mecHOro mo3kapa. J[is paccMOTPEHHBIX YCTOMYHBBHIX BEPXOBBIX JIECHBIX II0KA-
POB YCTAHOBJICHO, YTO MeXAHM3M 3a;RUraHms ra3odasHblil, a OCHOBHOI BRJIAT
 CYMMApPHBIl TEIJIOBO NOTOK [JAaeT H3JydeHHe OT dpoHTAa mOKApA.
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H. B. CTPYMII3, B. 1. ®YPJIETOB

AHAJN3 PESRKIIMA BUBPAIIMIOHHOI'O T'OPEHUA
JHEPTETUYECKIM METOJOM

Ananm3 KOHKPETHOTO pPeKMMa BHOPANMOHHOTO TOPEHHs JHEePreTHIecKIM
MEeTOMOM II03BOJfAEeT HAWUTH BKIAX Pa3NUIHBIX (QU3HYECKHX B3anIMoIelcTBHil
B HM3MEHeHHe dHEePTUH 3BYKOBBIX KojebGaHumii rasa B KaMmepe cropamma [1].
CoorBercTBylomue B3anmMmojeficTBus (HanmpuMmep, MeKIy KOTeOAHHAMH JaB-
JeHHS ra3a u KOAeOAHMAMH CKOPOCTH TEINIOBBIICNEHNA, 3BYKOBBIMH U BHT-
ponuiiHBIMA BOJHAMN) ONUCHIBAIOTCA OTACJbHBIMH YIeHAMH M3BECTHOTO ypaB-
HeHusa OasnaHca 3BYKoBoi sHeprmu [1, 2]. BeiBog oToro ypaBHeHHA B3aKJIIO-
Yajca B KOHCTPYHPOBAHHH mof 3HakoM nud@epeHIUpPOBAHHA II0 BPeMeHH
MOJIORUT I BHO-OTIPeIeJIeHHOW KBAAPATHIHON (HOPMEI

' p v

Ey=10__ 4+ 2

© 1990 Crpymma H. B., dypaeros B. H.
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COBHaI[aIOIlIeIU/I C BbBIDa)KeHumeM [OJs IIJIOTHOCTH JHepruun N303HTPOIMNICCKUX
3BYKOBBIX KoJefaHMil B HEMOABMIKHON ofHOpomHOU cpeme [3] (po, co — cra-
nHoHapHBIe 3HAYEHNS IUIOTHOCTH Ta3a U CKOPOCTH 3BYKa, p’ W U — JaBie-
HHe ¥ CKOPOCTh CMEIIeHHs 4dacTWi[ rasa B 3BYKoBoii BoaHe). IIpomenypa
KOHCTPYMPOBAHHUA COCTOANA B YMHOJKEHWHM JMHEAPU3WPOBAHHLIX yPaBHEHMI
COXDaHEeHHs MAacChl, KOJUTeCTBA HBHMKEHHA U OajiaHca DHTPONHH HA HEKOTO-
pBle CKaJAPHBIE U BeKTOpHBIE (DYHKINH, MOCIAEAYIOIIeM CyMMHOPOBAHUH ypaB-
HeHNH W NPHIAHMM TOJYyYeHHOMY YPABHeHHI) NUBEPreHTHOH (opmbl. Bekrop
pnv’Z P'2

n ¢
2‘0

B /
;= pv' 4+ v,
0
UMeeT CMBICA IIOTHOCTH IOTOKA 3BYKOBO#l sHeprumu. KEro Bum 3sasmcur or
BBIOPAaHHON (DOPMBI A IJIOTHOCTH YHEPTHIH.

B Ej; orcyrersyer caaraeMoe vop'v’ — wacTh BOSMYIeHHA KHHeTHYe-
CKOHl »Heprum rasa. B nuTeparype mo akycTumKe BCTPEYAIOTCHA BBIPAKEHUS

’ P v’2 . 0'2 1 —>—>

2 2
2::)000

o

1

HI = p’U’ + 0 (UI)U,) v+ 9 Uop’2 T =Y (U()U,) p’7

1
00 ‘o
yunteiBaomue stor wien |[4—O6]. Pasmumumbie MoamuEAanuu BHIpayKeHHWH
3TOro THIA CBA3AHBI C NPUMeHEHHeM COOTHOWEeHHA p’ = p’c?, CIpaseimBoro
OAs HM309HTPONMYeCKoro TedeHus. llosTomMy cromr BoOIpoc O TOM, B KaKoi
Mepe BEIOpaHHOE MJA BBIBOJa YpaBHEHHA OajaHca 3BYKOBOW DHEPrHH BEHIPa-
JReHHe A IJIoTHocTh dHeprmu Ly Apisierca UCTHHHON Mepo#l maHHON (u-
smdeckoil Beamamubsl. OTBeT HA HEro WMeeT NPHHIUINAJIBHOE 3HAYEHHE, TAR
KaK oT oIpejedeHnd ILIOTHOCTH DHePradm KOJe0aHWIA 3aBUCAT BBHIPAIKEHUS
IJIs IIJIOTHOCTH €e TOTOKA M HCTOYHHKOBBEIX WJIEHOB B ypaBHeHHHm OajaHca
9Heprum, a CJIef0BAaTEJIbHO, WM BHIBOAB 0 (PH3UUIECKON MPUPOJe HCTOTHUKOB
reHepalu H JHCCHIANNEM 3BYKOBoH sHeprum. Ilo »Toifl mpuwumuHe B Hagale
CTATBbU MAETCH BHIBOJ OCHOBHBIX YHepreTmuecKkux coorHormenmit. OH orpa-
HUYEH cJydaeM ITPOMOJBHBIX KoJebaHWil rasa B KaMepe Cropamus.

Bruaag pasamussix ¢usnIecKux B3aMMOJENCTBHIl B yCTOHYHBOCTH IIPO-
1ecca TOPCHHA MOKHO OLEHHTL BEIWYHMHAMH, KOTOpPHIe II0 QHAJOTHH € JIOTa-
pudMuTecKAM NEeKPEMEHTOM 3aTyXaHUs ONPeleNATCS KaK OTHOIIEHHE CO-
OTBETCTBYIOIIEr0 NMPUPAI[eHNA YHEPTHH 334 OJWH IepHox KoaebaHwWil K y/BO-
eHHOIl sHeprum KoJeGammii, makomiIenHoil B cmereme. Kak m B [2], at; Be-
AUIUHBl GyIeM HA3bBATHh MOKA3ATeIAMH ycToilamBocTu. [ WX BHIYUCIEHHSA
HEeoOX0MMO 3HATH MMapaMeTpbl Kosgebanwii. B wacTHOCTH, 3HAUYEHUs AaMILIH-
Tynsl u (paspl KodeGaHWil CKOPOCTH M SHTPONIMHU rasa B 30He ropenus. Mame-
peHue 5THX BeJHYNH B BBICOKOTEMIIEPATYPHOM pearunpyiolleM IIOTOKe rasa
Ha pe)kuMe BHOPAIIMOHHOTO TOPEHHWA TPEJCTaBJIseT CHOMKHYI0 3amady. Ilo-
3TOMY 9YacTh CTATbH IIOCBAINIEHA METOJuUKE OI[eHKHA CTALMOHAPHBIX U BO3MY-
IIEHHLIX ITapaMeTpoB rasa B kKamepe. OHAa OCHOBAHA HA YHCHEHHOM IHTET-
PHPOBAHUU CHCTEMBI yPaBHEHMil IJIsi MPONOJNBHBEIX KoJeOaHWH rasa ¢ HCIIONb-
30BaHIEM OrPAHMIEHHOro 00hbeMa IKCIEePHMEeHTAJNbHBIX HaHHBIX. [Ipenmomen-
Hasi MeTOAMKA IpHMeHeHa K aHAJIM3y PeKuMa BUOPAIFIOHHOrO TOPEHWS, OIIH-
carnoro B [7].

