMMaHUE, MaMATh U MBIIIJIEHUE, UC-
MOJIb3YsI BUPTYaJbHBIE TPEHAXKEPHl U peabHBIN
noier. Taxxe mwot/onepatop BBC momxen
OBITh TIOATOTOBJICH K yMPAaBJICHUIO B aBapUHHOU
CUTyanuu. B-TpeThux, MUI0Ty/OmepaTopy ciemy-
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€T OBIIAJICTh METOJAMHU YIIPABICHHSI CTPECCOM M
CBOMMH SMOIMSIMH, HOPMAJIM3aLUN CHA, UCIIOIb-
30BaHUs (PM3MYECKUX YIPAKHEHHH, B TOM YUCIIE
U 171 camopacciiabnenus. Bee 310 Heobxoxumo,
yroObl nuot/onepatop bBC cmor sddexTnBHO
BBITIOJTHUTH 3aITAHUPOBAHHOE 3a/IaHHE.

3.2. YenoBeyeckuii paxTop

CrarucTuka nokaseiBacT, yro moutu 40 %
aBranroHHbIX npouciectuii ¢ BBC (BAC) mo-
TYT OBITH CBSI3aHBI C YEIOBEYSCKUMU ONIMOKAMHU
M HApyIICHHEM MpOIEAYp OSKCIITyaTallun .
UccnenoBanus psina skcneptoB [15] mokasbiBa-
10T, YTO IJI0Xasi OCBEJOMJIEHHOCTh O CUTYalluu
Obula CBA3aHA C OMIMOKAaMH OIlepaTropa B CEpUU
TPEHEpUBOYHBIX 3a/anuii. Hanpumep, npu kpy-
nieHuH BoeHHbIX bBC yacTuyHO npuunHON aBa-
puil CTaHOBUJIOCH CyXeHHe (OKyca BHUMAaHWS,
0COOCHHO BO BpeMsl JICHCTBHI MO HaBEIEHUIO Ha
nenb. OIHOBPEMEHHO YBEIMYMBAJIach 4acToTa
CEp/ICUHBbIX COKpAIICHUI MUJIOTa U YMCTBEHHAas
Harpy3ka. PasHuia Mexay BBIIOJTHEHHEM IOJIe-
Ta OJHUM M JBYMS ONEpaTOpaMu YKa3bIBaeT Ha
TO, 4TO I 3()PEKTUBHOTO BBIMOTHEHUS TIO-
CTaBJIEHHOM 3a/Jaud TOJBKO OJHOTO OlepaTopa
BBC (BAC) nemocrarouno. Takum oOpazom,
HEOOXOUMO BKJIIOYHTH THporpammy «Yemose-
YecKuil (akTop» B MPOrpaMMmy OOyUYEHHUS ITHIIO-
ToB/onepaTopoB bBC, xoTopas HeoOxoauma asist
MOBBIMICHHUS] O€30MaCHOCTH TOJIETOB U d(dek-
TUBHOCTH pPaOOTHI, TOBBIINICHUS YPOBHS KOH-
TPOJsl omepaTopa 3a MOJETOM U YMEHBIICHUS
KOJIMYECTBA HECUACTHBIX CIy4yaeB H3-32 HECO-
TJIaCOBAHHBIX IeHCcTBUM »HKumaka. Ilomaraem,
yTO ydeOHas mporpaMmMa IO YeJIOBEYECKOMY
(dakTopy JOKHA COCTOATH U3 YETHIPEX YacTEw.
Bo-nepssix, nuinot/onepatop BBC nomxen u3sy-
YUTh OCHOBHBIC TTOJIOKEHUS TUCIMIUIUHBI O Ye-
JOBeUecKoM (pakTope: OorpaHHuUEHHUs] MPHU B3au-
MOJICMICTBMM WJICHOB SKHUMaXa B KOTHUTHUBHBIX
mpoleccax, TakuX Kak 3peHHUe, CIyX, OCBEIOM-
JIEHHOCTh O CHUTYyallud, TPHUHATHE PEIICHHH,

Drone incident managment at aerodromes. Part I: The
challenge of unauthorised drones in the surroundingds of
aerodromes [DnekTpoHHsIi pecypc] // icao.int. URL:
https://www.icao.int/safety/UA/Pages/EASA---Drone-
Incident-Managment-at-Aerodromes.aspx (narta
obpamenus: 27.07.2022).
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BHUMaHME M paboyas Harpyska. Bo-BTopbIX, ¢
TOYKH 3pEHMSI IPOEKTUPOBAHUS U SKCIUTyaTalluu
BBC (BAC) uHCTpYyKTOp AOJKEH O3HAKOMHTH
MUJIOTa/0TiepaTopa ¢ SPrOHOMHUYECKUME (DaKTo-
pamu, Biausttomiumu Ha paboty BBC (BAC), Ta-
KHMH KaK YeJIOBEKO-MallTMHHBIA HHTEpEiic, Cu-
CTeMa YIpaBJECHUS, CUCTEMa OTOOpakeHUs Hu
BHyTpeHHss cpena B HIIVIIL. B-tperbux, 00b-
€IMHUB KOHLIEIIUIO O YeJIOBEYECKO ommobke ¢
OTYeTaMH O pacclieZJOBAHUM aBUALIMOHHBIX MPO-
uciectsuit BBC (BAC), HHCTPYKTOp COBMECTHO
C MUJIOTOM NpPOAHAIMU3UPYET, KaK 4YeJIOBEeUECKas
omunOKa BiIMsAET Ha O€30HacHOCTb IOJIETOB, U
NPEJIOKUT PEKOMEHIAIMK Il IpeaoTBpalie-
HUsSl 4eJoBEeYeCKHX OoImOoK. YerBepras yacTb
MOJKET OBITh IMOCBSIIEHA aHAIN3Y MPOOJIeM Ye-
JOBeYeCKOro (hakropa, KOTOpble MOTYT HOBIIH-
ATh Ha 0€30MaCHOCTh MOJIETOB M 3(PPEKTUBHOCTD
JKCIUTyaTalli, TaKuX Kak pabouas Harpyska,
OCBEIOMJICHHOCTb O CUTyallMM, paclpelesIeHne
GYyHKIMA MEXIy YeTOBEKOM W MAaIlIWHOU, IPO-
OJeMBI C ypOBHEM KOHTPOJIS ONIEPaTOpPa, a TAKKE
IIPEIOCTABIIEHUE COOTBETCTBYIOUIMX PEKOMEH-
JIanuii 1 o0ydeHus: mo Hanboliee pacpoCTaHEeH-
HbIM Keticam. Llenpro mporpaMmbl 0OydeHUS de-
JoBedyeckoMy (pakropy muiora/oneparopa bBC
ABJIACTCS OCO3HAHUE BAXKHOCTH YEIIOBEYECKOTO
¢dakTopa B skcrutyarauuun BBC mins cHmkeHus
BEPOATHOCTH BO3HMKHOBCHMS  aBUALIMOHHBIX
npoucuiecTsui npu skcmyarauun bBC u mo-
BBIILICHHSI O€3011aCHOCTH MOJIETOB.

Takum 00pa3oM, HaMH MPEATIOKEHBI OCHOB-
HBIE METO/bl U COJEpKaHHE OOYyYeHHMs, a TAKXKe
MOAPOOHO PACCMOTPEHBI COJIEPKaHUE TaKUX JHC-
LIUIUINH, KaK 4€I0BeYeCKUH (PaKTOp U MCUXOJIOTHU-
yeckoe 310poBbe npu dkciutyatanuu bBC (BAC).
ITo mepe pa3Butus 1 BHeapeHus TexHoaoruii bAC
Y TIOBBIILCHHS aBTOMAaTHU3alMM OIPENEIECHUE U
OTBETCTBEHHOCTh TwyioTa/oneparopa BAC Taxxke
noTpeOyIOT BHECEHHS U3MEHEHUH, UTO MPUBEIET K
(hOpMHUPOBAHHIO HOBBIX TPeOOBaHUN K OOYYECHHIO
nsioTa/oneparopa BAC.

BriBoabI

[To mepe pa3BUTHA TEXHOJOTHH OecnMIIOT-
HBIX JIETATEJIbHBIX allapaToOB BOEHHAas U Tpax-
JTaHCKasl aBualus OyayT Bce OoJbIle oIaraTbCs
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Ha BBC, u npodeccus nunora/oneparopa bBC
cTaHeT Bce Oosiee pacmnpocTpaHeHHou. B HacTo-
Aliee Bpemsl yjaessiercs Bce OoJibllle BHUMaHMS
U3YYEHHUIO KBaJM(UKAIIMOHHBIX TpeOOBaHUU U
BOIpocaM 00ydeHus: nuioTos/onepatopoB bBC,
YTO MOJKET IOBBICUTh YPOBEHb O€30MaCHOCTU
HOJIETOB U CIIOCOOCTBOBaTh YCKOPEHHOW paspa-
6otke u mmpokomy mnpumeHenutro BAC. Ten-
neHus pazsutus bAC 3axinrodaercss B TOM, 4TO
BAC unmeeT BO3MOXKHOCThH TEpPEXoja K BHITOJ-
HEHUIO TIOJIHOCTBIO aBTOMATHYECKOIO TIOJETA,
YTO CHU3UT HArpy3Ky Ha MWIOTa/onepaTopa
BAC, HO noBbIcUT TpeOOBaHMS K HUX KBaTU(H-
kauuu. Ilognepxanne HE0OXOIUMOTrO YpOBHS
KBaJM(PHUKALIMM ¥ HENpepbIBHOE OOyuyeHHE IH-
nora/oneparopa BAC B cBsi3u ¢ OBICTPHIM pa3-
BUTHEM M MIHUPOKUM npumeHenuem BAC Oyzer
UIpaTh KIKOYEBYIO POJIb B Pa3BUTHH aBHALIUU.
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HUccnenoBanue TeXHOJOTUM B3AaUMOAEHUCTBUS
CJIY2KOBbI 00C/IY:>KMBAHUSA BO3AYILIHOT0 IBUKCHUS
U OPHUTOJIOTHYECKOM CIYKObI

B.H. Heuaes', M.B. KyJIaKOBl, I'.A. Facnapﬂnl,
A.B. l'onuapenko', K.A. Batanos'

1 . . . .
Mockosckuil 20cy0apcmeenHblll meXHUYeCKull YHUgepcumem paircoancKkoll aguayull,
2. Mockesa, Poccus

AnHotammsi: B nmaHHO# cTathe mpoaHANM3HMPOBAaHA TEXHOJOTHS B3aUMOICHCTBHSL CITYXKOBI OOCITY)KUBAHHS BO3IYIITHOTO
mexerns (OBJI) u opauTonormueckoit cryx0s1 (OC). B pamkax anami3a ObIIH PacCMOTPEHBI MPOLEAYPHI IIPEBEHTUBHBIX
Mep IO NPEAOTBPAILCHHUIO CTOJNKHOBEHWH BO3OyImHbIX cygoB (BC) ¢ mrumamMu Mexay AuCIET4epamMy yHpaBIICHHS
Bo3aymHbM JBrkeHreM (YBJ) u cnemmamucramu OC. PaccMoTpeHBI Tporece pyiieHrs] BO3AYIIHOTO CyIHA K B3JIETHO-
nocasiounoii osoce (BIIII) u nporiecc B3nneTa BO3AYIIHOTO cyiHA. [ OTAENBEHO B3ATHIX PEHCOB OMpeesieHbl UX 3a/IEPIKKU.
ITocTpoeHs! OJI0K-CXeMBI U CETEBBIE TeXHOJIOrHYecKHe rpaduky BzanmoeicTeus ciyxosl OB/l u OC. Henocpezncrsennoe
YIIpaBJIeHUE BO3IYIUHBIM ABIDKEHHEM B paMKax JaHHOW pabOThl OCYILECTBILSIIOT AWCHETYEPHl JHUCIIETYEPCKOTO ITyHKTa
pynenus (JAI1P) u craproBoro aucnerdepckoro mynkTa (C/I1). Taroke B pabote 3azeiicTBoBaHbI pykoBoauTes rosetos (PIT),
CHCIHATICT a3poapoMHo-TexHrnueckol ciry0bl (ATC) u cnermamict OC. Texnomorus B3aumoericTeus ciryx0s1 OBJ] u OC
OLIEHUBAETCS 110 3 PEKTUBHOCTH 1 OE30IIACHOCTH IT0JIETOB. B kayecTBe nokazaresnst 3)eKTUBHOCTH B TaHHOM HCCIIEIOBAHUN
TIPUHSITA BEJIMYHMHA, PaBHAs! OTHOIICHHIO TIPEIIOIaraéMoro BpeMEH! K pealbHOMY BpeMeHH obectiedeHust otnpasieHns BC.
Bpewmst nBmkeHws1, 3asBICHHOE B TUIAHE TIOJIETA, Pa3iIMIacTCs B 3aBUCUMOCTH OT adpoxpoma, BIIII, pynexwaoit nopoxku (PI),
trna BC u MHorux npyrux ¢axropos. [Toaromy st onpeseneHus npernoiaraeMoro BpeMenn odecreuenus noyera BC Obumm
UCIIOJB30BaHbI CTATUCTHYECKUE JTaHHBIE, TIOKa3bIBarolue Bpems nojera BC Oe3 Bo3aeiicTBust BHEIHUX (akTopoB. M3ydeHne
TexXHOJIOrHH B3amMozeiicTeus ciyx061 OB/l m OC nponsBoamiocs B TedeHre 12 mecsrieB. MaccHB HCCIeI0BaHUS MOyYeH
W3 CYTOYHBIX IUIAHOB IOJIETOB a’porniopra JKykoBckuii — HoMep peiica, Thn BC, Bpemst B3nera, MocajkH, NPOXOXKICHHE
BO3AYIIHBIM CYJTHOM Pa3JIMYHbIX 3TAlIOB ABUKCHUS 10 a3pOApOMY.

KunioueBbie cJI0Ba: OpHHUTOJNIOTHS, OOCITY>KMBAHHME BO3YIIHOTO JBIKEHHS, BO3MYIIHOE CYIHO, adPOAPOM, MPOIMYCKHAs
CIOCOOHOCTD, IITHITBI.

Jna untupoBanus: Hewaes B.H. MccnenoBanme TEXHONOTHHM B3aMMOICHWCTBHUS CITY’KOBI OOCIY)KUBAaHHS BO3IYIITHOTO
JIBIDKEHUS U OpHHUTONOTHIeckor ciryx051 / B.H. HeuaeB, M.B. Kynaxkos, I".A. I'acriapsia, S.B. T'oruapenko, K.A. baramnos //
Hayunsnii Becrank MI'TY T'A. 2023. T. 26, Ne 1. C. 49-57. DOI: 10.26467/2079-0619-2023-26-1-49-57

Investigation of the technology of the cooperation between the air
traffic control and the ornithological service

V.N. Nechaev', M.V. Kulakov', G.A. Gasparyan',
Y.V. Goncharenkol, K.A. Batalov'

"Moscow State Technical University of Civil Aviation, Moscow, Russia

Abstract: This article analyzes the technology of cooperation between the air traffic control (ATC) and the ornithological
service (OS). As part of the analysis, the procedures of preventive measures for air traffic controllers (ATC) and OS specialists
to avert bird strikes were considered. The phases of aircraft (AC) taxiing to a runway (RW) and takeoff were considered. For
individual flights, delays were determined. Flow charts and network technological charts of the ATC-OS cooperation were
built. The direct air traffic management within the framework of this article is carried out by air traffic controllers of the control
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units “Ground” and “Tower”. The flight director (FD), ground personnel and the OS specialist are also involved in the work.
The technology of the ATC-OS cooperation is evaluated in terms of efficiency and flight safety. As an indicator of efficiency in
this study, a value equal to the ratio of the expected time to the real time of AC departure was adopted. The time of movement,
denoted in the flight plan, varies depending on an aerodrome, RW, TW, AC type and many other factors. Therefore, to
determine the expected time of AC flight support, statistical data, indicating the AC flight time without the impact of external
factors, were used. The study of the technology for the ATC-OS cooperation was carried out for 12 months. The research array
was obtained from the daily flight plans of Zhukovsky airport — flight number, AC type, takeoft-landing time, various aircraft
ground maneuvers at an airfield.

Key words: ornithology, air traffic service, aircraft, airfield, capacity, birds.
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BBenenue

CoBepIIEHCTBO TEXHOJIOTMH  B3aUMOJEH-
CTBHSI CITy’)KOBI OOCITY)XKMBAaHUSI BO3IYLIHOTO
newxkenus (OBJI) ¢ opHuTOnOrnyecko ciryx-
6oii (OC) ompenensieTr ypoBeHb, Ha KOTOPOM
(GYHKIIMOHUPYET BECh a’poJipoM B 1iesiom [1].
Bo3moxxHOCTE  00€cTeunTh BBICOKYIO —IPO-
MYCKHYIO CIIOCOOHOCTb 3aBUCHUT OT JeHCTBUI
BCEX JJIEMEHTOB CHCTEMbl OpraHH3alMd BO3-
nyurHoro neuxkeHus (OpB/l).

B3aumononumanue Mexay ACKYpPHBIM Op-
HUTOJIOTOM C OJHOH CTOPOHBI U JHCIETYEPOM
VYB/I ¢ 1pyroil HCKJIFO4AeT ONacHbIE IS IOJIe-
TOB CUTyalluH, BO3HHMKAIOUINE B YCJIOBUSAX He-
JIOTIOHUMaHUSI WM HENPaBUIBHOIO TOJIKOBA-
HUS yKa3aHuH U KoMaH[. DPPEeKTUBHOE PYKO-
BOJICTBO HAauYaJbHUKAMHU CIYX)KO a’pompoma
CBOMMHM TIOJYMHEHHBIMM BO3MOYKHO TOJIBKO
IIPY HAJIMYMM Y HUX aKTyaJbHON MH(pOpMaluu,
MOJYYEHHOM OT Apyrux ciyx0. [TorunHeHHbIe
HA3eMHBIX CIY’K0 a’poapoma B CBOIO OYEpEb
oOecrieunBaroT (YHKIIMOHHUPOBAHUE aA3POJIPO-
Ma Ha JOJDKHOM YPOBHE TOJIBKO NpPU OTBEYa-
IOLIEH peaJbHOCTH TEXHOJIOTMH B3auMOJEH-
CTBUSI MEXIY HMMM M BBIIIECTOSIIUMHU Opra-
Ham¥ [2, 3].

B3aumopeiictBue ciy:xk061 OB/]
U OPHUTOJIOTHYECKOH CITYXKObI

Baxnpiii (akTop, Brusrommii Ha Oe3omac-
HOCTh IOJIETOB, — OPHUTOJIOTHYECKAsl Yrpo3a.
OC aspoapoMa 3aHMUMAETCAd M3YYEHHUEM 3TOTO
BaustHuS. K COXaJICHHUIO, B 6OJ'HJH_II/IHCTB€ ClIy-

4acB NTHULBI THE3AATCA Ha TEPPUTOPUU JIETHO-

ro noJig aspogpoma. it 3Toro ecTh psj 3aKo-

HOMEpHBIX TTpu4uH [4, 5]:

® IIMPOKas OTKpBITas TEPPUTOPUS OTIMYHO
MOAXOJUT AJii 00yCTpONCTBA T'HE3/l KaMeH-
KaM, TOJIEBBIM >KaBOPOHKaM, KyJHMKaMm, Tps-
COry3KkaM M JpYrMM MNTHLAM HeOOJbIINX
pa3MepoB, TaKk KaK JMKHE XHIIHBIE JKUBOT-
HBIE Ha a3pOAPOMAax BCTPEUAOTCS PELKO;

® TEPPUTOpHUSA a’poJpoOMa — ITO IPHUBJIEKA-
TEIBHOE MECTO IJISi OXOThl XMIIHBIX ITHII.
OHU 0XOTATCSI HA MJIIEKOTIUTAIOLIUX U3 OTPS-
JIOB TPBI3YHOB U 3€MJICPOMKOBBIX, HACEKO-
MBIX U MeNKuX nTul. Ha kaxxaom aspoapome
o0uTaeT cpa3dy HECKOJbKO XHILIHBIX ITHII.
DTO MOTYT OBITh COBBI, JIyHb, YETJIOKH, JEp-
6ennuku. Kpome Toro, a3poipoM NOCTOSHHO
MOCEIAI0T OpPJIAHBI-0EJI0XBOCTHI, KOPIIYHBI
u KaHoKU. B teruoe Bpems roxa BIIII mpo-
IPEBAETCS COJIHLEM, YTO CO3JAaE€T BOCXOIs-
IIMe IOTOKM TEIJIOr0 BO3AyXa. XWIIHUKH
HCMOJIB3YIOT UX JJ1s napenus Hag BIIIT;

® B BECCHHE-OCEHHUH IIEPUOJ HACTYIAET Ce-
30H MUrpanuu ntul. Yepes BO3AyIIHOE MPO-
CTPAaHCTBO a’pOApPOMa MPOXOIAT IIyTH HX
IIEpPEJIETOB, a 3TO 3HAYMT, 4YTO NTHULBI HE
HaiimyT Oosee MOAXOAIIEro MecTa Ui OT-
JIbIXa, YeM OrpOMHasi, CBOOOAHAs OT JUKHUX
3BE€pEl M HAIlOJIHEHHAsl €0M TEeppPUTOPUS.
[ITumel ceMelCTB yTUHBIX, KypaBiel, dasa-
HOBBIX U YallKOBBIX MOTYT OTJIbIXaTh HA JIET-
HOM Toyie 2—4 nHd;

e nponuTtaHue. Bo3aymHoe CyAaHO, BBIIIOJIHUB
B3JIET WJIM TOCAJKy, OCTaBJSET Mocje cels
O0JIbIIIOE KOJIUYECTBO COUTBHIX HACEKOMBIX.
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Hacexomble — exXemHEBHBIN palMoOH IS
MHOTHX BHJIOB TICPHATHIX.

