AKYCTUYECKWNI XYPHA/, 2019, Tom 65. Ne 1.c. 59-73

ATMOC®EPHAHA
N ASPOAKYCTUKA

YK 534.2.532

N3INYUYEHWNE 3BYKA U3 OTKPBITOINO KOHUA KAHAIJA,
MOOENVPYKOWEIO BO3AYXO3ABOPHUK ABUAABUTATENA
B CTATUYECKUX YC/NTOBUNAX N B NMOTOKE

© 2019r.

B. ®. Konbes"-*, H. H. Octpukos"”, M. A. Akosey",

M. C. NnatoB", A. E. Kpyrnsesa", |C. K) Cugopos}l
0IrYN HAIN, HayuHo-nccnegoBaTenbckuii Mockosckmid komnieke HAT
Poccus, 105005 Mocksa, y 1. Paguo 17
*e-mail: aeroacoustics@tsagi.ru

Moctynnnas pegakumio 24.06.2018 T.
MocneiopaboTkm 24.06.2018 T.
MpuHsTa K Ny6nvkaumm 28.08.2018 .

MpeacTaBneHbl pe3ybTaTbl CPABHUTENBHBIX AKCNEPUMEHTASIbHBIX MCCIES0BAHWIA B 3aryLLIEHHOW Kamepe
AK-2 ahheKTa CyLIECTBEHHOTO pas/INYKs ArarpamMM HarpasieHHOCTH U3NYYeHUs OTAe/bHbIX aKyCTuue-
CKMX MO/ 13 OTKPLITOrO KaHafa B CTaTUYECKOM PEXUME W B pexXuMe noseta. Mpuy nosiBfieHNU HaTeKato-
LLIEro MOTOKA MEHSETCS HamNpPaBfEHHOCTb U B HECKO/IbKO Pa3 MOXET MEHSTLCS aMMIUTYAa MaKCUMyMa OT-
Je/bHbIX MOA. ITOT 3(h(heKT Gbl NEPBOHAYA/ILHO 06HAPYXKEH HA OCHOBE YMC/IEHHOIO MOAETMPOBAHUS, U
3KCMePVMEHTaIbHOE NMOATBEPXKAEHUE PA3NNUMS XapaKTEPUCTVK OTAe/bHbIX MO CTaBUT 3afady paspaboT-
Ki HOBOTO MEeTO0Aa NepecyeTa pesy/bTaToB aKyCTUYECKMX UCMbITAHWIA aBrafBuUraTeneil B yCoBUsSX CTEH-
[O0BbIX MUCMbITAHUIA HA YC/I0BMS NMOJIETA B COCTABE CaMoJIeTa.

Knouesble ctoBa: n3ny4vyeHme 3ByKa mn3 Bo3,u,yxo3a60pH|/|Ka, BOB,IJ,yXOSa60pHI/IK B MoneTe, CtaTU4eCKnNe nc-
NblTaHNA asmansmraTeneﬁ,nepecqupesyanaTOBCTaqueCKmx ncnbiTaHWA aBmagBuratTend Ha ycnoeusa

noneta
DOI: 10.1134/S0320791919010040

BBEAEHWE

BeHTUNATOP aBMALMOHHOTO ABUTaTENSs ABNSETCA
OfJHUM M3 OCHOBHbIX MCTOYHWUKOB LIYyMa COBPEMEH-
HOTO caMo/ieTa, U CHUMXKEHWE WyMa BEHTUNATOPA AB-
nseTcs KpailHe akTyanbHOW npobnemoii. dhhekTms-
HOCTb pa3paboTaHHbIX PELIEHWNI NO CHMKEHUIO WyMa
BEHTUNSTOpPA NPOBEPSETCS B UCMbITAHUAX HATYPHOTO
LBUraTens Ha OTKpbITOM cTeHge. Mo ntoram nsmepe-
HUS LWYMa B Aa/lbHEM MOJ1e pe3ynbTaTbl aKyCTUUYeCKNX
MCNbITAHUIA HA OTKPbITOM CTEHAE MepecUMTbIBAKOTCSA
Ha ycnoBus noseTa fns pacyeTa LWyMa camoneTa Ha
MEeCTHOCTM Ha peXmmax B3fneTa U nocagku. Mamepe-
HMUA Ha OTKPbITOM cTeHAe (puc. 1a) ABNAOTCA Haun-
60onee BaXHbIM UHCTPYMEHTOM B NpeABapuUTeNbHO
OLEHKe LWyMa camMofieTa Ha MEeCTHOCTW, MO3TOMY
CTOMb BaXHO 3HATb peasibHble BO3MOXHOCTU TaKMX
MCNbiTaHWIA ANS NOAYYEHUSA TOYHbIX OLEeHOK. OfHa-
KO B nocnegHee BpeMsa NOABUNCHL pe3ynbTaTbl, MO-
KasblBaloUiMe, 4TO NPU TAaKOM MepecyeTe MOTyT BO3-
HUKHYTb CEPbE3HbIE MPOGIEMBI.

YucneHHoe MofennpoBaHue, BbINMOMHEHHOE B pa-
60Te |1), NPOAEMOHCTPUPOBANO CYLLECTBEHHOE pas-
Anyne amarpamm HanpaBfeHHOCTU W3NYYEHUS OT-
AeNbHbIX aKyCTUYECKUX MOJ M3 OTKPbLITOro KaHana
BO34yx03abopHMKa nNpu paboTe ABMratens B cTaTu-
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YeCKOM peXvMe No CPaBHEHMUIO C PeXMUMOM roneTa.
Tak, B yCNnoBuAX nosneta HabnwgaeTcqd CMelleHune
MaKcuMmymagmarpammMmbl HanpasneHHOCTU B CTOPOHY
YBENNYEHNA yrna U3nyyeHns Mo OTHOLWEHUIO K Ha-
npaB/fieHWNIo noneta NPy OAHOBPEMEHHOM YMEHbLLe-
HUWM aMNANTYAbl U3NYYEHUSA, KOTOPbIE B 3aBUCUMO-
CTW OT a3uMyTanbHbIX U paguanbHbIX YACEN aKyCTU-
YECKUX MO MOTyT gocTuratb BenuyunH 15°—20°n 646
COOTBETCTBEHHO. AHanuU3, BbINONHEHHbI B 3TOW pa-
60Te, NoKasan, YTo AaHHbIN 3P PeKT BO3HNKAET 6na-
rofaps CyLWecTBeHHOMY pasinyunto nosneii Te4eHUs B
OKPecTHOCTU OTKPbLITOr0 KOHLA BO34AYyX03abopHuKa
B YC/NIOBUAX MONETa U CTAaTUUYECKMX UCMbITAHWUNA 4BW-
ratens (puc. 16,1B). BycnoBuax ctaTU4eCKUX UCnbl-
TaHW OTCYTCTBYeTNOTOK, Haberawwnin Ha Bo3gyXo-
3a60pHMK, M MO3TOMY B 3TOM C/ly4yae peanunsyeTtcs
TO/IbKO BCACbliBAlOLWMA MOTOK B BO34YX03aO60PHUK,
KOTOPbIA B OKPECTHOCTU ero OTKPbITOro KOHLa o6na-
flaeT [OCTAaTOYHO CU/bHLIM TPafineHTOM BCeX OCHOB-
HbIX XapakTepucTuk (puc. 16). HanpoTus, B yCNOBUAX
nofieta peann3yerca pexumm 06TeKaHWA MOTOrOH[O-
Nbl, NPN KOTOPOM BO3HWKAET TOYKA NMPUCOEANHEHNUA
HaTeKalLero NoToka Ha CTeHKW KaHana (puc. 1s).
B pesynbTate MOTOK, BCaCbiBaeMblii B BO34yx03abop-
HUK, He 06/1afaeT CUNbHO HEO4HOPOAHOCTLIO Xapak-
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Puc. 1. (a) iuraTtesb Ha OTKPbITOM CTeHAe [2]. Paznnuve noneii Te4eHUs B YCIOBUSIX CTATUHECKMX UCTIbITaHWIA AuraTens (6)

1 Bycnosusx noneta () [11-

TEPUCTUK B OKPECTHOCTM OTKPbLITOr0 KOHLA. 3BYKO-
Bble MOfbl C BbICOKUMMW a3MMyTalbHbIMU YKUCNaAMU
npy CBOEM pacnpoCTpaHEHWUU MO KaHany BO34yX03a-
60pHMKaA COCPe0TOYEHbI B OKPECTHOCTU CTEHOK Ka-
Hana, U N03TOMY B C/lyYae CTaTUUYECKUX YCIOBUIA pa-
60Tbl ABMraTeNs OHW NoOMNajawT B CUbHO HEOAHO-
POAHbIA NOTOK B OKPECTHOCTU OTKPLITOFO0 KOHLA
KaHana, u4To 3anyCcKaeT MexaHu3M pedpakLmnu 3ByKa,
KOTOPbI/i M 0Ka3biBaeTCA OTBETCTBEHHbIM 3a yKa3aH-
Hblli 3 hekT.

MaTemaTuyeckue MOLENN, UCMO/b3YEMbIE O Ha-
CTOSILLEr0 BPEMEHM N5 NEpecyeTa pesy/ibTaToB CTEH-
[OBbIX aKyCTUYECKUX UCTbITAHWUI aBuagBuUraTeneii Ha

yCnoBua noseTa, pacCMaTpuBaloT TONbKO OLHOPOL-
Hble MOTOKM, 1 MO3TOMY YKa3aHHbI BbiLle 3 (PeKT He
NPUHUMAETCA BO BHMMAaHWe. OKCNepUMEHTaNbHOE
NOATBEPXAEHNE [aHHOTO 3(h¢ekTa nocTaBuao Obl
3afayy pa3paboTKy HOBbIX MeTOLOB MNepecuyeTa pe-
3yNbTaTOB CTEHAOBbIX aKyCTUYECKMX WCMbITaHW
aBnagBurateneli Ha ycnosua nonerta.

HacToswasa paboTa HanpasieHa Ha 3KCNEPUMEH-
Ta/lbHOE MUCCNefoBaHMe YKa3aHHOTo 3t dekTa B 3a-
rnyweHHon kamepe AK-2 LUAT W, B KOTOpOWi yaaeT-
CA peanm3oBaTb CNYTHLIA MOTOK, Haberawwuin Ha
MOJenb BO34YyX03abOopHMKA, W HE3aBUCUMbIA OT
AKYCTUYECKUW XYPHAJ Ne 1

TOM 65 2019
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PHc. 2. CxemaMofenn Bo3AyX03ab0pHVKa.

Puc. 3. (a) Cxema 1 (6) choTorpadms cobpaHHO SKCMEPUMEHTaNIbHOI YCTaHOBKM B 3ar/TyLUeHHO kamepe AK-2: | —conno
CTYTHOTO MOTOKA, 2—{eLLIeTKa MMKPO(OHOB Aa/IbHEr 0 Nossi, 3 —MOAe/bB03yX03a60pHIIKa, 4—Tpy6a MNMHJ, 5—waxTasbi-
x/ona, 6—MmaHxeTa, 7/ —nyLu1TeNn Lyma BEHTUNATOPa, 8 —BCaChIBarOLLMIA BErTTUIATOP.

