UWA..V
TEOPUA NAUTXWUNNA U PE3YNILTATDI

UCCNEOOBAHUA LLYMOOBPA3SOBAHUA B
TYPBYJIEHTHbIX CTPYAX.

C.10. KpaweHuHHukos, A.K.M1pOHOB,
LleHmpaneHsil MHCMumym AsuayuoHHO20
MomopocmpoeHusA, 2. MockKaa,
krashenin@ciam.ru



11" 7V: AA 4 OCHOBHBbIE COOTHOLLEHWA TEOPUU
NAUTXUNNA
Cuctema ypaBHeHun HaBbe-CToKca

o° o°T
npeobpasyeTcs Takmm obpasom, YTo Ans P 22 ij

nynbcauui NIOTHOCTM B @aKyCTUYECKOM Mone ot2 oV P = OX. OX (1)
nony4aeTcsl BOSIHOBOE ypaBHEHUe. 30€eCb =)

_ou o 2(ou
ox, ox. 3lox, )"

CyLecTBEHHO, YTO NPY NOMNYyYEeHUM 3TOr0 COOTHOLLIEHUS NMPUHNUMAIOTCS YCITOBUS

(,O_PO)//OOD 1 a:ao mo — ecmnibo M D 1

[TocTaHOBKa 3agayn MCXOQUT U3 TOrO , YTO OT HEKOTOPOW OrpaHNYeHHON BO3MYLLIEHHOWN
obnactn pacnpocTpaHsTCs akyCTUYEeCKMe BO3MYLLEHUS

T = puiu; + B, _azpé}j’ P, =po; +1

1)

B cOOTBETCTBMM C pelleHnem ypaBHeHUA, MOTOK SHEPTUIM B PacNPOCTPAHAOLWMNXCA aKyCTUYECKUX
BO3MYLLEHNAX

. 1 0° 0% (. - - -
I(X):167z2a5x2pﬂ F(Tij -(T,)) F(Tij _<Tij>) dydy

(2)

OTO COOTHOLUEHNE ONUCbIBAET dKyCTn4yecKkoe nastydyeHue noboro razognHamMm4eckoro

NCTOYHMKA BO3MYLLEHWIA, NPU YOOBNETBOPEHUN NEPEUNCIEHHbIX YCroBuin (MOHMH U
Arnom, CTatucT. rmapomex)
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1107 M4 Cnepactsma COOTHOWEHMA ANA | (X)

[pMMEHUM COOTHOLLEHNE (2) K HEKOTOPOMY 0BbEMY C XapaKkTepHbIM pasmepom A
N NynbCayuoOHHOW CKOPOCTbLIO U

Cnenys moHorpaduu [Jlangay| npuHuMaem, 4to Kaxaoe auddepeHImpoBaHre M0 BpEMEHU B

INOABIHTCTPAJIBHOM  BBIPAXKCHUU JJIA Tij' HMCIOIICTO ITOPAIOK U2 YMHOKACT I3TOT IOPAIOK Ha

gactoTy U/l. (I - xapakTepHbIii IpoCcTpaHCTBEHHBIN MacIITad MyJIbCAITHiA)

0’ 42
Ecnu A- xapakTepHblil pa3mep BO3MYILIEHHON 00J1acTH, TO
| ~A (6)
Hcnons3ys mapamerpsl , Bxogsiue B (2), Benuuuny |(X) MOXkHO IIpeacTaBuTh cieayrommum o6pazom
2 268 2,8

p° AU A‘u
1(x) ~ 125 P 25 (7)

P, I'Xa X“a

8
A - pazmep obnactu unTerpupoBanus. (T.e. 3akoH U° SBISETCS CISACTBUEM COOTHOIICHUS (5))

Orcrona cnenyer
2

1 (x) ~p%u3M5 8)

MpUMEHUTENBHO K CTPYMHOMY TeYEeHUIO npeanonaraem, YTo
ero CTPyKTypa He 3aBUCUT OT CKOPOCTU, Toraa: 3



MoLLUHOCTb n3ny4yeHud

e IlomHass MOUIHOCTH U3ITYYECHUS CTPYH

. W, = [1ds0 1,

S
 e& BenmmunHa 110 (8) ~ 5,,3 A 2

W, ~ pM3u’A
* MHcnomp3ysi cooOpakeHUS Pa3MEPHOCTH TIPU OMPEACTICHUH aKyCTHYECKOU

MoIHOCTH cTpyu W, MOKeM BBECTH MOHATUE akycTomexanndeckoro KIT/I:

* T]:Wak/ W,

« tae W=U,F/2, U, - CKOPOCTh HUCTEYEHHs CTPYH, P- IUIOTHOCTb, - F ruromaas
CEUYEHHS COILIa, U3 KOTOPOIO pACIPOCTPAHSIETCS CTPYSI.