OcHoBHBIE 9HepreTn4eCKne COOTHOILIEHUA

BoiBox ypaBHeHHA DHEPrMM IS MAJBIX HEW30IHTPONMYECKUX KoJeda-
HIf MXEeaNbHOI0 ra3a B OJHOMEPHOM MOTOKE € MCTOYHMKAMM TeIIOBbIJeJe-
pna. CooTBeTCTBYIOIIee BHIpAyKEHME MOJYydINM M3 06INero ypaBHeHWUS DHEPTUH

0 (e ool 5w | =7, 1)

ot
TIe & — BHYTPeHHAA TepMogumHaMuueckas sHeprusa (0e3 ydeTa XuMHIeCKOMH
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sHeprun); w=c¢+ pV =¢ + p/p — ouranenusa; V — o6beM eIHHUIBI MACCHI
raza; F — um3BecrHas CKopocTh TemsoBkifenenud. OcTaapHBle 0603HAYEHUS
obmenpuHaTEe. TaKoif mONXO0[ MO3BOJAET HE YNYCTHTh B BBHIPAMKEHHAX IJIA
ILIOTHOCTH SHepruu KoleGaHmit HYKHBIX WIeHOB. Ilomo0HBIM 06pasoM ypas-
HeHHE JUIf 9HEPIuH BO3MYIIEHHWH BHIBOJUIOCHL NJIA CIAyYag H309HTPONHIe-
CKOT0 pacIpocTPaHEeHHWsA 3ByKa B HeNOJBUMKHON ONHOPOIHOW cpeje B padorax
[3, 4] ¥ 7ua HEeUMBOAPHTPONHYECKOTO PACIPOCTPAHEHHA 3BYKAa B ABMRYIIeHcs
HeOIHOPOJHOH cpese Oe3 Temnossinenenus B [8]. B [3, 4, 8] ras camraixcsa
HJeaTbHBIM (HEBA3KNM U HETEeINIOMPOBOMHEIM).
Brimuiem mepocramome ypaBHeHAA Ta30BOH IUHAMHEKH

dp |, dov v dv 1 dp i
—at——.—'—ax‘—07 (7—t'+v—(7—1—+__— ’ P—H{OT (2)

n A

BosMymenus mapaMerpoB rasa mpeamosaraeM MAaJbIMH B CPaBHEHHH C HX
CTAI[IOHAPHBIMA 3HAYEHUSAMH. OJTO T03BOJAET PA3NOMUTL BEINYHHEI, BXO-
gamue B (1), B pAOB OK0JIO CTANUIOHAPHBIX 3HA4YeHUil. B kadecTBe HeszaBu-
CAMBIX TepMOAMHAMHYECKHX I1apaMeTPOB BEIOEpEM IIOTHOCTh P W HHTPOIHIO
s eguHUIBI Macchl raza. C HOMOIBIO TePMOJMHAMUYECKIX TOMIECTB

ds = Tds — pdp/p?, dw = Tds+ dp/p, de = cv(T)dT (3)
u3 (1) u (2) ciaexyer ypaBHeHUe s N3MEHEHHA DHTPOIUN

pTii'—g-=F. (4)

BosMymennbie 3HaY€HNA [HapaMeTPOB IPEACTABAM B BHJE
’ ] 4 ’
P=0,+0 =0+ 01 +02+ ... S=8+8=8-Fs;+s+ ..,
’ ’ ’

=v,+ v =v,+v;+vos+ ..., F=F+F =F,+F;+F;+ ..., ....
ByxBsr ¢ uHAgexkcoM HYyab 0003Ma9ai0T CTAUMOHADPHBIE 3HAYEHHA, CO IITPH-
XOM — OoTKJoHeHuA oT HuX. CraimoHapHOe [BM;KEHHE Tasa ONICHIBAETCS CH-
cremoit (2)— (4) ¢ 9acTHBIMH TPOWSBOJHBIMU M0 BPEMEHH, PaBHBIMH HYJIIO.

Orkaonenna c¢ wHAeKcoM 1, JWHeliHble YacTu BO3MYIIEHUA, YI0BIETBOPAIOT
cumeTeMe NHHeapH30BAHHBIX YPaBHEHUA

ap’ ap, v , dp, , dv

1 dz
I S N
ot 0 ox 0, 0 ! dx p2 dz

w ’

. 032 as; rowey v, dsn\
00T i T V== + U152 +

rae pll = cgp; - posi/cv. B 30me ropenms, rge mpomsBogHEIe IO KOOPAMHATAM
OT CTAUOHAPHBIX NAPAMETPOB OTIMIHBI OT HYJs, BO3MYINEHMNs ILIOTHOCTH,
SHTPOIUHN W CKOPOCTH B3aNMOJEHCTBYIOT APYr ¢ APYTOM YiKe B JIMHEHHOM
npubInKeHIT,

Henunelisle 9acTu BO3MYINEHUHA ¢ WHAEKCOM 2 JaioTca pellleHmeM He-
OTHOPOMHOM CHCTEMBI JHHEHHBIX ypaBHeHHI?I, B KOTODBIX COXDaHEHBI HJIeHbI
He BEIIIE BTOPOTO IOPAAKA MAJOCTH 1O Py, $; W Vy.ITH ypaBHeHHA H3-3a
9KOHOMHUU MeCTa He HpHBe;[eHBI.

PasnoskeHHa 1Jd NJIOTHOCTH SHEPIrMH M ee TOTOKA MOTYT OBITh TOJY-
YeHBHbI TI0 pHSJIO?EeHHIO

B KOTOPOM BO3MYINEHHA B IEpPBOH CTeleHW INIPeNCTABIEHB CyMMaMu =
= 04 + pg, vy X = C'p/cv.

VYupoctuMm BbIpajkeHUe AJA dHEPrHH BO3MYIIEHHM, OCTAaBUB B HEM TOIb-
KO WiIeHBI, OTHOCAIHECH K JMHEHHOH aKycTHKe, T. €. K DEIIeHAI CHCTEMBI
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(9). Jas 3TOr0 HMCKIOYMM WIEHB BTOPOTO TOPAAKA MATOCTH p;, S9, v; c
DOMOIIBIO COOTBETCTBYIOLIEH cucTeMbl ypaBHenuit. B cBoio owepemp (D) 1t6-
3BOJIAET MCKIIOYNTH JIMHENHbIe YIeHLl TepPBOro MOPAAKa Majoctd. Podp 3THX
9JIeHOB B BHIPQYKEHHAX IIOTHOCTH JHEPIMM U ee IOTOKA CYIIecTBEHHA B
clIyJasx, KOrfa IpH KoleOaHHAX H3MeHsAeTcsa o0mjag Macca rasa B obbeMe
KaMephl CTOpPaHUA M KOrjga KoJeO0aHWs HEeYCTAHOBHUBIIMECH.

B pesyanbrare mpopemaHHBIX mpeo0pasoBaHUil ImojJydaeM AUBEPTEHTHYIO
hopMy ypaBHeHUA DHepPruW, He COAEP/KALIYI0 B NPaBOil 4acTm NPOU3BOMHBIX
OT 04, §y W v;. BXojamas B Hero IONOKUTENBHO ONpejeleHHAsA KBAApaTHd-
Has popma

2 2
Foo. — pv, ' ' L oT o2

€CTh MCKOMOE BBIDAKEHMe [JIs IJIOTHOCTU DHEPTHH HEH309HTPOMHYECKAX KO-

nebanmit rasa. [{1s yOpomeHusi 3almcH 37ech W B JadbHellIIeM cramuoHap-

Hble BEeJHYNHBI U BO3MYIIEHUsd 3amHUCaHbl 0e3 HHAEKCOB HYIL n 1.
Cnmaraemoe vp'v’ He BomIo B BhIpayKeHme NIA L7111, TOCKOIBKY IIPOM3-

BOJAHASA OT HEro II0 BPEeMEHH CBfA3aHa ¢ INPOH3BOAHON OT BO3MYILEHHA JHT-
ponuu Mo KOOpAMHATE:

AAE’ | OATTY vp , 05" v d (_p_j ror
ot ! oz pey or ~ p dz' ¢ o '
dv
2 el
Vi o dr 20 dx O TP

AE =vp'v’, ATl = v(c%0'%/20 — pv'?/2) 4- v’ (ov’ 4 p'v).
Ilna ero mokasarenancTBa YACTHBEIE IIPOM3BOJHBIE IO BPEMEHH CJIeIyeT 3aMe-
HUTH BBIPDAJKEHUAMHE, KOTODBle moaydaiorca u3 (D), mpopuddepeHiuposarhb
AlIl mo z m npuBectu momoOHBle 4YlaeHbl. B ciaydae m309HTPONMYECKOr0 pac-
IPOCTPAaHEHNA 3BYKOBOH BOMHBI B rase (s=s =0) dopmynram ams mIoT-
Hoctu dHeprmm m ee moroka lly;r = p'v' + vEy mapany ¢ Ey m Iy momno
Dpujars pasHocunabrbii sug Er m 115 [6].

