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BBeaeHue

JaHHbIli cTaHaapt noceseH TpeboBaHUAM K Bepudukauum nporpaMmmMHOro obecneveHnss KOMnbTep-
Horo mogenupoanusa (MO KM), npegHa3Ha4€HHOro AN YMCNEHHOr0 MOAENMPOBAHUA A03BYKOBbIX TEYEHUN
XUAKOCTM unu rasa. Llenbio Bepudukauumn aBnseTca NoATBEPXKAEHUE KOPPEKTHOCTU MPOrpammMHON peanu-
3auuM BbIOpaHHbLIX MaTteMaTuveckux Mmogenen uanyeckmx npoueccos. Bepudpukaumsa apyrux yHKUMO-
HanbHbIX BO3MOXHOCTEN MO KM (BBOA-BLIBOA, NONL30BaTENLCKUI MHTEPKENC 1 T. 4.) pacCMaTpuMBaeTca B
FOCT P MCO/MO3K 12207. OcHoBHOIN meToa Bepudukauumn NO KM — 310 peLueHne TeCTOBbIX 3aaa4, NOKPbI-
BatoLLmx Becb ko MO KM. PekoMeHayeMble TECTbI U3NOXEHbI B HACTOSALLEM CTaHAapTe.

B craHpapte npuBefeHbl aHaNUTUYECKUE PELUEHUSI YPaBHEHUN TMAPOMEXAHUKU, KOTOPbIE MOTYT ObITh
MCMONb30BaHbl Ang Bepudmkaumm nporpaMmM Npu pacyeTe 403BYKOBbIX TEYEHUN HEBA3KOW U BA3KOW XKMAKO-
CTeli unu rasza npu manbix 403BYKOBbIX CKOPOCTAX TEYEHUS.



rOCT P 57700.8—2018

HAUUWOHANbHBLIUW CTAHOAPT POCCMUCKON GOEREPALUMN

YACNEHHOE MOAENNPOBAHUE ®U3NYECKUX NPOLIECCOB

YucneHHoe MogenupoBaHue AO3BYKOBbIX TEYEHUHW BA3KUX XXUOAKOCTEN U ra3oB.
Bepudukauma NoO

Numerical modeling of physical processes.
Numerical simulation of subsonic flows of viscous liquids and gases.
Software verification

Hara BBegeHunsa — 2019—01—01

1 O6nactb NpUMMeHeHun

Hacrosawmii ctangaprt onpegenser obwume TpeboBaHusa Kk BepudukaLum nporpaMmmMHoOro obecneveHus
KOMMBbIOTEPHOIO MOAENMPOBAHUA, NPUMEHAEMOT0O ASIA YUCNEHHOTO MOAENMPOBAHMUSA NPOLIECCOB, NPOMCX0AS-
LWMX B 103BYKOBbIX TEYEHUAX BASKUX XUAKOCTEN U ra3a. [103ByKOBbIM HA3bIBAIOT TEYEHUE XUAKOCTU B TOM CNy-
Yyae, ecnm ee CKOPOCTb MEHbLLIE CKOPOCTU 3ByKa. B 3aBUCMMOCTU OT paccMaTpuBaeMoro AuanasoHa ycnosui
NPaBUMbHYIO KAPTUHY TEYEHUS MOXKHO NOMNy4aTh B paMKax MOAENEN HECKMMAEMON XXNAKOCTH, cnabocxuma-
€MOM XMAKOCTU WU CKMMAEMOW XMAKOCTU. B NOTOKe MOryT NpUCYTCTBOBATb CABUIOBbLIE CMOU, NOrPaHUYHbIE
CINOMW U 30HbI PELMPKYNALUK.

Hacroswuii ctanaapt npuMeHum Ans sepudukauum nporpaMmmMHoro o6ecnevyeHus KOMNbIOTEPHOTro MO-
JenuposaHus Npy NPOBEAEHUU €ro Banuaaummn u ceprudukaumm.

