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PaccMmoTpeHa BO3MOXKXHOCTD CO3MaHUS IIMPOKOIIOJIOCHOTO 3BYKOMOTIOIIAOIIECTO TTOKPHITUS IS TH-
JIPOAKYCTUYCCKUX U3MEPUTEIbHBIX 0ACCEHOB U KaMep ¢ MHEPLMOHHBIMHU, JIMOO 3ByKOHEIIPOHUIIAC-
MBIMU CTEHKAaMHM, COCTOSIIIIETO U3 CJIOS BSI3KOI KUIKOCTH C Ta30BBIMU ITy3bIpbKaMK. PacdeT MOKphI-
THI1 OCHOBAH Ha M3BECTHOM TEOPUM PACIIPOCTPAHEHUS 3ByKa B KUIKOM Cpelie C My3bIphbKaMu, a TaKXKe
Ha MCITOJIb30BAaHUM MHTETPaJIbHBIX JUCIIEpCUOHHBIX YpaBHeHNIT Kpamepca—Kponura. [Toka3zaHo, 4To
00BbeMHas GYHKIIMS paciipeneaeHus My3bIPbKOB 0 pa3MepaM I0JKHA ObITh TOCTOSIHHOM BO BCEM M -
armasoHe nx pasMepoB. Ha3zHaueHMe BA3KOM XXKMIKOCTH — YBEJIMUUTD 3aTyXaHME ITy3bIPHKOB IO OIITH -
MaJIbHOM [JIS MOKPBITUM BEJIMYMHBI MOPSIAKA SIMHUIIBI TTyTeM T00aBIeHUS K MaJIbIM TEPMUUIECKUM
TOTePSIM BSI3KHUX ITOTEPh B OKPYKAIOIIEH XKUIKOCTA. B TTOKPBITHSIX IUIST 3BYKOHEIIPOHUIIAEMBIX CTEHOK
HCITOJIb30BaHbl HU3KOYACTOTHBIE KOMIIEHCHPYOIIUe pe3oHaTophl. [IpuBeneHo HECKOJIbKO ITPUMEPOB
pacueTa aKyCTUUECKHMX XapaKTEPUCTUK MOKPBITHIA.
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BBEAEHUNE

B roms1 BTopoiit MupoBoii BoitHb B [epMaHuy MH-
TEHCUBHO MPOBOIWIMCH PabOTHI MO CO3AAHUIO PE30-
HaHCHBIX MPOTUBOTUAPOJOKAIIMOHHBIX MOKPBITUMI
st monBoaHbIX gonok (ILJI). Mpess pesoHaHCHOTO
MOKPBITUS, BBIMOJHEHHOTO B BUJIE TOHKOTO CJIOS pe-
3UHBI C TIOJIOCTSIMM pa3HbIX pa3MepoB, BbITeKala U3
cTpemieHUs 3akpenuTh Ha Kopmyce [1JI razoBbie my-
3bIPbKU, MMOJy4aeMbl€ 2JIEKTPOJIUTUYECKUM CITOCOOOM
C MOMOIIbIO MeTaIUu4YeCcKOol CEeTKU, pa3MelleHHOM
BOM3u Kopiryca I1JI. OnbITE ¢ TOHKUMU pa3pekKeH-
HBIMU TYy3bIPbKOBBIMU 3aBECAMU OKA3JIMCh yCIIell-
HBIMM 1 “3TO IIPUBEJIO K N300PETEHNIO PE30HAHCHOTO
nokpbeitus” [1] (mokpeiTHe “ANbOepux” Ha AMana3oH
yacTtoT 9—18 kI11 [2]). Ecau mist ABMKyIIUXCS Kopa-
OJsieii Ty3bIPbKOBOE MOKPBITHE SIBHO HE TOAUTCSI, OHO
BITOJIHE MOXET OKa3aTbCsl MOJIE3HBIM 11 BEPTUKAJb-
HBIX CTEHOK M3MEPUTETbHBIX THAPOAKYCTUUECKUX Oac-
CEefHOB U Kamep.

BosnyuiHblil my3sipek B Boge — BecbMa 3¢ dek-
TUBHBII TaCUTENIb DHEPIUU 3BYKOBOI BOJHEL. Tak, Ha
PE30HAHCHOM YacToTe IJisl JJI00O0To My3bIpbKa OTHO-
LIEHWE CEYEHMs MOoTalleHus] SHEPTUM (CYMMBI Tep-
MMWYECKOTO TTONIOIIEHUST U PACCETHNS) K TIIOIIAIN
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TMOBEPXHOCTH ITy3bIpbKa TPEeBHIIaeT 3HaUeHUE 555.
[ToaToMy HeycTpaHEeHHbIE My3bIPbKU MOTYT CUJILHO
MCKAa3UTh PE3YyJbTaThl U3MEPEHUI HA TaKUX TUAPO-
aKyCTUYECKHUX YCTaHOBKaX Kak “MmitynbcHas TpyOa”,
“PeBepOepallMOHHbII 0ak” [3] 1 Apyrux.

1. IMCITEPCUMOHHOE YPABHEHHME
JJIA KUIKOCTH C ITY3bIPBLKAMU

IIpennonoxum, 4To B XKUIKOCTU C TJIOTHOCTBIO P,
PaBHOMEPHO pacIpeaesieHbl My3bIPhKHU Ta3a pa3HbIX
panuycoB R. B Ipou3BOJbHOM MaJIoOM 00beMe TaKoM
cpeibl, pa3Mep KOTOPOTO MHOTO MEHbIIIE JUIMHbBI pac-
NpocTpaHsoleiicss B cpene Mmiockoit MOHOXpoMa-
TUYECKOM 3BYKOBOI BOJIHBI exp(kx —imf), HAXOOAUTCS
JOCTATOYHO OOJIBIIOE YMCJIO My3bIPhKOB, YTOOBI MX
MOXHO ObLIO onucaTh GYHKIMEN pacnpeneseHus mno
pasmepam n(R), enMHON IS BCEX TaKUX OObEMOB.
C npyroil cTopoHbl, OyAeM MnoJiaraTb, YTO B YKa3aH-
HOM 00beMe IMy3bIPbKOB JOCTATOUHO Majio, YTOObI
MOXHO OBIJTIO TIpeHeOpeub uX B3aumoneiicTeueM. Ta-
KYIO Cpelly Ha3bIBalOT MUKPOHEOIHOPOIHOI [4, ¢. 56].
ITockonbKy, Kak OyaeT rmokasaHo, TpebyeMast 00b-
eMHas KOHIIeHTpalus rasa B cpene € << 1, mpuMeM
IJIOTHOCTb CPEAbl P PABHOM MJIOTHOCTU XUIKOCTH P,
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KomruiekcHoe BOJIHOBOE YMCIO (MJIM IUCIIEPCUOHHOE
ypaBHEHMUE) [IJIs1 My3bIPbKOBOI CPebl UMEET BUJIL:

kK =k + pl;: i X
U(R)dR
0’q(®,,R)