JHeprus HEeW309HTPONNYECKHX KoaeOaumili rasa BRIIOYaer B ceba oHep-
THI0O 3BYKOBBIX KONe0aHW W BHYTPEHHIO JHEPTUIO, CBABAHHYIO C BO3MY-
HeHIAMN JHTpoIMH. Tak Kak BOBMYINEHHA SHTPONNHN IIEePEHOCATCA BMeECTe
¢ ra3oM, WX BKJIaJ I[eIeco00pasHo MCKIOUNTh. B pesyabrare MOIy9IdM ypas-
HeHNe 3HEPruu 3BYKOBBIX HoJe0aHUii, B KOTOPOM BBHIPJKEHUSA ILIOTHOCTH
3BYKOBOIl SHepruym ¥ ILIOTHOCTH ee Toroka cosmagaior ¢ Lyr m Ilip. Ero sup
33BHCHT OT BBIOOPA HE3aBUCHMBIX IIeDEMEHHBIX s TePMONHMHAMHYECKHX Be-
nuunH. HauGosee mpocroit Buj 0OHO NPUHEMAET NPW WCIOJB30BAHUU B Ka-
gecTBe He3aBHCHMBIX IEePeMEHHBIX p U S. Ilonaraa B panpHedimeM y/eJbHBIe
TeIUIOEMKOCTH Cp U Cy IOCTOAHHBIMH, IIPHXOAAM K M3BECTHOMY ypaBHe-

Huo [1]
0E . allyy _ox—1 F'p’ 2% — 1 — xM> Q 2, PV dv n_dv

T ' 9z % D 2902 dz VM i Cp- —c"):l? s v — 0 dz

(6)

YpaBuenne Gamanca pumeprum 3BYKOBBIX Koxedanmii. Iloxaszaremn ycroii-
guBoctu., Ot (6), BHIpaJKAONIEr0 3aKOH WN3MEHEHHS DHeprmm KoXebaHuWil B
auddepennuanbuoil opMe, nepeiiieM K HHTerpaltbHOMY cooTHomreHuio. [Toc-
Je OCpeJHEHHs [0 BpeMeHH 3a NepHOoA KojJefaHuil T, WHTerpUPOBAHUA IIO
00’beMy KaMephl W JeJleHHsd BCeX 9YIeHOB Ha IIOMA[L IOINEPeTHOTO CeYeHUs

KaMepHl, ROTOpasA NPEAIO0NaraeTcs IIOCTOSHHON, MOIYyINM ypaBHeHHe GalaH-
¢a PHEPrum AJs 3BYKOBBEIX KoaeGamnwmil
a&

— L G Uy (0) — (1) + iy (@e +0) — Mg (e — 0) + V=V, (D)

l 1
&= | Ende, G- (o, g= 22120 Ty = (57 + o)
0 0
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dv v's’

V, = Sgidx (i=1,2), g =opv

2% —1—xM" 9 2} dv
Y A )75-
Uepra mag GykBamu o3Hadaer ocpefHeHHe 33 IepPHON; [ — JJIMHA KaMephl;

— cpeIHAs NOJHAs 3BYKOBag SHEPrug B 00beMe KaMephl cropaua (B

pacueTe Ha eAMHHUIY IUTomafam ee momepeunoro cewenus); [y (0) m Il (1) —
IJIOTHOCTH IIOTOKOB 3BYKOBOH DHEPruM dYepe3 HAYAILHOE W KOHEYHOe cede-
Husa wamepsl; [lyp(re — 0) u Il (2. + 0) — amamormusble BeIUYMHEI clleBa @
copaBa oOT CedeHHs, B KOTOPOM pacmojioskeH cradomiusatop; G, Vi, Vo —
cpejlHNe CKOPOCTH U3MeHeHHs 3BYKOBOI SHEPruMm B o0hLeMe KaMephl, obyc-
JIOBAEHHBIE B3aUMOJeiicTBHEM KOJe0aHWII NABIeHMA C IIPOLECCOM TOpeHns,
3BYKOBOH W SHTDONHITHON BOJH W B3aMMOJEIHCTBHEM MeKIY 3BYKOBBHIMU BOJ-
HaMH COOTBETCTBEHHO.

Taxum ob6pasoM, m3MeHeHUe 3BYKOBOH dHeDrum B 00beMe KaMepsl Ipo-
HCXOMUT M3-3a reHepanuyu WId [JUCCHUIIAINNN JHEPTHH HPH B3aUMOJeHCTBHI
KoJeDaHUI [aBIeHUs C IPOIlecCOM TemmoBeifeleHusn (G — MaTeMaTHYeCKoe
BBIpasKeHNe NpuHINNa Pejes), M3-3a HOTOKA DHEPrHH dYepe3 KOHIEBbIE ce-
9eHMs, JUCCUIIAINA DHEPTUM HA CTAOMIM3ATOPE KAK TUAPABIMNIECKOM COIIPO-
THBJIEHUN W WM3-33 B3aUMONEHCTBUsA 3BYKOBBIX U JHTPONMIHEIX BOJH B 30HE
TOpeHHU.

CoorBercTBylOmue WieHH ypaBHeHus (7) yOoOHO CPaBHHBATE C IIO-
MoIIbio Ge3pasMePHBIX BEJIMUYHH — II0KasaTedell ycroitamsoctn [2]:

2pc¢

. (0) t
PN N s A
2811 0 2(%]1
g — _ duT o, [Ty (ze +0) — Mgy (2, - O)] =
o TRE o e 2811
. T Yen
dvi === &= o

Ymuomus sce wrens (7) ma 1/2&n, moayuum as = dg + du, + di, + de +
+ dv, + dy,. [lokasareas ycroiiumpocTu dr MMeeT CMBICH JOrapu@MuIecKOro
JeKpeMeHTa KoJedaHuUil.

Meronnka olleHKH apaMeTpoB rasa
npu BHOPAIIMOHHOM TOPEeHUN

HnrerpupoBanne cmcremsl ypaBHeHmil. [lia ducIeHHOro WHTErpupoBa-
Hua cucreMbl (2)— (4), OmMHCHIBAIOIIEH OJHOMEPHOE TeUeHHEe ras3ad, BOCIONb-
ayeMcsa MmeromoM, manoskennbiM B [9]. Jlasa sroro mepeiiieM K IepeMeHHBIM
p, p 4 v. Beipaskenue (4) 3aMeHMM Ha DaBHOIlEHHOE:

—gtg pol 4 up = = (x — 1) F.

