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UCCJEJOBAHUE CTAHIAPTHOM M BEEPHOI CXEM 3AJIEP)KKU
BO3JYIIHBIX CYJ0OB B 30HE IIOJIXO/IA

C.M. KYMKOB!, C.I'. IISITKO?, A.A. CHUPUJJOHOB"

Y Uncmumym mamemamuxu u mexanuxu um. H.H. Kpacosckoeo, Ypanvckoe Omoenenue
Poccuiickoti Axademuu Hayxk, 2. Examepunbype, Poccuiickas @edepayus
2000 “Dupma “Hosvle ungpopmayuonnvie mexrnonoauu 6 asuayuu (HUTA)”,
2. Canxm-Ilemepbype, Poccuiickas @edepayus

AHHoOTanus. VccienoBaHbl XapakTEPUCTUKU aJITOPUTMOB 3alepXKKH U OECKOH(DIMKTHOTO CIHSHUS
IIOTOKOB BO3IYIIHBIX CYIOB B CTAaHAAPTHBIX M BEEPHBIX CXEMaxX IPEIBApUTEIbHON 3aJEpiKKH.
PaCCManI/IBaCTCﬂ YIOpaBJICHUC CIIUAHUEM TpPEX IIOTOKOB CyAOB B 30HC MNOAXOJa IPUMCHUTCIIBHO K
MOJICTILHOMY (hparMeHTY CTPYKTYPhI NPHUOBIBAIONIMX MOTOKOB. CTaHAapTHBIE CXEMBI 3aJCPKKU HUMEIOT
CTPYKTYpY IIUPOKO MPHMEHSEMBIX Ha IMPAKTHKE CXeM Thma “TpoMOOH”. JIJs CpaBHEHHWS HCIONB3YIOTCS
pa3paboTaHHBIE aBTOpaMU MOAWUGUIIMPOBAHHBIE CXEMBI 33JCPKKH “pa3BEpPHYTHIA MOTYTPOMOOH” BEepHOTO
Tuna, cozganHele Ha ocHoBe pexomeHaammii EUROCONTROL u ICAO. Paccmorpensl ocoOeHHOCTH
peanuzanuu TpeOyeMoW 3alep)KKM B cxeMmax Kakaoro tuma. CTpPYKTypbl CXEM OIMCaHbl B IUIAHE U B
pocTpaHcTBe. MoAENbHBIE TPACKTOPUH, 3ILIENIOHBI, CKOPOCTHBIE PEXHUMBI JIBH)KEHUSI CYyJOB M IUIOTHOCTH
HpI/I6I>IBaIOHII/IX IOTOKOB COOTBCTCTBYIOT NNPAKTUYCCKUM JAHHLIM 110 OpraHyU3aly BO3AYIIHOI'O IBUIKCHUA B
MockoBckorr Bo3aymiaoit 3oHe. Pa3zpaboraHHbIe anToOpuTMBI 00€CIEYHBAOT OECKOH(MINKTHOE CIUSHUE U
MUHHMMAJIBHOCTh CYMMAapHBIX HEOOXOOMMBIX 33JEp)KEK CyIOB BCeX MOTOKOB. [l KaXIOro THIa cXeM
OLICHEHBI 3aTpaThl BPEMEHH 33JIEPKKH CYJIOB KaK B KaKJIOM MOTOKE, TaK M CyMMapHbIE 3aJIp>KKH CY/I0B TI0
Bcel nccnenyemoit rpymnmne. CpaBHUTEIBHOE MOJEIHPOBAHKE NTPOBEACHO MPH Pa3IUYHBIX HHTEHCUBHOCTSIX
MpHUOBITHA CyJ0B B MOTOKax. lloka3aHO, 9TO CXeMBbI THIA ‘“pa3BEpHYTHIA MOIYTPOMOOH” OOECTIEUYHUBAIOT
IIPUMEPHO BTPOE MEHBIIYI0 CYMMApHYK BEIWYUHY 3a7epiKeK. Takue CXeMmbl IEepCHEeKTUBHBI IS
HCIIOJIB30BaHHUA B KQUECTBE CXEM HpeIlBapHTeHBHOﬁ 3aACPKKU I CIIUAHNUA HECKOJIBKHUX IMOTOKOB CYJIO0B B
30He noaxona. Pe3ynbTaTel HcclIeNOBaHWI NpeJHA3HAYEHBl JJISl HCHOJB30BAaHHMA B JUCIETYEPCKHUX
TPEHaXEPax U MEePCIEeKTUBHBIX aBTOMATU3UPOBaHHBIX cucTemax YB/I.

KiroueBble ciaoBa: 30Ha TMOJX0/a, BO3JYIIHbIE CyJa, NPUOBIBAIOIIUE TOTOKH, OECKOH(IMKTHOE
CITUSIHUE, CXEMbl 3aJep)KKH, CTaHIApPTHBIE CXEMBbl, MOJU(UIMPOBAHHBIE BEEPHBIC CXEMBI, CyMMapHas
3aJiepKKa, MUHUMH3AIIHS 33/ICPKKH.

INVESTIGATION OF STANDARD AND POINT-MERGE SCHEMES
OF AIRCRAFT DELAY IN APPROACH ZONE

S.I. KUMKOV?}, S.G. PYATKO? A.A. SPIRIDONOV?

