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CUCTEMA UHTEJUIEKTYAJIBHOI'O KOHTPOJIA
TEXHUYECKOI'O COCTOAHUSA PAIMOMASKOB
HABUT'AIIMOHHO-ITIOCAZTOYHOI'O KOMINVIEKCA

JI.JI. TABPUDJIbSIH', II.M. KOCTEHKO?, O.A. CA®APBSH?
"Pocmoscruii-na-ZJony nayuno-ucciedosamensckuti UHCIMumMym paouocessu,
2. Pocmoe-na-/{ony, Poccus
’Pocmoscrui Gunuan MI'TY I'A, 2. Pocmos-na-/[ony, Poccus
3 onckoii 20Cy0apcmeennblll mexuuyeckutl ynusepcumem, 2. Pocmoe-na-/{owny, Poccus

PaGoTa BeimonHeHa mpu MaTepuanbHoi noaaepxke PODOU, rpant Ne 19-01-00151/21

B cratbe paccmarpuBaeTcss BO3MOXKHOCTh IOCTPOEHHUSI CUCTEM KOHTPOJIS TEXHHUYECKOTO COCTOSHMS T€HEpaTOpOB MEPEAaroIIiX
KaHanoB paguoMaskoB (PM) HaBHIaIMOHHO-IIOCAJI0YHOTO KOMILIEKCA a3poropTa C HCIHOJIB30BAHMEM CHUCTEM HMCKYCCTBEHHOTO
uHTeIUiekTa. OCOOCHHOCTBIO UCIONB30BAHUS CHUCTEM HCKYCCTBCHHOTO WHTEIUICKTAa U MOCTPOCHHUSI CHCTEMBI TEXHUYECKOTO
KOHTPOJISL SIBJISISTCS BKJIFOYCHHE B 0a3y 3HAHWI MHOTOMEPHON (PYHKIMH IMPaBIONOAOOWS, MO3BOJIIONICH Ha OCHOBE TOJBKO
H3MepeHuil (a3 curHaioB, (GopMHUpPyeMbIX B PM, OIleHHBAaTh CpelHHE YacTOThI (JOPMUPYEMBIX CHTHAJIOB B PM; OTKIOHCHUS
CpEeITHUX YacToT OT TpeOyeMbIX 3HaYeHHI Ha BCEM MHTEpBalle HaOIFOCHIIST; CITyIaifHbIe OTKJIOHEHHS TEKYIIIMX 3HAYCHUIH 9aCTOThHI
OT CpelHHX 3HAYeHUI Ha KaXIOM MHTepBaJie M3MEPEHHS; OTHOCUTEIBHBIC HECTAOMITFHOCTH YacTOTHI KaXOTO M3 TEHEpaTOpOB.
[Nomyyaemble pe3ynbTaThl H HX M3MEHEHHE ¢ TEYEHHEM BPEMEHH TO3BOJISIOT MPOBOIANUTH MOHHTOPHHT TEXHUYECKOTO COCTOSHUS
reHepaTopoB KaHaoB PM; NMarHoCTHKY TEXHUUYECKOTO COCTOSIHUS T€HEPATOpOB KaHaJoB PM; IMpOrHO3MpOBaHUE TEXHUYECKOTO
COCTOSHHSI TE€HepaTopoB KaHaioB PM W mpHHSATHE PEIICHMSI O COCTOSHHM KOHTPOJHPYEMOIO TeHEpaTropa MO KPHUTEPHIO
HOPMA - YXVYIIEHUE — ABAPUSL.

KnroueBble ciloBa: HaBHIallMOHHO-TIOCAJJOYHOE OOOpY/IOBaHME, ammaparypa JAUCTaHLMOHHOTO YIPABIICHHs, DPaIHOMAsK,
BUY-curna, crabuinbHOCTD YacTOThI, CHHXPOHHU3ALMS (a3, OLIEHKH OTKJIOHEHHsI YaCTOThI M (pa3bl OT HOMHHAJILHBIX 3HAYCHHUI.

BBEJIEHUE

Bo3pactanne WHTEHCHBHOCTH [IBIDKEHHUS BO3IYIIHBIX CYJOB, U B TIEPBYIO Ouepenb B3Iie-
TOB/TIOCAJIOK CaMOJIETOB B a3pOIOPTax Pa3IMUHOr0 Kjacca, Hapsay ¢ yCHIUBAIONIUMUCS TpeOOBaHUS-
MU 0€30MaCHOCTH MOJIETOB 00YCIIaBIMBAIOT HEOOXOAUMOCTh JATbHEHINEro MOBBIMICHUS HAAC)KHOCTH
a’poipoMHOT0 000pyAoBaHus. [TocieaHee mpeacTaBiseT co00i KOMIUIEKC B3aUMOCBSI3aHHBIX CUCTEM,
paboTa KOTOPBIX JOJKHA OBITH CTPOTO CMHXpoHM3HMpoBaHa [1-9]. Haubonee 3naunmsblil pocT Tpebo-
BaHUH K HAJIC)KHOCTH HAOJIIOIACTCS B OTHONICHHHM HABHUTAIIMOHHO-ITOCAJI0YHOTO 000pY0BaHUS a3po-
JPOMOB, OT CHHXPOHHOTO (DYHKIIMOHUPOBAHUSI CUCTEM KOTOPHIX B HAUOOJbIIEH CTENIEHN 3aBUCUT O€3-
onacHOCTh moJieToB [10—12]. OcoOeHHOCTIMH KOMILIEKCa HaBUTAIMOHHO-IIOCAA0YHOTO 000pyI0Ba-
HUS @3POJIPOMOB SIBIISTFOTCS:

— pacrpeieJICHHE CHCTEM B COCTaBe KOMIUIEKCa Ha OOJIBIIION TePPUTOPHH;

— ¢yHKIIMOHATIbHAS B3aUMOCBSI3b CUCTEM, 00ECTIeUHBAONIas PeIIeHne HanOoiee CIOKHBIX 3a-
Jla4, TaKUX KaK HaBUTaIys, B3JIET U IT0CAKa CaMOJIETOB;
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— BO3MOKHOCTH ITPOBEJICHUSI HE3aBUCUMOTO TECTOBOTO U (PYHKIIMOHATHHOTO KOHTPOJIS B KaXkK-
JIOU U3 ITOACUCTEM.

B HacTosiee Bpemst u B Omkaifiiem OyyiieM HanOoJsiee MOJHO yI0BIETBOPSIONIMM TpeOoBa-
HUSM NPAKTUYECKOr0 NMPUMEHEHUS SIBIISECTCS UCIOJIb30BAHME B COCTABE a3pOAPOMOB CUCTEM HABHIa-
IIUU ¥ TOCA/IKH, B COCTaB KOTOPBIX BXOJUT CIIEAyIoIIee 000pya0BaHuE:

— pagnomask kKypcoBoi (PMK), npennasnadeHHsiil st popMupoBaHUs TUIOCKOCTEH, OJIMKam-
11ast U3 KOTOPBIX K BEPTUKAIBHON MJIOCKOCTH, Ipoxosiiei uepe3 ock BIIII, oOpasyer mpu nepecede-
HUU C TUIOCKOCTBIO TNIMCCA/IBl JUHUIO KypCca, OTHOCUTEIBHO KOTOPOH OPHUEHTUPYIOTCSI CAMOJIETHI B TO-
PU30HTAJIBHOM MJIOCKOCTH MPH 3aXO0J€ Ha MOCAJKy U BO BpeMs MOCAJKH (4acTOTa U3Ty4yaeMbIX CUTHA-
70B JiekuT B nuamnaszone 108,0...111,975 MI'm);

— paguomasik rimccanusid (PMI), nmpennazHaueHHBIH U1 GOPMUPOBAHUS TUIOCKOCTEH, OIH-
’Kaias U3 KOTOPhIX K IUIOCKOCTH TMCCcaibl 00pa3yeT MpH MepecedeHnn ¢ IMIIOCKOCThIO Kypca JINHUIO
[JIMCCA/Ibl, OTHOCUTENIBHO KOTOPOM OPUEHTUPYIOTCS CaMOJIEThl B BEPTUKATBHOM MJIOCKOCTH IMPHU 3aX0-
€ Ha TMOCaAKy M BO BpeMs MOCAaJKH (YacToTa H3Iy4YaeMbIX CHTHAJOB JICKUT B JMANa3oHE
328,6...335,4 MI );

— paguoMask nipuBoaAHbIA (PMII), BeImonHsIONNMN paznuyHbie GYyHKIUH, HAIPUMEP JATHHETO
¥ OJIMKHETO TPUBOJHOTO PaJMOMAasiKa, a TAKXKE OTJEIHHON MPUBOTHON paHOCTaHINK (4acToTa pabo-
4yero KaHajia — OJTHO M3 JUCKPETHBIX 3HaueHHH B auama3one ot 190 no 1750 k' wepes 100 'm);

—paauoMasik nanpHOMepHbIM (PMJI) HaBUramOHHO-TIOCAJOYHBIN, MpPEIHA3HAYEHHBIN IS
IpHeMa CUTHAJIOB 3alpoca AAJbHOCTU M U3JIyUYEHHS CUTHAJIOB OTBETa JAJIbHOCTH Ui 00ecredeHUs
u3Mepenus Ha 6opty BC yaaneHus or Mecta yCTaHOBKM HA3€MHOTO 00OpYyAOBaHUs MIPH 3aX0/I€ Ha T0-
CaJIKy, B3JIeT€, yXOJ€ Ha BTOPOH KpPYyr U T. .. (AMama3oH 4acTOT paboyux KaHAJIOB: MPHUEMHOIO
1025...1150 MTI'u, nepenatomiero 962...1213 MI'n);

— aBToMaTuyeckuii paauonenenratop (APII), nmpegHazHaueHHBIN 711 U3MEpPEHUs TIEJCHTa Ha
Bo3nyurHoe cyaHo (BC) (nnamazon vacrot 118,000...136,97 MI'n).

C nenbto obecrieueHUs] HETPEPHIBHOTO U OJTHOBPEMEHHOTO KOHTPOJISI COCTOSIHHMSI BCEX Iepe-
YUCJICHHBIX paauoMaskoB (PM) M IMCTaHIIMOHHOIO yHpaBJi€HUS UMHU MPUMEHSIOT anmnaparypy Ju-
cTaHIMOHHOTrOo ynpasieHus (AJlY), koTopas sBIsieTcsl MPOrpaMMHO-aIapaTHBIM KOMILJIEKCOM, Mpe-
HA3HAYCHHBIM JJI1 00€CTIeYCHHSI HEIPEPHIBHOTO OJHOBPEMEHHOTO KOHTPOJISI COCTOSHUS TApaMeTPOB U
JIMarHOCTHKU 000PYI0BaHUS MOJAKIIOUEHHBIX K HEell paguomasikos cepun 90 u 200.

O611asi CTPYKTYpHAsi CXeMa AMCTAHIHOHHOTO YIPABICHHS PaIHOMAasKaMH U3 COCTABA HABH-
ralMoOHHO-I0CAaI0YHOT0 000pYI0OBaHUS a3poipoMa IpuBeieHa Ha puc. 1.

Kaxaprii U3 paguoMasikoB, BXOJSIINX B COCTaB HABHTAIMOHHO-TIOCA0YHOTO 00OpYyI0BaHUS,
UMeEeT MOACHCTEMY, 00€CIIeYMBAIONIYIO TPOBEIEHUE COOTBETCTBYIOLIETO TECTOBOrO0 KOHTposis. OqHa-
KO CJIO)KHOCTH M OOJIBIIIOE KOJMYECTBO PA3HOTUITHBIX, HO (PYHKIIMOHATHHO B3aMMOCBSI3aHHBIX CHUCTEM,
MHOT000pa3ue perraeMbiX 3a7ad ONpeAesssioT He0OX0AUMOCTh MPOBEACHUS TUArHOCTHKHU, OpraHu3a-
MM MOHUTOPUHTA U IPOTHO3UPOBAHUS COCTOSIHUS B3JIETHO-TIOCAI0YHOTO KOMILJIEKCA B LIEJIOM U BXO-
JSIIMX B HEro cucteM. Pelienue Bcelt COBOKYITHOCTH 3a/1ad MOXKET ObITh JOCTUTHYTO TOJBKO HA OCHO-
BE TIPOBEJCHHS (PYHKIIMOHATBHOTO KOHTPOJIS PAIMOMAsKOB HABUTAlMOHHO-TIOCAJOYHOTO 000pYI0Ba-
HUSL a’pOJIpOMa, OMPEIEIIAIONIEr0 CHOCOOHOCTh MPAaBUIBLHOTO BBIMOJHEHUS (YHKIUN OLIEHWBaHUS
KYPCO-2IUCCAOHBIX NAPAMEMPO8 B030YUIHO20 CYOHA, TIIyOMHA KOTOPOTO BapbHPYETCs B 3aBUCUMOCTHU
OT 3HAYCHUH TTapaMETPOB arapaTyphl.

OcHOBHOM 3ajauell HABUTAIIMOHHO-TIOCAJI0YHOTO O0OpYyIOBaHMs SBIsETCS (hopMHpOBaHHE
CUTHAJIOB C TpeOyeMbIMHU TapameTpamMu. B 4acTHOCTH, BBITIOJIHEHHE KCIUTYaTallMOHHBIX XapaKTepH-
CTHK CHCTEMbI [OCAIKH CBSI3aHO C 00ECIICYCHHEM OTHOCHTEIBHOI CTAOMIBHOCTH YacTOTH HA ypOB-

' Cucrems! nocaaxu CI1-200. Craunapraas cnemudukamus. HHIUAT-PTC, 2000. 48 c.
> ICAO ANI10-1: ITpunoxenue 10. ABnaruoHHas 31eKTpocBs3b. Tom 1. PaIHOHaBHraIlMOHHBIE CpPEICTBA. 6-¢ M3, //
HKAOQO, 2006. 628 c.
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Puc. 1. O0mas cTpyKTypHas cXxema JHCTaHIHOHHOTO YIIPABICHUS PaIHOMasIKaMU
HAaBUTALIMOHHO-TIOCAI0YHOr0 000PYIOBaHHUS ad3pOApPOMa
Fig. 1. The general block diagram of radio beacons remote control
for the airfield navigation and landing equipment

e (1...2) - 107, Peanusauus Takoi CTaGHIBHOCTH He TPeOyeT HCIIONb30BAHHS CIOKHBIX TEXHHYE-
ckux pemreHnid. OTHAKO 3TO OTHOCHUTCS K PAIMO3JIEKTPOHHON anmaparype, padoTaromiei B moaroToB-
JICHHBIX MTOMEIIECHHUAX B JIOCTATOYHO Y3KOM JMama3oHe W3MEHEHUS TEeMIIepaTyphl OKpYXKarouen cpe-
Ibl. B TO ke BpeMsi aHTEHHO-MauTOBbIE yCTPOWCTBA HABUTAIMOHHOTO M TIOCAJ0YHOTO 000pYIOBaHHS
pa3MeIIaloTCsl Ha TEPPUTOPHUHU a3POAPOMa B COOTBETCTBUU C TPEOOBAHUSIMU K pa3MELICHUIO 0OBEKTOB
PaIMOTEXHUYECKOTO 00ECTICYEHHs MONETOB ¥ ABHAIMOHHON CBSI3M’, UTO TPeOYeT JOIOTHHTEIBHBIX
peuIeHui o 00ecTIeueHHIO 3aJaHHON CTaOMIIBHOCTH YacTOThI (POPMHUPYEMBIX CUTHAJIOB B amIapaType
CHCTEMBI TTOCAIKU U HAJICKHOCTH €€ (PyHKIMOHUPOBAHHUS.

C y4eroM BBIIIECKAa3aHHOTO I1I€Jb PA0OThl COCTOUT B MPUMEHEHUH METOJ0B MCKYCCTBEHHOTO
MHTEJUIEKTA K PEIICHHUIO 33a4 MOHUTOPHHTA, TWATHOCTUKHA M MPOTHO3UPOBAHHS TEXHHUYECKOTO CO-
CTOSIHHS PAJMOJIEKTPOHHBIX CHCTEM HABUTAIMOHHO-TI0CA0YHOT0 000PYIOBaHUS a3POpOMa.

MOJAEJIb KOHTPOJISA HIAPAMETPOB PAIUOMASKOB
HABHUT'AIIMOHHOI'O 1 ITOCAJOYHOI'O OBOPYJIOBAHUA ADPOJIPOMA

B pa6orax [13, 14] nmpeasioxkeHbI METO/I ¥ aJITOPUTM OLICHUBAHUS MTAPaMETPOB CUTHAJIOB B Ka-
HaJIax paJuoOMasKOB M3 COCTaBa HABUTAIIMOHHOTO U MOCAJ0YHOTO 00OpYyAOBaHUS a’3poApoMa, MO3BO-
JSIOUIME Ha OCHOBE M3MepeHHs (a3 GopMUPYEMbIX CUTHAJIOB OIEHUBATh TEKYIUE MapaMeTphl reHe-
paTopHOro 000pyAoBaHUs paaroMaskoB. [lomyuaembie OLIEHKH AlOT BO3MOXKHOCTh HE TOJIBKO OTIpe-

3 TIpuxas Munucrepctsa Tpascnopta P® ot 20 oktsiops 2014 1. Ne 297 «O6 yreepxaeHnn DeepalbHbIX aBHALMOHHBIX
npaBu "PannoTexHudeckoe oOecrieueHre IMOJIeTOB BO3AYIIHBIX CYIOB M aBHAILMOHHAS AJIEKTPOCBS3b B IPAXKIAHCKON
aBuaruu"»  [OnextpoHubiii  pecypc] //  KoncymprantIlmoc. 2014. URL: http://www.consultant.ru/document/
cons_doc LAW 172361/ (nata obpamenus: 20.10.2021).
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JIEJSTh TeKYIIee COCTOSIHIE TeHEPaTOPHOTO 000pYyAOBaHUs, HO W (OPMHUPOBATH MIPOTHO3 H3MEHEHHS
XapaKTePUCTUKN COOTBETCTBEHHO IPHUHUMATD PEIICHUS 110 TIPOBEICHHUIO OOCTY)KHBAHHS H PEMOHTA.
O06001eHHoe peicTaBIeHne CUrHaiaoB B PM MOKeT ObITh MpeICTaBICHO B BUIE

u(0)=U O)cos (229 (©), (n=1,... N, k=1,... K), )

B kKoTopoM U 1 W (¢) — cooTBercTBeHHO amIuIuTyAa 1 (aza popMHUPYEMOro CHTHaIIA B /1-M KaHAJIe
k-ro PM; N, — u4ucino kaHanoB (popmupoBanus curHainos k-ro PM; K — uucio PM B coctaBe HaBura-

IIMOHHOT'O ¥ MOCaJ0YHOr0 000pyAOBaHUS adPOAPOMA.

B ka)x1oM U3 3THX KaHAJOB B T€UEHHUE OOIIEro N3MEPUTEIHLHOTO0 HHTEpBaa MPOBOIUTCS U3Me-
penue $as3sl hopMupyeMoro curtana. Takue u3MepeHUs] MOTYT ObITh BBHITIOJTHEHBI ITyTeM BBEJCHUS B
KaKIbld KaHan (GopmupoBaHus BU-curaanoB HampaBlIeHHOTO OTBETBUTENSI MOIIHOCTU C MaJlbIM KO-
s punmenTom cBsizu. C BbIXOAAa OTBETBUTENS MOIIHOCTH CHTHANBI MOJAIOTCA Ha U3MepuTensb (as,
UMEIOIIUI KOIMYeCTBO WH(OPMAIIMOHHBIX BXOJOB, PAaBHOE OOIEMY YMCITy KaHAJOB BCEX KOHTPOIIH-
pyeMbix PM HaBUrallMOHHO-IIOCAI0YHOTO KOMIUIEKCA.

Jlst kaxmoro kanaaa PM MoskeT ObITh OIpeeneHo HOMUHANbHOE 3HaueHne daser () (1), co-

OTBETCTBYIOIIee (DYHKIMOHHPOBAHHUIO T€HEpATOpa n-r0 KaHaja C 33JaHHBIMU ITapaMeTpaMu B JOITY-
CTHMBIX TPaHUIAX MX OTKIOHeHHs. OTIHuue W3MepsieMOro 3HadyeHus ¢as3bl B n-M KaHaie k-ro PM
(n=1,..,N,,k=1,..., K) u3-3a Bo31eicTBUs pa3In4HbIX (PaKTOPOB OyIEeT ONPENENATHCS MOCTOSH-

HBIM OTKJIOHEHHEeM Of, CpelHei 4acToThl (POPMUPYEMOro CUTHANA OT TpeOyeMOi, CIydailHbIM OTKIIO-

HEHHEM YacTOThl popMHupyeMoro curuaiga Af,

n,m

OT CPCAHCTO 3HAYCHHA HA 71-M MHTCPBAJIC U3MCPCHUA

(m=1,..., M ) ¥ OTKIIOHCHHEM JUIMTEIBHOCTH M-TO MHTEpPBAJla U3MEPEHUI Ha BEeNW4YHHY Af, OT HO-
MHHAJIHOTO 3HAYECHUS.

ITo pesynprataM HM3MEpEHUH € y4eTOM (HM3MYECKOH HE3aBHCMMOCTH KaHAJOB IEPENaloIiuX
YCTPOMCTB HA 4acTOTax fn(l)(n =1,...,N,,k=1,..., K ) 1 Hanu4us B KaXxJIOM KaHaje COOCTBEHHBIX Je-

cTabumu3npyomux (akTopoB OICHKA MapaMeTpPOB IeHEPaTOpoB, Kak Toka3aHo B [16, 17], moxer
OBITH MOJTyYeHA U3 yCIOBUS MaKCUMyMa (YHKIIUH MPaBIOTIOA00HS

(A®, - £ At, 28, -1,)

2
200, 1 @)

M=

N
L(At,8f,80)=->"

n=l m

ln( 2nG,, ) +

1l
—_

rne At={As,..,At,}; 8f ={5f,,....8f,}; 86={80,,...,80,} — OlleHKM BO3HHMKAIOIMX B IPOLECCE

HKCIUTyaTallil OTKJIOHEHUH COOTBETCTBYIOLIMX MAPaMETPOB OT 3asBJICHHBIX TEXHUUECKUX XapaKTepH-
cTuK PM, npuBeseHHbIEe B pyKOBOACTBAX 10 UX KCILUTyaTalllH.

Haxoxnenne makcumyma (yHKIMM (2) IpUBOAUT K pemieHuto cuctemsl 2N - M + M ypaBHe-
HUI oTHOCUTENBEHO 2N + M HEU3BECTHBIX:

8L(At,5f,6o')
=0,m=1,..M,
oAt
8L(At,6f,66)
=0,n=1,..,.Nm=1,.... M, 3)
2%f,
8L(At,5f,60')
=0,n=1,..,.Nm=1,...M.
000,
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YacTHble NMPOU3BOAHBIE JOTApU(PMUUECKOW (QYHKLIUHU IMPaBIONOA00US M3 CHUCTEMbI ypaBHe-
HUH (3) JIErKO BBIYUCIISAIOTCS, HO U3-32 TPOMO3/IKOCTH B CTaThe HE MPUBOJATCSL.

HNOCTPOEHUE UHTEJUIEKTYAJIbHOU CUCTEMBI KOHTPO.IS
I'EHEPATOPHOI'O OBOPYJIOBAHUA PAIUOMASKOB
HABHUT'AIIMOHHOI'O 1 ITIOCAJOYHOI'O OBOPYJIOBAHUA ADPOJIPOMA

OmHuM W3 BO3MOXKHBIX ~ HAIPaBJICHWH  MOJYYEHUS  OLEHOK of ={8f] ,...,Ska},

dc 2{8(51,...,56Nk} (n=1,..,N.,k=1..,K)n At={A¢,...,At,,} B mporecce paGOTEI paJHOMAsIKOB

SBIIIETCSL MCIIOJIb30BaHUE CUCTEM UCKyccTBeHHOro nHremiekra (CUU), k KoTOpbIM OTHOCSTCS U CH-
CTEMBI YNpaBJICHUsI B CIOXHBIX pacnpezeieHHbIx cucreMax [15-21]. Takue cucrembl MO3BOJSAIOT
MPUMEHUTEIBHO K BO3pPACTAIOMIMM TPeOOBaHUSAM K O€30MaCHOCTH IMOJIETOB pelaTh JJIsl HaBUTallMOH-
HO-TIOCAJI0YHOT0 000pYyI0OBaHMS a’pOJIPOMOB 33Jaul TUATHOCTUKUA, MOHUTOPUHTA, IIPOTHO3UPOBAHUS
TEXHUYECKOI'0 COCTOSTHUSI.

[IpakTrueckas 3HaYUMOCTh MPEIIAra€MOro BapuaHTa KOHTPOJIS 3aKITI0YAETCSA B TOM, UTO JIaH-
HBI KOHTPOJIb MPOBOAUTCS O€3 IepeBoa anmapaTypbl B TECTOBBIM PeKUM U MOXKET MPOBOJUTHCS TO-
CTOSIHHO B T€YCHHME BCETO BpeMEHU (YHKIIMOHHPOBAHUS HABHTAIIMOHHO-TIOCAI0YHOTO 000pYIOBAHUS
a’poapomMa. BapuwanT mocTpoeHus cuctembl (yHKIHMOHAIBLHOTO KOHTposis Ha 6aze CUUM mpuBeneH
Ha puc. 2.

B cocraB cuctemsl (hyHKIHMOHATBEHOTO KOHTpOJIs Ha 6aze CUU BxomsT:

— akcnepmuas noocucmema (3xcnepm), odecreunBaonas NMOJHOTY BBeIEHUS B 0a3y 3HaHMN
BCE MCXOAHOU MH(OpManuu 0 paguomMaskax (4ucio u Tunbel PM, TpeGyembie mapaMeTpbl CUTHAIOB
COTJIACHO JOKYMEHTAIlMU MO 3KCIuTyataiuu PM, nmonpaBky B COOTBETCTBHM C CE30HHBIMH yCJIOBHUSIMU
AKCIUTyaTalliy) U €€ XpaHeHHE B TeUeHHE TPeOyeMOoro neproja U Mocaeayomnero 0OHOBICHUS;

— NOIL308aMENbLCKASA NOOCUCTEMA, SBISAIONIAICS OJHOBPEMEHHO M OOBEKTOM YIPABICHUSA U
MOJICUCTEMON (POPMUPOBAHUS NAaHHBIX NI OMpEIENICHUs TEKYIUX 3HAYCHHH MapaMeTpOB CUTHAJIOB
(M3MepeHHBIX 3HaYeHni (a3 curuanos W (z,));

— noocucmema 6a3vi 3HaHUll, 0OECTICUNBAIOIIAs XpPaHEHUE:
® HOMMHAJBHBIX 3HAUYCHUH (ha3bl CUTHAIOB reHepaTopoB PMy ‘Pf)’j (n=1,.,N,k=1,..,K);

® BO3MOXKHBIX IpEeAEIbHBIX 3HAUEHUH OTKIOHEHUS CPEeHEN 4acTOThl reHepaTopoB PM;

® [1apaMeTpOB IpeJeNbHbIX BHEIIHUX (PaKTOPOB, BIUIOIIMX Ha Cly4yailHOE OTKJIOHEHHE ya-
CTOTHl (hopMHpyeMOro curuana or cpeanero Af,  (n=1,..,N,,k=1,.., K m=1,.., M)
(B 00mux Qaxrax);

e [paBWJI, ONHUCHIBAIOUIMX MpaBUja MpeoOpazoBaHMs JaHHBIX — cooTHoueHus (2) u (3)

(B mpaBmMIIaX, OMHUCHIBAIONIUX II€JIeCO00pa3HbIe TPeoOpa30BaHUsl IaHHBIX ),
— pabouas namsims, oOecTeUNBAIONIasl XpaHEHUE TEKYIIMX 3HAUYCHUN M3MEPEHHBIX 3HAUYCHUUN

$a3s curmano W'’ (7,), OTHOCHTENBHBIX HECTAOWIBHOCTEH H CDPEJHHMX YacTOT TI'€HEPATOPOB
of = {Sfl, e Ska} , 06 2{661, - SGNk}(n =1,.., N, ,k=1,..., K ), noxydaeMbIX OT peliaTens, a TaK-

K€ TIPOMEKYTOUYHbIE JaHHbBIE peliaeMol B TEKYIIUA MOMEHT 3a/1auH;
— noodcucmema peweHuti (pewamenv), 00€CTICUUBACT MOTYUCHHUE OIEHOK:
® CpEeIHMX 3HAYEHHUM 4acTOThI Kaxkaoro PMy;
® OTKJIOHEHUW TEKYIIUX 3HAYCHUA OT CPEAHMX 3HAYEHUH 4YacTOThl, OTHOCHUTEIBHON HeECTa-
OWJIBHOCTH YaCTOThI CUTHAOB Of;, df;,..., Of, N, (n=1,..,N,, k=1,..., K) renepatopoB PMy;

® OTHOCHUTENHHOW HECTAOMIILHOCTH YaCTOThI T€HEPATOPOB;

12



Hayunsbrii Bectuuxk MI'TY 'A

Tom 25, Ne 01, 2022

1€S

High Technologi

il Aviation

1VL

C

Vol. 25, No. 01, 2022

WRISAS [0NU0J JUISI[[AIUT Uk SUNBIID JO JUBLIBA YT, *T "SI

EIrodLHOYM OJOHAIBALOUTOLHY I9WOLOM) KMHIodIoon 1Hendegq 7 *ong

P_..x.muw I [

L v;éb@u:_ ”,WM|N

ﬂ?. “for-"1v- (if -*&V

=(20°509V)7

sugoouolraedu uuhinAd ewAwnanew auHathioxey

XI9HHEY suHesoeedgoadu
aigHeedgoodauah aMmoleadMuo ‘eunaed|

%V - oJaKad) 10 eueHIMD

oJowahduwdod 1910198h BUHIHOLNLO AIGHUBRAL) BH

xumoiuwre ‘sodoried xuHmaHa xiIaHaratradu 1adLawedeu -
“fq - "W sodoiedanal 19L013eh YaHTad)
BMHBHOWNLO BYHBKEHE BI9HAVATAAU BITHIOWEDE -

‘LIOHAUMQRLIH HOHIUALMIOHLO XU (1) Av- *INd

80doLedaHI) BOURHINI 1968 MUHIKEHE XIGHSUBHUWOH -
(eraHHel aiHaveadaauHA) aed suingo

ﬂ_ WHHEHE egeg

g BUBHEN 0JOTHEN BMHEOLIO0) 0JOHIUEHOMMHHAD WanH

-aUaTadu0 2 "W d BMHEOLI0D 0JOMIBRMHXBL BMHEa0dWEOHIOdU -

‘guHeaodvHoMNHKAG X1 MHIWde 04338 SHHAKAL S
OHHEOLIOU |\ d BMHEOLI0D OJONIBhMHXAL AMMLIOH.IEHT -
Nd sodiawedeu XunIBhMHXEL BIHUOLUHOW -

!

Ypjd WANRLRALUINE XELIBLE GO MMHEHE -
“INd WnLoudaLxedex XuHIBhHHXBL-OHHOKNLEAVLDNE -
)€ 8 BUHAYE8 9LI0HAUMERAU M ALOHUOU L38AMh3LIIQ0

ﬂ_ Adauang

_
_
_
uuHamad suisHudu ewaldmatoy _
_
w _ <> WNd  e——
b
"UWBHHEHE | N |
€ BMHIHUOURH 2J3hodu 1aAduentewoLae _ _ |
WMHEHE BuHaLadgoudu "LHOWOW WvmA¥aL 8 | |
ﬂ_ ewaLuatoy yowaemad ‘Unelee _ |
3I9HHEY 1980J0LHM U I._' |
‘sodoLedanal 1910198h ’ d13HhoLAKaWodU - | _
HLIOHIVMQELIBH OHIUBLHIOHLO ENVBHY 'E P e | _
A4 0JoTwex edoLedanal Tg WwedoLedanas | W _
> 19L010Bh WHH3KHE XMHTadD eXHaNQ ‘7 <
xiaHHesoduwdod) |
a T 1=yN""1=u) ‘govensny (7)h _ _
4o Yo o Iyg edoredanal BT eveHIn) I9€ed) LHHAEHE e+ _
0JOWABhAEM 19L0LIBh HMHBHEHE XMHEad) L0
» AMMANBL JIGHHIAIWEM - -—in z «—!
MMHShEHE XMMANL BUHSHOUNHLO L3esMHANQ ‘T - edx | i Sl Wd _
ﬂ qualemaq | N
ﬂ_ QUBWEU  BEROgEY | _
_
je'oey |
uneLeAvLINE 3303M0du 8 XvmoieNUHEDD _ _
“NrLaudainedex XuIIRMHXAL T4 XIGHHIVAKRE A.\V ﬂEa <« —
—P 10 sod1awedeu YMHIHOUALO WyHANO _ N |
BUMRAVOU DE BN ‘WOL 0 1990008 BH 13ehasLo | _
M_ UMHIHIKAQ0 BWaLIMIT O m avaLesosavoy |

13



Hayunblii Becruuk MI'TY T'A Tom 25, Ne 01, 2022
Civil Aviation High Technologies Vol. 25, No. 01, 2022

— noocucmema npuobpemeHusi 3HaHUL ABTOMATU3UPYET mpoliecc HanoidHeHuss DC 3HAHUSIMH,
MpUOOPETEHHBIMH B X0Jie GyHKIIMOHUPOBaHUs PM;

— noocucmema 00vACHeHUll, OTBEYAIOIas Ha BOIPOCH! 00 aIropuTMe IMOJIyYeHHs OLEHOK OT-
KIIOHEHHH nTapaMeTpoB PM OT 3asBICHHBIX TEXHUUECKHUX XaPAKTEPUCTUK B IIPOLECCE DKCILTyaTaALH;

— MOJICUCTEMA MIPUHATHS pEIIeHUH, 00ecieunBaeT:

® MOHHUTOPHHI TEXHUYECKUX MMapaMeTpoB PMy;

® JMArHOCTHKY TEXHMYECKOrO COCTOAHMA PM; IOCTOSHHO B TE€YEHHME BCETO BPEMEHM HX

(YHKIIMOHUPOBAHUS;
® [IPOTHO3MPOBAHUE TEXHUUECKOTo cOCTOssHUS PMy ¢ ompeneneHneM (pyHKIIMOHAIBHOTO CO-
CTOSIHUS KaXKOoro xanana PM;.

Anroput™ ¢pynkironupoanus CUU BriIroyaeT ciaenyromnue rpynmnbl Ooneparuii.

1. IlepBas rpynna omepanuil cBsi3aHa C BBEJACHHMEM, KOHTPOJIEM IOJHOTHI U MPAaBUIBHOCTU
BBEJICHUS HKCIEPTOM B 0a3zy 3HAHUI 3KCIEPTHOW CHUCTEMBl HKCIUTYyaTal[HOHHO-TEXHUUYECKUX XapaKTe-
puctuk PM, uX M3MeHEHHEM Ha pa3IUYHbIX ATANax SKCILTyaTallud, BKJIIOYAs CE30HHBIC U3MEHEHHS
IIOTOJIHBIX YCIIOBHIA.

[Ipu BBINOJIHEHNM YKa3aHHBIX OIlepaluil A1 KaXX10ro reseparopa Bcex PM BHocsTCSA:

— JNIMTEIIBHOCTH BPEMEHHBIX MHTEPBAJIOB U3MEPEHUS;

— HOMUHAaJIbHbIE 3HaYeHUsI (Pa3bl CUTHATIOB reHepaTopoB PM;

— 3HaU€HUsI OTHOCUTEIbHON HECTAOMIBHOCTH T€HEPAaTOPOB;

— BO3MOJKHBI€ NIPEEIbHbIE 3HAUYEHUS OTKJIOHEHUS CPEIHEN YacTOThl TEHEPATOPOB;

— MMapaMeTpbl BHEIIHUX (aKTOPOB, BIUSAIOUIMX HA OTKJIIOHEHHUS YaCTOThl CUTHAJIa TeHepaTopa.

Kpowme toro, B 6a3y 3HaHHI 3KCIIEPTHON CHUCTEMBI HKCIIEPTOM BBOJSTCS MPABHIIA, ONMCHIBAO-
K€ Mpeo0pa3oBaHUs U3MEPSEMBIX MOJB30BaTEEeM JaHHBIX, — cOOTHOIIeHUs (2) u (3).

2. Bropas rpynna onepauuii onpeaenser:

— POBEJICHNE W3MEPEeHHIT TeKy X 3HaueHnit dassl curaana W () , hopMupyeMoro kaxmasm

reHeparopom Bcex PM Ha uznyueHnue;

— najnbHeliiee npeoOpa3oBaHue K eIMHOMY (opMaTry MpeACTaBICHHs JaHHBIX MOJTydaeMbIX
3HaueHUH (a3bl C NPUBSI3KONM K MOMEHTaM M3MEpPEHUH Ul Nepeiadd B anmnapaTypy AUCTAHLIHOHHOIO
yhpaBieHus, pabouyro MaMATh U Jjajiee B peraTeb.

3. IIpu BBINOJTHEHUH TPETHEH TPy ONEpalluii B pelaTesie onpeaesstoTCs OLEHKH:

— OTKJIOHEHHMS JUIMTEIbHOCTH BPEMEHHOI'O MHTEpBaja OT 3aJaHHOIO;

— 3HAYEHUH CpeJiHel 4acTOThI FeHEepaToOpoB Kaxa0oro PM oT 3aiaHHOrO 3HaYeHHMs, ONpeaese-
MOro Ha3HaueHueM PM u ycinoBusMHU €ro NIpUMEHEHUs;

— OTKJIOHEHMsI TEKYIIMX 3HA4EHUM YacTOTBI T'€HEepaTopoB Bcex PM oT cooTBeTCTBYOIIMX
CpPEIHUX 3HAYEHU;

— OTHOCHUTEJIbHOM HECTaOUIILHOCTH YacTOThI TeHepaTopoB Bcex PM.

[TonyuyeHHble JaHHBIE NEPEAAIOTCS B SKCIIEPTHYIO CUCTEMY JJIS IONOJIHEHUS 0a3bl 3HAHUH.

4. IlogcucremMa mpuoOpeTeHUs] 3HAHUI OOecreuynBaeT BBOJ IOJIy4a€MbIX HPHU BBIIOJHEHUH
TpeThell rpyNIbl oneparuil oleHoK B 6a3y 3HaHWH JJIs pacIIMPEHUs COJEepPKALMXCS B HEH CBeIeHU U
OJTHOBPEMEHHO TIEpeIaeT 3TH K€ JTAaHHBIE B TIOJCHCTEMY NIPUHATHUS PELIICHUH, B KOTOPOI (OPMHUPYIOT-
Csl OLICHKH TEKYIIUX 3HAYCHUH 4aCTOThl U OTHOCUTEIbHBIX HECTAOMIIbHOCTEH FreHepaTOpOB.

[Tocne mepBuunOil 00paboTkn B AJlY wuHbOpMamus OT moib30BaTeIsi 00 OTKIOHEHHSIX
of}, 8f;,...,0f y, TEKYIMX 3HAYEHHUE YACTOTHI OT CPE/IHMX 3HAYEHHH YACTOTBI Kay1oro u3 N, remepa-

TOpOB k-ro paguomasika PM; (n=1,..,N,,i=1, ..., K) nocrynaer B pabo4yIo naMsiTh U U3 HEE B MOJ-

cucTteMy OOBsSICHEHU.

5. B moacucreme oOBsiICHEHUI (POPMUPYIOTCS OTBETHI HA 3aMpOChl, KAK U HA OCHOBE KaKHX
JAaHHBIX ITOJYYCHBI OLICHKW OTKJIOHCHUS ITapaMETpOB PM ot 3aJaHHbIX, a4 TAKXXC BbBIJAIOTCS 3HAUYCHUS
OTKJIOHEHHS YKa3aHHBIX ITapaMeTPOB.
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6. Ha ocHoBe AAHHBIX, MOCTYyNAOMUX N3 MOACUCTCMbI HpI/IO6peTeHI/IH 3HaHHI>’I, B IIOACHUCTEMCE
MPUHSATHS PEILIEHUN OpraHnu3yeTCs:

— MOHUTOPHUHT TEXHUUYECKOTO COCTOSHUS KaXKJ10ro reHeparopa Bcex PMy;

— IMarHOCTHKA, B PE3YJIbTaTe KOTOPOU ONPENEAIOTCA 3HAYEHUSI TapaMeTpPoB cucTeMbl PMy;

— IIPOTHO3UPOBAHUE I10 pe3yJIbTaTaM IOCIEAOBATEIIBHBIX U3MEPEHUM HA KaXIOM U3 U3MEpU-
TEJIbHBIX UHTEPBAJIOB, TIO3BOJISIONIEE 1aTh BEPOATHOCTHOE U3MEHEHHUE MapaMeTpoB reHepatopoB PMy.