CNYTHOrO NOTOKAa BCacbiBalwW M NOTOK B MOAENb
BO3ayxo03abopHuka (puc. 3a).

MO/Jbl B KPYT'/TOM KAHANE
C XECTKNMMW CTEHKAMWK

Xopowo 13BecTHO [3, 4|, 4To N60OE akycTuue-
CKOe none B LWIWHAPWYECKOM KaHane C MOTOKOM
MOXHO NpejcTaBuTb B BUAE CYNEPMNO3ULUN BOMHO-
BOAHbIX MOJ, Kaxfasa W3 KOTOPbIX YAOBNETBOPAET
KOHBEKTUBHOMY BOJIHOBOMY YPABHEHWIO W FpaHuy-
HbIM YCN0BMAM. Bcnyyae 04HOPOAHOI0 NOTOKA B Ka-
Hane 3ByKOBOE aBfIeHNE B TaKUX BOTHOBOLHbIX MO-
fax umeeT cnefyoWwnii BUA:

Pmd x ,r, )= AmirJ Jxny ) exp(/7xp + iamnx - /tor), (1)

rge (&4, r, @) —UMNUHAPUYECKNE KOOPAMHATBI TOUKM
HabnLeHUs, NpuyYemM Hanpas/ieHWe OCM X coBnaja-
€T C HanpaBfieHWeM OAHOPOAHOI0 MOTOKA, KOTOPbIA
MMeeT CKopocTb V 1 XapakTepusyetca uncnom Maxa
2019

AKYCTUYECKUI XXYPHAN Tom 65 Ne 1

M = V/c,c—ckopocTb 3BYKa, (O= 2n/—kpyrosas 4a-
CTOTa, T — asMmMyTa/lbHOE YMUC0 UAN HOMEP MOAbl
(uenoe uncno), (F ,,—NpPoOLONLHOE UK OCEBOE BON-
HOBOE 4YMC/0, XTN —pajnanbHOoe BOJTHOBOE YUCNO,

KiXmj/') ~ ®yHkuma beccena nopsgka T, ATn -
aMNANTYAHbIA KO3 PULMEHT MOAbI. Y CNOBUE TOrO,
4yTO 3BYKOBOe mnone (1) yfosnetsopsieT BO/SIHOBOMY
KOHBEKTUBHOMY YpaBHEHMWIO, BblpaXKkaeTca B Buje
OMCNEPCUOHHOTO YpPaBHeEHUS

noo= (2)
CBSI3bIBAIOLLLEI0 OCEBOE U pafnanbHOe BOMHOBbIE YMCIA
npwv 3afaHHOl YacToTe M Yncie Maxa noToka, rae K —
= (O/c —rnaBHOE WU/IM OCHOBHOE BOIHOBOE YMC/IO.

YcnoBue Toro, 4to 3BykoBoe none (1) yposne-
TBOPSET FPaHNYHbIM YCNOBUAM Ha BHYTPEHHEN no-
BEPXHOCTM KaHana paguyca a B ciy4ae abCoNOTHO

XECTKUX CTEHOK, BbIpaaeTcs B BUAE CNefYHOLLETO
XapaKTEPUCTUYECKOTO YPaBHEHWS OTHOCUTE/LHO
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peanuM3yeMoro paguanbHOro BOMHOBOTO u4wuchna:
X-v.:.Jm(X«a) =0. rle «CO - npousBogHas PyHK-
unun beccena no aprymeHTy.

Mocne TOro, Kak HaifeHbl pagunanbHble 4ucna
XT,,, U3 peLleHNs XapaKTepucTUUYeCcKOro ypaBHeHus,
M3 GUCNEPCUOHHOT0 ypaBHeHUA (2) onpegenstoTcs
OCeBble BOJIHOBbIe YMCna:

-kM£MKk1-xL(1-M 2

1-M2 "
COBOKYMHOCTb BO/IHOBOAHbIX MOA (1) ABnsetcs
LBYXMapameTpuMyecKoi, onpesensiemMon asumyTab-
HbIM YUC/IOM T W pajuasnbHbIM yuciom n. BonHo-
BOAHble MofAbl (1) MMeloT HasBaHWe asuMyTaNbHbIX
mMoA, a npu T 0 —a3umyTa/bHbIX BpaLLarLLLMXCS
mof. HassaHue Bpalwiatolimecs Mofbl CBSA3aHO CO
CBOWCTBOM  pacnpocTpaHeHUs (QpOHTa  BOJHbI
(hbpOHT ABNSETCA NOBEPXHOCTLI YPOBHHA MOCTOSAH-
HOW hasbl) npu T * 0 BLOMb BUHTOBON NMHUHU, T.€.
MMeeT MeCTO BpaLleHne PpPoHTa BO BPEMEHU, NPUYEM
HanpaBfieHWe BpalleHUs ONpefenseTca 3HAKOM asu-
MyTanbHOro umcna rm. Ana cnyvyaa T = O BpalleHus

(hpOHTa NPW ero pacnpocTPaHeHUN He MPOUCXOAUT.

MoCKOMbKY NPU KaXAOM a3uMyTasbHOM yYucie T
KOPHW XT.N BO3pacTatT C POCTOM pafuanbHOro Yuc-
nan, To0653aTeNbHO HAYMHASA C HEKOTOPOTO Yncnan
MOAKOPEHHOE BblpaXeHue B (3) CTAHOBMTCS OTpuULa-
TeNbHbIM, U, KaK CNeACTBUE, HAYMHAsA C 3TOr0 pagu-
aflbHOrO Yncna asumyTanbHble MoZbl (1) CTaHOBAT-
cA 3aTyxalwumu npu pacnpoctpaHeHuu. [lo-
CKO/IbKY KOPHW XT.N He 3aBWUCAT OT 4acToTbl (3Tu
BE/IMYMHbBI 3aBUCAT OT pajuyca KaHana), To Ans
KaXAoi MOAbl, onpeaensieMoin uncnamm Tun, cy-
LeCTBYET 4acTOTa, HUXKE KOTOPO#i fJaHHas Moja 3a-

TyxaeT, fmj, =cxmy](\- M2)/27T. 3Ta yacToTa HO-
CUT Has3BaHMe 4acToTbl OTCEYKU AN LAHHON MOAbI.
MopwHeBas moga, 4na kKotopoi %00 = 0, pacnpo-
CTpaHsieTcsa B KaHane 6e3 3aTyxaHus npu N 60 va-
CTOTe. YacToTbl OTCEYKM BCEX MOJ B fManasoHe 4a-
cTOT MeHee 10Ky 4nsa KaHana manoMacwTabHOK Mo-
fenu Bo3ayxo3abopHuka guametpom 0.2 M npm
OTCYTCTBMW MOTOKA U TemnepaType cpeabl 15°C npea-
cTaBfieHbl BTabn. la, afng ckopocTu notoka40m/c —
BTabn. 16. Kak BUAHO, faxe He 0YeHb 60/bLIas CKo-
POCTb MOTOKA CHMXAeT 4aCTOTy OTCEUKM OTLeNbHOI MO-
[bl HAJOCTAaTOYHO 3Ha4YMMOe 3HaueHne —bonee 50 'y,

MogenupoBaHue pacnpocTpaHALWMXCcs MOA B
3KcnepuMMeHTe HEOBXOAMMO Ana TOro, 4Ttobbl nccne-
[0BaTb BAWSAHME NOTOKA Ha MX pacnpocTpaHeHue u3
OTKPbITOrO KOHLa KaHana. Mpu atom Heob6xoanmo by-
LeTpa3fenaTb HE TO/IbKO a3uMyTasbHble MOAbl (M), HO
W paguanbHble (1), a TakKe He06XO0ANUMO KOHTPOIU-
poBaTb YacTOTbl PaCMpPOCTPaHALWNUXCA MOL, KOTO-
pble CTAHOBATCA OYEHb YYBCTBUTENbHbI K BHELIHUM
napameTpam (CpefHuUii NOTOK, TemnepaTypa) B61n3m
4acTOTbl OTCEYKMN.

CXEMA SKCIEPUMEHTA
B SATTYWEHHOW KAMEPE AK-2

C uenbio nccnefoBaHMa 0cobeHHOCTEN U3nyye-
HUS 3BYKOBbIX BpaljalowWmnxca Mo U3 OTKPbITOro
KOHLa KaHana npu Haim4ymm HeoAHOPOLHOTO BCAChI-
BaemMoro noTtoka, B LJAI' 6bina co3gaHa manomac-
wTabHaa mofenb Bo3ayxo3abopHuka (puc. 2a), B Ko-
TOPOW asuMyTasbHble BpalLal L ecs Mo4bl reHepu-
poBasmnchb C MOMOLWbIO 12 aKyCTUYECKUX AUHAMUKOB
(BbICOKOYACTOTHbIE KYNO/bHble AUHaAMUKU MJ-1T ¢
avnameTpoM MembpaHbl 127 MM U MakCUManbHOW
MowHocTb0 120 BT, gnana3oH BOCNPOU3BOAMMBIX Ya-
cToT 3.5—22 KIl'LY), NOAKNOUYEHHbIX Yepe3 MHOrokKa-
HanbHbIl yeunuTtenb ApartRevamp 1680c guanasoHom
yacToT 20 MNy—30KIMY. AMHaMM KN 6bINU YCTaHOBEHbI
3ano4/nL0 Ha BHYTPEHHe NOBEPXHOCTW KaHana ¢
paBHOMEPHbLIM LIAroM B a3uMMyTasbHOM Hanpas/e-
Hun (puc. 26).

[Onsa BO3MOXHOCTW peanns3aunm nong TeyeHus C
NMPUCOeAMHEHHBIMU MHMAMKN ToKa (puc. 16) B 3a-
rnyweHHoin kamepe AK-2 6bina cobpaHa ycTaHOBKa
(cxema n poTorpadma cobpaHHOW yCTaHOBKW Mpea-
cTaBfieHbl Ha puc. 3a, 36), cocToauLas M3 manomac-
WwTabHoi MoAenn BO3gyxo3abopHuka (puc. 2), pagu-
anbHoro seHTunAatopa Besa BPAH 6-6.3, co3gatowero
BCACbIBAO LM NOTOK BHYTPW KaHana MoAenn Bo3ay-
X03ab60pHUKa, BO3AYyX0BOLA C BHYTPEHHUM AUaMeT-
pom 200 MM, coBnajaroWwnumM ¢ BHYTPEHHUM AnameT-
pOM KaHana MOAenu BO34yX03ab0pHMKaA, CeKuuii
3MK gna rnyweHns wyma pagmanbHOro BEHTUNATO-
pa, pacnpocTpaHAoLerocs o6paTHO B KaHan.

