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PE3YJIbTATH EKCHEPUMEHTAJIBHUX JOCTIZKEHDb AKYCTHUYHUX
XAPAKTEPUCTHUK 3BYKONOIIMHAIOYUX KOHCTPYKUIN 1JIAA TP

IIpeomemom 0ocniodicenns y cmammi € 36YKONOIUHAIOYA KOHCMPYKYisl, WO NpUsHaueHa OJisi SMeHWeHHsL a6id-
YITIHO20 WYyMY 8 WUUPOKOMY YacmomHuomy oianasoni. Ilinare docniodcenns € ausHauentss akycmuyHux Xapakme-
PUCTUK 36VKONO2IUHAIOYOL KOHCMPYKYIL. 3adaui: po3podka meopemuunoi Mooeni 36YKONO2IUHAIOYOT KOHCIP)Y-
KYil'y euensoi mpyoox pisHoi 006XCUHU, PO3PAXYHOK GNACHUX YACMOM KOXCHOI mpyoKu po3pooaeHoi KOHCmpYK-
Yii, GUBHAYEHHS YACMOMHO20 0IANd30Hy 8 IKOMY byde 8I06Y8amucs NOIUHAHHS 36YKY, 8USOMOGIEHHS 00CI0-
HO20 3pasKka ma ekxcnepumenmanbHe UsHaueHHs Koepiyicnma 36yKonocnunanus. /s eusnavenns xoegiyienma
38YKONO2IUHAHHS PO3POOIEHOI KOHCMPYKYIT BUKOPUCTIOBYEMbCSI EKCNEPUMEHMATbHA YCMAHOBKA, KA BUSHAYAE
AKYCMUYHI XAPaKmepucmuKy 36yKOno2IuHaioux KOHCMpYKyil 3a Memooom cmosiuoi xeuni. B pobomi nagedeno
pe3yabmamu: po3paxyHKy 61ACHUX YACMOM 3aNpOnOHO8AHOI KOHCMPYKYIi, PO3PAXYHKY 3ANEHCHOCHI MidC KOe-
Giyicumom nepedaui amnaimyo i vacmomoio 30y0XHCYIOH0l CUIU, SUMIPIOBAHHS AKYCIMUYHUX XAPAKMEPUCUK
3aNPONOHOBAHOT 36YKONO2IUHATLHOT KoHcmpyKyii. Haykoea ma npakmuuna HO8U3HA OMPUMAHUX Pe3YTbMa-
Mi6 nos2aAe 8 HACMYNHOMY: OJisl UPIUUEHHS 3A0a4l NOTUHAHHS ULYMY 8 WIUPOKOMY YACTOMHOMY 0landazoHi byia
PO3pOOIeHa meopemuyHa MOOeb 36YKONOIUHANLHOI KOHCMPYKYIT, Wo Mac ckaaoamucs 3 mpyoox pisHoi 006-
arcunu. Kooicha mpybka mae 61acHy 4acmomy KOIUBAHHS NOGIMPsL 6cepeOuni mpyoxu. 3i 30inbueHHIM WLsXY
PYXY 36VKY 6Cepeluni mpyoKu 3MeHWyEmobCs 61acHa yacmoma mpyoxu. Ilpu posmiwgeni na 0ociionomy 3pasky
mpyooK Pi3HOT 00BICUHU MOJICHA OMPUMAMU KOHCIPYKYITO 3i 3HAYHOIO KIIbKICHIO GIACHUX YACMOM, MOOMo
wym 6yoe no2iuHamucs 8 WUPOKOMY Yacmomuomy 0lanazoti. 3anponoHosana KOHCMpYKYis, Wo CKIA0AEmvbCs
3 cemu munie mpy6ook pizHoi 008ICUHU 3a Pe3yTbIMaAmu po3paxyHKy mac oinvute 20 61ACHUX YACTNOM 8 YACHO-
muomy Oianasoni 6i0 500 I'y 0o 4500 'y, mobmo vacmomuuil Oianazox NO2IUHAHHS € 0OCUMb WUPOKUM. J{1s
nepesipKu meopemudnux po3paxynkie 3a donomozorw 3D npunmepa Oynu 6uecomogneni 00CIioni 3pasku 3anpo-
NOHOBAHOI 36YKONO2IUHAIOYOI KOHCMPYKYIL, G MAKOIIC PEalbHOI 36YKONO2IUHAIOYOT KOHCMPYKYIL, WO 3aCOCo-
gyemucst 05 3uudicents wymy TP/ /I-18T ma npogedeni ix excnepumenmanvii 00cniodcenns. Pesynomamu
00CiOdCeN S NOKA3YIOMb, W0 3aNPONOHOBAHA KOHCIPYKYisl 3HUNCYE ULYM 8 LIUPOKOMY YACMOMHOMY OlANA30Hi.
B yacmommuomy dianazoni 6io 1300 I'y 0o 3500 I'y xoegiyienm 3gykonoerunanns nepesuwye 0.4, a 6 dianazomi
610 1500 I'y 0o 2600 I'y xoeghiyicum 38ykonoznunanns snaxooumscs suwe snavenns 0.5. Ha exazanux vacmo-
MHUX Olana3oHax 3anponoHo8aHa KOHCMPYKYIsl MAe 3Ha4Hi nepesazu nopienano 3 koncmpyxyicio /[-18T. 3a
PAXYHOK 3MEHUleHH sl NONnepedno2o nepepizy mpyook, abo 30inbuennIo Kitbkocmi mpyoox 00CaiOH020 3pasKa €
MOACIUBICTNG 3HAUHO 30INUUMU YACTOMHUL OIANA30H 36YKONO2TUHAHHSL.