CropocTh TemyioBbIielleHUss [ mpenmojaraercs WM3BeCTHOH W3 HKCIIEPUMEHTA
¢ynrnueit x u f, ee 3ajaHme MO3BOJNAET 3aMKHYTH CHCTeMY OCHOBHBIX ypaB-
HeHWiT; % — const. CramuoHapHOe NBUJKEHNE ONMCHIBAETCA YKA3AHHOM CUCTe-
MOii ¢ IPOM3BOJHBIMHU 10 BPEMEHHU, PABHBIMH HYJII0, BO3MYIIEHUA — CHCTEMOIL
(5), B ®OTOpOIl HOCTe[Hee ypaBHeHHe 3aMEHEHO Ha

an’ ap’ o’ ’ dp /ﬂ _ . 1y
-E—t—_i’_v-%‘*_%p‘ax_—*_y 7,+%p d-l'—(% '1)1;'
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B pesynsrare mHTErpmpoBaHHS MOMMKHBI OBITH ONpeleleHHI pPaclpefeleHIs
o0 [JIUMHe KaMephl BCeX BEJIMYNH, XaPAKTePU3YOINUX CTaUOHAPHOEe U BO3-
MyHIeHHOe HABueHusa ra3a. OCHOBHBIE W3MEHEHWS, BHECEHHLIE B METOTUKRY
pacuera [9], mpuBogaTcs HmKe.

s ommcanma cTANWOHAPHOTO JBUMKEHUA HEOOXOMUMBI TeoMeTPUYecKie
napaMeTpsl KaMepsl (miamHA [, mONO3KeHWe cTabWaum3aTopa ), IIAPAMCTPHI
COCTOAHMA ra3a (3HaueHHUsA pi, Pi, V; HA BXoJe B KaMepy, HMOJHBIH MOJOrpes
rasa ¢m, ra3oBas mocTossHHAA R, %), Ko3PPUIUEHT THAPABIMIECKOrO COIPO-
TuBJIeHusa crabuauszaropa { W M3MEHeHHs KodPEOUIIUEHTA MOJHOTH CropaHUs
TOIUIMBA 1) TO JJAWHEe KaMepbl. JTU BEIMIMHBI MOTYT OBITH W3MEPEHBI HEIo-
CPeficTBeHHO WJIN BBIYUCIEHHI 10 W3MepeHHBIM mapamerpam. Tax, mas ompe-
fdedernsa § pias V-o0pasHoro cradbmiamsaTopa HYJKHO 3aJaThCA CTENEHLIO 3a-
IPOMOSK/IEHNS CeYeHNUsI KaMephl cTa0MAW3aTopoM M YIJIOM TPH €ro BepIIuHe
[10]. KoshpurmumenTt ImOJHOTH CrOPAHUs TOIIHBA W €r0 MPOU3EOLHAA IO X
MOTYT OBITH HAMEHBI 10 opMyIaM

r4

(Q(z) dz

]

0 (2) dz [ 0@ as
0

e 2= — &, % — &Ly — L, — PACCTOSIHME OT cTabWIm3aTopa [0 CedeHwusd,
B KOTOPOM II0 XapakTepy H3MeHEHUs CTATHYECKOrO MABIEHHSA WIH IO Pe-
3yJbTaTaM XWMMHYECKOTO AaHaln3a Ta30BBIX Npo0 m3BECTeH KO3 PUMuent
N(zs); Q(z)— dKCHEPUMEHTANbHO ONpeeieHHAA [0 U3IYICHHI0 DPATUKAIOB
CH 3zaBucumocrts nuHeHHOH (HHTErpaJbHOIl II0 MOMEPEYHOMY CEUICHHIO Ka-
MepBI) CKOPOCTH TeMJIOBBIJIeNeHus OT PaCCTOSHHSA A0 CTa0HIM3aTOpa.

Pemenne nmua cranmmomapHOro ABMKeHHs Trasza Bhioucano B [9] muas Tpex
yuacTKoB Kamepbl. Ha HauanbHOM TemIOBBIJeeHUE OTCYTCTBYEeT M BCE TIapa-
MeTPHI rasa IOCTOSHHBI, ‘HA CJIAEIYIOIeM YdIacTKe IIPOMCXONUT TOpEeHue; rpa-
HHONIA MEKAY HEME OPOXOJUT IO CEeTeHHI0, B KOTOPOM HAXOMHTCA CTAOHMIMA-
3aTOpP; HA MOCJEeJHEeM IMPOIecc TOPEHUsA 3aBepINNJICS W TapaMeTpPhl rasa ocra-
oTCcsT HEM3MEHHBIMU. Y DaBHEHUs CBf3W U CTAMOHAPHBIX MAapaMeTpoB T
HX BO3MYIIeHWiT HAa TPAHUIAX Me:KAy ydacTKaMu paccMoTpensl B [9].

Pemenne nua BosMmymienuil uimercsa B Buje

p' =oc(x)e, v =v(z)e ™, p' =mn(z)e ",

rae o(z), v(z) um m(x)— KOMIIEKCHble AaMIUIUTYAB (HAWpuMep o(z)=
—o.(z)tio:(z)); ©=2nf; f— u3BecrHas u3 IKCIEPUMEHTA TACTOTA KOJE-
Gannit. Ilocloe TOJNCTAaHOBKH STHX BHIPAKEHUI B YPABHEHMS M COKPAINEHUA
Ha e *°! momydaem

do. av . _\0__
Vour TP T\ ar) dz

o dv dn _ dp 2(. du)
PV TP =g O OO — v,

dnm , __dm ap _, |. dv)_ , . "

F — koMmuiexkcHas aMIIITYAa BO3MYyI[eHHI CKOPOCTH TelJoBBImedenus; I =
= |Fle**=9 Takas ;e IOJCTaHOBKA fedaeTcd B TPAHWYHOE YCJIOBHE INPH
z=0 um B ycHOBHA CTHIKOBKH peNIeHWHl HA TPAHUIAX CMEMKHBIX YIACTKOB
KaMepsl.

Nurerpuporanume cucrembl (8) mpoBomguTes mertomom Pyure — Hyrra
9eTBEPTOro MOPAJKA ¢ MOCTOSHHBIM ITAroM HHTErPUPOBAHUSA, HAYMHAA C & =
= (0. 3axkaHYmBaeTCs WHTErpHpOBaHWe B KOHIe Kamephi mpum x = 1. Orcyr-
CTBHE IPAHUYHOTO YCJIOBUA B 3TOM CEUYEHHH KOMIIEHCHPYETCH HKCIepPHMEeH-
TANbHLIME JAHHBIMA ¥ IPENIONOKEHHEeM 00 H309HTPOINNIECKOM XapaKrepe
memxenna rasa mpum z=0. B mauame wameps 0 (0) = m(0)/c® u v(0)=
= 1,(0)n (0)/pic;. Beawumma arycruueckoit mposomumocTu 1, (0) Momer
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OBITH OIpejielieHA IO DKCIEPHMEHTAJLHBIM JaHHBIM (CM. HUMKe). SHAYCHUSA
KOMIIIEKCHOI aMIIUTYAb Kojdelanumit gasienus mpn z =0 sagaguM B Buue
7, (0)=¢/B, 7.(0)=0; & — en/%, €n— OTHOCUTENBHAS AMIUINTyAd KoJiela-
AUH JaBIeHNA B TYYHOCTH € KOOPAUHATOH Zmit &m = |p (Zmi)|/pr<1; B =
= |p' (m)!/Ip’(0)|. Ecan ammauryna womedamuit |p’(0)| B sxcmepumente
He maMepeHa, T0 ciaexyeT monoxEuts B =kBy (By=(1+1q.(0)1)/(1+
+2¢,(0)+ 19.(0)12) V2, ¢ (0)= ¢, (0)+ 1¢.(0) — KO3 PurmenT OTpasKeHUs
3BYKOBOII BOJHBI 0T cedeHuss £ =0). 3HaueHWe MHOKHTEJsT K 3aBHCHT OT
MOJIOKEHTS TYYHOCTH JABICHUS Lmi, IO KOTOPOH ONPEENEHA E€m. HPH Tmi <<
<z, k=1; 0pu Zm >z, moTpedyeM COBIAMEHUs BHIYMCICHHOTO paclpenese-
nus {n(z)| ¢ skenepumentanbusim |p” (0)1/1(p’ (zmi)| B mpomsBonpHOM cede-
HUT Z HA XOJOJHOM ydacTKe KaMepwl. J(as aToro momomnM k= |mo(x)| X
X 1p (xm) /Ip" (2)|; lmo(z)| — ammanTyma komeGammit naBIeHHA B CedeHHN
z, BEIYHCHeHHAaA opu k= 1.

