OIIOB1/1l

HAIIIOHAJIBHOT 3 [ 2015
AKAJEMII HAVK
VKPATHUI
MEXAHIKA
VIK 534.3

A. O. Bopucrok

Oyukirig I'piHa KOHBEKTUBHOTO XBUJILOBOT'O PiBHSIHHS
JJI HECKIHYEHHO] IIPAMOI >KOPCTKOCTIHHO1 TpyoOu
MPSIMOKYTHOTO MOIIEPEYHOro Iiepepi3ly

(IIpedcmasaeno axademirom HAH Yrpainu B. T. I'pinuenrom)

Ilobydosaro Pynruito I'pina T6UALOB020 PiEHAHHA ONA HECKIHYEHHOT NPAMOT dHcopcmKot mpyou
NPAMOKYMHO20 MOMEPEUHO20 NEPEPI3Y 3 PIBHOMIPHOI ocepedHenoto mewiero. Y uil PyHryii
6 AshoMYy euzandi 6idobpasiceni efexmu 3a3navenoi meuit. Bonu cmaromv eazomiwumu 3i
30iavwernHaAm yucaa Mazxa, cnpuvuraowu, 30Kpema, noasy i nodasvuie 36invULeHHA ACUMEMPIT
PYHKUIT 610HOCHO NONEPe 020 NEPePI3y, 8 AKOMY 3HATOOUMBCA 0OUHUNHE MOUKOBE TMNYALCHE
axycmuyne docepeno. I nasnaxu, 3i amenwennam wucaa Maxa sazomicmod énausy mewit Ha
pyrxuiro I'pinag 3MERWYEMBCA, 3YMOBAIONUYU, OKPIM THUW020, 3MEHWEHHA 1T acumempii.

Jocikenns: reHepaliil Ta HOIMMUPEHHS 3BYKY B TPyOaxX pi3HUX IeOMeTpiii Ta PO3MipiB CTAHOBUTD
3HAYHUI 1HTEpeC MyIst JITaKo- Ta aBTOMOOILIeOy/lyBaHHS, apXiTEKTypPH, MEJIUIUHU, HADTOra30BO1
[POMKCJIOBOCTI, KOMyHAaJILHOrO rocrojgapcrsa roimo [1-3|. HesasexHo B Tuily MexaHidHOT KOH-
CTPYKIIT 1 aKYCTUYHUX JI2KEPEJI B Hifl, Taki JOCI/PKEeHHsI B IPUHIIAII MOXKYTb OyTHU IIPOBEJICH] HA
ocuoBi merony ¢dyukiit I'pina. IIpore ftoro 3acTocyBanns € JOIIJILHUM JIMIIIE V Pa3i iCHyBaHHS
[MPUHIIUIIOBOT MOYKJIUBOCTI 1100Yy10BU BifmoBigHol (byHKIl ['piHa.

Taka MOXKIUBICTH, OKpiM MHCTENTBa Ta Ipodeciiinol KBasidikalil TOCTiTHIKA, 3aJeKNThH
Big H6ararbox akTopiB — OpME IOIEPETHOro Iepepidy Ta reomeTpil Bubpanol Tpybu, ymMoB i1
3aKpillJIeHHs, aKyCTUIHAX yMOB Ha 11 KiHIgIX Ta (hisuaHmX BJIACTUBOCTEH 11 CTIHOK, TUIY HABKO-
JIMIITHBOT'O CEPEeIOBUINA, HaABHOCTI abo BijcyTHOCTI Tedil B TpyOi Tommo. YK 3acBigdye aHami3 Bij-
OBIIHUX JIITEpaTypHUX JKepeJi, 3-TIOMIXK CUTYaIliil, siki BUBHAYAIOTHCS PI3HUMHU KOMOiHAIisTME
3a3HaveHuX (QAKTOPIB, HAKOLIBII JOCTIPKEHUME € BUIAKN HECKIHUYEHHO! MPSMOI KOPCTKOCTIH-
HOT TpyOM KPYroBOro Ta IPSIMOKYTHOIO HOIEPEYHOro IiepepisiB (iuB., Hanpukiaam, |1, 5-8]). dis
Takux TPyO mobymnosano Biamosiani gpyukii ['pina xBuipoBoro piBusHH i piBHaHHS [e1bMI0O/H-
Ia, a TaKOXK, 3 I1X JIOMOMOTOIO, OJIEPYKAHO BUPA3M [ PI3HUX XapaKTEPUCTUK aKyCTUIHUX ITOJIB,
3reHepOBaHUX BiAMOBiIHMMEI KepesaMu 3BYKy. lIpore 3a3Buyail 11i pe3ysibraTu 0OMEKYIOThCsI
BHUIIIKOM BiICcyTHOCTI Tedil B TpyOi. fKImo K HagBHICTEL Tedil 1 6eperhbcs 10 yBaru, To 11 epbekTn
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(9, Yo 20) u

