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OCHOBHbIE OBO3HAYEHWMA

A — niomags OMHIBAaeMOH NOBEPXHOCTH, NJIOWAAb IoOme-
PEYHOTO CceYeHHA Tela;
@ — CKOPOCTh B3BYKa;
Cp. — KodpPUOmEeHT nONBEMHOH CHIIH;
Cp — r0’OPUOUEHT CONpPOTHBIICHHSA;
¢; — Ko3(pPHIOAEHT HOBEPXHOCTHOIO TpPEHHA;
Cp — Kod(PUIUEHT [aBIeHUS,
Cp — YHAeNbHaA TeNJIOEMKOCTh NPH HOCTOAHHOM [IaBICHHM;
D — couporuBnenwue;
d — pmamertp;
H = 6*/0 — ¢popMuapaMeTp NOrPAHHMIHOIO CJIOS;
h — K0O3(pQHIHEHT TemIOOTHAYH; BHICOTA;

Le — auecno Jlpiomca;
M — umcao Maxa;
Nu —amcao HyccenrTa;

n — mOKasaTelb CTENeHH;
Pr — gncno llpamgras;

P — LaBleHHE;

g — CKOpPOCTHOH Hamop;

Re — umcao Peiironsaca;
I' — TeMnepatypa;
t — BpeMs;
U — COCTaBJIAKMAA BeKTOpa CKOPOCTM B HAaNpaBJICHAH
TedeHHS;

U — COCTaBIAAKMAA BEKTOpPa CKODOCTH B HANPABJIEHHH V;

W — COCTaBAAKMAsA BEKTOPa CKOPOCTH B HANPABJIEHHH Z;

Z — KOOPAMHATA B HaOpaBJeHHH TeUeHHS,;

Y — KOODIHHATAa B HampaB/eHHH, IEPNEHAHKYJIAPHOM Ha-
OpaBJIeHHIO T;

Z — KOOpDAHHATa B HaIpaBleHHH, NEPUEHAHKYJIAPHOM Ha-
OpaBJIeHHI0 I H Y;

o — YyToJ AaTaKH;

Y — OTHOIIGHHE YAEABLHHX Temd0eMKOCTell;

0 — To/MmEHA NOTPAHHYHOTO Ca0A MAM cBOGOIHOTO BA3KOTO
clloA;

0* — TonmuEa BHTeCHeHHA NOTPAHHYHOTO CJOS;



6 OCHOBHBLIE OBO3HAYEHUA

& — Ko3pPunueAT TypOyJIeHTHON BA3KOCTH;

0 — Tonm@HA NOTEPH HMNYJIbCAa NOTPAHHYHOTO CJIOA;
pU — K03pPUIMEeHT NUHAMHIECKOU BA3KOCTH;

v — K03¢pPUOueHT KHHEMATHIECKOH BABKOCTH;

0 —— ILIOTHOCTh JKHAKOCTH HJH Ta3a;

T — HampsyKeHHe TpPeHHS;

Y — pyBEKOEA TOKa.

Huodekcn

¢ — yCIOBHA Ha BHellHe# IpaHHWOEe NOTPAHWIHOTO CIHOf;
S — orpHB;

W — 3HadeHAe Ha CTeHKE;

00 — YCJHOBHS B HEeBO3MYIIEHHOM IIOTOKe.



[(naBa X
AJOHHOE NABJIEHME

Obosnauenus

@ — CKOPOCTh 3BYKA;

b — mmpnna;

¢ = U/Uyaxe; XOpHAa mpodmis,

F=(f/¥)—1;

| — mapamerp;

h — BHCOTa yCTyHNa MJH JOHHOTO Cpe3a, TOJIMHHA 3agHel
KPOMKH;

k — xoapdmnuenT cMemieHHS;

I — moToK KoJAHuYeCTBa [BHMyKCHUS,

L — paccrosiame nNepUeHAHKYJIAPHO NJOCKOCTH YEPTEKa;
XapakTepHaA AJIHMHa;

! — paccrosiEme Mey BHXPAMH B KaKIOM pAAY; AJHUHA
obilacTE OTPHBa; PACCTOAHHE MEKAY 3ajHell KpoMKo#
¥ Ha4aJ0M 00/1aCTH 3aMEIKAHMS, A3MEPEHHOE BAOJIb 0CA

z; AIEHA CBOGOHOTO CIOA CMEMIEeHHA; | = Zp — Zpepex;

— JIOKaJbHAaA KOODJHMHATA;

— KOOp/iMHATa, HaOpaBJeHHasA 0O MOTOKY;

= z/05, HIE pacCToAHHe OT HavaJla acCAMIOTOTAYECKOTO
clIoA CMeHIeHHS,

Y — noxkanpHas KoOpJHHATA;

z =1 —u};

I' — uATeHCHBHOCTH BHXDS;

8, — ToammHAa DOTPaHHYHOTO cJoA Yy 3ajHell KpPOMKH;

0; — TonmmEHA CJI0A CMEMIEHHS NOCJH€ H33HTPONEIECKOTo

pACHIADEHHS;

m — IOTOK MacChl;

N — papamerp npECOoenHHEHUS;

n — JacToTa CpHBa BHXpeH;

¢ — CKOPOCTHOR HANOp; NJOTHOCTh HOTOKAa MAaCCH;
r = M, /M,

S —amcao Crpyxans;

{ — TONIMHUHA;
u* = u/u,;
Uy = Ilm;

U — COCTABJAMIAA CKODOCTH, NepUEHAWKYJIApHaA U;
W, = ucas;

X

z

z
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§** — ToNmMHA DOTePH KHHETHYECKOH SHeprmu;
¢ — Ko3pdmmmerT TypOyTeHTHOHR BASKOCTH; MONPABOYHBIMA
mapaMerp;
{ =ylb; mmm § = oz
Np — DapaMeTp NOJOMXeHHA;
© — MecTHHIE yroa MeKAY BHEMIHAM IIOTOKOM H OChI0 Z;
6 — ToNmMHWHA OOTepM HMOYJbCA HOrPAHHIHOIO CJIOS;
% = Up/le
A — OTHONIEHHE ILIQTHOCTENH;
v — K03pPHNEeHT KAHeMATHYECKOH BABKOCTH; YyroJa pas-
Bopora TeueHds Ilpamaras — Maiiepa;
¢ —MacmTabHHA  MHOKMTeab;  mpapaMerp  momoOms
0 =¢;/2k (1 —=x); napaMerp, XapaKTepH3yIOMEA yTOI-
meHEAe CJI0A CMEIeHHA.

Hnoexcw

B — moEHH# cpes;
b — 3agHEAA KPOMKAa}
b’ —3a HBIHTPONMYECKEM paCIIAPeHHEM;
i — HeC)KUMaeMHIH;
j —crpysa;
! — maMmBapHHI;
M —cpenHsAs JEHEA TOKA;
R — Touka 3aMHKaHHUSA;
§ — TOpPMO)KeHHE;
t — rypOyneBTHHI;
1 — HemocpefCcTBeHHO Hepel, JOHHHM CPe30M HJIH HATalIo0
B3aEMOeHCTBHA;
2 — KoHe@ B3aHMOJEHCTBHA,
xpar — KPHATHYECKHIA;
mepex — IEPEXOf.

Bnaropapa ycmexaM a’poxkocMEYeCKOoH TEXHHKH pacllHPHIMCH
HHTepBain moierHHx dmcexr Maxa m Pe#tmomnnca. CiemoBaTensso,
pacmupmiIach H o6JacTh HCCIENOoBaHHM MOHHOTrO fAaBiaeHuMA. B aroi
[JIaBe CHadalla paccMAaTPUBAeTCA MOHHOE [AAaBJIEHAEC B HECKHMAaeMOM
OOTOKE, a 3aTeM B CKAMAaeMOM.

JoHHOE compoTmBIeHme Teila BpameHHs MokeT mocraraTh 30%
HOJHOTO COLPOTHBIEHHA, a NOHHOE COLPOTHBICHHE TOHKHX 00TeKae-
MHX TeJ BeJIHKO [0 CPABHEHHI) ¢ HX MAJKM CONPOTHBICHHEM TDEHHS.
Y paker HoHHOe compormsienme nmpubamxaerca K 500 mam 1000 xrc,
B TO BPEMSA KaK IOJHOE CONPOTHBICHHE NJOCTHTAET HECKOJIBKAX THCAYT
krc. CremoBaTenbHO, OMEHRA XapaKTePUCTHK, TPaeKTOpHH H Tpebye-
MHX TAT paKeT HeBO3MO:KHH, NM0OKa HEHM3BeCTHO NOHHOe JAaBJeHHeE.
CxasaHHOe CupaBe[JIMBO TaKKe H [JA TeJ, ABIKYMHUXCA ¢ BEICOKEMH
CKODOCTAMH, TaKHMX, KaK OyJId, apTH/IIEDHACKEE CHApAgH # T. [.



JOHHOE IABJIEHUE 9

1. AOHHOE AABJIEHHWE MPH JO3BYHOBBIX CHOPOCTHX

TIpesxpme BCero pacCMOTPHEM KiaaccHYeCKY0 mpobieMy JOHHOTO RaB-
JIeHHA 33 IJIACTHEOH NPH JO3BYKOBHX CKOpoCTAX. Ee pemenme eme
Helb3sd CUYHMTATH YHOBJETBODHTEJIBHEIM.

1.1. PACHET AOHHOIO RABJAEHHWA 3A NNOXO OBTEHKAEMbLIM TENIOM MPH
003BYHOBbBIX U TPAHC3BYHOBbLIX CHOPOCTAX

TeopHsa HOHHOTO HABJEHHsA LPH JO3BYKOBHX CKOPOCTAX paspaba-
tupanack Kumpxropom [1] m Kapmamom [2]. Teopusa Kupxroda yme
yooMmmaanack B Ta. VIII. Tlo reopmm Kupxroda moaywaerca cuiapHo
33HM)KEHHOE CONPOTUBJEHUE, TOCKOJNbKY HaBJleHNe B clefie W Ha [OH-
HOM Cpese MUIMHAPA HIPUEAMAETCHA PABHEIM [IaBIeHKI0 B HEeBOBMYIIEH-
HOM IIOTOKe, XOTA UCTHEHOE 3HAYe¢HHEe TOHHOTO NABJICHAA 3HATUTEIbHO
amxke. Kapman [2] nuranca pemnts npobieMy [oEHOTO flaBIeHAA [IfA
CIyuad MEePHOAMIECKH CPHBAKIAXCHA BHXped mnpH HCCIe0BAHUE
BHXPEBOil IOPOKKH, HO €ro TEOPHSA HeNOJHA, IOCKOIBKY He NO3BOIAET
YCTAaHOBETH 3aBECHMOCTD Pa3MepoB M CKOpocTeil BHXDPeBOH JO0pOKKE
OT pasMepoB IAIHHAPA B CKOpocTH Haberawomero notoka. TpebGylorca
ABe MONOJHHTEIbEbHE 3aBECHMOCTH, OOHYHO ompefieligeMble M3 dKCIe-
pumenta [3].

1.1.1. Jonnoe dasaeHue sa naacmuHol

Yro6H paccUdTaTh MOHHOE [ABJIeHMe WA IOHHOe CONPOTHBICHHE
MJIOCKON ImJIACTHHH, YCTAHOBJIEHHON HepHeHAHKYJIAPHO MOTOKY, ABH-
KYIMEeMyCAa CO CKOPOCTBIO U, leiizenbepr [4] ompemenma cxopocrs
BEXpell ¥ oTHoCHTEeNbHO Haberamomero IOTOKA M PACCTOAHHE MEXIY
BHXPAMHA | B KasKIoM pAARY.

IIpupaBufaeM NUpPKYJIATHAI, CO37aBAEMYI0O B €JAHWINY BDEMEHH Ha
KpPaAX INIOCKOH NAACTHAH U w (U «/2), GHPKYJIAOAH, IEPEHOCHMOR
BHX pAMHA
(T/) (4w — u),

Uo (Ual/2) = (I'/]) (U — u),
rae I' — mHTEHCHBHOCTL BEXpSI.

Jpyroe ypaBHeHHe Noa1y9aeTcsAs NpHpABHABAHMEM NOTOKA MAacCChI,
orOpacHBaeMoOro IBEXKYILIEHCA IIacTHNON U,d, TOTOKY MaCCHl B BHX-
peBoit gopokke I'b/l (rae b — mmprIa BUXPEBO T0POIKKHA), KOTOPHI
oIpefeNaAeTcA ¢ IOMOMBI0 KOMIJIEKCHOrO MOTeHuHua.Ta AJs BUXpeBol
noposkk:n Kapmama

Ued = T'b/l.

C moMompio 5THX ABYX ypaBHeHHHl M peay.abTatoB Teopmdu HKapmana
Teitzenbepr [4] monyuma caeaywomue pesyanTaThis

uuo = 0,229 m /b = 5,45.
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Wcnonpayda TH AiBe BeJIMYMHE, BRYECAAM KodQOHUIHERT compoTHB-
JieHHA IJIOCKOH IJACTHHH, YCTAaHOBJIEHHOW NEPHNEHAMKYIAPHO K Ha-
SeraiomeMy IOTOKY,

Cp = DI(L bulp) = 0,90,

rae D — conporuBaenne, L — AauHa B HaIpaBIeHAN HOPMAJIM K IUIOC-
KOCTU uepTe;ka. ITO pacueTHOe 3HAUeHHEe XOPOINO COLMACYeTCH C DKC-
TepEMEHTANbHHMA [aHHHMHA, OfHAKO, CCHIIAfCh HA TOACTPOYHOE
npuMedanne Hapmana, Pomxko [3] omeaer, uro pemenne Ieiizen6ep-
ra [4] naeT onmHAKOBHE 3HAYCHHSA
s CONPOTHBIEHAA NI NHIHHPHYe-
/ CKEX Tel pasamuakx ¢opm. Ilo-
ckolbKy Tteopusa HRupxroga [1]

HY/KTaeTcA B AalbHEHAIIeM YCo-
Uew d’"  BepIDeHCTBOBaHUH 1JIA Oolee ToU-
HOT'0 pacYeTa JOHHOI'O [aBJICHHS,
Pomxo [3, 5] mogupunmposax ee,
4 OPHHAB Ug = UK, TTe Ug — CKO-
pocTh Ha JIMHUE TOKA IIPH OTpH-

\\_ Be, k —IapaMeTp, oIpe/ieAeMEIit

u3 coorHomenus Cpy = 1 — &2,

® ur. 1. Ilaockaa nxacTmHA, pacmo-
JIO’KeHHAsA MEPHeRAUKYIADHO K HEBO3- aC Pg — KOB(bd)HD;EeHT JOHHOTO

MYIIEHHOMY MOTOKY. papnenasa. Ecmm k =1, To Cpy
COOTBETCTBYET CIy9aio, pacCMOT-
peraomy Hupxrodom; sKcmepEMeHTY COOTBETCTBYeT kE>1. Ilpm-
amaMan k 5= 1, mabexum orpammuenmsa Teopum Humpxroda (cropocrs
OTPHBa paBHA CKOPOCTH Haberaiomero DOTOKA). BU KagecTBe CIefyIo-
mero mara Polko ompemenama MOJYySMNEPHIECKHAH mapaMeTp, KOTO-
PHil CBA3HBaeT Pe3yJAbTATH AJfA II0X0 0OTeKaeMHX Tel pasaHIHOM
dopmu. C moMomplo aHAJXM3a Pa3MepPHOCTEH M OyTeM BBeJleHHA oIpe-
Menenuma piaa gmcina Crpyxans cliefa
Qr_gle & S d°
ug d k d
OH TIONYYMJ OJUHAKOBYIO BeNmImHy S* AlA BCeX IJIOX0 obTeKaeMsIX
Ten. Hampumep, S* = 0,16 ana Bcex mmamunpos [5], npaIeM S' =
= nd/u,, — umcao Crpyxans, n — wacToTa cphiBa Bmxpeid m d’' —
paccrosigme MeAy JTHHAAME TOKA, OIPAHHYMBAIONIAMHA Clel (¢pumr. 1).
Kax morasamo Ea ¢ur. 2, akcnepuMeHTaJIbHbE 3HAIEHAA S* gnsa pas-
HHX [710X0 00TeKaeMHX Tel ABIAITCA GpyHKIumaAMA ducia PefiEonsnca
B clefie, oIpefeAeMoro B BHAeE,

Re* = ugd’/v = Re k (d’/d),
rhe
Re = u d/v.
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ISl [OHHOTO JaBJEHHSA B M03BYKOBOM MOTOKE XapaKTEePHO clie-
AYlOWee: CKOPOCTh B TOYKe OTphiBa M HA HAYaJIbHOM YdacTKe JAHHH
ToKa Haberawmero moroka pasHa ug = ki, H, €CIH JOHHOE [aBJICHAE
pPaBHO NABICHHUI0 B TOYKE OTPHBa, K03QPHUMEHT HOHHOTO HABICHHA
Gymer pasen Cpg = 1 — k%, Ecim k m3BecTen, To noTeHNEATbHOE Tede-

HpEe BHe cJefla oIpeneyieHo H KOB(bd)KlIEeHT CONIPOTHBJICHUA ABJIACTCH

820 .a.o e

. ... o
0,18 : L -

‘ad ) 3 #G 8 4 q sl i
0,16 Aaa %0 ‘B%gaam o 2
s, ) P o opV e
<

0,14

0 4 8 12 16 20 24 28 32 36 40 44 48
Re*x103

® nr. 2. Yucno Crpyxaas B ciege S* B 3aBHCEMOCTH OT 9mcia Peiinonbaca
B caege Re* [5].

[ 8 nnockaa nOnacTUHA;, A A KImH 90° O @ KPYroBol LUAMHOD; () IIOCKAA nna-
cTAHa ¢ uHTepdepenimeil; V Kpyropolh mmnmHmp ¢ mHTepdepentuelt,

tdynknumeit Tonsko k. Tak wax d’ sasmenr ot k, To, ecim k msBecres,
d’ MoxHo paccamTath. ¥Ypasnenue I'eitsenGepra [4] Momno mpeo6Gpa-
30BaTh K BUAY

u2

ek 5 = - (e — ),

rjge € — 710JA 3aBUXPEHHOCTA BA3KOIO CJ0fA, NPeBpalialmasacs B H30-

JapoBaHHHE BHXpHE. Benmamna € ompenensieTcsi sKcOePHMEHTANIbHO.

OnHako H3BeCTHO, 9TO 3Ha49eHME Kk OHO H TO Ke NJA BCeX NUIMHPOB,
MMeOIAX OJUHAKOBYI0O BEIHIMHY E€.

Teopuio moTeHNHATbHOTO 00TeKAHAA MOKHO 00bETUHATDH C TEOPH-
eit BuxpeBoi gopoxkE Hapmana, 9T06H MONY9HTH penieHme, 3aBHCA-
Imee TOJIBKO OT OfHOM 9KCIEPHMEeHTANbHO H3MepeHHOd Beamanus [3, 5],

Hak BupHO M3 mpejicTaBleHHOr0 aHaJM3a, TeOPHA JOHHOTO JaBJe-
HHA ABIAIOTCA OTPAHUICHHWIMH WM HeNOJHBIMH, X HCCIeIOBAHMA OH-
HOT'O [aBJeHMS IIPOBO;IATCA T.J1aBHHM 06pa3’oM 3KCHePHMENTAalbHO.

