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AEPOMNOPTU TA IX IHOPACTPYKTYPA

YK 629.7.534.2
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BIIJIMB E®EKTIB YCTAHOBJIEHHSA JIBUI'YHIB I IOINIUPEHHSA 3BYKOBHUX XBUJIb
B ATMOC®EPI HA PIBHI ITYMY JIITAKA B KOHTPOJIBHUX TOYKAX

IHcTuTyT TpaHcopTHUX TexHouorii HAY, e-mail: zap@nau.edu.ua

Pozensinymo memoo po3paxynky eniugy cmamy ammocgepu Ha nowupents 38yKkogux npomenis. Ilpo-
B€0CHO AHANI3 ANCOPUMMIE PO3PAXYHKY MPAEKMOPIU 36YKOGUX NPOMEHI6 34 HAAGHOCMI 2pAdi€eHmis
weuoxkocmi gimpy i memnepamypu. Busnayeno eniué pe@paxyitiHux e1acmugocmeli cepedosuua Ha

Xapaxmepucmuxyu NOWUpeHHs 36yK06UX NPOMEHIS.
Beryn

IcHytoui MeTomu 1 IpoTrpaMHi 3aco0H sl po3pa-
XYHKY Ta MPOTHO3YBaHHS IIyMYy B OKOJHISIX aepo-
MOPTIB y3arajJbHEHi A0 «CTaHAApPTHOI aTMOc(epm».
[Ipu 1IbOMy TIPUEMAETHCS OTHOPIMHICTE Ta 130TPOII-
HICTh HaBKOJIMIIHBOTO CEPEOBUINA IS TOUIMPEH-
HSl 3BYKOBHX XBWJIb, TPAEKTOPIi MPOMEHIB SIKHX SIB-
JSIOTH COOOI0 TIPSIMI JTiHiI.

Y peanbHit atMocdepi MOITHUPEHHS 3BYKOBHX
XBWJIb BIZIPI3HAETBCA Bifg cdepudHoi (opmu, IIIo
00yMOBJICHO TAKUMH YNHHUKAMH:

— TOTJIMHAHHS 3BYKY B MOBITPI, SIKE BiPI3HAETH-
Csl B PI3HHUX HamNpsMax;

— HEOJHOPIMHICTh CepPeIOBUINA MOIUPEHHS, KA
3yMOBJIEHA METEOPOJIOTIYHIUMH yMOBaMH (pedpax-
i 1 TypOyJICHTHICTB);

— B3aEMO/Iisl 3 3MHOIO TTIOBEPXHEIO.

Pesynbratu meskux MOCTIKEHb B pealibHIN ar-
Mocepi mokazanu HEoOXiAHICTH OONIKYy MeTeopo-
sorigaux ymoB [1; 2]. [IpumiTHO, IO HABITH HA Bia-
CTaHi JBaJIATH M'SITH METPIB BiJ Jpkepena (JriTaka)
IyMy MOTPIlIHICTh MOXe ckiaaatu Ao 20 ab, skmo
He Opammcs 10 yBard (METEOpOJIOTiYHI) IOTOMHI
YMOBH.

3a3HaueHi eeKTH BiAOyBarOTHCS MPH OLIHII Pi-
BHIB IIyMy B KOHTPOJIBHHUX TOYKax cepTudikarii i-
TaKiB BIATIOBIIHO JT0 BUMOT MDDKHAPOTHUX Ta HAIiO-
HaJILHUX cTaHAapTiB [3; 4].

Pedpakuisi 3ByKOBUX IPOMEHIB

Pedpakiist (3a10oMIIeHHS) 3BYKOBUX MPOMECHIB
BimOyBaeThCs, SAKIIO TeMIepaTypa MOBIiTps i/abo
WIBUAKICTH BiTPY (iX Tpali€eHTH MO BHCOTi) 3Mi-
HIOIOTBHCS Ha IUJISXY MOLUTUPEHHS TPOMEHIB.

TemmepaTypa TOBITPS 1 MIBUAKICTH BITPY BILTH-
BAalOTh Ha 3MiHy IIBHAKOCTI 3BYKY, 1 camMe BOHa €
NPUYHUHOIO pedpaKiIii.