IToBeImeHuE JAOCTOBCPHOCTHU KOHTPOJIA ONPEACTIACTCA YBCIIMUCHUCM ITOJIHOTHI U FHy6HHBI KOH-
TPOJIsl reHepaTopHoro odopynoBanusi PM (cTaOMIBHOCTH U COOTBETCTBUS HOMUHAJIBHBIM 3HAYEHHSIM
[IapaMeTPOB BBIXOJHBIX CUTHAJIOB NEPEJAIOUINX U NMPUEMHBIX ycTpoicTB). IIpeanoskeHHas cuctema
(GYHKIIMOHATILHOTO KOHTPOJIS TMO3BOJISIET HE TOJILKO KOHTpOJIMpoBaTh pazHocTHble JIH u paBHOCHUT-
HAJIbHBIC HAIIPABJICHUA, HO U 3HAYCHUS MMAPAMCTPOB I'CHCPATOPOB, KOTOPLIC UHTCTPAJIbHO OMIPCACIAIOT
dbopmupyemoe snekTpomarautHoe moje PM [10, 13, 14]. Ha ocHOBe moy4eHHBIX 3HAYEHUHN OIIEHOK
napaMeTpoB U UX HU3MCHCHUSA MNPUHUMACTCA PCHICHUC O COCTOAHUU KOHTPOJIUPYCMBIX I'CHCPATOPOB
PM no kputeputo HOPMA — YXVIIIEHUE — ABAPUS. JIocTOMHCTBOM MOCTPOCHHS CHUCTEMBI
(I)YHKLII/IOHEUIBHOI‘O KOHTPOJIA ABJISICTCA BBICOKAA TOYHOCTH IMOJTYYaCMBIX OLCHOK U3MCPACMBIX IIapa-
METpPOB F'€HEPAaTOPOB U BOZMOKHOCTh MapajlIeIbHOr0 KOHTPOJIS KaHaloB Bcex PM.

3AK/IFOYEHUE

[TosrydeHHbIE B X0/1€ UCCIIEOBAHUN PE3yJIbTaThl TOKA3bIBAIOT CIEIYIOIIEE.

1. CucreMsl HCKYCCTBCHHOI'O MHTCIIJICKTA IMO3BOJIAKOT PCIIATh HAa OCHOBC CAWMHOIO IMOAX0JAa 3a-
a4l MOHUTOPHHTA, TUArHOCTUKU M MPOTHO3UPOBAHUS TEXHUYECKOTO COCTOSIHUS PaJlOMasikoB, BXO-
JSIIAX B COCTaB TEpearoniero o00pyI0BaHMsI HABUTAIIMOHHO-TIOCAJI0YHOTO KOMIUIEKCAa adporopra.
Nudopmanmonnas cocrapnsromas GynkiuonupoBanus CUU cBs3ana ¢ mamepenueM ¢a3 CUTHAIIOB,
(dhopMHUpYEMBIX T€HEPATOPAMU HABUTAIMOHHO-TIOCAOYHOTO KOMILIEKCA adpoIopTa, a TaKKe C IaHHBI-
MU, ONpPEIEISIIONIMMA HOMHHAJIBHBIE 3HAYEHHUS TEXHHUUECKHX XapaKTEpUCTUK ATHX TEHEpPaTopoB B
Pa3JIMYHbIX YCIOBHUAX SKCIIJTyaTalluu.

2. [Ipunsarue pemennii CUM ocHOBBIBaETCS Ha MOCTOSHHOM aHAJIM3€ MapaMeTpOB IeHepaTo-
POB, OJTYYaeMbIX C HCIIOJIb30BAHHEM MHOTOMEPHOH (PYHKLMHU MPaBAONOA00Ms, CBA3BIBAIOIIECH MEXTY
co00i1 3HaueHUs H3MepsAeMbIX (ha3 CUTHAJIOB M TEKYIIME XapaKTePUCTUKH T€HEpaTOpOB, TaKUE Kak
CpCaHssd 4aCTOTAa U OTHOCUTCIIbHAS HeCTaGI/IHBHOCTB (1)0pMI/IpyeMLIX CHUI'HAJIOB, a TaKXK€ UX U3MCHCHUC
C TEUEHUEM BPEMEHHU.

Ha ocHose MOJTYy4YCHHBIX 3HA4YCHUU OLCHOK MapaMCTpOB U UX U3MCHCHUS MMPUHUMACTCA PCUIC-
HHUE O COCTOSIHMM KOHTpOJupyembix reneparopoB PM mo kpurepuro HOPMA — VXVAUIEHUE —
ABAPUSIL.
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ABSTRACT

The article considers the possibility of developing control systems for the technical condition of radio beacons (RB) transmitting
channels generators for the airport navigation and landing complex using artificial intelligence systems (AIS). The feature of using
AIS to develop the technical control system is integrating a multidimensional likelihood function into the knowledge base. By
means of merely measurements of signal phases generated in RB, the given function makes it possible to evaluate:

— average frequencies of generated signals in RB;

— deviations of average frequencies from the required values throughout the entire observation interval;

—random deviations of the current frequency values from the average ones at each measurement interval,
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— relative frequency instabilities of each of generators.

The results obtained and their variation over the time allow us to carry out:

—monitoring the technical condition of RB channels generators;

— diagnostics of the technical condition of RB channels generators;

— forecasting the technical condition of RB channels generators and making a decision concerning the status of the controlled
generators according to the CORRECT OPERATION-DETERIORATION-FAILURE criterion.

Key words: navigation and landing equipment, remote control hardware, radio beacon, HF signal, frequency stability, phase
synchronization, estimates of frequency and phase deviations from nominal values.
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IMPACT OF NOTAM ON SECURITY AND EFFICIENCY PERFORMANCE
OF FLIGHTS (OVERVIEW)
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The purpose of this work is to analyze and assess the impact of NOTAM on the flight safety and efficiency. The main problems
associated with NOTAM were considered: number of NOTAMs, the practical use of NOTAM information, technical limitations of
the current NOTAM system. Examples of the negative impact of NOTAM on the quality of air navigation support, safety and
efficiency of flights are presented. Also, the best practice of solving problems, related to NOTAM in the world, is presented with
using: Q-code and flight planning systems (on the example of Lido Flight 4D). The concept of the European AIS Database (EAD),
developed on the basis of the Aeronautical Information Exchange Model (AIXM), is presented. The concept of Digital NOTAM,
implemented on the basis of AIXM and intended for the exchange, automatic processing and interpretation of the dynamic
aeronautical data, is considered. The research studies the new modernized NOTAM system — Federal NOTAM System (FNS —
Federal NOTAM System), developed by the Federal Aviation Administration (FAA) of the United States, which allows encoding
the Digital NOTAM. ICAO's plans for the transition from the concept of Aeronautical Information Service (AIS) to the
Aeronautical Information Management (AIM), applying the principles of the System Wide Information Management (SWIM)
concept, were analyzed. As a result of the analysis of the current NOTAM system and the modernized NOTAM system (FNS from
FAA), conclusions were drawn that the implementation of Digital NOTAM should solve the technical part of the problems
associated with NOTAM, brought about by the use of modern communications (internet) and new data exchange standards
(AIXM), which, as a result, will lead to an increase in the level of safety and efficiency of flights. At the same time, problems with
NOTAM caused by human factors remain unresolved, due to incorrect use of the NOTAM instrument.

Key words: NOTAM, Digital NOTAM, aeronautical information, AIXM, SWIM, GANP 2016-2030.
INTRODUCTION

Nowadays flight safety and efficiency are impossible without qualitative aeronautical infor-
mation (Al), as it is necessary to take a large number of crucial factors into consideration. Neverthe-
less, it is not always possible to analyze the whole Al package given the large amount of information
and format of its disclosure. As a result, the important data, which has a direct impact on flight safety,
may remain unnoticed by the flight dispatcher (FD) and the flight crew.

ICAO — International Civil Aviation Organization states: "information resulting from the as-
sembly, analysis and formatting of aeronautical data" as a definition of "aeronautical information".
Whereas "a representation of aeronautical facts, concepts or instructions in a formalized manner suita-
ble for communication, interpretation or processing" is what is meant by "aeronautical data". Al is
provided in a standardized format, including:

e Acronautical Information Publication (AIP) with amendments (AMDT) and supplements

(SUP);

e aeronautical information circulars (AICs);

e notice to airmen (NOTAM) and pre-flight information bulletin (PIB);

e check lists and lists of NOTAMs' in operation.

Al is used at all stages of performance of flights. FDs analyze Al, including AIP, SUP, AIC
and NOTAM, during flight aeronautical support (AS). Briefing for the upcoming flight, involving PIB
and latest NOTAM for it, is a result of the analysis. PIB allows us to reduce flight crew workload
in a significant way, as all the NOTAMs in PIB have been singled out by the FD.

' Annex 15 — Aeronautical Information Services. (2018). 16th ed. Montreal: ICAO, 60 p.
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FDs and the flight crew pay a particular attention to NOTAM analysis, as the main
NOTAM task is to inform rapidly all the specialists, involved in performance of flights, about
Al (AIP) changes or crucial circumstances, affecting flight performance. According to ICAO An-
nex 15, NOTAM is defined as "A notice distributed by means of telecommunication containing infor-
mation concerning the establishment, condition or change in any aeronautical facility, service, proce-
dure or hazard, the timely knowledge of which is essential to personnel concerned with flight opera-
tions" (fig. 1).

E3144/21 NOTAME E1852/21

Q) Ca2UL/OMRLC/ IV/NBO/A/000/959/4541N07402W005
A) CYMX B) 2107071147 ) 2108131800

E) REWY 11/2% CLSD DUE NO MAINTENAMCE.
CREATED: 07 Jul 2021 11:47:00

SOURCE: CYHOYNYX

Fig. 1. Example of NOTAM

According to the example above, NOTAM is a text message in a set format in capital letters. It
is customary to abbreviate the NOTAM texts as much as possible, using standard abbreviations ac-
cording to "Procedures for Air Navigation Services. [CAO Abbreviations and Codes". The following
rules arise from NOTAM message size restriction and initially high cost of utilizing Aeronautical
Fixed Telecommunications Network (AFTN) communication facilities.

The NOTAM system operation seems to have already been up and running, as the pattern has
been being utilized in aviation for more than 74 years, but, unfortunately, the actual situation is differ-
ent. NOTAM-related challenges remain urgent nowadays. This fact is mostly caused by aviation in-
dustry development: growth of the number and size of airports, increase in the number of flights, and
also by the negligence of the specialists, responsible for Al (NOTAM publishing, instead of prompt
amendments in AIP) and NOTAM utilization for unauthorized purposes.

On July 17, 2014, the plane B777-200ER, performing the flight MH17 Amsterdam — Kuala-
Lumpur, was shot down in Donetsk Oblast, as a result 298 people were killed. This accident may serve
as an example of NOTAM emergencies. The flight crew, performing the following flight, could see
NOTAM A1492/14, Figure 2 among the hundreds of them in flight briefing.

Al1492/14 NOTAMN

Q) UEDV/QRTCASIV/BO /W /260/320/4822N03807E095

&) UEDV B) 1407141800 c) 1408142359EST

E}) TEMPO RESTRICTED AREARA INSTALLED WITHIMN FIR
DNIPROPETROVSE BOUNMDED BY COORDINATES:

495355N 0380155E 485213N 0372209E 480122N 0370253E
471352N 0365856E 465018N 0374325E 465900M 0382000E
470642 0381324E THEN ALONG STATE BOUNDARY

UMTIL POINT 435355N 0380155E.

RESTRICTICN NOT APPLIED FOR FLIGHTS OF STATE ACFET
OF UKRAINE.

F}) FL2&0 &) FL320)

Fig. 2. NOTAM for flight MH17
NOTAM A1492/14 was the one to inform the aircraft flight crew that the flights in temporary

restriction area involve the high risk to flight safety, and more than a dozen of The Ukranian Air Force
aircraft were shot down in 2014 June-July. Unfortunately, there was no data on the crashed aircraft in
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the following NOTAM. The following data could have, probably, raised awareness of the FD and
flight crew, whether it was noted in NOTAM, and this plane crash could have been averted.

Thus, NOTAM issues can be divided into three groups:

1. The number of NOTAMs;

2. The practical use of NOTAM information;

3. The technical limitations of the current NOTAM system.

NUMBER OF NOTAMs

ICAO states that in 2020 the number of published NOTAMs exceeded 1.7 million, while as on
2021 November 1*? the number of NOTAMs in operation was 35879°. European Organization for the
Safety of Air Navigation (EUROCONTROL) states that the number of NOTAMs increases by 100000
annually. For 10 years in a row the number of NOTAM has reduced only in 2020 by 5%, on account of
decrease in number of flights due to COVID-19 pandemic.

Let us take the charter flight Moscow (SVO/UUEE) — Mumbai (BOM/VABB), on the aircraft
An-124-100, as an example in order to realize the scale of the issue. Ahmadabad (Sardara Vallabhai
Patela, AMD/VAAH) and Goa (Dabolim, GOI/VOGO) will be used as flight plan alternates, Ne 1 and
Ne 2 respectively. The route of the flight will pass through 10 flight information regions (FIRs), and
23 airports will be used on the route as alternates.

FDs will have to analyze 1250 NOTAMSs (236 pages), 221 NOTAMs (17,7%) are older than
3 months, and 99 NOTAMs (7,9%) are older than 1 year, (tab. 1). It must be noticed, that NOTAM
older than 3 months is the Doc 8126, ICAO violation. According to the document, temporary amend-
ments older than 3 months must be published as Supplements (SUP) to AIP. When the amendments
are of repetitive nature, the following NOTAM data must be entered in AIP by Amendments to AIP.
Consequently, NOTAM older than 3 months should not exist. PIB of relevant
NOTAMs will be formed after the FD proceeds the whole NOTAM package. There will be only
170 of 1250 (40 of 236 pages) in the PIB, so that the flight crew significantly saves time.

Table 1
NOTAMs for flight SVO/UUEE — BOM/VABB
NOTAM
Object NOTAM age PIB
Number
> 3 months > 1 year
Departure airport SVO/UUEE 20 5(25%) 1 (5.0%) 19
FIR 747 76 (10.2%) 24 (3.2%) 37
Enroute alternates 393 80 (20.4%) 30 (7.6%) 54
Destination airport BOM/VABB 35 20 (57.1%) 6 (17.1%) 22
Ne 1 alternate AMD/VAAH 15 4 (26.7%) 3 (20.0%) 8
Ne 2 alternate GOI/'VOGO 40 36 (90.0%) 35 (87.5%) 30
Total number of NOTAMs 1250 221 (17.7%) 99 (7.9%) 170
Number of pages 236 45 (19.1%) 18 (7.6%) 40

? Global campaign on NOTAM improvement (NOTAM2021), ICAO. Available at: https://www.icao.int/airnavigation/
information-management/Pages/GlobalNOTAMcampaign.aspx (accessed: 27.08.2021).

> NOTAMeter, ICAO. Available at: https://www.icao.int/airnavigation/information-management/Pages/NOT AMeter.aspx
(accessed: 27.08.2021).
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ICAO has developed the information system NOTAMeter together with The Notam Team (fix-
ingnotams.org), founded by Mark Zee, to estimate the quality of NOTAMs in operation. The given
system allows us to estimate the quality of NOTAM judging by NOTAM age criteria, dividing all the
NOTAMs into 3 groups (data as of November 1%, 2021):

1. Current, published less than 3 months ago — 35879 (83.2%);

2. Old, published more than 3 months ago, but from less than 1 year ago — 3796 (10.6%));

3. Very old, published more than a year ago — 2222 (6.2%).

The number of old and very old NOTAMs directly depends on the region of the world. The ex-
ample of SVO-BOM flight, mentioned above, may serve as a proof, as:

e 17.7% of NOTAMs is published more than 3 months ago (10.6% on average worldwide);

e 7.9% of NOTAMs are published more than 1 year ago (6.2% on average worldwide).

There are NOTAMs about animals on runway, grass mowing in progress, flight charge and pol-
itics. The way the FDs and the flight crew should react to the data on possible emergence of animals
on runway, is not quite clear. It may absolutely exactly be said that NOTAMs serve as means of shift-
ing responsibility from the airport administration to FD and crew. As a result, the airfield authorities
publish the warning NOTAM - instead of solving the problem or closing the runway, taxiway and/or
ramp.

NOTAMs about politics are particularly dangerous, as there is often data on Air-Traffic Man-
agement (ATM) in such NOTAM, namely instructions of which Air-Traffic Control (ATC) agency the
flight crew should follow. Meanwhile there may be two contradictory political NOTAMSs in the PIB
for the flight crew.

The bright examples of such situations may be:

1. The conflict between Greece and Turkey;

2. The conflict between Russia and Ukraine.

Meanwhile those who publish such NOTAMs, do not realize how harmful it is for flight safety.
Most of them would tell you, that there is no such thing as an excessive information, but the following
position does not meet the main NOTAM data requirement. There should only be the crucial infor-
mation in the NOTAM. The thing is that, the more NOTAMs is there in PIB, the higher is the proba-
bility of missing the really important one by the flight crew.

PRACTICAL USE OF NOTAM INFORMATION

It is a challenge to analyze a large number of NOTAM in a qualitative way, considering partic-
ularly, that most of them are about obstacles and restricted areas, which have a lot of parameters to an-
alyze (validity period, coordinates, expiry or the upper/lower limit of operation) (tab. 2). It is necessary
to map the NOTAM data on the flight route in order to estimate their effect. Only after that one can
make conclusions about the way the NOTAM data are crucial for the given flight route.

Sometimes it is also difficult to estimate if the NOTAM is crucial due to its size. There fre-
quently are NOTAMs containing two or more parts, while the really important information may be in
the middle or in the end of NOTAM text. In general, FDs and the flight crew have to analyze NO-
TAMs quickly due to its large number and lack of time. That is why there is such a high probability of
missing the really important data, hidden in the big NOTAM text.

The "E" field, which is for summary of the information in free form, is one of the most im-
portant parts of NOTAM. In spite of the fact that its format is strictly governed by ICAO regulations.
The free form of presenting the data allows for creativity, so that there are issues with interpreting the
following text [1]. Furthermore, using of the abbreviations significantly reduces the NOTAM informa-
tiveness and speed of its reading, exacerbating the situation.
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Table 2
Examples of NOTAM
. NOTAM
Characteristics Obstacles Restricted areas
NOTAM A0608/21 NOTAMR A0593/21 K7375/21 NOTAMN
Q) VABF/QOBCE/IV/M/AE/000/008/ | Q) UUWV/QRRCA/IV/BO/W/040/240/
A) VABB 5017N03954E025

B) 2105170801 C) 2108162359 EST A) UUWV

E) TEMPO OBST CRANE ERECTED | B) 2107190500

AT LCA 185944.1N 0724915.0E RA- | C) 2107232359
DIUS OF CRANE OPS 30M. CRANE | D) 19-23 0500-2359

MARKED AND LGT E) RESTRICTED AREA ACT: UUR213.
F) GND F) 1200M AMSL
G) 220M AMSL G) FL240
CREATED: 17 May 2021 08:05:00 CREATED: 12 Jul 2021 17:27:00
SOURCE: VABBYNYX SOURCE: UUUUYNYX

The number of NO- 6 6

TAM parameters

THE CURRENT NOTAM SYSTEM TECHNICAL RESTRICTIONS

AFTN is one of the key elements of the current NOTAM system. Sending out the NOTAM no-
tifications, flight plans (FPL), communications between the aircraft operators and aviation authorities
are made by means of AFTN. Sending out the NOTAM notifications by means of AFTN originated in
1947. International Telegraph Alphabet 2 (ITA-2), implemented in 1924, is a 5-bit character set used
as a language.

The use of AFTN technology in 2021, which is essentially a telegraph network, cannot be ex-
plained except as a tradition. The AFTN technology restricts the opportunities of the current NOTAM sys-
tem, as one can send only text messages of the limited size by means of telegraph system, and it firmly re-
stricts the NOTAM format and makes the processes of NOTAM proceeding and accounting more difficult.
The consequence of ITA-2 application is a binding nature of using the capital letters, which significantly
reduces the text readability and makes it impossible to separate out the crucial information.

THE MODERN WAYS OF SOLVING THE NOTAM PROBLEMS

There were plans of automatizing the NOTAM processing and accounting by entering the "Q"
field with data, called Q-code, and encoded by the certain principle, into the NOTAM format. There is
a NOTAM with Q-code, which is highlighted in grey, in Figure 3.

E7375/21 MNOTAMN

Q) UUWV/QRRCA/IV/BO/W/040/240/5017TN03954E025
A) UUWV B} 2107150500 <) 2107232359

D) 1%-23 0500-2359

E) RESTRICTED AREAR ACT: UURZ13.

F) 1200M AMSL G) FLZ240

CREATED: 12 Jul 2021 17:27:00

SOURCE: UUUUYNYX

Fig. 3. Example of NOTAM with Q-code
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Q-code allows Information Systems (IS) to analyze the NOTAM on an automatic basis and es-
timate the way it effects the flight route, judging by the: coordinates, radius and upper/lower limit of
operation of the following NOTAM (tab. 3).

Table 3
Decoding of Q-code NOTAM
Field Ne Qualifier Example Interpretation

1 FIR — Flight Information Region Uuuwv Moscow FIR
2 NOTAM code, according to Doc 8126, QRRCA Q — Q-code.

ICAO RR - restricted area.

CA — activated

3 Type of traffic — the aircraft flight rules v I — Instrument Flight Rules (IFR).

(IFR/VFR) V — Visual Flight Rules (VFR)
4 Purpose — purpose of NOTAM publica- BO B — include information into PIB.

tion O — data has a crucial operating value
5 Scope W W — navigation warning
6 Lower airspace limit (in hundreds of ft.) 040 4000 ft.
7 Upper airspace limit (in hundreds of ft.) 240 24000 ft.
8 Coordinates, radius (in nautical miles) 5017N03954 | 50° 17 min. N. 039° 54 min. E.

E025 25 nautical miles

Q-code implementation has allowed to reduce load on FDs and aircraft flight crew, but it has
not completely solved all the NOTAM problems. Research by Mark Zee showed us, that the basic is-
sue of using the NOTAM with Q-code is — an overly large number of variants while encoding the
Q-code, namely 179 topics (60 AGA, 47 ATM, 40 CNS (communication, navigation, surveillance),
27 Nav Warnings (navigation warnings), 5 Other (other information)) and 77 points (16 of availability,
26 of danger, 19 of restriction). The number of probable combinations of 5-character Q-code equals to
13783 in total. And even such a large number of Q-code variants does not solve the given problems, as
analysis of all the published NOTAM in 2020 showed us, that 47% of NOTAMs about airfields and
25% of them, about FIRs, use the "XX" or "XXXX" codes. The "XX" or "XXXX" is used only if the
operator does not know, which code has to be used to describe the event while creating the NOTAM.
As a result, the whole automation of the NOTAM processing and accounting by means of Q-code be-
comes impossible [2].

The NOTAM problems can be partly solved by means of flight planning systems, particularly,
Lido Flight 4D by Lufthansa Systems company. Lido Flight 4D — is flight planning systems, which
allows us to plot an optimal flight route judging by the aircraft characteristics, flight rules of the coun-
tries, terrain and weather conditions. Lido Flight 4D takes AIP, AMDT, SUP, AIC and NOTAM into
consideration, due to its own Al database. Every worldwide published NOTAM is proceeded appro-
priately by Lufthansa Systems officers, and the extracted information is entered into the database,
therefore it is still relevant.

The use of Lido Flight 4D allows us to reduce the load on the FDs and the flight crew in a sig-
nificant way, due to automatic processing of the majority of the NOTAMs, as the considerable part of
the NOTAM is about restricted areas and obstacles. The comparative analysis of the Defense Internet
Notam Service (DINS) system with open access and Lido Flight 4D (tab. 4), may serve as a proof. Ac-
cording to Table 4, the use of Lido Flight 4D allowed to reduce the number of NOTAMs from 1250 to
229 (by 82%) and the number of NOTAM pages from 236 to 50 (by 78%). At the same time, the FDs
and the flight crew will have to analyze 229 NOTAMs (50 pages) and PIBs, made of
170 NOTAMs (40 pages) respectively, even while using Lido Flight 4D. Such a large number of
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NOTAMs, remaining after Lido Flight 4D processing, stems from the complicity of NOTAM automat-
ic processing and accounting, because of its format [3]. It is confirmed by Robert Bobrow research,
which showed us, that it is impossible to create a fully automatic system of NOTAM processing and
accounting in its current format [4].

Table 4
NOTAM for flight SVO/UUEE — BOM/VABB
NOTAM

Object DINS Lido Flight 4D PIB
Departure airport SVO/UUEE 20 23 19
FIR 747 63 37
Enroute alternates 393 75 54
Destination airport BOM/VABB 35 23 22
Flight plan alternate No 1 15 12 8
AMD/VAAH
Flight plan alternate Ne 2 40 33 30
GOI’'VOGO
The total number of NOTAMs 1250 229 170
The number of pages 236 50 40

AIXM AND DIGITAL NOTAM

EUROCONTROL development by European AIS Database (EAD) in 2003 has become the
crucial step to digitalization of sources of information. EAD — is the largest centralized aeronautical
information database in the world, providing us with guaranteed quality of statistical data manage-
ment, aeronautical documentation (AIP, AMDT, SUP, AIC, and aeronautical schemes) [5] mainte-
nance and publishing. Kazakhstan, Kyrgyzstan, The Philippines, and many other countries of the
world use EAD along with Europe.

The use of Aeronautical Information Conceptual Model (AICM) and Aeronautical Information
Exchange Model (AIXM 3.3) initially underlaid in EAD work. Whereby AICM was a logical model
and was utilized as the aeronautical database basis/structure. At the same time, AIXM was for elec-
tronical data communication between the other users (was used as a standard of electronical infor-
mation exchange)’. AIXM was a set of data, encoded by Extensible Markup Language (XML), its
functionality permitted to encode statistic aeronautical data’, such as AIP, but not providing with an
opportunity of encoding the dynamic aeronautical data’, such as NOTAM, in a qualitative way.

In 2003 EUROCONTROL started working at AIXM model upgrading together with the US
Federal Aviation Administration (FAA). Change Control Board (CCB) was founded later, to allow the
states and companies to participate in AIXM development. That were the results of CCB work:

e AIXM 4.5 release in 2005 as an update for AIXM 3.3;

e AIXM 5.0 release in 2008, since then AIXM consists of 3 basic components:

1) data model in Unified Modelling Language (UML);

2) XML scheme, compatible with Geography Markup Language (GML);

3) the temporality concept, which allows to encode both statistic’ (AIP) and dynamic’ aero-
nautical data (Digital NOTAM).

* AIM AICM and AIXM Introduction. AIXM 5. (2006). Second Design Review. Madrid, Spain, 26 p.
> Euro Doc 010. (2003) 2nd ed., Montreal: ICAO, 68 p.
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e release of AIXM 5.1 with Digital NOTAM Specification in 2010 (version 1.0) — specifica-

tions of different NOTAM events encoding (closing of the runway, etc.);

o AIXM 5.1.1 release in 2019°,

AIXM 5.1 data exchange model with Digital NOTAM encoding opportunity has introduced the
standard of aeronautical data digital publishing and exchange (fig. 4) to aviation. ICAO considers
AIXM to be the best practice of aeronautical data digital formatting and exchange’. It should be noted,
that XML, GML or another type of program code is what is meant by "digital" format, but not images
in .jpg in .pdf [5] at all.

AlP: 26 MAR 2020 or AIRAC 26 MAR 2020
AlXM:  <gml:beqginPosition=2020-03-26T12:00:00Z</gml:beginPasition=

Fig. 4. Example of data in AIXM format

It is planned to release an updated Digital NOTAM Specification (version 2.0) in 2021, and an
updated AIXM 5.2 in the first quarter of 2022.

Unlike the current NOTAM format, Digital NOTAM is for automatic data processing and
interpretation. The information may be presented both in text and graphically, with the help of In-
formation Systems for data decoding. Graphical display of closed taxiways (TWYs) and runways
(RWY35s) in the airfield scheme, with the help of digital NOTAM, will allow to increase the aircraft
taxing operational safety in a significant way [6, 7]. Meanwhile the relevant data of the Digital
NOTAM will be displayed on flight crew Electronic Flight Bag (EFB) screens automatical-
ly [8, 9]. There are the examples of Digital NOTAM with closed taxiways, both textual and graph-
ical, in Figures 5 and 6.

NOTAM START DATE FINISH DATE
gt-'{" O7T/388 TWY WL BTH TWY WA AND TWY WB CLSD JUL 30, 203 AUG 31, 2021
B} OF/386 TWY WG BTN RWY 15L/33R AND TWY WA CLSD JUL 30, 2021 AUG 31, 2021 EET
ﬁ OF/368 TWY NC BTH TWY NC SPOT 9 AND TWY NG CLSD TO ACFT WINGSPAN MORE THAN 130 FT  JUL 31, 203 DEC 31, 2021
>I_=< 07/388 TWY WB BTN TWY WK AND 755FT NORTH TWY WM CLSD JUL 30, 203 AUG 31, 2021
>[‘<C'E.":I-1-1 TWY WD BTN TWY NR AND TWY WB CLSD TO ACFT WINGSPAN MORE THAN 1T71FT FEB 6, 2021 PERM
>Q<DE."331 TWY WB BTN TWY WD AND TWY WE CLSD TO ACFT WINGSPAN MORE THAN 118FT AUG 4, 2021 OCT 4, 2021
(R} DB/O32 TWY NR BTN TWY WD AND TWY WB CLSD TO ACFT WINGSPAN MORE THAN 118FT AUG 4, 2021 OCT 4, 2021

Fig. 5. Digital NOTAM, in textual display

Digital NOTAM creation may also lead to automatic actions, for instance, the procedures, de-
veloped by means of the navigational aids, will be unavailable in case of their closing. Digital
NOTAM will allow us to increase the accuracy of the information in a significant way while describ-
ing the NOTAM area of operation. The transfer of Digital NOTAM, in AIXM format, will be provided
by means of the Internet, without use of AFTN, which will optimize the process of data exchange in a
significant way.

The efficiency of using Digital NOTAM together with the up-to-date software and channels
of communication was proved by Jeppesen, Luftfartsverket (LFV) and EUROCONTROL while
researching and the following flight testing. The published NOTAM about closing the taxiway was
accepted, processed, and displayed on the flight crew EFB screen [10] in real-time mode while
flight testing.

6 AIXM. AIXM Versions. Available at: https://www.aixm.aero/page/versions/ (accessed: 27.08.2021).
7 Doc 8126: Aeronautical Information Service. Manual. (2021). 7th ed., ICAO, 660 p.

28



Tom 25, Ne 01, 2022 Hayunblii Becthuk MI'TY T'A
Vol. 25, No. 01, 2022 Civil Aviation High Technologies

S00 x 150 =
21 =
me & & & % 137

Fa FA A
8

n
=} .

000N

= a3

¥

cC oo
=
Qa0 x 150 &

T g e |

1|

L EE

M £ ; |§ ::I
E,. NG E-*'-' s z L]
w
— I .
HA 7 RE RE LFOEFM
A M B, ga - ™
E] g
a
sl ag
Y $ T - E E
i L e B ¥
o — o ki
10000 % 950
&
,’:‘\u.
] IS
" L
REOR1W FETHW PEIPW ?5
L
i

Fig. 6. Digital NOTAM, in graphical display

FAA is currently in process of shifting from the old U. S. NOTAM System (USNS) to a new
updated Federal NOTAM System (FNS). Development of an updated NOTAM system resulted from
the need to digitalize the processes of NOTAM gathering, distribution and storage. The purpose of
FNS is in, creation of the integrated trustworthy source for NOTAM entering and distribution® in order
to increase the NOTAM efficiency, safety, and quality of its information [11].

FNS consists of the complex of services and applications, allowing to create and distribute Dig-
ital NOTAM.

Digital NOTAM is created by means of:

e NOTAM Manager — web-application, allowing to create and manage Digital NOTAM;

e NOTAM Origination Service — web-application, allowing the third parties, for instance,
companies, providing ATC services on airfield control towers, to create and manage Digital
NOTAM,;

e ¢NOTAM II — application for creating and non-digital NOTAM management.

Digital NOTAM distribution is provided by means of:

e NOTAM Search — web-application for Digital NOTAM searching, filtration and sorting. Digi-
tal NOTAM are presented in two textual formats: in standard one (only in capital letters) and

¥ Digital — AIM, Federal NOTAM System. The Federal NOTAM System Concept of Operations Description Available at:
https://notams.aim.faa.gov/#Applications (accessed: 27.08.2021).
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in a form of a common text (in capital and lowercase letters). There is also a opportunity of
visualizing the Digital NOTAM information in aeronautical schemes, (fig. 6);

e FNS NOTAM Distribution Service — the intersystem interface, allowing the finite sets to get

the Digital NOTAM from FNS.

FAA has implemented the FNS system in more than 339 US airports. Meanwhile it is planned to
accomplish the full shift to FNS in August 2023. Consequently, the FNS system is currently warning the
users that the NOTAM Search system cannot be used as the only source of information. At the same time
European ATM Information Management Service (EAIMS), which will substitute EAD, is planning to
provide the opportunity of encoding Digital NOTAM after 2022. Meanwhile it should be noted, that
most countries are currently providing only statistic aeronautical data (AIP)’ in digital form (AIXM), and
the dynamic aeronautical data (Digital NOTAM)’ is provided only by the US.

In order to update the current aeronautical information system, ICAO has decided that it was
necessary to shift from the Aeronautical Information Service (AIS) concept to Aeronautical Infor-
mation Management (AIM) [5]. The dynamic, integrated management of aeronautical information
through the provision and exchange of quality-assured digital aeronautical data in collaboration with
all parties.

The main purpose of the following shift is the digitalization of aeronautical information gathering
and exchange between the sources and users of the data, by means of System Wide Information Manage-
ment [12] (SWIM) concept principles. SWIM concept is intended for aeronautical, weather, flight and oth-
er information exchange harmonization between all the users, (fig. 7)'°. The origination of the aviation in-
tranet, based on the use of standard data models and internet protocols, in order to provide the supreme in-
teroperability'’, is the main SWIM challenge. SWIM interoperability should be able to work at the large
number of levels: legal, administrative, semantic and technical [13].

Exchange

N T
Militars
== Controllers .::'%‘E
SWIM-enabled ANSP Controllers - = L
Applications QL - AT —  ANSP Command Center
1
Other Data
Information 2:(3 f:;: Flight Data Exchange g:r?:r::e
Exchange s f“"'?"l“-' Service(s) Sardion |
Services |
Information Other Info [
AIXM IWXXM/ |

Exchange Models:

m O 3J 03I = h'< 0 M

& Standard(s) o WXXM
SWIM
Infrastructure \
|
Network ‘ " ‘ o

Connectivity 2
s OZ . i

Fig. 7. SWIM concept

’ Euro Doc 010. (2003) 2nd ed., Montreal: ICAO, 68 p.
' Manual on System Wide Information Management (SWIM) Concept. (2015). ICAO, 88 p.
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Therefore, there will be a shift from the outdated communication channels (AFTN, SITA, etc.)
and data formats to the SWIM aviation intranet with new digital standards of information exchange,
which will allow to connect all the sources and users of information in one whole communication
profile [14]. The SWIM concept, developed by EUROCONTROL together with FAA, was approved
by ICAO and has become the inalienable part of the Global Air Navigation Plan (GANP) 2016-2030.
It is planned to realize the SWIM concept by 2030"".

CONCLUSIONS

Nowadays the NOTAM issues, are still an urgent topic in aviation, as NOTAM directly effects
the flight safety and efficiency. These issues are a consequence of not only a human factor (incapacity
or incomprehension of the NOTAM instrument), but also of the current NOTAM system technical
restrictions: means of communication (AFTN) and NOTAM format. As a result, the up-to-date flight
planning system allows us to solve the NOTAM problems only partly, as it is impossible to fully
automate the NOTAM processing and accounting.

ICAO shift to AIM concept with use of SWIM is a crucial step to solving the NOTAM issues,
as it will allow to increase the quality, promptness and availability of static and dynamic aeronautical
data’ in a significant way. AIM will also allow us to reduce the charges on developing and supporting
the information systems, involved in performing the flights.

Digital NOTAM implementation should solve the technical part of the NOTAM issues, due to use
of up-to-date means of communication (Internet) and new standards of information exchange (AIXM),
which will have the increase in flight safety and efficiency as a consequence. Meanwhile the NOTAM
issues, caused by the human factor, can be solved only if the NOTAM instrument is used correctly:

e Publishing of NOTAM only in case of real necessity, not for shifting responsibility from the

airport administration or the aviation authorities to the aircraft operators;

e Making amendments in AIP or publishing SUP, AIC in good time, instead of publishing the

NOTAM with a validity period of more than three months.

Solving the NOTAM problem, for its global and systemic nature, is possible only in case
directly ICAO and the aviation authorities worldwide take part in it, in order to strengthen the control
over NOTAM. As a result, it will become possible to reduce the number of NOTAMs, drawing the
attention of the FDs and the aircraft flight crew to the crucial NOTAM.
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BJIMNAHUE NOTAM HA BE3OITACHOCTDBb U D®@PEKTUBHOCTD
BBIITOJIHEHM S ITOJIETOB (OB30P)

A.B. HpoxopOB1
'Bonea-nenp-FOnux Diip Kapeo, Hux., Te-Byonenoc, Texac, CILIA

Lenpto maHHO# paboTHI sBIsIeTCs aHamm3 ¥ orieHKa BiustHIsT NOTAM Ha 6e30macHOCTE U 3 PEKTHBHOCTD BBHITIOTHEHHS MOJIETOB.
PaccMoTpens! ocHoBHBIE TpooOiieMsl, cBszaHHble ¢ NOTAM: kommyectBo NOTAM, npakTiyeckoe MpUMEeHeHHe HHPOpMAIIH 13
NOTAM, texanueckue orpannderns tekymeit cuctemsl NOTAM. IlpuBenens! npumepsl HeratuBHOTO Bo3aencTBiss NOTAM
Ha Ka4yecTBO a3POHABUIAIIMOHHOTO oOecreyeHust, 6e301acHOCTh 1 3(G(HEKTUBHOCTE BBIOJIHEHUS MOJIeTOB. Takoke MpeacTaBieHa
NpakTHKa peuieHus npoodiem, cesizanHbx ¢ NOTAM, B Mupe ¢ ioMolnbio Q-code M cucteM I1aHMpOBaHHs MOJIETOB (Ha IpuMepe
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Lido Flight 4D). IIpencrasnena koHuemnimst EBpornetickoii asponaBuraiionnoi 6a3el ganHbix (EAD — European AIS Database),
pazpaboTaHHasi HA OCHOBE A’pOHaBHTalMOHHON Mozenu oomeHa uHpopmaimeinn (AIXM — Aeronautical Information Exchange
Model). Paccmotpena konuemnumst Digital NOTAM (1mdposoit NOTAM), peanmzoBanHas Ha 6aze AIXM u npenHazHaueHHas
Juisi 0oOMeHa, aBTOMaTH4eckod 0O0pabOTKHM W MHTEpIpPETAlMH MHAMUYECKHX a’pPOHABUIAIllMOHHBIX NaHHBIX. PazoOpana HOBas
Mozepau3upoBanHas cucreMa NOTAM — ®denepasnbhas cuctema NOTAM (FNS — Federal NOTAM System), paspaboTtanHast
OenepanbHbIM yrpaBiieHHeM rpaxaanckoii apuaumn (FAA — Federal Aviation Administration) CLLA, no3Bosisitolast KoJupoBaTh
Digital NOTAM. [Ipoanammsuposansl miansl ICAO mo mepexomy or konuenmu OOecriedeHHsl a3pOHABHIALIMOHHOM
napopmammeii (AIS — Aeronautical Information Service) k VYrmpaBneHH:o a’spoHaBHralMoHHOW uH(popMmammell (AIM —
Aeronautical Information Management) ¢ npuMeHeHHEM NPUHIMIIOB KOHIEmmMY OOIeCHCTEMHOTO YIIpaBieHus HHpOpMaLier
(SWIM — System Wide Information Management). B pe3ynbrate mpoBeaeHHoro aHamm3a Tekymeid cucreMsl NOTAM u
MozaepamupoBanHoi cucteMbl NOTAM (FNS ot FAA) 6pumi cienanbsl BEIBOABI 0 ToM, 9To BHenpernue Digital NOTAM momxaO
PEIINTh TEXHUYECKYIO COCTABIIIONLYIO TpodieM, cBs3aHHbIX ¢ NOTAM, Onaromapsi MCHONB30BAaHHIO COBPEMEHHBIX CPEIICTB
CBs3M (MHTEpPHET) W HOBBIX CTaHAApTOB oOMeHa MaHHBIMH (AIXM), 9To mpuBEIET K MOBBIIICHWIO YPOBHA O€30MACHOCTH M
3¢ deKTUBHOCTH BhIOHEHNS ToyieToB. [Ipu aTom mpobiaembr ¢ NOTAM, BbI3BaHHBIE YEIOBEYSCKHUM (PAKTOPOM, OCTAFOTCSI
Hepa3peIeHHBIMH 110 IIPUYIHE HEKOPPEKTHOTO UCHONIB30BaHMsI HHCTpyMeHTa NOTAM.

