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Bue.n;eHHe 

YnHKaJibHLie cBo:llcTBa CBepxTeKy'lero reJIHJI He II ,D;eJiaIOT ero HCKJIIO'lHTeJibno HHTepe

CHLIM 06-beKTOM KaK C TeopeTH'lecKo:11, TaK Ii npaKTH'leCKO:II_T0'leK 3pemrn. IlocKOJibKY 

aKyCTH'leCKHe MeT0.zu,I 3aHHMaIOT 0,D;HO ll3 rnaBHLIX MeCT B H3y'leHHH q>ll3HKH He II [1], 
cym,ecTBYeT 60JibWOe K0JIH'leCTB0 pa6oT' U0CBJIIll,ellHLIX 'lllCJieHH0MY MO,D;eJIHpoBallHIO 

paCllp0CTpaneHHJI B0J!ll BT0poro 3ByKa B CBepXTeKy'leM reJIHH. IlpH STOM 60JibllillllCTBO 

aeTOp0B onepttpyioT C ynpom,ellllLIMH ypaBlleHHJIMH rH,D;po,zurnaMHKH He II, nonaraJI lKH

,D;K0CTb necmm.iaeMo:11, npene6peraJI neK0TOpLIMH 'lJienaMH B ypaBHeHHJIX Ii T.,D;. KpoMe 

roro, np_aKTH'leCKH neH3BeCTHLI pa60TLI, B K0T0pLIX 6LIJIO 6LI T0'lHO Y'lTeno ypaBnenHe 

C0CT0JillllJI He II, X0TJI, KaK cnpaBe,D;JIHB0 0TMe'laeTCJI B pa6oTe [1], aKyC'i'H'leCKHe Sq>

<peKTLI o6ycJIOBJieHLI a K0He'lH0M C'leTe "nrpo:11" TepM0,D;HHaMn'leCKHX BeJIH'lllH. 

UeJib pa6oTLI cocToJIJia B pa3pa6oTKe 'lncnenno:11 cxeMLI, M0,D;eJIHpyrom,e:11 pacnpo

CTpanenne B0JIH nepaozo u amopozo 3aynoa B caepxTeKJ'leM rennn. B nepB0M pa3,D;eJie 

paCCMaTpnBaeTCJI peaJIH3a[IHJI 'lllCJienno:11 cxeMLI, BO BT0p0M o6cyJK,D;aIOTCJI pe3yJibTa'i'LI 

pac'leT0B. 

1. qHcJieHHaJI npo:u;e.n;ypa 

O,D;HoMepnLie ypaanennJI ,ll,BHlKeHHJI CBepxTeKy'lero rennJI B 6e3,D;HccnnaTHBHOM npn-

6nnmennn Momno 3anncaTb B cne,D;yrom,eM an,D;e [2]: 

au aF 
at+ &x. = 0, 

r,D;e BeKT0pLI U Ii F 3a,D;aIOTCJI CJie,D;yIOill,HMll BLipamenHJIMH: 

(1) 

3,D;eCb p - IlJI0Tll0CTb, u - y,n;eJibHaJI SHTponHJI, v. - CKOp0CTb caepxTeKy'le:11 KOM

nonenTLI, Vn - CKOpoCTb nopMaJibH0:11 K0MU0HeHTLI, p. - IlJI0THOCTb caepxTeKy'le:11 KOM

noneHTLI, Pn - IlJI0TH0CTb nopMaJibll0:11 KOMU0HeHTLI, p - ,D;aBJienne, µ - XllMH'leCKH:11 

n0Ten11nan, J = PnVn + p.v. - U0T0K MaCCLI. 

YpaanenHJI (1) ,D;0BOJ!bH0 CJI0lKHLI, UOSTOMY npn nx pemennn o6LI'lHO npH6eraIOT 

K neKOTOpLIM ynpom,eHHJIM. B 'laCTH0CTH, nonaraJI J = 0,1 M0lKHO CBeCTll llCX0,D;HYIO 

CllCTeMy ypaanenH:11 K CllCTeMe ,!1,BYX ypaBnenn:11 0TH0CllTCJ!bH0, nanpHMep, TeMIIepa

TYPLI TH CK0p0CTll npoTHB0TOKa W = Vn - v,. ,lJ,JIJI 3aMLIKaHHJI nony'lenno:11 CllCTeMLI 

ypaanenH:11 HCU0Jib3YIOT ynpom,ennLie 3aancnMOCTH Pn / p, u OT T n w2
• TaK, npnnn

MaJI BO BHHManne, 'ITO TeMnepaTypnLI:11 CKa'lOK B B0JIHe BT0poro 3ByKa MHoro MeHbllie 

HCX0,D;H0:11 TCMnepaTypLI CBepxTeKy'lero reJIHJI, M0lKH0 3anncaTb 

1TaKoe npe11noJ10lKeHHe llBJllleTCJI o6wmoll: npaKTHKOil:, IlOCKOJILKY npH HaKa'IKe BToporo 3ByKa B 

CHCTeMy TeilJIOBUMH HMilYJll,C8MH IlOTOK M8CCU /IOBOJlbHO MaJI. 



