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Bukopucrano pe3ynbTaTH NPAaKTHYHHUX €KCIIEPUMEHTIB IS MIABUINEHHS TOYHOCTI (DYHKIIT HallpaBiIeHOCTI BUIIPO-
MIHIOBaHHSI aBiallifHOTO HIyMY, III0 Mae 0COOJIMBE 3HAUEHHS JUISl OLIIHKU PiBHS IIYMY B TOYKax PO3TALIyBaHHS CIIOCTeE-
piragiB mo3any Bif moyatky po30iry mepes 3160ToM abo MOYaTKy MpoOiry Iij 9ac MOCaAKH Ha 3IIITHO-TIOCAJKOBY CMY-
ry, a0 A IIyMy Bif JIiTakiB, IO PyXalOTHCS B3IOBX PYIDKHUX JOpPiXKOK. Po3pobieHo mporpamue 3abe3nedeHHs A
00YHCIICHHS TIONPAaBKK BUIIPOMIHIOBaHHS Ha3al Ui OCHOBHHX KaTeropiit miTakiB Jumbo, Heavy, Large, Regional Jet,
Propeller, ko BOHH MaHEBPYIOTh Ha 3eMJli. BCTaHOBIIEHO 3aJIe)KHOCTI YETBEPTOTO MOPSAKY IMOMPABKH BUIIPOMIHIO-
BaHHS Ha3al A1 KOXKHOI IPYITY HOBITPSHHUX CYZCH.

Kunrouosi ciioBa: (yHKIIiS HapaBICHOCT], BUIIPOMIHIOBAHHS Y 3aIHill CEKTOp, aBialiifHUI IIyM, MOJCIIFOBAHHS, IIPO-
rpamHe 3a0e3MeYeHHS.
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JIJIST CJIYUAS ET'O U3JIYYEHMS B 3A/THUM CEKTOP
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Hcnonp30BaHBl pe3yNIbTaThl MPAKTHICCKUX SKCIICPUMEHTOB JUIS MOBBIMICHIS TOYHOCTH (YHKIWH HANPaBICHHOCTU
M3IYYCHUST aBHAIMOHHOTO IIyMa, YTO MMeeT 0co00€ 3HAUCHHE /I OICHKH YPOBHS IIyMa B TOYKAX PACIOJIOKCHHUS
HaOmonatenei mo3agud OT Havajna pasdera mepen B3JIETOM, WM HayajJoM MpoOera mpu IOcagke Ha B3JIETHO-
MOCAJ0YHYIO TIOJIOCY, WM JJIA IIyMa OT CaMOJICTOB, MBMKYIIMXCS BIOJIb PYJICKHBIX TOpOXek. Pa3paborano mpo-
rpaMMHOE OOeCreUYeHHe JJis BBIUMCICHUSI TIONPAaBKKU M3IyUCHHs Ha3aJ JJI1 OCHOBHBIX KaTEropuil caMojeToB Jumbo,
Heavy, Large, Regional Jet, Propeller, xorna oHu MaHEBPUPYIOT Ha 3eMJIC. YCTAHOBIICHBI 3aBHCUMOCTH YETBEPTOTO
MOPSIIKA MOTIPABKU M3JTyUCHHS Ha3a 1 )15 KaKI0U TPYIIIBI BO3MAYIIHBIX CY/IOB.

KuaroueBble ciioBa: QpyHKIVS HaPaBICHHOCTH, H3ITyYeHHE B 3aIHUI CEKTOP, aBHAIMOHHBIN IIIyM, MOJICITHPOBaHUE,
porpaMMHOe oOecTiedeHue.

AKTVYAJIBHICTb POBOTU. YkpaiHa sk MOBHOI- Hani tumoBumx NPD-3amexHocTelt y 0a3i maHuX
paBHmWA wieH MiKHapoOMHOI oOpraHizamii IHUBUIHHOT ANP BH3HA4YarOTh pIiBEHb IIyMYy, BUIPOMIHIOBAHOTO
asiarii ICAO (International Civil Aviation [IC, sxi 3MIMCHIOIOTE PyX Y3[IOBXK i/eani30BaHUX TOpHU-
Organization) 3060B’s13aHa JTOTPUMYBATHCS METOJOJIO- 30HTAILHUX TPAEKTOPIi MONBbOTY HECKIHUEHHOT JOBYKHU-
rii o04KcIeHHs PiBHIB aBialliiHOTO IIyMY, BUKJIAACHOT HM 3 IOCTIHHUM 3HAYEHHSMH IIBUJAKOCTI MOJBOTY 1
y nokyMeHTi «KepiBHHITBO 3 pEKOMEH/IOBAHOI'O METO- pexxuMy pobotu ABuryHiB. J[ns moOyJqoBH KOHTYpIB
JIy PO3paxyHKYy KOHTYpIB LIyMY HaBKOJIO aepoIOpTY» IIyMy 3a JOIOMOIOI0 METOAy CerMeHTalil 3adesmedy-
[1]. BignoBimHo 70 1OTO MTOKYMEHTY piBEHb 3BYKY B erbesl ananranis ganux NPD, mo BiamosinaroTe He-
OKpeMill TOUIli CIIOCTePEKeHHSI BU3HAYAETHCS TIPU OJTU- CKIHYCHHIHN TpaekTOpii, 10 YMOB peaJbHUX TPAEKTOPIH
HUYHOMY TpoIbOTi moBiTpsiHOTO cyaHa (I1C). Mogemto- Ta TAaHUX OIYHOTO KOPUTYBAHHS IJIs1 OOYUCIICHHS PiBHS
BaHHS PIBHIB aBial[ifHOTO IIyMy 3iHCHIOETHCS 3 BUKO- oIyMy, IO TEHEPYEThCS B3IAOBXK pEabHOI TPaeKTOPil
pPHCTaHHSM METOJy CEerMEeHTAIli TPaeKTopil MoJbOTY 3 MOJBOTY 1 CHPUMMAETHCS CIIOCTEpirayeM y TOYLl Iij
BUKOPHUCTaHHSAM MDKHapoJgHOI 0asW JaHUX 10 HIyMy i Tpaekropiero 1onboTy. CermeHTamiss 31MCHIOETHCS
JILOTHO-TEXHIYHUM XapaKTepUCTHUKaM MOBITPSHUX CY- LIUIIXOM HOAITY KOXHOI TpaeKTopii Ha KiHIEBI MpsMO-
nen (The Aircraft Noise and Performance Database — JHHIAHI giTsHKY, aganTanis ganux NPD 3aificHioeThes
ANP) [2]. Lis Ga3a cTBOproBanacs MpOTATOM Oararsox 0 TapaMeTpiB MOJBOTY B3JOBX OKPEMHUX IiISHOK.
POKIB BHPOOHMKAMH HOBITPSIHUX CyIEH y CIiBIpami 3 PiBHI mIyMy, 0 T€HEPYIOTHCSA KOXKHOIO 3 IHX JIIJISTHOK,
OpraHamy, yIOBHOB&)XEHHUMHM 3IIHCHIOBAaTH cepTUdika- MOTIM MiACYMOBYIOTBCS U1 OTPUMAHHS BiIIIOBITHOTO
ILiI0 MOBITPSHHUX CyaeH 3a mrymoM. baza ANP mictuth 3HAa4YCHHS PIBHA 3BYKY B TOYINl CIOCTEPEKEHHS Bif
JIaHl 10 IIyMy 1 JIOTHO-TEXHIYHHM XapaKTEPHCTHUKAM Tpa€eKTOPii MOJIBOTY B LITOMY.
jitakiB i remikonTepiB. [laHi 3a IIyMOM NpUBEIEHI Y Mertoro pobOTH € BIOCKOHAJEHHS (YHKIII Hampas-
BUTIISII 3aJIEKHOCTI  IIYM—TIOTYXHICTb—BiICTaHb JICHOCTI BUIIPOMIHIOBAHHS, SIKa BUKOPHUCTOBYETHCS TIPH
(noise—power—distance — NPD) nnst UMBUTBHUX THITIB MO/ICTIIOBaHHI piBHIB aBialifHOTO MIyMy, HUIIXOM BH-
aBiaJ[BUTYHIB, IO HaHOINbIIEe BUKOPHCTOBYIOTHCA Y 3HAUEHHS anpokcuMariil miel QyHKUii 3 ypaxyBaHHSIM
caMHX 3aBaHTa)KCHHX aepoIopTax CBiTy. PI3HMX THIIIB ABUT'YHIB HOBITPSHUX CY/ICH.
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MATEPIAJI 1 PE3VJIBTATH JOCIIJIKEHbB.
Coix 3a3naunty, mo gokyment ICAO DOC 9911 [1, 3]
nependadae MOJICTIOBAHHS PiBHIB TaK 3BaHOTO «aTMOC-
(depHOTO ITyMYy», TOOTO MIyMY, KU T€HEPYETHCS TMOBi-
TPSIHUMHU CYIHAMU i 9ac eKCIUTyaTallifHuX omepartiit
BignpaBieHHs abo mpuOyTTs. MiX THM, Tak 3BaHUI
«HA3eMHUI LIyM», KU YTBOPIOETHCS NMPU BHKOHAHHI
orepariii pyJiHHS, BUIIPOOyBaHHS JIBUTYHIB, BUKOPHC-
TaHHSA JONOMDKHHMX CHJIOBUX YCTaHOBOK, BBa)KaBCS
TaKUM, 110 iM MOXKHa 3HEXTYBaTH, OCKUIBKH CYTTEBOTO
BHECKY B «aTMOC(EpHHUIl UIyM» HE YUHHUTh, TOOTO pea-
JHHO HE BIUIMBAE Ha IapaMeTpU KOHTYpIB HIyMYy 3a
MeXaMH aeponopty. ToMy «Ha3eMHHMH LIym» IOBHHEH
OIIiIHIOBATHCS HE3aJEKHO BiJ «aTMOC(EPHOTO IIyMy».

