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PaccmotpeHa 3aaya o pacnpocTpaHeHUH 3ByKa B IMJIMHIPUYECKOM KaHasle ¢ OMHOPOIHBIM TOTOKOM
MpU HAJTMYUU HETMHEHHBIX UMIENaHCHBIX TPAHUYHBIX YCIOBUI, MPOUCTEKAIOIIUX U3 3aBUCUMOCTU
MMIIeJaHca COTOBBIX 3ByKomnontomawoIux KoHctpykiuii (3I1TK) ot ypoBHs 3BykoBoro nasnenus. [1o-
CTpOEHA UTEPALlMOHHAS MPOLENypa PELICHUS YKA3aHHOK 3a1auu, B KOTOPOI pacpoCTpaHEHUE 3ByKa
OTMCHIBAETCSI ACUMIITOTUYECKUM PEIICHUEM 3a/1a4i O PACTIPOCTPAHEHUH 3BYKOBBIX MO/ B LIMJTUHIPU -
YEeCKOM KaHaJle ¢ OJHOPOIHBIM IMOTOKOM TPU TJIaBHO-HEOJHOPOIHOM MMIIEAaHCE CTEHOK B OCEBOM
HaIpaBJieHUH, a HeTMHENHbIN pexxuM padoTsl 3[TK — Ha ocHOBe MOMTYaMIMUPUYECKON MOIETU ABYX-
cnoitnoii cotoBoit 3T1K. [Toka3zaHo, YTO MOCTPOEHHBIA UTEPALUOHHBIN AJITOPUTM CXOIUTCS B paMKax
TpaHUI TPUMEHUMOCTA AaCUMITOTUYECKOTO PELIEHUS U pacXoauTcs 3a ux npenenamu. [lokazaHo, 4To
TpU TeX TapaMeTpax, MPU KOTOPBIX MPOBOAWINCH pacueThl, HeMnHeHHbIN adexT padorsl 3ITK mpu-
BOJUT K YBEJIMYECHUIO 3aTyXaHUs 3ByKa MO CPABHEHMUIO C JMHEHHBIM PELIEHUEM aHAJIOTUYHON 3a1a4u,
npuyeM 3ToT 3(hdEKT okazbiBaeTcs 0oJiee CUIbHBIM MPU PACITPOCTPAHEHUM 3BYKA MO TTOTOKY, YEM MPU
pacnpocTpaHEeHUHU MPOTUB MOTOKA.

Karoueswie crosa: 3Bykonoriaomamomme KoHctpykiuu (3I1K), HeanHelHbIi 3¢ddekT padoThl coToBbix 311K,

pacrpocTpaHeHKe 3ByKa B KaHajlax
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BBEAEHUE

YpoBeHb 3BYKOBOI'O JaBjieHUsI BOJIU3U BEHTUJISI -
TOpa COBPEMEHHOI'0 aBUaIBUTATEISI MOXET 1OCTUTaTh
160 b Ha MakCUMaJIBLHBIX peXuMax paboThl. B oTux
YCJIOBUSIX COTOBBIE 3ByKOIOIJIONIAIOIINE KOHCTPYKIIMHU
(3IIK), ycraHaBnMBaeMble Ha CTeHKax KaHaJIOB JIBU-
raTess Jjisi CHUXEeHMS 1iyMa, paboTaroT Ha HeJIMHEe -
HOM peXUMe, KOTOPBIN MPOSIBSIETCS B 3aBUCUMOCTU
UMIIeJaHca OT YPOBHS 3ByKOBOTO AaBjieHUs . JlaHHbIM
3¢ deKT BO3HUKAET Ha BEICOKMX YPOBHSIX 3BYKOBOTO
JaBJIEeHUs], TTPU KOTOPBIX BHYTPU OTBEPCTUI Mephopu-
poBaHHbIX JIMCTOB coToBbIX 3ITK peanusyercs nocra-
TOYHO BBICOKASl CKOPOCTh KOJIEOATENIBbHOTO NBUKEHUS
cpenbl. B pesynbrare u3-3a ycioBuil MpUadnaHus Ha
CTEHKaX UMEEeT MECTO POXIeHUEe NUHTEHCUBHOW 3aBUX-
PEHHOCTU, KOTOPash OTPBIBAETCS Ha OCTPBIX KPOMKAaxX
OTBEpCTUII U BOpachiBaeTCsl Kak BHYTpb siueek 3I1K,
TaK 1 BHYTpb Imotoka [ 1, 2]. [1pu aTOM, 4em BhILIIE ypO-
BEHb 3BYKOBOTO JIaBJIEHUS, TEM 00Jie€ UHTEHCUBHbBIE
POXIAIOTCI BUXPU. DTO CYLIECTBEHHO HEJIMHEHBIN
npoliecc, UMEIIIN CBOIO COOCTBEHHYIO TMHAMUKY
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W BIMSIOMINI HAa TMHAMMKY BCETO MOTOKa B IIOTpa-
HUYHBIX cllogX. UMeHHO maHHBIN mpolecc U o0y-
cllaBiMBaeT 3aBUCUMOCTb uMIteqaHca cotoBbix 311K
HE TOJIbLKO OT YPOBHS 3BYKOBOI'O IaBJICHUSI, HO U OT
CIIEKTPaJIbHOTO COCTaBa 3ByKa Ha JIMLIEBOI TTOBEPXHO-
ctu 3I1K. Xopollio u3BeCcTHO, UTO I XapaKTePHbBIX
reoMeTpuueckux nmapametpoB cotoBbix 311K, yctaHas-
JIMBaeMBbIX B aBUAABUTaTeIN, JAHHBII 2P (PEKT HAIM-
HaeT OKa3bIBaTh 3aMETHOE BIMSIHUE HA UMIIEIAHC YXKe
P YPOBHSIX 3ByKOBOTO AaBjieHus oosiee 110 nb. DT0
03HAYaEeT, UTO MPaKTUUYECKU Ha BCEX PeKUMax padOThI
JIBUTaTelIsl 3ByK, TeHEPUPYEMBbIii BEHTUJISITOPOM, pac-
MPOCTPAHSIETCS U 3aTyXaeT B KaHaJe TIpU peain3aluu
HenuHelHoro pexxuMa padotsl 3I1K, ycTaHOBIEHHBIX
Ha ero CTeHKax.

Ecnu uccinenoBaHuio 3aBUCMOCTY UMIIEAaHCa CO-
ToBbIX 311K OT ypoBHS 3BYKOBOTO JaBJICHUS MOCBSI-
IIEHO JTOCTaTOYHO MHOTO paboT, Hampumep, [3—12],
XOTSI IO CUX TIOP OCTAIOTCST TIPOOJIEMBI C TIOJTyIMITAPH -
yeCcKUMM noaxonaMu [12], To pacnpocTpaHeHuEe 3BY-
Ka B KaHajax Mpy HaJUYUU HEJTUHEWHBIX TPaHUYHBIX
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YCIIOBUII TIPaKTUUIECKU He ucciaenoBanock. boiee Toro,
npobyieMa yueTa BIMSHUS HeJIMHeiHoro a3 gexra pa-
6otbl 3[1K Ha mpoliecc pacnpocTpaHeHusl 3ByKa B Ka-
HaJjiax ¢ motokom Obi1a B 2021 . o003HaueHa B Kaye-
ctBe BrizoBa B pamkax pa6ot no 311K B MexxayHapo -
HoM npoekTe IFAR [13, 14].