Krouennie ciioBa: NOTAM, Digital NOTAM, asponasurarmontas uagopmanust, AIXM, SWIM, GANP 2016-2030.
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COBEPHIEHCTBOBAHME UH®PACTPYKTYPbI ADPOIIOPTOB
T'PAKIAHCKON ABUAIIUU C YYETOM NPOEKTUPOBAHMUS
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BO3AYHIHBIX CYIOB

10.1. CAMYJIEHKOB', A.b. BABKOB', SI.A. DUJIATOBA'
"Mockosckuii 20Cy0apcmeeHHbIlL MeXHUYeCKUll YHUgepcumem paxicoancKoll asuayu,
2. Mockea, Poccus

Bo3mymmHeIi TpaHCIIOPT HIpaeT CYMIECTBEHHYIO POJIb B OOECIICUYCHHH YCIOBHHA W1 3((PEKTHBHOTO (YHKIMOHUPOBAHUS
COBPEMEHHOI SKOHOMHMKH. B paszButni MH(MpacTpyKTypbl aBHAllMOHHO-TPAHCIIOPTHOM CHUCTEMbI OJMHAKOBO 3aMHTEPECOBAHBI
aBuariepeBo3urKy, cyObekThl Poccuiickoii ®denepammy m rocymapcTBO B menoM. [pakaaHckas aBHanmsi oOecrieyrBaeT
KOMIUIEKCHYIO O€30IaCHOCTh M YCTOMYMBOCTb TPAHCHOPTHOW CHCTEMBI, B3aHMOCBSI3b PETMOHOB U HACEJICHHBIX ITyHKTOB,
ocobenHo paiioHoB Cubupy, Cesepa n [ansHero Bocroka. 3a mocrcoBerckoe Bpemst B Poccuiickoit Denepaiyiy CyIecTBEHHO
COKpATWJICS 00BEM MACCAKUPCKUX U TPY30BBIX IIEPEBO30K, ObIIN yTpaueHbI aBUATPAHCIIOPTHBIE CBSI3U MEKILy perroHamu. Takoe
TIOJIOXKEHHE C MAaCCAKUPCKUMU U IPY30BBIMH ITEPEBO3KAMH CO3AJIOCH NP 3HAYMTEFHON KOHIICHTPAIMK TPAHCTIOPTHBIX ITOTOKOB
B Y3JIOBBIX a3pOIOpTax CTpaHbl U HE MO3BOJIIET aBUATPaHCIOPTHOM cucteme Poccuiickoit denepaiyu pa3BUBATHCS BCECTOPOHHE
1 rapMoHNYHO. KomIuiekcHast orieHKa HH(pacTpyKTypbl TPaKIAHCKON aBHalMK CTPaHbI MO3BOJIUT Pa3padoTaTh MPEIUIOKEHHS 110
MOJICPHU3AIMM ¥ Pa3BUTHIO ABHAIIMOHHO-TPAHCIIOPTHONW CHUCTEMBL. BakHOe MecTo cpeau OOBEKTOB HH(PACTPYKTYpHI
BO3/IYIIHOTO TPAHCIOPTa 3aHMMAIOT MPOM3BOJCTBEHHBIE IIOMEIIECHMS OpraHM3alMii 10 TEXHMYECKOMY OOCIY>KHBaHHIO
BO3AYIIHBIX CyJ0B. JII BBIIOIHEHHS TEXHUYECKOTO OOCTYKMBAHMSI aBUALIMOHHON TEXHUKH HEOOXOIMMBI IPOHU3BOJICTBEHHO-
TEXHOJIOTUYECKHE COOPY)KEHUs, aHrapbl M IUIOMAAKU UL pa3MelIeHNs] U XpaHEHHS! CPEJICTB TEXHMYECKOTro OOCITY)KHBaHWU,
WHCTPYMEHT (OOLIMH, WHIMBUIyalbHBIN, CHEIMAIbHBIA), pPAcXOAHbIE MaTepHallbl, MOMEIIECHHS ILIaHOBO-JHUCIIETUYEPCKHX
OTJIEJIOB; IUIOIIA N JUTSL pa3MEIIeHHs 00CITyKUBaEeMBIX BO3IYIIHBIX CY/IOB, UX KOMIIOHEHTOB 1 Jip. KpoMe Toro, B 3aBUCHMOCTH OT
KOJIMYECTBA THUIIOB OOCITY’KMBAEMBIX JICTATENIBHBIX alapaToB, MHTEHCHBHOCTU U PETYIAPHOCTH ABUAIIEPEBO30K HEOOXOAUM
pacyeT CWII M CPE/CTB MHXEHEPHO-aBHALMOHHOTO O0ECIICYeHUs.. DTH BOIPOCHI TPeOYIOT JAeTaJbHOW NMpopabOTKM Ha OCHOBE
Hay9HOTO MO/IX0/1a, B TOM YHCJIE C HCTIONB30BaHUEM METOJOB IMHUTAIIMOHHOTO MOJICTIMPOBAHHSI.

KnroueBble cJ10Ba: BO3MYIIHBIM TPAaHCIOPT, AaBHAIEPEBO3KH, WH(PACTPYKTYpa a3pOJpPOMOB TPAKAAHCKOW aBHALH,
OpraHM3alMi MO TEXHHYECKOMY OOCTYKMBAHHMIO BO3IYLIHBIX CYyIOB, TEXHHYECKOE OOCITYXMBAaHHE BO3AYIIHBIX CYIIOB,
MMUTALIOHHOE MaTEMaTHYeCKOe MOJICIIMPOBAHKE, KOHIIEIIHS TEXHUUECKOrO 00CIIy)KUBAaHHUSI BO3IYLIHBIX CYJIOB.

BBEJIEHME

K ocHOBHBIM 371€eMeHTaM UHPPACTPYKTYPHl aBUAITMOHHO-TPAHCIIOPTHOW crcTeMbl Poccuiickoit
®enepanyu ciaenyeT B MEPBYIO OYepeb OTHECTH a’3pOIOPThI (a9POAPOMBI), SBISIOMIUECS CIONKHBIMU
MHOTOYpPOBHEBBIMU CUCTEMAMH.

ASPOTIOPTHI TIOAPA3IETSIOTCS B 3aBHCHMOCTH OT FOI0BOTO 00BeMa MAaCCaKUPCKUX MEPEBO3OK
BKJIIOYAsl NPUJIETAIOIINX, BBUIETAIOIINMX U TPAH3UTHBIX NaccakxupoB. COINIaCHO JaHHBIM U3 peecTpa
PocaBuanuu B ctpane Ha utoHb 2021 roma 3apeructpupoBano 264 aspornopTa, U3 HUX TOJbKO 26 Tpu-
HUMAIOT 00JIee OJTHOT0 MIJUTMOHA MACCAXKUPOB B IO/,

bonee 200 a»poroproB Poccumn oTHOCATCS K HEKJIaCCU(PUITUPOBAHHBIM U a3pOTIOPTaM HHU3IITUX
kyaccoB. Kak mpaBuio, 3To a3ponopThl MECTHBIX BO3JYIIHBIX JIMHUH (C MaccaxxuponoTokom 50 Teic.
YeJIOBEK B I'OJl 1 MEHEE), pacloOIOKEHHBIE B OTAJICHHBIX, TPYAHOJOCTYIHBIX palloHax CTpaHbl ¢ 00-
UM HacelieHueM Oosee 15 muumoHoB yenoBek. CopepikaHue TaKUX a3pOINOPTOB, PACMOIOKEHHBIX
B 14 pervoHax CTpaHbl, B IPUTOJHOM JJIsl SKCIUTyaTallud COCTOSIHUM 0€3 rocyAapCTBEHHON MOAEpK-
KM HEBO3MOKHO.

Pacnpenenenue asponoproB P® no knaccam B 2021 r. mpencraBieHo B Tadu. 1.

' BHTII 1-85 BeOMCTBEHHBIE HOPMBI TEXHOJOIHUECKOTO IPOEKTHPOBAHKs asporoptos. M.: ITIM u HUM Aspomnpoexr,
1986. 58 c.
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Tadauua 1
Table 1
Pacnpenenenue asponoproB P® no knaccam Ha 2021 r.
Distribution of airports by grade in the Russian Federation for 2021
Kaacc asponopra T'oxoBble 00bEMbI KoauuyectBo IIpouenTHoe
nepeBO30K, ThIC. YeJl. a’poNopToOB cooTHolIeHune, %
BHuexnaccubie Bomee 10000 4 3,7
Knacc | 100007000 0 0
Kuacc 11 70004000 4 3,7
Kiracc 111 4000-2000 9 8,5
Kmace IV 2000-500 24 22,7
Knacc V 500-100 19 18
Hexmaccudumupyemsore Menee 100 46 434
Htoro — 106 100

Ipumeyanne. OTCYTCTBYIOT AaHHBIC 10 158 HEKIACCH(DUITUPYEMBIM a3pOIOPTaM.

Amnakommnanuu Poccun Gaszmpytrorcst B 38 6a30BbIX aspomopTtax u 2 ce3oHHbIX (Coun u AHa-
na). Ix MoXHO paccMaTpuBaTh Kak y3J0BbIE adpONOPTHI C pa3HbIMU O00beMaMH TepeBo30K. Cambie
KpynHble ux Hux: lllepemerseso, Jlomonenoso, Buykoso, ITynkoso, Konenoso u Toamaueso.

K OoCHOBHBIM 371€MEHTaM a’pornopTa OTHOCHUTCS a’dpOoApOM, a’pOBOK3aj, MPOU3BOICTBEHHBIE
MOMEILEHUS ISl BBIOMHEHHUS TexHuueckoro obcmyxkuBanus (TO) Bozmymsbix cynoB (BC) u mp.
Ha asponpome Takxke pacmornaraioTcs MeCTa CTOSHKH U XpaHEHHsI BO3AYIIHBIX CYAOB”, HAXOISAIINXCS
B OKUJAHUHM BbUIETA, TEXHMYECKOTO OOCIy)XHBaHMSA, IMOCTAaBKM 3allaCHBIX 4YacTell u MarepHa-
708 (3YuM), BBINOIHEHUS JUPEKTUB JIETHOW FOJJHOCTH U JIp.

3a nepuoa 2008—-2020 roaoB nmocTpoeHs! HOBbIE a’ponopTsl [InaTos (r. PocTos-Ha-Jlony), 'a-
rapuH (r. CapaToB), KOMIUIEKC HOBOM B3JieTHO-NIocaiouHoi nojocsl (BIIIT) B asponopty lepemerne-
B0, Utypyn (0. Utypyn), Caberraa, Tanakan, ToGonbck, boBaneHKoBO. BhinonHeHb! paboThl HO pe-
KOHCTPYKIIMH a3pPOJIPOMHBIX KOMILJIEKCOB M BBEJEHBI B dKcIuTyaTanuto 52 BIIII B asponoprax Actpa-
xaHb, AGakaH, AHanwlpb, AHamna, bapataeBka, benropos, Bimanusoctok, BaykoBo, Boponex, I'opHo-
Anraiick, Upkyrtck, Keizbut, Kupos, ExatepunOypr, Marac, Mypmanck, Urapka, boroponckoe, Ka-
3aHb, [lensa, byrypycnan, Maragan, Munepansabsie Bonbl, JInnenk, Bnagukaskas, Maxaukana, Hux-
nuit Hoeropoa, HoBocubupck, Hukonaesck-na-Amype, Hopuneck, [lanana, [lenza, Ynan-Ym, Ya,
EmuzoBo, Bonrorpan, Kpacuogap, Camapa, Capanck, CacoBo, Coun, Xaranra, Xpabposo, UymukaH,
Yokypnax, Dmucra, lllepemerpeBo, Xabaporck, Occopa, CoIOBKH.

[To manubiM PocaBumaruu, B mae 2021 r. B I'ocy1apcTBEHHOM peecTpe a’spoJApOMOB U BEPTO-
JPOMOB T'Pa’KIAHCKOH aBHanuy Poccuiickoil denepamuy 3HAYMINCH 233 a’pogpoma’: Kimacca A —
13 (5,6 %), knacca b — 33 (14,2 %), ximacca B — 78 (33,5 %), xmacca I' — 73 (31,3 %), knacca /] —
21 (9 %), xnacca E — 15 (6,4 %). Pacnpenenenue a3poJpoMoB O KjaccaM MPUBEAEHO B Ta0. 2.

AHanm3 MoKasbIBaeT, 4To 0OJIbIIas YacTh adpoipoMoB PD cootBercTByeT Kitaccam B u I” 1 Mmosket
MPUHUMATh CaMOJIEThl Kiacca A U B*. B 3aBHCHMOCTH OT KJ1aCCU(PMKAIIMOHHON CKOPOCTH (CKOPOCTH, B
1,3 pa3a nmpeBbIIIaroNIas CKOpOCTh CBAUTMBAHUS B ITOCAI0OYHON KOH(UTYpaLuy Py MaKCUMAaIbHON CEpTH-
(bHULMPOBaHHOI MOCATOYHOIN Macce) BO3MYyILIHbIE cyaa Kiaccupuuupyorest Ha kareropuu A, B, C, D, E,
F, H. K xateropun Bo3ayuHsix cy10B A u B otHOcsTCS camonetsl AH-2, JI-410, Wn-114, BeproneTsl.

? Bozmymmbiii koxexe Poccuiickoit denepammu ot 19.03.1997 Ne 60-®3 (pex. ot 02.07.2021) [Dnextponusiii pecype] // Koncys-

tauTl Imroc. 2021. 137 c. URL: http://www.consultant.ru/document/cons_doc LAW 13744/ (nata obpamenwst: 15.08.2021).
T'ocynapcTBeHHBII peecTp a’3poapOMOB U BEPTOJIPOMOB I'pak/laHCKOM aBuanuu Poccuiickoit denepannu no cOCTOSHUIO
Ha 28.05.2021 [Dnexrponnsiii pecypc] // DABT. 2021. 9 c¢. URL: https://favt.gov.ru/dejatelnost-ajeroporty-i-ajerodromy-
reestr-grajdanskih-ajerodromov-rf/ (nara obparenus: 15.08.2021).

Doc 8168 OPS/611: IlpaBuia a3poHABHTaIMOHHOTO OOCITY>KUBaHUA [IpOM3BOACTBO MOJIETOB BO3MYIIHBIX CyHOB. ToM I:
[IpaBuna npousBozacTBa nojieros. S-e u3n. // UKAO, 2006. 279 c.
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Tadauna 2
Table 2
Pacnipenenenue aspoapomoB P® no knaccam 3a 2021 r.
Distribution of airports by grade in the Russian Federation within 2021

Knaace BIIT MunsuMajbHas JJIMHA KoimyecTBo IIpouentHoe
BIIII B cTanaapTHBIX a3poJApoMoOB cooTHOWIeHne, %
YCIOBHAX, M

A 3200 13 5,6
b 2600 33 14,2
B 1800 78 33,5
r 1300 73 31,3
pi| 1000 21 9
E 500 15 6,4

Hroro - 233 100

B Poccuiickoit ®@enepaunn okoio 70 % B3IETHO-MOCATOYHBIX MOJOC C UCKYCCTBEHHBIM MO-
kpbitueM (MBIIIT) Obl10 TOCTPOEHO B COBETCKUI MEPUO M HYXKAAETCS B MPOBEICHUH KAaTUTAIHLHOTO
peMonTa [1].

CrnemyeT OTMETHThH, 4TO OoOJiee UeM Y JECATH a’poJIPOMOB M3 peecTpa PocaBmanmu UCTEKIH
cpoku necTBUst CBUAETENBCTB O TOCYIAPCTBEHHOW PETUCTPALIUN .

®OPMUPOBAHUE OITIOPHOM CETU ADPOITIOPTOB POCCUMCKOMN ®EJEPAIINUN

3HAYUTENBHOE KOJIMYECTBO a3POJPOMOB UMEIOT TOJIBKO I'PYHTOBBIE B3JIETHO-IIOCAJOYHBIE I10-
nocel (I'BIIIT), y KOTOpBIX OrpaHUYEHHBIE 3KCIUTyaTallMOHHBIE BO3MO>KHOCTH, U MX HCIIOJIb30BaHHUE
BBI3BIBAET TPYJHOCTH, OCOOEHHO B IIEPUOJ] MEKCE30HBSI.

3a moceaHuit ro1 U3 AeHCTBYIONICH ceTH BRIOBIIO 44 aspoxpoma’. COamaHCHPOBAHHOE Pa3BH-
THE aBHATPAHCIIOPTHOM CUCTEMBI BAKHO KaK JJIsl CTPAHBI B LIEJIOM, TaK M JIJI1 MHOTHUX 3aUHTEPECOBaH-
HBIX cyOBekTOB PD, B 1epByI0 ouepeab pacloyioKEHHBIX B yIAJIEHHBIX U TPYAHOJOCTYITHBIX PErHOHAX
Cubupu, Kpaitnero Cesepa u [lansaero Boctoka (cocrapmnstonux okono 60 % Poccuiickoii denepa-
uuun). B aTux pailoHax aBuaiusi 4acTo €IUHCTBEHHBIA KPYTJIOTOJAUYHBIN BU TPAHCIIOPTA), U 3TO JUK-
TyeT HE0OXOAUMOCTh MEPEHOCa MPUOPUTETHOTO BHUMAHUS M, COOTBETCTBEHHO, ()MHAHCHPOBAHUS HA
pa3BUTHE a’POAPOMOB (a3PONOPTOB), B IEPBYIO OUEPEAb PACIIOIOKEHHBIX B CEBEPHBIX U BOCTOYHBIX
peruonax Poccuu [2].

[Ipu ¢dopmupoBaHMH TEpeUHs OMOPHOM CETH a’poApoMoB (asporoptoB) PD yuyuThIBanuch
00BEMBI MMACCaXKUPONOTOKOB U IPY30B Ha MEXAYHApOJIHBIX M BHYTPEHHUX JIMHMSX, OOIECTBEHHAs
3HAYMMOCTb U HallMOHaNIbHas Oe3omacHoCTh (puc. 1). B peectp Obutn BkitodeHs! 11 MeXTyHApOAHBIX
Y3JIOBBIX a3pONOPTOB, 25 y3JIOBBIX a3pONOPTOB BHYTPEHHMX JIMHHM, 21 a’ponopT U3 yCIOBHUH COIHU-
albHOM 3HAYMMOCTM M BHYTPEHHEW CBSI3HOCTH aBHUATPAHCIIOPTHOM cucTeMbl U 64 a’pomnopra, He
BKJIFOUEHHBIX B MPEAbIIYIINE prr[l'lbl7 [3].

> MT P® npuxkas ot 25 asrycra 2015 r. Ne 262 (pex. ot 24.11.2017) 06 yrsepxnennn OAIT « TpeGoBaHus, MpeabIBIseMble K

a’pozIpoMam, TpeIHa3HAYCHHBIM JIJIsl B3JIeTa, TIOCaaKH, pysieHus u ctosiHku [ BCy [Dnexrponnsiii pecype] // Koncynsrantl Ltoc.
2017. 153 c. URL: http://www.consultant.ru/document/cons_doc LAW 187688/ (nata obparienust: 15.08.2021).
Pacniopsokenue IlpaBurensctBa Poccuiickoit @enepaunu ot 24 mas 2021 Ne 1349-p «O 3akpbiTuu Ut 00CITYKUBaHHS
BO3JIyLIHBIX CY/ZOB HEKOTOPBIX a’3pOPOMOB TIpaKAaHCKOW aBHalm» [DnekTpoHHbIH pecypc] // Koncynsrantllioc.
2021. 1 c. URL: http://www.consultant.ru/document/cons_doc LAW 384925/ (nata obpamenus: 15.08.2021).
Konrenmus pa3BuTHs a3poApoMHO (adponopToBoii) cetu Poccuiickoit @enepannu Ha nepuoy 1o 2020 1. [DneKTpoH-
HeI pecypc] // pandia.ru. 2008. 76 c. URL: https://pandia.ru/text/77/191/17688.php (nata oopamenus: 15.08.2021).
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Jlist HaydHO 0OOCHOBAHHOTO MOAX0a K (POPMHUPOBAHUIO OMOPHOM adpOAPOMHOI (a3pormopTo-
BOM) CETHU CIIeyeT YUUTHIBATh BOMPOCH! HAllMOHATBHOU Oe3omacHoCTH P®, mpobieMbl rocy1apcTBeH-
HOU 1IeJIOCTHOCTU CTpaHbl, COIMATbHO-3KOHOMUYECKUE MHTEPECHI KAK CTPAHbI B 1IEJIOM, TaK U PETHO-
HOB, TEPCHEKTUBbl HayYHO-TEXHOJOTUYHOIO Pa3BUTHUS, COCTOSIHHME MH(PACTPYKTyphbl NEHCTBYIOIICH
CeTH aBPOHpOMOBS’g.
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Puc. 1. Cxema onopHo# cetn adpoapomMoB Poccuiickoit @eaeparuu
Fig. 1. The scheme of the basic airfields network of the Russian Federation

B coBpemMeHHOI Hay4YHOU JIUTEpaType, MOCBAIIEHHON COLMaIbHO-DKOHOMUYECKON OLIEHKE pa3-
BUTHSI CTPaHBbl, CYLIECTBYIOT pa3lIM4HbIE MOAXOAbl K (POPMHPOBAHUIO IOKA3aTENEH, XapaKTepU3yro-
IIMX yCJIOBUS *XU3HU HaceneHus [4]. Hanpumep, npemaraercs OleHUBATh KauyeCTBO JKU3HU Hacele-
HUS 110 CEMH MHTETPAJIbHBIM CBOMCTBAM: KaueCTBY HACEJICHUs, YCIOBUAM *KHU3HH HacelleHus, 01aroco-
CTOSIHUIO U .

OpHuM U3 moKasareneu, XapaKTepu3yOUIMX TPAaHCIIOPTHYIO NTOABMKHOCTh HACEIICHUS, SIBIISCT-
Csl CTaTHYECKUH KO3((HUIIMEHT MOABMKHOCTH — YHCIIO MOE30K Ha OJHOTO yesioBeka [S]:

H — Z Hnacc
OAB = % Nyac(1+Bun)’

rae ), Hy,cc — umcno mepesesenHbIX maccaxupos; ), Ny, — YHCIEHHOCTh HACEIEHUS; iy — HOMS
MHOCTPAHHBIX IPa’KJaH, MOCEIAIONIUX CTPAHY U MOJIb3YIOIIUXCS BO3AYIIHBIM TPAHCIIOPTOM.

¥ Vkas Ipe3unenta P® ot 2 urosst 2021 r. Ne 400 «O CrpaTterun HanMoHanbHOMH Oe3omacHocTH PDy [DIeKTpOHHBIN pe-

cypc] // Koncymprantllmoc. 2021. 44 c. URL: http://www.consultant.ru/document/cons_doc_ LAW 389271/ (mata 06-
pamenus: 15.08.2021).

Pacriopspxenne [pasutensctBa PO ot 24 centsiops 2020 1. Ne 2464-p «O06 yrBepskaeHnn HarpioHAIBHOM pOrpaMMBbl COIH-
aJIbHO-3KOHOMUUECKOro pa3Butus JlamsHero Bocroxa Ha mepuon o 2024 r. u Ha nepcnektuBy 10 2035 r.» [DIeKTpOHHbIH
pecype] // Komcynprantllmoc. 2020. 128 «c. URL: http://www.consultant.ru/document/cons_doc LAW 363186/
f62eed5tacfd8e2al 1d6d88941ac66824{848bc2/ (nata odparenus: 15.08.2021).
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Cratnueckuil K03((HUIIMEHT MOABMKHOCTHA HA BO3AYIIHOM TpaHcropTte B Poccum 3a mocien-
Hue 10 net Haxonutces B nuamnaszone 0,7—0,78 u yka3bIBaeT Ha HU3KHH YPOBEHb MOOMIILHOCTH Hacele-
HUs. BMecTe ¢ TeM 3TOT KO3 PHUIMEHT HE B TOJTHON Mepe XapaKTepu3yeT MOTPEOHOCTH HACEJICHUS U
COCTOSIHME HH(PACTPYKTYPBI a’3pOJIPOMHOM (a3pOormopToBoid) ceTu. s TMIaHOMEpHOTro pa3BUTHS
aBHALIMOHHO-TPAHCIIOPTHON CHUCTEMBI CTPaHbl, B TOM uHcie peruonoB Cubupu u dansHero Boctoka,
TpeOyeTcst peXx e BCEro CO3/1aHre BHICOKOTEXHOJIOTMYHOM MPOMBILIUIEHHOCTH Ha MECTax U KoM(opT-
HbIC YCIIOBHS KU3HU HACEJCHHUSA: 00ECHEeUeHHOCTh JKWJIbEM, JOCTYIMHOCTh 3APAaBOOXPAHEHHUs, Kaue-
CTBEHHOE 00pa3oBaHHe, KyJIbTypa, COlMaabHass 0€30MacHOCTh U JIp.

UYepes 36 MexayHApOJHBIX U BHYTPUPOCCUMCKHUX Y3JIOBBIX a3pPONOPTOB, BKIIOUEHHBIX B OIIOP-
HYIO CETh a’pOINOPTOB, 3a IMOCJIEIHUE TOAbl MPOXOIUT okojo 80 % maccaxxuponoToka, a Oojbluas
4acTh MEXAYHapOIHBIX IEPEBO30K OCYIIECTBISETCS YEPE3 UETHIPE Y3JIOBBIX a3pONOPTA CTPAHBI.

[Tapk rpaxaaHckux BO3AyIIHBIX Ccya0B P® HacuuthiBaeT 8933 nerarenbHBIX armapaTa10 u
BKItoyaeT BC s KoMMepUYecKux BO3JYIIHBIX MEPEBO30K, BHIOJHEHUS aBUAIIMOHHBIX paldoT, yued-
HBIE CaMOJIEThl U BEPTOJIETHI, AUPUKAOIIH, a TakKe OECIUIOTHBIEC JIeTaTeIbHbIE annaparhl, MIaHepsbl,
aBTOYKUPBI, A3POCTATHI U T. 1.

B peecTpe sKkcIuTyaTaHTOB BO3AYIIHBIX cyA0B PD, nmeronmx cepTuuKaT A1 OCYIIECTBICHUS
KOMMEPYECKHX BO3IyIIHBIX IEPEBO30K, 3aperucTpuposano 2177 BC'', u3 mux 1195 oreuecTBEHHOrO
MIPOU3BO/ICTBA.

BosIbIIMHCTBO COBPEMEHHBIX CaMOJIETOB I'PAKAAHCKOW aBUALMU CHPOEKTUPOBAHO IO adpOJIUHA-
MHUUYECKON CXeMe C HU3KOPACIIOIIOKEHHBIMU IBUTATEISIMU, YTO TPEOyeT PEKOHCTPYKLUH CYIIECTBYIOIINX
WBIIII u pynexHBIX JTOPOXKEK, NPEIbABISACT MOBBIILICHHBIE TPEOOBAaHUS K YHUCTOTE TOBEPXHOCTH a’3po-
npoma [6]. Kpome Toro, mpoBeneHue pazaudHbIX BHIOB nepuoanueckoro TO AT mpegycmarpuBaeT
HaJIMYUE AHTAPHBIX KOMIUIEKCOB, NPOU3BOACTBEHHBIX MOMEILIEHNI U IUIOMAA0K, CTOSHOK Ul XpaHEHUsI
HeucnpaBHbIX BC, B TOM 4mcie W3-3a OTCYTCTBHSI 3allacHBIX YacTel u MaTepuasioB (3UuM).

3a cyeT BHEOIOKETHBIX MCTOYHHMKOB ITOCTPOEHBI U BBEJCHHI B HKCIUIyaTallMI0 HOBBIE Tacca-
KUPCKHE TePMUHAIBI B 22 aspornopTax (AHamna, benropon, brarosemenck, Bnagusoctok, Bonrorpan,
Kazans, Kpacnospck (EmenssnoBo), Menneneeso, Huxuuit Hosropon, Ilepms (bonbmoe CaBuno),
[Terpo3aBoack, Camapa, Capanck, Cumdeponons, Coun, Tromens, Yda, Xpadposo, IllepemerseBo,
YenssOunck, Yepenosery, SKyTcK).

MMPOEKTHPOBAHME ITPONU3BO/JICTBEHHBIX IUIOIIAJIENA U IOMEIIEHUAM
OPI'AHMU3AIIMI ITO TO BC

HNHxeHnepHO-aBHAITMOHHOE 0OECTIEYCHHUE TPOIlecca TEXHUISCKON IKCITyaTallii aBUAIlMOHHON
TEXHHUKHU KaK COCTABJISIFOIIAS adPONOPTOBOM NEATEIHLHOCTH BKIIOYAET KOMILIEKC paboT Mo moaaepiKa-
HUIO UCTIPABHOCTHU WM paboTocmocooHoctu BC.

Jnst TO aBHAIMOHHOM TEXHUKH MPUMEHSIOTCS pasiMYHbIE CPEACTBA HA3eMHOTO OOCITY>KUBAHMS
obomero mpumenenusi (CHO OII) u cpenctBa Ha3eMHOro OOCTY)KUBaHHSI CIICIUATIBHOTO TPHUMEHEHHS
(CHO CII), xoTopble MOTYT OBITH Kak B cocTaBe opranmsaimii mo TO BC, Tak u B cocTaBe UHBIX CTPYKTYP:

— BO3AYXOKHCIIOPOI03alIpaBOuHOE 000pyJ0BaHNE U 000pYyA0BaHUE /IS 3allPaBKU BOJIOM;

— a’POJPOMHBIE AIEKTPUUECKUE YCTAHOBKH, a3POAPOMHBIE TIOJIBHKHBIE AJIEKTPOArperarhbl;

— YHUBEpCAJIbHBIC MTOABUKHBIC THAPOYCTAHOBKH;

— a’pOJIPOMHBIE KOHTUITUOHEPHI U YHUBEPCAIbHBIE MOTOPHBIE MTOI0TPEBATEINH;

— TAra4yu-OyKCUPOBLIUKU M a3pPOJPOMHBIE CAMOXOJIHBIE MTOJBEMHUKHU, OJHEMHbIE TIOIIAIKY,
MOTPY3YUKH, TUIOMIAIKH 00CITyKUBaHUS, TEIECKOIMNYECKUE TUTOIIAKNA 00CTYKUBAHUS;

1 Tocynapcrsensiii peectp TBC P®. 06.07.2021 r. [Dnekrponusiii pecype] / ®ABT. 2021. 537 ¢. URL: https://m.favt.gov.ru/
opendata-table?id=2500 (mata oopamenwst: 15.08.2021).

«PeecTp sKCIUTyaTaHTOB M BO3IYIIHBIX CyZOB» uisi caiita PocaBmanmu Ha 06.07.2021 r. [Dnekrponnsiii pecypc] //
®ABT. 2021. 22 c. URL: https://favt.gov.ru/dejatelnost-aviakompanii-reestr/ (qara oopamenus: 15.08.2021).
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— KOMILJIEKTBI THIPOTNIOITbEMHUKOB, IOMKPAThI, HECAMOXO/HbIEC KPaHBI;

— CpeICTBa I0CTYyIMa (CTPEMSHKH, JIECTHUIIBI, TOMOCTBI, TOTbEMHbBIE TUIOIIAIKH);

— Cpe/ICTBa HePa3pyLIAIOLIEr0 KOHTPOJISL, KOHTPOJIbHO-IIPOBEPOYHAs anmnapaTrypa u Jp.

Opranuszanuu no TO BC MoryT BBITIONHSTE, KpoMe padoT 1o BceM BugaM TO, U3roTOBJICHUE U
3ameHy koMIioHeHToB BC, m3menenmne koHcTpykuuu BC (mopaboTku, OOIIETeHH TPOMBIIIICHHOCTH,
JTUPEKTHUBBI JIETHOM TOAHOCTH) WM BBINOJHEHHUE €T0 PEMOHTa, padOoThI MO paciiu(poBKe MOIETHOM
uH(pOpPMAaLIUU, PEMOHTY TeXHOJOrHYeckoro odbopyaosanus, ocHactku u CHO CII [7].

Ha cocrosinue nndpactpykrypsl opranuzaiuu mo TO BC oka3pIBarOT BIMSHUE BUABI U PEXKH-
Ml TO BC, ypoBenp ocHamenHoctd CHO, mapameTpsl cocTosHus, (PyHKIIMOHUPOBAHUS U PabOTO-
criocooHoctu AT, TpeGoBaHMsi KOHCTPYKTOpPCKOM nokyMeHTannu BC, mokasarenu 0€30TKa3HOCTH U
nonroBeyHocTH uzaenuii AT.

Texauueckas sxcruryatanuss AT kak 4acTh ku3HeHHOTo Iukia BC moxer BKItOYaTh B ceOs
nporecc pyHkuuonupoBaHus AT (MCHOIB30BAaHUE MO HA3HAYCHUIO, OXKUJIAHUE HCIIOJIb30BAHUS TIO
Ha3HAYCHUIO, XpaHEHHUE U JIp.), BHIIIOJHEHUE pa3iuyHbIX BUA0B U ¢popM TO, KOHTPOIIb TEXHUYECKOTO
COCTOSIHUS M BOoccTaHOBJIeHHE cBOUCTB AT.

K TO AT oTHOCHTCS KOMIUIEKC BBITIOJTHSIEMBIX Ha HEl padoT (omeparuii), UMEIOIMNX [EeIbI0
noaroroBky BC k moneram, moaaep:kaHue UCIIPaBHOCTH, pa0OTOCTIOCOOHOCTH TMPU UCIIOJIb30BAHUHU €€
110 HA3HAYCHHIO, TP XPAHCHNH ¥ TPAHCIIOPTHPOBAHAM .

Cucrema texandeckoit skcruryaranuu (CTD) B obmeM ciiydae BKIIOYAaeT B ce0s HOPMAaTUBHO-
MIPaBOBYIO 0a3y, OPraHU3alMOHHYIO CTPYKTYPY C MPOU3BOACTBEHHBIMHU U (DYHKIIMOHAIBHBIMU CBSI3SIMHU
MEXIy dJeMEHTaMU (CIy>KOaMH U OTHAEJIaMH) U MEPONpPHUSITHS, 00SCIICUNBAIONINE CBOEBPEMEHHOE U
KaueCTBEHHOE pEIICHUE MOCTaBICHHBIX 3aAa4. B coctaB CTO koHKkpeTHbIX TUIOB AT Takxke BXOIUT
MIPOU3BOJCTBEHHO-TeXHUYecKass 6a3a (anrapel miss TO BC, mpon3BoACTBEHHBIE MOMENMICHUS U TLIO-
manaku), cpeactsa uzmepenuit, CHO CII, KOHTpoJbHO-TIPOBEpOYHAS anmaparypa, HHCTPYMEHT U TeX-
HOJIOTMYECKasi OCHACTKA U Jp.

OcoOeHHOCTAMH HH(PACTPYKTYpbl TPaKJAHCKOM aBHAIlMU SABISIOTCS TOIUIMBO3ANPaBOYHBIE
KOMIUIEKCHI, CTIeHaIbHO 000pyaoBaHHbIe TeppuTopun opranuzanuii mo TO BC (mpousBoacTBEHHBIC
nomeleHus, Mmecta ctossHok BC, crieninanbHbie TUIOMIAIKH, aHTaphl).

OOBeKThl aBUATOILTMBOOOECTICUCHHUS MIPETHA3HAUCHBI 11 00ECTIEYCHUs TOPI0Ye-CMa30YHBIMH
Marepuanamu (I'CM) u cniemkuakoctsasmu BC, opranmuzanuii mo TO BC u BritouaroT B ce0st Ha3eMHBIE
cknaael ['CM, cpencTBa U CUCTEMBI 3alpaBKH, CKIAIbl HEPTEIPOAYKTOB. 3aJauu MO OOECIICUCHUIO
00beKTOB TpaxkaaHckor aBuanuu Poccuu I'CM pemarot okono 200 opraHu3anuii, UMEIOITNX CEPTH-
¢duKar Ha IPABO AEATEIBHOCTH (LU(PBI MPUBEIACHBI C YUETOM allbTEPHATUBHBIX TOTUIMBO3AIIPABOYHBIX
koMmruiekcoB (T3K)).

Opranmzanuu no TO BC aBnsitoTcss CTpYKTYpHBIMHU MOJPA3ACICHUSIMU MPEANPUITHI Tpax-
JTAaHCKOM aBWAllUM W TIpeJHA3HA4YEeHbI Uil BbITOIHEHUs pa3nuuHbix BunoB TO BC. Ha ceromnsuinuii
nenb 430 oprarmsanuii mo TO UMEIOT JeHCTBYOMME CepTH(HUKATE COOTBETCTBHS .

Bonwimas gacte umymecTBeHHON 0a3bl opranu3anuii mo TO BC (aHrapsl, mpou3BOJACTBEHHBIC
MOMEIIEHUS U TUTOMIAIKK; 000pyaoBaHue, Heooxoaumoe it oocnykuBanus BC) mocranack mosiBHB-
IIMMCSI Ha POCCHIICKOM pBIHKE aBUanepeBo3unkaM mnocie pacnaga Coserckoro Coroza. B cBsa3u co
3HAYUTEIbHBIM HM3HOCOM TPOHM3BOJICTBEHHBIX MOMEIIEHUN W IJIOMAA0K TPeOyIOTCS 3HAYUTEIhHBIC
BJIOKCHHS B Pa3BUTHE MHMPACTPYKTYPHI aBHAITMOHHOW TPAHCIIOPTHOM CUCTEMBI, COBEPIIICHCTBOBAHUE
HOPMaTUBHO-TIPaBOBOU 0a3bl [8]. CiemyeT OTMETUTh, UTO B CBA3H C U3MEHEHUEM XO3SIICTBEHHOH Jesl-
TETLHOCTH aBUAIMOHHBIX OpPraHU3alllii MHOTHE HOPMATHUBHBIE aKThl yTPATUIN 3aKOHOJATEIHHYIO CH-

2 [pukas Muntpanca Poccuu ot 20 mons 1994 r. Ne JIB-58 «O6 yreepyaennu "HacTapleHH s 110 TEXHHUECKON IKCIITya-
TaI[MM U PEMOHTY aBHAllMOHHOM TEXHUKH B rpaxxaaHckoi aBuanuu Poccun. HTOPAT I'A-93"».

" Mepeuens opranmsaumii no TO, uMeromux jaeiicTByrommii ceprudukar coorBerctsus Ha 01 nexabps 2021 r. [Dnek-
TpoHHBIH pecypc] // @ABT. 2021. 29 c¢. URL: https://favt.gov.ru/dejatelnost-podderzhanie-letnoj-godnosti-perechen-
orgaizaciy-po-teh-obslujivaniyu/ (nata oopamenus: 15.08.2021).
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ay, B yactHoctd BHTII 11-85 «BenomcTBeHHbIE HOPMBI TEXHOJIOTMYECKOTO ITPOEKTUPOBAHMSI aBUA-
LIUOHHO-TEXHUUYECKUX 0a3 B a9ponopTax».

g mect crostHOK XpaHeHHs: BC BBIIEISIIOT crielMaibHble MECTAa WM IUIOIIAJKH, OATOTOB-
JIEHHbIE IO pa3MepaM A onpezeneHHbIX THNOB BC (yHHMBepcalbHbIE, YACTUYHO YHHMBEPCAJIBHBIE).
[Tpobnema HEXBAaTKU MECT CTOSTHOK XpaHEHHs1 B 0A30BBIX adpONOpPTax 3aTparuBacT MHOTHE aBUAKOM-
nanuu Poccun (HampuMmep, HeXBaTKa MECT CTOSTHOK XPAHEHUs Ul CaMOJIETOB aBUaKOMIAHUU «A3po-
¢dnoT» B 6a3zoBom aspornopty lllepemerseBo). PekoMeHyeMble HOPMATHUBBI KOJTMUECTBA MECT CTOSTHOK
coctaBistoT 10 % ot 6a30Beix TuoB BC [9]. Onnako Gonbioi 3amac Mect crosiuku BC Tak ke He-
MO3BOJIMTENCH, KaK M UX HeXBaTKa. s pacyeTa ONTUMAIBHOTO KOJUYECTBA MECT CTOSHOK II€JIeC000-
pa3sHO NMPUMEHATh UMUTALIMOHHBIE METOABI MOJICIMPOBAHUS B CBSI3U € OOJIBIINM KOJIMYECTBOM CTOXa-
CTHUYECKUX TMapamMeTpoB — 0e30TKazHOCTH U KoHTposenpurogHoctu BC, cpokoB moctaBku 3YuM,
ypoBHs ocHameHHoctu CHO OII u ap.