1.2. SHCNEPHUMEHTANbHBIE HCCNEAOBAHKWA JOHHOTO AABNEHMA NPH
AO3BYHOBLIX KW TPAHC3BYHKOBbLIX CHOPOCTAX

PesyanpraThl maMepenuii JOHHOTO [aBJeHHA 33 KPYTOBHM IHIXHM-
poM m cdepoit mpencraBiaens B ra. I. [{aa kpyrosoro manauapa Koag-
$UUAEeHT FOHHOIO [aBJeHHA OTPHIATENEH NPH CBEPXKPHTHYECKHX
U IOKPHTHYECKAX dncaax PellHoNbICa; OHAKO IPH CBEP XKPATHYECKAX
anciax PeftHonbrca abcoaoTHas BeamamHa KodddmumenTta mOHHOTO
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maBienns Oonbmie, 4eM npHd foxkpaTmieckux. Ilpm cBepXKpuTmueckmx
gmcinax Peltnosbaca KoaddunmenT JOEHOTO AaBjieHus cHepH mOJoKA~
TeJIeH JHMIlb BOJH3W 3afHE KPHTHYECKOH TOYKHM W OTPHIOATENeH PR
BCeX MoKpuTmuecKmx umciaax PeliHoabpca.

1.2.1. Hccaedosanus Xoprepa [6, 7] donnozo dasaeHus sa mesamu
pasaunHoi gopmv

JIlonHOe NaBjieHNE 3a TeJIaMH pasiawdHoil fopMH (cHapAnaMa, Po3se-
JSRAME ¢ NJIOCKHMM JIOHHEIM CPe30M, KPHIOBHIMA NPOQUIAAMHA € TOJ-
cTo# 3afHEeH# KPOMKOH HMIU IJIOCKHM CPE30M H T. [.) IPHA [|03BYKOBEIX
¥ CBEPX3BYKOBHX CKOPOCTAX B SHAYMTEIHHOH CTENEHH 3aBHCHT OT

| !
025 i ;
; 1
020 ‘ I
= ———
" S |
e,
Xx\ I . [
010 —=-¢ ‘ :
\.\ 3Mlll[pu‘l9(,‘l‘tﬂﬂ cpopmyna Cp, = 0,029
005 < : |« VCts
, V‘.?'—"o"—-——--cp..._
0 02 04 as 08

Cg

® nr. 3. CompoTuBienue, co3faBaeMoe JOHHHM CpesOM OCECHMMETPUIHOIO
TeJa, B 3aBACAMOCTH OT MOBEPXHOCTHOrO Tpepmsa [6].

@ diosenmK ¢ mNOCKMM NOHHHM cpesoM, Re = 5-10°, namnnle AVA (AspofmBamMmtdecKas
BCCleNOBaTeNbCKAA NabopaTopnsa, DETTHHTeHCKWU asponmHaMpdeckunit wupcrmTyr, OPT);
O ¢103enmK C NIOCKMM JOHHHM cpesoM, Re = 2.107, gamnsie DVL (HayuHo-nCClenoBaTenb-
CKAM WHCTHTYT B O0JACTH A9DOHABTMKM 7 KOCMOHaBTHKEH, ®PI); A HAIAHAD ¢ KOHAMYECKOR
HOCOBOU dacThio, M = 1,56, X cHapann ¢upMe «IBUNOHEA», M = 2; KO3pPEIUEHT CDB

OTHeCEH K IUIOMANM NOHHOTO Cpe3a; ch — K03 ¢HMUUEHT TPEeHRA.

AJIFHH HOCOBO# YacTH, OTHOIIEHWS [AWaMeTpa MOHHOTO Cpe3a K Aua-
MeTpy Tesla, COCTOSIHMA IoBepXHoCTH Ted. Kpome Toro, omO mpomop-
THOHAJIbHO CKODOCTHOMY HANODPY BHEIDHEro HOTOKA.

XopHep mpeAmonaraer, 4To TeTeHAe B OKPECTHOCTH NOHHOTO Cpe3a
¥ 3a HAM n0f06GHO «cTpyitHOMY Hacocy». DBHemmmit cTpYHHHZ
IOTOK, MON06HEIE Tpy6GKe TOKa, OKpy:Kawmei NOEHY0 061acTh 32 cde-
poif, cMemuBaeTCA ¢ BO3MYXOM B 30He OTPHBA U OTcachiBaeT ero. [lis
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CHapAmoB m (o3edsKell JoHHOE NaBleHme MOMKeT OHTH pacCIATaHO
oo dopmyne

Cp, = 0,029/V ¢y,

rne C Dy — K03(QQHIHEEHT NOHHOTO CONPOTHBIEHHA, 06YCIOBIEHHOIO
NapienneM (OTHECEHHEIH K IIOMajW JOHHOTO Cpesa), a Cf, — Kodg-
JHOACHT JOHHOTO COMPOTHEBIeHAA, 06YCIOBICHEOTO0 TPEHAEM U HEPOB-
HocTsAMA moBepXxHoCTH 1) ($ur. 3). XopHep ycTaHoBmI, 49TO JJA CHApA-
na Cp s = 0,2.

(DopMa KOpPMOBO# 4acTH He [OJKHA CYMECTBEHHO M3MEHATH MeXa-
HA3M (QOpMAPOBAHHA NOHHOTO AABJIEHHEA, HO AePKaBKa 33 MOJAEILID
mwioxo obTexaeMoro Texa, Kaxk cdepa, MoKeT H3MEHUTH KaPTHHY Tede-
HOA B goHHO# obGiaactm. [pyrmMm ciosamm, mo XopHepY, KpyroBoe
momepedHoe CedeHHe CTPYHHOro Hacoca CTAHOBHTCA KOJbIEo6pasHbIM,
yaydmasa TakaM o6pasoM 3QeKT 3:KeKIU: U COOTBETCTBEHHO YMEHB-
maA conpoTHBIeHHe naBieHus (¢pmr. 4).

HoHaHo0e NaBienne 3a CHapAaMA H TeJaMH, TOLOOGHHME UM 10 dop-
Me, OTIHYaeTCA OT MoHHOTO gaBieHud 3a cpepoil. Ha cHapamax moTor
OTPHBAETCA OT OCTPO KPOMKH [OHHOLO Cpe3a, W KOrJla OTHOUIeHHe
d/dyake YMEHBIDaeTcA, HauydAHAA OT eQUHHOH, TrAe d, — g@aMerp
ePKABKH, 4 dyaxe — MAKCHAMAJILHHIA [HaMeTpP MOJeNH, Koabieobpas-
HaA ToHHAAA 06IacTh MOMKET pacCMaTPHBATLCA KaK ABYMepHAsA, a Korma
d/dyane — 0 — KAK ocecHMMETpPHYHAA.

U3 ¢ur. 3 m 5 BEpHO, 9TO [OHHOE CONPOTHBIEHHAE 3a [BYMEPHHIMHE
IOBEPXHOCTAMHE INpEMepHO B 3 pasa Oonpme, YeM CONPOTHBJIEHHE
3a TelaMHm BpameHHA, pacciHTHBaeMoe 1o ¢opmyre Cp, =

= 0,135 ,%,B (¢umr. 5).

ITo 06BACHAETCA PA3NUYHHIM paclIpefieleHAeM CKOpocTed mo mum-
puHe cienma. [{nsa fByMepHEIX moBepXHoCTe#l pacumpefiesieHAe CKOPOCTH
MokeT OHTH 3afJaHO COOTHOLICHHEM

ulu,, = (YO,

TAle ¥ — MeCTHAas CKOPOCTb BHYTDPH MOTPABMYHOTO CNOA; U_ — CKO-
pPocTh Haberamomero moToka, Jy — PAcCTOAHAE MO HOPMAaJd K HAIPaB-
NeHni0 Haberawmero noToka, a 0 — ToAmEHa NMOTPAHAYHOTrO CJIOA.
JaA ocecHMMMeTPHYHHX Tel pacrpeleleHdAe CKOPOCTH COOTBETCTBYET
CTeneHHOMY 3aKOHY ¢ moka3aTesdeM Y/; Bmecto '‘¢. Takoe maMeHeHHe
B pacupefieleHHE CKOpOCTell CBS3aHO ¢ HM3MeHeHHeM IOmepedHOro
CcedeHHA ciaefia 0T KonbheoobpasHoro k xpyrosomy [6]. B peayasrate

1) Beanuusa ¢55 =204 (S/S g) B cnydae ocecHMMETPHIHOTO TeNa 1 ¢y g =2c4(c/h)
B ClyJae OBYMEPHOFO Tela BHOpaHa B KaiecTBe NapaMeTpa, XapaKTepH3YO-
mero NOBePXHOCTHOE CONPOTHBIEHHWE Tena Hepel ROHHWM CedeHHeM, BIAAIMEe
Ha TOJIOEHY NOTPAEAYHOrO Ca0sA.— ITpum. ped.
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@ ur. 4. Conporusierne cdepw mpm uncaax PelHONBACA, NPEBOCXONAINAX
KPUTHYECKOe, B 3aBHCHMOCTH OT Amamerpa peps:asku [6].
@ MeTOR (aJIMCTHYECKOTO MasTHHKA, Re = 6010%; O maMepeHMa cmnx, Re = 4-10°%
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CfB

® u r. 5. Conporusienne, BH3BAaHHOE TOJCTOH KPOMKOH MM IVIOCKEM CpPe30M

upopuas [6].

KoadduiHeHTH PaCcCIATaHH MO IJIOUIaZH JOHHOrO cpesa bh; @ t/c = 16,5% u 20,5%, Bonsa-

Hag Tpy0a AVA; O npodunn 0013 (Tokmo); (J npopunb 2412 (MwouxeH); A npoduis 0018,

DVL; () npoduis PupMnl «JlOpHBE», X CTHEK MeTalamdeckmx IucToB; W BOJGAHAA TPYyOa
AVA; -} npanHele NACA T Rept 852, Re = 10%, M = 0,3.
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pacmpesieieEMe CKOPOCTHOT'O HAWOpa 1O PajAycy H3MeHAETCA OT 3a-
KoHa /3 K 3aKomy ?/3. CpemHHI CKOPOCTHOH HALOP B NMOTPaHAIHOM
cll0e YMeHBINAeTCA NPUMEPHO 10 /3 CKOPOCTHOTO Hamopa B JBYMep-
HOM TOTDAaHAYHOM CIO€.

CpaBHeHEe CTPYKTYPH Te9eHHEA 32 JBYMEPHOH B 0CeCHMMeETPHUYHOMR
IUIACTHHAMH TaK:ke I0Je3HO A YCTAHOBJeHMA NOPUIMHE yMeHbile-
HHA JOHHOIO [IaBIE€HMA 33 OCECHMMETPHYHKIMA TeJaMH.

B ciene 3a nByMepHO# 1OBEPXHOCTHIO 00pa3yeTCA BUXPEBas LOPOHK-
ka HapMmana, u OsaromapAa YUOOpAZOYeHHOMY HIBHIKEHHI0 B 3TOM
clloe OPOMCXOJAT HHTEHCHBHHIA
oOMeH KOJAHMYECTBOM [IBHKeHHA
MEKIY CJIeNOM H BHENIHWM IOTO-
KoM. B cieme 3a ocecumMeTpmu-
HON NMIIacTHHOHM, TAKOH, KaK INCK,
0OMeH KOJMIeCTBOM [ BH:KeHHAA
3HaudATeJbHO cinabee, a ciaemoBa-
TeJAbHO, W CONPOTHBIEHAE MEHb-
me. OgHAKO [OHHOE CONPOTHB-
JeHne NBYMePHOM IIacTAHN MO~
HO YMEHLIIUTH ¢ IOMOMBI0 pas-
MeIUTEeIbHOM NIACTUHH, KoTopad
® ur. 6. Crpykrypa Tedesua 3a mia-  ocnalaseT BUXpeBOe [IBHIKEHHE

crumamu [6]. o0, AD (pur. 6). VYronmenme 3amHeR
a—RKBYMepHas naactuHa, Cp=2,0, App/q= _
= — 1,3; 6 — nByMepHad IJIaCTUHA C pasne- KPOMEH HpOCI)E.TIH TaK#e BHI3RI
amTenpHolt mmacrmHol, Cp = 1,5, App/q= BaeT yBeJH4YeHWe NJOHHOI'O COmpo-
= — 0,8, 8 — TpexMepHadA ILIACTMHA WA -
muck, Cp, = 1,2; Apglg = — 0.5. THBJEeHHA, HO OPH 3TOM BO3pa

cTaeT MOAbEMHAA CHJIa M 3aMer-
HO yJyumiaercd a’pofHHaMmde-
ckoe KadectBo. llosToMy ToncThHe mpoduam c 3aTymiIeHHOH 3afHel
KPOMKO# MOI'yT HMCOOJB30BAaThCA [JIA BO3AYIIHKEX BHHTOB.

HononamrenbHole CBEeIeHAA O JOHHOM /[aBJIeHAU B HeCKEMAaeMOM
HOTOKe MOKHO IOAY9IATHh B3 0630pHOiH paGorsl Homa [8].

Xoprep [6] man omeHKy HOHHOTO CONPOTHBJEHHA HpPH CBEPX3BY-
KOBHX CKOPOCTAX HA OCHOBe JaHHBIX [0 NOHHOMY COTNpPOTHBJICHHIO
IpHA J03BYKOBHX CKOPOCTAX. JTOT Bompoc OymeT paccMoTpeH B C.le-
AyIomeM pasfelne.

B wumrepBane amcen Maxa 0,2 << M. << 1,12, oxsaThBammem
TpaHC3BYKoBYI0 00aacts, m dmcex Peitmoanaca 0,8-10° << Re <<
< 2,7-10° Hom m np. [9] akcmepmMmenTanpHo mccde0Baldu AOHHOE
TeueHHe ¥ OHHOE JaBjeHHAe 32 H30JHPOBAHHEM NPoPHUIEM ¢ 3aTYIIICH-
HO#l 3afiHe#l KPOMKOM H 3a yCTYIIOM, PAcHoN0OKeHHHM 1o moToky. Hpu
3aTyIVIeHHONX 3amHefl KPOMKe B JI03BYKOBOM WHTEPBaJe CKoOpocTei
TeUeHHe B JoHHOM 06JacTH XapaKTepH3yeTcA nepuoaudecKuM obpaso-
BaHHEeM BHAXped B BmX cXofioM B cilen. HosdduumeHT qoHHOTO NaBIeHUA
maMenserca ot —0,6 npmbausmrenrno no —O0,78, a MakcHMadbBHKI
HOJCOC MMeeT MeCTO Ha 0CeBo JIMHME foHHOH o6nactn (pur. 7). Haua-
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A0 ocH OpAMHAT HAa HUr. 7 pacmoJOMKeHO IO O0CeBOM JHHUM NOHHOH
obnacTn.

Roappunment nomnoro nasienus Cp, YMEHBMAETCA C POCTOM HHC-
na Maxa, BepoATHO, BCIECTBHe BIUAHASA CHEMAEMOCTH HA BHX-
PeBYIO JIOPOKKY, OPH 3TOM HMIAPHUHA Clela Me[JeHHO YBeIHIUBAETCH.
IloaBnenme ckauka ynJIoTHeHWs Ha 3agHell KpoMKe IpoQmIA W ycTa-
HOBJeHOE CBePX3BYKOBOT0 OO0TeKaHHMA 3ajgHeil dacTm mpodmis mopm-
BOJAT K CIOKHOMY B3aHMONECTBHIO ME;KIY IBM;KEHEEM BA3KOTO CI0s.

-10-
-08 |- =10
CPB /X""O—rx-ai,—s‘qvx-x-x'b-l.x.‘-x-x-‘.’("‘“’“x.»x\
—0,6 L P B R
04
-04}
~0,2 -
‘11-’
0 1 [ |
~10 -5 4} 5

Paccmonnrue om cpedueii xopds! no pasmaxy,cm

D mr. 7. Pacopenenenve QOHHOTO AaBieHEs [0 pa3Maxy [9].

M, = 0,8: O naBnenme Ha NOBEPXHOCTA HOHHOrO Cpe3a, X M3MepeHHA TpySro#t IIuTO;
h — rommmuHa 3agHell KpoMKm upodmia.

3aMHKAIOMEM CKadYKOM YIUIOTHeHHS M 00pasoBaHMEM BAUXpei W, Ho-BU-
IEMOMY, He IOJABJIAIT BINAHEE NEPHOMAIECKAX ABIeHAA npE M o =
=0,9—-0,975. Onrako no mocTHKeHHH 9uciaa Maxa, paBHOTO efUHELE,
OPOHMCXOAAT CYIMEeCTBeHHOe H3MeHeHHe CTPYKTYDHl TeueHWHA, NPHBOAA-
mee K YCTAHOBJGHHIO IOYTH CTANMOHAPHOIO pe;KUMa, IPHA KOTOPOM
NepHoAMYeCKAe SBJEHES W CPHBH BHXpeil yTpaumBalT CBOe 3Ha-
JeHmHe.

Ilpm Bm3yadnHOM HCCIAEOBAHHH JOHHOTO TeUeHHA 3a YCTYIOM,
PacImolloskeHHEM II0 HOTOKY, Habaomalocs o0pa3oBaHue BUXpei, BH-
AMYMEXCSA BEA3 IO MOTOKY B BA3KOM CJI0e, HO IPH 3TOM ¢ IOMOIIBIO
cTpo6oCKoma He y/ajoch OGHADYKHATH IEePHONMIHOCTE HAOJII0TaeMBIX
ABJEHAH.

V3MeHeHTe NOHHOTO AABJIeHAA 33 YCTYIOM B 3aBACHMOCTH OT YHCJIA
Maxa mokasamo ma ¢ur. 8.

OTMedeHO, 9TO BO BCelt M03BYKOBO# 00aacTH KoapPUIEEHT JOHHOTO
NaBleHHA MouTH mocTosHeR m paBen npumepHo —O0,2. Ilpm Gompmmx
MO3BYKOBEHIX CKODOCTAX, KOITla B 30He OTDHBA H IPHCOENEHE-
HEA JOCTHT'AeTCA CKOPOCTh 3BYKa, NOHHOE faBjeHHE DPe3Ko HafiaeT,
apubiamKasce K BeJWd4EHe, H3MePEeHHOX Ha Mofeld NPOQHIA ¢ 3aTy-
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O1eHHOH 3agHed KPOMKOH BCIECTBHE H3MEHEHHA pacCIpefeleHHA
naBieHEs B oGnacTa npmcoepmeeHns. Hax smpgHo ms ¢ur. 8, B 1o3By-
KOBOM HMHTEpBale CKOpOoCcTeil mMeeTca Goapmas pasHHNA MEKIY [0H-
HHIM [laBJeHHMEeM Ha 3aflHell KpoMKe ® 3a ycTymoM. Hanpmmep, npm
M, =0,8 pna yeryma Cp, = —0,23, a nmns 3aTyniaemHo# sapmeit
kpomrn Cpp = —0,75. Beposrmo, ara pasmmma o6ycinosiena obpa-
30BaHHEM BEXPEBOU NOPOKKE 33 3aTYyNJeHHOH saHe# KpOMKOIL.
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M.
O nr. 8. JlorHoe paBmenne 3a upopmieM ¢ 3aTyIJeHHOH 3ajHel KpoMKoii
u 3a ycrymom [9].