BHewHuii guameTp KaHana BO34yX03abopHuMKa,
npeAHa3Ha4YeHHOro 45 UCMbITaHWUIA, cocTaBnsn 270 MM,
4NA peanusaunm CNyTHOIO NOTOKa OblN0 3a4elicTBO-
BaHO conso gnametpom 60 cm, nepes KOTOPbIM Ha
paccTosHuM 1M pacnonarancs OTKPbITbI/i KOHeL, Ka-
Hana (puc. 36). 414 nsmepeHuns CKOpoCTeil BcacbiBa-
IOLLLEro U CMYTHOrO NOTOKOB MCMO/b30BaNUCh TPYy6-
Kn Munto, CoefiMHEHHbIE C LU(POBLIM MaHOMETPOM
MIMLU-2M-0.16, ogHa U3 KOTOPbLIX pacnosaranacb Ha
LeHTpaNbHO OCK B KaHase Mogenn Bo3gyxo3abop-
H/MKa Ha paccTofAHMK 660 MM OT OTKPLITOro KOHLA 3a
KO/bLEBOM YacTblo MOAeNu, B KOTOPOW yCcTaHOB/e-
Hbl aKyCTMYeCKue JMHaMWUKu, a BTopas Tpybka —Ha
LeHTpanbHON OCU comnja CNYTHOro MOTOKAa Mexay
COM/IOM M KaHanoM Ha pacctofaHum 200 MM OT cpesa
BbIXOLHOro ceyeHusa conna. CKOpoOCTU CMAYTHOroO ”
BCacbIBalOLLErN0 MNOTOKOB MOI/IN BapbMpOBATLCA He-
3aBUCUMO Apyr oTApyra BananasoHe 0-40 m/c.

[na n3MmepeHunii xapakTepucTUK gnarpammbl Ha-
NMpaBAeHHOCTWN UCMOJb30BANNCh AeBATb MUKPOKOHOB
Bruel & Kjaer 4189 (yrnbl ycTaHOBKY MUKPO(POHOB Ha
paccToAHUMN 2 M OT CPe3a OTKPbLITOr0 KOHLa BO34yXO0-
3ab0pHMKa npefcTaB/ieHbl Ha puc. 3a), a B Ka4yecTse
aHanmMsaTopa CMrHanoB C MUKPOPOHOB MCNOJb30-
Basics 12-kaHanbHbIli 610K cb6opa gaHHbIX PULSE
Bruel & Kjaer3560C co BCTPOEHHbIM MPOrpaMmumpy-
E€MbIM TeHepaTopoM. [na ynpaBfeHUs CTPYKTYpoOii

AKYCTUYECKUI XXYPHAN Tom 65 Ne 1 2019



M3NYYEHUE 3BYKA N3 OTKPbLITOIMO KOHLUA KAHANA 63

Tabnmua 1. YacToTbl OTCEYKM BCEX MOJ B AMana3oHe 4acToT MeHee 10 KIL Ans KaHana manomacluTabHoin mopaenu
BO34yXx03ab60pHuKa suameTpom 0.2 M npu TemnepaType cpegpl 15°C: (a) =0, (6) \e= 40 m/c.

n-0 nN=1 n=2 N=3 Nn=4 n=5
T=0 0 2080 3808 5523 7233 891
T=1 999 2894 4634 6355 8069 9780
T=2 1658 3640 5412 7150 8874
T=3 2280 4351 6159 7918 9657 -
T=4 2886 5039 6884 8666 . .
T-5 3483 5711 7503 9399 — -
T=6 4072 6370 8289 - - -
T=7 4656 7020 8973 - - —
T=8 5237 7663 9649 - - -
T-9 5815 8299 — — — —
T=10 6390 8929 — — — —
T=1 6963 9555 . ; . .
T=12 7534 — — — — —
T=13 8104 - - - - -
T=14 8672 — — — — —
T=15 9240
T=16 9806

(@)

MOJ, FEHEpMpyeMmblX B KaHane MOfeNn BO34yx03abop-
HuKa 12-l0inHamukamu, 6binapaspaboraHa48-ka-
HafbHas MUKPOPOHHAasA peleTKa YCTAHOBJIEHHbIX
3an0f4INLL0 C BHYTPEHHEH NOBEPXHOCTLIO KaHana
MUKpogoHoB Bruel & Kjaer 4957 ¢ gnanasoHom
yactoT 50 My—10 kI, (puc. 4), cofepxallias Kofb-
LeBYO peweTky n3 26 MUKPOKOHOB, PaBHOMEPHO
YCTaHOBJ/IEHHbIX Ba3MMyTa/lbHOM HamnpasJ/ieHUK, oce-
BYIO pelwleTky 13 10 MUKpOGOHOB U eute 12 MuKpo-
(hOHOB, MMEILWNX pa3fINyHble OCEBbIe U a3uMyTasb-
Hble KOOpAMHaThI.

JononHNTeNbHO MCNOMb30BANNCL CUCTEMA U3ME-
peHus TemnepaTypbl W BAAXHOCTU, a Takxe o6opy-
[OBaHWe [ANS [AbIMOBOW Bu3yanu3aumum nOTOKOB
“ObiMm-mawunHa Involight FM1500".

HACTPOUKA CUCTEMbI FEHEPALNM
3BYKOBOIO NMona B KAHAJNME

Cuctema akKyCcTMUYeCKUX [AWHAMUKOB [O0J/DKHA
obecneymBaTh BpaljalLLeecs 3BYKOBOe Mofe Tak,
4yTo6bI a3uMyTanbHas CTPYKTypa noas xapakTepuso-
Basiacb LOMUHUPOBaHWEM aMNAUTY] pAfa MOj C Ha-
nepej 3aflaHHbIMUN a3uMyTanbHbIMU Yucnamm (1).

Ecnn npeanonoXutb, 4To K abCONOTHO WAeH-
TUUYHbIX TOYEYHbIX UCTOYHWKOB, PACMO/IOXEHbl Ha
CTEHKe UMINHAPWYECKOro KaHana paguyca rOpasHo-
MEpPHO BAO/Mb OKPYXHOCTU CEYEHUS C OCEBOW KOOp-
AnHaToli X0 (yrnoBble KOOPAMHATbI MCTOYHWUKOB paB-
Hbl @,= 2k1/K, rpe/=0 , K—1), M3TN UCTOUYHUKMN

AKYCTUYECKUW XYPHAJ

ToM 65 Ne 1 2019

n=0 n=1 n=2 n=3 w=4 n=5
T=0 0 2065 3782 5485 7183 8880
T=1 992 2874 4602 6311 8013 9713
T=2 1646 3615 5375 7100 8813 .
T-3 2265 4321 6117 7863 9590 -
T=4 2866 5004 6117 8607 . .
T=5 3458 5671 7541 9334 - -
T =6 4044 6326 8231 - - -
T=1 4624 6972 8911 - - -
T=8 5201 7610 9582 - - -
T-9 5775 841 _ _ _ _
T=10 6346 8867 — — — —
T—u 6915 9489
T=12 7482 — — — — —
T =13 8048 - . . -
T=14 8613 — — — — —
T=1 9176
T=16 9738

(6)

N31y4alT rapMOHUYECKNI 3BYK O4MHAKOBOW YacTo-
Thbl M O4MHAKOBOTO cABMra no gase A mexay cocef-
HUMW WCTOYHMKaMW, TOrga CyMmMapHOe 3BYKOBOE
none B KaHa/e MOXHO NpeaCcTaBUTb B BUAE CNeayto-
weli cymmsl |5, 6]:

p = AOO,ALAD) +~ [ 4 T(T,A:LAD)exp(//nd)+ (4)
+ P-mQi-m, K, Ah) exp(-//n)],
roe

Pm = Pm(r,x\rQXo) =

= X AN ('e>'0)exp O'XmJIx - *0)).

Q(m K. A) = exp|/710h—
1-exp(/AT Ad)
=, exp(/(ap— ~))"

KOHKpeTu3auus aMnanTygHon dyHkumm ATn(r, r0),
3aBUCALLE OT MECTOMONOXKEHUA UCTOUYHMKA 3BYKA,
npegctaeneHa B pabote [6].

Ecnn caBur a3 mexay COCefHMMMN AUHAMUKAMM
nmeet Bug Ag = 2KmJK, rge w —HoMep BblbpaH-

HOI ANS reHepaynun asmuMyTanbHOW MOfAbl, TO Bblpa-
XeHue (6) nocne packpbiTva no npasuny Jlonutans

j =
(6)
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Puc. 4.48-kaHanbHast MUKPOOHHasA pPeLLIETKa, BWTCHapY» U (8) 1 n3HyTpn (6).

HeonpegeneHHoctn Tuna 0/0 npuobpeTaeT cnegyto-
LLyt0 (hopmy:

_ K, npu T —/Hgi nkK,
0(T.KAD)= 0, Mpn T @ TO% nK, )

roe n —npon3BOJIbHOE LENOE YNCTIO.

N3 BblpaxxeHnin (4) npu ycnosun (7) BUAHO,
4TO, MEeHAA AUCKPETHO caBuru das Ad ot 29/Al fo
2n(K —1)/A; MOXHO reHepmpoBaTb asumyTa/lbHble
MOJbl, MMetoLLMe NO MOAY/0 HOMepa OT NepBOro o
(K — 1)-ro. Mpu 3TOM Hapsagy € AaHHbIMW MOZaMK
OyayT reHepypoBaTbCa MOAbI C a3MMYTa/lbHbIMU HO-
mepamy T = TO + nK, rge n —n060oe Lenoe Yncno,
npuyemM OHW ByayT UMETb OANHAKOBbIE aMMNINTYAbI.
[ns reHepauum mogbl € a3uMyTasibHbIM 4icioM TO= 0
N MOJ C a3MyTaslbHbIMW Yncnamm, KpaTHoeiMu A He-
obxoanmo 3aaatb A= O.

OcHoBHaa npobneMa reHepaummn asvMyTa/lbHbIX
BpaLLaloLLMXCA 3BYKOBbIX MOJ B KaHase C NOMOLLbHO
aKyCTUYECKNX JUHAMUKOB, YCTaHOB/IEHHbIX B CTEH-
Kax KaHana, COCTOUT B TOM, YTO, HECMOTPSA Ha WUC-
Mo/b30BaHNe UAEHTUYHbIX JUHAMUKOB U3 O4HOW 3a-
BOZCKOI NapTuu, nx paboumne xapakTepuCcTUKN MOryT
HECKO/IbKO OT/MYatoTes Apyr ot gpyra. lMpeggapu-
Te/IbHble UCMbITAHUSA MO HACTPOVKe CUCTEMbI reHepa-
UMM NOKa3zanu, YTo aKyCTUYeCKNe JUHAMUKIA UMELOT
HECKO/IbKO pa3/nyaroLmecs amniauTygHO-4acToT-
Hble XapakTepuctuku (AYX), n Kaxgplii no-cBoemy
npeobpasyroT (hasy 3/EeKTPUYECKOro CurHana, noga-
BaeMOro Ha AMHaMuK, B pasy reHepmpyemMoro akycTu-
YECKOro curHana. BpesynbTare 3Toro npy BoCnpous-
BeJEHUN B 3KCMEPVMEHTE TEOPETUYECKUX MapameT-
POB reHepauuy asvMyTa/ibHbIX MOA, HalAeHHbIX B
NpeanonoXeHnMn 06 naeanbHON NAEHTUYHOCTU ANHA-
MWKOB, NCKOMas a3MyTasibHasi CTPYKTypa 3ByKOBOI0

MoNst He Peasm3yeTcs UKW peansyeTcs CO 3HaUUTESb-
HbIMW OTK/IOHEHNSIMM.