C uenpl0 MUHUMU3ALUN PUCKA CTOJIKHOBE-
Husa BC ¢ nrtumamu Ha a’spoapomax MpUMEHS-
I0TCS CIIEIYIOIINE MPOLIETYPHI:

e OMOAaKyCTUYECKHE YCTAaHOBKU. 3apaHee 3a-
MMUCaHHBIC 3BYKH HANyTaHHBIX TTHII, KPUKU
XHUIIHUKOB BOCIIPOU3BOIATCS Uepe3 3BYKO-
BYIO KOJIOHKY;

® aKycTHYecKkue yCcTaHOBKH. IpuHiun paboTsl
CX0X C OHMOaKyCTHYECKHMMH YCTaHOBKaMHU.
Y CTaHOBKY HMHTHPYIOT 3BYKH BBICTPEIIOB;

e raszoBbl¢ MymKkH. Bo3aeiicTBue mymiek Oosee
3¢(}HeKTHBHO, TaK KaK OHH IPOHU3BOMSAT
OYEHb IPOMKHI W pe3kuil 3ByK. Kak npaBu-
710, yCTaHABIUBAIOTCS HA yJIAJICHUH COOKY OT
TOpuoB U neHTpa BIIII;

® BO3JyIIHbIE 3MEH, HAIOMHHAIOIINE XUITHH-
KOB, HE PEMIAIOT MPOOJIEeMy OPHUTOJIOTHYEC-
CKOI1 yrpo3bl B 11€JI0M, HO OTTOHSIOT NTHUIL HA
0e301MacHOe PacCTOSHUE;

e sgcTpeObl-TeTepeBATHUKU. OOyuyeHHBIE JIOB-
Yyhe NTHUIBl COCTOAT Ha OPHUTOJOTHYECKOU
ciyx0e U OXOTATCA Ha OCTaJbHBIX IITHIL.
DTOT crocod JoKkasai cBo 3P(HEKTUBHOCTD,
T. K. B 3TOM clly4ae y NTHII HE BhIpabaThiBa-
€TCsl IPUBBIKAHUE;

® HEMOCPEJICTBEHHO Mepe]l B3JIETOM/TOCAIKOM
BC aspoapomuas cmyx0a WM OPHUTOJIOT
MOTYT CHYTHYTh MTHI[ TOCPEJICTBOM BBI-
CTpera U3 pakeTHUIsl. B 3TOM ciydae mru-
bl HeHagoaro B3eTAT ¢ BII unu ¢ kypca
B3JICTa/TIOCAIKH.

HeoOxoaumMo OTMETHTH, YTO NTHIIBI, IO-
CTOSTHHO MPO>KUBAIOILIKME HA a’3POJPOME, K 3BY-
KaM, BOCIIPOM3BOJIUMBIM OHMOAKyCTUYECKUMU U
aKyCTHYECKUMHU YCTaHOBKAMH, TPUBBIKAIOT H
Ha HUX MPAKTUYECKU HE pearupyioT, Kak U He
00sTCS BO3AYILIHBIX 3MEEB, HATIOMHHAIOUINX
XHUIIHUKOB. Bmecte ¢ Tem paccMoTpuMm ToO-
CJIEHIOI0 U3 MPOLENyp, NEPEUUCICHHBIX BbI-
11e, monoApooOHee.

Opnuronoruueckass yrpoza BC wmoxer
ObITh YMEHBIIIEHA MyTeM IOCTOSHHOTO COBEp-
[ICHCTBOBAHUSI TEXHOJIOTUM B3aUMOJCUCTBUS
opranoB OB/l u OC aspoapoma. CymiecTByto-
asi Ha CeTOAHSIIHUN JCHh TEXHOJIOTUS B3au-
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MOJIEHCTBUS HE OTBEYAET IOJIUTUKE MEXKIyHa-
POJIHOM OpraHM3aly TPpakJIaHCKOM aBHaLUU
(MKAO) B uwactu Cucremsbl ynpaBieHus 0es-
omacHoctu mosietoB (CYBII). JlanHoe moo-
KEHHEe Jien o0pa3oBaloCch BCIEJICTBHE psla
IIPUYUH.

1. OC kak OTHOEenbHBIM CaMOCTOSITEIbHBIN
anemeHT cuctemsl OpBJl opranuzoBaHa He-
ynosiersopurensHo. Ha Tteppuropun 80 %
aspoapomMoB P® ¢yHKIMM OpHHUTOIIOTA HCITON-
HSeT pabOTHHUK a’pOAPOMHON ciyxObl. Jluc-
netuep YBJI BusyansHo mim no pokiany KBC
obHapyxwuBaeT ntuil Ha BIII, mo panuu BbI-
3piBaeT MamHy ATC nns ocmorpa BIIII u ot-
nyruBanus ntun (puc. 1). Jucneruep YBJl He
UMEEeT BO3MOYKHOCTHU OTYETJINBO HaOII0JaTh
Kaxayw nruny no sced anmuHe BII. Boawu-
tenb aBToMoOuwnst ATC oTmyruBaer HTHIL C
ITOMOUIBIO PAKETHULIBI UJIU IIyTEM IIPUMECHEHHUS
3BYKOBOTO CHUTHaja aBToMoOmIsA. U Tem He Me-
Hee rocse Toro kak aBTomMoOmwis ATC oco-
6oxxmaer BIIII, nTumsl MOTyT BEpHYThCS Ha
cBoM MecTa. M TONbKO mocie yCTpaHeHus Ipe-
IIATCTBUN NPUHUMAET PELIEHUE O IPOJOJIKE-
Huu nosietoB. JIITP coo6mraer PIT 06 ycrpane-
nuu nrtun ¢ BIIIL, o wem PII memaer coorBer-
CTBYIOIIYIO 3allUCh B XXypHaJIe ydeTa COCTOs-
Hus jetHoro noasa. Ha puc. 2 nokasan anro-
put™ neiictBuil opranoB OB/I.

Taxum o0pa3oM, TUCTIeTYEp HE BHIUT BCEX
ntul, pabotank ATC He oOecreyuBaeT moJ-
HocThIO cBoOomHytro oT mrun BIII, a OC B
3TOM cXeMe HOCUT (hOpPMaJIbHBIN XapaKTep.

2. Ha rteppuropun 20 % aspoapomos PD
OC paboraer Kak OTACIBHBIA JJIEMEHT, HO
OCYILECTBIISICT CBOIO (DYHKIIMIO IO 3aIPOCy Op-
rana YBJI. Jucnetuep VYBJl oOnHapyxun
OTHIL — BBI3BaJ OpHUTONOora. OOGHapyXui 3a-
0JIarOBPEMEHHO — OPHHUTOJIOT YCIIEeT CHeNaTh
cBOIO paboTy. OOHApPYXUI TO3THO — BPEMEHH
JUIA BBIE3/1a OPHUTOJIOrA HENOCTATOYHO, U JTUC-
NEeTYEpy OCTAETCs TOJIBKO MPOUH(POPMHUPOBATH
skunaxk BC 00 omacHOCTH CTOJKHOBEHUS
C ITUIIAMHU B paiioHe B3NETa/IOCaaKu M Ha
BIIIT [6—8]. OTcyTCcTBY€ET MPEBEHTUBHBIN CITO-
co0 paboTEHI.
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PII TenedoH
aHCOeTYep) EE

0.1

CAI ATC

pPagnocBA3sb

Puc. 1. brok-cxema B3aumozpeticteus opranoB OB/l n OC mpu oOHapysxenwnn ntui Ha BIIIT
Fig. 1. Flow chart of the cooperation between the ATC and OS authorities when birds are detected on the RW
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Puc. 2. Anropurm aevicteuit opranoB OB/ u OC npu oOHapy>xernn ntur Ha BIIIT
Fig. 2. Algorithm of actions for the ATC and OS authorities in case of bird detection on the RW

3. Tlepen xaxmoit cmenoit PII u qucnerye-
pel YB/I nonyuyator noknaasl ot ATC o rotos-
HOCTH a3poJjpoMa K IoJIeTaM, OT METEOpOJIo-
TUYECKON CIIyKObI O MOrojie Ha MPEICTOSAIIYIO
CMEHY, OT CIIyXOBbI IKCIUTyaTallil PaguoTeX-
HUYECKOT0 000pYI0BaHUs U CBSI3U O TOTOBHO-
CTH 000pYIOBaHHS U JIFOOBIE OCOOCHHOCTH OT
Bcex cimyx0 obOecrnedenusi mosetoB. Kak mpa-
Busio, ot OC et noknana. Cnyx6a YB/] He B
MOJIHOM Mepe moiydaeT mHpopmaimoo o0 ak-
TUBU3AIMHA MUTPUPYIOIIUX MTHII, HATIPABICHUU
ux nepeneroB kacatenabHo BIII u P/, ckome-
HUM yaek B Topuax BIIII (umis B HEKOTOPBIX
ciy4asix 3Ta umH(pOpMalus MOCTyHaeT OT Me-
TEOPOJIOTHYECKONW  CITY>KOBI), TPUMEHIEMBIX
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croco0ax Mo WX OTIYTHBAHHWIO U O IUIAHUpYe-
MBIX OpHHTOJIOTAaMH paboTax Ha a’pojapo-
me [9, 10].

MarepuaJjbl 1 METOAbI

B nHacrosmeit pabore TeXHOJOTHUSI B3anMO-
nerictBusa opranoB OB/l u OC ouenuBaercs mo
s dexktuBHOCTH U Oe3omacHocTH ToaeToB BC
[11,12].

B nmanHOM HMccneoBaHUU B KaueCTBE MOKa-
3atens 3(G(EKTUBHOCTH MPUHATA BEIWYWHA,
paBHasi OTHOIICHHIO MPEIIOJIaraeMoOro BpeMe-
HU K peaJlbHOMY BPEMEHU OOecreueHus OoT-
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npasienuss BC. DddekTuBHOCTh IBUKECHUS
BC Bripakaercst popmyon

T N
g = ( Losorziaaem ) L 100 0p (1
tpan— tY-K'

e Topeen — PaKkTHUECKOE BpEeMs 00€CTICUCHUS
nBxenus BC;

YN_1(x,,) — Bpems 3anepsxku BC;

tssn — Bpems B3seta BC;

ty.«. — Bpems yoopa konogok BC.

MaxkcumanpsHast 3((EeKTUBHOCTh TEXHOJO-
run B3aumozeiicteus ciyx6 OBl u OC Oynet
npu obecnieuenun apmwkeHns BC coriacHo mo-
JAaHHOMY TUIaHy €ro Tmojiera, T. €. Koraa
Toseen = tnpen-

AdpoapoM MpeacTaBiseTcs Kak MOJENb, B
KOTOPOM HaM HM3BECTHBI tyx, tan M Togeen

(puc. 3).

t t

V.K. T 83
—> lobecn ——>

Puc. 3. IIpouecc ornpasnenus BC
Fig. 3. Aircraft departure process

Bpewms obecnieuenust ornpasnenust BC BbI-
paxeHo Gopmynoun

Toseen = toan — ty.K- (2)

B oOmem ciayudae Togeen MOXKHO TIpeCTa-
BUTb KaK

T06ecn = tnpe)l + t3a£[a (3)

r1e ts; — BpeMs 3anaepkku B3nera BC;

tupen — MPEAIOIATacMOC BpPEMsT JIBHIKCHUS

BC (maBmxenue BC 0e3 3amepKuBaromx

(bakTopoB).

Bpewms nBrkeHus1, 3asBJICHHOE B TUIaHE TIO-
neta, OyJeT pa3jaudarbCs B 3aBUCHMOCTH OT
asponpoma, BIIII, P/I, tuna BC. Iloatomy muis
OTIpE/ICIICHUsT  TPEJIOJIaraéMoOro  BPEMCHH
obecnieuenus awxkeHuss BC type; OblIM HC-
MMOJIb30BaHbl CTATHCTHYCCKUE JAHHBIE, ITOKa-
3pIBatole BpeMs ABwkeHus BC 0Oe3 Boznei-
CTBUS BHENTHUX ()aKTOPOB.
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Bpewms 3amepxxku BC 3aBUCHT OT MHOTHX
CIIy9aifHBIX (DAKTOPOB U BBIPAKECHO (OPMYIIOH
t3a,q = g=1(Xn), (4)
I7ie X, — pa3IMuHble 3aepkKu JBrkeHus BC,
BBIPOXCHHBIC BO BPEMEHH M OKa3bIBAOIIHE
BrnusHue Ha Bpems IBWKEeHUSI BC Togeen (TIpH-
YUHAMHU 33J€PKEK MOTYT OBITh MTHUIBI Ha
BIIII, BIIII 3ansta OC u T. 1.).
IIpu otcyrcTBUM (HaKTOPOB, CO3AIOLIUX
3aJIepKKy, BpeMsi obecrieueHus aBmxeHuss BC

pPaBHO NpeEAIoaraeMoMy, a IOKaszaTelb 3¢-
¢dexruBHOCTH nBMKeHuss BC pasen 100 %:

Tosecn = tnpen, IIpH X1; X2; Xp = 0. (5)

B mporecce uccnenoBanus ObLT MPOBEICH
cOOp cratucTHUUecKo MH(GOPMAIUHU 10 3aTpa-
yeHHOMY BpeMmeHu opraamu OB/l u OC (tupex,
Tosecns tsan). C MOMOIIBIO cOOpaHHOM MH(DOPMa-
UM ObUTH ompeaeneHbl YPPEKTUBHOCTh B3au-
mozaeticteus opranoB OB/l u OC E u co0ObITus,
BIIUSIIOLINE Ha TOSBJICHUE 33aJEPKKU (Xn). BbI-
0opka uccieoBaHus cocTaBuia 12 mecsies.

PesyabTaTsl

Hns onenku 3G (PEKTUBHOCTH B3aMMO/ICH-
ctBusi opranoB OBJl u OC npu Bbutere BC
OBUTH TIPOM3BEACHBI XPOHOMETPHUYECKUE HC-
CIIEIOBaHMs CUTyallui, CBS3aHHBIX C OPHHUTO-
JIOTUUECKON ommacHocThiO 11 BC.

Hns peitca SVR2426, umeromero Makcu-
MaJbHYIO ts,;, OBUIM TIOCTPOCHBI TabiuWIa Tia-
pameTpoB TEXHOJOTHYECKOT0 rpaduka
(Tabmn. 1) u cereBoit rpaduk (puc. 4). Uccneno-
BaJIUCh BOCEMb PA3NUYHBIX PabOT MO B3aUMO-
nevicteuto opranoB OB/l u OC. Ilepeyens uc-
cieayeMbIx paboT moka3aH B Tabmn. 1. JlaHHbIe
MOJTyYCHBI B IPOIIECCE BBIMOJIHCHUS TOJIETOB
Ha a’posipome PameHckoe.

Bpewms 3agepxku BC paBHO (cymma Bpe-
MEHHBIX OTPE3KOB, HApYIIUBIINX CTaHAAPT-
HYIO TEXHOJIOTHIO B3aUMOJICHCTBUS)

t3aa = ;V1=1(xn) = (Xl + Xz) = 7 muH 50 c,
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Taomaunma 1
Table 1
[TapameTpsl TexHOMOTHUECKOTO rpaduka B3aumoercTBus opranoB OBl u OC
Parameters of the network technological chart of the cooperation between the ATC and OS

authorities
CoobiTHE
HaunmMeHoBaHuEe padoThI IIpoxoKNTEILHOCTH, MUH, €
Had. KOH.

Pynenue BC na IC 0 1 3mun 10 c
Hoxmag OBC o nTtumax 1 2 10 ¢
Ceszp CIIT u AITP 2 3 10c
Css3p JAIIP u ATC 3 4 10c
Brresn ATC na BIIII 4 5 2 MUH
Ycrpanenue npensiTCTBUI 5 6 5 muH 50 ¢
Ocrob6oxnenue BIIIT 6 7 15¢
Css3p AI1P u CAIT 7 8 15¢
Hoknaa 9BC o cBoboanoi BIIIT 8 9 10¢c

8 0.15 7

0.10 12 |12 < 11.45 11.45 ‘\0.15

6

11.30/11.30
J

12.10 | 12.10 5,50

5
0 540 | 5.40

oo

3.10

il 0.10 2 0.10 3 0.10 4

—— - > —_—
3.103.10 3.20 (3.20 3.30 |3.30 3.40 3.40

Puc. 4. CereBoii TexHONMOTHUECKUH rpaduk B3anmoseiicteus opranoB OBl u OC
Fig. 4. Flow chart of the cooperation between the ATC and OS authorities

rae X; — 2 MHUH (3aTsDKHOM (IONTHid) BBIE3] Toseen = tasn — tyx. = 12 Mun 10 c.
mammHbl ATC);

X, — 5 mun 50 ¢ (AIUTENBHBIA OCMOTP [Ipeanonaraemoe (IJIaHUPYEMOE) BpeMst
BIIIT). BbuIeTa BC omnpenensiercs mo popmyie

Bpewmst o6ecrieuenust ornpasienust BC paBHo tupen = Toseen — tsax = 4 Mun 20 c.
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Tao6aunna 2
Table 2

daxTopsl, Baustomue Ha 3ppexTuBHOCTD B3auMoaeiicTBus opranoB OB/l u OC
Factors influencing the efficiency of the cooperation between the ATC and OS authorities

O0o03HaueHIE Hassanune
X1 JUIMTENILHBIN BhIe3a MamuHel ATC
X5 JnutenbHblil ocMoTp BIII

O} dexTUBHOCTH B3aNMOICHCTBUS:

t N
ez 2= ) 100 0% = 35,6 %.

tOKOH_'tHaq

E

[Tonyuyennoe 3Hauenue E siBisieTcs Heyno-
BJIETBOPUTENIbHBIM, T. K. B TEXHOJIOTMH B3au-
MozerctBusa oprasoB OB/l u OC npucyrtcTBy-
10T (pakTopsl, cHmkaromue E. He BemomHseTCS
TpeboBaHue Tosecn MpU  KOTOPOM
E =100 % (1).

B Tab6u. 2 npencraBieHbl OCHOBHBIE (PaKTO-
pBl, BBISIBIICHHBIE B TIPOLIECCE HCCIEAOBAHUS
TEXHOJIOTHM B3aumojiecTBus opranoB OB/l u
OC u HeraTHBHO BiHsIOUINE Ha ee 3P (HEeKTUB-
HOCTb.

tnpen )

3akJoueHue

BolnonHeHO  McclenoBaHUE  TEXHOJIOTUU
B3aumozeicteus ciyx6s1 OB/l u OC npu ort-
npasyienuu BC.

B npouecce nccnenoanus peiica SVR2426
OBUTIO OIpPENENIeHO, YTO KPUTUYECKHHA ITyTh
oOecrieuenus otnpasnenuss BC coctaBnser
12 Mmun 10 c. 3agepkka pa3pelieHus] Ha B3JIET
cocraBiger 7 MuH 50 c. DPpPeKTUBHOCTH B3a-
umopeiictus ciyx061 OBJ] m OC cocraBmia
E =35,6 %.

WccnenoBanue mnokaszano, 4TO CYIIECTBY-
IOIIasi TEXHOJOTMsS B3aUMOJCHCTBUS CITy’KObI
OB/l u OC umeeT psii CylIeCTBEHHBIX HEJO-
CTAaTKOB, BIUSIOIIMX Ha MPOIMYCKHYIO CIOCO0-
HOCTb a’pojpoma, pacxon Tomnusa BC, a Tak-
ke Ha Oe3omacHOCTh mojeToB. Huzkas addex-
TUBHOCTbh OOYCJIOBJIEHa OTCYTCTBUEM IIPEBEH-
TUBHBIX Mep paboTel OC ¢ OpHUTOIOTUYECKOM
yIpo30i M OTCYTCTBHEM OPHUTOJIOTA B aJro-
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putme neiictBuil oprano OB/l u ATC. Iloss-
JIEHUE NTHI[ Ha a’pOJAPOME JIETKO OTCIIEIUTb.
Kak npaBuiio, NTUIBI WK KUBYT Ha a3poApo-
M€ U YyJETalT 3a MPOMUTAaHUEM B JIPYTYIO
4acTh PErvOHa, WU MPOKUBAIOT 32 TEPPUTO-
pueil a’poapoma, HaXOIAT MPOMUTAHUE TAKKE
3a TEPPUTOPHEH, HO MyTH CJIEAOBAHUS MPOXO-
nat yepes BIIII [13]. C aspoapomHoil nucnet-
YEPCKOM BBILIKM OTKPBIBAETCS XOPOILIUI 0030p
Ha BCE JIETHOE TOJIE€ U MPUIETAIOIINE TEPPUTO-
pun. Opransl OB/l uMeOT BO3MOXHOCTh Iie-
penaBatb OC mH(pOPMAIHIO O YACTHIX CKOTLIC-
HUSX TNTHIl B ONPENeTeHHBIX MecTax. B3aumo-
JEWCTBUE OPHUTOJIOTMYECKOM W JUCIIETYEp-
CKO#l ciyk0 MoMOKeT 3a0JaroBpeMEeHHO HC-
KIIIOUUTh TPUYMUHBI TOSBJICHUS] TITHUIl B 30HE
B3JIeTa U nocajku [14].

