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NHxeHEepHO-aBHAITMOHHASA CJIY:K0a IPAaKAAHCKOM aBUALIUM:
OT TEXHUYECKOM IKCIIyaTAlUU A0 MOJAAEPKAHUA JTeTHOH I'OAHOCTH
(uactp 1)

C.B. Ky3HeII0B1, .B. 5[):[pOB2
"Mockosckuii 20Cy0apCmeeHHblll MeXHUYeCKULl YHUBEpCUmem 2paircoOancKol asuayul,
2. Mockea, Poccus
’@edepanvras crycba 6030ywno2o mpancnopma, 2. Mockea, Poccus

Annotammsi: B rox npaznaoBanus 80-ymetus [loOepl M CBSA3aHHOIO C STUM COOBITHEM 75-JICTHEro rOOWIIes HHKCHEPHO-
aBHMAIMOHHOW CITy>KOBI TpaXKITAHCKOM apmanum Poccry B cTaThe TPOBEICH aHAN3 COBETCKOTO IEPHONA €€ JICSTEIBHOCTH.
KoHcratupyercs, 4to WHXECHEPHO-aBHAIIMOHHAS CIY)XK0a TPaKTAHCKOM aBHAIMKM CO3JaBajlach IO 00pasily WHXKEHEPHO-
aBHAIMOHHON CITy)KOBI BOGHHO-BO3/IYIITHBIX CHIL, YTO OTPA3HIIOCh B CHCTEME TIOCTPOSHHUSI OCHOBHBIX HOPMATHUBHBIX JOKYMEHTOB B
BUJIC HACTABJICHUI U YCTaBa B IPABOBOM I10JIE BO3IYIIHBIX KOJEKCOB. [IpoBenieH aHanm3 1ieneit, 3a1a4 v GyHKIMN JesITeTbHOCTH
WHKEHEPHO-aBUAIIMOHHON CITY>KOBI 32 40-JeTHUI Tepro/, PerJaMeHTHPYEMBIX YeThIppMs HacTaBlIeHUsIMHU. [loka3aHo, Kak OHU
M3MEHSUTHCh, Tepe)OpMyIMPOBAIMCH U JIONOJHSUIMCh B TMPOLIECCE HAKOIUICHHS! ONbITa NESTENBHOCTH 10 TeX Iop, MOoKa He
CJIOKWJIACh CTPOMHAsl CUCTEMA TEXHUUYECKOM SKCIUTyaTalluM aBUALMOHHON TEXHUKH, BKJIIOYAIOIIAs aBUALMOHHBIA MEpCOHA —
OCHOBY MHKCHEPHO-aBHAIIMOHHON CITy>KOBI. B cTaThe CKOHIIEHTPHUPOBAHO BHUMAHUE Ha TOM, KAKUM SIBIISIETCS OTBET Ha KITFOYEBOI
BOIPOC HACTABJICHUII: KaKOE BO3IYIIHOE CYIHO MOXKET OBITh JIOIMYIICHO B IOJIET. B aHAIM3UpyeMblil MEePUO JeSITeIbHOCTH
HMHKCHEPHO-aBHAIIMOHHOW CITy>KOBI OTBET ObLI OJJHO3HAYHBIM: TOJIBKO HCIIPABHOE BO3MYIIHOE CYIHO MOXET OBITh JOMYIICHO B
nosier. ToMy ObUIa TOJYMHEHA BCS JICATECIBHOCTh MHKCHEPHO-aBUAIIMOHHOM CIy>KObL. B cTathe (hopMynupyercs mapagurMa
MOJIep KaHus JIESTHOM TOTHOCTH, Ha KOTOPOW OCHOBBIBAETCSl MEXKAYHAPOIHAS TPAXKIAHCKAsl aBUALlMsl U KOTOpast JIETJIa B OCHOBY
(hopMupyeMoli OTCUECTBEHHOM CHCTEMBI TIOJICPIKaHUSI JICTHOM rOAHOCTH. [IpaBIiIbHOE TTOHUMAaHKE COOTHOIICHUS ¥ B3aUMOCBSI3H
TEXHAYCCKOW OJKCIUTyaTallMd W TIOUICP)KAHWS JICTHOM TOMHOCTH HEOOXOOMMO IS Pa3pabOTKH MpO(ecCHOHANBHBIX U
00pa3oBaTeNbHBIX CTAHAAPTOB, KOTOPHIC JOJDKHBI ONPEIETUTh HAa3BaHMS W CONIEp)KaHHEe OOYUCHHUSI HAlpaBICHHHA U
CIICIMATTFHOCTEH, TI0 KOTOPBIM TOTOBUT CTYACHTOB U KYPCaHTOB YHHUBEPCHUTET. [ [pOBEICHHEBIH B CTaThe aHAIN3 U TIOATOTOBIICHHBIE
JUTS TIOCTIEAYIOIISH CTaTh! MaTepHaiIbl O3BOJIAT IAaTh OTBETHI HA JKUBOTPETICITYIIHE BOIIPOCHI, KaK 00ECTICUNTh ITOTOTOBKY IS
WHKEHEPHO-aBUALIMOHHON ~ CITY’KObl  BHICOKOKBAITM(DMLIMPOBAHHBIX ~ CIICLMAIMCTOB, OONAJAIOIIMX BCEMH HEOOXOIUMBIMU
KOMIIETEHIIMSIMH, YTOOBI OHH OBITH BOCTPEOOBAHbI KCIUTYaTAOHHBIMU MPEIIPUATHSAMYI U OPTaHU3aIsIMU OTPaCIH.

KiioueBnle cioBa: TpaKIaHCKasl aBualud, WHXXCHCPHO-aBUAIIMOHHAS cny>1<6a, TEXHUYCCKAsA OSKCIUTyaTalys, TEXHUYCCKOEC
O6CJ'Iy)KI/IBaHI/Ie, nogacpikaHue JICTHOM T OJHOCTH, BO3AYIITHOC Cy/THO, aBUAlIMOHHAA TCXHUKA, aBI/IaIII/IOHHHﬁ TNEepCOHAJL.

st nutupoBanus: Kysuernos C.B., Snpos JI.B. NmkxeHepHO-aBUalMOHHAs CIy>K0a TPayKIAHCKOH aBHAIWH: OT TEXHUYECKOU
SKCIUTyaTallK 10 MOJepKaHusl JIeTHOM rojHocTH (dacts 1) // Hayunsiii BectHuk MI'TY T'A. 2025. T. 28, Ne 4. C. 8-25. DOI:
10.26467/2079-0619-2025-28-4-8-25

Engineering aviation service of the civil aviation: from technical
operation to continued airworthiness (part 1)

S.V. Kuznetsovl, D.V. Yadrov’

"Moscow State Technical University of Civil Aviation, Moscow, Russia
’Federal Air Transport Agency, Moscow, Russia

Abstract. In the year of the 80" anniversary of the Victory and the related 75" anniversary of the engineering aviation service of

the civil aviation of Russia, the article analyzes the activities of the service during the Soviet period. It is stated, that the engineering
aviation service of the civil aviation was established, based on the model of the air force engineering aviation service, which was

8
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reflected in the system of the key regulatory documents in the form of guidelines and a Charter within the legal framework of the
Air Codes. The analysis of the goals, objectives and functions of the engineering aviation service activities over a forty-year period,
regulated by four guidelines, was conducted. It is shown how they changed, reformulated and supplemented in the process of
accumulating experience until a coherent system of technical operation of aviation equipment was established, which included
aviation personnel — the foundation of the engineering aviation service. The article focuses on the answer to a key question of the
guidelines: what kind of aircraft can be allowed to fly? During the analyzed period of the engineering aviation service activity, the
answer was unambiguous — only airworthy aircraft can be allowed to fly. All activities of the engineering aviation service were
subordinated to this principle. The article formulates the paradigm of continued airworthiness, which is the basis of international
civil aviation, and serves as the foundation for the developing of the domestic system of continued airworthiness. A correct
understanding of the relationship and interconnection between technical maintenance and continued airworthiness is essential for
the development of professional and educational standards that should define the names and the content of training programs and
specialties for which the University prepares students and cadets. The analysis conducted in the article and the materials prepared
for the subsequent article will provide answers to pressing questions on how to ensure the training of highly qualified specialists for
the engineering aviation service, possessing all the necessary competencies to be sought after by operators and organizations in the
industry.

Key words: civil aviation, engineering aviation service, technical operation, maintenance, continued airworthiness, aircraft,
aviation equipment, aviation personnel.

For citation: Kuznetsov, S.V., Yadrov, D.V. (2025). Engineering aviation service of the civil aviation: from technical operation
to continued airworthiness (part 1). Civil Aviation High Technologies, vol. 28, no. 4, pp. 8-25. DOI: 10.26467/2079-0619-2025-
28-4-8-25

Beenenue mpaBuiIa® B HOBOE BPeMsi OIPENCIMIH Ha3HA-
Jlist Poccuu Ti1aBHO# MaMATHON J1aTOH TeKy- uenue u 3anayn MAC Boopysxkennbix cuin CCCP
IIETO 2025 roma SIBIISIETCS 9 Mas -— OEeHb n POCCI/II/I, OpraHu3alui0 MHKCHCPHO-aBUAILIUOH-

80-netust Benukoit [ToGenpr. s rpaxknaHckoit HOro o0ecreveHus, MpaBa MU OOA3aHHOCTH

aBuanuu (I'A) Poccum BakHOU aMATHOW JaToH
cunraercsa 21 aBrycra — 75-netue co AHS obOpa-
30BaHUSl MH)KEHEPHO-aBUAIIMOHHOM  CITy»KObI
(MAC) T'A. Ot namsaTHBIE AAThl HEPa3pbIBHO
cBsi3aHbl Mexay coboir. MAC rpaxxaaHCKOTO
Bo3aymHoro ¢guora (I'B®) B mepBbie necsaTuie-
THUSL CBOETO CYIIECTBOBAaHUS CO3/1aBajlach H
¢dopmuposanace o obpasiy MAC BoeHHO-BO3-
nymHbIX cut (BBC), npomrenieit B To1bl BOMHBI
Yyepe3 BETUKUE HCTBITAaHUS, COOpaBIIeii orpoMm-
HBII OIIBIT, BOCIIUTABIIEH COTHU THICAY MEXAHM-
KOB, TEXHUKOB U WHXEHEPOB [JIsl TEXHUUYECKOU
AKCIUTyaTanuu 00eBOi aBUalUu.

boegoit YCTaBl, HACTaBJICHUS [1] B co-
BETCKOe BpeMsl U (enepaibHble aBHALMOHHBIC

2,3,4,5,6,7

Boegoii ycraB Boenno-Bo3mymasix Crir PKKA. M.
T'ocBoenusnar, 1931. 77 c.

HacraBneHue 1mo HH)XKEHEPHO-aBUAITMOHHOM CITy)KOe
BBC Kpacnoit Apmuu (HUAC-43). M.: Boennsaar,
1943. 344 c.

HacraBnenne no MH)KeHEpHO-aBHALIMOHHOM CITyX0e
Boenno-Boznymmbix cun Coerckoit Apmun: (HUAC-52):
[IpaBuiia skcIuTyaTaluy TeXH. 00CITY)KUBAHUS U PEMOH-
Ta camoieToB. M.: Boenusnar, 1952. 184 c.
Hacrapnenue no MH>XKeHEpHO-aBHAIIMOHHOM CITyK0e
BOoeHHO-BO3ymHEIX ciil (HUAC-56). M.: Boenusnar,
1956. 230 c.

TOJKHOCTHBIX JIUI], YCTAHOBWJIM OOIINE MPaBH-
Ja SKCIUTyaTallid U PEMOHTA aBUAI[MOHHOM TeX-
Huku (AT) npu BegeHuu OOEBBIX ACUCTBHIA U
MIpH TIPOBEJICHUH OO0EBOM MOATOTOBKH (pHcC. 1).

B HHX Wu310XeEHBI BOMPOCHI 00OECICYCHHUS
Hazies)kHOCTH AT B 3KCIUTyaTalnu, TEXHUYECKON
MOATOTOBKU JIMYHOTO cocTaBa. OCHOBHas 1LEJb
NAC BBC — rpaMOTHO B3KCIUIyaTHpOBaThb H
obecrnieunBaTh Oe3omacHocTh moneroB AT, ro-
TOBHOCTH BBINIOJIHUTH TPUKA3 U 3a/laHue — 3a-
IIUTUTh UHTEPECHI TOCYAapCTBa.

[Io Mmepe pemoOmIM3aLUU PAIOBOTO, Cep-
KAHTCKOTO M O(UIIEPCKOTO COCTaBa U3 PSIOB
Kpacnoii apmuu BHOBb co3znaBaemasi UAC T'BD
MOTMOHSIACh TPAaMOTHBIMH, BBICOKOKBaNMH(H-

Hacrapnenne o mH>KeHEPHO-aBHALIMOHHON CITyK0e
aBuaru Boopyxerusrx Cunn CCCP (HUAC-64). M.
Boenuszgat, 1964. 302 c.

HacraBnenue 1mo nH>XeHEPHO-aBUAITMOHHOM CITy)K0e
aBuaru Boopyxenusix Cunn CCCP (HUAC-78). M.:
Boenmsgar, 1978. 366 c.

Hacragsiienne o nH>xeHepHO-aBHAIIHIOHHOMY o0ecrieye-
Huto aBuanuu BoopyxkeHHbIx cui CCCP (HMAO-90).
M.: Boenusnar, 1991. 92 c.

®denepanbHble aBHAIMOHHBIE TIPaBHUiIa HHKEHEPHO-
aBUALMOHHOTO o0ecTieueH s ToCy 1apCTBEHHOM aBHaLlIK
(PAITI MAO). M., 2005. 29 c.
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Boesoii ycTaB BoeHHO-
BoszaywHsbix Crn PKKA

BY BBC PKKA-31

HactaeneHue no TexHUM4YecKo-
IKCNNOATAUMOHHOM caybe
BBC PKKA

HT3C-34

HacraeneHne no MHKeHepHo-
aBMaLMOHHOI caywbe BBC
KpacHoit Apmun

HWAC-43

HacrasneHue no UHKeHepHo-
aBMALIMOHHOM cnykbe
BoeHHo-BosaywHbix cun

CoseTckoi Apmun

HWUAC-52

Ycrasbl BOEHHO-BO3AYLWHbIX
CUN U BO3AYLUHbBIE KOAEKCHI

YcTasbl U KOAEKChI

HacrasneHue no vHeHepHo-

aBUALMOHHOI Chykbe
BOEHHO-BO3/AYLIHbIX CHA

HUAC-56

HacraeneHne no MHKeHepHo-
aBWALMOHHON cnyxxbe
asuauuu BoopyskeHHsIx Cun
ccee

HWUAC-64

HacrasneHne no nHxeHepHo-
ABUaLIMOHHOM cnyxbe
asuaumnu BoopymeHHbix Cua

ccep

HWUAC-78

PesepanbHble aBMaLMOHHbIE
NpaBUNa MHKEHEPHO-
aBHALMOHHOTO o6ecnedeHns

roCyAapCTBEHHOM aBUaUMK

®AM MAO-2004

Hacrasnexne no nHeHepHo-

aBMaLMoHHOMY 0Becnedermio)

aBHALMK BOOPYKEHHBIX CUA
CCCP

HWAO-90

Puc. 1. Ycrass! u HactaBnenus MAC BBC
Fig. 1. Regulations and instructions of the engineering and aviation service of the Air Force

IMPOBAHHBIMU  CHELHMAIMCTAMU OTBETCTBEH-
HBIMU M JUCLHUTUTMHAPOBAHHBIMU Kajpamu. JIyy-
mue tpamuiun MAC BBC craimm ocHOBO#M JTyu-
mmx Tpaguiuii UAC T'A. BolickoBble aBUaIMOH-
HbIe peMOHTHbIE MacTepckue (BAPM), texHuko-
sKcIuTyaTanonHele yacti (TOY) aBHMAMOHHBIX
MOJIKOB CTaJIM MPOTOTUIIOM JIMHEWHBIX AKCILTya-
TallMOHHO-PEMOHTHBIX ~ Mactepckux  (JIDPM),
aBUAITMOHHBIX TexHU4eckux 0a3 (AThH) u aBuaru-
OHHBIX PEMOHTHBIX 3aB0JI0B (AP3) 'B®.

B sT0 Bpems ¢opMmupoBanack cucrema BbIC-
IIETO W CPEIHETO CICHHAIBHOIO 00pa30BaHUs
I'B®. B 1947 rony, nocie BO3BpalleHUs U3 dBa-
kyaruu u3 Cpenneit Asum Ha 6aze KueBckoro
AaBHAIIMOHHOTO HMHCTHTYTa ObUT co3maH Kues-
ckuit unHctutyt ['B® um K.E. Bopommnosa.
BnocneactBun oH ctan KHeBCKUM HMHCTUTYTOM
WHXXeHepoB rpaxaaHckoil apuammu (KUU T'A),
kpynseiimumM B CCCP By30M, MOCTaBIISIBIIUM
kagpel B UACTA.

B 1960 roay B Pure otkpeuics Puwxckuii us-
CTUTYT uHxeHepoB I'B®, Bmocaenctsuu Prok-
CKMI MHCTUTYT MHXXEHEPOB IPa)KIaHCKON aBHa-
uun (PUU TA).

B 1968 romy B MockBe OTKpBUICS (hUIHAIT
KN T'A, ¢ 1971 roga — MOCKOBCKHIZ HHCTUTYT
WHKEHEPOB rpakaanckor aBmarun (MU T'A),
HbIHEITHU MOCKOBCKHI TOCYJapCTBEHHBIN TEX-
HUYECKUM YHUBEPCUTET TIPAKJAHCKOW aBUALUU
(MI'TYTA).

10

B Tpex By3zax I'A TOTOBWJIMCH HH)XEHEPHI-
MEXaHHUKH, WHXEHEPHI-DJIEKTPUKU W PaTUOUH-
sernepsl 111 MAC TA.

B 1947 romy ma 6a3e EropbeBCKOM IIIKOJIBI
aBMaIuu, oopasosanHoli euie B 1918 rony, cozna-
HO cpeaHee npoecCHOHAILHOE yYeOHOE 3aBejie-
HUE 10 TOJIOTOBKE AaBHAIIMOHHBLIX CICIHAIIN-
CTOB — HBIHCIIHMIT EropeeBckuii  aBHAIMOHHO-
TEXHUYECKHH KOJUIC/DK. BriociencTBun ObUIA CO-
31aHbI enle 13 aBHalMOHHO-TEXHUYECKUX YUMIIHIIL]
JUISL TIOJITOTOBKU TEXHUKOB-MEXaHHUKOB, TEXHUKOB-
9JIEKTPUKOB M paanoTexHuKoB st MAC I'A.

[IepBoe B HCTOpHMHM TpPakIaHCKOW aBHAIlUU
Hamieli crpaHsl «HacTaBieHue mo MHKEHEPHO-
ABUALIMOHHOM CIIy>kK0€ B Ipa’kIaHCKOM aBHALIMHU
CCCP» Obu10 BBeneHO B aciicTBue 21 aBrycra
1950 roma. Ilo cytm, 310 cTamo Hadaiaom ¢op-
MHpOBaHHUs coBpeMeHHoro obimmka MAC TA
WJIM, TOBOPS COBPEMEHHBIM SI3BIKOM, 0Opa3oBa-
HUSI CUCTEMbI NOIJACPKAHMS JICTHOH TOIXHOCTH
BC rpaxnaHckoi aBHaIlyH.

IO0unenusie mater UAC TA — 60-nerue
u 70-1IeTHe MIMPOKO OTMEYAIMCh M OCBEILAIINCH
B CPEJCTBAX MaccoBoil muopmarmn - ' 1%,

’ Tlpuka3 Pocasuamuu Ne 276 ot 20.07.2010. O 60-netun
00pa30BaHusI CUCTEMBI MOAEPKAHHS JICTHOH TOTHOCTH
BC B rpaxmaHckod aBHanuu [ DICKTPOHHEIH pecypc] //
®ABT. 2010. URL: https://special.favt.gov.ru/doku
menty-reshenija-rosaviacii/?id=246 (nara oOparueHus:
25.03.2025).
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OCHOBHBIE HOPMETMBHO-TIDAB0BLIE W PYKOBOAAWNE
AokymenTel gna MAC A CCCP

Bo3gywHbif kogeke CCCP
1932-1943

BK-32

BoaaywHeiit kogexe CCCP
1950-1974

Hacragnexune no
HMHMEHEPHO-
aBMalUMOoHHOR chymbe TA

HWAC T'A-60

Hacrasnexue no
HHMEHEPHO-
BHaUHOHHON cayikBe TA

HUWAC T'A-50

HacragneHne no
TEXHUHECHOR
aIKenAyaTaumn BCTA

HT3BCTA-71

Bo3aywHsliA kogere CCCP
1975-1590

Hacragnenue no Hacragnexue no
TEXHHUHECKOR TEXHWHECHOR

IHENAYATALMM M PEMOHTY [ ml SHCNAYATALMW W PEMOHTY

ABWANHOHHOR TAYHUKK TA ABMANMOHHNR TEXHMKK TA

HT3PAT F'A-83 HT3PATFA-93

Ycrae 0 gucuunamHe
paboTHrKoR
FPAMAAHCKON aBHMaALMK

Puc. 2. Bozgymmasie kogexcsl CCCP, ycraB u HactaBnenus MAC T'A
Fig. 2. Air Codes of the USSR, regulations and instructions of the engineering aviation service of the civil aviation

CeMUIECATUIITUIETHUI FOOMIIEH Hajl TOBOL
K HAIIMCAHUIO JJAHHOW O030PHOM CTaThH. YTOOBI
OCMBICIIUTh TOT IyTh, KOTOPBIA MpOILIA
HNACTA ot co3nanus u GopMHUPOBAHUS CHCTE-
MbI TexHnueckou skcruryatanuu BC I'A, B co-
ctaB kotopoii Bxoaut MAC, no npeodbpazoBaHus
€e B CHCTEMY IMOJICpXKaHUs JIETHOW TOAHOCTH.
B crathe mpoBeseH aHAIM3 COBETCKOTO TIEPHOAA
nestenbHocTd MAC — ee menei, 3aaa4d, QpyHK-
1uii. Bropas crtaThs OyJeT MOCBAIEHA aHAU3Y
COBPEMEHHOTO POCCHIMCKOTO ATama JesTeIbHO-
ctu MAC u ee nepcrieKTUBaM.

12 60 ner MmxeHepHO-aBUALIMOHHOI CI1yXK0€ rpakKiaH-
ckoii aBuaru Poccuu. C BBOJAHBIMU TO3IPABICHUSIMHU
pykoBoautens denepanibHOTO areHTCTBa BO3AYIITHOTO
tpancnopra A.B. Hepagsko. M.: MCK-peknama, 2010.
10c.

160 ner CO3/IaHUs CUCTEMBI MTOITIePIKaHUS JIETHOM Tof-
HOCTH TPAKAAHCKUX BO3AYIIHBIX CYAOB — HHXKEHEPHO-
ABHALMOHHOM CIIy»KObI TPaXKIaHCKOI aBHaLuu [Dek-
tponHsbii pecypc] // KITP®. 2010. URL: https://kprf.ru/
rus_soc/81895.html (marta obpamenus: 25.03.2025).

1270 net co aHs 0GPA3OBAHMS OTEUECTBEHHON CHCTEMBI
nojziepkanus jetHoi ronnoctu BC rpaxnanckoi
aBuanmu [ DneKTpoHHEIH pecype] / DABT. 2020.
URL: https://favt.gov.ru/novosti-novosti?id=6839 (ma-
Ta obparmenus: 25.03.2025).

11

CoBerckuii nepuoa
neareabHocta UAC T A

IlepBoe HactaBnenne no MAC B I'A CCCP
ObLTO BBENEHO B jeiicTBue mpukazom Ne 181 ot
21 aBrycra 1950 roma HavanbHHMKa [TaBHOrO
yopasinenuss ['BO® CCCP wmapmana asuanuu
C.®. XKaBoponkoBa. B roapl BOWHBI OH KOMaH-
noBasl  aBWanmer BoeHHO-Mopckoro  QuioTa.
B nocneBoennoe Bpemsa no 1957 roga pykoBo-
v rpaxkaanckoit apuanuenn CCCP.

OCHOBHbBIE HOPMAaTHUBHO-NIPABOBbIE M PYKO-
Bozsme nokymeHTtsl st UAC T'A CCCP noka-
3aHbI HA puC. 2.

TakuMu JOKyMEHTaMU SBJISIIOTCS: BO3TYIII-
HbIit Kozexe [2, 3], ycTaB 0 IUCUHUILIMHE pa-

2 15
OOTHHMKOB TPaXTAHCKOW aBUAIlMU ~, HACTaBJIE-
pps 617181920

" Bosaymmprii kogexe CCCP [DnexTponnbiii pecype] /
Aerohelp. URL: https://aerohelp.ru/sysfiles/402_6.pdf
(mara obpamienust: 25.03.2025).

' Bosaymmprii kogexec CCCP [DnektponHbiii pecype] /
I'apanT. 1983. URL: https://base.garant.ru/3974188/
(mata obOpamenus: 25.03.2025).

15 Tocranosnenne Cosera Munuctpos CCCP ot
04.05.1975. O06 yTBep)aeHUH Y CTaBa O TUCHUIUINHE
pabOTHHUKOB IrpakJaHCKOW aBHaIMU [ DNEKTPOHHBIN pe-
cypc] // Historyrussia.ru. URL: https://docs.historyrus
sia.org/ru/nodes/356008-postanovlenie-soveta-
ministrov-sssr-4-maya-1975-g-ob-utverzhdenii-ustava-
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HacraBnenne HUAC T'A-50 BmepBble pe-
[JIAaMEHTUPOBAJIO AKCIUTyaTaluio (MpUMEHEHHE)
aBuanmoHHou TexHuku (AT), TexHuueckoe 00-
CIIy’)KMBaHUE, XpaHEHHE U TEKYyIIMHA PEMOHT Ma-
TepUalIbHOM YacTH U ONpEeAETHIO Lelb obecne-
Yumeb ee HAdeXCHY pabomy u 6e30nacHOCMmb
nonemog camonemos. B HactaBneHuun chopmy-
nupoBaHbl  OocHOBHBIE 3amaun HAC TA
(puc. 3)2.

HacraBnenne HUAC T'A-50 BnepBbie oripe-
nenuno ocHoBHble ¢pyHkuuu MAC T'A (puc. 4),
3]IeCh BIIEPBBIC BBEJCHO TMOHATHE «TEXHHYECKAs
HKCIUTyaTalus», KOTOPOE Hapsiay € TEeXHHYe-
CKUM OOCITy>)KHBaHHUEM BKJIIOYAET OYKCHUPOBKY,
3aMpaBKy, 3arpy3Ky, 3alyCK MOTOpPOB, IpeAro-
JIETHYTO TIOATOTOBKY, BBITYCK CaMOJIETa B IOJIET,
KOHTPOJb B IOJIETE, BCTpPEUYy camoJera Iocie
M0JIETa ¥ IPUEMKY €T0 Y SKHITaxa.

B mnacraBnenun HHUAC I'A-50 Bnepseie
chopMyTHpOBaHO OCHOBHOE TpeboOBaHWE, CO-
CTOsIIIIEE B TOM, YTO B MOJIET MOTYT BBIITyCKAaThCS
TOJILKO MCTIpaBHBIE caMoJIeThl. B mocneayromem
3TO TpeboBaHue OBUIO 3akperuieHo B Bozmymi-
HOM Kozekce (puc. 5).

BC MoeT ObITh JOMYIIEHO K SKCIUTyaTaluu
JMIIB TIOCJIE TOTO, KaKk OyJeT yCTaHOBIJIEHO, YTO
OHO YJIOBJIETBOPsIET TpeOOBaHUAM O€30IaCHOCTH
nonetoB. [Ipu aTom:

« BC HOBOI KOHCTPYKIMH JIOIyCKaeTcs K
OKCIUTyaTallill JIMIIb TI0CJIEe TPOBENEHHsS TOCy-

o-distsipline-rabotnikov-grazhdanskoy-aviatsii (nara
oOparenus: 25.03.2025).

' Hacrasnenwue 1o MH)KEHEPHO-aBHAIHOHHOM CITyk0e
B rpaxkpanckoit apuarun CCCP 1950 (HUAC T"'A-50).
M., 1951. 276 c.

7 Hacrapnenue 110 MHKEHEPHO-aBHALMOHHOMN CITyKOe
B rpakaanckoi apuaiuu CCCP 1960 (HUAC T"'A-60).
M., 1960. 232 c.

'8 HacraBnenue mo TexHuuecKoi skcrtyarauuu BC B
rpaxnanckoit apuanuu CCCP (HTOBC-71). M., 1972.
210 c.

' Hacrapnenue 1o TeXHUYECKOH SKCILTyaTallli H PEMOH-
Ty aBUALIMOHHOM TEXHUKU B IPAKIaHCKON aBUALIUU
Poccun (HTOPAT I'A-83). M.: Bo3aymsslif TpaHCHIOPT,
1985. 368 c.

% HacraBiieHHe 10 TeXHUUYECKOl SKCILTYaTallH U PEMOH-
Ty aBUALMOHHOM TEXHUKU B IPOKAAHCKON aBUALIUU
Poccun (HTOPAT T'A-83). M.: Bo3ayunslii Tpancnopr,
1985. 152 c.

*! HacraBiieHne 1o HHXeHepHO-aBUALIMOHHOI Ci1yxk0e
B rpakaanckoit apuaruu CCCP 1950 (HUAC T"'A-50).
M., 1951. 276 c.
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OpraHu3auua paboTbl MO TEXHUYECKOMY
06CAYIKUBAHMIO M TEKYLLEMY PEMOHTY TakK,
uT06bI O6ECNEYNTH COBEPLIEHHO
ma VICMPABHYIO PabOTY camoneTa, MOTOPOB,
arperatos, npM6opoBs, paavoannaparypbl
¥ NPOYEro camo/eTHOro 06opyaoBaHUA B
nonete

O6ecneyeHne roTOBHOCTU CAMONETOB K
BbINOJIHEHWMKO NETHOTO 3a4aHKWA

ObecneyeHune oTpaboTku camoneTamu,
moTopamu, npubopamu, paguo- u
3/1eKTpoobopya0BaHUEM YCTAHOBAEHHBIX
CPOKOB CYKBbl

OcHoBHble 3agaun MAC no HNAC F'A-50

Ob6ecneyeHre 3KOHOMUMW CPeACTB Ha
PEMOHT, coAepikaHue U
3KCM/IyaTaLuio CamoneTo-
BEPTO/IETHOTO NapKa

Puc. 3. Ocuosusle 3amaun UAC I'A mo HUAC T"'A-50
Fig. 3. Main tasks of the engineering aviation service
of the civil aviation according to MAES CA-50

JAPCTBEHHBIX W HSKCIUTYyaTallMOHHBIX HCIIbITA-
HUH;

o BC mpunsATONH KOHCTPYKIHHU JOMYyCKaeT-
Cs K OKCIUTyaTalldu JUIIb TOCTE IMPOBEICHUS
3aBOJICKUX MCTIBITAHUN;

e B Clyyae M3MEHEHHs] KOHCTPYKIHMH BO3-
JQYIIHOTO CYJIHA, @ PaBHO MOCJIE€ MPOU3BOJICTBA
PEMOHTA U MO UCTEUEHUHU OMPEIETICHHOTO Mepu-
0/1a HKCIUTyaTalliy CyJHA OHO MOJJICKUT HOBO-
MY HCTIBITAHHUIO B YCTAaHOBJIEHHOM TOPSIJIKE.

Ha ocHoBanuM mpoW3BEIEHHBIX HCHBITAHUN
BbIIa€TCSl yJOCTOBEPEHUE O TOJHOCTH CyIHa K
10JIETaM.

Bropoe nacraBnenne mo MAC B I'A CCCP
Obu10 BBenmeHo B jaeiictBue Ilpukazom Ne 363
or4 wmrong 1959 roma HavanbHWKa [ JaBHOIO
ynpasienuss ' BO CCCP renepai-nojkoBHUKA
apuaru E.®. JloruHoBa. B roasl BOMHEI OH KO-
MaHJ0Ball OOMOApIUPOBOYHBIM aBHAIIMOHHBIM
KOpITyCOM BO3AYIIHOW apMuu. Bo3rnasun ['naB-
Hoe ynpasienue ['B® B 1959 roay, a mocne ero
npeoOpa3zoBanusi B MuHucrtepctBo ['A  cran
nepBbiM MuHHUCTpoM ['A um pabGotanm B 3TOH
nomkaocty 1o 1970 rona.
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OcHoBHble dyHELKMKM MAC no HUACTA-50

TexHH4ECKOE OBCAYHHEIHHE CAMDNETOE W X TEKYLLHIH DEMOHT B 33D0N0MTAY, MHHEHHBX 3KCNYETLHOHHO-
PEMOHTHEX MACTEPRCKKY, B IKCTYATALHOHHEX NOADEIAENSHUAX U 3EHIPEMOHTHEL NPEaNPHATHAX

I'Ipns-epna NpaEWNoHOCTH TEXHHYECKON FkCTyaTa UMy CaMONETOE HE 38MNE W E NONETE

CHCTEMITHYECHHA YH4ET M 3HANKS 4edekTOE U OTKE30E METEDHENEHON 430TH, paspaborTka U NPOEEEHHE B MHIHD
MEPONPUATHHA N NPESYNPEHAEHAID NETHEX NPOMCLECTEMH M OTHI30E MATEPHANBHOA 43 TTH

BHECEHHE NPELNCHEHHA MO HIMEHEHHID KOHOTPYKLHH W TEXHGNOMH W NPOMZE040TES CAMONETOE, MOTOPOE M MX
obopy40EaHKA, NOELIWEHHID HE 4EHHOOTH Pa0OT, YAYHLEHMKD WX SKOTUTYSTI UMK W TEXHHHYECKOND OOCTYHEIHHUA

Opranuzaupmn oboTy+MEaHKA W COSpEMEHHA CIMONSTOE HE SEMNe ‘

CprasnaaUpa TEXHUHECHON yHe bl MHMEHEPHO-TEXHWHECKOND COCTEES M NPOEEAEHNE TEXHMYECKON y4ebol ©
HHHEHEDHO-TEXHHYECKMM W NETHEM COCTIEOM B JHCMUMYSTIUMOHHBX NogpazgeneiiAx MB@, LoHTpOND 23 K34ECTEOM
NOoAroTOEKH HHMEHEPHO-TEXHHHECKOM COCTIED B WHOAIX M By

OpraHuzaupa pauMoHaN W2 aTOpCKOW U H2obpeTaTensouni patoTy & nogpazeneHuax B ’

CpraqHzaups K OCYILECTENSH ME MEPONPHUATHA N0 SKOHOMHH M3TEPHEN0E B NPOLECIE TEXH MECHON SKCTYSTALHM
W TEHYILETD DEMOHTE SEHE LMOHHDH TEXHHKMA

Begex HE TEXHH4ECKOH CTETHCTHEH, H3KaNAHESHHE H HCNONb3CEIHMWE ONBITE SKOMAYSTAaL MK CaMONETOE, OPRHHI3UMA
W NA3aHHpOoEaHKWE paCa043 H ECCOE HOENEHWA CBMON ETO-MOTOpHU X pECY pCOE

COAEPHEHHIO M TEKWILEMY PEMOHTY CIMONETOE, MOTOPOE M MX CNELMaNEHOrD 060pYA0EaHUA

PazpaboTka HACTAEABHWI, MHCTDYKLMA M YH333HHHA N0 TEXHHMECKOH SKCNAYETALMH U OBCAYHHEIHHID, ‘

Puc. 4. Ocnosuslie ¢pynkunu MAC I'A mo HUAC I'A-50
Fig. 4. Main functions of the engineering aviation service of the civil aviation according to MAES CA-50

BC HOBOIH KOHCTPYKLMK A0ONYCKaeTca K BC NpUHATOM KOHCTPYKLUMMW AONYCKaeTca K
3KcnayaTauuy AnLLb Noc/ie NpoBeAeH A 3KCMAyaTaLyK Lb Moc/e NPoBeAeHMA 3aB0/ACKHUX
rOCYAapCTBEHHbIX M IKCNAYATALMOHHbBIX MCMbITaHWIA MCNbITaHMiA

CornacHo BosaywiHomy koaekcy CCCP —
1961 BC MoXeT 6biTb AOMYLLEHO K
3KCNyaTaLuu NMLb NOCAe TOro, Kak
byaeT ycTaHOBNEHO, YTO OHO
yAoBAETBOPAET TpeboBaHMAM
6e30nacHoCTH NONETOB.

Mpun aTOM

B C/ly4ae U3MEHEHMA KOHCTPYKLIMM BO3AYLIHOrO
CyaHa, a paBHO Nocae NPOM3BOACTBa PEMOHTA M MO Ha 0CHOBaHMM NPOWU3BEAEHHbIX UCNbITaHMIA
MCTEYEHWUU ONpPeLeneHHOro Neproaa aKcnayaTaumm Bbl4AeTCA YAOCTOBEPEHUE O FOAHOCTU CyaHa K

CyAHa OHO NOANEeXWT HOBOMY MUCMNbITAaHUIO B noneram
YCTaHOBNEHHOM nopaaxke

Puc. 5. Ycnosus nonycka BC k skcmryatanun no BK CCCP
Fig. 5. Conditions for aircraft release to service according to the USSR Air Code
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TexHnyeckoe obcnyuBaHWe U cBOeBPEeMeHHaA NOAroTOBKa aBUaLMOHHOM TEXHWUKM K NONeTaM B CPOKKU U B
obbemax, NpeyCcMOTPEHHBIX PACMCAHMAMM U NaHAMMW BO3/YILHbIX NEPEBO30K U APYrUX BUAOB NONETOB

r

Pa3spaboTka M NpoBefeHUe MEPONPUATIIA NO NpeaynpeXaeHUI0 NETHbIX NPOUCLLIECTBMIA U OTKA30B aBUALIMOHHOM
TEXHUKW B NONETE M3-33 HENPABMNLHOM €€ TEXHUYECKOWM IKCNAYaTaLmUK, TEXHUYECKOro 06CYKMBAHNA M PEMOHTA

¥
0606LeH1e M pacnpocTpaHeHUe NepeOBOro OMNbITa TEXHUYECKOH 3KCMyaTaL K, TEXHUHECKOTo 0BCYKMBAHWA U
pemoHTa AT. OpraHW3ayMAa paLMoHanu3aTopckoi U n3obpeTaTenbcKoi paboTel B 3Toi obnactu

.
KOHTpoAb 1 NOCTOAHHOE COBEpLUEHCTBOBAHUE 3HaHUK WHMEHEPHO-TEXHMYECKOro M 1eTHOro cocrasa No VCTpOﬁCTBV
W TEOPETMHECKMM OCHOBaM AT, Npasunam U NPakTUHECKMM HaBblKam ee TEXHWYECKOM 3kcnayaTtauumn, TOuP

OpraHu3auma Nepey4ynBaHua MHKEHEPHO-TEXHUYECKOTO COCTaBa A1 paboTbl HA HOBOW TEXHUKE ’

AHaNN3 TEXHWYECKOTO COCTOAHMA AT, BbIABAEHWE €€ KOHCTPYKTUBHO-MPOM3BOACTBEHHBIX AedeKToB, pa3paboTtka v
npeabasneHue TpeboBaHUii K NpoMbIWAEHHOCTH M OKB Mo yCTpaHeH!o 1 npeaynpeaeHuio oTkasos AT

-

3BMaLMOHHO-TEXHUYECKOTO MMYLLECTBA, M3MEPUTENBHOM M NPOBEPOYHOM annapaTypbl M APYriX CPeacTs

OpraHu13auna v oCyLLLeCTBIEHUE MEPOMPUATUIA MO COXPAaHEHWUIO U MCNOB30BaHWUIO N0 NPAMOMY Ha3Ha4eHUIo }
noaroToBkKW AT K monetam

coxpaHeHua AT

KoHTponb 3a COﬁl’IPO,qEH HMem NTMYHbIM COCTaBOM YCTaHOB/NIEHHbIX NpaBrA TEXHWUYECKOM akcnayaTaumu, TOnP n ]

MpeabasBneHUe B YCTaHOBAEHHOM MOPAAKE NPETeH3MiA (peknamauuii) Ha AT, oTKasaswyto B paboTe, a Takwe
npeabasneHme Tpe6oBaHUI Ha NPOBeAeHUe KOHCTPYKTMBHO-NPOM3BOACTBEHHbIX OPaBOTOK 3TOM TEXHUKM

L

BepeHue yyeta Hanu4ma U coctoanusa AT M NpeacTaBAeHMe OTYETHOCTM NO HE B YCTAHOBIEHHOM NMOpPALKe

-
PaspaboTka U ocyLwecTBNeHUe MeponpuATHIA NO COKPALLEHMIO MPOCTOER CAaMONETOB (BEePTONETOB) U ABUraTenei Ha
TOWP, NOBbIWEHUIO NPOLEHTa MCNPABHOCTU CAMONETHOTO NapKa, YNY4YLWEeHUIO Ka4ecTBa U CHUXEHUIO
cebectroumoct TOUP AT, SKOHOMMK MaTepPHUanbHbIX LEHHOCTEW Npyu TOWP 1 yaelweBNeHWIO SKCNayaTaumm AT

KOHTpO/b 32 Ka4eCcTBOM TOM/IMBA, CMA304HbIX MAaTEPUANOB, CNEeLMaIbHbIX XKUAKOCTEN, CMECEM 1 13308,
NOArOTOBAEHHbIX ANA 3aNpPaBKW CAMONETOB, @ TAKXKE NPOBEPKa COCTOAHWUA CPEACTB 3anpaskn ITCM

;
Yyer, opraHusauma U KOHTpoAb 3a gopaboTkamu AT B nogpasgeneHuax no bioaneTeHAM NPOMbILINEHHOCTH, a TaKXKe
no ykasaHuam ryrse

YueT 1 KOHTPO/Ib 33 PacX040BaHWEM arperaTos, 3anyacrei u matepuanos no popmam TO l

Puc. 6. Ocnosnsle ¢pynkimn HAC I'A mo HUAC I'A-60
Fig. 6. Main functions of the engineering aviation service of the civil aviation according to MAES CA-60

HacraBnenne HUAC T'A-60 ompenenumno
ocHosHsie ¢yukimu MAC TA (puc. 6)*, 31ech
BIICPBBIC ONPECICHA CTPYKTypa COCTOSSHUU W
MPOIIECCOB TEXHUUYECKOW dKCIUTyaTauu (puc. 7),
MOJTBEP)KICHO OCHOBHOE TpPEOOBAHHE O TOM,
YTO K MOJeTaM JIOMYyCKaeTcs TOJNbKO HCIpaBHAas
aBHAIIMOHHAsI TEXHUKa (puc. 8).

2 HacTaBIIeHHE 110 HHKEHEPHO-aBHALIHOHHOI CITyk0e B
rpaxnanckoit apuanuu CCCP 1960 (HUAC T"A-60).
M., 1960. 232 c.
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Tperve HactaBnenune no MAC B I'A CCCP
MOJIyYHJIO HOBOE€ HauMeHoBaHue: «HacraBnenue
o TexHu4eckou skcruryaranuu BC B rpaxnan-
ckoit apuaruu CCCP (HTOBC-71)». OHo 651110
BBe/IeHO B aeiicTBue [Ipukazom Ne 470 ot 9 cen-
Ta0pss 1971 roma MuHHcTpa Tpa)IaHCKOM
apuaim  Coroza CCP  renepan-mojKOBHHKA
aBMallMM, BIIOCJIEACTBUM [ JlaBHOro Mmapiana
apuanuu Bb.I1. byraera. B roanl BOWHBI OH IH-
JOT, KOMaHIUp 3BeHa aBHaOTpsAna. MUHHUCTD
rpaxaanckoi aBuanuu ¢ 1970 nmo 1987 rox.
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KoHTponb 3a
TEXHHUYECKM
COCTOAHMEM
ABMALIMOHHON TeXHUKU
8 npoliecce
3KcnAayatauuu

TexHnyeckoe
obcnykusaHue,
TEKYLUMIA PEMOHT U
yCTpaHeHne
HeucnpaBHoCTeM

MoAaroToBKa K nonety
W rpamoTHoe
HCNoNb30BaHKe
aBMaLJ‘HOHHOI;I TEXHUKHK
B nonerte

YX0A4 NpY XPaHeHUH
aBUALMOHHOM TEXHUKM

Puc. 7. Cocrostans u npoueccsl TO no HUAC T'A-50
Fig. 7. Conditions and processes of technical operation according to MAES CA-50

YCTPaHeHb! BCe AePEeKTbI, 3anuUcaHHbIe
sKMna)kem B bopToBOM XYypHane npuema-
NepeAayn camoneTa, a TakKe AePeKTbI,
obHapyKeHHble Npy gedeKTauum u
TEXHUYECKOM 06CNYKMBAHUM CamoeTa

BbINO/HEHbI BCE PaboThbl B 06beMe,
npeaycMoTPEHHOM periameHToM
TEXHWUYECKOTo 06CYKMBaHUA CAMONETOB
[aHHOro TMna

CornacHo HMAC-60 k nonetam
[0MyCKAaeTcs TO/IbKO UCTNpaBHas
3ABUALMOHHAA TEXHMUKA.