[Nns HacTpoMKM CUCTEMbl reHepauumn 3BYKOBbIX
MOf, reHepupyembiX 12-10 AMHAMWKaMW B KaHase
MOAenu BO3AYyX03ab0pHMKa, B HacTosLlel paboTte
1CNOMb30Ba/ICA aIrOPUTM, U3HaYaIbHO paspaboTaH-
HbliA B paboTe [7) 4N WecTn aKyCTUYECKUX AUHAMK-
KOB M KOMbLIEBON peLleTKuW, cocTosLleh n3 13 Muk-
pooHOB. MNpoLeaypa HaCTPOMKM COCTOUT U3 Crefy-
FOLLIMX YeTbIPEX LLAroB.

Ha ware 1 Bbl6MpaeTcs YacToTa HaCTPOIKK, 1 fa-
Nnee nocnefoBaTeNlbHO MOOAMHOYKE 3anycKaeTcs
KaXbl M3 AMHAMUKOB, NPUYEM Ha KaXAbliA N3 HUX
NnoAaeTcs rapMOHUYECKUIA 3NEKTPUYECKIMIA CUTHAN C
OLHOW 1 TOW e aMNANTYA0M HanpsyKeHUs n Hyre-
BbIM CZIBUIOM (pa3bl MO OTHOLLEHMIO K HecyLLel (ase
cuctembl reHepaymmn PULSE. Ha ware 2 Ha BbI6paH-
HOM 4acTOTe HACTPOMKM COBMECTHO 3arycKarTcs
BCE AMHAMUKN, NPUYEM KaXXabI AUHAMUK paboTaeTt
npy TEX XXe YCMOBUAX, YTO BblN peann3oBaHbl Ha
MepBOM LUare HaCTPOMKN Npu MX pasfefibHoin pabo-
Te. Ha ware 3 HacTPOMKN UCMOMb3YHOTCA AaHHbIE,
MoslyYeHHble ¢ 48 MUKPO(OHOB PeLLeTKN Ha npefbl-
AyLMX Wwarax, Ha OCHOBE KOTOpPbIX C MOMOLLbIO Me-
TOfAa HaMMEHbLUMX KBaApPaTOB BbIYMCASKOTCA UCKO-
Mble CABUIN (ha3 MeXAy 3NeKTPUYECKUMUN U aKyCTK-
YECKUMW CUTHANaMW Ha KaXXAO0M MHAMUKe, a Takxke
onpegensaeTcs nonpaeka Ha pasnnune A4X gna Kax-
J10ro INHaMMKa Ha BblOpaHHOR YacToTe. Ha ware 4
HaCTPOWKY BbIMOTHAETCA ONpejeneHne 418 KaX40ro
AVHaMMKa TaKUX KOIP(ULMEHTOB YCUNEHUSA UCXOA-
HOro HanpsHKeHUs 1 cABUroB a3 Mo OTHOLLEHMUIO K
Hecyuleli hase cuctembl reHepauumn PULSE, npwm
KOTOPbIX AOCTUraeTCca U3HavasibHO 3aZlaHHas asumy-
Ta/lbHas CTPYKTypa 3BYKOBOI0 Mosis B6/M3N OTKpbI-
TOro KoHua KaHana. Mpu aTom BbIGOP peann3yemoit
AKYCTUYECKU XYPHAN Ne 1

TOM 65 2019
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A3|/||\/|yTaanoe 4yucno, T

PHC. 5. AMNAnTy bl a3uMyTasbHbIX MOA, MPY reHepauum
1-1 ueneBon mofpl Ha YacToTte 6096 ML, NpW pasNUHbIX
CKOPOCTAX BCACLIBAOLLIETO MOTOKA.

a3|/||V|yTaan0|7| CTPYKTYpPbl 3BYKOBOIO Mojad MOXET
ObITb OCYLECTB/IEH Pa3/INHYHbIMMU crnocobamu.

Mcnonb3yemas B akcnepumMeHTax 48-kaHanbHasd
MWKPO(OHHAsA peweTKa cnocobHa paspeLwarts 3BYy-
KOBble MOJbl B AMana3oHe asuMyTasbHbIX YnUCeN OT

=—1200 T = 13,aTakKXe MOXeT 6bITb UCNONb30-
BaHa 415 onpeAeneHnsa pagnanbHOR CTPYKTYpbl 3BY-
KOBOTO0 Mosd. Brnpouecce HACTPONKN CUCTEMBI TEHE-
pauun Mof faHHasf pelweTka ycTaHaB/iMBanacb Ha
cpes kaHana (puc. 4), nocse Yero BbIMOMHANACL NPO-
ueaypa HacTpoiiku (B 60NbLWIMHCTBE C/Ty4YaeB NMpu OT-
CYTCTBMW KakK BCaCbIBAKOLLEro, Tak U CNYTHOrO NoTo-
Ka). [lanee onpejgeneHHble No pesynbtaTaMm wara 4
napaMmeTpbl HaCTPOMNKM MPOBEPANUCH IKCMEPUMEH-
TaflbHO KakK MpW OTCYTCTBUMW, TaK U NPU Hannymm
BCaCbIBarOLEro NnoToKa (CNyTHbLIA NOTOK B 3TUX CNYy-
yasax He cosfiaBancs). B npoBefeHHbIX 3KCNepuMeH-
Tax B KaHane Mofenn BO3AyX03abopHMKa reHepupo-
Banacb pasnnyHaa CTPYKTypa asuMyTasibHbIX MOJ B
AwnanasoHe yacTtoT 4—8 kl'y, B KOTOPOM a3MmyTab-
HOe YNC/I0 T pacnpoCcTpaHALWUXCA MOJ He MpPeBbl-
lWaeT No MOAY/IO ABeHAALATU, U MO3ITOMY CTPYKTypa
3BYKOBOIO N0/ B MO/THON Mepe n3Bnekanach 48-ka-
HanbHO MUKPOGOHHOM PeLEeTKOIA.

B kauecTBe npumepa Ha puc. 5 npeAcTaB/ieHbl am-
NAUTYAbl a3UMYTaNbHbIX MO, KOTOPbIe BbINN NnoJyye-
Hbl TEOPETUYECKM NO pesyfbTataM Mpouefypbl Ha-
CTPOIKMN Ha reHepaynto 1-i ueneBoi MOAbl Ha 4acTo-
Te 6096 'y, aganee peann3oBaHbl 3KCNEPUMEHTaIbHO
npy pasfiMyHbIX CKOPOCTAX BCACbIBAKOLLETO MOTOKA.
Kak BULHO M3 3TOr0 pUCyHKa, afropuTMm Mno3BOAUN
HalNTW Takue napameTpbl HACTPOWKU, NPU KOTOPbIX
aMmnanTyga asumyTanbHON Mofbl C HOMepoM T = 1
npeBbllaeT aMnANTYAbl OCTaflbHbIX MOJ Ha BENYU-
Hy okono 20 gb. 3kcnepumMmeHTanbHaa peanusaums
3TUX NapameTpoB HACTPOWKM B paccMaTpuBaeMoM
LnanasoHe CKOpoCTeli BCacbiBaloLLero noToka nog-
TBEpAMNA KaK amnanTygy LOMUHUPYHOLWen MOfbl,
TaK W Be/IMYMHY €e NpPeBblWEeHNA Haj OCTalbHbIMU
MOoZaMu, XOTA NpM 60NbLINX CKOPOCTAX MOTOKA B Ka-

AKYCTUYECKUW XYPHAJ
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Hane BeNIMYNHA NMPEBbIWEHNA YMEHbLINNACL B 1aH-
HOM cny4ae Ha 3—4 b, B OCHOBHOM 3a CYeT pocTa
aMnAnUTyfAbl OCTaNbHbIX MOJ. 3aMeTUM, YTO B Mpes-
CTaB/IeHHOM Ha puc. 5 npumepe 6bl1a NposiB/eHa ca-
Mas CUbHasA 3aBUCUMOCTb aMMINTY [, TeHEepPUpPYeMbIX
LOMUHUPYHOLWMNX MO OT CKOPOCTM MOTOKA B KaHase,
a Haubosiee yacTblM pe3ynbTaTOM peannsaynum Ha-
CTPOEYHbIX MapameTpoB b6blf1a paKTUUYecKas HesaBu-
CUMOCTb aMMUTy[ 3TUX MOJ OT CKOPOCTU MOTOKa
(0OTKNOHEHWe B CpegHeM cocTaBnsno He 6onee 146).

HacTpoiika cucTemMbl FeHepauum Mof nNpu Hanu-
YMKM BCaCbIBAKOLLETO NOTOKA B KaHane Ha pasfinyHbIX
CKOpPOCTAX MOKasana aHanornyHblii pe3ynbTaT: Ha-
CTPOEeYHble MapaMeTpbl, HalifjeHHbIe Ha OAHOW CKO-
poOCTM NOTOKA B KaHane, peaNn3oBbIBann TeopeTuye-
CKMe 3HAYEHUA aMNANTYA AOMUHUPYOWNX MOJ Npu
Apyrux ckopoctax notoka. Cnabas 3aBMCUMOCTb f0-
MUHUpPYIOLWeEA MOAbl OT CKOPOCTU BCACblBAKOLLETO
MOTOKa MO3BONSAET MPOBOAWUTbL 3KCMEPUMEHTHI MO
CpaBHEHWIO amarpamMmmM HanpaBAeHHOCTU WU31Yy4YeHWs
3ByKa M3 OTKPbLITOr0o KOHLUAa KaHana BO3Ayxo3abop-
HUKa MpY pasinyHbIX YCNOBUAX HAaTEKAHUSA CNYTHO-
ro NOTOKa Ha BO34YyX03abOpHUK.