TexHoNOrnI0  B3aMMOJICHCTBUSI  OPraHOB
OB/l u OC Heo0X0oauMO COBEpPILIEHCTBOBAThH B
TuiaHe OobIiel B3auMHOW HH()OPMATUBHOCTH U
COTNIACOBaHHOCTU. Haxonsich B MOCTOSIHHOM
paboyemM KOHTAKTE, TUCTIETYEPhl U OPHUTOJIOTH
CMOTYT MUHUMH3UPOBATh PUCKU COOBITHH, yKa-
3aHHBIX B Ta0JI. 2, 10 IPUEMIIEMOTO YPOBHSI.
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On the use of fuzzy neural networks in the framework of a risk-based
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Abstract: A risk-oriented approach implemented in conducting control and supervisory activities in Civil Aviation organizations
makes it possible to increase the effectiveness of such activities, the objectivity of assessments, to reduce costs and the additional
burden on business. The main provisions, regulating the activities of control and supervision bodies, including the issues of risk
assessment, are generally specified in regulatory documents. However, uncertainty remains regarding the use of so-called risk
indicators, which are designed to forecast risks for flight safety. Currently, there are no guidelines on the number and composition
of such indicators, there are no methods to use them for the intended purpose. The article proposes a solution to this problem using
elements of artificial intelligence. Based on the example of risk indicators distinctive for air traffic service organizations, the
feasibility of forecasting the level of risk through a fuzzy (hybrid) neural network is shown. As is well known, such hybrid
structures, combining neural networks and fuzzy logic, collect the best properties of both methods. The formation of a set of risk
indicators and initial data for network training is carried out with the involvement of qualified experts with extensive experience in
flight safety management and control and supervisory activities. The trained network allows us to quantify a forecasted level of risk
in an airline based on the identified risk indicators considering the degree of their manifestation. All the stages of building and using
the network in the ANFIS editor of the MATLAB software package are shown. The proposed method can also be used in the flight
safety management systems for various providers of aviation services.

Key words: safety risk, air traffic service, risk-oriented approach, risk indicator, fuzzy neural network.
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O npuMeHeHUN HEYETKUX HEHPOHHBIX ceTeil B paMKax
PUCKOPHEHTHPOBAHHOIO MOAX0/1a K KOHTPOJIbHO-HA/I30PHOM
AeATeJTbHOCTH B IPAaKIAHCKOH aBHALIMH

P.A. O6pasuos', B.JI. Illapos’

Il[eHmpaﬂbnoe MeHCPEeUOHANbHOE MEPPUMOPUATIbHOE YNPABIIeHUE 8030)UHO20
mpancnopma Llenmpanonvix pationos Pedepanvho2o azeHmcmea 6030YUHO20
mpancnopma. Munucmepcmeo mpancnopma Poccuiickou @edepayuu, 2. Mockea, Poccus
’Mockosckuii 20Cy0apCmeeHHblll MeXHUYeCKULl YHUBEPCUMem 2paicoOanHCcKol asuayul,

2. Mockea, Poccus

AHHOTAIMSA: PUCKOpHMEHTHPOBAHHBIA NOAXOZ, PEAIM3YEMbl IPU IPOBEAECHUM KOHTPOJBHO-HAJ30PHBIX MEPOIPHUATHH B
OpraHM3alysIX TPaKIAHCKOM aBHallMM, TO03BOJISIET TOBBICUTH A(P(MEKTHBHOCTh TaKMX MEPOINPHSATHH, OOBEKTUBHOCTH OLIEHOK,
CHU3UTH PacXoJlbl U JONOJHHUTEIBHYIO HAarpy3Ky Ha OuszHec. OCHOBHBIE TIOJIOXKEHHUS, PETYJIMPYIOLIME JAESTEIbHOCTh OPraHOB
KOHTPOJIA U HaJA30pa, B TOM YHCJIC U B BOIIPOCAX OLECHKHW PUCKOB, B ICJIOM YKa3aHbl B HOPMATHUBHBIX HOKYMEHTAaX. O)lHaKO
OCTaeTCsl HEONPEIEICHHOCTh B YacTH HCIOJb30BaHUSI TaK HA3bIBAEMbIX WHIIMKATOPOB PUCKA, KOTOpBIE MpeIHa3HAYEHbI IS
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MPOrHO3UPOBAHKS PUCKOB JjIsI OE30IIaCHOCTH MOJIETOB. B HacTosiee BpeMsl HeT KaKUX-TM00 yKa3aHHiA 110 KOJIMYECTBY M COCTaBy
TaKMX HWHIUKATOPOB, OTCYTCTBYFOT METOJMKH WX HCIIONIb30BaHMS O HAa3HAYCHHIO. B crarthe mpemiaraeTcs pEIICHHE STOrO
BOIIPOCA C HCIIOJB30BAHUEM BJIEMEHTOB HCKYCCTBEHHOIO HMHTEIUICKTa. Ha mpriMepe MHIMKATOPOB PHCKA, XapaKTEPHBIX JUIS
OpraHu3aI|il 00CITy)KHBAaHUS BO3AYIIHOTO JBMIKCHUS, MOKa3aHA BO3MOXKHOCTH IPOTHO3MPOBATH YPOBCHH PHCKA ITOCPEICTBOM
HE4YeTKOH (THOpHaHON) HelipoHHOU ceTr. Kak M3BeCcTHO, Takue THOPUAHBIC CTPYKTYPEI, OOBSANHSIOMINE B ceOe HEHPOHHBIE CeTH
1 HEYETKYIO JIOTUKY, COOMpAFOT HAIUTyUIIle CBOUCTBA 000MX MeToioB. DopMupoBaHie HaOOpa MHANKATOPOB PHUCKA H UCXOTHBIX
JTAHHBIX U1 0OyYeHHsl CeTH TPOBOAWTCS C MPHBICUYCHHEM KBAIH(HUIIMPOBAHHBIX KCIIEPTOB C OONBIINM OIBITOM YIIPaBICHHS
0€30I1acHOCTRI0 TIOJITOB M KOHTPOJIBHO-HAM30pHOH paborel. OOydueHHas ceTh II03BOJSIET KOJIMYECTBEHHO OICHHUTHh
MPOTHOZUPYEMBIH YPOBEHb PHCKA Ha aBHUANIPEANPHUSATAN HA OCHOBAHWH BBIBJICHHBIX MHAWKATOPOB PHCKA C YYETOM CTEHECHH MX
nposiiicHust. [okasaHbl BCe 3Tarbl MOCTPOCHHS M HCIOIB30BaHMs cetd B pemakrope ANFIS mporpammuoro makera Matlab.
Hpeﬂ,ﬂar aeMBbIH MCTOZ MOXKCET MCIIOJIB30BATHCA TAKKE W B CUCTEMAX YIPABJICHUA 6630HaCHOCTbIO MOJICTOB  PA3JIMYHBIX
TMOCTaBIIMKOB aBUAIITMOHHBIX YCJIYT.

KiroueBsle ciioBa: PUCK I 0€e30I1aCHOCTH I10JICTOB, O6CJ'Iy)KI/IBaHI/Ie BO3AYIIHOT'O JABUKCHUS, pHCKOpHeHTHpOBaHHLIﬁ oaxon,
HWHAUKATOP PHUCKaA, HCUCTKAA HeﬁpOHHaﬂ CCTh.

Jna uurupoBanus: OOpasuoB P.A., Ilapos B.JI. O mnpuMeHeHWM HEYETKMX HEHPOHHBIX CeTe B paMKaxX pPHCK-
OPHEHTHPOBAHHOTO MTOAXO0/1a K KOHTPOJBHO-HAI30pHOM IESITENHFHOCTH B TpakaaHcKoi aBuarm // Hayansiit Bectauk MI'TY TA.
2023.T.26,Ne 1. C. 58-71. DOI: 10.26467/2079-0619-2023-26-1-58-71

Introduction Ne 642° in accordance with data acquisition and
processing about the hazard factors (HF) and
risks associated with major providers of aviation
services.

The risk-oriented approach towards the state-
regulated CA activity is, in narrow sense, based
on the provisions of the FL-248°, construing the

Currently, the supervising activity is based
on a risk-oriented approach which can be con-
sidered generally and properly [1, 2].

By reference to Civil Aviation (CA), its ap-

plication generally assumes including the proac- : o :
tive management of risks into a state program risk management as “the implementation of pre-

(system) of flight safety. This long-term objec- ventive actions and control (supervising) activi-

tive was delegated by the ICAO to states in the (€S, based on the risk assessment of the damag-
long run up to 2027'. Mitigating operational ~ 1ng event, for the purpose of ensuring the per-

risks was announced as a top priority in the cur- missible leve} 9f ’c’iamage risk in the respective
rent ICAO conception over a period of 2020~  Sphere of activity” (p. 22, p. 4). The frequency,
20222 This state activity is aimed at ensuring the volume, and sgale of aCt.IOIlS dppend on a risk
fulfillment of the Standard from the ICAO Ap- category to which a Spg:mﬁc; objgct of central or
pendix 19° according to critical element 8 of the local government oversight is attributed.

National Civil Aviation Safety Program and re- ‘ The 'law formulate§ the 'ge.neral repommenda-
fers to the implementation of the requirements of tions with respect to identifying a risk category

the Russian Federation Government Resolution for various objects of oversight. Some details of
Ne 1215% (void) and later-issued Resolution the procedure with respect to the activity of the
CA oversight body (State Aviation Safety In-

spectorate) is encapsulated in the Russian Feder-

' Doc. 10004. (2014). ICAO global aviation safety. ICAO
2014-2016. ICAO, 76 p.
% Doc. 10004. (2020). ICAO global aviation safety. ICAO

2020-2022. ICAO, 162 p. > The Russian Federation Resolution Ne 642 of

3 Flight safety management. Appendix 19 to the Conven- 12.04.2022, 7 p. Available at:
tion about the International Civil Aviation. (2016). 2™ http://www.consultant.ru/document/cons_doc LAW 41
ed. ICAO, 48 p. 4577/92d969¢26a4326¢5d02fa79b89cf4994ee5633b/

* The Russian Federation Resolution Ne 1215 of (accessed: 15.08.2022).
18.11.2014, 6 p. Available at: % The FL-248. About the Central control (oversight) and
http://www.consultant.ru/document/cons_doc LAW 17 Local Government oversight in the Russian Federation.
1133/92d969¢26a4326c¢5d02fa79b89cf4994ee5633b/ (2020). 78 p. Available at:
(accessed: 15.08.2022). https://base.garant.ru/74449814/ (accessed: 15.08.2022).
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ation Government Resolution Ne 1064’ of
30.06.2021. However, while conducting inspec-
tions and developing preventive actions, it is al-
ways advisable for an oversight body to have
quantitative assessments (indicators) of risk.

Currently, guidelines regarding the description,
composition, and the number of such indicators to
make a risk forecast are not available while con-
ducting inspections in those cases when HF have
not manifested themselves yet in the form of
events. It means that the “pro-activity” of risk
management in the ICAO conception® while con-
ducting inspections is not sufficiently implement-
ed. Scientifically valid methods to fulfill these
forecasts are not provided as well.

It is obvious that a variety of indicators will
be different for various providers of aviation
services but approaches to forecast risks can be
general.

For the solution to the given problem, the use
of artificial intellect elements in the form of neu-
ral networks, specifically, fuzzy (hybrid) as the
most relevant to the distinctive nature of solva-
ble problems, seems perspective.

1. Basic provisions of a risk-oriented
approach and their applicability

to supervising and control activities
in Civil Aviation

The risk-oriented approach is the technique
of arranging for oversight which assumes reduc-
ing the number of state inspections of business
where the risk of violations is lower. Such an
approach is used for the optimal use of organiza-
tion assets, reduction of entity costs and the en-
hancement of activity efficiency of the state reg-
ulatory authorities.

The risk-oriented approach concept original-
ly rose to view in 2015 with the enforcement of
the FL-246, Article 8.1. The list of types of gov-
ernment control, using the risk-oriented ap-
proach and the rules for assigning activity to

’ The Russian Federation Resolution Ne 1064 of
21.06.2021, 20 p. Available at: https://base.garant.ru/
401423120/ (accessed: 15.08.2022).

¥ Doc. 9859. (2018). Safety Management Manual. 4™ ed.
ICAQ, 218 p.
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a category of risk, were formalized by Govern-
ment Resolutions Ne 806° and Ne 245" in 2016—
2017. Nevertheless, as [3] notes, the similar sys-
tem of the risk management has been used much
earlier-since 2003 in the customs and tax control.
It stems from the domination of the fiscal mana-
gerial functions of the State over the specified
time and from the necessity of tightening the fi-
nancial discipline of regulated subjects when
their activity is simultaneously boosted.

The risk-oriented approach is based on wide-
ly and long-discussed ideas of Responsive regu-
lation [4-6] involved in search of the optimal
ratio between the strict government control of
business activity and the independent enterprise
and entity performance.

The approach relies on the research results
and the international practice which proved its
efficiency. The article [7] provides several ex-
amples. For example, in Denmark, the control
over the food market is exercised by five groups
of hazards, and a normative frequency of inspec-
tions occurs twice a year. If there were not penal
sanctions in the last four reports on inspections,
a company is granted a top-class status, and the
number of inspections reduces from five to three
in the highest group of risk and from three to one
in the lowest one.

The document'' illustrates how the risk-
oriented approach contributes to countering
money laundering and corruption.

In the FL-248, Chapter 5 is dedicated to the
risk-oriented approach issues. A concept is not
given but it is stated that a probability of event
occurrence, the consequence of which can be
damage of different scale and severity to assets
protected by law, is interpreted as the damage
risk within the framework of the present Federal

? The Russian Federation Resolution Ne 806 of
17.08.2016, 14 p. Available at:
https://base.garant.ru/71473944/ (accessed: 15.08.2022).

19 The Russian Federation Resolution Ne245 of 2.03.2017,
6 p. Available at: https://base.garant.ru/71625910/ (ac-
cessed: 15.08.2022).

' Manual of the risk-oriented approach in the supervisory
activity application. FATF. Paris. Convenience transla-
tion by ANCO ITMCFM // FATF. Paris. March 2021,
124 p. Available at:
https://www.fedsfm.ru/content/files/documents/fatf/202
1/nadzor_web.pdf (accessed: 15.08.2022).
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Law. This definition complies with a “techno-

cratic concept of risk” [8] and the interpretation

of risk for flight safety in conformity with the

ICAO Standard from Appendix 19.

Six categories of risk, varying from low to
exceptionally high, are established, a concept of
the risk criterion as an assessing factor for the
probability of negative event occurrence and its
severity is defined. The determination of proba-
bility and severity criteria is carried out consid-
ering information about preceding events, caused
by specified causes, as well as their observed
frequency and the severity of consequences.
While defining the criteria, the relevance of as-
sessing inspectors’ fair practices, taking into
consideration the accomplishment of their ac-
tions to mitigate risk, availability of control sys-
tems, providing information access, undergoing
voluntary certification, and procuring agree-
ments of insurance, is highlighted.

Under the government control, the federal
body of executive authority, exercising the func-
tions regarding the legal and regulatory frame-
work in the stated sphere, categorizes an object
in terms of risk. In CA, the State Aviation Safety
Inspectorate, which has been implementing the
transition for a risk-oriented model since 2017, is
engaged in the activity, as the article [9] indi-
cates. Concurrently, among others, the following
summarized tasks have been posed:

e categorizing subjects of control by risk catego-
ries in accordance with the methodology ap-
proved by the Russian Federation Government
Resolution Ne 806 of 17.08.2016;

e formulating requirements to develop a “dy-
namic model” of categorizing subjects of con-
trol based on statistics data and performance
indices of activity for control subjects;

e developing the methodology of performance
evaluation of final publicly significant results
for the branches of activity under control.

It is necessary to note that the methodology
of Government Resolution Ne 806 along with the
FL-248 stipulated six categories of risk or hazard
classes. Hence, special aspects of conducting
supervisory activities were specified. However,
later-enacted Resolution Ne 1064 reduced the
number of risk categories up to four: high,
high/medium, medium, low.
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Categorizing an object is carried out depend-
ing on the combination of risk components — the
probability of a negative event and its severity
according to the Table of Appendix 1 of this
Resolution. This Table can be easily transformed
into a matrix (fig. 1) corresponding to the meth-
od of “consequences and probabilities” under
GOST P-58771-2019', often called the “ICAO
matrix” in aviation, since this method of risk
management is recommended by the ICAO Safe-
ty Management Manual.

I'pynima BeposiTHOCTH

2 3 4

A 3Ha4un- Cpeaunit CpeaHmil
- TEeIbHBIH
t' 3Haun-
@ . . .
% B TEeIbHBII Cpemamii CpenHnil
=
[
g 3HaUH-
= B 3HATH- TeIBHBIH Cpeaanit CpeaHuil
[
= TeNBHEII
-

T Cpezuuii | Cpexnmii Huskrit Humskmii

Fig. 1. Matrix of risk categories for control (oversight) of
objects in CA

In addition, to take a decision concerning the
type of unannounced control activity, a regulato-
ry body establishes risk indices of violating the
compulsory requirements. The indices are dis-
crepancies or deviations from the parameters of
object under control according to which we can
assess a risk level. Such an approach is close to
the “proactive methodology” of identifying HF
in the ICAO Safety Management System.

An emphasis [9] is given to the supervising
activity in the air traffic management sphere
which encompasses air traffic organization and
service, radio-technical support of flights and
aeronautical telecommunication service, provid-
ing aeronautical and meteorological information,
aerospace search and rescue in all the flight
phases.

'> GOST R 58771-2019 (ISO 3110-2019 NEQ). (2020).
Risk Management. Technologies of Risk Assessment.
Moscow: Standartinform, 85 p.
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Table 1
Risk indicators and their characteristics
Ne Indicator Possible consequences Regulation
1 Lack of radar control 1.Risks of collisions between The Air Code of the Russian Fed-
A/C and A/C collisions with ob- | eration regarding the control to
stacles are increased. follow the use of air space regula-
2. Control of air traffic is compli- | tions. FAR Ne216, non-
cated. compliance with the Certificate
3. Control to follow the use of air | concerning available observation
space regulations is reduced facilities
2 Violation of the re- 1. Systemic failures during the air | The Order of the Russian Federa-
quirements during the traffic service. tion Ministry of Transport Ne 93"
probational period and 2. Conducting the specific proce- | of 14.04.2010 with respect to
personnel inspection dures with failures functioning the system of training,
certifying, period of probation
3 Flight Safety Manage- Risks of information lack regard- | FR-642 and FAR-293 concerning
ment does not comply ing actual or potentially hazard- | the analysis on a regular and sys-
with the Air Laws and ous situations for Flight Safety or | tematic basis by qualified special-
Regulations require- ATM-related drawbacks are in- ists and ensuring flight safety
ments creased while servicing air traffic
4 Drawbacks in maintain- | Partial and/or incomplete issu- FAR-297 concerning maintenance
ing the performance ca- | ance of information to a control- | of objects and flight radio-
pabilities of flight radio- | ler, acronautical telecommunica- | engineering support and aeronau-
engineering support and | tion facilities and equipment fail- | tical telecommunication facilities
aeronautical telecommu- | ures are possible
nication facilities

Within the framework of the present study by
experts of territorial bodies of the Federal Air
Transport Agency and the Federal Transporta-
tion Inspection Service, four risk indicators were
proposed for ATM organizations which are stat-
ed in Table 1.

The use of a fuzzy neural network is pro-
posed for developing the method of forecasting
risk, provided, manifestation of the given indica-
tors is established during an inspection.

2. Building a fuzzy neural network to
forecast risks

2.1. Features of fuzzy neural networks

For solving risk-related problems, including
the aviation sphere, due to a high degree of un-
certainty, the applications of the fuzzy-set theory
are used which is expressed in a variety of aca-
demic papers on the given subject [10-12].

However, there are problems, the basic of
which, emerge due to the necessity of determin-
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ing a priori components of models (membership
functions (MF) of fuzzy rule base). It makes the
adaptation and training of the system impossi-
ble [13].

