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O PACITPOCTPAHEHNN CJIABBIX CUT'HAJIOB
B CIIVIOOTHBIX CPEJAX

B.®. Kyponamenxo

Paccmarpusaerca MeTOI onpesiesieHlsl CKOPOCTH PACIpPOCTPAHEHHS CJIADbIX CUTHAJIOB
B DA3JIMYHBIX CPEJIAX — H/IEAJbHBIX, HENJEANbHBIX (C OTINYHBIM OT HyJs JE€BHATOPOM Ha-
[psZKeHU?) 1 MHOTOKOMIIOHEHTHBIX. T0 KacaeTcs UaeaslbHbIX cpejl, To dopmya Jlamnaca

JIJIsl CKOPOCTHU 3BYKA,
C? = (8_P>
ap /g

HACTOJIBKO MIMPOKO IIPUMEHAETCS BO BCEM MUDEe B TedeHUe NIUTEeIbHOIO BPEMeHH, UTO OHA
BOCIIPUHUMAETCSI KaK OIpeJiesieHie CKOPOCTH 3ByKa. B pabore nokaszaHo, 4To 31a (HhopMy-
JIa ABJISETCA He OlpeJleIeHreM, a CJIeJICTBHEM PACCMOTPEHHUs 3aKOHOB COXPAHEHUT MACCh
UMITYJIbCA U 3HEPIUU B CIydae MAaJbIX BO3MYINEHUN B cpele ¢ IPOU3BOILHBIM ypaBHEHHEM
cocrogHud. TOYHO TaKoe JKe PacCMOTpeHHe B CiIydae YIPYToil H30TPOIHON cpeibl MO3BOJI-
€T BBIPA3UTH CKOPOCTHU PACIPOCTPAHEHUA IPOJOIBHBIX U IOMIEPETHBIX MAJIBIX BO3MYIIEHUH
4epe3 CBOMCTBA TBEPJIOTO TeJd. DTU 3aBUCUMOCTH JIOCTATOYHO XOPOIIO U3YU€Hbl B TEOPUU
YOPYTOCTH, XOTS UHOL/IA BCTPEUAOTCH PAOOTDHI [0 MEXAHUKE CILIONIHBIX CPEJI, COJEPKAIIIe
HECKOJIBKO UHBIE, YeM OOIIENPUHSTHIE, CBI3U CKOPOCTEH IPOJOIbHBIX U IIOIEPeTHBIX BO3MY-
IeHu# ¢ THIPOIMHAMHIECKO! CKOPOCTDBIO 3ByKa. VX 0bcy:KieHne B JAHHON CTaThe BBI3BAHO
HEOOXONUMOCTBIO POAEMOHCTPUPOBATL ODIIHOCTD IIPHUMEHSIEMOI'O METO/A.

Haxkonen, B c1y4ae MEHOTOKOMIIOHEHTHBIX CPeJI MeTOI IPUBOANT K YPABHEHHUIO JJId CKO-
POCTH 3BYKa CMECH, IPUHITUIHAILHO OTIUYHOMY OT HIMPOKO NpuMensieMoro. B pabore naer-
cs1 0DOCHOBaHHE HOBOT'O yPAaBHEHUS, BBIPAZKAIONIETO CKOPOCTH 3BYKa CMECH Uepe3 CKOPOCTH
3BYKa U KOHIEHTPAIUN KOMIIOHEHTOB.

Kauesvie ca06a: MAMEMAMUYECKGA MOOeAb, CKODOCMb 36YKa, udeaavhas cpeda,

CMECH, YNPY20CMb, KOHUEHMPAUUA, YPABHEHUE COCTNOAHUA.

1. UneanbHas cpena

B useasnbHoil crIOIHON Cpejie AEBUATOP TEH30Pa HAIPSXKEHWI PABEH HYJII0, M B KAy 10
TOYKE TTPOCTPAHCTBA X, Y, 2,1 Ha BEMeCTBO MeHCTBYET eJWHCTBEHHAS CHJIA — MaBICHHUe. 3aKOHBI
COXpaHeHUd MacCChl, KOJIMYeCTBa JABUZKCHUSA U SHEPrUU B 9TOM CJIy4dae MMEKT BUJ,

ap =
E + VpU =0, (1)
ag—g + (UV) pU + pU (VU) + VP =0, (2)
Ope —

rje p — naoTHOCTb, U — ckopocth, P — naBjieHue, £ — yAe/abHAS [IOJTHAL SHEPIUsl, PABHALA CYMME
VIEeIbHON BHYTpPEHHEH dHeprun IV ¥ yAe bHON KMHeTHIECKONH SHEePrun %U 2