OU I o2
u 2 I O (Pn) 2 u = u0 + -ST+--(ST) +-- - w 

oT 2oT2 2oT p ' 

r.ZJ;e (Pnf p )o n u 0 - HCXO.LUILie OTHOCHTeJibHaJI nnoTHOCTb HOpMaJibHOil KOMDOHeHTLI n 

3HTP,OnHR COOTBeTCTBeHHO. 

QqeBH.LUIO, qTo DO,ZJ;o6nLitt DO,!tXO,Zl; XOTR n ynpomaeT qncJieHHYIO MO,ZJ;eJib, no npn

BO,ZJ;HT K CllHJKeUHIO TOqHOCTH nonyqaeMLIX pemenntt. KpoMe Toro, cyJKaeTCR Kpyr 

no,ZJ;Aaromnxcn MO,ZJ;eJIHpoBannro qin3nqecxnx npol\eccoB. TaK, nepexo,ZJ; K npu611ume

nnro neCJKHMaeM<Jtt JKH,ZJ;KOCTH HCKJIIOqaeT H3 pacCMOTpeHHR nepB1>1tt 3BJK - BOJIIlLI 

nJIOTHOCTH (nnn ,ZJ;aBJieHm!). A ynpomeHHOe pacCMOTpenne ypaBnenHR COCTORHHR ne 

no3BOJIReT, HanpnMep, npon3BO,ZJ;HTh pacqeTLI B cnyqae, xoma TeMnepaTypa B naqaJib

HLiil MOMeHT BpeMellH He noCTORHna no ,Zl;JIHHe KaHaJJa. IlmTOMY B pa6oTe C,ZJ;eJiana 

nonLITKa DOCTpOHTb qncJieHHYIO cxeMy' c11060.LUIJIO OT BLimenepequcJieHHLIX ne,ZJ;OCTaT

KOB. 

IlpeJR,ZJ;e BCero 3aMeTHM, qTo rpa,D;HenT XHMHqecKoro DC>TeHI\Hana MOJKHO HCl{JIIOqHTb 

H3 ypaBnenntt (I), BOCDOJlb30BaBmHCb H3BeCTHLIM TepMO,ZJ;HllaMHqecl{HM COOTHOIDeHHeM 

(2) 

dP Pn )2 dJL = - -udT- -d(vn - v, . 
p 2p 

(2) 

Tor,ZJ;a ,ZJ;JIR 3aMLIKaHHR CHCTeMLI ypaBnennll: (I) neo6XO,ZJ;HMO 3HaTb ypaBnemrn COCTO

RHHR, onpe,D;eJIRromne Pn/ p, T H P qepe3 p, u, w2. lfa ypaBneHHR (2). necnmKno 

nonyqnTh 

oT _ -~!!_ (Pn) 
_ow2 - 2ou p ' 

. oP I o (Pn) 
ow2 = -2p2op p · (3) 

IlocxonLKY 3aBHCHMOCThlO Pn/ p OT w2 MOJKUO npeae6pe'lh [2], TO ypaBnennn (3) nerKo 

HUTerpnpyroTCH 

w
2 

0 (Pn) T(p,u,w
2
) = To(p,u)- 2 ou p ' (4) 

w
2 

O (Pn) P(p,u,w
2
)=Po(p,u)-2p2op p ' (5) 

r,ZJ;e To(p, U ), Po(p, U) - 3aBHCHMOCTH TeMnepaTypLI H ,ZJ;aBJieHHH OT DJIOTHOCTH H 3H

iponnH B OTCJTCTBHe npoTHBOTOKa. .ll:JIR onpe,D;eJieHHR 3THX 3aBHCHMOCTett HMelOTCR 

3KCDepHMenTaJibHLie ,ZJ;aHHLie [3), KOTOpLie Heo6xo,ZJ;HMO npe,D;CTaBHTb B qiopMe, Y)l0611oll: 

AJIR qncnennLix pacqeToB. 