Neural networks have training and adaptation
properties and can be trained how to control an
object without possessing complete data about it
such as a mathematical model. They comprise a
big number of interrelated elements (neurons),
each of which performs signal processing which
allows for immense computation power and fault
tolerance. At the same time, there is no definite
algorithm to compute the required amount of
network layers and the number of neurons in

" The Russian Federation Order of the Ministry of Trans-
port Ne 93 of 14.04.2010 “About the Approval of the
Procedure of functioning the continuous system of the
professional training, including the issues of the certifi-
cation, internship, the order of permit-to-work system,
periodicity of upgrading skills of managerial and traffic
control personnel”. System GARANT. 2010. 15 p.
Available at: https://base.garant.ru/199197/ (accessed:
15.08.2022).
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each layer which results in designing a network
intuitively. Moreover, knowledge, accumulated
by a network, is distributed among all its ele-
ments which makes it difficult to present a func-
tional dependence between the object input and
output in an explicit form [14, 15].

The Adaptive Network-based Fuzzy Inference
System — ANFIS was proposed by J-S. R. Jang in
1992 to combine the advantages and counterbal-
ance the disadvantages of these two methods.
The system is described in detail in his work
[16]. This is an artificial neural network based
on the fuzzy inference system by Sugeno.

Such hybrid structures, integrating neural
networks and fuzzy logic, acquire the best prop-
erties of both methods, and at the same time,
they are released from their problems. On the
one hand, they activate the computation power
and the capacity of neural networks for training,
on the other hand, the intellectual capacity of
neural networks is intensified with fuzzy rules of
making solutions appropriate for a ‘“human”
manner of thought. In fuzzy neural networks, the
inference is made based on the apparatus of
fuzzy logic, and MF settings are configured us-
ing algorithms of the neural network training.

Let us briefly consider the features of build-
ing the network under [15-17]. It is common
knowledge that in an “ordinary” network (fig. 2)
input signals x; “interface” with weights w;, and
the sum of their products p; forms input net of
neuron:

P,=x;wi;net =py +py;i=1,2.

X1

y = f(wixg + wyxy)

Fig. 2. The simplest single-layer neural network

The output neural signal is the transformation
of input net with some activation function f.

y = f(net) = f(w;x; + wyx,).
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The fuzzy (hybrid) neural network is that one
in which settings x, w, p are connected using not
the ordinary addition and multiplication but by
means of t-norm, t-co-norm'* or other continu-
ous operations. The fuzzy neural network is usu-
ally built on a multilayer one using AND, OR
neurons.

For the fuzzy neuron AND (fig. 3), signals x;
and weights w; are combined by means of t-co-
norm p; = S(x;w;), i = 1,2. Input is formed us-
ing a t-norm:

y=(P1-02) =T(p1-02) =
= T(S(Wl.xl),S(WZ.xz)).

If to assign T = min, S = max, the fuzzy neu-
ron AND realizes the composition min-max:

y = min(wyvxy, Wynvxy).

¥ =T(S(wy, x1),5(w2, x7))

Fig. 3. The structure of the fuzzy neuron AND

In the fuzzy neuron “OR” (fig. 4), signals are
also combined using t-norm p; =T, i =1, 2, and
output is formed using t-co-norm.

y = (P1.02) =S(1.12) =
= S(T(Wl.xl), T(szz)).

y =S(T(wy, x1), T (ws, x3))

Fig. 4. The structure of the fuzzy neuron OR

' Determination of concepts “t-norm”, and “t-co-norm”.
Available at: https://science.fandom.com/ru/wiki/
T-HOPMBLt-KOHOPMBI_H_TOPSIKOBBIC CYyMMBI
(accessed: 15.08.2022).
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Fig. 5. Fuzzy (hybrid) neural network architecture
If to assign T = min, S = max, then the fuzzy Ve; =w; = Wi  fori=1.2.
it t W1+W2 ’

neuron OR realizes the composition of max-min
type.

Let us explain the network structure on the
example of the system with two inputs x;_ x; and
one output. The model of fuzzy inference by
Sugeno uses the following rule:

—if x; is A; and x, is By, we have y = f; =
pixitqixptri,

—if x; is Ay and x, is By, we have y = f5, =
paxitqoxpptr.

ANFIS, realizing the given model, is pre-
sented in Figure 5.

Typically, the fuzzy network consists of five
layers (L;—Ls). Neurons in the network have the
various structure and purpose. Let us denote Vi i
as output of i-neuron of layer L.

The neurons of the first layer calculate Mem-
bership Function (MF) of fuzzy terms:

Vii =g, (xq), fori=1,2;Vy; =
= up,_,(xz), fori=3,4.

Each neuron of the second layer calculates
the product:

Voi =w; = py,(x|1)  up,(x[2) fori=1,2.

Neuron output presents the rule activation
level.

Layer 3 normalizes the levels of rule activa-
tion:
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Layer 4 calculates the conclusion of rules:

Vii = wifi = wi(pixq + qix; +17)
fori=1,2,

where p;, q;, r; are parameters of the node.
Layer 5 calculates the result of fuzzy infer-
ence as a sum of arguments:

— Ziwifi
Vsp =2iwifi = Sowp

Layers 1 and 4 are adaptive and provide the
network training, the rest of the layers are fixed.

2.2. Methodology of building ANFIS network
to solve the formulated problem

The network ANFIS can be built by means of
the package Matlab. The purpose is to obtain a
tool of forecasting organization risk under identi-
fied signs of one or several available indicators
with different severity levels of their manifesta-
tion during inspections.

In order to organize a training data set, ex-
perts were proposed to assess the probable level
of organization risk with various combinations
of indicators manifestation from Table 1. For
this purpose, a table was drawn up, four columns
of which were corresponding to indictors, in
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Table 2
Fragment of the expert survey table
INDICATORS Risk level
1. Lack of radar | 2. Violation of the | 3. Flight Safety 4. Drawbacks in
control probation period Management maintaining the con-
Ne and inspection does not comply | dition of flight radio-
requirements with the re- engineering support,
quirements communication
1 Yes No Yes Yes
No No Yes Yes
3 No Yes No No
Table 3
Fragment of a data matrix for training a neural network
INDICATORS RISK
1 | 2 | 3 | 4
1 0 1 1 4
0 0 1 1 2
0 1 0 0

each line, one of combinations of their manifes-
tations was assigned: “Yes” means that an indi-
cator became apparent, “No” means an indicator
is not available.

The expert task was copying an anticipated
risk level appropriate for the combination of in-
dicators manifestations in the given line, using
the cells of column 5.

The risk level should be denoted according to
the Russian Federation Government Resolution
Ne 1064: “High”, “High/Medium”, “Medium”,”
Low”.

The survey fragment is provided in Table 2.

The general number of combinations “Yes-
No” with four indicators equals 2* = 16. Five
qualified specialist experts participated in the
survey, thus, 16 x 5 = 80 risk assessments were
obtained depending on the indicators under ob-
servation.

While building the network in Matlab, the
manual [18] was used. For downloading into the
ANFIS editor, the acquired data were trans-
formed into the matrix 80 x 5, the fragment of
which is given in Table 3. In the matrix, one unit
corresponds to the version “Yes” (indicator

2
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available), null does the version “No” (indicator
not available).

The indicators were enumerated in conformi-
ty with Table 1, experts-assigned risk levels
were given numeric values: ‘High” - 4,
“High/Medium” — 3, “Medium” — 2, “Low” — 1.

The set of databases for training is assigned
by the command edit and saved by expanding
.dat. The editor window of hybrid systems is
called using the command anfisedit (fig. 5) and,
we download the matrix of the training kit. Fur-
thermore, we generate the structure of fuzzy in-
ference FIS of Sugeno type by selecting the
number of MF for the terms of input variables
equal 2 and the type of Gauss’s MF.

We assign settings of network training. De-
fault Error Tolerance is 0 and changing is not
advised. Let us determine the number of training
cycles (Epochs) 20.

A hybrid method of training is selected,
which presents a combination of the least-
squares method and the method of gradient de-
creasing. We conduct the network training

(fig. 6).
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@ Neuro-Fuzzy Designer: Untitled — O >

File Edit View

Fig. 6. Results of the network training in the Hybrid Systems Editor window

@ Anfis Model Structure - O X

Fig. 7. The structure of the generated fuzzy neural network

The structure of the built network (fig. 7) is The use of interface to view the rules of the
called by a key Structure. generated system of fuzzy inference, which is
shown in Figure 8, allows for the solution to the
formulated problem of risk forecasting with any
combinations of indicators and any degree of
their manifestation.

The Figure shows the number of neurons in
each layer, the neural type (in this case, neurons
AND not available), and neurons and layers
links are visible.
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4 Rule Viewer: Untitled - O ped
File Edit View Options
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3 — [ L ]
4 [ [ —— [T ]
5 — ] [ [ T ]
6 —7 1 [ ——— [ T ]
7 — [ [ T ]
8 — I ——— [ 7]
9 = I e [ o]
10 —— =] ] [ —— [ ]
nl— [ (e [~ ]
13— — ] e [ & |
e /s 0 " I
16— _ —T [ [ T
s C— 31
0 1 0 1 0 1 0 1 [ d.]
Input= 14950 0.25] Plot points: 19+ Move: et ‘ right | down ‘ up ‘
Ready Help | Close ‘

Fig. 8. Output of the results of forecasting risks for the object based on the identified manifestations of risk indicators

Let us introduce an exponent “Degree of risk
indicator X manifestation” as a real number from
0 to 1, which shows the degree of the given indi-
cator manifestation based on the control results.
For example, if indicator 1 is clearly and unique-
ly observed, we reckon X; = 1. If the availability
of indicator 2 can be considered as manifesting
to the extent of 50%, then X, = 0.5, etc. The in-
dicator X value for each observed risk indicator
is established by an inspector. The different de-
gree of manifestation, frequently available in
practice, therefore, the different hazard degree of
defective features and discrepancies, their “fuzz-
iness” is also taken into consideration.

The generated and trained fuzzy neural net-
work allows us, assigning values of all X;= 1-4,
to obtain a quantitative assessment of R risk
forecast varying from 1 to 4, i.e., from low up to
high. To complete this task, it is necessary to
assign values X; for indicators from 1 to 4 in
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succession, using white space, in the window
Input in the lower left-hand side of the configu-
ration Rule Viewer or relocate red cursors to the
respective positions in the MF columns.

For example, X; = 1; X; = 0.5; X5 = 0;
X4 =0.25 are assigned in Figure 8. These values
(Input 1, 2, 3, 4) can be viewed over the respec-
tive MF columns. We have the system-computed
risk assessment R = 3.11 over the rightmost col-
umn of results (Output). It means that in the giv-
en case, a forecasted risk is slightly greater than
high/medium, however, substantially less than
high.

In general, the interpretation of the result ob-
tained is an expert task carrying out control and
supervisory functions. It is obviously essential to
take into consideration a system fault in this con-
text.

Matlab makes it possible to obtain a graphic
interface to view the surface of the generated



HayuyHbiit BectHuk MITY TA

Tom 26, Ne 01, 2023

Civil Aviation High Technologies

output

Vol. 26, No. 01, 2023

Fig. 10. The surface of the risk level in coordinates X;/X; if X;=X,;=1

system as an additional option. Figures 9 and 10
illustrate the surfaces of the risk forecast result in
coordinates X;/X, under different fixed values
X3 u X4.

Conclusion

While conducting control and supervisory ac-
tivities in airlines to assess a risk level of an ob-
ject, it is necessary to take into consideration
manifestations of risk indicators. It will boost the
“proactive” (in ICAO conception) component of
the risk-oriented approach towards inspections
of organizations.

The neural networks can be the tool of fore-
casting. The feasibility of using the adaptive
neural fuzzy inference system (ANFIS), pos-
sessing the advantages to solve the given task
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compared to other networks, is shown. The
method allows us to obtain substantiated quanti-
tative risk assessments depending on “the degree
of risk indicator manifestation”. The network
training can be conducted based on expert sur-
vey data similar to the stated study, also on actu-
al results of inspections and investigations of
aviation events as they accumulate.

The applicability of the network is shown as
an example of risk indicators for the air traffic
management organization, but the methodology
can be used in any entity of Civil Aviation not
only during an inspection but also during the
self-control within the framework of the valid
Flight Safety Management System.

The generation and applicability of the net-
work in the software package Matlab can be
conducted by specialists of control authorities
and inspections (departments) on flight safety of
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airlines which do not have specialized mathe-
matical knowledge and skills in the software
domain.
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Abstract: In the process of improving gas turbine engines (GTE), increasing the resource and efficiency, there is a constant
increase in temperature and pressure of the working fluid. Turbine elements are subjected to high thermomechanical loads and
continuous exposure from the aggressive environment. These impacts are especially significant for the working blades of the first
stages of the turbine, located in the area of the highest temperatures. One of the most serious types of damage in this case is the
corrosive effect on the working blade from the combustion gases entering the flow part of the turbine. The TS-1 fuel used on an
aircraft contains sulfur compounds in its composition — elemental sulfur and mercaptans, which in the combustion process, together
with sodium and potassium in the air, leads to an aggressive effect on the material of the turbine blade. To ensure the long-term
operation of the turbine blades of the turbine at the gas temperature at the turbine inlet up to 800...850 °C, the content of these
products in both fuel and air is limited according to the regulatory and technical documentation. However, it is not yet possible to
exclude them completely. The presence of sulfur compounds on the turbine blades of the GTE causes sulfide corrosion. Therefore,
the article considers the influence of impurities in fuel and air on the process of sulfide corrosion of the turbine blades material of
the turbine. The mechanism of sulfur dissolution in metal oxides or protective coating is presented, as well as the diffusion of sulfur
oxide from the coating surface into its depth. The reason for the influence of sodium chloride contained in the air on the corrosion
of nickel alloy or the protective coating applied on it has been established. The influence of vanadium in the fuel on the corrosion
rate is given. In order to increase the efficiency of the turbine blades when exposed to such an aggressive environment, it is
proposed to use a new coating formed from an aqueous suspension and allowing the introduction of chromium into the coating,
which provides a higher durability of such a coating in comparison with serial aluminide coatings. The introduction of chromium is
ensured by an exothermic reaction occurring during the formation of the coating during heat treatment.

Key words: sulfur, sulfide corrosion, atomic lattice, protective coating, corrosion processes, impurities, nickel alloy.
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TIO/IBEPTatOTCsl BHICOKUM TEPMOMEXAHWUECKHM Harpy3KaM M HENpepbIBHOMY BO3JEHCTBHUIO CO CTOPOHBI arpeCCHBHOM Cpe[bl.
OTH BO3JEHCTBHUS OCOOCHHO CYIIIECTBEHHKI IS paOOYHX JIONIATOK MEPBhIX cTyreHeil Typounsl ['TJ], Haxomsamuxcs B o0iacTi
HanOonee BBICOKHMX Temreparyp. OIMH M3 CaMbIX CEPhE3HBIX BHIOB MOBPEXKICHHWI B JaHHOM ClIydae — KOPPO3HOHHOE
BO3/IeiicTBHE HA PabOUyIO JIONATKY CO CTOPOHBI Ta30BBIX IPOYKTOB CTOPAHMS, ITOCTYMAIOMIMX B IIPOTOYHYIO YacTh TypOHMHEL.
[Mpumensiemoe Ha Bo3mymHOM cyaHe (BC) tormmBo TC-1 comep)XuT B CBOEM COCTAaBE CEPHIICTBIC COSITMHEHUS —3JIEMEHTAPHYIO
cepy W MEpKalTaHbl, YTO B IIPOIECCE CTOPaHUsS COBMECTHO C HAXOUIIMMHCS B BO3IyXE HaTpHEM M KajMeM HPHBOIUT K
arpecCHBHOMY BO3/ICHCTBHIO Ha Martepuall pabodueil momatku Typounbl [T, J{nsa obecriedeHUs TUTENBHON pabOTHI JIOMATOK
Typ6uns! ['T/] ipu Temmeparype ra3a Ha Bxoze B Typouny 1o 800...850 °C comeprkaHre JaHHBIX MPOAYKTOB KaK B TOIUIMBE, TaK
U B BO3/IyX€, CONIACHO HOPMATHUBHO TEXHUUYECKOH JOKyMEHTALNH, OrpaHnIiBatoT. OJJHAKO NCKITIOYUTH UX IOJHOCTHIO TIOKA HET
BO3MOXKHOCTH. [IpHCyTCTBHE coenuHeHuMit cepbl Ha Jstonatkax TypOutbl ['T]] BbI3bIBaeT MpOTEKaHUE CYyIbQUAHONW KOPPO3HH.
[TosToMy B cTaThe paccMaTpuBaeTCsl BIMSHHUE TIPUMECEH B TOIUIMBE U BO3/IyXE€ Ha IMPOLIECC NPOTEKaHUsI CyIIb(QUIHON KOPPO3UH
marepuana sionatok Typounst ['T/]. [IpencraBnen MexaHn3M pacTBOPEHHs CEPbl B OKCHIAX METaJlIa WX 3allUTHOTO TIOKPBITHS, a
Takke upQy3usi OKCHaa cepbl C MOBEPXHOCTH MOKPHITUS B €ro IyOb. YCTaHOBJEHA NMPHYMHA BIMSHUS COZEPIKAIIETOCs B
BO3/TyX€ XJIOPUCTOTO HATPHs Ha KOPPO3MIO HUKEJIEBOTO CIUIaBa WIIM MPHMEHSIEMOTr0 Ha HEM 3alliUTHOrO NOKpbITHsl. [IprBoanTes
BIIMSIHAE HAaXOJISIIIIEr0CsI B TOILUIMBE BaHAIMSI HA CKOPOCTH Koppo3nH. C EeNbio yBeIndeHHs! paboToCIIOCOOHOCTH pabourX JIONATOK
TypOuns! ['T/] npu Bo3nelcTBUM TaKoi arpecCHBHOW cpejibl MpeziaraeTcsi IpUMEHEHHE HOBOTO MOKPBITHS, (opMHupyeMoro u3
BOJHOM CYCIIEH3MH W TIO3BOJIIIOIIETO BBECTH B COCTaB ITOKPBITHSL XpPOM, YTO OOEcHeuMBacT Oojiee BBICOKYIO JIOJITOBEYHOCTh
TaKOrO TOKPHITHS B CPaBHEHWHM C CEPUHHBIMM ATIOMUHUIHBIMH TIOKPHITHSMH. BBeneHwe xpoma oOecriedmBaeTCs 3a CUET
9K30TEPMUYECKON PEaKIMH, MPOTEKAIOMIEH B Iporiecce (JOpMUPOBAHMS HOKPBITHS IPH TEPMHUIECKOI 00paboTKe.

KunroueBble ciioBa: cepa, cyinb(uiHasi KOppo3usi, aTOMHAsE PELIETKA, 3alUTHOE MOKPHITHE, KOPPOZUOHHBIE MPOIIECCHI, TIPUMECH,
HHKEJICBBIH CILIaB.
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Introduction processes in 900...1050 °C temperature interval
due to use of protective coating and Al,O, —
Cr;0,, highly protective from gas corrosion,
on it.

Combustion products and ash sediment corro-
sion impact [4, 6, 7, 8] (fig. 1) is a type of turbine
engine blade protective coating damage, which

Different types [1, 2] of coating are developed
and used in purpose of GTE turbine performance
increase.

Analysis of the gas turbine engine blade pro-
tective coating use, along with laboratory tests .
allows us to distinguish the two specific areas of ~ decreases their performance.

their damage while use and testing, depending External inspection of blades after r}lnnipg
on the temperature — that is 650...850 °C and up hours shows us, that there is a blast of pinpoint

to 1050 °C [2-6]. There are moderate corrosion lodgment mainly on blade pressure side (colour

lodgment

coke

flow-
accelerated
corrosion

a)

Fig. 1. The appearance of the working (a) and nozzle (b) blades after operating time 10671 hours
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from light up to dark brown) (fig. 1, a) on the
blade web surface. Flow-accelerated damage of
protective coating, along with coke ash lodgment
(fig. 1, b) is detected on nozzle cluster blades
due to aggressive gas flow.

There is local lodgment on blasts, which
work on fuel of high sulfur concentration, gener-
ally consisting of Na,SO4 (=74%). Such lodg-
ment is a basic sulfide corrosion reagent, wheth-
er there is no lodgment, then there is no corro-
sion.

It should be mentioned, that due to high tem-
perature impact turbine gas atmosphere and im-
purements on GTE turbine blades, which lead to
their intensive corrosion, are highly oxidizing,
increasing the corrosion rate [9-11].

Presence of sulfur compounds in combustion
gases or in turbine blade lodgment is a main
condition for sulfide corrosion. Thus, it is mean-
ingful to observe the mechanism of sulfur intro-
duction in metal crystalline grid or oxides on its
surface, which will help us understand, what ac-
tions it is necessary to take in order to decrease
sulfide corrosion impact.

Results and discussion

Let us consider approximate impurities,
which lead to corrosion, and their sources in
combustion chamber, in order to understand tur-
bine blade sulfide corrosion mechanism while
maintenance.