, (R)g(o,R)

(M

Xj b
O g(0,R)| 1 - —i8(w, R)

rae k; = m/c; — BOJIHOBOE YMCJIO ISl YUCTOM XUIKO-
cTu 0e3 moTepb, (0 — KPYropasl 4acToTa, ¢; — CKOPOCTb
3ByKa B YMCTOI XUAKOCTH; P; — r’MIpOCTaTHYeCcKoe
JaBJIEHHE;

4
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— PE30HaHCHad 4yacCcToTa ITy3bIpbKa C YYETOM ITIOBEPX-
HOCTHOTI'O HATS2KCHUA O
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“4)

— 3aTyxaHMe ny3blpbKa—pe3oHaropa; g(z) — IokKasa-

TeJIb MOJIUTPOIIbI Tasza, 7 = 2R, /o / ZX X — Koo bu-
IIAEHT TEMIIEPATyPOITPOBOIHOCTH Ta3a; 67(z) <0.12 -
TepMUUYecKasl 4acTh 3aTyXaHUS, BTOpPOE cllaraeMoe
B (4) mpencrapisieT MOTepy Ha uanydeHue. OyHKIIUN
q(z) v 8,(2) HaiineHsl leBUHOM [5] ¥ TPUBENEHBI TAKKE
B KHHTE [6, c. 146]:

_ Y
9(z) = 3(7 I)(sinhz —sinz)’

z(coshz — cos z)

®)
sinhz +sinz g
coshz —cosz %
z sinhz —sinz ’

3(y-1) coshz—cosz

rae Y = c¢,/c, — nokasatenb aguadarel. CooTHOIIE-
Hue (1) 0606LuaeT Ha CJIy4ail CIieKTpa My3bIPhbKOB 110
pasmepam dopmyiy, BIlepBble TToaydeHHYy0 Ponau
JJIS1 COBOKYITHOCTU OIMHAKOBBIX MYy3bIPbKOB, KOTAa
U(R) = €d(R) |7, 8], tme &(R) — membra—@yHKIINSI.

7151 TIy3BIPHKOB B Boje n1uaMeTpoM OoJibiie 0.2 Mm
(c pe3oHaHcHOIt yacToToit MeHee 33 KI11) MoBEepXHOCT-
HOE HaTsDKeHUE MOXKHO He YYUTHIBaTh. Torma mpu g — 7y
u3 (3) cnenyer popmyna MuHaspra.

8T(Z) =
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2. OTPAXEHHME 3BYKA OT CTEHKMU,
ITOKPBITOU CJIIOEM ITY3bIPLKOB

3amuiraemMast CTeHKa ¢ ITOBEPXHOCTHOM JIOTHO-
CTbIO M, MMeloLas MacCOBBI UMIIENAHC, C OIHOM
CTOPOHBI FPAHUYUT C BAKYyMOM (BO3/IyXOM), a C ApY-
roii MOKPHITA CJIOEM XUIKOCTHU C Iy3bIPbKAMU, 32 KO-
TOPBIM HaxoouTcs Boma. [1ycTh Ha CUCTEMY U3 BOIBI
HOPMaJIbHO IMaaeT IJI0CKask 3ByKoBast BoJIHA. ToJu-
HY /1 TIy3BIPHLKOBOTO CJIOS OYIEM CUMTATh aKyCTUYECKH
MaJioii, T.e. [kh| << 1. Haiimem yciioBusi, Ipu KOTOPBIX
KO3(ULMEHT OTpaxkeHUsI ¥ OT CJI0s1 OJIM30K K HYIIO.

BxomHy0 poBOAWMOCTb CHCTEMBI Ha TpaHMIIE
¢ BOIOI HaiineM 1o n3BecTHO opmyie [4, c. 156]:

' pic
1 —ip;cYy tankh’

[ToncraBuB croga MpoBOAUMOCTb CTEHKHU Y, = i/OM,
3aMEHMB TAHTEHCHl UX apryMEHTaMU W CUMTasi Mac-
Cy CJ10s1 MaJlOil CpaBHUTEIBHO C MAaCCOM CTEHKHU, T.€.
m = p,h < M, c nomowslo (1) Halimem BXOIHYIO MPO-
BOJIMMOCTb HAIrPY>KEHHOTO CJI0$1 XKUIIKOCTHU C Ty3bIPb-
KaMU, MPUBEJEHHYIO K TPOBOAUMOCTH BOIbI:

= P(0) + i(Q(0) + Oy (@),

e Py, — BOJIHOBOE COIMMPOTUBJICHUE BOMbI,

Y = poCO)/v (6)
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Oy (0) = (€))

— peakTHBHAas MPOBOAMMOCTb UCXOAHON CUCTEMBI,
T.€. CyMMa MacCOBOM MTPOBOIMMOCTH CTEHKH U YIIPY-
rOii MMPOBOAMMOCTH CJI0ST YUCTOM KUAKOCTH. DyHKIMN
P(w) 1 Q(®m) MOXHO Ha3BaTh COOTBETCTBEHHO aKTUB-
HOI U peaKTUBHOI, MPUBEICHHBIMU K BOJIE ITPOBOAM -
MOCTSIMU COBOKYITHOCTH ITy3BIPBKOB.
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ITockonbKy KO3 DUIIMEHT OTpaKeHUSI

_1=r 10
“1ry (10)

TO JUISI TOTO, YTOOBI OH OBLT MaJji, O4YEBUIHO, TPEOyeTCs:
P(®) = 1, |Q(w) + O(w)| < 1 (11)

Hpyrumu cioBaMu, My3bIPbKU TOJKHBI BHOCUTD
B CUCTEMY aKTUBHYIO ITPOBOAUMOCTb, PABHYIO MPOBO-
JTUMOCTHU YMCTOM XKUJIKOCTHU, U KOMIIEHCUPOBATh pe-
AKTUBHYIO MPOBOIMMOCTb UCXOAHOU cuctembl. ITpu
3TOM TiepBoe ycjioBue B (11) MOXeT ObITh BHIITIOJIHEHO
B JOCTaTOYHO IIMPOKOM JIMarna3oHe 4yacToT, He3aBU-
CHMO OT MapaMeTpoOB MCXOAHOM cucTeMbl. BTopoe xe
YCJIOBUE MOXET U HE BBIMOJIHATHCSA. JleliCTBUTENBHO,
MOCKOJIbKY, KaK OyJeT moKa3aHo HuXe, (yHKIMU P(m)
u O(w) KECTKO CBSI3aHbI APYT C APYTOM, TO 3alaHUE
JMarna3oHa 4acTOT MOIJIOIIEHUs] HajaraeT XeCcTKue
TpeOOBaHMS Ha 3HAUYEHUS MapaMeTPOB UCXOIHOMI CU-
cteMbl M u h.

