| | | | |
2, |




4. B. 3envoosuy

TEOPUS
YIAPHBIX BOJIH
A BBEJEHUE
B TA3O/IMHAMUKY

R&C PAD

Dynamicc  MockBa + UKeBCK

2002



VJIK 537

HMuTepueTmarasun e pusnKa
e MaTeMaTHKAa
mm eOHoNOrUA
http://shop.red.ru ¢ TEXHUKA
3eapposuy . b.
TGOpI/DI VAApHBIX BOJIH M BBCACHHUC B Td30AWHAMHUKY. — MockBsa-

Wxerck: HUILL «Perynspuas w xaotudeckas jguHamukay, 2002,
186 cTp.

PenpuutHoe uzaadue (opuruHanbHoe usaanue: M.: M3narenbcrBo axa-
nemuu Hayk CCCP, 1946 r.).

ISBN 5939721958
© HUL «PeryasipHas ¥ XxaoTH4YeCcKad AuHaAMuKa», 2002

http://red.ru

Jeangosuy 5. b.

TEOPUS YAAPHBIX BOJIH
W BBEJEHHUE B I'ASOANMHAMMUKY

Pedaxmop H. H. Cemenos
Texnuueckuii peoaxmop E. M. Cumxuna
Koppexmop @. M. Cuecupesa

Tommucaro B medars 08.08.02. dopmar 84 X 108Y5,.
apuutypa Taiimc. Ileuats odcernas. Bymara odcernas Nel.
Ve mew. o, 11,75, Yu. w3, o, 15,25, 3aka3 Ne
Hayunowsnatenbckuil neHTp «PerynapHas U XaoTUYecKast AMHAMMKAY
426057, 1. Mxesck, yi1. TTactyxosa, 13.

JlueHsus Ha U3AATENbeKy 0 nedarenbHoctsh JIY Ne084 ot 03.04.00.
http://red.ru Email: borisov@red.ru




Beresgenne

l'asozunaMuKa ecTh COCTaBHAs 4acTh MHAPOAMHAMHKY — obmied
HAYKH O ABHACHWH TEKYYHX TeA, muakocrell u rasos.

OranunureapHo#f 0CO6EHHOCTDIO ra3soAMHAMUKE ABAASTCH HeEo6-
XOAMMOCTb y4€Ta CHHMAEMOCTH BellecTsa. B To Bpema, kak
B8 OOGBIYHBIX YCADBMAX HHUAKOCTH MOXKHO CUHTATb HECKHUMAEM:H MH,
raspl y&e MpH HeOGOAbIIOM H3MEHEHHH JasASHHA 3HAYHTEADHO
MeHdI0T cBOH ofbnem.

Ouerngno, 4T0 AAA rasos HeOGXOAUMO MPHMEHATDH cegHpude-
ckue (QOPMyAB H 3aKOHbl Ta30jWHAMHKHE AWIID MOCTOADKY,
fIOCKOABKY MbI HMeeM JeA0 C GOAbIINMK MepenajaMy JaBASHUsA.
Ilpu me6orbmmx ckopocTax ApumeHne rasa OBBIYHO MOXHO pac-
CMaTpHBaTb TaK Xe, KaK paccMaTpHBaeTcs JBHKEHHE XUIKOCTH,
npenebperas H3aMeHeHHeM o6beMa, IpeHefperai CHKMMaeMOCTBIO.

B saBmcumocTH OT ycAoBHH, IOPSAOK BEAMYHMHsI pasHOCTeH
ZAaBAeHYs, BOBHAKAIOLWINX B NOTOKE, MEHSETCHI B MPEAEAaX OT BEAH-

o4

u
YHHBI - — BEAWYMHB JAMHAMHYECKOrO Hamopa, COTAACHO Qop-

myAre Bepryaan, 40 BeamumHbi Quc, TAe € eCTb CKOPOCTb 3BYyKa,
u— CKOpPOCTb JABHNEHHA M 0-— OAOTHOCTb rasa. Mexay Tem
JaBACGHHE ra3a NPHOAH3HTEADHO PaBHO Qc’.

M3 conmocraBaenus arux BnipameHHii BHAHO, UTO BO BCSIKOM
CAy4Yae IIPH CKOPOCTHX, MEHbIIUX CKOPOCTH 3ByKa, Pa3sHOCTH
AaBAGHHST MaAsl 10 CPAaBHEHHIO C CaMHM JaBAEGHHEM, M COOTBET-

CTBCHHO 39TOMY, KaK MNPaBHAO, MOKHO HPCHeGPeI‘aTb H CXHMae-
MOCTDLIO BeIlecTBa.

Arum onpejeAsieTcA NPeAMET rasofHHaMHUKH,
lasoamnamuka ecTp HayKa o JABHMEHMAX npH GOABIINX mepe-

nazax JAaBAGHHMH M nNpH OGOABIIHIX CKOPOCTAX, NMPHYEM MaciiTabom
CKOPOCTH ABASAETCA CKOPOCTHb 3ByKa.

B reopun mopobus mpuHATO cAezyiouiee o6O3HAYEHHE OTHOLIE-
HHA CKOPOCTH ABHKEHHS K CKOPOCTH 3ByKa:

u
—=—=Ba;
c

rze BaTak HasnmiBacmpiii xpureputi Bapcroy.
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lasogunamMuka usyuaer ABuxénus Ipu 3Hayexusx Ba, cpaBHMMBIX
c egunupeii. [lpu Ba<1 B npesere o6mume ypasHeHHs raso-
AAHAMHMKH NEPeXOAAT B YPABHeHHA THAPOAMHAMHKH HECKHMMaeMoii
AUAKOCTH.

B zaabnefimem ocHOBHble BakOHBI I'MAPOAMHAMHKH HECHHMae-
Mot HMHAKOCTH Mbl OyAeM CUHMTaTb H3BECTHbIMH, He OCTaHABAH-
Basicb Ha BBIBOAE COOTBETCTBYIOIIUX (POPMYA.

Yuer cxumaeMocTH OsHauaeT HeO6XOANMOCTb ydeTa H3MEHEHUs
cocTosHuA BemwecTBa, Ecau B ruapogunamuke npu xeficTBEm guc-
CHNATUBHBIX CHA (BA3KOCTH) M IIPOHCXOAHT BBIZEACHHE TelAa
B MHAKOCTH ¥ H3MEHEHHE TeMNepaTyphbl KHAKOCTH, TO OHO He BEJET
K MSMEHEHHI0O 06bema; M3MEHeHHMS BHYTPH XKHAKOCTH HE OKasbl-
paloT O6GPATHOrO BAMSHUA Ha CaMbilf XapakTep MOTOKa H MaAO-
cylgec'meﬂnbx AAA pacCMaTpHBaeMblX B rdipoAUHaMHKe ABAEHHU.

B rasogunamuke Ham mpujercs Bce BpeMa HMeTb JEAO C M3Me-
HEHMEeM COCTONHHS BEIleCTBa B CaMOM NOTOKe. JTa OCOGEHHOCTb
rasosoit JHHaAMHUKH NPHBOAUT K HEOGXOAMMOCTH TepMOJMHAMHYE-
cKOif TPaKTOBKH BCeX SIBAGHUI, IPHBOJHT K TOMY, 4TO AAf raso-
BO#l AMHAMHMKH TePMOAHHAMHMKA COBEPHIEHHO Heo6xozHMa.

B npeanaraemoit kuure mm 6yzem paccMaTpuBaThb TOABKO
cnepuPHYECKHEe SABAGHHA rasosBoil AWHAMHKH, T. €. Takue SBACHHSA,
XOTOpBi€ He UMEIOT aHAAOTHH B MeXaHHKe HeCXHMaeMOH XMAKOCTH.

M we 6yzeM ocTaHaBAMBaTbLCA Ha TeX O06AAaCTX, rAe rasonas
AVWHAMHMKA M YYEeT CKXHMAaEMOCTH JAalOT AHIIb HeGOAblime HOMPaBKA
K OOBIYHBIM (POPMYyAaM TIHAPOZHHAMHKH HECKHMAeMOHR KHJKOCTH.
B npeanaraemolt kuure ocHoBHo# ymop 6yZeT BSAT He Ha pac-
YE€THbIe METOJbl rasoBoit JHHAMHK#H, METOAbl YHCAEHHOIO HHTErpHu-
POBaHUA CAOMHBIX JBYX- M TPEXMEPHbIX TEe4eHuH, a, HalpPOTHUB,
6yayT ¢ oco6off TIIATEAbPHOCTbIO YCTaHOBAEHB! HNPHHUUNHAAbHBIE
OCHOBbI Tra30BO# AMHaMHKH, NpeJeAbHble 3aKOHbI H METOAbl pe-
meHua npocreifmux 3azau.

Mut 6yaeM apuratbess B ®TO#f paboTe He OT O6WEro K WACT-
HOMY, & OT MPOCTOro K caoxHomy. Bmecto Toro, 4ro6sl HanucaTb
chnepsa ypaBHEHHsA rasoBO# puHaMPKuM B camoM ofmem Buie,
C YYeTOM Bcex (aKTOPOB, HCKaTb OOIUUX pemieHuii u ympolleHneMm
STHX OOLUWX pelneHHi MmepexoZHTh K YACTHbIM PEHIeHHAM (IPOCTHIX
cAyuaeB, Mpt 6yjgem pemarb TNPOCTblE, B3AEMEHTapHble 3ajadH,
onuchiBawilie OTAZeAbHHE 4yacTH ABAexm#, ¢ TeM, 4ToObI MOTOM
U3 9THX OTAEABHBIX YACTHbIX pelleHHH KOHCTPyHpPOBaTb peleHHs
foaee CAOMHDIX 3ajavy.

MoxHo orMeTaTb CAeaylolue OCHOBHbie OGAacTH NpPUMEHEHHS
rasoAHHaMuKH,

[leppast, mauboree msBecTHass u Haunboaee paspaGoraHHas
B HacTOsillee BPeMs o6AaCTb 3akitoyaeT B cebe Bompoch o6GTe-
KaHHA TeA, ABHRymuxcs ¢ Goabmoit cxopocrpio. Croza npemze
BCEro OTHOCATCA BONPOCH O MONpaBKax B OGBIYHHX (PopMyAax
CONPOTUBAEHHS M MOABEMHOH CHADI JBHAYUHMXCS TEA OPH CKOPO-
cTH, MeHbmell CKOPOCTH B3BYKa, T. €. O TONPaBKaX, KOTOPbIE Cymle-~
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CTBEHHDI yke AAs aBHaluu cerogusnero Ausi. Janee pajukarsHo
MeHAeTCA BCA KapTHHa o6TeKaHAA JABHAYIUHXCA TeA, KOrja
MBI NMEPEXOAUM K CKOpOCTH, 6oabuieit ckopoctd 3Byka. C rakofi
CKOPOCTDBIO Mbl HMEEM JZEAO BO BHelIHedl 6aarMCTHKe, T. €. B HayKe
O ABHXEHHH CHapAZOB, a TaKKe NPH PACCMOTPEHUH JBHKECHUSA
paKkeTHbIX camMoaeToB Gamxaiimero 6ygyuiero.

Ara obracTb npEMeHeHUs ra30AUHAMUKM K 3ajade O ABHMEHHU
TeAa B Tase CO CKOPOCTbIO MOPAAKA CKOPOCTH 3BYKA HMAM CO
CKOpOCTBIO, mpeBnimaionielf ckopocTs 3ByKRa, HauGoAee MOAPOGHO
OCBeljeHa B CyUECTBYIOIUMX ydebuukax, ¥ Ha neit mbl 6Gyaem
OCTaHaBAMBATbCS MeHbile BCETO.

Bropo#t BamHelimell o6racTbl0 siBAsieTcs 3ajavya O ABHACHHK
rasa B KaHaaax —coiAax u Tpy6Gax. [lpu arom cHosa rasoguna-
MHKa Heob6XoJuMa B TOM CAy4ae, €CAY CKOPOCTb [asa JOCTuraer
HAM [peBHIAET CKOPOCTb 3ByKa. B »T0# 06AacTn XapaxTep Teye-
HUA, X 3aBHCHMOCTb CKOPOCTH H pacxoZa OT mepenaia AaBAcHUH,
npeTepneBaloT KauecTBEHHbIe HaMeHeHus, Jauuniii Kpyr BOIPOCOB
BaXeH JZASl TeOopHH TYpOUH, peaKTHBHBIX CHapsjoOB M JBHraTreAeh.

Ceoeofpasnoii  06AacTbl0 rasojUHAMHKM, OCHOBaHHOH Ha
yueTe CXMMaeMOCTH ABHKYIILeiiCA CP bl ABAAETCS yUCHHE O 3ByKe—
axycruka. CKOPOCTH JABHmeHMs CPEAbl H aMIAHTYa H3MEHSHHA
AZaBAeHMA NTOJ ZA=HCTBUEM 3Byka BeCbMa MaAbl. [eM He MeHee,
y4eT € sMMaeMOCTH OKa3sBaeTcR HeoOXOZuMbIM IIPH paccMOTpe-
HUM NEePBbIX, HaUYaAbHBIX cTaluil A06Oro JAsumKeHHs W OPH pac-
cMOTpeHHz  GbICTPOM3MEHAOWMKCA, B YaCTHOCTA — HEPHOAUY:-
CKHX ABUREHHH.

Yaapunie BoArm nmpegcraBasioT OCOGeHHBIH HMHTEZpEC C LEAOro
pAja TO4eK 3peHHd H 6YAYT LUEHTPAAbHMM BOIMPOCOM NpeAAaraeMoi
knnrn. C 04HOH CTOPOHBI TaM, IAe MNONBITKA KHTErPHPOBAHHA
ypaBHenuit 6es BBedeHus Pa3pHIBOB, (T. €. YAApHBIX BOAH), NpH-
BOAAT K TE€M HMAY HHBIM NapajokcaM M K HEBO3MOKHOCTS peme-
HHA 3TUX ypaBHeHUH, Teopusl yJapHbIX BOAH paspemrasT mapa-
BOXCHI ¥ NO3BOAfIET CKOHCTPYHPOBATb PEXUM JBUXKEHHS IIPH AIOOBIX
YCAOBHSAX.

C apyroft cropounl, yZapHble BOAHB CaMH IPEACTaBAAIOT
coboii mapajokcarohoe sBrenve. Ounm napasoKCaAbHBI B TOM
CMBICAE, YTO, HE BBOAA HHKAK1X MPEAMOAOXeHHdl O JHcCHIaTHB-
HbIX CHAAX ~— O BABKOCTH M TEIAONPOBOAHOCTH, Mbl U3 BAEMEHTap~
HbIX coofGpaxeuuil moryuaem 3aKOHHW YJAAPHLIX BOAH, B KOTOPHX
33aKAIOYEHO BO3paCTaHHE DHTDOIHH, T. €. 3aKOHDI, B KOTOPHIX 3aKAKO-
HeHa HeoOGpPaTHMOCTb NPOUECCOB, IIPOUCXOJAILNX B YAAPHOH BOAHE.

C oroit Touku 3peHHA yazapHble BOAHbDI HPEACTAaBAAIOT 3HAYH-
TeAbHbIH Aornueckuit uHTEpec, Jake Ge30THOCHTEAbAO K HX NPH-
MEHEHHIO.

3ameuaTerbno, UTO BCe OCHOBHbIE COOTHOIIGHHS M OCHOBHBIE
NPHHUKIKAAbHDIE TOYKH 3peHus OblAH yCTaHOBAeHbI H3 PaccMo-
Tpe uA obumx ypaBHendit rasosoll guxamuxu 6oree 50 aerT TOMy
#Ha3a4, T. €. B TO BpeMs, KOrJa He 6bIA0 elle HHKAKOro OnbITHOro
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MaTepHaAa, A0 TOro, KaK yAapHad BOAHa 6blaa H3ydeHa oKclle-
pHMeHTaTOpaMu.

[lo o6passomy Bbipaxenmio OmmAs IKyre, »y&aLHAs BOAHA
BIepBbIe MOABMAACh HA KOHYLKE Nepa TeOPEeTHKOB'.

[lpuxoauTcss YAMBAATbCA TAyGHHE aHaAH3a M MOILU TEOPETH-
4eCKOro MPOHMKHOBEHWs] BEAHKHX YMOB IPOINAOrO Bexa, Npexje
Bcero memenkoro maremaTtnka Depurapaa Pumana, auramiickoro
¢u3snuxa Penxuna, ppannysckoro aprurrepucra ['orouno, ¢ pasuix
CTOPOH H HE3aBHCMMO APYT OT APYra COSAABUIMX TEOPHIO YAAPHDIX
BOAH, He IOTepPABIWIYI0 3HAYEHHs A0 HACTOSMIETO BPEMEHH.

Haxoner, noBblueHHbI HHTepec K yAapHHIM BOAHAM B IIOCAEJ-
HHe roJbl CBA3aH ¢ BONPOCOM O Pa3pyIIHTEAbBHOM ZelCTBHH B3pbIBa
H O pacHpOCTPaHEHMH B3pbIBa IO BIpbiBYATOMY (CHOCOGHOMY
¥ xuMaueckolf peaxuun) Bemwecrsy. Heo6xoawMo Tounoe 3Hamme
COCTOSIHHsl BEIUECTBa, CKaTOrO yAapHOH BOAHOH, 3HaHHE CKOPOCTA
cmaTHA M TOMy noZoGHbix ceoficTE Boampl. Hama knura sBasercs
BBEJCHKEM B TEOPHIO B3PHIBA,

Ocnosnasn uactb kuurn (§§ I—XVII u XIX) 6biaa caana B nesars
B Hauare 1941 r. Boioycx ee 3agepxaics 1o ycAoBASM BOGHHOI'O
spemenn. B 1943—44 r. 6viaun s06aBaenvr: § XVIII—reopus peax-
tuBro# cuant 1 §§ XX—XXIV, B koropux noapobuo paccMoTperni
cAeZylOIMe 3a B3PHIBOM ABACHHS PACIUHPEHHS NPOAYKTOB B3PhIBA,
BO3HUKHOBEHHS U CACHPOCTPAHEHHd BO3AYLIHOH B3pbIBHOH BOAHBI,
onpejeAsiiolde Pa3pyIIMTEAbHOE JefiCTBHe B3pbIBa.

ABTOp cuHTaeT €BOMM NPHATHLIM JAOATOM BLIPaSHTb 6AAro-
zapnoctb npo¢. H. H. Anapeesy, B. I1. Koucrantunony, A. 4. Aau-
zay, M. A. Caaoscxomy, O. M. Toaecy m 0. b. Xapurony
33 NIPOCMOTP PYKONMCH M LIEHHBle yKasaHWs.

Aurepatypa: monyasproe eBegerme B rMApoannamuxy [22];1 mexoropme
ofmue pyxkosojcTa Mo rasoauramuxe [4, 23, 24, 27, 35, 39,106].

1 Uupprt B KBaApATHMX cKoGKaX COOTBETCTBYIOT MOPAZKOBBIM HOMepam
Anreparypni,



§ I. VYpabueuus rasosolt guHAMHKE

Cocrasum ypapmeHnsa rasosoli auWmaMuxy, npenebperas jeii-
CTBMEM MacCcOBMX CHA (CHABI Ta:kecTH), a Takke (cM. Huxe) geii-
CTBHAEM JHCCHNATHUBHBIX CHA, T. €, BASKOCTH U TE€NAONPOBOJHOCTH.
AAn ppocToTsl sanMiieM ypaBHeHUS JAS OJHOMEPHOTO CAYdas;
o6obLleHne Ha ABYX- B TPeXMepHbie CAyJal He COCTaBHT TpyJa.

Haunem ¢ ypasuenns HepaspbiBHOCTH, T. €. YPABHEHHS, Bblpa-
XaloIero 3aKOH COXPAHEHUA BellecTRa.

d
O603nauas, kak o6bIuHO, Yepes 7; CyOcTaHIMaAbEYIO IPOH3BOA-
HYIO IIO BpEMEHH, T, €. IPOH3BOJHYIO, B3ATYIO AAS AaHHOH YacTHLBI
BAOAD €€ NYyTH, ¥ 9€Pe3 5~ AOKAAbHYIO NPOUSBOJHYIO [I0 BpEMEHH,

XapaKTePHSYIOIIYI0 M3MEHEHHE PacCMATPHBAEMBIX BEAMYHH B JaH»
HOH TOYKE IPOCTPAHCTBA, Mbl HANHIIEM:

do __do do ou
E—-—5?+u$———gar (1-1)
HMAHR HHauye
do 0{ou) du oo
i Al & FaL A (-2)

O6e popmyan, xoneano, corepuenno skBuBareHTHb. JAs BOIBOZA
neppoi Mbl CAGAHM 3a /JBHAEHHEM CAOA BeIECTBa, 3aKAIOYAI0-
IIero MOCTOAHHOE KOAMYECTBO BEILECTBa. BTOPYI0 Mbl BBIBOAHM,
paccMarpusas H3MEHEHHE NIAOTHOCTH B JaHHOH Touke npo-
CTpaHCTBa.

YpaBHense ABmikenus HE OTAHYAETCS OT YPABHEHUS ABHKEHNS
Ars HeckmMaeMbix muaxocreil. Ono raacur:

du  Ou du__ 9 _
0 = Qg Fous = — - (I-3)

=

Haxoney, TpeTbe ypaBHeHUE SBASETCA CYUIECTBEHHO HOBBIM
M TNPeACTABASET XapaKTEPHYI0 OCOGEHHOCTb ra30BOH JUHAMHKH®
9To ecTb ypaBHEHHe M3MEHEHHs COCTOSHHA,
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B rumapomexanuke HeckuMaeMOd HKHAKOCTH Mbl K (EPBHIM
ABYM ypaBHEHHAM A06aBAAAN ypaBHEHHE HECKUMAGMOCTH 0 == const.
Kak uaiiTh cpasb MemAYy NAOTHOCTHIO M Ja3AEHHEM B CxHUMaeMoft
KHAAKOCTU L

[TrorHoCTD, AaBAeHHE M TeMmepaTypa XUAKOCTH CBS3aHLI T. H.
ypaBHEHAEM COCTOAHHMA. 3Hasd TEIAOEMKOCT5, Mbl CBIMEM TeMie-
parypy u oHepraio. JAAs Toro Yro6nl OmpEASAUTH CBA3b IAOT-
HOCTM ¥ JaBAEHHA, HeoGXO0AMUMO COCTaBHTH e€lje OJHO ypasHe-
HLe —ypaBHeHHe DHEPrHH JBumymedica mmakoctd. [lpu orcyr-
CTBHH JHCCHNATHBHHWX CHA— BA3SKOCTH M TENAONPOBOAHOCTH —
MBI MMeeM:

dE do d(%) p do (-4
dE=—-de;-‘z‘=-—pm_=_p g 2

rae v — yAeAbHbl o6beM, BeAuunHa oOGpaTHas MAOTHOCTH Q.
OHeprus TOro MAW HHOIO PACCMATPHBAEMITO DAEMEHTA Belie-

CTBa MOXET H3MEHATbCA AMLIb 3a CYET PabGOTHI CKATHSA, KOTOPYIO

NPOM3BOAAT HaZ HAM OKPyxaouue o6bemsl muaxocru (rasa).
BenomuHas OCHOBHYIO (POPMYAY TepMOZHHAMHKY

dE=TdS— pdv, (1-5)2

U3 YPABHCHHA 3JHEPTHH Mbl Aerko MNOAYYUM JAAA paccMaTpHBae~
MOro cay4uasgs OTCYTCTBHA JUCCHNATHBHBIX CHA ecTecTBeHHbI
BbIBOJ:

ds
TdS=0; & =0. @-6)

JpyruMu cAoBaMu, COCTOAHHE BEUIECTBa MEHSeTCA MO aiua-
6are, MeHAeTCA NPH NOCTOAHHOH DHTPONMH.

AAs nzeaAbHOrO rasa NOCTOAHHOR TENAOEMKOCTH, KaKk H3BECTHO,
ypasHeHHe azuabaThl I'AACUT:

p=Ac, (-7)

rae k= :—:’2, k=const. OHo Momer 6pirp HaifizeHo u Ges pac-
14

CMOTPEHHsA JSHTPONHUH H HCTOpUYECKH BrepBbie O6biAo Haligzemo
Iyacconom B 1818 r. uMeHHO TaK, MHTErpUPOBaHHEM YpaBHEHUs

1 Ypasnenne (I-4) oTmocmrea ® onpezerennoit cOBOKYNHOCTH MOAeKyA
murxocTr (rarpammeno mpegcraBaoHme). B s%AcpoBoM npescrasrenmm Aan
ONpeAEACHHOTO BAeMeRTAa 06DbeMa, (PHKCHPOBAHHOrO B NPOCTPAHCTBE, yPABHEHHS
SHepruu mM2eT GoAee caoHBIA BHA,

2 Ypasaenne (1-5) nmpumensorcs HaMum K BemecTBy, COCTOAHHME KOTOPOro
BIOAH® OIpEZEASiETCS 3ajaHUeM YASABLHOTO ofbeMa ¥ M yAeAbHoX sarpomsa 5.
Ono uenpumemnMo HampuMep, K cHeTeMe, Ho Haxogsdmefics B XAMHYECKOM
paBHEOBeCHI, B KOTOPOil BO BpeMA ABM:XERMA HPOMCXOAWT HeoGpaTaMas XmMU-
qeckas peaxuus.
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(I-4), B koTopoe AA7 HAEAADHOrO rasa NOACTABUM BbipameHHe
sakoHa KaamneiipoHa:

E=c,T=3RT= 3 pu dE=% pdv+ 3 vdp. (I-8)

KakoBbl ycAoBHA NIPUMEHHMOCTH HAMCAHHBIX BblLIE ypaBHEHUH,!
B KOTOPBHIX HE Y4YTeHO JelCTBHe BI3KOCTH M TEIAONPOBOAHOCTA?L
[pemae Bcero ouesnaHO, YTO AAS NPHMEHMMOCTH BTHX yPAaBRERHH
He06X04uMO, uTo6pl 6biAM BeAukH umcao PeliHoabaca M uMCAO
[lexre. Kax wusBecTHo M3 Teopum noZzdbus u rHAPOAUHAMUKH
HecxHMaeMOl mugkoCTH, uncao PefiHoabaca xapakrepusyer oTHO-
[IeHMEe HHEePUHOHHBIX CHA K cHAaM BaskocTHoiM. Yucao [lexne
UrpaeT aHAAOIHUHYIO POAD, XapakTepusys OTHOLIEHHE MOAAPHOrO
flepeHoca TemAa ABMAymeics KUIKOCTHIO K NOTOKAaM TENAa, nepe-
HOCHMBIM MOAEKYASPHOH TEHAONPO3OZHOCTBIO.

Taxum o6pasom, 6orbmoe sHauenne umcAa Pefinoabica o3ma-
4aeT BOSMOMKHOCTb IIpeHeGpEeMEeHHsT CHAAMH BSSKOCTH B YpaBHe-
HHAX rasoBoil gudamuiu. Doabmoe awauenne umcaa [lekre osua-
4aeT BOSMOXHOCTb MNpeHeGpeMenus TEeNAONPOBOZHOCTHIO, O3HA-
9aeT, YTO BAOAbD AMHHM TOKA JBHAEHHE [POUCXOAUT MPAKTHYECKH
aauabaTHyeKH.

Hs wmonrexkyaspro-kuHETHUECKOH TeOpHM CAeAyeT, UTO AAR
Ta30B OTHOIIEHHE TEIAONPOBOJHOCTH K OGBEeMHO# TenAOeMKOCTH
{T. H. TeMmepaTypONpPOBOAHOCTb) NPHOAMBHTEABHO PABHO OTHO-
IIEHHIO BS3KOCTH K HAOTHOCTH (T. H. KAHEMATHYECKOH BA3KOCTH).
Ilosromy sAst nmoroka rasa umcao Peiinoabica Becbma 6amsko
K uncay Ilexae u o6a ycrosus (Goabmoe umcao Peifmoabaca
u 60oAbmIOE uUHCAO I'Iex‘me{ COBMAAIoT.

Creayn Kapmany, Mpi Momem JaTp HHYIO QOPMYAHPOBKY
ycaosuio 6oapmoro uncaa Peinoabaca. Bocmoabsyemeas moreky-
ASIDHBIM BBIpaXeHHEM Ko2(QduuueHTa BA3KOCTH:

n= w=% ec'l, (1-9)

rae [— aauna cBo6GogHoro npobera MOAEKyA B rase, ¢ — CKOPOCTb
MOAEKYA, BEAMYHHA, PaBHasd MO IOPAAKY BEAHYHHBl CKOPOCTH
3ByKa, ¥ — KMHeMaTHYecKas BaskocTb (cM¥cek).

[logcTaBAsia BbipameHWe JASl BASKOCTH B (OPMYAY 4HHCAR
Pefinoapaca, moayunm:

Re=yﬁ§—Ud—3g%zBa-% (1-10)

n v
rae d— xapakrepuctudeckuit pasmep, [/ — xapakTepucruueckas
CKOPOCTb PACCMATPUBAEMOrO ABHKEHHA.

1 Ofwue ypaBHeHMs TasOJUHAMHKH € JYeTOM BASKOCTH X TEIIAONPOBOA-
HOCTH BBIHeCeHBI B IIPUAOKEHMe B KOH[le HAcTOsiero maparpada, KOTOpoe
YUTATEAD MOZET NPOMYCTHTh Go3 yilepba AAA IMOAMMARNS AaAbHedmiero, mpu-
HAB Ha Bepy yTBepRJAeHHA 06 ycaosuax npuMmenumocts ypasHenmit (I-1) — (I-6),
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OTHOmEHNe CKOPOCTH JABHAKEHHS K CKOPOCTH 3ByKa HOCHT
na3zanume Kpurepus bapcroy

2 —Ba. (-11)

B nurepecylomeii Hac o6ract rasoBoit aAMHammKM, TAe
CKOPOCTb ABHMEHUSA nopsika ckopoctn 3syka Ba~1, wumero
Pefinoabaca oxasbiBaeTcs MO NOPAAKY BEAMYMH PaBHbIM OTHOUIE-
HHIO pasMepoB cucTemnl d K ZAuHe npobera Moaekya [

Bruickasannoe Boime ycaoBue Re>1, B koropom BOsmoxHO
npenebpeMeHde JUCCHMNATHBHBIMA CHAAMH (BASKOCTBIO M TENAO-
IPOBOAHOCTDIN), IPUBOAUT K TPeOOBAHHUIO, UTO6bI pasMepbl CHCTEMbl
6bIAM 3HAYUTEABHO GOAbIIe JAMHB CBOGOAHOTO MpoGera MOAEKYA.

Ogzunako, Kak Mbl YBHAUM ZAAbIUE, BbiIOAHEHHE BTOIO YCAOBUA,
T. €. 6oAbuUION pasMep CHCTeMbl, B A€HCTBHTEABHOCTH HeE BCErja
obecrneunBaeT MaAOCTb AMCCHOATHBHLIX CHA W BO3MOMXHOCTb pac-
CMOTpPEHHUST TOAbKO asnabaTHdeckux npoueccosB. Kak mbt yBHAHM
AaAbllle, 1P HAAUYUH YAAPHBIX BOAH B NOTOKE BO3HUKAIOT 4PE3-
BbIYafino GoAblIMEe TPasWEHTbHI BCEX PAaCCMATPHUBAEMbIX BEAHYHH,
npuvYeM BEeAHUMHA JTAX IpajUeHTOB yXKe He 3aBHCUT OT Pa3MEPOB
CHCTEMBI M He NajaeT C YBEAWYEHHEM pasMepOB CHCTeMbl. B arnx
cAydasx, Kak 6bl BeAnkO Hu 6piao uucao PeitHoabica, Ham mpu-
AeTCS CUHTATbCA C BO3MOKHOCTLIO H3MEHEHHsS SHTPOTHH.

Oanaxo, HecMOTPS Ha TO, YTO H B BTHUX CAYYasX NPUHUUITHAADHG
BOSMOXHOCTb POCTA PHTPOUMA CBS3aHa C JUCCHNATHUBHDIMM CHAAMH,
Bce HabAlo0ZaeMble MaKpOCKONMUUeCKHE cBolicTBa MOTOKa, B 4acT-
HOCTH YHCAEHHOE 3HadYeHWe lIPHPOCTA SHTPONHM B yAapHOH BOAHE,
OT BEAHYHHbl BA3KOCTH H TENAONPOBOAHOCTH He 3aBHCAT (aBTO-
MOAEABHbI OTHOCHTEABHO TENAONPOBOAHOCTH M BASKOCTH); 3aKOHBL
M3MEHEHHS COCTOAHMA B yaapHO# BOAHe MOryT ObITh TOAyUYEHDBI
6e3 paccMOTpPeHHA CTPYKTypnl (PPCHTA €€, U3 OAHHX ypaBHEHHH
COXpaHEHHs MaTEPHH, KOAHYECTBA JBHXKEHMA M DHEPrHH, NpPHMe-
HEHHDPIX K COCTOAHHMAM JO M NOCAE IPOXOMAEHUA BOAHBI

[lpu Goabmmx umcrax Peiimoavaca mMbr Morau 6bl OXHAATH
3HAYNTEABHOTO BAHsAHMA TypOGyaentnocrn. B geficteuTerbHOCTH,
HCCASAOBAHUA COBMECTHOTO JelicTBHs TypOYyASHTHOCTH M Be€CbMa
BBICOKHX — MOPAAKA CKOPOCTH 3BYKa -— CKOPOCTE# OueHb HEMHOIO-
uncaernsl. C  0ZHOi CTOPOHB, B BTOM MOBHHHA, NOBUAUMOMY,
caoxHocTh Takod norpammunofi obracrn. C Apyroit cropousi,
B OOADIIHMHCTBE THNHMYECKHX 3ajay rasoBofi AWHAMHUKH Mbl HMEEM
AEAO C KOPOTKMMH Tpy6GaMi M CONAAMH, KOPOTKHMH OOTEKaeMbiMU
TEAaMH; B KOPOTKOH Tpy6e TypGyAeHTHOCTb He YyCHeBaeT pa =
BHTbCA M IpH Goabmom 3navenuu Re. Haxonen, B ruapoaunamuxe
MaAbix ckopocrei npm Ba <l o6pasosamne Buxpelt u Typ6y-
AEHTHOCTb IPEACTaBARIOT €ZWHCTBEHHBIA MEXaHM3M CONPOTHBAE-
Busas npu Re>>1; yuer ux abcoaroTEo HEOGXOAMM AAST paccMo-
TPEHHs CHA, AeHCTBYIONIMX Ha ABUMyLleeCd B XHJAKOCTH TEAO.
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ITpu cBepx3ByKOBOH CKOPOCTH NOABASETCS TaK HasbIBAEMOE
BOAHOBOE CONPOTUBAEHHE M BO3MOKHOCTD HeobpaTuMOH anccunaunu
SPHEPrUM B CTAUHMOHAPHLIX YJAapHBIX BOAHAX; OTAHYHOE OT HYAA
conpoTHBA€HHE MOxeT ObiTh Hallzeno u 6e3 paccMoTpesusa Typby-
AEHTHOCTH.

Npuroxmenue

Arsn cyxpgeuns o mnpumemnmoct ypasaemuit (I-1) — (I-6)
npusezem obmuit Bug ypaBHenu# rasojunampku (CM. HanpuaMep

[23, 27)).

YpaBuenue ABHKEHHS HMEET BuA:

,dux_ _(:B_ 0T 4y ()le _aT:us _
“J_‘—QX_ax_ ox oy oz v 12)

rade Beamuaunnl X, Y, Z cyTb KOMOOHEHTHl 06beMHOH CHABI,
OTHeCeHHO# K eanHue Macchl, a BeAuHHun 1, T, #u T. z. xomuo-
HEHTBl TeH30pa HampaxeHull, IPOHCXOZALHX OT AefiCTBHA CHA
BA3KOCTH. /eficTBHE BASKOCTH 33aBHCHT OT OTHOCHTEABHOTO ZBHXE-
HHS COCEAHMX wacTHY mHAKOCTH. M3 ycaosuii cummerpuu Tensopa,
OrpaNUYHBasACh YAGHAMH, NPOIOPUHUOHAADHBIMH TEPBbIM NOH3BOJA-
HBIM CKOPOCTH [0 KOOPAUHATE, UPHHAMasg HHBAPHAHTHYIO CYMMYy
HOPMaALHBIX HalpseHMH Ha TPH B3aUMHO MeEPIEHAUKYASpHbIE
MAOINAZKH PABHOH YTPOEHHOMY JaBAEHHUIO M EbIZEAAs JaBAe-
HHE H3 TeH30pa HampsxeHnll, Kak 8To yXxe cAeAaHo B Qop-
myre (I-12), Mol npuxoguM K cAezyrouieMy BbipameHHIO TEH3Opa
HaNPAKEHHUH:

Ypasnenus apuwxenus nNo ABYM JPYTHM KOOPAHHATAM MOAYHaTCs
u3 (I-12) n (I-13) uukanueckolt nepecTaHoBKO# HHAEKCOB,
Kosgpguuuentor 8 (I-13) mogotpaunt rak, uro

T,~+T,+T,=0,

B oauomepnom cayuae

ou, Ouy —0

u,=ul(x), u,—=u,=0, W

1t ypasnenwe aeuxenun (I-12) ympomaercs:

1] e =21
s ox

at ¢ 3ox

di—— X— ()p 4 ¢ ((3112,) (1-14)
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Ilpu yuere BA3KOCTHE U TENAOUPOBOAHOCTH, JONOAHUTEADBHBIE UAEHDI
MOABASIIOTCS K B ypPaBHEHWH SHEPrHu: B o6uweM cAydyae Tpex-
MEpHOTO ABHKEHZA (4 — TENAONPOBOAHOCTD)

u:a,‘2 + uyg -+ u22

(e 2 ):£)(u$X+u”Y+UEZ)~

¢ dt

4 9
_(}_x[ux(p_l— T:cu:)_'_uy Tacly_._us Tce]“ag[uy("")“'—"‘]_
0

ox

ol 0 , 0T 9 , 0T
A 5;—1“-5;;. '—a; +5; y) 9z (1'15)
Hanomuum, uto T 6e3s unsexcoB—abcortoTHas Temneparypa. Menoan-
3ys ypaBHeHHe HEPA3PHIBHOCTH, YpaBHeHuA AsiikeHHs B Gopme (I-12)
u TepmoznHaMuueckoe cooTHomenre dE=— pdv-+ TdS, moxno
npeo6pasosarb ([-15) k cAegyiowemy Buay:

il ()]

AN Ouy, Ouy Oug Ou, duy
QTE_‘_Txa:E—Tfy ox Tza a—x‘.—'TyxE_ Tq/_z/(Ty‘_
du, 0y, Ouy Jug 0 ,aT
T T TG~ Tag +5to%+ (116
48,07 0,07
og” oy o0z " oz

[Moacraeasa soipamenns (I-13) xommonmenmr Tewsopa Baskux
HanpsaxeHull, npusejeM Bbipaxendue paGOTHl CHA BA3KOCTH, He0G-
paruMo mpespawawoigeiics B Teuro B ([-16), x Buay, noxasn-
BaWIIEMy CYIIECTBEHHYIO NOAOXHTEABHOCTb DTOH BEAWYHHDI:

QT({TS =1 {(f"—x+9i'”)2+<ou”+a””)z+(@l—l—éﬂ)z—l—
7

oy  ox 0z ox, oz oy
s [ =) (=% (e =% I+ e
ot e 2 S a Ol
B oanomepuoM agBumenuu
TG =57 (5) o2 e -13)

Brenem Ge3pasmeprbie MepeMenubie: KOOPAUHATH, OTHECEHHble
K XapaKTepHCTHIECKOMY pa3Mepy CHCTeMbi d, CKOPOCTb, OTHECEH-
HYI0O K XapaKTepuCTHYecKOH cKopocTH (cpegHell CKOPOCTH HAH
CKOPOCTH B Kako#-TO {IpOH3BOADBHOH, HO ONmpejzsAeHHOI Touke
cucremnt) U, u Bpems, oruecennoe k Beandune d/U. Beapasmepnbie
nepeMeHHhle OTMETHUM IITPHXOM:

X'=uxld; u'=ulU; ¥=tU/d. (I-19)
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DHTPONHMIO OTHECEM K TemaoeMmKkocTH rasai S =.Sc,.
IMepexoan k 6espasMepHbIM NepeMeHHbIM, HaizeMm:

day X4 1 op_ o (AT0 dy [du')) )
df U2 oU20x  oUd {3 ozt idx’ (E-x_) ] J?
dS" __oU? w_ (I (du, 1 -
at _“%,TQUH{[(QM HeegTe (1-20)
A (1 @T 10T 1
VU XT T T o e I

Brewnue cuAbl BXozAT B GespasMepHbie YPaBHEHUS YMHOXEHHBIMH
Ha XapaKTepucTHYeCkdii pasmep. JAs JBHxeHHH HE CAHIIKOM
60ADLIOH IPOCTPAHCTBEHHO IPOTAMEHHOCTH, HO 60AbINOH CKOpOCTH,
MMM MOXHO uUpeHebpeub; H3yYeHHEe ABUKERHH cxAMaeMOH XHAKOCTH
B OAE CHAM T/KECTH IPEACTaBAseT NPeJMeT AHHAMHYecKol me-
TEOPOAOTHH, KOTOPOI'O Mbl He KacaeMmcs. reHml, onmcebiBaiomne
BAHAHME BA3KOCTH M TENAONPOBOZHOCTH, B COOTBETCTBHH C YTBEp-
saeuneM cTp. 9, BOWIAM ¢ KO3(pPUIHEHTAMR

7 __ 1 V) -—.L :
oUd~Re ™ WUecd  Pe’ (-21)

rze Re u Pe —uncao Peiinoavaca u uncao [lexae.
[Ipeamorosenne o ToM, 4To MHBapHAaHTHas# CyMMa HOPMAAbHDLIX
HanpsAxeHn# Ha TPU BBAMMHONMEPNEHAHKYAAPHLIE NAOLULAAKA HE OT~
AHMYAETCA OT YTPOEHHOrO JaBAEHHA, COAEPHHT DAEMEHTH IMPOH3-
pora. Komeuno, Bcerga MoxHo onpeseAuTp AaBAeHHE p MMEHHO
TakuM 06pasoM, KaK OZHY TPETb CYMMBl TPEX HOPMAABHBIX Ha-
npsaseHud, HO B JeHCTBHTEABHOCTH MB B IMOCAeAYIOLLEM HJAEM
Zaabimie H JeAraeM (QU3HYECKOE JONYIIEHWE, UTC ONPEACACHHOE
TaK AaBACHHE INIPH JAAHEOM COCTOSHMM BelgecTBa (OIpeieAseMoM
ero  CoCTaBOM, UAOTHOCTbIO, DBdHeprueif, sHTpomued, TeMmne-
paTypoff) He OTAHHAETCA IO BEAUYHHE OT JaBAGHHS p ., H3MEpeH-
HOFO B CTATHYECKHMX YCAOBHsAX, B NOKosgeMcs Tase. Mexay
TeM, ¢ TpeboBaHHEM HMHBAPHAHTHOCTH (QHINYECKUX 3aAKOHOB OTHO-
CHTeAbHO Npeofpa3oBaHuil KOOPAWHAT BIIOAHE COBMecTHMO Goiree
ofee MPeANOAOKEHHE, YTO HHBAPUAHTHAsA CyMMa HanpsaxeH iff
3aBHCHT OT MHBAPHAHT4, COCTABAEHHOrO M3 IPOM3BOAHLIX OT KOM-
TIOHEHT CKOPOCTH IO KOOPAMHATAM. |aKUM HHBaPUAHTOM ABASETCS

BbipazeHHe PAcXOAUMOCTH (AUBEPreHUHH) CKOPOCTH:
du

. ”
lell— e +'0_y +7z* .

B TPEANOAOKEHHH, YTO MOKHO OrpPAHHYUTLCA CTAPDIKM YACHOM
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B pasiomennd (Tak Xe, K&Kk 5TO GBIAG CACAAHO BbUIE HPH COCTA-
BAGHHH BBIDAXKERUA BASKHX HanpAxmeHui), M moayumm:

p=p, (¢, E)—&divu. (I-22)

Ars mOAHOE XapaKTEpHCTAKH MOBEJAEHHS BeuIecTBa HeOGXOAMMO,
TakKuM oﬁpasom, 3agaHHE ABYX HE3aBHCHMBbIX Koaqumgnaﬂ'ron BSA3-
wocru ) & &,

B camom ofieM Buze, COBMECTHMOM C HHBAPHAHTHOCTHIO
ypaBHeRHil, BHpameHue TeH30pa HalpAmeHufl rAacur:

ou ou, ou ou, ou ou
SR (i St SRl B, Wk A {2 ¥}, (I-
Tm__n(0x+o‘y+()z) 217 x ? ng—- n(0y+0x) (I23)
r4e 7)' — BEAMYHHA Pa3sMEPHOCTH BA3KOCTH, KOTOPAas, Taime KaK
# 1), ZOAZHA ObITb ONPESAEAEHA HA OIbITE.
[1zonsBoabno noaaran 7' == .23, met noayunau (I-13). B o6mem
cAyuae, He JeAas ITOr0 NpeZNOAOMeHHs, moayuum ms ([-23)

u ([-22)
—3&=3n'— 2. (1-23a)

MonekyAasapHo-KuHeTHYECKAS TEOPHA AETKO OMMCHIBAET U BbI-
UHCAAET HepBblH KOD(PPUUUEHT Bs3KOCTH (7)), OAHHAKOBO cyle-
CTBEHHDbIH W fIPH HAAWYHE K NPH OTCYTCTBHH CKXHMaeMOCTH. Beau-
YHUHA 7] BBOAHUTCS M3 PACCMOTPEHHSA CPE3bIBAIOLIETO HANPIXKEHHA
B NOTOKe, B KoTopoM u,==u,==0, u,=a+ by. dro Hanpamenue
06543280 OGMEHY KOAHYECTBOM ABHXEHAS MEXAY CAOAMH, CKOAb-
34MIMMH OZWH Haj APYrHM C pasHOH CKOpPOCTbIO, GAarojaps xaoTu-
YeCKOMY NONEPEeYHOMY ABHAKCHHIO MOAEKYA H3 OZHOTO CAOS B ApY-
rofi. M3 sTux coobpamenuil, paccmarpusas caom, HaxoAMHECH
Ha PaCCTOSTHWM AAHHDI CBOGOAHOTO npofera /, Tak 4TO CpeAHAA CKO-
pocTb (CKOPOCTH MacCOBOrO JABHKEHHA U,) PA3HETCA HA BEAH-

u,
HHUHY —0?” ) moacuMTBIBas YHCAO MOAEKYA, MEPEXOASIIHX B € AMHHILY

BPEMEHY H3 OJHOTO CAOs B JPYroif, H MEPEeHOCHMOE HMH KOAM-
4ecTBO ABHAZEHHS, Aerko Haiiti [ep. ([:9))

du, 9 du,
T =n; ~ndmzzl~odlGe; n~edl,  (1-24)

rAe 7 —YHCAO MOAEKYA B eiunmle o6beMma, m— Macca OTAEAb-
HOli MOAGKYADI, ¢/ — CKOPOCTb ABHMEHHS MOAEKYA.

Kakos cmbica BTOpOro KORpPHuMenTa BaskocTn EP & BRoZuT
MHOXKHTEAEM OPUH BEAHUYHHE div u, KOTOpas ypaBHEHHEM CIIAOIT
HOCTH TOXJECTBEHHO CBABBIBAETCA CO CKOPOCTHIO MBMEHEHHS IAOT .
HOCTH BelIecCTBa:

— R =diva. (1-25)
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Takum 06pasom, § omucoiBaéT 3aBHCHMOCTb AaBAGHHMA OT CKOPOCTH
U3MEHEHHs MAOTHOCTH, T. €. ONHECBLIBAET TOT (AKT, YTO NPHU HIMe-
HeHH o6beMa He Cpa3y yCTaHaBAMBRETCH CTaTHYECKOE 3HAUCHHE
aasaeHus. Tor cayualf, xorza Bropoii KOPQQHELHEHT BASKOCTH §
TOro xe MopPsaAKa, ITO U 1), He HYXJAOTCA B CreNUIAbDHOM cGbscHe-
HHH: STOT CAydall OTBeYaeT BPEMEHH YCTAHOBAGHHA CTATHYECKOTO
AaBAEHAS MOPAAKA BpeMeHH CBOGOAHOro mpobera MOAEKYA MOXAY
A3yMA CTOAKHOBerusMH, [c'.

B nexoropnix cayuasx, ogHako, MBI BCTpeuaeMCs ¢ aHOMAAbHO
6oAbmHM 3HauenmeM §.

B § 1l mp moapo6uo paccMOTpHUM BammeHIIHHA HpHMEpP MOAe-
KYAfPHOTO MeXaHASMa MOJO6HOro noBeAeHus BEWIECTBA: NPH
HAAHYHY BHYTPEHHUX cTeneHed cBoGognl, Zawmux J06aBOYHYIO
TEOAOEMKOCTb U BO3OYXZaEMbIX CPaBHHTEALHO MEAACHHO, AaBAe-
HHEe MNPH JaHHOH WAOTHOCTH M JaHHOR OSHEPrHuM rasa 3aBHCHT
OT cTeneHu Bo36yxAeHmA BHyTpennux cTeneHe#f csoboant. Ilpu
cxaTun (yBEAHYEHHH DHEPruH) JaBACHHE HECKOABKO GOAabuie, NpH
6bICTPOM paCHIMpeHHH HECKOAbKO MeHbmie cTatuueckoro (oTee-
HaloIero paBHOBECHOMY BO36ymjienuio). Bausmme atoro sdoexra
NpH MEAAEHHHX NPOHECCAX MOXET ObITh ONHCAHO QOpPMyAOH
(1-22), npruem uem Tpyasee BO36YEAAIOTCA BHYTPEHHHE CTENEHH
cBo60abl, TeM 6OAbIIE BpeMs MX pEeAaCKaluH, TeM IPH Menbpmei
CKOPOCTH HSMEHEHHsl COCTOSIHHS CTaHEeT 3aMeTHLIM PacCMaTpHBae-
mpbifi 3 PeKT, TeM GoAbume BTOPOH KO3 PHIHMEHT BASKOCTH &.

Ogaunako npu 6oicTpHX MpoUeccax ZICTUrAlOTCH YCAOBHS, B KO-
TOPHIX yXKe HEAONMYyCTHMO IIOAbSOBaKHE AHHeHHbIME QopMy-
ramu ([-22, 23), Tak kak BpeMA USMEHEHHS COCTONHHS CTAHOBHMTCH
CPaBHHUMDBIM HAM Jake MeHbLIe BPEMEHH pEAAKCaluHd BHYTPEHHHX
creneneit ceoSoznl. [Ipn sToM Heo6x0zuMO B ABHOM BHJe BBOZHTL
oHepruio BOsOyxjeHMA BHYTpPeHHHX crenmeHell cBo6ozbl M Hax0AATH
ee 3aBHCHMOCTb OT BPEMEHH, pemas AudepeHUnaAbHOE JpaBHE-
HHE KHHETAKM yCTaHOBAEHHS PaBHOBECHs, 6¢3 YIPOLIaOWero npea-
noAoxeHUsA (ZOUYCTMMCrO HPH MaAOH CKOPOCTH M3MEHEHHs mapa-
METPOB), UTO OTKAOHEHHE OT PAaBHOBECH: IPONOPIMOHAABHO CKO-
pocTn maMeHenus mapamerpos. Paccmorpenue Takux 3azau cm. B § 11
(axycruxa) u § XIlI (yaapuvie BOAHDI B rase ¢ samesredHbIM BO36Y-
#peHnem). 1PaKTOBKa BTOPOrO KO3(P(HuUHMEHTAa BA3KOCTH MPUHAL-
AremuT Aeonropuuy m Mamaeapmramy [16, 17].

§ II. Hauara axycTHKH; CKOPOCTH 3ByKa

Bo BBesenum u B mpeavizyiem nmaparpage MBI yXe MHOTO
pa3 YNOMUHAAHM XapPaKTEPHCTUYECKYIO BEAHYHHY CKOPOCTH, MMEHHO
cropocTh 3ByKa. PaccMarpusas pacmpocTpaHeHHe MaAblX BO3MY-
Iennd, noxameM, Kak M3 ypaBHeHMH ra30BoHf AuWHAMAKHM TNOAy-
qaloTed B HpejeAe YPaBHEHMA aKyCTHKHM H KaK B YpaBHEHHAX ra3o-
BO# AMHAMHKM 3aKAHOYEHAa CKOPOCTb 3ByKa.
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Mnt npeofpasyem ypaBHeHHA rasoBoH AMHAMHKH, HalHCAHHbBIE
Bblllle, ToAarasg CKOPOCTb JABHKEHHUA U M M3MEHEHHE NAOTHOCTH
maapimu. CropocTb ABHMEHHS mOAaraeTcs MaioHl MO cpaBHEHHIO

u
CO CKOPOCTBIO 3BYKa, — <€ 1, n3MEHEeHHs IAOTHOCTH H JaBAEHHS —

MaAbIMH IO CPABHEHHIO CO CPEAHMMHM 3HAYEHHMAMH IIAOTHOCTH
Ag 4
W AaBAemuf, ==~ 7p<1. Toro xe nopsiaka u koaeGaHuA Tem-

nepaTypbl B BOAHE B rase.

Jaree, B ypaBHEHHAX JABH&KEHHA Mbl npeHebperaeM urenamu
NOpPAAKA BHIIE [EPBOrO B PAaSAOKEHHH YPaBHEHHSI COCTOAHHA
BemecTsa mo crenensM A9 uam Ap (OHH OTHOCATCA K OCTaBAEH-
ubiM, kaxk Ap[p); Mnt Takxe mpeme6peraeM u® Mo CpaBHEHHIO C uC
(oTHOUIEHNE OT6POMIEHHHBIX YACHOB K OCTaBAEHHLIM DaBHO IU[C).

[lpusesennme Huke 3HAUEHUA AMIAMTYZbl AABACHHS B 3BYKE
olpeAeAeHHOH MOIIHOCTH MOKa3bIBAIOT GE30rOBOPOYHYIO AONMYCTH-
MOCTb 3THX npeHe6pexeHHil B aKyCTHKE.

[IroTROCTD MBI pas6uBaeM ciejylomium oGpasom:

0 =0y ¢, (H'l)

r4e Qp— HaYaAbHYH NAOTHOCTb —— Mbl 6yZeM moAaraTbh BEAHUHHOH
NOCTOSHHOH, a2 H3MEHEHHe IAOTHOCTH &, CBf3aHHOE C paclIpocTpa-~
HEHHEM 3BYKa HAH BOOOIle BOsMymeHME no rasy, Mmsl 6yzem
CuUATaTh BEAMYHHOH Manoii.
Ypasuenue coxpaHenns BeILECTBa NEPENHUIETCS B CAeAyIOUIEM
BHAE!
g de

——u

9
= 5=+ (0g+8) 5 =0. (i1-2)

ﬂpenereran BEAHYHHAMH BbiCIIEro Nnopsjixa MaAOCTH, T. €. PO~
HU3BeAeHHAMH ZBYX MAaAbIX BEAUYMH, Mbl NOAYYRM:

@ 0
= (11-3)

Mpenebperas Taxum xe ob6pasom UYAEHAMH BBHICHIETO NOPAAKA
MaAOCTH B YPaBHECHMH JABHMMEHHA, MOAYYHM:
Ou op __ op -0p __ dp O¢

O = T T T e e 90 ok (11-4)

Auddepenuupysn ypaBHeHHe COXPaHEHHMA BelyecTBa [O Bpe-
MEHH, a ypaBHEHHME JBMKEHHA N0 KOOPZUHATE, MOAYYHM OKOHYa-
TEAbHOE OCHOBHOE YpaBHEHME AKYCTHKU:

2g op 02
=0 o (i1-5)

O6o3nauas
£ =, (1I-5a)
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Mbl BHJAHWM, 4YTO YypaBHEHHE JONYyCKaeT JBe TPYyNnN peleHuii:
NEPBYI0 rpynny

s=¢(x—ct); o=o0(x—ct)y u=u(x—ct)

p=p(x—ect), tr-e)

A BTOPYIO rpynmy

e==s(x-cl)y o=0(x+cf)y u=u(x—+ct)

(11-6a)
p=px-+ci),

OTAK'-IBIOIHYIOCH oT nepnoi& TEM, 4YTO NOJ 3HAKOM (PYHK!_LHK BE3ae,

BMecTO x — cf, ctour x -+ ¢f. [Toa ¢ mbI Besze monumaem noroxu-

op . 5;—7‘
TEAbHbIH KOPEHb U3 G900 e=F 1/735- .

[epsas rpynna pemenuif, B XOTOpPOii BCE BEAMYHHBbI 3aBUCAT
ot koMGuHauuu x —cf, npegcraBageT cob6oif Bo3MylIeHMWe, pac-
npocTpaHAouleecs BIPAaBO, T. €. IO HANPaBACHHIO BO3PaCTAIOILUX
3HaueHu# KoopAuHaThi Xx. JelfcTBUTEABHO, €CAM B MOMeHT £
HexoTopoe cocTosHHe (0, p;, U4;) OCYUIECTBASAOCH B TOUKE X,
TO B CAeAyOmUH MOMEHT /, TO COCTOAHHe 6YJE€T OCYLIECTBAEHO
B Tof TOuke Xx,, rge nepemeHsas x—cf (oTr koTopoli TOABKO
¥ 3aBHCAT BCE BEAHYHHDBI 0, Py, U; PACCMATPHBAEMOrO pPEIIEHHs)
HMEeeT TO (e 3HaueHue

Xy —cly=1x; — ct,, (11-7)

Xy =x;+c(t~—1). (11-8)
3aganHoe COCTOAHME PACIPOCTPAHAETCA B HANPABAGHHH BO3pa-
CTaHusl X CO CKOPOCTDbIO ¢, 4TO U TpeGOBa)\OCb J40Ka3arTb.

AAst 9TOl BOAHBI HETPYZAHO, TOACTABASA HalAeHHDbIH BHZ peme-
HRY B OCHOBHble ypaBHeHHs, moAryuurb us (II-3):?

— et =— gy, (11-9)
rie wTpuxoM o6o3HaueHO Jud@epenuuponanue ¢yukuun ([I-6)
no nepemerHo#i x —ct. [loraran npu Goabmmx 3nHavenusix x, T. e.

ZaAeKo BIepejH B HeBosMyllewHoM rase, u =0, e==0 u 0=y,
MBl HaHZzeM AAS BOAHDI, pacmpocTpaHgiomeiics Bmpaso:

[+ [4]
u=—¢e¢—=(p—0,) — * 11-10
Qo (Q =07 "0q ( )

7 Mm moabsyemcst mpeo6pasoBaHMAMR

-()%f(x—ci):f’; —:;t—f(x—ct)zz—cf’.
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MI‘HOBGHHOG 3HAYCHHE AaBACGHHSI TaKXe AKHEHHO CBJSaHO C IIAOT-
HOCThIO B CKOPOCTDBIO!

0
p_p0=£(9_90)290 uc. (I1-11)

Ormerum 0c060, 4TO ZaBAE€HHE MPONOPUHOHAABHO NEPBOH CTEHeHH
CKOPOCTH B 3ByKe; B CTAlJHOHAPHOM TEYEGHHH, COTAACHO TeopeMe
Depryaan, Mbl MMeAn 6B ropasfc MeHbllle€ H3MEHEHHME JaBACHMS:

2
p=py— 25— (1I-12)

Baxueiimuit Bosoa u3 gpopmya (1I-10) u (II-11) sakarouaercs B Tom,
YTO B BOAHE, paclpocTpaHsmolleiics BIpaBo, B CTOPOHY PACTYIIHX
3HAYEHHUH KOOPAUHATHL X, MacCCOBasA CKOPOCTb JABHXECHHA U NOAO-
/KHTEAbHA TaM, rAde BCUIECTBO CXaTo, W OTpUUATEeAbHa TaMm, rje
BELIECTBO PaspemeHo U IAOTHOCTb BEWIECTBA MeHblle HOPMAaAbHOI.

Auaroruuno Az BTOPOX BOAHBI, B KOTOpof BCE BEARUHHBI
3aBHCAT OT KOMGHHAUMA X~ Cf, T. €. AAS BOAHBI, PaCPOCTPAHSIO-
xge'x?icx BACRO, B CTODPOHY YMEHBIICHUS X, Mbl MOAYYHM!

u=—e- = (0—0)

[+
= = (1-13)

2
B ofomx caywasx TaM, rge BeIIECTBO CKaTO, CKOPOCTb ABH-
#EHHsI HalpaBA€HAZ B CTOPOHY PAacCIPOCTPAHEHHS BOAHEL
Ecan B HavaAbHbllf MOMEHT 3aJaHO HEKOE NPOHMBBOADHOE pac-
npejeAeHde NAOTHOCTH U IIPOH3BOADHOE DAaCHPEeEAeHHE CKOPOCTH
ABHXEHHST B IPOCTPAHCTBE

t=0; o=¢(x); s=s(x)=0(x)—ey u=ulx), (I-14)
TO JAASl HCKOMBIX ABYX BOAH: NepBOH & ==&, (x —ct), u,—u; (x—ct}

% BTOPOH 8, ==28,(x —+ cf), u,= u, (x4 cf), Mbl HOAyunM aBa ypas-
HEHNA:

& (x) 42, (x)=0 (x)— 90:8(.1’), (11-15)
gy () -y (%) = Lg’(?ﬁ_—e2;’n‘>°:.- a (%), (1I-16)

Bropoe ypasnenne: (II-16) noayweno npumenennem (II-10) x s,
n ou u (II-13) x & u w, Jaree cpasy noayuum

8 (x—ct)-—-:%s(x—ct)—i— %’ u(x—ct);

u; (X'Ct)zi—c@‘? (x — ct)+- % u(x —ct);
I1-17)

1
82(x+ct):-§8(x+ct)————%u(x+ cd);

a, (X + ct)z——igaé(x+ ct) + —;—u(x+ ct).
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Herpyano paccmorpeTb Takme oTpamenue MPOMBBOALHOIO
BO3MYIIEHHs OT HENOABUAHOH crenku. Jas Haxomgenus pemenus
K PacIpoCTPaHs;IONIeMyca BO3MYLIEHHIO & (x— cf), u, (x — cf) Mbt
ao6aBAsieM BOAHY, KaKk-G6yATO UPHXOAAIIYIO € JAPYroi CTOPOHH
CTEHKH M pACIpOCTPAaHSIOINYIOCH B O6paTHOM HamnpaBAEHHR, T. €.
BCTPEYHYIO BOARY &, (x -+ cf), u,(x -+ ct).

Bua ¢yuxuum &, onpeaeiseTca U3 YCAOBHA HEMNPOHHIIAEMOCTH
orpaxatomelt cremka u==0 npH X=X, OTKyJa

u, (XQ'I" t) -+ Uy (xl:'r, t) = 0) (11'18)
npumenss (1I-10) u (1I-13), naiizem
8y (Xors £) == 8, (Xer, D), (11-19)

& (x, =1g,(x+ct) =¢, (xe,,[t—x—"%i])=
Xep —x"i
=& | Xer, [t—— — |)=&k&—ct)=

—s, (x, t—gla " ) (11-20)

w, (6, ) = — u, <x,t— g ta ). (11-202)

€

Kak u caegoBaro oxmzaTb, NAOTHOCTb M CKOPOCTb B OTpa-
zennol BoaHe (umgexc 2) B aanmoll Touke B AawWHBIHE MOMeHT
3aBHCAT OT 3Ha4YCHHil NAOTHOCTH M CKOPOCTH B Najawmefl Boane
B 9TO# TouyKe B MOMEHT BpeMeHH GoAee paHHHH, IPHYEM MHTEPBAA
paBeH BpeMEHHW, HeoOXoguMoMy #aA mHpoGera OT AaHHOHW TOYKHU
A0 OTpaxawoeit NoBepxHOCTH H 06paTHO CO CKOPOCTDIO 3BYKa.

[Iperpaiyenne saganHOro B HaYaAbHbIE MOMEHT HPOM3BOABHOTO
pacupejeAeEus NMAOTHOCTH M CKOPOCTH B JIB€ BOAHDI, ABHKYINHECH
B IIPOTHBOINOAOMHDIX HAMPABAEHHAX, H OTPaREHAE OJHOH M3 HHUX
OT HEmOJABWAHOH CTEeHKH NOKasanbl Ha puc. 1l; AAA npumepa
BbIGpaHO HavaAbHOE COCTOsIHME, B KOTOPOM B HEKOTOPOH obAracTu
CO34aHO MOBHIIICHHOE JaBAEHHE, HO BEIECTBO Be3Je IOKOHUTCH.

[NocaexoBaTeabnniil psa pucyskos ao by, a; b,, a,b,,..., oTse-
vyaeT MomerTam {==0, f==¢,... Ha rpajpuxkax a npeacrasreno
MrHOBEHHOE pacnpejeieHue naoTHOcTH (och abemuee Q=Q,), Ha
rpagurkax b — pacnpeseaenne ckopocti (ocp abemuce u=—0).

Teopus pacmpocTpanenus cepuyecKUX BOAH B TPEXMepHOM
OPOCTPAaHCTBE HOYTH TaK Xe IPOCTa, KaK M OJHOMEpHas Teopus,
cymmuposannas B ypasrenusx (lI-1) — (1I-20). MecTo xoopavnatn x
3aCTyIHT Temepb 7 — Pajuyc, T. €. PACCTOSHHE, OTCUHTAHHOE OT
IeHTpa cCUMMeTpHn ABHxeHHa. Mbl paccMarpaHBaeM TOAbKO cde-
PUUECKH~CHMMETPUUHBIE JBUXEHUS, B KOTOPBIX Kamaas BeAHYHHA
(ckopocTb, MAOTHOCTB, JAaBAEGHHE) B3aBUCHT TOABKO OT BPEMEHH
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M OT pacCTOAHAA r OT LUEHTPa CUMMETPHM M MOCTOAHHA Ha cdepe
paguyca r, T. € He 3aBHCUT OT YTAA pazuyc-BEKTOpPa, MPOBE-
XEHHOI0 ®3 UEeHTpa CHMMeTpHH, C KOOPaﬂHaTHbIMH OCAMH. ABH'
KeHHe 2aCTHI rasa coaepmae’rcx AHIUb IO pa}.mycaM, [IPOBCACH“
HbIM M3 [EeHTPa CUMMeTpHH. Daaro-
Aaps  PTOMYy HaM HeT HazOGHOCTH
NOAb30BaTbCH BEKTOPHBIMH 0603Haue-
HUSAMH.

YpaBuenue coxpaHeHus BelIecTBa
umeer BuZ

&
NESN

&
N

R
2N

: de 09 0
-t = e 20 2 2 -
=+ - : Fy wyru (11-21)
b
a I / YpaBuenue Agsumenns He Me-
b 1. Hseres:
4« rr;'; du__ dp__  dp o
b F;’ Q= T e e
a5 >, =% -
. ,’ = —c 5 (11-22)
o .

a L [Tpocroima npeobpasosanusamu Haii-
b Ll AeM

i 2 29 40
% -1 - (11-23)
by a4 ot r2or° or

B rakom BHage ypaBmenme oTAHM-
yaercs oOT npocroro ypasrenus (IL.5).
[Moacrarum

Puc. 1. Pacnpocrpanenne u

oTpameHHe IPAMOYTOADHOTO

AMOyABCA JABAGRMNSA IO OJHOK

KoopjuHaTe B AmHeHHOH awy-
CTHKE. N

g=-L. (11-24)

r

Toraa Ars QyuryuE 7) MOAYYHM MOCAE COKPAIUEHHH BOAHOBOE
ypaBHEHHE OAHOMEPHOTO ABMKEHHS

2y %y
e = c? e ) ("'25)

pelIeH’s] KOTOPOro HaM yXe H3BECTHbI

=1, (r —ct) +n, (r +ct). (11-26)

1 Tlorox BeyjecTBa uepes cepHuUEcKyiO IOBEPXHOCTb PAsAYCA 7 PABEH
47r2 u. PasmocTp TNOTOKOB BemecTBa, NPOMEAWNX Uepea chepPM pajHyca r
u r~+ dr, npeacTaBAser co60il KOAHUECTBO BelIecTBa, OCTABmEECHd B MAPOBOM
croe, ob6beM koToporo pased 4 7r2dr, M MeHSeT IAOTHOCTb SaKAIYEHHOrO
B ®TOM CAOe BelecTBa,
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Takum o6pasom, obee pemenne aas aMIAHTYAbl H3MEHEeHus
IACTHOCTA B C)epHYECKOH BOAHE HMEET CAeyoWUA BHA:

e (rr— ct)_'_"72 (r+ ct), (11-27)

r

Aerko y6eantbea noacramoskoii mhipaxenns (I1-27) B ypasne-
nne (I1-23) B ToM, wro OHO yaOBAeTBOpAET ypaBReHHIO mpH npo-
M3BOADHBIX (DYHKUMAX 7);, 7. [lepBoe Bamuelimee oTAuune cdepu-
YeCKHX BOAH OT NAOCKHMX (T. €. OAHOMEPHBIX, B KOTOPHIX BCe
BEAWUHHB! 3aBHCAT TOABKO OT OJHOH KOOPAMHATHI X, CM. Bbiule)
33aKAI09a€TCA B TOM, YTO aMOAHTYAa BOAHBI NIPH PacHpOCTPaHEHHH
OT UEHTPa MaaaeT OOPaTHO INPONOPIMOHAABHO PACCTOAHHIO OT
uentpa — cM. (II-27); ammauryza BoAmBI, cxoasmuefics Kk meHTpY,
pacrer mo ToMy me 3axony. [lagenwe ammamryant mpu yzarenuu
BOAHBI OT [EHTPAa eCTECTBEHHO; BbifepeM (QYHKLHIO 7); TaKyo,
uTO6H OHa 6bIAAa OTAMYHA OT HYAs TOABKO BHYTPH OIpeieACHHOTO
VHTEPBaAA H3MEHEHHA BEAWUMHB r—cf, a< r—ct<b. Dro
3HQYHT, YTO BOSMYIUEHO, OXBAYEHO BOAHOBHIM JBHMEHUEM
B KaxJblf MOMEHT TOABKO BeIeCTHO, HaxOAsAllcecs B IapOBOM
CAO€e HOCTOSIHHOH TOAIMHEE b—a, a + ¢t <r < a+ ct-+(b—a).
[lo mepe Toro kak ¢ pocTomM BpeMeHM YBEARUHBAETCS 7, KOAH-
YeCTBO BEIIECTBA, BOBACYCHHOrO B ABHMEHHE, PACTET HPONOP-
LMOHAABHO 06beMy cAOS, T. €. UPONOPUHOHAABHO 72,

3eyKoBas sHePrus eZuHHULB! 06beMa NPONOPIUOHAABHA KBaAPATY
ammauTyZbl. Taxum 06pasom, Ipu OTCYTCTBHM NOTAOWIEHHs (mpe-
BPAIUEHKs DHEPTHH 3BYKa B TEIIAOBYIO) 3aKOH COXPAHCHHSA SHEPrHH
NPUBOZUT K yCAoBHIO &% ri==const, &6 ~ 7 1, T. e. K ymenpHICHMIO
aMOAHTYAbI O HaWAGHHOMy Bblmle 3aKOHY.

Bropoe oranume cepnueckux BOAH 3akAOuUaeTCS B TOM, UTO
npocroe Boipamenne ([[-27) umeer mecTo A aMmAmTyaBDI H3Me-
HEHHsl OAOTHOCTH M. ASBAEHHs, HO He AAsA ckopocTh. JasAcHue
¥ DAOTHOCTD CBA3aHbI ypaBHeHmeM aguabarbi Ilyaccoma, uto mnpm
MaABNX aMIOAHTYAaxX Aaer

0
p—p0=0~z(9—-90)=kz—382028,

TOYHO Tak #e, Kak B MAockol Boame. Oanako mpocras mpomop-
UMOHAABHOCTD CKOPOCTM ABHKEHHS M INAOTHOCTH HAHM
A2BACHUS HE MMEEeT MeCTa B CAyyae CQepueecKux BOAH [cp.
o-ay (1I-10)].

MNoacrasum B (11-22) Bmpaxenue naorsocTH B cepuyeckoi
BUAHe, Geryme#f or uenrpa

e=mn,(r—ct)r.
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Haiizem
ey r—e)_m(—e)
(}Ttv - Do ( r rz )’
r—ci
el n(r——cit) J.'h (6) de —cf _ Slr—et) ) ([['28)
) a ; — 72 = a (8 —-—'r2 .

B Boipamenum CkOpOCTH NOABASIETCH - ZONOAHHTEAbHBIH wYAeH,
Hapymatomuit mpocryio nponopuuonaisrocts (11-10), koropas
HMEET MEeCTO B PAaCIPOCTPAHEHHH IAOCKOH BOAHBL JTO OGCTOS-
TEABCTBO TPUBOAHUT K BAXHbLIM TOCACACTBUAM, OTMEUESHHBIM
snepsoie Crokcom.

PaccmorpuM BOAHY KOHEuHOH IIMpHHbI, GETYIIYI0O B OZHOM
ONDEAEACHHOM HANPABAEHMA — B CTODOHY pOCTA KOOPJWHATDI;
NOCAE NMPOXOMAEHUs TaKOH BOAHBI BEIUECTBO CHOBA BO3BPAILAETCS
K HaYaALHOMY SHAYEHHIO DAOTHOCTH H IOKOHTCH.

B cayuae mnaockoit BOAHDI 3aBUCHMOCTH NAOTHOCTH OT KOOPAM-
HaTHl BHYTPH BOAHB (BHYTpM o6AracTH, OXBaueHHOH BO3Mylle-
HHUEeM) He TOZUMHEHA HUKAKUM Or PAHHUEHHSAM; 6Aarojaps MpoCToit
censy (1I-10) Tam, rae Bosspamaercs K HaYAADHOMY 3HAUSHHIO
IAOTHOCTb, CKOPOCTb TOXAECTBEHHO 06pailaeTcs B HYAb.

Mexay Tem, B cepnueckoM caydae ycrosua & =0 megocTa-
TOYHO: ZAsl TOro yrobbl CKOPOCTH O6PATHAACh B HYAb IOCAE MPO-

XOMAEHUs BOAHBI, HEO6XOZUMO OfpamieHne B HyAb TaKie BTOPOTO
uaena B (11-28)

g—(’,?—c’t):O; j n,(§) dE= j redr=0. (11-29)

Hurerpar B (1I-29) 6eperca mo Bceil iuupuue EBOAHB, T. €.
no Bcelt ofractm, B xoropoit §5%<0. B @opuyre (II-29) mm
ycMaTpusaeM, 4TO B c(epHueckoil BOAHE KOHEYHOH IHPHHB
H3MEHEHHe IIAOTHOCTA 06s3aTeAbHO JOAXHO ObiTh 3Hakomepe-
menmbiM: unterpar B (1-29) ofparurca B HyAD AMmb B TOM
cAyvYae, ecAu B OZHOH wacTy OOAACTH HHTErpHPOBAHHA € NMOAO-
KUTEADHO, a B Apyrofl — oTpHygaTeAbHo. 10 &e caMoe OTHOCHTCH
H K HM3MEHEHHIO JaBACHHA B BOAHe OAarogaps AuHeHHOH cBsa3M
MaAbIX N3MEHEHHH HNAOTHOCTH H JAaBACHUS.

Kax saemenrapno nmpeacraButb cebe npuumHbI HEBO3MOXRHOCTH
chepuueckot BOAHB KOHEUHOM IIKPHHbI, Ha BCEM NMPOTIHEHHA KOTO-
poii BelgecTBOo 6bir0 661 cxaTO? JONOAHHTEABHOE KOARYECTBO Belje-

cTBa,! 3aKAIOYEHHOE B BOAHE, PaBHO J.srzdr. Awmnanryza € najaer

Kak r !; TakaM 06pasoM, JONOAHUTEABHOE KOAMYECTBO BEQecTBa

1 Cpepx TOro KOAMYECTBa, KOTOPOE B3aKAOUEHO B ZaHHOM ofbeme mpH
HEBOSMYICHHOM BHAYEHAN TAOTHOCTM.
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B BOAHE, Ha BCeM MNpOTAKeHuH KorTopod & >0, pocro 6nl mpo-
MOPUHMOHAABHO I 110 Mepe pacnpocTpanenus. Pacrymee B mpo-
[ecce pacnpocTpaHeHHs KOAHYECTBO BellecTBa B BOAHE IIOBbI-
IIEHHOX NAOTHOCTH W Bbi3blBAeT MOABACHHE CAeaylomed 3a Heit
BOAHBI NMOHHMKEHHON ITAOTHOCTH.

Boaee moapo6Guoe paccmorpenue mokasbisaeT, YTO y Kpaes
BOAHBI, T. €. TaM, I'J€ BecbMa MaAbl OZHOBPDEMEHHO U H & BEAH-
yuHa { BHICIIErO HOpPAAKa MAaAOCTA, TAaK 4TO CBA3b U W 8 B Ipe-
JAEAe Yy KpaeB BOAHbI Taka# #e, Kak B TMAOCKOH BOAHE. Haxoner,
MOXHO IIOKa3aTb, YTO He TOAbKO H3MEHEGHUE MAOTHOCTH, HO 4
CKOpPOCTb ABHMEHHS W JOAXKHA MEHSATh 3HaK BHYTPH BOAHDL
HEeBO3MOXKHA c{epHIecKas BOAHA KOHEUHOH WIMPHHBI, Ha BCEM

pU 5 T
/
g \/ r

Puc. 2. Pacnpegeaenue naotrocTH
¥ CKOPOCTH B CPepHUECKOl BOAHE.

MIPOTAXKEHHH KOTOPOH BEIECTBO ABHraAoCb 6bl B CTOPOHY yBeAu-
uyenus paguyca. OJHaKo BHYTPH BOAHBI TOYKA HSMEHEHHs 3HaKa
CKOPOCTH HECKOAbKO CZBHHYT4 B CTOPOHY LEHTPA CHMMETPHH
0 OTHOWIEHHIO K TOYKE H3MeHEHHs 3HakKa & (puc. 2).

STH 06CTOATEABCTBA BeCbMa BAMHBI AAf TEOPHH PaClpPOCTpa-
HEHHs] BOAH, BbI3BaHHDbIX B3PbIBOM, KOTOPO# MbI 3aliMeMcsa B NO-
CASAHEM naparpa(pé KHHI'H.

Ars xapakTepucTHKE aGCOAIOTHBIX 3HAYCHHHA ZaBAEHHH M CKO-
pocTeil, C KOTOPLIME NPHXOJHTCA HMMETb ACAO B aKyCTHKe, NpH-
BezeM HeCkoAbko 1udp. ['pomrocTs 3ByKa M3MepsieTcsa B Aorapu@-
mMugecko#t mkaae, B geuubearax (o uMenn uzobperaTeas TeaeoHa
Ipaxama Beara). ¥Ypeauuenne rpomkoctn Ha n geuubeaa (coxpa~
YleHHo A6) 03HauaeT yBeAHYEHHE HHTEHCUBHOCTH 3ByKa B 10" pas,
YemMy OTBeYaeT YBEeAHJYEeHHE AMIAHUTYZbI JaBAGHHS, NAOTHOCTH
u cropoct B 10720 pas. Hoab oTsewaer mopory 4yBCTBHTEAbHOCTH
yxa cpegHero ueaoseka. Llleaecr amcrbes, momor umeioT rpom-
kocte ~ 10 16, oprecrp ¢opruccumo ~ 80 26 (uHTemCHBHOCTD
asyxa B 10000 000 pas 6oabme). Cuabnetimnit 3syk 130 46 coszaer
B BO3jyxe uameHeHHsa naotHoctH A0 0.4%,, uemy oTBevaeT amMmAu-
TyAa ZaBAenua p — po==0.4%, - 1.4 p, = 0.56Y%,, p, = 56 MM BogsHOTO
cToAGa. AMOAMTYZa CKOPOCTH ABHAMEHHR YAaCTHY BO3AyXa AOCTH-
raet 0.4, ot ckopocTH 3ByKa, T. e, 1.3 Mjcex. AmnauTysa cmelyenns

HaCTHI COCTABASET X — Xp== ZM‘n - 04%,=0.06° u. T. e. 0.06%,
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AAMHBI BOAHBI sByka M, oxoao 0.036 cM aas sByka wacTOTbi
500 repy, Maaysaemas suepras pasna 0.1 sarr/cm® 3a 1 cex, 3Byk
npoxogut 330 M, Tak 4TO 3BYKOBas DHEPrHs eguHHIB o6beMa npu

rpomxocty 130 46 cocraBaseT i a5 BaTT-cex/cmiccm =3-107*

amoyasafem®=0.7 - 107% xaajcm®.

JAst cpaBHeHHs yKameM, 4TO TeNAoBas SHePrus BO3AYXa B HOP-
MaAbHBIX yeAoBusx cocraBaser 0.07 xaafem®, B 10° pas 6oabme.

Taxum o6pasom, HE TOAPKO IIOMOT, HO B (OPTHCCHUMO OPKECTpa
M DEB AbBa (PHBMYECKH MPEACTABASIOT AWIIL OYEHb MaAOe Ilepe-
MelleHHEe H H3MEHEHHE COCTOSHHUR BOBAYyXa.

Bocnpuunmaembie ueroBeueckuM yXom 3BYKH HMEIOT HacTOTY
mMexgy 20 u 20000 repy (xoreGaumit B cekyHay), T. . AAHHY
Boanbl or 15 m 4o 1.5 cm.

Cropocts 3Byka onpezerena gopmyaroi (II-5a).

Hcaak Heroron B 1687 r. nepsoit BbiyHCAHA a6COAIOTHOE 3Ha-
YeHHe CKOPOCTH 3BYKa IIO M3BECTHBIM yXe B TO BPeMs YIPYrOCTH
H IAOTHOCTH BO3AyXa M IOKa3aA HEBaBHCEZMOCTb CKOPOCTH 3ByKa

OT ero aMIAUTYZAb: # gacTOTH. [lpunumas sakom Bo#ias-Mapuotra
const

AAsl  CBs3H JaBAGHUA HW TNAOTHOCTH pU=— const, p=

v
const ¢ npu 7 ==const, Hoioron mamea:

- o\ __ /P QyToB M
c-]/((w )T_]/_O-_916——m =280 2. (II-30)

Bekope npsmble uamepenns nokasaad, 4TO B A€HCTBHTEABHOCTH
CKOPOCTb 3ByKa B BOszyxe noutu Ha 20°/, 60aplle BbraHCAEHHOrO
Hotorosom snauenus. O6pacuenne sroro pacxomaenus jamo Aa-
NAQCOM: B 3BYKOBOW BOAHE CHMaTHE H pa3pemEHue NPOHCXOAAT
aguabaTmuecku, cregyn axuabare [lyaccoma. Harpepamme npu
CHaTHH W OXAaXJeHWE NPH PACHIMPEHHA YCHAMBAIOT H3MEHEHHE
JAaBAGHHS B SBYKOBOR BOAHE, YBEAHUHBAIOT €€ CKOPOCTb

s 0p| __0Ad__ . p

C —-0—@‘ s—TQ—-—k—é—’ (11'31)
Cp

rge k= .

INpuBegem Tabampy, cocrasaennyro Puuapacom B 1939 r. [80],
B KOTOPOH COMOCTaBA€HbI PKCMEPHMEHTAADHO USMEPEHHbLIE W Bbi-
YHCAEHHBIE O H3OTepMHuecKol u o aznHabatmueckol caumMae-
MOCTH 3HAYEHMA CKOPOCTH 3Byka (B MeTpax B CEKyHZy) B pasamu-
HHX cpejax.

[pexpacubie cosnajenns c dopmyaroit Aanmraca ZoxasbiBaior
CTPOryt0 aguabaTHYHOCTb M3MEHEHUsI COCTOsHMA B BoaHe. Jamaac
HamieA H3 CKOPOCTH BBYKa OTHOMIEHHE TENAOEMKOCTH BO3ZYXa
MPH TNOCTOSHHOM JaBACHHM M IPH NocrosiHHOM obbeme. Maitep
npunACan PasHHUY MeXJy €, H ¢, BO3gyXa pabore, KOTOPYIO BO3



$II. Hauana akycmuxu; ckopocmb 36yKa 25

Ta6auga 1
¢ BBIYACAGHHO®
Bemecrso | Cocrosnue K |° a;g::))n' (mjcex) k
azuabar. ] H30TEpPM. I

Aproun Tas 303.1 3240 3242 251.2 1.667
Aszor » 273.1 337.3 336.7 284.5 1.400
Bensoa Muax. 293,1 1324 1319 1095 1.450
Toayoa " 293.1 1328 1317 1138 1.340
CCl, » 293.1 935 931 774 1.46
Boaa ” 277 1407.0 — — 1.0001
Boga ” 313 1530.3 — — 1.026

AYX NPOM3BOJAMUT, PaCHIHPSASCh NPH HATPEBAaHWH IHPH IOCTOSAHHOM
zasaennu. s atux coobpamenuft, no ouewp HETOUHBIM sKCIEpH-
MEHTaAbHBIM AaHHbIM, Maﬁep BII€PBbIE TIOAOIIEA K YCTAHOBACHHIO
COOTHOINEHHs Mexjy MexaHmueckoif paGoToil m TenmaoTto#, K Ha-
XOXJCHHUIO ,MEXaHUYECKOro BKBMBAACHTA Temaa“ — oTolfi umcAeH-
HO OCHOBBI 3aKOHa COXpaHEHHS SHePruu. AMmb BIOCAEACTBUY,
noj Bausunem Maitepa, Jx0yAb HpPAMBIMH ONBITaMH TIOATBEPAHA
npeBpanjesse paGoThl B TeNAO K Hauea 6oaee TOYHOE BHAYEHME
skBuBarenTa. OcuopnBasch Ha M3MEPEHHSX CKOPOCTH 3BYKa, Pen-
KHH BBIYHCAHA TEIAOEMKOCTb Besgyxa B 1850 r., na 3 roga paupue
TOYHbIX usMepennii Penmno.

Oco60 cresyeT OTMETHTb SHAUNTEADHYIO PASHHUIY MeXAY UBO-
TepMuIeCKOH M ajnabaTHYecKOl CKOPOCTSIMHM 3BYKa B psije XKHJA-
xocre. B arom cayuae pasmocts ¢, U ¢, CBA3aHa y#e He ¢ COoBep-
IeHneM BHeluHeil paGoTwl, a ¢ yBeAwueHHeM BHyTpeHHell pHepruu,
C NPEOJONCHHEM CHA CHEHACHNS MEXJy MOAEKYAaMH XHAKOCTH MpH
TENAOBOM PacIIMPEHNH IPH HOCTOSIHHOM JaBAeHMH.?

1 4° C — MaxkcuMyM HAOTHOCTH BOAHI.
9 ¢y (90
2 Coorgomenne (_p‘ =2 (P} yomer 6mrp smBezEHO B obmem
du /8 ¢, \Ov /T
BHJEe H3 OCHOBHBIX TEepPMOZMHAMHAYECKMX COOTHONIEHHH JAS AIOGOH cHeTeMbI,
OTHIOZD HE TOABKO ZAS HZEAADHOTO rasa, B KOTOPOM Cp M C, SABUCAT TOAbKO
or T (cm. Aamgay n Angmun[15], erp. 48, sazaua). llpsmoe usmepenne
9j
('Bl)s HAM €, B cAyuae (XHAKOCTM BecbMa 3aTpyjHHTeAbHO. JAs pacuera
v

HONOAB3YIOT TEPMOAWHAMMYECKI€e COOTHOMEHUEe

w=a==T ()| ();

(ram xe, 3azaua Ne 11), orxyaa mbirexaer

dp\ 2
( » )  (3)r
8

0o s p\ Ol 2°
r <E)T+ T(OT),,
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Meroauka usMepeHus CKOPOCTH 3ByKa B HACTOsAUIEe BPeMs
coBcemM He Ta, uro Bo BpemeHa Aannraca. Cospemensmxn Aan-
Aaca M3BMEPSAH XpOHOrpagoM (MAM ceKyHZOMepoM) BpeMs, 3a
KOTOpOE 3BYK I[POXOJHT MHBBECTHOE PacCTOsIHHEe B HECKOADKO
kuAOMeTPOB. B HacTosimee Bpems paGoTarT Ha KOPOTKUX BOAHAX
CTPOrO ONpejEeACHHON 4YacTOTbl, IPOH3BOJHMBIX OOBIYHO NbE30-
KBapleBblM MAH MarHHTO-CTPHKIHOHHBIM M3Ay4YaTeAeM 3ByKa.
Yacroty » usmepsior B sAekrpocxeme. [lpm usBectHoH uacrore
CKOPOCTb 3BYKa Mbl Haligem, olpeierss AAHMHY BOAHDI 4 B HCMbl-
TYyeMOM BeILIeCTBE IO (popuMyre ¢— UD.

