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[TpousBeneH y4eT BIUSHUS My3bIPHKOB Ha TMOBEPXHOCTH OOTEKaTeNs Ha €ero
3BYKOIIPO3PayHOCTh. AKTYyalbHOCTh 3aJla4l OOYCIJIOBJIEHA BBICOKOW CTOMMOCTBHIO
M3MEpeHull B aKycTUYeckux OacceifHax, 00yCIOBIEHHON MPOCcToeM oOTeKareseit u
aKyCTUYECKUX AaHTeHH [JI0 Hauyaja M3MEpPEHUH H3-3a  HEO0OXOAMMOCTU
BBIICPKUBAHUS X IOCJIE OMYCKaHUs B BOMY Ul YMEHBIIEHHS CJI0S IMy3bIPHKOB, a
TAKXXC HCIOPCACKA3YCMbBIM CHUJIBHBIM  BJIMAHHUCM  IIY3BIDbKOB Ha TOYHOCTH
M3MEPEHU TpU HCIOJIB30BAaHWM OOTEKaTelel B MOPCKHX YCIOBHSAX. 3ajaada
peirajiaCb MNYTEM OIMNPCACIICHUA TMMapaMCTPOB 3SKBUBAJICHTHBIX CXEM CUCTCMEL
«o0TekaTenb-my3blpbkuy». [IpousBeseH pacueT 3ByKONPO3PauHOCTH OOTEKaTens C
IMY3BbIPBKOBBIM CJIOEM JIsI PA3HBIX 3daKOHOB PACHpCACIICHUA HUX IO paguycaM U
pa3HbIX KOHIIEHTpauui my3biped. [lokaszaHo omnpenensioniee BIUSHHUE My3bIPbKOB
Ha 3BYKOIIPO3PAaYyHOCTh 0OTEKaTeNsl BCICACTBUE SKPAHUPOBAHUS ITy3bIPHKAMH €T0
MTOBEPXHOCTH.

BBE/JIEHUE

W3Becten ¢akt, uro cpa3y Imocjie MOMELICHHUS THIPOaKyCTHYEeCKOro oOTeKarens B
OTBITHBIA OacceH pe3ynbTaThl U3MEPEHHUs €ro 3BYKONPO3PAYHOCTH H3MEHSIOTCS CO
BpeMmeHeM. TONbKO Moclie «BBIMAUMBAHUS» B TEUCHHE HECKOJIBKHX CYTOK MOYKHO OBIThH
YBEpEHHBIM BO BPEMEHHOW CTaOMIBHOCTH PE3YJIbTATOB, YTO OOBICHSACTCS NMOBEPXHOCTHBIMU
sbdekraMn Ha TpaHUIE MEXIy aKTHUBHON TMOBEPXHOCTHIO OO0TekaTens W Bojor. OHU
00yCIIOBJICHbI HAJTMYUEM XHPOBOH MIIEHKH, YMEHBIIAIONIEH aAre3nto BoIbl K 00TEKaTeNIo, a
TaK)K€ HAJIMIIAHUEM ITy3bIPHKOB BO3/yXa Ha NOBEPXHOCTb.

B ornmume oT npoueccoB yJIbTPa3ByKOBOW KaBUTAlMM, KOTAA ITy3bIPbKH IOSIBIISIOTCS
TOJIBKO B IOJIYIIEPHOABI Pa3pekeHMs], a 3aTEM CXJIONBIBAIOTCS, B paccMaTpUBacMOM 3ajade
HaJIMNIaHKUE ITy3bIPHKOB cTaOWiIbHOE. B MpHBOAMMOM HUKE PAacCMOTPEHHH, OCHOBAHHOM Ha
NPEICTAaBICHUN O CYIIECTBOBAHMU Ha TOBEPXHOCTH OOTEKaTelNs CTaOMIBHBIX ITy3BIPHKOB,
Bonpockl U dy3un raza U3 KHUIKOCTH B IMY3BIPbKM M CBSI3aHHOE C THM HM3MEHEHHE HUX
pa3MepoB He paccMarpuBaroTcsi. COOTBETCTBEHHO, HE YUUTHIBAETCS M TO, YTO YKPYIIHEHHBIE
My3bIPbKH MOTYT HOKHJAATh >KUAKOCTb. CUMTAETCsl TOJBKO, YTO POCT MEJIKUX ITy3bIPBKOB U
YXOJl U3 KUIKOCTU HanOojee KPYMHBIX HE MEHSIOT paclpe/ielieHUe My3bIphKOB B KUIKOCTH
no pasmepaMm. TakuMm o0pazom, paccMaTpuBaeTCs MPOLECC MPOXOXKICHHUS 3BYKOBOW BOJHBI
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yepe3 o0TeKaTeNlb MPH MOCTOSHHBIX IPaHUYHBIX YCIOBUAX 0€3 ydeTa BPEMEHHOW TUHAMHUKU
STUX I'PaHUYHBIX YCIOBUH.

byaem cuutaTth, yTO mpoxoxsdlias depe3 oOTeKaTenb BOJHA BO30YXIAeT €ro TaKUM
00pa3oM, 9YTO MHTEHCHUBHOCTh KOJIeOaHUI Ha MOBEPXHOCTH, IO KpalHEH Mepe, HIKE mopora
KaBuTauMu. Ha akTUBHYIO TOBEpPXHOCTh OOTEKaTedsl HaJUIUIM Iy3bIPbKH, CpelHee
pacmpeneneHre KOTOPhIX Ha TOBEPXHOCTH M BEPOSTHOCTHBIE 3aKOHBI paclpeiesieHUs ux
pa3MepoB MOTYT ObITh ONMCAaHbl MATEMATHUECKH.