JUIs MMUTAlMOHHOTO MOJEIUPOBAHMS TPOLECCOB (PYHKIMOHUPOBAHHS OpraHU3alMil 110
TO BC menecoo0pa3HO TPUMEHATh NMPUKIATHOE MPOrpaMMHOE oOecredeHue, B 4acTHOCTH Arena
Simulation Bepcns 16.1',

s obecriedeHns HAy4HO OOOCHOBAaHHOI'O MOJAXOJA K IPOBEAECHUIO 3KCIIEPUMEHTA C LIEJIbI0
olleHKU BiusiHUA KonnuectBa BC B mapke aBuakommnanuu, HagexxHoctd AT, cpokoB noctaBku 3YuM,
KOJINYECTBA U YPOBHS KBaIM(PHUKALMU MHKEHEPHO-TEXHUYECKOI0 MEepCoHajga Ha MOTpeOHOe KoJnde-
cTBO MecT cTosiHOK BC cocraBuM Matpuily IUlaHHUpOBaHUs dKcnepuMmenTa (tadm. 3). Ciemyer oTMme-
TUTh, YTO BOIPOCAM IJIAHUPOBAHUS YUCICHHOTO KCIEPUMEHTa MOCBALICHO 3HAYMTEIBHOE KOJIHMYe-
CTBO pabOT B OTEUECTBEHHOM U 3apyOeKHOU Hay4HOI nuteparype [10-14].

Tabauua 3
Table 3
@parMeHT MaTpHULbl IUTAHUPOBAHUS SKCIIEPUMEHTA O OLIEHKE BpeMeHHU HaxoxaeHust BC
Ha XpaHEeHUH (B OKuAaHUU 1ocTaBKu 3UUM, ycTpaHEeHHs CKPBITHIX OTKa30B U Jp.)
The experiment planning matrix fragment to estimate the aircraft available time (waiting for spare
parts and materials delivery, isolating hidden failures, etc.)

HanmenoBanue ¢gaxkropon Oo6o3nayenue | PazmepHocth 3Haq.eﬂne rapamerpa

min max

BepostHocTs BeimotHeHMs TO 3a 3aaHHOE BpeMs Pro — 0,80 0,95

BeposTHOCTE cBOeBpeMeHHO# mocTaBku 3YnM Psyu — 0,70 0,95

Cpenusist mpo0IKUTEIBHOCT BEITIONHEHUS OTHO- Tmo JHeH 3 30

ro Buzaa nepuoamdeckoro TO (IITO)

Cpennss TpyaoeMKocTs BeinonaHenus I[1TO Tomo YeJl.-qac 500 5000

KommaectBo BC, o0cmykuBaeMbIX OpraHu3auen npc IIT. 30 50

o TO B rog

CpenHee BpeMst oxkuanus moctaBku 3YuM Tone JHEU 3 21

Jlis mpoBeAeHUsT HKCHEPUMEHTa M0 MMHTALMIOHHOMY MOJEIHPOBAHUIO COCTOSHHMSI CHCTEMBI
TO BC B nponecce Bomonaenus [ITO paspaboran moxyns B cpene Arena Simulation (puc. 2). B 00-
mem ciydae konnuectBo BC, mpomenmux [1TO, 3aBUCcHT OT BpeMeH HaX0X/I€HHUS B MPOLIECCE TPUEM-
ku Ha TO, HenocpencreenHoro BoimnoaHenus [ITO, cpennero Bpemenu oxunanus nocrasku 34YuM u
IpyTux (hakTopoB.

OcCHOBOI MOAOOHBIX UMUTALMOHHBIX MaTEeMaTHYECKUX MOJeNel, Kak MpaBuio, SBJISIETCS Ma-
TEMaTUYECKHUI ammapaTr Teopuu cucteM maccoBoro odciyxuBanus (CMO), npeaHa3Hau€HHBIM IS
00CITy>)KMBaHUS MOTOKA 3asBOK, UMEIOLIHX, KaK MPaBUIIO, CIIy4allHbIA XapakTep.

'* Arena Simulation Software [Dnexrpoumsrii pecypc] / Rockwell Automation. URL: https://www.rockwellautomation.com/
ru-ru/products/software/arena-simulation.html (nara oopamenus: 15.08.2021).
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Aircraft PTO ———  Decide 1 T EXIT

WAITING »—= ENDPTO

Puc. 2. I'papudaeckuit moxys umutanuonHo# moaenu cucteMbl TO BC B cpene Arena Simulation: Aircraft — BxomHOM
6mox BC na I1TO; PTO — 610k nponrecca ITTO BC; Decide 1 — morudeckuii 6110k pacnpeneneans BC Ha MOATOTOBKY K
monieTaM U Ha oxunanue nocraBku 3YuM; WAITING — monyns oxxugaaus noctasku 3YuM; END PTO — moxyibs
okxonvanus [1ITO; EXIT — moxyns Beixomga BC u3 [1TO
Fig. 2. The graphic module of the aircraft maintenance system simulation model in the Arena Simulation Aircraft
environment — the input Aircraft Periodic Maintenance block; PM — the Aircraft Periodic Maintenance process block;
Decide 1 — the logic block of the Aircraft distribution to prepare for flights and wait for Spare Parts and Materials delivery;
WAITING - the module of waiting for Spare Parts and Materials delivery; END Periodic Maintenance — the module of
Periodic Maintenance completion; EXIT — the module of the Aircraft exit from the Periodic Maintenance

B pesyinbraTe 3T0r0 MOKET 00pa30BBIBATHCS OUEPE/lb Ha 0OCITYKWBAaHUE JIMOO W3JIEIHS TTOKH-
natoT CMO neoOciyxeHHbIMU. B kauecTBe xapakrepuctuk 3¢ dekruBHOCTH CMO MOTYT BBICTYNATh:
BEpPOSITHOCTh CBOEBPEMEHHOTO yAOBIEeTBOpeHUs: 3UuM, cpenHee BpeMs HAXOXKICHUS Ha Pa3TUIHBIX
Bunax TO, 3akoH pacnpeneneHus BpeMenn oxuaanus TO u ap. [15, 16].

B pesynbrare npoBeNEHHBIX HCCIEIOBAHUN TIOJTyY€HAa 3aBUCHMOCTH CPEIHEr0 BpPEMEHH
naxoxaenus BC B coctosauu [1TO ot cpeanero Bpemenu noctaBok 3UuM u OT BEpOATHOCTU CBOE-
BpeMeHHOU nocTaBku 3YuM (puc. 3).

Ly u
3000
2500

2000

——Waiting 1 (6 aueii)
=&—Waiting 2 (3 1us)

1500
Waiting 3 (1 mens)

1000

500

65 70 75 80 85 90 Py %

Puc. 3. 3aBucumocts cpenHero Bpemenu HaxoxaeHus BC B cocrosann WAITING (oxxunanue)
OT CpeJHEro BpeMeHH nocTaBok 3YuM U oT BEpOSTHOCTH CBOEBpeMEHHOM nocTaBku 3UuM
Fig. 3. Dependence of the aircraft average available time in the WAITING status on the Spare Parts and Materials
delivery average time and the probability of just-in-time Spare Parts and Materials delivery

AHam3 pe3ynbTaTOB MMHTAIIMOHHOTO MOJENUpoBaHHs B cpexe Arena Simulation TpeGyer
OTpeIeIEHHBIX HaBbIKOB, U 3TOMY IOCBSIIEHO HeMalo padot [17].

HccnenoBanus mokasai, 4To ¢ u3MeHeHueM Psy,y, 0T 0,95 1o 0,6 Bpemst oxugaHusi ycrpaHe-
HUS OTJIOXKEHHBIX O0TKa30B yBenuunBaeTcs oT 240 no 3300 gacoB. 310 TpeOyeT 3HaUUTENbHO OO0JIbIIIe-
ro konuuectBa MecT ctossHok g BC, oxuparomux okonuyanus I1TO, no cpaBHEHHIO ¢ TpaaULIMOH-
HBIMU MOAXO0JIaMH.
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B opranmanusax no TO BC, B 3aBucuMoctu oT pazpeuieHHoro sujaa TO, MOxeT ObITh pa3nud-
Hasi OpraHM3alOHHAs CTPYKTYpa, BKIIIOYAIOLIas: IieXa onepaTuBHOro u nepuoandyeckoro TO, mexa-
HUYECKUI IIeX, YYacTKH, JIabOpaTOpWH, MACTEpCKHe, MOApa3AeieHUS WHKEHEPHOTO O0ecredeHUs
Y COOTBETCTBYIOIIIME MOMEIICHUS U l'IJ'IOHIa,I[I/Ils . B aspomnoprax I-III kmaccoB m0mKHBI OBITH TIPEIy-
CMOTpEHBI aHTapHbIe Kopiryca ams opranusanmii mo TO BC [8], HO B 00mieM cirydae 3TO 3aBHCHT OT
TpeOOBaHUI KOHCTPYKTOPCKOM mokymMeHTanuu Ha AT. CMmexHbIe BUIBI pabOT 10 OAHOM CHEIUaIbHO-
CTH MOTYT O0BEIMHATHCS B OJTHOM MOJpa3IeIeHUH (IIeXe, Y4acTKe).

[Tpu npoextupoBannu opranu3anuid Mo TO BC HE0OX0AMMO yYUTHIBATh Pa3pelICHHBIC BUJIbI
pabot no cucrtemam u komnonentam BC u nmpeaycMoTpeTs He0OX0IUMBbIE IPOU3BOICTBEHHBIC TLJIOMIA-
11 ¥ TomenieHus (puc. 4):

— nometenus rpynn «Konctpykuus ninanepa BCy», «/IBepu u mroxku BCy», «Ynpasinenue BCy,
«Octexnenue BCy», «IIpoTtuBoobneneHuTenbHas cucteMa W npotuBomnoxkapHas cuctema» (IIOC u
[II1IC) (puc. 4, nos. 1), «I'mapocucrema» (I'’/IC), «Torumenas cucrema» (TC), «Cuctema KOHIUIINO-
HUPOBAHUS BO3JyXa W CHCTeMa aBToMatmueckoro perynupoBanus nasienus» (CKB u CAPJI), «Bo-
nsHOM Oannmacty, «Ilacen», «ITHeBMOCHCTEMBI M BAKYYMHBIE CUCTEMBD» (pHC. 4, T103. 2);

— TIOMEUIeHHEe IPYII «ABHALIMOHHBIE ABUTATEIHN U BCIIOMOTaTellbHasl CUJIOBast yCTaHOBKa» (A /]
u BCY), «Cucrema yBenuueHus taru» (puc. 4, 1mo3. 3);

— nomemenne rpynn «Tpancmuccum BeptosieToB», «Hecymue BunThl (HB) BepromeToBy,
«Bo3aymnslie BUHTBD (puc. 4, 1103. 4);

— momerieHue rpynmsl «Hepa3pymaromuii KoHTpoJiby (puc. 4, 1mo3. 5);

— nnomenieHue rpynmnsl «CucreMa aBTOMaTUYECKOTO YIIPABJIEHUS M aBTONMIIOTa (puc. 4, 11os. 6);

— momernieHue rpynnbl «CucTeMbl HHIAUKAIIMKA U perucTpanumny» (puc. 4, mos. 7);

— nomerneHue rpymnmbl «CUCTeMBI AIeKTPOCHA0XKeHNs U OCBeIeHus» (puc. 4, mos. 8);

— nmomernieHue rpynmsl «KucmopogHoe obopynoBanue» (puc. 4, mos. 9);

— nomenenue rpymnmnsl «O6opynoBanue cs3u u [THO» (puc. 4, mos. 10);

— TIOMeEIIeHHEe rpynibl «bBITOBOE U aBapuifHO-CIIacaTeIbHOE 000pyaoBaHue» (puc. 4, mo3z. 11);

— cIy>keOHOE MOMEIICHUE IIAaHOBO-TUCIIETYEPCKOTO OT/ENA, CIYKObI yIpaBIeHUs TPOU3BO/I-
CTBOM 1 KadecTBOM '® (puc. 4, 1103. 12);

— ToMernieHne (MecTo) sl BeJCHHs TeXHUYECKON JoKyMeHTauu (puc. 4, mo3. 13);

— moMerieHue s obecniedenus yrpasieHus paboramu o TO BC (puc. 4, nos. 14);

— TIOMEIIEHHE TSl TEXHUYECKOTro 00CTyKUBAaHUSI KOMIIOHEHTOB (pHcC. 4, 1103. 15);

— noMenieHue (MecTo) JUisl XpaHEeHUs! HHCTPYMEHTOB OOIIEeT0, MHAMBUAYAIBHOTO U CHEIHalIb-
HOTO Ha3HaueHus (puc. 4, mo3. 16);

— TIOMEIIeHUE COOCTBEHHOMN yueOHo# 0a3bl (puc. 4, mo3. 17);

— moMeInIeHne (MecTo) Ui XpaHeHUs TOKyMEHTAlUU (IIOHOMEPHOM, O BBHIMOTHEHHBIX paboTax
Ha AT, 0 IPOBEICHHBIX BHYTPEHHHX ayauTax ) (puc. 4, mos. 18);

— M30JIMPOBAHHBIC MMOMEIICHUS ISl BBITIOJHEHUS DKOJOTUYECKH OIMACHBIX M BPEIHBIX padoT
(mokpacka, ounucTKa, MOWKa, cBapka (puc. 4, mos. 19); mexannyeckas oopadotka (puc. 4, mo3s. 20));

> MT P® Ilpuxkas ot 25.09.2015 r. Ne 285 «O6 yreepxacHun DAL "TpeGoBaHMs K IOPHANUECKHM JIMLAM, HHIHBHILYAlTb-
HBIM IpeArnpuHuMaTessiM, ocyuiectisitomum TO I'BC. ®opMa u mopsiiok BbIaYM JOKYMEHTa, HOATBEPXKIAIOIIETO CO-
OTBETCTBHE OPUIMYECKUX JIHI, WHIAMBUAYaJbHBIX Mpennpunumareneii, ocymecrsistomux TO T'BC, tpeGoBaHusM
OAIT"» [Dnexrponnsiii pecypc] // Koncynbrantllmoc. 2015. 31 c. URL: http://www.consultant.ru/document/
cons_doc LAW 187899/ (nara obparuenus: 15.08.2021).

' TIpunoxenne 6 xk KoHBEHIMH 0 MeX/IyHAPOIHOM TpaXjaHCKO#H aBuammu. Dkcrnyararus BC. Yacts I: MexayHnapoaubiii
KOMMEPYECKHiA BO3MYIIHbIH TpaHcnopT. CamoneTsl. MexayHapOIHAs. OpraHu3alus rpaxaaHcKkoi apuaiuu. 10-e usm. //
HKAO, 2016. 304 c.

17 KoHTposibHbIE KapThl BBIE3IHON MPOBEPKH COOTBETCTBUSI MJIM HECOOTBETCTBHs 3asBUTENs TpeboBanusm DPAIL, yrsep-
KICHHBIX TpukazoM Munrtpanca Poccum ot 25.10.2015 No 285 [Dnekrponnsii pecype] / ®ABT. 2016. 23 c.
URL: https://favt.gov.ru/dejatelnost-podderzhanie-letnoj-godnosti-perechen-normativnyh-dokumentov/?id=3372  (mata
obpatenus: 15.08.2021).
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— MOMEIIEHUS W TUIOMIAAN JUIsl XpaHEHHs 3allaCHBIX KOMIIOHEHTOB U PACcXOJHBIX MaTepHaliOB
(McTIpaBHBIX OTAETHLHO OT HEUCTIPABHBIX) (pHcC. 4, 03. 21, 28);

— MOMEIICHUE NI Pa3JIeIbHOTO XPAHEHUS UCTIPABHBIX KOMIIOHEHTOB, 000pYA0BaHUsI, HHCTPY-
MEHTa U MaTepUaoB OT HEHCIPABHBIX KOMIIOHEHTOB, 000OpYAOBaHUs, HHCTPYMEHTA U HEKOHAUILIMOH-
HBIX MaTepuanos (puc. 4, nos. 22);

— MOMEIEHUE MOIpa3esieHUs] BBHIIIOJHEHUS TEKYIIEr0o pEMOHTa KOHCTPYKIMH IJIaHEPa, KOM-
noHeHToB u cucteMm BC (puc. 4, no3. 23);

— TIOMeIIeHre OBITOBOTO HA3HAYCHUS U CIy’KeOHOe ometnenue (puc. 4, mos. 24, mos. 25);

— TUIOMIAX TSl pa3MeIleHus] TPaXTaHCKUX BO3MYIIHBIX cyaoB (Mecta ctosHku BC) (puc. 4,
1mo3. 26, 27, 29, 30); ux KOMIOHEHTOB (pHcC. 4, 1103. 28), TOCTATOYHBIC IJI UCKITFOYCHUS UX TTOBPEKIC-
HUS BO BpeMs BHITIOJTHEHHSI padoT;

— IUIOIIA/H UTS Pa3MEICHHs M XPaHEeHHs 000y I0BaHMUs M MaTepraios = (puc. 4, mo3. 31);

— HAJIMYMe BEHTUJISIIIUU, OCBEIICHHSI, BOSMOXHOCTHU TOJICPKAHMS TEMIIEPATyPhl, BIaXKHOCTH,
WHBIX YCJIOBHM B MecTe pabOT, TOCTATOYHBIX ISl BHITIOJHEHUS 3asBJICHHBIX (pa3perieHHbIX) padoT B
YCIIOBUSIX, IPETYCMOTPEHHBIX IKCILTyaTallMOHHON JOKYMEHTAIUEH U JOKYMEHTaluel pa3padoTyrKa.
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Puc. 4. Tunosas cxema NpoU3BOJICTBEHHBIX MOMEIEHUH U muomaaeil opranuzanuu no TO BC
Fig. 4. The typical scheme of workplace and operating area for the Aircraft Maintenance Organization

" Doc 9760: PykoBoacTBO 110 JeTHOI roHocTH. 4-¢ u3. // UKAO, 2020. 468 c.
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Opranuzanus no TO BC Brnageer Ha npaBe cOOCTBEHHOCTH, apeH/Ibl WJIM MHOM 3aKOHHOM OC-
HOBaHUM MHCTPYMEHTaMH, MaTepuaiaMu, 000pyJoBaHHEM, HEOOXOJUMBIMU ISl BBITIOJIHEHUS pa3pe-
IIEHHBIX BUJIOB pabOT, B COOTBETCTBHH C IKCILTYaTallMOHHOMN TOKYMEHTaLUEH.

Opranmsanus mo TO BC B mporiecce BBITIOJHEHHsI KOMIUIEKCa pa0oT 1Mo MOAIePKaHUIO JIETHOM
TOJAHOCTH 00s3aHa NPHUMEHATh CPEJCTBA, yKa3aHHbIE B JOKyMeHTauuu paspaborumka BC wim ero
KOMITOHEHTa .

s ucnionb3oBanus anbrepHatuBHEIX CHO CII, 000opynoBaHus U MHCTPYMEHTOB C TEXHUYE-
CKUMHU XapaKTEepPUCTUKAMM, SKBUBAJCHTHBIMU YKa3aHHBIM B JOKyMeHTauu pazpadorunka BC u kom-
MIOHEHTOB, HE0OX0MMO B PykoBocTBe Opranusanuy Npou3BECTH MPOLEIypy TaKOH 3aMEHBI.

Opraamszanusa o TO BC umeer nmpaBo Ha COOCTBEHHOW MPOM3BOJICTBEHHOW 0a3e M3rOTaBIIH-
BaTh JeTanu U cOopouHble eauHUIBl AT B COOTBETCTBUHU C TPeOOBAHUSAMH KOHCTPYKTOPCKOM JTOKY-
MeHTanuu pazpadborunka BC nnu komnonenta. M3rotoBieHHble U3AENUs pa3peniaeTcs yCTaHABINBATh
tonbko Ha BC, mpoxopsiiee TexHuueckoe oOcCiIykuBaHUE B AaHHOM OpraHuszanuu. 9TO BO3MOXKHO
npu ykazanuu B PykoBozactse Opranuzaiuy Opoueayp OpraHu3aliy BEIMOJTHEHHUS TaKUX padoT.

IIpu ceprudukamuu opranmzauuii TO BC mo EASA Part 145 HeoOXomumo mNpeacTaBUTh
Maintenance Organisation Exposition (MOE), PykoBomcTBO 10 TEXHHUYECKOMY OOCITY>KHBaHHIO
(Maintenance Control Manual) ¢ o6muM onricanreM POU3BOACTBEHHON 0a3bl OpraHu3aluy.

PACYET CHUJI 1 CPEACTB HH’)KEHEPHO-ABUAITMOHHOI'O OBECITEYEHUS
IHOJIETOB BC

Opranmszanus nmo TO BC pa3pabaTeiBaeT IpOW3BOACTBEHHBIM I'OI0BOM TUIAH C YYETOM TPYJIO-
3arpatr IIaHupyeMbix BU0B TO, mMpu 3TOM YYUTHIBACTCS KOJUYECTBO U KBaTH(PUKAIUS PYyKOBOISIIIC-
ro, NOATBEPAKIAIOINIETO U MpuBiIeKaemMoro nepconana. Opranuzanusa no TO BC ykoMIUIEKTOBBIBAETCS
KBTM(DUIIMPOBAHHBIM TIEPCOHAIIOM JIJIsl BBITIOJTHEHHS BCEX BUIOB 3asBICHHBIX pa0dOT, B TOM YHUCIIE JI0-
CTaTOYHBIM JJISl BBIIIOJIHEHUS TUIAHUPYEMOTo 00beMa paboT, KOHTPOJs U Haa3opa kauectBa TO B co-
OTBETCTBHH C JCHCTBYIONIUM cepTU(UKATOM nesrenbHocTu Opranuzanuu. Takxke B PykoBoacTse 1o
nestensHoCcTH opranu3aruu mo TO BC momkHbI OBITH MPONUCAHBI ACHCTBUS TIPH U3MEHEHUN 00beMa
TUTAHUPYEMBIX paboT WU B clydyae HEXBATKH WHKXCHEPHO-TEXHHUYECKOTO COCTaBa MpPHU KOHKPETHOM
TO nerarenbHOTrO anmapara, Ha CMEHy WJIU Ha nepnozlzo.

Opranuzanus nmo TO BC gomkHa pacnonaraTb HEOOXOJUMBIM 000pYIOBaHUEM, HHCTPYMEHTA-
MU ¥ pacXOIHBIMU MaTepuaiaMH JUIsl BHIOJHEHUS YTBEPKIEHHOT0 00beMa padoT.

Jnist KOHTpOJIst coOMI0IeH s TpeOOBaHMI OXpaHbI TPyAa U MEp MPOU3BOACTBEHHON 0€301MacHo-
cTu B Kaxaou opranm3aiuu 1o TO BC, ecau 4MCIEHHOCT MTATHBIX COTPYIHUKOB Oojiee 50 ueoBek,
co3maercs ciryk0a OXpaHbI TpyJla WU BBOJIUTCS JOJDKHOCTH CHEIMANIMCTA [0 OXpaHe Tpy/a, odnana-
FOILIEr0 COOTBETCTBYIONIMMH KOMIICTCHIIHSIMH .

[Ipu moaroroBke nmpousBojicTBa OpraHu3anus AOJKHA UMETh CTPYKTYpPY, COOTBETCTBYIOIIYIO
00BeEMY M CTENEHU CIIOKHOCTH IUIAHUPYEMOTO KOMIUIeKca paboT, HEOOX0IMMOe KOJIUYECTBO KBaJIH-
(GUIIUPOBAHHOTO MOATBEPKIAAIOIIETO U MPUBIECKAEMOTO IMEPCOHANA, JOCTATOUYHBIM YPOBEHb OCHAIICH-
HOCTH CPEJICTBAMU Ha3eMHOT0 OOCITyKMBaHHsI CTIEHUATbHOIO MPUMEHEHHUS, HHCTPYMEHTOM U 000py-
noanueM. Jlns agdextuBHOTO permenus 3anad nmo TO BC, aBuallmoOHHBIM OpraHu3aiusM Heo0X01u-

 TOCT P 55867-2013 Boznymnsnii TparcmopT. MeTrposiorndeckoe obecriedeHne Ha BO3AYyIIHOM TpaHcnopTe. OCHOBHBIE
nonoxenusi. M.: Ctangaptuadopm, 2014. 15 c.

2 Otar Part 145 Aircraft Maintenance Organisation Approval [Dmextponubiii pecype] // airsafety.aero. 2021. 27 c.
URL: https://www.airsafety.aero/Requirements-and-Policy/OTARs/Part-145-Aircraft-Maintenance-Organisation-
Approva.aspx (narta obpamenusi: 15.08.2021).

' TpynoBoii konekc Poccuiickoit ®enepammu ot 30.12.2001 Ne 197-®3 (¢ u3m. u jor., Betyn. B cuty ¢ 30.11.2021)
[Onexrponnsii  pecypc] //  Konucymeramtllmoc. 2021. 303 c¢. URL: http://www.consultant.ru/document/
cons_doc LAW 34683/ (nata obpamenns: 15.08.2021).
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MO YYHTBHIBaTh OOs3aTeNbHbIe TpeOOBaHMS HOPMATHUBHO-IPABOBOM 0a3bl MO OXpaHe Tpyna, Mepam
MIPOM3BOJCTBEHHON O€30MMaCHOCTH U OTPAaHUUYEHUS B TPYAOBOH J1€ATEIBHOCTH MepcoHana™ .

[Ipu pa3paboTke TUIIOBOI OpraHMW3aLMOHHON CTPYKTYpbl opranu3anuu no TO BC HeBO3MOX-
HO, J1a U HE HY>KHO YYUTBIBATh BCE JIeTalbHbIE TPeOOBaHUS HOPMATHUBHO-IIPaBOBOM 0a3bl, a 3a7aya co-
CTOUT B NIOCTPOCHUU TAKOH CXEMBI, KOTOpasi BKII04aja Obl HanboJjee BayKHbIE U CYIECTBEHHBIE MOJIO-
KEHUsT HOPMAaTHBHOW JOKYMEHTAIlMU U JaBaja BO3MOKHOCTb TBOPYECKH MOAXOAUTH K IOCTPOCHUIO
peanbHO# cTpyKTyphl opranuzanuu o TO BC (puc. 5).

IIpu ouenke TpyaoeMkoctu u mpojobkutesibHoct TO BC, pacuera BpeMmenu oxxuganus 3YuM,
ucrpaBHOCTH napka JIA nenecooOpa3HO HCHONB30BaTh MAaTEMAaTHUECKUE METOIbl MMUTALIMOHHOTO MOJIe-
smupoBanusa cuctembl TO BC Ha 0CHOBE MapKOBCKHX U MOJTyMapKOBCKHUX IporieccoB [18, 19].

Jns onpeneneHus rogoBoro oosema padbot opranuzanuu 1o TO He0OX0AUMO 3HATH THIT U KO-
TudecTBO 00cmyxuBaeMbix BC, Tpy10eMKOCTh BhINIOMHEHUS pa3inudHbXx Gopm TO, cpennuii rogoBoi
Hanet BC u nip.

Jlng ydera U OLIGHKH OCHOBHBIX (DaKTOPOB, BIMSIIOIIMX HAa TPYIAOEMKOCTh M MPOJOJIKHUTEIb-
Hocth TO BC, pexoMmeHayeTcsi MpOBEACHUE MUCCIIENOBAHUI BIMSHHUA 3HAUMMOCTH (aKTOPOB Ha OC-
HOBHBIE TTapaMeTpPhI JICTHOW ESITEIILHOCTH aBHAITMOHHOW opraHu3anuu. B 3apy0OekHON HOpMaTUBHON
JIOKYMEHTAllMU OTJEIbHBIM ITyHKTOM BBIIEISIETCS BHEIUIAHOBBIM mpoctoii BC no TexHuueckou npu-
yuHe (AOG), CBSI3aHHOW C OTCYTCTBUEM PECYPCOB JUIsl €r0 BOCCTAHOBIICHHUS (3alacHbIX YacTeW, WH-
CTpYMEHTa, TOKYMEHTAIUH U T. 1.).

PykoBoauTe b opranusanau no TO
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Puc. 5. Tunosas ctpykrypa opranuzauuu no TO BC
Fig. 5. The typical structure of the Aircraft Maintenance Organization

* MT P® Ilpukas ot 25.09.2015 r. Ne 285.
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B opranuzanusax mo TO BC, kak mpaBuio, ©MeeTCsl 0TI MOATOTOBKHA U CONPOBOXKICHUS Oa-
30BBIX (hOpM TexHmueckoro obcmyxuanms (OI1 1 C BOTO)™.

3amectutens gupekropa no I1JIIT HameneH KOpMOpPaTHBHBIMHU MOJTHOMOYHSMHU I oOecrede-
Hus noapazaeneHuii mo [IJIIT HeoOX0IUMBIM KOJMYECTBOM KBAJTU(HUIIMPOBAHHOTO MEPCOHANA, MOMe-
HICHUSIMU U 000pYAOBAHUEM.

Jlnist ompeneneHusl ro0BOro motpedHoro Gouaa Tpyamo3arpaTr opranuzauuu no TO cnenyer
YYUTBIBaTh TpyAoeMKocTh popM TO tuna BC, xonmuuectBo BC, cpennmii romoBoi HajleT u JIp.:

Qoo = 21 HT(Tij “Nij) + 2 (T * Nui) + 2121 (Teoi * Neo) 201 (Ton; * Nomi) +
n

+ Z(Txpi “Np),
i=1

rae Qypy; — TOAOBOM NOTPeOHBIM (oHA TpyHo3aTpar opranusanuu 1o TO, gen-vac;

n — xonuaectBo THIOB BC;

T;j — Tpynoemkocts i-ro thna BC j-ii ¢popmer TO (mpuHEMaeTcst U3 SKCILTyaTalMOHHOM JIOKYMEH-
taruu Ha BC), yen-yac;

N; j — KOIIMYECTBO BC i-ro tuna naxoasgmuxcs Ha j-m TO, yen-yac;

T.. — cpenuuit rogosoit Haset Ha BC i-ro Tumna, u;

N; —uucno BC i-ro tumna;

Tyxi — TPYJOEMKOCTh HEpPa3pyIIAIOIEro KOHTPOJS i-T0 M3ACIIHUS aBHAIIMOHHOW TEXHMUKHU (JIBUTa-
TeJb, KOMIIOHEHTHI anepa JIA u mp.), yen-yac;

N, — KOTUYECTBO BUJOB HEpa3pyIIAIONIEro KOHTPOJIS i-T0 U3ENHs aBUAIIIOHHOW TEXHUKHU (IBU-
rateib, KOMIIOHEHTHI Tutanepa JIA u np.);

Tcoi —TPyAOEMKOCTH i-ro crienuanbHoro TO (1mocie mpeBbIIeHs SKCIUTyaTallMOHHBIX eperpy3oxk,
BbIKaThiBaHus 3a npeaensl BT, monananus I1I1 B npuratens u ap.) BC, yen-uac;

Nco; — KonruecTBO BUAOB creruaibHoro TO, BeimosiHsieMbix Ha BC 3a paccMmaTpuBaeMblil iepuo
TO, u;

Npro — KAJTEHAAPHBIN NepUOJ JaHHOTO BUAA nepuoandeckoro TO, nHei;

tougzn — BPEMSI HAXOXKACHUS Ha JUArHOCTHUKE, Y;

Touaen — TPYAO3ATPATHI HA TUATHOCTUPOBAHKE, YEII.-4ac.

OO6wee xonmmuectBo Tepconana opranusanuu 1m0 TO BC Nyepconana OYIET HaXOAUTHCS MO

dbopmyne

Qi
N. =yn__ %
nepcoHaJsia L (D3¢(]JeKT i >

rae Q; — moTpeOHBIi ToA0BOM (HOHA TpyHo3aTpaT i-ro moapasaencaus opranm3anuu no TO, den.-yac,
D, ppexri — PacronaraeMplii rogoBoi (GpOHI TPYH03aTPaT OJHOTO CHENUAIUCTA i-T0 MOIPA3IENCHHUs
opranuzaiuu no TO, yen.-gac (Tabm. 4).

Hampumep, @onn padbouero Bpemenu npu 40-gacoBoit Henene Ha 2021 r. cocraBusier 1 972 u.
KOJ‘IZITIGCTBO nHeit 3a 2021 r.: kaneHgapHbeIx — 365, pabounx qHei — 247, BRIXOAHBIX (IPa3AHUYHBIX) —
1187,

23
Tawm xe.

** TpousBojcTBenHbI Kanennaph Ha 2021 rox [dnekrponHsiii pecype] // Tocynapcersennas JIyma denepansroro Cobpa-
Hus P@. 2020. 2 ¢. URL: http://duma.gov.ru/news/49744/ (nata odpamenwus: 15.08.2021).
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Opranuzanun no TO BC npu co3nanum nporpammsl 1o TO pyKOBOJACTBYIOTCSI HCXOJHBIMU
nanHbiMu 1o tianupoBanuto TO (MAIITO), MetonuyeckuMu peKOMEHAAUSAMU MP-03-0017%.
B IIporpamme TO BC yka3bIBatoTCsl KOJIMUYECTBO MCIOJHUTENEH, CIIEHUAIBHOCTD, TPYyA03aTpaThl HA
BBITIOJTHEHHE BCIIOMOTATEIBHBIX U OCHOBHBIX pa0dOT Ha aBUAIMOHHOW TexHuke. Opranuzarus mo TO
BC B unHAMBHIyaIEHOM MOPSIKE, B 3aBUCIMOCTH OT CHJI U CPEACTB MH)KCHEPHO-aBUAIIMOHHOTO 00ec-
MEYEHUS, YCTAHABIMBAET POJOJDKUTEIHLHOCTH BhIMoaHEHUS (hopm TO.

Taoauna 4
Table 4
Pacnipenenenue 3¢ dextruBHOTO hOHAA BPEMEHH M TPYA03aTpaT
1o nojpaszaeneHusM opranuzamnuu no TO BC
Distribution of the effective time and labor costs fund by divisions
of the Aircraft Maintenance Organization
IMoapasnesnenue opra- | PacmoJara- IddpexTuB- Tpynosa- Tpynosarpa- | Tpyno3arpa-
amsanuu no TO eMblil poHI HbI poH TPAaThI MO Tl HA CTO, Tl HA TO
pa6ouero pa6ouero dbopmam yeJ-yac npu XpaHe-
BpeMeHH, 4 Bpemenn, 4 | TO, yes-uac HUH, YeJI-4ac
[Inanep BC u ®C 1972 1845 2500 1250 350
AJlu BCY 1972 1845 1250 250 350
Hepaspymarommuii 1972 1825 750 250 150
KOHTPOJIb
(CAY) u aBTOomuioTa 1972 1845 250 50 150
Kucnopoguoe o6opy- 1972 1845 250 — —
JIOBaHUE
DnexTpocHabkeHue 1972 1845 350 50 50
U OCBEILICHUE
CucteMbl HHIUKAITHH 1972 1895 250 50 50
U perucTpanuu
O6opynoBaHue CBsI3U 1972 1895 250 50 50
u [THO
BriToBOEC, crienmabHOE 1972 1895 750 50 50
U aBapHitHO-
cracaTesnbHoe 000py-
JOBaHHE
3AKVIFOYEHHUE

B pesyibrare npoBeACHHBIX UCCIIEIOBAHNMN:

— BBINIOJIHEH aHAJINU3 COCTOSHMSI a3poApPOMOB (a3ponopToB) Poccuu, mpemiokeHsl MOIX0AbI K
OTIPEICICHUIO ONITUMAIIBHOT'O KOJIMYECTBA ONOPHOH (6a30B0OI) CETH a3pOAPOMOB (a3POTIOPTOB);

— IOJIy4€HBbl pe3ysbTaThl BpeMeHH okuaanus BC ycTpaHeHMs OTIOXKEHHBIX OTKa30B (COCTOsI-
Hue WAITING) ot cpennero BpeMeHu noctaBok 34YuM U OT BEpOSTHOCTU CBOEBPEMEHHON MOCTaBKU

¥ Meronuueckue pexomenaamuun MP-03-001 mo ogobpenuto nporpamm TO BC, 3aperucTpupoBaHHBIX B TOCYIapCTBEH-
HoM peectpe ' BC PO [DOnexrponnsiii pecypc] / @ABT. 2014. 45 c¢. URL: https://favt.gov.ru/public/materials/6/0/f/4/8/
60f488d2eale375940c2c964e2318al16.PDF (nata oOpamenus: 15.08.2021).
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3UuM, Ha OCHOBAaHMH KOTOPBIX €CTh BO3MOXXHOCTb ONPEICTUTh TpeOyeMoe KOJTMUECTBO MECT CTOSTHOK
s BC, oxnparommx okonyanusg [1TO;

— MpEAJIOKEHA TUIIOBasl CXeMa MPOU3BOACTBEHHBIX TOMEIEHUN U IUIOIIAAEH OpraHu3aluy 1o
TO BC c yuerom TpeboBaHui HOpMaTUBHO-TIpaBoBoit 6a3el PO, UKAO, EBponelickoro areHTCTBa 10O
6e3omacHoctu nmoyietoB (EASA);

— pa3paboTaHa TuroBas cTpykrypa opranm3zaiuu nmo TO BC ¢ yderom TpeboBaHU HOPMATHB-
Ho-nipaBoBoii 6a3s1 PO, UKAO, EBponeiickoro arenrcrsa no 6e3onacHoctu noietoB (EASA);

— JUISL OTIpECIICHHsI TOJA0BOTO MOTPeOHOro POoHIA TPyI03aTpaT M OOIIETO KOJIUYECTBA TIEPCO-
Hama opranu3auu mo TO MpeanokeHO YYHUTHIBATH JOMOJHUTENbHbIE (PAKTOPBI — MPOTHO3ZUPYEMOE
KonumdecTBO U BH crienuainbHoro TO BC, 00beM MpOrHO3UPYEeMbIX BUIAOB HEpPa3pyHIAIOMIEro KOH-
tpons AT, addexTuBHBIN (OHA BpeMEHU U TPYA03aTpaT U Jp.

Pe3ynbTathl Hccnen0BaHusl PEKOMEHYETCs MCIOb30BaTh Ha aBUALIMOHHBIX MPEANpPUATHSAX, B
opraam3anusax mo TO BC, pa3paboTunkaM U U3roTOBUTENSIM aBUAIMOHHOW TEXHUKH HA dTamax MpoeK-
TUPOBAHUS, MPOU3BOJACTBA U KCIUTyaTanuu BC.

Pesynbrarsl ucCie10BaHUN I103BOJISIOT:

® aBMALMOHHBIM OpPraHU3alMAM — IUIAHUPOBATH OXKHIAEMBIE NMPOCTOM U TpyAoeMkocTh TO Ha

OCHOBE CPEIHEr0 BpeMEHM MOCTaBOK 3YMM U BEpOATHOCTH CBOEBPEMEHHOM NTOCTaBKU 3YnM;
® aBUAIMOHHBIM OPTaHHU3AIUAM — IPOEKTUPOBATH KOMILIEKC MPOU3BOJICTBEHHBIX MOMEIICHUN
u riomaneit s seinosnHenus TO BC ¢ yuerom HecBoeBpeMeHHOM noctaBku 3YuM;

e opranmzanusaMm 1o TO BC — pa3paGaTeiBaTh OpPraHU3aIMOHHYIO CTPYKTYPY, PaCCUUTHIBATH

roJI0BO MOTPeOHBIN GOHI TPyAO3aTpaT U KOJIMUECTBO nepcoHana opranuzanuu mo TO BC.
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IMPROVING CIVIL AVIATION AIRPORTS INFRASTRUCTURE TAKING
INTO ACCOUNT THE DESIGN PROCESS OF AIRCRAFT MAINTENANCE
ORGANIZATIONS

Yuri L. Samulenkovl, Alexander B. Babkovl, Yana A. Filatova'
"Moscow State Technical University of Civil Aviation,
Moscow, Russia

ABSTRACT

Air transport is of the essence in providing conditions for the effective performance of modern economic paradigm. Operating
airlines, the subjects of the Russian Federation and the State as a whole, are equally interested in the development of air
transportation system infrastructure. Civil aviation ensures the transport system integrated safety and stability, the relationship of
regions and human settlements, especially Siberia, the North and the Far East regions. Over the post-Soviet period in the Russian
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Federation, the volume of passenger and cargo operations has decreased significantly, air transport linkages between regions have
been lost. Such a passenger and cargo operations-related situation has occurred with heavy traffic congestion in the country’s hubs
and does not allow the Russian Federation air transportation system to develop comprehensively and harmoniously. A detailed
assessment of the country's civil aviation infrastructure will enable experts to put forward proposals for the air transport system
modernization and development. Working space of aircraft maintenance organizations is an integral part among air transport
infrastructure facilities. In order to conduct aeronautical equipment maintenance, it is necessary to have engineering and
manufacturing objects, hangars and areas to accommodate and store maintenance facilities, equipment (general, individual, special-
purpose), consumables, premises for planning and dispatching departments, space to accommodate served aircraft, their
components, etc. In addition, depending on the number of served aircraft types, the air transportation volume and regular pattern,
the calculation of workforce and means of engineering and aviation support is essential. These issues require in-depth development
on the basis of a scientific approach using the simulation modeling methods.