AAuHY BOAHDI HAXOJAT, MOMEILAR NPOTHB M3AYHaTeAd MAa-
CTHHKY, OTPamaIOIIYI0 3BYK, ® IIOCTENEHHO, HalpHMEp MHKpPOME-
TPUYECKUM BHHTOM, OTOJBHI'asl €e OT usAyuaTeas. VlarencmsHOCTb
3BYKa JOCTHrAeT MAKCHMYyMa KamAbii pa3, KOrja Ha PacCTOSHHH
MeXAy M3AyYaTeAeM H OTpaKaTEeAeM YKAaZblBACTCA LEAOe YHCAO
noayBoAr., OjHOBpEMERHO JOCTHraeT MakCHMyMa M NoTpeGienue
SHEPTHY H3AYYATEAEM, PETHCTPHPYEMOE DAEKTPHYECKHMH MprOO-
paMH.

Becoma AmSonbiTHa ¥ BaxHA JAA (PUIHKO-XHMHMKa N0APOGHO
HCCA€AOBaHHAsI B iIOCA€ZHAE TOjbl NPUYMHA, BBI3BIBAIONIAsA 3aBH-
CHMOCTb CKOPOCTH 3BYKa OT yacToTsl. Ecau 3Byk pacnpocrpansieTcs
B rase, B KOTOPDOM HacTb cTeneHed cBobojbl Bo36yxjaercs
MeZAeHHee JAPYrHX, TAK YTO TENAOSMKOCTb rasa 3aBHCUT OT TOTO,
C Kakoit CKOPOCTHIO MPOUCKOAUT H3MEHEHHE TEMIEePATyphl, TO HAM
NPMXOAUTCE PASAHYATb JBe mpejeAbHble obracTd. B neproif
obAacTH, NIPA MaAbIX 4aCTOTaX KoaebaHuil, IPH CPABHUTEADHO
MEAAEHHOM H3MEHEHHH TeMIEDAaTypbl, 3a BpeMsd H3MEHEHHSA
COCTOSIHHSA B aKYCTHYECKOH BOAHE ycHeBaeT YCTaHOBHTHCH IIOAHOE
PaBHOBECHE, BCe CTeNeHH CBOGOZbI BO3OyAAaIOTCS, TEMAOEMKOCTD
AOCTHTAeT CBOEr0 MaKCHMAaAbHOro 3HaueHusa. Hanporus, mopu
AoctaTroudo OnlcTpOM BO36y:mAemud, T. €. Mpx GOAbIION yacToTe

9,
Haxoney, Beanunsa (TSB_) MOXkeT ObITh BHIpaXeHa Uepe3 H30TEPMHIECKYIO CHHU-
14

MaeMocTh M KO (HIUEHT TEIAOBOTO pacHIMPEHUS — COOTHOUIEHHEM, OBmMUM
ZAST AOGMX TPeX BEAWUMH, CBASANHBIX OAKHM YpAnHeHHeM — ypaBHeHMeM
cocrosians p = p(v,T'), B AanHOM cAydae

R0, 3,

{Maxc Tlaanx, Tepmosmmamuka, ra. I), tax uro

(7). == (2).67)

oT /), ov /10T /,

Cessp memay npoussogummu 1o naoraocra B (1I-30, II-31) u npomarosunimm
mo o6beMy SAeMEHTapHA:

1 p dap
=e—r m—m e— gyt .
=75 dp -
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3ByKa, T€ MAH HHDIE BHYTPCHHHE CTCHOEHH cBo60abI HE ycnepawT
BOBGY}KAaTbCﬂ. I/ISMeHeHHe COCTOAHMA Tasa HPOHCXOZUT TaK, Kak
ecanm 6bl ero TenaoeMKOCTb 6biAa MeHbLIE,

HaHOMHHM BbIpaKeHHe CKOPOCTH 3BYyKa B rase:

e=k2; k==1+%. (1-312)
0 cy c

M3 sroro ypasrenus mMbi BHZUM, YTO IPH MAKCHMAABHOM 3HAUEHMH

TEIAOEMKOCTH NOKasaTeAb agdabarbl k& UpUHHMaeT MHHHEMaAbHOE

3HAYEHHEe W COOTBETCTBEHHO Mbl IOAYYaeM, MUHHMAAbHOE 3HaYeHHE

CKOPOCTH 3BYyKa.

Taxum 06pasom, 3aMeareHHOE BO36YXAEHNE BHYTPESHHUX CTele-
Hell cBO6GOABI HAM BOOGLIE KaKOi-TO HaCTH TENAOEMKOCTH IPHBO-
AHMT K 3aBHCHMOCTH CKOPOCTH 3BYKa OT YacTOTHI, T. €. K JucCHep-
cun sByka [50].

B cayuae yraexucaorsi, MoAeKyAa kOTOpOi AmHeiina (Tpa aToma
O, C, O pacnoroxennl B paBHOBECHH Ha OZuO#l npamoii), Tenro-
eMKOCTb Npu KOMHaTHOl Temneparype ¢, pasna 3.3 R. Dra Tennro-
eMKOCTb CKAaJbhIBAETCS M3 TENAOEMKOCTHM nocrtymareabHoft 1.5R,
TENAOEMKOCTH BpawaTeAbHoil R H TEeNAOEMKOCTH KoAebaTeAbHO
0.8R, rae R ectb rasosas nocrosnnas (R —1.985 xanr/rpaz-moan).

Kak nokasaru mamepenns Knesepa[62], npm m3menenmu uac-

TOTbl B mHTepBaAe oT 10* c—};}(— (10 xurorepn) go 10° lﬁ(lOOO KHAO-

repu) CKOPoCTb 3ByKa MeHAercsi oT 3Hasemus 260 m/cek Ao 3ma-
yenns 270 wmfcex, npubamsurernno mwa 4%, B COOTBETCTBHH
¢ msmenennem Tenroemkoctn C, or 3.3R a0 2.5R u usmenennem
k or 1.3 z0 1.4, Y3 srux msmepennii caegyer, uTo BpeMsa ycra-
HOBAGHHS PAaBHOBECHs Bo3OymAenns korebamaii morekyan CO,
pasuo 107° cer. B cpeanem xorebanue BosSGymaaercs Npu OZHOM
us 600000 croaxsoBenHi, KOAEGAIOLIAACT MOAEKYAL OTAAET CEOIO
snepruio B ozuom us 50 000 croaknOBEeHNH ¢ ZPYyrEMA MOAEKyAaMH.!

CoBepmenno anaroruunsie sBAGHHA 6YJyT IPOHACXOZUTD
B cucTeMe, B KOTOpoil go6GaBouHas TEIAOEMKOCTb, BO3Oyxagaemasi
CPaBHATEABHO MEeZAEHHO, O6s13aHa HAAMYHIO TeX UAH HHHX ofpa-
THAMbIX XHMHYECKHX pearuuii.

[Ipumepom Tako#f cucTeMBl sBAsIETCS ABYOKHCb a30Ta, Haxo-
AAWlascs NPH KOMHATHOH TeMmepaTtype B PAaBHOBECHH C 4YeTbipex-
OKHCbIO a30Ta

9NO, 2N, O..

B srom cayuwae, ecam BpeMs cxarTusi NPEBDLIAET BPEMS Npo-
Tekauus 06paTuMolt peaxkud, Mbl JOAXHBI YUHTHIBATD »,XHMHYECKY IO
TEMAOEMKOCTL®, BOSHHKRAIOIIYIO OT CMeLleHHs DPaBHOBECHs H Bbijje-
AGHHS MAHM [IOTAOLLEHHS TETAOTbI PEaKUWH C U3MEHEHMEM JaBAe-
HHA ¥ Temnepatypoi. llpu 6Goabwo# wacrore, Haobopor, paBHO-

1 Iosgneiimue usmepenus Baaomana [126] zaaz Brpoe Mempmee uneao
yaapos,
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Becue ,3amMepsaet™, cucTeMa BeaeT cebs Kak CMech Hepearupyomux
rasos, ecau npespamense NO, 8 N,O, He ycnesaer npousoiiru
3a nepuos kxoAebammsa. Vimenno npumenHTeAbHO K Takoro poaa
CHCTEMaM TEOpHS JHCIEPCHH 3Byka Onina Boepebie pasBuTa AAb-
6eprom Dimwreitnom B 1920 r, [50].

Oauospemenno ¢ gucnep-
cueill 3ByKa, T. e. C 3aBHCH-
MOCTBI0 CKOPOCTH 3ByKa OT
4aCTOTbl, UMEET MECTO W 3Ha-
YHTEADHOE HapacCTaHHE IIOTAO-
IEHHUs 3BYKa.

MexanuamooraoueHus 3py-
Ka B ®TOM CAydYae A€rKo ys-
CHATb, pacCMaTpuBasi MpoTe-
KaHHE PACHIHPEHMS U CHATHA
B p, v muaockocru (pume. 3).
Uepes ucxozmyro TOUKY
npopoaum g8e aguabato: BABS'
u CAC. Tlepsas otrBeuaer
6BICTPHIM H3MEHEHHAM COCTOS-
HUS TIpY 3aMOPOXKEHHOH YACTH TENAOEMKOCTH, BTOPAs — MeAAEHHbIM
paBHOBeCHBIM npoueccam. Ecau mpr 6bicTpo commenm ras, on nepeii-
aer B cocrosanue B. Brizepxusas npu nocrossnom o6veme Bpems,
BOCTaTOYHOE AAsl BO3GYXAECHKA
BCel TENAOEMKOCTH, Mbl Nepeii-
aem B Touky C.Ilpu 6mcTpom
pacHmIpeHUH MH mpoiigzeM 1o
runun CA', napaareasnoit B4,
H AMIIb TPH BblIEPKHBAHHH
B TEYEHHE JOCTATOUHOTC Bpe-
MeHH CHOBa NOMajeM B HC-
xoguyto Touky. Ounucannas
naomaze ABCA' usobpaxaer
pabory, KoTropas B TakoM
uKAe HeobpaTHMO 3aTpaueHa
u nepemaa B Tenro.! Pabora
3Ta NPONOPUMOHAAbHA KBaj-
pary amnauryao. Mer  pac-

Vi

Puc. 3. Kpyrosoit mponecc B rase c

saMezAeHAMM  Bo3bymAeHHEM  uacTH

renaoemroctd, [1romaze ABCA’ onpe-
AersteT IOTepH SHEPTHH,

¥4

Puc. 4. Vismenenue cocrosmms mnpm
koAe6aHuAX rasa ¢ 3aMEeJACHHBIM BO3-

CMaTpHUBaAH YIPOWEHHbIH IHKA,
COCTaBAGHHbIE H3 ObICTPBIX
H3MEHEHUH COCTOSHHA C ZAM-
TEAbDHBIM BbIJEQKHBAHHEM B
npomexyTre. Ksmemenme co-

6yXACHHEM YaCTH TENAOEMKOCTH.

Korebaunss  pasauusofi  wacTors:: 7 — mHu3kas

qacToTra; 2 - BHICOKAA  YacroTa; 3 — cpesHas

uwacrora, NepHOJ KoreGaHul mOPsSAKA BpeMenu

BOB6Ymaeunn remroemxoctd., Ilromasb saaunca

nOTEpH 8a OZMA JHKA MAKCHMABABRI) upR cpejHed
uacToTe.

1 Jas Toro aroful BepmyTCA B TOuHOCTH B Toury A, sTo Temao caeayer
orobparp na oTpeske BC uau A'A. Oauaxo oTo6paHHOe Ba IUKA TemAo M co-
OTBETCTBEHHO CMEIIGHME HAYAABHOR TOUKM npH OTCYTCTBHE oT6OPA TemAa —
BpICIIEro MOPsigka MaAocTH Io cpaBHenmo co cmemenmamu AB, AA', AC, BC
ua puc. 3. B rexcre u ma pue, 3 Mm npemebperan mm,
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CTOSIHUS B CHMHYCORJAAbHOH 3BYKOBOH BOAHE HPH 3aMeZASHHOM
BO30yxZEeHUH BHYTPEHHUAX creneHedl cBOGOZbI OMHCLIBAETCS DAAMII-
caMm B p, v maockocTh. LlenTp saauncos Haxogures B TOYKe, OnM-
coiBaroiell HeBOsMyluenHoe cocrosauue. Ha puc. 4 mpescraBaenn
3 Takux aaaunca. darunc / orBeuaeT mMaAoH yacTOTE, MeAACHHBIM
xoreGanuam. Apumenue 6ausxo B aguabare CAC (cp. c puc. 3).
lupuna »saaumca, xapaxrepusyiolas MaKCHMaAbHOE OTKAOHE-
HHE OT pABHOBECHS, MPONOPUUOHAADHA CKOPOCTH H3MEHEHHs
COCTOsIHHA, T. e. mponopuHoHarbHa uacrore . CaesoBarerbmo,
NPOIOPUHOHAAbHA @ M TAOWlaAb DAAMIICA; A TaKXe AOAS SHEPIHH,
Heo6paTHMO MepexojAlNasi B TeNAO 8a OZHO KoAebaHHe, TaK 4TO
[POMOPUHUOHAABHO () M TIOTAOLIEHHe 3ByKa Ha DACCTOSHHH, PABHOM
JAAVHE BOAHDI . 34eChb NOBejeHHAE BELIECTBa MOKET ObiTb OMUCAHO
propuim koagpPuuuentom Baskoctr (§ I, [Ipunomenmme). Ilpu
STOM NOTAOILEHHe 3BYKa, OTHECEHHOE K EJUHHUE BPEMEHH HAH
€AUMHHLE JAUHDI, OKAashIBAGTCA MNPONOPUHOHAABHBIM 07, Tak Kak
BpeMsl KOAeGaHMS ¥ ZAMHA BOAHBI IPONOPIHOHAABHBI 1/,

Bo Bropom mpezeAbHOM cAydae BecbMa ObICTPBIX KOAeGaHumit
Mbl MOAydaeM dAAUUC 2; BHEPrHS BHYTPEHHHX cTemeHed cBoGoZbt
ycuepaeT H3MEHHTHCS AHUID HAa OYEHb MAAyI0 BEAHUHHY, BeCh
aAAunc ovedb Gamsoxk k agumabare BAB. lnpuma sarmmca mpo-
MOPUHOHAADHA AMOAMTYJe H3MEHEHHs DHEPIUM BHYTPEHHMX
creneHell cBoGoZul, KOTOpas B CBOIO Ouepeib NPONOPLUHMOHAABHA
BPEMEHH, B TEYEHHE KOTOPOro MPOUCKXOAHT HAKONAEHHE 3TOH
SHepruH, T. e. IPONOPUUOHAAbHA NepPUoJy KoAebamuii, npo-
NOpUMOHaAbHA (1,

Haufoapwee noraouwenne sHeprum 3a Bpems oaHOro KoAaeba-
HMs JOCTHraercs IIpM KOAeOaHuAX, NepuHoj KOTOPhIX OGAHBOK
K BPEMEHH YCTAaHOBAEHHs DaBHOBECHS, T. €. TaMm, rage Hauboree
BeAMKa gucmepcus CKopocTH 3Byka. Ha pue. 4 sror caywait
u306paken 3AAHICOM 3, MIHPHHA KOTOPOrO — NOPSIAKA PACCTOSHHA
mexay aguabaramu BAB' u CAC' npm makcumaAbnoit aMuAuTyze
Zasaenus. [Ipr 60oaee MeAACHHBIX KOAeOAHNSX M3MEHEHAE COCTOSTHHA
npubAMKaeTcs: K PpaBHOBECHOMY, H (IOTEPH 3a UUKA IajaioT, Kak ®.
[lpu 6oree 6bicTpmix KOAeBaHHAX cCHCTEMa IIOUYTH BCE BpeMA
HaXOJAWTCSl BAAAH OT PaBHOBECHA, BO3GyXJCHNEe BHYTPEHHEH aHep-
CHH NPOMCXOJUT BeCbMa HEOOPATHMO, HO BCAEACTBHE OBHICTPOTH
LHKAZ OHO NPOXOZUT 3a [WKA AHIIb B MaAOl Mepe, MOTEpPH 3a
WHKA ~ @1,

OTnecennpie K ezuHHIe BpeMEHH NOTEpH BO BTOPOH 0O6AacTH
{opu GOABIIMX wacTOTax) CTPEMATCA K TOCTOAHHOR BEAHUNHe.
Ecar Tenroemxoctp BHyTpennmx crenemeil cBO60AbI TOro xe
TOPAAKA BEAMYHHBI, YTO H MOAHAS TENAOEMKOCTb, HHTEHCUBHOCTD
3ByKa 3aTYXHET 40 lle 3a Bpems mopsgka BPEMEHN BO36Y:EAeHUs
BHYTPEHHUX cTeneHell cBo6Goam 7.

Maxcuamym noraougenuss u mnoBeAeHHe BeleCTBA NPH BJTHX

1
H0oAbIMEX yacTOTAX BO BTOPO# o6racTH, rae @ > 7 He MOTyT 6piTD
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OMHCAHbl BTOPbIM KOB(MEQULHWEHTOM BASKOCTH B TPEGYIOT KOHKPET-
HBIX NpeACTaBAGHHH O HaAMUMM H CBOHCTBaxX BHYTpEHHHX CTele-
Hell cBo6oabl. B mocaepune roge Hakonaen o6mumpHbIE MaTepmai
no BOIPOCAM JUCHEPCHH M HOTAOIIEHHA 3BYKa; 3Z€Ch Mbl MOXEM
TOABKO COCAAThCA Ha YIUOMAHYTHBIH Bbllle noApobHbIH 0630p
Puuapzca [80].

B cucreme, B xOTOpoi Her ABAEHHS 3aMezaenHoro posbymae-
HHS BHYTPEHHUX crefeHe# cBo6OAL,, OCHOBHBIMH NPHYHHAMHI
NOTAOIUEHHs 3BYKR SABAAIOTCA BA3KOCTb H TEMAONPOBOAHOCTD
BelgecTBa. KOB(PPHUMENT NOrAOWEHAS Ha OJHOH JAMHE BOAHLI
(3a Bpems 0aHOro KoAefGamus) NPOITOPUMOHAAEH YACTOTE U 06PATHO
NPONOPUHMOHAAEH JAAHHE BOAMBL (. B cayuwae rasa om mnpubam-
Zaercd IO NOPAAKY BEAMYHMHBbI K 1, Xorjga gAuna BOAHbI npubau-
xaercs K AAMHE Ipobera MOAEKYAB! B rase /, Tak 4To €ro MOXHO
Bripasutb Kak 4. [locregHee Bbipamenue MoxeT 6bITh HOAYUEHO
us TOuHHMX (opmya, BbiBegenubx Croxcom[90, 91] u Kupxrog-
om[61], ecAM noacTaBHTE B HHX MOAEKYAAPHO-KHHETHUECKOE
Buipaxenne saskocTH (I-9) m Temronpomogmoctn rasa. Hesos-
MOKHOCTb pPaclpOCTPaHEHHs] 3BYyKa C JAMHO# BOAHBI, MeHbHieH
ZauHbl csoboguoro mpobera, oueBHAHA.

JeficTBre TENAONPOSOAHOCTH HA PACIPOCTPAHEHHE 3BYKA MOKHO
YACHUTb, paccMaTPHUsas B p,¥ NAOCKOCTH azuabaTy H H30TEepMy
TaK k€, KaK Mbl pacCMaTPHBAAM TOABKO 4YTO JABe ajHabarsl
(c Bo36yxgeHueM N 6e3 BO3GYyXJEHHUS BHYTPEHHHX CTeNeHel
cBo6ozanl). Ecau cxarme nporcxogur 6picTpo, Tak uTO TEMACOGMEH
He YycHoeBaeT NPOH3OHTM, H3MEHEHHE COCTOSHHS [POHCXOZUT
azuabaTHdeCKH; IIpHM MEJAEHHDIX KOAeOaHHAX MBI MOXEM OXHZATD
H30TEPMUIECKOr0 USMEHEHUsI COCTOAHHA; Iepexok 6yAeT ConpoBOxk-
ZaTbesd  gucnmepcueil  (3aBHCHMOCTBIO CKOPOCTH OT 4YacTOTHI)
M TNOTAOLIEHHEM 3BYKa.

CxasanHoe OTHOCHTCSZ K CAy4al0 TENAOOGMEHA ¢ BHeIIHeH
cpeJoil, HalpuMep, NpH PACOPOCTPAHEHHN 3BYKa MO CTEPXKHIO WAH
M0 rasy, 3aKAIOYEHHOMY B TPYOGKY C TENAONPOBOAHBIMH CTEHKAMH.

Ecam pesb uger o TemrcobMeHe B CHHycO=AaAbHOH BOAHe,
pacnpocTpansoeics B Heor PAHUTEHHOH cpese, MexAy YIACTKAMH,
rjze BeLIeCTBO CXKATO K HACPETO, M MECTaMH Pa3peXeHHsl, COIPO-
BOXJAIOLETrOCs OXAQKACHHEM, TO CAGZYET y9IeCTb, UTO C BPEMEHEM
cxaTHA M pacmupenus (IepuozoM KorebanMa) cBs3aHa ToxZe-
CTBEHHO JAHHA BOAHBI.

Bpems BbipaBruBamMA CHEYCOHZAABHOTO paclpeseAeHHs TeM-
nepaTypbl HPONOPUMOHAABHO KBaJgpaTy pacCTOSHHS, KBagPaTy
AMMHBI BOAHH, T. €. KBagpary BpeMennm cxaruf. OTcioga mory-
yaeTcss Kamymuilcs NapaJOKCAAbHBIM BbIBOJ, YTO POAb TENAO-
obmMena TeM Goablle, yeM GhiCTpee NMPOUCXOZHMT CHATHE, TAK KaK
NpH YCKOPEHNM CXaTHA B N pas TENAOOOMEH yCKopseTcs emle
cuabHee, B n’ pas, W CTaHOBHTCS 6OAee CYILECTBEHHMM, Y€M HpH
MEZAEHHOM CXKaTHH.

B rasax neBosmomHO Ha6Al04aTb nepexoz K H3OTEPMHUECKOMY
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PACIPOCTPAREHHMIO 3ByKa; BOTOT MEPEXOZ MPOH3omEA Obl MApu
AAMHE BOAHBI MOpAZKa AAMHBI cBoGoamoro npobera, rge pacnpo=
CTpaHeRHEe 3ByKa y&e HEBOBMOXHO; K TOMY e B ra3ax BSI3KOCTb
BCErJa OKa3bIBAET BAHAHHE GOA€e CHAbHOE, HEKEAH TEemAOIpO-
BOJHOCTD.

Coraacuo mocaeamum pa6oram 3muepa (100), svipaBnusanue
TEPMOIAACTHUECKHX PA3HOCTEl TeMNepaTyp H Tepexoj K H30-
TEPMHUYECKOMY pPACUPOCTPAHEHHIO NPEJCTABASIET BaxHeHuMH me-
XaHHSM TIOTAOILEGHUA 3BYKa B MeTaAAax, O06AaZalolinx OYeHb
6OABIIOA SAEKTPOHHON TEmAONPOBOZHOCTLIO. BcaejcTBHE 3aBH-
CHMOCTH TEPMOBAACTHUECKHX CBOACTB OT OPHEHTALUH KPHUCTAAAR,
B NMOAMKPHCTAAAHYECKOM MAaTepHaAe BOSHUKAIOT JOMNOAHHTEABHBIE
NOTepH.

A06ONpITHO, YTO MPH OTPakEeHMM 3BYKa, PACIPOCTPaHAIO-
IIerocs Mo rasy, OT TBEPAOH CTEHKH, BOSHHKAIOUHE TPajUeHTbHI
TeMmepaTypbl ¥ CKOPOCTH BHAUHTEABHO 6GOAbINE, YeM B CHHYCOH-
AaABHOH BOAHE, pachmpocTpausiomelica B 6e3rpaHUYHOM IPO-
CTpaHCTBE, OTHONIEHHe TeM GOAbIIE, YeM MeHbIIE BASKOCTb
M TENAOIPOBOZHOCTh, TaK KaK [IPH YMEHbIICHMH 7 A A yMeHb-
mwaeTcsa rAyGHH2 NPOHHKHOBEHMSA B Ia3 CO3ZaHHOTO CTEHKOH
Boamymenus. Passusas atu upegcrasaenmsa, b. II. Koxcraurm-
HOB [OK&3aA, YTO NOTACIIEHHe 3ByKa NP OJHOKPATHOM OTpaxe-

HuE OT cTenkd nopsaka Vi (manomumaem, wro [—aamma mpo-
6era MOAEKyA, (— ZAHMHAZ BOAHBL 3ByKa), T. €. Ha TNOPAAKH
BEAMYHHb! GOAbLIE MOrACIIEHMs Ha AAHHE BOAMBI IIpH PaclpoCTpa-
Henun B Oearpammunom npocrpauctre [13].

Ormerum, HakoHel, CBOeoGpasHEIE TPYAHOCTH, BOBHHAKAOILUE
B TEOPHH 3ByKa NPU [ONBITKE PacCMOTPETb BTOpOe MPHOAR-
Xenue H He mpeHeGperarb cikaTHeM B BOAHE IO CPaBHEHHIO
¢ mayaAbHOR IAOTHOCTBIO, He MpeHefperaTb MacCOBOH CKOPOCTHIO
ZABHXEHUS BEIIeCTBA MO CPABHEHHMIO CO CKOPOCTHIO PacHpocTpa-
HeHHs 3BYKa. _

B sTom cAyuaec okasmiBaevcs, 4TO rpeGHU BOAH, T. €. MeCTa,
rZe MAOTHOCTb MaKCHMaAbHa, PACHpOCTpaHsioTces: GplcTpee BnajuH,
T. €. MECT, rZle uMeeTcs paspexenue. boaee 6bicTpoe pacnpocTpane-
HHe TPOHMCXOAMT MO ABYM mpHYMHaM. BO-mepBBIX, B CKaTOM rase
CKOPOCTD 3ByKa GOAbILE, Tak KaK Bbllle TEMIEPATYPa CEATOrO rasa.
Bo-Bropnix, cmaTHi ras uMmeer ele M MaccoBO€ ABHMCHME, Ha~
NPaBAEHHOE B Ty %€ CTOPOHY, B KOTOPYIO HATIPaBAEHO PaclpoCTpa-
HEHHE; CKOPOCTb STOrO ABHIKEHHS HYRHO MPUGABHTb K CKOPOCTH
pacnpocTpaHeHHs1 3ByKa. JTa TPYAHOCTb, KOTOPAs B HEABHOM BHAE
copepxutca eme y [lyaccona [75], Bnepsbie 6bira oTMedena B npu-
MeHEHHH K BOmpocy o pacmpocrpaHennu sByka Croxcom [92].

Herpyano sugers (puc. 5), uTo pacnpocTpassiomascs CHHYCO~
HaaAbHAs 3ByKOBas BOAHa (@) goAmHa 6yJeT B pesyAbTaTe Hempe-
PBIBHO MEHATb CBOIO (OpMYy.

YuaacTku mozbema iaBAeHHS OyAyT CTAHOBHTbCA BCE KOPOUE
M KPyde, a OGAACTH TaZeH 7 AaBAeHHsA, HaoBopoT, 6YAyT pacTs--
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rusatbest (6).) opmyant aKkycTHKM BTOPOTO mpHEAHKEeHHs mMpu-
BOJAT C TEUEHHEM BpeMeHH K GeceMmCAeHHO# (opme BoAHH . (8),
TMpK KOTOPOH B OZHOH TOUKE OJHOBPEMEHHO HMEIOT MECTO TPH
BHAYERHs NAOTHOCTH M JaBAEHHA.

I/ 14 14
Puc. 5. Jepopmayun cunycomzarpuoil 3ByKoBOK BOAHM MO Mepe
pacrpocTpaneHus.
@ — CHHYCOMZAABHAA BOAHA; 6 — Zeopmip A BOAHA, COJAEPMHT OGEPTOHH; 8 — y

(4

BKYCTARH Jarh He RMeIoyce PUSHMUECKOTO CMHICAA PemleHMe ¢ TPeMA SHAUEHHAMH JaBAedHf

MAM CKOPOCTH B OZHOH Touxe; B XefCTEMTEABLHOCTH 8 He EOSHHKACT, 06PasyloTcA YAGPHHE BOAHM,
6x04uM yUeT MBHBIX CHA.

Anaans sToii Tpyamoctu npusea Pumana[81] m Penxuna[78]
K Aareko mayigum mpiBozam (cm. § VI u zaapme).

§ Ill. Heresenne rasa uepea macajxkk m comaa

Pacemorpum aBuxenue rasa mo Tpy6e mEPEMEHHOrO ceuewus.
Mbl orpamnuyMMcs OZHOMEPHHIM PAaCCMOTPEHHEM SBAGHHS, T. €.
6yaem mpene6peraTb COCTABASIOLIMME CKOPOCTH, HANPABAEHHBIMH
TIePUEHAUKYAAPHO OCH Tpy6nl, W 6yZem CYHTaTh BCE BEAHYHHBI
{(nAoTHOCTD, CKOPOCTDb, AaBAEHHE) 3aBHCAIIHME AHIDb OT PACCTOS-
AHsl, OTCUHMTHIBAEMOrO BJAOAb TPy6bl, HO OAHHAKOBBIMH B ANOGOM
HOPMAAbDHOM CeYeHHM TPyGH U He 3aBHCAIIMMH OT BPEeMEHH,

Hanumewm za5 Beero noroka ypapuenue coxpaneHns KOAHIECTBa
BellecTsa, KOTOpoe IPHBOAHT B HHTEPECYIOUIEM HAC CAydae
CTallHOHAPHOTO HCTEYEHHA K IIPOCTOMY YCAOBHIO, 4TOObI uepes
Al060e cevyenume TPYObl B eAMHHIY BPEMEHW IIPOTEKAAO OJHO
H TO Xe KOAMYECTBO BeLIEeCTBa.

O6osnauan naoaab cevenus uepes F, Mbl HOAYIHM ypaBHEHHE
‘COXpaHeHHs BEIeCTBa B BUAE:

QuF = const. (i11-1)

Takem e o06pasoM MM HanmmeMm ypaBHEHHE COXpPaHeHHs
DHEPruy, BbIpamaioliee IIOCTOAHCTBO CYMMbI TIOTOKAa JHEPI'HH,
BHITEKalONIEro uYepes HEROTOPOE CeUYEHHE, W paboThl CUA JaBACHHA
B BTOM CEYEHHM JAsn Ao6oro ceueHmA:

<E -+ %) ouF 4+ puF = const. (H1-2)

1 Hauaro npouecca~— usMeHeHHe (OPMBI BOAEBI 6 — BOCIIPHHHMAOTCH
KaK M3MEHOHHe CIIEKTPAABHOTO COCTABA 3BYKa, Kak HOsABAEeHHe 06epTOHOB (B ueM
MoxHO yGeanTnes, pasaaras kpusyio 6 B pax (Dypbe) m mamenenume Tembpa npu
pacnpocrpaHeHHM 3ByKa Ha Goabmoe paccroaEme (em. Typac, Amemkmnc
u Heitan u ap. [94, 52, 53], a raxme nozpo6uyw crarpio Diixemsarnza [34]).
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3aknloueHHOe B CKOOKH BblpaxeHHe NPEACTABAAET DHEPTHIO
€AUHHALbl MACCbl, BECb MEPBHI YAEH — DHEPrHIO €JHHHIIbI MaCChi,
NOMHOXEHHYI0 Ha KOAMYECTBO BellecTsa, NpoTeKaloluee B e ZUHHIY
BPEMEHH uepes Bce ceueHme TpyOol. Bropoit uaem mpeacrasaser
co60#t paGoTy CHA JaBAGHHS B 5TOM CEYEHHH B €AHHHLY BPEMEHH.

Bropoe ypasuenme Mm npeoGpasyeM ¢ MOMOIIBIO HEPBOroO
K caezyiolieMy BUAY:

I+-% = const,! (IL.3)

rae [ ectb Tax HasbiBacMas SHTAAbIAA,
I=F+py, (1ii-4)

OJHA M3 OCHOBHBIX TEPMOJAMHAMHYECKHX ¢yurkuui, JAs BpIBOZA
(III-3) aocrarouno (lI-2) pasgeaurs ma (11I-1).
aZaBUIIMCH aZMAGATHUYECKMM 3aKOHOM HM3MEHEHMS COCTOSHHS
BElIECTBa B NOTOKE, M3 MPHBEJEHHbIX ABYX yPABHEHHH Mbl CMOXEM
HallTH, KaKk PACMDEAEAAIOTCA CKOPOCTb H IIAOTHOCTb BAOAD TPYObI.
Ars onpezerennn mxogaumeli B ypasuenme (III-3) xomcranmrnt
BHIMUIIEM €€ 3HaYeHHe AAA BXOAA B TPY6y, T. €. AAS TOTO MECTa,
rae ceuenme [ BechbMa BEAMKO M I'Z€ COOTBETCTBEHHO CKOPOCTb
ABHKEHH U MOXHO CUMTATb OYeHb MaAoit. Beawmuunm B sTOM
ceuenuu 6yjeM o6osmauarp mHAercom 0:

u, —> 0, i
2 (I11-3)
== 5> = [0

Jo6asum cioga ycaoBue a7ua0aTHYHOCTH MOTOKA, OTCYTCTBHA

TEAOOGMEH2 CO CTEHKAMH M NOTEPDb HA MHAPABAHYECKOE CONPOTH-
BAeHME., JTO YCAOBHE JAacT JAASl YAGAbHON BHTpONMM BelecTsa

S==const=.5,. (I11-6)
BCIIOMHHM TCPMOAHHRMH‘ICCKOG BbIpameHue
di= TdS+ vdp. (111-7)
[lpn nocrosmuolt surponuu
R4 } 4
I—h= [ vdp=[%, (Ii1-8)
Po Po N
aro B coegunenun ¢ (IlI-5) zaer cropocrp ammxenns
) »
2 d,
S=—[vdp=—[2. -9y
o Po

1 Cp. Aamaay u Aupmag [I15], crp. 41—43, §13 ,Craguomapanit
aoToR®,



34 $III. Hemeuenue 2aza uepes HACAOKU U CONAA

[pn marom n3sMeHeHuH JaBAeHns npeHEOpPeraeM HIMEHEHMeM
MOAHHTErPaAbHOR QYHRIIUK
w__po—p __ ou? .
FET T v (po— p); 2 — P F- (1-10)

(1lI-10) npejcraprsier He yTO MHOE, Kak BAKOH DepHyAAH TeueHHR
HeCKHUMaeMOl XKHUAKOCTH.

Ilpu p, 6GamsxoM p, Mbl MOkem npeHeGpEub H3IMEHEHHEM
IIAOTHOCTH, M TaK ke, Kak JAsl HeCKHMaeMol XKHZKOCTH, IOAydYaEM,
4TO KOAHYECTBO rasa Qu, IIpOTeKaioljee B €AMEHLY BPEeMEHH
yepes eAUHULY CEeYEHHs, OKa3bIBACTCH NMPONOPIHORAALHBIM KOPHIO
KBaJpaTHOMY W3 PAa3HOCTA JaBAeHHH.

Ouanaxo mnpu GoabInMx TepeNagax JaBACHHUSA, TPM MAAGM
AaBAEHHN B CTPYye, HajeHde MAOTHOCTH HCTEKAXOIIEro rasa OKasbl-
BaeT Bce 6oaee U €oree cuabHOe JgefictBue. B To Bpema kax
pOCT CKOPOCTH OrpaHUueH BeAMURHOMH

u=\2 (-11)

npe [=0, DAOTHOCTb ra3a MOXET yNacTb AO BEAHYHHBI, CKOAD
YroaHo 6AMBKOH K HYAIO.

[lpn sTom mnpoussejenue ¢u o6pallaeTCss B HYAD.

[Tpu panHom p, KOAMHECTBO BelleCTBa, IPOTEKAOUjEe UYepes
eAVHHIY NAOILaZ¥ CEYeHHus, AOCTHraeT MaKCHMyMa IIpH HEKOTOPOM
3HAYEHHH JaBACHHA B HOTOKE P, MEHDIIEM Py, ¥ JaAee CHOBa Najaet
npu JAarbHeluleM najeHuu p.

Tlokaxem, 4TO MaKCHMYM PacXoja Ha eAMHHIY MACIMAJH Ceve-
HAsA JOCTHraeTcA KaK pas TOlAR, KOTJa CKOPOCTb JABHMEHHA
paBHa CKOPDOCTH 3BYKa B HMCTEKAIOIIEM rase.

Huwem makcumym npoussezenns

ou =0 V2 —1). (1l-12)

CocraBum AOrapu(PMHYECKYIO [POH3BOAHYIO N0 JABAEHHIO OT
soipaxends (IlI-12) u npupasusem ee nyaro (Bce mnpoM3BOZHBIE
npu S = const):

ldo  dlidp __
odp T 20, _“1)—(), (I1I-13)
%%::(Z_Z)‘l_—:c—?; dlldp=v=0"; 2(l,—=u, (111_14)
o -1
L =0; c=u, (UI-15)

¥

yTOo U TpeGOBaJ\OCb AOKa3arhb.

Ai\ﬂ HAEaADHOTO rasa NOCTOSHHON TENAOEMKOCTH 3aBACHMOCTDb
pacxoja OT JAaBACHHS A€CIKO MOMXET Gb1TH IIPOCAEXKEHA AHAANTH-
YEeCKH.
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B arom CAydYae HMEET MeCTO COOTHOLICHIe

k ¢ _. (Il
k22 (k16)

1o

I=c,T=2RT= %% py—

(Cp — cy)ey

k

B aaua6aruueckom noroke

1 k=1 k—1

0 =g,(2) YooI=1, (p%)”" p =kZ=cl (}’_7‘:;)T (Il-17)

Breaem 6espasmepible nepeMenHble, OTHOCA COOTBETCTBYIOMHE
PEAHMYHMHbl K HX 3HaYEHHAM B COCTOSIHMH IIOKOS; CKOPOCTb OTHECOM
K CKOPOCTHM SByKa B MCXOAHOM rase. O6osmaumm 6espasmepHyIO
NAOTHOCTD 7= 0/0,, AaBACHHE = p/py, CKOPOCTh 3ByKa ¥ =c|cq,
CKOPOCTb ABHXEHHA ¢ = U/C, pacxoz Ha 1 cM’ ceuenns Y =rp-—=
= 0u/0, ¢,

JAAf HEX MOAYYHM cAeAYIOUIME YpaBHEHHSA:

< =1 k1
r=mk, v=m%*,; @—\/ —1 l—n );
w=m* \/—— 1—n E ) (11-18)

Ha puc. 6 npescrasaen xoa Kpusbix r, 7, ¢, 7 B 3aBACHMOCTH
CT T AAA ABYXaTOMHOrO rasa (Hampumep BO3AyXa), y KOTOPOro

Ilpu usmenenuu 7 or 1 g0 0 Beanuuna r magaer or 1 z0 O,
% MoHOTOHHO pacTer oT 0 J0 V3=2. 24; 7 magaer or 1 40 0. Be.nn-
uyuHa Y Jocturaer Makcmmyma 0.58 upm #=0.53; =0 npn
=0 n w=1. B Touke makcumyma v npu &=0.53, y == ¢=0.90.

Ha npumepe mcrewenns Boszyxa KOMHaTHOH TeMnepaTypn
B aTMOC(EPHOro AaBACHHA B IPOCTPAHCTBO C noxmmemxbm AaBre-
HHEM NOKaxeM, Kak CAeAyeT I[OAb30BATbCA rpapukom puc. 6,
COCTABAEHHbIM B 6espasuepabtx peanunnax. llpu 17°C, p,=
=1 ara, 0, Bosayxa=1.2 xr/m’, ¢,—340 m/cex. Haiizem pemum
ucreueHus mnpn p=—=0.7 ara, w=07. Ha r paguKe HaXOAAM
r==0.785, orkysa 9=0.785-1.2=0.93 xr/m% ¢=0.67, oTkyaa
2 =0.67 - 340 = 227 mjcex.; y = 0.94; c = 324 m/cex. Ha.nerme CKO-
POCTH 3ByKa IIPR HCTEUEHUH €CTb CACACTBHE OXAAXACHHST TPH
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azuabaruyeckom pacurupennn. Haxouen, 9 = 0.54, uemy orseuaer
it 0.54-1.2.340=220 2.
cekynaupiit pacxog 0. . Kr|M?scex.
MakcuMaAbHasi CKOPOCTb NPM CTALMOHAPHOM HCTEYEHHH B Ba-

xyym aocruraer 340 V5 =760 m/cex.
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Prc. 6. 3asucumoctp Gespasmeproit mA0T-

mocrx (7), cRopoctu (@), exopocrn ssyxa (7)

= pacxoza (y) or Gespasmepuoro jgasae-

muft (7T) B ABYXaTOMHOM rase ¢ IOCTOSHHONR

renaoeMroctsio, k==1.4, npa craguonap-
HOM aAHG6GATHYECKOM UCTeYeHHH,

[lpu makcumyme ¥ cko-
pocrs gocruraer 306 m/cek,
[P BTOM  MaKCHMaAbHbIH
pacxog pasen 236 kr/m?-cek.

Beanuuns, oTHocammecs
K TOMYy COCTOSIHHIO rasa,
HPH KOTOPOM JOCTHraercs
MaKCHMaAbHRIL pacxog Ha
eAunuly cedeHus (MakcH-
MyM Qu, MaKCuMyM 1Y),
Ha3bBaeM KpPHTHIECHA-
MH H OTMEYAEM HHXKE HMH-
AEKCOM

PaccmoTpum cxemy onbi-
Ta TII0 HCTEYEHHIO rasa
(puc. 7).

Aesnii  cocya, coaep-
HKaliui ras nojz JaBACHHEM
Py CHabxeH DPOCTBHIM Cy-
marogEmcest HacazkoM (con-
aom). [Tlpu ymenbmenun
NPOTHBOAABAEHHA p, B IIpa-
BOM cocyZe, B KOTOpbI
BLITEKAaeT ra3, KOAHYECTBO
BLITEKAIONETO  rasa, co-
raacio Qopmyie Beameasn-
Cen-Benana (II-12, 1lI-18),
pacrer. Ognako, ecau
caejoBaTh opmyre Benue-
An-Cen-Benana, npu Bmcex
pexHMax TNPHHEMAs JaBAe-
HHE B BDIXOZHOM CEUEHHH
COTAa P paBHLIM JABAEHHIO
B npaBoM cocyae p,, TO,
HAYMHasg C  HEKOTOpPOro
SHAYEHHUSA POTHBOAABAGHAS,
JaAbHeilmee CHUAEHHE PO~
THBOAABACHHA JOAXKHO ObI-
A0 Obl mpuBECTH K YyMeHb-

LIEeHHI0 KOAHYeCTBa BbITEKAIOUIEro rasa; B YaCTHOCTH JAAsl HCTe-

9EHHS B BaKyyM NOAyuATCA GECCMBICA
uwit pacxog rasa pase O,
To ob6erosaTeAbcTso, 4TO MpPA AOC

SHHbIH BBIBOJ, YTO CEKYHA-

THXEHHR MAaKCHMyMa KOAR-

YyecTBa HCTEKRaIIero seiecrsa CKOPOCTb HCTeUeHAs KaK pas paBHa
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cropocru 3BykKa (cm. 1I-15), nossorser o6vacuurp ator mapajoxc
¥ TIPeACKasaTh, 4TS B AeHCTBHTEABHOCTH 6yAeT IIPOUCXOAHTD TIPH P,
MeHpIIeM p KpuTHueckoro (1. e. npu p,, menomem 0.53 p, ars
BO3ayxa).!

AeficTBATEADHO, C TOrO MOMEHTa, Kak JOCIIITHYTO KPUTHYECKOE
HCTEYEHHe, HUKAKUE CHIHAAbI HE MOrYT 6bITh coobmens o6paTHO
HCTeKamuleMy rasy 4depes CAOH

rasa, Apuxymufics co ckopocThIo, SE——
paBHOH ckopocTH 3ByKa. [lpu ‘ \l i

P,» MEHBUIEM Pyp, ZABAEHHE H CKO- N

POCTb JBHKEHHS B comae He 6y- , r-‘L

AyT 6oAaee MEHATDLCs, OCTaBasCh i

BCE BPEMA PABHBIMH KPHTHHE Puc, 7. Cxema onmra agrs me-

CKOMY JaBACHHIO H KPHTHYECKOH sevennn us cymapmehcs ma-

CKOPOCTH. cagxwu {conaa).
Koanuectso HCTEKAILEro

BeIecTsa, JOCTUTHYB MakCAMyMa, 6oAee He 6yJeT MEHATbCsH NpH

MEHDbIINX 3HAYeHHAX I[POTHROZaBAeHMA (NyHKTHp Ha puc. 6).

7\
[,
;

Pl “\N' [ f_';:l —
- bt L g -~ —y
i ;—ri: by 3_:) >

s S e

Puc. 8. Hereuenue cTpy® OPH HPOIMBOZA-
BACHHMHU, NPEBLINAIONIEM KPHTHIECKOE ZaB-
aerne. | Toaxpurnueckasn (103ByKOB2A) cTPyS
B cBoGoguom npocrpamcTse, Japaennme na
BBIXOAE CTPYM PABHO AABACHHIO B OKPYHAalO-
uedt cpese. CKOpocTh HMOCTENEHHO 3aTyXaeT
N0 Mepe pACIMPEHHA CTPYH BCAGACTBHE
moscOCa OKPYRAIOUIEro BENIecTBa.

[lpn mporneozasremun p, Takom, 4To py>p,>Pp,,, YcTa€a-
BAMBAETCS PEXHM HCTEYEHHs, NPH KOTOPOM JaBACHHE P B CTpye Ha
BBIXOJE M3 CONA2 B TOYHOCTH PAaBHO JaBAEHHIO p, B Toil cpeze,
B KOTOPYIO ras BhHITEKAET. -JHAYEHHA CKOPOCTH H pacXoAa MOryT
6bITh B3ATHI ¢ rpadura puc. 6 nozcramoBkolt &= p,[p.

Boirekaromas cTpya Ha ZoBOABHO 6GOABmIOM paccTosHuE (He-
CKOABKO JHaMETPOB CONAA) COXPAaHAET NOCTOSHHYIO CKOPOCTD
Ha oCH, YaCTHUB! rasa ABHXYTCsA N2PaAAEAbHO ¢ OAHHAKOBOH CKO-

1 Hcropus sompoca mpexpacHo HaAoxena B pykosogerse Crogoam [89].
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poctpio (puc. 8); Aarbuie CTPyA MOCTENEHHO PACIUHPAETCA M 3a-
MEeAASIeTCA 3a CUeT MepeMelMBaHHA C OKpyXalomell cpezoif.’
Ecax npoTuBoZaBAeHHE B CpEAE, B KOTOPYIO BHITEKAET CTPYs P,

MEHbHIE KPUTHYECKOro JaBAECHHA ph,p, PCKHM HCTCUCHHA B COIAC
HE€ 3aBHCHT OT P . B BbIXOZHOM CCYCHHH COIIAa ZaBACHHE pPABHO pl\,p

H COCTaBAseT ONpPEACAGHHYIO JOAI0 JaBAGHHA p, B pesepByape
(senMHoro 6oAbmE NOAOBHHBI pg), HE3aBHCHMO OT BEAHYHHDBL p,

Ogauako B 8TOM cAyvYae BHIXOAAIAA CTPYST HE HAXOZUTCA B PaBHO-
Becum ¢ okpymatowelt cpezgoil; pasHocTs ZasAeHuit p,—p, o6y-
CAOBAHBAET yCKOPEHHE CTPyH; NPHU
9TOM HapaAy C YBEAHYEHHEM CO-
CTaBAfIOLe# CKOPCCTH, HAMPaBAEH-
HOH N0 OCH coOIlAa, NONBASIIOTCH
pasuaArbHbIC coc'raBAﬂ!ogue CKOpPO~
crH, ofycacoBAamBarolgue pacmHpe-
nue crpyu (puc. 9). Dueprus pa-
AYAAbBHHX COCTABASIIOIMUX HE MO-
XKeT ObiThb HCIOAD3OBaHa, NOBIOMY
paforocnocobuocTs  CTPyd  OKa-
3hIBAETCST MSHbUIE, YeM CAejyeT
NpH 3aZaHHOM Mcpenaje AaBACHHA.

OKCnepUMEHT :APHOE  OCYIIECT-
Puc. O Herewcume croyn BAEGHHE B CONIAE CKOPOCTH HCT.-
cymaiomeics macazkn (comra) TCHH npespluialolleifi  CKopoCTh
npu mpoTuBojaBAeRWH, meHbmem 3BYKa M HMeoweid onpeseaeHHoe,
KPHUTHUYECKOTO, Aasrenue 8 3ajaHHDO€ HanpaBACHHE, ObIAO BIIEP-
CTPye B BRIXOAHUM CEJEHMU PaB-  pple JOCTHTHYTO LiBEJCKAM HHEe-

HO KPDHUTHYECKOMY, [I0 BBIXO,J€e A3 2 5 ’
comns aamenne s orpye manson, HEPOM Aaparem.? B coraacua ¢

cKOpocTs yBeAaumsaercsl, crpys WOPMYAAMH, BbINHCAHHDIMH Bbllle,
pacuimpsieTes. KOrja CKOPOCTb HCTEYeHus TNPEBbl-
IUaeT KPHTHYECKYI0 BEAMUHHY, paB-
HYI0O CKOPOCTH 3BYKa, PACX0J Ha €AWHMLY MNAOWaAH Qu NaZaerT,
H, CAEJOBATEADHO, JAAS COXPaHCHHS NOTOKA BEIIECTBA, COTAACHO
(lII-1), uyxuo yBeAmuHzaTb ceuenme conaa.
axum o6pasom, AaBarb mpumeA K KOHCTPYKUHH COMA3, HOCA
Iwero ero umsA u H3oGpaxenHoro ma puc. 10,
AaauM  cHOBa UHCACHHBI INPAMep AAS TEYEHHUs BO3ZyXa.
accyMTaeM CONAO C pacxoZoM 1 kr/cek mpu CKOPOCTH HMCTeueHUsA
527 wmfcex. Benomunas onpegerenue Ge3pasMepHbIX BEAHMUMH, Hal-
aem ¢ nouowpio popmya (IlI-18) uam rpaguka puc. 6, uro aas

i Tlponece nepememupanus n 3aMeaAeHHA cTpyH Hccaeqosarn I, H, A6pa-
mosmy (UATH) u C. H. Cuipxun u Aaxoscxnit (LLKTH).

2 B oamocrynenvaroit mapomofi TypGume AaBars AN ZOCTHmeRHT Xopo-
UIEro TEPMUUOCKOIrO K. 1. X, Heo6XozmMo GuA0 paboTaTs Ha GoAbIIOM nmepemase
Aapreunfi p,~—p, NPEBbINAIOEM KPUTHIECKHH. Arst venoabsoraaus ero Gea

noTeph ¥ TOHAAOOHACA NepexoZ K CBEPX3BYKOBOH CKOPOCTI.
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¢ = ;0— = 527/340 ==1.55

He0S5X04uMOe [IPOTHBOZABACHHE 5 =mx=0.1.
0
Takum 06pasoM Npu BTekaHUH BO3AYXa W3 aTMOcpepnt po== 1 aTa,
uporusogasrenne cocraBaser 0.1 ara. [lpu arom 3 ==0.3, pacxox
Ha €ZWHHIY MAOILIAJH COCTABAAET:
0.30,¢,==0.3 - 1.2 rr/m® - 340 m/cex =124 xr{m* - cek.

3agaunoMy oOuemy pacxody 1 Krjcek OTBeuaeT CeueHHe Ha
poixoze comaa 1:124==0.008 M*=80 cm? avameTp kpyraoro

Dume. 10, Conro AaBars ZAA NOAYUEHUsS] RApaBAEHHON CTPYH
CO CBEPX3BYKOBOH CKOPOCTHIO.

Puc, 11, Pasauunbie pexuMbi cTagUOnRapHOro azuabarmue-
ckoro ucreuenus B comie Aapars.

orsepcerus 101 mm. B kpuruuecxom, mauGoaree yskom, ceueHuH
y 058, pacxoz 240 xr/m®-cek, mnromaan ceuemms 42 o’
auamerp 73 Mm.

3azaBmuch OMNPEAEACHHBIM COCTOSHHEM ra3a B COCyAe, H3
KOTOPOTO OH HCTEKAeT, MOCTPOHM BCE BO3MOMHDIE PEXUMDL HCTe-
venust (puc. 10 u 11), oTamvaiouecs BeanruuHON cexymgHOro
pacxoaa rasa A. [loctpoenne momer 6biTh MponeseHo ¢ NOMOWbIO
kpuso#t 1 puc. 6. Jas kamgoro 3HaueHus abcumCCHl X HaXo-
Aum Ha puc. 10 ceuenme conna F, BbIYMCASIeM BEAWMHHY 9, paB-
nyio AlFey0,, nakonen, 3Has 1!, UUlEM COOTBETCTBYIOIINE BHAUCHHS
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6e3pasMepHOro JAaBAeHHs. |4k Kak KpHBad 9 puc. 6 yMeeT MakcH-
MYM, TO HPH HEKOTOPOM IPOMSBOABHO 3aJaHHOM 3HAYEHUH 1) Mbl
6yaem nMeTs, KaK UPABUAC, AHGO 4Ba, AM6O HH OZHOTO 3HAYEHHS 7.

Ecau mbparn mananit pacxog A, rtak uro A<F,_ v, 0 cy
MBI oAyuaeM napy Kpusbix, Hanpumep, / ¥ § uau 2 u 7. Huxnue
kpusbie 7/ 1 8 MOryr 6mTb OCYIIECTBAEHHI AMIIbL B TOM CAYYae,
€CAu B CONAO CA€Ba NOCTyfaer ras, yxe ABMKyliuiics cO cBepx-
3BYKOBOH CKOpPOCTBIO, YTO NPOTHBOPEYUT 3aJaHHOMY COCTOSHHIO
noxost npu x=0.

Bepxnne xpunme 7 u 2 npescTaBASIOT COBEpLICHHO pasyMHble
peIleHus, OCYILECTBASIOILHECS B JeHCTBUTEABHOCTH IPH HPOTHBO-
AaBAEHHM B MHTepBaAe p,— p,. Kauecrsenno ssumenme nuueM
HE OTAHYAeTCS OT JABHMCHUS HECKUMAeMOH XuAKOCTH B Tpy6ke
Benrypu; pacumpsiomascs wactb conaa ANaBaas urpaer Poab
anddysopa, BOCCTAHABAMBAIOWIEFO YacTb AHHAMUYECKOTO HANOpPa
xugroct. [Ipu nonbiTke noeTpouTs pemum ¢ pacxozom 6oabire Kpu-
tHyeckoro, A>F, Y., Q €, B cepeauHe Tpybxu Mbl He
uMeeM Hukakoro pemenns. CooTBercTBylomue mnapH KPHBbLIX
70 w 17, 9 u 12 ne orBeualdT HUKAKOMY DPEAABHOMY JBHKEHHIO
AHAKOCTH.

aKoney, MpH kpuTH¥eckom pacxoge A=2F_ v  0,c, BbI-
meAmn# H3 HCXOZHOH TOUKH Py, X, OTpe30K Kpusoit 3 momazaer
B KPDHTHYECKOM CeuYeHMH B TOUKY pasBeTBAeHHs. llpw nmpormeo-
ZaBAGHHMH p == p, OCYUIECYBATCA AHHMS 3—4, NPUMBIKAIOWIAN K M0~
3BYKOBbIM pexnmaM / m 2.

[Npu nporuBogaerenun p,=p; ocymecrBArseTcs Auumsa 3—3,
conao AaBars gaer CBEpX3BYKOBOH NOTOK.

JarbHelnlee yMenblleHLEe JaBACHHA He MOXET HBMEHHMTD ABK-
menua B conre. [lpa p, < p; B conAe nonpexneMy OCyIIECTBASETCA
AuHMSL 3—5 ¢ nocAeAyIOWHM pacliMpeNMeM Ha BBIXOJE H3 COIAA.

Ousnako Mbi He MOXeM CkasaTb, 4TO MpPOH30HAET NMpu MPOTHBO-
ARBAGHUH, A€XaleM B NpPOMexyTke Mexagy py; H py. Orser nam
YAaCTCA NOAYYHTb AHIID NOCAe pa36opa TEOPHH YAAPHDBIX BOAH
(cu. § XVIII). Hocrpoenne gopmbr conra, Aaroweif CTpOro paBHO-
MepHbI# IOTOK, BHMXOZHT 3a PAMKH O0JHOMepHOj Teopuu. [To sTomy
BONpOCY CM., HalpuMep, pabory Bysemana [40].

§ IV. CnoiicTea cBepxsBykoBoro moroxa

B mpeamigymem naparpage Mm paccMoTpeAu TEOpPRIO comAa
AaBaas, NO3BOASIONIEr0 NOAYHMTb CTAUMOHAPHHH IapaAAEAbHbIH
NOTOK Fasa, ABHAKYILErocAd CO CBEPX3BYKOBOH CKOPOCTBIO.

Co Bpemenn msofperenus comaa JAaBars 6biro npoBeaeHo
3HAYHTEAbHOE KOAMYECTBO HCCAECAOBaHMH CBOHCTB CBEPX3BYKOBDIX
TOTOKOB, KOTOPbiE€ BO MHCTHX OTHODICHHAX PESKO OTAHYAIOTCHA OT
CTPy# rasa, ABHKYIIHXCA CO CKOPOCTBIO MeHbiie# CKOPOCTH 3BYKA.
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[To o6pasnomy Boipamennio Ilpamaras, cmepx3ByrOBO#H mOTOK
CAENIO HATLIKAETCA HA IPENATCTBHE, JTO 3HAUMT, YTO BOSMYIGEeHHe
OT NPEMmsATCTBHS He yCHEBaeT PacHPOCTPAHHTHCA BIEPEJ, HE yCIe-
BaeT MPeAyNpeJuTb WacCTH[IbI KHUAKOCTH, ABHAYIIMECS HABCTPEUY
NPEeNATCTBHIO, O TOM, UTO MX OXHUJAET; B PEIYAbLTATE XapaKTep
O0TeKaHHWs NPENATCTBHH, XapakTep ABHAMEHHT CBEPX3BYKOBOIO
MOTOKA OKas3biBAETCHA COBEPINEHHO OTAMYHBIM OT OOBIYHBIX KAPTHH
ABHAEHUA HecxkuMaeMOH xuprocTu.!

AArs mosicHenus pacemoTpuM cHawaAa mpocTefmu#i  sKcoepH-
MEHT: B HEeKOTOPOM MOTOKe, HaYMHas C ONPEAEAEHHOrO MOMEHTA

a) &

Pmc. 12, PacnpocrpaneHme BOSMYLIeHHs OT HCTOYHHMKAR B IIOTOKe,
ABERYyIIEMCs cO CKOPOCTBIO, MOHBIIEH CKOPOCTH SByka (@) mAm 6oab-
meft cropoerz sByKa (6).

BpeMeHH, Mbl 6yzeM MepHOAHYECKH, Hepe3 paBHble NPOMEXYTKH,
€032aBaTh B ONPEJEACHHON TOUKE TO HAH WHOE MaAOE BOBMYIIEHHE;
B TOKOAIIEMCs rase OT BhISBAHHLIX HaMH BO3Myllemu#f pacmpo-
CTPaHHAMCH Gbl INaPORbIE BOAHBL CO CKOPOCTBIO, PABHOH CKOPOCTH
3ByKa; B ABHXYIIEMCS IIOTOK® Ha PacIpOCTPaHEHHE WAPOBbIX BOAH
HaAOMHTCA JABHAEHHE NOTOKA KaK [EAOTO, APYFMMH CAOBaMH, —
IWAPOBbIE MOBEPXHOCTH BOSMYIJEHHs GYAYT CHOCHTbCSA IOTOKOM;
OZHAaKO, B 3aBHCHMOCTH OT TOTO, GOAbIE HAH MeEHblIe CKOPOCTH
TOTOKA CKOPOCTH 3BYKA, BOSHHKHYT JBE COBEPIICHHO PaSAHUHBIE
KapTHHbL

Ha puc. 12(a m 6) Bosmymenne npomssoguTCa uepes paBHbIe
VHTEpPBaADbI BpeMEHH T B TOUKax () KaxjOro pucyHka. 3a Bpems T
Ha puc. 126 nunorox mpoxoaur paccrosHme ur=—2.5 cM; Ha
puc. 12a, rze CKOPOCTD ABHKEHWA MEHDIIE, PaCCTOSHHME UT ==

9 d]
1 Us popuya § Il eugno, uto y mecxmmaemoit muaxocru i =0, £
¢ == €O, CKOPOCTH SBYKA GECKOHOUHS, ABHMCHHE OCTAGTCA ,TIOASBYKOBHWM® mpwm
AlGol cropocTH.

:w'



42 $1V. Ceoticmea c6epx36yK06020 nomoxa

-==1.5 em. Cropoctb 3Byka ¢ B 060HX CAydYasx OZHHAKOBA U TaKoBa,
ayto ¢cv=2 cm.! B noxosemcs rase Mbl HOAYYHAR Obl PAJ KOH-
genTpuueckux mapoB R;, Ry Rj; pagmyc kaxjoro caezyomgero
mapa Ha 2 cM 6oabwe paguyca npeamaymero. Ha puc. 12a u 6
nokasaHo, KaK ©9TH IIapOoBbleé [OBEPXHOCTH CHOCATCA MO~
TOKOM.

B notoke, aBuaygeMesi cO CKOPOCTbIO, MeHblleff CKoOpocTH
3ByKa, BO3MYIIEHHE CMOMXET NPOHTH HaBCTPEUy HOTOKY, W HOCTe-
‘IEHHO, C TEYEHHEM BPEMEHH, BECh HOTOK OKaXEeTCH BO3MYIIEHHDIM.
Bosmywenne 3sanmoAmHT BClo 0o6AacTb, B KOTOPOH JABHAETCA
xugrocts (puc. 12a).

B cmepx3sByroBoM notoke, xak BHAHO M3 puc. 126, Bo3MyuLe-
HHE OXBATHT AHIIb Y&CTb NPOCTPAHCTBA, 3aKAIOYEHHOIO BHYTPH
KOHyCa BpalIeHus. Y roA STOr0 koHyca HeTpyAHo Haitu. Kak Buano
M3 pHCYHKa, Sinc. (rge 0. eCTb LEHTPaAbHbIA Yroa Kowyca) pas-
uaercsa c/u. Ecau ucTounukom BosmymeHHil SIBASETCS TO MAM WHOE
NPensTCTBHE, NOMELeHHOe B MOTOK rasa, TO B IMOA3BYKOBOM
MOTOKE MBI NOAYYMM OOBIYHYIO KapTHHY OOGTEKaHHs NPENATCTBHS,
npH KOTOPOH CKOpPOCTb JABHEEHUA BO BCelt ofaacTa TeveHHd
KUAKOCTH OTAHYAETCS OT TOH CKOPOCTH ABHKEHHUS, KOTOopas 6biaa Gbl
B OTCYTCTBHH IHpensTcTBHA. BbIsBaHHoe mnpensArcTsEeM BO3MylLe-
HHE C TeUeHHeM BPEMEHH OXBATBIBAET BeCb O6BEM, NAABHO crazas
K HyAI0 Ha 3HAYHTEADLHOM PacCTOSHHM OT mpenaTcTsui. B cmepx-
3BYKOEOM NOTOKE BbI3BAHHOE NPEISITCTBHEM BO3MYILUEHHE ABHKEHHUS
6yAET OTAMYATBCSA OT HYAs TOABKO BHYTPH KOHyCa C HaHAEHHBIM
BBIIIE [IEHTPAAbHMBIM yraoM (O ZABMXEHHM B HENOCPEACTBEHHOH
OKPECTHOCTH OBTEKaeMOro Teaa, r'4e BO3MyLIeHME HEAb3A CUHUTATb
maabM, em. § XVII).

Tax Mbl moayuaem xapakTepHyl0 AAsl CBEPX3BYKOBOrO IOTOKa
KapTHHY CTAUMOHAPHHIX SBYKOBBMX BOAH, OTXOAAMUX OT Aw6oro
MOMEILEHHOr0 B CBEPX3BYKOBOH MOTOK NPENATCTBHSA HAHU BO3MY-
WeHns. JTM BOAHBI, TaK HasbieaeMmble BOAubl Maxa (no mmenu
HICCASZOBABIIEr0 MX BEHCKOrO (U3MKa), HO3BOAAIOT 4pe3BblYaiHO
AErKO ONPeJEeAHTb CKOPOCTb JBH:KEHHS NOTOKAa HAH, Haobopor,
CKODOCTb JBMAKEHHS TEAa B HEMOABHKHOM rase MO H3MEPEHHIO
yraa, o6pasyeMOro IIOBEPXHOCTbIO BOAHBI C HaNpPaBAGHHEM JBHAE-
gua (yraa Maxa). Boo6e rosops, ecam HeussecTHa CKOPOCTB
3ByKa paccMaTpHBAEMOro rasa, TO BO BCAKOM CAydae HabArozeHue
BoAH Maxa u usmepenue yraa MexAy HHMM [IO3BOAAeT HalTH
OJHY CBSI3b— OTHOWIEHHE CKOPOCTH JABMXEHHA K CKOPOCTH 3BYKa
MCCAEZYEMOrO rasa.

Ojuako B Tex cAywasix, KOr4a HEM3BECTHO COCTOAHHE ZBH-
Myuierocs rasa B ZaHHOM MecCTe NOTOKa, 06bidHO GbiBaeT U3BECTHO
ero ,,CoCTOsAHHE MOKOA“ — COCTOSIHME B TOM COCYJe, U3 KOTOPOro
NPOMCXOAHMT MCTEYEHHE rasa H I'je CKOPOCTb rasa Maaa. Ypas-
Heune Depmyaam u ypasmenme yraa Maxa gocTarounnt aaa

1 Pucynok 12 BhimoaHeH B yMeHbIEHHOM MacmTabe,
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onpeJereHHUsA JABYX BEGAHYHH — CKOPOCTH 3ByKa H CKOPOCTH JABH-
HEHMA

0]

2 2
Jo= g~ %; sino =-Z—; (IV-1)!
OTKyZAa
2(k-—1)sin2a o 2 8in%

E—1+2sinZe S0 F—1+ 2sin%’

(Iv-2)

2__
R S N F

[To gopmyram (I1lI-18) waiizem sapaesme ¥ NAOTHOCTb rasa
B NMOTOKe (B NPEANOAOMEHHH [OCTOSHCTBA JHTPOIHH, BEPHOM
IPH OTCYTCTBHH yZapHDIX BOAH B B KODOTKOM COIMAE).

3aMedaTeAbHa Ay6OKast awarOrMs MemAy SBACHUAMH, KOTO-
pbie Mbl HabAIOZaeM B rasoBOH JHHaMHKe, W TeYeHHEM TAReAoH
HecKHMaeMOH MHAKOCTH B OTKPMTOM cBepxy kamare [7, 22, 73].
OTa aHAAOTHA MOSBOASET AEIKO BOCIPOHSBECTH ,CBEPX3BYKOBOHR"
NOTOK MHAKOCTH C OTKPHITOH HOBEPXHOCTbIO, AEIKO OCYIIECTBHTD
H3SAIUHBIE e MOKRCTPAIIMOHHbIE OTBITH H, B YACTHOCTH, MOKa3aTh CTa~
LIMOHAPHOE PACIPOCTPAHEHHE BOAH I10 IOBEPXHOCTH KHAKOCTH B CAY-
4ae, ECAM AKHAKOCTb ABHKETCS CO ,CBEPX3BYKOBOR cKOpPOCTHIO.

Ykasanuas amarorus MexZy MHAKOCTBIO cO CBO60ZHOR mOBepX-
HOCTBIO M CHKAMaeMbIM rasoM HMeeT NPOCToe (U3HYECKOE OCHO=
panue, JeHCTBHTEABHO, DaCCMOTPHM OTKPHITBI CBEPXYy KaHaa,
B KOTOpHHA Haamra maaxoctb. Mensa zapaenue, moanupas xuzKOCTh
B KaHaAe, Mbl MOKEM MEHATb YPOBEHb AHIKOCTH H TEM CaMbIM
MEHATb KOAMYECTBO MHIKOCTH, IPUXOAANMIEECS Ha €AHHULY NOBEPX-
HOCTH AHa KaHaAa HAKM Ha eJUHHLY AAKHBI Kanaaa. llpouecc Bbi-
HUMaHWUsA BBEPX MHAKOCTH, HaxoAsdulefics B KaHaAe, COBEPIIEHHO
aHaAOTHYEH MNPOUECCY CXKATHSA rasa, HAXOAAIIErocs B 3aKPbITON
co BCex cTopoH Tpybke. Tar, HallpUMep, KaHaA IPSMOYTOABHOIO
CEYeHHS BKBHUBAAGHTEH rasy, MNOAYBHAIOMEMyCA 3akoHy Dolias-
Mapuotra, u60 B KaHare ¢ MPSIMOYrOABHBIM CEYEHHEM KOAHYECTBO
KHAKOCTH, NPHXOJALjeecH Ha eJUHALY IOBEPXHOCTH AHA, T. €. TO,
YTO MOMHO Ha3BaThb HAOTHOCTbIO (OTHECEHHOH K eAMHHLE NOBEPX-
HOCTH), IPONOPUAOHAADHO AABAEGHHIO Ha ZuO. PoAb ckopocTn 3Byka
rasoBol ZWHAMHKH, B CAYYae¢ ABHKEHHS XHJAKOCTH C OTKPBITOH
IIOBEPXHOCTBIO, HTPAET CKOPOCTD PACIPOCTPaHEHAA IO [I0BEPXHOCTH
MUZKOCTH TPABATAIMOHHBIX BOAH. TaK e, Kak B rasoBodf juna-
MHKe, B H3BECTHBIX YCAOBHAX MOXHO OCYECTBHTb ,CBEPX3BYKO-
BOH#" MOTOK MHAKOCTH, T. €. NOTOK, B KOTOPOM CKOPOCTDH ABHAEHHS
KUZKOCTH GOALIIE CKOPOCTH PACIPOCTPaHEHUs BOAH IO ee OTKPbi-
TOH MOBEPXHOCTH. TaKo# MOTOR AErKO HAGAIOAATD, HAIPABUB CTPYIO
BOZbl C BbICOTHI B HECKOABKO JECATKOB CAHTHMETPOB Ha TAAZKYIO
IAOCKYIO IOBEPXHOCTb. B6AM3H MecTa mageHus CTPyH, HA NOBEPX-

1 Ars manmcanus (IV-1) ucmornsyem (III-5) n (11I-16).
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HOCTH BHYTPH KPYTa ANAMETPOM B HECKOABKO CAHTHMETPOB, CAOH
KUAKOCTH OYEHD TOHOK, KHIKOCTD ABHKETCA ¢ GOALIIOH CKOPOCTBIO.
Beegs B aTOM MecTe TO MAM MHOE TPENATCTBHE, HANPUMEP HIAY,
Mbl HabAI04aEM XaPaKTEPHYI0 KapTHHY CTALUOHAPHLIX IIOBEPXHOCT-
HDBIX BOAH, HCXOJZAILMX OT HIADbL IO ONPEAESACHHBIM YIAOM U BIIOAHE
aHaAOTHYHBIX BoAHaM Maxa B cBepx3ByKOBOM HoTOKe rasa. 3a mpe-
AeAaMH Kpyra JAMaMeTpOM B HECKOADKO CAaHTHMETPOB TOAILHHA
CAOsi XHUZKOCTH Ha HPOTAMEHUH HECKOADKHX MHAAHMETPOB PESKO
YBEAHUHBAETCA, 4TO COMPOBOKAALTCA NaJEeHHEM CKOPOCTH ABHAEHYS
xuakocTH (aHAAOTHA yAapHOH BOAHDI, paccMaTpUBacMOH Huxe).
B sToit, BTOpo#t 06AacTH, rae caolt muAKOCTH CPaBHHUTEABHO TOACT,
a CKOPOCTDb ZBUAKCHMA HUAKOCTH COOTBETCTBEHHO HeBeAnKa (Menbie
CKOPOCTH PacIPOCTPaHEHUS KOAeGaHuit IO TOBEPXHOCTH KUAKOCTH),
CBOHCTBa MOTOKA COBEPUIEHHO HHbIE,

UacTo BCTpedarouieecss MOSTHYECKOE NPOTHBONOCTABAECHHE IIH-
poko#i noamoBogHOH pexH, niaBHO Texyuie#f B cBomx 6Geperax,
¥ FOPHOTO Pyubsfl, GbICTPO, € OrPOMHON SPOCTHIO, CAENO HECyLIe-
rocsi MO KaMHAM, OKasbiBAETCA ropasio TrAy6me, 4YeM 8TO MOXHO
6bir0 AyMaTb. JEHCTBUTEABHO, B BTHX CAy4YasX Mbl HMEEM JEAO
He TOABKO C KOAHYECTBEHHBIM Pa3AUYHEM CKOPOCTH ABMMKEHHSA,
Baarozaps marmumio omnpejeAenHoHl xapakrepucTuueckoit cko-
POCTH — CKOPOCTH pPACHPOCTPAaHEHHsT BOAH IO rpaHulle pasjera
BOAbl M BO3AYXa,— ABa [OTOKa (NOAHOBOAHAS peKa M TOPHMIH
pydel) OKasHIBAIOTCS KaYECTBEHHO PA3AHYHDIMH,

Hsmepenne TemmepaTypbl CBEpX3BYKOBOTO TNOTOKA B COTAE
AaBars mpHBEAO K BecbMa MHTEPECHBIM pesyibTatam. B nporneo-
MOAOKHOCTD TOMY, YTO JaeT pacueT MO (POPMyAaM NPeABLIAYILETrO
naparpada, Temieparypa Trasa, H3MepeHHas IOMELUEHHBIM B MOTOK
TEPMOMETPOM WAH TepMONapPOH, MOHHKaeTCs HE3HaYHUTEABHO, OKa-
3biBassch BecbMa Oamakoff k Temneparype rasa B pesepayape,
¥3 KOTOPOrO IPOHCXOAMT HCTeYeHHe. 1ak, BO3AYX, HCTeKas
U3 pesepByapa, B KOTOpoM o umer temuepatypy 300°K, zorxen
HMETb B KpuTHUeCKoM ceueHuH remnepartypy 250°K u B ceuenun,
B KOTOPOM CKODOCTb NMOTOKa paBHa ABOHHON ckopocru ssyka (2c),
167°K=—106°C. Ognako nsMepennas TepMomapoil Temnepa-
Typa B BTOM MEcCTe OKasbiBaeTcs pasxo# npumepno 280°K. B aeii-
CTBUTEADHOCTH TaKOH PE3YAbTAT SBASETCS BIIOAHE €CTECTBEHHbBIM,
160 u3MepeHHe TEPMOMETPOM HAH TEPMONapoR He AEAAET PA3AMIHA
Mex/ly TENAOBbIM ABHXEHHEM, T. €. XaOTUYECKHEM JBHKEHHEM MOAE-
KYA, ¥ MacCOBBbIM JBHMEHUEM rasa, T. € OPraHA30BAHHBIM IIOTOKOM.
[lonstHO nosTOMy, uTO M3MEpEHHAs TEPMOMETPOM HAU TEPMONapOH
TEeMUEPATypa SABASETCH B AeHCTBHTEABHOCTH MEPHAOM IOAHOH dHep-
THH Trasa, MEPHAOM CyMMbl TemAOBOH K xuHeTHueckodfi sHeprum
rasa, T. €. u3MepsieT BEANYHHY, KOTOpasg B IIOTOKE NPAKTHUECKH
He MeHseTcs, ECAHM MBI DACCMOTPHM NAACTHHKY, NOMEIIEHHYIO
B MOTOK HOPMAaAbHO HANPABACHHIO ABHXKEHMH, TO, NPOCAEKUBaR
AMHHIO TOK2 BOAH3H AACTHHKH, Mbl y6eagumcsa, 9TO, NOAXOZA
K NAACTHHKE, ABHAYIUMHCS ras NoABEPraeTCs TOPMOXKEHHIO, C ueM,
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no teopeme Depuyarn, ¢Basano o6paTHoe BospacTanue ZaBAeHus
M — B YCAOBHAX rasa — COOTBETCTBYIOLlee€ BO3pacTaHHE TeMIepa-
Typbl 40 TeX SHaueHHif, KOTOPble AABACHUE W TEMIepPaTypa HUMEAM
B NMOKOAILEMCA Ta3e B pesepByape, W3 KOTOPOrO ras BHITEKaeT
yepes comrao.! Ecrecrsenno mostomy, uto pacnoaomensas Hop-
MaAbHO K JBHAEHHIO [OTOKAa NAACTUHKA NPHMET He WCTHHHYIO
TEeMIIepaTypy JABHAyLIErocs rasa, a IIPEMET TeMIepaTypy rasa
BaTOPMOMEHHOTO Y MAACTHHKH, COBNAJAIOWYI0 C Ha4aAbHOH TeM-
mepaTypoif rasa, KOTOPYI0 OH MMEA JO TOrO, Kak OH MPHIIEA
B zBumenne (T. H. TEMIEPaTypy MOKOs).

PaccmarpuBas nAacTHHRY, pAaCHOAOXKEHHYIO TaHIEHUAAABHO
K AMHASM TOKa, HaZeM ZPYryl0 OPHYMHY NOBLIIEHHAS €e TeMmue-
paTypbl; B TOHKOM HOTPAHHMYHOM cAOe BOAH3H MAACTHHKH, rje
CKOPOCTb ABUAKEHUSI CHABHO MEHSETCsS] HA MAAOM PacCTOgHUH, GyAeT
[PORCXOAUTD BbIJEACHHE BHAYUTEADHBIX KOAMYECTB TEHAA B PE3yAb-
TaTe BHyTPeHHEro Tpenus rasa. Vs moaekyaspHO-KuHeTHYECKOMH
TEOPHH [a30B CAEAyeT CBASh MEXAY KO3(OHUIHEHTOM BHYTPEH-
HEro TPEHHS Y TEIAOIPOBOAHOCTDIO rasa. Cpasb Mexay ddQexrTHB-
HOH BA3KOCTHIO M 3PPEKTHBHOH TemAaonpoBojHOCTBIO B TypOy-
AGHTHOM MOTOKE TaKie YAOBAETBOPSET STOMY COOTHONIEHHMIO.
Baarozaps sroit cBasm oOKa3spiBaeTcs BO3MOXHBIM B O6jeM BHAE
TOAYYHTb COOTHOHMIEHHE MexAY BHJAEACHHEM M OTBOZOM TellAa
B [OrpaHuyYHOM CAOE.

[Npousseaennnit Ioasraysenom pacuer[74] noxasnisaer, B co-
rAaCHH C ONBITOM, UTO TAHIEHLHAABHO PACIHOAOXEHHAs NAACTHHKA
Takie NPUMET B rase TEMOEPATYpy, BecbMa GAMSKYIO K TeMIepa-
Type mokoa (cp. Takxe [6, 31]). Ot 100 a0 85%, xumernueckoif
SHEPrud Nepeizer B TENAOBYIO SHEPTHIO ra3a B MOTPAaHHYHOM CAOE
B6Ausy naacTuHKH. COOTBETCTBEHHO TeMnepaTypa AACTHHKH GyAeT
KoAeBaTbcsas Mmexay Temnepatypodt mokos u 0.85 Temmeparypel
nokos natoc 0.15 merunnoft Temmeparypnt rasa?

Tnoxox > Tn:\ac'r > 085 Tnoscox —+ 0-15 Traaa' (IV'S)

At Toro urobGbl MSMEPWTb HCTHHHYIO TeMiepaTypy rasa,
ABWARYIIErocss CcO 3ByxoBoH HMAM OAM3KOH K 3ByKOBOH cCkO-
pocThio, HeOGXoAuMO mHpuber€HyTb K cnocofy, B KOTOPOM Tep-
mMoMeTp aBHranca 6ol BMecTe ¢ rasoM ¢ Toil xe ckopocrbio. [Ipax-
THAYECKH YyZOOHbIM Crocof0M sIBAsieTCA pa3BHTas B [OCAejHee
BpEMA METOAMKA WSMEpeHHs TEeMIepaTypbl [0 ABAEHuHIO o6pa-
uleHust cneKTparbEbix Auen#. OAHako dTa METOZMKA NPHMEHHMA
AHIIb IPYM CPABHUTEABHO BBICOKHX TEMIIEpaTypax, BO BCAKOM CAydae
sbmue 1000°C,

1 Kax Mot ysuaum B § XVII, npu marmuun yaapHofi BOAHBl jaBAeHHE IOA-
FOCTDIO He BOCCTAHABAWBAETCS; OFHAKO TEMIEepaTypa NONPemHEeMY IOAHOCTBIO
BOCCTAHABAHBAETCH A0 BEAHTHHMW , TEMUOPATYPhl HOKOA® MPH TOpMOMEHHH,

2 Mu paccMaTpuBaeM TemA00OMeH OAACTHHKH TOABKO ¢ rasoM. OToA Temaa
BHYTPb DAACTMHKH MAK M3AYHYCHHE C NIOBEpXHOCTH NAACTUHKH MOBUASIOT TeMme-
patypy mo epxmocrn (cm. Kmbean [10]).
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Bonpoc o rtemneparype, KOTOPYIO {IpHHHMAeT MOBEPXHOCTD,
obrexaemMas JBHAYIQUMCH C OGOADIIOH CKOPOCTBIO IasOM, HMeEeT
60AbLIOE TEeXHHYECKOe 3HadeHHWe, u60 paspurue Ta30BBIX TYpPOHH
R UX K. 0. 4. ONPEZEASIOTCA B HACTOsIee BpPeMsl UMEHHO MaKCH-
MaAbHBIMH TEMIEPAaTypaMH, KOTOpPbIe CIIOCOGHBI BbBIAEPKHBATD
AonaTku rasoBoii Typ6unpl. Kak mbl BuAMM, HeZomycTHMO HpUpaB-
HABaTbh TEMNEPATypy AONATOK K TeMieparype rasa. 1eMmeparypa
AOHATOK Bcerga 6yAer HeCKOAbKO Goablle 33 CYeT KMHETHYecKOii
9HEPrHu JBHXKYILIErocs rasa.

§ V. Teuenne rasa B AAMEHOH BDHAHHAPUYECKOH Tpybe

PaccmoTpum gBM:eHHe rasa IO AAMHHOH UHMAMBAPHYECKOR
Tpy6e, TEMAOMSOAHPOBaHHOH cHapyzku. Mbl BBEAR TENAOH30AALMIO
AAF TOrO, 4TOGBI MMETb BOSMOMHOCTD CYHTaTb MOAHYIO SHEPIHIO
IOTOKa HoCTOsHHOH Bo Beex ceuenusax. OQaraxo B mpoTHBOMOAOH-
HOCTb TOMY, U4TO Mbl JEAaAH MU paccMoTpenuu comra JaBahs,
KOPOTKHX COIleA M Hacajok, Mbl 3Zecb He 6yaem 6oabiie mpeHe-
fperaTb TpeHHEM rasa O CTEHKH, T. €. CONPOTHBAGHHEM ABHMe-
umo noroka. CoBmecTHOoe JeficTBHe BBIAEAGHHS TENAR, TPEHHS
BOAM3N CTEHOK M TENAOOOMEHa MeXkAy CTEHKaMHU U ra3oM IPHBEJET
K TOMY, 4TO TEMIEPaTypa CTEHOK He 6yJAeT OTAHYATBCS OT HadaAb-
HOH TeMmmepaTyphbl rasa B pesepByape, H3 KOTOPOTO OH HCTEKAaeT
(cm. mpeabigymuit naparpad), a cAeZ0BaTEABHO, B TOM YaCTHOM
cAyuae, KOTZA Fa3 B pEe3epByape HaXOAUTCS MPH KOMHATHOH TeM-
nepaType, TEIAOHSOAALHA B AeHCTBUTEABPHOCTH He MOHAZOGHTCH.

BBoas ruazpaBamueckoe CONPOTHBAEHAE JBUKEHHIO HOTOKA,
T. €. BBOAA HEOGpaTUMble NPOILECChI BHYTPEHHErO TPEHHs, Mbl HE
MOxeM GOAbLIE CUHMTAThb SHTPONHIO TOTOKA MOCTOSHHOM, B CHAY
Yero HallK PE3YAbTATHl H METOZbl OYAYT HECKOABKO OTAHYATHCS
OT pe3yAbTatoB u Merozos paccmorpenus § IIL

CocraBum ypaBueHHS paccMarpHBaCMOrO ABHXCHHSA, CUHTask
ceuenme TPybpi nocrosuEbiM. M3 mocrosmcrsa moaxoro pacxoga
rasa B AIO6GOM cedenud TPyObl MBI NOAYYHM II€PBOE€ ypaBHEHHe:

ou=—M=const. (V-1)

Taxxe MOCTOAHHBIM ABAAETCA NOAHbIH NOTOK dHepruu (maroc
paboTa CHA AaBAEHHs), OTHECEHHDbIH K €AUHHIE ceueHus TPy6bI:

3

u
QT =const. (V-2)
Ho Tax kak mocTosHHO H caMO KOAWWUECTBO MPOTEKAILIEro Berge-
cTBa, TO, PasfeAWB BTOPOE YpaBHEHHE Ha NEPBOE, Mbl MOAYYHM
NOCTOSIHCTBO CyMMBl SHTaAbIMH / H KHHETHYECKOH SHEPrHA eam-

HMIIBI MacChl B TOTOKE:

pu-+ouk +

u2

[+ —-=const= I, (V-3)

3aech, Tak k€ Kak M pasbie, mbl o6o3HaumAM uepes [, du-
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TaAbIIHIO Ta3a 4o BXoga B Tpy6y, T. e. B pesepByape, Tam, rje
CKOPOCTb JABHXEHHA ra3a BeCbMa MaAa.

BameuaTeAbHO, YTO M3 ABYX
ypaBHEHH — ypABHEHHs COXpa-
HEeHMsi BelleCTBA H YpPaBHEHHU:
COXpaHEeHHs SHEPrHMd — MBI MO-
KEeM HCKAIOYHTb CKOPOCTb M MO-
AY4YHTDb, TaKUM 06pasomM, onpejge-
AEHHYIO CBASb MEmAY Xapaxre~
PUSYIOILAMH  COCTOSHHE  rasa
BeAnuynHamH (ZaBaeHHeM H o6be-
MOM), OPHTOM CBS3b, KOTOpas
HE 3aBHCHT OT MEXaHH3Ma M Be-
Auumnbr  Tpenns [51, 89]. T'pa-
(uvecKd ara CBA3b H30Opaxaercs

R A IR
. 71 ,
41 )
_— I
iy } 7]
! ~0x~2
VSIS 74

Puc. 13. Daemenmrapumil UUAMRZAD,
BLIpesanHbiii B ganmHoit Tpybe. Ha
TOpAX BTEKAeT H BHITEKAET BeIIe-
CTBO, ACHCTBYIOT CHABI AABAGHUA;
na GoxoBoH NOBepPXHOCTH AefCcTBYIOT
CHABl TPEHHS O CTEHKH TPYO6BI.