Knwowuosi cnosa: asiayivinui wym; TPI/T; wym eenmunamopa; 36yKON02IUHAIOYE KOHCMPYKYIL; Koeiyicnm 36y-
KONO2MUHAHHSL, MEMOO CMOAY0L XEU.

104X JIaHi JOCIiKeHb €Bporeiichkoro AreHTCTBa 3 J10-
BKist 32 2012 [1] ta 3a 2017 pokwu [2] BumHO, 1110 Kijb-

BBenenus

ABianiiHWA IIyM € OJHI€I0 3 KIIFOYOBUX MPOOIeM
JUIA PO3POOHUKIB JIITAKIB Ta 1HIIOI aBiamiHOI TEXHIKH,
OCKIJIbKM BiH HETaTHBHO BIUIMBA€ HAa HACEJCHHS, IIO
MpOXKKBae modnu3y aeponoptiB. CTpiMke BUPOOHHUIITBO
JTaKiB JUIA TPAHCIOPTHUX Ta MACAKUPCHKUX IEpeBe-
3€Hb MPHU3BEIIO 10 3HAYHOTO 301IBIIEHHAS KUTBKOCTI 371h0-
TiB Ta IOCAJOK JITAaKiB B a€POIOpPTaX, Ta IO 301IbIICHHS
HEraTHUBHOTO BIUIMBY IIyMy. 3a naunumu [1, 2] 3Hauna Ki-
JIBKICTh €Bporeiichkux aepornopTi npuitmae Big 50 000
1o 300 000 mitakiB Ha piK, mo ckmagae Big 140 go 800
3IIbOTIB Ta MOCAOK Ha JI€Hb, TOOTO HACEIEHHS, IO TIPO-
YKUBA€E MOOIHU3Y IUX aePONOPTIB MOCTIHHO 3HAXOIUTHCS
i BIUIMBOM aBiamiiHOTO mrymy. Kpim Toro mopiBHIO-

KiCTh JIFOZEH, 110 3a3HA€E BIUIMBY aBIaIlifHOTO IIyMYy 3po-
cira 3 3 MibioHIB 10 3.1 MuIBHOHA.