'Krasovskii Institute of Mathematics and Mechanics Ural Branch
Russian Academy of Sciences, Ekaterinburg, Russian Federation
New Information Technologies in Aviation, Llc, Sankt-Petersburg, Russian Federation

Abstract. The paper presents investigation of properties of algorithms for delay and non-conflict merging
of aircraft flows in standard and point-merge schemes of preliminary delay. Control of merging three aircraft
flows is implemented in the approach zones. Investigation is performed on a model fragment of structure of
arriving flows. The standard schemes have structure of the “trombone” type that is now widely used in the
air traffic control practice. For comparison, the modified point-merge schemes of the “turned half-trombone”
type are investigated; such schemes were constructed by authors on the basis of general recommendations of
EUROCONTROL and ICAO. Structures of these schemes are described in the plane and space. Specifics of
implementing the delays in schemes of both types are investigated. The model trajectories, flight levels,
velocities of aircraft motions, and densities of the arriving flows are chosen similar to practical ones in the
Moscow Air Space. Elaborated algorithms provided the non-conflict merging and minimal-necessary
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summary delay-time of all aircraft flows. These delays are estimated both in each flow and in the whole
collection of arriving aircrafts. It was found that histograms of the delay-time distribution are not normal
(Gaussian). Comparative simulation was performed under various intensities of arriving flows. It was shown
that the delay schemes of the “turned half-trombone” type are perspective, since they provide approximately
three times smaller values of the summary delay. So, they can be recommended for application to
preliminary delay of aircraft flows in the approach zones. Results of investigations are aimed to using in the
operators’ trainers and perspective automated systems of air traffic control.

Keywords: approach zone, aircrafts, arriving flows, non-conflict merging, delay schemes, standard
schemes, modified point-merge schemes, summary delay time, minimization of delay.

BBenenune

Llenpi0 HACTOSIIIUX HMCCIEIOBAHUIN SBISETCS pa3paboTKa alrOPUTMHUYECKOTO M IPOTPAMMHOTO
o0ecrieyeHHs JUId TEPCIEKTUBHBIX aBTOMATU3MPOBAHHBIX CHCTEM YIIPABICHHUS BO3AYLIHBIM
nemwkenuem (AC YBJI). B nacrosmiee Bpems B mpaktuke YBJI [1,2] mns OeckoHIUKTHOTO
CIMSIHMSI TOTOKOB  BO3AYIIHBIX  CYIOB  IIMPOKO IPUMEHSIOTCA  CTAHAAPTHBIE  CXEMBI
IpEIBapUTENbHON 3a1epKkU Tuna TpoMOOH. Takue cxembl MMEIOT IPOCTYIO CTPYKTYpy U IpHU
MaJIOM YHCJI€ CIMBAEMbIX ITOTOKOB JIETKU Ul MOHUMAaHMs JUCIETYEPOM OOCTAHOBKU U NMPUHATHS
UM pELICHHH 10 yIpaBlieHHI0 Bo3AylHbIMU cyamu (BC).

OpnHako fJaHHBIE CXEMbl O0JalalOT PSJIOM CYIIECTBEHHBIX HEJIOCTATKOB, KOTOpBIE KpaiiHe
3aTPyJHSIOT MX MCIOJIb30BAHUE IPU YBEIMUYEHUU YHUCIA CIIMBAEMBIX IIOTOKOB M IOBBILIEHUU
IUIOTHOCTHU. | JTaBHBIMU U3 HUX SIBJISIOTCS:

— OrPaHUYEHHOCTh CHM3Y HEOOXOIMMOT0 BPEMEHHU 3aJI€P’KKH BEIMYMHOW BPEMEHM I1OJHOIO
pa3Bopota BC nHa 360 rpanycos;

— CJOXHOCTh pealn3alu aucrerdepoM OeckoH(uukTHOro BbhiBoja BC (c Takoil cxembl
IPEIBAPUTEIILHON 3a[CPKKH) B CIUHBIA CIHUTBI MMOTOK C 3A0AHHbLIM OE30NACHBIM NPOOOIbHBIM
BPEMEHHBIM IUUENOHUPOBAHUEM.

B pexume BU3yaabHOr0 KOHTPOJISI M PYYHOTO YNPABJICHMS YKa3aHHBIE HEAOCTATKU 3aTPYAHSIOT
IPUHITHE AUCIIETYEPOM ONMUMANbHbLIX PELICHUM M0 MMHMMM3AlMKM Kak BpeMeHHU 3ajep:xku BC B
KaKZOM IIOTOKE, TaK U CYMMapHOI'O BPEMEHH 3a/I€P’KKH CIMBAEMBIX TIOTOKOB.

B kauecTBe anbTepHATHBBI HUCCIENYETCS U IMpeajaraercs A MPaKTUYECKOro HCHOJIb30BaHUS
cXeMa MpeBapUTEeNIbHON 3a/epKKU TUNA pazeeprymulii noaympomoon. TakoW THI cXeMbl ObLI
paspabdoran Ha ocHoBe ob6Omeir umaeonorun EUROCONTROL, ICAO u NASA mnoctpoeHus
BeepHBIX cxeM 3aaepxku BC [3—7] npuMeHUTENbHO K NMpeBapUTEIbHOMY CIMSIHHUIO IOTOKOB €Ille
B 30HaxX mojaxojga. MuHuUMU3alLMsg 3aTpaT BpEeMEHH 3/eCh JOCTUTAeTCsl BO3MOXKHOCTBIO
HenpepulgHo20 YUPABICHUS 3aJCPKKOH 10 MUHMMAalIbHO HEOOXOAMMOM BEIWYHMHBI C TNPSMBIM
YUE€TOM 3a/IaHHOTO JIOyCTUMOTr0 0€30I1acCHOT0 HHTEpBaJla B CIIMBAEMOM OUYEPEIH.

