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NH:KeHEePpHO-aBHAITMOHHASA CJIY:K0a IPAKIAHCKOM aBUAIIUN:
OT TEXHUYECKON IKCIIYaTAIUHU 10 MOJAEPKAHUSA JIETHOH T'OHOCTH
(dacTs 2)

C.B. Ky?.HeImBl, .B. HHpOBZ

i . . . .
Mockoeckuii 2ocy0apcmeenblll meXHUYecKUutl YHusepcumem 2paicoanckou aguayui,
2. Mockea, Poccus

2
DedepanbHoe azeHMcmao 8030yuWH020 mpancnopma, 2. Mockea, Poccus

AnHoTamusi: Pabota npojoipKaeT 1 pa3BUBaeT TEMY WHKEHEPHO-aBUALIIOHHON CITy>KObI TpaykKIaHCKOM aBHAlMK B IOOWIICHHBIH,
75-#1 TOA ee CyIecTBOBaHMS, MOJHATYIO B IEPBOM CTaThe HA ATy TeMy. B Hel mpoBeneH aHaMu3 AESTebHOCTH WHKEHEPHO-
ABHALIIOHHOM CITy>KObI B HauaJIbHBIA POCCUHCKMIA MEPUOJI, KOTZIa OCHOBHBIM HOPMAaTHUBHBIM JJOKYMEHTOM ObLIa IATasl peaKiust
HacrapieHus 1o TEXHMYECKOH SKCIUTyaTallid ¥ PEMOHTY aBHAIMOHHOM TexHWKH. [IpoBeneH aHanm3 uenel, 3am1ad v QyHKIWHA
WHKEHEPHO-aBUALIMOHHON CITy>KOBI B 3TOT IEPHOJ, perjlaMeHTHpyeMbIX HacTapieHueM. [TokazaHo, Kak OHM M3MEHSUINCh H
JIOIOJTHSJIUCH B MPOLIECCE HAKOIUIEHHs OIbITa AESTEBHOCTU O TEX MOp, MOKA HE CIIOXKWIACH CTPOiHAs CHCTEMa TEXHUUYECKON
SKCITyaTalliK aBUALIMOHHOM TEXHWKH, BKJIIOYAOIIAS ABUAIIOHHBIIN MEPCOHAN — OCHOBY MHXXEHEPHO-aBHAIIMOHHON CITyOBI, 1 B
KauecTBE OCHOBHOW 3a[auydl HE BCTaja 3aJaya MOANEPKaHUs JIETHOW romHocTH. IIpoaHanmM3upoBaHBI OCHOBHBIE IOKYMEHTHI
MexnayHapoqaoi opraHmarmu rpaknanckoit asmammu (MKAO), aMepukaHCKON aBHAIMIOHHOW aaMUHHCTpaiwi FAA u
€BPOIEHCKOr0 areHTCTBA 10 aBHAIMOHHOW Oe3omacHOoCcTH EASA B mcCTOpHYECKOM M COIEp)KaTeIbHOM acreKTax, MOKa3aHa
CTPYKTypa OTEYECTBEHHBIX (pefiepaibHBbIX ABHALMOHHBIX NPAaBII B WX PasBUTUM B YacTH IOJNEPKAHMA JIETHOM TOJHOCTH.
BeisiBrieHBI TpO6IIEMBI, BO3HUKIINE B CBA3H C YTPATON TEPMUHAMH «TEXHUYECKas SKCILTyaTalysh» U «MHXCHEPHO-aBUAIMOHHAS
ciy’x0a» HOpMaTUBHO-TIPaBoBOro craryca. CopMyMpoBaHbl 3a1a4M, BO3HUKAIOIIME B CBSI3M C STUM. [IpemioxneHo U3MEeHHUTh
THiepeyueHb aBUAIMOHHOTIO MepcoHaa, JOOaBUB B HETO CIIELUAIIMCTA 110 YIPABJICHHIO MOAICPKaHHEM JIETHON TOJJHOCTH C BbLIa4ei
€My CBHUJIETE]BCTBA C KBAIM(UKAIMOHHONH OTMETKOoM D ¢ mpaBoM IMOArOTOBKM cepTH(MKaTa JIETHOM T'OJHOCTH 3K3EMILLIpa
BO3AyIHOTO cyiaHa. OOOcHOBaHA HEOOXOMMMOCTh COXPaHEHHMsl B HOBBIX (DefepaIbHBIX 00pa3oBaTENILHBIX CTaHIapTax
HAVMEHOBAHUI CIELUAIBHOCTEH IO TEXHWYECKOW SKCIUTyaTallid BO3AYIIHOIO CyJHA W UX KOMIIOHEHTOB, HAIOIHEHUS
coziepyKaHusl y4eOHBIX HPOTpaMM BBICHIETO OOpa30BaHMSI OCBELICHMEM TEXHHMYECKH IPAMOTHOTO INMPHMEHEHHS! aBHAIMOHHOW
TEXHHUKH, B TOM UHCIIE B TIOJIETE, A TAKKE YIPABJICHHS TTOUIEPKaHNUEM JIETHOH rogaocti BC 1 MPUroqHOCTH NX KOMITOHEHTOB K
0e30IacHOMY TIOJIETY.

KnroueBble ci10Ba: rpakmaHCKas aBHAIWS, WHXEHEPHO-aBHAIMOHHAS CITy)0a, TEeXHHYECKas OSKCIUIyaTallls, TEXHHYECKOe
oOCTTy)XHBaHUE, TOJJICP)KAHUE JIETHOM TOMHOCTH, BO3AYIIHOE CYAHO, ABHAIIMOHHAS TEXHUKA, AaBHAIMOHHBIA IIEPCOHAII,
(henepasbHBIC aBUAIIOHHBIC TPABHIIA.

s nutupoBanus: Kysuernos C.B., Snpos J[.B. NmxeHepHo-aBualionHas Ciy»k0a IpakKIaHCKOI aBHAIMK: OT TEXHUYECKON
9KCIUTyaTallMy JI0 TOIepKaHus JIeTHOH roxHocTy (dacth 2) // Hayunsni BectHuk MITY T'A. 2026. T. 29, Ne 2. C. 8-31.
DOL: 10.26467/2079-0619-2026-29-2-8-31
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Abstract: The article continues and develops the subject of the civil aviation engineering service in the 75" anniversary year of its
existence, raised in the first article on this theme. It analyzes the activities of the aviation engineering service in the early post-Soviet
period, when the main regulatory document was the fifth edition of the Manual on Technical Operation and Repair of Aviation
Equipment (NTERAT GA-93). An analysis of the goals, objectives and functions of the aviation engineering service during this
period, regulated by the manual, is carried out. It is shown how they changed and were supplemented in the process of
accumulating experience until a coherent system of technical operation of aviation equipment was formed, including aviation
personnel — the basis of the aviation engineering service until continuing airworthiness became its main task. The article analyzes
the main documents of the International Civil Aviation Organization (ICAO), the American Federal Aviation Administration
(FAA) and the European Aviation Safety Agency (EASA) in historical and substantive aspects, shows the structure of domestic
federal aviation regulations in their development in terms of continuing airworthiness. The problems that have arisen due to the loss
of the normative and legal status of the terms “technical operation” and “aviation engineering service” are identified. The tasks that
arise in this regard are formulated. It is proposed to change the list of aviation personnel by adding a specialist in continuing
airworthiness management to it with the issuance of a certificate with the qualification category D with the privilege to prepare an
airworthiness review certificate for an aircraft instance. The need to retain the names of specialties in the technical maintenance of
aircraft and their components in the new federal educational standards, to fill the content of higher education curricula with
coverage of the technically competent use of aviation equipment, including in flight, as well as the management of continuing
airworthiness of aircraft and the suitability of their components for safe flight is substantiated.
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BBenenue HavyajabHbIA POCCUIICKUN TEPUOT
neareabHoctu UACT A

B mepBoii craTbe, MOCBALIEHHOW 75-JIETHIO
WH)XeHepHOo-aBUalmoHHOH  ciyxk0b1  (MAC)
rpaxxaanckoi aBuanuu (I'A) Poccuu [1], mpose-

IIaroe wacraBneane mo HMAC B TA —
«HacTtaBnenue mo TEXHUYECKOM IKCILTyaTalluy U

JIEH aHaJIh3 COBETCKOTO MEepHoja AeSTeNbHOCTH
HNAC — ee neneit, 3amad, pyHKIuid Ha Oa3e oc-
HOBHBIX HOPMATHUBHBIX JTOKYMEHTOB — YETBIPEX
nepBbix HactaBieHud no MAC u mo TexHude-
ckoi akcruryaTaruu (TD) U peMOHTY aBHAITMOH-
Hoit Texuuku (AT). B maHHOI cTaThe MPOBOIUT-
Cs aHalM3 HAYaJbHOTO POCCHUHCKOro IMepuoja
nestenbHocTH MAC, coBpeMeHHOTo 3Tama ee
pa3BUTHS, a TAKXKE PACKPBIBAIOTCSI HEKOTOPHIE €€
MIEPCIICKTHUBBHI.

PEMOHTY aBUAIMOHHON TEXHHUKHU B IPAXTAHCKOMN
aBuanuu  Poccum» (HTOPAT T'A-93) O6b110
yTBepkAeHo npukazoM Ne JIB-58 ot 20 wurtoHs
1994 roma nupekropa /lemaprameHTa BO3TyII-
HOro TpaHcnopTa MUHHUCTEpCTBAa TpaHCIOpPTa
Poccuiickoit @enepanuu B.B. 3amMoTHHa' ¥ BBe-
neHo B newctBue ¢ 1 suBaps 1995 roma. Oto
HACTaBJICHHE OO0JIbIle HE OOHOBISIOCH.

! IIpukas JIBT Munrpasca P® ot 20 mroms 1994 r.
N IB-58. O06 ytBepx)nenun «HacrapieHus Mo TeXHUYEC-
CKOM 3KCIUTyaTalliu ¥ PEMOHTY aBUallMOHHOM TEXHUKH
B IrpakJaHcKoi aBuanuu Poccun» [ D1eKTpoHHBIH pe-
cypc] // HTOPAT I'A-93. 1994. 113 c. URL:
http://laynercenter.ru/images/prikaz/ntyerat ga 93.pdf
(mara obpamienust: 25.03.2025).
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Cucrema texuuueckoi skcmnyaranuu (CTD)
NpeJCTaBIseT OO0 YHOPSIIOUEHHYIO COBOKYII-
HOCTb HOPM M mpaBui TO B coderaHuu ¢ opra-
HU3AI[MOHHBIMH, TPOU3BOJCTBEHHBIMU U (yHK-
LIMOHAJIBHBIMUA CTPYKTYpaMH, KOMIUIEKCOM Mep
U pelieHuil, 00ecreunBalomIMMU UX BBITOJHE-
HHUE.

[lompaznenenus  CTPYKTYp  BO3IYIIHOTO
tpancnopta (BT), opranusyromume u oGecrieun-
Baromre TO aBUAIMOHHOW TEXHHUKHU, MPEJICTaB-
JSIOT co0OM OpraHU3allMOHHO U (YHKIHMOHAJb-
HO CBSI3aHHBIA KOMIIJIEKC C YETKO BBIPA)KCHHOU
opueHrtanuei aesreiabHocTH. OOOOIIEHHO yKa-
3aHHBI KOMIUJIEKC MMEHYETCSl HHXEHEpPHO-
aBUAIIMOHHOM CITy’KOOH, a ero NesTeIbHOCTh —
WH)KEHEPHO-aBUAIIMOHHBIM 00ECTIeueHHEM  T10-
JIETOB.

PAT FA-93

Mogaep#aHie NETHOR MoGHOTTH W
MCNPEEHCTH SKCTLTYETH DY BMbE
EOIAYIIHMY CYA0E W WX NOAroTOeKa K
NONETEM
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Puc. 1. Ocuosnsie 3agauun MAC I'A mo HTOPAT I'A-93
Fig. 1. The main tasks of the civil aviation engineering
service according to NTERAT GA-93

HacraBneane HTOPAT I'A-93 cnenyromum
o0pa3oM  ONpelenwio  OCHOBHBIE  3a7auu
HNACTA (puc. 1):

e TIOJNNEpP)KAHUE JIETHOW TOJHOCTH U WC-
MPABHOCTH DKCIUTYaTUPYEMBIX BO3IYIIHBIX CY-
IIOB U UX IIOJTOTOBKA K IT0JIETAM;

e HWH)XCHEPHO-aBHAIIMOHHOE O0OECICYCHHE
0€30MMacCHOCTH U PETYJISIPHOCTH TOJIETOB;

e TIOJICP)KAHUE W MOBHIIICHUE TTpodeccro-
HAIBHOTO YPOBHS IMEPCOHANa MH)KEHEPHO-aBHA-
IIUOHHOM CITYKOBI.
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HacraBnenne HTOPAT TI'A-93 cnenyromum
0o0pa3oM  ONpeAeNyio OCHOBHBIE (DYHKIHH
HNACTA (puc. 2):

e TUTAHHPOBAHHE WCIIOJIL30BAHUS BO3IYIII-
HBIX CYJIOB, TEXHHYECKOTO OOCITYy>KHUBAHHS U pe-
MOHTA aBHAIIMOHHON TCXHUKH,

o opranmzanus u BoimonHenue TO u pe-
MoHTa AT (B TOM 4HCIIE BOCCTAHOBIICHHUE PECyp-
ca AT), ee nopaboTOK, MPOBEPOK U OCMOTPOB,
koHTpousst kadectBa AT u ee TOuP — B coot-
BETCTBUU C TPeOOBAHMSIMH SKCILTyaTallMOHHON
¥ PEMOHTHOH JIOKYMEHTAIIHH;

e cOop, yueT u 00pabOTKa JAHHBIX O BBISB-
JICHHBIX B TIOJIETE W HA 3eMJIE OTKa3ax M HEWC-
MPABHOCTSAX aBHAIIMOHHON TEXHUKH;

e  aHAIM3 HANCKHOCTH, aHAJIHM3 ¥ 0000IICHIE
omeiTa TO aBumanmonHoM TexHuMkH, ee TOuP — ¢
MEPOTPUSITUSMHU TI0 TPETYNPEKACHIIO aBUAIMOH-
HBIX MHIMICHTOB, OTKAa30B M HeucnpaBHocTell AT,
B IeMsIX oOecredeHusi Oe30MacHOCTH TOJIETOB U
COBEPIIIEHCTBOBAHMUS COOCTBEHHOM JIEATEIbHOCTH;

e BEJCHHE PEKIAMAalMOHHO-TIPETEH3NOHHOM
paboThl, MpeabsBiIeHNE TPeOOBAaHWN K IOCTaB-
mmkaM AT 00 ycTpaHEHUM HEJOCTAaTKOB WX
IPOAYKIIHH;

e KOHTPOJIb COOTBETCTBUS JIETHO-TEXHUYE-
ckux xapaktepucTuk BC TpebGoBaHHSIM pyKO-
BOJICTBA 10 JIETHOM dKcruryaranuu (PJID);

e obOecneuenune oxpanbl BC mpu ux TexHu-
YECKOM 00CITy’)KMBaHUU U PEMOHTE;

e yuacTHe B pa3paboTKe U peanu3alnuu
MPOTPECCUBHBIX TEXHOJIOTHI KOHTPOJIS COCTOSI-
Hus AT, ee TOuP, opranuzaruu Tpyia u mpous-
BOJICTBA,

e pa3paboTKa MpeIoKEHHUI MO COBEpIICH-
CTBOBAHHIO JJIEKTPUYECKUX PAKETHBIX J[BUTATE-
neit (OP/]) aBuanimoHHOM TEXHUKH;

o o0Oecnieuenue motpedHOcTel B OPJl mms
AT, ee BemeHne M OOeCHEUCHHE COXPAHHOCTH,
BKJTIOYAst TOHOMEPHYO (CYJIOBYIO) JOKYMEHTAIIUIO;

e BEJCHHE YCTAHOBJECHHBIX (OpM ydeTa
¥ OTYETHOCTH 1O nopabotkam AT, gestenbHO-
ctu UAC, cocTaBy, COCTOSIHUIO, HCTIOJIb30BaHHUIO
U JIBIDKCHUIO MapKa CaMOJIETOB, BEPTOJETOB U
aBUaJBUTaTesIe, MaTepualibHOMY HMYLIECTBY,
3aImacHbIM 4acTsIM B 000PYI0BAHHIO;

e MeTpoJioTHYecKoe obecrieueHne TO u
npousBogactBa TOuP AT, ocymiecTBisseMbIX
aBUAIPENPHUITHEM;



Tom 29, Ne 02, 2026

HayuyHblit BectHuk MITY TA

Vol. 29, No. 02, 2026

Civil Aviation High Technologies

OcHoBHble ¢yHKuun MAC no HTIPAT IA-93

MNnaHMpoBaHWe UCNONb30BaHUA BO3AYLUHbIX CYA0B, TEXHUHECKOTO Oﬁcﬂy)KMBaHVIH 1 pemMoHTa BBMHLLMDHHDFI
TEXHUKK

OpraHu3sauma 1 ssinonHexdue TO u pemoHTa AT (B TOM YMcne BoccTaHoBneHuWe pecypca AT), ee gopaboTok,
NPOBEPOK M OCMOTPOB, KOHTPONA KadecTsa AT 1M ee TOUP — B COOTBETCTBMK C TpeBOBaHUAMM
3KCNNYaTaLWOHHOW U PEMOHTHOM JOKYMEHTALMK

Cﬁop, y4yeTt 1 06pa6orka AadHHbIX O BbIAB/NEHHbIX B N0/1eTe U Ha 3eM/ie OTKasax n HeMCnpaBHOCTAX
aBMaLLMOHHOﬁ TeXHUKK

AHANWU3 HaEeKHOCTK, aHanu3 M 06061eHune onbiTa T3 aBUALMOHHOM TEXHWUKK, ee TOUP — ¢ MeponpuaTUAMMK
no npeaynpexAeHUIO aBUaLMOHHbBIX MHLMAEHTOB, OTKa30B W HeucnpasHocTel AT, 8 uenax obecneyeHus
6e30MacHOCTM NONETOB ¥ COBEPLIEHCTBOBAaHUA COBCTBEHHOW AEATENBHOCTH

BepeHue peknamauoHHO-NpeTeH3NOHHON paboTel, NpeabABaeHne TpeboBaHmii k MocTasuukam AT 06
YCTPaHEHWM He0CTaTKOB UX NPOAYKLMUM

KOHTpPO/Ib COOTBETCTBUA NETHO-TEXHUYECKMX XapakTeprncTuk BC TpeboBaHWAM PYKOBOACTBA NO NETHOM
3KkcnayaTauum (PN13)

ObecneyeHne oxpaHbl BC Npu MX TEXHUYECKOM 0BCNYMMUBAHUM U PEMOHTE ’

Yyactue B pa3paboTke M peanu3aLum NporpeccuBHbIX TEXHONOTUIA KOHTPONA COCTOAHKA AT, ee TOUP,
opraHusauuu TpyAa U NPoM3BoACTBa
Pa3paboTka npeanoeHunii No copepLueHCTBOBaHWO JPL aBUaLMOHHON TEXHUKK J

O6ecneyeHune notpebHocTei B AP ana AT, ee BeaeHue 1 obecnedeHre COXPaHHOCTH, BKIKOYAA MOHOMEPHYIO
(cyoByH0) AOKYMEHTaLMIO

COCTOAHWIO, UCMONB30BAHWIO W ABUKEHMIO NapKa CamoONeToB, BEPTONETOB U aBUasBuraTenei,

BesieHuWe ycTaHOBNEHHbIX GOPM y4eTa U OTYETHOCTM Nno AopaboTkam AT, seatensHocTu MAC, cocTasy,
MaTepuasbHOMY UMYLLECTBY, 3anMacHbIM YacTAM 1 060pyA0BaHMIO

Mertponoruuyeckoe obecnederune T3 u npoussoacrea TOMP AT, ocyLLECTBAREMbIX aBUANPEANPUATHUEM

OcyLiecteneHne Mep no obecnevyeHnio HOPMaTMBHbIX YCNOBKIA Tpyaa paboTtHukos MAC 1 opraHmsaumn

npoussoacTea TOUP aBUaLMOHHON TeXHUKK, NOKAPHOM 6e30MacHOCTM M OXpaHbl OKPYXKaloLeit cpesbl,

obecnedyeHnio NPOM3BOACTBA HEOBXOAUMBIMU NOMeLLLeHUAMM, 060pyAoBaHMeM, 3aNacHbIMU YacTAMM U1
aBUATEXHUYECKAM MMYLLLECTBOM, UX COAEPIKAHMUA, XPAHEHWA, UCNONB30BAHMA K 0BCAYKUBAHIA

OpraHnaame 1 nposeneHue paGO'r no 3BakyauMn U BOCCTAHOB/IEHWIO NOBPEXXAEHHbIX CYA0B ’

OpraH13auma 1 ocHaleHue yiebHoM TexHu4ecKkol 6a3bl, OpraHM3aLmMa TEXHWHECKOM NOAroTOBKM NepcoHana
WAC 1 CTaXKMpPOBKM CNELLMANUCTOB Ha aBUALMOHHOW TEXHUKe

Noabop 1 pacctaHoBKa Kaapos MAC, NpoBeeHMe cUCTEMATUYECKOK paboTbl No GopMUPOBAHMIO
OTBETCTBEHHOTO OTHOLIEHWA KaKA0ro paboTHUKA K cBOMM cnyeBHbim o6a3aHHOCTAM

Puc. 2. Ocnosuele 3agaun MAC I'A no HTOPAT I'A-93
Fig. 2. Main functions of the civil aviation engineering service according to NTERAT GA-93

e OCYIIECTBJICHHE MeEp IO OO0ECHEUCHHIO
HOPMAaTHBHBIX ycJI0BUH Tpya pabotHrkoB MAC
U opranuzauuu npoussoactsa TOuP aBuanmosn-
HOW TEXHHKH, MOXKapHOW 06€30MacHOCTH U OXpa-
HBl OKpY’Kalomeil cpeabl, 00eCIEUeHNIO MTPOu3-
BOJICTBA HEOOXOIMMBIMHM IOMEUICHUsIMH, 000-
pyZlOBaHUEM, 3alacHBIMU YacTSIMH M aBHATEX-
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HUYECKUM HUMYIIECTBOM, MX COJCpIKaHHS, Xpa-
HEHUS, UCTIOIb30BAHMS U 00CTY>KUBAHUS;

e OpraHm3alnus M TMpOBEJCHHE padoT IIo
9BaKyallid U BOCCTAHOBJICHUIO TMOBPEKICHHBIX
CY/IOB;

e OpraHm3alsi W OCHalleHue Yy4eOHOI
TEXHHYECKON 0a3bl, OpraHMU3amus TEXHUICCKOM
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noarotoBku mnepcoHana MAC u craxxupoBkH
CHEIMAJINCTOB Ha aBUALlMOHHON TEXHUKE;

o moabop u pacctaHoBka kaapoB HAC,
MPOBEJICHUE CHUCTEMATUYECKON paboThl o (op-
MHPOBAHUIO OTBETCTBEHHOIO OTHOLIEHUS KaX-
JIOTO pa0OTHUKAa K CBOUM CIy>KEOHBIM 00s3aH-
HOCTSIM.

COCTOAHMA K
npoueccol
bYHKUMOHMPOBaHKUA
ABMALMOHHOWN
TEXHUKK

COCTOAHUA U
NpOLEcchl KOHTPONA U
BOCCTAHOBNEHUA
csoiicte AT

COCTOAHWA K Npoueccbl

noarotosku BC K nonetam

Puc. 3. CocTosiHUS ¥ TPOLIECCHI TEXHUYECKOM
skcrutyatanuu no HTOPAT I'A-93
Fig. 3. States and processes of technical operation
according to NTERAT GA-93

B nacraBnennu HTOPAT I'A-93 ompenene-
Ha CTPYKTypa COCTOSIHHM U MPOIIECCOB TEXHUYE-
CKOU aKcrutyaTarnmu (puc. 3), BKIIOYaronas:

e COCTOSHUSI M TIPOIECCHhl (yHKIIMOHUPO-
BaHUs aBUAIMOHHON TEXHUKU;

e COCTOSIHUS W Tporecchl nmoarotoBku BC
K MOJIETaM;

e COCTOSTHHS W TIPOIIECCHI KOHTPOJIS M BOC-
cTaHOBJIeHUs CBOUCTB AT.

OcymiecTBIsIEMyl0 B HAa3€MHBIX YCIOBHSIX
YacTh YKa3aHHBIX MPOLECCOB M COCTOSHHUM CO-
CTaBIISIIOT MEPOTPUSTH, OMpeIeIsieMble Kak
TEXHHUYECKOe o0cmyxuBanue u peMoHT AT.

B nacraBnenun HTOPAT I'A-93 ycraHoB-
JICHO OCHOBHOE TpeOOBaHUE, YTO K MOJIETaM JI0-
MTyCKAIOTCSl TOJBKO HCIIPaBHBIE BO3IYIIHBIE CY-
Jna. Bo3gyimiHoe cyqHO CYMTaeTCsi HCHpPaBHBIM
P YCIIOBUH, UTO (puc. 4):

e TUIAHEP, JBUTATEIN W KOMILUIEKTYIOIIHE
W3JIeTUsI UMEIOT OCTAaTOK pecypca U CpoKa CITy K-

12
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OB, TOTHOCTHIO YKOMIUIEKTOBAHBI COTJIACHO TIe-
PEYHIO TTOHOMEPHOW JOKyMeHTaruu (hopmyis-
pbl, OOPTOBOI KypHa U 1p.);

e HA CyJIHC BBITIOJHEHO OYCPEIHOC TECXHH-
Yyeckoe O0O0CTyKHMBaHUE, MPEAyCMOTPEHHOE pe-
TJIAMEHTOM, YCTPaHEHBI HEHCIIPABHOCTH U WX
MOCIIEACTBUS;

e odopMIICHA TPOU3BOIACTBCHHO-TCXHUYC-
CKas U IOHOMEpPHas JOKYMEHTAIHS;

e HCHPABHOCTH CYyJIHA MOATBEPXKJICHA ITO-
MUCSIMU COOTBETCTBYIOIIUX JOJIKHOCTHBIX JIUIT
B KapTe-Hapsje.

K coxanenuto, y 3TOro HacTaBieHHUsS He3a-
BUHAS cyap0a. OHO OBUTO BBEACHO B JICHCTBHE
BCEro JIMIIb MPHUKA30M HadyallbHUKA OJHOTO W3
nenapraMeHToB MuHHCTEpCTBa TpancnopTa. Ye-
pe3 ABa rojaa BCTYNWJ B JEHCTBUE HOBBIM Bo3-
nymHbii kojekc Poccuiickorn denepauuu, Ko-
TOPBIM OMpEAeIII HOPMATUBHO-IIPABOBOM CTa-
Tyc 3a (eaepaabHBIMA aBUAIIMOHHBIMH TPABH-
JamMH, KOTOpbIE JIOJKHBI TPOXOJUTH IKCIIEPTU3Y
B Mununcrepctee roctunuu. HTOPAT T'A-93
TaKUMHU MPaBUJIAMU HE SBIISETCS, TIOITOMY Ipa-
BOBOW cCHJIBI He HMeeT. TeM He MeEHee 3TO
HACTaBJICHUE J0 CUX MOp HE OTMEHEHO.

OHO 0COOCHHO BaXXHO, TaK KaK HWMEHHO
3/1eCh B IMOCJIEHUIN pa3 ObLIN ONpeaeseHbl Tep-
MUHBI «TEXHUYECKasl IKCIUTyaTalus U «UHXKe-
HepHO-aBHAIMOHHAs ciyx0a» st ['A. Tepmun
«TEXHUYECKass  DKCIUTyaTalus  COXPAHSIICS
BIIIOTh 10 ampens 2014 roma B poccHilCKOM
HA3BaHWUU CTICIHATUCTA — 00NaaaTens JTUIECH3UN
Ha IMPOBEJIEHUE TEXHUYECKOTO OOCITYyKUBAHUS
BC (Aircraft Maintenance License) — cBuneremnb-
CTBa CIEUUAIUCTa IO TEXHUYECKOW HKCIUTya-
Talldd HW PEMOHTY AaBHAIIMOHHOW TEXHUKH.
C BBenenuem B gnerictBue DAII-32 HazBaHue
TOKYMEHTa ObLIO M3MEHEHO Ha « CBUIETEIHCTBO
crenuanucrta 1mo TO BCy.

Takum o0Opa3om, «TeXHUYECKas JKCIUTyaTa-
US» COXpPAaHWIACh TOJBKO B HAMMEHOBAHMSX
HANpaBIIEHUN ¥ CIeUUaIbHOCTEH OO0ydeHus
MI'TY I'A. A uH)XCHEpHO-aBUALIMOHHAS CITyK0a
«pacTBOPUIIACH) B aBUAIMOHHOM TMEPCOHANIE KaK
OJlHA W3 IIECTHAALATH MMO3ULIUH, CPEIU KOTOPBIX
TPUHAATH MO3UIIUN JIETHOTO MEepPCOHAaNa U TpU
MO3UIMH Ha3eMHOT'0 IIEpCcoHaIa.

Bo MHOroM 3T0 TpOM30NUIO TO TOW MpH-
yuHe, 4To napk BC poccuiickux aBHaKOMITaHHMA
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nAaHep, ABUraTenu v KOMNNEKTYIOLKUE U3aenus

MMEI0T OCTaTOK PEcypca 1 CPOKa CAyXbbl,

MONHOCTHIO YKOMMNEKTOBaHbI COrNACcHO NepeyHio
NOHOMEpPHOWAOKYMeHTauuK (Gopmynapsl,
60pTOBOWA MypHan 1 ap.)

Civil Aviation High Technologies

Ha CyAHe BbINONHEHO OUepeaHOe TEXHUUECKoe
ob6CnyKUBaHKUe, NPeaycMOTPEHHOE
PEernameHToM, YCTPaHEHbI HEUCMPABHOCTH U UX
nocnescTemns

CornacHo HT3PAT-93 k nonetam
AOMYCKaKTCA TONLKO MCNpaBHble
BO34YLUHbIE cyaa.

Bo3ayLUHOe CYAHO cHUTaeTcs
MCNPaBHbIM NP YCNOBUM, 4TO

opopmieHa NPOU3BOACTBEHHO-TEXHUYECKAA U

NOHOMEpPHas AOKYMEeHTaLMA

MCMPaABHOCTL CYAHA NMOATBEPKAEHA NMOANUCAMM

COOTBETCTBYIOLUMX AOAKHOCTHBIX NULL B KapTe-
Hapage

Puc. 4. Ycnosus nonycka camonera k noneram no HTOPAT I'A-93
Fig. 4. Conditions for admitting aircraft to operation according to NTERAT GA-93

CTaJl MOMNOJHATHCS B OCHOBHOM CYyJaMH, IPOU3-
BEJICHHBIMHU 3a pyOexxom. WX skcruryaranust Mo-
JKET OCYULIECTBIISATHCSA TOJIBKO 1O MEXAyHapo-
HBIM TIpaBUJIaM, KOTOpPBIE B COBETCKMM NEPUON
nestenbHOCTH ['A Morim octaBaThCsl JIUIIb pe-
koMeHarenbHbiMu. C cepeaunsl 1990-x ronos
OHM cTalid oOs3arenpHbiMUA 11d  Poccuiickoi
denepanun.

3T0 HaUUIO OTpakKeHHE U B HOBOM Bo3myiiHoM
konekce Poccuiickoit ®@eneparmu, yto noTpedboBa-
7m0 cMeHbl mapaaurmbl aestenbHocTh MAC TA.
I'maBubI pykoBogsimii oprad MAC Jlenapramen-
Ta BO3IYILIHOTO TPAHCIOPTa CMEHWJ Ha3BaHUE C
I'maBHOrO yIpaBiieHHs 1O IKCILTyaTalid U PEMOH-
Ty aBuaroHHo TexHuku (I'YOPAT) na ympas-
JEHUE [0 MOAJEPKAHUIO JIETHOM TOJHOCTH
(YIIIT'). B ato Bpems Obin 0OpaszoBan ['ocynap-
CTBEHHBIM IEHTp O0€30MacHOCTH IIOJIETOB Ha
BO3/yILIHOM TPaHCIOPTE.

B crpykrype T'ocHUM TI'A Ob1 oOpa3oBaH
Hayusslil eHTp 10 MOAJEP/KAaHUIO JIETHOM TOJ-
HocTH. Hauanock (hopmMupoBaHHe 0Te4eCTBEHHON
CHUCTEMBI TIOJIIepKaHus JieTHoU rogHocti BC Ha
6a3e cucTeMbl TEXHMUYECKOH SKCIUTyaTallu.

OpnuH U3 aBTOPOB ATOM CTAThU NMPUHSII yda-
CTHE B HAyYHOM CONPOBOXJIECHUH €€ (HOpMUPO-
BaHUS B YaCTH pa3pabOTKH HOBOW KOHIICTIIIUH U
HOBBIX IpaBWJI JJI1 NOATOTOBKM M IEPENOATO-

13

TOBKA WHXCHEPHO-TEXHUYECKOTO IIepPCOHAJA,
OMyOJIMKOBAaHHBIX B  CJIEAyIOHNMX padoTax:
«I[IpobnemMbl MOATOTOBKH HWHXKEHEPHO-TEXHUYC-
CKOTO TepcoHana JUisi OOCITyXHBaHHS HOBOTO
MTOKOJICHUSI OTEYCCTBCHHBIX U 3apyOekHBIX BCy»
(1996), «HoBble KOHIENIMS W METOMOJIOTHS
MOJTOTOBKH W TIEPENIOJITOTOBKA HWHXCHEPHO-
TEXHUYECKOTO COCTaBa TPaKIAHCKON aBHAIMU
10 aBHOHUKE COBpeMeHHBIX TuroB BCy» (1998),
«[IpobnemMbl MOATOTOBKH HH>KEHEPHO-TEXHUYE-
CKOTO TIEpCOHAJIA JIJISi TEeXHUYECKOW JKCIuTyaTa-
1 aBUOHHUKN» (1998), «O peanuzanuu B dene-
pPaNBbHBIX ABHAIIMOHHBIX IPaBUIaX HOBOW KOH-
HENIMN TOJATOTOBKU U TMEPEenOArOTOBKU WHKE-
HEPHO-TEXHUYICCKOTO TMEpPCOHANa MO TEXHUYEC-
CKOMY OOCIIy>)KMBaHUIO aBUOHUKN» (1999),
«O0 oTpaxkeHHH B TPOEKTax (emepansbHBIX
ABUAIMOHHBIX TPABHUJ KOHIIETIIUUA TOATOTOBKHU
U TIEPETOATOTOBKH HHXEHEPHO-TEXHUYIECKOTO
nepcoHana TPakJIaHCKON aBHAIlMM MO aBUOHH-
ke» (2002, 2003).

CCCP Bctynui B MexayHapoAHYIO OpraHu-
a0 rpaxaanckord aBuanuu (MKAO) B
1970 rony. DT0 OKa3zaJo BIUSHHUE Ha JESTENb-
Hocte MACTA eme B coBerckoe Bpems. Ha
pHUC. 5 TmpeacTaBIeHbl OCHOBHBIE JIOKYMEHTHI,
OTIPECIISAIONINE MEXAYHAPOIHBIC CTAHIAPTHI U
PEKOMEH/IOBAaHHYIO MPAKTUKY B YacTH MOJAEp-
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KoHBeHUmMA 0
MeayHapogHoi
rpaaaHCcKoM aBMaLmm
(Ymkarckas KoHseHuua). Doc
7300/9
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[

MpunoxeHue 1 k
KoHBeHUWKU o

MpunokeHue 6 K

KoHBeHuMM 0

Me/yHAPOAHO MEKAYHaPOAHON
rpa)aaHCcKoM rpaaaHcKoit
aBmaumu. Bolgava asmaLm
CBUAETENLCTB JKcnnyartauma
aB1aLMOHHOMY

BO3AYLWHbIX Cy40B

MpunoxeHue 8 K
KoHBeHuuU O
MexayHapoaHoR

rpayKaaHCKOM
asuauuu. NletHas
rOiHOCTb BO3AYLUHbIX
cynos

MpunoxeHune 19 K

KoHBeHUMK O
MEXAYHAPOAHOM
rpaMAaHCcKon aBuaLmn.
YnpasneHue
6e3onacHoCTbO
noneTos

nepcoHany

ICAO DOC 9760
Airworthiness Manual

PyKOBOACTBO NO NETHOI
roAHOCTH

ICAO DOC 9859A
PykoBogcTBO 3a
obecneyeHnem
KOHTpOAA 3a
6e30nacHOCTbIO
nonetos

ICAO DOC 9859
PykoBogacteo no
ynpaeneHunio
HezonacHoOCTbIO
noneTos

Puc. 5. OcHoBHBIE pyKoBOIsmue TokyMeHTH MKAO B 9acTw J1€THOW TOAHOCTH
Fig. 5. ICAO main airworthiness guidelines

JKaHUA JeTHOH ToaHocTH BC: KOHBEHLWs, pu-
noxernns™®  u pykoogctea  MKAO™’.
YcTaBHOW WENbIO 3TOW OpraHU3aIy SBISETCS
obecrieueHre OE30MACHOTO Pa3BHUTHUSI MEKIyHa-
ponuoit 'A myteM olOecrieueHuss W TOJIEpiKa-
HHS JeTHOM rogHocTy BC.

B kagecTBe oOpasma MpakTHYECKOW peasu-
3alMY KOHIICTIIIUN TIOICPKAHMSI JICTHON T'OJTHO-
ctu Ol B3aT 3akoH CIHIJA FAA Law 85-726

Doc 7300/9: Convention on International Civil Aviation.

9th ed. // ICAO, 2006. 116 p.

Annex 1 to the Convention on International Civil Avia-

tion. 14th ed. // ICAO, 2022. 156 p.

Annex 6 — Operation of Aircraft. Part I: International

Commercial Air Transport — Aeroplanes. 12th ed. //

ICAO, 2022. 292 p.

5 Annex 8 — Airworthiness of Aircraft. 13th ed. / ICAO,
2022. 248 p.

6 Annex 19 — Safety Management. 3rd ed. // ICAO, 2025.

46 p.

DOC 9760: PykoBOACTBO 1O JIETHOW TOAHOCTH. 4-€ m311. //

HKAO, 2020. 468 c.

DOC 9859: PykoB0oACTBO 1O yIpaBICHUIO OE€30MacHO-

CTBIO 10JIeTOB. 4-¢ u3x. // UKAO, 2018. 318 c.

? DOC 9734a: Safety Oversight Manual Part A — The

Establishment and Management of a State Safety Over-

sight System. 3rd ed. [Qnexrponnsiii pecypc] // ICAO,

2017. 48 p. URL: https://store.icao.int/en/safety-over

sight-manual-part-a-the-establishment-and-

management-of-a-state-safety-oversight-system-doc-

9734a (nara obpamenus: 25.03.2025).
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(23/08/1958)'° 06 yupexnennn ®PeaepanbHOrO
ynpasieHus: rpaxaanckoi aBuanuu CIIA npu
MunucTepcTBe TpaHcHopTa M Oaszupyrouiuecs
Ha HeM (eaepanbHbIe aBHALMOHHBIC —TIPABH-
ma' M2 g qacty mognepkanus netHol rog-
HOCTH (pHuc. 6).

' Federal Aviation Public Law 85-726. An Act to create a
Civil Aeronautics Board and a Federal Aviation Agency
[OnexTponnstii pecypc] // Authenticated U.S. Government
Information. 1958. Pp. 731-811. URL: https://www.
govinfo.gov/content/pkg/STATUTE-72/pdf/ STAT-
UTE-72-Pg731.pdf (nara obOparuenus: 25.03.2025).

""FAA PART 21-Certification procedures for products
and articles [Dnektponnsiii pecypc] // Code of Federal
Regulations. URL: https://www.ecfr.gov/current/
title-14/chapter-1/subchapter-C/part-21 (xata obpaiie-
Hus: 25.03.2025).

' FAA PART 43-Maintenance, preventive maintenance,
rebuilding, and alteration [DnexTpoHHEIH pecypc] /
Code of Federal Regulations. URL: https://www.ecft.
gov/current/title- 14/chapter-I/subchapter-C/part-43
(mata obpamenns: 25.03.2025).

3 FAA PART 145-Repair stations [D1eKTpOHHBII
pecypc] // Code of Federal Regulations. 2024. URL:
https://www.ecfr.gov/current/title-14/chapter-1/
subchapter-H/part-145 (nata obparmenust: 25.03.2025).

'Y FAA PART 147-Aviation maintenance technician
schools [nextponnsiii pecypc] // Code of Federal Reg-
ulations. URL: https://www.ecfr.gov/current/title-14/
chapter-I/subchapter-H/part-147 (nara oOparenus:
25.03.2025).
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Initial Airworthiness

Continuing airworthiness

FAA PART 43—
Maintenance,
preventive
maintenance,
rebuilding, and
alteration

FAA PART 21—
Certification
procedures for
products and
articles

FAA PART 145—
Repair stations

FAA PART 147 —
Aviation
maintenance
technician schools

FAA PART 65—
Certification:
airmen other than
flight crewmembers

Puc. 6. OcHOBHBIE pYKOBOAAIIUE TOKYyMEHTH FAA B 4acTu JIeTHOU roJTHOCTH
Fig. 6. FAA main airworthiness guidelines

BriocnencTBum 3TH JOKYMEHTHI JIETJIA B OCHOBY
CO3/IaHUSl AHAJIOra AaMEPUKAHCKOM aBHALIMOHHOMN
anMuHUCTpaiid B EBpone — YmpaBneHus: rpax-
naHckor aBuanuu EBpocoroza (JAA). B nanbheit-
mieM oHO ObUIO TpeoOpazoBaHo B EBpomeiickoe
areHTCTBO aBHAIMOHHON Oe3omacHocTH (EASA).

Ha puc. 7 nokazaHa akTyalibHas Ha TeKyLIUi
MOMEHT BpPEMEHHU CTPYKTYypa IpaBUIT
EASA!61718:1920 o ya et neTHOM rognocta BC n
ee Mmoiaep KaHusl.

' FAA PART 65-Certification: airmen other than flight
crewmembers [DnexTporHsIi pecypce] // Code of Feder-
al Regulations. 2018. URL: https://www.ecfr.gov/
current/title-14/chapter-I/subchapter-D/part-65 (mata
obpamenus: 25.03.2025).

' Part 21-Airworthiness and Environmental Certification
[OnexTponnsiii pecypc] / EASA. URL: https://www.easa.
europa.cu/en/acceptable-means-compliance-and-guidance-
material-group/part-21-airworthiness-and-environmental
(mara obpamenus: 25.03.2025).

"7 Commission Regulation: on the continuing airworthi-
ness of aircraft and aeronautical products, parts and ap-
pliances, and on the approval of organisations and per-
sonnel involved in these tasks [DnexTponHsIii pecypc] //
Official Journal of the European Union. 2014. 200 p.
URL: https://eur-lex.europa.ew/legal-content/EN/TXT/PDF/
2uri=0J:L:2014:362:FULL (mara obpartenus: 25.03.2025).

'8 Commission Implementing Regulation: as regards safety
management systems in maintenance organisations and
correcting that Regulation [nextponnsiii pecype] // Official
Journal of the European Union. 2021. 34 p. URL: https://
eur-lex.europa.eu/legal-content/EN/TXT/PDF/ ?uri=
CELEX:32021R1963 (nata obpamenus: 25.03.2025).
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Kak BumHO, OHa B CBOEl OCHOBE MOBTOPSIET
CTpykTypy mnpaBuil FAA, HO B 3HaYUTEIbHOU
Mepe pasBuBaeT ee. Tak, wactu 21, 145, 147
1 66 Mo colepKaHUI0 COOTBETCTBYIOT WX amMe-
pukaHckuM aHanoram. Onnako fokymeHT EASA
yacTh M, a Takke MOSBUBIINECS OTHOCUTEIHHO
HenaBHo vactu T, ML, CAMO u CAO pa3Bu-
BalOT KOHLEMIUIO MOJJEpKAHUS JIETHOM TOJIHO-
ctu BC, 3anoxennyro B tokymeHTax FAA.

VYcnosust nonmycka BC k mosneram mo npaBu-
nam EASA nokasassl Ha puc. 8.

AxrtyanbHble 10kyMeHThl EASA pa3BuBaroT
KOHIIENIIMI0 HE3aBUCUMOCTH OpraHU3aluil Io
TEeXHUYEeCKoMy oOciyxkuBanuio (AMO).

BapuanTtel (QyHKIMOHANTBHOTO B3aUMO/ICH-
CTBUSI OM3HEC-TPYIIBI JepKaTeseld cepruduka-
ToB 3KciryataHToB (AOC) ¢ opranu3anusMu 1o

' Commission Implementing Regulation: on the continu-
ing airworthiness of aircraft and aeronautical products,
parts and appliances, and on the approval of organisa-
tions and personnel involved in these tasks, and correct-
ing that Regulation [Dmexrponnsrii pecypce] // Official
Journal of the European Union. 2023. 58 p. URL: https://
eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=
CELEX:32023R0989 (marta obpamenwust: 25.03.2025).

2% Commission Implementing Regulation: as regards con-
tinuing airworthiness for electric- and hybrid-propulsion
aircraft and other non-conventional aircraft [DnekTpon-
Hbii pecypc] // Official Journal of the European Union.
2025. 40 p. URL: https://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=0J:L_202500111 (mara o6-
pamenust: 25.03.2025).
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EASA Basic Regulation
EU 2013!1139
Initial Airworthiness Continuing airworthiness : mnfli:tz:fm ml::s:ns
EU No733f201z £ 1321/2014 sl 2015/54%2
Annex I Part Annex I Annex I Annex i Annex V: Annex Va: Annex Vb: Annex \n‘c Annex Vd:
21 Part-M Part-145 Part-66 Part-147 Part-T Part-ML Part-CAM Part-CAD

Puc. 7. OcHoBHbIE pyKOBOAAIIME TOKyMEHTHl EASA B uacTu neTHOM rogqHoCTH
Fig. 7. EASA main airworthiness guidelines

AIRWORTHINESS REVIEW CERTIFICATE AUTHORISED RELEASE CERTIFICATE
EASA FORM 15 (ARC) is issued EASA FORM 1 (CRS) is issued

CornacHo aeiicTayrouiemy
Pernamenty EASA BC cuutaerca
NPUrOAHBIM K MONIETY, €C/N

(The aircraft is considered to be
airworthy if)

AIRWORTHINESS APPROVAL TAGS for
components are issued

Puc. 8. Ycnosus nonycka BC k noneram o npaBuiam EASA
Fig. 8. Conditions for admitting aircraft to operation according to EASA

YOPaBJIECHUIO MOAJIEP)KaHUEM JIETHOW TOJIHOCTH [JJAHOBOTO JIMHEHHOrO OOCIyXUBaHHUS U TPO-
(CAMO) mokazanel Ha puc. 9. B mpaBummax CTOTO yCTpaHeHHus NedeKTOB B Mpelenax 3aaad,

EASA BBeneHa KoHIENIUs OObEIUHEHHOW Op- CIIENMAIbHO OJOOPEHHBIX B pa3peIICHUH Ha
TaHW3aliy [0 YIPABICHUIO TOJACPKAHIEM cepruukanmro. [lpuBuneruun ceprTudukanuu
netHoi rogHoctr (CAO). OTpaHWYUBAIOTCS PaboOTOH, KOTOpy oO0nama-

AxrtyanpHble mpaBuna EASA pa3BuBaT TeNb JHICH3UU JMYHO BBITIONHWI B OpTraHU3a-
KOHIICTIIHIO CEPTHPHUITUPYIONIETO TIepcoHaa 1o muu mo TO (AMO), BeIaBIIel paspemnieHue Ha

TO BC (certifying staff). YTounens! momHomo- CepTUPUKALIHIO.
Yus I TPAJUIUOHHBIX THIIOB JIUIEH3WH (KBa- JInnensun Ha TO BC xareropmii Al, A2, A3
TU(QUKAIMOHHBIX OTMETOK) M BBEICHBI HOBBIC 1 A4 pa3nu4aroT TypOOBUHTOBBIE U MOPIIHEBBIC
TUIIBI, YTO IpeCcTaBIeHO Ha puc. 10. CaMOJIEThl U BEPTOJIETHI.

JInnensus Ha TO BC kareropuun A mno3BoJs- Jlunensus va TO BC kareropun Bl nmo3so-
€T €€ BJIAJIeIIbILY BBIIYCKAaTh CEPTUPHUKATHI O J10- JsIeT €€ BIajenblly BBITYyCKaTh CEPTU(UKATHI
MYCKE K dKCIUTyaTalluu TOCJe HE3HAUYUTEIbHOTO 0 JIONyCKe K SKCIUTyaTallud M BBIOJHEHUU

16
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AOC3

I

AOC 4

CAMO 4

Puc. 9. Cxemsl pyHkunonansaoro Bzaumoeiicreusi AOC u CAMO
Fig. 9. AOC u CAMO functional interaction diagrams

Certifying staff

A category B2
maintenance licence

A
licence

category A maintenance

B3

A category C maintenance
licence

A category B1
maintenance licence

Bl.1 B1.2

81.3 Bl.4

A category L maintenance
licence

Puc. 10. OGHOBIIeHHAs CTPYKTYpa cepruduuupyrouiero nepconana no TO BC coriacHo npaBuiam EASA
Fig. 10. Updated structure of aircraft maintenance certifying staff according to EASA

GyHKIIMH BCroMorarenpHOro mepconana Bl
B CJIEIyIOLIEM MOPSIIKE:

a) TEeXHWYecKoe OOCITyXKHBaHUE KOHCTPYK-
UM CaMOJIeTa, CHJIOBOM YCTAHOBKM U MEXaHU-
YECKUX U ANEKTPUUYECKUX CUCTEM;

6) paboTta ¢ cucreMaMu aBUOHUKH, TpeOyIo-
11ast TOJIBKO MPOCTBIX MCHBITAHUM JJISl IOJTBEp-

KICHUS UX PabOTOCIIOCOOHOCTH M HE TpeOyro-
mas ycrpaHeHus nedextoB. Kareropus Bl
BKJIFOYAET COOTBETCTBYIOILYIO IOJKATErOpHIO A.
JInuensun na TO BC kareropuii Bl.1, B1.2,
B1.3 u Bl.4 pasmuuaior TypOOBHHTOBBIE H
MIOPIITHEBBIE CAMOJIETHI U BEPTOJIETHI.
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JIuuensus va TO BC kareropun B2 mno3so-
JSIET ee BIAACIbIly: 1) BBITYCKAaTh CEPTHPUKATHI
0 JIOMYCKEe K AKCIUTyaTallH M BBICTYNATh B Kade-
CTBE BCIIOMOTAaTEJILHOTO MepcoHana ypoBHs B2
IUTSL CIIEAYIOIUX LIeJieil: a) TeXHUYECKoe 00CITy-
JKUBAaHUE, BBIMOJHCHHOE HA ABUAIMOHHBIX W
AIIEKTPUYECKUX CHUCTeMaX, a Takxke 0) Ha cucTe-
Max aBHOHUKH, BKJIIOYasi CHJIOBbIE YCTAaHOBKU U
MEXaHMYECKHUE CHUCTEMBI, TPEOYyIOIIHE TOJBKO
MPOCTBIX WCIBITAHWA IS TIOJITBEPIKICHUS WX
paboTocrnocoOHOCTH; 2) BBITyCKaTh cepTUdUKa-
THI O JIOMYCKE K AKCIUTyaTaI[du MOCJI€ MPOCTOTO
IUIAHOBOTO TEXHUYECKOTO0 OOCITY>KMBaHUSA U
MPOCTOTO yCTpaHEeHUsI e(DEKTOB B mMpejenax 3a-
Jad, CIIeIUaNIbHO 0JI0OPEHHBIX B Pa3pelICHUN Ha
cepTuUKamio. DTa MPHUBHIETUS CEepTHU(HKA-
MU JIOJDKHA OBITH OrpaHHuYeHa paboToil, KOTO-
pYyIO JAepiKaTenb JIMIEH3WH BBITIOIHUI JIMYHO B
opranuzaruu o TO (AMO), BeImaBIIel paspe-
[ICHHE Ha CEePTU(UKAILMIO, U OTpaHUYCHA peil-
TUHTaMH, YK€ OJOOpPEHHBIMH B JHUIICH3MH B2.
Jlunensust kareropuu B2 He BKIO4aeT B ceds
MOJKATETOPHUIO A.

Junensus na TO BC kareropuu B2L no3so-
JSeT ee BiaJesblly BbIMYCKaTh cepTU(UKATHI O
JOIYCKE K JKCIUTyaTallud W BHICTYNaTh B Kade-
CTBE BCIIOMOTraTeiapbHOro mnepcoHana B2L ans
CIEeIyIONINX IIeNiel: a) TEXHUYECKOe OOCITyXKH-
BaHHE SJIEKTPUUYECKUX CHUCTEM; 0) TEXHHUYECKOE
o0CIy)KMBaHWE CHUCTEM AaBHOHUKH, BBITIOJTHECH-
HOE B IpeleraX HOMHHAJIBHBIX XapaKTePUCTHK
CUCTEM, CIEIHAILHO OAOOPEHHBIX B JUIECH3UU;
B) NPU HAIMYMU KBATU(UKAITMOHHOW OTMETKH
«CHCTEMBI TUIaHEPa» BBHIMOJTHEHHE 3a/1ad TI0
AIIEKTPUYECKUM CHUCTEMaM U aBHOHUKE B COCTa-
BE CHJIOBOM YCTaHOBKM W MEXAHHYECKUX CH-
CTeM, TPEOYIOIUX TOJBKO MPOCTHIX HUCIBITAHUN
JUTSI TIOATBEPKACHUS UX paOOTOCTIOCOOHOCTH.