1_
—E+ =U>
5 +2
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OnanM U3 cieacTsuii 3akoHOB coxpanenus (1) — (3) sBiseTcss TOCTOSHCTBO SHTPONUK S BIOJb
TPaeKTOPUN 000 MaTePUATHHON TaCTUIIHI

gs—FUVS—O (4)

B cirygae miocKOCHMMETPIHIHOTO OJIHOMEPHOTO TeueHnst 3aKOHbI coxpanenns (1), (2) u ypas-
uenue (4) umeror Bug [1]
Op 9p ou

ou ou oP

054‘0 8;1:—1—%:0’ (6)
0S oS
5 U% ) (7)

Cucrema ypasuennit (5) — (7) 3aMbIKaeTCsl ypaBHEHUEM COCTOSTHUS

P=P(pS).

[Ipoauddepentupyem P (p, S) BIoab TPaeKTOPUYN TACTHUIILI

oP orP (0P op dp oP oS oS
Ot+U833_(8p>5(8t+U0x>+(8S>p<0t+U8x>' ®)
O6o3naunm [1]
8P> 9
— ) =C 9
(5). )
u, ucnoss3yd (7), 3anumeM (8) B BuIe
ap ap 1 [oP oP
o Ve~ ez (aﬁ%a)’ (10)
[Moxcrasus (10) B (5), mosyanM ypaBHeHHe
oP opP ou
— +U— +pC*— =0. 11
ot U ar T o ()
Ypaguenne (11) Bmecre ¢ ypasuenuem (6) BIOIb XapaKTEPUCTHYECKUX HAMPABICHUIT
dx
=U+ 12
g - U=C (12)
peobpaszyercs K BUILY
dpP au
rie
d 0 0
7o + (U £ C)8 (14)

Ecyiiu B HEKOTOPOIT TOYKE CpeJIbl M3MEHUTH XOTd Obl OJHY U3 BEJUYUH, XapPaAKTEPU3YIOITUX
COCTOSIHME W JIBU2KEHUE, TO 3TO BO3MYIIEHUE OyJeT pacIpOCTPAHATbCS BO BCE CTOPOHBI. Bae-
IeM ciabble BO3MYINEHUSI cienyiommm obpaszom. Byrnem cawmrars, uro P, p,C u U umeror Buj
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P=PFPy+6P,C=Cy+dC,U=Uy+6U,p=pg+9dp, tne Py = const,pg = const,Uy = 0,
Co = const, a P, dp,0C, U makme manwie Bemmanubl, uto 0P << Py, dp << po, 6C << Cy,
0U << Cy. Iloacrasus P, p, C, U B (12), (13) u 016pocuB Masbie BEJUIUHBI, Oy IUM yPaBHEHUS
XapaKTEePUCTHK W yPABHEHUS BJOJIb XapaKTEPUCTUK B BUJIE

dx

— = Uy £ C 1

7 0 05 (15)
doP doU
—— 4+ pgCop—— = 0. 1
dt pPoCLo dt (16)

IMockonbky pg = const, Cy = const, Uy = 0, To ypasuenns (15), (16) moxkHO npounTerpupo-
BaTh. [loc/Ie HMHTErpUPOBAHUS TOJTYYNM:
1) Baob xapakrepucruk 1-ro cemeicrsa

x:l“o—l-(Uo—l-Co)(t—to)

CIIPaBE/IIMBO YPABHEHNE

0P + poCooU = const, (17)

2) B/IOJIb XapaKTEPUCTHUK 2-T0 CeMeiicTBa

:E:CCO+(U0—00)(t—t0)

CIIpaBe/JINBO ypaBHEHUE

0P — poCooU = const. (18)

ITocrosiHble B/IO/Ib XapaKTEPUCTUK BeindnHbl B ypasHenusix (17), (18) nazoBem akycrudeckumu
HHBapHaHTaMUI & # 3

1
—_— OP.
poCo poCo

Mautbie Bo3myttienust 0Un § P BbIpaykaroTcs 4epe3 aKyCTUIeCKne NHBAPUAHTHI TaK

a=0U +

5P, B = oU —

5U:0,5(Oé+,8),(SPZO,E)(O[—,B)poC().