AnropuT™Mbl 0€CKOH(IIMKTHOTO CIAMSIHUS U YIpPaBIEHUs 33/€pPKKaMH CyJIOB MCCIIEIOBAUCh HA
MOJIEJIbHOM TpUMEpPE CXEMbl OpPraHM3allMM JIBW)KEHUS U CIUSHUS MOTOKOB B 30HE MOJXoAa. 3a
OCHOBY OpaluChb pEKOMEHJALUU [0 OpraHu3alld BO3JIYLIHOTO JIBUXKEHHS MOCKOBCKOU
Bo3nymHo#t 3oubl [8,9] ¢ pea’bHBIMH JaHHBIMH JBMDKCHHS CYIOB 1O HMX TIOJETHBIM IUIaHAM
(3a1aHHBIE TPAEGKTOPUM U CKOPOCTHBIE PEXHMBI). [IBI)KEHHE CYJOB OINHUCHIBAJIOCH CHUCTEMaMHU
nuddepeHimanbHbIX ypaBHEHUH B cooTBeTcTBUH ¢ pekoMeraarmu ['OCT [10].

Pabora anropuTMOB HcciefoBanachk Kak Ha CTaHJAPTHBIX CXEMax THUIA TPOMOOH, Tak M IpH
UCIIONIb30BAaHUU  MpEJJIaraéMblX CXeM THUIA  pa3eepHymbvlli  NoAympomoOoH. Pe3ynbraTsl
MOJIEJIMPOBAHUS  TMOATBEPKIAIOT MEPCHEKTUBHOCTh  MCIIOJIB30BAHMSI CXEMBI  PAa3BEPHYTHIN
MOJTYTPOMOOH JIJIs PEIBAPUTEIHHOM 3aJ€P>KKHU TIPH CIIMSTHUN Heckoabkux motokoB BC. Ha ocHoBe
obmux pekomenaanuii EUROCONTROL, ICAO u NASA (1o mocTpoeHHIO BEEPHBIX TYTOBBIX
CXEM MpEeBAPUTENILHON 33Jep)KKK B 30HAX IMOX0/a) pa3paboTaHa JBYXIUICUYEBask CTPYKTypa THUIA
pa3BepHYThIH NoayTpoMOOH. Takas cxema 3aHUMAaeT B IUIaHE BJIBOE MEHBIIUI 00BEM BO3AYIIHOTO
IIPOCTPaHCTBA B 30HE Y B/l Ipu 0qMHAKOBOM 3arace MaKCUMaIbHON 3aJI€PIKKH.
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Pa3zpaOoTanHble anropuTMbl NpeAHA3HAYEHbl JJIA BBLAAYM PEKOMEHAALUH JUCIeT4epy IO
ONTUMAJIbHOMY (MHUHUMYM BpPEMEHM 3aJ€pKKH) YIPaBICHUIO CIUSHUEM IOTOKOB B
OECKOH(UIMKTHYIO O4epe/ib IIPU UX MPEeIBApUTEIbHOM CIUSHHUHU €lle B 30He noaxozaa. Jucneruep
UMEEeT BO3MOYKHOCTb KaK BOCIIOJb30BaThCS NPEUIAracMod pEKOMEHJALUMeNd 10 YIPaBIECHUIO
3a[Iep)KKaMHM CYZIOB, TaK M CAaMOCTOATEIBHO INPUHUMATh DPEIICHUE IO KOPPEKUUHU IBUKCHHUS
BbIOpaHHOTO cynHa. [ ncnoap30BaHus B AUCIIETYEPCKUX TPEHAXKEpax pa3paboTaH MporpaMMHBIN
IIaKEeT CPABHUTEIbHON BU3yalM3alliy JABHKEHUS BO3AYIIHbBIX CY/IO0B.

CrangapTHbIe H BeepHbIEe CXeMbI 3a1€PKKH

beckoH(IUKTHOE CIMSHHUE HUCCIEAYETCS Ha MOJEIBHOM IpPUMEPE TPACKTOPUN TPEX MOTOKOB B
30He noxaxoaa (puc. 1). Y KOHTPOJBbHBIX TOYEK HAaHECEHbl HOMHUHAJIbHBIE JIaHHBIE TPACKTOPUMN
IBUKEHUS (KOOPAMHATHI X, Z MPUBOAITCS B HEKOTOPOH €AMHOM YCIOBHOM CHCTEME KOOPAMHAT
VB/I, yka3bIBaroTcs Takke BbIcoTa Ipojieta N M HOMUHAIBHAsL CKOPOCTH Tposieta V).

AD, 5700 m,
138.9 m/c

Ilorox ADUSI

133.7 m/c
PT,
T ITorox PITIM AD2 5400 M
PS, 128.6 M/c
4500,
133.7 mle 5100 v, ¢
128.6 m/c |
ITotok PESIL PS,| AD; 4500 M,
A 1200 25 128.6 m/c
M, |
(97580.3, | T~ P AD,
3| PT,
44579.0) . ATLOK| 3900 PS,
ST 128.6M
(55959.8,30822.8) A ¢ 3900 . ¢—>
(North) R Ry Ve |
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LM AT DETAT - |

"~ DAVLI (64446.8,8391.3) >M (47237 28043,1")'---__‘
(East) EE013 4% >

(34429.2,23693.2)

Puc. 1. MoaenpHbIN IpUMEp TPACKTOPHIA MOIX0A U CIUSHUS TPEX MOTOKOB CYJOB

CranjapTHble cXeMbl 3ajJep:KKku. Puc. 2 wumocTpupyer mnpuMep CTPYKTYpBl |
IIPOCTPAHCTBEHHOT'O PACIOJIOKEHNS CTAaHAAPTHONW CXEMbI NPEABAPUTEIBHON 3aJEP’KKH IOTOKA
ADUSI. 3naueHuss KOOpAMHAT, BBICOT M HOMHHAJIBHBIX CKOpPOCTEM IIpoJieTa NPHUBEACHBI Ha
pucyHnke. 3necb  ATLOK — Touka BO3Bpara Ha TPaeKTOPHIO MOJETHOIO IUIAHA; YBEIMYEHHBIN
tpeyronsHuk — Touka (DETAT) obmiero ciustaust moTokoB. OOImMA BHI B IUIAHE TPACKTOPHIA
MOJIX0/1a TPEX MOTOKOB CO CTaHJAPTHBIMU CXEMaMH IMOKa3aH Ha puc. 3. Cxembl BBIOpaHBI U
MOMEIIEHBI Ha TPAEKTOPHSX MMOIX0/Ia B COOTBETCTBUU ¢ Martepuaiamu [1,2,8,9].