Camoner cHMTaeTcs MCnpPaBHbIM
TO/IbKO NpPKH YCNOBKUU, 4YTO

CaMmoIeT OCMOTPEH NNULLOM UHXKEeHEPHO-
TEXHUYECKOro COCTaea M NPpU3HaH UCNPAaBHbIM
M rOTOBbIM K NOAETY, UTO NOATBEPXKAEHO
NoANUCEIO 3TOrO NULAE B KapTe-HapAaae Ha
TeXHW4YecKoe OﬁCJ'IyH{VI BaHWe CaMosieTa

odopmneHa B yCTaHOBNEHHOM NopsAaKe
OeWCTBYIOWAA TeXHNYecKan A0KYMEeHTaLLMA

Puc. 8. Ycnosus nomycka camonera x noneram mo HUAC I'A-60
Fig. 8. Conditions for aircraft airworthiness according to MAES CA-60

HacraBnenne HTOBC-71 mo-HoBOMYy ormpe- sKcrutyaTauuu (puc. 11), B HeM BHOBb MOJTBEp-
nemwio ocHoBHble 3amaun MMAC T'A (puc. 9) JKJICHO OCHOBHOE TPEOOBAaHKME O TOM, YTO K TOJIe-
u ocHoBHBIe hyHkunu MAC I'A (puc. 10)=. TaM JIOMYCKAOTCS TOJIBKO UCIPAaBHBIE CAMOJIETHI.

B wacranenmu HTOBC-71 ompenenena CamoneT cuMTaeTcs UCIPaBHBIM €CJIM BBIOJHE-
CTPYKTYypa COCTOSIHUM M MPOLIECCOB TEXHUUYECKON HBI YCJIOBHS, TIPEJCTaBICHHBIC HA PUC. 12*,

# HacraBiieHue 1o TeXHHYeCKO# sKcruTyararmy BC B rpa- ?* HacraBiieHue 1o TeXHHYeCKoi skcrutyaramyy BC B rpak-
naxckoi apuan CCCP (HTOBC-71). M., 1972. 210 c. nanckoit auanm CCCP (HTOBC-71). M., 1972. 210 c.
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ObecneyeHue BbICOKOM HaaeXHOCTH
paﬁOTbI aBMa!J,MOHHOD'I TEeXHUKK N ee
FPamMOTHOMN SKCMAYATALMUA Ha 3emie U B
nonete

CoxpaHeHWe 3a4aHHbIX XapaKTepUCTMK
ABUALMOHHOMW TEXHUKKW Ha MPOTAXKEH W
YCTaHOB/IEHHBIX PECYPCOB 1 CPOKOB
CNy*6bI

Hanbonee addextusHoe
MCMoAb30BaHWe CaMo/IETOB MpU
paLMOHaNbHbIX 3aTPaTax TPYAOBbIX M
MaTepHuanbHbIX pecypcoB
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Puc. 9. Ocrosusie 3agaun MAC I'A
no HTOBC I'A-71
Fig. 9. Main tasks of the engineering aviation service
of the civil aviation according to MAES CA-71

Cornacno Boznymuomy konexcy CCCP — 1983
rpaxaanckoe BC MoxeT OBITh JOIMyIIEHO K IKC-
TUTyaTaluy JUIIb MOCcle TOro, Kak OyaeT ycTa-
HOBJIEHO, YTO OHO COOTBETCTBYET HOpPMaM JIET-
HoMt rogHocTH (puc. 13). [Ipu sTom:

o BC HOBOW KOHCTPYKIMM (HOBOTO THIA)
JOJI’KHO MPOWUTH 3aBOJICKHE, TOCYAAPCTBEHHBIC U
OKCIUTYaTaIMOHHBIC HUCIBITAHUS W TIOMYYUTh OT
l'ocynapcTBeHHOM KOMHCCHM TIO HAA30py 3a
6e3onacHocteio nosieroB BC nmpu Cosere Mu-
HuctpoB CCCP ceprtudukar aeTHOM TOAHOCTH,
€CIM MO pe3yjibTaTaM YKa3aHHBIX HCHBITAHUN
OyZeT yCTaHOBJEHO, YTO NAHHBIA THM BO3IYII-
HOTO CyJHAa COOTBETCTBYET HOpPMaM JIETHOMU
romHoctd rpaxnanckux BC, neicTByromum
B CCCP;

o« kaxaoe BC mnpuHATOM KOHCTPYKIHUH
MPOXOJUT B YCTAHOBJICHHOM TOPSAKE HEOOXO-
JTUMbI€ UCIBITAaHUS M MPOBEPKHU, HA OCHOBAHHUHU
KOTOPBIX BBIJIAETCS yIOCTOBEPEHUE O TOJHOCTH
BO3/YIIIHOTO CyAHA K mojyeTtam. be3 takoro yno-
croBepenuss BC He MoOXeT OBITh IOMyHICHO K
AKCIUTyaTaluy;

e B Clly4ya€ MU3MEHEHHS KOHCTPYKIUHU BO3-
IYIIHOTO CyJHA, IPU KOTOPOM He TpedyeTcs Mo-
Jy4eHUs] HOBOTO cepTU(UKaTra JIETHOW TOJHO-
CTH, a TaK)Ke MOCJIe PEMOHTa WJIH MO UCTEUYECHUHU

16
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YCTaHOBJIEHHOI'O IIEPUOJA CEPUHHOIO IpPOU3-
BOJICTBA JIMOO SKCIUTyaTallud CYJHO TOIJICKHUT
HOBOMY HUCIIBITAHUIO B YCTAaHOBJIEHHOM IOPSKE;

e TOJJEpXKAHUE KaXJIOT0  BO3AYLIHOIO
CyllHa B IIpOLiECcCE SKCIUTyaTallUd B COCTOSIHWH,
OTBEUAIOIEeM TPEOOBAaHUSAM HOPM JICTHOW TOJ-
HOCTH, BO3J1araeTcs Ha MUHHCTEPCTBA, rocyaap-
CTBCHHBIC KOMHUTETHI, BEOMCTBA, MPEIAPUITHS,
YUPEKACHUS M OpraHU3alliK, OCYIECTBIAIOLINE
9KCILTyaTaluIo Cy/IHA.

B 1974 rony ObuiM BBeIEeHBI B JeicTBUE
Hopmer  netnoit romnoctu BC  (HJIT'C-2).
B 1975 rony na 6a3e 'ocHUHM I'A 0Ob11 06pa3zo-
BaH ['ocHUU skcrutyatanuu u pemonta AT T'A
(F'ocHUM DOPAT T'A). Ilozguee Obu1 cosnaH
l'ocHUN AsponaBuranums. [llupoxo pasBepHy-
JMCh Hay4YHO-UCCIIEI0BaTeIbCKUE paboThl B 00-
JacTH TeXHW4ecKo# skcruryaranuu BC u 6opro-
BOr0 000pYy/Z0OBaHMs Kak COCTaBHAas 4acTb Jes-
tenbHOCTH MAC.

Yerseproe HactaBnenue no MAC B I'A CCCP
«HacTtaBneHue 1O TEXHMYECKOM OSKCILTyaTalllu
U PEMOHTY aBMAIlMOHHOM TEXHHUKU B Tpa)kIaH-
ckoi apuarmn CCCP (HTOPAT T'A-83)» Obuio
pa3pabotaHo ['ocyaapcTBEHHbIM Hay4yHO-HCCIIE-
JIOBAaTEIbCKUM HMHCTUTYTOM T'pa)KIaHCKOM aBHUa-
i (l'ocHUU T'A) u ['maBHBIM ynpaBieHHEM
9KCIUTyaTalliy U PEMOHTA aBUAITMOHHOW TEXHUKH
(I'YOPAT) MunucrepcTBa IpakJaHCKOW aBua-
i (MI'A) B 1ByX KHUTax U BBEACHO B JIEiCTBHE
[Mpuxazom Ne 241 ot 27 nexkabpsa 1983 roga mu-
HUCTpa rpaxnaHckoid asuamuu Coroza CCP
I'maBHOrO Mapmana apuanuu b.I1. byraesa.

B HacTtaBneHuu omnpezeneHa cucreMa TEXHU-
yeckoi skcmmyataimu (CTD) kak coBOKym-
HOCTb:

e o00bekToB AT;

e ABHAIMOHHOIO IEPCOHANa, OCYIIECTBIIS-
IOLIETO0 TEXHUYECKYIO dKcIryaranuio AT;

e DJKCIUIyaTallMOHHOM JIOKYMEHTALUH,
yCTaHaBJIMBAIOLIEH METOABI, IPaBUa U OpPraHU-
3allMI0 IKCILUTyaTaluu;

e HAa3eMHBIX COOPY>KEHHUH, MaTepHalIbHBIX
U TOIUIMBHO-2HEPIreTUYECKUX PECYpPCOB, TEXHO-
JIOTMYECKOTO 000PYAOBaHUs, CPEACTB HA3EMHO-
T'O 06CITy KHBAHHS .

** HacTaBjieHHe 110 TeXHHYECKOI SKCILTyaTalliy ¥ PEMOH-
Ty aBHAI[IOHHON TEXHHUKH B TPaXKJAHCKON aBHALIUKI
Poccun (HTOPAT I'A-83). M., 1985. 368 c.
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OcHoBHble ¢pyHKLUMKn MAC no HTIBC TA-71

PYKOBOACTBO TeXHWYECKOI 3KCNyaTaumMein aBMaLMoHHOM TEXHUKW B rParJaHCKOW aBuaLmMm

OpraHusaumsa u NpoBeaeHUe TEXHUYECKOro 0BCNYKUBaHWA M CBOEBPEMEHHOM TeXHUYECKOM
NOArOTOBKM CAMOJIETOB K MOMETaM B CPOKM U 06bemax, KOTopble NpeaycMoTPeHbl periameHTamu
TeXHUYeCKOoro 06CyMMBaHMA, PACIMCAHWAMKM W NAaHAMKM BO3OYLLHbIX NEPEBO30K U APYrMX BULOB

noseTos

Pa3spaboTka 1 npoBegeHre MeponpUATHA Mo NpeaynpesKAeHUIo NeTHBIX MPOUCLIECTBHIA,
NpPeanocbIIOK K HUM M HapYLLEHWIA PerynapHOCTU NONETOB M3-3a 0TKA30B M HEUCNPaBHOCTEH
aBMALMOHHON TEXHUKW MW HENPaBUAbHOWM TEXHUYECKOI KCnayaTaLmum

MAaHMpOBaHUE UCNONB30BAHMA CAMONETOB B COOTBETCTBMM C YTBEPKAEHHBIM pacnucaHem
ABUWMeHUA unu obsemom neTHol paboTel, obecneyeHue naaHoMepHOl OTPABOTKM aBUALUOHHOM
TEXHWUKOI YCTaHOBIEHHbIX PECYPCOoB

\ J

~

-
PazpaboTka M ocylecTBNeH e MeponpUATIIA MO COKPaLLEHKWIO MPOCTOEB CaMOIETOB Ha TeXHUYECKOM
obenyuMBaHuK, obecneyeHMo HOPMATUROB UCMNPABHOCTU ABUALMOHHOM TEXHWUKM, YNyUYLIEeHKUIo
KauecTBa M CHYKEHUIO CeBeCTOMMOCTH TEXHUYECKOTO 0BCAYIKMBAHUA, IKOHOMMW MATEPUANbHbIX
LEHHOCTE! M NOBbIWEHMIO NPOU3BOAUTENLHOCTU TPYAA

Opl'aH]ABaLl,MFI, KOHTPONb U yyeTt ,qopaﬁomk W Pa30BbIX OCMOTPOB EBHBLIMOHHOI‘;I TeXHUKK

-

YyeT 0TKa30B U HEWCNPABHOCTEN, aHANN3 COCTOAHMA aBMaLMOHHOM TEXHWUKK, BbIfBAEHUE ee
KOHCTPYKTMBHO-MPOU3BOLCTBRHHbIX HELOCTAaTKOB, paspaboTka Tpe6oBaHMiA No yCTPaHeHMIo 1
npeaynpeXaeHnio OTKa308 aBUALMOHHOM TEXHWKI ANA NPeAbABAEHUA MX B YCTaHOBNEHHOM NopsAaKe

NPOMBILUAEHHOCTH M OMNbITHO-KOHCTPYKTOPCKMM B1OpO i

\,

7
CoBepLIeHCTBOBaHME M KOHTPO/Ib 3HAHUIA UHKEHEPHO-TEXHWYECKOTO U NETHOrO COCTaBa KOHCTPYKLMK
M TROPeTUYRCKMX OCHOB PaboTbl aBUaLLMOHHOM TEXHMKK, MPaBUA U NPAKTUYECKUX HaBbIKOB ee
TEXHMYECKOM IKCNNyaTaLMK; OpraH13aLmMa NepeyunBaHna MHXeHepHO-TeXHUYeCKoro coctasa s
paboTbl Ha HOBOMN aBUALMOHHOM TEXHMKE

OpraHnaau,wﬂ W ocyulecTsneHue MEpO]‘IpMFITVIﬁ no COXpaHeHWIO U UCNONb30BAHKMIO NO NpAMOMY
Ha3sHa4yeHWto aBUaUMOHHO-TEXHMYECKOro nmyLuecTsa U roprovye-cMma3odHbIX MaTeprnanos,
HaxoasALWmXcA B HENOCPeACTBEHHOM BeieHWU MHKeHepHO-aBHaLMOHHON cnybbl

MpepbaeneHue ]'IpETEHBPH‘;I nnu DEKJ'IBMGLI,MI?I Ha OTKa3aelWyK aBUaLlMOHHYH TEXHMKY

Bepenue yyeTa HaAn4yMAa U COCTOAHMA CaMONETOB M aBUALIMOHHLIX p,snraTeneﬁ, npegbABAeHMUA No
HAM COOTBETCI'BVIOLLI,EH OTYETHOCTH U o¢0pM.neHme MX CNcaHnA

Cfia4a camo/IeTOB B PEMOHT M CBOEBPEMEHHOE MONYYEHWNE UX U3 PEMOHTA, KOHTPO/1b OTNPaBKK B
PeMOHT aBMaZiBuraTeNeil M arperaTos, a TakKe BO3BpaTa Ux U3 PeMoHTa

PaspaboTKa M NpoBefeHre MeponpuUATHIA NO TeXHUYECKOMY Nporpeccy B 06/1aCTH TeXHUYeCKOH
3KCNyaTalunK aBYaLMOHHOM TEXHUKU, OCBOBHWIO HOBbIX MPOM3BOACTBEHHBIX MPOLLeCCOoB,
BHEAPEHWIO HOBEMLUMX AOCTMMEHWUIA HAayKWM M TEXHWKU; 0606LUIEHMe M pacnpocTpaHeHe nepeaoBoro
0nNbITa, OPraHU3aumUsa PauMoHanM3aToOPCKoit paboTbl

N/

CoBeplUeHCTBOBaHWE OPraHU3aLMKM TPYAA, OCYILECTBAEHNE TEXHUYECKOr0 HOPMUPOBAHUA,
pa3paboTka HOPM M HOPMATHBOB TPYAOBLIX U MaTePUAbHbIX 3aTPAT, B TOM HUC/e HOPM pacxoaa
aBMnaTexmmyLiecTea, yTouHeHKne nepeHHeﬁ 060py,qoaaHms|, OAWMHOYHBIX U TPYNNOBbLIX KOMNNEKTOB

aBUaTEXMMYLLECTBa M 3andacTell AnA TeXHUYRCKOro 0BCNYHMBaHMA aBUaTEXHWUKK,
COBEPLUEHCTBOBAHME YNPaBAEHUA NPOU3BOACTEOM

ObecneyeHune BbICOKOr0 YPOBHA NOAUTUKO-MOPAnbHOIO COCTOAHWUA U MPOU3BOACTBEHHOM
ANCUMNAMHBI MHXEHePHO-TEXHWYECKOro 1 paboyero coctTaBa MHKEHepPHO-aBMaLMOHHOM Cybbl,
npasuabHoro noabopa M pacctaHoBKKW Kagpos MAC

Puc. 10. Ocnosnsie pynkunu MAC I'A no HUAC T'A-71
Fig. 10. The main functions of the engineering aviation service of the civil aviation according to MAES CA-71
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npaBAEHUE CUCTEMAMU U
oBopyaoBaHUeM CaMONeToB
Ha 3emne 1 B NoONeTe, TexHnyeckoe
BbIOOP M MoAAep:KaHue obcnyKuBaHue
HaWBBIFOAHEHLLIWX PEHIMMOB 3BWALMOHHOM TeXHUKN
ux pabotbl (neTHo-
TeXHH4YecKan BKCI'I.ﬂyaTaLI,HH)

HayyHo-
MnccnenoBaTeNbCKHe paﬁOTbI
B 06/1aCTU TeXHUYeckon
JKCMAyaTaLmm

OpraHW3auyMoHHOe
obecneyeHne TEXHNMYECKOFO
obCAyKUBaHMA

Puc. 11. Cocrosuus u mponeccel TO o HUAC I'A-71
Fig. 11. Conditions and processes of technical operation according to MAES CA-71

camoner, ero asurarenu u obopyaosaHue Ha HeM BbiNoNHeHbI Bce paboTsl B 0bbeme,
MMEIOT PECYpPC U NONHOCTBIO NpPeaycMOTPEHHOM pernameHToM
YKOMMNAEKTOBaHbl COrNacHO TeXHUYECKUM TEXHUYECKOro 0benyKUBaHWA U BEAOMOCTLIO
YCNOBMAM AONONHUTENbHLIX paboT

‘CornacHo HT3BC-71 K nonetam
AONYCKAIOTCA TONBKO UCNPaBHble
‘camoneTbl.

Camo/IeT CYUTAETCA UCPaBHBIM NPH

YCTPaHeHb! BCE OTKa3bl MU HEUCNPABHOCTY, odopmneHa TeXHUYECKaA AOKYMEHTALIUA U
3anucaHHble B 6OPTOBOM ypHane camoneTa, MCNPaBHOCTb CaMO/IeTa NoATBEPMHAEHa B
a Takxe obHapyXeHHble B npolecce KapTe-HapAAe NOANUCAMU COOTBETCTBYHOLLUX
AederTauum AOMKHOCTHBIX UL

Puc. 12. Ycnosus gomycka camonera k nojgeram mo HTOBC I'A-71
Fig. 12. Conditions for aircraft airworthiness according to MAES CA 71
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BC HOBOW KOHCTPYKL MKW (HOBOTrO TUNA) AONKHO NPOATH
3aBOACKWE, TOCYAapCTBEHHbIE W SKCMIyaTaLMOHHbIe
MCNBITAHWA M NOMYYMTh OT MOCYAAPCTBEHHOM KOMUCCUM NO
Haa3opy 3a 6esonacHocTeo nonetos BC npu Cosete
MunucTpos CCCP cepTU®MKAT N€THOM rOAHOCTH, €CNK No
pesynbTatam yKasaHHbIX UCMbITaHWK By et ycTaHoBAEHO,
YTO AaHHbII TMN BO3AYLWHOIO CyAHa COOTBETCTBYET
HOPMaM NIETHOM FOAHOCTM rpaaanckmx BC,
AedcTeyowmm 8 CCCP

Civil Aviation High Technologies

Kamwaoe BC NpUHATON KOHCTPYKLWK NPOXOAWT B
YCTaHOBNEHHOM NopAaKe HeobxXoAumble MCLITaHUA U
nposepKu, Ha OCHOBaHWKM KOTOPLIX BblAaeTcA
YAOCTOBEPEeHWe 0 roAHOCTH BO3AYLIHOMO CyaHa K
noneram. be3 Takoro yaoctoBepeHua BC He moxeT bbITb
AonyLleHo K aKcnayaTal i

Cornaco BoaaywHomy kogekcy CCCP — 1983
rpaxpaaHckoe BC moxeT 6biTh AONYLLEHO K
3KCNAyaTaLWK LB Nocne Toro, Kak byaet

YCTaHOB/IEHO, YTO OHO COOTBETCTBYET HOPMam
NeTHOM roAHOCTH.
Mpwu aToMm

B Chy4yae M3MeHeHMA KOHCTPYKUWMK BO3AYLWHOro cyaHa,
NPy KOTOPOM He Tpeﬁyen::a nonyyeHHUAa HOBOro
cepTudMKaTa NeTHOM FOAHOCTM, a TaKKe NoCAe pemoHTa
WU MO UCTEYEHWM YCTAHOBAEHHOIO NEPUOAA CEPUIAHOTO
npouzeoacTtea nu 60 3IKCNAYaTauMK CYaHO NognexuT
HOBOMY MCMbITAHWIO B YCTaHOBAEHHOM NopaAaKe

NoAAepKaHWe KaXaoro BO3AyLWHOro cyaHa B npougcce
IKCNNYaTaLMKW B COCTOAHMM, OTBEYAIOLEM TpeboBaHUAM
HOPM NeTHOW roAHOCTH, BO3NaraeTca Ha MUHUCTEPCTBa,
roCyZAapcTBeHHbIE KOMWUTETbI, BeAOMCTBA, NPeAnpUATHA,
YHPEMAEHUSA U OPraHM3alLmMm, OCYLLeCTBASIoWME
SKCMNAYaTauMIo cyaHa

Puc. 13. Ycnosus nonycka BC k skcimyatanuu no nocneaHed pegakiuuu Bosaymuoro kogexkca CCCP
Fig. 13. Conditions for aircraft release to service according to the USSR Air Code latest version

HacraBneane HTOPAT TI'A-83 cdopmymnu-
poBaino ocHoBHbIe 1enu CTD, KoTOpast AOKHA
o0ecrne4ynBaTh:

o 0€30macHOCTb M PETYJISPHOCTH TOJIETOB
BC, nagexxnocte u ucnpaBHocTh AT, cBOeBpe-
MEHHYIO M MOJIHYI0 noarotoBky BC k moneram,
MPAaBWIBbHYIO SKCIUTyaTallMI0 MX HAa 3eMJie U B
MOJIeTE;

e COXpaHEHHE JICTHO-TEXHHYECKUX Xapak-
tepuctuk BC Ha NMpOTSHKEHUH yCTaHOBIICHHBIX
pPEecypcoB U CPOKOB CITyKObI B Ipejenax, ornpe-
nensieMblx HopMamu 1eTHOM roHOCTH;

e 3(pdexkruBHOE uHcnonszoBanne BC mpu
HKOHOMHYHBIX 3aTparax TPYyIOBBIX, MaTepHaIIb-
HBIX ¥ TOIUTHBHO-3HEPTreTHYECKHIX PecypcoB’.

HacraBnenne HTOPAT I'A-83 mno-HOBOMY
onpeaenio ocHoBHbIE 3a1auu UAC I'A (puc. 14)
u ocHosuble yrxun MAC T'A (puc. 15).

%% HacrapyieHue 110 TeXHHYECKOMN SKCILTyaTally ¥ PEMOH-
Ty aBHAIMOHHON TEXHUKH B TPaKJaHCKON aBHAIlUI
Poccuu (HTOPAT I'A-83). M., 1985. 368 c.

*" HacTapyieHHe 110 TeXHHYECKOM YKCILTyaTaliy ¥ PEMOH-
Ty aBHAlIIOHHON TEXHUKH B IPa>KJaHCKON aBHALlUN
Poccun (HTOPAT I'A-83). M., 1985. 368 c.
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OBecne4eH1e NNaHa EDAYILHBIX NEPEEISOK M
SBUALNOHHIX PEDOT HCNPEHDIMK 1
MOArOTOBNEHHDIMK K NONSTEM BO3SYLIHLIMMK CYA3

WHXEHEPHO-3EMBUNOHHOE DDECNEYe HUE
6230N3CHOTH W PENYARPHOCTH NONETOE

PAT [A-83

3

Brnonsesne 1pebosarnit rocy4apcTeeHHon,
TPYAOR0H W NPOMIEOACTESHHON AWCLMNAMHE

Nogaep#aHMe yCTaBHOBAEHHO YDOBHA NETHOMN
FOAHOCTH SHCNAYETHDYEMBIX BO3AVILHDX CYADE

IHOHOMHOE WCNONL30EIHWE TPYADEBIX,
METEPUENDHLIX M TONMBHO-SHE DIETHYECKIX
PECYPCOE HE TEXHUMECHOE OBCNHUESHUE 1
PEMOHT SENHELIHOHHON TEXHHKW

CcHosHbele 3aga4m MACHo HT

MpoesAEHHE SEHALHDHHD-TEXHWHECKOW
e (1O ATOTOEHM C MHMEHEPHO-TEXHUSECKHM W /IETHBE
COCTIEDM

Puc. 14. OcnoBuble 3agauu MACTA
mo HTOPAT I'A-83
Fig. 14. The main tasks of the engineering aviation
service of the civil aviation according
to MAES CA-83
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OcHoBHble ¢yHKUMK MAC no HTIPAT A-83

e

MnaHupoeaHWe MCNoNb30BaHWA BC, TEXHUYECKOTrO 0BCAYKMBAHMA M peMoHTa AT, 06ecneynBatoLLee BbINOMHEHWE

nJaHoB NeTHOW paboTbl, PErynsapHOCTL NONETOB, CBOEBPEMEHHYIO BbipaboTKy pecypca BC 1 aBMagsuraTenei u ux
OTXO[, B PEMOHT

\

OpraHusauua v BbinonHeHue TO U pemoHTa AT B COOTBETCTBUM € TPeBOBaHWAMM IKCNNYATALLMOHHOM M PEMOHTHOM
[LOKYMEHTALMK, YKasaHuWii MUuHKUcTepcTea MA

Cﬁop, y4yet n oﬁpaﬁorka AaHHbIX 0 BbIABAEHHbIX B NOJETe U Ha 3eM/e OTKasax W HeucnpaBHocTAxX AT

AHanus GakTUHECKoro ypoBHA HageHoCTH AT no AaHHBIM yyeTa OTKa30B U HEMCTIPaBHOCTEH, a TaKKe No
pe3ynbTaTam AUarHOCTUPOBAHUA M KOHTPONA TEXHUYECKOrO COCTOAHUA AT, BeieHWe peKnamaLMoHHOoM paboTbl

PazpaboTka 1 peanmzauma opraHM2aLMOHHO-TEXHUYECKUX MEPONPUATUIA NO NpeaynpesKaeHUI0 aBUaLLMOHHBIX
NPoOMCLIECTBUIA W MX NPeANoCbINOK, AOCPOYHOM CbeMKKU ABWraTeNnel, 0TKasos U HeucrnpasHocTel AT,
BO3HMKatOWMX No BUHe UTC, HM3KOro KavecTsa pemoHTa AT Ha 3aBofax

\

r

Mpeabasnerne TpeboOBaHMIM K NPOMBILINEHHBIM NPEANPUATUAM M OpraHM3aLMAM 06 YCTPaHEHMIM KOHCTPYKTUBHbIX
1 NPOM3BOACTBEHHbIX HeAocTaTKoB AT

YueT 1 BbinonHeHue aopabotok AT, nepeobopysosarue BC no 6lonneTeHsam, npoBeAeHMe pasoBbix 0cMoTpos BC

KOHTPO/Ib COOTBETCTBMA NETHO-TEXHUUYECKMX XapaKTePUCTHK BC 3HaYeHMAM, npuBeSeHHbIM B PYKOBOACTBAX Mo
NeTHOW 3KcnayaTauum

ObecneveHune oxpaHbl BC, Haxoaawmxca Ha obenyKmneaHuu B ATE M pemoHTe Ha 3aBogax

YyacTue B pa3paboTKe M BHEAPEHWU B NPOM3BOACTBO NPOrPeCCUMBHbIX METOAOB M TEXHONOTUIA TO M peMoHTa,
BbICOKO3(hGEKTUBHBIX CPEACTB 0BCAYHMBAHMA, PEMOHTA M KOHTPOAA COCTOAHMA AT

Paapaﬁorua npep,nomer—mﬁ no coBepLlIeHCTBOBaHUIO 3HCHJ1V3T3LIMOHHOFI n FJEMOHTHOFI AOKYMeHTauum

\ J

s !

BepeHve u obecneyeHue COXPaHHOCTU KCNNYaTaLMOHHOM U PEMOHTHOM [OKYMEHTAL MM, BKAKOYAA MOHOMEPHYIO
(cynosyro)

r n

BepeHwue yyeta n 0TH4ETHOCTU NO I'IpOMSBOﬂ,CI’BEHHOI;'i peAatensHocty ATh, cocTasy, COCTOAHMIO, NCNONB30BAHWIO U
ABUMEHWIO NapKa CaMo/1IeTOB, BEPTO/NETOB U EBMB,D,EI/II'ETEHEI;I

O6obLieHHe U pacnpocTpaHeHre NepesoBOro OnbITa IKCMAyaTauumu 1 pemoHTa AT

MeTtponoruyeckoe obecneyeHue TeXHUYECKOM 3KCnAyaTauMu u pemoHTa AT

Puc. 15. OcHosubie pynkuun MAC I'A mo HTOPAT I'A-83
Fig. 15. The main functions of the engineering aviation service of the civil aviation according to MAES CA-83
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3akJII0YeHue

[IpoBenennsiit ananus aearenbHoctd UAC I'A
B COBETCKHHM TMEPUOJ Ha OCHOBE TJIABHBIX HOP-
MaTHBHBIX JOKYMEHTOB IO BOIPOCAM TEXHHUYE-

Ynyywenue ycnosuit Tpyaa pabotHukos ATB, obecneyeHue 6e3onacHblx ycnoBMid paboTel, BHEAPEHWE MeXaHU3aLmMKU 1
aBTOMAaTH3aLLMKU NPOU3BOACTBEHHBIX Npoueccos npy TOWP AT

PEMOHTHOM AOKYMEHTALMEN, CPEACTBAMM KOHTPOA COCTOAHUA AT, 3anacHbIMM YacTAMM M aBUATEXHUYECKUM

OnpeaeneHue NoTPebHOCTENM M KOHTPONL 3a obecneyeHWem aBManpeanpUATHIA U 3aBOAO0B SKCNNYaTaLMOHHOM 1
MMYLLECTBOM, aBapMHHO-CNacaTeNbHbIM 060pYA0BaHUEM

KOHTpoAb 3a COCTOAHMEM aBapuiAHO-cnacatensHoro obopyaosarus BC ]

Y4eT 1 0TYETHOCTb MO PacXoA0BAHMIO 3aNaACHbIX YAcTel 1 MaTepranos NpU IKCNIyaTaLuu M peMmoHTe AT, paspaboTka u
OCyLLeCcTB/eHWe MEPONPHUATUIA N0 SKOHOMUU TONNMBHO-3HEPreTUYeCKUX U MaTepuarbHbIX PecypcoB

MNpasnnbHOE MCNONb30BaHWE 3aKpenneHHbIx 3a ATE 1 3aB0AaMM NPOM3BOACTBEHHbLIX U CAYKEBHbIX 3AaHKA,
COOPYHEHWUIA U YCTAHOBNIEHHOTO B HAX TEXHONOMMYECKOro 060pya0BaHMA, CUCTEM SHeproobecneyeHus 1
NOMKapOTYLWEHWUA, CPEACTB KOHTPOAA COCTOAHMA M 0BCAYKUBaHWA AT 06LLEro U cneunanbHoro NPUMEHeEHMI

CoBeplUeHCTBOBaHWE OPraHM3aLMoHHOM cTPYKTYpbl MAC BCex 3BeHbeB, NoBbiUeHWe KayecTBa 0B6CNyXUBaHMA U PEeMOHTa
AT, BHEApPEHWME MEPONPUATHIA N0 IKOHOMUU TPYAOBLIX PECYPCOB M NOBbIWEHUIO NPOU3BOAMTENBHOCTU TPYAa paboumnx U
MHXXEHEPHO-TEXHMYECKOrO COCTaBa

BHegpeHWe B NPOM3BOACTBO NPOrPECCMBHBIX HOPM M HOPMATUBOB TPYAA ’

CoBepLlUeHCTBOBAHWE TEXHUKO-IKOHOMUYECKOro NAaHMpoBaHua B ATE 1 Ha 3aBogax ]

OpraHu3auua 1 nposeaeHue paboT No IBaKyaLMu U BOCCTAHOBNEHUIO NOBPEXAEHHbIX BC ]

MpoBeaeHWe MeponpUATUIA N0 OXPaHe OKPY3KatoLLed NPUPOAHOIA Cpeapl, BbINONHEHWE NPaBUA NOXKapHOIA BesonacHocTu
npv TOuP AT

33BO/0B, NPOBEAEHMWE 3aHATHIA C NETHBIM COCTABOM, PYKOBO/ACTBO CTAaXXWPOBKOMW CNELUanucToB Ha AT, opraHvsauma U

OpraHu3auua v NposeaeHre TEXHUYECKOM NoAroTOBKKU Ppabouux U MHKEHEepPHO-TeXHUYeCKUX paboTHUKoB ATE 1
OCHalleHue y4ebHOoM TexHu4YecKkon 6asbl

Moabop v paccTaHoBKa Kagpos MTC, npoeeaeHne MePONPUATHIA NO NOAUTUYECKOMY, TPYA0BOMY M HPABCTBEHHOMY
BOCMUTAHWUIO MHIKEHEPOB, TEXHWKOB, pabounx 1 cnyawmx, sppekTMBHOE NPUMEHEHWE NMPABOBbIX AKTOB NO YKPENAEHWUIO
TPYAOBOW, NPOM3BOACTBEHHOW U TEXHONOMMYECKOW AUCLMNANHBI, TMYHOW OTBETCTBEHHOCTM 3a KavecTso TOWP AT

OpraHu3auma paumMoHanmn3aTopckon U n3obpetatensckoin paboTbl ’

rocyAapcTBEHHOM TaHbI

MNpoBeaeHWe MeponpuUATUIA NO rpaxaaHcKkoi obopoHe o6beKkToB ATE M 3aBOA0B, COXPAaHEHUIO ]

ITponoskenue puc. 15. Ocuosusie pynkumn MAC I'A mo HTOPAT I'A-83
Fig. 15. Continued. The main functions of the engineering aviation service of the civil aviation according
to MAES CA-83

CKOM KCIUTyaTanuu u pemonta AT, a Takke Kiac-
cuueckux TpynoB yueHelix uz MAC BBC [4-7]
u UAC T'A [6, 8-12] moxka3zan, uto 3a 40 jer
C MOMEHTa 00pa30BaHM 3Ta CiIy>)k0a B cocTaBe
NECATKOB THICAY CIELUATUCTOB MpoILIa 00JIb-
HIOW IyTh U CJIOXKWJIAach B CHCTEMY TEXHHYE-
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OpraHusauma u
obecneyeHne TO u
apyrux pabor,
BbINONIHAEMbIX Ha
aBMaLMOHHOMN
TEXHUKE
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MNoarotoska BC K
noneram

TexHuyeckoe obCNysKUBaHWe
aBUALMOHHOM TEXHWUKM B
npouecce ucnonb3osaHua BC,
XpaHEHUA ¥ TPAHCNOPTUPOBAHMA

Puc. 16. CocrosiHUA U ITponecchl TeXHIUUeCcKoH skcmryaramuu mo HTOPAT I'A-83
Fig. 16. Conditions and processes of technical operation according to MAES CA-83

nnaHep, ABUratenu U KoMmnaekTyrwmue
n3genna MMerT OCTaTOK pecypca U CpOKa
CI'IV}'HﬁbI, NONHOCTbHO YKOMMNAEKTOBaHbI
COrnacHo nepevyHro

NOHOMEPHOWAOKYMEHTaLMKM (dopmynsapsl,

bopTOBOM XYypHan u ap.)

Ha CygHe BbINONHEHO o4YepeaHoe
TeXHN4YeCKoe OGCHVH{MB&HMQ,

npeaycMoTPeHHOe PernaMeHTOM, YCTPaHEHbI

HEWUCNPaBHOCTU U UX NOCNeACTBUA

CornacHo HT2PAT-83 k nonetam
JAONYCKaKTCA TONbKO ncnpasHblie BC.

BC cymTaertca ucnpasHbim Npu
YCNOBUW, YTO

OdJOpM.HEHa npon3soACTBEHHO-TEXHNUYECKanA

M NOHOMeEpPHana AOKyMeHTauua

MCNPaBHOCTb CyAHa noATBepXAeHa

nNoANMCAMKW COOTBETCTBYIOLWNX AONHKHOCTHbIX

NWLL, B KapTe-Hapaae

Puc. 17. YcnoBus nomycka camoneta k nojgeram no HTOPAT 'A-83
Fig. 17. Conditions for aircraft airworthiness according to MAES CA-83

CKOM JKCILTyaTaluu, 00eCeYnBaIOIIYI0 JOCTH-
JKEHUE TIOCTABJICHHBIX IICJICH ITyTEM pEIICHUS
BaXKHBIX 3a/1ay M BBIOJHEHHUS Pa3HOOOpPa3HBIX
GyHKIHH.

Henu, 3anaun u pynkuuu MAC dopmynmpo-
BaJINCh TO-Pa3HOMY, BHUIOM3MEHSUIHCH, JOTIOJ-
HSUTHCh, HO BCerJa ObUIM HampaBleHbl Ha oOec-
IeueHre Oe30MacHOCTH II0JIETOB, JOCTHIKECHHE

22

Lesel, peleHye 3a1a4 U BBIIOJIHEHUE (QyHKIHMA
aBUATPAHCIIOPTHOM OTPACIIH.

Kitouesbim Bompocom gestensHocTH MAC
SIBJISIETCSL BOTpOcC, kKakou camoset (miu BC) mo-
*eT ObITh momymieH B moneT [13]. B coBerckuii
nepuon aesrensHoctd MAC I'A otBer ObLT O11-
HO3HAUHBIA — TOJIBKO MCIpPaBHBI caMoOJIeT
(mm BC) MokeT OBITh JIOMYIIEH B TIOJIET.
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B 10 Bpems B mexayHaponnoit I'A ¢popmu-
poBajiach mapagurMa MOJJEpXKaHUS JIETHOU
TOJIHOCTH, B paMKax KOTOPOW OTBET Ha 3TOT BO-
npoc GOopMyIHpYyeTcsl MHa4de: B TOJET MOXKET
OBITh JIOMYIIEHO TOJBKO MPUTOAHOE K Oe3omac-
Homy nosiery BC. Jlnst atoro BC gomxHO uMeTh
JNEHCTBYIOIIUNA cepTU(UKAT JETHON TOIHOCTH
U IIPOMTH TEXHUYECKOE OOCIIyKHBaHHUE, 3aBEp-
mraroieecs cepTuGUKaIOHHON MPpoLeypoil.

B cBs3M ¢ nosBiIEHNEM B POCCUICKHMX aBHa-
KOMMaHusIX 3apyOexHbix TunoB BC, ucmonb3o-
BaHUE KOTOPBIX MO MEXIYyHApOJIHBIM TpeboBa-
HUSAM JOJDKHO MPOUCXOJUTh MyTEM MNOAJepKa-
HUSl JIETHOM TOJHOCTH, Mapagurma AesiTelbHO-
ctu oreuectBeHHOU MAC n3menunace.

bonee TOro, caMm TEpPMHUHBI «UHKEHEPHO-
aBUAIIMOHHAS CIIyk0a» U «TeXHUYECKasl SKCILTY-
aTalysh YIUIM B IIPOLLIOE.

YtoObl MpenoTBpaTUTh MOBTOPEHUE aBUAIU-
OHHBIX MPOMCIIECTBUH, a TAKXXE CHU3UTh YUCIIO
MHUUJEHTOB, PocaBuanus TIaTENbHO aHAIU3H-
pPYET KaXKJ0€ aBUAllMOHHOE MPOMUCIIECTBUE U Ha
OCHOBE pe3yJbTaTOB pACCIEAOBAHUN BHOCHUT
KOPPEKTUPOBKM B JaibpHeiuyro paboty. s
ATUX K€ LEeJeH PeryasipHO IPOBOJATCS OTpacie-
Bble KOH(EpPEHIMU IO OCOOEHHOCTAM JIETHOM
Y TEXHUYECKOM HSKCIUTyaTallMi BO3AYIIHBIX CY-
0B, B TOM 4YHUCJIE€ B paMKax paOOTbl JIETHO-
METOJINYECKOTO coBeTa [14].

Hns MI'TY T'A u BXoasilMX B €ro COCTaB
KOJUIEJIKEH, MPOJOJDKAIOIMIMX IMOArOTOBKY WH-
JKEHEpOB, OakallaBpOB, MarucTpoB U TEXHUKOB
MO0 TEXHUYECKOM OJKCIUTyaTallid, OCOOEHHO B
MEPCIEKTHBE MEpexo/ia Ha HOBbIE (hefepabHbIe
o0Opa3oBaTeNbHbIE CTaHAAPTHl Ha OCHOBE TPO-
(eccHOHaIbHBIX CTAHJIAPTOB, MPUHLHUIIUAIBHO
BAKHBIMU SIBJISIFOTCS OTBETHI Ha BOIPOCHI, YEM
BHOBb (hopmupyemasi cucTeMa MOAJep:KaHus
JIETHOM TOJHOCTH OTJIMYAETCS OT TPATULIMOHHOU
CUCTEMBbl TEXHHYECKOM SKCILTyaTalluu, a TaKxke
KaK JOJKHBI U3MEHUTHCS (WM MTOUYEMY TOJIKHBI
COXPaHMUTbHCS) HAa3BaHUs HANpPaBJIECHUN U CHEIU-
aTbHOCTEH B YHHBEPCHUTETE, COJEp)KaHue 00y-
YeHHUs, YTOObI BBITYCKHHKH OOJIafianu Heo0Xo-
JUMBIMH KOMITETEHIIMSIMU U MOTJIU YJIOBJIETBO-
PUTH BO3pACTAIOLININ CIIPOC SKCILTyaTallMOHHBIX
NPEANPUATHI U OpraHu3alyid Ha BHICOKOKBAJIM-
¢urnmpoBanHbie Kaapel. OTBeTaM Ha 3TH BONPO-
Cbl OyJIeT MOCBsIIIEHa BTOPasi 4acTh CTaThH.
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Bird detection in the airfield area as a factor in ensuring ornithological
safety of aircraft flights

A.V. Vlasova', B.P. Eliseev'

Moscow State Technical University of Civil Aviation, Moscow, Russia

Abstract: The article considers the problem of ensuring ornithological safety of aircraft flights in the acrodrome area, where
collisions with birds pose a serious threat that can lead to serious consequences in the form of an aviation accident or an aviation
incident. Also, such collisions often lead to significant financial losses for airports, airlines, and insurance companies. The purpose
of the study is to analyze the existing bird detection system in the aerodrome area, assess the quality of these systems and develop
recommendations for improving the efficiency of using systems that ensure ornithological safety. The article considers various
methods of bird detection: visual observation, acoustic systems, radar systems. An assessment of the effectiveness of the methods is
given taking into account the accuracy, range and applicability in various conditions. The methods of statistical data analysis,
analysis of the probability of occurrence of a dangerous factor are applied. The study revealed the need to use special ornithological
radar stations with improved detection range and automatic target recognition, as well as the use of acoustic systems to detect birds
in adverse weather conditions. The importance of continuous monitoring of the ornithological situation in the airfield area and
timely decision-making in the event of a dangerous factor is noted. To effectively ensure ornithological safety of aircraft flights, it is
necessary to implement a comprehensive system that combines modern detection technologies, automated warning systems and
bird scaring methods developed for each airport. Further research based on this work should be aimed at developing more accurate
and effective radars in terms of bird detection range and improving the methods of forecasting and identifying the likelihood of a
dangerous factor and a risk factor.

Key words: ornithological flight safety, acrodrome, dangerous factor, risk factor, radar systems, acoustic systems, visual
observation.
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OOHapy:keHHre NTUIl B pailoHe a3poapomMa Kak GakTop odecneveHnst
OPHHMTOJIOTHYEeCKOH 0e30IACHOCTH MOJIEeTOB BO3AYIIHBIX CY/10B

A.B. B.]IaCOBal, B.I1. Eaucees’

1 . . . .
Mockosckuii 2ocy0apcmeenHvlli mexXHUYeCKull YHUgepcumem epaxcoanckol asuayuu,
2. Mockea, Poccus

AHHOTaumsi: B cratee paccMarpuBaeTcsi mpoOmema oOecriedeHHs] OPHHUTOJIOTHYECKON OE30MacHOCTH TIOJIETOB BO3ILYIIHBIX
cyzos (BC) B paiione aspoapoma, Iie CTOJIKHOBEHHS C NTHI[AMHI NPEACTABISIIOT CEPhE3HYIO YIPO3y, KOTOpas MOXKET IPUBECTH
K TSDKEJIBIM TIOCHICACTBHSAM B BHJE ABHAIMOHHOTO IIPOMCLIECTBUSI WM AaBHAIIMOHHOTO MHIMICHTAa. Tarke MOmOOHbIE
CTOJIKHOBEHHMS 4acTO IPHBOIAT K 3HAYUTEIBHBIM (DMHAHCOBBIM IIOTEPSM adPOIOPTOB, aBUAKOMIIAHMH, CTPaXOBBIX KOMIIAHHIA.
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Llenbto mccreoBanys SIBISIETCS aHAIIM3 CYLIECTBYIOIIEH CUCTEMbl OOHAPYKEHHS MTHI] B paidOHEe a3poJpoMa, OIICHKA KayecTBa
(DYHKIIMOHMPOBAHMSI TUX CHCTEM W pa3paldoTKa PEKOMEHIAIMI MO MOBBINICHUIO 3()(EKTUBHOCTH HCIIONB30BAHUS CHUCTEM,
00€CIIeYnBAIOIMX OPHUTOJIOTHYECKYIO0 O€30MacHOCTh. B crarhe paccMOTpeHbl pasiM4HbIE METOJbl OOHAPY)KEHHS IITHIL:
BU3yaJIbHOE HAOJIOIEHNE, aKyCTHYECKHE CHUCTEMBI, PaMOJIOKAlMOHHbIE cHCTeMBbl. JlaHa oneHka 3((MEeKTHBHOCTH METONOB C
Y4ETOM TOYHOCTH, AAIBHOCTH M IPUMEHMMOCTH B Pa3MYHBIX YCIOBHUSX. [IpMeHEHBI METOAbl CTaTHCTHYECKOrO aHajn3a
JTAHHBIX, aHAJIM3a BEPOSTHOCTH BO3HUKHOBEHHS TOSBIICHUSI OMACHOTO (hakTopa. B paMkax wcciemoBaHus OBUIO BBIIBICHO, YTO
HEO0O0XOMMO HCIIONB30BaHNE CIIEHUAIBHBIX OPHHUTOJIOTMYECKHX PAJMOJIOKAIMOHHBIX CTAaHIMK C YJIydIIEHHOH NaIbHOCTBIO
OOHAapy)KeHHsI M aBTOMATHYESCKMM pAClO3HABAHMEM [EJiel, a TAKKe NPUMEHEHHE METOJI0B AaKyCTHYECKHX CHCTEM ISt
OOHApy)KEHUSI NTHI[ B CJOXKHBIX MeTeoycloBusix. OTMe4aeTcss BaKHOCTh MOCTOSIHHOTO MOHHTOPHHIA OpPHUTOJIOIMYECKOM
00CTaHOBKM B 30HE a’poJpoMa M CBOCBPEMCHHOIO MNPHHSATHS PEIICHHW B Cllydae MOsBJICHUsI ornacHoro axropa. [ls
3¢ PEeKTUBHOTO 00ECTICUeHNSI OPHUTOJIOINIECKON Oe3omacHocTr nosieToB BC HE0OX0aMMO BHEAPEHNE KOMILUIEKCHON CHCTEMBI,
coueTarolell B cebe COBPEMEHHbIE TEXHOJIOTHH OOHAPYKEHHsI, aBTOMATHU3UPOBAHHBIE CHCTEMbI OIOBEIICHUSI U OTPaOOTaHHBIC
JUISL KaXKJIOTO a3poriopTa METO/IbI OTIyruBaHus nTull. JlanbHeHIe UCcCieI0Batks, OCHOBAHHbIC HA MaTepHalle JIAHHOW CTaTbH,
JIOJDKHBI OBITH HAIPABIICHBI HA Pa3paboTKy Oosee TOYHBIX M A(P(EKTUBHBIX C TOUKH 3PEHHUS JAITBHOCTH OOHAPY>KEHHS IITHI]
PaaMOIIOKAaTOPOB, & TAKKe HA COBEPLICHCTBOBAHME METOJOB IPOTHO3MPOBAHMS W BBISBICHHS BEPOSITHOCTH BO3HHKHOBEHHSI
OMacHOro (akTopa u (hakropa pucka.