s uHTerpmpoBaHEa cucTeMbl (8) ocTaeTcs 3amaTh BEAIYMHY BO3MYy-
ImeHH#E CKopocTH TemmoBeigensenns F. OrcyrcrBme ypaBHEHIH, OMICHIBANO-
IMUX MeXaHu3M o0parHofl cBs3u (3aBHCHMOCTL F OT O, Vv, 1), KOMIIEHCHDY-
ercs BKCICPUMEHTANbHEIME JAHHBIMH. Bosmymenns F' cBs3amsl ¢ H3MepeH-
HEIMI B 9DKCIIEPHMEHTe CHKOPOCTAMU TEILIOBBIMEJEHHs HA eMUHUIY IIHHBI
naamern Q7 [9] coormomenuem F'=FQ’/Q. Orcroga F(x)=F(Q,+ iQ:),
rre Q, = 10" (z)| cos ¢/Q(z); Q:= Q" (z)|sing/Q(z). Ormomenne |Q’(z)!/
/Q(z) ompemenserca SKcIepuMeNTajgbHO. Benmumna F BEMucaserca depes
npouasogayio dn/dx [9]. Hauwamemaa daza ¢ womebammit Q' mw F’ o;mma-
KOBa, OHA paBHA yriay (a3oBOro COBUTA ME:RAY KOJeOAHHSMH CKODPOCTH Tell-
JOBBIleIeHHsT U paBiaeHHs B cedeHun =0 (rge HavsampHas (pasa Koueba-
Hiif faBIeHms paBHA HYydo0). J[as OUOpeleneHHs ¢ UCHOIB3YIOTCH DHCIEPH-
MEHTAJbHEIe 3HAYEHUA yraa (asoBoro casura MeRmy Koiebammamm Q' u p’
B CETCHMAX B0HBI TOPEHHA £ W yraa (asoBoro CABUra MesAy KoiaeCaHUAMH
p’(z) u p’(0), BolUMCIeHHBIe B Tponecce MHTerpmpoBaHWs. Ha sTom omm-
caHMe MpPOMeAYPH WHTerpupoBaHms cHeTeMbl (8) MOMKHO CUHMTATh B3aKOH-
YEHHBIM.

Taxoil mMoJAX0N K ONeHKe HEM3BECTHHIX IIapaMeTpoB Koae(aHuil rasa, oT-
BEUAIOIIX WCCALNYEMOMY PeyRIIMY BUODPAIMOHHOTO TOPEHWs, He CBOJHTICS K
PelleHnI0 3aJa49l O BHIHYKICHHBIX KOJEOAHUAX ION BO3MeHCTBHEM MIYIbCH-
PYOIEro TeIJoIOABOA. OTO BHAHO W3 TOr0, 9TO AMIIATYAA |p’ (Zm:)| Oe-
percsi W3 DKCIEPUMEHTa, a He BHIYMCIsAeTcs, B cminy JuHEHHOCTH MOmeNH
qNCceHHbIe OMEHKH [PYrUX HapaMerpoB (KpoMe BO3MYI[EHUH CKOPOCTH Terl-
JOBBI[eIeHNA) OKAZBIBAIOTCSA IPOTOPIMOHANBHEIME 9Toll Benmuune. Vamepen-
HEIE OTHOBPEMEHHO C P’ (Tmi) BO3MYIIEHHs CKOPOCTH TEILTOBBIENEHUS SBISA-
I0TCA Pe3yIbTaTOM IpoIleccd, MMEMINero B AeilcTBUTEIBHOCTH HeJIWHeHHBIN
xapaxrep. IIpegcraBmenne o MOCTOBEPHOCTH MOAYYAEMBIX OIEHOK dA€T COIIO-
cTaBJIeHne PACUeTHHIX W SKCIePUMEHTANbBHEIX JAHHEIX.

Onpenenrenne akycruueckoil nposogmmoctu. s maxommenus 1), (0) mc-
TMOAB3yeTcs METOf, OCHOBAHHBIA HA BBHIUNCACHHN KO3(DPUIUEHTA OTpaKeHNs
[0 BHKCIEPUMEHTANbHBIM 3HAYCHUAM AMINUTYAB u (Passl Komefamwil [aB-
JeHWs Ha XOJONHOM yduacTke Kamepsl. OH OT/IMYaercs OT W3BECTHBIX METO-
mos mammoinr Jgumnum [11]. IHpm z <z, pelmenme cucTeMbl YpaBHEHHWil [Jis
BO3MYIIEHUII nMeeT BHUJ

; wx _i wx \
p = (p+e (1+M)c L P_e (l—M)c) e—tmt7

.0x i ox \
1 ( T 1M —i r__ plp2
U,=—J— —P e 1 D)C)elmt,p_p/c_
Humunit uafgexc Oa0C OTHOCUTCS K 3BYKOBOH BOJHEe, ABIGKYIIEilCa B HOJO-
JRUTEJBHOM HANPaBAGHWH OCH X; WHAEKC MUHYC — K BOJHE, NBILRyI[eHcs
B OTPHOATEJBHOM HANPABJEHNW, T. €. IPOTUB IOTOKA ras3a; aMImiautyisl P,
P_ — rRoMuiexcHBIE BeINYNHEL
Jlas BoOJHBI, pacnpocTpaHAONIeHcs IPOTUB IOTOKA, KODOQUIMEHT 0OTpa-
mernsa  ¢o(z) = (P/P-)exp(i2w0z/ (1 —M?)¢). lIpu z=0 ¢.(0)=P,/P_=
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= 1¢.(0) l exp (ig,), @, — yrom $azoBoro cjBura Meay OTPRKEHHON m Ta-
Raomeil BonHamn. HoMIulekcHaa aMmanTyjsa KoieGaHmit TaBIeHNA HAXOIUT-
CA U3 BHIPAKEHUA

__ox ;20X +og
n(z)=P_e (I_M)C(i—!—]qa(O)]e(l_Mz)c )

HWCIOJB3YA KOTOPOE, IO 3aJaHHOH BeamdumHe ¢,(0) MOMHO IIONYUIHMTH pacipe-
nenenus ammantynsr |p’(z)| u magambHO# $askr @p(z) KoTeSaHMH gaBiIe-
HHUSI rasa, KOTophle OYAYT OTIMIATHCH OT HKCIEDHMEHTAIbHBIX KPHUBBIX He-
KOTOPBIM MHOJKUTENEeM, 3aBHCAIUIM 0T BbGopa ammiaurymsr |m(0)], m mo-
CTOAHHBIM yriaoM (a30BOTO CHABHUTa, 3aBUCANIM OT BBHIGOpPA HAYANA OTCIETA
BpEMEHH.

Jaa comocraBieHHs pacYeTHBIX W HKCIEPUMEHTAIBHBIX SHAYEHUIT
Ip"(z)| m wotz) Heobxogmmo mTepeiiTm K OFHOMY MacmTaGy H3MEPeHHS Tt
Hawanmy orciera BpeMeHH. 3a eguHHNy u3Mepenus |p’(z)| mpuMem ee Be-
JIUTUHY B IPOM3BOIBHO BHIOPAHHOM CEIEHHH Zo, YTOI (p(x) OIpegennM Kar
yrosn $asoBoro cABUra OTHOCHTENBHO KoJAeGaHHUIT JABIeHHSA B 3TOM JKe cede-

HAH. B COOTBETCTBNE ¢ METOMOM HAMMEHBIIMX KBAAparoB PAacCMOTPHM (YHEK-
IIOHAJ

\ 2

ky Pi)|  TeeE) |V, Al (s
=1 Pe(zg)|  |Pe(z)| s T 4w

rje n — YOCI0 CeUeHMH IIo AJAMHE KAMEPHI, B KOTOPBIX CPABHUBAIOTCA Pac-
9eTHBIE W YKCIepHMeHTaldbHBIe maHHBIE (n=2); kp, m k, paBHB HYIO WIn
eJUHAIE B 3aBHCHMOCTH OT TOTO, 10 KAKUM IIapaMeTpaM BOJHBEI [aBIeHUS
ompejieaserca KoapduimenT oTpaskeHus; AQp(x;) — PasHOCTh MEKIY BBITHC-
JeHHBIM U 3KCIIEPUMEHTATbHBIM 3HAUCHUAMHI YTIa Qp B CEUEHUM Z,; WHIOK-
CBl ! W e TPWCBOEHBI DPACCYUTAHHBIM U HKCIEPUMEHTAJIHHO ONPEIeIeHHBIM
BeanIuHAM. ECIu BMeCTO aKcmepuMeHTabHBIX 3HaueHwmit |p’ (z.)| m @p B3ATH
COOTBETCTBYIOI[IE TOYHOMY PEIIeHHI0 3aJadi, TO A WCIIOJIB30BAHHOIO I'Da-
HAYHOro ycioBua (3HaueHuUs ¢,(0)) dynrmmonanx D oxamercs pPaBHBIM HY-
ao. Korma ¢,(0) HemsBecTHO, OHO HAXOAUTCA IOAOOPOM MTyTeM MHUHIMU3a-
nuun  pymrnumonana @. MuruMyM wmmerca ¢ IIOMOIBI0  IPOrPAMMBI
DIRECTSEARCH [12]. Ot6macrs ompenmenenua @ — smavenua |q,(0)] <
<[(1—M)/(1+M)]"V2 Ilpm sTOM YCIOBHH IIOTOK BOJHOBOH DHEprum Ha-
mpaBJeH TPOTHB TOTOKA Tasa. TodHocTh ompemenenus (q(0) cymmecTBeHHO
BO3pacTaeT Ipu OFHOBPEMEHHOM HCIIOIB30BAHAW [AHHBIX 00 aMIIONTyde M1
(hase KomeGaHUI MABICHUS.