Jst 60poTH0H 3 aBialiftHUM IIyMOM OyiH po3po0-
neHi MikHapomHi craHmapté [3], ski HOPMYIOTH piBHI
IIyMY JUTS aBiallifHOTO TPAHCIOPTY, IO PO3POOIIIETHCA.
3apa3 [uis JiTaKiB 3 TypOOpPEaKTHBHUMH ABOKOHTYPHUMH
neurynamu (TPIJI), mirors Bumoru riiasu 14 [3], mo Ha
7 EPNzb sxopctkimnn 3a Bumoru riiasu 4 [3] (3a BuMo-
ramMu rmaBu 4 Oyma mpoBeneHa cepTH(iKaiis JiTakiB
An-148-100 Ta An-158), Ta Ha 17 EPNab sxopcrkimi 3a
suMor riasu 3 [3] (3a BuMoramu riaBu 3 Gyia mpoBe-
neHa ceprtudikamis sitakis AH-124-100 ta AH-225).
Crig 3a3HauuTH, MO MDKHAPOAHI BUMOTH IO aBiamiid-
HOT'O IIyMY MOCTiHHO MOCHITIOIOTHCS.

© €. O. Pumapenko, 2023
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st 60poTh0H 3 aBialliiHUM IIyMOM OJTHHM 13 Me-
TOJIIB € 3aCTOCYBAaHHS 3BYKOIIOTJIMHAIOYNX KOHCTPYKIIIH
(3IIK), mo po3mingyrotscst B Motoronnoiax TP/,

1. ITocTanoBka 3agau4i

Hatimommpeninn xorctpykuii 311K, mo 3acrocosy-
toteest B TP/IJI, sBistfoTh COOOrO ofHOMIApoBi [4, 5] abo
JIBOIIIAPOBI KOHCTPYKIIIT [6], 1110 CKIIAIAIOTHCS 3 HACTYITHUX
CKJIaJIOBUX: TIepOPOBAHOrO JIUCTA, HANOBHIOBAYA y BH-
YIS CTUTHHUKOBHX 200 TpyOUaTHX KOMipOK, JKOPCTKOI 3a-
nuboi crinkd. Taxi korctpykuii 3[1K npartoroTs aHaori-
YHO pe30HATOpy | eIBMIoMblIa i Kparie BChOro MiIXOiTh
JUTSL 3HWKCHHS TOHAITBHUX CKIIAJIOBHX aBiallifiHOro Imymy,
HanpHKiIa mymy BeHTHisiTtopa. [Ipu po3polui cydacHux
koHctpykiii 3I1K ciij opieHTYBaTHCS HE TUIBKU Ha ITOTJH-
HAHHSI TOHAJTBHOTO, 4 i IIUPOKOMOIOCHOTO IIYMY.

JJ1st pO3IIMPEHHS YaCTOTHOTO Aiara3oHy 3BYKOIO-
TJIMHAHHS TPOMOHYEThCS KOHCTPYKIIS, HAMOBHIOBAY
SKOI CKIamaeTbes 3 TpyOok. YacTuHa TpyOOK 3'enHaHa
MK COOOIO Ta YTBOPIOE TPYOKH OUIBILOI TOBXKHHU MPH
HE3MIHHIM BHCOTI HANOBHIOBAYa. 301JIbIIEHHS JOBKUHH
TpyOOK B HATIOBHIOBAYi MPHUBE/E 0 301IbIICHHS KIJTbKO-
CTi BJIACHUX YacTOT HA AKUX Oyze BigOyBaTHMEThCA IIO-
TJIMHAHHS 3BYKY, TOOTO JI0 PO3IIMPEHHSI 4aCTOTHOI 06J1a-
CTi 3BYKOIIOTJIMHAHHSI

BitacHa yactoTa KoMMBaHHS MOBITPs B TpyOIi f, m0-
BXHHOMO |, 1110 BiZKpUTA 3 OMHOrO KiHII, Ta 3aKpHTa 3
iHmoro Bu3Hayaethes 3a popmysoro (1) [7].

fo=o (2n+1), @)

Jie C — WBHUJIKICTh 3BYKY B HOBITpI, M/C;
| — noBxwuHA TPYOKH, M;
n — wvomep rapmoniku (N=0, 1, 2, 3,...).