MaxkcuManpbHAH piBEHb ITyMy, IO YTBOPIOETHCA
OKPEMHM CErMEHTOM TPAEKTOPii MOMBOTY Lmaysegy ¥
3araJbHOMY BUTJIAII MOKe OyTH OTHMCaHWI TaKUM BHpa-
3oMm [1, 4]:

I-max,seg = Lmax (P.d)+ 4| (9) - A(B, 1), 1)

ne Lyax(P,d) — makcumanbhe 3HaueHHs Bix okpe-

MOTO CETMEHTY TPa€KTOPii MOJbOTY, SIKE BU3HAYAETHCS
Ha OCHOBI IHTepHosimii TabauuHuX aanux NPD mis
MIACHUX 3HAYCHb TATH ab0 TOTYXHOCTI IBUryHa P i
BiacTaHi d.

Cknanosi y gopmyii (1) € KopuryBaIbHAUMH YiieHA-
MH, SKi BpaXOBYIOTh HACTYITHI €PEKTH:

A(¢) — ebekT KOMIIOHOBKH (MiCIlsI BCTAHOBIICHHS)
IBUTYHIB, OMHCY€E 3MiHYy Oi9HOI HAIPaBICHOCTI BHUIIPO-
MIHIOBaHHS IIyMy 3a pPaXxyHOK HOro €KpaHyBaHHS, 3a-
JIOMJICHHS 1 BIIOUTTS, BUKIIMKaHE OBEPXHAMH IIIaHEpa
[IC, camMux OBUTYHIB i OTOYYIOUHMH ITOTOKAMH TOBITPS
3 PI3HUMH IIBHKOCTSAMY;

A(B,4) — GiuHe 3aTyxaHHs, Ma€ CyTTEBE 3HAYCHHS
IIpY TIOIIMPEHHI 3BYKy B YMOBaxX MallMX KyTiB CIOCTe-
peXeHHs BITHOCHO IMOBEPXHI 3€MIIi, BiH BPaXOBY€ B3a€-
MOJIIF0 MK MPSIMHUM 1 BiJOUTHUM 3ByKOBHMH IPOMEHSIMHU
(Tak 3BaHMT eeKT BIUTMBY 3eMHOI MIOBEPXHI), & TAKOK
ypaxoBye BIUIUB e(DeKTiB aTMOC(HEpPHUX HEPIBHOMIPHO-
creli (y mepiry 4epry, BUKIMKaHUX TTOBEPXHEIO0 3eMili),
SIKi 3aJIOMJIIOIOTH 3BYKOBI NPOMEHI B Mipy iX mpoxo-

Cnocrepirau

JOKSHHSI IO MICISl pO3TallyBaHHs criocTepirada B 0id-
HOMY HampsiMi BiJI Tpa€KTOPii MOJIBOTY.

IMompaBka Ha epeKT KOMIIOHOBKH IBHUTYHIB Aj((Q) y
1b obumcioeTses 3a hopmyoro [1]:

b

(a~c052(p+sin2(p)

A, (p) =10-log — 5
(c~sm @ + CO0S 2(,0)

ne ¢ — kyr uHaxunenns, «=0,00384, b=0,0621,
¢=0,8786 — nnst ABUTrYyHIB, BCTAHOBICHHX IIiJ] KPUIIAMH;
a=0,1225, b=0,3290, c=1 — i1 ABWTYHiB, BCTAaHOBIIE-
HUX Ha (QrO3eIsiKi.

Jlnst TBUHTOBMX JIiTakiB A, (gp) =0.

Biune 3aTyxaHHS 3BYKYy AJIS JITAaKiB 3 TBUHTOBHMH
Ta PEAKTHBHUMH JBUTYHAMH, BCTAHOBJICHHMH Ha (ro-
3eDKI 1 MiJ KpuitaMH, OOYHCIIOETHCS BIANIOBIIHO 10
nokymenty AIR-5662:

A(B,9=I(1)-A(p),

ne I'(l) — xoedimieHT BiACTaHI, AKUH OOUHCIIOETHCS
3a BUpa3oM

I(1)=1,089-[1-exp(-0,00274 )] nns 0<I <914 m;

I')=1 mal>914 m.

A(p) — GiuHe 3aTyxaHHs 3BYKY Ha HUISIXY «IIOBITPS —
3eMJIS», Y JalbHIH 30HI OOYHCIIOETHCS HACTYITHHM
YHHOM:

A(B)=1,137 — 0,02293 + 9,72-exp(-0,142)

IUTST OOSﬂS 500,

A(B=0 st 50° < B<90°,

[Iym peakTHBHHUX JIITaKiB XapaKTEepU3y€eThCs TEII0-
CTKOBOIO JIiarpaMO0 HAIpPAaBJICHOCTI BHUIIPOMIHIOBAHHS
y 3a1Hii HaniBcdepi, 0 XapakTepu3ye IyM, BUpoOIie-
HUH CTpyMEHeM BHXJONHMX rasiB. Taka nmiarpama €
CYTTEBOK, KOJIM LIBHAKICTh BHUTIKaHHS PEAKTHBHOTO
CTpyMeHs BHhIe (TOOTO TsAra ABHTYHA BHUIIE), a IIBHI-
KIiCTh TOBITPSHOTO cynHa Hik4e. [laHuii eexr ypaxo-
BYETHCS (DYHKIIIEIO PETYIIOBaHHS HAIPABICHOCTI AsoR.
Bona He € He BiIIOBITHOIO YUHHUM THTIAM MOBITPSHUX
cyaen [1, 3] i Oysa 3anpomnoHoBaHa AJsl APKyY HOBITPSI-
HHX CYJIeH, sIKi Ha JIaHH/ 4ac BBAXKAIOThCS BXKE 3acTapi-
JIUMH 1 B OLJIBIIOCTI BUMA/IKIB HE €KCILTYaTYIOThCS.

I'eoMeTpuuHI MapamMeTpy 3aJeKHOCTI HANPaBICHOC-
Ti 3BYKY Asor Bl O4aTKy po30iry HaBeJeHi Ha puc. 1.