BeepHble cxeMbl 3aJepiKKH, Pa3sBepHYTBbIH NOJdyTPpoMOOH. lneda wucnonb3oBaHMs cxeMm
MpeABAPUTEIILHON 3aJIePKKU THUIA Jyea B 30HAX IMOIXOJA COACPKUTCS B OOIIUX PEKOMEHIAITUSIX
[3-7]. Ormerum crnepyromuii BaXHBIE MOMEHT. B 3THX MaTepmanax paccMaTpHBaeTCs CXema,
cocTosilas U3 OJHOM JOCTaTOYHO IIMHHOW ayru (puc. 4a). OnHako Hpu 3aJaHHBIX OOJBLIMX
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BEJIMYMHAX MaKCUMAaJbHOIO 3amaca 3aJepXKu (Hampumep, 10 15-20 MUHYT) Takas cxema MOKET
3aHMMATh OY€Hb OOJBIION 00bEeM MpocTpaHcTBa B 30He YB/I.

[TosToMy juist MccaenoBaHus Oblia pa3paboTaHa AByXILICUeBas CTpyKTypa (puc. 46 u puc. 5)

ITotox ADUSI

JleprIit paspopor
5; €O CHIDKEHAEM

IToTrox PITIM

" Tlorox PESIL EE013 & >

Puc. 2. [lorok ADUSI; crannapTHas cxeMa 3a/IepyKKH; YBETUUECHHBIH TPEyroJbHUK —
TOYKa OOLIETo CIMSHUS TOTOKOB

Puc. 3. MonesbHbIH BapuaHT CTaHAAPTHBIX CXEM 33JICPyKKH; OOIIMIA BUJ B IJIaHE

TUIA Pa3BEpHYTHIN MOIYTPOMOOH, 3aHUMAlOIIasl B IJIaHE BJIBO€ MEHbBIIUN O0BEM BO3IYLIHOTO
IIPOCTpaHCTBa B 30He Y B/l npu oquHaKoBOM 3amace MakCUMaJIbHOM 3a1epkku. Kpome Toro, st ee
onucaHus TpeOyeTcs 3aJaBaTh MEHbIIEE YHCIO0 KOHTPOJIbHBIX MyHKTOB. 31ech ATLOK — Touka

BO3BpaTa Ha TPACKTOPHIO MOJICTHOI'O IJIaHA; YBCHHHCHHBIﬁ TPCYrOJIbHUK — 061ua${ TOYKa CIMAHUA
ITOTOKOB.
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Puc. 4. Vcxonuslii (a) ¥ mpuHATHIHA (0) BapHaHTBI BEPHOW CXEMBI IIPEIBAPUTENLHOMN 3a/IEPKKHU B 30HE
M0/IX0/1a; YBEIMUEHHBIN TPEYTroJbHUK — TOYKA BO3BpaTa Ha TPAEKTOPHUIO MOJETHOTO TUIaHa

IIpaBriit pa3BOpOT

5700 P Ha MCXOHOM BBICOTE

~

¥

2
Z

DAVLI EEO13

Puc. 5. BeepHas cxema npenBapuTeNbHON 3a/IepKKHU B 30HE noaxoaa notoka PITIM

IIpn nBWXEHMM CyaHA IO TaKOW CXEME BBINOJHSETCA CIEAylolas I0CIEN0BaTEIbHOCTD
MaHEBPOB Cy/lHa!

— pa3BopoT Ha 90 rpaaycoB ¢ TPAaEKTOPUH MOJETHOTO IJIaHa HA MIEPBOE IIEUO 3a1E€PIKKH;

— MOocJIe pealu3aluy Hy>KHOM BEJTMYMHBI 3aJIepKKH Ha NIEPBOM Iulede (WIK Iocje pa3BopoTa Ha
BTOPOM IUIEUYE) BBINOJIHAETCA MPOCTOM pa3BOPOT HAa COOTBETCTBYIOLIYIO TOYKY BO3Bpara,
PacrojoKeHHYI0 Ha HOMHUHAJILHOM TPAeKTOPUU MOJIETHOTO TUIaHA;

— 10 OKOHYaHHWIO pa3BOpOTa JalbHEiIIee JBUXKEHHE (C TMEepBOrO0 WM BTOPOrO IUJIeya)
BBITIOJTHSIETCS CO CHMIKEHUEM J10 3aJJaHHOW BBICOTHI HaJl TOYKOM BO3BpaTta.

OOwmii BUJ B IJIaHE BEEPHBIX CXEM 33JIePXKKHU TPEX MOTOKOB MOKa3aH Ha puc. 6
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‘P ADUSI

DAVLI1
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EEO013

Puc. 6. BapuaHT BeepHBIX cXeM 33/Ip’KKU Ha TpeX MOTOKax; OO BU] B IJIaHE

AJITOPUTMBI pacyeTa ONTUMAJbHOM 3a1ep:KKH U (pOopMUPOBaAHUS 0eCKOHPIMKTHOM

CJIMTOH ouyepenu

ANTOpPUTMBI yHpPaBIEHUS CIUSHUEM pabOTAlOT MHUKIMYECKH IO BPEMEHH; BBIMOIHSAIOTCA
CJIEIYIOIIKE ONEPAlMU U BHIYMCIICHUSI.

