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OIITUMAJIBHOE YIIPABJIEHUE TPA®UKOM BO3YIIHBIX CYOB,
CHEAYIOIIUX B ADPOJAPOMHOMU 30HE HA ITOCAAKY

U.B. UBEHUH', A.C. KYPIIEHOK?
! Focyoapemeennviii nayuno-uccredosamensekuii uncmumym aguayUOHHbIX CUCTEM
(eocyoapcmeennulii Hayunslii yenmp Poccutickoti @edepayuu),
2. Mockea, Poccus
? Mockosckuii 20cyO0apcmeenHblii mexHuYeckutl YHUBepcumen 2panicOancKol asuayull,
2. Mockea, Poccus

[Tpeanaraercst METOOUUYECKUIN MOAXO K ONTUMM3ALMH YIPABICHUS IOTOKOM BO3IYIIHBIX CYZOB, NPUOBIBAIOIINX B a3pO-
JPOMHYIO 30HY AJIsl BBIIOJHEHUS Ocanku. Moaenupyercst a3popoM, UMEIOIINNI IBE MapajlIeNIbHbIE B3JIETHO-II0CAIOYHbIE
TI0JIOCHI, CIOCOOHBIE pabOTaTh HE3ABHUCUMO JIPYT OT JIpyra. BXoasmmii moTok BO3AYIIHBIX CYA0B OIHCHIBAETCS ITyaCCOHOB-
CKUM TIOTOKOM CIy4aiiHbIX coObiThii. [IpuObIBatone BO3AYIIHBIE Cyla PaCIpPENessIFOTCS JUCIETUYEPOM MEXKAY IBYMS
B3JIETHO-TIOCAIOYHBIMH T10JIOCAMH, TPACKTOPUH (CXEMBI) 3aX0/1a Ha KOTOPBIE UMEIOT PAa3IHMUHYIO JUIMHY, OOIIyI0 Hadajlb-
HYI0 TOUKY ¥ HE UMEIOT nepecedeHui. [ kaxaoil U3 IByX CXeM 3axo0ja JUCIETYEPOM 3aJaeTCs CPEHSS CKOPOCTh JIBU-
JKEHMsI BO3AYIIHBIX cynoB. [IpuBeneHHas Moaenb a’dpoapoMan a’dpoJpOMHOM 30HBI PacCMAaTPUBAETCS KaK JBYXKaHaJIbHas
CHCTEMa MaccOBOTO OOCITY)XMBaHHUS C OTKazaMH. KaIpIiin3 IBYX 0OCITyXKMBArOIMX NPHOOPOB BKIIOYAET B ceds CXeMy
3ax0/1a, TIIMCCaay U B3JIETHO-TIOCAN0UHYIO Tostocy. OOCITy>KHBAIOIINI TPHOOP MOXKET HAXOANUTHCS B OTHOM U3 IByX COCTO-
SIHUM — CBOOOTHOM U 3aHSATOM, BEPOATHOCTH KOTOPBIX ONHUCHIBAIOTCS CHCcTeMOl audepeHnnanbHbIX ypaBHeHui Koamo-
ropoBa. Kpurepuem oreHkn KauecTBa (pyHKIMOHHUPOBAHHS CHCTEMBI CIIY>KHUT KOJIMYECTBO OTKAa30B B OOCIIy>KHMBAaHUM Ha
HCCIIELyeMOM HMHTEpPBaJIC BPEMEHH, OMICHIBAEMOE HHTETPAIbHBIM (DyHKIMOHAIOM. ONTHMU3aIlMOHHAs 3a/1a49a CBOJHUTCS K
HAaXOX/ICHHUIO JOCTABIIIOIINX MHHUMYM KPHUTE€PHAIBHOMY (YHKIHMOHATY 3HAYCHUI YMPaBISIOMUX MapaMeTpoB — (QyHK-
LUH, OIMCHIBAIOLIUX PACIPENEICHUE BXOJAIET0 IOTOKA BO3AYIIHBIX CYJJOB MEXIY CXEMAaMM 3aX0Ja U CPEAHUE CKOPOCTH
ux aBwxkeHus. s pemenus: chopMyIHMpOBaHHOW ONTHMH3ALMOHHON 3aia4yu NpuMeHsercs: npuHuun mMakcumyma JI.C.
[MonTpsirnna. [puBoautest BUA GyHKIMU ["aMHIBTOHA M CONIPSDKEHHON crcTeMbl quddepenimansibix ypaBaeHuid. CTpyk-
Typa ONTHUMAJIBHOTO YIPAaBIECHUS MCCIENOBaHA Ul JBYX pa3IM4HBIX CIydyaeB OrpaHUYCHMH Ha ympaBlIeHHE paclpesele-
HUEM BXOJSIIETO [TOTOKA BO3AYIIHBIX CYZOB. BBIABIIEHBI 3aKOHOMEPHOCTHU BIIUSAHUSA YIPABIAIOIUX [1apaMETPOB HA KpUTe-
pHaNbHBIN (QyHKIMOHAI.