1 — Mopesb NpodmaA; 2 — ycTym, pachoJIOKeHHBI M0 IOTOKY.
IIpaMedaaHne. HAgeKc 1 OTHOCUTCA K OCHOBHOI Momenm, MHAeKC 2 — K yeryny.

Ha ¢ur. 8 M, — umcio Maxa npu ycioBEAX BO BHeIIHEM IIOTOKE
nocje PacHIMpeHHsi OT Py 10 Pg, T. €.

1 (ﬁ‘z)‘”“"’” (1+ 3574 M2.) _1} .

v—1 Pp 2

Apanoruunsie BHBoOAH caenan Xopuep [6]. On cpaBmmn nannne
1A TMpoQuied ¢ 3aTYNAeHHHME 3AaIHHMH KPOMKAMA M IS CTHIKOB
MeTaJUIEYEeCKHX JNCTOB (COOTBeTCTBYOMEUX HeGoibmoMy ycTyny,
pacnofioXeHHOMY II0 IOTOKY) M NOKa3aJ, YTO CONpPOTHBIEHHe Bo3pa-
cTaeT NprOJU3ATENLHO 10 CTeNEHHOMY 3aKOHY B 3aBHCHMOCTH OT OTHO-
MIeHHs BHICOTH YCTYHa K TOJIMHEHE NOTPDAHEYHOTO CJOA B CTENEHH 1/,
[lo cpasrennio ¢ nanakiMz Hama w ap. [9] Takoit 3akon naer 3anmxen-
HEIE¢ 3HAYeHHsA JOHHOTO JAaBJIeHHA MM 3aBHINEHHHE 3HAYEHHA COMPO-
tasieans. IIpm M03BYKOBEIX CKODOCTAX [OHHOE AaBJieHHe 3ABHCHT
2—0828
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OT TOMMEHE Haberaomero morpaEMIHEOro CJI0A, a BAXPEBasA AOPOKKa,
IO-BAUMOMY, ABJIAETCA OPAYMHON NOHMKEHHOIO TOHHOTO [aBJEHHA.
VIHETeHCHBHOCTD BHXPEBOH MOPOKKE K [OHHOe faBleHNe, MO-BHIAMO-
My, TaKXe BaBHCAT OT I'eOMeTpHH OpoQmis.

Bripesn y 3afHe#l KpoMKH HIpoQWiIA MIM pasfelUTEIbHAA IJIa-
CTHHA, OKa3HBawIime cjaaloe BIHAHME B CTAaOHOHAPHOM NOTOKE,
CHO0COGCTBYIOT POCTY IOHHOTO JIaBJeHHAA NPH HECTANIXOHAPHOM PEKAME
LOHHOTO TedeHHA. BHpesw y 3amHeil KpoMkm OpodHmisi CHEKAOT
conpoTuBjieHde Graromapsa @X cTa0MIN3MpPYOINeMy BIHAHHIO HA IPHA-
COe/IMHeHHEE BAXPHM, CBOMNCTBEHHHE BO3HHKAKMEMY CTAONHOHAPHOMY
JOHHOMY TeYeHHI0, KOTOpHe Ha npopmmax 0e3 BHPE30B HeCTALHO-
HAapHE M TEPHOAMIECKH cOeraldT BHH3 IO HOTOKY ¢ obpasoBaHmeM
BHXpeBOH [opokkE. Pa3zmenmTenbHas NAacTHHA TaKKe OKa3HBaer
crabmimsmpyomee felicTBHE.

2. JOHHOE LABJIEHHE NPHU CBEPX3BYHKOBBIX CHOPOCTSHX

Hax orMegamoce paHee, SKCHEPHMEHTAJbHEE W TeopeTHIECKUE
HCCIe[0OBaHEA TOHHOTO J1aBJleHAA NPH CBEPX3BYKOBHX CKOPOCTAX HpO-
BOJUANCH TOPa3f0 HHTEHCHBHEd, 4eM IpHW M03BYKOBHX CKOPOCTAX.

Teopuss cmemenus Hpoxko — Jlmza [10] (ra. I) Mosker Ouite
HCIOIb30BaHA AJIA NPHOIMKEHHOTO pacyeTa JOHHOIO IaBIeHAA B CHKE-
MaeMoM IOTOKe. JTa TeopHWs OpefmoJiaraer, 4To HafieHHWe [aBJIeHHA
Ha [OHHOM cpe3e o0ycioBiIeHO TeluxkoM pampdysmedi mMmybca
moriepeK BA3KOTO CI05, OFHAKO KOHNENIHSA NPOCTod AR ysnl MMy Ib-
ca, yJI0BJIeTBOPUTEIbHAS IS CBEPX3BYKOBOTO TeUEHNA, HElOCTATOIHA
I8 HEeC:KMMaeMoro MOTOKA, IOCKOJIBKY I HeCKMMAaeMOTo IIOTOKa
(kpoMe mudpPy3um EMIYIABCa MO IMMEPHHE BA3KOTO CJIO0S) BaMKHHIM QaK-
TOPOM ABJAseTCA TaKKe AuHaMAKa suxpei [3, 5]. Tem me Meree cienyer
OTMETHATH, YTO JJOHHOE [aBJeHHE NPH CBEPX3BYKOBEIX CKOPOCTSAX MO~
HO paccuMTaTh IO [AOHHOMY RAaBIeHHI0 OpPH A03BYKOBHX CKOPOCTAX,
XOTH M CYIIECTBYET eCTeCTBEHHHI mpemes fjis OTPHOATEIBHOIO K03Q-
JunEenTa JOHBEOIO AaBJIeHUA IPA CBEPX3BYKOBHX cKopocrax. Hampnm-
Mep, MaKCEMaJbHHI Kod3(PHUIMEeHT TOHHOTO CONPOTHBIEHHA 3a/laeTCA
B ¢yEKomm umcia Maxa [6] B Bmpe

ﬂ;_) 2 1,42

DByaxe —( q /mame YM2, T MZ)°

Cc

rme Ap — pasHOCTH cCraTWiecKHX [aBJeHH#, a ¢ — CKOpoOCTHOH
HAIlOp, pPaCCYMTAaHHHINE mo CKopocTm Haberaomero motoka. Ho ator
K0P PUMumeHT MaKCHMATBHOTO JOHHOTO CONMPOTHBJIEHAS HUKOT/Aa He [0~
CTHTaeTcs, W SMOEpHYecKoe Brpakenme AiA Cpy A CHAPAMOB K IO

Ho6ENX mM Tes mMeeT Bup (dmr. 9)
Cp,=0,5Cp, ~ 0,7/M%,.
MaKC
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crax [6].

X 3a KOHYCaMm; A, ® 3a CHapAnaMM; - JeTHHe HMCORITAHNA.
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® nr. 10. OyErkumaA, NO3BOIAKINAA pPAcCINTATh IOHHOe CONPOTHB/IGHH® TeJa
npouaBoabEOl GopMu [6].
App — noRHOE RaBleHEE NPH HO3BYKOBHX CKODOCTAX.
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OJTo BHpajkeHHe HOATBEPKMAETCA Pe3yAbTaTaMi DOJHIOHHHEX HCIOBITA-
HU# cHapAnoB B mHTepBaJde ducea Maxa 0,8 < Mo << 2,5 [11].

Pacuer nonHOTO0 /jaB/leHEA OPH CBEPX3BYKOBHX CKOPOCTAX DO JOH-
HOMY JaBIeHHI0 DNpPH [O3BYKOBBHIX CKOPOCTAX MILIIOCTPHEPYeTCS
Ha ¢ur. 10.

2.1. 3ABUCUMOCTb AOHHOIO AABNEHWA OT YUCNA PEHHONBACA

3aBHCEMOCTb IOHHOTO [aBJEHHA oT dmcada PeiiHoapnca mcclemo-
BaJach KCIEPEMEHTAJBbHO /I HMIMHAPHIECKHEX Moflelell ¢ KOHHUe-
croil Hocosoit gacteio Hypuserom [12] mpg Mo = 1,5-—5,0 m Re =
= 0,3-10° — 4,4-10%, BorpomosrM [13] mpm Mw = 2,95 u Re =
= 0,4-108 —1,0.10%, Hasamay [15] ompu M. = 2,84 m Re =
= 4,5-10* — 4.10° u np. Bee ynmoManyThe gucaa Peiimonbaca pac-
CYATAHH 0 [JIXHEe Teka.

Kasamay [15] monyumn BHpaskeHEme [JIsi JOHHOTO flaBJeHHs B IIH-
POKOM HHTepBale dmcen PefiHONbAca, HCIOAB3YA 3IKCHePEMEHTAlb-

07

0.6\
05BN

04 — T Re=2-107
Q% o S S e .

e )

e

[+] 1 2 3 4 5 [] 7 8 9 10
Rex 108

®© nr. 11. JlorHOe HaBlieENe B 3aBHCAMOCTH 0T dmcia Peitnonbnca. CpaBuerme
PesyabTaToOB GaMAMCTHYECKUX HMCOHTAHEHA M SKCHEPUMEHTAJIbHHX NAHHHX, HOJY-
9eHEHX B aspoAmHammieckmx Tpybax [12].

1/d — oTHOMIEHMEe NJMHH K MHAMETPY LHIMHAPUIECKON Momenm ¢ KOHWYeCKOM ronoBHONU
9aCThIO; aaponmammecxaﬂ Tpy6a NepeMeHHON ITOTHOCTA IIPHHCTOHCKOTO YHHBEPCH-

Tera, M = 2,95, I/d = 3,3; —:— aCHMITOTA 3KCHeDMMEHTAJIbHHX JaHHBIX, NOJYYeHHHIX
B aaponnﬂammecxon 'rpyﬁe NOL (Jla6opatopma BMC CIIA), npm Typﬁynemnom pexmnme
TedeHunA, M = 3,24, I/d > 5; — O — OGalnucTadecKasa Tpacca C IepeMeHHBIM KaBJeHHMeM,

M = 3,00—3,28, l/d = &; I — GammcTHRecKan Tpacca, BRL (JlaGopaTopusa 6aniucTHde-
CHAX Hccnenoaaﬂnn Aﬁepnm-lcmm TOJUIroH), M = 3,24,

HHe JladfAbe IpYTAX uccaenoBareneii. ITd HaEAHe BHadalle OBLIH coIo-
CTaBIEHH, a 3aTeM OHIo HafileNo BHpakeHMe pJs JOHHOro fa-
BJEHHA.

Cornacuo pesyawrataM msMepenuil [12], nommoe maBnenme zmagm-
TeJbHO yMeHbIIaercsa ¢ pocroM ducen Peitmonbica, Korma wmena Peii-
HoJabAca HeBeqmKH. Ho mpm nocrarouro Gonsimux wnciax Peitroabnca
[OEHOEe flaBleHHe CTAHOBHTCA HOCTOAHHHM (¢pmr. 11).
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IdxcoepumenTaapHie pmaHHKe DBormomosa [13], nDpusepnennsie
Ha ¢ur. 12, Tax:Ke 0TpasKaloT TeHAEHNHUIO JOHHOTO JABJCHAA K YMEHb-
MIeHNI0 ¢ Bo3pacTaEdeM udmcia Peiinonsgca B 06aacTH ManbX wmcel
Peiinonsnca; momo6ryio Tempernumio HaGmioman m Yenmen [14].

IlogBopms HTOr, MOKHO CKa3aTh, 9TO ¢ BO3paCTaHHeM dmciaa Peii.
Hoasnca mpumepHo no 10° momHOoe maBaeHme GHCTPO yMeHpIIaeTcH,
a npu umcaax Peitroaspca Gosee 10° motor Bce Gomee HamoMmEaeT
TypbyrenTryo cTpyo. Jlanbueiimee BospacraHme umciaa PeiiHombnca
He BHOCHT CYIIECTBEHHHX M3MEHEHHH B KapTHHY TeYeHHS B Ciefie, HO
HOHHOE TaBJeHHE CHOBA pe3Ko Bo3pacraeT mpu Gosee BHICOKHEX YHCIAX
Peiimonnica, a 3aTeM ciabo maMeHsieTcs € pocToM uMcia PeiiHonbfica.

JdxcnepuMenTadbHbe fanHbie YenmeHa [14] m Bormomosa [13]
ornmualoTcss B ob6ixactm umcen Pedmoaspca 2-10% << Re << 5-108.
Yenmern rabaonal DOCTOAHHEOE TOHHOE NaBleHNE B 910 00aacT mepen,
fanbHemuM peskuM Bo3pacTandeM, a Boryonos [13] e oTMewan rako-
ro HOCTOAHCTBA [JOHHOTO HaBieHums. Ha mepoxoBaToil moBepxHoCTH
¢ BO3pACTaHMEM TOJIMHE NOTPAHHYHOTO CNOA HOHHOE [aBleHHe
yMenbmaerca [13].

0,50 %

030 ] ! 1 ! | 1 L I

0 2 4 6 8 10 12 19 16 18
Rex10"%

® mr. 12. JlospHOe maBnenue B 38BUCHMOCTH OT 9uciaa Peidoabnca ana rnap-
Koit Mopmenm [13].
d — pmamerp Tena, + d = 8,35 MM; A d = 12,7 M, O d = 25,4 MM.

Kpoxko u JIm3s [10] onpenenniu TeopeTHaecKEm MaKCHAMYM J[OHHOTO
flaBlIeHEA OpHU 9ucie PeilHoNbACa, COOTBETCTBYIOMEM NPOMEKYTOIHO-
MY PEKEMY MEKAY NOJHOCTHIO JaMAHAaPHKWM H MOJHOCTHIO TypOyiaenT-
HHIM TedeHHEM, W DTOT MAaKCHMYM D p/p., = 0,70 npum upoMemyTou-
BoM umcie Peitmoabpca 140 000 moxasam ma ¢mr. 13,

MaxcEMyM [OHHOTO /laBIeHHA NPHM TPOMEHYTouHOM umcie Peii-
HOJBACA BH3BAaH HEPEXOMOM OT JaMEHAPHOTO TedeHHA K TypOyJenTHO-
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My B obsacTa cilefla, OPHMHKAIOIEHd K TOHHOMY Cpe3y, W mepeMelln-
BaHHWeM BHEIIHEI'0 HOYTH M35HTPOMNAIECKOro TeYeHAA ¢ TedeHEeM B 3TOH
o6aacru cuepa. Ilyrem wusmepemmit poHHOro paBiIeHHMA OpH moJ-
HOCTHI0 JaMAHAPHOM TeUeHHH 33 IPOCTON MUAMHAPAICCKOM MOMENbIo
¢ KOHAYECKOH# HOCOBOM YaCThI0 W IPH MaJHX umciaaX PeiHoabaca, pac-
CUMTAHHHX mo Aamae Mopens, 159 << Re << 7400 [16], a Tarske ¢ mo-
MOmpI0 SKCmepEMeHTaJAbHNX JanaHX Hasamay [15] m Bormonosa [13]
OElTa mOJydYeHA NJIA BTOM MOMENH IOYTH HENpephiBHAA KpHBasd H3Me-
HeHHSA JOHHOIO MaBJeHHS B WHTepBajiie umces Peitmonnmca 1,6 -10% <

08
30‘ }u 30°
' ! %S 25d
Aannuie pabomei [15] 2
M=2,84 L L

06
Ps
P

06

A
04 [Aannxbie bozdonoea \
(JAS Nov.1953) \-’
M=2,95
03 '
20 40 100 200 400 1000 2000 4000 10000

Re 10" 3

® ur. 13. JlouHoe faBileHWe B 3aBUCHMOCTH OT 9mcia Peimoasaca [15].
OL=>51,3Mm; AL=2560wm (JL=147 mm.

<< Re << 1,8:10° npm wmcae Maxa, GauskoM kK 3, moKazaHHAA Ha
¢ur. 14 (cm. raxme ru. I).