KPHBBIMH B MAOCKOCTH p, U HAM KPHBbIME B nAockocti J, S,
Tak HaspisaembiMu AmHHAMu (Dauno (puc. 14).

74

4 <

Puc. 14. Ausun Manno » xoopam-
HATAX  BETPONHA — TOIAOCOAEpmA~
msue (S, 7). Bsoab oTux AmHui me-
HAETCA COCTOSHWE PABA IIPH TEYEHUU
ero no Tpy6e IOCTOAHHOIO ceyemus
B OTCyTCTBHM TenAoobMema, HO
OpW HAAHYME conporTusaeHms. Ha-
XOAATCH M3 YCAOBHHA COXpAHOHMA 10~
TOK2 BelecTBA ® IMOTOKA YHEPTHH
B TpyGe.

Or conporusaenus Tpy6sr,
T. €. OT BEAUYHHBI JUCCHTIATHE-
HBIX CHA, OyJAeT 3aBHCETDb AKIID
CKOPOCTb ABHUACHHS O AMHHH
(Darno Tourwm, H306pamaromeil
COCTOsIHHE BeElecTsa.
PaccmoTpuM 8AEMEHT AAM-
ani Tpybn Ax (pme. 13) u
BHISICHHM, Kak MeHseTcs Ha
npotsxenun Ax ckopocte H
JaBA€HHe I'a3a BCA€ACTBHE Jeii-
cTBua  conporuBAenus. O6-
Ijee KOAHYECTBO BELUECTBa,
npoTexaloulee B eJUHALY Bpe-
MeHH uepe3 cedeHHe TPYyObI,
ouF = MF =const.
Koauueerso ABHKEHRAS,
NEePEeHOCHMOE TIOTOKOM B eZi=
uugy BpeMenn, MFu=—9ou*F.
Coraacso BTOpOMY 3aKOHY
Hbiorona, wusmenense KoAH-
4ecTsa ABWMEHHS NPH NPOXO-

mAeHHn paccrosuus Ax me-
®AY  ABYMS KOHTPOABHBIMH
naockoersMu / u PAaBHO

HMOYAbCY CHA JaBAeHHsa, aeii~
y s

CTBYIOIIWX HOPMAABHO KOHTPOABHHIM NAOCKOCTsM [ ¥ 2, B CHAB
conporusaenus (tpeuns) P, aedtcreyromell Ha 6oxoByl0 nOBEpX-
socts 3 uuAunzpa, sEpesaHnoro maockocramu / u 2 B Tpy6e:

MF (u,— u,))=(p, — p,) F+md Ax .

(V-4)
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Broas x03(Q(HIIHEHT COMPOTHBAGHHS OGBIYHBIM clOCOGOM, MPH-
HATBIM B I'HZPOJHHAMUKE HECKHMAEMOH MXHAKOCTH, HANMIIEM JAA
Kpyraoii urAuHApUYecKo# Tpy6nl zuamerpa d cuay conporupaeuns ©
Ha eauHuny 6oKOBOH NMOBEepPXHOCTH:

®=— fou|u|/8. (V-5)

Haitgem us (V—4), nepexoas x 6eCKOHEUHO MAABIM 1 K €AHHHULE CE 16~
HuA, ypaBHEHIE KOAHYECTBA JABHXEHHS, B KOTOpOe BoifgeT compoTH-
BAeHue TPY6bl. B NpOTHBONOAOKHOCTD NEPBHIM ABYM MBI HE MOKEM
HamEcaTbh €ro cpasy B HHTerpaibnoil gopme. Jnddepenunarnuoe
ypaBHEHHE HMEET BHA:

d(ou®+p) __  d{(Mau-+p) ¢ oulu]
o rn) o _dWeaD _Lesll (v

Cawmbiit BHJ [OCAGAHEr0 YAEGHA, HECKOABKO OTAHYAKOWHACA
OT OOBIYHOrO HANUCaHHdA, CBA3aH C TEM, YTO 3HAK CHABI CONPOTH-
BAEHHS 3aBHCHT OT 3HaKa ckopocTH. Cuaa conmpoTHBAeRMs BCeria
HanpaBA€Ha NPOTHB HallPaBACHHSI CKOPOCTH JBHAECHHA Tasa 4TO

Tepsercs npu OOBIYHOM HAIIMCAHWK g’;—’: Cou?®/2d, uan ®={ou?/8.

B naockoctu I, S ammuu (Damno, orsesatomme pasauvHbIM
sHauenuam pacxoza M (cm. ¢-ay V-1), umeror Bug, nsobpaxen-
Hbiii Ha puc. 14. Jas uaeaarpbnoro rasza surarbmus / ¢ TOYHOCTHIO
A0 MHOXHTEAS coBuajgaer ¢ Temneparypoif. J—.S-gmarpamma
oTamuaercs oT 1 —.S-Zuarpammst TOAbKO MacmTaBoMm.

Beamumna M nocrosHHa BAOAD KamAOR AMHMA H SBAAETCH
napamerpon, MeustomuMcs or ozuoft aunmm (Damno x zpyro#,
yMEHbIIA’Ch CA€Ba Hanmpapo, TaKk Kak [IpM JaHHOH TeMmepaTtype
C POCTOM BHTPONHK MajaeT NAOTHOCTD.

BoisicnuM, Kak JBHMETCA TOuKa, u3obpaxaioljas COCTOSHHE
rasa, B1oAb Aunur (Dauno noj jeficTeuem CONPOTHBAGHHS NO Mepe
ABI:XEeHHUs rasa mo tpy6e.

C nomompio H3BECTHOTO TEPMOZUHAMUIECKOrO BHIPAMEHAS UM~
(bepeHuara DHTAADbIIKH, HAllALIEM ypaBHeHHe COXPAHEHWs 9HEPruu
B JHpdepeHurarbHOii popme:

d w _dl _ udu__ vdp TdS udu __
K(l T)"E; Y& T T
1 dp  TdS  udu__
=t & T (V-7)

[MoscTaBass onpeeaeHnoe 3akOHOM coxpaHenns Bewecrsa (V-1)
3HaYeHHe CKOPOCTH, BblpaXEHHOE depes IOCTOSHEYI0 MO Beel
Tpy6e Beamumny M, moAy4MM AAA BHTPONMH CAeJyioljee ypas-
HeHne:

2
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Mcnoabsys ypasuenue (V-6), naiigeM okoHuaTeAbHO:

TdS= 7 |u|udx. (V-9)

Ecan sHak dx coBmajaer co 3HaKOM CKOPOCTH JBHAEHHR
MOTOKA U, T. €. E€CAH Mbl CAEJyeM, MEHsis X B HaNpaBAECHHH
ABAKEHMS RAAKOCTH, IPHPAILEHHe SHTPONNHE BCErja MOAOKHTEABHO,
TaK Kak HOAOKHTEABHO IpOHsBEAeHHe udx.

Asumenne BemecTsa NpPU HaAWYME TPEHHA CONPOBOMAAETCS
NpeBpalIeHHeM MeXaHHIECKO# DHEPrME B TENAOBYIO; B TENAO-
H30AHpOBaHHOH Tpy6Ge mpH orcyTcTBHHM OT6Opa TemAaa DTOT IPO-
LecC CONPOBOXAAETCA POCTOM SHTPOIHME TeKywero no Tpybe
BelleCTEa.

IpaBas wuacrp (V-9) npeacraBasier He uTo MHOe, Kak pa6ory,
COBepmaeMylo CHAAMH CONPOTHBAGHHS Ha DAEMEHTE JAHHB dX,
OTHECEHHYIO K €JWHHIIE MacChl MpoTexamoilell RHAKOCTH.

Ilpr »ToM BbImIe MakcMMyMa @HTpPONMH, Ha oTpeske AB amuun
Manno (8 zossykoso#f obaactu, Kax Mbi cefiuac ysuaum), zBHxe-
HHE CONPOBOXAAETCA NAACHUEM JABACHHS TakK Xe, KaK B HECKHMae-
MO#l KHMAKOCTH, KaK BHJAHO M3 COMOCTABAEHHS HAKAOHA AHHHH
MDauno n Aunmit p=—const B npapoli wactu puc. 14. Hanporus,
Huxe Touek B, R, T npu cBepX3BYKOBOM TEYEHHH CONPOTHBAECHHE
BLISBIBAET POCT JABAGHHS BJAOAb MOTOKa; CHAA CONPOTHUBAGHMA
H POCT JaBAEGHHA NPEOZOAEBAIOTCA INOTOKOM 3a CuUeT JHHaMHUe-
CKOrO Hanopa, 8a CYET MajgeHUs CKOPOCTH, CBASAHHOFO C POCTOM
TAOTHOCTH ¥ CO CMATHEM Iasa NPK NOBHINICHHA AaBACHHA.

CoorseTcTBeHHO B J03BYKOBOM INOTOKE B HalpaBAGHHH JBH~
xenns u pacrer, a I nagaer. B crepxasykosoM moroke u nazaer,
a [ pacrer.

[lokazem, uto B TOuke B MaxkcuMyma SHTPONMH CKOPOCTD
ABHXEHHsS] paBHAa CKOPOCTH 3ByKa. OJTO AErKO lIOKa3aThb Ha puc. 14,
€CAM NpoBecTH B Touke B BepTHKAaADHYIO KacaTeAbryio. Mel 3ame-
4aem, gTo B Touke B, rAe .S=maximum npu M= const (zBuxe-
nae BZoAb Amaum (Danno), umeer mecro Takme N —maximum
npr S==const (aBumenne BZOAb KacaTeAbmoil). Uro mocaezuee
YCAOBHE HPHBOAWUT K PABEHCTBY CKOPOCTH JABHAEHHA M CKOPOCTH
3Byka, 6pir0 nokasano B § Il [popmyam 111-12-—III-5].

Brnpouem, aokasaTeApcTBO HETPYAHO NPOBECTH HeNMOCpes-
cTBeHHO: B6AU3M ToukH B, oueBnaso,

(%)F&nno - O; (%%)Fanno - (%%) = const = c‘{ (V-10)

Hs ypasnenns nepaspuisroctn (V-1) caeayer:

du  do
u e

do
0

=0; du=-—u—- (V-11)
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B ypaenenun (V-7), nepexoas or auddepennmposanns mo xoop-
AuHate X K ZuQPEPERUUPOBAHHIO 110 MAOTHOCTH @, NOAYYHM
B TOYKE KacaHusd:

'dp  pdS o da 1 o 1

e o do do e 3
¢ (V-12)

910 B Tpe6oBarOCh AOKABaTh.
Ham merpyamo Tenepb mocTpoHTb (PH3MUECKYIO KApTHHY ABH-
HeHus rasa no gamsapiM Tpy6am. Ha puc, 15 npejcraBrennt wpu-

iz

Puc. 15. Basmemmocrs pacxoza (M) or
uporusoaaprenas (p) Ara Tpy6 pasmoi
ANMHDI IpH AaHHOM AABAGHHH Ha BXoje (pg).
Bepxusas kpuBas— A KOPOTKOro cOIAQ,
HuXHASA — AAA caMoBi AAuMHHOH Tpy6m.
Mpaman ora=aser caesa o6ractd KprTHuE-
CKOTO HCTEUGHHA CO CKOPOCTbIO, PaBHOI
CKOPOCTH 3BYKa HA EBIXOA€; HPH MeBbiIeM
KpUTHYECKOTo NpoTuBOzaBAeHHM M He
3aBHCUT OT p.

Bble 3aBUCHMOCTH KoAudectBa /M rasa, BbIT:KalOero B eganmmy
BpeMEHH, OT JaBASHHS B KOHIe TPY6ol p IPH 3a2HHOM JABACHHH P,
B pesepayape, H3 KOTODOTO NPOHCXOAHT HCTEYEHHE.

Pasanunnie KpuBbie oTHOCATCA K TPy6aM pasAMuHOH JAAMMBL
Bepxuas kpuBas OTHOCHTCA K CAy4Yal0 KOPOTKOrO CONAa, pac-
cmorpeusoro B Havare § llI. Yem sruunee Tpyba, Tem mempme
nporekalomee uepes mee (Mpn Jauuoit pasmHoCTH.JaBAeHHH) KOAR-
yecTBO rasa. Bo Bcex CAyuasaX MOHHAEHHE JABACHHT HHXE HEKO-
TOPOro KPHTHYECKOrO 3HAYECHUS He Bol3bIBAET GOAbINE yBEAHUEHHS
pacxoza rasa, OjHaxo BTO KPHTHYECKOE JABAEHUE CaAMO TEM
Menblie, 4eM AAunHee Tpy6a. IIpu xpuruueckom HcTeuemwn Ha
BhIxoZe u3 TPYObl BO BCEX CAyYasX CKOPOCTb paBHA CKOPOCTH
3ByKa; OTHOUIEHME TeMmepaTypbl rasa K HadaAbHOH ero Temuepa-
Type B pesepByape u COOTHOUIEHHE MEXJZYy CKOPOCTbIO rasa
¥ CKOPOCTHIO 3BYyKa B MCXOZHOM rase B pesepByape TaKxe HeHs-
MeHHbI, HesaBuCAMO OT JAumei TPy6bl. OzHako B 3aBrcuMocTH
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Or AAWHBl TPYGbI MeHAeTCA NAOTHOCTb HCTEKAIOIIEro rasa, KOTO-
pas MpU ARHHOH €ro TeMrmeparype NpoIOPLHOHAAbHA ZABAEHHIO.
Taxam 06pasoM, KPHTHUECKHE TOUKM JAA PaSAMYHBIX TPy6 Ha
puc. 3 coeguusiorca Mexgy cobolf npsmoil, Buxogsmeit us Havara
xoopauat. Coraacuo Crogone, mpu obbiusom sHavenmu Kos(pdu-
[YEeHTa CONPOTHBAEHHA TEXHHYECKHEX Tpyb Kpmrudeckoe (MakcH-
maAbHOe) M npm nepexoge or KopoTkoro comaa k Tpybe, grmHOHK
360 zmamerpos, nmajaer B 2 pasa, npu 1000 guamerpax —= 3 pasa,
npu 5000 guamerpax— s 6 pas.

Kaxk 6m mMbl HE yMeHbmaAM JaBAeHHe Ha BBIXOJE W3 IWAMH-
ApHUEeCKOH TPy6bi, MBI HE CMOXEM OCYIUECTBHTb CBEPX3BYKOBYIO
cxopocrb B Tpy6e. Aasa Toro urobml
OCYIJECTBATb €, HEeO6X0ZUMO, UTO-
61 ras BxogWA B TPyOy, yxe
o6Aazas CBEPX3BYKOBO} CKOPOCTHIO.

Ha [7— S-anarpamme puc. 14
npogecc Bxoza rasa B Tpyby
yepes KOPOTKOE COEZHHATEADHOE
como AB! (puc. 16a) wus pe-
3epByapa OMHCHIBAETCH BOBCE HE
anamett Dauno, a aguabarofi, Bep-
THKaAbHO onyckaomelcs us rouxu N
(puc. 14), onucnisaromeit HagaabHOE
cocrosnMe BemecTRa. [lpm npo-
CTOM CYXHBaIOIIEMCS COMAE CO-
CTOSHWE BEIUSCTBA Ha BXOJAe B
Tpy6y u306pamaercA KakoH-AM6O Pge, 16. Coepunemue Tpy6E €
Touko#i ma orpeske NB, Hanpu- cymaomumes comrowm (a) m ¢ con-
mep F uau F;. Cocroanue Beme- 2oM Aﬂi“’;i‘)- Toxpko 80 m0-

oM CAY I MORHO TNOAYYHTDH
CTBa Ha BbIXOZE u3 TPYyGHl onpeze- gnepmayiosoﬁ oK :-:y,rp"
AsleTC  3ajaHHBIM TPOTHBOJABAE- -
HMeM p; wHso6paxaionlas  TOYKa
AorxHa AexaTp Ha u306ape EE,. Bnibop Toft ammum Danmo,
no Koropoi mbl nepelizeMm ¢ aguabatoi NB ma usoBapy, u coor-
BeTCTBYIOIle# BEAHUAHB pacxoza rasa NpH JaHHBIX p, u P, 3a-
BHCHT OT AAUHBI TPY6bl, 3aBHCHT OT TOrO, YeMy paseH POCT BHTPO-
nau BZOAb Tpy6ur. [lpu ymeruuenun anumni Tpy6or Mol mepeitgzem
or pexuma NF\E, k pemumy NFE,— pacxos ymeHbmmuTes.

Ecam mpormeozasrenme ma Brixoze TPY6bl MeHbuIe KpHTAYE-
CXOro, OCYWIECTBHTCA KPHTHYECKOE MCTEYCH7Ae, DEXMHM, OINHCHI-
Baembiil orpeskamu NF, E; R wuau NFET,—3B saBucumoctu ot
AMAHDL TPY6Bl —C MOCAEAYIOIIMM pacmiupeHduem rasa, cp. § III,
prec. 9.

[lomewas y Bxoza B Tpy6y comro Aasars (puc. 166), mor
OCyWeCTBHM Ha BXoJe B TPYGy CBEPX3BYKOBYIO CKOPOCTDb, OCY-

4

! Byksm AB puc. 16a, 6 ue nmeror otHomenna x Touxam A n B pue. 14.
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IIECTBHM COCTOsIHHe, W306paxaloiieecs TOUKOH Ha orpeske BD
puc. 14, nranpamep L.

[Mpn noaysennum CBEPXSBYKOBOrO mnoToKa B comAe JaBaas
YCTaHaBAHBAETCA PEXHM MCTEYEHHs C BIOAHE ONpeieAEHHBIM pac-
xozom M (cm. § IlI); moromenne Touxu L ma orpeske BD smoaue
onpejeAseTCss KOHCTPYKTHBHDIMH JaHHBIMH — CEYEHHEM COIIAZ
B Han6oAee y3KOM MEcTe H CEYeHHeM TPY6ol.

Jdanee, BOAB TpyGbl MPOUCXOAUT ABUZKERHe oT Touku L Brpaso
no ausna (Dauro. HesasucumocTp pexuma ucrewenus or nporuso-
AaBAEHMS p BIIOAHE €CTECTBEHHa AAS CBEPX3BYKOBOTO MOTOKA.

Caepx3BykoBOH pexuM, ocyluiecTBAseMbiii B cxeme puc. 16 6,
TpebyeT JOCTaTOYHO HHU3KOro npotusoaasienus. Oauako B ZAHHHOR
Tpy6e BO3MOXHO, YTO pOCT dHTpONUKM BZOAb AmEMM LQR ympercs
B KPUTHYECKYIO Touky K.

akum o6pa3soMm, B cAyvae AZAHHHOH TPy6bl CO 3HAYMTEADHDIM
CONpOTHBAEHHEM, cHabmeHHOH comaoM AaBars Ha Bxoze, Mul He
NOAY4YHMM CBepX3BYKOBOH CKOPOCTH Ha BbIXoje H3 TPYObI, Kak 6nl
maro EM 6piA0 npoTuBojaBAeHME. JeTaAbHOE PaccCMOTpPEHHe BO3-
HUKAIOIIEr0 peXHMa HCTEYeNHs NOKasbiBaeT, 4T0 B Tpybe HAR
B CONAE BOBHUKAET TAK HA3HIBaeMblil CKaYOK YIAOTHEHHA — yiapHas
BOAHa, TEOPUs KOTOPOH GyzeT usromeHa Huxe. Pasbop pasaAmuHbIX
pPeXHMOB TeueHHs B TpyGe NpPH HaAUYHA CKAYKOB YNIAOTHEHHSH
anarornuen teopuu comaa Aasars (cm. § XIX). Mo moxem 3zech
TOABKO cocAaTbCs Ha pa6Gory Dysemanna[41]. [logpo6uaa 6u6ano-
rpagusa, aosezeunas go 1938 r., aana y (Dpauxrs, Xpucrmamo-
saua u Aaxekceesoit [27].

§ VI. /Jlem:xenns, saBHcAIIMe OT OTHONICHHMA KOOPIHHAT
KO BpeMeHH

Yme Bo Bpegenmu mn1 rosopuam o Tom, uro B rasosoft guma-
MHKE OCHOBHOH KOHCTaHTOH JBHXAYyeErocs BeliecTsa ABAJAETCSH
HeKas CKOPOCTb— CKOPOCTb PAacCHpOCTPAHEHWS BO3MyLIEHHH, CKo-
poctp 3Byka. Ecam oreaeubea or guccrmaTHBEHHIX mpouec-
COB, BElIECTBO HE HMEeT HH XapaKTePUCTHUYECKOH JAMHDI, HH
XapaKTepHCTHYECKOro BpeMenn. M3 Moaekyaspro-kumermueckofs
TEOPHH ra30B CAEAYET, YTO HPH BBEJECHHH JUCCHIIATHBHDIX BEAH-
YHH, TaKHX, K&K BA3KOCTb HAH TENAOHPOBOJHOCTb, B KOMOHMHAIIMH
C XapaKTEePUCTHIECKHM BHAYEHHEM CKOPOCTH 3BYKa, Mbl NOAYHHM
B KavecTBe XapaKTEPUCTHYECKHX 3Ha4deHHH JAMHDI M BpeMenu
AAHHY CcBOGOZHOrO mnpofera MOAeKyA M Bpemss CBOGOZHOTO mpo-
6era, T. e. ZAMHY B Bpema dupessoiyafino maavie. Orciogza cae-
AyeT, YTO €CAM HaC HE HHTEepecyloT MHKPOIPOLECCH, NpoTe-
KalolgHe Ha PacCTOAHHM H 3a BpeMeHa MOpPAAKA JAWHBI M Bpe-
MeHn cBoGoaHoro mpobGera MOAEKYA, €CAM, aree, Mbl 33aJaZHUMCSH
HaYaAbHBIMH M TPaHHYHbBIMH YCAOBHSAMH JBHKEHMS, HE COJepma-
INMMH HH XapaKTepUCTHYECKOH ZAWHL,, HH XapaKTepPHCTHYECKOTO
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BPEMEHH, TO MK IpHZeM K ocofomy, BecbMa BamHOMY KAaccy
azsuxenuif, [lockoAbky B ypaBHemmsx Jpumenus H B Havanb-
#blX M B IPaHUYHBIX YCAOBHAX Mbl MMEeM TOABKO XapaKTepHCTH-
YeCKHe 3HaueHHSA CKODOCTH, HO He JAMHDI HAM BpEeMeHH, CaMH
sie3aBUCHMbIE TIEPEMEHHbIe — KOOPAHHATA M BPEMs — CMOTYT BOHTH
B pEIIEHHE YypaBHEHHH AHIID B KOMOHHAQHH pPa3MEPHOCTH CKO-
pocta x/t. MHbiMu caoBamm, Mbl omuaaem pemennit, koTopbie 6yayT
MeHATbCS, OCTaBascb MOJOGHHIMK CaMHM ceGe (aBTOMOJZEAbHBIMH).
C pocrom Bpemenu, OTCUMTHIBAEMOTO OT MOMEHTa Hayara JBHxe-
HUSA, caM XapaKTep JABHUEKEHHA MeHATbcs He 6yzeT, a 6yZyT Aumb
fIpOMOPIIMOHAABHO BPEMEHM YBeAHuMBaTbCs Maciutab u pasmep
ofAacTy, OXBauyeHHOH JBMEeHneM. B COOTBETCTBHH C STHM Mbl
OxmHUJaEM, 4YTO BCE BEAMYHMHbI OyAyT 3aBHCErb OT OZHOH AWIIb
KOMOMHALUMH NepeMEHHbIX X[f, H CMOXEM OT PaCCMOTPEHHS AU(-
(epeHIUarbHBIX YPABHEHMH B YACTHBIX MPOM3BOAHBIX Al QPyHKIuM
ABYX TepeMeHHbIX — KOOPAMHATHI M BPEMEHH — NepeidTH K Oo6bIK-
HOBEHHbIM Ju((PepeHUnarbHbBIM YPABHEHHAM B CAydYae JBUKEHUS
BAOAb OAHOE KOOPAWHATHI.

Hanumem sru ypaeneams; ofosmaumm E—x/f u cocraBmM
<cpasy QopmyAbl npeofpasoBaHusi K HOBOH: IepeMeHHOMH:

o vt d . 0 x d |

Ox tdE ot & a0

d ) ) 1 d (VI-1)
?t_zﬁdt*”_ u§;=7(u—§) E

2 "

3¢ ©CTb 3HAaK AOKaAbHOH
d

{8 zanHOM mecTe) npomseozHo#l Mo Bpemenw, ¢ — cyberaHgHaAb-

Kak sro npmmsro B rmapoausamuxe,

sas (T. €. A ZaHHOTrO, ABHAYILEroca CO CKOPOCTbIO u o6bema)
NpOH3BOAHAA.

Ecan nekoropas wmmTepecylomas wac Bernumua f ecrth QyHk-
uug or HoBOH nepemeHHoH &, T. e.

f=f=f(5) =18, (VI2)
TO Mbl BACMEHTAPHO NOAYYHUM CAejylouine (POpMyABI:

. o S df df _u—& df
dE' ot t dE dr & dE (VI-3)

[Tpeo6pasys ¢ nomomgsio arux (OPMYA HalIX OCHOBHBIZ ypaB-

1 i -
Taxoit npuem ynpoigenus ypanmennit mm ncrpegaeu y Baacosa[3]. Oa
ucrnorbsosan rakme Il eaxnavie = asropom [9].



54 SVI. Jeuoicenus, 3asucsujue om OMHOUEHUS KOOPOUHAM

nenus (§ I), mbi noayunm ypaBHeHme coxpaHeHWs BelUecTBa M ypas-
HeHue JABHACHHA B CAeJYIOLIEM BHZAe:

e S R=— &, (VI-4)
9 d 4
o GF=— =Y E=—F (VI-3)

Kak u caezoBaro oxuzaTp, caMu BeAnmunmHbl x u { yzaercs
HOAHOCTbIO HCKAIOUATH M3 ypaBHEHHI.

IMocrpoennnie ypaBrenus Moryr GbiTb yAOBAETBOPEHBI B CAe=
AaHHOM HaMM NPEANOAOXEeHHH, YTO BCE BEAHMYMHBI 4, p, 0 CYTh
(YHKIHM TOABKO KOMOMRauuu £=—x/f, HO He X u { B OTAEABHOCTH.

IMokamem Tenmepbp npumMep HauaAbHDIX M FPAHHYHBIX YCAOBHEH
He CoJZepXalurX TaKke€ BEARUYMH X, { B orjeabHocTH. [Ipeacrapum
cebe 6ecKOHeWHYI0O NAOCKOCTb, KOTOpas HAaYMHAET JBUraTbCH
B MoMeHT {==0 c paBHOMepHOH CKOPOCTBIO w, Tak YTO KOOPAH~

X
HATa IAOCKOCTH X, ==wf{, T"zw, rae w<<0 (uro osmawaer aBH-

AeHHe MAOCKOCTH BAeBO). PaccmaTpuBaembiit ras HaxoAuTCs cnpaBa
OT IIAOCKOCTH H paclIApPseTcs npu ee ApHxenud (cm. pme. 18).

Bysem wuckatp pemenue mamux ypasHerui, noaaras A0 Mo-
menra f==0 Becb ras NOKOAIUMMCA M HMEIOWINM OZVHAKOBbIE
NOCTOAHHBE 3HAYEHAs [IAOTHOCTH M ZaBaenms. [locae Hauara apu-
menuss nopwmHa npu #>0 mp Hanaraem ycaosme, uTo6nl ua-
CTHUB! rasa, NPHAEralwiine K NOPIIHIO, ABHTAAHCb CO CKOPOCTBIO
DOPIIHS.

OTHOCHTEABHO MPOCTPaHCTEA, BAIOAHEHHOIO TazOM, B KOTOPOM
HOPOHCXOZUT PACHPOCTPaEEHHE BbI3BAHHOrO JBHKEHHEM IIOPIIHSA
BO3MYIL €HHA, Mbl TIOAAraeM, 4YTO BTO DPOCTPAHCTBO HEOTPAHHYEHHO
ppocTHpaercss B cropony x >0; npm sTOM HavaAbHblE YCAOBHA
HE COjep:xaT HHKAKOIo ONPEAEACHHOTO :HAYEHHS AAHMHBI, TPAaHHY~
HBIE YCAOBHA (POPMYAHPYEM TOABKO HA NOBEPXHOCTH MOPIIHA; TaM
OHH COZEPAaT TOADKO 3aJaHHE CKO POCTH JBHXEHHS NOPIIHS w.

Mer paccmMoTpum OTAeABHO B KOHZE Naparpaga BONPOC O TOM,
B Kakoli Mepe pemenme, 3aBHCAIlee OT x/f, KOTOpOE MbI HILeM,
MOxeT O6HTb HCIOAB30BAHO AAsl 3ajad € KOHEWHCH npoTsaseu-
HOCTDbIO 3aMOAHEHHOrO ra3oM MPOCTPAHCTBA,

ConocraBass BHINKCAaHHDIE Bbille ypaBHEHHs COXPaHEHHs Bele-
CTBa M JABHKCHHSA, Mbl HOAYYHM

dy d,
=t V0
H OTCI0Ja Jance

[a—gp—2 & —o. (VI-7)

Tlocaesnee ypabHenue jaeT BOBMOXHOCTb NOCTPOHTD JABA BHAA
PelIeHusa: Nepablit BRJ— COBEpIIEHHO TPHBHAAbHBIH, 0==const—
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orpeyaer p, €, 0, u=const, T. €. ABIKEHMIO BCEro rasa Kak
LeAoro; BTOpoli BHA pemenus Tpebyer

@—tp==)/ B ey, (VI-8)

TAe ¢-— CKOPOCTb 3BYyKa.

Bri6epem B nocaeanein gopmyae sHak u—E=—c;E=c+u,
OTBEYAIOWIRA pPACCMOTPEHHIO JABHAKEHAA C TPaBod CTOPOHBI OT
MOpmHSA, T. €. BO3MYILEHHA, PAacHPOCTPAHAIOILETOCS BIPABO.

3rauenne §, a CA€ZOBATEAbHO, H BCE 3HAYEHHA p, 0, U, 3aBUCA-
Wye OT OZHOro &, MOCTOAHHDI Ha ABHMAX §=c -+ u, x—=(c-+u)#,
Ha TaKk HaSHIBAEMBbIX XapaKTEPUCTHKAX YpaBHEHWH ra30JHHaMMKH.
B paccmarpusaemoli 3agave Bce XapaKTEPHCTHKM CyTb HpsMbie,
BHIXOAAImME W3 HavaAa koopaumar x=0, #=0, T. e. us TouKH,
B KoTopoil mpousomaro Bosmymenue (puc. 17).

Hcnoarsys nafigennoe coornowenne u— §==—c, B KOTOPOM €
MOAHOCTBIO ONPEACAAETCS COCTOSHHEM BellecTBa, npeobpasyem
ypaeuenus apuxenun (VI-4) n (VI-5):

cdo=0du; gcdu=dp. (VI-9)

O6a ypasrnenus sxsmsarenTHbl, Tak Kak dp==c?do. Ceasp u, 9, p
COBEpIIEHHO Ta ke, 4YTO W B akycrhueckoil (caa6oii) Boame § II,
pacnpocTpaHaloieicss B HOAOKUTEALHOM HaIpaBACHHH.

TCI0Za MBl Cpasy HalizeM CBA3b MexJy nmpuobGpeTeHHOH rasom
CKOPOCTBIO M €70 COCTOAHUEM:

u=

e,

p
ede [ dp | 10}
= j =2 (VI-10)
Po

Po

AAs MZCaABHOTO Ta3a C MOCTOSHHOH TETAOEMKOCTDBIO, 0603Ha-
uas c,/c,= Kk, A€TKO BbIMHCAMTb MHTETPaAbI:

) 3

‘k:l
_ 2%p, o) ?® :
~w=tw| (@ —1 (VE-11)

3ameuaTeAbna caegyiomas (GOpPMa pEUICHUS: WMEA B BHAY,
4TO

2

Vin 0 -+ const, d—:: k-1 d?@ ’ (VI-12),

Inc= )
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MOAYYHM:
d 2 2
“2Jc_§=k——i [ de=pr—5(c—c). (VI-13)

Ara Toro wurobnl wMalitH paclpejgereHHEe B IIPOCTPAHCTBE
AHTEPECYIOIHUX HAC BEAUYHH, T. €. CTPYKTYPY BOAHbBI, Mbl ZOAZKHDI
HCIIOAb30BaThb aAreGpanzeckoe
COOTHOIIEHHE, B KOTOPOE BXO-~
AT NPOCTPAHCTBEHHasdA KOOp-
auHata §, u—E=—c.

cAyuyae 6oree CAOXHOI
CBASH p n Q npojuddepen-
UKpYeM NOCAeZHEE COOTHOIIEe-

*Z,

g ¢ Hue mo §&:
du dc
71?_’—35:1’ (VI-14)

=2

Puc. 17. Xapakrepuerukn ypasmemait 1 TOACTaBAAA u=u(e),
ra30sHMHAMHKN: AWHUM B mAockoetw C=——C (Q); NOAYYHM BbIpame-
xoopgunara (x) —spema (f) OA, OK, Hue Zns dold§ (c Tem =e
OL, OB. Bgoas Hux coxpamsiioress Bce ycnexom MOXHO, BIpOYEM,

BEAHYHHLI, XapakTepusyrommue JAvHme-
HHE€ B COCTOsIHHE Tra3a, B paccMaTpy- cpaay HCKaTh ypaBHeHHe AArd

BaeMOM cAydae BOSMymenusm, Bwzsau- APYTOTO MapaveTpa, HalmpHMep
HOro JBHEeHHEM IOpmHAA, Annmenue P HAH c).
mopmas msobpamaeres Aumnedt [T, gnu- B  ormeuenrom cAyuae
MeHUe OTAOAbHBIX YaCTAl rasa-— myH- o
KTAPHBINE AMEMAME, HACAABHOI'O rasa IIOCTOSAHHOH
TENIAOEMKOCTH YPaBHEHHA Upe3-
BblYa#HO NMPOCTHI.

[Toacrapaaa B (VI-14) du:zi—ldc, Haiizem:

du 2 | de__k—1

Tk 1 £kl (VI-15)

CropocTh Jpamenns W CKOPOCTb 3BYKa B BOAHE AHMHe#HO
CBA3aHB C BEAHYHHOHR § — CKOPOCTBIO pacnpoCTpaHeHNs COCTORHMA.

[Mpr 3azannoif CKOPOCTH ABHMEHHA NOPWIHA BCA KapTHHA
asuxenus (puc. 18) B meAoM KOHCTPYHPYeTCst M3 ABYX TPHBHAAD-
HHX obAacteif: HesosmymenHoro rasa (/) m rasa, mpuaeraomero
K NOPWHIO M ABHAYILEroca C MOCTOSHHOH Bo Bcel obracru (/)
cKkopocThio, M O6racTu BosmymeHus (//)—rToro, uTo MOZHO
Ha3BaTb BOAHOH, B KOTOPOH BCE BEAHUYMHBI MEHSIOTCA OT CBOHMX
sHauyeHHH B ozHOl TpuBMarbHOH o6ractm A0 smauennft B apyroi
TpuBHaAbHOH# o6racTh. B xaxpoft Tpusmarbmoit (J, /I/) ob6racru

d; dl d
£=§§ = d—;:: ‘—é’: 0, u—E&c. Hanporus, B Borne Bosmymye-
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st u—§E=-—c¢, n Kk ne#k ormocarca Qopmyam (VI-8), (VI-14),
(VI-15). Herpyauo ckomcrpynpoBaTb pemum aas Aoboro sagau-
HOTO 3Ha4YeHHs CKOPOCTR ZBHKEHHA MOPIIHA B TOM CAy4Yae, €CAR
CKOPOCTb ABHEEHMS MOPINHA OTPHLATEAbHA.

Kapruna pacnpeaeaenns ckopocTu u AaBAEHHsS B IPOCTPARCTEE,
nipeAcTaBACHHaA Ha puc. 18, cooTBeTCTByeT pacnpeaeAeHHIO B nepe-
menHmix f, x puc. 17.

»
pu
i
A
mm| m s 27 f
4 ) :
) I
wt leowtt gt
7 T ] k3
[} u
I3

Puc, 18. Boauna paspexenus: wmraoBeRHOe
paclpesercHNe AQBACHHA P M CKOPOCTH U B
3aBUCHMOCTH OT KooOpaumaTh x. C poecrom
- BpeMeHM f ¢ MOMEHTA HauaAa ZBMMEHHS HOpmI-
HA BCC pacupejeAeHHe NPoIOPEHOHAABHO
pacraruBaercs o ocum abemuce.
Ilrpuxzonxa caesa — nopmens I1.

Bce mMacwta6or BA0AD ocu x pre., 18 co Bpemenem pacTyT B coraa-
CHH ¢ BHAOM peleHdsd, saBucsamero ot orHomenus X/ Cobersenno
BOAHa 3axatoueHa B obaactu AB (/I). Bopaso or A npocrupaerca
HEBOSMYUICHHBIH ra3 B COCTOAHAH, B KOTOPOM BECh ras HaXOAHACH
20 Hadara zpuxenns nopuusa (/). Mexay nopmuem /7 u Toukoii B
HaxOAMWTCA OOAACTb rasa, JABHAYHIEroCs €O CKOPOCTHIO MOPIIHA,
fppdeM JAaBAEHHe M CKOpOCTb B MHTepsBare /1 — B unocrosmub
{,,rpunarpnas o6aacts” I/I). Touka A aBumercs co ckopoctbio C,
supaso. Touka B zBumeTcs BIpPaBo cO CKOPOCTHIO C-+w, Tae W
€CTh CKOPOCTb IOPINHA, PaBHasd CKOPOCTH rasa B Touke B;
Hamomuum, ut0 w <0, a c—ckopoctp sByka B rase. [lpm
GOABUION CKOPOCTM TOPIIHA BEAMYHHA C—%W MOXET CTaTb
orpunateAbHolf (B cAydae mMpeaAbHOrO rasa BTO npousoiizer

npH |w| > %+iCo) ¥ Touka B oxamerca CAEBa OT OCH OpAMHAT.

B rtoukax A u B camm 3HaueHWs CKOPOCTH H AABACHHA
Henpepnisusl, OfHako uX NMPOH3BOZHbIE TEPNAT pasphis. [losTomy
Touxn A u B HasnBaloT MHOrAa Toukamu (MOBEPXHOCTAMH B TPEX-
MEPHOM MPOCTPAHCTBE) CAaBOro paspuiBa, BOAHAMH YCKOPEHHA.

Ha puc. 17 npeacrasaemo B naockocTe £ x ABHmeHHe
fIOPUIHA U ANHHH, BAOAD KOTOPBIX COXPAHSIETCS NMOCTOAHHOE 8HAaYe-
HHE JaBAC€HHA M CKROPOCTH, TaK Ha3blBaeMble XapaKTePUCTHKH
3ajaquy; K HBM NPpAHAZACHKAT H AHHHY, OTBEYalollHe NepeMeIleHuo
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touek A u B B sasucumoctu or Bpemenn. Haxomey, mynkrmpom
MOKa3aHbl TPAaeKTOPHH OTAGAbHBIX WaCTHI rasa.

B nocrpoennn paccmaTpuBaeMOro pexmma, B KOTOPOM BCe
BEAHYHHB BABHCAT OT OJHOrO OTHOWIEHHA X/f, MBI MCXOZMAM H3
TOro, YTO 3ajaya HE COXEPAKHT HHKAKAX BEAHYAH Pas3MEPHOCTH
ZAAWHDI MAH BpeMenH. B wacTHOCTH, cymecTBenno 6mA0 nmpeznoro-
XeHHe O HeorpaHHMYEHHOM NPOCTHPAHMM rasa B obractp x > 0.

Xapakrep HallzeHHOrO pemeHHS NO3BOASET CMArYHTb BTO
TpeGoBaHmMe: eCAM HAaC MHTEpECyeT JBPHMEHHMEe Trasa B TedYeHHe
nepBhIX %) CeKyHZA NMOCAe Havaha JBMXEHUs NOPIIHs, BO3MYILEHHe
(xpaitunn Touka A) ycneeT pacnpoCTpaHMTBCA AMIIb Ha PaccTos-
HAE Cofy, B ZAA NPHrOZHOCTH HALIErO PEIUEHHs HYXHO TOABKO,

yTOGHl BTOpas CTEHKa, OrpPaHHYH-
BaloOIlaf ras cHpaBa, HaXOZUAACh
Ha PaCCTOAHHM, GoabuieM C,i;.

il Takum o6pasom, B AI0O6BIX
rEOMETPHIECKMX YCAOBHAX  Hallle

2=, 7= pelIeHHEe NPEeACTaBASET WHTEPEC
AAS ONHMCAaHHA HAuYaABHOrO CO-

—{r crognus ApMmennus rasa. Cssasp

MexZy CKOPOCTHIO H AABAEHHEM
rasa M NpsMOAKHeHHOCTb Xapak-
TePHCTHK COXpaHAIOTCA H B 6oree
obmem cayuae npm Arobom Aru-
ReHHH mopmHsa B cTopoHy Xx< 0 (BA€BO, €CAH ras HaxXOJHTCH
cnpapa or nopums, cp. § XIV) ¢ uemocroammo#i ckopoctbio, npm
KoTopoM (JBHXEHHE) YCKOpPEHHE HANPAaBAGHO B Ty Xe CTOPCHY,
d? x5 [ df < 0. D710 NOKasbiBaeTCA METOZOM XapaKTepPHCTHK, B pac-
CMOTpEHHE KOTOPOr0 MBI He MoxeM 3iech Bxogurb. Csase (VI-11)
COXpaHsAeTCs A0 TEX IIOP, IOK2 B PE3YAbTATE OTPAaXEHMSA OT APY-
roff CTEHKM HAH RHOrO BO3MYIIEHHS HE NONBAAETCA pPacnpo-
CTpaHeHHE BOAH B O6PAaTHOM HalPABAEHHH, AAS KOTOPHIX-(Cp.dop-
myan soime uan §II) umeer mMecro gpyro#t smak B Boipamenum
ocdu === dp.

AI0GONHITHO NOAYMEHHOE HaMH 3HaueHAE MaKCHMaAbHOM CKO-
POCTH ABHKEHHS rasa IPH €ro PacIBEPEHHH: A HACAADHOTO rasa

Puc. 19. Cxema omnlTa Hecrayguo-
HAPHOTO BTEKAaRWs rasa B BaKyyM.

u3 Hawel QopMyANM —u =r—1 (co—c) Mp1 BUAHM, YTO CKOPOCTD

2
ABHZEHHA HE MOXET NPEBHICHTb — U, = —7Co; AABACHHE Ha
NOpHIeHb TPU CKROPOCTH, MeHbmel npejeAbHOH, JaeTcs (opmyroit

Po

Axs asyxarommoro rasa (c,/c,==1.4) makcmmarbRas CKOPOCTD
PaBHA NATHKPATHOH CKOPOCTH BByka B MCXOAHOM HEBO3MYILEHHOM
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rase. Herpyano Bugerp, 4ro mpu aToi CKOPOCTH NMOPWIHA JaBAe=
HHe Ha Hero B TOYHOCTH PABHO HYAIO; HHBIMH CAOBaMy, AaHHbi
peXHM ONHCHIBAET HMCTeYeHHe B BaKyyM rasa, KOTOpbIH GbiA panee
3aKPHIT MEPETOPOAKOR, BHE3aNHO BLIHYTOH B HEKOTOPBHIE MOMEHT

—u) 7
(puc. 19). Anrs Bo3ayxa malizgeM p=p, (1 — 0.2 P )

Ao60onbiTHO CpaBHETb BeCb X0A KPHRBIX CBfISM CKOPOCTH
ABMAEHHS H COCTOAHHS BeUleCTBa B CTalMOHAPHOM MCTEYECHHH
(§ Ill) u B BoAHe paspe-

HEHHsdA, paciupsomeiics co S l
BPEMEHEM, PacCMOTPEHHOH < l
smme. B o6omx caywasx St
pacIIFpeHne KaxJoro aAe- N
MenTa ofbema wger 1npu RS
NOCTOSIHHOH BHTPONUM, TaK 4= oy
9TO CBASb MeXJy pPa3ARY- -
HbIMA BCEAHYHHAMH, Xapak- 3 N
TEPHIYIOIMMH  COCTOsHHE N
rasa, oJuHakKoBa: 77 N
1 ZV s N
S—=consty <=(L)* = i NNz
==const; a—(—T—o) P Ny
= =)
P\ _( 0) 2 P AN
_(Po) = 90) ) & 01 82 43 0% 45 05 47 48 09 14
——-y:
c T\ Puc. 20. BasucamocTs Gfspasmepaoifx cKo-
npu k="17[5 -—-:(T) ==  POCTH @ OT GespazMepHOl CKOPOCTH 3RYKa ¥
o 0 AM aByxatoMEOro rasa, k= 1.4; (VI-17)

P\ 0\Ys AA1  cranuoHapHoro wucrevenus; (VI-16)
=|=] = ol AAs BreKanus B ommite puc. 19 MA =
Po OYEKTHP — AAS BTE€KaHHA B onmTe pHc. 21,

B xauectse nepemennoii, xapakrepusyiomeil cocTosHue Belye-
cTBa, yA06HO BmGpaTh BeAuunHy ¥ = ¢/c,. OTHecennas K Hayaib-
HOM CKOpOCTH BByKa CKOPOCTH ABMMEHUA @ ==u/C, BBIpaXaETCH
B BoAse paspexenus (cm. VI-13) ypasremnem:

p=pg(l—1) k=14, p=5(1—7).  (VF16)

B cragnonaprom ucreuennu [cM. popmyant (LI-12) u (1il-18)]
o=}/ i2i(1—7); k=14,9=V50—7). (VI17)
Ha puc. 20 nocaeznve asa ypasrenus ars K= 14 nokasaun

rpaQuuecKd COAOWIHLIME AMBMAMH. [IpH MaAbX mM3meHeHmsX CKo-
pocrn 3Byka (npu ¥, 6Auskoil K 1), T. e. Nnpn MaAOM H3BMEHEHHH
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A3BACGHUS, CKOPOCTb B CTALMOHAPHOM WHCTEYCHHH SHAUHTEADHO
6oabme, uem B BoaHe paspexeuna. CoorHomenme craHoBHTCA
oGpaTHbIM [pH MaAOM 7, MaAoM Aasaernd, Hau6oapmas ckopocrtn
TIOAYYHTCHA, €CAHM CKOMGHHHPOBATD CTALHOHAPHOS M HECTAIHOHAp-
HOE UCTEYEHHE TaK, KaK IOKasaHO NYHKTHPHOH Amnueidl Ha puc. 20,
B rTouke kacamms A kak pas ZOCTHralOTCA KPUTHYECKHE YCAOBHS
cTayuoHapHOTO mcTedenus, ¢ =7. Ecan BmecTo onvita, moxasan-
HOro Ha pHC. 19, BHHUMaTb NEPEroposKy HAM MPOGKY, BakpblBa-
IOIIyI0 KOHell oOTKadauHoit Tpy6ku (puc.21), To Bo BxOaHOM
cesenun D) pecbma 6bICTPO OCYLIECTBATCA CTAIMOHAPHOE
ucreenue (orpesok MA ma puc. 20), zarbme no Tpybke mohser
pacuidpsiolasgcs BoaHa paspemxenus (nymkrap puc. 20). Taxum
06pazom, B ycropusix onnita puc. 21 BOBMOZHO JOCTHAEHHE
CKOPOCTH UCTEUEHHA B BaKyyM
eume 6oablreit, yem B ombiTe
- puc. 19; B cayuwae zsyxarom-
o0 j HOro rasa moAyumm 5.5¢, sme-
, cro 5c,.

:p’ Takam o6pasom, oraoca-

, muecss k omomraM Kpaunga u
Puc. 21. Cxema omwrra mecraguonap- [lapauua [44] pacuerst no-
HOTo BTeKaBus rasa B akyyM. [Ipu sa- 84

KPYrAGHHOM BXoZe BOSMoxHO upesp- CAGAHEr o [84] moarexat ucripa-
UIeHH® CKOPOCTH, JOCTHTaeMoi#t B ommire BAEHHIO, TaK Kak B €ro OObITax

pme. 19, BXOJHOE OTBepCTHe GBIAC 3a-

KPYTAeHHbIM, Kak Ha puc, 21,

‘Torga Kak pacuer Llapauua, mpuBozmwmit k mpegerbHOoMy 3Ha-
yeHHIO 5C;, OTHOCUTCS K YCAOBHAM puc. 19.

Bnepebie uncaeHHOe sHaueHHe MaKCHUMaAbHOH CKOPOCTH HCTE-
uenua (S¢,) 6viro maitgeno Hpamoy » 1860 r. [49]. Cnycra
17 er, ono HesaBHcHMO 6biA0 Hafigeno [roromuo B ero mamecTHBIX
MeMyapax O PaCHPOCTPAaHEHHH BOSMYNISHHA MO xuAKOCTA [56].
loroumo ykasmiBaeT Takke Ha 3HaueHHE BSTOTO PacuUeTa JASA
suyrpenneit Gaaamcruxu. Beawwuna 2cyf(k—1) mnpeacrasaser
coGoif, 0OYeBHAHO, MAKCHMAAbHOE 3HAYEHHE CKOPOCTH, KOTOPYIO
MOXeT npHoBpecTd CHaps4, BHTaAKH3aeMbIH MOPOXOBBIMA ra3aMd,
B TOM CAy4ae, €CAM HOPOX CrOPAa€T MrHOBEHHO M B HAUaAbHbIH
MOMEHT ABHXEHHA CHapsja MOPOXOBbl¢ rashl HaXOAATCH B IOKOE
M CKOPOCTb 3ByKa B IOKOSIUHXCS rasax pasHa c, [85].

AeranbHble pacueTH ABHAEHAS CHApPAJa B CTBOAE OPYAHS,
pacuer Maccht 3apsja, Heo6xoguMO# AAA co3jammaA 3azauHOM
CKOPOCTH CHapsAZa NPH MUHMMAABHOH JAAMHE CTBOAA, H Y4ET He-
MAEAABHOCTH IIPOAYKTOB TOPEHHA MOPOXa GbIAM POZEAAHBI
0. B. Xapuronom u asropom.

Aw6onbiTHO, YTO MaKCHMaAbHas CKOPOCTb HCTEYEHHS B CTa-
UMOHAPHOM ITOTOKE 3HAYHTEABHO MEHbIIE:! OHA He IIPeBblllaeT

W = \/2_IT,=)/k—i—1 o

e
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yro B cayuae k=14 zact u,, =, V5=22c, BmecTo 5¢, BHES
cTagHoHapHoM HcredeHur. B aureparype BeTpeuarorcs omuboursie
DONBITKH OTOXACCTBAEHHA MAKCHMaAbHOMW CKOPOCTH CHapsija
C BEAHYHHOH ll'm,,,, KOTOpasg SHAYHTEABHO MeHbIle MCTHHHOU
(Aanrseitaep [65]).

[lpn nomeitke waiitu B 3aBucmmocTM oOT x[f pexuM, OmH-
coiBaolipit cmarHe rasa mopmuem (w >>0), Mbl craikuBaeMcs
C HENPEOJOAMMOH TPYZAHOCTbIO: Halle ypPaBHEHHE MPUBOAUT

H,UT A
| .

4 7
4
p u=w A o

Puc. 22. He umeomee ¢usuueckoro cunicra

pacopejereHHe AABACHMA H CKOPOCTH, IIOAY-

gaonieecss NpU PelIEHHH YpaBREHHl Ges

AUCCANATHBHBIX CHA B CAyYae cXaTWsd rasa
nopmuem (cp. pue. 18).

K PEXHMY, B KOTOPOM pAJZYy 3Ha4CHHH KOOPAWHATHI OTBEYAIOT
cpasy TpH 3HAYEHHA CKOPOCTH M JasAeHus. JefictBureanno,

du 0:
yPaBHEHHs NONPERHEMY AAI0T 7 > 0; popmMarbHO, CACLYS TEM Xe

AyTeM, YTO U [IPH PACCMOTPEHHH BOAHDI pAa3PEXEHHA, Mbl IPHXOAUM
K pacnpeieAeHHAIO JaBAEGHHA M CKOPOCTH, H306pameHHOMY Ha puc. 22,

OueBngno, urTo Takod pexHM (UIHUECKH HEOCYLIECTBHM,
Tpyasocrb, Ha KOTOPYI0O MBI HATAAKMBAEMCS, SBHAACh HCXOXHOH
TOYKOA JAAs MOCTPOEHHA TEOPHH YJAapHOH BOAHBI, K H3AOMEHHIO
KOTOPOH MbI Tenepb MepPeXOZuM.

§ VII. Teopun yaapuoii moruni. Beezeane

B upeamaymem mnsAomeHuM Mpl MOAYEpKHYAM Te CAydaw,
Korga KAaccHYecKas rasoBas JHHaMHKa, ONepHpyoWas IMpej-
CTaBAGHHEM O HENPEPBIBHOM PACHPEAECACHAH AaBAEHHUS H IOAbB3YIO-
wasca JupdepeHIHarbHbIME YPaBHEHHAMH AASl ONHCAHUA SIBACHUH,
HO HE pacCMaTPHBAIOlafg HH BSI3KOCTH, HH TENAONPOBOAHOCTH,
HATAAKHBaAaCh Ha Te HAH HHble TpyzHocTH. Hauomumum xapaxrep
9THX TPYAHOCTEH.

B naparpage o pacmpocrpasemH:m 3ByKa Mbl BBIACHHMAH, HUTO
3BYKOBasi BOAHA B CBOEM PaclPOCTPAHEHHHM JOAXKHA Ae(POPMHPO=~
BaTbes. .l pe6Hu BoAm®, T. €. Te Mecra, rge BeuIECTBO CXaTO
H JABHXETCA B HAaNPaBACHHH PACIPOCTPAHEHHSsI BOAHDI, YXOAAT
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Buepes; Hao60pOT, ,BMNazUHBIY, T. €. OOAQACTH paspexeHUsA, rae
CKOPOCTb JABHEEHHA HMEST HalnpaBAEHHe, NPOTUBONOAOXKHOE Ha-
HPAaBAEHHIO PACIPOCTPAHEHHS 3BYKa, OT EOAHbI B LIEAOM OTCTAlOT.
Taknm o6pasom, epopMupysICch, 3BYKOBas BOAHA KaK 6bl 3aXAeCTbi-
BaeT cama ce6da— sABAeHHE, aHaAOTHYHOE TOMY, KOTOpoe HabAio-
AaeTc npu Haberanmu MOPCKHX BOAH Ha moaorméi Geper.

Kak Mbl BbIsICHHAUM panbine, BTa aHAAOrAA MEXJYy rasojMHAMH-
YECKHMH fAIBACHHAMH K ABAGHRAMH B XKHJAKOCTH C cBoSogHOM mo-
BEPXHOCTBIO HOCHT BecbMa rayboxuit xapakrep. B o6oux cayuaax
HMEeTCd TEHAGHUHA K CaMOIPOH3BOADHOMY YBEAUYEHHUIO IpajHeH-
TOB, K CaMOMNPOUSBOADHOMY 06pa30BaHMIO Pa3PHIBOB MPH CRATHU.

TEOPHH HCTeYeHHs B comre JJNasaAsd Mbl TaKXe BbiACHHAH
HECBO3MOXKHOCTb, MOAb3YACh OJAHUMH YPABHEHHSIMH HENpPepPbIBHOI'O
IOTOKa C IIOCTOAHHOH BHTPONHMell, OMUCAaTb PAA NPOMEXYTOTHBIX
pemuMOB B onpejereHHoi Goabmoi obracTH sHauenu# mporuso-
AaBAEHHS.

Hakonen, ocofenso OTYeTAHBO BTa OrpaHUYEHHOCTbH KAac-
caveckolt rasopo#l AnHaMHKu ob6prcoBarachk B mocAejHell paso6pau-
HOH HaMH 3ajave, UMEHHO B CAyyae ABHKEHHS rasa, BbIBBaHHOIO
BHE3aHO Ha4YaBUIMMCS ABHAEHHEM mopmHiA. B aToM ciyuae, ecam
HopineHb ABUMETCH B CTOpoHy rasa, w >0, zu@depesnuaibubie
ypaBHEHUS ra30BOf AMHAMUKM IPHBOZAT K GECCMbICAGHHBIM
TPEX3HAUHbIM PEINEHHAM, T. €. K TAKAM peuleHUsM, KOrja B OAHOM
H TOM Xe MeCTe OJHOBPEMEHHO JOAXHBI ObITh TPH 3HAYECHUA
OAOTHOCTH, TPH 3HAUEHHUA TEMIEpaTyphl, TPH 3HaYEHUA CKOPOCTH.

Bce nepeuncaennbie cAyuam OTHETAHBO NOKa3blBalOT HEOGX0-
AUMOCTb HaXOXJCHHA €IIe KaKuX-TO JPYTHX BHJAOB pPEUIEHUA
rasopoif AMHAMHKH, He BbiTEKAaIOIIHMX HEIOCPEJCTBEHHO H3 ypaBHE-
HMA rasoBoif JWHAMAKM HAEAAbHBIX Ta30B (34€Cb — MAEaAbHBIX
B CMBICAE OTCYTCTEHS BS3KOCTH M TENAONPOBOAHCCTH).

Moo oxpgaTh, 9TO AT HCKOMBIX pexuMOB 6yJAeT XapaKTepHa
6oAbIlas BeAWYMHA IPaJUEHTOB, TAK YTO B HM3BECTHOM NPUOGAM:ie-
HHH HX MOmHO GyAer TPaKTOBaThb KaK PaclpoCTpPaHEHHE NOBEPX-
HOCTe#t paspbiBa CKOPOCTH, JABAEHUS, IAOTHOCTH — TaK Hasbl-
B28MbIX YAaPHBIX BOAH.

[lepes Tem kak HsroxuTb HcTOpuio Bompoca 06 yJAapHBIX
BOAHaX, Mbl B 9AEMEHTapHOH (QOopMe BbIBEZEM YypPaABHEHHS YAapHO
BOAHDbI, NPUGAMBHTEABHO TaK, Kak 3To cjeAaHo [loroHwo B ero
usBeCTHbIX MeMyapax , O pacnpocrpanenun paspoisa® [56], sapance
NOCTYAMPYSA CYLECTBOBAHHE pa3pbiBa U He 3ajaBasiChb BONPOCAMH
€ro OCYLIeCTBAEHUd, YCTOHUMBOCTH M T. I

§ VIII. Aguaéara T'orouno. BoiBoa ee nz ypanmennii coxpanesns

PaccMoTpnM pacnpocTpaHsOmIyIOCs MO rasy yA4pHYIO BOAHY.
3aech Hac He mHTepecyeT TOWHAA CTPYKTYypa (POHTA yAAPHOM
BoAHB.. Mbl npegumonaraeM TOAbKO, UTO €CAH Ha CAMOM Jere
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M HeT pa3pblBa B CTPOroM cMbicAe cAoBa (puc. 23a), To BO
‘BCAKOM CAydYae BCe H3MEHEHHe JAaBACHHS, NMAOTHOCTH H T. M.
IIPOHCXOAUT B OueHb y3KoH obaacru (puc. 236).

B saementapHOM BbIBOAE MBI OrPaHHYMMCSH PACCMOTPEHHEM
COCTOSIHMAL BeleCTBA A0 H MNOCAe IPOXOMIACHHA UYepes Hero
BOAHDI, MPUMEHAS K STHM COCTOSHHSIM YPaBHEHHS COXPaHEHHs.
ITprn sToM Mbl npesnoraraem, uro cama ofAaacts BoAubl A— B
(puc. 23 6) ne pacrer c TeueHHEM BpeMeHH, BCAeACTBHE YEro 3Ha-
YeHHs JaBACHHS, IAOTHOCTH B APYTHX BEAHYHH BHYTPH CaMOTO ,,pa3-
ppiBa“, pacramyroro Ha aamny AB, zoaxmbl 6yayT BoImacTb nMpu
COCTaBAGHHH ypaBHeHHY# COXpaHeHHs, NOCKOAbKY BOAHA NepeMe-
yIaeTcsd, HO KOAMYECTBO BeIIECTBA, KOAHYECTBO DHEPTHH, KOAHYE-
CTBO ABHKEHMHA, 3aKAIOUEHHLIE B
BOAHE Memay naockocTamu A u —
B, marbl, u usMenenueMm MX BO
BCSIKOM CAydae MOMKHO TpeHe-
6peub,

Aan npocrorm mnepeiizem x|
cHCTeMe KOOpAMHAT, ABHAYILeica
BMECTE C YAapPHOH BOAHOH, UHBIMU
CroBamu, GyAeM paccMaTPHBATD  Pyue, 23, Hauearusuporannas (a) u
IIOKOAWYICA  BOAHY, B KOTO- wucranHas (6) CTPYKTYPa yJapHO
py:o, € OJHOH CTOpPOHBI, Hepes BOAHDL.
1aockocTe A BTEKaeT BELWECTBO
B COCTOSIHMH, o603HadaemMoM mugexcoM 1, a ¢ apyroit croponmi,
CIpaBa BHITEKAET BELIECTBO, BCE BEAMYHHDI A KOTOPOTO OTMeE-
THM HHAeKCOM 2. JAd NPUBATHIX KOHTPOADHLIX NOBepXHOCTeil
COCTaBHM ypaBHEHHsl cOxpameHusa. Mpl [pHMeM npu sToM, uTO
BEIECTBO JABHXETCH HOPMaABHO K NOBEPXHOCTH BOAHbL!

KOPOCTb U, — CKOPOCTb, C KOTOPOH BEWIECTBO BTEKAeT
B IIOKOSILYIOCA YAaPHYIO BOAHY, — COBNAJaeT, OYEBHAHO, CO CKOPO-
CTBIO PACHPOCTPAHEHHS! BOAHbI OTHOCHTEABHO HECKATOrO HCXOA-
HOrO BelecTBa, KOTOPYo uacro o6osmawaior . Ckopocto u,
€CTb CKOPOCTb ABHMAKEHHA BOAHbBI OTHOCHTEABHO CXATOrO B BOAHE
Bemecrsa. Haxonen, paswocts u, — u,, He 3aBHcsamas ot Bnbopa
ABHAMYyIIeficA HAM NMOKosLieHcs CHCTeMbl KOPAHHAT, paBHA H3Me-
HEHHMIO CKODOCTH JBHXEHHs rasa IIPH NPOXOKJICHUH BOAHBI;
B YaCTHOCTH, B CHCTeMe, B KOTOpoil HcxoaHoe BemecTBo (uHzexc 1)
TMOKOUTCA, BEAMYHHA CKOPOCTH IOCAE IPOXOMACHHA BOAHDI

/}l
z 14

lul=u, —uy; wy=D—|uj. (Vlll-1a)

1 Ckopocets aBHmeHHs, TamreRmuaAbHOro k nosepxsocrsMm A u B, Aormma
COXPAHATHCS NPH NPOXOMAEHHMH BEIIECTBA Uepes BOAHY, KaK IO BEAUYMHE, T2K
u n> HappasieHuio. CAezoBaTeAbHO, TAHTEHUHMAADHOE ABHMEHH® MOMET 6T
TOAHOCTBIO HCKAIOUOHO H3 PACCMOTPEHMsS COOTBETCTRYIOIMM BBHIGOPOM DAaBHO-
MEepHO JABHAYILeficsl CHCTEMBI KOOPAMHAT.
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IlpupaBnupas KOAHYECTBO BTEKAIOWIETO B eAMHULY BpPEMEHH
BEIECTBa KOAWYECTBY BbITEKAIOIIEro, IOAYYAM MePBOE ypaBHEHUE:

0, u; =04 U, (VII-1)

AJaree cocraBuM ZAs 06beMa, 3aKAXOYEHHOrO mexay A n B,
soipaxenue Il sakona gsumenns Hoiorona, npupapunsas usmenenne
KOAHYECTBA ABUAMEHHA B €ANHHLY BPEeMEHH HMOYAbCY CHA JaBAGHMS.
Brexaomee B eammuny Bpememnm koAmuecTBO BemecTsa 01 4y
06AaZaeT CKOPOCTBIO W, TaKk YTO BTeKAKUIEe B €ZMHHLY BPEeMCHH
KOAMYECTBO ABHACHHS paBHO 0, u,% Pasumoctp KoamwecTBa gBHEKE-
HAS BbITeKAaOWeHd KUAKOCTH 0,u,> M KOAHUECTBA JBHAKEHHR
BTeKaome# muakoctd (T. e. NPHPAILEHUE KOAUTECTBA ABHMEHHS)
ZOAXHA PABHATHCA HMIYAbCY CHA ZABAEHHS, KOTOPBIH COCTAaBASET,
TaKi€ Ha €AHHHUIY [OBEPXHOCTH, P;— P,. TaK Msl IOAyd4aeM BTO-
fO€ YpPaBHEHHE COXpPAHEHHA:

P+ 0 up® = p; + 0, uy’. (VIII-2}

HaKoueg, COCTaBHM ypaBHEHHe COXpaHEHHA BHEPrHu. B HEM MbE
ZOAXHBL GYAeM yuecThb TPpH napbl BEAHYHH: BHYTDEHHIOI0 3HEPTruIo
BTeKa}OIgeI'O H BbITEKAKOLIEro Beuecrsa, KHHETH4YeCKYIO 3HEepPTrHUIo
TOro U Zpyroro u pa60'ry, HPOKSBOAHMYIO CHAaMH J&BACHHA Ha
KOHTPOADbHbDbIE IOBEPXHOCTH A u B. Oxonqa're)\buo, KOAHYECTBO
BTeKaIOlgeﬁ 9Heprun BMECTE C pa60’roﬂ, HpOKQBOAKMOﬁ CHAAMRE
A3BACHHA Ha TOBEPXHOCTH A, paBHO

012

2
o u (El +_2‘) +puy =0y (El +g%+l%)=

=0 u(h+%) (VIIl-3s)

STo Bhipamenue MM ZOAKHBI NPHPABHATD TAKOMY Xe BhIpame-
HHIO ¢ MHAGKCOM 2, KOTOPOE AacT HAaM KOAMYECTBO BHEPTHH,
YHOCHMOH BbITEKAIOIUM BEIUECTBOM B €MHUIY BpeMeHH, i paboTy,
NPOHSBOAZUNYIO TIa30M NPOTHB CHA JaBAEHUS Ha KOHTPOABHOHN
nosepxnoctn B. Cokpaigas norydemnoe ypasHenme Ha BeAMumHY
01 U; == 0, Uy, T. €. OTHOCA BCE BEAHUMHDI HE K €ZHHHIE NOBEPXHOCTH
YAapHO# BOAHBI M €AMHMIE BPEMEHM, Kak BTO Mbl AEA4AR PaHbille,
a K ezHHHLle MacChl NPOTEKAIOWEro EBeljecTBa, Mbl MOAYYHM
TPETbe OCHOBHOE ypABHEHRE B CACAYIOIUEM BHAE:

= (VIII-3)

3aecb Mbl cHoBa BBeAM sHTaAbmmio J==E 4 pv=—FE %-

Bce ypaBnenns cmmmerpuunbnt ormocmTeabHO mepecramosk: mH-
aexcoB 1 u 2. M3 tpex ypasuennii HeTpyAHO HMCKAIOUMTB JBe
CKOPOCTH U, M U, C TeM, YTOGbI NOAYUHTb CBA3b M@Ky BEAHYH-
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HaMH JaBAEHHA M HAOTHOCTH ZO M IOCA€ BOAHBI, TaK HasbiBaeMoe
ypaBHeHHe azmabarni [ toromno,

M3 nepseix aByx ypapHemufl, He MPHBACKAs YPaBHEHHS COXpa-
HEeHHA DREpPruH, Haijem:

w__0. uzzgz_l’z—‘l’l. u2=9_1P1—P2.
uy 0’ 1 Q1 0g—01 ' 2 02 01 —Q3’
2 2 (01 + 00} (p; — po)
Uyl g 2P AT A7, -
L 9 210 (VIII-4)

v

[lozcraBass aTu BbipazeHus B MOCAGZHEE ypaBHEHME, MOAYIAM
BCKOMOe ypaBHeHHe ajuabarbi | loronuo:

1
L—IL= 201 05 (0, +05) (p1 — po), (VIII-5)
HAM
1
E—E,= 20, 03 (01— 29) (P +py)- (VIII-6)

AJ\H TOro 4yTo6bl OTCI0Ja MOAYYNTh B sABHOM BHJE CBA3Db IIAOT-
HOCTH H JaBA€HHs IIOCAe CXaTUA B BOAHE, HeOGXOAHMO BbIPas3uTh
SHTAAbIINI0 HAHM 3HEPIHIO Yepe3 JaBAGHHE H INAOTHOCTD. AJUI nae-
aAbHOTrO rasa, TEITAOEMKOCTh KOTOPOT'O Mbl CYHTaEM IMOCTOAHHO
B MHTEPECYIOIIeM HAC HHTepBaAe Temneparypbl mMexzy Iy u T,

¢p cp k p 1
1=Cp TZ-E-RTZ?})‘U=—E—_—_T—Q-a

MBl DOAYYHM NOCPEJCTBOM NPOCThIX mpeobpasoBaBRui 3akoH CBI3M
NMAOTHOCTH H JaBAEHHA JAAsS BeleCcTBa, MPOXOAANIETO depes pas-
pbiB, ypapHerue aguabaroi [oromwo:

o k+Dpy+(k—1p,  pg_ (k+Doa—(k—1a .
oD m v Dp G — (k=T (VU7

Ypasrenus nmpuobperaior 60Aee MPOCTOR BAA, €CAM MOBCIOAY,
BMECTO NAOTHOCTH, BBECTH OOPATHYIO BEAMUYHHY YAECABHOTO oGbema:

%2“3‘12‘; u? =, Zj:’:;; u? =10y’ z;:Zf ;]
u;— u, = V(py —py) (v, —v,); (VII-8)
u;® — u? = (v, + v) (p, — p1);
L—f= % (o1 + ) (P — Pa);
(VIIi-9)

1
E,—E,= 92 (va— ) (P + p)s

vg _ (k—Dpa+(k+1Dp, pp__ (k+Dov —(k—~1o :
= D G=Dp0  m o ErDu —e—nv (VII-10)

1 [TocTomHOE cAaraemoe, KOTOPOe MOABHTCA B [, €CAH TEOAOGMKOCTD
Hmse T}, OTAMURETCS OT TemAOEMKOCTH B WuTepmare oT Ty zo T, mxozsmeii
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Moxer 6biTb, AOTHYeCKE Goree NPOCTHIM SBASETCA APYro,
(UBHUECKHM COBEPIICHHO PSKBHBAACHTHDIH mnpeablAylieMy, BbIBOJ
ypaBuenus aaua6artbl I'lOrowno, B KOTOPOM MBI HENOCPEACTEEHHO
HCXOAUM M3 paccMOTpeHHO# panee Bajaum O ABHMEHUH NOPINHS
B rase. B pToM cAyuae HaMm He mpuAeTCs omepHPOBATb HOHATHAME
MOTOKAa 9HEPrHH H NOTOKA KOAHYECTBA ABHAKECHNMSA, UTO MOXET npea-
CTAaBUTb HEKOTOPDLIE NIPEHMYUIeCTBA AAS HEHCKYIMEHHOrO YHTATEAS.

Paccmorpum TpyOky monepeunbim cedeHueM B 1 cm?, saKpbiTyIo
nopmHeM B HawaAe koopiumar. B momeHT Bpemenm {—0 nauHeMm
ABUraTb IOPIIEHb C IIOCTOAHHOH CKOPOCTBIO w ¥ 6yJem mCKaTh
pesUM ABUMEHHsA, N306pareHHbil Ha puc, 24, npu KOTOPOM BEPeAH
nopmusa C NOcTOsHEOX cropocrwio DD pacnpocrpanseTcss paspnis
BCEX BEAMUHH — IAOTHOCTH, ckopocTH, AaBAaenus. Cnpasa, suepegu
pa3pbiBa, BEIUECTBO COBEPIIEH~

4 HO He BO3MYIIEHO, COXPaHsET
% s CBOE HayaAbHOE JaBAGHHE pj,

f; _  Ha4YaAbHYK [OAOTHOCTb @;

PP HenoasmaHo. B npomemyrtie
P . . MeMZY [MOPIIHEM U  pasphbi-

7t <& BOM BEILECTBO HMEET KaKue-TO
ApPYrHe, MOCTOSHHBIE Ha BCEM

Puc. 24. Pacupejerenue zaBremns NPOTARCHHH MEXZy MOPMIHEM

B IIPOCTPaHCTBE IMpHd JABUXEGHEE W DA3PDHIBOM 3HAYEHHS TAOT-
ympaoﬁ BOAHBI, BHISBAHHOM cxaTHeM HOCTH 92 U AaBAEHHSA pz, U
rasa noprrHem. ABHETCA €O CKOPOCTbIO, PaB~

HOH CKOPOCTH MOPWHA U==w.

PaccmoTpuM cocTosime, KOTOPOE MOAYIHTCS HPH TAKOM PEAHIME
uepes BpeMs f. 3a BTO BpeMst paspns yHaer Ha paccTosume Df.
Koanuecrso BeulecTBa, KOTOPOE MOZBEPrAOCh CHATHIO 32 3TO
spems, pasHo 0; Df. Mot goazubnt npmpaBeATb ero Koimuecrsy
BellecTBa, KOTOPOe Mbl HafiieM B CHaTOM JO NAOTHOCTH Qg Tase
MexZy TOpuIHEM, HPOJBHHYBIIMMCS Ha PaCCTOSHAE Uf, U Pa3pbIBOMS

0, Dt=0,(D— u)t. (VIII-11)

Ykasannoe KoAHYECTBO BelecTBa NPHOGPEAO CKOPOCTD, PaBHYIO
ckopoctn ABmxenns nopumns. Obwee KOAHIECTBO JBHKEHHS, IIpH-
ofpereHHoe rasoM, 3aKAIOYEHHbIM B Tpy6ke, 3a Bpems £ cocra-
Basier 0;Dut. Mbi ZoaxHbl mpHpaBHATL mpHpamenne KOAHYECTBa
ABHXEHHS HMMIYALCY CHA AQBAEHHA, T. €. IIPOUSBEJECHHIO CHAbI,
paBHOfi PasHOCTH AaBAeHHUs, OKR3BIBAEMOI'G NOPNIHEM, M IPOTHBO-
CTOAINETO €My JaBACHHS HEBO3MYIEHHOrO rasa, Ha BpeMa jel-

CTBHSA CHADBE
0. Dut={(p,— p,) t. (VIII-12)

B (POPMYAR!, MOxeT GbITh YCTPAHEHO COOTBETCTBYIOWIMM Bbhi6OpPOM TOUKH OTcueTa
sueprmd. Bo Beakom cayuae, mocTosmmOe caaraeMoe BripazaeT H3 YPaBHEHH

euaa (VII-5) 1 (VII-6).
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Hakoneu, npupamienme oHepruu BelecTBa NPW CXKATHH Mbl
npupasHuBaem pa6ore, mnpomssozuMOi NOpmHEM, T. €. paorTe,
KOTOPYIO MPOM3BEAa BHEIUHSA CHAa, NepeMellarolas IOPHIEHb,
3a Bpems £. UncaenHo cura ars naowagu mopuus B 1 cm? pasna p,,
npolijennbif mopmueM nyTh pasen uf, pabora pasHa p,ul.

Tax mBl moAyuum nocresmee ypasHenne — ypaBHeHHe SHeprum:

0, Dt (E2+"72—E1)= pyut. (VII-13)

Ouepnano, yTO 3TH YPaBHEHMsA COBEPIIEHHO TOXAECTBEHHDI
PS4y ypaBHeHHi, KOTOPHIE MBI BHIEEAH PaHbINe, U TOAYYATCS H3 HEX
TPH NEepexoje K CHCTeMe KOOpAMHAT, PABHOMEPHO JBHAYILEHCH
OTHOCHTEABHO CHCTeMH, Bbi6paHHON cefiuac. Ilpm atom ckxopocts
pacmpocTpanenusi pasppisa D y Hac pasee o603HawaAach u;, Taw
uro Temeps D ==u;, a CKOPOCTb> ABHAGHHS MOPUIHS U== U, — U,
Mnt npejcraBasieM WHTAaTEAI0 JOKAaSATEABCTEO TOTO, UTO MOCAEAHHE
tpu ypasuenus (VIII-11, VII-12, VIII-13) npusogar k Taxomy xe
Boipazenuio aguabarot [roronno (VIII-5, VIII-6).

§ IX. Croiictea aguabarm I'loronmno. Yaapnnie BoAnn
B BO3JAyXE H B BOAE

Boisegennoe mhime ypasmense aauabatei ['torommo o6aajaer
pAzoM upesBmdyaliHO mHTepecHbix ocobenmocreit. Ilpexae =scero,
HETPYAHO BHJAETH, UTO NPH GeClpejeAbHOM MOBbIIEHUH AABACHHSH
CEaTHA p, NAOTHOCTb HZEAAbBHOIO Ia3a IMOCTOAHHOH Temao-
eMKOCTH He 6yJZeT pacTi GeclmpeseAbHO, a CTPEMHTCA K onpe-

AGACHHOMY IPEJEAY, PABHOMY 92:kT+191' Ars  zByxatom-

HBIX Tra30B C HEBO30YyXAEHHbIMM KOAeGAHHAMH BHYTPH MOAE-
KyAbI €, = 5 kaA[MOAB - rpaa; ¢,=7 KaA/MOAb - rpag; k= 1.4 u npe-
ZeAbHOE 3HaUeHAe I[AOTHOCTH He IIpPEBbIIIAET HAYaAbHOH mAOT-
HOCTH, yMmHOxeHHOH Ha 6. JAsS OAHOATOMHOro rasa mpejeAbHOE
o6bemHOe cxarue paBrO 4.

Taxum obpasom, Mbl BRAUM, YTO MO KpalHeH Mepe NpH CHAb-
HBIX CAATHAX, T. €. NPH OGOADIIMX JaBACHHAX CXKATHA, NAOTHOCTD
pacTeT CPaBHHTEABHO MEAAEHHO, YEMY OTBEeYaeT MEZACHHOe maje-
HHe 06bemMa M COOTBETCTBEHHO GBICTpHIN POCT NMpomMsBegeHus pu,
ONPEAEASIONIero TeMnepaTypy rasa.

HCAGHHDbIE pacHeThl BIOAHE MOATBEPAKAAIOT BTOT BBHIBOA
o 6bICTpOM pocTe TeMIepaTypbl rasa C POCTOM AABAGHMS CAKATHSA
B yZapHO} BOAHE.

[pusoaum cocraerenunie O. H. Aeitnynckum rpaguka (prc. 25
u 26), zaoumue, B 3aBHCAMOCTH OT OTHOIIEHHS JaBAEHRHE pgp,,
BCE HMHTepecylOljHe HaC BEAHUYMHB: I[IAOTHOCTb IOCAE CHaTHs,
BCE CKOPOCTH U, Uy, U;— U, H CKOPOCTb 3ByKa B CAaTOM rase,
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HpHYEM BCE CKOPOCTH OTHECEHbI K CKOPOCTH 3BYKAa B HCXOZHOM
HEBO3MYLIEHHOM rase, leMreparypy €xaToro rasa Aerko safigam
no kpueoil ckopocTH 3ByKa I,/T;=(cyfc;)*. Pacuersr nposeaenst
B TNPEAMOAOKEHHH IIOCTOSHHOH, He 3;BHCAIIEl OT TeMmepaTty-
pbl, TENAOEMKOCTH €, ==

Eﬂ”ca" | KaA/MOAB - Tpag, ¢,=7
7 Y7
Doy Uz KaA/MOAb - rpas. Y Dek-
R kepa [38] mbt maxozum
4s “l 7 TabANLY COCTOSHMR BOS-
/ Ayxa, CHaTOro yJAapHOH
/ BOAHOIA.
5 A v Pacuer Bexkepa npo-
BEJeH B MPE JMOAOKEHUH
/ AMHe#HOH  3aBHCHMOCTH
P / 4 | TEMAOEMKOCTH OT TeMmme-
V4 4 paTypbi; cpeaHsas TemAo-
4 / EMKOCTb B HHTepBare
/ or 273° ao T muipaxena
g ¢opmyaroii:
) Coars—1y— 4.78 +
2
+045-1073 T, (IX-1)
; ~____— [losepounnie pacuerni mo-
Ka3blBalOT, YTO B HHTEp-
%‘é' BaAe OT KOMBaTHO# Tem-
’ nepatypn g0 3000° K
U5 @ @ @ # °T@ mpocrax Qopuyra
7 ¢ Tounocrbio g0 3%, cos-
Puc. 25. BasmeumocTn cropocTH pacmpo- azaeT ¢ COBPEMEHHLIM

TOYHDbIM 3HAYCHHCM
TENAOEMKOCTH BO3JyXa,

CTPAHEHHA BOAHBMI D, CKOPOCTH ZBAXCHHA
CHATOTC BEIZECTBA U M CHOPOCTH BOAHDBI

OTHOCHTEABHO CHATOro BellecTma D—u or

AMOAHTYAHN JAaBACHHA B ygapnoﬁ . BOAHE

B ABYXaTOMHOM Trase c MOCTOSHHON TemAo=
eMKOCThIO.

PaCCUHTAHHBIM Ha OCHO-
BaHME CHEKTPOCKONHYe~
ckux gauuHbix. B Tabamne

Bexkep mnpusogur zas
CPaBHEHUA TEMIIEPATYpY, AOCTHraeMylo NpH aguabaTHUYECKOM cxa-
tan  (BzoAb aauabarm Ilyaccoma, npm nocrosmuo# sHTpOmHE)
AO TOro € AaBACHHA.

Kak mmano us Tabamye, cmatme yazapuo#t BoAHOH mpHBOAHT
OpHd PaBHOM MOBBLIIEHWH AABACHHSA K 3HAYHTEABHO 60Aee BBICOKOM
TeMIepaType CxaTHs.

Hemocpeacrrennntii pacuer zAa uzearbroro rasa ¢ mocTosaHuoh
TENIAOEMKOCTbIO IIOKa3bIBAET, YTO UPH CHATHH B YZaPHOH BOAH®,
T. €. €CAM Q3 >0y P> p; U< vp u >0 u, >0, mmeor
MECTO CAEAyIOLIue COOTHOLICHHA:

u >c3 uy<cy

S, > S, (IX-2)
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B Boane paspexenus, ecam 6p1 oHa paclpocTpansrach B BHAE
pa3pbiBa, B macarpHoMm rase u, >0; u,>0; ,<<o03 p<pj
vy > U; COOTHOmEHHA 6biam 6bl 06paTHBIMH:

y<ej; up>cy S5<S, (I1X-3)

Ilpu orcyrctBHE OTGopa Tenmaa Hapyxy Najz€HHO SHTPONHH
HEBOBMOKHO, OTKyAa CAEAYeT HEBOSMOXHOCTb PAaCHPOCTPAHEHUA
, — BOAHBI PaspeXEeHHs B BHAE
% ! % paspmBa (Tak HashiBaeMas
4 . % reopema Llemnrena[99,55]).
: Huxe, yraybass reopuio
I - P J yAapHO# BOAHDI, Mbl IOKa-
% 'f K€M MeXaHH3M POCTa SHTPO-
‘V ‘ NHM B BOAHE CHATHA H
¢ 7 - 5 j ~144 cBAsSb €ro c HEpaBEHCTBAMH,

/ i 5 OTHOCHAILHMHCSA K CKOPOCTH
[

BOAHBl U;, U, M CKOPOCTH

. g 2 3BYKa ¢, C,.
‘ Ars  wuaearbnoro rasa
J / i ‘ [IOCTOSIHHOH TENAOEMKOCTH
AL/ ) ‘ 1§ Dpm 6oAbIIOK aMIAHTY e
YAapHOH BOAHBI Py, > py,
Jopmyan 3HAYHTEADHO
YHPOLIAIOTCS: MBIl YK€ OTMe=
0 W W —#w W 74 ' 4aAH, 4TO NAOTHOCTb MOCAE
Z CxaTusl HaXOJAHUTCH B olpeje-

4

. k+ 1
Puc. 26. 3apucumocTs mAoTHOCTH Oy B ACHHOM OTHOLIECHHH

CHODOCTA 3BYKa Cy B CXATOM BellecTBe k—1
OT ZaBAE€HHA, B Tex Xe YCAOBEAX, YTO K OAOTHOCTH A0 cmaTHs.

u Ha puec. 25, Orromenns Mexay BeANdH-
HaMH, XapaKTepPH3YIOUIUMH
Ta6aunma 2
palP1 00/01 Ty°K (T(p, S= const)g D wmjeex u M/cex
1 1 273 273 330 0
2 1.63 336 330 452 175
5 2.84 482 426 698 452
10 3.88 705 515 978 725
50 6.04 2260 794 2150 1795
100 7.66 3860 950 3020 I 2590
i
500 11.15 12 200 1433 6 570 ‘ 5980
1 000 14.3 19100 1710 9210 8560
2000 18.8 29 000 2070 12 900 12210
3000 22.3 36 700 2180 15 750 15 050
LHudpm mrxme Ammeiixy HeHajeMHbI.
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AOCTHUTHYTO€ MOCAEe CMaTUA COCTOSHHE, CTPEeMH|ICH K onpejeacH-

HOMY MNpejeAy IIpH l% —> Ou

Diuieg=k+1:2:V2%(k—1). (1X-4)

B npegeavupie @opmyabnl BROAMT HauaAbHAT OAOTHOCTb, HO
He HayaAbHOE JAaBACHHE HAM TeMuepaTypa, OT KOTOPHIX KOHEYHOe
COCTOsIHME HE 3aBHCHT B NpejeAae, NpH GOAbLIOH aMIAKTYZe.

2 Sk+1 _y/k+1ps o k—1pgw, __k—1 py .5
D—I/TW’I“/"TE’ I=1*r ~Ek+1Ro," (IXe3)

Pacnpocrpanenue yazapHbX BOAH B KWUAKOCTAX B MaAOfl cTe-
NeHu BASAOCH PEIMETOM McCAezoBamusi. Dexkep B cBoed pabore
06 YAapHBIX BOAHAX [PHBOAUT JaHHHE 0O yZapHBIX BOAHAX
B crnupre W sdupe. llpn Boiunmcaenus on moabzoBarcs mpHGAH-
KEHHbIM YPaBHEHHEM COCTOAHUA |aMMaHa,

[lpynumas Bo BHUMaHHME BaXHOCTD W3YUEHHs YAAPHBIX BOAH
B BOZe, B CBA3H C jeficTBMeM NOABOJHBIX B3PHIBOB MHH H Toplef,
ApeACTaBAsieT HiATEPeC OUEHKAa OCHOBHBIX MapaMeTpOB yaapHOH
BOAHDI B 3aBUCHMOCTH OT JaBAEHHS.

B caeayroweRr Tabaume aamm pesyabTaTsl pacueTa pacrpo-
CTpaHeHHs yjapHO® ROAHDI B BOJe, NpojeranHoro Aednysckum
u asropom [125].

B orauume or Bekkepa, mpum BbluscaenmE Ml mOAb3yeMcs
HeloCPeACTBEHHO TabGAHYHBIMUH  AaHHLIME AAST  CXHHEMAEMOCTH,
KOd((paLMeHTa paCLIMPEHHS M TENAOEMKOCTH BOAM, He Npuberas
K MaAO HajeXKHbIM YPaBHEHHAM COCTOSHHSA.

Hsmeperus Dpugmmena Aosesennr A0 BecbMa BBICOKHX ZaBAcs
HUH, NOSTOMY B pacuere He NPHXOAHTCA NMOAb3OBATHCH DKCTpPa-
noasuueit. Aas yzo6cTBa pacuera Boibpannt GbiAR TaAKHE HaYaAbHbIE
ycaoBusa, 4T06bl KOHEYHas TeMIeparypa CxaToif B BOAHE BOZbI
pasuaracp 40°C: mpu sroit Temmepatype, coraacno Bpugmueny,
KO3()(UIACHT TEMAOBOrO PACHIMPCHHs BOABI O HE 3aBHCUT OT
AaBAcHHA, uTO ofAeruaer pacuer,

B ypasuenue oueprmu (VIIL6) pxozur ameprus soawi mpu Boi-
coxom gaBrenuu. Ee mbl Bbluncasem ¢ momompbro TepMoZMHaMK-
YECKHX COOTHOILIEHHH

dE== TdS — pdv= T(—:—g)pd?’-—o— T(%g)fdp—— pd,

(9),= % ()= r),
ir),— 1 \op)e— —\o7), = %

dE=c,dT —a Tvdp — pdo.