Ecnm Ha HEKOTOPOIT YacTOTE YPOBEHH 3BYKOBOTO
napjieHus He npesbiiaeT 150 nb, To, HecMOTps Ha He-
JIMHENHbIE TPAaHUYHBIC YCIOBUS, KOTOPble HAYMHAIOT
peain30BbIBAThCSI C YPOBHS 3ByKOBOTro AaBjeHust 110
nb, 3amaya o pactpocTpaHeHNH 3ByKa B OTHOCUTETHLHO
KOPOTKOM KaHaJie ¢ TOTOKOM MOXKET OBITh pacCMOTpe-
Ha C BbICOKOI CTEIIEHbIO TOUHOCTHU B paMKax pelleHus
JIMHEMHBbIX ypaBHeHUU. [Tpu 3TOM 0OBIYHO MpeHeope-
raloT HaJIWIMeM MTOTPAaHUYHOTO CJI0ST BOJIM3U CTEHOK
KaHajla ¥ paccMaTpuBaIOT TOJbKO MOTEHIMATbHBIN
MOTOK, pacnpocTpaHeHHWe 3ByKa B KOTOPOM OTIHUCHI-
BaeTCd ypaBHeHUeM biioxuHIleBa B TepMHHAX MOTEH-
1Majia BO3MYILIEHU CKOPOCTH WM ypaBHeHUeM bio-
XUHIIEBa—X0Y B TEPMHUHAX BO3MYILIEHUM SHTAIBIIUU
TopMmoxeHusi [4]. Ecniu creHKM KaHajla 00JIMIIOBaHbI
1 00JIaIafoT JIOKAJIbHO-PEearupyoInM UMITCTAHCOM,
TO B KauecTBE I'PAaHUYHBIX YCIOBUI MJIsI OMMCAHUS
npoliecca pacrnpocTpaHEeHUsl 3ByKa OObIYHO UCITONb-
3y10T ycnoBue MHrapopa—Maiiepca [15]. Ecau crenkm
KaHaia ooauioBaHbl coroBbiMu 311K 1 ypoBeHb 3BY-
KOBOTO JaBJE€HUS JOCTATOUHO BBICOK MJIsI 3HAYUMOM
peanuszalMyd HeJIWHEHHOTO pexxruMa UX paboThl, TO
OTCaHHas BBIIIE TTOCTAHOBKA 3aa4M O pacIiipocTpa-
HEHUHU 3ByKa B KaHaJie ¢ TOTeHIIMAJbHBIM ITOTOKOM
COXpaHsIeTCsl, HO BMECTO KOHKPETHOTO 3HAUEHUS] UM-
rnegaHca B TpaHUYHOM YCJIOBUMU Ha 3aJlaHHOU yacToTe
Ternepb HEOOXOIMMO UCIIOJIb30BaTh U3BECTHYIO 3aBU-
CUMOCTb UMIIElaHCa OT YPOBHS 3BYKOBOTO JAaBJIEHUS
U CKOPOCTH TTOTOKA, KOTOpasl OMUChIBACTCSI TEM WJIU
WHBIM TTOJYOMITMPUIECKUM COOTHOIIIeHeM. TakuMm
o0pa3oM, yKazaHHas 3amaya CTAaHOBUTCS HETUHEH-
HO, U JaHHas HEJIMHEWHOCTb COACPKUTCSI B TPaHUY -
HOM YCJIOBUM.

B nepuon ¢ 2014 mo 2016 rr. A.dD. CoboJes caenan
npenmnoioxeHue [23], 4To BO MHOTUX ITPaKTUYECKH
3HAYMMBIX Cydasix AJjis pelIeHUsI yKa3aHHOUN Heln-
HeIHOI 3amauyM MOXeT ObITh MUCIOJb30BAaH MaTeMa-
TUYECKUI anrapaTr aCUMIITOTUYECKUX PELIEHUIA, pa3-
BUTHIN B paboTax [16—22| mpuMeHUTENBHO K 3a1adyaM

Crenka c B(L(z))

Puc. 1. Cxema KaHaja ¢ ITOTOKOM U MMITeTaHCHBIMU
CTEHKaAMU.

0 pacIpoCTpaHEHUHU 3ByKa B INIABHO-HEOIHOPOIHBIX
KaHaJlaX ¢ MOTeHIMAJIbHBIM IIOTOKOM IIPU HAJINYUU
Ha ero cTeHKax IJIJaBHO-HEOAHOPOAHOTO B OCEBOM
HanpaBjieHUM nmnegaHca. bonee Toro, A.®@. Co-
00JIeB MPEITONIOXMII, UTO YKa3aHHAs 3a7a4a MOXET
OBITh pellleHa C ITOMOIIBIO TIOCTPOCHUS UTePallOH -
HOTO aJITOpUTMa. YKa3aHHBIE TIPEAIIOJOXKEHUS ObLIN
yCIIeIIHO MpoBepeHbl B padore [23] a1g caydas pac-
HPOCTPAHEHUS TTOPIIHEBOM MOIBI B LUJINHAPUYE-
ckoMm KaHajie ¢ omHocnoiHoit 3I1K Ha creHkax KaHa-
Jla, U IpA 3TOM ObLIO MCITOJIb30BAHO aCUMIITOTHYE-
CKO€ pellieHue, Moly4yeHHoe B pabote [16], koTopoe
MIPUTOIHO TOJIBKO JUISI pacIpOCTPaHEHUST OCECUMMeE-
TPUYHBIX 3BYKOBBIX MO,