NPOBEAEHWE METOANYECKUNX
NMCCNEAOBAHUNN

B nepByto oyepenb 6bina nposefeHa AbIMOBas BU-
3yanusauns notoka B6aM3NM OTKPbLITOrO0 KOHLA BO3-
Lyx03abopHMKa NpU  PasAMUHbIX COOTHOLIEHUAX
MeX [y CKOPOCTbIO BCAaCbiBaHWUA U CKOPOCTbIO CNyT-
HOro NOTOKa C Lefiblo MPOBEPKN BO3MOXHOCTY 3aca-
CblBAHWA CABUTOBOrO C/OA CTPYU CMNYTHOMO MoToKa
(anameTp 60 CM) BHYTpb KaHana Mofenn Bo3gyxosa-
6opHMKa (BHEWHWA guameTp 27 cm). JbiM0Bas BU3y-
anusaumnsa 6blna NpoBefeHa NPU MakCMManbHOM CKO-
pocTK BcachlBalLLero noToka B KaHane, Y8 =40 m/c,
npv BapbUPOBAHUMN CKOPOCTU CMYTHOIO NOTOKA Vcot

0po 40 m/c uepes kaxable AVt = 10m/c. B npouecce
BM3yanusayumm cHumancs sugeounom. Ha puc. 6
npeAcTaBfieHbl Kagpbl 3TOro Bugeoduioma, LeMOH-
CTPUpYIOLLLME YTO NPU CKOPOCTAX CAYTHOrO MOTOKa
\toT2080 40 M/Cc Npy CKOPOCTM BCaChbIBaKLLETO MNO-
Toka Y8 = 40 m/c 3acacbiBaHWe CABWUIOBOro C/os
CNYTHOI CTPYyM B KaHan Mofenn BO34yX03abopHuKa
He HabngaeTcs, BTO BPEMSA Kak Npu MeHbLU el CKO-
pOCTM CNYTHOrO MOTOKajaHHOe 3acacbiBaHNe MOXET
MMEeTb MeCTO. Takune pexxumMbl 6bIIN UCKTHOYEHbI U3
aHanusa pesynbTaTOB aKyCTUYECKUX W3MEPEeHWI.
Kpome 3Toro, 661710 3aMeYEHO, 4YTO NPU OTCYTCTBUM
CNYTHOM CTPYM AbIM MOCAE BCACbIBAHWUS B KaHan He
npubnmxaeTca K €ro cTeHKaMm BMNJ/OTHYIO, a pacnpe-
[lenfaeTcqd Ha HEKOTOPOM yJaneHuun oT Hux (puc. 6a).
[aHHoe 06CTOATENLCTBO NMO3BOMNMO CAeNaTb npeg-
MOJSIOXKEHWE, 4YTO Ha 3TOM peXume peanusyetcs
MECTHbIA OTPbIB NOTOKa B KaHane cpasy nocne ero
3acacblBaHuA.
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Puc. 6. Pe3yrnbTarbl AbIMOBOA Bm3yanv|3a|évw| MOTOKOB NPV CKOPOCTM BCACHIBAKOLLErO MOTOKA Y8= 40 M/C A7151 Pa3/MUYHbIX Na-

pameTpoB CNYTHOrO MOTOKa: (8) Y=o, (6) ¥ =40 M/C.

[Janee 6bin1 npoBefeHbl TECTOBbIE aKyCTUYECKME
M3MepeHuns B fasbHEM NOJe C Liebio UccnefoBaHus
WyMao6TeKaHUsA KaHana mogenun Bo3gyxo3abopHuka
M Kpenexen Bceil yCTaHOBKM, HaXOAALLMXCS B MOTO-
Ke cnyTHoli cTpyu. Kpome aToro, cTaBunacb Lenb
MPoBepkKU paboTbl aKyCTMYECKUX [MHAMUKOB B
YyCNOBMAX CAYTHOro MnoToka. MNpu 3TOM OCHOBHOE
BHUMaHMe 6b1710 06paLeHo Ha YCTOWYMBOCTbL Mapa-
MeTpoB paboTbl AMHAMMKOB NPU O4NHAKOBbIX PEXM-
MaxX UX paboTbl U Pa3MUHbIX CKOPOCTHbIX PeXMMax
MOTOKOB, YTO J,O/KHO 6bI/1I0 BbIpaXaTbCa B MOBTOPSA-
eMOCTU fuarpaMmmbl HanpaBieHHOCTU, U3MepPSAeMOii
Ha MWKpO(OoHax fanbHero nond. B atom cnyyae Ha-
CTpOliKa CUCTeMbl reHepauuu 3BYKOBOFO MONA He
npoBoAuNach, a AMHaAMUKK 3aNycKanncb nooyepes-
HO MNPV O4HOM M TOM Xe HanpsHKeHun n 6a3oBoi ha-
3e reHepaTopa Wim 3anyckanmcb OJHOBPEMEHHO.

B nepsyto ouepefb 6bI10 YCTAaHOBNEHO, UTO YpO-
BEHb LWIYyMa 06TeKaHWs 3/IEMEHTOB COBpaHHOI ycTa-
HOBKMW LOCTaTOYHO HU3KMWIA N CYLLECTBEHHO MEHbLUE
YPOBHSA MOME3HOr0 CUrHana, co3faBaemMoro akycTu-
YEeCKUMM AMHAMUKAMU Ha4vacToTax 6onee 4 KMy, 4TO
BUAHO M3 CNEKTPOB Ha MUKPOOHAX JaflbHEro Nons,
NpeAcTaBAeHHbIX HA pUC. 76, rAe TOHANbHbLIA WyM
npesblilaeT 60see yem Ha 20 4B WMPOKONONOCHYO
COCTaBAAKLWYH WYyMa Ha MaKCManbHON CKOPOCTK
BCaCblBaKLLEr0 M CANYTHOro NoToKoB 40 m/c.

Mpn aTtom 6bI1 06Hapy>XeH 3 heKT yWwnpeHus
TOHaNbHON COCTABNAKOLULEN, TeHepUpyemoli fUHa-
MUKaMy Npu MOABAEHUM B KaHaje BCaCblBaKOLLEro
NMOTOKA KakK B C/lyyae OTCYTCTBMA CMYTHOr0 NOTOKa,
TakK M Npu ero Hanuumnu. Hapuc. 7 npeacrasieH npu-
Mep reHepauuy TOHaNbHOW COCTaBNAKLWeENn Ha va-
cTtote/= 7448 'y, a y3KOMO/IOCHbIe COCTaBNAOLLIME
CrneKTpa Ha 4yactotax meHee 4 Kl COOTBETCTBYIOT
Wymy 06TeKaHNS TPOCOB KpenneHns Mogenu, atak-
Xe Tpy6ku MunTo, yCTaHOBNEHHOW B KaHane Mogenu
(puc. 4). 3amMeTUM, YTO aHaNOTUYHbIA 3hdeKT Ha-
6110aeTCA M Ha CMeKTpax, U3MEepPeHHbIX Ha MUKPO-
(hoHax 48-MWKPOMOHHON peweTKn MNpPU HanUunUu
TONbKO BCACbIBAKLLEro NOTOKa.

AHann3 COBOKYMHOCTU 06HapyXeHHbIX 0CO6EH-
HOCTel MO3BONINA CAenatb NPeAnoaoXeHne 0 Npu-
YMHE UX BO3SHUKHOBEHWUS —3TO, TaK Ha3blBaeMblli B
nntepatype, aggekT “Haystacking” (“cTor ceHa”)
[8—111, KoTOpbIi BO3HUKAET NP MPOXOXAEHWNU TO-
HafbHOr0 CUrHana 4epes 30HY HeCTaLMOHAPHOro
NMOTOKa, B YaCTHOCTM 4epe3 30HY TYpOY/NEeHTHOCTH.
Bycnosusax paccmatpuBaemoro B paboTe akcnepu-
MeHTa apdekT “Haystacking” BO3HWKaeT B c/yyae
OTCYTCTBMA CMYTHOrO MOTOKA WM3-3a2 OTPbiBa BCAChI-
Balollerocs notoka B6/AM3KM cpesa KaHana Mogenu
BO3/yX03a60pHMKa, & NP HaIMYUKN BCaCbIBaKOLWeEro
M CNYyTHOTO NOTOKOB, KOTAa Halnyune oTpbiBa NoToKa
B6/M3N cpes3a KaHana He BO3HWKaeT, JaHHbIA 3-
(heKT MOXeT cTaTb CNIeCTBMEM MPOXOXAEHMNA 3BYKO-
BbIX BOJIH, M3/ly4YaemMblX U3 KaHana B0o34yx03abopHu-
Ka 4epe3 TypOyNeHTHbIA CABWUTOBLIA CNOW CTpym
CNYTHOrO NOTOKA.

MepBble pe3ynbTaTbl MO MOBTOPAEMOCTV [Aua-
rpaMmbl Hanpas/IEHHOCTU, U3MEPSAEMON Ha MUKPO-
(hoHax faNnbHEro nons nNpu OLHUX U TEX XXe CKOPOCT-
HbIX peXunmMax u pexmmax paboTbl aKyCTUHECKUX AU-
HaMWKOB, NPUBENN K Cnefytolemy pesynbtaty. Ha
puc. 8 npeacTaBneH NpuMep pe3ynbTaTtoB U3MEPEHUA
Avarpammbl Hanpas/IeHHOCTU U3/TYYEeHUS HavacToTe
6 K[y Npn TpoekpaTHOM MOBTOPEHUMN pexuma, Ko-
TOpble MOKa3bIBAKT, YTO PaCX0OXKAEHWE YPOBHEN aKy-
CTUYECKOr0 [aBfieHNA Ha HEKOTOPbIX MUKPOJOHax
[JlanbHero nons okasanoch 6onee 1046.

Mpwn aHanu3e NPUYMUH CTOMb 3HAYNUMOTO PacXoXx-
fLeHunsa 6b110 06paLeHo BHUMaHNe HATO, 4TO BO Bpe-
MS NPOBELEHMNA TECTOBbIX UCMbITaHUI 6blNa OTKPbI-
Ta 3ac/l0HKa cucTeMbl Bbixaona kamepsl AK-2, obec-
neyunBaroLLlas BHELWHUIA NPUTOK M OTTOK BO34yXa BO
BpemMsa paboTbl BEHTU/IATOPOB, YTO NPUBENO K CyLUe-
CTBEHHOMY W3MEHEHWIO TeMMepaTypbl BHYTPU NomMe-
LW eHNs 3arnyLweHHon kamepbl AK-2 ¢ 2210 9°C (ncnbi-
TaHWA NPOBOAMAMCL MPU TemnepaType OKpyXaloLlei
cpenbl okono 0°C). bbino caenaHo npeanosioXeHune o
TOM, YTO NMPUUNHON PACXOXAEHWNI ABNSAETCA HEMOBTO-
pseMOCTb TeMMepPaTypHOro pexuma. na npoBepku
3TOr0 yTBEPXAEHWA Obln MpoBefeH aHanorUYHbIN
AKYCTUYECKUW XYPHAJ Ne 1
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Puc. 7. CriekTpbl, NONyYeHHbIE Ha [eBATM MUKPOMOHAX AaslbHEro noss npu reHepauyu 3Byka Ha vactote 7448 'y npu
8= 40 M/C 1 paxuMyHbIX CKOPOCTAX CMYTHOro noToka \t: (a) 0, (6) 40 m/c.