Puc. 1. I'eomerpis 3amaui

y BianoBiaaux dysknisx ['pina ta/abo KiHIEBAX pe3y/abTaTax MPOSIBISAIOTHCS JIUIIE Y HESIBHOMY
surusizi 1, 3, 6].

Y janiit poboTi pobuThbCs Crpoba MEBHOI MipO0 BUIpaBUTH Ieil Hemouik. TyT OymryeTbes
dyukiis ['pina XBUILOBOrO PIBHSIHHS JJIsT HECKIHIEHHOI MIPsIMOI KOPCTKOI TPYOHU MPSIMOKYTHOT'O
[IOTIEPEYHOTO TIepepidy 3 PiBHOMIpHOIO ocepejiHeHO0 Tediero. Ll dyHKIis Mae siBHY 3aJI€XKHICTD
BiZ mapamerpiB Tedil, a y pasi BiacyTHOCTI OCTaHHBOI — 30ira€TbCs 3 BiIOBIAHOIO (QYHKIIEIO
I'pina mist 3a3HadeHol Tpy6u, sika HaBeJleHa B HayKoBiil jiteparypi [1, 3-6, 8|.

ITocTranoBka 3amaui. Ha puc. 1 300parkeHo HeCKiHYEHHY IIPsIMY KOPCTKY TPyOy IpsiMO-
KYTHOI'O IIOIIEPEYHOT0 IIepepisy posmipis I, Ta Iy, B sKiil 3 ocepe/iHeHo0 0choBOoI0 mBHKicTIO U
piBaOMipHO Teue piguna (OU /0t = 0). ¥ uiii Tpy6i 3a1aHi JOBIIBHUM YHHOM PO3TAILIOBAHI aKyC-
TUYHI J2KepeJia Pi3HOl Mpupou, s$Ki reHepyloTh B Hifl akycrwaHe moje. Ile moje omucyerncs
TPUBUMIDHUM KOHEEKMUGHUM XBUJILOBUM DiBHsiHHsIM |6, 8]:

1d2pa 9

- —V2p, =,

Cg dt2 pa ’7 (1)
0<z <y, Ogyglw ‘Z’<OO7

B SIKOMY P, — aKyCTUYHHUI TUCK; ¢) — IIBUJKICTb 3BYKY B He30ypeHiil pijuHi; 7y 3a/a€ pO3IOIiI
3a3HaYEHNX JKepes, a JAPyra IOBHA IMOXiJHa 3a JacoM i omeparop Jlamraca y npsiMOKyTHiit
JIEKapTOBiii crucTeMi KOOPIUHAT (,Y, 2) 3alHUCYIOThCS TAKUM YHHOM:

d? d 9\’ o 0 0? 2 92 P

— =\ tU+ =—2+2U—+U2—2, V2:—2+—2+—2.

dt ot 0z ot otoz 0z Oz y 0z
Heob6xinno nobymysaru dyukiio 'pina pisasauas (1) mis gocaiakyBanol Tpyou.