B HacTosiieit paboTe paccMaTpuBaeTCsl HeJlU-
HeliHas 3ajJa4ya 0 pacOpOCTPAaHEHUHU MPOU3BOJbHBIX
BpalaoNIUXCcs 3ByKOBBIX MO B LIMJIMHIPUYECKOM
KaHaJjie ¢ OTHOPOAHBIM MOTOKOM ITPU HAJTUUUW HETU -
HelHoro 3¢heKTa 3aBUCUMMOCTU UMIeAaHca CTEHOK
OT YPOBHS 3BYKOBOI'O JAaBJIEHUSI HA OCHOBE PELICHUS
ypaBHeHMsI bioxuHiieBa-Xoy ¢ TpaHUYHBIM YCJIOBU-
eMm Murapma-Maiiepca. YKaszaHHas 3agada peliaeTcs
C MOMOIUIBIO UTEPALIMOHHOTO aJITOPUTMA C UCTIONIB30-
BaHUEM IE€PBOTO MPUOIUKEHNS ACUMIITOTUYECKOTO
peuIeHusl, MoJy4eHHOTO B IUCCEPTAllMOHHON pado-
te A.®D. I'magenko [20], ¢ yueToM ABYX HNpHOIMXKE-
HUI 110 MaJIOMy ITapaMeTpy I OIUCAaHUA pacIlpo-
CTpaHEHMS 3BYKOBBIX MOJ| B IUIABHO-HEOTHOPOJIHOM
KaHaJjie ¢ OTeHIIUaJbHbIM MTOTOKOM U TJIABHO-HEOI-
HOPOJIHBIM UMIIEJaHCOM CTEHOK B OCEBOM HallpanJie-
Huu. 17151 onivcaHusl 3aBUCUMOCTU UMIIelaHCa CTEHKU
OT YPOBHS 3BYKOBOI'O JaBJIEHUS PACCMOTPEH cllydyaid
IByXcioiiHbIX coToBbIX 311K Ha ocHOBe MOIyaMITN-
pudeckoit Mmomenu A.®. CobojeBa o1 UMIIemaHca
onHocaoliHbIX coToBbix 3I1K [8], a ummnenanc nByx-
CJIOHHOI KOHCTPYKIIUM PACCUUTHIBAETCS C YYETOM
pa3anMuus 3BYKOBBIX IaBJIeHUI Ha 1epOpUpOBaAHHBIX
JIUCTaX MepBOro U BToporo cioes. [Ipu aTom BIOOP
aByxcioitHbix 311K oOyciioBieH TeM, 4To IJIsT IBYyX-
cioiiabix 311K HenuHelHbI 3D dEKT NposBIsIeTCS
CUJIbHEE, YeM JIJIs OMHOCIOKHbBIX. bojiee Toro, KoH-
KpeTHbIe reomeTpuueckue napameTpbl 311K ObL1u BbI-
OpaHbl TAKUM 00pa30M, YTOOBI U30eXKaTh PE30HAHC-
HOW CUTyaluMu, IPpU KOTOPOI B HEKOTOPOM CEUYEHUU
KaHaJjla ¢ NepeMEeHHbIM UMIIeJaHCOM CTEHOK BO3HMU-
KaeT a(ppexT CAUIHUS IBYX MOJI, YUET KOTOPOTO OCY-
LLIECTBJISIETCS METOJOM MHOTMX MacIlTaboB Ha OCHO-
Be aCUMIITOTUYECKUX CpallliBaeMbIX pa3jioxeHuii [20,
24] 1 IPUBOIUT K YCIOXKHEHUIO aCUMIITOTUYECKUX
pELIeHUIA.

[TOCTAHOBKA 3AIAY U

PaccMmoTpum 3amauy o pacipocTpaHeHUH 3BYKOBBIX
BOJIH B UMJIMHIPUYECKOM KaHaJjle panuyca r, C OIHO-
POMHBIM MOTOKOM U yIEIbHOU MPOBOIMMOCTbIO (a1-
MUTTaHCOM) cTeHOK B(L(Z)), 3aBUCSIIUM OT JIOKaJIb-
HOTO YPOBHSI 3ByKOBOTO naBieHust L(z) (puc. 1).
AKYCTUYECKUN XYPHAI Ne 1
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B aTOoM citydae BO3MYIIEHNST SHTAJIBITMN TOPMOXE-
HUS B B 3ByKOBOI1 BOJIHE MMOAYMHSIIOTCS HA 4aCTOTE @
ypaBHeHMI0 bioxuHuesa—Xoy [4]:

1 D(DB
——| = |-AB=0 1
2 Dt( Dt ) ’ (D
D
Toe ¢ — CKOpOCTb 3BYyKa, o cyOCcTaHLIMOHAIbHAs

MPOU3BOIHAS.

ByzneMm paccMaTpuBaTh aKyCTUYECKUE BO3MYLLIEHUS,
PAaCIIpOCTPAHSIONIAECS B MOJOXUTEIBHOM HaIlpaBJie-
HUU ocH Z (puc. 1), ¢ TapMOHNYECKON 3aBUCUMOCTBIO

oT BpeMeHU BuIa e, Torma oreparop Dr B ypaBHe-
D .

Huu (1) mpuHKUMaeT BUI — = —i® + V' —, e V' — cko-
Dt 0z

POCTb OCHOBHOTO MOTOKA, TPUHUMAIOLIAsl OTPULIATEb-
HOE 3HauYeHUe B Cilyyae pacipoCTpaHeHUsI 3ByKa ITPOTUB
MOTOKA.

Ha cTeHkax KaHaja CTaBUTCSI TPAHUYHOE YCIOBUE
Wurapna—Maiiepca [15], koTopoe B cujly caelaHHBIX
MPEAOJOXEHU UMeeT CICAYIOIIUIA BUI;

a—B+2E Va—B —io)EB+£ V% +
or c 0z c c 0z

+é(v%—fj(1/g—gj + (’%(v%)zg ~o.

3aBucuMocTh anMuTTaHca B(L) OT ypoBHS 3BYKO-
BOTIO JaBjieHUs1 L B BbIpaxkeHUM (2) cUMTAeTCs 3a/1aH-
HOI1, B TO BpeMsI KaK 3aBUCHUMOCTb YPOBHSI 3ByKOBOTO
naBieHust L(z) OT 0ceBOil KOOPAMHATHI 10JKHA ObITh
yCTaHOBJIEHA II0 pe3yjbTaraM pelleHus 3agadu. [1pu
5TOM JOIOJIHUTEIBHO K TPAHUYHOMY YCIIOBUIO CTa-
BUTCS YCIIOBHE HA YPOBEHb 3BYKOBOTO JIaBJICHUS B Ce-
yeHUHU KaHaja = 0, KOTOPBIA MOJIOXXUM PABHBIM L.
TakuMm o0pa3zomM, rpaHUYHOE YCIOBUE (2) SIBJSIETCS He-
JIMHEHHBIM, YTO 00yCIaBIMBAaET HETMHEMHOCTD BCeit
3a7a4yu B LIEJIOM.

B Hacroseii pabore B KauecTBe 0OJMIIOBKU CTeE-
HOK KaHaja pacCMaTpUBAIOTCS ABYXCIOMHBIE COTOBbBIE
311K, reoMeTpuyeckue napameTpbl KOTOPbIX Mpea-
cTaBJieHbI B Ta0. 1. [Ipu aTOM pacyeT 3aBUCUMOCTH
ammutTaHca B(L) atux 3T1K oT ypoBHsI 3ByKOBOTO 1aB-
JIEHUsI U CKOPOCTH TTOTOKA OCYILECTBIISIETCSI HA OCHOBE
nonysMnupudeckoit Mmogenu A. @. Cobonesa 1jis ofi-
HocroiiHoii coToBoit 3ITK [8], mpuuem npu pacuere
AIMUATTAHCA IBYXCJIOMHOW KOHCTPYKIIMU TTPOU3BOAMUT-
csl pacueT ypoBHSI 3BYKOBOT'O JaBJeHUsT Ha Tiephopu-
POBaHHOM JIUCTE BTOPOTO CJI0sI, OTJIMYAKOIIETOCs OT
YPOBHSI 3BYKOBOTO JlaBfieHUs1 L Ha JuieBoM repdo-
PUPOBAHHOM JIMCTE.