 Ecnu npuHATH, YTO XapakTepHas CKOPOCTh MYJIbCAIIMOHHOTO JBIKEHUS U
MponopIroHaibHa Uy, a A%~ F, To W, =nW u 7~M,°

« Wy=nWu 7~-M,° 9) 4
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AKyCTOMEXaHWUYeCKUN K.N.4. OCECUMMETPUYHbLIX CTPYN.

1 - [Simcox C. D,1971 |, 2 -
[MyHnH A.l' v gp, 19811, 3 -
Te10° — =TT [SAE, 1975 ], 4 -
2L oo d [Krasheninnikov,Mironov,
100 /.%'_ S 2006],
e 5 - n~M n n=const.

M/ OCOBEHHOCTbBIO 3THX
10 —, OAHHbBIX ABNAETCA TO,

1

2 YTO OHWM MONYYEHbI MNPU
3 BONbLUMX M W NS
4

5

/A’

HAIMPETbIX CTPYW.

BOIMNPOC: NMOYEMY ©OPMYIJIA

7 NANTXWUITIA OKA3bIBAETCHA
N2

05 1 5 3 M, NPNTOOHOWN"

0.3 1 2 M,

T.e.akycTnyeckas MmowHocte W [] 1()_4Wkin M a5



TypOyneHTHas cTpys U BTeKaHUe B CTPYIO
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VITOroBble NpeacTaBneHns o TYpOyneHTHbIX
ctpyax 1960 — 1990rr

« Cxema TevyeHus B CTpye BrnvkHee akycTuuyeckoe rnone

« [.H.Abpamosuy, 1960 1.HaxoauTcst BHe

0003HaYEHHbIX rPaHnL, CTPYU
2.4Yepes Hero
pacnpoCTpaHAEeTCs WyMm
CcTpyu

3.3a ero npegenamu
anarpamma HanpasfieHHOCTU
COXpaHSsIET CBOKO
KOH(pUrypaumio

b=0.27 x, y1=0.11x
y2=016X
Pe3ynbmamsl Hacmosuweao uccrie0oeaHusl rokasbliearom, 4mo aKycmu4ecKoe
usrny4deHue cmpyu co3daemcs HecmauyuoHapHbIM 08UXXeHUeM cpelbl 8HE
obwenpuHsamseix eé epaHuuy, m.e. wWym cmpyu eo3HuUkaem e obsiacmu,
mpaduyuoHHO Ha3bleaeMoU «bsIUXKHUM foJsiemM». 7

B.M.Ky3sHeuos n ap., 1981



I.IWM ' YNCJIEHHOE MOOEJINPOBAHUE TEYEHWA B CJIOE CMELLEHWNA
Onsa 4yncneHHoro mopenupoBaHuUs Obin ucnonb3oBaH RANS/ILES-meTon

BbICOKOro paspeteHus [Jliooumos O.A., TBT, 2012, T.50, Ne3, C.450-466].
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-5 0 5 10 15 20 25 30 35 40
X/De

NMpoaonbHOe cevyeHne pacv4eTHOMN CEeTKM

[locTaHOBKa 3agayu

'paHuyYHbIE ycnoBuS.

‘Ha Bxoge B conno 3agalTcsa  MorfHoe
OaBrneHne 1 NonHaga Temrneparypa, a Takke
YroJS1 HaKIfoHa BEKTOpa CKOPOCTM.

‘Ha BHewHen rpaHULe acUMMTOTUKA
OanbHEro rnosisg cTpym

*B BbIXOOHOM ceYyeHun — PUKCUPOBaNoCh
cTaTuyeckoe OaBreHue, oCTalibHble
napamMeTpbl TEYEHUA CHOCUSIUCb W3HYTPU
pac4yeTHoOM obnacTu.

