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BBepneHune

[JaHHblli cTaHAapT noceslleH TpeboBaHUAM K BepudhvKaLuy nporpaMMHOro obecneyeHnss KomnbloTep-
Horo mogenuposaHnusa (MO KM), npefHasHaYeHHOro A9 YMCIEHHOTO MOAENPOBAHNSA [03BYKOBbIX TEYEHWI
XUAKoCTN mnu rasa. Llenbto Bepudmkaunm aBnsieTcs nNogTBEPXAeHMe KOPPEeKTHOCTU NporpammHoin peanu-
3auMM BbIGPaAHHbIX MaTemaTuyeckux mogeneli unsMyeckux npoueccos. Bepudpmkauus gpyrux yHkumo-
HanbHbIX BO3MOXHocTen MO KM (BBOA-BbIBOA, MO/b30BaTENbCKNA UHTEPdIEC 1 T. A.) paccmaTpuBaeTcs B
FOCT P NCO/M3K 12207. OcHoBHO1 MmeTog Bepudmkaumum MO KM — 3To pelueHne TeCToBbIX 3a4a4y, NOKpbl-
BatoLux Becb kof MO KM. PekomeHAyeMble TeCTbl U3/T0XKEHbI B HACTOALLEM CTaHAapTe.

B ctaHgapTe npuBefeHbl aHaNNTUYECKMe pelleHns ypaBHEHWUI TMAPOMEXaHUK1, KOTopble MOryT ObiTb
1cnonb30BaHbl 415 BepudmkaLmm nporpamm nNpu pacuyete A03BYKOBbIX TeYEHWUI HEBSA3KOWN 1 BA3KON XUAKO-
CTell UK rasa nNpu mMasbix J03BYKOBbIX CKOPOCTSAX TEYEHUS.
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HALULWOHANTBbBHBIN CTAHOLAPT POCCUMNCKOW SGEJLEPALUNMN

YNCNEHHOE MOJENMMPOBAHUWE ®UN3NYECKNX MPOLECCOB

YucneHHoe mofenupoBaHue f03BYKOBbIX TeUEHU BA3KUX XNOKOCTEN U ra3os.
Bepudukayns Nno

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

Jata BBegeHns — 2019—01—01

1 O6nacTb NpUMeHeHUs

HacToswwii ctaHaapT onpefenseT obuwye Tpe6GoBaHNUsA K BepudukaLum NporpaMMHOro obecneyeHust
KOMMbIOTEPHOTO MOZENMPOBAaHUS, MPUMEHSEMOro A/1si YACTIEHHOTO0 MOZE/IMPOBaHNS NMPOLIECCOB, NPOVNCXOAS -
WX B O3BYKOBbIX TEUEHUSIX BA3KUX XUAKOCTEN 1 rasa. J,03BYKOBbIM HAa3bIBAIOT TEUEHNE XUAKOCTU B TOM C/ly-
uae. ec/in ee CKOPOCTb MeHblle CKOPOCTM 3Byka. B 3aBMCMMOCTM OT paccMaTprBaemoro guanasoHa yc/ioBuii
NPaBU/IbHYI0 KapTUHY TEUEHUSI MOXHO MOJy4aTh B paMkax Mofesieii HeCKUMaeMoli XNAKOCTM, cnabocxkuma-
€MOi XUAKOCTU UNN CXUMAEMON XMAKOCTU. B NOTOKe MOryT NpUCYTCTBOBATL CABUTOBLIE CI0U, NOrPaHUYHbIe
C/I0U 1 30HbI PELMPKYIALUN.

HacToswwii ctTaHgapT nprmMeHuM Ans BepudukaLmm nporpaMMHOro o6ecneyeHnsi KOMMNbIOTEPHOTO MO-
[AeNvpoBaHvs Npy NPOBELEHNU ero Baimgauum u ceptudpukaymun.