Pucynoxk 1 — 'eomeTpH4HI MTapaMeTpH «ITak—CIOCTEpiraw» sl OLIHKK KOpUTyBaHHS (QyHKii
HaIpaBJIEHOCTI BUIPOMiHIOBAaHHS 3BYKY

OyHKIIS peryitoBaHHS HAINPaBICHOCTI Asor 3acTO-
COBYEThCSI B TOYKAX CHOCTEPENKEHHs, 10 3HAXOAATHCS
mo3ay TOYKH IMoYaTKy po3odiry (todro mpu 90 © <¥ <
180 ©), me ¥ — asuMyTaNbHUN KyT MK IO3JJ0BXKHBOIO
BICCIO pyXy JliTaka 1 BEKTOPOM M0 crocrepirada. Bin
00YnCITIOETHCS 32 POPMYIIOIO:

W = arcco g ,
dSOR
Jie ( — BiICTaHb BiJl HOYATKy CETMEHTA 10 HalOIMXK-
40T TOYKHU AUITHKH TPAEKTOPIT MONBOTY; Usor — BiACTaHB
BiJI criocTepiraya 7o TUITHKH TPAEKTOPIT MOJIbOTY.
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Js xyTiB 90° < W < 148,4° QyHKIis peryaoBaHHS
HAIpPaBJIEHOCTI 00YHCITIOETHCS 3a BupaszoM [1]:

Asor=51,47 — 1,553-% + 0,015147-% — 0,000047173- ¥°.

Hus kyTiB 148,4°< ¥ < 180° yHKIIis perymroBaHHs
HATPABJICHOCTI OOYHCIIIOETHCS 32 I1HIIOK (HOPMYIIOH0

[1]:

Asor=339,18 — 2,5802-¥ + 0,0045545- % —
—0,000044193- ¥,

VY cy4acHHMX IHTETPOBAaHMX MOJIEISAX aBialiHHOTO
myMmy (YHKIIS HarpaBiIeHOCTI Asor 3aCTOCOBYETHCS /10
PiBHIB IIyMy, IOB’SI3aHUX 3 TIEPIIAM CETMEHTOM JiISTH-
KH po30iry mpy 37BOTI MOBITPSHOTO CyJHA BiAIMOBIIHO
JI0 a3MMYTHOTO KyTa mo3aiy Jirtaka (puc. 1). Bona Ta-
KOXX 3aCTOCOBYETHCS /IO UIyMY BiA omepamiid po3oiry
nitaka. OKpiM TOr0, aJITOPUTM 3IJIaJKYBaHHS 3aCTOCO-
BYETHCS 10 PIBHIB IIYMY JUIsl CIIOCTEpiradiB Ha BijcTa-
Hax monaz 2500 ¢yTiB mo3any moyarky po3oiry. Lle mae
0coONMBe 3HAYEHHS JJISI PO3TalllyBaHHS CIIOCTEpiraviB

100
<2500 ft.

1Mo3ajJy He TUTbKH Ha MOYaTKy po30iry miis 37b0Ty, ajie
TaKOX Ha TIOYaTKy MpoOIry Ha 3JIiTHO-TIOCAJIKOBIN cMy3i
ITiJ1 Yac mocajaku, ae oouasi ymoBu BukoHani [10].
OpHak (QYHKIIS PEryIIOBaHHSA HANpaBIICHOCTI Asor
MoOke OyTH BUKOpPHCTaHA JJIsl OOYNCICHHS MaKCUMallb-
HOTO PiBHS IIyMY, IO YTBOPIOETHCS CETMEHTOM TPAEK-
TOpil MOJBOTY, 3aMiCTh ABOX CHELU(IUYHHX HOIPABOK

Al(p) i A(B,)):
Lmax,seg = Lmax(P’ d) + Al (@) — A(ﬂ, Z) + ASOR’

ne Asor — (YHKIS perymoBaHHS HaIpaBICHOCTI
LIyMy PEaKTHBHOTO JIBHUTYHA.

OyHKIIS peryIoBaHHS HAlpPaBIICHOCTI Asor CTaHO-
Buth 0,0 n1b misg asumyTamsaEX KyTiB 0 <¥ < 90 °. La
(GYHKIISI € CUMETPUYHOI0 10 00MIBU OOKH Bij Bici Ji-
taka. [loToyHa QyHKUiS peryJroBaHHS HAIpPaBICHOCTI
Asor HaBEJICHA Ha PHC. 2 (aIropuT™ mpuBeaeHui y [1, 4]).
Jiarpama € KOpUI'yBaHHSIM AaHUX PiBHS 3BYKY, SIKE I1O-
BHUHHO 3aCTOCOBYBATHUCS I Asor AK QYHKINT BT MOJIS-
PHOTO KyTa Ta BiICTaHI 1Mo3ajy JliTaka.

5000 ft

Pucynok 2 — KpuBi moTOYHOI fiarpaMu HaIllpaBICHOCTI

OxpiM TOTO, e(heKT HAMPABICHOCTI TAKOXK YPaXxOBYE
IIyM pYyJIDKHUX DOPDKOK (MOIiOHWI MO mIymy Bix BH-
npoOyBaHHA JABHTYHA, TOMY IO MPH PYJiHHI MOBITPS-
HOTO Cy[IHa MArTh MICIe yXe Malli IBHIKOCTI PyXy),
HE KaXYy4M BXKe, IO Leil IIyM He JI0/1a€ BEJIMKOro BHEC-
Ky Yy 3arajJbHUH IIyM yCepeauHi i HaBKOJIO aepoIopTy.
PyninHs — 116 pyX NpH eKcIutyarailii HOBITPSHOTO CyHa
Ha 3eMJIi mepe] 3IbOTOM Bifl MICI[SI CTOSIHKU JI0 3JIiITHO-
MOCaKOBOI CMYTH a00 TicIs MOCaaKd, TOOTO B 3IIiT-
HO-TIOCAJKOBOi CMyTW 10 Micus crossHkH. Ha puc. 3
HaBeJIeHI (DyHKIIT HarpaBiIeHOCT] A1 HalOIbII Xapak-
TEpHUX TPYH JABUTYHIB MOBITPSHUX CYAEH. TypOOpeak-
THBHUX, TYPOOBEHTUIISITOPHUX, TYPOOTBHHTOBHX [5].

Sk BUIHO 3 puC. 3 AiarpaMu HaIpaBJICHOCTI reHepa-
il myMmy MOXYTh OyTH CIIeIU(pidHUMH I KOXKHOTO
TUIy JIBUTYHA. BiAMiHHOCTI MiX MMM KOHKPETHUMHU
JiarpaMaMy HaIpaBJICHOCTI AJS PI3HUX THUIIIB JBUTYHIB
Ta JiarpaMor0 HaIpaBJIeHOCTI, 3anpornoHoBaHo ICAO
abo ECAC [1, 4], moxyts Oyt monax 10 nbA y mes-
HUX Hampsmax. ['padivna imoctparis ¢yHKIii Hampas-

JICHOCTI, sIKa HAaBeJeHAa Ha PHC. 3, HE 3aCTOCOBYETHCS
JUIsl BU3HAYEHHSI PIBHSI 3BYKOBOTO THUCKY Ha OJM3bKUX
BIJICTaHSX.

15 F 1 Directivity patterns:

P r /e\ : —&— ICAO proposal
g 10 [ % ; 77— Turbojets
T £ —=—— Turbofans
E. : - j —e— Turboprops
g r 7 : :
(7] L _“———-ﬁm
Y R ¥
e s e AN
I -
I
=
T 10
x
2 r
° IR - E—
x r

.20 £ i i I i i 1
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KyT HanpasneHocri, rpagycu

Pucynox 3 — Y3aranbHeHi KOpUTyBaHHS (QYHKIIIT
HAaIpaBJICHOCTI Ul XapaKTepHUX TPy JBUTYHIB
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VY 3arampHOMY BUTIISAAI iHAekc HampasieHocTi DI,
SIKU{ € CTaHIAPTHUM Y aKyCTHUI[l, BU3HAYAETHCS HACTY-
[THAM YHHOM:

DI =L;-L, 2)

ne Lj — piBeHs mIyMy y HampsIMKy crioctepiraua; L —
CHEepreTUdHEe CepelHE 3HAYCHHS pPIiBHSA HIyMy B YCiX
HarpsMKax.

Innexc manpasnenocti DI nilicHO Mae THIIOBY KOH-
¢irypauito, TOOTO € cHenUPIYHUM Ui KOXKHOTO TUILY
JiTaKa, K 1e 300paxkeHo Ha puc. 4, Je iHJCKCH HaIpaB-
nenocti DI npuBeneHi Bij Ha3eMHHMX BHMIpIOBaHb LIy-
My IiJ 9ac eKcIuTyaTalii JiTakiB Uil peXUMiB poOOTH
IBUTYHIB 3 MaKCHMAJIbHOIO TATOIO 1 XOJIOCTOTO XOIYy.