Ha pnc. I npe,D;cTaBnena q>a30BaJI ,ZJ;HarpaMMa 4He B nepeMennLix p nu. llhpn

xoBHott o603naqena HHTepecyromaJI nae o6nacTb H3MeHeHHH napaMeTpoB p H u. C 

DOMOmh!O 3aMeHLI rrepeMeHHLIX MO}KHO rrpeo6pa30BaTb HCXO.LUIJ!O o6naCTb B npRMoy

ro11hHJ!O: 

p = p, 

u-u1(p) 
u=---' 

U2(p) - U1 (p) ... 

;.•-

2 

IJ 

! 
1 

• 

p 

2 

(7 

Puc. I. <l>a30BaJI ,ZJ;HarpaMMa 4He B 1{00p,D;HHaTax 3HTpOIIHH U-IIJIOTHOCTb p: 1-KpHBaJI 

..\-nepexo,ZJ;oB, 2 - nnnHR nacumenHR 

r,ZJ;e u1(P) H u2(p) neBaJI H npaBaJI rpaHHI\LI o6nacTH COOTBeTCTBeHHO. B rronyqen

noll: npnMoyronbnoll: o6nacTH. Ta6JIHqnLie 3naqean.a T, P, Pnf p annpoxcnMnpoBanncb 

crmuKnBaIOmHMH spMHTOBLIMH cnna:ttnaMH [4]. CrnaJKHBaHHe npoBO,ZJ;HJIOCb MeTO,Zl;OM 

HaHMeHhlDHX l{Ba,D;paTOB. ToqnocTb anrrpoKCHMal\HH Ta6Jlllqnux ,ZJ;aHHLIX cocTaBJIRJia 

01{0110 0,1 %. 
Tal{HM o6pa3oM, 3HaJI 3aBHCHMOCTH To(p,u), Po(p,u), Pn/p(p,u) n nocno11h30Ba

BIDHCh qiopMyJiaMH (4) n (5), MOJKHO onpe,D;eJIHTb TeMnepaTypy H ,ZJ;aBnenne no BeKTopy 

COCTORHHR U. 
.1J:1IR qncJieHnoro pemeHHR ypanaeHliR (I) npnMeHRnacb RBHaJI cxeMa MaK-KopMaKa, 

npHBO,Zl;llmaJI H cJie,ZJ;yIOmeMy aJiropHTMY [5]: 
npe,D;HKTOp 

U!'+l = U!' - flt (F!' - F!') 
' ' flx •+1 

' ' 
(6) 

KoppeKTOp 

U!'+l = ~[U!' + U!'+l - flt (F!'+l - F!'+l)) 
' 2 ' ' flx ' •-1 

. 
(7) 

Ha BTOpOM mare 3HaqenHH Ff+l H Ff..::i1 BLiqHCJIRIOTCR no 3naqeHHRM ur+1 
H 

Uf..::i1 , nonyqennLIM na nepBOM mare. CxeMa HMeeT BTOpo:l!: IIOpR,D;OK TO'IHOCTH KaK IIO 

npeMenn, TaK n no npocTpancTny. YcTott'IHBOCTh cxeMLI onpe,D;eJIReTCR no xpnTepH!O 

KypanTa-<l>pn,D;pnxa-Jienn: 
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Pnc. 2. Pac'IeT B0JTHLI BToporo aayRa no cxeMe (6)-(7) 

r]le C1 - cRopocTh nepaoro aayRa. 

b.x > C 
D.t - 1, 

0.12 

IIocJTe Ra.JK]loro mara npeJllIRTopa nJTH RoppeRTOpa MOJRHO 11ai!Tn nepeMeHHLie 

Pn/ p, w, T, P, ]leRO]lnpyn BeRTOp cocTOJ!HlIJI U cJTeJlYIOll(HM o6paaoM: 

Pn = Pn(p,u),w = (J/p-v,);Pn, 
p p p 

T = T(p, u, w2
), P = P(p, u, w2

). 