Ha puc. 2 u 3 npexncrasiieHbl pacCuMTaHHbIE 3a-
BUCUMOCTM peaJibHOM U MHUMOI 4yacTeil MMIeaaH-
ca paccmatpuBaembix 31K oT yacTtoThl 3Byka mnpu
Pa3IMYHBIX YPOBHSIX 3BYKOBOTO OABJIEHUS B CAydasix

AKYCTUYECKWM XYPHAI Tom70 Nel 2024

Ta6auna 1. Vicrosnib3oBaHHBIE MTapaMeTphl ABYCIOMHOMN
cotoBoii 3[TK

Howmep | Imy6buna | Tommuna | Juametp | IlpoueHT
cosT | STYCUKM, | TaHeu, oTBep- | Tepdopa-
MM MM CTUlA, MM unu
1 7 1.3 1.6 9
2 8 1 1.6 3

OTCYTCTBUSI U HAJIMYMS CKOJIB3SIIEro MOTOKA C YUC-
JoM Maxa M = (.32 cooTBeTcTBeHHO. Pucynku 2 u 3
MMOKa3bIBAIOT OTHOCUTEIBHO CUJIbHYIO 3aBUCUMOCTh
umIienanca paccmarpuBaemMbix 311K oT ypoBHS 3By-
KOBOTO JaBJIeHUs, KOTOpas HanboJjee sSpkKo BhIpakeHa
B OKpecTHOCTH YyacToThl 3500 I1I.

ACUMIITOTUYECKOE PEIHEHUE
S3AJAYUA C 3AJAHHBIM ITJIABHO
HEOJHOPOIHBIM MMITEJEHCOM

B pa6ote A.®. Imagenko [20] ¢ ucroabp30BaHUEM
METOJA STAJOHHBIX (PYHKIUIMI C y4ETOM YJIEHOB BTO-
POTO MOPSIAKA MAJIOCTH OBUIO TIOJYY€HO aCUMITTOTHYE-
CKO€ pellleHre 3a1aul O pacipOCTPaHEHNH 3BYKOBbBIX
MOJI B TNTABHO-HEOJHOPOIHOTO OCECUMMETPUIHOM
KaHaJle ¢ paarycoM BUAa » = r(€z) TIPU HAJIMIUU 0~
3BYKOBOI'O MIOTEHLIMAJILHOTO MOTOKA M TIJIaBHO-HEO/I -
HOPOJHOTO aAMUTTaHca CTeHOK Buaa B = P(ez), rae
€ — MaJIblil mapamMeTp. JJlaHHOe pelIeHrne UMeeT cJie-
NYIOLLANA BUIL:

B =(g(r.2)J,(v(r.2)-

) O
_lh(r’z)']m(\u(raz)))e ’ 5

Iae (p — a3MMYTaJIbHbIN YTOJ, M — a3UMyTaJbHOE UMC-
1o, J,, — dynkuna beccensa nepsoro poxa m-ro mo-
psinka, J, — npousBonHas dynkuuu beccenst, pyHK-
uuu 0(r, 2), V(r, 2), g(r, 2) u h(r, Z) 3aBUCAT OT LMIMH-
JPUYECKUX KOOPAMHAT U MaJIOTo MapaMeTpa €.

B ciaywyae mumuHIpUYECKOTO KaHalla IIOCTOSTHHOTO
pammyca ¢ OTHOPOITHBIM TTOTOKOM, HO TIpM HAJTUIUH
TepeMEHHOro MMIIeJaHca CTEHOK, BbIpaxkeHUs IS
yKa3aHHbIX (PYHKIIMI TTPU y4eTe TOJbKO MEPBbIX ujie-
HOB T10 MaJIOMY TTapaMeTpy € UMEIOT CJIEAYIOIINIA BUI:

g
0(r,&) = é'[oc(r)d‘c +
0 4

2
012 (€) |+ O?),

+e| 09 (&) + %

WD) = L+ @307 - ) + O, )
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Puc. 2. 3aBucumoctu (a) — AeiicTBUTEIbHOM 1 (0) — MHMMOI yacTeit uMmnenaHca asyxcioiiHoi coroBoit 31K ot yacTorsl
MPH Pa3TUIHBIX YPOBHSX 3ByKOBOTO IAaBJICHUSI U OTCYTCTBUU ITOTOKA.

(a) (6)

5 =150 n1b m L=1501b

" m L=140 nb 5k m L=140 1b

m L=1301b m L=1301b
™ =120 1b m L=1201b
\QJ/IO_ 1 1 1 Il J
= 500 1000 0 2500 3000 3|50074Q00
S T
51

500 1000 1500 2000 2500 3000 3500 4000
S T

Puc. 3. 3aBucumoctu (a) — neicTBUTENBHOI U (0) — MHUMOI YacTeit uMmnenaHca aByxcioiiHoit cotoBoii 31K ot yacToTst
TP Pa3IMYHbIX YPOBHSIX 3ByKOBOTO JaBJICHUS U TTOTOKe ¢ unuciaoM Maxa M = 0.32.

§(r€)=G(&)+eg(€)+0(e7).  (© P ﬂ(, . ,-I_z) y
) Chry| > 28 2 f
h(r.&) = ehy (€)r + O(€?), (7) . ) \
(¢ —m* —B*EY)
31€Ch £ = £z — MeUIEHHad NepeMeHHas, k = o/c — 810 = GJ. P(1)G(1) dr,
BOJIHOBOE YMCJIO, ¢ — CKOPOCTb 3ByKa, C = (€z) — KO- 0
PEHb XapaKTepUCTUYECKOIO YPaBHEHUS |
G (€) = By o = =77 06).
2 g 2
k - M\/kz—fo(l—Mz) (8) elozf\f(w}s(z 2 Cz)_m;; (Mz_l)jd
X 5 I (8)=0.
=) rE e
ITpu 5ToM GYHKIMU, Yepe3 KOTOPbIe BBIPAXKCHBDI 012(8) = g 1) - _\/am’
dyuxuum (4), (5), (6) u (7), UMEIOT CIEAYIOLINIA BUI:
. C
G(2) = qﬁ, Wis®) = =57 O+ Ja0i+ /21 - M), £B) =
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_ 2 _ 2 4 [IOCTPOEHUE UTEPALIMOHHOM
P = 2BME Jkry©* — ind Jqk(G> — m* — B*E*), ITPOLLEAYPbI

J1g mocTpoeHus pelieHns HeJInHEeRHOM 3a1a4u,
2 o
onpenenasgeMoil ypaBHeHueM (1) ¢ TpaHUYHBIM yCJI0-
—Mk+Jk2—C(1—M2) )

2 BUEM (2), C UCMIOJIb30BAHUEM ACUMIITOTUYECKOTO pe-
0 , meHus (3)—(7) chopmyaupyeM cleaylolyo uTepamm-
(1 - Mz) OHHYIO MPOLIEIYPY.
Ha HyneBoit utepauuu paccMOTpUM HEKOTOPYIO
5 3BYKOBYIO MOy, PacIIpOCTPaHSIONIYIOCS B KaHale
E2 — kr [ k- Mf ] k2 C_2 (1- Mz), C OTHOPOIHBIM aIMHUTTAaHCOM CTEHOK [y(L,):

k(1 - M?)
n = Ao m (Cm,n L)eikzzﬂm(p, )
0

O 22\/3(%_4%]]’ h :i(l_Mz)G"’ —Mk+\/k2—%(1_M2)
)

o =

hy

o
2 (1 B M2)
rhy = 2GS (M ) 2‘/5 X MOPSIAKY KOPEHb XapaKTepUCTUYECKOTro ypaBHeHUS (8)
£ q h() ] c anmutTaHcoM B(L,). aHHast Mona GyneT UMeTb He-

