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AnHoTauus. AkmyanreHocms u yeay. OCHOBHBIMH 3aJjaduaMH, PEIIAEMBIMH CITy:KOOH yIpaBIeHUS BO3AYIIHBIM
IBIDKEHUEM, SBIISIOTCS: OOeCIIedeHne BhIIETa U MpHeMa BO3AyIIHBIX cynoB (BC) cormacHo cyTodHOMY TIaHy; BBIIA-
Yya TUCIIETYEPCKUX Pa3pelleHHid; CBOEBPEMEHHOE yCTAaHOBJICHNE OrpaHIUYeHUH o mpuemMe u Boimycke BC mo cocros-
HHUIO a3pPOAPOMOB, Ha3eMHOTO OOOPYIOBaHUS, METEOYCIOBHUIM; obecredeHrne BriBoga BC Ha mocaaky ¢ HOMOIIBIO
MOCAJIOYHOTO PaUOJIOKATOPa; MPEJOTBPAIICHHE MTOCAIKK Ha HEMOJTOTOBJICHHbIE B3JIETHO-TIOCA0YHON MOJIOCH; TO-
CTOSIHHBIN KOHTPOJIb 3a ABUIKCHUEM BC ¢ ucnonn3oBaHneM Ha3eMHBIX PaaUuOTEXHUYCCKUX CPEICTB, o6ecnequMe
skunaxeid BC onepatuBHOW MH(OpManuel o BO3aylIHOM 0OcTaHOBKE; NpeaoTBpalieHue otkionennii BC or ycra-
HOBJICHHBIX TPacc, MaplUIPyTOB, CXEM CHH)KEHHS U 3aX0/1a Ha MOCaJKy, KOPUIOPOB BXOJAa U BbIXOJa U3 pailoHa a’po-
JIpoMa; oOeCIieYCHNEe YCTAHOBIICHHSI TOHHBIX WHTEPBAJIOB JIICIOHMPOBaHUS Mexny BC; mHpopmanus skunaxed o
MecToHaxoxkaeHHU BC 1 MeTeopoIornieckoii 00CTaHOBKE; COOOIIECHUE IKHUIIAKEM CBEACHUH O HAIMYNH U XapaKTepe
OITaCHBIX METEOSBIICHUI B paifoHe MOJETOB U BhIAaYa PEKOMEHIAIMN 110 X 00XO0/y; MOCTOSTHHOE B3aUMOICHCTBUE C
JUCTIETICPCKIMH ITyHKTaMH TPaKIAHCKOHN aBHALlMH M IPYTHX BEIOMCTB JUIS COTJIACOBAHUS yCIOBUH TOJIETOB M 00ec-
MeYeHUs] UX OE30MaCHOCTH M PETYISIPHOCTH; HETPEPEIBHOE MpOCTyImuBaHue paanoctanimii BC u BexeHne pannood-
MEHa 10 YCTaHOBJICHHBIM MpaBUiiaM U (paseosioru. B HEKOTOPBIX a3pornoprax JOCTaBKa Ha MOCAJKY TaK¥Ke Hpery-
CMaTpHUBAeT 3allyCK CaMOJIETOB M 3amyCK ABUTaTeneil. Mamepuanvl u memoOsi. JTa TMO3UIHS OCOOCHHO BakHA B
CHJIBHO TIeperpy’KeHHBIX a’pOIopTax, YTOOBI MOBBICUTH Oe30macHoCTh. [loka3aHo, 9To cuctemMa 00pabOTKU MOJIETHBIX
JaHHBIX YHOPpaBJIgA€T BCEMU JaHHBIMU, OTHOCAIIMMUCA K IMOJICTHOMY IUIaHY, BKJIO4Yas — B HU3KOM MJIM BBICOKOM CTere-
HU — UHPOPMALIUIO O TOPOIKKE MOCIE YCTAHOBICHHS KOPPEISIMKA MEXIAy HUMHU (IUIaH MOJeTa U TpeK). Pesynvmamul
u 6b1800bl. Best aTa mHMOpMAIHS pacpOCTPAHSIETCS HA COBPEMEHHbBIC ONEPAMOHHBIC CUCTEMbBI OTOOPAXKCHHS, YTO
JIeJIaeT ee JOCTYIHOM JIJIsl KOHTPOJUIEPOB.
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HAAEXHOCTD M1 KAYECTBO CAOJKHBIX CUCTEM. 2022. Ne 1