PaccMOTpeHHLiti anropHTM MaJTo npncnoco6JTe11 JlJlJI pac1IeTa ]lBHJKe11nJ1 y]lapuott 

BOJTHLI. TnnH'IHLiti npHMep paC'IeTa pacnpocTpa11e11HJ1 npnMoyrom,Horo HMnyJTLCa BTO

poro 3ByRa npnBe]leH Ha pnc. 2. PeaRHe ROJTe6a11HJ1 3a cppOHTOM y.n;ap11ol! BOJTHLI lIMelOT 

HecpH3lI'IeCKYIO npHpOJlY H xapaKTepHLI ]lJlJI JIBHLIX cxeM C ncnOJTI,30Bal!HeM annpoKCH

Man;ni! BTOporo nopn]lRa TO'IHOCTH no npocTpaBCTBeHl!Oti nepeMeBHOl! • 

.n:]IJI no]laBJTeHHJI JIOJRHLIX OCD;lIJIJlJID;Hti a 'IlICJieHHYIO cxeMy 6LIJia BBe]leBa HCKyc

CTBeHHaJI Jlllq>q>Y3HJI o6mero BH]la, T.e. B HCXO]lHOM ypaa11eHHlI (I) BeKTOp noTOKOB F 
aaMeHHJICII Ha cyMMY aeKTopoa F + F', r]le 

, au 
F =ctB-• ax 

4 

i 

"' 

" 

:,: 

~ 

1.7030-..-----------------, 

1.7020 

1.7010 I , , , , , , , I , t I I I I I I I I I I 

0.00 0.04 0.08 0.12 

X, M 

Puc. 3. Ilp11MoyroJibllaJI B0JTl!a BToporo 3ByKa, pacc'IIITaHHM no cxeMe C IICKYCCTBCIIHOii 

B113KOCTblO (fJ = 0105) 

Koacpcpun:ueHT ucKyccTBennol! JlHcpcj>yau11 ctR onpe/lPJIJIJIC/1 cJTeJlYIOII\IIM o6pa3oM: 

as = fJ(lv,I + C1 ). 

C IIOMOll.\blO 3MIIIIPll'leCKOro napaMeTpa fJ M0JKIIO ynpaBJlJITb CTCIICilblO crnaJKl!Ba1m11 

•!HCJ!eHII0ro pemeIIHJI. CJIHIIIKOM 60J1b1IIl!e 3na•1e1111n napaMCTpa npllBO/lHT I{ 3Ha•rn

TeJibl!OMY pa3MLITll10 cppoHTa y]lapnol! B0JTHLI, T0r/la KaK CJTIIIIIKOM Mamde lie 1103B0-

JIJIIOT ycTpaHHTb IlllJI006pa3HLill xapaKTep par.•1eTHhlX KpllBhlX. OnTllMaJil,IIOC 311aqc-

11ue napaMeTpa onpe]leJinJTocL B npo11ecce TeCTOBLIX pac'IeT0B. KaK BIIJlHO 1-13 p1-1c. 3, 
npHMene11ne lICKJCCTBe1111ol! Jlllq>q>Y311H 1103B0JIJleT npaKTll'leCKII II0J!IIOCThlO ycTpaHl!Tb 

ocn:1rnJIHO:HH npH !Ie3Ha•rnTe,1bll0M pa3MLITllH q>pOHTa y]lapnol! BOJ!IILI BToporo 3ByKa. 

.LJ:JlJI pememrn ypaa11e1rnl! (I) 11eo6XOJlHMO 3a]laTb rpa11w1mdc 11 11a•iaJ1bllL1C ycno

BHJI. MLI 6yJleM paccMaTpl!BaTb cneJlYIOll.\YIO KOHq>Hrypa11mo Kanana: C OJlHOl! CTO

ponLI Oil orpaHll'le!I 11enpo1muaeMOl! cTeIIKoll, na K0Topyro II0/laCTCJI TeIIJTOBOll HM

nJJihC MOll.\HOCTblO Q(t) (cJ>opMa HMIIJJibCa npOll3BOJ!bHa), Ha .n.pyroM KOIII\C naXOJJ.IITC/1 

nn6o a,l\Ha6aTll'leCKaJI Henpo1rnuaeMan CTe1rna, n1160 BLIXOJJ.IIM rpa11m1a. TaKIIM 06-

paaoM, Heo6XO]lllMO paCCMOTI>eTb T))ll nma rpaHH'lllhlX ycnoBllll. Ilp11 praJill3al\llll 

rpal!ll'IH!dX ycJIOBllll JJ.JlJI nony•ie1111n O]lHOpOJlHOi! pa3HOCTl!Oi! CXCMLI HCIIOJ!h30BaJirn 

MeJ:OJl q>HKTl!BllldX J3JIOB. 
}. "Tennan" 11enp0HuuaeMaJ1 CTenKa. CKopoCTb cBepXTCKJ'ICi! K0MIIOHellTIJ 11a 
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CTeHKe onpe,n;eJIJ1eTc11 s11pamenHeM [2]: 

o PnQ(t) 
V =---, 
• p,puT 

lfa ycJIOBllll HenpoHHKHOBeHH11 IIMeeM: J0 = 0. 3HaqeHH11 napaMeTpOB B <pllKTIIBHOl1 

TOqKe onpe,n;eJIJ110TC11 cne,n;ylOilllIM o6pa.3oM: 

u-1 = u0
, u = v.,J,p,u. 