KiroueBble cjioBa: onTUMAaJIbHOE yHpaBJICHUE, OIITUMU3ALINA, IPUHIAII MaKCUMYyMa HOHTpS[FI/IHa, BO3AYIIHOC JBUXKXCHUC,
YHpaBJICHHUE BO3AYIIHBIM ABUKCHHUEM, MOACITIMPOBAHUC BO3AYIIHOT'O ABUKCHUA.

BBEJEHUE

B HacTosiee BpeMst B CBSI3U C MOCTOSIHHBIM YBEJTUYEHUEM MHTEHCHUBHOCTH BO3AYLIHOIO JBU-
KEHHMs Bce Oouiblliee BHUMAHME YJIENACTCS TMOMCKY IyTeH IOBBIICHUS MPOIMYCKHOM CIOCOOHO-
CTH a3pOIOPTOB. DTOM TeMe MOCBAIIEHHl MHOTHE UCCIIEIOBaHMsI, OCHOBAHHbBIE Ha JI€TaJbHOM aHaJH-
trdeckoM [ 1], umuranmornaoM [2, 3] u ruOpunHoM [4] MOIETHMPOBAHUYN B3aUMOCBSI3aHHOTO JIBUKCHHS
Bo3nyHBIX cyaoB (BC) u mporeccoB ynpasieHus Bo3ayHbiM aprkeHueM (YB/I). PesyiabTaTs! aTHX
MCCIICIOBAaHHUI TTOKA3bIBAIOT, YTO IMPOIYCKHYIO CIOCOOHOCTH a’pONopTa OrPaHUYMBAIOT HE TOJIBKO
BO3MOXXHOCTH B3JIeTHO-1I0ca10uHO0i nosockl (BIIII), HO u pucku BO3HUKHOBEHUS KOH(QIMKTHBIX CH-
Tyaluii B BO3AYIIHOM MPOCTpaHCTBe [5, 6, 7]. BaxHbIMU acmieKTaMHu HCCIeAOBaHUs OE30MacHOCTH
BO3JIYIITHOTO JIBM)KCHHS B PailoHE a’poJIpOMOB SIBJIstOTCS ontuMuzanus ynpasienus BC [8] u mone-
nupoBanue B3auMozelicteus BC co cimytHeivu cinepamu [9, 10]. Ecin mnTepripeTupoBaTh BCE Cpel-
CTBa U CIIy>KObI a3pONopTa Kak yHpaBiIsieMyl0 CUCTEMY MaccoBoro oocmyxxuanus BC, To 3agauy mno-
BBIIICHHUS MPOITYCKHOM CTIIOCOOHOCTH MOXKHO paccMaTpHBaTh Kak 3a/ladyy ONTHMAJbHOTO YIIPaBJICHUS
tpadukom BC B aspoapomHoli 30He. B nanHO# paboTe paccMaTpuBaeTCsl YacTHAS 3a/1a4a yIIPaBICHUS
Tpadukom BC, cnenyromumx B a3poIpOMHOM 30HE Ha TIOCAJIKY .
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ITOCTAHOBKA 3AJTAYU YIIPABJIEHUSA
TPA®UKOM BO3AYHIHbLIX CY1OB