BoueBunp, TakoXkK U1 TypOOTBHHTOBHX IBUTYHIB (pHC.
5), HE KaXXy4dHW BX€ IPO BUIPOMIHIOBAHHS IIyMY Bij
MOBITPSIHOTO TBHHTA, 1HJIEKC HAMpaBIEHOCTI HE TakK
CHJIFHO 3aJISKUTh Bil poO0OYOTo peknuMy IBHUTYHA, SIK
e XapakTepHO Ui TYpOOBEHTWJIATOPHUX JBUTYHIB
(puc. 4), OCKITBKM Ma€ MicCIe JIOMiHyBaHHS
MOHOIIOJBHOTO JKepesia BUIIPOMIHIOBAHHS y BUIAIKY
mymy rBuHTOM. st TypOOpeakTHBHUX JliTakiB (puc. 6
Ju1st OOMOBHX JIITAKIB, AT SKMX CTPYMEHI IepeBakaroTh
aKyCTHYHI JPKepella y 3arajbHuil IIyM JBUTYHA) MOJEINI
LIyMy HalpaBJICHOCTI CHJIBHO 3ajeXaTb Bl THITY
TIOBITPSTHOTO Cy/THA.

- A3H0-5000-300 - RR Trerd S00 GROUND DLE
AFHI-Z00-300 - CPMSE-50 GROUND DLE
AFDFR Trent 700 GROUND DLE
AJFDFW 4000 GROUND IDLE

- A330 GE CFE-BIE1 GROUND IDLE

a)

| —idie
——max power
" |— Vorschlag {2,0,0}

180°

Pucynok 5 — HampaBiieHiCTh BUIIPOMIHIOBAHHS IIIyMY
TypOorsuHTOBOTrO JliTaka C—130
(st pi3HUX piBHIB HABAHTAKEHD JIBUTYHA)

3 MEeTOI0 MigBUIIEHHS TOYHOCTI PO3PAXYHKIB IIyMY
B aeporopTy MpPOMOHYEThCS B 0a30Bild MOJeNi JaHHX
nepe0aYuTH JIEKiIbKa THIIB JiarpaM HaIlpaBJIeHOCTi
JuIsl OOYKCIIeHHs aBiallifHOTO IIyMY, KOJIM JIITaK MaHe-
BpYE Ha 3eMIIi, a came:

— 3aJIeKHO Bijl TUITY ABUT'YHA B CHJIOBIH yCTaHOBII
jitaka (peakTHBHHH, TypOOBEHTWIATOPHUIL, TypOOrBHU-
HTOBHIA);

— 3aJIeXHO BiJ TPYNHU MOBITPSHUX CyJCH — IUBIIb-
Hi (aBialis 3araJbHOTO MPU3HAYCHHS Ta/a00 KOMEPIIiii-
Ha) i/ab0 BiliCHKOBI;

- A321 w2500 GROUND DLE
A321 CFM3E-5E GROUND IOLE
- A320 V2800 GROUND DLE
A3 CFMSE-SE GROUMD DLE
A320 CFKSE-5A GROUND DLE
A318 W2EID GROLMD DLE
A3E CFIEE-SE GROUND DLE
AIVE CFIEE-HA GROLUND DLE
AJ18 FW BI0DD GROUND IDLE
A318 CFMIE-3E GROUND IDLE
A318 CFM5E-GA GROUND DLE
—raf
=—arschiag: (212}

6)
Pucynok 4 — HanpagsiieHicTh BUIPOMIHIOBAHHS IIyMY ciMeiicTBa miTakiB Airbus: a) 3a MakcUMalbHOT MOTYKHOCTI
poOoTH IBUTYHIB Ha 3eMIIi; 0) i 9ac poOOTH ABUTYHIB Ha PEXKUMI XOJIOCTOTO XOAY

. |=—F-18 max power
——F-18 idle.
—— A-10 max power

Pucynok 6 — HampaBiieHICTh BUIIPOMIHIOBAHHS IIIYMY
JUIsl BINCbKOBUX PEAKTHBHUX JIITAKIB
(mst pi3HUX piBHIB HABAHTAKEHD JIBUTYHA)

— 3aJeKHO BiJl KJAcy Bard JTaka: CyNepBaKKUi
mitak (Jumbo Air Carrier), saxxkwuii (Heavy Air Carrier),
Benmukuii (Large Air Carrier), perioHaibHU# peakTHB-
uuid  (Regional Jet), typOorsunroBuit (Propeller
Aircraft);

— 3aJeKHO BiJ CHEKTPAIBHOIO KJIAcy JTaKa, SKUH
€ o3Hakolo B 0a3i manux ANP s cenapiiB Binmpas-
JICHHS Ta IPUOYTTS JIITAKIB.

MokHa O6yno O o4iKyBaTH, IO SIK PiBEHb HIYMY BiJl
orepaiiii MmoJibOTy 3MEHIIYEThCS 3 IUIMHOM 4Yacy, TO i
BILUTMB ITyMY BiJl HA3eMHHX OTiepalliii OyJae 3MeHITyBa-
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IHOOPMALIIMHI CUCTEMU I TEXHOJIOI'Ti. MATEMATUYHE MOJEJIFOBAHHSI

TUCs nponopiiiiao [6, 7]. Lle Moxke cTocyBaTucs Iymy
] 9ac PYJiHHSA JIiTaka, MOBEPTAIOYN Y3J0BXK 3IITHO-
MMOCAIOYHMX CMYT 1 T.JA. 3a3BHYail miJ 9ac 3JIbOTY IIyM
BiJ JliTaka HabaraTo BUINUH, HIX Bix Oyab-fKoi omepa-
il Ha CTeHAAX, MEPOHi i PYNiKHAX JOPIKKAx, ane Cho-
TOJHI Ba)KIHUBICTh TOYHOCTI IS OIIHKH PiBHIB IIyMy
BiJl OyJb-sIKOi Ha3eMHOI omeparlii MOBITPSHOTO CyJIHA
Mae HaiBuniui npioputer. Llym Big niTakiB Ha pysik-
HUX JIOPDKKaX YMHHUTH BIJHOCHO HEBEJIMKHUH BHECOK JI0
3arajibHOTO IIyMY aepomopTy, ajie JBi 0OCTaBHHU MO-
KYTh 3a0€31eYUTH HOBE OaYeHHsI HOro Ba)KJIMBOCTI.
Io-nepwe, 3HWKEHHS IIYMY BiJ JITaKiB B IOJILOTI
3a0e3neuy€eThCSl B PE3YNbTaTi 3allpOBaKCHHS HOBHX
TEXHOJIOTi# TBUTYHIB, OTHaK II¢ HE 0OOB'SI3KOBO BigOH-
BA€THhCS Ha LIYMi CHJIOBHX YCTaHOBOK 3 MaJIOIO TSIOIO
(OTYXHICTIO) ABUTYHIB, SIKi € THIIOBUMH IUIS OTIepaIliif
pyniaag. OKpiM TOTO, OCKIJIBKH iHTEHCHBHICTH IMOJIBO-
TiB 3pOCTa€ i aepomopTH HAOIIDKAIOTHCS IO BIIACHOI
IpaHUYHOI TPOITYCKHOI 34aTHOCTI, Y pe3yjbTaTi Taka
3aBaHTAXKEHICTh O3HAYATUME, IO JIITAKK OyAyTh BUTpa-
4aTH OUIbIIE Yacy Ha 3eMJli, YeKaIoYH Yepru y Ha BUIIIT.
[MoBiTpsiHI cynHa, SIKI BITITAIOTH i BBAKAIOTHCS BaX-
KUMH, OyIyTh BUPOOJIATH OlNblIe IIyMY, OCKIIBKY BOHH
NPUCKOPIOIOTH MIBHAKICTD PYJIHHSA 3 PEXKUMY YTPHMaH-
HS Ha KOPOTKMX JUCTaHLIiAX. 3araJlbHUil pesynbTar
MOJISITae y TOMY, IO HAa3eMHI omepariii MOXXyTh 3ilc-
HIOBaTH OUIBLINII BHECOK y LIYM aeporopTy, TOMY BH-
HUKae moTpeda y BKIIIOYEHHI iX M0 MaiOyTHIX OLIHOK
IIyMy aeporopTy, sSKi HEOOXigHI y MOCHiIKEHHAX 3

MPOEKTYBaHHS aepoIOPTiB, TeHepaIbHUX IJIaHIB, OIiH-
KM CTaHy HaBKOJHWIITHHOTO CEPEIOBHUINA 1 3BITHOCTI
1010 BIUIMBY Ha HaBKoJMIIHE cepenosuiie [8, 10].