3,n;ecL II HHJKe 1rn,n;eKc O cooTBeTcTByeT pacqeTHol1 TOqKe, eaxo.n;11mel1C11 Ha rpaenne 

KaHaJia, HH.n;eKC -1 - <pHKTHBHOl1 T0'1Ke 3a npe,n;eJiaMH KaHaJia. 

2. A.n;Ha6aTHqecKa1! HenpoHHIIaeMal! CTeHKa. Ha rpaH1II1e CTaBHJIHCL 06L1qm,1e 

ycJIOBH11 OTpameHH11: 

v;1 =-v!, u-1 =u0
, u=p,u,J. 

3. 8LIXO,!l;Ha1! rpaHHIIa, fpaHHqH11e ycJIOBH11 3a,n;aBaJIHCL nyTeM JIHHel1Hol1 3KC

TpanOJIJII!Hll nepeMeHIILIX 3a rrpe,n;eJILI pacqeTHOl1 o6JiaCTH [6]: 

u-1 = 2u0 
- u 1

, u = p,u,v.,J. 

B pa6oTe [6] YKa.311BaeTC11, qTo npH no,n;o6Holl IlOCTaHOBKe rpaHHqHl,IX ycJIOBHl! B03-

MOJKHO HapyllleHHe ycTol1qHBOCTII cxeMLI npH nepeceqeHHH BLIXO,n;H0!1 rpaHHIILI y,n;ap

rrott sonHott, '!ero, o,n;naKo, He Ha6nw,n;anocL B npose,n;eee11x pac'leTax. 

B Ha'laJILHLlll MOMe!IT speMeHH (t = 0) rrpe,n;nonaraJIOCL, qTO lKH,!J;KOCTL IIOKOHTC11 

H IIJIOTHOCTL, ll 311Tp0Illl11 Il0CT011HIILI no scett ,!l;Jlll!Ie KaHaJia, T.e.: 

v, = o, J = o, p = const, u = canst. 

2. qHCJieHHLie peayJILTaTLI 

2.1. I'eHepaI.fHJI BToporo ll nepnoro 3BYROB TeilJIOBlilMll llM-

nyn1,caMH 

XopOlllO ll3BeCTHO ymmaJILHOe CBOitCTBO csepxTeKyqero reJIH11, 3aKJIIO'la!OmeeC11 B TOM, 

qTo TeMnepaTyp1111e B03MymeHH11 pacnpocTpaH11IOTC11 B HeM B BH,n;e BOJIH - TaK Ha.311Ba

eMLlii BTOpott 3BYK, CKopoCTL BTOporo 3ByKa 3KCnepHMeHTaJILIIO H3Mepeua B lllHpOKOM 

,n;Ha11a301ie TeMnepaTyp II ,n;aBJieHHit [3]. TioaTOMY TO'IIIOCTL qncJieHHOl1 cxeMLI MOJKHO 

onerrHTL, cpaBHHBaJJ 3Ha'!eHH11, IIOJiy'leHHLle no 'IHCJieHHOii cxeMe, C Ta6JIH'IHLIMH Be

JIH'IHHaMH, CKopOCTL pacnpocTpaneHH11 BTOporo 3ByKa paCC'IHTLIBaJiaCL no BpeMe!IH 

rrpo6era_ TpeyroJILIIOl1 BOJIIILI MaJiol1 aMIIJIHTY,!J;LI, Ha pHC. 4 rrpe,n;cTaBJieHa 3aBHCHMOCTL 

CKOpOCTll BTOporo 3ByKa OT TeMrrepaTypLI. CrrJIOlllHal! ,J!Hllllll COOTBeTCTByeT ,n;aHHLIM 

A pna ll MaKKapTH [3], 3Be3,!l;O'!KaMH IlOMe'!eHLI. pac'leTHLie TO'!Kll, TionyqennLie pe-

3YJibTaTLI cosna,n;a!OT C Ta6JIH'IIILIMH ( OTKJIOHeHHe OKOJIO 1 % ). 2 

2 OTMeTHM, 1.fT0 3T0 He JIBJIJleTCJI npe.n;eJILH08 T011H0CTI,JO cxeMU. To1.n10CTL-. MO)KH0 D0BUCHTL, 

yMeHhlll3JI rnar pac'-!eTIIOA CeTKH. 
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I 

I. 