2 HopmaTuBHbI€ CCbINIKN

B HacTosLem cTaHfgapTe UCMOb30BaHbl HOPMATUBHBIE CCbIJIKU Ha Criefytolme cTaHaapThl:

FOCT P 57188 YncneHHoe MofenvpoBaHme husnyeckmx npoLeccos. TepMUHbI 1 onpeaesneHuns

FOCT P MCO/M3K 12207 WHdopmaLumoHHas TexHonornsa. CucTeMHass 1 nporpammHas UHXeHepus.
Mpouecchbl XN3HEHHOTO LMKIa NPOrpamMMHbIX CPEACTB

MpumeyaHne — Mpu NONb30BAHUM HACTOALLMM CTAHAAPTOM Lies1ecoo6pa3Ho NPOBepUTH AelCTBUE CCbINOUHbIX
CTaHAApPTOB B MHDOPMALMOHHOMN cucTeMe 06LLero nosib3oBaHusi — Ha 0oMuManbHOM caiite defepasibHOro areHTCTaa Mo
TEXHUYECKOMY PerynvpoBaHuio 1 METPOOTMK B CeTU MIHTepHET UK MO eXeroAHoMY UH(OPMaLMOHHOMY yKasaTenio «Ha-
LMOHa/IbHbIE CTaHAAPTbI», KOTOPbIA OMy6/IMKOBAH MO COCTOSIHMIO HA 1 IHBAPs TEKYLLEro roa, 1 no BbiNyckam exeMecsy-
HOro MHHOPMALMOHHOTO Yka3aTeNs «HalnoHanbHble CTaHAapTbI» 3a TeKyLuii rog. ECNu 3amMeHeH CCbIoYHbI cTaHaapT,
Ha KOTOPbIA faHa HeAaTUpPOBaHHAN CCbIKA, TO PEKOMEHAYETCS UCMO/b30BaTh AECTBYIOLLYI0 BEPCUIO 3TOrO CTaHgapTa
C YY4eTOM BCEX BHECEHHbIX B [JaHHYl0 BEPCUIO M3MEHEHUI. ECNn 3aMEHeH CCbINIoYHbIN CTaHAapT, Ha KOTOopbIl faHa AaTu-
poBaHHas CCblKa, TO PEKOMEHAYETCSA UCMO/b30BaTh BEPCUI0 3TOMO CTaHAapTa C yKa3aHHbIM Bbille F040M YTBEPXAEHMUS
(NpuHATKS). Ecnm nocne yTBepXAeHUs HACTOSILLEro cTaHgapTa B CCbIIOYHbIN CTAHAAPT, Ha KOTOPLI faHa f4aTupoBaHHas
CCbl/IKa, BHECEHO U3MEHEHUE, 3aTparMBaioLLee NosioXeHne, Ha KOTOPOe AaHa CChljka, TO 3TO NOIOXEHUE peKoMeHayeTcs
NpUMeHsITb 6e3 yyeTa fJaHHOTr0 U3MEHEHUs. ECIM CCbINOYHbIA cTaHAapT OTMEHeH 6e3 3aMeHbl, TO NoJIoXeHne, B KOTOPOM
[aHa CCblfiKa Ha Hero, PEKOMEHAYETCSl NPUMEHSTL B YACTU, HE 3aTParnBaloLLeil 3Ty CCbIfKy.

3 TepMuUHbI 1 onpepeneHnsa

B HacTosLem cTaHgapTe npMMeHeHbl TepMuHbl no MOCT P 57188.

M3paHue oduymansHoe
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4 O6TekaHWe UUAnHApa HEeBA3KUM MOTOKOM

PaccmaTtpmBaeTcs ABymMepHOe o6TekaHve LMAnHApa NOTOKOM HEBA3KOW XWAKOCTU UM HEBA3KOTO rasa
B YC/IOBUSIX MasblX [03BYKOBbIX ckopocTeli [1] (cM. pucyHok 1). LiunuHap ¢ paguycom a ycTaHOBAEH nonepek
notoka. Mpu NpeanonoXeHUn 0 NOTEHLMaNLHOM XapakTepe 06TekaHWs fByMepHOe pelleHne nMeeT BUA;

none ckopoctein: V- u hf- epr|, rpe z- x+tybre'l

- MOZY/lb CKOPOCTY Ha KOHTYpe LuanHapa: N-2w Il\i|m|;

- , - o[ —~ - in2e.
acnpegesieHne Koa MuneHTa gaBneHnsa no NOBepxXHOCTU uunuHapa, ¢ *-r 1 4sin2