3. MNIPUMEHEHUWE MHTEI'PAJIBHBIX
JAVUCIHHEPCHUOHHBIX COOTHOILIEHNH
K PACHETY ITOKPBITHUA

OO0beMHas CKOPOCTb COBOKYIMHOCTH TYy3bIPbKOB,
MIPUXOMSAIINXCS Ha SIMHUITY TTOBEPXHOCTHU CJIOS, STB-
JIIeTCsl IMHEMHBIM “OTKJIMKOM” Ha JOelCTBYylOIIee
B cj0€e 3ByKoBoe AaBjeHue. KoadduimeHTom mnpo-
MNOPLUOHATBHOCTY MEXIY 3TUMU IBYMSI BEIUUMHA-
MU CIYKUT (PU3NIECKH peanm3yeMas BXOTHas IPO-
BOAMMOCTb ITy3bIPHKOB U3 (6), KOTOpasi PeaCTaBIseT
co0o0i1 yacTHBI ciaydyail “0000I1eHHO BOCIPUUM-
yuBoctu” [9, § 123; 10, § 82; 11]. [ToaTOMY aKTUB-
Hasli U peakTUBHAsl YaCTU MPOBOAUMOCTU COBOKYII-
HOCTH TTy3BIPHKOB TOJKHBI OBITH OMHO3HAYHO B3a-
WMOCBSI3aHbl TUCIIEPCUOHHBIMU COOTHOIIEHUSIMU
Kpamepca—Kponura:

P(w) = —V jQ(‘;’) dE, (12)

g j P(&)

O(o) = (13)

A€ MHTErpajbl MOHUMAIOTCA B CMBbBICJIC TJIaBHO-
IO 3HA4YCHMA. Z[I/ICHepCI/IOHHLIG COOTHOILLICHUA AB-
JIAI0OTCA MAaTEMATUYCCKUM BbIPpAXKCHHUEM IPUHIIMUIIA
IIPUYMHHOCTU.

C nomouipbio cootHoeHuit (12), (13) Mbl MOXeM,
3ajaB ofHy U3 GyHKIUN P(®) min Q(w), BBIYUCIUTD
npyryio. I1pu 5TOM, TOMUMO TOCTAaTOYHO XOPOIIEro
MOBEACHUS 3TUX (DYHKIIUIA MPU ) = oo, HEOOXOAUMO
Takke, YToObl P(®) OblIa YeTHOI, a (W) — HEYETHOM
(byHKIIMEIt 9aCTOTHI:

KA3AKOB

P(-0) = P(0), O(-0) = -0(0).

®yukuuu (7) u (8) cBoitictBamu (14) ob6nanma-
0T. JlefiCTBUTENIbHO, A8 3TOr0 TpeOyeTcs, YTOObI
g(m) ObLIa YeTHOI, a 8,{®) — HeueTHON GyHKUU-
eir. I[Ipu aToM BrOpoe ciaraemoe B (4) HeueTHO. Co-
racHo (5) q(z) = q(iz), 8,(z) = —6,(iz), yTO O3HAYaeT:
g(®) = g(—w), §(w) = —5(—w).

OcobeHHo mone3Ha ¢opmyia (13), TOCKOIBKY
C €¢ MOMOIIIbIO, 3a1aB TTOYTU TTPOU3BOJILHO YETHYIO
¢yHK1IMIO P(M), YIOBAECTBOPSIOUIYIO (DU3UYECKU HE-
obxoauMoMy TpeboBaHu P(®) > 0, MOXHO HaliTU
bynkuuo Q(w), He MPOTUBOpeYalllyl0 HUKaKUM He-
00XOMUMBIM (PU3NMIECKUM YCIOBHSM, T.€. TIPUHIINA-
MMMajbHO BO3MOXHYIO, T.K. BeJIMYMHA U 3HaK Q(w),
BOOOIIIe TOBOPSI, PU3NYECKU HUYEM HE OTPAHUYCHBDI.
Hanportus, ¢opmyna (12) He naet (B oO1eM ciiyyae
NpPOU3BOJILHO 3aiaHHOU GyHKIMU Q(®)) pusnue-
CKM BO3MOXHOM pyHKuuU P(w), T.K. HEe obecrneun-
BaeT aBTOMaTUYECKMM O00pPa3oM MOJTOXKUTEIbHOCTHU
MOCJIEaHEH.

3amanum:

(14)

1 1

¢ -
1+(w] 1+(m)
o, W

IIe ®, >> ®, OMIOPHbIC YaCTOTHI, a { — YeTHOE YMCIIO.
[ToactaBuB 3Ty (hyHKI1MIO B (hopmyay (13), BBrYucIum
C TIOMOIIILIO TEOPUH BHIUETOB:

i) )

I x+x°

P(o) = (15)

O(o) = (16)

rac, B YaCTHOCTH,

D, (x , @
2() 2 4() \/_1+X
2x+0.5x% + x°
D¢ (x) = 3 1.6
1+x (17)
3 5 7
d)g(x)=0.653x+0'414(x zx )+ x ,

1+ x

0.647(x + x°) + 0.247(x> + x )+O2x

@y(x) = 0

1+ x

Ot GYHKIMU 00JaaloT CIAEeIYIOIIMMU CBO-
CTBaMU:

1
(I)Q(x) = CDC(;)’ (Dc(x) ~xnpux~—0,

D (x) ~£ 1pu x — oo, max Py(x) = D(1). (18)
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ITo dopmymam (6), (10) Haitmem Momyab Koadhdu-
IIMEHTa OTPaKEHMS 3ByKa:

[1- P()? +[0(®) + Oy ()]
[1+ P(@)] +[0(®) + Oy ()]

|r(o)| = (19)

PeakTuBHYI0 MPOBOAMMOCTb UCXOAHON cucTtembl (9)
MpeacTaBuM Kak

- © _© _
Oy (w) = BC(E — m—z), B = const,  (20)

M TeM CaMbIM YCTaHOBHMM CBSI3b MEXIY OIOPHBIMU
4yacToTaMiu ®;, , 1 TapaMeTpaMu MUCXOLHOM cucre-
Mbl M u h:

2
o = P Bepicy
VUBMT T pocoh

1)

CpenHee TeOMETPUUIECKOE STUX BETUIUH OTIpEnesieT
COOCTBEHHYIO 9aCTOTY MCXOTHOM CHCTEMBI:

Wy = 00, =

Ucnonb3ys ¢popmyisl (16), (18), (20), s peak-
TUBHOM COCTaBJIAIONIEH BXOTHOM MPOBOAUMOCTHU (6)
CHCTeMbI HaliieM:

0(0) + Oy () =

(22)
(- (3)- =]

3mech Kaxnas n3 (PYHKIUI cjeBa paBHA HYJIIO Ha
yactote ® = ®,. [loaTOMy ®, MOXXHO Ha3BaTh LIEH-
TpaJbHOM Y4acTOTOW paboyero auamaszoHa IMOKPbI-
THSA. B 06€ CTOPOHBI OT LEHTPAIBbHONW YACTOTHI O,
dynkunmn Q(w) n Q. (®) KOMIEHCUPYIOT APYT APY-
ra, T.K. MMEIOT NPOTUBOMNOJIOXHBIE 3HAKU. DTO XO-
po1io BUAHO U3 (22), oTKyda cleayeT, YTo MoJHOoTa
TaKoi B3aMMHOI KOMIIEHCAILIMU B AMara3oHe 4acToT
®,; < ® < ®, 3aBUCUT OT YIayHON anmnpoKCUMalluu
GyHKLIUHT q)g(x) npsIMOIA ch, T.€. OT BbIOOpA OMNTHU-
MaJIbHOTO 3HaYeHUsT By.