[Ipu 30imbIIeHH] Tpaji€eHTa MMIBUAKOCTI BITPY 1
BiITaJICHOMY pO3TalllyBaHHI MpuiiMaya 3ByKYy MOX-
Ha criocTepiraTté Oulblle 3a OJHE BiOWBAHHS 3BY-
KOBOT'O TIPOMEHSI BiJl MOBEPXHi 3eMIi (puc. 1).
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Puc. 1. bararopa3oBe BiZOWBaHHS 3BYKOBOI'O IPO-
MEHS Bijl 3MHOT ITOBEPXHi

[TonoxxeHHs mepiioro BiAOMBaHHS X BU3HAYA-
€TbCS Yepe3 pO3B’SI3aHHS PIBHAHHSA YETBEPTOTO
nopsaky [5]:

nw(n+1)x' — 2n+1)yDx’ + [bg*+ 2n* — 1)bs" +
+ D’ —(2n—1)ybsDx +n'(n—1)bs' =0,

ne D = Dg + Dg +2(n—1)Dy; b7 = z(2+az))/; i = R;
n — TOPSOOK MPOMEHS BiNOWBaHHS, SIKM BU3Haua-
€ThCSI KUTBKICTIO BiIOMBaHb; R — mpuiiMad 3ByKy a0o
i =S — mxepeno 3ByKy.

Jnst KOXHOTO i-ro BiIOWBaHHS TEOMETPHYHI
napaMeTpu Ta 4ac PO3paxOBYIOTHCS TAKUM YHHOM
(Bci mapaMeTpu noka3aHi Ha puc. 1):

ri=2(n— Dr(zn)tr(zr)tr(zs) ;

T =2(n—1) T @zn)+ 7 (zr)+ T (25).

[Ipy momyTHOMY (10 TOLIMPEHHS 3BYKOBHUX
XBUJIB) BiTpi i/ab0 TemmeparypHiii inBepcii (mia-
BUILEHHI TEMIIepaTypH 3 BHCOTOIO HaJ 3E€MHOIO
MOBEpXHEI0 a00 TpaJieHT MIBHAKOCTI BITPY MO3U-
THUBHHUI) 3BYKOBI NIPOMEHI 3THHAIOTHCA JTOHU3Y
(puc. 2,a), a mpu 3ycTpiuHOoMy BiTpi i/ab0 mpu
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MOHWXEHHI TeMIepaTypu 3 BHCOTOI abo rpamui-
€HT MBHUAKOCTI HETaTUBHUU — Bropy (puc. 2,6).

Puc. 2. 3ruH 3BYKOBHX NPOMEHIB JIOHH3Y, SIKILO
TemIiepaTypa nauae (a), yropy, Ko Temreparypa
3pocrae (6) 3 BUCOTOIO

IIpomeHi BimOWBAIOYHCH,
3BYKOBOT TiHi.

3a yMOB 3yCTpIYHOTO BIiTpYy 1/a00 MpW MOHMKEHH1
TEMITEpaTypy YTBOPIOKOTHCSI 00JIACTi, BiIOMi K 30HH
3BYKOBOI TiHI (puC. 2,0), KyJH HE TOMaJae 3BYKOBUIA
MPOMiHb.

TemnieparypHUil TpamieHT i TpaieHT BITPY B Ha-
MpsiMi  TIOIMUPEHHS 3BYKY IOCHITIOIOTH PeQpaKIlito
3BYKOBHX XBHJIb.

Po3paxynkoBa edekTHBHA MIBUAKICTH 3BYKY BKIIIO-
gae B ceOe MBHUIKICTH 3BYKY B TIOBITPI 1 IMBHUIKICTH Bi-
TPy B HAIPsIMi TOIMPEHHS 3BYKY:

YTBOPIOIOTh 30HHU

z

c(z)=Aln| —+1|+Bz+C,

z
0
ne A — KoeiIlieHT CKJIaIoBOT HIBUAKOCTI 3BYKY, IO
BU3HAYAETHCS BITPOM:
u(z
gy w2

z
In| —+1
ol
B — koediuieHT TemnepaTypHoi cKJ1agoBOi IIBUAKO-
CTi 3BYKY:
dt  10.025

p=5 =
dz Jt +273.15

Bukonyroun po3paxyHKH, Oy1eMo BBaXKaTH Ipa-
JIEHTH JTHIHHUMH, TIPH [IBOMY:

c(z) = ¢ (1+ az),

JIe ¢ — IIBUJIKICTh 3BYKY BiJJHOCHO 3€MJIi; ¢y — IIBH/I-
KiCTb 3ByKY Ha TIOBEPXHI 3eMJIi; z — BICOTA BiJ] TOBEPXHi
3eMJ1i; @ — KOHCTaHTa TPpaJIi€HTa IBUAKOCTI.