PacuyeTHasa ceTka coctouT 13 3.0x106 qyeexk.
LLlar no BpemeHu At coctaenan 1x104 ¢

PexxnmMmHble napameTpbl

e M, | M, |U,mic| Rex10%
conno conna J J
SMCO000 BapuaHT 1 1.86 0.985 0.9 312.5 12
BapnaHT 2 1.3 0.624 | 0.6 208.6 '8




UUAa..v

YNCJIEHHOE MOLEJINPOBAHWE TEYEHUA B CJI0OE

CMEILLEHWA
Pe3ynbTaThl pac4eToB Te4eHUs B CTpye B BUAEe BM3yann3aumn«MrHOBEHbIX»

3HA4YEeHUN NnapaMeTpoB U rnpexge BCcero Ctatn4eCcKkoro gaBrieHnd
Nno3BOJTIIN MOJTYYNTb HOBbIE NpeacTtaBiieHnAa o COUCTBAaX TEYEHUS

3BeCTHO, YTO B CpegHEeN YacTu Crosi CMELLEHUS UMEETCH pa3pexeHne, CpeaHss

Benn4ynHa Kkotoporo 3-4% OT CKOPOCTHOro Harnopa cTpyn. OHoO 06ycnoBneHo

NynbCaUMOHHbIM [OBWXKEHNEM U COrnacHo TayHceHay. p=po —p<v'*2 > Ho B
obnactax «BHYTPU TYpOYnNeHTHOM XWOKOCTU», OBWXEHMe KOTOpoM co3gaet

achbhekT nepemexaemocTn, paspexeHune coctaBndeT Ao 20% OT CKOPOCTHOIO
Hanopa '

e

P-Pamb)/Pj: 0.03 002 001 0 001 0.02 003

-1 0 1 2 3 4
X/D

MrHoBeHHOe none gasneHnsa Onsa cTpyu A30noBepxXHOCTM MITHOBEHHOMO 3HaYEeHUS
¢ U;=313 m/c B N1I0CKOCTU CUMMETPUM cratuyeckoro Aaenenus P = P,,-0.03pU3?/2
BuaHo npossneHne nepnognyHocTu 9



CprKTypa Teé4yeHuns B 30He CMeleHNA B HaYaJiIbHOM

11"7V:AA 4 yyacTKe CTpywm

Pe3yanaTb| pacyeToB MrHOBEHHOIO MNMOJ1A AaBJl1EHNA U NMMHNXA TOKa
B CIlioe CMeLleHnAda U B OKpyXakLweMm rNMpocTpaHCTBE

-0.03 -0.02 -001 0 0.01 0.02 0.03

2
X/D

[Mp noaTekaHMM BHELUHEW
cpenpbl K cTpye OHa
BOBMNekaercas B obnactu
NOHW)KEHHOoro aasneHus. Us-
3a YyepenoBaHuA 3TUX
obnacten, ux AOBMXKEHUA B
NPOOONbHOM  HanpasfeHun,
YacTb NOTOKA TOPMO3UTCS U
BO3HMKaIOT obnactu
NOBbILUEHHOro AaBneHus

 JIMHUM TOKa BHelUHeW cpedbl ornbaT 00nacTu MOBbILEHHOrO [AaBrneHus wu

3aKkaH4MBaroTCs B 06NacTsiX NOHMKEHHOrO AaBreHus.,

« OTBETCTBEHHLIM 3a BOBMNEYEHME BHELLHEN cpedbl B CTPYL SIBMSIETCS paspekeHue,

KOTOpPOE BO3HUKaET B «TYPOYNEeHTHOM XNOKOCTU»

10



104

AHanuna pacnpegeneHns napameTpoB B ABVKYLLMXCA 0bnacTax
MOHMXXEHHOIO AaBMEHNA (KMFTHOBEHHbIE» KAPTUHbI)

UncneHHbIn pacyer
o PSP %

0 0.5 X/L

. P
\
] \ 4
\ 7
7
-10 /

-20

OKCNEPUMEHT

P /P*, %
10

0 \ 7

-0.25 0125 0 0125 (X, VX,

AbconTHaa BenmimHa MmakcumarbHOro
paspexeHna (20%) bbina

noaTBep)xaeHa pesynsratamu

cneumanbHO NPOBEAEHHbIX 3KCNEPUMEHTOB,
B KOTOPbIX NCNOMb30Bancs
ObICTPOAENCTBYIOLWMN HAcaaokK
CTaTUYeCKoro

AaBrieHns ¢ gatymkom gasneHus Endevco
8507.



UWA.WV Mepuoguyeckoe aBmxKeHUE NMHUN
TOKa BHELLUHEN cpebl
EET [ [ ]

j: -0.03 -0.02 -0.01 0 0.01 0.02 0.03

Ap/P,*. -0.03 -0.01 0.01 0.03

1.5

Y/D

0.5

05 1 15 2 2.5 3

 JlMHMM TOKa BHelWHen cpedbl oOrnbalT 06NacTU  MOBLILEHHONO  [AaBreHus U
3aKaH4MBaloTCA B 06N1acTaAX NOHUXXEHHOMo JaBreHns.