KiioueBnle ciioBa: OPHUTOJIOTNMYCCKast 0€e30I1aCHOCTh TOJICTOB, a3pOAPOM, OIIACHBIN (I)aKTOp, (I)aKTOp puCKa, paanoJIOKallMOHHBIC
CUCTEMbI, AKYCTUYCCKHUC CUCTEMbI, BU3YAJIbHOC Ha6J'HO,HGHI/I€.

Jnsi mmrupoBanusi: BracoBa A.B., Emmceer B.II. OOHapykeHme mtum B paifoHe adpoapoma Kak (akTop obecrieueHus
OPHHUTOJIOTHYECKOI 0e30IMacHOCTH TOJIETOB BOAYIIHEIX cynoB // Hayunsrii Bectank MITY T'A. 2025. T. 28, Ne 4. C. 26-309.
DOLI: 10.26467/2079-0619-2025-28-4-26-39

Introduction Paper [2] provides data that since 2004 the
total number of ornithological aviation incidents

The main purpose of air transportation is to and accidents in the Russian Federation in rela-
ensure flight safety. Flight safety consists of  tion to the USA, per 100 thousand takeoffs and
minimizing risks and preventing aviation inci- landings, has been significantly higher. For the
dents using modern technologies, inspections, Russian Federation, this figure was 1.55 in 2004,

controls and strict safety standards. Annually,  and inthe USA in 2008 — 1.16, i.c. the difference
the damage to global aviation from bird strikes was 1.34 times, and in 2017 this difference was
reaches 1.2 billion US dollars. Therefore, it is  already 1.52 and 3.71, i.e. it increased by
necessary to develop a system of measures to 2.44 times.

detect and scare away birds in the airfield area. In other words, our gap in safety indicators in
Studies have shown that in 45% of recorded cas-  terms of ornlthol(.)gpal support for flights from
es of such collisions, birds enter the engine (en-  the United States is increasing.

gines) of the aircraft, which can lead to its fail-
ure, fire or surge, and in 12% of cases, they enter ~ Bird detection methods in the airport

the rgdome o.r'ﬂlght deck windows, Whlch under areas: review and efficiency analysis
certain conditions threatens to depressurize the

aircraft. The main problem is the detection of
birds at night and in bad weather conditions. At
the moment, there are no absolutely reliable
technical means for completely scaring away
birds from the airspace and the territory sur-
rounding the airfield [1]. The effective preven-
tion of aircraft-bird strikes requires an integrated
approach based on timely bird detection and bird
awareness. This paper examines current bird
identification and detection technologies and
discusses their potential application at airports to
reduce the risk of strikes.

The analysis of data presented in the works
[2-6] indicates a significant increase in the
number of bird strikes with civil aviation air-
craft both worldwide and in the Russian Federa-
tion in recent years. This increase in ornitholog-
ical incidents is brought about by a number of
factors.

Firstly, there is a stable trend towards in-
creased air traffic intensity in global civil avia-
tion. Secondly, for various reasons, there is a
natural increase in bird populations on a global
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scale. Thirdly, and this is especially important, a
significant number of bird strikes were not offi-
cially recorded in the past.

Currently, both ICAO and the Federal Air
Transport Agency impose mandatory require-
ments for recording all collision incidents, re-
gardless of the consequences for the aircraft. Ac-
cording to the Federal Air Transport Agency let-
ter No. AN1.02-3056 dated September 18, 2015,
aerodrome operators are required to organize the
recording and analysis of such cases, as well as
to prepare and send reports on collisions, includ-
ing incidents with aircraft of foreign operators,
to the Flight Safety Inspection Department. Sim-
ilar requirements for the filing of reports are also
imposed on aircraft operators.

It should be noted that the most collisions
(approximately 90%) do not lead to aviation in-
cidents or accidents, much less accidents or dis-
asters. However, there are well-known examples
in aviation literature where bird strikes have had
catastrophic consequences. One of the tragic ex-
amples of the negative impact of the ornithologi-
cal situation on flight safety is the aviation acci-
dent that occurred on July 29, 2007, involving
the Antonov-12 aircraft operating a flight route
Domodedovo — Omsk — Bratsk — Komsomolsk-
on-Amur. Just 20 seconds after rotation, a criti-
cal failure of both right engines occurred, caused
by birds getting into the power units.

The crew took measures to stabilize the air-
craft, but the loss of speed led to a crash landing
into a forested area a minute after the engines
had failed. The subsequent destruction and fire
of the structure led to the death of all six crew
members and one passenger on board.

To illustrate the dynamics of the growth in
the number of bird strikes with aircraft in the
Russian Federation, Figure 1, compiled by the
authors based on the Federal Air Transport
Agency data on statistics of birds and other ani-
mals strikes, shows the dependence of the num-
ber of such incidents in recent years compared to
2010." If in 2010 about 50 collisions were rec-
orded, then in 2023 this number increased to

! Birds and other animals strikes FAVT. FAVT. Availa-
ble at: https://favt.gov.ru/dejatelnostbezopasnost-
poletov-stolknoveniya-ptici/ (accessed: 25.03.2025).
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1299, which corresponds to an increase of
26 times. At the same time, in 2023 compared
to 2022, there was an increase of 38% (an in-
crease of 1.38 times).

The document — FAR-331 (Federal Aviation
Rules 331) states that for monitoring the ornitho-
logical situation at the airport, visual or radar
observation aids should be used. It should be
noted that currently, radar surveillance of the
ornithological situation is not used at Russian
airports due to the lack of appropriate ornitho-
logical radars. To ensure ornithological safety, a
number of international airports use specialized
real-time bird detection systems. In particular,
Seattle/Tacoma International Airport and John F.
Kennedy International Airport use radar stations
to monitor bird movements. Amsterdam Airport
Schiphol and Atlas International Airport have
implemented the Harrier and MERLIN systems,
respectively, to achieve comprehensive radar
coverage. Additionally, San Francisco Interna-
tional Airport uses a high-resolution video sur-
veillance system designed to track bird activity
in the controlled area [7]. This may be one of the
reasons why the number of ornithological inci-
dents and accidents in the U.S. is significantly
lower than in Russia, as the U.S. major airports
(New York, Dallas, Seattle) use radar systems of
the “Harrier” and “Merlin” types [8]. For infor-
mation, we present the technical data of these
radars:

Signal type — Pulse with Doppler.
Frequency range — centimeter.
Range resolution: 10 m or 20 m.
Number of frequency channels — 6.
Range — 8 km.

Azimuth angle — 360°.

Elevation angle — 45°.

In the Russian Federation, a radar station
called “ENOT” has been developed, which is not
essentially an ornithological station, although it
is stated in the list of its detected objects that it
provides: automatic detection of moving targets
such as “bird”, “drone”, “airplane”, “person”,
“car” in the presence of direct visibility.

The main tactical and technical characteris-
tics of the “ENOT” station correspond to Ameri-
can analogues, but the maximum detection range
of a typical target is only 2500 m, which is more
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Fig. 1. Number of bird strikes with aircraft in the Russian Federation by years

than 3 times worse than American models. Tak-
ing into account the assigned task: the detection
of birds — the range of detection of the “ENOT”
system does not correspond at all to the concept
of an “ornithological” radar.

Thus, it is necessary to solve the problem of
using special ornithological radars at airports in
the Russian Federation with complex ornitholog-
ical conditions [9]. In this case, the concept of
ornithological radar should include the function
of identification and classification of detected
birds.

Based on long-term analysis, certain patterns
have been identified that characterize the threat
posed by birds. More than 70% of all collisions
occur during the day, with the most dangerous
altitudes being up to 100 m (52—-80% of all colli-
sions). About 47-57% of collisions occur during
the descent and landing stages, and 30-47% dur-
ing the takeoff and climb stages. A striking ex-
ample was the recent crash of the South Korean
Boeing. According to the official preliminary
investigation report, on Sunday, December 29,
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2024, at about 04:30 (local time), a passenger
flight of Jeju Air (HL8088, B737-800) took off
from Suvarnabhumi International Airport in
Thailand with 181 passengers on board, includ-
ing 6 crew members and 175 passengers. At
08:54:43, HL8088 first contacted the Muan In-
ternational Airport control tower for landing
clearance. The tower cleared the aircraft to land
on runway 01. As HL8088 approached the run-
way, the tower warned the crew to be careful of
birds at 08:57:50. A few seconds later, HL8088
due to a bird strike, the aircraft issued a Mayday
distress signal, which is used only in critical sit-
uations when the crew understands that the lives
of people on board are in danger. As HL8088
was flying over the left side of RWY 01, it
turned right and approached RWY 19 to land on
it after aligning with the runway centerline. The
aircraft belly-landed without landing gear ex-
tended, veered off the runway, crashed into an
embankment, and caught fire. As a result of this
accident, four crew members and 175 passengers
were killed, and two crew members were seri-
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ously injured. According to the report, the cock-
pit voice recorder and flight data recorder
stopped recording four minutes before the acci-
dent. The pilots noticed a flock of birds while
approaching Runway 01, and a surveillance
camera captured HL8088 approaching the flock
of birds during the go-around. Both engines were
sent for examination, and feathers and blood
stains from birds were found on each of them.
The samples were sent to specialized organiza-
tions for DNA analysis, and a local organization
identified them as belonging to Baikal teals (a
duck family). Following the crash, South Korean
officials said they would install bird-detection
cameras and thermal imaging cameras at all air-
ports in the country. The new equipment is said
to help determine the size and trajectory of birds
from a distance, allowing air traffic controllers to
respond more quickly to threats and mitigate the
risk [10]. Thus, the weight of the bird directly
affects the degree of collision hazard for aircraft;
the heavier the bird is, the higher is the risk of
damage. Even a small bird, the size of a duck, is
capable of breaking through a three-centimeter
glass of the aircraft cockpit. International aircraft
design standards require the stability of the cab-
in, engines, fuselage and wing to the impact of a
bird weighing up to 1.8 kg, a collision with a
flock or large birds, such as geese, ducks (up to
5 kg), can lead to serious damage, including en-
gine destruction and deformation of the fuselage,
wing, empennage. These requirements are set
out in the airworthiness standards (AS) 35,
which are harmonized with the relevant sections
and appendices of the US AS FAR-35 with
amendments up to and including 35-8 and with
the requirements of the European airworthiness
standards CS-P with amendment 1.2

A major engine failure can be seen in a seri-
ous incident that occurred on March 1, 2025, in
Newark, New Jersey. The FedEx Boeing 767
cargo plane made an emergency landing nine
minutes after takeoff. The emergency landing

2 Order of the Federal Air Transport Agency No. 785-P
dated 02.11.2022 On approval of the Airworthiness
Standards of propellers NLG 35. ConsultantPlus. Avai-
lable at: https://www.consultant.ru/document/
cons_doc LAW 434288/ (accessed: 25.03.2025).
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was caused by an engine fire caused by a bird
strike. Figures 2-3 show the aftermath of the
collision.

Fig. 2. Destroyed engine as a result of a bird strike

Fig. 3. Destroyed engine nozzle because of a bird strike

Airports are required to use the radar to de-
termine the size and dimensions of birds, which
are generally proportional to their weight [11].
Determining the size of a bird from radar echoes
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Fig. 4. Block diagram of a set of automated means for monitoring the ornithological situation

can quantify the level of bird strike hazard,
thereby providing airports with guidance on how
to deal with a bird strike threat.

A set of automation tools for
monitoring the ornithological situation
at the airport

In order to improve the efficiency of ensuring
ornithological flight safety in the aerodrome ar-
ea, it is necessary to develop and implement a set
of automated means for monitoring the ornitho-
logical situation, which is an integrated system
for collecting, processing, analyzing and visual-
izing information on the presence and movement
of birds. A set of automated means for monitor-
ing the ornithological situation ensures continu-
ous monitoring of the ornithological situation in
real time, timely notification of airport services
and aircraft crews about potential collision
threats, and also provides analytical data for the
development and implementation of effective
risk management measures. Figure 4 shows a set
of automated means for monitoring the ornitho-
logical situation in the form of a block diagram.
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Processing information converted into im-
ages. Identification of bird species in the pro-
posed system is carried out by analyzing images
obtained using cameras, including thermal imag-
ing [12]. The process consists of extracting rele-
vant features from the image and then comparing
them with reference data obtained as a result of
preliminary training of the systems. The accura-
cy and speed of recognition directly depend on
the volume and quality of the sample.

Key steps in the process of classifying bird
images include object detection, feature extrac-
tion and image segmentation [13]. These steps
are the subject of scientific research aimed at
improving the accuracy and speed of target de-
tection.

Feature extraction, which includes the analy-
sis of morphological characteristics, appearance,
and color parameters, is a preliminary processing
stage aimed at identifying the most significant
elements of an image. Researchers have found
that identifying differences in the color of birds
and the background color of the natural envi-
ronment is particularly difficult, requiring the
use of highly accurate image segmentation
methods [9]. Image segmentation is a complex
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and labor-intensive task in digital image pro-
cessing and is an actively developing area of re-
search in the field of object recognition.

Radar detection: The advantage of radar
bird detection over other methods of detecting
bird images is due to several factors:

1. Radars are capable of detecting birds at
significant distances, reaching dozens of kilome-
ters, which allows for early detection of bird
flocks and taking measures to prevent collisions
with aircraft.

2. Radars can provide continuous monitor-
ing, operating around the clock, regardless of
time of the day or lighting conditions.

3. Modern radars are capable of detecting
birds in conditions of limited visibility, such as
fog, haze, and rain.

4. Modern radar systems are equipped with
automatic target detection and tracking systems,
which allows tracking the movement of birds in
real time.

5. Modern radars that use the polarization
characteristics of the signal are able to distin-
guish the size and type of bird, providing more
detailed information about the ornithological sit-
uation.

The above factors are extremely important
for solving the problems of ensuring flight safe-
ty, but it should be noted that for high-quality
work it is necessary that radar data be integrated
with other systems, such as automatic infor-
mation transmission systems in the aerodrome
area, bird scaring systems, meteorological sys-
tems, which will allow the creation of a compre-
hensive system for ensuring ornithological sa-
fety.

However, at present, there is no way to ob-
tain accurate information about bird species us-
ing radar detection in civil aviation. Despite sig-
nificant advantages, there is a number of disad-
vantages and difficulties in implementing radars
with the required characteristics to fully ensure
flight safety in the airfield area [14]. Firstly, the
cost of such installations is very high, so it will
not be possible to install such radars in every
airport in the Russian Federation in the foreseea-
ble future. Secondly, there is a high probability
of a false signal when various interferences oc-
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cur, such as insects, weather conditions, drones,
buildings, trees. Therefore, a radar is often used
to study bird migrations and detect birds in the
airfield area at night.

To mitigate the dependence on meteorologi-
cal conditions, the ornithological radar must
have a function of switching between the centi-
meter and millimeter range. The most complex
interference situation arises at the input of the
radar receiving devices due to the impact of in-
terfering reflections from hydrometeors. This is
due to the wide variety of different meteorologi-
cal formations (fog, hail, rain of varying intensi-
ty, snowfall, etc.) [9]. At the same time, the level
of signals from interfering reflections from hy-
drometeors can change significantly over time
(change in the intensity of meteorological for-
mations), in space (wind influence), i.e. it has
a clearly expressed stochastic nature.

When strong interference occurs, the orienta-
tion angle of the polarization plane of the elec-

tromagnetic wave changes ,Bp, and in this case,

the probability of correct detection will be pre-
sented in the following form [15]:

Pea=1—F(hy —\/;:i oS f3,).

In formula (1) hy =v2h/ /N,E; F(x) is the
Laplace function; hy is the detection threshold;
(2E/Ny) 1s the signal-to-noise ratio; B, is the ori-
entation angle of the plane of polarization of the
electromagnetic wave; cos(B,) is the cosine of
the orientation angle of the plane of polarization.

According to this ratio, it is easy to see that

an increase in the angle ,Bp according to the pre-

sented ratio leads to a deterioration of detection
parameters. At a fixed signal/noise ratio, a de-
crease in the probability of correct detection
(P.q) is observed in the range from 1.1 to 1.7
times. Such a loss of sensitivity of the radar sys-
tem can be qualified as the occurrence of a dan-
gerous factor.

Doppler weather radar is more resistant to in-
terference because the interference can be distin-
guished and removed during analysis. Refine-
ment of radar echo signal is a prerequisite for
improving detection and identification capabili-

(1)
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ties. Due to its wider detection range, Doppler
weather radar can analyze bird information while
obtaining weather information. Therefore, it is
widely used to study the impact of weather con-
ditions on bird migration and to develop bird
migration forecast models by combining artifi-
cial intelligence training and other methods.

Acoustic monitoring. Acoustic signals are
one of the key methods used by environmental
specialists to assess bird biodiversity. Research-
ers in this field often use separate autonomous
recording devices to record sound signals. The
large memory capacity of digital recorders used
for acoustic monitoring allows long recording
periods, and the recorded data is used for subse-
quent studies and reassessment. The recorded
bird sounds data usually requires preprocessing
operations such as bias correction to ensure ac-
curate results. Acoustic monitoring can be used
for a wide range of purposes, including bird
identification, monitoring bird species diversity,
and monitoring during night bird migration.
Acoustic signals emitted by birds during differ-
ent ecological processes (mating, reproduction,
migration, etc.) are usually different, which
makes acoustic monitoring of birds more chal-
lenging and at the same time presents high re-
search value.

The three main methods described above are
often used in combination with each other or
with some other technical means, such as Ma-
chine Learning, Artificial Intelligence Training,
Unmanned Aerial Vehicle (UAV) detection, and
computer vision processing. Bird behavior high-
lights the adaptive process in which birds tend to
give different responses to stimuli when faced
with external influences.

Visual observation is limited by many factors
and cannot meet the need for obtaining accurate
information about birds.

Other modern technologies. Modern tech-
nologies such as Artificial Intelligence (Al), Ma-
chine Learning (ML), Computer Vision (CV)
and Unmanned Aerial Vehicles (UAVs) have
great potential to significantly improve the effi-
ciency of ensuring ornithological flight safety.
They allow automating and optimizing the pro-
cesses of detection, identification, forecasting
and scaring birds away, thereby reducing the risk
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of collisions with aircraft. For example, ML al-
lows processing a large volume of data received
from acoustic and radar signals. Al can help de-
velop forecasts based on available statistics.
UAVs can be used both for monitoring and for
prompt scaring birds away. The possibility of
using each of these systems requires additional
scientific research, but the effectiveness of these
systems is obvious.

Analysis of bird behavior. The adaptive na-
ture of bird behavior is determined by their abil-
ity to form various behavioral reactions in re-
sponse to changing internal (physical) and exter-
nal (environmental) conditions. These reactions
cover a wide range of actions, including com-
munication, strategies for protection from preda-
tors, methods of obtaining food, and the mani-
festation of rhythmic processes at the moment of
influence of various systems.

To eliminate incidents involving collisions of
birds with aircraft, means for repelling or de-
stroying birds from the general list given in [5]
are used:

1. Bioacoustic installations. 2. Gas guns.
3. Rattles. 4. Mirror balls. 5. Laser Repellers.
6. Nets. 7. Dummies imitating dead birds.
8. Chemical methods. 9. Radio-electronic and
electromagnetic methods. 10. Specially trained
birds and dogs. 11. Radio-controlled models.
12. Unmanned aircraft.

An analysis conducted by various au-
thors [2, 5] showed that for various reasons the
first 8 methods are ineffective due to the rapid
habituation of birds to the corresponding impact.
The 9™ method is currently undergoing experi-
mental testing and cannot yet be definitively
recommended for use. The 10™ method is quite
difficult to apply and for obvious reasons cannot
be recommended everywhere.

From the above, it follows that the use of
radio-controlled models and unmanned aircraft
is advisable as the primary means of scaring
birds away from airfields. The study [5] exam-
ined various means of scaring birds and, regard-
ing the possibility of using radio-controlled
models, the following was said: “this method has
not received wide application due to the difficul-
ties of controlling the models and the need to
have a specially trained specialist at the airfield.”
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However, the very concept of ensuring orni-
thological safety at airports implies the presence
of specialized ornithological services staffed by
trained personnel [3].

Airports are a central object in scientific re-
search aimed at finding methods and ways to
prevent bird strikes [16—18]. However, the geo-
graphical and ecological environment around the
airport is complex and diverse, including various
types of habitats such as wetlands, forests and
agricultural lands, leading to a large number of
birds that are difficult to monitor [19]. The like-
lihood of incidents related to aircraft collisions
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with birds is influenced by various factors, such
as flight maps and airport locations, weather
conditions at airports, the season and time of
day, types of aircraft in operation, the effective-
ness of the ornithological support system at air-
ports, as well as the knowledge and qualifica-
tions of aviation personnel in the field of orni-
thological flight safety. In general, birds pose the
greatest threat to flights in summer, as their pop-
ulations increase at this time of year due to re-
production. The annual peak of collisions occurs
in July (Figure 5-6). The risk to flight safety in-
creases during this period [6].
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The inconsistency of risk is also noted by ter-
ritorial principle [4]. Analysis of the Federal Air
Transport Agency data showed that the leader in
the number of incidents per 100 thousand take-
offs and landings at airports (their areas) related
to collisions with birds is the Southern Interre-
gional Territorial Administration [20] (4.06 inci-
dents) (fig. 7).

Airports find it difficult to analyze the overall
situation with birds in the subzones, which com-
plicates obtaining accurate data about birds to
ensure flight safety. Therefore, detecting birds in
the vicinity of the airport is of particular im-
portance.

Most of the bird detection radars used at
major airports around the world are marine ra-
dar systems with a horizontal detection range of
5 to 20 km, which cover a wide range and can
detect birds that cannot be tracked visually and
provide high-resolution images of bird move-
ments. Airport bird detection radar systems can
provide airport operators with information on
bird activity in clear weather, so that bird scar-
ing measures and control plans can be orga-
nized in advance.

Once again, it should be noted that radar sys-
tems cannot detect birds in the rain due to pre-
cipitation reflections. Some ground obstacles
(such as buildings) and air interferences (such as
insects) will affect the radar’s ability to detect
and track birds, leading to an inability to accu-
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rately perceive this phenomenon. At the same
time, radar systems are expensive and currently
widely used mainly in European and American
countries. Therefore, it is necessary to create
comprehensive systems for detecting and identi-
fying birds in the airfield area, as well as using
methods to scare away and protect aircraft from
collisions with them.

Conclusion

Based on the above, a conceptual model for
the widespread implementation of systems that
ensure ornithological flight safety is proposed.

The proposed model divides the ornithologi-
cal situation control zone in the aerodrome area
into small, medium and large. The small zone is
defined as the area in which an aircraft performs
the following flight stages: taxiing, takeoff and
landing, and is located within 8 km from the aer-
odrome perimeter. The medium zone covers the
airspace at a distance of 8 to 50 km from the
aerodrome perimeter and includes various natu-
ral objects that attract birds (e.g. lakes, wetlands,
agricultural lands, forests). The large zone is an
area from 50 km to the maximum range of the
Doppler weather radar. The longest range of a
Doppler weather radar can reach 460 km. For
example, the radar meteorological stations of the
NEXRAD network in the USA have a beam
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width of 1° and observe a large area in a cycle
lasting from 4.5 to 10 minutes.

In the small zone, the priority is to determine
the ornithological situation in real time. Visual
observation is supplemented by data from bird
detection radars, information processing and its
transformation into images. In the middle zone,
airspace monitoring is carried out primarily us-
ing radars, with data integration and analysis to
track bird trajectories and promptly develop rec-
ommendations. Each mid-zone object can be
equipped with acoustic monitoring equipment
that provides timely data transmission and analy-
sis, allowing for advance (several hours ahead)
forecasting of risks associated with bird activity.
In the large zone, it is advisable to use Doppler
radars to obtain information on bird migrations
and subsequent forecasting of the ornithological
situation for the coming days. The generated
forecasts can serve as a guide for planning
measures to manage ornithological risks and
scare birds away on the airfield territory.

Ensuring ornithological safety is impossible
without integrating various methods of bird de-
tection: visual observation, use of radars, analy-
sis of statistical data. Only a combined approach,
taking into account the strengths of each method,
allows to obtain the most complete picture of the
ornithological situation in the airport area.

Systematic monitoring of ornithological ac-
tivity in the airport area, including collection and
analysis of data on bird species, their numbers
and behaviour, will enable reliable forecasts of
potential collision risks. Effective bird detection
is not only a guarantee of flight safety, but also a
key factor in improving the efficiency of airport
operations and ensuring comfortable conditions
for all air traffic participants.

The study confirms that effective detection of
birds in the aerodrome area is a critical element
in ensuring the ornithological safety of aircraft
flights. An analysis of existing detection meth-
ods, from traditional visual observations to mod-
ern radar systems, revealed both their advantages
and serious limitations. The problem is especial-
ly acute in southern regions, in conditions of
poor visibility and difficult meteorological con-
ditions, as well as when it is necessary to detect
birds at a significant distance from the runway.
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Despite existing measures, bird strikes con-
tinue to pose a serious threat, resulting in materi-
al losses, flight delays and accidents. This high-
lights the need for continuous improvement of
bird detection technologies and methods.

The further direction of scientific work
should be the development of specialized radar
systems designed specifically for the tasks of
ornithological protection of airfields.
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Mathematical model of threats to an aviation data network under
unauthorized access

A.A. Ganichev', V.I. Petrov'

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

Abstract: Due to the increasing integration of onboard and ground-based data networks in aviation and the associated rise in
information threats, the development of comprehensive models capable of assessing the security of such systems against
unauthorized access is becoming increasingly necessary. One promising direction for enhancing the resilience of aviation networks
is the creation of mathematical models that consider not only technical malfunctions and random equipment failures but also
deliberate cyberattacks by intruders. This paper proposes a mathematical model of threats to aviation data networks, developed in
accordance with ICAO recommendations and the requirements of ARINC standards. The network structure is represented as a
directed graph, the nodes and edges of which are characterized by probabilistic indicators of failures and vulnerability to attacks. A
distinctive feature of the developed model is the integration of probabilistic characteristics of random equipment failures,
intentional attack scenarios, and parameters reflecting the efficiency of systems detecting unauthorized access. Utilizing
probabilistic theory approaches, we synthesized an algorithm enabling the calculation of an integral indicator representing the risk
of network connectivity loss and performance degradation. A significant aspect of this algorithm is its ability to simultaneously
account for various types of threats and quantitatively assess the vulnerability of network elements. Numerical simulations of the
proposed model were conducted, and results evaluating the criticality of specific network nodes and data transmission channels are
presented. The analysis confirmed that applying the developed mathematical model provides a sound basis for identifying the most
vulnerable aviation network components and selecting appropriate protective measures.

Key words: unauthorized interference, aviation data network, network reliability, connectivity, attack detection, risk, threat model.
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MarteMaTn4yeckasi MOJeJb YIPO3 aBHAIIMOHHOM CeTH MepeIavyu JaHHbIX
B YCJIOBUSIX HECAHKIIMOHUPOBAHHOI0 BMEIIATEIbCTBA

A.A.Taunues', B.W. l'IeTpOB1

1 . . . .
Mockosckuil 20cy0apcmeenHblll mexXHUYeCKull YHUugepcumem epadcoancKkol asuayuil,
2. Mockesa, Poccus

AnHoTanmsi: B cBs3U ¢ Bo3pacTaromieii cTeneHpl0 MHTErpali OOPTOBBIX M Ha3eMHBIX CeTel Iepeladyd NaHHBIX B aBHAIMH U
POCTOM KOJIM4ecTBa MH(OPMALMOHHBIX YIpo3 Bce Oonee HEOOXOIMMOW CTAHOBHTCS pa3pabOTKa MOAENEH, MO3BOJIIOIIMX
MPOBOJINTh KOMIUIEKCHYIO OLIEHKY 3allMIICHHOCTH TaKWX CHUCTEM OT HECAHKIMOHMPOBAHHOTO BMeIIaTenscTBa. OOHHM 13
MEPCIEKTUBHBIX HATPAaBICHUH TTOBBIICHHS YCTOWYMBOCTH aBUALMOHHBIX CETEH SABIISIETCS] CO3JAHUE MATEMAaTHUECKUX MOJEIEH,
TO3BOJISIIOIIMX YYUTHIBATh HE TOJBKO TEXHUUECKHE COOM M CllydaiiHble OTKa3bl 0OOPYZOBaHMs, HO W IpEIHAMEPEHHBIE aTaKH
Hapyumreneil. B pabore npemoxeHa MareMarideckasi MOJIeb YIpo3 aBUAlMOHHOM CETH Mepeladd JIaHHBIX, BHIIOJHEHHAS B
coorBercTBUM ¢ pexomeHmammsimu MIKAO wu  tpeboBanmsimu  cranmaproB ARINC. IlpencraBneHue CTpyKTypbl CETH
OCYILIECTBIISIETCS] B BUJIE OPHEHTHPOBAHHOTO rpada, y3Ibl 1 pedpa KOTOPOro XapaKTepHU3yIOTCsl BEPOSITHOCTHBIMU [TOKa3aTeIIsIMH
OTKa30B M IIO/IBEPKEHHOCTHIO arakaM. OCOOEHHOCTBIO pPa3pabdOTaHHOM MOJENH SIBISIETCSl OOBEIMHEHHE BEPOSTHOCTHBIX
XapaKTePUCTHK CITy4YaiHBIX OTKAa30B 000PYIOBAHMS U CLIEHAPHEB [IEJICHAPABICHHBIX aTaK, a TAKKe ITapaMeTpoB 3(PEKTUBHOCTH
(DYHKIIMOHMPOBAHKUSA CHUCTEM OOHApy)KEHHs] HECAHKIMOHMPOBAaHHOTO BMeEIIaTelbcTBA. Ha OCHOBE TIOOXONOB TEOPHH
BEPOSITHOCTEN CHHTE3MPOBaH aITOPHUTM, TIO3BOJIIIOIINI PACCUMTHIBATH MHTE PAIIBHBIN TIOKA3aTENh PUCKA TTOTEPH CBA3HOCTH CETH
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n Jaerpajanymi €€ XapaKTCpHUCTUK. OTanunTeNbHas O0COOEHHOCTh Al OpUTMa 3aKIIIOYa€TCa B TOM, YTO OH IIO3BOJIICT
OJHOBPEMCHHO YYUTBHIBATH PA3JIMYHLIC THUIIbI BO3H€ﬁCTBHﬁ " MPOU3BOANTH KOJIMYCCTBECHHYIO OLCHKY YA3BUMOCTH 3JICMCHTOB
ceTd. BEIIOIHEHO 4HCICHHOE MOJCIIMPOBAHUEC r[pezmomeHHoﬁ MoJe, NPEACTABJICHbI PE3YJIbTaTbl OLUCHKU KPUTUYHOCTU
OTACJIbHBIX Y3JIOB CCTU U KaHAJIOB IICpE€aavu HaHHbIX. Anamz PE3YyJIbTAaTOB MOKa3ajl, 4YTO IPUMCHCHUC paspa60TaHH0171
MaTeMaTHIeCKON MOJCIIN II03BOJIICT 000CHOBAHHO ONpEaCIIATh HauOosee YA3BUMBIE KOMIIOHEHTBI aBI/IaLII/IOHHOI\/'I CCTH U
BLI6I/IpaTB AJICKBATHBIC MEPBI 3allIATHI.

KnroueBble c/10Ba: HECAaHKIIOHMPOBAHHOE BMEIIATENIHCTBO, ABHAIIMOHHAS CETh IEpelavd IJaHHBIX, HAISKHOCTb CeTH,
CBSI3HOCTB, OOHAPYKEHHUE aTaK, PUCK, MOJIENTb yTPO3.

s uutupoanus: ['annueB A.A., Ilerpo B.J. Maremartuueckast MOziellb yrpo3 aBHUALIOHHOM CETH Meperaud JaHHBIX B
YCJIOBUSIX HECAHKIMOHHUPOBAHHOTO BMemnatesbera // Hayuneii BectHuk MITY T'A. 2025. T. 28, Ne 4. C. 40-49. DOL
10.26467/2079-0619-2025-28-4-40-49

Introduction transport: their topics cover a wide range of are-
as, from organizational measures at airports [10]
and the creation of integrated on-board security
systems [7, 11] to modeling unauthorized im-
pacts on aviation systems [12, 13] and the use of
machine learning methods for intrusion detection
[14-16]. However, the approaches proposed in
these works remain fragmented and do not cover
the full range of current threats to aviation data
transmission networks [17, 18]. In addition, in-
dustry standards and recommendations (for ex-
ample, ICAO and IATA) often do not keep pace
with the rapid development of unauthorized in-
terference methods, and existing approaches to
risk assessment and testing show that the availa-
ble protection tools do not cover all possible at-
tack scenarios [6, 19].

Modern research confirms the existence of a
wide range of vulnerabilities in the architecture
of aviation data transmission networks. Intruders
are capable of distorting route information, in-
tercepting control signals, and disrupting the
functioning of interacting subsystems. In un-
manned aircraft systems, as shown in [20, 21],

Ensuring the protection of aviation transport
networks from unauthorized interference is of
paramount importance in the context of the digi-
talization of the aviation industry/' The transition
of aviation communication systems from analog
voice communication to the use of IP data
transmission networks significantly expand their
functionality, however, it is accompanied by a
significant increase in the number of cyber
threats® capable of disrupting the operation of
airborne equipment and flight control systems
[1-3]. In addition, the introduction of “Internet
of Things” technologies and other intelligent
technologies into the aviation infrastructure ex-
pands the attack coverage and leads to additional
vulnerabilities [4, 5]. Interference in aviation ac-
tivities can manifest itself in distorting the coor-
dinates of the aircraft, transmitting false instruc-
tions to the crew, blocking communication
channels or creating interference that prevents
the exchange of critical data [2, 6]. These risks

require the development of additional protective . ) :
measures aimed at ensuring the reliability of avi- stable mechanisms for countering unauthorized

ation systems and preventing the destabilization interference have not been implemented. Cases
of air traffic control [7-9]. of malicious modifications, interception of con-

trols and destructive effects on navigation units
have been recorded.

The lack of formalized approaches signifi-
cantly complicates the assessment of the aviation
data transmission networks stability. In [22], a

In recent years, a number of studies have
been conducted on improving protection against
unauthorized interference hazards in air

Compilation of cyber security regulations, standards,

and guidance. (2022). IATA. Available at: laboratory p}atform was proposed that focuses
https://www.iata.org/contentassets/4c5 1b00fb25e4b60b3 on reproducing real-world attack scenarios, in-
8376a4935¢278b/compilation-of-cyber-regs.pdf (ac- cluding the using SDR (software defined radio)

cessed: 20.11.2024).
Security and Facilitation Strategic Objective: Aviation
Cybersecurity Strategy (2019). ICAO, 8 p.

and analysis of intersystem interactions. In [23],
typical vulnerabilities of aircraft network do-
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mains are systematized, errors in the logical iso-
lation of subsystems and the vulnerabilities of
standard security tools are demonstrated.

However, until recent, there has been no
formalized model that makes it possible to quan-
tify the impact of both accidental equipment
failures and deliberate attacks by intruders on the
connectivity of the aviation network. The present
work is aimed at filling this gap by developing
an integrated mathematical threat model.

Methods

When the model was being developed, the
recommendations of industry standards on avia-
tion security were applied: the classification of
communication channels according  to
ARINC 811° (division into protected and unse-
cured channels) was used and the methodologi-
cal provisions of RTCA DO-356A* were taken
into account when analyzing intervention scenar-
i0s. In accordance with this, the data transmis-
sion network (DTN) is represented as a graph of
nodes and connections, for which a probabilistic
reliability analysis is performed. Each node and
channel of the model is characterized by uptime
and failure probabilities, determined on the
grounds of statistical data and the assumption of
failure independence. The model introduces
threats of unauthorized interference — deliberate
impacts on nodes and communication lines —
which are considered as additional probabilistic
factors for the failure of network elements.

This approach, based on the theory of net-
work reliability and the analysis of minimal vul-
nerable sets of components, makes it possible to
formalize the task of ensuring the stability of the
aviation network against unauthorized interfer-

ARINC Project Paper 658. Internet protocol suite (IPS)
for aeronautical safety services roadmap document.
(2017). ARINC Project Paper 658, 15 p.Available at:
https://www.icao.int/ APAC/Meetings/2017%20ACSIC
G4/IP05_USA%20AI1.3%20-%20IPS%20Roadmap.pdf
(accessed: 20.11.2024).

* RTCA DO-356. Airworthiness security methods and
consideration. (2018). GlobalSpec, 370 p. Available at:
https://standards.globalspec.com/std/10398650/rtca-do-
356 (accessed: 20.11.2024).
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ence in the form of a set of probabilistic indica-
tors. The developed model is presented below.

Development of a mathematical model

To begin with, we formalize the structure of
the aviation DTN. We represent the network as a
graph G with many nodes V and edges E:

G =V,E). (1)

Here V — set of nodes (vertices) of the graph,
and E — multiple connections (edges) between
them.

The nodes of the graph are on-board and
ground computing devices (aircraft on-board
computers, control center servers, repeaters,
etc.). The edges of the graph correspond to data
transmission channels (radio links, satellite
channels, etc.) that provide communication be-
tween the nodes. It is assumed that the topology
of the graph is fixed during the period under
consideration, that is, the composition of nodes
and the presence of channels are set initially and
do not change over time.

Each element of the network has a certain re-
liability and, consequently, a non-zero probabil-
ity of failure. Let’s introduce the notation: let p;
be the probability of uptime of node $i$ in the
period under review. Then we can express:

q; =1-p; 2)
where q; is the probability of failure of this node
due to technical reasons.

Similarly, for each communication channel
(edge) e € E, we denote by p, the probability
of its proper functioning:

e =1 —DPe, (3)
where g, is the probability of channel failure.

Let us take the simplifying assumption that
failures of individual nodes and channels are sta-
tistically independent events (in reality, correlat-
ed failures may occur, but independence is al-
lowed to facilitate analysis).

To evaluate the operability of the entire net-
work, we introduce the concept of graph connec-
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tivity. A network is considered connected and
functioning if for any pair of important nodes
(for example, an on-board control center) there is
at least one path connecting them through ser-
viceable nodes and channels. A connectivity dis-
ruption event, on the contrary, means that there
will be at least one pair of nodes between which
there is not a single workable data transmission
route left. The probability of maintaining net-
work connectivity can be considered as an indi-
cator of its overall reliability. Calculating this
probability is equivalent to the problem of esti-
mating the reliability of a graph with given ele-
ment reliabilities.

In general, an accurate calculation of the
connectivity probability for an arbitrary graph is
difficult, since it requires taking into account all
possible combinations of element failures. How-
ever, analytical expressions can be written for
some typical network configurations. For exam-
ple, if two important nodes are interconnected by
a sequential chain of $n$ channels, then the net-
work will remain connected only if each of these
channels is operational. In this case, the proba-
bility of maintaining communication between
nodes is determined by the product of channel
reliability:

N
e=1De-

Reonn = “4)
On the contrary, with redundant channels
(parallel independent communication lines), the
network reliability increases. For the case of two
parallel channels between the same nodes, the
probability that communication is completely
lost is equal to the product of the probabilities of
failure of each channel. Accordingly, the proba-
bility of maintaining communication over at
least one of the two channels is written as:
Reonn =1—(1—=p1)[A —p2). (5)

These simplified examples illustrate how the
network topology affects its reliability: the pres-
ence of alternative routes (duplicate nodes or
channels) reduces the likelihood of a complete
communication failure. In a real aviation net-
work, the structure may be more complex, in-
cluding many nodes and intersecting routes. For
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the general model, we introduce a set of minimal
cuts of the graph — critical sets of components,
the failure of which leads to a violation of con-
nectivity. Let us denote by C the set of all mini-
mal sections:

C ={C,C,, ...,Cx}, (6)
where each C; represents the minimum set of
nodes and/or edges, at the simultaneous failure
of which the graph G splits into disconnected
parts. Thus, the elements of C; are the “critical”
nodes and lines that form the vulnerable point of
the network.

Aviation DTN is subject not only to acci-
dental failures, but also to targeted unauthorized
influences. These include attacks on network
nodes (for example, unauthorized entry into the
on-board network or disabling the control serv-
er), intentional interference in communication
channels (jamming the radio signal), the intro-
duction of false commands or data, and other
types of malicious actions that can disrupt the
normal operation of the system. To quantify such
threats, we introduce their probabilistic model.
Let us assume that for each element of the net-
work, it is possible to estimate the probability of
a successful attack during the period under re-
view. Then, by PAt*%°% we will denote the prob-
ability that the node i € V will be compromised
by an attacker, i.e. it will be attacked, disrupting
its functioning. Similarly, for the e € E channel,
we will introduce P24k _ the probability that
a successful attack will be made on the
nel e. As a rule, the values of Pf***“¥ are rela-
tively small, but non-zero, which reflects the
very possibility of a successful attack under cer-
tain conditions.

The unauthorized interference, in fact, leads
to the failure of a node or channel in a similar
way to a technical failure, although it has a dif-
ferent nature. Therefore, it is natural to consider
an attack as an additional reason for component
failure. Let us combine two causes of disrup-
tion — accidental failure and a successful attack —
in a single probabilistic model of a network ele-
ment. If we consider these reasons to be statisti-
cally independent, then the final probability that
the component i will fail (either due to a failure
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or as a result of an attack) is determined by the
expression:

qjt'Otal =1— (1 _ q])(l _ PjattaCk). (7)
Here, q]t-"tal is the total probability of the $i$ el-

ement being inoperable for any of two reasons.
Formula (7) shows that the element will fail if at
least one of two events occurs: an internal tech-
nical failure or a successful external impact.
Equivalently, you can write down the probability
of fail-safe operation, taking into account at-
tacks:

p]l;otal — (1 _ CIj)(l _ Pjattack) (8)
in other words, the component will continue to
function only in the absence of a failure and the
absence of a successful attack.

Probabilities P characterize the vulner-

ability of network elements. An attacker, as a
rule, seeks to attack the most critical nodes and
communication lines, the failure of which leads
to maximum disruption of the network. In terms
of the minimal cuts introduced earlier, a targeted
attack can be aimed at disabling all components
of a certain section Cy, which is guaranteed to
disrupt the network connectivity. However, the
possibility of implementing such a complex at-
tack depends on the resources of the intruder and
is reduced if the cut includes a significant num-
ber of elements. Nevertheless, the mathematical
model must take into account various attack sce-
narios: from single attacks on individual nodes
or channels to combined attacks targeting several
network elements simultaneously. For each sce-
nario, you can set the corresponding probability
of threat implementation Pja“‘”k or a group of

probabilities for a set of attacked elements.

An important factor reducing the impact of
threats is a network-based unauthorized interfer-
ence detection system. Let us assume that the
monitoring and diagnostic tools have been im-
plemented in the aviation data transmission sys-
tem under consideration, which make it possible
to detect anomalies in data transmission. These
tools include attack detection systems, network
traffic analyzers, message integrity monitoring
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mechanisms, and other monitoring technologies.
Their main task is to timely identify the facts of
an attack or abnormal behavior of the network
with a high probability with a minimum number
of false warnings.

Let us model the process of detecting attacks
in a probabilistic setting. Let us introduce two
key indicators of the effectiveness of the detec-
tion system:

(1) pg 1s the probability of correctly detecting
an attack (system sensitivity);

(2) pfq is the probability of a false alarm, i.e.
the formation of an alarm in the absence of a real
threat.