Juns mpuknany sikio koHerpykuis 3[1K Oyne ckia-
Jatucs TUTbKY 3 Tpyook 30 MM Ta 90 MM, TO BJacHi yac-
toru Takoi 3[IK Oynyre martu 3HauenHs 940 ['m, 2830
I'u, 4720 T'm, 6110 I'a, 8500 I'm. Po3paxyHOK BiiacHHX
YaCTOT IOKA3ye, 10 KOHCTPYKIISl HAaBITh 3 IBOX TPYOOK
30 MM Ta 90 MM Oyzie MOTJIMHATH IIYM B Jiama3oHi Bix
900 I'm no 8500 I'm, a MakcHMabHI 3HAYCHHS Koedirie-
HTA MOTJIMHAHHA OyIyTh Ha pe30HaHCHHX YacToTax. [Ipu
301IBIIEHH] KIJTBKOCTI TPYOOK pi3HOI JOBXKHMHU OyIe Bifl-
MOBiMHO 30LIBIIYBAaTUCHh IIMPHHA [ialla30Hy IOTIIH-
HAHHS Ta KUTBKICTh BIIACHUX YAaCTOT KOHCTPYKIIIi.

OmiHKy Aiana3oHy 3BYKOIOTJIMHAHHSA KOHCTPYKII{
311K MoxHa BimOOpa3WTH 3a JONOMOTOI 3aJIeKHOCTI
Mik KoedimienToM mepemaui amrutityx B [8] Ta wacro-
toro f. Koedimient mepemaui aMrutiTya p BU3HAYa€THCS
o popmyi (2) [8].

LOTre @

ne f— gacrora 30ymKyOUNX KOJMHBAHb, 11
v — morapuGMIidHUI TEKPEMEHT 3aTyXaHHS.
JocmigHa KOHCTPYKIIS CKIaJaeThes 3 TPYOOK, IO
MalOTh EKBIBAJICHTHY JIOBKUHY B Jiama3oHi Bif |y 10 71y,
ne |y — e ToBuHA HamoBHIOBaYa. [IJ1s KOXKHOI TPYOKH
PO3paxoByIOThCsl BiIacHI dactotH 1o Qopmyii (1). Pe-
3YJIBTAT PO3PaXyHKY MPUBEACHO B Ta0ui 1.

Tabmus 1
Pe3ynbTaT po3paxyHKy BIIACHUX YaCTOT KOJIMBaHHS
NOBITps B TpyOKax mociigHoi 3ITK

Homepa tpy0oxk
0 1 | 2 [3]4]5]6]7
Buiachi yacToTy KoJIMBaHHA NOBITPS B TpyOKax,
I'n
0 | 2833 | 1417 | 944 708 567 472 405
1 | 8500 | 4250 | 2833 | 2125 | 1700 | 1417 | 1214
2 — | 7083 | 4722 | 3542 | 2833 | 2361 | 2024
3 — — | 6611 | 4958 | 3967 | 3306 | 2833
4 — — | 8500 | 6375 | 5100 | 4250 | 3643

J1J1s1 OLiHKY Jiana3oHy 3BYKOIOTTIMHAHHS Ha pUC. 2
HaBEJICHO pe3yJIbTAT PO3PaxyHKy KoedillieHTa nepeaadi
aMILTITY] B 110 9acToTi, 1110 HaBezeHi y Tadmui 1.