$IX. Ceoticmea aduabamer Iozonuo 71

Hurerpupyss mnocaessee BbipaxeHue 1[0 IMyTH, BeAymIeMy #3
COCTOSIHUAA ¢ H3BEeCTHOH ®Heprueit B COCTOsAHHE, BHEPTHIO KOTO-
poro MmBl ompejeaseM, Haiizem

B nepsoix uernipex croabuax Taba. 3 npuBejeHpl BEAHTHHBI,
XapaKTepHsylOllue HavaAbHOE, JO CHATHA, COCTOSHHE BeWecTsa,
B CAEAYIOIIMX YeThipeX ~— COCTOsHHMe BelecTBa IOCAe CHaTHs,
JAaree CAeAyeT CKOPOCTb PACIPOCTPAHEHUA YAapHOH BOAHH OTHO-
CHTEABHO HecxaToit BoaHW, [D=—u,, u CKOPOCTb ABHUMEHUS, NPHU-
ofperaemas Bogo#t mnpu ckarHH, u=u; —Uu, (cp. oGosHaue-

mus § VIID).
Ta6armya 3

i
P ITI,OC vy ¢y p2 (T5,°C| vy co u D |\T,°C

1 40 11,008 | 1530 1, 40 1,008} 1530 6 | 1530 | 40
1 31.5|1.005 | 1500 | 3000 40 |0.914 { 1890 } 150 | 1820 | 31.2
1 22.511.002 | 1470 | 6000| 40 | 08591 2520 | 280 | 2070 | 24.2
1 1.8] 1.000 | 1410 {12000] 40 (0793 | 3200 | 490 | 2410 | 11

B nocaezuem croabue npuBeieHa BeAMUHHA, XapaKTEPUsyOL1an
AUCCHOATHBHBE IPOUECCH M 3aTyXaHHe yAapHOH BOAHH B BOJE;
BeAWunHa [ 'i; IPEACTABAAET TY HAYAABHYIO TEMIeEPaTypy, KOTOpas
Heo6xXoauMa, 49TOGbI H3SHTPONHYECKHM CHaTHEM OT P, JAO D,
ZOCTHYb TOKA3SaHHOI'O B TaGAMUE COCTOAHMA Py, lg @, Pas-
mocts I'i; m BeAmuuEbl 7, NpuUBeZeHHOH BO BTOPOM cToA6ue,
npezcTaBAseT co6oi Ty 4acTb MOBBILIEHHA TeMIIePaTypH, KOTOPas
JOCTHraeTcst 3a cueT HeoGPaTHMbIX NPOLUECCOB BO (PPOHTE yAapHOH
soanbl. [lpejcrasum ceBe yaapuoe ciaTHe ¢ p; 0 P,, 32 KOTOPBIM
CAEAYET H3dHTPONMHYECKOE pacCIlIHPEHHE A0 AABACHHA p; B PE3YAb-
TaTe IOCA€ MPOXOAKACHHA YZAapHOH BOAHM 3aJaHHOH aMnAw-
Tyanl JaBaenusi (pg, nATbi croAGen Tabamuel) m caezyromedt
3a Helt BOAHBI paBspemeHHs TeMIepaTypa BOJBl NOBBICHTCA C 1,
ao T’l.v.

Taroe nopoienne TeMIepaTypnl BOAD! IPOU3OMAC 33 CUET He-
0ofpaTEMOro pacxoj0BaHusA MeXaHuyecko#t (KHHeTHYeCKOH m moreH-
UMaAbHOR) SHEPruM yAApPHOH BOAHBI M, CAEZOBATEABHO, HENOCPE-
CTBEHHO CBs3aHO C 3aTyxaHueM BOAHB. Mepoii saTyxanus momer

T'1s— T
CAYRUTb OTHOWEHHE —7 7~

Aerko y6eautncs B TOM, YTO M B JAHHOM KOHKPETHOM CAyYae
BHIIOAHAIOTCA O6GIUME COOTHOWIEHAS: CKOPOCTH PAaCIPOCTPAHEHHS
BOAHHN 6OAbILIE CKOPOCTH 3BYKAa B HEBO3MYylUeHHoH Boge, D > c;;
CKOPOCTb PAaCNpPOCTPAHEHHS BOAHbBI OTHOCHTEABHO CARaTOR BOZHI
MEHbIIE CKOpPOCTH 3ByKa B cmaroit Boge, D— u<c,.

OcraHoBUMCS 33€Ch Ha HEKOTOPbIX (POPMAAbHBIX CBOHCTBaX
azunabare [orouno.
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Becbma aroGonbiTen m nmeer rayGokuii CMBICA TOT (akT, 4TO
ypaBHeHne agunabarol ['IOrOHHO HeAb3s 3anucaTb B BuAe:

APy 0)=f(ps ¢). (1X-6)

B erom ormowennu aauabara ['ioronmo, ouesmgmo, oramuaercs
OT TakuX NPOCTEHUIAX KPHBHIX, KaK H30TepMa WAM ajgnabara [lyac-
cona. Ypapnenue nocaezueif TAacut:

S=38(p, 0)=const, (IX-7)

YTO, HaNpEMEp, AAf HASAAbHOT'O rasa JacT
-3
S=c,Inp—c,Ing—+const; po~"=const-e®. (IX-8)

Aas roro urober ucuepnaro sce kpuenie [lyaccona, mam gocra-
TOYHO NPOHTH OZHOMEpHbIH psj sHauerult suTpommm S. JAas Toro
4yTOGH HcuepnaTh Bce KpHBble aguabarnl [lorommo, Ham Heo6xo-
A¥MO TOCTPOHTb ,GECKOHEYHOCTb B KBaJpaie“ KPHBbIX, OTBEYAIo-
IQUX BCEM BO3MOMHHIM 3HAYEHMsIM p; M Q).

Tor ¢akr, uro ypasnenue aguabator ['loronno me MomeT 6biTh
npegcrasBreHo B Buze f(p, 0)==const, BmaeH xoTa 6B M3 TOTO,
4TO, CKHMasd, HanpuMep, ABYXAaTOMHbI ras ABa pasa AByMs yaap~
HbIMH BOAHaMH, OAHa H3 KOTOPBIX PACHPOCTPAHAETCA MO BTOPOH,
Mbl MOXEM JOCTHYb cmaTHa A0 J6 pas, Torda Kak Ipd OZHOKpar-
HOM CHATHH MBI HE MOMEM YBEAHYHTb DAOTHOCTb GOAbmE, ueM
B 6 pas. Takum o6pasom, mpr ZBYKpaTHOM HAM BOOGImIE MHOrO-
KPaTHOM CXATHH YJAPHBIMA BOAHAMH MBI IPUXOAHM K COCTOSHHIO,
K KOTOPOMY HEADb3A NPHTTH OJAHOKpPATHbIM cxkaTHem. Mexay rem,
NpH HM33HTPONUYECKOM CHATHH KOHEYHOE JaBAGHHE OAHOCTBIO
onpejeAseT KOHEYHYIO IAOTHOCTD BellleCTBa, HE3aBHCUMO OT TOro,
HAa CKOABKO STallOBR MB pPa36HAM JOCTHXEHHE ZaHHOTO KOHEYHOro
AaBAEHASA, UTO CAeJyeT H3 BOSMOXHOCTH IPEACTaBACHUS aiHaGaThi
[lyaccona B dopme (IX-6).

B naockocru p, ¢ mAm B mrockoctn p, v aguabara [lyaccona
npezcrasaseT cobofi KpUBYIO, BCE TOYKH KOTOPOH SKBHBAAEHTHDI
Hu oana u3 rtouex He npejcraBaser Kako#-An60 0COGEHHOCTH.
C agmabaroii Toromno oro me Tax. Hawarbmas Touka g, p,
(uan v, p;) aBAmercst ocobo#t Touxo#t agwabarnt [torommo. M
BBIABIM XapaKkTep oCOOEHHOCTH B CAeAyiolleM naparpade, paccma-
TPUBag OKPECTHOCTb TOYKH p;, v;, ONHchiBaoUleR wuCxoZHOE
COCTOsIHHE BEIUecTBa A0 CHKATHA.

Ypaenenne aguabarni [roromno sammmem Tak:

p=H(o; p, 01)- (1X-9)
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M3 cummerpun ypaBreHuil coxpaHEHHs, U3 KOTOPBIX NTAYYEHO
ypapHeHue agmabatbl [toromuo, caegyer, uto ecam

Py=H(ey p1, 0), (IX-10)

T0 u ofpaTHo
pr=H(e;; ps 0)) (I1X-11)

(cp. nnxe crp. 80, puc. 28).

§ X. Heropus sompoca o6 yxapmoii Borme

YpasHeHue cBA3K MEXAY ZABAGHHEM M MAOTHOCTBHIO B BELIECTBE,.
nozsepriemcst AeficTsulo yAapHO! BOAHDI, BbIBEJE€HHOE HaMM H3
SAEMEHTApELIX COOOpaxeHHii M pPacCMOTPEHHA 3aKOHOB COXpa~
HEHHsd, NIPHBEAO K HEOXHWARHHOMY Pe3YAbTATY — POCTY BHTPOIHH
IpH CKATHX ujeaAbHOro rasa yaapHoil soanoH. [Ipu atom pocr
DHTPONUU TMOAYJaeTCH HEOCPEACTEEHHO U3 CONOCTABACHUA HaYaAb=
HOr0 ¥ KOHEYHOTO COCTOSHHN BellecTBa, KOTOPHIE CBA3aHbI MEXAY
co6olt ypaBHeHusMu coxpaHeHus. Mbl He paccMaTpHBaAH NIPOLECCHI,
NPOTEKANIMe Mexay KOHTPOAbHbIMM noBepxHocTsME A n
(puc. 236), koTopoie npuseAn k pocty durponnn. Dopmarbro oAHM
ypaBHEHHAN COXpaHEHWs, KK MBl yie yKasHBaAH, CHMMETPHYHbI
OTHOCHTEADHO @y, P H Qg Pg. Y PABHEHHAM COXPAHEHHS MB MOTLAH bl
YAOBAETBOPHTb TaKike, PAaCCMATPHBAs OGPATHOE ABUNKEHHE — BOAHY
paspemeHHs, B KOTOPOH paspeikenHe IPOHCXOAUAO Obi BHYTPH
KAKOro-TO, GAHXe He pacCMaTPHBAEMOro, MaiOro mHTepBara AB
B coraacnr ¢ ypasHeHuem [rorommo. Oguako Takoe zgBHAkenue
B AcHCTBHTEADHOCTH SBAAECTCA HEBO3MOXKHBIM, KaK 3TO CAEAYeT H3
TOro, 4TO B HEM HMEAO 6m MecTO najenue sHTponnu (ynomsnyras
BblllE TaK HasbiBaemasn Teopema Llemnaena [99]). Bor ara ocoben--
HocTb pesyaprara § IX, B koTopom Mbl, He paccmaTpHBas zuccuna-
THBHBIX NPOLECCOB, NPAIIAM K H3MEHEHHIO SHTPONHH, CO3JaeT
onpejeAeHHble TPYAZHOCTH B IOHWMaHMH TEOPUH YAAPHOR BOAHDI,.
KOTOPBble MOTYT GbiTh HOAHOCTHIO YCTPAHEHH AMIIL B TOM CAyuae,
€CAH MBH PaCCMOTPHM OpOLecChl BHYTPH caMolt o6AacTH HIMEHeE-
HHA cocTosiHHA (MEXJy KOHTPOAbHHIME mHoBepxHocTsMa A u B
puc. 236) u KOTOpble BHAUUTEABHO 3aJEPKArH PA3BUTHE TEOPHUH.
yAapHOH BOAHBL

aMeYaTeAbHO, ITO TPH NepBble BaxHeHuHe paGoTol MO TEO-
PHH YAAPHDIX BOAH GHAM NPOM3BEJEHB, XOTA ¥ B pasHOe BpeMf,
HO, NOBHAMMOMY, COBEPIIEHHO HESaBHCHMO OJHa OT Apyroit. JTo
AACT HaM BOBMOMHOCTb PACCMATPHBATb HX HE B XPOHOAOTHUECKOM
nopsiake,. 160 6Ge30THOCHTEAbHO K TOMYy, Kakas pabGora OGblra
KaAGHAAapPHO CAGAAHA paHbplle, IO COAEPMAHAIO 3TA PabOTHI COBEP-
IMEHHO He3aBHCHMBI.
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Puman [81] B csoem Memyape, COCTaBUB HepBbie ABa ypavuao-
HHs, — COXPaHEHHs BEILECTBA H COXPAHERRs KOAMYECTBA ABHMEHHS,
B KauecTBe TPETHEro ypaBHEeHHs NPUHHUMaeT ypabuenue [lyaccona,
T. €. 3apaHee 3aJaeT COXpPaHEHHe OJHTPONMM B yZapHOH BOAHe,
M0 aHAAOTHHM C COXPaHEHHEM DHTPONMK B JBMAKERMAx 6e3yAapHbix
BOAH, B KOTOPBIX JeficTBHE JUCCHNATHBABIX CHA —BSI3KOCTH ¥ TEMAO-
IPOBOJHOCTH He paccMaTpuBaercst. [loAywenHoe uM coornomenue
MexZy JZaBAGHHEM M MAOTHOCTHIO M 00Imas KapTHHA JBHAKEHHUSA
o6ragaior pszoMm obmux uepr ¢ ucrunHoit xapruHoi. Oamaxo
ypaBHenuss PumaHa NPUBOAAT K TOMY, uTO 3aKOH COXPAHEHHA
9HEPIrRM OKa3MBACTCS HEBLINOAHEHHbIM. [l0STOMY MBI  LOAMHBI
NPU3HATD UX OMHNGOYHHIMM.

Arwbonbitro, uro same B usjanumu 1925 r. ussectHOH KHurm
»JBQPepernuarbuble ypaBHERAA B YACTHBIX NPOHR3BOAHBIX MaTe-
MaTHuecKolt (usukn“, cocraBaenHoii Befepom mo aexmuam Pu-
mana [97], mocae Toro kax Bech BOmPOC 6bIA MOAHOCTBHIO BHIACHEH,
Befep nonmpexueMy BmipamaeT CTPAaHHbIE COMHEHHS — HE MOTYT AH
NPH yueTe TYpOYAEHTHOCTH BCE XK€ HMETb MeECTO YPaBHEHHsA
Pumana.

Bersog [orounmo [56], ¢ umenem koToporo mpuuaATO CBABHLIBATD
ypasuenue (VIII-7), Bocnpomssesen namu B npeamaymieM napa-
Tpade.

Mbi nepefizem ceftuac k wmemyapy Penxuna [78], manbonree
HUHTEPECHOMY C TOUKH 3peHusl Qpusnueckod TasojRHAMHKH, C TOUKH
3PEHMT OTYETAHMBOTO ITOHMMAHHUA CYILHOCTH MPOUCXOASILUX B yAap-
HOll BOAHe ABAeHHI.

Penxun paccmarpuBaer aBmaenme, KOTOPOE MOTAO 6bi pacmpo-
CTPAHATHCA HEOUDAHHYEHHO JaAeKo, He MeHAa cBoed (QopMsi,
T. €. pPacCMaTPHBAaeT CTAUHMOHAPHO PacClHPOCTPAHAIOmIEECH [0 rasy
BO3Myienue. lakdm xe crnoco6oM, KOTOPHH MB TPHUMEEHAR
B BbiBoZe ajuabarmt [lorommo, Penkun BbiieAseT JBe KOH-
TPOAbHBE NAOCKOCTH H COCTABASIST 3aKOH COXPAaHEHAS BemieCTBa
W 3aKOH COXpaHEeHAS KOAHYECTBAa JABuxeHus, Penxun paccmarpu-
BaeT BEIIeCTBO, XOTs H He obAajaroniee BSABKOCTbIO, HO O6Aa-
AanIiee TEMAONPOBOZHOCTBIO. Y HEro CGOPMYAHPOBaHbI BamHeil-
mue JAAf YZapHbIX BOAH MPHHUMOb aBTOMOAeAbHOocTH. Vmenwo,
Penxur ocofenHo mnOZYUEPKHBAET, UTO HUCACHHO KOSPOHIHUEHT
TENAONPOBOAHOCTH BElJECTBA MOMET ObITh CKOAb YIOZHO Maa,
HO TeM He McHee B yAapHOH BOAHE Mbl He MOxeM MM mpeHebpeus,
NOTOMY 4TO 3apaHee HHKaK He 3ajaHa caMa NIHPHHA BOAHBI,
HE 3ajlaHa BeAHYMHA IpajHeHTOB B yjapHoit Boaue. Yem mewbme
KO (PPHUUAEHT TEMAONPOBOAHOCTH, TeM GOAbWIHX IPajfUEHTOB MbI
MOXEM OXuJaTh B yZapHOR BOAHe, Tak YTO NpPOU3BejeHUe rpa-
AHEHTA TEMIEPATyphl Ha KOD(PPHIMEHT TEIAOHPOBOAHOCTH (paBHOe
KOAHYECTBY T€lAa, NEePeHOCHMOrO TEIAONPOBOZHOCTDIO B € AHHHLY
BPEMEHH) MOMXET OCTRBATbCSH KOHEUHDIM MPH CTPEMAEHHH CaMOro
KOD (D PULACHTA TEAOHPOBOAHOCTH K HYAID. OTHM KAAZETCA OCHOBA
OTHYETAMBOrO MOHUMAHMA TOTO, KaK MOXHO NpeHe6perarb AUCCH-
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TMaTHBHBIMH CHAAMH, B YaCTHOCTH TelAONPOBOAHOCTBIO, TaM, rje
BEAWYHHA MPAZHEHTOB ONpejAeAeHa u3BHe, 3apaHee 3aJaHa CaMHMH
YPaBHEHUAME JBHKEHHUS 6e3 TemAompPOBOJHOCTH, H OYEMY HEAb3as
npenebperarb TENAONPOBOZHOCTHIO TaM, FA€ BeAHUHHA TPAJHEHTA
cama no cebe ne onpeierena. [Ipumepom mepBoro poga siBasercs
BOAHA PAa3PEXEHHA, AAA KOTOPON MBI MOCTPOHAH PEUICHHE B IPEA-
TMOAOKEHHH OTCYTCTBHA TENAONpoBOAHOCTH. Mbl HamAW, 4TO Mmim-
pHH2 BOAHBI paspemeHHUs TOro :xe MOPAjKa, YTO H npolizeHHoe
BO3MYIOIEHMEM PACCTOSHME, MIHMPHHA BOAHD PAa3DCXKEHHS AHHERHO
pacTeT cO BPEMEHEM H IO NOPSAZKY BEAHYHH DaBHA

Ax:ég— ct.
)

EcAn unt 6yzem cauraTh 9TO nepBsIM NPAGAHKEHAEM, TOCKOABKY

B MOCTPOEHWHM BOAHB paspemeHHs HE YUATHIBAAMCH TEOAOIDOBOA-
HOCTP M BASKOCTb, H 3aXOTHM B CAeAyIOIleM TpUOGAHMEHHN
y4ecTb ZeHCTBHE TENMAONPOBOAHOCTH M BSA3KOCTH HA IMOAA TEMIe-
pPaTypel W CKOpPOCTH, HaligzeuHvle B nepBOoM NPHOAMKEHHH,
TO YBHAMM, YTO upesBWHYAWHO CKOPO BCe TIpaiHEHTH OKamyTCA
HACTOABKO MaAbIMH, YTO TENAOINPOBOJHOCTb M BSA3KOCTb NMPAKTH-
UeCKH COBepIIeHHO He GyAyT BAHATL Ha pesyabraT. He To B yaap-
Hoit Boamwe. Ecau 3a nmepsoe mpubaumcmme Mbi 3axoTeAm 6bl mpu-
HATb 6ECKOHEYHO KPYTOH paspHEB, KOTOPDIH MOAYYaeTCS IPH PABHBIX
HYAIO TENAONPOBOAHOCTH H BS3KOCTH, TO B CAeAyIOIlEM NpHOAH-
KeHHH, BSOAA TEMAONPOBOAHOCTb M BSI3KOCTb, Mbl IOAYYHAH 6bt
6eckoneunbie MOTOKH Temlaa, GeckoHeugo GOAbIIOE BO3pacTaHue
aurponmu., B cayuae yzapmoit BOAHBI, TAe ypaBHeHHs JBRHEHHA
6es TENAONMPOBOAHOCTR M BASKOCTH He JAlOT HHKAKOrO Ompeje-
ACGHHOrO 3HAaYEHHs UIMPHHBI BOAHBI, BEAHYNHAa I'PaZHEHTOB M CBi-
3aHHAs C Hell mApHAAa BOAHBI MOrYT ObITh HOAYYEHBI TOABKO
H3 PaCCMOTPEHUA AHCCHNATHBHbIX CHA, H [PH BTOM LIMPHUHA OKa-
3bIRAGTCA KaK pa3 Takoil, 4To6bl Aath TpebyeMoe ypaBHEHHsMA
coxpaHeHus Bo3pacTamde aurpomud. [lpm sTom, o6paTHo, ecam
B BOAHE paspeseHHs NPH KOHEWHOH, COM3MEPHMON ¢ pasmepaMu
CHCTEMbl IIHPHHE MbI MOTAH NpeHefpeub AeHCTBHEM JHCCHIIATHB-
HBIX CHA, TO B YAApHOH BOAHe, JASl TOro YTO6bi AHCCHIATUBHHIO
CHADl JaBaAH KOHEUHOE BO3PACTaHHE BJHTPONHH, HEOGXOAMMO,
4To6H WHPWHA YZapHOHA BOAHDI 6bira BECbMAa MaAa O CPABHEHHIO
¢ pasmepamu cucrempl. Drarosaps sromy Besae, xpome nosepx-
HOCTeR yJZapHblx BOAH, MBI ¥ MOXEM HCKAIOMHTH AVUCCHIIATHBHBIE
curnt. KauecTBeHHO Ars wacTHOrO CAydas, Koraa esMHCTBEHHBIM
AUCCHIIATABHLIM (DaKTOPOM SBASETCA TENAONPOBOAHOCTD BEIIECTBa,
9TH COOTHOILICHHA COBEPINEHHO OTYETAHBO BbICHEHb! PEHKUHDIM.
JanvHefimee nsromenne PenkuHa cTpajaeT MsAmMmHeH CAOX-
HocTbio. Tak, ypasHenne SHEPTHH OH COCTABAfET COBEpIIEHHO
MPaBHABPHO, OAHaKO B 06IyeM CAy4Yae HPOH3BOABHOTO BeIIECTBA
€HKHH He BbIPa®AET BHYTPEHHION JHEPruio B ABHOW Qopme, KaK
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QYHKLNIO AaBACHHA M NMAOTHOCTH; BMECTO BTOr0 OH NOAb3YyeTCA
o6mUMA TEPMOAHHAMHYCCKAMH COOTHOIICHUSIMH, BKAIOYAIOWIMMH
SHTPONHIO.

Ha npoueccst nepenoca Tenra BBYTpu paspbisa PeHknH nakaa-

AblBaEeT YCAOBHE: j T dS =0, pusnueckuii cMbicA KOTOPOTO 3aKAIC~

4yaeTca B TOM, UTO B y‘aapﬂoﬁ BOAHE TPOHUCXOAKRT AHIUD o6bmen

TENAA MeXAYy COCEZHAMH CAOSIMM, TAaK YTO KOAHYECTBO TEMA3,
OTHATOE OT OAHOrO CAOs, PAaBHO KOAMYECTBY TEIA3, NOAYYECHHOMY
APYTHM, — HET BHELIHAX HCTOYHMKOB TElAd.

KOM6UHANMM ¢ OBGIUMMH TEPMOAMHAMHYECKHMH COOTHOLIE-
nuamu Penxun, npasza me 6es Tpyaa, NOAydyaeT CHCTEMY ypaB-
Hennl, skeMBareHTHy10 cucreme ypasuenuil § VI, u somucoiBaer
ypaBHEHUA JAAS HAEAABHOTO rasa. lakum o6pasoM, H3 coaepma-
muxcsa B pabore Penknna (opmya ypasHenne aguabarnt [oronmo
B ero obniunot popme VII-10 morao 6bi 6bITh MOAYYEHO dAEMEH-
TapHnIMH aAre6paHuecKHMH npeobpasopanusmu. Hamommmm, uro
pabora Penxuna na 15 aer onepeaura memyap [rorommo.

Peitasit [79], noasoas 8 1910 r. urorn ucTOpPUH yAapHHIX BOAH,
0co6EeHHO MOJYEPKUBAET HECNPaBEZAHBOCTb, 3AKAIOYAIOLLYIOCH
B TepMuHe ,aiuabara [orommo®.

Hs orzeavmpix yxasamu#f A060MBITHO OTMETHTb, 4TO elle
B 1858 r. BecoMa 6AH3OK K CO3ZaHHIO TEOPHM YAAPHBIX BOAH
6piA  anraumiickuit cmmennux Mpnmoy [49]. [lozo6mo Pumany,
OH HCXOJHA M3 PACCMOTPEHHS BOAHDI CHATHA KOHEYHON LIMPHHEL,
B kotopolt (cm. § II) rpeGenp BOAHBI meperonser 06AaCTL HUBKOrO
ZaBAeHns, nupuBoaa k o6pasosanuio paspniza. Ogumaxo, mojofins
BOAOTHYI0O K ypaBHenusm, Vpnmoy mHeoxuaanso Jeraer BHBOZ,
YTO NPHPOAa HE TEPIUT CKAYKOB, X TFOBOPHT HEUTO HEBPA3yMH-
TeAbHOe 06 OTpaXeHMsX, O TOM, YTO HNPHPOAAd Kak-HUOGYZAb
4a K30EXUT BOSHMKHOBEHMA YJAAPHON BOAHBI, BOSHAKHOBEHHA pas-
poiBa. Mbl BUAMM 31€Ch OUEHb HArASAHBIA M NOYYHTEABHBIH HpH-
Mep AypHOTO BAMSHHA OWHGOYHOH (PHAOCOPHMH HA HAYYHBIE HCCAE-
AOBaHHA. v

B 6oaee nosamee mpems, yxe mocae orkpoiteil Pumana, Pen-
kupa ¥ ['woronmo, ¢paungysckuit yuenm#t Ilbep Jdwrem (ozun
n3 Bomzel Moauoro B Hauare XX B. TeYeHHs ,d9HEPreTHKOB*)
OTPHLAA CYLleCTBOBaHHE YJApHHIX BOAH Ha TOM OCHOBAaHHH, 4TO
B YpaBHEHHAX ra30JHHAMUKH C BASKOCTBIO ¥ TENAOIPOBOAHOCTHIO
He MoxeT 6mTb crpororo paspmiBa [46, 47]. Yuenmk Jiorema
Omuab Kyre Bcaes 3a Penxunbim ykaszaa Ha TO, 9TO AUCCHNATHB-
HBle CHABl NIPHBOAAT K BECbMa MaAoil mupHHe, npeHebperas KoTo-
poll MOXHO FOBOPHTbL O paspniBe, yAapHoH BoAHe; IKyre me TOAbKO
BHSICHHA 8abayxzenne Jiorema, HO M 3HAYHTEABHO NPOABHHYA
BIepej TEOPHIO YAAapHHIX K JZEeTOHAUMOHHbIX BoAH [58, 59, 60].

Ogaunako, B ceasm c¢ samewanusmu Jiorema, BO (Qpanyysckoft
AHTepaType Z0 CHX [IOp YACTO IOBOPAT O ,KBa3uBOAHAX* (,,mouTn
BOAHax“), UMess B BHAZY KOHEUHYIO IIAPHHY (POHTA.
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B cymwuocry, 3zech Mol kacaeMca ofylero BONPoCa O SHAYCHHH
M CMbICAe NPHOAMMEHHBIX METOAOB, NPUOAMMEHHHX pemenuit
B ¢usuxe (cM. 3ameuarernnylo cratoio B. A. Moxa[29]), sonpoca
O TOM, KOrja NPHOAHKEHHOE BHIMOAHEHHE TeX HAH MHBIX COOTHO-
uleduit OmpaBAbIBAa€T COBJaHHE HOBHIX KayeCTBEHHBIX MNOHSTHI.

Penxun xacaerca Takxe Bompoca O BOAHAX paspexeHHs M CCbi-
AaeTcAd Ha yCTHoe coofulesne TOMCOHa, COTASCHO KOTOPOMY
BOAHA pa3spexeHHs JAOAXKHA OblITb HEYCTOHYMBOH MeXaHHYECKH.
B zeiicTBHTEADHOCTH HEBOSMOKHOCTD BOAHB pa3pexeHusd, HPH
TOM HEMEHHO HEBO3MOMKHOCTb, a He HeycTOHUMBOCTD ee, yxe
3aKAlO4eHa B Xoxe MbicAm camoro Pemkxuna. JeficTBuTeAbHO, €CAK
Mbl paccMaTpuBaeM IIPOLECCH TEAONPOBOAHOCTH BHYTPH BOAHDI,
TO, KPOME YPaBHEHWS COXPAaHEHMs, HAMUCAHHOrO PemRKkuHbIM:

JTdS:O, ypaBHEHHs, KOTOpOe Bpipaxaer, 4YTO B [polecce

TENAONPOBOAHOCTH KOAHYECTBO TENAA, MOAYYEHHOE OAHAMU CAOAMH,
PABHO KOAHYECTBY TeNAd, OTAAHHOMY APYTHMH CAOSIMH, Mbl JOAXKHbI
XOTs1 6Bl KAYECTBEHHO y4ecTb TOT DAEMEHTApHbIH (aKT, YTO B PO~
1ecce TEMAONPOBOZHOCTH TENAO BCerja NMEpPeXOAAT OT Teaa 6oree
ropsiuero kK Teay 6onee xorogmomy. Orcroga, ecrTecTBeHHO, Mbl
[IOAYYHM, 4YTO B YAapHOE BOAHE DHTPOIMSI MOXET TOAbKO RBO3pa-
cratb. Takum 06pa3oM, €CAM 6Bl MBI MONbITAAMCH HOCTPOHTH
BOAHY paspexenus, o6paTUR B yjzapHoll BOAHE BCE CKOPOCTH JABH-
MKEHHA, TO BHYTPU (POHTA YAAapHOH BOAHBL, BHYTPH ,paspbiBa‘
Mbl CTOAKHYAHCh 6bl ¢ HEOOGXOAMMOCTDIO OOpPATHTb TaKkke IOTOK
TelAa H OCYLIECTBHUTb IIepex0j TelAa oT HOAee XOAOZHbIX K 6oree
ropsUM CAosM rasa, uro HesosmomHo. OcraeTca nomareTb, uTO
STH SAEMEHTapHbIe coobpameHnss HHOTJa UTHOPHPYIOTCA M B COBpe=
mennol aureparype (cM. ra. | peHmoit B Apyrux oTHomeHuax
kaura Baacosa [3]).

§ XI I'pagugeckne MeTOAL! TPAKTOBKH TEOPHH
yaapeeix BoAn. Boamsr B6am3au xpurmueckoit Touxm

Ouenp yz06HBIM NOACNOPHEM JAA HPOCTOrO M HATASAHOTO
pazbopa TeopuM YZAapHHIX BOAH SIBASETCH MpejCTaBAGHHE [PO-
LECCOB H COCTOAHMH Ha zmarpamMme, B KOTOpo# mo ocu  a6clEce
OTAOXKEH yJAeAbHnli o6bem @, MO oOCH OPAMHAT — ZaBACHHE pP.
Yxe ykassBaAOcb, WTO KaxZOMy 3ajaHAIO HauaAbHOM TOYKH
(Touka A, p;, v; wa puc. 27) orBewaeTr oAHa ONUpPeJEACHHAs KpPH-
Bas ['toronno. [Tokamem Ha puc. 27, kak Ha rpaduke HafiTH CKOPOCTD
pacnpocrpanenus ygapmofi BoAHbl. Kcmoabsyem ¢opmyay, xoro-
pas AaBaAa HaM CKOPOCTb YAapHOH BOAHB B (PYHKIMM JaBAEHH,
H yAeAbHbIX 06BEMOB 4O M MOCAE CHRATHA:

D=y =g P2—P1, (XI-1)

Vi— v
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AAsl faHHOrO HCXOAHOTO COCTOSIHMsI BEIECTBA P;, v;, MHOXH-
TeAb mepej Apobbio v, eCTb NMOCTOSHHAs BEAUYMHA, M CKOPOCTH
PACIIPOCTPaHEHHS YAAPHHIX BOAH, OTBEUAIOIIAX DABAUYHBIM CTe-
MeHsAM CRATHA, PASAHMHbBIM KOHEUHBIM COCTOSHHSAM, 3aBHCAT
OT OTHOIIGHHA py— P,[U, —v;, T- €. OT TaHTeHCca yraa HaKAOHa
COOTBETCTBYIOLIMX IPAMbIX, COSAHHAIONINX HAYaABHYIO TOUKY Py, U,
¢ TOYKaMy, H300PaXMAIOMUMH COCTOSIHHE NOCAE CHATHS Py, Vp. 18K,
U3 PHCYHKa HEMOCPEACTBEHHO sicHO, 4to Touka C, ormeuaromas
GoAblIEMy JaBAeHMIO, uem Touka B, oTBeuaer yzapHo#i Boame,
pacnpocTpaHsiomeiicsa ¢ 6oAblell CKOPOCTbIO, ¥60 YroA HakAoHa
npamoit AC 6oabme yraa na-
4 kAoHa npamoit AB. Becoma cyme-

cTBeHHO, uto Bbipaxenue (XI-1)

BbIBEACHO HaMHU KaK CAEACTBHE

TOABKO MNEPBBIX ABYX ypaBHe-

HH}f — ypaBHEHHA COXPaHEHHS] Be-

IJecTBA M YPaBHEHHSA COXpaHe-

HUS  KOAWHYECTBA  ABHMMEHHA,

HE3ABHCHMO OT YpaBHEHHA CO-

XpaHeHus1 BHepPruu. [losromy oHO

6yAeT BepHbIM BO BCEX CAy-

yasix, KOrga He HapyluIaeTCs ypa-

BHEHHE COXPaHEHHA KOAUYECTBa

ABHEEHMS, T. €. KOrja HeT BHeul-

HUX CHA THOA TPEHHS rasa o
% creHkd. Bo Bcex aTux cayuasx,

e, 27. Cxoooers bacmoocroa. B JACTHOCTH M IDH HAAMYHE
o yaapngﬁ om gnpef; .. XHMHYECKOM peaKUMH HAM [pH
Ameress | Haxaomom xopasl, ma- HAAMUHH BHEIIHMX HCTOYHHKOB
npumep, AC, AB, AE; cropects TemAa K NOJAYH SHEPIrUH H3BHe,
SBYKa& — HAZKAOHOM KacaTeAbHOH. MeHﬂlOngX TOABKO ypaBHeHHe

SHEpruH, HO He ypaBHeHuE KO-

AHYECTBa JBHMCHHS, COOTHOIICHHe MexAy MAOTHOCTBIO M AaBAe-

HMEM B Ha9aAbHOM H KOHEYHBIM COCTOSIHHSAX H CKOPOCTBIO pac-

npocTpanenus ocraerca B cure. B wacrmocrty, Bvipaxenue (XI-1)

OTHOCHTCA H K CKOpPOCTH pacnpOCTpaHennx A€TOHAUVK IO B3PhIB-~

yaThIM rasoBeiM cmecsam [8, 59, 60].

Oco6enno caeayer ormernrs, uto ypasrenne XI—I noay-
qaeTcs B PE3YAbTATE COCTZBACHHS ypaBHEHuit COXpaHeHHs Belle-
CTBA H KOAHYECTBA JBHAEHHS TOABKO AAS HAYAABHOTO H KOHEYHOTO
cocrosinus rasa B BoAHe. Mcnoansosamme npamerx AC uam 4B
AAS pacueTa CKOPOCTH BOBCE He OGO3HAYAaeT NPEeATOAOMEHHA
0 TOM, 4TO HpOMeAyTOuRbie cocrosHms (cp. pme. 23 6) msobpa-
MAIOTCA TOUYKAMH BTAX NPAMBIX.

B cayuae, ecanm mac umHTepecyer mnpomexyTOuHOE COCTOSHEHE,
uepes KOTOPOEe NMPOXOAMT CHaTHe BHYTPH TOHKOrO (PPOHTA yAapHOH
BOAHDI HAY BHYTPH )POHTA AETOHALMOHHON BOAHBI HAH HHOH BOAHDI,
pacnpocTpaHAIoNleica CTaMOHAPHO 110 rasy, TO HAPAZY € BHEIUHHMA
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CHAAMH, MOTYIIAMH HapYIIHTb 3AKOH COXpPaHEHHs KOAHYECTBA JBH-
KeHus, — Heo6X0ZUMO YYHTHIBATH TaKie BO3MOXHbIe JeHcTeHs
BHYTPEHHHX CHA BSI3BKOCTH rasa, BbiaJalollye IIPH CONOCTABACHHHU
HavaAbHOTO H KOHEWHoro cocrosuuii. Ecan no TeM uau nHbiM npaan-
HaM MOXHO NpeHeGpevub JelcTBHEM BASKOCTH, ZefiCTBMEM BHYTPEH-
Hero Tpenus, Hame ypasnerue (XI-1) mMoxer 6niTh npuMeHEHO KO
BCEM NPOMEAYTOUHBIM COCTOSAHHAM, KOTOPbIE MPOXOAUT BEILECTBO
Ha NYTH OT HAYaABHOTO COCTOSIHHA K CBOEMY KOHEYHOMY COCTOS-
Hulo. ViMenHo Tak O6CTOHT JeA0 B A€TOHAaUUOHHOH BOAHe, Tze
IIEPUHAa BOAHbI 3aBHCHT OT CKOPOCTH XHMHYECKOH peakuum W,
poo6ie roBops, AOBOADHO 3HAUMTEAbHA, BCAEACTBHME uero Jgel-
CTBHE CHA BASKOCTH HeBeAMKO. Ilogpo6uoe obcymaenue Bonpoca
u noisas 6ubavorpadus HaxoaaTcs B pabore apropa[8] [103].
Ha pue. 27 aerko mHafiTH Takme rpauueckoe usobpaxenne
ckopocTi 3Byka. Mbl [IOAYYHM pacnpocTpaHenne 3ByKa Kak Ipe=
ASAbHBI CAyYail pacnpoCTPaHEHMsA BechMa CAabblX yAapHBIX BOAH.
Takum 06paszoM, CKOPOCTb PACNPOCTPaHEHHs 3ByKa HAa Zuarpamme
puc. 27 6yzer ZaHa NpeJEAbHBIM IIOAOKEHHEM HAKAOHA CeryIueH,
Koraa BTOpas TO4Ka, H300paxaioujas KOHEYHOe COCTOSHME BelllecTRa,
nojgoitzer Ha OGeCKOHEYHO MaAO€ pacCTOSHHE K IepBoff Touke,
T. €. HAKAOHOM KacaTeAbHOH K aguabare [roromuo B TOuke, H30-
Gpakarowell HauaAbHOE COCTOSIHHE pacCMaTPHBAeMOro BellecTBa.
Conocrasasas seipaxenue (XI-1) npu marom p,— p, ¢ Bbipase-

2 2 p
HUEM CKOPOCTH 3BYKa "= — 0" 3~ &

po#t Touxe A azmabarta [loromnmo kacaeTcs AWHHH TMOCTOSHHOM
surponnr {ajuabarni [lyacconz).

Ma pucynka menmocpeacTseHHO BEAHO, YTO JAA HAEAABHOrO
rasa ¢ NOCTOSHHON TEIAOEMKOCTbIO, AAf KOTOPOro azwabara
lMoronuo umeer Bua, msobpamennnit Ha puc. 27, cxopocrp pac-
NpPOCTPaHEHHs! YAApHOH BOAHBI GOAbIIE CKOPOCTH pacrpoCTpaHEeHHSs
3ByKa B ucxozuoM rase D=u, >c¢,. B npegere, meorpannuenno
yBeAHuHMBasd AaBAEHHE YAAPHOH BOAHBI, MBI MOXEM MOAYYHTb CKOAb
YIOAHO GOABUIYID CKOPOCTb PACNPOCTPAaHEHHS YAApPHOH BOAHH.
Hanporue, ars BoAHbI paspemenus, B KOTOPO#l KOHEUHOE COCTOS-
uue £ ua puc. 27 AemuT HUZE HAUBADHOIO COCTOSIHHS, MBI TIOAY-
YHAK GBI CKOPOCTb PaCHPOCTPAaHEHHs, MEHbIIYI0 CKOPOCTH BByKa.
[IpoBoas B KOHEYHOM COCTOSHHM CHKATOrO rasa B yZapHOH BOAHE,
Hanpumep B Touke B, aguabary [lyaccona mau me kacaromyocsa ee
B aTolf Touke agmabary ['lorommo, Mpl MOXeM TakuM Ze croco6om
paso6paTh COOTHONIEHHE MEMJY CKOPOCTHIO YAapHOI BOAHBI M CKO-
POCTDbIO 3ByKa B CkaTOM rase. JAfl CKOPOCTH pacIpOCTpaHeHHS
BOAHbl OTHOCHTEABHO CHATOro rasa HMMeeM:

Mbl 3aKRAKO9a€M, UTO B HA4Ya Ab~

ul=(D— u)t=o2 L1 =P2, (X1-2)

Uy

BblpaKeHue COBEPIIEHHO CHMMETPHUYHOE BbIPABEHHIO JAS CKOPOCTH
BOAHBI OTHOCHTEABHO HCXoZHOro rasa, Ha pue. 28 uwepes touxy B
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npoBeJena aguabara [oronno Hp, gra xoropoit cocrosuue B npu-
HATO 3a HaYaAbHOE; MO CHMMETDPUH ypaBHeHuiH, ecAm B Aexur
na Hy, ro Hp npoxogur uepes rouxy A (cm. ¢-ant 1X-10, 11).!
B rouxe B rpumas Hjp racaercs aguabarm [lyaccona. Ms pacno-
Aomenus Ha puc. 28 aumm#t Hz u npamoi BA caeayer, uro
¢, > u;= D—u, cxepocrb 3ByKa B rase, cxaToM BOAHOH, mpeBbi-
HIAaeT CKOPOCTb BOAHOI OTHOCHTEABHO CHKATOTO rasa.

r
HoscHl
y

1

i

I

t

i

i

i

t

i

3

}

t

i

L A 1
/)
7 4 4 7

Puc. 28, Coormomenue cko- Pre. 29. Pocr sarpomum upm cxarnu
POCTH PACHPOCTPAHCHAR BOA- B yAapHOH BoaHe AB sapmcur or sHaka
HH OTHOCHTEABHO HCXOJHOTO u  Bexqumunl maomasu AFBCPA;
cocroanuz A m  cropoctu AHB — aguabara Torommo; APC—
sByka B cocrogumu A Aarores aguabara Ilyaccona.
OTHOIIEHHEM HAKAOHZ XOpZARI
AB u racareapwoit k KpuBOH B pU-auarpaMMe MOXeT O6BITD

H, s roure A. Coornomenne

“CKODOCTE BOAHB OTHOCHTEADb-
HO CHXaToro BeIGecTBa B CO-

pasofpan BOHOPOC O poCTE BH-
Tponun B yjapHoii Boame. Como-

crossHURE B u CKOPOCTH 3ByKa CTaBHM BbipaXCHHE AAA H3MEHEHHA
B cocroamun B jaerca o1- BHYTPEeHHeil 9HEPrun rasa B yaap-
Homenuem maxioma AB HOH BOAHE ¢ obwmM TepMoAMHaMM~-

Racatreaproit k xpumoii Hp
8 Touke B. [lpsamoe cpasne-
HHe CKOPOCTeH OTHOCHTOABHO
pasEMX COCTOAHHH Hezomy-
CTHEMO, Tak KXak KRoadpPpu- AE—F, —E —

LHeHT, BXOXAIIUE NPH mepe- =2 1=

XO0A€ OT HAKAOHA K CKOPOCTH, -

32BHCHT OT yAeAbHOro o6mn- —_— I_JI__Zﬂ (7’1_‘“'”2)' (Xl-s)z

eMa v.

uUeCKHM BblpamenueM JHPPepenun-
ana sueprud. B yaapnoit Boane

Mexay Tem B ob6mem puae dE=TdS—pdv. Baoab aguabarsi
IMyaccona (m3smTpomsi) Mt uMeAM 6bl Hpu u3MeHenuu oGbema

1H, u Hp cokpamenHile HamMeHOBaHHA KpHBHIX — azuabar ['lorommo

{Hugoniot), A1 xoTophix yrasammas uxaexcom rouka (A, B; apanerca HavarsHOH,
2 Ypasuenne (XI—3) noaymaerca ms (VIII—6), ecau or mrormocrm

fiepeiiTn K yAeAbHOMY O6BbeMmy.
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B TeX Xe mpejgonax

dS=0

IE;' —E=AE=— | pdo. (XI-4)

v

ConocraBasis BbipameHue AAS WSMEHEHHs SHEPrMH BJOAb ajHa-
6arnt [lyaccona (P) ¢ BoipamenneM ZAs HSMEHEHHS BHEPLHA IPH
yaapHoMm cxaruu no azuabare ['toromuo (H), mbl moayunm ypas-
Henue gas Beamunmuol AS H3MeHenus OSHTPONMH NPH YAAPHOM
CcHMATHH:.

T4S=270 (0, — o) — [ pdo. (XI-5)

v

Hurerpannt (XI-4) u (XI-5) 6epyrea Baoar aguabarnt [lyaccona-

PaccmoTpuM cooTHOmeHHE ABYX UAEHOB MOCAeAHeH (OPMyAH
ma nogpo6uom pue. 29,

Ha arom pucyuxe APC ecrb agua6ara (ussmrpona) [lyaccoma,
AHB— agnatara loronso, nsmeneHme SHTPONHM TPH CMATHU
yaapuo#l BoaHOH paBo Sp—Si=Sz—.S¢ n, coraacHo Qop-
myae (XI-5), saBucur or paswoctn nromagm rpanemmn AFBNM
M mAomlazu, orpanuuenHof aguabaroit Ilyaccoma APCNM. Ipo-
usBezeHne aGCOAIOTHOH TemmepaTypnl! Ha HpHpalieHHe DHTPOIHH
PaBHO DasHOCTH BTHX NAomajed, T. e. mromazu urypm APCBF.

Paso6bem sTy naomaap wa ase uacta mupavott AC. [lepsas
4acTb — CerMeHT, Kpalimme ToukH xoroporo A um C 3amkHyTHI
orpeskom APC azmabarer Ilyaccoma u xopaoit AC, mropas
vacTp — Tpeyroabuuk ABC.

BanumeM ypaBHeHHe B cAeiylOlieM Buge, obosmauas F mAo-
mazs Quryp:

_TAS = Feern Apc preyr ABC. (XI'G)

lrowass Tpeyroavumka rerxo maltrtu: npumem orpesoxk BC
32 OCHOBaHMe, TOrAa BbICOTA PaBH2 U; — U, JAMHa orpeska BC

9
8 P, U IAOCKOCTH paBHa (%) AS, u nromwazs TpeyroAbHuka
o

+ (%) e —v) 4S.

! Buagenve T B @opmyre (XI-5) saxawueno mexay To u Tp Ars
AOKasaTeAncTBa nepeiigem u3s cocroaaua A B B (puc. 29) wssnrponuueckum

cmarmem (AC) m mocresyomum marpesammem cEATOro rasa B ITOCTOAHHOM
obveme (CB),
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Tloacrapass B ucxoguoe ypaenenue, naiizem:

e 1 /9
TAS=Fius 4+ (75) (0, —0,) 45, (XI-7)
Fceru

1 /op
rae a=-5 (W)o (v, — v,).

[lpu maabix usmenenwsax o6bema npaxtuuecku 145 = Flern »
MONpaBKa Ha NAOWaZb TpeyroAbHuKa Maaa. Ecau AS ~ (v, — v,)",
TO mAowab Tpeyroabuuka ~ A4S (v, — v,) ~ (v; — v,)**! BpICWErO
nopsika MaAOCTH NO cpaBHeHHio ¢ AS H, caesoBaTeAbHO, Bbic-
HIero NOPAAKA MAAOCTH IO CPABHEHHWIO C MAOLIAZBIO CErMEHTA.

Caesosarerbno, 3Hak m3MeHeHMS SHTPONHM MOAHOCTBIO ONpE-
AEASETCsl 3HAKOM MAOIaZH CETMEHTa, T. €. B3aUMHBIM pPaclOAO-
menuem aguabarbi [lyaccona m ee cekywei, xoropoe, B cBOIO
ouepesb, 3aBUCHT OT BBINYKAOCTH HAM BOTHYTOCTH azra6arbi [Tyac-

o%p
COHa, T. €. OT 3HaKa BTOPOH npoussBoAHOMH o2/ Ecan o npu-

6aumaerea k T, 10 AS—> oo, uTo gelicTBHTEABHO HMEET MECTO

B HACAADHOM rase IHpu v, —>;—— ), KOr4a Ha aguabare [roro-

HUO p —> o0; T< @ oTBewaeT OTPHIATEALHOMY JZABACHHIO K TOMY
MoZOGHBIM, HE HMEIOWHM B JAHHOM CAydyae HHMKAKOTO (DH3HYe-
CKOTO CMbICAA, YCAOBHSAM.

AAsi CAaGBIX BOAH Aerko HaliTHM Teneph NpejeAbHblE 3aKOHDI
MSMEHEHHs OHTPOMHH B yAapHoH Boame. [lpoussezem pacuer,
pasAaras BCe BhlpameHus B pAg 1o crenensM Adv=—ov—w, u ocra-
BAsASl BE3Je TOAbKO cTapumit uaeH, Jawmui oTAMuHbiE OT HyAs
KOHEUHbI!l pesyAbTar.

YpasHerne agmabaroi [lyacconma

Pt (), do (22, or a9

Bropo#t muaexc ykasbiBaer, uTO 3HaueHHs MPOHW3BOAHBIX B3ATHI
B cocrosumu / (touxe A puc. 29).

O6osnavan Adv,= v, — v, = ©, Hailgem' saBrennue p', B Touke C
(puc. 29), onyckas uHAeKCbl y HPOH3BOAHLIX: :

P =p, -+ D0 O 5 g O (XI-10)

COCTaBHM BbipaKeHNEe H3IMEHEHHs SHTPOHHH, ﬂpeHere[‘aﬂ A0~
waavio Tpeyroabunka ABC B (XI-5, 6, 7):

* Ormernm, uro vy < vy, Tak uto ® < 0.



SXI. I'paghuueckue memods MpakmoeKu meopuu YOapHuix 601H 83

0

e 14 / 1 /o2
TAS:—I—_;*p2 (— co)-— Ipddvz—-— 7 (-—aw—f)s W’ =
. (XI-11)
1 o2
=12 7,,',12_7 (v, —v)
Conocrasass ypasuenue aguabaror [oronno B gopme
L—L=(25") (p,— p) (X1-12)

c Boipaxennem d/= T'dS-+-vdp, Mbl Moxem BO Bcex mpeamay-
IIMX PacCyXAEHMAX mepecTaBuTb p u v. [lpu aToM Mbi moayumm
pesyabTar: !

_ 1 0% 1 o ap\3
TAS=-17“;)1,—2(P2_P1)3: 12 0«;5 (_ %) (P —py)". (XI-13)

B caaboii yaapHoli BoaHe R3MEHeHHE SHTPONME NPONOPLHO-
HaAbHO kyOy ammaurysel. B mauaabmo#t Touxe agmabara [oronmo
Kacaercsa aguwabatni llyaccoma; B @Toff TOuKe KpHBHE HMelOT
ofIyI0 KacaTeAbHyio M obmuii eHTp kpususHbl (KacaHue BTOPOro
NOpsZKa); KacaHHe COIPOBOAJAETCH INlepecedeHHeM (CM. IPOJOA-
HEHHe KPUBLIX NpH ¥ >>v; Ha puc. 29).

Boaee cromubiM myTeM, He npuberas K reoMeTpHYecKol Tpak-
TOBKE, BTH pesyAbTaThi Brepebie moayaur iRyre[58]. Tax kak
6oree noamas pabora iKyre ony6auxoBaHa pasee coo6menms
Llemnaena [99] (Bo BTOpOM samerxe B 142-M Tome Llemmren orme-
YaeT, YTO €My CAe40BaAO 6bl NuTHPOBaTh (Ryre), mpuBATbHIH O6LI-
waji HashBaTb J0Ka3aTEABCTBO HEBOSMOXKHOCTH pa3PLIBHHX BOAK
paspexenus ,reopemoit LleMnaema® comepmenno Hecmparezanmp.

Paccmarpupas (XI-11), Mbl ycramaBAmBaem, u4TO AAT HAearb-
Horo rasa apuabara Ilyaccona, sesze soinykaan? k ocm aGemmee,
TPHUBOAUT K TOMY, UTO JHTPONHUA PaCTeT B YAapHOH BOAHE CkKa-
THSA; HalIPOTHB, B Pe3Koii BOAHE paspexenys, K KOTOPO#H Obiam Gbi
NPUMEHKEMDl YPaBHEHUs COXPaHEHHs, SHTPOIMs najara 6bj, OTKyAa
cpasy BHAHA HEBOSMOXHOCTb PAaCHPOCTPAaHEHAS B HMAeaAbHOM rase
BOAHBl Pa3peMEHHs] C TOHKHM (POHTOM, NMoZobGHOH yzapHON BoAHe
cHaTHS.

1 Moxer 6mrn, crour eme pa3 OTMETHTH, YTO pacueT NAOIZAAH TpameUnH,
orpannuennofi npamoit AFB (puc. 29), ocHoBam Ra BhipaxeRHM ajzmaGarht
l'orommo, caeayomeM Hs 3axOHOB COXpAHEHMS, UPHAOMEHHBIX K COCTOSHHIO
A0 M mocAe BOAHBL DTOT pacueT HM B KaKOH CEASK HO HAXOJHUTCH C BOIPOCOM
? @ogu):ns)\nmm, nmo koTopofi B AEHCTBUTEADHOCTH MEHSIETCA COCTOSHME B BOAHE
cM. .

2 Hymen neBepoATRO 6BICTPhIE POCT TENAOSMKOCTH JAA TOro, 9TOGM 3a
9,
caer nagenus k = cylc, abcoroTHas BeAnunna (2% B=—k% mazaia ¢ po-

CTOM TeMmepaTyphl,
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Arn crabpix BoaH H3 puc. 29 MBI MOMEM B COBEPIIEHHO
obmem BHZE, T. €. AAA IIPOM3BOABHOTO YPaBHEHHS COCTOAHHS
BEILECTBa, CAEAATh 3AKAIOUEHHE O COOTHOIIEHHH MexJy CKOPOCTbIO
PacnpoCTPaHEHAA yAapHOH BOAHBI i CKOPOCTBIO 3BYKA B BElECTBE
40 u nocie cxarus. JAsA TOro 4TOGH cxaTHe PACIPOCTPAHAAOCH
no rasy B gopMe yaapHO#l BOAHBI C BecbMa KPyTbiM (PPOHTOM,
Heo6xoaumo, uTO6bl ajmabara [lyaccona mmeAa BHINYKAOCTD KHUSY,
T. e. HMeAa BHJA, usobpamennpii mHa puc. 29. Oanako B sTOM
CAyYae reoMeTpPHIECKH SICHO, MTO HAKAOH KaCaTEAbHOH K ajuma-
6ate B Touke A goaxen 6HITb
MeHbInE HakAOHa cekyuweit AB.
Hanporus, nakrom xacareabnoil
B Touke B, nso6paxarowmeil koneu-
HOE COCTOSHHE, MAM HAKAOH
kacaTeAbHO# B Becbma OaHs-
koii k B (¢ TounHocThIO AO BEAM-
4yHH Tperbero nopszka) Touke C
6oapme uaxroma cexywmeir.! Ta-
kMM o6pa3zoM, Mbl MOAydYaeM
9SAEMEeHTapHbIil BbIBOJ HaltjeHHOrO
Buepebie {Kyre coorHOmEHHS,
P COTABCHO KOTOPOMY CKaTHE pac-

T3~ INPOCTpaHsAeTcs B BHAE YAapHOH

BOAHBI, €CAM CKOPOCTb 3ByKa ZO

Puc. 30. Aguabara [lyaccoma c 0';; CHMaTHA MEHbIIE CKOPOCTH -pac-
BHIIYKAOCTD!

g::::.m ?{:B:x::l:;(g;sne Bs«r)auomuu npoctTp aHEHHA yAapHOH BOAHBI,

JAAPHBI® BOAHM pASPEREHUT, HallgeHHOH N3 3aKOHOB coxpa-

HEHHf, & CKOPOCTb 3BYKa B
BeljecTBE IOCAE€ CxaTHA OOAblle CKOPOCTH YZapHOH BOAHBI
oTHocHTeAbHO cmaroro semlectBa.® B caywae aguabarot [lyac-
cona, mMeromeii o6parnye Borayrocts (puc. 30, yuacrox AB)
cxaTHe B yAapHOH BOAHE CONPOBOKAAAOCH GBI IajCHHEM. DHTPONAH,
u60 orpannuerHas aguabaroii [lyaccona nromazn 6oavme naowazy,
orpaHndeHsol cexyueif, BepTUKRaAAMA u ocbio abeguce. B Bewecrse,
B KoTopom azuabaret [Iyaccoma wmmelor obparubifi smax BOrHy-

Vi

]
i
[}
H
{

i l

9
! Vismeneune BeAHMTHHNL (Ffl—)s' OT KOTOPOR SaBHCHT CKOPOCTb BBYKA WIPH

nepexoze or A x C uau or A x B,— mepsoro mopsasxa B v; — vy; H3MeHe-
9,
HHe (%)s npu nepexoge or C x B-— rperpero mopsgka.

2 Beauunnnt D, c; u cp npu_MaAoi amnAMTyZe OTAMYAIOTCA Ha BeAHUHHY,
npouopyuoRaabryio amnaaryse. Cxopoers asumenus u Takxe OPOHOPIHORAAbHA
amnagryse. C TOUHOCTBIO 40 BEAMUHMH, HPOHOPIHOHAADHHIX KBaZPaTy aMIIAH-
TyAN, CKOPOCTb YZapHO# BOAHM paBHa CPEsREMY apH(DMETHIECKOMY CKOPOCTH
SBYKa B HAYAaADHOM COCTOAAHHH C; ¥ CROPOCTH PACHPOCTPaHCHHUS BOSMYIIEHNSE
B Bﬂﬂp&ﬂheﬂﬂﬂ BOAHBI B CIRATOM, ABHXKYIIEMCHA la3se Cy -+ u:
eyt u

D
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TOCTH, BOAHbI CHaTHA He 6yAyr Goaee peskumu. Brissamnoe
B Kakof-HHOYAb 4acCTH BEIJECTBa, HAIPHMEP, ABHXEHHEM MOPIIHS,
cxatue 6GyseT pacnpocTpaHATbCA BOAHOM, MOCTENEHHO PACLIAPSIO-
weiica Hanozo6He BOAH paspexeHHs B HACaAbHOM rase, pa3obpan-
Hbix Hamu panee. Hamporns, B rakoM BeiecTBe BoARa paspexenus
6yaeT pacupoCTpaHATLCA ¢ Ipe3BbItaiHO KPYTHIM PPOHTOM, KPYTH3HA
KOTOPOro He 6yjer ymeHbmaTbecs cO BpemeneM M 6yzer ompeje-
ASATBCA MaAbIMH 3HAYEHHAMH TENAONPOBOAHOCTH H BABKOCTH. DTOMY
COOTBETCTBYeT 06paTHOE COOTHOIIEHHE MexJy CKOPOCTBIO yzap-
HOH# BOAHBI ¥ CKOPOCTBIO 3ByKa. JleficTBUTEABHO, B pacmpoCTpa-
HAOWeHCs BOAHE paspexeHHs, B KOTOPOH HCXOAHOe COCTOsSHHE
npejcTaBAeHO ToukoH A, a KOHeuHOe COCTOsHUE BemjecTBa Hpea-
craBaeno toukofi B (puc. 30), ckopocTb pacnmpocTpaHEHHS BOAHbI
paspexenns AB ormocuTeAbno BemecTsa B cocrosmuu A ompe-
AeAsieTcs HakAOHOM mpamoli AB ® mnpepnimaeT cKOPOCTb 3ByKa
B cocTosHmu A, 4TO BHAHO M3 XapaKTepa mepeceueHus azaabaThi
M cekymell B rouke A, rge xacaTeabnas k aguabare [lyaccoma
uaer Goaee moaoro, uem npsmas AB. Hanporue, B Touke B,
omucoiBaoljeil COCTOSHHE BEIECTBA IIOCAC IIPOXOXAEHHS KPyTOoR
BOAHDI paspeXeHHns, CKOPOCTb 3BYKa MpEBbILIAET CKOPOCTbH pace
IIPOCTPAHEHHsST KOHEYHOTO BO3MYLIEHUS.

CywecTeyioT AM B NPHPOAE BEUIECTBa, Y KOTOPHIX, XOTH GbI
B Kakol-HuGyJae wacTm p, v IAOCKOCTH, aguabarel [Iyaccona umeior
BBIIYKAOCTDb, HalpaBA€HHYIO EBepx? M Moxem omuaaTh MoABAE-
HHUSl TaKUX COCTOSIHWII BOAHSH KPHTHYECKOHR TOYKH XKKAKOCTb — ras.
AdelicteaTeAnHO, enle 3aZOATO A0 KPUTHYECKOR TOUKM H30TEPMEBL
umeloT neperu6 (B camoii kpaTHueckoif Touke meperm6 M3OTEPMBI
CTAHOBHTCA K TOMy X€ TOPH3OHTAAbHBIM); AAA BelICCTBA ¢ JOCTa-
TOYHO GOABIIOH MOAEKYAAPHOH TENMAOEMKOCTbIO, Y KOTOPOTO H30-
TEePMbI U aZnabaThl OTAHYAIOTCHA JOCTATOYHO MAAO, MBI MOXEM OXH-
AaTb, 4TO BHE O6AACTH ABYX(aSHBIX CHCTEM, B COCTOSIHHH, B KOTOPOM
BeilleCTBO COBEPIIEHHO YCTOHYMBO HaXoJAWTCA B BHAE OJHOH (asbl,
y azuabaThl Takxe MOAYUHTCS OGpaTHbIE 3HaK BTOPOH# NPOH3BOA-
vod. CoorTHomenne MexAy CTPYKTypoH BOAHB CxaTHi M
BOAHN pa3speXkeHHs CTaHET OO6paTHBIM 10 CPaBHEHHID C CO-
OTHONICHHEM MeXkAY pesKoit yzapHoll BoAHOH camartus m pasmbrToif
BOAHO# paspexennst B OObIYHBIX rasax BJZaAH OT KPUTAYECKOH
TOYKH.

Ha puc. 31 B naockocru p, v Ars caygan c,=—40 kaa./rpagz. Moan

a2
npoBejeHa Aunns il, orzeasroman obracrts ¢ (—ov—’;)s< 0, aznabara,

npoxozsigas ueépes STy 06AacTb, i AHHHA I, oTzeasmioman samTpn-
XOBaHHYIO OGAAacCTb ABYX()a3HbIX cucTeM (IOCA€AHAS HE 3aBUCHT
OT BeAuunHsI C,). Boruncaenns npozeransr mpu yuacrum unx. @, E.
HOauna (raboparopus ropemus MXM).

B ypaBuennn Ban-zep-Baarbca remaoemkocrb npu mocrosnHOM
o6beMe 3aBHCHT TOABKO OT TEMIEPaTypbl, BO Bcell 0GAACTH OZHO-
dasHbIX CHCTEM; DHEPrHs OZHOPOJHOTO BEIleCTBa, MOAUMHAIONIE-
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rocss ypaBHEHHIO BaH-aep-BaaAbca, MOXeT O6niTb npeACTaBACHa
B BHAE CYMMbl ABYX YACHOB:

E=E(T)+ Efv)=|c,dT—2.

ITo 06CTOATEABSTBO CYLIECTBEHHO O6Aergaer pacuernl, TaK
KaK DHTPONHIO BaH-A€P-BaaAbCOBCKOI'O rasa TaKxe yjaeTcs Npei-

Pl 1| T
&
" 77>\
¢ 2\
77/ NN
29 / /;}\\X/ﬁ /002 <)
' %/ 2N
=57 AN
/%’%K\a
A\ N&.
&
a8 77 / \‘

ORE ag I 1T 1 15 M 14 18 17 18 1320
o

Puc. 31, Ajuabarni ¢ amoMarbmoOil BbIOyK-

AOCTBIO B BAH-JEP-BAAABCOBOM T[ase ¢ TemAO-

emxocrpio ¢z = 40, 3Samrpuxosana o6aactn
aBsyxdasupix cuctem; xpasas [ orpaHmumBaer

c6racte cocrosEMii ¢ aHoMamn:;;ﬁ BBINYK-~
P ) <0.

s

Cv?

Aocteio aguabar. Iloa xpumoit H(

CTABHTb B BHAE CyMMbl (PYHKIHH TeMIepaTypbl X QYHKUHH yZEAb~
goro o6bema. Becbma muTepecHO 6bia0 6Bl HCCAGAOBATD SKCIE-
PHMEHTAABHO YyJapMbie BOAHb K BOAHbl pa3pexeHHA B rase
¢ 60AbmONH TENAOEMKOCTbIO B TOH 06AacTH, e MOXKHO OXUJZATH
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ykasaHRbIX Bbime aHomain#. Jas »ToH UEAM MOXHO B3ATb BLICO-
KOMOAEKYASIpHOE OPraHMYeckoe COejRHEHHe, NPH TOM TaKoe, Ko-
TOpOe ellle HE Pa3sAAraeTcs PN KPUTHYECKOH TeMmmeparype.
Yeranosaenne B ofIieM BHAe CBASH MexZY CKOPOCTBHIO 3BYKa
B BelIeCTBE A0 H MOCAE IIPOXOXACHUA YyJAapHOH BOAHBI K HM3Me-
HeHdeM PHTPONHH B yAApHOH BOAHE CYILECTBEHHO H JAOCTAaBASIET
6oAbiIOE YZOBAETBOPEHHE, Tak Kak scHoO (cM. 3ameuanue ToMCOHa,
uuTEPOBaHHOE B craThbe Penxuna [78]), uto coornouenue Memay
CKOPOCTDBIO YARPHOH BOAHBI M CKOPOCTDBIO 3BYKa ONpeJeAseT Mexa-
HuYecKylo ycroltamsocTb BOAHbL. Heo6xoaumo, uTobnt yaapHasn
BOAHA pacOPOCTPAHAAACH CO CKOPOCTHIO, MPeBblmalomel CKOPOCTh
3ByKa B rase, nozsepraiouiemcs ee JefiCTBHIO, AASI TOro YTOGH BbI-
3piBaeMOe yZapHOH BOAHOH BO3MyILIeHHE Be YLIAO BIEpej CO CKO-
pocTbio, paBHO# ckopoctd 3Byka. Heobxoaumo, urobbl yZaphas
BOAHA PAaCOPOCTPAaHAAACh OTHOCHTEABHO CXAaTOrO rasa CO CKO-
POCTDIO, MeHbmell CKOPOCTH 3ByKa B CiaTOM rase, 60 TOABKO
B 5TOM CAy4ae MOXHO MPEACTaBHUTb cebe IPUIHHHYIO CBSSb MEKAY
ABUAEHHMEM ITOPIIHsI, BHI3BIBAIOLIEr0 YAAPHYIO BOAHY, H paclpocTpa-
HEHAEM yZapHOH BOAHBI, Tak KaK HEPEHOC BOSMYIUEHHA OT IOPIIHA
(POHTY yAapHO# BOAHBI COBEpUmIAETCH uYepe3 CAOH cCxaToro
rasa. C Temu me wpurepuamu c, < u;, ¢, > U, Mbl BCTPETHMCS,
HCCAEAYs BOSHHKHOBeHHE yJaapHoil BoAnbl. ['ay6oxo yazomaersopu-
TEAEH TOT (PaKT, YTO BTH HENOCPEACTBEHHO OIIYTHMbIE KPHTEPRA
MeXaHU4eCKOH YCTOHIHBOCTH yAapHON BOAHBI yZaeTcs COBEPIIEHHO
CTPOrO CBA3aTH CO 3HAKOM M3MEHEHHs DHTPOINUH B yAapHOH BOAHe,
KOTOpni# B 06IIeM BHJZE TOBOPHT O BO3MOXHOCTH HAH HEBO3-
MOXHOCTH PaCIPOCTPaHEBHs yJAapHOH BOAHbBI, yAOBAeTBOPsIOWEH
3aKOHAM COXpPAaHEHHA BellleCTBa, KOAHYECTBa ABHKEHUS H DHEPTHH.
Cpsasp 3Haka AS u HepaBeHCTB, KacalOIMXCs CKOPOCTeH 3ByKa,
HapyIIATCA TOABKO B TOM CAyYae, €CAH B pacCMaTPHBAEMOM
HHTEepBaAe H3MEHEHH ZaBASHUA OCYILECTBAAIOTCS 06a 3Haka 07 p[dv?,
Tak uro agHaGata [lyaccoma mmeer 6oAbwe zByx Touek mepece-
w2enuit ¢ npsmoil. PaccMoTpeHRe BO3HUKAIOIINX CAOKHDBIX PEXAMOB,
B KOTOPhIX OZHOBPEMEHHO HMEIOT MECTO M pPaspbiBbl H IIPHMBI-

KaloWiAe K HAM pPAa3MbITbI€ BOAHbBI, BbBIXOAHUT 32 paMRKH HaCTOﬂLBeﬁ
KHHI'H,

§ XIl. Crpyxrypa ¢ponra yaapmoi BoAHBI

Mol npuctynaem kK MccAeZOBAHHIO TOTO TOHKOTO CAOdA, BHYTPH
KOTOPOrO B yAapHOH BOAHE MPOHCKOAUT NEPEXOJ H3 OAHOrO
COCTOSIHHA B_ APYroe,— CAOS MeMAY KOHTPOABHBIMH ITOBEPXHO-
cramu A u B puc. 23 6. B npeaoigyem usromennn M He pace
CMaTPHBAAH NPOLECCOB BHYTPH BTOrO CAOA Ha TOM OCHOBAaHHH,
4TO TOAIIMHA CAJsl, KOTOPas ONPEASAAETCH AUCCHIATHBHBIMU
CHAAMH, BeCbMa MaAa H pesyAbTaThl npoueccoB, NPOHCXOAANHX
B 9TOM CAOS, HaM yAaeTCA ONPEACAHTb M3 ypaBHeHHH coxpaHeuus
6e3 A€TAaAbBHOTO pachOTpeHHﬂ CaMHUX 9THX MPOUECCOB.
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3gecr mac 6yAyT HHTepecoBaThb HMEHHO MPOLECCHl BHYTPH
cAofl B ero ToAmmHa. Mol paccMOTpUM paszeAbHO ABa NPSAEAbHBIX
cayuas: 1) cayualt Becbma Marofi BaskocTE u 2) caywall maroi
TENAOUPOBOAHOCTH; 6GoAee CAroxHbDIE B MaTemaTrueckoM (Ho He
B (PU3HYECKOM) OTHOIIEHHH CAy4Yall COBMECTHOT'O BAHAHHUSA BASKOCTH
¥ TEOAONPOBOAHOCTA Mbl PaCCMaTPHBAaTL He CTAHEM H AAA HEro
NPHBEAEM AHIIb OKOHYaTEAbHOE BbIPAXKEHHME TOAIGUHB NMEePeX0oi~
HOT'O CAOA.

MMepsmit cayua#t sameuareren Tem, uro ypasuemme (XI-1)

Dzzvlzm
Uy ——V

cBaAsbiBalOlee MemAy co6oit HSMeHeHHE DAOTHOCTH, H3MEHEHHE
AaBAEHHA H CKOPOCTb PaCIPOCTPAHEHHS BOAHBI, OKashbIBaeTCsH MpH-
FOAMBIM HE TOABKO AAS KOHEYHOrO COCTOSIHHS, KOTOPO€ AOCTH-
raeTcsi B XOA€ CHarTus, HO H AAS BCEX IPOMEAKYTOUHBIX COCTORHHEI
BHYTPH CAOSL.

AelicTBATEABHO, BTO ypaBHEHHE ABAAETCA CAEACTBHEM NEPBBLIX
ABYX YpAaBHEHAH COXPAaHEHHST — COXPAHEHHA BEUIECTBA H KOAH-
uecTBa ABHKEHHA.

Ypasrenne coxpanenns Bemecrsa B npocroit popme (VIII-1)

u
pu = — =const
v

BLINOAHEHO BCerja MpH paCHpPOCTPAHEHHH MAOCKOH BOAHBI; mpH
pacnpocTpaHEHHH BOAHHM B Tpybe Heo6xozmmo, uToGbl CeueHMe
TPyObl OBIAO HOCTOAHHBIM; KPOME TOrO, Ha CTEeHKax Tpy6u
He JOAXHO NPOHCXOZHTb HNOT'AOUIEHHE HMAM BhiJEACHHE BelleCTBa.
AJ\H BBINIOAHCHHA YpPaBHEHHA KOAHMYECTBA ABAMRCHHS JAA HadaAb-
HOTO M KOHeuHOTO cocrosuus B npocrom suae (VII-2)

p +gu’==const

HeOOXOZHMO, 4TOGnt Ha BEIEeCTBO He JeHCTBOBAAM BHENmIHUE
CHADI; IIpH pacnpocTpaHeHun B TPy6e Heob6xoaumo npenebpeun
cuAaMH TpeHHs o creHkH Tpy6n. Haxomeny, npam pacemorpenun
NPOMEXYTOUHbIX COCTOfIHHIE, HHTEpPEeCyIOWHX Hac 3J€cb, AR
sunoanenns (VII-2) neo6xoaumo, uro6br 6biAm MaAb! cHABI BHY-
TPEHHEro TpeHus (BsasKocTH).

B yaaproit Boane, B cpeze, B KOTOpO# HMEIOT MECTO TOABKO
Npolecchl, YIATHBAEMble B ypaBHEHHH SHEPrHH, HalmPUMeEp BHAE-
ACHWE SHEPIHM XHMHYECKOH peakuuu (geTOHAUHOHHAA BOAHA —
cm. [8], [59], [60]) mam TremromposogHocTs, ypaemenne (XI-1)
NPHMEHAMO KO BCEM MPOMEXYTOUHBIM COCTOAHMAM. Ilpm pacnpo-
CTPAaHEHUN YZAAapHO# BOAHBI KaK IIEAOrO CKOPOCTb, C KOTOPOi
Kamzoe HB IPOMEMYTOUHHIX COCTOAHHMH JABMMETCS OTHOCHTEADHO
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HCXOZHOrO COCTOSHHUs, OAHa u Ta xe. B ypasmenun (XI-1) nean-
uuny D Mpl ZOAXHBI cudTaTb MOCTOAHHON; TaKHM OGpasoM, oTO
ypaBHeHHEe nNPHUBOZAT K AuHeHlHON cBsA3SM Memay JaBAEHHEM

u o6beMoM
2

D
p—p1+;—-;1—zv.

(X1l-1)

B naockoetn p, v (puc. 32) cocrosnue Mensercs mo npAMOoi,
coeaunsomied ToukH, onuchiBaowne HauarbHoe A ¥ komeunoe B

COCTOSIHHSI BelecTsa.

3Has cBAsb MexJY AaBAGHHEM
¥ IIAOTHOCTDIO, KOTOPAsi KMEET MECTO
Ha BCEM NPOTAMEHHH (POHTA yAap-
HO#t BOAHDI, MBI CMOXeM HalTu ee
MHPAHY BACMEHTAPHBIM HRTErpUpO=
BaHHEM.

Moxno nokasate, uTo BAOAB
npsmoii AB smrpomus gocTuraer
MaKCHMyMa TJe-TO  IOCepejHHe
(Touxa M puc. 32) memay Ha9aAbHBIM
H KOHEUHbIM COCTOSIHHIME BelIecTBa.

AeiicTBrTeAbHO, B Touke A cko-
POCTb BOAHBI OTHOCHTEABHO Belje-
crBa 6oAbIIE CKOPOCTH 3BYKa, B TOY~
ke B ckopocTp BOAHM MeHbmie CKO-
pOCTH 3ByKa; B Kaxoii-ro Touke M
CKOPOCTb BOAHH paBHA CKOPOCTH
3Byka. B oro#f Toure npaman AB
kacaerca agmabarni [lyaccoma m,
CA€JOBAaTEAbHO, HHTPOMHA MaKCH-
Maabna,!

B czerammom npegmoromennu
06 OTCYTCTBHH BA3KOCTH H3MEHEHHE
SHTPONUK NPOUCXOAHT AHIID 34 CYET
TENAOHPOBOZHOCTH., B craumonap-
HOM pexHMe, B CHCTEME KOOPAMHAT,
B KOTOpOH cama YyJzapHas BOAHA
TMOKOHTCA, OT cy6CTanyuHarbHOMN

V4

Pac, 32. A u B mauaavmoe u
KOHEUHOE COCTOSHHE rasa, Cma-
TOro yAapsoit soanoit. Coromunte
Kpusbie —ajznabarel  [Iyaccona,
T. €. AMHHH HOCTOSHHOH# BSHTpO-
nmn, Bospacraioleil or S4 x SB
u SM. B orcyrersum maskocry,
HO HPE HAAMYHK TEIAOIPOBOZ~
HOCTH COCTOSTHH® HSMEHSOTCH HO
npamoit AB, ma roropoit sATPO-
nHMs ZOCTATAET MAKCHMyMa B TOUKe
xacagua M. B orcyrcremm Temao-
DPOBOAHOCTH IIPH HAAMYHE BAS-
KOCTH COCTOSIHME MeHSETCH IO
nynkrupHoll kpusoii AB, ma xo-
TOpOi# SHTPONHEA MOHOTOHHO pa-
crer or A x B. Agmabara ['toro=
HHO He IIPOBEJEHA HA PHCYHKE
(ona raxme mpoxozur wepes A
u B, mo me coBmagaer ¢ nyrkTHp-
HO# Anuueht).

NPOM3BOAHOH MO BpEMEeHM Mbl A€TKO nepeigeM K NPOU3BOZHOM
no xoopauHate. B 5TOoM cAywae MBAMIIEH TaKkme 3HaK uYacTHOI
NPOH3BOAHOM, MOCKOABKY paccMmarpuBaemblii mpouecc B BbiGpan-
Ho# cucreme crapuosaped, or Bpemenn He 3aBucaT. Okonua-
TEAbHO:

(X11-2)

1 Ha pucynre 32 asuabarm Ilyaccoma, mpoxossamue uepes rouxn 4, B, M,
oTMedenn sHakamm Py, Pp, Py
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rAe ) — TENAONPOBOZHOCTb BENIECTBA. |eMmmepaTypa, mo Kpail-
Hef Mepe B caaboif yaapHo#f BOAHE, MOHOTOHHO MEHAETCS BAOAD
upsamoit AB.

Hickomoe pemenne — pacnpejeAeHne TeMmneparypbl H SHTPO-
nuu Kak QYHKUUE OT KOOPAMHATHI — MMeeT BHJ, H300pameHHbIH
Ha puc. 33; Touxa, B KOTOPOH SHTPONMA AOCTHTAET MaKCHMyMa,
COBIAZAeT KaKk pa3 ¢ TOuKOH# mepern6a 3aBHCHMOCTH TeMIepaTypbi
OT KOOPAUHATHL.

M3 ogenox npeabiaywero maparpaa Aerko HafiTd nOpaAKH
B2AMuMH (CunTas H3MeHcHME O6beMa MpH CAHATHH BEAHYHHOH nep-

ST

i

Puc. 33. Bayrpemmas crpykrypa yaapHoR BormmI

HeGOAbmO# aMIAHTYAb LpH HAAMYMYE TEIAOIPOBOZ~

HOCTH, HO B OTCYTCTBHe BssKocTH. O6o3Hazenmus
eM. puc. 32.

Boro nopsaxa MaroctH): 4p, AT — nepsoro nopsgxa, nponopumo-
naibunl Adv; S, —S§, ~ S, — .8, —proporo nopsaka, nponopuno-
paabnbl (49),2 Sp;—S, —rtperpero nopsaxa, nPONOPUHOHAABLHO
(4v)3. Aerko mpousBecTH OLeHKY IMHDHHDI (PPOHTA YAApHOH BOAHBI,
uarerpupys (XII-2) a0 Toukm M:

1 dT AT
o Ta(Sy—S)=4(%), =45 - (XII-3)
M3 pammx operox caeayer:
arT Ao A
Ax fand ;vm A~ ]v (Tu)2 ~ E . (XH-38)

Onpegenenne Ax, orsevatolee MNOCAEAHMM (QOPMyAaM, CM. Ha
puc. 33. Tlopajox BeanumHbl KOB(P(PUUUEHTa OLEHMM H3 pasMep-
HOCTH

A o
Ax_?%’ (Xll-4)
rae R — rasoBai IIOCTOSIHHAA — Pa3MEePHOCTH TEMAOEMKOCTH

kanlrpagyc - rpamm, cTenemd » u ¢ nogoGpaHbl Tak, 4TOGBI JaTh
BEAHYHHY PasMEPHOCTH AAMHBL
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HNao6pamennoe Ha puc. 33 pacnpeserenne npejcraBAsieT CO-
Goii womkperusayguio naeil Penxuna[78].

Ao6onpiTHo, YTO NPH CHADHOM CXKATHH BOSHHKAET cBOcOGpas-
Hasg NPHEUUIHAAbHAs TPYAHOCTb, WMEHHO Ha Aumuu AB mMexay
Toukamu A u B AocTHraercs MakcUMyM TEMIepaTypbl B TOM CAY-
4ae, €CAM JaBAEHHE B yJapHOH BOAHE p, npeBmutaer 15 p,
(npu c,/c,=7[y, AAn AByxaTOMHOTO rasa).

[lpu sTOM MakcuMym TemnepaTypbi AexuT NPH GOAEe BBHICOKOM
AaBACHHH, Y€M MaKCHMYM BSHTPOIHH.

[Mpu maAnuEn MakCEMyMa TeMIIEPaTypbl OKA3bIBAETCH HEBO3MOXK-
HBIM TIOCTPOMTb HENpPepbIBHOE paclipejeAeHHe TEeMIEPaTypbl U SH-
TPONMH B MPOCTPAHCTBE, KOTOPOE YAOBAETBOPSNO 6bi OCHOBHOMY
ypasnenmo (XII-1).

Kax noxasaa Peiiasii [79], sTa Tpyanocts ykasniBaer na Heo6-
XOJAMMOCTb BBEAEHHS B PacCMOTpeHHe Takxe BaskocTd, Ozuako
npH AeHCTBHUM MOAEKYAAPHOH BA3KOCTH H3MEHAETCA HE TOABKO

aBHEHHE SHEPruH, HO M yPaBHEHHe JBILXEHHs [Halie ypaBHeHue
(VIiI-2)]. Takum o6pasom, B B3TOM CAyuae TPAeKTOPHA CHCTEMbI
B P, U NMAOCKOCTH OTKAOHAercs or Aunun AB. [losanee ara xe
coobpamenns, 6e3 ynomunauns Peiiras, 6bian npusesennt y Bek-
kepa[38] (co ccpiakoit wa wacrmoe coobwenue [Ipamaras,
cM. Takxe [76]).

Bo BTOpoM mnpezerbHOM cAyuae, HpE OTCYTCTBHH TEmAONpPO-
BOAHOCTH H JeHCTBMH OZHOH BA3BKOCTH, H3IMEHEHHE SHTPOMUA
B BOAHE INPOHMCXOJHT TOAbKO 3a CYET IPEBPAMIEHHA B TENAOTY
paborsl npoTB cua BaskocTa [em. Gopmyay (I-18)].

o B ~u(3L) (X11-5)

CoraacHo nocaeguemy ypaBHeHHI0, SHTPONHA moA ZeHCTBHEM
BABKOCTH MOHOTOHHO PACTET; H3MEHEHHE COCTOSHHA Ha AWarpaMMe
p, v H3006paxkaerca KpHBOH, 3aKAIOUEHHOR Mexzy ajuabaramm
Ilyaccona, mpoxoasgumm uepes HayaAbHYIO M KOHESUHYIO TOWKH
(nymxrup puc. 32). Bregem cnoBa mousTue a@extHsHO# wAPHHBL:

0 —u
=L, (XII-6)
& =Dg=D—F5— (XI-7)

Us ypasuenns (XI[-5) aerxo mafizem (oromaectsass D u ¢ mo
NOPAAKY BEAWHMHBI), 3ameyas, aTo uy—u, =D - Avjo,

Az =~ T2 (XII-8)

" dve
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Orkronenne cocrosunsa ot npsamoit AB npomcxogur Gaaro-
Zaps EMNYALCY CHA BASKOCTH. Y DaBHEHHE CTAIMOHAPHOTO ABHXE-
HYA 1O OAHOW KOOpPAHHATE TAACHT:

d d| d (2  di
oust — __B__(ﬂ %). (X11-9)

Hurerpupys, naiizem:?

2
p-Qul 5 F=p, o ut=p,+ 0 u? (XI-10)

HO U3 ypaBHEHHs Hepas3pblBHOCTH MbI Halgem:

uQ=%=M=const; %:M—%: (X1I-11)
p+Mrv+%nM%:pA-i—MvA:pB—i-MvB:const. (X11-12)

Bes uaena —:2,’—?7 M% ypaBuerue jaer npamyio AB.

Py
Ecan, coraaceo pume, 32, (—¢§v—’;)s> 0, To mymkTHpHag AuMHHEA,

BaKAlOuEHHas MexJy azuabaramn S=3S5, u S=S5,, ueauxom
ASXKHT HHXE NPAMOH, TaK YTO B BOAHE

p+Mo<p,+Mv,. (X11-13)

d:
B sTom cayyae us ypabmenus maxozmm nM —d; <0, B BOAHE ¥

yMEHDINAeTCA, NPOMCXOAUT CKaTHEe; BOAHA paspexeHus Tpebo-
Bara Obl oTpuuateAbHOM BsskocrH. PaccmoTpenue cTpyKTYypBI
¢ponra npu AeHCTBHM BASKOCTH NMPHBEAO HAC K TEM Xe BLIBOJAM
OTHOCHTEADHO CBSI3H BOSMOXHOCTH BOAH CHKATHs WAH paspeikeHus

02
CO 3HaKOM (-0—1!%)5, K KOTOPBIM MbI MNPHIUAH HHBIM IIYTEM paHblle.

ﬂpu MOAHOM OTCYTCTBUH TE€NAOCIIPOBOZHOCTH YMEHbUICHAE KO3~

duyueHTa BASKOCTH NpPUBEJET TOADKO K YMEHDbUICHHIO IIHPHHbBI
du
(PpPOHTa, TaKk UYTO YBEAHWYHTCA NPOHBBOZHAA 2z’ [pon3pejenne

du
yi 7& OCTaHETCA NOCTOSHHBIM, TPAGKTOPHA B NAOCKOCTH Py U HE

H3MEHHTCH.

du
1 B cocrosumax A u B, cuerngno, = 0; npu nnmrerpuposammM Hajzo

yd9ecTp, 4TO QU = const HO ypaBHOHMIO COXpaHeHHS BeIIecTBa.
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ﬂpn HaAHYHHY TEOAONPOBOAHOCTH YMCHDBINEHHE HIMPHHDI H POCT
{IPOB3BOAHBIX MO X MPH YMEHbLIUICHHH BA3SKOCTH OKaxKeTcs orpa-
HUYECHHDBIM; MPH AZOCTATOYHO MAAOM 3HAYECHHH 7] OKaxXETCHA MaAbIM

u
BeCh YAeH 7] —-) M MBI HPHOAU3MMCA K BDIIOAHEHHIO ypPaBHEHHA

p+Mv=const, 1. e. ypasuenns npamoii AB (cp., mmpouewm,
CACAQHEBIC BbIIIE 3aMEYaHHsi O CHAbHBIX YAapHbIX BOAHaX, B KO-
TOpbIX Ha oTpeske npamoli AB mmeer mecrTo MakcuMyM Temmepa-
TYpPbl; B BTOM CAy4Yae B ompeAeAeHHOH dYacTH (PPOHTA HMEHHO
BA3KOCTb, Kak 6bl OHa HU GblAa MaAa, ONPEAEAAE€T BEAHUHHY
TIPOHSBOJHDBIX). .