Sodium chloride is a basic compound, which
leads to sulfide corrosion, invading combustion
chamber along with the air [4, 6, 12]. This is par-
ticularly evident while aircraft operation in
coastal areas and above the sea [13].

Sulfur and alkalic metals, as main corrosion
agents, may invade GTE combustion chamber
along with the fuel. Fuel may be polluted with
sodium chloride whether water invades it. Vana-
dium, chlorum, lead, hydrocarbon or their com-
pound [6, 12, 14] may also occur in GTE com-
bustion chamber along with the fuel, which accel-
erates corrosion processes.

Covering, which protective feature is alumi-
num and chrome oxide — Al,O; and Cr,0O3 cy-
clization, is applied onto turbine blades in order

74

Vol. 26, No. 01, 2023

to prevent high temperature oxidation. There-
fore, sulfur invades oxide crystalline grid while
combustion in finely crushed forms and influ-
ences the hole cyclization, in other words, defect
balance [15].

Nickel oxides [1, 5] are cycled on blade sur-
face while operation when covering protective
features are exhausted and nickel is diffused into
covering. In this case sulfur is implied into anion
nickel oxide subbarray decreasing vacant elec-
tron hole concentration and increasing hole con-
centration. This can be described with an equa-
tion:

17,8, 2 85 +vy! (1)

or

s, +0,+2h285 +1/,0, (2
where Sg* — isan electropositive sulfur atom,
entered in place of oxygen ion;

h — vacant electron hole;

VI\{I/ — bivalent cation tie-up.

Besides that, sulfur can be entered in intersti-
tialcy oxide space, not influencing crystalline
grid defects.

Wagner presented the oxidation theory in
1930s [16] and found out, that sulfur diffusion
rate in polycrystal nickel and cobalt oxides is an
order of magnitude higher than in monocrystals
of 1000 °C temperature and more [17, 18].

It is necessary to find out diffusion of sul-fur
and sodium chloride, in other words, mecha-
nism of their dilution in oxides, in purpose of
protective coating development, with ability of
long-term work in their aggressive impact condi-
tions.

Condition which should be complied in pur-
pose of sulfur diffusion:

Pl > P, 3)

where Ps/2 ! u PS/2 — partial sulfur pressures on

calx-gas and calx-metal faze border respectively.
Equation (3) will be complied in case of comply-
ing the following inequation:
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2AG§)

/ 24G3
PSz >eXp(RT !

4)
where, AGY — thermodynamical potential, R —
gas constant, and 7 — absolute temperature.

It can be said, that alloy-determined sulfur
diffusion is possible whether:

// 2AGY
Pl )

> exp (? . (5)
Sulfur dioxide SO, molecule diffusion runs
on bead borders, through micro-breaks, cavings
in a calx. While diffusion sulfur dioxide reacts
with calx metal and metal activity will increase
with moving further. Therefore, partial oxygen
pressure will decrease with moving further to
metal border. Consequently, sulfur compound
may cycle under the calx even while low sulfur
steam pressure [18]. Such a process shows us the
opportunity of the rapid nickel alloy damage,
containing the traces of sulfur dioxide.

Water steams invade the GTE gas track along
with sulfur combustions, containing sea salt,
which sodium chloride NaCl [12] is a basic
component of, leading to nickel alloy corrosion
rate increase.

In case of sodium chloride presence in a fuel
or in air, invading GTE, and in sulfur oxide
presence with t, =885 °C there are the com-
pounds in combustion products:

4NaCl + 250, + O, +
+ 2H,0 — 2Na:SO, + 4HCI 6)

NaCl + H>O — NaOH + HCI (7)

While GTE operation the sodium natrium
particles collapse on turbine blades surface and
sulfate.

Protective coverages [1, 5] on GTE turbine
blades cycle the aluminum and chrome diox-
ides — Al,O3 and Cr,03. Sodium natrium practi-
cally does not interact with aluminum dioxide. It
cycles volatile products, leading to slick bulbing
and damage, with chrome dioxide, along with
chrome-containing alloys. Nevertheless, cover-
ages with chrome oxide Cr,O3 are sodium chlo-
ride resistant.
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The main reason of sodium natrium influence
is chemical reactions running:

CT'203 + 6NaCl + 02 s

Cr,05 + 2NaCl + 1/, 0, =

Volatile chloride and oxychloride cycling in-
creases with higher temperatures, leading to
more chloride natrium impact on nickel alloy
corrosion.

Vanadium impurity influences on corrosion
rate increase. Compounds, which can cycle
while vanadium-containing fuel combustion, de-
pending on temperature:

— vanadium trioxide (melting point
tm = 1970 °C):
4V + 30, — 2V>0; (10)
— vanadium tetroxide (t,; = 1970 °C):
2V>03 + O; — 2V>04 (11)
— vanadium pentoxide (t,; = 675 °C):
2V>04 + O; — 2V505 (12)

Mechanism of vanadium impact on corrosion
process in common is in oxide slick damage, in-
creasing its porosity and oxidation rate due to
V,0s influence, along with diffusion flow in-
crease through chrome oxide and sodium natri-
um influence.

The following protective coating damage
mechanism on turbine blades is confirmed with
the research conducted by the authors. The
blades (fig. 1, a) of GTE turbine at gas-pumping
station were analyzed. The metallographic re-
search of working blades in maximum lodgment
areas (fig. 1, @) after operation and baseline pro-
tective coating (fig. 2).

As we can see, there is a corrosion of AZH-8
coverage surface in local lodgment areas. Protec-
tive coating corrosion is of frontal (areal) charac-
ter at 500...700 mkm distance under local saline
lodgment layers. In case of pitting layer affection
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Fig. 2. The microstructure of the coating AZH-8 on the blade before operating time (a) and with an operating time of
10671 hours on the side of the trough (b) and the back (c)

corrosion
damage

superficial
[ layer

inner com-
—
pact layer

. }-alloy

Fig. 3. Microstructure of AZH-8 coating after laboratory tests for sulfide corrosion

there is a wedge shaped corrosion spreading in
depth of the coverage.

Such a character of AZH-8 coverage corro-
sion is also confirmed with sulfide corrosion la-
boratory tests (fig. 3).

As we can see in Figure 3, saline corrosion
has invaded only 50% of coverage depth and
stopped before the NiCrTaWAISiHfY pattern,
which is more corrosion resistant, than the out-
side zone of B- and y/-fazes, formed while
chrome aluminizing.

The results of the research confirm the
above-mentioned mechanism of protective cov-
erage damage due to impurities combustion
products impact in fuel and air and aggressive
atmosphere impact on GTE working blades.

The laboratory tests for sodium natrium im-
pact on differently gained protective coverages
were conducted. Chrome alumined (ChA) cover-
age, mass used in aircraft construction, formed
in bulk solid with gas circulation (CCA) method
was applied on nickel alloy samples. The re-
search of the new coverage, formed of a water
suspension of excessive chrome content —
10...13% was conducted as an alternative to the
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following coverages. There is an exothermal re-
action while thermo vacuum annealing in a new
coverage, which has allowed us to imply chrome
in coverage [19, 20].

The sea salt water dilution, containing 58%
NaCl, 26,5% MgCl,, 9,8% Na,SOy4, 2,8% CaCl,,
1,6% KCI, 0,5% NaHCOs, 0,2% KBr was ap-
plied on ZhS6U samples. Every sample was
soaked in the following dilution for no less than
3 times and was dried outdoors within
15 minutes. Afterwards the samples were weight
in purpose of salt mass overweight, which was
about 5 + 1 mg/cm’. The tests were conducted
with 1100 °C temperature, and the calx quantity
in crucibles (fig. 4).

The results of the research showed us, that
the coverages may be set in the following se-
quence from the resistance (change of the ap-
pearance) up to corrosion (in descending order):
NPH, CCA, HA (fig. 4). The samples were
weight along with the crucibles in purpose of
estimation by calx quantity in a crucible. There
was a insignificant white-coloured calx quantity
in NPH crucible. Apparently, this is a crumbled
salt with a insignificant quantity of corrosion
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Fig. 4. Surface structure and general appearance of samples from the alloy ZhS6U with protective coatings: a — HA,
b — CCA, ¢ — NPH after salt corrosion for 100 hours at a temperature of 1100 °C

products. There is more dark and large size calx
in CCA and HA coverage crucibles.

The research confirms the above-mentioned
(formula 8 and 9) sodium natrium impact on pro-
tective coverage. Implication of about 10% of
chrome allows to increase its resistance to gas
corrosion, due to Cr,0; protective oxide slick
cycling, along with aggressive combustion prod-
ucts resistance.

Conclusions

1. It is possible to increase GTE turbine
blade working capacity, working in an aggres-
sive gas flow for a long time, using the protec-
tive coverage, allowing to decrease their tenden-
cy to corrosion. The working capacity of cover-
ages on the blades depends on many factors and
first of all on their pattern.

2. The mechanism of protective coverage
and metal destruction due to dilution and diffu-
sion of sulfur, invading the turbine blade protec-
tive coverage from fuel, in the coverage depth is
presented according to the conducted research.

3. The laboratory tests allowed us to deter-
mine the impact of sodium natrium in the air,
invading the turbine blade surface along with the
combustion products, on the corrosion destruc-
tion of the protective coating.

4. The presence of sulfur, sodium natrium
and vanadium in combustion products leads to
corrosion rate increase.
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5. Chrome alloy addition to coverage in-
creases corrosion resistance, consequently, al-
lowing us to increase their longevity while work-
ing with aggressive combustion products.
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To4HOCTH onpeac/JIcHuss KoopamHar 0eCNMUJIOTHOIO JIETATEJbHOI0
anmaparta ¢ HAaBUraliliOHHbIM KOMIVIEKCOM, BKJIIOYAa0IUM
ONITHKO-3JICKTPOHHYIO CUCTEMY MNO3UIIMOHUPOBAHUSA

A.A. HleﬁHchBl, A.M. KOBaJIeHKOI, A.A. CaHbKo’

1
Boennas akaoemus Pecnyoauxu benapyco, . Munck, benapyce
2
benopycckas cocyoapcmeennas akademus asuayuu, 2. Murnck, berapyce

AunHoTaumst: B crarbe npesioxeHsl MOAXOIb! K KOPPeKUU Oecruiar)opMeHHON MHEpIMAIbHOW HABUTAlMOHHOM CHCTEMBI T10
HMHpOpPMAIUU OT OOPTOBOHM ONTHKO-JIEKTPOHHOM CHCTEMbl OECIMJIOTHOIO JeTaTelbHOro ammapara. Ilpm 3ToM onTuxo-
9JIEKTPOHHAsI CUCTEMa NPEJCTaB/IeHa KaK JaT4uK HaBUTalMOHHON MH(opManuu. [IpuBoaurca o6ocHOBaHME 11€11€CO00Pa3HOCTH
TaKOTO MOJX0/1a, OCOOCHHO B YCJIOBHSIX OTCYTCTBHS MJIM HOIABJIEHMSI CUTHAJIOB CITyTHHKOBBIX PaJIMOHABUTAIIMOHHBIX CHCTEM.
ToyHOCTH aBTOHOMHOM HAaBWTallMH TpejyIaraeTcsi 0OECIeUNTh 3a CYET OpPraHM3alMy MapuipyTa OeCIHIOTHOTO JIETaTeNbHOTO
anmapara, BKIIOYAIOLIET0 MPOMEXKYTOUHbIE IyHKTHI MapIIpyTa € pPa3sMEIEHHBIMU B HUX HA3eMHBIMU HaBHIALMOHHBIMU
opuentupamu. [Ipu sToM BuoBas nH(OpMarys, CBI3aHHasl C HA3eMHBIMI HAaBUTAIIMOHHBIMU OPHEHTHPAMH, 3apaHee 3allicaHa B
amMsATh OOpPTOBOTO KoMIbioTepa. CHCTeMa aBTOMaTHYECKOM WACHTU(MKAIIMM Ha3eMHBIX HABUTALMOHHBIX OPHUEHTHPOB C
W3BECTHBIMHM KOOPJMHATAMU B OYEPEIHBIX MPOMEKYTOUHBIX IMYHKTaX MapLIpyTa C HCHOJIb30BAHMEM HMEIOIIMXCS Ha OopTy
JaHHBIX, IO CyTH, OOCCIEYNBACT BO3MOKHOCTb AaJbTEPHATHBHOIO NIOOAIBHOTO MO3ULMOHMpOBaHMsA. [IpaBuibHOE
(yHKIMOHMPOBAaHUE TaKO KOMIUIEKCHON HAaBHUTALMIOHHOW CHCTEMBI HAa JOCTaTOYHO MPOJOIDKMTENBHBIX YYacTKaX TPAcKTOPUU
HoJjieTa MpeXJe BCEro 3aBUCUT OT TOYHOCTH BXOIAIIMX B Hee deMeHToB. C y4eroM TOro 4YTO KIIACCHYECKHE JATYMKH
HaBHUTallMOHHOM MH(OpMaImK, Takue Kak OecruiaropMeHHas MHepIaIbHasi HABUTAlIMOHHAS CHCTEMa M BBICOTOMED, JI0CTaTOuHO
XOpouo rccjicAoBaHbl B MHOTOUMCIICHHBIX HAyYHbIX ny6m/u<aum1x, OCHOBHOC BHMMAaHHC B CTaTb€ YIACICHO 60pTOBOI>i OIITHKO-
9NIEKTPOHHOM CHCTEMe OECIIMIIOTHOIO JIETATeNBHOIO armapara, B YaCTHOCTH OCOOCHHOCTSIM €€ IPHMEHEHHS B KayeCTBE
HaBUTAlIMOHHOTO Jardvka. PaccMoTpeHbl (DakTopbl, BIMSIONME HAa TOYHOCTH ONpPEAENEHUS] KOOPIMHAT OECIMIOTHOTO
JIeTaTeNbHOTO ammapara B IPOMEXKYTOYHBIX ITyHKTaX MapuipyTa I0 JAHHBIM OOpTOBOH ONTHKO-3JIEKTPOHHOM CHCTEMBI.
Ipencrapnena pa3paboTaHHAs MaTeMaTHYecKash MOZETb OIIMOOK WHEPIMATFHO-ONTHYECKOTO HABHIAMOHHOTO KOMILIEKCA
OecIIIOTHOTO JIeTarebHOro ammapara. [IpoBeneH aHauM3 BIMSHUS MOTPEIIHOCTEH OOpPTOBOTO BBICOTOMEpA, XapaKTEPHUCTHK
pernbeda MoACTIAIONIEH MECTHOCTH M CMEIISHHS ONTUYECKON OcH OOpTOBOW HU(POBOIM KaMephl, BHI3BAHHOTO CITyYalHBIMHU
9BONIOLMSIMH KOPITyca HOCHTENS B TypOyJIeHTHOH arMoc(epe, Ha TOUHOCTb MO3UIMOHNPOBaHusl. [[pHBeieHbI pe3yIibTaTsl pacyeTa
MOTPELIHOCTEN OMpEAENeHUsT KOOPAMHAT OECHMIIOTHOTO JICTATENBHOTO ariapara, OCHAIEHHOTO WHEPIMAIbHO-ONTHYECKUM
HABUTALMOHHBIM KOMIIJIEKCOM.

KiioueBble ¢J10Ba: OCCIMIOTHBIN JIeTaTENbHBINA arirapar, 6€CHJ'IaT(1)OpM€HHa$I HHCpLHaJIbHAsA HaBUT'AlITMOHHAA CUCTEMA, OITHUKO-
JIEKTPOHHASA CUCTEMA, MaTEMaTUICCKasA MOACITb OIINOOK HMHEPIHAIIBHO-ONTHYECKOTO HABUTaIITMOHHOT'O KOMILIEKCA.

Jonst muraposanmst: [lleitnukor A.A., Koaienko A.M., Canbko A.A. TOYHOCTH oOmpeeseHus KOOPIUHAT OCCIMIOTHOIO
JICTATEIIPHOTO arapaTa ¢ HABUTAIIMOHHBIM KOMIUIEKCOM, BKJTOYAIOIIMM ONTHKO-3JICKTPOHHYIO CHCTEMY MO3UIIMOHUPOBAHUS //
Hayunbiii Bectarnk MI'TY TA. 2023. T. 26, Ne 1. C. 81-94. DOI: 10.26467/2079-0619-2023-26-1-81-94

The accuracy of determining the coordinates of an unmanned
aerial vehicle with a navigation complex integrating an
electro-optical positioning system

A.A. Sheinikovl, A.M. Kovalenko', A.A. Sanko”
! Military Academy of the Republic of Belarus, Minsk, Belarus
2 Belorussian State Aviation Academy, Minsk, Belarus

Abstract: The article proposes the approaches to updating a strapdown inertial navigation system (SINS) based on data of the
airborne electro-optical system (EOS) of an unmanned aerial vehicle (UAV). It is specified that the EOS is presented
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as a navigation data sensor. The rationale for the feasibility of such an approach is formed, especially in the terms of signal lack or
suppression of satellite radio-navigation systems. It is proposed to ensure the accuracy of self-contained navigation by assigning an
UAYV route, including waypoints with terrestrial references (TRs). Notably, TR-associated image information is preliminarily
downloaded into the flight management computer (FMC). The automated TR identification system with denoted coordinates at
next waypoints, using airborne data, in fact, allows for alternative global positioning. The reliable operation of such an integrated
navigation system over sufficiently extended legs of flight path, first, depends on the accuracy of its constituent elements. Taking
into consideration the fact that conventional sensors of navigation information, such as a SINS and an altimeter, are quite well
studied in numerous contributions. The article focuses on the UAV airborne electro-optical system and, specifically, on its
application features as a navigation sensor. The factors influencing the accuracy of the UAV positioning data determination at
waypoints according to the data of the airborne EOS are considered. The developed mathematical model of errors for the UAV
inertial optical navigation complex (IONC) is presented. The analysis of the impact of airborne altimeter inaccuracies, earth’s
surface features and the shift of the onboard digital camera optical axis, caused by random evolutions of the carrier body in
turbulent atmosphere on the positioning accuracy, was conducted. The results of calculating lapses in determining the UAV
positioning data, equipped with IONC, are given.

Key words: unmanned aerial vehicle, strapdown inertial navigation system, electro-optical system, mathematical model of errors
for the inertial optical navigation complex.

For citation: Sheinikov, A.A., Kovalenko, A.M. & Sanko, A.A. (2023). The accuracy of determining the coordinates of an
unmanned aerial vehicle with a navigation complex integrating an electro-optical positioning system. Civil Aviation High
Technologies, vol. 26, no. 1, pp. 81-94. DOI: 10.26467/2079-0619-2023-26-1-81-94

[ToaTomy B HacTosilIee BpeMsi akTyaJbHOU 3aja-
yeil sBhsieTcss pa3paboTKa JOMOJHUTEIBHBIX,
6onee TounbiXx no cpaBHeHuto ¢ BUHC, aBto-
HOMHBIX OOpPTOBBIX HABUTALIMOHHBIX CHCTEM,
OCHOBaHHBIX Ha JPYTUX (PUINICCKUX MPUHIIH-
nax [7-9]. MHorouncneHHble MyOIHKaINH, TO-
CBAILICHHBIE paccMaTpUBAaeMOll IMpolbieMe, CBU-
> JIETENBCTBYIOT O 3HAYUTEIBHOM POCTE MHTEpEca
CTUYECKUX YCTAaHOBOK [Jii BO3JCHCTBUSL Ha K WCTONB30BAHMI0 Uis Koppeku BUHC wn-

OOpTOBYIO  MMKPODJIEKTPOHHKY, HOCTaHOBKA dopmanuu OT GOPTOBBIX OMNTUKO-3JEKTPOHHBIX
PaavodIEKTPOHHBIX IOMEX, BO3ACHCTBYIOLINX cuctem BJIA [10-18].

Ha KaHajbl CBSI3U, CIlyTHUKOBOH HaBUTallUU U
ynpasnenus [1, 2]. Haubonee sddexTuBHBIM
CIocoOOM SBIISIETCSI TPUMEHEHUE CPEeACTB pa-
JTMO3JIEKTPOHHOTO TMO/IABIICHUSI CUTHAJIOB CITyT-
HUKOBBIX PaJUOHABUTAllMOHHBIX CUCTEM U CHUT-
HajoB ympasineHus [3, 4]. Tax, nHamnpumep,
OAO «Kb "Pagap"» (Pecmybnuka benapych)
BBIIYCKACT PsII CPEACTB PaJUOIIEKTPOHHOU

BBenenue

OcHOBHBIMHU criocoO0amMu OOpbOBI ¢ Oecru-
JOTHBIMU JieTaTenbHbIMU anmnapatamu (BJIA)
B HacTosillee BpeMs SBISIOTCS TMPUMEHEHHE
CTPEJIKOBOTO OPY’KHsI, IPUMEHEHUE JIa3€PHOTO
OpyXWusi, IPUMEHEHUE MUKPOBOJIHOBBIX M aKy-

Lenbto nanHOW paboTHI sBIsETCA pa3palboT-
Ka MaTeMaTH4YeCKOH MOAEIn OIINOOK HHCPLU-
QJIbHO-ONTUYECKOT0 HABUTAIIMOHHOI'O KOMILIEK-
ca BJIA nns o6ocHOBaHUS TpeOOBaHUM K Xapak-
TEPUCTHKAM €r0 3JIEMEHTOB.