[Ipn po3paxyHKy 3HA4€HHS [} HE BPaxOBYBAIOCSH
peasbHe MOMIMHAHHS 3BYKY B TpyOkax nociignoi 31K
Ha KOKHIH 4acTOTI, OCKUTbKH TAaKUil MapaMeTp po3paxy-
BaTH JOCUTh CKJIQJHO, TOMY JUIsl JIEMOHCTpAIii Jiarna-
30HY NOMIMHAHHS AociiaHoi KoHcTpykuii 3TTK 3HaueHHs
Y BHOMpaocsi TaKuM, 110 BiANOBia€ KoeillieHTY 3BY-
KonormuHaHHA o = 0.3 Ha KOXHIi{ BIIacHiH 4acTOTi KOH-
CTPYKIII.

PesynbTaT po3paxyHKy, HaBeleHUI B Tabmumi 1 Ta
Ha puc. 1 noka3ye MOXKJIMBICTh CTBOPEHHSI KOHCTPYKIIIT
B SIKii IOMIMHAHHS 3BYKY Oyne BiZOyBaTHCS B HIMPO-
KOMY YacCTOTHOMY [iama3oHi 3aBISIKM HAIOBHIOBAYY
311K, 1o cxitagaeThes 3 TPYOOK Pi3HOI TOBKUHH.

y

KoedimienT nepenadi
AMILTITY,

3500 4500

Yacrora, '

500 1500 2500

Puc. 1. 3anexHicTs Mix KoedilieHTOM Tiepenadi
aMILTITY/ B Ta 9aCTOTOIO 30Y/DKYIOUOi CHIIH
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Jnst miaTBep/KEHHS TEOPETUYHHUX PO3PaXyHKIB
Oyna cipoeKTOBaHa Ta BHUTOTOBJICHA 3a Joromoror 3D
npuHTepa fociigaa kKoHcTpykiis 3K Ne§, mo 300pa-
eHa Ha puc. 2. B mocnmignii koHcTpykuii 311K Hamos-
HIOBaY Mae BUCOTY 30 MM, [0 BiJTIOBia€ TOBIIMHI KOH-
crpykuiii 3IIK B MoTOroHzonax ABHTYHIB, Ta CKJIaaa-
€TBCS 3 MPSIMOKYTHHX TpyOOk. YacTuHa TpyOOK HAIOB-
HIOBaua 3'€JJHaHa MK COOOI0 ISl 301JbIICHHS NUIAXY
PYXy 3BYKOBOI XBHJIi B TpyOKax B fiana3oHi Bif Iy 10 71,

Puc. 2. locninHa konctpykiis 3[TK

Jocnimkenns koediieHTa 3ByKOIOTIMHAHHS OYH
MPOBEZICHI Ha EKCIIEpPUMEHTAaJbHIN YCTaHOBII, SKa J0-
3BOJISIE BUMIPSITH apameTpu koHcTpykuii 31K 3a momo-
MOI'0I0 MeTO/a cTos1901 xButi [9].

1. Pe3yabTaru

Pe3ynpraT BUMIipIOBaHHS KOe(illieHTa TOIHU-
HanHs fpocnigaol koHcetpykiii 3[TK Ne§ mpuBeneni Ha
puc. 3 pa3oM 3 pe3ynbTaTaMi BUMIPIOBAHHsI KOHCTPYKIIii
3IIK nBuryna J1-18T.

= 3[1K Ne8
====3[IK J-18T

KoeditieHT 3ByKOTOTIHHAHHS
o
ol

3500 4500
Yacrora, I'11

500 1500 2500

Puc. 3. PesynbraTt BUMIpIOBaHHS KOS]Iilli€HTIB
spykonoriauaanns 31K Ne8 ta 311K J[-18T