OTBETCTBEHHbIM 3a BOBIIEYEHME BHELLUHEW cpedbl B CTPY SBMSIETCA paspexeHune

- ’12
KOTOpO€ BO3HUKAET B «Typ6yﬂeHTHOVI XUOKOCTU»



1107/ 4
- ®OPMNPOBAHUE 3BYKOBbIX BOJIH

N3BeCTHbIE AaHHbIe MO onpeAesiIeHUI0 NOJI0XKEeHUSA NCTOYHUKOB 3BYKa
B CJi0oe CMeLleHUsd Onsd pa3HbiX 4aCcToT

sh, [& ~ [lepuod credosaHus
R 1/f=Uc/L
CKOpOCTb KOHBEKLNU B CTpye
, A Uc=0.5- 0.6U;.
© WX [nvHa BonHbI
oy A=alf =(a/Uc)L.
N L- npodoribHbIU ]Maa

0.1 > -

m Excited jet

0.01

1 10 X/D

OceBble KOOpAMHaThbl rnonepevHbIX CEeYEeHNN CTpyn AJN1A KOHKPETHbIX 3BYKOBbIX
YacCToOT MO pe3dylibrataMun onpeneneHnad noroxXeHnd MCTO4YHUKOB 3BYKa B CTPYye.

X ~1.55D/Sh,

MONYHEHHBLIE B PACHETAX OAHHbBIE MNMOJNIHOCTBLIKO COBIMAOAKOT C SKCINEPUMEHTOM
13
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BbioeneHne n aHanna nepnoanyvyeckmx npoLeccos
[OuckpeTHoe npeobpasoBaHne Pypbe Nosen
«MTIHOBEHHbIX» 3HAYEHUN CTaTUYECKOro JaBrieHUsA

B TYpOyneHTHON cTpye
On4A Ka)K,EI,OIZ TOYKUN ONA Wara no spemMeHun tn MO>XXHO NOCTPOUTb ONCKPETHOE
npeobpasoBaHne Pypwe (OMP):

n+An —f%k(f—”)
X, (ky= ) P (1)e
[=n

k=0,..., An-1

k — nHOEeKc 4YacToThl;

| — HOMep Lara rno BpemMeHuy;

An — KonnyecTBo obpabaTbiBaeMbIX LLIAroB N0 BPEMEHMWU;

T= An"At — AnNnHHa uccrnegyemMmoro oTpeska BpeEMEHM;

X; j(K)— Habop KOMMMEKCHbIX aMNANTYA CUHYcOUAarbHbIX CUTHAmMOB;
arg(X; (k))— casa k-ro cuHycomganesHoro curHana.

14



1174
Pe3ynbrartbl 00paboTku YNCNEHHbIX Ppac4YeTOB TEYEHUS B

cBobogHom cTpye. Pa3oBbIN aHANN3

AHnMauna ctaTudeckoro gaeneHns  AHumMauus dasbl nanydyeHmsa Sh=1 156 ry

BT [ 25 / __NNENE

003 -0.02 001 0 0.01 0.02 003 -3-2101 23

(P-Pamb)/Pj:

00 ..... 2 3 0 i | A 2
X/D X/D

270 - ‘ -

LLiInpnHa cnos cmeweHus <pv>=0 phase P

180 gj\ 5 phase V.
b — 027X 9 ||

[NpogonbHbIM pa3mep HEOOHOPOAHOCTEN 0
90 ||
L=0.385x 480+ 15

1 1.5 2 2.5 3Y/D3.5



(N |

Pasnun4yHble 30HbI Nynbcauumn

180 /] z:::: CL
% \ﬁg | r
A TS //

270

<p‘v‘>=0 {

pressure transition acoustic
P field {  region field

-90 A AL~0.25A

Phase V
180
135
90




da3a nynbcauumn gaBrieHUs U CKOPOCTN Ha
yacTtoTtax Sh:qp.S. 1m15

Phase P
(a) pv>=0  —1
180 o2
a A 0: Jd ol
— 90 o 0 4 :
> St=0.5 i ~
off | Z =
90 Z
-180 Z |
0.6 1.2 1.8 24 y/d
270 T |
<p'v'>=
l < P> [ phase P
180 \ phase V
St=1 %0 _ 2 l
0 | ‘../
4 pressure | transition acoustic l
90 field region . field
] }f;‘;‘-; AL<025A | \ \l
180 _ . ! L . ' .
0.6 0.8 1 1.2 14 16 18Y/ID2
270 .\
180 l\\
0 il k
St=1.5 \ /
90 f phase P
1 v { phase V
-180 - —
.6

0.8 1 12 14 16 18YD2 17
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0.8
0.6
0.4

0.2

M3meHeHne dpasbl Nynbcaumm CKOPOCTU N JaBREHUSA C

COS(Ap)

yaaneHnem oT «LeHTpa» UCTOYHMKA

1/2

(prmszvrmsz) P

1

0.8

F

/|

/

e =(R/D-0.81)
p=cos(A)(R/D-0.81)

cos(Ap) } 0.4

0.6

0.2

0

Cos(Ap)

0.1

0.2

0.3

(R-0.81)/1

112

(prmszvrmsz) D_

0.4 0.