2P1-

Mpu conocTtaBneHun pesynbLTatoB YUC/IEHHOTO MOZENNPOBaHUA C NpeacTaB/ieHHbIM pelleHnem Hano
y4ynTbiBaTb, YTO paccMaTpnBaeMoe aHa/IMTn4ecCkoe peleHne no OTHOLWEHNO K peas/ibHbIM BA3KUM TeYeHUAM
afekBaTHO TO/1IbKO Ha HaBeTpeHHOVI CTOpOHe uunnHapa. CooTBETCTBEHHO, €C/IN B YNC/IEHHOM MOennposa-
HUM nUcnonb3yetTca moaesb HeBs3KOl XWAOKOCTU, TO pe3ysibTaTbl YAC/IEHHOIO MoAeNNMpoBaHNA N aHannTn4ye-
CKOTo pelleHna Oo/HKHbl coBnajatb BO BCell obnactu TeveHus. Ecrim ncnosb3yeTcda moaesb BSI3KOWA XNOKOCTU

(uncna PeliHonbaca Re = 103 v Bbilwe), TO pe3y/nbTaTbl AO/HKHbI COOTBETCTBOBATH TO/IbKO Ha HABETPEHHOWA
CTOpOHe.

-4 -2 0

PVICyHOK 1— ,D,BymepHoe ob6TekaHue unnnHgpa noTokom HEBSI3KOW XWUAKOCTU NN HEEA3KOro rasa
B YCNOBUAX MalibiX 403BYKOBbIX CKOpOCTeVI
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5 O6TekaHue naacTUHbI Moj YrfioM ataku

PaccmatpuBaeTcs AByMepHoe o6TekaHne nnacTuHbl {1] (CM. pUCYHOK 2) NMOTOKOM HEBSI3KOW XUAKOCTM
WK HEBSI3KOTO rasa B YC/IOBUSIX MaslbIX J03BYKOBbIX CKOPOCTei. [1acTuHa ¢ pasMepom Xopapl 2a ycTaHoB/e-
Ha noA yrnom ataku a. Mpu NPeanoioXeHun o0 NOTEHLMAbHOM XapakTepe 06TeKaHUs U BbINOHEHUN YC/0-
BUsI KyTTa — YKyKOBCKOTO Ha 3afiHeil KpOMKe Kpblna IByMEpHOe pelleHne UMeeT BUA;

- none ckopocteii: V.=un iv-u mrv %fz~ ,Tae z > X *-iy mre'r:
z+a

o . . y . .
- KO3 ULMEHT NOABEMHOW CU/Ibl NAACTUHBI: C % ---mm-mmmmmmeem 2iesma;
joY 2-2»
- TOYKa NOJIOXEHWS LEeHTpa faB/ieHns (ToYKa NPUMOXEHUS MOABLEMHONM CU/bI) PacMo/IOXEHA B TOUKe
X o --2a UNu Ha pacctosHuy 1/4 anunHbl XOpAbl Kpblia OT NepeaHei KpoMKu.
Mpu conocTaBneHUN pesynbTaToB YUC/IEHHOTO MOZENIMPOBaHNS C NPeACcTaBeHHbIM pelleHneM Haao
YyunTbIBaTb, YTO paccCMaTpMBaeMoe aHa/IMTUYeCcKoe peLleHne cnpaBeMBo Npu Masbix yriax atakm (a < 10°)

B yC/sioBUAX 6e30prIBHOFO o6TekaHus HO,deTpeHHOVI CTOPOHbI. MpK ncnonb3oBaHNUN MoAenu BSI3KOWA XNAKo-
cTn ycnosue KyTra — XXYKOBCKOro JO/IKHO BbIMO/IHATLCA aBTOMaTUYECKN.

PucyHok 2 — [lBymepHoe o6TekaHue niacTuHbl

6 Bs3koe TeyeHMe OKOJMO NacTUHbI, 06TeKaemMo
B NpoAgoO/IbHOM HanpaB/iIeHNU

PaccmatpuvBaeTcs fiByMepHOe 06TekaH1e NNacTWHbl AIMHON L, ycTaHOBNEHHOM BAO/b NOTOKA, NOTOKOM
BAI3KOM XUAKOCTU WM BA3KOrO rasa B YC/IOBMAX MasibiX A03BYKOBbIX ckopocTeli [2]. (3]. B pamkax Teopuu no-
rPaHNYHOro C/I0St 3BECTHO pelleHne 0 Npodinie CKOPOCTW OKOJIO NAACTUHBI.
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Mpu NpesnonoXeHUn 0 NTaMnHaAPHOM XapakTtepe o6TekaHus:

"1 /' n
- BblpaXeHWUU AN CKOPOCTU BAONL MoToka UMeeT BUA: U ~-n 1 —y./—  v— KO3(D(ULNEHT KMHEMa-