Ilo-opyze, cxema aepomopTy (aepoapomy) Moxke
BCTaHOBUTH MPIOPUTET IIYMy BiJ JITaKiB Ha PyJiKHAX
JOPIKKax TOPIiBHSHO 3 JIITAKAMH B IIOJBOTI, BKITFOYAIO-
YH IIyM BiJ JITaKiB Ha 3JITHO-MIOCAJAKOBIH CMYy3i, TOOTO
min gac ix 3npoty i mocanku (puc. 7) [4].

3 ypaxyBaHHSM BHIIEC BUKJIaJEHOTrO, 3aMiCTh YHi-
BEpCaJIbHOT MONPaBKH Ha BUIIPOMIHIOBaHHS Hazax (s
kytiB 900-1800) ASOR, 3anponoHoBaHoi B JOKYMEHTI
ICAO, mnpomnoHyeTbCS EKCHEpUMEHTANbHO OTPUMATH
TUTIOBI TIOTIPABKH JJIsl OCHOBHUX IT’SITH BaroBUX KJIAciB
mitakiB Jumbo, Heavy, Large, Regional Jet, Propeller
[9]. Tum camum Gyme 36iNBbIICHA TOYHICTD MOJICITIOBAH-
HS UL PO3paxyHKy piBHIB aBiallifHOTO ITyMy 3 ypaxy-
BaHHSAM THIIOBOi 3aiexHOCTi. s mporo po3podieHo
mporpamMHe 3a0e3NeUeHH, SKe OOYHCIIOE PIiBHI MIyMy
it mitakie Jumbo, Heavy, Large, Regional Jet,
Propeller, komu BOHM MaHEBPYIOTh. 1X ekpaHHi GopMu
HaBesieHi Hk4e (puc. 8-12).

Ha mifcraBi oTpUMaHKUX JaHUX alpOKCUMOBaHO (y-
HKIIi HAmpaBJICHOCTI Ha3aj] s KaTeropiil JiTakiB
Jumbo, Heavy, Large, Regional Jet, Propeller i orprma-
HO 3aJIe)KHOCTI YETBEPTOTO MOPSAKY, SKi € OUThII TOY-
HUMH Ha BiIMiHY BiJ MOJIiHOMA OPYTOTO TOPAIKY, 3a-
npononoBanoro B jokymeHti ICAO (puc. 13-16).

. . Bemos g, e YT
Combined Operations o 4 e s

Taxi and
Ground Operations 0

4,750

F
9,500

ITaxi and
Ground Operations

T = el
0 4 [

Pucynox 7 — I1opiBHSHHS KOHTYPIB IIyMY Bijl HA3eMHHX 1 JILOTHHX OIIEpariif
(3enenuii — 55 Ly, momapanuesuii — 60 Lg,, uepBonmii — 65 Lgy,)
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IHOOPMALIIHI CUCTEMU I TEXHOJIOTTi. MATEMATUYHE MOJIEJTKOBAHHS

160 200 250 315 400 500 630 800 1000 1250 1600 2000 2500 3150 4000 5000 6300 8000 10000
666 |655 |634 |635 (662 |699 (736 (745 |755 (797 |79.7 (813 |761 (762 |78
666 |655 |634 (635 (662 (699 (736 |745 (755 |79.7 |797 (813 |761 (762 |78
666 |655 (634 |635 (662 (699 |736 (745 |755 (797 |79.7 (813 |761 |762 |78 801 |70.7
78
78

713 |74 784 |673
713 |74 784 |673

LDA = 89,91 SLAD = 88,51, DSLA=0

666 |655 |634 |635 (662 (699 (736 (745 |755 (797 |79.7 (813 |761 |762
666 (655 |634 |635 (662 |699 (736 |745 (755 |79.7 |797 (813 |76.1 |762
67 661 (641 |644 (671 (707 |74 745 |753 |795 (796 |81 764 |76.1 |78 801 [71.1
676 |672 |654 [662 (689 |723 (747 |744 (748 (791 |793 (803 |769 (759 (781 |799 |[71.9
682 |683 (667 |679 |706 |738 |754 |744 (742 (787 |79 796 |774 |756 |781 |798 |727
743 |737 |782 |787 |789 |779 |754 (781 |79.7 (734
695 |705 |693 (714 |741 (769 (768 |742 (732 |778 |784 (782 |784 |751 (781 |795 |742
699 |709 (702 |712 |738 |763 |76 735 |728 |766 |774 |764 |768 |738 (766 |77.1 |723
702 |74 |71 71 735 |758 |752 (728 |723 |754 |764 |746 |752 |725 |751 |747 |703
706 (718 |719 (708 |731 (752 (744 |722 (718 |742 |754 (728 |736 |71.2 |736 |723 |684
71 722 |727 |706 (728 (746 |735 |715 |714 |729 |743 (709 |72 699 |721 (698 |664
711|724 (731 |705 |726 |743 |731 (711 (713|723 |738 |70 712 |692 |713 [686 |654
711|724 |731 (705 |726 (743 (731 |71 (711|723 |738 |70 712 692 |71.3 (686 |654
711|724 (731 |705 |726 (743 |731 (711 |71 723 |738 |70 712 |692 |71.3 |686 |654
711|724 |731 |705 |726 (743 (731 (711 |71 723|738 |70 712 |692 (713 |686 |654
711|724 |731 |705 (726 (743 |731 |710 711|723 |738 |70 712 692 |713 |686 |654

Angles LDA SLAD Correcti A
» 89,1 89,05 0.54

5
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]

737 |751 808 |69
746 |755 (817 |697
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Pucynok 8 — OGuUuCIeHHs PiBHIB IIyMy IS JIiTakiB KaTeropii Jumbo

Angles 50 63 80 100 125 160 200 250 315 400 500 630 800 1000 1250 1600 2000 2500 3150 4000 5000 6300 8000 10000
—h €93 |72 |764 653 |62 |646 |635 |614 615 |642 |679 |716 |725 |735 |77.7 |77.7 |793 |741 |742 |76 |781 |es7 |62 539
10 633 |72 (764 |653 |62 (646 |635 |614 |615 (642 |679 |716 |725 |735 |77.7 |777 |793 |741 |742 |76  |781 |e87 |62 |538
20 (693 (72 |764 (653 |62 646 |635 614 |615 |642 (679 |716 (725 |735 (727 |77.7 |793 |741 (742 |76 |781 |e87 |62 |539
Bl IS ST 30 [e93 [72 [764 |e53 |62 646 (635 (614 (615 (642 (673 (716 (725 (735 (7727 [777 [793 [741 [742 |76 |781 [e87 [e2 [s33
Fogies [IDN. | STADT | ComedilE} 40 [e93 |72 |764 653 |62 (646 |635 |614 |615 |642 (679 |716 (725 |735 (777 |77.7 |793 |7a1 |742 |76 |781 |es7 |62 |539
"h v Ton st 50 |e98 (722 |769 (657 |625 |65  |641 |621 |624 |51 (687 |72 |725 |733 |725 |776 |79 |744 |7a1 |76 |781 |e91 |e28 |s5.1
o o e o 60 |77 |727 |778 663 |635 (656 (652 (634 (642 (669 (703 |727 |724 |728 (771 |773 |783 |749 |739 |761 |779 (699 (644 |57.4
o o Toe loa 70 [717 731 [788 |67 |e44 |e62 |663 647 |659 |686 |71.8 |734 (724 |722 (767 |77 |776 |754 |736 |761 |778 |70.7 |59 |596
T 1 726|735 |797 677 |e54 |69 |674 |66  |67.7 |704 |734 |71 |723 |717 (762 |767 (769 |759 |734 |761 |777 |74 |675 |61
Tz Tlozoss st 735 |739 |s06 (683 |663 |675 (685 |673 (694 |721 (749 |748 (722 |712 (758 |764 (762 |764 731 |761 |775 |722 |69 |e42
50 e713 Jeesr Jose 100 |744 |754 |s0.1 685 |67.1 (679 (689 (682 (692 (718 (743 |74 |715 |708 (746 |754 (744 |748 |718 |746 |751 (703 |67 |68
o o s lom 110|753 769 |796 |86 |68 |es2 |69.4 6 715 |738 |732 |708 (703 |734 |744 |726 |732 (705 |73 |727 |e83 |65 |595
N P P P 120 [762 (783 |79 |87 |688 |686 (698 |699 (688 |71.1 |732 |724 |702 |€98 (722 |734 |708 |716 |92 |71.6 |703 |e64 |63 |57
o e ey o 130 [771 (798 |785 689 |696 |63 |702 |707 |686 |708 |726 |715 (695 |69.4 (709 |723 689 |70 (679 |70.1 |67 (644 |61  |547
= o Teeer Ta 140 [775 (805 [782 (689 |70 |91 |704 (711 (e85 |706 |723 |71.1 |691 |69.1 (703 |71.8 |68  |69.2 |672 |69.3 |666 (634 (60 |535
o o e e 150 |775 |805 [782 689 |70 |91 |704 |711 |e85 |706 |723 |711 |691 |e9.1 (703 |71.8 |68 |69.2 672 |69.3 |66 |634 |60  |535
P P 160 |775 |805 |782 |89 |70 |31 |704 711 |es5 |706 |723 |711 |es1 |es1 (703 |71.8 |68 |e92 |67.2 |69.3 |66 (634 |60  |535
20 [laete [2eg |0z 170|775 |05 |782 |89 |70 |31 |704 |711 |ee5 |706 (723 |711 |es1 |es1 703 |71.8 |68 |692 |67.2 |69.3 |666 (634 |60  |535
Tl o Tems 180 |775 (805 |782 689 |70 |31 |70.4 |711 |65 |706 (723 |71.1 (691 |e9.1 (703 |71.8 |68 |692 672 |69.3 |666 (634 |60  |535
140 8614 (8069 |582
150 8614 8069|582
160 |s614 8063|582
170 |ss14  |e06s | 582
180 |ss14 8063 | 582 v