Konebanus My3bIPHKOB B JTAaHHOM paccMOTpeHHUH MpeIoiararoTcs
HEB3aUMOCHCTBYIOIMMHI. OTCYTCTBHE B3aMMOACWCTBUS ISl KaBUTAIIMOHHBIX IYy3BIPHKOB
BBITIOJTHSICTCS TIPH YCIIOBHH, YTO PACCTOSIHUE d MEXAY IICHTPAMHU Iy3bIPhKOB COCTABIISIET HE
meHee 4a,,, TI€ d, — paanyc Iy3bIpbka B MOMEHT €ro HauOoJblIero pacmupenus [1]:

OneHnM TUIOMIA/b, 3aKPHIBAEMYIO Iy3bIpbKaMH Ha TOBEPXHOCTH OOTEKaTelNs, €CIH HX
pacCIioIOKEHUE YIOBJIETBOPSAET YCIOBUIO d > 4a,. Haubonee mI0OTHOE pacroioKeHue
My3bIPHKOB, YJIOBJIETBOPSIOIIEE ITOMY YCIOBHIO, TIOKA3aHO Ha puc. 1.

day,

N ]

20m

dam

AN

Puc. 1. PacnonoxeHnune my3bIpbKOB, YAOBIETBOPSAIOLIEE YCIOBHIO d = 4a,,

2
PaccMoTpum ydacTok moBepxHocTH obrekatenst 1x1 m”. Jlist Hero n, = 1/ (4am) — YHCIIO

My3bIPEKOB B «CTPOKE», 71, = 1/ (\/(4am ) ~(2a,) ) ~1/(3.5a,) — wumcno «cTpoK».
Vuuteisas, uto S=4-3.5a.nn, =14Na, =1, monydaeM i KOJMYECTBA ITy3bIPHKOB

N=nn, = 1/ (14ai) . Torna 3akpbiBaeMast Ty3blpbkamMu miomans S=Nrza, ~022. U3

JAHHOM OLEHKH BUJHO, YTO TpaHULEH NPUMEHMMOCTH HHKECIIEIYIOUIEr0 pPacCMOTPEHUS
OyJzeT cimyual, KorJa Mmy3bIpbKH 3aKpBIBAIOT 0K0JI0 20% TUIOIIa M 00TeKaTeNs.

PeanpHOE pacmonoxeHue My3bIpbKOB OyAeT Ciay4dailHbIM. 3aMeTUM, 4YTO TOCKOJIBbKY
ycioBue d > 4a, OTHOCUTCA K KAaBUTAIMOHHBIM Iy3bIpbKaMm, THIPOJUHAMHYECKHE MOTOKHU
JKUJKOCTU OT KOTOPBIX CHJIBHO BO3JIEUCTBYIOT HA CTE€HKM YIOPYTHMX PACIIUPSIOIIAXCS
My3bIPHKOB, B MPUBOJUMOM HUXXE PACCMOTPEHHUH B3aWMOJCUCTBUE OyJIET MaJbIM JaKe MPHU
HECOOIOICHUH YTMOMSHYTOro ycioBus. Eciam, kpome TOro, IOMyCTUTh B3aUMOJICHCTBUE
My3bIPHbKOB B T€YEHUE KOPOTKOTO BPEMEHHU, TO PE3OHHO CMATYUTH yCIOBHE MPUMEHUMOCTH

M. N. WenHman
BnunsHune rasoBbix Ny3bipbKOB Ha 3BYKOMpPO3payHOCTb obTekaTens
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MOCJICTYIOIIEr0 PacCMOTPEeHUS: d>3a,,, KOTOpoe OYIET BBITIOIHATHCS Jaxe 0e3 TOMyIICHHS O
PETYJIIPHOCTH Pa3MEIICHHUS My3bIPhKOB Ha TIOBEPXHOCTH.

[TocTaBeHHOE YCJIOBHE HE3aBUCHUMOCTH ITy3bIPHKOB JIaéT BO3MOXHOCTH IPUMCHSTH
3aKOHOMEPHOCTH, H3BECTHBIC JUIS KOJICOAHUH OJMHOYHOTO ITy3bIpbKa, ONpeaessas CyMMapHOe
BJIUSHHUE ITy3bIPHKOB ITyTEM CTATHCTHYECKOTO CYMMHPOBAHHUS BO3JCHCTBHM, CO3daBaCMBIX
OTJICITBHBIMU ITY3BIPHKaAMHU.

1. PACIIPEAEJIEHME IT1Y3bIPBKOB I10 PAJIINY CAM

[TockonbKy CBOWCTBa IMy3bIPHKOB ONPEACISIOTCS UX F€OMETPUUYECKUMHU pa3MepaMu, JUIs
CTaTHCTUYECKOTO aHanmu3a TpeOyercs 3HaHHE (YHKIMM IUIOTHOCTH  BEPOSTHOCTH
pacnpezieneHus: mMy3bIpbKOB 0 paauycam n(a). B pabore [2] Ha ocHOBe craTtucTuku ['mb0ca
noxydeH oOummid BuA (YHKIUU IJIOTHOCTH BEPOSTHOCTH PACHpPEACTICHUS ITy3BIPHKOB B
KHUKOCTH TI0 PaHycaM:

ma)=—s—; (D

rac ﬂ — HnapaMeTp pacupCaCiICHU, OHpC,Z[GJ'ISIGMLIfI N3 3KCIICPUMCHTOB, A OMpCACIIAACTCA U3

YCIIOBHSI HOPMUPOBKH pacripeieneHus: A= 3.

B pa6ote [3] Ha ocHOBaHMH M3MEpPEHHUsI 3aTyXaHHs 3ByKa, BHOCUMOTO Ty3bIpbKaMH, Obliia
nojydeHa (pyHKIUS pacIpenesieHus] 10 pa3MepaM Tra30BbIX ITy3bIPHKOB B BOJOMPOBOIHON
Boje (M3MepeHMs] TPOBOAMWIMCH B obOmactu BbeIcOKMX 4actoT (100 — 940 xI'),
COOTBETCTBYIOIIIUX PAUYCaM ITy3bIPhKOB OT 4 110 34 MKM):

N(a) = jg? . 2)

[Tpu 3TOM KOJMYECTBO MY3BIPHKOB 3aBUCENI0O OT BPEMEHU OTCTaMBAaHUS BOJIBI f: A=A(?),
yObIBast C pOCTOM BpeMeHHU oTcTauBaHHui. OTMETHM, YTO SKCIEpUMEHTaIbHAs 3aBUCHUMOCTD
(2) HETTI0X0 COOTHOCUTCS C 3aBUCUMOCTHIO (1) 1 00BsCHSETCS HEOOXOUMOCTBIO TP BHIBOJIE
dyHKUMU pacripenesneHus n(a) ydaera ciaboro B3auMOACHCTBHUS MKy my3bipbkamu [3]. s
JanbHEHIIero paccMOTpeHus Oy1eM UCIOIb30BaTh 3aBUCUMOCTb BUA