AAs OueHKH nOpsAAKAa BEAMYMHBI IIMPHHBI (POHTA BOCIOAb-
3yeMCsl MOAEKYASAPHO-KHMHETHYCCKMMH BbipaXeHHAMH KOd(Q@HIHEH=-
TOB TENAONPOBOAHOCTY M BA3KOCTH. J\erko majizem s o6oux mpe-
ZCABHBIX CAYYasX:

-, (X1I-14)

v p
Ax~l2;~ld_p~lu1-——u2
rae | ectp aauHa cBo6ogHOrO nMpobera MOAEKYA B rase.!

JAs Bo3ayxa mpu aTMoclepHOM ZaBAEHHH, IPHHHMAs KpHUTe-
puit [IpanaTas (oTHOmEHUE KAHeMATHYECKOH BASKOCTH K TeMIepa-
Typonposoguoctu) pasanim 1, Tefiaop [93], [24] uepes xoapu-
uuenT zuddysax B gaer caezyouiee BoipameHre MUPHHBI PPOHTA
YAapHOi#l BOAHBI

Ax=—248 (X1I-15)

u)—1up -
Aas Bosayxa mpu aTmocepuom gasaemmd B=0.18 cm?cex,

Ax= —12— =4.107° Zl; (4x—cwm, u—cwm/cex, 4,—atm). (XII-16)

u—u

Bece ouenkn coraacHo ykasmBalT Ha TO, YTO B CKOABXO-HHGYAb
MOLIHBIX YAQpHbIX BOAHaX, B KOTOpbix Av=o u Ap ~ p mupnna

1 Bo Bcex HpPUBEZEHWBIX Bhlle PacueTaX MBI PACCMATPHBAAM MZEAABHMII
ras, aas koroporo (mo KpaiiHeil Mepe mo MOPAAKY BEAWSHHEI) MMEIOT MecTO
CAGAYOIAE OICHKMU:

LP) ~—P. %P _ P,

v /s v’ e T vl

B ofmeM cAyuae Aerko yCTaHOBHTH, UTO HPH IPSUMX PABHHIX YCAOBHAX IMMPHHA
2

¢ponra OGPQTHO OponoOPUNOHAADHA BEAUTIBHE —o;lzﬁ s 9 B COOTBETCTBHH C POADBIO,

KOTOPYIO BTA BEAWYAHA MrpaeT B TEOPHH YAAPHOR BOAHDL
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({ppoHTa nopAaaga AAHHDI cBo6ogHOTO npoﬁer‘a; B 3THX YCAOBUAX
JCTaAbHbIE pacHeTbl CTPYKTYPDI H IPMEHEHHEe amp(pepeﬂgnaj\bﬂblx
ypanueﬂnﬂ FHAPOAHHAMHKH TECPAIOT CMDICA.

§ XIIl. PacopocTpanenne yAapHEIX BOAH B rase
€ 3aMeJAeHHLIM BO30y:K/JEHHEM BHYTPEHHHX CTemeHci
cBofoALI

B § Il mbt pacemaTpusark BOmpOC O PAacmPOCTPaHEHHH 3BYKa
B rase C 3aMEAACHHBIM BO3OyXMACHHEM BHYTPEHHHX CTeneneit
cBo6oabl, T. €. B rase, TENAOEMKOCTb KOTOPOrO MPH BechbMa
6bICTPbIX H3MEHEHHAX COCTOSHHA SaMETHO MEHbIle, 4YeM IpH
MEJAEHHbIX H3MEHEHHWAX COCTOSHMUS, NPH MEZACHHOM H3MEHEHHW
TeMnepaTypbl. OTa 3aBUCHMOCTb TENAOEMKOCTH OT CKOPOCTH
HSMEHEHHA COCTOSHHMA, OSTO 3aMejAE€HHOE BO36yXxJACHHE YaCTH
TENAOEMKOCTH MOTYT GbiTh 06f3aHb! Aubo 3aTpyarenHo#t nepejaue
SHepPruM Ha BHYTPEHHHE cTeleHu cBO6oAbl, Au60 ob6patumoi
xXuMuyeckoii peakuud. B Tepmoammamuueckoit TpakroBke z06a-
BOYHAsI TEMAOEMKOCTb BCAEACTBME OOpaTHMOH XMMHuYeckOH peak-
LUK, PaBHOBECHE KOTOPOH cMmemaeTcd npm H3MEHEHHHM TeMIepa~
TYPHl HAM JABACHHS, COBCPIICHHO SKBHBAaAEHTHA 3aMeJACHHOMY
B036y&JE€HHIO BHYTpPEeHHHX cTemenefi cBo6oan.. Hanporus, cayuait
ofpatumoil xuMHuecxolf peakuum He wumeeT Huyero obmero
c Heo6paTHMbIM NLOTEKAHMEM XHMHYECKOH peakuME B yJapHOi
BOAHE, T. €. C BACHHEM JETOHALWH, KOTOPOTO Mbl 34€Ch KacCaTbCs
He 6yzem.

Kax 6pino Boiscueno B § I, samesrennoe posGyxaenne uactu
TENAOEMKOCTH IPHBOJHT K JBYM OCHOBHBIM OCOGEHHOCTSM aKycCTH-
YeCKOro NOBEeJEeHHS BEILeCTEAa. DBo-NepBbix, OHO HPHBOAWT K JMC-
nepcHH 3BYKa, T. €. K 3aBHCHMOCTH CKOPOCTH PacClpOCTPaHEHHs
3ByKa OT 4acTOThl. .3Byk GOABIIOH YACTOTHI PACHPOCTPAHAETCH
Tak, Kak ecAu 6bl TemroemkocTh 6bina Mara. B ssyxe maroi#
4aCTOTH, GOADbIIO# AAMHbI BOAHDBI, H3MEHEHHE COCTOSHUA MPOHC-
XOZUT MEAAEHHO. |€NAOEMKOCTb YCHEBaeT MHOAHOCTbIO BO36Y-
AWTDbCS, ¥ COOTBETCTBEHHO Mbl IIOAYYa€M MEHBIIYIO CKOPOCTb 3ByKa.
OauoBpeMenHO ¢ Aucnepcueli 3Byka NOABASETCA H 4pe3BbIMAHHO
CHAbHOE moriomenue 3syka. [lo Bmipamennio oznoro s akcnepu-
MEHTaTOPOB, B COOTBeTCTBYIomjel 06iacTu 4acTOT ras CTaHOBHTCH
»HEenpo3paunbiM® Zas sByKa. [losBaserca noraomenwue, ces3aHROE
C TE€M, UTO BHYTPEHHSA SHEPrusa rasa MeHAeTcs He B Qase C ero
AQBAGHHEM U yJACAbHbIM OOGbLEMOM, T. e. MeHsieTcd BCe BpeMms
B COCTOSIHHHM, JAA€KOM OT paBHOBECH#A, MEHRETCS HeOo6paTHMO.
Bamearennoe Bo3byxAeHEE HACTH TENAOEMKOCTH MPEACTAaBAAET
coboif oauH N3 BO3MOMHBIX MEXAHH3MOB Auccunauun (paccensa-
HRAs) DHEPTHH,

Pacemorpum  pacnpocrpanenue yAapHOHi BOAHBL IO rasy
C 3aMeZAEHHbIM BO36yMJAeHHEM 4acTH TenAaoemkocTd. B p, v nmaoc-
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xocTu puc. 34 Mbl Moxem nposecTH uyepes aaunylo Touky A (p, vy),.
ONMUCHIBAIOIIYI0 HMCXOJHOE COCTOsHHE BelleCcTBa JO CXKATHA, AHES
aguabator Ilyaccona, T. e. zBe u3ssHTpONB!, OAHA M3 KOTOPHIX OCY-
IIEeCTBASETCA NPH BecbMa 6picTpoM cxaTun (NMyHKTHP, == ),
BrOpas — GoAee MOAOras — OTBEYAET MEJAEHHOMY CHATHIO C TIOA-
HbiM BO36yxZeHHeM Bcelf paBHOBECHOH TENAOEMKOCTH BeIUECTBa
(nynxtHp, ® =0). Ecan mac mutepecyer pacnpocrpamenne yAap--
HOl BOAHBI Ha 60AbmoOe paccToAHMe (Mbl YBHAUM Jaablle, KaKoB
ecTecTBeHHbii MacmTa® dTOH 3aJauH H IO CPaBHEHHIO C YEM CAe-
AyeT CUMTaTb PAacCTOAHHE GOABLIAM), KOHTPOABHYIO MAOCKOCTb, Ha
KOTOpO#l Mbl (PUKCHPYEM COCTOsHHe rasa, IOABEPrHYBIIEroCs Cxa-
THIO, Mbl BCErAa CMOXEeM BbIOPaTh HA JOCTATOYHOM PACCTOARMU
OT TOrO MecTa, Ije CxaTHe HavaAaoChb, TaK uYTO Bcerja 6yaer
CymjecTROBaTb 06AaCTb, B KOTOPOH yike MOAHOCTBIO BO36GYHAEHBI
BCE BHYTPEHHHE CTeNeHH CBOGOABI U BCA BHYTPEHHAS TEMAOEM-
KocTb. [loMewas KOHTPOABHYH maockocTb pmc. 236 (crp. 63)
B DTOM MECTe, Mbi ITOAYYHM H3 ypaBHEHHH COXpPaHEHHS KPHBYIO
agnabaTel [1IOrORHO ¢ NOAHBIM BO3OykZeHHEM BHYTPEHHHX CTele-
ne#t csoboant (cnaommas ammms AMC, ©=0). dra azuabara
[rorommo, caejosarteAnno, B Touke A 6yieT Kacarbcs noaoroit
aguabarol Ilyaccoma, oTseuarome#f wManoH uwacrore, M AHIB
JAaAbllle, IPH 3HAYHTEAbHBIX CRaTHAX, OTOHZET OT Hee M moHier
BbIILIE.

Ha puc. 34 sBscTByer, 4T MOTryT NPejCTABHTHCA pasAUUHBIE
CAY4YaH B 3aBHCUMOCTH OT JaBA€HMA CXaTusA B YAApHOH BOAHE..
Carabaa yzapnas Boana 7 (B KoTOpo# KOoHEUHOE COCTOSHHE MOCAE
CXATHs, HOCAE IOAHOTO BO30YXJAEHHS BCEX BHYTPEHHHX cTeleHeil
cBo60abl onmcbiBaeTca Toukoil M Ha agmabare [rorommo, w=0)
ZOAXHA pPaCHPOCTPaHATHCA CO CKOPOCTbIO, MEHbIIe# CKOPOCTH
3ByKa npu Goapuo#h uacrtore. Kakosa 6yzer crpyxkrypa Takoi
yaapuo#i Bo HM?

Ecau 6b1 B paccmarprBaemoii cpaBRATEABHO cAaboit ygapHoi
BOAHe / NPOHCXOZMAO B KaKOM-TO yuaCTKe @POHTa BecbMa
6bicTpoe M pe3sKoe A3MEHEHHE COCTOAHUA, TO K TaKOMy H3MEHe-:
HHUIO COCTOSHHS MBI MOTAM Obl Take NPHAOKHTbL 3aKOHBI COXpa-
vennsa. OgHaxko B GbICTPOM H3MEHEHHH COCTOSNHHSA BO30YymAEHHE
BHYTPEHHHX cTeneHeff cBoGoasl He ycneer mnpousoiitn. Takoe
H3MEeHEHHEe COCTOSIHHA MOXHO 6bli0 6b1 Ha3BaTb ,yAapHOo# BOAHOH
6e3 Bos6ymaeHus“,

Azua6ara Toromwo, cocraBrenHas 6es yueTa BHYTPEHHHX.
creneneit ceo60oabl, T. €. ZAsS BecbMa GHICTPOro cHaTHsA, JOAKHA
6yzer AemaTp BmmE cooTBeTcTBylomeH aamabarer [lyaccoma.
(cnromnan xpuas AB, w==co Ha puc. 34). Ckopocrp pacnpo-
CTPaHEHHs ,yAapHOH BOAHB 6e3 BO3GymieHHa“, oueBmaHO, Ipe-
BbIIIAE€T CKOPOCTh 3ByKa NPH OGOAbmOH dYacToTe H, CcAezoBa-
TEAbHO, TeM GoAee NpeBbIAaeT CKOPOCTb PaCIPOCTPAHEHHUs 3BYKA
Manoft 4acTOTb! M TIPEBLIIIAET TaKXKe CKOPOCTb AOCTATOYHO CAa-
6bIX yAapHbIX BOAH ¢ BO3GyxfeHHeM.
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Taxkum o6pasoM, B HCKOMOM peXxHMe, AAS TOro YTO6H OH GbIA
£Taluonaper (echum OH CTAauUHOHAPEH), €CAH BCe 4acTH (POHTA
ABHRYTCI C OZHOW M TOH k€ CKOPOCTBIO OTHOCHTEABHO Trasa,
COXpaHAs B3aUMHOC pacCTOAHHE IPHU TOCTOSHHOH CTPYKTYpe
(ponTa, He MoxeT Obithb B cAaGoll BOAHe pesknx BospacTaHmit
AaBAeHusd, pesxkux wusmenemuii obbema. Moxmo ckasats, uro
OT MEeJZAEHHO PacNPOCTPAHAIOIErocs BO3AMYILUCHMA, MEJAEHHO
ABmxkymeficss yaapuo#t Boamsl, Bce Bpems GyzyT Bbi6erath Buepea

3BYKOBble BOAHBI Goaburo#
¢ 9acTOThl, CKOPOCThb pacnpo-
CTPAaHEHUA KOTOPBIX IPeBbl~
HIaeT CKOPOCTb yaapHO
BOAHDI BCA€ACTBHE JuCHEp-
cuun  3Byka. Opguako sTH
BOAHB BecbMa GHICTPO OCA&-
6eBalOT H BKCIOHEHUMAABHO
3aTyXaloT BlepeiH yAapHOH
BoAHbl. Haaoxeunme 6ecko-
HEYHOro KOAHYEecCTBa 3ary-
XalOIIHX 3BYKOBBIX BOAH B
COBOKYITHOCTH obpasyer
pasMmThif  PpoHT caaboi
yaapHo#t Boampl. Tounmyro
CTPYKTYPY (DPOHTA MbI MO-
xem HailiTH, npene6bperas
B 9TOM cAydae zeiicTBueM
— —>-  BABKOCTH M TENAOUPOBOJ-
: nocta, Cocrosnne seie-
Puc. 34. Pacnpocrpamenne yAapHoH BOAHM  crga MEHFETCA BAOAD nps-

B rase ¢ BsaMeJASHRBIM Bo3BykJeHMEM wa- yo#t AM. Cxopocts u3me-
-¢TH Temaoemxocthm. Asmabarm [rorommo . p

A{emrommas ammms) u Ilyaccoma (mymxrup) HEHHS COCTOSHHUA BEIJECTBA
BBIYEPYCHN B ABYX NPEAUOAOKCHUAX: 0T~ OINPEAECAACTCH CKOpPOCTbIO
cyTersua  BosGymaenma (0 =0) uwactH  po3GyxAeHHA BHYTPEHHHX

TEIAOEMKOCTH M IOAHOTO BOSOYXRAeHHA.
c B060AbI. e-
Xopaa aauabarnt ['oromno o =0 nepece- renene cBoGoasl. Kau

aeT uAm me mepecexaer agmabaty o —=co CTBEHHO OdYeBHAHO (M 3TO
B SaBHCHMOCTH OT ANOAMTYABI. MOAKHO MOATBEPAHTD HE-
CAOKHBIMH PAacYEeTaAMH), YTO

9P deKTHBHAA IHUPHHA PPOH-

Ta Tako#f yAapHOit BOAHb, pacmpocTpaHsomedics €O CKopo-
‘CTBIO MeHbiNelf, YeM CKOPOCTb 3ByKa OGOABIIOH HacTOTbI, 3aBH-
CHT OT BpeMeHH BOSOYXKJEHHS BHYTPEHHHX creneme#t cBoGoabr.
Ilo nopaaxy BeAwuunn wHpHHE PPOHTA paBHA MPOM3BEACHHUIO CKO-
POCTH 3ByKa Ha BpeMs BO30OyxAemus tenmroemkoctd (cM. pucy-
f0Kk 35a). Dra mmpuHa MOXET BO MHOrO pa3 NPEBWIIATH WHPHHY
(pOHTA, NMOAyJaeMyl0 BCAEACTBHE AEHCTBHA BSSKOCTH M TENAO-
fpoBOAHOCTH. Tak, B CAyyae YrAGKHCAOTBI HOAHAA TEUAOEMKOCTD
fIpB MeJAASHHOM BO30yxaeHuu cocraBaser 3.3 xaA/MOAb : rpag.
Ms nux 2.5 xaA/MOAB - Ipas. NpeACTaBAfET TENAOEMKOCTb BpAILa.
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TEADHOTO M MOCTYHATEABHOI'O ABHAEHHN MOAEKYA M BO36yxZaercs
MrHOBEHHO, NMPAKTHYECKH NPH KaXA0M CTOAKHOBEHHH MEXAY MOAe-
kKyram, Ocraapnanie 0.8 xan/woAb *rpag ecTb KoaebBareAbHas
TENAOEMKOCTb, BO36yMiaomasncsa B cpegueM B oguom u3 600 Tuicayq
croakmoBennii [62]. Ckopocrp sByka npu 6oabmux wacroTax
Ha 4%, npesbimaeT cKOPOCTb 3Byka HPH MaAo# uacToTe. B yrae-
KHCAOTE yAapHasi BOAHA, BhLIBBAHHAsl ABHAEHAEM MOPIIHA CO CKO-
poctsio ~ 13 mMfcex, B Koropoi#ft Jocruraercs cmarhme ma 59,
(aaBrenne pacrer ma 7°/y), pacmpocTpassercs IO rasy cO CKO-
POCTBbIO, KOTOpas ewe Ha 1°/, MeHbme cropocTH 3Byka GOAbIION

J &

N
:JQ
[SSY

D

Jr Uz
z T

Pric. 35a. Crpyxrypa yaapmoit moa- Pue. 356, Crpykrypa yaspmoft Boxmm
HH Manof amoauryan (AM) B rase  Goapmoit aMmAHTYAB (/fC) B rase ¢ sa-
¢ saMezreHEBIM BosGymienneM (cp. MezremumiM BosGyxsenmem (cp. puc. 34).
puc. 34). 7 —mpema BosGymacHH:.

vacrotol. Ouenusan no Qopmyaam [Ipamaras[76], Peiirsn[79],
Tsiinopa [93] u Bexxepa[38] (§ 12) mupuny taxko#h yzapro# EOAHDI
B BO34yX€, 3aBUCALLYIO OT TEIACIPOBOZHOCTH M BABKOCTH, MBI IIOAY-
yam npu aTMmocepHom Jasrenud 81077 Mm u npm agaBrennu
15 mm pryrHoro croaba 0.4 mm. B yraekucaore sTH BeAHunHH!
6niAm 6bi emie Membme. Mezay TeM, MmEpHHA YAapHOH BOAHDI
B YPAEKHCAOTE, 3aBHCslas OT 3aMeAAeHHOro Bo36y:iennd, cocra-
BHT 10 rpyboMy pacieTy HPH aTMOCQepHOM JAaBAenmn 12 mm;
npu zasreHud 150 MM pryTHOro cToAGa IIMPHHAa JZOCTHraeT
60 mm. Taxoe peskoe mH3MeHeHHe IIHPHHBI YJAApHOK BOAHbI
MoxeT GbiTh 3aMEUEHO NPH H3YYEeHHH CTPYKTYPbl (PPOHTA METO~
JaMH TENAepPOBCKOH (ororpaguu, IPH cpaBHEHHH doTorpadun
B rasax, y KOTOpbiX STHX d((PEKTOB HeT, HAlpHMEp, B BO3AyXe,
H QOoTOrpa@uu B YLAEKHCAOTE.

B cayuae cunpHoit yaapuo#t Boaub (2 Ha puc. 34) Mbl ZJOAKHDI
o®HMZaTh GoAee cromubix pemumos (cp. puc. 356): paspnis AB,
IIHPHHA KOTOPOTO ONPEeAEAAETCA BASKOCTbIO U TEMAONPOBOAHOCTDIO
M COOTBETCTBEHHO BeCbMa MaAa, pacnpocTpaHsercs Ges 3amer-
HOro Bo36ymAEHUA BHYTPEHHHUX cTeneHed cBo6GoAbl, Touka B AexuT
Ha coorBeTcTBylomeii agnabare [toronno (3aax @ = ). Caezyio-
Iee 3a pa3spbiBoM BO36yAJeHHE COMNPOBOXKAAECTCA MNAABHbIM (HA
Arune nopaaka Dt) nosbiileHAEM JaBASHHA M YREAMIEHHEM CKATUSA
ao rouku C. Puc. 35a u 356 marocTpupyIOT pacnpejereHHs JaBAe-
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HHf B TPOCTPAHCTBE BO (PPOHTE YZapHOH BOAHDI, KOTOPHIE MOKHO
OXHZATb B OTHX ABYX caydasx. CoBepmeHHO aHaAOTHYHBI He-
NOKa3aHHbIE PAacClpPEAEeAEHNsT TeMmepaTypbl, NAOTHOCTH ¥ CKO-
pocTH. CDomrpaqmqecxoe H3y4YeHHe (OopMbl YAaPHOH BOAHBI
ZOAMHO CTAaTb, IO HalleMy MHEHHIO, YZOOHbBIM NPSAMbIM METOAOM
HCCACAOBAHAA SaMEJACHHOIO BO3OYXJEHMA BHYTPEHHHX cTenenefi
cBo60bl.

YBeAuueHne IMHPHHBI (PPOHTA ECTECTBEHHO, €CAM BCIOMHHTD,
4TO 3aMeJAeHHOe BOo3OyxJeHue zaer Goabpmo# BTOpoH KoaPPH-
guenr BaskoctH (§ 1). Oanako samena XOHKpeTHBIX NpejcTaBAeHui
(OopMaAbHbIM BBEZEHHMEM BTOPOr'0 KO2(PHIHMEHTa BASKOCTH BO3=
MOZHa TOAbKO B OrpaHWYEHHDbIX MNpejeAax M, B YaCTHOCTH, He
no3soAseT HaHTH Goree caoxmpii pexmm pme. 356 (cp. § I,
® >>1[7). Tloapo6ubie pacuerbl cojepxarcs B CTaTbe aBTOpa,
naxozsaweiica B nevarn B Kypu. sxcmep. Teop. pusuky.

§ XIV. Bosuuknonenne yzapnoii BoAHBI

Ms! NOAOMIAM K TEOPHH YZapHOH BOAHH, pacCMaTpHBaf JABH-
MeHHne, MOAYHAlOIeeca MPH CXATHH rasa NOPIUHEM, B ONpEJEAeH-
Hoit Moment (¢=0) HauaBmum JBHraTbcsl ¢ TOCTORHHOH CKO-
pocrpio. B sToM caywae Mml mpumAam X pemmMmy, B KOTOPOM
yAapHaA BOAHA Cpa3y O00pa3syeTcs y NOPHIHA B MOMEHT Hadana
€ro ABHKEHHA M JAAbUI€ PACIPOCTPAHASTCH C NMOCTOAHHOH HHTEH-
cueHOCTBIO. [IpH KOHEUHOH Macce MOpIUHA TaKOe ABHMEHHE
Tpe6oBaro 6B mNpeojoAenut GeCKOHEUHO GOAbWIOH CHABL HHEp-
IMH B HAYaAbHblif MOMEHT IIPH MMHOBEHHOM WSMEHEHHH CKOpPOCTH
HOpINHA.

PaccmoTpuM ABHEeHHe rasa, BOSHUKAIOWIEE IPH MOCTENEHHOM
yCKOpeHUY MOPINHA, CHEAMAIOEro ras M NOKOAILEroCs B Hayare
Zsumenus, Mbi MOXEM AerkoO CKOHCTPYHPOBaTb ABHACHHE, 3amMe-
Hsifl HeNPEePhIBHOE YCKOPEeHHe GOAbIIMM YHCAOM MeAbYakIIHX cKay-
KOB CKOPOCTH, T. €. 3aMeHfsA NAaBHYIO KPUBYIO B IIAOCKOCTH X— §
AOMaHOH, cocTaBAeHHOH M3 XOpj 9TOH KpHuBOiL.!

aCCMOTPUM HOAPOOHO mepsble sranmbl Aemmexus. [lopwuenn
HauYMHAET JABHIraThCA U X3MKETCH B TeUeHHe BpeMeHd #; ¢ Maroi

MOCTOSIHHO# CKOPOCTBIO W,
B reuenue aToro BpemeHH 10 rasy pacnpocTpaHAeTCAa YJapHas

1 Mu orpamuumrBaemca sgech gcriakoi Ha paGory Kamsapa [43], pacemarpu-
BRIOIIero ABMaEeHHA ¢ MAAOR aMuOAETyAoH. B oTAmume or mcex ocrarbmsix pabor,
Kaupsip c camoro mawara pacemaTpmpaeT YpaBHeHHA AsHkeHusl, Cojepma.giue
BSSKOCTHBIE YAGHBI, TAK UTO PACTETH ONHCHBRIOT He TOAbKO obpasoBaHme yAap-
HOM BOAHEI, HO M CTAlfHOHAPHYIO CTPYKTYPy PPOHTa BorHw. (Dusuusckuii maTe-
pec TaKOTO PACCMOTPeHHS HEBEAMK, TAK KAk 40 o6pasoBaHHA yZapHoll BOAEDI
ZcHiCTBHE BA3KOCTH HHYTOXKHO, a CTAUOHAPHAA CTPYKTYypPa MomeT Gnithb Goree
SQQCKTRBHO Haﬁaeﬂa OpAMBIME MeTOojAaMM, B KOTOPBIX sapanee npeagoAaraeTca
QT&gHOﬂIpHOCTb BOAHDI,



$SXIV. Boznuknosenue yoaphotl 601Hbl 99

BOAHA TNOCTOAHHOH HHTERCHBHOCTH, MPHYEM CKOPOCTb JBHAKEHHS
BelIecTsa, NOABEPTHIEroca ACHCTBHIO yAapHO# BOAHDI, NOCTOSHHA
1 paBHa CKOPOCTH NOPWIHA w,. VIHbiMM cAoBAMH, OTHOCHTEABHO
HENOCPEACTBEHHO NMPAMBIKAIOIEr0o K HEMY rasa HOopIIEHb IIOKOUTCH.
B momenr, xoraa mnpousoiizer caeayomuii CKauOK CKOPOCTH
A0 BEARYHADBI Wy, NOBTOPHTCA TO Xe camoe, H no rasy, TIPHUMbI=~
KaolleMy K NMOPIIHIO W CKAaTOMY Nepnoill yaapHoit moamo#, moiaer
BTOpas yAapHa#d BOAHA, XapaKTEPHIYIOLLASCST CKauyKOM CKOPOCTH
Wy—W;, H T. A.

Ha puc. 36 noxasana xapTMHa pacnpejereHusi CKOPOCTH
B DpOCTpAHCTBE MOCAE TPex Takux ckaukoB. CosepmenHo anaro-
rMYHbIH BHJ UMEIOT TPAaQHKH pacHpeieACHHA AABAGHHSI H NAOT=
HOCTH B TOT X€ MOMEHT BpEeMEeHH.

Puc. 36. Pacnpoctpanenue psaza mocae-
AOBaTEABHHIX MMmyAbcos, O Teuemnem
ppeMenu Touka 3 Joromaer 2, ofe joro-
garor 7. Tlo oem opaumar orroxenma
CKOPOCTh ABMAEHMA rasa.

(DynaamentarbrOe 3HAYEHHE NPHOGPETaiOT ceifyac MOKasaHHbE-
B o6mem Buge ilyre ([58, 60], cm. raxxme Jiworem[48]) csoificTsa
yAaPHHIX BOAH; CKOPOCTb PACIPOCTPAHEHHsS BOAHDBI / OTHOCHT@ABHO
cxartoro B Helt rasa B orpeske 2—/ MeHbuie CKOPOCTH 3ByKa
B cocrostium 1,

Hanporus, ckopoctb BoAHb 2 OTHOCHTEABHO COCTOsHHA 1,
KOTOpPOe AAA BTOH BOAHBI ABAIETCS HAYRABHBIM, ZOAXHA 6bITb
6oablie CKOPOCTH 3BYKa B cocrtosuum / u, coraacxo Myre, Tem
6oree TpeBLIMIAET CKOPOCTb PACHPOCTPaHeHHs BOAHM /.

Orcioja BUAHO, UTO BOAHBI AOTOHSIOT APYT APYyra, MMEIOT TEH-
AEHIMIO KyMYAHPOBaTbCA (HaKAIAMBATbHCS), OGS ANHASCH B MOLLHYIO
yaapuyio BoAHy. ['IOrOHHO CBASBIBAET C BTHM OGCTOSTEABCTBOM
ycroiuuocts yAapuo# BoAHbt[56]. Azamap[54] u Bexxep [38]
PaCCUUTHIBAIOT MOMEHT ¥ MECTO HauaAa KYMYASLHUA B 3aBHCHMOCTH
OT YCKOPEHHS MOPIIHS, ’

B naockocTH x, { KyMVAAIMH COOTBETCTBYET NepeceueHHe
XapakTepucTHK (AHHRH, H306pamalOMUX ABAKEHHE OTACABHBIX
yAapHBIX BOAH) BOepeaH MOPIIHA,
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B cayuae paspexenua (aBumeswa nmopuas OT rasa) xapakre-
PHCTAKHM PacXOAATCS BeepoM, He NepeceKascb, H Halifennoe pe-
menne (cp. § VI) ocraercs mpasuapamim meorpamuuenno xoaro.
YmMenbmasn OTAEAbHbIE CKAYKH CKOPOCTH H YBEAHUHBAA HX YHCAO,
Mbl OpHAEM K HeEUpepbiBHOH NAaBHOH KpHBOH JBHxeHHA NOpMmHS
¥ K HeNPEPHIBHOMY PaCHpPEejEACHHIO MAOTHOCTH, AaBAEHHs, CKOPO-
CTH B rase nepej NOPIIHEM BMECTO CTyIEHeK.

Ogauako B cAyuae cxaTia Takoe peleHue GyAeT HpaBHABHBIM
TOABKO JAO MOMEHTa NMEPEeceqeHHs XapaKTEpPHCTHK, T. €. MOMEHTa,
KOrJa ozHA BOAHA JOTOHHT MPEeAbIAYILYIO.

[lpn ymesbmeswnm BeamunHSI cKadka CKOPOCTH W, — W, j,
€ OZHOBPEMEHHbIM NPONOPUMOHAABHDIM YMEHbIIEHHEM MHTEPBAAa
BDEMEHH MexAYy JAByMA IOCAEZOBATEABHBIMM CKAaYKaMH BpeMs
U MECTO COGAMHEHMs JBYX BOAH (TOUKA Nep:3ceueHHS B MAOCKOCTH
x—f) cTpeMATca K BIOAHE onpejereHHOMy mnpejeAy. Haiiaem
a7oT npejeAr. Cropoctp pac ipocTpanenus secbma cAaboil BOAHBI
He OTAHYAEeTCHA OT CKOPOCTA 3Byka. B asumymemcs rase K cKo-
pocTH 3Byka 206aBAsercd CKOPOCTb ABHAEHHS CaMOro rasa, pas-
Has CKOPOCTH OOPUIHA, TAK YTO CKOPOCTb PACHPOCTPaHEHUA cAaboi
BOAHBI B IPOCTPaHCTBe PaBHa C-+w. 3a Bpema Af Boama yHger
Ha paccrosuue (¢ w) As,

CAH 3a BTO BPeMd CKOPOCTb IOPHIHS M3MEHHAACh HA BEAU-
uyuny Aw ¥ BbISBANHOE HSMEHEHHEM CKOP CTH MOPIIHST CHATHE
H3MEHUAO CKOPOCTb 3BYKAa Ha BeAHunHy Ac, ckopocTh pacmpo-
crpanenuss ypeamumrach Ha Aw—+Adc. Cymma Adw—+Ac m npea-
CTaBASiET CKOPOCTb, ¢ KOTOPO#l 0ZHAa BOAHA JOrOHAET JPYrylo
(passocTb ux ckopocrelf), Tax uwro BeTpewa npomsofizer wepes

— c+w At
BpeMs {==———— AL,

Henoabsys HaflAeHHbIE B aKyCTHKE 3aKOHB HSMEHEHHST COCTOM-
HUSA B CAAGbIX BOAHaX (MbI MOrAH 6bl IO AYHHTb HX M IpeAeAbHbIM
nepexoaoM OT ypaBHEHHH YZapHHIX BOAH), MbI AErKk0 BHIYHCAHM
MOCAEAHION BEAHYHHY:

c-+w cH4-w A4t
t=gm— At = n o (XIV-1)
E+1

ITocae NpeACAbHOrO nepexoza iloAydInm:

At 1 1

G @ =g (XIV-2)
rie g eCTb YCKOPEHHE NOPIIHA.

_4£=£ =_d££’.9_. (X1V-3)
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B akycrHke Mpt mamau:
— o a3/ 9P
du = —Q~dg, c_.l/ao
Tax kak cxopocTbs rasa u pamma cxopocTH HOPWHA W, NOAYSHM

dc dQ_ o de _& . (XIV'4)

k—1
e~VT~e®; GRe=tzl, (XIV-5)
=2t =12 (ra). (XIV-6)

1+

2

B cayuae mpousBoabHOro ypaBmenss cocTosHHA npeobpasyem
snamenateab (XIV-1) caeayiomum o6paszom:

de __ 0 de _ 1 2, do 2)__

«E—"l_ p -‘;,—5+1——2902 (29 c d9+2gc = —
1 d . 1 d i (XIV-7)
=208 % ¢ T a2 A

[lepexoaa x 6oaree yaobmoit nepeMeHHOM — yaeAbHOMY 06beMy

fr— . d 2 d
‘v—-—?‘, 'J;‘—‘Q ! Hailgem:

de __ o3 [a2p
1= (—a;z—)s (XIV-8)
u B npejeae npm w >0
c3 1

Takuu 06pasom, caMa BO3MOXKHOCTE OZHOH BOAHE JOTHATDH npe-
AbIAYINYIO H BOBMOXHOCTh BO3HMKHOBEHHA YAapHOH BOAHDI CBA3aHBI
co snakom (Fp/dv?);, poAb KOTOPOrO B TEPMOAHHAMHYECKOH Teo-
pun Mbi oTMedanu panbue B § XI.

O6wee paccMorpenue Ecelt xapTHHbDI ABMEeEHHS TPH NPOH3-
BOADHOM 3aZ2aHHH JABHAEHUA NOPIIHA NPEACTABASET GOAbIIHKE TPy A~
Hoctu [54, 38]. Bosunkator yaapHbie BOAHBI KOHeuHOH, HO mepe-
MEHHOH# aMIIANTYAbI, UOCAE HX MPOXOMACHHA HIMEHSAETCA SHTPOTHS
rasa; TOAbKO B cCaMoe nociejHee Bpema Kubear, Dpauxaio
" Xpnc'mar-tonnqy yJ4anroch pasBATbh d(Q@exTHBHbIE rpaHIECKHE
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MEeTOAbI pacuera, KOTOphie, OAHAKO, CAKIIKOM CAOXKHDl ZAf HAIero
kypca (cm. [11]). Amarurnueckme meTozbi 40 CHX nOp yaaroch
nality TOABKO AAs ABHaeHms Ao oBpasoBamus paspbisa [37].

3naunTeAbHO Aerde HalTH Takoe JABWKEHHAE NOPHIHA, NPH
KOTOPOM BCE XapaKTEePHUCTHKH NepeceKalorcd B OAHO# Touke,
T. €, BCe BOAHbI OAHOBPEMEHHO H B OJHOM MECTE HATOHSIOT
apyr apyra.

Bazazumcs mecroMm # BpemeneM O6pa3OBaRUA YZAPHOH BOAHDI
(coeaunenna Bcex cAabbIX BOAH), KOTOPbIE CBS3aHBI MexZy coboif
ycAOBHEM X, ==Cyf,, MOAYYAIOWUMCA H3 PACCMOTPEHHs IepPBOH
caabolt BOAHBI, pacnpocTpaHAlomedca MO HeBOSMYIIEHHOMY eILe
HenmozsuxHOMYy rasy. [lepenoca nasaro koopamHaT B X, £ IAOCKOCTH
B 9Ty TOuky (HOBBle KOOpAWHMATH X', £), Mbl 3aMeTHM, YTO COCTOSA-
HUE rasa NOCTOSHHO BAOAb NPAMBIX (XapaKTEPHCTHK), MPOXOAAIMMK
uepes HaYaAO HOBOH CHCTEMbI KOODAHHAT; MHBIMH CAOBAMH, CO-
CTOsHHE ra3a 3aBHCHT TOAbKO OT otHomeHma X[f! B wacrrocTn.
TOABKO OT OTHOmIeHMHs X'/ BaBHCHT CKOpoOCTb ra31 W paBHas eft
CKOPOCTb ABHMMEHHsA MOPLIHA.

Takum obpasoM, JudQepeHLldarbHOe YpaBHEHHE JBHMEHHA
MOPIIHSA SBASETCH OZHOPOAHBIM

o= = ) a0

M SAEMEHTAPHLIMM [MPUEMaMd HHTECPUPYETCS B KBaApaTypax
(cu. Cumupnon, Kype Boicmeit maremarurd, T. I, crp. 80).
Bua ¢yuxuau f nallaem, sameuas, YTO HAKAOH XapaKTepPHCTHKU

g

L AR (XIV-11)

Cease u ¥ ¢ NpH UBMEHEHMH COCTOAHHA Tra3a BOAHAMH, pac-
IpocTpaHAIOmUMUCA B OAHOM HampaBienmu (cm. § VI), npu orcyr-
CTBHH yAapHbIX BOAH (OPH MOCTOSHHOHR SHTPOMHH) HHOTAA AETKO

HOAYUHTb B SIBHOM BHAE [HAeaAbelﬁ raz u= k_—?—i (c —co):l. Aty

CBSI3Sb BCErja MOXKHO HAHTH [P H3BEeCTHOM ypaBHeHHH azHabaTbl
p=p (0,S=const) B mnapamerpuueckom Buze [u=—u/(p),
c=c(0)]— em. @-anx (VI-10). '

peobpasyem ee Kk BUAY
u=f(u+c), (XIV-12)

rae f ectb xak pa3 Qyukuus f ypasuenus (XIV-10).

1 Bee pacuers! OTHO@ATCHA K COCTOMHHIO 4O BOBHHKHOBEHWS yAAPHOH BOAHLI
’
t<f, 1. e ' <0. Asuxenve mpoucxoguT B obracta x < xj, rae x’ < 0.
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Tak, ars waearvuoro rasa B caydae k=c,/c,— 1.4 umeer
MecTo

u=2i(c—c)=>5(c—c)=—(c+u—cp, (XIV-13)

by 3 (’;,L'—co). (XIV-14)

Beeaem Gespasmepuniii mapamerp y

X, dx,’

n d
S =ycy X/ =cty; =06 t’??f‘""coy (XIV-15)
Coraacro (XIV-14), noayusnm ypasrenue:
dy
et Sy —-—a (yco — ¢o)- (XIV-16)
[epemennnie pasgersioress

1= Ly . (XIV-17)

Havaarbabie ycaosusn::
=—4t: X,=—x,=—cf,=cyt); yo,=1 (XIV-18)

Pemenne umeer caeayomuil Buz:

rm (L 3),
(XIV-19)
X, —coyt ——-——tbcoy( +--2-)_6 =—-xby(%-+%).ﬁ-

Boaspamasce k cucreme KoopAumaT, B KOTOPO# B HayaAb-
Hbiff MOMEHT mMOpmeHb HAXOAMACH B HavaAe KOOPAMHAT, MOAYUHM
cAedyioiee ypaBHeHHe JBHMEHMA I[IOpIIHA B IapaMeTpHue-
CKOM BHZe:

X, ==X, [1 —y (—é— y-l—%)—e} (XIV-20)

t=t, [1—(5y+3 S (XIV-21)

B ssrom BHAE YpPaBHEHHE HECKOABKO I'pOMO3JKO.
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Kpusan (XIV—20) — (XIV-21) sbivepuena Touno ma puc. 37;
Ha KPHBOH NOMEYeHHl CKOPOCTH NOPUIHA B PASAHUHBIX TOUKAX;
NYRKTHPOM IpOBEJcHa IepBas XapaKTeLHCTHKA.

Amnantyza paspbisa NAOTHOCTH, CKOPOCTH U AaBACHHA B NECTE
BCTPEYM BABHCHT OT TOrO, B KakOH MOMEHT ABHXEHHE IOPUIHA
OTKAOHAETCS OT TOABKO uTO HalieHHOro sakomna.l

B momenr coeamuenns Bcex BoAH B Mecre coegumemmsa ofpa-
3y€TCA KOHEYHbI! PasphiB; AerKO BHAETb, OZHAKO, YTO STOT Pas-
PBIB HE MOXET PacHPOCTPAHATbCA JaAbllle Kak OJHO LeAce, Ges
MSMEHEHHS, TaK KaK B pacnpocTpansolmeMca 6es usNeHEHHMs pas-
poiBe —B yzapHOH# BOAHE — HMEIOT MECTO JPyrHe COOTHOMEHHs
MexZy TAOTHOCTDIO, AaBAEHHEM H CKOPOCTHIO. Tak, A0 MOMEHTa

% 1,
/,ft;,/
o /
7
v
4 26,
x 0
)
s /
g
/ )
d 6,12
e 1

t Z,

Pac, 37. Asumenne mopmua (cnAomHas AHHEA),

IPH KOTOPOM BCE XaPAKTEPUCTHKH II€PECEKaIOTCA

0ZHOBPeMEHHO B 0gHOM Toure 4 B BepxHeM mpa-

BOM JrAy wueprexa, B orjeAbRBEIX TOukax mo-

MeueHa CKOPOCTb WOPNIHA. Co— CKOPOCTh SBYKA
B rase g0 cxaTHsi.

06pa30BaHusl PasphLIBAa IPajUEHTH Besje ObIAH HEBEAHKH, Jeiicr-
BHEM JUCCHIATHMBHBIX CHA MOXHO 6biA0 mpeHeGpeub, SHTpONHs
He MSMEHAAACb, CBA3b MeXJAY AaBACHHEM U IIAOTHOCTBIO YZOBAE-
TBOpsAIAA ypaBHeHu!o agzuabarot [lyaccoma. B yaapuolt BoAme Bbi-
MOAHSIETCA ypaBHeHHe |IOUOHHO, DHTPOMHS PACTET.

aCCMOTpeHHe JBIMEHHs, BOBHMKAIOUIEI0 B MOMEHT o6pasoBa-
HEA paspuiBa, Mpt oTAoxuM 3o § XVI; B 6aumaiimem § XV 6yayr
NPHBEAEHB! HEKOTOPDIE OMbBITHBIE ZAHHbIE, KACAIOUIMECSH BOSHHKHO-
BEHHA YAapHDIX BOAH.

1 MMpu ¢—>1#, ypasmemus (XIV-20) u (XIV-21) npusozar x x, > xp, uro
oTBeuaeT GecKOHEWHOMY cmaTHI0 (KOHEUHOE KOAHYECTBO BeIeCTBAa C OTPEsKa
0 —2x, cmumaeTci B CTpeMANIAHCA K HYAI0 WHTEPBAA MEMAY Xy U Xp), Oecko-
HOUHOMY JaBAEHHIO B CKOPOCTH.
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§ XV. Yaapnan Boama B xoneGammax Goabmiod aMIAHTYALL

B 60-x rozax mpomnaoro pera 6nin0 3amedeHo 0o6Gpa3OBaHHE
CTPaHHbIX AMHUE Ha 3aKkomueHroi naacTuHKe, BOAN3M KOTOPOH
POCKaKHBAAK CHAbHbIE DAEKTPUYECKHE HCKPbI AeHzeHckol OaHku.
[peanorararn saexTpuueckoe npoucxomaenne aTux Aunuik. Pagom
ocTpoymHbIX 3KcnepumentoB Max u ero corpyanunkm [66, 67,68,
69,82] mokasaam, uro AMHME STH HPEACTaBAAIOT cOGofi caej
CTOAKHOBEHHSI BOAH, DACHPOCTPAHAIOIIMXCA OT OTACABHBIX HCKP,
orpamaomuxcs y 60pTOB NAACTHHKH, 4. T. 4. Pacnoaaras y maa-
CTUHKA 2ABa MCKPOBHIX NPOMEXYTKAa PasHOR AAHMHDBI, COeZHHEHHbIX
nocaegosaTeAbHo, Max 3ameTHa, YTO MECTO BCTpeUd BOAH Haxo-
AuTcA Bceraa Oamae K caaboli Hckpe; Tak 6biAa mOKa3aHa 3aBH-
CHMOCTb CKOPOCTH pacCHpOCTpPaHeHWs CHABHBIX BO3MyILieHui#l oT
nx amuAuTyabl. [IpuMenss TeneBo#t MeToj AAA HaGAlOAeHHA pac-
IPOCTPAHEHUST BOAH, CTPOGOCKONMPOBAaHHE U MOMEHTAABHYIO (oTO-
rpaduio ¢ ocBewlcHHEM OTAeAbHoH uckpoi, Max nokasaa cmepx-
3BYKOBYI0O CKOPOCTb paCOpOCTPAHEHHSA X pPe3KOCTb (PPOHTa BO3-
mywenus, OH OTMETHA Takke, UTO PACHPOCTPAHSIONIEECH B IPO-
CTPaHCTBE BO3MyIUEHHe 3aTyXaeT ropasfo GbicTpee, uUeM BO3IMY-
HieHue, BbIHYXAEHHCE paCHPOCTPAHATHCA B OJHOM H3MEPEHHH,
B y3Koit TpybKe.

OapiTei 10 HMHAMDHPOBAaHHIO YAAPHBIX BOAH, BO3SHHKAIOUIHX
B Tpy6e ImpHU paspbiBe NEePEeropojkH, pasjeAdlolledl rassi pasHoro
XaBAeHHs, TMpoH3BOAHA Bpe#t oxoao 1900 r. [96]. Borne [123]
HCCA€ZOBAA pPaCIPOCTPAHEHHE AMIYAbCA, BLI3BAHHOLO BHICTPEAOM
U3 NACTOAETa, B nepsoM caydae ¢ yAoBAETBOPUTEABHOHR TOYHOCTHIO
6biAa TOATBEpXKAEHA cAeaylomas u3 ypasuesuit [loronno ceasb
Mexay AaBAeHHEM (aMIAMTYZOH BOAHBI) H CKOPOCTbIO ee paclpo=
cTpaHenns. Bo BTopoMm cayuae BoAHDI GbIAH CPaBHHTEABHO CAabbl
H [PH BOSHWKHOBEHHH HMeAu pasmbiThiif Qpout Ges paspniBa.
Oaunaxo Ha npoTsxeHHH KMAOMETPOB (6bIAa MCIOAD30OBaHA TOABKO.
4TO MOCTPOEHHAA, HO elle He NYUIeHHass B DKCIAOATAUHIO BOAONPO-
BOAHAs AMHHS) yAaAOCh OTMETHTh MOCTENEHHOE XapaKTepHOEe yBe-
ABYEHHE KPYTH3HbI, 06pasoBaHHe pa3pblEa BO (PPOHTE BOAHBDIL.

B kpatkom of€z0pe, OTHIOAD HE NPETEHAYIOLEM Ha IOAHOTY,
Mbl OCTAHOBMMCSI Ha NOCAEJHUX, OCOGEHHO TILATEABHO NPOBEAEH-
Hpix ommiTax [87, 70). B ‘ceasu ¢ uccaeaopaunem xoreGanH# rasa
B BHIXAONHOM M BCacbiBalolieM TPYGOIPOBOAAX ABHIAaTEAS BHY=
TpeHEEro ropeunus [87] 6biAM npojeAaHbl CAeZyromiue ONBITHI

py6a Aaunod 12 M u BHyTpeRHHM zHameTpoM 7 CM NpHCOEZMHA-
Aacb K UHAMHZPY MaAeHbKOH nopmHeBofi MalIMHBI TOrO Xe Jua=
merpa (7 cm) ¢ xozom nopmna 6.8 cm. B nmatu ceuenmax Tpy6ut
6bIAM YCTaHOBAEHBI M3MEPHTEAH JABAECHHA M CKOPOCTH JBH~
Meuuss rasa. JasreHne 3saMepsAOCh NbE30KBapUEM, CKOPOCTH
rasa-—— mati6oukoft pasmepamu 2 X 3 mM, yKpenaeHHo# Ha ocH
TPyObI.
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[lpu azeuxennn rasa mwal60yKa ABHKETCA [O OCH, 3aKPy4HBas
crepxenp, [1OBOPOT cTepXHA pPErHcCTpUpyeTcs UYEePes OKOIIKO
¢ TOMOWbIO 3epkaiblla, npukpenienworo k crepxuio. Ocoboe
sHEUMaHHe GbIAO o6pafjeHo Ha BDBICOKYIO COOCTBEHHYIO 4YacCTOTy
(MaAyl0 UHEPIHOHHOCTb) H3MEPHTEABHBIX NpPu6OopPOB U XOpoIllee
AeMndupoBaHue cobeTBeEHbIX KoAeGanui.

Y whreh
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Puec, 38a. Cxema onmira (kpafinas caera Tpy6a) u sanucs

KPWBBIX WBMEHEHHS JaBACHHA (CA€BAa) M CKOPOCTH rasa

(cupaBa) B 7 cewenmax Tpy6nl B B2aBHCHMOCTH OT BPeMEHH

npu Bo30YHACHNH KoAeGaHUl ABM:KGHMEM HOPMIHA C OCHOR~
HOH cobcTBeHHOR wacroroit Tpy6er 14.4 repy.

[Topmens mpHBOAMACA B rapMoHuueckoe BO3BPaTHO-NOCTYMA-
“TeAbHOE JABHEEHHe dAeKTpomorTopom, Ilpu wacrore, Aarero#t or
pesoHaHca, aMNAHTYAa KoAebGaumii 6bina Mara. Msmeneune zamre-
HAS U CKOPOCTH B KamMJIOM CEYEHHM TaKKe NPOMCXOAMAO MO Tap-
MOHHYECKOMY 3aKOHY, B IIOAHOM COOTBETCTBHK C OOGBIYHBIMH aKy-
CTHYECKHMH TIPeACTaBACHHAMH, '

Oauako npu pesoHaHce XapaKTep JBHKEBHMA PE3KO MEHSACH.
Ha puc. 38a u 386 cxemaruuecku NPeACTaBAEGHbI 3amMCH OPH-
60poB mpu BO36YxAEHHH OCHOBHOTO TOHa TPy6pl. Yacrora kone-
6anuit mopmus 14.4 repu (14.4 xone6arnii B cexynay). Kax u cre-
A03aA0 OMHJAATH, BECbMa BEAMKA aMIAHTYZa JABHXEHUs rasas
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CKOPOCTb ABHAEHNUA NMOPIIHA Npy yacToTe 14.4 repu He npesnimaer
7 144 h, rae h—xo4 nopuns, T. e. 3.14-14.4 6.8 cuicex.—
=3.1 m/cex. B pesomanmce ckopoctn rasa gocruraer 25 m/cex —
noutn B 10 pas 6oavie. Jas Hac ocofnlit mHTEpec NPEeACTABAAET
BHJ KPHBHIX H3MEHEHHs CKOPOCTH M AABAEHHUs], CBHAETEAbCTBYIO-
mu# O BOSHHKHOBEHHMH YJapHWX BOAH 3HAYHTEAbHOH aMIAMTYAbI
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Puc, 386. Mruosennste pacnpejeAesus 4aB-

AEHHUS H CKOPOCTH Mo gamHe Tpy6ax B pas-

AuuEbIe MOMeHTH! Bpemenu (ofpaGoTka
sanuceit puc. 38a).

1IpY TapMOHHYECKOM BO3GYHAEHHH CPABHHTEABHO MEZAEHHO JBH-
HYIUMCS TTOPIIHEM.

Teopust yaapHOH# BOAHBI TOSBOAAET A€rKO cAeAarh npubiu-
JEeHHble, HO BeChbMa BaxHhIe BbIBOADI OTHOCATEABHO AMIOAHTY bl
BOAH B pesouance B ycAopusx ounita llImuara. Paccesune snep-
THH BCAEACTBHE TPEHHS W TENAOOTAAYM rasa BOAH3K GOKOBHIX
crenok Tpy6kn (Kupxrogd [61]), npn orpamennn or konga Tpy6b!
u nopmus (Koucranrunos [13]) —ece aTu obbruHble AAst aKyCTHKH
NPUYHHDI TIOFAONIEHHs 3BYKa B YCAOBHSAX ONLITOB TAKOrO THNA HEBe-
AHKH; pacCeHBaeMas B € AURAIY BpeMEHH DHEPIHS PacTeT IPONQPLUUO-
HAABHO KBajpaTy aMmmAuTyabl (T. €. NPONOPIHONAAbHO DHEPTHH
KoAe6Ganmit) B npu GOAbMIOH aMIAUTYZe, KOrja BOBHHMKAOT pas-
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PBIBBI, MOMET OTCTYUHTb HAa 3aiHHH IIAaH IO CPaBHEHHIO C ApPy-
rHM MEXaHU3MOM paCCESHHS DHEPIHU.

B § XI mot ycramoBMAM, WTO B yAapHO# BOAHE NPOHCXOAMT
POCT SHTPQNHM, NMPONOPUKOHAADHBIH TPeThel CTENeHH aMMAHTYXbI
ZaBAEHHA, TMAOTHOCTH HAH CKOPOCTH B BoaHe. B cTapmoHapHOM
pexHUME BTOT POCT SHTPONHM ZOAXEH GBITh CKOMLEHCHPOBAaH aBTO~
MaTHYECKH YCTaHABAHBAIONIHMMCA COOTBETCTBYIOIIMM OTBOAOM TENMAA
M3 rasa B cTeHKH Tpy6nl. Pocr sHrponum oumchisaer weobpaTh-
MO€ NpeBpaljeHHe MexaHHYeCKOH PHEeprHH B TEIIAOBYIO, ONHChIBaET
3aTyXaHHe BOAH, HEBHAUYNTEAbHOE IIpH MaAoi aMmAHTYyZe, HO
pactymee 6mcTpo (kak ky6, BMecTO KBaapara B AuHeHHONR aky-
cruke) noraowenne. [Ipu6ruxenno, BEOAT 5PPeKTHBHOE 3HAUCHAE
aMnAuTyAbl AaBAenmsa Ap, ofosnauas wacroTy ®, Anmmy TPy6mi [,
x04 nopmHA h, CKOPOCTb NOPUIHA W, NAOWAZb NOPUIHS, PABHYIO
ceuennio Tpy6ut F, nafftgem pa6oty, coBeplleHHYIO NOPIIHEM B eAu~
HULLy BPEMEHH:

t
A=< Fopwd (XV-1)
o
B pesonarce! npubammenno ouemum A, sameuasn, uro w ~h o.
A= Aph oF. (XV-2)
[Torromenne sneprun Haigem, cocrasass Bhipaxenne
A, = DoFT A4S, (XV-3)

rae DoF ectb koAndecTBO BelLecTBa, MOABEpraiomieecs YAapHOMY
cxaTHIO B eamHuyy BpeMenu; [ — ckopoctb pachmpocTpaneHus
YAApHOH BOAHB — IPHGAMAEHHO 3aMEHHM CKOPOCTBIO 3BYKA ¢}
AS — npupamenue yzerbno#t (Ha rpamm) saTpomun; 7 — a6COAIOT-
Has TeMmueparypa, AS-—mneobpatumo mnpeBpanleHHas B TeNAC
paboTa Ha rpaMM BeLIeCTRa.

Coraacro gopmyae (XI-13),

1 02
TAS = 35 72 (4p).
Ars Boszyxa k=1.4;

2oy _ v 1 1 24 v
(F)e=7 % [T+ =1

TAS = < (4pY

Ay=cg FT AS= co Fo (4p)|pt =55 (‘;L;’“ . (XV-9)

1 Baaau ot pesonamca 4p B W MEHAMIOTCH CO THAUATEABHHIM CABUIOM (asml,
onemka (XV-2) 6nira 681 HempasuAbHA (sapnimena).
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[lpupaBumpast paboTy MOPIIHA NOrAOMEHHIO DHEPTHH, MOAYHHM:

(ATP)2= loc"“’. (XV-5)

B paccmarpusaemon cayuae BO36yKZCHHA OCHOBHOr'O TOHa TPYOH
9acTOTa KOAeGauuil NopiiHsa B pesoHaHCe CBAsaHa ¢ ZARHOH TPYOu

m-:—;—l- (aamma moaysoaupr pamma zamue Tpy6ni). Iloacrasass,
Haiigem mpocTyio QopMyAy

4 - h
7;::‘/5 L% (XV-6)
B onmre llmmara A=6.8 cm u /=12 m nabigen
A 0.063
—Pﬂ='l/ =3 =0.17; 4p~0.17 ara

B PasyMHOM COOTBETCTBMH C HaOAIOZEHHBIM MOPSAKOM BEAHUHHBI
(puc. 33a m 386), ecan npumaTs Bo bHEMamue MPUGAHZeHHHIH
XapaKkTep pacueTa M RaAWuHe JAPYIHX BHAOB NOTAOMERMA. Jame-
THM, 9TO ZAR OGEPTOHOB, HapAAy ¢ H3MEHEHHEM COOTHOMEHHs
@ u [, neo6x0zumo Takxe YYUTHIBATD HaAHMYHe B KaxJbli MOMEHT
HECKOABKUX HOBepxXHOcTe# paspbiBa (yZapHbIX BOAH), UTO YBeAH-
yupaer £,.

§ XVI. Pacnpocrpanenue nponseoanHOro paspsisa

B § XIV mn BnroTtmyio mogomam k 3ajzaue o gaabueRmeii
cyabbe paspbiBa, BOSHHKIIErO B MECTE COCAHHEHHS MHOIMX CAa-
6HIX y2apHWIX BOAH,~— pa3pbiBa, HE MOAYMHAIOIETOCA yPABHEHHIO
loronuo, O606man oTy sazauy, mocTaBuM Bompoc O MoBeZeHHH
MPOA3BOABHOrO PasphiBa B CAeAymouieil (GpopMyAHpOBKE.

B wauaabmmit moment #==0 gasa naockoctp (nomecrEM ee
B Havaro koopguHaT x==0), Ha KOTOpO# TepmAT CKauOK BCe
XapaKTepUsylomae COCTOSHUE K ABHA SHHE ra3a BEAUYRHE p, v, T) U.
Ilo o6e croponsl mAOCKOCTH pasphiBa BCE STH BeAHMYHHbI IOCTOAHHDL,
Yem Goabwe TO paccrosiHHe, Ha KOTOPOM €IIe MOKHO CYMTATh
TNOCTOAHHOIMH BCE BEAHYHHbI, TeM JOAbure (Bo BpeMenu) 6yseT mpa-
BHABHO pellleHHe, K KOTOPOMY Mbl IpHAEM.

Nockoabky B ycroBHAX 33424l HE COZEPMUTCHA HU XapaKTePH-
CTHYECKOH AAMHDI, HM XapaKkTepHCTHYECKOTO BPEMEHH, aHAAH3
§ VI noxasnisaer, uro cAeayer uckatb ABHEKEHHe, 3aBHCAWEE
OT OZHOTO OTHomeHus: x[/f. B ynomsmyrom maparpage Mo HamAK
9TO ABHKEHHE aHAAMTHYECKH ZAA PACHPOCTPAHEHHS O ra3y BOAHMI
paspexenus. JAst BOAHDI CHATHA AaHAAUTHYECKOE PEIIEHHE NPUBO-
AUAO K HEAENOCTH — K Heo6XOAUMOCTH OCYIIECTBACHHI B OZHOH
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B TOH Xe TOUKE NPOCTPAHCTBA OJHOBPEMEHHO TPEX pPas3AHUHBIX
3HavyeHmit JaBAeHuR M obbema. FiMenno aTo sABMAOCE OZHMM
H3 MCXOAHBIX IYHKTOB IOCTDOGHMSI TEOPHH YJAapHOil BOAHMBI.
SHas TeORUIO yAapHOH BOAHBI, MBI YX€ B COCTOSHHK PELIATDH
ofe vacTHble 3aJaYd JAA HAUHHAIONEroCd B MOMEHT BPEMEHH
¢t =0 aBHXEHHs MOPIIHA, KOTOPOE HPHUBOZUT AM6O K BOAHE pas-
pemenns, Au60 K yaapHoH BoAHe cmarmsg. Cefiyac Mbl MozZeMm
pemuTh B OOIYIO 3ajady PAaclpOCTPAHEHHS NPOH3BOABHOIO pas-~
poiBa. Mot 6yzeM KOHCTPYHPOBaTb pelIEHHE W3 HCCAEZOBAHHBIX
paHee BOAH pa3pemeHUsl M BOAH CHKaTHA,

TMETHM CHEPBa ONPEAEACHHYIO TPYAHOCTb: BOAHA paspexe-
HHA PacTPOCTPAHAETCA [0 rasy €O CKOPOCTBHIO, PaBHOH CKOPOCTH
3BYKa, BOAHa CiBaTBsA pacnpocm‘panae'rcx, KaR Mbl BHAEAH, CO CKO=
POCTDIO, NpeBbiMIaollelf CKOPOCTb 3BYyKa; OZHAKO OTHOCHTEABHO
yXe CRATOro rasa yjapHasas BOARA CHATHSI PaclNPOCTPaAHASTCSH
MeZACHHEE CKOPOCTH 3BYKa B 9TOM Trase. 1aKkuM 06pa3zoM, Mbl
pacnoaaraeM TOAbBKO JBYMs BOAHAMH: OJHa BOAHa, 6yab TO BOAHA
paspexeHHss HAH BOAHA cCXKaTud, PAaCOPOCTPAHAETCA B OJHY CTO-
POHY, HalmpHUMep, BAEBO OT IAOCKOCTH, Ha KCTOPOH HMEA MecTo
Pa3spblE B HAaYaAbHbf MOMEHT BpPeMeHH, JApyras BOAHA PAaclpO-~
cTpansgeTcs B ZPYrylo CTOPOHY — BrpaBo. B oamy cropomy mbr
HE MoxeM HalpasuTb Ooabmie oaHOH BOAHBL JeHcTBUTEABHO,
eCcAM, HaNpHMep, HANPaBO PACHPOCTPAHSAETCA YyZapHas BOAHS,
TO BOAH2 paspexeHAs HMAH TeM GoAree yZapHasA BOAHA, HyLIEeHHas
mo I‘83y, IIOABCPPHISMYCH CXaTHIO, B TOM X¢ HAIPaBACHHH,
A0AmHa 06A3aTEADHO JOrHATb MCXOAHYIO yaapHYio BoAHy. Ho Tak
xaK o6e BOAHB JOAMHBI BbIHTH M3 ogHOH Toukm x =0 ogHoBpe-
MeHHO, B MOMeHT BpeMenu =0, korga 6 ocymecTBAEH pasphiB
(umaue romops, BCe SIBAGHHE JOAKHO 3aBHCETh TOABKO OT KOOp-
A4HaTH X[, 4 B 9TOM CAyvYae Heabzs cee NmpejCTaBuTb, YTO6H
OZHAa BOAHa JOT'OHAAR Apyrle), TO B KaXAYyI0O CTOPOHY MOXeT
HTTH He 6oabme oauoii BoAnbl. MexJy Tem, BOARa, pacnpocTpa-
HAIOIUAACH IO rasy, COCTOSHHE KOTOPOro 3ajlaHo, 6yAb TO BOAHA
paspexeHAs UAH YAapHasi BOAHZ, IOAHOCTBIO ONpejeAsiercsa OJZHHM
napamerpom. Tak, HanpuMep, €CAH MBI 3aZaAUM OTHOIIEHHE MAOT-
HOCTH JO M NOCAe yAapHOH BOAHBI, TO 3THM CaMKBM NOAHOCTBIO
ONPEeACAMTCA AaBAeHHE yAapHOH BoAmn (mo agmabare Ilorommo),
CKOPOCTb PAcCOPOCTPAHEHHA YAapHO# BOAHDI, BHTPONHA H Bce
TpouHe BEAHYAHLI AAA TOABEPriuerocs CXaTHIO BeuecTsa. llpu
STOM JASA TOro 4TOOBI MBI HMEAH JEAO MMEHHO C yJapHOH BOAHOI,
Heo6xozuMO eiye, Wrofbl MAOTHOCTb BelIECTBa IMpPeBbilllaAa
HavaAbHYIO DAOTHOCTb BEIECTBa, IOCKOABKY Mbl HMeeM JeAO
¢ rasaMM BjanH oT Kpartuueckod Touku. Hamporus, ecam mm
3ajajuM, 9TO NAOTHOCTb BelleCTBa IOCA€ MPOXOMAEHHA BOAHbI
MeHblle MAOTHOCTH BelecTBa A0 BOAHB, YO U3 TEPMOZHHAMHUYE-
CKuX coobpamennit cpasy MOMHO 3aKAIOUHTb, YTO 34€Chb Mbl 6yzeM
MMETb JeAO He C yZapuoit BoaHoH, a ¢ NMOCTOSHHO pacHIPSIO-
medics BoAHON paspemenns. JAs BOAHBI paspemeHust CHOBA H3Me-
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HEHHE MAOTHOCTH NOAHOCTBIO ONPEAEAAET HSMEHEHHE JaBAECHHA
B BOAHE, BHTPONHA rasa B BOAHE He MEHsSETCS, CKOPOCTb PacHpo-
CTPAaHEHUsT BOAHM PaBHA B KaxAOH TOUKe CKOPOCTH 3BYKA.
Takum o6pasom, Ha nepBhifi BIrAs4 B HameM PacHOPAKEHHH
€CTb TOADKO ABa IapaMmMerpa, 3a KOTOpPble MOXHO BbiGpaTbh H3Me-
HEHHE TAOTHOCTH B JBYX BOAHAaX, PaclIpPOCTPAHAIOIUXCA B JBE
pasunie croponsl. Mexgy Tem, mam aymen TpeTuit mapamerp
AAS OMHCAHHA PACIPOCTPAHEHHs NPOU3BOAbHOTO paspnisa. C ogHol
CTOPOHBI pasphipa, HANPHUMEP CHpaBa, HaM OblAM 3aZaHbl TPH
BEAMYHHDI -— JaBA€HHE, MAOTHOCTb, CKOPOCTb B HEBO3MYIUCH-
HOM rase; B Kaxaol BOAHE Mbl pacroAaraeM OJHUM HapaMETPOM;
HMEKTCA ABC BOAHBI, uUTO JaeT
ABa MAPAMETPa; MEXAY TEM, HaM
Heo6X0ZHMO MPHUTTH K INPOH3-
BOABHO 3ajaHHbIM TPEeM 3Hade-
HHAM BEAHYHH, XAPaKTEPHIYIO-
IIUM COCTOAHHE rasa cAesa (Ha-
npumMep, AaBAeHHE, MAOTHOCTb H
CKOPOCTD € APYro# CTOPOHBI pas-
poiea). Mol npuxozuM oTcioga x 7 5
HeobxoAUMOCTH  CylecTBOBaHHA /7 {
egie OJHOTO paspbiBa MAHM elle 2
oanoft moame. Oguako sroT % 2
paspoiB  HAH BOAHA JOAXKHHI 3
umeTb o0co6oe CcgolcTBO: BTOT %
paspblB  HE JOAXEH pPaclpo- 7
CTPAHATBCH OTHOCHTEABHO T@3a [ . o

pa A ba

%

Pacopocrpanenne mnpoms—

co 3Bykoo#f cxopocThio. Ta-
Kol pa3pniB MOXHO mnpejcTa-
BHTh ce6e AHIIb B TOM CAydae,
€CAH JaBACHHE H CKOPOCTb IHO
o6e cTOPOHbI pasphiBa OXHHAKO-

BoAbHOrO paspbisa, Hawaadmme co-
CTOAHMA ¢ o6eHX CTOPOH pasphiBa
onucnisatorea Toukamu A u B. Brepx
or A »n npoBezernt azmabathi
T'ioromno H, u Hp, BERs — aguaba-

7ot [lyaccona P; wu P
Bbl, AHmb B 5TOM CAyYae OT 4 4

paspmBa He mno#ayr B ofe
CTOPOHB! 3BYKOBBbIE BOAHbIL. [IpH 9TOM paBEHCTBO CKOPOCTH ABH-
XEHHs H JA&BAcHHA, obecnedyBarollee MEXaHHYECKOe paBHOBe-
cue B paspeiBe 0COGOro poJa, He INPENATCTBYeT TOMY, 4TOGbI
no ofe CTOPOHB paspniBa OblAM PABAHUHDI TEMOEPATypa, UAOT-
HOCTb M BHTpoN®a rasa. C moMompio Takoro TPeTbero pasphisa,
paspbiBa 0co60ro poga, Ml ¥ MOAYYaeM BO3MOXKHOCTH YAOBAETBO-
PHTh BCEM ypPaBHEHHSAM, T. €. IIOCTPOHUTH NOAHOE PelleHNe BONpoca
0 ZanbHelmre#t cyso6e 3ajaHHOro B HauyaAbHblf MOMEHT mnpous-
BOADHOTO pa3pblBa.

Baazagumcs npemze Bcero onpeAeAeHHHIMH 3HAUCHHAMH JaBAe~
HUA K yAeAbHOro ofbeMa BellecTBa.

p, v auarpamme puc. 39 nycrb Touka A mnpeacraBAser

cocrosisde rasa cAeBa OT paspbiBa (jaBAeHHe p,), TOUKa
COCTOAHME Tasa CHpaBa OT NPOUBBOABHOIO paspbina (gaBAenne p,)
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8 Hauarbupit moment £==0. [lpocaegum Tenepp Bce asmixenns,
fIOAy9aloniuecs MpH PasAMYHbIX BHAYEHHAX CKOPOCTH OTHOCHTEAB~
HOrO JBHEHHS BeIleCTs ClIpaBa U CAEBA OT SaJaHHOH B HagaAbHBIH
MOMEHT IAOCKOCTH paspbia. Uepes Kaxayio touky Au B nposoaum
BBepx agmabary [loronmo, mo KOTOpOH uger cmaTHe B yaapuoii
Boane, BHH3 — aguabary [lyaccoma, mo kortopo#t usmersercs co-
CTOSIHAE BelecTBa INPH PAaCIIHPCHUHM B BOAHE pa3pexeHHs.

[lp# usmenesnn oTHOCHTEADHOH CKOPOCTH ABMKEHHS MEHSETCS
AaBA€HUE P B BOAHAX, PACHPOCTPAHAIONUXCA [O Ta3y NepBOMY
¥ BTOPOMY, OZWHAKOBOe MO 06e CTOPOHbI BO3SHHMKAIOLIEro paspnisa

p /.
(]
\ /4 &
4 ! 4y g
7 bl 8 ZTlal 4 i~
xg Tk b
“
2 s
I L

Prc, 40. Tunaueckue cAyyam pacmpOCTPaHeHHsS MPOUBBOABHOTO PA3PHIBA IpH
BaZaHHEBIX ZaBAEHMH M IAOTHOCTH IO o6e CTOPOHB paspnisa, HO PASAMYHEIX
OTHOCHTEABHBIX CKOPOCTHX.

@ — CTOAKHOBGHHE ZBYX Macc Iasa; BOBHHKAIOT JRe YARPHBE BOAHD; 6 — ZBuEymgHecs ¢ PaBHOMN
2

CKOPOCTBIO M3acChi rasa; B rase Gonvioro BABACH: # BOAHA p P T, wag
ygzpaylo -OJ\HY B rase Mednpiero JABAeHHA; & — Pﬂ!)\e'l' alyx Macc rasa; BOSHHKAIOT ZBE BOA4BI
paspex HHS; 1-— pasAeT ABYX Mace rasa co poCTbI0, TP % cymmy cxopocTeN MCTeMeHHA;

BOBHHKAIOT ABO ROAHDI paspemeHHd, B cepejnue — BaKyyM.

Crp2aArH, mOKASHBAIOIIHE CKOPICTH rasa, JAHM B CHCTEME KOOPIHHAT, B KOTOPOH IOKOATCA MOAY-
’
wYaMuecA B BOAHAX rassl B cepegure pacyuxos (ag, by a1, &1, s, by)

oco6oro poza. OzHako BMECTO 3ajaHUSA OTHOCHTEABHOH CKOPOCTH
H HaxXOXACHHA JABAGHHA p yJAoGHee NOCTYNMTb HHade M, 3aja-
BasiCh PABAUYHBIMU BHAUEHHUAMH D, KOHCTPYHPOBATH COOTBETCTBYIO=
WHii peXdM M HAaXOAATb, KAKOE JOAKHO GbIAO GbITb OTHOCHTEABHOE
JABHKEHUE Fa30B B HayaAbHblif MOMEHT B COCTOSHUSX, W306pamae-
Mbix Toukamu A u B gaa Toro, uro6nl 6HAO ZOCTHTHYTO 3ajaHHOE
AaBAGHHE p.

Boibepem aaBAeHuMe pg, NpeBblnaloiiee KaK AABACHHE P, TaK
u zasrenue p, (puc. 40a). B arom caywae u Bmpaso u Baemo
OT NPOH3BOALHOTO pa3pniBa NOHAYT YyAapHbIE BOAHBI CHATHUA.
Bemecrsa B cocrosHuu g, u b, rpaHuyar mMexZy cobGoli, oHH pas-
ZeAaeHbl paspniBOM ocoforo poza, B KOTOPOM JaBAeHHE No ofe
CTOPOHBI PaBHO Doy, M ZOAKHbBI ObITh PaBHBI MexAy coGoli cropocTH
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asumenus semectsa. Ho rak kax Bewecrso B cocrosmum a, asu-
AETCA OTHOCUTEADHO HCXOAHOro BellecrBa A BAeBO, a BemecTBo b,
TOYHO TaK ke B YAapHOH BOAHE ABHHETCH OTHOCUTEABHO CBOEro
ucxojHoro semectBa B BupaBo—B cropoHy pacmpocTpanerus
yAapno# BOoAHBI Bb), To AAs TOro, 9TO6bI CKOPOCTH B COCTOSHHH
ay u by 6p1AE paBHDI Mexay coboii, Heo6X0ZUMO, YTOGHI B HaYaAb-
HOM COCTOsiHHM, B Moment f=—=0, Bemectsa A u B asuraruco
HaBCTPEYy, CTAAKHBAaACb JPYr C APYroM ¢ GOABINOH CKOPOCTHIO.
Yaapubie BoAHbI, pacnpocTpaHAIOLMECT IO 06€ CTOPOHLI PaspbiBa,
MBl [IOAYYHM B CAy4ae CTOAKHOBEHHS ABYX ABHAMYLWIMXCH C GOAb-
WO CKOPOCTbIO HABCTPedy Macc BeecTBa. Uem Menbmie B3auM-
Hafi CKOPOCTb, C KOTOPOH crarkuBaioTes Bewectsa A u B, rem
MeHbllle JOAKHO GBITH AaBAEHHE P, B YAapHHIX BoAHax. Hakomern,
NpPH AOCTaTOYHO MAaAOH CKOPOCTH CTOAKHOBEHHS MBI Iepelizem
Kk apyromy pemumy (puc. 406). B stom pexume gaBnemume p,
GoAblle JaBAEHHH p,, HO MeHblle JaBAaeHusA p,. llo memectry A
ABHXETCS yzapHas BOAHa, 10 BewecTBy B —BoAna paspemenus.
Tako#t pexum MomeT 6bITb OCYINECTBAEH, B YaCTHOCTH, H B TOM
cAydYae, €cAM B HadaAbHbli MomenT =0 ckopocTH aBUKeHHs
semectsa A u Bemmecrsa B paBHb! Mex Ay coboif, Tak 4TO B HaYaAD-
Hplfi MOMEHT Mbl HIMEEM TOABKO paspblB JaBAeHus. LcTecTrenHo
B TaKOM CAydae, 4ro wmexay semecrBamu A u B BosHukaer
o6AacTb C MPOMEXYTOUHBIM MEXAY p, H P, ZaBrenweMm. B artom
CAydae BemlecTBO OyAeT JABuaraTbes OT 6Goabmero aaBienus B
B cropony wMeHbmero aaBienus A. [lpu srom no semectsy,
B KOTOpOM JaBAeHHe OblA0 MeHblue, moiiger yJapHas BOAHa;
HalpPOTHB, MO BELUECTBY, JABAEHHe KOTOPOro 6BIAO 6oabmre,
nofif€T BOAHA paspemeHHs. OJTOT cAydall MOZPOGHO paccMOTpeH
HUmE.

Bepnemcs x pue. 39 n 6yzem npoiorxars pazbop PasAHUHBIX
MOTYIIHX IIpEJCTaBHTbCA CAy4aeB. Bnibupas p, menbwe p, u p,,
Mbl MOAYYMM BOAHBl pa3pexenrus, Oerymme B o6e cToposbl
oT nepsoHadarbHoro paspbisa (puc. 408). Taxoii pexum ocyme-
CTBHTCA B TOM CAyYae, €CAHM B HaYaAbHbIi MOMEHT BeIIECTBO
B cocrosinuu A n BemecTBo B cocrosmun B zpuraruce B pasubie
CTOPOHH OT PasphiBa C AOCTATOYHOH cKopocTbio. Hakoren, B Tom
CAyd9ae, €CAH OTHOCHTEAbHAasl CKOPOCTb, € KOTOPOH JBHTAAHCD
APYr OT APyra B HAYaAbHbI! MOMEHT BEIIECTBO B COCTOAHMH A

u Bewecrso B cocrosumu B, mpesbimaer 5(c,’-+cy’)} rae c,°
u c;” 0603HAYAIOT CKOPOCTb 3BYKa B cocTOosnmu A ® B cocros-
Hud B, T. e. ecAM CKOPOCTbP OTHOCHTEABHOTO JABUXEHHS Belle-
crsa A u Bewecrsa B npeBblinaeT CyMMy MAKCHMAaABHBIX CKOPOCTEt

1 Aas aByxaToMHOTO rasa mpu ¢glc; = 1.4. B obigem cayuae sast sToro mona-
20 2c0
406 atea A+ £, rze K, uK
CKOPOCTD, NpeBHIMAWAR T3+ &3 n K ——mnoxasatean
’ Ky—1 Kp—1 A B

ajuabar rasos 4 u B.
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ucrevenns Bemecrsa A u Bemecrsa B, To memay Bemecrsom A
u BemwectBoM B obpasyerca Bakyym (pumc. 402).

B crarbe Llleaxuna m asropa[9] u B 6oree pamnedr paGore
lapauna [84] aanpt ornocAmuecs k cAydaro HagyaAbHOrO PaspBHIEA
aaBAenus Ges paspniBa ckopoctr (CAydaii puc. 406) nogpobusie yu-
cAeHHBE pacyeTsl. AIOGONBITHO, YTO B TOM CAydYae, €CAH CHATHIM
BEIUECTBOM ABASIETCS BOAOPOJ, CKOPOCTDb 3BYKa B KOTOPOM GOABIIE
CKOPOCTH 3ByKa BO BTOPOM BELIECTBE HU3KOrO JaBAEHHS, HaNpH-
Mep, B BO3JyXe, yAapHAasi BOAHAZ 3HAYHTEAbHO MOUIHEe, YeM B TOM
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Puc. 4la. Pacmpocrpanenne pasprina,
BOSHAKIIETO [PH  CONPHKOCHOBSHHH
noKoAmerocst BO3AYXa, CHATOIO A0
100 ara, u noxosmerocs roszyxa mpu
1 ara, B mawaibumii MomenT Temmepa-
typa Besge 20° C. Ha pucymre gamu
KpUBHe XaBAeHHA (csepxy) m Temmepa-
TypH (cHRA3Y).

JARRERRY e

CAyYae, €CAM CXaTHM BeIJeCTBOM TaKke ABASIETCS BO3ZYX.
SauMcTByeM m3 parHposaHmoit paborpi[9] umcaemmbii npumep.
Ha puc. 414,6, nokasana kapTuHa pacnpeieAcHHS ZaBAGHUS H TeM-
NepaTypel B CAyuae BHE3alHOTO Pa3phiBa MEPErOpOAKH, pazze-
AsBmedt cxarnii g0 100 arm. ras m ras npm armocdeprHoM
aaprenmi. CaeBa B 060mx cAyuasix momeiuieH cxaThiii ras. [lo ocn
abcuycc OTAOKEHO OTHOMIEHHE KOOPAMHATBI K BPEMEHH X[Cyf,
npupyeM €, €CTb CKOPOCTb 3BYKa B BO3JyXe NPH HAYaAbHOH Tem-
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nepaType, He 3aBHCAmas OT JaBAenus. |leperopojka Haxozmaach
npu x=0.

Ha puc. 4la (¢ o6enx cTopon BO3AyX) Mbl BHAUM, 4TO CAEBa
Ha PAacCTOSHNM, INPEBLIAIOILEM €AMHULY, CKaThlil BO3Zyx elle
He Bosmymed. Mexagy xft=-—c, u x/t=09c¢c, pacnoroxena
BOAHA paspe:meHns, KoTopas B NOCAeHed Touke TPaHMYAT C BO3-
AyXOM, pacUIMPUBMIEMCA JO JaBAeHUs okoro 6 arm. Paspnis
0co60r0 POja MOKOUTCH OTHOCHTEABHO BO3AYyXa, HAXOASUIETOCH
c o6enx CTOpoH paspbiBa, HO B Hame# cucTemMe KOOPAHHAT OH
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Puc. 416. Cxatme BosAyxa BOJZOPOIOM ¢ ma-
garbEbiM gaeaenuem 100 ara.

ABHKETCS BMECTE C OKPYXAIOIMM €r0 BOBAYXOM CO CKOPOCTBIO
okoao 1.7 ckopocTn 3ByKa B HCXOAHOM COCTOSHHA (T. €. OKOAO
580 wmlcex). CnpaBa or paspniBa 0c060ro poja HaxOAUTCH BO3ZYX,
NoABEPrmuiiCs YAAPHOMY CHaTHIO OT aTMOC(EPHOTO JaBAEHHA A0
ZaBAenus okoro 6 atMm. B moame paspemenus rtemmeparypa sos-
ayxa nagaer ¢ 20°C (mpu 100 arm) 20—140°C (upu 6 atm.)
B COOTBETCTBHM C ypaBHeHwem ajuabaTbr Ilyaccoma. Cnpasa
B yaapHOH BOAHE cmaTue rasa or 1 zo 6 arm. conpoBoxpaercs
pocrom Temmepartypnl ¢ 20 go 300°C, 3amerno mpesbimaomum
pocT Temneparypni no aguabare [Tyaccona (220° C). ¥ gapuas poana
cxmarna ¢ 1 40 6 aTM pacmPOCTpaHAETCA CO CKOPOCTHIO, PABHOH
2.3 cropocrn 3Byka, Toabko npum x, Goavmem 2.3 c,f, cnpasa
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PACTONOKEH HEBO3MYIUSHHbIH e€me BO3AYX OPU aTMOCPEPHOM
JAaBACHUH.

Ha puc. 41 6 mocrpoena takad #e KapTuHa AAA CAydad, Koraa
CHaTHIM ra3oM fABAfeTC Bojopol. B coorBercrsmm ¢ Goabmeit
CKOPOCTDIO 3BYKa BOZOPOJ CIOCOGEH JAaThb 3HAYUTEABHO GOABHIYIO
CKOPOCTb HCTEUGHHA IPH JaHHOM INepenaje aasienusa. [lostomy
BOAOPOJ CHUAbHEE CHKUMAET BO3JYyX, XOTS CaM OH pacUIHPAeTCS
menpme. JlaBAredne B BOAHE paciIMPEHHs B BOZOPOAe H B yAapHOMH
BOAHE, PACHpOCTpaHfOmelica B BO3AYXe, COCTABAAET OKOAO
25 arm. B coorsercrBmu ¢ aTHM AocTuraeTcs ropaszo 66Abmast
CKOpOCTb yAapHOH BOAHM, npumepHo 4.6cy' B yaapmoH BoaHe
AocTHraercs BecbMa Bbicokad Temnepatypa 1175°C. Moxuo ay-
MaTh, YTO TaKHe BBICOKAE TEMOEPATYPbl NPH HCTEYEHHH BOAO-
POZa B BO3JYX B W3BECTHBIK YCAOBHAX MOTYT NPHMBECTH K BOCIAA-
MEeHEeHHIO B0oZ0poZa. B ToM caydae, ecam HcTeuenume BOZOpPOAA
B BO3JYX IIPOHCXOJZHT B B3aKPLITOM pe3epByape, NOCAeAyiollee
MHOTOKPAaTHOE OTpameHue YAAPHHIX BOAH MOKET TIPHBECTH K AaAb-
HellineMy NOBBILIEHHIO TEMIEPATY Pbi.

Kaxkoit us pacemorpennnix na puc. 40 g, 6, 8,2 cAyyaes ocyuie-
CTBHUTCH, €CAY Pas3pbiB B HadaAbHBIH MOMEHT 06pa3oBaH HaAQ®e-
HHEM GOABUIOTO YHUCAA MaAbIX YAApPHBIX BOAH CXKATHA, KOTOPBIE
OZHOBPEMEHHO COEAMHHAHCD B OZUH M TOT XK€ MOMEHT B OJHOM
Touke mpocrpancTsa? (Dusmueckm Mbl ocymecTeum srTOT CAyval,
BABUras B ras IopiieHb ¢ [ESPEMEHHOH CKOPOCTbIO, YCKOPEHHO.
B § XIIl mbt Hamau Takoit rpaduk ABUKEHNS MOPWIHS, IPH KOTOPOM
BCE BOAHBI COCAMHATCA OZHOBpeMeRHOo. B moment coeawnenus
BOAH CUpaBa OT MeCTa COGJHHEHHsT OYAeM HMETb HEBO3MYILEH-
uniti ras. Caesa 6yaem umeTn ras, mozeeprmuiics MHOTOKpATHOMY
cxaTHIO B cAaboix yzapHbix BoaHax. Ho Mbi yxe meckoabko pas
OTMEYaAH, UTO MOCASJOBATCABHOE CATHE ZABYMS YAAPHBIMH BOA-
HaMy He DKBMBAAGHTHO OJHOKPATHOMY YAapHOMY CxaTmio. B wact-
HOCTH NpPUpAalNleHne BHTPONHUA B KaXAOH BOAHE, ecAH OHM (BOAMbI)
A0CTaTOYHO MaAbl, nponopuuoHarsno (4 p)d. INoabupaa gocraTouno
6OADIIOE YHCAO JOCTATOYHO CAAGLIX YAGPHBIX BOAH, MBI CMOKEM
OCYWIECTBUTb CXKAaTHE JO AIOGOrO 3afaHHOTO AABAEHMS CO CKOAb
yroZHO MaAbIM NPUPAILSHHEeM SHTPOMHAH, TaK Kak €CAM Mbl pasbu-
BIEM BCE 32JaHHOEG H3MEHEHHe JaBACHHA MEXAY N BOAHAMH,
TO NPHPAILEHHE AABACHUA B KaXAOil BOAHE IIPONOPLUOHANDHO l/n,
npupanienye SHTPONWH B KaxJAofi BOAHe npomopnuonaipro /nd
¥ NOAHOE NpHPallenne SHTPOIAN B 2 BOAHAX IIPOIOpUUOHaAbHO 1/n2.
Taxum o6pasoM, B caywae kyMyAsanuE GOABIIOrO uWHMCAa cAabbIX
BOAH CXHaTHs Mbl 6ygem MMeTb NOYTH agunabaTHYecKoe HW3MeHEeHHe
COCTOSIHHMSL.