TUYECKOW BA3KOCTU. PyHKUMS 7(ii). roe p - -y J“"_' _npuBefeHa B Tabnuue 11 Ha puUCyHKe 3;
2 1wc
N . T 0.664
- MECTHbI KOI(PIMULNEHT TPEHUS: C, * -------mmmmm- — .Re--—-- ;
] 2 \Y
9T

- NOJIHadA cnna ConpoTUB/IEHNA TPEHUA NTACTUHbI ,CI,}'IVIHOVI L, obTekaemoii c ABYX CTOPOH:

Ipu? -2L

JNlaMuHapHbI XapakTep TeYeHusi coxpaHsieTcsa npu umcnax PeliHonbaca Re <5 106. MpuBegeHHoe pe-
LeHNe. NoNyYeHHoe B paMKax TeopvU NOrPaHNYHOro €05, HENPOMEHMMO NpU MasbiX yncnax PeliHonbaca.
Yucno PeiiHonbaca AomkHO 6biTb 601ee Re > 103.

Ta6nunya 1— 3aBucumocTs /(i)

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
18 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
2.9 0.9984
3.0 0.9989



7 CnyTHOe TeuyeHue 3a MN/I0CKOW NnaacTuHol

PaccmatpuBaeTca TedeHne B criefie 3a NAacTUHO AMHONM L, yCcTaHOBMEHHOW BAO/bL NOTOKA, NOTOKOM
BA3KOV XMAKOCTU UM BA3KOTO rasa B YC/IOBUAX MasibiX [03BYKOBbLIX CKOpocTeit. Mpu npeAnonoxeHnt o na-
MUHApPHOM XapakTepe 06TeKkaHusi B paMKax TEOPWM MOrPaHNYHOro C/0st U3BECTHO pPeLleHne 0 Npodue cKo-
poCTU B criefie 3a NnacTuHol [2J.

BbipaxeHue 415 CKOPOCTY BAO/bL NOTOKA UMEEeT Bua;

0.664, 05 y3h VL

" 1r| T) B **» ,rgs Ro--=v—.

Mpumep npodouneii CKOPOCTV NPUBEAEH Ha PUCYHKE 4.
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8 HeBsizkoe ob6TekaHue cdepbl

PaccmatpuBaeTcs o6TekaHne cipepbl paguycoMm M NOTOKOM HEBA3KOM XWUAKOCTY WM HEeBSI3KOTO rasa B
YCMI0BUSIX MasiblX [03BYKOBbIX ckopocTeii [1]. Mpy npeanonoxeHnn o NoTeHUWaIbHOM XapakTepe o6TekaHus
0CECVMMETPUYHOE PELLEHNE NMEET Buf (CM. PUCYHOK 5):

- none ckopocteii: VR- V_ 1 cosG, t - 1+ SinG.

[Mepexon K KOMNOHEHTaM CKOpOCTU B Ll,VIfIVIH,EI,pVIHECKOVI cucTeme KoopaunHart:

n- VRcos8+ MWsinG, Vv - VRsIinG » cosG;

3
- CKOpOCTb Ha noBepxHocTu cdepbl: VQ« -V _ sinG;

- pacnpegeneHue kKooguuneHTa gaBneHns no NOBEPXHOCTN cdhepbl:

c -y P- ml —sin2sB
"oipw 4

Mpu conocTas/ieHNN pe3ynbTaToB YNC/IEHHOTO MO/AENMPOBAHUS C MpeACTaB/IeHHbIM pelleHneM Haao
yunTbIBaTb, YTO paccMaTpvBaeMOe aHaNNTUYecKoe pelleHne Mo OTHOLLEHMIO K peasibHbIM BSI3KUM TeUEHUsIM
afleKBaTHO TO/IbKO HA HABETPEHHOI cTopoHe cdpepbl. COOTBETCTBEHHO, €C/IN B YMC/IEHHOM MOAE/IMPOBaHNN
UCMNOMb3yeTCs MOAE/b HEBA3KOW XUAKOCTU, TO pe3y/ibTaTbl YAC/IEHHOTO MOE/NIMPOBAHNA N aHA/IMTUYECKOTO
pelueHns Ao/MKHbI coBrnagaTb BO Bceli 06/1acTy TeueHust. ECM UCnonb3yeTcst MOAe b BA3KOM XUAKOCTU, TO
pesynbTaThl O/KHbI COOTBETCTBOBAThL TO/IbKO Ha HABETPEHHOI CTOPOHE.