AHasn3 nos1y4eHHOrO PenIeHns NOKa3blBALT, 4T0 HavaabHoe Bo3mymenne 0U (z) nim P (z) npn
t > 0 pacmagaercs Ha aBe oguHakoekie gactu: 0, 50Unim 0,50 P, KoTOphle iepeHocsiTcst 663 n3me-
HEeHUsI BJOJIb XapAKTEPUCTHK B MPOTUBOTOIOKHBIX HampaBaeHnsx. CKOPOCTh pacmpoCTpaHEHUsT
9TOr0 BO3MYIIEHUsI B MOKOAIIEHCs Cpejle PaBHA HAKJIOHY XapaKTepUCTUK ‘é—f = £(p. Bennunna
Cp 3aBUCHT TOJBKO OT CBOMCTB CpeNbl M HE 3aBUCUAT OT (DOPMBI BO3MYIIEHUs. TUIHIHBIMEA BO3-
MYIIEHUSIME JIJIsi BO3/LyXa, SIBJIAIOTCS [ITYMbI, 3BYKOBbIE CUTHAJIBI, T09TOMY Besimunta C 1mosryduia
HA3BaHIE CKOPOCTh 3BYKA.

CkopocTh 3ByKa, KOTOpas onpe/ensiercsa 1o dpopmyste (9), siBasercst BeNeCTBeHHO mpu yCJ1o-

BUU <%—I;> > 0. Bce cayyan mHapylieHusi 3TOro ycjaoBus TPEOYIOT CIENUaIbHOIO PACCMOTPEHUS.
S

PaccmoTrpuM Tenepb 0JHOMEpPHbIE T€YeHUs MJIeaIbHOM CIUIOIHON CPeAbl B CJIydae HUJIH-
JIpUIecKoii mwin cepudeckoii cummerpun. Ilocsie mepexona or KOOpAUHATHI & K KOOpIUHATE T
ypasuenus (5), (6) mpumyT BuI

Op op ou  (v—1)pU
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ou ou oP

rae U — ckopocts B10b siio6oro styva Or, v — nokazarens cumverpun (v = 1 — m1ockoe tevenne,
v = 2 — TedeHne C IMUINHIPUIECKON CUMMeTpueil, ¥ = 3 — Tedenne co chepudIecKoil CUMMETPH-
eit). ITocsue 3amens! ¢ nomomuipio (10) npoussogubix p (t, ) npoussoxusivu P (¢, r) n nepexoja K
MaJIbIM BO3MYyIeHusiM ypasuenue (19) npuaumaer Buj

00P aoP ooUu v—1 002(5U + U()C25 + 2UppoCooC

+ U, + 0o 03 i ( ) (P 0 0°P P )

ot or or r

[Tocre mpeobpasosanus ypasuenuii (20), (21) Kk xapakTepucTuaeckoii (hopMe moJIyIaeM, 9o ypas-
HeHusi camux Xapakrepuctuk npu Uy = 0 mMEIT TOYHO Takyio ke Ghopmy

=0. (21

dr
" _ic
dt 05

KaK U B CJy4ae IJIOCKOW CUMMETPUH, & yPaBHEHUd BJOJIb XaPAKTEPUCTUK OTJIMYAI0TCH.

2. HeunpeasbHasi cpeja

I3 BCex BO3MOXKHBLIX HEHJEATLHBLIX Cpes PACCMOTPHM TOJBKO YIPYTYIO M30TPOIHYIO CPey,
MOCKOJIBKY ynpyTHe gedopManun 00paTuMbl U, CIeI0BATEIBHO, SHTPOIH OCTACTCA TMOCTOSAHHOMN
BJIOJTb TPAEKTOPHUU MAaTEPUATBHON YACTUIIBI, T.€. BBINOIHAETCs ypaBHeHue (7). 3aKOH COXpaHeHHUsI
MAaCChl HEe 3aBUCHT OT Heujea bHoCTH cpeanbl u umeer Bug (1). Bexroproe ypaBuenune nsuxenns
HEUJEaIbHON CPEIbl B MPOCKIUIX HA KOOPAUMHATHLIE OCH PACIIANAETCI HA TPU CKAJIAPHBIX ypaB-
HeHust [2]

dUy OP  0Spx Orye  OTyz
P + dxr ox Oy 0z 0, (22)
@ n (97P B OTyz B 0Syy B 0Ty
P~ at oy ox Ay 0z
dU, OP 01, 87—yz o0,

P~ at +$_ or  dy 0z =0, (24)

rae Siaz, Syy,Sz» — HOPMAIBHbIC, Tpy = Tyz, Toz = Taz, Tyz = Tzy — KaCaTeJIbHBIE KOMIOHEHTHI

=0, (23)

JleBMaTOpa Hanpsizkenuit. Bocrosibdyemcesi pesyJibraraMu TeOpUun yIpyrux HalpsizkeHuit u jedop-
Marwit 3| w BBITIHIIIEM 3aBUCHMOCTH MEXKJY HUM.