(} 
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r' 

20.00 

~ 

~ 
16.00 

' 
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12.00 
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PHc. 4 .. TeM11epaTypua11 3aBHCHMOCTL CKopocTH BToporo 3BYKa C 2, M/c oT TeMnepa

TYPLI T, K npH nnoTHOCTH p= 146 Kr/ M3 

Meeee H3y'leeo B03HHKHoseeHe nepsoro 3ByKa OT eerro,n;BinKIIoro HCTO'IHHKa Tem1a, 

XOT11 mre!OTC11 IIOCB1!IlleHHLie aroll rrpo6JieMe 3KCIIepHMeHTaJJI.HLie pa6oTLI. B 6oJILlllHH

CTBe 3THX pa6oT paccMaTpHBalOTC11 BOJIHLI rrepsoro 3BYKa, B03HHKalOUllle B pe3yJJI,TaTe 

BCKHIIaHH11 remrn B6JIH3ll HCToqHHKa Terrna. Tio-BH,n;I!MOMY, 3TO CBJI3aHO C reM, 'ITO aM

IlJII!Ty,D;a BOJIH o6LI'IHOro rrepsoro 3BYKa, B036yJK,n;aromHXC11 HCTO'IHI!KOM Terrna, BeCLMa 

Mana, II03TOMY HCIIOJIL30BaJIHCL 60JII,llllle MOUlHOCTII TeIIJI0Bott uarpy3KH. 

KaK IIOKa.3LIBaIOT pactieTLI, HeIIO,!l;BlllKHLifi IICTO'IHIIK Terrna B CBepXTeKy'leM re

JIIIII renepnpyeT ,n;sa Tnrra B03MymeuHtt ,n;asne111I11, pacrrpocTpaH11IOillHXC11 no KaHany 

c pa.3JIII'IHLIMII CKOpOCTIIMII (pnc. 5). Ha pnc. 5 rrepBLifi (nesutt) IIIIK ,n;asJieHHII COOT

BeTCTByeT II3MeHeHHIO ,n;aBJieHII1! B BOJ!He BTOporo 3ByKa II pacrrpocTpaH11eTC11 COOTBeT

CTBeHHO CO CKOpOCTLIO BTOporo 3BYKa, Bropott IIIIK - BOJ!Ha pa.3peJKeHII1!, KOTOpa1! 

pacrrpocTpaH11eTC11 co CKOpOCTLIO rrepsoro 3BYKa, OTMeTIIM TOT JII06orrLITHLlfi <paKT, 

'ITO aMIIJIHTy,D;a H3Meuem:rn ,n;aBJieHII1! B BOJIHe BToporo 3BYKa rrpn 60JII,llllIX MOillHO

CTIIX TenJIOBOro HMIIyJJI,ca MOJKeT rrpeBOCXO,n;I!TL aMIIJIHTy,D;y ,n;asJieHHII B BOJIHe rrepsoro 

3ByKa. 
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Pllc. 5. Ilpoqmm, ,naBJreHllJI P, Ila no ,nimne Ranana x, M npll no,naqe TeIIJioBoro 

llMnym.ca ,D;JlllTeJibHOCTblO 1 MC 

2.2. liHTeHC:U:BHHe BOJIHhl BTOporo 3ByKa 

HeJIRnell:nyro BOJIHY BTOporo 3ByRa MOlRHO npll6JlllJKeHHO ormcaTb o,nnoll: nepeMeHHOil. 

Vn(x, t), ypaBnenlle ,ll;JIJI ROTOpoll: llMeeT Bll,D; [l]: 

avn avn 
fit+ (C2 + o:(T)vn)7 = 0, (8) 

r,ne a(T)-Ro3cp!plllilleHT HeJillneii:HOCTII BTOporo 3ByRa. lfa ypaBHeHl!JI 8 CJie,nyeT, 

'ITO pa3Jlll'!Hhle yqacnm BOJIH~ ,n;BlllKYTCH C pa3Jill'!Hh1Mll CllOpOCTJIMII, qTo npllBO,ll;IIT 

R o6pa30BaHl!IO y,napHhlX BOJIH. l1 eCJIH B 06L1'1HhlX JKH,n;ROCTJIX R03tpqJHIIHeHT a no

JIOJKHTeJieH, TO ,D;JUI CBepXTeRy'lero reJIHJI OH MOJKeT npHHnMaTb RaR IIOJIOJKHTeJibHhle, 