Tlocme rtoro kak RodgduImeHT orpaKeHns ¢.(0) ompejereH, COOTBeT-
CTBYIOINee 3HAUEHNE AKYyCTHIECKOW ITPOBOAMMOCTH HAXOMUTCA IO Hpeodpaso-
BAHNIO Mo =(qa— 1)/(g.+ 1). O6xacts maMenenns m.(0) naeRUT BHYTPH
Kpyra ¢ meaTpoM B Touke 1, = —1/M, 1:; =0 u paguycom R = (1 — M?)V2/M.

Anasins peskuma BHOPAITMOHHOTO TOpeHHsA

Hexonubte panusie. IlposefeM amanns peknMa BHOPAIMOHHOIO TOPEHHA,
MIA KOoToporo B [7] 9KCIEPUMEHTANBHO OIPefeJeHO M3MeHEeHIEe NHTEerpalb-
HOil (10 TIOMEePEYHOMY CeYeHHWI0 KaMepHI) CKODOCTH TeILIOBHIAeIeHHA IO JJIH-
He IUIaMeHH. ['opeHme oTHOPOAHOI OeH3WHOBO3AYHIIHOI CMECH HCCIeOBAaIOCh
B IIPAMOYrodbHOII Kamepe cropamus ¢ pasmepom cezenus 200X 75 mm. Cra-
OuamsaTop ILNIAMEHH COCTOSLI M3 JBYX KJINHOBHIHBIX TeJ ¢ BBICOTOI IIOJOK
40 MM, paccrosmme mesxny nenTpamm mnogok H = 100 mm. Ilepem xamepoit
CTOAIM PEryJIUpPYeMBIil Apoccedb (Ha HEM CO37aBajcsa KPHTHUeCKHI mepemaj
maBleHHA) W KOPOTKMH KOH(Y30D € HECKOILKHMHE Pas[eluTeILHBIMI ILIa-
cTHHAME JJIf BBHIPaBHWBAaHMA mojsa ckopocru. Jamaa woH@yszopa 100 M,
OTHOIIEHNE TUIOMAaAN IPOXOMHOTO CEYeHUsA KOoHEY30pa Ha BXo[e K ero TJiIo-
mafu ma BeIXofe paBuo 2. [Ipyroil KoHer KaMephl OTKPBIT.

Jlna omumcaHusA CTAMOHADPHOTO [BHKEHHA MHCIIONb30BAHBI CJIEHYIOI[UE
reoMeTpHuecKue I PeKIMHBIe mapaMerpwl: AmmHa Kameps! [ = 3,000 M, moo-
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Puc. 1. Uamenenme napameTpoB rasa B  Puc. 2. HameHeHme mapaMeTpoB RoJjeda-

sone ropegns (I —m, 2—7T, 3 —p, 4—  ©Bnii ZaBJdeHNA rasa U CKOPOCTH TEIJIOBBI-

¢/t — oTHOCHTEJbHOE BpeMs npelbBaHUA  JeJdeHHs IO KiauHe KaMepsl (I — |p’|/P,

raza, 5 — Q/Qm (oxcmepument), 6 —v, 2—|Q'|/Q, 3 — ¢p, 4 — Ppo; WTPHUXOBHIE
7 —M). JUEMH — OKCIIePHMEHT),

JeHne crabmmmsatopa x,= x./l — 0,480, 3arpoMokeHNe UM CEUeHHA KaMe-
pet 0,4, yroa mpu BepuinHe KIMHOBHIHOrO Teja crabmmmsaropa 30°, crarm-
YeCKOe [aBIeHHe, TeMIepaTypa W CKOPOCTb CMeCH B Hadale KaMepsl: pj =
=100 xIla, T =1516 K, v, =30,80 m/c, mommmli mogorpes g¢. = 2,77 (ompe-
meneH mo Koadduiuenty m3bbTKa Bosgyxa o =1,6 ¢ moMomEBI0 3aBHCUMO-
cTH agnadaTuvecKoil TeMIepaTypsl IPOAYKTOB IOJHOTO cropamms or o [13]).
3HavYeHNA MIOTHOCTH, CKOPOCTH 3ByKa, TA30BOM ITOCTOAHHON M OTHOIIEHHA
YAEIbHBIX TeIIOeMKOCTell B3ATHL IJA CMECH M ee IPOIYKTOB CrOpaHusa Kak
Tus Bo3myxa, ¢y = 457 m/c, p; = 0,68 wr/M%, M, = 0,067, roadPurment moiu-
HOTBHI CTOPAHHUA B KOHIle 30HBI TOPEHHA NPH 2y — &y — &, = 1050 MM (z;=
= 0,35, z;/H — 10,5) B COOTBETCTBUE ¢ XapaKTePOM H3MEHEHMS CTaTHYECKO-
T0 [aBJIeHUA IO [JINHE KaMepbl HPWHAT paBueiM 1. 3aBUCEMOCTL cpejHeit
HHTerpajbHoil CKOpocTm TeltoBerienenus (@ (z) ompefenena M0 H3IYYEHUIO
pagurkamos CH [7]; ¢ ee moMompbio BEIYHCIAETCA KPUBAg BHITOPAHUA CMECH
1 (2z). 3afaHue MepeYNCICHHBIX BHINIE BEJINYMH IOJIHOCTHIO OIpeesser cpeji-
Hee [MBUiKeHMe rasza (pme. 1).

Jlia wATerpmpoBamuA CHCTEMBI JMHEAPU30BANHEIX yPaBHEHUH, ONHCHIBA-
0mMuUX KogebaHWsa rasa, BOCIOJL3yeMcd TaKMKe CAeIYIONIMH DKCIePUMEeH-
TAILHBIME TAaHHBIMEU: dacToTa Koaebammit f= 128 I'm, ormocuTensHas aMIIn-
tyga |p’l/P u dasa @, KomeGammil NaBieHNa B HECKOJBKAX CEYEHUAX XO-
JOMHOTO y4acTKa Kamepdl, & = |p' (Zm:)| Tpm xm:=0,5; pacupesenerus or-
HOCHTEeNbHOH aMITUTYABI cKopocTd TemioBbimenenud |Q'1/Q m yron dazo-
BOTO CHABHTA (QPpe MEMAY Komebamuamu Q' m p’ 1o [IMHE INIAMEHH. DTH Xa-
pakrepucTuku u3 [7] mokasamsr ma puc. 2. Ilo smavemuam |p'l/P n ¢, ma
yuacTKe KaMepsl f0 crabmimsaropa (COOTBETCTBYIOIINME TOYKHM IIOMEYEHBI HA
puc. 2 TOYKAMM) CIpefejieHa BeIMYMHA AKYCTUIECKOHl TMPOBONUMOCTH B Ce-
geamn =0, 1.=—0,317+i0,359. Ona oriamuaercss 0T UB3BECTHOTO COOT-
HOIIeHWs 1), = —M,;, cOpaBeIAUBOrO MPH YCIOBUM IOCTOAHCTBA MAaCCOBOLO
pacxoma Tasa 4yepes BXOJHOE CedYeHIe KaMeDHI, H3-32 KOHEYHON BeNIWIUHEBI
obneMa Kor(QY30pa, PacHoIOMKEeNHOr0 MKy ApocceleM M KaMepoil Cropamms.