Abstract. Background. The main tasks solved by the air traffic control service (ATC) are: ensuring the depar-
ture and reception of aircraft (AC) according to the daily plan; issuance of dispatching permits; timely establishment
of restrictions on the acceptance and release of aircraft according to the state of airfields, ground equipment, weather
conditions; ensuring the withdrawal of the aircraft for landing with the help of a landing radar; prevention of flights on
unprepared runways (runways); constant control over the movement of the aircraft using ground-based radio equip-
ment; providing aircraft crews with operational information on the air situation; prevention of aircraft deviations from
the established routes, routes, descent and approach patterns, entry and exit corridors from the aerodrome area; provi-
sion of established separation intervals between aircraft; crew information about the location of the aircraft and the
meteorological situation; reporting by the crew of information about the presence and nature of dangerous weather
events in the flight area and issuing recommendations for avoiding them; constant interaction with civil aviation con-
trol centers (CA) and other departments to agree on the conditions of flights and ensure their safety and regularity;
continuous listening to the radio stations of the Armed Forces and conducting radio exchange according to the established
rules and phraseology. At some airports, landing delivery also includes starting aircraft and starting engines. Materials
and methods. This position is especially important at heavily congested airports to improve safety. The flight data pro-
cessing system is shown to manage all data related to the flight plan, including — to a low or high degree — track infor-
mation after correlation between them (flight plan and track). Results and conclusions. All of this information is ex-
tended to modern display operating systems, making it available to controllers.
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Nmeromuiics onbIT pa3pabOTKH aBTOMATU3UPOBAHHBIX CHCTEM YIPABICHHS BO3IYIIHBIM JIBUKCHUEM
MOKa3bIBAET, YTO JIS PEIICHUS 3a7]aud COTJIACOBAHUS BHEIIHUX W BHYTPEHHUX CPENICTB CUCTEMBI HEOOXO-
JUMO HCCIIeJIOBATh BHYTPEHHUE CPENICTBA JESITEIbHOCTH YENOBEKa, T.€. KOHLENTYyaJlbHYI0 MOJENb Oonepa-
TOpa CUCTEMBI.

KoHnnenryanpHass MOJIeTh — 3TO CUCTeMa HABBIKOB W IIPEIICTaBICHUH («00pa30B») omeparopa o pe-
aJTBHOHN W MPOTHO3MPYEMOil 00CTaHOBKE, B KOTOPOW OCYIIECTBIIIETCS BO3AyIIHOE nBMxkeHne. ConepxaHue
3THUX TICUXOJIOTUYECKUX «00Pa30By MO3BOJISIET MBICIEHHO MPEICTABUTh KAPTUHY HOPMAIBHOTO NIPOTCKAHHUS
mpoliecca U Mpe/noiaraeMbIX OTKIIOHEHUH OT HETO, BO3MOXKHEIX ITyTeH W CITOCOOOB BO3ACHCTBHUS HA JIBU-
JKEHHE BO3YIIHBIX O0OBEKTOB B 30HE CBOECH OTBETCTBCHHOCTH.

Uem criojkHEe MPOTEKAoNe B 00BEKTE MPOIECChl, YeM OOoJbIle KOHTPOIHUPYEMBIX MapaMeTpoB H
TOYEK MPHIIOKEHUS YIPABISAIONINX BO3ACHCTBUH, TeM OoJiee CII0KHAs CUCTeMa B3aMMOCBSI3eH MEXIy HU-
MU, TE€M IIUpE U pazHooOpa3Hee JOKHA OBITh KOHIENTYalbHas MOJIeNb oneparopa [1]. 3aeck ynpasneHue
BO3IYIIHBIM JIBUKEHUEM MpruoOperaeT ocoboe MoIokeHHe, 000CHOBAHHOE HEBO3MOYKHOCTHIO OCTAHOBHUTH
MPOIECC BO3AYIIHOTO ABIDKEHHS W HETPEACKa3yeMOCTHIO IOCIEACTBHI MOJHOW BHIPAOOTKM TOIUIMBA Ha
BO3/YIITHOM CyHE Oe3 obecrieueHus 01aromoryyHoro ucxoa moiera [1].