Ae
n(a) = e 3)

Haiinem mapamerpsl pacnpeneneaust (3). DyHkuus n(a) HUMEET MaKCUMyM TIpH

a, =[/3,5, orkyna momnydaeMm f3=3,5a, . Wcnons3ys yclioBUE HOPMHPOBKH, MOJYYHM

% g pla )"

A= .[ eSS

0

CornacHo [3] Amama3oH W3MEHEHHS PaJdyCOB YCTOWYMBBIX ITy3BIPHKOB Ta3a B BOJIE

orpaHMyeH BenuyuHamu a, . =10Mkm, a  =lmm. B paGore [3] B KauecTBe

m

MHUHMMaJBbHOIO paaumyca Iy3blped ykasbiBaerca a,, =0.1MkM. MakcuManbHbli panuyc

COBMAJAET ¢ JaHHBIMHU [4]. PacxokneHne JaHHBIX, MO-BUIUMOMY, CBSI3aHO C OCOOCHHOCTSIMH

M. N. WenHman
BnunsHune rasoBbix Ny3bipbKOB Ha 3BYKOMpPO3payHOCTb obTekaTens
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MIPOBEICHUS YKCIIEPUMEHTOB: B paboTe [3] ObLIT MCITONB30BaH ISl U3MEPEHUM 00JIe€ BRICOKHI
JIMATNa30H 4acTOT C BO3MOXKHOCTHIO (pukcanuu Oojiee MENKUX Iy3bipel. MUHUMabHBIN

paguyc a_ . =0.1MKkM coriacyercs ¢ JaHHBIMU [5], COINIACHO KOTOPBIM KpHUBas

pacrpeieneHus my3bpbKOB B CBEXKEH BOJIOMPOBOAHON BOJIE UMEET MAaKCUMYM B o0nact 3 —
8 MKM.

[Tocnenusiss wHpOpMaLMs MO3BOJSET TaKKe NPUOIMIKEHHO OLEHUTh MapaMeTpsl
pacnpenenenust (3). Ilpu morpyxeHuu mnpeoOpazoBaTeisi B BOAy 00JacTh MaKCHMyMa
pacrnpeeneHuss MOXKET CMEIIAThCsl B CTOPOHY OOJIBIINX 3HAUYEHUH, B CBSA3M C TEM, YTO HA HEM
CHJIaMU ITOBEPXHOCTHOT'O HATSKEHMs YJIEpXKUBAIOTCA Oosiee KpyIHHbIE MY3bIPbKM U HE
HOKHMJAIOT KUAKOCTb.

B nanbHelimeM npu npoBeIEHUHM PacyeTOB B Ka4e€CTBE MUHUMAJIBHOIO pajiyca Iy3bIpeit

Oynem mnpuHumarh a, . =0.1MKM, A1 IMOJOXKEHHS MaKCHMyMa paclpeleleHus Oynem
BbIOMpATh a, =8 MKM U a,_ =40 MKM, y4uTbIBasl IPOLIECCH] BBIICICHUSI PACTBOPEHHOI'O Ta3a

U3 BOJBI HA IOBEPXHOCTh HArPETOr0 KOJIEOIIOMIErOCs 00TeKaTes.
Bun dynkiun pacnpenenenus (3) nmpenctaBieH Ha puc. 2.

n(a)10™
10

4
/ \ a,, =40 MKkM
2
/ P —
= I —

07— ~ —
1-10 © 1-10 ° 110 * a, M

Puc. 2. ®yHkuus pacupeeneHus Mmy3blpbKoB M0 paJuycam

Bansaue IMY3BIPbKOB Ha 3BYKOIIPO3PAYHOCTb oOTeKarens OCYHICCTBJIACTCA ABYMA
crocodamu: IMyTEM HU3MCHCHHA HUMIICAAHCA ITOBECPXHOCTU IIPU BHECCHUU MNOIOJIHHUTCIBHOI'O

UMIIEJaHCa ITy3BIPBKOB Z, W IIyTeM YyMEHBIICHHS aKTHMBHOW IUIOIAAM OOTEKaTels
S, =S —Sy,; TIPHU €ro SKPaHUPOBAHKH My3bIPbKAMH, I€ S — IOJNHAas [UIOMa/b O0TeKaTes,

Sy — CyMMa 3 PEKTUBHBIX CEYCHHH TOTaIleHHs (OTTIOLICHHS M PACCESIHNS) 1Ty 3bIPHKOB.

M. N. WenHmanH
BnunsHune rasoBbix Ny3bipbKOB Ha 3BYKOMpPO3payHOCTb ob6TekaTens
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2. OIPEJEJIEHUE CYMMAPHOI'O COITPOTHUBJIEHUSI ITY3bIPHKOB

[Ty3bIlpbkr ra3a Ha TOBEPXHOCTH OOTEKaTeNlss YdYacTBYIOT OJHOBPEMEHHO B JIBYX
JBIKCHUAX: IyJNbCUPYIOLIEM U ocuwuupyromem. [Ipy mynbcupyromeM ABUXKEHUU Ta3 B
IIy3bIPbKE IIPETEPIIEBACT YIPYroe CKATUE, HApsay C HUM BO3HHUKAIOT IIOTEPU JHEPIUM Ha
TEIIonepeady oT rasa K KMAKOCTH. [Ipu ocumunpyromeM ABHKEHUH ITy3bIPEK CMELIACTCS
KaK €IMHOE LIEJIOE.