Pucynox 9 — OGuuciieHHs piBHIB IIyMy JUIst JIITaKiB KaTeropii Heavy

Angles 50 63 80 100 125 160 200 250 315 400 500 630 800 1000 1250 1600 2000 2500 3150 4000 5000 6300 8000 10000
0 693 |702 |736 (747 |755 |734 (724 |749 |766 (756 |752 |769 (769 |789 |775 (771 |61 649 |836 |796 |789 |765 |743 (757
10 (693 |702 |736 (747 |755 (734 (724 (749 (766 |756 (752 (769 (769 (789 |775 |77.1 |61 649 (836 (796 (789 (765 (743 |757
20 (693 |702 |736 (747 |75 |734 (724 |749 |766 |756 |752 |769 (769 |789 |775 |77.1 |61 649 |836 (796 |789 |765 |743 |75.7
30 |64 738 |786 |773 |751 |776 |763 |783 |82 (80.1 (791 |815 (806 |793 |766 (774 (81 859 |85 813 |799 |785 |762 |788
40 |667 |723 (764 |729 (763 |793 |745 |764 |786 |79 786 |791 |778 |752 |734 (739 |769 (807 (811 |79 794 |785 |77.7 [782
50
60
70
80
90
100
110

Angles LDA SLAD  Cormecti A

683 (713 |748 (717 |763 |789 (736 (758 |78 78 777 |773 |787 |725 (714 |713 |736 (766 |772 (762 (772 |758 |751 (774

» 90.36 89.61 564
10 9036 89,61 564 687 |708 |739 |738 |751 |765 |737 |765 |783 |769 (762 (761 |743 |71.2 (706 (697 (711 |735 |734 |729 |733 (706 [686 (764
e o ia 6 |718 |745 |71 |53 |764 |76 |58 |75 |72 |7 |7 |78 |7 708 |21 |71 |76 |71 |es4 |e85 773
30 9368 93.06 9.09 695 723 (753 |762 |756 |76 742 |758 |78 775 |761 (763 |745 |75 704 |711 (701 |694 (683 |675 (686 (722
20 91.42 9011 6.15 701 |724 (758 (771 |76 755 |755 (762 (799 |779 (764 |77 76 724 696 |706 |706 |69.2 |67 679 (688 (609
> e e l3s 713 [731 |72 |78 |788 |80 |764 |767 |s04 |784 |75 |785 775 |78 79 |15 |37 |77 |72 M8 |23 |74
60 33'02 85'08 1'.‘ 1 722 |761 |788 |796 (809 (807 |776 (783 (814 (797 |785 |80 796 |774 |754 |742 |75 766 |764 |744 |76 744 (761 (872
~ ~ ~ 120 |729 (814 |81 819 (823 |776 (789 |81 829 |819 |793 (815 [823 (828 (814 (793 |787 |799 (789 (773 |79.1 |785 (801 (912

70 87.81 8447 051

.

o e s s » 130|736 |787 |796 (806 |815 |803 |794 829 |84 |s16 |75 822 80 781 |7723 |77 |75 |778 |758 |71 |75 |795 (885
%0 8319 8397 0 140 |739 (768 |794 |805 (806 (814 (797 (825 (839 (799 (787 (809 |80 773 |753 |749 |748 |749 |754 |743 |754 |745 |773 |849

150 |738 |759 (804 (815 |79.7 (809 |798 |798 (824 |77 77 778 |766 |747 (731 |722 |722 (722 |78 |727 |74 725 |736 802
160 |73 74 762 |799 (808 (779 |756 (782 |808 (78 764 |751 (738 (722 |708 |70 698 |697 |69.7 [69.8 678 |70.7 |768
170 |73 74 762 |799 (808 |779 (756 |782 (808 (78 764 |751 |738 |722 (709 |70 698 [697 (697 (69.8 678 |707 |76.8
180 |73 74 762 |799 (808 |779 |756 |782 (808 |78 764 |751 |738 |722 |708 |70 698 [697 (697 |69.8 678 |707 |76.8

100 90 8622 (225

110 9297 |9037 |64

120 9592 |94 10.03

130 9471 9217 |82

140 9323 |[89.8 584

150 (9148 8686 |2.89

160 8954 8441 045

170 2954 |8441 045

180 [8954 (8441 (045 v

2|33

Pucynox 10 — O04ucieHHs piBHIB IIyMy Juts JliTakiB kareropii Large
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IHOOPMALIIHI CUCTEMU I TEXHOJIOTTi. MATEMATUYHE MOJIEJTKOBAHHS

File
Select aioraft type: [RICI v Aoges 50 63 80 100 125 160 200 250 315 400 500 630 800 1000 1250 1600 2000 2500 3150 4000 5000 6300 8000 10000
‘h 714 |27 |27 [223 [Bs [B1 [ [w07 [m3 [726 |73 [es9 [e92 [728 |77 [771 [m3 |5 |12 [m3 [m7 |3 [n7 [esa
10 |7 |78 |726 |74 |4 |ma1 |75 |71 |71 |53 (711 |679 |92 |73 762 |79 |764 |746 739 |741 |77 |72 695 |654
20 [n |[w9 |25 |5 (772 |70 |9 |[n3 (713 |79 |2 |ess [e93 [m2 |77 [s09 [785 |728 |78 (79 777 |ma |ess |ess
S b S S 0 (689 |71 [721 |7 [71 |75 |ms5 [n8 [ |[m |1 [ess [e97 [m6 [71 [e0 |78 [713 [734 |71 [777 [739 [ess [ea7
Tociee [T, | 50, | Goroi B 40 |678 |694 |716 |769 |786 |774 |734 |723 |761 |749 |694 |701 |703 |695 |734 |782 |763 |699 |729 |75 |774 |73 |e88 |eds
'—h o Jisss lic 50 (671 |69 |713 |776 |786 |769 |733 |726 |74 |746 |696 |72 |714 |677 |708 |76 |74 |e84 |73 |735 |5 |78 677 633
60 |67 (689 |73 (777 |779 |76 |72 |726 |77 |73 |75 |727 |731 |63 (685 |733 |721 |68 (686 |71 |72 |73 (651 |617

10 8793 |8663 [542
8904 (8772 |65
8867 |87.04 5.83
8798 |8591 47
8734 8444 (323
86.96 8299 178
8703 |823 1.09
87.09 8166 |0.45
8726 |8121 0
8719 |8106 |-0.15