Ilpm Manmx wmenax PeitHonbaca M mOJHOCTBIO JaMUHADHOM Tede-
HUY MeCTHOe 3Ha4eHWe NOHHOTO NAaBIeHHMS M3MEHSETCH BROJb paguyca
DOHHOTO Cpe3a IO mapaboaIM4ecKOMY 3aKOHY, IpHYeM B LEHTPe OHO
B deThipe pasa Goasme, 9eM Ha nepudepmn muamagpa. lloatoMy BMe-
CTO MeCTHOTO 3HAYeHMA NOHHOTO faBieHmsa Ha ¢ur. 14 mpepcrasien
OCPefHeHHLH 0o miIomam® KodpdmumeHT pp/p.. NHTepBam wmcen
Maxa B mcomrammax Hasamay cocraBasai ot 2 o 4. Ilpm Takmx cro-
POCTAX MOTOKa MaJisle umciaa PeiHoJbACa COOTBETCTBYIOT 00JIacTH
paspeeHHOT0 Tasa Ha Ooxbmoil BHcoTe. Ecam Bocmoab3oBaThCs
XapaKTepUCTHKO# obmacTell Teuemms, upepgnokennodt IIzamom [17],

M/V Re< 0,01 —gnsa TedeHEA CONOMHOK CpexH,

0,01 <M/V Re<<1—pua TedeHHS CO CKOJBKEHHEM,
1 10 <M/Re —aaa cBOGOIHOMOEKYIAPHOTO TeYCHHS,
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to manpbie meomTaumit Kasamay [16] momamaror B ofmacts 0,05 <<
< M/V Re << 0,15, 0THOCAIMYIOCA K PEKAMY TEUEHHA CO CKOJbKe-
ameM. BosHmKkaeT Bompoc, fABIfAeTCA JNH upeAcTaBieHHasa Ha ¢ur. 14
3aBHCEMOCTH YHHBEDCAaJIbHON, HOCKOJBKY IpW TedeHHH Ta3a paspe-
JeHWe OKashBaeT creqAduuecKoe BAUAHME Ha NOHHOE JaBJeHEE B OT-
JM9Ee OT TeUeHHA HeC;KAMaeMod JKHIKOCTH Hpd Maianx wmciax Peit-
goabnca. IloxasaHo, 4To BIMAHAE CKOJNBKEHHA HA [OHHOE JaBJeHHE
EMeeT TOPAAOK BeMMIAHRH (Us/Ux)?, TAe Us — CKOPOCTH CKOJIbKeHHA,

10

8 JlanHbie Kasanay (JAS, 21, N°4,1954) i
0, 2
Pg P
BT - M=284 \ i
06 // — A)
// \\
- Jannsie pabomsi [16] // 1
04 .4 vl o .
’ M=210 \/
i _ Jannsie pabome: [54] -
02 = M-zv“}’#/u’ M=295
M=4,00 ]
Csob0d : M/Re>10
0 | L i M=3 f(le )4 | L L1
10* 10° 104 105 10° 107

Re,,

® ur. 14. JlonHOE £aBieHWe B 3aBECAMOCTH OT 4mciaa Peitmombpca [16].

a U, ~— CKOpocTh HabGeratomero moToxa. Hoaddunmment gonnoro mas-
JIeHHA P /Do CIMTAETCA PABHBIM HYJIIO JJIA BCeX NPAKTHYECKHX CIy-
qaeB, ecim M., > 2 B cBobGoanoMonexyinsapuom Tedenmm [16]. Tax
KaK HMHTepBaJl dcClAeT0BAHHHX 3HAUYeHHHA U /U, cocTaBidaa ot 0,05
mo 0,11, paspemenmeM B Te4eHHH €O CKOJBKEHHAEM MOKHO IpeHe-
Opedr ¥ 3aBMCHMOCTH, npejcTaBleHnad Ha ¢mr. 14, momer pac-
CMaTpPUBAaThCA KaK YHHBepcalbHafdl IJIA TeUeHHA CIOJIOMIHOH Cpejsl.
Ha ocHoBammm ¢mr. 14 MoKHO 3aKIOUHTH, 4YTO [OHHOe [IaBleHme
PEe3KO MeHSeTCA B 3ABHCHMOCTH OT YHcJa PeftHoiamgca mpmE Majinx
H yMepeHHHX umclax PeliHonbica, HO Opm oueHh Ooapmmx umc-
nax Pelfmonsica NoHROe JaBleHHe NPAKTHYECKH HE 3aBHCHT OT Y@C]Ia
Peitronsaca. Ilpm owens Mannx umenmax Peitmonsnaca ma foHHOE
NaBleHHe oKashiBaeT BIMAHHUe JaMHHapHoe Tedenne. (KpmBasa momHOTO
naBnenma Ha ¢mr. 14 HaummaeTcA B 06iacTEH CBOGOTHOMOJEKYAAD-
HOI'O TeUYeHHMA W UPOXOAMT depe3 oOGIacTh JAaMAHAPHOIO TedeHHA
co cronbkeHmeM.) B o6nactm yMepenmsx wmcen Peitronsaca, Tie upo-
HCXOIHAT IIePeXoj, OHHOe TaBleHHe JOCTHTaeT MAaKCHMAJbHOTO 3Ha-
9eHHEA W ¢ pocToM yEcia PeffHoabAaca Touka mepexona ABMKETCA BBepX
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o0 IOTOKY [0 TeX mOp, MOKa MOTPAaHMYHHIA CJIOH W TedeHHe B ciede
He CTaHYT mOJHOCTHI0 TypGynentniMm. Hakomen, mpm ogeHb GoJib-
IAX 9YUCJIaX Peﬁnonbnca JOHHOE JaBJIeHHE CTAaHOBHTCAHA OPaKTAYECKA
HO3aBHCHMEIM OT 4HWCJIa PeiliHoanpaca.

2.2. BIWAHWE TEMMEPATYPbl MOBEPXHOCTH TEJIA, YA HAHNOHA
MOBEPXHOCTY XBOCTOBOM YACTH TEJIA WU HHC/IA MAXA HA JOHHOE
JABJIEHHWE

JloHHOe maBieHHEe 3aBHCHT TAaK/Ke OT XapaKTePHHX YCJOBHM B IO-
IPaHMYHOM CJI0€ Ha Tele, TAKUX, KaK YCIOBHA, OompefieliAeMble TPeHH-
eM, Temjiomepefadell ¥ YrioM HAaKJIOHA IMOBEPXHOCTH XBOCTOBOM 4acTH
texa [12].

JloHHOE faBlende BO3PacTaeT ¢ POCTOM TeMmepaTypH HOBePXHOCTH
texa (fumr. 15).

Ono BO3pacTaeT Tak:e M C POCTOM YIJa CY:KeHHA XBOCTOBOM 4acTh
Teqa 1o 7° nmpm NaMEHEApPHOM TedeHmE # 10 15° mpm TypOymemTHOM

07
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® ur. 15. foHHOe paBleHHMEe B 3aBHCHMOCTH OT TeMHmepaTypH NIOBEPXHOCTH
Tena, Mo = 4,24 [12].
A umnmHAp nmaveTpoM 10 cM; O UMIMHADP AmameTpoM 45 CM.

redenmn. [lpm JTaMUHApPHOM TeYeHAHM H YIiaX HAKJIOHA MOBEPXHOCTH
Gonee 7° momHoe naBiaeHme yMeHbmaerca (dmr. 16).

Iprm Manux umcaax PeitHonbAca, B 061aCTH HOJHOCTHIO JaMAHAP-
HOTO TeYeHMd, JOHHOe [ aBJeHEe MOHOTOHHO YMEHBLIIAeTCH C yBeamde-
gaeM umciaa Maxa [12, 16]. DToT sKcnepuMeHTaNbHEE pesyAbTAT MOA-
TBepHIaeTcA pacdeTaMm mo Meroqy Hpoxko — Jlmsa [10]. Pacuer
IO 3TOMY .MeTOHY COTIACyeTCH C SKCIePHMEHTAIbHEME JaHHEMH, B CO-
OTBETCTBHH C KOTODHMHE MOHHOE NaBIeHHE yMEHBbIIaeTCA C yMeHBIle-
HHEeM uHClIa PeiliHonbIca OPH DOIHOCTHIO TaMAHAPHOM TedeHmn. OnHa-
Ko, COrJiacHO pesyinraTaM Bormonosa [13] m Kypnsera [12], B o6xacra
TypOydeHTHOTO TedeHHA (B HPOTHBOLHOJNOKHOCTH IOTHOCTHIO JTaMH-
HAapDHOMY TEUCHWIO) NOHHOE MNaBlIeHHE YMEeHbIIaeTCA C YBelHmueHmeM
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® rr. 16. JlouHoe faBieHue B 3aBECEMOCTH OT YIJia CY’KeHHs XBOCTOBOH YaCTR
Tena, Mo = 3,24 [12].
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® ur. 17. Jlousoe faBieHHe B 3aBMCHMOCTH OT 4mcia Maxa [12].

1 — paKeTH, cTA6HIU3NDOBAHHKE OTNeDeHAeM, NaHHWe APL — JHU (JIa6opaTopWA npRK.Jaa-
HoMi ¢uanku YHHMBepcHTeTa MM. JIxoHca TONKEHCA); 2 — BPAMIAIOMMECA CHApPARM, RaHHHE
BRL, nonydYenHHe Ha 6aliamcTmdeckoft Tpacce.
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gmrcaa Pedmoabgca. ITo pasimdme MOMKHO 00BACHUTH C YIE€TOM TemJio-
mepefadd.

B o6nacta Gonpmmx umcen Pedmoanpca (TypOyieHTHoe TeueHme)
JlOHHOE [aBJeHHE YBEeJXIMBAETCHA € POCTOM TEeMIEpAaTypH NOBepX-
Hocrm Teila (pur. 15), ogEako npm ManHx umcaax Pedzoaspca
(maMmHApHOE TeYeHHE) [OHHOE MABIeHAE YBEJIHIMBAETCA C HOHEMKE-
HHeM TeMiepaTyphl HOBEePXHOCTHA Telxa. I[oCKONbKY BIMAHEE OXIayKMe-
HAA Ha DOTPaEEIHKI CI0H NueHTHYHO BO3pacTaHmIo urcia PeliHoNb CA,
CTAaHOBATCA NOHATHEIM KaKYINEecs pacXoKfeHme MeKIy SKCIepH-
MEHTAJNBERIME pe3yJbTaTaMM, KacaloIUMHCA [OHHOTO JaBlIeHAA X
TeMuepaTypH MIOBepXHOCTH.

Wz ¢ur. 17 BugEO, 9T0 NOHHOE [aBleHAE YMEHBIIAETCA C yBeamde-
aveM dmcia Maxa, u 3agagHOoMY 9mcay Maxa coOTBETCTBYeT IIMPOKMI
HATepBaJ H3MEPEeHHHX 3Ha4YeHHH [OHHOTO fAaBieHmsa ¢ pasbpocom,
moctaraommM 6oaee 50 % [12]. 3aBrcEMOCTD JOHHOIO JaBICHHS OT YAC-
na Maxa mceaefosanm Takke Hoyn [18] m Hasamay [16].

2.3 PACHET AOHHOIO AABJAEHHA

Muoro BHEMaHHUA YAENANOCH pacdeTy NOHHOIO [aBIEHAA 33 Tela-
MH BpameH®s, [BYMePHEHME KOEQUTYPANAAMA B KPEIbAMA CaMOJETOB.

2.3.1. Jlonnoe OasaeHue sa meaom epauyeHus

dToT Bompoc m3yuaicA Hamboliee mHTeHCEBHO. Jlopenm [19],
T'a6o [20] m Kapmam [21] mcnmonbsoBanm pasnmumble TEIOTE3H AJA
oupefeleHnAs [IOHHOT'O [aBIeHHS 3a TeJOM BpameHHA, HO AX PacieTH
HEeYJOBJIETBOPATEIbHN. B mpegmonoskenmm, 9TO0 CKOPOCTH BO3AYXA,
YMEeHBIIAsich B DOTPAHAYIHOM CJI0€, mOC]e OTPHBA MOTPAHUIHOTO CIOH
OT TeJia BOCCTaHABJIMBAETCA, OhIa moiaydeHa npubamuxenHas popMmyaa
IIA pacdeTa HoHHOTo fAaBienma [12]

S Vy Py Py
PB _ y=r Ve Pe Pe
y= !
Poo S Uy Py yd
Ve Pe
y=r

Tfie ¥y — CKOPOCTh, Py — INIOTHOCTh B DOTPAaHMIHOM CJioe Ha PacCToA-
HAYM Y OT DOBePXHOCTH Tejia, 0 — ToaIAHA DOrPAEAIHOTO CIOA, I' —
PafEyC Téla, MHEKC 00 OTHOCHTCA K YCJIOBHAM B HaberalomeM IOTOKe
mepefi CKadKOM, € — K YCIOBHAM Ha I'paHANe DOTPAHHIHOTO CJlIoH,
Py — CTaTH9eCKoe [aBJeHHE B CJ0oe § 3a pacIIdpPeHHmEM, eClH CJIoHd ¥
MO;KeT PACIIAPATHCA HE3aBACHMO OT APYTAX CJI0eB OT JaBJeHHA TOPMO-
JKEeHHA D, U [OCTATaeT cBoeil HadalabHO# ckopocT: v. Kypmser [12]
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0TMedaJl Ha OCHOBAHENHE IIAmpeH-QoTorpadmil, 9T0 CKOPOCTh LOYTH
BOCCTAaHABJIXBAETCA HA PACCTOAHEA 2—3 KaJdmOpOB BHH3 IO NIOTOKY
3a MOHBEHM cpe3oM. IIpensnymee ypaBHeHme mpeo6pasyeTcs K BEAY

vv-1)
v T 1+{—;—(Y—1)} M2 (4—T,/T, )
S_y_e_ ydy
T 1
5 Y 1+{-2—(Y_1) X
P __ X M2 {1—(T/T,) (v3/vd)}
P [ v
v T,
S v—e'T;ydy

JIlna pacyera HeoOXopEMO 3HATH NPOQMIE CKOPOCTH H TEMIEPATy-
pH, a TaK/Ke pacmpefielieHde TeMIepaTyphl TOPMOKEHHS B MOrPaEWI-
HOM clloe. XOTA 9T0 YPaBHEHHE aeT yHoBAeTBOPHTEAbHLE Pe3yIbTATH
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O ar, 18. Tevemre 3a JOHHEM Cpe3OM CHAapAja.

OpHE pacdeTe JOHHOTO JAaBJeHHA 3a TeJOM BpallleHAA, OHO HE IPHTOA-
HO 1A pacdera Kpuiaosoro npodmis [22]. Pacgernnie 3pavenns 1om-
HOTo fAaBienmAa npm dmcie Maxa 2,0 cocTaBAAIOT 0K0JO IOJOBEHH
BeJHYHHE 9KCIePHMEHTAJbHEIX 3HaYeHHi RaA TypOyleHTHOro ¥ npH-
MepHO B JABa-TpE pasa Goablle 1A JaMAHADHOTO TedeHHA.
Koyn [18] mcmoabsoBan a1 pacueTa ROHHOTO MaBIeHHA 33 TENOM
BpamieHHS YOpPOWmEHHYI Mopeab (pur. 18).

Quamdeckne ABIEHAA B NOTOKe BOJIM3HM AOHHOTO cpesa, ofycloB-
7ieHEEE BA3KOCTHI0, CAEAYIONMe: HOTOK OTPHBAETCA OT 3agHe# KpOMKHM
TeJa, B peayabpTate obpasyercsa oTpuBHAA 3oHa AdiA, u Graromaps
CYmEeCTBOBAHHIO TOI 30HH CTaTHYeCKoe JaBjieHHe Boab AB nprbiaum-
3UTENAbHO HOCTOAHHO. JlOHHOE MaBjeHHe HMKe CTaTHYeCKoro B TO4-
Ke A, 103TOMY B 9T0if TOUKE BO3SHAKAET Beep BoJH ¢1aboTo paspeiKeHns.
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Ecam Tewenme naMmEapHOE, DepeXof HAUYMHAETCA B HEKOTODPOHE ToUKe
Meskay A m B; mocie mepecedeHms o0JacTH 3aMEIKAMOINET0 CKadKa
TedeHMEe B CJefle CTAaHOBHTCA HOJHOCTHIO TypOyaenTEmM. IIpodmam
CKOPOCTH Me;xAy Toukam:m A m B Takme ke, Kak Ha I'PaHHIAX CBepX-
3BYKOBOH CTPYH, HCTEKaIell B OKpy/Kaoliee 3aTONIeHHOe IPOCTPaH-~
cTBo. BEYTpH 30HH OTPEHIBa IPOUCXORMT MeAJeHHOe NEPKYIAMHOHHOE
OBUKeHHe, BH3BaHHOE BA3KOCTHI0 Bosnyxa [14]. Ycramosumsmeecs
paBHOBecHe MeKAY JOHHEM QNaBIeHHEM H ToJokKeHmeM nmanE BB,
obecrieumBaeTca OaarofapA 9KeKTHPYOIMEMY BJHAHEIO BHeEIIHETo
mOTOKa Ha TeIeHME B 30HE OTPHBA. JacTb Bo3qyxa BHITEKAaeT U3 30HBI
OTpPHIBA, BHI3KBafA YyBedWdeHHE YIJa NOBOPOTa NOTOKAa B Toduke A
W yMeHbIleHWe AaBJIeHHS B 30He OTpPHBa. Jluama BB, mepeMemaercs
K [JOHHOMY Cpe3y, OIPH 3TOM OTHOHIGHHE MaBICHHHE B 3aMHIKaOIIEM.
CKauKe BO3pacTaer, 3aTPYNHAA TeueHWE KEKTHPOBAHHOIO BO3MYXa
¥ BO3[MyXa, ABWKYIIETOCA C MalJiofl CKOPOCTHI0 B MOTPAaHHIHOM cioe,
MPOTHB BO3PACTalOIEro faBJeHHS B CKadke. IIpormBopeiicTBHe 3Toro
a(pPerTa »KEKTHPOBAHHI0 BHEIIHEM MOTOKOM BO3AyXa H3 OTPHBHOMN
30HH, CHIKAIIEeMy faBieHre B Hell, cocoOCTBYeT yCTaHOBJEHTIO paB-
HOBECHHIX YCJIOBHil B TOHHOM TedeEWHM. HadecTBeEHE XapaKTep Tege-
HAA BOIMBH MOHHOTO Cpe3a 3a ABYMEPHHIM TeJIOM aHAJOTHYeH.

3a MOHHKIM cpe30oM clei Cy:KaeTcA, o0pasyda yCeueHHHH KOHYC
ABBA,, n yroa © Me:xny HanpaBiIeHAeM OCH TeJla B upAMoit AB cpas-
HATenbHO Mal (okoio 15°). AB — pasgensomas IEAEA TOKA, OHA ke
ABNAETCHA TpaeKTOpHed Buxpeil, 06pasyomuX BUXPERYIO FOPOMKKY, IpH
mepecedeHHH KOTOPOH CKOPOCTH MEHAETCA, HO JaBJeHHe OCTAeTCH II0-
cToARAHNM. 3a cedeHneM BB, mmpHna ciefa IOCTENEHHO BO3pacTaeT.
Boxaee mogpo6HO clief Dpu BEICOKAX CKOPOCTAX paccMoTpeH B riu. VIII.
IIpm Géasmmx yraax © orHomeHme pg/p, yMembmaercs. Takxoi ke
Pe3yIbTAT MOKHO HONYYHETHb PacIeTHHM NyTeM, HCXOAd W3 YCIoBHH
B OCHOBHOM MOTOKe, a Tak:ke m3 ycioBusa d; — BB,. CooTHomerme

MEKAY AOHHHM HOaBJIeHHEM H COIPOTHRJIeHHEM Clenylomee:
-\zMZ
n

pB/puo = 1- - CDBI
rie Cpy = (moHHOe comporEBieEme)/ (pud,d®/4) — KoapdmumenT foH-

HOro comporuBienus. [Ipexmonaras, 4T0o moNHasA 3HEPTAA HA eNUHBILY
MaccH B cedenusax AA, u BB, ofdHaKoBa, HaXOAUM JOHHOE NaBJIEHHE

1
14— (y—1) Myu
22— fo,00—2 2

eA 5 4”1
(1—8*/6) — M —2%, tg 0)2°
1 +7 7—1) MZB”eB ¢ (1—2x,1tg0)

Ige ¢ — fAAHa Teda, O m 0* — QmsmUecKasas TONMEHA ¥ TONIMEHA
BHTeCHEHHSA NOTPAHWYHOTO CJlOA Y MOHHOTO Cpesa Tela, ¥y = c/d,
%y = h/d, h — pamAEa saMKHyTOH oTpHBHOM soHH. Hak mnokasamo
Ha ¢ur. 19, %, aBnserca Pymrumedrt wmcna Peitmonsnca m Maxa.
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Jlna Tem moj YriaME aTaKM NOHHOE [aBjeHHEe CHCTeMaTHYECKH
He H3MepAI0Ch, HO, COIJIAaCHO HMEIOMEMCH DKCIePHMEeHTAIbHHM NaH-
HHM, TOHHOEe [aBJeHHMe 3HAYATENLHO YMEHbIIaeTcsa ¢ yBelHdeHHeM
yraa ataku. @opmyna Koyna (48] gna p 5, npumennmas nns Tex Bpa-
IMeHnA, He MOMeT NaTh YNOBJIETBOPHTEIbLHHX DPe3yJIbTAaTOB JJA [IBY-
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@ ur. 19. 3asucEMocTs %, or Re @ M [18].
a-—%s B QyHKUEE Re, M == 2-3; 6 — %, B QYyHKIAHN M.