If an attack occurs in the DTN, it is likely
that it will be detected by monitoring tools, and
it is likely that the attack will remain unnoticed
and the probability will be 1 — p;. A value of
pa close to 1 means effective detection of almost
all attacks, while a decrease in p,; indicates an
increased likelihood of threats being missed. The
indicator pg, characterizes the selectivity of the
system: in the absence of attacks, false positives
occur with a probability of ps,. It is desirable
that ps, was minimal in order to avoid excessive
strain on operators and incident response sys-
tems.

Thus, the probability of a successful attack
that is not detected by monitoring decreases in
proportion to the detection factor p,;. Formally,
we introduce the effective probability of a suc-
cessful attack, taking into account the operation
of the detection system:

Pjattack — Pjattack(l

— Pa )- 9

Substituting P]-a”aCk with f’]-a”“k in for-
mula (7) for the probability of component fail-
ure, you can recalculate the total probability of
its failure, taking into account the functioning of
the monitoring system. From (7), taking into ac-
count (9), we obtain for any node or channel:

fi=1-(1-))(1- ), (10

where ¢; is the probability of a technical failure

pattack
P;

of a node or channel j; is the probability
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of a successful undetected attack on the compo-
nent j.

The values defined above allow us to esti-
mate the total risk for DTN. By risk P(F), we
mean the probability of an event F in which the
network loses connectivity, that is, data ex-
change between some nodes becomes impossi-
ble. Such an event F occurs if all components of
at least one of the minimal sections of the net-
work graph C fail. The probability of connec-
tivity disruption is thus determined by a combi-
nation of independent failures and undetected
attacks affecting network nodes and channels.
Assuming the independence of such outcomes
for different sections, it is possible to obtain an
approximate estimate of the total probability as
the sum of the failure probabilities of all critical
sets:

P(F) = iz jecy Gi- (11)

Formula (11) takes into account all possible
critical sections of the network and, in fact, adds
up the risks of loss of connectivity for each of
them. This amount slightly overestimates the
true value of P(F), since different sections may
have common components (their failure events
are not independent). For a more accurate calcu-
lation, the inclusion-exclusion principle or other
methods of network reliability theory would be
required. Nevertheless, the resulting expression
provides a useful risk assessment and allows you
to compare different network configurations and
options for protective measures.

If any section of the network has a signifi-
cantly higher probability of failure compared to
the rest, then the overall risk P(F) is determined
primarily by this “weak point”. For example, if
there is a single critical node in the network
through which all data passes, then the probabil-
ity of a complete network failure is approximate-
ly equal to g; — the effective probability of fail-
ure of this node (taking into account attacks). In
more balanced networks, where the failure of a
single element does not immediately lead to the
collapse of the network, several terms in (11)
contribute to the risk calculation.
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Discussion of the results

The obtained mathematical model makes it
possible to quantify the impact of failures and un-
authorized impacts on the functioning of the avia-
tion DTN. Based on the model, it is possible to
identify the most vulnerable network elements —
nodes and channels included in the minimum sec-
tions with the highest probability of failure. Obvi-
ously, it is the failure of these critical components
that determines the main contribution to the
risk P(F). The next step after assessing the risk is
to develop measures to reduce it. Optimization of
the aviation network protection strategy should be
aimed at reducing the likelihood of successful at-
tacks and failures of those elements that most sig-
nificantly affect network connectivity, which will
be reflected in future publications.

Conclusion

The paper presents a mathematical model de-
scribing the threats to the functioning of the
aviation SPD in conditions of unauthorized inter-
ference. The proposed approach integrates a
probabilistic model of technical failures with a
model of deliberate attacks and their detection.
Based on the model, analytical expressions are
obtained to estimate the probability of network
connectivity loss (formulas (7)—(11)) and it is
shown how various factors — network topology,
node reliability, attack intensity and detection
efficiency — affect the overall risk of disruption.
The scientific novelty of the result consists in the
formal consideration of unauthorized exposure
factors and security monitoring in the task of
network reliability. The practical value of the
work lies in the fact that the model allows you to
identify the most vulnerable elements of the
network and justify priority protection measures.
Improving the reliability of critical nodes and
channels, as well as the introduction of effective
airborne detection systems, reduces the likeli-
hood of successful attacks and thereby increases
flight safety. The developed model can be used
in the design of advanced information systems
for quantifying the risk of interference and opti-
mal allocation of protection resources.
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AHaJu13 COBPEeMEHHBbIX TPe0OOBaHMH K pa3padoTKe CHCTEMbI
KOHAUIMOHMPOBAHUA BO31YXa BO3AYIIHBIX CYA0B

JI.1O. Mapy6un', I.I'. Kupnuues®

1
OKb Cyxoeo, 2. Mockea, Poccus
2 . . . .
Mockosckuii 20cyoapcmeerHblil meXHU4eCKUll YHU8epcumem epaxicOaHCcKoll asuayul,
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Annotamusi: [TpoBezieHo KcceioBaHne COBPEMEHHBIX TPEOOBaHMI K pa3paboTKe CHCTEMbI KOHIMIMOHMpoBaHKs Bo3ayxa (CKB)
TPXIAHCKUX BO3AYMHBIX cynoB (BC) TpaHCIOpTHOH KaTeropu B KOHTEKCTE MX aKTyalM3allid W TapMOHM3ALU C MEXIy-
HapOJHBIM TIEPENIOBBIM OIBITOM B 00JIaCTH NPOEKTHPOBAHMS W cepTH(UKaimy aBuaroHHol TexHuk (AT). YcranosieHo, 4To
KOHKYPEHTOCTIOCOOHOCTH BC HEMOCPEACTBEHHO KOPPEMPYET € TMOMHOTOM 1 JETANII3UPOBaHHOCTRIO HOpM JieTHOM rogHocTr (HJID),
YTO B CBOIO OYEpelb OKa3bIBACT 3HAYMTEIBHOE BIMSHME Ha OE30IacHOCTh IMONEeTOB M 3(¢eKTUBHOCTH dKciuTyararmu BC.
Paccmotpens! pexomeHarmn Mex TyHapoIHOH opraHn3army rpaknanckoi apuarmi (MKAO) k pazpabotke HarmonansHbeX HIIT 1
00€eCIICYCHHIO MX SAMHO00pass y rocyaapcts — paspadorurikoB AT, pexomernarmu MKAQO k paspabotke CKB BC. Paccmotpens u
0000meHs! TIepenoBbie pakTukn DenepanpHoi apraronHol agvuHAcTparmi (FAA), EBporeiickoro areHTcTBa 1mo 6€30ImacHOCTH
nonieroB (EASA) B obrnactu HenpepbIBHOW cHcTeMHOW akTyanm3aimu M rapmonmsaimu HIII. ChopMyipoBaHbl U OMCAHBI
OCHOBHBIE (haKTOPBL: TIpoLeayphl ceprrdukamiy AT, B3aNMOACHCTBHAE aBUALMOHHBIX BIACTEH C TIPeIPUSTHAMHU-Pa3pabOTINKaMH,
MEXTyHAPOIHBIC IBYCTOPOHHUE COMVIAIIICHHS O Oe30macHOCTH moyieToB (BASA), — B COBOKYITHOCTH OMpPENEISIONIHE SAUHO00pa3He
3apyOeKHBIX CEPTH(HKALFIOHHBIX CHCTEM B paMKaxX OOECTICYeHHS BBHICOKOTO YPOBHs OE30IMAaCHOCTH TONETOB M 3(D(EKTUBHOM
skcruyatanuy BC. BemonseH cpaBHUTENBHBIN aHamm3 HaroHaTsHBIX HII Poccuiickoit @eneparmu, EBponelickoro coroza, CIITA
AII 25 u HIIT" 25, CS 25, Part 25 coorBerctBerHHO kK CKB. BrIsiBneHBI cxoicTBa U pasmrins TpeboBanmii Poccuiickoit eneparmr,
EBporetickoro coro3a u CIIIA; mpencraBieHa OlCHKA CTENICHH eIMHOO0pasusi otedecTBeHHBIX 1 3apyoexubx HIII k CKB BC.
CdopMynrpoBaHbI KOHLIETITYABHBIE MPSVIOKEHIS 110 aKTyalIM3allii U JOTIOHEHNIO oTedecTBeHHBIX HJIIT ¢ memnbio MOBBIIIeHNS
9KCILTYaTallMOHHO-TEXHUYECKHX XapaKTEPUCTUK JIaHHOH (DYHKIMOHAIBHOM cuctembl BC.

KiiroueBble ¢j10Ba: TIpaxpaHCKas aBUalUsd, BO3IYIIHOE CYJHO, KOHKYPEHTOCIIOCOOHOCTb, 0€30MacHOCTh —IOJIETOB,
3¢ PEeKTUBHOCTD SKCILTyaTaIlH, CHCTEMa KOHIUIIMOHNPOBaHIS Bo3yxa, IKAQO, HOpMBI JIeTHOH TOTHOCTH, CepTH(HUKAIIHS.

Jns unutupoBanus: [lapyomn J[1O., Kuprmues W.I. Anamms coBpeMeHHBIX TpeOOBaHMA K pa3padOTKE CHCTEMBI
KOHJIMLIMOHUPOBAaHMsl BO3IyXa BO3AYIIHBbIX cynoB // Hayunsii Becthuk MI'TY T'A. 2025. T. 28, Ne 4. C. 50-66. DOI:
10.26467/2079-0619-2025-28-4-50-66

Analysis of modern requirements for the development of aircraft air
conditioning system

D.Yu. Parubin’, I.G. Kirpichev2
"EDB Sukhoi, Moscow, Russia
’Moscow State Technical University of Civil Aviation, Moscow, Russia

Abstract: The article presents a study of modern requirements for the development of air conditioning systems (ACS) of transport
category civil aircraft in the context of their updating and harmonization with international best practices in the field of aircraft
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design and certification. It has been established that the competitiveness of an aircraft directly correlates with the completeness and
detail of airworthiness standards (AS), which, in turn, has a significant impact on flight safety and operational efficiency of aircraft.
Consideration is given to the recommendations from the International Civil Aviation Organization (ICAO) regarding the
development of national AS and ensuring their uniformity among states-developers of aircraft, and to ICAO recommendations for
the ACS development. Advanced practices by the Federal Aviation Administration (FAA), the European Aviation Safety Agency
(EASA) in the field of continuous systemic updating and harmonization of AS have been reviewed and summarized. The key
factors: aircraft certification procedures, interaction between aviation authorities and development enterprises, international bilateral
agreements on flight safety (BASA) — all of which together determine the uniformity of foreign certification systems to ensure a
high level of flight safety and efficient operation of aircraft — have been formulated and described. A comparative analysis of the
Russian Federation, the EU, the USA national AS has been performed: AP 25 and Airworthiness Norms 25 by Rosaviatsia, CS 25,
Part 25, respectively, to the aircraft ACS. Similarities and differences in the requirements between the Russian Federation, the
USA, and the EU have been identified along with an assessment of uniformity levels between domestic and foreign AS related to
the aircraft ACS. Conceptual proposals for updating and supplementing the AS for increasing operational and technical
characteristics of this functional aircraft system have been formulated.

Key words: civil aviation, aircraft, competitiveness, flight safety, operating efficiency, air conditioning system, ICAO,
airworthiness standards, certification.

For citation: Parubin, D.Yu., Kirpichev, L.G. (2025). Analysis of modern requirements for the development of aircraft air
conditioning system. Civil Aviation High Technologies, vol. 28, no. 4, pp. 50-66. DOI: 10.26467/2079-0619-2025-28-4-50-66

BBenenue cuiickoii denepanuu HAOIIOIAETCS 3HAUUTEIb-
HOE OTCTaBaHHE B O00JIACTH MPOEKTUPOBAHUS
u cepruukanmu BC HoBoro moxosnenus [6].
HecMoTps Ha npoucxoasuiye mpoueccsl rapmo-
Huzauuu poccuiickon HIIb ¢ wmHOCTpaHHOH,
MIPOCIIEKUBAIOTCS  ONPEJIEICHHBIE  CII0KHOCTH
npu ceprudukauu oredecTBeHHbx BC 1o 3a-
pPyOCKHBIM CTaHIAPTaM.

B coBpeMeHHOI OTE€4eCTBEHHOM HAy4HOU JIU-
TEepaType TEeMaThKa KOHCTPYKTHUBHO-TEXHHYE-
ckoro yctpoiictBa CKB u ee nmoacuctem mumpoko
ocBelieHa. PaboThl pocCUICKMX HAayudHBIX JesTe-
ger n. 7. H. A.B.UYnumnpaeBa, k. T. H. U.B. Tu-
meHko, K. T. H. A.B. Cysoposa, [[.M. Cmaruna u
MHOTHX JIPyTHX MOCBSILIEHbI BOIPOCAM ONTUMHU-
3allMd W YJIYYIICHHUs] KOHCTPYKIIMH, arperatos,
SKCIIEPUMEHTAIbHBIM M YHCJICHHBIM HCCIIE[0Ba-
HUSIM TEIUIOTa30IMHAMHYECKUX TPOIIECCOB, TPO-
tekaroux B CKB, BC B nenom. TemaTuke akrya-
JM3aluy U rapMoHu3anny apuanonHo HIIb mo-
CBSIIIICHEI paboTHhI 1. T. 1. B.C. HlankwnHa,
1. T. H. A.A. Kynemiosa, K. T. H. A5, Knusens,
K. T. H. A.B. SIBkuna u mMHorux apyrux. Paccmor-
penne tpedoBanmii HJII' k CKB B u3ydeHHBIX
Hay4yHbIX TpyJaX HE NPOU3BOAWIOCH paHEE W,
CJIEIOBATENILHO, HE OXBATHIBAET BOMPOCH! aHAIM3A
OTJIMYHUTENFHBIX ~ OCOOCHHOCTEH  aBHAIMOHHBIX
npaBui  (All), pa3paborannbeix PenepanbHON
aBuanuonHou agmunuctpanueit (FAA), EBpomneit-
CKAM areHTCTBOM TI0 O€30MacHOCTH TII0JIETOB
(EASA), ®enepanbHbIM areHTCTBOM BO3AYIIHOTO
Tpancmnopta (PocaBuarsi).

KoHKypeHTOCTIOCOOHOCTh BO3YLIHOTO CY-
Ha (BC) kak ClOXHOW TEXHHMYECKOW CHCTEMBI
MOET OBITh JOCTHTHYTa MPEXJE BCETO 3a CUET
MOBBIIICHUSI  AKCIUTYyaTallMOHHO-TEXHUYECKHX
xapaktepucTuk (DTX) BXOIAUIUX B €ro COCTaB
MOJICUCTEM, pa3paldaThIBA€MbIX Ha OCHOBAaHUU
pekoMeHauui MexXayHapoIHOU OpraHu3aluu
rpaxxaanckoi apuaruu (MKAQO), HanmoHambHBIX
HopM setHoit romgnoctu (HJII) m tpebGoBanmit
ceprudukanmonnoro Oasuca. HJIIT coxepxar
MUHHUMAJIbHBIE TOCYAapCTBEHHBIE TEXHUYECKUE
TpeboBanuss k BC rpakmaHCKOro Ha3HAYCHHUS.
ITonnora m peranusupoBanHocTs HIII' cymie-
CTBEHHO BJIMAET Ha Oe3omacHOCTh mosieToB (BIT)
1 3G PeKTUBHOCTH dKcuTyartanuu BC.

OpnHolt U3 KU3HEHHO BAKHBIX (PYHKIIMOHAIIh-
HbIX cucteM BC sBisiercst cucreMa KOHJIUIIUOHU-
poBanusi Boznyxa (CKB), mpennasnadeHHas Iuist
TIOJ/ICPYKAHNS HOPMHPYEMBIX YCIIOBUH BHYTPH
OTIENbHBIX TE€PMETHYHBIX OTCEKOB MpU BO3JEH-
CTBUM 3HAKONEPEMEHHBIX BHEIIHUX TEIJIOBBIX
Harpy30K U BHyTPEHHUX UCTOYHHUKOB TEILIa.

Texyuieii akTyanbHOM npoOneMaTHKON obec-
neyeHus: Tpedyemoro ypoBHs BII u addexTus-
HOCTHU JKCIUTyaTanuuu poccuiickux BC Ha BHem-
HEM U BHYTPEHHEM pbIHKaX SIBJISETCA OTCTaBa-
HUE OTEYECTBEHHOM HOPMATHBHOW IIPaBOBOU
6a3e1 (HIIB) ot 3apyOexnoii [1-5]. Kak munu-
MyM 3a 15 J1leT MHTEHCUBHOW 3KCIUTyaTalluy 3a-
pyoexxnoit AT B kauecTtBe OCHOBHOHW st Poc-
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B pamkax ogHOI (yHKIIMOHATBLHONW CHCTEMBI
nposeneHo uccienoBanue All Pocculickon ®e-
nepauuu, CIIIA, EBponeiickoro coro3a (EC) mus
BBISIBJICHMSI PA3JIMYUIl U OLICHKU CTENEHU €INHO-
o0Opa3usi oTeuecTBeHHBIX U 3apyOexHbix HIII
CKB rpaxnanckux BC TpancnopTHo#l karero-
pUM B KOHTEKCTE MX aKTyaJu3alud U FapMOHM-
3allMU C MEXTyHApOJHBIM MEPEAOBHIM OIBITOM B
oOmactu paspabotku AT. Llenpio naHHOrO uC-
cinenoBanus ssisercs nosbimeHne OTX CKB
oreuecTBeHHBIX BC BeiencTBue pa3BUTHA U CO-
BEPILIEHCTBOBAaHUS TPEOOBAHUN K JaHHON (PyHK-
LIMOHAJILHOM CHUCTEME.

JIns mOoCTYKEHUS TTOCTABJICHHBIX IIEJICH ObI-
JIM WCIOJI30BaHbI METOJIbl TEOPETUYECKOIO MC-
CJIeIOBaHMs, BKJIIOYANOIIME abCcTparupoBaHUeE,
aHaJIM3 M CUHTE3, MHAYKIMIO U JEAYKLHIO, a
TaK)K€ METOABl SMIIMPUYECKOIO HMCCIEIOBAHUS:
HaOJIO/ICHUE ¥ CpaBHEHHE.

Pexomennanuu u TpeGOBaHUA
K cepTuUKANNH BO3LYIIHBIX CYyJ10B

[Iponecc pazpabotku oreuectBeHHBIX HJIL,
OTBEYAIOLIUX  COBPEMEHHBIM  aBUAIMOHHBIM
CTaHJapTaM «KadecTBa», 0a3upyercs Ha Clely-
10X QyHIAMEHTATBHBIX MOJTOXKEHUIX:

o pexkomenmamusix HMKAO k paszpabotke
BC wu o0ecrie4eHuIo CTENEeHU eAMHO00pa3us
HJIT" rocynapcTB-pa3paboTIYnKOB;

o panee neiicrBoBaBmux B CCCP u orme-
HEeHHbIX Hopmax 5eTHON TOoAHOCTH TpakaaH-
ckux camoineroB CCCP (HJII'C): HIIC-1,
HJIT'C-2, HJIT'C-3; AIT 25 (MexrocymnapcTBeH-
Horo aBuarmoHHoro komurera (MAK), BBeneH-
HbIX B JEHUCTBUE TMpPUKA30M MHUHHUCTEPCTBA
Tpancnopra Poccuiickonn Penepaunuu OT 5 U0
1994 roma Ne 48, a 3aTeM mepeBbITYLICHHBIX HA
OCHOBaHMM TmpuKa3za MunHTpanca Poccun ot
25 smBaps 2016 roma Ne 13%);

! TIpuka3 Munncrepersa tpancriopra PO Ne 48 ot 5 mioist
1994 r. O BBeieHNH B ACHCTBHE aBUAITMOHHBIX MPABUIT
[OnextponHsIil pecypc] // DnekTpoHHBIN (OHI TpaBo-
BBIX U HOPMaTUBHO-TEXHUYECKUX NOKyMeHTOB. URL:
https://docs.cntd.ru/document/901985015 (xara obpa-
mennst: 01.09.2024).

? puka3 Munucrepctsa Tpancrnopra P® Ne 13 ot 25 s-
Baps 2016 r. O BBeIeHUH B IeHCTBUE aBUAILIMOHHBIX
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o HauuoHanbHbIXx HIJII' mepenoBbix aBua-
LMOHHBIX TrocyaapcTB-paspadorunkon: CIIA,
EC.

Ha ocrosanmu Ipunoxenus 8° x KonseH-
I O MEKAYHAPOIHO IPasKIAHCKON aBHAIAH"
KaXJ0€ TOoCyJapCTBO pa3padaTbiBaeT HaIUO-
HanbHble HIII', KOTOpBIE ONpEenensoT coaepxa-
HUE MUHUMAaJIbHBIX U JOCTaTOYHBIX TPEOOBAHUIH,
HEOOXOJUMBIX KOHKPETHOMY TOCYAApCTBY IS
cepTuuKay U MOAAEPKAHUS JIETHOM TOJIHO-
ctu (JIT') BC. Crarbst 37 KoHBeHIIMHN U TOJTUTH-
ka UKAO pexkomenaytor, 4ToObl rocynapcTBa —
pa3pabotuukun AT mnpenycMmarpuBaiu cOTpyad-
HUYECTBO, HANpABICHHOE Ha JOCTIKEHUS B
MaKCHMaJbHO BO3MOKHOU CTEMeHH eIMHOO0Opa-
3Msl IPaBWJI, CTAaHAAPTOB, MPOIIELYp U OpraHu3a-
uu B oTHomeHUn BC, B o0macTu KOTOPBIX Ta-
KOoe equHOooOpa3ue OyAeT CrocoOCTBOBATH BO3-
JOYIIHOW HaBUTAllMM M COBEPIIEHCTBOBATH €€.
[Iponecc rapmonu3zanuu ¢ Touku 3peHuss MKAO
HaIpaBJIeH HAa CO3/IaHUE €AMHOMN COTJIaCOBAHHOM
rocy1apcTBaMHU-pa3padOTUNKAMU CHUCTEMBI, KO-
TOpasl YYUTBHIBAET M MPU3HAET pa3Inyusl CTaH-
JapTOB, HO MpPHU 3TOM OOECIEYMBAET EIAUHBIC
MPUHIUIBI, TOAXOABl U METOABI ISl ONpesese-
HUSI KPUTHUECKUX TPEOOBaHUIA.

Pexomenmarun MKAO k paspabotke CKB BC,
U3JI0’KEHHBIE B MPUIOXKEHUAX 6, 8, mpencrasie-
HBI B Ta0I. 1.

Ha panHBIE MOMEHT BEQyIIMMHU MUPOBBIMU
nentpamu ceprudukanuun BC sBastorcs EC u
CIIIA. BcnenctBue 3TOro MHOTME TOCYIap-
cTBa — pazpaborunku AT, B Tom uucne Poccwmii-
ckas Oenepanus, 6epyt 3a ocHoBy ux HIIb win
MOJIHOCTHIO IPU3HAIOT TPEOOBAHUSI, a TAKXKE BbI-
nanuele FAA u EASA ceprudukatsl TH-
na [7, 8]. YacTuuHasi rapMOHHU3ALUS OTAEITbHBIX
pasnenoB poccuiickux HJII' u npouenyp cepru-
¢ukanuu mpuBesga K TOMY, YTO OpraHU3alUN —
pa3paborunku AT B Hacrosmee Bpems B Poc-
cutickoir demepanuu BBIHYXKIEHBI paboTaTh

npaBull [DJIeKTPOHHBIN pecypc] // DnekTpoHHbIH (HoH/
MPaBOBBIX U HOPMATHBHO-TEXHUYECKHUX JJOKYMEHTOB.
URL.: https://docs.cntd.ru/document/420344821 (nara
obpamenus: 01.09.2024).

3 Annex 8: Airworthiness of Aircraft. 13th ed. // ICAO,
2022. 346 p.

* KOHBEHIMS 0 MEXIyHAPOIHON IPaXIaHCKOH aBHAIIN.
9-¢ u3x., 2006. 51 c.
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Taoauma 1
Table 1

Pexomennamuu UKAO k CKB**
ICAO recommendations for the air conditioning system™”

Cranpaptel UKAO

Pexomenganuu

[Ipunoxenue 6, rmasa 6, myHkT 6.7. Bce camoneTsl:
BBICOTHBIE TOJeThL. [loanmyHkThI 6.7.1-6.7.6

K obecnieuenuto camosera KUCIOPOAHBIM 000DPY-
JIOBaHHEM U CPEJCTBaMU CUTHAIM3ALUY O pa3rep-
METH3aUH KaOHHBI

IIpunoxenue 8, yacts 11IB, rnasa 4, nyHkr 4.2. Oco-
OeHHOCTH TTPOEKTUPOBaHUA cucTeM. [lommyHKThL: h —
3alUTa JIIoIeH Ha OOpTy caMoJjeTa, 1 — 3almTa Kaou-
HBI JICTHOTO PKHITIaXa OT JIbIMa U Ta30B

K mpenotBparieHnto BO3MOKHOCTH pa3repMeTn3a-
Y KaOWHBI, BPETHOTO NEHCTBUS bIMA WITH JIPY-
TUX TOKCUYHBIX Ta30B HA MMACCAXKUPOB U JICTHBIN
SKHUITAXK

IIpunoxenue 8, yacts 111B, rnasa 4, nyHkr 4.4. Oco-
OeHHOCTH pa3MeIeHus JIroaei Ha oopTy. [loamyHKT
4.4.2. YcnoBus B KaOHMHE

K obecniedenuto B kaOWHE HAIIEKAIIIX YCIOBHNA
TIPH BBITTOTHEHHH MPEATIONAraeMoro mojera
Y omepariiii Ha 3eMJIe FJIM Ha BOJIC

O0eccuCTeMHO ¢ HAaOOpPOM KakK OTEYECTBEHHBIX,
TaK ¥ 3apyOeKHBIX CTAHAPTOB, HE BCETAA COOT-
BETCTBYIOUIMX TOCIEAHUM aKTyaJlbHBIM pelaK-
musM. B 1o ke Bpemsi 3apyOekHbIE TOCynap-
ctBa-pazpadorunku, Hanpumep CIIA, EC, Ka-
Haja, bpasunus u npyrue, ocymecTBIsSIOT MPo-
necc pazpabotku AT cucTteMHO, HEMPEPHIBHO U
TECHO COTPYIHUYAIOT B MpOIEcCce Pa3pabOTKH U
skcrutyatauuu AT, BHEIPSIOT WHHOBAIIMOHHBIC
peuieHuss B paMKax €IMHOM HENPEPHIBHOM CH-
CTeMbl akTyaau3auuu W rapMmonmzauuu HIIT.
JlannHas cucreMa omnpexensercs pakropamu 1-3.

1. IIpouenypa ceprupuxanmu AT

Jo 2015 roma B Poccuiickoii ®enepanun
ABUWALMOHHBIA perucTp MeXrocynapCTBEHHOIO
aBuanonHoro komurera (AP MAK), sBmusio-
umics  nemaprameHtoM MAK, ocymecTBisia
ceprudpukanuio AT, ee pa3pabOTUNKOB U HU3TO-
TOBHUTEJICH, a TaKKe IMPU3HAHUE ACHCTBYIOIIUX
CUCTeM cepTU(UKAINY aBUAIMOHHBIX BIIACTEH
Jpyrux rocynapcts. 28 Hosi0ps 2015 roxa B co-
OTBETCTBUU C TMOcTaHOBIeHUEM [IpaButesnnb-
cra (IIII) Poccuiickoii ®eneparmn  Ne 1283°

> Tlocranosnenue ITpaBurensctBa Poccuiickoit denepa-
uu Ne 1283 ot 28 Hos10ps 2015 . O0 u3MeHEeHUH u
MPU3HAHUY YTPATUBIIUMHE CHITY HEKOTOPBIX akToB [Ipa-
ButenbcTBa Poccuiickoit denepauyu [ DIeKTPOHHBIM
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(GYHKIMHM ¥ TIOJTHOMOYHS 10 00s3aTEIBHON cep-
TUPUKAIMHM, KOTOpbIE OBUIM BO3JIOXKEHBI Ha
MAK, mnepenansl Muntpancy Poccuu, Mun-
npomtopry Poccun u PocaBuanuu. 7 OKTSIOps
2016 roga B cootBercTBuu ¢ IIII Poccuiickoit
Oenepaunn Ne 1011°¢ GYHKIIUU U TTOTHOMOYHUS
no ceptudukamuu AT 3abpanun y MuHIpomMTop-
ra Poccun u ocrasuim MuHtpancy Poccun u
PocaBnanuu. J[aHHbIE W3MEHEHUs MOBJICKIH 32
co00i1 yCIOXHEHHE MPOLEayphl cepTUDUKALINN
AT B Poccuiickoii @enepanuu.

Ha puc. 1 npencraBieHbl 0J10K-CXeMbl TPO-
nenyp cepruduranuu AT B Poccuiickoit dene-
pauuu, CIIIA, EC.

Ho IIIT Ne 1283 ot 28.11.2015 B coortBert-
creun ¢ AIl 217 paspaGorunk (3asButens) BC

pecypc] // DnexTpoHHbIH (HOH/ MPABOBBIX U HOPMATHB-
HO-TeXHUYECKHUX AoKyMeHTOB. URL:
https://docs.cntd.ru/document/420319252 (nara obpa-
menust: 01.09.2024).

% Tocranosnenue ITpaurenscrBa Poccuiickoit denepa-
muu Ne 1011 ot 7 oxtsi6pst 2016 r. O BHECEeHUH H3MEHE-
HUM B HEKOTOpBIE akThl [IpaBuTenbcTBa Poccuiickoi
denepanun U MPU3HAHUN YTPATUBILIUMHU CHITY OT/IEIb-
HbIX noJioxkeHuit aktoB [IpaBurenscrBa Poccuiickoit
Denepanun [DneKTpoHHBIH pecypc] // DIeKTpOHHbIH
q)OH[l IMPaBOBbIX U HOPMATUBHO-TEXHUYECCKUX JOKYMCH-
toB. URL: https://docs.cntd.ru/document/42037863 1
(mata oopamenus: 01.09.2024).

7 ABunanuonHsie npasuia. CepTH(UKAIKs aBUALHOHHOI
TEXHUKH, OpraHu3alnii pa3paboTINKOB U U3TOTOBUTE-
neil. Yacts 21. YTB. npukaszom Munrpanca Poccun
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IIpouenypa [Tpouenypa cepruduxanyu
cepruucay AT | AT mocne TN Ne 1283 o1 | Hggﬁ"ﬂyﬁaﬂ | e T}?{g}‘;ﬁ“’”ﬁaAT ]
no TIT Ne 1283 ot | 28.11.2015, I Ne 1011 ot | “PTHRLTTH .
28.11.2015 B P® 07.10.2016 B PD
Paspa6oTunk AT PaspaGorunk AT PaspaGoruuk AT Paspaborunk AT
(3asBUTENH) (3asIBUTEIE) (BaHBﬂTEJIL) (3aHB£Tenb)
T - ) I
ABHE{F ggcm Pocaprarpsi FAA EASA
M| R |
CPTH(PHKAIHOHHBIC
ueHTpel MAK | Mgﬁgﬁr};{f’rp
V=
v -]
CepTH(UKAIHOHHBIE
LeHTpbI PocaBralmm

Puc. 1. briok-cxems! nporenyp ceptuduranuu AT B Poccuiickoit @enepanuu, CILIA, EC
Fig. 1. Flowcharts of aircraft certification procedures in the Russian Federation,
the United States of America, the European Union

nogasai 3asBKy obpasua AT B AP MAK, koro-
peiii B coorBercTBUM ¢ [lomokeHuem 00
AP MAK, ytBepxaeaasiM MAK, ocymecTBisin
YTBEPXKICHUE CEepTUPUKANMOHHOTO Oa3zuca
MeTo/I0B oreHku cooTBeTcTBUs (MOC) B pam-
kax HJIT', hbopmupoBan n Ha3HA4YaJI KOMUCCHIO U
npyu HEOOXOJIUMOCTH TPHBIIEKAN CepTU(UKAIN-
onnsie  neHtpel  (CII), akKkpeaUTOBaHHBIC
AP MAK. Ilo pesynpraram pabot mo ceptudu-
karmn AP MAK or mmenn MAK odopmisin
0JI0OOPUTENBbHBIN TOKYMEHT M HAIlpaBIIsul 3asiBU-
TeJNIo.

Mocne IMT Ne 1283 or 28.11.2015" u
IIIT Ne 1011 or 07.10.2016® B cootBercTBHM C
DAIT 21° paspabotunk BC mopmaer 3asBKy 00-

Ne 474 ot 19.12.2013 [DnexTpoHHEIH pecypc] // Dnek-
TPOHHBIH (OH MIPAaBOBBIX 1 HOPMATHBHO-TEXHIYECKIX
nmokymenToB. URL: https://docs.cntd.ru/document/
499069233 (mata obpamenns: 01.09.2024).

¥ ®enepanbuble aBuaMoHHbIe npaBuna. CepTHUKaLMs
ABUAIMOHHON TEXHUKH, OPTaHU3AINHA pa3paboTINKOB U
usroroButenei. Yacte 21. YTB. npukazom MunTtpanca
Poccum Ne 184 ot 17.06.2019 ¢ usmenenusmu Ha 29 mast
2023 r. [DnekTpoHHbIH pecypc] // DAeKTPOHHBIN (OHT
MIPAaBOBBIX ¥ HOPMATHBHO-TEXHUYECKUX JOKYMCHTOB.
URL: https://docs.cntd.ru/document/560537769 (nara
obpamenwnst: 01.09.2024).
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paszua AT B PocaBuanuio, KoTopas IpUHUMAET U
pEerucTpupyeT 3asBKy, IPOBOJUT €€ MEPBUYHYIO
OLICHKY U HampasisieT B ABHALIMOHHBIA PETUCTP
Poccuiickoii ®Penepanuu (mamee — ABuape-
TUCTp). ABHAaperucTp mo pe3yspraTaM paccMOT-
peHus 3as8BKH OCYILECTBISIET YTBEPKICHUE cep-
tupukanronHoro 6asuca u MOC B pamkax
HIIT', odopmnser 3akiaroueHHEe O TOTOBHOCTH
3asiBUTENIS K IPOBEACHHUIO OLIEHOK COOTBETCTBHUSA
u Hampasisier ero B PocaBuamuio [9]. PocaBua-
st GpopMUpyeT KOMHCCHIO JJIsi TPOBEICHHUS
ayJIUTOB, COCTOAIINYIO W3 mpeacraButenerd Poc-
aBUaIMK, ABHApETUCTPa U NMPH HEOOXOAMMOCTH
Cll, akkpenutoBaHHbIX PocaBmanueit s mpo-
BeZieHUs1 paboT mo ceprudukanmu. Ilo pesysb-
TaraM paboT To cepTUdUKAIUA ABHAPETUCTP
dopmupyeT 3akioueHue 1 ohopmiseT 0100pu-
TENIbHBIA JOKYMEHT, Ha OCHOBaHHUHM KOTOPOIO
PocaBuanust opopmiser ceprudukar THMA H
HaIpaBIISET €0 3asSBUTENIO.

B CIIA u EC nonnslii nukn ceprudukanuu
AT, paspaboTunka, W3rOTOBHUTENS, IMPU3HAHHE
JeHCTBYIOIIEH CUCTEMBI CepTU(UKALUU aBUA-
IUOHHBIX BJIACTeM NPYruX ToCyAapCcTB 3aKIIiO-
YeH B paMKax OJHOro (eaepajpHOro opra-
Ha [10, 11] — FAA, sBastomerocs deaepaibHbIM
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Dran 2
YTBEepIKICHHE

Dran 1
TIpueM U paccMOTpeHHe

AQABKH u MOC. [InanupoBanue

cepruduKaHoHHEIX paboT

.. cepTH(HKanoHHoro Gasuca -

Iran 3 Dran 4
TposezeHie Od)r(IJpMﬂeHHe 3aKJIOUEHHUA.
— CepTHOHKALHOHHBIX — > PHHATHE PELIEHHUSA O
paGot BblIa4e 0N00PHTENLHOTO
JIOKYMEHTA

Puc. 2. bnok-cxema 3tanoB npouenyps! ceprudukanun AT
Fig. 2. Aircraft certification procedure stages flowchart

IIPaBUTENBCTBEHHBIM yupexaeHueM CIIA B co-
crtaBe MunucrepctBa Tpancrnopra CIIA, win
EASA, sBnsitomierocst areHTcTBOM EBponelickoit
KOMHUCCHUH — BBICIIMM OPraHOM HMCIIOJIHUTEIbHON
Bnactu EC coorBerctBeHHO. Ha ocHoBaHumn
Part 21° (CIIIA) u Part 21'° (EC) FAA u EASA,
a TaKKe BXOJMIIME B MX COCTaB CIyXObI oOIpe-
JIEJISIFOT OCHOBHBIE HAIIPABJICHUS CEPTUPUKAIIHY,
CTaHJApPThl, YTBEPXKIAIOT CepPTU(UKALMOHHBIN
6asuc u MOC, ocyliecTBIsAIOT MJIaHUPOBAHUE,
HOJTrOTOBKY U MPOBEIEHUE CepTH(PHUKALMOHHBIX
paldoT W pPEriiaMeHTHUPYIOT KITIOUEBHIC PEIICHHS
Ha Bcex dTamax ceprudukanuu AT, npuBeneH-
HBIX Ha puC. 2.

B oredecTtBenHot mpaktuke PocaBuanus
BBITIOJIHAET yNpaBiICHUYECKHE (YHKIUH B COOT-
BETCTBMHU ¢ 3Tanamu 1—4 mpoueaypsl cepTudu-
kauuu AT, sSBIsSICh (eiepabHBIM OPTaHOM HC-
IIOJIHUTEJIBHON BJIACTU IO OKa3aHMIO TOCYJIap-
CTBEHHBIX YCIIYTI U YIPaBJIEHHUIO T'OCYIapCTBEH-
HBbIM UMYLIECTBOM B c(hepe BO3IYLIHOIO TpaHC-
nopra. B cBowo odepens ABuapeructp ocy-
IIECTBIISIET BBINOJHEHUE PabOT Mo cepTH(UKa-
nuu TtunoBo koHcTpykuuu BC u ero komro-
HEHTOB, a TAaK)X€ MOATBEPKIECHUE COOTBETCTBUS
TUNOBOW KOHCTpPYKIMH TpeboBanusm DAIIL.
BcenenctBue n1aHHOM CXEMBl  paclpeesIeHUs
KOMIIETeHIIMI Tmponeaypa ceprupukammn AT

Part 21 — Certification procedures for product and arti-
cles. Amendment 21-10. 16 October 2009 [OnexTpoH-
HEI pecypc] // Federal Aviation Administration.

URL: https://www.ecfr.gov/current/title-14/chapter-
I/subchapter-C/part-21 (mara obpamienus: 01.09.2024).
1% Acceptable means of compliance (AMC) and guidance
material (GM) to Part 21. Issue 2. Amendment 16,

20 October 2023. 252 p. [DnekTponHsIi pecypc] //
European Union Aviation Safety Agency.

URL.: https://www.easa.europa.cu/en/document-library/
acceptable-means-of-compliance-and-guidance-
materials/amc-gm-part-2 1-issue-2-14 (nara obpamieHus:
01.09.2024).

B Poccuiickoit denepanyi COCTOUT U3 TPEX CTY-
IIEHEH aJIMUHHCTPUPOBAHMS, B TO BpPEMS KaK B
CHIA u EC — u3 ogHoil crynenu. Pa3BerBiieH-
HBI npouecc ceptupukanuu AT yBeanuuBaer
OIOPOKPAaTUYECKYI0 COCTABJISIONLYI0, COKpaluas
BPEMEHHYIO M YKOHOMHYECKYI0 3(peKTHBHOCTD
JAaHHOU IIPOLEAYPBI.

2. BzanMoaeiicTBue aBHALIMOHHBIX BJIacTel
¢ NpeanpUATHAMHU-PA3PA0OTIHNKAMH

HemanoBaxxHyro poJib B BBICOKOM CTEHEHH
eArHO00pasusl HOPM, MPABUI M CTAaHIAPTOB TPaXK-
JTAHCKOW aBHAIIMK B PaMKaX CHCTEMbI TapMOHHU3a-
M urpaet (akTop B3AMMOJCHCTBHUS aBUAIHOH-
HBIX BJIACTEH C TPEANPHATHSIMH-PA3PA0OTIHKA-
mu [12, 13]. Ha ocHOBe neicTByIOHHMX 3apyOex-
HbIX AokymeHToB WI.RPRO.00048-003. SSCC
and Sub-SSCC Rule of Procedure'' 8 EC, a tak-
xe The FAA and Industry to product certifica-
tion'> B CILIA nesrenbHOCTE EASA m FAA
OCYUIECTBIIIETCS. B TECHOM COTPYAHHUYECTBE C
KOMIIAaHUSIMU aBUAIIMOHHON MTPOMBIIIJICHHOCTH B
paMKax pa3paOOTKM aBHAIIMOHHBIX CTaHIAPTOB,
KOHCYJbTUPOBAaHUS U TOAIEPKKH UX HCIOJIHE-
HUSI, MOHUTOPHHTE W OLEHKEe uX 3(PeKTUBHO-
CTH, a TaKXke B 00eCIeYeHHH MOCTOSHHOTO 00-

' WL.RPRO.00048-003. SSCC and Sub-SSCC Rule of
Procedure [Dnextponnsiii pecypc] // EASA, 2014.

Iss. 003. 9 p. URL:
https://www.easa.europa.eu/sites/default/files/dfu/WI.R
PRO _.00048%20-%20SSCC%20and%20sub-
SSCC%20Rule%200f%20Procedure_0.pdf (zara obpa-
menus: 01.09.2024).

"2 The FAA and industry to product certification. 3rd ed.
[DnexTponnsiit pecypc] // Federal Aviation Administra-
tion. 2017. URL: https://www.faa.gov/sites/faa.gov/
files/aircraft/air cert/design approvals/transport/
CPI_guide.pdf (nata oopamenus: 01.09.2024).
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HOBJICHUSI U MEPECMOTpPa HA BCEX 3Tamax Xu3-
HEHHOTO ITUKJIa U3ACIIHS.

B Poccuiickon deneparum OTCYyTCTBYIOT J0-
KYMEHTBI, ONPEAEISAIOIINE CUCTEMY COTPYIHH-
YEeCTBa ABHAIIMOHHBIX BJACTEH C NpPEeANpUsATHS-
MU pa3paboTuarkamu U usrorosutessivu AT, He-
CMOTpsI Ha MNPEAIPUHUMAIOLIUECS MOIBITKU
OCYUIECTBJICHHS JAHHOTO B3aMMO/ICHCTBHS.

3. MexayHapoaHble IBYCTOPOHHHE
corJialieHust

CIIA u EC umeror equHOOOpa3HyO CTPYyK-
Typy HOPM, TIpaBWJI U CTaHJIAPTOB, OCYIIECTBIISA
aKTUBHOE COTPYJHUYECTBO [JIs MOAJEP>KaHUS
CTENEHW WX TapMOHM3AllMHd, OCHOBAHHOW Ha
MEXIYHAPOAHBIX JBYCTOPOHHUX COTJIAIICHUSX.
st crarmapTu3ayy cepTuUKauy THITA, IPO-
W3BOJICTBA, TEXHMYECKOTO OOCIyXHBaHHUS U
skcmtyataiun BC EASA u  HanumoHanbHbBIE
aBHAIlMOHHBIE OpraHel cTpaH — ujgeHoB EC 3a-
KITIOYWIH JIBYyCTOPOHHUE COTJIAIIEHUS 00 aBHa-
nroHHOW Oe3omacHocTH (BASA) ¢ mHOroumc-
JeHHbIMU cTpaHamu, B ToMm umcie ¢ CIIA, Ka-
Haso, bpazunueit u ap. dyHmameHTaTbHBIMU
uensimMu cornamenuit BASA mpexne Bcero siB-
JSIOTCS:

e  COJNICHCTBHE BBICOKOMY YPOBHIO Oe30mac-
HOCTHU BO3YIITHOTO JIBUKECHHUS;

o obOecrieyeHrne Ha BEHICOKOM YPOBHE COTPY-
THUYECTBA U TapMOHHM3aIMU B 00JAaCTU MPOEK-
TUPOBaHUs, IPOU3BOACTBA U noaaep:kanus JII'.

B pomonnenue k naHHBIM (yHAAMEHTalb-
HbIM 1ensM cornameHuss BASA ynenstor oco-
00e BHUMaHUE B3aUMHOMY NPU3HAHUIO aBHALIU-
OHHBIX BJIACTEH M MX OPraHOB, B3AUMHOMY IIpH-
3HaHWIO ceptudukaroB npoaykiuu AT u ee
KOMIIOHEHTOB, a TaKXe€ YTBEPKIACHHUIO OpPraHH-
3alUi IO TEXHUYECKOMY 00CITYKHBaHUIO.

FAA u EASA nmnpusnaior KOMIIETEHLUU
aBUAIIMOHHBIX OPraHOB BJIACTU JPYTr Jpyra Io
UCTIOJIHEHUIO (YHKUUN cepTH(UKALUU U BaH-
JIalld, YTO TO3BOJIAET HamOosee 3(PQPEeKTHBHO,
C MUHUMAJIbHBIMU BPEMEHHBIMU U 3KOHOMHUYE-
CKHMMH 3aTpaTaMu OCYIIECTBIISTh MPOLECCHI pa3-
padorku BC u skxcnopra AT Ha BHEUIHMH pbI-
HOK.
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B 1998 rony corpyanuuectBo mexay FAA
uHa ToT MoMeHT MAK P® Obuto 3akioueHo
B IPOTHUBOPEYMBOM  A0KymeHTe «lIpouenypsl
peanu3anyu JIETHOW TOJHOCTH», U3BECTHOM KakK
«/IBycTopoHHee cornamieHne o 0e30MmacHOCTH
MOJIETOB», OOYCIIOBUBIIEE WHTEHCUBHYIO 3KC-
mnyatauuio B Poccuiickorn ®enepauuu  3apy-
o6exxnoit AT, BkiItowast «crapbie», ¢ OONbIIUM
HajeTtoM uHocTtpanHble BC [14]. B cBowo oue-
penb Poccuiickas ®enepauusi umena BO3MOXK-
HOCTb JKCIIOPTUPOBATH 32 PyOE€k TOJIBKO HOBBIC
BC ¢ uHOCTpaHHBIMH KOMILJIEKTYIOIIUMHU: JIBH-
raTeinsiMd, CHCTeMaMH, aBUOHHKOM M TM0A00-
HBIM [9], uTO 00YCIIOBUJIO HEPaBHOIPABUE JIaH-
HOTO COIJIAIIEHHs] MO OTHolIeHHio K Poccuii-
ckoil @enepanuu B pamkax nocraBok BC Ha
BHEIIIHUM PBIHOK.