JInuen3ust Ha TO BC kareropun B3 mo3Bo-
JSET ee BJIaJeNbIly BBIMYCKAaTh CepTU(UKATHI O
JOTyCKE K JKCIUTyaTallud W BbICTyNaTh B Kade-
CTBE BCIIOMOTATEIHHOTO IEpPCOHala KaTeropuu
B3 s cnenyronux menei: a) TEXHHYECKoe 00-
CIIy’»KUBaHUE KOHCTPYKIIMH CaMOJIeTa, CHIIOBOU
YCTAaHOBKM U MEXAHMYECKUX M AIIEKTPUUYECKUX
cucteMm; 0) paboTa ¢ cucTeMaMu aBUOHUKH, Tpe-
Oyrolasi TOJIbKO MPOCTHIX UCHBITAHUM AJIS MOJ-
TBEPKJIEHUsI UX PabOTOCIIOCOOHOCTH M HE Tpe-
Oyromias ycrpaneHus 1e(eKTOB.
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JInuensus va TO BC xareropuu L no3Boss-
€T €€ BJIAJICTbIly BBIITYCKATh CEPTU(PHUKATHI O J0-
MyCKe K AKCIUTyaTallid ¥ BBICTYIAaTh B KaueCTBE
BCIIOMOTATENILHOTO TIepcoHaia kareropun L mis
CIEIYIOMINX IeNiel: a) TEeXHUYECKOe OOCITyKH-
BaHME KOHCTPYKIIMHM CaMoOJjeTa, CHJIOBOM ycTa-
HOBKH, MEXAaHUYECKUX M DJICKTPUUECKUX CH-
crem; 0) paboTa ¢ paano, aBapUHHBIMU PaAJHO-
MasikaMH M CHCT€MaMHU TPAaHCIOHAEPOB; B) pa-
OOTHI HaJl APYTMMH CUCTEMaMH aBUOHUKH, Tpe-
Oyrolre TPOCTHIX HWCHBITAHUN MO TOATBEP-
XKJIeHus ux padbortocrnocodHoctu. [Toakareropus
L2 Bkmrouaet noakateroputo L1.

Kareropus L pasnenena Ha craenyrouiue
nonkareropuu: L1C: KOMMO3UTHBIE IUIaHEPHI,
L1: nmanepst, L2C: muianepsl ¢ KOMIO3UTHBIM
JBUTATENIEM U KOMIIO3UTHBIE camoneTsl, L2: Mo-
TOIUIAaHEPBI: Bo3aymIHble wmapbl, L3G: razossle
6ammonsl, L4H: mupmxadbmm, L4G, LS: razossie
JTUPHOKa0IIH.

JInuen3ust Ha TO BC kareropuun C mo3BoJis-
€T ee BIAJEINbIly BbIIaBaTh CEPTH(PHUKATHI O JI0-
mycKe K dKcruryaTtanuu nocie 6azosoro TO BC.
[IpuBunerun pacnpoctpansoorcs Ha BC B ne-
oM. Jlunensuss Ha TO BC kareropum C, BbI-
JlaHHas B OTHOWIEHUHU cioxHbIX BC, nomknHa
BKJIIOYaTh npuBmierun auuensun Ha TO BC ka-
teropun C taxxke B oTHoweHuu BC, He siBisio-
muxcs cinoxxasiMu BC.

[IpoGnemam TapMOHHM3AIUU OTEYECTBEHHOM
CUCTEMBI MOJATOTOBKU MHXKEHEPHBIX KaJpOB JJIs
HNAC ¢ mexnyHapoaHBIMU TpeOOBaHUSMU OBLTH
MOCBSIIEHBI Clleyomue paboThl OHOTO U3 aB-
TOpoB 3TON cTarhu: «IIpobiemMbl rapMOHU3AINH
0a30BOr0 00pa30BaHUs POCCHUHUCKOTO WHKEHEP-
HO-TEXHUYECKOr0  MEpCOHANa  TIPaKJAHCKOU
aBUallUd C EBPONEHCKUMHU TpeOOBaHUSIMID)
(2009), «IToaroroBKa HHKEHEPHO-TEXHHUECKOTO
NepcoHasa Mo TEXHUYECKON IKCIUTyaTallly aBH-
OHUKA M aBHAIIMOHHBIX 3JIEKTPOCHUCTEM BO3-
IOYLIHBIX CYJOB C y4€TOM rapMOHHU3allUU OTeye-
CTBEHHBIX TPeOOBaHUI K MEPCOHATY C MEXIY-
HapoIHbIMU TpeOoBanusiMu» (2014), «Iloaro-
TOBKAa MH)KEHEPHO-TEXHUUYECKOr0 MepCoHalIa Mo
TEXHUYECKOM 3KCIUTyaTallud aBUOHHKU M aBHa-
IUOHHBIX 3JIEKTPOCUCTEM BO3QYIIHBIX CYIOB C
Y4€TOM TapMOHHU3AlMU OTEUECTBEHHBIX TpeOo-
BaHUH K MEPCOHATY C MEXTyHAPOIHBIMH TPeOo-
BaausMu» (2013), «IIpoGieMbl MTOATOTOBKUA HWH-
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KEHEPHO-TEXHUYECKOTO MepcoHalia Mo TeXHUYe-
CKOM SKCIUTyaTallMyd BO3AYIIHBIX CYIIOB B TIPO-
1ecce rapMOHHM3ALMU OTEYECTBEHHBIX TpeOoBa-
HUI K MepCoOHATy C MEXIyHapOAHBIMH TpeOoBa-
Husmm» (2013), «MexnyHapoaHas kanuduka-
MOHHAsl (KOMIIETEHTHOCTHAs1) CHUCTEMa TOJro-
TOBKM U OLIEHKU IE€pcoHajla MO TEXHUYECKOMY
00CTyKUBaHUIO BO3YIIHBIX cy10B» (2015).

CoBpeMeHHBbIi dTan pa3BUTHA
HNACTA

Onupasicb Ha PEKOMEHJOBAaHHYIO MPaKTUKY
u crangaptel UKAO, npaBuna FAA u EASA,
Poccuiickass denepanus (HopMHpPYET CUCTEMY
nojaepxxanus JjetHod rogHocth BC B3ameH
c(hOpMHUPOBAHHON B COBETCKOE BPEMs CHUCTEMBI
TEeXHHUYECKOM OKCIUTyaTallud Ha OCHOBe Bo3-
IymHOro konaekca Pocculickoit d)e;[epaunnzl,
npuka3oB denepanbHON aBUAIIMOHHON CITY>KOBI
(D®AC), Pocauanuu, Muntpanca u deaepainb-
HBIX ABHALMOHHBIX MpaBuyr - 222027282930

21 Bozaymmusrit kogexc Poccuniickoit @enepartun Ne 60-D3
ot 19 mapta 1997 r. [DnexrponHsiii pecype] // KoHcyib-
tantlLmroc. 1997. URL: https://www.consultant.ru/
document/cons_doc LAW 13744/ (nara obparieHus:
25.03.2025).

* TIpuxa3 DenepaibHOI ABHAMOHHOI CITyk65! Poccun
Ne 287 ot 30 nexabps 1997 r. O6 yrBepsknenun «Ilo-
psAnka cepTu(UKAINH OPTaHNU3AINH IT0 TEXHUISCKOMY
00CITy’)KHBaHUIO aBHAITMOHHOW TEXHUKI (HE IIPUMEHS-
etcst) [Dnmexrponnsiii pecype] // TAPAHT. 1997. URL:
https://base.garant.ru/178259/ (nara obpaieHus:
25.03.2025).

3 [puka3 dexnepanbHON aBUAIMOHHOM Ci1yx0b1 Poccun
Ne 41 o1 19 epans 1999 r. O6 yTBepIeHHN U BBE/IE-
HHUH B HeﬁCTBI/Ie CDe;[epaanblx ABUAITMOHHBIX ITPpaBUJI
«OpraHu3anuy 1o TeXHUIECKOMY 00CITy>KHBaHHIO U
peMOHTY aBHanMOHHOW TeXHUKNY (DAII-145) [Dnek-
TponHsIi pecypc] // TAPAHT. 1999. URL: https://
base.garant.ru/5229916/ (nata obpamenus: 25.03.2025).

* [Tpukas dexepanbHOil ABHAIIMOHHOI CITy k051 PD Ne 23
ot 29 suBaps 1999 r. O BBeneHum B neticteue dene-
paTBHBIX aBUAIIMOHHBIX paBmiI «CepTuduKanys aBua-
LIMOHHBIX Y4eOHBIX LEHTPOB» [DJIEKTPOHHBIN pecypc] //
T'APAHT. 1999. URL: https://base.garant.ru/ 180706/
(mata obpamenus: 25.03.2025).

* TIpuxa3 Munncrepersa Tpascnopra Poccuiickoii dene-
parim Ne 11 ot 4 despans 2003 r. O6 yTBepkIcHUH
®denepatbHBIX aBHAMOHHBIX MpaBwl «CepTuhukau-
OHHBIE TPeOOBaHNUS K (PU3UUECKUM JIULIAM, IOpHIHYE-
CKHUM JIMIaM, OCYIIECTBIISIFOIIMM KOMMEPUECKHE BO3-
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OCHOBHbIE HOPMATHBHO-IIPABOBBIE U PYKOBO-
nsaue pokyMmeHnTtsl it UAC T'A PO npencras-
neHsl Ha puc. 11.

JyUIHbIe iepeBo3kH. [Ipouenypsl cepraudukammy.
[Dnexrponnsiit pecype] // TAPAHT. 2003. URL:
https://base.garant.ru/5203099/ (nata oOparieHus:
25.03.2025).
*® [Tpukas MunucrepcTsa Tpancnopra Poccniickoii dene-
parmn Ne 118 ot 17 ampens 2003 r. OO yTBep:KACHUU
®denepanbHBIX aBHAIMOHHBIX MpaBwil «[lomoxernne o
MOPSAKE JOITyCKa K OKCIUTyaTalli €INHUIHBIX SK3eM-
IUISIPOB BO3IYIIHEIX CYIOB aBHALIMU OOIIET0 Ha3HAYe-
HUs» (IOKYMEHT OTMEHEH) [ DJeKTpoHHbIH pecypc] //
I'APAHT. 2003. URL.: https://base.garant.ru/185850/
(mara obpamenus: 25.03.2025).
ITpuxa3 Muntpanca Poccuu Ne 132 ot 16 mas 2003 1.
00 yrBepxaeHnn OenepanbHbIX aBUALIMOHHBIX TPaBHII
«DK3eMIUIAP BO3AYIIHOTO CynHa. TpeOoBaHus U Ipolie-
Iypbl cepTrdUKam) (IOKYMEHT OTMEHEH) [ DJek-
TpoHHBIH pecypc] // TAPAHT. 2003. URL:
https://base.garant.ru/185950/ (nata obparenus:
25.03.2025).
ITocranosnenue [1paBurensctBa Poccuiickoit @enepa-
mr Ne 396 ot 30 uronst 2004 . «O6 yTBepxxaeHuu [1o-
noxenus o PenepaabHOM areHTCTBE BO3AYITHOTO
TpaHcnopTa» [OnekTpoHHbIN pecype] // TAPAHT.
2004. URL: https://base.garant.ru/187264/ (nara obpa-
menus: 25.03.2025).
IIpuka3 Munucrepcersa Tpancnopra Poccuiickoit @ene-
paunu Ne 108 ot 17 muronst 2008 1. O6 yTBEpKAeHUN
DenepatbHBIX aBUAIMOHHBIX TIPaBiT «[ I0oIr0TOBKA U BBI-
TIOJIHEHHUE TIOJIETOB B IPaXKIaHCKOH aBuanmu Poccuiickoit
Oeneparmy [Dnexrponnslii pecype] / TAPAHT. 2008.
URL: https://base.garant.ru/193729/ (nata oOparmieHus:
25.03.2025).
[Tpuka3 Muntpanca Poccuu Ne 147 ot 12 ceHTs0ps
2008 r. O6 yrBepxkaeHnn denepalbHbIX aBUAITMOHHBIX
mpaBui « TpeboBaHMA K WieHAM HKHUIIaXKa BO3AYITHBIX
CYJIOB, CIIEIMAJICTaM [0 TEXHUYECKOMY 00CITy K1Ba-
HUIO BO3/YIIHBIX CY/IOB U COTPYAHUKAM IO obecrede-
HUIO TI0JIETOB (TIOJIETHBIM JIUCIIETYEPaM) TPaXKIaHCKOM
aBuanum» (neictByer 10 1 ceHTs10ps 2026 T.) [Dexk-
TponHbIi pecypc] // TAPAHT. 2008. URL: https://base.
garant.ru/194352/ (nara obpauienus: 25.03.2025).
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BoaaywHbii koaene PM 1997-2025 rr.

MNpuKaibl MpasuTenbeTaa PO, MUHTpaHCa W
DeaepanbHOM aBUaLMOHHON CAYIKE
Porrian

MpMKkassl PAC M MuHTpaHca —
@Eﬂ_ﬁpaﬂhlihlﬁ ABMALWMOHHEIE NpaBRKWAa

MNpuras PAC o 19 Mpuras QAC ot 29 MNpukas ©AC aT
deapana 1999 r. AHBapa 1999 r, 30 peralipa 1997 mm

Ned1 ®AN-145

Mpuras MuHTpaHca IprKas MUHTpaHca lNpurKas
oT 4 ¢eppana ot 17 anpena Pocanuauuy ot 19
man 2020 r

Mpuraz MuHTpadca
ot 7 man 2013 r.

Mpukas MuUHTpaHca MpuKras MudTpadca
ot 17 uona 2008 . ot 18 despans

Mpukaz MuHTpaHca
ot 31 nionn 20091,

Mpukas MuHTRaHca MpuKra3 MuHTpaHca
ot 10 (espana ot 13 aBrycra

2014 r 2015 r

VIMHTpaHca
5 ceHTAbpA

[puka3z MuHTpaHca [Nprkas MuHTpaHca
oT 19 Hoabpa ot 27 Hoabpa
2020 r 20;

AHTpaHCa
AHBaPA

Ne367. dAMM.
Yacre 145

Puc. 11. OcHOBHBIE HOPMATHBHO-TIPABOBbIE U pyKoBoasamme 1okyMeHThl st MAC I'A Poccuiickoii ®eneparin
Fig. 11. Main regulatory and guidance documents for aviation engineering service of the Russian Federation
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Ccbiikn Ha mpukaszel @AC, PocaBuanuu,

Muntpanca Poccun u @AIIl mpencraBieHsl B
31,32,33,34,35,36,37

XPOHOJOT'MYCCKOM IMMOpsIAKE

3! TIpukas Muntparca Poccuu Ne 128 ot 31 mromst 2009 r.
06 yrBepxaernn denepanbHBIX aBHAITMOHHBIX MTPABHIT
«HO[[FOTOBKa U BBIIIOJIHCHHUE I10JIETOB B Fpa)K]IaHCKOﬁ
aBuanuu Poccuiickoit @eneparum [DNeKTPOHHBIN pe-
cypc] // TAPAHT. 2009. URL:
https://www.garant.ru/products/ipo/prime/doc/96235
(mata obpamenus: 25.03.2025).

32 MIpukas Pocasuammu Ne 176 ot 19 mas 2010 r. 06
yTBepkaeHun [Tonoxenust 00 YpaBieHHH O IIepiKa-
HUS JIETHOM TOTHOCTH BO3YIIHEIX CynoB denepanbHO-
r0 areHTCTBa BO3YIIHOI0 TpaHCHOPTa [ DJIEKTPOHHBII
pecype] // TAPAHT. 2010. URL:
https://www.garant.ru/products/ipo/prime/doc/6638843/
(mata obpamenus: 25.03.2025).

33 TIpuxas Munncrepcrsa Tpascnopra Poccuiickoii deze-

pauuu Ne 175 ot 7 mas 2013 r. O0 yTBepxaeHuu An-

MUHHUCTPATUBHOTO periiaMmeHTa denepasbHoro

areHTCTBa BO3YLIHOTO TPAHCIOPTA MTPEJOCTABICHHS

TOCYAapCTBEHHON YCIIyT'M IO OpPraHW3aliu U IpoBejie-

HUIO MHCIIEKITUH IPpa)KTaHCKUX BO3AYIIHBIX CYJIOB C Iie-

JIBIO OIEHKH WX JICTHOW TOAHOCTHU ¥ BBIIAYH COOTBET-

CTBYIOIINX JTOKYMEHTOB [ DIIeKTPOHHEIH pecypc] //

I'APAHT. 2013. URL: https://base.garant.ru/70407648/

(mara obpamenus: 25.03.2025).

ITpuka3 Munuctepctsa Tpancmnopta PO Ne 32 ot

10 derpasst 2014 r. O6 yrBepx)aenun OenepanbHbIX

ABUAIMOHHBIX MPaBUJI «Tpe6OBaHl/Iﬂ, MMPEABABIACMBIC K

oopMIIEHHIO K (HOPME CBUICTENHCTB aBUAIHOHHOTO

MepcoHaja rpakKIaHCKOM aBuauumy [ DJIEKTPOHHBIN pe-

cypc] // TAPAHT. 2014. URL: https://base.garant.ru/

70596798/ (nara obpamenus: 25.03.2025).

[Ipuxa3z Munncrepcrsa Tpancmopra PO Ne 42 ot

18 despamns 2014 r. O6 yTBepKIeHIH IEpEIHEH U CO-

JIepKaHUs BOIIPOCOB ISl IIPOBEICHUS IPOBEPKH 3HAHHIA

KaHJ#IaTa Ha TTOJIyYeHNE CBUAETENBCTBA [ DICKTPOH-

ueiid pecypc] // TAPAHT. 2014. URL: https://www.

garant.ru/products/ipo/prime/doc/70509940/ (nara 06-

pamenus: 25.03.2025).

IIpuxa3 Munucrepcrsa Tpancmnopra PO Ne 246 ot

13 aBrycra 2015 r. O6 yrBepxxnenun denepanbHBIX

ABUAIIMOHHBIX TpaBWI « TpeOOBaHUS K FOPUAHMICCKIM

JUIAM, THIUBUIYaJTBHBIM IIPEITPUHAMATEISIM, OCY-

IIECTBILIOMNAM KOMMEPUYECKIE BO3AYIIHBIEC IEPEBO3KH.

®dopma U MOPSAIOK BEIIAYH JOKYMEHTA, TOATBEPIKIAI0-

IIeTO COOTBETCTBUE FOPUINICCKUX JIUII, MHIUBUIY b~

HBIX IPEAIIPUHUMATENCH, OCYIIECTBISIOMNX KOMMEp-

YeCcKHe BO3AYyIIHbIE EPEeBO3KH, TpeOOBaHUIM (erie-

PATBHBIX aBUAITMOHHBIX MPaBUIDY [ DJIEKTPOHHBIN pe-

cypc] // TAPAHT. 2015. URL: https://base.

garant.ru/71216992/ (nara obpamienus: 25.03.2025).

IIpuka3 Munucrepcersa Tpancnopra Poccuiickoit @ene-

paunu Ne 285 ot 25 centsops 2015 r. O6 yTBepKaeHUN

®denepatbHBIX aBHAIMOHHBIX MpaBill « TpeOoBaHMs K

FOPUINICCKHUM JIUIAM, UHIUBUAYATEHBIM TIPEATIPHHU-

34

35

36

37
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Vcnosus nonycka BC k noneram cornacuo Bos-
IyIIHOMY Kozaekcy Poccuiickoit denepannu mo-
Ka3aHbl Ha puc. 12.

Ccbuikn Ha mnpukassl PocaBuanuu, Mus-
tpanca Poccun nu ®AII npencraBieHsl B XpOHO-
TOTHUECKOM mopsipice>S2040414243.44.45.46.47

MaresiM, OCYIIECTBIISIIONINM TeXHIHYECKoe 00CITyKH1Ba-

HUE TPaXKIaHCKUX BO3AYLIHBIX cyoB. Popma u nopsi-

JIOK BBIJJAYH JOKYMEHTA, HOATBEPKIAIOIIET0 COOTBET-

CTBUC FOPUANICCKHUX JIUII, UHIUBUIAYATBHBIX IIPEIIPHU-

HUMATENCH, OCYIIECTBISIFOIINX TEXHHYECKOE 00CITYKH-

BaHKE TPAXKIAHCKUX BO3MYIIHBIX CY0B, TPEOOBAHUAM

(enepaTbHBIX ABUAIIMOHHBIX MPABIID» [ DJIEKTPOHHBIN

pecype] // TAPAHT. 2015. URL:

https://base.garant.ru/71227460/ (nara oOparieHus:

25.03.2025).

ITpuxa3 MunucrepctBa Tpancrnopta PO Ne 289 ot

29 centsi6ps 2015 r. O6 yrBepxkaenun denepanbHbIX

aBUAIMOHHBIX TIpaBmI « TpeboBaHus K 00pa3oBaTeIh-

HBIM OPraHU3aLUsIM U OPraHU3aLUsIM, OCYIIECTBIISIO-

UM 00yUYeHHE CIIENNAIMCTOB COOTBETCTBYIOIIETO

YPOBHSI COTJIACHO MEPEYHSM CHECUATHCTOB aBUAI[MOH-

HOro nepcoHana. Gopma U MopsI0K BbIAYU JOKYMEHTA,

MOJTBEPIKAAIOIIETO COOTBETCTBUE 00PA30BATEIBHBIX

OopraHu3alyii ¥ OpraHnu3aINi, OCYIIEeCTBISIONNX 00Y-

YEHHUE CIEHAINCTOB COOTBETCTBYIOIIETO YPOBHSI CO-

[JIACHO MEPEYHSIM CIIEIHAINCTOB aBUAIMOHHOTO MEPCo-

Hasia, TpeOOBaHUIM (eepalibHbIX aBUAIIMOHHBIX TIpa-

B [DnexTponHslii pecype] / TAPAHT. 2015. URL:

https://base.garant.ru/71363792/ (nata oOpamieHus:

25.03.2025).

3 Mpukas Pocapuammu Ne 664 ot 21 oxts16pst 2015 r.

006 yrBepxaennu [Tonoxxerus 00 YrpaBiieHHH OAIEP-
JKaHUs JIETHOM FOAHOCTH BO3IYILIHBIX Cy10B DenepanbHO-
IO areHTCTBA BO3AYLIHOI'O TPAHCIIOPTa [ DNEKTPOHHBIN pe-
cype] // TAPAHT. 2015.URL: https://www. garant.ru/
products/ipo/prime/doc/71144906/ (nata oOpaieHus:
25.03.2025).

* Tpuka3 Pocasuaruu Ne 355-1T ot 28 anpens 2017 r.
00 yrepxaenun [lonoxenus 06 YnpaBieHuH noj-
JIepXKaHus JIETHOM roJHOCTH BO3AYIIHBIX cyaoB Dene-
PaIbHOTO areHTCTBA BO3IYIIHOTO TPAHCIIOpTa [DIeK-
TpoHHbIN pecypc] // TAPAHT. 2017. URL: https://
www.garant.ru/products/ipo/prime/doc/71582648/ (nara
obOpammenns: 25.03.2025).

! [Tpukas MunucrepcrBa tpancopra PO Ne 184 ot 17
ntorst 2019 r. O6 yrBepxneann OenepanibHbIX aBHAIN-
oHHbIX npaBuil «CepTrduKalys aBUAIIMOHHON TEXHUKH,
opraHu3anui pa3pabOoTYNKOB U H3TOTOBUTEIEH.

Yacts 21». [eictByer 1o 1 centsops 2029 r. [Dnek-
tponHbIi pecypc] // TAPAHT. 2019. URL: https://base.
garant.ru/72701980/ (nara obparmienus: 25.03.2025).

* TIpuka3s Munuctepcrsa Tpancopra PO Ne 273 ot
30 nronst 2020 r. O6 yrBepxnennn OenepalibHBIX aBHa-
IUOHHBIX npaBwi «[IpaBrina gomycka K 3KCILTyaTauu
MTUJIOTHPYEMBIX TPAXKIAHCKUX BO3LYLIHBIX CyJJOB Ha OC-

38
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HOBAHHU aKTa OIEHKH BO3AYIITHOTO CYIHA Ha €r0 COOT-
BETCTBHE TPEOOBAHMUAM K JICTHOM TOAHOCTH M K OXpaHe
OKpyaroliei cpenp» [DnekrpoHHsiid pecype] // TA-
PAHT. 2020. URL: https://base.garant.ru/74843875/
(mara obpamenus: 25.03.2025).

IIpuxa3 Munucrepcrsa Tpancmnopta PO Ne 494 ot

19 Hos16pst 2020 1. O6 yTBepx)neHnu PenepabHbIX
aBHALMOHHBIX MpaBul « TpeOoBaHus K IOPUANIECKUM
JIMLaM, UHIUBHIYAJIbHBIM MIPEAIPUHIMATEISIM, BBIITOJI-
HSIOIIUM aBHALMOHHBIE PAOOTHI, BKIIOYEHHEIE B TI€pe-
YeHb aBHALIMOHHBIX PabOT, IIPeyCMaTPHUBAIOIINX ITOJTY-
YeHHEe JOKYMEHTA, TOITBEPKIAIOIIETO COOTBETCTBHIE
TpeOOoBaHUAM (enepatbHBIX aBHAITHOHHBIX ITPABHI
FOPUANYIECKOTO JTUIA, HHINBUAYATFHOTO IPEAPHHIMA-
teinst. DopMa U MOPSAAOK BbIIAYM TOKYMEHTa (cepTudu-
KaTa 3KCIUTyaTaHTa), MOATBEP)KIAI0IIEr0 COOTBETCTBHE
IOPUANYECKOTO JIMIA, MHAWBUIYaIbHOIO IPEeIpPHHIMA-
Tenst Tpe0oBaHMAM (eaepaIbHBIX aBUALMOHHBIX Ipa-
BuJI. [lopsiiok nprocTaHOBIEHUS JEHCTBUSI, BBEECHUS
OTpaHUYEHUH B IefiCTBIE M aHHYJIMPOBAaHUS CEPTUDH-
Kara 3KcIryaTanray. Jleiictyet no 1 suBaps 2027 r.
[Dnexrponnsrii pecypc]| // TAPAHT. 2020. URL:
https://base.garant.ru/400164758/ (zata obpareHms:
25.03.2025).

IIpuxa3z MunuctepctBa Tpancrnopta PO Ne 519 or

27 vosiopst 2020 1. O6 yTBep)kaeHnn denepanbHbIX
ABUAIIMOHHBIX TpaBmI « TpeGoBaHNUS K JIETHON TOJHOCTH
Tpa)XIaHCKUX BO3AYIIHBIX cy0B. DopMa 1 OPSII0K
odopmiieHns cepTuduKara JeTHOI FOAHOCTH IPaXK1aH-
CKOT'0 BO3/YIIHOTO cynHa. [lopsaok nprocTaHOBIICHHS
JCHCTBHUS ¥ aHHYJIMPOBaHUs cepTudrKara JCTHOH roj-
HOCTH T'PaKIaHCKOTO BO3/IYIIHOTO CyAHa». [lelicTByeT
1o 1 centsops 2025 r. [Dnexrponnsiii pecype] // T'A-
PAHT. 2020. URL: https://base.garant.ru/400212467/
(mara obpamenus: 25.03.2025).

IIpuka3 MunucrepcrBa Tpancnopra PO Ne 10 ot

12 saBaps 2022 1. «TpeboBaHUS K FOPUANICCKAM JIH-
11aM, HHAWBHIYATbHBIM IPEIIPUHIMATEISIM, OCY-
IIECTBILIIOIINM KOMMEPYECKHE BO3AYIIHBIC TIEPEBO3KH.
dopma 1 MopsI0K BBIIAYU JOKYMEHTA, IT0ITBEPKAaI0-
IIEro COOTBETCTBUE IOPUAMYECKOTO JINIA, HHAUBULY-
IBHOTO MTPEANPUHUMATENS TPeOOBaHUAM (ellepalIbHBIX
aBHAIMOHHBIX ITpaBul. [1opsioK MpruocTaHOBICHUS
JIEHCTBUS, BBEACHHS OTPAHUYECHUI B J€MCTBUE U aHHY-
JIMPOBaHMS JOKYMEHTA, IOATBEPIKIAFOIIETO COOTBET-
CTBHE IOPUINICCKOTO JINIA, HHINBHUIYaJIbHOTO TIPE-
MIpUHUMATEN TpeOOBaHUAM (elepaTbHBIX aBHAINOH-
HBIX paBm. JleficTByeT o 1 cenTs1Opst 2028 . [Dnek-
tpouHbIi pecype] / TAPAHT. URL: https://www.
garant.ru/products/ipo/prime/doc/403603518/ (nata 06-
pamenns: 25.03.2025).

IIpuxa3 Munucrepctsa Tpancrnopra P® Ne 48 ot

17 derpaist 2023 1. O6 yrBepxkaenun OenepanbHbIX
aBHALMOHHBIX MpaBu « TpeOoBaHus K IOpUANIECKUM
JIMLAaM, UHIUBHIYJIbHBIM IPEAPUHUMATENSM, OCY-
LIECTBIISIOIINM 3alPaBKy TPaXKIaHCKUX BO3JYLIHBIX CY-
JIOB aBHAIIMOHHBIMH T'OpIOYe-CMa30YHBIMH MaTepHuaia-
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BnepBbie TpeGoBaHue HanmuuuMsi B OTeye-
ctBenHou opranuzanuu o TO BC (AMO) cme-
[[UAIIBHOTO JIOMYCKAIOIIETo MepcoHana (To ecTh
nepcoHaina, nomnyckatomero BC B noner, anano-
ra 3apyoOexHoro certifying staff) 6pu10 npuseze-
HO B TIEPBBIX OTEYECTBEHHBIX IpaBHIIAX
OAII-145 (ananore 3apy6Oexnbix FAR-145 u
EASA part 145) B 1999 rony.

B otnomenun cnenuanuctoB mo TO BC kak
aBHalMoOHHOTO mepcoHana ¢ 2008 roma mo
Hactosimiee BpeMsa aeiictBytor ®AII-147. B co-
otBercTBUu ¢ ®AII-367 (wacts 145) stoT TMEp-
COHAJl Ha3bIBaeTCs MOATBEPKAAIOIMIUM (TO €CTh
MepcoHall, moATBepKaarouii Haxoxaenue BC B
COCTOSTHUM JICTHOM TOJHOCTH M €ro MPUro-
HOCTh, & TaK)K€ MPUTOAHOCTh €T0 KOMITOHEHTOB
K 0€30MacHOMY TOJIETY).

Ha puc. 13. npencraBiena cTpykrypa HoJ-
TBEP>KJIAIOIIEro epcoHaa.

MU U (W1n) 00paboTKy CrielUaIbHBIMH KUAKOCTSIMH.
®opma U1 NOPAAOK BbIAAUYH TOKYMEHTA, OATBEPIKIat0-
LIEr0 COOTBETCTBUE IOPUIMYECKOTO JIMLA, MHUBUIY-
AJIBHOTO NPEIIPUHUMATEIS, OCYLIECTBIISIOMNX 3alIpaB-
Ky FPaXJIaHCKUX BO3IYIIHBIX CYZ0B aBUAIMOHHBIMH TO-
proue-cMa304HBIMHU MaTeprallaMt 1 (M) 00paboTKy
CIELHABHBIME )KUAKOCTSIMH, TpeOOBaHMAM (enepaib-
HBIX aBHAIHOHHBIX IIpaBWi». [eiicTByer 10 1 ceHTsa0ps
2030 r. [DnexTponnsii pecypc] / TAPAHT. 2023.
URL: https://www.garant.ru/products/ipo/prime/doc/
406367145/ (nata oopamenus: 25.03.2025).

IIpuxa3 MunucrepcrBa Tpancrnopra PO Ne 61 ot

28 derpaist 2023 r. O6 yrBepxaeHun OenepanbHbIX
aBUALMOHHBIX MpaBui «PopMa 1 OPsAI0K 0hOpPMIIEHUS
ceprudurKaTa JIETHOW TOTHOCTH OECIIMIIOTHBIX I'PaskaaH-
CKMX BO3IYIIHBIX CYJIOB C MAKCHUMAaJIbHOM B3JIETHOM
Maccoii 6onee 30 KMIOrpaMMOB Ha OCHOBaHUH aKTa
OLICHKU OECIHMIIOTHOTO IPAXKIAHCKOTO BO3LYLIHOTO
Cy/IHa Ha ero COOTBETCTBHE MPUMEHUMBIM TPEOOBAHHAM
K JICTHOW TOAHOCTHU M TPEOOBAHUSAM B 00JIACTH OXpaHBI
OKpY’Karolel cpeibl OT BO3ACHCTBUS AEATEIBHOCTU B
obnactu apuanuu. [Topsmok mpruocTaHOBICHUS JEH-
CTBUS U aHHYJIMPOBAHUA CepTH(HUKATA JIETHOH FOAHOCTH
0ECHMIIOTHBIX TPAXKIAHCKUX BO3JYIIHBIX CYJ0B C MaK-
CHUMaJIbHOU B3JICTHOM Maccoit 6osee 30 KWIOrpaMMOB.
HeiictByet 10 1 centsiops 2029 r. [DneKTpoHHBIH pe-
cype] // TAPAHT. 2023. URL: https://www. gar-
ant.ru/products/ipo/prime/doc/406536565/ (nara oopa-
mienust: 25.03.2025).
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CepriudmKar NeTHOW rOgHOCTH HA TPaMLAHCKOE
BO3AYWHOE CYAHO BBIAAETCH NOCNE NOATEEPHAEHWUA
COOTBETCTBMA K TRYHKLMY MIAAPa Fpama KOro
BO3AYLIHOMD CYAHA YTBEDHAEHHONW TUNOBOR
KOHCTPYK LMK FPamKaaHCKOro BO3AYILIHOMO CYAHa,

YAOCTOREPEHHO

CepTudukaTom Tuna

HazemHoe oBcayMuBaHUe rpamaaHCKoro BO34yWHOro
cyaHa — komnnekc pabor no obecneyeHnio npubbitua
BO3AYILIHOIO CYAHA HA 3a3PoAPOM WU Er0 BeIIETE C
da3poapoma EXHUYECKOE (_IE-L'HY HWE —
BbinonHeHwe paboT Nno nogaepHaHuio NeTHON roAHOCTH
BC

Civil Aviation High Technologies

CeprudmKaT IETHOM rOA4HOCTY Ha rpamaaHcroe
BOZAYIWHOE CYAHO BblOd A Ha OB3aHWK aKTa OLEHKK
BOZAYIUHOMO CYHA HA COOTBETCTBHE NPUMEHUMBIM
TpeboBaHMAM K NETHOR rOAHOCTH

MNoapepHaHUe NETHOW rOAHOCTH — COBORYNHOCTE
NPoueccoe, oGecnevmBalowmx CODTBETCTENE
rpamaaHCKUX BO3OYWHBIX CY408, aBMALMOHHBIX
peurateneil TpeGoBaHUAM K NETHON NOAHOCTH ¥
NoOAAEPHAHWE MPAMAAHCKUX BO3AYIIHBIX CYA08,
dBMAUMOHHBIX ABKUraTene COCTOAHWM,
COOTBETCTBYIOLEM Tf BAHMAM IHCNNYATALMOHHOK
JORY TaLMK 1 B YIWHOro 3aK0HO M, NbCTBA
Poccwiickoil Pegepauuu, Ha NPOTAMEHUM CPOKA MX
CNYyHObI

Puc. 12. Ycnosus nonycka BC k noneram cornmacHo BozaymHomy konexcy Poccuiickoii ®eneparin
Fig. 12. Conditions for admitting aircraft to operation according to the Air Code of the Russian Federation

ABUALMOHHbI

repcoHan

Cneunanuct no
TEeXHUYECKoMY
obcnyusaHuo BC

YneHbl aKMnaxa

CoTpyAHUK NO
obecnevyeHUto NoneTos
rpaAaHCKOW asuaLm

Obnaparenb CBUAETENLCTRA C

O6napaTens CBUAETENbCTBA C
KBaNMOUKALLMOHHOW OTMETKOM A

KBanWOUKALMOHHOW oTMeTKoI C

O6nagatens CBUAETENLCTBA C
KBaAUdUKaLMOHHOW oTMeTKoM Bl

O6napatens CBUOETENLCTBA C

KBaMUDUKALMOHHON OTMETKOM B2

Puc. 13. CtpykTypa NOATBEPKAAIOLIET0 IEPCOHAIA KAK YaCTH aBUALIMOHHOIO [IEPCOHANIA
Fig. 13. The structure of the certifying staff as the part of the aviation personnel
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OOGnagaTenb CBHIETENHCTBA CICIMATUCTA
o TO BC:

C KBaNU(UKAIUOHHOW OTMETKOU «A» MO-
KET BBINOJTHATh (PYHKIHMH IO ONEPATUBHOMY
TEXHUUYECKOMY (IIPEIONIETHOMY) OOCITyKHBa-
HUIO U YCTPAHEHHIO MPOCTHIX 1e(EKTOB B Ipe-
JieNiax OTpaHUYCHHUH Ha Crenu(UYecKue BUIBI
paboT, a TaKke MOKET MOAMKUCHIBATH TOKyMEH-
THI O MPOBEICHHBIX UM paboTax, BKIOYAs CBH-
JETENBCTBO O BBINOJIHEHUH onepaTuBHOTO TO;

¢ KBaTH(UKAMOHHON oTMeTKON Bl Moxer
BBITIONTHATH GyHKIHH o TO BC, Bkitouas 00-
CIIy>KMBAaHHE W 3aMEHYy arperaToB €ro IiaHepa,
CUJIOBOW YCTaHOBKH U 3JIEMEHTOB €r0 CUCTEM,
3aMeHy OJIOKOB JIEKTPUYECKOW CHUCTEMBI, MPH-
OOpPHOTO U PaIMOAICKTPOHHOTO 000PYIOBAHUS,
TpeOYIOIUX MPOCTOr0 TECTUPOBAHUS ISl MPO-
BEPKU UX HCIPABHOCTH, a Takke (QYyHKUIUHU CO-
OTBETCTBYIOUICH KBAIU(UKALMOHHOW OTMET-
KM A, MOXET MOANUCHIBaTh JOKYMEHTHI O MPO-
BEJICHHBIX pa0OoTax, BKIOYas CBUACTEILCTBO O
BeItojiHeHNU TO;

¢ KBaTM(UKALMOHHON OTMETKON B2 Moxer
BBITIOJIHATH (DYHKIIMH 110 0OCITY>KHBAHUIO JJICK-
TPUUYECKUX CHUCTEM, MPHUOOPHOTO U PaJUODIICK-
TPOHHOTO O0OOpPYAOBaHHUS, a TaKXKE€ MOJIMKUCHI-
BaTh JIOKYMEHT O TMPOBEIEHHBIX paboTax,
BKJIFOYAsi CBUJIETENILCTBO O BBIIIOJIHEHUH ONEpa-
tuBHOro TO;

¢ kBamu(puKanmoHHOW oTMeTKoH C MOXKeT
MOAMUCHIBATh CBUJAETEIBCTBO O BBINOJHEHUU
6azoBoro (nepuoaundeckoro) TO BC;

¢ KBaMU(UKAIMOHHOW OTMEeTKOW Al wim
B1.1 moxet BemmonHATh pyHKIMu mo TO camo-
JIETOB C Ta30TypOMHHBIMU JBUTATEIISIMU;

¢ KBaTM(UKAITMOHHOW OTMETKOW A2 wuiu
B1.2 moxet BoimonHATh QpyHkuu no TO camo-
JIETOB C OPUIHEBBIMU JABUTATEIISIMH;

¢ KBaIM(UKALMOHHON OTMETKON A3 wuimu
B1.3 moxet BoimosHATh (hyHKIHH 110 TO Bep-
TOJIETOB C Ta30TYPOMHHBIMU JIBUTATEIISIMU;

¢ KBaTM(UKAITMOHHOW OTMETKOW A4 wunu
B1.4 moxet BoimonHATh GyHkuuu no TO Bep-
TOJIETOB C MOPIIHEBBIMU JIBUTATEIISIMY;

C KBaIM(UKALMOHHON OTMETKON AS wumu
B1.5 moxer BomonHaTs GyHkiuu mo TO au-
prokabei;

¢ KBaTM(UKAITMOHHOW OTMETKOW A6 wuiu
B1.6 moxet BoimonHATh QpyHKuu no TO camo-
JIETOB C TMOPIIHEBBIMU JIBUTATEISIMH MaKCH-
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ManabHOM B3jeTHOM Maccod o 5 700 kr, koTo-
pble He 3aJeHCTBOBaHbBl B KOMMEPUYECKUX BO3-
IOYIIHBIX TIEPEBO3KaX, a TakKe MOIMUCHIBATH
JIOKYMEHTBI O BBIMIOJHEHHBIX paboTax, BKIIIOUas
CBUJETENHCTBO O BhimoHeHUn TO;

C KBAIM(PUKAIMOHHON OTMETKON A7 MOXKET
BBIMOJIHATh ~ (YHKIMU TIO  OOCITYyXHBAaHUIO
ceepxyerkux BC, a Takke moANMCHIBaTh TOKY-
MEHTBl O BBINOJIHEHHBIX paboTax, BKIOYas
CBUJICTEIILCTBA O BhIMonHeHuH TO;

C KBAUIN(UKAITMOHHOW OTMETKOM A8 MOXKeT
BBITIOJIHATh (DYHKIIMHM TI0 OOCTY>KMBaHHUIO Oec-
mwioTHeIX BC, a Takke MOANHMCHIBATH JOKY-
MEHTBI O BBIMIOJIHEHHBIX paboTax, BKIIOYas J0-
KyMEHT O BhImorHeHHOM TO;

¢ KBaTM(UKAIIMOHHOW OTMETKOW A8 wumm
B1.7 moxer BbimonuaTs ¢pyakuu no TO Oec-
MUJIOTHBIX BO3AYIIHBIX CY/I0B.

IIpu pazpabotke TpeGoanuii ®AII-147 B
KauecTBe 0Opasia ObUTH MPUHSATHI TPEOOBaHUS
npasuil EASA part 66, CyliecTBOBaBIIMX Ha
MOMEHT WX MNPUHATHS. ETUHCTBEHHBIM HpPUH-
[MUIHAIBHBIM OTJIMYHEM OBUIO TO, YTO B €BPO-
NEeHCKUX TMpaBWiIaxX MPUCYTCTBOBAI TEPMUH
«aBHOHHKA», 2 B POCCUUCKUX MPaBUIAX ITOTO
TEPMHHA HEe ObUIO M HET J0 CUX IOP.

Bwmecre ¢ Tem B npuioxennn 1 k @AII-147
MPUCYTCTBYET TEPMUH «OOPTOBOE ANEKTPOHHOE
oOopynoBanue». OH NpHBEEH B KauecTBe Iie-
peBo/ia TepMUHA «aBUOHHKA», COJEPIKAIIETOCS
B IPWIOKECHUAX K YMKarckoi KOHBEHIUU:
«avionics — OOpPTOBOE JJIEKTPOHHOE O00OPYI0-
BaHHE, TO €CTh JII00OE AIIEKTPOHHOE YCTpOii-
CTBO, BKJIIOYas €ro OJJIEKTPUYECKYIO YacTb,
npeIHa3HauYeHHOE TSl UCIIOIh30BaHU Ha OOp-
Ty BO3JYILIHOTO CYyJIHA, B TOM YHCJE Pagnoo0o0-
pyZIOBaHUE, CHCTEMa aBTOMATUYECKOTO YIIPaB-
JICHUS TIOJIETOM U TPUOOPHOE 000pYAOBAHHEY.

Kpome Toro, B aKkTyanbHBIX MpaBHIIAX
EASA HenaBHO MOSBIWJIMCH HOBBIE KBaJM(HUKa-
uuonnele otMetrku B2L, B3, L1, L2 u momgo0-
HbIE, KOTOpBIE OTCYTCTBYIOT B DAII-147.

CoBpeMEHHBII ~ HMHXEHEPHO-TEXHUUYECKUN
MepPCOHAJI, KOTOPHI MOKHO OBLIO OBl OTHECTH K
WH)XCHEPHO-aBUAIIMOHHOUN CITyk)0e, TpyIuTcs B
ABUAKOMIIAHUSX Yy OKCIUIyaTaHTOB, Ha a’po-
IpoMax W BepToIpoMax, B ajpomopTax. Ha
odpunmansHoM caiite deneparbHOTO areHTCTBA
BO3/YIIHOTO TPAHCIOPTa MPUBEIACHBI MEPEUHU
9KCITyaTaHTOB, HMMEIOIIUX cepTudUKar 3Kc-
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IJTyaTaHTa JiJIsl OCYILECTBIEHUS KOMMEPUYECKUX
BO3/YIIHEIX IepeBo3ok ™ (123 skcruryaraHTa);
AKCIUTYyaTaHTOB, HMMEIOIIUX CepTU(UKAT IKC-
IUTyaTaHTa AJil OCYIIECTBJICHHS aBUAIIMOHHBIX
pa60T49 (381 »aKcruyaTaHT); SKCILTyaTaHTOB,
MMEIOLIUX CBUETENHCTBO JKCITyaTaHTa aBHa-
IIUA OOIIETO HA3HAYEHUS " (85 sKkcrTyaTaHTOB).

['ocynapcTBeHHBIII peecTp a’poapoMOB U
BEPTOAPOMOB TPaKIAHCKOW aBuanuu Poccuii-
CKOU <I>ez[epaul/11/15 ! COZIEPXKUT 225 a’poApPOMOB U
5 BEpTOAPOMOB, MEPEUYEHb AIPONOPTOB (a’po-
JPOMOB), OTKPBITBIX JUIsl BBIIOJHEHUS] MEX/TyHa-
POZHBIX TIOJIETOB BO3YIIHBIX CYIOB , COXEPIKHT
41 asporopT, mepeveHb a’dporopToB deaepab-
HOT'O 3HAYCHUS ~ COIEPKHT 91 a3poropT.

* Kommepueckie BO3IyIIHbIE epeBo3KH. [lepeueHs
9KCIUTyaTaHTOB, HMEIOLIMX CepPTH(HUKAT SKCIUTyaTaHTa
JUISL OCYLIECTBIICHHS] KOMMEPUECKUX BO3AYLIHBIX IIepe-
B030K [DnekrponHsliii pecypc] // DABT. 2025. URL:
https://favt.gov.ru/dejatelnost-aviakompanii-reestr-
komercheskie-perevozki/ (naTa oOpamieHus:
10.12.2025).

¥ ABuanmonHbie paGoThL. IlepeueHs IKCILTyaTaHTOB,
MMEIOLINX CePTH(UKAT IKCIUTyaTaHTa JUIs OCYIIECTB-
JICHUSI aBUAIIMOHHBIX paboT [ DIEKTPOHHBIN pecypc] //
®ABT. 2025. URL: https://favt.gov.ru/dejatelnost-
aviakompanii-reestr-aviacionnie-raboty/ (naTa odpa-
menust: 10.12.2025).

30 ABmanms o6utero HasHauenns. [lepedennp SKCILTyaTaH-
TOB, UMEIOIIX CBHIETEIBCTBO YKCILTyaTaHTa aBUALIH
o01ero HazHayeHus [DnexTpoHHbIi pecype] / DABT.
2025. URL: https://favt.gov.ru/dejatelnost-aviakompa
nii-reestr-aviaciya-obchego-naznacheniya/ (nara o6-
pamenus: 10.12.2025).

>! TocynapcTBEHHBIH PeecTp a3poaPOMOB H BEPTOPO-
MOB rpaxkJiaHckol aBuanuu Poccuiickoit ®deaepanuu
[DnexTponnsrii pecypc] / @ABT. 2025. URL:
https://favt.gov.ru/dejatelnost-ajeroporty-i-ajerodromy-
reestr-grajdanskih-ajerodromov-rf/ (nara oOpamenus:
10.12.2025).

32 MexayHapoaHble a’poropThl. [lepeders AsponopToB
(adpoAPOMOB), OTKPBITHIX VIS BEITOJTHEHUS MEXKIyHa-
POJHBIX MOJIETOB BO3YLIHBIX CYJOB [ DNEKTPOHHBII
pecypc] // ®ABT. 2025. URL: https://favt.gov.ru/
dejatelnost-ajeroporty-i-ajerodromy-mezhdunarod
nye-ajeroporty/ (nara oopamenus: 10.12.2025).
[epeuens asponoptoB (enepanbHOro 3Ha4eHu (B pe-
Jakuuu pacnopsbkenuit IpasurensctBa Poccuiickoi
®eneparun ot 04.05.2017 Ne 860-p, ot 04.10.2017
Ne 2149-p, o1 04.11.2017 Ne 2434-p, o 11.11.2017
Ne 2514-p, o1 20.07.2019 Ne 1626-p, ot 18.04.2020
Ne 1079-p, o1 30.12.2020 Ne 3661-p, ot 16.12.2021
Ne 3624-p, o1 28.01.2023 Ne 169-p, ot 04.02.2023
Ne 244-p, o1 22.04.2023 Ne 1032-p) [DnexTpoHHBII pe-
cypc] // ®ABT. 2025. URL: https://favt.gov.ru/
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[Iepeuens opraHu3almii MO TEXHUYECKOMY
00CITy)KMBaHUIO, UMEIOIINX JEHCTBYIOMUNA Cep-
tudukar coorserctus mo PAII-285* (poc-
cutickux anajgoroB AMO) conxepxut 303 opra-
HU3aIUH.

Ilepedyens opraHu3zanmii MO TEXHUYECKOMY
00CITyKUBAaHUIO, UMEIOIINX JACHCTBYIONIUN cep-
tudukar coorsercteus mo ®AII-109°° (poc-
cuiickux ananoroB AMO) conepxut 82 opra-
HU3aI1H.

[Iepeuens opraHu3anmii MO TEXHUYECKOMY
00CITy)KMBaHUIO, UMEIOIINX JEHCTBYIOMUNA Cep-
tudukar coorserctus mo PAII-145"° (poc-
cutickux anaimoroB AMO) coxepxut 83 opra-
HU3aIUH.

[lepedenb aKKpeIMTOBAaHHBIX OpPraHU3AIUH,
NpUBJIEKaeMbIX K paboTe Mo opopMIICHUIO cep-
TU(UKATA JIETHOH TOJHOCTH B COOTBETCTBHHU C
tpeGoBanmsiMu DAIT-519°7  (yTpatun  cumy

dejatelnost-ajeroporty-i-ajerodromy-perechen-
aeroportov/ (nara oopamenus: 10.12.2025).

> [Tepeuens opranuzanmii, cepTHOUIMPOBAHHBIX B CO-
orBercTBUM ¢ DAII-285. [Tepeuens opranuzanuii no
TEXHUYECKOMY 00CITy>)KUBaHUIO, UMEIOIINX JAEHCTBY-
IOIINH cepTU(HKAT COOTBETCTBUS HA 26 HOSOPS
2025 rona [DnexTponnsii pecypc] // @ABT. 2025.
URL: https://favt.gov.ru/dejatelnost-podderzhanie-
letnoj-godnosti-sertificacia-tehobsluzhivania-perechen-
orgtechobsluzh-fap285/ (nara obpaiienus:
10.12.2025).

> [lepeyeHb OpraHU3aLMii, CepTHGHUIMPOBAHHBIX B CO-
orercTBUH ¢ DAII-109. [Tepeuens opranu3zauii mo
TEXHUYCCKOMY OOCITY)KUBAHUIO, UMCIOIIUX JICHCTBY-
IOIINH cepTU(HKAT COOTBETCTBUS HA 26 HOSOPS
2025 rona [DnexTponHsii pecypc] // DABT. 2025.
URL.: https://favt.gov.ru/dejatelnost-podderzhanie-
letnoj-godnosti-sertificacia-tehobsluzhivania-perechen-
orgtechobsluzh-fap109/ (zara obpamenus:
10.12.2025).

*® [Tepeuens opraHm3aruii, cepTHhUIMPOBAHHBIX B CO-
otBeTcTBHM ¢ DAII-145. Ilepeuenn oprannzanuii o
TEXHUYECKOMY OOCITY>KUBAHHIO, UMEIOIHX IeHCTBY-
FOLIHI CepTU(DHUKAT COOTBETCTBUS HA 26 HOSOPS
2025 rona [DnekTponnsiii pecypc] // DABT. 2025.
URL.: https://favt.gov.ru/dejatelnost-podderzhanie-
letnoj-godnosti-sertificacia-tehobsluzhivania-perechen-
orgtechobsluzh-fap145/ (nara obpamenus:
10.12.2025).