Key words: air transport, air transportation, infrastructure of civil aviation airfields, aircraft maintenance organizations, aircraft
maintenance, simulation mathematical modeling, concept of aircraft maintenance.
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K BOITPOCY OB Y®®EKTUBHOCTHA ITPOIT'PAMMBI COBMECTHOM
HOATOTOBKH (ITIEPEITOAI'OTOBKHN) ABUAIUCIIETYEPOB
N IIMJI0TOB

A.U. CTEITHOBA', B.1. KOYEPTMH', C.M. CTEITAHOB', B.A. FOPCOEB®
"Yavanosckuii UHCTMUMYM 2PAHCOAHCKOU ABUAYUU
umenu I nasnozo mapwana asuayuu b.11. byzaesa, 2. Ynvanosck, Poccus
2PIHcmumym asponasuzayuu, 2. Mockea, Poccus

Llenbio cTaThu SIBJISETCS MPOBEACHUE CTATUCTUYECKOTO aHANM3a JAHHBIX, TOJYYCHHBIX B PE3YNIBTATe JKCICPUMEHTAIBHOTO
MCCIICZIOBAHUS. DKCIEPUMEHTAIBHOE HCCIICIOBAHNE 3aKIIIOYACTCS B MPOBEPKE YPOBHS 3HAHWE 0OydYaeMbIX 0 W MOCIe
MPUMEHEHHUS! TIPEIUIOKEHHOI0 METO/Ia COBMECTHOW TIOJrOTOBKH (TIEPETIOITOTOBKH) aBUAIMCIIETYEPOB U MUI0TOB. Kak M3BeCTHO,
NpOrpecc B aBHALMM IIATHYN Jaieko Brepeld. [lOSBHIMCH BO3IYyLIHbIE Cy[a YETBEPTOrO, IISTOr0 M IIECTOTO IMOKOJICHHH.
CamoreTsl U aBTOMATH3MPOBAHHBIE CHCTEMBI cTaiu IwdpoBbiMu. B 1ensx paspabotku u BHeapenus cucteM ATM ICAO
olpe/ieNiiia TPH OCHOBOIIOJIArarolINe KOHIICMIMH, KOTOPbIE MO3BOJIST HOBBICUTH HAJIEKHOCTh YeJIOBEKa-orepaTopa B Oy IyIeM.
OHO# M3 KOHICTIHH SIBJIICTCSI aBTOMATH3AllMs, OPHCHTHPOBAHHAS HA YeJIOBEKa. ABTOMATH3AIMs MOAPA3yMEBACT MEPEXO OT
AQHAJIOTOBBIX OOPTOBBIX M HA3eMHBIX CUCTEM K IM(POBBIM cHCTeMaM. B KOHEYHOM pe3ysibTare OOpTOBbIE U HA3EMHBIE CUCTEMBI
TMOCIIE MOJICPHU3AIIHH [TOTy4YaT ab0peBUATYPY IIATOTO | IIECTOro IMOKOJICHH. Benmencrere yero Oyaet HeoOX0M HOBBIH TIOIXO
K TIOITOTOBKE (IIEPEHOATOTOBKE) aBHAJUCIICTYCPOB U IMIJIOTOB MO OOCTY)KHBAaHUIO STUX cUcTeM. JJIs pereHus 3Tod 3amadu
HEOOXOMMO M3MECHHUTH KOHIICIIIIHIO TIOJI'OTOBKH JISTHOTO M JIUCIIETYCPCKOrO COCTaBa. B craThe JaHa OIEHKA MpPEIUIOKEHHOTO
HOBOTO METOJia COBMECTHOM TOJrOTOBKH (TIEPEIOArOTOBKH) AaBHAMCIICTYCPOB M IMHJIOTOB MOCPEICTBOM IPOBEACHUS
CTaTHUCTUYECKOTO aHAIIM3a IMOJIYYCHHBIX JKCIIEPHMEHTAILHBIM MyTEeM JAHHBIX. [IpesioKeHHbIH METO] TOArOTOBKH IO3BOJIUT
VAYUILHUTh KA4eCTBO OOYYCHHUS, YMEHBIIUTh KOJIMYECTBO OMIMOOK ABHAIKMCIICTYEPOB M IMHJIOTOB, YTO SIBJISETCS OCHOBHBIMU
npunimnami KoHuemwn [CAO. B cratee mpoBeaeH CTaTUCTHYECKUI aHaNM3 TaHHBIX M0 t-KpuTeprio CTBIOZIEHTa U TI0 3aKOHY
pacrtpeneneHus CIydalHbIX BEJIMYHMH, KOTOPBIM MO3BOJMT c/iefaTh BbIBOJ 00 A(M(MEKTHBHOCTH IPEIJIOKEHHOIO METoa
MOJITOTOBKH CIICIUAIMCTOB.

KiroueBbie ¢/10Ba: aBUAIUCIIETYED, TTMJIOT, CTATUCTUYIECKUI aHAM3, COBMECTHAS TO/ITOTOBKA, TPEHAKEPHAS IOTOTOBKA.
BBEJIEHUE

B HacTosmee BpeMsi BO BCeM MHpPE BBIpaKEHA sIBHAS TEHACHIIWS YIIyYIICHUS Pa3BHTHS BO3-
TYIIHOTO TPaHCHOPTa, 3PPEKTUBHOCTH KOTOPOT'O CIIOCOOCTBYET SKOHOMHYECKOMY Tiporpeccy [1]. Ox-
HAKO TAaKOW POCT MOXXET UMETh M MPOTHUBOMOJIOXKHBIA actiekT. C OJHOW CTOPOHBI, 3TO TOBBIIICHHE
YPOBHS JKU3HH, COLUATBHON MOOMIBHOCTH U 00111ero Onarococtostausi. C Ipyroil CTOPOHBI, HEYIIpaB-
JISIEMBIE TEMIThI POCTA BO3JYIIHOTO JIBHKCHHSI MOTYT IMPUBECTH K IMOBBIMICHUIO PUCKA OE30TTACHOCTH
MoJIeTOB [2]. DTO MOKET MPOU30UTH B TOM CIIydae, KOrjia OHU OyAyT omepekaTh TeMIIbl pocTa HOpMa-
TUBHBIX U UHPPACTPYKTYPHBIX MPOIIECCOB, HEOOXOAUMBIX JUTS UX TTOJICPIKKH .

Jlns mpenoTBpallieH!s] HETaTUBHBIX MOCTIEACTBUN AJI1 aBUAIMU MEXKIyHApOJIHAS OpraHHU3aIlHs
Ipa)XTaHCKOW aBUAIMU pa3padaThIBaeT CTPATErHUECKUN MOAXO, MPEIyCMaTPUBAIOIINA B3aUMOCBSI3b
TEMITOB pocTa B o0enx obnactsax [3]. B HacTosiee BpeMs 3TO MO3BOJUT TOCYJapCTBAM U 3aHHTEPECO-
BaHHBIM CTOPOHAM BOCIOJB30BaTHCS MPEUMYIIECTBAMHU 0€30MaCHOT0 yCTOHYHMBOIO POCTA, MOBBIIIE-
HueM 3¢ (HEKTHUBHOCTH M OTBETCTBEHHBIM MOJX0J0M K OXpaHe OKPY Kalolleil cpe/ibl, B KOTOPBIX MUPO-
BOE 00IIIECTBO ¥ SKOHOMHUKA HYKIAIOTCS B HACTOSIIIEE BPEMSI.

MexayHapoaHOW OpraHU3alMeil IpakIaHCKOW aBHAIMK ObUT pa3paboTaH TI00ATbHBIN a’po-
HaBUrauuoHHbIN maaH Ha 2016-2030 rr. ABHAIMOHHBIE CIEIUATUCTBI UTPAIOT BAXKHYIO POJIb JIsl €r0
YCIEIIHOM peanu3anuu [4].

' Doc 9750-AN/963: ['noGanbHbIii adponaBuranuonsbiii mias / UKAO, 2013. 147 c.
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[Ipu 3TOM BakHYIO POJIb UTPAET MOATOTOBKA U MEPENOArOTOBKA aBUALIMOHHBIX CIEIUATNCTOB,
MOCKOJIBKY YeJIOBeuecKuid (hakTop BIUSET HA CUCTEMY OpPraHU3alliy BO3AYUIHOTO JBUKCHHUS.

B cratee C. I'onoBuuHa, I'. JImutprenko «Pucku aBuaTpaHCIIOPTHON CHCTEMBI ITPHU TIpodeccu-
OHAJBHOH IOATOTOBKE INMHJIOTOB JHCIIETYEPOB» ObLIa paccMOTpeHa MpodiieMa MpodhecCHOHAIBHON
MOJATOTOBKH U BO3MO>KHOCTB MOSIBJIEHUSI PUCKOB B MPOLIECCE TOATOTOBKH crienuaiucToB [5]. OnHako B
HEHl He ONrcaH PUCK HETPaBMIILHOTO B3aUMOJICHCTBHA. B CBS3M ¢ 4eM Ha MpakTHKE BO3SHUKAIOT OIIUO-
KU, BIHAIOIIME HAa 0€30MacHOCTh MOJETOB. PUCK, CBSI3aHHBIA C OTCYTCTBHEM COBMECTHOM MPaKTUKU
BeJIeHUs (hpa3eosIoTUr ¢ AUCIIETYEPOM B CTaThe MMEET KpUTHUECKHI uHAeKC pucka. OIHAKO HE TONb-
KO OTCYTCTBHE COBMECTHOM MPAKTUKU BEICHHS (Ppa3eosIOTUH, HO U OTCYTCTBHE COBMECTHOM 0TpaboT-
KM HaBBIKOB PELICHUS MTOCTABJICHHBIX 3a/1a4 OKa3bIBAET CYIIECTBEHHOE BIMSHHE Ha O€30MacCHOCTH IO-
1eToB. JIaHHBIN PUCK TAK)KE MOXKET UMETb KPUTUYECKUM UHIIEKC PUCKA.

B cratee C.M. T'onnoBHHHA «[loAroTOBKA MMJIOTOB M JUCHIETYEPOB B BUPTYAJIBHOU Cpee MUII0-
TUPOBAHUA U yIPaBIEHUS BO3IYIIHBIM JBHKEHHEM) JlaHa OIEHKa MpobjemMe OTCYTCTBHUS B3aUMO/ICH-
CTBHSI MMMJIOTOB U JUCIETYEPOB B MEPHOJ] OOydeHHsS B y4eOHBIX 3aBeneHusx [6]. OmHako B HeW He
ONMCaH BapHaHT PEIIeHUsl JAaHHON MPOOIEMBI.

[pemnoxeHHast B CTaTbe MPOrpaMMa COBMECTHOM MOJATOTOBKH TTO3BOJIMT YJIYUIIUTh KauecTBO 00Y-
YeHHS! 1 MUHUMU3HPOBATH BIMSHHUE PUCKA HEMPABUIIHHOTO B3aUMO/ICHCTBYS Ha O€30MaCHOCT TOJICTOB.

METOJINKA HCCJEJOBAHUM

B nponecce HayyHOro uccieqoBanus Obuia pa3paboTaHa KOMIIBIOTEpHAs IPOrpaMMa COBMECT-
HOW TIOJITOTOBKM aBUAAUCIIETYCpOB U MIi0TOB [7]. OHa mpencraBuseT coboii pabouee MecTo aBHa-
JUCTIeTuepa ¥ MUJI0Ta, KOTOPbIe OJHOBPEMEHHO UMEIOT BO3MOKHOCTD BBITIOJIHATH CBOM TEXHOJIOTHYE-
ckue omnepanuu [8]. [IporpamMma co3ana Ha OCHOBE pa3pabOTaHHOTO alTOPUTMa, KOTOPBINA BKIIOYAET
0a3y MaHHBIX OMHAPHBIX OTHOIICHUHA OMIMOOK [9].

ABuaaucrieTyepaM M MWIOTaM TPEAJIOKEHO MPONTH TECT Ha 3HaHWE Cheru(uKu padoTHI
CMEXHOW CHEeNMaTbHOCTH. J[JIs1 aBHAAMCIIETYEPOB 3TO BOMPOCHI, KACAIOUIMECS MIIOTHPOBAHUS BO3-
nymHoro cyasa [10, 11], mig nuiaoToB 3T0 NpUHIMI YIIpaBJI€HUs BO3AYIIHBIM ABHXkeHHEM [12, 13].
[TepBOHaYaNbHBII TECT UMEN YHPOIICHHYIO (opMy (BOMPOCH HHU3KOTO YPOBHS CII0XHOCTH), TMOCHe-
IYIOIMUN — yCIOXKHEHHYIO (OpMy (BOTIPOCHI BBICOKOTO YPOBHS Cl0KHOCTH). [lepeueHb BOpocoB co-
CTaBJICH IyTeM MPUBIEUYEHUS YETHIPEX SKCIEPTOB, IBYX JEHCTBYIOIIMUX AMCIETYEPOB U ABYX JAei-
CTBYIOIINX TTHJIOTOB.

B 1abn. 1 mpuBeneHs! JaHHBIE MOCTIE MEPBOHAYAIBLHOTO ONPOCA aBUAIUCIIETYEPOB 10 COBMECT-
HOU TPEHAKEPHOU MOATOTOBKH.

B ompoce aBuaaucneryepoB npuHUMAaio ydactue 84 yenoBeka. B mepBoit u TpeTheil rpymnie mo
27 genoBek. Bo Bropoit 30 yenoBek. HomsiMu B Tabsmile OTMEYEHBI OTCYTCTBYIOIIME KYPCAHTHI IO
CIIUCKY 00y4YaeMbIX.

Jnist mpoBEpKH YPOBHS 3HAHUN MTPOM3BEACH CyMMapHBIH 1MOICYET BEPHBIX 0TBETOB. OmpeeseH
MPOIICHT BEPHOTO BBIMOJIHEHUS TECTa U BHICTABJICHBI OLICHKH.

Tabauua 1
Table 1
Omnpoc aBuaiMCHeTYePoB J10 MPOXOKICHHSI COBMECTHON TPEHAKEPHOM IMOATOTOBKHU
The survey of air traffic controllers prior to the joint simulation training

A-15-1 A-15-2 A-15-3
Ne | Bepupbix | Ilpoment Ouen- |Bepubix| IIpouent Ouen- |Bepubix| IIpouenTt Ouen-
/0 | OTBETOB | BBLINOJIHE- Ka | OTBETOB | BbINOJIHE- Ka | OTBETOB| BbINOJIHE- Ka
HHUS HUS HHUS
1 28 93 5 25 83 4 13 43 2
2 20 67 3 24 80 4 13 43 2
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IIponosxenne Tadauubl 1
Continuation of Table 1

A-15-1 A-15-2 A-15-3
Ne | Bepubix | IIpoment Ouen- |Bepubix| IIpouent Ouen- |Bepubix| IIpoueHTt Ouen-
/Il | OTBETOB | BBINOJIHE- Ka |OTBETOB| BBINOJIHE- Ka |OTBETOB| BbINOJIHE- Ka
HHSA HHA HHUS
3 24 80 4 28 93 5 20 67 3
4 20 67 3 25 83 4 19 63 3
5 25 83 4 24 80 4 15 50 3
6 24 80 4 24 80 4 13 43 2
7 23 76 4 24 80 4 13 43 2
8 24 80 4 23 77 4 0 0 0
9 0 0 0 25 83 4 0 0 0
10 20 67 3 16 53 3 24 80 4
30 23 77 4 26 87 4 25 83 4

B Ta6n. 2 nmpuBeneHbl TaHHBIC TIOCIE IEPBOHAYAIBLHOTO OMPOCa MIJIOTOB 10 COBMECTHOM Tpe-
Ha)KEpHOM MoAroToBKU. B onpoce npunuman yudactue 81 yenosek. B nepBoii rpynne 27 4enoBek, BO
BTOpOM 24 yenoBeka, B TpeTbeil 30 yenoBek.

Taoanmna 2
Table 2
Onpoc NUIOTOB 0 MPOXOKIAEHUSI COBMECTHOM MOJATOTOBKH
The survey of pilots prior to the joint simulation training
I-15-1 I1-15-2 I-15-3
Ne | Bepnbix | Ilpoument | Ouen- | Bepubix | Ipomenr | Ouen- | Bepubix | Ilpouent | Ouen-
n/n OTBETOB BBIIIOJIHE- Ka O0TBETOB BBIIIOJIHE- Ka OTBETOB BBIIIOJIHE- Ka
HUSA HUA HUA
1 16 53 3 14 47 2 25 83 4
2 12 40 2 25 83 4 24 80 4
3 12 40 2 20 67 3 10 53 3
4 24 80 4 20 67 3 25 83 4
5 15 50 3 0 0 0 16 53 3
6 16 53 3 0 0 0 24 80 4
7 16 53 3 19 63 3 16 53 3
8 16 53 3 18 60 3 23 77 4
9 20 67 3 14 47 2 20 67 3
10 15 50 3 15 50 3 16 53 3
30 20 67 3 14 47 2 26 87 4

B Tabxn. 3 mpuBeneHbI JaHHBIE TIOBTOPHOTO ONPOCA aBHAIUCIIETYEPOB MOCIE COBMECTHOM Tpe-
Ha)KepHOI moAroToBky. B onpoce npuHuMano yyactue 84 yenoBeka.
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Tadauna 3
Table 3
Ormpoc aBuarceTYepOB MOCIIE MPOXOXKICHHUSI COBMECTHOU MOATOTOBKU
The survey of air traffic controllers after receiving the joint simulation training
JI-15-1 JI-15-2 JI-15-3
Ne | Bepupix | Ilpoument | Ouen- | Bepubix | Ilpomenr | Ouen- | Bepubix | Ilpouent | Ouen-
n/n OTBETOB BbIITOJIHE- Ka O0TBETOB BbIITIOJIHE- Ka OTBETOB BbIITIOJIHE- Ka
HHUA HUA HHUA
1 29 97 5 24 80 4 27 90 5
2 22 73 4 27 90 5 28 93 5
3 24 80 4 29 97 5 17 57 3
4 26 87 4 28 93 5 22 73 4
5 22 73 4 15 50 3 19 63 3
6 28 93 5 27 90 5 16 53 3
7 28 93 5 27 90 5 24 80 4
8 24 80 4 27 90 5 0 0 0
9 0 0 0 28 93 5 0 0 0
10 28 93 5 22 73 4 25 83 4
30 27 93 5 22 73 4 27 90 5

B Tabn. 4 npuBeneHb! JaHHBIE TOBTOPHOTO OIMPOCA MUJIOTOB MOCIIE COBMECTHON TpEeHaXEepHOU
MOAroToBKU. B onpoce npunuman yyactue 81 yenoBexk.

Taoauna 4
Table 4
Omnpoc NuII0TOB NOCIE NPOX0KICHUS COBMECTHON MOATOTOBKU
The survey of pilots after receiving the joint simulation training
I-15-1 I1-15-2 I1-15-3
Ne | Bepuwix | Ipouent | Ouen- | Bepubix | Ipouent | Ouen- | Bepubix | Ipouent | Ouen-
/Il | 0TBETOB | BBHINOJIHE- Ka | OTBETOB | BBINOJIHE- Ka | OTBETOB | BBINOJIHE- Ka
HUS HHS HHS
1 20 67 3 26 87 4 27 90 5
2 27 90 5 22 73 4 27 90 5
3 28 93 5 24 80 4 22 73 4
4 22 73 4 27 90 5 22 73 4
5 25 83 4 0 0 0 21 70 3
6 24 80 4 0 0 0 19 63 3
7 27 90 5 23 77 4 26 87 4
8 21 70 3 24 80 4 22 73 4
9 19 63 3 22 73 4 24 80 4
10 25 83 4 12 40 2 20 67 3
30 27 90 5 28 93 5 15 50 3
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JUist  OIEHKM TIONyYEHHBIX pPe3yJlbTaTOB OBbUT MPOBEIEH CTATHCTUYSCKUN aHalu3 JlaH-
HbIX [14, 15]. beut npumenen t-kputepuit CTbIOJIEHTA 1JISI CPABHEHHS CPEAHUX 3HAYCHUM JBYX 3aBHU-
CUMBIX BBIOOpOK [16].

B Tabin. 5 mpuBeneHbI HCXOIHbIE JaHHBIE JI pacueTa SMIUPHUUECKOT0 3HAYCHUS KPUTEPHSL.

Tabanna S
Table 5
Hcxonuble JaHHBIC I pacueTa SMIMPUIECKOTro 3HadeHus Kputepust CThIOeHTa
Initial data for calculating the empirical value of the Student criterion

n Xy X2 di = x1 —x; d; — Mgy (d; — My)?
1 3,9 4,5 -0,6 0,283 0,08

2 3,9 4,5 -0,6 0,283 0,08

3 3,1 4 -0,9 —0,017 0,0003

4 2,5 4 -1,5 —0,617 0,38

5 2,9 4 -1,1 —0,217 0,047

6 3,5 4,1 -0,6 0,283 0,08

» 19,8 25,1 =53 - 0,67

IIpumeyanue. n — KOJINYECTBO BBHIOOPOK, X; — CPENHHUH Oama OO TPEHaXEPHOH HMOATOTOBKH, X, — CPEIHUI
0a1 rmoce TpeHa)KepHOH NOATOTOBKH, d; — pa3HHUIA CPEJHEro 0ajuia 10 M IOCie TPEHaKEPHO! ITOITOTOBKH.

Jnist pacdera SMITUPUIECKOTO 3HAUYCHUS KPUTEPHST HAWJIEM CPETHIOI pa3HOCTh:
My ==—= ——= —0,883, (1)
rne M, — SMOupuvecKkoe 3HaueHUe KpUuTepus, y.d; — CyMMa pa3HHUIIBI CPEIHEro Oallia 10 U TOCie Tpe-

Ha)KEpHOM MMOATOTOBKH, N1 — KOJIMYECTBO BHIOOPOK.
CrangapTHOE OTKJIOHEHUE PacCUUThIBaeM o hopmysie

0, = \/M = [%2 - 0,133 = 0,365. 2)

n-1 5

OMIUPUYECKOEe 3HaYCHHE PACCUUTHIBAEM 10 popMyJie

My 0883 _ 0883 _
bomn = O'd/ - 0,365/ = T o140 —5,93. 3)
n NG

Kputnueckoe 3nauenue t-kpurepust Cterofenta st df =5 (n — 1) HaxoauTcs Mexay KpuTHUe-
CKUMHU 3HaueHussMH Ji71s1 BepositHocTe p = 0,01 u p = 0,001. CnenoBarensHo, BepoaTHOCT p < 0,01.

CratucTudeckas TUIIOTE3a O PaBEHCTBE CPEIHUX 3HAUCHUHN OTKIIOHSIETCS.

MO’HO cieniaTh BBIBOJI O TOM, YTO ITOKA3aTelb YPOBHS 3HAHHUN ITOCIIE MPEII0KEHHOTO METOIa
00yueHHsI YBEIMYMIICS CTATHCTUYECKU JocTOBepHO (p < 0,01).

s ipoBepku 3((HEKTHBHOCTH MPOTPaMMBI COBMECTHOTO OOyUYEHUS IelIecoo0pa3HO TaKxkKe
NPUMEHHUTD 3aKOH PacIpeesieHUs CIly4aliHbIX BeanuuH [17]. B Hamiem cityuae OICHKH, ITOJTy4YEeHHbBIC
Z-)KCHepI/IMeHTaJ'II)HBIM HYTGM, ABIIAIOTCA CJ'Iy‘-IElﬁHI:IMH BCIIMYMHAMMU. OHI/I I[I/ICerTHI)I, HOBTOMy 3aKOH
pacrpeeieHus] CIIy4aliHbIX BEJIMYUH MOXHO TMPEICTAaBUTh B BHUJEC MHOTOYTOJIbHHUKA, a HE (DYyHKIMH
pacTpeeIIeHuS.
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[IpoBouM pacueT 4acTOTHI (BEpOATHOCTH) COOBITHI:

m

== 4
P= (4)
r7e p — 4acToTa (BEepOsSTHOCTh) COOBITHSA, M — KOJUYESCTBO YEIOBEK, MOJYUYHUBIINX BHIOPAHHYIO OIICH-
Ky, N — KOJIMYECTBO YEJIOBEK B BHIOPAHHOM TpyIIIe.

B Tabn. 6 npeacTaBieHbl 3HAUCHHS YaCTOTHI COOBITUN IO COBMECTHOM MOATOTOBKH.

Taodauua 6
Table 6
3Ha4YCHMS YaCTOThI COOBITHIA /711 BHIOPAHHBIX TPYTII 10 COBMECTHOM MOATOTOBKH

Values of events frequency for the selected groups prior to the joint simulation training

Yacrora

CoOBITHII A-15-1 A-15-2 A-15-3 I1-15-1 -15-2 I-15-3
P2 0 0 0,22 0,44 0,29 0,03
Ps3 0,26 0,7 0,44 0,52 0.5 0.4
Pa 0,63 0,73 0,3 0,03 0,21 0,56
Ps 0,11 0,1 0,03 0 0 0

IIpumeyanue. p, — 9acTora (BEPOSTHOCTH) MOIYUCHHS OIEHKH 2, P3 — 9acToTa (BEPOSATHOCTE) MOTYICHUS OICH-
KU 3, p4 —HacTOTa (BEPOATHOCTH) MOITYUYEHUS OIIEHKHU 4, P5 — 9acTOTa (BEPOSITHOCTH) MOTYYEHHUS OIICHKH 5.

CoObITHSI HECOBMECTUMBI M 00pa3yIOT MOJIHYIO FPYIIY, IO3TOMY CyMMa BCEX BEPOSTHOCTEH P;
OyZIeT paBHA eIUHUIIE.

Enunuina pacnpeneneHa Mexay BO3MOXKHBIMU 3HAUYCHUSIMH CIydailHOW BennunHbl. Ha puc. 1
MNpEaACTAaBJICH MHOI'OYT'OJIbHUK PACTIPCACIICHUA 10 COBMECTHOM IIOATOTOBKH.

Pi I'pymmsr:

——[1-15-1
- [1-15-2
e [1-15-3
n-15-1

=ie=[1-15-2
=@=[1-15-3

Xi

Puc. 1. MHOroyroipHUK pacrpeneaeHus 10 COBMECTHOM MOATOTOBKU
Fig. 1. Distribution polygon prior to the joint simulation training

B tabun. 7 npencraBneHbl 3HAYEHUS YaCTOTHI COOBITHH MOCIIE COBMECTHOW MOATOTOBKH.
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Tabauua 7

Table 7
3Ha4YeHUs1 YaCTOThI COOBITUH JUIsl BHIOPAHHBIX TPYII TOCJIE COBMECTHO MOATOTOBKH
Values of events frequency for the selected groups after the joint simulation training

Yacrora

COBBITH JA-15-1 J-15-2 J-15-3 1-15-1 I1-15-2 I1-15-3
D2 0 0 0 0,07 0,08 0
P3 0 0,1 0,3 0,18 0,08 0,23
Ps 0,52 0,33 0,44 0,44 0,62 0,4
Ps 0,48 0,57 0,26 0,29 0,21 0,37

Ha puc. 2 npeacraBiaeH MHOTOYTOJIBHUK paclpeiesICHuUs OCIe COBMECTHON MOATOTOBKHU.

Pi ’ I'pynmsr:
2,5 /P\\O ~0—-15-3
2 / /)\\K == 1-15-2
1,5 Y A— n-15-1
14 = [1-15-3
—-/1-15-2

0,5 - A
== [1-15-1

O n T T 1
2 3 4 5 X;

Puc. 2. MHOroyrojisHUK pacrpeesieHus ociae COBMECTHOM MOATOTOBKU
Fig. 2. Distribution polygon after the joint simulation training

TakuM 00pa3oM, MPOBOJIS CPABHUTENIBHBIN aHATN3 MMOTYYUBIINXCS MHOTOYTOJBHUKOB pacipe-
JIeJICHUS, BUJIUM, YTO pPAaCTpeecHUEe BEPOSITHOCTEH M3MEHWJIOCh 3HAYUTEIbHO. UTO, HECOMHEHHO,
roBOpUT 00 3((HEKTUBHOCTH MPEATIOKEHHOTO METO/Ia COBMECTHOU IMOATOTOBKH aBUAIUCIICTUYEPOB U
munoToB [18, 19].

3AK/IFOYEHUE

Pe3ynbpTar mpoBeIEHHOTO CTAaTHCTUYECKOTO aHajlu3a MyTeM IpumMeHeHus t-kputepus CTbio-
JIEHTA MOKa3all, YTO CTATUCTHUYECKasl TMIIOTE3a O PABEHCTBE CPEIHUX 3HAUYCHUU HE BEpHA, ATO MO3BO-
JSET ceNaTh BBIBOJ O TOM, YTO MOKa3aTedb YPOBHS 3HAHUI Mociie MPUMEHEHHs MPeaI0oKEHHOTo Me-
To/a 00yYEHHUs yBEIHUMICS CTaTUCTHUECKH JocToBepHO (p < 0,01) [20].

Jnst mpoBepku 3(pPEKTUBHOCTH POTPAMMBbI COBMECTHOTO 00YUYEHHS TaKkKe ObLT MPUMEHEH 3a-
KOH pacrpeesieHus] CIy4ailHbIX BEeIMYMH. BBUTH MOCTPOEHBI IBa MHOTOYTOJIBHHUKA PACTIPEACTICHUS 10
U TI0CJIE COBMECTHOTO 00yueHus. BeposiTHOCTH OblTM MOABEpKEHBI IBHOMY M3MeHeHuto. [lokazaTenb
M3MEHUJICS B CTOPOHY YBEITUYCHHUS IMOJIOKUTEIHHBIX OLIEHOK ¥ CHHU3WICS B CTOPOHY OTPUIIATEIBHBIX
OIICHOK.

B pesynbTaTe mpoBENEHHOTO CTATHCTUYECKOTO aHAIM3a MOXKHO CHENaTh BBIBOJA O II€JIeCO00-
Pa3HOCTH MPHUMEHEHHS MPOrPaMMbl COBMECTHOW MOATOTOBKH aBUaaUCHEeT4epoB U nuiaotoB [21]. o
MPUMEHEHHUS IPOrPaMMbl COBMECTHOTO OOYYEHHUS TECT MOKa3al HU3KUH YPOBEHb 3HAHHS CIICIU(DUKH
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paloThI CIIEMAIIMCTOB CMEXHOM crienuanbHOCTH. [lociie mpoXoKaIeHHs COBMECTHOM MOATOTOBKH 3Ha-
YeHue cpeiHero Oansa ObUIO YBEIMUYEHO, HECMOTpPS Ha U3MEHEHHs YPOBHSI CI0XKHOCTH IPOMICHHOTO
TecTa.

Taxoli MeToJ] MOATOTOBKH 11€J1eCO00pa3HO UCIOIb30BATh KAK B YUEOHBIX 3aBEJCHUAX, TAK U Ha
aBUALMOHHBIX MPEANPUATHUAX, IOCKOIbKY HAJIWYUE OJHOBPEMEHHO ABYX CIELUAINCTOB IIPHU BBINOJ-
HEHHMHU YNPaKHEHUH HE SBIIAETCS. HEOOXOAUMBIM yCIOBHEM.

[Iporpamma mO3BOJISIET MPOU3BECTH BHIOOP KonuuecTBa oOyudaembIx [22]. OOGOCHOBAaHO 3TO
TEM, YTO HAa aBHALIMOHHBIX NPEANPUATHAX HET BO3MOXKHOCTU IIPHUBIICYCHHS] OJHOBPEMEHHO aBHAJUC-
NETYEPOB M MUJIOTOB B CHIIy OOJIBIIOTO KOJMYECTBEHHOTO COCTaBa M pa3OpOCAHHOCTH aBHALMOHHBIX
npeanpusaThid. JlaHHOe 3KCIIEpUMEHTAIbHOE HUCCIIEOBaHUE ObUIO MPOBEIEHO B Y4eOHOM 3aBElICHHH,
MOCKOJIBKY 3TO OTJIMYHAs BO3MOXKHOCTH IPUBJICYCHHS OOJBIIOrO KOJUYECTBA SK3aMEHYEMbIX aBHa-
JUCIIETYEPOB U MWIOTOB. IIpernoxkeHHsIii METO MOATOTOBKY MO3BOJISIET YMEHBIINUTD BIUSHUE YENO-
Be4ecKoro ¢akropa [23], COKpaTUB KOJMUYECTBO OIIMOOK, CBA3aHHBIX C HETOHUMAaHUEM OCOOCHHOCTEH
paboTHI CHIEIMATNCTa CMEXKHOU CIIeUabHOCTH [24, 25].
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ABSTRACT

The purpose of the article is to conduct a statistical data analysis obtained after the experimental study. The experimental research
deals with rating the trainees’ level of proficiency before and after the proposed method of the ATC and pilot joint training
(retraining). It’s common knowledge that progress in aviation has moved far forward. The fourth, fifth and sixth-generation aircraft
have come into existence. Aircraft and automated systems have become digital. In order to develop and implement ATM systems,
ICAO has identified three fundamental concepts that will allow us to enhance human reliability in the future. One of the concepts is
human-oriented automation. Automation involves the transition from the analog onboard and ground systems to digital ones. As a
result, the onboard and ground systems, after modernization, will receive the fifth and sixth-generation abbreviation. Subsequently,
a new approach will be required to train (retrain) air traffic controllers and pilots to operate these systems. To solve this problem, it
is necessary to change the concept of training flight and traffic control personnel. The article provides an evaluation of the proposed
new technique for the joint training (retraining) of ATC and pilots by conducting a statistical analysis of experimental data. The
proposed training method will enable us to improve the quality of training, reduce a number of pilot and ATC errors, which are the
underlying principles of the ICAO concept. The article presents the statistical analysis of data based on the Student t-criterion and
the law of random variables distribution, which will make it possible to draw a conclusion about the effectiveness of the proposed
method for training specialists.

Key words: air traffic controller, pilot, statistical analysis, joint training, simulation training.
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ABTOMATHU3AIINA OFPABOTKH ADPOHABUT AIIMOHHON
NHPOPMAIIMN HA OCHOBE MHOI'OATEHTHBIX TEXHOJIOT' U

JI.3. SIIMYPAJOB!, T.JI. JIMYPAJIOB', H.M. TYPAEBA’
! Tawkenmexuii 20Cy0apcmeenHblll mexHuyeckutl ynugepcumem umenu Mcrama Kapumosa,
2. Tawkenm, Pecnybauxa Y36exucman
? Tawrxenmexuii VHUBepcumem uH@OpMayuoHHuix mexnoao2uii umenu Myxamaoa Anv-Xopasmu,
2. Tawkenm, Pecnyoauxa Y36exucman

[Iporpecc B pa3BUTHH CPEICTB BHIYUCIUTELHON TEXHUKH 00ECTIEYNBAECT BOSMOYKHOCTh PeIliaTh Bce 00Jiee MMPOKHA KiIacc 3a1ad
C TIOMOIIIBIO TIPOTPAMMHBIX CHCTEM, K YMCIY TaKHX 3a7a9 OTHOCHTCS 3a[ada aBTOMAaTHUECKON 0OpabOTKM adpOHABHUTALIMOHHOMN
uHpopmaruu. 310 00YCIIOBIMBAET HEOOXOMUMOCTh HCIIOJIb30BaHUSI HOBBIX TIOJXOJI0B K IPOCKTUPOBAHHIO M Pa3pabOTKE TAKHX
CHUCTEM. OJJ,I/IH U3 9TUX MNOAXOAOB OCHOBAH Ha le/lMeHeHI/ll/I naeu KOJ'IHGKTI/IBHOﬁ JCATCIIBHOCTHU COBOKyHHOCTl/I arcHToB —
MHOTOAreHTHBIX TEXHOJIOTWH. B CBsA3M ¢ 3TUM Iielib CTaThU 3aKJIIOYACTCS B PACCMOTPEHHH OCOOCHHOCTEH peaM3ariyu
aBTOMATH3UPOBAHHON 00PaOOTKU adpOHABUTAIMOHHON HH(POPMAIMK Ha OCHOBE MHOTOAreHTHBIX TEXHOJIOTHH. [ JOCTOKeHUS
0003Ha4YeHHOH TIen ObUTa BBIOpaHa MPOOIEMHO-CTPYKTYPHAS METOMOJOTHS CHHTE3a THOPUITHBIX CHCTEM, KOTOpas TO3BOJISIET
CO3/1aBaTh CaMOOPTaHU3YIOIIUECS MOJIENH, KKIBIA SJIEMCHT KOTOPBIX pPa3BUBACTCS, MONyYas JAHHBIC W 3HAHWS OT JPYTHX
ANIEMEHTOB. B mporiecce McCnenoBaHms MPEACTABICHO (OpMaTbHOE ONpeereHHe MHOTOAreHTHOM CHCTEMBI aBTOMAaTHYEeCKOM
00paboTKK a’pOHABHTAIIMOHHON WH(OpPMAIMH, KOTOpOE BKIFOYACT B ceOs MHOXECTBO areHTOB; Cpely (YHKIHMOHHPOBAHUS
areHTOB; COBOKYITHOCTB JOITyCTHMBIX B3aMMOOTHOIICHHH MEXIy areHTaMH, ONHCAHWE TpaBWI (OPMUPOBAHUS CETH arcHTOB;
Ha0Op MHIMBUIYaJbHBIX U COBMECTHBIX ACHCTBHI, KOMMYHHKAIIIOHHBIX B3aMMOJCHCTBHUIA, CTpAaTeriid MOBEICHHS U MOCTYIIKOB,
BO3MOYKHOCTH 3BOJIIOLIMM CHCTEMBIL. Taioke JeTallbHOe BHUMAHHE YACICHO OMMCAHMIO KaXKIOTO areHra, JII 4ero aBTopaMi
MIPEIIOKEHO HWCIIONb30BaTh YEThIPE JIEMEHTA: MHOXECTBO TMEPEMEHHBIX, BXOABI M BBIXOJbI, aBTOHOMHBIH METOJ, KOTOPBI
BBITIOJIHSCT COOTBeTCTBy}OIJ_[I/le U3MCHCHUS HaJd MHOXCCTBOM HepeMeHH])IX. B Ka4yeCTBEC arcHTOB npeﬂ,nonceﬂo UCII0JIb30BATh
CIICITYIOIUE: areHT YBEIOMIICHUS ISl JICTYMKOB, areHT MPENOICTHBIX HHPOPMAIIMOHHBIX OFOJUICTCHEH, areHT CO3IaHUS JIAHHBIX,
Ar'€HT aBUAllMOHHBIX npoueccos, arcHT (l)OpMHpOBaHI/lﬂ aBMaLIMOHHOﬁ 6331,1 JAHHBIX, ar€HT CO31aHHus aBpOHaBl/ll" ALITUOHHBIX KapT,
areHT JKcropTa (MMIIOpTa) HabOpa adpOHABHUTAIMOHHBIX JTAHHBIX, arcHT IMyOJIHMKAIWA U ClipaBouHHUKOB. Kpome Toro, B craThe
MPENICTABIICHO CXEMATUUECKOe M300paKEHHE MHOTOArCHTHOW CHUCTEMBl aBTOMATH3MPOBAHHON OOPaOOTKU adpOHABUTAIMOHHOMN
nHQOpPMAIIMK ¥ B MAaTEMaTUYECKOM BBIPKCHUM TOIPOOHO OMKCAH MpOoIlecc 0OpaOOTKH 3asBKM B arcHTe. [loiydcHHBIE B
TpoIIecce MUCCIEIOBaHMS Pe3yIbTaThl MOTYT HUCIIONB30BATHCS TSI TIOBBIIIEHHS 3()(EKTHBHOCTH aHAITUTHYECKON COCTABIIONICH B
CTPYKType cUCTEMBI (DOPMHUPOBAHIIS MPSMBIX M 00PATHBIX KOOPIMHAMOHHBIX CBSI3€H MPH PEIIeHUH 33,14 a3POHABUT AU

KiroueBble ¢jioBa: aBTroMaTH3arys, 00padoTKa, MHOTOAreHTHAsI CHCTEMa, a3POHABUTAIINS, IIPOLIECC, Cpea.
BBEJIEHUE

BypHoe pa3BuTre HHOOPMAITMOHHBIX TEXHOJOTHH Jall0 TOJTYOK COBEPIICHCTBOBAHUIO a’pOHa-
BUTALIMOHHBIX CHCTEM KaK B TPaKIAHCKOH, TaKk U B BOGHHOW aBHAIMU. A3pOHaBUTALMOHHAS MH()OP-
MaIlysi, TIOJTy4YeHHAs armnapaTypoi MOJIb30BaTeNIei CITyTHUKOBBIX PaTHOHABUTAIMOHHBIX CUCTEM, T103-
BOJISICT Ha Ka4eCTBEHHO HOBOM YPOBHE pellaTh 3aJaydl yNpaBieHHs (JIydlle BO3AYLIHBIMH CYJaMH)
JIeTaTeIbHBIMU arliapaTaMyu H Pa3INYHbBIMA 00BEKTaMHU BOCHHOTO Ha3HaveHus [1].