TaR n oTpHIIaTeJibHhle 3naqemIJ1. Ha pnc. 6 npe,ncTaBJieH pacqeT pacnpocTpaHeHllJI 

npJIMoyroJibHOll BOJIHhl BToporo 3BYRa npll IIOJIOJKHTem.noll: HeJillnellHOCTll. KaR BH

,ll;HO ll3 pncynRa, B npoIIecce pacnpocTpanennJI BOJIHhl 06pa3yeTCH nepe,nnnll: y,naprmii: 

tppOHT, a 3a,n;Hll.ll: tppOHT pa3MhlBaeTCJI. Ilpn OTPllIIaTeJibHO.ll: HeJIHHell:HOCTll na6Jiro,na

eTCH o6paTHaJI RapTllHa - pa3MhlBaeTCH nepe,nnnll: cppOHT BOJIIlhl (pnc. 7). PacqeT 

R03!ptpllllllenTa HeJillHe:ll:HOCTII BTporo 3Byna 6hlJI npoBe,nen B llHTepBaJie TeMnepaTyp 

1,4-2,1 K. Ko::icptpHIIHeHT a onpe,neJIJIJICH no cpopMyJie 

_ C2- C2,o 
0: - • 

Vn 

8 

ii, 

•It 

111 

~ 

~ 

1.54---.--------------------, 

1.52 

1.
5o I I I I I I I J I I I I I I I I I I I I I I I r j 

0.15 0.25 0.35 
X, M 

Pnc. 6; 9BOJIIOIIHJI npHMoyrOJibHOl! BOJIHbl BTOporo 3ByRa npn IlOJIO)l{HTeJibllOM K03tp
!pHIIHenTe HeJIHHel!11ocTH 

~ 

E-<. 

2.144-----------------------, 

2.140 

2
·
136 Ii I I_ I I I I I I 11 I i I I I I I I I I I I I I I I I r r,, r , , , , 1 1 / 

0.05 0.10 0.15 0.20 
X, M 

Pnc. 7. 8BOJIIOIIHJI IIpHMoyroJibHOl! BOJIHbl BToporo 3BYKa np11 OTp1111aTeJibliOM K03<J>
tpHIIHeHTe neJinnel!nocT11 
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4.00-r-----.,-----...----~ 

0.00-i------l--___:::,,.,_._1---___ _j 

tS 

-4.00-1-------+-------I--.\------I 

-8.00 I , , , , , 1 1 I 

1.20 1.60 2.00 2.40 

T, K 

Pn:c. 8. 3aBHCHMOCTb K03cpcpHl.lHeHTa HeJJHHellHOCTH BTOporo 3ByKa O'. OT TeMnepaTypbl 

3.n.ec& CKopocT& C2,0 onpe.n.eJJHJJac1, no speMe1rn npo6era BOJJHbl BToporo 3ByKa Ma

noi! aMnJJHTY.D.bI, Kor.n.a qJJeH av,. B ypasneHHH (8) npene6pe}l{HMO MaJJ, a CKOpOCTb 

C2 onpe.n.eJJHJJaCb no apeMellll npo6era HHTeHCHBHOll BOJ!Hbl BTOporo 3BYKa (TeIIJJOBaJI 

MOll.lHOCTb 10 BT/cM2
). 

PacqeTHaJI KpHBaJI II03BOJJHeT onpe.n.eJJHTb TeMnepaTypy Ta, npH KOTOpoll K03cp

cj>HI{IleHT nennHellnocTH BTOporo 3BYKa o6pamaeTCJI B HYJJb: a(T 0 ) = 0. HnTepec K 

3TOll TOqKe o6ycnaBJJHBaeTCJI, no Kpal!Hell Mepe, .D.BYMJI o6cTOJITeJJbCTBaMH: 

• B OKpeCTHOCTH Ta B03MO}l{eH 3cpcpeKT caMocj>oKycn:poBKH BOJJl!bl BTOporo 3BYKa 

[l ]; 

11 noCKOJ!bKY B 3TOll ToqKe CKOpOCTb pacnpocTpaHeHIIJI BTOporo 3ByKa C BblCOKOli 

ToqnoCTblO He 3aBHCIIT OT aMnJJHTY.D.bI, TO Ta MO}l{IIO HCnOJJb30BaTb KaK penepnyto 

TO'IKY [7]. 

B pa60Te (2) YKa3b1BaeTcJI, qrn T" ~ I, 95 K, B 6onee no3.D.1Iell ny6nnKal.lHH [7) -
1,88 K. Cornacno naniHM pacqeTaM' K03cpcj>Hl.lileHT HeJJHHellHOCTII paBell HYJJIO IIpH 

TeMnepaType 1,86 K. 