UccnenoBanus mokasaiy, 4TO B KOHIIETITyJIbHYEO MOJICNIb BXOJISAT HE TOJIBKO 00pa3bl U MPeICTaBIIe-
HUSI, UTPAOIe POJIb 00OOIIEHHBIX CXEM IOBEICHHS, HO U Takue CYOhEKTHBHBIC DJIEMEHTHI, KaK MOOYX-
JTAIOIINEe MOTHUBHI ICATEIBHOCTH, CYObeKTHBHAS 3HAYNMOCTD, ITPEIBUCHIE TIOCIEICTBHI Pa3BUTHS CUTYya-
MU W peanu3aliyl YIpaBJAIONINX BO3ICHCTBHUM, 3HAHWUE BEPOSITHOCTEW CTPYKTYPHI COOBITUH H T.II.
CrneyeT Takke OTMETHUTh, YTO MPH YIIPABICHUH BO3AYIIHBIM JBIKEHUEM MPEABUICHUE TIOCICICTBUN pa3-
BUTHS CUTYaIMi TOJPKHO OBITH COM3MEPUMO CO CKOPOCTBIO MIPUHUMAEMBIX MEp IO HEIOMYIIECHHIO HaHece-
HUS ymiepOa v THOCIH JTFOACH.

Ha ocHoBanmm momydaemoii WHGOPMAIIMK U COTIOCTABIIEHHUS €€ C TMICUXUYECKHM 00pa3oM OmepaTop
CHCTEMBI yIIpaBIeHUs BO3AYIIHBIM ABmkeHneM (YBJl) gomkeH Mo BO3MOKHOCTH OBICTPO U TOYHO OIpere-
JUTh MECTO M XapaKTep peabHOTO WIIM MPOTHO3HPYEMOTo HAapyUICHHUs, ONpPEAeTUTh Hanbolee MpaBHilb-
HBIA B CJIOXHBIIEHCS CUTyallMW CIIOCOO yCTpaHEHWs HapyLIeHHS, IOJDKEH OLIEHUTHh OIMMAaCHOCTb M BPEMs,
KOTOPBIM OH BIIPaBE€ pacnojiarath sl pelIeHUs TeKylen 3anaqu [2].

[IpoBeneHHBIE 3KCHEPUMEHTHI TO3BOJSIOT CACNATh BBIBOABI O TOM, YTO KOHIICNITYaldbHas MOJCIb
JIOJDKHA BKJIFOYATh HECKOJIBKO YPOBHEH, MO3BOJIAIONIMX paboTaTh omeparopy Oosiee ObIcTpo mim Oosee
MEJICHHO, 00JIee TOYHO WIJIHM MPHOIIKEHHO [2].

K HacTosmemMy BpeMeHH TPEUIOKEHO TOCTATOYHO OOJBIIIOE YUCIIO KAYeCTBEHHBIX U KOJIMYECTBEH-
HBIX MOJIEJIel pa3HbIX BUAOB ONMEPATOPCKON AEATENbHOCTH, KOTOPHIE ITUPOKO OCBELICHBI B OTEYECTBEHHON
U 3apyOexHoi nureparype. CaenaHbl MONBITKA KilacCU(DUKAIMUA 3THX MOJEJCH MO0 pa3HbIM IPU3HAKAM:
MCTIOJIB3yEeMOT0 MaTeMaTHIECKOTO arapara, Ha3HaueHus] MoZieliel, BUIa OnepaTopcKoil nestensHocty [3].
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RELIABILITY AND QUALITY OF COMPLEX SYSTEMS. 2022;(1)

[IpoBeneHHbIe UCCIIEOBAHUS MTOKA3aIH, YTO METO/IBI MAaTEMaTHUYECKOTO MOJIEIUPOBAHHUS MTO3BOJISIOT
pemaTts 3aJadd MPOEKTHPOBAHUS NIEATENFHOCTH oleparopa cucteMsl YBJl Hambonee MOIHO, MOCKOIBKY
OHH OTBEUAIOT CIEAYIONINM TpeboBanmsM |3, 4]:

— BO3MOXHOCTD MOJIYYCHUS KOJIMYECTBEHHBIX PE3yJILTATOB;

— BO3MOXXHOCTh Ha OJJHOM SI3BIKE OIHMCHIBATH U OIICHUBATH JACATEIBHOCTE YeIIOBEKa, paboTy TeXHUYE-
ckoif vactu 1 pyaknuonupoBanue Bceit AC YB/;

— OTCYTCTBHE HEOOXOAMMOCTH B HETIOCPEICTBEHHBIX IKCIIEPHUMEHTAIBHBIX HCCICIOBAHUAX MPH pe-
LICHUU PAJla 33]1a4 HHKCHEPHO-TICUXOJIOTUYECKOT0 MTPOCKTUPOBAHNS;

— BO3MOYKHOCTH Tepedopa ¥ CpaBHEHHUS OOJIBIIOTO YMCIA allbTEPHATUBHBIX BAPHAHTOB PEIICHUS OT-
JIebHBIX 3a7a4.