OrnpeneuM TpaHUYIHBIE YACTOTHI M
Yero Arara3oHa IMTOKPBITHS YCIOBUEM:

plclz
Mh

u O, pabo-

min

P(®in) = P(0) = 0.8.
Torna uz hopmyn (15), (21) Halinem:

_4%pye

_ 471/€ nglclz
BM ‘

() =
max Pocoh

min —
OTcroga BUAHO, YTO TPAaHUYHBIE YACTOTHI MOKPHI-
TUS OIPENENISIOTCS: HUXHSISI — IMOBEPXHOCTHOM
MJIOTHOCTbI0O M CTEHKM, BEPXHSSI — TOJILIMHON A

AKYCTUYECKUWU XYPHAJ Ne 1
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ny3bsIpbKoBoro cios. Illupuna padouero nuamazoHa
MOKPHITUA ®; < O, < O < O, < 0, B OKTaBax

min 'max

max

()
Noct = IOng— =

min
B*M 2
= 3320g—— (—géiéj —%.

Ha puc. 1 mpuBeneHB 9aCTOTHBIC 3aBUCUMOCTHU
MonyJist KoadhduimeHTa oTpaxeHusl, pacCUUTaHHbIE
no ¢opmyne (19) ¢ yuetom BoipaxkeHuii (15)—(17),
(22) nnst ciayyast @,/ = 100 npu pa3HbIX 3HAUEHUSIX G
u B, = 0.725. BappupoBaHuem napamerpa B, MOXHO
HECKOJIbKO paclIupsITh pabouMii 1Mara3oH 4yacToT 3a
CYET YMEHBILIEHUS CTeTICHU TIOIJIOIIEHUSI 3ByKa B HEM
1 Hao0OPOT.

Tenepb HEOOXONMMO HANTU OOBEMHYIO (DYHKIIMIO
pacnipenenaeHus ny3eipbKoB U(R), crmocoOHYyI0 00e-
CcnevyuTh Takue pesyabrarbl. [ToacraBus B (7) GhyHK-
uuto (15), moayuyum uHTerpanbHoe ypaBHeHue Open-
rojibMa 1-ro poga OTHOCUTEIbHO HEU3BECTHOM (PYyHK-
uun U(R). Takue ypaBHEHUSI OTHOCSITCSI K TPYIHO
peliaeMbIM HEKOPPEKTHBIM 0OpaTHBIM 3agayaMm. Ho
B JAHHOM CJIy4ae MOXHO IMOJYYUTh MPUOIMKEHHOE
pelieHue, eciau, cuuTasi uckomyio ¢pyHkuumo U(R)
TUJIaBHOM B CpPaBHEHUMU C SIAPOM YpaBHEHUS, UMEIO-
11IeM OCTPOPE30HAHCHBIN XapaKkTep 3a CUeT MaJOCTU
d(w, R), BEIHECTH ee M3-ToM 3HaKa mHTerpana. OcTa-
HEeTCs BBIYMCIUTb MHTErpall OT sApa, 4To CIAeJlaeM
NPUOIMXKEHHO, MOTOXUB ¢(®,, R) = const, S(mp, R) =
const, 3aMeHuB 1o (3) (mpu oo = () MepeMeHHYI0 UHTe-
rpUpoBaHus R Ha ®, ¥ BOCMOJb30BABIINCH U3BECTHBIM
uHrterpaiom [12, c. 443], [13, c. 312, 3.257]

oo

wpdu)p T

z')-(wf —0)) + wpzﬁz = 28’

rae B = wd. Takum 06pa3om, TTOTYINM:

2 P
UR) = Japi fy 1 3 1

, (23)
k|| (R (R
R R
rae
1 [3qh
= |20 (24)
b2 O\ Py

ITo ycnoBusIM BhIBOIA 3HAUCHUE ¢ = CONSt OCTaeTCsI
HeOoIpee/IeHHBIM, €T0 ClIeAyeT BEIOUpATh B JUAIIa30-
He 1 < g <. BenmuumHa d cokpaTuiachk, YTO TOBOPUT
o ciaboit 3aBucumocTt U(R) ot Manbix & << 1, uiam 06
ee OTCYTCTBUM.

DynHkug pagnyca R B KBaapaTHBIX cKoOKax (23)
MMeEeT BUJI CTOJIO0O0pa3HOUM KPUBOM, paBHOM eAUHUILIE
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Puc. 1. Moaynb koabduireHTa oTpaxeHus 3ByKa JUIst

pasHbBIX 3HaUeHU : — C=2; — (=4, —— = 6;
——C=8,—C¢=10.
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Puc. 2. YacToTHbIE 3aBUCMMOCTH BSI3KMX U TEILJIOBBIX
yacTeil 3aTyxaHusl Mmy3bIpbKoB: J,,(f) (26), n,= 0.5 Ma c:
——— R=5wmm; R =1 mm; R=10.2 MM; 3
(5): =+ R=5Mmm; R=1mMM; **°** R=
=0.2 MM.
1.5 T T
0.326 317
s
A
§ 1.0F -
z ™4
30.5 ",
2 :
a
= o
O ° 1 L %
0.1 1 10 100

Yacrora f, k11

Puc. 3. TTposepka npubamxxeHHOro pemeHus (23): ——
HWCXOIHAas MpoBoauMocThb P(f); * — momcraHoBKa (23)
B (7) npu é no (4); O — noacrtanoBka (23) B (7) npu &
no (27), m; = 0.5 Ila ¢; o — nmoacranoska (28) B (7) npu
d o (4).

B LeHTpe, Tpu R = /R Ry, pasHoi1 0.5 mpu R = R,
u R = R, n cnagaromei K Hymo npu R~ 0 u R - . Ta-
KM 00pa3oM, [JIs1 XOPOUIEro MOMIONIEHMS 3ByKa Ie-
JICHOM ITy3BIPHKOB Y CTEHKU TpeOyeTcsl, YTOOBI UX 00b-
eMHast ¢yHKums pacnpeneneHus: U(R) Obia mocTo-
SIHHOM B IIIMPOKOM JMAara3oHe paguycoB My3bIPbKOB,
oTBevaloleM 1o (24) nuana3oHy 4YacTOT MOMIOIICHMSI.
COBOKYITHOCTHY MY3BIPHKOB Pa3HBIX Pa3MEPOB, TTOJIY-
yaeMble U3BECTHBIMU CIIOCOOAMU (HarpuMmep, dJaeK-
TPOJUTUYECKUM), TAKMM CBOHCTBOM He 00OJsamaloT
U1 HE MOT'YT 00eCIIeUUTh IIUPOKOMOJIO0CHOrO (3aMETHO
MPEBBIIIAIOIIETO OJHY OKTaBY) 3BYKOTIOTJIOLIEHUSI.