1) Ananusupyetcss BXOJ CYIOB Ha KOHTpOJb (Ha BxomHblie Toukn BD m DAVLI mortokoB Ha
rpaHuIle paccmarpuBaeMoit 30861 YB/I, puc. 1) u Bemmonusiercs no6asnenue HoBeix BC B ouepenpb
Ha CIIUSTHUE.

2) PaccuuThIBarOTCS HOMHHAIBHBIE MOMEHTBI PHOBITHSI Cy0B B TOUKy ciustaust EEQ13 (puc. 1)
110 HOMMHAJIBHBIM CKOPOCTHBIM PEXMMaM JBUKEHUSI B COOTBETCTBUU C MOJIETHBIMU IUIaHAMMU.

3) Mo mporHo3upyeMbIM MOMEHTaM MPHOBITHS CynoB B Touky ciusiHus EE013 dukcupyrorcs
BO3MOJKHBIE KOH(IMKTHBIC CUTYallud MEXIy cyaamu (eciii BpeMEHHbIE HWHTEPBAIbI MEXTYy HUMHU
OKa3bIBAOTCSl MEHBIIIE 33J]AHHOT'0 BPEMEHHOTO 0€30MacHOr0 MPOJI0JIBLHOTO JIIeTOHIpOBaHus). [Ipu
9TOM BBIJIENIAETCS OYEpeAHOE CYAHO, MOAJIEXallee 3aJepXKKe, WM CyJHO, IMOBBIIIEHUEM (WM
3aMeJJIeHMEM) CKOPOCTH JIBIDKEHHS KOTOPOTO BO3MOXKHO — pa3pelieHHe OOHapy>KEHHOM
KOH(JIMKTHOM CUTYaIIUU.

4) PaccunThIBaeTCSA MUHUMAIBLHO HEOOXOMMast (T.e. ONTHMaIbHAas) 3aJeP)KKa MM YCKOPEHHUE
CYZI0B B KOH(JIUKTYIOLIEH mape.

5) C yderoM pacueTHBIX 3aJepKEK WIM YCKOpeHui oOpabatsiBaeMbix BC BbIONTHSIETCS
nepecyeT WX BpeMeH MPUOBITHUS.

6) [ukiauyecku MpoBepsieTCsl BO3MOXHOCTh BO3HUKHOBEHUS (MJIM HaBEICHUS) KOH(DIMKTOB B
KaXJIOM ITOTOKE U B YK€ C(pOPMUPOBAHHON OUepean Cy/IOB.

7) Ha ocHOBe yKa3aHHBIX pacyeTOB BBIPAOATHIBAIOTCS M BH3YAIU3UPYIOTCS PEKOMEHIAIUH
JUCIIETYEepy MO YIPaBICHUIO CyJaMHu.

HamomHauM, 4TO OAHMM M3 OCHOBHBIX TpeOOBaHMIA K pa3padaThiBa€MbIM aNTOPUTMAM SIBJISETCS
MUHUMU3ALUS BPEMEHHM 3aJIepP’KKH KaKJOoro CyJHa OT MOMEHTa €ro BXOJa Ha KOHTPOJb J0
OpuOBITHSL B TOUYKY CIMSHUS TOTOKOB. B 3TOH CBS3M, B COOTBETCTBUU C MOJOXEHHUSIMHU
PYKOBOASIIMX TOKYMEHTOB 110 TexHomoruu padotsl aucnerdepoB YB/I [1,2], pazpaboransl ruOKue
QITOPUTMBI  yripaBieHus. [lpegycMaTpuBaeTcs BO3MOXKHOCTh YCTpaHEHHsS KOH(JIHMKTa Kak
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BBIIOJIHEHUEM MUHUMAJIbHO HeoO0XoauMmon 3ajepxkku nocieaytomero BC (B koHGuuKTYyrOIIEH
nape), Tak 1 HeoOXOAUMBIM ycKopeHueM mpensiayiero BC (B naHHON mape) myTeM yBEJIWYeHUs
€ro CKOPOCTH JBMKEHHUS.

Peanuzanuss HEOOXOOMMOHN 3alepKM MOXKET BBIMOMHAThCE U mocieayiomum BC B
KOHQUIMKTYIOIEH Iape MmyTeM 3aMeAJieHHsl ero ckopocTu. Takoe yBenuueHue (WM 3aMeUIEHUE)
BBIIIOJIHAETCSL B IIpeleiax JIOIMYCTHUMBIX TEXHOJIOTMYECKUX HHTEPBAJIOB CKOPOCTHOTO pPEXHUMA
JBYDKEHUS YNPaBISIEMOTo CyJaHa. BakHbIM MOMEHTOM SBISETCS IOCTOSIHHAs LMKINYecKas
MPOBEPKAa BO3MOXKHOCTM BO3HHUKHOBEHHUS KOH(MDIMKTHBIX CHUTYallMii WJIM WX HaBEACHUS NpHU
peanu3any CKOPPEKTUPOBAHHOTO ABHKEHHSI CY10B (3a7epKEK U YCKOPEHUH ).

PesyabTaTsl MoeiupoBaHusi paboThbl AJITOPUTMOB CJAMAHHUSA

PazpaOoranHble anropuTMbl ObUIM CBEICHBI B IPOrpPaMMHBIM MOJENMPYIOIIMHA TNakeT B
CTaHJapTHOM cucteme [11].