B nensx pazpabotku metonuku ontuMmuzanuu tTpaduka BC paccMoTpuM Mozenb a3poapoOMHOI
30HBI, BKJIIOYAIOIIYIO B ce0s JIBE MapauieIbHO PACIOIOKEHHBIX B3JIETHO-TIOCAI0UYHBIX MOJIOCHI, 3aX0.
Ha MO0CAJKy Ha KOTOpBIE OCYLIECTBISAETCS MO ABYM HeNepeceKaroummMmes TpaekTopusim 15, u T,
UMEIOLIUM OOIIYI0 HauaJIbHYIO TOUKY. /UIMHBI yKa3aHHBIX TpaeKTOpuil paBHb! L, 1 L, COOTBETCTBEH-
Ho. KoH(urypanus cxem 3axona npuBeieHa Ha pUcyHke 1.

Oboznagenm:
BINI
HaATEHAT TOIKA TPAcKTOPHH
MYTeEad TOUKA
HAIPABIEHHE TEICKEHIT
TpaexTopini saxoma
IOTMHEI TPACKTOPHIL

MHTEHCHEHOCTH roToroe BC

Puc. 1. Kondurypamus cxem 3axona
Fig. 1. Approach flight paths configuration

B asponpomMHyro 30HY MpHOBIBAET MOTOK CIEIYIONIUX Ha IOCAJKY BO3IYIIHBIX CyIIOB, pa3ie-
JSIEMBIH TUCTIETYEPOM B HAYAJIbHOM TOYKE TPAeKTOpPHUI 3axo/a Ha JIBa MOTOKa. byneM cuuTarh, 4TO
00e BIIIT moryt paboTath OJJHOBPEMEHHO, U MOCJIC Pa3/ICICHHS MMOTOKH 3aXO SIIMNX Ha MOCAIKY BO3-
IYIIHBIX CYJIOB HE B3aUMOJIEHCTBYIOT MEXIY COOOI.

Omnuiem paccMaTpuBacMyr0 HaMHU MOJCJIb B TCPMHHAX TCOPHU MaCCOBOI'O O6CJ'IY)KI/IBaHI/I$I.
CTpyKTypa COOTBETCTBYIOIIECH CHCTEMBI MaCCOBOTO 0OCTYKUBaHUA MTOKa3aHa Ha puUC. 2.

OB cmyrBaroLwmi
J npubop 1
0 YMPABNEHWE
PASOENEHWMEM
MNOTOROB
OB cnyuBaroLwmi
; npubop 2
2

Puc. 2. CTpykTypa CHCTEMBI MAaCCOBOT'O OOCTYKHBAHUS
Fig. 2. Mass service system structure

23



Hayunblii Becruuk MI'TY T'A Tom 21, Ne 02, 2018
Civil Aviation High Technologies Vol. 21, No. 02, 2018

OO6cnyxuBaromuii pubop arperupyer B cebe mporecchl apmwkeHuss BC mo Tpaektopuu
3axojla Ha MocaJKy, ruccany u aswxeHue mo BIIII. Ynpapnsembimu napamerpamu (ypaBieHHUSIMH)
SBISIIOTCS  pacmpenesieHne Bxonsmero motoka (tpaguk BC) m CKOpOCTh BO3IYIIHBIX CYZIOB
Ipu ClAeAOoBaHUM Ha mocanky. llpenmomaraercs, dYro ympaBieHueM ckopocTteio BC  MoxkHO
JIOCTUYhL BbIpaBHUBaHUS Tpaduka BC, BEIXOASIINX HA TIHCCaTy, W H30€KaTh KOHQIMKTHBIX
CUTYyaLH.