*7 TepeueHnb aKKpeUTOBAHHBIX OPTaHM3AIMiA, TIPHBJIEKA-
eMBIX K paboTe 1mo oopMIIeHUIO cepTudrKaTa JICTHOM
TOJTHOCTH B COOTBETCTBUU C TpeboBanusamMu PAII-519
[Dnexrponnsiii pecypce] // ®ABT. 2025. URL:
https://favt.gov.ru/dejatelnost-podderzhanie-letnoj-
godnosti-perechen-sert-centrov-dlya-raboty-po-ocenke-
sootv-ek-vs/ (mara obparienus: 31.03.2025).
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060bweHHble TpyaoBbie dyHKLUMK cneyMandcta no TO rpamaaHckux BC u

KOMMOHEHTOB COMacHo NnpoekTy npodeccuoHanoHoro ctadgapra MNC-2025

4{ A BunonHexde paboT no obecne4eH Ml CTORHKM M TEXHWHECKOrD oBCTy#HESHHA BEOISYL HEX CY40E

B. DNepaTHEHDE TEXHHHECHOE [PeanoneTHOS | DOCTYHHES HHE EOZ QYU HBIX CY 408 M YCTREHEHHE NEOCTh
AederToE E NPE4ENas OrPEHH4EHHA HE eungHEckHe Engw paboT

| C. TEXHU4ECHDE O0OTYHHESHHE HE YITIHOENEHHBIX HE EDSOYWHBX CY 13X KOMNOHEHTOE |

| [ BoinonHexKe pafior no Hepazpy W SLLEMY KOHTPOQIK EOS Oy LU HLX Cy 408 W KOMINOHEHTOE |

[ E. MnaHWpoESHME U KOHTPQM b EWNONHEHHA TEXHHHEHO D SO CMU+MESHHA BTV HBIX CYA0E M

HOMMNOHEHTOE |

4{ F. HH#EHEQHOS CONPOEDHEEHHE TEXHHHECHOND O0C Y 4MESHMA E0SQYWHBX CYg0E W HOMNOHEHTOE |

G. TexHu4eCHoE 0BUTYSHESHHE BOZAYIWHOND CYLHE, EKIHHER OOCM+HESHHE M 2EMEHY 3MDEMETOE M0
NAZHERT, CHADEDH YITIHOEKH H 3NESMEHTOE 2M0 CHOTEM, 3aMEHY GNOKOE SNSHTPHYECKOH CHOTEME,
npuwBopHoro paguosnesTporroro ofopygoeanms, Tpefyiowme NpocTo TECTMROEE HAA 4R MDOSE PHH
M HCTPEEHOCTH

' H. TexHu4eCkoE 0BCNYHMESHHE SNEHTPHHECKWX CHOTEM, NP BOpHOrD W p3OWOSNEKTPOHHOID
ofopyaoESHHA EOSLYILHOND CYOHE

]

|. KOHTpON b KI4ETES TEXHIHEHOM COCNY#MESHMA B0 YUK CYA0E U KOMNOHEHTOE |

J. MognKca HHe CEMAETENDCTES O BHNOAHEHHH GE3080T0 [Ne pHOLMHECKOMD | TEXHHYECHOM OOCTYHHEIHHA
EQZAYWHEX CY40E

—

K. PyHOEDACTED 4EATENEHOCTEHD N0 TEXHIMECKOMY OO0+ HESHW D EO3 LYW HbBX Oy 408 M KOMMOHEHTOE B

OpraHUIaLHH

Puc. 14. O6o61uennbie TpyaoBbie GyHKIwu crenuamucta no TO BC
Fig. 14. Generalized job functions of an aircraft maintenance specialist

c 1 centsa0Opst 2025 roma) (poccuiCKUX aHaO-
roB CAMO) conepskan 21 opraHuzanuio.

IepcnexkTuBsbl pazutusa UAC I'A

Wrak, Ha cMeny HactaBieHusM UAC I'A u
TOPAT T'A, omnpenensBILIMMU HOpPMaTHBHbIE
OCHOBHI JieaTeIbHOCTH B oOmactu TO u TOwuP,
nenu u 3agadu cuctemsl T3, dynkmmm UAC, B
TOM 4YMCJIE€ TUIOBBIE JOJDKHOCTHBIE HMHCTPYK-
UM C 00SI3aHHOCTSIMHU, TPAaBaMH ¥ OTBETCTBEH-
HOCTBIO Kaxaoro paborHuka WMAC, npumim
@®AIl. B Hux pa3BuBaercs IMOJIOKUTEIbHBIN
MEXIYHapOAHbII OMNBIT perjamMeHTanuu obec-
TeYEHUs U TOAAepKaHus JeTHOU rogHoctu BC,
HO MHOTO€ M3 IOJIOKHUTEIBHOIO OTEYECTBEHHO-
'O OTBITa B HUX OBLIO yTPaveHO.

[TpyHIMIIAATIBHO Ba’)KHO B HOBBIX PENAKIIM-
sx OAIl, moMuMO BHEIPEHUSI MEXITyHAPOIHO-

26

ro OIbITa MOAIepkaHus JeTHou rogHoctu BC,
COXPaHUTh OTCUECTBEHHBIH OMBIT TEXHHUYECKOU
skcruryataniui BC um ux kxommnoneHToB. B Ha-
cTosilee Bpemsi paspabaTreiBaeTcsi mpodeccro-
HaJIBHBIA cTaHAapT crnenuanucta mo TOuP BC
(puc. 14).

B Hem A0KHBI OBITH ONpPENENICHbI: HauMe-
HOBaHUE BHJA MPO(ECCHOHAIBHON JEATENbHO-
CTH, OCHOBHAas LieJb, TIpyINa 3aHATUH (KOJ
OK3), oTHeceHue K BUIaM SKOHOMHYECKOM Jie-
arenbHOCTH (Ko OKBDOJI), onpenenena (yHk-
[IMOHAJIbHAS KapTa BHJA MPO(ecCHOHAIBHON
JEATeTLHOCTH ¢ (HOPMYJIHUPOBKaMH 000OIICH-
HBIX TPYAOBBIX (DYHKIMNA U TPYHOBBIX (PyHK-
1105058

Jnst kaxoi 0000IIeHHON TPYI0BOM (PyHK-
IIUU OTIPEEIIAIOTCS BO3MOKHbIE HAMMEHOBAaHUS
JOJDKHOCTEH, npodeccuii; TpeboBaHus K oOpa-
30BaHUI0 M OOYYEHHUIO; TPEOOBAaHHS K OIBITY
IpPaKTUYEeCKOH paloThl; 0coOble YCIOBUS [0-
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nmycka Kk pabote. J{ns xaxaou TpynoBod (yHK-
MU OINpPEAENSIOTCA: TPYAOBbIE NEWUCTBUSA, He-
00X0MMbIC 3HAHUS U YMEHUSL.

B nmepcrnekTuBe 3TOT CTaHAAPT JISKET B OC-
HOBY (QelepalbHBIX 00pa30BaTEIbHBIX CTaH-
JapTOB, 10 KOTOPBIM OyAET BECTUCH MOJArOTOB-
ka cneruanctoB B MI'TY I'A, ero ¢punmanax u
kotemkax. [loaToMy MmpUHIMIHAIBHO Ba)KHO
3auKkcUpoBaTh B 3TOM MNPO(HEeCcCHOHATBHOM
CTaHJIapTe, a TaKKe Y4YecTb IMpH pa3paboTke
MOCTEYIOIUX MPOPEeCcCHOHANBHBIX CTaHAAP-
TOB Kak MPOTPECCUBHBIA MEKIyHAPOIHBIN
ONBIT, TAK W TOJOKUTEIbHbIA OTEUYECTBEHHBIN
OTIBIT B 3TOI 00J1acTH.

Tak, B npaBuinax EASA, nomumo noarsep-
x)paaromiero rnepcoHama (certifying staff), mns
opraum3anmii mo TO BC (AMO) tpebyercs
HAJIMYHME TIEPCOHANIA IO YIPABICHHUIO TOJIEp-
KaHWeM JIeTHOW romHoctu (airworthiness re-
view staff — ARS) nu6o B cTpykType opranuza-
MU — JAepkarene cepTudukara 3KCIUTyaTaHTa
(aircraft operation certificate — AOC), nubo B
CaMOCTOSITENIbHOM OpraHu3aluy MO YIpaBie-
HUIO MOJICp’KaHUEM JICTHOM TOHOCTH (contin-
uing airworthiness management organization —
CAMO), nub60 B KOMOMHUPOBAaHHOW OpraHu3a-
[IUU TI0 MOJAJICP>KaHUIO JIETHOM TOJHOCTH (Com-
bined airworthiness organization — CAO).
Heobxonumocts CAMO nns ynpaBieHHs MOA-
Jep>KaHuEeM JIETHOH TOIHOCTH OmpeJesieHa B
HOBBIX penakuusx Bosmymnoro kogekca Poc-
cuiickoit @exnepanuu. TpeOoBaHUS K OpraHuza-
UM, OCYILIECTBISIONIUM YIIPaBICHUE TMO-
Jep>KaHUEM JIETHOW TOTHOCTH, YCTaHaBIIMBa-
torest OAIL

Takum 00pa3oM, €CTECTBEHHBIM 00pa3oM
BBITEKAET HEOOXOUMOCTh pa3paboTKu mpodec-
CHOHAJILHOTO CTaHAapTa MJIsl CIICIUAIIUCTA TI0
yHOpaBICHUIO TOAepKAHUEM JIETHOW TOJHOCTH
¥ OCHOBBIBAIOIIETOCS HA HEM 00pa3oBaTEIbHO-
ro CTaHjaapTa.

[Tpu >TOM BO3HHMKAET 3ajada BO3BpAIICHUS
B HOPMAaTUBHO-TIPABOBOE MOJIE TEPMUHOB «TEX-
HUYECKash OKCIUTyaTallls» W «UH)XEHEPHO-
aBUAIIMOHHAs CIIyk0a», yBs3aB UX C TEPMHHA-
MU IIOAJEPKAHNUE JIETHON TOXHOCTHY, «YTIPaB-
JeHUEe TOJJCpKAHUEM JIETHOH TOJHOCTUY,
«TEXHWYEeCKoe OOCITy)KMBaHUE» H «HA3EMHOE
00CITyKUBAHUE.
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[Ipennaraercs cnenyoniee OmnpeaeseHue
TEXHUYECKOHN sKkcruryaraiuu AT kKak COBOKyI-
HOCTH COCTOSIHUU U TipoiieccoB (puc. 15):

e (hyHKITMOHUPOBAHMS AT (;tetHo-
TEXHUYECKas dKCILTyaTalus);

e TojzepkaHus JeTHOM rogHoctu BC;

e Ha3eMHOTr0 00CITYXKMBaHUSI.

ITonnepxanue mnerHoi rogHoctu BC
YacTh TEXHUYECKOM SKCIUTyaTallud KakK COBO-
KYITHOCTb COCTOSIHUM U MPOLIECCOB:

e TEXHHUYECKOTO OOCTYXXUBAaHUS U pe-
MOHTA;

e  yIpaBJeHUs
TOJTHOCTH.

TexHudyeckoe OOCTYKUBAaHUE U PEMOHT —
4acTh nojjaepkanus JetHo rogHoctu BC kak
COBOKYITHOCTbH COCTOSIHUM U MPOLIECCOB:

« moaroroBku BC k moneram;

e KOHTpPOJISI M BOCCTAHOBJICHUS CBOMCTB
AT.

Ha puc. 16 cxematuuecku mnpeacTaBieHO,
KaK MOXHO OonpeaenuTh crieruanucta mo T BC,
YBS3aB €r0 B CTPYKType aBUALMOHHOTO IEPCO-
Haza co cneruaimuctom o TO BC u cnenmanu-
CTOM IO YIPABJICHUIO MOJAECP’KaHUEM JIETHOU
TOJTHOCTH.

[Ipu sTOM mpeasaraeTcss B HOBOW pelaKluu
®AII-147 BBecTH B mHepeyeHb ABUALMOHHOIO
NepCcoHAJIa CHEUAINCTa M0 YIPaBICHUIO MOJ-
JIep>KaHUEM JIETHOM TOIHOCTH CO CBUICTENb-
CTBOM C KBau(UKAIMOHHOW oTMeTKoH D, 06-
JagaTellb KOTOPOH MOXKET BBIMOIHATD (PYyHKIIUN
M0 TIOJTOTOBKE K BBIMYCKY cepTH(HUKaTa JeT-
Hoit rogHoctu (CJII' — ARC).

3aTpoHyThIE B CTaTbe MPOOJIEMBI HaILIA
CBOE OTPAKCHUE B HAYYHBIX IMyONMKaIusix [2—11].
AkTtyanpHbIM Bompocam T3 6GoptoBoro o0o-
pynoBanus BC I'A B ncropuueckom, TEpMUHO-
JOTUYECKOM M HAy4YHOM AacCIleKTaX, a TaKxKe
aHaJIU3y poyid U MecTa TD aBHAIIMOHHBIX DJICK-
TPOCHCTEM M aBHOHHMKM B CUCTEME MOJJEpKa-
HUs JieTHOW TojgHocTH BC mocBsIIeHB pado-
Tol [12—14]. Hayuynas monorpagus FO.M. Uu-
HIOYMHA PACKPBIBAET MPOOJIEMBI JICTHON TOTHO-
ctu BC B cucreme ynpapneHus: 6€30MacHOCTHIO
moseToB [15].

NOAAEP)KAHUEM  JIETHOU
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TexHuseckan skcnayaraumua AT

Hazemnoe

obcnyxusaHne

Mopaeparue neTHoM
rogHocTv BC

DyHrymorupoearme AT
[neTHO-TexHMHECKaR ZKCNAYETEUMA)

|

YNpasnexue NOSAEP+3HUEM NETHON
rOAHOCTH

Texruseckoe obcny=aearme
W PEMOHT

KOHTPOAND U BOCCTaHOBNEHHE
ceoncTe AT

Moarotoexa BCk
noneram

Puc. 15. CtpyxTypa TexHudeckoi sxcruryararuu AT
Fig. 15. Technical operation structure

Cneuwanuct UAC no
TEeXHUYECKOMW aKcnayaTauumm BC

ABUALMOHHbIVW NEPCOHAN
MAC

Cneuranict no HazemHomy
0bCNYKMBAHUIO

Crewumanmer no yrpasaeHuio

Cneumanuct No TeXHUUECKOMY =
nogaepxaHuem NeTHou

obcnyxuBaHuio BC

Obnagatens CBMAETENLCTBA C
KBanupUKaLMOHHOM oTMETKOM C

06napatenb CBUALTENLCTBA C

KBaNUPUKALMOHHOW OTMETKOM A

roaAHOCTH

O6naparenb cBUAETENLCTBA C
KBanUPUKALLMOHHON OTMETKOW D

06napartens CBUALTENBCTBA €
KBaNUPUKALMOHHOM OTMETROM B1

Obnaparens cBUAETENLCTRBA C

KBanudMKaLMOHHOM OTMETKOW B2

Puc. 16. O6HOBIICHHAS CTPYKTYpa MOATBEPKAAOLICTO IIEPCOHATA KAK YaCTH aBHALIMOHHOTO MEPCOHAa
Fig. 16. The updated structure of the certifying staff as the part of the aviation personnel
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3akJIroueHue

[TpoBeneHHbII aHaJIn3 JIEeSITENBHOCTH
HNAC TA, Gasupyrommiicss Ha OCHOBHBIX HOpMa-
TUBHBIX JOKYMEHTaX 10 TEXHUUYECKOW JKCILTya-
Taimu U peMoHTy AT u mojaaep:kaHuio JE€THOM
TOJHOCTH, B HAYAJIbHBIM POCCUICKUN NEPUOI U
Ha COBPEMEHHOM JTalle €€ Pa3BUTUS IOKa3al,
4To ciayx0a mpouuia OONBIION MyTh, CHOpMU-
poBaJiach B CUCTEMY HOJJECPXKaHUS JIETHOU rof-
Hoctn BC, obecnieunB AOCTHKEHUE MOCTABIICH-
HBIX LEJNeW IyTeM pEHICHHUs] BAXKHBIX 33134 U
BBINOJTHEHUS pa3HOOOPA3HBIX (DYyHKLIUH.

[Ipouszonuia rapmMoHM3aUUs JAESATEIBHOCTU
CITy’KOBl ¢ MEXIIyHAPOIHBIMH TpPEOOBAHHIMH,
chopMupoBaHa CTpOWHas cucteMa Qeaepaib-
HBIX ABHUAIIMOHHBIX MPaBUJI, PErIAMEHTHPYIO-
IUX NoAAepkaHue jgeTHou rognoctu BC.

BMmecTte ¢ TeMm BBIABICHBI MPOOIEMBI, CBS-
3aHHBIE C TEM, YTO TEPMHUH «TEXHHYECKas JKC-
IJTyaTalysy BbIIAN U3 COJIEp KaHUsI aBUAI[MOH-
HBIX MPaBUJ U TPOEKTa MPOPECCHOHATHHOIO
cranaapta cnenuanucra no TO BC, coxpanus-
LIUCh MOKa TOJBKO B HANMEHOBAHUSAX HAIPAaB-
nenuit o0yuenuss MI'TY I'A u emie HECKOIBKUX
BY30B.

ObocHOBaHa HEOOXOAMMOCTb BO3BpAICHUS
TEPMHUHAM «TEXHUYECKasl SKCIUTyaTalMs» W «UH-
’KEHEPHO-aBHAIIMIOHHAs CITy*0a» HOPMAaTHBHO-
MPaBOBOIO CTaryca B (QelepalbHbIX aBHAIU-
OHHBIX MpPaBUJIAX.

OO6ocHOBaHa HEOOXOAMMOCTh COXpaHEHUS
B HOBBIX 00pa30BaTENIbHBIX CTAaHAApPTaX HauMe-
HOBAHUM CHEIHUAILHOCTEH MO TEXHUYECKOH
skcruryaranuu BC 1 uX KOMIIOHEHTOB.

O0OocHOBaHa HEOOXOIUMOCTHE U3MEHEHUSI
NepevHs aBHAIMOHHOTO TepcoHana ¢ j100aBie-
HHEM B HEro CHEIUAINCTa IO YIPaBICHUIO
MOJJEP)KAHUEM JIETHOM TOJHOCTU C BbIJAayeu
€My CBHJIETEIbCTBA C KBaTHU(PUKAMOHHON OT-
MeTkoi D, yTo motpebyeTr BBeaeHuUs: B 00pazo-
BaTeJIbHOM CTaHJApTe BBICHIETO 0Opa30BaHUs
COOTBETCTBYIOLIETO MPOpUIst 00yUeHHs.

W3 sToro BhITEKaeT HEOOXOAUMOCTh HAIoJ-
HEHHsI COJEpXaHMUsA YUYEOHBIX NPOrpaMM BBIC-
mero o0pa3oBaHUSA OCBEIICHHEM TEXHUYECKU
rpaMoTHoro npumeHenust AT, B Tom uucie B
MOJIETE, a TaKXXe YIPaBICHUS MOAACPKAHUEM
neTHol rogHocty BC u npurogHocTu ux KoMm-
MTOHEHTOB K O€30MacCHOMY IOJIETY.
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Experimental investigation and optimization of a check filter element
for the dynamic measurement method of aviation fuel industrial
cleanliness level
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Abstract: Ensuring the cleanliness of aviation fuel from mechanical impurities is a critical factor in flight safety. Existing
laboratory methods for monitoring fuel cleanliness are discrete and do not allow for the prompt detection of contaminants during
aircraft refueling, which creates significant risks. The objective of this study was to experimentally investigate and optimize the
parameters of a partial-flow control filter to create a system for continuous, real-time monitoring of aviation fuel cleanliness. The
key diagnostic parameter in this study was the pressure drop across the filter element, which directly correlates with the amount of
accumulated mechanical impurities. A combination of experimental and analytical methods was used in the study: bench tests were
conducted on corrugated polypropylene filter elements with varying surface areas, during which the dependence of the pressure
drop on the mass of the introduced contaminant (kaolin mixture) was measured. This resulted in the dependence of the pressure
drop on the specific contaminant capacity. It was found that this dependence has four characteristic zones: an initial linear zone,
where the pressure drop increases proportionally to the contamination, and three nonlinear zones, where the rate of pressure drop
increase significantly as the pores of the filter element become clogged. A parametric study was conducted using this experimental
curve, which showed that for optimal filter operation, its filtration area should be 0.05-0.10 m? Based on this study, a system for
operational monitoring of aviation fuel cleanliness using a check filter was proposed. This ensures not only a long service life
(200400 refuelings) but also high system sensitivity: the estimated response time to exceeding the rejection level of contamination
averages 5—10 seconds, which is determined by the rate of change in the pressure drop upon the influx of impurities. The practical
feasibility of using a check filter, where the pressure drop serves as a reliable and informative parameter for creating a system for
promptly warning of aviation fuel contamination directly during refueling, was proved.

Keywords: aviation fuel, fuel cleanliness, mechanical impurities, continuous monitoring, check filter, partial-flow filter,
experimental study, parameter optimization, contaminant capacity, pressure drop.

For citation: Brailko, A.A., Ayrapetov, S.N., Savushkin, S.A., Balyshin, K.E., Parkhacheva, 1.B. (2026). Experimental

investigation and optimization of a check filter element for the dynamic measurement method of aviation fuel industrial cleanliness
level. Civil Aviation High Technologies, vol. 29, no. 2, pp. 32-49. DOI: 10.26467/2079-0619-2026-29-2-32-49

32



Tom 29, Ne 02, 2026 HayuyHblit BectHuk MITY TA
Vol. 29, No. 02, 2026 Civil Aviation High Technologies

JKCNepUMEHTAIbHOE UCCIeA0BAHNE M ONITUMU3ALMS IApaAaMeTPOB
KOHTPOJIBHOT0 (GUILTPOIJIEMEHTA VISl METOAA TUHAMHYECKUX
U3MEpPEeHU YPOBHS NMPOMBIILJICHHOM YU CTOTHI ABUATOILINBA

A.A. Bpanixo', C.H. Aiipaneros’, C.A. CaBymkun', K.D. Bajpimus',
N.B. Ilapxauesa’

I Mockoeckui 20Cy0apCcmeeHblll MexXHUYeCKUull yHugepcumen epaxcoancKkol asuayuu,
2. Mockea, Poccus
2 Uoicey3aHCKULL UHCMUMYm mypOUHH020 000PYO08aAHUsL U OBULAMETILHBIX CUCTEM,
2. Xanuoicoy, Kumaii

Anaotamusi: OOecrieueHUe YUCTOTHI ABHAIIOHHOTO TOILUTMBA OT MEXAHWYCCKUX TPHMECEH SIBISACTCS KPUTHYCCKH BaXKHBIM
(hakTopom Oe3omacHOCTH TI0JIeTOB. CYIIECTBYIONIME METO/BI JIA0OPATOPHOIO KOHTPOJISI YHCTOTHI TOIUTHBA HOCST JTUCKPETHBIN
XapakTep M He MO3BOJIIIOT ONEPATHBHO BBISIBIATH 3arpsA3HEHUS B MPOIECCE 3alPABKH BO3AYIIHBIX CY/IOB, YTO CO3/ACT CEPhe3HBIC
pucku. Llenpio maHHOW pabOTBI OBUIO SKCIIEPHIMEHTAIBFHOE HCCIIEIOBAHUE M ONTHUMHU3AIMS MAPAMETPOB HETIOJTHOMOTOYHOTO
KOoHTposbHOTO (rtbTpa (KD) it co3manmst CHCTEeMbI HeTPEphIBHOTO MOHUTOPHHTA YHCTOTHI ABHATOILINBA B PEATIFHOM PEXKHIME
BpeMeHH. KIFOUeBBIM IMArHOCTHYECKUM IApaMETpOM B HACTOAIIEM WCCIICAOBAHWM BBICTYITJ TIeperaja HaBIICHHS Ha
¢unpTporniemente (PI), KOTOPHIH HANIPAMYIO KOPPEIUPYeT C KOJIMIECTBOM HAKOIUIEHHBIX MEXaHNYECKHUX MpuMeced. B xozne
paboTH! OBUT MCIIOIB30BAaH KOMITIEKC AKCIIEPUMEHTANBHBIX M aHATUTHIECKUX METOJIOB: MPOBEICHBI CTEHAOBBIC HCIBITAHUS
ro(pupOBaHHBIX HOIUIPOIIIICHOBHIX PO ¢ pa3INyHOH IIIOMIAAbI0 TOBEPXHOCTH, B X0/I€ KOTOPHIX U3MEpsUIach 3aBUCHMOCTb
nepenaja JaBICHUs OT MAcChl MOABEACHHOTO 3arpsi3HUTENS (CMECH KaoJIMHOB). B pesynbTare Obula Mojy4yeHa 3aBUCUMOCTD
nepenaja TaBJIeHus OT YICIbHON IPI3eeMKOCTH. BbUTO BBISBICHO, YTO 3Ta 3aBUCUMOCTH MMEET YEThIPE XapaKTEPHBIC 30HBI:
HayaJbHYIO JIMHEIHYIO, 1€ Nepenaa AABICHHs PAcTeT MPONOPLUOHAIBHO 3arpsA3HEHUI0, U TPU HEJIUHEHHBIE, T1e CKOPOCTh
pOCTa mepenaja TaBIeHUs CYIIECTBEHHO YBEITHMIUBACTCS MO Mepe 3aKymopku mop @3D. Ha ocHOBe 3TOi SKCIIepUMEHTATEHON
KpPHBOI OBLIO MPOBEICHO MapaMETPHIECKOE HCCICIOBaHKME, KOTOPOE IOKA3ajlo, 4TO JUIA ONTUMaibHOW pabdoTel KO ero
wromans GribTpanun qomkHa cocTaBiath 0,05-0,10 M2 Ha ocHOBaHMH MCCIeIOBaHHS MPEATI0KEHA CUCTEMA OIIEPATHBHOTO
KOHTPOJISL YACTOTHI aBUATOILIHBA C MCIIOIh30BAaHHEM KOHTPOJIBHOTO (DMIIBTPA, UYTO 0OECIIEYNBACT HE TONBKO BRICOKHI pecypc
(200—400 3ampaBoK), HO ¥ BBICOKYIO YyBCTBUTEIIHFHOCTh CHCTEMBI: PAacCYETHOE BPEMs PEaKIMH Ha TIPEBBIIICHIE OPaKOBOYHOTO
YPOBHS 3arpsi3HEHHOCTH COCTaBILIET B cpeHeM 5—10 ¢, 9To ompenensercss CKOPOCThI0 M3MEHEHHUs Mepernaia TaBjeHHs Ipu
MOCTYIUICHHH TipuMeceil. J[okazaHa mpakTH9ecKas Ieleco00pa3sHOCTh MCIONB30BAHMS KOHTPOIBHOTO (IIIBTpa, TAE IMepemnan
JIABJICHHS] CIY)KMT HAJIOKHBIM W MH(OPMATHBHBIM MapaMeTpOM JUIsi CO3/IaHHS CHCTEMbl OINEPATHBHOTO MPEAYNPEKICHUS O
3arps3HEHNH aBUATOINIMBA HEIIOCPEICTBEHHO B IIPOLIECCE 3aPaBKH.

KnroueBble c/10Ba: aBHAMOHHOE TOIDIMBO, YHCTOTA TOIUIMBA, MEXAHWYECKHE IPUMECH, HETPEPHIBHBI MOHUTOPHHT,
KOHTPOJIBHBI ~ (DMIIBTP, HEMONHOMOTOYHBI  (IIIBTP, OSKCIEPHUMEHTATFHOE HCCIEIOBaHHWE, ONTHMH3AIMSA IapaMeTpoB,
IPsI3€EMKOCTb, TIEpenaj JaBIeHHs.

Jdaa murupoBanus: bpamiko A.A. DKCIEpHMEHTAIBHOE HCCIEIOBAHME W ONTUMH3ALMS IapaMeTpOB KOHTPOJIBHOIO
(buIIbTpOINEMEHTA Il METola JUHAMIYECKHX M3MEPEHHMH ypOBHS IPOMBIIUICHHOH 4HMCTOTHI aBHarorumsa / A.A. Bpanixo,
C.H. Afiipaneros, C.A. CaBymkun, K.O. banbsimms, U.B. ITapxauea // Hayunsriit BectHuk MI'TY T'A. 2026. T. 29, Ne 2. C. 32-49.
DOLI: 10.26467/2079-0619-2026-29-2-32-49

Introduction maintain the concentration of mechanical impu-
rities and the size of contaminants in compliance

Ensuring flight safety is one of the primary with regulatory requirements. The development
objectives of all companies involved in the flight of devices that measure and indicate the level of
operations and ground handling of civil aviation mechanical impurities in aviation fuel directly

aircraft. Refueling systems, which supply air- during its transfer and refueling into aircraft is
craft with high-quality aviation fuels and lubri- one of the most pressing areas for improving the
cants, directly impact flight safety [1]. aviation fuel supply process.

The quality of aviation fuel is largely ensured According to the current regulatory docu-
by settling, filtration, and the addition of special mentation, aviation fuel quality control is con-
additives. This entire complex of measures helps ducted by laboratory analysis of samples based
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on established parameters, as well as rapid visual
inspection. Aviation fuel sampling is carried out
along the entire path of its movement, from the
supplier’s receiving area to the aircraft’s fuel
tanks. The sampling points are confined to the
areas of the most likely accumulation of me-
chanical impurities and free water (the lower
points of pipelines and tanks of fuel tankers,
filter settling tanks, etc.).

The reception, storage, transferring and re-
fueling of aviation fuel in aircraft is accompa-
nied by both the processes of its purification
from mechanical impurities — filtration and set-
tling — and the processes of contamination by
particles of wear and corrosion of equipment, as
well as atmospheric dust entering through
breathing devices. Due to the continuous nature
of these processes, point samples, in terms of
time and location, have a limited reliability lim-
it for assessing the cleanliness of jet fuel. In
some cases, this can critically impact the safety
of the aircraft. Refueling aircraft poses a partic-
ular risk. The final cleaning device in this pro-
cess is the fueler’s filter-water separator (FWS).
If the FWS filtration capacity is reduced, the
quantity and/or size of solids may exceed the
specified limit. Damaged FWS filter elements,
as well as wear debris from hoses, the meter,
and other components located between the FWS
and the underwing refueling nozzle, can cause
uncontrolled fuel contamination during aircraft
refueling.

Main Part

To address this issue, several methods and
devices for continuous monitoring of mechanical
impurities have been proposed [2]. For example,
Parker MCM20' particle counter or the Velcon
VCA? [3] fuel contamination analyzer, which
use laser flow scanning; the Potok-RT indicator

! Catalog: FDHB500UK 04/2010. (2008). Hannifin Cor-
poration, 45 p.

? Velcon Contaminant Analyzer. Technical description.
Available at: https://thermalsolutionsoftexas.com/
pdfs/filtration/parer-velcon-clean-diesel-vca-series-
contaminant analyzerdatasheet.pdf (accessed:
12.03.2025).
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in the “ZOND” modification®, the operation of
which is based on the photoelectric effect [4].
Devices [5, 6] have also been proposed, the op-
eration of which is based on the known depend-
ence of the pressure drop across a partial-flow
check filter on the mass of the pollutant supplied
to it.

The use of a check filter, based on well-
studied filtration laws [7, 8], appears to be a reli-
able and valid method.

A diagram of the use of a check filter in a
fuel tanker is shown in Figure 1.

Aviation fuel, including a mixture with fuel
system icing inhibitor (FSII), is sampled at the
check filter downstream of the flow meter. At
the sampling point, the pressure is regulated by
an in-line valve and, depending on its setting, is
typically between 0.35 and 0.38 MPa. After
passing the check filter, the flow is directed to
the inlet of the fuel tanker pump, where the pres-
sure is always near-zero, except for brief periods
during startup and shutdown. The maximum
pressure drop across the check filter will be
reached when it is completely clogged and will
be equal to the fueling pressure.

If the relationship between the pressure drop
across the filter and the amount of contaminant
supplied to it is known, then, based on the pres-
sure drop measured over a certain time interval,
the number of mechanical impurities entering the
filter during this period can be calculated. Fur-
ther, by measuring the volume of aviation fuel
passing through the filter during the measure-
ment period, the concentration of mechanical
impurities in it can be determined. It is advisable
to assign these calculations to a microprocessor.

For the practical and economically feasible
implementation of a check filter, it is necessary
to select its filter element that provides an opti-
mal ratio of contaminant capacity and sensitivity
to the level of contamination of aviation fuel.
The problem with this choice is that filter manu-
facturers provide hydraulic characteristics only
for a clean filter element, taken during testing
with purified liquid. For example, with reverse

3 Aviation Fuel Cleanliness Indicator. Industry-Specific
Research Laboratory ONIL-16. Available at: http://
onil-16.ssau.ru/potokrtr.html (accessed: 12.03.2025).
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Fig. 1. Diagram of fuel and FSII flow in a refueling module using a check filter:
K® — Check Filter; FQ — Flow Meter; PDT — Pressure Differential Transmitter; 4ZY — Computing Unit; Kp — Valve

osmosis wate® [9]. Therefore, the hydraulic char-
acteristic of a partially contaminated filter ele-
ment can only be obtained experimentally.

The aim of this study was to experimentally
determine the dependence of the pressure drop
across a filter element on the mass of contami-
nant applied to a unit of its area and to select the
optimal filter element parameters using the ob-
tained characteristics. The best filter element can
be considered one with the maximum service life
and sufficient sensitivity to the maximum per-
missible level of mechanical impurities.

In this study, service life is defined as the
volume of aviation fuel loaded into an aircraft by
a refueller during the period of use of the check
filter.

* Deep filter elements (pre-filters) of the EPVg.P brand.
RPE “Technofilter”: catalog of filtration equipment.
Available at: https://www.technofilter.ru/catalog/
patronnyefiltry/glubinnye-filtruyushchie-
elementypredfiltry/epvg-p/ (accessed: 12.03.2025).
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The sensitivity of the check filter is defined
as the time required to reliably determine the
rejection level of mechanical impurities of
2 g/t° [10].

Parameters selected for the check filter: nom-
inal filtration fineness, area, jet fuel flow rate,
supply line diameter, and differential pressure
Sensor accuracy.

When selecting the filter element and plan-
ning the experiment, the following considera-
tions were taken into account.

1. A volumetric filtration filter element typ-
ically has a higher contaminant capacity than

> Order of the Ministry of Transport of the RSFSR of
October 17, 1992 No. DV-126 “On the Implementation
of the Manual for the Reception, Storage, Preparation
for Refueling, and Quality Control of Aviation Fuels,
Lubricants, and Special Fluids in Civil Aviation Enter-
prises of the Russian Federation”. GARANT, 114 p.
Available at: https://base.garant.ru/71539730/ (accessed:
12.03.2025).
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Fig. 2. External view of the filter components
a — External view of the replaceable filter elements; 6 — Filter holder

a surface filtration filter element (with the same
nominal filtration rating and effective filter area).
However, it may differ in that the hydraulic
characteristic measured on the contaminated
liquid may be more dependent on the particle
size distribution of the contaminant.

2. Using a filter element with a maximum
pressure drop slightly higher than the filling
pressure allows for the safe use of its full con-
taminant capacity.

3. The flatter the hydraulic characteristic of
a clean filter element, the greater the available
pressure drop range and, consequently, the long-
er the service life of the check filter.

4. The nominal filtration rating of the con-
trol filter must be equal to or less than the nomi-
nal filtration rating of the monitored filter-water
separator.

5. The filter element must be compatible
with jet fuels and FSII.

6. The filter element must be manufactured
in the Russian Federation.

Taking into account the possibility of using
the test results in fuel tankers with a capacity of
500 to 2500 1/min, with a nominal filtration fine-

ness of 3 pum and a filling pressure of
0.35-0.38 MPa, as a result of an analysis of pos-
sible options, corrugated filter elements based on
polypropylene were selected for the experiment

(fig. 2).

Table 1
List and characteristics of the filter elements
used in the experiment

. Nominal | Registered | Maximum
Serial . .
filtration | filtration | pressure,
number . 2
rating, pm | area, m MPa
291442 2.0 0.34 0.5
507955 2.0 0.45 0.5
507956 2.0 0.45 0.5
532044 2.0 0.21 0.5
532046 2.0 0.24 0.5
556624* 2.0 0.43 0.5

* A diverting layer of increased rigidity.

The experimental setup diagram is shown in

Figure 3.
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Fig. 3. Schematic diagram of the test stand for filter elements:
EI — Supply tank; E2 — Calibrated collection tank; @ — Tested filter element; DP — Differential pressure sensor; L — Float
level gauge; T — Laboratory thermometer; UR — Video recorder; H — Pump; MIII — Agitator; Kp!l...Kp5 — Valves

Fig. 4. Differential pressure sensor

To measure the pressure drop, a ZOND-
20Exi-DD-K41-78-(0...250)-kPa-42-0.15-
(+5...425)-SVM-F1-0.5MPa-TS-1 GOST 10227-
2013 (—25...+35°C) sensor was used (fig. 4).

For fire safety reasons, the filter element was
tested with water. At an average water tempera-
ture of 20 °C in the experiment, the dynamic
viscosity of TS-1 fuel, calculated according to

37

GOST 10227-2013° [11] and water [11] differed
by no more than 4%. Since dynamic viscosity is
the only physical characteristic of a liquid in-
cluded in the filtration equation (Darcy’s law)
[8], such a substitution of the test liquid seems
acceptable. Furthermore, comparative tests of
the filtration capacity of the tested filter elements
with water and TS-1 fuel, performed by the filter

 GOST 10227-2013. (2014). Jet Engine Fuels. Specifica-
tions. Moscow: Standartinform, 34 p.
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Fig. 5. Water treatment filter

element manufacturer at our request on their
own setup, showed identical results.

Water for testing was prepared by double fil-
tration through a three-stage filter with a nomi-
nal filtration fineness of the first stage of 10 pum,
the second stage of 2 um, and the third stage of
0.5 um (fig. 5).

The authors’ works [1, 12, 13] describe the
sources and chemical composition of mechanical
particles detected in aviation fuel at various
stages of its transportation, storage, preparation,
and delivery for refueling. Data on contaminants
are summarized in Table 2.

Table 2

List of contaminants

Name Density, g/cm®
Steel (shavings) 7.85
Iron oxide FeO (wustite), black 5.70
Iron oxide Fe;0,4 (magnetite), black 5.20
Iron oxide Fe,0;3 (hematite), red 5.24
Sand (silicon dioxide) 2.60-1.96
Clay (kaolin) 2.60
MBS Rubber (rubber wear) 1.60
Cellulose (fibers) 1.50
Phenolic resin 1.38-1.25
Acrylic resin 1.25-1.20
Epoxy resin 1.25-1.16

Kaolin with a density of 2.58 g/cm?® was used
in filter element testing’, which is a common
contaminant of aviation fuel and enters it with
atmospheric air through breathing devices.

7 Kaolin. Batolit: Milled and finely dispersed fillers.
Available at: http://www.batolit.ru/154 p.shtml (ac-
cessed: 12.03.2025).
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With a nominal filtration rating of the filter-
water separator of 3 pum, particles sized 3 pm
and smaller may be present in the fuel flow
downstream of an undamaged filter. If the filter-
water separator is damaged, particles larger than
3 um may be present. In the experiment, the con-
taminant was a mixture consisting (by weight) of
30% delaminated kaolin with a nominal particle
size of 3 pm® and 70% micronized kaolin with a
nominal particle size of 2 pm’. Based on the
manufacturer’s data on the particle size distribu-
tion of kaolins, the calculated particle size distri-
bution of the test pollutant is presented in Fi-
gure 6.

The pollutant was weighed on an electronic
scale with an accuracy of 0.01 g.

The pollutant was added to the test fluid
in accordance with the recommendations of
GOST 14146-88'°.

The fluid flow rate in the experiment was se-
lected so that the filtration rates in the test filter
and the intended check filter were equal.

Therefore, it is advisable to reduce the flow
rate to a limit limited by the representativeness
of the particulate matter content per unit volume.

The flow rate at the sampling point (fig. 1)
cannot exceed 5 m/s. In practice, for different
fuel tankers it ranges from 4.1 to 4.8 m/s, which
corresponds to Re numbers in the range
(170,000...400,000) >> 4000. Consequently,

¥ Delaminated kaolin. Batolit: Milled and finely dispersed
fillers. Available at: http://www.batolit.ru/157 p.shtml
(accessed: 12.03.2025).

° Micronized kaolin. Batolit: Milled and finely dispersed
fillers. Available at: http://www.batolit.ru/288 p.shtml
(accessed: 12.03.2025).

'""GOST 14146-88. (1988). Diesel Fuel Filters. General
Technical Devices. Moscow: Standards Publishing
House, 22 p.
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there is a developed turbulent flow [11] with
intensive movement of liquid particles across the
flow. In this case, the dynamic pressure is more
than 13 kPa. According to GOST 17216-2001""
the maximum particle size in liquids of
4...8 cleanliness classes, corresponding to avia-
tion fuel contamination from 0.2 mg/l to 2 g/t,
should not exceed 200 um. A study [1] of the
separating elements of a fuel tanker filter-water
separator showed a maximum particle size of
62 um. The hydrodynamic force acting on a par-
ticle with a diameter of 200 um at a dynamic
pressure of 13 kPa is approximately 0.05 N. The
force of gravity acting on such a particle, with a
density of 1.20-7.85 g/cm’, is approximately
0.0002—-0.0007 N, 1.e., at least 70 times less.
Consequently, even with a horizontal pipeline,
turbulent movement of mechanical impurity par-
ticles will occur, and their concentration will be

" GOST 17216-2001. (2008). Industrial cleanliness. Liq-
uid purity classes. Moscow: Standartinform, 15 p.
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approximately the same at all points in the pipe-
line cross-section.

According to IATA regulations'?, the precau-
tionary level of contamination of aviation fuel
with mechanical impurities is 0.2 mg/liter. This
corresponds to cleanliness classes 4-5 according
to GOST 17216-2001, recalculated based on the
particle size distribution of a pollutant with a
density of 7.85-2.60 g/cm’. Thus, at a warning
level of contamination, the number of particles
5 um or larger in size present in 100 cm’ of fuel
will be at least 390...780, and their total number
will be two orders of magnitude greater. Accord-
ingly, the average distance between particles
S um or larger in size will be no more than
6.3 mm, and for all particles ~ 0.1...0.2 mm.
Consequently, flow sampling at the check filter
with a tube with an internal diameter of
8...12 mm should ensure that the particle size

12 Aviation Fuel Quality Control and Operating Proce-
dures for Joint Into-Plane Services. 10th ed. (JIG 1).
(2008). JIG (Joint Inspection Group), 108 p.
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distribution of the control flow is identical to that
of the fuel being filled.

It is reasonable to limit the minimum flow
velocity in the control tube to Re = 4000, the
boundary of the turbulent nature of the
flow [11], which minimizes particle deposition
on the tube walls. For diameters of §...12 mm,
the corresponding velocity will be 0.6...0.4 m/s,
and the flow rate will be 2...3 I/min. To ensure
high sensitivity of the check filter, it is recom-
mended to use a filter element with an area of
0.2 m? or less. In this case, the filtration rate
through the check filter will not exceed
0.40 mm/s. In the experiment, the liquid flow
rate was in the range of 3.5...4.7 I/min (fig. 7),
and the filtration area was 0.21...0.45 mz, which
ensured the same filtration rate of
0.15...0.40 mm/s, and, consequently, the hydro-
dynamic similarity of the suspended matter flow
in the filter element.
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The experimental procedure consisted of
pumping a test fluid of known contamination
through the filter element in portions of
170...175 liters. Pumping ceased when a pres-
sure drop of 4.5 kg/cm? was reached. The
primary measured values were:

o pressure drop (Pf, kg/cm?) across the fil-
ter element as a function of time (t, s) — Pf(t);

e volume (V, 1) of fluid pumped through
the filter element as a function of time — V(t).

Next, the mass of contaminant applied to
1 m? of the filter element surface (mf, g/m?) was
calculated as a function of time — mf{(t):

mf(t) = V(t) - mv/ Sf,

where mv is the contaminant concentration, g/1;
St is the rated effective area of the filter ele-
ment, m.

Then, the desired filter element characteristic
was constructed: the mass of pollutant applied to
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1 m? of surface area as a function of pressure
drop: mf(Pf).

Additionally, by differentiating the V(t) func-
tion using the two-way difference method, the
flow rate (Q, 1/min) through the filter element
was calculated.

The interpretation of measurements and cal-
culations were performed with a period of 30 s.

The pressure drop across the filter element was
measured using a ZOND-20 sensor with a basic
relative error of 0.15% and a measurement range
of 0...250 kPa. To perform measurements in the
250...450 kPa range and reduce measurement
error, the following measurement scheme was
used:

e in the 0...~230 kPa range, measurements
were taken with valves Kp2 and Kp4 open and
Kp3 closed (fig. 3); that is, the negative chamber
of the sensor was connected to the filter element
outlet;

o when the pressure drop reached
~230 kPa, Kp4 closed and Kp3 opened. A pres-
sure of ~230 kPa was supplied to the negative
chamber, which became the “reference” pressure
and was locked by closing Kp3 and Kp4;
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o in the 230...450 kPa range, measure-
ments were taken with valve Kp2 open and Kp3
and Kp4 closed.

To determine the pressure loss in the com-
munication section between the differential pres-
sure sensor connection points, the pressure drop
was measured in the filter holder without a filter
element at a test fluid flow rate of 4.5 I/min. It
was (0.40 £ 0.12) kPa, which was taken into
account in subsequent calculations and graph
plotting.

The filter elements listed in Table 1 were test-
ed. Filter element tests were conducted at pollu-
tant concentrations of (0.2; 1.0; 1.6; 50.0) g/m>.
A concentration of 50 g/m* was used to quickly
plot individual sections of the mf (Pf) character-
istic. Tests of other filter elements in these sec-
tions were also conducted at concentrations of
(0.2; 1.0; 1.6;) g/m°.

Figure 8 shows the dependence of the specif-
ic contaminant capacity of a filter element on the
effective filtration area (hereinafter, for brevity,
“specific contaminant capacity” refers to the
mass of contaminant per 1 m? of the filter ele-
ment).
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Across the studied range of filtration areas,
the specific contaminant capacity of the filter
elements (mf, g/m?) was constant. No effect of
contaminant concentration, filter material batch,
or filter element backing layer hardness on the
specific contaminant capacity was observed.

Figure 9 shows the dependence of the specif-
ic contaminant capacity of the filter element on
the pressure drop.

For safe use of the check filter, the maximum
pressure of the filter element should be slightly
higher than the maximum filling pressure. Filter
elements with a maximum pressure of 0.5 MPa
were used in the experiment.

The graph in Figure 9 distinguishes four
characteristic zones:

Zone I is the section of the linear dependence
of the pressure drop and contamination of the
filter element, apparently corresponding to filtra-
tion with gradual clogging of the filter element
pores by impurity particles [8, 9];
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Zones II, III, and IV are the nonlinear section
corresponding to filtration through partially
clogged pores and sediment;

Zones III and IV are characterized by a high
and nearly constant rate of increase in pressure
drop as the filter element becomes contaminated.
Zones I-1II comprise the working portion of the
check filter characteristic.

Contamination by the end of the linear
zone I, according to the results of the experi-
ments, amounts to 34-38% of the dirt capacity
of the tested filter elements. Using only the line-
ar zone when using a check filter limits its ser-
vice life in terms of contaminant capacity by
2.5-3 times.

The resulting dependence (fig. 9) is similar to
the results presented in [14].

The root-mean-square errors of measure-
ments of the pressure drop and volume of the
test liquid, calculated according to the authors’
method [15], are given in Table 3.
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Table 3
Measurement Errors

Name Size Value

Measurement of pressure drop across the filter element

Root mean square of absolute deviations ¢ kPa 2.61
3o interval with confidence probability of 0.997 kPa 7.83
Maximum absolute deviation from the best (approximating) curve kPa 7.36
Ratio of 36 to the measurement range % 3.13

Measurement of test fluid volume

Root mean square of absolute deviations ¢ 1 0.694
3. interval with confidence probability of 0.997 1 2.083
Maximum absolute deviation from the best (approximating) curve 1 1.409
Ratio of 36 to the measurement range % 1.23
Table 4
Instrumental measurement errors
Name Size Value
Absolute error of time measurement (t) s 0.10
Absolute error of pollutant mass measurement (m) g 0.01
Absolute error of test fluid temperature measurement (T) °C 1.00
Basic absolute error of pressure measurement (Pf0) kPa 0.38
Additional (temperature) absolute error of pressure measurement (PT) kPa 0.11
Absolute error of pressure sensor: Pf=Pf0 + PT kPa 0.49
Absolute error of level measurement (L) mm 1.00
Absolute error of volume measurement (V) 1 0.20
Table S
Computation Errors
Name Size Value
Pollutant concentration calculation error: mv = m/V g/m’ 0.12
Filter element contamination calculation error with area S: 2
mf = V(t) - mv/S g/m 086
Test fluid flow rate calculation error: Q = dV(t)/dt I/min 0.10
Instrumental measurement errors, determined The errors in calculating the specific contam-
using the authors’ methodology'’, are shown in inant capacity and flow rate, determined accord-
Table 4. ing to [16], are shown in Table 5.
Note:
I , p — fuel density, kg/m’;
ZOND-20 Series Pressure Transducers (Sensors). Sf— filter element area. m>:
(2017). Models K1, K2, K3, K4, K41, K6, K7, K71, K9, ' 4, 1 ,
K10, K11: Operation Manual GKND.406233.008 RE. mf — specific contaminant capacity of the fil-

Part 1. Moscow: Gidrogazpribor, 65 p. ter element, g/mz;
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Mf — contaminant capacity of the filter ele-
ment, g;

mv — average concentration of mechanical
impurities in fuel, g/m’;

Q — average fuel consumption through the
filter element, m>/s;

QI — average aircraft refueling rate, m’/s;

T — service life of the check filter, hours;

R — the service life of the check filter, in
thousands of tons of fuel loaded into the aircraft.

The contaminant capacity of the check filter
can be expressed by the following relationships:

Mf=mf-Sf=mv-Q-T-3600,

from which the resource of the check filter can
be determined:

mf Sf
:mv Q 3600 ()
and
R=00036-Q1-p-T. (2)

From (1) and (2), it follows that the service
life of the check filter can be increased by in-
creasing its area and decreasing the flow rate
through it.

Let us denote:

AP is the absolute measurement error of the
pressure drop across the check filter, kPa;

Am is the amount of mechanical impurities
introduced per 1 m” of the check filter, g/m?
when the pressure drop across it changes by AP
(fig. 9);

At is the time interval, s, during which AP
and Am change;

mvl is the rejection limit of aviation fuel
contamination, g/m3;

dmf

i = Dmp is the derivative of the mf (Pf)

curve (fig. 9);

AM is the amount of mechanical impurity
supplied to the check filter, g, when the pressure
drop across it changes by AP (fig. 9).
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The amount of mechanical impurity supplied
to the control film over time At can be expressed
by the following relationships:

AM =Dmp - AP- 5f= Q- At- mv1, 3)
from which the sensitivity of the check filter can
be determined:

_Dmp AP Sf
Q mvl

At 4)

The sensitivity of the check filter is better,
the shorter the time At. According to (4), the
lower the error of the differential pressure sen-
sor, the smaller the filtration area and the higher
the flow rate through the check filter, the higher
the sensitivity. It should be noted that the filtra-
tion area and flow rate have an opposite effect
on the resource (1) and sensitivity (4) of the
check filter.

Using the experimental dependence mf(Pf)
(fig. 9) and formulae (1), (2), (4), a parametric
study was conducted to select the best parame-
ters for the check filter. Figure 10 shows the de-
pendence of the sensitivity and check filter re-
source, using the studied filter elements. For
clarity, the resource is expressed in the number
of refills of the aircraft, with a volume of 15 m’.
Calculations for the graphs in Figures 10 and 11
were performed for an average flow rate through
the check filter equal to 4 1/min; refilling rate of
1200 1/min; rejection level of 2 g/t and pressure
sensor ZOND-20 code 73 with a scale of
2.5 kPa, basic error of 0.15%, for fuel tempera-
ture —40...+40 °C.

On a lightly contaminated filter element
(zone I, fig. 9), the pressure drop changes rela-
tively slowly when solids enter it. As the filter
element becomes contaminated (zone II, fig. 9),
the rate of pressure drop change increases, reach-
ing maximum values in zone III. Accordingly,
the response time of the check filter to the max-
imum contamination level decreases as the filter
element becomes increasingly clogged.

For the studied filter elements, the optimal
filtration area is (0.05...0.10) m?, which is with-
in the limits of existing production. The service
life of the check filter will be 200...400 aircraft
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refills with a volume of 15 m?® (2.35...4.70)
thousand tons, and the response time to the max-
imum solids level will be no more than
25.0...12.5 s; on average, it will be 5...10 s.
Figure 11 shows the change in a parameter
important for selecting a check filter — the num-
ber of switching operations of valves Kp2, Kp3,
and Kp4 (fig. 3) during one “typical” refueling
of 15 m?. For the studied filter element, valve
switching will be required no more than once per
refueling. It is desirable to automate this process.
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An experimental study of the dependence of
pressure drop across a filter element on the
amount of solids supplied to it, along with calcu-
lations performed using the resulting relation-
ship, demonstrated the feasibility of using a
check filter for continuous monitoring of solids
levels in aviation fuel. The optimal dimensions
of the check filter and measuring instruments for
continuous monitoring of jet fuel cleanliness
based on the resource-sensitivity criterion were
determined.
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Conclusion

1. The effectiveness of using a partial-flow
check filter for continuous monitoring of avia-
tion fuel cleanliness during aircraft refueling has
been proven.

2. The relationship between the pressure drop
across the filter element and the mass of accu-
mulated mechanical impurities has been estab-
lished.

3. The optimal filter surface area of the check
filter has been determined to be 0.05...0.10 m?.

4. The proposed check filter design has been
established to provide:

— a long service life of up to 200...400 refu-
eling procedures;
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— high sensitivity — contamination detection
time is 5...10 seconds.

5. The feasibility of creating a system for op-
erational monitoring of aviation fuel cleanliness
using a check filter has been confirmed.

6. The results obtained can be used to devel-
op new rapid methods for measuring the indus-
trial cleanliness of aviation fuel and to upgrade
existing ones. They can also serve as the basis
for the development of new sensors and dynamic
monitoring systems (continuous assessment) of
aviation fuel cleanliness in the process chain of
its preparation and refueling in aircraft.