2G

Sew = 5 (2800 — £y = 222), (25)
Syy = ? (—€gz + 264y —€22), (26)
8oz = ? (—€az — Eyy + 2622), (27)
Toy = GVyas Tyz = G Vyz, Taz = GYaz, (28)
rae
Eoz = 8850 Eyy = gyyo, €2z = 5; (29)
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oy 0z Ox
Vyz = 8750’ Vzy = aTJo’ Yoz = 87,20' (30)

B osHOMEpHOM TedeHMM BOJIbL OCH & BCE BEJIMYUHBI B 110CKOCTH 2y, OPTOrOHAJILHON ocK
T, TOJIKHBI OBITH OAuHAKOBRIMHU. CJ1€10BaTE/IHHO

C yuerom sroro dakra ypasuenus (1), (22) — (30), npuanmaror Buf
W0 ) 2, (31)
Eyy = 0,822 =0, 72y =0, Y22 =0,
Ser = 3Gp, Sy = — 3G Sux = — 3G o (34)
Tyz = Gaajo, Top = 0, Ty = 0. (35)

Crenaem erre o/1HO ympoirenue u 6yzaem cautarh, 94to U, = 0, T.e. B cC/Iydae mOMepevHbIX Kojieba-
HUI MaTepUaIbHBIE YACTHUIIBI CMEIAI0TCS TOALKO B1oJb ocu Y. [Tpoanddepennuposas (34), (35),
HOJTy9UM YPaBHEHUS JJIT Spp U Tyg

S, 40U, 01, 0U,
i 3% " o o (36)

YTobB!I TIepeiTu OT JArpaHzKeBOi KOOPAWHATHI (g K IepoBOil KOOpAWHATE X, PACCMOTPUM
napaJienenuies oobemom dfy = dxrodyodzg. YiaeabHbIil 00beM BelecTBa ¢ Maccoit dm B 3TOM
obbeme obozuaunm gepes Vo = dxodyodzo/dm. B ompnomepuom nemxkenun dyy = const, dzp =
const, a dr U3MEHUTCs, B pe3yJbTaTe 9ero W3MEeHUTCS YIeIbHbBIN 00beM

V = dx dyo dzo/dm. (37)
Monustit qguddepentman byuxnun z(zg, Yo, 20) IMEET BUJ

dx = <8$> dxo, (38)
020 / 4o,z

MMOCKOJIBKY B PACCMaTPUBAEMOM JBUKEHUN OTCYTCTBYIOT CIIBUTH W IIOBOPOTHI U % =0, g—zf) =0.

[Toncrasus (38) B (37), moayunm cBas3es Vu Vp
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AU,
Oxg

u g—gg, BXojdmme B ypapuenus (36),

N3-3a OTCYTCTBUS CABUTOB W TMOBOPOTOB TTPOU3BOIHBIE
peodpPa3yoTCa K BUILY

o,  0Uy (0xz\ 0OU, 90Uy ( Oz (40)
drg  Ox \Oxg/) Oxy  Ox \Oxo)
[Tpeobpasyem pasibine BuIparKeHust %g§> g%, [IO/ICTABUB 3‘% u3 (39) B (40), u noACTABUM 110JTy YEH-

i 36). 3 6 dSze yp dTue
HbIN peByﬂbTaT B ( ) aMeEHUB Cy CTaHI_[I/IOHaJH)HI)Ie HpOI/ISBO,Z[HI)Ie dt " dt ux Bpra)KeHI/IHMI/I

0Szy 0Szz OTys OTyx
qepes SpE, SoLE, =S um —Hi, mostyunM

98, 08, 4 VU,
U, _2q. L% A1
at "% o T3V W o (41)
OTya 0Ty K@Uy B
U - G =0 (42)

OxonuaresnpHo nMeeM cucreMy ypasaennit (31) — (33), (41) u (42). B srux ypaBuenunsx mepeiigem,
KaK U paHee, K MajbiM Bosmyinenusm P = Py + 0P, p = po + 0p, Uy = Uy, + 0U,, Spx =
Sezo + 0822, V = Vo + 0V, C? = Cg +6C?, Tyz = Tyzo + 0Tye ipu Py = const, py = const, C’g =
const, Uy, = 0, Syz, = 0, Vo = const, 7., = 0. B pesysprare IpuXoauM K CHCTeMe JITHEHHBIX
ypaBHEHUN