CranpapTHble cxeMbl 3ajep:KKH. [Ipexe Bcero, nzyyaics npeieiabHblii BapuaHT JaHHBIX IO
YCJIOBUSIM PabOThI CXEMBI:

— IUIOTHOCTb Ka)kJI0r0 MOTOKA MPH BXO/€ Ha KOHTPOJIb, 360 ¢, T.e. ¢ 6 MUHYTHBIM UHTEPBAJIOM;
TakuM 00pa3oM, B 3TOM BapUaHTE MOJCIUPYETCS IpelebHas HOMUHAIbHAs MHTEHCHBHOCTH
npubbiTus cynaoB 10 cynoB/dac B KakIOM IIOTOKE; CyMMapHas HOMHHAIbHas WHTEHCHBHOCTb
cocrasiseT 30 cymoB/Jac;

— DILIEIOHUPOBAHUE, 3aJaHHBIM O€30IacHbIl BpEMEHHOW HMHTEpBaJl MEXAy CyJaMHu IpH UX
o0bennHennu B Touke ciausunst EE013 cocrasmser 120 c;

— WHTEpBaJ BpeMEHU MojeupoBanus 3anaBajics 21600 c, T.e. 6 yacoB pabOThI AUCTIETYCPCKON
CMEHBI.

Pe3ynpTaThl MOIEIMPOBAHUS IO YKa3aHHOMY MpeAeIbHOMY BapUaHTy C HOMUHAJIbHOMN

TUTOTHOCTBIO TPHOBITHS 30 CyI0B/4ac XapaKTepU3yIOTCS CIEAYIOMIUMH TaHHBIMU.

IMoroxk ADUSI: oGpabotano cymoB 54, 3amepxaHo 54, CyI0B C IpepBaHHBIM IMOAXOJIOM 2,
MUHUMaJbHas (110 BCEM Cy/aM MOToKa) 3ajepkka 320 ¢, MakcumalibHas (110 BCEM cyziaM) 3ajiepikKa
660 ¢, cyMmMapHas 3aaepxkKa cyqoB B nmotoke 30512 c.

IMotox PITIM: oGpabGotano cynoB 55, 3anepkaHo 54, cyAOB ¢ NMpepBaHHBIM MOAXOAOM 2,
MUHHMaJIbHas (10 BCeM CyJaM IMOToKa) 3ajepxka 0 ¢, MakcuMaibHast (110 BCEM CyllaM) 3aJepiKKa
673 c, cymMmMapHas 3aJiep’Ka CyioB B moToke 29504 c.

IMorox PESIL: o6paboTtano cymoB 55, 3agepxkaHo 55, CylOB C NpepBaHHBIM MOJIXOIOM 2,
MUHUMabHas (110 BCEM CyAaM MOTOKa) 3a/epkka 323 ¢, MakcuMalibHas (110 BCEM Cy/iaM) 3aJiepiKKa
703 ¢, cymMmMapHas 3a7epxkka cynoB B motoke 30373 c.

CymMapHo 110 BCeM MOTOKaM (CTaHJapTHbIE cXeMbl): 00paboTaHo cynoB 164, 3anepkano 163,
CYJZIOB C IIPEPBAHHBIM NOJIX0A0M 6, CyMMapHasl 3aJiepKKa Ccy10B 110 BceM notokam 90389 c. Bugno,
YTO C Y4ETOM MOJEIMPYEMBIX CIy4YailHbIX pa30pOCOB MOMEHTOB BXO/a CY/I0B HAa KOHTPOJIb

obciyxeHo 164 cyana. 13 Hux 163 Obuam 3ajepkaHbl, IpuyeM 6 Cyl0B HE yAaloch BIUCATh B
CIUTYIO0 ouepeab (MX moaxo/ bl Oblu mpepBanbl). OOmas 3aaepxkka B notokax ADUSI, PITIM u
PESIL cocrasinsina, coorBerctBeHHO, 30512 ¢, 29504 ¢ u 30373 c¢. CymMapHas 3ajiepKKa o TpeM
MOTOKaM JocTUria KatacTpoduueckoir BenmnuuHbl 90389 c. BenmnunHa 3aiepkKu UMEET OYCHB
6onpmiol pazbpoc. Ha puc. 7 mokasaH mpuMep T'MCTOrpaMMbl KOJMYECTBEHHOTO pacrpeieieHus
3ajmepxkek cymoB moroka PESIL mpu MomenmpoBaHWM Ha CTaHAApPTHBIX M BEEPHBIX CXEMax.
I'ucrorpammel motrokoB ADUSI u PITIM umeroT aHanoru4HbIi BUL.
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8 8 a) cTanmaprHas cxema, motox PESIL
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Puc. 7. 'uctorpamMmma KOJTM4E€CTBEHHOT'O PACIIpe/IeNeHuUs 3aJepKEK CyA0B MOTOKa
PESIL; a) MmogenupoBaHue Ha CTAaHJAPTHBIX cxemax; 0) MOJIeTMpPOBaHNE
Ha BEEPHBIX CXeMax

Taxkum o0Opa3oM (puc. 7a), MOJETUPOBaHHE TOATBEPKIACT O’KUAAEMBIN CEphe3HBI HEI0CTATOK
CTaHJApPTHBIX CXEM IPEABAPUTEIILHON 3aJI€P’KKU C UX OpUEHTAIMe BAO0JIb HOMHUHAILHOW TPAacChl
nBkeHus. Henocratok o0ycinoBieH HEOOXOJUMOCTBIO BBIIIOJHEHUS CYJHOM MOJHOIO 0OpaTHOTO
pa3BopoTa Jaxke nIpu HeOONbIION BennunHe Tpedyemoi 3aaepxKu. [Ipu 3ToM MOMEHTHI TPUOBITHS
HEONpaBJaHHO YBEJIMYUBAIOTCA HA BpeMs IIOJHOrO pas3Bopora g0 5 wmuHyTr. Ilpm stom B
CTaHJApPTHBIX CXEMax Hapymaercs TpeOyemas MUHUMAJIbHOCTh 3aJE€PKKH KaXIOro CyAHa M
HENPUEMJIIEMO BO3pAacTalOT CyMMapHBIE 3a/I€P>KKHU CYZ0B ITIOTOKOB.