10 (872 8108 |0.13

120 (8667 8098 |-0.23

130 8609 (8105 |-0.16

140 85,75 8113 |-0.08

150 (8563 |81.16 |-0.05

160 (8521 8075 |-046

170 8376 7862 |-259

180 8268 |7659 (463 v

70 (673 |693 |742 (777 |774 |754 (749 |728 (789 (775 |727 |737 |742 |655 (665 |708 |70 658 |665 (688 686 |63 60
80 (69 7 752 |774 |772 |759 |75 738 |798 |773 |721 |731 |733 |664 |[657 |686 (684 (664 (662 |67 678 |668 |621 |595
90 |706 |726 (762 |77 77 763 |75 747 |806 |772 (714 |725 (725 |673 |649 (664 |668 (67 659 |653 |666 |65 613 |59.1
100 |704 |72 757 |775 |773 |763 |758 |746 (802 |773 |75 (712 |71 665 |649 (671 [676 |66 651 |657 (675 (665 (625 (602
110 |702 |714 (751 |781 |775 (763 |767 |745 |797 |775 |71.7 |699 |696 (658 (65 677 |685 |65 643 |661 (684 |679 (636 (613
120 |698 (711 |744 (778 |775 |751 (751 |732 |791 |768 |705 |699 |689 |653 (661 |689 [694 |644 |646 (668 |69 689 |65 626
130 |693 (708 |737 |773 |773 |735 (726 |715 |784 (759 (688 (703 |684 |649 (676 |702 (704 (641 (652 |676 |695 |69.7 (665 |639
140 |691 |709 |735 |769 (764 (723 |717 (713 |779 |756 (685 |706 |69.1 |657 (684 |705 (709 [645 (654 (675 [695 |695 (664 (634
150 |692 |715 (738 |765 (749 (715 |724 |725 |776 |758 (695 |709 |709 (676 (683 |699 (709 |658 (653 (665 |689 |683 (646 (612
160 698 (721 |74 758 |734 |708 |724 |73 766 |754 |699 |708 |717 |687 |679 |689 |702 |663 |648 |651 |676 |666 |623 |58.7
170 |77 |727 (737 |741 |72 704 |703 (712 [739 |735 |688 (694 |695 |673 (665 |667 (673 (641 |63 625 |645 |632 |588 (552
180 |737 |733 |733 |724 (707 |70 682 (695 (712 |716 (677 (681 |672 |659 (651 |645 |645 (62 612 |599 (614 |[599 |552 (516

AHERBEBEEER

Pucynox 11 — O0uncneHHs piBHIB LryMy Juis JiitakiB kateropii RJICJ

784 |772 |822 |764 |794 |877 (829 |82 (851 (842 (843 (803 (771 |749 |715 |703 |676 (689 |71 696 |71 705 |687 |657
804 |791 |82 774 |806 |84 (836 (858 [854 (836 (835 (801 (779 |754 |733 (714 |694 |704 (711 |701 (713 (711 |704 (672
847 |836 |837 (789 |817 |854 (843 |857 (866 (84 824 |799 |763 (738 |72 705 [698 |69 70,1 (696 |706 |70.1 (692 |66.1
751 |767 |785 |738 |777 |87 |799 (883 |875 (82 83 792 |765 |75 719 |697 |676 |674 (685 |664 (687 (68 669 |639
763 |789 |813 (752 |781 |817 (756 |776 |77 753 |755 |728 |724 |707 |688 |677 |665 (656 (668 |647 |66 66 646 |617
735 |781 |793 (721 |768 |794 (738 |736 (733 (705 |708 (711 |704 |686 |67 663 (692 |659 (673 |[651 |658 (648 (64 60.7
715 |761 |779 (719 |743 |757 (722 |727 |727 |707 |705 (699 (689 |682 (672 (676 |718 |672 (694 |664 |66 (65 64 60,9
70 |72 753 |772 |72 |734 |738 |712 |699 |724 |69 695 |695 (686 |666 (647 (654 |659 |653 (671 |651 |652 (634 |623 |589
707 |75 765 |702 (724 |743 |713 697 |731 |682 (693 |701 |698 (669 |643 |646 (678 |62 634 |612 (62 608 |598 |564
733 |772 |808 (711 |722 |753 (712 |692 (712 (687 |69 695 (693 |663 (634 (641 |683 (621 |625 |606 (615 |60 594 |562
100 |716 |753 |793 |707 (718 |[761 |711 (696 |724 (681 (699 |705 |688 (669 (654 (661 (694 |595 |613 (629 |598 |58 578 |53.7
110 |725 |758 |79.2 |717 (728 |76 727 |716 |727 |688 |691 |708 (693 |683 (659 (652 |647 |585 |584 |60.7 |59.1 |564 |563 |524
120 |71.8 |76 798 |731 |743 |752 (744 |741 |748 |706 (695 (686 |685 |67 653 |652 |657 |60 617 |62 60 59 582 |545
130 |728 |763 (804 |726 (762 (769 (748 |739 (757 |702 |659 |69.1 (676 (666 (643 (639 |626 |59 605 |606 |576 |567 (554 |525
140 |763 |788 |794 |754 (762 (809 |764 (788 |764 |732 |738 |723 |698 (682 (664 (644 |64 595 (608 (604 |56.1 (556 (552 |52.1
150 |733 |745 |782 |73 738 |787 |763 (774 |76 747 |73 705 |668 |642 |63 614 |595 |571 |57.7 |65 539 |528 |52 492
160 |778 |77.7 |794 |761 (751 (743 |72 69.1 |67.7 |639 |616 |605 |564 |54 525 |50.1 |475 (448 (466 |438 (401 (399 |392 (383
170 |728 |727 (744 |711 (701 |69.3 |67 641 |627 |589 (566 |555 |51.4 (49 475 |451 (425 (398 (416 (388 (351 |349 (342 (333
180 |678 |67.7 |694 |661 (651 (643 |62 59.1 |57.7 |539 (516 |505 |464 (44 425 |401 (375 (348 |366 (338 (301 |299 (292 (283

LDA =8543 SLAD = 77.41, DSLA=0

Angles 50 63 80 100 125 160 200 250 315 400 500 630 800 1000 1250 1600 2000 2500 3150 4000 5000 6300 8000 10000
10
20
30
40
50
60

Anges LDA  SLAD  Comecti A
b_hsam 8808|1067
5429 (8809|1068
9494|8774 1033
9369 (8745 1004 i
8905|8162 |421 2
8687 |7985 |244
8547 (8027 |26
8431 |7825 084
£ |77 03
8543|7741 |0
8482 |78 045
8500 (742 002
857 |77.75 |034
862 7704 |037
140|882 7955 |214
150 |se4s 7817|076
160 |8534 (703 |7
170 |8034 |653 |-12m
180 7534 (603 |71 v

MNEBCBHEEBEEEE

< >
Pucynok 12 — OGuucieHHs piBHIB LIyMy JJIs JIiTakiB kateropii Propeller
3aranebHa anp iA GyHRUIT pomi nazag (kymn 90-180°)
X Y
30 88,51 Pieni 3gyky qaa rpynH gitaxie Jumbo
100 87,08 3 ypaxyBaHHAM BKH BHOPOMI maszan (kyTa 907 - 180%)
110 85,74 89,00
120 84,48 y = -4E-07x} + 0,000252 - 04152 + 3,2498x + a‘zas
130 83,26 88,00 e
140 82,69
150 82,69 &r.00
160 82,69 E
170 82,69 — 8600
180 82,69 \
85,00

Pucynok 13 — PiBHi 3ByKy [utst rpymu Jritakis Jumbo
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3arajbHa anpokcEManis GyHKNI BHIpoMiHIOBaHES Hazad (KYTH 900—1800}