MexaHuueckass U SJEKTPUYECKas HKBUBAJICHTHBIE CXEMbl OOTEKaTelns, HAa MOBEPXHOCTb

KOTOpPOT0 HAJIMIUIM Iy3bIPbKHM Ia3a, Ioka3aHbl Ha puc. 3, 4. [Tapamerpamu cXeM SIBJISIOTCS:

¢; — TUOKOCTb IY3BIPHKOB BO3]lyXa; 7; — AKTUBHBIC MOTEPH HPHU IYyJIbCALMU ITy3bIPbKA;
Zspi — COIPOTUBIIEHHE WU3Iy4€HHs IIyJIbCUPYIOIIEro IIy3blpbKa; Zy,; — CONPOTHBICHHUE
U3JIy4YECHUS OCHUILIMPYIOIIETrO Iy3bIpbKa; Z; — COINPOTHBICHHE H3IYyYCHHs IOPLIHA, N —

KOJIMYECTBO I1Y3bIPBKOB.

|
| |
I r Z |
1 spl
Foo| AN
I  m— Zsol 'I
| —_— |
r T - - T T T T T T 7 1
| 2 1
R I RRR———N————.—.... .|
° e o o °

T - T T T T T T 1
II n 'I
] o — — — — — — — — — — — e -l

1

I

Z,

Puc. 4. Dnextpudeckas SKBUBaJICHTHAs CXeMa 00TEeKaTeIsl C My3bIphKaMH

M. N. WenHman
BnunsHune rasoBbix Ny3bipbKOB Ha 3BYKOMpPO3payHOCTb obTekaTens
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Hcnonb3yss SKBUBAJICHTHBIE CXE€Mbl pPUC. 3 W puc. 4, Uil UMIIEaHCca I-r0 My3bIpbKa
MOJTyYHM:

Z . +7
spi ja)ci
Z,=Z,+ : (4)

+n+ZW

jax,

7

[ToncraBum B (4) 3HaYeHUS TAPAMETPOB, BHIPAKEHHBIX Y€PE3 XapaKTEPUCTUKH ITy3bIpbKa.
ComnpoTHUBJICHHST HW3IIYYCHHUS IMyJIbCUPYIOIMIEH M OCIMUIMPYIOIICH Ta30Boil chepbl B
JKUJIKOCTH COTJIACHO [6] MMEIOT BHI:

2 .
Z, =4ra’pe M
1+ (ka)
7 _4rxa’pc|  (ka)* N ,ka(2+(ka)2)
T3 \4rtk) T 44 (ka)

IJI€ @ — PajyC My3bIPbKa, kK = @/c — BOJHOBOE YUCIIO, (@ — LHUKIMYECKAS YACTOTA.

Wnnexc i y paguyca my3blpbKa JUisl YIPOIIEHUS 3aUCch OyJIEM OITyCKaTh.
bynem paccmarpuBaTh 007acTh HU3KMX YacTOT, rae ka <<l, 4To ¢ JOCTaTOYHOM
TOYHOCTBIO BBIIIOJIHACTCS JaXe I PE30HAHCHBIX IIy3bIPHKOB. ToOrna CONpPOTUBIICHUS

U3JTY4YCHUS MyJIbCUPYIOLIETO U OCIMUTUPYIOLIETO My3bIpbKa Oy IyT

Z, = 47zaz,0c((ka)2 +jka),

4ra’ pc 2
=L P (kay* + j2ka).
‘ 12
DKBUBaJICHTHAs THOKOCTh My3bIphKa [6]:
o - 1
" 4ra 3pgc; ’ ©)

rie p, U ¢, — IWIOTHOCTh U CKOPOCTH 3ByKa B Ia3e, HAIIOJHAIOLIEM ITy3bIPEK.

Bennuuna pgcz, MOKET OBITh IOJIyY€Ha B IPEHEOPE)KEHUHM TeIulonepenaded MexIy
COZIEP’KUMBIM ITy3BIPbKa M OKPY’KAIOIIEH KHUIKOCTHIO U3 H3BECTHOTO COOTHOIIECHUS JUIS Fa30B
C, =J(r p)/ Py, The y=C, / C, =14 — nocrosHHas aauabatel. OTcrola MOIYYUM

2
PCy =V Dy = ¥(Pum +pPgh), tne p,, — arMochepHoe naBieHue, h — ruybuHa, Ha

KOTOPOW HAXOJUTCS My3bIPEK.

M. N. WenHman
BnunsHune rasoBbix Ny3bipbKOB Ha 3BYKOMpPO3payHOCTb obTekaTens
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s ompeneneHUss aKTUBHBIX MOTEPh NMPHU CKATHUHM Iy3bIpbKa BCIEACTBUE TEIJIOOOMEHa
MEXIy My3bIpEM M OKPYKAIOIIEH ero BOJOW (HeaanmabaTHMYHOCTH TIpoIecca), pacCMOTPUM
Y4aCTOK SKBUBAJICHTHOMN AJIEKTPHUUECKOU CXEMHI (puc. 5).

Puc. 5. DxBuBasieHTHAs cXxeMa MyJIbCUPYIOLIETO My3bIpbKa

OrnpenenyuM akTUBHYIO U PEAKTUBHYIO COCTABIISIONINE MOITHOCTH:

Ur

_ 72, _ ;
Pa_[ i 2 s
1o+ X

2

X U'x,
P =1 X, =55
X,

i

OTHOLICHNE 3TUX BEIMYHH JaeT Cleyolmii pesynstar: P, /P =r,/x, = wrc, .

Wcxons u3 onpezneseHnit d3pGeKTUBHBIX CEUECHHI MOTTIOUIECHUS U PACCESHHSA, NMEEM:
F=0l,, B=0Jl,,
rae / — UHTEHCUBHOCTL Najaroliel BOJIHEL Torna
BB =0, [0, =one,

[loacTaBUM B 3TO OTHOLICHWE 3HA4YeHHs S()QPEKTHBHBIX CEYCHHUI TMOIVIOWEHHUS O, U

paccesiHUs O, , KOTOPbIE COOTBETCTBEHHO UMEIOT BUJ [7]:

4ra’ (8/(ka)—1) Ara’
= O =
P 2 ’ N 2 2 4

7
L] +s UYL )

I [Byp
rie 8 — MOCTOSIHHAS 3aTyXaHWs My3bIpbKa, f. =5\, ~— PpesoHancias wactora

ra\ p

my3bIpbKa, f — 4acToTa 3ByKOBOW BOJIHBI.

C yuetoMm (6) OyiemM UMETh:

. _6/tka)~1_127a Pce(5—ka)

i

(8)

wc, wka

1

BYI[CM CUUTATh, YTO IOCTOAHHAsA 3aTyXaHUA o paBHa €€ 3HAYCHHUIKO Ha PE30HAHCE é;,

IMMOCKOJIBKY BJIMAHHUCM HU3MCHCHUS 0 Ha YaCTOTHYI XapaKTCPUCTHUKY BAaJIU OT PC30HAHCA

MOJKHO MpeHeOpedb: peaKTUBHOE COITPOTUBIICHHUE MPEOOIIaIaeT Hal aKTUBHBIM.