3KCNEPMMEHT C 3aKpbITOl 3aCNOHKOI 1 KOHTPO/IEM 32
COXpaHeHMeM TeMmmnepaTypbl, YTo oGecneuynno 6es-
YCNOBHY MOBTOPSEMOCTb AMarpaMm HanpasfieHHO-
CTU NpPW OfWHAKOBbIX PEXMMaxX paboTbl AUHAMUKOB U
CKOPOCTEe MOTOKOB.

ViccnepoBaHue 3aBUCMMOCTU PacXoXaeHuii gna-
rpaMM HamnpaBfieHHOCTW MPU W3MEHEHUUW Temnepa-
TYypbl MOKa3ano, 4ToO U3MEHEeHMe TemMnepartypbl B no-
MeLleHNN 3arnyLeHHONn Kamepbl Ha 3°C NpuBOAUT
Ha HeKOTOPbIX YacTOTax FreHepaumn 3ByKa K pacxox-
LEHVI0 YPOBHEN 3BYKOBOT0 faBneHus (¥Y3/) nog He-
KOTOpPbIMW yrnamu HabnofeHusa Ha BeIMYMHY Mo-
pagka 2 ob.

OGbsICHEHME CTOMb BbICOKOW YYBCTBUTENLHOCTU
3BYKOBOTO NOAS K TEMNEPAType 3aK/YaeTcs B BOJI-
HOBOAHBLIX CBOWCTBAxX KaHana, a UMEHHO Hannuuu
3aBUCSLLMX OT TEMMEPATYpPbl YacTOT OTCEUYKU, NPH-
BOASLMX K 3aMMpPaHU0 COOTBETCTBYHLUX BOJSIHO-
BOAHbLIX MOJ MpPW Y4acTOTax HUXe YacTOTbl OTCEUKMU.
Mpu pasHbIX TeEMMepaTypax B KaHane pacnpocTpaHs-
eTCs pasHblii HA6OP MOA, M YEM HWXe TeMmepaTypa,
Tem 3T0T Habop wupe. Kpome Toro, 3aBucsAuias oT
TemnepaTypbl CKOPOCTb 3BYyKa HEMOCPEACTBEHHO
BINSET M HA MOJIe NCTOYHUKA B KaHase.

[naoueHKy BNNAHUA YKa3aHHbIX (DAKTOPOB C no-
MOLbIO BblpaxeHus (4) 6bln NpoBefeH pacyeT 3BY-
KOBOro nons B GECKOHEYHOM KaHane LuameTpom
200 MM nMpu OTCYTCTBUM nNoTOKa. Mpu 3aTom 6bIN0
paccmoTpeHo K = 12 MOHOMO/bHbLIX UCTOYHUKOB,
YCTaHOB/IEHHbIX HA CTEHKe KaHajia paBHOMEPHO Mo
OKPYXHOCTHU, a casuru a3 g, mexay cocegHumm
MCTOYHMKAMWN 6binn BbiOpaHbl PasiMUHbIMK Tak,
yTOo6bI B KAHaNe reHepMpoBannchb BCe pacnpocTpaHa-
lowmeca mMoabl. Ana aToro cnydvas BblpaxeHue (6)
MMeET crefyownin sug;

AKYCTUYECKUW XYPHAJ
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« T.AMLAD) = Xexp(//(adh,-T25)) (8)

Pe3ynbTaTbl pacyeToB B BMAE MOJei gaBfeHNA B
CeYeHUU, y4aneHHOoM OT KO/ibLia UCTOYHUKOB Ha pac-
ctoaHum 200 MM, a TakXe amnauUTy[ BOJSIHOBOAHbIX
MOJ B KaHane fNA pas3HblX 4acTOT NpeAcTas/ieHbl Ha
puc. 9 n 10, a TakXe BTabn. 2 3 COOTBETCTBEHHO.

CpaBHUTENbHbIA aHannM3 aMnaAUTyA pacnpocTpa-
HAKOLWKMXCA MOJ, NpeAcTaB/ieHHbIX B Tabn. 2, noka-
3bIBAET, UTO MPU CHUXEHUN TeMNepaTypbl cpelbl Ha
10°C npwu yactoTe reHepayumn/ = 5000 Ny amnaunty-
[ibl pacnpocTpaHALWNXCA MO NU3MEHAOTCA B CPES-
HEeM Ha HeCKOJIbKO MPOLLEHTOB, a TaKXe CTaHOBUTCA
pacnpocTpaHsALWwelics moga ¢ a3uMyTanbHbIM YKUC-
NOM T = 4 1 pagunanbHbiM yucnom /1=1. NaHHble,
npeacTtasfieHHble Ha puc. 10, LEMOHCTPUPYIOT, 4TO
3TU U3MEHEeHUs NPUBOLAT K LOCTATOYHO CUNLHOMY

Yron Habn H0AEHUA, rpag

Puc. 8. Avarpamma HanpasneHHocT Y3/l Ha vactote
6 KF% NPV TPOEKPATHOM MOBTOPE pesknma VB= 20 m/c 1
\&=0 Mm/c 6e3 KOHTPO/IA 3aTeMMNEPaTYPOiA B MOMELLIEHNN
AK-2.
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X, M

Y, M

X, M

Puc. 9. PacnpeseneHue 1aBneHns BceveHUr KaHana z = 0.2 M Npu reHepaumy 38yka Ha vactoTte/ = 5000 MLy n Temneparype

(a) 10,(6)204:.

y:M

X, M

i Y

Puc. 10. PacngegeneHmep,aBneHm BCeueHMM KaHanaz = 0.2 M npy reHepauum 3syka Ha Yactote/ = 6000 'y 1 TemnepaType

() 10, (6) 20°

PacxoXeHWNI0 3BYKOBbIX JaB/IEHUI B CEYEHMAX KaHa-
na. CpaBHUTENbHbIM aHanM3 amnanTyg pacnpocTpa-
HAKLWMXCA MO, NPeACcTaBNeHHbIX B Tabn. 3, NOKasbl-
BAEeT, YTO NPU aHANOTMYHOM CHUKEHUU TEMNEPATYpPbI
Ha yactoTe reHepauyuun/= 6000 'y AONONMHUTENBHBIX
pacrnpocTpaHAKLWMUXCAa MO/ B KaHae He NOABNAETCA,
a U3MEeHeHue aMnanTy[ pacrnpoCTpPaHAILWNXCA MOL
moxetgocturatb 20%. Mpu 3TOM faHHbIE, NpPeacTaBs-
NeHHble Ha puc. 11, NoKa3sbiBalOT, YTO 3TU U3MEHEHUS
NPUBOAAT K MEHee CUIbHOMY, HO 3HaYMMOMY pac-
XOXAEHWIO 3BYKOBbIX JaB/IEHNI B CEYEHUSAX KaHana.

B uenom aHanM3 pacuyeToB 3BYKOBOTO NOAs A5 pas-
NNYHBIX TEMNEPATYP NPU OLHUX U TEX XK€ UHTEHCUB-
HOCTAX MCTOYHWMKOB 3BYyKa MPOAEMOHCTPUpPOBAN Te
e XapaKTepuUCTUKN YyBCTBUTENLHOCTW K TeMmnepa-
TYPHOMY PEXMMY, KOTOpPbIE GblTM MOMYYEHbI 3KCME-
PUMEHTA/IbHO.

Mo pe3ynbTatam TeCcTOBbIX U3MEPEHUI 1 nocne-
Jylouwero aHanusa 6o caenaH BbiBOA 0 Heo6xoam-
MOCTMW BOCMPOU3BEAEHNA TEMNEPATYPHOI0 PEXMMa B
npegenax £0.5°C npu npoBefeHUN CPaBHUTENbHbIX
AKYCTUUYECKWIA XYPHAN

ToM 65 Neo | 2019



M3NYYEHUE 3BYKA N3 OTKPbLITOIMO KOHLUA KAHANA 69

Tabnvua 2. AMNAUTYAbl PAaCNPOCTPAHSIOLLUXCS MOJ, TEHEPUPYeMbIX 12-10 MOHOMONSIMY B KaHasle 6e3 NOTOKa Ha 4acTo-

Te/” 5000 'y npu 10m 20°C

T= o°cC

s © n= 1 n=2
T=o0 2.045 5566 10.318
T=1 0.171 0.252 0.630
T=2 0.349 0.460
T—3 0.891 1.317 —
T=14 11.475 65.305
T=5 2.548 — —
T=6 2.245
m=7 4.293

T= 20°c

n=o n=1 li= 2
m=o 2.080 5.684 10.747
m =1 0.175 0.258 0.707
m= 2 0.355 0.477
m=3 0.911 1.412 —
ms= 4 11.776
m=5 2.634 — _
m=se 2.361
m=7 4.854

Tabnuua 3. AMNAUTY bl PACNPOCTPAHAOLWNXCA MOJ, TeHepupyemMbIX 12-10 MOHOMONAMU B KaHase 6e3 MoToKa Ha 4yacTo-

Te/= 6000 'y npu 10m 20°C

T= 10°C

n=0 n=1 =2 7=3
m=0 1.704 4.501 7.279 16.249
m=1 0.142 0.196 0.329 —
m=2 0.285 0.333 0.682 -
m= 3 0.715 0.806 — —
m=4 8.931 10.890 — —
m=5 1.882 3.247 - -
m=26 1.500 — — —
m=7 2.200 - - -
m=8 11.265 - - -
m—9 5.397

M3MEPEHUIA fmnarpamm HanpaBfieHHOCTW npu pas-
NNYHBIX COYETAHUSAX CKOPOCTEl CMYTHOrO U BCachl-
BalOLLEro NoTokKa, a TakXKe NpoBefeHUs Mo KpaliHei
MepeABYX MOBTOPHbIX M3MEPEHUI HA OLHUX UTEX Xe
pexxumax. Kpome aToro, noCcKoabKy 4acToTbl OTCeY-
KW 3BYKOBbIX MOJ 3aBUCAT OT CKOPOCTU MOTOKA B Ka-
Hane (Tabn. 1), TO AN PEXWMOB UCMbITAaHUA GbINN
HalgeHbl Takne 4acTOTbl FeHepauuu, NpM KOTOPbIX
M3MEHEeHMe CKOPOCTN NOTOKa B KaHane B funanasoHe
0—40 m/c He NpUBOAUT K U3MEHEHUIO MOLanbHOro
cocTaBa pacnpoCcTPaHALLLMXCA 3BYKOBbIX MOJ,.