Take npumymeHHs IO3BOJIIE OTPUMYBATH [0-
CUTh TPOCTI aHANITUYHI PIlIEHHS TPA€eKTOpii mpo-
MEHS 1 BIAMIOBITHI TapaMeTPH TPAEKTOPII.

[Tpu 3miHi yMOB pedpakiii 3MiHIOIOTBCSI KPUBU3-
Ha Ta JOBXXHHA TPAEKTOPii 3ByKOBUX XBUJIb, SIKi II€-
PECIKArOTLCS B TOUIII TIpHiiMaya.

3ayie)kHO BiJ CHIBBiIHOMICHHS (a3 MK [MMHU
XBHJSIMH JIesIKi 4acTOTH OyAyTbh TMOCHJIEHi, a iHMI
MIPUTHIYCHI.

Pedpakuis BruiMBae Ha piBeHb IIyMy.

Kyt maxuimy 3ByKOBHX MPOMEHIB Y (puc. 1) 3mi-
HIOETBCS Y TIOBEPXHI 3eMJIi 1 MOXe OyTH po3paxoBa-
HUM fK:

a zp(2+azy)
=arctg| —+———— |,
Ve &7 2D
1 de 1
a:——:—’
(oM dz R,

ne R. — pamiyC KpPHUBH3HH TPAEKTOPii 3BYKOBOTO
MIPOMEHSI.

3anexHICTh JOBXHHH KPUBOJIHINHOI TpaekTopii
MIPOMEHS 7(Zg) i Yacy MOIIUPEHHS 3BYKY 7(Zg) MOXK-
Ha OTPUMATH 3 TAKUX CITiBBiHOIICHB:

r\z =
(r) acosy

b

arcsin{Q} —g +yg,

_ 1 /(0)
l'(ZR)_zacG log f) |
Q=(1+aZR)COS\|IG,

Ile ¢ — MBUIKICTH 3BYKY OUIS mkepena (¢ = ¢p).
[Ipu upomy f{(z) BU3HAYAETHCS SIK:

1+\/1—(1+atz)2 cos? Vg
1—\/1—(l+az)2 cos? Vo

Po3paxyHOK 3BYKOBOTO THCKY p y HpHiiMadi 110-
BUHEH YPaxoBYBaTH CyMapHUH BIUIMB PIi3HUX Mps-
MUX 1 BizOuTuXx mpomeHniB. [y KOXHOT TpaekTopii
i-TO TIPOMEHS MOKHa BUKOpHCTAaTH (opmyiy st
cthepudaHOTO IKEpETa:

f(2)=

pcW R'o, exp(—jot;)
47 7.

1

p(i)=

b

ne n(i) — KiTbKICTh BiIOMBaHb i-TO MPOMEHS BiJ I10-
BEpXHi 3eMIli; o; — KoediuieHT aTtMoc(epHOro mor-
JUHAHHA JUIA i-TO TpoMeHs; R; — koedillieHT BinOu-
BaHHS, SIKUH 3aJICKUThH BT KyTa BiAOMBaHHS.
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Po3paxyHOK 4nclia MOKJIMBHX 3BYKOBHX ITpOMeE-
HIB N, 110 JOCATAaOTh NpuiiMada MpH JIHIKHOMY
npodiii MBUAKOCTI 3BYKY B aTMOc(epi, BUKOHY€ETh-
Cs1 3aJIEKHO BiJI Bi/ICTaHi MOMMPEHHS 3BYKY d, BUCOT
hs 1 h,, TpaieHTa MIBUIKOCTI 3BYKY «:

d-1,] [d-1,
2 2

N=2 +2,

e
I=\h>+2h /a;
L=, +af -, +a ]

1,=20-1,.

3BYKOBI IPOMEHi MpH JiHIHHOMY Npoini mBUA-
KOCTi 3BYKY B arMocdepi MOKHA TIOIUIATH 3a iX IMo-
PAIKOM.