(h 01 — 2r— 7 o KOTOpOE 3aTyxaHue IPU pacipoCTPpaHEHUH 110 KaHay,
MIPUBOLISIIEE K CHIDKMHUIO YPOBHS 3ByKOBOTO JaBJie-

e k, = s G — n-¥ 1O

f'2 4 Hus B KaHase. O6osHaunm yepes L(z) = 201g(p,, (2)/

+Gr (M2 - 1)[f"— —]——WB), (2% 107°)) BBIUMCIIEHHYIO COITAcHO (9) 3aBUCUMOCTD
f 3 YPOBHSI 3ByKOBOT'O JaBJICHUSI OT OCEBOM KOOpAMHA-

THI Ha CTeHKax KaHaja. Jlajee onmpeneauM aiMUTTaHC

B,(L,(z)) Bmoab OCH KaHaja 1 OTIPENEIUM TTapaMeTp €:

2iBME ; , 2B°ME E? _
I3 =- G HPME 9’10*‘%9' BME hoiny + € = max Bi —Bo , (10)
Y kry C\/ z€[0,/] lBo
2iBMEhy 1y .., BzhmroME 2 g XapaKTepU3YIOLIUN CKOPOCTh U3MEHEHUST UMIIEAaHCA
+ G+ — 23 Mol X BIIOJIb OCU KaHaua, rae / — minHa KaHana. bymem cum-
kry CVkny ¢ o "
TaTh, YTO € SIBJISETCST MaJION BETMIMHOM.
BE? \/7 ZIBMEm 2[3 ME? Ha nepBoii utepauuu 3ByKOBO€ IM0Jjie BAOJIb OCHU
x| BE g + /_ /_ KaHaJia BBIYMCIISIETCS COTJIACHO BBIPAsKEHUIO C MC-
nosib3oBaHueM agmutTanca f3,(L,(z)) u manoro napa-
BM E3 B lBM2 . iM% B MeTpa €. [Ipu TOM 3ByKOBOE JaBiieHUE p BbIpaxaeTcsi
p) ¢ Hoiro + G"+ —G p) Yyepe3 BO3MYILEHNE SHTABITMN TOPMOKEHUSI COIIACHO
C\/ S 3 i1 :
paxkeHUIO:
ang2 2 2 p2Ng2 7
iBM 2 m 2B°E-M-C' ., p ., 0B
~BRa (1_?]_Tf0+ p=pB- VS, (11)
Iie P — MUIOTHOCTD CPeMbl.
iBE2r03k2 Cn B E2M2 C" ne p pen
+——30 — =G - ITocne omnpeneneHus: 3ByKOBOI'O NaBJICHUS p Ha
3 g C CTeHKax KaHaJia KaK (QYyHKIIMA KOOPIAWHATHI Z BHIUKMC-
) 2\, ] ' JIIeTCS HOBBIN YPOBEHDb 3BYKOBOTO NaBJIeHUA L,(7) =
_IBE ro(l -M )C—G _ 2lBE2"03k2 QG _ = 201g(p(z)/(2 X 1075)), ¢ MOMOILIBIO KOTOPOTO OIpE-
3 d 3 C4 JIEJISIETCST HOBAsl 3aBUCUMOCTD AIMUTTAHCA OT OCEBOM
) Y KoopauHathl B,(L,(2)).
_BE'M”C' 0B G +B E°M C;G Bropas u mocienymoonie urepaluny IpoOn3BOISIT-
k Cog k §2 Cs1 aHAJIOrMYHO IepBoi uTepauuu. MrepannoHHas

mpolleaypa IMpoaoKaeTes 10 TeX Mmop, IMoKa He 0y-

JET TOCTUTHYTA CXOMUMOCTD TT0 BeJIMYMHE aliMUTTaH-
rae C; — KOHCTaHTa, ONpeeNsionas aMuryay 3By-  ca f3,(L(z)) Mexuy Tekyueil u npeapiayieil urepamm-
KOBOM MOJIbl B HAYaJIbHOM ceueHuu z = 0. SIMH C 3aJJaHHOM TOYHOCTBIO O:
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max B, (L; (2)) - B;-1 (L1 () <8, (12)

z¢€[0,/]

IIe j — HoOMep TeKyIIeit nTepalnm.

PE3VIIBTATBI PACHETOB

Pacuets ¢ paccmorpenabiMu 311K (tabi. 1) mpo-
BeIEeHBbl IJIS1 LUJIMHIPUYESCKOTO KaHalla pajguyca
ro = 0.5 M 1 nHo# / = 1 M. 3HaueHue napameTpa o
B BeIpaxeHuu (12) 6bu10 BeIOpaHo & = 1074, TecT-Ma-
TPULIA TAPAMETPOB, MIPU KOTOPHIX ITPOBOIWIMCH pac-
YyeThl, IIpeAcTaBieHa B Tabd. 2, roe f — JyacTtora, m —
paguajbHOE BOJHOBOE YHUCJIO, # — a3UMyTallbHOE
BOJIHOBOE uncjio, M — uucio Maxa. Kpome 3Toro,
B MIpaBOM CTOJIOIe TabJ1. 2 mpeacTaB/ieHO 3HAaUeHUe
MaJjIoro rmapameTrpa €, OIpeaeIeHHOro COMIACHO BhI-
pPakeHWIO Ha MEPBOM UTEpaLlUK aITOPUTMA PEIICHUS.
3aMeTuM, 4TO MaKCUMaJIbHOIM YacTOTOM, Ha KOTOPOii
OBLIM MPOBEACHBI pacyeThl, siBjsieTcst f = 2300 T, DTo
CBSI3aHO C TE€M, YTO, COIJIACHO TaHHBIM, IIPEICTaBIICH-
HBIM Ha puc. 2 1 3, Ha OOJIBIIIMX YaCTOTaX JJII pacCCMO-
TpeHHBIX AByxcaoiHbIX 311K Habm0maeTcs CIMIIKOM
CWJIbHAs 3aBUCUMOCTb UMIIeJaHCa OT YPOBHSI 3BYKO-
BOTO JaBJeHUs JJIs IPUMEHEHUsI aCUMIITOTUYECKOTO
pelieHusT, B KOTOPOM YUTEHO TOJIBKO TIepBOe MPUOIN-
JKeHUE 10 MaJIoOMy TTapaMeTpy.