TpebyeMyro 00beMHYIO KOHIICHTPAIIUIO ITy3bIPHKOB
MOXHO OLIEHUTH IT0 (hopMyJie

< 2 B (R — R
.o J.U(R)dRz \/qu\/(l( | 2)’ (25)
0 I 3p0C0/’l

rae cieayeT cuuTath g = 1.284.

bonbniasg 1o6pOTHOCTH My3bIPHKOB-PE30HATOPOB
B Bome (Masioe 3HaueHue O (4)) obecrieunBaeT BbICO-
KyI0 TOYHOCTb IpuoOamkeHHoro pemenus (23). Ho
MPU Mepexoe OT CIUIOLIHOTO CIEeKTpa K TUCKPETHOMY
9Ta 0COOEHHOCTD ITy3bIpbKOB 000OpauyrBaeTCsl 00JIb-
UM HEeTOCTaTKOM, T.K. TPeOyeT CIMIITKOM TECHOTO
MX pacrioJIOKEeHUs B CIIEKTPe U 3aJaHUsl pa3MepoB
MYy3bIPbKOB C BBICOKOI TOUHOCTHIO. [IJ1s1 pe3oHaHC-
HBIX TOKPBITAIN ONITUMAbHBI PE30HATOPHI C 6((1)1,) =~ 1.
[ToaToMy kenaTesibHO 3HAUMTEIbHO YBEJIUYUTh 3aTy-
XaHHe O My3bIPHKOB, Yer0 MOXHO JTOOUTHCS, €CIIU UC-
MOJIB30BAaTh B IMMOKPHITUM BI3KYIO XXUIKOCTh, HAITPU -
Mep, KacTopoBoe Maciio. JlonosHUTebHOE 3aTyxaHue
3a CYET BA3KOCTH 1), OKpyXKarolleil XXUIKOCTH COCTa-
BUT [5]:

hoor I/
8 1 - . 26
vis 36](0))[6 ( )

Torga monHoe 3aTyxaHue BMecTO (4) mpuUMeT BUA:
40y 2
5 = m;

= +0r +
3q(w)hy T

kR. 27)

2
©p
3aBucumocTtu (26), (27) J1erko MoJayYuTh U3 GOpMy-
bl 1.b. AHapeeBoii 11l ra30HAaNOIHEHHO MOJIOCTU
B BI3KoOyIpyroii cpene [14], [15, c. 363] myrem 3ame-
HBI CPEIbl BI3KOM XUIKOCTBHIO ITOCPEICTBOM TTEPEX0-

i (o
O
[0)

I — 1, IIe W*(®) — KOMIUIEKCHBIN MOLY/Ib

C/IBUTA CPEJIBI.

Ha puc. 2 npuBeaeHbl TpUMepbl YaCTOTHBIX 3a-
BUCHUMOCTE BSA3KUX O, (f) (26) u TeroBbIX ,(f) (5)
yacTel 3aTyXaHUs ST BO3AYIIHBIX ITy3bIPHKOB TpeX
pa3MepoB B BA3Koii xxuakocTtu ¢ 1, = 0.5 [1a c. BugHo
CYILIECTBEHHOE MPEBBIIIEHNUE BSI3KUX MOTEPh HAJl Te-
TUTOBBIMUY Ha BBICOKHMX 4actoTax. K coxalleHHnIo, 3TO
He KacaeTcsl HU3KMUX YacToT.
AKYCTUYECKUN XYPHAI No 1
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IIpoBepka nmpubamkeHHbIX pemeHuid njst U(R)
nokazaHa Ha puc. 3. B neBoii yactu BbipaxeHus (7)
Obla McrmoJib3oBaHa ucxomaHast GyHkuus P(f) (15)
¢ mapametpamu: ¢ = 10; f; = 0.326 kI £, = 31.7 k1.
B mpaByro 9acTh MHTETpaJIbHOTO YpaBHEHUS TTONCTA-
BWIM IIpubamkeHHoe peureHue (23) (npu g = 1.284;
Py = 10° Ma; p, = 10° kr/m% ¢, = 1.5x10° m/c;
R, = 10 mM; R, = 0.1 MM) 1 BberuMCAUIN A5 O (4)
u O (27) Ha pa3HbIX YacTOTaX 3HAYCHMSI MHTeTpaJa,
YTOOBI CPABHUTD UX ¢ UCXOMHOM yHKUMei P(f). Bun-
HO, uTo TIpH & <K 1 (4) TOYHOCTH MPUOTMKEHHOTO pe-
mieHus (23) BbICOKa BO BCeM Juaria3oHe 4acToT, HO
IIpU yueTe BI3KUX notepb (26) B & (27) pacxoxiaeHue
KPMBBIX pacTeT C 4acToToi, HauuHas ¢ f = 5 k[1. Ha
PUCYHKE TaKKe OTMEUEHbBI KPY>KOUYKaMU 3HaUEHUsI MH-
terpaia B (7) st “ripssMOyrojibHOi (yHKUUN”

2qp; Ry

n\/§p0C0h ’
e g = 1.284, a nnga 6 mpuHATO (4).

U(R) = Ry <R<R, (28)

4. IPUMEPDBI IIKUPOKOITOJIOCHBIX
3BYKOIIOTJIOLHAIOIINX ITOKPBITHU N

[IpuMeM pannyc caMbIX MEJIKUX ITy3bIPHKOB B CIIEK-
tpe R = 0.2 mm. CornacHo (3) (mpu oo = 0) ux co6-
cTBeHHast vacrora f, = 16 kI [Tonoxum no (26), (27),
YTO 3aTyXaHUE STHUX IIy3bIPbKOB

(‘opnl
—— =1. 29
0,5 2

st ocTaNbHBIX MYy3bIPEKOB 0 < 1, a IJIs caMbIX
KpynHbIx & << 1. M3 (29) HaiineM TpebyeMoe 3HaUeHUE
BA3KOCTU XuaKocTu: 1, = 1 Ia c. Takyio BA3KOCTb IIpu
20°C umeeT, HanipuMep, KacTopoBoe Macio. Paccro-
SHUE MEXIY COCEIHUMU My3bIPhbKaMU ITOJIOXUM OIU-
HAKOBBIM I10 BCEMY CIIEKTPY 1 paBHBIM AR = 0.1 MMm.
Torma pagnychl My3bIpbKOB #-T'0 pa3Mepa B MM MOXXHO
orucarb (popMyJIOii:

S(COp) = 6Vis(o‘)p) =

R, =0.11 + n). (30)