2 HopmaTtuBHbI€e CCbIFIKU

B HacTosLeM CTaHAapTe UCMONb30BaHbI HOPMATUBHbLIE CCIMIKM HA crneayloLwme cTaHaapTbl:

FOCT P 57188 YucneHHoe moaenuposaHue husanyeckmx npoueccos. TepMuHbl n onpeaeneHus

MOCT P UCO/MIK 12207 WNHbopmMaunoHHaa TexHonornss. CUCTEeMHasaA M NporpaMmMHas MHXEHepUs.
MpoLuEeCChl XXU3HEHHOTO LUKNa NPOrpaMMHbIX CPeaCTB

MpumeyvyaHune —Npu NoNbL3OBAHNM HACTOSALLMM CTaHAapToM LienecoobpasHo NPoBepUThL AelUCTBUE CChINOYHBIX
CTaHAapToB B MHOPMaLMOHHOK cucTeMe obLLero nofb3oBaHUA — Ha oduLnansHoM cailTe PepepanbHOro areHTeTBa no
TEXHUYECKOMY peryriMpoBaHuio u MeTPONoriu B ceT MHTepHET Unu No exerogHoMy MHdopMaLmMoHHoMy yKasaTento «Ha-
LiMOHarnbHble cTaHgapThl», KOTOpbIA ONy6rIMKOBaH MO COCTOSAHUIO Ha 1 SHBapSA TeKyLLEero roga, 1 no BeiMyckaM exemMecsy-
HOro MHDOPMaLIMOHHOrO YKasaTens «HaluWoHanbHble cTaHAapTeI» 3a TeKyLW Ui rog. Ecnv 3aMeHeH cehinoYHbIi cTaHgapT,
Ha KOTOpLIf faHa HefaTupoBaHHasa CChlnka, TO PEKOMeHAYeTCA UCMOoMb30BaTh [EeACTBYIOLLYIO BEPCUIO STOrO CTaHjapTa
C Y4€TOM BCEX BHECEHHbLIX B AaHHY0 BEPCUIO UBMEHEHUIA. Ecniu 3aMeHeH CCbINOYHbIA cTaHdapT, Ha KOTOpbIi faHa gaTu-
poBaHHasA ccbifika, TO PeKOMeHAYeTCA UCNOMb3oBaTh BEPCUI0 3TOM0 CTaHAapTa ¢ YKa3aHHbIM Bbille rofoM YTBEPXAEHUs
(npuHATMSA). Ecnn nocne yTBepXA4eHUS HACTOSALLEro CTaHAapTa B CCbIMOYHbLIA CTAHA&PT, Ha KOTOpLIf faHa gaTupoBaHHas
CChIfiKa, BHECEHO U3MeHeHM e, 3aTparvBaroLLiee NonoXeHue, Ha KOTopoe JaHa Cebirfka, TO 3TO MonoXeHWe peKoMeHayeTcs
NpUMeHATL 6e3 y4eTa faHHOro M3MeHeHUs. Ecrnun ceblNoYHbIi cTaHAapT OTMEHEH 6e3 3aMeHbl, TO MONOXeHUe, B KOTOPOM
[laHa ccblfika Ha Hero, pekoMeHAyeTCA NMPUMEHSATE B YacTy, He 3aTparvBatoLeil 3Ty CChISKY.

3 TepMmuHbI U onpeaerneHusn

B HacToswemM craHgapre npumeHeHbl TepMuHbl no FOCT P 57188.

W3paHue ocbuumnanbHoe
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4 O6TeKkaHue umnnunHapa HeBA3KMM NMOTOKOM

PaccmatpuBaeTca ABymMepHoe ob6TekaHve UWMANHAPA MOTOKOM HEBA3KOWM XWAKOCTU WM HEBA3KOro rasa
B YC/IOBMAX MasnblX 403BYKOBbIX ckopocTeli [1] (cM. pucyHok 1). LunuHap ¢ paguycom a ycTaHOBMEH nonepek
notoka. Mpu NpeanonoXeHWn 0 NOTEHLMANbHOM XapakTepe 06TeKaHusi [ByMEPHOE PeLUeHe UMeeT BUf;
f
- none ckopocTeit: V =un- iv =\oo| 1 ,roe z =x +/y =re(
v