LW AL (43)
i o
aééim - ;lGaggx o, (45)
poag(jy B 82? _o, (46)
ot o

DTH ypaBHEHUs PACIAAIOTCS HA J[BE CHCTEMBbI ypaBHeHuii: ypasuenus (43), (44) u (45) — nep-
Basi cucrema, u ypasHenusi (46), (47) — Bropas cucrema. Sanuiiem ypasHenusi (43) — (45) B
xapakTepucruieckoii dopme. g sroro ymuoxkum (44) na A, (45) — ma p, rge Ay — mMoKa
HeonpeJge/IeHHbIe MHO2KUTE/IN, U CJIO2KUM

5U, , 4 \aU, 95P 6P 088, 008w
ApoatJr(pOcO_s,“G) g Tar TN Tha M 0 W

XapakTepucTHIecKne HANPABIEHUs TPeX, BXOAAMNX B (48) XapaKTepuCTHUECKUX OTEPaTOPOB,

COBTTQIAIOT TIpW (4 = —1 m A = £, /C’g + %p% 7 OTIPEIEISIIOTCA yPaBHEHNEM

dx 4G
N (e R
T Cs + 370 (49)

DTa BeIMYMHA HA3BIBACTCS CKOPOCTHIO 3ByKa MPOOIBHBIX YIPYIHX BO3MYIIEHHI n 0603HadaeT-
cst Cp. Paccmorpum jasiee cucremy ypashenuit (46), (47). Ymuoxum (46) na HeoupeeseHHbL
MHOXKHUTETH \ 1 C10KuM ¢ (47)

48 Becrank FOYpI'Y. Cepus «<MaremaTuvueckoe MoOAeJUPOBAaHNE M POrpaMMHUPOBaHUe



MATEMATNYECKOE MOJIEJ/IMPOBAHUE

06U, 06U, 007y, 00Ty,
o %o T Vo

XapakrepucTuieckue HanpasjieHus AByX, Bxoaammx B (50) XapakTepucTuUecKux Oneparopos,

Ao = 0. (50)

COBTIAATOT TIPH A = =,/ pQO U OIIpe/IesIdoTCd ypaBHEeHUEeM

dx G
— =y —.
ot | Po

Dra BeJUUNHA HAZLIBAETCS CKOPOCTHIO 3BYKA MOTMEPEUYHBIX YIPYTUX BO3MYIIEHU U 0603HATAETCS
(. OKOHUATETLHO UMeeM

4G 5 G

-2 er= 2 (51)
3 po Po

Benmuuna Cy seipazkaercs uepes Cp u Cg uz (51)

C? =02+

4

C3=CL—3

c?.

3. MHOroKOMOOHEHTHbIE Cpeabl

PaccmoTpuM omHOMepHOe TedeHME MHOTOKOMIIOHEHTHOM Cpefibl ¢ ILIOCKOM cmMmMeTpueil. B
9TOM CJIy4da€ 3aKOHbI COXPAaHEHUA MACChl U KOJUYECTBa ABU2KCHUSA, YYIUTHIBAIOIINE ITapHbIE U
KJIACTEPHOE B3aMMO/IeHiCTBUS |4|, IpUHUMAIOT BU/

Oaip; . Oa;p;U;
ot ox

=0, (52)

2
OaipiU;  OaipU7  Oay (P; + Fy)
+ +
ot ox ox
rje i — HOMep KOMIIOHEHTa, (v — 00beMHasd KOHIEHTPAInd i-ro KOMIIOHeHTa, F; — hyHKIua Kiia-
CTEPHOrO B3aMMOJEHCTBUS 4-I'0 KOMIIOHEHTA CO CMEChIO, OnpejesisieMas Coracho [4] ypasnennem

= R;, (53)