CrnenaeM JonylieHHE O IMyaCCOHOBCKOM pacHpeieNeHUH BXOJSALIEr0 MOTOKAa BO3AYIIHBIX CY-
JIOB C MHTEHCUBHOCTBIO A,. YIIpaBlicHHE pa3[eleHHeM MOTOKOB BXxomsumx BC momunHseTcs ciemy-

IOIIUM ITpaBUJIaAM:

A4 =U4,

4, =U,4,

U+U,=1. )
U =20

U,20

OnumieM Jajnee yrpaBiIeHHE CKOPOCTHIO BO3AYIIHBIX CYAOB, CleAyIOUMX Ha nocaaky. [lyctsb
M, — MTHTEHCUBHOCTH 0OcmykuBanus nocrynarounmx BC i-M 06ciaykuBarommm npubopoM, onpeens-
eMasi BhIpaKeHHEM

1
P )
to6ci + z-i
L | L L
rac Ti = 7 S V—,V— — BpeMﬂ, Tpe6yeMoe AJId  BBIIIOJIHCHHUA 3aX0J1a Ha HOC&I[Ky,

max i min i

i=1,2 — nomep BIIIl u cooTBeTcTByIOIIEH €if TPAaeKTOPUHU 3axoja Ha IMOCAIKY, V, — cpemHsis

1

CKOpPOCTb MABHXKCHUA CaMOJICTOB II0 - cxeMe 3axoda Ha MmocajKy, V MaKCUMaJIbHasa

max i

A0ImyCTuMasa CKOpPOCTH ITPH BBIMMOJIHCHHUH 3axo0/1a, Vmini — MHUHHMAJIbHagd AONyCTHUMAsA CKOPOCTH IIpU

BBIIIOJIHEHUH 3aXx0/a,

obci

— BpeMs1, TpedyemMoe JUIs BBITIOJIHEHUS TIOCaIKK OT MOMeHTa Bbixoaa BC Ha
rJIiccany.

N3menenne BpemeHH oOcimyxkuBaHuss BC mpou3BoIuTCS dYepe3 perysupoBaHHE CPEAHHUX
CKOpOCTEH MX JIBUKEHHUS JJIS KAKI0U U3 CXeM 3aX0/a.

OOGcnyxuBaronuii - mpuOOpP MOXKET HAXOJUTBCA B OJHOM W3 JBYX COCTOSIHUH —
CBOOOAHOM WU 3aHATOM. B mepBoM ciyuyae BhINONHEHHE 3axona mpuObBiiero BC Ha mocanky
1o BHIOPAHHOW cXeMe C COONI0IEHHEM HOPM TMPOCTPAHCTBEHHOTO M BPEMEHHOTO AIIEIOHHPOBAHUS
BO3MOXHO, BO BTOpOM — HET. O003Ha4uuM 4epe3 £, BEPOATHOCTH CBOOOIHOIO COCTOSHUS i-r0 00CIy-
JKUBAIOILETO MPUOOpa, Yepe3 £ — BEPOATHOCTH TOTO, YTO MPUOOP 3aHAT. VIHTEHCHMBHOCTH Mepexoa
MEXy CBOOOIHBIM U 3aHSTHIM COCTOSTHHEM OOCIIY’KMBAIOLIUX NPUOOPOB COOTBETCTBYIOT 3HAYEHUSM
A u u (puc. 3).
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P - BEpOSTHOCTb CBOGOHOTO COCTOSHHUSL
(mocaznka BO3MOXKHA)

@ e P i BEPOATHOCTDL 3aHATOTO0 COCTOSTHUA (HOCZ\IIK&
1

HEBO3MOYKHA)

n

1

Puc. 3. BepostHOCTH COCTOSHHI 00CTYKHUBAIOIINX TPUOOPOB
Fig. 3. Probabilities of servicing units conditions

Cucrema muddhepeHIHaTBHBIX ypaBHeHUN KoMoroposa /uist BEpOsSTHOCTEH COCTOSIHUN TpacK-
TOPHI1 3aX0/1a HA TOCA/IKy UMEET BUJ