7. Implementation of the developed solution
and integration into existing automated process
control systems will improve the automation of
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refueling complex processes and, consequently,
flight safety by preventing the refueling of air-
craft with substandard fuel.
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AJITOPUTM CO31aHUA AJANTHBHBIX CLEHAPHEB YIPaKHEHHU I
HAa TPEeHa)xepe ¢ IPUMEHeHHEeM TUHAMUYECKON CI10KHOCTH
NJIA IOBbIIIeHUSA dPpPexkTBHOCTH 00yUeHus aucneTr4yepos YB/I

HN.A. Kpm;ory30131
! Canxm-Ilemepoypeckuii pecuonanvrulil yenmp EC OpBJ], e. Cankm-Ilemepoype, Poccus

AunHoTtaumsi: [laHHas cTaThsi MOCBSIIEHA pa3pabOTKE WHHOBALIOHHOTO aJIrOPUTMA CO3AHWS aJalTUBHBIX TPEHAKEPHBIX
CIHICHApUCB I MOATrOTOBKU AUCIETYCPOB YHPABJICHUSA BO3AYHIHBIM JBMKCHUEM C IPUMCHCHHUEM ZlHHaMHHeCKOﬂ CJIOXKHOCTHU.
AXTyaJIbHOCTh HCCIIE/IOBaHHSI OOYCIIOBJIEHA CTPEMHUTEIIEHBIM POCTOM WHTEHCHBHOCTH BO3IYIIHOTO JABIDKEHHUS, 4TO Tpedyer
NPUHIMITHAIBHO HOBBIX MO/IXOZ0B K O0YYEHHIO CIICIUAINCTOB. TpajMiIIOHHbBIE METO/IbI TPEHAXKEPHOH MOITOTOBKH, OCHOBAaHHbIE
Ha CO3[aHWH CLEHAPUsS MHCTPYKTOPOM BPYYHYIO, HE YUMTBIBAIOT MHIMBUIyaIbHBIE OCOOCHHOCTH O0YYarOLINXCsl, YTO CHIDKACT
3¢ }eKTHBHOCTE y4eOHOTo Mporecca M MOXKET NMPUBOIUTh K KOTHUTHBHOM meperpy3ke. OCHOBHOW IETBI0 pabOTHI SIBISETCS
CO3/laHNE WHTEIUIEKTYaJIbHOW CHCTEMBI, CIHOCOOHONW aBTOMAaTHYECKH aJallTUPOBATh CIIOKHOCTh YHNPHKHEHWH B pEalbHOM
BPEMEHH, YUUTHIBAs TEKYIHH YPOBEHb HABHIKOB, CKOPOCTb NPUHATHS PEIICHHH, YaCTOTy OMMOOK M NMCHUXO(U3HOIOTHYECKOe
COCTOSTHHE JucrieTdepa. I[IpemioskeH KOMIUICKCHBIM IIOIXOZ, COYCTAIOIINNA aHaan3 MPO(ECCHOHATBHBIX KOMIICTCHIIHHT,
MOJIETIMPOBAHNE KOTHUTHBHOM HArpy3KH U JMHAMUYECKYIO TEHEPALMIO TPEHUPOBOYHBIX CUTyarmid. Ocoboe BHUMaHNE yAEIsIeTCs
GaslaHCy MEXTy TOCTEIIEHHBIM YCIIOXKHEHHEM 3a/1ad 1 TPEIOTBPAILCHUEM CTPECCOBBIX NEPErpy30K. MeTo0m0rus necie0BaHus
BKJIFOYAeT PaspabOTKy MaTeMaTHYeCKOM MOJENHM OLUECHKH YPOBHs 00y4aeMOro, aJropurMa JUHAMHYECKOW KOPPEKTHPOBKH
NapamMeTpoB cueHapus (KOJMYECTBO BO3AYIIHBIX CY/IOB, IOTOAHBIE YCIIOBHS, OCOOBIE ClTydauh) U CHUCTEMbI OOpaTHOM CBSI3U.
Pa3paboranHas cicTeMa Mo3BOJISIET CO3/1aBaTh EPCOHAIN3UPOBAHHBIE IIPOIPAMMBI TPEHHPOBOK, MAKCUMAIIBHO MPHOJIKEHHBIE K
pEaNbHBIM  YCJIOBUSIM pabOTHI, HO C KOHTPOJMPYEMBIM YPOBHEM CIIOKHOCTH. [IpakTuyeckas 3HaYMMOCTb HCCIIEJOBAHUS
3aKJIIOYAETCd B BO3MOXKHOCTH BHEJPEHUS MPEATIOKEHHBIX PEIIEHUH B CYyHIECTBYIOIIUE TPEHAKEPHbIE KOMIUIEKCHI, UTO
MIOCTIOCOOCTBYET TOBBIIIEHNIO Ka4yecTBa MOATOTOBKM JIMCIIETYEPOB M, KaK CIIEICTBHE, OS30MacHOCTH BO3IYIIHOTO IBMKEHHMSL.
Haydnass HOBM3HA TIOATBEP)KNAETCS ABTOPCKMMH pa3pabOTKaMu B OOJNacTH  afalTHBHOIO OOydYeHMsT M HHTErpalud
OMOMETpUYECKIX TOKa3aTeJell B TpOIlecc TeHepaluy yIpaKHeHWH. [lepCrieKTHBBI JanbHEHIMX HCCIeNOBAHMN CBSA3aHBI C
pacumpeHreM 0a3bl TPEHMPOBOUYHBIX CLICHApPHEB, BHEAPEHWEM TEXHOJOTWH BHPTYabHOW pEAIbHOCTH M Pa3pabOTKOH
HMHTEJUICKTYaJIbHBIX CUCTEM aHajln3a JACHCTBHI 00ydaeMbIX Ha OCHOBE METOJIOB MAIIMHHOTO 00y4eHus. IIpemiokeHHbIi oIX0]1
MOXKET OBITh aJaNTHPOBaH W JUIS IPYrHX NPO(eccHil, CBA3aHHBIX C IOBBIIIEHHOH OTBETCTBEHHOCTBIO M HEOOXOIMMOCTBIO
OBICTPOTO MPUHSTHSA PEIICHUI B CTPECCOBBIX YCIIOBHSIX.

KiroueBble ¢j10Ba: aJanTUBHBIN CIICHAPHUA, aJITOPUTM, TUHAMHYECKasi CJIOKHOCTb, auctierdep YBJI, mporpaMMbl TpEHUPOBOK,
TpeHa)kepHas OATOTOBKA.

Just umrupoBanusi: KpusoryzoB M.A. Anroput™ co3[aHusi aJaNTUBHBIX CLEHApHEB YIPOKHEHHMH Ha TpPEHAaXeEpe C
MPUMEHEHHEM JIMHAMUYECKOW CIIOKHOCTH Juisl TIOBbIIIeHus dddekTrBHOCTH 00yueHus nucnerdepo YB/I / Hayunblii BecTHHK
MITY I'A. 2026. T. 29, Ne 2. C. 50-60. DOI: 10.26467/2079-0619-2026-29-2-50-60

An algorithm for creating adaptive exercise scenarios on a simulator
using dynamic complexity to improve the effectiveness of ATCO
training
LA. Krivoguzov1
!Saint-Petersburg Regional Air Traffic Control Center, Saint-Petersburg, Russia
Abstract: This work is devoted to the development of an innovative algorithm for creating adaptive simulator scenarios for training

air traffic control (ATC) officers using dynamic complexity. The relevance of the study is caused by the rapid increase in air traffic
intensity, which requires fundamentally new approaches to training of specialists. Traditional simulator training methods based on
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the manual creation of a scenario by an instructor do not take into account the individual characteristics of students, which reduces
effectiveness of the learning process and can lead to cognitive overload. The main goal of this research is to create an intelligent
system capable of automatically adapting the complexity of exercises in real time, taking into account the current skill level,
decision-making speed, error rate and the psychophysiological state of the controller. The paper offers an integrated approach
combining the analysis of professional competencies, modeling cognitive load generation of training situations. Special attention is
paid to the balance between the gradual complication of tasks and the prevention of stress overload. The research methodology
includes the development of a mathematical model for assessing the student’s level, an algorithm for dynamically adjusting
scenario parameters (e.g., number of aircraft, weather conditions, emergency situations) and a feedback system. The developed
system allows you to create personalized training programs that are as close as possible to real working conditions, but with a
controlled level of complexity. The practical significance of this work lies in the possibility of implementing the proposed solutions
into existing training complexes, which will contribute to improving the quality of ATC training and as a result, air traffic safety.
The scientific novelty is confirmed by the author’s developments in the field of students adaptive learning and the integration of
biometric indicators into exercise generation process. The prospects of further research are related to the expansion of the base of
training scenario database, the introduction of virtual reality technologies and the development of intelligent systems for analyzing
learners’ actions based on machine learning methods. The proposed approach can also be adapted for other high-responsibility
professions requiring quick decision-making in stressful conditions.

Keywords: adaptive scenario, algorithm, dynamic complexity, air traffic controller, training programs, simulator training.

For citation: Krivoguzov, L.A. (2026).An algorithm for creating adaptive exercise scenarios on a simulator using dynamic
complexity to improve the effectiveness of ATCO training. Civil Aviation High Technologies, vol. 29, no. 2, pp. 50-60.
DOI: 10.26467/2079-0619-2026-29-2-50-60

Beenenue PEIINTh JaHHBIE TPOOJIEMBI 32 CUET CIICTYIOIINUX
PEUMYIIECTB:

1) aBTOMaTU4yecKoro HM3MEHEHHsI MapameT-
POB YIpaXHEHUH B 3aBUCHMOCTH OT YCIEIIHO-
CTH JIeHCTBUI 00y4aeMoro;

2) MUHUMH3AIUU PYYHOTO TpPyAa HHCTPYK-

CoBpeMeHHasI aBUALMOHHASI OTPACiIbh Xapak-
TEPU3YETCS CTPEMUTEIBHBIM POCTOM HUHTEHCHB-
HOCTH BO3JIYIIHOTO JBM)KEHHS, ONTHUMH3ALUN
CTPYKTYpPBI BO3IyIIHOTO MPOCTPAHCTBA U YyiKe-

CTOUEHUEM TpeOOBaHMII K OE30MaCHOCTH TOJIe- Topa,
TOB. [laHHBIE MapaMeTpbl WrparoT KIOYEBYIO 3) yckopenus mporiecca 0GyH4eHHs IpH CO-
poib mpu paboTe aucrerdepa yrpaBieHHs BO3- XPpaHCHUHU BRICOKOTO yPOBHA MOATOTOBKH.
nymabiM emwkerneM (YBII). Ot npodeccrona- Taxum 00pazom, MOKHO C/I€TaTh BBIBOJI, YTO
JM3Ma JIMCHETYEPA 3aBUCIT KU3HU THICSY I1ac- paspaboTka anropuT™Ma reHepaluy afanTHBHBIX
CaXXHPOB €KEAHEBHO, MIOATOMY KauyeCTBO MOATO- CUCHAPHEB  ABJIACTCA  aKTyalbHOH — Hay4YHO-
TOBKH JIMCIIETYEPA — OTO OCHOBA CYLIECTBOBAHUS MPaKTHIECKOM 3a/1aueH.
ABHMALIAH. CToUT OTMETHTD, YTO B Pa3IMYHBIX 00JaCTAX
TpaJUIHOHHBIE METOIBI OOYYEHHUS, OCHO- uccieaoBaiach mpodiemMa aganTUBHOTO o0yde-
BaHHbIE Ha CTaHJAPTHBIX TPEHAXXEPHBIX CICHA- Hus. Hampumep, B aBHAIMOHHOH IICHXOJIOTHH
pHSIX, KOTOpbIE pa3pabaThBAIOT HHCTPYKTOPHI BO3MOXHOCTh aJallTUBHOTO OOYYEHMs JIETHOTO
CaMOCTOSITENIBHO, 00JalaloT PAIOM HEAOoCTaT- 1IEpCOHANIA H3ydalaCk MHOTMMH HaydHBIMH JCH-
KOB: temsiMu, B yacTHOcTH JI.A. EBcturaneeBsiM [1].
1) ympakHeHHsT HE MOTYT MOJCTPauBaTHCA Takoke, HanpumMep, BOMPOCE! a1aNTHBHOTO 00Y-
T10J1 MHIAMBU Ty albHbIl YPOBEHb AUCIIETYEPA, UTO YEHHUS JETeW U MIKOJIbHUKOB noaHuman Jles Boi-
cHMKaeT Q(pEeKTUBHOCT TPEHUPOBOK; rorckuii enje B XX Beke. Cuctema Brirorckoro
2) 4pe3MepHO NpPOCThbIe JHMOGO H3OBITOYHO onucana B kaure C.I'. Kacsunosa [2]. OnHako B
CJIOXHBIE 33JJaHUS TPUBOIAT K IOTEPE MOTHBa- 00IaCcTH MOATOTOBKH JHMCIETYEPOB JAaHHOE Ha-
I{MM HIIM KOTHUTHBHON MeperpysKe; IpaBJeHUE MpAKTHYECKH He u3ydeHo. Ha tpe-
3) He yuYWTHIBAIOTCS cJabble M CUJIbHBIE Ha)KEpax Ul JIUCIETYCPOB UCIIONB3YIOTCS (PHK-
CTOPOHBI KOHKPETHOTO JAMCIIETUEpa. CHpOBAaHHBIC CLICHApUK NI MOArOTOBKH, paspa-
BBe/icHHE aJalTHBHBIX CLCHAPUEB C IPUME- OOTaHHbIE OTBETCTBEHHBIMH HHCTPYKTOPaMH.

HCHHUECM ,Z[HHaMI/I‘ICCKOﬁ CJIOJKHOCTH ITO3BOJIUT
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CyIIECTBYIONHE MEXTyHAPOIHBIE TOKYMEHTHI'
HOCAT PEKOMEHIATEIbHBIN XapakTep M HE OIH-
CBIBAlOT KOHKPETHBIX alroputMmoB, a B Poccun
MOJ00HBIE TEXHOJIOTUU U BOBCE HE MPUMEHSIOT-
Csl, YTO TOATBEPXKJIACT HEOOXOAUMOCTb JAajlb-
HEHIIero n3y4eHus JTaHHOU 00JIacTH.

WTak, 1enpio0 HacTOSAIIEro UCCIe10BaHUs SIB-
JsieTcs pa3paboTKa alropuTMa CO3JaHUs aan-
TUBHBIX CIICHapUE€B Ha TpEeHaxepe, KOTOpbIe
ofecreyar MEpCOHATU3UPOBAHHOE OOydeHUE
JMcIieTyepa 3a C4eT AMHAMUYECKOM CI0KHOCTH.

OCHOBHBIMU 3a7]auaMH SIBIISIIOTCSI CIIEAYIO-
Hiue:

1) mpoBecTH aHaIM3 COBPEMEHHBIX METO/OB
HNOJArOTOBKM ABUAJMCIETUYEPOB U BBIABUTH MX
HE/IOCTATKH;

2) pa3paboTaTh MaTeMaTHUYECKyI0 MOJEIb
alanTalyy CIO0KHOCTH.

Pesynbrarel HacTosmel paboTel MOTYT OBITH
NPUMEHEHbl B YYEOHBIX IEHTpax MOATOTOBKU
JUCIIETYEPOB, IIPU MOJEPHU3ALMH TPEHAKEPHBIX
CHCTEM IIyTeM MHTETpaluu, a TaKxke IJIs paspa-
OOTKM HOPMATHUBHOW TOKYMEHTAIIUU 110 UCTIOJNb-
30BaHMIO AJANTHUBHBIX TEXHOJOTMHA HpPU TOArO-
TOBKE JTUCIIETYEPOB.

HccnenoBanue HarpaBlieHO Ha PELICHHUE aK-
TyaJIbHOM MPOOJIEMBI — ONITUMH3ALMHU TTOATOTOB-
KU JIUCIIETYEPOB MyTEM BHEIPEHHUS alalTUBHBIX
TEXHOJIOTUI M COYeTaeT TEOPETUYECKYIO IITyOu-
HY M NPAKTUYECKYI0 3HAYMMOCTb JUIsl Pa3BUTHUS
aBHALIMOHHOM OTpaciu B LIEIOM.

TeopeTnueckne 0CHOBbI 00y4eHHS
aucneryepos YB/]

CoBpeMeHHbIE TpeOOBaHUS K TMOATOTOBKE
JTUCTIETUYEPOB 0053aTENBFHO PETIaMEHTUPYIOTCS.
Hanpumep, TpeOOBaHUS K KOMIIETEHIUSM, KO-
THUTUBHBIM W KOMMYHHMKATHBHBIM HaBBIKaM
ONKMCAHbI B IOKYMEHTax UKAO>. B JIAHHOM JO-
KyMEHTE OIHMCaHbI CIeayIore TpeOoBaHus:

1) KOHKpETHOE KOJIMYECTBO 4YacoB TpeHa-
JKEPHOU MOATr0TOBKH aucterdepa (okomno 500 v);

"Doc 9868: Procedures for air navigation service-Training.
3rd ed. // ICAO, 2020. 152 p.

’Doc 10056: Manual of air traffic controller competency-
based training and assessment. 2nd ed. // ICAO, 2022.
451 p.
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2) peueHue KOHGIUKTOB (OTBOAUTCA HE 0O-
Jee 3 MUH Ha pelIeHrne OJJHOTO KOH(DINKTA);

3) koppekTHas pa0oTa C SKUNaKaMH BO3-
nyurHbix cynoB (BC) (detkocTh ppazeonorun);

4) 3HaHME AaHIVIMHCKOro s3blka (HE HIKe
4-ro ypoBHs 1o mkaie UKAO).

HecoMHeHHO, cOBpeMeHHBIH  Jucrnerdep
JOJKeH o001afaTh TEXHUYECKUMU HaBBbIKAMU
(paboTa ¢ aBTOMAaTHU3UPOBAHHBIMHM CHUCTEMaMU
VBJ/l); KOrHUTHUBHBIMH CHOCOOHOCTSIMH (pac-
npejiefieHie BHUMAHUS U CKOPOCTh PEAKIMU) U
OIpEEeNIEHHBIMU TICUXOJOTUYECKUMHU KadecTBa-
MU (paboTa B KOMaH/Ie U CTPECCOYCTOUYNBOCTb ).

VYBenuueHne KOJUYECTBAa 4YacOB TPEHaKEp-
HOW MOATOTOBKM — 3TO KauyecTBEHHas Mepa, HO
OHAa HE cTaHeT jocraTtoyHo 3pdexTuBHOM. Co-
BpEMEHHbIE TpPeOOBaHUS JAUKTYIOT HEOOXOIM-
MOCTb KOMIUIEKCHOM M Ka4e€CTBEHHOW IIOJArO-
TOBKM JucrerdepoB. Tak, o0s3aTenbHas cTpecc-
HOJTOTOBKA M TPEHUPOBKA KOTHUTUBHOM THOKO-
CTH OIICAHBI B JOKyMeHTe EBpOKOHTpOIIST .

Croutr OoTMETUTH, YTO MeTOJA BrIrorckoro
MOYKHO NPUMEHUTh HE TOJBKO MO OTHOLIEHHUIO K
JIeTssM M noapoctkaMm. MzmokeHHas 3aech [2]
KOHLIENIUS 30HBI OJIM)KHEro Pa3BUTUS MOXKET
ObITh cronmoM oOy4yenus nucnerdepa YB/I.
Merton onuchIBaeT, 4To PeOCHOK MOXKET CAEIaTh
CaMOCTOSITENIBHO, @ 4YTO — C IOMOILBIO B3pOCIIO-
ro, COOTBETCTBEHHO, JIUCIETYEp MOXET CIIpa-
BUTHCSL C OINPEIEICHHOM 3aJadeld CcaMoCTOs-
TEJIBHO, @ C KaKOH-TO C MOMOIIbIO aBTOMAaTH3H-
poBaHHOM cucTteMbl. Mrak, 3amauu, KOTOpBIE
CTaBsTCA Nepel JUCIETYEPOM, JOJIKHBI OBITh
BBINOJIHSEMBI, OJTHAKO JIJIsl OOYYEeHHUS U Mporpec-
ca HeoO0XO0IUMO, YTOOBI KaXkaasl IMOCIeIyIoast
3a1ada OblIa CIOYKHEe TEKYIIEero YPOBHS, HO 3Ta
3a7jauya MOXKET OBbITh BBIIIOJHEHA AUCIETYEPOM C
nogAepKKor. Takol NPUHIMI W JOJDKEH JIO-
KHUTbCA B OCHOBY IpENIaraeMoro ajaropurMma B
KaueCTBE IMHAMUYECKON CI0XKHOCTH.

Kpome Toro, HeoOX0JMMO YUUTHIBaTh KOI'HHU-
TUBHBIC ACIEKTHl MPO(PECCUOHATBHON esITeb-
HocTH aucnetdepa. [Iporecc oOyueHus 00s3aH
ObITh 3(PPEKTUBHBIM, MTOITOMY HEOOXOAUMO H3-
Oeratp meperpy3ok. IlpemnmokenHas [[oHoM

? Eurocontrol safety regulation requirement (ESSAR 6).
Software in ATM functional systems. 2nd ed. // ICAO,
2010. 20 p.



Tom 29, Ne 02, 2026

HayuyHblit BectHuk MITY TA

Vol. 29, No. 02, 2026

CaemiepoM Teopuss KOTHUTHUBHOW Harpysku [3]
yTBEpXKAAaeT, 4To pabodas MmaMmsaTh YeIOBEKa
UMEET OTPAaHHUYCHHYIO0 €MKOCTb, CIIEJIOBATEIbHO,
YTOOBI MaKCUMHU3MPOBATh YCBOCHHE MaTepHalia,
HeoOXoauMo coOmoaaTh OamaHC MEXAY BHYT-
peHHEN Harpy3koil (CIOXKHOCTBbIO MaTepuaia
WM 3a/la4¥) U BHEIIHeW Harpyskoil (popma mo-
Jlayl MaTepuana) ¢ y4eTOM HHIAMBUAYaJTbHBIX
CIOCOOHOCTEN KOHKPETHOTO YeJoBeKa, B JaH-
HOM CiIy4yae AucreTdepa. JTa TeOopusl MOMKET
ObITh MPUMEHEHa K JWCIeTdYepaM s yIydlle-
HUS KayecTBa MOJATOTOBKH. Takxe o mporeccax
o0ydeHus Mo3ra U u30eraHuu Meperpy3oK muca-
na Enena CocHoBueBa [4].

[TonBoas UTOT, MOXKHO CKa3aTh, 4TO 3 dek-
TUBHOE OOyYEHHE U TPEHHPOBKA TUCIIETYEpA
YB/I TpebyeT MHANBUAYATH3ANHA U aJanTaluu
MO0/ KOTHUTHUBHBIE BO3MOXXHOCTH KOHKPETHOT'O
yenoBeka. [locTeneHHOe yCIOKHEHUE ClIeHApH-
eB (0T HHU3KOM MHTEHCHUBHOCTH BO3IYLIHOTO
JBUKEHHSI 0 BBICOKOM, C J0OaBIEHUEM OTKa30B
U CIIOKHBIX METEOPOJOTUYECKUX YCIOBHIl), BbI-
Jada oOpaTHOW CBS3U (KOPPEKTHPOBKA OMIMOOK
B TIpolecce pa3zdopa COBEPIICHHBIX ACHCTBUIN)
U UMHUTAlUS pealbHbIX YCJIOBHMH (ITOMEXU pa-
JUOCBSI3U WK JIIOObIe cTpecc-(hakTophl) — BCe
9TO TPENCTaBIAET COOOM YHHKAIbHBI METOJ
JIOCTH>KCHHS] KAYECTBEHHON MOJATOTOBKH IEpPCO-
HaJa K NpodeccuOHaNbHOM 1eATeIbHOCTH.

Jnst TpeHaxkepoB B LIETIOM MOKHO BBIJCJIHTD
CJIeTyIOIIHNE HEeAOCTaTKU:

e OTCYTCTBUE aJaNTUBHOCTH (CLICHAPUU HE
MEHSIOTCS B 3aBHCHUMOCTH OT YCHEIIHOTO WU
HEYIa4yHOTO TMPOXOXKJICHUS YIpaKHEHUsT 00y4a-
€MBIM);

o 1abJOHHOCTH (Ha 6a3e OJHOTO yMpa)KHe-
HUS CO3J]AI0TCSI MHOXKECTBA C HE3HAUUTEIHHBIMU
OTJINYUSAMH);

e PYYHOE COCTaBJIEHUE YINpaXKHEHUU (MH-
CTPYKTOpP BBIHYKJIEH CaMOCTOSTEIbHO 3a]y-
MBIBaThCsl HaJ 3ajjauaMiy, KOH(DIUKTaMU U MOA-
OOpPOM CIIOKHOCTU KOHKPETHOTO YIIPAKHECHUS).

HecmoTpss Ha orpaHu4eHuss COBPEMEHHBIX
JIUCTIETYEPCKUX TPEHAXKEPOB, HMX HEJOCTATOY-
HYI0 THOKOCTb, MOXHO C YBEPEHHOCTHIO CKa-
3aTh, YTO BHEAPEHUE aIANTUBHBIX CIICHAPUEB HA
OCHOBE JIMHAMUYECKOM CI0XKHOCTU O0OOCHOBAHO
Y IPaKTUYECKH 3HAYUMO.

Civil Aviation High Technologies
I‘eHepaum[ ATalITUBHBIX CHHCHAPUEB

YToObI M3JI0KUTh METOJ CO3JaHHs aJanTHB-
HBIX CIIEHApUEB HAa OCHOBE JUHAMUYECKOU
CJIOKHOCTH, HEOOXOAUMO OOO3HAYUTL KITIOYe-
BbIC aCIEKTHI, HA OCHOBE KOTOPBIX OyJeT BbI-
CTpOCHA TpeIaraeMasi MeTOuKa.

Wrak, mi1s Hadajla HEOOXOOMMO BBECTH
onpeAesieHue TUHAMUYECKON CIOKHOCTH. Jlu-
HaMHYECKas CIOKHOCTb — DTO aBTOMaTHUYECKas
KOPPEKTUPOBKA IapaMEeTPOB YIPaXHEHUS Ha
OCHOBE YacTOThI OMIMOOK, BPEMEHH PEaKIUu U
TEKYILIETO YPOBHS CTpecca.

CTOHUT OTMETHTH, YTO aJAIITUBHBLIC TEXHO-
JIOTHH YK€ TPUMEHSIOTCS IS OOy4YeHHs CIie-
[IUATUCTOB B Apyrux obnactsax. Tak, ayis mumio-
TOB CYyHIECTBYIOT TpeHaxkepbl ALSIM ALXY,
rJe OPUMEHSIOTCS aJanTUBHBIE CHUCTEMBl. B
MEIUIUHE CYIIECTBYIOT VR-TpeHaxepsl s
XUPYProB TaKkKe€ C HMCIOJIb30BAHUEM aJalTHB-
HBIX TEXHOJIOTHH, B dacTHOCTH (Osso VR®. Tlo-
TOOHBIE aNTOPUTMBI MPUMEHSIOTCS B UTPOBBIX
o0yJammMx CHMYJSATOpax, Hampumep B
MFS2024°. Orcioga HampamwuBaeTcs BBIBOJI,
YTO QJIaNTUBHBIC TEXHOJIOTUH YCIICIIHO MPUMeE-
HSIOTCSA B JPYTHX 00NacTax, B NpodeccHsx,
MPEACTAaBUTEIN KOTOPBIX HapsIy C JIUCIIETYE-
poMm YBJI HecyT KOJIOCCaIbHYK) OTBETCTBEH-
HOCTh (TIUJIOTBI U XUPYPTU B TPUBEIACHHOM
MpPUMEPE), a TAKKE JOTKHBI OBITH XOPOIIIO MOJI-
TOTOBJICHBI, YTOOBI MPUHUMATHh TOYHBIE, OBICT-
pble ¥ TOAXOMSINUE pEIIeHUs B JI000H, maxe
camoil cTpeccoBoil cutyauuu. OgHaKo Tenepb
HEOOXOAMMO TaKyl TEXHOJIOTHIO MPUMEHUTH
JUJI MOATOTOBKH UMEHHO AucneTyepoB Y B/I.

* ALSIM. Flight training solutions [DneKTpoHHBIH
pecypc] // alsim. URL: https://www.alsim.com (nara
obpamenus: 18.10.2025).

> 0SSO VR [Dnekrponnsiii pecypc] // Ossovr. URL:

https://www.ossovr.com (mara ooparenust: 18.10.2025).

Microsoft Flight Simulator 2024. [ DnexTpoHHBbI#

pecypc] // flightsimulator. URL:

https://www flightsimulator.com (nara oOparueHus:

18.10.2025).
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Puc. 1. Apxutextypa TpeHaxkepa A nucrnerdepoB YBJI
Fig. 1. Architecture of a simulator for air traffic controllers

IlepeitneM HEMOCPEACTBEHHO K OIHUCAHUIO
IrOpyUTMa COCTABJICHMS aJalTHBHBIX CLIEHAPH-
CB C NMPUMCHCHUCM I[I/IHaMI/I‘IeCKOI\/'I CJIOZKHOCTH.
KonnenryanbHas Mozenb U apXUTEKTypa Tpe-
HaXepa C TaKOM CHUCTEMOM IIpeICTaBjcHA Ha
puc. 1.

Ha puc. 1 BeineneHbl UMEHHO T€ KOMITOHEH-
Thl TpeHaxkepa YBJI, koropsie mnpemiaraercs
YCOBEpPIICHCTBOBATh (FEHEPATOp CLEHAPUEB) H
BHEIIpUTH (MOAYJh OOpAaTHOW CBSI3M M TIOJICH-
cTeMa IUHAMMYECKOM ajanTallly) IO CpaBHe-
HUIO C CYIIECTBYIOUIUMH TPEHAXEPHBIMH CH-
CTEMaMH.

WUrtak, nng Havama HEOOXOJUMO IOHSTh,
KakK cuctema OyleT reHepupoBaTh JTO00H ciie-
Hapuil sl TpeHUpoBKH. s Havyana oHa Oy-
JIeT OpaTh peanbHbIE BO3IYLIHBIE Cyaa, KOTO-
pble TpoJieTeNId yepe3 TOT WIM HMHON CEeKTOD,
JUIsL KOTOPOTO CO3/aeTcsl ynpaXKHeHue, oo
Oylner TreHepupoBaTh CHUHTETUYECKHE IyTEM
KOMIIOHOBKHN JaHHBIX H3 68.31:1 JaHHBIX, KOTO-
pas OyJeT coAep)kaThb pa3iuyHble MO3bIBHbBIE
BO3AYLIHBIX CYAOB, pa3IWYHbIE MapLIPYTHI,
KOTOPBIE HCIOJIB3YIOTCS B CEKTOpE, SUIEIOHBI
MMOJICTa U THUIIBI BO3AYHIHBIX CYOB. B ncJIoM
MpOIeCC KOMIOHOBKHM HapaMeTpPOB BO3YIIHO-
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ro cyasa (my) MOXHO NIpPEACTaBUTb B BHUJE
cienyromieil GQyHKIUU:
. N

T(ld' ¢, T) - {mk}k=1’ (1)
rae id — uneHTU(HUKATOp BO3MYIIHOTO CYyIHA
(TO3BIBHOM, CKBOK), t — BpeMs IMOSBICHUS BO3-
OYIIHOTO CyAHA, T — TUI BO3AYIIHOTO CyJHA,
m;, — cMojelupoBaHHas orMeTrka ot BC B Mo-

MEHT BpPEMEHHM ¢, KOTOPYIO B CBOIO O4Yepe.lb
MO>KHO TPEACTaBUThH B BUJIE MATPHUIIBI

Xk
Yk
Zk |
Vi
Ok

2

{my} =

TA€ Xk, Yk, Z — KOOPIMHATHI MOSIBICHUS BO3-
OYIIHOTO CYyJHA, V), — TEeKyIllas CKOpPOCTh BO3-
JOYUIHOTO cyAHa (IMyTeBas B KUJIOMETpax B dac
JUISL TIEpEMEIICHHUS] OTMETKU Ha MHJIUKATOPEe BO3-
JQYUTHON O0OCTAHOBKH M MPUOOpHAs B y3JaX WIH
yucne Maxa s perynupoBanusa BC, nucneruep
BUIUT Ha HHIUKATOPE TOJBKO IIyTEBYIO CKO-
pocCTh), B; — KypcC BO3AYIIHOTO CyJHa, KOTOPBIN
Jlajiee KOppenupyeTcs ¢ MapLpyToM.
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KoHkpeTHOE BO31yIIHOE CYIHO TOCIE TeHe-
panmuy OTMETKH OYIET BBITJISICTH CIEIYIOUIHM
o0Opa3zom:

557522
0376156
37000
0,78
315

Frea(AFL1147,12: 14,A321) =

NI

572568
0392471
36000 -
0,76
075

Fsim(SDM001,12:00,5U95) =

OcHoBBIBasicb Ha 0a3e BO3AYIIHBIX CY/IOB,
6aze MapuIpyToB, 6a3e MOTOIHBIX YCIOBUM, Oa3e
0COOBIX CiTy4acB, cuUcTeMa (GOpMHUpPYET CICHa-
puii (€;). JlaHHBII TIPOIIECC MOYKHO OIHUCATh ClIe-
nytomen GyHKIue:

€ = (Ci, A, Wi, Fi, Th), 3)
rne C; — cinoxHocts cueHapus (C; € [1,10]),
A; — KOIMYECTBO BO3IYIIHBIX CYyJ0B B yIpa)KHe-
Hun (4; € [10,40]), W; — napameTrp HOroaHbIX
ycioBuH, F; — mapaMeTp HEWITaTHBIX CUTYaIlui,
T; MPOJODKUTEILHOCTE  YIIPAKHCHUS
(T; € [25,60])).

[Tapametrp C; moapa3symMeBaeT KOJIUYECTBO
KOH(JIMKTOB, KOTOPOE MPEJIOKHUT PEIINTh CH-
cTeMa JucCHeTdepy, NpudeM Moja 4uciamMu oT 1
mo 10 Oymer 3ammdpoBaHO KOJIUYECTBO KOH-
(IUKTOB B Ka4eCTBE HEYETKOTO MHOXKECTBA [5],
rae 1 — «o4eHpb nerkoy, 4—6 KoHPIUKTOB, a 10 —
«HEBO3MOXKHOY, 22—25 KOH(IUKTOB.

[Tapametrp A; MOXET BapbUpPOBATHCS, HO HE
MOKET OBITh MEHbBIIE WM OOJNbIIE ONMpenecH-
HOTO 3HAYEHUS B 3aBHCHMOCTH OT BBIOpaHHOU
CJIIOHOCTHU CILIEHapHsi, Hampumep, mpu BeIOOpe
YPOBHS CIOKHOCTU «10» KOJIWYECTBO BO3AYyII-
HBIX CYJIOB HE MOXKET OBITh MEHBIIIE 35.

[Tapametrp W; OunapHbIN, 3TO 3HAYHT, YTO
METEOPOJIOTUYECKUE YCIOBUS BIMSIIOT WU HE
BIUSIOT HA MOJICTHI, OJTHAKO €CIU BIIASIOT, TO
UMeeTCsl BO3MOXKHOCTh HMHCTPYKTOPY BBIOpaTh
KOHKPETHOE METEOPOJIOTHUECKOEe YCIIOBHE, Ha-
npuMep TypOyJIEHTHOCTb, TPO30BYIO JIEATENb-
HOCTh W MPOYHE, MPUIEM OJHH JHUCIICTIECD B TE-
yeHre oOydeHus o0s3aH 0TpaboTaTh BCE METEO-
ponornueckue ycnoBusa. Cucrema OyAeT Moj-
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CKa3blBaTh, OCHOBBIBASICh HA MPEIBITYIINX TpeE-
Ha)KEPHBIX CECCHUAX, KaKU€ METEOPOJIOrHUECKHe
YCIIOBHS 3TOT JTUCHETYEp €llle He OTpadaThIBall.

[TapameTp F; aHanoruyeH npeabiaynieMy mna-
paMeTpy U Takxke SBIsSeTcs OMHApHBIM. ITO
3HAYUT, YTO OCOOBIN ciyyail TUOO MPHUCYTCTBY-
€T, MO0 OTCYTCTBYET B YNPaXKHEHUH, OJHAKO
€CJIM IPUCYTCTBYET, TO HMEETCS BO3MOXKHOCTH
UHCTPYKTOPY BBIOpPAaTh KOHKPETHBIM OCOOBIN
Clly4ail, HampuMep OTKa3 JBHUraTelss, MoTeps
cratyca RVSM u nonoOHble, mpudyem OuH JHC-
neTyep B TeueHUe o0ydeHHs 00s3aH 0TpadboTaTh
Bce ocoOble ciydan. Cuctema OyIeT MmoJicKasbl-
BaTh, OCHOBBIBASICh Ha MPEIbIAYIIMX TPEHaXeEp-
HBIX CECCHAX, Kakhe 0coOble Cilyyau 3TOT JUC-
neTyep elle He 0TpabdaThIBall.

[Tapametp T; 3aBUCHUT OT HEOOXOIUMOCTH
JAHHOT'O YIpPa)KHEHUS: TaK, ONTHUMaJIbHas M-
TEIBHOCTh TPEHUPOBOYHOTO yIpakHeHus ot 30
10 45 MUH B 3aBHUCHMOCTH OT 33/1a4H, MOCKOJIb-
Ky NpY KOHLEHTPALUN HA CJIOXKHOM 3a7a4e BHU-
MaHue mnagaer depe3 45 muH. [lanHOE umciO
noxTeepxaaer Hopma CanlluH', mostomy
npejyiaraeMasi JJUTEeNbHOCTh U SIBJISIETCSI ONTH-
ManbHOU. Ecam ynpakHeHue nenaercs Ha Ipo-
BEPKY COIJIaCHO POCCHUICKOMY 3aKOHOJATENb-
CTBY®, TO OHO JOMKHO JUTHTHCSL 2 4, OHAKO
npeiaraeTcsl cAeyaTh yIpaXxHEeHUs] Ha TpoBep-
Ky NPOJOJIKUTEIBHOCTBIO 1 4, IMOCKOJIBKY KOH-
LEHTpalusi BHUMaHUS MaJaeT U WHTEHCUBHOE
BBITIOJIHEHHE 3a/1aHus mocie 1 4 cioxHoi pado-
Thl JlaeTcsl AMCIIeTYepy C TpynoMm. B pabore

7 [TocTanoBnenue I'1aBHOrO rocy1apCTBEHHOI'O CaHUTAp-
Horo Bpaua P® Ne 2 or 28 sBaps 2021 r. O0 yTBep-
XJIEHUH CaHUTapHbIX npaBui U HopM CanlluH
1.2.3685-21 «I'urnennyeckre HOPMATHBEI U TPeOOBa-
HUS K o0ecIieueHuto 0e30macHoCTy | (Win) Oe3BpeIHO-
CTH Il YeJIoBeKa (DaKTOPOB Cpezbl 0OMTaHMsD» [ DJIeK-
TpouHbIH pecypc] // TAPAHT. URL:
https://base.garant.ru/400274954/ (nata oOpameHus:
18.10.2025).

[Tpuka3 Muntpanca P® Ne 93 ot 14 anpens 2010 1.
«O06 ytBepxaennu [Topsaka GyHKIIMOHUPOBAHUS HE-
MIPEPBIBHOM CUCTEMBI TTPO(DheCcCHOHANBHOM MOATOTOBKH,
BKJIIOYas BOIIPOCHI OCBHIETEILCTBOBAHUS, CTAXKHPOBKH,
MOpsIZIKa JIOMYCKa K padoTe, MepHOIUYHOCTH IOBbIILIE-
HUSI KBATH(UKALNY PYKOBOJSIIETO U TUCTIETYEPCKOTO
nepcoHana» [dnexTponHsli pecypc] / TAPAHT. URL:
https://base.garant.ru/199197/ (nata obpamenus:
18.10.2025).



HayyHbiin BectHuk MITY TA

Tom 29, Ne 02, 2026

Civil Aviation High Technologies

Vol. 29, No. 02, 2026

DAKTOPBI IToroausie Otka3ssl
HArPY3KH < ~
\\ ’/
hY
Komnnuecrso BC . ,' OcoOsble ciryyan
= \\ < ‘ -
s S e i
—» I'enepauus
v
C0Oop HCXOAHBIX
Koppekruposka p,ZLaHHin
A T
I
! TPEHHPOBKA
1 Y
OGparHas cBA3b Onenka
3
Ja
¢ Her
Oo0patHas cBs3b

Puc. 2. brok-cxema ajanraiuuu ClieHapueB
Fig. 2. Flowchart of scenario adaptation

JICIieTyepa, 1a U B J1000# paboTe, OT KOTOpO
3aBUCAT YEJIOBEUECKHE >KU3HU, BAXKHBI BHHUMAa-
HUE U KOHLIEHTpaus [6, 7].

Ha ocHoBaHuu msTH mapaMeTpoB M3 BCETO
MHOKECTBAa pa3IMYHBIX CIIEHApUEB CHCTEMa
dbopMUpyeT TUCKPETHOE MPOCTPAHCTBO TEX, KO-
TOpBIe OYIyT UCIIONIB30BaThCs. bombImoii quamna-
30H 3HAYCHUN 00eCIeYrBAET OTPOMHOE KOJINYe-
CTBO Bapuaiuii [8], B CBA3U C 3TUM BEPOSATHOCTD
MOBTOPEHUSI CLIEHApUs ISl OAHOTO U TOTO K€
JTUCTIeTYepa UCKITI0YEeHa.

Hrak, cueHapuil cO3aH, OH yXe€ SIBJISETCA
a/JIalITUBHBIM, OJHAKO Ojarojaps MOIYIIO KOM-
METEHUUNA CUCTEMA CMOXKET MOBBICUTh €T0 ajiar-
TUBHOCTb ITyTEM OIpEeIeNICHHS CI0KHOCTH yTIpasK-
HEHUSI ¥ KOJIMYECTBA BO3IYIIHBIX CYJIOB UCXOJA
U3 OIICHKU KOHKPETHOTO JKCIeTyepa.

JInnamuyeckasi CJIO)KHOCTh

KauecTBennast pabora mpearaeMoro anro-
pUTMa 3aKJIIOYaeTCs B LUKIMYHOM IIPOIECCE.
HenpepbIBHBII MOHUTOPUHI IapaMETPOB  JHC-
IeTyepa, KOJIMYECTBEHHAs OLIEHKA NPUHATUA pe-
LICHUH AMCIIETYEPOM — JBA ITUX MapaMeTpa Mo3-
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BOJIIT IIPOM3BOJUTH aJaNTALIMIO CLIEHAPHEB C IO-
BTOPHOM TPEHUPOBKOM. BO3MOXKHO MpenCcTaBUTH
JTAHHBIMA AITOPUTM B HECKOJIBKMX BapUaHTAX.

Wrak, mepBoe mpeacraBieHue OyneT aHau-
TH4Yeckoe. B Bume (QyHKIMHM JaHHBINA aJrOPUTM
UMeeT CIEAYIOIINN BUA:

€iy1 = fei(AiJ Pi) VVl): (4)
TIe €;,1 — QNANTHBHBIA CcueHapui, fe, (X) —
(GYHKIMS —amanTaldud  TEKYIIEro  CIeHapus,

A; — TOYHOCTb KOMAaHJl B TEKyULIEM CIICHapHH,
P; — pusnonornyeckue mapaMeTpbl AMCIETYEpPA
B TEUEHHE TPEHUPOBKHU HA TEKYLIEM CLIEHApHH,
W; — Harpy3ka Ha qucrneTruepa B TEKYIEM Clie-
HapUU.

Takxxke BO3MOXKHO M BTOPOE IpPEJCTaBICHUE
anroputMa B Buae Onok-cxemsl [9, 10]. Ona
n300pakeHa Ha puc. 2.

Jlis KauecTBEHHOW aJanTallud yHpPaKHEHHUS
Ha TpEHa)Kepe IO0J KOHKPETHOro AMCIIeTdepa
CHUCTeMa JIOJDKHA OIICHMBATh HECKOJBKO Mapa-
METPOB.

1. TouHOoCTh HpHUHHUMaeMbIX pemeHui (4)
[11, 12] — cnocoOHOCTh AMCIETYEpa BHIIABATH
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Taoauna 1
Table 1

Kpurepuu olleHKH TOYHOCTH IPUHUMACMBbIX PEIICHHI
Decision-making accuracy assessment criteria

TounocThb, % Onenka AanITHBHOE JIeliCTBHE

> 85 OTnu4yHO VBEeIUINUTE CIIOKHOCTH
70-85 Hopma be3 n3menenuit

<70 HeynosnerBoputensHo VMEHBIIUTD CIIOKHOCTD

Taoauua 2
Table 2

Kputepuu OlleHKH BPEMEHH PEaAKIIUH
Reaction time assessment criteria

Bpemsi peakuun Ouenka AJanTuBHOE JelicTBUE
< RTyopu OTau4Ho VBeIU4IUTH CIOKHOCTD

10 1,5 - RT,pu Hopma be3 uzmenennii
> 1,5 RTopu HeynoBieTBOpUTEIBHO YMEHBIIUTE CI0KHOCTh

KOPPEKTHBIE KOMaHbl B Pa3JIMYHBIX CUTyalUsX.
JIaHHBIN MapaMeTp pacCYUTBIBACTCS IO CIIENy-
rotei popmyiie:

n

A= —.100 %,

n

)
rac nnp — KOJMYCCTBO IIPAaBHUJIbHO IPUHATBIX
perieHui, n — o0I1ee KOJIMYECTBO PEIICHUA.

RTyopm

rae N — KOJMYeCTBO BO3AYLIHBIX CYJIOB B Clie-
Hapuu, W — KoIn4ecTBO MOTOAHBIX YCIOBUW B
cueHapuu, SF — KOJIMYeCcTBO OTKAa30B CUCTEMBI B
cueHapuu, EM — Koim4uecTBO 0COOBIX CITydacB B
CLIEHApHH.

Kpurepuu onieHky mpuBeeHbI B Ta0. 2.

3. Yacrota omunbok (ER) — KOJIMYECTBO CO-
BEpIIaeMbIX AMCIETYEPOM OIIUOOK 3a ompee-
JICHHBI IIPOMEKYTOK BpeMEHHM. J[aHHBIN Iapa-
METp pacCcuuThIBAeTCA IO cleayroei popmyie:

TJ (7)

IZI€ Moy — KOJUYECTBO JOMYLICHHBIX Hapylle-
HUI HOPM DIIEJIOHUPOBAHUS;

5-(1401-N)-(14+02-W)+(1+0,2-SF)+ (1+0,2-EM),
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Kpurepuu onenku npuseieHs! B TaoI. 1.

2. Bpewmst peakumu (RTyqpy) [13, 14] — Bpems
OT MOMEHTa BO3HHUKHOBEHHUS CUTYallMH JO MO-
MEHTa NpPUHATHS JucrerdyepoM pemeHus. Ha
Kbl CLUEHAPUI IPELYCMOTPEHO CBOE HOP-
MaJbHOE BPEMS PEaKLHUU B 3aBUCUMOCTH OT €ro
cinoxHOCTU. OHO PAacCUMTHIBAETCS MO CIEAYIO-
et popmysie:

(6)

T — 1poAOMKUTEIHHOCTh YIIPAKHEHHUS.

LleneBoii mokaszaTeib AJisg J000ro JUCIeTYe-
pa — ato pabora 6e3 ommbok. Kpurepun oreHku
JAHHOTO TlapaMeTpa MpUBECHBI B Ta0I. 3.

4. ®wmunonorngeckue nokazaremu (HRV) [15]—
BapnabeIbHOCTh CEPIEYHOr0 PHUTMA, KOTOpas
OoTpakaeT ypoBEHb cTpecca aucrneryepa. Bapua-
OENbHOCTh CEePICYHOT0 PUTMA — ITO TOKA3aTellb
KoJIeOaHMil MeXJy cokpameHusMu. Kpurepuun
OIICHKU JIaHHOTO IMapamMeTpa Npe/ICTaBICHb B
Tab. 4.

[IpencraBnennsie B Tabn. 1-4 amanTuBHBIC
JIEUCTBUSA CHUCTEMbl MMEIOT CTPOTHM aJrOPUTM.
To ecTh B cilydyae yBEJIUYEHHUS CIIOXHOCTU CH-
cTema OyJeT MpeanpUHUMATh OJHO U3 CIEAYIo-
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Taoanua 3
Table 3

KpuTeprn oleHKH 4acTOThI OIIHOOK
Error rate assessment criteria

YacToTa omIndoK Ouenka AnanTuBHOE AeicTBHE
Ol GOK
—— OTaraHO YBETUYUTH CII0KHOCTh
yac
OlLIIMOKa .
_— Y 10BNE€TBOPUTEIHLHO be3 usmenenuit
4ac
OIIUOKU
S HeynosnerBopurenpHO YMEHBIIUTH CII0KHOCTD
4yac
Tadoauna 4
Table 4
Kputepun ornieHKH PU3NOIOTUYECKUX MTOKa3aTeneit
Physiological parameters assessment criteria
HRYV, mc Ouenka AnanTuBHoOeE JeiicTBHE
60-100 OT1innyHO VYBEIUYUTH CIOKHOCTD
30-59 Hopma be3 usmenenuit
<30 HeynosnerBopurensHo VYMEHBIIUTD CI0KHOCTh
IMX JCHUCTBUM: YBEIWYEHHUE KOJIIMYECTBA BO3- CIIOCOOHOH B peabHOM BPEMEHH aHAIH3UPO-

OYIIHBIX CyAOB JnuOO pno0aBieHne QaxTopa
Harpy3Kd, HampuMep TOTOJHBIC YCIIOBHS HIIH
0coObIil ciydail. B ciiydae ke yMeEHBIICHHUS
CIIO)KHOCTH — OJIHO M3 CIICAYIOIIUX JICHCTBUIA:
OTpaHWYCHUE KOJIMYECTBA BO3MYIIHBIX CYJIOB,
KOTOpBIE COOMPAIOTCSl BOMTH B CEKTOp, YIPOIIe-
HHE TOTOJHBIX YCIOBHH MO0 CO3laHHE pelak-
CallMOHHOW Tay3bl, TO €CThb (OPMHUPOBAHUE
JANbHEWIEro MOTOKa TaKUM 00pa3oM, YTOOBI
y aucrierdyepa Obula BO3MOXKHOCTH OT/IOXHYTh
(axTuBHBIA OTABIX [16]) B mpouecce ympax-
HEHUSI.

3akJoueHue

[IpoBeeHHOE WCCIIEOBAHKUE ITOATBEPIUIIO
BBICOKYIO 3((PEKTUBHOCTH pa3pabOTaHHOTO aJ-
TOPUTMA QJIANTUBHBIX CIICHAPUEB C JHHAMUYC-
CKOM CJIOXKHOCTBIO JIISl TPEHAKEPHOU MOATOTOB-
ku aucrnerdyepoB. OCHOBHBIM JOCTHXKCHHEM pa-
OOTBI CTaJO CO3JaHHE KOMIUIEKCHOW CHCTEMBI,
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BaTh TEKYIIUH YPOBEHb MOJATOTOBKHU CIEIHAJIH-
CTa, €ro NCUXO(pHU3UOJIOIMUECKOE COCTOSHUE U
Ha 3TOM OCHOBE T'€HEPUPOBATh NEPCOHAIU3UPO-
BaHHbIE TPEHHUPOBOYHBIE 3aJaHUsA. BaxHenmum
IPEUMYIIIECTBOM CHUCTEMBI SBIISIETCS €€ CIOC00-
HOCTb AaBTOMAaTHYECKH MOAJEPKUBATH ONTH-
MaJbHbI ypOBEHb KOTHUTUBHOW HArpy3KH, 4TO
0COOEHHO IIEHHO B YCJIOBUSIX MHTEHCHBHOH pa-
00Thl aBuagucrneTyepoB. JluHamuueckas anamn-
Talys CJI0XHOCTH YIPaKHEHUN NPEeJOTBpaliacT
KaK Ieperpys3Ky, TaKk U HEJOCTATOYHYK Harpys-
Ky, o0ecreunBasl IJIABHOE M MOCIJIE0BATEIbHOE
pasBuTHE TPO(HECCHOHATLHBIX HABBIKOB. [ OKwMiA
QITOPUTM KOMOMHHPOBAHHUS CLIEHApUs MO3BOJIS-
€T CO3/1aBaTh NPAKTHYECKU HEOIPAHUUYEHHOE KO-
JMYECTBO BapUAHTOB YIPAKHEHUH, YTO HMCKIIO-
qaeT 3(QQeKT «3aydnBaHUS» W TOHJEPKUBACT
BBICOKUI YPOBEHb BOBJICUCHHOCTH O0YyYaroIINX-
cs. IIpu aToM cucTema COXpaHsIeT BO3MOKHOCTh
PYYHOH KOPPEKTHPOBKH CO CTOPOHBI MHCTPYK-
TOpa, codeTass TaKMM OO0pa3oM IMpPEUMYILECTBa
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aBTOMAaTH3allud M MpOo(ecCHOHAIBHOTO KOH-
Tpoisia. llomydeHHBIE pe3yJIbTaTbl OTKPBIBAIOT
HOBBIE MEPCHEKTUBBI ISl COBEPIICHCTBOBAHUSA
CHUCTEMBI IIOATOTOBKHM JqucneTdepoB. BHeapenue
MPEJIOKEHHBIX PEIICHUH B Y4YeOHBIE LIEHTPHI
ITO3BOJIUT HE TOJBKO MOBBICUTH Ka4€CTBO MOJATO-
TOBKHM CHEIHAINCTOB, HO M ONTUMHU3UPOBATH
pecypchl, BBIICIsIeMbIe Ha oOy4eHue. JlanpHei-
1iee pa3BUTUE MPOEKTA MPEANOoIaraeT pacumpe-
HUE (QYHKIMOHAJIBHOCTU 3a CYET HHTErpaluu
TEXHOJIOTHUM BUPTYAIBHOW W JIOTIOJIHEHHOU pe-
aJIBHOCTH, YTO CJEJIaeT TPEHUPOBKHU elle Ooiee
pEATUCTUYHBIMU 1 3()()EKTUBHBIMHU.

Cnucok ureparypbl

1. EscrurneeB JI.A. ABuainyoHHas IICH-
xonorusi: ydeOHuk. B 2 1. VYibsHOBCK:
YBAY T'A (M), 2012. 280 c.

2. KacsunoB C.I'. Cucrema Beirorckoro.
KH. 1: OGyuenue u pazButue AeTel U MOAPOCT-
KoB. XapbkoB: Paiinep, 2013. 460 c.

3. Sweller J. Cognitive load theory // Psy-
chology of learning and motivation. 2011.
Vol. 55. Pp. 37-76. DOI: 10.1016/B978-0-12-
387691-1.X0001-4

4. CocunoBueBa E.B. Mo3r B mnopsake:
Kak yiy4nmTe namMsTh, COpaBUTHCS C EpErpys-
KOHM U BEpHYTb sICHOCTHh YyMa. M.: AnpnunHa [1a6-
uuiep, 2025. 325 c.