Pucynku 4 1 5 mocBsIIeHbl aKYCTUUECKUM XapaKTe-
PUCTUKAM 3BYKOIOIIOLIAIOIIETO MOKPBITHSI, 3alUILA-
OIIIETO CTAIBHYIO CTEHKY TOJIIIMHOM 55.6 MM 1 COCTO-
sIIIero U3 closi kactoposoro Macia (1, = 0.987 Ila c,
p, = 0.96 x 10° kr/m>, ¢, = 1.5 x 10* m/c npu 20°C)
ToJiuHoi 10.77 MM ¢ BO3AYIIHBIMU IYy3bIpbKaMU
(x, = 21.4 x 10-° M?/c) pasmepamu cornacHo (30) ot
R, = 0.3 MM 10 R;y = 4.0 MM. OObeMHBIE KOHLIEHTpPA-
1IMU TTY3BIPBKOB MOYTH BCEX Pa3MEPOB B COOTBETCTBUU
C OCHOBHBIM CBOCTBOM (pyHKIMU (23) OAMHAKOBBI
M CcOCTaBISIIOT €, = 2.59%107>. B6in3u rpaHUYHBIX
JacToT paboyero amara3oHa BBITIOJHEHA KOPpEeK-
1IMsI XapaKTepUCTUK MyTeM YBEJIMYEeHUST KOHIEHTpa-
LM My3bIPbKOB HEKOTOPBIX TUMOPA3ZMEPOB: 1 = 2
(2.5¢y), n =5 (1.1gy), n = 35, 37, 39 (2.0¢,)). C yuetom

AKYCTUYECKU XYPHAIJ Ne 1

TOoM 70 2024

11.56

~

& N
r /
/ \

0.9342

_
<
1

.
—

-2 ! !
0.1 1 10
Yacrota f, k11

KOMITOHEHTBI TPOBOIUMOCTEM
o

100

Puc. 4. YacTtoTHbIe 3aBUCUMOCTH KOMIIOHEHTOB IIPH-
BEIEHHBIX K BOIE MPOBOAMMOCTEI MOKPHITUS C Kac-
TOPOBBIM MacjiOM: —— — CyMMapHasl aKTUBHas Mpo-
BOIMMOCTD IIy3BIPbKOB P(f); * * * * * — cymMMapHas
peakTUBHAasl MPOBOAUMOCTD My3bIpbKOB Q(f);

MPOBOAUMOCTb UCXOAHOM cucteMbl —Q,(f); — — — pe-
aKTUBHasl IPOBOAUMOCTb NOKPHITUS O(f) + O (/).
0.8 0.9342 11.56
&
E% 0.6F .
S ; 0.4+ .
=3
3 E02f s
Moo 0.1
0
0.1 1 10 100

Yacrora f, k11

Puc. 5. PacueTtHsrii Mmomy:hb r(f) KoaddbuimeHTa otpaxke-
HUSI 3ByKa OT OKPBITUS Ha puc. 4.
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1.0

0.5
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100
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Puc. 6. KoMmoHeHTHI TpPOBOAMMOCTEM MTOKPHITHS C Ka-
CTOPOBBIM MacJIOM U KOMIIEHCATOPAMU: —— — CyM-
Ma aKTMBHBIX P(f) MpOBOIMMOCTEN BCEX My3bIPHKOB;
e e e+ — cymma peakTUBHBIX Q(f) MPOBOAUMOCTEN
BCEX IY3bIPbKOB; — yrpyrasi peakTUBHasi TpOBO-
IUMOCTb McXonHOoM cucteMbl —Q,(f); — — — ob1uas pe-
aKTUBHasl IPOBOAUMOCTb NOKPHITUSL O(f) + O, ().
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Puc. 7. Monynsb r(f) koadbuimeHTa oTpaxkeHusT 3ByKa
OT MOKPBITUS Ha puc. 6.
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Puc. 8. KoMIoHeHTbI MPpOBOIMMOCTEM MOKPHITHS C I~
LepMHOM 1 KoMITeHcaTopaMu. O003HAYEHHUS T XKe, YTO
U Ha puc. 6.
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Puc. 9. Monynsb r(f) koabbduureHTa oTpakeHus 3ByKa
OT IOKPBITHUS Ha PUC. 8.

KOppeKuun obuiass o0beMHass KOHLEHTpaluu Iy-
3BIPBKOB B TIOKPBITHHM paBHa € = 42.6g, = 1.103 X 1073,
Ouenka 1o (25) maet € = 0.935 x 1073, OxunaTs J1y4-
IIIETO COBITAIeHNS HE TIPUXOIUTCS, TIOCKOJIBKY (hopMy-
J1a (25) IpUromHa TOJIbKO TSI MAJIOBSI3KUX XKMIKOCTEI.

Ha puc. 4 nokaszaHbl YaCTOTHbIE 3aBUCUMOCTU KOM-
TMMOHEHTOB MPUBEIEHHBIX K BOJE MPOBOIUMOCTE: CyM-
MapHO¥ aKTUBHOI TTPOBOAMMOCTHU ITy3bIPHKOB P(f),

KA3AKOB

MX CyMMapHOIi peakTuBHOII mpoBomuMoctu Q(f),
NPOBOJUMOCTH MCXOOHOU cucteMbl —Q, (f); peax-
TUBHOI npoBoauMocTy nokpeitus Q(f) + O (f). Ha
puc. 5 npencTaBieH pacuyeTHbIN Tpaduk Momays r(f)
Koa(ddureHTa oTpaxkeHus 3ByKa OT OIIMCAHHOTO I10-
KPBITUSI C yKa3aHUeM IpaHUUYHBIX YaCTOT IO YPOBHIO
r=0.1. lluprHa MoJ0CHl NOIJIOLIEHUST MOKPHITUS CO-
cTaBlisgieT 3.63 OKTaBHI.

MoXeT ObITh, JIydllle AeJaTh CTEHKU U3MEPUTEb-
HOTO OacceiiHa He U3 CTajlu, a U3 JOCTaTOYHO TOJICTOTO
>Keyne300eToHa, TaKOro, YTOObl MOXKHO ObLIO CUMTATh
UX UMIIefaHC O€eCKOHEYHBIM. B 3TOM ciyyae oTcyT-
CTBHE MacCOBOU MPOBOAMMOCTHU B UCXOIHOM CUCTE-
M€ MOXHO BOCIIOJIHUTb MIPUMEHEHUEM B TTOKPBITUU
HU3KOYaCTOTHBIX KOMIEHCUPYIOIIMX PE30HATOPOB
(KpYITHBIX y3bIpbKOB) [16, c. 477]. X peakTuBHas
NPOBOAMMOCTb Ha 3ape30HAHCHBIX YacTOTaX UMeeT
MAacCCOBBI XapakTep, a crajaaroiasi akTuBHas MpoBO-
IVUMOCTb, CyMMUpPYsICh ¢ P(f) ocHoBHOro Habopa pe-
30HAaTOPOB, HECKOJIbKO caBUraet cnan P(f) B CTOpOHY
HU3KHUX YacTOT.