Pabouee cornamenue o JII' mexny PocaBua-
nueid 1 EASA Obuto 3akmoueno B 2018 romy
U HAIleJIEHO Ha co3AaHue (HopMaTn30BaHHBIX
IIpaBUJI COTPYJHUYECTBA MEKIY ABYMsI OpraHa-
MU aBHAIIMOHHOM BJIACTU B O0JIACTH CepTH(HKaA-
mau AT.

Onnako Ha TAHHBI MOMEHT CTEIEHb €IUHO-
obpasusi cepTuUKAIMOHHBIX TpeOoBaHmii Poc-
cuiickoit @enepauuu ¢ cepTU(HUKATUOHHBIMU
tpeboBanusimu FAA, EASA HenmocraTouHa s
MOJAMKUCAHUS TOJHOLUEHHBIX JABYCTOPOHHHUX CO-
rnamenuid. [lonbiTka coTpyannyectBa PocaBua-
uun u FAA usnoxena B nokyMeHnrte «JIBycro-
pOHHEe corJianieHre o 6e30MacHOCTH aBUAIH —
HcnonHuuTenbHOE corjameHuey» Ha o(UInaib-
HoM caite FAA ot 2016 roma. Pe3ynbTaThl
JaTbHEHIIET0 Pa3BUTHS U MOANKUCAHUE JAHHOTO
COIJIAllIEeHUs] OTCYTCTBYIOT, 4YTO OOBSACHSAETCS
Tarxke HanokeHHEIMU FAA u EASA canknusaMu
B oTHOoweHuu JII' oteuectBenHbIx BC.

BcenencrBue 3Toro npoueccsl rapMOHU3alun
HIIb B Poccuiickoii ®denepanyu Ha JaHHBIA MO-
MEHT MPOUCXOJAT AUCKPETHO BBUAY OTCYTCTBUSA
€MHON CHUCTEMBI C 3apyOeKHBIMHU NEPEOBBIMU
CTpaHaMd B OOJIACTH MPOCKTHPOBAHUS, MPOU3-
BojcTBa U ceprudukanuu AT. JlanHbIe 0COOCH-
HOCTU SIBIISIIOTCS ~ OSCCIIOPHBIM  CIIENICTBUEM
INPOYHBIX MMO3WIMM TaKUX KOMIAHWH, Kak
Boeing u Airbus, Ha ppIHKE TIOCTaBOK I'pakJIaH-
ckux BC no Bcemy mupy.
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Taoauna 2
Table 2

KauecTBenHble KpuTepuu 1Ji OLICHKU CTETIEHU €AMHO00pa3us
oredyecTBeHHBIX U 3apyoexubix HJII' k CKB
Qualitative criteria for assessing the uniformity degree of domestic and foreign
airworthiness standards for air conditioning system

Ne kpurepus HaumeHoBaHue KpuTepus

XapakTepucTHKAa KPpUTepHsi

1 Crpykrypa noctpoenus All

Ompenenser Hamrmaue MOC B coctae HJII

HyMepaLu/m 1 HAUMCHOBAHUC T'JIaB,

Ormpenenser CTPYKTypy cepTUUKAIUMOHHOTO Oa-

HUH

2 naparpadoB, MyHKTOB, MOJITYHKTOB auica
TpeboBaHMIA
. Omnpe/enser CTeNeHb JAeTalbHOTO PACCMOTPEHUS
3 O0BeM (KoTUIecTBO) TpeOOBaHUM pea A op p
KPUTHYECKU BOXHBIX TpeOOBaHUH
OnpenensieT KOHKPETHBIC XapaKTEPUCTHKH, TTapa-
®du3nveckre CMBICT U CYyTh TPeOOBa- NG P p P - 11ap
4 METPBI, KOHCTPYKTUBHBIE M ()YHKIIMOHAIHLHBIE

TpC6OBaHI/IH K CUCTEMC

OTteuyecTBeHHBbIE U 3apy0eKHbIEe HOPMbI
JIETHOM TOJHOCTH K CHCTEMe
KOHAULMOHUPOBAHUS BO3yXa
BO3YIIHBIX Cy/10B

B Poccuiickoii denepanuu AeHCTBYIOIUMHU
TpeboBaHusIMHU K TpaxaaHckum BC TpancmopT-
HON Kkareropuu ssisrorcs HIIT 25" a Tarxke
AIT 25™ — IOpUIMYECKH NIEUCTBYIOT B Poccuii-
ckor denepanuu B CBSA3U C OTCYTCTBHEM aHHY-
mupyromux All 25 HOpMaTUBHBIX TPaBOBBIX J10-
kyMmeHToB (HIIJ]) 1 ¢ HenpepbIBHBIM IPOLIECCOM
ceprudpukaruu  AT. CpaBHUTEIBHBIN aHATU3
HJIT" 25 u AII 25 B vactu TpeboBanuii k CKB

13 HopMbl J1IeTHOM TOJTHOCTH CaMOJIETOB TPAHCIIOPTHOU
kareropuu HJII" 25. YTB. npukazom PenepaibHOTO
areHTCTBa BO3AYyIIHOro TpaHcnopra Ne 961-I1
ot 27.12.2022, pesusust 01 [DnexTpoHHEIH pecypce] /
denepanbHOE areHTCTBO BO3AYIIHOTO TPAHCIIOPTA,
2022. 379 c. URL: https://favt.gov.ru/public/materials/
f/a/2/a/1/fa2al5afd4447e2d98ec15d70297a04a.pdf (na-
ta obpamenus: 01.09.2024).

14 ABHALHOHHBIC npaswia. Yacts 25. Hopwmel JieTHOM ro-
HOCTH CaMOJIETOB TPAHCIIOPTHOI KaTeropuu. Y TB. MO-
cTaHoBieHueM 28-i ceccun CoBeTa 10 aBHAILIUH U UC-
MIOJI30BAHUIO BO3YIIHOT'O TPOCTPAHCTBA
ot 11.12.2023, 7-e uzganue ¢ nonpaBkamu 1-10 [Dnek-
TPOHHBIN pecypc] / ATEHTCTBO IpaKIaHCKOM aBUAIHH,
2022. 358 c¢. URL: https://www.uzcaa.uz/uploads/
menu_main/f41f18d1a45adaa6345dbe68215f0a40.pdf
(mara obpamienus: 01.09.2024).
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nokasaj, 4yTo TpeOOBaHUS HE MpeTepIenn n3Me-
HEHM W WICHTHYHBI IIOCIEIHEW peIaKUuu
All 25.

B EC neiictByrommmu All sisnsitorest CS 2515,
B CIIA — Part 25'.

B AII 25, HJIT" 25 tpeboBanus k CKB u3mo-
)keHbl B pazaene D «IIpoekTtupoBaHre W KOH-
cTpykuus» u pasnene F  «OOGopynoBaHue».
B maparpadax 25.831-25.833 u3noxkeHbl Tpedo-
BaHMS K BEHTWISIIIMU U OTOIUICHHUIO; B Maparpa-
dax 25.841-25.843 — Kk TepMETHYHOCTH KaOWH U
UCTIIBITAHUSM TePMETHUYECKUX KaOWH; B TMapa-
rpade 25.1438 — k cucrtemaM HajIyBa U ITHEB-
MOCHUCTEMAaM.

CpaBuautenbHbIN aHam3 TpedoBanuit HIIT 25,
CS 25, Part 25 k CKB u ee noacucremam mpo-
M3BOJWIICS IO KA4e€CTBEHHBIM KpUTEpusiMm 14,
MPUBEICHHBIM B Ta0I. 2.

'3 Certification specifications and acceptable means of
compliance for large aeroplanes. Amendment 28 [Diek-
TpoHHBIH pecypc] // EASA, 2023. 1515 p. URL:
https://www.easa.europa.eu/en/document-
library/certification-specifications/cs-25-amendment-28
(mara obpamenus: 01.09.2024).

' Part 25 — Airworthiness Standards: Transport Category
Airplanes [nekrponnslii pecypc] // Federal Aviation
Administration, 2024. 1074 p. URL:
https://www.ecfr.gov/current/title-14/chapter-
I/subchapter-C/part-25?toc=1 (nara oOparieHus:
01.09.2024).
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B T1abn. 3-8 mpencraBieH CpaBHUTEIbHBIN
aHaJIMU3 OTAENIbHBIX IYHKTOB TpeboBaHuii Poc-
cutickoii ®enepanuu, CIIA u EC x CKB BC.
O060011eHHbIE BBIBOJBI 110 pe3yJbTaTaM IpPOBe-

Vol. 28, No. 04, 2025

ACHHOT'O aHaJIM3a NPCEACTABJICHBI B IMOAPA3ACIIC
CTaTbu «PC?;YJ'II)TaTI)I MMPOBCACHHOTO HCCJICA0BA-
HUSD».

Taoauma 3
Table 3

CpaBHeHnue oreuecTBeHHbIX U 3apy0exHbix HJII' k CKB
B YaCTH BEHTWISLIMU M OTOILJICHUS
Comparison of domestic and foreign airworthiness standards

for air conditioning system in terms of ventilation and heating

14,16,17

14,16,17

Ne nynkra, TpedoBanus I'ocynapcrBo — pazpadoTuuxk BC
NOANYHKTA
Paznen D. IIpoexTrpoBanye U KOHCTPYKIHS.
g Be}II)TI/IJISIHESI U OTOILICHUE . P® CIIA EC
(HJII 25) (Part25) | (CS295)
[Naparpad 25.831. Bentunsust

(a) K konmuecTBEeHHOMY COCTaBYy BEHTHJISIIHOHHOTO BO3- " " n
nyxa

(®) (1)~(2) K coneprkaHuio BpeIHBIX WIM ONACHBIX KOHLEHTPALUH . + 4
ra30B WU IaPOB BEHTWIIIMOHHOTO BO3AyXa
K oGecnieuenuto BHIIONHEHHS yCIOBUH, IPEANMCaH-

(©) HBIX B yHKTE (b), TP OTKAa3€ WU MOBPEKICHNUH CHU- + + +
CTEMBI

(d) K ynanenuro cKOTUIEHHUS OTTACHOTO KOJIMYECTBA JIbIMa + + +

(©) (~2); K cpenctBam perynmupoBaHus TeMIepaTypsl U KOJIH4e-

0 (1)-(3) CTBa BO3AyXa JUI BEHTHIALMH KaOHMHBI SKUTIaXKa, mac- + + +
CaKUPCKOM KaOHMHBI
K 3HaueHmsIM TemmepaTypsl B 3aBUCUMOCTH OT BpeMe-

(2) HU pabOThI CUCTEMBI ITOCJI€ BOZHUKHOBEHHS OTKa3a * + -
(Part 25)
K xonuuecTBeHHOMY cOocTaBy BO3/yXa Ha KaXKIOT0

(a*) YeJioBeKa B ClIydae 0TKa3a MOJOBUHBI TTOJCUCTEM OT- + — -
0opa cKaToro Bo3ayxa
K KonnuecTBy HCTOYHHMKOB CKaTOTo BO3AyXa JJIs Hall-

(b*%) nyBa kaOuHbl. K 3Ha4eHUsIM TemMrepaTyphsl B 3aBHCH- . 3 B
MOCTH OT BPEMEHHU PabOThI CHCTEMBI TIOCIE BOZHUKHO-
BEHHUs OTKa3a

(c*) K nogaue cxxaroro Bo3yxa Ha OTPEOUTENH IIPH OT- . 3 B
kasze 50 % MCTOYHMKOB

(d*) K MpeaebHO JOIYCTUMOM KOHIIEHTPALIMHA TOKCUYHBIX + B B
puMecen

(e*) K obecniedueHnto MUTHEBOTO PEKUMA SKUATIAKY + — —
K nammuuto 3anopubIx ycTpoiicts B CKB amns BKirode-

(%) HUSI/BBIKIIIOUEHHS TIOJauy cxaToro Bo3ayxa. K Bpeme- " B B
HU aBapuiiHoro otkiatoueHusa CKB oT uctounukos
CXKaTOr0 BO3yXa

(%) K nnana3oHy 3Ha4eHUI yCTaHOBUBILIEHCS TEMIIEPATYy- . 3 B

& PBI ¥ BpEMEHH €€ IOCTIDKEHHSI B KaOMHAaX caMoJIeTa
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Ipoxonxenne Tadauubl 3
Continuation of Table 3

Ne myHkra,

NOANYHKTA TpeGoBanust I'ocynapcrso — pazpadorunk BC

Paznen D. IIpoexkTupoBaHue U KOHCTPYKIIUA.
Beuntunsauusa 1 oTorieHue
[aparpad 25.831. BenTusnus

PD CILIA EC
(HJIT 25) | (Part25) | (CS 25)

K 3HaueHmsiM TemmepaTypsl BO3ayxa B KaOMHaX camo-
(h*) JIeTa TIPY TOHM>KCHHBIX U ITOBBIIICHHBIX TEMIIEpaTypax + - -
HapyxHoro Bo3ayxa CKB

K 3HaveHUsIM TeMIepaTypbl OTACTBHBIX MTOBEPXHOCTEH
HHTEpbepa

(i*)

K 3HaueHusiM TemnepaTypsl BO3ayxa, M0JaBaeMoOro Ha
o0orpeB KaOWHBI, U3 Pa3IaTOYHBIX YCTPOUCTB

G*)

YcnoBHbIe 0003HAUCHUS:
+ — IIyHKT, MOAIYHKT TpeOOBaHMH MpUCYTCTBYeT B All
— — IyHKT, TIOJIITYHKT OTCYTCTBYET
* — MyHKT, MOAMYHKT 3ape3epBUPOBAH

Taoauna 4
Table 4
CpaBHenue oreuecTBeHHbBIX 1 3apyOexHbix HIII' k CKB
B YaCTHU KOHLIEHTPAlLlUU O30HA B kaGune' +'!7
Comparison of domestic and foreign airworthiness standards
for air conditioning system in terms of cabin ozone concentration'*'®!”
Ne nyHKra, TpedoBaHus I'ocynapcrBo — pazpadoruux BC
IMOANMYHKTA
Pazgen D. IlpoektrpoBaHue U KOHCTPYKLHUSA. PO CIIIA EC

BeHnTunsanms 1 oTOIICHHE

IMaparpad 25.832. Koniienrpaiust 030Ha B KaOUHE (HJI 23) (Part25) | (CS 25)

(a) (1)—2) K xoHneHTpammu 0301a B KaOuHe + + +

(b) K ycrnoBusim, SKBUBaJIEHTHBIM YPOBHIO MOPS + + +

K ycrnoBusM 3KcITyaTanuu caMosieTa U OrpaHuICHH-
(©) (DH)—2) SIM €r0 XapaKTePUCTHK B YACTH KOHIIEHTPAI[UHN 030Ha + + +
U peryJMpOBaHMS COJICPIKAaHUS 030Ha B KaOMHE

YcnoBHbIE 0003HAYEHUS:
+ — IMyHKT, MOAITYHKT TpeOoBaHMii mpucyTcTByeT B All
— — IIYHKT, HOJIIYHKT OTCYTCTBYET
* — IYHKT, MOAIYHKT 3ape3epBUPOBAH
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Tabauna S
Table 5
CpaBHeHue oteuecTBeHHBIX 1 3apyOexxnbix HJII' k CKB
B JACTH CHCTEM OTOIUICHHS Ha SKHIKOM Torumse ™ !/
Comparison of domestic and foreign airworthiness standards

. .. . . . . 14,16,1
for air conditioning system in terms of combustion heating systems'*'®!”

Ne mynkra,

HOAMYHKTA TpeOoBanus I'ocynapctBo — pazpadoruuxk BC

Paznen D. IIpoexktupoBaHye U KOHCTPYKLIHS.
Benrunanug v oToImieHue
[Taparpad 25.833. CrucTeMbl OTOTUICHUS Ha JKHJIKOM TOIUTHBE

PO CILIA EC
(HJIT 25) | (Part25) | (CS 25)

K O60FpeBaTeJ'I$IM, pa6OTaIOH_U/IM Ha ) XUJIKOM TOIIIIN-

OTtcyTcTBYyeT se + + +
YcnoBHbIE 0003HAUCHHS:
+ — IMYHKT, MOAIYHKT TpeOOBaHMM MPUCYTCTBYET B All
— — MIYHKT, TOJITYHKT OTCYTCTBYET
* — IYHKT, MOJITYHKT 3ape3epBUPOBaH
Tadauua 6
Table 6

CpaBHenue oreuecTBeHHbIX U 3apy0exubix HJII' k CKB
B 4aCTH repMeTHUHOCTH Kabum' = &'
Comparison of domestic and foreign airworthiness standards

for air conditioning system in terms of cabin pressurization integrity'*'®!’
Ne Hzl;ﬁzi’anoﬂ_ TpedoBanus TI'ocynapcTBo — pa3padorunxk BC
Paznen D. IIpoekTupoBaHue U KOHCTPYKIUA. PO CIIIA EC
I'epmeTnuHOCTB

[Taparpad 25.841. 'epmeTnueckue KaOMHEI (HJIT" 25) (Part 23) | (CS25)

K obecnieyeHno 3HaUCHHS JaBIICHUS B repMe-
(a) (1) = HJIT" 25, " N
TUYIHBIX KaOMHAX Ha MaKCUMaJIBHOH pabodeit

Part 25 + + +
BBICOTC IPU HOPMAJIBHBIX 3KCILTYaTallUOHHBIX

(a)—CS 25
YCIIOBUSIX
K uckioueHn o BO3IEHCTBUS TAaBICHUS, COOT-

(a) (2) ()—(i1) BETCTBYIOIIET0 BeIcOTaM (i)—(ii), BcIeaCTBHE + + -
pasrepMeTH3aIK KaOWHBI
K paccMoTpeHuIo 0TKa30B KOHCTPYKIUH, CH-

cteM BC mpu orieHKe pa3repMeTH3anuy KaOWHBI

K perynupyromum Kiiamanam, opraHam yIrpas-
(b) (1)—(8) JICHUS1, HHAWKATOPaM JJIsl peTyJIMpOBaHUs JaB- + + +
JICHUS B KaOMHE

K cucreme perynmpoBanus naBieHus B KaOnHe

(c) (1)—(2) IIpY B3JIETE U MOCAJKE B BLICOKOTOPHOM a3p0- - + -
opTY
K curnanmy mpemynpeskieHus: 0 BBICOKOM JlaBJie-

(d) (1)-3) HHY B KaOWHE TIPH B3JIETE U TIOCATKE B BHICOKO- - + -

TOPHOM a3pOIOPTy
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IIponponxenue Tadaunpl 6
Continuation of Table 6

(a*) 3apesepBupoBaH — PO * B B

K ckopocTn n3mMeHeHus JaBIeHs IPH BEPOSIT-
HOM OTKa3ze

(b*)

K cucreme perynupoBaHus AaBJICHUS B YaCTH
(c*) MIPEAOTBPAIICHIS TOMIaJaHus BOJBI BHYTPh Ka- + - -
OWHBI PU aBAPUIHOHN MOCAJIKE HA BOITY

(d*) K KOHCTPYKIUH TCIIJIO3BYKOU3OJIALUN 1A
NpeaAOTBpalICHNA CKOIUICHHWA BJIard B HeH

VcmoBHbIE 0003HAYEHUS
+ — MMyHKT, MOAITYHKT TpeOoBaHMii mpucyTcTByeT B All
— — TMYHKT, TOJMYHKT OTCYTCTBYET
* — yHKT, MOJANYHKT 3ape3epBUPOBaH

Tadauua 7
Table 7
CpaBHenue oteuecTBeHHBIX 1 3apyOexxnbix HJII' k CKB
B JACTH MCIIBITAHHS repMeTHIecKux kaomm' ' %!
Comparison of domestic and foreign airworthiness standards
for air conditioning system in terms of tests for pressurized cabins'*'®!”
Ne myHkTa
y ’ TpedoBanus TI'ocynapcTBo — pazpadorunxk BC
MOANYHKTA
Paszgen D. Ilpoe OBaHUE U KOHC .
Jel POEKTUPOBAHUE U KOHCTPYKIIUSA PO CIILIA EC

I'epmeTnuHOCTH

[Taparpad 25.843. McnplTaHus TepMETHYECKUX KaOWH (HJIF"25) (Part 25) | (CS 25)

(a) K ucnpiTanuio knanaHoB Ha nepenaj 1aBIeHUs + + -

K ncnprranmsam Ha GyHKIIMOHUPOBAaHUE TEPMETHIE-

- - -
CKHX KaOuH

(b)

K mpoBepkamM paboThI 1 TIPOITYCKHOM CIIOCOOHOCTH
(D) KJIaIIaHOB IIEPENAOB AABJICHUSA U aBApPUIHOIO + + +
NIPENOXPAHUTEILHOrO KIanaHa

K ucnpiTaHusM cHCTEMBI HA/ITyBa [Tl IEMOHCTpPA-
MU ee 0e30TKa3HON pabOTHI

2)

K neTHBIM HcHIBITAHUAM [T IOKA3aTeNbCTBA 0e3-
OTKa3HOW pabOTHI CHCTEM HaJlAyBa, PETYIISTOPOB
JaBJICHUA M PacXofa BO31LyXa, UHAUKATOPOB U CHUT-
HaJIM3aTOPOB

3)

VYcnoBHBIE 0003HAYEHHUSL:
+ — IMyHKT, MOAITYHKT TpeOoBaHMii mpucyTcTByeT B All
— — IIYHKT, HOJIIYHKT OTCYTCTBYET
* — IyHKT, NOJINYHKT 3ape3epBUPOBaH
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Tabauna 8
Table 8
CpaBHeHue oteuecTBeHHBIX 1 3apyOexxnbix HJII' k CKB
B JACTH CHCTEM HaJUIyBa M ITHEBMATHUECKON cHcTeMbl ™ O/
Comparison of domestic and foreign airworthiness standards

. .. . . . . . 14.16.1
for air conditioning system in terms of pressurization and pneumatic systems 6.17
Ne myHKTA,
TpeOoBanust I'ocynapcTBo — pazpadoruux BC
MOJIYHKTA

Paznen F. O6opynoBanue.
Ipouee obopynoBaHue
[Taparpad 25.1438. Cucrema HamyBa U THEBMOCHUCTEMBI

PO CIIIA EC
(HJIT 25) | (Part25) | (CS 25)

K ucrelTannsaM gaBieHUEM 3JIEMEHTOB CUCTEM
HaJIyBa

+ + -

(a)

K ucneitanusam JaBJICHUEM DJICMCHTOB ITHCBMOCH -
CTCMBI

+ + -

(b)

K BeimonHenuto nyHKToB (a) 1 (b) myTem 3aMeHBbl
WCIBITAaHUH SKBUBAJIEHTHBIMU

(©)

K uckmodenuro B3pbIBa CUCTCM HaAAyBa U THCB-
MOCHCTCMBI

(a%)

(b*) K pasmemenuto TpybonpoBooB u arperatoB CKB

K Ge3omacHoi SKCIUTyaTallid U UCKITFOUEHHUIO OT-
OTtcyTcTBYyeT pHUIIATETHHOTO BO3AEUCTBHUS Ha JPYTHE BAXKHBIE H - - +
KPUTHYECKUE YACTH CaMoJeTa

YcioBHBIE 0003HAUCHUS:
+ — IMYHKT, MOAIYHKT TpeOOBaHMM MPUCYTCTBYET B All
— — IyHKT, MOAMYHKT OTCYTCTBYET
* — MyHKT, MOANMYHKT 3ape3epBUPOBAH

Pe3yabTaThl NPOBEICHHOTO JUISL WUTIOCTPALMM CPEJICTB YCTAHOBIIEHUS COOT-
HCCae10BAHUS BETCTBUSI OCHOBHOMY PEIVIAMEHTY M €ro IpaBU-
JaM peanu3alyi.

Crpykrypa moctpoenust HJII' 25 nambonee
CXO0’Ka €O CTpyKTypoil Part 25 u o cpaBHeHHIO ¢
CS 25 HJIT" Poccwuiickoit @enepanuu u CILIA He
conepxkar B coctae MOC, ccbUIKM Ha pyKOBO-
JAIIMEe MaTepuaibl U CTaHAApThl IS TOATBEp-
KIECHHUS COOTBETCTBUS.

Conepxxanne B cocrae HJII' MOC moxer
3HAYUTEIBHO COKpaTuTh HOMeHknatypy HII/,
UCIOJIB3YEMYIO TPU MPOEKTUPOBAHUU U CEPTHU-
¢uxarmun  BC, cucrematusupys TpeOOBaHUS
1 MOC naHHBIM TpEeOOBAHHSM B OIHOM JIOKY-
MEHTE.

2. Hywmepauus 1 HaMMEHOBaHUE IJIaB, Mapa-
rpadoB TpedoBanuii k CKB B HJII" 25, Part 25,
CS 25 rapmonusupoBanbsl. B yactu Hymepauuun

Ha ocHOBaHMM TNpPOBENEHHOTO CPABHUTEIb-
Horo ananmsza HJII' Poccuiickoit ®enepanmu,
CIIA, EC 1o BbIIIEH3I0KEHHBIM KPUTEPUSIM
BBISIBJICHBI CJICAYIOLINE OCOOEHHOCTH.

1. Crpykrypsl nmoctpoenust All: HIIIT 25,
CS 25, Part 25 umeroT pa3nuuusi, KOTOpbIE Clie-
IyroT u3 HauMmeHoBaHus naHHbix HIIZI. B Poc-
cuiickoi ®enepanuu — sto HJIII, B CIIA —
CTaHIapThl (HOpMBI) JeTHOH rogHoctH, B EC —
ceprudukanuonasie crnenudukanuu (CS) u
npUeMIIeMble CpeACTBa O0ECIIEYEeHUsI COOTBET-
ctBusi (AMC). EBponeiickue All npexncrapusitor
co0oii Habop cepTU(UKANUOHHBIX crenuduka-
IUMHA U NPUEMIIEMBIX CPEICTB COOTBETCTBUS —
HEeoO0s13aTeNbHBIX CTaHAAPTOB, NpUHATHIX EASA
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MyHKTOB W MOAMYyHKTOB TpeboBanuii k CKB
MPUCYTCTBYIOT pasziuyuMsl, CBSI3aHHbIE C HAJINYU-
€M UHAUBUAYAIbHBIX TpeOOBaHWM WU OTCYT-
cTBUEM TpeOoBaHuM B paccMoTpeHHbix HIIJ]
BOBCE, YTO OOBSCHSETCA pa3HbIM 00beMOM (KO-
JMYECTBOM) KPUTHYECKHX TpeOOBaHMU K pac-
CMaTpUBAEMOM CHUCTEME.

WUnentuunbie HyMepainuss U HauMEHOBAHUSA
rNaB, naparpagos, MyHKTOB, TOJMYHKTOB OTeYe-
CTBeHHBIX H 3apyOexxHsix HJIIT cmocoOcTByroT
yHUDUKALUU CTPYKTYpbl CepTU(HUKALUOHHOTO
6asuca BC u ueHTHYHOM cucTeMaTu3aluu Tpe-
OOBaHUI B HEM, YIPOIIAIOT HABUTAIIMIO MIPH BU-
3yaJlbHOM CpaBHEHHUH, B IMPOLIECCE KOPPEKTHPO-
BOK U TpU aHaJIK3e TpeOOBaHUM.

3. OOwem (KoMHMUYECTBO) TPEOOBAHUMN, HU3IIO-
)keHHbIx B HIII' 25 x CKB, BKIIrouaeT HEe MEHEe
16 1OTMONHUTENBHBIX ITYHKTOB TpeOOBaHUN C
yKa3aTeIbHOM TIOMETKON «*», MO OTHOIIEHHUIO
k CS 25, Part 25: myskrsI (a*)—(d*) B maparpade
25.831 «Bentwismusy; nyHkTh (a*)—(d*) B ma-
parpade 25.841 «I'epmeTnueckue KaOUHBIY;
(a*), (b*) B maparpade 25.1438 «Cucrema Haj-
JlyBa M MHEBMOCHCTEMbI». YacTh JOMOJHUTEb-
Hbix nyHkToB B HIJII' 25 coxpanunace u3
HJII'C-3.

CTOUT OTMETUTH, YTO PACCMOTPEHHBIE [0-
NOJHUTENIbHbIE MYHKTHI TpeboBanuii B HIII™ 25
cymecTByroT B 3apyoexknoit HIIJI, u3noxxeHsr B
AMC EASA u amepukaHCKOM aBHAllMOHHOM
uupkysipe AC 25-20"" 110 OIeHKE COOTBETCTBHS
CHUCTEM JaBJICHUS, BEHTWISILIUU U KUCIOPO/JIa.

HJIT" 25 BxitouaroT B ceOsl MOJTHBIN MepeueHb
TpeboBaHuii, u3NokeHHBIX B Part 25, xpome
myHKTa (g), U3I0XKeHHoro B maparpade 25.831,
a Takke MyHKTOB U moamyHKToB (¢) (1), (2); (d)
(1), (2), (3), uznoxeHusix B maparpade 25.841.
[TpuynHa nanHOTO pasiauyus TpedyeT 0coOoro
BHUMAaHUSl TPHU MOCIEAYIOIIEM COBEPIIEHCTBO-
BaHUM TpeOOBaHMN K NaHHOW (DyHKIIMOHAIBLHOU
cucreme. [lo oObeMy (konmuecTBy) TpeOOBaHMIA
(6e3 ydera JOMONHUTENBHBIX TpPeOOBaHUHN) K
CKB HJII" 25 npeBocxoasat CS 25 u comepxar

17 AC 25-20 — Pressurization, ventilation and oxygen sys-
tems assessment for subsonic flight including high alti-
tude operation [DnekTponHslii pecypc] // Federal Avia-
tion Administration. 1996. 12 p. URL:
https://www.faa.gov/documentLibrary/media/Advisory
Circular/AC 25-20.pdf (nata oopamenns: 01.09.2024).

63

Civil Aviation High Technologies

Bce TpebOoBanus, wusznoxennele B HIIIT EC.
B cBoro ouepenp CS 25 comepxaT B CBOEM CO-
ctaBe MHorouucieHHsli cocraB AMC (MOC),
MO3BOJIAIOIIMX HCKJIIOYUTh IEPErpy>KEHHOCTh
AIl u30bITOUHBIMH TPEOOBAHUSIMH U COKPATUTH
uX 00beM (KOJIMYECTBO).

OueHuTs cTeneHb HEJOCTaTOYHOCTH WIH IIe-
peu30BITOUHOCTH TPEOOBAaHUM, W3JI0KEHHBIX B
HJII" 25, Ha naHHBIE MOMEHT HEBO3MOKHO BBM-
Iy OTCYTCTBHSI O(HMIMATIBHBIX YTBEPKIACHHBIX
nyomukanuit MOC k CKB aBuanuonHOW Bia-
ctero Poccniickoint denepanun.

4. Ou3nyeckuil cMbICT U CYTh TpeOOBaHUI
k CKB, npucyTcTByOUIMX OJHOBPEMEHHO B
HJIT" 25, CS 25, Part 25 (kpome MyHKTOB Tpebo-
BaHuii (g) B maparpade 25.831; (¢) (1), (2), (d)
(1), (2), (3) B maparpade 25.841) rapmMmoHU3UPO-
BaH; XapaKTEpUCTUKH, MapaMeTphl, KOHCTPYK-
THUBHBIC U (QYHKIIMOHAJIbHBIC TPEOOBAHUS K JaH-

HOW (YHKIIMOHALHOW CHUCTEME WIACHTUYHBI
tpeboBanusiMm EASA u FAA.
3akiovyeHue

Uccnenosanmne oreuectsenubix HJIIN k CKB
B KOHTEKCTE MX aKTyaJW3allud U TapMOHU3ALNU
C MeXIyHapoaHbIMH TpeOoBanusmMu EASA wu
FAA, a Takxke meperoBbIM OIBITOM B 00JIACTH
paspaboTtku rpaxaanckux BC TpancmopTHOM
KaTeropuM IOKa3ajao, YTO CTENEHb IapMOHH3a-
mmn HJIIT 25 ¢ 3apyOexHBIMH CTaHAapTaMu
OCYLIECTBJIEHA HA IPUEMJIEMOM ypoBHE. OHaKo
OPUCYTCTBYIOT pa3JIMYUsl B OTEYECTBEHHOU U
3apyOeXHBIX mpouenypax ceptudpukamuu AT,
MOJX0/aX K pa3paboTKe, aKTyalW3aluud U Tap-
MoHuszauuu HJII', a Takke B CTpyKType MOCTpO-
eHHsI, HyMepanuu, o0beMe (KoinmdecTBe) u Qu-
3MYECKOM CMbIcie, cytu TpeboBanuii HIIT.
JlaHHOE WCCaenoBaHUE IPOAEMOHCTPUPOBAIIO
HEOOXOIMMOCTh PETYJIIPHOTO MEpecMoTpa U aK-
tyanuzauuu HJII'. B TO ke Bpemsi CcymiecTBeH-
HbI€ PA3IM4us MPUCYTCTBYIOT B OOJIACTH OTeye-
CTBEHHBIX U 3apyOexHbix MOC THUNOBOWH KOH-
ctpykunu BC HJIT'.

Jlig pa3BUTHS U COBEPILIEHCTBOBAHUS TpeOo-
Baauii kK CKB, a taxke BC B 1neoM 1714 NOBBI-
meanss OTX  chopMyIMpOBaHBI  CIIEIYIOIIHAE
KOHLENTYaJIbHbIE TIPEIUI0KCHHUS.
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1. TlpoBeneHne MOAOOHBIX CPABHUTEIBHBIX
aHanu30B s Bcex cucreM BC ¢ 1enblo BBISB-
JeHus TPOoOJEeMHBIX MECT B OTEYECTBEHHBIX
HJII' u npuHATHE HEOTIOKHBIX MEp IO MX JIMK-
BHJIALIUH.

2. Opranuzanusi U MPOBEJIEHUE OpraHaAMH
aBuanMoHHOM Biactu Poccuiickoii Penepauuu
MOJIHOTO CPaBHUTEIBHOTO aHAIM3a Pa3THUUN
JNEHCTBYIOIUX 3apyOeKHBIX CHCTEM, IPOIECCOB
cepTudUKaIMK, TPaBWI, MPOUEAYP, METOJOB,
CTaHJapTOB B YacTU Pa3palbOTKH U cepTuduka-
1 BC ¢ 1enbio BBIABICHUS Pa3IudYUil U TpH-
HATUE HEOTJOXHBIX Mep IO HUX JUKBUAA-
i [11, 12]. Yopomerne npoueaypsl cepTudu-
kauuun AT B Poccuiickoit @enepanuu nocpea-
CTBOM TipenocTtaBiieHus PocaBuarueit 60IbIITNX
MOJTHOMOYHMI ABHApEerucTpy, OCTaBUB 3a COOOM
TOJBKO O(OpMIIEHHE U BbIJAuy CepTU(UKATOB
THIA, YTO MO3BOJIUT 3HAYUTEIBHO YIPOCTUTh U
COKpaTUTh POLIECC aIMUHUCTPUPOBAHHUS.

3. OpraHuzanusi MOCTOSHHOW W HEMPEPHIB-
HOW WH(OPMALIMOHHON TMOMJIEPKKU pPa3padboT-
yukoB AT mo BompocaMm MeXIyHapOIHBIX Tpe-
OoBaHMii 1 TpakTUK, coBpeMeHHbIX MOC, nepe-
JOBBIX TEXHOJOTHH pa3pabOTKU U HCIbITa-
Hust AT, mpouenyp ceprudukanuu, Harnpumep
MOCPEACTBOM CO3JaHMsI CIEHUATbHBIX HH)OP-
MallMOHHO-AaHAIUTUYECKUX CUCTEM (3JIEKTPOH-
HBIX MpocTpaHcTB). JlaHHOE KOHIENTyalbHOE
MPeJIOKEHNE TOIKPEIUICHO TPeOOBAHUSIMU BO3-
IymHOro konaekca Poccuiickoit d)enepaunnlg,
cratba 8 «MHpopmanmoHHas cucrema o00s3a-
TETBHON CcepTU(UKAIIMA THIIOBOM KOHCTPYK-
mun AT».

4. Tlepexonm K mporeccy BCEOOBEMITIONICH
rapMOHHU3AIUHU 3aKOHOJJATEIbCTB BEIyIIINX aBHa-
LMOHHBIX CTPaH C LEJIbI0 B3aMMOIIPU3HAHUS 3a-
pyOeXHBIX U OTEYECTBEHHBIX IPABHWII, TMPOIIC-
Iyp, METOJIOB, CTaHJApPTOB B YacTH pa3pabdOTKU
u ceprudpukanuu BC; moamucaHus MOJHOICH-
HbIX M PaBHOIIPABHBIX JABYCTOPOHHHUX COTJallle-
nuit (BASA) ¢ mocnenyromieil opraHuzanuei
COTPYJIHUYECTBA aBHALIMOHHOW Biactu Poccwii-

'8 Bosmymnerii komexe PO Ne60-d3 ot 19.03.1997 (pex.
ot 08.08.2024) [DnexTpoHHbIN pecypc] // DneKTpOHHbIH
(OHI MPAaBOBBIX 1 HOPMATHBHO-TEXHUYECKUX JTOKYMECH-
toB. URL: https://docs.cntd.ru/document/9040995 (nara
obpamenwns: 01.09.2024).
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ckoil denepanuu ¢ MHOCTPAHHBIMH KOJUIETaMHU
u3 EC, CIIIA B pamkax cucTeMbl rapMOHH3AIIUN
HIIB.

5. AxryamuzanMs W JOIOJHEHUE COCTaBa
tpebosanuit HJII' 25 k CKB, a uMeHHO B yacTu
MOJICUCTEMBl BEHTWISALIMU (OXJIAXKACHUS) aBUO-
HUKU BBUJY OTCYTCTBHUSA TpeOOBaHMH, a TaKxke
YIOMHHAHUS JTaHHOM MOJICUCTEMBI B KOHTEKCTE
TpeboBanuii. [Ipeqnaraercs BBeAeHUE MOATYHK-
ta (h) B mynkr 25.831 HJIT' 25 co cnemyrommm
onucanueM: «CucteMa BEHTWIILMU JOJDKHA
oOecrieynBaTh NMpUeMIIEMy0 paboTy OOpPTOBOIO
PaZMOdIIEKTPOHHOTO 000pYI0BaHMs (aBUOHMKH)
IpU SKCTPEMAJIBHO BBICOKOW U 3KCTPEMajibHO
HU3KOM TeMrepaType OKpY’Karolllero Bo3ayxa Ha
JTamnax MnojieTa ¢ MUHUMAaJIbHBIM PacXoJOM BO3-
nyxa B CKB».
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(I)OpMI/IpOBaHI/Ie 00J1MKa 0eCITUJIOTHOIO JIeTATEeJIbHOI0 anmnaparta
BEPTOJCTHOTO THIIA B YaCTH B3JICTHO-IMIOCAT0THBIX yCTpOﬁCTB,
oﬁecneanamumx B3JIET X ITOCAAKY
Ha B3JICTHO-MMOCAAOIYHYHO INVIOIMAAKY KOpﬂﬁJ’IH

J1.B. TI/ITOBI, A.E. HapHeHKOBl’Z, A.B. Kuceaes'?

"Hayuonansmoii yenmp eepmonemocmpoerus um. M.JI. Muna u H 1. Kamosa,
Tomununo, Poccus
’Mockosckuii aguayuontbii uHCmumym (HayUOHAIbHLIL UCCe008AMENbCKUL
yHusepcumem), 2. Mockea, Poccus
I Mockosckuii 9Hepeemu4ecKutl UHCMumym (HayuoOHAIbHbIU UCCAe008AMENbCKULL
yHusepcumem), 2. Mockea, Poccus

AHHOTaumsi: B cBs3u ¢ pacTymumMu TpeOOBaHMSIME K (DIIOTY B YacTH MOBBIICHUS ((EKTHBHOCTH PEIICHHUS MOCTABICHHBIX
3a/ad C y4YETOM IIOCTOSHHO YCIIOJKHSIIOILIEHCS OIepaTnBHOM OOCTaHOBKM TpeOyercs Oojee IIMPOKOE HCIIOIB30BAaHUE
OECIIIIOTHBIX JIETATENIBHBIX AMIapaToB, B TOM YHCIIE HA KOPAOIIAX MaJIoTo M CPEAHEro BOJOM3MeIeHus. Takum 00pa3oM, BaXKHOH
TEHJICHITUEeH Pa3BUTHSI OECIMIIOTHBIX JIeTaTelbHBIX armapatoB BeprosieTtHoro tuma (BJIA BT) sBnsiercs amanTamus ux K
KOpaOenbHBIM YCIOBHAM OaznpoBanus. KiroueBoit mpoOieMoii aganraniy sSBJsieTcs: 00eclieueHre B3IeTa 1 IOCaIKH Ha B3JIETHO-
nocasiounyto riomanky (BIIIIn) kopaGms. B paHHON crarhe paccMaTpHBalOTCSl BOIPOCHI BIIMSIHUS YCIIOBHE KOpPaOEIbHOTO
68,31/IpOBaHI/I)I, BaKHEHIIIUM U3 KOTOPBIX SABJIACTCA Kaydka, W Tpe60BaHIdI>i K BBIIIOJJHCHUIO B3JICTHO-IIOCAJ0OYHBIX onepauni/i,
BKJIFOUas HEOOXOAMMOCTh aJIaNTallik K CUCTEMaM MpPUHYAUTEIBHON MOCcajky, Ha ()OPMUPOBAaHUE OOJIMKA TOJIO3KOBOTO ILIACCH
kopabensHoro BJIA BT u ¢opmynupyrorcst crienpuiyeckie OTHOCHTEIBHO IIACCH JIETATENBHOTO arrapara OeperoBoro
0a3upoBaHUs TEXHWYECKHE TpeOOBaHMS K KOHCTpYKIMH. [Ipu 3TOM Ul MCClieoBaHWsS JMHAMUYECKOM W CTaTHYECKOH
coBmectumoctd BJIA BT c¢ kopabneM JeTepMUHHpPOBAHHBIE, WM BEPOSITHOCTHBIE, XapAaKTEPHCTUKN KAauKH KOpadis JOJDKHBI
3a7aBaTbCsl B BUJIC aMIUIMTYJ M IEPUOJOB KAYKH, CHEKTPAIBHBIX IUIOTHOCTEH KAuKH, IUCIEPCUN MEPEMEIIECHUN U CKOpOCTEei
ueHtpa BIIIn, a Takke nepemerieHud, ckopocted M yckopenuil B neHtpe BIIIIn. Mcxons w3 3agaHHBIX HapaMeTpoB
paccuuThIBaeTCs KMHEMAaTHKa ABkeHus LeHtpa BIIIDI, ee mpocTpaHCTBEHHO-CIOXHBIX IMOJOXKEHUHA I PELICHHs 33/1aud
nmuHaMudgeckoi copmectuMoct BJIA BT ¢ xopaGrem. JlHamMpdeckast COBMECTUMOCTD BKITIOYAET OIpe/ielieHHe YCTONIMBOCTH U
ympasisieMoctd BJIA BT, packpyTKy 1 OCTaHOBKY HECYILETO BHHTA, B3JIET M MOCaAKy, TpaHcnoptupoBky BJIA BT mo BIIIIm
CleJ,eCTByIOIJ_lI/le 1 NEPCIIEKTUBHBIC NPUHIUIUAIIBHBIC KOHCTPYKTUBHBIEC CXEMBbI ITOJIO3KOBOI'O MIACCU Ppa3ACiIAtOTCA Ha YCThIPEC
OCHOBHBIX THUIIA Y OLIEHUBAIOTCS HA TIPEIMET COOTBETCTBHS CIelU(UKe SKCILTyaTallMy Ha Kopabiie, 0co00e BHUMaHHE TPH OLICHKE
yJiensieTcs BO3MOXKHOCTH aJlalTalliy K CHCTEMaM IPUHYAMTENBHOM Mocaiky Ha naityOy. [1o pesysbraraM OLEHKH Hpeiaraercs
KOHCTPYKTHBHAs CXeMa IIACCH JUISl NIepCIeKTUBHOro kopabdensHoro BJIA BT naparenorpaMMHO-PEIYaKHOTO THTIA C BHIHOCHBIM
aMOpTH3aToOpoM. B kauecTBe NOATBEPKICHMSI COOTBETCTBUS IIPEUIOKEHHOW CXeMbl C(OPMYJINPOBAHHBIM TPEOOBAHHSIM
NIPUBOZATCSL PE3yJIBTAaThl pacyeTa JMHAMMYECKOH MOJENM IIAacCH NPH IOCafKe W INpU OOPTOBOM Kayke, BBHIIOJHEHHOTO B
mporpaMMHOM Komruiekce Simcenter Motion. [IpemtoxkeHHas cxema Bo3MO)kHa K peammarmu kak it BJIA BT, tak u mms
MIJIOTHPYEMBIX BEPTOJIETOB KOpaOeTIbHOTo 1 OeperoBoro 6a3upoBaHUSL.