5. Jlucnmubina JI.C. OcHOBBI Teopuu He-
yeTkux MHoxecTB. CII6.: Yausepcurer UTMO,
2020. 74 c.

6. Hari J. Stolen focus: Why you can't pay
attention and how to think deeply again.
New York: Crown, 2025. 368 p.

7. T'unnenpeiitep 10.b., Pomanos B.f.
IIcuxonorusa Baumanms. M.: UePo, 2001. 309 c.

8. Jlanpo C.K. KomOunaTopuka u teopus
rpagos. M.: MITHMO, 2005. 358 c.

9. Bupr H. AnroputMsl U CTPYKTYpHI
nanubix / Ilep. ¢ anrm. @®.B. TkadeBa. M.:
JAMK Ilpecc, 2010. 272 c.

10. Cemakun W.I'., IllectakoB A.Il. Oc-
HOBBI AJNTOPUTMM3AIMK M IPOrpaMMHUPOBAHUS.
[Tpaktukym: yueO. mocobue. M.: Akagemus,
2013. 144 c.

59

Civil Aviation High Technologies

11. Jlectep /. OcraHOoBHCH M IOAYMAaM:
Wnen u crpareruu, mnomorarouiye MNPUHUMATh
BEpHbIC pelleHus: mep. ¢ aHria. M.: AnbnuHa
[Ma6mumep, 2025. 272 c.

12. Teopus npunsarus pewenunid: B 2 1. T. 1.
y4eOHHMK W TIpakTHKyM misi By3oB / Ilom pen.
B.I'. Xanuna. M.: IOpaiit, 2025. 250 c.

13. Gazzaniga M.S. The cognitive neuro-
sciences. 4th ed. England: Bradford Press, 2009.
1377 p.

14. Yynpuxosa H.U. Bpems peakuunii ue-
noBeka: DU3NONOrMYECKUEe MEXaHU3MBbI, Bep-
0aJIbHO-CMBICIIOBAsl PEryJisALus, CBSI3b C UHTEN-
JIEKTOM M CBOMCTBAaMHU HEPBHOM CHCTEMBI: MOHO-
rpadus. M.: Msparensckuit mom SCK, 2019.
432 c.

15. Maaax O.H., Kpecrbsauunoa T.1O.,
IntkeBuu FO.J. BapuabenbHOCTh CepaeuHOrO
pUTMa B OLICHKE (DYHKIIMOHAIBHOIO COCTOSHHSI
opraHu3Ma  4YejoBeka:  MoHorpagus.  M.:
KnoPyc, 2019. 118 c.

16. Cangxaii I'. YcroiumBblii MO3I: Kak
COXPaHUTh MO3I NMPOJYKTUBHBIM B JIFOOOM BO3-
pacte / Ilep. ¢ anrn. M. Yopuoro. M.: Dxcmo,
2024. 400 c.

References

1. Yevstigneev, D.A. (2012). Aviation
psychology: Textbook. In 2 volumes. Ulya-
novsk: UVAU GA (I), 280 p. (in Russian)

2. Kasvinov, S.G. (2013). The Vygotsky
system. Book 1: Learning and development of
children and adolescents. Kharkiv: Raider,
460 p. (in Russian)

3. Sweller, J. (2011). Cognitive load theo-
ry. Psychology of learning and motivation,
vol. 55, pp. 37-76. DOI: 10.1016/B978-0-12-
387691-1.X0001-4

4. Sosnovtseva, E.V. (2025). Brain in or-
der: How to improve memory, cope with over-
load and restore mental clarity. Moscow: Alpina
Publisher, 325 p. (in Russian)

5. Lisitsyna, L.S. (2020). Fundamentals of
fuzzy set theory. St. Petersburg: Universitet
ITMO, 74 p. (in Russian)



HayyHbiin BectHuk MITY TA

Tom 29, Ne 02, 2026

Civil Aviation High Technologies

6. Hari, J. (2025). Stolen focus: Why you
can't pay attention and how to think deeply
again. New York: Crown, 368 p.

7. Gippenreiter, Yu.B., Romanov, V.Ya.
(2001). Psychology of attention. Moscow:
CheRo, 309 p. (in Russian)

8. Lando, S.K. (2025). Combinatorics and
graph theory. Moscow: MTsNMO, 358 p.
(in Russian)

9. Wirth N. Algorithms and Data struc-
tures. New Jersey: Prentice-hall, 2009. 212 p.

10. Semakin, I.G., Shestakov, A.P. (2013).
Fundamentals of algorithmization and program-
ming: Practicum: Textbook. Moscow: Izdatel-
skiy thentr “Academia”, 144 p. (in Russian)

11. Lester, J. (2024). Pause to think. Using
mental models to learn and decide. Columbia
Business School Publishing, 232 p.

12. Khalin, V.G. (Ed.). (2025). Decision
theory in 2 Volumes. Vol. 1: Textbook and

Vol. 29, No. 02, 2026

workshop for universities. Moscow: Yurayt,
250 p. (in Russian)

13. Gazzaniga, M.S. (2009). The cognitive
neurosciences. 4th ed. England, Bradford Press,
1377 p.

14. Chuprikova, N.I. (2019). Human reac-
tion time: Physiological mechanisms, verbal-
semantic regulation, connection with intelligence
and nervous system properties: Monograph.
Moscow: Izdatelskiy dom YaSK, 2019. 432 p.
(in Russian)

15. Malakh, O.N., Krestyaninova, T.Yu.,
Pitkevich, Yu.E. (2019). Heart rate variability in
assessing the functional state of the human body:
Monograph. Moscow: Kompaniya KnoRus,
118 p. (in Russian)

16. Gupta, S. (2022). Keep sharp: Build
a better brain at any age. New York, Simon &
Schuster, Inc., 336 p.

Cgenenusi 00 aBTope

Kpusorysos UBan Anekcanaposuy, nucrerduep OHYB/I P/IL1, Pernonanshusiii nentp EC OpB/]

(Cankt-IletepOypr), krivoguzov78@yandex.ru.

Information about the author

Ivan A. Krivoguzov, Air Traffic Controller, Regional Control Center of The United Air Traffic
Management System (Saint-Petersburg), krivoguzov78@yandex.ru.

[Toctynuia B pegaxiuio 29.04.2025
Ono006peHa mocie pereH3upOBaHMsI 06.11.2025
IIpunsTa B nevyars 26.03.2026

60

Received 29.04.2025
Approved after reviewing 06.11.2025
Accepted for publication 26.03.2026



Tom 29, Ne 02, 2026 HayuyHblit BectHuk MITY TA
Vol. 29, No. 02, 2026 Civil Aviation High Technologies

YIK 629.7.036.34
DOI: 10.26467/2079-0619-2026-29-2-61-75

MojaeJupoBaHue U OIIEHKA BJUSHUA YCTPAHEHHUS MOBPEXKIAEHU I
pado4YuX JJONMATOK KOMIIPECCOPOB TYPOOPEaAKTUBHBIX IBYXKOHTYPHBIX
ABUraTrejel Ha uxX padoToCnOCOOHOCTD

E.P. JTio6ymxun', B.A. Unukos'

1 . . . .
Mockosckuii 20cyoapcmeentblil meXHU4eCKULl YHU8epCcumem epajicOaHcKoll asuayull,
2. Mockea, Poccus

AnHoTrammsi: Ha mnpoTsDKEHMM >KM3HEHHOIO IMKJIAa aBHALMOHHBIA JBUTATeNlb IOABEPXKEH BO3JACHCTBHIO PA3IUYHBIX
MOBPEXKIAIONIMX (DAKTOPOB, Cpelr KOTOPBIX JOMUHHPYIOT SKCIUTyaTallMoHHbIE. [Ipn 3TOM 3HauMTenbHAs [0 MOBPEXKICHUH
MPUXOIUTCST HA MOIYJb BEHTHIATOpa coBpeMeHHbIX TPJIJI: BMSTHHBI, TpeIMHBI, a TakoKe 3a00MHBI Ha pabouMX JIOTATKaXx,
OTrHObI NepU(EPHUITHBIX YJaCTKOB pabOYMX JIOMATOK W JPYTHE, YCTPaHEHHE KOTOPHIX B COOTBETCTBHHM C IKCIUTYaTallMOHHOM
JOKyMEHTAllell MpeAronaraeT B Ipeiesax JIOIyCKOB (PU3MYECKOe YIaleHHe MaTepraia pabOvuX JIONATOK, HEHOCPEACTBEHHO
YUYaCTBYIOLIETO B BOCIIPUATHH HArpy30K, JEHCTBYIOIINX HA MEPO B MPOLECCE IKCILTyaTalMH. YKa3aHHBIM BbIIIE MEXaHUIECKUM
MOBPEXACHUSIM MOBEPKEHBI, XOTh M B MEHBILEH CTENEHH, pabovne JIONaTKH MOANOPHBIX CTYIIEHEH M KOMIIPECCopa BBICOKOTO
nmaeieHust (KBJI). Bce Oombliiee pacrmpocTpaHeHHE MONYYArOT IIMPOKOXOPAHBIC padoyme JIONaTKu BeHTWIATOPOB. OlieHKa
PaboTOCIIOCOOHOCTH paboUHX JIONATOK Oa3UpyeTcs Ha MPOYHOCTHOM KpUTEpHH. B cTaThe n3lokeHb! He TIPE/ICTaBICHHbIE PaHee B
UCCIICZIOBHUSIX TI0 OLIEHKE PabOTOCHOCOOHOCTH PabOuMX JIONMATOK KOMIIPECCOPOB HMPHMHLIMIIBI M PE3YJIbTaThl KOMIUIEKCHOTO
WCCIIEZIOBAHUST BIMSHMSL YCTpaHEHHs! IOBPEXACHHH pabOduMX JIOMAaTOK KOMIIPECCOPOB TPEX XapaKTEepHBIX pa3MepoB
(KTaccYecKux BEHTHIITOPHBIX, IIMPOKOXOPIHBIX BEHTUIISITOPHBIX, MTOATIOPHBIX U riepBoii cryrenert KB/I) Ha pacnpenenenue B
HMX HanpspkeHWd. [l pemeHuns moctaBieHHON 3aiadu pa3padoransl 3D-Moxeny paboumx JIOMaToOK MAcCOBBIX aBHAILIOHHBIX
meurateneii cemeiicrBa CFM56 B cpeme CAIIP «Kommac 3D» ¢ ucmonb3oBanmeM mpodHocTHOro momymsi APM FEM.
KoppeKkTHOCTh NPHHIMIIOB, TAPaMETPOB MOCTPOCHHS MOJEIIEH JIONATOK M X aJeKBAaTHOCTH MOITBEPKICHBI PACUETHOH OLEHKOH
COOCTBEHHBIX YaCTOT KoneOaHwmii pabouell Jnomatku kommpeccopa B cpeme CAIIP um SKCriepMMEHTANBHOW OIEHKOH C
WCIIONb30BAaHHEM PE30HAHCHOIO METoZa. B mpakTideckoM IlaHe MaTepHaibl CTaThbU MO3BOJLAIOT MONYYUTh IPEACTABICHHE O
CTETICHH BIIMSHUS Ha pab0TOCTIOCOOHOCTD YCTPaHEHNH MOBPEXACHUN B PA3IMIHBIX 30HAX Mepa pabodnX JIONAaTOK KOMIIPECCOPOB
TPEX XapaKTEePHBIX Pa3MEPOB U MEPCIIEKTUBHBIX MIMPOKOXOPAHBIX JIONATOK BEHTHIIITOPA B MPOLIECCE IKCILTyaTalUH.

KunroueBble cj10Ba: aBUallMOHHBIN ra30TYpOMHHBII JIBUTATE b, BEHTHIISITOP, OyCTep, KOMIIPECCOP BBICOKOTO JaBlieHHs, paboyast
JIonaTKa, SKCIUTyaTallMOHHBIE MOBPEXICHUS, 3a00MHA, 3aUKCTKa, MPOYHOCTh, HAIPSHKEHHO-NE(OPMUPOBAHHOE COCTOSHUE,
PpaboTOCIIOCOOHOCTh, CHUCTEMa ABTOMATHU3MPOBAHHOTO IIPOCKTHPOBAHMS, TypOOPEaKTHBHBIA JIBYXKOHTYPHBIN JIBHTaTelIb,
3D-MozaenupoBaHue.

Jnst nurupoBanus: JlroOymkua E.P., Unmakos b.A. MonempoBanue 1 OIeHKa BIMSIHHS YCTPaHEHHS TIOBPEXKICHUN pabovmx
JIOIIATOK KOMITPECCOPOB TypOOPEaKTHBHEIX IBYXKOHTYPHBIX ABUraTesiell Ha Mx padotocnocoOHocTh // Haywnsrit Bectank MI'TY
I'A.2026. T. 29, Ne 2. C. 61-75. DOI: 10.26467/2079-0619-2026-29-2-61-75

Modelling and analysis of defect rectification impact on turbofan engine
compressor blades’ operation capacity

E.R. Lyubushkin', B.A. Chichkov'

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

Abstract: Jet engines are subject to various damaging factors, among which operational ones are dominant throughout their life
cycles. At the same time, the dominant share of deteriorations specific to compressor components occurs in the fan module of
modern turbofan engines: bends, cracks as well as dents on fan blades and distortions of tip section. Repairing these defects,
according to operations and maintenance documentation, usually requires removal of material that primarily carries the applied
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loads. Rotor blades of booster stages and the high-pressure compressor (HPC) are also susceptible to the same types of mechanical
damage, albeit to a lesser extent. At the same time wide chord fan blades are becoming increasingly common. Evaluation of rotor-
blade operational capability is based on strength criteria. This article presents the principles and results of complex research — not
previously reported in works — on how defect rectification affects stress distribution in compressor rotor blades of three specific
sizes (“classic” fan blades, wide-chord fan blades, booster-stage and first-stage HPC blades). To solve the stated problem, 3D-
models of compressor rotor blades were developed using CAD software Kompas-3D integrated with the structural analysis module
APMFEM for mass-produced aviation engines of the CFM56 family. The validity and adequacy of the modeling principles and
blade parameters were verified by estimating the natural frequencies of compressor-blade vibrations in the CAD environment and
by experimental assessment using the resonance method. The paper makes it possible to understand the degree to which damage
rectification in various areas of compressor blades of three specific sizes and in perspective wide-chord fan blades impacts
operational capability in practical terms.

Keywords: gas-turbine engine, fan, booster, high pressure compressor, rotor blade, operational damage, dent, blending, strength,
stress-strain state, operation capability, automated design system, bypass turbofan engine, 3D-modelling.

For citation: Lyubushkin, E.R., Chichkov, B.A. (2026). Modelling and analysis of defect rectification impact on turbofan engine
compressor blades’ operation capacity. Civil Aviation High Technologies, vol. 29, no. 2, pp. 61-75. DOI: 10.26467/2079-0619-
2026-29-2-61-75

BBenenue K TMOSIBJICHUIO Pa3JIMYHOTO poja 3a00UH, BMSTHUH,
TpelmH. Tak, Mo CTaTUCTUKE, A0 MOBPEXKICHUN
BEHTWIATOpPA TpPU TMONAJAaHUHM MTHUI[ COCTABISET
17,7 % ot obmero uuciaa MOBPEKIACHUNA KOH-
CTPYKITUH BO3AYITHOTO cyaHa u 43,3 % ot ob1iero
ynciaa noBpexaeHuid ys3noB I'TJ[ (B wacTHO-
cty, [4]). Ha moBecTke AHA BCTaeT BOMPOC O
CTOJIKHOBEHHU JPOHOB C aBUAIIMOHHBIM J[BUTATE-
JIeM, 9TO COIJIaCHO HCCJCAOBAHHIO [5] HOCHUT HE
MEHee Pa3pyLIMTENbHBIA XapakTep A pabodmx
JIONATOK BEHTUJISITOPA, YEM B CITydae C MTUIAMHU.

[Ipu oOHapykeHHH TOBPEXKICHUS CIICIHATH-
CTaMU HMHXEHEPHO-TEXHUYECKOM CITyKOBI MPOM3-
BOJIUTCSI OIICHKA €0 PAcCIOJIOKEHUSI U XapakTep-
HBIX pPa3MepoB, MPUHHUMAETCS PELIEHUE O Mpo-
JIOJDKEHUU SKCIUTyaTallid, PEMOHTE WM 3aMEHE
y3na (AeTtanu), B 4aCTHOCTH paboOdveil JIOMATKH.
Hopmbl K0MYeCTBEHHOTO M KaueCTBEHHOTO Xa-
pakTepa Ha T€ WM UHbBIC MOBPEKICHUS yKa3bl-
BaloTcsl mpousBoauTesnieM AJl B pyKOBOICTBE
o TexHuueckon skcruryataruu (PTO) (Aircraft
Maintenance Manual).

TexHuyeckasi U JieTHasl SKCIUTyaTalys aBHa-
nuroHHoro asurarens (AJl) — Haubosee mpo1o-
JKUTENIbHBIE ATambl €ro XU3HEHHOTO IUKJA, Xa-
pPaKTEepHU3YIOIIUECsS MIUPOKUM CIEKTPOM IIOBpE-
KIAOMUX (HAKTOPOB, HEMOCPEICTBEHHO BIIHSI-
IOIIMX HAa €ro TeXHUYECKOE COCTOSHUE U HA/IEK-
HOCTh. TeHJIeHIIUN B MPOEKTUPOBAHUU TypOOpe-
aKTUBHBIX JIBYXKOHTYpHBIX asurareneit (TPIJI)
(MHTEHCUBHBIM pOCT CTENEHU JABYXKOHTYPHO-
ctu [1]), a Takke 0COOEHHOCTH KOHCTPYKTUBHO-
KOMIIOHOBOYHON CXE€MBbl COBPEMEHHBIX TIpaxk-
J@HCKUX aBHanaiiHepos'” (Ipeolajaromee co-
YeTaHHE HU3KOIUIaHa C CHJIOBBIMHU yCTAHOBKAMHU
Ha MWUJIOHAX MoA Kpwuto [2]) nmemaror pabouwne
JIOTIATKM ~ TEepPBBIX  CTyNEHEH  KoMIIpeccopa
Haubosee ySA3BUMBIMU TIPU TOMAJaHUU TIOCTO-
POHHHUX MPEIMETOB: OMBIT SKCIUTyaTallud TOKa-
3aJ, 9TO MOBPEKAAEMOCTh BEHTWJISATOPHBIX IIO-
natok I1C-90A cocraBnser nopsinka 60 % ot

00IIIEro YMcIa TIOBPEK/ICHHI y3/I0B, 6YCTEpPHBIX
onatok — MeHee 5 %, JONATOK MEpPBBLIX CTyIIe- Panee yie NPOBOAMINCE nccienioBatus [5-8]

Heit Kommpeccopa Bhicokoro aprenns (KBJ) — B obnactu usydyenus HJIC paGouux momarox
10 10 % [3]. BEHTHJISITOPA ¢ AeeKTaMH, OJJTHAKO aBTOPAMH HE

paccMaTpUBAINCh JIONATKM MHBIX KOH(Urypa-
LU, KOTOpBIE BCTPEYAKOTCA B KOMIIpeccopax
coBpeMenHbsix TP/IJI, uTto cyxano obmacte X
IPUMEHEHUs. AKTyaJIbHOCTh U Hay4Hasi HOBU3HA
JAHHOTO HCCJIEIOBAaHUs 3aKIIOYACTCsl B aHAIIU3E

CTONKHOBEHHE  TMOCTOPOHHUX  IPEIMETOB
(Tpsi3b, KyCKH Jbaa, (parMeHThl OCTOHHOTO IIO-
KPBITHSI, KPETISKHBIE TIEMEHTHI KOHCTPYKIUU AJl,
NTHIBI U T. T1.) C pa0OYNMH JIOTIATKAMH TTPUBOIMT

' Airbus A318/A319/A320/A321 Aircraft Maintenance 3aBUCHMOCTH PAClpe/IC/ICHNSI HANPSDKCHUN B
Manual (AMM), 2022. 21 p. nepe JIOMaTKu OT ee rabapuToB M YCIOBUU
* Boeing 737-600/700/800/900 Aircraft Maintenance HATPy KEHHS.

Manual (AMM), 2016. 1506 p.
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Puc. 1. [lommyckaeMbie 30HBI 3a9UCTKH paboUei TOMAaTKH BEHTHIIATOPA:
a— CFM56-5A; 6 —TIC-90A; ¢ — CFM56-7B
Fig. 1. CFM56-5A’s (a), PS-90A’s (6) and CFM56-7B (B) fan blade blend limits

AHaJIM3 HOPMHUPYEMBIX J0IYCKOB
U MeTOJ0B 3a4MCTKHU 3200UH
Ha padounX JIONMATKaX KOMIIpeccopa

JIOMMHUPYIOIIUM BUAOM NOBPEXKIEHUS Cpe-
U paHee YHOMSHYTBIX JUIsl POTOPHBIX JIONATOK
KoMIIpeccopa sBIS0TCs 3a00uHbI (56 % u 6onee
ot obmero konudectsa nospexacauii AJl [9]).
ITo sTOM mpHYMHE B 3KCIUIyaTallMOHHO-TEXHH-
YECKOM TOKyMEHTALUU BBIACISAIOTCS OTAEIbHBIC
pas3feibl, MOCBALICHHBIE HOPMAaM M TEXHOJIOIH-
YECKUM IMpoLEeaypaM [0 3aYUCTKE IOJ0OHBIX
MOBPEXKACHUI paboyeil JTOMaTKH.

Cnenyer oOTMETHTBH, 4YTO coriacHo PTO
6onbmmHcTBa TPIIJ] Ha mepe paboueit nonaTku
BEHTWISITOpPA BBIIESAIOT 30HBI, B KOTOPBIX HE
JIOIIYCKAeTCsl yCTPaHEHUE MOBPEXKACHUN, HAIIPH-
MeEp IS JIONATOK JABUTATENIEH THIIA CFM56-5A1,
IIC-90A* 1 CFM56-7B? (puc. 1).

HaunbGonpime orpaHudeHus HaKIJIaJbIBAIOTCS
Ha TPUKOPHEBBIE CEYECHHs BBHJY HX BBICOKOU
Harpy>keHHOCTH U 30HY aHTUBUOpPALIMOHHOMN
IIOJIKM, B KOTOPOM MMEET MECTO CKAa4yOK Hamps-
»eHuil. C yueToM BbIIIECKa3aHHOTO Oe30macHas
rinyOuHa 3a4UCTKH OOBIYHO CTYNEHYATO YBEIH-

3 TIC-90A. PykoBOACTBO IO TEXHUUYECKOH 3KCILTyaTallUu.
OAO «Aspodnor», 2004. 1374 c.
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YUBAETCS MPHU JIBXKEHUU OT KOPHEBOTO K KOH-
LIEBOMY CEUYEHHUIO JIOTATKH.

AHanmM3 OrpaHWYCHHA Ha 3a4YHCTKy 3a00WH
pabounx JOmaTok «OyCTEepHBIX» (TIOAMOPHBIX)
cryneneit CFM Leap 1A (puc. 2) u crymneHen
KB/ CFM56-7B (puc. 2) no3BoJiieT KOHCTaTH-
pOBaTh CXOXUIl MPUHLIMIT HA3HAYEHUS 30H U JI0-
MycTUMOU TIyOuHBI 3aurcTKH. OJTHAKO C YMEHb-
HICHUEM Pa3MEpOB CaMOW JIOMATKU (JJIMHBI TIe-
pa, B YaCTHOCTH) MPOCIIEKUBAETCS TOCTEIIEHHOE
YBEJIIMYECHUE TPUKOPHEBOM 30HBI OTPAHUYECHHIA.

Ha ceromusmuuii neHs HamOolee pacmpo-
CTpPaHEHHBIM MaTepuajioM, MPUMEHSIEMBIM IS
W3TOTOBJICHHUS PabOYMX JIOMATOK MEPBBIX CTYIIe-
HEl KOMITPECCOPOB M OYCTEPHBIX CTYIEHEH CO-
BpeMeHHbIX TPJIJ[ ¢ BBICOKOU CTENEHBIO ABYX-
KOHTYPHOCTH SIBJISIOTCS TUTAHOBBIE CILIaBbl [10]
B CWIy ONTUMAJIbHOTO COYETAaHUA MeXaHU4e-
CKHX M BECOBBIX XapaKTEPUCTHK.

3auncTKa JOMATOK U3 METANTMYECKUX MaTte-
pHaNoB HaIlIa IMHUPOKOE MPUMEHEHHUE KaK METOA
peMoHTa paboueill JIOMATKU KOMIIpeccopa MpHu
TexHuYeckoM oOciyxkuBanuu. [Ipouesypa mo-
XKeT OBITh OCYIIECTBIICHA BPYYHYIO C MOMOILBIO
HaIlMJILHUKOB, a0pa3WBHBIX OPYCKOB MJIM HaX-
nausoii Gymarn®. KpymHosepHHCTBIE aGpasHBBI

4 RRJ-95. PykoB0OACTBO IO TEXHUYECKOM IKCILTyaTallUH.
3A0 «I'CC», 2017. 12 c.
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Puc. 2. [lomyckaeMbie 30HBI 3a9UCTKH paboUei JOmaTKu:
a —1 6yctepnoii crynenn CFM Leap 1A; 6 — I crynenn KB/ CFM56-7B
Fig. 2. CFM Leap 1A’s booster stage I (a) and CFM56-7B’s HPC stage I (6) blade blend limits

WIA HAMWJIBHUKH MOTYT OBITH HCIIOJIb30BaHBI
Juis OBICTPOrO yJalleHHsl MeTajula, HO 3aTeM I10-
BEPXHOCTH JIOMATKU JIOJDKHA OBITH OKOHYATEIIh-
HO 00paboTaHa MENKO3epHUCTHIMU abpa3uBaMHU.
Kpome Toro, pa3pabOTYMKOM JOIYCKaeTCsl MC-
N0JIb30BaHNE THEBMATUYECKOH apenu ¢ 6opdpe-
3aMH (7151 KPYTIHBIX 3a00MH).

[Tpu pemoHTe pabouMx JOMATOK KOMIIPECCO-
pa BTOPO# M MOCIEIYIONNX CTYTIEHEH BBITTOIHS-
eTcs 3a4MCTKa C MCMOJIb30BaHUEM OOpOCKoIa U
o6opdpes. [Ipuopurer TaHHOMY CIIOCOOY OT/HAET-
Csl 110 MPUYUHE MPOCTOTHI KaK CaMoro Ipolecca
BOCCTAHOBJICHHS, TaK ¥ MPUMEHIEMOT0 HHCTPY-
MEHTA.

OpnHako HecoONroIeHHe TPEOOBAHUN TIPOIIC-
Jypbl 3aUUCTKU BEIET K CHU)KEHUIO MeXaHHye-
CKHX XapakTepuctuk — B 11 % ciydaeB mpu mo-
JUPOBAHUU WM IIIM(POBAHUM BO3HUKAET TaK
HasbIBaeMblid mpuxor (wim oxor) [11]. Cpenu
OCHOBHBIX MPUYUH 3TOrO BBIJIENAIOT KaK CBOIi-
CTBa THTaHAa W CIUIABOB HA €r0 OCHOBE (HHU3Kas
TEIUIONPOBOAHOCTb, BBICOKAsi IPOYHOCTh, BBICO-

KAH KOA((UIMEHT TPEHHS), TAK U YPOBEHb KBa-
AU(UKAIUKA  MCIIOJHUTENS, IOCKOJIbKY HECco-
OnrofieHue TpeOOBaHUM, BBIHOCUMBIX Ha MEPBbIE
CTPOKH TMPOLEAYp MO MEXaHUYECKOH 3auucCTKe,
KaK IpaBWJIO, BEAET K MOBPEXKICHHUIO MaTe-

puana.

OuneHka NPUMEHUMOCTH CHUCTEMbI
npo4YHocTHOro ananauza APM FEM,

HHTErPUPOBAHHOM
B CAIIP «Kommnac 3Dy,
H aJIeKBATHOCTH MOJeJieil

Onenka paboTococoOHOCTH pabouux Jomna-
TOK 0a3upyeTcsi Ha MMPOYHOCTHOM KPUTEPUU IS
Mozelield paccMaTpuBaeMbIXx JonaTok. Cpenoi
TPEXMEPHOTO MOJCIUPOBAHUS U TMPOBEICHUS
UCCJIeIOBaHU BbIOpaHa CUCTeMa aBTOMATU3H-
poBanHoro mnpoektupoBanus (CAIIP) «Kowm-
nac 3D v21» ¢ noAKIIOYEeHHBIM MOJYJIEM MPOY-
HoctHoro ananm3a APM FEM, Bxogsammm B co-
CTaB y4eOHOro BapHaHTa MPOTPAMMHOI0 oOec-
TICUYCHUS.

B cunmy oTcyTCTBUSI BO3MOXHOCTH IMPOBEE-
HHS B HACTOSIIHI MOMCHT MEXaHUYCCKHUX UCIIBI-
TaHUW pacCcMaTPUBAEMBIX JIOMATOK JJIs 3aKIIO-
YEHUsSI 0 KOPPEKTHOCTH MPUHITUIIOB, TAPaMETPOB
MOCTPOEHUSI MOJEJIEH JTONaTOK M MX aJeKBaTHO-
CTH WCIIOJIb30BaHbI PE3yJIbTaThl CPABHEHUSI pac-
YEeTHOI OIIEHKH COOCTBEHHBIX YacTOT KoJjeOa-

HUN pabodyeil JomaTku KOMIIpeccopa B cpeje
CAIIP u 3kcieprMeHTaIbHONU OLEHKH C UCIIOJIb-
30BaHUEM PE30HAHCHOTO METOJa Ha YCTAaHOBKE
Kadeapbl ABUTATENICH JIeTaTEeIbHBIX anmapaToB

MITY T'A.
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Puc. 3. O6muii Bua TpexMepHoi Moaenu padoueit momatku kommpeccopa TBJ] HK-12 u nepemenienne Touek nepa,
COOTBETCTBYIOIIEE MepBOil M3rnOHOM hopme Konebanwmii (229 I'm)
Fig. 3. General view of NK-12 turboprop compressor blade and vane points displacement relevant for the first flexural
waveform (229 Hz)

Pazpaborana TpexmepHass Monenb pabodeid
JONAaTKU  TPETbEH  CTYNIEHH  KOMIIpeccopa
TBJI HK-12 (puc. 3) u3 xaponpoyHOil BBICOKO-
nerupoBaHHol ctanu OM961, n nnst Hee 3kcne-
PUMEHTAJILHO ONpeJesieHa 4acToTa IEepBOM M3-
rubHoi (hopmbl KojebaHuit pabodeil TomaTKu —
239 I'i, 4TO CXOXE C AKCIEPUMEHTAIBHBIMU Pe-
3yJNbTaTaMH, MOJYyYEHHBIMH paHee JAPYTUMH aB-
topamu [12]. BennunHa 9acToThl KoJIe0aHUN TIO
nepBoil u3rubHOM (opme, mosydeHHas ¢ uc-
M10JIb30BAaHNEM KOMIIBIOTEPHOI'O MOJIETTUPOBAHUS
JIONAaTKU B paMKax HacToslled craThu (puc. 3),
coctaBuia 229 I'l (CHHUM LIBETOM yKa3aHbl MU-
HUMaJIbHbIE NEpEMEIlEHUs,, KPACHBIM — MaKCH-
MaJbHBIC).

Takum o00pa3oM, OTHOCUTENIbHAs IOrpell-
HOCTh OTIPE/ICIICHUSI YacTOTHI MEPBON M3rHOHON
dbopMbI KoJIeOaHU ¢ UCTIONB30BaHUEM pa3pado-
TaHHOW MOJIETH JIOMIATKU MO0 OTHOLIEHHIO K 3KC-
NEPUMEHTAJIbHBIM pE3yJbTaTaM HE MPEBBILIACT
5 %. DTO MO3BOJSAET YTBEPKAATH O KOPPEKTHO-
CTH MPHUHLUIIOB, MapaMeTPOB MOCTPOCHHUS MO-
Jiesiel JIOTIaTOK M UX aJIeKBaTHOCTH JJISl BBINOJ-
HSEMBIX Jlajiee OLIEHOK UX PabOTOCIIOCOOHOCTH.

65

OueHka BIMAHNUA 32aYHCTKH 3200MH
Ha pacnpeaejeHue HANPSKEHU
B MaTepuaJie JONMaToK KoMIpeccopa

TPAJ

C uenblo TEOPETHYECKOM OIIEHKH CTETEeHHU
BJIMSIHUSL 3aYMCTKH Ha CIOCOOHOCTh KOHCTPYK-
U1 pabodveill JIONMAaTKU BEHTUWISATOpAa BOCHPUHU-
MaTh JIEHCTBYIOIIME CTaTHMYECKHUE Harpy3Kud OT
LEHTPOOEKHOW CHIIbl pa3paboTaHa TpexMepHas
(3D) monenb, OCHOBHBIE TI'€OMETPHUUYECKHE Xa-
PAKTEpUCTUKU KOTOPOW  MpEJCTaBICHBI Ha
puc. 4.

IIpn paspaboTke MOJIENM YUYMTHIBAIUCH OCO-
OEHHOCTH KOHCTPYKIMU PadOYnX JIONATOK KJIACCH-
YECKUX BEHTWISATOPOB coBpeMeHHbIX TP/J] [13]:

e  JUIMHHBIE JIONATKU C MaJIO OTHOCHUTENb-
HOM TONIIMHON TTPOdUIIS;

e 3aKpyTKa mpo¢uis mepa JIONaTKy 10 pa-
AUYCy,

e INPUMEHEHHE TUTAHOBBIX CILJIABOB.

Jlnist mosryueHus IpeACTaBICHUs O XapaKTepe
pacnpe/eNieHus HapsDKSHUH B pabodeit jomnar-
K€ KOMIIpeccopa B 3aBUCUMOCTHU OT €€ pa3MepoB
TaKXke pa3paboTaHbl TPEXMEpPHBIE MOJEIH JIoma-
ToK nepBoit crynenu Oycrtepa u KB/, reomer-
pUYECKHE XapaKTEPUCTUKH KOTOPBIX MPHUBEAECHBI
Ha puc. S.
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Puc. 4. 'eomeTpuyeckue napaMeTpbl MOJEIUPYEMOl pabouei TIOmaTku BEHTHIISATOpa
Fig. 4. Geometric parameters of modelled fan blade
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Puc. 5. 'eomerprueckue nmapaMmeTpsl MOJASIUPYEMBIX PabOUHX JIOMAaTOK OycTepa (cieBa)
u KB/] (cipaBa) 1 ycTpaHEHHBIX Ha HUX 3a00MH
Fig. 5. Geometric parameters of modelled booster (left) and HPC (right) blades and eliminated dents

OnHOW M3 TEHIAEHUHMH KOHCTPYHPOBAHUSA
BEHTWJIATOPOB COBPEMEHHBIX U TMEPCIEKTUBHBIX
TP/ sBisieTcst pa3paboTKa ¥ MPUMEHEHHUE K-
POKOXOPAHBIX OECIOIOYHBIX THTAHOBBIX (MOHO-
JIUTHBIX) WJIW KOMIIO3UTHBIX (ITOJIBIX) C TUTAHO-
BBIMH HaKJIagkaMu pabounx sonatok. [Togo6HOE
KOHCTPYKTOPCKOE pEIIEHUE TaKKe MpeICTaBIIs-
€T UHTEpEeC, 0ITOMY CMOJEIUPOBAHA MOHOJIUT-
Hasi LIMPOKOXOpJHAs MeTajindyeckas JoraTka

(puc. 6).
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3ayucTKa OpPU YCTPAaHEHUH MOBPEKACHUN
¢u3uueckn o3HauYaeT yJalieHHEe MaTepuana Jio-
NaTKH, CIEeJA0BaTeIbHO, YMEHBIICHHE IUIONIAIN
MOTIEPEYHOI0 CEUEHUs, KOTopas SBISETCS OJ-
HUM U3 KJIIOUYEBBIX MTapaMeTPOB MPH OILIEHKE CTa-
THUYECKOM MpoYHOCTH paboueit sonatku. Ho mpu
9TOM yMEHBILIAETCS U Macca Iepa, 4To He MO3-
BOJIIET alpUOpU YTBEP)KIaTh O CHM)KEHHU KO-
s durmenTa 3amaca NPOYHOCTH B PAJIE CCUCHHI,
YTO 1 OyJeT MOKa3aHO HUXKE.
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Puc. 6. I'eomeTputeckue napaMeTpsbl MOCIUPYEMOU IIUPOKOXOPIHON paboUell IONaTku BEHTHIISTOpa
Fig. 6. Geometric parameters of modelled wide chord fan blade
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Puc. 7. [eomerpuyecKkre mapaMeTphl 3a4HIICHHBIX 3a001H Hepa pabovux JONaTOK BEHTHIATOPA
Fig. 7. Geometric parameters of eliminated dents on the fan blades’ airfoils

Ha BxoaHO# kKpoMKke paOoueil JonaTku BEeH-
TWISATOpPa  CMOJEIHPOBAHBl  OTCYTCTBYIOIIHE
(dbparMeHTBl KaK pe3yJbTaT MPOBEACHUS TEXHO-
JIOTUYECKOW MpOIEeypbl MO 3a4UCTKE 3a00uH,
KOTOpBbIE B IPOLIECCE JKCIUTyaTalliu 00pa3oBa-
JUCh B TPEX 30HaX repa (puc. 7, cieBa): KOHIE-
BOE CEUEHHE, CPEHEE CEUEHHE U NPUKOPHEBOE
ceyeHue. AHAJIOTUYHBIM 00pa3oM CO3JaHbl MO-
JIeJIM YCTPAHEHHBIX MOBPEXKJIECHUNW HAa BXOJHBIX
KpOMKaxX IIHPOKOXOPJAHOW pabouel JIOmaTKH

67

(puc. 7, crpaBa) U paboOYMX JOMATKaX MOAIOP-
Hoil ctynienn u ctynenu KBJ] (puc. 5).

XapakTepucTUKU Npoduiei JonaToKk coot-
BETCTBYIOT HOpMaM, IpPeIbsBIsIEMbIM K aHalo-
rugHoMy y3ny koHctpykuuu TPIJI CFMS56-5A
(mms  KJIacCHYeCKOW JIOMATKH BEHTUJIATOPA),
CFM Leap 1A (anda nmoamopHOW CTyNEeHH) U
CFM56-7B (nnst upoKOXOPAHON JIONIATKH BEH-
tuisitopa u ctynenu KBJI).
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Puc. 8. [Ipumepsr pparMeHTOB KOHEYHO-3JIEMEHTHOH CETKU MCCIIeTyeMOoi pabodel JomaTKi BeHTHIATOPa
Fig. 8. Examples of fragments of the designed fan-blade finite-element mesh

Hcnonb3yemass B HCCIIEOBAaHUM pacyeTHas
cXeMma IpeArnoiaraer, 4ro pabouue JONaTKu 3a-
(UKCUpPOBaHbI B Ma3y AKWCKAa MO MOBEPXHOCTAM
XBOCTOBHKA THIA «JIACTOUYKUH XBOCT». B 1ieHTpe
Macc JIOMATOK NPUKJIAAbIBaeTCs LEHTpoOeKHas
cuna. YacroTa BpallleHUsT pOTOpa BEHTHJIATOPA
Ha B3JIETHOM pexkuMe cocTasiseT 4 600 06/muH,
portopa BeIcOKoro naBieHus — 7 360 06/MuH.

B kauectBe MaTepuana sl MOAEIMPYEMBIX
JomaToK BeIOpaH TUTaHOBHIM ciuiaB BT8, xumu-
YeCKUI coCTaB M (PU3NYECKHUE CBOMCTBA KOTOPO-
IO perjiaMeHTUPYIOTCS TOCYJapCTBEHHBIM CTaH-
napToM’.

Crnenyromum 1marom crajio pa3OueHue u co-
3JaHHe, B COOTBETCTBMM C IMPHUHLUUIAMH IPH-
OJMMKEHHOTO YHMCJIEHHOIO METO/a KOHEUHBIX
anementoB (MKD), cetku uccnenyemoro Tena,
00pa30BaHHOW MHO’XECTBOM KOHEYHBIX 3JIEMEH-
TtoB. [Ipn pyuHOM cuere 3ajaya CBOJUTCA K
HEINOCPEACTBEHHOMY HaXO0XKJICHUIO IepeMelie-
HUH y3710B KOHEYHBIX JIEMEHTOB, MIO3BOJISIOLINX
OINpeeNUTh BO3HUKaIOLIME HanpskeHus [14].

[Tpumenenne MKD B COBOKYNHOCTH C 3J€K-
TPOHHBIMH BBIYMCIUTENBHBIMU MalHamMu (OBM)
MO3BOJISIET YIPOCTUTh peaTU3alfio JAHHOTO Me-
TO/Ia U IPOBOAUTH MHOTOUHMCIIEHHBIE UCIIBITAHUS
00BEKTa CI0XKHOM KOH(UTypaluu MpH pa3ind-

> TOCT 19807-91. TUTaH U CIUIaBbI THTAHOBBIE nedop-
mupyemsle. Mapku (c M3menennem Ne 1). M.: Crannapr-
nHbpopm, 1992. 3 c.
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HBIX BUJAX Harpy>Ke€HUs 3a OTHOCUTEIBHO KO-
POTKUN TPOMEKYTOK BpeMeHH 0e3 HeoOXou-
MOCTH B M3TOTOBJIECHHUH M IOCIEAYIOIIEM pa3-
PYLIEHUU pEAJbHOIO JIOPOTOCTOSAIIETO 3SK3EM-
IIsApa y3ia, 4To 0COOEHHO aKTyaJIbHO JJIsl aBUa-
IMOHHOW uHIyCcTpHuH [15].
Ha puc. 8 B xauecTBe nmpumepa mnpejacranie-
Ha KOHEYHO-DJIEMEHTHAsl ceTka pabodeil jomart-
KU BEHTUJIsITOpa, chopmupoBanHas 120 808 aie-
MEHTaMHU, UMEIOIUMH B cymme 34 504 y3ina.
BaxxHo oTMeTuTh, YTO pasMep TeTpadapa Moj-
Oupaercst TakMM 00pa3oM, YTOOBI OH IIEITUKOM TIO-
MeIaIcs B HAUMEHBIIEH TI'paHU MHCCIETyEMOro
oonekra. [locnemyroiiee yMmeHbIleHHE TabapUTOB
3JIEMEHTa, C OJTHOM CTOPOHBI, BEJIET K MOBBIILICHUIO
TOYHOCTH, a C JPYrOl — K YBEIMYEHHIO BPEMEHU
00paboTKK 3ampoca, a 3HAYUT, U TPEeOOBaHUM K
pacronaraemoii mpomsBoauTesisHocT OBM [16].
Ha cooTBercTBHE MOSYyYEHHBIX 3HAYEHUMN
NENCTBUTENBHBIM TaKXKe BIIUAET KOJUYECTBO Y3-
JIOB KOHEYHOro sjemeHta [17] (B wacTHOCTH,
TETpa’/pa) — B paMKaxX HACTOSILEro UCClIeq0Ba-
HUS BBIOpaH YeThIpeXy3I0BOM TeTpasip.
Pacnpenenenue wnampstkenuit (mo Mmusecy)
(Solid Von Mises (SVM, B [la)) no nepesam jo-
NaToK, a TaKke Ko3(dduumeHrta 3amaca nNpoyHo-
ctu (K3II) n1s BocCTaHOBIIEHHBIX JIONATOK BEH-
Tuisitopa, 6ycrepa u KBJl mpencraBieno Ha
puc. 9-13. Crpenkamu yKa3aHbl 30HBI MAaKCH-
ManbHbIX HanpspkeHui. K3I1 qnst ucnpaBHBIX
JIONATOK YAOBJIETBOPSAIOT JHMara3oHaM, B KOTO-
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Puc. 9. Pactipenenenue HanpspkeHU Ui UCTIpaBHON pabodeli TomaTky (a), pacipe/elieHiue HanpsokeHui (0)
n K03 HUIMEeHTa 3amaca MPOYHOCTH (B) JUII BOCCTAHOBJIEHHOM paboyel JonaTkyu BEHTHIISITOpa
Fig. 9. Stress distribution for intact blade (a), stress (6) and factor of safety (B) distribution
for the reworked fan blade
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Puc. 10. Pactipesienienue HanpsKSHUN TSI KCIIPAaBHOM paboueii jjonatku (a), pacipeieieHue HarmpsokeHui (0)
1 ko3 duLeHTa 3anaca NPOYHOCTH (B) AJIsl BOCCTAaHOBJICHHOW IIMPOKOXOPIHOM paboyeil TonaTku BEHTUIISTOpa
(crimaka npodurs)
Fig. 10. Stress distribution for intact blade (a), stress (0) and factor of safety (B) distribution for the serviceable reworked
wide chord fan blade (suction side)
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3bIBACT OIBIT IIPOCKTUPOBAHMS, AUHAMUYECKA
IIPOYHOCTh, IIOATOMY pPACUYET MX KOHKPETHBIX
3HaYEHUH B paMKax [aHHOW CTaTbu HE IpH-
BOJUTCSI.

AHanu3 MOJy4EHHBIX pe3yJbTaTOB I103BOJIS-
eT yTBEepXKIaTh, YTO HaIpPsHKEHHO-IE(OpMH-
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poBanHoe coctosiane (H/IC) cMmonenmpoBaHHBIX
HEMOBPEXKACHHBIX Pa0OYMX JOHNAaTOK COOTBET-
CTByeT (u3MuecKuM mpexacraBieHusm [18, 19]:
Harpy3ka Ha MaTepuall yBEIWYUBAETCS OT KOH-
LIEBOTO CEYEHMS] K KOPHEBOMY C XapaKTEpPHBIM
CKAaYKOM B CEYEHMH C aHTUBUOPALMOHHON MOJ-
KOH (IPUMEHUTENIbHO K BEHTWJISTOPHOM pabo-
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(xopsITIE TIpOGWIIT)

Fig. 11. Stress distribution for intact blade (a), stress (0) and factor of safety (B) distribution
for the serviceable reworked wide chord fan blade (pressure side)
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Puc. 12. Pactipenienienue HanpsHDKSHAN TSI ICTIPaBHOW paboueii monatku (a), pacnpeieicHue HarmpsoKeHi (0)
u k03¢ PurmenTa 3anaca IpoYHOCTH (B) TSI BOCCTAaHOBIICHHOM paboueii momatku KB/]
Fig. 12. Stress distribution for intact blade (a), stress (6) and factor of safety (8) distribution
for the serviceable reworked HPC blade

yel JiomaTke), MpeacTaBisitomeid coboi cocpe-
JIOTOYEHHYIO Maccy.

MakcuMyM HanpsKEHHH JIOKAJIA30BaH B
pailoHe COEIVHEHHs XBOCTOBHKA C IEPEXOJHOU
4acThIO (KJlaccuyeckasi pabouas JornaTtka BEHTH-
JasTopa, paboyast jornatka Oycrepa U pabodas
nonatka KBJI) niu Ha KOpbITIIE B IPUKOPHEBBIX
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CEUYEeHUAX mepa (LIMpoKoXopaHas pabouas Jio-
naTKa BEHTWISITOpa) U cocTtaBiseT 323 Mlla ans
KJIACCHYECKON BEHTHJISITOPHOH pabodeil jomart-
ku, 407 MIla s mMpOKOXOPAHON BEHTHIIA-
TOpHOH paboueit nonatku, 56 MIla s Oycrep-
HOM paboueit nonatku u 105 MIla s paboueit
nonatku KB/I.
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Puc. 13. Pacnipenenienue HapspKSHAN IJIs1 ICIIPABHOM paboueit jjonarku (a), pacupeaeieHnue HarpsoKeHui (0)
1 K03 PUIIEeHTA 3a11aca MPOYHOCTH (B) JUIsl BOCCTAHOBJICHHOI paboueii jonatku Oycrepa
Fig. 13. Stress distribution for intact blade (a), stress (6) and factor of safety (B) distribution
for the reworked booster blade

CpaBHeHME pacnpeAeeHUs HAPSKEHUM 115
OTPEMOHTHUPOBAHHBIX JIONATOK MOKA3bIBAET, YTO
C YMEHBIIECHHUEM JUIMHBI Iepa MPOUCXOAUT IO-
CTEIICHHBIN IE€PEXOJ] OT YBEIMYEHUS HaIpsiKe-
Hull (mpupoct 10 4 % A KIacCU4ecKO BEHTH-
JATOpHOM 1 10 60 % U1 HIMPOKOXOPIHON) K UX
MOCTETIEHHOMY CHIDKEHUIO (YMEHBbLICHHE 10
lu4 % nns KBJ[ u OycTepHOi COOTBETCTBEH-
HO). B TO xe BpeMs Hapsay ¢ OOIIMM CHIDKCHH-
€M HampspKeHW  HaOmofaercss TOsBICHHE
Y4acTKOB € OOJBIIMMU 3HAYEHUSIMHU HaIpsiKe-
HUI B 30HE NMPUKOPHEBOI 3a00MHBI, YTO SBISCT-
Ci HENpHUEMJIEMBIM. JTO NOJATBEPKAACT HAJO-
JKEHUE OTPaHWYCHUHN Ha MPOBEJCHUE OIECpaLUN
[0 YaCTUYHOMY YAAJIICHHIO MaTepuaia, 0 KOTo-
PBIX paHee ILUIa peub IpU aHaJIM3€ JOMYCKOB Ha
3a4MCTKY Ha JIONATKaX ¢ OTHOCUTEIBHO MaJbIMU
rabapuramu.

MuHuMaIbHBIN KO3(QPHUIUEHT 3amaca mpod-
HOCTH YBEJIMYMBAETCA C YMEHBIICHHEM pa3Me-
poB nonatku. [lpu 3a4MCTKE MOBPEXKICHUN Ha
HIMPOKOXOPJHON BEHTHJIATOPHOM JIOMATKE BO3-
HUKAIOT CYIECTBEHHBIE 30HBI JIOKAJIU3aLUU
HANpPsDKEHUH ¢ OOJBIIMMU 3HAYEHUSMU B 30HE
BXOJIHOM KPOMKH HPUKOPHEBBIX M CPEIHHX Ce-
YEHUH, YTO BEIET K 3HAUYUTEIbHOMY CHUXEHUIO
K3II. Cocrostnue HarpykeHus OycCTEepHOU JO-
MaTKU sIBIsieTCsl Oosee OMarompusiTHBIM, YeM Y
nonatku KBJI, 4To OOBSICHSICTCS MEHBIINMH
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HEHTPOOEKHBIMU Harpy3kamMu. MHHHUMaJIbHbIE
K3II cocraBnsgior 3,17 miIs KiacCHUecKOH BEH-
TWIATOPHOH, 1,64 s MMPOKOXOPAHON BEHTH-
nstopHoit, 8,93 mist KBJ[ u 6onee 10 mist Oy-
CTEpHOM pabodeil JIOMATKH, YTO, HCXOIs U3
OTBITA MPOEKTUPOBAHUS, SBIISIETCS IPUEMIIEMbIM
B riepBOM npubamxenuu [20].

Cxoskasi KapTHHA paclpelesIeHusl HaIpsKe-
Huii u K3I1 B MmaTepuane pabounx JOMaTOK KOM-
npeccopoB TPJIJI yka3piBaeT Ha OTCYTCTBHE
KPUTHYECKOTO YXYIIICHUS MPOYHOCTHBIX Xa-
PaKkTEpUCTUK B CEUYEHMSIX Iepa JIONATKU IIpU
yAaleHUH B HUX MaTepuajia B pe3yJbTaTe pe-
MOHTa COIJIaCHO HOPMAaTHUBHO-TEXHUYECKOH J10-
kymentammu (HT/[). Dto Moxker cBuaeTenb-
CTBOBaTbh O TOM, YTO Ha 3Tale MNPOEKTUPOBAHUS
pa3paboOTYMKOM 3aKJIaJbIBAETCSl CYIIECTBEHHBII
3arac Ha NIyOMHY 3a4MCTKH, YTO 00eCreyuBaeT
paboTOCTIOCOOHOCTh JIOMATKU W 0OE30MacCHOCTH
9KCIUTyaTalluu y37a Jake MpH He3HAYUTEIHLHOM
HapyLIEHUH JOIyCKOB, KOJIEOIIOMMXCS B qUana-
30He oT 1 g0 10 mm. 1o 3T0#1 mpuuMHE B COBpe-
MeHHBIX PTO pomyckaercss He3HAUUTEIbHOE OT-
KJIOHEeHHe OoT 6a3oBbIx gomyckoB HT/[ Ha ycrpa-
HEHHE TIOBPEXKACHUH TMpPH YCIOBUU 00s3aTeib-
HOM 3aMeHbl paboyeil JomaTku B TEUYECHUE
HA3HAYECHHOTO (OrPAaHMYEHHOI0) CPOKA IKCILTya-
TaIuu.
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3akiroueHnue

B pamMmkax crarby npoaHaJu3HpOBaHbl CTATH-
CTHKa, MMPUYMUHBI U BUJAbl OCHOBHBIX MOBpPEXkKIE-
HUN paboumx momatok kommpeccopa TP/
OxapaKkTepu30BaHbl CIIOCOOBI MX YCTPAaHCHHS B
IIPOLIECCE IKCIUTyaTallud B COOTBETCTBUM C JEHi-
CTBYIOILIEH TEXHUYECKON TOKYMEHTALIHEH.