Huzke OyayT mpencraBieHbl XapaKTepHbIEe pe3yJib-
TaThl pacueToB Ha yactore f = 2300 I'u. Ha puc. 4
MpencTaBieHa UTepalloHHas CXONUMOCTh aJTOPUT-
Ma T10 YPOBHIO 3BYKOBOT'O IaBJICHUS BIOJIb KaHaIa IS
monbl ¢ m = 2, n = 1 nipu vacrore f = 2300 'y mpu
pacnpocTpaHEHUU 3ByKa MPOTUB MOTOKA C YUCIOM
Maxa M = —0.32. UrepauuoHHas npoueaypa B JaH-
HOM cJjIydae coliach 3a 6 urepauuii. [Ipu sTom Bax-
HO OTMETHUTh, UTO YUET HeJMHEeHHOro 3¢pdekTa padboThl
311K npuBen K yBeTMYSHUIO 3aTyXaHUSI paCCMOTPEH-
HOI MOJbl MpUOJIM3UTeNbHO Ha 5 1b 1o cpaBHEHUIO

Tabmuna 2. TecT-MaTpulia MPOBEIEHHBIX PACUETOB

f, I m n L, nb M €

2300 2 1 150 | —0.32 | 0.059163
2300 2 1 150 0.32 0.150848
2300 2 1 150 0 0.159139
2300 1 2 150 | —0.32 | 0.094901
2300 1 2 150 0.32 0.131907
2300 1 2 150 0 0.285056
1500 0 1 150 | —0.32 | 0.004864
1500 0 1 150 0.32 0.019885
1500 0 1 150 0 0.008993
1800 3 1 150 | —0.32 | 0.073659
1800 3 1 150 0.32 0.101407
1800 3 1 150 0 0.173159

¢ TUHEWHBIM peleHneM (cpaBHeHUe uteparuii Ne 0
u Ne 6 Ha puc. 4). Ha puc. 5 npencraBsieHa 3aBUCH-
MOCTb peajlbHOM 1 MHMMOI YacTeil UMIienaHca oT oce-
BOI KOOpAMHATHI Ha TociaenHeit nreparmun No 6. Kak
BUIHO U3 pUC. 5, UMITEAAHC SBJISIETCS TIaBHOM (hyHK-
LMel 0ceBOM KOOPAUHATHI.

s aHanu3a MpUYKUH, KOTOpble TIPUBEIU K yBe-
JIMYEHUIO 3aTyXaHUs 3BYKa MPU YYETE HEJIMHEWHOTO
addekTa, MpoBeIeM aHaanu3 3aBUCUMOCTH aMIUIUTY/I -
HBIX U 9KCIIOHEHIIMAIbHBIX YWICHOB B pellieHuu (3) ot
oceBoit koopauHaThl. Ha puc. 6 TipeacTaBieHa 3aBU-
CUMOCTbh MHAMOW 4aCTU BOJTHOBOTO YUCJIA OT OCEBOM
KOOPAMHATHI ]I pacCMaTpUMBaeMOM MOJIbI Ha TTOCIe -
Hell urtepauuu. OObIYHO UMEHHO JaHHas BeJIMYMHa
ornpeaensieT 3aryxaHue 3Byka. OnHako, Kak BUIHO U3
puc. 6, 3Ta BeMTMYMHA YMEHBIIAeTCs TI0 Mepe PacIpo-
CTPAHEHUS MOJbI MO KaHaly, YTO TOBOPUT O TOM, 4YTO
CyMMapHOe€ 3aTyxaHue JOJIKHO ObLJI0 Obl YMEHbBIITUTHCS
10 CPABHEHMUIO C JIUHEMHBIM pellieHueM. TeM caMbIM
yBeJIMUYEHME 3aTyXaHMSI TOJKHO OBITh CBSI3aHO C MOBE-
JEeHUEM aMILUTUTYIHBIX (DYHKUMI B perieHuu (3).

Ha puc. 7 u 8 ipencraBieHbl 3aBUCUMOCTH MOJIY-
Ji aMIUIMTYRHO# dyHkumu g(r, 2)J,,(V(r, 7)) 1 Mony-

h(r,2)J , (w(r.z))

g(r,.2)dp(w(r.2))

BETCTBEHHO. PUCyHOK 7 IEMOHCTPUPYET JOCTATOYHO
cujbHOE YObIBaHME aMIUIMTYAHOI (hyHKUUU g(7, 7)
J,,((r, 7)), a puc. 8 moka3bIBaeT, YTO PyHKUMA A(F, 7)
SIBJISIETCS JIUILb MOMNpPaBKoi K dyHKIUM g(r, 7), T.C.
MMEHHO MEPBHIN YieH B pelleHnHu (3) maeT IJIaBHBIN
BKJIaJ B aMIUJIMTYILY 3BYKOBOI BOJIHBI. Takum obOpa-
30M, IIPY PACCMOTPEHHBIX TTapaMeTpax pacuera Baus -
HUE anredpandecKux YJeHOB Ha 3aTyXxaHue 3ByKOBOI
BOJIHBI MPEB30LLJIO BAUSHUE 3KCIIOHEHIIUATbHOTO
3aTyXaHUsI.

Ha puc. 9 u 10 npencraBieHa urepallMOHHasl CXO-
JTUMOCTb aJITOPUTMA JIJISI TOU K€ MOMIBbI Ha TOW XKe 4ya-
CTOTEe, HO Ha pUC. 9 pacCMOTPEH cliydyail OTCYTCTBUS
noroka B kKaHaine (M = 0), a Ha puc. 10 — 3ByK pac-
MpOCTpaHsIeTCs To MOTOKY ¢ ynucjioM Maxa M = 0.32.

[Ipu oTcyTcTBMUM TTOTOKA MpOlieaypa COIIach Ha
utepauuun Ne 4 (puc. 9), a mpu pacrnpoCcTpaHeHUU 3BY-
Ka 1Mo MoToKy — Ha uteparuu Ne 5. [1pu aTom Takxke
HaOJIIo1aeTCsl YBEIMUEHUE 3aTyXaHUs 3ByKa MO CpaB-
HEHUWIO C JIMHEWHBIM pemreHneM (9). 3aMeTuM, 4To
MpU OTCYTCTBMM TOTOKA 3aTyXxaHUE 3ByKa B KaHaJe
yBesunuuioch Ha 8.5 nb (puc. 9), a npu pacnpocTpa-
HEHMU 3BYyKa 110 TToToKy — Ha 11 1b. AHanu3 nokasain,
YTO B JAHHBIX CJIyyasix 3aTyxaHue yBeJIMYuBaeTcs OJia-
rofgapsi UMEHHO TTOBEICHUIO aMIITUTYIHBIX (DYHKIIMIA,
a He 9KCIOHEHIIMAIbHOMY UJIeHY, T.€. IpUYMHa OoKa-
3bIBAETCsI AHAJIOTUYHOI pacCMOTPeHHOI Boiiie. CpaB-
HEHUe pacyeToB, MpeacTaBleHHBIX Ha puc. 4, 9 u 10,
TTOKA3bIBAET, YTO HANOOJIbIIICE YBETMUCHHE 3aTyXaHUS
M3-3a ydyeTa HeJMHelHoro pexxnMa padoTsl 311K Ha-
OJrromaeTCs TIPU paclpoCTpaHeHUH 3BYKa IO TIOTOKY.

JIst OTHOLLIEHUST (PYHKIIMIA COOT-
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f=2300Tu,m=2,n=1,M=-032,r=r f=2300Tu,m=2,n=1,M=-0.32,r=ry

150 2.0 \\
148 15L
v ® Re(7)
146 LOF mIm()
144 0.5L
142 , , , , , . . . .
20 40 60 80 100 20 40 60 80 100
Z Z

Puc. 5. 3aBucuMocTb peaabHO U MHUMOM YacTeid UM-
Tefanca oT Z, CM, TSI MOIBI ¢ m = 2, n = | Tipu 9acToTe
f=2300 I'u u yncie Maxa nmoroka B kaHasie M = —(.32.