KnroueBble cioBa: OecriyioTHBIN JretaTenbHBI anmapar BepronerHoro trma (BJIA BT), B3nerHO-mocamodHbIe yCTPOMCTRA,
KopabenbHOe 6a3MpOBaHKE.

Jnsi murupoanus: TutoB [I.B., IlapuenkoB A.E., Kucener A.B. ®opmupoBanue o00jivKa OSCIHHMIOTHOTO JIETATEILHOIO
armapara BEpTOJIETHOIO THIA B YacTH B3JIETHO-TIOCAJJOYHBIX YCTPOKMCTB, OOECIIEUMBAIOIIMX B3JIET M MOCAJIKy Ha B3JIETHO-
TOCAIOUHYO TUIoIaAKy Kopabis // Hayunsiii Bectauk MI'TY T'A. 2025. T. 28, Ne 4. C. 67-83. DOI: 10.26467/2079-0619-2025-
28-4-67-83
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The formation of technical appearance of a helicopter-type unmanned
aerial vehicle in part of take-off and landing devices
that provide take-off and landing on the ship’s helicopter landing pad

D.V. Titov', A.E. Parnenkov1’3, A.V. Kiselev'?

"National Helicopter Center Mil & Kamov, Tomilino, Russia
’Moscow Aviation Institute (National Research University), Moscow, Russia
' Moscow Power Engineering Institute (National Research University), Moscow, Russia

Abstract: Due to the growing requirements to the fleet in terms of increasing the efficiency of solving assigned tasks, taking into
account the ever-increasing operational situation, increased use of unmanned aerial vehicles is required, including small and
medium-displacement ships. Thus, an important trend in the development of helicopter-type unmanned aerial vehicles (HT UAVs)
is their adaptation to ship-based conditions. The key problem of adaptation is ensuring the take-off and landing on the ship’s
landing pad (runway). This article discusses the influence of ship-based conditions, the most important of which is ship’s pitching,
and requirements for performing takeoff and landing operations, including the need to adapt to forced landing systems, on the
formation of the design of the landing gear of a HT UAV, and formulates the design specifications typical to the landing gear of a
shore-based aircraft. At the same time, to study the dynamic and static compatibility of the HT UAV with the ship, deterministic or
probabilistic characteristics of the ship’s pitching should be set in the form of pitching amplitudes and periods, pitching spectral
densities, variances of displacements and velocities of the runway center, as well as displacements, velocities and accelerations in
the runway center. Based on the specified parameters, the kinematics of the movement of the center of the runway and its spatially
complex positions are calculated to solve the problem of dynamic compatibility of the VTOL UAV with the ship. Dynamic
compatibility includes determining the stability and controllability of the HT UAV, unwinding and stopping the main rotor, take-off
and landing, and transporting the HT UAV along the runway. The existing and prospective basic design schemes of the skid
landing gear are divided into four main types and evaluated for compliance with the specifics of operation on the ship, special
attention is paid to the possibility of adaptation to forced landing systems on deck. Based on the evaluation results, a design scheme
of the landing gear for a promising HT parallelogram-lever type UAV with an external shock absorber is proposed. As a
confirmation of the compliance of the proposed scheme with the formulated requirements, the results of the calculation of the
dynamic landing gear model during landing and rolling, performed in the Simcenter Motion software package, are presented. The
proposed scheme can be implemented for both HT UAVs and manned ship-based and shore-based helicopters.

Key words: helicopter-type unmanned aerial vehicle (HT UAV), take-off and landing devices, ship-based.

For citation: Titov, D.V., Parnenkov, A.E., Kiselev, A.V. (2025). The formation of technical appearance of a helicopter-type
unmanned aerial vehicle in part of take-off and landing devices that provide take-off and landing on the ship’s helicopter landing
pad. Civil Aviation High Technologies, vol. 28, no. 4, pp. 67-83. DOI: 10.26467/2079-0619-2025-28-4-67-83

BBenenue CKUX U POOOTHU3MPOBAHHBIX BO3TYIIHBIX KoM
IUIEKCOB C BBICOKOHM CTENEHBI0 aBTOHOMHOCTH
ABJISICTCS  pa3pabOTKa TMEPCHEKTUBHBIX OeCTu-
JIOTHBIX JIETATEIbHBIX amlapaToB BEPTOJIETHOTO
tuna (BJIA BT) cmocoOHBIX OCYIIECTBIATH
B3JIET U MOCAJIKy Ha B3JIETHO-TIOCAJI0YHYIO IIIO-
maaky (BIIITa) kopaGost.

B mMupoBoii uctopun pazBuTHs OECIUIOTHON
aBuanuu cymectsyet psa bJIA BT, agantupo-
BaHHBIX K KOpaOENbHBIM YCIOBHUSAM Oa3upoBa-
HUSL.

B coBpeMeHHBIX yCIOBHUAX pa3BEIbIBATEINb-
HbIE W yJapHbIE KOMIUIEKCHI C OECHUIOTHBIMU
ABUALMOHHBIMU CUCTEMAMU IPU3HAIOTCSA OJHHU-
MU U3 BOXKHEUIIIUX CPEICTB MOBHIIICHUS 00EBBIX
BO3MOXHOCTEH COEIMHEHUN, YacTel U MoJapas-
JIEJICHU pa3IMYHbIX BUJIOB U POJIOB BOWCK BO-
OpY>KEHHBIX CHJI, B TOM YHUCJIE€ KOpalieil BOeH-
HO-MOpckoro (iora. OCHOBHAs CTaBKa JeJIaeTCs
Ha cpaBHUTEeNbHO nemieBsie BJIA, cmocoOHbIe
JUTTEIbHOE BpEMSI HAXOJIWUTHCS B BO3IYXE,
HECTH IFOOYIO MOJIE3HYI0 HAarpy3Ky B 3aBUCHMO- " Tuner GecnmnoTHBIX JIETATEINLHBIX AMTapaToB. 0O630p
CTH OT IIpeIHA3HAYEHUs ¥ pelIaeMbIX 3a1ad [1]. [Snexrpomnsiii pecype] // Aviatest.aero. URL:

. https://aviatest.aero/articles/tipy-bespilotnykh-

TakuMm 00pa3om, OJHOW W3 BaKHBIX TEHICH-

. letatelnykh-apparatov-obzor/ (nata oGpareHus:
WA CO3MaHUS U TPUMEHEHUs POOOTOTEXHUYE- 23.12.2024).
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Puc. 1. BJIA BT MQ-8B Fire Scout
Fig. 1. HT UAV MQ-8B Fire Scout

Puc. 2. BJIA BT Airbus VSR 700
Fig. 2. HT UAV Airbus VS 700

Awmepukanckuii MQ-8B Fire Scout, mpen-
cTaBleHHBbI Ha puc. 1, kommanuu Northrop
Grumman npenHa3HaueH [Js pPELICHUs 3ajad
BO3JYIIHOM pa3BeJKH, BBINOJIHEHUS IeleyKa3a-
HUSl, TOJACPKKU BBICAIKM Ha MOOEpEekbe MOp-
CKOTO JecaHTa M OOpbOBI C HA/BOJHBIMHU IIETIS-
mu. [Ipencrasnser coboit BJIA BT ogHoBUHTO-
BOM cxembl C B3neTHOW Maccou 1 430 kr [2].
[[Taccu BBINOJIHEHO MOJO3KOBBIM PHIYAKHOTO
TUIA C BHIHOCHBIM aMOPTHU3aTOPOM, UMEETCSI CH-
cTeMa NMPUHYIUTEIbHON MOCa KU Ha nanyOy.

Opaniry3ckuit VSR700, npeacraBieHHbIN Ha
puc. 2, xomnanuu Airbus Helicopters mpeana-
3HAYeH JJIs BEICHUs BO3IYIIHOW Pa3BE/IKH, BbI-

69

MOJTHEHUS TENIEYKa3aHUsI U KOPPEKTUPOBKH OT-
Hs, PETPAHCISAINU, OOpHOBI C HAJIBOJAHBIMU IIC-
JSIMU, peUIeHUs] TPOTUBOJIOJOYHBIX 3a7a4d U Be-
JICHUS PaHOdICKTPOHHON 60pb6E°. IIpeacras-
asget coboii BJIA BT ogHOBHHTOBOHW CXEMBI C
B3jeTHOil Maccor 700 kr. Illaccu BBIIOJHEHO
MOJI03KOBBIM PECCOPHOTO THUIIA.

IIBenckmii Skeldar V-200, npencraBieHHbII
Ha puc. 3, kommanuu Saab AB mnpennasHaueH
JUTSL PEIIeHusT 3a7a4 BO3AYIIHON pa3BEeIKH, MO-

2 VSR700 Rotary Wing UAV [Dnextponnsiii pecype] /
helis.com. URL: https://www.helis.com/database/
news/vsr700-eyes/ (nata obpamenus: 23.12.2024).
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Puc. 3. BJIA BT Skeldar V-200
Fig. 3 HT UAV Skeldar V-200

Puc. 4. BJIA BT AWHero
Fig. 4. HT UAV AWHero

HUTOpUHTra U neneykasanus. [Ipencrasuser co-
001t BJIA BT 0oZHOBHHTOBOI CXEMBI C B3JIETHOM
Maccoii 245 xr’. 1llaccu BBINOJTHEHO MOJO3KO-
BBIM PECCOPHOTO THIIA.

Uraneauckuit AWHero, npencraBieHHbI Ha
puc. 4, kommaanu Leonardo mpeaHa3sHadeH IS
peuieHus 3aAad BO3AYIIHON pa3BeAKU, MOHUTO-
pYHTa, BBIOJTHEHUS IICJIEyKa3aHUs U TOUCKa

3 SKELDAR V-200 unmanned VTOL system trusted by
naval forces worldwide [nekrponnsiii pecypc] //
umsskeldar. URL: https://umsskeldar.aero/unmanned-
vtol-system-v-200-skeldar/#Technical-specification (ma-
Ta obpamienus: 23.12.2024).
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noABOAHBIX  Jomok. [IpeacraBnsier  coboit
BJIA BT ogHOBHMHTOBOI CXEMBI C B3JIE€THOMH Mac-
cori 205 xr. Illaccu BBITTOJIHEHO HOJ03KOBBEIM
PBIYKHOTO TUTA C BEBIHOCHBIM aMopTH3aTop0M4.
B 2023 rony Ha BricTaBke SeaFuture Opina moka-
3aHa MOJIEPHU3HPOBAHHASI MOJIEIb C TPEXOIOp-
HBIM PECCOPHBIM wracen™®.

* Military certification for AWHero drone [D1ekTpOHHBIit

pecypce] // helis.com. URL:

https://www .helis.com/database/news/daaa-certificate-
awhero/ (nata oopamenus: 24.02.2025).

AWHero [Onekrponnslii pecype] // leonardo.com. URL:
https://uncrewed.leonardo.com/en/products/awhero (ma-
Ta obpamenus: 23.12.2024).
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Ananuzupys 3apyOeKHbIN OIBIT, MOXKHO OT-
METHUTh, YTO IOJIO3KOBOE IIaCCH B CUILy MUHH-
MaJbHOTO Beca [3], MPOCTOThl KOHCTPYKLHH
Y MEHBILEr0 a’pOAMHAMHUYECKOTO CONpPOTHUBIIE-
HUS TOJIyYMJIO IIUPOKOE PACIPOCTPAaHEHHE Ha
BJIA BT. Tem He MeHee mpu pa3paOOTKe KOH-
CTPYKIMH II0JIO3KOBOI'O MIACCH JAJIsl KOpadesb-
HbIX BJIA BT HEeoO0X0auMO yYuTBIBAThH s CIIE-
muduueckux (aKkToOpoB, BIUAIOLIMX HA TEXHU-
YeCKUI 00JIMK 11acCH KOpaOeIbHbIX BEPTOJIETOB.

B AO «HIIB Muns u Kamo» xonaunra «Bep-
ToieTsl Poccum» B Hactosiee BpeMsi B MHHIMA-
THBHOM TIOpsIJIKE BeAETCs pa3paboTKa MepCHeKTHB-
HOTO KoMIuTekca ¢ kopabenbHbiM BJIA BT.

[lepcniektuBHBIH ~ KOpaOenbHbilt  BJIA BT
IpeIHa3HayeH JUIsl pellieHMs 3a/1ad BO3AYLIHON
pa3BelKH, NOUCKA W CIIACEHUS, PETPAHCIILMIU
CUTHAJIOB, TPaHCHIOPTUPOBKHU Ipy3oB. BJIA BT
BBIIIOJIHAETCSA IO COOCHOH cxeMme, oOJiamaromiei
IpU PaBHOI B3JIETHOW Macce MEHBIIMMHU Taba-
pUTaMu 1O CPaBHEHUIO C OJHOBHUHTOBOW [4],
¢ B3neTHoi Maccoi 1 200 kr.

Oco0eHHOCTH YCJI0BHIT KOpa0deJIbHOI0
0asupoBaHus U TPEOOBAHMSA K LIACCH

KopabenbHble yclIOBHS UM UX OCOOCHHOCTH
XapaKTepU3yIOTCs PSAAOM (PaKTOPOB, BHOCSIIUX
OTNpENeIeHHYI0 CcHenu(uKy, BIUSAIOIIYI0 Ha
TexHudeckuii 00auk BJIA BT, u B yacTHOCTH Ha
B3JIETHO-IIOCAI0YHBIE yCTpoiicTBa [4, 5].

@akTOpsl, BIMAIOLIME HA B3JIETHO-IIOCAI0Y-
HBIC YCTpPOMCTBA:!

e  BOJIHEHHE MOPSI U Kauka KopaOJis;

e CJIOKHBIE METEOPOJIOTHYECKUE YCIOBHUS.

CnenctBue BIusHUS GaKTOPOB:

o HeyctoiunBocTh BJIA BT Ha kauaromeii-
Csl B3JIETHO-IIOCAJ0YHOM IUIOIIAJIKE;

e crnoxHoctu TpaHcnoptupoBku BJIA BT
1o naryoe KopaoJs.

PexoMeHaiu no CHMKEHUIO BIUSHUS (ak-
TOPOB:

e  BBIOOp KMHEMAaTHUYECKOW CXEMbI B3JIETHO-
IIOCaJI0YHBIX YCTPOMCTB;

8 RUAS Leonardo AWHero at SeaFuture 2023 [rek-
TpoHHbIH pecypce] / helis.com. URL:
https://www.helis.com/database/news/seafuture2023-
awhero/ (nara obpamienus: 23.12.2024).
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e  OIpeJeeHUE MapaMeTpPoB U XapaKTepHC-
THK I11aCCH;

e IPUMEHEHUE CHUCTEMbl MPUHYAUTEIBHON
MOCAIKH.

B3ner u nmocagka mpousBomarcs Ha BIIIIn
KOpaliIst, KOTopasi TO/BEP)KEHA CIIOKHOMY IIPO-
CTPAaHCTBEHHOMY IBIDKEHUIO MO KpeHy, audde-
peHry, BeicoTe U Kypcy. Kauka kopaOist Ha pery-
JSIPHOM BOJIHEHMM ONMCHIBAETCS TaPMOHUYECKU-
MU (QYHKIUSIMU W aMIUTATYTHO-(Pa30BBIMH  Xa-
pakrepuctukamu. [Ipu perynsipHOM BOJIHEHHH
CBOOOHBIE KOJIeOaHHs OBICTPO AEMII(PHUPYIOTCS U
HAOIIOAAI0TCS BBIHYKJICHHBIE KoNieOaHus C ya-
CTOTOI MOPCKOTO BOJIHEHHUS, HATIOMHUHAST XOPOIIIO
W3BECTHYIO IMHAMUYECKYIO CUCTEMY I'py3HKa Ha
YIPYTOi orope ¢ JeMI(pUPOBAHHEM, UMEIOIIYIO
rapMOHUYECKOe BO30YKAeHHE omopbl. B olmem
clydae ToJ| JACUCTBUEM BOJH KOPaOIb BUKETCS
KaK TBEpJOE€ TEJO C HIECThIO CTENEHSIMH CBOOO-
IIbI, COBEpINAET Malible TApMOHUYECKHE Koyela-
HUS U €r0 JBH)KEHUE MOKET OBITh BBIPAXKEHO CH-
CTEMOM U3 LIECTH YPAaBHEHU.

[Ipu 3TOM 117151 KICCeA0BaHUS JUHAMUYECKOU
u cratuueckoit copmectumoct BJIA BT c¢ ko-
pabieM neTepMUHUPOBAHHBIE, HIIK BEPOSITHOCT-
HBbIC, XaPaKTEPUCTHKU KAYKU KOpaOIs TOJKHBI
3a/1aBaThCsl B BUJE aMILUIUTYJ W MEPUOJOB Kau-
KM, CIEKTPAJbHBIX MJIOTHOCTEN KayKW, AUCHEP-
cuil mepemeleHnii u ckopocrteit uentpa BIILn,
a TaK)Ke IEPEMEILECHNM, CKOPOCTEN U YCKOPEHUH
B ieHTpe BIIITn.

Hcxons w3 3amaHHBIX MapaMeTpoB, paccyu-
THIBAETCSI KWNHEMATHKA JBMKeHus nieHTpa BIIITn,
€€ MPOCTPAHCTBEHHO-CIIOKHBIX TMOJIOXKEHUN NSt
pemenuss 3aJa4l JUHAMHYECKOW COBMECTHUMO-
ctu BJIA BT ¢ xopabnem. /luHamuyeckas cOB-
MECTUMOCTh BKJIFOYAET OINpPEACIICHUE YCTONYH-
BocTH U ynpasisiemoctu BJIA BT, packpyTky u
OCTaHOBKY HECYIIEr0 BUHTA, B3JIET M MOCAJKY,
tpa"cnioptupoBky BJIA BT no BIII.

CrnencTBueM OMMCAHHBIX YCIOBHM KOpaOeib-
HOTo 0a3MpOBaHMS SBISIOTCS CHELU(PHIECKUE OT-
HOCUTEJIbHO maccu JIA GeperoBoro GazupoBaHHS
TEXHUYECKHE TPeOOBaHMS K KOHCTPYKIIMU TIOJIO3-
KoBoro 11accu kopabenpHbix BJIA BT [4]:

o Ooublnasi BEMMYMHA TMPOTHBOKAMOTAXK-
HOTO YIJIa;

o 0omBIIOH
KOCTH;

X0J B BEPTUKAIBHOM IIOC-
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e  UyBCTBUTEJIBHOCTh K MaJIbIM Harpy3kam
(Manmasi BelIMYMHA HAYaJIbHOIO YCWJIMSI CTparu-
BaHUs IITOKAa aMOPTU3aTOPa).

C nenplo paciidpeHHsl SKCILTyaTalluOHHBIX
Bo3MoxkHOocTeil BJIA BT B uwactu oGecrneueHus
ycroiunBoctn Ha BIIIln mpu kpenax xopabiis
6onee 15°, nuddepentax 6omnee 3° U prICKAaHUU
1,5-2,0°, mpenoTBpalieHust €ro COCKalb3bIBaHUS
U OMPOKHIBIBAHUS, a TaKKe AJ1 OO0ecredeHus
MOCAJIKU B CIIOKHBIX THIAPOMETEOPOIOTHUYECKUX
YCIIOBUSAX MPEINOUYTUTENBHO HCIONIB30BaTh CH-
CTEMY NMPUHYIUTEIBHON OCa Ky Ha nanyoy [4],
o0ecrneYnBaronIyo:

e ABTOMAaTHYECKWH 3axBaT W (ukcauio JIA
Ha nay0e B MOMEHT MOCAJIKH,

e cuioBoe moatsaruBanue JIA k mamyOe ¢
[EeNbI0 TMPEIOTBPALLICHUS CIION3aHUs, Pa3BOPO-
TOB U ONIPOKUJIBIBAHUS B YCIIOBHSX KauKH,

o ynepxanue JIA Ha mamybe mepen B3ie-
TOM C OTLIETNIEHUEM 10 KOMaHJIe€ OIepaTopa.

CTouT OTMETUTh, YTO NMPUMEHEHHE I0A00-
HOW cHcTeMbl HauboJjee akTyaJbHO JUIsl KOpao-
Jel HeOOJIBIIIOTO BOJIOM3MEICHHsI (TIpeIHa3Ha-
YeHHBIX i OasupoBanus rpynmsl BJIA BT
BMECTO OJHOTO Beprosiera tuma Ka-27), Gosee
BOCTIPUMMYUBBIX K KauKe.

IHoaxoas! k popMHUpPOBAHUIO
TEXHHYECKOI0 00JIMKAa CHCTEMbI
NPUHYAUTEIbHOH MOCAAKH

CoBpeMeHHBIE CHUCTEMBl NPUHYIUTEIHHON
nocaaku Ha nanyOy («["apmyn») mpemycmaTtpu-
BAIOT pa3MEIICHUE YCTpOHcTBa oOecredeHus
MEXaHWYECKON CBsI3M (MexaHW3Ma (PUKCAIINH)
mexay JIA u kopabieM B HIXKHEH dacTH (ro3e-
nsxa Beproiieta (BJIA BT) BOnu3u nenrtpa Ts-
xecTu. [IpM HECOMHEHHBIX BBITOJAX B YacTH
BOCHPUATHS HArpy3oK IOJ00HOE pa3MelleHHe
MeXaHu3Ma (UKCAIMU HAKJIAIbIBACT OIpee-
JICHHbIE OTpPaHMYEHUS B YacTU pa3MeEIIeHUS
TOTUTMBHBIX OAKOB W LIEJICBOM HATPY3KH.

[TockonbKy TEPCHEKTUBHBIN KOpPAOETHHBIN
BJIA BT mpencraBnsier coboil yHHUBepCcalbHBIN
HOCHUTEJb, II€JIeBOE€ O00OpPYIOBaHHE KOTOPOIO
pasMeIeHo B CheMHOM MOJIyJie, YCTaHaBIIUBae-
MOM Ha No/(I03eNIsKHBIE Y3Ibl HABECKH, PaLlio-
HATBHBIM DEIICHUEM SBISETCS (UKCAIUs TI0-
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CPEICTBOM 3axBaTa 3a IOJO3KH. B cBorwo ode-
penp momo0HOEe KOHCTPYKTHBHOE PEIICHHE BHI-
JBUTaeT TpeboBaHME K OOECIEYEHUI0 MUHU-
MaJIbHBIX M3MEHEHUH KOJIEW IIacCH IMpH 00xa-
THUU aMOPTH3aTOPOB.

Taxxe TpeOOBaHUS K MPOCTOTE KOHCTPYKIHMH
3aXBaTOB CaMOW CHCTEMBbl NPUHYIUTEIBHON IO-
caJku Ha namyOy OrpaHHYUBAIOT MPUMEHEHHE
pPOOOTH3UPOBAHHBIX IIACCH, PACCMOTPEHHBIX B
paborax [6—9], 11 KOTOPBIX BO3MOXHA peau-
3anus  crieU(pHUUEcCKuX TEXHUYECKUX TpeOoBa-
HUI K KOHCTPYKLHMH, YHNOMSHYTBHIX BBIIIE, IO-
CKOJIBKY y Takux cxem koHTakr ¢ BIIIIn ocy-
IIECTBJISIETCS B TOUKE, a HE IO JINHUU, KaK y IO-
JIO3KOBOT'O INACCH, YTO K TOMY XK€ YXKECTOYaeT
TpeOOBaHUS MO0 TOYHOCTH PU3EMIICHUS.

IHoaxoas! kK popMHUpPOBaAHUIO
TEXHUYECKOro 00JIMKAa M0J03KOBOI0
maccu BJIA BT kopa0eabHoro
0asupoBaHus

1. Kiaccuueckoe mosio3KoBO€ IIacCu peccop-
HOTO THUIA TpeacTaBieHo Ha puc. 5. Ilpu Bceit
MIPOCTOTE W HAIEKHOCTH KOHCTPYKLIMU OHO MMe-
€T P HEYCTPaHUMBIX HEJOCTAaTKOB JUIS LiEIeu
obecrieuenust kopabenpHOrO OasupoBanus. Ilo-
CKOJIBKY aMOpTH3alUsl U IOIVIOUIEHUE HEPIUH
HPOUCXOMAT 3a CUET ynpyrux aedopmanuii pec-
COp M TPEHUS MOJO3KOB O MOBEPXHOCTb, CIOKHO
obecrieunTh OOJBIION X0 B BEPTUKAIBHOU
IUIOCKOCTH M YyBCTBUTEJIBHOCTh K MajbIM Ha-
rpy3KaMm, IIIacCH SIBJISIETCA JIOCTaTOYHO >KECT-
kuMm [ 10, 11]. Kpome Toro, mo mepe nporuda pec-
COpbl MOHOTOHHO PACTET KOJjes 1IacCH, 4To 3a-
TPYIHSET MWCIOIb30BAHUE CHUCTEMBI MPUHYIU-
TEJILHOM MOCaAKH ¢ (pUKcaIelt 3a moJI03Ky.

2. Tlono3koBO€ MIACCH PBIYAKHOTO THUMA C
BBIHOCHBIM aMOPTHU3aTOPOM TMPEACTABICHO Ha
puc. 6. Onopsl MApHUPHO MPUKPEIJIEHBI K CH-
7oBON KOHCTpyKiuu (rozemspka. Ock mapHupa
ABJISIETCSI LIEHTPOM OKPY’KHOCTH, IO KOTOPOU
JBUXKYTCS TIOJIO3KH TIPU OOKAaTUM aMOPTHU3ATO-
pa. Ans BocnpuaTHsl POAOIBHOW HArpy3Kd MO-
TYT OBITH YCTaHOBIIEHBI OTIOJHUTEIBHBIC IMPO-
JOJIBHBIE TATH MEXAY OMOpaMH U (PIO3EIsKEM.
Takass KMHEMaTH4yecKash cXeMa IO3BOJISIET pea-
JU30BaTh OOJIBIION XOJ] B BEPTHKAIBHOM ILIOC-
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Puc. 5. [105103k0BOE 1IACCH PECCOPHOrO THIA
Fig. 5. Spring-type skid landing gear

Civil Aviation High Technologies

Puc. 6. [105103k0BO€E 11ACCH PHIYAYXKHOTO THUIIA C
BBIHOCHBIM aMOPTH3aTOPOM
Fig. 6. Lever-type skid landing gear with external
shock absorber

Puc. 7. I10o5103k0BOE 11ACCHU TIAPAJLIEIOIPAMMHOIO

THIIa C BBIHOCHBIM aMOPTH3aTOPOM
Fig. 7. Parallelogram type skid landing gear with
external shock absorber

KOCTH U YyBCTBUTEJILHOCTb K MaJIbIM Harpys3kam
(3a cueT MPaBWJIBHOTO BBHIOOpa MapamMeTpoB U
XapaKTepUCTHK aMOPTU3aTOpa, METOIMKA pacye-
Ta KOTOPOTO pacCMOTpeHa, Hampumep, B pado-
te [12]). Ho octaercst mpoGiema UCIoIb30BaHUS
CHUCTEMBI MPUHYIUTEIBHON MOCANKH ¢ (pUKcaIy-
eil 3a MOJI03KU, MOCKOJIbKY MPH 00KaTUH aMop-
THU3aTOpa KOJIesl IIaCCH MOHOTOHHO PacTeT.

3. Tlonmo3koBOE IIACcCH MapaieIOrPaMMHOIO
TUTA C BBIHOCHBIM aMOPTH3aTOPOM Ipe/ICTaBIe-
HO Ha puc. 7. Onopsl MACCH COBMECTHO C IMOJI03-
KaMU ¥ CHUJIOBOM KOHCTpYKIHEH (ro3emspka Gop-
MHUPYIOT TapajyieJIOrpaMMHBIA MEXaHU3M. JTa
cXeMa TO3BOJISIeT pean30BaTh OONBIIONW XOJ B
BEPTUKAJIBHON IJIOCKOCTH, YyBCTBUTEIBHOCTH K
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Puc. 8. ITono3koBoe maccu napauieaorpaMMHO-
PbIYAXKHOT'O THIIAa C BBIHOCHBIM aMOPTU3aTOPOM
Fig. 8. Parallelogram-lever type skid landing gear
with external shock absorber

MaJbIM Harpy3kam, a TaKKe€ COXPAHEHHE MOCTO-
SIHHOW KoJien 1pu oOxkatuu maccu. Ho mpu sTom
UMEET KPUTHUYECKUM HEIOCTATOK, CBA3aHHBIA C
nepemenenueM nenrtpa tsokectd bBJIA BT Bronb
MPOIOJIbHOM OCH MpHU 00KaTHM IIACCH, YTO MO-
JKET MPUBECTU B YCIOBUSIX KaUuKU K BO3HUKHOBE-
HUIO HE3aTyXaIINUX KOJICOaHUH U MTOCIIE Ty OIIeH
aBapuifHOl cutyarmu. Kpome Ttoro, Tpebyercs
TIIATENbHBIM MOA00P MapaMeTpoB U XapaKTepH-
CTHK OTOp C IENbI0 UCKIoueHus: ddexra «3a-
MUpPaHUS MEXaHU3May MPHU 00KaTHH.

4. Tlonmo3koBoe MIAcCH MapajuieIorpaMMHO-
PBIYAKHOTO TUIIA C BBIHOCHBIM aMOPTHU3aTOPOM
npenacrasieHo Ha puc. 8. Kaxknas omopa mpu-
KpEIUIIeTCs K CUJIOBOM KOHCTPYKIMH (hro3esika
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Puc. 9. Ycranoska maccu Ha BJIA BT
Fig. 9. Installing the landing gear onto a VT UAV

napoil pelyaroB, QGopMHpys Mapajuienorpam-
MHBIE MEXaHM3MbL. [ BOCHpUATUS MPOAOIb-
HOW HAarpy3kd MOTYT OBITh YCTAHOBIJIEHBI J10-
MIOJIHUTENIbHBIE MPOJOJIbHBIE TATM MEXIY OIO-
pamu u ¢rozemspkeM. JlaHHas KWHEMaTH4ecKas
CXeéMa IacCH IMO3BOJIAET COEOUHUTH JOCTOUH-
CTBa [JBYX MpeablAymux BapuaHToB. Komes
IaCCH MPH 00KAaTUU aMOPTHU3ATOPa U3MEHSIECTCS
He3HauuTeNlbHO. TakuM 00pa3oM, MO COBOKYII-
HOCTU NPEHUMYIIECTB U IO TMOJHOTE COOTBET-
CTBHs C(hOPMYJTUPOBAHHBIM BbIIIE TPEOOBAHUAM
JUIsl TiepciekTuBHOro kopabensHoro BJIA BT
UCTIOJIb30BaHUE MOJOOHOW CXeMBbl SBISETCA
IPEOYTUTEIBHBIM.

Pacuer maccu

Kunematnueckasi cxema 1maccu nepcrneKkThB-
Horo kopabensHoro BJIA BT mpencraBiena Ha
puc. 9.

Jlns moaTBepKISHHS] COOTBETCTBUS TpeOoBa-
HUU BBIOPAHHOUN CXEeMbl CPOPMYIUPOBAHBI Cle-
JIYIOLME PACUETHBIE YCIOBHUSA:

e TMOCaJKa Ha J1Ba IOJIO3KAa C JKCIUlyaTa-
IUOHHOU CKOPOCTHIO;

o crosHka Ha BIIIIn B ycroBusxX Kauku.

B nacrosmem aHann3e, OCHOBHOM IEIbIO KO-
TOPOTO SIBIISIETCSA MPOBEpKAa pabOTOCIIOCOOHOCTH
KOHCTPYKLIHMH M BBISIBJIEHUE OCHOBHBIX 3aKOHO-
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MEPHOCTEN B MOBEJEHUH 3JIEMEHTOB IIACCH MOJ
Harpy3KoH, BIUSHHE OOKOBOTO BETpa IPH IIO-
CaJIke U BETPOBOW HArpy3KH HA CTOSHKE HE Y4M-
THIBAJINCH.

Taxxe npunsato pasmemienne BJIA BT npu
nocajgke u OasmpoBanuu B neHTpe BIIIIn cum-
METPUYHO JAUAMETPAIIbLHON MIOCKOCTH KOpaois,
YTO B II€JIOM COOTBETCTBYET MpPEANOIaraeéMbiM
ycnoBusM skcrutyataiuu BJIA BT Ha xopabisix
OJTMHOYHOTO 0a3upOBaHHUS MaJlOTO BOJOHM3ME-
ILICHHUS.

Jia co3gaHusi TMHAMUYECKOW MOJEIH IMpH-
MEHEHbI IPOrpaMMHOE OOecreYeHrue U MeTOIu-
KU MOJIETUPOBAHUs, YCIIEIIHO apoOpOBaHHbIE
U BaJMJMPOBaHHbIE NIPU pa3paboTKe IIaccH pas-
JMYHBIX TUIIOB BUHTOKPBUIBIX JIETATENbHBIX all-
napatoB AO «HILIB Munb u Kamos» [13]7.

Junaamuyeckass moaens BJIA BT na maccw,
npejcraBieHHas Ha puc. 10, pa3paboraHa B
IpOTPaMMHOM KoMITIeKce Simcenter Motion u3
TaK Ha3blBaeMbIX cyOMexaHu3MoB. Kaxnwlii u3
CyOMEeXaHM3MOB B CBOIO OU€pEIb SIBIISCTCS M-
HaMHUYECKOW MOJENbI0 U COCTOUT U3 IepeMenia-
€MBbIX TeNl U HuX coeauHeHui. [lepemeraembie
TeJla B JAHHOM pacyeTe CUUTAIOTCS abCOJIIOTHO
KEeCTKUMU. JlJig Ka)X/I0ro nepemMeriaeMoro Tena

7 TlpexBapuTenbHbIi pacueT )ECTKOCTH U AeMIIDHUPOBa-
Hus maccu: Texuuueckuit oruet: AO «HIIB Muib u
Kamos». M., 2023. 165 c.
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Puc. 10. /Iunamuyeckas MOJEb IIIACCH
Fig. 10. Dynamic model of landing gear

3aJ]al0TCsl €ro LEHTP TAKECTH, Macca 1 MOMEHTBI
MHEPIUH.

AMOpPTH3aTOPHI IIACCH ITHEBMOTHAPABINYE-
CKHE M CMOJCIMPOBAHBI YIPYTrO-BSI3KMUMHU dJie-
MEHTaMH (IIPYKHUHBI, AeMIideps).

XapakTepHcTHKa yIPYroro 3jJ1€MEHTa aMop-
TH3aTOpa COOTBETCTBYET HOJHUTPOITHOMY IIpO-
IlecCy CXKaTus ras3a U 3aJaHa B COOTBETCTBHUHU C
dbopmynoii (1) u nmpencrasiena Ha puc. 11.

pomd?

R

IZie Py — Ha4aJbHOE JABJICHUE 3apsIKU ra30BOM
KaMepsl amoptu3atopa; Fr — momans 3 dek-
THBHOTO CEYEHMs Ta30BOM Kamepwl; [ — KOH-
CTPYKTUBHBII X0l aMOPTU3aTOPa; § — X0/ aMop-
TU3aropa; n = 1,2 — mokaszaTelb MOJIUTPOIbI; d —
JaMeTp LITOKa aMOPTU3aTOpa.

XapakTeprCcTHKa BSI3KOTO JIEMEHTA 3a/1aHa B
COOTBETCTBUH C (opMmysoi (2) u mpeacTaBieHa
Ha puc. 12.

Pof:

=

r= 1
Q ( (1)

2
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rae ¢ — Ko3pPUIUEHT TUAPaBINnYECKOro CONpo-
TUBJICHUSI; p — TIOTHOCTb XKUJKOCTHU; Fx — II10-
[a1b aBJIEHUS Ha XKHUJIKOCTh; f — MJIoUaab Mpo-
XOJHBIX OTBEPCTUH; § — CKOPOCTh OO0XKaTHUA
aMopTHU3aTopa.

KoHTakT MexIy Mojgo3kamMH W TOCaJI0YHOU
IUIOLIAIKON 3a/1aH C HUCIOJIb30BAaHUEM (PYHKIIMU
3D contact, xoTopas IO3BOJIIET YYHUTHIBAaTh
KECTKOCTh KOHTAKTHBIX Map Ha B3aMMHOE IpO-
HUKHOBEHHUE, a Takke KOIPQPUIMCHTH TPEeHUS
CKOJIbKEHUS ¥ TPEHUS TTOKOSI.

B pamkax pacuera mocaaku Ha JiBa MOJIO3Ka C
9KCILTyaTallMOHHON CKOPOCTBHIO MPOBEIECHO MO-
nenupoBanue nocagok bJIA BT nHa nHenmoaBmxk-
HYI0 JKECTKYIO0 IJIOmAaKy. JlMHamMuyeckas Mo-
Jieb TI0CAJIKM MpeJICTaBlIeHa Ha puc. 13.

Jlia pacyera ObUTH MPHUHSTHI CAEAYIOUINE Be-
JTUYUHBIL:

HayaJlbHasi CKOPOCTh BEPTUKAIBHOMN MOCAJAKU
V,=2wm/c;

HavanbHas tara Ty = 2/3G, rne G — macca
BJIA BT;

KOO QHUIMEHTHI TPEHUSI MEXIY IOJIO3KOM U
nocagouHoy miomaakoit u = 0,05; 0,5.
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Fig. 12. Shock absorber damping diagram

HavanbHble ycnoBus U1l CUCTEMBI:
y(=0)=0mMm

V, (t=0)=-2wm/c.

Bpems unterpupoBanus t =2 c.
Hlar unrerpuposanus 4 = 0,01 c.
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Puc. 13. Jlunamuueckas MOJieIb OCAAKH
Fig. 13. Dynamic model of landing

t=0c t=0,1c t=1c

Puc. 14. OtoOpaskeHns MOMEHTa NOCAJKK C HaYalIbHOM CKOpocThIo V), =2 M/c
Fig. 14. Displays the moment of landing with an initial velocity of ¥, =2 m/s
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Puc. 15. BeprukainbHas neperpyska LeHTpa Macc IIpH II0CAAKe C HAYaIbHOIl CKOPOCThIO V), =2 M/c, g
Fig. 15. Vertical overload of the center of mass during landing with an initial velocity of V,, =2 m/s, g

PesynbraThl pacyera mocaaku mpeacTaBICHBI
Ha puc. 14-18.
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Fig. 16. The stroke of the rear shock absorber during landing with an initial velocity of V, =2 m/s, mm
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Fig. 17. Forces in the rear shock absorber during landing with an initial velocity of ¥, =2 m/s, kgf
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Fig. 18. Compression diagram of the rear shock absorber during landing with an initial velocity of ¥, = 2 m/s, kgf

B pamkax pacuera xoneOaHMii Ha CTOSTHKE HA
BIIIIn paccmorpensr konebanust BJIA BT Ha
Kopalje Majoro BOJOW3MEIIEHUS B YCJIOBMSIX
MOpcKoro BojHeHus. [1og MOpcKUM BOJTHEHHEM
MOHMMAETCA Kadka Kopalysi orpeaeaeHHON
OaJUTPHOCTH C 3aJaHHOW AMIUTUTYJO0W U TEepHO-
oM kadaHus. KuneBas M BepTHUKAIbHAs Kayka
KopaOJys MPUBOIUT B OCHOBHOM K W3MEHEHHIO
BEPTUKAJIIBHONW TNEPErpy3kH B ILIEHTPE Macc
BJIA BT [4], cneacTBueM 4Yero siBISIETCS U3Me-
HEHUE BEJIIMYMHBI YCWIMM B aMOPTH3aTOpax H
Harpy30K, MPUXOSIIUXCS CO CTOPOHBI IIACCH Ha
¢brozensk. JletanpHBI pacdeT HAa MPOYHOCTH
AJIEMEHTOB IIACCH U KOHCTPYKIUU (Dro3ersiKa He
BXOJIMT B IIEJIM HacTosuiero ananusa. s onpe-
nenenus ycroiunBoct BJIA BT Ha kopaGne
JIOCTaTOYHO PAacCMOTPETh OOPTOBYIO Ka4Ky, YTO
MO3BOJIUT TIPOBEPUTH BBHIOPAHHYIO CXEMy Ha
(dakT HaMMYMS HE3aTyXalolmuX KoJjeOaHuil u
paccuuTaTh BEIUYUHY KOPPEKTUPOBKH MPOTH-
BOKAMOTAaXXHOTO YIJa, OMNPENEISEMYI0 pa3ind-
HBIM OOXKaTHEM aMOpPTHU3aTOPOB TPU HAKJIOHE
BJIA BT na kauaromeiics mamy6e [4]. [Ipeamno-
jaraetcs JeUCTBHE OOPTOBOM M KHIIEBOM Kauek
He3aBHUCUMO Apyr otT apyra. Ha puc. 19 npen-
CTaBJIeHa pacueTHas cxeMa OOPTOBOM KauKH.

boproBas kauka 3aJaeTcs Kak peErysasipHOe
rapMOHMYECKOE KHHEMAaTUYECKOE BO3MYIIECHHE
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B COOTBETCTBUU ¢ (GopMyoi (3), MpUI0KEHHOE
K [IEHTPY Ka4KH:
).

21

)

Bsopr = b0 - sin(

6opT

\ HenTp BIIIIn

Bﬁof'r

LenTp xauku

Puc. 19. Pacuernas cxema 60pTOBOI KauKu
Fig. 19. Calculation scheme of on-board pitching
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Puc. 20. JTuneiinsie nepemenierns LM BJIA BT ornocutensuo BIIITn, 6oproBas kauka, MM
Fig. 20. Linear movements of the HT UAV center of mass relative to the landing pad, side pitching, mm
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Puc. 21. Yron moBopora BJIA BT otnocurensno BIIITn 6, 6opToBas kauka, rpas
Fig. 21. Angle of rotation of the HT UAV relative to the landing pad 6, side roll, deg

Jnst pacdeta ObUTH IPUHSTHI CIIEAYIONINE Be-
JMYUHBL:

K03(pPHUIIMEHTHI TPEHUSI MEXIY IOJIO3KOM
ocaJ0yHoOM miomankout u = 0,5,

BpeMms uHTerpupoBanus ¢ = 40 c,

nrar uHTerpuposanus i = 0,01 c.

PesynpTaTsl pacuera nocaiku npeaCcTaBICHbI
Ha puc. 20-23.

BenmnunHy KOppPEKTUPOBKHM IPOTHBOKAIO-
T@XHOTO yria [4] nis IpUHSATOM B pacyeTe reo-
Metpuu BJIA BT M0XHO onpeaenuTs B COOTBET-
CTBHH C GOPMYIIOH
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“4)

rne As’— pa3HuIa BEpTHKAIGHBIX TIepeMeIeHHHA
HOJIO3KOB IO JIEBOMY M IpaBoMy OopTy; As —
pa3HHULa X0J]a aMOPTU3aTOPOB IO JIEBOMY U Ipa-
BOMY 00pTy; B — KOJIesl ILIacCH.

MOXHO OTMETHTb, YTO MOJyUYEHHAasl BEJIMUMHA
ABJISIETCSl HE3HAUNTEIBHOM 110 CPAaBHEHUIO C MU-
HUMAQJIBHO JOITyCTUMOW BEIMYMHOM INPOTHUBOKA-
MOTaXXHOTO yIJa Y, paBHOW 35°, clenoBaTeNbHO,
JTaHHasi CXeMa 11acCu JAEMOHCTPUPYET XOPOIIYIO
YCTOMYMBOCTB NPU pa3MeIIeHHH Ha Kopalie.
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Puc. 22. Ycunus B amoptuzatopax Q,, 60pToBas Kauka, Krc
Fig. 22. Forces in shock absorbers Q,, side pitching, kgf
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Fig. 23. Stroke of the landing gear shock absorbers, side pitching, mm
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Texauueckuit 00k kopadbensHoro bJIA BT
B YaCTU B3JIETHO-NIOCAJOYHBIX YCTPOMCTB Ompe-
JesieTcsl CHenu@UKOl yCIOBHM 0Oa3MpoBaHUSA
Ha Kopaoe.

C y4eToM HaJ0KE€HHBIX OTPAHUYEHUN HA KOH-
CTPYKIIMIO IIACCH YCTAHOBIEHO, YTO Hambolee
Mpeano4YTUTeIbHON 1i1a nnepcnekTuBHOro bJIA BT
SIBISIETCSL CXEMa TIOJIO3KOBOTO IACCH PBIYaXKHO-
napasuIeIorPaMMHOTO TUTIA C BHIHOCHBIM aMOPTH-
3aTOpPOM, TaK KaK OHAa OOECTeYMBAeT 3aJIaHHBIM
KIUPEHC TIPU TOCAJIKe U HEU3MEHSEMYIO TIolie-
peunyto 6a3y Al BOBMOXHOCTH MPHUMEHEHHUS Me-
XaHW3Ma MIPUHYAUTEIBHON MOCaaKu ¢ (hukcarmeit
3a II0JIO3KH HpI/I OTHOCHUTCJIIBHO MaJIbIX ITIOCAI04-
HBIX TIEperpy3Kax, a TaAkKe yCTOMUMBOE M HE TIPH-
BOJAIIEE K BO3HUKHOBEHHIO HE3aTyXAIOIIUX KO-
nebaHuil IOBEJICHHE Ha KOpabyie Majoro BOJIOM3-

81

memieHus. [logoOHas cxema MOXeT ObITh TpUMe-
HCHA TaKXKE U1 MHJIOTHPYEMBIX BEPTOJICTOB Oc-
pPEroBOro M KopabeabHOro 6a3UPOBAHUS.