Pa3zpaboTanbl TpexMepHble MOAEIN THTAHO-
BbIX pabOYMX JIONATOK BEHTWISATOpa (KjIaccuye-
CKUX M IIHPOKOXOpAHBIX), Oyctepa u KBJ|
TP/l ¢ y4eroM OCOOEHHOCTEH KOHCTPYKIIMU
coBpeMeHHbIX AJ[. CMozmenupoBaHbl 3a4ynICH-
HbIE 3a00MHBI, COOTBETCTBYIOIINE TPEOOBAHUIM
OTUH.

C nmpumenenuem CAIIP «Kommnac 3D» u mo-
nynst ipouHoctHoro ananuza APM FEM wmero-
JIOM KOHEUHBIX 3JIEMEHTOB BBIIOJHEH IPOY-
HOCTHOHM pacueT IUIsl UCIPABHBIX U OTPEMOHTH-
POBaHHBIX JIONATOK. KOPPEeKTHOCTh MPUHIUIIOB,
[IapaMeTpPOB MOCTPOEHUS MOJIETIEH JIONATOK U UX
a/IeKBaTHOCTh TOATBEPXkJIECHA PACUETHOH OILIEH-
KOH COOCTBEHHBIX YacTOT KolieOaHuii paboueid
nonaTtku kommpeccopa B cpeae CAIIP u skcne-
PUMEHTAIIBHOM OLIEHKOM C MCIOJB30BaHUEM pe-
30HaHCHOI'O0 METO/a.

AHanu3 NOJy4YEHHBIX PE3yJbTaTOB JAET OC-
HOBaHHE YTBEP)KIaTb, YTO YCTPAaHEHHE IOBpE-
JKJIeHui B Buje 3a0ouH corinacHo HTJI e oka-
3bIBAET CYLIECTBEHHOI'O BJIMSIHMSI Ha MPOYHOCT-
HbI€ XapaKTEPUCTUKU KIACCUYECKUX BEHTUIIS-
TOPHBIX, OYCTEPHBIX ¥ paOOYHX JIOTIATOK TEPBOM
crynenn KB/I, onHako ¢ yMeHbUIEHHEM pa3Me-
POB JIOTIATKH, a TaKXKe B IIUPOKOXOPAHBIX pabdo-
YMX JIONATKAaX BEHTWISATOPA BBI3BIBAET IOSBIIC-
HUE CYIIECTBEHHBIX yYaCTKOB C MAaKCHUMaJIbHbI-
MU HaNpsDKEHUSAMU NIPU HAJIUYHUKA U YCTPAHEHUU
MOBPEXJACHUN B MPUKOPHEBBIX 30HAX, YTO B CO-
OTBETCTBUM ¢ KpuTepueM ['puddurca npu nox-
BOJIC JIOCTAaTOYHOW 3HEPIUU MOXKET MPUBECTH K
Pa3BUTHIO TPELIUHBI (YCTATOCTHOW) U TpeOyeT
0c000T0 BHIMaHUS B 9KCIUTyaTalllH.

XOTsl NIMPOKOXOPJAHBIE JIOMATKH BEHTUIIATO-
POB YJIyYIIalOT ra30JMHAMUYECKUE U TATOBBIE
xapaktepuctuku TPJIJI, onu Oosiee 4yBCTBH-
TEJNBHBI B CHIy OCOOEHHOCTEH (OopMBI Tepa K
MOBPEXKACHUAM II€pa U XapaKTEPUCTUKAM IIPO-
LHEeAYp YCTPAHEHHUs MOBPEXKACHUN, UYTO CIEAYEeT
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YUUTBIBATh IIPU OLICHKEC pa6OTOCHOCO6HOCTI/I u
opraHu3anun O6CJ'IY)KI/IBaHI/I$I BCHTUJIATOPOB,
OCHAIlICHHBIX TAKMMH JIOIIATKaAMM.
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OOHapy’keHHe BUXPEBOIO cJiea 32 CaMOJIETOM 10 CKOCAM BO3IYIIHOTO
MOTOKA ¢ IOMOIIbIO TPATUEHTHBIX METOI0B ONTUMHU3AIUHI

1
A.A. KpuBoianos
! Tenmpanwnviii aspoeudpoounamuueckusi uncmumym
umenu npogheccopa H.E. JKyroeckoeo, 2. JKykosckuii, Poccus

Annoramusi: B pabote paccmaTtprBaeTcs 3aja4a aBTOMAaTHIECKOTO OOHAPYKEHHSI YCTOHYMBOTO BUXPEBOTO CIIe/a 32 KPBUIATHIMA
JIeTaTeJFHBIMH aNTiapaTaMy C UCTIOJF30BaHUEM W3MEPEHHI BEKTOPOB CKOCA BO3MYIIHOTO MOTOKA. [Ipemmaraercss MeToMmIecKii
MOAXO0M, 00ECTICYNBAOIIAI BO3ZMOXKHOCTh 3(D()EKTHBHOTO TPUMEHEHHSI TPAJUEHTHBIX METOIOB ONTHME3AIMHN TIPH PEIICHUN
JaHHOW 3amaun. [l criaxvBaHUA LeNeBod (DYHKIMH paspaboTaHa MOAM(HKAIMS KIACCHIECKOW MOJIENH BUXps PIHKHHA.
BBogsTcs orpaHHdYeHHs, KOTOPBIE CYIIECTBEHHO COKpAIAIOT MPOCTPAHCTBO IOWCKA U YCTPAHSIOT MPOoOiIeMy NEPHOIUIHOCTHL.
OTaenbHO TOKa3aHO, YTO WCKIFOYEHHE JAHHBIX C HI3KAM YPOBHEM CKOCA MO3BOJSIET IMONYyYHTh YHHUMOAAIBHYIO IIENIEBYIO
(byHKIJ,l/I}O U TEM CaMbIM ITIOBBICUTH HAIC’KHOCTD ITOMCKA. HpOBeZleHHble OKCIICPUMECHTLI B aBpOﬂMHaMMHeCKOﬁ pr6e TMOATBECPp NI
3] (HEeKTHBHOCTb TPEIIOKEHHOTO AJTOPUTMA: BO BCEX TECTOBBIX CIIydasx ObUIO YCIEHIHO 3a(pMKCHMPOBAHO HAJIMYKE CITyTHOTO
BUXPEBOTO CJIe/Ia MPH Pa3InuHbIX KOHGUTYpalUsxX Kpbuia. [loimydeHHble pe3ysbTaThl MOTYT ObITh UCHIOJIB30BAHBI IS OBBIIICHUS
TOIUTMBHOM 3(D(heKTUBHOCTH TIPH TPYIIIIOBOM ITOJIETE | JUTS Pa3pabOTKH OOPTOBBIX CHCTEM MOHUTOPHHTA BUXPEBBIX CTPYKTYP.

KnioueBble cioBa: oOHapyKeHHE BUXPEBBIX CTPYKTYp, CHYTHBIA Ciell, JaTYMKM CKOCa BO3MYLIHOTO IIOTOKA, TOILIMBHAS
3¢ PeKTUBHOCTD, TPYIIIOBOMH TTOJIET.

Jnsi nurupoBanus: Kpueomano A.A. OOHapyKeHHE BHXPEBOTO Cllela 3a CaMOJISTOM IO CKOCaM BO3IYIIHOTO IOTOKa
C TIOMOIIIBIO TPAJMEHTHBIX MeToZIoB onTtumu3aimu // Hayuneni Becthuk MI'TY T'A. 2026. T. 29, Ne 2. C. 76-92.
DOI: 10.26467/2079-0619-2026-29-2-76-92

Aircraft vortex wake detection based on airflow skew data using
gradient optimization methods

A.A. Krivoschapov1
! Central Aerohydrodynamic Institute, Zhukovsky, Russia

Abstract: This paper studies the problem of automatic detection of stable vortex wake generated by fixed-wing aircraft using
airflow skew vectors measurements. A methodological approach is proposed that enables the effective application of gradient
optimization methods to solve this problem. To smooth the objective function, a modification of the classical Rankine vortex model
is developed. Constraints are introduced that significantly reduce the search space and eliminate the periodicity problem. It is
further demonstrated that excluding data with low skew levels allows to obtain a unimodal objective function, thereby increasing
the reliability of the search. Experiments conducted in a wind tunnel confirmed the effectiveness of the proposed algorithm: in all
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test scenarios the presence of a vortex wake was successfully detected for various wing configurations. The obtained results can be
used to improve fuel efficiency in formation flight and for the development of onboard monitoring systems for vortex structures.

Keywords: vortex wake detection, wake turbulence, airflow skew sensors, fuel efficiency, formation flight.

For citation: Krivoschapov, A.A. (2026). Aircraft vortex wake detection based on airflow skew data using gradient optimization
methods. Civil Aviation High Technologies, vol. 29, no. 2, pp. 76-92. DOI: 10.26467/2079-0619-2026-29-2-76-92

BBenenue

KiroueBbIM mokaszaTeneM, OINpenesSIONIIM
BO3MOXHOCTH aBHAIlMOHHOW TPAHCIOPTHOMU CH-
CTEMBI, SIBJISICTCS TOIUTMBHASA A(PPEKTUBHOCTD Jie-
TaTeapHbIX anmnapaToB. OJHUM W3 NEPCHEKTHB-
HBIX HAalpaBlIeHUH B 00JacTH ee IMOBBILICHUS
ABIISICTCA  MCIIOJIb30BaHME TPYIIIOBOTO IMOJe-
ta [1-3]. IlpumedarenbHO, YTO aHAJIOTUYHBIN
HNPUHIUI PEKyHepalii YHEPTUU BO3HUK 3BOJIIO-
LIMOHHO B IIPUPOJIE U CYLIECTBYET YK€ MUILINO-
Hbl JieT. Tak, MHOTME NTHIBI UCHONB3YIOT IO-
CTPOEHHUE KIMHOM WU MEJIEHIOM BO BpeMs JUIH-
TENbHBIX IEPEIETOB, YTOOb MUHUMHU3HUPOBATH
CBOM »HEpro3arparsl [4, 5].

BuxpeBas ctpykrypa, dopmupyromascs 3a
nerarenbHbIM anmaparom (JIA) — reseparo-
pom [6—8], TpaAMIIMOHHO pacCMaTPUBAETCA KakK
UCTOYHUK IOTEpb SHEpruu uisg Hero. OJHaKo
MHAYKTHBHOE colpoTuBiieHue JIA, ABMXKYIIEro-
Csl TI033aJ1, MOXKET OBbITh CHMKEHO 3a CUeT J0-
MOJIHUTEJIBHOTO CKOCa BO3JYIIHOIO MOTOKA, MH-
JyOUPOBAHHOTO TaKUM BHUXPEBBIM CIEAOM [9].
OTO TMPUBOIUT K CHIDKEHUIO TOTPEOHOW TATH
cuioBoi ycranoBku [10] u, kak ciencreue, pac-
X0Jla TOIUIMBA. AHaJIU3 Pe3yJIbTaTOB UCCIIE0Ba-
HUI B JIETHBIX HSKCHEPUMEHTaX Ha camoJieTax
Do-28 [11], T-38 [12], F/A-18 [13], C-17 [14],
C-20A [15] moaTBepx’AaeT 3TO Ha MPAKTUKE U
MOKAa3bIBAET, YTO CPENHSAS BEIUYMHA SKOHOMHUU
ToruBa cocrasiser 7—18 %. PesynpTaToM mpo-
exta Fello’fly'?, saxkonumsmerocs B 2021 roxy,

Airbus y sus socios demuestran que volar en grupo
puede ahorrar combustible a las aerolineas y reducir las
emisiones de CO2 [DnexrponHsiii pecypc] // Airbus.
2021. URL: https://www.airbus.com/en/newsroom/
press-releases/2021-11-airbus-and-its-partners-
demonstrate-how-sharing-the-skies-can-save (nara 06-
pamenust: 22.07.2025).

Airbus and its partners demonstrate how sharing the
skies can save airlines fuel and reduce CO2 emissions
[DnexTponHsIii pecypc] // Airbas. 2021. URL:
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cTajlla JEMOHCTpAIsl BO3MOXKHOCTH CHIKEHUS
pacxona TomnuBa camoiera A-350 nHa 5-10 %
Ha JaJTbHEMAarucTPalbHBIX peicax C HCIOIb30-
BaHUWEM KOHUEMIMM IOJEeTa IMOJ BO3JIEHCTBUEM
cienqa Wake Energy Retrieval (WER). IIpoekt
GEESE, neiictBytomuii 1o 2026 roga B paMkax
nporpaMmMmbl  SESAR 3 u HampaBieHHbIM Ha
nanpHeimee pasputue Konuenmuun WER, 00b-
€IMHUI BOKPYT ce0si MHOMXECTBO KPYIHEHIIHX
HapTHEPOB.

MonenupoBaHue MojeTa Mapbl CaMOJIETOB,
BBHITIOJIHEHHOE B [16], ObUTO HaIpaBiIeHO HA HC-
CJIEOBAaHWE AKTUBHOW M ITACCUBHOW CTPATETHM
JBUKEHMSI B CIIyTHOM ciiefie. B mepBom ciydae
caMoJIeT JIBUTAJICA C MPUBSI3KON K KOOpAMHATAM
Beaylero (maccuBHasl CTpaTerus), a BO BTO-
POM — ¢ TIPUBSI3KON K BUXPEBOMY cielny (aKTHUB-
Hasi cTparerus). JTO MCCIEAOBaHUE I0KA3ajo,
YTO aKTHBHAsl CTpaTerus IMOJieTa JaeT cylle-
CTBEHHOE CHIDKEHHE MOKa3aTelsd TSATU MO CpaB-
HEHUIO ¢ maccuBHOW. [Ipu Takom mumoTHpoBa-
HUM BO3HUKAIOT JIONOJHUTENIbHbIE CHJIBI U MO-
MEHTBI, TOBBIIIAIONINE HArpy3Ky Ha 3KH-
nasx/oneparopa JIA [17]. Bo3nukaer puck omac-
HOTO COJIMKEHHS C SIAPOM OJHOTO W3 BHUXPEH,
IpU KOTOPOM BO3MOKHOCTEM OpPraHoB yIpaBie-
HUSL MOXKET HE XBaTaTh AJII KOMIIEHCAIUU MO-
MeHTa Kpena [ 18-20].

CnumkoM 00JbIIOE yAANEHUE, MPOIUKTO-
BaHHOE HCKJIIOUEHUEM TMONaJaHHUsl B BUXPEBOU
caen [21, 22], HUBETUPYET MOJOKUTEIbHYIO HH-
Tep(epeHInIo JeTaTeNbHOr0 amnmapara ¢ HHUM.
BozHukaer koMIpoMuce Mexay oOecredeHrneM
0€30MaCHOCTH ¥ TOBBIIIEHHEM TOIUIMBHOM 3(-
dbexkTuBHOCTH mOJeTa JIA B mOJIe CKOCOB BO3-
JQYUTHOTO MOTOKA, pa3pelieHne KOToporo Tpedy-
€T ONpeleNeHUs MPOCTPAHCTBEHHOTO IOJIOXKe-

https://www.airbus.com/en/newsroom/press-
releases/2021-11-airbus-and-its-partners-demonstrate-
how-sharing-the-skies-can-save (1ata oOpareHus:
22.07.2025).
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HUSL BUXPEBOTO CcClief]a, WHAYIHMPYIOIIETO0 3TOT
CKOC.

AKTyarbHOCTh JAHHOMW 3a7au¥l TIOATBEPKIACT-
Csl PACTYIIUM YHUCIIOM ITyOJUKAIMi, B KOTOPBIX
Ui OOHApPYKEHHS BUXPEBBIX CTPYKTYp IMpeJyiara-
IOTCSl QJITOPUTMBI, HCIIOJIB3YIONIUE CIIEAYIOIINe
JaHHBIC: U3MEPEHHUsl JaTYUKaMH CKOca BO3MYII-
HOro MoToka [23-25], moka3aHus NPHUEMHUKOB
BO3JIyLIHOTO JAaBieHus [26], peructpauuu BO3-
MYIICHUN TPAEKTOPUHU IMOJeTa TPH TUPEKTOP-
HOM pexume ynpaieHus [27, 28], uamepeHus
MOTIEPEYHBIX KOMITOHEHTOB CKOPOCTH BO3yIII-
HOTO TMOTOKAa ¢ MOMOIIBIO IuaapoB [29] u mac-
CHUBHBIX ONTUYECKUX n3meputenei [30].

ABTOMaTHYECKOE OOHAPYXKEHHE BHUXPEBBIX
CTPYKTYp MOKET OBITh peajn30BaHO MOCPE-
CTBOM TIOMCKa MHUHUMYyMa IIeJIeBOM (yHKIUU
(II®), xapakrepusyromen OTINYUS MEXKIY MO-
JIETbHBIM M HW3MEPEHHBIM HAO0OpOM BEKTOPOB
CKOCa BO3AYILIHOTO MOTOKAa, C MOMOIIBIO METO-
noB ontumu3anuu. IlocTtpoeHne martemaThde-
CKMX MOJIeJICHi OCHOBBIBAeTCS Ha OOOOIICHHH
AKCIIEPUMEHTAJILHBIX JAHHBIX W HAOOPOB NOMY-
IICHUH, YTO B COYCTAaHUHU C HEU30CIKHBIMHU II0-
TPEITHOCTSIMA U3MEPEHUIM TMPUBOAUT K OTIUYH-
SIM MEXJy PacueTHbIMU U PEaJTbHBIMU TCUCHUS-
Mu. BemencTeue sToro 3amava uaeHTHU(DUKAANA
BUXPEBBIX 00pa30BaHUN CBOAUTCS HE K TOUHOMY
COBIIAJICHUIO MOJICITHHBIX U HATYPHBIX JAHHBIX, a
K HaXOXXJCHHUIO TaKOW KOH(PUTYpalUU MapameT-
POB MOJIENH, TIPU KOTOPOM JOCTUTAeTCS HAWITyd-
miee coryiacoBanue. J{ns ucmonb3oBaHus B OOp-
TOBBIX CHCTEMaxX OCOOCHHO HHTEPECHBI IIPH-
BJICKATEJIbHBIE CBOMM OBICTPOJICHCTBUEM Tpaju-
€HTHBIE METOABl ONTUMH3anuu. Hampumep,

_ \/(vl/ISM _VMOA)Z + (WI/I3M_WM0,&)2

(Wi Wioz)
usm’ "Ymop |Wisanal |+ [ Wisosl

f(VT)/I/BM’ WMOA) = Zrll(ctd (VI—)/HBMi’ WMOAL') + Cie (VI—)/HBMi' WMOAL'))'

rae ¢;, C; — BecoBbie KOG HUIIUEHTHI.

HeneBast pynkmus (1) HE onpeneneHa B TOY-
Kax M3MepeHuil u TpeOyeT BBEACHUS OrpaHUYe-
HUHU B HHUX, & MOJCIb TOYCYHOTO BUXPS HE YUH-
THIBAa€T U3MEHEHHUE CTPYKTYpbl TE€UCHUSI BHYTPH
sJIep BUXpEW B COCTaBe CIIyTHOTO Cjenia 3a ca-
moneroMm. [loaToMy mpenaraeTcsi HCKIIOYUTH

’ H(V—V;Isw WMOL{) =0,5(1—-
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B [31] mpuBeneHbl pe3yabTaThl YUCICHHBIX JKC-
NEPUMEHTOB 10 OOHAPYKEHUIO MJIOCKONW KOHPU-
rypauuu TOYEUHBIX BUXpeH, BUXps PaHkuMHA u
nunonst Yameiruna — Jlamba moauduupoBaH-
HBIM METOJOM TpajueHTHOro cmycka Hecrepo-
Ba. B kauecTtBe MOAENBHOrO MCHOIB3YETCS Ha-
00p U3 HECKOJIBKMX TOYEUHBIX BUXpeil. Pazpabo-
TaHHBIH aBTOpoM [31] aiaroput™M mnpoEeMOH-
ctpupoBall 3¢(HEKTUBHYIO CXOAUMOCTh B 00a-
CTSIX, I/I€ JUHUM TOKa TECTOBOI'O U MOJEIBHOIO
cilydasi TONOJOTMYECKU SKBUBAJICHTHBI.

B HacTosAmen craThe M3II05KEHA IOCTAHOBKA
3aa4l aBTOMAaTUYECKOro OOHapy»XeHUs BUXpe-
BbIX CTPYKTYp IO H3MEpPEHHUSM KOMIIOHEHTOB
CKOPOCTH BO3JyIIHOIO MOTOKa, MO3BOJISAIOIIAs
UCIIOJIb30BaTh TPAJUEHTHBIE METOABI ONTUMHU3A-
UM Ul BBIYMCIIEHUS TOJO0XEHUS BUXPEBOIO
clella 3a KpbUIAThIM JIETATEIbHBIM amlapaToM.
[lenbro uccnenoBaHus ABISETCS OLEHKa paboTo-
CHOCOOHOCTH TOJIyYE€HHOTO aJlrOpUTMa B YCIIO-
BUSIX BAIMJALIMOHHOTO TECTOBOTO CIIydasi, OCHO-
BaHHOTI'0O HA SKCIIEPUMEHTE B a3POIMHAMHUYECKON

tpyoe (AT) [32].

MeToabl 1 METO10JIOTUA
HCCJIeI0OBAHUSA

B xauectBe 1ieneBoit GpyHKImu f (me WMOA)
B pabore [31] mpeanokeHa B3BEUICHHAsA CyM-
Ma HOPMHPOBAHHBIX PA3HOCTEH UITMH BEKTO-
— —
poB  d(Wyam Wion)» @ TaKKe HampaBleHHH
— —
0 (Wism» Witoz) MBMEPEHHOTO M MOZEIHHOIO CKO-
COB BO3YIIIHOTO MOTOKA

vl/I3MWMO,CL+UMO,£l*WH3M)
”WnsM”'”WMOLL” ’

(D

COCTaBJIAIONIYI0 HampaBJICHUI H(I/T/MM, WMOA)
U3 KPUTEpHs ONTHMHU3AIMN, a B KAayeCTBE MO-
JACJIIBbHOI'O TCEYCHUA MHCIIOJIb30BaTh MOI[I/I(I)I/IKa-
uto BUXps Pankuna (puc. 1):

n (W W
f(Vl—)/IdgM; V_V)Mog) = 21 d(Wnsml.WMoﬂl),

n

(2)
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2 V()

—BUXpb PrHKHHA;

+MoaupUKaIs (k2: 10, '=1,ra= 0.1)

Puc. 1. Buxps Pankuna u npeyaraemast Moanukanus
Fig. 1. Rankine vortex and the proposed modification

(1 = \/(y —¥0)? + (z — 2)?,
1
kr, = Trewer
1
ky = —a@e
1+ek?ra—1)’
Waon =\ nyon = ko + ke 1 (3)
_ I (z=2)
T2 gy
l" —_
W= I 2yo)
\ 21 T,

rIen — YUCIO M3MEPEHMH; 7; — paauyc siapa
Buxps; k= 10...13 — koaddunueHt peskoctu
nepexoia MeXJy peKUMaMH TEUeHUS BHYTPH U
cHapyxu saapa. Oynkuuu k. ¥ k, Criaa)uBaioT
Hepexo] MEXIy PEeKUMaMU TEUEHHS B BHXPE.
Takue (yHKIMU NPUMEHSIOTCS, HapuUMep, s
ONHUCAHMSI CJI0KHOTO IOBEIECHUS a’pOAMHAMU-
yeckux xapakrepuctuk (AX) B [33, 34]. Ilony-
yeHHass Mojelb (3) MO3BOJAET CUIIBHO TIPH-
ONMM3UTHCA K BUXpPIO PoHKMHA, a 3HAYMT, y4ecTb
O0COOEHHOCTH HW3MEHEHHUsl CTPYKTYphl TEUYEHHUs
BOJIM3M siipa, HO TIpU ATOM JudepeHpyema
B MecCTe Iepexoa.

B pamkax paGoTel mpeuaraercs ps Hpak-
TUYECKUX COOOpaKEHMH, CykKAIOIUX MPOCTPaH-
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CTBO moucka. PaccMmarpuBaeTcss oOHapy)KeHHE
CTaIlMIOHAPHOI'0 [0 BPEMEHHU BUXPEBOT'O ClIEa 3a
CaMOJIETOM C HM3BECTHBIMU MaccorabapuTHBIMU
NOKa3aTesIMH B pPEXHME TI0JIETa, OJIM3KOM
K MIPSIMOJTMHEHTHOMY YCTAHOBHBIIEMYCS TOpPH-
30HTaNbHOMY. CQOpPMHUPOBABIIMICS BHUXPEBOM
CJell B TaKOM Cllydae TpeCTaBisieT co0oil mapy
BUXpEIl MPOTUBOMOJIOKHOTO BpaieHus (puc. 2).
AOcComoTHAs BENIMYMHA LUPKYJIALUA KaXAOTO
U3 HUX olleHuBaeTcs no gopmyne KyKoBCKOro,
a HampaBJICHHWE BpAIICHHUsS BUXpEH 3a1aeTcs co-
[JIACHO MEXaHU3My CO3JIaHUSl TOJbEMHOM CH-
JIBI — TI0 YaCOBOM CTpENKe JIsl BUXPS 3a JICBOM
KOHCOJIBIO KpbUIa U IPOTHB YaCOBOM 3a MPABOIl.
Paguyc simep Buxpeil B KayecTBE YHPOIICHUS
IPEIOoJIaracTcs N3BECTHBIM.

Jlis MCKITIOUEHUs! JIOKAIbHBIX MHUHHUMYMOB
(TTepHOANYHOCTH) TIETIEBON (PYHKIIUU YTOJI MEX-
Iy TOPU30HTAIIBIO U TIPSIMOM, MPOXOASIIEH uepes
HEHTPhl BUXpeH (),,), U PACCTOSHHUE MEXKIY
Humu (l,) npemnaraercss orpanuunth. llomer
camoJieTa Ha MaKCUMAaJIbHYIO JaJIbHOCTh MPOUC-
XOIHUT ¢ HEOONBIIMMHU yriaaMu KpeHa. [losTomy
JIOTUYHO CYHUTAaTh, YTO ¥, U l, He MOTyT cye-
CTBEHHO H3MEHATHCA B pe3yjbTaTe BHEIIHUX
BO3JICMCTBUI, YTO TO3BOJIAET €IIE CUJIbHEE CY-
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Puc. 2. Buxperoii ciel: a — 3a KpbUIOM; 6 — MOJICIIBHBIN CITydai
Fig. 2. Vortex wake: a — behind a wing; 6 — model

3UTh MPOCTPAHCTBO MOUCKA U YCKOPUTH MPOIIECC rne X = [Via Zia Y2a» Z2a] — HCKOMBIE KOOD-
BBIYHCIICHHUS. JIMHATBI IEHTPOB BUXPEN B CKOPOCTHOM CUCTEME
MartemaTruueckast GopMyIUpOBKa 3a1a4H: KOOpJIMHAT camoJieTa-reHeparopa (1 — JieBbIi,
2 — TIpaBbIif).
min f(X), [Tone orpaHrueHwMiIA:

H/nin < \/(YIa —V2a)? + (29 — 23)% < 1P

i (Y2a—Y1a) 4)
minY) < maxy
tan(yRin) < Gz = @A)
MOI[eJ‘IBHBIIZ CKOC BO3QYIIHOTO ITOTOKA:
WMOA (X) = WMloa (ylaf Zla) + WMZOL[(yZa' Z2a)- (5)
LleneBast pyHKIHSA:
2 2
J(vnsmi_vmogi(x)) +(Wn3Mi_WM0,qi(X)>
fX) = Xim, (6)

[[Wisna; CO|+ ”WMOM(X) ”
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[JlbiMoreHepaTop

Kamepa N22

a)

630 mm

430 mm

0) -

Puc. 3. O6mas cxema 3KCIEPUMEHTAILHOW YCTAHOBKH (@) ¥ TeHepaTophl BUXpeBoro ciiezaa (0)
Fig. 3. General schematic of the experimental setup (a) and vortex wake generators (0)

Puc. 4. Busyanusarus ce4eHnsI BAXPEBOI'O CJIEAA 3a MOAEIBIO B OKCIIEPUMEHTE: / — siapa BUXpeil; 2 — TaTYUKK CKOCa
MMOTOKA; 3 — MarucTpaJib MoJa4uu JbiMa; 4 — TypOyJICHTHOCTh Ha IPAHHUIIC s/Ipa MOTOKa
Fig. 4. Visualization of the vortex wake cross-section behind the model in the experiment: / — vortex cores; 2 — airflow
skew sensors; 3 — smoke supply line; 4 — turbulence at the flow core boundary

Jnist uccnenoBanuii pabOTOCIOCOOHOCTH aJro-
PUTMOB HCHONB30BAJICA TECTOBBIA CIIydail, OCHO-
BaHHBII Ha Pe3yJIbTaTaX dKCIIEPUMEHTAIBHBIX HC-
CleIOBaHMN B a’ponuHamuueckor Tpyoe T-103
LIAT'U [32] (puc. 3). On npencrasisier codoii Oa-
3y JaHHBIX 10 BUXPEBBIM CTPYKTypaM, BO3HHKA-
OIIMM 32 MPSIMBIMUA KPBUTBSIMH C CUMMETPUYHBIM
npodpunem «B» HAI'U (xopaa b= 0,063 m) [35],
umeroummu  pazmax L, =043; 0,63; 1,03 m
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(ywmuenus A = 6,9; 10,2; 16,6) [36], Ha paccTos-
Husax x/1 = 3,57...9,06 npu CKOPOCTH BO3TYIITHO-
ro nmotoka V = 30 m/c (uucno PeitHonbaca, BbI-
YHCICHHOE 10 XOpAE KpbUla, COCTaBJISCT
Rep= 1,26 - 10°) Ha yrye araku o= 10°. Jra 6asa
JTAHHBIX COACP)KUT KOOPAMHATHI SICP BUXPEH, TO-
Jy4eHHBIE METOZIOM BHieorpamMmeTpuu (puc. 4),
Y 3HAYCHHSI KOMIIOHEHT CKOpPOCTH, W3MEPECHHBIC
JaTYUKAMH CKOCa BO3YLIHOTO IMOTOKA.
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Taoauna 1
Table 1
AJIX mopenei
Aerodynamic characteristics of the models

L, m Ve, Mlc ¢y, (a =10°) T, m%/c

0,43 30 0,7696 0,7157

0,63 30 0,8444 0,7852

1,03 30 0,9213 0,8568

it T h
II 'I| i +
‘li i X
Ii i 0
0.20 Y, M
I1=0.43zm; x1= 8 0.15 '
1= 0.63 Mm; X1~ 6 0.10
1= 1.03zm; x/1~ 4 0.05 7 n
06 05  -04 0.1 0.2 0.3 0.4 0.5 0.6
v ZoM
X ' X
o 005 0
Ol=0.43x; x1= 8 -0.10
X1=0.63:; x1= 6 015
1= 1.03nm x1~4 -0.20
-0.6 -0.5 -04 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 04 05 0.6

0)

Puc. 5. LleHTps! BUXpei B CKOPOCTHO# CHCTEME KOOPAWHAT MOJIENIN: ¢ — MHOXECTBO, 00HAPYKEHHOE C MTOMOILbIO
BUJICOrPaMMETPHH; O — CPEIHUE 3HAYCHHUS MTOJI0KCHUIH
Fig. 5. Vortex centers in the model’s velocity coordinate system: a — a set, detected using videogrammetry; 6 — average
position values

Ckoc BO3IYyLIHOTO MOTOKAa B paccMaTpHBae-
MOM TECTOBOM CIIy4ae PErucTpUpOBAICS MpHU
KaXXI0M JUCKPETHOM ITOJIOKCHUN MOICIINU nap0171
HEMOABWXHBIX AaTuyukoB. CHyTHBIM cliell, Ha-
0JI01aeMblii B IKCIIEPUMEHTE, MPEICTABISI CO-
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00l KOHpUTYpaIHIo U3 Mapbl BUXPEH MPOTUBO-
HOJIOKHOTO BPALICHUS, XapaKTEPHYIO IJIs Jajlb-
HEro BUXPEBOTO cliefia 3a KpbuioM JIA.
Hupkyssuust I” onennBanack no gopmyie XKy-
KOBCKOTO Ha oOcHOoBaHMM pacyera AJ[X (Tabm. 1)
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B IIporpamMme XFLR5® meromom VLM ¢ y4ETOM
ombiTa [36]:

_ Cyq(@)Veob

r S (7)

Jnst penieHns MoCTaBICHHOW 3aJa4M MOMCKA
BUXPEBOIO CJIE€la HCIOJb30BAJICS YHCICHHBIN
meron ontumusanuu SLSQP (Sequential Least
Squares Programming), peanu3oBaHHbIi B OHO-
muoreke SciPy [37]. Ero moapoOHoe omnucanwme
naHo B pabore Kpadra [38], koTopas siBisiercs
OJIHOI M3 Haubosiee pacnpoCTPaHEHHBIX peaju-
3allUi aIrOPUTMOB MOCJIEN0BATENIBHOIO KBaIpa-
TUYHOTro nporpammupoBanus (SQP) nns perme-
HUS 3a/1a4 HEJIMHEWHON ONTHUMM3ALUK C OTpaHU-
yeHusimu [39]. Meton ucnonb3yeT nHGOPMAITHIO
0 IpaJMeHTe 11eJIeBOM (YHKIUU M OrpaHUYeHUN
JUIsL TIOCTPOEHUS JIOKAJIbHBIX AaNMpOKCUMAIIHI.
Ha xax1oil utepanny UCXOIHAs 3a7a4da 3aMEHsI-
€TCsl BCIIOMOTaTeIbHON KBaJIpaTUYHOW IMojA3a/aa-
yeid, rae neneBas QyHKUUS anmpoOKCUMHUPYETCs
KBaJIpaTUYHON MOJEINbIO, a OrpaHUYEHUS — JIH-
HEHHBIMU MPUOIMKEHHUSIMU. Perienue Toii moa-
3aJla4yM OIpesessieT HalpaBIeHUe TIOUCKa, 10CIIe
4ero OCYLIECTBIIAETCS KOPPEKTUPOBKA IIara ¢
Y4ETOM OTIPaHMYEHUN. ANTOPUTM NOIIAEPKHUBA-
€T JMHEIHBICE U HEIWHEHHBIE OrPAaHUYEHUS B
(dopMaTe paBEeHCTB U HEPABEHCTB, a TAKXKE IPO-
CThIE€ I'PaHUILBl HAa NIEPEMEHHBIE, UTO JIENAET €ro
YHUBEPCAJIbHBIM HHCTPYMEHTOM JJIsl pEIICHUS
MIOCTABJICHHOW 3aJ1a4M.

Pe3y.m,TaT1>1 HCCIIeJ0BaAHUA

[TepBbiM sTanom meneBas QyHkius (6) wc-
CJIeIOBAIACh C MOMOIIBIO CIEAYIOMMX Mpeodpa-
30BaHMIL:

Yia = Y2a + lysin(y,),
o ®)

Z1a = Z2a vCO S(Vv) .
CHauana aHAIM3UPOBAINCH  KOMOHMHAIIMU

l,, vy, TOMyYEHHBbIE U3 YKCIIEPUMEHTAIBHBIX JaH-
HbIX. B TakoM ciydae uccienyeMoe NpocTpaH-
CTBO SIBJIIETCSI JBYMEPHBIM M JIETKO NOANAETCA

3 XFLRS5. Analysis of foils and wings operating at low Rey-
nolds numbers. Guidelines for QFLRS v0.03, 2009. 58 p.
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rpadguueckomy aHaiausy. [Ipumep pacnpenenenus
neneBor (yHKIMU TOKa3aH Ha puc. 6. Hamumuaue
IIyMa MCXOAHBIX JTAHHBIX NPUBOIUT K MOSIBIIE-
HHUIO HECKOJIbKUX JKCTPEMYMOB L€NEBON (yHK-
. OJJHUM M3 UCTOYHUKOB TaKOTo IIyMa sIBJIS-
ercss (oHOBass TypOYJEHTHOCTh a’pOJUHAMHYE-
cKoif TpyObl. B wactHOCTH, B 3KcniepuMeHTe [32]
O0OHapYKEHO, YTO BUXPEBBIE CTPYKTYpHI, 00pa-
3yloIlMecs B cJO€ CMEIIeHusi MoToka (puc. 4),
BBI3BbIBAIOT YBEIMUYEHUE aMIUTUTYbl OCLMILISILIAN
LEHTPOB BUXpEH MpH NPHONMKEHUM K TpaHULe
snpa otoka AJIT (puc. 7). UccnenoBanue moka-
3aJ10, YTO JOCTATOYHO UCKIIIOYMTH U3 UCXOJHBIX
JAHHBIX BEJIMYMHBI CKOCAa BO3IYIIHOTO IOTOKA

|W]43M| > 0,4 m/c. IIpu punbTpau BhIIIE 3TOTO
YPOBHSI 3HAUUTEILHOTO W3MEHEHHs XapakTepa
1eNIeBOM (DyHKIIMM HE MPOUCXOAUT, B TO e Bpe-
Msi OTOpachIBAaHHE YaCTH IMOJIE3HBIX HCXOIHBIX
JTAHHBIX MPUBOJIUT K CHIXKEHUIO TOYHOCTHU TOUC-
Ka LICHTPOB BUXPEM.

Jlis oTpUIbTPOBAHHBIX JAAHHBIX B paccMar-
pYBaeMOM JIBYMEPHOM CIydae MOJIOKEHHE MU-
HUMYMa [IEHTpa BUXPS €IUHCTBEHHOE U XOPOLIO
corjacyercsi ¢ LEHTPOM BUXpS, OINpPENEICHHBIM
JKCIIEPUMEHTaIbHO. JTO  HaOMIoAaeTcs BO
Bcex 13 npoBenEeHHBIX IKCIIEPUMEHTAX.

Ha cnenyromem srtame ¢ HCHOIb30BaHUEM
MPSIMOTO pacyeTa MOJyYeH MUHUMYM IEIEeBOH
GyHKIIMM B TOJ€ KOOPAMHAT TIPABOTO BUXPS
(V2ar Z2q) TIPH PA3TUYHBIX (PUKCHPOBAHHBIX 3HA-
yeHusix l,,y,. OTU JaHHBIE TpPHUBEICHH Ha
puc. 8. MIx aHayiu3 Takxe MOJATBEP)KIACT €IUH-
CTBEHHOCTh MHHHMMYyMa IIe€JeBOM (QyHKIUHU, a
3HaueHus l,,¥,, coorBerctByromme min f(X),
OMM3KM K BEJIUYMHAM, TMOJYYEHHBIM METOJOM
BuaeorpamMmmeTpun. Ha puc. 9 mokazansl pe3yiib-
TaThl OOHAPY>KEHUSI BUXPEBOTO ClieJla METOJOM
SLSQP. Benuuunst 1, ¥, B moamnucsx Haj rpa-
bukaMu Takxke SBISAIOTCS pe3yJibTaTaMH MOMCKa
W BbIYMCIICHBI U3 X. JlMHa uHui, 0003HavYaro-
IIMX DKCIIEPUMEHTAJIbHBIE TO3UIUU IICHTPOB
BUXpEH, COOTBETCTBYET AHMAla3oHy B TPU Cpei-
HEKBAJ[PATUYHBIX OTKJIOHEHHS B paMKax OIHOTO
JKCIIEpUMEHTa. BHIIHO, 4YTO BHUXpb, PACHOJIO-
JKEHHBIN ONvKe K 00JaKy M3MepeHU, HaXOuT-
csi Hambonee TO4HO. Bonee BbICOKMII ypOBEHb
CKOCa BO3AYLIHOI'O IIOTOKAa, WHIYLMPOBAHHOI'O
TUM BHUXPEM, CHI)KACT BIUSHUE IIyMa, YIyd-
11ast KauecTBO MOUCKA.
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Puc. 6. Lleneras pyHKIuS py CIeIyIOMNX YPOBHIX (HUIBTPALIMH UCXOAHBIX JaHHBIX: a — 0€3 GpuibTpanum;
6 — Wl > 0,2 M/c; 6 — [Wign| > 0,4 M/c; 2 — [Wp| > 0,5 M/c
Fig. 6. Objective function at the following levels of raw data filtration: @ — unfiltered; 6 — |I/I_>/changed| > 0.2 m/s;
6 — |Wchanged| > 0.4 m/s; 2~ |Wchanged| > 0.5 m/s
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Puc. 7. [lonoxxenns nieHTpoB Buxpeil B cBsazanHoi ¢ AT cucreme KOOpAMHAT, ONPEAEICHHBIE C TOMOIIBIO
BUIEOTPAMMETPUH
Fig. 7. Positions of the vortex centers in the wind tunnel coordinate system, determined using videogrammetry
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Fig. 8. Dependence of the minimum min f (y,,, Z24 ) on [, u y,, for different wings
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Puc. 9. PesynbraTel 0OHApY)KEHHUS] BAXPEBOTO Clie/a 32 KPbUIbSIMH U BU3YAITH3aHsl LIEJICBOI HYHKLIUH
Fig. 9. Results of vortex wake detection behind the wings and visualization of the objective function
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3akiroueHnue

B pabore 3amaua aBTOMaTHYECKOro oOHapy-
JKEHUS] BUXPEBOrO cliefa 3a KpbUIAThIM JieTa-
TEJIbHBIM amlapaToM CBEJE€Ha K IOUCKY Mpo-
CTPAHCTBEHHOTO IOJIOKEHHSI MOJIETT BUXPEBOIO
KJIacTepa, COOTBETCTBYIOUIETO MHHHMMAJIbHOMY
PACXOXKICHUIO MEXIYy WHIYLUUPOBAHHBIM WM
(kJ1IacTepOM) TOJIEM BEKTOPOB CKOCA BO3JYILHO-
ro TIOTOKa ¥ M3MEPEHHBIM JTaTYNKAMHU DKCTICPH-
MEHTaJbHO. [IpMMEeHeHne ONTUMU3ALUKU T103BO-
o (popManm30BaTh ATOT TMpoLecc W obecre-
YUJIO YCTOWYHMBOE BBISBICHUE IOJIOKEHUH IEH-
TPOB BHXpPEH B YCJIOBHUSX IIyMOB M HEMOJIHOTHI
ucxonHoi uHpopmauuu. B pesynbrate amamnta-
LMY YCJIOBUHM 3aJauM JAJIsl WCIIOJIb30BAHUS TIpa-
JUEHTHBIX METOM0B ObUIM CHOPMYIMPOBAHBI
CJICYIOIIHE KITFOUEBbIC TOJOXKECHUS: MO (HKA-
1Sl MOZIeNTU BUXps P3HKMHA, MO orpaHUYeHUH
U nocTtoOpaboTKa HM3MEpPEeHUH i CHHKEHUS
BIMSIHUA IIyMa. ['1aKoCcTh U YHMMOJAIbHOCTD
MOJYYCHHOH I1IeNIeBON (PYHKIUU TOATBEPIKICHBI
HKCIEPUMEHTAIIBHO.

Pemenune nanHo# 3a7aun Mo3BOJIMIIO OOHApy-
JKUTh BUXPEBOM ClIe/l 32 MOJEISAMH KpPbUIbEB J10-
crarouno Manoi rmiomaau (S =0,027...0,064 Mz)
B ycnoBusx TypOynentHoctd AT ¢ TouHOCTBIO,
COITOCTaBUMOM C JKCIIEPUMEHTAIBHBIM pPa3z0opo-
COM BO BCEX TECTOBBIX cCllydasix. bwicTponeii-
CTBUE pa3pa0OTaHHOIO aJrOpUTMa IO3BOJIIET
OLICHUBATh IOJIOKEHUE BUXPEBOIO Cliefia B pe-
aTbHOM BPEMEHHU, a €ro paboTOCIOCOOHOCTh B
CIIO)KHBIX YCJOBHSX 3KCIIEPUMEHTa KOCBEHHO
TOBOPUT O BHICOKOM IOTEHILIMAJIE MPU MEPEXOJIE
K Hartype. CylecTBEeHHO OOJbIINE BETUYUHBI
CKOCOB BO3JYIIHOTO MOTOKAa, XapaKTEepHbIE IS
BUXPEBBIX CJIEJIOB CAMOJIETOB, BBIMOIHSAIOIIMX
TPAaHCHOPTHBIC 337a4YM, TI0 BCel BHIUMOCTH, Oy-
IyT OOHApYXUBAThCA Ha 3HAYUTEIBHO OOJBIINX
paccTOSIHUAX, OCOOEHHO B YCJIOBMSIX CIIOKOMHOM
aTMoc(hepbl.

Pa3zpaboTanHbIli aNTOPUTM TPUTOACH IS
HKCIEPUMEHTAIBHON a3pOAMHAMUKU B IEJIOM,
TaK Kak IO3BOJISIET B PEaJIbHOM BPEMEHU 0 He-
OO0JIBLIIOMY KOJIMYECTBY M3MEPEHUH CKOCOB BO3-
JTYIIHOTO MOTOKA € JOCTaTOYHO BBICOKOM TOYHO-
CTBIO CIIPOTHO3UPOBATH MOJI0KEHNE YCTOMUMBON
110 BPEMEHU BUXPEBOI CTPYKTYPHI.
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CpaBHMTEJbHbIN aHAJIHU3 MPOTOYHON YaCTH MPOMEKYTOYHOI0 KOpIyca
ra3oTypOMHHOIO ABHraTeJsisi ¢ BCTPOEHHBIM HA BaJl POTOpPA
cTapTep-reHepaTopom

1,2
A.Jd. Konapsikos "~

1 « « « «

Mockosckuti asuayuUoOHHbIU UHCMUmMYym (H(JI/;MOHCUZbelu uccnedosamenbCKuil

yHusepcumemy), 2. Mockea, Poccus
’OKB um. A. JTionoku — unuan ITAO «OLK-YMIIO», 2. Mockea, Poccus

Annotamust: [IpencraBnena paboTa 1o cpaBHUTEILHOMY aHAIN3Y MPOTOYHOM YacTH MPOMEKXYTOYHOTO KOPITyca ra3oTypOHMHHOTO
JIBATATENIs1 C BCTPOSHHBIM Ha BaJl pOTOpA CTapTep-ITeHepaTopoM B KOHIICIIIMH OoJiee SJIeKTPHIECKOro ABUratels. B xone paboTe
ObU1a 0003HAaUEHa HEOOXOIMMOCTDh M3MEHEHHS! KOHCTPYKIMH U Ta30JMHAMHUYECKOTO MCCIIEIOBAHMS IPOMEKYTOUHOTO KOpITyca
JIBYXKacCKaJ{HOTO KOMIIPECccopa ra3o0TypOHHHOTO ABUIaTells, JaHO ONHCAHNE KOHCTPYKLIMHU IIPOMEKYTOUHOTO KOPITYCa JABUTaTels
MPOTOTHIIA M OBUIM TTOCTPOSHBI HECKOJBKO BapHaHTOB I'€OMETPHUH TNPOTOYHOM HYacTH YBEIMYEHHOTO II0 OCEBOMY TabapuTy
MIEPEXOHOr0 KaHaja, a TAKXKE BBIMOIHEHO M3MEHEHHE KOHCTPYKIMM B YaCTH OKPYXKHOTO PAaCIONIOKEHHUs CTOEK, MX (POpMBI,
Ha3HA4YCHHUs ¥ KOJMYECTBA B CPABHEHHWH C NPOMEXYTOUHBIM KOPITyCOM JBUTaTess mpororuna. Ha 6asze mpoekTa KOHCTPYKIMH
pa3zpaboTaHbl pacuyeTHbIE MOJENM, KOTOpbIE OBUIM IOCUMTAHBI B Ta30AMHAMHYECKOM MOJYJIE HMMIIOPTHOIO PAaCUETHOTO
MPOrpaMMHOT0 OOeCIIeueH s Ha OTPEIENICHHOM PeKUMe padoThl aBuraressi. J{isi mocTpoeHus FeOMeTpUX M pacueTHBIX MOJIEIEH,
a Taroke IUII 3a/laHus TPAaHWYHBIX YCJIOBHI HCTIONB30BAICH METOUKH M3BECTHBIX CNEIMAINCTOB C YYETOM PEKOMEHIALHH 110
M3MEHEHHIO TUIoIa e, (hopMe KaHalia, yriiaM HaKjIoHa, MOZIEIISIM TypOyJIeHTHOCTH, KaueCTBY CETKH, 3a1aH1i YCIIOBUI Ha BXOJIE
1 BBIXOJIE U3 TIEPEXO/IHOIO KaHaia. B kauecTBe pe3ybTaToB ObUTH ITOJTyYeHbI IPaANEHThI CKOPOCTEN U IaBJICHUH B IPOJOJIBHOM H
TIOIIEpeYHOM HanpaBlieHHsX. [10 MoydeHHBIM TaHHBIM OBUTM MOCUMTaHBI MOTEPU IOJIHOTO JABJIEHHS B KaK/IBIH M3 KacKaloB
npuraress. Ha ocHOBe mcclieioBaHusl BbIZIETIEHbI HAaNPABJICHHS 110 HEOOXOIMMOMY M3MEHEHHMIO KOHCTPYKIMH CYIIECTBYIOIIHX
MIPOMEKYTOUYHBIX KOPITyCOB B CIIyda€ YCTAHOBKH B Ia30TypOMHHBIN JBUTATeNlh HHTETPUPOBAHHOTO CTApTEP-TEHEPAaTOpa BMECTE C
LEHTPaJIbHBIM KOHMYECKUM TIPUBOJIOM U YITyHIIICHHIO TTapaMETPOB TEUEHHUS B KaHAJE UL 00ecTieYeHHs MUHIMAIBHBIX TIOTEPh
TIOJTHOTO /IaBJICHHSI Ha BXOJIE B Ta30T€HEPaTop.

KuroueBble ¢j10Ba: KOHCTPYKIMS IIPOMEXKYTOYHOTO KOPITyCa ra30TypOMHHOTO ABUTATENs, BCTPOCHHBIN HA Bl pOTOpa cTapTep-
TEHEPATOop, ONPEAECIIEHNE TIOTEPD OJIHOTO JABJIEHHS, YCTAHOBKA LIEHTPAIBHOTO KOHUYECKOrO MPUBO/IA, CPABHUTEIIBHBIN aHAIIN3
IIPOTOYHOM 4acTu.

Jns uutupoBanus: KouapskoB A.Jl. CpaBHUTENbHBINA aHAIN3 MPOTOYHON YACTH MPOMEKYTOUHOTO KOpITyca ra30TypOMHHOTO
JIBUTATENs1 C BCTPOSHHBIM HA Bal poTopa craprep-reHeparopom // Hayunsnii Bectuk MI'TY T'A. 2026. T. 29, Ne 2. C. 93-105.
DOI: 10.26467/2079-0619-2026-29-2-93-105

The flow part comparative analysis of a gas turbine engine intermediate
casing with a starter generator integrated onto the rotor shaft

A.D. Kondryakov'"?
'Moscow Aviation Institute (National Research University), Moscow, Russia
’Experimental Design Bureau named after A. M. Lyulka (Branch of PJSC UEC-UMPO),
Moscow, Russia

Abstract: The paper presents a flow part comparative analysis of a gas turbine engine intermediate casing with a starter-generator

integrated onto the rotor shaft based on a more electric aircraft engine concept. This paper identified the need for design
modifications and a gas-dynamic study of the intermediate casing of a two-stage compressor in a gas turbine engine. A description
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of the prototype engine’s intermediate casing design was provided, and several flow path geometry variants were constructed for a
transition channel with an enlarged axial dimension. The design was also modified in terms of the circumferential arrangement of
the racks, their shape, purpose, and quantity, compared to the intermediate casing of the prototype engine. Based on the design,
computational models were developed and calculated in the gas-dynamic module of imported computational software at a specific
engine operating mode. To construct the geometry and computational models, as well as to define the boundary conditions, we
used methods developed by renowned experts, taking into account recommendations for changing the area, channel shape,
inclination angles, turbulence models, mesh quality, and specifying conditions at the inlet and outlet of the transition channel. The
velocity and pressure gradients in the longitudinal and transverse directions were obtained as the results. Based on the data
obtained, the total pressure losses in each of the engine stage were calculated. Based on this research, areas for necessary
modifications to the design of existing intermediate casings were identified when installing an integrated starter-generator with a
central bevel drive in a gas turbine engine, as well as improvements to the channel flow parameters to ensure minimal total pressure
losses at the gas generator inlet.

Keywords: the design of the intermediate casing in the gas turbine engine, starter-generator integrated onto the rotor shaft,
determination of total pressure losses, installation of a central bevel drive, comparative analysis of the flow part.