CoBpeMeHHbIE BBICOKOTOYHBIE CUCTEMBI HAaBUTALUMU 0a3UPYIOTCS Ha HCIOJIb30BAaHUHM WHEPLH-
TbHBIX HABHTAIIHOHHBIX CHUCTEM, KOTOPBIE MOTYT OBITh JIOTIOJIHEHBI KaK CHCTEMaMH CITyTHHUKOBOM
KOPPEKIMH, TaK U CUCTEMaM{ HAaBUTALUHU 1O reouzndeckuM mnosusam 3emiu. Tak, HarpuMep, aBTomMa-
Thueckas ooproBas cuctema ynpasieHus (ABCY) monerom camomnera Airbus 320 Bkirouaer B ceOs
ceMb KoMIbloTepoB ympasneHus nonetoM — nBa ELAC (Elevator Aileron Computer), Tpu SEC
(Spoilers Elevator Computer) u nBa FAC (Flight Augmentation Computers). B o0rie#i cinoxHOCTH
ABCY cozepxut cBbinre 130 xommonenTos'. KpoMe TOro, 3TH KOMIOHEHTBI MOTYYal0T HHYOPMALIHIO

' AIRBUS A-320 [Dnextponnsiii pecypc] / SKYbrary. 2017. URL: https://www.skybrary.aero/index.php/A320 (nara
obpamenus: 14.10.2021).
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W3 MHOTOYHCIICHHBIX UCTOYHHKOB, BKJIIOYasi OOKOBBIC MENANH U MEJAIH PYJis, HHEpLUUATIbHBIE OTOp-
Hble O0sioku Bo3ayHBIX JaHHBIX (ADIRU), uatepdeiicapie 6moku ynpasnenus maccu (LGCIU), kom-
nproTepsl ynpasieHus 3akpoplikaMu (SFCC), kommnbrotepsl ynpasienus noigetoM (FMGC) u akcene-
pomeTp u T. A. [Ipu Takoi CII0)KHOCTH OT TOTO, HACKOJIBKO HaAekHO padoTtaeT ABCY, B 3HaUMTENIBHOU
CTETICHU 3aBUCHUT 00BbEM HArpy3KH Ha SKHIIaX U O€30MaCHOCTb MOJIETOB B IEJIOM.

B no100HbBIX yCIOBUSX BO3HHUKAET HEOOXOJUMOCTh MHTETPAIlMK adpPOHABUTAIIMOHHBIX COCTaB-
JSIFOIIMX PA3IMYHBIX CHUCTEM, KOTOpas MO3BOJIUT oOecrieyuBaTh (YHKIMOHHPOBAHUE aBTOMATH3UPO-
BaHHBIX CHCTEM YIIpaBJICHUS, YIydllaTb MOOWJIbHOE pearpoBaHUEe HAa M3MEHEHHE OOCTaHOBKH, J0O-
CcTUTaTh (YHKIMOHAIBLHOW YCTOWYMBOCTH MUJIOTAXKHO-HABUTAIIMOHHOTO KOMILIEKCA JIETaTeIhbHOTO
amnmapaTta Ha OTACNBHBIX pexumax nosnera. He moanexxut comHeHHio TOT (akT, 4yTO JaHHas 3ajada
MOJKET OBITh pellleHa 3a CYET HUCIOJIb30BAHUS MHCTPYMEHTOB M KOMILJIEKCOB aBTOMAaTHYEeCKON 00Opa-
OOTKH a3pOHABUTAITMOHHOW HH(POPMAIIHH.

[Ipuuem k aBTOMaTHYECKOW OOpabOTKE a’dpOHABHTallMOHHON HMH(GOpPMAIMHU BBIIBUTACTCS PSI
TpeOOBaHM, a UMEHHO:

e ouudpoBKa adpOHABUTAIIMOHHBIX JAHHBIX, YTO MO3BOJIUT IOJI30BATENSAM YIPABIATH KPUTH-

YecKH BaXHOM MH(popMareil 1 6e30MacHOCTH MOJIETOB H ONTUMHU3UPOBATH MPOLIECCHI;

e OTOOpaXeHHE Ha OCHOBE MCIHOJB3yeMoil mudpoBoil mHPOpPMAIUN C BpEMEHHBIM H Teorpa-
budeckum mpencraBieHueM (HaKTHUECKOM CUTyallud, HallpUMep 3aKphIThle B3JIETHO-IOCA-
JOYHBIE TTOJIOCHI M PYJICKHBIE TOPOKKH, BPEMEHHBIE MapIIPYTHI  T. II.;

e TI0JTHAs MOJEep:KKa Mpoliecca BepupUKallMy U BaluAallMd B COOTBETCTBUU C PETJIAMEHTOM
RTCA DO-2008 nnst ynoBieTBopeHHs: TpeOOBaHUHM K KaueCTBY JAaHHBIX MO TOYHOCTH, pa3-
permaroniel CnocoOHOCTH, IEJOCTHOCTH, OTCIICKMBAEMOCTH H T. [I.;

® TapaHTHH TOTO, YTO aBHAIIMOHHBIC JAHHbBIE OyIyT OTCIEKHUBATHCS IO BCEH I[EMOYKE UX MO-
CTYIIJICHUS JIJIS1 BBISBIICHUS OIINOOK;

® aBTOMATHU3MPOBAHHBIA MPOIECC MPOBEPKU IEIOCTHOCTH 3JIEMEHTAa JNAHHBIX, IPU KOTOPOM
OTpe/IeNIeHHBIA AJIEMEHT CPaBHUBAETCA ¢ MHQOpMAIMe W3 Ipyroro UCTOYHHUKA, JTUOO U3
Jpyroro mporiecca, 100 13 APYroi TOUKH TOTO e mporecca [2].

C yueToM BBIIIEU3NIOKEHHOTO Ha CETONHALIHUI J€Hb, 0 MHEHUIO aBTOPOB, OJHUM M3 IEp-
CIIEKTUBHBIX METOOB, KOTOPHII MO3BOJIUT PEIIUTh KITFOUEBBIE 3314 UCTIOIB30BAHUS adPOHABUTAIIH-
OHHOM nH(popMaIHH, OyAET yIOBIETBOPITH 0003HAYEHHBIM TPEOOBAHMIM H CO3/1aCT HAJIS)KHYIO OCHO-
BY JUIsl aBTOMAaTH3UPOBAHHBIX CHUCTEM 00pa0OTKH JaHHBIX, SBJISETCS MHOTOAreHTHAs! TEXHOJIOTHUS, OT-
HocsmIascsa K chepe pacupeeIeHHOTO NCKYCCTBEHHOTO MHTEIIeKTa. [IpenMyInecTBa MHOTOareHTHOU
CHUCTEMBI — 3TO OTHOCHUTEINbHAsl MPOCTOTa pa3paboTKU OTIEIbHBIX areHTOB, OOJbIIAs CIOCOOHOCTH K
aJlanTanyuy, THTEPONnepadeTbHOCTh, YTO MO3BOJSET PACIIUPATH CUCTEMY areHTaMH, CO3JaHHBIMHU He-
3aBHCHMBIMU Pa3pabOTYNKaAMHU.

Takum oOpa3oM, MccaeT0BaHUE TEPCIIEKTHB UCIOIb30BAHNS MHOTOAr€HTHBIX CHUCTEM JUIS aB-
TOMAaTHYECKON 00pabOTKH a’pOHABUTAIMOHHON MH(POPMAIUH SIBISIETCS aKTyalbHONW HAyYHO-TIPAKTH-
YECKOM 3a/1aueid, pEIICHUIO KOTOPOM U NOCBSIICHA JaHHAs CTaThs.

MeTtononornueckiuM 0OOCHOBAaHUEM, Pa3pabOTKOI U CO3aHUEM MYJIbTHAr€HTHBIX CHCTEM YIIPaB-
JICHUSI U 00pabOTKH TAaHHBIX 3aHUMAOTCS TAKHME W3BECTHBIC yueHble, kak Dominik Ryzko, Martin L. Gill,
Amrit Singh Bedi; Alec Koppel; Ketan Rajawat, B.I1. Aunpees, I'.A. ®uinses, B.S. Bunucos.

[IpakTHyeckre acneKThl BHEIPCHUS WHTEIUIEKTYyallbHBIX CUCTEM aHaln3a MH(POpMaluu B pas-
JUYHBIX OTPACISIX MPOMBIIIIEHHOCTH paccMarpuBaioT B cBoux Tpyaax E.FO. bosiokosa, C.A. Oneit-
nukoBa, F0.H. Bynatos, O.K. [llymanckuii, Thomas Wiedemann, R.-S. Chen; K.-Y. Lu; C.C. Chang.

[lepcrieKTHBBI UCIIONIB30BAHUS MYJIBTHATEHTHBIX TEXHOJIOTMH JIJISl MHTETPAIMH T€TEPOreHHBIX
MH(POPMALMOHHBIX CHCTEM W pacIpe/IeIeHHBIX 0a3 TaHHBIX B CHCTEMax HAaBUTAIlMH, B TOM YHUCIIC U B
aBUAINH, NETAbHO mpeacTaBieHsl B Tpyaax Y. Takada; T. Mohri; H. Iciki; M. Shiouchi.

OpHako, HECMOTpPSI Ha IIMPOKUN HHTEPEC K paccMaTpUBAEMOM MpOOIEeMaTHKE, HEOOXOINMO
OTMETHUTH, YTO CYLIECTBYIOIINE HAa CETOAHAIIHUIN JeHh HApaOOTKU U JTOCTIKEHUSI HE CUCTEMAaTU3HPO-
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BaHbl U B OOJIBIIMHCTBE CBOEM (parMEeHTapHBL. DTO B CBOIO o4epesib TpeOyeT mepexoa OT TOUCHUHbIX
U CUTYyaTHBHBIX pENICHUN B 00JACTH WHTEUICKTYaJIbHOW 00paOOTKM HAaHHBIX K (PYHIaMEHTaJIbHBIM
0606HICHI/I$IM MCXaHHU3Ma pCaIn3ali arCHTHO OPUCHTUPOBAHHOI'O MOAXO0Ja U CUHTC3Yy HHTCIIICKTY-
TbHBIX HH(OPMAIIMOHHBIX CUCTEM YIIPABICHHS JTFOO0TO YPOBHSI.

Wrak, 1ienb craThi 3aKII0YAETCS B PACCMOTPEHUU OCOOCHHOCTEH pealin3allid aBTOMAaTH3UPO-
BaHHOH 00pabOTKH a3pOHABUTAIMOHHOW MHPOPMAIINU HA OCHOBE MHOTOATr€HTHBIX TEXHOJIOTHH.

METOABI U METOJOJIOI'A NCCJIIEJOBAHUA

Jlnist perieHust MOCTaBICHHOM 3a7jauyl MPEICTaBIAETCsl LeIeco00pa3HbIM UCIIONB30BaTh MPOOIeM-
HO-CTPYKTYPHYIO METOJIOJIOTHIO CHHTE3a TMOpUIHBIX cucTteM. BriObop manHo# MeTomonornn o0ycioBieH
TeM (paKTOM, YTO OHA JAeT MPUHIHIHAIBLHYIO BO3MOKHOCTh peliaTh 0e3 YIPOILEHHUS CIIOKHbIE TPaKTHie-
CKH€ 33/1a4H, KOTOpBIE TIOCTOSHHO BO3HUKAIOT B Ipoliecce 00pabOTKH a3pOHABUTAIIMOHHON MH(POPMAIIHH.
Taxoke OHa MO3BOJISIET CO3/1aBaTh CAMOOPTaHU3YIOIIUECS MOJIENH, KaX bl SJIEMEHT KOTOPHIX pa3BUBAET-
csl, IOJTy4asi IaHHbIE U 3HAHUSA OT Apyrux 31eMeHToB [3]. KpoMe Toro, B pamkax 1aHHOTO MOX0/1a MO>KHO
pa3pabaTbIBaTh MOJIENTN CUCTEM, PEJIEBAHTHBIE OPUTHUHAITY, YTO OATBEPKAAETCS YCIEITHBIMU TPUMEPaMH
B Pa3NIMUHBIX MPEIMETHBIX oOnacTsX. L[eHHOCTh NaHHOW METOMOJIOTMH MMEHHO Ui a3pOHABUTALMU M
OTPOMHOTO TIOTOKAa JAHHBIX, MPOIYLUUPYEMBIX Pa3IMYHBIMH CHCTEMaMH, KOTOpble OOECIIEUMBAIOT €€
(YHKIIMOHUPOBAHKE, 3aKIIFOYACTCS B TOM, YTO OHA IO3BOJISIET CO3/1aBaTh OOJIBIIOE KOJIMYECTBO METO/IOB,
KOTOpbIE aIalTUPYIOTCSI K HEMPEPHIBHBIM M3MEHEHUSIM B COCTaBE M CTPYKTYpe HEOJHOPOIHBIX 3a/a4, 1
AKCTIEPUMEHTHUPOBATH C HUMH, HATIPABIISICT 3BOJIIOIIUIO CTIOCOOOB HAKOILICHUS, 00pabOTKU U MpeCcTaBIIe-
HUS1 HTH()OPMAIIMU COTIIACHO BEKTOPY, 0003HAUEHHOMY Pa3padOTYMKOM CHCTEMBI [4].

PE3YJIBTATBI UCCJIEJOBAHUA

AbsponaBurarnmonsas nHpopManus — 3To uHGOpMaIms, MOJTydYeHHas B pe3yJibTare coopa, aHa-
mu3a U GOpMaTUPOBAHUS AXPOHABUTAIIMOHHBIX JAaHHBIX, KOTOPBIC MPEJICTABICHBI B BUIE MACCHBOB
UQPPOBBIX JAHHBIX WINA B CTaHAAPTH3MPOBAHHOM (opMare B IMEYATHOM BHUJE WIH HA SJICKTPOHHBIX
HOcUTeNsX. B CcBOIO ouepenb a’dpoOHABUrallMOHHBIC JAHHBIC BKJIIOYAIOT B ceOs MAcCHBBI JaHHBIX O
MECTHOCTH, MPEMSATCTBUAIX, KapTOrpauIecKux MaHHBIX a’popoMa, IpoIeaypax MOoJIeToB Mo mpuoo-
pam, a’poHaBUTAIMOHHBIC KapThl U Jp. KpoMe TOro, B UX COCTaB BXOAMT JOJTOCPOYHBIN MPOTHO3,
KacaloMiCs JTFOOBIX 3HAYHMTENBHBIX W3MEHEHHWH 3aKOHOJATEIhCTBA, MPEINHCAHUMN, MPaBWI WIN
cpencTB; nH(pOpMAaIUs MOSICHUTETFHOTO WU KOHCYJIbTATUBHOTO XapaKTepa, KOTOpasi MOKET MOBIIUATh
Ha 0e30MacHOCTh MOJIETOB; HH(OPMAIUS WA COOOIICHUE O TEXHUYECKUX, 3aKOHOAATEIBHBIX WIIH aJI-
MUHUCTPATUBHBIX BOMPOCaX, BIMSIONINX Ha 0€30MaCHOCTh MOJIETOB.

st 00paboTKM a’pOHABUTAIIMOHHOW MH(GOPMAIIMHM MCTIOIB3YETCs IUPOKUNA CIIEKTP METOJIOB,
KOTOpbIE KJIACCU(PULIUPYIOTCS MO PA3TUYHBIM IMPU3HAKAM: 110 cII0co0y 0O0paboTKH — pydHasi, aBTOMa-
TUYeCKas, KOMOMHUPOBAHHAS, TI0 MCTOYHHKAM HCIIOJNIb3YEMBIX JAHHBIX — TOPHU30HTAJbHAS, BEPTH-
KaJllbHAasl, IEPEKPECTHAs; 110 KOJIMUYECTBY MPUBIIEKAEMbIX YYACTHUKOB — UHIUBUAYaIbHAs U OpUraaHas
obpabotka. Hampumep, HemocTaTKaMH TOPH3OHTAIBHOW 0O0paOOTKM a’dpOHABUTAIIMOHHOW HMH(OpMa-
[[UU SBJSIETCS OTCYTCTBUE yueTa HH(POPMAIIMOHHBIX TTOTOKOB, KOTOPHIE BO3HUKAIOT B CMEKHBIX TOJ-
pa3feNeHusAX U MEXIy HHMH, YTO MPHUBOIHUT K OMIMOKAM M MCKKCHHIO XapaKTEPUCTHK OOIIEro WH-
dopmanoHHOTO 1MOTOKa. Kpome Toro, B mporecce TOpU30HTAILHONW 00paOOTKU OCYIIECTBISICTCS W3-
JUIITHEee TIyOOKOe M3Y4YEeHHE OTHENBHBIX aCIEKTOB, HA YTO TPATUTCS AOMOJHUTEIBHOE BPEMs U TPY.
B cBoro ouepesib, B COCTaB MPEUMYIIECTB BEPTUKAIBHON 00pa0OTKH MOXHO OTHECTH HCIOJIh30BaHUE
OJIMHAKOBBIX METOJIOB pacueTa OTICNBHBIX MOKa3aTesei; BOSMOXKHOCTh BBISIBIICHUS OOIICH MCXOTHON
UHPOPMAIINH, YTO 00JIErYacT U3yUYCeHUE BCel KapTUHBI HMHPOPMALIMOHHOTO MOTOKA.

Ecmu peusr uner 06 00paboTke mHGOPMAIMH HCKIIOYUTEIBHO C UCIIONIB30BAaHUEM COBPEMEH-
HBIX WH(POPMAIIMOHHBIX CHCTEM, MEPCOHAIBHBIX KOMITBIOTEPOB U BBICOKOTEXHOJOTHYHBIX KOMILICK-
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COB, TOT/Ia MOKHO BBIJICIUTH CJIEAYIOLINE Hauboee MOy IsipHbIe MOJIEIH U METOBI: CETEBast MOJIEINb,
MaTpU4Hasi MOJENb, rpad)0aHaIUTUIECKUA METOA, ONMCaHUE MPOLEyp Ha aIrOPUTMUYECKOM SI3BIKE,
OUHaMu4eckas uH(opMarmonHas Moaenb. O4eBUIHO, YTO MOJAPOOHBIM aHAIN3 JOCTOMHCTB U HENO-
CTaTKOB 0003HAYE€HHBIX METOJIOB U MOAEJEH, BO3MOXKHOCTEN M OTPaHUYEHUI UX MIPUMEHEHMs B MPO-
recce 00pabOTKM a’pOHABUTAIIMOHHON HH(OpMAIK MPeICTaBlIsIeT COOOM 3HAUMTENLHBIA HMHTEpEC,
0JIHaKO 00O3HAYEHHOE NEPCHEKTHMBHOE HAIpPAaBIEHHWE HAayYHOrO MOMCKa TpeOyeT OTAeNbHOro, Oosee
yIIyOJIEHHOTO HCCIeI0OBaHMUs, 33/1a4l KOTOPOT'O BBIXO/AT 38 PAMKH JaHHOM CTaThH.

MHoroareHTHas cucTeMa — 3TO CTPYNIMPOBAHHBIE areHThl HH()OPMAIIMIOHHON CETH, KOTOpbIE
B3aUMOJICHCTBYIOT MEXAYy COOOH M JOCTUTaloT MOCTaBIEHHOM paszpaborumkom uenu [5]. Aas Toro
yTOOBI B paMKaxX aBTOMAaTHYECKOW OOpaOOTKH a’dpOHABUTAIIMOHHOW MHEGOpMAIMU OO0ECIeYUTh B3au-
MOCBSI3b BCEX TPEX YPOBHEHN NPUHATHS PELICHUI: ONIEpaTUBHOTO, CTPATETMYECKOT0, LEJIEN0Iararoie-
ro, — HE00X0IMMO, YTOOBI MHOTOAreHTHasl cUcTeMa (DOpMUpOBaAJIa €IMHYI0 HH()OPMAITMOHHYIO KapTH-
HY — HH(OPMAITMOHHBINA 00pa3, KOTOPBIH MOXHO MPEACTABIATh B BHJIE KOH(PUTYpAIIUU «I10JIb30BATENh
nH(}OpMaIUK — MPOIECC — Cpeiay.

Jlnst perieHus 3aa4 MPOAKTUBHOTO YNPaBJICHUS] MHOTOAreHTHasi cucreMa oOopaboTKH a’spoHa-
BUTALIMOHHOW MH(OpMaIUK JT0JIKHA COSANHATh TAKUE HOBEHIINE TEXHOJOTHYECKUE JOCTHKEHUS, KaK
MHTEJUICKTYaJIbHBI aHaNN3 JaHHBIX, MOOMJIbHBIE TEXHOJOIMM, TEXHOJOTUU MOJAEIHPOBAHUS, IOJ-
JEPKKU PELICHUH U peanu3alliu yNpaBIeHYECKUX BO3JEHCTBHI B MacuITabe pealbHOro0 BPEMEHH, a
TaKXe UHTETPUPOBATH HHCTPYMEHTBI, KaK MOJICPKKH, TaK U CyTry0o0 MPUHATHUS peIIeHui [6].

dopManbHOE ONpeIesieHne MHOTOAareHTHOW CHCTEMBI aBTOMATHYECKOW 00paOOTKU a’pOHaBH-
rallMOHHOM MH(pOPMALIUU UMEET CIEeAYIOMINN BUI:

AgentNet (Agnt, Env, Rel, Org, Act, Com, Evol),

rjae Agnt — MHOXECTBO areHTOB;

Env — cpena GpyHKIIMOHUPOBAHUS ar€HTOB;

Rel — cOBOKYITHOCTB JOITYyCTHMBIX B3aUMOOTHOIIIEHUI MEXKIY areHTaMu;

Org — onucanue npaBui GOPMHUPOBAHUS CETH areHTOB;

Act — HaOOp MHIAMBUAYATHHBIX K COBMECTHBIX JICHCTBUH, CTpaTeTHii IOBEICHUS U MIOCTYIIKOB;

Com — HaOOp WHIWBUIYATbHBIX U COBMECTHBIX JACHCTBUU MJIM KOMMYHHKAITMOHHBIX B3aWMOJICH-
CTBHUI;

Evol — BO3MOXKHOCTE DBOJIIOIIUN CUCTEMEI.

Kasnoro arenta Agnt;, i = 1,7 MOXHO OIHCATh C TIOMOIIBIO YETHIPEX HJIEMEHTOB:

Agnt; = (State;, X;,Y;, Process;),

rae State; — MHOECTBO IIEPEMEHHBIX, KOTOPBIE ITOJIHOCTBIO ONpeaenstoT Agnt;,
X;, Y; — BXonpl U BeIX0AbI Agnt; mogMHOKecTBa State;, SIeMEHThl KOTOPBIX CBSI3aHbI ¢ Env;
Process; — aBTOHOMHBII1 METO/, KOTOPBIH BBHIIIOJHSAET COOTBETCTBYIOIIME U3MEHEHUS Hal State;.

B kadecTBe areHTOB CUCTEMBI MOTYT BBICTYNATh CJIEIYIOIIUE JIEMEHTHI.

1. AreHT yBenomiIeHHs AJIs JIETYMKOB, peannzyeMsblil yepe3 moayinb NOTAM, kortopslil co-
EANHSIET aBTOMAaTHYECKUE (DYHKITMU MEXTyHApOIHBIX M HalMOHAIBHBIX 0TAenoB NOTAM, Takue kak
co3JaHue, XpaHeHue, pacnpoctpanernue u nmouck NOTAM, B MOJTHOM COOTBETCTBUHU CO CTaHJapTaMu
ICAO. On oxBateiBaer NOTAM, ASHTAM, ANM, AIM u CRAM u noMoraer rapMOHU3HPOBATH
dopmatet NOTAM.

2. ATeHT mpeaIoyeTHRIX HH(POPMAIMOHHBIX OroJieTeHel. JlaHHBINH areHT MOXKeT OBITh peasu-
30BaH uepe3 peuienue PIB Bulletin Portal, koropoe co3maer cranmapTHble OIOMICTEHH W CBOJIKH Ha
ocHoBe nanHbiX OT FIRs (Flight Information Region), aspoapomMoB, MapuipyToB, IOJIUTOHOB, OTPaHU-
YUTEJbHBIX BO3JYIIHBIX MPOCTPAHCTB, YPOBHEH, BPEMEHU U BCEX MapaMEeTPOB, U3BECTHHIX U3 JTUHUU
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NOTAM Q. Dto nozBossier nonyunts MunumusupoBanubsie PIB (Pre Flight Information Bulletins) c
YETBIPEXMEPHBIM COJEPKAHNUEM, HEMOCPEACTBEHHO CBs3aHHbIE ¢ NojeToM. OH MCKIIIOYaeT He OTHO-
csamuecs k neny NOTAM u MOXeT HCIOJIb30BaTh MPEUMYIIECTBA CIIY>KObl OOHOBIICHHUS U (PYHKIIHO-
HAJIBHBIX BO3MO>KHOCTEH IJIaHUPOBIIUKA.

3. Arent co3nanus gaHHBIX. HazHaueHne 3TOro areHTta — MoJIepKUBaTh HEMPEPHIBHYIO 3JICK-
TpOHHYIO 11eno4Ky naHHbIX [CAO it mosrydeHus: ¥ My OJIMKaIid HEOOX0IMMOM a3pOHABUTAITMOHHON
uHpopmanuu. OH obecrieunBaeT MWIaTGopMy U HHTErpaly Bcel nHpopmanuu, GyHKINH, Ipolec-
COB U 3aMHTEPECOBAHHBIX CTOPOH LEMOYKH a3POHABUTAL[MOHHBIX JaHHBIX 4Yepe3 OpraHU3alIOHHbIE
rpaHMIbl MocpencTBOM BeO-uHTepdeiica ¢ yuetom Qynkiuii ICAO mo cOopy, COMOCTaBICHUIO U
IPEJOCTABICHUIO AKKYMYJIUPYEMOH HHPOpMALIUK.

4. ATeHT aBHAIIMOHHBIX MPOLECCOB — HEOOXOAMM JUIS TOAACPKKH HPOLEAyp HOIy4eHHs,
YTBEPKJEHHUSI U IyOJIMKAlMM a’pOHABUTAllMOHHBIX AAHHBIX. DYHKIMOHMPOBAHUE [IAHHOI'O areHTa
OyzAeT rapaHTHUpOBaTh, YTO MOJYYCHHbIE HEOOpaOOTaHHbIC JaHHBIE OLIEHUBAIOTCS, YTBEPXKIAAIOTCA U
COXPAHSIOTCS B 3apaHee OIpPEJeJIEHHON IMOCIIEeI0BaTEIbHOCTH, @ BCE JEMCTBUS PErHCTPUPYIOTCS Ha
3aKOHHBIX OCHOBaHMSX.

5. AreHT (GopMHpOBaHHUS aBUAIIMOHHON 0a3bl JAaHHBIX, €TO IEJIb — COOp BCe HEOOXOMMMOMN
unpopmanuu s PBN (Performance Based Navigation), naHHBIX O penbede MECTHOCTH, TaHHBIX O
MPENSTCTBUSX, TaHHBIX KapTorpadupoBanus a’poapoMoB (AMDB), ympasiaenuss NOTAM, a takxe
a’pOHABUTALMOHHBIX KapT.

6. AreHT co3aHus a’pPOHABUTAlIMOHHBIX KapT — pa3paboTKa adpOHABUTallMOHHBIX KapT U Jxa-
rpaMM OXBaTBIBA€T BECh JKU3HEHHBIN LUKJ MyOIMKaMK KapT OT ONpeAeTeHNs KapThl U aBTOMaTH4e-
CKOT'0 CO3/1aHus 10 OOHApYKEHUsI U3MEHEHNH, OOHOBIIEHUS U CO3/1aHUS BBIXOAHBIX JaHHBIX.

7. AreHt 3Kcriopta (MMIIOpTa) HaOOpa a’pOHABUTAIIMOHHBIX JTAHHBIX — OJIaroapsi 3TOMy areH-
Ty oOecrieuuBaeTcs HeNpepblBHAsA Iernodka (POPMUPOBAHMS, MCIIOJIB30BaHUS U MEpelayd JICKTPOH-
HBIX a9POHABHUTAI[MOHHBIX JaHHBIX, KOTOPhIE UMEIOT CTPYKTYpUPOBaHHYIO ()OPMY U TO3BOJISIOT Cle-
JyIOLIEMYy IPEeAoaraeMoMy M0JIb30BaTel0 UCTIONb30BaTh U IPOBEPSTH NOIYUYEHHBIE JaHHBIE.

8. AreHT MyOJIMKalUil U CIPaBOYHHMKOB. DTOT areHT OOeCleYrBaeT MHTEIPUPOBAHHBIN KOH-
TpOJIb mporiecca kadecta s myonukanuu AIP, AIP Amendment, AIP Supplement, AIC u apyrux
PYKOBOJICTB T10 YIPABJICHHUIO TIOJETAaMHU U a3poJpoOMaMU. ATEHT HEOOXOIUM Ui TOrO, YTOOBI BHOCH-
Mbl€ U3MEHEHHUs ObUIN MAKCUMaJIbHO MPOCTHIMU, MOHATHBIMH U OBICTPBIMU JUIs ITy OIMKALINY.

Cpena Env MoxeT ObITh IOJJaHA Yepe3 DJICMEHTBI:

env = (Stateg,,, Processq.p,).

BaxxHO#1 0COOEHHOCTBIO TAKOTO MPEACTABICHUS CPEJIbI SBISETCS TO, YTO OHA caMa Io cebe ak-
THUBHAS, COJEPKUT CBOM COOCTBEHHBIN Process.,,, KOTOPbIA MOXET U3MEHATh State,,, HE3aBUCUMO OT
areHTOB, BXOAAIIUX B 3Ty cpeay. CTpyKTypHBIE 3J€MEHTHI cpefbl Env MOTYT OBITH MPEICTaBICHBI
KOPIOPAaTUBHBIMHA 0a3aMU M XpaHWIWIIAMHU JTaHHBIX, 0a30i 3HaAHWUN M 0a30il MOAENeH, pa3IMIYHBIMU
TPAH3AKIMOHHBIMU M AHAIUTUYECKHUMHU CUCTEMaMH, TOUYTOBBIMU CEpBEpPaMH, CUCTEMAaMU JOKYMEHTO-
0bopoTa 1 TomMy 1MoJ00HOE.

Jist 5pheKTUBHOTO B3aMMOJEHCTBUS MEXAY YPOBHSIMU MHOTOAr€HTHON CHCTEMBI aBTOMATH-
3UPOBAaHHOW 0Opa0OTKM a’dpOHABUTAIIMOHHOW MH(OpMauu, MPEACTaBICHHOW B BUE KOHPUTYypaIuu
«TOJIB30BaTENlb HHPOPMAIIH — MPOIIECC — CPEeIa», MPEACTABISIETCS 1IeIeCO00pa3HbIM HCIOIb30BaTh
KOHIEMNIIMI0O MHOTOYPOBHEBBIX HMHTEUIEKTYalIbHBIX CHUCTEM. MHOTOYpPOBHEBBIN IMOAXON peaiu3yer
MOJIeTTb B3aUMOJICHCTBUS, B KOTOPO HAOOP COCTABJISIOIIUX KOMIIOHEHTOB UHTEIUICKTYalIbHOM CUCTE-
MBI B3aMMOJICHCTBYET M OOMEHMBACTCS 3HAHMSIMH B HEKOTOPOM BHYTPEHHEM TpencTaBiieHuu [7].
CrpyKTypHas cxema MOJENIN IpeICTaBlIeHa Ha puc. 1.
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Puc. 1. Cxema MHOTOAareHTHON CHCTEMBI aBTOMATH3HPOBAHHON 00pabOTKH adpOHABUTAIIMOHHON HH(pOpMAIHN
Fig. 1. The diagram of a multi-agent system of automated aeronautical information processing

OBCYXIEHUE

Hasnauenue pa3nuuHbIX IPyNN areHTOB, COCTABJISIOIINX CXEMY MHOTOAreHTHOM CHUCTEMBI aB-
TOMAaTU3UPOBAHHONW 0OpaOOTKU a’dpPOHABUTAIIMOHHOW MH(POpPMAIIMH, MPEICTABICHHON Ha puC. 1, 1mo3-
BOJISIET OOBEIMHUTH UX B pasinuHble (yHKIUMOHAIbHBIE MojcucTeMbl. Hampumep, moacuctema Sl
OTBeYaeT 3a (OpMHUPOBAHUE M aHAIHM3 00pa3a aBTOMATHYECKOH 00pabOOTKM a’pOHABUTAMOHHOW HH-
dopmaruu. B cpene 3Toil moACHMCTEMBI B3aHMMOJCHCTBYIOT MEXAYy COOOM areHThl cOOpa JaHHBIX,
MPECTaBISAIOMNX cO00M MPOTrpaMMBbI, KOTOPBIE OCYIIECTBIIIOT COOp M KOHCOMHMIAINIO WHPOPMALIUU
JUISL pELLIeHUs 3a/1a4 YIPABICHHS MOJETaMU.

ATEHT co3/]aHusl HABUTAIIMOHHBIX KapT SIBJISECTCS areéHTOM MOJIETUPOBAaHUS, KOTOPBIN B3aUMO-
JIEHCTBYET B Cpelie MOACUCTEMBI MOIECIMPOBAHUS pEeLIEHUN S2 U TEMOHCTPUPYET BBICOKYIO PE3yJIbTa-
TUBHOCTh B CBOEW MHTEIIEKTYaJIbHOW peann3aiiii. JTOT areHT YYHUTCS Ha OMBITE M MOXKET MpeJsio-
JKUTH HauOoIee MOIXOISIIYI0 MOIeTh BRIYUCICHUN U aHalTu3a, B TOM YHCIIE ¥ THOPUIHYIO.

AreHThI U3 O510Ka S3 — 3TO areHThl MMOUCKA MPABUJI U MPEIEICHTOB, KOTOPBIE BBHICTYMHAIOT KaK
COCTaBIISIIOIIUE TOJICUCTEMBI MOMCKA perieHuid B 0a3e 3HaHuil. OHU MOTYT OBITh PEaKTHBHBIMH, CO-
3/1aBaTh B MPOIIECCE PELIEHUs BBIIBUHYTHIX MEpe] HUMU 3a7ad aHCcamMOJib areHToB. B OONbIIMHCTBE
CBOEM PEaKTUBHBIE CTPYKTYPhl XapaKTEpHBI M ISl ar€HTOB BIUSHUS, (QYHKIIMOHUPYIOIIUX B Cpene
MIOJICUCTEMBI (POPMHUPOBAHUS U peaTH3aIlui YIIPABICHUSCKUX BO3ACUCTBHIA S4, M JIJIs1 ar€HTOB TIPE3CH-
Tanui U3 HHTep(encHOM MmoaCcUcTeMBI S5.

ATeHTBl M3ydeHus npedepeH il oap30BaTeIs TOJDKHBI OBITh KOTHUTUBHBIMH, TOJIBKO B Ta-
KOW peaju3allii OHM MOTYT BBITIOJIHUTH TTOCTABJICHHBIC Tiepel HUMH 3a1a4u [8]. Hakoruienne u obpa-
00TKa 3HAHHMI TaKUX areHTOB OCYIIECTBISETCS HAa OCHOBE 0a3bl 3HaHuil KB, Hanpumep ¢ mpuMeHeHH-
€M OHTOJIOTHUH.

PaccMoTpuM Gonee moapoOHO mporiecc 00pabOTKH 3asiBKU B areHTE.
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C mosiBneHueM 3asBKM R Ha BXOJIe areHTa B CiIydae, KOIrJa OHa MOXET ObITh oOpaboTaHa, B
areHTe HauMHAeTCs NMPOJBI)KEHUE MaKeToB ¢ AaHHBIMU. [lakeT C B MOMEHT BPEMEHHU T SIBJIAETCS YeT-
BEPKOH, KOTOpasi COCTOUT U3 YHUKAJIBLHOTO WACHTU(HUKATOPA TEKYILEro 3amnpoca u € N andasura gaH-
HBIX, 00pabaTeiBaeMbIX M, TEKyIIUX TaHHBIX d Ui 00paOOTKH, areHTa W MyTH P, KOTOPBIA JTaHHBINA
nakeT rnpoutes (ynopsIoueHHOE OJAMHOKECTBO 3JIEMEHTOB IOCIIEAHETO0):

CT = (u, M7, d%, P%),PT € A. (1)

I[lpu 7=0 umeem M* =X',d* =x,P* ={}. Ilocie o0OpabOTKM TMakeTa 3JICMECHTOM
a;(t € [1,n]) arenra yactt M U d U3MEHSIOTCSA B COOTBETCTBHH C MCXOJHBIM aj(haBUTOM TEKYILETO
DJIEMEHTA U pe3yJIbTaTaMHU MPOBEICHHOTO MPEOOPa30BAHMS:

M‘E+1 — Yt,

+1
d™ = fo,(d7), 2)

T+1 _ pT
P = P" U a,.
Jlanee mpoucxoauT nepenaya nmakera CTt1cnemyrommm snementam. Ha arenra Bosmaraercs
3ajjaua OIpeJeNIeHUs, KOMY U3 3JIEMEHTOB HEOOXOAMMO IepenaTh 3aJaHHblid nmakeT. [locneanuii mo-
’KeT ObITh JOCTaBJIEH TOJBKO TOMY 3JIEMEHTY, KOTOPBI UMEET COOTBETCTBYIOIINI BXOAHOW andaBut
[9]. CnenoBarenbHO, PH MPUHATUH PEIICHUS O MyHKTE HA3HAUYEHUS MaKeTa areHT (OopMUPYET BHIOOD-
Ky 2JIEMEHTOB M3 MHOECTBA JIOCTYIHBIX (T€X, KOTOPBIE MOTYT 00paboTaTh TEKyIIHE JaHHBIC), PYKO-
BOJICTBYSICh pe3yJIbTaTaMH aHaJlM3a TEKYIIEro COCTOSHUS CHCTeMBbl. Takas BHIOOpKA M3 M SIIEMEHTOB
MOKET OBITh OIMKCaHa CICTYIONTUM 00pa3oM:

{g;[MTcX}cAi=Tm 3)

Cne;[yeT OTMCTUTD, UTO CUTyallud C HCCKOJIbKUMU MaplIpyTaMH BO3MOXXHA, KOrJga arcHT UMCCT
B CBOEM COCTaBEC 3JICMCHTHI, YbH BXOOHBIC a.]'l(baBI/ITBI MEPECCKAIOTCA:

m>1=3j,ke[ln]l: X nxk=+{. (4)

H3meHeHus B paboTe CUCTEMBI MOTYT OBITh OCYIIIECTBJICHBI MyTeM MOAU(PUKALIUN PEIICHUH O
JIOCTaBKe TakeTa 4epe3 rpad G areHTa. ATEHT JOJDKEH BBIOpaTh MapUIpyT C HAUMEHBIIEH CTOMMO-
CTBIO ISl IPOABIMKEHUS MakeTa. Toraa, Koraa Takoi MapuipyT HEM3BECTEH, BBITIONHSETCS HIMPOKO-
BeIllaTeIbHAsL TMepefavya MakeTa JIEeMEHTaM, KOTOpble MOTYT o0paboTaTh [aHHbBIE, TepeiaBacMble
BHYTpu. M3 Bcex BO3MOXKHBIX MapuIpyTOB, 0Opa30BaHHBIX TaKUM OOpa3oM, BBIOMPAIOT TE, KOTOpHIC
JIAI0T MUHUMAJIbHOE BpeMs TIPOXOK/ICHUS MakeTa. Takue MapuIpyThl 3alIOMHUHAIOTCS M UCTIOJIB3YIOTCSA
JUTSL TAbHEUITUX 00paboTOK COOTBETCTBYIOMIMX 3asBOK [10].

Hcxoms u3 cBOETO TEKYIETO COCTOSTHUS M Habopa (GYHKIIUH ¢, areHT MOXKET MPUHSATEH PEIICHUE
0 «HEeXEeNaTeNbHOCTH» MPOX0KICHUS MaKeTa Mo onpeaeneHHou ayre rpadga G wiu MapuipyTta. B Ta-
KOM CIIy4ae areHT MOXET 3aMeJISATh MPOXOXKACHUE JAHHBIX MO BHIOPAHHOHN Ayre U KOPPEKTUPOBATh
BBIOODP MapuipyTa.