- MOAYNb CKOPOCTW Ha KOHType uunuHgpa: [V] =2|Vol|sine|

p-p -9
- pacnpegeneHue koauuneHTa AaBneHNs MO NOBEPXHOCTU uUuAnHApa: ¢ = —=1-4sin™e

Mpn comocTaB/fieHUN pes3ysbTaTOB UWC/IEHHOrO MOAENVMPOBAHUS C MpeAcTaBfeHHbIM peleHneM Hago
YyunTbIBaTb, YTO paccMaTpMBaeMoe aHa/lMTUUYECKOe pelleHre MO OTHOLWEHUIO K peasbHbIM BA3KUM TeUYeHUAM
afleKkBaTHO TO/MIbKO Ha HaBETPEHHO! CcTopoHe umanmHapa. COOTBETCTBEHHO, €C/IM B YUC/IEHHOM MOJennupoBa-
HUM MCNONb3yeTCA MOAENb HEBSA3KOW XMAKOCTU, TO pe3ynbTaTbl YUCAEHHOTO MOAENMPOBAHUA WU aHanuTu4ye-
CKOTO pelleHns JO/MKHbI coBNagaTh BO BCeil 061acTn TedeHusi. Ecnm ncnonb3yeTcss MOAeNb BA3KOW XUAKOCTH

(uncna PeitHonbgca Re = 103 v Bbllle), TO pe3ynbTaTbl AOMKHbI COOTBETCTBOBATb TO/IbKO Ha HaBETPEHHOW
CTOpPOHE.

PucyHok 1 — [iBymepHoe ob6TekaHne unnuHagpa noTokom HEBSI3KOI XXNOKOCTU NN HEBA3KOIo rasa
B YCNOBUAX MaJlblX A03BYKOBbIX CKOpOCTeI7I



FOCT P 57700.8—2018

5 O6TekaHuMe NaCTUHbI NOJA YI/IOM aTaku

PaccmaTpuBaeTcs ABYMepHoe ob6TekaHue nnacTuHbl [1] (CM. pUCYHOK 2) MOTOKOM HEBSI3KOM YKMAKOCTM
WM HEeBSA3KOro rasa B yC/I0BUAX MasiblX 403BYKOBbIX CKOPOCTeW. MnacTuHa ¢ pa3mepom xopabl 2a ycTaHoBne-
Ha nog, yriioM ataku a. Mpy NpeAnosiokKeHUN O NOTEHLMANbHOM XapakTepe 06TeKaHUsi U BbIMOMHEHUUN YCO-
Bus KyTTa — >KyKOBCKOro Ha 3afiHeil KpOMKe Kpbina fByMEpHOEe pelleHne uveeT BuA;

- none ckopoctein: V=u-N=u -N .-—- ,rge z =x +/y =relf;
oo oo
yz+a
o Y .
- KO3 (hULMEHT NOABEMHONM CWJ/Ibl NMNACTUHBI: C = —---------—- =2nsina;
-ZpV 2-2a
®

- TOYKa MOMOXEHMs LEeHTpa AaBfeHus (Touka MPUIOXKEHUS MOABEMHON CWMbl) pacrnofiokeHa B TOUKe
X =--a WM Ha paccTosHun /4 nnuHbI XOpabl Kpblna OT nepesHei KpoMKu.

Mpy conocTaBneHnn pe3ynbTaToB YMCNEHHOTO MOAE/NMPOBaHUSt C NPeACTaB/IEHHbIM PELUEHUEM Hafo
YUNTbIBaTb, YTO paccMaTpMBaeMoe aHaIMTUYeCcKoe peLleHne cnpaBea/vBo Npy Manbix yrnax ataku (a < 10°)

B YCNOBMAX 6e30TPbIBHOr0 06TeKaHUsi NOABETPEHHOW CTOPOHbLI. MpU MCMONb30BaHUM MOLENN BSI3KOI XMULKO-
cTn ycnosume Kytta — XKYKOBCKOFO [O/1KHO BbIMOSIHATLCA aBTOMAaTUUYECKN.