M. N. WenHman
BnunsHune rasoBbix Ny3bipbKOB Ha 3BYKOMpPO3payHOCTb obTekaTens
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3HaueHue O, ompenensercs rpadgukoM Ha puc. 6 [7]:

0.23 /
0.15 /

0.075 /
4 4 4

0 1-10 2-10 3:10 £, k'

Puc. 6. 3aBHCUMOCTb IOCTOSIHHOM 3aTyXaHHs O, OT YaCTOTHI

[ToncraBuM HaliieHHbIE SKBUBAJICHTHBIE MapaMeTpsl my3bipbka (5), (6), (8) B BbIpaxeHHe
TSI TIOJTHOTO COTIPOTUBIICHUS My3bIpbKa (4):

(ka)' = ka (ka)’ +ka—6+ jka(1+6 —ka)
Tt 2 2 3 2

12 6, (ka)pc b O gy kaype

37 (Pum + pgh) "\ ka 3y (Pu, + P8h)

Z,. = 4ra’ pc 9)

Haiinem 3HaueHue CyMMapHOrO WMIIEAAaHCa Iy3bIpbkOB Z . CuMras H3BECTHBIM

pacnpeaciiCcCHUC IMy3bIpbKOB B BOJAC IO paanuyCaM, a UX KOJIMYECTBO AOCTATOYHO 60J'IBH_II/IM,
AJIL CYMMApHOT'0O UMIICJaHCa ITY3bIPBKOB ITOJIYYaeM CJICAYIOIICC BBIPAKCHUC!

Amax

Z, = ZZm. =N j Z (a)n(a)da, (10)
1 dN

rae n(a) T (GyHKIUS IVIOTHOCTH pacipesieNieHusl My3bIpbKoB 10 paauycaMm, N —
a

KOJIMYCECTBO ITY3bIPHKOB, Z (Cl) — COHIPOTHUBJICHHUC HU3JIY4YCHHA OAUHOYHOI'O ITy3bIPpbKA, 4 ..

ni

U a_ . — HIDKHUAW U BEpXHUI Npeaesbl paJnyCcoB Iy3bIPbKOB.

max

[Tpenmonoxum, 4To my3sIpbku Gu3uuecku 3akpbiBatoT 100% muromann mpeodpazoBaresns
-1

(x =100%). Torma Konu4ecTBO My3bIpbKOB N = Sx I ra’n(a)da | . Toncrasnss (9) B (10),

Anin

IIOJIyYUM

M. N. WenHman
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s 4 ka) +ka -5+ jka(1+ 6 — ki
Z, :47rchj (klaz) +j/%a+ k(za) > a ; a( ka)3 > a’n(a)da. (11)
Uarpe (& Gaype

37 (pum +pgh) "\ ka  3y(pon +pgh)

Ha puc. 7 npezncraBieHa 4acTOTHas 3aBUCHMOCTH OTHOCHTEIBHOTO BKJIaJa MMIIETAHCA
My3bIPbKOB B TOJHBIA HMmenaHc obrekarens corjmacHo (11) mpu x=1% u Makcumyme

(YHKIMM  paclpeneneHus Iy3blppbKOB IO  paguycaM a, =8MKM. BugHo, uyto

pe3yAbTUPYIOIIEe U3MEHEHHUE UMIIEIaHCa OKA3bIBACTCS KpaliHE HEBEIHUKO.

Zn 104
pcS

10

4 //
iy
/

0
0 20 40 60 80 f,kln

Puc. 7. OTHOCUTEIBHOE N3MEHEHNE NMIIENAHCA 00TEKATENS BCIEACTBUE TOSIBIEHUSI
My3BIPHKOB 0€3 yueTa yMEHbIICHHUs aKTUBHOM TUIOIIAIN 00TEeKaTeNs

B TO ke BpeMsi B OJKCIIEpHUMEHTaxX HaOJIOJAeTCs, YTO HAJIMYHME Jake HeOOIBIIOro
KOJIMYECTBA Ty3bIpeli Ha TIOBEPXHOCTH CYIIECTBEHHO CHIIKACT 3BYKOIPO3PAYHOCTH
obrekatens. Takum oOpazoM, HEOOXOAMMO CYIIECTBOBaHUE APYroro, 0ojiee MHTEHCUBHOTO
MeXaHW3Ma BIIMSHUS Iy3bIpel Ha aKyCTHUYECKHE CBOMCTBAa oOTekarens. TakuM BO3MOKHBIM
MEXaHU3MOM SIBJISIETCSl COKpAIlCHHE CBOOOTHOM IUIOMAAN O0TEeKaTeNs W3-3a SKpaHHUPOBAHUS
ero 3G (HeKTUBHBIMU CEUEHHUSIMH TTOTIJIOIIEHUS U PACCESTHUS ITy3bIPHKOB.

M. N. WenHmanH
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3. OIPEJEJIEHUE CBOBOJHOM ITJIOIIA U OBTEKATEJIA

Jns  ompeneneHuss cyMMmapHo riomamd  3((EeKTUBHBIX CEUeHMH paccesHUs H

MorjiomeHus Iy3bIpbKOB S Teff > SaKpBIBaeMOﬁ HMU Ha TTOBCPXHOCTU O6TeKaTCJ'I$I, a TaKXKC

CBSI3aHHOM ¢ Hell cBoOOAHOM miomanu odTekatend S,, =S —S,,, HNpoU3BeNeM ClelyIOIIee

Zeff
paccMOTpeHuE.