Takum 00pa3om, areHT MOJIy4aeT BO3MOXKHOCTh M3MEHEHHS CIIOCOOOB 00pabOTKH BXOSAIINX
3asiBOK B 3aBUCUMOCTH OT COOCTBEHHBIX LI€JIei, KOTOpbIe omnpeaenstoTcs GyHKIueil croumoctu ¢. Ta-
Kasi peKOH(UTYpallds MapIIpyTa OCYIIECTBIISIETCS B CIy4yae MOSBICHUS B CTPYKTYPE areHTa 3JIEMEHTa,
KOTOPBI MOXET BXOJIUTh B alIbTEPHATUBHBIN MapuIpyT UIU CIOCOOCH U3MEHSATh CTOMMOCTh MapIIpy-
TOB 00paboTku 3asBku [11].

B kauectBe 0000IIEHHOTO KPUTEPHsI ONTHUMAIBLHOCTH (PYHKIIMH ¢ MOYKHO HCIOJB30BaTh HEMO-
CPEICTBEHHO CTOMMOCTh 00paOOTKH MH(OpMAIUK B paMKaxX MHOTOAreHTHON cucTeMbl. OCHOBHBIM TIPE/I-
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ITOJIO2KCHUEM HpI/I HUCITIOJIB30BAHUHN HJAHHOTI'O KpI/ITepI/ISI OIITUMAJIBHOCTHU SABJIACTCA aJAUTUBHOCTH CTOMMO-
ct C; OTHEIBHBIX YaCcTE MHOTOar€HTHONM CUCTEMBI OTHOCUTEIIBHO 00Ied cTOMMOCTH Cs BCEN CHCTEMBI:

Cz =X G, )

rze n — o0I1ee KOJTMYECTBO COCTABHBIX YACTE CUCTEMBI.
B cBoto ouepeb CTOMMOCTH CHCTEMBI OITPEICTISACTCS CISAYIONUMU TapaMeTPaMu:
® OSKOHOMHUYHBINA d()PEKT OT aBTOMATH3AUHA 00PaOOTKH adPOHABUTAIIMOHHON WH(OpMAIUH;
® KaluTalbHBIC 3aTPAThl HA CPEAICTBA BHIYMCIUTEIHHON U OPraHU3alMOHHON TEXHUKH MHOTO-
areHTHOI CHCTEMEL,
CTOMMOCTbH IMPOCKTUPOBAHUS TEXHOJIOTUIECKUX MPOIIECCOB MHOTOArCHTHON CHCTEMEI;
peCypChl Ha IPOSKTUPOBAHNE U IKCIUTYyaTAIHIO CHCTEMBI,
CPOK MTPOEKTUPOBAHMS TEXHOJIOTUH MHOT'OAr€HTHON CHCTEMBI;
9KCILTyaTallMOHHBIE PACXOJIbL;
napaMeTpsl QyHKIMOHAIBHBIX 3a71a4;
napaMeTphl BEIUUCIUTEIFHON U OPraHU3aIlMOHHON TeXHUKY;
CTOUMOCTH OpraHu3anuu u skcrutyatanuu b/ unu $aiinoB naHHBIX;
napaMeTpsl CTPYKTYP XpaHEHUSI U CTOUMOCTb XpaHEHUS TaHHBIX;
BpeMs IOCTYIIA K JaHHBIM;
BpeMs perieHus PyHKIIMOHAIBHBIX 3a/1a4 MMOJIh30BaTeNeH;
¢ 3pPEeKTUBHOCTH METOAOB KOHTPOJISL.
B kauecTBe pemaroiero npasuia MOCTPOCHUS CUCTEMbI C TOYKU 3PEHHS YMEHBIIEHUS €€ CTO-
UMOCTH OyJIeM paccMaTpuBaTh cieayoliee TpedoBaHue:

Cs =YL, C; = min. (6)

CootHomenne (6) mokas3piBaeT, 4To HambOosee 3(pPEeKTUBHON B CTOMMOCTHOM ILIaHE MHOTO-
areHTHOM cucreMoil siBisercs npocrast (n — ) u gemesas (C; — 0) cuctema. O1HAKO HEOOXOIMMO
MPUHUMATH BO BHUMAHHUE TOT (aKT, YTO Ka)/Jasi CUCTEMa BBIMOIHSIECT ONPEEICHHbIC ()YHKIIMOHATb-
HBIC 3a7]a9i. By ydn 1ocTaTOYHO JENIeBOM, Takasi MHOTOAreHTHAs! CHCTEMa MOYKET COBCEM HE YOBIIe-
TBOPSITh TPEOYEMOMY YPOBHIO CBOEro (DYHKIIMOHAJILHOTO Ha3HAYECHHSI — KaYeCTBY M CKOPOCTU 00Opa-
OOTKM a’pOHAaBUTANMOHHOW WHQOpManuu. [103TOMYy COOTHOIIEHHE CTOMMOCTHOH ONTHMATbHOCTH
CJIelyeT JAOMOJIHUTh YCIOBHUEM BBITIONHEHUS (PYHKIIMOHAILHOTO COBEpIIeHCTBA P cuctemsl. [Tockob-
Ky MEXKIY CTOMMOCTBIO CHCTEMBI U €€ (DYyHKIIMOHAIBHBIM COBEPIICHCTBOM CYIIECTBYET O€3yCIIOBHAs
3aBHCHMOCTb, JUUISl IOCTHDKEHUS €€ SKCTPEMyMa MOKHO 3alrcaTh CleAyolee TpeOoBaHue:

Ps = P[C;] » max, (7)
Cs = min. (8)

B paunonanbHOM BHIE 3KCTpeMyM OyeT BBIMTIAAETh TAKMM 00pa3oM:

PZ = P[Cl] = Psa/:[' CZ = min) (9)
rne Ps sBnsiercss 0000IIEHHBIM MOKa3aTeaeM (PyHKIMOHAIBHOIO COBEPLIEHCTBA CHUCTEMBI, HalpUMep
ee 3¢ (eKTUBHOCTH, (DYHKIIMOHAILHOCTH, BEPOSTHOCTH BBITIOJTHEHUS 33/1aHUS;

P[C;] — ¢byHkumoHaN, KOTOPBIH MOKa3bIBAET 3aBUCHMOCTDH BBIMOJHEHUSI CHCTEMOW 3aJ@Husl OT

BJIO’)KCHHBIX B KXKYIO €€ COCTABJISIIOLLYIO CPE/ICTB;
P40 — 3a1aHHBINA yPOBEHD (PYHKIIMOHAIBHOTO COBEPIIIEHCTBA.
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CootHomrenus (9) MOTYyT paccMaTpUBaThCS KaK pallMOHaiIbHas CTOMMOCTHAs ((yHKIIMOHAIb-
HO-CTOMMOCTHAs) MaTeMaTH4yecKasi MoJieJIb MHOTOareHTHON CUCTeMbl 00pabOTKH a’dpOHABUTAIIMOHHOM
uHpopManuu. JIJig ee UCTOIb30BaHUSI HEOOXOIUMO OTPECIIUTHCS C JOCTATOYHBIM YPOBHEM (DYHKITH-
OHAJIBHOTO COBEPIICHCTBA P;,y CUCTEMBI. DTOT YPOBEHbB SIBJISETCS 3aJaHHON BenmnuuHo. Kpome Toro,
B2)KHO BBISICHUTH 3aBHCHMOCTH CTOMMOCTH Ka)KJIOM 9acTH (areHTa) CUCTEMBI OT €€ MapaMeTpoB H MO-
JYy4YUTh CYUIECTBYIOIIME YHCIEHHBbIE OICHKM CTOMMOCTH 3TUX uacTeil. Pemenuto naHHbIX mpoOiem
OyIyT TOCBSIIEHBI CIEAYIONTNE UCCIIET0BAHUS aBTOPOB.

Jloru4HBIM 3aBEpIICHUEM MPOBOJUMOTO HCCIEAOBAHUS SIBISIETCS PACCMOTPEHHE BO3MOXKHOTO
uHTepdeiica, KOTOPHI MOXKET OBITH HCIIOJNIB30BAaH N 0OMeHa MH(popMammend MeXAy 3JIeMEHTaAMH
MHOTOareHTHOM CUCTEMBI.

Jlis mepenayn Mexay CTPYKTYPHBIMH DJIEMEHTAMU MHOTOAreHTHON CHCTEMBI MIPEIICTaBISICTCS
11eJIeCO00pa3HbIM UCIIOIB30BaTh MPOrpaMMHBI kKoMiieke ELSA, KoTopslif ocHaIeH yIoOHBIM Tpa-
budeckuM HHTEPQECOM MOTB30BATENS U 3aIIHIIEH MHOTOYpOBHEBEIM mapoieM. Kpome toro, ELSA
cootBeTcTByeT ICAO DOC 8126, ICAO Annex 15, ICAO DOC 4444, ICAO Annex. 10 T. II, ITpuno-
sxkenue ICAO 3.

Ha puc. 2 npencrasnen npumep unrepdeiica mas oOMeHa HHGpOpMaue MeXIy dJIEMEHTaMHU
MHOTOareHTHOW CHUCTEMbI, TAKIMH KaK areHT a’pOHABUTAIIMOHHBIX KapT, areHT (GOpMHUpPOBAHUS aBHA-
[IMOHHOW 0a3bl TaHHBIX, aT€HT YBEIOMJICHUS /IS JIETYMKOB 00 0OCTAaHOBKE, areHT WH(OPMAIMOHHBIX
OIOJITIETCHEH.
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Fig. 2. The interface example for aeronautical information exchange
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SAK/IIOYEHUE

[IpennoxeHHas B CTaThbe areHTHasi MHOTOYPOBHEBAs MOJENb MTO3BOJIAET PEAIN30BbIBATh aBTO-
MaTHYECKYI0 00pabOTKy a’pOHABUTALIMOHHON MHPOPMALIMU B KOH(DUTYPALIUU «II0JIb30BATENb HHPOP-
MalMM — IPOLIECC — CPea» U OCHOBBIBACTCSA HA MHTETPALIMU COBPEMEHHBIX MH(MOPMALIMOHHBIX TEXHO-
JIOTMI HAKOIUIEHUs M aHalu3a JaHHBIX. MCIOIb30BaHHBIN NpU €€ MOCTPOSHUH areHTHO OPUEHTHPO-
BaHHBIN MOAXOJl MHTEUIEKTYaIbHONH 00paOOTKM JaHHBIX AT BO3MOKHOCTh OOECIIEUUThH Mapasiesb-
HOE BBITNIOJIHEHHUE OTEpalliii Ha YPOBHSX I0JIb30BaTelNeli a3pOHAaBUTALIMOHHON MH(OpMAaIHe, mpoliec-
ca ee HaKOIUIeHMs, cOOpa M aHalu3a, Cpebl OOpAIlEeHus], a TAaKXKE JAaeT BO3MOXKHOCTb PACIPEEIIATh
pa3paboTKy HEOOXOAMMBIX PELICHUH MEXIy CIIeHUaN3UPOBAHHBIMU areHTaMH, YIPABJISATh 3HAHUSIMH,
OpPraHU30BBIBATh MEPEXObl MEXKIY MpolLecCaMM NMPOAKTHUBHOIO yNpaBIEHUS M 0OecreuyuBaTh MHTE-
rpaIyio pa3INuHbIX HHPOPMALMOHHBIX CUCTEM, METOAOB, PEKUMOB MTOJATOTOBKH M aHAJIH3a JaHHBIX B
npeaenax OHOM MOJIEIH.
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ABSTRACT

Progress in the development of computer engineering provides an opportunity to address a wider variety of challenges using
computer software systems. The task of automatic aeronautical navigation information processing is referred to the number of such
issues. This stipulates the necessity to adopt new approaches to design and develop similar systems. One of these approaches is
based on the application of the collective activity idea of a set of agents — multi-agent technologies. In this regard, the purpose of the
article is to consider the features of the automated aeronautical navigation information processing implementation on the basis of
multi-agent technologies. To achieve this goal, the problem-structural methodology of hybrid systems synthesis, which allows us to
create self-organizing models, was selected. Each element of which develops, obtaining data and knowledge from other elements.
In the research process, a formal definition of the multi-agent system of automatic aeronautical information processing is presented,
which involves a set of agents, environment of agent functioning, a set of permissible relations between agents, description of rules
for forming a network of agents, a set of individual and joint actions, communication interactions, behavior and actions strategies, a
possibility of system evolution. Furthermore, an emphasis is placed on the description of each agent. For this purpose, the authors
propose to use four elements: a set of variables, inputs and outputs, an autonomous technique that performs appropriate changes
over a set of variables. As agents, the paper comes up with the idea to use the following: Pilots Notification Agent, Preflight
Information Bulletin Agent, Data Generation Agent, Aviation Processes Agent, Aviation Database Generation Agent, Aeronautical
Maps Creation Agent, Aeronautical Data Set Export/Import Agent, Publications and References Agent. In addition, the article
presents the multi-agent system diagram of automated aeronautical information processing and describes in detail processing an
application in the agent using the mathematical expression. The results, obtained in the course of investigations, can be used to
improve the effectiveness of the analytical component in the structure of the system to form the direct and reverse coordination
relationship while solving aerial navigation problems.

Key words: automation, processing, multi-agent system, air navigation, process, environment.
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ONPEJEJIEHUE YI'JIOBOM OPUEHTAIIUU B BUHC:
CPABHEHHUE TPAIUIINOHHBIX AJITOPUTMOB

A.A. CAHBKO', A.A. IIEHHUKOB’
! Benopyccras 2ocyoapemeennas axademus asuayuu, 2. Munck, Benapyc
2
Boennas akaoemusn Pecnyonuku benapycs, o. Munck, benapyce

[MpuHomn — opranmzamiy — OecruiaTOPMEHHBIX WHEPIMATIbHBIX  HABHTAIMOHHBIX CHCTEM Oasupyercss Ha  YHCIECHHOM
HHTErPUPOBAHUU YITIOBBIX CKOPOCTEH U YCKOPEHUH. L{eibE0 aJIrOpUTMOB YUCIIEHHOI'O UHTETPUPOBAHYS SIBJIIETCS alllIPOKCUMALMS
TIOBEJICHIS TUHAMUYECKOW CHCTEMBI (OECIIIIOTHOTO JieTaTeNbHOro armapara — BJIA) ¢ HelpephIBHBIM BPEMEHEM C ITOMOIIBIO
1(pPOBOro  BBMUCTUTENSL. D(PPEKTUBHOCTh YUCICHHOTO WHTEIPUPOBAHUS OIPEIENSeTCS TOYHOCTBIO W YCTOWYMBOCTBIO
BBIYMCIIUTEFHOTO Tpoliecca. AJTOPUTM MHTETPHPOBAHHUS MOXKET UMETh MAIYI0 OIIMOKY MHTErPHPOBAHUS, HO IPH 3TOM OBITh
He3((EeKTUBHBIM ¥3-32 HEYCTOMYMBOCTH YHCIEHHOTO MeETOda IPH M3MEHEHHWHM Ilara WIM YCIOBUH HMHTEIPUPOBAHMS.
CraHIapTHBIM CIIOCOOOM TIPOBEPKU aJITOPUTMOB MHTETPUPOBAHMS Ha YCTOHUYMBOCTD SIBISIETCS WX HCIBITAHWE B KOHTPOJIBHBIX
YCIIOBHSIX 3KCIUTyaTauuy (mpu BbinonHeHnH BJIA TumoBoro monera mo MapmipyTy M KaHOHHMYECKOTO [BIKEHUSA). B cratse
NPEZICTABIIEHbl PE3yNbTaThl MMHUTAIMOHHOTO MOJIEJIMPOBAHMS TPAJMIMOHHBIX AJITOPUTMOB YHCIIEHHOTO HMHTETPHPOBAHUS B
YCJIOBHSIX TPSMOJIMHEHHOTO M KOHW4ecKoro ABMKeHMs! BJIA mpy BbIYMCIEHWM 3HA4YE€HWH YITIOBBIX CKOPOCTEH pPa3iIMYHBIMU
Metozamu. IIpoBeneH aHauM3 MOJIYYSHHBIX PpE3YyJIbTAaTOB HCCICIOBAHMS, IO3BOJLIIONIMI BBIOPATH AITOPUTM, WMEFOLIWH
IIPEUMYILECTBO MO TOYHOCTH W BBIYMCIMTENBHOM IPOCTOTE B 3aBUCUMOCTM OT ycioBuil mosera. Jns BJIA, y xoroporo
OTCYTCTBYIOT WJIM MHHHAMAJIbHBI HE3aTyXaloIINe YIIOBbIe rApMOHMYECKUE KOJIEOAHHUS €ro KOpITyca IPH BBINOIHEHUH THUIIOBOTO
THOJIETa M0 MapIIPyTy, HAWIydIIMM IO TOYHOCTH M OOBEMY BBIYHCICHHH SIBISIETCS aIrOPUTM BTOPOTrO IOpPSIKA TOYHOCTH,
peau3yIoMi METOJ CpeAHel CKOpocTH. Ero cpemHss MOrpelIHOCTh BBIYUCIEHUS YIIIOB COCTaBisieT OT 3,6 g0 43 %, urto
NPUMEPHO PAaBHO 3HAYEHWSAM IIOTPEIIHOCTEH MPU WCIONB30BAaHMM PACCMOTPEHHBIX AITOPHUTMOB (&JITOPHTM, PEaIN3YFOLINH
BTOpOE TPHOMKEHHE K METOY CpeJHEeH CKOPOCTH, OJIHOLIATOBBIM AJITOPUTM TPETHEIO IOps/IKa TOYHOCTH) MPH TPOEKPATHO
MEHBIIIEM 00bEME MaTEMATHIECKIX BHIUMCIICHUH.

KunroueBble cioBa: nprokymiicss o0beKT, apamerpsl Pojpura — ['aMiIbTOHa, alrOpUTMBI OpUEHTALNHI, MoJienupoBaHue, bIIA,
TIOJINHOMBI, YTJIOBBIE CKOPOCTH.

BBEJIEHME

B ycnoBusx mmpoKoro BHEAPEHHs HABUTALMOHHBIX AATYMKOB, BBIOJIHEHHBIX 110 MHUKPO3JIEK-
Tpomexanuueckoit rexronorun (MOMC) u umeronux pa3dopoc napaMeTpoB MpU U3rOTOBICHUU 110 3 Yo,
HECMOTpsl Ha UX KaJIMOPOBKY IPHU M3rOTOBJIEHHM, a TAKXKE BBICOKYIO UYBCTBUTEIBHOCTh K BHEUIHUM
BO3MyIIEeHHAM [1], Bce OOJBIIYIO aKTyaJIbHOCTh MpPUOOpETaeT MmpobieMa MOBBIIMIEHHS TOYHOCTH Oec-
1aTGOpPMEHHBIX HHepIHaibHO-HaBurannonHbix cucteM (BMHC). MccnenoBanus, mpoBoAUMBIE OTEUE-
CTBEHHBIMH U 3apyOeKHBIMHU CIICIIHAIMCTAMH, MTOKa3bIBaIOT, 4To 10 80 % morpemmnocteit BUHC 00y-
CJIOBJIEHBI TTOTPEIIHOCTHIO0 AHAIMTHUECKOTO ITOCTPOEHUS paCU€THON CUCTEMbI KOOPJIUHAT, T. €. CUCTEMBI
opuentauuu [2]. Onepanyss UHTETPUPOBAHUS SBISICTCS OCHOBHOM B MaTeMaTHYeCKOM OOecreueHHH
BUHC [3-6]. B Hacrosiiee BpeMs MUPOKOE PAaCHPOCTPAHEHUE MOMYUYWIN aITOPUTMbI MHEPLUAIBHOU
opuenTauuu BJIA, ncnone3yromue MHTErpajbHYIO MEPBUYHYI0O MH(OpMALMIO O €ro BpalaTelbHOM
JBIKECHUHU: «KJIACCHUYECKUE» AITOPUTMBI, pPEATU3YIOLUIMEe METOA CPeIHEH CKOPOCTH M BTOPOE MPUOIIH-
JKEHHE K METOJy CpeAHEW CKOPOCTH, OIHOIIArOBBbIM aJFOPUTM TPETHErO MOPAIKAa TOUHOCTH, a TaKXKe
HOBBIE aJITOPUTMBL: METO/] MOCIeA0BaTeNbHOr0 npuonmxenus [Tukapa ¢ ucnons3oBanuem popmyn Ko-
JM ¥ KBaTEPHUOHHOTO KMHEMATUYECKOro ypaBHeHHUs Tuna Pukkatu [7], Meton (pyHKIIMOHAIBHOTO UTE-
PATUBHOTO MHTETPUPOBAHMS, KOTOPBIH B HUTEpaTUBHON (opMe peanusyeT METO]| IMOC/IeI0BATEIbHBIX
npubmmxenuid [lukapa TouyHoro peuieHust TUHEHHOro MU GEepeHIUATFHOTO YpaBHEHUS IJIsl BEKTOpa
Ponpura u kBaTepHHOHA IIPU UCTIOJIb30BAaHUH anmpokcuManuii nonunomamu Yeooimesa [8—10]. CoBcem
HEJAaBHO MPU HEMOCPEICTBEHHOM PELICHUH YPaBHEHUS AJI1 MaTPULIbl HAIIPABIISIOMUX KOCUHYCOB [11]
ObUT IPUMEHEH I0/X0J,, OCHOBaHHBIH Ha pasioxeHuu B psa Teitmopa u np. [12—14]. Knaccuueckue
ITOPUTMbI OPUEHTALUU OTJIMYAIOTCA MPOCTOTONW M JTOCTATOYHO BBICOKOW TOYHOCTHIO. OHHM HaIIN
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CBOE NpHUMEHEHHe Kak B kocmuueckux ammaparax «Coro3 T/TM/TMAy, «lIporpeccy, opOuTambHOM
craniuu «MUP», tak u B BJIA paznuunbix TunoB. Heo6xoauMo OTMETHTH, YTO OCOOEHHOCTBIO pac-
CMATPHUBAEMbIX AJTOPUTMOB SABJISIETCA 3aBUCMMOCTh TOYHOCTH OLICHKH MapaMeTpOB OPUEHTAIUU OT
BBIOOpA METO/Ia BEIYUCIICHHS 3HAYCHHUH YTJIOBBIX CKOPOCTEH I10 MOCIICIOBATEILHOCTH BBIXOHBIX CHUT-
HAJIOB, MOCTYMNAIOLIUX OT THPOCKOMOB [7].

INOCTAHOBKA 3AJIAYH

[TpoBecTr CpaBHUTENBHBIA aHATU3 «KJIACCUUECKUX» AITOPUTMOB OpUEHTALMHU (TTOCTPOECHHBIX C
MOMOIIbI0 METOJIa MOCJIEI0BaTENbHOr0 npuoamxenus [Inkapa), UCIONB3YIOMUX UHTErPAIbHYIO IEp-
BUYHYI0 HH(POPMALIUIO OT TMPOCKOIOB, ITPU HAJMUUHU HE3aTyXAIOIUX YIJIOBBIX TApPMOHUYECKHX KOJe-
0anuii BJIA ¢ ManbIMu aMIUIMTYZaMH ¥ 4aCTOTaMH IMIPU BBIMOJIHEHUH UM THUIIOBOIO MOJETa MO MapIi-
pPYTy ¥ KAaHOHMYECKOro JBWXEeHMA. OTIMYUTETHHOM OCOOEHHOCTBIO MPOBOJUMBIX HCCIIEI0Ba-
Hul [3, 7, 14] sBAsSeTCS OICHKA TOYHOCTH (BBIYHCIUTEIBHOTO Jpeida) aJrOPUTMOB C y4E€TOM IIO-
IPEUIHOCTEN TUPOCKOIOB U aKCEJIEPOMETPOB MPU MCIIOIB30BAHUM PA3IMYHBIX METONOB UHTEIPUPOBA-
HUSl BBIXOAHBIX CUTHAJIOB, MOJIyYEHHBIX OT T'MPOCKOIOB (METOJ Tpameuuid, KyCOUYHO-TUHEIHas am-
IPOKCUMAIUS U TOJIMHOMUHAJIbHAS alIIPOKCUMALINSA).

PEHIEHUE 3ATAYN

B kadecTBe CBsI3aHHOW CHCTEMBlI KOOpPJIWHAT OJIOKA YyBCTBUTENBHBIX 37eMeHTOB BUHC BHI-
OpaHa mpaBasi OpTOroHaNbHasi cucTeMa kKoopauHat OXYZ. BeruncieHus: mpoBOAATCS B HOPMaJIbHOM
cucreme koopauHat 0X,Y,Z, (mo TOCT 20058-80) ¢ BepmnHO#, COBMEIIEHHOMN ¢ IIEHTPOM Macc 00b-
exTa, ocb OX; KOTOpOIl HalpaBiieHa Ha CEBEP 10 KacaTeJIbHOM K MepuauaHy, ock (0Z,; — o KacaTeib-
HOM K Mapajuiesii Ha BOCTOK, a ocb OV, — BIIOJIb BEPTUKAIN MecTa BBepX. OCH HOpMaIbHON CUCTEMBI
KOOpJMHAT OPUEHTUPOBAHBI 110 CTOpoHaM cBeTa. Hauano koopauHar (Touka O) nepeMeniaeTcst BMECTe
¢ oobekroM. Ilpu pacuere B kauecTBe MozeM (PUIypbl 3eMIIM HCIIOJIB30BaH JJUIUIICOU BPALLEHUS C
OCbI0 CUMMETPHH, COBIIAJAIOIIEN C OCBIO BPALICHUS 3EMIIH.

Ncxoaupie maHHbIe U peann3alyy alropuTMa uHepuuaibHou opueHrtanuu bJIA [15]: koopau-
HAThI TeKyIero Mecronoioxenus: bJIA (opToapomMudeckas IIMPOTa — (, OPTOIPOMUYIECKAsS JOJITOTA — A);
BBICOTA TOJIeTa — H; yIIIbl IPOCTpaHCTBEHHON opueHTalu BJIA (tanrax — 9, KpeH — vy, Kypc — Y).

1) M = 1. Anroput™ BTOpOro NopsiKa TOUHOCTHU, PEaTU3yIOIINA METOJT CPETHEN CKOPOCTH Is
BBIYUCIIEHHS NApaMeTpoB Diinepa A(j = 1, ..., 3) 10 uHTErpanbHOl MHGOPMALMHE O BPALIATENLHOM
JBI)KEHUH 00BEKTa, UMEET BUJT

Y

* .
0 = COS;

. _ , . tn
A=y tysing, (= 1,2,3) v = [ wi@dty =Gl +y3+vD%. (D)

KonnuecTBo MaTeMaTHYeCKUX ONEpALMi JJ1s1 BBIITOJHEHUS TAHHOTO ajlropurMa — 5.
2) M = 2. Aaroput™, peaau3yoiui BTOpoe MpUuOIMKEeHUE K METOY CpeIHeH CKOPOCTH:

. 1 L 1 tn
o =1=5¥5 A =¥y =" o (Odty; v = (v +v2 + v3)"

KonnuecTBo MareMaTndyeckux omnepanuil s BBIIIOJIHEHNS JaHHOTo anroputma — 11.
3) M = 3. OgHOIIAroBBIi aJTOPUTM TPETHETO MOPSIKA TOUHOCTH:

1
Ado =1 - ng; ALy = ayy + BYa3; Ay = ayy + P31 A4z = ays + BYiz;
1 1 1 ! ! ! !
a =-——yiB=ouy=01+yi+ v Yoz = ¥3¥2 — Y2¥3 Ya1 = Y1V5 — YaVi
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’ ’ tn I tyh—
Yiz = Yo¥1 ~ ViV Vi = [, 0 (Ddtn; v = [, 00 (Ddty.

KonndecTBO MareMaTHYECKHUX onepaunﬁ AJI1 BBIIIOJIHCHUSA JAHHOI'O aJITOpUTMaA — 15, th-1 —
HpGI[LII[yH_II/Iﬁ MOMCHT BPpEMCHHU BBIYHCJICHU.
CDOpMI/IpOBaHI/Ie 3HAUCHUI CaMOJIETHBIX YTJIOB:

9, = arsin (2/11/12 + 2/10/13); Yy = arctg (M 2/10/12—211/13),

; = arct (
22%3+223-1 )’ W g 223+223-1

rae Yy, 9y, Yy — BBIUYUCIICEHHBIE 3HAUEHUS YTJIOB OPUEHTAIUH.
[Tpoekiuu BeKkTOpa aOCONIOTHOW YTIIOBOM CKOPOCTH reorpaduyueckoro TpeXrpaHHHKa Ha €ro

oCu:
n _ in—1 n. ,n _ n—1\a; n., n _ -n—1.
wiy = (Uy + A" Ycose™; 0}, = (U, + A7 1)sing™; o}y = —¢p™ ™
n-1 n—1
jn-1 = Y29 ‘n—-1 _ Yxg
Ricosp™~ 1’ RV

rae Uy, Uy, — ropusoHTaibHas ¥ BEPTUKAIbHAS COCTABJIAIOINAS YIJIOBOW CKOPOCTH BpAllCHHs 3€MIIH;
R4, R, — paauychl KpUBU3HBI 3€MHOT'O AJUIUAIICOUA.

3HayeHus MorpenHocTen, xapakrepHbix 1yt Tounbix BUHC [15, 16]: yrioBas ckopocTk yxoaa
rupockona tuna GG1342 — 0,01 °/g = 0,000174 [pan/4], cayuaiinslii apeid no yray — 0,001 °/4; cu-
creMatnyeckas ommoka akcenepometpa tuma QA 2000 — 0,01 [M/c?], ero HeCTAOMIBHOCTD CMEIICHHS
Hy1s B 3amycke — 0,004 [m/c*]; omm6Ka onpe/eneHns yrioB Kpena i tanraxa — 0,3’ = 8,72:107° [pax];
ommbKa OnpeeleHns yria kypea — 3 = 8,72:107* [pan]; omubKa B OIpeaeeHI Ha9aIbHOH CKOPO-
ctu — 0,3 [m/c]. Kak mokazanu npoBefieHHbIE UccienoBanus [17], BiusHue ciaydyaitHoro npeiida rupo-
CKoma 1o yriay Ha 1-2, a HecTaOWIbHOCTh CMEILIEHHUsI HYJIA B 3allyCKe akcelepoMerpa Oosiee 4yemM Ha
2 nopsiaka Hipke ToyHOCTH coBpeMeHHbix BUHC. Takum oOpaszom, cimywaiiHblil npeiid rupockomna u
HECTaOUIILHOCTh CMEIICHUS HYJIS aKCceJIepoMeTpa MPU MOAECTUPOBAHUN MOXKHO HE YUUTHIBATD.

1. 3akoH IBWKeHHS 0OBeKTa (LONET 1O MApUIPYTY): ayo = 2 [M/c’]; ayo = 0,1 [M/c?];
a0=0,1[M/c*]; Vi = 20 [m/c]; Vy =1 [m/c]; V, =1 [Mm/c]; o = 0 [pan/c]; wy=0 [pan /c];
®,0 = 0 [pan/c], n3MeHeHHe yTIOB OPUEHTAINH 33JaBATOCh B COOTBETCTBUM ¢ TaOu. 1. Beramcrnenus
MPOBOUIUCH ¢ 64-pa3psaHoii ceTkoi. Illar nnrerpupoBanus ot t,= 0,05 no 0,005 c.

Taoauna 1
Table 1
3aKOHBI N3MCHEHUSI YTIIOB OPUCHTAINH JUTS PA3IMYHBIX YCIOBHI MOAEIHPOBAHHS
Orientation angles change laws for different simulation conditions

k=0 k=1 k=2
9=0 |9=0,0000872-rand(1) |9 = 0,000087 - rand(1) + 0,0087 - sin (n)t,
y=0 |y=0,000872-rand(1) |y = 0,000872 - rand(1) + 0,0174 - sin(n)t,,
y=0 |y=0,0000872-rand(1) |y = 0,0000872 - rand(1) + 0,0174
0x0 = 0; 0y =0; 0,0=0
k=3 k=4
9 = cos(2nf)t, 9 =0,0000872 - rand(1) + cos(2mf)t,
U = sin(2nf)t, Y = 0,000872 - rand (1) + sin(2nf)t,
y=0 y = 0,0000872 - rand(1)

0x0 = 0; 0yo = a-sin(2nf)t,; 0,0 = a-cos(2nf)t,, rne a = 0,1 [pag], /= 0,005 [T'u]
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VYcnoBust MOACIIUPOBAHUS:

— OTCYTCTBHE HE3aTyXaIOLUX YTJIOBBIX T'APMOHMYECKUX KOJeOaHUN OO0bEeKTa U HHCTPYMEH-
TaJIbHBIX OMIMOOK OMpeaeseHNs yriioB opuenTauu (moaens Ne 0, k£ = 0);

— OTCYTCTBHE HE3aTyXaloIIMX YTJIOBBIX TAPMOHUYECKUX KOJIEOaHUHM 00bEKTa, HO YUUTHIBAIOTCS
MHCTPYMEHTAJIbHBIE OIIMOKHU OIpeesieH s yIioB opueHTauu (moaenb Ne 1, k = 1);

— HaJIMYKME HE3aTyXaloIIUX YTJIOBBIX TApMOHUYECKUX KosieOaHmii oObekTa [7] ¢ yactoTamu
(for fy = 1 T', £, = 0,5 I'r) u ¢ mansimMu ammumutyaamu (y+ = 1 rpan, v:= 0,5 rpan, y+ = 1 rpazn) ¢ yuerom
WHCTPYMEHTAIBHBIX OIMOOK OMpe/IeICHHs YII0B opueHTanuu (moaens Ne 2, k = 2).

Hannuue He3aTyXarmux HU3KOYACTOTHBIX YTJIIOBBIX TAPMOHUYECKUX KOJICOAHW OOBEKTa C
MaJIbIMU aMIUTUTYAaMH OObSICHSIETCS TJIaBHBIM 00pa3oM Iepeiadeil rapMOHUYECKUX KoJieOaHui Jiona-
CTell Hecylero BUHTA WM TATOBOTO BHHTA Ha Kopiyc oObekTa. Hampumep, HeNpephIBHBIC YIIIOBBIC
konebanus BJIA tuna «Opnan-10» npousBoactBa OOO «CTIL» nocturator 5° ¢ yactoramu 110 1 Ful.

2. 3aKkoH JBIDKEHUS 00BEKTa 3a7aBaJICS B BHJIE KAHOHUYECKOTO PA3IOKEHUS (MOIEIHPYETCS
KOJIeOaTeIIbHBIM JIBFDKCHHEM TI0 ABYM TMepeMeHHBIM [12]): axo= 2 [M/c?]; ayo=0 [M/c?]; az = 0 [m/c?];
V=20 [m/c]; Vy =1 [m/c]; V, =1 [m/c], yriabl OpueHTaMK U UX OLUIMOKH 3a/1aBajliCh B COOTBETCTBUU
¢ Tabm. 2.

Taoanmna 2
Table 2
3HaveHUs yIJIOB OPUEHTAINU M UX OMIMOKH ISl pa3JINYHBIX YCIOBUI MOJICIIMPOBAHUS H3MEHEHUS
Orientation angles values and their errors for different simulation conditions

3HaveHwus yIIIOB OpueHTanuu [rpaz] mpu t = 60 ¢

M (t, = 0,05 ¢) \ (t, = 0,005 c)
k=0
Y 3 v 2% Y 9 v 2, %
1 [-02473] 0,0108 [-0,0437] 7 [-02476]0,0110 [ -0,0435]| 3.6
2 [-0,2473] 0,0107 [-0,0436] 4.6 |[-0,2475]0,0109 | -0,0435| 2,3

3 1-0,247210,01099 | —0,0435| 2,3 |—-0,2473 | 0,0109 | —0,0434| 0
k=1
1/ —0,2455] 0,0109 10,0174 | 149 |—0,2431 | 0,0135 | —0,0245 | 43
—0,2470( 0,0116 [—0,0196| 121 [-0,2442] 0,0142 | -0,0312 | 39
3 | -0,2434] 0,0121 |—0,0276| 57 |-0,2463 | 0,0116 | —0,0301 | 44
k=2
0,7482 | 0,0985 | 0,1544 | 72 | 0,7530 | 0,0307 | —0,0024 | 578
0,7537 | 0,0979 [ 0,1604 | 73 [ 0,7527 | 0,0263 | 0,0024 | 700
3 10,7544 | 0,0991 | 0,1516 | 71 | 0,7524 | 0,0291 | 0,0089 | 587
k=3
1 | 28,933 | 61,124 | 4,194 95 |—3,1897| 57,889 | 2,1381 | 5
—29,360 | 60,358 | 4,258 98 |—3,1940 | 57,222 | 2,1409 1

3 29,366 | 60,359 | 4,259 98 |-3,1947 | 57,222 | 2,1413 0

k=4
—84,152 | 62,879 | 13,069 | 510 | —51,221 | 57,770 | 2,670 24
—85,265 | 61,888 | 13,353 | 523 | —51,301| 57,695 | 2,687 23
3 | 85,271 ] 61,888 | 13,366 | 524 | —51,298 | 57,691 | 2,679 25

N

~

N

~

N

' Opnan-10 [Dnexrponnsii pecypc] // Bukunmemms. URL: https:/ru.wikipedia.org/wiki/%D0%9E%D1%80%D0%BB%
D0%B0%D0%BD-10 (nara obpamenwust: 22.05.2021).
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VYcnoBust MOACIIUPOBAHUS:

— UHCTPYMEHTAJIbHbIE OIIMOKH ONpEAEICHUs YIJIOB OPUEHTAllMH OTCYTCTBYIOT, HO B HaJIMYHUU
He3aTyXalollie YIIIOBble TApMOHUYECKUE KOJIeOaHus: 00BEKTa C YIIIOBBIMH CKOPOCTSMH (Mozenb Ne 3,
k=3);

— UHCTPYMEHTAJIbHbIE OIIUOKH ONpPENEICHUs YIJIOB OPUEHTALMHU MIPUCYTCTBYIOT, U B HAIWYHU
HE3aTyXaoLUe YIIIOBblE TAPMOHUYECKUE KOJIEOaHUsI 00BEKTA C YITIOBBIMU CKOPOCTSIMH (Mozenb Ne 4,
k=4).

B peorcume nauanvroti 6blcmagku. 3Ha4E€HUS YITIOB OPUEHTALUN 00bEKTa BBIYMCIISUINCH Kak:

g Moxeneit Ne 0-2 g Moxeneit Ne 3-4

U™ = (U + AP™) + Ygsin(wy, + @1); Pt = (P + AY™) + Ygsin(wy + ¢1);

9" = (9 + A9") + 9, sin(wg + @,); 2) 9" = (9 + A9™) + 9,cos(wg + @,); 3)
Y" = (v + 4Y™) + ygsin (wy + @3); Y= (y +4Ay"),

rae Yg, 9g,Yq — aMIUIATYIbI TADMOHMYECKHX KOJEOAHUH 0OBEKTA; Wy, Wy, W, — YIJIOBBIE YaCTOTHI;

@i (i=1, ..., 3) — HayanbHble ¢a3bl Konebanuii; AY, A9, Ay — ”HCTpyMEeHTabHbIE OIIMOKH B Ompee-
JICHUH YTJIOB OpHeHTaluu; P, J, y — HayalbHbIe 3HAUEHUS YTII0B OPUEHTAIIMN 00bEKTA.
B peorcume nasueayuu u opuenmayuu. CoCTaBisIONIAE YTIIOBOM CKOPOCTH BHIYUCIISUIUCH KaK:
Js mopenei Ne 0-2:
n_n 1M airp QN XN. N — QN o n n yn,
Wyg= V" T Ysind" + wyp; wye = 9"siny™+ Ycosd"cosy™ + wyy; 4

wzg = 9"cos y" — Y"cosI"siny™ + wip,

rie (popMyIbl st Beraucienus Prt, 9m, y
U" = Yawycos(wy + @q)ty; 9" = Jgwgcos(wy + @)tn; Y = yamycos(my + (pz)tn.
Hnst moneneit Ne 3—4:
W= V" + Ysind™ + Wyp > Wyg = 9 siny™+ YcosOmcosy™ + wig + asin(2nf)t,; %)
OUSES 9"cos y* — Y"cos9siny™ + wip + acos(2mf)t,.
dopmystbl 1ist Beraucienus Y=, 97, v
P = Pa0ycos(@y + @1)tn; 9" = 9 0sin(wy + @z)tn; V" = 0.
Wurerpaisl y; = ff_ , Wig(n) dt, 1m0 NOTYYEHHBIM JIAHHBIM OT THPOCKOIIOB HAXOJMIIUCH € T10-
MOIIBIO:
— METOJIa TPareIuii:
v1 = 0,5, (0, + 0l;1); y2 = 0,5t (0, + 0y h); ys = 0,56, (w0l + i) (6)
’ g T ®xg ) ¥2 = UinlWyg yg J)» 3 = U2inlWzg zg )
— KyCOYHO-JIMHEWHOH anmnpoKCcUManuu 3-ro nopsijaka:

— 1 _
Y1 = 0;5tn((*)§clg + wgclgl) + Etnz(w;lg ’ wzclgl > (7
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— TIOJIMHOMHWHAJIbHOM alIpoOKCUMalun 3-to nopsaaKa:
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Yo = 0,56, (0fy + 0fy") + 16,2 ((03g)” + (05)") + 363 ((02)’ + (05Y)°).  ®

UL Y, ¥ Y3 aHAJOTHYHO.
Hnst moneneit Ne 0—4 ¢opmyna st yuera:
OIIMOKH aKcelIepoMeTpa:

¥, rpaz ©, rpax

W, rpai

ayo =2+2-0,01-randn(1), ana aj, u az, aHATOTUYHO; 9

OIMMOKHU TUPOCKOTA!

o =randn(1)-2,41-107% - ¢, , (t,

Ap

OIIMOKHN BEIYHCIICHHUS CKOpPOCTH:

Viy =20+ 0,3 randn(1), ana Vjy u

y

= 0,05 ¢), mis oom? ¥ W75 AHAIOTHYHO; (10)
V;g> aHAJIOTUYHO. (11)

Brruncenust mpoBOAWIMCH B Cpelle UMUTAIMOHHOTO MojenupoBanus Matlab [18]. Ilpunuma-
eTcs, YTO ClIydaiiHble MOTPEIHOCTH HaBUTALMOHHBIX JAaTYMKOB HE3aBUCHMBI, PACIIPEICIIEHBI TI0 HOP-
MaJbHOMY 3aKOHY C HYJIEBBIM MAaTEMAaTHUYECKUM OKUAAHMEM U MX IPEIECIbHOE OTKIOHEHUE COOTBET-
ctByeT 36 [19]. lna moaenupoBaHus CIIy4ailHBIX COCTaBIISIONIMX OIMMMOOK M3MEPHUTENICH HUCITOIh30Ba-
nack ¢yHkuus randn. @yHkuus GopMUpYET MacCHB YHMCEIl, PaclpeeIeHHBIX 110 HOPMaJIbHOMY 3a-
KOHY C MaTeMaTH4ecKUM okuaanueM 0 1 cpeTHEKBaApaTUUECKUM OTKJIOHEHUEM 1.