5

2

1.6

1.2

e ———

0.8

PR

- 0.4

cos(Ap) s
p=R/\
L p=cos(Ap)R/L| }

0

0.1

0.2

0.3

04 R/L 05

270

180

CpaBHeHu1e AaHHbIX Ans CTPpyU U
'3KCLIEHTPUYHO BpaLLaoLLerocs UMnumHapa

/]

<p’v>=0

| pressure

field

transition
region

- acoustic
_ field

phase P |
phaseV

] ALs0.25A |

R=A/2



UUA..V

[Mepuoanyeckoe ABMXKEHNE NTMHUIA

TOKa BHELLHEWN cpeabl NPOSsIBNAETCA B Koppenauum nynbcaumi
CKOPOCTU N AaBNeHnst BHE rpaHunL, CTpym

0.16x

0 A
N 53

Cross-correlation
0.2

0.1

-0.1

1 10 100

1000

10000

(a)

-0.1 !

-0.2
0.5

0.7

r/d

B3anmHble koppenaumm
nynbcauuin aBneHns B
cepegviHe Crosi CMeLleHns
N NPOAOSIbHOW CKOPOCTMW.
1-1r/d=0.9, 2 -r/d=0.82, 3 -
r/d=0.53

3aBUCUMOCTb 3HA4YeHUS .
Makcumyma koppensuunP 'V
OT pacCcTosiHUSA 40 OCU
ctpyn, 1 —u,2-v, 3 —

rp BHELUHNAS rpaHuLa CTpym

« OTBETCTBEHHbIM 3a BOBMEYEHWE BHELLUHEN cpeabl B CTPYH SIBISIETCS paspexeHue,

KOTOPO€E BO3HUKAET B «TYPOYNEHTHOM XXNOKOCTUY

* Bbicokas cTeneHb CKOPPEJIMPOBAHHOCTH I'IyJ'IbCaLI,I/II7I CKOPOCTU U AaBlieHUnA noarBepXaaerT, 19
YTO BHE CTPYWN MNMPONUCXOOUT «3HEPreTu4ecCkad noannTKa» nynbcau,vu7| )



'paHuUbI obnacTen Wymooopa3oBaHUA B

CTPYyAX
CBOBOAHASA CTPY4 3AKPYYEHHAS CTPYS

U, m/s: 0 50 100 150 200 250 300 350

Pressure field MNMynbcauun gaBneHus, cosaaBaemMble NepeMexaeMocTbio UMK NpeLeccuen,
KOTOpble ONPeaensaT Nepuo aTux nynbcaunn. AKYCTUYECKE BO3MYLLIEHUS
He NPOoSABMAITCA

transition region O6nacte 06pa3oBaHNA aKyCTUHECKUX BO3MYLLIEHUN

Free field CsobogHoe none pacnpocTpaHeHnsa akyCTUYECKNX BOSIH 20



UUA..V

XapakTtepHble pa3mepbl obriacteun, NONOXEeHUe nx
rpaHuy,

. PesynbTaTbl NpOBEAEHHOrO aHanM3a ykasblBatoT Ha
CyLLleCTBOBaHWe KOHKpeTHoW obnacTu, rae nponucxoanT
obpasoBaHme aKyCTUYECKMX BO3MYLLEHWNA, HAXOASALLENCS
BHE CTPYMHOro TeYEeHUS, Kak B Criydae 3akpy4YeHHOWN , Tak n
0ObI4YHOM CTPYWN. OTO NO3BONSAET AOMOMHUTL CXEMY TEYEHUS
.H. Abpamosu4a