B nanpHelimeM HE0OOXOAMMO MPOBECTU pa-
00THI 17151 BELIOpAaHHON KOHCTPYKIIUU IIACCH, CBS-
3aHHBIC C OHTHMI/I?;B.IIHGﬁ KOHCTPYKIHHU IO Mac-
ce, OmpeleNeHneM AOCTAaTOYHOW MPOYHOCTH, a
TaKXke, 0 OTCTPOHKE CUCTEMBI «Iaccu — (hro3e-
JSK» OT aBTOKOJIEOaHHH THTIA 3eMHOM pe30HaHC.
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Pa3BuTHE aBTOHOMHBIX CHCTEM YHpaBJICHUA MOJETOM OIMIIUOHAJIBHO
INMWJIOTHPYEMBIX BUHTOKPBUIBIX JIETATC/JIbHBIX allllapaToB

M.N. MHCHI/IKOBI, HN.P. Wibun’

"Mockosckuii asuayuonnwiii uHCcmumym (HayuoHAIbHbIU UCCIe008AMENbCKULL
yHusepcumem), 2. Mockea, Poccus
?Hayuonanvhuiii yenmp gepmonemocmpoenus um. M.JI. Muna u H. 1. Kamoasa,
Tomunurno, Poccus

AunHoTammsi: B Hacrosiieli craTbe paccMOTpeHa SBOJIOLHMS JIEKTPHUYECKUX JIHCTAHIMOHHBIX CHUCTEM YIIPABJICHHUS MOJIETOM
(BJCY) BHHTOKpPBUIBIX JIETATENbHBIX AallaparoB, HAYMHAS OT IEPBBIX AHAJOTOBBIX JO COBPEMEHHBIX ABTOHOMHBIX CHUCTEM
yIpasieHus. NoneToM. Takue CUCTEMbl YIPABICHUs IOJIETOM MOIYT 3aMEHWMTh IWIOTA B TPYAHBIX IOTNOJHBIX YCIOBMAX U
OKCTPEMAJIBHBIX CUTYyalUsAX, TEM CaMbIM HOBbIIIAsA 6630H8.CHOCTI) I10JICTAa. le/l HpaBHHbHOﬁ HUHTErpalliii aBTOHOMHOTIO T10JI€Ta C
PYYHBIM VTIPABICHUEM ITOSBUTCS BO3MOXKHOCTh CBECTH K MHUHHMYMY KPHTHYECKHE, CBSI3aHHBIC C YEIOBEYECKUM (DaKTOpoM,
MPUYHHBI JICTHBIX TIPOHCIICCTBUM, TaKMX KAK CTOJKHOBEHHE C HAa3eMHBIMH MPEILITCTBHSMH WITH MOTEPS MPOCTPAHCTBEHHOM
OpHCHTAIMA B CIIOXKHBIX METEOYCIOBUSIX. ABTOHOMHBIH PEXHUM MHIOTHPOBAHKS TOJPAa3yMEBAET KOHTPOIb U IPOBEPKY
MOCTYMAOUIMX OT MMWJIOTA BXOAHBIX CHUTHAJIOB, UX CPAaBHEHHE C IICISIMH TMOJIETHOTO 33JaHUsI M CYINECTBYIOIMMU HA TAHHBIMA
MOMEHT BPEMEHH MOTOAHBIMH YCIOBHUSAMH (M HAKIIaJbIBAEMBIMK B CBSI3UM C 3THM orpaHuueHusmu). CucreMa MOXeT BKIFOYaTh
MUJIOTa B KOHTYp YIPABIICHHS U YBEJIOMISITH €ro 00 3TOM, a B OKCTPEMAJbHOW CHTyal[ud BOOOILE MCKIIOYATh €ro y4acTHe.
CoBpeMEeHHBIE CHCTEMBI aBTOHOMHOTO YIIPaBJIEHHS PacCMOTPEHBI Ha mpuMmepe Jetatomei madoparopunn RASCAL JUH-60A,
KOTOpasi UCIIOJIb30BAIACH /ISl OTPAOOTKH 3JIEMEHTOB CHCTEMbI JMCTAHIIMOHHOTO yrnpasienus: Beprosiera UH-60M Black Hawk
P €70 MOJICPHU3AIINH.

KrodeBsble ciioBa: 3rexTpudeckas AucTaHIMoHHas cucteMa ynpasieHus (3/ICY), aBToHOMHasl cucteMa yIpaBleHuUs! TIOJIETOM
(ACVYTI), onmmoHaJIbHO MHIOTHPYEMBIi JIETaTENBHBIH anmapar.

Jns murupoBanusi: MsicaukoB M., Mnenn W.P. Pa3BuTue aBTOHOMHBIX CHCTEM YIpaBICHUS MOJIETOM OIIMOHATBEHO
MIJIOTHPYEMBIX BUHTOKPBUTBIX JIeTaTenbHbIX anmaparoB // Hayunsiii Bectauk MI'TY T'A. 2025. T. 28, Ne 4. C. 84-104. DOL:
10.26467/2079-0619-2025-28-4-84-104

The development of autonomous flight control systems for optionally
manned rotary-wing aircraft
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Abstract: This article examines the evolution of fly-by-wire (FBW) flight control systems for rotary-wing aircraft, from early
analogue to modern autonomous flight control systems. Such flight control systems can replace a pilot in case of adverse weather
conditions and extreme situations, thereby enhancing flight safety. Proper integration of autonomous flight with manual control will
minimize the critical human factor-related causes of flight accidents, such as collision with ground obstacles or loss of spatial

84



Tom 28, Ne 04, 2025 HayuyHblit BectHuk MITY TA
Vol. 28, No. 04, 2025 Civil Aviation High Technologies

orientation in severe meteorological conditions. Autonomous piloting mode implies monitoring and verification of input signals
from the pilot and their comparison with targets of flight mission and current weather conditions (and restrictions imposed in
connection with it). The system can include the pilot in the control loop and notify him of this, eliminating his activity in case of
emergency. Modern autonomous control systems are considered based on the example of the flying testbed RASCAL JUH-60A,
which was used to test elements of the FBW for the UH-60M Black Hawk helicopter during its modernization.

Key words: fly-by-wire (FBW) flight control system, autonomous flight control system (AFCS), optionally manned flight vehicle.
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BBenenue CTBUSMH. Y COBEPIICHCTBOBAaHHbBIC aJalTHBHBIC
OJCY Bxio4aroT B ce0s MEXaHU3MBbI pPE3€pPBU-
pOBaHUS U  OTKAa30yCTOMYMBOCTH, KOTOpHIE
o0ecreyrBarOT yHpPaBJIEHUE BO3AYIIHBIM CY-
HOM JIa)K€ B CJIy4ae YaCTUYHOI'O OTKa3a JIeMEH-
TOB CcHUCTEMBI ympasieHus. Kpome toro, coBpe-
meHHble DJICY Moryt BKIIIOYaTh aJanTHBHBIC
Y IIPOTHO3UPYIOIME aJTOPUTMbI  YIIPaBJICHUS,
KOTOPbIE DETryJHpYIOT 3aKOHbBI YIpaBJICHUS B
peXHMe PeaJbHOrO BPEMEHH HAa OCHOBE Pa3jvy-
HBIX (DAKTOPOB, BKJIIOYAs HM3MEHEHHE YCIOBHUH
nojnera U KoHurypanuu JIA. Hakonen, B mo-
cieauue ronael IJCY Obutn 00BEAMHEHBI C aB-
TOHOMHBIMHM CHCTEMaMH, 4To mo3BomIo BKIIA
paboTaTh B OECIIMIIOTHOM DPEXHME UM B PEXKU-
M€ OINUUOHAIBHOTO MUJIOTUPOBAHMS. DTO OCO-
OCHHO BaXXKHO IPH BBINOJIHEHUM IOJETa Ha Ma-
JIOW BBICOTE C OTMOaHMEM penbeda MECTHOCTH,
JIOCTaBKU I'Py30B, BO3JYIIHON pa3BEAKH, a TaK-
K€ TTIOMCKOBO-CTIacaTeNIbHBIX ornepanuii [3—6].

Brenpenue 3meKTpOIUCTAHIIMOHHBIX CUCTEM
ympasienus (DJICY, fly-by-wire) mpuseno
CYIIECTBEHHOMY pPaCHIMPEHUIO0 BO3MOXXHOCTEU
CHUCTEM YIIpaBJICHHS] BUHTOKPBUIBIMHU JI€TATElb-
HeiMu anmapatamu (BKJIA). 3amena Tpaaunm-
OHHBIX MEXaHMYECKUX TAT YIPABIECHUS HA JIEK-
TPUYECKHE, ONTUYECKUE UITH OECIPOBOIHBIC JTH-
HUU Tepe/layyl yIpaBisSIoOUINX CUTHAIOB o0ecre-
YHBACT BBICOKYIO TOYHOCTH YTPABICHUS, YIyd-
1aeT YCTOMYMBOCTh M MaHEBpeHHOCTh BKIJIA
(puc. 1) [1, 2]. Ilo Mepe pa3BUTHSI aHAIOTOBBIX,
a3ateM U mudpoBeix DJICY B HUX HOSBHINCH
JIOTIOJTHUTEIIbHbIE (DYHKIIMH, MOBBIIIAIOIINE Oe3-
OIaCHOCTH T0JIeTa, HAIPUMEP CUCTEMa YIIydlle-
HUSl YCTOWYMBOCTH M YIIPABISIEMOCTH, (DYHKITUH,
CHIDKAIOUIMEe pabouyl0 Harpy3Ky Ha JSKUMNaX, U
(YHKUIMM CHIDKEHHMS YpPOBHS BHOpaIuii Jjera-
tenpHOTO ammapara (JIA). OTtu cuctempl 3HAYH-
TEJNBHO YIYUIIWINA MAIOTAKHBIE XapaKTEePUCTHKH
BO3YIIHOTO CyJHa, OCOOEHHO B CJIOKHBIX YCIIO- Pa3ButHe cucTteM IMCTAHIIUMOHHOIO
Busix monera. Lludposeie cuctemsr DJICY Taxke yhpaBJIeHHs
MO3BOJIMIIM HCIIOJIb30BaTh PACIIUPEHHBIE PEXKU-
MBI yTIPaBJICHUS TOJIETOM, TaKHe KaK cTabun3a-
Ul TPOCTPAHCTBEHHOTO MOJIOKEHUS, CTaOWIIH-
3alusl BHICOTHI M aBTOMATHYECKasi CTaOWIM3anus
Kypca JIA. DT BO3MOXHOCTH CHCTEM YyIIpaBJe-
HUS TO3BOJIWIM TIOBBICUTH yCTOMYUBOCTH JIeTa-
TEJIBHOTO ammnapara u cejarh ero 0ojee 10CTyI-
HBIM JJIS TUJIOTUPOBAHMSA, Jdaxe Uil MEHee
OIIBITHBIX JIETYMKOB. 3a mociemuue S50 ner cu-
ctembl DJICY cranu GoJjbllie HHTETPHUPOBATHCS
C CHCTEMaMH HABUTAIMU W aBUOHUKH. JTa MHTE-
rpaiysi TO3BOJIMJIA pealn30BaTh CIEAYIOIINE
(YHKIIMA: aBTOMATHYECKYIO0 HABUTAIUIO IO ITy-
TEeBBIM TOYKaM, orubaHue penbeda MECTHOCTH
Y MPEIOTBPAIICHAE  CTOJKHOBEHHUS  C TPEIIST-

B Ta6in. 1 npuBeneHa kpaTkasi UCTOPHUS Pa3BU-
TUSL aBTOMAaTUYECKMX CHUCTEM YIIPABIICHUS IIOJIE-
ToM U crabmwnm3anuu BKIIA [1]. Panaue peanmsa-
nun DJICY npoxoaunu 3KCEpUMEHTAIBHYIO OT-
paboTky Ha Jjertaroumx Jaboparopusx. Jlms
YIIyYIlIEHUs YCTOMYUBOCTH M yrpaBisiemoctu JIA
B 3TUX CHCTEMAX MHCIOJIb30BAINCH aHAJIOrOBbIE
CUCTEMBI YNPABJICHUS W IUTAaTHBIE 3JIEKTPOHHBIE
JMATYUKH T (OPMHUPOBAHUS YIIPABIISIONINX CHT-
HaJIoB. B mepBbIX MOMBITKaX 00ECTIEYUTh HEKOTO-
pBli  YPOBEHb «HMCKYCCTBEHHOI» YCTOMYMBOCTH
WCIOJIb30BAJIUCh  CIIEHUAIBHBIE MEXAHUYECKHUE
yCTpOicTBa. DIEMEHTBI CUCTEMBI, KOTOPYIO CEro-
nas HasbiBaroT DJICY, BrepBbie ObLTH MPHMEHE-
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Puc. 1. DBomonys KOHIENIMH Nepeaayl KOMaH{ aBUallMOHHBIM IIPUBOJIaM
Fig. 1. Evolution of command transmission concepts to aircraft actuators

Hbl B aprommiore Beproiera Sikorsky S-58, a
TaKKe pPEATM30BaHbl B KOHTpoJUiepe OOKOBOI
PYYKH YIpaBJIeHHs sl pabodero Mecra orneparo-
pa rpy3a Ha Bepronere Sikorsky CH-54 Skycrane.
ABTOMAaTHYECKUE CHUCTEMBI YIPABJICHUS TOJIETOM
¥ CTaOMITM3alMK BUHTOKPBUIBIX JICTATEIBHBIX all-
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MapaToB CTAIM ILIMPOKO HCIIOJIb30BaTh B KOHIIE
1980-x u Hauane 1990-x romaoB, 4TO NMPHUBEIO K
CO3/IaHUI0 COBPEMEHHBIX CHUCTEM  YIIyYLICHHS
YCTOWYMBOCTH M YIPABIISIEMOCTH C OIPAaHUYECHHOMN
OTBETCTBEHHOCTHIO (SAS), peann30BaHHBIX Ha
Beprosierax UH-60A u S-76.
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Table 1

Hcropwust pa3BUTHS aBTOMAaTUYECKUX CUCTEM yIpaBieHus U ctabunnsaruun BKITA
The evolution of automatic flight control systems and stabilization systems for rotary-wing aircraft

T'ox | Mogaeas BKIIA | IIpeumyuiecTBa (110 CPABHEHHUIO C MPeAbIAYIIEH MOJeJIbI0)
Mexanuueckue cucmemvl yayuuieHus YCmoudueoCmu u ynpaeiaemocmu

1941 ITarenT SHra Crabunuzaius Ha pekiMe BUCEHUS MTPH MTOMOIIM CTepXKHs SIHra —
benna

1953 Sikorsky/H03-S1 VYiydiienue npoaoIsHON YCTOHUYMBOCTH € TIOMOIIBIO N3MEHEHUS
yTJa yCTaHOBKU JIOTIACTEH HECYIETO BUHTA B 3aBUCUMOCTH OT AEH-
CTBYIOUIMX HA HHUX a3POJIMHAMHUYECKUX HArpy30K

1954 Bell/47 Hcnonb3oBanue AByXJIONACTHOI'O HECYIIETO BUHTA Ha KapJIaHe CO
CTaOMIIM3UPYIOIUM CTep)kHEM SHra

1964 Bell/H13 Mexaandeckuii GUIBTP TIEPBOTO MOPSIKA IS YIYUIICHUS PeaKIHN
10 YIJI0BOM CKOPOCTH KpeHa

Ilepeuviil anexmpuueckuit a8monuiom

1950 Piasecki/HUP-1 [IpuMmeHeHue 3IeKTpUYecKOro aBTOMUIIOTa

1952 Sikorsky/S-56 CHIKEHUE peaklUy Ha TOPBIBBI BETPa U YIYULICHUE PEaKIUU Ha
YIPaBJISIONINE CUTHATIBI

1960 Sikorsky/S-58 ABTOMaTHYECKUI pEXXKUM BUCEHUS

Hccneoosanus 6 CLLIA no ynyuwenuio ¢pynxyuonana u naoexcnocmu ICY

1973 Boeing/CH47B JemoHcTparus TudpoBOH AIEKTPHUIECKON CHUCTEMBI C TUCTAHIIMOH-
HBIM yripaBieHueM (mpoekT TAGS)

1975 Boeing/XCH-62 W3meHeHue mapamMeTpoB CUCTEMBI YCTOMYUBOCTU M YIIPABISIEMOCTH
B 3aBUCHMOCTH OT pexkuma nosera (mpoekt HLH)

1986 Sikorsky/UH-60A OnTOBOJIOKOHHAS / ANEKTPOAUCTAHLUOHHAS CUCTEMA YIIPaBICHUS C
OoKoBOM pyuko# ynpasuenus (mporpamma ADOCS)

1992 Sikorsky/S-76 Shadow | IlepekiroueHne peXKMMOB aBTONMIIOTA HA ATAMax B3JI€Ta U MOCAIKH

Uccneoosanus 3/]CY 6 Eepone u Kanaoe

1979 Bell/205 Hemonctpannonnsiii moser ¢ /CY, HanmoHnanbHBIH HaydHO-
uccnenoBarensckuii coBeT (NRC), Kanana

1985 BO/105 ATTHeS Jleratomas nabopatopus DACY, Hemenuxwuii aspokocMudeckuit
ueHTp, ['epManus

1991 Acérospatiale/ Hemonctpanuonnsiii moset ¢ IJCY, «Aspocnachsuiby, OpaHnus

AS 365 Dauphin

2001 Bell/412 ASRA JemoHcTpanmonssiii nonet ¢ 9/ICY, HannonaneHeli HayyHO-
uccienoBareiabckuii coBeT (NRC), Kanana

2002 Eurocopter/EC135 JleMOHCTpaIMOHHBIH mmoJieT ¢ onroBoiokoHHOH JICY, Hemenxkuit
A9POKOCMHUYECKUHN LIeHTp, ['epManus

[Tomrodynkmmonaneasie DJICY B cocraBe
U(GPOBBIX ABTOMATHYECKUX CHUCTEM YIpaBJe-
Husa nojetom (AFCS) mosiBumuce B cepenuHe
1970-x rogoB (tabmn. 2) [1]. B 1971 romy apmus
CIIA 3axmounna koHTpakT ¢ Boeing/Vertol Ha
pa3paboTKy YCOBEPIICHCTBOBAHHBIX TEXHHYE-
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ckux koMroHeHToB (ATC) mis BepTonera 601b-
o rpy3onogbemuoctyd (HLH) XCH-62 [3].
JlanHast mporpaMMa BKJIIo4asia B ce0si paspa-
OOTKY CHUCTEMBI YIpaBJICHHS MMOJIETOM. B pamkax
3TOTO KOHTpAaKTa MOIU(UIIPOBAHHBII
Boeing/Vertol CH-47, nonyuuBmmii o6o3Haye-
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Taoauua 2
Table 2

ITpumeps! pazpabotanHbIX Ha cerousmHui 1ens BKIIA ¢ 9/1CY
Examples of Up-to-Date Rotary-Wing Aircraft Equipped with Fly-By-Wire Flight Control Systems

Ion Mogaeas BKJIA XapakTepuCTHKHU
1975* Boeing/ Y napHslii BepToseT
1984* AH-64A Apache MexaHuveckast IpOBOKA C aBapHHON (HEpe3epBUPOBaH-
Hoit) DJICY B Ka)K70M KaHaJle yIpaBIeHUs
1989* Boeing/ MHoroueneBoil BoenHbll KoHBepTOoIaH ¢ CY Bo Bcex
2005%* V22 Osprey KaHaJiax
1992%* McDonnel/ Jlerkuii BepToser
1994 MD 900 Explorer Amnamnorosas DJICVY 11 CUCTEMBI ITyTEBOTO YIIPaBICHIS
1995%*' NH Industries/ BoenHnslii BepToNeT cpeaHero kiacca
2003%** NH-90 IlepBblil BOGHHBIN BEPTOJIET B MACCOBOM MIPOU3BOJICTBE,
2007** ocHameHHbIH 3/ICY (c 4-KpaTHBIM pe3epBUPOBAHUEM )
1996* Boeing/Sikorsky Boegoii Beptoner ¢ IACY (3-kpaTHOE pe3epBUPOBAHUE)
IIpexpamena B | RAH-66 0e3 MexaHMYEeCKOM pe3epBHOM CHCTEMBI YIIPaBICHUS
2004 Comanche
2003* Agusta Westland/ I'paxnanckuii TpaHCIOPTHBIN KOHBEPTOIUIAH, OCHAILICH-
AW609 ueit DJICY (3-kpaTHOE pe3epBUPOBAHIE)
2015%* Bell/ MHoroueneBol rpakJaHCKUH TPaHCIIOPTHBIN BEPTOJIET.
525 Relentless IlepBblil naccaxkxupckuii Beproner, ocHaleHHbI D[CY
(3-kpatHOe pe3epBUpOBaHUE) 0€3 MEXaHUIECKOM pe3epB-
HOW CHCTEMBI yIpaBJICHUS

* TTepslii oseT. ** BBoj B skcmyatarmio. ' Tombko ¢ Mexanudeckoii CY. “C DJICY.

Hue Model 347, cTtan mepBbIM BEPTOJIETOM, CO-
BepuuBIIUM B 1974 rony moner ¢ DJACY 0Ges
MEXaHMYECKOTo pe3epBUpoBaHUs. [[pyrum Bep-
TOJIETOM, HCIOJB30BABIIUM B TO BpPEMs TEXHO-
noruto DJICY, 6wn Sikorsky S-72. S-72 — skc-
MEPUMEHTAIbHBIA BEPTOJIET C U3MEHSEMBIM YT-
J0M ycTaHOBKHM Kpbuia. Texnonoruun IJCY, uc-
MOJIb30BaHHBIE HA S-72, OBUIM TOJBKO MEPBBIM
[IaroM IO CPaBHEHUIO C COBPEMEHHBIMU CHUCTe-
MaMH, HO O3HAMEHOBAJIM BAXKHBIM dTam B pas-
BUTUU TEXHOJIOTUM JUCTAHLIMOHHBIX CHCTEM
yOpaBleHUs] BUHTOKPBUTBIX MaiuH. [Iporpamma
Sikorsky S-72 Obuta HampaBieHa Ha H3y4YCHUE
NPEUMYIIECTB COYETAHUSI XapaKTEPUCTUK HECy-
IIeT0 BUHTA Ha BEPTUKAIbHBIX PEKUMaX IOJIETa
(BepTHKaJIbHBIC B3JIET-TIOCA/IKA, BUCEHHUE, MOJIET
C MaJIbIMH CKOPOCTSIMH) C BBICOKMMH a3pOJu-
HAMUYECKUMH XapaKTepUCTUKAMU Kpblla Ha
6ompimux ckopoctsix. Cucrema DJICY S-72 cra-
OunM3upoBajia BEPTOJIET U  OCYLIECTBIsIA
yIOpaBlieHUE MPHU NEPEX0JIe MEXKIY BEPTOJIECTHBIM
Y CAaMOJICTHBIM PEXUMaMHU TOJIETa.
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B 1980-x rogax texuomorus JJCY Hadama
npuoOperaTh Bce Oouibliiee 3HAUYEHHE B paspa-
0OTKE BHMHTOKPBUIBIX JIETATEIbHBIX ammaparosB,
XOTsI OHa BCE €Il HaXOJWIach Ha paHHEH CTa-
JIUW TI0 CPaBHEHUIO C COBPEMEHHBIMHU CHCTEMa-
MU JHUCTAaHIIMOHHOTO YIIpaBJieHHUS. B TedeHwue
9TOTO JECATWICTHS HECKOJBKO IporpaMM TIo
CO3IaHUI0 BUHTOKPBUIBIX JIETATEIBHBIX arapa-
TOB B Pa3HOM CTETNECHU BKIIOYATIU B CeOsl TEXHO-
amoruro DJICY. BaxkHO OTMETHTbH, YTO CHCTEMBI
OJICY BuHTOKpBUIBIX MammH 1980-x rogoB ObI-
U HE TaKUMHU COBEPIICHHBIMH, KaK Ha COBpE-
MeHHbIX JIA. OHM B TIepBYIO oOdYepelb ObUIH
HANPaBIIEHbl HA TMOBBIIICHUE YCTOWYHUBOCTH W
YIPaBISIEMOCTH, & HE Ha BBITIOJIHEHHUE TTOJTHOTO
npoduis win 0oJiee CIOKHBIX PEKUMOB MOJIETa,
BXOJISIIINX B (DYHKITMOHAJI COBPEMEHHBIX CHCTEM
SNCY.

Tem He MeHee BHenpeHue TexHoioruu JACY
Ha ATUX BUHTOKPBUIbIX MamuHax 1980-x romos
CTaJ0 BXKHBIM IIarOM Ha MYTHU K TOBBIIIICHUIO
0€30MMacHOCTH MOJIETOB BepToieToB. [l pa3pa-
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OOTKM M IEMOHCTpPAIMH yCOBEPILICHCTBOBAHHBIX
3aKOHOB  yINpPABJICHUS  TIOJIETOM  KOMIIaHHUS
Sikorsky Monu¢unuponana Beproier S-76,
YCTaHOBHB JOTIOJHUTEIBHYIO KaOMHY NMUJIOTa B
ero HOCOBOM YacTH. DTOT MPOEKT TMONyYHII
Hazganue SHADOW (puc. 2) (The Sikorsky
Helicopter Advanced Demonstrator of Operator
Workload).

Puc. 2. Jleraromas ta6oparopust Sikorsky SHADOW
Fig. 2. Sikorsky SHADOW flying testbed

MoupunmupoBaHHBI BEpTOJET MMeEN 4-Ka-
HaJIbHBIA KOHTpOJIJIEp OOKOBBIX pY4YeK — TaHTa-
’Ka, KpeHa, PbICKaHUs W OOWIEero mara — BMECTO
OOBIYHBIX PBHIYArOB YHPAaBICHUS LHUKINYECKUM
¥ OOIIUM IIAaroM | TeAajiei MmyTeBOTO yIpaBiie-
Hus. Cucrema ObUIa HOJHOCTBIO 3JIEKTPOJHUC-
TAHIIMOHHON CO CTpaxyIoUIMMH MWJIOTaMH Ha
3aJHUX Kpecilax, KOHTPOJIUPOBABIIUMHU XOJ HC-
NBITAHUN C BO3MOXHOCTBIO IIEPEXBATUTh YIIPAB-
JIEHHE BEPTOJIETOM MPHU HEOOXOAUMOCTH.

B 1990-2000-x romax mmdpoBBIE CHCTEMBI
OJICY Hauanu 3aMEHSTh aHAJIOTOBBIE. JTOT Tie-
pexo o0ecTeum psii TPEUMYIIECTB, BKIIOYAs
MOBBILICHHYIO TOYHOCTb, IELEHTPAIU3aLUl0 U
ruokoctb. L{udppossie cuctemsr DACY no3Bos-
I TPUMEHATh OoJee CIOXKHbIE aJITOPUTMBI
YOpaBJIE€HUS M MHTErPALMI0 COBPEMEHHBIX IaT-
YUKOB ¢ OOPTOBBIMU BBIUHCIUTENsIMHU. B Teue-
Hue 1990-x rogos texuonorus SACY mpomon-
JKaja pa3BUBATbCs, U €€ BHEIPEHHE HAa BHUHTO-
KPBUIBIX MAaIllMHAX CTajo Oojee MaccoBbM. B
YaCTHOCTH, KOHBEpTOIUIaH V-22 cTal nepBoi
CEpUIHON BUHTOKPBUION MAaIIMHOW, HA KOTOPOU
obuta peanmzoBaHa JJICY ¢ monHOM oTBeT-
cTBeHHOCTHIO [2]. K aToMy BpemeHu TpeboBaHus
K TWIOTQXHBIM XapaKTepUCTHKaM ObUIM TOA-
TBEP>KJI€Hbl MHOTOYHMCIIEHHBIMH HCCJIEJOBaHMsI-
MU, IPOBEIECHHBIMH YIPABIECHUEM adpOJUHA-
MUKH W JuHamukd mioneta apmuu CIHIA u
HACA. HrtoroMm »TOro HcCCIemoBaHHUsA cCTaja
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paspabotka crneuudukanuun ADS-33, akryanu-
s3upoBanHoi B 2000 romy.

B »auane 2000-x roxos MccinenoBarensCcKuii
nentp Diimca HACA u Ynpasnenue a’poanHa-
MUKH ¥ quHaMuku nosera Apmun CIIA npose-
J¥ JIETHBIE KBAJIM(UKAIIMOHHBIC UCTIBITAHUS UC-
CJIEZIOBATENILCKOM CHUCTEMBI YIIpaBJIEHHs MOJe-
toM (RFCS), unTerpupoBaHHOl B JETarOIIyIO
nabopatoputo RASCAL, co3nanHyro Ha 0Oaze
Beprosieta UH-60A BLACK HAWK, xkapau-
HAJIbHO MOAM(UIIMPOBAHHOTO AJs1 0OecredeHus
nporpamMm JIeTHbIX uccienoBanuil. B 2007 roxy
nabopatopuss RASCAL Obuta 3HaYUTETBHO MO-
TUGUIUpPOBaHa /I pa3MEUIeHHs! KIIIOUEBbIX afl-
HapaTHBIX ¥ MPOTPaMMHBIX 3JIEMEHTOB CHCTEMbI
ynpasineHuss mnonerom Beprosera UH-60M
Upgrade (UH-60M/U). IlepBsiii moner nabopa-
topun cocrosuica B 2006 rony. MccnenoBarensb-
ckue netHeie ucnbitanus UH-60M/U npoBoau-
muchk 10 2011 roma oObeTUHEHHON TPYIIION U3
crienuanuctoB GupMbl «CUKOPCKHI» U ApMUH
CHIA B llenTpe uccienoBaHus MOJIETOB KOMIIA-
Hun «Cukopckuit» B Yact-ITanm-buu, ®nopuaa.
Beproner mokaszan IMOJIHOE COOTBETCTBHUE IEp-
BoMmy ypoBHI0 ADS-33 GVE/DVE (puc. 3).
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Puc. 3. Beproner Sikorsky UH-60M/U ¢ 3ACY
Fig. 3. Sikorsky UH-60M/U FBW Helicopter

B 2010-x romax texnonoruun IJCY mpo-
JOJKalld pa3BUBAThCsA, oOecredynBas yJaydlleH-
HOE yTpaBiieHUEe, 0€30MaCHOCTh U PaCIIUPEHHBIC
JKCIUTyaTalmoHHbie Bo3MokHOcTH. DJICY 000-
pynoBansl: BepToneT AWI189 AgustaWestland,
kouBeproriad AW-609, Eurocopter EC175, Si-
korsky S-97 RAIDER, kouBepromian BellV-280
Valor u CH-148 Cyclone, Boennas moauduka-
st KoMMepueckoro Beptonera Sikorsky S-92.
Oxwupnaercsi, uto BeptoseT Bell 525 Relentless
(puc. 4), pazpaboTka KoToporo Hayanack B 2012 ro-
Iy, a mepBblid mosieT coBepmieH B 2015 rony,
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CTaHET TMEpPBbIM TPAKIAHCKUM BEPTOJIETOM
¢ DJICY, ceprudukamuss KOTOPOTO OXHUIACTCS
B 2025 roxy [3].

Puc. 4. Beprouner Bell 525 Relentless ¢ 31CY
Fig. 4. Bell 525 Relentless FBW Helicopter

IBOJIIOIUA ABTOHOMHBIX CHCTEM

Pa3zpaboTka aBTOHOMHBIX M TOJyaBTOHOM-
HBIX CHCTEM I103BOJIMJIA MIOBBICUTH 0€301aCHOCTh
Y YHHUBEPCAJIBHOCTh BUHTOKPBUIBIX MAIlWH. JTU
CUCTEMBI MOTYT NIOMOYb B HaBUTAIMH, IPEIOT-
BpAIllCHUN CTOJIKHOBEHMM M JJaX€ B BBINOJIHE-
HUU JIUCTAaHIIMOHHO MUJIOTUPYEMBIX WJIH aBTO-
HOMHBIX MHCCUH. VICTOKM aBTOHOMHBIX CHCTEM
Ha BHUHTOKpPBUIBIX MAaIIMHAaX YyXOAST JajJeKo B
1980-e rogsl. C 1980-x no cepeauny 2000-x ro-
noB «CHuKOpcKui» pazpadboTtain psii alropuTMOB
JUIl aBTOHOMHBIX CHCTEM, C(HOPMHUPOBAHHBIX C
MIOMOUIbI0  YCOBEPILIEHCTBOBAaHHBIX  3aKOHOB
ynpasinenus nojgeroM (FCLAWS), ocHOBaHHBIX
Ha noctmkenusx DJCY.

B 2002 rony komnanus « CUKOpCKHID» Haya-
Ja y4acTBOBaTb B IIPOeKTe «becnmIoTHBIN
ynapsbiii BoeHHblii Beproser» (UCAR) mnoa
srugoii arearctBa DARPA (Defense Advanced
Research Projects Agency). Otor BKJIA nox-
JK€H OBl Pa3ABUHYTh I'PAHULIBI BO3MOXKHOCTEH
aBTOHOMHOrO nosera. [Iporpamma UCAR Haxo-

Vol. 28, No. 04, 2025

JUJIaCh HA CTaJWUU NPEABAPUTEIBLHOIO MPOCKTH-
poBanusi, koraa B 2004 romy Obuia OTMEHEHA
(momo6uo mporpamme RAH-66 u apyrum mpo-
rpaMMaM pa3BuTHs apMmeiickoil aBuanuu CIIIA)
BCJIEJICTBHE COKpAIEHUsI OIJKETHOro (hruHaH-
cupoBanus. B mporpamme UCAR yuacTBOBanu
JIB€ KpYIHbIE KOMaH/bl pa3pabOTYMKOB U3 KOM-
naauid Northrop Grumman u Lockheed Martin.
B Northrop Grumman wucnonp30Bajiu IUIaHEP
NEPCIEKTHBHOTO KOHIIENTYaJIbHOTO BEpTOJIETa
Sikorsky m Hecymryro cucremy Kaman, a B
Lockheed Martin ucronp30Bai MPOEKT KOH-
nentyaiabHoro Beproineta Bell (puc. 5).

BonbmuHCTBO KaTtacTpod B aBUAIMH CBS3a-
Hbl C OTPaHMYEHHBIMH BO3MOKHOCTSIMH YeJIOBE-
Ka TIpy OOHApYKEHUH TPETATCTBUI B YCIOBHIX
IUIOXOM BUJMMOCTH, OINpPENEICHUU OTKIOHEHHUH
OT Kypca M peakuueil Ha HempeaBUACHHBIE 00-
CTOSITENICTBA B COUYETAHUU C JPYTUMH OCIOXK-
HAIOMMMU Bocmpusite ¢aktopamu. [Ipencras-
nennslii B 2013 roxy npoekt Sikorsky MATRIX
Technology Obi pa3paboTan Ass pemeHus Ipo-
osiembl aBapuitHocTd BKJIA B ycnoBusix mioxou
Bunumoctu [7-9]. Texnonorus MATRIX — 3to
KOMOUHAIM HPOrpaMMHOTO U  amapaTHOro
oOecrieyeHHs 1J11 aBTOHOMHOTO TIOJIETa, KOTOpast
HO3BOJISIET MUJIOTUPYEMOMY BO3YLIHOMY CYJHY
BBITOJIHATH PSJ 3a/1a4 0€3 y4acTHsl YyesloBeKa.

B 2014 rony MoiepHU3UPOBAHHBIN BEPTOJIET
S-76B Sikorsky Autonomous Research Aircraft
(SARA) 6p11 ob6opynoan DJICY ¢ cucremont
asToHoMHOCTH MATRIX. B 2016 DARPA unu-
nuupoBana mpoekT Aircrew Labor In-Cockpit
Automation System (ALIAS), a cucrema

MATRIX Oputa mpoaeMOHCTpUpPOBaHA Kak Ha
BEpTOJIETaX, TaK U Ha TPAHCIOPTHBIX CaMoJie-
Tax [6].

Puc. 5. UCAR (2002-2004): ceBa — Northrop Grumman (Sikorsky/Kaman), mosiHomaciurabHast MOJiesb; cripaBa —
Lockheed Martin (Bell), konnent
Fig. 5. UCAR (2002-2004): Left — Northrop Grumman (Sikorsky/Kaman) full-scale survivability model; Right —
Lockheed Martin (Bell) concept
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Puc. 6. ITonmnoctero aBroHoMmubiii UH-60 DARPA MATRIX
Fig. 6. Fully autonomous UH-60 DARPA MATRIX

B 2018 roay mumotsel apmuun CIIIA ocyte-
CTBWJIM KOHTPOJIMPYEMBI aBTOHOMHBIN MOJIET ¢
LEeNbl0 OTPAaOOTKMU YIIPABJIECHUS OMNIMOHAIBHO
OWIOTHPYEMBIM BO3AyIIHbIM cynHoM (OIIB)
yepe3 ceputo muccuii SARA. B 2019 rony BbI-
nonHeH nonetT Moauduuuposannoro UH-60A ¢
oonoriernor DJICY u mporpaMMHBIM oOecte-
yenneM MATRIX. Becnoit 2021 roma na OIIB
UH-60 (puc. 6) cucrema MATRIX Obuta
ycremHo ucneitada. B oktsa6pe 2024 rona kom-
nanus Sikorsky (Lockheed Martin) 3axmrounna
KOHTpakT ¢ areHTcTBOM DARPA Ha ycraHOBKY
ABTOHOMHOM CHCTEMBI YIIPaBJICHUS IOJETOM
ALIAS/MATRIX Ha skcnepuMeHTaIbHbIN Bep-
tosier UH-60M ¢ DJICY. B Hacrosiiee Bpems
Sikorsky paGotaer ¢ ®enepanabHbIM aBHAIIUOH-
HeiM ynpasienneM CLHA (FAA) man ceprudu-
kaueit cuctembl MATRIX, kotopast ucnosnb3y-
€T MHOXXECTBO OOPTOBBIX JAaTYMKOB, JIHIAPOB U
KaMep B COYETAaHUHU C 3alaTeHTOBAHHBIM aIlla-
paTHBIM U IpOrpaMMHBIM obOecriedeHueM [3].

Or AUCTAHIUNOHHBIX K aBTOHOMHBIM
CUCTEMaM YIIpaBJICHUHA ITIOJIETOM

C pa3BuUTHMEM CHUCTEM JUCTAHLIMOHHOIO
yIpaBJIEHUs MOSBUIACH BO3MOYKHOCTh CO3JaHMS
ABTOHOMHBIX CHCTEM YIIPaBJICHUs MOJETOM (Au-
tonomous Flight Control System). ABToHOMHas
CUCTEMA YNpABIEHUS IOJIETOM  IO3BOJIAET
yHOPaBIATh BO3AYLIHBIM CYJHOM C MHHHMAJlb-
HBIM BMEIATEIbCTBOM YellOBeKa. B 3aBucumo-
CTM OT CTENEHM AaBTOHOMHOCTH IIOJ€Ta €ro
MOJKHO BBITIOJHATh C HECKOJBKUMH YJICHAMHU
9KHUIAXKa, C OJHUM MUJIOTOM, a TaKxke B Oecru-
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JOTHOM pexkume. JlerarenpHble —ammaparsl,
OCHAII[EHHbIE TAaKUMU CHUCTEMaMH YIPaBJICHUS,
MOJYYHJIM Ha3BaHHUE OMIMOHAIBHO MHIIOTHpYE-
Mmbix (Optionally Piloted Vehicles (OPV)). Ouu
CHIOCOOHBI BBITIONHSTH MHJIOTUPOBAHHUE B CIIOXK-
HBIX MOTOJHBIX YCJIOBHSIX (TyMaH, MblUIbHAs Oy-
psi, ITOPM), TO €CTh B YCJIOBHUSX IUIOXOH BHIU-
moctu (Degraded Visual Environment (DVE)).
ABTOHOMHBIM CHCTEMaM TIOJ[ CHJy YHIPaBJISTh
JIA mpu mosere Ha Malloi BBICOTE C OTHOAHHEM
penbeda MECTHOCTH, M30eraTh CTOJIKHOBEHHUS C
NPENATCTBUAMU U JJAXK€ CaAMOCTOSTEIbHO BBIOU-
paTh MecTO /17151 0€30TaCHOM MOCAIKH.

PaGoTra BHUHTOKPBUIBIX MAIIWH B JalbHEH-
IeM Heu30eKHO Oy/IeT CTPEMHUTHCS K OoJiee BbI-
COKHM YypOBHSIM aBTOHOMHOCTH. [loneTHble 3a-
JAHUS CMOTYT BBINIOJHATHCS JHOO TTOJHOCTBHIO
ABTOHOMHO, OO B COBMEIICHHOM peXHUME, Tie
IWJIOT U aBTOHOMHAsI CHCTeMa YTIpaBIICHUS pa-
O6oraroT coBMmecTHO. JlocTHKEHHE BBICOKHX
YPOBHEW aBTOHOMHOCTH, OJHAKO, SIBISICTCS
CIIOHOM 3aJlauyeif, MOTOMY 4YTO MOJETHbIE 3a/a-
HUSI BUHTOKPBUIBIX MallMH pa3HOOOpasHbl u
CJIOKHBI U TPEOYIOT BBIMOJHEHHUS PSAAa CIOKHBIX
anropuT™MoB. IIyTh K 3P PEKTHBHOMY HCIIOIB30-
BaHUIO aBTOHOMHOTO MUJIOTHUPOBAHUS TPU BBI-
NIOJTHEHUU CJIOKHBIX OIEpanui, BEpPOSTHO, IO-
TpeOyeT COBEPILIEHCTBOBAHUS MPOIIEcca PYYHOTO
NWJIOTHPOBAHUS, T/I€ aBTOHOMHOMY TOJIETY IIO-
CTEMEHHO OTBOJMUTCS TJIaBHAsl POJib, MO3BOJISS
TakuM 00pa3oM CHU3UTH padO4yl0 Harpy3Ky Ha
skunax [10-12].

PaccmoTpyM apXHTEKTypy aBTOHOMHOW CHC-
TEMbI YIpPaBJICHUs IOJIETOM Ha TpPUMEpE JIeTaro-
nieii maboparopurn RASCAL JUH-60A (puc. 7),
KOTOpasi KCIOJIb30Bajach i OTPabOTKU 3Jie-
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Puc. 7. Beprosier RASCAL JUH-60A Black Hawk
Fig. 7. RASCAL JUH-60A Black Hawk Helicopter

MEHTOB CHCTEMBI JWCTAHIIMOHHOTO YHPABICHHS
Beprosiera UH-60M Black Hawk B pamkax ero
riIy0okoi monepHu3anuu [ 13].

IIporpamMHoe o0ecnieyeHue
1J1s1 JOPMHUPOBAHUS MOJIETHOT O
3a1aHus

[IporpammHuoe obecnieuenue st GpopmupoBa-
HHS TIOJISTHOTO 33/IaHMsl COCTOMT M3 MHTepdeiica
YIIPaBJICHUS MOJICTHBIM 3a/JaHUEM, TIPOTPAaMMHOTO
o0ecrieueHust U1l TIOCTPOSHUSI TPACKTOPUH TTOJIe-
ta (PG), ynpasnenus Bektopom ckopoctu (VC),
HaBuraiuu B 30He npenarctuii (OFN) u onpene-
neHust mecta Oe3omnacHoi nocaaxu (Safe Landing
Area Determination, SLAD) [11].

I[MyabT/MHTEpdeiic ynpaBjieHUs M0JeTHbIM
3a/laHueM

[Tyner/unTepdeiic ynpaBiaeHHs MOJIETHBIM
3amanueM (Mission Manager/Operator-Interface)
MO3BOJIAET MUJIOTY B3aMMOJECHCTBOBATH C CH-
CTEeMOH yIpaBJICHHUS U CIEANUTH 3a ee paboToil Ha
ypOBHE TpUHATHA pelieHus. Hampumep, mumot
MOJKET BBIOpATh KEJIaeMbI MyHKT Ha3Hau€HUS
Ha DKpaHe C MHTEPAKTUBHOW KapTOH, 3aTeM CH-
CTeMa yIpaBJIEHUS MOJETHBIM 33JaHUEM HalieT
uHpopMalMio 00 3TOM MECTe W MepenacT Ko-
MaHAy HporpaMMe HaBUTalMd B 30HE MpPEMsT-
ctBuii (Obstacle Field Navigation, OFN) nampa-
BUTh BEPTOJIET B IYHKT Ha3HaueHWs, u3Oeras
MPEMSITCTBUIA HA MYTH CJICTOBAHHUSL.

ITocTpoeHnue TpaekTopuu
MOJICTHOT' 0 3a/1aHNUS

JUI1 TOYHOrO MO3MLIMOHMPOBAHUS BEPTOJIETA
uHTep(deiic ynpaBieHUs TMOJETHBIM 33JaHUEM H
IIporpaMMa HaBUranuu B 30He npensatcrsuii OFN
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WCIOJIB3YIOT MPOTPAMMY ITOCTPOECHHSI TPAEKTO-
pun nonera (Path Generation (PG)). IIporpamma
PG mno3BosisieT MUIOTY yTOYHATh HAMEUYECHHYIO
TPACKTOPHUIO MyTEM BBEACHMSI HECKOJIbKHX Y[ia-
JIEHHBIX JIPYT OT APYyTa TOYEK MaplIpyTa BMECTE C
napaMmeTrpamu mnojera (MakCUMajbHasi CKOPOCTb,
CKOpOTIOABEMHOCTh U TpeNeibHbIE MEPErpy3Kn).
Korma renepatop TpaekTopuu moiydaeT HaOOp
HEYTOYHEHHBIX TOYEK MapIIpyTa, OH pa3padarbl-
BaeT UX PaCIIUPEHHBIA U YTOUHEHHBIN I1I€PEUYCHb
C COOTBETCTBYIOUIMM CKOPOCTHBIM MpoduiieM
noJjieta. JTOT MEPEYeHb OTPAHUYUBACTCS TAKUM
00pa3om, 4TOOBI TPACKTOPHS TMOJIETa OCTaBaIaACh
B paMKaxX OMNPEJCIICHHbIX KHHEMAaTUYECKUX Orpa-
HUYEHUA U B OTPAHUYEHHOM INPOCTPAHCTBEHHOM
KOpUIOpE B MOJETE 10 KaXKI0M HEYTOYHEHHOM
TOYKH MapUIpyTa.