PucyHok 2 — [IBymepHOe 06TekaHue MiacTuHbI

6 Bf3koe TeueHMe OKO/O NNacTUHbl, 06TeKkaemo
B Npogo/ibHOM HanpaB/iIEHNN

PaccmaTpuBaeTcs ABYMepHOe 06TeKaHue naacTuHbl 4IMHON L, ycTaHOBNEHHOW BAO/b NOTOKA, NOTOKOM
BA3KOW XXMAKOCTU MM BA3KOMO rasa B YCMOBMAX MasblX L03BYKOBbIX ckopocTel [2], [3]. B pamkax Teopun no-
rPaHUYHOro C/10A U3BECTHO pelleHne O Npodnie CKOPOCTU OKOJO NAACTUHbI.
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Mpu NpeanonoXeHUU 0 NaMUHAPHOM XapakTepe 0GTEKaHUS:

1 u.,
- BbIpaXXeHWe Ansi CKOPOCTM BAOMb NOTOKA UMEET BUA: U = u_f Ey,}—J, V — KO3(h(PULIMEHT KUHEMA-
2.4

o 1 (u
TUYECKOW BA3KOCTU. PyHKUMA f(n), rae n = Ey —= , npuBeaeHa B Tabnuue 1 u Ha pUcyHke 3;
vX

o T 0,664 u_x
- MECTHbII KO3(DPULIMEHT TPEHUSA: C; = —*— = , Re, = —
L Re v
Epuw X

- MOnHasi cuna conpoTUBMEHUSA TPEHUSI MNACTUHbI ANUHON L, 06TekaeMoli C ABYX CTOPOH:

L

2| T, dx
{ v 1328 u L
Cr=r = Re-=-
Epui-ZL Re v

NamuHapHblit xapakTep Te4eHUst COXpaHseTca npu yucnax PeitHonbaca Re < 5 - 105, MpuseaeHHoe pe-
LUeHWe, NOMyYEHHOEe B pPamMKax TEOPMU NMOrPaHUYHOrO Crosl, HENPEMEeHUMO NPy Marnbix Yucnax PeliHonbaca.
Yucno PeiiHonbaca AomkHO 6biTh Gonee Re > 103.

Tabnuya 1 — 3aBucumocts f(n)

n f
0 0
0,1 0,0664
0,2 0,1328
0,3 0,1989
0,4 0,2647
0,5 0,3298
0,6 0,3938
0,7 0,4563
0,8 0,5168
0,9 0,5748
1,0 0,6298
11 0,6813
1,2 0,7290
1,3 0,7725
1,4 0,8115
1,5 0,8460
1,6 0,8761
1,7 0,9018
1,8 0,9233
1,9 0,9411
2,0 0,9555
21 0,9670
2,2 0,9759
2,3 0,9827
2,4 0,9878
2,5 0,9915
2,6 0,9942
2,7 0,9962
2,8 0,9975
29 0,9984
3,0 0,9989
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PucyHok 3 — 3aBsucumocTsb f(4)

7 CnyTHOE TeyeHue 3a NI0CKON NNacTUHO

PaccmaTpuBaeTcs TeyeHne B cnefe 3a NAACTUHOW ANIMHOW L, yCTaHOBMEHHON BAOMb MOTOKA, MOTOKOM
BA3KON XWAKOCTM UAM BA3KOTO rasa B YC/IOBUSAX MasbiX AO3BYKOBbIX CkopocTeli. MNpu npeanonoxeHun o na-
MUHapPHOM XxapakTepe ob6TekaHWs B pamkax TEOpMU MOrpaHMYHOro C/0S U3BECTHO pelleHne o npoduse cko-
pocTu B cnepe 3a naacTuHoi [2)].