E,o =—AR,+ b
Pl,l =AB,— A
By ==AP,+ 1P);
PZ,I =L~ 1P

€)

Kputepnem kadectBa (yHKIIMOHHPOBAHHUSI OMUCAHHOW CHUCTEMBI MAacCOBOTO OOCITYKMBAaHUS
ABJISICTCS KOJMYECTBO HeoOcmyxkeHHbIX BC 3a KOHTpPOJBHBIN MPOMEXYTOK BPEMEHH, OIpENesIieMoe
KpUTEpUaIbHBIM (yHKIIMOHATIOM:

J = [LAR, + 4P, it 4)

rJe fy ¥ ¢, — COOTBETCTBEHHO HAYaJIbHbIM M KOHEYHBIA MOMEHT MOJIEINPYEMOIO IIEPHUO/IA BPEMEHH.

NCCIEJOBAHME PEHIEHUSA 3AJAYA YIIPABJIEHUSA TPAOUKOM
BO3YIIHBIX CYJ1OB

o * * * *
Jnis moucka onTuManbHbIX ynpasienuit U, ,U,,V, ,V, Bocnoab3yeMcsi MPUHLIUIIOM MaKCUMY-

ma JI.C. IloHTpsirnHa, B COOTBETCTBUU C KOTOPBIM ONTHUMAJIBHBIE YIIPABICHUS, MUHUMU3HPYIOIINE
byHKIMOHAT (4) AOIDKHBI TOCTABIISATH MAaKCUMAIbHOE 3HaYeHnEe QyHKIuHU [ ammnsToHa — [loHTpsATHHA!

H:Zl//ifi > (%)

rae ¥, — QYHKUUH CONMPsUKCHHOH cucTeMbl nudepeHuuanbHbiX ypapHenult, fo=A4FR,+ LB, —

MOJBIHTETpaNbHAs GYHKIUS KPUTEPHAIBHOTO (PYHKIIOHANA.
Oyuknus ["ammwibrona — [IoHTpsSTHHA MOXKET OBITH 3alMICaHa B Pa3BEPHYTOM BHJIC:

H=U, I:_/IOIDI,I — B+ 4B W, ] +U, [_/101)2,1 — AP oy + /10%,0‘//4] +
1

+—L|:B,1W1 _E,1W2]+;LEP2,1‘//3 _Pz,ll//4:|' (6)
+-1 t =2
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ConpsixeHHas cuctemMa JuQQepeHIaIbHbIX ypaBHeHUN TPUHIMAET BU]L

OH
v aPLo Ay + Ay,
oH )
v, ZGT = _21 + Ly, — 1Y,
(7)
oH _
Vs :aTm:_ﬂ’zW3 + A0
oH
v, 252—/12 TLY; — LY,
1,0

HaiinemM CTpyKkTypy ONTHMaJbHOTO YHpPAaBICHHUS HCXOAS M3 YCIOBUS MaKCUMyMa Ta-
MWJIBTOHUAHA:

[U:,U;,VI*,V;]=argsupH(P,w,U,V). (8)
u,y

BBuny nuHeHOCTH raMWIBTOHMAHA 10 yupasieHusM U, u U, 3agada OTBICKaHHWs ONTHMAaJlb-

HOTO YIPaBJICHUS PaclpeIe]ICHUEM II0TOKOB UMEET PEIICHUE «PEIEHHOr0» BUAA:

U =1
{Ul* 0’ ccliu _/10P1,1 _/10}:1.,0‘//1 + ﬂopl,ol//z < _/101)2,1 _/10})2,0‘//3 + /10})2,0‘//4 >
S =

u )

U =0
{Ul* 1’ S _ﬂ'opl,l _2“01)1,0‘//1 +/10P1,0‘//2 2 _/10P2,1 _;Lopz,o‘/ﬁ +/10P2,o‘//4‘
y =