B momenT coepunenns oTzeAbHbIX BOAH, mOKa3aHHBIX Ha puc. 36
(§ XII, crp. 99) cnpasa or mecra coeamnenms, Mbi 6yzem

1 ¢y — ckopocrs sByka B Boagyxe. CxopocTs 8ByKa B BojOpose paBua 4 ¢,
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MMETb HEBO3MYyIUeHHbI ra3 B HayaAbHOM cOCTOsAHMH A, cAeBa —
nojseprmufics NPaKTHIECKH azuaGaTHUeCKOMy CHKAaTHIO ras B CO-
crosupr B! Quesnino, uTo Touka B He Aemur Ha ajzHabate
Toronno H4. B coorBerersunm ¢ sTuM paspbiz e MomeT pacnpo-
CTPaHATBCA JaAbllle Kak oZHo ueaoe. K ero pacmpocrpanennio
Mbl AOAKHDI NPUAOKUTD OOGIIYI0 TEOPHIO PACIPOCTPAHEHHS NPO-
M3BOABHOTO paspbiBa. MoxHO NOKasarb, YTO CKOPOCTb ZBHKEHHUH,
KOTOPYIO mpuofperaer ra3 OPH IMOCAEZ0BATEABHOM CHATHH GOAb-
IIMM 9ACAOM YAaPHBIX BOAH, MEHDBIUIE CKOPOCTH ABHAKEHHSA, KOTOPYIO
npuo6penr 6bl ras NPH CKATHH JO TOrO ke JaBACHHS OZHOH

A
1500 F
g ! p ama
900 50
ﬁ i
500 ~ -
4 7
/)

0 7 2 3 4 3 Fof

Puc. 41s. Pacnopocrpanenne pasppiBa, BOSHHKMETO IIOCAE
CTOAKHOBEHHSI BOAR cmarusi puc. 36. Jaerenue B BoaHm-
xalomei ygapuoli BorHe HEze (HaBCTPEUY BOAHAM CHATHA
MZeT BOAHA paspexeNHs), HO TEMEeparypa B yaapHol BoA-
He 3HAUATCAbHO Bhille MAKCUMAABHON TeMIeparypht, J0CTH~
FEYTOH NPM HaXOXMEHHH MEAKHI BOAH ciatmi. Pacnpege-
AeHHEe JaBACHUA — COAOMIHAA AMHHAZA; PaclipefeACHHE TeM-
1IepaTypbl — HYHKTHP.

yaapuo#i Boano#. Orcioga caeayer, uTO TpH paclIpOCTpaHeHHH
paspbiBa, BO3BHUKIIEro NpPH COEJMHEHMH MHOTHX CAabbix yaapHBIX
BOAH, Mbl 6yjem umeTb cayuaii puc. 40 6: gaBaemme p; okamercs
HUXKE JABACHHH, CO3JaHHOTO MOpWHEM (AaBAGHHA pp); N0 Cxa-
TOMY rasy HO HalpaBAEHHIO K NOPIUHI0 MNOHAET BOAHA paspexe-
HUS, BIPaBO B HEBO3MYUICHHBIH ras MoAeT BOSHHKWIAA B pa3pbiBe
yaapHas BoAHa cmarusa. Ha pme. 41 8 npeacrasremo pacmpeae-
AGHHE JaBAEHMS H TEMIEpaTyphl, HOAydYalolleecs uepes Bpems f
nocAe COEJMHEHHA BOAH, OOpPasOBaHHBIX IIPH CXaTHH BO3jyXa
TopuUIHEM, CKOPOCTh KOTOpOro mnocreneHHo jgccraria 4.44c,=
=1500 m/cex, Tak yro zaBrenme ma mopmue pp ZocTHrao 50 p 4,
T. €. 50 ara. JaBresne B yzapuoii BoAHe cxarma 6ygeT HExe,
YeM JOCTHTHYTOe paHblile Ha MopurHe AaBAeHue p,. Ognaxo Beaex-
CTBHE POCTAa YHTPONMHM B3TO GoAree HUBKOE AABACHHE OTBEWAET
6oaee BbicOKOH TeMmepaType. Pasphip TeMnepaTypbl, moxosmEHCA
OTHOCHTEADHO rasa, BHAEH Ha rpauKe paclpeZeAeHUs: TeMmnepa-
TYpHl ZASL 9TOro cAyvas (mymkimp puc. 418). 3amerum, uro Ha

1 O6osnauenus A u B me noxasannl Ba puc. 36, oagnako, onn BCIOAB3YIOTCS
nuxe, na pne. 41 gy cp. Taxme puc. 39 u 406.
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puc. 418 koopauHaTa W BPEMs OTCUHTLIBRIOTCH COOTBETCTBEHHO
OT MeCTa M MOMEHTa KyMYyAAlluH, T. €. BO3HHKHOBEHHA DaspbiBa.
B cucreme xoopaunar, B koropoit A HenogsuxHO, BOAHA pa3pexeHus
ABIETCsI BIPABO, OZHAKO, OHA ABHAKETCS BAEBO OTHOCHTEABHO ABH-
xymerocsas ¢ GoAbwoO# CKOPOCTBbIO Tasa B cocrosHuu B u He
mokasanmoro Ha puc., 4ls8 nopmas,

PaccMorpennniit Boune caywaii npezcTaBAseT 3HaUMTEAbHbIR
HHTEPEC JAAS TEOPHH BO3HAKHOBEHMS XeTOHAUuH, H60 NOAyYeH-
Hbif p33yAbTaT OOBACHAET, KaKHM 06Pa30M NAaMs, JelicTByrowee
Ha ras, 1006HO MOPIUHIO, MOXET MOCTENEHHbIM CXKaTHEM BbI3BATH
MOABACHNE YZapHOH BOAHBI Ha GOABIIOM PAaCCTOAHMH OT NOPUIHS
(ot mramenn). [locrenenno camumas ras zo HeBbICOKOH Temmepa-
typnr (630°C, puc. 418), Mbl MOXeM OCYHIECTBUTb PE3KHi MOABEM
temneparypnt (1450°C, puc. 418) ma 3HaUHMTEABHOM PaCCTOAHMM
B MOMEHT KyMYASLHH, OCYIIECTBHTD ,ANCTAHUHOHHOE 3aXKHraHme
rasa. [loBugumomy, nmeHHO Tak caegyeT mpejcTaBaaTh cebe Mexa-
HU3M BO3HHKHOBEHUA JETOHAIlUM B rasax B pAAe CAydaeB.

Beoisicuus xapakrep zBnZenuii, NOAyHaOmMUXCS NPH paclpocTpa-
HEHHHX IIPOU3BOABHOTO PaspoiBa, MBI MOXKEM IPOBEPHUTh HCXOAHOE
ZONYIIEHHE O TOM, YTO ABHKEHHUE 3aBHCHT TOABXO OT OTHOUICHHA X/Z.

B § VI B cayyae Boann paspemenus Takoff xapakrep pemenus
6bIA O6YCAOBAEH OTCYTCTBHEM BEAUYHH PASMEPHOCTH BPEMEHM KAH
AAVHB! B HaYaAbHBIX M IPaHAYHBIX YCAOBHSX 3ajadH, a TaKAe Tpe-
HebpemenneM AuccMNaTUBHbIMM Beauumnamu. [Ipeme6pemenne sTo
HeOo6X04MMO, TaKk KaKk B KOMOHUHALHA CO CKOPOCTBIO 3BYKA U3 BA3KO-
CTH MAH TENAONPOBOAHOCTH MOXKHO IIOCTPOHTb XapaKTepPHUCTH-

YeCRYI0 ZAMHY ® XapaKTePHCTHYECKOe BpeMsdA, Halpumep, b%; H
A

€;0C)

cHAaMu  6bIAC 0GOCHOBaHO TEM, YTO YPaBHEHUs Ta30MHAMHKM

NpHBEAM Hac K pa3aMbiTod BOAHe Goapwoli (pacryweft Amueitno

CO BPeMeHeM) UIMPHHDbI, ¢ BECbMa MaAbIMH 3HAYECHHAMM I'paieHTa

CKOPOCTH M TPaJHEHTa TEeMIepaTyphl.

Moxem Am mbr npeme6peub JUCCHNATMBHBIMM CHAAMH IpH
H2AHYUM YAAPHOH BOAMDI, B KOTOPOH HMEET MECTO 3HAYMTEAbHbIN
poct wHTponuH? YTBepAUTEADHHI OTBET CBA3aH C TEM, 9YTO
UACACHHAs BEAMYHHA POCTA DHTPONMH B yxzapHoi Boane (o6ycao-
BAGHHOrO B TIOCA€JAHEM cueTe JeHCTBUEM BABKOCTH M TENMAONPO-
BOAHOCTH) HOAHOCTBIO ONPEAEASETCS YPABHEHHAMH COXPAHEHMs
¥ HE 3aBHCUT OT BEAMYMHDI TENAONPOBOZHOCTH H BS3KOCTH.
[locaeznue onpegeAsioT TOABKO KOHEHHYIO IIHPHHY (PPOHTA yAap-
Hoit Boawn. Ho mnoayuennas npu srtom Beamumma pasmepnocT:
AAHHBI — IHPUAA (PPOHTA yZapHOH BOAHBL —— BECbMa MaAa: NOPsIAKa
AAHMHBI MPOGEra MOAEKYABl B CAy4ae CHABHOHK yZapHO# BOAHDI,

- Mana rakze m mmpuna paspniea 0co6oro poga: BbipaBHHBA-
HUe TeMIepaTyphl 0 o6e CTOPOHbI DTOrO paspblBa M B3aHMHOE
HNPOHMKHOBEHHE ras0B FAPGYsuell RPUBCZAT TO HCTEYECHHW BDE-

- B Boawe paspemenns npene6pemenne AuCCHNATHBHBIME
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MeHH { K WIHPHHE mopsiika & = \/215 = \/B!, rae ¥ -— TeMmIeparypo-
NPOBOAHOCTD; B — KO?()pUuUHEeHT AHPDY3HH. [/ICHOJ\bByﬂ MOAEKy~
ASPHO-KUHETHUECKUE Bbipaxenus % u B, uaigem &~ Vict, rae
! — gruHa mpofera MOAEKyAbl, ¢ — CKOPOCTb 3Byka. Memzy Tew,
paccrosHde X, mpoberaemoe yaapHHIMM BOAHAMH H BOAHAMH pa3-
pexenna 3a Bpema f, nopsazka cf, tak uro §~ Vix.

Takum o6pasom, ormomenwe pasmepos o6racTH, B KOTOPO#
AYCCHITATHBHBIE CHABI CYLIECTBEHHbI, K pa3Mepy Bceil 3axBaueH-

. l T
Hoit agBmxeHneM oObGAaCTH PaBHO + A YA2pHO# BOAHBI, l/;- AAS

paspbiBa ocoboro poga. O6e BeAMuHHN BecbMa MaAbl B AKO6OM
MaKpPOCKONUYECKOM ABHKEHHH, B KOTOpOM X 3> [,

Becoma Aro6onbirma mcropus Bompoca o pacnpocTpaHeHHH
MNPOU3BOABHOrD pasphiBa, B KOTOPOil CKaspIBaeTcs o6igast BO Bcei
Teopun YZapHbIX BOAH pa306UIEHHOCTD HCCAEAOBaTeAeHl pasHBIX
crpad. Bnepemie wusAromennas Bbime Teopus 6biaa  gaHa eie
Foronuo oguoepemenno ¢ reopueit yzapubix Boan [56]. [Tpuuaz-
Aexaman [TOrOHHO TeOPHs pacnpoCTpaHEHHsT NPOUIBOABHOTO pas-
pbiBa 6bira XOPOWO M3BeCTHa (parpysckum asropam. Oua ymomu-
naeres y Kpiocapa [45], serpeuaerca raxxe B xuure Azamapa [54]
0 pacnpocrpasesuH BOAH. Msaoxenue Agamapa, mnpasaa,
HECKOABKO HCIOPYEHO, ¢ OZHOH CTOPOHBI, OTCYTCTBHEM IOAHOM
SICHOCTH B BONPOCE O TOM, KOTA2 CAeAyeT NMOAb30BaTbCs azuaba-
Tofi ['toromno, a xorza agmabaroli [lyaccoma (pocr smTpomum
B YAapHBIX BOAHAX CKATHA, U TEPMOANHAMKIECKAsS HEBO3MOXHOCTD
YARPHBIX BOAH paspexeHHs OblAn mnokasann Kyre n 3emnaerom
nosxe), ¢ APYroi CTOPOHHl, — cTpemAeHmeM Azamapa K moAyue-
"0 Qpopmya B 3amkHyroM Bijge. OHako HeMeUKHM aBTOpaM
TEOPHs PACHPOCTPAHEHHS IIPOHSBOABHOIO paspbiBa, NOBHZUMOMY,
HeusapecTHa. lak, y Be6epa [97] mm mnaxoaum Torbxo caywail
CTOAKHOBEHHs ZBYX YAApHbIX BOAH paBHOH AMIAHTYABI, T. €. Kak
pa3s TOT cAyuail, Korja TOXAECTBEHHO COBNAJalOT 06a MCXOZHBIX
cocrosuusa A u B maulero pucyska M cOOTBETCTBEHHO COBNAJAIOT
Ha BCeM MPOTAXEHHM NPOBEJEHHblE M3 HMX agHabarbl [‘roromno.
B sTomM uacTHOM cAydae, KaK BHAHO K3 CHMMETPHH, PaspblB 0CO-
6oro poza ofpamaerca B Hyab. [lo 06e cTOpoHBI ero me TOABKO
PaBHBI JABAEHME H CKODOCTb, HO paBHBI Memxay co6oif M TeMme-
partypa, d 9HTPOIHA, ¥ MAOTHOCTD., B mszanmm 1925 r. Be6ep npamo
mMIeT, 4To “40 CHX NOpP HEH3BECTHO, YTO NPOMB0HAET B O6IieM
CAydae CTOAKHOBEHHS ABYX [POM3BOABHBIX YAAPHBIX BOAH®.

3azaua o0 KyMyAsUME YyZapubiXx BOAH 6blAa ITOCTaBAENa
BexxepoM B ero massectnoit paSore ,K Teopun seromaumonmoii
#u yaapuoi soann“ [38]. B 1920 r. Bekkep nparuabuo mpeackasbi-
BAaeT OCHOBHOH Ka4yeCTBEHHBIH PESYyABTAT KYMYASLWM YAAPHDBIX
BOAH — MOBbIMICHHE TEMIEPATYPbl B MOMEHT MX COBIAJEHMS.
Oganako zaree om numer: ,[loka cosepmenHO uewsBecTHO, YTO
NpousoRAeT, KOrZa KPYTH3HA NOZbeMa uepe3s H3BECTHOE BpeMs
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cTaner Geckomeunoii“. Pemenue 1ol 3azaunm Aano Bnime. Heabsn
He 3aMeTHTb, uTO B cTaThe Dekkepa xak memyapsi [orommo, Tax
u xnura Agamapa quruposaH. Brnoame crporuit u Becoma o6muit
pasbop BCeX MOTYWIHMX BCTPETHTbCH CAy4aeB PACIPOCTPAHEHHS
npon3BoAbHOro paspniea Aan Kouunbiv [64].

§ XVII. O6rexanue Tera mpu CBepX3BYKOBOH CKOPOCTH

Boune, 8 § IV, mbt BoisicenAn mexoropoie cBoficTBa o6Texanus
TE€Aa CBEPX3BYKOBBIM MOTOKOM, OTHOCSILHECs K XapaKTepy NOTOKa
Ha GOABUIOM paccTOsHHM OT Teaa. llpexge Bcero 6biA ycraHO-
BAGH TOT (PaKT, YTO BOSMYLIEHHE, BBISBAHHOE HAaAHUYHMEM TEAA
B CBEPX3BYKOBOM IIOTOKE, OXBaTbiBa€T HE EECh MOTOK, a AMIlb
KOHYC C OCbIO, NAapaAAEAbHOR HalpaBAEHHIO JABUXKEHHS I[IOTOKa,
U YyTAOM PACKPBITHS, CHHYC KOTOPOr'O paBeH OTHOIIEHHIO CKOPOCTH
8BYKAa K CKOPOCTH NOTOKA (Tak HasbiBaemviii yroa Maxa). Oanaxo
STH BLICKa3bIBAHHA OTHOCHAMCH TOABKO K HOTOKY Ha GOABILOM
PACCTOSHHE OT TeAa. B uacTHOCTH, TOABKO Ha GoabmoM pac-
CTOSHHH OT TE€Aa, TaM, I'ZJe Mbl MOXEM CYHTaThb BOBMYLIEHHE
MaAbIM, MOXHO YTBEpXJaTb, YTO CKOPOCTb PACHPOCTPaHEHHS BO3-
MylleHuss OyAeT paBHA CKOPOCTH 3ByKa. B Hemocpezcreemnoit
6AH30CTH K CamMOMy TEeAY, TaM, ri€ BOSMyUlcHHE NOTOKa, BbI3BaH-
HOE HaAMYMEM TeAa, HeAb3S SoAbIne CUNTAaTh MaAblM, ®TO BO3-
MYIUEHHE MOXE€T CTalAOHapHO pACIIPOCTPAHATbCH OTHOCHTEABHO
NOTOKa B BHAe yJapHOH BOAHDI, CO CKOPOCTDBIO, NpeBbimarome
CKOPOCTb 3ByKa B HEBOSMYIIEHHOM rase. SHaKOMCTBO C TeopHeil
YVAapHbIX BOAH INIOSBOAHT HaM YCTaHOBHTb HEKOTOpHie cBOHcTBa
ofbTexaHusi CBEPX3BYKOBBIM IIOTOKOM, OTHOCALHECH yXe€ K Hemo-
CPEACTBEHHOK O6AH30CTH OGTEKaeMOro TEAa ¥, CAE€JOBATEAbHO,
HMEIOIHe 3HAUEHWe AAS BOHNPOCA O CONPOTHBAEHHH TeAa, JABH-
AKYIIErOCsH CO CBEPX3BYKOBOH CKOPOCTHIO, — BaxHelimero momnpoca
BHEIIHEH GaAAHCTHKH.

B zaavnefimem mMbl paccMOTPHM OTAEABHO ABa CAyuas. [lepoiit
CAy4ait — o6Texanne TeAa ¢ TymbiM npomaem. Herpyano npes-
craBuTb cebe obmui xapakrep aemmenus (puc. 42).

Ha 6oabmom paccrosHmm, kak yxe ropopHAOCh, BO3MYyIIeHHE
maro. Cnrommofi AumMel MOKasaHO MOAOMEHMe CTaIUOHAPHOH
yaapuo#f BOAHB, NYHKTHPOM — AuHuM Toxa. Ha 6oabinom paccros-
HHUHK OT TeAa — TaM, I'Zle aMIAHTYJa YAapHO# BOANDI MaAa, CKOPOCThH
ee He OTAMYaercsa OT CKOPOCTH 3ByKa, YFOA HaKAOHAa CHAOIUHOMH}
Aupnn paBen yray Maxa. Oguako HecoMuenno, uTO B HekoTopoit
TOYKE — H BTY TOYKY HETPYAHO HallTH ZAA AIOGOro CHMMETPUYHOT'O
HPODUAS — IIOBEPXHOCTD YZAapHOM BOAHBI JOAXxHa OBITH PacnOAO-
XEHa HOPMaAbHO K HampaBAeHHIO moToka (puc. 42, Touka a;).
B aro#t TOUKe cKOpOCTb ABMMEHHA rasa. OTHOCUTEALHO yaapHoii
BOAHbl MaKCHMaAbHA, aMIAHTYJZa H3MEHEHHUs JaBACHHA B yZapHOH
BoAHEe Haubonee BEAMKAa M MOMKET GbITb ACTKO BBIYHCACHA, €CAH
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HaM M3BECTHA CKOPOCTb MOTOKa (HMAM, HAmPOTHB, CKOPOCTb ABHAKE-
HHSl HAllero CHapsaAa, HAHM APYTOro pacCMaTPHBAE€MOIO TE€Aa OTHO-
CHTEABHO HENOABHAHOro rasa). [lpm cxaTnm B yjapHoii BoAHe
CKOPOCTb rasa MEHACTCA OT CBepX3BYKOBOH K MOA3BYKOBOH BeaH-
yune. Takum 06pa3om, B HeMOCPeACTBEHHOH GAMB0CTH OT TeAa,
B6AnsH ero Tynoit nepegue#l uacTdH, MBI MMEeM JEAO C AOSBYKO-
BhIM NOTOKOM; JaabHelilllee TOPMOMEHHME Trasa Ha OTpPe3Ke NyTH
OT yAapHOR BOAHBI JO NOBEPXHOCTH TeAa a, — a, (puc. 42) npo-
HCXOAHT aZHabaTuueckH, H NOBbIIIEHAEe JABACHHA MOMET ObiTb BHI-
uncAeHo no Teopeme Bepuyaan. ;

Becpma cymectaenno orme
yennoe Peiiasem [79] o6cros-
TEAbBCTBO, YTO TaKoe MOCAE~
ZOBaTEAbHOE CHaTHE Cuepsa
yaapHOo# BOAHOH, a moTOM
aznabaTHIeCKOe B IOAy4al0-
IIeMCsl [OASBYKOBOM [IOTOKE,
HOPHBOJZHUT MPH GOABLIMX CKOPO-
CTAX K 3HAYHTEAbHO MeNbLueMy
XABAGHHIO, HEXREAHM  HHCTO
aguabatuueckoe (M3sHTpOMH-
YECKOe) CAaTHE OT CBEPX3BY-
KOBOH CKOPOCTH J0 COCTOSIMHA  Puc, 42, Cxema CBEpX3ByKoBoOTO 06TeKa~-
MOKOH, OCYWECTBAAEMOro B HHSA TeAa ¢ FYyOBIM OPOpHAEM.
TOYKE pPa3BETBAECHHA AHHH
TOKa B NepeAHeii yacTH 06TeKaeMoro Tynoro npoduas. To,9To 1aBAe-
HA€ MPH HOAHOM TOPMOXEHNH GYAET HHAC IDH HAAMYHH YAAPHOH BOA-
Hpl, HETPYAHO NOKA3aTb TepMogunamuueckr. Kak mpw varnuun, rak u
ApY OTCYTCTBUE YAAPHOK BOAHBI, BAOAD AMHAM TOKA HMEET MECTO 3a-
KOH COXPaHEHMs SHEPIHH, T. €. Teopema Bepuyaau B unrerparsuoit

u
dopme - 3 == const, KOTOpas BIOAHE ONPEAEASET TENMAOCOIEP~

HaHHE Traza B TOYKe, I e OH MOAHOCTBIO GyZer JBaTopmozmen, Tax
HasplBaeMoOe Temaocoiepmanne nokosa Jy=—]J +32—- Ecan cxmarne
npoucxoanr aguabartniecku, TO K dTOMY aoGaBAfeTCH yCAOBHE

==const. 3rauenne renrocozepmanns I n SHTPONHA .S NOAHOCTDIO
onpezerser cocTosuue BemlecTBa. Ecam nmeer mMecTo yzapman
BOAHA, TO DHTPONHA GoAblle HE COXpPaHAETCS.

Pacuer Tounoro sHauenns AaBACHHA B pacyeT COCTOSHMA Belue-
CTBAa B PE3YADTATE TOPMOMCHHS B TOM CAyHae, ECAH 3TO TOPMOKE-
HUe YaCTHYHO IIPOHCXOAUT B YAapHOH BOAHe, 6OAree CAOxEH.
Oasako BO BCAKOM CAy9ae Mpl Moxem yT3€pXAaTh, YTO SHTPO-
nus B yAapHOX BOAHE pacTeT, a POCT SHTPONHM INpPH 3aaHHOM
TENAOCOAEPXAaHUH BCErja O3HAYaeT MajeHHe JaBAeHHA.! Takum

dp T
1 —] ] — —— T e e
d/=wdp -+ TdS; npu I = const, 5 =



122 SXVII. O6mexanue mena npu C6epx3gyKo6oll CKOPOCHU

-06pa30oM, HaAuYHE YAaPHOH BOAHDI CHEpeju ABUAYILETOCS CO CBEPX-
BBYKOBO#i CKOPOCTDIO TEAa NMPUBOLUT K YMCHBIICHMIO AaBAGHHs Ha
nepeAHell 4aCTH TYNOro HPOMHAL TEAd, K YMEHLUIEHHIO BEAHYHHDI
COTPOTHBACHUS ABHKCHHIO TEA2, 4 TEM YCTPaHAET, KAK [OKasaA
Peiirsif, cyulecTBOBaBIIEE PAHE® 3HAYATEADHOE PaCXOXJEHHE MEKAY
SKCIEPHMEHTaAbHbIME JaHHLIME IO CONPOTHBAEHHIO CHAPAJOB U Be-
AHYHHOH CONPOTHBAEHHS, BBIYHCAGHHOR 1O (QOPMyAaM, IPEAIOAa-
ralomEM agnabaTudeckoe (MsdHTponHYECKOE) cxaTue, ITO o6CTOs-
TEAbCTBO BEChMa CYLIECTBEHHO TaKie NPU H3MEPEHHH CBEPX3BY-
koBO#t ckopoctn Tpy6koii [luro. B stom caywae mpm pacuere
CKOPOCTH ABHMEHHSA II0 HaMepennomy Tpy6koit [luro zaBAenmio
TaKke HEOOXOJUMO YYHMTHIBATD BOBHHKHOBEHWE YZapHOH BOAHDI
nepej HOCHMKOM TPyOku.

[peacrasum cebe pesepByap, HANOAHEHHDbIR CxaThIM rasoM,
MCTEKAOIIUM €O CBEPX3BYKOBOH CKOPOCTbIO, H MOMEIIeHHOE
B MOTOK obTekaeMoe Tero (pmc. 43).
B pesepmyape ras moxourcs, B comae
OH HPHOGPETAET CKOPOCTb, a MOAXOAA
K TO4YKE G, Pa3SBETBAEGHHA IIOTOKA Ha
HOBEPXHOCTH OOTEKAa€MOro  TeAa —
cHoBa TopMo3uTCsA. [loyunTeanno cpas-

Pae. 43. HEHHE COCTOSHMsA Trasa B pe3ep-
Byape H B TOUKe a,. EcAm 6nr msme-
HEHHEe rasa B XOJAE TOPMOMEHAS CAEAOBAAO TOMY X€ 3aKOHY,
MTO H B XOA€ YCKOPEHHUS, B TOYKE @, ras JOAXKEH OnA OH
BEPHYTBCA K TOMY K€ COCTOSHMIO, B KOTOPOM OH HAXOZHACH B
pesepByape, JABACHHE H TEMIIEPaTypa Ta3a B TOWKE g, HE JOAMEDI
6mAR 6Bl OTAHYATBHCA OT JABAEHHS H TEMIEPATYpPH B Pe3epByape.
Huenno rax 06CTOUT AeA0 B ZeficTBHTEABHOCTH B CAydae J03BYKO-
soro notoka. Oguako B cAywae cBepx3BykOBOro moToKa yckope-
HHE ¥ pacllMpeHAe B CONAE IPOHCXOJHT H3PHTPOMHYECKH, TOria
K4k TOPMOREHME M CHaTWe I a3a B yAAapHOIl BOAHE COIPOBO-
XJaeTCA yBeAHUCHHEM dHTponun. [lpuraras K ABHXEHMIO OTZEADb-
HOrO SA€MEHTa OODbEMAa rasa 3aKOH COXpAaHEHHS OHEPrHH, [PH-
aem k ypasueunio (III-5) § III

1+
-+ 7= const. (III-S)

Ypasnenne sTO OCTaeTcs BEPHBIM, W 3HAYEHHE KOHCTAHTHI
COXPaHAETCA TaKKe NPH yAaPHOM CXaTUM Tasa, T. €. TOrAa,
KOrja AWHHS TOKAa II€PEeceKaeT MNOBEPXHOCTb YZApHOH BOAHBI
B cTauuoHapHOM jsuxmenun,' B pesepsyape u B Touke @, cko-

1 opuyaa (IIl-5) npasurbra ToABKO B.TOK CHCTeMe KOOpAMHAT, B KOTOPOii
TeAO M yAapHasd BOAHA NOKOATCA. B cucreme koopaumar, B KorTopoit mokomTes
HeBO3MYIIEHHHH ras, a TeAO ABHKETCSH, IIpH NPUOAMXCHHE TeAa WacTHQLI rasa
TOABEPraloTesi CxATHIO (HPHYEM pacTeT SHTAABNHMS rasa) H BCTYHAKOT B ABH-
amenye, OPUICM NPHOGPETAIOT KMHETHYECKYIO OHEPTHMIO, TaK W¥TO PacTeT

u
n cymma [+ 3 Ypasrenne (IlI-5) uenpumennmo B aroft cucreme KOOpPAUMHAT.
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pocte u==0, noaromy (Il[-5) mpusosur K BBIBOZY O paBeHcTBe
SHTAABNMK rasa B TOYKE PasBETBAEHHA H B pesepByape. Y rasos
9HTAABIHS 3aBHCHT TOABKO OT TEMIEpaTypbl; CAeZOBATEABHO,
8 ommtre puc. 43 ras, maxozammiics B pesepByape, B mpolnecce
HCTEYEHHs] OXAaMAAETCs, a 3aTeM CHOBA HATPEBAaeTCA IPH TOPMO-
MEHWH M JOXOZUT IMPH DTOM AO TOH K€ Temneparypnl, KOTOPYIO
HMEA B pesepByape, Tak A€ Kak 9TO 6BIAO B Z03BYKOBOM IOTOKE.
Oanako Heobparmmbiii pocT SHTPONUM B (ase TOPMOMEHHs MPH-
BOJHMT K TOMy, YTO OAOTHOCTDb H JaBAEHHE ra3a B TOUKE a,
OKasHBAIOTCA HMKe, YeM IIAOTHOCTb H JAaBAEHHE B pe3epByape,
AaBAGHME MOAHOCTHI0 HE BOCCTaHABAHBAETCH B NPOTHBONO-
AOKHOCTb JOSBYKOBOMY MOTOKY. OTO OBCTOSTEABCTBO, Cylue-
CTBEHHOE JASI CONPOTHBAEGHHS BO3AYXa JBHKEHHIO TEA, ACTSILHX
2:0 cBep)x:-szKonoifx CKOpOCTHIO, MOAPO6HO paccmoTpeno Paifireem
Taba. 4).

Ta6aumyga 4

u, wcex 330 660 990 1320
ufcy l 1 2 3 4
P(ap), ara | 1.89 575 | 1232 | 216
T (ap), °C 80 250 550 950
P (S=const) 1.89 7.84 36.6 150.2
P (ay) 1.00 45 103 185

B nepmoii crpoxe Tabauum gaHa (ZAR ABHKEHUS B BO3ZYXE)
CKOPOCTb TeAa, BO BTOpPOfl —— OTHOUIEHHE CKOPOCTH K CKOPOCTH
3ByKa, B TperTbelf — JaBAeHMe, pasBHBAKOUIEECsd NPH JBHAXEHHHA
B TOYKE d,, B 4YETBEPTOH — TemMnepaTypa rasa B 3TOH Touke
(po=1 ara, T;==20°), B nsaroit cTpoke mNpHUBeJEHO JaBAEHHE,
KoTOopoe ObiAO 6Bl PasBATO IIPH H3DHTPOMHYECKOM TOPMOXKEHHH
rasa MAHW, HHade roBOpdA, JAaBAEGHHE, KOTOPOe HYXKHO ObIAO Ghi
co3jaTh B pesepByape JZAad TOro, urobm JocTHAub 3ajaHHOM
ckopocTH HcTedenusa rasa. Hakomey, B nocaegneii crpoke gaHo
JABACHHE B TOuYKe @, pHC. 42, mnocae cxaTua B yAapHOH BOAHe,
HO 20 TOPMOXKEHHA B JO3BYKOBOM IOTOKE

Awo6onbiTHo, 4T0 npE o6TeKaHHMH TeAa C TYMbIM MPOQPHAEM
MOTOKOM rasa, CKOPOCTb KOTOPOTO MeEHbllle CKOPOCTH 3BYKa,
y OOBEPXHOCTH TeAa MOMET MNOABHTbCA OGAACTD CBEPX3BYKOBOM
cxopocrr. Tak, IpH monepeuRom OBTEKAHUM KPYTAOro LUAMHAPA
CBEPX3BYKOBasd CKOPOCTb COOKY AOCTUraeTcs, HAYHHAsA C€ UHCAA
Bapcroy Ba-0.45 (Taitaop[25]).

B cayusae ceepxssykosoro ofTexaHHs TeAa ¢ 3a0CTPEHHOH
BepmMHO# o06pasylomuecs MOCAE CXAaTHA B yAapHOH BOAHE NOZ-
3BVKOBbIE CTPYH rasa 6yAyT Aerko o6TexaTb OCTpHe, CTAlMOHAp-
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Has yjzapHas BOAHA 6yZer GAHXE K OCTPUIO, 4eM B CAydae obTe-
kanms tynoro nupoduai. [lpu zocrarouno marom yrae pacrsopa
OCTpHs Mbl MOKEM OXHAATh KapTuHb puc.44a, npu xoropoii yzap-
Has BOAHA CONPHUKACAETCA B BEPINEHE C CaMMM OCTpUeM. Ecau
PMeeT MECTO TaKasd KapTHHA ABIKEHHS, TO NPU H3MEHEHHH Mac-
wraba (Hanpumep, NpH TiepexoAe Kk CHapAAY, BCe AMHEHHbIE pasMepht
KOTOPOrO B ONPEJEAEHHOE HYHUCAO pPa3 GoAbille [OKa3aHHON Ha
puc. 44a nyas) Mt MaAO MEHseM YCAOBMsI y caMoil BepHIMHbI.
[Tepexoasn k npeseapHoMy cAyyalo 6eCKOHEYHO GOABIIOro TeAa,
Mbl y6exJaeMcs, UTO AAS HaXOMAeHHA ABHMEHHS BOAMBM BePIIHHBI
Mbl He HMEEM B STOM CAYy4aeé HH XapaKTEpHCTHUECKOH JAMHBDI,
HH XapaKTepPUCTHIECKOTO BPEMEHH, H BCA KAPTHHA ABHAKEHHSA MOXKET
3aBHCETb AHUWDb OT YIAa MEXAY PaiHyCOM-BEKTOPOM, IPOREZEHHBIM
B ZaHHYIO TOYKY M3 BepIIMHBI KOHYCa, U OCbI0 KoHyca. Mbl miem
pellleHus, B KOTOPOM BC€ BEAHYHHbBI 3aBHCAT OT OZHOTO 3TOTO
yrAa, T. €. HOCTOAHHbl BAOAb KaXJOH KOHHYECKOll NOBEPXHOCTH
¢ obumeir ocnio u ofuwed Bepmunoil, npuuem cam obTexaembiif
KOHYC NpHUHAZAEXKUT K DTOMY Xe ceMelcTBY KOHYCOB.

Crauuonapnas yjapHas BOAHA BOAMSH BEpIIAHDI TaKxe IPHHH-
MaeT OpPMY OZHOTO H3 TAKUX KOHYCOB, BEpIUHHA KOTOPOrO COBMa-
AaeT C BEPHIMHOH TEeAa, a yrOA pacTBopa 3aBHCUT OT yraa pacTBOpa
KOHHUEeCKOH BepHIHHBI TeAa. B kakoM CAydYae 5TOT pe3yAbTaT,
OTHOCHIUUHCS NePBOHAYAAbHO K OKPECTHOCTH OCIPHS 6e3CPaRHTHO
NPOTSAXKEHHOrO KOHyCa, MOXKHO OyJeT NPUMEHHTb K pPEarbHOMY
CHapsiAy, B KOTOPOM KOHHYECKaA T'OAOBKa coejuHeHa (B mpocreil-
meM cAywae, puc. 44a) ¢ uurupgpEYeckol YacTbIO ¥ JHOM
cHapsja

[lpu gocratouno ocTpoM oOBTEKAaEMOM KOHYCe H JOCTATOUHO
6OABIIOH CKOPOCTH JBHKEHH MOKHO OXHZATb, YTO H IOCAE
CXKATHA B YZapHOH BOAHE CKOPOCTb ABHKEHHS rasa OTHOCHTEABHO
TIOBEPXHOCTH KOHyCa OCTaHeTcsl Goablle CKOPOCTH 3ByKa. B srom
CAyuyae, ECAH CKOPOCTb ABHXEHHs rasa B obaacta GFABCD
(puc. 44a) 6oable CKOPOCTH 3BYKa, H3SMEHEHAE XapaKTepa JBHKEHHS,
npoucxojsauyiee s Toukax [, C u garee (BcaeicTBHE TOTO, HTO
B BTHX TOYKAX HOBEPXHOCTb CHapsija 3aMeTHO OTAHMYaeTCs OT IPO-
ZOAXEHHS KOHHYeCKOR NoBepxHocTH AB), He cMoxeT ckazaThes
HA XxapaKkTepe JBuwikenus BOGrusu AB, me cmoxeT nepesarbca
HaBCTPedy TOTOKY. Takmm 06pasoM, Mbl CMOXEM HacTHOE pemie-
HHEe ZAsl Ge3rpaHuyHOro KOHYCA, 3aBHCSALIEE TOADKO OT OZHOTO
yrAa M CPaBHUTEABHO AErKO PAaCCUMTHIBAEMOE, — IPHMERHTb JAAS
NOCTPOEHUSI JBHXEHHS Ha BCEM KOHHYECKOM YYaCTKE Y BepIIHHDBI
CHapAJa, C OZHHM YCAOBHEM, 4Tofbl BTa BepumiMHa 6bIAd JOCTA-
TOYHO OCTPOH, TaK, YTOOLI CKOPOCTH NOCAE cxaTAs B YAapHOiL
BOAHE BCE ellle IIpeBblllard CKOPOCTb 3BYKa.

Ha camofi mosepxnocTu yaapno#f BOAHBI Mbi WMEEM IpH STOM
npeAOMAEHHE AMHHH TOKa, B Tak HasbiBaeMOM CHABHOM pasphiBe,
T. €. B yZapHOH BOAHe, NpeTepneBaeT BHE3aNHOE H3MEHEHHE
TOAPKO HOPMaAbHEA COCTAaBASIOAS CKOPOCTH, MEXAY TeM Kak
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TaHreH[MaAbHble K MOBEPXHOCTH YAapHOX BOAHBI COCTaBASIO-
e CKOpoCcTH ocTaiotcA 6es usmenenns. Orcioja BoITEKaeT NOka-
3aHHOEe Ha puc. 44a,6, NpeAOMAeHHE AMHHM TOKA B yAApHOH BOAHe.
Cam nenrparbubit yroa koumyca, 06pa3soBaHHOrD NMOBEPXHOCTHIO
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Puc. 44a.

Puc, 446.

YARPHOH BOAHDI, BBIYHCASIETCA H3 YCAOBHA, YTOGH! MOCAE MPEAO-
MACHAS B YJAapHO# BOAHE H HOCAEAYIOIIEero usruba, coraacHo
yPaBHEHHAM XBHACHHA, AMHHH TOKAa y IOBEPXHOCTH CHapsza OblAu
mapaAAGAbHbl 06pa3yoliuM O6TEKaeMOro KOHyca.
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Mol He ocTamaBAMBaeMCA Ha JeTaadX pacueTa M IPHBOAMM
KapTHHY JBHMEHHS M CXEMY pac¥eTa rAaBHbIM 06pasoM He B CBA3H
C YHCAEHHBIMH pe3yAbTaTaMu, AAACKHMH OT HHTepecylowel Hac
o6AaCcTd TPHMEHEHHA, a KaK IIPHMEDP TeX MaTeMaTHUECKHX YIpOo-
UIeHuil, KOTOpble COBEPUIEHHO CIEUUQHIHBI HMEHHO JAS CBEPX-
3BYKOBOTO MOTOKa M TECHO CBA3aHbl C MpHMEHEHHEM TEOPHH
nozo6us [42]. B nacroamee spems MDpauxrem passurhi MeTOZDI
pacyera pacnpeieAeHus AaBACHUA HA MOBEPXHOCTH OCTPOKOHEYHBIX
TEA BpalgeHusi Takke H B ToH 06GAAaCTH, rJe OHH OTAHYAIOTCHA
or koHyca [26, 27].

Eme npome cayuaii obrekanus cBepX3ByKOBbIM IOTOKOM TOH-
Ko#t mAaacTHHKH, cAabo HakAOHeHHON k motoky (puc. 446).

Ha nepeaneii kpomre o6pasyiorcs Zse BOAHbB: yaapHas
BOAHa 1104 HAACTHHKOH, B KOTOPOIi AMHHM TOKa BHE3alHO NPEAO-
MASIOTCA H HOCA€ BOAHBI JABHAYTCA NapaiNeAbHO IIAACTHHKE,
M BOAHA pa3peMeHHs] HaJ MNAACTHHKON, B KOTOpOH mnocreneHHo
NPOUCXOANT TaKoe Xe HCKPUBACHHE AMHHN TOKa.

B6ar3u mepesneil kpoMku Bce coOCTOSHHe TaKKe BaBHCHT OT
0ZHOro oTHoweHn:A Y/x (ecAM HaWaAO KOOPAMHAT MOMECTHTb B ITY
TOUKy), KaKk B 3aJaue O ABUAEHHH NOPUIIHA C IMOCTOSHHOH CKO-
POCTbIO JBHACHHE 3aBHCEAO TOABKO OT X/f.

Slerenus y 3azHefl KDOMKM aHAAOrMUHBI PACHPOCTPAHERHUIO PO~
H3BOABHOI'O paspbiBa, TaK KaK B BTOH TOYKEe COEAMHAIOTCA ABa
MOTOKA, ZaBAECHHA B KOTOPBIX pasaudaiorcs. [lpn sroM 3a kpomkoit
BO3HHKAIOT yAapHAsd BOAHA, BOAHA PA3PEMEHUs U PaspblB 0coGoro
poja (MyHKTHp), Ha KOTOPOM Tenepb TEPUHT PasphbiR TAKKE TaH-
IeHUHaAbHASA COCTABASIOIIas CKOPOCTH (BHXpeBad IOBEPXHOCTD).
Ozasako mpu ZocTaTouHON CKOPOCTM NMOTOKA M MaAOM HAKAOHE
TTAACTHHKHE TIOTOK BAOAb MAACTHHBKH OCTAaeTCS CBEPX3BYKOBBIM,
SBACHHA y BazHell KPOMKH He OKa3biBalOT OGPATHOTO BAWAHMA Ha
CBOHCTBA MOTOKA Y NOBEPXHOCTH MAACTHHKH. /JaBrenne Ha Bepx-
HIOIO IIOBEPXHOCTb NMAACTHHKH MeHbIIe, a AaBACHHE Ha HIKHIOIO
HOBEPXHOCTb 6 OAbIIE€ JaBAGHHS B HEBOSMYLIEHHOM TOTOKE,
9T0 OGYCAOBAHBAET NOSBAGHHE CHABI, JeficTBylome# HOPMaAbHO
TIOBEPXHOCTH NAACTHHKH B HalPDAaBAEHHM BBe pX M Hasad. Aas
pacyeTa CONPOTHBAEHHS U NOZbEMHOH CHABI JOCTATOWYHO PAacCdi-
TaTb BOAHbI, NPHMBIKAIOWIHE K Hepegueil KpomMke.

Becoma xapakrepHo, uTO B rasozmsamuke CBEPX3BYROBOrO
noroka napazoxc jArambepa (OTCYTCTBHE CONPOTHBAGHHS NpH
Ge3BUXpEBOM OGTEKaHMHM TeAd HACAAbHON XHIKOCTDHIO) HEe HMEer
mecra. [losBAseTcs Tak masviBaemoe BoAHOBoE CONPOTHBAEHHUE,
CB3aHHOE ¢ HAaAMYAEM CTAaUMOHAPHbIX BOAH, YHOCAWHUX paboTy,
COBEPLIAEMYI0O  ABHAYILUMCA TEAOM IPOTHB CHA COMPOTHB~
AeHHus.

Hapsaay ¢ osrum npu 6oabmmx cxopoersx cramosmres cyme-
CTBEHHBIM HeOGpaTHMOE HarpeBanue IIOZBEPTIIErOCA YAAPHOMY
CAKATHIO BEIECTBa, COXpaHslolleecs B BHJE ,cAeja” mocae mpo-
AeTa TeAa.
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O6rekanne Kpblaa CTPOUTCS, TAKUM O6DPa30M, M3 PEIIEHHs 8a--
Aauyy 06 obrexannAu yraa, o6pa3soBaHHOTO KPHIAOM M AMEHHeH TOKa,.
nonajaioweft Ha nepeaniolo kpomky. Ob6Texanne yraa pacCMOTpeHo
6biro Tlpangraenm [77] m Maitepom [71]. I'paduueckue meTozm: pe-
IIeHAsT ypaBHEHHH, ONpeAeAsdIOIMX NapaMeTPH KOCHIX YJapHbIX
BOAH, cM. B ofmnx pykosogcreax [27, 23, 35, 39].

Cxatue rasa mpu obTexaHum Teaa, ABHAYILErocs CO CBEpPX-
BBYKOBOH CKOPOCTbIO, NPEACTABASET cHocob6 OCYyWleCTBAEHHS
O6bicTpOro Harpesa rasa JO BeCbMa BBHICOKOH TeMnepaTtypbl.
B ombirax Aeiinyrckoro u aBropa aAlOMuHHEBas NyAs, CKOPOCTb.
xoTopoii gocturara 3300 wm/cex, mpoaeTas wuepes pTyTHBIE Tap,.
cosgaBara TNOBBIIEHUE TEMIEPATYPH JO HECKOADKHX JECATKOB
THICSY TI'pasycoB (pacueT B MPeANOAOKEHHH TOCTOAHHOR TemAO-
emkoctr gaet 45000°). [lpm arom ma6arozaroch cuAbHeiimee
TEPMUYECKOE CBEUEHHE PTYTHOTO Napa Ha OyTH myau. [125]

Ipocrpeausass raspl u rasopble cmecH, CHOCOGHbIE K XHMH-
uyecKoll peaKuun, Mbl MOXKEM HCCA€Z0BaTb CKOPOCTb PEAKUMH MPH
'E'eMII]epa'rype 10 4000° u mpemenn nosaeiicTus oxoro 107> cek.
104

§ XVIII. Teopun peaxTmBHONi CHABLI

Jasi coBpeMenHo#t BOGHHOE TEXHHKHM XapaKTepeH HHTepPeC
K PEaKTMBHbIM CcHapszaM. LleHoHf ycromHemms cHapsia m yMeHb-
HIEHHS KO3((UIMEHTa NOAE3HOTO Jeit-

CTBHA IIOPOXa [I0 CPABHEHHIO C APTHA- (5 j/»
AepHACKMMH CHCTEMAaMH JOCTHTAETCA LRIy
3aMeHa THAXKEAOTO CTBOAA OPYJAHS AET- '$;§§,’§:§:§
kolf  HampaBasiomed u orcyrcTBHe N J\~

oTzaud. OITh cBoficiBa PEAKTHBHDIX
CHApsAZOB, COTAACHO BBIIYIIEHHOMY
eme A0 HavaAo Bofinnl kypey Cepebps- Pre. 45.
xoBa[112], moryT mpuroaurbcs, Hampu-
Mep, B YCAOBHMAX TrOpHON BOHHBI HAM OPH ZeCaHTHBIX ome-
palHsX, IPH YCTaHOBKE Ha CaMOAETax, aBTOMOGHASIX, MEAKHX CyAax.

CxemaTnueckuil uepTex peaxkTmBHOro cHapsiza (puc. 45) samm-
creosarn y M. Pya. [111] Tlopox sakatouen B Kamepe, IPOZYKTDHY
ropennst noa BoicokuM AaBrenuem (Pya mpuBoanT pacuernl Aas.
aasaenns zo 500 aTm) BbiTekaroT uepes comao ANasars. Pacuer
peaKTHBHOH CHABI B ®THX YCAOBHAX OCHOBaH Ha rasojMHaMuue-
ckoii Teopnn ucreuenus (§ IlI). Oznako Aag Toro uwrobnr aywme
YCBOMTb METOAMKY PacCMOTPEHHsS BONPOCAa H OCOGEHHOCTH CBEPX-
SBYKOBOTO HCTeUeHHst, HaUHeM C pacCcMOTpeHHs Goaee mpocroro
CAyuas HECHHUMAeMO# XUAKOCTH.

[lpeacrasum cebe ammapar (puc. 46), cocrosigmii M3 xamepw
¢ npocThIM cyxalowumcs conrom. Jasaenne B kamepe 0603naunM p,
aaBreHne B Okpyxaiomeil cpeze (aTmocdepe) p;, maomazb BbIXOA-
HOTO ceueHus comaa F.
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Teopus u onniT MOKAa3LIBAIOT, YTO B KOPOTKOM CONA€ C NAaB-
HbIMM OYEepPTAHHAME C GOADBIIOi TOYHOCTHIO CKOPOCTH HCTEYCHHA
YAOBAETBOPSAET 3aKOHY Bepuyaan 1 crpys 3anoasser Bce ceue-
uue; Takum ob6pasom,

& +p=p G=Fou, (XVIII-1)

rae G —Becopoil pacxoz MHAKOCTH.

AaBrenre B BHIXOZHOM CEUEHHM CTPYH HE OTAHYAETCA OT p.
Oxpyxum annapat konTpoAbHO# moBepxHOCThio. KoAuuecrso asm-
HeHus, NPHOGPeTaeMOe KUJKOCTbIO 3a BpeMs f, PABHO MPOU3Bese-
HUI0 BBITEKMIETO0 KOAMYECTBa KHAKOCTH HA CKODPOCTb; MO BTOPOMY
sakony HeloTona, mpro6perennoe KOAWUECTBO ABMAEHHST PaBHO
FMIJABCY CHAM, gelicTByomed Ha
KUAKOCTD; 1O TPETbEMy 3aKOHY
Hobiorona, cuaa, aeiiersyroman co
CTODOHM anmapara Ha XHAKOCTD,
TOMAECTBEHHO paBHA PEaKTHBHOH
cune R, wucnomToiBaeMoft  amma-
parom.

Cunras 3a moAoxHTeAbHOE Ha-
npasAeHne cuinl BAaesBo (puc. 46),
a TNIOAOMHTEABHOE  HaNpaBAGHHE

| et |
’ I

CKOPOCTH BIIPaBO, noAyuaem

ypaBHEHHE AAS MMIOYAbCA PeakTUBHOH cuAbt /
1= Rt=Gtu= Foutuy, (XVIII-2)
R="Fou’. (XVII-3)

Iloacrasnsa Bmipamenme ckopocrs, caegyiouiee us 3akouma Bep-
HYAAH, HaHgem

R=2F (p— p,). (XVIII-4)

PesyanraT 3amevaTeren Tem, YTO U3 (POPMYAbI BBIMAAH BEAH-
YHHDI, XapaKTEPH3YIOIIME CBOMACTBA XKHJKOCTH; PEaKTHBHas CHAA
NPONOPUHOHAABHA PA3HOCTH JaBAeHHH, BbIsbIBAIOIeR HCTeueHHe.

logotizem k Boiumcrenwio R zpyram cnoco6om, onpejeassn
PESYALTHPYIOIIYIO CHA JABAGHUT HAa BHYTPEHHIO H BHELIHIOK
MOBEPXHOCTH anmapara. [Ipegcrasum cebe, uro comrao sakpmiTo
npobro#t. Ha suyrpenmioro nosepxnocrs annapara n nosepxmocTb
npo6xu AeiicTByeT gaBAeHHe p, Ha BHELIHIOI MOBEPXHOCTb — JaB-
Aenne p,. Pesyavrapyiomas cmaa A sakpmiToro anmapara (T. e.
COBOKYNHOCTH anmapaTta C CONAOM M Npobku) paBHa myalo. Crna,
AeficTByoman Ha upo6ky Ry, pasna Ry=—F (p — p,). Ouenuano,
YTO Pe3YAbTUPYIOLIaA CHA3, ZeHCTBYIOIIAA HA BCIO NOBEPXHOCTH
anmnapara 6e3 npo6ky, pasna R,==F(p—p,), Tak kax R;~+ R, =0,
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Mexay tem npusejennoe Boime Bnipamenue R BzBOE 60OADBIIE.
[lapazoke saxriouaeren B TOM, 4TO NpH YZaAEHEM NPOGKE M3
comAa cuAa R, zelicTBylomlas ma annapaT, yBEAMWHTCH BZBOE IIO
CpaBHeHHIO ¢ CAAGH R, B TOT MOMEHT, Korga mpo6Ka yxe OTbhEAH-
HEHa oT annapara, HO e!ge HaXOJAHUTCSI B COIIAe, an yaai\emm
HPOGKH HAYHETCA MCTEUeHHE KUAROCTH; XKUJKOCTD HaanaeT CKO~
POCTb MOCTENEHHO B CYXalOLleMCA COIAe; MO 3aKoHy Depuyaam,
ABHXEHHE RHJAKOCTH COMNPOBOXAAETCA aJEHHEM AABACHHS; NaJeHHE
ZAaBAEHHA Ha NPUMDbIKAIOIUE K OTBEPCTUIO YJaCTKH NOBEPXHOCTH
(AB, CD) naer pesyaprupyiowmyio R,, pasuyio R,, Tak uro

R=R,+R,=2R,

Mot ne cranem sgech npusojuTh pacuera Ry pesyabrar R,=R,,
R=2R, mnmeer MecTo aAAs AIO60r0 TAAZKOTO NPOQHUAA COMAa,
obecneunBaomero Kop@QUIUEHT pacxoja, pasHnii 1.

[Ipu ouenke xazecTBa paGOTH peakTHBHOro annapaTa 66IA0 6B
He[[eAeCO06pasHO NMOAb30BATbCS SHEPreTHIECKUM KOI(PPUIUEHTOM
MOAE3HOTrO AeiiCTBHA, T. €. OTHOWIEHHEM PaBOThl PEaKTHBHOH CHADI
K TENAOBOM SHEPTHK COMXKEHHOTO TONAMBA HAM NOopoxa. Jero B Tom,
9TO OT KOHCTPYKLHM aunapaTa U CONAA M PeXHMa IPOLECCOB, NPo-
HMCXOZAIIUX B aNlapaTte, 3aBHCHT peaKTUBHAs CHAa, TOrja Kak pa6o-
Ta 9TOH CHABI 3aBHCHT OT CKOPOCTH IlepeMeleHus alnapaTa Kak
[IEAOTO; SHEPreTHYECKHH K. I. /. NMODTOMY TaKXe B3aBHCHT OT
CKOPOCTH ABIKEHHsS anmaparaj Npu 3ajaHHoi#l mocrosmHOft creme-
HH COBEPINEHCTBA BCEX BHYTPEHHUX MPOLECCOB K. I. A. Gyzer Me-
HATLCS N0 Mepe USMEHEHHA CKOPOCTA JBHAEHHS annapara, Tak
4TO 9HEpreTHYeCkufl K.IM.JA. B JaHHOM CAydae He SIBASAETCH MEpH-
AOM COBEpUIEHCTBA aNMapara.

Bamnefimum mokasareaeM kauecTBa paboTbl pEaKTHBHOrO amna-
para siBAseTCS TaK HasbisaeMblfi eJuHMuHBIA mMnyabc 1, T. e.
MMIYABC PEaKTHBHOH CHABI, pa3sBUBaeMblit IpY HCTEYECHAH €ZUHALDI
MacChl; ejJUHAYHBIA HMOYABC PaBeH OTHOIMEHHIO CHAbI K Pacxogy

_ I _R_R :
II_W‘@“G' (XVIII-5)

Wz npmeezenubix Bbllle (OPMYyA CAeayeT ZAS HecCKHMaeMoil
KUAKOCTH

5 =u=V2(p—p))le. (XVIII-6)

Exunnusnii uMoyAbc paBen CKOPOCTH HCTEYEHHS NPH H3Me-
peHHH BCEX BEAHYMH B abcoalorHoli (dpusmueckoii) cucreme CGS.
B Texunueckoit cucteme pasmeprocts J;, —Kr cmaa X cek[kr Macca
# uncaenno /= ufg, rae g— ycKOpeHHE CHUADI TAKECTH.

Ara meckumaeMoli KUMZKOCTH CKOPOCTb MCTEHYEHHS H €4H-
HHYHBIH HMIOYALC [POMOPUMOHAABHBI KOPHIO KBafgpPaTHOMY pas-
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HOCTH zaBAeHHH B KaMep2 M B Okpyxawowel cpege. Aas gocrtu-
xenna HauboAbWEro SPQPEeKTa XOAaTEeAbHO YBEAHYEHUE CKOPOCTH
HCTeYeHNs NMyTeM yBeAHUeHHs mMepenaja JapBAeHUs. | lpu HCTedeHHH
rasoo6pasHpIX NPOZYKTOB I'OPEHHA MOPOXA NPH YBEAWUECHHH JaBAe-
HHs Mbl CTaAKHBAEMCs1 C BAMSHHEM CHHMaeMOCTH, C HEOGXOJLu-
MOCTHIO NPHMEHEHHs pAaCUIAPsIOIlerocs conAa Aasars u ¢ ABAe-
HASMH KPHTHYECKOT'0 M CBEPX3BYKOBOIO HCTEYEHHS.

Conro Aapaas xapakrepusyercs 3ajaHWeM jABYX ceueHuil:
HanMeHbwero (kpurmueckoro) F, u BoixogHoro F,, npmuem
F,>F}; mb o6osnaunm B gaanmeiimem F,(F,—0. B xpuruveckom
CE€4CHUH JOCTHI'aeTCA KPpHUTHYECKOe JaBAeHHe, COCTaBAsIOIIEe olIpe-
AEACHHYIO AOAI0 ZaBAeHus B Kamepe (oxoao 55Y%). Jasrennme p,,
AOCTHraeMOe B BBIXOAHOM ceuenumu F,, 3aBHCHT OT OTHOwWeHHA 0.
Huxe mp1 paccMaTpuBaeM wnJeaAbHblE ras NOCTOSHHOH TeIAO-
EMKOCTH; B BTOM CAyYae

2o =17, (6). (XVIIL7)

CropocTp ucTeueHMs, JAOCTHraeMas Ha BbIXOAE H3 COIAA,
no gopuyre Cen-Benana-Benrueasn sapucur or zamrenmus. Tax xe
kak a10 6uiro caerano B § III (cm. pue. 6, crp. 36), ornecem
CKOPOCTh HCTEYeHH: K CKOPOCTH 3BYKA B HAUaAbHOM COCTOSHHU

Y g == g (I) = g(6). (XVII-8)

i)

Ecau conro moz06pano B TOAHOM COOTBETCTBHY C JaBAEHHEM p,
KOTOpOE UMEeTCsAs B KaMepe, TO JaBACHHE B CTPye B BhIXOAHOM
CEUEHHH P, HE OTAMYAETCSA OT aTMOCQEPHOrO JaBAEHHA P,

pa=ps 6=6(2)- (XVIIL-9)

B srom caysae mno Bbixoge M3 comAa CTPYs HAXOZHMTCS
B MeXaHM4YEeCKOM paBHOBECHH C OKpyxaomed cpeiol, cropocTb
CTPyH MO BHIXOJe M3 cONAa He m3mensercs (#,=u;, o6osHua-
4eHue U, CM. HHXEE).

Oxpy:xuM annapaT KOHTPOABHON IOBEPXHOCThHIO MOZOGHO TOMY,
Kax 3TO0 6bir0 caerano Ha puc. 46. JaBreHHe Ha KOHTpPOAbHOM
NOBEPXHOCTH PaBHO aTMOC(EpPHOMY Besge, B TOM YHCAE U TaM,
rAe NOBEPXROCTb MEePEeCceKaeT BLIXOAHOE CEYyeHHE CTPYH, TaK Kak
no ycAaosmio p,==p,. B sroM cayuae pesyavrupyomas cuant
AaBAEHHA Ha KOHTPOABHYIO NOBEPXHOCTDb paBHa HyAlo. PeakTHsHas
CHAR paBHA INIPOMBBEJCHMIO Pacxoja Ha CKOPOCTb B BBHIXOAHOM
CeYeHUH COMAa

R=Gu, (XVIII-10)
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€AUHRYHDbIA AMOYADC paBeH BbIXOAHOH CKOPOCTH COBEPIIEHHO Tak xe,
Kak B CAy4Yae HCTCUYEHHSA HecxuMaeMoH KAAKOCTH. OT)\H‘IHSI OoT
HECKUMaeMOH XHAKOCTH 3aKAIOYAIOTCS: 1) B jgpyroM, Goaee
CAOXKHOM BHJAEe 3aBHCHMOCTH CKOPQOCTH HCT@4YEeHHUSA OT JaBACHUA
u 2) B ToM, uTO AAR OCYLIECTBAEHHS pACCMATPHUBAEMOro pexXHMa,
NpH KOTOPOM p, = p;, HEO6XOAUMO BIIOAHE OUPEAEAEHHOE, 3aBH-
cAllee OT OTHOWIEHHA p,fp, pacmmpenue conra JAapars; B HECKH-
Maemolt kuzKOCTH PaBEHCTBO p,==p; OCYUIECTBAAAOCH aBTOMa-
THYECKH, NPH HCTEeYEeHHH H3 AIGOr0 COmAa, B TOM YHMCA€ M H3

/ )
£ ;
&« |
» :
2] )
M %4 )
Eﬁ\ ) |
) ;
¥ 0\ |

7 \—"\
;
]
]
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]
i i

7 a1z a5 a7 a5 4wk
~WHGNd §§ ¥ 3 25 2 157y
gEYys z 1715 1312 17 zﬂ,}ézg

Puec. 47a.

IpoCTeero CyAalolerocs ColiAa, Zal0IUero HauMeHbIIHe TOTepU
Ha TpeHHe M BuxpeobpasoBaHme.

Pesyabrarnl pacuera no gopwuyre Cen-Benana-Beutners gas
HACaABHOTO rasa ¢ mnokasarereM aguabarbi 1.25 cymmmposaser
B rpaguxe (puc. 47a u 476). 3uauenne K= 1.25 noayueno J. A.
Mpank-Kameneuxum Jrs  npoayxroB ropemms  6GesapiMHOrO
nopoxa. Ilo ocm opaunar pmc. 47a u 476 orromena BeAm-

ua
uMHa @:za, N0 ocu abCUHCC — OTHOLIEHHE JaBAeHMit pilp.

Baoab ocm abcumce gama Takme pasMeTKa COOTBETCTBYIOUIMX

3HaueHui 6 wu ;-

1
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Mpu 3zazanmom p; (aTmMocepHoM JaBAeHHH) H JaBASHHH
B KaMepe p Mbl COCTaBASEM OTHOUIGHUE py[p, HAXOZUM MO BepXHEH
mKare COOTBETCTBYOmMyI0 abcuuccy M no Huxmeid mkare 0.
CkopocTp HCTEYEHAS M €AWHWYHBIE HMMOYABC OTCUHTHIBAEM
no XHPHOH AHHHMM @; NIPH STOM

l=u,=u,=gpec, (XVIII-11)

Bo puyTpemneil 6aAAMCTHKe HPHHATO XapaKTePH30BATH COCTON=

HHe NPOAYKTOB TrOpeRHs mopoxa curoft mopoxa f =-§; mpene-

Z b A I [

7 0000z g3 00d a4ns Fyp
wgﬂéﬂ%wm 60 fﬂ‘ 777 2.5 207 ,
7 I3 ¥ lz /6( =4

Puc. 476.

6pera;l OTCTYMACHUAMH OT 3aKOHOB HACAABHOI'O rasa, Hafizem

o=V, (XVIII-12)
Tak 49TO
1, = u, = @ VEFf. (XVIII-13)

[Tepexoan k Texumueckum ezuuuyaMm:

KI, CeK
I —XmCox
Rr
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f—-— Kr KIr
aud [ amd

u, noacrasaan k=1.25, g=981 cm/cex,? mHaiizem

1,=0.113 ¢ Vf. (XVIIl-14)
Tax, aas 6esammuoro mopoxa ¢ f==1000 000%:—: npu

AaBrenun B Kamepe p==100 xr/cm® n arMocgeprom p, = lxrfcm?,
Hadgem

@==22, I1 =0.113- 2.2 . 1000 = 250 Kr ;:ex.l

Ilpu sTom sHauemme @ Mbr oTcumTniBaem no rpaduky 476, Ha
KOTOpOM HanboAee IMPaKTHYECKH WHTEpecHas O6GAacTb p,/p or
0 z0 0.05 (p or 20 xr/cM® u Bbume) ZaHa B YBEAMYEHHOM Mac-
wrabe.

[ToacraBAsis Bbipamenne pacxoja NPH KPUTHIECKOM UCTEUEHHUH,
Mbl BBIDA3HM PEaKTHBHYIO CHAY 4YepPe3 KPUTHYECKOe CeueHHe
H JaBAeHHe R Kamepe (MHAEKC X OTHOCHTCS! K BeAHMYHHAM B KpH-
THYECKOM CEYEHHH)

—_ — _ Ok 2, U Qa
R——Guﬂ_-—Fkaukua—Fong- L

) 00——
—=F p. 00"t .
=F,p OP c o (XVIII-15)
R=constp - F,p=0.74¢ F,p. (XVIiI-16)

Yucaennbiii KOs puumueHT HaiizéH JAS [OKa3saTeAs ajua-
6arpl 1.25, ara koroporo mocrpoenm puc. 47 a, 6. Tak xe xak
B CAy4Yae HECKWMaeMoll XMAKOCTH, B MOCAEJHEE BhIpaXcHUE
HE BXOZSAT IAOTHOCTDb rasa, ero TeMmiuepaTypa X TOMYy IOAOGHBIE
BeAuunubl. Despasmeprnoe ornomenne R/F,p Bo (paHuysckoi
Amreparype HaspiBaerTcA ,coéfficient de propulsion® ,xosggu-
puent noararxupauun® (Cepe6psxon, 'peren, Onnoxos [112]).

B nprBesensom npumepe

(p=22, R=0.74-22- F,p=1.63F,p)

KO3 (QpRUHEHT 3TOT JocTAraeT 1.63; B cAy4ae HcTeyeHus HecHn-
MaeMO# HHJKOCTH OTHeCEeHHbIt X pPasHOCTH JaBaemn#t p—p;
koadpuuAeHT GbiA paBen 2.

1 B peaxTHBHOM CHapsAe MOPOX TFOPHT MPU IIOCTORHHOM ZaBAGHHH, Pas-
BHBad TeMHeparypy Goree HHSKYIO, 94eM NP FOPEHVR B SaAMKHYTOM o6beme.
[TusroMy m cuaa mopoxa f, sxozsmas B gopuyant (XVIII-12) — (XVII-14),
ZorzHa 6HiTh yMeHbmeHa B OTHomeHWHM TemAoeMKocred, T. e. B K = 1.25 pas
0 CPaBHEHBIO C CHAOR TOTO e MOPOXa, HSMEpPEeHHOR B 3aMKHYTOM ofbeme.
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Kakos xapaxrep ABMXeHHA K Kak paccUHTaTb PEAKTHBHYIO
CHAY B TOM CAydae, eCAH pacIIHpeHHe comaa  He cooTBercrsyer
orHomenmio ZaAenu#? Crpys rasa, gBumymerocss co CcBepx-
3BYKOBOH CKOPOCTDIO, BHITEKAET B OKPYXAIOIIYI0 CPEAy Ipu
ZaBAGHHH B CTPye B BbIXOZHOM CEYECHHHM D,, OTAHYAIOLIEMCH OT
aTMOC(QPEPHOrO AABAEHHS p;; B MECT€ CONPHKOCHOBEHUS, Ha KPAIo
BBIXOZHOTO CE4EHHA, BOBHHKAET BOSMYLJEHHE NMOTOKa: ero pacuih-
peHue, CONPOBOMAAIOUIEECT YBEAHYEHHEM CKOPOCTH B CAyuae
P, >> Py MAM CKATHE NOTOKAE M YMEHbIUEHUE CKOPOCTH JBHMEHUA
B cayuae p,< p,. Ha pacnpocrpanenne Bosmymwienus ot xpas

I A A

| py —_
i {l |

| .

|
| | R 1
e e e e e ___.___IL. ______ _l
Puec. 48.

CeYCHHH K OCH CTPYHM HAKAaZbIBAETCH MOCTYMAaTEAbHOE JABUKEHHE
rasa B cTpye; 6aarojaps STOMy MOBEPXHOCTb, Ha KOTOPOH HCIbI-
THIBAIOT BOSMYIUEHHe OTAEAbHbIEe AUHUM TOKa, NpHoGpeTaeT popmy
KOHyCa, ONHPAIOUIEroCsA Ha BHIXOZHOE CeueEle M BHITAHYTOTO
B HanpaBAeHuy apHxeuns crpyu (cm. muxe, puc. 49). B camoum
BbIXOZHOM CEYEHUH [OTOK HEeBO3MYIIEeH, AaBAEHHE Be3Je PaBHO
P, # CKOPOCTb HCTEYEHHs U, COCTOSHHE MOTOKA B BHIXOZHOM
CeYeHMH 3aBHCHT OT COCTOSIHHs rasa B KaMeépe H pacIiHpeHHs
conaa 0, coraacso ¢Qopmyram. Or arMocepnoro gaBAenus p;
COCTOSIHUE IMOTOKAa, B YACTHOCTH BEAMUHHBI p, X U, COBEPUIEHHO
HE 3aBHCAT; HE3aBHCHMOCTb ABCTBYET H3 TOrO, 4YTO BOSMYIIEHHE,
BbISBAaHHO@ PasAMYNEM P, U p;, He PACMPOCTPaHAETCH B BHIXOJHOE
ceyeHne.

Ilporesem croBa KOHTPOABHYIO HOBEPXHOCTD, OKPYXAIOUIYIO
aNnapaT U IPOXOAAILYIO uépe3 BHIXOAHOE ceueHue (IOBEPXHOCTD 2,
puc. 48). Beszae, xpome BhIXOZHOrO ceueHus comAa F,, aaBnenne
paBHO p;, B ceuennn F, aaBrenue paBmO p,. Pesyabrupyioyan
cuAa zaBaenus pasHa £, (p,— p,); npa pacuere peakTHRHOH CHAbI
Mbl ZOABHM JOGAaBATb STY BEAHUHHY

R=Gu,+F,(p,— py). (XVII-17)

[MoacraBans

G=F,o,u, (XVIII-18)

npeobpasyem

R=G(u, + p_——u_pl): Gu,, (XVII-19)

o]
Qa
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ITpr »TOM MBI BBOAMM BEAHYHHY U,, ONPEJEAAS €€ Tak:

L= = u, PR (XVIII-20)

4 Oq Uqg

Beegennas Beamunmna u, npeacraBasger co6oli cpejHee 3Ha-
YeHHE OCEBOH CKODOCTH CTPyH TaM, TJ€ JAaBAEHHE B CTpye
CPABHAAOCh € OKPYXAIOWHAM AaTMOCPEPHBIM AABAGHUEM: B DTOM
Mbl y6eAMMCH, COCTABAAA ypaBHEHHE KOAHYECTBA ABHKEHHS JAS
KOHTPOAbHOH mosepxuoctd [ puc. 48, B kOTOPYIO CTPYs BXOAHT
C AaBAGHHEM p, H CKOPOCTbIO U, a [TOKAZAET MPH JABAEHHH P,
€ HCKOMOH CKOPOCTBIO U;. .

M3 ypasuenus caeayer, 4ro eAnHAUHDLIE HMIyAbC IPH p, 7= p,
ONpeAeAnercs HMMEHHO CKOPOCTbI0 U;, a He BBHIXOAHOH CKo-
POCTHIO U,

Moxno nokasats B ofiem Buje, UTO IPH ZAHHOM MHCXOZHOM
COCTOAHMH Tasa B KamMepe M JAHHOM p; BeAHdHHa U; UMeer
MaKCHMyM HPH p,==p,; APYTAMH CAOBaMH, BBIFOJHEE BCETO HMEHHO
PacCMOTPEHHDbIR HaMU paHee CAydYall IOAHOTO PACUIMPEHHS B COIAE
A0 aTMOC(epHoro JaBAEHH:.

Ars zokasareabcrBa cocraBum npoussoxayio ot (XVII-20)

duy _ ﬂ 4 1 Pa—p1 d(0ats) (XVHI-QI)

d_PTa _ dp, Qg Uy, (Qa u,)2 dp,

Coraacuo sakony DBepuyaan (cp. § ), gudpdepenuupya Hi-9,
HaftgeMm

dug 1, (XVII-22)

dpg O Uiy

. day
Hpu p,=py, o= 0; Aerko mokasathb, ONPEAEAAA BHAK
a
d? 1231 . -9 d@a uy
dp,? \I’:Pl - (Qa Ua) dpy < 0

4TO Mbl HMEEM ZEAO HMEHHO C MAKCAMYMOM U,.

ITOT pesyAbTaT BIOAHE ecTecTBeHeH. PaccMmaTpuBas JaBAeHHe
Ha KOHHMYECKYI0 [IOBEPXHOCTb pacinEpsiomeRcsa d9acTH conaa
Aapaas, Mbl y6exjaemcsi B TOM, YTO IIpH P, > p; YAAAHEHHE
KoHyca (compsmenHoe ¢ yBeanduenunem F, H yMeHbleHUeN p,)
ZaeT 206aBo:HOE CAaraeMoe, yBEAUUMBAIOJEE DOAKTHBHYIO CHAY;
npu p,<p, yAAUHEHHE KOHyCa JacCT CAaraemoe, yMeHbliawliee
peakruBHyio cury. Hanomuum zameuanme § Ill: o Bcex caywasx
CTPYZ PaHO HMAM NO3ZHO MO BhHIXOJE NPHUOGPETAET ZaBAEHHE py.
OgaHnaxo B cAyuae p, 7~ p, 4acTb Hepernaza ZaBACHHS TPATUTCS Ha
paznaAbHbIE COCTABAAIOIIHE CKOPOCTH, HE CO3JAlOWMe PEaKTHBHOM
CHADI.
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lpakThueckn TmaTeAbHas peryAHpoBKa cOmNAa, OCOGEHHO
B npojgecce ¢ NEPEMEHHbLIM AABAEGHHEM B Kamepe, C IEAbIO
IOCTOSHHOrO MOAAEPHAHUA p,== p, BECbMa CAoxHa. | IpaxTuuecknii
RHTEpeC MPeACTaBAAET 3ajaYa HCCAEZOBAHAA PaGOTH PEAKTHBHOIO
annmapaTta ¢ 3aZaHHBIM IOCTOSIHHLIM CONAOM, T. €, 3ajaHHbiM 0 mpn
NepeMEeHABIX ZABAGHHAX p H pi.

Bupeaenuste panee dopmyan (XVII-13) u (XVIII-16) coxpanar
CHAY, €CAH, BMECTO CKOPOCTH HCTEYEHMs HA BLIXOAE CTPYH U,
NOACTaBUTb B(Q(EKTHBHYIO CKOPOCTb U;, 3aJaHHY0 (opMyAon
(XVIII-20). Bmecro 6Gespasmepmoit ckopocTd @ = u,fc, HAZACZKUT
MOABBOBATbCH P ==u;[c,. Beanunna @, ectp Qynxuus aByx mnepe-
menunix 0 n I, rae Il,=p,[p

o= ¢, (0, I1)). (XVIlI-23)

Qynkyus @; TecHo cessawa c¢ Qynxuueit 9. Hs npegnaymero
BUAHBl CACAYIOIIEE CEOHCTBa @)

1) npu mnocrossrom 0 Qynxuns @, Auneiino sasmcar or I1;;

2) npu 6=06(/1}), T. e. npu pacmEpeHEM CcONmAa, COOTBET-
CTBYIOIICM OTHOIIEHMIO AaTMOCQEPHOTO JaBAGHHA K JaBACHHIO
B KaMepe, TOXJZECTBEHHO, O ONPEAGACHUIO @)= @;

3) npu eﬁée(nl)’ 12} (61H1)<¢(”1)'

8 STHX CBOHCTB RBITEKaeT, 4To B maockocra pue, 47 a, 6
(cm. Bmme crp. 131, 132) Ammms sasmucumoctn @, or II, mpm
3aZaHHOM MOCTOAHHOM 0 npeicraBAger cofoif mpsaMylo, Kacaiw-
myiocs Kpusoif ¢ mnpm Tom 3Hauzemuu II, xoropoe oreeuaer
AaHHOMY 0.

Ha puc. 47 a, 6 wuamecen psaa amunii @, (0 =const, /7))
mpu 0=1, 2,4 u 10, Jaas 7roro urobm malith, Hanpumep,
@; (2; 0.05), Mbt orBicKuBaeM sHauenme 0=—=2 Ha HExHell mKaxe §,
mox ochbto abegucc: mkara § mocTpoena B COOTBETCTERH ¢ Teopuelt
conaa JAaBaAf, Tak wro Kamzoe 0 pacNOAOMEHO NMOJ COOTBET-
creywogam [T I1, (0=2)=0.115. Ha xpuso#i ¢ maxozuMm cooT-
BETCTBYIOILYIO Touky /V H npoBoanM Kacareabryio MRNQ (noannch
noa KacaTeabmoif §=2).

Ora kacaTeabHam npescraBAser sasucuMocTb @, (2, I7,). [lpn
I, ==0.05 naxozum Touky R, @, (2; 0.05) = 1.84. 3uauenne a0
AIOGONHTHO CPaBHUTb C BHAYEHHEM (P NPU ONTEMAABHOM MOAGGpe
paclmupeHRsA conaa gAs Aanmoro 7, : 6, (0.05) = 3.5; ¢(0.05)=1.91.
Ouarumareroe comno zaer pomurpoim  3.7%,. Hanporus, B3as comao
6e3 audpdysopa, 0O==1, M moayumar 6m npm I7,=0.05,
@, (1;0.05)=1.63 (rouxa S), Beamumny na 15%, menbme onra-
maabHol, Kak BHAHO u3 npezbiaymiero, HMOyAbC peakTHBHOH CHAbI
nponopyuoHaren seanannan ¢; (X VI-13), (XVIII-16)].

Arn yAao6eTBa  NOAB3OBAHHA Ha TrpadHKax JaHbl TaKme

P

IIKAABE 77—2;,;- Ora BeAmunHa npejcTaBAseT coboff JaBAenue
1

B KaMepe B TOM CAydae, €CAM p, =1 ara.
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Paccmorpum nozpobuee meTeuenue m3 comaa npH Po 7= Py

Ecau p,>p,, konmueckas Boana paspexenusi (puc. 49,
AuBHE @, b) y kpasd conmra nozo6Ha BOAHE paspemeHHS y Kpasm
noMenieHHo# B CBePX3BYKOBOH IIOTOK TOHKOR NAACTHHKH {cp.
pac. 44 6, BepxHAT AeBas MAH HHKHAS npasast 4acrtb). [lomepx-
HOCTb g, Ha KOTOPOA HauMHaeTCs NazCeHHE JaBAEHUA, PacHpoOCTpa-
HAETCA CO CKOPOCTBIO 3BYKa C, IO rasy JBHARYLIEMyCA CO CKO-
poctoio u,. [losromy o6pasyiomas kouyca a cocrtasAser c ma-

. C,
NPaBAGHHEM INOTOKAa yroa Maxa, sino= P Cropocrp  3ByKa
&

H HalIpaBAGHHAE ABINKEHHA NOCAE HAYana DABPEMEHHS TAKOBBI, YTO
MOCAeAyiOllHe XapaKTEPHCTHKH 06pasyioT 6GoAee BHITAHYTbIH
BHemnuit komyc (b, puc. 49). [lagenue zaBresus u usmenenme
CKOPOCTH NPOACXOAAT B CAO€ MemAy NOBEPXHOCTAMH @ M b.

Ecam p, < p,, ras, suxogmuuii
M3 CONAA, MOABEPraeTCA CHKATHIO
yaaproii BoAHON, Tamxe pacmo-
Asraiomefics B Buge Komyca. [lo-
CKOADKY CKOPOCTb YJAapHOH BOAHB
GoAbIleé CKOPOCTH 3Byka H 3a-
BHCHT OT aMIAMTYZbI, ,yroa Maxa®
BOAHB TeM GOAbIle H KOHYC TeM
HAZE, yeM Bbille JaBAeHme p;. Ha-
KOHE[l, IPH HEKOTOPOM pP; CKOPOCTD
BOAHBI CPaBHHBAETCS CO CKOPOCTHIO
mcrevenns D==u,; B BHIXOZHOM CeueHAH COMAa 06pasyercs IAO-
cxas yaapHas BoaHa. Ilpm eme 6oree BbICOKOM JaBAewmn Ha Bbi-
X0Ae p, yAapHas EBOAHa IpsueTCA BHYTpPb JAud@ysopa (pacmu-:
pmomge#ics wacTh) comaa Aasars. B yaapuoii BoAme crepxamy-
KOBOHf ITOTOK INPeBpailaeTcs B JOSBYKOBOH; AaBAeHME B JO3BY-
KOBOM I[OTOKE B PaCUIHPAIOIYEMCA CONAE PACTET NO XOAY ABH-
MEHHJI Ta3a, TAK KaK YMEHbIIAETCS CKOPOCTb ABMMEHMs u JHHA-
muueckni Hamop mnpeoGpasyeTcs B ZaBAeHME, NO TEPMHHOAOIHH
ruzpasaukos. Haunnas ¢ toro sHavemms p;, mpm xoropom yaap-
Hasd BOAHA BaXOAUT BHYTPb CONAa U MEHAET paclpeieAcHHe Aan-
AEHHA Ha MOBEPXHOCTH COIAA, GOA€e HE NPABHADHBI BHIBEAEHHbBIE
BbII® BLIDAKCHUA M HOMOT'PAMMBL AAS ONPEACACHHA pEaKTHBHOR
cuAbL!

Ha puc. 50 npeacraBaenn skcrepameRTaAbHbIE KpHBbIE pacpe~
ACACHHA AABACHHS Ha OCH comnaa AaBaAs, IPOAYBa@MOTO BOAAHHIM
NapoM NPH Pa3sAHYHHX SHAYEHHAX NPOTHEOJABACHHA HAa BHIXOAE
H8 ComAa.

OrH kpuBble 3amMCTEOBaHM y TYpGocTporTers Crogoan, KoTo-
POMy NPHHAZAEKHT TaKkMe TPAKTOBKA PE3KOrO NOBBLIIGHHS ZaBAE-
HAA Kak yZapHo# Boanb Pumana — [oronwo — Penkuna.

Puec. 49.

1 Ilo sameuanmio Aamaay, peskoe MoswieHHe AaBACHEA B yAapHoH BOAHe
BHISHBAROT OZHOBPEMEHHO CPHIB IPAHMYHOTO CAOS.
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Coueraa sakouot agmabaruueckoro noroka (§ IN) ¢ npegera-
BAenuem 06 yaapHOM BOAHE BHYTPH HAH Ha BBIXOJAE H3 COIAQ,
MBl [TOAyYAAM BO3MOXHOCTb CKOHCTPYHPOBaTb PEHHM HCTeyeHus
npu A060M JaBAGHHMH Ha BBIXOJE M3 CONAa MEXRAY P, H Py
(puc. 11, § 1II erp. 39).

A__K_L}
125 { et = <
= 77—
71 7 l
m:ﬂgz =Hea2
§ 14.’" 1’/’ |
g 7 “ﬂ il N
PRV
§ 7 £] LT
= aBn;
x § =
NIl e
§ ;L
S 4 |t
S oy £ 4
§ 32 | [ /"//
;?: / yﬂ-ﬂ”'
Do N s
; il /AN %
~ | LA T
{
Y50 20 97 G0 80 700 777 79 760

—FAcCmonnis 1o ocu. connd 8 um

Pue. 50.

§ XIX. Orpaxenne yaapHoi BOAHBI

[peacraBum cebe TBEpAOE TEAO, MOMEIIEHHOE B IIPOCTPAHCTBO,
B KOTODOM pacHpOCTpaHseTes yaapsad BOAHa. B TOT momewr,
KOrZa (POHT BOAHBI JOXOAMT JAO TeAa, JABHXKEHHE MeHAeTCs
N0 CPaBHEHHIO C TEM, KOTopoe GHAO Gbl HPH paclpOCTPaHCHHH
BOAHBI B ¢BOGoZHOM mpocTpaHcTBe. BoisicHuM oco6eHHOCTH BTOrO
ABHAGHHS, ONPEGASIOMUE TE CHAbI, KOTOpble AEHCTBYIOT HA TEAO.

Beases [2] B Humeruryre xummyeckod (QU3HKH 9KCII@PUMEH-
TaABHO HCCAE€AOBaA YCAOBHA, BOBHHKAalOllWe INPH OTpaxeHHH
H CTOAKHOBeHHH YZapupix BoAH. OH cyaHA o pocTe ZaBAeHHA
NpY OTPameHHX BOAHDI, CPaBHHBas NPoru® ABYX CBHHUOBLIX MeM=
fpaH, OjHa M3 KOTOPHX 6biAa MOCTaBAGHA TAHTEHUHAALHO,
a Apyras-— HOPMAAbHO K HANPABAGHUIO PACHPOCTPAHEHHS BOAHDI,
BH3BaHHOM B BO3JYXE B3pHIBOM TeTpHAOBOro marpoxa. Ha pue. Sla
mMeM6paRa MaAO HapyaeT YCAOBHA PACIPOCTPAHEHHA YAapHOi
BOAHBI, ¥ NMPOTHO ee uBMepseT BEAHUMHY AaBrenus p. Hamporus,
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O4YEBHUAHO, UTO yCUAHE, AeliCTByIOIee HA MeMOpaHY, TIOCTaBAGHHYIO
HopMarbHO (pue. 516), saBMCHT Takxe OT CKOPOCTH ABHKEHHMA
ragsos B ygapuolt Boame. Bexxep [38], caeays Progenbepry [83],
ObITAACA y4ecTb BTO OGCTOATEABCTBO, BBOAA CYMMy F'=p -+ Qu’
KaK XapaKTEPHCTHKY HMIIYAbCa BOAHBHL

Jaerenne nmpu HopmarbHOM yzape o mpemarcteme Piojen6epr
npunuMaeT 3a 2F; ozmaxo smejenue cymmm 2F crporo me obo-
croBano. Baracor [3] cnpaBesauso ormeuaer, uto Beauumma sTa
Ha 50°, oTAmuaeTcs OT MCTHHHOrO 3HaYeHHS JaBASHMS.

Hanpalnenue
~ (_f/_'zz.fi_/ﬁ %3 _ Membpana Sapsd
Membpara apsi - PD
/7 ti”_ ﬁ.._..._J [ =
Puc. 5la. Puec. 516.

Paccmorpum ycroems B Moment, korda B onbiTe puc. 516
yaapHag BOAHA Jocruraer MemOpansi. Memss cmcremy orcuera,
MOXHO CKasaTh, YTO B STOT MOMEHT MeMGpaHa HaYMHAeT ABH-
FaTbCsi_CO CKOPOCTBIO U OTHOCHTEABHO CHATOrO B YZapHOH BOAHe
rasa. 9To JsumeHue MeMOPaHDI BLISHIBAET I[IOABAGHHE BTOPOH
yAapHOH BOAHDI, pacnpocTpaHsIowWweiics HaBCTpedy EePBOH MO rasy,
CHEATOMY NepBOH BOAHOM.

Ae#icTBHe yAapHO# BOAHB B nepsbif MOMEHT Ha MOBEPXHOCTD
UPEIVITCTBHSA, NEPHEeHAUKYAAPHYIO HANPABAEGHHIO PACIPOCTPAHEHUS
BOAHBI, ONPEAEAAETCA HMEHHO JABACHHEM p, BO BCTpeuHoft yaapHoit
BOAHE, OCTaHaBAHBalOlle#l JBHMEHHe rasa y IPEensaTCTBHA.