MepPHHX Tel, NOCKOJBKY HpH CPABHEHMH DacdeTHOTO 3HAUeHHH Pp
(c ucnonszoBaumeM popmyan Hoyma) ¢ akcnmepEMeHTAIBHEMHU JaHHbI-
ME gasa npoduaa npm aucie M, = 2 mojdyIeHO NI0X0€ COOTBET-
ctBme [14].

B mauane 50-x rogos Uenmen [14] ony6aumkosan Teopmio goHHOrO
JaBJenns, NIPAMEHAMYI0 KaK K OCECEMMETDHYHHM, TaK M JBYMeDPHEIM
redennaM. Ileppas MONEITKA pemIATH 33524y 0 OHHOM [aBJIeHHUH C IPH-
BlleUeHMEeM TEOPHH HeBA3KOI0 Te4€HHs [ajia HeyHOoBJIETBOPHTEIbHELIe
pe3yabTaTH, TaK KaK QI BceX HeOGXONMMHX yciaoBEH npm 3agaHHOM
ancae Maxa maberaomero moToka CymecTBoBaiao 6eCKOHETHOe THC]I0
B0O3MOMKHHX pemeguil. B uacTHoM ciydae Tena Ge3 Iep/KaBKH BO3MOK-
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HO TOJBKO Of{HO pellleHWe, HO OHO COOTBETCTBYET HEPEAJIBHOMY BHIBOLY
o ByJesoM foEHOM faBiesmz. Ilocie sToro UemmeH ydesn BA3KOCTH
cpensl, npeEebper Cy:KeHmeM XBOCTOBOH dacTH m paspaboran mpm-
GAMKeHHY0 MONYSMIMPAYECKYI0 TEOPHI0 HOHHOTO MABJICHHSA.

B HexoTOpHX KaYeCTBEHHHX OTHOMICHHAX MOJYySMOHPHIECKas Teo-
pus Yenmerna [14] monobna Teopun Hoyma [18], xors o6e st Teopum
OuLIE pa3paboTaHbl HE3aBHCHMO OJHA OT APYTO#. JKCIePUMEHTAbHEE
DaHHHe [JIA Pa3iIMYELX TeJl BpamleHAsA NpPH MOCTOAHHOM ymcie Maxa
JOOYCKAIOT KOPPeAAUdI0 ¢ IOMONBI0 OTHOMEHHS TOJNI[MHE IOTpa-
HEYHOrO CJOSI Y [AOHHOTO Cpe3a K [@aMeTPy HOHHOro cpesa. Hrak,
mosysMnmpmdecKas opMyaa fiA JOHHOTO JaBJeHHA BhBemeHa Jem-
MEHOM IPH CIefYIOIMHAX IIPeNIoToKeHuAX:

1. Beogurcsa KoadpdmumenT HoHHOTO AasieHHA Pp = (pp — pi)/

(1/2p,u},), THe pp — [OHHOE QaBlIEHHE, Dy, Py H U,, — COOT-
BETCTBEHHO CTaTHYeCKoe [aBJIeHHWEe, ILIOTHOCTH M CKOPOCTh

Ha TpaHHEOE NOTPAHAIHOTO CJIOS HEMOCPEHCTBEHHO Iepes HOH-
HHM cpesoM. Hoapdumment P 3aBHCHT TOALKO OT THmA Tede-
HEA B [OTPaHMYHOM CJIoe, Yucia Maxa m oTHOmEHHA TOJIIUHE
HOTPAHMYHOTO CIOA HENOCPEICTBEHHO mepel MOHHEIM CPe3oM
K AmaMeTpy fAoHHoro cpesa &,/d.

2. llpm 3amamEoM umcae Maxa pasmocre (P — Pp), rme P§ —
BeIWYWHA, HNOJAYdYeHHAsd M3 YCIOBHA HAMIYIMEHd SKCTPAIOs-
uE Kpusod Pp oT 8, nmHelHON 3aBECHMOCTLIO BILIOTH [0 HY-
JeBoH TONIMEUHEE MOTPAHASHOTO CJI0A, HPOHOPHUOHAJILHA OTHO-
menno 8,/d. KosddunuenT 1oEHOTO JaBIeHAA AN JaMEHADHOTO
DOTPaHEYHOIO CJIOS PaBeH

Pp=Pp (t—=7Z) (1+e) + Pe,

VRe
a pasa TypOyieHTHOrO
ket ¢
Py—P% (1_W7) (1 +¢€)+ Pe,

roe k; m k; — SMIEpHYeCKHe KOHCTAHTH, £ — MOOPaBOYHLIH
K09QPHOUEeHT K CKOPOCTHOMY HAmopy, OIpefleiieMbld M3 CO-
OTHOmeHHMA qi/¢, = 1 -+ €&, Te ¢; ¥ goo — CKOPOCTHOH Hamop
HeIoCPe/ICTBEHHO IePefl JOHHEM CpPe3oM ¥ B HaberamimeM moTo-
Ke, a P, — K03pPHUOHMERT [aBleHUA, OTHECEHHHH K YCIOBHAM
B HaleramomeM IOTOKe

P, — P1— P

2 )
.l/zp‘”uoo

pP1 — CTaTH4eCKoe [aBJeHHe HEeNMOCPefCTBeHHO Nepey /OHHHEM
cpesoM, ¢ — JITAHA Tella OT HOCKa Jio cpe3a (Ans ocecEMMeTpHY-
HEIX TeYeHHA — JJMMHA Teja, [JIA ABYMepPHHX — X0pAa mpodm-
ns), d — momepeuHH# pasMep MOHHOro cpesa (IJIA ocecHMMeET-
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PYYHBIX TeUeHHH — JHAMETP JOHHOTO cpesa, JA JBYMEPHHX —
TONMMHEA 3aJHeH KPOMKH).
Beanunna k, sapmcuT or wacia Maxa u pasua k; = 44 npa M, =
= 1,53 n k; = 66 npr M, = 2,0. Ilockonrky Bexmumua k; Maia, e
MosEHO npereGpeub 10 Mo, = 4,0. 3Tm BHpayKeHHA [JIA JOHHOTO AaB-
JeHUA NPAMEHMMH K OCECHAMMETDHYHHM TeldaM 6Ge3 CY:KeHHA XBOCTO-
BOo WACTH W K KDHJBAM KOHEYHOTO pasMaxa.

2.3.2. [ounoe Oasaenue 30 OsymepHBlM mesoM

Hax GHIo yOoMAHYTO B OpefHAYIEX pasfelaX, B OPOIIIOM OHIN
IpOBeleHH MHOTOUHCIeHHNe 9KCIEPAMEHTH @0 MCCIENOBAHMIO TOHHO-
ro faBjeHHA 3a TedoM BpameHma. OOHAKO [AA JOHHOTO JaBJEHHS
3a ABYMEDHHIMH TeJIaMH HMeeTCA GoJbIie pacueTHHX METOJ0B, deM
AJA TeJ BpameHmA. B 5ToM pasgelie paccMaTpHBAIOTCA BHAaUAJe dKCIE-
PHEMEHTAJIBHEE HCCIEJOBAHAA JOHHOT'O MAABIEHAA 3a HJBYMePHHMI
TEJIaMH, a 3aTeM — TeOPEeTHIEeCKHE.

3. IHCMNEPUMEHTAJIbHLIE UCCIEAOBAHWA AOHHOIMO AABJIEHHAA
3A ABYMEPHBIM TEJIOM

Honnoe pjaBieEHe 3a KJIHHOBAAHHM IpodHieM H3MepAIoCH
HeCKoJbKEME mccaenoBateasamu [23 —25]. Xapsar u fAkypa [25] npo-
BOAMIH DKcIepuMeHTH npm gmciaax Maxa 1,98 u 2,78 B nammuaprom
¥ mepexofHOM perxuMax. OHE HCCIeq0BaH TaK:Ke PasBUTHE CJIOA CMe-
NIeHHSA, HOCKOJBKY HA MOHHOE TeUeHHe B clefe BIUAeT AHHAMHEKA CBO-
0OMHOTO CJIOA CMeIleHHsA, OTHENAIONIeT0 BHEMHHHA NOTOK OT BHYT-
PEeHHETO NMUPKYIANMOHHOTO TEIEHHA.

HapTnHa TeueHMA B ciefle 3a ABYMEPHHM TejoM mogo0Ha KapTaHe
TedeHHS 3a 0CeCHMMETDPHYHEIM TeJIOM H MMeeT ropJio u 06JacTh moBTop-
HOTO C}KaTHA, 3aMMKAWIY JA0OHHOE TEYEHHe, ¢ 3aMBIKAIOMHUM CKad-
KOM YHJoTHeHEA. Tak, XapakTep H3MeHeHHA Pp B 3aBHCEMOCTH OT
amcna PeiiHonbica naA pAByMepHOro TedeHHMA mofobeH xapaKTtepy
HM3MeHEeHHS 9TOT0 mapaMeTpa [JJIf 0CeCHMMETPUYHOTO TedeHAA. [oHHoe
JaBjleHHE BO3pacCTaeT OT HEKOTOPOro IOCTOAHHOIO 3HAYeHUA HJIA
TypOyaeHTHOro ciefa 10 0oJee BEHICOKOI0 HOCTOAHHOTO 3HAYECHHA IPH
umcaax PefiHoapnca, MeHbUIEX KPUTHAYECKOTO, TAK KaK Iepexof
OT JaMAHAPHOTO TedeHHA K TYpOYyJeHTHOMY MPOHCXOIUT B CBOGOAHOIM
cTpye.

Ha ¢ur. 20 nornoe naBienme 3a KIMHOM, H3MepeHHOe B Ty pOyenT-
Ho# o6nactu Teuenns [26], cpasEEBaeTCA ¢ OHHHM JaBleHHEM, H3Me-
PeHHHIM B JaMHHapHO® H mepexopHoM obGmacTax Tedenmsa [25]. Hax
BupHo mM3 ¢ur. 20, foHHOE NMaBJAeHHe 32 ABYMEePHHM TeloM HIRe, YeM
3a ocecumMeTpuuHEIM. MHmeKkc 0 H ¢ OTHOCATCA COOTBETCTBEHHO
K 00J1aCTH mMOBTOPHOIO C:KATHA HHEKe I10 NOTOKY (4TO NPHMEPHO COOT-
BETCTBYeT HEBO3MYIMEHHOMY HOTOKY JJIf TOHKHX TeJ) H Xopje KJHHA.
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Pacnpernierienne mOTOKOB MacCH M KOJIHYECTBA ABH/KEHHA, XapaK-
TEePHECTEKHE YCTOUYMBOCTH M JPYrEe mapaMeTphl Haberamomero morpa-
HMYHOTO CJI0S HTPAlOT BAKHYI0 POJb B DABATHA CJIOA CMelIeHHA.
WamMepennsle pacnpefeneHEs MecTHHX umcen Maxa B ciloe CMemeHHA
JaA aByX 3HaveHH# wacia Maxa maGeraiomero moToka m Tpex 3Hade-
muit yucia Peftnonbaca norasamn ma dur. 21 [25].

Ha mavanpHoil cTajlEm pasBHTHA CJIOA CMelleHAS ero IPOPHIL
COOTBETCTBYET TEOPETHIECKOMY TOJBKO IO OCHOBHHIM XapaKTepHCTH-
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@ nr. 20. [lounoe faBienne 3a KJIMHOM B 3aBECAMOCTH OT 4mcja PelHoabaca
[25].
1 — LIATAHAP ¢ KOHMYeCKo# Hocomol wacTpo, M = 2,84; 2 — kuuH 8 : 1, M = 2 [26]; 3 —

KauvH 4:1, M = 3 [26]; A xopga mopmeam 50,8 MM; O xopma momenm 20,8 MMm; O Xopra
Momen® 7,9 MM.

xaM. B wacrHOCTH, H370M npOdHIA pacHpeneleHAA CKOPOCTH 3aMeTeH,
H OH Pa3MhIBaeTCsA, HO NPOJ0JKAeT CYyMecTBOBATH [(ake B 30HE IIOBTOP-
HOT'O CKATAA. JTOT U3JIOM ropasao 3aMeTHel NpH Goslee BEICOKOM IHCIIe
Maxa. B orpriBHO# 30HE 0GparHOTO TedeHnA He Habmopaercsa. V13 pac-
CMOTPEHHEA XapaKTepa CMelNIeHHs CRUMaeMol sxuqKrocTa upE M, =1,6
YCTAHOBJIEHO, YTO CYMIECTBEHHOH PA3HHIE MeKTYy NPoPHAAMH CKOpO-
CTH B HEC’KEMAaeMOM K C)KAMaeMOM IOTOKaX HeT, 0C0GeHHo BO BHYTPEH-
Hefl 9acTH cI0A ¢ Maioit ckopocThio Tedenma [27]. Usmepennnit mac-
mrabusit kosdhdumment o paser 15—20 [25]. Boxuee Brcokme 3HaUeHTA
O YKa3HBaIOT Ha 0osiee HUBKUE ypPOBeHb TYPOYIEHTHOCTH, HO PA3JIAIHe
ITAX BeJHYHMH HE 03HATAET CEPHE3HOT0 PA3JIHIHA B XaPAKTePHCTHKAX
TeYeHAA, IOCKOJBKY, COIJIACHO TEOPHH CJI0A CMENIeHWsA, 0 CBA3AHO
¢ «IIHHOH CMeIIeHHA» 3aBHCAMOCTHIO, 00paTHOH 3akomy %/, cTemenmm.
JByMepHHit ciey — m300apuYecKHil B oTIEYEMe OT Clefa 3a TelaMu
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® ar. 21. PasBatne caoa cMmemenma [25].
1 — KoHen Beepa BOJH pa3pexeHudA, 2 — SaMHKaIOI!IHﬁ CKaY0K; 3 — JAHAA CKOJIbMKeHHA,
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O ur. 22. Cpaanerme MOHNOTO NaBACHNA HA npoduae N 5-0,25 (R) npu mamn-
HAPHOM W TypOyneuTHOM Tedenusx; Mo = 1,5, Re = 1,3. 10 {22).
& — YroJ aTaKw.
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Bpamenusi. HamoMunM, 9T0 A4 OUIRHAPAIECKOTO Tela ¢ KOHAYECKOM
HOCOBOﬁ 9aCThIO JOHHOE [aBJIeHHEe M3MeHAeTCA BOOJIb papryca mo ma-
paboldUuecKOMY 3aKOHY C MUHMMAalbHBIM 3HadeHHeM Ha nepudepunm
muamHApa. BAXPH Ha 3aHedl KPOMKe IByMEPHOTO Tella ABISAETCA TPeX-
MepHBIM BO3MYIIEHHEM ¢ OChI0, MePHeHAMKYJIAPHOH CIOK0 CMemleHMS,
OJHAKO 9TO TPeXMePHOe ABMKEeHAe OKA3EIBACTCA CJIMNTKOM Me[JIeHHEIM,
4ToGE TOBAWATH HA OCHOBHYIO CTPYKTYpPY ciepma. lloaToMy mommoe
HaBleHHe OCTaeTCA NOCTOSHHBIM W0 pasMaXxy B IpefieliaX TOYHOCTH
namepenuii. Ho TpexmepHble BOBMYIIeHHA MOTYT BIMATH HA IEPEXOJ
B cJefie 3a COOTBETCTBYIOIIEMHM ydYacTKaMm pasMaxa. llpm BEIcORHEX
cKopocTAX mpoduib ¢ 3aTymileHHO# 3alHell KpoMKoi mmeer Gosbpliee
COHpOTHBJIeHHe a B TO Xe BpeM#A oﬁnanaeT JYyUHINM a3POAMHAMUYEeCKAM
Ka4yeCcTBOM IO CPABHEHEIO ¢ UpodmieM ¢ ocTpoid safaHeir KpoMkou [22].
BeUIM SKCIEPAMEHTANBHO WCCIENOBAHE MATHAECAT NATH KPHIIbEB
npsAMOYTOJNBHOM (POPMH B IiaHe ¢ 3aTYIUIEHHBIMM 3aJHAMH KDOMKa-
Mu ¥ yaiamHenmeM 3. OTHOCHTeXbHAas TOJNMIMHA NPOPUIA cocTaBisia
or 0,05 no 0,10, yramt cysxenus B’ xBocrosoit uacte — ot 2,9 mo 20°
U OTHOLIEHME TOJNMAHEL 33/lHe¥ KPOMKH K Toamuue npodpmasa — ot 0,2
no 1,0. Uccnemosauntie uHTEpBadbl ymcen Maxa cocraBiasim ot 1,25
no 3,1 u Pettmonsgca — or 0,2-10% mo 3,5-108. Ilpu TypGymnentnom
TedeHHH M3MeHEeHHA uucesd PefiHosibica BHIBHBAKT JIHIIL HeGolbILHe
m3MeHeHHUS JOHHOTO MaBienmsi, a umcia Maxa cymecTBeHHBIM 00pa-
30M BAMAOT Ha MoHHOe fjaBienue [25]. Kpome Toro, mamenenus B dop-
Me ipoduis, yTie Cy/KeHUA XBOCTOBOM YacTH K yIie aTaK’ BhI3BIBAIOT
MaJible M3MEHEeHHs JOHHOIO [AaBJIeHHsI, B TO BpPeMA KaK OTHOIIeHHe
TOJMMIHK MOTPAHAYHOTO CIOA K TOJNMHUHe 3anaHel KPOMKH ABJAETCA
OCHOBHOHM IlepeMeHHOH, BIHAKINel Ha JOHHOe [aBlleHUe.

Kaxk Buaao m3 ¢ur. 22 u 23, XapakTePHCTHKA [OHHOIO [aBIEHAA
IpH TYPOYIeHTHOM TeUeHWH 3aMETHO OTJIMYAITCA OT COOTBETCTBYIO-
XX XapaKTepPHCTHK DA JaMUHADHOM TedeHun. Bimsanme yraa cysie-
HIA XBOCTOBOY 9aCcTH HA JIOHHOE aBleHNe NPy TYpOYIeHTHOM TedeHnH
¢ Majoil cBePX3BYKOBOH CKOPOCTHIO 32 MpoduieM 3aMeTHO OTIMIAELTCS
OT ero BIMAHHUA B cJydae Tela BpPAIleHHs, IPAYEM OHO Mayo /I
IpopuiA W BEJIWKO [JIA Tella BPAIleHHA.

R ToMy ke nmpm Manux unciax Maxa JoHHoe JaBleHHe OPH TYpOy-
JEHTHOM TedeHHH 3a HpOd)H.TIeM 3HAYHMTEJIbHO HM/AKEe JOHHOT'0O JaBJIeHnuA
3a TeloM BpalleHmsi, a mpu Goapmux umcaax Maxa JoHHoe maBieHHe
B oboux cIyw4agX NpUMepHO OfmHaKoBoe [22].

Jl1sa mpaKTHYecKHX LeJedl MOKHO HMCIONB30BATh KPHBHE H3MeHe-
HUA CpPeJHUX BeJTWIVH JOHHOTO JaBJIeHNsA B 3aBHCUMOCTH OT IapaMer-
pos c/[h (Re)*s] m c/[h (Re)*2], rae ¢ — xopma upodumna, a h —
Tonmuua 3agHedl Kpomrm (dur. 24).