For citation: Kondryakov, A.D. (2026). The flow part comparative analysis of a gas turbine engine intermediate casing with a
starter generator integrated onto the rotor shaft. Civil Aviation High Technologies, vol. 29, no. 2, pp. 93—105. DOI: 10.26467/2079-
0619-2026-29-2-93-105

BBenenue pe3epBUPOBaHUS arperaroB M CUCTEM IPUOPH-
TETHBIM HAIMpaBJICHUEM SBISIETCS pa3paboTka
KOHCTPYKLHUH IPOMEXYTOUYHBIX KOPITYCOB, B KO-
TOPBIX TPAJAMLMOHHBIA LIEHTPAJIbHBIM KOHUYE-
CKU{ TPUBOJ pa3MEIIeH BMECTE C HHTETPUPO-
BaHHBIM CTapTEP-T€HEPATOPOM MOCIEAOBATENb-
HO. /laHHO€ KOHCTPYKTHBHOE PEIIEHNE [TO3BOJISI-
eT o0ecneunuTh HaJeKHYI0 paboTy IBUTATeNs
M €r0 arperaToB B ClIy4ae BbIXOZAA U3 CTPOSI MH-
TErpUpPOBAHHOrO cTaprep-reHeparopa [3]. Ilpo-
€KT COBMECTHOM yCTaHOBKHM BCTPOEHHOT'O CTap-
Tep-reHepaTopa W IEHTPAJIbHOH KOHUYECKOMN
nepesayd BO BHYTPEHHEH IOJOCTH INPOMEXKY-
TOYHOI'0 KOpITyCa IIPEICTaBIICH Ha puC. 1.
TpaaulMOHHBIE KOHCTPYKIUU MPOMEXYTOU-
HBIX KOPIyCOB B 3HAQYMTEJIbHON CTENEHU OITH-
MHU3UPOBAHBl B YACTU TEUYCHHUS Ta30JMHAMHUYE-
CKOro MOTOKa B NMPOTOYHON YAaCTH U pa3Mellle-
HUs KOMMYHHKaIui B ero croikax. Jlus peann-
3allMM  COBMECTHOI'O pa3MEIIeHUs  CTapTep-
reHepaTopa BMECTE€ C LIEHTpPaJbHbIM KOHHYe-

HOE TIPOCTPAHCTBO JUIsi TPOEKTUPOBAHUSA, C CKHM IIpHUBOJOM HCO6XOZ[I/IMO YBEJINUYUBATh OCC-

YCTAHOBKOH HA BAT POTOPA BHICOKOTO JaBjie- BOI rabapuT MpOMEKyTOUYHOTO KOPITyca U U3Me-
Hus [2] HATh KOHQUTYpalMIO U Ha3HAUYEHUE ero CTOeK,

TaK KakKk K TpaJUIHMOHHBIM KOMMYHHKAIUSIM
JIBUTATENI HOOABIISIOTCS JOIOJHHUTCILHBIE OT
cTapTep-reHeparopa: EKTPUUECKUE MPoBoIa U
KOMMYHUKAIMA CUCTEMBI OXJIaXKIeHUs [4].

Jlns oOecrieueHHs] COOTBETCTBHUS 3aJaHHBIM
napamMeTpaM, MUHUMaJIbHON MacChl, MUHUMAaJTb-
HBIX TOTEph MOJHOTO JABJICHUs Ha BXOJE B TIa-
30r€HEPATOpP KOHCTPYKIMIO M3MEHEHHOTO IIPO-

OnHUM U3 TEPCTICKTUBHBIX HATIPABIICHUH CO-
BEPIIICHCTBOBAHUS aBUALIMOHHOW TEXHHKHU U Ta-
30TYpOMHHBIX JBUTATEICH, B YaCTHOCTH, SIBIISI-
eTcsl IepexoJl K 0oJiee INMEKTPUIECKOMY HCIIOIN-
HEHUIO W3/enusa. B pamkax IaHHOTO Hampasiie-
HUS MIPEATNOoaraeTcs MoBbIIeHHe YHeprodhdek-
TUBHOCTH B CPaBHCHHUU C TPATUIIMOHHBIM KOH-
CTPYKTUBHBIM JIMIIOM, YTO BO3MOXHO MPH MOH-
TaXe DSIEKTPUUYECKOTO CTapTep-TeHepaTopa C
KpaTHO Oonblleil BhIpabaThIBAEMOU AJEKTpUYE-
CKOWM MOIIHOCTBIO BO BHYTPEHHIOIO IIOJIOCTh
aBHAIMOHHOTO BUTaTess [1].

Camoii O1aronpuaTHOM MOJOCTBIO VISl yCTa-
HOBKM BCTPOCHHOW 3JEKTPHUUYECKON MAIUHBI B
CHUCTEeME€ Ta30TypOMHHOTO [BHUTATENs C TOYKH
3peHUsl TEIUIOBOTO U HaIpsHKeHHO-Aedopmupo-
BAHHOTO COCTOSIHHH SIBJISIETCSI PACIIOJIOKEHHAs
MEXy KacKaJaMu KOMIIPECCOPOB MOJOCTh MPo-
MEXYTOYHOTO KOpITyca, TJIe UMEETCs J0CTaTO4-

Jnst obecrieueHust HaASKHOCTH U Oe300I1€3-
HEHHOHM TpaHC(OpMAILIMU TPU TIEPEXoje OT Tpa-
JTUIAOHHBIX KOHCTPYKIMM Ta30TypOUHHBIX JIBH-
rareiiell K 0osee 3JICKTPUYCCKUM HCIIOTHEHUSIM
C YYETOM TIPOTHO3a Pa3BUTHS DIIEKTPUICCKUX
yJeIbHBIX MapaMeTpoB B Poccuu u 3a pyOexom,
BEJIMYUH JAHHBIX [apaMeTpOB Ha YKE CyIle-
CTBYIOIIUX H3JCIHSX, & TAKKE HEOOXOAMMOCTH
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Puc. 1. [IpoeKT cOBMECTHON yCTaHOBKH BCTPOEHHOT'O CTapTEP-TeHEpaTOpa U LIEHTPAJIbHOM KOHUYECKOH Mepeiay BO
BHYTPEHHEH MOJIOCTH IPOMEKYTOYHOTO KOpITyca
Fig. 1. The project of an integrated starter generator and a central gear drive joint installation in the inner cavity of the
intermediate casing

MEXYTOYHOTO KOpITyca HEOOXOIUMO ONTHMHU3H-
pOBaTh M aHAJIU3UPOBATH C TOUKHU 3PEHUS ra3o-
JIMHAMUKH, TPOYHOCTH U TEXHOJIOTUYHOCTH [5].

KoHCcTpyKIHUsi mepexoHOro KaHaJja
MpPOTOTHIIA

[IpomexXyTOUYHBIM KOPIIYC pa3MEIIeH MEKIY
KOMIIPECCOPAMH HU3KOI'O M BBICOKOTO JaBJICHUN
¥ BBINIOJHSET BaXHYIO (YHKIHMIO IO pa3ziese-
HUIO IIOTOKAa BO3JyXa, KOTOPBIM IMOCTYyNaeT W3
KOMIIPECCOPa HU3KOTO JABJICHUS Ha J1BAa HAIPAB-
JIEHWs: BHYTPEHHUM M BHEIIHUM KaHaibl. [Ipo-
MEXKYTOUHBIN KOPIIyC SIBJIIETCS LEHTPaJIbHBIM
KOPILyCOM [JBUTraTeis, Ha KOTOPBIA IMPUXOIATCS
OCHOBHBIE CYMMApHBIE CHWJIBI, KOTOPHIE BO3HH-
KaIOT B Pa3JIM4HbIX y3i1ax asurarens. [lepexon-
HBI KOpPITyC BOCIIPUHUMAET Ha ce0si pe3ysbTH-
pYIOILME OCEBBIE U paJUAIbHBIE HArpy3KH, Ie-
peraBaeMble yepe3 MIapUKOBBIE OAIIUITHUKH OT
POTOPOB KOMIIPECCOPOB U TypOMH, KOTOpbIE 3a-
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TEM 4Yepe3 Yy3Jbl IMOJBECKM IMepefaroTcs Ha
BHEIIIHUE CUJIOBBIE 3JIEMEHTHI JIETATEJIbHOTO all-
napata U oOparHo. IlpomonpHBIA pa3pe3 KOH-
CTPYKILUHU MPOMEKYTOUYHOTO KOPITyCa JABUTATENS
IIPOTOTHUIIA IPE/ICTABIIEH HA PUC. 2.

Konctpykiust mpoMeKyTOUHOTO KopItyca Co-
CTOUT U3 MHOKECTBA JieTaliell 1 COOPOUHBIX eH-
HUI], KOTOPbIE COCIWHEHBI MEXAYy COO0OH cBap-
KOH. OCHOBHBIMM TOJCUCTEMAaMH SIBJISFOTCS:
Hapy’KHBIA 0001, 00071 OTIOPHBINA, CTOWKH U pa3-
nenutenb. Q001 HApyKHBIM COCTOUT U3 o0eyaii-
KM, K KOTOpPOH! IPUBAPEHBI NEPEIHUN U 3aHUU
daaHel U1 CTHIKOBKM co cratopom KHJI u
Hapy>KHbIM KOHTypoM. Ha BHemHein rpaHu Ha-
pyXKHOTO 00072 pa3MelIeHbl CleayIone KOM-
MYHUKAILIH:

e JIBA TJABHBIX KpOHIITEHHA IOJBECKU
JIBUTATEJNS K JIeTaTeIbHOMY ammapary;

e pBIYAard MEXaHW3allMM IMOBOPOTA HAIPAB-
JSIOIIMX anmnapaToB KOMIIpeccopa;

o (hnaHIBI CTHIKOBKH KJIalaHa MepeKitoye-
HUS HaJJyBa OMOp pOTOpa JBUTATENS;
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Puc. 2. [IpomonbHbIil pa3pe3 KOHCTPYKLHMHU IPOMEKYTOUHOTO KOPITyca ABUTATElIs MPOTOTHIIA
Fig. 2. Cross section view of the intermediate jet engine casing design of the prototype

e KOMMYHHKAIMH CyQIUPOBAHUS MAacisi-
HBIX U MPEAMACIISTHBIX TIOJIOCTEH OTOP POTOPOB;

e (hbmaHIBI yCTAHOBKU TPYOONPOBOIOB Mac-
JIOCHCTEMBI;

e (bmaHIBl YCTAaHOBKHM KOPOOKH MPHBOIOB
arperaTos.

Ha BxomHoll (¢rnaHen konblla Hapy>KHOTO
YCTaHABIIMBAETCSI CTATOP KOMITPECCOpa HU3KOTO
JIaBJICHUA, HAa 3alHUA — MEpEeIHUN NepexXOoaHbIN
KOPIIYC MEXIY MPOMEKYTOUYHBIM KOPITYCOM H
Kamepol cropaHus. Ha BHYTpeHHIOI TIpaHb
Hapy>XKHOTO 0003 yCTaHOBIIEHO 12 cTOEK ¢ mo-
MOIIbIO CBapKH. CTOMKH MPOMEKYTOUYHOTO KOP-
myca SIBJISIFOTCS] TTyCTOTEIBIMH M UMEIOT Pa3HYIo
KOH(UTYpAIUIO0 TEOMETPUU: C Y3KUM CEUCHHEM,
CpPEIHHUM U MHUPOKUM. BHYTpH MyCTOTENBIX CTO-
€K pacroJjiaratoTcs: peccopa CBsI3M HEHTPaIbHOU
KOHUYECKOW Iepeaadn ¢ KOpOOKO# JBUTATEIh-
HbIX arperaroB, peccopa CBS3U MIPHUBOJHOIO
MacCJSTHOTO Hacoca, peccopa omnpenencHus (u-
3MYE€CKOM 4YacTOThl BpalleHUs KOMIIpEccopa
HU3KOTO JaBJICHUS, a TaKXe MPOYHe KOMMYHH-
Kanuu. Pa3genuTenlr MMeeT COEIUHHMTEIIbHBIN
daHen W OTBEPCTUS IMOJ CTOMKH TPHUBAPHBIX
croek. Ha ¢manen pasnenutens ycraHaBIMBaeT-
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Cs CTaToOp KOMIIpEccopa BBICOKOTO JaBJICHUS.
BTyno4HOl 4YacThO NpHUBApHBIE CTOMKHM YCTa-
HaBJIMBAIOTCS B COOTBETCTBYIOLME OTBEPCTUS
oropHOro 000/1a TPOMEKYTOUYHOTO KOPITyCa.
OmnopHblil 00071 TPOMEXYTOYHOI'O KOpITyca sIB-
JSI€TCSl TAK)KE CBAPHBIM M MMEET YEThIpe COeIU-
HUTENbHBIX (praHma. Ha nmepeanuii BHyTpeHHUIN
¢raner] ycTaHaBIMBAETCS KOPITYC HIAPUKOBOTO
NOJUIMITHUKA KOMIIPECCOpa HU3KOTO IaBJICHUS,
Ha HApYXHBIA TepenHuil (aHen ycTaHaBJIHBa-
€TCsl BHYTPEHHEE KOJBIO HaIpaBISAIOLIETO ar-
napara IocJIeJHEH CTyNeHUu KOMIpeccopa HU3-
Koro aasieHus. Ha 3aguuii BHyTpeHHUH (haaHer
YCTAHABJIMBAETCS KOPIYC IIAPUKOBOIO MOA-
LIMITHUKA OINIOPHI POTOpa KOMIIPECCOPA BBICOKO-
ro JaBJE€HHUS U KOPIYC LEHTPaJbHOW KOHHYE-
CKOH mepefaud, Ha BHEIIHUN 3aaHUIl — o0Oeyaii-
Ka Juis obOecriedeHus] Cy(QIMpOBAHUS TIOJOCTH
KOHTaKTHOT'O MAaCJISTHOTO YIIJIOTHEHUS ONOpPBI U
BHYTpPEHHEE KOJIBI[O BXOJHOTO HAIPABJISIOIETO
arnmnapara KOMIIpeccopa BBICOKOTO AaBieHus [6].
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Puc. 3. KoHCTpyKuus IBYX BapHaHTOB PACIIONIOKEHHUS CTOSK MOIMU(DUIHPOBAHHOTO IIPOMEKYTOTHOTO KOPITyCca
Fig. 3. Two variants design of the racks arrangement in the modified intermediate casing system

Moaudukanus KOHCTPYKIUU
NMPOMEKYTOYHOI0 KOpITyca

Moaudukarusi mpoMexyTO4HOTo KopIryca co-
XpaHsieT MPEeMCTBEHHOCTh KOHCTPYKIIUU MPOTO-
TUIIA, HO MMEET HEKOTOpble u3MEeHeHud. J[nd
o0ecrieyeHHsi COBMECTHOM YCTaHOBKH BCTPOEH-
HOTO CcTapTep-TeHeparopa U IEeHTPaIbHONH KOHH-
YeCKOM nepeaadn 0ceBoil rabapuT ObLT yBEIMYECH
~na 100 MM. BMecTe Cc yBeTMYEHHEM OCEBOTO
rabapura 11€51ec000pa3HO ObUIO YBEIHYUTh W
0CeBOM rabapuT CTOEK Ha COpa3MEpHYIO BEUYU-
Hy JUld 00ecreyeHHs] aHAJIOTMYHOIO C MPOTOTH-
MIOM XapakTepa TedeHus: notoka. Ilpu stom mo-
Jie3Hasl TUIONIAIb BHYTPEHHUX TOJIBIX CTOEK H3-3a
yBenMueHus1 rabapura crana Ooiblle, B pe3yiib-
TaTe 4yero ObLIO MPUHATO PELIEHHE O COKpalle-
HHMM KoJImdecTBa cToek ¢ 12 mo 11, yro obecre-
YMBAET COXPAHEHUWE KOMMYHHKALMH KOHCTPYK-
LIUU-TIPOTOTUNIA C J100ABJIEHHWEM HOBBIX: 3JIEK-
TPUYECKUX TPOBOJOB U TPYO CHUCTEMBI OXJIAXKIe-
HUS DJIEKTPUYECKOM MalllMHbL. BBHIy TOro 4ro
11 croek B OKpY>KHOM pacrHojOXeHUH He olec-
MEYMBAIOT PAaBHOMEPHYIO YCTaHOBKY, OHU ObUIH
YCTaHOBIIEHBl HA Pa3HbIC YTJIOBBIE KOOPIMHATHI
TaK, YTO COYETAHHE IIUPUHBI MPOPHIS HUBEIU-
pPYET OKpY>KHYI0 HEpaBHOMEPHOCTb. [Ipn naHHOM
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PAacIoNoKEeHNN HEOOXOAUMO pacCMOTPETh U TO-
TpeOHyI0 IUIOIAJb KOMMYHUKAIMH, M3-3a Yero
ObUT0 pa3paboTaHO [Ba BapuaHTa OKPY>KHOTO
pacrionoxeHusi ctoek. KoHCTpykuusi AByX Bapu-
AQHTOB OKPY’KHOTO PACIOJIOKEHUSI CTOEK MOJU-
(ULMPOBAHHOIO  BapuaHTa MPOMEXKYTOUHOI'O
KOpITyca IIpejicTaBlIeHa Ha puc. 3.

IIpu sTOM yCTaHOBKAa CTapTep-reHeparopa
BO3JIE LIEHTPAJILHOIO KOHUYECKOrO NPHUBOJA Ha-
KJIaJIbIBACTCS HA PEAYKTOP OMpEeNICHHS YaCTOThI
BpALEHUs] pOTOpPAa HU3KOTO JABJICHHUS, UTO CBH/IE-
TEJILCTBYET O HEOOXOJMMOCTH €T0 UCKIIIOUCHUS U
UCIIOJIb30BAaHUs JAPYIHX CIOCOOOB ONpeleseHUs
¢dusrueckoil yacToTsl BpamieHus. [lomoxkurensb-
HBIM 3(pPEKTOM OT JaHHOTO HCKIIOUYCHHS SIBJIS-
eTcsi 0OCBOOOXK/IEHHE CTOMKH OT peccopbl MPHUBOAA
JAHHOTO PEAyKTOpa U HCIOJIb30BaHHE CBOOOJ-
HOM IJIOIIAAM JUTsl IPYTUX HYXKI [7].

[TomuMo u3MeHeHHs oOceBOro rabaputa M
PacIoNIOKEHUsT CTOEK, ObLTH PacCMOTPEHBI He-
CKOJIbKO BApUAHTOB I'€OMETPUU BHYTPEHHEH u
Hapy’KHOW 00edaek, KOTopble 00eCIeunBaloT Te-
pexox OT KOMIpeccopa HHU3KOrO JAABIEHHS K
KOMIIPECCOPY BBICOKOTO JaBieHus. BBuay Hayd-
HO-TEXHUUYECKOr0 Xapakrepa padoTbl M OTCYT-
CTBHSI OIPENICIIEHHOTO0 KOHCTPYKTHBHOTO JIMIIA
JIBUTaTelll C YCTAHOBJIEHHBIM BMECTE€ C LEH-



HayyHbiin BectHuk MITY TA

Tom 29, Ne 02, 2026

Civil Aviation High Technologies

Vol. 29, No. 02, 2026

Puc. 4. 'eomerpust MOIUPHUIMPOBAHHBIX (OPM IIEPEXOHOTO KaHaIa
(xpacHbIi, prONIETOBBIN — BapHaHTHI 1, 2, 3eJIeHbIi — BapuaHT 3)
Fig. 4. Geometry of the transition channel modified shapes (red, purple — variants 1, 2, green — variant 3)

TpaJIbHOW KOHUYECKOM Iepeaye craprep-reHe-
paTopoM OBbUIO MPUHATO PELIEHUE PACCMOTPETH
BapMaHThl MPOTOYHOW YACTH MOJA pPa3IUYHBIE
KOMIIOHOBKH: C IPEEMCTBEHHOCTbIO T'€OMETPUU
NPOTOYHOI yacTu ABUraTess MpoTOTHUIIA, ¢ 00ec-
MEYEHUEM IOCTOSHCTBA IUIONIAaiel O BHYTPEH-
HeMy 00Boay aud@y3opHOro KaHajia, C MpeeM-
CTBEHHOCTBIO OOBOJIOB T€OMETPUH KOMIIpECCOpa
HU3KOTO J1aBJeHUs1 HOBON Moaudukauuu. B xo-
Jie paboThl C MOMOIIBI0 UMIIOPTHOTO MPOrpam-
MHoro ooecrneuenust Siemens NX ObUIH cMOJ€E-
JUPOBaHbl KOHCTPYKIMM H3MEHEHHOrO IMpOMe-
KYTOYHOI'O KOpITyca JABYXKOHTYPHOI'O Ta30Typ-
OMHHOIO JBWraTels, NpPU 3TOM KOOPAUHATHI
MPOTOYHOW YacTH (HApY>KHBI U BHYTPEHHUH
000, pa3aenuTenb) ObLIM pa3OUThl HAa MPOCTHIE
dbopMbI (LUIUHIAP, KOHYC, Paauyc) U MapaMmer-
PU3UPOBAHBI (IMAMETPbI, YIJIbI, PAANYChl) IS
oOecrieueHHs: TpeOOBAHUM PA3IMUYHBIX METOJUK
U C y4E€TOM MOAOOHOTO Xapakrtepa padot [8, 9].
[Tpu 3TOM B KayecTBe OKPYXHOI'O DPACIOJIOXKe-
HUSl CTOEK OBLI NPUHAT BTOPOM BapUaHT M3-3a
HAJINYMS y3KOM CTOWKM HampOTHB IOsiCa OCHOB-
HBIX MOJBECOK JBUTATENs, YTO 00ECHeuuT JIyd-
1Iee HarpsHKeHHO-Ae(hOPMUPOBAHHOE COCTOSTHHE
KOpITyca ¢ TOYKU 3pEHHSI AaHATUTUYECKOTO aHaJIu-
3a. ['eomeTpust MoupHULIUPOBaHHBIX (HOpPM Iepe-
XOJTHOTO KaHaJjia MpeJicTaBlieHa Ha puc. 4.

IIpu QpopmupoBaHHM BapuaHTa HPOMEXKYTOU-
HOT'O KOpITyca ¢ 00eCreueHneM MOCTOSHCTBA TIIO-
a/Iel JAOTOJHUTENIBHO B OCEBOM HAIPABICHUM
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KaHal ObUI pa3pe3aH IUIOCKOCTSMU C IIaroMm
B 5 MMm. [Ipu anaymuse momaznel BBITOIHAICS pac-
YeT CyMMApHOW IUIOIIAJM MEKCTOCUYHBIX KaHAJIOB
OT BXOJa K BBIXOJy BO BCEX IUIOCKOCTAX. B ciryuae
HECOOTBETCTBHSL 3aKOHY IIOCTOSHCTBA IUIOIIAJEH
BBIIIOJTHAJIACH  KOPPEKTUPOBKA KOOpAWHAT IIPO-
JIOJIBHOTO CEYEHUsI C NOBTOpeHHeM pacuera. [laH-
Hasi METOAMKA MpeIlyCMaTpUBACT HTEPAllMOHHBIA
npouecc. Ilo pesynbraram nepenpoeKTUPOBaHUS
CO3JIaHBl TPH pPaCyUEeTHBIE MOJENH, KOTOpbIE OBUIH
UCIIOJIb30BAHBI IPH Ta30JMHAMUYECKOM aHAIH3E.

MeToabl 1 METO10JI0TUS
HCCJIe0BaAHUSA

Jlyis mpoBenieHusl CTallMOHAPHBIX PAcYETOB B
paboTe UCHOIB30BAJC Ta30MHAMHYECKHIA MO-
nyinb CFX nporpammaoro obecrieuenuss ANSY'S
Workbench 2019R2. B kaudectBe pabouero tena
HCIIOJIb30BAJICSI COBEPIICHHBIN Ta3, B KOTOPOM
YYUTHIBAIOCH M3MEHEHHE TapaMeTPOB CPEIbI
(BSI3KOCTB, YJEJbHAs TEIIOEMKOCTh, TEIIONpPO-
BOJIHOCTh) B 3aBHCHUMOCTH OT TE€MIIEPATypPHI TO-
Toka. B kauectBe Monmenu TypOyJIeHTHOCTH ObI-
Ja BRIOpaHa TOMYJIIpHAs HAa CETOMHSIIHUN JIeHb
mozaenb Menrtepa (Shear Stress Transport), Tak
Kak oOHa 00najaer JOCTOMHCTBAMHU MOJelei
TypOyneHTHoCcTH K-w 1 k-€, 4TO SBIISICTCS aKTy-
QITBHBIM BBUJY CJIOXKHOW T€OMETPHH MPOMEKY-
TOYHOTO KOpITyca, pa3ieieHus] MOTOKa, KPUBU3-
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Taoauma 1
Table 1

[ToTepu MOTHOTO AaBICHUS IO TPOTOYHOM YaCTH MPOMEKYTOUYHOTO KOpITyca (OTHOIICHHE
OCPETHEHHOTO 110 PacXOo.y MOJIHOTO AABIEHHS K (PaKTHIECKOMY)
Total pressure losses along the flow part of the intermediate casing (ratio of the flow-averaged total
pressure to the actual pressure)

Bapuant Aorr, % AoHK, %
1 0,45 0,79
2 0,42 0,83
3 0,95 0,84

HBl M 3aKpyTKH MOoToka. Bo MHorux paboTax
OTEUECTBEHHBIX HMH)KEHEPOB-PACUECTUMKOB HC-
MOJIB3YETCSl MOJIeTb TypOyJeHTHOoCcTH k-e, HO
IpU 3TOM OHa 00J1a/1aeT HEeAOCTaTKAMHU, CBSI3aH-
HBIMH C ONMCAaHHEM IOTPAaHUYHBIX CIIOEB C Ipa-
JUEHTOM JaBJICHHsI, CHJIBHBIX BUXpEH ¢ KPUBH3-
HOM JIMHUM TOKa, Mepexoja M3 JJAMUHApHOTO B
TypOyJIeHTHOE T€UEeHHUE, TPEXMEPHBIX TEUCHUH C
pellaMHUHapHu3aeil MmorpaHcios, a Takke IpH
MOJICIIMPOBAHUH C)KMMAEMBbIX U OTpPBIBHBIX Te-
yeHuil. BcrenctBue yBenuyeHUs] MapaMeTpoB
IIOTOKAa 3a KOMIIPECCOPOM HH3KOIO JaBJICHMS,
YBEJIMUYEHUS PaJualbHON KPUBU3HBI MOTOKA IO
TpPakTy OT BEHTUJIATOpAa K KOMIIPECCopy, pas-
JUYHBIX TEXHOJIOTUYECKUX OCOOEHHOCTEH H3ro-
TOBJICHUS JETallell CBapHOTO MPOMEKYTOYHOIO
Koprmyca (IITaMIIOBKa, CBapKa, LIEPOXOBATOCTb
MOBEPXHOCTH, MOBOJKU NPH TEPMOOOpPabOTKeE),
HU3KOW CXOJUMOCTU C pe3ysbTaTaMu SKCIIEpH-
MeHTa Mojeib TypOyneHTHOcTH k-e Heuerneco-
00pa3HO HCIONB30BaTh C TOYKHU 3pPEHUS KOH-
CTPYKIMH TPOMEXKYTOUYHOT'O KOpITyca JBUTATEIs
HOBOT'O TIOKOJICHHS Ui BBINOJHEHUS PacyeTOB
Ha MOJICTHBIX peXuMax paboTel nBuratens. [lpu
BCEM MHOT000Opaszuu mojened TypOyJIeHTHOCTH
KOHEYHBI BBIOOp MCIONIB3yeMOH 3aBUCUT OT
OMbITa HMHXXEHEpa-pacueTurka M CXOJUMOCTHU
pe3yabpTaToOB pacuera ¢ 3kcrnepumentom [10, 11].

Jns monenupoBaHUs TE€YEHHS Ha BXOJIE B
pacueTHyI0 0O0NaCTh 3aJaBaJUCh paJUaIbHbIC
IPaJUeHThI MOJIHOTO JAaBJICHUS U TeMIepaTyphl,
a TaKKe 3aKpyTKa MOTOKAa Ha BBIXOJE M3 KOM-
mpeccopa HU3KOTO JaBJCHHUS Ha 3a/JlaHHOM pe-
KUMe paOOoThl IBUTATEINSI, KOTOPbIE OBLIU MOIY-
YeHbl M0 pe3yJbTaTaM ra30JIMHAMUYECKOT0 MO-
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NENUPOBAHUS M3MEHEHHOTO KOMIIpeccopa HHU3-
KOTo JaBlieHusi. Ha BEIXOTHOM CEYeHHU pacyeT-
HOM MOJIENM 3a/laBaJiCsl pacxoJ] BO3ayXa, KOTO-
pBIii COOTBETCTBOBAN PEXKUMY PabOTHI M3AETHS.
Brixon n3 pacueTHoO# 001acTH ObLT 3HAYUTEIHHO
OTOABUHYT BIPABO IO MOTOKY (B CTOPOHY COTI-
J1a) B CPaBHEHUHU C MEPBOHAYAIBHOW T€OMETPH-
eil. JTo caenmaHo UIA TOTO, YTOOBI YCTPAaHHUTH
BIIMSIHUE 3aJJaHHBIX HAa TPAaHHIIE MapaMeTpPOB Ha
TEUEHUE HEMOCPEJCTBEHHO B HMHTEPECYIOIIEH
4acTu pacueTHoi obnactu [12, 13].

[Ipr MomenMpoBaHWM BS3KUX OTPBIBHBIX Te-
YEHW B TPOCTPAHCTBEHHBIX KaHAIAX IS Tpa-
BUJIBHOTO OTIPEIEIICHUS TOTePh OYCHD BAXKHO UC-
MOJIb30BATh CETKH, ITO3BOJISIONINE IPABIIHLHO
YYHUTBHIBATh BIMSHUE CTEHOK. [[y1s1 3TOrO pasHoCT-
HbIE CETKH JIOJKHBI OBITh aJanTUPOBaHBI K IO-
BEPXHOCTH TYTEM CTYIIECHHUS BJIOJb CETOYHBIX
JuHUK K cteHkam. [Ipu 3ToM ckopocTh Hapacra-
HUS pa3Mepa sueek 1Mo Mepe yAaleHus: OT CTEHKU
He noipkHa npesbimath 10 %. Cerounast Mozaenb
COCTOUT W3 TETPA3POB C pa3pelicHUEM B IPH-
CTEHOYHOU 30HE. Pa3Mepnl CeTOYHBIX MOJENei
BapbUPYIOTCS B 3aBUCUMOCTH OT KOH(UTYypamuu
u gocturatot ~ 50 mutH snemenToB [11, 12].

Pe3y.]ILTaTI>I HCCJIeJ0BAHUA

Ilo pesynbraram pacuera OBLIO MOIYYEHO
pacnpeneneHre MoJei MONMHOTO NaBJICHUS U Yu-
cenn Maxa Ha BBIXOJ€ M3 PacyeTHOH oOyacTH, a
TakXke ObUIM pacCUUTaHbl NOTEPU MOJHOIO JaB-
JIEHUs B PA3IMYHBIX BapUAaHTaX PACUETHBIX MO-
neneit [14, 15]. B tabn. 1 npuBeneHsl 3HaYCHUS
NOTEPH MOJIHOTO JIABJIEHUS IO IPOTOYHOM 4acTh
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Puc. 5. PacnonoskeHre KOHTPOJIBHBIX CEUCHHI (OTpeaesieHre MOTePh MOJHOTO TaBIECHU)
Fig. 5. Location of control sections (determination of total pressure losses)

VY%

Puc. 6. PacnionoskeHre KOHTPOJIBHBIX CEYCHHI B PaCU€THOM 00JIaCTH
Fig. 6. The location of the control sections in the design area

IIPOMEXKYTOYHOI'0 KOpIyca B MPOILIEHTHOM COOT-
HOIIICHHH.

[ToTepyn MOJHOTO NaBIECHUS I KaXAO0r0 U3
KOHTYPOB PaCCUUTHIBAIHCH MO Popmyie

AG = (1—P 211100,
Pir

A6, = (1—P 2100
1HK

npu ycsoBud, 4t0 Gy pyx = Gonux ¥ G rr= Ga 1y

100

rie P’ — smauenme OCPEIAHEHHOTO 10 Pacxomy
IIOJIHOTO JIaBJIEHUS B pPaccMaTpHUBAEMOM cede-
HUHU.

Ha puc. 5 uzo0pakeHbl KOHTPOJIbHBIE Cede-
HUS, B KOTOPBIX ONPEACISINCH MOTEPU MOTHOIO
JIaBJICHMSL.

Pacrionoxxenne ceueHHd Uit OTOOpaKEHUS
KapTUH TeueHMs MokazaHo Ha puc. 6. Ceuenue 1
BOJIM3U «TOJICTOW» CTOWKH, CEYCHHE 2 MEXIY
«TOJCTOM» M «TOHKOH» CTOMKOM, ceueHHe 3
BOIM3U «TOHKOW» cToWkH. CeueHue S5 MexAy
«TOHKOW» M «CpEIHE» CTONKaMH, CedeHue 8
MEXIy «TOHKON» U «CpenHei» croikou. [Ipuse-
JICHHBIE CEYEHUS MO3BOJIAIOT IPOAHAIU3UPOBAThH
TEYEHUS B XapaKTEPHBIX MECTaX KOHCTPYKIIMH.
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Puc. 7. Pactipenenenue yncina Maxa B MEpUIMOHAIILHOM CEYEHUU
Fig. 7. Distribution of the Mach number in the meridional section
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Bapwuanr 3

Puc. 8. PacnipesnieneHre noHOTO IaBJICHHS B BBIXOJHOM CEUYCHUH
Fig. 8. Distribution of total pressure in the outlet section

Pacuets! a1 mepBoro U BTOPOro BapUAHTOB
FEOMETPUH TOKa3bIBalOT CPaBHUMBIA YPOBEHb
MOTEPh IOJHOTO JIABJICHUS, MO3TOMY B Jab-
HEHIIeM MOJIyYeHHbIE KapTUHBI paclpesesieHus
XapaKkTePUCTUK IO TPAKTy KaHajla MOXHO
0000IUTh, I TPETHErO0 BapHaHTA KOHCTPYK-
[IMU HAOJNIOMAeTCs PE3KUil JOKABHBIN pa3roH
MOTOKa Ha pasjenureie BOJM3H CTOEK C
HauOOJbIIeH U CpeqHel TOJNIIMHOM, YTO COOT-
BETCTBYET MaKCHMallbHOMYy uuciy Maxa 0,8.
Takke BO3HUKAET WHTEHCUBHOE TOPMOKEHUE
MOTOKA BO BHEIIIHEM KaHajle BOJIU3U CTOEK.

Pacnpenenenune uyucia Maxa B Mepuauo-
HaJIbHOM CEYE€HUH IMOKa3aHo Ha puc. 7. B Bapu-
anTax | u 2 oOTekaHue pa3[enuTeNs MPOUCXO-
TUT 0e3 3HAYUTENILHOTO YCKOPEHHsI MOTOKa, YTO
COOTBETCTBYET HU3KUM IOTEpSIM Kak BO BHEII-
HEM, TaK U BO BHYTpEHHEM KOHType. B Bapuan-
T€ 3 paHHUI CPHIB IOTOKA HA BHYTPEHHEM KOJIb-
1€ MPUBOJIUT K YBEJIWYCHHIO HEPABHOMEPHOCTHU
Ha BXOJI€ B KOMIIPECCOP BBICOKOTO J1aBJICHUS.

Pacripenenenue mosHOro JaBieHUS B ceye-
HUSIX Ha BXOJIE B HAPYKHBIM KOHTYp M Ta30reHe-
patop IpeAcTaBlIeHO Ha puc. 8. XapakTep Teue-
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HUS HAa BXOJIC B HAPYXKHBIH KOHTYp SIBJISICTCS
HpaKTI/IqCCKI/I NACHTUYHBIM IJIs1 paCCManI/IBae-
MBIX BapuaHTOB. Ha BbIXoJie M3 pacyeTHOH 00-
JIACTH, B CCUYCHUH BXOJIa B KOMIIPECCOP BBICOKO-
rO JIaBJICHUS, JIUIsl BapUaHTa 3 XapakTep TCUCHUs
3a CTOI\/JIKaMI/I BBITJIAAUT 60.]'[66 paSBI/ITI)IM U HC-
PaBHOMEPHBIM, YTO BBI3BAHO HEYJIOBJICTBOPH-
TENbHBIM OOTEKaHWEM CTOCK H3-3a OCOOCHHO-
CTCH TEOMETPHH HIDKHETO 00BOa KOHCTPYKIIMU
OMOpPHOrO 0007a MPOMEXKYTOYHOTO  KOpITY-
ca[14, 16].

O0cy:kneHue moJry4eHHbIX
pe3yJIbTATOB U 3aKJI0YeHue

[To pe3ynpraTamM ra3oAMHaAMHYECKOTO MOJe-
JIMpOBaHUA MPCAJIOKCHHBIX KOHCprKL[I/Iﬁ MOX-
HO CZIeJIaTh BBIBOJbI O HU3KOW 3aBUCHMOCTH IO-
TCPb OABJICHUSA TOPMOKCHHA OT M3MCHCHUSA 06-
BOJIOB KaHaja MPOMEKYyTOYHOI'0 KOpITyca, 4To B
MEPBYIO O4YCPCAb 3aBUCUT OT IIABHOTO U3MCHC-
HUSl TUaMEeTpOB BX0Ja U BeIxoja kaHaina. [1o pe-
3yJbTaTaM W3MEHEHHUs OCEBOTO pa3Mmepa, MOIy-
YEeHHs] HOBOW T€OMETPUHU CTOEK M M3MEHEHUS MX
HOMEHKIATYpPhl YAAJIOCh NOCTUTHYTH JIOKAJIBLHO-
IO YMEHBIICHHUS CKOPOCTEH A B 30HE HApY HOTO
06B0,[[a Pa3sACIUTCIIBHOTO KOJIbIIa Ha BXOJC B
KOMITPECCOP BBHICOKOTO JABJICHHS U BHYTPEHHETO
00BoZla Ha BBIXOJE U3 KOMIIpPEccopa HU3KOIO
naBieHust npubiausutenbHo Ha 10 % B cpaBHe-
HUU C IIPOMEXKYTOYHBIM KOPILyCOM JIBHUIaTENA
nportortumna. Jlyis 6ojee TOYHOr0 MOAETUPOBAHUS
MPEJIOKEHHOW KOHCTPYKIIUU HEOOXOAUMO TPO-
M3BECTH pacyeT Ha NPOYMX PEeXHUMax paboThI
JBUTATENS, B TOM YHCJIE U TIEPEXOHBIX, a TAKXKe
MNPUHATL BO BHUMAHUC B3aMMHOC BJIMAHUC KOM-
MPECCOPOB HHU3KOTO U BBICOKOTO JaBJICHHUS,
JIPOCCEIIBHBIC PEKUMBI PaOOTHI, PETyIMPOBAHHE
BHYTpU JBUTATENS, TEXHOJIOTUYECKUE OTKIIOHE-
HUS U paJialIbHBIC 3a30pbl B KOMIIPECCOPAX.

[Ipy TPOEKTUPOBAHUU MPOMENKYTOUHOTO
Kopmyca I1esnecoo0pa3Ho 00ecreunTh MOCTOSH-
CTBO IUIONI/IeH N0 KaHaTy BHYTPEHHETO KOHTY-
pa, YTO TIIO3BOJIUT MUHHMHU3ZHUPOBATHL IIOTCPU
MOJTHOTO JIABJICHUS Ha BXOJIe B KOMIIPECCOp BbI-
cokoro naasneHusi. Takum oOpa3om, pekoMeHaa-
nuei Mo mpoUIUPOBAHUIO PA3JEIUTENs SIBIISI-
€TCsl MCIOJb30BaHUE B KayecTBE OOpasyrolen
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JUHUU HEMPEPBIBHO MEHAIOIICICS KpPUBU3HBI,
0e3 pe3KHMX M3MEHEHUM IIIOIaNeld Ha BXOJE U
BBIXOJI€ B KaHaJIbl MexX1y cToiikamu. IloctosH-
CTBO IUIOMIAAEH MO KaHaly BHYTPEHHErO0 KOHTY-
pa MO3BOJIMT MUHUMHU3UPOBATh NOTEPU MOJTHOTO
JIaBJICHUS HAa BXOJI€ B KOMIIPECCOP BBICOKOTO
JTaBJICHUS.

Pe3ynpTarhl [aHHBIX HMCCIEAOBAHUM MOTYT
OBITH UCIIOJB30BAHBI JIJIS1 IPOMEKYTOUHBIX KOP-
MyCOB TypOOPEaKTUBHOTO JIBYXKOHTYPHOTO JIBH-
raTeisi C pasMEPHOCTBIO JIMAaMeTpa BXOJa
~ 1 metp. [Ipu 3TOM BCTpOCHHAS IEKTPUUECCKAS
MalluHa Uil CTAPTEPHOrO PEKMMaA MPOEKTUPY-
€TCsl COTJIaCHO JAHHBIM IO MOTPEOHOW MOIIHO-
CTU U KpPYTALIEMY MOMEHTY TpPaJAULIMOHHOIO
cTaprepa, KOTOPBIA pAaCIOJIOKEH Ha KOpoOKe
arperaToB, C NEPECUYETOM MEpPEeAaTOYHBIX OTHO-
HICHWI 3yOuaThIX Mepefad B cliydae C JUPEK-
THBHOM CBS3bIO.

B koHeyHOM wuWTOre BBUIY TEHACHUMU IO
YIYUILICHUIO YJIEJbHBIX IOKa3aTeled ra3oryp-
OWHHBIX JIBUTATeNIeH TIPHU BHICOKUX yuciax Maxa
Ha BBICOTE, YBEJIMYECHUIO JUAMETPA KOMIIPECCO-
pa HU3KOIO JIABJICHUS U YMEHBILICHUIO JUaMeTpa
KOMIIPECCOpPa BBICOKOTO JIaBJICHUSI yBEIUYCHHE
0ceBOro rabapura OJaronpusTHO BIMAET Ha Xa-
paKkTep Te4YeHHus BO3ayxa M OOecrieuynBaeT HU3-
KU YpPOBEHb MOTEPH MOJHOTO JIABJICHUS], HO MPU
3TOM Macca y3jia Takxke yBenuuuBaercs. st
HUBEJIMPOBAaHMUS OTPHLATENBHOTO 3(dexTa oT
YBEIUYCHUSI MacChl I1e71eco00pa3HO PaccMOT-
peTh NPyTHe TEXHOJIOTHYECKHE CIOCOOBI H3TO-
TOBJICHUSI TIPOMEXKYTOYHOTO KOpIyca BMECTO
CBApKH, HAIMpUMEp KpPYMHOrabapuTHOE JUThHE
WM aJJIUTUBHOE MPOU3BOJCTBO, YTO HCKIIOUMUT
JIOTIOJTHUTEIBHBIM MaTepuall B CBapHbBIX IIBaX.
Taxke HEOO0XOIUMO YBEIMYUBATH YJCITBHYIO
MOIIHOCTh JJCKTPUUYECKUX MamuH (KBT/Kr) mms
YMEHBIIIEHUS X OCEBBIX Ta0apPUTOB.
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Numerical study of helicopter airframe aerodynamics combined
with coaxial main rotor using the URANS method

S.G. Konstantinovl, P.V. Makeev', A.I. Shomov'

"Moscow Aviation Institute (National Research University), Moscow, Russia

Abstract: The work is dedicated to numerical modeling of Kamov Ka-226 helicopter aerodynamics for isolated helicopter airframe
and helicopter airframe with coaxial main rotor. The CFD (computational fluid dynamics) method based on the URANS approach
(Unsteady Reynolds-averaged Navier-Stokes equations) based on the Ansys Fluent software has been used. The hybrid overset
mesh contained from 45 (isolated airframe) to 58 (airframe/rotor combination) million cells. The isolated helicopter airframe
aerodynamic characteristics have been investigated for various airframe configurations such as: isolated fuselage, fuselage + tail,
fuselage + tail + rotor head and fuselage + tail + rotor hub + landing gear (full configuration). The range of pitch angles from —16 to
+16° has been considered. The full airframe/rotor combination aerodynamics has been investigated for a flight speed of 30 m/s.
Comparison of calculated aerodynamic characteristics of isolated fuselage and full airframe configuration with wind tunnel (WT)
test data has showed a satisfactory match. The results of numerical modelling of helicopter airframe aerodynamics have
demonstrated specific features, such as: presence of negative lift force on the helicopters fuselage in horizontal flight and formation
of two powerful vortex bundles behind the fuselage that affecting the tail stabilizer. The results of numerical modelling of helicopter
airframe/rotor combination have allowed evaluating the effect of main rotor wake on the helicopter airframe acrodynamics. The
performed study demonstrates the wide possibilities of the URANS approach in solving the complex problems of optimizing
helicopter aerodynamics, taking into account the interference of airframe, its individual parts and main rotor.

Keywords: CFD, URANS method, helicopter airframe, coaxial main rotor, aerodynamic characteristics, aerodynamic interference.
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combined with coaxial main rotor using the URANS method. Civil Aviation High Technologies, vol. 29, no. 2, pp. 106-120.
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YuciieHHOEe MCCIe0BAHME A3POAMHAMUKYN KOMOMHAIIUY IJIAaHEePa
U COOCHOI'0 HeCylllero BUHTA BepToJiera Ha ocHOBe MeToa URANS

C.I. KOHCTaHTHHOBI, I1.B. Maxkees', A.H. [Iomos'

1 . . . .
Mockosckuii aguayuorHblil UHCMuUmMym (HayuOHAIbHbIU UCCIe008aMENbCKUL
yHusepcumem), 2. Mockea, Poccus

AnnoTtamusi: Pabora mocBsiiieHa YnCICHHOMY MOZICIMPOBAHHMIO a3POIMHAMHYECKUX XapaKTePHCTUK IUIaHepa BepTosera Kamos
Ka-226, a taxxe koMOMHAIIMH TUIAHEpa U COOCHOTO Hecyliero BuHTa. Vcnons3oBan metoq CFD (computational fluid dynamics) Ha
ocuose noaxona URANS (Unsteady Reynolds-averaged Navier-Stokes equations) ¢ mozenbto TypOystentHocTH k- SST Ha Gaze
makera Ansys Fluent. Co3maHHas Ui pelieHus MOCTABJICHHBIX 3a1ad THOpPHIHAs OBEPCETHAs pacueTHasi CeTKa coAepiKaia OT
45 MIITHOHOB (TUTaHEP) 10 58 MUJUTHOHOB (KOMOMHAIMS TUIAHEPA M HECYIIIErO BUHTA) siuceK. XapaKTepPUCTHKY IUIaHEepa BEpTOjieTa
paccuMTaHbl Ul PA3IMYHBIX KOH(UIYpalMil, TaKMX KakK H30JMpOBaHHBIA (roserspk, (rosemspk + onepenue, (Grozenspk +
OlepeHHe + KOJIOHKa aBToMaTa repekoca, (Bro3elsbk + orepeHre + KOJIOHKA aBToMara epekoca + Imaccy (TIoJIHast KOH(HTyparivs)
B JMana3oHe YIJIOB arakd IuaHepa oT —16 mo +16°. KomOuHaums ruiaHepa M HECYNIEro BHHTa pAacCUMTaHa B TOJHOM
koHpuryparmu s ckopoctu mosiera 30 m/c. CpaBHEHHE pacyeTHBIX a3POAMHAMHMYECKHX XapAaKTEPHCTHK H30JMPOBAHHOTO
(ro3ermshka M IUIaHepa BEpToJeTa B HOJIHOW KOH(MHIYpPAIMK C SKCIIEPUMEHTAIBHBIMA JJAHHBIMU TIPOIYBOK B a3pOAMHAMUYECKOH
TpyOe IOKa3aio yIOBIETBOPUTENFHOE COBII/ICHHE. Pe3yNbTaThl YHCIIEHHOTO MOJIGITPOBAHMS a3pOAMHAMIYECKHIX XapaKTePUCTHK
IUTaHEepa MPOJEMOHCTPUPOBAIH Psill OCOOCHHOCTEH: BOSHUKHOBEHHE OTPHLIATEIIFHON TOABEMHOM CHIIBI Ha (DO3EIsDKE Ha PeXKUME
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TOPU3OHTAJIBHOI'O TI0JICTa U (l)OpMPlpOBaHI/Ie 3a HUM JBYX MOIIHBIX BHXPEBLIX JKI'YTOB, OKasbIBalOIMX BJIMAHHME Ha XBOCTOBOEC
orepeHre. Pe3ysbTaThl YHCICHHOTO MOJICITMPOBAHKS a3POANHAMUYCCKIX XapaKTEPHCTUK KOMOMHAIMY 1uianepa u HB mo3Bommm
OLIEHUTb TaKKe BIMsAHHE BuUXpeBoro ciena HB Ha asponuHammyeckue XapakTEpUCTHKU IUIaHepa. BhINojgHeHHOe McciieloBaHue
JIEMOHCTPUPYET IIMPOKUE BO3MOXKHOCTU NpuMeHeHHoro noaxona URANS mist perieHust 3a/iady ONTUMU3ALUK a3POJIUHAMUKA
BEpTOJIeTa C yIeTOM HHTep(EPEHIINN €ro IUIaHepa, OTAEIBHBIX YacTel U COOCHOTO HECYINETO BUHTA.

Karouessle ciioBa: metox URANS, mmanep BepTosieTa, COOCHBII HECYIHiA BUHT, a3POANHAMUIECKUE XapaKTEPHCTHKH.

Jas uurupoBanusi: Koncrantunos C.I'., Makees [1.B., [llomo A.W. YncieHHOe McCieI0BaHNE adpOJMHAMUKA KOMOMHAITMN
IIaHepa ¥ COOCHOTO Hecyllero BuHTa Beprosiera Ha ocHoBe Metoria URANS // Hay4unbiii BectHuk MI'TY T'A. 2026. T. 29, Ne 2.
C. 106-120. DOLI: 10.26467/2079-0619-2026-29-2-106-120

Introduction HMB (Helicopter Multi-Block), a specialized
test task ROBIN (Rotor Body Interaction) from
NASA (isolated fuselage with main rotor) and a
task within the GOAHEAD project (Generation
of Advanced Helicopter Experimental Aerody-
namic Database for CFD code validation) are
solved. In [3] an original approach based on the
VTM (Vorticity Transport Method) method has
been used to solve the ROBIN test. In [4] on the
basis of the CFD solver proposed by the authors,
together with the ROBIN test, the complete con-
figuration of the UH-60 helicopter airframe, in-
cluding the main and tail rotors have been con-
sidered. In [5] have used the FUN3D CFD pack-
age (URANS approach) and the CHARM CFD
package (vortex method) to study the interaction
of the fuselage and rotor. In the article by [6], an
EC-135 helicopter (fuselage + rotor head + tail +
main and tail rotors) has been modeled on the
basis of the FLOWer CFD package (URANS
approach). The work focuses on the study of the
influence of the main rotor hub fairing on the
aerodynamics of the helicopter. In [7], an origi-
nal vortex method is used to solve test problems
for a combination of fuselage and rotor. In the
article by [8] based on the CFD package Star-

The aerodynamics of the helicopter airframe
significantly affects its flight performance.
Therefore, the choice of the optimal configura-
tion of the airframe, taking into account the in-
terference between its individual elements, as
well as the main rotor, is an important task.

Solving such problems requires complex and
expensive experimental studies, especially if it is
necessary to model the aerodynamic characteris-
tics of the helicopter airframe with main rotor. In
this regard, the possibility of numerical model-
ing of the aerodynamic characteristics of an iso-
lated helicopter airframe, as well as a helicopter
airframe, taking into account the induced effects
of main rotor, is of interest. Potentially, such an
approach can significantly complement the re-
sults of experimental studies and reduce their
costs. The current level of supercomputer tech-
nologies and numerical modeling methods has
led to the possibility of practical implementation
of such tasks. As a result, in the last two dec-
ades, a number of research papers has been pub-
lished on the aerodynamic characteristics of hel-
icopter fuselages (airframes) including the main .
and tail rotors influence, based on various nu- ~ CCM* (URANS approach), the aerodynamic
merical methods. characteristics of an isolated fuselage have been

Thus, in paper [1] three different CFD pack- investigated. In the work by [9], the CFD pack—
ages are used: OVERFLOW 2.0, elsA and age FLUENT has been used to analyze the inter-
FUN3D. In all three cases, the RANS (Reyn- fer'ence of the fuselage and the main rotqr, also
olds-averaged Navier-Stokes equations) ap-  USing the URANS approach. In the article by
proach is used. The aerodynamic characteristics [10], the 1nt§rference of the rotor a}nd the fuse-
of the Dauphin helicopter (fuselage + tail) in an lag§ of a hehgqpter has been investigated on the
isolated formulation are considered, as well as basis of an original unsteady panel/vortex model.
taking into account the influence of the main ro- In [11], CFD/ CSD (computational structural dY'
tor (active disk model). In the work by [2], on namics) studies have been performed for the Si-
the basis of the original CFD package korsky X-2 ABC (Advanced Blade Concept)
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Fig. 1. Models of isolated fuselage (a) and full airframe (b)

technology demonstrator helicopter (fuselage +
tail + coaxial rotor). The PRASADUM CSD
package and the CREATE-AV CFD package,
which includes the OVERFLOW CFD package
(URANS approach), have been used. In [12] the
effect of the main rotor on the tail boom of a hel-
icopter based on the CFD package HMB (Heli-
copter Multi-Block) using the URANS approach
was investigated. The work by [13] uses the
original CFD package to simulate the test of
main rotor and fuselage (cylinder body) interfer-
ence from GIT (Georgia Institute of Technolo-
gy). In [14], two CFD packages are used to
model the aecrodynamics of an isolated fuselage:
PUMA and FLUENT. [15] in their article also
use two different CFD packages with the
URANS  approach: STAR-CCM+  and
CREATETM-AV. The aerodynamics of the fu-
selage and rotor combination and their interac-
tion with the tail are simulated. In [16] based on
the CFD approach, the aeroacoustics problem for
a combination of a coaxial rotor and a fuselage is
considered. One of the newest works in the field
under consideration is the article [17], which ex-
amines the interference of the body and propel-
lers of an unmanned quadcopter. Another work
by [18, 19] is devoted to the study of interfer-
ence between the main and tail rotors of a single-
rotor helicopter (taking into account the fuse-
lage). Both of these works also use the URANS
approach.

Thus, nowadays modern CFD methods of
numerical modeling are widely used to solve
various problems related to the aerodynamics of
the helicopter fuselage/rotors combinations. The
URANS approach, which combines relatively
moderate requirements for computing resources,
vast opportunities for aerodynamic analysis, and

108

sufficient accuracy of the results obtained, has
now become the most widespread. At the same
time, most of the works published on this topic
consider an isolated fuselage and focus on the
validation of various CFD codes. Works consid-
ering the combination of helicopter rotors and
full airframe, including the fuselage, tail, rotor
hub, landing gear and other elements are still
quite rare.

In the presented work, two tasks are solved
on the basis of the Ansys Fluent CFD package
and the URANS approach. The first is the study
of the aerodynamic characteristics of the isolated
airframe of the Ka-226 helicopter (in various
configurations) in a wide range of angles of at-
tack. The second is modeling the aerodynamics
of a combination of helicopter airframe and co-
axial main rotor in forward flight.