MeToabl 1 METO10JI0TUS

0opr0bI ¢ BJTA, UMEOIUX JaabHOCTH PagUoIo- HCCJIE0BAHMSI
naBaeHust 10 40 kM.

B ycnoBusx monaBieHHs CUTHAJIOB DPaJuo- Jlis AOCTHKEHMST TOCTaBIEHHOW IEeNHu ObLI
VOpaBlIEHUS! U CUTHAJIOB CIyTHUKOBBIX DPaJHO- MOPUHSAT PSI CIASAYIONINX JOMYyIIEHUH.
HAaBUTAIMOHHBIX CHUCTEM OCHOBHBIM HMCTOYHH- 1. BUHC onpenenser mapameTpbl OpUEHTa-
KOM HaBHTallMOHHON WH(OpMAIMKU CTaHOBUTCS i BJIA ¢ mOCTOSSHHBIMU TTOTPEIITHOCTSIMH.
OooproBasi OecriaThopMeHHass HWHEpIUATbHAs 2. I3amMepeHnne mTpPOCTPAHCTBEHHBIX KOOPIH-
HaBurauuonHas cucrema (BMHC), spnstomasics HaT OCYILECTBISETCS ITOCTOSHHO C ITOMOUIBIO
aBTOHOMHBIM JaTYuKOM [5]. OmHAKO €€ UCIOIb- BUHC wu mnepuomumyecku (B YCTaHOBJIEHHBIX
30BaHHE TpeOyeT MEepHOANYECKONH KOPPEKIUU HABUTAIIMOHHBIX TOYKAaX) C TOMOIIBIO OMTHKO-
JUISl YCTPAHEHUS HAKAIUTMBAIOIIMXCS TOTPEITHO- anektpoHHou cucteMbl (ODC), 3aduxrcupoBaH-
CTel ompeneneHus: KOOpAWHAT HOcHUTeNs [6]. HOI1 B ieHTpe macc BJIA.
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Puc. 1. I'paduyeckoe npencraBieHne CUCTEM KOOPAUHAT JUIsSl OITUCAHHS
nonoxxerns bJIA ornocurensno HHO
Fig. 1. Graphical representation of the coordinate system for the description of UAV position relatively TRs

3. OnTnueckast oce OOC HanpaBjeHa BEpTH-
KalbHO BHM3 (B Haaup) (YIiabl yCTAaHOBKHU Kame-
pBl TOJHOCTBIO 3aBUCAT OT YIJIOB TaHTaxa U
kpeHa bJIA).

4. Bubpanuu, mnepenammmecss ¢ IUIaHEpa
BJIA, He yunuThIBatoTCS.

5.Yacrora w3mepenuir OoproBoit BUHC
HAMHOTO BBIIIE YaCTOTHI CyYalHBIX KOJICOAHHUIA,
BBI3BAaHHBIX TYPOYJIEHTHOCTBIO aTMOC(EPHI.

6. YacToTa Chb€MKH MECTHOCTH C IMOMOIUIBIO
ODOC TakoBa, 4YTO Ha3eMHBIH HaBUTAIlMOHHBIA
opuentup (HHO) rapanTtupoBanHO momaaaer B
30Hy 0030pa B OYEpPEAHOM IPOMEKYTOTHOM
MYHKTE MapIIpyTa.

7. BeposTHOCTh pAacHO3HABAaHUS M WUICHTHU-
¢ukanuu ouepennoro HHO ¢ momompto anro-
PUTMOB OOPTOBOM BBIYMCIUTENBHON CHCTEMBI
BJIA [19] paBHa egunMIE.

8. Ilocne pacnosnaBanust HHO, onpenenenus
ero TMONIOKeHHUs Ha IM(POBOM H300paKeHUN
y4acTKa MECTHOCTH U MPOBEJACHUS HEOOXOAUMBIX
doTorpaMMETPUYECKUX PACUETOB KOOPIMHATHI
ueHrpa macc BJIA npuHuMaroTCsS TOUHBIMHU.

9. INoacTunaromas MOBEPXHOCTh OMUCHIBACT-
Csl MOJIENBIO MJIOCKOW 3eMJIU C PAa3IUYHBIMU TH-
namu penbeda.

Jnst obecrieueHus] pelIeHHs] 3aladd  ObUIH
MIPOBEICHBI MTPEIBAPUTENILHBIE ONEPALIUH.

1. Bwibop cucmem xoopounam bBJIA ons onu-
canusi omHocumenvHo2o noaoxcenusi bJIA u HHO

Hns omnumcanus monoxenuss BJIA oTHocH-
tenbHO HHO mnpuHsiTta HOpManbHas HEMOABUXK-
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Has cucrema xoopaunar (CK) Nx,Y,Z, . Haua-

1o CK HaxoauTcs B LIEHTpPE CTapTOBOIO HaBUIa-
IMOHHOTO opueHTHpa (Touka N Ha puc. 1). Ko-
opaunatel BJIA (touka B Ha puc. 1) onucwiBa-

IOTCSI BEKTOPOM vf,:[xNB, yNB,zNB]T . Koop-
nuHatel ouepeaHoro HHO ompenensitorcst Bek-

TOPOM v,].y =[x,.7,.2, ]T B HenoasmxHOU CK.

Bexrop v,é’ (dopmupyeTcss B Ipouecce MOAro-

TOBKM IIOJIETHOTO 3aJaHAsI W W3BECTEH B
HayaJbHBIA MOMEHT BpeMeHH. J[jia omucaHus
nonoxenuss npoekuquu HHO Ha miockoctu

nsobpaxenus P; (puc. 1) npunsra cucrema Ko-
opaunar 6oproBoit OOC CX Y Z .

N
3Ha4yeHuss BEKTOpa V , I[PUHUMAIOTCA He-

B
U3BECTHEIMU. BEKTOp Vp XapakTepusyeT I0JIO-

xenue BJIA otnocutrensHo HHO. Ero 3Hauenus
HaxoJATCS Ha OCHOBAaHUHU JAHHBIX O MOJIOKEHUU
HHO B xangpe.

Ucnonw3ys BBenennsie CK, MOXHO ompeze-
auTh cobcTBeHHBIE KoopauHaTel BJIA B Hemo-
neuxkHON 3eMHOM CK cremytrormm oopazom:

N __N _C~NqB
vg =vp —vp(Cp Ce,

(1)

rme Cg — TMOCTOsIHHAsI TEePEXOAHasi MaTpulla U3
cesanHoil CK B cucremy koopaunar O2C;
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CN MEPCXOIHAT MATPHIA IOBOPOTA H3 CH creMbl koopauHaT ODC B HenoaBmxHy0 CK.
B - -

2. @opmuposanue nepexoOHvIX Mampuy nepeciema
Marpuua nepexozna Cg u3 cucremsl koopauHat OOC B HenoasmwxHyto CK Ha ocHoBe nMH(pOpMa-
1K 00 yrioBoM nojoxkeHuu bJIA HaXoANuTCsl B COOTBETCTBUHU C U3BECTHBIMU BhIpaskeHUsIMH [10]:

N cosycosJ —sin 9 —sinycos 9
Cp =|sinysiny—cosysindcosy cosdcosy cosysiny+sinysindcosy |, (2)
sinycosy+cosysindsiny —cos3dsiny cosycosy—sinysin 3siny

rae v, 3,y — yrisl KpeHa, TaHraxa u kypca bJIA.

3. Onpeoenenue cesazu medxcdy koopounamamu bJIA u koopounamamu HHO
B kadecTtBe MozenH, OMUCHIBAIOIICH T€OMETPUIO OOPTOBOIO ONMTHYECKOTO YCTPOMCTBA, BhIOpaHa

MoJzienb Kamepbl-00ckypa (puc. 1). KoopauHaTel TOYKM MECTHOCTH (COCTaBIISIIOIIME BEKTOpa vg)

CBSA3aHbI C MIMKCETLHBIMU KOOPAHHATAMHU Ha TLIOCKOCTH H300paxenus (Up, Vp) CIEAyIOMMME COOT-
HomeHusimu [20]:

H _ (W —Up)Veplmar . H _ (Ve =Vp)YePmar

xCP:qu7 f > ZCP:va7 f > (4)

rne U, Ve — KoopauHaThl (B MHMKCeNax) IMEeHTpa OOpPTOBOM cucTeMbl HaOmoneHus; f — GoKycHoe

u A%
paccrosiHue oowsekTBa OOC; H — Bhicota nonera bJIA; a,,, ,a,,, — buzndyeckue pasmepsl MUKcena,

3aBucsume ot tuna Marpuusl OIC.
VYpasuenus (1)—(4) onuceiBaoT cBsi3b Mexay koopauHatamu BJIA, ero yrimoBoi opueHTanueil u
koopauHatamu HHO B HenonsmxknoM CK. B ckansipHOii 3anucy 3TH ypaBHEHUS IPUHUMAIOT BUJ

_ u _ v
Xyp =X, — (uc up;ycpamm -cosycos 9 + Ve Vp}ycpam“’ -sin 8 + yp siny cos J;
_ u
ZINg = V) _((uc uP}yCPa’”“’ -(sinysiny —cosysin 3 cosy) +
_ A%
+ (Ve =Vp)zcpapa -cos Ycosy + yop(cosysiny +sinysin 3 cosy)); )
f
_ u
YN =Y, + ((uc uP;yCPam“’ -(sinycosy+cosysinJsiny)—
_ \%
_bve VP;yCPam”t -cos Isiny + yop(cosycosy —sin ysin Isin y)).

N3o06paxkenue, moydeHHOE B mpoiiecce a3poPoTOChEMKH, COAEPIKUT UCKAKEHUSI T€OMETPUIECKO-
ro u pusudeckoro xapakrepa [20]. dakTopkl, BAUAIOMNAE HA TOYHOCT ONpeAesieHus koopauHat bJIA
no nanaeiM ODC, npeacTaBieHsl B Ta0I. 1.
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Taomauna 1
Table 1

DaKTOpHbI, BIUAIOLIME HA TOYHOCTD onpeneneHus koopauHat bJIA nmo nanasim OOC
Factors, determining the accuracy of identifying UAV coordinates according to EOS data

dakTop

KpaTkoe onucanue

CwMmelnieHns ToYeK, BbI3BaH-
HBIE OIIMOKOHN ONpeaeIeHus
BBICOTBI

TOMEpHI

ToYHOCTH ONTUYECKOM CHCTEMBI 3aBUCUT OT MOTPEIIHOCTH U3MEPEHUN O0P-
TOBOTO BEICOTOMEpa. OCHOBHBIMH HCTOYHUKAMHU HH(POPMAIIUN O BEICOTE T10-
JeTa it MajgopasMepHbIX BJIA sBisiroTcs 6apoMeTpudIecKre U paTioOBBICO-

CMCU.IGHI/IH TOYCK Ha CHUM-
K€, BbI3BAHHBIC peﬂbe(bOM
MECTHOCTH

IIJIOCKOCTHU CHHUMKa

Macuitab n3o0pakeHus: TOUEK BO3BBIICHHUS pelibeda KpyIlHee MaciTada
n300paXeHUs1 TOUEK CpeAHEH MIOCKOCTH CHUMKa. Macmtab n3o0paxeHus
TOUEK MOHMKEHHUS penbeda Meapue MaciuTaba H300pakeHust TOUCK cpeqHer

CMelleHns TOYEK Ha CHUM-
Ke, BBI3BAHHBIE HAKJIOHOM
OIITUYECKOU OCHU

Ha HakTOHHOM CHMIMKE TOYKH CMEIICHHI OT MOJIOKEHUH, KOTOPhIe OHH
JOJDKHBI 3aHUMAaTh Ha TOPU30HTATLHOM CHUMKE, TIOJTYYEHHOM TOH JKe Kame-
poit U3 TOTO XKe IeHTpa MPoeKIu. OCHOBHBIM UCTOYHUKOM BO3HUKHOBECHHUS
MOTPEITHOCTEH SIBJISTIOTCS OMIUOKH ONpe/eNieHus yIIIoB opueHTauu bJIA ¢
nomorpio 6oprosoit BUHC

4. Oyenka 6nusiHUA NOCpewHoOCcmu H6OpMmMoso-
20 8blCOmMoOMePa HA MOYHOCHMb NO3UYUOHUPOBA-
HUsA

[TpubmikeHHas: OlIEHKa MOTPEIIHOCTH U3Me-
peHUsl TEKyIIeH BBICOTHI TOJIETa C TOMOIIBIO
paauoBeicotomepa (PB) Ha BbicoTax ot 60 1o
750 M Hax paBHUHHON MECTHOCTBIO C BEPOSTHO-
cThIO 95 % MOXeT OBITh paccurTana Mo Gpopmy-
ne AH =20,06H. B nureparype [21] npuso-
nutcs BapuaHT oneHku CKO ommubku usmepe-
HUS UICTUHHOM BBICOTHI C TIOMOIIBIO PaJIMOBBICO-
ToMepa:

c
Oy =—""7T1s, 6
m dmogTy ©)

ra€ ¢ — CKOpPOCTb CBETa B BAKYYMC; UV — CKO-
POCTb HU3MCHCHHUA 4YaCTOTbl, ¢ — OTHOIICHHC

curnan/mym; 1y — nmuHa wHTepBana Habmiome-

HUS.
Ha puc. 2 nokasaHo rpaduueckoe mpeacras-
JICHUE BIIASHUS TIOTPEITHOCTU OTPEICICHHS BbI-
COTbI HAa TOYHOCTH NNO3UIIUOHUPOBAHUA oe3 yuce-
Ta wu3MeHeHWi penbeda mectHOocTH. OmmmOKa
MO3UIIMOHUPOBAHUS, OOYCIIOBJIICHHAsI IOTPEIII-
HOCTBIO OTpeae/cHuss BBICOTHI Toneta BJIA,
MOJKET OBITh paccuuTana mo gopmyie [20]
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(¢

H _..Opy
Spp,osCc = F_H .

(7)
Taxoxe Ha puc. 2 IpeaCTaBICHbI Pe3yIbTaThl
MOJIEJIMPOBAHUS TpPU CIEAYIOUIUX HadaJlbHBIX

yenoBusix: H = 500 M, 6y =10 m. Koopaunara

HHO (touka A) oTnansieTcst OT NPOEKIUH TJI1aB-
HOM Touku (Touka O Ha puc. 2) 10 MOMEHTA BbI-
xojga 3a mpenensl [13C-maTpuubl (KapTUHHON
wiockocTH). [Ipu 3TOM B KaXkI0il TOUKe Mpou3-
BOJAUTCA HU3MEpPEHHE KOOpAMHAT MPOEKLHU
HHO. Pacnpenenenne ouenok CKO mnpoekuumii
HHO #na I13C-maTpuily nokasaHo Ha puc. 2.

W3 puc. 2 BUAHO, 4TO MpHU yBEIHMUYEHUU OT/a-
nenust koopauHatsl HHO ot npoekuunu riaBHoH
TOYKH KapTUHHOW MJIOCKOCTU MPOUCXOAUT YBe-
mnuenue 3HadeHnii CKO mnpoexuuit HHO Ha
MJIOCKOCTh H300paKeHUsI.

5. Oyenxa enusnus pervega mecmuocmu Ha
MOYHOCMb NO3UYUOHUPOBAHUS

CoOrnacHO MHCTPYKIMH' MECTHOCTb MO Xa-
pakTepy penbeda nenuTces Ha TpyIsl (Tad. 2).

CwMmeleHne Touek Ha KaJpe, BBI3BAHHOE BIIM-
SHHEM penbea MECTHOCTH, OOBSACHSCTCS TeM,
YTO MacmTad MX H300paKCHWH KpyIHEee Mac-
mrada cperHed IIOCKOCTH CHUMKaA IPHU MOJIO-

' Uncrpykuus no Tonorpadudeckoii chemke: [[KHUHII-
02-033-82: BBemen 01.01.1983]. M.: Henpa, 1985. 151 c.
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4 TMomomeHHEE MATPHITE
L — o3C
r—"

H
TlopepxHOCTE -ff . - - - o - - =

L e VY aanesre HHO oT To4xH HagHpa, M

1 2

Puc. 2. BrusHue norpemHocTeil BRICOTOMEpa Ha TOYHOCTh MO3UIIHOHUPOBAHHUS:
I — rpaduueckoe npeacTaBiIeHUe BIUAHNS IOTPELIHOCTH ONPEIEIeHHs BEICOTHI;
2 — cmenienue npoekunu HHO
Fig. 2. Effect of altimeter lapses on the positioning accuracy:
1 — graphical representation of the lapse effect of determining height; 2 — TR projection offset

Tabauna 2
Table 2
Knaccudukanus penbeda no kpyTH3HE 3¢MHOM MTOBEPXHOCTH
Classification of the relief according to earth’s surface gradient
Tun peaneda ¥Yroa HakjI0Ha O, , TPaj TMepenan peabeda 7, ua 100 M, m
PaBHMHHO-IIITOCKHH 1o 0,5 1o 0-9
PaBHMHHO-BOJIHHUCTBIA 0,5-1 0,9-1,75
PaBHMHHO-XOJIMUCTBIH 14 1,757
X O0IMUCTBIN 4-7 7-12,3
Topuctsiii 7-24 12,3-44,5
KUTEJIbHOM TMPEBBIIEHUA U MEIbYe MPU OTPHU- HUe, 00yCIOBIEHHOE TepenagoM penbeda hm ,
LATEJIbHOM TMpPEBBIICHUU. JIMHEHHOE HCKaxe- MOXET GBITh OLICHEHO CIICAYIOIIIM 06Pa3oM:
p h,rcosa,, f 2tgz()tm ftga,, . oM h,,
H/’lm 7 r H

I'paduueckoe nmpencraBieHne BIMSHUS nepenana penabeda Ha nonoxkenune npoekunn HHO B kan-
pe, CMelleHre MPOESKIUH JUIs Pa3IMYHbIX TUIIOB pelibeda MOKa3aHo Ha puc. 3.

W3 puc. 3 BugHo, yto, ectu HHO pacmomaraercst Ha cpeqHeill IUIOCKOCTH CHHMKa (COBMAaaaeT

C TOYKOW HajauMpa), CMEHICHHE TOYEK OTCYTCTBYyeT. [[isi yMCHbBIIGHUWs BIMSHHS Tieperana penbeda
MECTHOCTH CJIEyeT YBEIUYNBAThH BBICOTY ChEMKH JIN0O (POKyCHOE paccTosTHUE.
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Puc. 3. Biusinue nepenaza penbeda Ha nosioxeHue npoekimn HHO na matpuiy O3C:
I — rpaduyeckoe npeacTaBiIeHue BIUAHUS nepenana penbeda; 2 — ememenue npoexuuu HHO s pasnmuunbix o,

Fig. 3. Influence of relief difference on the TR projection position on the EOS matrix:
I — graphical representation of relief difference effect; 2 — TR projection offset for various a,,

6. Oyenka GIUAHUA CMeweHUs: ONMUYEeCcKOl
ocu Yyugpoeou Kamepvl HA MOYHOCMb Onpeoee-
Hus koopounam bJIA unepyuanvrHo-onmuueckum
HABULAYUOHHBIM KOMNILEKCOM

Ha manopasmepnbix BJIA O9C xecTtko 3a-
KpeIuieHa B Kopryce ¢rozensika. [Ipu Takom uc-
MOJTHEHUU YTOJl HAKJIOHAa ONTHUYECKOH ocu -
pPOBOI KaMephbl ONpeiesseTcss Mo JaHHBIM Oop-
toBoi bMHC. IlorpemHoctu onpeneneHus yr-
JIOB Kp€Ha U TaHTa)ka B MOMEHT ChE€MKHU BIIUSIOT
Ha TOYHOCTH ompeneneHus nonoxenus HHO B
KOOpJMHATHOM cucrteme wu3o0OpaxkeHus. Ha
HAKJIOHHOM CHUMKE TOYKHM CMEILIEHBI OT IOJIO-
JKEHUI, KOTOpble OHU JOJDKHBI 3aHUMATh Ha ro-
PU30HTAJIBHOM CHHUMKE, IOJIy4YEHHOM TOM K€
O3C u3 Toro *xe 1eHTpa npoekuuu (puc. 4).

OneHka cMeleHHs TOYKM Ha CHUMKE, BBI-
3BaHHOI'O €r0 HAKJIOHOM, HaXxOJWIach CIEYIO-
M obpazom [20]:

EUHC r? cos [0) sin(occcngHC)
OHOHK = I

) 9)

rac 7 —pagnyC-BEKTOP OT TOYKH HYJICBBIX HC-
7o O,

CyMMapHbId yroj HakjOHAa CHHMMKA; ( — yroi

Ka)KeHn TOYKHN Ha CHUMKE,

[IOBOpPOTa pPaanyC-BEKTOpa MPOTHB YacOBOU
CTPEJIKU OT MOJIAPHON OCH, KOTOPBIN XapaKTEpH-
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3yer touky npoexkunn HHO nHa II3C-marpuny
00C.