[Ipexxne Bcero, oTMETUM, 4TO ILIOIMAAb 3(P(HEKTUBHOrO ceueHus My3blppka O =0, + O,

MHOTOKPATHO MpPEBBIIACT IUIOMAAb 7a’, 3aHMMAEMOH Iy3bIPHKOM HA [OBEPXHOCTH
oOtekarens. [l pe3oHaHCHBIX My3bIpeil oTHOMEHHE 3P PEKTUBHON TUIOmAAN K prusnyeckon
MOXeT jocTurath 3Hauenns 10° [7]. TIpu D0CTaTOUHO GONMBIION KOHUEHTPALMHU IIy3bIPHKOB
cyMMa Iutomaaen ux 3(p(HeKTUBHBIX CEYCHUN PacCesTHUS U MOTJIOIIEHUS MOXKET CYIIECTBEHHO
IpEeBbIIATh IUIOLIA/b MOBEPXHOCTH oOTekarens. TakuM oOpa3oM, OYEBHJIHO, YTO HMEET
MECTO B3alUMHOE Halo)XeHHEe OS((EKTUBHBIX CEUEHUH My3bIpbKOB. YUWTHIBas, YTO
pacroyio’)keHre Iy3blpeli Ha MOBEPXHOCTH OOTeKaTeNss HOCHT CIy4alHbI Xapakrep,
ompeseNuM  MaTeMaTH4ecKoe  OXUIAaHWe  IUIomagud  oOTekaTens,  3aKpblBaeMoOH
3¢ (EeKTUBHBIMU CEUEHHSIMU ITy3BIPDHKOB MOCNIE J00aBIEHHS €€ OJHOI0 Iy3bIpbKa C

mIomaabo 3G HEKTUBHOIO CEUEHHUS O, .

[TpenmnonoxuM, uto 3¢hHeKTuBHBIE ceueHus] UMetonuxcs (7 — 1) my3bIpbKOB 3aKPHIBAIOT HA

oOTekaTese HEKOTOPYIO ILIOIIATh SZeff( L [Tocne nmoGaBiieHust emie OJHOTO Iy3bIPhKA C

maomaabro SQ)CI)CKTI/IBHOI‘O CCUYCHH O; BO3MOXHBI TPpH CIydasd.

Bce sddexTrBHOE cedyeHHE MTOMOTHUTENBLHOTO My3bIpbKa MOMAJaeT Ha IUIOIIAIb, YXKE
3aKpBITYI0 APYruMu My3blpbkamu. CyMMmapHas IJIOLaAb HpPU 3TOM OCTAETCs HEU3MEHHOMN

Ssor, =Sse,,, - BEPOATHOCTB 5TOTO COOBITHS cOCTaBisIeT b, = (S seff oy~ Oi / 2) / S.

D¢ dexTuBHOE CceueHHUe OMOJHUTENIBHOIO Iy3bIpbKa MONAJaeT Ha TIPaHMIly 3aKpbITON
y3bIpSIMU U CBOOOIHOM 007acTU. YUWThIBasg, YTO IOJOXKEHHE Iy3bIpbKa OTHOCUTEIBHO
IPaHUILIBI CIIy4alfHO M paclpeesieHO paBHOMEPHO, a 3(p(PeKTUBHOE ceueHHe My3bIpbKa UMEeT
CUMMETPUYHYIO KPYroByl0 (OopMy, MaTeMaTHYECKOe OXKHJaHUE CYyMMAapHOHN IUIOLIAAX HpU
9TOM  yBEJIMYUTCS HA TOJOBUHY IUIOMAgud A(PQPEKTUBHOIO CEUEHHUs  Iy3bIpbKa:

SZ

o,
— ! =
o, =9 sy T 5 BeposiTHOCTB 9TOr0 coObITHsI cocTapisier P, =o,/S .

Bce addexTuBHOE cedeHHME MOMONHHUTEIBHOTO ITy3bIpbKa TOMAJacT Ha CBOOOIHYIO OT
My3BIPHKOB IIOMIAAb Mpeobpa3oBaTenss. CyMMapHas TUIOIIAlb MIPH 3TOM yBEJIMYUBACTCS Ha
S

wiomaas 3GGEKTUBHOIO CEYEHUs Iy3bIppka S Seff o

sof, = +o0,. BeposatHOCTH 3TOrO

CoOBITHS cocTaBisieT P, = (S S, T o,/ 2)/ S.

Torga MaremaTHUecKoe OKUAAHME CyMMapHOM Iiom@aan oOTekaress, 3aKpblBaeMOil
3 PEKTUBHBIMH CEYECHUSIMU ITy3bIPHKOB, MOCTIE JOOABIECHUS ITy3bIphKa Oy1eT

O.
— —_t
SEe__ffl - ID]SZ@ff(H) + F)Z (Szeff(fu + 2 j+ B’ (SE‘.’/.{f(,fl) + O-i ) '
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[ToncraBiss B 3TO BeIpaKeHHUE 3HAYEHUS BEPOATHOCTEHN, MOTYUUM

Gi
SZejj"l- :SZejj"[H) (I—Ej"'gi.

[TomyyeHHOE PEKYpPPEHTHOE COOTHOIICHHE II03BOJISIET IOCJIEN0BATENbHO OIPEAEIUTh
CYMMapHYIO IIOIa b O0TeKaTelNs, 3aKpbIBaeMYI0 3(pPEeKTUBHBIMU CEYEHUSIMHU ITy3bIPbKOB:

S

Zeff :O-l’

0, .
SZe_/fz = 01( __j+o'z 5

S N N 1 O_i
s, = 20 1| 1= ) (12)
Ecan MMPEAIIOJIOKNUTb, YTO BCC ITY3bIpbKUM HUMCKOT OJWHAKOBBLIC Bq)(I)CKTHBHBIe CCUCHUA

o, =0, npaBasd 4acTb (12) Moxer ObITh HaiiieHa KaKk CyMMa 4IEHOB TI€OMETPHYECKOM

IPOTPECCHH:

N-1 . i . N
Sze/fN :O-i:O (I_Ej =S 1_(1_§j . (13)

lo}
VYuuTeIBasi, 4TO YUCIIO My3bIPbKOB N >> 1, a OTHOILIIEHHE E <<1, MOXHO BOCIIOJIb30BaTHCS

N—oow

. 1
3aMeuaTeNbHBIM MpeesioM Buaa lim 1+W =e. Torna u3 (13) nony4yum

-5 o
SZQ[/'N =S 1—(1—%) S :S(l_e s ):S(l_e—xé(a))’ (14)
rae, ¢ yuetoM (7)
o o0 +o 46 45
sla)= ra’ B l;Z'az o= 2 2 - 2
k f; _ 52 ka 3}/(patm+pgh)_1 +52
a L+ 2 2 2
S dr a” [ p
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PaccmoTpum Temeph ciydaid, Korza my3bIpbKH paclpeesieHbl TIo paauycaM ¢ GyHKIHUCH
IUIOTHOCTH pacnpezeneHus n(a). Toraa pa3OuBas HUHTEpBaAJI U3MEHEHUSI PaJIyCOB ITy3bIPHKOB
Ha YYacCTKH JJIMHOMU da, ¥ Tojiarasi, 4To KOJU4YeCTBO My3bipeit dN = Nn(a)da, monagaromux B

uHTepBal (a, at+da) ocTaeTcs JOCTATOYHO OOJBIITUM, MOKHO BOCIIOJIb30BATHCSI BBIPAKEHHEM
(14):