Pe3ynpTaT BUMipIOBaHHS MOKa3ylOTh, 110 MiITBEp-
JUKEHa MOIMBICTH cTBOpeHHs KoHCTpykuii 3IIK, mo
MOTJIMHAE IIYM B IIMPOKOMY YacTOTHOMY Aiamna3oHi. B
yactoTHOMY aiana3oHi Bix 1300 I'q mo 3500 ' xoediri-
€HT 3ByKOrorinHaHHs nepesuirye 0.4, a B AianaszoHi Bij
1500 I'x mo 2600 I'x koedilieHT 3BYKONOTIIMHAHHS 3HA-
xoauTbes Buie 3HadeHHs 0.5. Takoxk pe3yabTaTd BUMi-
pIOBaHb MOKa3yIOTh, 110 B HABEJCHNX YaCTOTHUX Jiara-
30HaX KOE(IIi€EHTH 3BYKONOIJIMHAHHS IEPEBHUIIYIOTH
3Ha4eHHs 11 KoHeTpykuii J[-18T.

Cuizt 3a3Ha4NTH, IO HE AUBISTYNCH Ha 3HAYHI TTepe-
Barv y 3HIKEHHI MIMPOKOMOIOCHOTO HIYMY JUTS JJOCIi-
Horo 3pa3ka 3[IK Ne§, 3MeHIIeHHs] TOHAJIBHOTO LIIyMY €
BCE 1Ie HEZAOCTATHIM, 1[0 BUHO 3 pHC. 3.

Juist 30inpmeHHs Koe(illieHTy 3BYKONOITTMHAHHS
CITiJI PO3TJITHYTH MOXKJIMBICTh 3MEHILEHHS TTONEPEYHUX
pO3MipiB TPyOOK HAMOBHIOBAaYa, TOOTO 30UIBIIUTH 1X Ki-
JIBKOCTI B HanoBHIOBaYi. HeoOXiqHO TakoXk MpoaHami3y-
BaTH SIKy caMe KUIbKIiCTh TPYOOK CJIiJT 3'€ IHYBaTH MiXk CO-
0or0 st 301NBIIEHHS IIMPUHHU TOJIOCH 3BYKOIOTJIH-
HaHHS, OCKUIBKU 3 JJAHUX PO3paxyHKiB B TaOnuui 1 BU-
JTHO, 10 YaCTHUHA TPYOOK 3 pI3HMMH HOMEpaMHu MaloTh
OJJHAKOBI BJIACHI YaCTOTH.

BucHoBku

ABialiifHuii 1IyM HEraTMBHO BIUIMBAa€ HAa Hace-
JICHHSL, 110 MPOKMBAE MTOOIU3Y A€POIIOPTIB Ta JINIIAETHCS
OJIHI€IO 3 OCHOBHHUX IPOOJIeM Juisi pO3pOOHHKIB JIITAKIB.
Juis 3HMWKEHHS aBialliifHOrO LIyMY BHKOPHUCTOBYIOTb
311K, siki 3HANIIUIM 3aCTOCYBaHHS Y 3HUKEHHI TOJIOBHOTO
JUKepelia aBlallifiHOro IIyMy — IIyMY, LIO CTBOPIOE
TP, ocobnuBo mymy BeHTWIATOpa. [Ipm mpoekrty-
BaHHs cydacHux 31K cnig npuninuy yBary y 3HWKEHHI
SK TOHAJIBHOT'O TaK i IIMPOKOIIOIOCHOr 0 mymy. i 3Hu-
JKEHHsI IIyMY B ITUPOKOMY YaCTOTHOMY Jliana3oHi 3ampo-
noHoBano koHcTpykiito 3[1K, HamoBHIOBaY K01 CKIaia-
€TbCA 3 TPYOOK pi3HOI TOBXKHHH, IPHYOMY BHCOTa Ca-
MOT0 HaITOBHIOBaYa 3aJIUIIA€THCS He3MiHHOK0. HaBeneHo
PO3paxyHOK BIIACHUX YaCTOT HAIIOBHIOBAYa, a TAKOXK I10-
Ka3aHO MOXKJIMBICTh 3HIDKEHHS LIYMY 3alpOIIOHOBAHOI
KOHCTPYKIIi B IIUPOKOMY YaCTOTHOMY Aiama3oHi. J{is
M ATBEPIKEHHS e(EeKTUBHOCTI KOHCTPYKIii Oyia0 BUTO-
TOBJICHO JOCIITHIH 3pa30K Ta MPOBEACHI BUMipIOBaHHSI
KoedirienTa 3ByKONMOTIIMHAHHS JOCIIIHOTO 3pa3ka. Pe-
3yAbTaT BUMIPIOBaHHA IOKa3aB, IO 3aIllPONOHOBAHA
3IIK miiicHO 3HIDKYE IIyM B AOCTATHHO HIMPOKOMY Hac-
TOTHOMY [iama3oHi. Pe3ymbTaTé BUMIpIOBaHHS TaKOX
TTOKa3yIOTh, IO HEOOX1THO 301IBIIUTH 3HAYCHHS Koedi-
Li€HTa 3BYKOIIOITIMHAHHS, & TAKOX PO3LIMPUTH YaCTOT-
Huil miama3zoH. OgHUM 1 BapiaHTIB BIOCKOHAJEHHS 3a-
TIPOTIOHOBAHOI KOHCTPYKIIi € 3MEHIIIEHHS TONEePEYHOTO
po3Mipy caMux TpyOOK.
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RESULTS OF EXPERIMENTAL RESEARCH OF ACOUSTIC CHARACTERISTICS
OF ACOUSTIC LINERS FOR TURBOFAN ENGINES