. Hapsay co ctapbiMu rpaHuLamMm Cnost CMeLeHns Y=
011x 1 Y2 =0.16x nosaBunuUCb ABE BHOBb YCTAHOBIEHHbIE
rpaHuLbl: rpaHmua obnact nynbcaunin gaBneHus co
CBONCTBaAMU HECXKMMAEMOM XNOKOCTU, B KOTOPOU He
oBHapyXunBalTCa akycTuyeckme nynbcaumm Yp=
(0.17+018)x. 3a aTton obnacTbto cnegyeTt obnactb
dopMMPOBaHUS aKyCTUYECKMX BO3MYLLLEHUIW, OHA HAXO4UTCS
mexay rpaHuuamu Yt 1 Yp . 3a rpaHuuen Yt HaxoauTes
obnacTb, KOTOPYH MOXHO Ha3BaTb CBOOOAHbLIM
aKyCTMYEeCKUM NosieM, OT rpaHuLbl Yt pacnpoCcTpaHAoTCA
YMCTO aKyCTMYECKne BO3MYyLLEHUS. HO nonoxeHne aTomn
rpaHnLbl 3aBUCUT OT CKOPOCTU UCTEYEHUS CTPYU. DTO
00ycnoBneHo TeM, YTO, COrMacHO NOTyYEHHbIM OAHHbLIM MO
pac4ETy aKyCTUYECKOro N3NMYy4YEHUS CTPYN U

SKCTSPUMSHTBNLHIN B2HHln A7 S2HpYSenof TPy b= 0.27 x, yi=0.11x

Y =Y, = Aytp TA/4 yz=016x
. ;?2;\6L?;;H§n$zzgzgw&g¥(‘;eHVIFI, T.€. NMOoNoXXeHune rpaHnubl j— (O 17 O 18) X |:| y2
A=L/M_ LI 0.385x Aytp ~0.095/ M,

21
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SAKITIOHEHUWE

B pesynbrate uvccrnegoBaHMst U BbIMUCNUTENbHOMO  MOOENMPOBaHUS
TYpOYyNnEeHTHOro Te4YeHusi B CTPysX MOflydeHa BU3yanu3aumsa HecTauMOHapHbIX
MPOLIECCOB B CTPYSIX U UX OKPECTHOCTU U

[ToniyyeHHble OaHHbIE O npouecce LwWymoobpasoBaHUs TYpOYNeHTHbIX CTpyu
COOTBETCTBYIOT mnaee Jlantxunna: « TypbyrneHTHble CTPyU co3aaroT BO3MYLLEHUS
B OKpYXXaloLWen cpeae, KoTopble NpeBpaLLatoTcs B 3BYKOBbIE BOSTHbI»

OTO npespaLleHne NponcxXoauT Ha HEKOTOPOM (MEHbLUEM, YEM AJSINHA BOJIHbI)

PaCCTOAHUN OT NCTOYHNKA BO3MYLLEHUN

[lepBOHa4anbHO, N3-3a NepemexaemMocTn TypOyreHTHOCTU, B CTpye BO3HUKAET
HecTauMoHapHoe OBWXEHNE obnacTteu NOHWXEHHOIo OaBIieHus.
KBasunepuogunyeckoe nOBMXeHWUe 3TUX obrnacrten, BTArMBawwmx B cebd
BHELLHIOK Cpeay, Bbl3blBAa€T BO3MYLLEHUS B OBMXKEHUN KEKTUPYEMOrO MoToKa.
A yxe 3TM BO3MYyLLUEHUS MpeBpallaloTCad B aKyCTUYeCcKue, KOTopble nonydvatot
9HEPruto N3 BHELLHEro NoToka

OTN 3BYKOBbLIE BOJSIHbl HE SABMISAOTCA WYMOM, cO3daBaeMbiM TYpOYneHTHOCTbIO.
OHKM 4aBnAOTCA CrNeacTBMEM KpYNHOMACLUTAOHbLIX AMHAMWUYECKUX MPOLIECCOB,
NPOUCXOASLLNX B CIIOE CMELLEHUS.

PaccMOTpeHHble  OMHaAaMWYeCKMe  rnpoueccbl, No  BUMOAMMOMY,  UMEIOT
npeabicTopuio,  0BYyCrnoBrEHHO notepen yYCTOMYMBOCTU TeYEeHUA C
TaHreHuuanbHbIM pa3pbIBOM.
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O wyme, co3gaBaemom TypOYyNEeHTHOCTbIO

AHanu3 pabomel YxceHa u KosaxcHoz2o

P PexThI IEPBOT0 U BTOPOT0 MOPSIAKA MAJIOCTH JJISI CJTIA0BIX JUHAMIYECKUX BO3MYIIICHUIT B BSI3KOM rase

A.C.MonuH u A.M.Srnom «CratucTUdeckas ruipoMexanuka», T. I, crp.76. (Hayka, Mocksa, 1965)