3aKnro1:1eH11e 

XoTJI .D.BYX}l{Il)l.KOCTHble ypasneHIIJI Jlan.n.ay Il3BeCTHbl )l.OBOJ!bHO .n.aBHO, .n.o CHX nop 

cymccTBOl!aJJH 'lllCJJCIIHblC MO)l.CJJH TOJJbKO )l.JJH ynpomeHHOll CHCTeMbl ypaBHeHHll. Pa3-
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Ii, 
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pa6oTaHHaJI qncJJeHHaJI CXeMa, OCHOBaHHaJI Ha pewe1rn11 IlOJJHOll CIICTeMbl .D.BYX}l{II

.D.KOCTHblX ypaBHCHHll, BOCilOJJHJieT 3TOT npo6en. KpoMe Toro, BnepBble IIOJJHOCTblO 

yqTe110 ypa»He11ne cocToJIHIIJI csepxTeKyqero reJJHJI, qTo no3BOJJHeT pacwnpHTb Kpyr 

pewaeMblX 3a.n.aq. 

TI poBe.n.eHHble pacqeTbl aKycTnqecKHX uponeccoB B cBepxTeKyqeM renn:n:: pac11po

cTpa11eHHe BToporo 3BYKa, 3BOJJIOl.lHJI HHTellCHBHblX BOJJH, .D.OKa3b1BalOT KoppeKTHOCTb 

pa6oTbl nporpaMMbl. TipoBe)l.eH pacqeT K03cpcpn:nn:eHTa HeJJHHel!HOCTII CKOpOCTH BTO

poro 3ByKa, onpe.n.eneHa TeMnepaTypa, B mnopol! Koacj>cp11n11eHT HeJJHHellHOCTH paBeH 

Hynto. PacqeTHOe 3HaqeHHe HecKOJJbKo OTJJll'IaeTCJI OT 3Kcnep11Me11Tan&110 H3MepeH

Holl BeJJH'IIIHbl. BnepBbIC npoBe.n.eH pacqeT pacnpocTpaHCIIHJI BOJJH nepsoro 3ByKa B 

CBepXTCKY'ICM reJJHII, B03HHKatomnx B pe3yJJ&TaTe B03)].ellcTBHJI HMilYJJbCHOro HCTOq7 

IIHKa Tenna. TioKa3ano, 'ITO HCTOqHHK Tenna B cBepxTeKyqeM reJJHH npHBO.D.HT K re-

11epannn: .D.BYX BOJIII pa3j>C}l{CHHJI, O)l.Ha H3 KOTOpOX llj>C)l.CTaBJieT 061,1q11yto 3BYKOBYIO 

BOJJHY, a .n.pyra.JI pacnpocTpaHJieTCR BMecTe C BOJJHOll BToporo 3ByKa. 

PacqeTbl IIJ>OBO.D.IIJJl!Cb Ha 3l!JJepOBblX npoCTpaHCTBeHHblX CCTKaX. TiocKOJJbKY npu 

113yqeHHH aKyCTH'ICKIIX 3cp<j>l,'KTOB B CBepXTCKY'IC'M reJJHII Ba}l{CH Toqu1,1l! pac•1eT BOJJ

HOBblX cppOHTOB TO MO}l{HO .n.0611TbCJI 6onee TO'lllblX pe.3yJJbT3TOB, !1p1!MCIIJIJI npoCTpaH-
J . 

CTBeHHble pac•1eT11ble CCTKH, a.n.anTHpOBaH!lble K IlOJJO}l{CHHIO CKa•ma. B CJIC.lJ.YIOll.lCll 

BepCHH nporpaMMbl nnaImpyeTCJI BBCCTH pac•1eT Ha a.n.anTl!BllllX CCTKaX. 

B 33KJJIO'ICHHC aBTOp XOTCJJ 61,1 Bblpa3HTb 6naro.n.apUOCTb <f>HJJll[lllOBY 10.0. H 

Cepreeoy M.A. 3a mITepec K pa6oT;, none3111,1e 06cy}l{)l.en11J1 H 11ome1IaHHJ1, BblCKaaau

Hble B nponecce 110.n.roTOBKH pa6oTu K neqaTH. 

Pa6oTa Bblnonneua B paMJ{ax npoeKTa 95-02-05668, no.n..n.ep}l{HBaeMoro Pocci1i!

CKHM <pOll.lJ.OM cpyH.n.a_MenTaJJbllllX HCCJJe.n.oBaHHll. 
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