Yevhen Rymarenko

The subject of the research in this article is an acoustic liner designed to reduce aircraft noise in a wide frequency
range. The purpose of the study is to determine the acoustic characteristics of an acoustic liner. Tasks: development
of a theoretical model of the acoustic liner in the form of tubes of different lengths, calculation of the natural frequen-
cies of each tube of the developed liner, determination of the frequency range in which sound absorption will occur,
production of a test sample, and experimental determination of the sound absorption coefficient. An experimental
setup is used to determine the sound absorption coefficient of the developed liner, which determines the acoustic
characteristics of the acoustic liners using the standing wave method. This study presents the results of: calculation
of the natural frequencies of the proposed liner, calculation of the dependence between the amplitude transmission
coefficient and the frequency of the exciting force, and measurement of the acoustic characteristics of the proposed
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acoustic liner. The scientific and practical novelty of the obtained results is as follows: to solve the problem of noise
absorption in a wide frequency range, a theoretical model of the acoustic liner, which should consist of tubes of
different lengths, was developed. Each tube has its own frequency of oscillation of the air inside the tube. As the path
of sound travel inside the tube increases, the natural frequency of the tube decreases. When tubes of different lengths
are placed on the test sample, it is possible to obtain an acoustic liner with a significant number of natural frequencies,
that is, noise will be absorbed in a wide frequency range. According to the calculation results, the proposed acoustic
liner, consisting of seven types of tubes of different lengths, has more than 20 natural frequencies in the frequency
range from 500 Hz to 4500 Hz, that is, the frequency range of absorption is quite wide. In order to verify the theoretical
calculations with the help of a 3D printer, experimental samples of the proposed acoustic liner, as well as a real
acoustic liner used to reduce the noise of the D-18T engine, were made and their experimental studies were carried
out. The research results show that the proposed acoustic liner reduces noise in a wide frequency range. In the fre-
quency range from 1300 Hz to 3500 Hz, the sound absorption coefficient exceeds 0.4, and in the range from 1500 Hz
to 2600 Hz, the sound absorption coefficient is above 0.5. In the specified frequency ranges, the proposed acoustic
liner has significant advantages over the D-18T acoustic liner. By reducing the cross-section of the tubes, or increasing
the number of tubes of the experimental sample, it is possible to significantly increase the frequency range of sound
absorption.

Keywords: aviation noise; turbofan engine; fan noise; acoustic liners; sound-absorption coefficient; standing
wave method.
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