F; = —%pi (U —U;)2. (54)
B ypasuenun (54) U — ckopocrb cmecu
U=> nU,
7); — MaccoBasl KOHIIEHTPAIHs -T'0 KOMIIOHEHTA, CBA3aHHAsI C (; COOTHOIIEHUEM
nip = QipPi,
p — IIOTHOCTH CMeCH

pP= Z Qi ;-

CaoiicTBa KaXKJ0r0 1-1'0 KOMIIOHEHTA OMPEIE/ISIIOTCS YPABHEHUEM COCTOSHUS

P; = P (pi, Si), (55)

re S; — SHTPOIHd i-T0 KOMIOHEHTa. B coorBeTcTBUE ¢ hopmynoit Jlammaca mpon3BoTHast (g?)
(1 S’L

oTpeJieIgseT CKOPOCTh 3BYKa ¢-TO KOMITOHEHTa,

2013, T. 6, Ne 1 49



B.®. Kyponarenko

0P;
()
opi ) g

C momormpio (52) mpeobpazyem (53) B ypaBHEHUE JBUZKEHUS

AT o+ aplig O -+ o 0 (56)
a ypasuenue (52) 3anuireM B BUJE
0o Oay opi opi o
(875 +Ulax> o ( o TV ) Py = (57)

[Ipomuddepentmpyem (55) 0 ¢ U MO T U ¢ TOMOIIBIO TOIYI€HHBIX 3aBUCUMOCTEl TPON3BO/THBIX

oP;  _,0p; OP; _,0p;
ot =Ci ot oz =Ci oz

npeobpazyem (57) K BuLy

80@ 8042- (o7} 8Pz 8P 6UZ
(at+Ulax>+q2'<at Ulm)“‘m‘a =0 (58)
Caenys |5|, 3amminem Takue e ypaBHEHUS JIJIsl CMECH
ou 8U 0(P—F)
Por + pU a— s =0, (59)
9 Ly OV (60)

ot oz "oz

Ypaguenns (59), (60) He comepKaT NPOUZBOAHOIN %—f, MO3TOMY HEBO3MOYKHO CKOMOMHUPOBATH
XapakTepucTudeckuii onepatop dbyuknun P. T0 cTaHeT BO3MOXKHBIM, €CTM 3aMEHUTE TIPOU3BOJI-
HBIe g@) n gx TTPOW3BOIHBIMMT %t n %—I;, KaK 3T0 OBLIO CJIeJIaH0 Jjs KaK10ro KomrnoHnenTa. OgHako,
B coorBercTBUE C 6, 7| cMech He uMeeT ypaBHenus cocrostuusg. lasnenne P, IJIOTHOCTL p U 9H-

Tpomust S cMecu BhIpaxKaiorcs uepes P, p;, S;, a; U 1; KOMIIOHEHTORB € MMOMOIIBIO CyMMUDOBAHMI

N N N
P= Z%‘Pi, p= Z%‘Pi, S = st
=1 =1 =1

[Tonwitku mpoauddepenuposars P mo p npu S = const npu N > 2 HaTaJKHBAIOTCSI Ha HEIIpe-
O10JINMbIE TPYJAHOCTH. I/IMeHHO IIO9TOMY BCE IIOIBITKU OIIpeJe/IeHNd CKOPOCTU 3BYyKa CMECH Oorpa-
HIYUBAIICH CJIYy9aeM TOJBKO JIBYX KOMIOHEHTOB [6-9|. Byaem cumrars, uro ciabblit (akycTu-
YECKWil) CHTHAT B CMECH DACIPOCTPAHSIETCS ¢ HEKOTOPOii CKOpocThbio C, KOTOpas MOXKeT OBIThH
N3MeEpPEHa IKCIIEPUMEHTAJIBHO KaK OTHOIIIEHUE HpOfI,B;eHHOFO CUTHAJIOM PACCTOAHUA ACB KO BpemMe-
uu At. IIpemoioxkuM, 9To CKOPOCTH 3BYKA CMECH YIOBJIETBOPsieT ypaBHEHHUIO (9). DT0 mo3BOIsIET
sameHuTh B ypasHenuu (60) mpousBomHbIe %, % TTPOM3BOIHBIMA %—};, %—5, B pe3y/abTaTe Hdero B
YPABHEHUSX TOABIACTCS BOBMOKHOCTH CKOHCTPYUPOBATH XaPAKTEPUCTUIECKIE OTIEPATOPHI (PYHK-
nuit P u U. Ilocje 97010 BhIpa3uM 3Ty BUPTYAJIbHYIO CKOPOCTH 3ByKa uepes C; u ;. Kpurepuem
IPaBUJILHOCTH TAKOTO BhIpazkenus Oyaer manoe oramane C (C;, ;) OT 3KCIEpUMEHTATBHOTO 3Ha-
uenus C.