Hswmaiiros (uurapyem mo crartbe Beasesa [2]! orkyza saum-
crBoBaHbl Takxe puc. 51—53) zaa 06wy popmysy ans aasre-
HHA p; NPH NPOM3BOABHON aMnmAMTyAe AaBAeHHs p B najamoled
(nepBoi) yaapHoO#t BoAHe U HAYAAbHOM ATMOCDEPHOM ZABACHHH pgi

=P Gy T (XIX-1)
u A k=1.4
Py =p iP;f;; . (XIX-2)
Ilpu manoit aMnAmTYAe Mbl MOAYHUHM aKyCTHYeCKHH pesyabrar
p1—Py==2(p —po). (XIX-3)

[Ipu ouenn Goavmo# amnamryse, p> p,, AocTuraercs mpe-
AeAbHOe 3HaUeHHe

3k—1
pr="—7p; npu k=14, p,=8p. (XIX-4)

1 Ancceprauus DBeastera 6maa samumena B 1935 r, Hesasucumo anaroe
THAABIE pacdeTh! Npojerannt Baacosem [3).
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BeasieB ykasnBaeT Ha TO, YTO YCAOBHA IPH CTOAKHOBEHMH
ABYX OJHMHAKOBbHIX YAapHBIX BOAH {cm. puc. 52) He oTAmualorca
OT PACCMOTPEHHBIX TOABKO UTO YCAOBHUH MPH OTPAXEHMH BOAHBI

OT CTERKH. '

% > —€ % Onnitor Beasesa B mpegerax
y ? 4 TOYHOCTH  SKCIHEPHMEHTa IOJA-
TSP S S L S—— TBepauAn Bulpaxenne (XIX-2) kak

AAS OTPAMEHHS, TAK B AAS CTOAK=~
Pre. 52, Usmepenus xamremus npm HOBEHMH; PESYADTATLL O TOB
croakHOBeREE 4Byx ysapmwx moam, COmocraBaembt ¢ (XIX-2) ma
puc. 53.

B ycaosusx orpamenns yaapuo#t BOAHH oT MeMGpaHBl B nepBhit
MOMEHT NOSBAJSETCH OTpameHHadA BOAHa, ABHAXYILASACA HABCTpPEUY
nazarowe# BoaHe m yzarmomascs oT Mem6pannt. [Ipu orcyrer BHM
GOKOBLIX CTEHOK 8TO yAAACHHE BOA- 2

Hbl ZJOAXHO 6yjAeT BeCTH K ee OcAab- };
AEHHIO, # 3a BpeMAa nopaira dle, rae 4

d — auamerp MeMOpaHBl, MM JOARHBI N B l
MOAYYHTL HEPEX0J K KAPTHHE CTafHo- 3 ; }{
HAapHOrO OOTEKAaHHA MPENnATCTBHA MO~ .- 47 5
TOKOM CO Ckopocrbio u, Pacuer yxa- T % / e
3bIBaeT HAa BECbMa CYIIECTBEHHOE /’ ‘
0GCTOATEABCTBO: CKOPOCTD JABHAEHHA 3z s
rasa, cxaroro wmomuoli  yaapuoi . Z o
BOAHOH#, IPEBbIAET CKOPOCTb 3BYKa 28

B cmarom rase. Takum o6pasom, npu 2l

CTaHOHAPHOM OOGTEKaHHH TeAa MOTO- /

KOM BO3AyXa, CO3JaHHbHIM MOIIHOH P

yaapro# BOAHO, MbI noAyuuM mepe- % /

X0A X XapTHHE, NOZpO6HO OIHCaHHOMH !4‘0

pauee 8§ XVI], co crapnonapuoi yaap- % :

Hoi BoAHOR nmepes mnpensrTcreREM g hp=Tama _|
(puc. 54). Oamaxo amnamryaa cra- fo | °-Umparcesue
YHOHaPHOHR BOAHbI MeHbLIE MePBOHA- H— x-lmmmmgmé
HaABHOrO 3HAYEHHs AMIARTYALl OTpa- L
XeHHOH BOAHBI, Tak KaK B CTalHOHap- A A A

Holt Boame D;==u, Torga kax B or-

paxenno#t BoAme u; = u. Craumonap- f:‘:n: 3 n?: B“f,:’;:;:n: e
HOE€ ZaBACHHE Ha MOBEPXHOCTD Memﬁpa- HOMapHOM CTOAKHOBCHRH yAap-

Hbl B MPEJEABHOM CAy4Ya€ BECbMAa HHEIX BOAH OT AMIAUTYAH
MOIJHO# BOABBI B ABYXaTOMHOM rase ydaPWK !&C‘)J\%bb (Mamepenns
COCTABHT - Beastera).

p,=5.24 p, (XIX-5)

BMECTO HAYaAbHOI'O 3HaueHus, papsoro p, =38p gopmyan (XIX-4).
Ecan napalomas yaapsas BoaHa cAaba, TO monpexHeMy
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B MOMEHT majenus o6pasyerca oOrTpameHHas BOAHA; HPH MaroH
amnantyze (XIX-3) aaer

P1=py~+2(p — py) =p ~+ euc, (XI1X-6)

HO BCAGX 33 DTHM OTPamMeHHAadA BOAHAR, GbICTPO ocrabeBas, yXOZHT

¥ s

T

N /4

Pue. 55. Cpepuue-

Puc, 54. MporT sny-
CKHtL QPOHT SBYKO-

koBoit Boarn ABC,
BOSHMKaIOIIEH B cxa- BOH BOAHM, BOSHN-
TOM rase mpm npo- Kalell B cxaTOM
XORJCHHM  BechMa rase mpu  mpo-
Mol HOR yaapEOH XORJZCRME  CcAaboH
soart MN  ammo yZapuoi Boaun MN
M2A0TO NP EMATCTBHA. MHMO NOPCHATCTBHA

B yaaproit soxne MN
AOCTHTHYTAa  CBOPX-
3ByKOBag CKOPOCTD

A. Amnanryaa soa-
un MN =megocra-
TOUHA AASL ZOCTH-

ReHHUT CBEPX3BYKO-
Boli ckopocra, (ep.
pue. 12, erp. 41).

JBHAEHHA CHATOrO
BeIZecTBa; OTPE3OK

ectb  paspes
rxonyca Maxa (cp.
puc, 126 crp. 41).

B GECKOHEUHOCTDb; CTALIHOHAPHOE JABAEHHE BBHIYHCASIETCA MO (POpP-
Myre Bepryaan \
pr=p+ (XIX7)

Pacuer noxasmaer, wro mpuy k=14 arn gocrumenus 3By-
KOBoil ckopocTH B yaapHOit BOAHEe Heo6x0oguMO, uTobnt p =4.5 p,.

[pa plpy<<4.5, u<c obpasyercs maporas BoAHa (puc. 55),
OTPbIBAIOLIasACA OT NPENATCTBHA; AMIAHTYAY YAAPHO# BOAHDI MOXKHO
ONPEeAEAUTb O MOMEHTaAbHON (ororpapuu (puc. 55); mbr ne ocra-
HaBAMBaeMCs Ha HOAPOGHOCTAX pacueTa.

B unrepsanre zaBremuit B Boame or 5 p, 40 10—15 p, uswme-
peHue yraa HakAOHa BOoAH Maxa Ha mMoMeHTaAbHOH TeHeBoit
dororpaduu (cM. puc. 54) MOXeT CAyXHTb AAS TOUHOTO OINpejge-
AEHHsI MTHOBCHHLIX NapaMeTpoB Hajaiomell yzapHoii BOAHbL

BamernaM, HakOHeu, uTO CBEPX3BYKOBas CKOPOCTb CiKATOTO
Tasa HHCKOAbKO He NPOTHBOPEYMT obie#t Teopuu, Tpebyromei,
aro6t D < ¢ + u. B Momgubix yAapubix BoAHax, HaunHAS C p[p, =4.5
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# Bblillle, BO3MYyILEHH® He NepejaeTcs HaBeTPedy ABHAEHHIO rasa,
HO Al060€ BO3MYIIeHHE ¢3agu NepejaeTcs (POHTY BOAHBL
Arorem [48] ocobo ormeuaer, uTo B yzapHoit BoAHE, B KOTopO#

2
IIAOTHOCTb yBEAWUHBaeTcAa Gonee uUeM B F—7 pasa (uto orseuaer
4 — k%2 +1
POCTY AaBAGHHS p > “F—1F PoT-eP > 15.25 p, npu k=1.4),
CKOPOCTb PACHPOCTPAHEHHA YAAPHOH BOAHDBI OTHOCHTEABHO HEBO3-
MyLleHHOro rasa O6oAbme, yeM CKOPOCTb 3BYKa B CAaTOM rase,
D > c. Oanako, HacKOAbDKO HaM H3BECTHO, [PH NEPEX0je uepes
D =c Be BO3HMKAaET HHKAaKHX OCOGEHHOCTEH B MOBEZEHHH BOAHBI.

§ XX. [eiicreue B3priBuaThIX BemwecTs. Brexzenmne

Baxnefiurei 06AacTbio IPHMEHEHRA TEOPHH YAAPHBIX BOAH
SABAAETCA B3PLIB H JelCTBHE B3pbIBYATbIX BELIECTB.

Bsprie npescraBaser co6ofi GbICTPYI0 XHMHUECKYIO peaKUHIo,
npH KOTOPOH B3PHIBYATOE BENIECTBO MNOAHOCTBIO HAM YacTHYHO
npeppamaeTcs B ras 6oaee HAH MeHee BhICOKOH TeMime-
pPaTypHI.

B saBucuMocTH OT cocraBa u COCTOAHMA BEWIECTBA, OT YCAOBHI,
B KOTOPHIX B3PHB HMEET MECTO, H OT YCAOBHi, BH3bIBAIOLIHX B3PHIB,
XHMHYECKas peakuusd OpoTEeKaeT NO-PaBHOMY, C Pa3AHYHOMN
CKOPOCTHIO.

Toabko upessbryalinO GpICTpas XMMHYECKAas PEARIHS NMPHBOAUT
K MOABACHHIO GOABHIMX pa3HOCTell JaBAeHHS M PacHpOCTPaHESHHIO
YAApHBIX BOAH, COCTABASIIIAX OTAHYHTEADHYIO OCOGEHHOCTb
B3poiBa. ! [losroMy mac mATepecyer Bompoc O CKOPOCTH XHMuue-
cKoit geakuun.

Besakoe npakTHueckHm IpHMEHJAEMOE B3PhIBYATOE BENIECTBO
ABASIETCs TIPH KOMHATHOfl TeMIepaType XMMZYECKH HMHEPTHBIM; X~
MHUYEeCKasd PEaKkUHsd, B3PbIB, HACTyNaeT AHIIb INOCAe 3aXUraHust
(vHEIEHEPOBaHUA) B3PHIBIATOTO BEILECTEA.

Kax npasuro, 3axuranue SBASETCS OTHOCHTEADHO 3apfSja B3PbB~
4aToro BelecTBa AOKaAbubiM (Mectabim). Mecaeayempie caoxubie
OPOLECChl NPHBOAAT K TOMY, WTO XMMHUECKas peaKuus B OJHOM
croe BO36yxAaeT XHMHYECKYIO pPEaKUHI0 B COCEJHEM CAOe
u T. 4. PesyAbTaToM sBASETCA pAaCUpOCTpaHEHHE XUMHYECKOH
peakuuu c onpelAerenHolt Aunefinofl ckopocTbio (pasMepHOCTH CKO-

1 Mnr ste paccmarpuBaeM 846Ch TOTO CAydas, KOrga pearapyiollee BEIECTBO
SAKAIOUEHO B TEPMETHUYKYI0 HPOWHYIO ODOAOUKY; B Takofi oboAouke Jaxe
MEZACHHAA XHMHYECKasd peaxius, CONPOBOKARAIOMAACH BHIZCACHHOM rasa, Paso-
BbeT BLICOKOE JaBAEeHH®, OrpAHHYCHEOS HPOYHOCTHIO cocyza. Paspms cocvaa
BBICOKOrO J8BACHHS! BHEIIHEC BO MHOrHX OTHOMEHWAX HANOMHHAET B3PHIB, HO
AeTaAu 3TOro Opoljecca, saBUcAIINEe OT CBOHCTBa MaTePHaAa, U3 KOTOPOTO H3ro-
TOBAGH COCYJ, M ero KOHCTPYKIMH, He MHTePECyIOT Hac.
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POCTH — AAHHA BpEM1 ) 110 MPOCTPAHCTBY, SaHATOMY B3PbIBUATHIM
pelgecTsoM.!

Bosnukaror aBa BOmpoca : 06 yCAOBUAX M CKOPOCTH PACIIPOCTPa-
HEHHs PEaKUUH U O PAaCHPeAEeACHHM JABAEHHS H APYFHX BEAMUMH
B NPOCTPAHCTBE K MOMEHTY OKOHYAHHsA peakuuu. |eopeTHuecKoe
PaccMOTpeHHE BTHX BONPOCOB BHXOAUT 3a paMKu Hacrosulel
xuurd. Onbit noxasbiBaeT, YTO B CHABHMX B3PHIBUATHIX BElIECTBAX
(corpamenno BB) cospemennoil rexmuxm cxopocts pacnpocrpa-
HEHHsl PeakUuH AOCTHIAeT HECKOABKHX THICAY METPOB B CEKYHAY
H HPEBOCXOAUT CKOPOCTb 3BYyKa B STHX BellecTBax. Daarozaps
BTOMY Npy LEHTPAABHOM BaMMIAHHWM BHEIUHHe uyacTH 3apsga BB
HE yCHeBaiOT CABUHYTbCS C 3aHHUMAEMbiX MMH MECT JO OKOHYaHUA
r3poiBa. CpejHsis NAOTHOCTb raso06pasHBIX MPOAYKTOB B3pPHIBA
(coxpamenno [1B) pasna mauarvsoit nrornoctn BB. Cpeguas remne-
parypa [1B, B sasucumoctn or tuna BB, xorebaercs B npegerax
1500—4000° K.

Cpesuum snauenusam : naornoctn 1.3, remneparype 3000° K u
Morekyasipaomy Becy [IB 25 orBeuaro 6b1 no sakomy Kaaneii-
pOHa, AaBAeHHE

13- 3000 - 22400

— T RWE =—13000 aTm.

B zeficTeureAbnocTH, 10 NpAYAHE OTCTYNAGHRAIH rasa OT UAEaAb-
HOCTH, CpejHEee JaBACHHE B HECKOABKO pas Bbllle; K TOMYy xe
pacnpocTpaHeHHe peaKUuM DPHBOZUT K HEPABHOMEPHOMY pacipe-~
ACACHHIO JaBAEHHA B oSbeme, samaroMm [IB; wacts IIB maxogmrca
B ABMACHHH; HepaBHOMepHOCTb M gnumxenxe [IB momartmst, ecam
yuecTb, UTO pasAWuHble wHacTHupl BB pearmpyoor B pasamumbie
MOMEHTH BPEMEHH, TaK 4TO MCTOPHA WX pasamyHa. PaccuuranHoe
¢ yu4eTOM >TuX OOCTOSTEABCTE MaKcHMaAbHOe zaBAenme [IB zo-
cruraer 100-400 thic. aTm.

K momenty oromuanus peaxyuz [1B, cocrosmue xoropbix omu-
caHO BBIE, OKPYXEHbl HeBO3MYIeHHOH aTMoc(epolt, Pacmmpenne
TIB conpoBomgaercs oGpasoBanueM MOILHOH yzapHOH BOAHbI

B nponecce pacmupenns IIB oxaaxgaiorcs o Temmeparypsi,
6AM3KOH K KOMHaTHOH, M 3aHMMaloT o0b6beM, B cpeguem B 1000 pas
npesocxoaamuii o6vbem BB.

[Npeamersl, pacnoaoxennnie Ha paccrosmuu go 10 paguycos
sapsaza, NOABEPTAIOTCA He TOABKO AefiCTBHIO yaapmolf BOAHH, pac-

1 CxopocTy 9Ty HaZ0 OTAMUATD OT CKOPOCTH XHMHAYECKON Deakpum ompeze-
ACHHOH YACTHIIBI BElECTBA, XapaKTepU3yeMoil BpPeMEHOM IIPOTeXanHus PeAK[HH.
Touno Tax xe B cAyyae pacHpoCTPAHEHHA POAKUMHE HAZO PA3AMUATh BPEMs Peak~
IHE BCero sapsja (B mpocTelimeM cAyuae MOCTOAHHON CKOPOCTH, IIPOIXOPHHOHAAD--
HOe pasMepy 3apsja) M BpeMsA pPeaxIHH OTACABHBIX YACTHI BEILeCTBa; BPeMsA
peakIuM OTAGABHBIX YACTHL COCTABAACT, OYEBHAHO, AHIIHb IACTH mepBoro, Tax
KaKk B xpouecce B3pHIBA PASAWYHAEIE JacTAL B pearupym’r He OXZHOBPEeMEHHO,

¥ B YOOMAHYTOM MPOCTeALIeM cAydYae OT pPasMepoOB 3apsja He BaBMCHT. .
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IpocTpansioyeiica B BO3Ayxe, HO ¥ gelcTBHIO GOAee HAM MeHee
pacmmpupmaxcs [1B.!

B6ausu sapaza, nmoxka pacmmpenne HesHauATEAbHO H COOTBET-
CTBEHHO TEMNEPATypa U nAoTHocTb [1B Beamkwm, xapakTepno smaun-
TEAbHOE TEAOBOE BO3AEHCTBAC Ha IIOBEPXHOCTDb MPEMATCTBHSA.

3avacryio 1B coaepmar okuch yraepoza m BoZopog—B CAy-
yae BB ¢ oTpauaTeAbHbIM KHCAOPOZHBIM GaraHCOM: BOSBMORHO K
BEPOATHO COeAMHEHHe OKHCA yraepoga # Bojopoaa I1B ¢ kmcao-
pozom Boszyxa. B cAyuae Tporuaa Tenaora cropamns [1B (oxumcu
yraepoga n sojopoza IIB) B kmeropose Bozayxa aocruraer 220%,
‘TenmAOTH B3pnia (remroTet npespamennss BB B T1B).2

B nacrosgee BpeMs He BblicHeH BamHBIi BONPOC O TOM, KaK H
xorga npoucxogur peaxmus CO u H,, cosepxamuxca B I[IB, ¢
KACAOPOJZOM BO3JZyXa M B KakOl Mepe BSHEpPrES BdTOR peakmuu
HCNIOAB3YETCS KaKk MeXaHWuecKas SHeprus B3pbiBa.’

1B, pacmupsscn, AeHcTBYIOT kak NMOpmIEHb H TOAKAIOT NMepej
coboit Bosgyx. Orpomnoii cremenn pacumpenns [1B orsesaer xo-
pomnit, 6Au3knii k 1 K. 0. 4. HCOOAB3OBAHAS XHMHYECKOH DHEPrHH,
B3pbiBA B NEPBOH CTagWH mpomecca.

Pacnpocrpanenne ysapnoft BoAnn B cHAY Heo6paTuMoro Xapak-
Tepa CHaTHA B BOAHE CONPOBOXAAETCH pacCesHHEM MEXaHmIecKOH
SHEepPrHH M IpeBpalleHHeM ee B Temaomylo llo sroil mpuuune, a
Takxe ¥ NOTOMY, YTO NO Mepe PacHpOCTPAHEHHS BOARHLI YBEAHUH-
BAIOTCA €€ MOBEPXHOCTb M KOAHUECTBO BOBACUEHHOTO B JBHECHHE
BelllecTBa aMIIAHTYZa BOAHBI HajaeT C PaCCTOSHHEM.

Haxkoney, Boana aoxogur Zo npensrcrsmsa; ¢ 0zHOH CTOPOHDI,
TIPOHCXOAAT OTPamEeHHEe BOAHBI M Ormbanue BOAHOH MPENATCTBAT—

1 B cAyuae HeCHMMETPMUHOrO QPACHPOCTpAHEHMS JXCTOHALWH, PACCTOSHUE
npoxozumoe IIB, u mommocers zefictBrn B3pbiBa B OAHNX HaIpaBACHHAX (TAGB-
HEM 06pasoM B HalpaBAEGHHH PACIPOCTPAHERHs ASTOHALWOHHOR BOAHbI) GoAsme,
8’ Apyrux—Menbie, 34ech Mbt He KACAEMCA UPE3BHNAIHO HHTEPECHOTO M BAXHOIO
BOIPOCA O KYMYAATHBHBHIX SapAXaX, OTAHYAKIIHXYCS CRAbHeimefd KoHgenTpanmei
SHEPrHH B 3aJAHHOM MaupaBAeHMH. Bonpocy sToMy mocssimena cmegmaAbmam
Armreparypa [110].

2 Tenoaora ropeHHA TPOTHAA B KaiopuMmerpHueckoif Gombe B M36HITKE KHC-
-Aopoza cocrasaser 3592 xxaa/kr (¢ ofpasomanmeM ZHAKOR BOAM); B pacueTe
Ha ropeHne ¢ 06pasosangeM napoobpasHoii BOAL moAyuuM oxoro 3480 xman/xr.
Tennrora B3phiBa TPOTHAR HPU BBHICOKOH HDAOTHOCTR SapsxamHs, corAacmo I11Imma-
1y, pasaa 1085 xxaa/kr., Tenmrory ropemus [IB maiigem, Bpigmras us TenAoTh
TopenHs TpoTHAa TemAoTy Bspumsa (34801085 = 2395).

3 B apTuArepEE XOPOIIO MSBECTHO ABAGHWE AYABHOTO NAAMeHH: MOCAE BHI-
AeTa CHApAAa W3 AyAa BHITEKAIOT OPOAYKTM TOpPEHHs [I0pOXA, KOTOPHIe mEepeMe-
IMABAIOTCA C OKPYHAIOMWM BO3AYXOM; IIpH ZOCTATOUHOM COZEPMAHMH TIOPIOTEro
@ ZoCTATOWHOHR TeMmepaType obpasopapimmasics cMmech cropaer (BSpmBaeTcs)
apxof menmmkoi,

B casu ¢ 3aBykoMeTpRUSCKAM ONpeeACHHEM PACTIOAOKEHMS APTHANCPHIACKHX
opyawni, Dcraanron [114], a 3a num gpyrne aBTopn meeAegoBarm 3BY® BHIETpeAd
M OGHAPYXEMAR CYNIeCTBOBauMe JBYX PaszOAbHBIX SBYKOBWX BOAH: SEyKa, IpOMC-
YOZAIZero OT PACIIMPOHHMs NPOAYKTOB FOPEHUA MOPOXA, M SBYKA AYADHOIO DAa-
MEHm; HocAeiHiil H2 GOABIIOM PACTOAHHE OT OPYAMN HHTEHCHBHE® M[epBOro
;oTaudaerca Goabmed AAMHON BOAHBI
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ABACHHA, NPOUCXOAAMHEe B BO3AYWHOH cpeje U ONpeaerdiomue
ZeiicTByIOUIee Ha NPENATCTBHE YCHAHE.

C apyroft CTOPOHBI, YCHAHA 3TH BBISBIBAIOT MNEpEeMElIEHAE U
Ae(OpMalHIio NPENATCTBHA, T. €. Teé NPOLecChl, KOTOPble ONpeje-
ASIOT B NMOCAEZHEM CHeTe ONMPOKHANBAHME HAW paspylIeHUE npe-
HATCTBHA.

3iecb Mbl BCTpeqaeMCs C JABYMsd THOUYECKHMH CAYYaAMH: B
OAHOM CAyuae JZeHCTBHE ONMPEAEATETCS MaKCAMAAbHBIM, IHKOBHIM
AaBAEHHEM; €CAH MAaKCHMAABHOrO JaBAEHHS HEZOCTAaTOYHO M pas-
PYMIeHUs HE NPOH3OMIAO, TO NocAeayoiee aeitcrBrue 6oree caabo-
ro AaBAGHHS YA€ HUYErO He MEHsET.

CAyuai 8TOT HMEET MECTO TOraa, A~
KOr'4a MaKCHMAaAbHble YCHAMA U Je- Ly NG
(opMalUMKH AOCTHralOTCS B Paspy- / >
maeMoft cucteme ouenb GMCTPO, 3a / /
BPSMs, MeHblIlee, 9eM BpeMs chaja- / 7
Huf JaBAemus. llpEMepoM MoxeT emsmi—| /
CAYAHTb paspylIeHHe CHOAOmHOMN / /
CTaAu MOAOMEHHBIM HAa IOBEPX- { /
HOCTb CTaAbHOH MAHTH 3apaiOM. S~ /

Harnume uau orcyrcrsue paspy- S
{IEHUS 3aBUCHT OT MAKCHMAABHOIO
JaBAenns, T. €. or poga BB wm Puc, 56.
oT paccrosHua (sasopa) Memzy 3a-

PA3OM ¥ MOBEPXHOCTHIO.!

APYroM CAyuae, ¢ KOTOPHIM Mbl CTaAKMBaeMmca 6oAree uacTo,
BpeMsi ZeiicTBAA yAapHOH BOAHMBI OKaSbIBAETCA MaABIM IO CpaBHe-
HAI0 CO BPeMeHeM paspylleHds. DBosbMeM B KauecTse IpHMepa
ONPOKHAbIBaHWE KHPOHYHOH crenbl BbicoTOd 1.5 M u mupunoit
0.25 m (pme. 56). s onpoxuabiBaHMs HYXAHO COOOIIATD LEHTPY
TAKECTH cTeHKH cKopocTb okoro 0.5 mfcex. Ilpu Taxo#t cropocTr
nepeMelieHne LEeHTPa TAKECTH A0 HausnicmeR Toukm (coors:T-
CTBYIOIIEE NOAOKEHHE CTEHH [I0Ka3aHO NYHKTHPOM) 3aiMeT oKoAo
0.25 cex.

OueBuano, uTo BpeMs JelicTBHA yAapHoH BOAHBI BO MHOro pas
menbuie, uem 0.25 cex, 3a 0.25 cex Boama npoGeraer okoro 100 m.
CaezoBaTeAbHO, 3a Bpemst AelCTBHA yZapHOR BOAHB NMepeMeleHHe
CTEHKH HEeSHAYUTEAbHO, CTEHKAa TOAbKO HaGHpPAET CKOPOCTb, & C
aTOH CKOPOCTBIO JABHAEHME NMPOJOAXAETCHS NO MHEPUUHM IO OKOH-
uyaHHH ZeficTBus BOAHHW, Ha6pammasm ckopocTb ABHAEHHS 3aBHCHT
He OT BEAHUHHK [HKOBOI'O AaBAE€HHSA, a OT NAOIIaZU KPUBOH 3aBHCH~
MOCTH JaBACHHS OT BPEMEHH, T. €. OT HMIYAbC2Z CHA JAaBAEHHs,

! Oanako u B BTOM cAydae HaZO HMeTb B BHAY, ITO pasMep pa3pymeHHA,
€CA¥ OHO NPOHCIOAWT, BaBHCHT OT BOARTHHN 3apiia (Koropoit ompegeamercd
AMATEABHOCTb BO3ZEHCTBHA AaBAeHEA); HESaBHCHMOCT> CAMOrO HAAMIMA MAM
OTCYTCTBHS PaspymeHus OT AAHTOABHOCTH AcHCTBMA JaBAEHHUR, XaK BHAHO U3
CKA32HHOrO Bbllle, HMEET MECTO TAKMS TOALKO C ONPEACACHHOr0 MHHEMAABHOIO
BPEMEHH BOSJEHCTBHA, T. €. ¢ ONpPeZEACHHOR MEHUIMAAbHOH BEAMUYRHEL sSapsjia.
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HNunyabc cua omnpejerser, TakuMm obpa3soM, 6yjeTr Ad creHa
ONPOKHHYTA.

Ecau paspymenuio nogsepraercs rEbras KOHCTPYKIHAA, COCTONA~
mas, HaNpuMep, U3 JAAHHHBIX MEeTaAAHYecKux crepxHei, pa6oraio-
mux Ha u3rub, TO N0 CPABHEHUIO C BpeMeHeM paspymeHHs (Bpeme-
HeM Ze(opMmanud Heo6Xx0JUMOR AnA paspymieHus) BpeMa JelicTeaa
BOAHBI OKaX€TCSA TaKXe MAaABIM, MAaAbLIMH OKaxXyTCA MPOHCXOAS-
WHe 3a 9TO BpeMs nepemewends. MakcumarbHble, onacHbie AAsS
KOHCTPpYKUmMH gedopMalluH, BOSHHKHYT NO3XKeE, Yepe3 BpeMs, paBHOE
9eTBepTH Mepuoja CcOGCTBEHHHMIX KoAeGaHul CHCTEMDI; JaBAeHue
yAapHOl BOAHBI B BTOT MOMEHT yxe une JelCTByeT Ha CHCTEMY,
K JedopManus HZeT IO HHEPLUWH, 3a CYeT HAKONAEHHOH B HawaAe
ABHKEHHS CKOPOCTH.

B saabnefimem, paccmaTpuBasf pacnpocTpaHeHHE YAApHBIX BOAH
oT B3pmBa sapsza BB, mbt goamub GyseM uccAesoBaTh H3MEHEHLE
ofenx XapaKTepPHSYOIIHX YAAPHYIO BOAHY BEAMTHH : MRKCHMAABHOTO
AaBA€HHS H 06luero MMIYAbCAa; OTHONIEHHE MMIYAbCA K MAKCHMaAb~
HOMY ZaBAEHHIO XapaKTepusyeT a(p(@eKTABHOE BpeMs BosjciicTBHA
AaBAGHHA yJAapHOIi BOAHDI.

Ilpn usmepenuu zapaenus M HMIyAbca H RpH JeiicTBHH yaap-
HOH BOAHBI HMa OGBEKT CYIUIECTBEHHbI YCAOBHS B3auMoaeicTBusA
BOAHN H o6bexra. Mo Bugearm soime (§XIX), uto zamrenme na
IIOBEPXHOCTb, NOCTaBAcHHYIO HOPMAAbHO (POHTY BOAHBI, B PE3YAb-
TATE OTPaMEHHA B HECKOAbKO pa3 MPeBblNIaeT ZaBAEHHe, H3MEPEH-
HOe ITIOBEPXHOCTLIO, MOCTABAEHHOH TamremuuaibHo. Vmnyasc
CHABl 3aBHUCHT, KpPOME TOro, OT YCAOBHH o6TekaHHs OO6BEKTa
BO34yx0M, cxaThiu B RoAre. CooTHoeHVE MemAy HMIyABCOM JaB-
AEHuA BO)\Hle H HMIOYABCOM CHABDI, HCONTaHHOH Oﬁ'beKTOM, 3aBH-
CHT IIOSTOMY elllé H OT OTHOUIEHHA BpPEeMEHH ZeHCTBUA AaBASHUS
yAapHOl BOAHBI KO BpEMEHH OrubaHusi BOAHOH NPENATCTBHA.

§ XXI. Ilozo6ue B3phiBa W pacHpPoCTPaBeHESA BIPHIBHBIX BOAH

CAOXKHOCTD aHaAMTHUECKOTO pacyueTa Zaxe HauGoree CHMMET-
PK‘!HbIX H CXEeMaTHUYHbIX 3aJad ACAAEeT Heoﬁxoﬂﬂmb‘m YCTaHOBAEGHHE
METOAMKH MOACAHPOBAHMA SBACHHS B3pbiBa M AeHCTBHA B3phiBa B
MaAOM Macumitabe H ONpeJeACHHE 3aKOHOB II€JeHOCa PE3YAbTATOB,
NOAy4eHHBIX B MaAOM Macwrabe, Ha 6orbmoii macmra6. Hummm
CAOBaMH, OKa3biBAaeTCs HeOOXOAMMBIM YCTAHOBAGHHE 3aKOHOB MO-
a06us B JaHHOH 0o6AacTH.

B § VI u XVI mp BuaeAu, aro ypasHeHus ra3opoit gunamau
COAEpAAT TOABKO ONPEJEAEHHYIO XapaKTepPHYI0 CKOPOCTb (CKO-

! mnyAnc zaBAeHMs BOAHE MBI OmpezeAdeM Kak BeAMIHAY I {(p — po) dt,

rae pp— aTMocepHOE AaBAeHH® (NOCTOAHEAA BeAnuuHa), p = p(f) — saBAeHme
B paccMaTpyBaeMoii TOUKe NPOCTPAHCTBA HPH TMPOXOXJSHHE yaapHOH BOARH, He
BOSMYIIEHHOR HHM NPENATCTEHAMM, HH H3MEPHTEALHBIMM mpuGopamm.
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pOCTb 3BYKa), HO He COAepXxaT HH AAMHB, Hu Bpemenu. B § XVI
6bIAO MOKa3aHO, YTO B PACHPOCTPAHEHHH YAAPHHIX BOAH ZHMCCHIIA-
THBHDIE BEAHUHHB TaKxe He BBOAAT xapakrepro# Zammel. Orcioza
CAejyeT BO3MOXHOCTb IIPH MOASARPOBAHUM 3ajaBaTb MacwTab no
npoussoAy. [Ipa arom mnoao6ue 6yzer obfecnedeno, ecAm BCe
pasMeppl H3MEHEHbl C COOAIOJEHHEM TIeOMETPHUYECKOro noZobus.

Ecau paccMarpupaercs 3azawa pacnpoCTpaHEHHA AaBAECHHS
B3pbIBa, TO AAA NOA06MA HeO6X0AMMO Tak#xe, aTo6b1 croiicrsa [1B
6bIAE B ONpeleAeHHOM OTHOLIEHUH K COOTBETCTBYIOIIUM BEAUIHHAM,
XapaKTepH3YIOWAM CBOHCTBA BO3AYXa, JTO OTHOCHUTCHA K CKOPOCTH
3ByKa, mMAOTHOCTH H JAaBaenuo [1B u Bosayxa.

Tak kak croiicTBa BOSAyxa NpPH ATMOCQEPHOM AaBAEHHH sa-
AaHbI B MOCTOSHHH, NM0JZ06He ByzeT COGAI0AEHO NPH COXPAHEHHH
ceoiicrs [1B.

Ara coxpanenua coiicrs [IB Heo6xogumo cobaiozenme zsyx
ycAoBuil; nepBoe us HUx—coxpaHeune csoficte BB.

Ycaosue aro ouemb npocro: mpH MOAEARPOBAIHHH HaZ0 LpHMeE-
HATb TO Xe B3PbIBYATOE BEUleCTBO NPH TOH xe MAOTHOCTH 3aps-
XaHuWsl, 9TO ¥ B HaType. YCAOBUE BTO Heo6X0ZuMO, HO He JOCTa-
rouno. Hyxuo eme, urobn gocturiyroe nozofue ne 6bA0 Hapy-
IIEHO B caMOM fpollecce B3pbiBa, T. €. B IMpolecce INPOTEKaHUA
XUMBRYIECKOR peaxiIuu.

Tounoro coxpanenuss moz06ms OXHAATD HEAbSHA: XHMHYECKas
peaKyus XapaKTepPHU3YETCs ONPEACAGRHONR CKOPOCTDbIO, T. €. OINpe-
AEAGHHDIM BpeMeHeM, HEOOXOANMBbIM AAA €€ (peaKluK) 3aBEPILCHHUA;
MexZy TeM, KaK Mbl YK€ MHOrO pas YNOMHHAAH, Fa30AMHaMUYE-
CKHe ABACHHM:A MMCIOT XapaKTEPHCTHIECKYIO CKOPOCTb PaclpoCTpa-
HEHHS PasMECPHOCTH CM/CEK; IODTOMY NPH MSMEHEHHH FeOMeTpHye-
cKkoro MacmTaba ombiTa NPOMOPLUOHAABHO H3BMEHAIOTCH H BCE
BpeMeHa: eCAH mozeab B 10 pas wmembpime Hatype, To B 10 pas
MeHbIIE, HaupuMep, W BpPEMsA IMPOXOAACHHS yAapHOH BOAHBI OT
3apsaza A0 NpenATcTBHA. [lpu usMeseHHu MacmrTaGa MEHSETCA CO-
OTHONIEHHE MeXJy BpEMEHEM peakUdH H JPYTHMH, 3aBHCSUIUMU
OT JBHAEHUA ra30B BpEMEHaMH, 4TO, BooGuje TOBOPSH, HapymlaeT
nozobue.

HssecTno gaBHo, 9TO CKOPOCTb AETOHAUMH, H3MEPEHHA:A AAA
BB B narpomax manoro suameTpa, OKasHBaEeTCs NOHHAKEHHOH mO
CPaBHEHHIO C HOPMAADHHIM 3HA4YCHHEM, W3MEPeHHBIM B NaTPOHax
6oabmoro auamerpa. CKOpOCTp AETOHAllHH HE 3aBUCHT OT pas-
mepa (xak sroro TpeGyer mozobue), TOAbKO HauMHas C ompejxe-
AEHHOTO, ZOCTATOYHO GOABIIOro JMaMeTpa M Bbluie.

Hau6oaee sproe Boipamenue HapylIeHHA NoZO6GHA Mbl BCTPe-
uyaem B Hceaezosannom KO. B. Xapurouom c corp. [116] sBaennn
KputHdeckoro (ZAf JeTOHaUWH) AHAMETpA: BaKAIOYEHHble B TPYOKH
3apAZbl AUAKOTO HUTPOrAHLEPHHA B TPYOKax 60Abmoro Fuamerpa
aeronupyior (Ipn HaremameMm HHAQUMPOBAHHM); B TPYyOKAX y3KUX
ZEeTOHallUA 3aTyXaeT B He paclpocTpaHsercs.

Ouesungno, uTo, uaMepsas yaapHbie BOAHB OT 3apAAOB PAaBHOro
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AUaMeTpa, jame NPH COOAIOASHMH BCEX OCTaAbHBIX ycAosuii (reo-
METPHYECKOrO MNOAOOGHsA), MB IOAYYHM COBEPHIEHHO pPa3AHUHbIE
PEBYABTATH NPH TEPEX04€ KPHTAIECKOrO BHAYEHUSA JUaMETPa TPy OKH.

Tlpn pacnpocrpanernn seroHaygna HoBbie caon BB BoBaekaloTcs
B pesyAbTaTe BOSACHCTBHA CO CTOPOHBI paHee BCTYIMBIAX
B peaxuuio, panee mpespaTusmuxcs B [IB caoes; B macroamee
BPEMS HE fACHA POAb PasAHYHHX (PaKTOPOB (BAMSAHHE BLICOKOFO
A3BAGHHA Ha CKOPOCTb peakiiuM, HArPeBaHHE NPH CEATHH, Harpe-
sanve BB conpuxocuorennem n nepememmusannem c¢ [1B) » arom
BO3ZCHCTBHH; BO BCAKOM CAyYae BCTYNAIOIIMH B peakumio CAOH
nozBepraeTcs ACHUCTBHIO BHCOKOrO JAaBACHHA. .JaKAIOUEHHbBIE
B HENPOYHOH# CTEeKAAHHOH TpyGke mAM Jpyroit Toukoi 06oAOuKe
BB npu BbhicokOM jaBAeHmE CTpeMATCA pasAeTeTbes B CTOPOHDI.

10. B. Xapuron obwacuser saryxanue zeronamux BB mpn
MaroM AHaMETPE HMEHHO TeM, UTO BPEMS pasAeTa, BpeMs pas-
6pachiBaHMA  3apAja CTAHOBHTCA MEHbIIE BPEMEHH XUMHUYECKOH
peakuun, BB oxasmiBaroTcs paccesmmbimue, JaBAenme masaer
paHblle, Y€M ycneeT DPoM3OHTH peakyas. [Ipnm ymeauuenun ama-
MeTPa BPeMs Pa3AeTa YBEAUYMBAETCH; €CAH OHO HMPEBHIIAET BpeMs
peaKlHH, BO3MOXHA He3aTyXamoluas AeTOHALHA.

CymecTBoBaHHEe KpPUTAYSCKOrO AMaMeTpa HapymaeT ozo6ue
B3PbIBOB 3apAZO0B PasHbIX pasMepoB. Buecre ¢ Tem oo gaer mam
KpuTepuid AAs onpeAeAenns Tofi obractum ycaomait, B KoTOpOt
«10j06ne 6yjger UMeTb MEcCTO.

nozo6usA HyKHO, UTOOGHI BPEMs PEaKUUH CTaAO MaAbIM
N0 CPaBHEHUI0 ¢ JPYTHMH XapaKkTePHbIMA BPEMEHaMu: Ha OCHO-
BaHHH TEOPHH KpuTHIecKoro auamerpa 1O, B. Xaputoua sarrouaen,
4TO BSPBHIB ABYX 3apAAOB OJAUHAKOBOH (POPMbI, HO pasHOR BeAH-
uuHbl GyzeT NOAOGHEIM, €CAM Bce pasMepn! MEHbLIErO 3apAAa
(n 3naumt, Tem Goaee, pasmepbl 6OABIIEro 3apsiga) B HECKOALKO
pa3 IPEeBHINIAIT KPHTHYECKHH Auamerp.

Hyxuso jobuBarbcsi Toro, urobbr sgeronanmms 6bira HOAHOH
M B 6OAbIIEM K B MEHbIIEM 3apAjax: HOA06HMe HapymaeTcs Tam,
r4e OOAHOTa pearkUHd PacTeT C YyBeAWYEHHEeM 3apsija; HO POCT
noArorbl peaxgum orpanmden 100°/, m wa srom ocmoBamo yGem-
AeHue B TOM, UTO, HadUUHas C HEKOTOPOr0 XOCTATOYHO GOABLIOIO
pasmepa, nojzobue 6yzer cobAOAaTHCS.

[lyers nmoxobme ocymecrsreno. Kaxosbt sakomn: mepenoca
cBezeHuil or mozeau K Harype? Bce reomerpuueckume pasmepn:
yMeHbIleHpl B OjuWHaKoBOM Macimitabe. Bni6epem B Kauectme
XapaKTepPUCTHYECKOro pasMepa pajuyc 3apsza R. CxoacrBennbimi
TOUKAMH, B KOTOPbIX BCe SBACHHA Pa3BHUBAIOTCA MOZ00HO, OKa-
KYTCA TOYKH, PACCTOSHAS KOTOPHIX OT [EHTpa 3apAja HAXOAATCA
B PaBHOM OTHOIIEHMA K pajUycaM 3apsijOB, T. €. TOUKH, B KOTOPDHIX

X z
PABHH OTHOWIEHHA ) %’ 7 WA (8 caywae cepuuecxodt cam-

r
METPHH) R TAe I — paCCTOAHME TOYKH OT JEeHTPa CHMMETPHH.
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Macirra6 aasrenms B moxO6HLIX CHCTEMaX OAMHAKOB, TaK Kak
OJMHAKOBO aTMOC(EpHOE JaBAEHHe BO3AyXa, OAHHAKOBO H MaKCH-
marbHoe xaBaenue [IB, uro caeayer ms ozumaxosocrn naorrOCTR
1B u temmeparypnt Bspoiea. Kak Mol yxe ykasbisaan, Macmra6
BpeMEeHH B NOJOGHBIX CHCTEMax IPONOPUUOHAAEGH pasMepam;
MOBTOMY €CAH Mbl CPaBHABaeM KPUBbIE 3ABMCHMOCTH JaBAEHHS
OT BPEMeHH, TO OHH OKaXYTCA TPaHC(HOPMHPOBAHHBIMU

F=idem, p=/(§» 5)- (XXI-1)

Aaa Toro uTobn mMeTh ZeAO ¢ Ge3pasmepuoit pynruuel, sanumen
BTO K€ COOTHOMIEHHE TaK:

p=ro-f(F &) (XXI-2)

rae p,— xapaKkTepHoe Japienue (Hampumep aTMOCQepHOE), co—
XapaKTepHas CKOPOCTh (HampuMep CKOPOCTb 3BYKAa B BOBAYXE).

Hac unTepecyior nmpemge Bcero ABe BEAMUHHBI: MAKCHMAABHO®
A3BACHHE ¥ IOAHDBIH HMMOYADC ZaBAeHHS;, MBI NOAYYHM JAS BTHX
BOAHYHH

Prnax :Po”(%);
i=] (P_‘Po)dtszo[f(t%a R%)—-l] . —f% d(t%)=
=po o - 1(%): (XXI1-3)

Maxcumarvnoe zaBAeHue B CXOACTBEHHBIX TOUKAX OJHHAKOBO,
HMIYABC JABAGHHA B CXOJCTBEHHBIX TOUYKAX IIPOHOPIHOHAAECH
macmraby R. CopepmeHno anaroruumbie (pOpMyAB HMEIOT MECTO
M JZAS ABHXEHHA ra3oB: B CXOJCTBEHHBIX TOYKAX MaKCHMaAbHAas
CKOpPOCTb Ira30B OJHHAKOBA, KPHBbIC M3MEHEHHs CKOPOCTH CO Bpe-
MeHeM NOZO6HDI, NEepeMeINEeHMs YaCTHI NPOMNOPIHOHAABHBI Mac-
mraby R,

AaBaenne, zeficTBYIOEe HA NOBEPXHOCTb NPEMATCTBHA, OTAH-
Jaercss OT JaBAGHHA B ygapHOH BOAHE M 3aBHCHUT OT siBAeHHH
OTpameHusT u orwbanus BOAHOH mnpenarcrsusa. EcAm npenarcrema
nojZo6HB, TO sABAGHMA ITH TaKkxe OyAyT HPOTEKaTb HOZO6HO;
MaKCHMaAbHOE JaBACHHE Ha MOBEPXHOCTD NIPENATCTBHA OTAHYAETCS
OT MaKCHMAaAbHOrO JAaBAEHHMA YAAPHOH BOAHBI MHOXHTEAEM, 3aBH-
cAlAM OT aMmnAuTyabl Boanbl (cm. § XIX), 1. e. or p/p, Taxum
06pa3soM, MaKCHMaAbHOE JaBAEHHE OTpaxXeHHOH BOAHBEI BaBHUCHT
TOAbKO OT OTHOINEHHs AAWH r/R; TouHO TaK Xe K HMIYABCY CHAB,
AeiicTeyoujeff Ha ezHHMUY MOBEPXHOCTH NPENATCTBUA, OTHOCHTCA
(popMyAra TOro xe BHZa, YTO M ZAS HMIYAbCa JaBAEHHA, TaK UTO
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HMIIYABC CHAB Ha CAUWHH[Y MAOLlaZH Ha CXOACTBEHHbIX MOBEPX-
HOCTSX MPONOPUHOHAAEH pasMepy 3apiza.

3ajaueil BRCIEPUMEHTAABHOIO H TEOPETHIECKOr'd HCCACZOBAHHAA
ABASIETCSA ONpeZeAeHHe JaBASHHR KaK (YHKIHWH ZBYX NEPEMEHHBIX

f (%’: %) Ora 3ajgaua uepecuyp CAOXHa, M IeAecoobpasno
onpejeAeHue, MNPexAe BCero, ABYX (PyHknuil GespasmepHOTro pac-
CTOSHHEA 7T,7), XaPAKTEPHIYIOIIUX MAKCHMAADHOE JaBACHHE ¥ MOAHDI
umnyabc. Hapagy ¢ onpeaeremueM ux B €BOGOAHO pacIpocTpa-
HAlOIueHcs BOAHE Mbl MIeM TaKxe OTH (YRKIHH NOPH HAAHYRH
ONPEeJEeAeHHOr0 CTAHAAPTHOTO THIA OTPAMEHHA M OTHbammsd. Tak,

ajOBCKHII HOAb30OBaACA NPubopaMH, BAEARHHBIMH B CIIAOIIHYIO
BBICOKYIO CTEHY: B TaKOH MOCTRHOBKE Mbl HMEEM AEAO C OTpaxe-
HMeM yJaapHOH BOAHDI 63 OrmGaHHs NPemsATCTBHA.

AAs Bemecrsa onpejeAeHHoOff NAOTHOCTH pajuyC HPOCTO
CBf3aH C BECOM 8apsjd. OKCHEPHMEHTATOPbl MNPEJACTABAAIOT 'CBOM
AaHHDbIE B BHAE 3aBHCHMOCTH JaBAGHHMA M HMNYAbCa OT PACCTOSN-
HAZ r H Macchl 3apsza m. Tak xak m ~ R3 rteopus nozo6us
IPHBOAUT K CAEAYIOUHUM 3aBHCHMOCTSM.' ‘

Pose =f($/:7 )i i= V- h (i”/;) (XXI-4)t

Hakoneg, B HECAHHIIKOM MHPOKOM HHTEpPBaAEC H3BMEHEHHA JaBAe-
HHASA €CTECTBEHHO HCKATb CTEMNEHHhIe 3aBHCHMOCTH ONpEeAeAACMbIX
BEAHYHH OT Beca 3apsaja H pPacCcToAHUA

b

P =const - r* m® i=const - r* m".

3axkoHbl MOZO6HA CBA3LIBAIOT MokasaTeAu crenenu: us (XXI-4)
caegyer
a+3b=0; c+3d=1. (XXI-5)

Mopmyani, npmeosuMble B AHTEpaTypE JAT MaKCHMaAbHOLO
ZaBAGHUA YZApHOH BOAHDI, YAOBAETBOPAIOT TPeGOBaHHAM TEOPHH
nozo6us; HampuMep, AAa GOABIIMX paccTOAHMA NPHHATA POPMYAa

3,—
Pumax = const * I—T— -+ pq. (XXI-6)

D —

1 EcAu H3MEpATH 7 B MeTPAX, & In B KHAOTPAMMAE, TO ZAS SaPAAR MAPOBON
r r
== 1 orBeuaer oTHOmMERHIO —R5-=19;
vm

AA TOURH, Aemamedf Ha NOBePXHOCTH 3apAjd, BBIUHCAEHHOE B TeXHUYECKHX

$Opmm npr naorroctn 1.6 smawenme

eAuERgax {/L__ == 0.053.
m
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Ganako AAs mMIOyAbca Hpu 06pa5oTKE OUBITHHIX ZAHHBIX YACTO
NPHBOAHTCA (POpMyAd

i== const-Y™_, (XXI-7)

r

KOTOpas HaXOJHTCS B NPOTHBOPEUHU C BbIBEAEHHONR Bbime (POpMY-
Aot (XXI-5). Takoe OTKAOHEHUE MOKET 3aBHCETb OT HECOOAIOAEHHUS
ycAoBai#f nogobusa npu M3MepEHWH MMNYAbCa, OCOGEHHO B cAydae
6oavmux 3apsgoB m 6Goabmmx paccroanmii, Cozepmienno mpa-
BUADHBIE C TOUKY 3PEHHs TEOPHHE N0Z06US POPMYAB! AAS MMOYAbCA
aaor Baacos [3] u Casuu[113].

Brime ormedenmo, uro oaEEM H3 ycaosmit mozobua ABATETCH HOCTOTHCTBO
maorroet BB. CagoBekuM yeramoBaeH TOT SKCmepUMEHTAAbHBIA (axT, uTO
r
3 __
vm
sapaja, HO HE OT €r0 MAOTHOCTH] IpH 3ToM coxpamsiorca Qopmyant (XXI-4),
a ne (XXI-2). B srux onmitax cpaBhmBaAci 8pdek1 BSPHBA IPECCOBAHHOrO TPO-
TMAQ ¥ TOoPomKoO6pasSHOrO TPOTHAA pasHoit HacknHo# maorroctu (or 1.6 20 0.3);

yMeHbImIEAWe JaBACHHS M MMIOYibca Be mpepbimano 2—30/,.

C apyroit cropombi, 3apsi Manrofi DACTHOCTH, B3OPBAaHHHEIH B HOPMaABHOH
aTMocepe, MOXKHO CURTATD OAOGHBIM sapsay GoAbmOl IAOTHOCTH, B30PRAHHOMY
B BO3JyXe IOBHIIEHROr0o JaBAeHus.l

B sroM npeamoromenum pesyantar CajOBCKOTO MO3IBOASET IpEjCKA3aTh
¢ DOMOIIBIO TEOPHM HOZOOWs SABHCHMOCTD XAPaKTEPUSYIOMUX BOAHY BEAHUHH
OT mAOTHOCTH Bo3S yxa. lIpuEosuM Ges BHIBOZA OKOHUYSTEADHEIE (DOPMYAHL,
B KOTOPHIX IAOTHOCTb BO3JYXa BHIpameHA Yepes ero AaBACHHE Py U TeMiepa-

rypy To,

npu > 1(m, kr) mapamerpsr yZapHOM BOAHBI SaBHCAT TOABKO OT Beca

3, — 3 —
Y F— ./
pm=pof | 2L );i=Vimp Tq b 22O (XX1-8)
\/mTo l/mTo

HAAM AAH CTCHOHHLIX BHIPaMEHHA CBASH MEXAY NOKAsaTEAAMN CTEICHE paccTosA-
HEA 7, Macchl 3apAja m M arMOcdEpHOTO ANBAERMA py W TemmepaTypm I,
KOTOpbIe MH 3JeCh He CUHTACM HOCTOAHHLIMH,

pm=const « 73 m® pg1—® T'% i=const A3 po1—4 T4

Takyio xe cBASP MemAgy IIOKA3aTCAAMH CTEIEHH NOAYIHM, MoAaras,
910 Py, — po SABACHAT OT DOApaMeTpoB OO creneHmomy sakomy. Ha Goawmom
pPacCTOAHHH aMOAHTYA2 H3MEHOAMs JAaBAGHHA H HMIyAbC saTyxaioT obparHo
OPONOPUHOHAABHO PACCTOSAHHUIO] OPHEMEM 3XeCb STOT NPOZEeABYBIA 3aKOR Kax
BHIBOZ VW3 3KCHEPHUMEHTa. B TakoM ciyuae moAyunM

Pm = po + consts r~Lmspys T'fs; i==const - r—1mspy'ls Ty'hs,
Briao 6m meTepecHo DOABEpPrHYTh SKCOEPUMEHTAADHOMY MHCCACZ0BAHMIO

BOIPOC O BAWAHWE ATMOCQEPHHIX YCAOBMi HA PACHPOCTPAHEHH® YAAPHHX BOAH:
usMenenne Temmeparypst oT + 40 g0 — 40°C menser Tg'/s na 109, T¢s na 22%,.

1 MMosobue He Toumoe, Tax Kak B [IB npm HagaAbHON NAOTHOCTH HMEIOT
MecTO GOAbHmIME OTCTYTAGRHA OT YPABHEHHs COCTOAHMSI MAEaAbHOIO rasa, 3aBH-
cimue oT nAoTHoeTH: coGersemmnk o6bem moaekyA IIB zocramaser xapaxre-
pucTAgeckylo naorHocTb. (OJRAaKO MOXHO IIOAAraTh, UTO STO 0GCTOATEABCTBO
He CKASHBAETCA yXe B MOMEHT, KOTAR YAApHAS BOAHA OTOMAA HA SHAYATEABHOO
paccrosiane oT sapaga u [IB smauuTeasHO pacmupuAHCh,

— 4
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Hapray ¢ mamBoree BamumvM cAyuaem cepudeckoro pacnpoCTPAHEHHUS
YAAQHHX BOAH IPEACTABAAIOT HEKOTOPHIA HHTepec Taxkke UMAHHAPUUECKHH
u oamHoMepHHE cAywan. lluamuzpumuecknii caywait peanusyerca npm BspmiBe
AAMHROTO 3apsifa WHPHM HAYUCHHH BOAHDBI HA PACCTOAHHMH OT 3apAJa MEHbIIEM,
geM aauma Sapiza. OjHomepHMIE cayuali peaAmMsyercs mpu PacIpoCTPAHEHHH
yaapHoi Boannt B Tpy6e. Herpyamo msmennrs gan mRux BHIBegomHbIE BhIme AR
c¢PepUyEeCcKOro pacnpocTpaReHHs NpejeAbHble 3aKOHE; TaK, B O4AHOMEDHOM CAyJae

Pmex = Po f (tImy) i = po my f (r[my),

rAe m; —npRXOAfmascA HA CZHHMOY ceienns Macca BB,

BHKEHAE Ha GAHMSKOM (MaAOM IO CPABHEHHIO C pasMepaMH 3apsja) pac-
CTOSIHAM OT NOBEPXHOCTH Sapija TAaKMe MONHO TPAKTOBATb KAK 0AHOMEPHOE
asmxenue. Ojmako B BTOM cayuae 0co6am OCTOPOMHOCTD HYMHA BCACACTBHE
BABHCHMOCTH SaKOHOB paclipejeAeHEA AaBAeHHA m apmxenus [IB or xapaxrepa
PACHPOCTPAHEHHs AETOHAGMWOHHOR BOAHB: CcpepHYecKoll NPH WEHTPaAbHOM
REHUHAPOBAHMA 3apiAa HAM DAOCKOHl IpW OZHOBPEMEHHOM HMHHIMMPOBAHHN
10 DAOCKOCTH NaparieAsHol mosepxnocru sapsiza ([8]—2-1 crarps).

Oco6enno §eHRO MOAEGANPOBAHNE IIPM HSYUEHHR pPacHpPOCTPAHEHHS BOAR
B CAOXHBIX T€OMETPUIECKEX YCAOBHAX, HANPHMEp IPH HCCACOBARMH PAAHUHBIX
cnoco60B 3amMATHl BEHTHUAINHOHHWX KAHAAOB OT B3PHIBHOH BOAHBI, 3aKOHOB
Audpdpakygun yAapHoi BoAmHHn y mpemarcrans B T. i [117] Icmsitao, aro B sTHX
cAydasx HeobxozmMo cofal0zeHHe 10406HA KaK B PacHOAOKEHHH IOBepXHOCTEH,
OTPAXAOIMHUX YAAPHDI® BOARH, T2ZK K B PACIOAOKEHHY ASMEPHTEABHBIX IPNGOPOR,
PesyanTatst msmepenuit saBHCAT He TOABKO OT PACCTONMHMS mpu60pa OT 3apsa,
HO K OT ero PaCIHOAOROHHT OTHOCHTEABHO HPEHATCTBHA M T, I.

XXIl. Mogeauposanse m nosobue paspymennii, DPOH3BOAMMBIX
YAapHOH BOAHOMH

Ilocroabky, MOCKOABKY paspymieHHe 3aBHCAT OT AOCTHHEHHS
ONnpeAeAEHHOrO NIPEeJeAbHOTO BHAYEHMs! HANPMKCHHA B MaTEepHaAe,
nozob6ue paspymerus 6yzeT COBAIOZEHO B CaMBIX HPOCTBIX YCAO-
BHAX, 0OPH NPHMEHEHHM B MOJEAM TOrO K€ MaTepHaAa, uTO
H B HaType, H, KOHEUYHO, IIpu COOAIOZEHHH I'€OMETPHYECKOro
nozob6us.

AeficTBuTeAbHO, NpUMeHEeHME OAWHAKOBBIX MaTepPHaAOB 06e-
cneunT nogobue B pacmpocTpaHeHHMH yzAapHOH BOAHMI, B Nepexoge
ee us ozHolt cpeam B Apyryio, oTpaxeHud ¥ T. n. Mbr Buzeam,
4YTO XapaKTepHasd AaMIAMTYJAa AABACHHS TOCTOSHHA; B NOJOGHBIX
B3PbIBaX B CXOJCTBEHHLIX TOYKAX AABACHHA OZUHAKOBLI.

Ilogo6unt 6yayr obaacTh, B KOTOPHIX BbI3BaHHBIE B3PbIBOM
HaNpAXKEHHs IPEBbICAT JOMYCTHNDIE 3HAYEHMsA M BBI3OBYT paspy-
LIeHHE MaTepHnaaa.

Paspymenne Tpebyer socTumenns onpezerenHoi aedopmanuu,
T. €. NEepPeMEIUCHAs OJHMX YacCTHI TeAa OTHOCHTEAbHO ZPYruX;
WHEPUAOHHDbIE CHABI H YNPYrOCTb NPHUBOJAT K TOMY, 4TO JAedop-
Malud 4 paspyileHHe JOCTHraloTcsa He Mraosenno. He npuseser an
CyIQecTBOBaHKE ONPEJEACHHOTO BPEMEHH Je(pOpMalMH K Hapy-
WeHnio Nozo6usn?

Aerxko BHZeTh, YTO mOZ06HE COXPAHATCHA: HMEHHO AHepLHs
BewecTsa, 3aBHCAILas OT NIAOTHOCTH, H YIPYrOCTD €ro ONpPeseAAIoT
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CKOpPOCTh 3BYKa B BeilecTBe; Jaxe (POPMAAbHO aHAAH3OM pas-
MEDHOCTH MOXHO IIOKasaTh, YTO M3 NAOTHOCTH H YIPYrocTH
yAacTcs IOCTPOHTH Bpems JedopMalHH, TOAbKO NpPHBAEKad pas-
Mepbl TeAa, ¥ 3TO O6yJer BpeMs IPOXOMAEHHS BOAHDI IO TEAY;
BpeMsa OKaMeTcs NPOMOPUHOHAADHBIM pa3Mepy; IOpH H3MEHCHHH
MacmTaba BpeMs JeQOpMaluEm MeEHseTCs 10 TOMY e BaKOHY,
4TO M CaMO BpeMA BO3ZelicTBUA yJapHO# BOAHDBI, B COOTHOIIGHHE
BpEMeH OCTaeTCA HOCTOAHHLIM, 4T0 O6eCneynBaeT M0406He ABACHHIS.

[Mosobue pacnpocrpansercs m Ha TOT 6OAEe CAOXHBIH THN
pa3spylIeHuss, B KOTOPOM ONPEAEAAIOIINM ABASETCS HE NHKOBOE
AaBAeHHe, a mMmyAabc yaapuoil soamnt (cm. § XX).

AefictBaTeAbHO, NYCTH MBI HMEEM KaKyIO-TO FHOKYyI0 6aAky,
nepuo4 xoAebanns KoTopoil mpeBbliaeT BpeMs AeHCTBHs yAapHOH
BOAHBL

[lpu ymenbmenun Bcex pasmepos sapsaaa, GaAKE M PacCTOAHHA
MexsAy HUMH B N pa3s TaKkme B N pas YMEHbIUMTCA NepHOA KOAe-
Gannit 6aAKkM, B N pa3 yBEAMUHTCH 9aCTOTa; 9TO AEFKO NPOBEPUTH
o (QopMyAaM TEOPHU YIPYrOCTH AAS A0GOrO KOHKPETHOrO Ccro-
coba 3aKpenAeHus OaAKH.

Macca ymenbmmrach B n’ pas, B n pas ymMeHbIIHACH B CXOZ-
CTBEHHOH TOUKe MMIyAbC YAapHOH BOAHDI Ha €4HHHALY HOBEPXHOCTH
3a cueT YMEHbIUEHHS €€ IIMPHHbI M YMEHbIIECHUSI BpeMeHH BoO3jefi-
CTBYS BOAHDI IPH IIOCTOAHHOM HHKOEOM AaBAEHHH, B i’ pas yMEHb-
HIMAACh TOBEPXHOCTD, BOCIPHHUMAKOLIAA AaBAGHHE, Takum o6pasoM,
AuHelHasg CKOPOCTb, AOCTHrHyTas GaAkoii B pesyibrare BosZefi-
CTBHMsI KMIYAbCAa JZaBACHHA, OKa3biBaeTCs He 3aBHcAlle#R or pas-
Mepa; aMnAHTYZa Bo36YmMAEHHbIX KOAeGaHHH — MOpsizKa NPOU3Ee-
ACHHS CKOPOCTH Ha NEPHOJ, T. €. [PONOPIIHOHaAbHa pasMepy.
Orcioaa BHAHO, 9TO OTHOCHTEAbHbIE Je(POPMAUHH H IAOTHOCTH
ynpyroi eHeprud, MPONOPUHOHAAbHAA KBaAPATy HAYAABHOHK CKO-
pocTH, OJMHAKOBN HAa MOJAEAH H B HaType; OAHMHakoB Oyzer
H Pe3yAbTAT — HAAMYHE WAU OTCYTCTBHE Pa3pYMIEHHs. .3aMeTHM,.
uro nozobue He OyAeT HAPYUIEHO H TPEHHEM, 3aBUCAIIUM OT
CKOPOCTH H OT Harpysku B TOM CAyYae, €CAM Harpyska Takxe
3ajaeTCd B OCHOBHOM JelCTBHeM yZapHOH BOAHH, Tak Kak:
CKOPOCTb M JaBAGHHE COXPAHAIOTCA B IMOJOOHBIX CHCTEeMax.

Menee Tpuemares apyro#t, wacro BcTpeualowmmiics B CTPOH--
TEeAbHOH Mexamuke, CAy4ad, B KOTOPOM HPOYHOCTb COOPYHEHHs:
H ycuaue, noTpefHOe AAs €ro pa3pymieHHs, 3aBACAT OT TAXKECTH
coopyxenus. [Ipocrefiiunm nprMepoM Taxkoro poaa sBasgeTcs
necuambiif rpyHT, AmmenHbi# ceassHocra. Jpyroit npumep — kup-
NH4Hast KAajKa, BBIAOKEHHAR HACYXO, KPENOCTb KOTOPOH BaBHCHT
OT TAMECTH KUpnHueHd U OT Tpenus Kupnmuel, AapAux Jpyr Ha
apyra. XapHToH NMozuepKHBAeT, YTO TAKOH THM NMPOYHOCTH upPes=
BHIYAHHO YaCTO OIpejeAsieT COHPOTHBAGHHE Pa3pyHIEHHIO COOPY~—
menni. Cyxas xupmuunam KAaZka NpejCTaBASET OZMH KpalHmi
NpuMep, B KOTOPOM TAXECTb ONPEAEAAET BHYTPEHHIOI CBASHOCTD;
npoyuas cTaAbHas KOpoOKa, KOTOpas cropee 6yieT ONPOKHHYTa
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KaK LeAOe, HeXMeAH CAOMaHa, MNPEeACTaBASeT JPYrol kpafiHuit
IpUMep, B KOTOPOM TaKie B3PhIB paboTaeT MPOTHB CHADBI THKECTH.

Yike ¢opMarbHO sCHa HEBO3MOZHOCTB CTPOTOro mnoxobus:
B TEOPHIO BXOAUT TElepb YCKOPEHHE BEMHOrO TArOTEHHA g pas-
meprocta AAmHa/Bpema’. Bmecre ¢ xapakrepusiMm cKropocTaME
npoyecca B3pblBa, HaNpUMEp C,, HaAUY4e g MO3BOAAET HOCTPOUTH
MacmTab AAHHN, Hanpumep c,2/g u Macwrab spemenu cfg. Orcyr-
CTBHE TI0Z06HA M (PUIHUECKH OUEBHAHO: €CAH Mbl CPABHHM ABa
.3apAja pasHbIX PasMepoB, 3aKONaHHbIE B IIECOK HAa COOTBET-
CTByIOIIHe rAYGHHM, TO y6egEMcA B TOM, 4TO J2BACHHE IPYHTA
Ha ypOBHE 3apsAa NPOIOPUUOHAABHO FAYGHEHE, HPOMOPUHOHAABHO
pasMepy 3apaja. lak xe TOYHO TNPONOPIUOHAABHO pasMepy
‘MEHAMaAbHOE JaBAEHHE, HEOGXOAUMOE AASl ONPOKUABIBAHHA CTEHKH
BO BTOpoM npumepe. Mezgy Tem aTmocepHoe aaBAcHuE R AaBae-
‘HH€ B3pbIBa OT pasxvxepa HE 3aBHCAT.

Takum ofpasom, ¢ usMeHeHueMm pasMepa MEHAETCSA OTHOLUEHHE
.AaBACHAS [PYHTA HAH NOTPeGHOrO AAs HayaAa pa3pyIleHHs AaBAE-
HUs K JAaBACHHMIO B3pblBa U Hapymaercs mozotue.

[Mpekpacamii Meroa MoaeAupopanus npegromur [loxpos-
ckuit [109]: aas Toro utobbr A06uTbes moxo6Us, HeO6XOANMO, MEHsS,
macmrab onbITa, MEHSTb [PONOPIHOHAABHO H €CTECTBEHHBIH mac-
1rra6 gannbl, [lokporckult gocTuraer 8TOro KsMEeHEHHEM YCKOPEHHA,
3aMeHsd CHAY TAZECTH LEHTPoGexuoil ChAOH; B3pbIB MOAEAH NPO-
H3BOZUTCA Ha LEHTPO(Yre, PasMepbl YMEHbIIEHb NMPOTHB HATYPHI
‘B OTHOLIGHHHW [IEHTPOCTPEMHTEABHONO YCKOPEHHS K YCKOPEeHHIO
CHABI TAKECTH; AETKO [IPOBEPUTD, YTO ZJABACHHE IPYHTA Ha MOA0GHbIX
TAy6HHax OyzeT nojo6HbiM,

Tloxporcknit mHEPOKO HCMOAb3OBaA cBOH MeToJ NpPaKTHYECKH
A MOZEAHPOBAHMA OOALIIMX M OTBETCTBEHHbIX B3PHIBOB Ha
BHIGPOC M HCCAGZOBAaHAS BAHAHEA Pa3AMYHBIX TPYHTOB M pasAud-
HOTO PACNOAOKEHMS 3apAja HA PE3yAbTaT B3pbiBa. Aunelinnil
MacmiTa6 MOAEAHPOBaHWA B ero onblrax gocruraa 29, T. e. Bce
pasmepbl MOAeAH OblAu CcOKpaweHnl B 29 pas 1O CpaBHEHHIO
C pasmepaMH MojeAupyemoro o6bekra. Bec sapsza, xapaxre-
pusyomui croumoctb skcnepumenta, cokpamaaca B 25000 pas.

3eapZoBuy 1 XapUTOH INPEAAOMUAH NPHOANKEHELIA METOZ
MozeAupoBaumst pabornt BB nporup cuam tamectn. On ocuobau
Ha TOM 3aMeuYaHHH, UTO HOBbIA KPHTEpHiH, OT KOTOPOro 3aBHCHT
OTCyTCTBHE NOZO6HA NPY MBMEHEHHH MaciuTaba, pesKO OTAHYAETCS
or 1. Tak, ecAm Mpl Hanmumem STOT KPHTEpHt KaK OTHONIECHHE
"XapaKkTepHO# ZAMHBL CP/g K pasmepy 3apajga R, To Aaa sapsaa

2
BecoM B 1 kr moAayumm ;?73=2 -10%. Ornowenre craTHICCKOrO
.ARBAGHHS TpPYHTAa K JABAGHHIO B3pHBa COCTAaBHT, OpH Ay6une
BODOHKH B HECKOAbKO METPOB, BeAHumHy nopszka 107*—1075.
Kpurepult B cambix pasaAMYHbIX (POPMYAHPOBKAX OKashlBAETCS
pesko orTamueH or 1. Buaunr, Mbl MMeeM JeAO He C TaKUM
€ AyuaeM, BKOTOPOM BCe BEAHYHHB OZHOrO HOPSIAKA; OYEBHAHO,



SXXII. Moderuposanue u nodobue pazpyuieruil 155

Mbl HaxozuMmcs B ofAacra JeficTBus npejeAbHBIX 3aKOHOB, B KOTO-
poit MOMHO OXUAATh aBTOMOAEAbHOCTH, MOZOOGHO TOMYy Kak BOS3-
HHKQeT AaBTOMOAEABHOCTb B PHAPOJHHAMUKE IIPH OUEHb OGOAbIIMX
HAR OuYeHb MaAbiX uucAax Peiimoabca.

Hagnexur nafitn pusnyeckyro npupoay oTo#f aBTOMOZEABHOCTH.

Paccmorpum 6aume onpokuaviBamme creHkua (cMm. puc. 56,
crp. 145). B naware npegniaymero mnaparpada Ml IPHUBEAH €rO
Kak NpUMep MPOLecta, AAAMErocs S3HAYHTEALHO AOAbLIE BPEMEHH
BO3zeficTBHA BOAHHI (OTHOWIEHHE BPeMeH ZOCTABASET B BTOM CAydae
elle OAMH KpUTEPHH, PE3KO OTAMYHMA OT eAHHMIPDI), T. €. HPO-
Hecca, B KOTOPOM ONPEAEATIOWYI0 POAb HrpaeT OSuIuf UMIyAbC
BOAHBL. -3ajaBIIuch ZEAGHHEM [pofiecca HA ABe crajuu: 1) Bo3-
AeficTBHE BOAHDL Ha OODBEKT, 3ajaloluee ero KOAHYECTBO ABHMEHUS,
2) Asmkenne o6bekTa 1O HHEPUMH, IPEOJOAEBalONIee CHAY TAxe-
cTv,— MBI Aerko HaiizeM ycaoBue NOZ0GHSA.

AeiicrBareabno, koauuectso isumenus K ob6bexra, pasHOe
MMIYAbCY CHADI, [PH TE€OMETPHYECKH HIOZO6HOM HM3MeHEeHHH
cucrembl (IpH KOTOPOM pasMepbl O6bEKTa U PAaCCTOAHUE O6beKT —
3apa4 MEHSIOTCsl MPONOPIMOHAABHO pasMepy 3apsia R) mnpomop-
LHAOHAABHO

K~Fi~Re.2op _ Pops (XXII-1)
co [+

rae F—naomadp, Ha KOTOPYIO BO3ZefCTBYET BOAHa, {-— HMIYAbC
JaBAEHHS Ha eZUHHLY NoBepxHoCcTH. KoanuecTBo ABUAKEHH OODEKTA,
AOCTATOYHOE JAAs €r'0 OHPOKHZbIBAHHA, ONPEACAMM H3 SHEPreTH-
gecknx coofpaxedmil: KHHeTHYEeCKYI0 BSHepruio o6bexTa mnpH-
paBasieM paGoTe NoAbema LEHTpa TAXECTH 06bEKTa Ha BBICOTY,
NPONOPUUOHAABHYIO pasMepy O6bexTa,

E~% ~MgR. (XX11-2)

Iloscrasum Boipamenue Maccnl ofbexra M depes xapaxTepuHCTH-

yecku#t pasmep R unraoTaocTs obbexta ¢ B ripamenue K (XXII-1)
Pg? (R3) o s :

M~ o 25 ~ 0RO gR; 3y 0 gR=1idem  (XXII-3)

Bnar idem, npmusThii B Teopum mMmoz06ms, O3HaYaeT, UTO
nojobue 6yieT HMETb MeCTO IIpH COXPAaHEHHH MOCTOSHHbIM
HANHCaHHOrO CA€Ba BHipaxeHud. JAs BCEX B3pHBOB B BO3AyXe
B HOPMaAbHBIX YCAOBHAX C,==const, p,==const, xpurepnit ynpo-
waercs, 0% gR=idem.

Kpurepuii oToT 3aKkA0uaeT ¥ TOYHOE MOAEAMPOBaHHE — HSME-
HEHHWe YCKOpeHHss g O6paTHO TNPONOPUHOHAABHO pasmepy R
(uentpoSexuoe moaeauponauue). Ho 6aaropaps caeranHoiM Tpu-
OAMKEHHAM Mbl MOAVYELE KpuTepHi, gonyckawigzfi Takke Jpyroe
pemesue — M3MEHSHHEe IIAOTHOCTH O6GPAaTHO IMPOMOPUHOHANHHO
KOGHIO W3 pa3sMepoB. OTOT cnocof BHIA Tpesromen Xapm'on%
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u asropom [105.. Meroz aonyckaer JocraTouHo mmpokoe
H3MEHEeHHEe MaclnTaba: 3aMeHss MaTepHaA mAOTHOCTBIO 2 (KaMeHb)
MaTepuHarom mnaorsocTbio 11 (cBumen), moaywaeM BO3MOZHOCTB
ymenpmnte R B 30 pas, u4ro oOTBevaeT yMeHbIIEHHMIO 3apsja
B 27000 pas, 7. e. BO3MOXHOCTH MozeAdposatp B3ppie 1 T BB
e3pbieoM 40 r Toro xe BeulecTsa.

B muorouncaennnbix onpirax Xaparona nocrasaennnie Ha pebpo
KHPNHYA OKa3aAUCh YZOOHBIMH YKA3aTEAAMH PAaCCTOAHMSA, HA KOTO-
POM HMMIOYABC YAapHOH BOAHBI MajaeT A0 ONpPeeA€HHOro 3HaYeHHS.

[onmaTHO, uTO0 npuUMEHHTEABHO K 6GOAEE CAOKHBIM CAy9asM,
B KOTOPHIX HapsaAy ¢ XecTkolfi KOHCTpyKuuelt paboraeT ¥ rpyHT,
HEeO6XOAMMO LEHTPOGeKRHOE MOAEAMPOBaHHE; OGAACTD MPUMEHEHHsA
npegroxennoro XapATOHOM M ABTOPOM TPUGANKEHHOTO MOJAEAM-
POBaHAA H3MEHEHHEeM IAOTHOCTH MEHee WHPOKa M MPEeHMYIEeCTROM
€ro ABASETCA AHLIb IPOCTOTA SKCIIE PUMEHTAABHOIO OCYILECTBACH Ao

§ XXIII. fisrenns B menocpeAcTBeHHON GAHBOCTH C BapsHAOM

Teopus nozobuss nossoAseT cBeCTH S3aBHCHMOCTD BEAMYWH,
XapaKTepu3yOIUX JAeHCTBHA B3pbiBa, OT MacChi 3apsjga K pac-
CTOSHHSA K ZByM O6e3spa3mepHbIM QyHKUMAM oJuoil GespasmepHOR
nepemennoif. Onpeserenne Buia oTUX QyHKIUi AOAXEH JaTh
KOHKPETHbIH Pas60op ABAeHHS B3pHBAa H CAEAYIOIUETO 3a HHM pac-
npocTpanesus yAapHoii soaunl. Mbl He paccmaTpuBaeM 3jech caMoro
B3pBIBa — PAaCIPOCTPAHEHUsI JeToHalnoHHOH BoAmbl no BB, compo-
BOxZaloIerocs xumudeckoli peaxnueit npespamenus BB s TIB.
Hame paccmorpenne mauwmaeTcs € TOro MOMEHTa, KOTZAa AETOHa-
HOHHAs BOAHA JOXOAMT A0 IoBepxHocTH 3apsaa. O6orouky 3apaga
CUMTaeM BeCbMa TOHKOI M He yUMTbIBaeM €€ BAMSHuA. B yxasanmbiit
MOMEHT OKa3hIBaIOTCA I'DaHNYAUMH: ¢ OJHOHR CTOPOHDI, HEBO3MY-
IICHHbIA BO3AYX HAM paspymaeMnli Martepuar, ¢ apyroii —I[1B,
TOABKO 4T0 00pasoBaBIIMecs B pesyAbTaTe XUMHUECKOR peakmum,

Pacaersl, oTHOCAMECH K TEOPHUH JETOHALMM, DOKASHIBAIOT, YTO
otu [1B aBumyrcs B HanpaBAeHum pacnpocTpaRenms zeTOHALUOH-
Ho#t Boambl [laorHocTe Mx BRINE cpeameit maoTmoeTH I1B, Tax uto
AaBAenne Basoe Goabme cpeauero. Ecau sapsg BB rpanuunr c
IIPENsTCTBHEM, TO B MOMEHT, KOrja A€TOHALMOHHAA BOAHA JOXOAHT
o rpanapel, asuxymuecs [1B craaxmpaiorea ¢ npemsrcreuem,
u mpoucxoAuT pesxoe rtopmomenue [1B. [lpn Tex gaBaenusx, ¢ xo-
TOPBIMU MPUXOAUTCA HMETD AEAO, A1060H MaTeprar naactuyen. Cxo-
POCTD, NproGpeTaeMas MaTepHaAOM IPEnATCTBAS 04 AeiicTBuen [1B,
OrpaHHYeHa B OCHOBHOM He IPOYHOCTHIO MAaTEpHaAa, a €ro MHep-
gHeil, T. €. AOTHOCTBIO U CAHMAeMOCTbIO (OT MocAeaHeil 3aBUCHT
CKOPOCTb PACIPOCTPAHEHUS BOSMYLIEHHSA U OTCIOA3a — KOAMYECTBO
MaTepHaAa, BOBACUEHHOrO B ABUXEHAE B ©AWHHLY BPEMEHH).

Mpu yaape IIB o craib uau meaeso (naormocrs 7.8, Toraa
kak naoTtsocTb [1B me Bomme 2.5) moxno cuurars, uro [1B mpaktu-
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YeCKHd OCTaHAaBAHBAIOTCA. B 3ToT MOMEHT OT rpaHMUbI BHYTPb
3apAja HAUHHACT JABMIaTbCs yAapHas BOAHA, OCTaHABAHMBAIOLIAsA
u canmawcman [1B. Kavecrnenno seaenne anarorauno orpaxennio
yaapo#t soanbl (§ XIX). Koauuecrsenno umeercs mnekoTopas
pasHuUa, ¥ pacyeT moKashiBaeT, uTo JaBAeHue [IB yeanuupaercs ~
BABOE MPH CTOAKHOBEHMU JETOHAIMOHHOH BOAHBI C IPENATCTBHEM.

B cayuae maro#t maormoctn BB, ecam mommo cumrats [1B
HAGaAbHHM Ta30M, BO ()pOHTE JETOHAUMOHHOH BOAHB CKOPOCTDH
nocrynaTeAbHoro Asumenns [1B cocraBaser okoro 45°/, ckopocTu
AETOHALWH, IAOTHOCTb BO (POHTe BoAHbI Jocrmraer 1807/,
HayaAbHOH; k Tomy e na 10% mosbimaercs remnepaTypa o cpapxe-
HHIO co cpeaueif. Baarogaps sToMy sasAenue nosoineso B aBa pasa
IO CPaBHEHUIO CO CPENHHM JABACHHEM P HAH JAaBACHHEM, KOTOPOE
6yJer pasBATO NpH MejAeHHOH ajguabarmueckodl peakuuu BB B no-
crosHaoM o6beme. JaBArenne aTO NOUTH yTpauBaercs, KaK MOKasaA
Hamaiiros (u gocruraer, Taxum ofpasom, 5—6 p), TpH TOPMOMEHHH
IIB a6coroTHO meCTKHM NpemATCTBHEM, TOCTABAGHHBIM Ha NyTH
AeToHaguoHuo# BoAnn. Oguako npm B3pbHIBE, IPHMEHAEMBIX
Ha npaxtuke BB orkromenus ot ugearbnocTH BechbMa 3HAUMTEABHDI.
Otnomenne cropocti asumenna [IB k cropocTs geronanmm
yMeHbmaeTCA. Y MEHbIIASTCA TaKKe OTHOUIEHHe nAoTHOcTH 1B
BO ()pOHTe BOAHBI K cpegHeil maorHoctu [1B; mo BmecTe ¢ Tem
ymenbmaercsa M cxkumaemocTb [1B. PaBmoe mavenennme naorHoCTH
BbI3bIBAET GOADBIIEE, YeM B HACAADHOM rale, H3MEHEHHE JaBAGHHS,
YBEAHUHBAETCA CKOPOCTb 3BYKA; yAap O IPENATCTBHE CTaHOBHTCA
Gonee xmectxkum. OTHomenue aaBaenuii: cpeguero P, MakcHMaib-
HOTO B AETOHaUHOHHOH BOAHE p,,., AABACHHS OTPAMEHHS AETOHA-

I,LKOHHOﬁ BOAHBEI OT ZKECTOKOT'O NPEensaTCTBMS Pmp, HaﬁAOHHOB AAA

HA€aAbHOIO Ta3’a, HECKOAbKO H3MEHseTcs B mAoTHbix [IB mpu
HAAWYMM SHAYHTEABHBIX OTKAOHEHHH OT HAEaAbHOCTH.

B Taba. 5 nokasambl ocHOBHblE KOHCTRHTBl ZAS HECKOADBKHX
ranuganix [1B: Temaora mappiBa Q xkaalkr, o6bem, sanmMaeMbiit
[1B mpu_uopmarpusix ycaosusax (0° C, 1 arm), Vy aurp/kr; remme-
parypa [IB Bo @ponre zeromagmonno#t sormst 7, °K, ckopocts
ZeToHagun npm Maroki maoroctH D, m/cex mCKOPOCTH ABH-

xennst 1B Bo Qponte BOANM u, Mfcer, BuruMcAenHBIE MO Teopuu
AeToHanuyu 6es ydeTa OTKAOHEHHA OT HAEaAbHOCTH, HaYaAbHAaA MAOT"
socts BB @, rlemM® maun kr/aurp, usmepennas npm orofi naornocTH
cropocTb Aetonayun D m/cex. Oranune D ot D, xapakrepusyer
oTkAoHenHe cocroAnua [IB or mgearpnocrn. B caeazyomux
cToA6uax seraucAennl naorroctb [1B 0 u ckopocrn aBmmenus [1B
B HANPaBAGHWH PacUPOCTpaHeHHs BOAHbi u. P, ecrb zaBaenne [1B
B JETOHAUWOHHOH BOAHE, BbHIYUCAEHHOE C yYETOM OTCTYINAEHHA
oT uzearvHoctn u cmaras [1B 8 soame. B rpage p,,, npaseseno
AaBAeHHe, pa3BuBalolieecs HPH peskom Topmoxenun [IB, ckopoctn
ABHXEHHS MX K COCTOSHME ONP@ACASHB B NPEAbIAYNIHX CTOAGIax.
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Ta6auga 5

Q Ve Ty, D,, .. | 2
Tporma . + . . o .. . 1085 685 3630 | 1930 890 | 1.59
Harponenraspurpur . .| 1530 768 5000 | 2400 | 1090 | 1.60
Hurporangepur . . . .} 1517 716 5200 | 2360 | 1080 | 1.60
Asmz cemmga . . . . . 2001 2701 2800 | 1250 570 | 4.70

3252 ' 230 !

D [ u p ror Po,rp
Tporaa . . . . .. .. 6900 2.10 1700 | 190000 | 430000
Hurponenrasparpur . .| 7900 212 2000 | 250000 | 560000
Harporawgeprn . . . .| 7900 2.12 2000 | 250000 | S60 000
Asumzceubna . . . . .| 5890 6.30 1500 | 400000 | 900 000

OcuoBaHHblE HA TEOPHH AETOHAUWHM pACUETH, YTHTHIBAIOIIHE
HenzearpnocTs  [IB, mnpomssogmam AJorpuas, [119], muar[124]
# Baacos.[3]

Pacuerst 9TH 6bIAM OCHOBaHBI Ha MPEANOAQKEHHH NPHMEHH-
moctr k [IB ypasmemua cocrosunmsa

RT

v—2b

p::

€ NOCTOSIHHBIM 3HayenueM b uAm co 3nadveHuem b, saBucsHM OT
yaeabroro ob6vema v (Umuar). Kar yxasar Aanzay, B zeiicten-
TEAbHOCTH STO YPaBHEHHE COCTOSHHA HENPHMEHHMO HPH JOCTH-
raemoit B IIB mnaotHoctn. Monrexyant Heawbss cunTaTh HeECKM-
maemoiva. B nepeom npubinzenun gasrenme [IB saBucur or mx
MAOTHOCTH (NPONOPUHOHAABHO KyOy IAOTHOCTH), HO HE OT TEM-
nepatypoi. Pacuernt Aangay u Crasiokosuua [107] (1944 r.) noka-
3bIBAIOT, YTO HpPH DTOM H3MeDPeHHON CKOPOCTH ZETOHAUUH OTBEYALT
MeHblIH# yzeAbubl# o6bem m Goree BbICOKOE AaBAeHHE MO CPAaB-
HEeHHIO ¢ NPEXHHMH pacyeraMd, XapHTOH OTMETHA, 4TO ypaBHeRHe
cocrosinusg, npuuaroe Aamgay, Tpe6yer saTpaThl 3HaUYMTEAbHOR
yacTH SHeprum B3phBa Ha cxatde [1B u Temmeparypa IIB npu
6oabmoli HadaAbHO# naorHocTH BB 3maumreanno Huxe npuse-
aeunofi B Tabruge 7.