®yukuis I'pina. [lykana dyukuis ['pina G onuncye akycruanuii TucK y To4uni nosis (z,y, z)

B MOMEHT 4acy t, siKHil TeHEPYEThCSI B MOMEHT t( OJIMHUYHUM TOYKOBHUM IMITYJIbCHUM JI2KEPEJIOM,
posraroBanuM B Tpy6i y Touri (xo, Yo, 20) (auB. puc. 1). Bona 3a10BosbHsIE pIBHSIHHS

1 d*G

%F - VG = §(z —20)d(y — yo)d(z — 20)d(t — o), (2)

0<z20<lz; 0<y,p0<ly; |2/ <o0; |z <oo; [t <oo; [to| < o0,

B sxomy O(...) — mensra-ymkuis Jipaxa, a oneparopu d?/dt? i V2 narorses micas (1).
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I'paruani ymoBu jist pyHKIHT G BitoOpaskatoTh piBHICTE HYJII0 HOPMAaJIbHAX KOMIIOHEHT aKyC-
TUYHOI MIBUJKOCTI HA HEPYXOMiil YKOPCTKIiil CTIHIN J0C/iKyBaHOl TPyOu:

oG oG

Ox z=0,l, y=0,ly

i BiicyTHICTD BiOuTTH 3BYKY Ha i1 KiHnsx (Ha HeckindeHnuocti). Kpim Toro, B Tpy6i He HOBUHHO
OyTH aKyCTUIHOrO HOJIsi JI0 MOYaTKy #oro reHepariii 3a3HadeHuM jkepesiom [4-8|:

G’t<t0 - 0 (4)

[To6ymoBy poss’si3ky 3aia4i (2)—(4) nounemo i3 300parkenusi mykanoi dyHkuii ['pina y Bu-
VISl pAJLy:

o0 o0
G('rayazat; anyOaZ(]?tO) = Z Z Gnm(Z,t§~"30,yO,ZO,tO)‘I’nm(Cﬂay)a (5)

n=0m=0

sIKHif 3810B0sIbHsIE€ yMOBY (3) 1 B sikOoMY Wy (2, y) = cOS(kgn) cos(kymy) € AKyCTHYHIME MOAAMI
Tpyou, Ky, = nw/ly ta ky, = mm/l, — MOIATbHUMI XBHJIBOBHMH HYHCJIAMU y HAIPSIMKaX T
ta y BianosinHo, a Gy, — HeBimomumu koedimienramu. Tomi migcranoBka psy (5) y piBHSIHHS
(2), MHOYKEHHsI OJIEPXKAHOTO DU IIbOMY CIIBBIIHOIIEHHSI CKAJISPHO Ha MOju Wy, 1 BpaxyBaHHs
OPTOI'OHAJILHOCTI OCTaHHIX

lz ly

_ ||\Ilan2’ (SaQ) = (n,m),
0 0
l$ly7 n:07 m:O,
%, n=0, m2>=1,; (6)
[ =
ol %’ n=1 m=0;
2
1
%, n=>1l m>1

MIPUBOISITH 10 OJHOBHUMIPHOTO koHneexkmueHoz0 piBHsHHA KisitHa—Topmona st KoedimieHTiB

Gnm [4, 5]

%G
022

\I]nm x b
+ R G = 05 20)3 (0 ta). (1)

1 %G gaQGnm

g nm 12
& ot? + co OOz (1= M)

Y 1pomy pisasiaai M = U/cy — aucsio Maxa redii B Tpy6i, a KBaJpaTu HOPM MO/, H\I/anz i mexi
3MiHM 3MIiHHIX JAI0ThCs Bignosigao B (6) 1 (2).