BbipaxeHue ana cKkopocTu BAOML NMOTOKA MMeEET BUA:

05
' VL
0664/x " 4

n=n 1 ,Tpe Re = —
T "

MpumMep npodmneil CKOPOCTM NPUBELEH Ha PUCYHKe 4.

PucyHok 4 — TMpymep npodouneid ckopocTu
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8 HeBsa3koe ob6TekaHue cdepbl

PaccmaTtpumBaeTca ob6TekaHne cdepbl pajMycoM a NOTOKOM HEBSA3KOW XUAKOCTU WM HEBS3KOTro rasa B
YCIOBUAX MasiblX A03BYKOBbIX ckopocTei [1]. MNpn npeanosioxeHMn O NOTEHUManbHOM Xapaktepe o6TekaHus
oCecMMMeTpUyHOe pelleHne umeeT Bug (CM. pUCYHOK 5):

- none ckopocteii: VR = cos0, j =-Va sin0.

[Mepexof K KOMMNOHEHTaM CKOpPOCTU B LWII'IVIH,CI,pVI‘-IeCKOVI cncrteme KoopaunHart:

n=VRcos0-Vesin0, v =VRsin0+ Vecos0;

- CKOpPOCTb Ha noBepxHocTu cgpepbl: VO =--V " sin0;
- pacnpegeneHve koadduuneHTa AassieHNsa No NoBepxHoCcTu cdepsl:

P~P,

c l—gsinSO.
4

P

Mpu conocTaBfieHUN Pe3yNbTaTOB YUC/IEHHOTO MOAESIMPOBAHUSA C MpefCcTaB/IEHHbIM PELIEHWEM Hafo
yunTbiBaTb, YTO paccMaTpyBaeMoe aHa/IMTUUYecKoe peLleHne MO OTHOLEHUI0 K peasibHbIM BS3KAM TeYeHUsIM
afeKBaTHO TOJIbKO Ha HaBeTpPeHHOol cTopoHe cdepbl. COOTBETCTBEHHO, €C/IM B YNC/IEHHOM MOAENVPOBaHUN
MCMNoNb3yeTcsi MOAENb HEBSA3KOW XWAKOCTW, TO pe3y/bTaTbl YAC/IEHHOTO MOZLE/MPOBaHUS U aHaIMTUYECKOTO
pelleHns JOSIKHbI coBnajaTb BO Bceli 06/1acT TeyeHUsi. Ecim Ucnonb3yetcs MOAENb BA3KOW XUAKOCTU, TO
pes3ynbTaTbl 4O/KHbI COOTBETCTBOBAThL TO/IbKO HA HABETPEHHOI CTOpPOHe.

cp: -2 -16-12-08-04 0 04 08

-2

PucyHok 5 — HeBsizkoe o6TekaHve cgiepbl. OcecMMMETPUYHOE peLleHne
npy NPEeAnosiokEHNN O NOTEHUMA/IbHOM XapakTtepe obTekaHus
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9 Bsiskoe oGTekaHue cepbl

PaccmarpuBaeTca mMegneHHoe crauuoHapHoe obTekaHue cdepbl (3agadya CTOKCa) paguycoM a
NMOTOKOM HEBSA3KOW XWAKOCTU UMM HEBA3KOro rasa B YCNOBUSIX MarnbiX A03BYKOBbIX ckopocten [1], [2].
Mpy npeanonoXxeHnun 0 NOTEHUMANbHOM Xapaktepe o6TekaHMs 0CECUMMMETPUYHOE peLueHne UMeeT BUj
(CM. pUCYHOK 6):

- none CKOpPOCTEMN:

3 3
v, =Vw[1—§3+1(3) 10056, v =—Vw{1—§3—1(3j 1sin9.
2r 2\r 4r A4A\r

Mepexon kK KOMMNOHEHTAM CKOPOCTM B LIMMUMHAPUYECKON CUCTEME KOOPAMHAT:
u=V,cos6-Vysin6, v =V,sin0+V,coso;

cosO
;
r2

3
pacrpefierieHue JaBneHus: p=p_ —Euan

kacaTenbHas COCTaBMAOLLAN HAMPSHKEHUS TPEHUST HA MOBEPXHOCTHU CEpb:

aV, 3 Vv

(] 0 aim

TW = M(_j :__u__sme,
o J._a 2 a

pacnpegerneHne KoadduLMEHTA 4aBMNEHUS N0 NOBEPXHOCTH cdhepsl:

- V 2a
c _PPs =—icose, rae Re=p -—;
P15, Re n
2"

T
cuna conpotusnexms Ha ciepy: F, = [ (-7, sind- pcos)-2na?sin6 do = 6ruaV, ;
0

_2
Re’

KOSh(PULIMEHT CONPOTUBIEHNS CdEPbI: C, = 1—’(
—pV2 . a?
2

CraunoHapHoe Te4YeHne nNpu MeaneHHOM 00TekaHum cdepbl N0 CTOKCY COOTBETCTBYET pearnbHbIM Teve-
HUAM MPU 0YeHb Manblx Yucnax PeiHonbaca, Re MeHee yem 1.
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PuicyHok 6 — Bsizkoe o6TekaHue cgrepbl. OCECUMMETPUYHOE peLleHue
MpY NPEANOoNOKEHNUN O NOTEHUMA/ILHOM XapakTepe 06TekaHus

10 TeuyeHue Mexay BpawawWUMUCa LUINHOPAMN

PaccmaTpuBaeTCsl ABUXKEHMWE XUAKOCTU WM rasa Npy MasnbixX AO3BYKOBLIX CKOPOCTSAX MeXAy ABYMSI KO-
aKcuanbHbIMY LUMAVHAPaMK, BpallalolMMUCs BOKPYT CBOel OCU C YrnoBbIMK ckopocTamu Ll 1 Q2, paguychl
umnuHapos R] v R2 (A2 <R2) [4]. Mpu NpefnonoxXeHn CUMMETPUN TeueHus (TeyeHue Nnaockoe, CoCTaB/sA-
Las cKopocTy Mo paguycy paBHa 0) pelleHvne nMeeT BUA;

- cOCTaBNsAKLWas CKOPOCTU V B OKPY>KHOM HanpaBfieHU B 3aBUCMMOCTMW OT paguyca T.

V_&2R2 QR2r ] (Q1 £12)R1R2 1.
R2 -R2 R2 ~Rr2 r-
- flaBfieHne onpegenaeTca 13 ypaBHeHuA:

cuna TpeHna Ha NoBepPxXHOCTU BHYTPEHHEro uuanHppa:

(dv v - 2y - 11 2)s7|

m=47"7 (-p R~ R2
MOMEHT CU/Ibl TPEHUSA Ha BHYTPEHHUA LAvHAP:

_ (0, -£22)R|R2
M1=T1-RMI2nRj = -4ty

Ri - RR2
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Ha pucyHke 7 npuBefeHbl Mpouan CKOpocTW ANA cayvast, Korja BHELWHWA UWAMHAP He BpalaeTcs.

C yBennyeHunem yncna PeliHonbAca onMcaHHOe Tak Ha3blBaeMOe perynsipHoe TeyeHne TepsieT yCTONUMBOCTb.

Ecnu paccmaTpuBaeTcs KoHurypaumsa umnmHgpos R1=1, R2=2, Q2= 0, a uucno PeliHonbAca onpegens-
R.el.e -R.

eTca kak Re=p—%+ - —, TO perynsipHoe peLlleHne coxpaHseTcs npu yucnax PeitHonbAca Re < 80.

Mpu fanbHeliwem yBenuyeHnn uncna PeiiHonbaca Re > 80 TeueHne CTaHOBUTCA TPEXMEPHbLIM € 06pa3oBa-
Hnem Buxpeli Tennopa.