WutepBan nBmxenus o0bekTa (MHTErpupoBanust) — 60 c. 3aBUCUMOCTH M3MEHEHUS MapameT-
POB mpocTpaHCTBEHHOM opueHTaruu bJIA, yrioBoi ckopoctu apeida rupockomna v OMMOOK aKcee-
pomeTtpa (pu ucnonb3oBaHuu Mojenu Ne 1) mpeacraBieHsl Ha puc. 1. 3HaUeHUs MapaMeTPoOB IPO-
CTPAHCTBEHHOW OpUEHTAIlMU NP KCMOJIb30BaHUM Mojenu Ne 2 mpezacTtaBiieHsl Ha puc. 2. Ha puc. 3
NpEJCTaBICHbl 3HAYCHUS HOPMBI KBaTepHHOHA (1) mpu pa3nuyHBIX YCIOBUSAX MOJEIMPOBAHUS

(t, =0,05c; f=(6)).

0.01

0.005 e

300 1000

1] 200 400

t=60c

0 200 400, _ o

x 107

0)

400 (=60 ¢ 800 1000 N

m!Lh.||||lh||.u|4L|.ﬂn |

2
o = 2 M/c”

'MF”I[‘IF]"H il

400 ;=60 80D 1000 N

Puc. 1. 3aBUCUMOCTH ITPOCTPAHCTBEHHOM OPHEHTAIMH (2), YIJIOBOM CKOPOCTH yXo/a rupockorna (0) u ommoku
akcenepometpa (B)
Fig. 1. Dependences of spatial orientation (a), gyroscope drift angular velocity (6) and accelerometer errors (B)
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g X 10°
0.95
g |
& 09 N M=3.k =3
> 0.85 1l
a [e] 1000 2p00 3000 N
r=060c¢ =109
4
= 0.15 3
[s]
£ 041 2
ol ! ! ! 1H M=3,k=4
0 50 t=60c 150 N 00 1obo 2olao 3600 N
Puc. 2. 3naueHus napamMeTpoB IPOCTPAHCTBEHHON Puc. 3. 3nauennus HopMbl kBatepHuOHa (1) pu
opuenranun BJIA npu ncnonp3oBanuu Mmoaenn Ne 2 pa3IMIHbIX yCIOBUAX MOJCIUPOBAHUS
(t, = 0,05 c) (tn = 0,05 ¢; /= (6)) .
Fig. 2. UAV spatial orientation parameters values, while Fig. 3. Quaternion norm values (1), under various
using model No. 2 (t,, = 0.05 ¢) simulation conditions, (¢, = 0.05 c; /= (6))

B kauecTBe KOJIMUECTBEHHOM XapaKTEPUCTHUKU MOTPELIHOCTH B OMPECIIEHUU YIJI0B OpUEHTa-
LMY UCIIOJIb30BaJIach IMIUPHUUECKass METPHUKA:

> =(Aym + Aoy + Ayn)/3, [%], (12)

rae Ay =100 — (y /v5)-100 %, y> — BeranciaeHHoe 3Hauenne yrnmanpu k = 0u M = 3, t, = 0,005 c.

Br16op 3nauenuii napameTposB k, M, t,, B KaueCTBE 3TAJTOHHBIX 0OYCIIOBIICH CIICAYIOLUIMMHU MPU-
YMHAMHM: METOJMYECKas HAKAIUTHBAIOMAS IOTPEIIHOCTh ANTOPUTMA MPOIOPLHOHANBHA ~ t, > [7]
Y HOpMa KBaTEPHUOHA TEM MEHBbIIIE, YEM BBIIIE MOPAJOK aIrOPUTMA.

Kak mokasanu mnpoBeAeHHbIE HCCIIEIOBAaHHSA ISl PACCMOTPEHHBIX METOJOB HHTETPUPOBAHMS
(Tabi. 2), cpenHssi MOTPENTHOCTh B OMPEACICHUN YIJIOB OPUEHTAIMUA 03 ydeTa HadaIbHBIX OIMOOK HMX
ornpexaenenus (Mozaenb Ne 0) cocraBisier He Ooree 4—5 %, mpuueM ¢ yMEHBIIICHHEM I11ara MHTErPUPOBAHUS
3Ta MOTPEIIHOCTh YMeHbIaeTcs 10 2—3 %. [Ipu Hanuunu ommbok onpeaeneHus yriioB OpueHTauu (Mo-
nenb Ne 1) HanOoMbIIYI0 BEIYUCIUTENBHYIO POOACTHOCTH UMEET BTOPOH METOJ (aJITOPUTM HUHTETPUpPOBa-
HS, PEATM3YIOLIMHA BTOPOE MPHOIIMIKEHNE K METOly CpeIHEH CKOPOCTH), IPUYEM IIPU YMEHBILICHNH 11ara
uHTerpuposanus ¢ t, = 0,05 no t, = 0,005 ¢ norpemHocTs yMenbuiaercs ¢ 149 no 43 %. [Ipotusomno-
JIO>KHAsI CUTYaLUsl U1l 3HAYEHUH MMOrPEeIIHOCTH B ONPEJICNICHUH YIJIOB OPUEHTALMH NIPU HAJIMYMK He3aTy-
XaIOIIMX YTJIOBBIX TApMOHHYECKUX KoJieOaHWi 00bEKTa B COBOKYITHOCTH C YUETOM ITOTPEITHOCTEH H3Me-
pUTENe, He3aBUCUMO OT MeToj1a uHTerpupoBanus. [lpu ¢, = 0,05 =73 %, a npu t,, = 0,005 — g0 = 700 %,
YTO XapaKTEPU3YeTCsl BBIYMCIUTEILHON HEYCTOWINBOCTHIO AJITOPUTMOB TIO YIJIaM y U i (HEYCTOMIHBOCTb
00yCIIOBJI€Ha HEYCTOMYMBOCTBIO BHIUMCIIEHUS TI0 ITapaMeTpaMm JDitnepa — Aq, Az [3]).

[Tpu xaHOHMUYECKOM BHKEHUU 00BeKkTa (Momenn Ne 3—4), IOTpEIIHOCTH B BHIYHCIICHUH YTIIOB
cocTaBisAoT 24-25 % (tabn. 2), HE3aBUCUMO OT THUIMA MCIIOJIB3yEMOI0 alroOpuTMa, MpUYEM MO YTy
KpEeHa pa3HHIlA COCTABISET MpUMEpHO 51 rpajn, uto B 17 pa3 mpeBbIIaeT €ro dTAJOHHOE 3HAYCHHE.
3HavyeHus1 OMMOOK YIJIOB OPUEHTAllMU OOBEKTa MPU MCIOJIb30BAHUU PA3JIUYHBIX METOJOB BBIYMCIIE-
HUS 3HAYCHHUH YTIIOBBIX CKOPOCTEH OTIIMYAIOTCS He3HAUUTEIhHO — Ha 5—10 % (Tadi. 3), B TO e BpeMs
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MIPH KCTIOH30BAaHUH METOa Tparnenuil (5) KoMMuecTBO MaTeMaTUYECKUX OIepaluii MpUMEPHO B 2 pa-
3a MEHBIIIE TI0 CPAaBHEHUIO ¢ KyCOYHO-JIMHEWHOH anmpokcuManuei (7) u B 7 pa3 MEHbIIIE, YeM MPHU UC-
MOJIb30BaHUU MMOJIMHOMHAIBHOMN 3aBUCUMOCTH (8).

[IpyueM mpu yMEHBIIEHHM IIara MUHTETPUPOBAHMUS TOYHOCTb BBIUMCIICHHUS 3HAYEHHUH YTJIOB
OpHUEHTALINH PACTET.

Tadauna 3
Table 3
3Ha4YeHHUs YIJIOB OPUEHTAIMU M UX OIIMOKH JUISl Pa3IMYHbBIX YCIOBUN MOJETUPOBAHHS
Orientation angles values and their errors for different simulation conditions

k=0, M=3,(t, =0,05c) k=0, M=3, (t, =0,005 c)
S Y 9 ' Y 9 v
(6) | —0,2473 | 0,0108 |—0,0437 | —0,2476 | 0,0110 | —0,043
(7) | —0,2469 | 0,0110 | —0,0433 | —0,2475 | 0,0109 | —0,043
(8) | —0,2472 | 0,0109 | —0,0434 | —0,2474 | 0,0110 | —0,043
k=3 M=3, (t,=0,05c) k=3 M=3, (t, =0,005 c)
(6) | —28,933 | 61,124 | 4,194 |-3,1897 | 57,288 | 2,138
(7)| —29,365 | 60,351 | 4,259 |-3,1946| 57,222 | 2,141
(8) | —30,410 | 60,465 | 5528 | 2,2411 | 57,248 | 3,284
k=4 M=3, (t,=0,05c) k=4 M=3, (t, =0,005c)
(6) | —84,152 | 62,879 | 13,069 |—51,221| 57,770 | 2,670
(7)| 85,272 | 61,888 | 13,341 |—51,302 | 57,693 | 2,707
(8) | —86,256 | 61,953 | 14,551 | —51,381| 57,721 | 2,761

3AK/IFOYEHUE

[TpoBeneH cpaBHUTEIBHBIN aHAIN3 KJIACCUUYECKUX» aITOPUTMOB OPUEHTAIUH (TIOCTPOEHHBIX C
MOMOIIBI0 METOJIa MOCIEeI0BATEILHOTO MpuoImxkeHus [Inkapa), HCIONB3YIOMUX UHTETPATBHYIO TIep-
BUYHYIO MH(OPMALIMIO OT TUPOCKONOB MPHU HAIMYUU HE3aTyXaloIIUX YIJIOBBIX TAPMOHUYECKUX KOJe-
6anuit BJIA ¢ ManpIMu aMIUIUTYJaMH ¥ 9YaCTOTAaMH IPU BBITIOJHEHUH UM THIIOBOTO TOJIETA MO Maplil-
PYTY, 1 KaHOHUYECKOTO JBWIKEHHUS C MCIOJIb30BAaHWEM BBIYMCIHMTENbHON cpenbl Matlab. [{ns BJIA, y
KOTOPBIX OTCYTCTBYIOT WJIM MHUHHUMAJIbHBI HC3aTyXarOMUC YTJIOBBIC TapMOHHUYCCKUC KOHGGaHI/IH €ro
KOpITyca, P BHIOJHEHUH TUIIOBOTO MOJETa MO0 MapUIPyTy HAWIYYIIUM O TOYHOCTU U 0O0OBEMY BbI-
YUCJICHUM SABJISIETCS AJITOPUTM BTOPOIO MOPsAKAa TOYHOCTH, PEAU3YIOIIMI METOJ CpEeHEN CKOPOCTH.
Ero cpennsis morpemHoCcTs BBIYUCIEHHS YIII0B COCTABISIET OT 3,6 10 43 %, 4TO NPUMEPHO PABHO 3HA-
YEHUSM IOTPEIIHOCTEN IPU HCIIOJIIB30BAHUU PACCMOTPEHHBIX METONOB IIPU TPOECKPATHO MEHBIIEM
o0beMe MaTeMaTU4YeCKUX BbIYMCIIeHHWH. Hannune He3aTyXamomux HU3KOYACTOTHBIX TapMOHUYECKHX
KoJIeOaHUN 00BEKTA C YIIIOBBIMU CKOPOCTAMU C OOJNBLIIMMU aMIUIUTYJaMH IIPUBOJHT K IMOTEPE BBIYHC-
JUTENBHON YCTOMYNBOCTH PACCMOTPEHHBIX aIrOPUTMOB, IPUYEM HE3aBUCHMO OT PAaCCMOTPEHHBIX Me-
TOJOB BBIYUCIICHHA YTITIOBBIX CKOpOCTeﬁ.

CIIMCOK JIMTEPATYPbI

1. Kanas B.U., Capuukuii U.B., MactuxoB /I.A. KannOpoBka TpexocHOTo akceaepoMeTpa
M0 JAaHHBIM psifa W3MEPECHHH C pa3InyHON OpHeHTamue [DnekTpoHHBIA pecypc]| // MHXeHepHbIT

84



Tom 25, Ne 01, 2022 Hayunblii Becthuk MI'TY T'A
Vol. 25, No. 01, 2022 Civil Aviation High Technologies

BectHuk  Jloma. 2018. Ne 2. 7 c¢. URL: http://www.ivdon.ru/uploads/article/pdf/
IVD 161 Kaplya Savitskyi.pdf a5a49df4{3.pdf (nara obpamenus: 18.10.2021).

2. KupokypueB A.Jl., Mummn C.B. Oco0eHHOCTH aNTOPUTMHYECKOTO OOeCIieYeH s aBua-
IMOHHOW OecriaThOpMEHHON WHEPITUATHHOM HABUTAIIMOHHON CHCTEMBl M BO3MOXKHOCTb CHHTE3a BbI-
COKOTOYHOTO 0€3pa3roHHOr0 SKOHOMHYHOTO alroputma Osioka opueHTtanuu / COBpeMeHHbIE TEXHO-
norun. CuctemHsbIin ananu3. Moaemuposanue. 2013. Ne 3 (39). C. 120-126.

3. By IO., Jintmanosnu FO.A. Onpenenenue yriaosoit opueHraunu B BMUHC: CpaBHeHue
TPaJULMOHHBIX MOJX0A0B U METO/Aa (PYHKIIMOHAIBHOIO UTEPATUBHOIO MHTErpupoBanus // I'upocko-
nust 1 Hapuranus. 2020. T. 28, Ne 4 (111). C. 16-36. DOI: 10.17285/0869-7035.0047

4. Litmanovich Y.A., Lesyuchevsky V.M., Gusinsky V.Z. Two new classes of strapdown
navigation algorithms // Journal of Guidance, Control, and Dynamics. Junuary-February 2000. Vol. 23,
no. 1. P. 34-44.

5. JlodycoB E.C., ®omuueB A.B. Pa3paboTka u uccienoBaHue aaropuTMHUECKoOro obecre-
YEHUS JUIsi OCHOBHBIX PEXHUMOB (YHKIIMOHUPOBaHMs OecriaTGOpMEHHOW WHEpLUUaIbHOW CHCTEMBI
yIpaBJICHUS ABMKEHUEM M HaBUTALMU MaJIOrabapuUTHOTO KOCMUYECKOT0 ammapara [ DJIeKTPOHHBIN pe-
cypc] // UmxeHepHbld xypHai: Hayka W uHHOBarmu. 2013. Ne 10 (22). DOI: 10.18698/2308-6033-
2013-10-1095 (nara ob6pamenus: 18.10.2021).

6. UYeanoxoB F).H. KBaTepHHOHHBIE W OMKBATCPHUOHHBIC MOJEIH W METOJBl MEXaHUKH
TBEPAOIO TeJIa U UX NPUJIOKEHUs. ['eomeTpus U kuHemaTHka aBxkeHus. M.: @uszmariur, 2006. 512 c.

7. Yeanoxos I0.H., Ilepeasie C.E., UeanokoBa JI.A. VcciegoBanue aaropurMoB oIpe-
JeNIeHUs] WHEPLUAIbHOM OpUEHTaluu JBUXKyIIerocs oobekra // M3Bectus CapaToOBCKOro yHHBEp-
curera. HoBas cepus. Cepusi: Maremaruka. Mexanuka. Madopmaruka. 2016. T. 16, Ne 1. C. 80-95.
DOI: 10.18500/1816-9791-2016-16-1-80-95

8. Wu Y. RodFTter: attitude reconstruction from inertial measurement by functional itera-
tion // IEEE Transactions on Aerospace and Electronic Systems. 2018. Vol. 54, iss. 5. P. 2131-2142.
DOI: 10.1109/TAES.2018.2808078

9. WuY,, Cai Q., Truong T.K. Fast RodFIter for attitude reconstruction from inertial meas-
urement // IEEE Transactions on Aerospace and Electronic Systems. 2019. Vol. 55, iss. 1. P. 419-428.
DOI: 10.1109/TAES.2018.2866034

10. Wu Y., Yan G. Attitude reconstruction from inertial measurements: QuatFIter and its com-
parison with RodFIter // IEEE Transactions on Aerospace and Electronic Systems. 2019. Vol. 55,
iss. 6. P. 3629-3639. DOI: 10.1109/TAES.2019.2910360

11. Xu Z. Accurate direct strapdown direction cosine algorithm / Z. Xu, J. Xie, Z. Zhou,
J. Zhao, Z. Xu // IEEE Transactions on Aerospace and Electronic Systems. 2019. Vol. 55, iss. 4.
P. 2045-2053. DOI: 10.1109/TAES.2018.2881353

12. YeanokoB 10.H., IlepeasieB C.E., Yeanokona JI.A. [luddepennuanpabie KHHEMaTH-
YeCKHe ypPaBHEHHS BpAaIIAaTeIbHOTO IBIKCHHS TBEPIOTrO Tejla B UYETHIPEXMEPHBIX KOCOCUMME-
TPUUYECKHUX oTmepaTopax W HOBbIe anroputmbl opueHTaruu bBUHC // TIpoOGneMbl KpUTUUECKUX CH-
Tyalluil B TOYHOM MeXaHUKe M yNpaBlIeHUU: MaTepuaibl Becepoccuiickoit HayqHOW KOH(pEpEeHIH ¢
MEXIyHapoaHeiM yyactueM. CapatoB, 25-27 centsabps 2013 r. UIITMY PAH. Caparos:
«Hayxka», 2013. C. 315-320.

13. Yernokos 10.H., Ilepensies C.E. HoBble ypaBHEHUS U aNrOpUTMbl OPUEHTALMU U HAaBU-
raimu BMUTHC B yeThipeXxMepHBIX KOCOCUMMETPUYECKUX omepaTopax // HTerpupoBaHHbIE HABUTAIIH-
oHHBIE cucTeMbl: cOopHHK MatepuanoB XXI Cankt-IleTepOyprckoit MeXIyHApPOIHON KOH(MEPEHITUH.
Cankr-IlerepOypr, 26-28 mas 2014 r. CII6.: OAO "Konuepn "LIHMHM "Onexrponputdop”, 2014.
C.308-312.

14. Ilepeasies C.E., Yeanokos FO.H. HoBple anroputmel onpeneneHnus HHEPLUHUAIBLHOW OpHU-
eHranun oowvekra / [lpukiiagnas matematuka u Mexanuka. 2014. T. 78, Ne 6. C. 778-789.

85



Hayunblii Becruuk MI'TY T'A Tom 25, Ne 01, 2022
Civil Aviation High Technologies Vol. 25, No. 01, 2022

15. MapkesioBa B.B. MozaenupoBanue GecratgopMeHHONW WHEPIUAIBbHOW HABUTALMOHHOM
CHUCTEMBI B COCTaBE CTEHJa HaBUTAallMOHHOI'O KOMIUIEKca JieTaTeNbHoro anmapata / B.B. Mapkenosa,
A.B. Hlykanos, M.O. Koctumun, 1.0. Xapunos, O.0. XKapunos // HayuyHO-TeXHHUYECKUI BECTHUK
WH()OPMAITMOHHBIX TEXHOJIOTHH, MexaHuku wu omrtukd. 2017. T. 17, Ne 5. C. 903-909.
DOI: 10.17586/2226-1494-2017-17-5-903-909

16. MartBeeB B.B., PacionoB B.fl. OcHoBBI IocTpoeHUs OecrnaTdhOpMEHHBIX HHEPITHATBHBIX
HaBurannoHHbIx cucteM. CI16.: OAO "Konnepn "IIHUU "Dnexrporpudop”, 2009. 280 c.

17. MuxeeB A.B. Pa3paGoTka ¥ NMpuMEHEHHE MOJCIU ITYMOB JaTYMKOB MEPBUYHON HHGOP-
MAaIUU IPU MaTeMaTHIECKOM MOJICIMPOBAHUU PabOThI OecruiaTropMEeHHON MHEepIUATbHONW HABUTAITH-
oHHOM cuctembl // BectHuk CapaTOBCKOTO roCyIapCTBEHHOTO TeXHHUYecKoro yHumBepcuteta. 2009.
T.2,Ne 1 (38). C. 150-160.

18. IbsikonoB B.II. MATLAB 7./R2006/R2007: Camoyuutens. M.: IMK Ilpecc, 2008. 768 c.

19. 'onoBau C.B. MeToapl HCIIBITAaHUN U KaTMOPOBKU OecruiaT()OpMEHHBIX HMHEPIHATbHBIX
HAaBUTallMOHHBIX CUCTEM: JMCC. ... KaHJA. TeXH. HayK. Kues: HallmoHanbHbBIN TEXHUYECKHUI YHUBEPCHU-
TeT Ykpaunsl "KueBckuil noaurexHudyeckuii “HCTUTYT umenu M. Cuxopckoro", 2017. 170 c.

CBEJEHMSA Ob ABTOPAX

Canbko AHApell AHATOJIbEeBUY, KAHIUJIAT TEXHUUYECKUX HAYK, AOLECHT yUpexAeHUs o0pa3o-
BaHus «benopycckas rocyaapcTBeHHas akaJeMusl aBHanumn», min.777.144@mail.ru.

HleiinnkoB Asekceil AjlekceeBHY, KAaHIUIAT TEXHUYECKUX HAYK, IOIEHT YUPEKIEHUsI 00pa-
3oBaHus «Boennas akanemusi PecnyOnuku benapyce», hobat097@yandex.ru.

ANGULAR ORIENTATION DETERMINATION IN SINS: TRADITIONAL
ALGORITHMS COMPARISON

Andrey A. Sanko', Aleksey A. Sheinikov?
Belarusian State Academy of Aviation, Minsk, Belarus
’Military Academy of the Republic of Belarus, Minsk, Belarus

ABSTRACT

The principle of organization of strap-down inertial navigation systems is based on numerical integration of angular velocities and
accelerations. The purpose of numerical integration algorithms is to approximate the behavior of a dynamic system (unmanned
aerial vehicle — UAV) with continuous time using a digital computer. The efficiency of numerical integration is determined by the
accuracy and stability of the computational process. The integration algorithm may have a small integration error, but at the same
time be inefficient due to the instability of the numerical method when the step or conditions of integration change. The standard
way to test integration algorithms for stability is to test them under control operating conditions (when performing a typical UAV
flight along the route and canonical movement). The article presents the results of simulation modeling of traditional numerical
integration algorithms in the conditions of rectilinear and conical UAV motion, when calculating the values of angular velocities by
various methods. The analysis of the obtained research results is carried out, which allows us to choose an algorithm that has an
advantage with respect to accuracy and computational simplicity, depending on the flight conditions. For a UAV that has no or
minimal undampened angular harmonic oscillations of its body, when performing a typical flight along the route, the best, in terms
of accuracy and volume of calculations, is a second-order accuracy algorithm implementing the average speed method. Its average
error in calculating angles ranges from 3.6 to 43%, which is approximately equal to the errors values when using the considered
algorithms (an algorithm implementing a second approximation to the average speed method, a one-step algorithm of the third-
order of accuracy), with a three-fold smaller amount of mathematical calculations.

Key words: moving object, Rodrigues-Hamilton parameters, orientation algorithms, modeling, UAV, polynomials, angular
velocities.
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DESIGN OF THE THERMOMECHANICAL CLAMP JOINT OF MATERIALS
WITH SHAPE MEMORY EFFECT FOR UNMANNED AERIAL VEHICLE

YA.A. KUPRIYANOVA'?
"Dolgoprudny Research and Production Enterprise, Dolgoprudny, Russia
’Moscow Aviation Institute (National Research University), Moscow, Russia

Currently, materials with shape memory effect (SME) are widely utilized in the field of joining thin-walled shells. The application
of SME materials in the joining of unmanned aerial vehicle (UAV) compartments makes it possible to increase the accuracy, high
assembly manufacturability to perform multiple joint assembly-disassembly work and ensures the forces transfer from UAV
different surfaces in compliance with the specified strength conditions. The paper considers a design technique for a detachable
clamp (tape) joint, made up of SME material, of UAV small-diameter compartments. The clamp is an open shell made up of SME
material. Before installation, the clamp is cooled, and the required shape is given to it. When heated, its diameter reduces to the
specified to ensure tightness and absence of clearances in the design. The critical parameters were specified. They are required to
solve the problem of parametric optimization of the clamp joint, whereby the joint will meet the strength requirements and have the
minimum mass. Based on the calculation of a clamped joint, the calculation algorithm, that allows the calculation of tape
connections for various diameters UAV compartments, was obtained. A computer model of joining in CAD Solid Works with the
parameters that comply with the structural strength requirements was created. Based on geometry of the model and the properties of
the stated materials, the calculation of structural mass under various values of the inclination angle of the clamp surface was carried
out. The method of designing a clamp joint, made up of titanium nickel, is represented. The dependences of compartments joints
strength on the clamp parameters and a set of parameters, allowing us to design the working structure of the clamp joint with the
lowest mass, are found.

Key words: unmanned aerial vehicle, clamp joint, shape memory effect.
INTRODUCTION

When designing small-sized unmanned aerial vehicles (UAVs) with a mid-ship diameter less
than 800 mm, in addition to the classic tasks of reducing weight and increasing the strength of the de-
sign, problems of ensuring the article high technological effectiveness arise.

Currently, the two types of joints: point and contour, are primarily used in UAV designs for
connecting compartments to each other. The use of point (flange) joints leads to the necessity of mak-
ing numerous threaded holes and flanges, which increases the structural mass [1]. Therefore, the con-
tour joint is prevalent for connecting small diameter UAV compartments. These joints are comprised
of telescopic and clamp (tape) connections. A telescopic one has a number of drawbacks — big length,
the requirement of high accuracy for frames surfaces, the complex structural assembly [2]. As a result,
it is more efficient to use clamp (tape) joints to connect UAV compartments of small diameter. The
disadvantages of this joint involve available tightening bolts that are necessary to ensure the sufficient
tension of the clamp, which affects the UAV performance. A possible solution to this problem may be
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SME materials utilization in the construction. The effect of shape memory is the property of the exten-
sive class of materials, which possess the reversibility of inelastic deformation [3—11]. SME alloys
have been widely utilized in aerospace engineering, which is represented in works [12—-15], e.g. as
special couplings that provide the required tension. The use of SME detachable clamps for missile
bodies will not only allow us to ensure all the forces transfer from one part of the UAV to another in
conformity with the conditions of strength and rigidity, but also to fulfill the key technological re-
quirements i.e., to automate a process of assembly, improve its accuracy, create the possibility of high-
quality compartments joining without special tools and cooperative processing of compartments mat-
ing surfaces.

This article solves the designing problem of a clamp joint for small-diameter UAV compart-
ments using SME materials, which have high manufacturability and meet the strength conditions.

SOLUTION ALGORITHM

The design of the studied clamp (tape) demountable joint is shown in Figure 1. A clamp tape is
an open envelope made up of SME material. When heated, its diameter decreases to the specified to
provide tightness and absence of clearances in the structure. The application of SME clamp ensures
absence of after-assembly residual stress and makes it possible to fulfill a hidden threaded coupling
that is flush with the article caliber, which has a positive effect on the UAV performance. Compart-
ments are connected by means of a projection on one of the frames [16] in order to limit radial dis-
placements. Thus, the clamp is utilized to prevent axial movements and shells turnover along the axis
of rotation.

e

Fig. 1. The clamp (tape) demountable joint of the UAV compartments:
1,2 — UAV compartments body; 3, 4 — joint frames; 5 — the clamp

AMg6 aluminum (which has breaking strength g, = 300 MPa) and titanium nickel TN-1(o, =
800 MPa) were selected as the model materials for the UAV body and clamp, respectively.

At the first stage of designing, it is necessary to establish an initial set of clamp geometric pa-
rameters stemming from the limitations imposed on the UAV body (fig. 2). After identifying the pa-
rameters for the purpose of reducing the joint unit mass and increasing its strength performance, it is
essential to accomplish a task of parametric structure optimization [17]. At the same time, establishing
the optimal parameters for the clamp joint, under which the joint will satisfy the strength, resistance to
aerodynamic heating requirements and have the minimal mass, is required.
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T

Fig. 2. Geometric parameters of the clamp cross-section

The major parameters for this problem solution are as follows:

— the average radius of clamp R;

— the angle of clamp surface inclination &;

— the area of clamp cross-section F, = hL — ab — b?tg# (fig. 2);

— the area of joint section F = 2mRS.

While contour connecting, loading from one UAV compartment to another is imposed along
the entire perimeter, which makes the skin operate in full (fig. 3).

A

Fig. 3. Loading scheme of the clamp joint

Linear load on the joint is calculated on the basis of the plane sections hypothesis:

s = (%Rcosw + g) 6= %cosgo + %, (1)
where M is the bending moment; N is the longitudinal force; J is the inertia moment; ¢ is the circum-
ferential coordinate; § is the wall thickness; R is the average radius.

In the loading case, the clamp is the element responding merely to tensile loads. Load s exerts
pressure g from the frame side on the contact surface with the clamp and friction forces pq within the
contact plane (fig. 4, 6).
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Fig. 4. Loading scheme of the clamp
The projection of these forces on the horizontal line should be equal to s:

qcosf + ugsinf =s

From which

q =
If the value of ¢ is known, you can find the resulting vertical component g,

qs = 2q(sin@ — pcos0)

cos@+usiné

Vol. 25, No. 01, 2022

2)

3)

“4)

Since the friction coefficient depends on many factors and can be very small, it can be accepted

as u =0, and the load can be determined by the following formulas:

N

q:

qs = 2s tg 0

cosB’

)

Distributed forces q,(fig. 4, a), acting around the clamp circumference, cause the clamp elonga-
tion. The value of the tensile forces N, can be found on the basis of the equilibrium condition, mental-
ly cutting the clamp by a horizontal diametrical section (fig. 5). The acting force on the clamp element
will be equal to qzR d¢, where dg is the central angle corresponding to the element.

N

Al

Fig. 5. Tensile forces in the clamp section
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Having taken the sum of the forces vertical components acting on half a clamp, we obtain the
following equilibrium equation:

/2 .
2N, =2 fon qsR sin @ do (6)
From which
N(p = gqpR (7N

Tensile stress in the clamp, which determines the condition of strength, can be obtained by
means of dividing the force of Ny by the cross-sectional area of the clamp F;:

=

? < [o] (8)

Fu

Gmax

Further, a stress analysis is executed. The factor of safety: n = g, /0 is equal to 1.5.

If the condition (8) is not met, the checking calculation is repeated under a new set of parame-
ters.

Figure 6 shows the algorithm of designing computation for the clamp demountable joint, which
can be utilized to compute joints of UAV compartments with different diameters.

INITIAL DATA:
Linear load s, the
parameters of clamp,
compartments, frames, bolts

Selection of the

parameters:

Bo€[5°, 50°], Bi=6¢+0.1-i

i=[1,2.....1]

Ro=0.5M. Remue=0.8M.

R=Ro+/ No

Strength test calculation

# Yes
Choice of the least-mass construction
Construction of the working model

Fig. 6. The algorithm for computation of the clamp detachable joint parameters

CALCULATION RESULTS

On the basis of the developed algorithm, some calculations were carried out, the results of
which are graphically displayed in Figures 7-10. The calculation was conducted for the following pa-
rameter values: L = 50 mm, @ = 20 mm, b = 13 mm selected from the condition of the highest manu-
facturability.
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Fig. 7. Dependence of the tensile force on the surface inclination angle 6

Figure 7 illustrates that the tensile force increases steadily as the inclination angle of surface 0
does. Herewith, the radius of the clamp connection R influences its increase: the greater the value of R,
the lower the value of N,,.

f, 1075 H/m

—-R=05 —R=06 R=0.7 R=038

&, . deproes
Fig. 8. Dependence of the frame pressure on the clamp on the inclination angle of the clamp surface 6

Figure 8 gives that the pressure from the frame side on a clamp increases steadily along with
the angle increase 6. Likewise, in Figure 9, a dependence of the value g, on the value of R is noticea-
ble: the greater the value of R, the lower the value of ¢,, which indicates that when choosing an optimal
diameter of a clamp connection from a variety of options, from the point of view of strength, a clamp
joint with the maximum value of R is preferable.
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Fig. 10. Dependence of the joint strength on the angle of inclination of the clamp surface

Figure 10 illustrates the area within which the strength condition for TN-1type material with
SME (this area is below the tolerance limit) is met. In accordance with Figure 10, one can find the
maximum allowable values of clamp surface inclination angles for different radii of clamp fitting un-
der which the strength condition for the nitinol clamp is fulfilled:

-9 <24° forR=0.5m;
-0 <27°forR=0.6 m;
-0 <30° forR=0.7 m;
-9 <32°forR=0.8 m.
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At the angles of 0, exceeding the specified values, the tensile force and the pressure, acting on a
clamp from the side of frame, fall outside the allowable maximum load, as it is depicted in Figure 10.

Based on the computation results of the ANSYS software solutions, a parametric finite element
clamp model was designed. Using the "Response Surface Optimization" module, the analysis of the
model with the parameters of the clamp geometry, physical and mechanical characteristics of the mate-
rial and the maximum values of stresses and deflection under limitations was carried out:

Omax < Oxon
Wmax < Woon

where o,,, and wy,, are the tolerance values of stresses and deflection,
Whax 18 the maximal deflection value.

Multi-purpose search was adopted as an optimization algorithm. As a result of optimization, the
region of compromise solutions, which visualization is represented in Figure 11, was obtained. The
criterion of minimum mass was selected as the major optimization one. According to this criterion, the
optimal design and engineering solution of the clamp construction was selected from a variety of the
obtained compromises. The value of the optimal parameters of a clamp joint is given in Table 1.

The resulting set of parameters allows you to design the working structure of a clamp joint with
the lowest mass.

Table 1
Parameter Value
0, degrees 32
R, meters 0.8
h, m 0.025
n
} |}
L = 1 I
) _. r I L
E Py el
; 0.5 ] . \'\‘ Fan

2 A
= 550 \g?a
A
f
18 600

Fig. 11. Region of compromise between the equivalent
values of stresses, deflections and clamp mass

CONCLUSION

The design problem of a clamp joint of small diameter, using SME materials, was set and
solved.

The computations with the use of the ANSYS and SolidWorks software solutions enabled us to
design the optimal clamp joint construction that meets the conditions of strength and minimum mass.
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IHNPOEKTUPOBAHUE TEPMOMEXAHUYECKOI'O XOMYTOBOI'O CTBIKA
N3 MATEPHUAJIOB C DOPEKTOM TAMATHU ®OPMbI
JJIAA BECITMJIOTHBIX JIETATEJIBHBIX AIIITAPATOB

S.A. Kyrlpmmonal’2

! Joneonpyonenckoe HayuHo-npouzeoocmeentoe npeonpusmue, 2. /{oneonpyouuiii, Poccus
Mockosckuil auayuoOHHbIL UHCMUMYm (HAYUOHATbHBIU UCCIe008aAMENbCKULL
yHusepcumem), 2. Mockea, Poccus

B Hacrosimiee Bpemst Matepuaisl ¢ dddextom namsta Gopmer (DI1D) Hanum MHMPOKOES MPUMEHEHHE B 00JIACTH COCITUHCHUSI
TOHKOCTEHHBIX 000j104eK. Vcnosnp3oBanue mMarepuayioB ¢ OI1D B coeMHEHNN OTCEKOB OECIIMIIOTHOTO JIETATENHHOTO arapara
(BITJIA) mo3BossieT MOBBICUTh TOYHOCTh M TEXHOJOTHYHOCTh COOPKH, BBIMOJHITH MHOIOKPATHYIO COOPKY-pa3OOpKy CThIKa U
o0ecreunBact nepeiady yCHUIHi ¢ pasHbIX moBepxHocTeil BILJIA ¢ coOmomerneM 3alaHHBIX YCIOBHI POYHOCTH. PaccMoTpeHa
METOJIMKA MPOEKTHPOBAHMS Pa3beMHOTO XOMYTOBOIO (JIEHTOYHOT'O) CTBIKA, BBITIOJIHEHHOTO M3 Marepuana ¢ 3¢pQexToM mnamsTu
topmbr OI1D, orcekoB BILJIA manoro muamerpa. XOMyT HpeICTaBisSeT cOOOM HE3aMKHYTYIO OOOJIOUKY, BBIIOJHEHHYIO W3
Marepuana ¢ DI1®. [lepen ycTaHOBKOH XOMYT OXJIaXIAeTCs, M eMy 3aIafoT HeoOxommmyto (opmy. [Ipu HarpeBe ero quamerp
YMEHBIIACTCA [0 33JIaHHOTO U1 OOECIICUeHHMsS] TEPMETHIHOCTH M OTCYTCTBHS 3a30pOB B KOHCTPYKIMH. BeUIM ompeneneHbI
OCHOBHBIE TIAPaMETPHI, HEOOXOIMMBIE IS PEIICHAS 3a/1aull TTApaMeTPUUSCKON ONTUMH3AINHA XOMYTOBOTO CTBIKA, TIPH KOTOPBIX
coeqiHeHne OyJeT OTBeYaTh TPEOOBAHISAM MPOYHOCTH M MMETh MUHUMAIBHYIO Maccy. Ha ocHOBe pacuera XOMyTOBOTO CTBIKA
OBUT MOJMy4YeH aJrOpUTM pacuera, IO3BOJLIIONIMI MPOBOIWTH pacdeT JIEHTOYHBIX coequHeHHuit orcekoB BIUIA pasmiunbix
muameTpoB. beita co3maHa kommbroTepHas Mompens coeauHenumss B CAIIP SolidWorks ¢ mapamerpamu, OTBEYarOIIMMU
TpeOOBaHMSIM MPOYHOCTH KOHCTPYKIHMK. Ha OCHOBE TreoMeTpry MOJIENN 1 CBOKCTB yKa3aHHBIX MaTepUaioB ObLI IIPOBEIEH pacyeT
Macchl KOHCTPYKLMH MPH Pa3IMYHBIX 3HAUCHHUSIX yIVIa HaKJIOHA MOBEPXHOCTH XoMyTa. IIpuBeneHa MeToauka MpoeKTUPOBAaHUS
XOMYTOBOTO CTBIKA, HM3TOTOBJIEHHOTO W3 HHKeNuIa TUTaHa. HalijeHbl 3aBHCHMOCTH NPOYHOCTH COEAMHEHHS OTCEKOB OT
MIapaMeTpoB XOMyTa U HabOp MapameTpoB, MO3BOJIIIONIMI CIIPOEKTHPOBATh Pab0OUyI0 KOHCTPYKIMIO XOMYTOBOTO COEJMHEHUS C
HavMEHbIIEH MaCCOH.

KroueBble cii0oBa: OECITIOTHBIH JICTATENBHBIH armapaT, XOMYTOBBIH CTBIK, 3(P(MeKT maMsITy GOpMBL.
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