OnHako ombIT pa3pabOTKH MaTeMaTHYECKUX MOJEIIEH IEMOHCTPHUPYET, YTO MaTEMaTHIECKUE MOZICITH
SIBJISIFOTCSL YaCTO YTPOIIEHHBIMHU, HE MUMEIOIIKUMHU JTOCTATOYHOM MPAaKTUUYECKOW IIEHHOCTH, JAIOUIUMHU HU3-
KYIO JTOCTOBEPHOCTH MOJy4aeMBbIX pe3yJIbTaToB. VccienoBanus mokas3aiu, YTO OCHOBHOM MPUYUHON 3TOTO
SBIISIETCSI TO, YTO OHU IOCTPOEHBI, KaK MPaBIIIO, O€3 y4eTa IMCHXUIECKUX MPOIECCOB AESTETFHOCTH Yeo-
BeKa Ha YPOBHE, KOTOPHII COOTBETCTBYET S3bIKY U CIIOCO0Y OTMCAHUSI.

MeToapl MaTEeMaTHYECKOTO OMUCAHUS TPEOYIOT 3HAHWS ANTOPUTMA PEIICHUS 3aJad KOHTPOJIS U
VIIPaBJICHUS BO3AYIIHBIM ABMKCHHEM. [IpoBeACHHBIN aHAINW3 MO3BOJISAET CACNATh BHIBOABI O TOM, YTO B
HAaCTOsIIIeEe BPEMsI AITOPUTMHU3ALMH OABEPIracTCs JULIb YaCcTh 3a7a4 KOHTPOJIA U YIIPaBJICHUS U3-3a CII0XK-
HOCTH aHalM3a MPOTEKAIIINX MPOIECCOB BO3AYIIHOTO IBUXKEHUS. DKCIEPUMEHTAJBHBIC UCCIEIOBAHUS
MOKa3aJld, 4YTO JHUIa rpymmsl pykoBojcTBa nmojetamu (I'PII) monb3yroTcst He OTACIBHBIMU aITOPUTMAMU, a
LIEJIOCTHOM aJITOPUTMUYECKON CTPYKTypou. [loaTOMy onucaHue ¢ MOMOIIBI0 TAKMX MOJENEH mpouecca pe-
IIeHUS OTAETBHBIX 3a/1all, 6e3 ydeTra BhIpaOOTaHHOW IOJIHOW CTPYKTYpPHI Ipoliecca KOHTPOJIA W YIpaBiie-
HUS1, MOXET IPUBOANTD K CYIIECTBEHHBIM OMIMOKaM [5].

Cnenyer OTMETUTh, YTO COCTABICHHBIM MPOCKTUPOBUIMKOM AJTOPUTM PELICHUS 3aJaud U caM pe-
ANBHBIA TPOIECC MPOSKTUPOBAHMS MMOYTH HUKOT/IA HE COBIAJIAIOT MO YHUCIY, HOMEHKIIATYpe U MOCIEI0Ba-
TEJIHFHOCTH OTIEPALNA JEATEIHHOCTH [6].

B nanHOI cTaThe caenaHa NONbITKA IPOAHATIU3UPOBATh PE3YJIBTAThl UCCIEN0BAHUS CTPYKTYPBI IICH-
XUYECKOM NesATeNbHOCTH aBUALMOHHBIX aucneryepoB u aui ['PII, pemaronmx 3anayu KOHTPOJIS U yIpPaB-
JICHUS. BO3AYILIHBIM JBIKeHHEM. Ha OCHOBaHMU TMOMYYEHHBIX SKCIIEPUMEHTAIBHBIX IAaHHBIX CTPOCHHUS U
colIep KaHMs TICUXUUECKON JEATEIBHOCTH, BBISIBJICHHBIX MEXaHU3MOB OPTaHH3AIIUN CIIOKHBIX CEHCOPHBIX,
MBICIUTEJIBHBIX 1 MOTOPHBIX KOMIIOHEHTOB JEATEIBHOCTH B Pa3JIMYHBIX KOHKPETHBIX YCIOBUSX Ipeasara-
€TCSl IOCTPOUTh TEOPETHUUECKUE MONOKEHUS O PEANbHOU CTPYKTYpE MCUXUYECKOH AESITEIbHOCTH U O BO3-
MOXHOCTH TE€OPETUYECKOTO MOCTPOCHUS aJCKBATHBIX MOJENEH NeATEIbHOCTH, IIPeIHa3HAYCHHBIX IS pe-
mIEHUST 3aJa4 HWHXKCHEPHO-TICUXOJOTUYECKOTO TPOSKTUPOBAHUS TMPH MOJACPHU3AIMH W  CO3IaHUU
MIePCIIEKTUBHBIX aBTOMATH3UPOBAHHEIX CHCTEM yTIpaBiieHUs BO3MyIHEIM aBmkerneM (AC YB]) [7, 8].