PE3Y/IbTATbl SKCNMEPUMEHTA/IbHbIX
NWCCNEAOBAHUWN N X AHANWNS

Ha puc. 11—14 npefcTasfieHbl gunarpammbl Ha-
NpaBfeHHOCTU, NOSTYYEHHbIE MO pe3ysbTatam UChbl-
TaHWil B cny4vaax, Korga npouMs3BogMnacb HacTpoika
CUCTEMbI FeHepaLum 3ByKa Ha co3gaHune B KaHane oa-
HOI LeneBOi LOMUHMPYIOLWER Moabl. B nognucsax K
3TMM PUCYHKaM fAaHbl MCYepnbiBalOWMe AaHHble O
COOTBETCTBYIOLWMX PeEXUMaxX, NPU KOTOPbIX ObiNn

AKYCTUYECKUW XYPHAJ
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T=20°C

=0  n=1 =2 =3
=0 1734 4501 7492 18094
m= 0145 0200  0.343 —
n=2 0201 0342 0746 :
mn=3 0.730  0.836 — —
m=4 9134 1153 — —
=5 18l 3843 . :
=6 1549 — — —
=1 2.297 : : :
m=8 12.088 : : :
71—9 6.925

npoBefeHbl n3mepeHus. Mpu 3ToMm OAWH U TOT Xe
PEeXWUM CKOPOCTE NOTOKOB M HACTPOEYHbIX Mnapa-
MEeTpOB reHepauuy Mo BOCMPOU3BOAUIICA ABAXAbI
(Homep BocnpoussegeHus MI nnun M2), n onsa kax-
[0ro cnyvad ykasaHa TeMmnepaTtypa Bo3fyxa B nome-
LWeHUN 3arnyLweHHON Kamepsl.

Ha puc. 15 npeactaB/ieH nMpuvMep guarpamm Ha-
MpaBfeHHOCTU, MOSTYYEHHbIX MO pe3ynbTaTam UCMbl-
TaHWl B CNlyyasx, Korga HacTpolika cucTemsl reHepa-
LMW 3ByKa Ha OMpefeneHHbIe LiefieBble MOJbl HE Npo-
BOAMNACH, & PeaM30BbIBaNCS MHOTOMOZOBBIA PEXUM
reHepayum 3BYKOBOFO MO/ Ha PasMYHbIX CKOPO-
CTSX BCACbIBAKOLLEFO U CMYTHOTO MOTOKOB.

AHanui3 guarpamMmMm HanpaefeHHOCTU, NpefcTaB-
NeHHbIX Ha puc. 1—14 419 04HOMOAOBOW reHepayumn
3BYKOBOIO N0A, NOKa3blBAET UX CYLLECTBEHHYIO 3a-
BMCUMOCTb OT BbIGPAHHOI0 B UCMbITAHUAX CKOPOCT-
HOro pexuma Ans ABYX NMOTOKOB. Mo OTAENbHbLIMYU
yrnamMmu HabnwgeHns MoXeT HabnogaTbcsd U3MeHe-
Hve ¥3/[ Ha 1046 npn nsmeHeHUU CKOPOCTHOTrO pe-
XUMa ans noTokos. Ipu aToMm gaHHas 0COBEHHOCTb
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(@)

Yron HabnogeHus, rpag

(6)

K«-40m/c.
r - 24.°cC
M2

Puc. 11. CpaBHEHWE ayarpamm HanpasneHHoCTY Y 3/, npu reHepauymn 5-i LieneBoii Mogbl Ha YacToTe 44% [, npu pasninyHbIX
CKOPOCTAX Y81 Y BCaChIBAOLLET0 1 CMYTHOMO MOTOKOB COOTBETCTBEHHO: () VB= 30, (6) Y8 =40 m/c.

@

Yron HabnwogeHus, rpag

(6)

/= 6096 'y, V.= 40 m/c, Ne 1

Yron HabnaeHus, rpag

Puc. 12. CpaBHEHVME ayiarpamm HanpaeneHHoCTV Y 3/, npu reHepauum 1-i LeneBoii Mogbl Ha YacToTe 6096 ML, npu pasninyHbIX
CKOPOCTAX Y8 1 Y BCACHIBAIOLLIEr0 U CMYTHOr 0 NOTOKOB COOTBETCTBEHHO: (a) Y8 = 30, (6) ¥ =40 m/c.

/= 6096 Iy, ¥8= 40 m/c, Ne (6, -6)

Yron HabnwaeHus, rpag

puc. 13. CpaBHeHWe avarpaMm HarpasneHHocTn Y3/[,
MNPV reHepaLyn ABYX LIENEBLIX MOZ,C a3MyTaslbHbIMM HO-
Mepamu 6 1 paBHbIMY aMNAUTYdaMy Ha vactote 60% Iy
MpY CKOPOCTY BCAChIBAOLLIET0 MOTOKA Y8 = 40 M/C 1 pas-
JINYHBIX CKOPOCTAX CMYTHOTO MOTOKA Y.

peann3yeTcda nNpakKTUYeCkKn Ana BCeEX CreHepunpoBaH-
HbIX OTAENbHbBIX MO[.

B uenom cpaBHeHMe cnyyas OTCYTCTBUA CMYTHOIO
MOTOKa CO C/ly4yaeM paBeHCTBa CKOPOCTeN BCacblBa-
lOLLEero M CNyTHOrO MNOTOKOB MPW O4HOMOJOBOI re-
Hepawuuu 3BYKOBOT0 MofiA NMoKa3biBaeT, 4TO Hanpas-
NEeHHOCTb U3NYYEHUA B JaNibHee Mojie Npu Hanuuum
TONbKO BCACbIBAIOLLEN0 NMOTOKA M OTCYTCTBUM CMyT-
HOro MOTOKAa UMeeT MaKCUMyM nog 60/1bWKUM YrIoM
HabN LeHUSA, U 3TOT MaKCMMYM MOXeT UMETb MEHb-
Wuin ypoBeHb Ha 3—4 46, yem 3TO peannsyeTca npu
paBeHCTBE CKOPOCTeil CMYTHOrO W BCAaCbiBaKOLLEro
NMOTOKOB (B HEKOTOPbIX CAyYasX MUMeeT MeCTO PaBeH-
CTBO MaKCUMasbHbIX aMNAnUTya). VIMeHHO 3TOT ag-
(hekT cTan pesynbtatoMm paboTtbl [1], T.e. NpoBefeH-
Hble UCNbITAaHUA B LLeNOM MOATBEPANIN YKa3aHHbII
ahekT. NcknoyeHne coCTaBu TONbKO Clyyain re-
Hepawuun HyneBOWN LeneBOin MOAbl, HaNPaBNEHHOCTb
N3yYEHNS KOTOPON B HEKOTOPOM CMbIC/ie 0CO6EH-

AKYCTUYECKUI XXYPHAN Tom 65 Ne 1 2019
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Hc-Owi/c.

M 24.0*C,

Yron HabnwaeHus, rpag

Puc. 14. CpasHeHve guarpamm Hanpas/ieHHocTn Y3/
npv reHepauyn 9-i LeneBoli Mokl Ha YacToTe 7848 Iy
MpY CKOPOCTM BCAChIBAOLLIEro MOTOKAa Y8=40 M/C 1 pas-
JINYHBIX CKOPOCTAX CMYTHOTO MOTOKA Y.

Has, YTo, BMIPOYEM, MOXET HE MMEeTb NPakKTUYeCcKoro
3HAYEeHUS, MOCKONbKY OCECUMMETPUYHbIE MOAbI He
MMET JOMUHUPYIOLWUX aMIINTY S B YCIOBMAX Ha-
TYPHbIX ABUTaTeNeil.

Kpome aToro, gnarpamMmMbl HanpaBJeHHOCTU NpK
HaNMuYMM TONbKO BCAChIBAOLLEr0 NOTOKA Yallie BCEro
OKa3blBalTCA 60/ee y3KUMMU, Yem MpU pPaBeHCTBE
CKOpOCTeil AByX MOTOKOB. TakXe 0COGEHHO BaXHO
OTMETWUTb, YTO YyKasaHHas Bbllle TpaHChopMaLuus
Avarpamm HanpaBAeHHOCTW MPOUCXOAUT MOHOTOH-
HO MO Mepe pocTa CKOPOCTM CAYTHOFO NOTOKA.

CpaBHeHue cnyyaes OfJHOMOJOBOW reHepayum co
cnyyasmMum MHOrOMOAOBOI reHepaumu, T.e. CpaBHe-
Hue puc. 11—14cpwuc. 15 nokasbiBaeT, YTO B Cyyae
MHOFOMOZOBO reHepaLuy 3ByKOBOTO N0 U3MeHe-
HWe fuarpamMM HanpasNeHHOCTM MPU BO3pacTaHuu
CKOpPOCTM CNYTHOIO NOTOKa NposABaseTcs B 66bLeid
CTeneHuW, YeM Npu OAHOMOJOBOI reHepauuun. B atmx

(@)

A3uMyTanbLHOE Yncno, T

cnyyasx YBENMYEeHMEe CKOPOCTW CMYTHOro MnoToKa
NMPUBOAMUT MOJ OTAE/NbHbIMMW YrnamMmun HabnogeHns K
OTKNOHeHM0 Y3/ Ha BennynHy 20 g6, HO nNpu 3aTtom
Y3/ B Makcumymax HanpaB/ieHHOCTN OTK/IOHAIOTCA
Takxxe Ha BenumuuHy nopagka 2—4 ob. MNpu aTom ykKa-
3aHHbIE U3SMEHEHUA BAMarpaMmax HanpaBaeHHOCTH
NPONCXOAAT MOHOTOHHO MO Mepe POCTa CKOPOCTU
CMYTHOrO NOTOKa.

B oTAnume oT ciiyyas OAHOMO/OBOI FeHepalum
3ByKa, B C/y4ae MHOTOMOJOBOI/ reHepauuun yxe
HeNb3s YTBEPXAaTb, YTO C BO3pacTaHUEM CKOPOCTY
CNYTHOTO MOTOKA MAKCUMyM fguarpaMmMbl Hamnpas-
NEHHOCTN NMeeT TeHAEHL WO K MepeMelleHuto B CTO-
POHY 6O/bWMUX YIrNOB HabnaeHUs. B aTnx cayyasx
BO3MOXHa M 06paTHas TEHAEHLUS.