PucyHok 5 — HeBsizkoe o6TekaHne ciepbl. OcecMMMeTpUUYHOe pelleHne
npy NpeanonoXeHUn o NoTeHUNanbHOM xapaktepe o6TekaHns
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9 Bs3koe ob6TekaHue ctepbl

PaccmaTpuBaeTca MefgneHHoe cTauuoHapHoe obTekaHue cdhepbl (3agaya CTokca) pagumycom K
NOTOKOM HEBA3KON XWAKOCTU WM HEBA3KOro rasa B YC/MOBUSAX MasblX A03BYKOBbIX ckopocTeli [1], [2].
Mpn NpeAnonoXeHnn o NOTEHLMaNbHOM XapakTepe 06TekaHMA OCeCUMMEeTPUYHOe pelleHne umeeT BUf
(cm. pucyHok 6):

- nosne ckopocTeii:

3a
V,*Vm1l coso V.myV ,1 —
2T + o] - 4r

Mepexon K KOMNOHEHTaM CKOPOCTY B LWIUHAPUYECKO cMcTeMe KoopaMHaT:

n* \f cost) MtsinO, Vv b Vrsin0#\V0cosft

.
©
Q
(9]
3
e}
@
b=
@
=
o)
I
s
o
=
D
@
=
o
I
=
b
©
.
el

.

=
[

<

PVi . 3 Vm_.
Hl ————— -—u,—asmft

- pacnpegeneHue KoauLMeHTa AaBneHnst No NOBEPXHOCTU cdiepsbl.

- 6 V 2a
P-P. — cosO0, rge Re-p—-—:
Re L,

R
- cuna conpoTuBieHus Ha cdepy: Fx *. X't\/VinO pcos())-2na2sin() do « 61u3Y,;
o}

- KO3(hhULMEHT CONPOTMBEHUS Chepbl: C  ~ - — —------%

}/~S.> _Re.

CTaumoHapHoe TeueHue nNpu Mea/ieHHoM o06TekaHuu cgpepbl Mo CTOKCY COOTBETCTBYET peasibHbIM Teue-
HUSIM MPU OYEHb Masbix Yncnax PeiiHonbaca. Re meHee uem 1.
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PucyHok 6 — Bsizkoe o6TekaHue cpepbl. OCECMMMETPUYHOE peLLeHne
NPV NPeANOIOKEHNN 0 NOTEHLMANIbHOM XapakTepe 06TeKaHns

10 TeueHne mexay BpawiarWmMMmUca LUanHgpamm

PaccmaTpuBaeTcs ABMXEHME XUAKOCTU UK ras3a npu MasiblX JO3BYKOBbIX CKOPOCTAX Mexay ABYMS KO-
akcuanbHbIMW LWAIMHAPaMK, BpaLLaloLLMMIUCA BOKPYT CBOEW OCK C YI/I0BbIMU CKOPOCTAMM i>, 1 £i2. pagunychbl
uunuHgpos A, n R2 (R, < R2) [4]. MNpv npeanonoxeHn CUMMETPUM TedyeHus (TedeHue naockoe, CocTaBsio-
L asi CKOpocTu No pagnycy pasHa 0) pelleHne nmeeTt Bug;

- COCTaB/isloLWas CKOPOCTN V B OKPY>KHOM Hamnpas/ieHUN B 3aBUCUMOCTU OT paguyca r.

A* -A,2 R2 ~ r

- AaBneHune onpepaenseTca U3 ypaBHEHUA:

- ChNa TpeHna Ha NoBEPXHOCTU BHYTPEHHEro unnnHapa:
- 2|_|'
- MOMEHT CUJibl TPEHUA Ha BHyTpeHHI/IVI umnmnHap:

JH, 1,4, %2qry 4111
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Ha pucyHke 7 npvBefeHbl Npouam ckopocTy ANS cyvas, Korga BHeLWHWi LUAMHAP He BpaliaeTcs.
C yBenuyeHnem uncna PeiiHonbaca onMcaHHOe Tak Ha3blBaeMoe perysisipHoe TeYeHue TepsieT yCToRunBOCTb.