2

15

05

-0,5

-1,5

-2 -1,5 -1 -0,5 0 0,5 1 15 2

PucyHoK 7 — TMpodpmny cKopocTyh 1S Cyyasi, KOrAa BHELUHWIA LWAVHAP He BpawaeTcs

11 TeuyeHune B KaHane

11.1 Te4yeHwne B NJIOCKOM KaHase
PaccmaTpuBaeTCcs NamMMHapHOE TeYeHMe BA3KOW >XXMAKOCTU WM BSA3KOro rasa npu ManbiX L03BYKOBbIX
CKOpOCTAX Mexay AByms nnockoctsamu y = th [1], [2]. PeweHune nmeet Bug (CM. pUCyHOK 8):

Ap-122
- pacnpegeneHne CKOpoctn: n = --?i;--

- CEKYHAHbIA 06BEMHBIA pacxof, OTHECEHHbIW K eAnHULE ANHbI:

, 2 Ap-/?3
Q={VI dy=----—p ----- ;

-/, 3 "
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Q _ 1Ap-/?2
- CPEAHAA CKOPOCTb: U =— = ----mm—mm- ;
cp 2h 3 \iL

- KoathpuumeHT conpoTtusnenma: X

PucyHok 8 — PelleHne TeyeHnss B NJIOCKOM KaHase.
3aBUCUMOCTb KOMMOHEHTbI CKOPOCTU OT KOOpAMHATbI

11.2 TeyeHne B OCECUMMETPUYHOM KaHase

PaccmaTpuBaeTca namMuHapHoe TeYeHue BA3KOWM >XMAKOCTM WM BA3KOFO rasa npy MasnbiX J03BYKOBbIX
CKOpOCTAX B Kpyr/oli Tpybe ¢ pagnycom a [1], [2]. PeweHne nmeeT Bug (CM. pUCYHOK 9):

Ap a2 x9+y an

pacnpegeneHne CKoOpoctn: w = ------- i

CEeKYH/HbIi 06bEMHBI pacxod, OTHECEHHbI K eanHule AnvHbl: Q =jjw dx dy

a2A
CpefHAsA CKOpOCTb: W = Q P

p na2 8p_

Ap ®a

Lopwd,

- KoathpuumeHT conpoTtusneHma: X

10

’chp *2a
— ,rge Re
Re

na4Ap
8pL
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PrcyHok 9 — TeuyeHne B OCECUMMETPUYHOM KaHane.
3aBMCMMOCTb KOMMNOHEHTbI CKOPOCTW OT KOOPAWMHATbI

11.3 TeuyeHWe B KaHase C aNANNTUYECKNM CeYeHNEM

PaccmaTpuBaeTcsa namMuMHapHoe TeyeHUe BA3KOW XMAKOCTWM WM BA3KOFO rasa Npy mabiX 403BYKOBbIX
cKopocTax B Tpybe ¢ snnmntuyeckum cedenuem [1], [2]. SnnnunTuyeckoe ceyvyeHue 3ajgaeTcsa ypaBHeHUeM
X2 y2
— +=— =1 PeweHne nmeet sug (cMm. pucyHok 10):
a2 b2

Ap a2b2 ( X2 y2'

- pacnpefeneHue CKOPOCTU: W = -——--—- --—---— ] — ;

20/ a2+b2{ a2 b2

- CEeKYH[AHbI1 06bEMHbIi pacxof, OTHECEHHbIN K eAnHNLE ANUHBI:

Q=jjw dx dy AL4"-ab-,
s 2p_a2+b22

Q 1 Ap a2b2
- CpefiHAA CKOPOCTb: WN,,, = -==-== -==---mmmmmmmmmomee ;
H H cp nab 22p/_a2+b2
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P-Wg *2a
Ap ®a rae Re=F "CL
- KO3(PULMEHT CONPOTUBNEHUSA: X - Re

2K ct

12



(1
(2
(3]
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YK 519.642.2:006.354 OKC 35.020

KnioueBble crnosa: MoAenMpoBaHue, YACNEHHOE MOAENUpPOBaHue, pusndeckme npoLecchl, 403BYKOBOE Teye-
HUeE, BA3KaA XUAKOCTb, ra3
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