Ha puc. 5 nokazansl pe3yJbTaThl MOAEIUPO-
BaHus cmemienus npoeknuun HHO na II3C-
matputy OOC mnpu HU3MEHEHMM KOOpPIWUHATBI
HHO. IIpu nonere BJIA nax HHO na BbicoTe
H =500 M, korja ontuyeckas ocb HalpaBjieHa B

Hagup (o, = 0), Togunocts 6oproBoit BUHC npu
OTIpEeIeICHNH YTJIOB TaHra)ka U KpeHa COCTaBJIs-

BUHC _ __BUHC
€T Oy —(57

JMHUM 3afaHHoro myTH (¢ =0). Taxke Ha puc. 5

=0,5°. HHO nHaxomutci Ha

NIOKa3aHbl pe3yJIbTaThl MOJECIUPOBAHUS B CiIydae
ycTaHOBKM ontudeckod ocu O3C Ha yron

a,=15° ¢
0=0",0=30",0=60",0=90".

npu yrie paBHOM:

13 puc. 5 BHUJIHO, 4YTO BCIIMYKMHA HCKa>XCHUA

BUHC
OHNOHK

o, KM 9CM MCHBIIC q)OKyCHOG pacCcTodaHuC KamMe-

TeM OoJIbIlie, YeM OOJIbIIe YTOJl HAKJIOHA

pel f. Ilpu moCTOSHHBIX 3HAYeHUSAX o, U f

BCINYHMHA HCKAXXCHHA 3aBUCUT OT IIOJOXCHUA
TOYKH Ha CHHUMKE, T. €. OT BCJIHWYUH yIjIa ¢ H

panuyca BekTopa /. Ha JIMHUM HEHCKAa)KEHHBIX

MacirraboB h.—h. BCIUYUHBI HCKa)KEHUN
cﬁ%%% paBHBI HYJIO. PesylbTUpyroniee coot-
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Puc. 4. Cmemienne Touex B Kajpe, 00yCIOBICHHOE YIIIaMH KpeHa M TaHTaXa
Fig. 4. Shift of points in the image specified with roll and pitch angles
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Puc. 5. JIuneiinsie HCKAXXCHUS, BBI3BAHHBIC BJIMAHUEM YIJila HAKJIOHA MJIOCKOCTH I/I306pa)KGHI/IHZ

I — cmemenne npoexkin HHO mpu O, = 0, p= 0; 2 — cmemenne npoexuun HHO npu a, = 15

Fig. 5. Linear distortions caused by the effect of the inclination angle of the image plane:
1 — TR projection offset at 0, =0, ¢ = 0; 2 — TR projection offsetat o, =15

Homenue a1 pacuera CKO ommbok ompenerne-
Husa koopauHat BJIA umeert Bug

_[H 2, pv 2 BUHC
GR—\/(GPB,oac) +(605¢)” + (OponK

)*. (10)
B pe3ynbpTare npoBEeNEHHBIX HCCIEIOBaAHUN
MnoJiyuCHa MaTreéMaTuicCkad MOACIIb OH_II/I6OK
NOHK (Bkmouaromero BUHC, O3C u PB)
(puc. 6).
B npouecce ucciaegoBaHuii mpoBeACHO MO-

nenupoBanue nponera bJIA, ocHameHHOro
NOHK (Bxmouaromum BUHC, PB u O3C).
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Nmutuposancsa nponet bJIA Han ToukoH, npea-
ctasisitouiei cooboit nentp HHO, ¢ u3BectHpiMu
koopauHaramu. Bo Bpemsa nposiera OOC ¢uk-
cupoBaja €€  KOOpPAMHAaTBI C  4acTOTOH
10 xanpos/c. Jlanee mo mosydeHHOH HHQOpMa-
LIUH, C YYETOM IIOTPEIIHOCTEN ONPEEICHUS BbI-
COTBI U yTJIOBOM OPUEHTAIIUN HOCUTEJNSI, pacCUm-
THIBAJIUCh KoopauHatbl BJIA B HenmoaBmxHOU
CK. B kauectBe 60ptoBoii OOC Obuta BeIOpaHa
mudposast kamepa Sony ILCE-600. 3nauenus
napaMeTpoB  MOJEJIMPOBAHMS ~ yKa3aHbl B
tabn. 3 [22].
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2. TlocTpoeHHE
MEPeXOTHEIX MATHII
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1. Bubop cuctem
KOOpJHHAT
NX, Y2, CXcYeZe

3. Ompepenenne
CEAZH C
TIHECETEHEIME
KOODIHHATAMH

4. ATTOpHTM OLIEHEH
’ koopaEHaT BJLA
N _ N O~ N~i

Puc. 6. Maremarnueckas moneinb omunoox MOHK
Fig. 6. Mathematical model of IONC errors

_________________________________________________________________________________________________________

Tadauna 3
Table 3
[TapameTpsl MOAEITMPOBAHHUS
Simulation parameters
IMapametp 3HaueHue
Bricora mosera, M 500
[TorpemHocts BeicoToMepa (CKO, m) 20

3navenus yrios opuentanun bJIA, rpan (y,9,y )

0-15, 0-15, 0-15

[orpemnocts BUHC nipu onpeaeneHun yriaioB OpueHTaUU

(0,5; 0,5; 1)

Pasmep marpuns O9C, mm 15,6 x 23,5
Pazperenre cHUMKa, MUKCETU 6000 x 4000
®DoKyCHOE pacCTOsTHUE, MM 20
3nauenue nepenaza peaseda s, Ha 100 M, m 2

Pe3y.]1bTaTbl HCCJIeJ0BAaHUA

B mpomecce monenupoBaHus ObUTH TOTyYe-
Hbl rpaduku pacnpenenenus 3HaueHuit CKO
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om0k onpenaenenus koopauHat bBJIA B 3aBu-
cuMmocTH OT BbIcoThl moJieta BJIA, yria ycra-
HOBKHU onrtuueckoil ocu OOC u ynanenus HHO
OT TOYKHM Hajgupa (puc. 7).
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Puc. 7. Pacnpenenenne 3nauenunii CKO ommbok onpenenenuns: koopaunatr BJIA:
1 — Ha TUTAHOBOM CHHMKE; 2 — B TPEXMEPHOM MPE/ICTABICHUH
Fig. 7. Distributions of standard deviation values of identifying UAV coordinates:
I —in the routine image; 2 — in the three-dimensional representation

O06cyx1eHue MOJTydYeHHbIX
pe3yJIbTaTOB

AHam3 pe3ynbTaTOB MOJCIUPOBAHHS TOKA-
3aj, 4TO MpU oueHke koopauHat BJIA mo mep-
CHEKTHBHBIM M300paXEHHUSM IOTPEITHOCTh 3Ha-
YUTENbHO yBennuuBaercs. Haumenblee 3Haye-
HUe oMnOoK onpeneneHus koopauHat BJIA no-
cturaerca npu Haxoxaenun HHO B mentpe
IUITAHOBOTO CHHMMKa. TakuMm o00pa3oM, Hccieno-
BaHUs IMOKa3alM, YTO HMEETCS BO3MOXKHOCThb
CYIIECTBEHHO CHU3UTH MOTPEITHOCTH ONpeaese-
HUs KoopauHat BJIA M TeM cambIM NOBBICHTH
TOYHOCTh MO3ULMOHUPOBaHUs BJIA B ycnoBusx
paluo3IeKTPOHHOr0 MojaBieHus. Tak, Hampu-
Mep, nipu BeicoTe mojieta BJIA H=500wM Han
PaBHMHHBIM  pelbeoM, CKOPOCTH  IoJIeTa
20 m/c, paccrostarn 1o HHO 3000 m, CKO ore-
HOK MCTHHHOH BBICOTHI paJMOBBICOTOMEPOM
6,=10 M, CKO OLEHOK YIJIOB OpHEHTAlMU

BUHC GYEI/H{C:Ggm{C:O,SO ooprosoit ODC Ha

6a3e mudporoit kamepsl Sony ILCE-600, ycra-
HOBJICHHOUM B HAQ/JIMp, MOKHO CHHU3UTH (110 CpaB-
Hennto ¢ BUHC) ommbky ompeneneHus Koop-
nuHat Ha nopsgok (¢ 150 no 14 m). Ha puc. 8
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MOKa3aHbl Pe3yJIbTaThl CPABHUTEIIBHOIO aHAIN3a
tounocty BMUHC u MOHK. Koppekuus HaBura-
uonnoit undopmannu BUHC no ganasim O2C
POU3BOJAMWIACH IO PA30MKHYTOM CXEMe KOM-
ieKcupoBanus [23].

[TpoBepka amekBaTHOCTH pa3pabOTaHHOW Ma-
tematnueckor monenu MOHK ocymectBisiiach
IyTEM CPaBHEHUS PE3yJIbTaTOB MOJEIUPOBAHUS
C pe3yibTaTaMH MOJYHATYpHOTO SKCIEPUMEHTA.
[Tonetst BJIA C-350 Supercam ¢ kamepoi, cxo-
JKe T1I0 XapakTEepUCTUKaM C KaMmepoll Sony
ILCE-600, ocymectsisiiuce Ha BbicoTax 300,
500, 900 M, koopaunatet HHO monyuanuce mo
JaHHBIM Kaprorpaduyeckoro cepsuca Google
Maps, Takke UCIOIb30BATUCH TAHHBIE TEJIEMET-
puu BJIA. B pe3ynbpraTe cienaH BbIBOJ: pacuer-
Hasl ¥ SKCIIEpUMEHTAIbHbIE BHIOOPKU OIICHHBAe-
MBIX TIApaMeTpOB KauecTBa (ommOka ompezene-
Husa koopauHaT bJIA) mnpuHammexar omHOU
U TOW K€ TeHEepaJbHOM COBOKYIHOCTH IO KpH-

teputo [Iupcona xz [24, 25]. [lonyueHHas cre-
MEHb aJIEKBaTHOCTH MAaTeMaTHUYE€CKOW MOJenu —
BBICOKasl (JIOBEpUTEIbHAsI BEPOSTHOCTh PE3YJIb-
TATOB MaTEMaTHYECKOTO MOJEIUpOBaHuUs Ooee

0,9 mpu OTHOCUTENIBHOW MOTPENTHOCTH HE 0O-
nee 10 %).
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Puc. 8. Pesynbratsl cpaBHuTenbpHOrO aHanu3a tounoctd BUHC u MOHK, pabGoratonix aBTOHOMHO
Fig. 8. Results of the comparative analysis of self-contained SINS and IONC accuracy

3akJoueHue

Takum oOpasom, paszpaboTaHHas MareMarH-
yeckas monenb MOHK BJIA ormuyaercst yuerom
MOTPEIIHOCTH  ONPENIENICHUs] HWCTUHHOW BBICOTHI
nosieta BJIA, morpemHocTeil onpeaeneHus yriioB
opuentarmu bJIA, 9To mo3BosnsieT 000CHOBATh Tpe-
OoBaHMsl K xapaktepucthkam 3iemeHToB MOHK:
mdpoBoii  kKamepe, OOPTOBOMY BBICOTOMEpPY H
BMHC BJIA. B cinyyae yOBJIETBOPEHUS 3TUX Tpe-
OOBaHMI1 TOYHOCTH OIPEACIICHHsI KOOPIMHAT TPEI-
JlaraéMbIM HABUTAIIOHHBIM KOMILJIEKCOM MOXKET
Ha TOPSIOK MPEBBIATE TOYHOCTH OMPEICIICHUS
koopauHat BUHC BJIA B ycioBHSIX OTCYTCTBHSI
BHEIIIHUX PaJIMOCUTHAJIOB YIPaBJICHUS U CUTHAJIOB
CIyTHUKOBBIX PaJIMOHABUTAIMOHHBIX CHCTEM.
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MeToanka pacueTa MUHMMAJIbHON CKOPOCTH MOJI3Y4€CTH JIONATOK
TYpOMH ra3oTypOMHHBIX ABUraTeieil, OCCHOBAHHAS HA yuyeTe Jerpajanuu
MHMKPOCTPYKTYPHI CIJIaBa

1 1 1
I0.B. IletpoB ', O.A. Patenko , B.K. Xapuna
"Mocrosckuii 20CY0apcmeeHHbIl MeXHUYeCKUll YHUGEpCUmem padcOancKoll asuayu,
2. Mockea, Poccus

AHHOTamMsA: B TeKymmx MHPOBBIX SKOHOMMYECKHX YCJIOBUSIX aBUAKOMIIAHMHM HY)KHAIOTCS B COKpAIIEHHH (PUHAHCOBBIX 3aTpaT.
H3BecTHO, YTO y/CIBHBINA BEC 3aTpaT aBUAKOMITAHWI HA MPOBEICHHME TEXHHYECKOro oOcmykuBanust u pemonta (TOuP) B oOmeit
CTpYKType 3atpar coctarisier He MeHee 20 %, u3 KoTopbIx cBbinie 40 % MPUXOMUTCSA HA PEMOHT U OOCITY)KHBAHHE ABUAIIMOHHBIX
qeurarened (Al). Tlo cymiecTByroIMM OLIEHKaM CIELHAIMCTOB, 3Ta CTaThs PACXOIOB MPOJODKUT BO3PACTaTh, YTO O0YCIIOBIICHO
Her30e)KHBIM YCIIOKHEHHEM KOHCTPYKIHiL A /], KOTOpoe MKTyeTcs He0OXOMMOCTHEO MOBBIIEHNS 3(P(EKTHBHOCTH 1 SKOJIOTMYHOCTH
nx 3Kcrutyatauuy. OIHUM U3 BO3MOXKHBIX IyTel cokparueHus 3atpar Ha TOuP sBrsieTcst nepexo/l Ha SKCILTyaTalHIo TI0 COCTOSHUIO
KOMIIOHEHTOB, SKCIUTyaTUPyeMbIX B HACTOSIEC BPEMs /IO BBIPAOOTKM YCTAHOBJICHHOTO pecypca. KUKcily Takux 3i1eMeHTOB,
HamprMep, MOKHO OTHECTH JIOTIAaTK! TypOrH ra3orypOrHHbIX apurateneit (['TT). Kak mBectHo, onmaTku TypOUH paboTaroT B BeChMa
HENPOCTHIX YCIOBHUSX: HA HUX BO3/IEHCTBYIOT BBICOKHE TEMITEPATypPbI, OOJbILINE IEHTPOOSKHBIE HATPY3KH, arpecCUBHAST OKPY KalOIIast
ra3oBas Cpefa, a X paspylleHNe MPOUCXOJWT, KaK MPaBHIIO, B PE3yJIbTaTe HAKOIUICHHS YCTAIOCTHBIX MOBPEXKACHHUH W TION3YYECTH.
[Ipexcae 4eM BOZHMKHYT MaKpOCKOIIMYECKHE TIOBPEKICHUST, MUKPOCTPYKTYpa CIUIaBa 3HAYMTEIBHO NErpagupyeT U AeOpMUPYETCs.
OOGHapy>keHHE Ha PaHHEH CTaauy 3TUX MUKPOCKOIMYECKNX MOBPEKICHUH, POUCXOIAIINX B CIUIABE, SIBISIETCS] TEM HHCTPYMEHTOM,
KOTOPBI MOXKET TIO3BOJINTH MEPEHTH Ha AKCIUTyaTaIldio 10 COCTOsHUIO JonaTok Typoun ['T/I, B cratee mpencrapieHa METOmMKA
pacdeTa MUHMMaJIbHOM ckopocTd moysydectd ciuiaBa Inconel 738LC, ocHOBaHHash Ha ydeTe MHKPOCTPYKTYPHBIX M3MEHEHHH B
YCIIOBUSIX PEANbHOM 3KCIUTyaTarmu. IlomydeHHble pe3yibTaThl Mpeyiaraercs HCMONb30BaTh UL pacdeTa OCTaTOYHOTO pecypca
JIONIATOK TyPOVH T10 TIApaMeTPy MOJI3YYECTH.

KunroueBrble cioBa: nonarka TypOMHBI, MUKPOCTPYKTYpa CIUIaBa, y'-(haza, Koaryssiys, HoJ3y4ecTb, CooTHouIeHne MoHKMaHa —
I'panTa.

Jns murupoBanus: Ierpo H0.B., Patenko O.A., Xapuna B.K. Meroauka pacuera MMHMMAanbHOH CKOPOCTH IMON3y4ECTU
JIOTIATOK TypOWH Ta30TypOMHHBIX IBUraTeNeH, OCHOBAaHHAs HA yUeTe AerpaJaliii MUKPOCTPYKTYpbI ciutasa // Haydansrit BectHik
MITY T'A. 2023. T. 26, Ne 1. C. 95-103. DOI: 10.26467/2079-0619-2023-26-1-95-103

The method of calculating the minimum creep rate of turbine blades of
gas turbine engines based on the degradation of the alloy
microstructure

Y.V. Petrov', O.A. Ratenko', V.K. Kharina'

"Moscow State Technical University of Civil Aviation, Moscow, Russia

Abstract: In the current global economic conditions, airlines need to curtail financial expenses. It is known that the share of airline
costs for maintenance and repair (MR) in the total cost structure amounts to at least 20%, of which more than 40% is for the repair
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and maintenance of aircraft engines (AE). According to the actual expertise, this item of expenditure will continue to grow due to
the inevitable sophistication of AE structures, which is specified by the need to increase the efficiency and ecological compatibility.
One of the possible ways of curbing maintenance and repair expenses is to transit for the operation of on-condition components
which are currently in operation until the overhaul life is exhausted. For example, turbine blades of gas turbine engines (GTE) can
be pertinent to such elements. It is a common fact that turbine blades operate in challenging environment: they are affected by
excessive temperatures, severe centrifugal loads, aggressive gas media, and their destruction generally occurs because of the
accumulation of fatigue damage and creep. The alloy microstructure significantly degrades and deforms before macroscopic
damage develops. The early detection of microscopic damage in the alloy is the tool which allows for the transition to GTE on-
condition turbine blades operation. The article presents the method for calculating the minimum creep rate of the Inconel 738LC
alloy based on microstructural changes under operating conditions. The obtained results are proposed to be used for calculating the
residual life of turbine blades by the creep parameter.

Key words: turbine blade, alloy microstructure, gamma-prime phase, coagulation, creep, Monkman-Grant relationship.

For citation: Petrov, Y.V., Ratenko, O.A. & Kharina, V.K. (2023). The method of calculating the minimum creep rate of turbine
blades of gas turbine engines based on the degradation of the alloy microstructure. Civil Aviation High Technologies, vol. 26,
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d - pasmep (AUaMeTp) YaCTUL.

B a10i#i cBS3M BecbMa BaKHBIM SIBIISIETCS HU3Y-
YEHHUE BIMSHUS YCIOBHI peasbHON AKCILTyaTaluu
Ha W3MEHEHHE TTapameTpoB vacTuil y'-hassl (f u d),
a TaKkKe BIWSHME OJTUX W3MEHEHUH Ha Mpoy-
HOCTHBIC XapaKTEPUCTUKHU JIOTIATOK B LIEJIOM.