Jlns onpeneneHus CTPYKTYpbl ONTHMAJIBHOTO YIIPABJIEHUS CKOPOCTBIO HEOOXOIMMO PELIUTh
cUCTEMY alredpanyecKux ypaBHEHHUH

oH _ (E,IWI _R,]WZ)LI

v, ?
! (tl +L1j v
4

b

(10)
oH _ (P2,1W3 _P2,1'//4)Lz _
oV, 2
2 (tz + Lj 2
£
IIPY BBIIIOJIHEHUH YCIIOBHH V, € [mei, V x i] .
PaBencTBo (10) BBITTONTHSIETCS IPH BBIMOJIHEHUHN J1F000T0 M3 yeimoBui (11)—(13):
B, =0, (11)
L =0, (12)
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(13)

IIPU 3TOM OYEBHJIHO, YTO BBITIOJIHEHUE paBeHCTBA (10) HE MOXKET OBITh JOCTUTHYTO KaKUM-JTHOO 3Ha-
YCHUEM CpCI[HGI\/'I CKOPOCTU ABUKCHUS CaAMOJICTOB Vl . 3HaueHne raMIILTOHHAHA YBCIIMIUBACTCA C PO-

CTOM V, M IOCTUTaeT MakCUMyMa IpH V,

1

*:V

KaK IMOKa3aHO Ha pucC. 4 AJI1 4aCTHOTI'O Cl1y4as.

max i %

-235.094

-235.095

H -235096

-235.097

-235.098

-235.09%9

S A R A A iy |
20040 60 RO 100 120 140 160 180 200

¥
|

Puc. 4. [Ipumep 3aBHCUMOCTH TaMWJIBTOHUAHA OT CPETHUX CKOPOCTEH
Fig. 4. Example of dependence of a Hamiltonian on average approach speed

PaccmoTpuM Tenepn ciydail, Korja OrpaHUYEHUs] Ha yIpPaBIE€HUE paclpeiesieHueM MOTOKOB

HUMCIOT BU

U +U, <]
0<U, <1
0<U, <1
AU, < Aorpis
/IOUZ S/,LOI"PZ'

(14)

Orpannyenue MHTEHCHBHOCTEH MOTOKOB BC Ha KaXkaol u3 cxeMm 3axojaa oOecredrBacT co-
0JI0/ICHHE HOPM IMPOCTPAHCTBEHHOTO W BPEMEHHOT'O JIIETIOHUPOBAHMS U1l 3aXOIAIIMX HA MOCAAKY

BC npu BbICOKOW MHTEHCHBHOCTH Bxopsiiero noroka BC A,. Bun cucremsl nuddepeHipanbHbix

ypaBHenuii KonmoropoBa A BeposiTHOCTEH coctosiHuit (3), compspbkeHHOM cucteMbl auddepeniu-
albHbIX ypaBHeHUi (7) u ramuibToHUaHa (6) OCTaHETCsS B ATOM cllydyae Hen3MeHHbIM. CTpyKTypa om-
TUMAaJIbHOIO YIIPABJIEHUS CPEIHEN CKOPOCTBIO 3aX0AdIuX Ha nocaaky BC Takyke He mpeTepnuT usme-

HEHUH, NOCKOJIbKY YWICHBI TaMIIIBTOHHAHA, cofeprkammue V,, ue 3aBucar ot U, .
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3amuiineM raMuiIbTOHUAH B BUAC

H=AU +BU,+op(.,V,),
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(15)

tne A=-AF, - B v, + 4B Ww,, B=-AP, -4 P w5+ A,P W, — Kod)OUUneHTbl JUHEHHON Ya-

ctn, o(V,,V)) =

1

toécl +

n

—Lll:E,ll/ll - P],]WZ :I +

1

t0662 + V2

quBasi OOIIHOCTH, MIPEAMIONIOKHIM, YTO 4 > B.
CTpyKTypa ONTUMAIBHOTO YIIPABJICHHS Pacpe/eIeHHeM TOTOKOB MPU 3TOM IPUMET BUJT

U, =min<{ (1-U,),

,ecmn Ay < Ao

, eci Ay > Aypp; -

OI'P2

0

[Tpumep peanu3anyuy CTPYKTYyphl ONTUMAJIBHOIO YIIPABJICHHS
A orpanuyenuil Buaa (14) npu A, = 20 BO3AyIIHBIX Cy/0B B Hac,

YECKU OTPAKEH Ha puC. 5.