X ¥
£l 86,51 Pieni 3pyKy 118 rpynn ditakie Heavy
100 85,08 3 ypaxyBaHHAM NONPAEKH EANpPOMIHIEAaHEA Hazad (KyTa 90° - 130%)
110 83,74 87,00
120 82,48 \
130 81,26 ¥ = -4EL07x" + ,0002x - 0,0415%" + 3,2098x - 1{9762
86,00 R7[=0,598%
140 80,69 -
150 80,69 85,00
160 80,69
170 80,69
L g £4,00
180 80,69 =y
— 83,00
82,00
81,00
80,00 | |
0 10 20 3 40 50 60 70 8D S0 100 110 120 130 140 150 160 170 180
Kyt W
Pucynok 14 — PiBHi 3ByKy IUIs TpyIH JIiTakiB Heavy
3aranbHa anp uia pyHryiT P i Ha3ag, (KyTH 90°—180°]
x ¥
90 83,97 Pieni :eyky Aas rpyns gditakie Large 3 ypaxyBaHHAM DONPABKH BENPOMIHIOBAHHS
100 86,22 wazag (KyTa 90° - 180%)
110 90,37 96,00
120 94,00
130 92,17 94,00
140 89.80 = 2E{06x" - [1,000gx* + 0,]504x%- 10,645x + 12,66
. A? = 0/3381
150 86,86 92,00
160 84,41
170 24,41 S oo00
180 84,41 =
88,00
86,00
84,00 ‘ | |
82,00
0 10 20 30 40 50 60 70 80 950 100 110 120 130 140 150 160 170 180
KyTw
Pucynoxk 15 — PiBHi 3ByKy 11 Tpymiu JiTakiB Large
saraasma anposxcEManin dbyEKD BETpoMiHBaEEA Hasax (kyTa 90°-180%)
3 nonpaekoio
x Y PirHi zByvKy ansa rpynd gdirakie RJICT 3 ypaxXyRaHHAM DOOPABKH
90 81,2 BHnpoMiHpBanEa Hazaa (xyra 907 — 1809
100 81,1 a2.0
110 81,1
120 81,0
130 81,0 810
140 81,1 vl -3E-07x= + p,o001>® - 0.p216x} + 1,5p28x +| 43,280
150 81,2 L R = (981 |
160 80,8 80.0
170 78,6
=
180 76.6 Z 700 |
78.0 b= |
77.0 -
76.0
o 10 20 30 a0 50 60 70 80 90 100 110 120 130 140 150 160 170 1BO
Kyt W
Pucynox 16 — PiBHi 3ByKy ai1st rpynu sitakiB RICJ
3araJbHAa anpoKcEManis GyEKNil BEnpoMinBaHES HA3ad (KyTH 90071800}
X Y
30 77,41 S 5
100 77,86 PiBmi 3BYKY 1717 rpynn Jitakis Propeller
110 77,42 90,00 3 YpaxyBaHHAM NONPARKH BHI] i Hazag (kyTa 90° - 180%) ]
120 77,45 ’ | |
130 77,04 80,00 | | | I |
140 79,35
150 78,17
o e 70.00 Y| ZE 06K 0,000 } 0,1847%7 15,4304 + G0G)11
3 R*=0,95]2
170 65,30 60,00
180 60,30
< 50,00
ri
ES
— 40,00
30,00
20,00
10,00
0,00
¢ 10 20 30 4 S50 60 70 8 9 100 110 120 130 140 150 160 170 180
Kyrw

Pucynoxk 17 — PiBHi 3ByKy st rpymu jitakis Propeller
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OTXe, OTPUMaHO 3aJIEKHOCTI YETBEPTOTO MOPSIKY
(yHKIIT HaIpaBJIEHOCTI BUIPOMIHIOBAaHHS aBiallifHOTO
IIyMy y 3aJHIA CEKTOp AJI HACTYIHHUX KaTeropii irta-
KiB!

Jumbo:

Asor=—4E-07-¥* + 0,0002-¥® - 0,0415-¥ +

+3,2498-¥ + 0,0238;
Heavy:
Asor=—4E-07-%* + 0,0002-¥° - 0,0415-¥2 + 3,2498-¥ —
~1,9762;
Large:
Asor=2E-06-%* - 0,0009-¥° + 0,1504-¥ — 10,635-F +
+ 342,66;
Regional Jet
Asor=—3E-07-%*+ 0,0001-9°—0,0216-¥2 + 1,5028-F +
+43,282;
Propeller
Asor=2E—06-¥*—0,0009-%° + 0,1842-¥? — 16,434- P+
+609,11.
BHCHOBKM.

1. V mixnaponHomy nokymenti ICAO DOC 9911
3aIIPOIIOHOBAaHO METOJ O0YMCIICHHS aBialiifHOTO MyMy,
SIKMH 3aCTOCOBYETBCS Y TIPOrpaMHUX cucteMax. OHak
LIYMH, 110 YTBOPIOIOTHCS NP PYJIiHHI JITaKiB, BUIIPO-
OyBaHHI JBUTYHIB, BUKOPHUCTAHHI JOIOMIXHAX CHIIOBUX
YCTaHOBOK, BBAXAIUCS TAKUMH, 0 HUMU MOJYKHA HEX-
TyBaTH, 1 BOHU HE BIUIMBAIOTh HA y3araJibHIOIOYl KOHTY-
pH IIYMY 332 MEXaMHU aepoIopTy.

2. Y mpomy x gokymernti ICAO DOC 9911 mns
ormepariiii po30iry Hpu BiANpaBIeHHI Ta MPOOIry mpu
npuOyTTi TONMpaBKa I0J0 BHUIIPOMIHIOBAaHHS Ha3ajl
PO3paxOBYETHCS 32 OJJHAKOBOIO 3AJISKHICTIO ANl OY/b-
SIKOT KaTeropii MOBITPSHOrO cyaHa. MiXK THM, KOXHa
KaTeropisi MOBITPSHUX CYJCH Ma€ CBOIO OCOOJHUBICTH, i
el gakT HeoOXiMHO BPaxOBYBaTH IPH OOYUCICHHI
BUIIPOMIHIOBAaHHSI Ha3aJl.

3. 3ampornoHOBaHO MPOrPaMHY CHCTEMY, sKa 00YH-
CIIIOE TIOMpPAaBKY JUI BHIPOMIHIOBaHHS Hazaja I pis-
HHX TPYI HOBITPSHUX CYJIeH. Y CTaHOBJICHO 3aJISKHOCTI
MONPAaBKU BHUITPOMIHIOBaHHSI Hazaja ISl KOXHOI IpyIH

TIOBITPSIHUX CYJICH.

4. JloBeneHo, IO JUIs Pi3HUX THIIIB JBUTYHIB IOI-
paBKa BHUIIPOMIHIOBaHHA Ha3aX 3MIHIOETHCS 1 CYTTEBO
BIPI3HIETRCS BiJ pPIBHAHHA, SKE 3alPONOHOBAHO Y
nokymenti ICAO DOC 9911, a came, 11 pi3Hi piBHAHHA
YeTBEePTOTO MOPSAKY A KOKHOTO THITY IBHUI'YHIB, a HE
OIHE DPIBHSAHHA IPYroro MOPSAKY, SIKE OMHCYye OyIb-
SIKM{ TUTI IBUT'YHA.
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IMPROVING THE COMPONENT ASSESSMENT AIRCRAFT NOISE
FOR THE CASE OF ITS RADIATION IN THE BACK SECTOR

O. Zaporozhets
National Aviation University

prosp. Komarova, 1, Kiev, 03058, Ukraine. E-mail: zap@nau.edu.ua

L. Levchenko

National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”

prosp. Peremohy, 37, Kyiv, 03056, Ukraine. E-mail: larlevch@ukr.net

Purpose. To improve the aircraft noise directivity function, which is used in the simulation of aircraft noise levels,
by determining approximations of this function to suit different types of aircraft engines. Methodology. The mathemat-
ical modeling for evaluating levels of aircraft noise taking into account the amendment in the back sector for different
groups of aircraft has been used. Results. For takeoff operations at departure and at arrival, the correction of radiation
in the rear sector is calculated according to the same dependence for any category of aircraft in accordance with ICAO
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document DOC 9911. However, each category of aircraft has its own peculiarity and this fact must be taken into ac-
count when calculating the radiation in the rear sector. The software system has been offered by means of which exper-
imentally typical amendments for calculating the radiation in the rear sector for the main five weight classes aircraft
was obtained. Originality. The fourth-order dependences for the air noise emission direction function in the rear sector
are obtained for the following aircraft categories: Jumbo, Heavy, Large, Regional Jet, Propeller. Practical value. It has
been proved experimentally that for different types of engines the correction of radiation in the rear sector is changed
and significantly is different from the equation, which is proposed in the document ICAO DOC 9911. Namely
different fourth-order equations for each type of engine instead a single second-order equation that describes any type of
engine have been offered. References 10, figure 17.
Key words: directivity function, radiation to the rear sector, aircraft noise, modeling, software.
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