Research methods and methodology

The calculation of the aerodynamic charac-
teristics of the Ka-226 helicopter airframe
(fig. 1) [20] has been carried out for pitch angles
a from —16 to +16° with an interval Aa = 4° for
two Reynolds numbers. The Reynolds number
Re = 7.2 - 10° corresponds to the conditions of
the experiment conducted for the model of
Ka-226 airframe in WT and is described in pa-
per [19]. The Reynolds number Re = 1.7 - 10 is
a full-scale and corresponds to the forward flight
mode of a helicopter with a speed of V =30 m/s.
The Reynolds number was calculated for the
length of the fuselage LF = 6.62 m.

For calculations, a hybrid mesh has been cre-
ated, consisting of separate zones united by an
overset interface, containing about 45 million
cells (fig. 2). The calculation area has had a cy-
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Fig. 3. The structure of computational mesh in the plane of symmetry of the helicopter

lindrical shape. The boundaries of the design ar-
ea have been located at a distance of 15L¢ (here
Lr is the length of the fuselage) on the side and
in front of the helicopter airframe, with the ex-
ception of the output boundary, which has been
distant by 25Lg. The surface mesh of the air-
frame and its elements was constructed in such a
way that the first mesh node has been located in
the region of the viscous velocity profile Y + <1
(fig. 3). Preliminary studies of mesh conver-
gence have shown that the quality of the calcu-
lated mesh and the mesh resolution are sufficient
to solve the task.

Numerical modelling has been carried out in
an unsteady formulation and covered changes in
the flow parameters over time. In the calcula-
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tions there has been used the finite volume
method based on the URANS approach (Un-
steady  Reynolds-Averaged  Navier-Strokes
Equations) with a k-o SST turbulence model.
The parameters of the initial turbulence have
been selected based on the conditions of the av-
erage intensity of the developed turbulent flow.
The value of the relative turbulent viscosity has
been assumed to be 5. The value of the turbulent
intensity has been assumed to be 1%.

The aerodynamic characteristics of the air-
frame, taking into account the effect of the in-
duced flow from the coaxial main rotor of the
Ka-226 helicopter, have been calculated for the
forward flight speed V =30 m/s (Re = 1.7 - 10)
and pitch angle a = 1.3°. The coaxial main rotor
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Fig. 4. Model of airframe/rotor combination (a) and structure of the computational mesh in the plane of symmetry (b)

a

b

Fig. 5. The structures of the mesh in the cross section (a) and the surface mesh (b) of the rotor blade

has had the following parameters: radius of the
rotor R = 6.62 m; rotor solidity ¢ = 0.075; rotor
blade tip speed ®wR =198.3 m/s; blade twist
06X = —8.35°; blade chord ¢ = 0.26 m; number of
blades N, =2 x 3.

For the calculations, the basic helicopter air-
frame mesh has been used. The zones of the ro-
tor blades have been added to this mesh. Total
meshes have been combined using an overset
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interface (fig. 4 and fig. 5). The final calculated
mesh eventually contained about 58 million cells
and has been constructed at the surface of the
blades in such a way that the first node of the
mesh has been in the region of the viscous veloc-
ity profile Y + < 1. Preliminary studies of mesh
convergence have shown that the quality of the
calculated mesh and the mesh resolution are suf-
ficient to solve the task.
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Fig. 6. Calculated and experimental dependencies of the drag Cp, lift C
and pitch moment Cy coefficients for isolated fuselage (a) and full airframe (b)

The numerical modelling for helicopter air-
frame/rotor combination has been carried out in
the same formulation and with the same envi-
ronmental conditions and properties as for the
isolated helicopter airframe studying.

Upper and lower rotor collective and cyclic
pitch laws have been corresponded to the flight
of Ka-226 helicopter with forward flight speed
V = 30 m/s. These rotor control laws have been
determined in preliminary studies using the free
wake model developed at MAIL. The free wake
model is described in the work [21] dedicated to
numerical simulation of an isolated Ka-226 co-
axial main rotor aerodynamics. The upper and
lower rotors have been balanced in torque. The
rotor blades have been modeled to be absolutely
rigid for bending and twisting.

Results and Discussion

Figure 6 shows calculated dependencies of
the lift force C;, drag force Cp and pitching
moment Cy coefficients on the angle of attack a
and on the Reynolds number Re for isolated fu-
selage (fig. 6, a) and full airframe (fig. 6, b) of
the helicopter. Aerodynamic coefficients are rel-
ative to the area of fuselage cross-section
SM =3.44 m’. Comparison of calculated and
experimental [19] data showed satisfactory coin-
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cidence. Analysis of calculated results of heli-
copter airframe with landing gear and main rotor
hub in comparison with an isolated helicopter
fuselage showed the influence of the local Re
number on the aerodynamic characteristics of the
helicopter airframe elements. This effect is im-
portant to take into account when conducting
experimental studies. Also, the diagrams in the
Figure 6 show that helicopter airframe has a
negative lifting force in forward flight, that re-
quires an additional power to compensate it.

Figure 7 shows calculated dependencies be-
tween the lift force C;, drag force Cp and pitch-
ing moment C), coefficients and the angle of at-
tack o for different airframe configurations. Co-
efficients pitching moment CM was calculated
for the center of weights of the helicopter. Sepa-
rately, data are given for 4 configurations: isolat-
ed fuselage, fuselage + tail, fuselage + tail + ro-
tor hub, fuselage + tail + rotor hub + landing
gear. These graphs allow estimating the contri-
bution of various elements of the airframe to the
resulting full aerodynamic characteristics.

An important advantage of modern numerical
methods is the ability to determine not only total,
but also distributed aerodynamic characteristics,
such as pressure distribution over the surface. In
addition, they make it possible to analyze in de-
tail the flow and the wake structure behind the
object.
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Fig. 8. Distribution of the pressure coefficient (a) over the surface and visualization
of the flow around isolated helicopter fuselage using streamlines (b)

Figure 8 shows the distribution of the pres-
sure coefficient ¢, over the surface of isolated
helicopter fuselage and flow visualization. It can
be seen, that the airframe flow is accompanied
by the formation of two vortex bundles falling
from the back of fuselage into the area of the
helicopter’s tail. These vortices will have a sig-
nificant induced effect on the vertical and hori-
zontal stabilizers. Therefore, at the stage of de-
veloping the layout of the helicopter, the tail
must be positioned taking into account the flow
structure around the helicopter. To improve the
airframe aerodynamics in this case the different
shapes of the back of fuselage may be consid-
ered.
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An important advantage of modern numerical
methods is the ability to determine not only total,
but also distributed aerodynamic characteristics,
such as pressure distribution over the surface. In
addition, they make it possible to analyze in de-
tail the flow and the wake structure behind the
object.

Figure 9 shows the velocity V (fig. 9, a) and
vorticity o (fig. 9, b) fields in the longitudinal
section of computational mesh for isolated fuse-
lage. Figure 10 shows the velocity (fig. 10, a)
and vorticity (fig. 10, b) fields for full helicop-
ters airframe with tail, landing gear and rotor
hub. Pitch angles of —8 and 4 degrees are pre-
sented in Figures 9 and 10. These results give a
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Fig. 10. Velocity fields (a) and vorticity contours (b) of full airframe: Re = 7.2 - 10°

qualitative representation of the flow around the
helicopters airframe. It can be seen that the tail is
in a disturbed flow formed due to the flow
around the rotor hub and back of fuselage
(fig. 10). Also, there are clearly visible areas of
full flow braking and areas of flow disturbance
leading to an increase in the overall helicopters
drag (fig. 9 and fig.10).

Figure 11 shows the field of total velocity V
and vorticity o in the longitudinal section of the
computational domain. The figures clearly show
the vorticity regions corresponding to the loca-
tions of the tip and root vortex filaments, which,
downstream of the rotor, are smeared due to dif-
fusion, forming a continuous vorticity region.

Figure 12 shows the flow patterns around the
helicopter airframe and the combination of the
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helicopter airframe with the main rotor in the
longitudinal section of the computational do-
main. It can be seen that the flow pattern around
the tail empennage, which is located in the in-
duced flow of the main rotor, differs significant-
ly from the flow pattern around the airframe
without the main rotor.

Figure 12 shows that the influence of the
main rotor is reflected in the aerodynamic char-
acteristics of the airframe. Specifically, the in-
fluence of the main rotor slightly reduces the
drag of the airframe and increases the negative
lift on the fuselage.

Figure 13 shows visualization of the structure
of the helicopter vortex wake using isosurfaces
(for ® = 25 s "). The presented pictures demon-
strate the well-known features of the main rotor
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a b

Fig. 11. Velocity fields (a) and vorticity contours (b) of airframe/rotor combination
at forward flight: V=30 m/s; a =1.3°; Re=7,2 - 10°

Fig. 12. Vorticity contours of isolated airframe (a) and airframe/rotor combination (b)
at forward flight: V=30 m/s; a =1.3°; Re=7.2 10°

side view

rear view

top view

Fig. 13. Visualization of the structure of the vortex wake using isosurfaces (o =25 s ")

vortex wake at forward flight [22]. Blade-vortex Figure 14 shows the diagrams of the vertical
interactions and structures of the right and left component of induced velocity V, (fig. 14, a)
super vortices formed behind the main rotor are plotted along the lines lying in the plane of rota-
clearly visible here. There is also a visible wake tion of the lower rotor at a distance of
behind the fuselage and the tail. Also, Figure 13 X/R=-0.5; -1.0 and —1.5 (fig. 14, b). Here is a
clearly shows the regions of interaction between pattern characteristic of the main rotor wake in
the blades and the tip and root vortices. forward flight mode. There is a downward in-
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Fig. 14. Plots (a) of the vertical component of the induced velocity V, calculated along the lines (b) lying in the plane of
rotation (plane “A”) of the lower rotor
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Fig. 15. The dependencies of the thrust (a) and torque (b) coefficients of the coaxial
main rotor for one revolution at the forward flight (V =30 m/s)

duced flow between the right and left super vor- Conclusion
tices (fig. 13). At the right and left edges, the

induced flow is directed upwards. Numerical simulation of aerodynamic cha-

Figure 15 shows the dependencies of the co- 1o teristics of Kamov Ka-226 helicopter for var-
axial main rotor thrust coefficients CT  jq,¢ configurations at forward flight with speed
(fig. 15,a) and the torque coefficients CQ  ,¢v = 30 m/s has been performed. An isolated

(fig. 15, b) constructed for one revolution of the helicopter airframe in the range of pitch angles
rotor. The coefficients for the lower and upper 15 416 degrees and combination of airframe

rotors and their sum are given separately. It can with coaxial main rotor for pitch angle 1.3 de-
be seen that the thrust and torque of the coaxial gree have been considered.

main rotor pulsate over time, due to the aerody- The URANS method with the k- SST tur-

namic interference of the upper and lower  pjence model based on the Ansys Fluent soft-

screws. This feature of coaxial rotor is noted in a ware package has been used. The developed un-

number of works [21, 23, 24]. From the Fig-  gioyred overset computational mesh which

ure 15, 5 it also follows that the torque of the . htained from 45 to 58 million cells and has
lower and upper rotors is balanced. provided high quality of the results obtained.

Comparison of the calculated helicopter air-

frame aerodynamic characteristics with experi-

mental data has shown a good qualitative and

quantitative coincidence. That confirms the reli-
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ability and sufficient accuracy of the applied cal-
culation method and mesh.

As a result of numerical modelling, the influ-
ence of the local Reynolds number on the aero-
dynamic characteristics of such elements of the
helicopter airframe as landing gear and main ro-
tor hub has been identified. It is shown that in
the forward flight mode, powerful vortex bun-
dles are formed behind the fuselage affecting the
helicopter tail, which has to be taken into con-
sideration while choosing the tail unit parame-
ters. It is also established that the helicopter air-
frame has a negative lifting force in forward
flight modes, which requires additional power
costs. One of the ways to overcome this effect is
to optimize the shape of the fuselage back.

For the airframe/rotor combination a model-
ling of the forward flight, taking into account
helicopter balancing, has been carried out. Flow
patterns and aerodynamic characteristics have
been calculated and analyzed. The main features
associated with the operation of the main rotor in
forward flight have been demonstrated. For-
mation of the left and right super vortices behind
the rotor has been shown. Pulsations of thrust
and torque coefficients due to interference be-
tween the upper and lower rotors have been ob-
tained. The influence of the main rotor on the
helicopter airframe has been analyzed. It has
been found the decrease of airframe drag
in 10%, increase of negative lift force on the air-
frame in 23% and increase of pitch moment
in 50 %.

The results presented in this paper can make
a significant contribution to the experience of
using numerical modeling methods in solving
the problem of calculating the aerodynamic
characteristics of a full helicopter airframe with
coaxial main rotor.
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CpaBHI’ITeJ'II)HOG HCCJIeA0BaAHUC HOTpBﬁHOﬁ MOIIHOCTHU COOCHOI'0O
N OIHUHOYHOI'0 SJKBUBAJICHTHOI'0O BUHTOB Ha PEKUMAaX BUCCHUSA
U T'OPU30HTAJIBHOI'O ITOJIETA

I1.B. Maxees'

] « o o «
Mockosckuil a8uayuoOHHbIL UHCMUMYM (HAYUOHAIbHBIU UCCIe008AMENbCKULL
yHusepcumemy), 2. Mockea, Poccus

Annorammsi: Coocueiii Hecynmii BuHT (HB), cocrosmmmii u3 Bepxuero (BB) n mmkuero (BH) BHHTOB ¢ KOHCTPYKTHBHBIM
Pa3HOCOM TIIIOCKOCTEH M DA3NMYHBIM HAIPABJICHHEM BpAICHHS, OOJamaeT pSOOM TNPEHMYIIECTB B a’POAMHAMUYECKUX
XapakTepUCTUKaX M0 CPABHEHUIO C 3KBUBAJIEHTHBIM 0MHOYHBIM HB TOro e paguyca, uMerommm ABOHHbBIE YKUCIIO JIONIACTEN U
3aIl0JIHCHUE. MO}IeJ'lI) skBuBajieHTHoro HB wacto HCIIOJIL3YETCA B HpI/l6J'Il/I)KeHHl)IX MCTOaX adpOAMHAMUYCCKOIO pacucTa.
OcobenHoctr coocHoro HB B 3TOM ciiydae yYHTBIBAIOTCS CIICIMAIBHBIME MOMpPaBKaMu. sl 3TOro HEOOXOIMMBI JaHHBIC 10
a3pPOIMHAMUYCCKUM XapaKTEPUCTHKAM COOCHOTO W dKBHBaJieHTHOro HB Ha pa3mimdHbIX pekumax paboTel. CTaThs MOCBAIICHA
CPaBHUTENILHOMY HCCIIEIOBAHHUIO adPOIMHAMHYECKUX XapaKTEPUCTHK COOCHOrO M 3kBuBasieHTHOro HB. PaccmotpeH coocHblit
HB Bepronera Ka-226. ViccnenoBanust BBIONHEHbI Ha 0a3e HEMHEIHOH JIOMAacTHOM BMXPEBOM MozeNHM BHHTA. PaccMOTpeHsI
PeXHUMBI BHCEHHS W TOPH3OHTAIBHOTO TOoNieTa B auamazoHe ckopocteld V. = 0-60 m/c. Pacdersl BBIIONHEHBI C YyYeTOM
OaTaHCHPOBKH W KOMITCHCAIMH adpOAMHAMIYECKHX HAarpy30K, BO3HMKAIOMIMX Ha IUTAHEPE BEPTOJIETa, NPUHATHIX YCIOBHO
omrHaKOBEIME 11 obonx HB. YeranosneHo, uTo motpebHas MmomtHocTs coocHoro HB Ha Bucennn (V = 0) Ha 6 % MeHbIIIe, 4eM y
sxBuBasienTHOro HB nipu pasoii Tsre. [Ipu V = 20 m/c npeumyiecto coocHoro HB nocturaer 8 %, a 3aTeM riaBHO CHIIKAETCSL.
IMpu V > 60 m/c notpeGHasi MOIHOCTh COOCHOTO M dKBHBaJeHTHOro HB mpu mpoumx paBHbIX He oTinuaercs. [loiydeHHble
Pe3yABTaThl JTOMOIHAIOT WMEIOIINECS CBEICHUSI 00 OCOOEHHOCTSX a’dpOAMHAMHKH COOCHOTO M 3KBHBaNeHTHOro HB m Taroke
MOTYT HOPUMEHATHCA JI1 YTOYHCHUSA HpI/l6J'Il/DKeHHl)lX MCTOZIOB pacyeTa JICTHO-TCXHUYCCKUX XaApPaAKTCPUCTUK U B MOICIIAX
JIUHAMHKH TI0JIETa COOCHOTO BEPTOJIETa, UCTIONB3YIOIIMX MOJIENb SKBUBaieHTHOro HB.

KiioueBble cjioBa: COOCHEIN BHUHT, SKBUBAJICHTHBIA OZ[I/IHO‘-IHBIfI BHHT, HeJIMHEHHAS BHUXpEBasd MOJCJIb, BUCCHUC,
T OpI/ISOHTaIII)HHﬁ TOJICT, APOANHAMHWYCCKUEC XaPAKTCPUCTHKU, HO’I‘pe6HaH MOIIIHOCTB.

Jna unurupoBanusi: MakeeB [1.B. CpaBHuTEeNmbHOE HCCIIeIOBaHHE MOTPEOHONH MOIIHOCTH COOCHOTO W OJMHOYHOTO
SKBUBAJICHTHOTO BHHTOB Ha PEXUMAaX BHCEHHS W TOPU3OHTaIbHOTO mojera // Hayunsrii Bectauk MI'TY T'A. 2026. T. 29,
Ne 2. C. 121-132. DOI: 10.26467/2079-0619-2026-29-2-121-132

Comparative study of required power of coaxial rotor and equivalent
single rotor at the hover and forward flight modes

P.V. Makeev!

"Moscow Aviation Institute (National Research University), Moscow, Russia

Abstract: A coaxial main rotor (MR), consisting of upper (UR) and lower (LR) rotors with a spacing of planes and a different
direction of rotation, has a number of advantages in aerodynamic characteristics compared to an equivalent single rotor of the same
radius, having a double number of blades and solidity. The equivalent MR model is often used in approximate methods of
aerodynamic calculation. In this case, the features of the coaxial MR are taken into account using special corrections. This requires
data on the coaxial and equivalent MR aerodynamic characteristics in various operating modes. The article is dedicated to
comparative study of the coaxial and equivalent MR aerodynamic characteristics. The Ka-226 helicopter coaxial MR is considered.
The research was performed on the basis of the free vortex wake model of a rotor. The modes of hovering and forward flight in the
speed range of V = 0-60 m/s were considered. The calculations were performed taking into account the rotor trim and
compensation of aerodynamic loads occurring on the helicopter airframe, assumed to be the same for both rotors. It was found that
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the required power of a coaxial MR at hovering (V = 0) is 6% less than that of an equivalent MR with equal thrust. At V =20 m/s,
the advantage of the coaxial MR reaches 8%, and then gradually decreases. At V > 60 m/s, the required power of the coaxial and
equivalent MR, all other things being equal, does not differ. The results obtained complement the available information on the
features of the coaxial and equivalent MR aerodynamics and can also be used to refine approximate methods for calculating flight
performance and flight dynamics models of coaxial helicopters using the equivalent MR model.

Keywords: coaxial rotor, equivalent single rotor, free vortex wake model, hovering, forward flight, aerodynamic characteristics,
required power.

For citation: Makeev, P.V. (2026). Comparative study of required power of coaxial rotor and equivalent single rotor at the hover
and forward flight modes. Civil Aviation High Technologies, vol. 29, no. 2, pp. 121-132. DOI: 10.26467/2079-0619-2026-29-2-
121-132

BBenenue MeHeHreM coocHbIX HB B kaduecTBe Hecymux cu-
CTEM Ppa3IMYHBIX MaJOPa3MEPHBIX JIETATEIbHBIX
M3BecTHO, UTO COOCHBI Hecymmii BunT (HB), anmnapaToB BEPTUKAIBHOIO B3JIeTa U IOCAJKH, B
coctosimuit U3 BepxHero (BB) u nmxuero (BH) TOM YHCJIC MHOTOBHHTOBBIX [17-20].
BHHTOB, BpPAIAIOIIMXCS B Pa3HbIE CTOPOHBI H Taxum 00pa3oM, HECMOTpsI Ha CPABHUTEIBHO
MMEIOIINX KOHCTPYKTUBHBIN Pa3HOC IUIOCKOCTEH Majaylo HUOly, 3aHHMMAacMyl0 COOCHBIMHM MalllH-
BpanieHus nopsaka h = 0,2R, obnamaer mnpe- HaMM B OOILLIEMHPOBOM IapKe BEPTOJIETOB, B IO-
MMYIIIECTBAMH B a3POJMHAMHYECKHX XapaKTe- CJIeTHUE TOJibl HHTEPEC K BOIPOCAM, CBA3aHHBIM
PUCTHKAX IO CPAaBHEHUIO ¢ oAauHO4YHbIMU HB. C aYPOAMHAMHUKOH CoOCHEIX HB, Toneko ycumm-
IIpex e Bcero 3To OTHOCUTCS K peKUMaM BHCE- BaCTCA.
HU, rae coocHbli HB nMeeT Oojiee BRICOKHI IO IIpn oueHKe OCOOEHHOCTEW adpoauHaAMHUYE-
CPaBHEHUIO C OJUHOYHBIMM BHUHTAMH OTHOCH- CKHMX XapakTepucTuk coocHbix HB wmx wacrto
tenpHbiii KITJ] 1o [1]. To ecTh NpH OJMHAKOBO CPAaBHMBAIOT C SKBHUBAJIECHTHBIMH OIWMHOYHBIMU
cwie Taru T coocHele HB TpeOyioT meHblIyto HB Toro »xe pajuyca, IMEIOIIMY JBOHHBIC YHC-
MOTPeOHYI0 HA BpAIICHHE JOMACTell MOII- 1o nomacteit ky u koapduimeHt 3anoiaHeHUs G.
HOCTb Nj;. C yueToM OTCYTCTBHS 3aTpaT MOIHO- Mogzens skBuBaneHTHOro HB Takoke mupoko
CTH Ha TIPUBOJ, PYJIEBOTO YCTpOI\/JICTBa 3TO TIPHU- HCIIOJIB3YCTCA B 3aladaX, CBA3dHHBIX C paC4CTOM
BOJUT K YBEJIMYEHHBIM CKOPOIIOABEMHOCTH U JICTHO-TCXHUYCCKHUX XapAaKTCPUCTHUK M JTHUHAMH-
CTaTHYECKOMY IOTOJIKY Yy BEPTOJIETOB COOCHOM KI BEPTOJICTa, KOrga TpebyeTcst OBICTPEIA mpu-
cxembl. Ha pexumax TOpHU30HTAIBHOIO IIOJIE- OIMIKCHHBIN pacyeT adPOAMHAMHYCCKUX XapaK-
Ta (FH) MPEUMYILIECTBO COOCHOM CXEMBI BO TCPUCTHUK BHUHTA. HpI/I 3TOM OOBIYHO IIPUMEHA-
MHOT'OM HHBEIUPYETCS 3HAYUTEIbHBIM a3pOJH- IOTCSL  MCTOJIbI  a3POJAMHAMMYECKOTO  pacvera
HAaMUYECKUM CONPOTUBJICHUEM KOJIOHKHU aBTO- BHHTA, 0asMpYIOUIMECS HA HMMITYIbCHOH MM
Mara nepekoca coocHoro HB. JTMCKOBOM BuXpeBoil Teopusix [21, 22]. s yue-
CoocHrle HB Ha ceropss sIBISIOTCSI OCHOBOM Ta 3¢ dexroB coocroro HB ncnons3yror crerm-
BEPTOJICTOB KJIACCUYECKON COOCHOM CXEMBI Map- aNbHBIC JOMOJHUTEIBHBIC MONPABOYHBIC KO-
ku «Ka». UccmenoBanusM BONPOCOB a’poAvHa- (UIMEHTH! MHAYKIHH, KOTOPBIC BBOISTCS B HH-
MHUKHM COOCHbIX HB mocssieH psn oredecTBes- AYKTUBHYIO cocTaBistorryto MomHoctd HB Nj,
HbIX pabor [2-5]. Kpome Toro, coocusiii HB B BBIYHMCIIEMYIO OT/ENIBHO OT NMPO(HIBHON MOLI-
CUJIy CBOMX YHUKAQJIbHBIX BO3MOXXHOCTEH JIer B HoctH Np [22]. Ilpeimaraemeie B JHTEpaType
OCHOBY HECYILIEH CHCTEMBI NEPCIEKTUBHBIX CKO- 3aBHCHMOCTH TaKUX KO((HIHMCHTOB MOy YCHBI
poctHeix BKJIA cxembr ABC (advanced blade Ha 0ase MPUONMKCHHBIX MOJIENICHi, He Y4YHThIBA-
concept), BIEPBBIE TPEIUIOKEHHBIX (HUPMONA IOIMX B IOJHOW Mepe BCE OCOOCHHOCTH a’po-
Sikorsky [6, 7]. B Hacrosiiee Bpemsi Haubosee puHamukn coocHeix HB [21]. HccnenoBanue
IIMPOKO B MHUPE BEAYTCS MCCIEIOBAHUS a’pOau- OTIIMYHI MEXIY adPOJUHAMUYCCKUMH XapaKTe-
HAMUKH cOOCHBIX HB, MMeroImx ecTkoe Kper- PUCTHUKaMHU COOCHBIX M 3KBHBaJICHTHbIX HB Ha
nenue jomactert mo cxeme ABC [8—16]. Bmecte ¢ pasiMYHBIX pexHUMax paboTel Tpebyer nposese-
TeM HCCIIEIYIOTCA U BONPOCHI, CBA3AHHBIE C PH- HUSI MacIITaOHBIX M 3aTPATHBIX SKCIIEPUMEHTOB
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7100 TPUMEHEHUS! BHICOKOYPOBHEBOTO UHCIICH-
HOT'O MOJIEJINPOBAHMUS.

C pa3BUTHEM BBIYMCIHUTEIBHOM TEXHUKH B
MOCJIEIHUE TOJbl HA NMPAKTUKE PEATM30BaHBI CO-
BPEMEHHBIE YHCIIEHHBIE METOJIbI, CIIOCOOHBIE
pelaTh 3aJa4M pacuera a’3poJMHAMUYECKUX Xa-
pPaKTEepUCTUK BHHTA C YYETOM OCOOEHHOCTEM
(GbopMHUpPOBaHUS HEIMHEHMHOIO BUXPEBOIO Clena
3a JIOMACTSMHU M a’POJAMHAMUYECKON HHTEpde-
PEHIINH, YTO TO3BOJIAET y4ecTh 3PQPEKTH cooC-
Horo HB. Hapsany ¢ moaxoxamMu BBIYMCIIUTENb-
Hoii a’poruapoanaamMuku CFD (computational
fluid dynamics) Ha 6a3e METOJOB KOHTPOJIBHBIX
obovemoB (MKO) [8, 9, 11, 13, 15] Heobxoanumo
OTMETUTh COBPEMEHHBIE HEJIMHEWHBIE BUXPEBBIC
MOJIETN, UMEIOIINE 3HAYUTEIbHO MEHBIIYIO pe-
CypPCOEMKOCTb IIPU JOCTATOYHOM YPOBHE TOYHO-
ctu [5, 10, 12, 14, 16].

[IpencraBinennass pabora MOCBSIIEHA YHC-
JIEHHOMY MOJICJTUPOBAHUIO a3POJIMHAMUYECKUX
XapaKkTepUCTUK BUHTA M CPABHUTEIBHOMY aHa-
U3y MOIIHOCTH Ny, MOTpeOHOIl Ha BpaleHHe
ero Jjionactei. Paccmorpensl coocHblii HB Bep-
tonera Ka-226 [3, 4] u SKBUBAJICHTHBIA €My
oauHouHbli HB. IIpoananu3upoBaHbl peKUMBI
BHUCEHHS U TOPU3OHTAIBHOTO TMOJIETA B IIMPOKOM
JIMara3oHe CKOpPOCTEM, COOTBETCTBYIOIIUX 3KC-
IUTyaTallMOHHOMY JMana30oHy CKOPOCTEH moJiera
KJIACCHYECKOT'0 BEPTOJIETA COOCHOU cXeMbl. Mo-
JIETUPOBAHUE a3POJIMHAMHYECKUX XapaKTepu-
ctuk HB peanuzoBaHo B U30JIMpOBaHHOM MOCTa-
HOBKe 0e3 yueTa MHTEp(EepeHLHHU C IIaHEpOM
Beprosiera. [Ipu aTOM pacueTsl a3poarHaAMU4Ye-
CKHMX XapaKTEPUCTUK BUHTOB B TOPU30HTAIBHOM
IIOJIETE€ BBIMOJHEHBI C Y4YETOM a’poJAMHaMU4e-
CKHMX Harpy3oK, BO3HUKAIOIIMX Ha IJIAHEPE BEp-
TOJIETA.

MeTtoaoJi0rusi

B kadecTBe HMHCTpyMEHTa HCCIEIOBaHUS B
paboTe WHCIONBb30BaHA HENWHEWHAs BUXpeBas
MOJIeJIb BUHTA, pa3paboTaHHas Ha Kadeape mpo-
eKTHPOBAHUSI BEPTOJETOB MOCKOBCKOTO aBHa-
[UOHHOTO HMHCTUTYyTa. OCHOBHBIE MOJIOKEHUS
HEJIMHEHHON BUXPEBOH MOJeNnu MOApOOHO H3-
JIO’KEHBI B pabore [23].
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Henuneitnas BuxpeBas Mojelb paHee Oblia
UCIIOJIb30BaHa JJIsl UCCIIEJJOBAHUS adpOJUHaAMMU-
YeCKHX XapakTepucTuk coocHoro HB Bepronera
Ka-226 Ha pexumax BUCEHHsI U TOPU3OHTAIIBLHO-
ro nonera. PaGotel [24, 25] cogepxat pe3yibTa-
Thl WCCJIEIOBAaHUI Ha pEKMMax BHMCEHHS U Ha
OTJENBHBIX PEXHMMax TOPU30HTAIBHOTO TOJETa
Ha Oa3e HEJIMHEHHOW BHUXPEBOW MOJAEIU U C
npuMeHeHneM BbicokoypoBHeBoro MKO Ha oc-
HoBe monaxoma URANS (Unsteady Reynolds-
Averaged Navier-Stokes), a Takxe UX CONOCTaB-
JEHUE C MMEIOIIMMUCSA SKCIEPUMEHTAIBLHBIMU
JTAHHBIMU.

Ha puc. 1 npeacraBnens! pac4eTHbIE NOJSAPBI
cr = f(mg) anst coocHoro HB Bepronera Ka-226
Ha BUCEHHM, MOJIy4eHHbIE B pabote [24], a Tak-
e SKCIIEpUMEHTANIbHBIE JaHHbIE U3 paboThl [3].
Habmiogaercst y10BIETBOPUTEIBHOE COBIA/ICHHUE
pe3yJbTaToOB PAacYeTOB MEXIy co00il M C naH-
HBIMH SKCIIEPUMEHTA.

Ha puc. 2 npuBeaeHbl pacuyeTHbIE 3aBUCHMO-
CTH KO3 UIMEHTa KPYTSIIEro MOMEHTa (MOII-
HOCTH) coocHoro HB my (cymmapsblli U OT-
nensHo anssi BB u BH) nmo ckopoctu ropuzon-
TaapHOTO mosera mg = f(V), NOMy4YEeHHbIE B pa-
6ote [25]. BumHo, uTO AN PacCMOTPEHHBIX
ckopocrteit V = 30, 40, 50 u 60 m/c xoaddumm-
€HTBl Mg, MOJIYYEHHBIE JBYMS PAa3IMYHBIMU Me-
TOJaMH YHMCIIEHHOTO MOJEIMPOBAHUS, COBMAJa-
10T yJI0BJIETBOPUTEIBHO.

Taxkum oOpa3om, TpeIcTaBICHHbIC HA puc. |
U 2 JaHHbIE, a TAK)KEe JPYyrHe pe3ysbTaThl, IOJY-
4yeHHbIC B paboTax [24, 25], moATBEpKIAIOT J0-
CTaTOYHO BBICOKYIO TOUYHOCTb HEJIMHEWHOW BUX-
peBOi MOAENM TpU pacyeTe HHTErpabHbIX
a’POAMHAMUYECKUX  XapaKTEPUCTUK  BHHTA,
OJIM3KYI0 K BBICOKOYpOBHEeBOMY Metony MKO
URANS, u cinyxar ee BaJluJaluu.

Pacuetnas monens coocHoro HB Beprtosera
Ka-226 na 6a3e HenMHEHHOW BUXPEBON MOJeH
B IIPEJICTABIEHHOM HCCIJIEZIOBAaHUM ObLIa aHAJIO-
rMYHa MOJEJIH, HCIIOJIb30BaHHOH B  pabo-
Tax [24, 25].

OcHoBHble napameTpsl coocHoro HB u ak-
BHUBAJICHTHOrO eMy oauHo4Horo HB, ncnons3o-
BaHHBIE B paboTe, IpuBEACHbI B Ta0. 1.

I'papuueckue cxembl pacCMOTPEHHBIX BHH-
TOB MPEJCTABIIEHBI HA pUC. 3.
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Puc. 1. PacuerHsie momsaps! u3 paboTsl [24]
W TaHHBIE SKCIIEPUMEHTA U3 paboTHI 3]
Fig. 1. Calculated power polars [24]
with experimental data [3]
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Puc. 2. PacuerHsie 3aBucuMocTd K03 duimenra
MorHocTH my = (V) [25]

Fig. 2. Calculated dependencies of the rotor power
coefficient co = f(V) [25]

Taoauna 1
Table 1

OcHoBHble TapaMeTpbl uccienyeMbix HB
Main parameters of the rotors under study

ITapamerp Coocurbrit HB JxBuBaJieHTHBI HB En.

Pamnyc HB, R 6,62 6,62 M
OKpyXHasi CKOPOCTh BpalieHus, ®R 198 198 M/c

Pasnoc mockocreit Bpamenus BH u BB, h 1,142 - M
KomuuectBo nonacreit BH u BB, ki 2x3 6 -
Koaddunuenr 3anonHeHus BUHTA, G 0,075 (cymmapHbIi) 0,075 -
Xopna jomacty (TI0 Bee uuHE), b 0,26 0,26 M

KpyTka nomactu (nmunetiHas), Aps —8,35 —-8,35 rpam.

MonenupoBaHue a’poAMHAMHYECKUX Xapak-
TEPUCTUK paccMOTpeHHbIX HB BeImosHsIOCH
n1st BeicoTel H = 0 Ha pexxume Bucenus (V = 0)
U Ha PEKUMAaX FOPU30HTAIHLHOTO MOJIETa CO CKO-
poctamu V = 10, 20, 30, 40, 50 u 60 m/c
(L=0,05...0,3). Ucnonbs3oBaHHbIE B pacyeTax mna-
paMeTpbl paboThl BUHTOB COOTBETCTBOBAIM MOJIE-
Ty BEPTOJIETa C B3JIE€THBIM BECOM Giyy = 3 600 Kre
(puc. 4). Ins pexxnma Bucenust V = 0 B Tsire HB
JIOTIOJTHUTENTFHO YYUTHIBATHUCH MIOTEPH Ha 00TYBKY
drozensixa, paBubie 3 %, a g V = 10 m/c paBHbIe
1,5 %. Kpome Toro, mapamerpsl pabotsl HB u 3a-
KOHBI YIIPaBJICHUS NOAOUPAIUCH C YYETOM KOM-

IIEHCAllMU a3pPOJMHAMUYECKUX HArpy30K Xqp H
Y,p (B CKOPOCTHOHM CHCTEME KOOPAMHAT), BO3HHU-
KaloIIMX Ha IUIaHEpe BEpToJieTa B IOJIETE, C Po-
CTOM CKOpPOCTH V M C HM3MEHEHUEM YIJIa aTaKH
¢rozemsbka og. IIpomonbHBIA yron 3aKkIMHEHHs
Basia HB Obu1 mpuHAT paBHBIM 0, = 6°. A3ponu-
HaMU4YeCKHe CHIbl Xqp U Yoy ONPENCIINCh HA
OCHOBE 3aBUCUMOCTEH Cyp = f(0g) U cyg = f{0g),
MOJIyYeHHBIX MJIs1 TulaHepa Beptojera Ka-226 B
pabore [26] Ha ocHoBe MeTona CFD ¢ Banmmanueit
Ha 0a3e SKCIepUMEHTA.

Ha puc. 5 npuBeneHbl UCHOJIb30BaHHAs B
pacuerax 3aBUCMMOCTh yriioB artaku HB
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Puc. 3. Cxemsl pacueTHbIX Mojeneit uccinenyeMsrx HB: a — coocueiit HB; 6 — sxBuBanenTreiii HB
Fig. 3. Scheme of the rotors under study: a — coaxial rotor; 6 — equivalent single rotor

Ywij

Puc. 4. Beproner Ha pexxiuMe TOPU30HTATHLHOTO
nojera
Fig. 4. Helicopter at forward flight

ay =f(V) u cooTBercTByIOIME 3aBUCUMOCTHU
Xoap =f(V) 1 Guax + Yo = f(V), mpeononepae-
MBIE B IIOJIeTe a’poAauHamuyeckon cwion HB.
Bunno, yro 3nauenus Gy, + Y9 CHavasa naja-
10T TIPH YMEHBIICHUU TIOTEePh Ha 00JIYBKY, a 3a-
TE€M BO3pacTalOT C YBEJIMYEHUEM CKOPOCTH IIO-
JeTa Mu3-3a pocTa OTPULATEIBHOW IMOABEMHOU
cuibl Y Ha IJIaHEpe BepToneTa (puc. 5).

OKBUBaJICHTHBIM OoauHOYHBIN HB He umeer
MaCCHBHOM KOJIOHKM aBTOMAara IepeKoca, KakK y
coocHoro HB. BennuuHa conpoTUBIIEHHs IUIa-
HEpa OJHOBHHTOBOI'O BEPTOJIETa AHAIIOIMYHOIO
B3JIETHOTO Beca OOBIYHO CYIIIECTBEHHO MEHBIIIE,
YeM y COOCHOTO.

B npencraenennoii padore ¢ uenpio odecre-
YEHUsI BO3MOXXHOCTH CPAaBHUTEIBHOIO aHAIW3a
AIPOAMHAMHYECKUX XapPaKTEPUCTHK 00a BHHTA
MOJEJINPOBAINCH B OJMHAKOBBIX YCIOBHSX, IO-
aTOMYy I 3KBUBaJleHTHOro HB wucnons3oBa-
JUCh aHaJIOTH4YHble coocHoMy HB 3aBucumoctn

Oy s
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Puc. 5. 3aBucumoctu yria ataku HB o 1 cuit Xop ¥ Goan + Yog

110 CKOpOCTH MoJieta V

Fig. 5. Dependencies of rotors angle of attack o, and forces X;,

G + Yy, on the flight speed V

ay = f(V), a Takxke B3JIETHBINA BEC BEpTOJETA, Xa-
PaKTepUCTHKH IJIaHEpa, U TIOTEpH Ha ero oomay-
BKy (puc. 5).

Taxke BaKHO OTMETUTh, UTO B pacdeTax Jjs
coocHoro HB obecneunBanacy OaraHCHpOBKa
BUHTOB IO BEJIMYMHE KPYTSIMIETO MOMEHTa
MKBB = MKBH-

Pe3yabTaThl pacyeToB U 00CyKIeHUE

PaccmoTpuM pe3ysbTaThl pacueTHON BHU3ya-
au3any (HOpM HETMHEHHOTO BHXPEBOTO Cliela
3a JornacTsaMu coocHoro HB u skBHBajeHTHOTO
eMmy oguHoyHOoro HB.

Ha puc. 6 npencraBieHbl KapTHHBI BU3YaJlH-
3anuu (popM BHXPEBOTO Clie[a HA PEKUME BUCE-
s (V = 0) ¥ Ha pe)KUME TOPU30HTAIBHOTO T0-
nera (V = 30 m/c). Ilpu Busyammsarmu (hopm
BUXPEBOTO ClieJla OTOOPaKallUCh TOJILKO BUXPH,
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Puc. 6. Buzyanuzauus Buxpeporo ciena HB Ha Bucenun u Ha I'Tl ipu V = 30 m/c:
a — coocublit HB; 6 — sxBuBanentHsiii HB
Fig. 6. Free vortex wake shapes visualizations at hover and forward flight (V = 30 m/s):
a — coaxial rotor; 6 — equivalent single rotor

CXOJSIINE C KOHIIOB JIOMACTEH, KOTOPhIE OOBIU-
HO BH3YAJIM3UPYIOTCS B OJKCHEPUMEHTaX MpH
MIOMOLIM JBIMOBOM BHU3yanu3auuu. Takou mon-
XOJl TIO3BOJISIET AOCTATOYHO YETKO OTPa3UTh 00-
IIYI0 CTPYKTYPY BUXPEBOIO CII€J]a 32 BUHTOM, HE
3arpoOMOXJas €€ TOJHOM PacyeTHOM CEeTKOM
BUXPEBOTO cliefia. BUIHBI XapakTepHbIe 0COOCH-
HOCTU HEJIMHEHHOMN CTPYKTYpPBI BUXPEBOIO ClIeIa
Ha peXUME BUCEHUS, 3aKII0YAIOIIMecs B MOKa-
THM BUXpeBoOro ciena 3a HB, a Ha pexxumax ro-
PU3OHTAJIBHOTO TOJIETA B CBOPAaYMBaHUU BHUXpE-
BOro cinena no kpasm aucka HB B cTpyktypsl
BTOPUYHBIX BHUXPEBBIX KI'yToB. Bocmpoussene-
HUE 9THUX W JIPYTUX OCOOEHHOCTEH, HalOromae-
MBIX B JKCIEPUMEHTaX W B JIETHBIX HCIBITAHU-
ax [1-2], wHeobxommmo s ydeta 3(¢eKToB
a’pOIMHAMUYECKOW HHTEePPEPEHIIMM BHHTOB W
OT/ICNIbHBIX MX JIOMACTeH MEXIy COO0O0H H, COOT-
BETCTBEHHO, JUIsl MCCIIEIOBAaHUSA OTJIMYMNA B
a’POJMHAMUYECKUX XapaKTEpUCTUKAX MEXAY
paccMaTpuBa€MbIMU BUHTAMH.

OOpatuMcs K pe3ynbTaTtaM pacdyeTa MHTerpaib-
HBIX a3pOJAMHAMUYECKUX XapakTepuctuk HB.

Ha puc. 7 npencraBieHbl 3aBUCUMOCTH CUIIBI
arn T 1y coocHoro (cymmapHas Tsara BB
u BH) u qys sxBuBanenTHoro HB mo ckopoctn
moiera V. BuAHO, 4YTO 3aBUCUMOCTH TATH
T =1(V), monydeHHble B pacueTax I O0OHX
BHUHTOB, COBMAAIOT. Takum 00pa3oMm, ¢ y4eToM
MIPUHATHIX JOMYIIEHU MOXHO CpPaBHUBATH 3a-
BUCUMOCTH mTOTpeOHOW MomrHocTH Ny = f(V)
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COOCHOT'O Y 3KBHBAJIEHTHOTO BUHTOB MEX]Y CO-
OofH.

[Ipu ananuze TArM, CO3/1aBa€MOK COOCHBIM
HB, nenecoo6pa3Ho CpaBHUTH OT/ACIBHO 3aBH-
CUMOCTH TSTU BEPXHETO M HUXKHETO BHHTOB C
Y4ETOM paBEHCTBA MX KPYTALIUX MOMEHTOB
(Mkgs = Mggy). COOTHOIIEHHE MEXKIY TIraMu
BB u BH no ckopoctu mnosieta, BbIpa)K€HHOE B
MPOILICHTAX, MPEACTaBIeHO Ha puc. §. M3BecTHOM
OCOOCHHOCTBIO a3POJMHAMHKHU  KJIACCHUYECKHUX
coocHbix HB Ha pexuMax BHCEHUS SBISAETCS
pazHocth B Tarax BB u BH, cocrtasnsromas mno-
psanxka 20 % B nosnb3y BB (c yuerom paBeHcTBa
WX KPYTAIUX MOMEHTOB) [1]. DT0 00ycIoBICHO
pabotoii BH B BuxpeBom cnene BB, To ecth
a’poIMHAMUYECKON HHTEephEepeHITnel BUHTOB.

U3 puc. 8 caexyer, 4TO ¢ pOCTOM CKOPOCTH
nosiera pazHuia mexay taramu BB u BH nnas-
HO yMeHbInaercs, a mpu V = 50...60 m/c u BbIIie
3Ta pa3HUIA IPAKTUYECKU IMOJTHOCTHIO UCUE3AET.
Ha 6onpummx ckopoctsix nonera 1sru BB u BH
paBHBI MEXay CcO00#, 4TO (HaKTUYECKH CBUJIE-
TEIhCTBYET 00 OTCYTCTBHH a3pOJWHAMUYECKON
uHTepdEepeHINN MKy BUHTAMH HAa CKOPOCTSX
noJieta cBoite V = 50 M/c.

Hcxonst u3 pe3ynbTaToB, NPUBEJACHHBIX BbI-
nre, 00a pacCMOTPEHHBIX BUHTA Ha OJIMHAKOBBIX
pexuMax mojieTa OOECHeurBaIOT OJMHAKOBYIO
noTpebHyto Tary T, KOMIEHCUPYIOIIYIO BEC arl-
napata U a’poJAMHAMHUYECKHE Harpy3Kd, BO3HHU-
KaloIIMe Ha ero IIaHepe.
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Fig. 7. Dependencies of rotor thrust T = f(V)
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40 50 60

PaccmotpuM  3aBHCHMOCTH MOITHOCTH N,
noTpeOHON Ha BpallleHHE JIONACTe COOCHOIo U
sKBUBaJeHTHOro HB Ha pa3inuHbIX pexumax
MoJIeTa, NpeAcTaBieHHbIe Ha puc. 9 u 10.

Ha puc. 9 npuBeneHsl 3aBUCUMOCTH MOTPEO-
HOM MomHocTH Ny = f(V) 11 paccMOTpeHHBIX
BUHTOB. BunHO, 4ro kpuBas st coocHoro HB
Nueo = f(V) pacmonaraercst Ha pse pexuMOB
[10JIeTa HECKOJIBKO HUXKE, YeM KpHUBAas JUJIsl SKBU-
BaJIGHTHOTO BUHTA Ny, = f(V). To ectb cooc-
Helii HB uMeer meHbInyto moTpeOHYI0 Ha Bpa-
IIEHUE JIONACTeH MOIIHOCTh NMPH HIEHTUYHBIX
ycioBusx. C poCTOM CKOpPOCTH IOJIETA ITa pas-
HUIIA YMEHBIIAETCS.
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Fig. 10. Dependencies of required power
Ncoaxial / Nequivalem = f(V)

B npubnmkeHHBIX HMHXKEHEPHBIX MeEToAax
pacyera JIETHO-TEXHUYECKHUX XapaKTEPUCTHUK
BepTosera MOIHOCTH N; U N, 00BIYHO CUMTAIOT-
cs otaensHo [24-25]. Ilpu atoM 3ddekT cooc-
Horo HB yuuThIBaeTCsi B MHIYKTUBHOW MOIIHO-
ctu N;, a npodunbHas MomHOCTh N, Ha Bpalle-
HUE JIOTACTe COOCHOTO M DKBUBAJICHTHOTO €MY
oaunou”Horo HB cuwnraercs onunaxosou. Ilpu-
HSIB 9TO JOMYIIEHHWE U YYUTHIBAs, YTO BEJIIMYMHA
MOIIHOCTH, 3aTpayMBA€MON Ha MIPEOJIOJCHUE
a’POJMHAMUYECKUX HArPY30K, BOSHUKAIOIIUX Ha
IIaHepe, B pacyeTax uisi 00OMX BUHTOB TaKKe
OyJeT OAMHAKOBOM, MOKHO CUHTATh, YTO PA3HH-
na mexay kpuBbiMu Ny = f(V) mns coocHoro
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U SKkBUBaJeHTHOro HB OTHOCHTCS K MHAYKTHB-
HOM COCTaBJISIFOILEH MOIIHOCTH N;.

B naubonee coBpeMeHHBIX METOJaX pacuera
a’POIMHAMUYECKUX XapaKTEPUCTHUK BUHTOB, Ta-
KUX KaK HEJTMHEWHBIC JIOTIACTHBIE BUXPEBBIC MO-
nemi 1 MKO, norpe6Hyt0 MOIITHOCTh HA Bpaille-
nue HB na cocrabimsronue N; u N, He pasnens-
10T. OJTHAKO MTPUBEICHHBIC BBIIIE TAHHBIE MOYKHO
UCTOJBb30BATh ISl OIICHKH PAa3HULIBI MEXITY WH-
JTYKTUBHOM MOIIHOCThIO COOCHOTO W OSKBHUBa-
nentHoro HB, To ects ans onpenenenus HeoOXo-
JTUMOM TTIOTIPABKH TS TIPUOJIMIKCHHBIX MOICIICH.

Ha puc. 10 mnpencraBieHa 3aBHCHUMOCTH
Nico / Nips = (V). BumHo, 4To Ha pexxume BU-
ceHus MOIHOCTh y coocHoro HB nHa 6 % Huxe,
YeM y SKBHUBAJICHTHOTO OoJMHOYHOTO. Jlamee sta
pa3HUIla HECKOJIBKO YBEIUYMBACTCS, AOCTUTAS
8 % B momnb3y coocHoro HB npu V = 20 m/c. 3a-
TeM MpeumMymiecTBo coocHoro HB B motpeGHOIA
MOIIHOCTH IJIABHO CHUXKAETCS U NPAKTUYECKU
MOJTHOCTBIO Mcue3aeT npu V > 50 m/c. D10 cBH-
JIETENLCTBYET O TOM, YTO TOJOKUTEIBHBIN 3(-
ekt coocHoro HB Ha Gonpmmx CKOPOCTSX TO-
PU30HTAJIBHOTO TMOJIETa OTCYTCTBYET M a’pOiu-
HAMHUYECKHE XapaKTEepUCTUKU coocHoro HB
(mpu mpoYMX PaBHBIX) B 3TOM IIJIaHE HE OTJIU-
YaroTCsl OT AKBUBAJIEHTHOTO. TOT e BBIBOJ ObLI
crenad Bele no guarpamme T, / Ty, = (V) Ha
puc. 8. Takum 006pa3oM, MOKHO 3aKIIOYUTH, YTO
Ha CKopocTsx mosera V > 60 m/c kakas-mu6o
MOTpaBKa, YYUTHIBAIOIIAass OCOOCHHOCTH BHMHTA
COOCHOM CXEMBI, MPU HCIOJIb30BAHUU BMECTO
HETO0 MOJICIN OJWMHOYHOTO SKBHBajeHTHOro HB,
He TpeOyercsl.

3aK/JIo4YeHue

BbImoTHEHO  YMCNIEHHOE  MOJETUPOBAHUE
a’POJMHAMUYECKUX XapPaKTEPUCTHK COOCHOTO
¥ SKBUBAJICHTHOTO eMy oanHo4yHoro HB Ha pe-
KMMax BHUCCHHA W TOPU3OHTAJIBHOTO IIOJICTA B
IIMPOKOM JHana3oHe CKOPOCTEH IoJIeTa BEpPTO-
neTa (Haberarouiero Ha BUHT OTOKA).

Paccunranbl (OpMBI HEMMHEHHOTO BUXPEBO-
ro clena, a TakKe 3aBUCHMOCTH TSTH U TIOTPeO-
HOH Ha BpaIlleHHE JIOTTACTeH BHHTOB MOIIIHOCTH.

B pesynbrare CpaBHHTENBHOIO aHAIHM3A
a’pPOIMHAMUYECKUX XapaKTEPUCTUK BUHTOB I0-
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Jy4eHbl HOBbIC JIAHHBIC, KACAIOIIHUECS UX OTIH-
YUTENBHBIX OcOOeHHOCTEH H 3(PPEeKTUBHOCTH
paboThl BUHTOB HAa PaCCMAaTPUBAEMBIX PEKUMAX.

YcTaHoBNIEHO, YTO MOTpeOHAas MOIHOCTh Ha
BpalleHue Jonacrei coocHoro HB Ha Bucenuun
Ha 6 % MeHblle, 4yeM y sKkBHUBasieHTHoro HB,
MIPU PaBHBIX 3HAYEHUSAX CUJIbI TATH.

ITokazano, uto ¢ pocrom ckopoctu [Tl BbI-
UTPHIII B MOTpeOHOM MomHOcTH coocHoro HB
cHavana Bo3pactaer 10 8 % (mpu V = 20 m/c),
a3areM IUIaBHO CHUXaetcs 1o 6,5 % mnpu
V=30wm/c, 105 % nipu V =40 m/c u 2,2 % tipu
V=50wm/c. Ha ckopocTsix moneTa BbIIIE
V > 60 M/c pazHuIpl B MOTpeOHOM Ha BpalieHHe
J0omacTel MOIIHOCTU MEXIY COOCHBIM U 3KBH-
BasieHTHHIM HB npakTiueckn He Habmogaercs.

[lonyueHHble pe3ynbTaThl JOMOJHSAIOT HMeE-
IOLUECS AHHBIE MO a3POAUHAMMKE COOCHOIO U
skBuBaJIecHTHOro HB m moryt mcnosb3oBatbes
JUIsL YyTOYHEHMs TIONPABOK IIPU OIpPEIEICHUU
a9POJMHAMHUYECKNX XapAKTEPUCTHUK COOCHOIO
HB c¢ ucnonp3oBanremM MOJ€IH 3KBUBAJIEHTHOTO
HB na 6a3e npuOankeHHBIX METOJ0B pacyeTa.
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