[IpomMeHi ogHOTO MOPSAIKY MalOTh OJHAKOBY Ki-
JBKICTh BinOWBaHB Bin moBepxHi 3emui. [lopsimox
MIPOMEHS MOXKe OyTH pO3paxOoBaHWU 3a HOTO HOMeE-
pom N 3a popmyoro

n= +1.
4

be3nia MOXIMBUX aKyCTHYHUX XBWJIb, SKi MO-
KYTh YTBOPUTHCS MIX JDKEPEJIOM 1 puiiMaueM, BU-
KITUKA€ 3POCTAHHS PIBHSA 3BYKY B TOYI MpHUiiMaya

(puc. 3).
5
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Puc. 3. [TommpenHs npsiMoro i BiTOMUTHX MPOMEHIB

OTpuMaHi TpaekTopii MpsiMUX 1 BIAOUTHX Mpo-
MEHIB BU3HAYEHi AJIsl TAKUX MapaMeTpiB:

— JansHICTh Rp =190 M;

— BHCOTa JxKepena s =1 m;

— BUCOTA IpuiimMada i, = 1 Mm;

— koedimient atmocheproro rmormHanag @ = 0,001.

Jnst ogHOpigHOT atMochepr JAOBXKUHH TMPSIMOTO
Ta BimOuToro nmpomeHiB R; = 190 m i R, = 190,01 m
BIJIIIOBITHO.

Kyt nanmiHHs BiZOMTOro BiX 3€MHOI MOBEPXHI
npomenst © mopisHioe 89,4,

B ymoBax pedpakuii arMocdepu reomerpuyHi
napaMeTpH IPOMEHIB HaBeICH] B TaOJIHII.

3HavyeHHS TOBXKMH i KyTa nagiHHsA
BiIOMTHX MpoMeHiB

Homep |ToukaBin-| R, R, Kyt nanin-
IIPOMEHsI | OMBaHHS,M M M Hsl, Ipajl
1 95,0 190,28 | 190,08 86,7
2 11,2 190,28 | 190,28 84,6
3 178.,8 190,28 | 190,28 84,6

Brmue 3emuti [uisl BiATIOBIAHUX TPOMEHIB ITOKa-
3aHWIA Ha puC. 4.
YactoTa, Ny

o
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BnnuB 3emHoi noBepxHi,Ab
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o

Puc. 4. Brums 3eMiti Ha ociaa0ieHHs
MOLIUPEHHS 3BYKY

PisHnnsg MiXk 3HAYEHHSMHU BIUTHUBY JJISI OKPEMHX
BUKPHBIICHUX [TPOMEHIB € HECYTTEBOIO.

VY BuNajaKy 3 HETaTUBHUM TPali€HTOM IIBUAKOC-
Ti BiTpY (pHC. 2,6) 3BYKOBUI NMPOMiHb, TOPKAIOYNCH
3eMUITi, TICHIS BiIOMBAHHS PO3MEKOBYE TIHROBY 30HY.
Bumie 3a neil mpoMiHb 3BykOBa 00JacTh BU3HAYEHA
MpaBUJIAMU TEOMETPUYHOI aKyCTUKH, TOJI SIK HIDKYE 32
TIeit TPOMIHB YTBOPIOETHCS 00JIACTH 3BYKOBOT TiHi.

TypOysneHTHICTh aTMOC(EpH CIPHUSE PO3Cit0-
BaHHIO IIyMYy B 30HaX 3BYKOBOI TiHi 1 BHUKIIHKae
KonuBaHHS ()a3u Ta aMILTITYOu 3BYKOBHX XBHIIb,
TaK pyHHYIOUH iHTepQEepeHIlito MiXK Pi3HUMHU TPO-
MEHSIMH, [0 BOHU OCSTar0Th npuitmaua. Lle mpu-
3BOAMUTH IO IMiABUIICHHS PiBHS IIyMY MOPIBHSHO 3
OYiKYBaHHM ISl 9acCTOT, KOJW BIUTHMB 3eMIIi pO-
OUTHh HOTO MaKCUMalbHUM. BIIMBOM TypOyJeHT-
HOCTI MOKHa Ha TOIIUPEHHS 3BYKOBHX IPOMEHIB
3HEXTYBATH IJS 3ByKY HU3BKHX YacTOT i NMPH BiJ-
JIaJIeHHI 10 IEKUJILKOX COTEHb METPIB.