PucyHku 6 1 7 1eMOHCTPUPYIOT PE3YIbTaThl MOAEP-
HU3ALWU MPEIbIAYLIEro MOKPBITUSI Ha ciiydail M = oo
NpUMEHEHUEM KOMITEHCUPYIOIINX PE30HATOPOB —
KPYITHBIX Ty3bIPHKOB paguycoM 6 MM C 00BbeMHOM
KOHILIEHTpauuei 83¢,, rae g, = 2.83 X 103, KoHuesas
Koppexkuusi: n =2 (2.4¢), n = 3 (1.1g;), n = 39 (2.3¢).
KoHueHTpauusa my3sIpbKOB OCHOBHOIO Habopa paBs-
Ha 40.8¢, = 1.157 x 1073 (1.045 x 10~ o (25)), a 06-
11ast KOHLEHTPALMSI ITy3bIPHKOB B TIOKPLITUU C YYETOM
KOMIeHcupyommx € = 123.8e, = 3.503 x 1073, u 67%
B HEl MPUXOANUTCI Ha KOMITEHCATOPhI (Kak 1 B [16]).
TonmHa NOKpeITUST /1 = 9.63 MM.

Ha puc. 6 mpeacraBjieHbl KOMIIOHEHTHI IPO-
BOAMMOCTEM: CYMMBI aKTUBHBIX P(f) M peakTHB-
HBIX Q(f) mMpoBOAMMOCTEl BCeX MYy3bIPbKOB; yIpPy-
ras peakTUBHAas ITPOBOIUMOCTDb UCXOTHOM CHCTEMBI
—0,,(f); ob11as peakTUBHAsI TPOBOAUMOCTb [IOKPBITHUSI
o) + O,(H. Ha puc. 7 mokazaH rpadguk Monyms r(f)
KoadduLiMeHTa oTpakeHus. [paHUYHbBIE YaCTOTHI pa-
oouero nuanazoHa 0.834 xI'n u 11.08 kI, ero mupuHa
3.73 oKTaBBbl.

Ha puc. 8 1 9 moka3aHbl aHaJIOTMYHBIE pUC. 6 1 7
pacueTHbBIe XapaKTePUCTUKHU TMOKPBITUS UIST CTEHKHU
¢ OCCKOHEYHBIM MMIIEJAHCOM, COCTOSIIIETO U3 CJIO0sI
ouiepuna (n, = 1.48 Ia ¢, p,= 1.26 x 1073 kr/m?,
¢, = 1923 x 1073 m/c mpu 20°C) Tomumnuoii 13.84 Mm
C BO3IyLITHBIMU ITy3bIPbKaMU pazMepaMu oT R, = 0.2 MM
1o R,y = 5.0 mm. Koppexkuust kpaiiHux pe3oHaTo-
pos: n =1 (3.1g)), n = 49 (2.1g,), e €, = 2.24x107>.
KoHI1ieHTpalus my3bIpbKOB OCHOBHOIO Habopa paB-
Ha 52.2¢, = 1.169 x 1073 (1.081 x 10~° no (25)). Kon-
LIEHTpaLNs KOMITIEHCUPYIOIINX My3bIPHKOB THAMETPOM
14 MM paBHa 88¢,.O01Las1 KOHLIEHTPALMSI BCEX My3bIPb-
KOB B MOKPHITUY paBHa € = 140.2¢, = 4.346 x 10->. Ha
JOJTI0 KOMIIEHCUPYIOIIMX PE30HATOPOB MPUXOIUTCS
63% o0beMa Ty3BIPHKOB.
AKYCTUYECKUN XYPHAI No 1
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Ha puc. 8 mpencraBiaeHbl KOMIOHEHTHI IIPOBOIM-
MOCTeil: cyMMbl aKTUBHBIX P(f) u peakTuBHbIX O(f)
MPOBOAMMOCTE! BCEX My3BIPHKOB; YIIpyTasi peakTUB-
Has MPOBOANMOCTb NUCXONHOM cucteMbl —(Q, (f); oOmias
peakTUBHas NPoBOAMMOCTb NOKPbITUSL O(f) + O (/).
Ha puc. 9 nokasaHn rpaduk monys r(f) koadduiimeH-
Ta oTpaxkeHus. [paHuYHbIE YacTOTHI paboyero nuamna-
30Ha 0.578 k' u 16.12 k11, ero mupuHa 4.80 OKTaBbI.
[1pu ypaseHUu U yABOSHUU YUCTA H-X TY3bIPbKOB
r(f) Bospacraet Ha 0.07—0.14 Ha yactore f,,.

Crenyrolme 1Ba prCyHKa OTHOCSITCS K pe30HAHCHO-
MY TTIOKPBITUIO TIPUBBIYHOTO BUIA, B KOTOPOM MY3bIpb-
KH-pe30HATOPBI UMEIOT TOOPOTHOCTH TIOPSIKA SIUHU -
el (8 = 1) u, ciaemoBaTeIbHO, AKTUBHBIE IIPOBOIUMOCTH
CMEXHBIX T10 CITEKTPY My3bIPbKOB MEPEKPHIBAIOTCS TIO
ypoBHIO ~0.5 OT UX MakKCHMMaJbHbIX 3HaAUeHUN. 3/1eCh
My3bIPbKU OIPENEIEHHOro pa3Mepa oOecrneynuBaloT
TIPUMEPHO OITHY OKTABY TIOJIOCHI TTOIJIOIIEHMSI, CIIENO-
BaTeJIbHO, TAKMX Pa3MePOB He 6osiee 5—6-TH.

IToxpriTHe TpeqHa3HAYEHO /151 3ByKOHENPOHUIIae-
MOM CTEHKH, B HEM UCITOIB3YIOTCS KOMITEHCUPYIOIIIHE
pe3oHaTopbl. OCHOBHOI HabOP COCTOUT U3 MY3bIPb-
KOB LIecTH pa3Mepos. [1y3sippku pannyca R, 3aHuMa-
[OT CBOIO HUIIY U TIOMEIIIEHBI B XKUJKOCTb C BSI3KOCThIO

n, = %qu,,an) R,, obecnieunBatonieii contacHo (29)

1 (3) paBeHCTBO O, (w,) = 1. B MOKpbITUM UCTIONB30-
BaHBI IMLIEPUH € BA3KOCTBIO 1, = 1.5 Ila ¢ u xungko-
cru [IMCc motHocTbio p, = 0.971 X 103 kr/M?, cko-
poctbio 3ByKa ¢; = 1.013 X 10° M/c 1 pasHoii BA3KOCTH.
[TocKoNMBKY MOKPHITHE HEOTHOPOIHO, COIepKaHue
My3BIPHKOB #7-TO pa3Mepa B HEM Jajiee MpeacTaBaeHO
00beMOM ¥, 3TUX TIy3BIPHKOB B CM?>, TIPUXOISIIAMCS
Ha 1 M? MOBEPXHOCTH MOKPBITHUSI.