Posp’si30k piBusiaus (7) Gysio oxepzxkano B pobori [9]. Bin siBiisie co60k0 Cyneprosuiito mpsivMoi
Ta 3BOPOTHOI XBWJIb, $IKi IIOIIUPIOIOTHCS, BIJIIOBIIHO, BIPABO Ta BJIBO BiJ| BUIE3a3HAYEHOT'O
JKepeJia, PO3TAIIIOBAHOIO y MOIepeYHOMY Iiepepisi Tpyou z = 2o (nuB. puc. 1):

G = %w [H(?(zo _ z))H(%(t o) + (M + 1)%(2 - z0)> 4
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+ H(%(z - z@)H(%(t —tg) + (M — 1)%(2’ . zo)>] x

2
<okt~ 0 £ 20—+ O DR - 2). 9

ryr H(...) — dyukuis Xesicaiiza; Jo — murinapuana dbyukiis Beccestst neprioro pojy HyIb0Boro
nopsiyiky; | — macurrab JIOBXKUHHU, sKUii Moxke OyTn BuOpaHuii qoBijibHuM unHOM [10], a Takox
OyJ10 B34TO JI0 yBaru BiJICYTHICTH BIIOMTTS 3BYKYy Ha KiHIEX TPyOH.

HasBuicts cuiBeigaomensb (8) qyist koedirientis Gy, v paai (5) mo3Bossie 3amucaT ocTa-
TOYHUI BUpas3 sl nrykaHol ¢yHkiii 'pina G:

[e.e] [e.e]
G(z,y, 2,6 20,50, 20, t0) = D > Gum(2, 520, Y0, 20, t0) Unm (7, y) =

n=0m=0

= 2 ( 50— (et + 0+ D —20) ) + (- 20)) »

Cp )\ Vim anyO
H( L - M—1)2(z — § j § 70, 0] g

n=0m=0

02 Co 2
xJ0<knmz\/A2—32(t—to)2+2l—i\4(t—to)(z—zo)+(M2 )?2 (2 — 20)? ) (9)

Woro amaniz nokasye, 1o mnobynosana GyHKIis ['pina 306paskyeThesi PsIOM 32 AKYCTHIHUMMI
MOIaMu JT0C/iKyBaHOl Tpyou W,,,. Koxken wmeH mporo psiiy € CyMOIO IpPsIMOI Ta 3BOPOTHOL
XBUJIb, AKi MONIUPIOIOTLCS, BIJMOBIAHO, BHU3 Ta Bropy 3a TEYi€l0 BiJ aKyCTHIHOTO J2Kepeia,
PO3TAINIOBAHOIO y epepisi Tpybu z = zg (mus. puc. 1). Kpim roro, dyukiis G 3a/10BosbHSIE
ymMoBy (4).

[Mogasnbmmit anasnis Bupasy (9) 3acsimdye, mo B oxepxKaniil yHkIil I'pina y siBHOMY BHIJIs I
Bizobpazkeni edekru jmociimpKyBanol redii (uepes yuciaa M i A = A(M)). Li edekru craors Ba-
romimumu 3i 30i/IbIIeHHIM ducia M, 3yMOBJIIOIOYH, KPIM iHITIOTO, MOABY 1 MOma IbIne 301/IbITeHHS
acumerpil dyHkIil G BifHOCHO TIONUHN 2 = 2. | HaBmaku, 31 3MeHIeHHsM yucsia Maxa Baro-
MiCTh BILIUBY Tedil Ha DPYHKINI0 G 3MEHIIYETbCsI, CIPUINHSIIOUN, 30KPeMa, 3MEHIIEeHHsT BKa3aHOT
i1 acumerpil. ¥ Bunajky k BijgcyrHocri redii (M = 0, A = 1) dyukuis (9) crae cumMeTpuyaHOO Bijl-
HOCHO IJIONIUHE 2 = 2 1 30iraeTbest 3 pyHKITiEo ['pina XBUIBOBOIO PIBHSHHS JIJIsi JTOCJI 1KY BAaHOT
Tpy6H, sika HaBeJleHa B HayKoBiil sireparypi [4-8]:

Clarmo = 020[H<%(z0—z)>H<cl—0(t—t0)+%(z—z0)> +H<l(z—z0)>H<cl—0(t—t0)—

_ )] 3 Z ’ﬁ’; 350’”32/0 Wy (1, 9) 0 (knm\/cg(t )2 — (2 — z0)2>.

n=0m=0

Takum qunOM, y Haniit poboti mobymoano ¢yukiio ['pina G KOHBEKTUBHOTO XBUJIBOBOI'O
PIBHSIHHS JIJIsT HECKIHIE€HHOI IPSMOI 2KOPCTKOCTIHHOT TPyOH IPSIMOKYTHOTO [TOIIEPEIHOTO IIepepizy
(Bupaz (9)).

Y nobynosaniit dpyukil ['pina B ssBHOMY BUIsA BigoOpakeHi edpekTu PiBHOMIPHOI ocepes-
HeHOl Tedil y 3a3Hadeniit Tpy6i. i edexTu crarors Baromimmmu 3i 36i/ibienHsM duciaa Maxa,
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3yMOBJIIOIOUHN, 30KpeMa, TOsIBY 1 HoaJble 30iabieHHst acuMeTpil pyHKIil G BiTHOCHO mepepisy

Z = 20, B 4KOMY PO3TalllOBaHE€ OJUHUIHE TOYIKOBE iMHYJII)CHe aKyCTHU4dHe JI2KepeJIo. I HaBIIaKH, 31

3MeHIIeHHIM dncia Maxa BaroMicTb BIUIUBY Tedil Ha DYHKIN0 G 3MEHIIYEThCsI, CIIPUIHHSIOIHN,

Kle iHIlIOFO, SMEHIIIEeHHA 3a3Ha4Y€HOl 11 aCHMeTplf.
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A. A. Bopucrok

®Oynkiusa I'puHa KOHBEKTUBHOIO BOJIHOBOI'O YPaBHEHUS
JJisg OECKOHEYHO! IIPSAMOIi >KeCTKOCTEHHOI TPYObI IMPSMOYTOJIBHOTO
MOIIEPEYHOI'0 CeYeHUs

Hocmpoena dynxuyus I'puna 604106020 ypasnenus 0aa 6eCKOHEUHOT NPAMOT dcecmkot mpyoovl
NPAMOY20ADHO20 NONEPEUH020 CEHEHUA C PABHOMEPHBLM 0CPEIHENHbIM Mmeveruem. B amot dynxyuu
6 A6HoM sude ompasicerv, appexmut yrasannozo mevenua. Onu cmanosamea boaee CyuLecmeet-
HBLMU C Yseauuernuem wucaa Maza, 6vi3vi6a.4, 6 4acmmocmu, nossienue u dasoHetuee YeeAu e Hue
ACUMMEMPUY, GYHKUUL OMHOCUMEADHO NONEPEUHO020 CEHEHUSA, 8 KOMOPOM HATOOUMCA eOUHUYHBIT
MOeUHbIl UMNYALCHOIG akycmuseckul ucmounuk. M naobopom, ¢ ymenvwenuem wucae Maza
BECOMOCTNG BAUANUA MeEYeHUA Ha Pyrnkuuto I'puna ymenvuiaemcesa, 06Ycio8aAuBas, Kpome nposezo,
YMEHDULEHUE €€ ACUMMEMPUL.

A. O. Borisyuk

Green’s function of the convective wave equation for an infinite straight
rigid-walled pipe of rectangular cross-section

Green’s function of the wave equation for an infinite straight rigid pipe of rectangular cross-section
with uniform mean flow is found. In this function, the indicated flow effects are reflected in the
direct form. The effects become more significant as the flow Mach number increases, by causing, in
particular, the appearance and the further growth of a function asymmetry about the cross-section,
in which the unit point impulse acoustic source is located. Vice versa, a decrease of the Mach number
results in a decrease of the effects and, in particular, in a decrease of the indicated asymmetry.
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