Paccmorpum HaXOSANIYyIOCS B PABHOBECHOM COCTOSTHUM CMECH, KayK/IBIi KOMIIOHEHT KOTOPOii
XapaKTEePU3yeTCsl CIIeJyIONMME BelnunHamu: pio = const, Pjg = Py = const, Ujp = 0, S0 =
const, n;0 = const, a;o = const, Fyg = 0, Cjp = const. ChopmyaupyeM CHCTEMY YIPOIIAIOIIIX
TUIIOTE3, B pAMKaX KOTOpOii mepeiinem ot ypasuennii (56), (58) — (60) K ypaBHEHUsIM, COIEPKa-
M MaJIble BOSMYIIIEHUA BCEX BXOJAINNX B HUX BEJIMYINH:
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1. 3Byk gBisiercs ManabiM Bo3mymennem: f = fo+0f, fi = fio+dfi, vae f u f; — 310 0bITICE
o6o3nauenne BenmuuH, Bxoasmux B (36), (58) — (60).

2. 3Byk ooparum: 05 =0, .S = .5y, 45; =0, .S; = Sjo.
3. Bpemsa penakcaruu mapienunii papHo Hy/o: 0 FP; = 6 P.

4. Bee da; u 6n; (i = 1,2...N) nmeror oinHaKOBBIil 3HAK.

CnencrBus 4-10 yCI0BUS U ypaBHEHUI

N N
i=1 =1
MMEIOT BUJT

da; =0, a; = o, 0m; =0, n; = N5o.

ITocsie nepexoma Kk Masibiv Bo3mytnerusiM 1pu Ujg = Uy = 0 ypasuenus (56), (58) — (60) npunu-
MaroT BUJL

Pioaggi + 8;5 =0, (61)
LLONe L) (62)
ol BT, (63)
agf - pocgaa‘;U =0. (64)

IMocnie nepexona B ypasuenusix (61), (62) u (63), (64) k xapakrepucTuueckoii popme, noyIuM:
1. Brosip xapakTepucTUK KOMIIOHEHTOB

dx
- = 4(;
g~ =
BBITIOJTHAIOTCA YPDaBHEHUA
ddP; doU;
+ pioCio—— =0,
dt PioCio dt (65)
rje
d 0 0
—=—=1Cj
ot~ "o
2. Bmonb XapaKTepuCTUK CMecH
dx
— =4
dt 0
BBITIOJTHSIOTCS YPaBHEHUS
doP doU
= 4 R
7 poCo i 0, (66)

re
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d 15, 0
@~ ot

[IpounTerpuposas (65), mosyanm

0P + piocio(;Ui = R; = const,

0P; — piCi00U; = Z; = const.
Bymem paccmarpusath Geryinyro Bnpaso BOJHY, Ha kKoTopoit Z; = 0. CiemosareanHo,

_ 1
pioCio

SU; 5P, (67)

[Tpounrerpuposas (66), mosyunm Ha Geryimeii BIpaBo BOJIHE

_ 1
poCo

sU 5P. (68)

[Tocte muneapusanuu ypaBHEHUS

N

U= an‘Ui

i=1

mostyaaercst ¢Bsizb 0U u 6U; B BUIE

N
SU =" nodUs. (69)
=1

Ymuoxum (67) Ha 7,0, npocymmupyem 1o ¢ u Bmecre ¢ (68) nogcrasum B (69). B pesynbrare
TOJLY IUM

1 al n;
SP — 10
poCo — pioCio

5P, (70)

[ockonbky 0P; = 0P, a mi0 = o pio/po, o u3 (70) ciemyer 3aBUCHMOCTb CKOPOCTH 3BYKa, CMECH
Cp OT CKOpOCTE# 3ByKa M KOHIIEHTPAIH KOMIOHEHTOR
N
1 Q0
Co “—Cyp
=1

(71)

DT0 BbIpayKeHHe MPUHIUINAILHO OTIHIAETCs OT IMUPOKO TpuMeHseMoro [6-9| B Teuenue Gostee
MMOJIyBEKA YPaBHEHUS

1 (673
2 § : 2
pOC() i—1 Pio Cz'O
Aprymentom B 110s1b3y ypasHenus (71) siBisieTcst TO, 9TO OHO IOy 4€HO eJInHO0OPAa3HO CO CKOPO-
CTSIME PACIPOCTPAHEHUS MAJBIX BO3MYIIEHUI B UACAJbHBIX U HEUJICAJbHBIX (YIPYIHUX) Cpe/ax.
st nostydenus: eme 0JHOrO aprymMenTa B noJb3y 3asucumoctu (71) paccMorpum cmech B
Brze HAOOPa TUIOCKUX CJIOEB — KOMTOHEHTOB. Karkaprit i-it cioit mvmeer maccy Am;, a BCA CMeCh
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N