CrpykTypa JAeTOHayHOHHOH BOAHBI OTAHYaeTCA TeM, 4TO
B MoMeHT obpasopanua [IB uMeOT MaxkcHMaAbHYI0 NMAOTHOCTD,
CKOPOCTDb ABMXCHMS H JaBACHHE; 3a (DPOHTOM BOAHBI CAeayeT 6oree
uAM MeHee 6bicTpoe TopMoxenue u pacmupenre [1B[8, 108]. Bce

1 Pacuer Ha mapooGpasumii cauEemn,
2 Pacuer Ha xUZKHH CBHROIN.
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TIpUBEACHHbIE 3HAYCHHs JABACHHH OTHOCMAHCH K TFPeGHIO BOAHBL.
Cpasy mocAe CTOAKHOBEHHS BOAHBI C IPENATCTBHEM, T. €. IIOCA®
TOro kak 6yjeT pasBATO OTPOMHOE AaBACHHE P, HAUHHAETCH
6vicTpoe mnagenne jgaBAenus. Hmme, paccmarpssas uMmyabc
Aarenus BB, Mpbr yBugum, xax onpeaersercs Bpems nazenus
aasrenns. Ilo mopsaaxy meanumubr bro Bpems pasHo R - 107° cer.,
ecam R ectb sddexTupmmit pasuyc sapsaa, BbipameHHbift B cam-
Tumerpax. JAas sapsga s 1 kr aT0 Bpems — nopsaka 5 107 cex.

AArs pacueTa BpemeHH COMOCTABUM MMNYABC CHABI C BEAU--
uyHHOH MaKCHMaAbHOrO zaBAenms. IlpexcraBmm cebe sapsa B 1 kr

////// Bo3dyx

Puec. 57. Pue. 58

00332
o ﬂ | S

TpoTHAa B BuAe UuAmHapa guamerpom 10 cm m moicoroit 8 cm..
11romasy ocmomamms guausipa 80 cm®. [lpunss makcumaabmoe
ZaBAeHme, pasBHBaolleecs Npu orpaxmenuy Boawsi, 430000 atm.,
MBI IOAYYHM MaKCHMaAbHYIO CHAY, AeHCTBYIOIIYIO Ha NPENATCTBHE,,
Ha KOTOpPOe @TOT 3apiX MOAOKEH ocHoBanuem, 3.5-107 kr.
Haifigennomy skcnepumentaabHo (omertsl Kyapssuesa, gurupyto
nmo CazoBckomy) smavenmio HmuyAbca 100 kr- cex/kr orseuaer
s@QPeKTHBHOE BpeMs JeHCTBUS BHIYMCACHHOR  BBIIE  CHABL
3.107% cexr. [lpu cropoctu sByka B [IB nopaaxa 5+10° cm/cer
(s10 3HaueHHe MH HaxoZUM IO M3MEPEHHOH CKOPOCTH AeTOHALAM)
‘BpeMs, 3a KOTOPOe BOAHA paspexeHHs npoberaer paccTosHue S5 oM,
cocraasier 10-107% cek. Ilomsatno, uro B geficTBuTeApHOCTH.
ZaBAEHME CHajaeT NOCTENEHHO H AOCTUTAET aTMOCPEPHOro AaBAe-
HH 33 Bpems, BHAUMTEAbHO Goabmee, Beamumnpr 3-107° uan
10 - 107% cex mpeacTaBasioT COfOH TOABKO DPQEKTHBHOE 3HAYEHHE,
T. €. BpeMs, B TeUeHHEe KOTOPOro AaBAGHHE NajaeT HECKOABKO pa3.

Kakosa kapTnHa ABHAEHHS IPH BBIXOAE ACTOHAIIHOHHOH BOAHDL
Ha CBOGOJHYIO, IpaHMYAILYI0 C aTMoc(epodl NOBEPXHOCTD 3apaza?
B wmomenr mucuepnamus BB B compmkochHosemmm okasmbialoTcst
asuxymuecss HakareHmbie [IB Bricokoro zasrenus m mesosmy-
mennbif aTMocpeprnil Bo3zyx. [ToBepxuocTp 3apsga cramoBmTcH
IOBEPXHOCTHIO Pa3phiBa AaBAGHHS, Pa3pbiBa CKOPOCTH JBHKEHs:
n remneparypnt rasa (puc. 57). Taxum o6pasom, Mp1 HMeeM zero-
¢ sajaued, pasobpammoii B § XVI. Bnepea, B manpaBrenms,
B KOTOPOM PAacClIpOCTPaHAAACH AETOHAUMOHHass BOAHa, BhiGeraioT-
pacmupennnie u yckopusmuecs [1B, xoropbie romar mepez coboit
BO3AyX, camumas ero (puc. 58). Jsumenme rpamupp pacmapeH-
apix [1B u cxaroro Boszyxa onpeAeAsieTCs M3 YCAOBHS PAaBEHCTBA
AaBaenmsi mo ofe cropomsl ®Toif rpaHmuel. [lo cpaBHEHHIO.
¢ § XVI HoBbiM sBAsiEeTCS TOABKO TO OGCTOSTEABCTBO, YTO Ha



160 SXXIII. Aenenus 6 nenocpedcmeeHHOU 6aU30Cmu ¢ 3apsoom

TIOBEPXHOCTH pa3phiBa IPOMCXOJUT TaKKE HSMEHEEHE XHMHYECKOro
cocrasa ([1B —mosayx). Ilpr pacnpocrpanenua paspnia noeepx-
HOCTb WSMEHEHHs COCTaBa TOXAECTBERHO COBHAJA€T C MOBEPX-
HOCTBIO paspbiBa 0COGOro poja, Ha KOTOPOH HNPOHCXOAUT H3Me-
HeHHe TeMIePaTypPhl K DHTPONHN G€3 H3IMEHEHHsT JaBACHHSA H CKO"
pocru ABummenus; sce pesyantarnl § XVI ocratorca B cune.

K pacuery yjapmo#t BoAHbl, BOSHEHKalOwe#t Ha noBepXHOCTH
ZeTonnpyoero BB, npmromua Teopmo pacnpocrpanenns mpomus-
BOAbHOrO paspbiBa OmEAb Kyre[120]. Ox npoussea srm pacueTm
8 cBasu c onbiramn [leppora u ["ayrpona [122]. [Tosxe ToT e Bonpoc
uccaegoBarn A, A. Aanaay u Cramokosnu [108].

e3yAbTaThl pacuera COrAacylOTCA C ODBLITHBIMH JaHHBIMY,
B YACTHOCTH B BONPOCE O BAHSHHH COCTaBa aTMOC(Eph, OKPYHaro-
weil sapsa, Ha ckopocrb pacmupenus. Jocruraemast CKOpPOCTh
yAapHOH BOAHM B aTMoc(epe M CKOPOCTb JABHAEHHS TpPAHHIPDI
TIB —armocepa BecbMa BEAHKH B MOTYT TNPEBOCXOJHTb CKO-
pocTh Aertonauuu BB, ¢ xoropolt omx memocpeacTBenso me cma-
sanbl, B coorsercTsum ¢ 6oAbmoif ckopocTbio ABmmenms [1B,
‘CAUMAIOIUX BO3AYX, B YAapHOil BOAHE pa3BHBAaeTCA AAaBAEHHE,
BBICOKOE N0 CPABHEHHIO € ATMOCHEPHBIM, HO COCTABAAIONIEE MAAYIO
gacTb HauaibHOTO aaBaenms [1B, Ecau Bosgyx saxatouen B Buge
TOHKOTO CAOs1 Mexay 3apsaoMm BB m mpensarcremeM, To yzapmas
BOAHA, ZOHAS O MOBEPXHOCTH MNPENATCTBHA, OTPASHTCA M IEpe-
MeHHT HANIpaBA€HHe paclipocTpaHenus. Korja orpaxennas BoAHa
aoitzer xo rpaunuupt [1B — Bosgyx, npousoiiger wactuunoe ee orpa-
#enune, yacruunoe mnpoxoxaenue B [IB u 1. 1. Bosgymamii caoit
mexzy BB m upenstcTeueM pacrarmBaer Bo BpEMEHH POCT AaBAe-
HUsl, AeHCTBYICIIEr0 HA CTEHKY, M 3aA€PXKHUBAET MOMEHT JOCTH-
XkeHus MaKCHMaAbHOTO zaBaeuuda. Ecau 6p1 [1B cnocobusr 6niam
OKasbIBATb JZAUTEAbHOE ZaBAEHHE, HAAWYME NPOCAOHKH He H3Me-
HHAO OBl KOHEYHOTO JaBAEHMS HA CTEHKY, 1aK Xe KaK MATKas
NPOKAajKa HE yMEeHbIIAeT JaBAEHHS rpysa Ha omopy. B zeiicreu-
“TEADHOCTH, CTPYKTYPa JETOHALLWOHHOK BOAHBI OOYCAOBAHBAaeT
6bicTpOe najeHHe ZABACGHHS, 3aBACSEe OT BHIPABHHBaHHMA JaBAe-
‘Hua u pacmupenns [IB B wanpasaennu, o6patHoM HampaBAeHHIO
paclpocTpaHeHHs JAeronauun (T. e. k UeHTpy 3apsga). 3aBucsmasn
OT HaiHUHA BO3JYIIHOrO INpOMeXyTKa 3ajepXxKa B mnepegaye
.Aasaenus [IB npenarcteuio mpusogur k ToMy, uTo 3a Bpems
3azepxkn aapaenue [IB magaer u ymewbmaerca MaxcHMaAbHOe
AaBAeHHe, JAelicTBylollee Ha npenarcTsme. Ypessbryaitno peskas
3aBHCHMOCTb NPOGHMBHOH CHABI B3pHBA OT .PACCTOAHUA MexAy
-3apsagoM u 6poHeill Xopomo H3BecTHA NMPAKTHKAM.

HacraBrenne zas nmmeHepubix BoHCK 1O moApbiBHBIM paGo-
-tam (Boenusgar HKO, 1941) gaer caeayiomee npasuro: ua nepe-
6UBaHME CTAABHOrO AMCTa HEOGXOZHMO JaTb BEeC 3apsja M3 pac-
cueta 25 r BB mopmarbmoli mommocTr Ha 1 cm® mepeGuBaemoro
CeYeHHN; CEYEHH® PACCYMTLIBAETCS KAk NPOUSBEACHHE JAAMHDI
JHHHAH, O KOTOPOH MpoU3BOAUTCA MepeGuBanAe, U TOAIGHHLL AUCTA.
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[1pu nmarmunu BO3ZyWHOrO npoMemyTKa MexAy Gpomeit u 3aps-
AOM HMAHK IPH COCTaBHOH 6pOHE U3 CTAABHBLIX AUCTOB C RO3AYIIHbIM
IPOMEXYTKOM ,HacTasaenne“ TpebyeT J06aRAATbD BO3AYIIRbIA
TIPOMEXYTOK K PACYETHOH TOAUHE AMCTA.

Takum 06pa3soM, ecAE OCHOBLIBATbCHA Ha 3TOM NMPABUAE, HMEIO-
wemM, pasyMmMeeTcs, NPUOGAHKEHHBIE XapakrTep, TO Mbl NpPRAEM
K BBIBOAY, 4TO 3apajX, npobasaomuif, Hanpumep, S-CaHTHMETPOBbIH
AHCT TpH DAOTHOM [PUKOCHOBEHWH, NPH YZAaAeHHH OT OpOHM
Ha 2 cM cMomeT MpPoGUTb TOAbKO 3-caHTHMeTPOBYIO GpoHIO.

Asmxenne Hocur Apyroll xapakTep, €CAH Ha HEKOTOPOM pac-
CTOSIHMM OT 3apfja PacHOAOKEHO TEAO, Pa3Mephl KOTOPOro MaAhl
110 CPABHEHHIO C PACCTOAHMEM OT 3apsZa. | aKkoe TEAO MOZBEprHeTCA
cnepea ZeHCTBWIO BO3AymHOH yaapuoit Boamnl. Bexope mocae
OTPameHHs! YAaPHOH BOAHBI OT NOBEPXHOCTH TEAA yA2pHas# BOAHA
NPOXOAUT JaAbure, orubas rtero. McoerroiBaeMass TeaoM cuAa
npeacrasaser cofoif mocAe BTOrO CONPOTHBAEHAE TEAa B IOTOKE
cxaToro ygapuoii BOAHOH BOBJyXa M 3aBHCHT OT HAOTHOCTH M CKO-
POCTH ABHAEHHS BO3AyXa M OT OGTEKaeMOCTH (BeAHllﬂBbl KO3DPH-
IHeHTa CONPOTUBAGHHA) TeAa, SarTeM rpanuia passera [1B—posayx
AOXOZHUT JO TEAd, B B JaAbHeimleM TeAo OOTEKaeT yxe He CKATbiit
Bo3ayx, a pacuupennnie [1B. Ha rpanmue pasaena gasaemne [1B
He OTAHYAeTCs OT ZaBAGHHA Bo3iyxa. Kax msmenurca zeidcrsyro-
maas Ha Teao cura? JAs orBera Ha BTOT BOIPOC HEOGXOAUMO
cpaBEATD MAOTHOCTD [IB B BO3ayxa.

Pacmupenne IIB npoucxozur wussHTpOUMYECKE U CONpPORO-
®ZaeTCs TazeHueM Temmepatyphl [1B; cmarue BO3zyxa yaapHoii
BOAHOH no aguabGare [1OroHHO BLISHIBAET POCT TEMOEPATYPHI.

['py6oiit npubiumensnit pacuer, npoieAamHbii AAT TPOTHAA
(ucxogHpie AanEBe cM. TabAuly), AETOHHPYIOLIETO B BO3AYyXe,
AaA CAeAyIOILHE QPE3VABTATH: CKOPOCTb JBHXEHHS pPACUIMPUB-
muxes 1B, pasmas ckopocru cmaroro Bosgyxa, 4700 wm/cex;
ZaBreHune pacmupennanix [IB u cmaroro mosayxa 250 arm. [lpm
atom remneparypa [IB magaer g0 1100° K (830° C), nrorrocrs 1B
pasaa 0.1 r/cm® B BO3ayxe yAapHas BOAHa pacCIPOCTPaHIETCA
co cropoctbio 5250 w/cex, Temmeparypa BO3AyXa AOCTHrAeT
7600°K, maornocre paema 0.012 rjem®. A6corioTHOoe 3sHauenue
CKOPOCTH BOAHB YZOBAETBOPUTEABHO COTAACyeTCs C ZaHHBIMH
[Tleppora m Tayrpoma, 3aaperucTpHpOBaBMIEX CKOPOCTH BOAHDI
B Bosgyxe 4600 mcex, B Bojgopoae 5560 mfcex B cayuae Gonree
caaboro BB (mrormocre 1.32, ckopoctp aeronanmn 4600 mfcex).!

Ormerrm, uro B pesyibrare pacumupenus I1B npoumcxoaur
HHBEPCHS TEeMIIePaTypbl: TEMIepaTypa CKaroro BO3JZyXa OKa3bi-
BAETCS 3HAYATEABHO BHIIE TEMIEPATYPH CONPHKACAIOIIUXCS
¢ umm [IB. 3aecs uer nporTusopeuna mauaraMm TepmMOZHHAMHUKH:
MPOMCXOZAT AHMmMDb IHpouecchl ussHTponuueckne (pacmmperde)
H conpoBomAaiomnecsi pocrom sHETponuu (cxaTtHe B yAapHOR

1 Cp. noacrpounoe npumewanue ma crp. 163
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BOAHE); HE HAPYIIEHO H NEPBOE HAYaAO:! KOAHYECTBO CHHMAEMOTo
B €AHHHLY BpEMEHH BO3JyXa BO MHOIO pas MEHbme KOAHYECTBa
pacumpsomuxes [1B.

Moaexyasipasitt Bec Bosayxa u [1B npu Bspnise oprauuueckmx
BB manro orauwarorcs zpyr ot gpyra. Ilpu passom jasaenuu oaor-
HOCTH HaxoAsI'TCA B OTHOMICHHH, O6PaTHOM OTHOIIEHHIO TEMIEPATY P;'
nrorHOCTh pacmupesHnx 1IB sHaunrTeApHO 6G0AbmIE nAOTHOCTH
cxmarToro Bosgyxa. JdeficTBylomwas Ha TEAO CHAA BO3pacTaeT NPHOAU=-
3HTEABHO MPONOPIHOHAABHO IMAOTHOCTH B TOT MOMeHT, Korja [1B,
pacmmpsscs, gocturaior Teaa. OzHoBpeMenHO, Kak 3TO HU yAHBH-
TEAbBHO, BO3PACTAaeT M TENAOBOe BO3ZeHCTBHE Ha MOBEPXHOCTb
teaa. Temneparypa [1B nuxe remnepaTypnt cxaToro Bosayx, Ho npu
CBEPX3BYKOBOM OGTEKAHHH CAEAYET YYHTBIBATDL OAUHAKOBO TEIIAO-
BYI0 H KHHETHYECKYIO BHEPTHI0 aBumymerocst rasa (cm. § IV
sTeMmepaTypa noxoa“).

kopocTu asumenns [1B u Bosayxa ogmmaxosbl, mpeppanieHHe
KHHETHYECKOft SHEPrHH B TEMAOBYIO MOBBINIAET TEMIEPaTypy Ha
OZMHAKOBYIO BEAWYMHY. lawxum 06pasoM, pasnmuue ,TEMIOEPaTypbl
nokos“ Bosayxa u [IB orHocmreabHO Membme, uem pasamuue
HCTHHHBIX Temmeparyp BosayXa u I1B. B npuseaensom Bouue npu-
Mepe, KOrja HCTHHHble Temueparypbl Boszyxa (7600°) u IIB
(1100°) orrocsiTes kak 7:1, remmeparypn mokos 24 000° (Bosayx)
u 17000° (TIB) orrocares kak 1.4:1.2 MarencusnocTs Temroporo
BO3JEHCTBUA 3aBHCHT HE TOABKO OT TEMIEpaTyphl rasa, OKPY-
KAlOIero TeAO0, HO H OT JPYrHX ()aKTOPOB, = ONPEAEASIONINX
MHTEHCHEHOCTb TENAOBOro mnoroka. B paccmarpueaemom cayuae
TENAOBO# NOTOK M TENAOBO€ Bo3jeiicTBHe NOBBHUIAIOTCA 3a CYET
nosbimennoii 8 8 pas maornoctu [IB mo cpasmennmio ¢ naorHOCTBIO
BO3JyXa.

OunbiTel, NoaTEEpAAAIOLINE HPUBEZEHHbIE COOOPaMEHHs, PO~
usserr Mummeab-Aesn 1 Miopayp [121] 8 1934—1936 rr. Omuu
HCCAEZOBaAH BONPOC O NPHPOJE CBEYEHHsT B3PHBAa KPHCTAAAOR
asuaa ceuaga. (Dororpagum moxasweieaior, 9TO cBeueHHe 0co6eHHO
MHTEHCHBHO B MECTAX CTOAKHOBEHHs YyAapHBIX BoAH. Murencus-
HOCTb W CHEKTP CBEYEHHS CYIECTBEHHO 3aBHCAT OT aTMOCQepdl,
OKpy#Xatomeif KPHCTaAAb; HanGOAee HHTEHCUBHOE CBEUEHHE JACT
aproH, HAHMEHEE HWHTEHCHBHOE — 6yTaH, B COOTBETCTBHM C BEAH-

1 B caywae BspbIBA COeAMHEHMit TAxeAbIX MerairoB (a3sHja cBUHUa, rpe-
Myueit pTyTH) BbICORMA MoaeryaspHmA Bec IIB Zomoamureasno yserumunpaer
IAOTHOCTB.

2 Temneparypa noxos 1B oxasmpaercs Boume mavaabroit remneparypn I1B
(remmepaTypm geromagmm). ITo XapaKTEpPHO AAA HECTAUMOHAPHOHX BOAHBI pas-
pemeHns, B KOTOpoi NPOMCXOANT NepepaclipeiereHne DHEPrHn: KUHeTHIeCKas
sneprus npibGeraromrx suepes [IB cosjaercs yacThHuHO 3a cueT DOTOHIMAABHOR
swepra (3a cueT pacmmpenns) 6oree TAYOOKHX cAoeB. OTH COOTHOMIEHAs
BuaEHN Ha puc. 20, cTp. 59 rae MOXHO CpaBHATD CBASH CKOPOCTH {ONmpeAeASIOIEH
KMHETHUECKYIO SHepIruio) ¥ JaBAeuus (OnpeseAsIomero NOTeHINAALHYIO BHEPTHIO)
ArS cTagﬂOHﬂpHoro HCTCUYCHHS B COIIAE, npu KOTOPOM cyMmMa JHTAABIHH U KHHE-
THYECKO JHEPrAM IMOCTOSWHA, M AAS HECTA[MOHAPHOTO PaCIIMPEHHS.
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uuno#t Temroemkoctd, [lpu jamuom cocraee rasa (aprom) yseau-
YeHHMEe ZaBAEHHS YMEHbIIAeT HHTEHCUBHOCTb CBEUEHHSA B COOTBET-
CTBHH C USMEHEHHEM aMIAHTYy bl yaapuoil Boaxet. Oco6enHo u3syHa
pa6ora, B xoropoii meraar (Gapnii) BBoguacs B BB u B ras; npu
MOJMEMXBaHAN coezuHeHuit 6apus B 3apAa asuia B CHEKTpe CBe-
yeHus: AMHHM Gapus ue o6Hapyxusarorcs. B apyrux onmrrax Gapuit
6hIA BBeZEH B ra3oByIo (hasy NyTeM CHUTAHMA Nepes ONbITOM MaAOTo
KOAHYECTBAa NHPOTEXHHYECKOrO COCTABa, JANILEro MeAKOAuCIepC-
Hblff, MEAAEHHO ocCeZaioWMii AbIM, COZepKaIUui OKHCh U KapGoHaT
6apus. B nocaeanem cayuae mpu B3phiB€ CHEKTP CBEYEHHA H306H-
AOBaA Ammusmu Gapus; HapsAgy ¢ BO36YXAeHsbIMH aToMaMH 6apns,
CIEKTp OOHapyXMBaeT NPHCYTCTBHe BOS6Y:RAEHHHIX HOHOB Gapus
1 HATOMUHAET B DTOM OTHOIIEHHH HCKPOBOM, 8 He AyroBOi CIeKTp.
B cosokynmoctu ombitht Mumeap-Aesu u Miopaypa moxaswiBator,
uto B aTMocdepe, okpyxatomeii BB, mpm BspeiBe Bo3HHKaIOT
yAapHble BOAHDBI GOADLIOH aMIIAMTYAbl, HarpeBalolue ras 0 OrpoM-
HBIX TEMIepaTyp, BO MHOTO pas mpeemmaromux Temneparypy I1B.
TemnepaTypn ocobenno BbicOKu 6Aarojapss MaAoH TEMAOEMKOCTH
aproua. Ey Takoff KoHHennwell coraacyiorcs Bce HabGAIOAeHHBIE
)aKThI.

tKyre[120] B ynomsuyTo#i Teopernueckoii paGore cpaBEHHMBaeT
pacnpocTpaHEHHEe yZapHbIX BOAH B3phIBa B rasax PasAHMYHOTO
MOAekyAsfipHOTO Beca (B BOJopoJde, Bosayxe H yraekucaore). Cxo-
POCTb BOAH, BbI3BIBAEMBIX B Pa3AHGHBIX CPeAax, HAXOJMTCA B COOT-
HOIIEHUH, KOTOPOE XOPOIIO COTAACYETCs ¢ ONbITOM; NMPSMOi pacuer
a6coarornnix 3Hauenuii flyre ne npomssoaur, usberas Takum c6pa-
30M BOnpOCoB Teopuu Jetonaumn BB u coctosmms 1B 6oapmoi
naorroc™a. Bmecro sroro yre nmoabsyercs Zas xapakTepHCTHKH
cocrosnusa IIB ckopoCcTbIO BOAHBI B BO3AyXE H OTCIOZAa BBIYACARET
CKOPOCTb BOAH B JpPYTHX cpejax.

Baacor [3] naeT 3naunTeabno jarbme H, IpEOJOAEB TPYAHOCTH,
3aBHCAMAE OT HEUJEeaAbHOCTH, BBIMHCASET HapaMeTpsl YyAapHOH
BOAHBI B BO3AyXe H CKOPOCTb €€ B XOPOIIEM COTAACHH C OINBITOM
(antpomamnuT: BbluncAeHo DBaacoBmm 6100 mfcek, HabaozeHo
Broparo 6430 mfcex).! Aas xapaxrepucraxu cocrosuus [1B Baacos
TIOAb3YETCS M3MEPEHHOH CKOPOCTHIO ZETOHALHH.

3aecb HeOGXOZUMO TaKiKe OTMETHUTb BECbMa HHTEPECHBIE M MOA-
Hble pacueThl KapTHHbI ABUAeHHs y nosepxHocTH BB, npogerannnie
A. A.Tpubom u coaepmamuecs B ero gucceprapun [102] [Aenun-
rpaickuit ropusiii macturyt, 1940 r.]. 3agzava pemena B npezgmo-
AOXMEHHMH O PaClPeACACHHH JaBACHHA H JABHKCHHM, OTBEYalOLIHX

1 B msnoxenmn Bracoma oTpameHnl HempasMAbHBE IpeJCTaBAeHHS O BOB-
MOMHOCTH CKauK00GPasHBIX BOAH paspexenuda, K cuacTpio, 8T2 HempaBuAbHOCTD
NpaKTHYeCKH He OTpamaeTcs Ha UHCAeHHHWX pesyabrarax. He yuremo raxme
caeranHoe mosxe samedanme Aanaay [107, ]08]po BHAE YPaBHEHNS COCTOSHHIL

lMpumeuanue mpu koppexrype: pacwern Aangay n Cramroxopuua [108] saior
ZAn TpoTHAa ckopocTh asnmenmsi [IB u Bosayxa 7800 wm/cex, Japaenme yAapHOi
soanm 750 kr/emZ, Temmeparypy I1B 1200° K.
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MrHOBEHHOH XuMH4Yeckol peakuun Bcero BB — xomgencupopannoro
HAH razoobpasHsoro.

OcTaHOBHMCH B 3aKAWYEHHE HA BTOPDﬁ BO3MOKHOCTH HHTEp~
npeTauHHA HMIYAbCA B3PbIBYATOTO Beglecrna. COI")\aCHO ynommiy'rbm
BbIIIE M3MEPEHHAM, 3apAj BECOM m Kr, MOAOMEHHb# Ha NOBEPXx-
HOCTb, [IPM B3pbIBE€ pasBuBaeT uMiIyAnc cuabl /=:100 m xr. cek.
Coraacuo § XVIII, Tako#t zmmyAbc oTBeuaeT cpesuemy 3HaueHHIO
xommonenTsi ckopoctn [1B, HopmaabHoit nosepxuocTa ¥, =100 g==

1000 m/cex.

Hmunyabc cuasr oxaspiBaerca B 2—3 pasa MeHbure uMOoyAbca
CHAbI, KOTOpbI#f ObIA 6bl Pa3BHT [PH OPraHM3OBAHHOM HCTEYe-
uun 1B us raBanesckoro conaa peakruenoro anmapaTta, Ipu KOTO-
pom sce [1B asuxyres B ogHoM manpapremun. He Tpysno Buaers,
49TO IIpH B3PhIBE OTKPHITOro 3apaja B JAeHCTBHATEABHOCTH
PABHOMEPHO PACHIMPAIOTCA BO BCE CTOPOHBI MOAyChepnl; 0603Ha-
YHB CPEAHIOI0 CKOPOCTb B PajHMaAbHOM HaNpaBAEBHM U,, Haitzem
u,=—2u,==2000 M/cer; MOAOBHHAZ MMIyAbCAa TEPSETCH B PESYAD-

tatre pacmumpenus [IB He ToAbKO B HampaBAeHuH, HOPMAAbLHOM
CTEHKE, HO U B CTODOHML

§ XXIV. 3akons: pacnmpoCTpaHEHHS BSPLIBHOH BOAHKI
Ha GOABIIOM PAaCCTOSHMH OT 3apuja

B § XXIII b1 paccmaTprBasr sBAEHHS, NPOKCXOAAIIHE B HENO-
cpeAcTBEeHHOR 6GAmsoctr K 2apszy. [lpn 3ToM B KoAHMMeCTBEHHbIX
OL[EHKAX Mbl MOABBOBaAMCH TeM, YTO TEOPHS JETOHALUH ONpeie-
aser cocrosinue [IB Bo ¢)ponHTe ZeTomalmoHHOH BOAHBI HesaBH-
<uMO OT (POPMBI 3apiaa, PACIOAOKEHHS AETOHATOPA H TOMY TOA0G-
HBIX (aKTOPOB. Bce atm (PaxKTopbl BECbMa CYIIECTBEHHbI JAf
BOSHHKAIOLIEro paclipejeAeHHs AABACHHs; OJHAKO GAArojaps ToMmy,
YTO CKOPOCTh JETOHAUMH KAK pa3 paBHA CKOPOCTH paclpoCTpa-
neHus Bosmymenus no [IB, stu gakropsr ne sausior Ha cropocTs
ACTOHALAM M Ha COCTOSHHE BO (pOHTe.

Oanako Bckope nocae nepsoro npuxocuoBenus 1B u Bosayxa
(uAn paspyulaeMOro MaTepHaAd) Ha XapaKkrep JABHNEHHA OKaxer
BAHSHHE paclpejeAcHHe JaBAeHUs B 6oaee ray6oxux caosx [IB;
onpejenreHUe KapTHHD ABHMEHHs B aTo# cragum Tpebyer Becbma
TPYAOEMKHX ¥ CAOMHBIX PACYETOB, TEM MEHEe NPHUBAEKATEAbHDIX,
9TO pe3yAbTaT GyAeT pasAHUeH AAST KamAOrOo KOHKPETHOrO cAydas.

Toabko B caeayromieif cTajuu MOXHO OXHZaTh, YTO HA AOCTA-
TOYHOM PACCTOSHAM OT 3apsja BaBHCHMOCTb OT KOHKpeTHON reo-
MeTPHH B3pblBa CrAAgHTCA ¥ BbHPaboTaercs B IpoHecce Paclpo-
CTpaHEHHSI ONpeAeAcHHas (opMa YAaPHOH BOAHDBI, 3aBHCAAs
TOAbLKO OT O6GIIero KOAHYECTBAa B30PBAHHOrO BEUlECTBa, HO HE OT
KOHKPETHhIX OCO6eHHOcTel ZaHHOrO 32pSJa, TaKHX, KaK NMOAOKE-
HHe JCTOHATOPa HAM Hanuume OGOAOUKH, MAH (opMa 3apsaa,
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KpaliHe CyIIecTBEHHHX Ha OAMSKOM pacCTOsHRH. YCAOBHe, Heo6-
XojguMoe JAAf 00pa30BaHMsA TaKoll ycTanoBHBHIelca (OPMbI BOARDI,
3aKAKOYaeTcs B TOM, 4TOObl B JBHAEHHE ObIAO BOBAEYEHO KOAH-
4eCTBO BO3AyXa, MO KpaiiHe#t Mepe B HECKOAbKO pa3 IpeBbllalo-
mee sapsa BB.

llpu nepeaase smeprum [IB 6ammalimemy caolo Bo3sayxa,
OT 3TOTO CAOSl CAEAyMOLIEMy H T. JA. B HECKOAbBKO MPHEMOB NPO-
usoifijer ocBoBomaeHre BOAHBI OT CHeUH(PUYECKHX AASA AAHHOI'O
sapaga ocobennocreii, Uem me onpeaeasircs cpoiicTa gBHEEHUs?
Moxuo oxuaarp CyllecTBOBaHHsA JABYX IpeJeAbHbIX obaacrefi
B COOTBETCTBHU C YIPOUIEHWsIMH, KOTOpPHIE MCIBITHIBAIOT 3aKOHBI
TEOpHH yAapHOR BOAHBL B ZBYX IPEAEGABHBIX CAydasix: 1) Mommbix
YAAQpHBIX BOAH, P> Pg, B 2) cAaOBIX YAapHBIX BOAH p — po<< P,
npubAnxammuxcs no cpoficream X 3syky (em. § II).

B neprom cayuae, coraacho Aasgay, Mpi nepefizem k npegeay,
npenebperas p, no cpassesuro ¢ p. QuesnzHo, YTO HPH ITOM
MBI OZHOBPEMEHHO HMEEM HpaBo UpeHebpeub X HAYAAbBHOH TeMne-
paTypoii u sHeprueli Bo3jyxa NO CpaBHEHHIO C TeMIepaTypoil
u sHeprmEeit ero mocAe cxarTus yzapuod Boamoii. B rakom mpuban-
REHVH paclpejeieHHe ZaBAEHHS H TOMIIEPaTypbl MEHIeTCA € Tede-
HHEM BpEMEHH, OocTaBasfch MOZOGHBIM caMomy cefe.

[lpeaeapnnie 3axOHBI MOWIHBIX yZapHbIX BOAH IIpeAycCMaTpH-
BalOT I[OCTOSIHHOE OTHOIIEHHE MEXAY KHHETHYeCKOH B TemAaoBoi
sHepruefl cmarToro BemecTBa. llocrogHHa BO BpeMsi ABHXEHHSA
NOAHasl DHEPrHsd BCEr0 BOBACYEHHOTO B JBHAEHHE KOAHYECTBA
BeIleCTBa: B CJAEAaHHBIX IpeHeOpeXEeHHAX BOBAGUEHHME HOBBIX
CAOEB BO3ZyXa He COMPOBOXAAETCS 3aMETHbIM yBEAWYEHAEM MOA-
HOH SHEePruy, OTCUHUTaAHHO# OT aGCOAIOTHOrO HYAS TEMIEpaTypbl.

Cpeauas nAOTHOCTD DHEPIHH aZaeT 06PATHO IPONOPUHOHAADHO
OXBay€HHOMY BOAHOII o6bemy, T. e, 06paTHO NPONOPUUOHAABHO
Tperbell cremenu npofigenHoro Boawo# nytu. Ilpm mozobun pac-
NpeZeAcHHsE B TOM XK€ OTHOIUCHMH NaZaioT M AOKaAbHbIE 3HAUCHHA
naotHoctu oHeprun. [lo sakomam miearbmoro rasa mocToAHHOM
TENIAOEMKOCTH, JaBACHHE 3aBHCHT TOABKO OT IIAOTHOCTH DHEPTHH &,
HO HE OT IIAOTHOCTH BEIECTBa ¢

=B RT=(k—1)0c,T=(k—1)e, (XXIV-1)

rae R—rasoBas mnocrosuHas, uume K — paguyc 3apsja,r—
PacCTOsHNE OT IEeHTpa 3apsja.

Taxum o6pasom, B ykasaHHOM mpeXeabHOM cayuae Aamaay
NPUXOAUT K MPOCTHIM (PopmMyram

- (k—1)OM; . 4a s QMy M,
P="gat M=F - reT=rg=T, 3" (XXIV-2)

rae p, I — cpeguee zapaenne u remneparypa, Q — Temrora B3paiBa
BB, M, — macca sapsaa, M — macca Bo3Ayxa, BOBAE€SEHHOrO B ABH-
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KeHue, 0,—— HauyaAbHasd NMAOTHOCTh Bosayxa. OgHako B zeiicTBu-
TEABHOCTH BpPSAJ, AH ecTb obGAacTb, B KOTOPOH 3TOT NMPEAEAbHBIH
34aKOH BBIIOAHAETCH CKOADKO-HHOYAb CTPOro; ZAsl 3TOro HYM:HO
6bIA0 6bI OAHOBPEMEHHOE BBIMOAHEHHE ABYX YCAOBH:

M T -
T > 1 T >1. (XXIV-3)
CoraacHo npHBEAEHHLIM BbIWE POPMyAaM
M —T— Tssp -
T (XX1V-4)

Ogaunaxo aaa [1B u Bosayxa komMHaTHOH TeMmepaTypsl OTHOIIEHHE
T, M T
Jop 15 M I o
7, He upesbimaer 10—15; Becp murepsan ot =0 a0 T,
Mbl IIPOXOAMM NPH M3MEHEHHH PaJMyCa B3PLIBHOH BOAHBI B 2—
2.5 pasa.
B zeficTeuTeAbnOCTA OPH MaAbBIX 7 MBI AOAMHBI YUHTHIBATD
BAMAHHE HaYaAbHOIO paclpeieAeHus gaBAesust u naotoctH B [1B.
M
Ornomenne -~ (maccel BOBAGUEHHOTO B ABHAeHHe BO3AYXa
i
r M
x macce [IB) gocrturaer eguwnngni npu sHaseHud — - == 0.6 5=
VKP
T. . Ha pacCTosHuH, paBroM 11 paguycam sapsga. Dra xe ReAHunHA
aaet paccroanue npsmoro gedcrsua [1B wa mpenarcerere. Oguako

y&e Hmpu IHAYECHUH —SL_~= 1.5, na paccrosuny, paBsom 27 paguy-
M

cam 3apsja, KOAHYECTBO TENAd, BHECEHHOE BOBACYEHHDIM B JBH-
#eHHe BO3ZYXOM, CPABRABAeTCsl ¢ dueprmeil BspniBa (Bce mUdPHI
npusejeHs gAA THmausbix BB).

Cpeanee gasAenue B 3TOT MOMEHT BABOe GOAbIle pacCUMTaH-
HOTO IIO TpeseAbHOR (opmyAe, HpelycMaTpuBawllleii najenme p
06paTHO MPONMOPUHOHAABHO r’; Janbile pacXOmAEHHE YBEANUH-
Baercst. Baacos [3] cunraer, uTo xopowo cornacyeres ¢ sxcnepumen-
TAABHHIMH JAHHBIME (OPMYAd JAS JaBAGHHS Ha IIPENATCTBHE,
HOPMAaAbHOE HAlPABAEHHIO PACIPOCTPAHEHHA BOAHDI,

—26 MO
P =250000 (1) =120 T (m, xr, 25}, (XXIV-5)
KOTOPYIO OH INPHMEHSET AAA BCErO HHTEPBAAA OT ig—:1 (zaBae-
HHe Ha T2AO, HaXojsmeecss B KouTakte ¢ BB) zo -5 = 100.

R
Tecperuueckuit BoiBoz 3TOH POPMYyADI HEAB3IA CIUTATH YOS AUTEAD-
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uotm. Onncanue eauuoil GopMyAoil BeCbMa pPasAHYHbIX IPOLECCOB,

r
3aBHCAILUX OT PAasAMUHbIX Pakropos (semaearvnocts [1B mpu 5 »
r
Gauskom k 1, aedicrsue IIB npnm 5 a0 10, wmowmasn yaapHaa
r
Boana mpuz or 10 zo 100), ueseposrao. Caeagyer zameTuTb,
r
YTO B WHTEPBAAe MeXJY BLIYHCACHHBIM 3HA9CHHEM IpPH & = 1

r -
M CHCTEMaTHYECKHMH H3MEPEHHAMH, HaUHHAIOWHMHCA C 5> 15,

MMEETCA AHIIb OJHA DKCIIEPUMEHTAaAbHAas TOUYKA.

Takum o6pasom, ecan paccmaTpusatb (opMmyry Baacosa rak
SMIOHPUYECKYIO, TO HEAb3s €€ CudTaTh I[POBEPEHHOH BO BceM
uHTEPBaAE, AAS KOTOPOrO OHa pexkoMeHjoBaHa. Bmecre ¢ Tem
CAezyeT TNpPH3HATb, YTO B TOM MHTEpBaAe, B KOTOPOM HMEIOTCH
u3MepeHus, coraacue ux ¢ popmyaoii Baacosa ygoerersopuTeanHo,
yTo 06yCAOBAMBAET ee Pabouyl0 NMPaKTHYECKYIO LEHHOCTb.

[MepeiigeM x paccMOTpeHHIO BTOPOro NPEAEABHOrO CAydYas —
PACIPOCTPAHEHHA B3PLIBHOA BOAHBI Ha 3HAYMTEABHOM DACCTOSHHH
OT 3apsAja, TaMm, IJé ee aMHAMTyAa Mara. B Dpejere 3akoHbI
pacnpoCcTpaHeRus JAOAXHbI, OUEBHJHO, COBIACTb C AKYCTHISCKUME
3aKOHAMH, C KOTOPBHIMH Mbl Y€ INOBHAKOMHAMCh B Hadaie
wuuru (§ ). Axrycrhaueckue saxousl mpezycMaTpHUBAIOT PacIpo-
CTpaHEHME BOAHBI C aMIAMTYAOH, MOCTOAHHOR B AMHeHHOM cAyuae

1
W najaloied, kak =) B CHEPHYECKOM CAyTae, HO 6e3 H3MeHeHus

HIPUHDI BOAHBL H ee (DOPMH; CA€ZOBATEADHO, AKYCTHYECKHE
3aKOHbI HE MOIYT CAYAHTb JAAS ONPEJEACHHA QOPMBI U IIMPHHDI
BOAHDI gaxe B nepsom npubimxenmu. [losTomMy B Jarbmefimem
HaM TpEAeTcs ocoboe BHHMaHHEe OODPATHTb HMEHHO Ha OTKAOHEHHUS
OT aKYCTHYECKHX 3aKOHOB, YMEHDINAIONMKECS IO MEPE MajeHHs
aMIIAMTYAbl, B Ha OKCIEepHMEHTaAbHble JaHHble 06 aMmAuTyae
# (OPMe B3PBLIBHBIX BOAH.

Ha puc. 59 npeacraBienbl 3auMCTBOBaHHble 43 JokAaza Bep-
uaasa [101] xpusble u3meneHus JaBAGHUS CO BpEMEHEM Ha Pa3AHUHBIX
PACCTOMHUAX OT 3apsja B3pbIBYATOro Bemecrsa. Mbt oTMerum,
YTO HEBO3MYLIEHHBbI BO34YX BHAawYaAe MOJABEPraeTCs pPe3KOMy
CKATHIO, 33 KOTOPHIM CAeAYyeT NajeHHe AaBACHUs, [NPOXOLAUErO
yepe3 MUHHMYM W Bo3Bpamaioigerocs k armocgepromy. Ouesuano,
YTO MIHOBEHHOE paclpejeieHHe JaBAEHHA B IIPOCTPAHCTBE HAMO-
MHHEET KPUBblEé H3MEHEHHS JaBACHUS CO BPEMeHeM, MpHIeM
AAMTEABHOCTb 2—3 MHAAMCEKYHAb OTBEeuYaeT IUMPUHE BOAHBI
okoro 1 m.

Hrak, (POHT B3PLIBHO# BOAHDI, NEepeAHAs ee 4YacTb, Npea-
craBasieT cob6oH yaapHyi0 BOAHY, 3a KOTOPO# cAeayeT BOAHA
paspexenust. Urobbl npezBAAETb 3aKOH HU3MEHEHHs B3PHIBHOI
BOAHBI, BCTIOMHHM KHEEMaTHYSCKHE M TePMOJAMHAMHYECKHE COOTHO-
1MEHUs: MeXAY yA2PHOM BOAHONR M HeNpePhIBHOH BOAHOH pa3peKeHus.
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B wmuenpepniBHO# BOAHEe, B KOTOPOH COCEAHUE COCTOSHUS
oTAnYaloTCs 66 CKOHEYHO MaAO; KaxkJ0€ COCTOSHHE PacIIPOCTPAHAETCS
B IPOCTPRHCTBE CO CKOPOCTbIO, PAaBHOH CyMMe CKOPOCTH 3ByKa
H CKOPOCTH JBHMEHHS BEIecTBa,

Cropocrp pacnpocTpanenuss yAapHOH BOAHbI MEHbIIE CYyMMbl
CKOpOCTell JABWXEHHS U 3ByKa B BEIECTBe, CXaTOM BOAHOH

b7/ 2
@ 10@m. om sapsial3.05m) | ;
70
o -J
a4y
'§ d 125
S 20 om. om 3apAda (6iv) 0.2
3 jor
[4
g
3 2
3 ¢ 30 ¢m. om sapsia (3,754 #% 3
Sy " 3
g <
3 s
3 62 §
S
S ZF N\ “omom sapada (12.24) }127 S
q =N
v
102
Zr SDapm. om sapsia(i525m) g7
N7 Z %
7 Maﬂﬂacekg//?gbz
g 2 ¢ £ &7
Eyt M
Puec. 59,

H HaxoJfIeMCsi BHYTPH OXBaudeHHON ABIiKEHHEM OGAACTH; HajEeHHE
AaBAGHUS BHYTPH 0OAaCTH, uepes KOTOPYIO BOAHA MPOLIAA, NEpe-
JAEeTCA TNOBEPXHOCTH yZAapHOH BOAHBI H OCAaGAsieT BOAHY; IOSTOMY
aMOAHTYAa yAapsO# BOAHDI Hajaer 6bicTpee, YeM NajaeT aMIAH-
Tyaa caabofi 3ByKOBOR BOAHDI
Adpyras 0co6eHHOCTb paccMaTPHBACMOIO 3J€Ch pacmnpocTpa-
HEeHHA yZapHOX BOAHDI 3aKAIOUAETCA B M3MCHEHHHM DHTPONMM NPH
yaapuom caatud. BcaeacTBue aToOro, MOCAE NPOXOXAEHHA BOAHDI
BO3/yX HE BO3BPaIa@TCA B COCTOSHHE, TOXAECTBEHHOE HAYaAbHOMY
(z0 Bosmywenus) cocrTosHUIO.
aKyCTHYECKOH BOAHE BSHEPrusi BOAHOBOI'O ABHAKEHHS MOA-
HOCTDBIO IEPEAaeTCsA OT CAOEB, paHee NOABEPraBIUIHXCs BOSMYILIEHHIO,
TEM CAOSM, KOTOPbIE BOBAGKAIOTCA B JABHXEHHE IO Mepe pacipo-
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cTpaHeHMs: BOAHbL. B caywae ysapuoit BoAHBI wacTp 3Heprum
BOAHOBOro ABHAEHH; HaBCerjga 3acTpeBaeT B TeX CAOAX, yepes
KOTOpbIe BOAHA NPOIUAR, HEOGPATAMO PAacXOAyAChb Ha MX HarpeBaHHe.
970 06CTOATEABCTBO O6GYCAABAMBAET MOCTENEHHOE YMEHBUIEHHE
SHEePruH BOAHOBOI'O ABHXKEHHS B CAydyae YJapHOH BOAHbI H BbI3bIBaeT
najeHne aMOAHTYZbl yAapHOH BOAHBI B YCAOBHUSX, B KOTOPHIX
aMIOAHTYZa aKyCTHYeCKOH BOAHBI TOCTOSHHA HAM yCHAHBaeT
najeHue aMNAUTYabl yJapHO# BOAHbBI IO CPAaBHEHHIO C aKyCTH-
YEeCKOH B TeX YCAOBHAX, B KOTOPDHIX AaMIIAHTyJa aKyCTHYECKOM
BOAHDBI HazaerT.

Haxonen, He06x04uMOCTD pacIMpeRus BOAHBI KOHEYHOR aMIAK-

TyAbl BHAHA HEMOCPEACTBEHHO.

yaem HasbiBaTb ,BOAHOH® kak W mnpemae, BCIO O6AacThb,
OXBaY€HHYIO BO3MYLIEHHEM, B KOTOPOH OTAWYHbI OT HYAsS CKOPOCTb
ABuMeHHsT M u3bbiTouHoe (IPOTHB aTMOC(EPHOro) JaBAEHHE.
[lepesnnit no HampaBaeHuio pacnpocTpanesus Kpall BOAHBI IIpeJ-
cTaBAsieT Cc060ff yzapHYIO BOAHY, CHHMaIOIQYIO BO3AYX; CKOPOCTD
TaKo# BOAHBI OOAbIIe CKOPOCTH 3BYKa B HEBOBMYIIEHHOM BO3gyxe,
Bazuuit kpaft BOAHBI TpegcTaBAseT co6ofi AR60 HeIlPePDIBHYIO
(kak wa pmec. 59), Au60 yaAapHYIO BOAHY, BOSBPAINAIOINYIO Ta3
B ucxogHoe cocTosnue.! CropocTb pacnpocTpanenus 3asuero kpas
paBHa HAM MEHbIIE CKOPOCTH 3BYKAa B BO3ayXe B HCXOZHOM
cocrosunn. CrezoBaTeApHO, mepeaun#t Kpali BOAHDI ZBRKETCH
6picTpee 3azHEro, OGYCAABAHBAsI C TeYEHHEM BPEMEHH YBEAHUECHHE
paccTOfAHMs OT HEPeJHEro Ao 3ajHEro Kpas, T. €. YBEAHYEHHE
IIAPHHDBI BOAHDI.

B § XI mer ocobenno mozpo6uO u B obMIEM BHAe AOKa3aAy
B3aHMHYIO CBSI3b TPEX YKa3aHHDIX 0COOEHHOCTE: TOT0, YTO CKOPOCTh
yAapHO# BOAHBI 6OAbINE CKOPOCTH 3BYyKa B RAYAABHOM COCTOSHEH;
TOro, YT0 CKOPOCTb YyZJapHOi#i BOAHBI MeHbLI€ CKOPOCTH 3BYyKa
B CAaTOM rase; TOTO, YTO NPOXOXAGHHE YAAPHOH BOAHBI COUPO-
BOXJZaeTCs POCTOM IHTPOUMH, T. €. HeOGPaTHMBIM NPEBPALICHHEM
SHEPrHA B TEIAOBYIO DHEPIHIO.

Beuay Tecnoli cBA3uM Bcex BTHX oco6esHOCTEH, €CTECTBEHHO,
Yro HCIOAb30BaHHe AI0GOH M3 HHX JAA ONPEJEACHHS 3aKOHA
H3MEHEHHs] aMIAMTYJhl W IUMPHHLI BOAHDI IO MEPE €€ PacrnpoCcTpa-
HEHMA NPUBOAUT K TOXACCTBEHHBIM Pe3yAbTaTaM.

Ilepes pacemoTpenneMm cepuuecroro pacmpoCTpaHeHWs, MHTEPECYIOIIEro
Hac B CBASH C Teopmedl JeHCTBUA B3PBHIBUATHIX BeIIeCTB, pAacCMOTPHM GoAee
npocroit AvEeiHbl cayuait,

Aunefinoe (ogHoMepnoe) ABuZEHME OCYMECTRAAETCH HPH ABMKEHWH rasa
B npsMoll Tpy6e MOCTOAHHOrC CeueHus; Mbl npeHeGperasM MpH ero PaccMOTPEHUA
HOTePsIMH, SaBHCAIINME OT BSaMMOAEACTBRR rasa ¢ GOKOBMMHE CTeHKaMn TPYOKA.

Kpioceap [118] 8 1913 r. nepewit ycraHOBMA OpeAeAbHBI 3akOH TaKOTO
ABHEEHHSL.

1 Tounee, B cocrosiHMe, OTAMUYAIOUIEECA OT HCXOZHOrO AHMD Ha BOAMYHHEI,
NpONOpUAOHaAbHBE IIPH MaAOH aMUAMTYA¢ KySy aMIIAMTYABl BCAGZCTBHE H3Me-
HeHMs SHTPONHHM NPY CHaTHM B BOAHE.
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Pacemorpum, caegya Kproccapy, Boamy Tpeyroasmoit popmul, nokasaHHyIO
ma puc. 60, C reuenuem BpeMeHH pacCTOfHIe MexAy Kaxj0il mapol Towek a, 6,
OTBEYAIOWAX PAa3SAHYHLIM JAaBAGHHIM, YBOAMUHBAGTCH, TAK KAK CKOPOCTb Pacmpo-
.crpanenns (paBHas cymMMe CKOPOCTH ABMEEHHS rasa U CKOPOCTH 3ByKa) pacreT
€ POCTOM ZABAEGHMA: B L[EAOM BOAHA IIPEJCTABASET COGOH COBOKYMHOCTD YAapHOX
BOAHHN Y, B KOTOPOR HPOHCXOAMT GBHICTpPOE cEaTHe, H CAeAyiomel 3a Hell BOAHM
paspexeran YII, B koropoli gaBrenmve rasa majaer.

g,
4 Y/

Pue. 60.

Hanumewm ypaBHeHHe pacHpOCTPAHEHH: COCTOSHHA &

Xg = xg0 +{cg 4+ ug) T (XXIV-6)
Tlo sakomam aryeruxu
_ k—1 ap\, 1 4p, -
c—ca(1+T-’—’;),u—CQ.E 25 (XXIV-7)
4p .
oGosHagmB —— ==, Hafigem
Po
X, = X0 + Cof 4+ ,i:;l—c—l« ¢y Ty b (XXIV-8)

Ecam B HawarsHBEI MOMEHT UMEAO MECTO AHHEHHOE pacOpejeAeHHe JaBASHHSA
‘B 3ABHCHMOCTH OT KOOPAMHATH, TO OHO OCTaHETCH AMHedHbIM ® mosme.l

t= 0, X > Xgp T = ;1 (x — xO()); x < Xp0y T = O; (XXIV-9)
x (71, £) = xq () + ¢yt +k ;;1 g 7Tt = xg - & T+ cof 4 k——%-kl eyt (XXIV-10)
”__x—xo()—Cot .
T k41 (XX1V-11)
o 4 ot

2k

3Bagapmuer HauaAbHBM AuBe#inmM pacnpezeremiem (XXIV-9) B moment
+= 0, MBI DOAyYHM B IPOUSBOADHLIH MOMeEHT t Takie AMHeHHOe pacnpejeAreHUe
aasaerma (XXIV-11),

Cropocts zemzennus yaapHOH BoAHB [, amnauryay KoTOpoit ofosHauum m*
paBHA CpEIHEMY 2PHQMOTHIECKOMY Cp ¥ CKOPOCTH PaCIIPOCTPAHEHUS C -+ U €O-
CTOAHWA, NOAYHAIOMEroes IOCAE CHATHA ZO AABAGHAT T,

1 Aerko y6egurhesi, uTo A06oe HauaAbHOe pacIpejeieHue ¢ MOCTOSHHBIM
suarom dp/dx > 0 MOHOTOHEO mPUBGAUAaeTCA K AMHEHHOMY ¢ TeUeHEEM BpEMEHH,

TaKk Kak BO3pacTaeT AKHeHHbI B AaBASHAK UASH NPOMOPUHAOHAABHMIEA cp = f.
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k-+1
11+ ¥
_ctle+a)__ % __ Sl e xxivei2
D= p) =) D) —60(1 ak Tf) ( )

CocrasuM BhipameHH® H3MEHeHHSA aMIAUTYAbI YAAPHOH BOAHBLI IO Mepe
PacnpocTpaneHns
dn*  om o7

=% p%. (XXIV-13)

Buipaxenne 3To oTARUHO OT HYAA 3a CHET TOro, 4Lo ) OTAMYHO OT ¢ —+ u.
Bocnoabsopasmmen Bumpamennem T (x, &), {XXIV-11), naiizem

dn*  k-+1 =*
E T T TaR 1 i ’ (XXIV-14)
2%
In ¥ = — %ln ( & -+ lc—%ki cot) —+ const, (XXIV-15)
= ___.____.__A =
k+1 (XXIV-16)
% - % cot

rie A — nocrosERas MATerpHPOBAHHA, SABACHT OT HAYAABHHX YCAOBRH.

3uan ceasb Memay 7, x,f, HafigeM mupuAYy BOAHM Ax, T. e. paccrosHme
OT TOuKH, B KoTopoi B zamumit Momenr T =0, g0 ToukH, B KOTOpO# zoCTH-
raeres ZaBACHHE YAapHOHR BOAmm 7T*

Ax:x(n*)-—x(O):Al/a+k;I;1cot- (XXIV-17)

Taxum coocobom Kpioccap yeramoBma, uTo B 0ofHOMEpHOM CAyuae aMIAHTYAR
Y4ApHOH BOAHBI aZaeT MO Mepe PaCHpPOCTPAHEHMA, Kak 1/V#, mHpWHA BoAHM
pacrer npomopmuonairuo VZ.! B opurmmarnmoi paGore Kproccapa, smmoamen-
soit B 1912—1913 rr.,, cozepmurca Tak:ie aHaius, IIORaSWBAIOIIRH, 9TO HafAeH-
HBIA 3aKOH OTHOCHTCS K CAYJAl0 MaAoH aMIAHTYABI, T. €. ABASETCS HpeAeAbHBIM
sakoHOM Tp# GOABIIOM BPEMENH PacIPOCTPaHEHHA.

B 1938 r. Ilmymxesnu [115] Boteea ToT e sakom caegyrommm obpasom.
3azaBmEch TeM, 4TO pacnpezeAeHHe JABACHUA B BOAHE 0CTaeTCs MOZ06HBIM
oo Mepe pacHpoCTPaHeRHs — IO KpaiiHe#t Mepe B mpeaeae, mpu Goabmom f,
HocAe TOTO XaK BOAHA mpojeraia 6Goabmoii myTs, — llImymxesau cocrasaser
ypaBHeHMe CKOPOCTH HMSMEHEHHA WmHPEEL BoAHM Ax ® conocrasasger ero
¢ ypaBHEHAEM NOCTOAHCTBA KOAUYECTBAa ARAMEHHA BOAHDI

dAx k+1

J— — — ® i
e =D —¢y= a5 o (XXIV-18)
Ax - 9 + uw=Ax + 7* - const = const. (XX1V-19)
k-1

1 Mu ynpocrnau saBHCHMOCTD, CUMTas % cof GOABIIEM MO CpaBREHHIO

T % MAH COOTBETCTBYIOIUM oGpasoM MSMeHAsd MOMEHT HagJaAa oTcHuera BPEMCHH,



172 SXXIV. 3axousr pacnpocmpaneHus 63pPblHOL B01HbL

[Ipn cocrapaemun BTOPOro ypaBHeHMs (KOAHNOCTRA ABAMEHAA) Mbl HCHOAb-
SyeM MBBECTHYIO U3 aKYCTHKM ARHEHRYIO CBASh MexkJy CKOPOCTbIO ZBUREHHH
A AaBAeHREM H jaiee HCHOARSYEM INPEANOAOKEHNE O TOM, UTO pacHpejeAeHHme
OCTaeTcs NMOZOOHBIM caMoMy cefe, Tak uTo @ = const - #*., Bunncansme srme
ABa YpamHEeHHs A€TKO PemainTes

ddx _k—+1
dt 4k

(4x)2 = 2Bt + const,

1
syt =B oo (XXIV-20)

Ax = BVt + B,, n*-_—-vt—és—B ) (XXI1V-21)
+ Do

rae B, By, B,, By — xoncranTsL.

Kar Kproceap, rak n Illvymxesns ucnoabsyior mpejmoromenne o ToM, 9T0
mocAe NPOXOXAEHHT BOAHBI BEIIECTBO BOSBPAIIAETCA B HCXOZHO® COCTOSIHME,
¢ HadYaabHOII CKOPOCTHIO BBYKa Cq ¥ HAYAABHHIM JaBAeHueM p = pg, % = (0.
fIpn srom mm orT6pachiBaeM SaBucsIIMe OT HsMEeHEHHAd BSHTpPoDHE SPPHEKTH,
KOTOpHIEe HPOIOpPHUOHAABHB Ky6y aMmamrTysm; npemebpemenue 5TO ZONYCTHMO,
IIOCKOABKY MBI paccMaTpHBaeM ypaBHEHHs, cojepxamue GOAbIIHE TACHEL.

npesnoroxenusnx lImymresaua Mt MoxeM, BMECTO MSMeHEHHS MIHPHHBI
BOAHBI, pAcCMATPHBATh HWSMEHEHHE ee CBOGOAHON SHEPrmuM &, 3aBHCANIEe OT
LPEBpAIllenus DHEPrUU B TEAORYIO, T. €. OF POCTa DHTPOUAN, DPONOPUMORAAL"
Heoro 1

-3% = 5; (const - m*2 . Ax) = —const . 7*8 (XXI1V-22)
const « 7* - Ax = const, (XX1V-19;

OTKYZa HAXOZUM
@ = B, (XXIV-23)

Harerpuposamne (XXIV-23) gacr pesyanrar, TromjecTeemumii QopMyran
(XX1V-21).

HTak, npd HCHOABB0BAHUM PASAMYHHIX CBONCTB YZAPHOH BOAHMI, TOTO, uTO
ckopoers D < c-+-u (Kproccap), toro, aro D > ¢y {{llmymkesnu), = pocra
SHTPOMEM B BOAHE, MHI IOAYURAM OZNHAKOBMI NpeiCABHHIA SaKOH; 9TOT PESYABTAT
3aBHMCUT OT BHYTPEeHHeiH CBASM MepeYHCACHHBIX csoficrs BoaHm (em. § XI).

OKCIePHMEnTAADHOE HUCCAEAORAHME OJHOMEPHOrO PacIpPOCTPAHEHHsS yJapHOH
BOAHBI 6niA0 mpomsBedeno Bpeiiem [86] m mosme Borne [123), onmirmr xoToprmix
Brpatge onmcannl B § XV.

3HauNTEABHO CAOKHEE BONPOC O NPEAEAbHBIX (ZAs GOAbIIHX
PacCTOsHMIA) 3aKOHAX PACIPOCTPAHEHHsSI CPEPHUECKHX BOAH, KOTO-
pbiif 0COGEHHO MHTEpECeH AAf TeopuH (PYracHOro AeHcTBUS B3PDLIB-
YaTbiX BEMECTB.

Paccuorpenne cepHUECKMX YAAPHMX BOAH Mbl HAYHEM
C HAaNOMUHAHHA O CBOHCTBAX C(QEpPHYECKHX aKYCTHUECKHX BOAH.

OcHoBHas 0co6eHHOCTD MOCAEAHUX — YMEHbIIEHNE aMIAHTY bl
00paTHO NPOMOPUHOHAABHO PACCTOSIHUIO OT LEHTpPa CHMMETPHHM.
ITo yMeHbIIeHHE aMEAMTYJAbl He CBA3aHO C yMeHbleHueMm o6iiero
3anaca 3BYKOBOH 9HepPrHM; yMEHbIIEHHE AaMNAHUTYAbl 3aBMCHT
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OT TOTO, YTO MO Mepe PAaCHPOCTPAHEHHA CPEPUIECKOH BOAHDI
PACTET NMPONOPIUOHAADHO OOBEMY C(PEPHIECKOTO CAOS KOAHUECTBO
BeMecTBa, BOBACUEHHOE B ABHAEHME.

Bropas oco6ennocTs cepuuecknx BOAH 3aKAIOYAETCS B TOM,
YTO 3a BOAHOH CXKaTHA C HeOBXOZUMOCTbIO CAEZYeT BOAHA paspe-
#enns. Ecan B Havarbubiif MOMEHT BOKPYr LEHTPa HaXOAHAOCH
camaroe BemwectBo (puc. 6la), pacmupenne ero gaer Hazaro BOAHE
cxmaTus, 33 KOTOPOH cAesyer BoaHa paspexenus (puc. 616, ABC
u CDE); npu sTom Mbl mMeeMm aBe OBAACTH HapacTaHus JaBAe-
uust (AB u DE) u oany o6Gractp nouumenus aasaenms (BCD).

aj

5 £ W N\s

4
A
& 517_4]&
¥/
Puc. 61.

3aBHCHMOCTD CKOPOCTH PaCIPOCTPAHEHUS OT AMIAUTY Zbl BLISOBET
ymenblieHne paccrosauil ABwu DE n yreauuenune paccrosnus BD;
Aangay [128] ormeuaeT, uro B npesere, no HCTEUEHMH AOCTATOY-
HOro BpeMeHH (M NOCAe NPOXOMAEHHS ZOCTATOUHO ZAHHHOTO NMYTH)
BOAHA NPHUMET (OopMYy, MOKasaHHYIO Ha HHXHEM puHcyHKe 618
¢ aAByMsl yAapubiMu Boaamu AB u DE.

C momenTa 06pasoBandst yAapHoil BOAHB JaAbHefimlee pacupo-
CTpaHEHUe CONpOBOXAAETCA JHccHmauuedf sBykoBolf sHeprum,
NpeBPaliCeHHEM ee B TEMAOBYIO; AMIAMTYJAa MAKCHMaAbHOrO ZaBAe-

1
HUA majaeT ObicTpee, 4YeM paHblie, OMCTpPEE, YEM IO 3aKOHY <

noaoigem R HaAXOXJACHHI0O KOAHYCCTBEHHBIX laxonouepnoc’reﬁ, COXpaHasn
akycrayeckyo gopmyay § III

pe b=t (XXIV-24)

r

B KadecTBe HyaeBoro mpubimmenusa. B caegyromen npnbaumzmenmu, smeero cg,
MBI XOACTaBUM CKOPOCTh PACHPOCTpaHEHHS C —+ U, COOTBOTCTBYIOIIYIO ZBHHOMY
cocrosmmio, Haiigem, kaxk MeHmercs paccTosimue Mexay mapolt TOUeK, Halpu-
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Mep m U n, KOTOPHIM OTBEUAIOT ONPEAEACHHNE SHAUECHHS (i, W [, N0 Mepe
pacnpocTpaHeHdss BOAHDY

P — (0w — (o -y = e (14 g ) — g (10 S o)
ok s Lot il (XXVI-25)
5{;';”3 =c—t- i’tﬁﬂ = %”,:—1- e — b, (XXIV-26)
o = T+ o oy — 1) In L (XXIV-27)’

Pacemorpam orpesor AB, oroxaecrsann m=A4, n =B, rax kax uy > fi;
orpesox AB coxpamgaercs mo Mepe ABHMEHHS BOAHBI; HA PACCTOSHHMM 7, TaKOM,
aro

r 2k
r ABO
In—=—"0+— T (XXIV-28)
ro pp—y k+1
Aauma oTpeska r,p ofpaigaeres B HYAb, T. e. ofpasyeTcs yJapHas BOAHa.
To me ormocmres n x DE.

Hanporus, sauna ywacrka BCD. Ha KoTOpoM NPOKEXOAHT Najedne JaBAeHUS,
PACTArMBASTCA 110 Mepe PACHPOCTPAHOHHs, TaK UTO MPOMSBOAHam Op/0r yMeHs-
maercs ¢ POCTOM f W € POCTOM 7,

0_.“' o Y — Y 1 ,
or Tom N k-1 ] (XX1V-29)
a 5 Inr
Jp\ =1 k+1
e = (X e —
ra a (0r )0 7 Inrg.

Paccmorpum Temepp SaKOE HSMEHEHHMS aMIOAATYAbl YZApHOHR BOAHM. Beau-
auEa §4* BO (QpoOHTe yJapHON BOAHK HazaeT NOTOMY, HYTO CKOPOCTb PAaciIpo=
cTpageHus YAapHOH BOARBI MeHBIIE CKOPOCTH PACHPOCTPAHEHUA COCTOAHHSA
¢ HOCTOAHHHNIM 3HAaYeHWEN W. AHAAOTHYHO pPacyeTy OZHOMEPHOTO CAywas,
Halizem

dw* u
@ = eru—Dge
du* kw1 pt . 1 . (XXIV-30)
O T T IR D k41
a-+ Inr

2k

! Tlpu spiBoze (XXIV-27) B Bripamerar (XXIV-25) Mo npmesAm  mpocryio
cBsp ¢+ u B 7, npenebperas urenamu ~ r—2. B popmyae (XXIV-26) Mz same-
HUAM €U HA C), CYNTAS AMOAATYAY Maroil.
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Ypasuenne rerko uRTErpHpyeTes:

i (XXIV-31}

IRV =S T
r a —‘——2,( nr

CpaBuuBas pesyAbTaT ¢ OAHOMEPHLIM PACHPOCTPAHEHHEM, OTMETHM AIOGO-
DHTAYIO (OPMAADHYIO AHAAOIMIO! SABACHMOCTD /T OT X B OAHOMEpPHOM CAyuae
HMeeT TaKO# Mme BHUJA, Kak i 3aBHCHMOCTD [ == 77 OT In7 B cdepmaeckom
cayuae.

Pacuetst gas c@epuueckoro cAyuas NPHBOAAT K BBHIBOZAM:

1. Cuenuguueckoe ars yaapHoll BOAHDI J06aBOYROe TajeHue
AMIAHTYABI OKa3biBa€TCs Ha GOABIIOM PACCTOAHHM BechbMa CAabhIM,
kak (In7)™, mo cpapHenmio ¢ akycruuecxum nazenmem (rY).

2. YcranoBaeHne npeaeibHOR (POPMbI BOAHBL, K KOTOPOH OHa
CTPEMHTCS MHPH r—> 00, IMPOHUCXOAAT TOrJa, KOTA2 CTAHOBHTCH
AocraTouno 6Goabmmm In 7. Dto Tpe6oBamme ropaszo cmAbHee,
uyeM yCAOEHe, 4T06bl r 6bIA0C BeAnko. Boabwoe snagenne In r Moxer
AOCTHTaThCSI NPH CTOAL GOABHINX 7, NPH KOTOPBIX abCOAITHOE
3HAYCHHE AMIAMTYJZbI BOAHBI CTAaHET HACTOABKO MAaAbIM, 4TO ee
paclpocTpaHeHue yxe He NPeACTaBASET HHTEepeca; B HrPy MOTYT
6bITh TIPH GOABILIOM BPEMEHH PACHPOCTPAHEHHs BOBAEYEHDI HOBbLIE
¢paKTOPHI.

[MoaTomy menorbsoBanue NpeseAbHDIX 3aKOHOB TPe6yeT 60ABIIOH
OCTOPOXHOCTH; B GOABWIEH Mepe, 4eM B JAPYyrux CAyyasx, NOpH-
XOAMTCH OCHOBBIBATHCA HA ONBITHHIX JaHHbIX, HECMOTPS Ha HX
HEIIOAHOTY.

Ha puc. 59 crp. 168 6bvian npusesenst KpHBbIE H3MEHEHHS
AaBAGHHS CO BPEMEHEM, H3MEPEHHHME Ha Pa3sAMYHOM PaCCTONHHH
OT MeCTa B3phlBa. DTH KPHBbIE BaHMCTBOBAHbI H3 CTATHH K3BECTHOTO
anramifckoro (usuka Depnaas ,,(Dusuka Bosgymmmpix maneToB“,
ony6ankosansolt B 1941 r. [101]. Hapaay ¢ 6pmranckamu mepamn.
OpUrHHaAa CIpaBa Mbl JaeM MeTpuueckue MmKkaAbl [lepexoz
oT KpHBHIX 7T (f) nmpH r==const k MrHOBEHHOMY pPAaClPEJEACHHIO
ZaBAGHUSI B mpoctpaHcTBe 7 (r) npu £ = const ZOBOABHO CAOXEH,
Tak KaK CKOPOCTb PACIHPOCTPAHEHHS M AMIAHTYJa HE MOCTOSHHDI..

Aasi Toro uro6pl AaTh HEKOTOPOE MPHUOGAUBHTEADHOE IPEJCTa-
BACHHE O TOAIUMHE CAOs, OXBAYEHHOrO B KamJAblii AAHHDbIH MOMEHT
BO3MYIEHHEM, KPOME IIKAAbI BPEMEHH, HPHBOAHM IUKaAy Cof.
TpOM3BEJeHHs BPEMEHHM Ha CKOPOCTb 3BYKa ¢, B HEBO3MYUIEHHOM
BO3AyXe€.

Yro me momuo nouepnuyrp us puc. 59? Onbir mogrsepmaaer
CyLleCTBOBaHME BOAHbBI pa3pemeHHs, CAeayoliell 3a BOAHON cxaTus.
Ha 6oapmom yaarenun mnpoussegenne cpeaHeil aMIAHTYZAB
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Ha WIHPHHY BOAHDI PaspemeHus NPpUOAUKALTCA K Takol xe BeAHUHHE
BOAHbl cmarusa. MMnyance cuaet, geficreyomeft 3a 6oabmoit npo-
mexyror Bpemenu (0.015—0.020 cek., wak Buamo us ueprexa),
peACTaBAAET COG0I0 Pa3HOCTb AEHCTBHA BOAHDI CXATHA M HaNpPaB-
AGHHOTO B (POTHBONOAOKHYIO CTOPOHY JelcTBHR BOAHBI paspe-
xewnst. [loaToMy oxasbiBaeTcsi, 4TO UMIYABC CHABI NajaeT GucTpee,
4eM aMIIAHTYAa BOAHDL

B Teopernmueckoit uactu, cregys Aamzay, Mbl ycraHOBHAH,
YTO MNpejeAbHas (OPMA BOAHBI OTAHYAETCH JBYMSl CKadKaMH
ZaBAeHus —cnepeau u c3aim (cm. puc. 608). Kpusoie Bepwars
He TOKa3biBaloT 06pa30BaHMs CKauka JaBAeHHs c3aju. [lo gopme
mocAeadeft yacTH BOAHBI Pa3pemeHHs Mbl NPEABHIYUCAHM TO pac-
CTOSIHME, HA KOTOPOM AOAXeH 06pa3oBaTbcsi CKAyOK.

Buibepem aAs pacuera KpHBYIO ¢ XOPOIIO BbIpaKeHHOH BOAHOMH
paspexeHHs, 3amHcaHHylo Ha paccrosHun 20 ¢yTroB or 3apsia
{sTopas ceepxy, pmc. 59).

[lpr r,—=6 M mumEMym aaBaenus cocrasaser v, ==— 0.04,

min
pacCTOAHHE TOYKH MHHHMYMa JaBAE€HHSt M OT TOYKH n, B KOTOpOﬁ
BOCCTaHaBAHMBAETCA JAaBACHHE, COCTABAAET OKOAO r,,mo-——?t M,

== — 0.04 - 6 =—0.24, u, =0,

k+1 6
Ton == T o+ =5 (14, — ,) In H=3—7 024 . (XIV-32)

[Moaaran r,, =0, naligeM paccrosuue r o6pasoBauus CKauka:

ln%:&%:l‘lﬁ; r=ry-e*® =12.10% u.

[IpeaeAvnyto popmy BoAHa mpumer Ha paccrosumm 12000 kM.
[lonsareo, uTo B aTOM CAydae Bce oOTHOcAamuecs K TpeJeAbHolt
dopMe YTBepKAGHHS HE HMEIOT HHKakOH peaabHOH HEHHOCTH.
Pacuer mMpHBOZMT K BBIBOAY, YTO B CPEPUIECKOM PACHPOCTPAHESHMUH
(OpMHEPOBaHHe yAapHOH BOAHBI 3a CUET S3aBHCHMOCTH CKOPOCTH
PacCIpPOCTPAHEHHS OT AMIOAHTYAbLI MPOWCXOJHUT BECbMAa MEJAECHHO.
[lepeansis yaapuas BOAHA, B KOTOPO#t AaBAEHHE. CKAUKOM IOAHH-
MaeTcs A0 MaKCHMAAbHOTO 3Ha4eHHs, He (OPMHPyeTcs TaKAM
myreM, a ofpasyercs ¢pasy B MOMEHT, KOrAa 3aKaHYHBAETCSH
ZeToHAuuA 3apAza B3PHIBYATOrO BEIIECTEA B NPOHUCXOAUT COMPH-
KOCHOBEHHE MPOAYKTOB B3pPHIBA C BO3AYXOM; B 3TOT MOMEHT
(#a paccTOSIHMM OT HEHTPa, PAaBHOM PagMyCy 3apsia, OKOAO 6 cM
AR5l 3apsiZa, K KOTOPOMY OTHOCHTCS pHC. 59) aMUAHTYAa ee ZOCTH-
raer orpomunix sHadennit (em. § XXIH); wpm nocaeayromem
PacHPOCTPaHEHHH AMNAHTYJa 0ajaeT, HO HapACTAHAE JaBAECHHS
€OXpaHAeT XapaKTep yJapHO# BOAHDI
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Io Bompocy 06 amnauryse ZasAenus B yaapHO# BOAHE, compo-
BOxJatomeil B3PbIB, UMeeTCA OGMPHAS SKCIEPHMEHTAAbHAS AUTe-
patypa. Oguako cAedyeT ¢ OCTOPOKHOCTDIO HCIOAB3OBATDH CTaphie
ARHHHE, TaK KaKk AAS MPABUALHOTO H3MEPEHHs GHCTPO H3MEeHsoILe-
rocsl JaBACHHA HEOOXOZHMBI ZOCTATOUHO Ge3UHEPUHORHbIE TPAGOPH.

B 6oabmmncree cAywaes BOCHPHHUMAIOAA JaBACHHE MOBEPX-
HOCTb NPHGOPa yCTaHaBAHBaAaCh HABCTPEUy HAIIPABAEHHIO PACIPO-
CTPaHEHHs BOAHbBL; JAOXOAA A0 [OBSPXHOCTH, BOAHA OTpamaAach.
ITuxosoe (MakcmMarbHOE) AaBAEHME NpPH DTOM PACTET B ABa Pasa
AAfi CAa6GHIX BOAH U 6oAee CHADHO INPH GOABIIOH aMuAHTYZe
(em. § XIX). O6pabarniBas JanHbie MHOTHX aBTOPOB, Baacos
BBIBEA 3aBHCHMOCTD

j Jp——
P =Py _,_2.41/1:4 = p, -+ 44 _f, (XXIV-33)
rAe p,— Aa8BAEHHE, Da3BHBAIOMEECs] NPH OTPaXEHHH B3PbIBHOMN
BOAHDI,
Po— aTMOC(ePHOE JAaBAcHHE,
r — PacCTOSHHE OT ILIeHTpa B3PbIBA, BbIPAMEHHOE B METPaX,
R — apQexTusnbilf paguyc sapsaga (B M), M—pec 3apnga
(Bkr); Qopmyra cnpaseziusa gas BB muna rtporuaa, apyrme BB,
BHaYATEAbHO OTAHMYAIOIIHECH IO MOIMHOCTH, TPe6GyIOT BReZeHHs
IONPaBoK.
Bracor orpanmumBaer npEMeHHMOCTD QOPMYABI YCAOBHEM

r>85R, r>44 13/M (3aBucuMocTb cuAbHee dopmyAnt (XXIV-33)
nps MeHbwnx paccrosuuax). Cagoscknil zaer aAs Bcero mccaeso-
BAHHOTO HM HHTepBaAa CAGAYIONIEE BbIPAKEHHE MaKCHMaAbHOTO
AaBAeHHEs:

S_M ,Sm M
pu=p-12Y0 20 V08 a7 (xXIV-34)

r2

Taxkum o6pasoM, Ha Goabmux paccroaansx dopmyaa Cazos-
ckorol zaer B 5 pas 6oabmee 3HaueHHE AMIAHTYABI JaBAEHHS
no cpasHerHio ¢ dopmyaoit Baacosa: koa(duiment npu crapmenm
unene 12, sMectro 2.4. K BruicHennio AelicTBUTEAbHOrO 3HaueHHs
aMIAMTYAbI MBI IPHBAEKAK TNIpex e Beero aHubie Bepnaas (Ta6a. 6).

nepBpIX  uyeTbipex CTOAGUaX NPUBEAEHbI JAaHHbIE ONBITOB
Bepnaas; no m3MepeHHOMY HM MaKCHMaAbHOMY JaBAGHHMIO pi,
CUMTAHHOMY C rpauKOB, JaBAGHHE p, BBHIYHCAGHO IO (opMyAe
orpamenns yaapuoit Boamnt (XIX-2). Kak BmAwo B3 Tabanpm,
HawMHAA C P, —pPy < 0.15, npaktnueckn p, — p,=2(p,— Py)-

1 [Ipumenanue mpn KOppekType: (opmyia 6maa coobmema M. A. Cazon-
cknm B jokaage 1942 r; nosme om yeramosma [127], uro Bee xospduumentnt
ZoaxmHEN OniTe ymMenpmernm B 1.92 pasa.
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Ta6raga 6
’ - Bepran Baacos |CazoBoruit
r, dyr. {3 —1 3
VM Vx| ppy ‘ Pm—P0 Pm—Po
10 3.05 1.8 i 6.9 — 6.7
20 6.10 0.3 0.70 0.40 19
30 9.45 0.15 0:30 0.25 1.20
40 12,60 0.09 0.18 0.19 0.90
50 15.75 0.08 0.16 0.15 0.70

[Tpa 6oabmux paccTOAHHAX NOATBEPEAAETCS HMEHEO (OPMyAa
Baacosa.

Heab2a Ax npeanonroxurp, uro saperucrprposanunie Cazonckum
BBICOKAE JABAEHHA JAATCA BecbMa KPATKOBPEMEHHO, BCACACTBHE
49ero APYraMu aBTOPAMH M APYTHMH cnOco6aMu OHE HE PerucTpH-
pytorcs? Hauayumeit nposepxoft TaAKOro npeAnOAOXEHAS ABAAETCS
COMOCTABAGHHE CO CKOPOCTBIO PACHPOCTPAaHEHHs YAApHOH BOAHH,
OZROBHAUNO 3aBHCsDlelt oT ammauryant (taba. 7).

Ta6anga 7
3 — CkopoeTb BoaaB
rlvM
Cagoscknit Bepuarn axcuﬁ queHT
43 482 470 —
8.6 414 364 379
129 390 354 357

3aaapasich OIPEACASHHOH 3aBHCHMOCTBIO JABAEHHA OT pac-
CTOAHMA, MOKHO HaHTH BHaYEHHA CKOPOCTH B Kaxioi ToOuKe;
BHIYHCACHHE CpejHeil ckopocTd Tpebosaro Gbr Goaee CAOZHOro
pacyeta, B Tabamue 5TA 3HAYEHHA CONOCTABACHH C 3aHMCTBO-
Banunimn y Casnua [113] sxcnepusentarbnniMu Japnbivg ¢pauiys-
CKHX MccAeZoBaTeAefl, onpejersBmHx ckopocTh BOAHm. Como-
CTaBAGHHE Takme HeGAaronpuaTHo Aad popmyant (XX1V—34).

BameTM, HAaKOKel, Wro HNpejNOAOXKERHe 06 OCTpPOM nHKe
AABACHHA MPOTHBOPEYHT TEOPCTHIECKAM IIPEACTABACHHAM: TaKOil
OHK ZOAXEH GHA Gbl NOABEPrHYTHCA BeCbMa ObICTPOMY OCAaGAEHHIO
u pacuupennio. [lo xpusbim BepHarst Mbl MoxeM ompejeAntb
CKOPOCTh H3MEHEHNS AaBACHHSA NOCAE YAAPHOTO CAATHA H OTCIOA8 —
3aKOH H3MCHEHHS aMIAUTYARI caMmoii yZapHON BOAHbBL.

Ecau xas paccrosmmii 10—40—200 m (mpu sapsige B 1 Kr)
HCTHHHBIN BAKOH NajeHHA AMIOAHTYAN allPOKCHMHPOBATD CTENEHHOH
Qynxumet T—const-r ", TO BHaUEHHE IOKA3aTEAs ¥ B BTHX
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npeserax mnagaer or 1.4 zo 1.25; unpm Goabuiom paccTosHHR
npoctaz ¢opmyra T==const:r "} jaeT yAOBAETBOPHTEABHOE
npubrumende K UCTHRHOMY 3aKOHY.

B § XXI ormeueno, 4TO AAHTEABHOCTb JeHCTBHUS AABAGHHS
B3PLIBHOH BOAHB IPONOPLUAOHAABHA AUHEHHOMY pasMepy (Hanpumep
pajuycy) 3apsiia; BEAMUHHY pa3sMepHOCTH BPEMEHH Mbl IIOAYYHM,
COCTaBAsA OTHOWICHWE PazHMyca 3apAja K CKOPOCTH 3Byka R/c,.

Janusie Beprarn noxasmiBaior, uTO Bpems AeHCTBHA BOAHbBI

cmatua ¢ cocraBaser or 0.003 10 0.005 cek., Toraa xak % AAR
0.06
ero 3apsiga paBHO g7 = 0.0002"; Tarum o6pasom, Gespasmepuoe

R
OTHOWICHHE T: Koaebaerca or 15 70 25 u 3aMeTHO OTAHYaeTcs
)

or 1. BoAbwas AAMTEABHOCTb H COOTBETCTBEHHO GOABLIas MPO-
CTPAHCTBEeHHasd MNPOTAXEHHOCTb B3PHWBHOH BOAHDI BHNOAHE ecTe-
creennb. Lllupuna BOAHB B ZANTEABHOCTD ASHCTBHS COXPAHAIOTC
NpH pacnpocTpaHeHnn cAabolt akycTaueckol Boanbl. Mbl umern 6n1

t:izl B TOM CAyYae, €CAM GBI HaYaAbHOE BO3MYUICHHE MOMXHO
6bIA0 CUUTAaTh CAAGBIM, T. €. eCAM OBl HIMeHEHHE JaBACHHA
g obAracTH, 3aHATOH B3pPHIBYATHIM BEIEeCTBOM, GbIAC MaAo.

B aZefictBuTeAbHOCTH B NEPBEIX CTajMAX PAaCIPOCTPAHEHHA
aMOAHTYZa JaBA€HHS OTPOMHA, aKYCTHYECKOe NPHOAMKEHHE COBEp-
UIEHHO HEMPHroZHO. [1puGAMKEeHHO IPABUABHBIM €T'0 MORHO CYHTATD,
AHMIIb Had@Has ¢ TOTO MOMEHTa, KOTZA cpejHee JaBAeHHE B OXBa-
yerHO# BoamymenueM obractu nazaer 4o 1 atm. Aas o6bumnix BB
o6bem Tako#f obaactu gocrturaer 10 mM® ma 1 xr, uemy oTsewaer

3 '
paguyc R'=1.35VM (u, xr); pasnyc R’ obracrm, B KoTOpOit
cpeaHee saBrenue paBHo 1 arm (2 ata), B 22 pasa Goabwe
paguyca 3apaja. B coraacuum ¢ HamuMH MpeACTABAEHHAMH BEAH-

R
YHHA 7:_— AeHCTBHTEADHO NOPAXKA 1.
0

Bceaeacrsre 60AbImIOH WMHPMHLI B FAUTEADHOCTH BOAHBL HMIOYABC
AaBAeHHs, AeHCTBYIOHEro Ha MNOBEPXHOCTb TEAd, HOPMAAbHYIO
BOAHE, UYPESBLIYAHHO CHABHO 3aBHCHT OT YCAOBHH OTpaxeHus
BOAHbI M OOTEKAHHS TeAa BO3AYXOM, [PHBEJZEHHbIM B ABHMeHHE
BoAHo#. [loBHAHMOMY, DTHM OGBACHAIOTCA 3HAYHTEAbLHbIE IPOTHBO-
peunss B BKCIEPHMEHTAAbHON AMTEpaType MO STOMY BONPOCY.

Kpussie Bepmars mossoasior HaliTh, xora 65 ¢ Maroif TOu-
HOCTBIO, K.M.JA. mpeBpamenns sneprud BB B smepruio B3puiBHO#
BOAHBI. OHEPTHS BOAHB COCTOMT H3 ABYX 4YaCTeii — KHHeTHYeCcKok
dHeprud JBHAEHAS BO3JyXa U NOTEHUMAAbHOH dHeprHH, paBHOM
paboTe H3MeHEHHA AaBAeHHA Bo3ayxa. QUeBHAHO, YTO KAK CHATHE,
TaK ¥ pa3pexeHwe BO3AyXa, HAXOAUBIIErOCS MOZ aTMOCHEPHBIM
AaBAeHHeM, TpeGyeT 3aTpaTbl IHEPrHH M YBEAMYHBaeT IOTEHLH-
aAbHYIO DHEPTHIO CHCTEMBI.
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[Toanas smepra ezusmnmt o6bvema paBHa TPHOAHKEHHO
Ap\2
25 (—p—p) KKaA/M?; pacyeT ZAS pacupe jeAEHHs, OTBETAIOUErO KPHBHIM

Bepranrs, aaer K.m. 4. oxoao 30—40%; npu aTom smeprum BOAHM
CHaTHA ¥ BOAHbBI PaspemeHUs] OTHOCATCA IpuOAUSUTEAbHO, Kak 3: 1.

Taxum 06pasom, sHEPrUs B3PHIBIATOrO BELECTBA PEBPANAETC
B BHEPrHI0 B3PHIBHOH BOAHBI M [IEPEHOCHTCA Ha PAacCTOSHHE,
B COTHM H THICAYM pa3 NpeBblmalouies pasuep 3apsia BB ¢ k. m. 4.
TOTO X€ MOPAJAKA, YTO H K. I. J. UpeBpalleHHs dHEPrHH NOPOXa
B DHEPrHIO JABHXAEHHS CHapsfja B OpyAHMH HAM DHEPTHH IOPEHMA
TONAMBA B MEXaHHYECKYI0O BDHEPTHIO B JBHTATEAE.
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