Puc. 4. 3aBUCHMMOCTh YPOBHSI 3BYKOBOI'O TaBJICHUS
L, nb, or z, cM, Ha pa3IMYHBIX UTEPALIUSIX TSI MOMIBI
cm=2,n=1mnpuyvacrore f = 2300 [ u yucie Maxa
noTtoka B KaHajie M = —0.32.

f=2300Tu,m=2,n=1,M=-0.32,r=r,

=2300Tu,m=2,n=1, M=-0.32, r=r,
0.36 340 - / 0

3201

= 300t

280

260 B I 1 1 1

20 40 z 60 80 100 20 40 60 80 1(;0
Z

Puc. 6. 3aBucuMOCTb MHUMOI YaCTH BOJTHOBOTO YHC-
J1a OT Z, CM, IJIst MOkl ¢ m = 2, n = | mpu vacTore
f=2300 I't u yncie Maxa nmoroka B kaHasie M = —(.32.

f=2300Tu, m=2,n=1,M=-0.32, r=r,

Puc. 7. 3aBucuMocTb MOAYJISI aMIUTUTYIHOU (DYHKIIUU
g(r, 2J,,(Y(r, 7)) oT z, cM, U1 Mozbl ¢ = 2, n = 1 Ipu
yactorte f = 2300 1 u yucie Maxa moroka B KaHaje
M =-0.32.

f=2300Tu,m=2,n=1,M=0,r=r

0.014 F 150
0.012 148
=0010¢ 146
) ~ 144
<0.008
2 0.006f 142
0.004 - 140 -
0.002 - 138
0 40 . 60 80 100 0 40, 60 80 100

Puc. 9. 3aBUcUMOCTb ypOBHSI 3ByKOBOTO naBjieHus L, n1b
OT Z, CM, Ha a3 IMYHBIX UTEPAIUSX UTSI MOIBI C M = 2,
n = 1 npu vactore /= 2300 'y 1 yuciae Maxa moroka
B kaHane M = 0.

Puc. 8. 3aBucumMocTbh MOIYJIsI OTHOLIEHUS (DYHKIU

M (W) o ot em =2, n = 1
g(r.z)J (W(r’z))

nipu yactote /= 2300 I'iy m yncine Maxa moToka B KaHase
M =-0.32.
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150 S=2300Tu,m=2,n=1,M=-032,r=r,

145

140

135

20 40 60 80 100
Z

Puc. 10. 3aBUcMMOCTb ypOBHSI 3ByKOBOTrO AaBjieHust L,
nb oT z, cM, Ha PasIMYHBIX UTEPALUSIX IS MOJIBI
c¢cm=2,n=1mnpuvacrore f = 2300 [t u yucre Maxa
noroka B KaHaie M = —0.32.

f=2300Tu,m=2,n=1,M=0,r=r,

145

~140

H Ne O
135+ m Ne 1
H N2
135L @ Ne3
. NQ4I 1 1 1 1
20 40 . 60 80 100

Puc. 11. 3aBUCMMOCTb ypOBHSI 3ByKOBOTO AaBjieHUs1 L,
nb, oT z, cM, Ha Pa3IMYHBIX UTEPALUIX IJIST MOIBI
c¢m =1, n =2 npu yactote /= 2300 I'1 m yucme Maxa
noroka B KaHajie M = (.

f=2300Tu,m=2,n=1,M=0,r=r,
0.6

hJ /8

021
0.1

20 40 z 60 80 100

Puc. 12. 3aBucuMocCTb MOAY/SI OTHOILIEHUS (PYHKIIUI
h(r,2)J ' (w(r,2))
g(r,z)d, (w(r,2))

nipu yactoTe /= 2300 I' m ynucie Maxa moToka B KaHase
M=0.

OT Z, CM, I Moabl cm = 1, n =2

Temepb paccMoOTpuM ciTydaii, 1T KOTOPOTO BEIIM-
YHMHAa TTapaMeTpa €, BEIYUCIIEMOTO Ha TIepBOii UTepa-
[IUU aJITOPUTMA, SBIISIETCST HAMOOJbIIe. DTo ciyJaid
monbl ¢ m = 1, n = 2 npu yacrore /= 2300 Iy u ot-
CYTCTBUM IOTOKA B KaHajie, 1 Kotoporo € = (0.285
(Tabu. 2). Pucynok 11 geMOHCTpUPYET, UTO B JAHHOM
cyJyae uTepalldoHHas Mpoleaypa pacxonuTcs, Mpu-
YeM 3TO HaYMHAET TPOSIBISATLCS YK€ Ha UTepaluu
Ne 3, a urepanyst Ne 4 maeT HepeaTMCTUYHOE pellieHHe.

AHaJIN3 MOJYYEHHOT O pellleHus Ha utepauuu Ne 3,
KOTIa HepeaJMCTUYHAas AedopMaIiis 3ByKOBOTO TTOJIS
TOJIBKO 3apOXKIAeTCsI, TToKa3all, YTo rpaddKu 3aBUCH -
MOCTA MHUMOIT YaCTH BOJTHOBOTO YHCJIa M MOMYJIST aM-
nautyaHoi dyuxkuuu g(r, z)J,(W(r, 7)) BenyT ceds Mo-
HOTOHHO Y aHaJIOTUYHBI TpachuKaM, MpeacTaBIeHHbIM
Ha puc. 6 1 7 cooTBeTCTBeHHO. OIHAKO BeIMYMHA MO-

h(r,2)J 'y (w(r,z2))

g(r,2)J(w(r.2))

(UK 3aBUCUMOCTH 3TOM BEJIMYMHBI OT OCEBOM KOOPIU-
HAaThI IIpeACTaBeH Ha puc. 12) oka3bIBaeTCsl JOCTATOU-
HO 00J1b1110# (0K0J10 (.5) B 001aCTU BEICOKUX YPOBHEH
3ByKoBoro nasieHus. [Ipu Beanunne € = 0.285 310
O3HayaeT, YTO B JAHHOM CJlyyae B aCUMIITOTUYECKOM
pelIeHUU NOJKHBI YYUTBIBATHCS WIEHBI CJIESIYIOIIEro
rnopsiika MajJloCTH, MOBEIeHNE KOTOPBIX TOJKHO BHO-
CHUTb 3HAaUMMBbII BKJIaJl B 3ByKOBOE moJie. Takum obpa-
30M, aHAJIM3 TTOKA3bIBAET, YTO UTEPALIMOHHAS TTPOLIE-
Jlypa pacxXoIUTCs B Cllyyasix, KOTIa aCUMIITOTUYECKOE
pellieHUe CIUIIKOM Ipy0dO OMUCHIBAET 3BYKOBOE MOJIE
B KaHaJe.