—L[P“% —PL]%] — HelnMHelHas yacTe. He orpanu-
2

(16)

(17)

pacnpenenenremM notokos BC
Aorpy =15BC/u, A> B rpadu-

0.8

0.6

04

U,

\

N

P

/"‘\

A

15

10

14 7101316192235

2831343740434648

1 4 71013161922252831343740434649

1 4 7101316192223528313437404346489

Puc. 5. I[Ipumep ontumansHoro pacnpeaeneHus notokos BC
Fig. 5. Example of optimal air traffic distribution

Takum O6p330M, ONITUMM3AlUA YIIPABJIICHUA Pa3aCJICHUEM ITIOTOKOB HpI/I6I)IBaIOIHI/IX JJIA ITIOCaJAKH

BC npu orpanndenusix (14) gocturaercs B HEKOTOPHIA MOMEHT BPEMEHHU IyTEM BBIICIICHUS MaKCH-
MaJIbHO BO3MOXKHOM JTOJIM BXOAAIIET0 noTtoka Ha Ty BIIII, moBbllIeHHE HHTEHCUBHOCTH JBUKEHHUSA T10
KOTOpO# oOecreunBaeT OONBIINI NPUPOCT KpUTepuadbHOMY (GyHKIHUOHATY. [Ipu 3TOM onTuMmalnbHbIe

CKOPOCTH IBIKEHUS Vi* paBHbI V.

max i*

B ciyuae, Koraa HHTEHCUBHOCTb BXOJISIIIET0 MOTOKA A, IpeBoc-

XOJHUT CyMMAapHYIO IIpeJleNbHYI0 MPOIYCKHYI0 crocoOHocTs aByX BIIII A, +4

orpas CymMma U +U,

NpUHUMAET 3HaueHue, MeHblee 1. [Ipu 3ToM BO3HUKAET MOTOK BO3YIIHBIX CYJOB, IOJYYMBIIUX OTKa3
B 00CITy>KUBaHHMH Ha 3TaIle PaclpeeNeH s, HHTEHCUBHOCTb KOTOpOro paBHa A, = A4,(1-U, =U,).
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ABSTRACT

The research proposes a mathematical optimization approach of arriving aircraft traffic at the aerodrome zone.
The airfield having two parallel runways, capable of operating independently of each other, is modeled. The incoming
traffic of aircraft is described by a Poisson flow of random events. The arriving aircraft are distributed by the air traffic
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controller between two runways. There is one approach flight path for each runway. Both approach paths have a common
starting point. Each approach path has a different length. The approach trajectories do not overlap. For each of the two ap-
proach procedures, the air traffic controller sets the average speed of the aircraft. The given model of airfield and airfield
zone is considered as the two-channel system of mass service with refusals in service. Each of the two servicing units in-
cludes an approach trajectory, a glide path and a runway. The servicing unit can be in one of two states — free and busy.
The probabilities of the states of the servicing units are described by the Kolmogorov system of differential equations. The
number of refusals in service on the simulated time interval is used as criterion for assessment of mass service system
quality of functioning. This quality of functioning criterion is described by an integral functional. The functions describing
the distribution of aircraft flows between the runways, as well as the functions describing the average speed of the aircraft,
are control parameters. The optimization problem consists in finding such values of the control parameters for which the
value of the criterion functional is minimal. To solve the formulated optimization problem, the L.S. Pontryagin maximum
principle is applied. The form of the Hamiltonian function and the conjugate system of differential equations is given. The
structure of optimal control has been studied for two different cases of restrictions on the control of the distribution of in-
coming aircraft traffic. The regularities of the control parameters influence on the value of the functional criterion
are revealed.

Key words: optimal control, optimization, the L.S. Pontryagin maximum principle, air traffic, air traffic control, air traffic
modeling.
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