Beepnble cxembl 3a/1epKKH. [[1151 ycTpaHEeHNs YKa3aHHbBIX JTOMOJHUTENbHBIX (HE ONTUMAJIbHBIX)
3aJepkKeK, NPUCYIIMX CTaHAAPTHBIM CXeMaM, OBIIM B3SThl 32 OCHOBY BEEpHBIE CXEMbl B
coorBercTBUM ¢ pekoMeHmamusiMu EUROCONTROL, ICAO u NASA; yuyuThIBaJIach Takke
npaktuyeckas uHpopmanms [8,9]. DTH  cXeMbl TpeABAPUTENFHOW  3aJCPKKH  OBUIH
monupunupoBanbl. [lo cBoeill cyTw, HOBas MpenyOKEHHas HJies pealu3yeT KOMIAKTHBIA (I10
pa3MepaM B IJIaHE) BapHaHT JABOWHOW JalbHEH BEepHOI Iyru OXKUaaHus, KoTopas oOecrednBaeT
IIPUMEPHOE KOHIIEHTPHUECKOe ABMKEHUE 3a1epkuBaeMoro BC oTHOCHTENBHO TOUKHM BO3BpAILLEHUS
Ha HOMUHAJIBbHYIO TPAEKTOPHUIO.

[Ipn MonenupoBaHUM C BEEPHBIMU CXEMaMH ObUT B3ST OJUHAKOBBIA C MOJIEIMPOBAHHEM IIO
CTaHJapTHBIM CXEMaM BAapUAHT JaHHBIX. Pe3ylbTaThl 10 yKa3aHHOMY NPENCIbHOMY BAapUAHTY C
HOMMHAJILHOM MJIOTHOCTHIO MpuObITUS 30 CyA0B/4ac XapaKTepU3yIOTCs CIEAYIOIMMU JaHHBIMHU.

IMorok ADUSI: o6paborano cymoB 58, 3amepkaHo 58, cyda C MPEpBaHHBIM IMOAXOAOM
OTCYTCTBYIOT; MHUHHMMaJIbHasl (110 BCEM CyAaM IMOTOKa) 3ajep’kKka 4 ¢, MakcHUMalbHas (10 BCeM
cynam) 3azaepxka 316 ¢, cyMmMapHast 3aiepkka cy1oB B notoke 10404 c.
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Iortoxk PITIM: oGpaGorano cymoB 57, 3aaepkaHo 56, cyma ¢ NpPEepBaHHBIM IOAXOIOM
OTCYTCTBYIOT; MMHMMaJIbHas (II0 BCEM cCyJaaM IOTOKa) 3anepxka 0 ¢, MakcuMaibpHas (IO BCEM
cynam) 3anepxka 333 ¢, cymmapHasi 3a7iepkka cy1oB B motoke 10344 c.

IMoroxk PESIL: o0paborano cymoB 56, 3amepkaHo 55, cyna ¢ MPEpBaHHBIM TMOIXOIOM
OTCYTCTBYIOT; MHUHHMMaJIbHasi (II0 BCEM CyaaM IOTOKa) 3ajepxka 0 ¢, MakcumaibHas (10 BCEM
cynam) 3azepxka 323 ¢, cymmapHast 3a7iep:kKa CyJ1I0B B moToke 9699 c.

CyMMmapHo 1o BceM IOToKaM (BeepHbIe cxeMbl): oOpaboTano cynoB 171, 3amepxkano 169, cyna
C IpPEpBaHHBIM IOAXOAOM OmCymcmeyiom, CyMMapHas 3aJep)kka 1mo BceM mnotokam 30447 c.
BunHo, 4To ¢ y4eToM MOJENHpyeMbIX ClydyaiiHbIX pa30pOCOB MOMEHTOB BXOa CYI0B HAa KOHTPOJIb,

o0ciryxeHo Oombiee yncio cynoB — 171 cyana. M3 Hux 169 cynoB Obuin 3aaepKaHbl, IpUYeM
BCE Cy/a ObUIM ycremHo 0eCKOH(MIMKTHO JOBEICHBI 10 TOUYKH OOIIeH TOYKHU CIMSHHUS — Cyla C
IIPEPBAHHBIM IIOJXO0/A0M OTCYTCTBYIOT.

OtmeruM, 4TO B ciiydyae pabOTHI BEEPHBIX CXEM NIPUMEPHO B TPH pa3a CHUZMIUCH OOLIHe
3agepxkku 1o motokam (ADUSI — 10404 ¢, PITIN — 10344 ¢, PESIL — 9699 ¢). CymmapHas
3aJlep’KKa Mo TpeM MOToKaM cHu3uiach 10 30447 c. BennuuHbl 3aiep:KeK B MOTOKAX MO KaXIOMY
CYAHY TaKXe TNPUHIMIHAAIGHO yMEHBIIWINCH, YTO BHJIHO HAa TMPUMEpPE TUCTOIPAMMBI
pacnpenenenus 3aaepxkku BC nmotoka PESIL (puc. 76); rucrorpaMMbl pacripeie/ieHus 3a1epKeK B
notokax ADUSI u PITIM nMmerot aHanoruyuHblil Xxapakrep..