Ecnu paccmaTpuBaeTcs koHdurypauma unmnmHgpoB R, = 1. R2=2. Q2= a uucno PeliHonbAaca onpegens-
R.SI. «(/?, -R.
etca kKak Ro  p--——- () TO perynsipHoe pelleHne coxpaHsieTcsa npu umcnax PeliHonbaca Re < 80.
M

Mpu AanbHeliwem yBenuyeHun yncna PeliHonbaca VB > 80 TeueHMe CTAHOBUTCSI TpeXMEPHbIM ¢ o6pa3oBa-
Huem Buxpeli Telinopa.

11 TeuyeHue B KaHane

11.1 TeuyeHue B NJIOCKOM KaHase

PaccmaTtprBaeTca nammHapHoe TeyeHne BA3KOW XWAKOCTW WK BSA3KOTO rasa npu masbixX A03BYKOBbIX
CKOPOCTAX MexAay ABYMSA naockocTamu y w=h [1]. [2]. PeweHne umeeT BUA (CM. PUCYHOK 8):

ap-H2
~2ur

- pacnpegeneHune CKopoctu: u

- CEKYHIHbI/i 06bEeMHbIN pacxof, OTHECEHHbIV K eAVHULE A/TUHBIL:

Q- j/l dy 2,£l,p—/13'.
n 3 pL
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Q 1Ap h2w
- cpepHsasa ckopocTb: QL
pea p Q 2h 3 pL
Op-2/ 24
- K03h(PULUMEHT CONPOTUBNEHUS: N - - — meso*

PucyHok 8 — PelleHne TeyeHuns B NSIOCKOM KaHasne.
3aBUCMMOCTb KOMMOHEHTbI CKOPOCTU OT KOOPAMHATbI

11.2 TeyeHue B 0OCECUMMETPUYHOM KaHane

PaccmaTtpmBaeTcs nammHapHoe TeyeHve BA3KOW XWAKOCTW WAW BA3KOTo rasa npu MasbiX 403BYKOBbIX
CKOpPOCTAX B Kpyrnow Tpybe ¢ pagunycom a [1], [2]. PeweHne nveeT Bug (CM. pucyHok 9):

- pacnpegfesnieHne ckopocTu: w - —ﬂp—aZf 1 X2+y2 \
2L 21\ a2 )

- CEeKYyHAHbIl 06 bEMHbIV pacxof, OTHECEHHbIN K eauHuue anvHbl: O - Jfiv dx mdy _z:ﬁp -
S

- cpepHsas ckopocTb: w(B Q aZp.

sa2 8pL

-2a P 2
- KOah(pULMEHT CONPOTUBNEHUSA: K - Ap e .roe Renm W 24
p
Lip\/\/(zzp
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PucyHoK 9 — TeyeHue B 0CECMMMETPUYHOM KaHase.
3aBUCUMOCTb KOMIMOHEHTbLI CKOPOCTU OT KOOPAMHATbI

11.3 TeuyeHue B KaHane C INNNNTUYECKUM CeYEHNEM

PaccmaTprBaeTcsi naMMHapHOe TeyeHne BSA3KOM XUAKOCTM WU BA3KOro rasa npy MasbixX A03BYKOBbIX
CKOpPOCTSIX B TPY6O C aN/mMnTU4eckum cedeHuem [1]. [2]. Dnauntuyeckoe ceyeHue 3afaeTcs ypaBHEHUEM
| Y2

1. PeweHune nmeeT BUg (CM. pucyHok 10):
a2 b2

np a2 X2, y2\
- pacnpegeneHue CKopocTu: w * poas I(l* ~ F}IF [

- CEeKyHAHbI/i 06beMHBIA pacxof, OTHECEHHbIV K e AUHNLE AINHbI:

2b* .
Qnjjw dx dy ,Ep__a ﬂaO'
s 2pL a2 +b2 2

O 1 2b2
- CPefHsisl CKOpPOCTb: W —-———- AL a2
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Np *2 a2 - fr2 32
p+2a r .rne Re P WD 2a

b2 Re "

- KOah(uUMEHT CONPOTUBEHUSA: a
L\? wip

PucyHok 10 — TeyeHue B KaHasie C 3/IIMNTUYECKUM cedeHneM. PeweHne

12
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YK 519.642.2:006.354 OKC 35.020

KnioueBble C/oBa: MOAE/IMPOBaHNE, YNC/IEHHOE MOAeIMpoBaHue, r3nueckme NpoLecchl, J03ByKOBOe Teve-
HUe. BA3Kas XMAKOCTb, a3
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