Braumopeticreue Ilopoxxnenue
aKyCTUUSCKOU BUXpPEBOU SHTPONUHHOU
KOMIIOHEHTBI KOMIIOHEHTBI KOMIOHEHTHI
aKyCTUUECKONH KOMIIOHEHTHI C O(l) o( ) o( )
aKyCTHYeCKOH «paccestHUe 3BYKa Ha 3BYKe» U
« HeJTMHEHHOS HCKaKeHUS
AKYCTHYESCKUX BOJIH»
BHUXPEBOM KOMIIOHEHTBI C 0(1) O(l)
BUXpEBOH {mpamgaﬂﬁe;anymznﬂxgﬁnam «pACTSDKeHHUE BUXPEBBIX TPYOOK», WM HHAUES
JIBHK 1» « UHEPIUOHHBIN IIEPEHOC 3aBUXPEHHOCTH
BUXPEBBIM TOJIEM CKOPOCTH»
SHTPONUUHON KOMIOHEHTHI ¢ O() O() Oo( )
SHTPONMHHOHN
aKyCTHYECKHE KOMITOHEHTHI C O(l) O(1l) Oo( )
BUXpEBOH «paccesiHue 3ByKa Ha BUXPEBBIX | «IIEPEHOC 3aBUXPEHHOCTH aKyCTHUSCKUMHU
HEOJHOPOJHOCTSX I10JIsI BOJIHAMHM»
CKOPOCTH»
AKyCTUUSCKUU KOMITOHESHTHI C O(l) O(l) O(1)

SHTPOIMUHOHN

«paccesiHHe 3ByKa Ha
HEOHOPOTHOCTSIX TIOJIS
TeMIIepaTypsD»

CIOPOXK/ICHHE 3aBUXPEHHOCTH
B3aMMOJIEHCTBHEM IPATHEHTOB SHTPOIIHH U
napiaeHus» (dddekT brepkHeca)

«IICPEHOC TCILIa
AKYCTHYCCKUMU BOJIHAMMW

BHXPEBbIe KOMIIOHEHTHI €
SHTPONUHHOHN

o)

o)

oC )

IIEPEHOC TEIJIa BUXPEBBIM
JBUKCHHCM»
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3BeCTHbIE AaHHbIE NO ornpeaeneHnto akyCTU4eCKoro n3nyveHus
TYPOYNEHTHbLIMU NyNbCcaunUsiMmM CKOPOCTU ANA N30TPOMHOMN
TYPOYJIEHTHOCTU

* OueHka athhekTa NopoXKAeHUSA aKyCTUYECKNX BO3MYLLIEHUIA
TYOYNEHTHOCTLIO.

+ [lo «Cratuctuyeckasa ruapomexaHukar» 1.2, A.C.MoHuH, A.M. Arnom, 1967r

+  CornacHo pabotam lMNpayamena (1952) u lantxunna (1954)

+ O6pasoBaHue 3BYKOBbIX BOMH TYpOYNeHTHbIMU NynbcauuaMmu CKOPOCTH

*  SABNAETCH YacTbio Npouecca guccunauum aHeprum TypOyneHTHOCTU 1 CBA3aHO

*  CO CXKMMAeMOCTbIO cpeabl. g 3u,2 D u,2
. Avccunayua aHeprum TypOyNneHTHOCTU 3a CYET BA3KOCTU. @ = — | — = — V2
v
. agecb D-k-T, A —MukpomacLutab dt 2 A
«  [Ouccunaymsa 3a c4eT akyCTUKK 3
e =Ae M
. anecb A K-T a v t DVE:‘G
« Ortcroga cnegyeT, YTO MOLHOCTb aKyCTUYECKOro U3ny4YeHna egumHuubl oobema e — - 4 M 3
a 7 - t
*  3HauveHus koadpduymentos: D +15, A +40 A

« CornacHo uccnegosannam Mionnepa u Matwarta (1958) sHayeHne kKoahduumneHTa A cnabo
MeHAeTca Npu uameHeHun Yyucna PeitHonbAaca

*  OLEHOYHble pacyeTbl NO NpeacTaBfeHHbIM COOTHOLEHUAM NS M3nydarolero yyactka ctpym ()
NOKa3bIBalOT 3HAYEHME aKyCTUYECKON MOLLHOCTM Ha YPOBHE

5 710749, ' .
W, [1 7 W,,,M> npn sHa4eHnwy, ,HO XapaKTepHble JIMHEeHble MacLUTabbI
|4 |
Ha [Ba nopsaka MeHblle, a 4acToTbl Ha ABa nopsaaka donblue,
yeM Habntogaemble
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CooTBeTcTBME Teopuun Jlantxunna