ComocTaBiaeHENeM pacyeTHOr0 U HKCIEPHMEHTAIBHOTO pacupeeaerHnit
aMITHTYE KolebaHmit masiaenus B Touke zo = 0,444 HaifimeHo 3HaueHWe Mac-
mrabuoro xosdduruenra k= 0,961. 3mauenne macmradHoro Koddunmenta
e =0.035 (en=0,049).

PesyapraTsl unTerpupoBaHus. BerancienHsle pacmpefieleHHs aMIIHTYREL
n assl KojeSanmii HaBIeHHs IO JUTHHE KAMepHl TIPEJCTaBJIEHHl Ha puc. 2.
OHH Y/OBJIETBOPUTEIBHO COINIACYIOTCA ¢ DKCIEPEMEHTAIBHBIMH aHHBIMU.
IIpuMeHeHEne JTUHEAPN30BAHHBIX YDPABHEHMIT Ta30JNHAMUKN OKARaIOCh OITPAB-
TamHBIM OJarofapsa CHHYCOMAANBHOMY XapakTepy Koxebammil (dopMa BOIHEI
HauMmaeT 3aMeTHO HCKAaMKaThbed IPH aMININTYHaX KodeDaHWi maBiedus, 00Jb-

mmx 10 % cpenmero masienua [14]).
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Puc. 5. ViaMeHeHHe mapaMeTpoOB
®oJNe0aHnil CKOPOCTH W 9HTPO-

IHE Tasa 00 [JImHE KaMephl
I—=1v], 2—=1s]l, 38— @p,
4 — @ps).

—gT-

Brrunciennbie pacmpesenenns oTHOCHTEIBHO aMILTHTY[ KojdebaHmit CKo-
POCTH ¥ SHTPOIMH Tas3a W YrioB (Ja3oBOro CABArA MEMAY KOIeOAHHAMH ITUX
napaMeTrpos W Kole0aHHAMH [aBIeHAA Mo NJIMHe KAMCDPH IIPUBENEHH Ha
puc. 3. Ammantyga [v'| B konme kKaMephl ImpeBHIIIAeT ee MAKCHMAJIbHOE 3HA-
wenne nepen crabmmmsaropom B 1,9 pasa (30,8 m 16 m/c coorsercTBemHO).
ITpyanna ysenauwdenus |v’| cBasama ¢ yMembIIeHHeM XapaKTepPUCTHIECKOTO
COIPOTHBICHHUA CPeJBl OC B 30HE TOPEHHS. YTOHI (Pp, IOYTH BCIOAY OTJIHIEH
0T =g/2 w3-3a UpUCYTCTBHA B KaMepe Oerymieil COCTaBJIAIIENl 3BYKOBOI
Boamsl. [lepen craGummsaTopoMm Tedenme rasa msosmrpommaeckoe, s’ = (0. Be-
amanna |s’| yBenmumBaercs B 3ome TOPeHWA. YTOX (ps, KAK U @Ppg (CM.
puc. 2), W3MeHAETCA MO0 [UIMHE IJIaMeHH NouTH Jauneitro. CienoBaTelbHO,
KoJe0aHWA SHTPONUH BHIBBAHE TOH e TPWUYMHON, YTO M KoJebaHwmsa CcKo-
POCTH TeIJIOBBIIeJeHNs,— ABUKEHHEM B0Jb KaMepbl KPYIHBIX BHXpeH, Ie-
PHOAMYECKY CPBIBAIOIMUXCSA € 3aMHOX KPOMOK 'crabuamsatopa [7].

Y OOBIETBOPHUTEIBHOE COOTBETCTBHE PACYCTHBHIX W OSKCIEPUMEHTAJbHBIX
JAHHBIX I KoJeOaHWI MAaBIeHHA AaeT OCHOBAHME JOBEPATH M ONEHKAM CKO-
POCTH CMEIIeHWs 9TACTHI[ ra3a B 3BYKOBOM moJjie. Takoil MOAXOM TPaiuIUOHeH
nis akycrurn [11]. AmagorudHoe 3awiaiodenme [isA KojeOamuit SHTPONNH,
OPUHOUNNAILHO OTIAMYAOMUXCA OT KoaebaHWIT JaBieHUss W CKOPOCTH, Oyaer
HeBEPHBIM. 3BYKOBOe MoJe B ‘KAMEpe YCTAHABIWBAETCA B pesyJbTaTe Cylmep-
MO3UOUU BOJH, MHOIOKDATHO IPOWIEIIINX II0 Kamepe W OTPA3UBINMXCS OT
ee KOHIOB, OHO OTPayKaeT KyMYJATHBHBIA 3(Pderr Bcex HCTOYHMKOB TeHe-
pammy W JUCCUTIAIMN 3BYKOBOW dHepruum. BoaHa 9HTpONNEM HPOXONUT BIOIL
KaMepsl ofuE pa3. HomeOamua masienusa (W cKopocTd v’) IPAKTUYCCKH Of-
HOPOJIHBI B IIONMEPEYHOM CEYCHHM KaMepbl, KodeOaHmsa SHTPOINME JIOKAIMN30Ba-
HBl (To0 Kpaiimeii Mepe, B Hadaje 30HB ropens) B HeGOMbIMHX 00bHeMAax,
IMeImuX pasMep KPYOHbIX suxpeil. Ha sByRoBble KojeGamms Ipomeccsl TYp-
OyIeHTHOTO W MOJEeKYIAPHOTO CMEINeHMA OKAa3blBAI0T OTHOCHTENIBHO ciaaboe
pauarue [15], ma smTpounmitabie — cuabroe [16]. Ilo 310l mpuumne sKCHmE-
PEMEHTAIBHO IIPOBEPEHBI BEMMYMHBI BO3MYINEHWI TeMIepaTypsl ra3a B KOH-
me 30HBI TOpeHma npu & — Z, = 1060 -~ 1586 mm.

Temmeparyps T Obulm W3MEPeHB HEPOMETPOM CIEKTPAIBHOTO OTHOIIE-
HHEf, PErHCTPUPYIOIMUM W3JIyUeHHEe MOJEKYJ BoAgHOTO mapa B Oammmeirn VK-
obaactu comexrpa (A= 1,17 u 1,38 mrM). OHm TOKA3aJu TPAKTUIECKH IIOJ-
HOe OTCYTCTBHE HEW309HTPOIMYecKHX KojeGanuil Beamuuasl I° B KOHIE 30HBI
ropenMs; aMIIATYZa Koae(amwil TeMmIepaTtypsl oKasamack mpuMepro B 50
pa3 MeHBIIe BHUUCICHHOW. JTO HPUBOJAUT K BaBBIIICHHI0 ONEHOK MOIIHOCTH
ACTOYHIKOB TeHepamwy (IUCCHANANUE) 3BYKOBOI SHEPruHu, CBSA3AHHBIX ¢ B3au-
MojleficTBHeM 3BYKOBHIX U DHTPOINUUHBIX BOJNH B 30He ropeHmsa. Hecmorps
Ha 9T0 WX WHTerpajbHAA M0 JIUHE ILUIAMEHN MOIMHOCTH OKA3BIBACTCA 3HA-
YUTeNbHO MeHbINe MOIMHOCTH JPYIUX HCTOYHIKOB.