3amMeTuM, YTO NPy NPOBEAEHNMN HACTOALLMX IKC-
nepuMeHTanbHbIX UCCNefOBaHWIA B YCNOBUAX 3ary-
WweHHON Kamepbl AK-2 mogenb BO34yXx03abopHuKa
nomewlianacb B CNYTHbIA NOTOK, CO34aBaeMblii CTPY-
el pmameTpom 60 CM, @ MMKPOMOHBI AasbHEro nons
pacnonaranucb B nokosleica cpege. MNoatomy Bpa-
Wwak L mnecs 3ByKOBble MOJbl, N3/Ty4aeMble U3 OTKpPbI-
TOro KOHLa Mofenn Bo3fyxo3abopHuka, npu pacnpo-
CTPaHEHUMN O MUKPOMOHOB Ja/ibHEro Moas LO/MKHbI
ncnblTolBaTh 3 ekT pedhpakymm 3BYyKa Ha croe
CMELEeHna cTpyn. Tem cambIM, ANA NONYyYeHUs ana-
rpaMM HanpaBneHHOCTU, COOTBETCTBYHOLWUX yCNo-
BMIO MosieTa, TpebyeTca nepecyeT pesynbLTaToB U3-
MepeHui, yuyuTbiBalOWNA BAusHMe addekTa pe-
hpakuymm. K HacToAlemMy BpPeMeHW pasBuUT pAaj
MeTOAWK MNepecyeTa fMarpaMm HanpasfIeHHOCTH,
M3MepeHHbIX B CTEHAOBbIX YCNOBUAX, KOT4a pas3/iny-
Hble UICTOYHWUKW 3BYKa MOMeLLeHbl B MOTOK, a u3Mepe-
HWA NPoOBOAATCA 3a ero npegenamu. OfHAKO pe3ynbTa-
Tbl paboT |6, 12—14] nokasbiBakOT, YTO pa3/INYHbIE UC-
TOYHUKMN 3BYKa TPeOYOT pasBUTUA WHAMBUAYaNbHbIX
MeTOLO0B MepecyeTa, afanTUPOBaHHbIX K 0COBEHHO-
CTAM 3BYKOBOrO Mo/, CO34aBaeMOro TaKUMMN UCTOY-

Yron HabnwogeHuns, rpag

Puc. 15. (a) AMNanTy bl a3uMyTaTbHbIX MO, M3MepeHHble npy K = 0 m/c; 6) cpaBHEHWE guarpaMm HarpasieHHOCTU Y3/,
NpY MHOrOMOZ0BOM reHepaLymn 3ByKOBOro HONSA Ha vacToTe 7500 I, Npy CKOpOCTM BCAChIBAKOLLIEro MOTOKa 8= 40 M/ 1 pas-

JINYHbLIX CKOPOCTAX CMYTHOI0 NOTOKa M.

AKYCTUYECKUI XXYPHAN Tom 65 Ne 1 2019
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Hukamu. Obpatnum 0co60e BHMMaHMe Ha TO, 4YTO B
YCNOBUAX MPOBEAEHHbIX 3KCMEPUMEHTOB CABUTOBbINA
CNOI CTPYM CMYTHOTO MOTOKA HAXOAUTCA B BVKHEM
nose TaKOro HEKOMMNAKTHOT0 UCTOYHMKA 3BYKa, KaK
OTKPBITbI KOHEL, KaHana, YTo He N03BO/IAET NpUMe-
HATb YNPOLEHHble METOANKMN yyeTa pedpakyuu npu
NMPOXOX/EHWUW 3BYKOBbIX BO/IH Yepe3 CABMUTOBbIA CON
CTPYW, Hanpumep, OCHOBAHHbIE Ha MPUBANKEHUAX
reoMeTpuyeckoi akycTukun. MoTpe6Hble A5 faHHOTO
cyyas MeTOAMKMW MepecyeTa Auarpamm Hanpas/ieH-
HOCTU W3MyYEHUS 3BYKa M3 OTKPbITOrO KOHLA KaHa-
NOB C NOTOKOM [10 CMX MOP He pa3paboTaHbl, U MO3TO-
My B HacToswwel paboTe AaHHbIA MepecyeT He ocy-
LecTBAsANCA.

Tem He MeHee, U3MepeHHbIe fuarpaMmbl Hanpas-
NEHHOCTW MNpeTeprneBaldT MPU WU3MEHEHUW YCNOBWIA
00TekaHWa Mogenyu BO34yX03abOpHUKA 3HAYUTENb-
HYI0 TpaHcthopMaumio nog yrnamm HabnwgeHmnsa 61ms-
KnMmmn K 90° (B HEKOTOpPbIX cny4daax nopsagka 1046,
puc. 121 15), 409 KOTOpbIX 3 (heKT pedpakLnm 3ByKa
Ha CBUTOBOM C/10€e CTPYM CNYTHOIO NOTOKa 06bIYHO
He CTO/NIb 3HaumMm [6, 12—14]. 310 03Ha4aeT, 4To 06Ha-
PY>XEHHbI 3KCMNEPUMEHTANbHO CUJIbHbIA 3 (heKT He
cBfi3aH C 3ahekTOM pedpakumn. Takum obpasom,
NONYYeHHbIe 3KCMEePUMeEHTaNIbHble pe3ynbTaTbl NOKa-
3bIBAKOT, YTO AMarpammMa HanpasjeHHOCTM LWyMa BEH-
TUNATOpA aBuafiBUraTens, usflyyaemas B MepejHIo
nonycdepy uepe3 BO34yX03ab6OPHUK B CTEHAOBbIX
YCNOBMAX, MOXET npeTeprneBaTb 3HAYUTENIbHYIO
TpaHcopMaLuio BYCNOBUAX NONETA, U NOITOMY JaH-
Hbl (haKTOp LOMXKEH HEMPEMEHHO YUYMUTbIBATLCA MPK
OLLeHKe LyMa Ha MECTHOCTU CaM0O/1eTOB MO pe3y/bTa-
TaM CTaTUUYECKNX UCMNbITAaHUA aBuaaBurarteneil.

SAKJ/TOYEHWE

B HacTosAwei paboTe B 3arnyLweHHON Kamepe ¢
notokom AK-2 BbIMOMHEHO 3KCNepuMMeEHTanNbHOe
nccnegosaHue aekra, 06HapyXeHHOro B paboTte [1]
Ha OCHOBE YMWCMEHHOr0 MOLENWPOBaAHUA: cyLlle-
CTBEHHOE pas3nyue guarpaMm HanpaBneHHOCTU U3-
NYYeHUA OTAENbHbIX aKYCTUUYECKUX MO U3 OTKPbITO-
ro KaHana Bo34yxo3abopHuka npu paboTe gBurartens
B CTATUYECKOM PeXVMe MO CPaBHEHUIO C PEXXUMOM
noneta, 0bycnosneHHoe ahheKTOM pedpakynm 3By-
KOBbIX BOJIH B 30HE CYLLLEeCTBEHHOI HEOLHOPOAHOCTH
NOTOKA BOKPECTHOCTM OTKPbLITOr0 KOHLa BO34yX03a-
60pHUKa NpU peanunsaynm ycnoBuin CtTaTM4ecKnx uc-
NbiTaHWi aBnagBuratens.

MpoBefeHNe LAHHOTO 3KCMEPUMEHTANIBHOTO UC-
cnefoBaHMA NOTpPeboBano peweHna psga npobnem.
B uacTHoOCTM, 6bIN pa3paboTaH anropuTM ynpasfe-
HUA 12-10 aKyCTMUYECKUMM JMHAMUKAMU, PaBHOMEP-
HO YCTaHOB/IEHHbIMM 3aMOANNLL0 HA CTEHKAX KaHana
mManomacwtabHoil Mogenn Bo3Ayx03abopHuMKa Cc no-
MOWblo 48-KaHanbHONW MWKPOGOHHON peLleTKuy,
4TO MO3BONIN/IO0 TEHEPUPOBATL B KaHasle 3ByKOBOE Mo-
Ne ¢ Hanepeg 3afiaHHON CTPYKTYPOI [OMUHUPYHO LW NX
asnMyTanbHbIX Mog. Mpn npoBefeHUN TECTOBbIX U3-

MepeHuii 6blna 3KCMepUMMeHTanbHO 06HapyXeHa
CBEPXUYYBCTBUTENIbHOCTb AuarpamMmMbl HarnpaBfieHHO-
CTW U3/TyYeHUA 3BYKa M3 KaHana K TeMnepaTtypHomy
PeXMUMY B MOMELLEHWM 3arNyLWeHHO KaMepsbl, 4TO 3a-
CTaBMI0 MPUMEHATL CMeunanbHyl0 MeTOAMKY MNoj-
fep>KaHna NOCTOAHCTBA TeMMepaTypbl B MOMELLEHUNY
AK-2 npu paboTe BEHTUIATOPOB, CO3JAIOLWMNX CMYT-
Hblli M BCacblBaK WM NOTOKM B NpoLecce nposefe-
HUS 3KCMEPUMEHTOB.

JKCNnepuUMeHThl MOKasanu, YTo 3 ekT, obHapy-
XEHHbIli B paboTe 111419 04HOMOLOBOI reHepayum
3BYKa B KaHase, B Le/IOM HaxXo4UT 3KCNepumMeHTasb-
HOe TNOATBEpPXAEeHWe: aHalin3 W3MepeHHbIX Auna-
rpaMmM HanpaB/feHHOCTU 3BYKOBOTO NMos NMokasbiBa-
eT UX CYLLECTBEHHYIO 3aBMCUMOCTbL OT BbIGPAHHOIO B
NCMbITAHUAX CKOPOCTHOTO pexuma AN BcacbiBal-
Wero n CNyTHOro NoTokos. pu 3aToM nog OTAesb-
HbIMW yrnamu HabnwogeHusa npu M3MeHeHUU CKO-
POCTHOIO peXuma NoToKa MOXeT Habngatbca us-
meHeHne Y3[ Ha 10 gb B cnyvae Of4HOMOAOBOV
reHepauuu 3syka B KaHase u Ha 20 ob B cnyyae MHO-
roMO/0BOW reHepawmum.

Takum 06pa3om, pesynbTaTbl UCCE[0BAHNA NO-
Ka3blBalOT HEOOXOAUMOCTb pa3paboTKy HOBOW METO-
OVKW MepecyeTa pe3ynbTaTOB aKyCTUYECKUX WUCMbI-
TaHW aBuagBuUraTens B CTEHA0BbIX YC0BUSAX Ha pe-
XXMM MoneTaB COCTaBe caMmosieTa.

MonyyeHHas no pesynbTratam UCCNef0BaHWIA IKC-
nepMmMeHTanbHaa 6a3a faHHbIX KakK Ha MUKPOgOoHax
flanbHero nons, Tak U Ha MMKpodoHax 48-MuKpo-
(hOHHOW pelweTkn 6yaeT MCNOb30BaTLCA B TOM YuC-
ne nana Banngaunm YACNEHHbIX MeToL0B. Pe3ynbTa-
Tbl UCCNEA0BaHNIA TaKXe nokasaan Heob6XxoaMMocCTb
C034aHUs HOBOI METOAMKK yyeTa adekTa pedpak-
UMU MpU NPOXOXKAEHWU 3BYKa Yepe3 CABUTOBbII
CNOW CTpyW ANA cnyyas, Korja 3ByKoBoe nose usny-
YyaeTca M3 OTKPLITOro KOHLUa KaHana, MoMeL,eHHoro
BMOTOK CTPYW.

[JaHHaa paboTa BbIMOSIHEHA NpU (PUHAHCOBOW
noafep>xke MuHUCTepcTBa 06pa3soBaHUsA U HayKu
P® no cornawenunto N? 14.625.21.0038 (kog RFME-
F162516X0038).
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