BBenenue

Jlonatku TypOun I'T/l siBistorcss Hambosee
OTBETCTBEHHBIMU 3JICMEHTaMH aBUAIMOHHBIX
JBUTATENIeH, paboOTAIOIMMHI B BEChbMa CIIOXKHBIX
YCIOBUSX, K YHCIY KOTOPBIX MOYHO OTHECTH
OosblIMe HArpy3KH B pe3yJbTaTe BO3JCHCTBUS

ra3oBoro IIOTOKa, arp€CCHMBHOCTH ra3oBou cpe- MeTOHbI H MCTOA0/I0THA

IIbl, BBICOKHE TemrepaTypbl. Cpeu BCEro MHO- HCCJICAOBaAHMS

roo0pasus CyIIECTBYIOLIUX MaT€pUaIOB TOJIBKO

JUIIb KApPONPOYHbIE HHMKEJIEBbIE CILIABbI CIIO- C nenbio aHaNIM3a MUKPOCTPYKTYPHBIX H3Me-

COOHBI paboTaTh B MOJOOHBIX YCIIOBHSIX. HEHUA, MPOUCXOSAIIMX B JIONIATKE B MPOLIECCE €¢
CoBpeMEHHBIE  JKapONIPOUYHBIE  HUKEJIEBBIC OKCIUTyaTally, MPOBEICH METAIOrpapuyecKuii

CIUIaBbI TMPEJCTABISAIOT COOOM Yy-MaTpuIily ¢ a”ann3 cruiaBa Inconel 738LC. Uccienosanue

BKJIIOYEHHBIMM B HEE YacTHI[AMHU IPELUIINUTATa IPOBOJMIIOCH ¢ IPUMEHEHHEM (POTOMHUKPOCKOTIA
]/'-(1)33131. y'-(i)aga ABJISIETCS TBEPIBIM PACTBOPOM NEOPHOT-32. I'naBHbIMH OCOOCHHOCTSIMH BBHI-

C KpUCTaJUIMUecKol pemeTkoil Tuna LI2, ocHoBa OpaHHOro 000pyIOBaHMs OOYCIIOBICHBI BO3-

KOTOPOTO — WHTEPMETAIUIHOE COEIUHECHHE MOKHOCTH: MCCJIENOBATb MUKPOCTPYKTYPY CIL1a-
NizAl [1, 2]. TIpo4HOCTh TUCTIEPCHOHHO-TBEP- Ba JIOMATKH; OCYIICCTBISTH (PUKCALUIO CTPYK-
JEIOUINX CIUIABOB MPSMBIM 00pa3oM 3aBHCHUT OT TyPHBIX W3MCHCHMi, NMPOUCXOIAIINX B CILIABE
napaMeTpoB 4vacTull y'-(as3pl: pa3mMepa 4acTHII, BCJICICTBHE BO3ICHCTBHUS BBICOKOTEMIIEPATYP-
UX OOBEMHOTO COAEpkaHHs, a TaKKe PaccTos- HBIX BBIIICPIKEK IPU IIPOBEACHUN SKCIICPUMCHTA,
HUS MEXIY YaCTHLAMM. Y PABHEHHUE MPOYHOCTU ¢uKCcHpOBaTh HaTMYHE AS(PEKTOB M KOHTPOIH-
JIMCTIEPCUOHHO-YITPOYHEHHBIX CIUIABOB SIBJIETCS posaTh ux passurue. NEOPHOT-32, nmomumo
HaIJISIIHBIM TIOATBEPKACHUEM YKA3aHHBIX BBIIIE BCEr0 MPOYEro, OCHAMICH (yHKIHeH (PoTopHK-
ToIoXKeHHui [3]: cauuu ¢ yBenudeHueM Jo 2000 pas, 4ro maer
BO3MO)KHOCTb IIOJIy4aTb CHHMKH Pa3JIM4YHBIX
oJF YYacCTKOB HCCIIEyeMOro 00pasia, HHTEPECHBIX C
0=0p+= (1) TOYKH 3PEHUS IPOBOAUMOIO UCCIICJOBAHMS.

CpaBHuTenbHOE MeTayuorpaduyeckoe wuc-
1€ 0g — BPCMCHHOC CONIPOTHUBJICHUC MaTPHIIbL, CJIeJOBaHHUE COCTOSIHHUS MHUKPOCTPYKTYpPHI CIljla-
C — KOHCTaHTa, y4UTHIBAIOIIAs B CE0€ BEKTOP Ba HOBOW JIOMATKH M JIONATKH C HapaOOTKOH B
broprepca u MoayJib CABUTA MAaTPUIIbL; 10 000 gacoB TpPOBOAMIOCH Ha MHUKpoOILIU(dax

f — oObeMHast 107 YIPOUHSIONINX YaCTHII; 0 CJIEAYIOUIEMY AITOPUTMY.
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1. B cooTBeTcTBUHM CO CXEMOW, MpeAcTaB-
JICHHOHW Ha pwuc. 1, BBINONHEHA BBIpe3Kka o0Opas-
[OB HICCIIEAYEMBIX JIOMATOK.

3akoHIIOBKA

80% BLICOTEI
JIOTIATKH

OcHoBaHHE

Puc. 1. Cxema cedeHuit BEIpe3ku 00pas3moB u3
JIOTATKH JUTS METAILIOrPAHIECKOTO UCCIISIOBAHUS
Fig. 1. Scheme of cross sections of samples cutoff

from a blade for metallographic examination

2. Brimonaena muindoBKa U MOJIUPOBKA 00-
pa3loB B COOTBETCTBUU C U3BECTHHIMH METOIH-
kamu [4, 5].

3. Ocy11ecTBIEHO 3IEKTPOXUMHUECKOE TPaB-
JieHHe B pacTBope (TOPUCTOrO BOAOPOJA, TJIH-
uepuHa 1 Bojsl B konuuectse 1, 10 u 90 mi co-
OTBETCTBEHHO MpHU HanpsskeHuu 6—8 B B Tede-
Hue 5-10 cexynna.

4. Tlomy4eHHBIH MHUKPOULIU( HCCIEAOBAH C
npumMeHeHneM poromukpockona NEOPHOT-32.

Civil Aviation High Technologies

B kadecTBe mpuMepa Ha puc. 2 mpeacTaBleHa
MHUKpPOCTPYKTypa oOpaslia MeTajuia U3 KOPHEBOU
YacTH JIOTIATKU (OCHOBaHME Ha puc. 1), momyueH-
Has TPU MeTaLIorpaduIeckoM HCCIICIOBAHUN
(momatka umena Hapadotky 10 000 gacoB).

N3 puc. 2 BUIHO, YTO MHKPOCTPYKTypa
CIUIaBa B 00JIacTH MepenHel KpOMKU He TpeTep-
nejga 3HAYUTEIBHBIX M3MEHEHUH, YaCTHIIBI
y'-(ha3el Bce Tak ke UMEIOT KyOudeckyro Gopmy
U pasMep ONM3KHKA K TICPBOHAYAIHLHOMY —
0,45 Mxm. B o6mactu 3amHeit KDOMKH M KOPBITLIA
MO>KHO HAOJIIOAATh JETPaalliio MUKPOCTPYKTY-
pBI CIUIaBa, 3[€Ch MPOMCXOMUT KOAryJsAlUs Ya-
cturl y'-¢a3pl U HE3HAUWTEIbHAs aedopmarus.
B ob6nacTu ciMHKY JOMATKH W3MEHEHUS MUKPO-
CTPYKTYpHI cIijIaBa OoJiee CylIecTBEHHBIE, B ATOI
30HE 3HAYUTEIFHOE YUCIIO YacTHUIl Y'-(a3bl CKO-
aryJMpOBaHbL.

B T1abn. 1 mpeacraBieHsl 3HAYCHUS TTApaMeT-
pOB yacTull ynpouHstomei ¢aspl. Pacuer mapa-
METPOB MPOU3BOJIUJICSA C HCHOJIb30BAaHUEM JIaH-
HBIX, IOJYYEHHBIX 3JEKTPOHHBIM MUKPOCKOIIOM,
1o popmynam

YA,
vy ==L, )
d==Y11,, 3)

rae A, — IIoWab YacTuil v’ -hassr;
A — mutoma s n300paXkeHUss MUKPOCKOTIA;
Vyr — 00BeMHast 10J1s1 9acTHIL ' -(assl;
d — CpeTHHI pa3Mep YacTHIL;
N — KOJMYECTBO YacTHIl ¥’ -(hasbl, TOMaIaro-
IIUX B TIOJIC 3PCHMS,;

Tabauna 1
Table 1
[TapameTps! yactuil y'-¢pa3sl B KOPHEBOM CEUCHUH JIOTTATKH
y'-phase dimensions in the root blade section
'-
Tlapamerput HacTu Z (pasbt Hanpsizkenue, Temneparypa,
3ona Oo0bemHas Cpennuii nuameTp, o
o Milla C
noJst, %o MKM
IlepenHsisi KpoMka 45,8 0,45 60 790
CriuHka 48,9 0,73 300 712
3aaHss KpOMKa 44,8 0,61 160 791
Kopsitue 472 0,67 250 715
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Puc. 2. MukpocTpyKTypa CrjiaBa B KOPHEBOM CEYEHUH JIOMIATKH
Fig. 2. Alloy microstructure in the root blade section

e

lyr — HauOOJIBIIUKA pa3Mep n-d YaCTHIIBI

y'-0ba3bl.

3HaueHUS HANPSHKEHUH W TeMIIepaTyp OIpe-
JENSUTUCh TIyTeM MaTeMaTHYeCKOro MOJIEIHPO-
BaHUS TCPMOHAIPSIKCHHOTO COCTOSIHHS JIOMIATKH
TypOWHBI, BBHINOJHEHHOW U3 cmiuaBa Inconel
738LC, ¢ ucnosib30BaHUEM MPOTPAMMHOTO TIPO-
nykra ANSYS.

AHaJOTUYHBIC PACcUYETHI MPOBEICHBI IS IPY-
TUX KPUTUYECKUX CEUYECHUU Mepa JIOMaTKU: Ha
paccrosiuuu 80 % BBICOTHI JIONIATKK U B 00JaCTH
3aKOHLOBKU. CpaBHUTENbHBIN aHAIU3 MHUKpPO-
CTPYKTYpHI CIJIaBa B PA3IMYHBIX CEUYCHHUSAX T03-
BOJIUJI CJENIaTh BBIBOA O TOM, YTO M OOJjbIlINE
HANPSDKEHUS, U BBICOKHE TEMIEPATyphl B TMPO-
1[ecce HKCIUTyaTaluy JOMAaTOK TypOUH MPUBOJAAT
K Jerpajallid MHKPOCTPYKTYPBI: YBEIHUYCHHUIO
pa3Mepa 4YacTULl M CHIDKEHHI0O UX OOBEMHOIO
conepkanus B cruiaBe (puc. 3). Ha puc. 3 A, C,
D — nepenusisi KpoMKa, COUHKA, 3aHSAS KpOMKa
COOTBETCTBEHHO, HMHJEKCHI 0003HAYAIOT TOPH-
30HTAJIbHOE CEUEHUE Mepa JIOMaTKH.

Kopritue
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Iepeansan Kpomka

Pe3yJII>TaTI>I HCCJIeJ0OBAHUA

[TockonbKy OIHOW W3 OCHOBHBIX TNPHYUH
paspylleHus JIOAaTOK TypOMH SIBISETCS MOM3Y-
yecTh [6, 7], XapakTepusyrolascs MHUHHUMAalb-
HOW CKOPOCTBIO MOJI3y4eCTH, B paboTe uccieno-
BAaHO BIIMSHUE W3MEHEHHUS MapaMeTpOB YaCTHIL
yHIpouHstomen y'-ga3bl TOJIBKO Ha MOBEICHHE
CIUIaBa TPH MOJI3YYECTH.

Pazpaborana MmeToamka pacdera BETMYHHBI
MUHMMAJIbHOM CKOPOCTH MOJIBY4ECTH (Epmin),
OCHOBaHHAasl Ha MPHUMEHEHHH MOAUDUIIMpPOBaH-
HOTO cooTHomeHuss Monkmana — ['panta [8],
NO3BOJISIIONIAsl  Y4eCTh JAETPajaluio  MHKPO-
CTPYKTYPBHI CIIJIaBa B MPOIECCE IKCTUTYaTAIHH:

CEmin)"tr = C, 4)
rae m u C — KOHCTaHTBI, 3aBUCAIINE OT MaTepH-
asia u3emus;

t, — BpeMs J10 pa3pylIeHusl.
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Puc. 3. I'paduku 3aBHCHMOCTEN: @ — CPETHETO AUAMETPa YacTHI Y -(has3bl OT IEHCTBYIOIIETO HATPSKEHUS;
6 — 00BbeMHOI 10H YacTHIL ' -(ha3bl OT TEMITepPaTyphl
Fig. 3. Graphs of dependences: a — average diameter of the y'-phase particles on the stress, 6 — volume fraction of the
y'-phase particles on the temperature

3HayeHWEe MUHUMAJIBHON CKOPOCTH TMOJ3Y-
YECTHU BBIYUCISIOCH 1O MeToay [9], mo3Bois-
IOIIEMY Y4Y€CTh MUKPOCTPYKTYPHOE COCTOSIHUE
cIiaBa:

: DGb —otn)>
Emin = Aﬁ exp (—104\/%)] (%) , (5)

rie @ — IIUPUHA KaHAJIOB MATpHUIbl (WK pac-
CTOSIHUE MEXKIYy YacTULAMHU yIPOYHSIOIIEH
¥'-(basbn);

A — noctostHHas JlopHa;

b — BekTop broprepa;

D — koo punment nuddysun;

E — Mmonynb ynpyrocTy;

G — Moaynp ciaBura mpu Temmeparype mosi-

3Y4eCTH;

k — nocrostnnas bosnbiimana;

r — pa3Mep YacTHII,

T — Temniepatypa;

0 — NIPUWJIOKEHHOE HAIIPSKEHMUE;

Otp, — IOPOTOBOE HAMPSKEHUE.

[upuHa MaTpPUYHOTO KaHaja BBIYUCISIIACH

o opmyme [10]
)

(6)

_ 1
w =73

99

3HaYeHUs MapaMeTpOB, BXOSIIUX B ypaBHE-
Hue (4), nsa crmaBa Inconel 738LC mpunuma-
JIUCh B COOTBETCTBUU C JIAaHHBIMU padoT [11] u
Mpe/ICTaBICHbI B Ta0M. 2.

Bxopsuue B ypaBHeHue (4) 3HaueHUS LIM-
pUHBl KaHAJOB MATPHUIBI W pa3Mepa 4YacTHII
y'-(ha3bl onpenensaInuch pacueTHBIM Iy TEM.

s ompenenenus oObEMHON AONHM YIPOY-
HsromIe y'-a3bl ObUTa MCIIONB30BaHA CIIEIYIO-
1mast 3aBUCUMOCTH [ 12]:

Vr

wbszZJ@)—KUZ—ﬁQ,

(7

rae Vy — oObemHas jons vactun y'-(asel 1mpu
3aJIaHHOM TEMIIepaType;
Vi, — oO0bemHas 1oist yacTuil y'-paspl B cruia-
BE€ TP KOMHATHOH TeMIepaType;
Typ. — TemIepaTypa KOHILIA PaCTBOPEHHS Ya-
crun y'-¢ass (T, = 1098 °C);
m u K — nocrossHHble KO3 UIMEHTHI, BbI-
YHCIIIEMBIE B COOTBETCTBUU C (OPMYJIaMH

1

m = 3 2 s 3
TH. ._TK. .
(TH.p._TK.p.)_ szH.p. L
K:zz; )



HayuyHbiit BectHuk MITY TA

Tom 26, Ne 01, 2023

Civil Aviation High Technologies

Vol. 26, No. 01, 2023

Taoauma 2
Table 2

Xapakrepuctuku matepuaina Inconel 738LC
Inconel 738LC properties

XapakTepucTHKA Beanunna
IlocrosiHnas [opHa, A 5,8:10%2
Bekrop Broprepa, b, m 2,5-10710
Kospduuuent auddysuu, D, M2 /c 2:10~*
Monyns FOnra, E, I'Tla 179
Monyns cnisura, G, MIla 8-10%
Temnepatypa nnasnenus, T, °C 1230
OHeprus aktuBamu quddysun, Q, k /Mo 512

rae T,p — Temmeparypa Hayajga pacTBOPEHHs
y'-dassi (T, 5, = 895 °C).

Pacuer pa3mepa yacturr y'-¢das3pl OCHOBaH Ha
npuMmeHeHun Teopun Jludpmmna — CnezoBa —
Barnepa [13]:

73 — 153 = kt, (10)
re 7 — CPEHUN pa3Mep YacCTHUIIbI;

Tp — pa3Mep YacTHILIbI B HAYaJIbHBIII MOMEHT;

k — KoHCTaHTa CKOPOCTH POCTa;

t— Bpems.

Pe3ynbTaThl pacueToB, OCHOBAaHHBIX Ha pe-
mennn ypaBHeHus (5) c¢ yuerom (7) u (10),
MIpeACTaBICHBI B Ta0. 3.

Jlis SKCIIEpUMEHTAIBHOTO  OIPEAEICHUS
CKOpPOCTH TOJI3y4YeCTH OBUIM B3SITHI JIBE JIONATKH,
M3TOTOBJIEHHBIE W3 KApOIPOYHOI'O HHUKEIEBOIO
ciwraBa Inconel 738LC: HOBasg W wuMeromas
Hapabotky 10 000 wacoB. M3 HMX HM3TOTOBHIU
o0pa3lpl JUIsl MCHBITaHUSI IuaMeTpoM 4 MM U
mmHo# 19 MM (puc. 4) O METOAY, OTIMCAHHOMY
B pazzene «MeToauka U METO10JIOTUs UCCIIEN0-
BaHUs». McnblTaHus Ha mos3ydecTh HPOBOIU-
JUCh Ha ucnbiTarenbHol Mammae ATS 2330 npu
MOCTOSIHHOM Harpy3ke B TEMIIEpaTypHOM JHana-
30He 747-976 °C u HanpsyKeHUsIX B WHTEpBaJie
90-620 MlITa.

B Tabn. 3 mpexacraBieHbl 1aHHBIE, TTOJYYCH-
Hble B pE3yjibTaTe 3KCIEPHUMEHTOB 00pa3IoB,
BBIPE3aHHBIX M3 JIONATOK, UMEIOIIUX HapabOTKy
10 000 gacos.

100

W3 tabn. 3 BUAHO, YTO SKCIIEPUMEHTAIbHBIC
JaHHBIC U PE3YJIbTAThI, IOJIy4EHHBIC PACUECTHBIM
IIyTEM, KOPPEIHUPYIOTCA C JOCTATOYHOM CTelle-
HBIO TOYHOCTH.

3akjoueHue

B pe3ynbrare mpoBEIEHHOIO HCCIIEIOBAHUSA
MUKPOCTPYKTYPBI KapOMPOUYHOI'O HHUKEIEBOIO
criaBa Inconel 738LC ycraHoBiIeHO BIUsSHUE
YCJIOBHM peanbHOM SKCIUlyaTaluu (BBICOKHX
TEMIEpaTyp W HaIpsHKeHUH) Ha JAerpaialuio
MUKPOCTPYKTYPBI CIUIaBa JIOTIATKH TYpPOWHBI
I'T/l: mabmromaeTcss KOAryJsilius YacTHIl YIIPOY-
HstOIeH Y'-Qa3sl U yMEHbIIEHHE €€ 00bEMHOTO
coaepxaHus. B cBOIO odepenb ONMUCAaHHBIE BbI-
i€ W3MEHEHUS MPHUBOIAT K CYIIECTBEHHOMY
CHIKEHHUIO MEXaHUYECKUX CBOMCTB U3/EIINS.

C ucnons3oBaHHEM MOAU(PHUIIMPOBAHHOTO CO-
oTHoleHus MoHkMaHa — ['paHTa aBTOpaMu [0-
Ka3aHO BJMSHHE JErpajallid MUKPOCTPYKTYPBI
JKapOIPOYHBIX HUKEJEBBIX CIUIABOB HA M3MEHE-
HUE 3HAYECHUS MUHUMAJIBHON CKOPOCTU TMOJI3yde-
CTH M, KaK CJIEJICTBUE, HA BPEMs 10 pa3peIIeHUs
JIOTIATKHU TypOWHBI BCIEICTBUE MOJI3YYECTH.

Pazpaborannas MeToarKka pacyeTa MUHHUMAb-
HOW CKOPOCTH TOJI3Y4ECTH, YUUTHIBAIOIIAS H3Me-
HEHHE MUKPOCTPYKTYpPBI CIUIaBA JIOMATKH B IIPO-
LIECCE IKCIUTyaTallud, COBMECTHO C CYILECTBYIO-
OIMMH METOJAaMHM KOHTPOJISL J1ae€T BO3MOXKHOCTb
NPOBOJUTH 0OJIee TOYHYIO OLEHKY TEXHHYECKOTO
COCTOSTHMS JIOTIATOK TYpOHMH, YTO MOXKET TO3BO-
JIUTh OCYILIECTBUTH MEPEXO]l K AKCIUTyaTaluu Jio-
naTok TypouHn coBpemeHHbIx ['T/] o cocTosiHuIO.
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HcneiTyeMerii
obpasen

Puc. 4. a — sxcnepuMeHTaNbHOE 000pYI0BaHUE, O — U300paXKeHHe criocoba KperuieHus oopasia,
6 — 00paserw ISt IPOBEACHUS UCIIBITAHMS
Fig. 4. a — experimental equipment, 6 — schematic representation of the sample bonding technique,
6 — the sample for testing

Tabauua 3
Table 3
Pe3ynbraThl 3KCIEPUMEHTAILHOTO UCCIIEA0BAaHMSI 00pa310B, BBIPE3aHHbBIX U3 JIOMATOK, UMEIOIINX
HapaboTky 10 000 gacoB
Results of the experimental study of samples cut off from blades having 10,000 operating hours

Ycaosus NMPOBEACHUSA UCIIBITAHUSA 3KCHepI/lMeHTaJILHLIe JaHHBbIEC PacueTHbIe JaHHbIE
Temmnepatypa, °C | Harpyska, Mlla MuHNMansHas CKOPOCTh TOA3y4YecTH, 1/c
747 620,5 6,3- 107> 6,12-107°
760 586,1 1,8-10°° 2,03-10°¢
815 413,7 8,5-1077 8,41-1077
828 344,7 3,6: 1077 3,76: 1077
976 89,6 9-107° 8,85-107°
of aircraft engine // Rare Metals. 2019. Vol. 38,
Cnucok uteparypsl iss. 2. Pp. 157-164. DOI: 10.1007/s12598-018-
1016-z
1. Huang W.Q., Yang X.G., Li S.L. 2. Tong J. Assessment of service induced

Evaluation of service-induced microstructural degradation of microstructure and properties in
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