ITy3bIpbKOBBII COCTAB IMTOKPBITUSI CASIYIOIINIA:

R, =0.2 MM (¢, = 1.314, mmuuepun, ¥, = 1.00 cm?/Mm?);
R, = 0.3 MM (g, = 1.329, mmuepun, V, = 0.238 cm>/Mm?);
R, =0.6 MM (g5 = 1.352, TIMC, ns =3 Ilac, V5 =
= 1.378 cM*/M?); R, = 1.2 MM (g,, = 1.366,m,, = 6 Tac,
Vi = 3.088 cM3/M?); Ry; = 2.4 MM (gy; = 1.376, 1y, =
= 12 Ma c, Vy; = 6.175 em®*/M?); R, = 4.8 MM (q,; =
=1.383,n, =24Tac, V,, = 16.63 cM*/Mm?).

HuskoyacToTHBIE KOMIIEHCUPYIOILIE Pe30HATOPHI
(Rgo = 7 MM, ggo = 1.385, Vg = 20.425 cm’/m?) pas-
MeIlleHbl B IMIepuHe. Tak Kak OHU paboTaloT B CBO-
eif 3ape30HaHCHOM 06JacTH, TO UX 3aTyXaHHE MO-
>KeT ObITb MaJIbIM, 2 COOCTBEHHAs 4acTOTa 10CTaTOY-
HO TIpou3BoJbHOI. [ToaTOMY momycTMa HeKOoTopast
CILTIOCHYTOCTh 3TUX ITy3bIPHKOB, IIPU KOTOPOI OYIyT
OTJUYHBI OT chepUUECKOro caydas IprucoeaMHeHHAs
Macca ¥ BSI3KUE TTOTEePH.

Ha puc. 10 npencraBieHbl KOMIIOHEHTHI IIPOBO-
JUMOCTEN 1IECTUIIEMEHTHOTO MOKPHITUS C KOMITEH-
caTopaMu: CYMMbI aKTUBHBIX P(f) u peakTUBHBIX Q(f)
MPOBOAMMOCTEI BCeX My3bIPbKOB; Tpebyemas yrpy-
ras peakTUBHAasl IPOBOAUMOCTb UCXOIHOM CUCTEMBbI
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Puc. 10. KoMITOHEHTBI IIPOBOAMMOCTEN IIECTUIIEMEHT-
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—Q0.(H = 0.032f; ob1as peakTUBHAasg MPOBOAUMOCTD
nokpeitug Q(f) + O (f). Ha puc. 11 noxkasaH rpapux
MonyJst r(f) KoadduimeHTa oTpaxkeHusT OT 3TOrO MOo-
KpBITHS. [paHUYHBIC YacCTOTHI pabodyero muara3oHa
0.571 xI'q u 17.04 kI, ero mmpuHa 4.90 OKTaBHI.

5. BAKJIIOUHEHUE

IIpencraBiaeHbl TeOpUS M METOAbBI pacyeTa MHOIO-
AJIEMEHTHBIX PE30HAHCHBIX TMAPOAKyCTUYECKHUX IO~
KPBITUIA, COIepXKallX Ta30BbIe ITy3bIPbKU 1 MpeaHa-
3HAYEHHBIX JJIsI HAHECEHUsI Ha MHEPLIMOHHbIE, JT1UOO0
3BYKOHENPOHUILIAEMbIE CTEHKU U3MEPUTEIbHBIX Oac-
ceitHoB 1 Kamep. [maBHBIE 0COOEHHOCTH PacCMOTPEH-
HbIX NOKPBITUI Cleayolue.

1) ITocTostHCTBO TpebyeMoit 00beMHOI (PYHKIIMN
pacrmpeneneHsT BBICOKOTOOPOTHBIX My3bIPhKOB-PE30-
HaATOPOB IO pazMepaM, 00ycCJIOBIUBalOlee HEOOXO0-
JHUMOCTb JIOBOJIHO CTPOTOro co0JI0IeHuUsI KaK MOCTO-
STHHOI pa3HUIIBI pa3MePOB CMEXKHBIX ITy3bIPHKOB B MX
JUCKPETHOM CIEKTpe, TaK U OJMHAKOBOI KOHILIEHTpa-
MU pa3HBIX ITy3BIPHKOB TT0 BceMy criekTpy. Koppek-
LIUY TIO[TeKaT KOHLIEHTPAIIMY JIMIITh ITy3bIPHKOB, pac-
MOJIOXKEHHBIX BOJIM3U KpaeB CIIeKTpa.
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2) Mcnonbp3oBaHue BSI3KOM KMAKOCTU AJIsS 3Ha-
YUTEJILHOTO YBEJMYCHUS 3aTyXaHUs BBICOKOYACTOT-
HBIX MYy3bIPbKOB 3a CUeT BSI3KUX IMOTEePb B XXUIKOCTH.
ITocKoabKy 3TU TTOTEPU MTPONOPIIUOHAIBHEI YaCTOTE,
B CTOPOHY HU3KMX YaCTOT 3TOT 2((OEKT YMEHbIIACTCS.
Jlyuyie Bcero moaxonaut rulieprH. OH UMeeT cpaBHU-
TEJbHO MaJIyl0 CXKHUMaeMOCTb, YTO MO3BOJISIET YBEIU-
YUTh TOJIINHY ITOKPHITUSI, YTOOBI BMECTUTh KPYITHBIE
Ny3bIpbKU-KOMITEHCATOPHI. B mocienHeM mpumepe
(puc. 10, 11) Hen3OexXHO MMPpUMEHEeHUEe XUIKOCTEM
IIMC, umerommux orpoMHBIIl IMAaIla30H BSI3KOCTEI.
HepoctaTkoM 3THUX XXUAKOCTE B JAHHOM IPUMEHE-
HUM ABJISIETCS] UX 00JIbIIasi CCKMMaeMOCTh, a K 1OCTO-
MHCTBaM MOXHO OTHECTU MaJIylO 3aBUCUMOCTb BSI3KO-
CTH OT TeMIIEpPATyphbl U MaJioe IMMOBEPXHOCTHOE HATSI-
xkenue. Kpome Toro, xxuakoctu [IMC 6e3BpeaHbI LI
PE3UH, IPUTOJHBIX B KQU€CTBE 000JIO0UYKU MOKPHITHSI.

3) Mcnonb3oBaHUEe HU3KOYACTOTHBIX MY3bIPb-
KOB-KOMITEHCATOPOB MPU 3BYKOHEMPOHUIIAEMBbIX 3a-
HIMIIAaeMbIX cTeHKaX. X Ha3HaueHue — BOCMOJHUTD
OTCYTCTBYIOIIYIO B ICXOMHOM CHCTeMe MHEePIIMOHHYIO
npoBoauMocTh. CoOCTBEHHAsI YacTOTa KOMIIEHCATO-
pOB, MeHbIlIas HUXXHE IpaHUYHOI YacTOThl pabo-
Yero Amana3oHa, a TakKe MX 3aTyXaHue TOCTaTOYHO
MPOU3BOJILHBI.
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