_ogdN

dSZe_[f:S(l—e s )zadN. (15)
[Toncrasnss (15) B (12) u nepexons OT CyMMBbI K HHTETpaiy, OyaeM UMETh

N

N
o
Sser :J‘exp _-[EdN odN,=Nr
Ny

a, a,

‘max

maxazg(a)#n(a)da a*E(a)n(a)da . (16)

j exp —N/T'[

‘min

0 a,

YuuteiBasi, uto S,., =SS, , 111 cBOOOAHOH 1UIomanu odrekarens us (16) momydaem

a

max

. X I a’*&(a)n(a)da

‘max

S =S| 1m———— [ exp| ——% a*(a)n(a)da |. (17)

Iazn(a)d min Iazn(a)da

a,

a

‘min ‘min

Ha puc. 8 mpexacraBieHa 4yacToTHas 3aBUCHUMOCTb CBOOOJHOM IJomagy oOTeKaTens
coryiacHo (17) npu x = 0.5%, 1%, 5% 1 MakcuMyme QyHKLUUHN pacupeaeseHHs MIy3bIpbKOB IO

pamuycam a, =8MKkM. M3 puHcyHKa BHIHO pe3Koe CHMKEHHE CBOOOIHOW ILIOHIAIH

oOTeKaresi C yBEIMUEHUEM KOJIMYECTBA MTy3bIPbKOB.

Sact

1

0.8
1
0.6 //
I
0.2
\
%0 20 40 60 80 £, k'

Puc. 8. YacTtoTrHas 3aBUCUMOCTH CBOOOIHOM IUIONAIU 00TEKATENS:

I— x=510% 2— x=10% 3— x=510"
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4. BJIMAHME ITY3BIPHKOB HA 3BYKOIIPO3PAYHOCTDB OBTEKATEJIA

Jlis HaxoxeHus: KodppHUIMEeHTa MPOXOXKICHUS 3ByKa dyepe3 oOTeKaTellb ¢ HATUMIIUMU

Ha €ro NOBCPXHOCTD IMY3bIpbKAMH HUCIIOJIb3YCM BBIPAKCHUC

(18)

rae z, — yJeJIbHBI BXOJHOH MMIEJAHC IUIACTUHBI C ITy3bIPbKAMH, BBIPDAKCHHBIN B JOJIAX

BOJIHOBOT'O COIIPOTUBJICHUA CPEABI IEPE IUIACTHHOM.

He paccmartpuBas BKjaa B 3BYKONPO3PAaYHOCTh CaMON KOHCTPYKIIMHM OOTeKaTessi, OyneM
UCKaTh KO3()(PUIMEHT TPOXOXKAECHUS 3BYKa uepe3 COACp)KAlIMid Iy3bIPbKHA CJIOW Ha €ro
IMOBCPXHOCTH. HpCI[CTaBJIHH BXO)IHOI71 HMIICJaHC B BHUAC CYMMblI HMIICJaHCa ITY3bIPbKOB M
uMIICaJaHca CBO60I[HOI>'I OT ITIY3bIPbKOB 4YaCTHU O6T€KaTeJ'I$[, U 1ojiarasg, 4YTO pa3MCpPhbl

oOTeKkares 1OCTATOYHO BEJIMKH 110 CPAaBHEHHUIO C JJIMHOM BOJIHBI, OIYYUM

Z,+Z,  Z +pcS,, Z, S

n act

z = 19

" e oS peS S (19)
rae Z, — CYMMapHbli MMIIEJAHC IIy3BIPHKOB, S — moiHasg IUIOIIAanb OOTEKAaTels,
Sy =8 —Sy,; — cBOOOIHAS IUIOMIA/H OOTEKATEISl, HE SKPAaHUPyeMast Iy3bIPbKaMH, Sy, —

cymma 3¢ (GEKTUBHBIX CEYCHHUU TIOTalleHUs (TOTJIOMIEHUS W PACCESHUS) IY3BIPHKOB [8],

p — IUIOTHOCTb BOJbI, ¢ — CKOPOCTH 3ByKa B BOJC.

Ha puc. 9 u puc. 10 npencraBieHsl 3aBUCUMOCTH K03(ppuiineHTa mpoXoKAeHUS 3ByKa OT

4acToThl IpH 4, =0.1MkM, a , =1Mm s a, =40 mxm (puc. 9) u a,, =8 MM (puc. 10).

|B|
1 ’?—_____
p///’—_
0 W |~
SN _ A< .
| 2 -
0.6 I 1
. s
0.4H -
At 3 .
| >7
0.2 &
l,_ -
0 20 40 60 80 £ wIn

Puc. 9. YacToTHas 3aBUCHMOCTB 3BYKOIIPO3PAYHOCTH OOTeKaTens mpu a,, =40 MKM,,

a,..=1MM y TOBEpXHOCTH BOJBI.

m

I — x=510"°, 2—x=102, 3—x=5-10"
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Puc. 10. YacTtoTHas 3aBUCMMOCTb 3BYKOIIPO3pauHOCTH OOTEKATENS IPH d,, = 8 MKM,

a.,. =1MM y OBEpXHOCTU BOJBIL.
I— x=510° 2—x=102, 3—x=510"

VMeHbIlIeHHE 3HAa4€HUs a,, XapaKTEPHU3YIOILEro ION0KEHHE MaKCUMyMa KpPUBOM

pacopeneneHus IMy3bIpbKOB B BOJAE, NPUBOAMT K PpACHIMPEHHUIO [Mana3oHa 4YacToT ¢
MMOHMKEHHOM 3BYKOIPO3PAYHOCTHIO.