CpaBHUTE/IbHBIN AaHATU3 XapaKTePUCTUK CTAHAAPTHON U BeepHOi cxeM

CpaBHHTENBHBIC JAHHBIE 33/ICPXKEK 0 PE3yJIbTaTaM MOJCIHPOBAHUS IMPHUBEICHBI B CBOIHBIX
JTAHHBIX A7 CTaHAApPTHBIX (puUC. 8a) U BeepHbIX (puc. 80) cxeM Mpu pa3HbIX 3HAYCHUAX CyMMapHOU
IUIOTHOCTH TIPHOBITHS MOTOKOB 12, 18, 24 cynos/dac u nipu npeaensHoi Benuumae 30 cymos/gac.
[Ipu 3TOM, COOTBETCTBEHHO, IJIOTHOCTH MPUOBITUS B KaXJIOM IMOTOKE COCTaBIAIOT: 4 cynHa/dac,
HOMHUHANBHBIA Temn npuobiTus 900 c; 6 cynoB/yac, HOMHHANBHBIM Temn npuObITHS 600 c; 8
CyI0B/4ac, HOMHUHAIBHBIN Temn npuobiTUs 450 c; npenenbHblid, 10 cynoB/yac, HOMUHANBHBINA TEMIT
npuObITHst 360 c.

a) CTaHJAPTHBIC CXEMBI 6) BecpHBIE CXEMBI

C

MO, cynoB ac | 12 18 2 30 12 18 24 30
Cymmapnas

3ajiepiKKa, ¢ 8100 | 14472 | 63211 | 90389 13 2135 4899 | 30447
Iorox ADUSI, ¢ 1600 6748 | 20612 | 35512 0 818 1350 | 10404
IMotok PITIM, ¢ 3818 4562 | 20920 | 29504 0 998 1352 | 10344
IMorok PESIL, ¢ 1938 3906 | 21679 | 30373 13 319 2197 9699

Puc. 8. KonmuuecTBeHHBIE CpaBHUTENBHBIE TAHHBIE 3aJIEPKKU CYZ0B TIOTOKOB MPH
pa3HoOi CyMMapHO# TUIOTHOCTH MPHUOBITHS: ) B CTAHJAPTHBIX CXeMax; 0) B BEEPHBIX CXeMax

AHanu3 3Toil MHQpOpPMAIMK MMOKa3bIBaeT, YTO HCKIIOUEHUE HEOIpPaBJAHHBIX TPAaT BPEMEHH Ha
Pa3BoOpOTHI (IPUCYTCTBYIOIIMX B CTAHJAPTHBIX CXEMax) U BBEIEHHE BO3MOKHOCTH HEMPEPHIBHOTO
pEeryaupoBaHUs BPEMEHM 3aJlepKKU (B BEEPHBIX CXeMaX) CYIIECTBEHHO CHIIKAIOT CyMMAapHbIe
3a/IEPKKH B CIIMBAEMBIX ITOTOKAX.

[Ipu npoBeeHUH MOJIETMPOBAHUS B CXeMaxX 00OMX THIIOB BEPOSTHOCTHBIM BXOJHBIM (haKTOpOM
SBIIAJIOCH CIydyailHOEe paccessHue (C paBHOMEPHBIM paclpeelieHHeM) MOMEHTOB IpuXoja Ha
KOHTpPOJIb CYZIOB BCEX IOTOKOB. [IprMepsl rucTorpaMM KOJIMYECTBEHHOI'O PACIIPEAEICHUS BPEMEHU
3aJIep’KKU CYZIOB MOTOKOB (pHC. 7) MOKa3bIBAIOT, YTO PE3yJIbTUPYIOLIHE 3aKOHBI pacrpeaeieHui
BECbMa JAJIEKU OT HOPMAJIbHBIX — ['ayCCOBCKMX, KOTOPBIE YAaCTO MPEIIAraeTcsl UCIOIb30BaTh IIPU
HCCIIEA0BAHUM TIOTOKOB BO3JYIIHBIX CY/IOB.
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BriBoabl

BbInonHEeHO CpaBHUTENBHOE HCCIENOBaHHE PabOThl aJIrOPUTMOB CIUSHUSA B CTaHIAPTHBIX U
VIIYUIIEHHBIX BEEPHBIX CXeMaxX MpPEBAPUTEIBLHON 3alepKKU U CIHUSHUS TPEX IMOTOKOB CY/IOB B
30HE MOJX0Aa MPUMEHUTEIHHO K MOJEIbHOMY (DparMeHTy CTPYKTYPhl IPUOBIBAIOIINX TOTOKOB.

[Ipr pa3nUYHBIX CyMMAapHBIX WHTCHCHBHOCTSX IPUOBIBAIONINX ITOTOKOB OIEHEHBI 3aTpaThl
BPEMEHH 3a/IEP>KKHU CYZOB Ha UX CIIHSHHE.

MopenupoBanue TMokKa3ajao, 4YTO MPUMEHEHHE (B COOTBETCTBUM C PEKOMEHAAIUSMU
EUROCONTROL, ICAO u NASA) momuduiupoBaHHOW BEEPHOW TEXHOJIOTMM Ha CXeMmax
MPEBAPUTEILHON 3a/lepKKH 0071aaeT BaKHBIMU TMPEUMYIIECTBAMH TEPEea  CYIIECTBYIOIUMU
CTaH/JapTHBIMU cXeMaMHu. BeepHble cXeMbl MOTYT ObITh PEKOMEHIOBAHBI [UIsl JalbHEHIIEro
MCCJIEI0BAHUS U MPAKTUYECKOTO TPUMEHEHUSI.

Paboma svinonnena npu yacmuunoti noodepcke POOU, npoexm Ne 18-01-00410.
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