Yemnmern u ap. [22] oTMedanu cymecTBoBaHMe BO3MYIIEHHH B MHO-
I‘paHI/I"IHOM cJioe, HAYNHAKIONUXCA NPEAIIONOUTeIbHO B MeCTe CTHIKa
KpHTa ¢ Qro3sersKeM. M3-3a TakUX BO3MYINeHWI pacipefieieHne IOMH-
HOTO [IaBJEHUA Mo pasMaxy HepaBHoMepro. Bampmmapasuaum [28]
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I3Mepmi TOHHOEe NaBjeHHme, pacupefeienme dmced Maxa, IIOTHOCTB
TMOTOKA M PacXof MacChH BHEA3 00 TEICHHI0 34 JBYMEDHHIM H 0CECHM-
MerpmuHbiM Tedame npA M, = 2,0. JInxa gByMepHHX Tex ero skcme-
pUMeHTaJbHEE JaHHEE COTJIAcyTcA ¢ Tteopueit Hpoxkko — Jlmsa
[10]. Baoys Bo3nyxa B QOHHYI 001acCTh CYIIeCTBeHHO YBEJIXYHBAET
nasnenme. Hpome Toro, Macca, Bo3BpamaeMasa B OTPHIBHYIO 30HY,
NpEMepHO paBHA Macce, O0TCACHIBAEMOU U3 Hee (B eJWHHNY BPEMEHH).

4. PACHET JOHHOIO AABJIEHHHA 3A ABYMEPHBIM TEJIOM

AHaTHTHYIECKAR TOXXON K pelleHHI0 3aladd O JOHHOM [aBJIeHAH
OpH CBePX3BYKOBEHIX CKOPOCTAX OCHOBAH Ha mpejioenHoirt Kpoxko
7 Jluzom [10] KRoHmenumu B3amMomefiCTBHA IHCCHIATABHOTO BA3KOIO
TedeHHA C COCeTHMM mM33HTpommieckuM TedeHmeM. B ra. I m VII sra
TeopHsa y:ke GbLIa KPAaTKO A370KeHa. 3/ieCh 3TOT METONl paccMaTpUBaeT-
cs Gosee moApo6Ho IPUMEHUTEABHO K pacdeTy NOHHOTO JAABICHAS UPH
CTAOWOHAPHOM TeYeHHH 32 TyHoil 3ajiHeil KpPOMKo# mpodmis.

4.4. TEOPHA CMELLEHHA HPOKHKO - IM3A ANA OMPEAEAEHWUA AOHHOTO
OABNEHKWSA

Pacgernas cxeMa TedeHmsa m3obpaykena Ha ¢ur. 25. IloTok, obre-
Kalomuit 3amHI00 KPOMKY, HeIOCPeACTBEHHO 3a 00JacThi0 pacHIh-
peHHA IMMeeT XapaKTep cBOOOJHOM CTPYH M B HEM NPORCXONET CMeTle-
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@ mr. 25. Mopgeas cBepxasykosoro mpodmias ¢ Tymo#l sagueit kpomxoi [10].

gne cBoGogHEIX crpyii. Hmke mo TedeHUI0 OT 3aiHell KPOMKH HAXONHT-
¢ KPHTHYECKaA ToYKa. JTa KpHTHIECKas TOYKA OYeHb BarKHA MJIA
pacdeTa @ HrpaeT PoJb KPHTHIECKOro CedeHHMsA COILIa MPH ompefeie-
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HON [OHHOTO [aBJIeHWS, HO MOJOKeHHe KDPATHYECKOH TOUKH, Kak
IpaB@io, He COBMAlaeT ¢ MUHAMAJILHHM TONEPEYHHM cedenmeM obia-
cTH cMemeHusl. MaTeMaTAYeCKH IPH YACIEHHOM HHTETPAPOBAHAN HEJIHA-
HellHOT0 OOHKHOBeHHOTO HHPPepeHINaNbHOIO0 YPABHEHHAA, MOMYYCH-
HOTO U3 YpaBHEHHWA [BHKeHHs, OOHADPYKABAETCA CYIMECTBOBAHME
TaKko#l KpETHIeCKo# ToYKnA. [[Ba BayKHKIX mapaMeTpa, ® I f, CBA3AHHEIX
¢ TONMEHOU IOTPAaHWIHOTO CJIOHA, OmpeneiAdioTcA mo Hpokko m Jlmay
[10] caegyrommm obpasom:

% = UpfU, = (6§ —6* —0)/(6 — 6%)
f= (6 —8f —0;) 8/(8; — )%

e Up = I/m — cpegHEAs CKOPOCTH BHYTpeHHero TedeHms, [ —
IIOTOK KOJAWMYeCcTBA [IBMKEHAHA, ONpefledsAeMHIA ypaBHeHHEM
8
I = S pu? dy,

0

n

I m — IOTOK MacChl, 3aJaBaeMHIL B BHje
6
m = Spu dy,
0

a 0* n 0 — coOTBeTCTBEHHO TOJIMAHA BHITECHEHHA W TOJIAHA NOTepH
HMOYJABCa, OompenelseMbie ypaBHeHHAMHA

u u
0— S P (1) ay.
Pelle Ue
0
Wnperce i 06osnagaer HeckEMaeMbld noToK B nmpeoGpasosannn CrioapT-
cona. [lapamerp f mosABAsETCA B COOTHOMEHUM MEKJY CpPeXHEd TeM-
mepaTypoil W cpedHedl CKOpPOCTHIO B CJIeLYIONEM BHe:

TniTs=f— Y50 Wi,

rie Wm = umlas, a — ckopocTh 3Byka, T — aBcoaioTHas Temmepa-
Typa, a BHAEKCH m ’ S 0603Ha9al0T COOTBETCTBERHO CpejlHee 3HAYEHHe
u mapaMeTp TopMmoxenua. IlapameTpw f m %, BmepeHe ymomMAHYTHE
B ra. I, BaskEB [uA pacueTa NOHHOTo naBienmsa. OHE CBA3AHHL
¢ mapameTrpom F, =xoTopmii ofH9HO mMcmonpayeTcs mpm pacuere
JOHHOTO JaBleHHA,
Pt g BN
T T 65— —0; -
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YpapHeHAA MMOYIBCOB W HEPA3PHIBHOCTH HpeobpasyioTcd K CHCTEMe
EBYX ypasmenmii gnsa dw/d (Inm) m dW./d (In m), rae m = ma,
1 W, =u./a,. 3atem iBa ypPaBHEHHA CBOJATCA K ONHOMY ypaBHEHHIO
pasg dw/dW, wnn paa dF/AW,

(l*“—1 wi—1) (1_V—Eiwg) (1—0)+F {nga_o)_

_Y_—i 2)
Fxr 2(1 2 we }
k

_ =1 e
o T—% T—n : +°F(1 2 We) ,
aw, _ Y= e
" ow (1_"_1W2 [{1 z "o  F }_di_
€ 2 ‘—’) L 2 (1—n) k K(1—K)} dF

v—1
_1+0<F+1— z_ " fi+1)]
b3 dF

)

rge © — MeCTHHIH yroJX MemIy HampaBIeHHWEM BHEMHEro NOTOKa
opa ¥y =0 u oceo z; 0 = ¢;/2k (1 -—x), a k — KospPunment cmeme-
HOfA, OupefelseMbli W3 ypaBHEHHA

dm/dz = kp,u,.

Hpuruaeckad To9ka HAXOAUTCA W3 YCJIOBUA, UTO YACIUTEND M 3Ha-
mMeHaTenb ypaBuenud (1) crpemarca k nymio. Takum o6pasomM, monaras
M YACIHMTENb, ¥ 3HAMEHATeJb PAaBHBIME HYJIO U pelmas COBMECTHO

pesyabTApyomme ypaBHeHHA A Fypye m W, pur (¢ momMombI0

cootnomenus Ilpangras — Maitepa), ompeneamM IOJO}KeHUE KDPHATH-
geckoit Toukm B ¢yuknum W, mam M, rme W, m M — npusenennne
CKOpoCTh ¥ amcao Maxa HEBO3MYIEHHOTO HOTOKA BAIHA OT Tela, Ije
0 =0.

Pacemorpum Temepp mpocTedmmii caydail, Korga HOBepXHOCTH
npoduasg y sagHed KPOMKHE MAapajjeldbHa HaNpPaBJIEHHI0 NOTOKA
1 9ucao Maxa memocpemcTBeHHO Tepen KPOMKOM [0 Hadajga paclimpe-
HOA NPHEMepHO paBHO gucay Maxa B neBoamymenHoM moroke. Ymemao
Maxa Hmxe 1o TeueHno paBHO Yncay Maxa HeBO3MymMEeHHOTO IOTOKA,
€CJIM IIOBTOPHOE C}KATHE B CJele M39HTPOLMIECKOE.

Ipennoskennan Kporxko m Jlmsom [10] meTommka mmTerpmposa-
HUA 3aKII09aeTCA B CIEAYIOIIEM: WHTerpHpoBanme ypasHenms (1)
MO}KHO HadaTh OT KPHTHYECKOH TOYKH B 00€ CTOPOHEHI: BHH3 IO Tede-
HHI BIOJH CIefa X BBEPX IO TEYCHHIO B CTOPOHY 3alHEA KPOMKH IIPO-
¢uns. IlockonpKy 4mcInTens w 3HAMEHATENb YPAaBHEHHSA B KPHTHIe-
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CKOM TOUKe CTPeMATCA K HYJI10, BOIA3H 9TOH TOYKH COPaBeflInBa KBaj-
paTEYHAA 3aBHCHMOCTH BHMA

ar ’
F - FHDHT = ( dWe )HDHT (W e WeRpHT) +

1 d2F g
+ TZ!— ( de )xpn'r (We - WerHT) .

3nauenua (AF/AW)xypr B (A*F/AW2)gpur PACCUHTHBAIOTCA HyTEM
nofcTanoBKH B ypasHenme (1) kBagpaTwumoir saBmcumoctu F (W,).
B6iu3® KpUTHYECKOH TOUKHM BO3MOKHO aHAIMTHIECKOE IPe/CTaBIeHHe
sasucumoctu ¥ = % (F) B BHAE

» = 0,92954 — 0,10382F — 0,36842F2 + 0,44575F° +-
+ 0,09582F* — 0,09948F° + 0,04505F¢,

a BOATH 0T KPATHYECKOH TOUKH, TAe HHTErPaibHasg KPHUBAA MeHee
9yBCTBUTeJNbHA K QYHKIEA ¥ = % (F), MOKHO HCHONB30BATh MOJ-
XONANIYI0 aNNpPOKCAMANHAI0O B BHAE NOJHHOMA C MEHBIIMM YHCIOM
QIEHOB.
YuciienHOe HHTETPUPOBaHAEe HAYMHAETCH KAaK TOJBKO TOYHOCTH
9UCIAEHHOT0 pacdera npousBofuoin dF/dW, us ypasuenus (1) cranosnt-
A YAOBJIETBOPUTENbHOM. Mok~
/ HO TaK/Ke HadaTh MHTErpd-
/ pOBaHHE HENOCPEACTBEHHO 3a
/ TeueHHAEM pACIIMpeHHus Y 3afl-
'I Hed KPOMKH MeToxoM Hpo6 u
|
|
|

3.0 -
25+
201

F S~

15| -

omu60K, OPHUHEEMAA pasiaud-
0> O HHe npobHnle 3HaYeHuA O; wiu
We,. Taxum myTem ompepens-

N eTcA BeamumHa O;, IpHU KOTO-

AN poli UWHTeTpaJIBHAA KpHBas

S~ OPOXOTUT depe3 KPHUTHIECKYIO
toary (dur. 26).

Kpome Toro, lipokko uclus

0 Kpum o [10] nDorazanm, gT0 mocien-

170 180 190 200 HHII MeToa HABJIAETCA egUHCT-

BEHHO BO3MO;KHHM [15ig oble-

® ur. 26. Kparudeckas Touka, onpeme- IO caydas, Korma k — QyHx-

JIAI0MAA UHTET PAJIbHYI0 KPHBYIO, M. -3.0, A OT M M A, WJIN J714 Ooce-

» = 0,03; Typ6ynenrroe Tewenme [10].  cpMMeTPHYHLIX  CBepxX3BYKO-

BHIX TedeHmil, Korjga 3aBHCH-

MocTh Meskny W, u O sapanee HemsBecTHa. Tenmepp masa pacueTa JOH-

HOTO [aBJIeHHs NPHU MHTeTPEPOBAHEM OT KPATHIECKON TOYKHM B HANpa-

BlleHHHE K Npoduiio CTPOMTCHA 3aBHCHMOCTD F (%) Mo Tex mop, moka X

He CTaHeT paBHHIM %; cBoGofBo#l cTpym. B aroit ob6nactm ypaBHenwe

10 |-

»

051~

&

| e
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(1) samemserca ypaBHEHHEM

Weamy=— (1o Wim1) = ———x
‘ =g v+ W2

1
1—= (y—1) W3
2 ()
X [ng— 1—)ix F+ 1—x _k—] : (2
T'panmunoe ycioBme Ha 3afHel KPOMKe Ciefylomee:
d g =2 4
6=—2-—{—d mau  0/0, = 55 4 o (3)

rae d — TonmuHa Opodmid, a BeamduHa d’ 3akalodYeHa MexRAy Op
(TonmumEO# NMOTPAHWYHOTO CIOA Y 3afHeli Kpomkm) m Op. (Toxmumuoi
o6racTE cMemeHMA CBOGOMHOHE CTPYH IOC/IE WMB3IHTPONHYECKOTO pac-
mupenns (dur. 25).

Tak xak d'/0, — Mamasa BeaWYEHA IO CpaBHEHHI C d/20p., mpu-
EumaeM @' = 0p-.

W3 ypasHeHus AJd MOTOKA MacCH

Mmyr = (peue)b'ab' {1 - (6 */6)}b’: (peue)bﬁb {1 — (6*/6) }b (4)

nnn
{1—(8*/8)},. G (M)
8/ = : 2

{1—(6%/8)}p G (Mp) ’

ruoe

G M)=M (145" M

) —1/o(v-D/(v—1)

Ypasuenne (4) MoskeT GHTH OpPeNCTABIEHO B (PYHKOWHA TONABKO 9UHCIa
Maxa, Tak kak Ha OCHOBaHMA Teopm: ToaMmmua fuas TypOyneHTHOH
M30TepPMAIECKOE CTPYH, 3aHUMAKIIEH MOJYIPOCTPAHCTBO, OPH Majoi
CKOPOCTH ¥ IOCTOAHHOM JaBiennn BeauaaHna {1 —(8*/6)},- npmammaer-
ca paBeoi 0,45. Ecnm npumesaTh, 9ro morpanmumbi cnoit TypGyneHT-
HHI ¥ pacIpefeleHEe CKOPOCTeil B HeM CJelyeT 3aKOHY Y/, cTemeHH,
Temyionepefilada Ha MOBEPXHOCTH PAaBHA HYJNI0 U JHTANBLIAA TOPMOMKeE-
HEA NOCTOsAHHA, TO {1 — (6*/8)}, Gyner umers cnegyromue 3HauenHA:

M 1,5 2,0 3,0 4,0 5,0
{1—(6*/8)}, 0,806 0,763 0,669 0,583 0,506

Ecnm npumraATh my = mys, To orHOmenme §/8,, BXxomamee B rpaHmu-
HOe yciosde (3), BupaykaeTcss B QYHKIAM W,,. B BHIE

[{1+F——é~(v—1) Wﬁ} (x/pWe)Jb,
[{1+F—%w—nW§} C/pWe) |, '

5
T ®)
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Jlag d9mcieHHEIX pacdeToB X, npuHUMaercda paBHEM 0,720, Taxkum
obpasom, Bemamumunl 8/0, m 8,./8, oupemensoTcst B QpymKnum We, .
0 pe3yJbTaTaM YACIEHHOTO WHTerpmpoBanmsa ypasmenua (1) gus
F (W,), a takxe u3 ypasrernuii (4) u (5). Tak kak mua kaskgoro sga-
uenas W,,, cymectsyer paccumTaHHas mo ypasHermio (3) BenmumHa

Oy, OTHOCHTEJbHOE [OHHOE JaBleHue

pv/p = f (Bps, We) (6)
MoskeT OHTh BoamcaeHo B pyHknud 8,/d u KodpdmumenTa cmemenus k,
npuYeM p — JaBleHNe HA SHAYHTENBHOM YNAJICHWH OT Telda, a W, —
OpEBEIEeHHAA CKOPOCTh BAAJAM OT Teja.

Yenmen [22] ycranosmn xoppensinuio 3Ha4eHmil JOHHOTO AaBICHAT
3a 3aTyIUIeHHOH 3ajHell KPOMKOH HpodmiA ¢ IOMONIBI0 BEeJTMIMHLE

84/d — (8; — 63). Tak rak

& &y ¢ c = Tyw
G=g=¢ (Re M, Pr, 5}, @)
rie ¢ — xoppa npodmis, a Ty — TemmepaTypa AHCCHIATHBHOTO Tede-

HUsA, IOHHOE JaBJieHHE OIpefiesaeTca Kak QyHKnusa umcesn PeitHonnn-
ca, Maxa m IlpamaTas, a Takske TeIUIOBHX YCJIOBU#A Ha MOBEPXHOCTH
mpodmiA, €CIH WM3BeCTHH 3HAUeHWA 4uucia Pelmonbaca mepexopa
TOI'PAHATHOTO CI0A B Koapduiuenra k B Typbynentnom ciene. Kpoxko
n Jluz [10] manu ompenenenme [0HHOTO faBIeHUA AJA ABYX CIydaeB:
TypOyJIEHTHOTO ¥ MEepPeXofHOTO CJeoB.

Typbysenmunii caed — nepexod 6 nozpaHuUdHOM cA0e Ha npoguae.
Ucxonsa ms ompepenenmit

8= {8 —un; (5; —68))Ybr m Bp =1 —un; [1 — (8%/8);],

HaiineM 8/0p MIA mOMTHOCTBIO TYpGYJIEHTHOTO clefa B QyHKOHH oT 6
ana mob6oro M, Tak Kak

dd/dz = O + k,

a [ DOJIHOCTBIO TYpOyieHTHOTO ciefa k MoskeT GHTH IPAHATO MOCTO-
SINHBIM.

B mpuBenennnx Bhmne onepeneneHnsx 0p — 3HadeHue 8 B Touke
CMBIKAQHHS BHENIHHX IIOTOKOB, TJ(€ MCYe3aeT 3aCTOMHAA 30HA M BHeII-
HAA CKOPOCTH U, HM3MEHSETCHA IOCTemeHHo; §; — mMpuHa cTpyM mam
CJI0s cMemeHds, a 87 — ToammHAa BHTECHEHHs, COOTBETCTBYIOIAn pac-
Ipefle/IeHNI0 CKOPOCTH W TeMIepaTypH 1o IIMpPHHE CAOA.