« (OCHOBHOE COOTHOLUEeHNe angd
NHTEHCNBHOCTN 3BYKOBOM

BOJHbI
I(X):167I25 2 H 5’[2 Ty =T, >) ( _<Tilj>) ydy'

a’x’p

ou, ou, 2(ou
T.(y)=puu +P. —a’ps;, P =ps +n|————+=| |5,
u(y) PY; j ij P ij ij p ij 77|: 8Xi 8Xi 3(5\)('(} Ij:|

OOblyHO aeTc
bIYHO NPUHUMAaETCS Tij [] pouiuj

b= 0.27 x, y1=0.11x
B COOTBETCTBU C NPEACTABJIEHHBbIMW OAHHbIN y2=016x

NWHTEMPUPOBAHWE MOXXET OXBATbIBATb TOJIbKO
OBJIACTb, 3AKITKOYEHHYO MEXKY FPAHI/ILI,§/I7I CTPYH

1 BHELWWHEW TPAHULIEN BIMXXHEMO MONA t

NPeanonoXeHns Teopun JlaknTxunna B OTHOLLUEHUM BO3MOXHOCTU UCMOSb30BaHMS
ycnosua & =@, nycnoeus O = CONSL = Lo cnpaBeanuBbl gaxe npu
BbICOKMX CKOPOCTSAX UCTEYEHUs. DTO ABMNSAETCA CNeACTBUEM TOrO, YTO aKyCTUYeckue
BO3MYLLEHNS 0O6pasytoTCa BHE CTPYU, NPU HU3KOCKOPOCTHOM ABWXEHUN Cpefbl
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CMELLEHME CTPYMHOro NOTOKa C OKpYXKatoLLen cpeaon
BbI3BAHO 3KEKLMEWN, 0OYCNOBIEHHON MOHUMXEHNEM
OaBneHnsa B CTpye.

» [lpoueccbl npoucxogswme BOMN3N rpaHUL, TYpOYINIEHTHOW CTpyu
NMEIOT CIOXHbIN XapaKTep.

B cpenoHem napameTpbl Te4EHUA CTauMOHAapPHbI, Kak U ocpefHEHHOoe
TedeHUss B cCTpye. HoO HecTaumoHapHble npoueccbl B CTpye —
NepemMexaemMoCTb - BbI3blBAlOT MOABMEHNE HeCTauMOHapPHbIX
SIBNEHU BONU3KN €€ rpaHu.

 [lpn nooTekaHUM BHELWIHEW cCpedbl K CTpye OHa BOBIIEKaeTCs B
obnactu NOHMXEHHOro AaBfieHud. JIMHUM TOKa BHeELUHeN cpenpbl
ormbatoT obnactn NOBbLIWEHHOINO AaBfIEHMA W 3aKaH4YMBAKOTCA B
obnacTax NOHUXEHHOro AaBrieHUs.

« OTO 0O3HayaeT, YTO HEeT MPSIMOro CMELUEHUs CTPYW C BHELUHEeMN
cpedon U3 — 3a rpagmeHTa CKOpoCTU N CKanspHbIX NapamMeTpoB, OHO
BO3HMKAET M3 — 3a HecTauMOHapHbIX AMHAMWU4YECKUX MPOLIECCOB
obMeHa, co3gaBaeMblX — ABMXKEHWMeM — obnacte  3aHATbIX
TYPOYNEHTHOWM XXNOKOCTbIO.
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[1Ba Bonpoca:

1.lMNovyemy ona akyctomexaHundeckoro K[ onpegensatowmm napameTpom
SIBMNSAETCSH CKOPOCTb 3BYKa BO BHeELLHeN cpeae?
[ToTOMy UTO 3BYKOBbIE BOSMHbI 0Opa3ytoTCcsa BHE CTPyM

2.4710 3a marnyeckoe 4uncro 1.55 B COOTHOLLIEHNM ONS pacnofnoXeHns
NCTOYHUKOB 3BYKa MO YacToTam

X ~1.55D/Sh,

OT0 CcBAI3aHO C XapakTepHbIM pasMepom 0bnacTen, 3aHATbIX TypOyneHTHOM
XXMOKOCTbIO B CITO€ CMELLEHUs. OTO CBONCTBO NepemMexatoLleincs TypOyneHTHOCTH.
Bo3MOXHO, 3TO pe3ynkTaT notepu YCTOMYMBOCTU CHOS CMELLEHUS.

criacmbo 3a BHUMAHUE

C.10. KpaweHunHHukos, A.K.MupoHoB

27