OOumuM y 3aBUCUMOCTEH SIBISIETCS HAJIWYUE I'PAaHUYHOM YacTOThI, HAYMHAs C KOTOpOM
HOSIBJISIETCA CKAYKOOOpa3HOe MaJeHUE 3BYKOINPO3PAaYHOCTU. ODTO SBJIEHUE JIETKO IOHSATH,
YUUTBIBas, YTO Ha 3()(HEKTUBHOE CEUCHHE pACCESIHUS HaWOOJbIee BIMSHAE OKAa3bIBAIOT
pPE30HAHCHbIE IMy3bIpU U My3bIPM HA YAaCTOTE HIDXKE MX COOCTBEHHOI'O pPE30HAHCA, NMPUYEM
pe30HaHCHAsl 4acToTa Iy3bIpeil 0OpaTHO MPONOpPLMOHATBHA UX paauyCy. YUWTHIBas, 4YTO
paauyc NPUWIMIIIKX K MOBEPXHOCTU My3bIpE OrpaHMuYEH CBEPXY H3-3a YBEJIWYMBArOIIEHCs
IJIABYYECTH, ITY3bIPH C PE30HAHCHOW YaCTOTOM, HUKE KPUTHUECKOU, OTCYTCTBYIOT.

OOpaboTka MOBEPXHOCTH OOTEKaTenss NEepel €ro MOrpyKeHHEM B BOAY HPHUBOJUT K
CHIDKEHHIO CHJI TIOBEPXHOCTHOTO HATSHKCHHS M yNAJICHUI0 Hanbojee KPYIHBIX ITy3BIPHKOB.
Ha puc. 11 npencraBineHsl 3aBUCUMOCTH KOA((UIMEHTA TMPOXOXKACHUS 3ByKa OT YaCTOTHI

npu  a,, =0.1mkm, a, =0ImMm 14 a,=8mMxkm. BumHo, 4Yro najacHHE

m st
3BYKOIPO3PaYHOCTH TPOUCXOAUT, HauumHass C Oosiee BBICOKOM TI'PaHWYHOM YacTOTHI, MO
cpaBHeHHUIO ¢ puc. 10.
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Puc. 11. YacTroTHast 3aBUCMMOCTb 3BYKOIIPO3PauHOCTH OOTEKATENS IPH d,, = 8 MKM,

a.. =0.1MM y MIOBEpXHOCTH BOJBIL.
[—x=510", 2—x=107, 3—x=510"

Ha puc. 12 npencraBieHbl 3aBUCUMOCTH K03 (PHIIMEHTa MPOXOXKIECHUS 3ByKa OT YaCTOTHI
npu a,, =0.1Mkm, a,, =1MM, a, =8 MKM, x = 5107 s oGTekaTeneil, HAXOASIIMXCS HA
rryounax 0.1 m; 10m u 100 M. BugHo, 4TO yBenuueHuE MABJICHHS TPUBOAUT K POCTY

3BYKOIIPO3payHOCTU. DUNUECKH 3TO SIBJICHHE OOBSICHIETCS POCTOM >KECTKOCTH Iy3bIpbKa C
YBEJIMYECHUEM JABJICHUS B KUIKOCTH.
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Puc. 12. YacTtoTHas 3aBUCMMOCTb 3BYKOIIPO3Pa4HOCTH OOTEKATENS IPH d,, = 8 MKM ,
. =1, x =510 nary6une / —h=0.1m,2— h=10m, 3— h=100m

M. N. WenHmanH
BnunsHune rasoBbiX Ny3bipbKOB Ha 3BYKOMpPO3payHOCTb obTekaTens



DNeKTPOHHbIN XypHan «TexHnyeckas akycTtuka» 2006, 15 16 (16)

3AKIIIOYEHUE

IIpoBeneHHBI  aHANM3  TOKa3blBaeT  ONPEACIAIOLIEE  BIMSHUE  Iy3bIPbKOB  Ha
3BYKOIPO3PAaYHOCTh 0OTEKATENsl BCIEACTBUE IKPAHUPOBAHUS ITy3bIPHKaMH €0 TIOBEPXHOCTH.

PezoHaHCHBIE Ty3bIpM W My3bIPH HAa YacCTOTE HW)KE HMX COOCTBEHHOTO pE30HaAHCa
MOPOXIAIOT CKAaYK00Opa3HOe MaJeHUE 3BYKONPO3PAYHOCTH, OJHAKO B OOJIACTH HU3KHX
YacTOT BJIMSHUE ITy3bIPHKOB Ha 3BYKONPO3PAYHOCTh OOTeKarenss ciaabo, 4To CBA3aHO C
OTCYTCTBHEM KpPYIHBIX IIy3bIpeii Ha IOBEPXHOCTH OOTEKaTess H3-3a WX 3HAUYUTEIbHOU
IUIaBYYECTH.

VYMeHbILIEeHHEe CPeTHEro pajuyca My3bIpbKOB B BOJIE MPUBOAMUT K PACHIMPEHUIO AMANa30HA
4acTOT ¢ MOHW)KEHHOW 3BYKONPO3payHOCThI0. OOpaboTKa MOBEPXHOCTH OOTEKaTelNs Iepen
€ro MOrpy’>KeHHEM B BOJY IMPUBOIUT K CHIKCHHMIO CHJI TOBEPXHOCTHOTO HATSDKEHUS U
yJAaJeHuI0 HauboJiee KPYMHBIX My3bIPbKOB.

HapacTtanue naBneHust Ipu NOrpy>KEHUH OOTeKarens Ha OOJbIIyI0 TTTyOMHY HMPUBOAUT K
POCTY 3BYKONPO3PAYHOCTHU ITy3bIPHKOBOT'O CJIOSI.

Pe3ynbraThl aHanau3a MOTYT OBITh TaK)Ke MCIOJIb30BAHBI JUIS pelleHHs] 0OpaTHOH 3a1adu:
HAXOXKJCHUS KOHLEHTpAllMW U paclpeseeHuss My3bIphbKOB MO pajnycaM [0 HW3MEPEHHBIM
K03 puLIeHTaM IPOXOKICHUS 3ByKa Uepe3 00TeKaTellb «B YUCTOM BUJE» U C Iy3bIPbKAMHU.

ABtop 6naromapur U. B. I'pymierikoro 3a o0cysxaeHne TEKCTa PyKOIUCH U CAETaHHbIE UM
LICHHbIE 3aMEYaHUs.
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