Tax kak y 3afHe#l KPOMKH

6§ =d/2 + §,,
TO
8/8p— <(%+6b,)/[6R{1—xj(1—6~/5),.}J> _
—{%; 11— (8*/8);1}/{1 —»; [1— (8*/8),1}. (8)
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JUia TypOynenTHOR M30TePMUIECKO# CTPYH, IBU/KYMEHRCA ¢ Mallok
CKOPOCTBIO,

x; = 0,72 u {1 — (8%/5);} = 0,45.

Haskpomy snagenuo
(0 e {1+ (55) ()

COOTBETCTBYeT HEKOoTopoe 3HadeHme O/0p, ompemenerHoe IO ypaBHe-
guo (8), a cuenoBaTelbHO, HEKOTOpPOe 3HaueHme O, M, HaKOHEII,

HEKOTOpOe 3HaYeHWe OTHOCHTEJBHOTO [OHHOTO [aBICHUA pPp/p =
= f (Qp, M). Ectm npussaTe D0 ompeneileHuio

RR = (pR/(PeR) 8p {1 — (8%/6)r},
Eb' = (Pb'/q?eb,) 8y {1 — (8*/8)p+},

Tre mHueKCH R u b’ oTHOCATCA K ceuenmaM, rae 6 paBuo 8z m 8y, TO
my/my: = {(Pr/Peg) Sp}{(Ps/Pe, )85}, )

opudeM ¢, 3aj{aeTcs BHpayKeHUeM
1
o= (Te/Ts) () = U1 —{(y— 1)/ Wa/»Wo).

Ypasuenne (9) momydeno mpu [ONYMEHUH, ITO
1 — (8%/8)p =1 — (6%/8)g =1 — (6%/8); = const.
Tak Kak CKOPOCTH CMeIIeHUs
dm/dz = k (p/.), (10)

To mocse umHTerpuposanus ypasrenua (10) m mocaexymoomero pere-
HESL 1A My, TOMyYuM

— x Opn

MR g4 K —p—d:L‘=1+ _k [ 2 (d6/d®)

) . (d8/dz
my. my, e Pe my, 6y e ( )

de,

re r— KOOpamHaTa, mapajjejbHasg NOBEPXHOCTH, HJIH

_ Pr/®, 8 1 1
mep — R _& . D
Eb' ! pb’/(peb» 6b' { {1—(6*/6)1} %J} {—unj !
TIe
T3 / d9
D = S _— P Cpe . 11
(63) (Pr/e, ) VM1 (1)

b
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U3 ypaBrenmii (9) u (11) caepyer

GR <1 1 1D _ Pyi%,,
{1—(6*/6)1} x’J 1—xi> B PRI, (12)

Jas moasocteio TypOyineHTHOTo clefga uHTerpan D sBasercs
¢yHKIEEeR ToAbKO OT Op nua Bcex M ». Takum obpasom, goHHOE [aB-
JIeHHe MO}KHO ompefennTh m3 ypasrHeuusa (12).

Ilepexod & caede — nozpanuunvii caoli Ha npoguaie AaMUHAPHBLL.
Yucao Peitnonbzca nepexona npuuaro napectuaiM. OHO 3aBHCHUT B 3HA-
YUTEJIbHOU Mepe OT mpeAImecTBYIONEI0 Pa3BUTAA JAMUHADHHIX HYJIb-
cal|il ¥ OT pacmupeHmA ciefa. Tognoe sHadeHme umciaa PeifHoapaca
nepexofa Hems3BeCTHO, HO, COTJACHO MMeIAMCA OTPaHNIEHHBIM JlaH-
HEIM,

Beuepex caaen =4 ‘105 —_— (Bec/io)

IR (13)

Renepex gpoq = 3+10% — (Re./10)

B 3aBHCHMOCTH OT TOF0, NPH KakmX urciax PeiliHoasaca (MeHbIIAX
mna Gonpmmx) mpomexoput mepexon (¢pmr. 27). Ecau umcmo Maxa

-1
10 {

|

i
2 — TypGyncnrmnoe ____|

% ; m}euerfue
J , ‘\l\i'
10° - 1 B

|
!
~ LITI§ 1

AamuHapnoe S :
mevenue .

2 DU S

10° 1 |
10 2 4 10 2 4 10°

® nr. 27. Toamuua MOTPauHHMuOro ¢:lusi B 3aBHCHMOCTH OT ducia Peiinonbaca,
Mo = 3 [10].

I u II — nBe NpPUHATHIE NCPEXOaHMe KpPHBbHIE,

3amaHo, TOHHOe MNaBleHMe pacCYMTHBaerci B (GyHKWM gdcaa Peii-
HOJABJCA MeTojoM mTepanuil. Meronuka pacgeTa 3hech ONHCHBaeTCA
BKpaTie, Gosee moapoOHOE ee omucaHMe IpPWBeJeHO B craTbe Hpokko
u Jluza [10]. IIpennonaraerca, uro ¢/d 3agano. Bubupaetcs psan npo6-
HHX 3HaueHHWi BeJIWYMHH YIJI0B OTKJIOHEHHA TMTOTOKA B TOUYKe
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nepexofa Opepex A HEKOTOPHX 3Hauenmit Re.. 3arem ycramasam-
BaeTcsi cooTHomenme Mexay 0/8, m O, TpeGyemoe B cOOTBeTCTBHH
¢ TpaEMYHEM ycioedmeM (8), ¢ DoMompblo ciefyOMmMero ypaBHEHHAS
TR 1/(1—% NI, ©
6/(5R=e{ I N( R),

roe
)
(®/k)+1
I1(,0p) =\ ——=14db
egR /' M2—1
HIH
1
I(®’ 63): Epam {J (M)—J(Mnepex)}+
1
Ty  Maepex) — 7 (M)} —
"y 1 Wenepex 1 W, w,
Y (kT)‘Dﬁ tn Wep knam In W enepex )—ln Wep '
e QyHKIHA
M
vdM
J(M)=.5 M1+ {(y— 1)/2] M)

tTabynmpoBaHa W mpefcTaBieHa rpadmdeckm B yHKOuE umeaa Maxa
(raba. 1 m dur. 28).

Tabauya 1
|
M ‘ J (M) M | J (M) M J (M) M J (M)
1,0 0 2,0 0,08305 2,7 0,16989 3,4 0,24091
1,4 0,01587 2.1 0,09588 2,8 0,18118 3,0 0,24955
1,5 0,02461 2,2 0,10872 2,9 0,19209 3,6 0,25783
1,6 0,03486 2,3 0,12144 3,0 0,20262 3,7 0,26577
1,7 0,04604 2,4 0,13397 3,1 0,21277 3,8 0,27338
1,8 0,05795 2,5 0,14626 3,2 0,22253 3,9 0,28067
1,9 0,07035 2,6 0,15824 3,3 0,23194 4,0 0,28766

XapaKTepnc'rnqecxoe COOTHOIIEHAE BBEIpaKaeTcA B BHE 0 =

= v — v, OPUYeM XapaKTepHAA YIJIOBasdg NePEMEHHAA IIOCKOTO U3DH-
TPOIAYECKOTO TEeYEHHS HUMEET BHJ

v(M) =]/ v+ arctg (]/ :;: ]/I\_/IG) —arctg Y M2—1,

v—1

rae v — 3HaYeHHe BEJNYMHH V Ha 6onpmoM PpacCcTOAHHMN OT Tejia.-
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Ins pacaera I (8, Of) momxHa GHTH H3BECTHA BeXWIHHA Koy,
KOTopas MOKeT OHTh UPHHATA PaBHOK Ko3PPUNHUERTYy CMeNmeHHA
B JaMAHAPHOM LTOTPAHHYHOM CJl0€ HENOCDENCTBEHHO y 3aJHedl KPOMKHU
upodumis,

oo /% _g(M) 0,382
sam 1—-%0 - VR—ec 1-—%0

¥

roe %o = 0,827, a smauemma g (M) caenyomue [29]:

M 1,55 2,0 3,0 4,0 5,0
g(M) 0,98 0,9 0,99 0,87 0,81

TIpaBas uwacTh ypasuenus (8) BhamCAfeTcs ¢ moMompIo ypaprenmix (12)

u (4) B dpynxoum ot ©. Beamamma {1 — (6*/8)}, mas namumapmoro
TOTPAHWYHOTO CJlos Ge3 Tewio-
o0MeHa Ha LIOBePXHOCTH TpodH-
NA 3a7aeTCA B BUAE

3,87/{5,60 + 1,20 (y —1) M3).

Bennauna {1 — (6%/8), ) npruun-
Maercsi pasmoit 0,45, Kar ang
TIOJIHOCTbI0 TypOyneHTHO! cTpym.
oro L na saparnnix ¢/d u Re, paccun-
’ TBIBAGTCA  BeJMYUHA 6,/d =

(85/¢) (c/d),
o . . : Do (5,60+

; 20 o
. M +1,20 (y— 1) M3}/ T
O mr. 28. Qysenua J (M) [10].

0,30

IIpasnnbuoe 3nagenne O, aus
BHOPAHHBIX NPOGHEIX 3HAYEHMI
Oepex HAXONATCA U0 TepeCcedeHuto KPUBOH 8/65 ¢ KPHUBOI, COOTBeT-
cTByMOmei mpaBoit uactu ypasuenus (8), npencrapiennoi B ¢ynxmmm
©. Torma nonoxenue ! TOUKA mepexofa B ciele 3a 3agHel KPOMKoOWH
ompefieifieTcs B BHAE

- - 8p:/8g -
I ZTpr—7Tmepex S 1 d( 8 )
Br Sr __ O +-kaam 5 !’
(8¢ R)aepex
rme z =2x/05 Ll = Itb' — :z:m,pe,“ M COOTBETCTBYOMAA BeJIHIUHA

Reuepex ¢, PACCIATHBACTCA MO dopmyne

1 DPnepex \n Mnﬂpﬂ.x
Reuepex caen € Re. ( 7 ) M (14)
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rue

n=

v—1 ( A vt
vo\2 y—1 —m‘)’
ectm p ~ T™ g
1 . br 8y &,
= o U= =801} 5~ =
Insa Bosmyxa y = 1,40, my; = 0,76, caemosarennno, n = 0,64.
ITockonbKy, Kak IpaBHaO0, 3HaYeHHEe Repepex cneyy BHIMCICHHOE
mo ypaBuenmio (14), He OKHO COBIANATh ¢ NPUHATHM 3HaYCHHEM
(13), pacuer ciexyer MOBTOPUTDH IS TPeX HIKM YeTHpPEX IPOOHHX 3Ha-

078\ <
Py r ! N
K2 B ocrosHoM | .

0,80 I T ‘

0,76 |- ramunapnbiit cned—{— [lepemeny eneped
' H nepexod & aneﬂe4
o7l | ’ N
| \
0,72 " N

o70] —_1 \

N

0,68 j . \

0 o1 02 03 04 05 06 Q07 08 09
Re,-10°

® ur. 29. Jlonmoe fapieEde B 3aBmcAMocTH 0T Re, B ofmacTn ManmX dncel
Peitnoanaca [10].
M, = 2,0, h, = 0,03, ¢/d = 10,

qendit Opepey, YTOOH ONpENIGAATH C [OCTATOYHOH TOIHOCTBIO HCTHMH-
Hoe BHAYeHHe Repepex ., B € HOMOMBIO HHTEPIOJNANAA — JOHHOE
naBieHne. PacdeT MOBTOPAETCA JUIsl HECKOJNBKAX XAPAKTEPHHIX 3HA-
yennit Re,, HO mocie TpmOGPETEHHsI HEKOTODPOTO OIKTA MOCTATOYHO
J@IL HECKOJIbKHX mpob.

Kporko m Jlua yCTaHOBHWIM, UTO MOHHOE AaBIeHHE K 0,/d moctm-
ramoT GOJXBMEX 3HAYeHWH, €clI¥ IPH 3aJaHHbIX duciax PeifHonpaca
n Maxa oTHOmeHZe XOPAH K TOJNMuHE 3aiHeil kpoMk: Beamko. Cpas-
HOM Pe3yJabTaTH pacueToB mo Teopmm Hpokko — Jlmsa ¢ sxcmepm-
MeHTaTbEHIMA naHEkMu Hasamay [15] m Yenmena [22]. Ha ¢ur. 29
IpEBeieHO NOHHOE faBienue B GyHknum wucna Pefinonbaca B obmactm
Mmansix gmcea PeriHoabaca mpu Mo = 2,0, k; = 0,03 um ¢/d = 10.
9TH 3aBHCHMOCTH OYeHb OJHM3KH K DKCHEDAMEHTAJIBHBIM KDHBHM
KaBanay masa o6iractm yMepeHEHX udcen Pefimonbica m ompepeses-
HEE 00 HAM 3HAaUYeHWS OTHOCHTEIHHOTO NOHHOTO [ABJIEHHA IOYTH ONH-
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HAKOBH, XOTA COOTBETCTBYwinue 3Hauenms Re, nma ¢ur. 29 memuoro
G6onvme monyvennnix Hapamay. Ha ¢ur. 30 npeacrasnens: koaddunn-
€HTH IOHHOTO JaBJ€HHS B 00JACTH IMOJHOCTHY Pa3BETOH TypOyient-
HoCTE AN M = 1,5, 2,0 u 3,0, paccumranntie no teopua Kpokko —
Jlmsa m mo pesyanraTam mamepenmit Yenmerna [22]. DxcnepumenTans-
Hbhle KDWBHE OPEACTaBAAT co6oit oCpeTHEHHEE KpHBHIE NJIS BCe
cepm: ToamuE npodmieir. OTHocuTenbHLIE ToMmuak cocrasasau 0,05,
0,075, 0,10, a oTHOmeHHA ToNMUHH 3ajHeil KPOMKHE HPOPUIA K Mak-
cuManbuoi ero Tonmuae—0,25, 0,50 m 1,0. Taxum o6pasom, oTHOmEeHRE

® ur. 30. lonnoe pgaBIeHme B MOJHOCTbIO TypbymenTnoit obmactu [10].
— — — paHHble YenmeHa [22], ynpomeHnHaa teopupg [10], = = 0,03.

¢/d coctaBasno ot 10,0 no 8,0. HecMoTps na npubiamxennslii 1 ckopee
KadeCTBeHHHIHM XapakTep Teopud Kpokko — Jlmsa, cooTBeTCTBHE MesK-
My pe3yJibTaTaMH pacieTa 1O 3TOH TEOPHA H HKCIEPAMEHTATbHEIMH
JaHHEEIMA BIOJHE YAOBJAETBOPHTEIbHOE.

4,2, TEOPHA AOHHOTO AABAEHMA HOPCTA

Hak m B Teopmm Kpoxko — JImza, Kopcrom [30] mecnmonnaosana
KOHIIENIAA B3aMMOJEACTBAA Mexly JMCCHIATHBHHM BA3KHM TedeHH-
eM U NpWIealmuM K HeMy HeBO3MYMeHHNM moTokoM. Ilpexioaennas
UM cXeMa JByMepHOTo TedeHHMs OpejcTaBieHa Ha ¢ur. 31.

OcroBrue ocobernoctn Monenn Tedenns Hopera [30] caenyompme:
NOTOK, Haberaomuit Ha JOHHYI0 9aCTh BIOAb IBYMEPHOH NOBEPXHOCTH,
AIBJIAETCHA 3BYKOBHIM IJIA CBEDX3BYKOBHIM H OCTAeTCA CBEPX3BYKOBHIM
nocie orpuBa or yraa. O6pasyiorca gdersipe 06.1acTH TedeHHA:
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rge

Y1 (i v+-1 m1)7

v 2 v—1
ecia w ~ I'™ 1
1
¢ Og
Ina Bospyxa y = 1,40, my; = 0,76, caemomatennno, n = 0,64.
IlockonpKy, Kak mpaBmio, 3HaUeHHmEe Repepex cey? BBITHECIEHHOE

no ypasmeruio (14), me MoN/KHO COBHAfATL C MPHHATHM 3HAUEHHEM
(13), pacuer ciemyeT DOBTOPHUTH AN TpeX HIM UeTHPEX NPOOHHX 3HA-

8r 6,
(Lt [L—(8/8)1) 5 2

8y ¢

0,80 1
0,78 l o ~ \
Py’ 7o
K2 B ocxosrom |
0,76 | prbviit cned—— [lep iics eneped

] ' nepexod & 6112324

l ]
074 ‘ ' \
N .
omol.. . | N

0,68 . \

0 a1 02 03 04 05 06 07 08 09
Re,;-IQ'S

® ur. 29. Jlonnoe naBienwe B 3aBHCEMOCTE OT Re; B 00aacTH ManbIX dicesl
Peitnoasnca [10].
M, = 2,0, k, = 0,03, c/d = 10.

qeHEN O pepexs 9T00H OOpPeNeadTs C AOCTATOYHOM TOUYHOCTHIO HCTHH-
Hoe sHAYeHHe Repepex oo, ¥ © MOMON[bIO WHTEPIONANAA — JOHHOE
naBieHde. PacueT MmOBTOpAETCA [UIA HECKOJBKAX XapPaKTePHBIX 3HA-
gennii Re,, HO mocje OpEOOpEeTEeHHsA HEKOTOPOTO OMEITA [OCTATOIHO
AWIDb HECKOAbKHX mHpob.

HKpokro u Jl@a yCTaHOBWIM, UTO JIOHHOE J(ABJIEHHE U 8,/d moctm-
raoT GOJBIIMX 3HAYCHWH, eClIM IPH 3aJaHHHEX wnciax PeiRoabaca
7 Maxa oTHomeHHe XOPHAH K TOJNmMHUEHE 3alHei# KpoMkm Bermko. Cpas-
HEM pe3yibTaTH pacdeToB mo Teopum Hporko — Jlmsa ¢ arcmepnm-
meHTanbnIME faarsmzE Hasamay [15] m Yenmena [22]. Ha ¢ur. 29
IpHEBeJeHO AoHHOe AaBienue B Gpynkmum umcna Peitnonbpaca B o6nactn
Manux umcen Peitmonpica mpH M. = 2,0, k; = 0,03 m c/d = 10.
OTH 3aBUCEMOCTH OYeHb OJH3KA K HYKCIEPHMEHTAJILHHIM KPHBEM
Kapanay ans obnactm ymepeHuwx umcen Pefinoabpica u ompejenesn-
HEle IO HUM 3HA9eHHA OTHOCHTEIBHOTO JOHHOTO NAaBJIeHHA HOYTH OfH-
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HAaKOBH, XOTS COOTBeTCTBYIomue 3Hauenmsa Re, ma ¢ur. 29 memuoro
Gonvme monyyennnx Hasanay. Ha ¢ur. 30 npencrasnens koaddunm-
€HTH [IOHHOTO JaBIeHAA B 00AaCTH MOIHOCTHI0 Pa3BETON TYpOyienT-
noct® aiasg M. = 1,5, 2,0 u 3,0, paccumramsse no Teopun Kpokko —
Jlmsa m mo pesyunpraTam msmepenmit Yenmena [22]. Dxcmepumentann-
HBle KPHUBHE NpeicTaBIsioT co0oii ocpefHeHHHEe KpHBHe MJA Bcei
cepuu Tonmus npodmieii. OTHocutenpaue TonmuHE coctaasanu 0,05,
0,075, 0,10, a oTHOmEHUs TOJNMWHBI 3a[HEH KPOMKH MPOPMIA K MaK-
cuManprOi ero Tonmuae—0,25, 0,50 m 1,0. Taxmy 06pa3oM, oTHomeHAE

09

08

SN

.