— maccy Am = > Amy, Tlpn pacnpocTpanennn MI0CKO#H yAapHO BOJHBI 1O CJIOUCTOl CHCTEMe
i=1

KazK bl -# CJI0# yjgapHas BOJIHA MPOXOANT CO CKOpoCThio W; 3a Bpems At;

Am;
At; = L 2
i (72)

OT 0gHOM TPAHWIIBI CMECH 10 APYTOi yaapHas BOJHA MpoigeT 3a Bpemst At

N
At =Y At (73)
=1
OrnpesiesiuM CpeHIOI CKOPOCTH YIapHOI BOJIHBI B CMECH YPABHEHUEM

W = Am/At. (74)

IMogcrasus At; uz (72) u At uz (74) B (73) nosyuum ypaBHeHMe

Am Am;
7 => o (75)

=1 ¢

Orromenne Am; k Am ecTh MaccoBast KOHIIEHTpanws 1);. VI3 TeOpnn ymapHBIX BOJIH W3BECTHO,
9TO

W:p(D—U),Wi:pi(Di—Ui). (76)
3BYKOBOE BO3MYIIEHUE SB/IsieTCsT Oeckonedno cyiabbiM. Ha Geckonedno cyiaboit yiapHOil BOJTHE

D=U+C, D;=U,;+ C;. (77)

W3 (75) — (77) caexyer, 9T0 HA 3BYKOBOIL BOJIHE

1 ni
pC Z piCi” (78)

Mopcrasus n; = a;p;/p B (78) u cokparus obuwe MHOKUTEM NOTyum ypasaenue (71).

Hakomer, B KauecTse ere 0JHOT0 apryMenTa B 1moJb3y ypasuenns (71) no nporpamve BO/JI-
HA [10] 6b110 paccanTano pacnpoCTpaHeHWe yAapHO#l BOJHBI MO CJOUCTOlN CHCTEMe M3 TLIOCKUX
csioeB Boabdpama u napadpuna. YPC napaduna u Boiabdpama ObLIM B3ITHl B BUJIE

2 -_— J—
P:(’y—l)pE—i—pOkCOk (n ’Y(Sn_i_(’y 1)n5_7>.
n n—1 n—1

B tabsiunie npusesensr napamerpsl ¥ PC u HadajbHble XapaKTEPUCTUKU BOIb(ppamMa U mnapa-
dbuna pu Pg = 1074 I'lla, Ty = 293 K.

Tabiuna
Bemecrso| pog Cok v n Po Ey Co
r/em® | kM/c r/em® | xx/r | ®KM/C
W 19,35 4,051 2,67 3,6 19,2 0,07650 4,036
CooHyg 0,930 3,357 1,667 3,5 0,91 0,364444 | 3,328
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Pacdersl s pasHbIX 3HAUEHUI (lyy MTPOBOIUINCH HA CXOAUMOCTD IO YHCIY Map CJI0EB U IO
CTpeMHHLefICH K HYJ/JIIO aMIIUTYJ€ HAYaJIbHOTO BO3MYIIEHNA. Pe3y.HI)Ta.TI)I pacdeToB C TOYHOCTHIO
6 3makoB copmaaoT ¢ pacaerom C mo dbopmye (71).

Paboma noddeposicana PODU. I'panwm 13-01-00072.
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The paper considers a method of determining the velocity of weak signals in different
media — ideal, non-ideal (nonzero stress deviator), and multi-component. As for the ideal
media, the placeLaplace’s formula for sound velocity

opP
-
op /g

has long been such a widely used expression that it is understood as a definition of
sound velocity. It is shown here that the formula is not a definition, but corollary
from the consideration of mass, momentum and energy conservation laws in case of
small perturbations in a medium described by an arbitrary equation of state. A similar
consideration for an elastic isotropic medium gives expressions for longitudinal and
transverse perturbation velocities dependent on the properties of solids. These relationships
are studied rather well in the theory of elasticity though some papers on continuum
mechanics provide somewhat different formulas for longitudinal and transverse perturbation
velocities versus hydrodynamic sound velocity. Their consideration here was caused by the
need to demonstrate universality of the method.
Finally, for multi-component media, an equation for sound velocity is provided; it is
principally different from what is widely used. The new equation is validated. It expresses
sound velocity in a mixture versus sound velocities and concentrations of its components.
Keywords: mathematical model, sound wvelocity, ideal medium, mizture, elasticity,

concentration, equation of state.
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