JYJISl OTHOIIEHUS (DYHKLIMIA

SAKJTIOYEHUE

WTepaumoHHBIl aaropuT™M, TTOCTPOEHHBIN B Ha-
cTosieit paboTe IJisl pellieHus HeIMHEeMHOM 3amauyn
O pPacTlpoOCTPaHEHUU 3BYKOBBIX MO B LMJIUHIpPUYE-
CKOM KaHaJjle C OMHOPOAHBIM MOTOKOM U CTeHKaMM,
00JMIIOBaHHBIMU JABYXcloiHO# cotoBoit 311K, npu
BBICOKMX YPOBHSX 3ByKOBOTO JABJICHUSI B KaHAJIE, TIPU
KOTOPBIX TOCTATOYHO CUJILHO TTPOSIBJISIETCSI HEJIMHE -
HbII 3((hEeKT 3aBUCUMOCTH MMIeAaHca OT YPOBHS
3BYKOBOTI'O IaBJIEHUS, TPOAEMOHCTPUPOBAJI 10CTATOY -
HO OBICTPYIO CXOAMMOCTbD B ClTy4yasixX, KOrja UCMoJIb30-
BAaHHOE€ aCMMIITOTUYECKOE PEIIEHUE C YYETOM TOJbKO
MEPBBIX YWIEHOB MO MaJoOMy MapameTpy, ONpeaesiio-
1IeMy U3MEHeHe MMIIelaHCca B OCEBOM HallpaBJIeHUH,
JTAET TOCTATOYHO TOYHOE OTMCAHUE 3BYKOBOTO TOJIS
B KaHaje. [Ipu aToM aaropuT™M pacxomauTcs B CIyda-
SIX, KOTJa YYTEHHBIX WICHOB Pa3JIOKeHUsI OKa3bIBACTCS
HEJOCTATOYHO JUISI TOYHOTO OMUCAaHU MPOoILIecca pac-
MPOCTPAHEHUS 3ByKOBBIX MOJI. DTO MOKa3bIBAET, YTO
MPEeAI0XKEHHBIN CIIoco0 pelieHus YKa3aHHOM Helu-
HEWHOM 3a1a4u SBJISIETCS B 1IEJIOM KOPPEKTHBIM.

IIpoBeneHHBIe pacueThl BBISBWIM HEOXMIAHHBIN
pe3y/bTart, 3aKJII0UaolInics B TOM, 4To yyeT addexra
3aBucuMoctu numnenaHca 311K ot ypoBHs 3ByKOBOro
JaBJEHUsI MOXET MPUBOAUTH K YCUIEHUIO 3aTyXaHUs
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3ByKa IT0 OTHOIIEHUIO K CIyJalo TTOCTOSTHHOTO MMIIe-
JaHca, IIpuyeM 3ToT 3¢ deKT HanboJjiee CUIbHO MPo-
SIBJISIETCSI IPU PACIIPOCTPAHEHUU 3BYKa MO TTOTOKY.
bonee Toro, okasanoch, YTO MPUYUHOI ITOTO 3P-
(bekra gBisIeTCA HEe YBEJIUMYEHUE DKCITOHEHIIMAIbHO-
ro 3aTyxaHUsl 3ByKa, KOTOPOE Ha caMOM JeJie MOXET
Jla’ke CHUXKAThCSI, a TIOBENeHUE aMIUIMTYIHBIX (DyHK-
LU, onpeaensonux cpallluBaHue peleHuil B co-
CeIHUX CeUeHUsIX KaHalla IpU U3MEHEHUU UMIIeTaH-
ca CTeHOK. B kakoit Mepe 23Ta 0COOEHHOCTD SIBIISIETCS
3¢ dexToM 00IIEero MoJMOXKEeHM s, ellle IPEACTOUT BhI-
scHuTh. Ho yxe ceiiuac MOHSITHO, YTO 3TOT 3¢ eKT
MOXHO UCITOJIb30BaTh B MPAKTUIECKUX MPUTOXKEHUSIX
npu HacTpolike napameTpoB 311K Ha cHMXeHMe 1yma
aBUaJIBUTATEJCH.

B T0 Xe BpeMsi HeoOXoaMMO 0OpPaTUTh BHUMaHUE
Ha TO, UTO B HACTOSIIIIEI paboTe ObLIO UCITOIB30BAHO
ACUMIITOTUYECKOE pelIeHre 3aJauyl O paclpocTpa-
HEHUM 3BYKa B IJIaBHO-HEOIHOPOIHBIX KaHallaX, KO-
TOpOE HE OMUCHIBAET PE30HAHCHBIC CIIydau CIUSIHUS
JIBYX 3BYKOBBIX MOJI B HEKOTOPOM CEUYEHUM KaHaja.
DTH cinydyau BaxkHbl 11 HacTpoiiku 311K Ha Makcu-
MajlbHOE 3aTyxaHue 3ByKa B KaHajax. Eciau B Heko-
TOPOM CEYEeHMHU KaHaja B HYJIeBOM MNPUOJUKEHUU
HabJirogaeTcsl CAUSIHUE IBYX MOJ, TO BOJIU3U 3TOrO
CeueHUs pellleHue CTPOUTCSI METOAOM CpalllMBaHUs
aCUMITOTUYECKUX pasfioxeHuit [20, 24], T.e. monayya-
eMOe€ B LIEJIOM pellleHUE IepecTacT ObITh PABHOMEPHO
MPUTOAHBIM BIOJb OCH KaHajla. DTa 0COOEHHOCTD 3a-
TPYIHSIET OCTPOCHUE pPelIeHus 111 paccMaTpuBae-
MOM1 B HacTosIIei padoTe 3a7aun.

MoXeT 1oKa3aThCsl, YTO BBIXOJ U3 3TOM CUTyalluU
JIEXKUT B MPUMEHEHUU YUCIEHHBIX METOM0B, HAIPU-
Mep, METO/Ia KOHEYHBIX 2JIEMEHTOB, KOTOPBIi XOPOIIIO
ce0s1 3apeKOMEHI0BaJ B PEeIIeHUM 3a1a4 O paclipo-
CTpaHEHUM 3ByKa B MOTEHIMAIbHEIX IToTOKax. OgHa-
KO aHaJIN3 MOKAa3bIBAET, YTO TSI YMCICHHOTO pPelIeHUs
MpaKTUYECKUX 33124 I10 IMOMCKY ONTHUMAaJIbHbIX 3HaUYe-
Huit nmnenadca 311K s aBuagsuraTeneii morpeodyeT-
Csl CJIMIIKOM MHOTO BPEMEHM J1aKe C UCIOIb30BaHUEM
COBpPEMEHHBIX cyrnepKomIbloTepoB [25]. [ToaTomy pas-
BUTHE aHATUTUYECKUX METOIOB JIJIsI pEIlIeHUs YKa3aH-
HBIX 3aJ]a4 OCTAaeTCs aKTyaJIbHOU IIPpOOIeMOIA.

PaboTa ObL1a BeIIIONIHEHA ITpU (DUHAHCOBOM MO/ -
nepxke PH® (rpanr 21-71-30016), skcriepuMeHTalIb-
Hasl 4acTb OyIeT MPOBEepPsThCS HA MaloMacIITaOHOI
MoJed Bo3ayxo3abopHuKa Ha 6aze YHY “3arnyiien-
Hag Kamepa ¢ morokom AK-2” @AY LIAT'U, monepHu-
3upyeMoit mpu nopaepxke MuHoopHayku Poccuu 1o
conmamenunio Ne 075-15-2022-1036.
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