Kaxxnas HeyrouHeHHast TOUKa MapiipyTa uMme-
€T OMNpPEICNICHHBIN paauyc, KOTOPBIM OIpeaenseT
KOPHUJIOp MEXITY JBYMS NOCIIEA0BATEIbHBIMU TOY-
KaMU; KOPUAOP — MPOCTPAHCTBO MEXIY AMAMET-
pamu ABYX MOCJEIOBAaTEIbHBIX TOUYEK MapuipyTa.
PacumiupeHHbIN epedyeHb MyTEBBIX TOYEK C COOT-
BETCTBYIOLIUMH CKOPOCTSIMUA HAIPABIIIETCS B
OJIOK yTpaBieHUS TOYKAMH MapuipyTa, HWHULU-
UPYIOLIMI OJIET TI0 JAHHOM TpaeKropuu. B mpo-
1iecce ToJIeTa BEPTOJIETa 110 ONPEIEICHHON TpaeK-
TOPUU TEHEPATOpP TPACKTOPUH MOXKET MOIy4aTh
HOBBI HAOOp TOUEK MapIIpyTa, IOCIE Yero OH
ABTOMATUYECKHU yAaIseT JI00yI0 He3aBEpIICHHYIO
YacTh TPAGKTOPUH U MPOKIAbIBAET HOBYIO TPAcK-
TOPUIO U3 TEKYILIETO MOJI0KEHHUS.

YrnpaBjeHue BeKTOPOM CKOPOCTH
VYnpasienue BekTopoMm ckopoctu (Vector
Command (VC)) — anbTepHaTHBHBIA BHJ TPO-
TpaMMBbI 3a/IaHUST TPACKTOPHH JBUKCHHS BO3-
nyurHoro cynHa. [Iporpamma ynpaBieHHsT BEK-
TOPOM CKOPOCTH TIOJTy4aeT IAWCKPETHBIC H3ME-
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Puc. 8. KoMnoHeHThI aBTOHOMHOTO aJIropuT™Ma MUHMMHU3auu pucka OFN
Fig. 8. Components of the risk-minimizing OFN autonomy algorithm

HEHUs XKejlaeMoil ckopocTu noiaera. Hampumep,
MUWIOT MOXKET BBECTH 3HAYEHMsI CKOPOCTH, YIJa
HAKJIOHa TPAeKTOPUU M M3MEHEHUS YTJIOBOU
CKOpOCTHU pbICKaHUs, a nporpamMMa VC cozgact
HENPEPBIBHBIA TIOTOK KOMaHJ Ha W3MEHEHHE
BEKTOpa CKOPOCTH, KOTOPBIM MOCTYHHUT B IpO-
rpaMMy yHpaBiIeHUs Toukamu Mapupyrta. VC
UCTIONB3YET TOT K€ MHTep(eic I yrpaBiIeHUs
TOYKaMHU MapuipyTa, 4To M MporpamMmHoe olec-
NIeYEeHUE I HaBUTAIMK B 30HE PENATCTBUH.

HaBurauus B 30He npensiTcTBUii

[Mporpamma HaBHranuu B 30HE MPENSTCTBUH
OFN yuactByer B 00pabOTKE JAaHHBIX, TOCTY-
NAaIMX OT JaTYMKOB, W TEpeJacT JaHHbBIE O
0e30MmacHON TpaeKTOPHM TOJeTa B CUCTEMY
ynpasnenus. 3anada OFN — HampaBisTe BepTo-
JIeT B TO MECTO, KOTOPOE BBIOpaJ MHUJIOT, H30eras
IPU 5TOM CTOJKHOBEHHS C 3eMJIeH M MPOYUMH
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npenstctBusMu. Anroputm OFN 3agaeT komaH-
Iy CHUCTEME TPAEKTOPHOTO YTPABICHUS] B BHJIC
Habopa KoMaHI 00 W3MEHEHHH CKOPOCTH.
B nporpamme ucrnonb3yeTcst anroOpuT™M MUHUMHU-
3allMM PUCKA CTOJKHOBEHHS C MPEMSITCTBHUIMH,
KOTOpbIH co3maer 3D-kapTy MpOCTPaHCTBEHHO
U3MEHAIOIMUXCS (aKTOPOB PUCKA U MPOKIAJIbI-
Ba€T MyTh ¢ MUHUMAJIbHBIM pUCKOM. OCHOBHBIE
KOMIIOHEHTHI 3TOTO IJIAHUPOBIIMKA MPEACTaB-
JIeHBI Ha puc. 8 [14].

Omnpenesienne 0e301aCHOr0 MeCTa MOCAAKH
(SLAD)

Jnst ompeneneHusi Oe30MacHBIX MECT MpH-
3eMJIEHHs TIporpamMma ompeseneHus: 6e3onacHo-
ro mecra mnocagku (SLAD) yuuteiBaer psin
OTpaHMYEHUIN AN MecTa IOCAaIKU, MCXOIs W3
aHanusza 3D-o6naka TOYEK, MOITYYEHHOIO INpu
IOMOIIM JIA3€PHOT0 JajbHOMepa. TunuuHble
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Puc. 9. Pemmennst SLAD nipu BeIOOpE MecTa MOCAAKH
Fig. 9. SLAD solutions for landing site

TpeOOBaHUS TPEACTABISIIOT cO00i Habop orpa-
HUYEHUM, KOTOpBIE MO3BOJIAIOT MOA0OpaTh Me-
CTO TIOCaJKH B TpeAesax JIOMyCKa IO YTy
HaKJIOHAa MOBEPXHOCTH, BBICOTE OINACHBIX Ipe-
MSTCTBUUA M PACCTOSIHHIO JIO HUX.

B3aumopelictBue mnumiota ¢ Iporpammoi
SLAD npoucxoguT B MOMEHT MPHUOIIKEHHS K
MOTEHIIMAILHOMY MecTy Tocaku (puc. 9, a) [15].

MecCTHOCTb CKaHUpYeTCS JMAApOM, W JaH-
Hble NIocTymnaioT B mporpamMmmy SLAD (puc. 9, 6).
Korna Oe3omacHeie MecTa M pPEKOMEHIyeMBbIC
TOYKH HalaeHsl (puc. 9, 6), 0oHH OTOOpaKaloTCA
i mioTa (puc. 9, 2) B Buae 0e30macHoOu 1mo-
BEPXHOCTH 3€JIEHOr0 1IBETa, a PEKOMEH]yeMble
TOYKH 1mocaaku — OykBamu A, B, Cu L.

Pemenue (L) nmpeacrasisier coOoii MOCIETHIO
TOYKYy MapIipyTa, OTIPABICHHYIO B HpPOrpamMMmy
OFN u3 npenpiIyliero pemieHus, Mo3roMy OHO
COXPAHSETCSl B K&KIOM LMKJIE PEIICHUN 10 TeX
Top, MOKa He OyJIeT MPU3HAHO HEEHCTBUTEIILHBIM.
[TM0T MOXKET COXpaHATH TEKyIIee MECTO I0Cal-
ku (L) m16o 1o xKenaHuI0 MOXKET U3MEHUTD pellie-
HHE U BBIOpaTh Jpyroe mecto (puc. 9, 0), uto mno-
BJIEUET 3a co0Oi M3MeHeHHe MmapiipyTta (puc. 9, e)
B BUJIC OTIIPABKH aJIFTEPHATUBHON TOYKU MapUIPy-
ta (C) nporpamme OFN. B crenyromem 1ukie pe-
mrernit Touka (C) Oyaer oTMedeHa Kak TOCIEIHS
otnpasineHHas Touka (L).
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OFN wucnosnp3yeT NpoCTpaHCTBEHHYIO sSYEil-
Ky pasmepoM 20 M U rapaHTHpyeT MOCaJIKy Bep-
ToJIeTa B Tpejeiiax Ommkaiimeid sueiiku. Ecnm
BBIOOp MpOrpamMMmbl MOJTBEPXkAEH B Ipeaenax
OZlHOM sueiiku, mporpamMMa SLAD Hampasiser
(UHATBHYIO TOUKY MOCAJKU B MpOrpammy, re-
HEPUPYIOIIYIO TPAeKTOPHIO, KOTOpasi MOXKeET 0o-
jee TOYHO MocaauTh BeprosieT. Ecnm ke muiior
MeHsieT MyHKT Ha3HaueHus, To ACVYII nomxna
YUYeCTb 3TO U3MEHEHHE 03 3HAYUTEIbHBIX Mepe-
XOJIHBIX TPOIECCOB. DTO OCOOEHHO Ba)KHO BOJIH-
31 KOHEYHOW TOYKHM MapLipyTa, I7le yBeIUyuBa-
€TCsl BEPOSITHOCTh CTOJIKHOBEHUS C 3eMJIed Win
HPENsATCTBUEM.

Temn npubnuxenus B pexxume SLAD ormpe-
JieNsieTCsl CKOPOCThIO, KOTOpash yCTAHOBJEHA B
nporpamme MuHumu3anuu pucka OFN u co-
ctaBisier mpumepHo 20 m/c (40 y3ioB). HecmoT-
Psl Ha TO YTO JIa3€pHBII JallbHOMEDP UMEET Jajlb-
HOCTh jeiictBust okono 2 000 M, peanbHbIE pe-
HIEHHUs HE BBIJAIOTCS MPOrpamMMoM 10 TeX Iop,
noka JIA He Oyner Haxonuthcs B 500700 M ot
MecTa MPU3EMIICHUS. ITO OOBACHSAETCS TEM, UTO
Ha OOJBIIUX PACCTOSHUSAX M MPHU MalbIX yriax
HaKJIOHA TPACKTOPHH 00JIACTh MPU3EMIICHUS BbI-
IJIAUT OY€Hb MAJICHbKOW MO CPaBHEHUIO C IIH-
PUHONM CKaHUpPOBaHUS M MOTEHIMAIbHON 00Ja-
CTBIO MOCAJIKU U, COOTBETCTBEHHO, OYEHb MaJloe
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Komnnekc 6opTosoro
obopygoBanua J1A

nonetom (AFCS)

Puc. 10. ApxutekTypa aBTOHOMHOM CHCTEMBI YIIPaBJIECHUS M0JIETOM
Ha npumepe Jseraroniert tadoparopun RASCAL JUH-60A
Fig. 10. Architecture of the autonomous RASCAL JUH-60A flying testbed

KOJIMYECTBO CKAHHUPYEMBIX TOYEK B JCHCTBH-
TEJIbHOCTH MOMAJAET B 30HY MOCAAKU A0 MOMEH-
Ta npubmxenus. [Ipu cOMMKEHNH C MOBEPXHO-
cThi0 Ha ckopoctu 20 M/c Bpemsi, OCTaromeecs
MUIOTY JIO0 MPU3EMIICHUSI B KOHEUHOUW TOUYKE IO-
canku, coctaBisieT npumepHo 20—40 c, 4ro He
TaK MHOTO, YYUTHIBas JIETHYIO HArpy3Ky U oOpa-
OO0TKY IMOCTOSTHHO TOCTyMaromed nH(popMaIuu.
[Tonyuenue waPOpMaIu 0 O6ojee OIATOMPHUSIT-
HOM BapUaHTE TOCAJAKH BBIHYXIACT MHIOTA
OBICTPO MEHSTh MECTO MPHU3EMJICHHS, CIeJ0Ba-
TEIBHO, CHUCTEMa JIOJDKHA OBITh CHOCOOHA
CIPABIATHCA C 3TUM 0€3 JJIMTENbHBIX WIH He-
MIPUBBIYHBIX IEPEXOIHBIX IMPOIIECCOB.

ABTOHOMHAfI CICTeMA yNpaBJIeHUs!
MoJIeTOM

ABTOHOMHas cHUCTE€Ma yIpaBlIEHUS IoJie-
ToM [15] BkItouaeT B ceOsa 1Be MPOrpaMMHBIE U
annapatHyto 4yactu (puc. 10): mporpammuoe
oOecrieueHue, (GopMHUpyroIlee IMOJETHOE 3ajJa-
HUE, MNPOTpaMMHOE 00OecreyeHue aBTOHOMHOMN
cucreMsl ympasneHus noierom (AFCS) u kom-
TUIGKC OOPTOBOTO OOOPYIOBAHUS JIETATEIHHOTO
anrmapara.

OcHoBHBIE 0JIOKH MPOrpaMMHOr0O obecrneue-
HUSI aBTOHOMHOM CHCTEMBI YIIPAaBJICHUS I10JIETOM
(Autonomous Flight Control Software, AFCS)
MOKa3aHbl B IEHTpaIbHOM "acTu puc. 10. AFCS
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obOecrieurBaeT (GOpMUPOBAHUE KOMaHJ YIIPaB-
JICHUsI BEPTOJICTOM HAa OCHOBE KOMaH/ TMpo-
TPaMMHOTO oOecrieueHus, (pOpMHUPYIOMIETO Mo-
JEeTHOE 3amaHue. PaccMOTpUM KaxkAblii Mpo-
rpaMMHBIi 010k cucteMbl AFCS Gonee neranb-
HO [15].

YnpasieHue TOUKaMH MapuipyTa

[IporpaMma ynpaBiieHusl TOUKaMH MapIIpyTa
(puc. 10) moxyyaeT ympaBisiOlIM€ KOMaHIbl O
TOYKAaX MaplIpyTa WM BEKTOpax CKOPOCTH, a
3aTeM Ha BBIXOJIE€ BBIJAET HENPEPBIBHOE H3MeE-
HEHHUE NapaMeTpoB TpaekTopuu nonera W, mo-
CTyIarllee B IpOrpaMmy YyNpaBICHHUs TPACKTO-
puel mojera. YIpaBiIeHUE TOYKaM MaplipyTa
noaApoOHO TOKazaHo Ha puc. 11, a, rae mpen-
CTaBJICHBI /IBa UHTEpdeiica B O10ke: uHTEpdEiic
«IIOCTPOEHUE TPAEKTOPHH II0 TOYKAM MapIIpy-
Ta» U UHTEpdEiCc «IIOCTpOeHHE TPACKTOPHUH IO
BEKTOPY CKOPOCTH.

Wntepdeiic «mmocTpoeHne TpaeKToOpuu 10
TOYKaM MapLIpyTa» IM0JIydyaeT HaOop 3aJaHHbIX
TOYEK MaplIpyTa M3 MpOorpamMmbl NOCTPOEHHUS
TPACKTOPUH IOJIETA, KOTOPBIM BKIKOYAET IOJIO-
JKEHHUE, CKOPOCTb, 3HAUECHUE NEPETPY3KU U Bpe-
MEHHYI0 HH(GOpPMALMIO IJIs1 HABUTalMK 110 OIpe-
JIEJIEHHOM TPAaeKTOPUU. DTU TOUKH COXPAHSAIOTCA
B MAMATH U OOBEIUHSIOTCA 110 Mepe MOCTyIIe-
HUsI, a KOTJa IoJlydyeHa oOmas KapTuHa Bcel
TPAaeKTOpUHU, OHU (QUIBTPYIOTCA U YNOPAI0UH-
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a) YnpaeneHue ToukaMu MapLipyTa Bpems uukna
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6) ®uneTp 2-ro nopsaka ¢ orpaHn4eHusaMU L(s)

OcraHoBKa Ha npegensHoM 3HaueHnu

OrpaHuyeHwe]
BENNUMHBI
napameTpa

1
|3

OrpaHuetne
YCKOpEHHSA

OrpaHuyeHue
CKOPOGTH

Puc. 11. YnpasneHue ToukaMu MapIipyTa
Fig. 11. Waypoint Control

BAIOTCS Ui 3aJaHusl TPAeKTOPHOM  (yHK-
uu P(t), koTopas MOXXKET OBITh BBIYHMCIICHA B
KaxaoMm BpemeHHoM 1ukie ACVYII gns cospa-
HUSL HEMPEPBHIBHOTO TPAEKTOPHOTO TostoxkeHust W,
HaMpaB/IsIeMOro B OJIOK YINpaBJIEHUS TPAEKTO-
puen nosera.

NuTepdeiic «mocTpoeHne TPaeKTOPHH 110 BEK-
TOPY CKOPOCTH» CUMTBHIBAET BPEMEHHYIO TIOCIIE/I0-
BaTEIbHOCTh KOMAaHJ 33/1aHHUsl BEKTOPAa CKOPOCTH
nosneta. [IoTok KOMaHI CKOPOCTH MOXET IOCTY-
narth JUOO U3 MPOrpaMMbl YIPaBIEHUS BEKTOPOM
ckopoctH, 1100 13 mporpammel OFN.

Bennuunel ckopoctu V,, yrina peickanus P, u
yIJla HakJIOHa TpaekTopuu 0, GUIBTPYIOTCS C
nomotipo GuisTpoB 2-ro mopsinka L(s), moka-
3aHHBIX Ha puc. 11, 6. OTdunbTpoBaHHOE 3HAYE-
HHE CKOPOCTH IpeoOpasyercst B 3eMHYIO (MHEp-
LUAJIbHYI0) CUCTEMY KOOPAMHAT U HCIOJb3YeTCs
JUISl BBIYMCIICHUS TIOJIOKEHUSI U 3HAYCHUH mepe-
Ipy30K. DTH JaHHbIE 3aT€M HCIOJIB3YIOTCS [UIs
3amaHusi TpaekTopHou (yHkimu P(t), Kotopas
3a71aeT napaMeTpbl TPAEKTOPUM A, HAIIPABIIsIEMbIE
B OJIOK YIIpaBJICHUS TPAeKTOPHEH IoJIeTa.

YupasiieHue TpaekTopuei mojera

biiok ynpaBieHus TpaeKTOpUEH IMOJeTa BbI-
NoJHseT (YHKUMM aBTONMMJIOTA IPH 3aJaHUU
Kypca IoJieTa U JIeHCTBYET KaK B peXUME BHCE-
HUSA, TaK U B PC)KUMC TOPU30HTAJIBLHOT'O IIOJICTA.
biiok ympaBineHHs TpaeKTOpUEH OTCIIEKUBAET
OTKJIOHEHHE MapaMeTPOB TPACKTOPUH B UHEPIIH-
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anbHOU cucteMe koopauHaT W ot 3HaueHuil na-
paMeTpoB, 3aJaBacMbIX OJOKOM YIpaBIICHUS
TOYKaMH MapuipyTa, npeodpa3yeT uX B CBSA3aH-
HYIO CUCTEMY KoopAMHAT T W mepenaeT ympas-
JAOIIAE KOMaHAbl Ha U3MEHEHHE Kypca IoJIeTa
BO BHyTpeHHHI KOHTYp JIA. OH Taxxke obecme-
YUBaeT HEOOXOIMMOE CIIJIaXKUBAaHUE BO3MYIIe-
HUIl MPOCTPAaHCTBEHHOIO nojoxkeHus JIA Hesa-
BUCHUMO OT TOTO, MCHOJB3YETCS JU AJITOPUTM
«IIOCTPOEHUE TPAEKTOPUU 10 TOUYKAM MaplIpy-
Ta» WIN AITOPUTM «IIOCTPOEHUE TPACKTOPUHU IO
BEKTOPY CKOPOCTH» OJIOKa YIpaBJIeHHUs TOUKAMU
MmapmipyTa (puc. 11). IIpu ucnonp3zoBanuu anro-
pUTMa «IIOCTPOEHUE TPAEKTOPHUH IO BEKTOPY
CKOpOCTH» OJIOK YIIpaBJICHUS TpPaeKTOpueH Mo-
aeta OyJeT cienoBaTh TPACKTOPUH, OTYYSHHOM
B pe3yJibTaTe€ MHTErPUPOBAHUS 3HAYEHUM 3aa-
BaeMoi ckopocTH. JIroboe OTKIIOHEHHE OT Tpa-
€KTOPUHU B PE3yJIbTaTe HAKOIUIEHUS MOTPELIHO-
CTEl MHTETPUPOBAHUS BEIMYMHBI 3a]aBACMOU
CKOPOCTH [JIOJDKHO YCTPAHATHCS CIELHAIbHBIM
anroputmoM. [Iporpamma ymnpaBieHHs TPaeKTO-
puel mosiera paboTaeT B 3€MHOM CHCTEME KOOp-
nunat XY, Z, B pexume Bucenus (puc. 12) u B
TPAaeKTOpPHOW cucreme KoopauHat X, Y, Z, B
peXMMe TOPU30HTAILHOTO MOJIETA.

B pexume BuCEHHMS KOMaH/AbBI YIIPABICHUS
CIIe)KEHUEM 3a MAapIIPYTOM 33Jal0TCs B MHEPLU-
anbHOU cucteme KoopauHat W = [Xg,Zg, Yg,tp],
a KOMaH/bl TpaeKTOpuu nojera I = [I/;C, V;,, Wy, h]
3aJal0TCs, KaK IIOKa3aHo Ha puc. 13, a.
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Puc. 12. TpaekTopus nojera B HOpPMAIBHOW U TPACKTOPHOH CHCTEMaX KOOPAWHAT
Fig. 12. Flight Trajectory in Normal and Path Coordinate Systems
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Puc. 13. YnpasneHue TpaeKTOpUEH MoieTa B peKUME BUCEHUS 1 B TOPU30HTATLHOM TIOJIETE
Fig. 13. Tracking Control in Hover and Forward Flight Mode

[penBaputenbHbiii GUIBTP P UCHONB3YETCS
171t (POPMHUPOBAHMS CKBO3HOTO OTBETA, & KOMIICH-
canmonHoe 3BeHo C(S) mpuUMEHseTCsl s Hac-
TPOWKH MEPEXOIHOTO MPOIIECcca MPOMOPIMOHATb-
HO-UHTerpatbHO-Iupdepennmansaoro (ITHT)
peryisitopa obparHoit ces3u K (s). TIpeodpaso-
BaHUE TMO3BOJISICT TMEPEXOAUTH OT X—Y-KOOp-
JUHAT B 3€MHBIX OCAX K UBMCHCHUIO KOMIIOHCHT
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cKopocTd B cBsa3aHHOUW ¢ JIA cucreme koop-
JIUHAT.

brox oOpaTHOI CBS3M ClEKEHUs 3a Tpack-
topueii mojera K(S) mMeeT CTPyKTypy, IOKa-
3aHHYI0 Ha puc. 13, 6, TIe KOMaHa M0 KOOPAH-
Hate P,, curHan oOpaTHOW CBSI3M MO KOOPAMHA-
Te F,;;, KoManga no CKopoctd V; u curuan o0-
PaTHOM CBA3M IO CKOPOCTH Vg, OOBEIUHAIOTCS
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¢ [T I-perynaropom. CUrHan HEBSI3KH € IO KO-
OpAMHATE MPOXOAUT Yepe3 MPONOPLHUOHATbHBIN
U MHTETpajbHBIA OJOKH, B TO BpeMs KaK CHUTHAI
HEBSI3KH IO CKOPOCTH MAacCIITaOHpYyeTcsl C Io-
MOILBIO BEIMYUHBl W, U CYMMHPYETCS C BBIXO-
oM [T JI-perynsitopa 1Jist CO3/1TaHKs BBIXOJIHOTO
CUTHAJIa OOPATHOM CBSI3U O -

B ropusoHTanpHOM MoONeTE porpamma
YIOpaBJIEHUS TPAcKTOpUEH IoJIeTa 3a4aeT KO-
MaHJpl B TPAEKTOPHOM CHCTEME KOOpPJIWHAT
Xy Yy, Zy, COHAIIPABIICHHOM C JKEJIAEMOU TpaeK-
Topuei, nokazanHo Ha puc. 12. Ock X, naHHOM
CUCTEMBI KOOPJIMHAT COHAIPABJIEHA TPAEKTOPHH,
oCh Y, HOpMaJlbHa K TPAaeKTOPUU B BEPTUKAIIb-
HOM IMJIOCKOCTH, a OChb Z, HAXOJUTCS B TOPU30H-
TAJIBHOW TUIOCKOCTH, MEPIEHAUKYISPHOU ILIOC-
KocTH X, —Y,. OpHeHTanus TpacKTOPHOM CUCTe-
Mbl KOOpPJIMHAT OTHOCHUTEIBHO HWHEPLHUATBHON
ONpeneNsaeTcs 3aJaHHbIM YIJIOM HaKJIOHAa TPaeK-
Topuu 6 1 yrioM pbicKaHus Y.

B nocrynarensHOM mosiere mojoxkeHue JIA
3aJaeTcsi B HMHEPHHMAIBHBIX  KOOpJAMHATaX
W = [Xg,Zg,Yg,lp], a KOMaHIbl Ha W3MCHCHHE
TpaekTopuu mnonera T = [Vx,lp, B, 9] ¢dopmu-
pyIOTCs, Kak Mmoka3aHo Ha puc. 13, 6. [Tapamer-
pel Tpaektopuu W = Xg,Zg,Yg,zp] npeaBapu-
TEIbHO OT(QHUIBLTPOBHIBAIOTCS, a 3aTeM Mpeolpa-
3yIOTCS B KOMaH/Ibl B TPAEKTOPHOM cHUCTEME KO-
opauHat. Kak u B pexume Bucenus, [1N/]-pe-
TYJSTOpP MCIONb3YeTCA Ui YHPaBICHUS Kax-
JbIM COOTBETCTBYIOLIMM KaHAJIOM YIIPaBJICHUSA
C TIOCJIEAYIOUIEH JOMONHUTEIbHOW KOMIIEHCaA-
mueii C(s). B npomoapHOM KaHalle MPOHIEHHOE
paccTositHuE BJOJIb TPAEKTOPUH X pEryIupyercs
YIOpPaBIE€HUEM CKOPOCTbIO V., B TO BpeMs Kak B
KaHaJle BBICOTBHI YrOJI HaKJIOHA TpaeKkTopuu 6
perynupyercs npu MOMOIIY yIPaBICHUS yTIOM
HaKJIOHa TpaeKTopuu nosera 6,. B nmonepeunom
KaHaJIe YINpaBJIE€HUs KOOpAWHATA Z, PEryJupy-
eTCsl yIpPaBICHHEM CKOPOCTHIO PBICKAHUS 1.
Hakonern, B myTeBOM KaHalle yrnpaBieHHs O0KO-
BOE CKOJIbKEHHUE [ peryaupyeTcsl yIpaBiIeHUEM
YTIIOM CKOJIBKEHUS [35.

YnpasJ/ieHue BHyTPEHHUM KOHTYPOM

biiok ynpaBiieHHs BHyTPEHHUM KOHTYPOM Ha
puc. 10 cocTouT U3 IBYX OCHOBHBIX MOMYJICH:
MoayJsl ympaBieHus KypcoM JIA u monyns
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yIpaBiIeHus YIJIOBbIM NojoxeHueM JIA (TaHra-
KOM, KPEHOM U pBICKaHMEM), KOTOpbIE MOKa3a-
Hbl Ha puc. 14. OTu 1Ba OJ0Ka YyCTPOEHBI TaK,
YTOOBl OHM MOTJIM B3aUMHO OTKJIHOYATHCA IJIf
o0ecrieyeHHss BO3MOXKHOCTU IIOJIETa B PYyYHOM
peXHUME C MOMOLIbIO OJIOKA YIPaBJIECHUS YIJIO-
BBIM TOJI0XKeHHEM JIA.

Mooyns ynpasnenus kypcom JIA

Monynb ynpaBnenus kypcom JIA B kadecTse
CBOMX BXOJHBIX OAHHBIX HMCIOJB3YCT BBIXOJIHBIC
JMaHHbIE U3 OJIOKa YIPaBJICHUS TPACKTOPHEH Mo-
nera JIA B cBs3aHHOW cucteme KoopauHat T u
TeHepupyeT AJii MOAYJS YNpaBICHUS YIIIOBBIM
nosioxeHueM JIA crenytonue AaHHBIC: 3HAYe-
HUE O0IIero Imara HeCyliero BUHTA (@, 3aaH-
HBIM yroJl KpeHa Y, 3aJaHHbIA yroa TaHraxa U
¥ 00 3aJ]aHHYIO0 YTJOBYIO CKOPOCTh pPBICKaA-
HUSL W, B PEKUME BUCEHUS, JTMOO YroJl CKOJIbKE-

HUS f TIpY TIOCTYTIATETLHOM TIOJIETE.

B pexume BHCEHMS MOJIYJb YNPaBICHUS
KypcoM JIA popMupyeT OTKIIMK HAa KOMaHIBI TI0
ckopoctsam V,, V,, h MPY MOMOIIH JOMOJHUTEIb-
HBIX OJIOKOB, OTPAaHUYEHHBIX MyHKTUPHON JTMHH-
el Ha puc. 14, a. YopaBieHue yrjioBbIM IOJO-
JKEHHUEM B IIyTEBOM KaHaJle OCYIIECTBIISCTCS W3-
MEHEHHEM YIJIOBOM CKOPOCTH PBICKAHMS, IIO-
TOMY HE TpeOyeTcsi TOMOTHUTEIBHBIX 3aMbIKa-
HUW KoHTypa. Jlnms dopmupoBaHus 3aTaHHOU
OTBETHOW PEAKLHH MO MONEPEYHOr cKopocTu V,
KaHaJ KpeHa uMeeT QopcHupyloliee 3BeH0, KOTO-
po€ BKJIIOYAETCs IOCIEN0BATENbHO 3a OJIOKOM
cTabunuzanuu mnomnepeyHor ckopoctu. dopcu-
pyroliee 3B€HO KOMIIEHCHUPYET B pEXHME BHUCe-
HUSL U MaJbIX CKOPOCTEH HMCUE3HOBEHUE MPOU3-
BoJHOM Y'Z 1o 6OKOBOI CKOPOCTH, TaKUM 00pa-
30M yiyuiias paboTy KOHTypa CTaOMIM3aluu
MONIEPEYHOM CKOPOCTH.

[MomoOHBIM ke o00pa3oM KaHajd TaHTaXxa
uMeeT OJOK YMpaBJeHHs] TPaeKTOpuerd B MPo-
JOJILHOM TIOCKOCTU € (POPCUPYIOIIMM 3BEHOM,
pacmooKeHHbIM Toche OJoKa CcTaduInu3alnuu
MPOJOIBHOW CKOPOCTH, KOTOPBIH (opMupyeT
HEOOXOJUMYIO OTBETHYIO PEaKIMI0 Ha H3MEHe-
HUE€ TIPOJOJBHONU cKopocTu V, B 3TOM KaHaie.
dopcupyrolee 3B€HO B OJIOKE YIIPABICHUS Tpa-
€KTOpHEH B MPOJIOJIBLHON MIOCKOCTH KOMITEHCH-
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Puc. 14. brioku ynpaieHHs BHYTPEHHIM KOHTYPOM:

(o — OOIIUI TITaT HECYIIETO BUHTA, 1) — IOMEPEYHOE OTKIIOHEHUE TapeKu aBTomara mepekoca (TAITD),
Kk — iponosbHoe oTkionenue TATL, ¢, — o6mumii mar pynesoro BuHTa, h — BepTHKATBHAS CKOPOCTD
Fig. 14. Inner loop control units:

@om — collective pitch angle, n — lateral deviation of swashplate, k — longitudinal deviation of swashplate,
¢ps — tail rotor collective pitch, h — vertical velocity

pYET MCYE3HOBEHHME HA MaJIbIX CKOPOCTAX IpO-
M3BOJHOM X'* MO CKOPOCTH TOPH3OHTAIBLHOTO
nosieta. B pexume BUCEHUS OTBETHBIE PEaKLUH
II0 CKOPOCTH 3aJal0TCsl B CBSI3aHHOM CHCTEME
KoopauHar. KOHTyp BEpTHKalIbHOM CKOPOCTH
nmeet [IM/][-ynpaBieHre BEpTUKAIBHON CKOPO-
CTBIO M BBICOTOM, a NIEPENATOYHBIEC YNCIIA U3MeE-
HAIOTCA OT PEKMMa BUCEHMS 10 PEXHMMA TOpH-
30HTAJIBHOIO MOJIETA 10 33JaHHOMY 3aKOHY. 3a-
METUM, 4YTO IEpeJaTO4YHbIE YHCIAa B PEXHMaX
BHCEHMSI U TOPHU3OHTAIBHOIO IOJETA OCTAKTCA
MIOCTOSIHHBIMH.

B pexwnme ropuszoHTanbHoro mnojuera (00-
JacTb, OIPAaHWYEHHAs IYHKTUPHOW JIMHUEN Ha
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puc. 14, 6), O6mox cTabuau3anuu MPOJAOTIBLHON
CKOPOCTH BXOJHUT B KOHTYp YIpPaBJIEHUS U CTa-
OwnM3alnuy yria TaHTaxa, a TakkKe B KOHTYp
YIIPABJICHUS BEPTUKAIBHOM CKOpPOCTBIO. Takum
o0pa3oMm, 3a/1aBaeMble U3MEHEHHsI CKOPOCTHU TO-
JeTa WIN yIja HaKJIOHA TPACKTOPUHM OCYIIECTB-
JSIOTCS TIOCPEICTBOM KOMOMHAIIMM KOMaHJ Ha
M3MEHEHHUE yrja TaHraxa 1 BEPTUKAJIBbHOM CKO-
poctu. KoHTyp crabunmn3anuu mpooJIbHON CKO-
pPOCTH 3aMBIKAeTCs BOKPYT OJIOKa yTNpaBJICHUS
TPAEKTOPHEN B MPOJOJIBHON MIOCKOCTH, IMO3TO-
My OTBETHasl peaklMs Ha 3aJJaHHOE M3MEHEHHE
CKOopocTH V), aHalOrMYHa peXUMYy BUCEHHUS.
biiox ymnpaBiieHHs TPacKTOPHEW B IPOJIOJIBHOU
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Puc. 15. Vicions30BaHMe SBHOW 3TATOHHON MOJAEIH ISl CTAOMIN3AIMH YTIOBOTO MOJI0XKESHUS
B KaHaJIaX KPeHa/TaHTaXka U CTa0WIM3allK Kypca B KaHaIle PhICKAHUS
Fig. 15. Application of the explicit model-following for Roll/Pitch ACAH and Yaw RCDH

IUIOCKOCTH IIOJy4aeT BEPTHKAJIBbHYIO CKOpPOCTH
U3 TOPU3OHTAIBHON IMOCPEICTBOM ydeTa H3Me-
HEHM yIJia HakjIoHa Tpaekropuu 0. Crabumnmsa-
Ul MONEpeyHOl CKOpocTH U (opcupyroliee
3BEHO Ha puc. 14, a OTKIIOYarOTCs, KOrjaa mpo-
UCXOIUT MEPEXO] OT PEKUMa BHCEHHSA K T'OpH-
30HTAJIBHOMY TMOJETY W BKJIIOYAETCA KOHTYP
crabmnmm3anuu Kypca (puc. 14, 6), KOTOpBIN 5B-
aserca IIH-perynstopoM, NpenoTBpaIarOIAM
WU3MEHEHHUE yIJIa PhICKaHMs ITPU BOZHUKHOBEHUU
ckonbxkeHus. KoHTyp crabunmszanuu Kypca 3a-
MBIKA€TCSl BOKPYI KOHTypa CTaOMJIM3alMU yIJa
KpEeHa, a YIJIOBasi CKOPOCTh PBICKAHUS U KypC B
Ka4yecTBE CUTHAJIOB OOpaTHOH CBSA3U NEpelaroT-
csi B OJIOK ynpaBJIeHHS TI0 KPEHY Y JUIsl TOJTyde-
HUS KOMaHIbl II0 YIJIOBOM CKOPOCTH pPBICKA-
HHUS Wy; ¥ CTAOMIIM3ALIMK KypCa.

anaeﬂeﬁue Y2n06bIM NONOIHCEHUEM

broku ymnpaBiieHUsI YTJIOBBIM TOJOXKEHUEM
BEpTOJIETa IOKAa3aHbl 3aTEHEHHBIMH YYacTKaMHU
Ha puc. 14, a u 14, 6. OHu obecneunBarOT OC-
HOBHYIO TpeXKaHAIBHYIO cTabmiIu3aruio u Ghop-
MUPYIOT BXOJHBIE KOMaH/bI YIIPABICHUS BEPTO-
JETOM MO KpEeHYy 7}, TaHTaxy K U IIyTeBOMY
YTIPABJIEHUIO Ppy.

OTH OJIOKHU CITy’KaT JUIsl TOTYYEHUS KETaeMbIX
XapaKTepUCTUK YIPABISIEMOCTH B KaXK/IOM KaHaje
C UCIIOJIb30BaHUEM 3TajoHHON Mozaenu M. Ctpyk-
Typa MOCTPOEHHUS OJIOKOB YHUBEpCAIbHA Ul KaX-
JIOTO KaHaja yIIpaBJICHMs M IOKa3aHa Ha puc. 15.
YroObl crenath MepexojHble MpoLecchl OImKe K
MEePEXOHBIM  TIPOIECCaM  MHTETPabHOTO  3Be-
Ha (1/s) B KkaHanax TaHra)ka W KpeHa, Ha BXOE
B KQX/IbI COOTBETCTBYIOIIMN KaHal ObUIO Ipen-
BapUTENILHO MOMEIIEHO KOMIIEHCUPYIOIIEe 3BEHO
3ama3pIBaHusl BTOporo nopsaka C, mpenBapsito-
I11e€ MOJIETb «YHUCTOT0» BepToseTa Gpgyre-
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[TapameTpsl KOMIIEHCUPYIOIIUX 3BEHHEB ObI-
¥ BBIOpaHBI TaKUM 00pazoM, 4YTOOBI CHETATh
PEaKIMio pa3oMKHYTOr0 KOHTypa G Ooiee mo-
XOXKel Ha CUCTeMYy IMEpBOro MOpsjaka, MOTOMY
4T0 0OpaTHas Mojendb G~ ! TpaaULMOHHO HMeeT
1-it nopsinok. Takas komneHcanust 3PPEeKTHBHO
MOJIaBJIsIeT B3aMMOBIIMSHUE HECYIIEro BUHTA U
¢ro3enska, KOTOpOE 3acTaBisieT Pa3OMKHYTHIN
KOHTYp (0COOCHHO B KaHaJIe KpeHa) BECTH ceOs
NoJOOHO 3BEHY BTOpPOro MOpPSJIKa Ha YacToTe
nepeceyeHus. i KaHana pbICKaHUs KOMIIEHCA-
1Sl OTCYTCTBYeET, modtomy C = I, rae I — enu-
HU4Hasg Mmatpuia. [lapameTpsl KOHTYpOB ymIpaB-
JIeHUsI B 3TUX OJIOKaX 3aBHCAT OT CKOPOCTH IIO-
aeta u GOpMHUPYIOT YIPABIAIOIINE BO3ACHCTBUS
MO yIJIaM TaHTa)Xa U KpeHa U OTKIUK IO YTIJIOo-
BOI1 CKOPOCTHU PBICKAHUSA B ITyTEBOM KaHaJe.

B ropusoHTanbHOM MOJE€TE BO3MOXKEH pe-
KUM KOOPJIMHAIMU Pa3BOpPOTa, KOTJa IyTeBOM
KaHaJl UCTOJIb3yeTcs sl GopMHUpOBaHUS CUTHA-
Jla 0 YTy CKOJBXEHHUS C IPUMEHEHHEM OJI0KOB
CKOJIBXKCHUSI U TIEPEKPECTHON CBS3U IO KpEHY,
MOKa3aHHBIX Ha puC. 14, 6. BiIok ckombxeHus
3aMKHYT BOKPYT KOHTypa CTaOMIU3aluu Kypca,
I/Ie Yrojl CKOJBXEHHS U YIJIOBas CKOPOCThb
CKOJIBXKCHHUSI HCIIONIB3YIOTCSl KaK CHUTHAJbl 00-
paTHOM CBS3M JUIsl U3MEHEHUS yTJIa PICKAHUSI.

Komanma mo yrimy kpeHa Yy H3 KOHTypa
ympasienus no yriry kpena (ACAH) nepenaercs
yepe3 OJIOK TMEPEeKPEeCTHON CBSI3M MO KPEHY B
KOHTYp ctabunu3anuu yria peickanus (RCDH),
9YTOOBI 00ecTeYnTh KOOPAWHUPOBAHHBIN pa3Bo-
pOT MpHU BBEIECHUU MOMEPEHYHOIO YIPaBICHUS.
[TockonbKY KOHTYpP PBICKaHUSI IMEET OOpaTHYIO
CBS3b MO YTy CKOJBXEHMS, BBEICHHas IMepe-
KpECTHAas CBS3b 110 KPEHY B KOHEYHOM uTore Oy-
JIET CTPEMHUTbCS K HYJIO MO Mepe Bxoja JIA
B KOOPJIMHUPOBAHHBINA Pa3BOPOT.
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Oo0padoTka curuaja

bnox 06paboTku curnanos Ha puc. 10 mpu-
HUMAeT BXOJHbIC CUTHAJIbl JAaTYUKOB M MPOU3-
BOJHUT HEOOXOMUMYI0 (QUIBTPAIUIO JUTS (hOpMHU-
pOBaHUS BEKTOpa MapaMeTpoB cocTosHus JIA.
Curhainsl yIiaoB U YIJIOBBIX CKOPOCTEW OT UHEp-
[IMaJbLHOTO HaBUTanMoHHOro Oyioka (Inertial
Navigation Unit (INU)) moaseprarotcst mudpo-
BOll unpTpanuu Ha yactote 256 [' mepen ux
cyonuckperuzanuend 10 gyactorsl 51,2 T'i, koTo-
pas aBnseTcs padoueit yacroroit ACVYIL

WNHepuuanbHble KOOPAUHATHI OT BCTPOECHHO-
ro 6moka GPS/INU ¢unbtpyrorcss Ui yMeHb-
IIEHMS 1IyMa CUTHAJIOB KOOPAMHAT HA BBICOKHUX
ckopoctsax noznera. Ounbtp Kanmana 3-ro mo-
psAKa Ui KaX10H KOOPAMHATHI UCIIOJB3YETCs B
KayecTBE KOMIUIEMEHTAPHOTO (QUIbTpa, IMOJY-
YaloIIEero CUrHaibl yckopeHuit ot omoka INU n
koopauHat oT 61moka GPS/INU.

OneHkH yria atakd o, yrjia CKOJIbXEHHUs [3,
yria HakjIOHa TPAEKTOPHUH © U COOTBETCTBYIO-
IIMX YTJIOBBIX CKOPOCTEHM MpPOU3BOJATCS HA OC-
HOBE OLICHOK CKOPOCTEH, YCKOPEHHi, yIiIoB TaH-
raxa, KpeHa u yrioBsix ckopocteit JIA. IIpu 6o-
Jee BBICOKHX CKopocTsix (Oonbmie 60 y370B)
KOMIUIEMEHTapHbIH (DUIBTP HCHONB3YETCS A
OLIEHKU yTJa CKOJBXEHHUS U €ro MpOM3BOJHOU
10 OOKOBOMY YCKOPEHMIO U IPYTMM H3MEpEHU-
SIM BEKTOpa MapaMeTpoB cocTossHus JIA.

B ropusoHTampHOM IOJIeTE€ OLEHKa yria
CKOJIBXKCHUSI TPOU3BOAMUTCS IO HHEPLUUATBLHON
CKOpOCTH B Juana3zoHax Huxe 40 y3710B U BBIIIE
60 y3J0B C TOMOIIBIO KOMIUIEMEHTAPHOI'O
¢unbTpa, OMMCAHHOTO BbllIEe. B nuamasone ot
40 no 60 y3710B ABE OLIEHKH CYMMHPYIOTCS B BU-
Jle TUHEWHOW KOMOWHAIMM JJI CO3JaHHS Tepe-
XOAHOM 0071aCTH MEXIY HUMH.

3akJoueHue

B Hacrosmeir pabote KpaTKo paccMOTpeHa
3BOJIFOIIUA 3apy6€)KHI>IX AUCTAHIIMOHHBIX CH-
CTEM YTPABJICHHSI TTOJIETOM BHHTOKPBIIBIX JIETa-
TCJIbHBIX anmapaTroB, OT MNCPBbBIX aAHAJIOT'OBBIX
OJICY 10 COBpPEMEHHBIX ABTOHOMHBIX CHUCTEM
ympasieHus. [lpaBuiibHass uHTErpanus aBToO-
HOMHOTO TIOJIETa C PYYHBIM YIIPaBICHUEM I103-
BOJIICT CBECTU K MUHUMYMY KPUTHYCCKHUC, CBs-
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3aHHBIE C YEJIOBEYECKUM (PaKTOPOM, HMPUUYMHBI
JIETHBIX NPOMCIIECTBUM, TAKMX KAaK CTOJKHOBE-
HHUE C HAa3eMHBIMU MNPEMSATCTBUAMH WIH MOTeps
IPOCTPAHCTBEHHON OpUEHTAIH B CIIOKHBIX Me-
TEOYCIIOBHSIX.

Ha nmpumepe neratromeil naGopaTopuu
RASCAL JUH-60A paccMOTpeHBI OCHOBHBIE
INPUHLIUIBI TTOCTPOEHUSI CTPYKTYpPbl U aJrOPHUT-
MOB aBTOHOMHBIX CHCTEM YIIPABICHHS IOJIETOM
BEPTOJIETOB, KOTOpblE ObUIM MOATBEPKICHBI
JIETHBIMU HCIBITAHUSMHU. OTH 3aKOHBI YIIpaBJie-
HUSL MOTYT OBITh MCHOJb30BaHbl B MUJIOTAKHBIX
KOMIUIEKCaX [UIs HaBUTAllMM B 30HE NpensT-
CTBHH M OIpeaereHus: 0e30ImacHOro Mecra Io-
CaJIki M JJI TAaKUX PEKUMOB I10JIeTa, KaK MOJIET
10 3a/IaHHOM TPaeKTOpUHU, aBTOHOMHBIE B3JIET U
1ocajKa, ONLIMAHAIBHO MUWJIOTHPYEMBIH MOJET,
TPAHCIIOPTUPOBKA I'Py3a HA BHELIHEH MOABECKE.
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