Anannz pesznma. [loadydeHHble A HApaMeTpPoB KojgeGammil 3aBACHMO-
CTH OT KOOPOMHATHI MO3BOJAIT OMEHUTH BKJIAJ PA3IMIHBIX (PU3MIECKHX B3a-
mMoONeficTBIH, CIUCHIBAEMBIX OTHEIBHBIME dYiIeHAMH MPAaBO# YacTH ypaBHEHUS
(7), B Gamamc 3ByKoBoii smeprum. IloBemenme TOXBIHTerpadbHEIX (GyHKIUi
B HTHX WIeHAX YPABHEeHMA TOKasaHo Ha puc. 4. Pasmepmbrit rosddunuent
E* =1/(e2xpici)= 3,834 - 1075 ™m3/Br. IlomosxmrenasHble 3Hauenus g, gi, g2
COOTBETCTBYIOT TEHepamuu SBYKOBOH 9HEPruH, OTPHOATENbHBIC — AMCCUMA~
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Puc. 4. Pacupenenenne BedwunH  Puc. 5. VameHeHEWe cpefHeld NJIOTHO-

g, § W gy 1O IIWHE 30HBL T0- CTH 3BYKOBOI HEPIHHU I IJIOTHOCTH €e
peHms, TIOTOK3 IO JJINHE KaMepsl,

nuu. VsMeneHme TIIOTHOCTH 3BYKOBOH dHeprmm Fy1p WM IIOTHOCTH ee IOTOKa

* .
Ily; mo pgmwmue Ramepsl mpuBefeHo HA pue. 9, £ = k*/l. Ha ygactre 0 <z <<

< z, morok 11 << 0,8 wromme wrameps iz >0: 3ByRoBas sHeprma moraoma-
eTca Ha KOHIAX KaMmepbl. UNcleHHBIe 3HAYEHNS HOKasaTelkeil ycTOHNYHBOCTH:
dg = 0,997, dp, = — 0,292, dg, = — 0,464, dy, = — 0,020, dy, = — 0,198,
d. = —0,011, d:=0,012. Brssiatomas comHeHwe omeHKa dy, (u3-3a Heco-

OTBETCTBMS YHCIEHHOTO B3HAa4YeHums |s'| dKcmepmmentanbHoMy) Maja, oHA
AMeeT TOT jKe HOPSIKOK MajocTd, 9to u dy. I8 ycTaHOBHBIIMXCHS aBTOKO-
meGaHuil moxasarenhb ds HONMKEH PaBHATheH HyI0. 1losToMy B NIpHBemeHHBIX
3HAYEHHUSX MMOKasarelell YCTONYMBOCTH JOCTOBEPHBIMM CJIEHYeT CYUTATH OfIHY-
aBe IH@PE Imocle 3amAToi. IlolouTe bHble BeJIMYMHBEI YKA3HIBAIOT HA TEMII
pocra 3BYKOBOH dHeprum B 00beMe KaMephl, OTpPUIATeNbHbIE — HA TeMI €e
yMeHbImeHUsA, B paccMaTpuBaeMoM clyvae eJUHCTBEHHBIM HCTOYHUKOM TeHe-
panuy 3BYKOBOH DHEPTHH OKashIBaeTcs B3auMopielicTBHEe MeRy KolebaHmaMu
CKOPOCTH TeILToBbImedenus F’ w maBaenns B 3ome ropeHus (dg). Tak kak oc-
HOBHOIl TpWYMHON Kojebauuil F’ sABIAeTcda ABUMKEHHE BOOML IJIAMEHHN KpYII-
HBIX BUXpeil, TO MOKHO CHeJaTh BLIBOM, 9TO NAMHBIA pesRUM BHOPAIMOHHOTO
TOpPeHnA TMONeP/RNBaETCA MEXaHM3MOM OOpPaTHON CBABM, BHIIYAIINUM BHX-

peoGpasoBanmue.

B some ropeHms mpomcXomuT He TOXBKO TeHepanWsa 3BYKOBOH BHEPrHH,
HO I ee Quccumanua: Ha ydacTrax [, 111 puc. 4 — renepamus (dé =0,72,
de!t = 0,5), 11, 1V — mucenmamus (dH = —0,22, dt¥= — 0,01). OcCHOBHBIME

OpUYNHAMHA [JUCCHUIIAIIANA OKA3BIBAIOTCSI BBIHOC SBYKOBOﬁ 3HEeprum 4epe3 KO-
11,
HEeYHOe W HAYaJbHOE CeYeHHd KaMephbl U IIOTeP!U B IIJaMeHH (dg, CZV2 — B3aH-

MoOfleficTBIe Me:Jy B3BYKOBBIME Koje0aHmsaMu w3-3a IoforpeBa rasa [2]).
ITorepm 3BYKOBOIl dHeprmm Ha cTa0MAM3aTOpPe KAaK THAPABIMIECKOM COLPO-
TUBJeHuN mpenebpesxnMo mMaanl (d.).
Pasmeprnas MormHOCTh MCTOYHHKA reHepanuu 3BYKOBON DHEPTMH Ha yd9a-
0,009

cTKe maaMenm (cM. puc. 4) GI=%§*— \ gdz = 0,380 ¥B1 (S — mromans

0

MOIIePeYHOT0 CeuYeHms KaMmepbl), aHajormuno G™'= 0,266 xBr. B cymme
MOIIHOCThL HCTOYHMKA 3BYKOBoil smeprum pasHa 0,646 xBr, cpemmas rtemmo-
Bag MomHOcTh, miaamenu 060,3 kBr. Orciofa ciemyer, 4To HaA MOMAEpPKAHHE
3BYROBBEIX KoxeGammii rasa tpaturcs 1,2 - 1073 TemmoBoil MomHOCTH TIIaMEHH.
TIoToK KHHeTHYecKOH dHeprmm rasa Ha BXofe B Kamepy pv3S/2 = 0,219 xBr,
K KoHITy Kamepsl oH pacrer B 14,5 pasa. IloTok BEyTpeHHe#l TepMommHAMIU-
4ecKo# JHepPrmm rasa wpvsS yBelIWdmBaeTca K KOHIYy KaMmepsl B 3,7 pasa.
K uCcTOUHHMKY SHEPruH, CBABAHHOMY C KHHETHIECKOH U BHYTDeHHEH TepMo-
NUHAMHOYeCKOH bHeprumell rasa, YCIOBHO MOKHO OTHECTH cjlaraeMble dH1 u
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O6a mmeror oTpEmaTenbHEIE 3HAYCHHA, MOITOMY B TAHHOM CIyiae 3TOT WHC-
TOYHHK JHEPruu BefJeT K MOIJIOM[eHHI0 DHEPIUM 3BYKOBBIX Koje0aHuil M sB-
IfeTcd CYIIecTBEHHBIM (DaKTOPOM, CTAOMIN3HPYIOMMM PeKAM BUOPAIHOHHOTO
TOPEeHHuS.

Brisogsr

1. Ilonyueno ypaBHmeHue DHEPrHMH MAJBIX HEH309HTPONUYECKAX Kojela-
HUH WAeaTbHOr0 ra3a B OJHOMEPHOM IIOTOKe ¢ MCTOYHHKOM TeIJIOBEHINeeHus.
C ero momomplo 000CHOBAHA IPABOMEPHOCTh HPUMEHEHHS H3BECTHOTO ypaBb-
HeHus Oajamca B3BYKOBOM SHEPrMM K aHaiM3y MeXaHmsMa BHOPAIHOHHOTO
ropeHunsa c IPOTOJAbHBIMHA EOJIB63HPIHMI7[ rasa.

2. B ocmoBy amammsa pexmMa BHUOPANUOHHOrO TOPEHHS IOJNOKEHO THC-
JeHHOe WHTerpmpoBaHme cucTeMsl AuddepeHTNANbHEX YPABHEHUH ¢ MCIIOIb-
30BAHMEM OrPAHHYEHHOTO 00’beMa DKCIEPHMEHTANBHBIX MTaHHBIX. Ilomyden-
HBIE OIGHKH IIapaMeTpPOB Trasa IO03BOIAAIOT HAWTH IOJOMKEHHEe M MHTEHCHB-
HOCTH OTAEJBbHBIX HCTOUYHMKOB TeHepanuuWm U AUCCHUIIAINN BHepI‘I/IIII KOJIB63HI/II71
B KaMepe, OIMCHIBAGMBIX COOTBETCTBYIOIMMHI YIEHAMH YpPaBHEHHSA OalaHca
3BYKOBO# 2HEPTHU.

3. JloxazaHa BO3MORHOCTH TWOJIep:KaHus KojebaHUWil rasa Ha PpeRUMe
BEOPAIMOHEOr0 TOPeHNs, OJarojaps IepuofndeckoMy o0pasoBaHUI0 KPYIHBIX
BHUXpell B cieje 3a crabmiIm3aropoM IIaMeHH.

Asrtopsr 6maromapar B. B. Caxaposa, B. H. Hosukosa n E. B. Mecrxo-
BY 3a IIOMOINb B M3MePeHHM Kojebammil TeMIlepaTyphl rasa.
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