CrnenyeT ykasaTh, 4TO B paMKax IPOBEIEHHBIX HMCCIIEOBAHUN OBLT BRIOpAaH MOIXOJ, MPEeaIoarar-
i, uto Juis ueneit npoektupoanusi AC YB/] u komudyecTBeHHOM o1leHKU AesitenbHocTH null ['PIT pas-
pabaTbIBaThCs CBOM MOJICNH, a TaKKe, 4TO MOCTPOSHHE Mojelell, popMann3anus GakTHISCKH SBISIOTCS
puOIIKeHHBIMUA. OHU OCYIIECTBIISIOTCS C OIPENENICHHOW CTETEeHBI0 TOTPEIIHOCTH, a X PEe3yJIbTaThl
MIPUMEHUMBI TOJIBKO B OMPEACICHHOM IUAaNa30He yCIOBUM.

Heo0xoaumMo y4uThIBaTh, 4YTO (hOpMaTM30BaHHAS MOJIEIb CTPOUTCS IS OMHMCAHUS JAJIIEKO HE BCEX
CBSI3eH M 3aKOHOMEPHOCTEW Ipollecca YNpaBJIeHUS BO3AYLIHBIM JBI)KeHHeM. OfHaKo, Kak MpaBUiIO, OHA
OXBaThIBaE€T HaMOOJIEe CYIECTBEHHBIN KPYT CBA3EH, KOTOPHIMH MOXHO OXapaKTepHU30BaTh N3ydaeMbIe C ee
moMoIipio cBoiictBa mnporecca YB/I. [loatomy B psme cmydaeB, 0OCOOCHHO TP M3yYEHUH ACSITEIHHOCTH
I'PII, Mmoaenp MOKeT BBICTYIATh Kak 06a3a, Ha OCHOBE KOTOPOH aHanu3upyeTcs cucteMa Y B/l kak cioxHas
cucrema. [Ipu 3TOM 151 APYTrUX MOAOOHBIX 3324 TpeOyeTCsl H3MEHUTH MOJICTb.

DTo mpuBeNo K HE0OXOIMMOCTH B Ka4eCTBE OJHOM M3 MEPBBIX 3a/1ad IMPHU pa3pabOTKe MOCICH aes-
tenbHOCTH [ PI1 pemmth 3amauy o600cHOBaHUS TpeOyeMOTO YPOBHS HCCIIEOBAHUS M OMHUCAHUS CTPYKTYPHI
MICUXUYECKON JIEeATENLHOCTH JAO0KHOCTHBIX Jinil ['PI1 B COOTBETCTBUM C IIeNieBBIM Ha3HAYCHHEM pa3pada-
THIBAEMOI MOJIETH. YCIENIHOE pelIeHne 3TOM 3a/lauy MO3BOJUT BHISIBUTH HauOOJIee CYIECTBEHHBIE CBA3H
¥ B3aMO3aBUCUMOCTH (PYHKIIHOHAIBHBIX BO3MOXKHOCTEH TEXHIHYECKUX CPEICTB U TICHXO(PH3UOIOTHIECKUX
CBOWCTB OIIEPaTOPOB CHCTEM YITPaBIEHHUS BO3IYIIHBIM ABIDKEHUEM, YUECTh JaHHbBIE (PAKTOPHI MPHU MPOEK-
TUPOBAaHUHM ABTOMATHU3WPOBAHHBIX CHUCTEM YTIPABJIICHUS BO3IYIIHBIM JIBIKEHHEM M TOBBICUTH UX 3(]dek-
THUBHOCTb.
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