PesyabTaTu nos ceprudikaniiHux To40K

Hns ceptudikanifHUX TOYOK B YMOBax pedpakx-
1ii 3BYKOBUX XBHIIb B aTMOC(EPi XapaKTEPHO TaKe:

— st Touku 1 [3] BECOTA JTiTaka HaIl 3eMJICIO TITe
HEBEJNKa, TOMY KiJIbKICTh MOJIMBUX BiIOMTHX 3BY-
KOBUX ITPOMeHiB N Moxke OyTH Oinblie 3a OuH;

— I TOYOK 2 (HaOip BHUCOTH JiTakoM) i 3 (3HU-
JKEHHS JIiTaKka mepej mocajakor) [3] chiBBiIHOIICH-
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HsI BUCOTH JIiTaKa HaJ 3€MJICIO Ta BiJICTaHI 0OyMOB-
JIO€ HASBHICTH OJHOTO BiAOWTOTO TPOMEHS, SKHUU
YTBOPIOE BiIOWBAHHS BiJl MOBEPXHI y TOYII, IO €
HaHOIMKUOK 10 TOYKHU BiAOWBaHHS MPOMEHS B OJI-
HOpiHi# atMocdepi.

YT1BOpeHHS pedpakiii 3yMOBIIOE 3HIKCHHS
EKCIO3UIll IIyMy, [0 YTBOPIOETHCS OKPEMHUMU
MPOJBOTAMH JIiTAKIB.

Ha puc. 5 mokazaHo 3aeXHOCTI PiBHIB 3BYKY L
B TOYIl 2 AJis JIiTaka 3 TphbOMa JBUTYHAMU JIJISL Pi3-
HUX YMOB pedpaxiii.
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PiBeHb 3BYKY, ABA

/.

a
a
1

5171
5384
5597
5810
6024
6252
6476
6705
6940
7209
7453
7700

BiactaHb Big TO4kM cTapTty, M

Puc. 5. PiBenb 3ByKy L4 B ToUti 2 —
JUIs piI3HUX YMOB pedpakuiii:
@ — pedpaxuis BiacyTHS

3 puc. 5 BugHO, MO pedpakilis 3HUXKYE PiBEHb
excrno3uuii mwymy. [Januit egexr oOymoBieHuid 30i-
JBIICHHSAM BiJICTaHEH MOIIUPEHHS 3BYKY (HOBKWUH
3BYKOBHX IPOMEHIB), 3MIHOIO KyTIB MaJiHHI U ede-
KTiB BIUTUBY 3€MJIi TOIIIO.

A.N. 3anopoxer, I'.I'. ['onmemOueBcKmit

BucnoBxku

[Tpn posmoBcromKeHH] IyMy B HEOMHOPIIHIN aT-
Mocepi CTBOPIOIOTHCS YMOBH, 32 SIKUX PiBHI 3BYKY B
KOHTPOJIbHUAX TOYKAX BiAPI3HAIOTHCS BiJl 3HAUCHB JIIS
OITHOpiAHOT aTMochepy, TOMy pO3paxyHKH PiBHIB 3BY-
Ky He0oOXiTHO BUKOHYBATH 3 iX ypaxyBaHHSIM.
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Brnusinue 3¢ (hekToB ycTaHOBKHM JBUTATEINEH U pacIpOCTPaHEHHUs 3ByKOBBIX BOJH B aTMoc(epe Ha ypOBHU

IrymMa CaMoJICTa B KOHTPOJIBHBIX TOYKaX

PaccmoTpen meTon pacdera BIWSHHUS COCTOSHHS aTMocdepbl Ha PacHpoCTpaHEHHE 3BYKOBBIX JIyUew.
OcymiecTBiIeH aHAINU3 AJITOPUTMOB pacueTa TPaeKTOPUil 3BYKOBBIX JIyuell MpHU HAJMYUU TPATUEHTOB CKOPO-
CTH BeTpa U Temneparypsl. OnpeaeneHo BIusHIE pedPaKIHMOHHBIX CBOHCTB Cpebl HAa XapaKTEPUCTHKH pa-

CIPOCTPAHEHNUS 3BYKOBBIX JIyUeH.

O.1. Zaporozhets, G.G. Golembievskiy

Engine installation and sound propagation effects on aircraft noise levels in control points
Calculation method for assessment of the atmosphere influence on sound propagation is considered. The
algorithm of sound ray path is analyzed in presence of wind velocity and temperature gradients for sound

refraction parameters of the environment.