'u1|

07F
06 I
05}
04+
03

02

01

@ ur. 30. Jlounoe paBieHune B MOJAHOCTHIO TypOymenTHoi obmactu [10].
— — — pganHble YemmeHa [22], yupomeHnnaa Tteopua [10], x = 0,03.

¢/d cocrapasamo ot 10,0 no 8,0. HecmoTps Ha mpubimxenHBH ¥ CKopee
Ka4eCTBeHHHH XapakTep Teopur Rporxo — Jlmza, coOTBeTCTRUE MejK-
Ay pe3yJbTaTaMH pacyeTa O 3TOH TEOPHH M BKCUEDHUMEHTaNhbHbIMH
RaHHHIMA BLOJHE YAOBIETBOpPHUTEBHOE.

4,2, TEOPUA OOHHOrO JABNEHHMA HOPCTA

Kak m B Teopmm Kpoxxo — Jlmsa, Kopcrom [30] mcmoassosama
KOHIENNHA B3aAMOJAECHCTBAA MEXKAY JACCHUATHBHEIM BA3KHM TeUeHH-
eM W OPHIeKAMMM K HeMY HeBO3MYIMEHHHM moTokoM. Ilpenno:rennas
UM CxeMa ABYMEepHOI'O TedeHHsl mpeicTaBieHa nHa ¢mr. 31.

OcnoBanie ocobenroctn mMonenu Tedenus Hopera [30] caenywompue:
DOTOK, Haberawmuit #a JOHHY TaCTh BIOJIHL ABYMEPHOA HOBEPXHOCTH,
AIBJISIETCA 3BYKOBHIM HJIA CBEPX3BYKOBHIM M OCTAeTCA CBEPX3BYKOBBIM
mocie orpeiBa orT yriaa. OGpasywoTesa derwipe 0631aCTH TE€9eHHA!
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opToroHainbpHaA 0600meHHAaA KPHBOJMHEHHAA CHCTEMa KOODPIMHAT

(X, Y), cBAsaHHasA ¢ TpaHHNEH# COOTBETCTBYIOMEH HEBA3KOHW CTPYH.

JdTa HeBA3KaA CTPYA OmpefieliAeTCA KaK HEKasd FMOOTETHIECKaA CTPYA

Ge3 TpeHHsA, NBIKYIMAACH CO CKOPOCTBI0 M, 1 pacmumpAnmascs NpH

TOM jKe OTHONIEHHU JlaBIeBHI py/py M TeX ke TeOMEeTPHIECKHX Mapa-

MeTpax ¢msmdecknx rpammy 2 (I;/L), uto W fmeficTBETeNbHAA BA3KaA
n

cTpys, rae L — xapakTepHad [iuBa. YTJ0BOe OTKIOHEHHE HCXOMHOM
CHCTEMH KOODAWHAT OT HaOpaBJeHHAA ONHOPOAHOTO TeUEHHUA B CeICHUH
1 pasno

88, =0, — 01 =20, (Mya, Po/pr 3 4-) (21)

Ilorounasa cucTemMa koopnuuaT (X, Y) cMemeHa OTHOCHTeNBHO MCXOJ-
HOA B HanpaBJIeHNN Y, HO €eCim;m YroJd Memay cucrteMamn KoOopaAuHAT
(z, ) u (X, Y) Man, 0 X & 2, ¥ = y — Y (), npmsent ym (0) —
= 0, rme mBmekc m’ o3HAUaeT CMemeHHMe KOODAUHAT, OIpefeaeMoe
Be.TIPI'II(IHOﬁ HHTEerpaJia KOJHYeCTBA [IBHMICHUA.

OCHOBaHHaH Ha YOpPOmMEeHHOM YPaBHCHUHN [BHMCHUA

du & du

Or T Tupg 0y "
e & — KoapduuumenT TypOyJeHTHOA BABKOCTH, TEOPHUA CMEIIGHHS
CTPOHTCH ¢ IOMOIIbI0 MHTErpaJjia KOJHYeCTBAa [BHAHEHUA.

Baenmem ciaenyomue OespasMepHble HepeMeHHBIE:

¢ =1ulUsq, Y=2/8,, T=y/b,,
& = e WBatiaaf (V), (22)

rie O — mapaMeTp Dofo6mA, COOTBETCTBYIOIIMiI aBTOMOMENbHOM
nepeMenHo# y/z, 6 — Tonmumna morpaHmuHOTO ClIof, a f (P) — 1 npm
P — oo. Torga ¢ poMompio npeoGpasoBaHmA

¥

IAGELD (23)
0

1
£= 202

cMeniesue ONHUCBIBAETCA YpPaBHEHUEM
op 02¢

ot ag2
C HAaYaJbHRIMH U T'DAHNYHBIMU YCIAOBHUAMHA
(0,8 =0 opm —oo < § <0,
9 (0, &) = 92 (0) mpm 0 <L <,
90, 5 =1 mpu 1 < { < + oo, (24)
@ (§, —o0)—>0 npu §>0,
¢ (& + o) —>1 opu §>0.
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Ipubamxennoe pemeBEne nuddepeENEAILHOTO YDABHEHHH B MO-
TOUHOH CcHCTeMe KOOpPIWEAT, KOTOpPOe YAOBJIETBOPAET HAYaJIbLHEM
¥ TPAaBWYHLIM YCIOBHAM, HMEET BHJ

o=@ {g: (L), mp; M}=

"

1 1 n—p B2
= (et (1—np)+ = [ o (=E)emap, (25)
n-np
rjae Y p — oapaMeTp IO0JIOKEeHHsA
1p = 1/@2VE) (26)
HIA
1 = e, (27)

a f — mepeMenHas WHTeTPEPOBAHUA.

WrTerpan xoamdecTsa ABHKEHHA oOUpefelseT IOJ0KeHAE IOTOY-
HOM CHCTEMH KOODAHHAT OTHOCHTENbHO HcXxofHOo#. Orpammumsasce
paccMoTpeHHeM anmalaTHYeCKOTO OTPEHIBHOTO pe€}KMMa TeueHHS, AIA
H309HEPTETHUYECKAX YCIOBHH B 00JaCTH CMeNeHHA HMeeM
Ty

Is g,

Tsa
rne Ty — temmeparypa TopMmoskenusa. CMmemenme mOTOWHON CHCTeME

OTHOCHTEJIBbHO MCXOJHOH, ompefeasieMoe HHTETPAJIOM KOJHYECTBA
OBWGKEHHA NMpm = YmNp/O2 3amaerca B Bmpe

Nm' = N {(Pz @, Mpy Cza} =
1 1dr "R 2 g
=Ng—"Np+(1—C}) ("IPST?—C%E—' S IﬁT:(V“) ’ (28)
0

— 00

rie C = u/uyarc — O€3pasMepHas CKOPOCTH, 3AMEHAWINAA 4JUCIO
Maxa

c={t+a=mm} (282)

a Ny — HCXOJHAA BeIMYHMHA, BHOpaHHAA NoCcTaTOYHO GONbmOM, Tak
qTo

1—¢ {92(0), mp> mr } <.

rme { — Mallafd BelHAYHHA.
IonosxeRwe 1, NHAMHE TOKA $ ompeNie]AETCA H3 YPABHEHHA HEPasg-
PHBHOCTH ¢ IOMOMbI0O 33aBHCHMOCTH
Mr
S @ dn npG, B
1—C},02 82020tz 1 —C3e)

ns
4
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Mg 1
—— @*dn P2 (1— @2) dL
= _Sw T—Chg? T 1P § [—Clad (29)
rge
ys
Gy— S ou dy, (30)
vj

A CKOPOCTH BHOJB JIMHAA TOKa MOKeT OKITh PacCIATAHA 10 YPABHEHHUIO
(25). I'panu9YEAsA NHHEA TOKA j CTPYH, COOTBETCTBYIOMAA IIOJOMEHHIO
1]; B oTHeaAmAan Haberamomyo KATKOCTH OT ;KEAKOCTH B 3aCTOHHOM
30He, onpesensercsa us ycuaosusa G, = (. Taxmm oGpasom,

B T oea ¢ ot )dt

@ dn _g 9?dn P2 (1—q2

o= | Tt ) e 61
nj — 0

1V. Bospactanne gaBnesns B 061acTH TOBTOPHOTO CKATHA B KOH-
e OTPHIBHOH 00IaCTH TedeHHUs ompeneinseTcA IPUMBIKAOIAM BHeII-
HOM Te4eHHEM B COOTBETCTBHHM C JOOyIeHueM I, a ckaTme Bo BHeII-
HeM IOTOKE — INIOCKAM KOCHM CKAaIKOM Mexay obaacTamu 3 u 4.
Taxum o6pasom, ecaim 3agaHk yciaoBms B HaberawomeMm BHEIIHEM
MOTOKe, a JJd pacueTa yria oTkaoHeHuA (03, — 0O,,) Hcmoab3yeTca
COOTHOMEeHne

i
_i,;_: z_;(Mzav Oaa—@m), (32)
TO MOKHO BHRIYHCJIHATH CTAaTHYECKOE€ [JaBlieHle B )IHCCHHaTHBHOﬁ 06JIa'
CTA 3a CKAYKOM.

V. B orpusro# 061actu Macca MONRHA COXPAHATHCA. Y HOMAHY-
TO€ BbIIlIe YCJOBHE CMAhIKAHHA JAHAK TOKAa nojly4JaeTca U3 YCJIOBHA
COXpaHeHNA MacCCH B OTpHBHOﬁ 30HE ¥ ONPHAMEHAETCA K JIAHUHN TOKa d
(c Ge3apa3MepHOHl KOOPAMHATOM 1)y BEYTPH 30HH CMeIIeHHsA), KOTOpas
NPUXOIUT B KPATUYECKYI0 TOUKy obimacTu 3aMpikanmua. Ha sroit muEun
TOKa YpPOBEHDb MexaHquCKOﬁ 9HEPIW; BHIPA;KaAETCA gyepe3 JOaBJIIEHHE
TOPMOKEHHUA Dg3q B HONEPEYIHOM CE€9eHHH, TAK 9ITO BIOJE HEE MOBTOP-
Hoe C;KaThe NPOMCXOTUT NPH IOJHOM Hpeo0pa3oBaHAM KMHETHYECKOMH
9Hepruu 10 CTaTA4YE€CKOr'o JaBJe€BHA P, B nonepedHOM CEeYeHHHU 4, T.e.

Ps3d _____Pi_. (33)
P3 P3
OTtHOWEHEE p,/ps MOKHO OHpPENeNHnTh, €CIU MN3BECTHH YCIOBHAA
8 mpaferamomeM BHEMIHEM MOTOKe M ONpefielieH Yrol OTKIOHEHH:A
(B3, —08,,). N3 ycoBua anmaGaTHIHOCTH IOTOKA JeBaA 9acTh ypaB-
merusa (33) 3amaerca B BmAe

Pssd __ y—1 a2 \VO-1)
P 1 L @)
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9TO0 ycnoBHe CMHKAaHMSA, KOTOPOMY YAOBIAETBOPAET JHMHHA TOKa d,
€CJIH KUJKOCTL BJONb JHHAN TOKA, AMEIOMMX Ps3/Ps<< 1, He mosmer
NPOHUKATH B 00JaCTh p,, a ;KUAKOCTH BAOJb JHHAN TOKa, MMEIOMEX
ps¥ps > 1, mpoxopmur uepes o6Giacts moBTOpHOrO Cskatmsa. Hoper
[30] masmBaer cien «OTKPHTHMY, KOT/Aa B OTPHBHYIO 30HY HOIBOAUTCA
HOmOAEATeNbHaA Macca G, (Macca Ha eAMHHMIY MEPHUHE, IOCTYIaX-
mas B clle] W3BHE 33 eWHHIY BpeMenm) auGo myreM BayBa, jmbo
32 CIeT BO3BPATHOTO TeYeHUA W3 00JaCTH BHICOKOTO JaBJIeHAA 32 30HOMK
HOBTOPHOTO CKaTHA. YCJIOBHE COXPAHEHUA MacCH B ciefe

Gy + G, =0, (35)

rae G; — Macca Ha eIEHANY IIAPHHL, UPOTEKAONMAasA 3a eUHEITY Bpe-
MeHH MKy JHHHed TOKa, OrpaHAMYHBAOMEd CTPYIO, W JUHHAE! TOKa S.
Hpome Toro,

Ps3s — Ps 3s =1 (36)
Psad Pa

Koper [30] nasnipaert caen «3aMKkrYTHMY, ecii Gy, 1 G s paBHK HYJIIO B

Ps3j _ Ps3j =1, (37)
Pg Pa

rjie WHAEKC j OTHOCHTCA K YCIOBHAM BOJb JHHHE TOKA, OTPaHNIABAIO-
meii cTpyo. Tak Kak B IHCCHDATUBHOM 061acTA BOIA3Y 3aMHKAOMETO
CKaYKa BOBMOJKHO 00paTHOe TedeHHe, TO, CTPOro FOBOPA, 3aMKHYTOrO
cieia He cymecTByeT. Ho Takoli umeanmsnpoBaHHHIM 3aMKHYTHI CJIef
Mo3keT OHITH HCHOJIB30BaH B IPAKTHIECKHX pacueTax.

Ilpmanmnransro CHCTeMa ypaBHEHHH, COOTBETCTBYIOMIAA HONMYmMe-
muaM | — V, nocrarouna nnsA pemeHHs 3afadd JAOHHOLO JaBJeHHSA.
Onmaxo mua coornomennit (18) u (19) Tounoro pemennsa me monyueso.
Ecnm maberamommit norpagMyHb#A cJI0# TOHOK, T. €. Tp — 0, oGa atm
COOTHOMEHAA NOAHOCTHI0 HCKAIYAKTCH B He TpeOyeTCA HUKAKAX 9KCIe-
PHEMEHTANBHEIX JAaHHHX O CMEIIHBAIOMMUXCA KOMIOHEHTAaX B 3aMKHY-
TOM CJiefie, TOTJa KaK JUIA OTKPHTOro ciefa Tpebyercsa 3maTh TOABLKO
ogmeE smnmpmueckmit kosd¢dunment. OtmernMm, uto, ecam @ (np > 0;
M) <@ (np =0, n;), orpanmuennEas Teopus [OHHOTO HAaBIEHHA
(mp = 0) ycramaBamBaeT HWHMI npelieN [UIA 3HAYEHHHA NOHHOTO
NaBJIeHUA, 0Jy9aeMHX NPA KOHEYHO# Toamune HaGeramomero morpa-
HHYHOTO CJIOA.

4.2.1. Jonnoe dassenue no 02PaAHUMEHHOU MEOPUL NPU MOHKOM
NOZPAHUNHOM CAOe neped JOHHBM CPE30M

Ipuruman Mp -0, u3 ypasmenmii (25), (28) — (30) nmonyuaem
1
¢ =5 (1+erfn), (38)

rme v = o (y/z),
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MR
s =1Np— (1 —C? 9%dn
N =Mr—(1—C3, S T—CL,o%" (39)
-— 00
F ea G "
Pan 9G, . @2dn
5' 1—C§acp2+xpzau2a (1—C3%) 1—C},¢%’ (40)
8 — 00
g Mg
pdn P%dn
1_‘030(9?‘—_5 1—C3q9?" (41)
nj —oo
w70 Ilpu
ﬂp"'o

n
d
* / J o= 1€
L) / -
0,66 n

- n
@2dn
* // _mw—fz(cza, n)
0,62 = asaenme (38) Tabynmposano
03 04 05 06 o7 08 09 VP yp

B QYHKOUH OT BEpPXHEro Ipe-
Aeja J[JA [ABAAOATE OXHOTO
@ u r. 33. Beapasmepnas CKODOCTB BAONL  gpagenpa mapaMeTpa Cs, Ha-
JIMHHI TOKa, OTpaHMIABAOmENn CTpYIo,
(np — 0) [30]. PARY co 3HageHHAMA N (C24),
n; (Cza) a Qj; (Cza) [33]. I‘pa—
¢ugeckn Pynruma @; (Cs,) upencrapiesa ma ¢ur. 33. Koper [30]
NpPHMEHA] CBOI0 TEOPHI) Kak K 3aMKHYTOMY, TaK M K OTKPHTOMY
clieam.

cza

JameHymuii caed

CxeMa TedeHHWA B 3aMKHYTOM cliefle HpefcTaBieHa na ur. 34, a.

Jlna 3amamBoil reoMeTpum Mopenm m ymciaa Maxa Haberaiomero
IOTOKA TOHHOE JABJICHHE B 3AMKHYTOM Cllefie OIpeeIAeTC efUHCTBeH-
HEM 0o6pasoMm u3 yciaosma G, = G, = 0. Eciu B KadecTBe He3aBUCH-
Mol mepeMeHHON BHOpaHo Ms,, M0:KHO H30eaTh pemeHHA METONOM
mpo6 u omubox. [Ipm TakoM BEGOpe AJiA 3afaHHOrO yIia OTKIOHEHHA
O3, —0,, onpenmensorca 3madenna Cp, [ypasmemme (28a)l, @;
(¢pur. 33) u BawmcaseTea p, 35/ps = pa/ps no ypasaermw (32). Torma
UIA UPAMOJMHEHHOR TpaHHOu cTpyr Op, = B3, H, CIeL0BATEJNbHO,

B2 — 0y, = 03, —O,.
Yucno Maxa M, Mo:&HO HafiTh M3 penreHHA [JiA TedeHHA PACIIAPEHHA
Ilpasptna — Maitepa [ypasmenme (17)], po/ps oupefenseTca ¢ moMo-
mpb0 QOPMyJH ANA fAaBieHmA UpH afnabaTHYECKOM DPaCUIMpEHUH.
Peaynpratsr pacsera mo orpanmuennoit Teopur Hopcra cpaBaEBanTCA
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ga ¢ur. 34, 6 ¢ aKCIepAMEATATILHLMHE JAHHHMI X0 JOHHOMY JaBJICHHI0
Yenmerna [22] m Orummka [34]. Ilomywemo xopomee cooTBeTcTBHE.

02 ]
o1
4]
10 15 20 25 30
Mia
6

@ ur. 34. CBepx3ByKOBOe OOTeKaHHWe yCTyma, PaCcHOJOKeHHOTO Ho morory [30].

a — Moiellb TeYeHHWA; 6 — CPaBHEHME TEOPHM M SKCIOEPHMEHTAa, pP3/D; — OTHOCATEJbHOE
IOHHOE MaBjeHue; M;q — 9HCIO0 Maxa Haferalomero MmOTOKA.

ipu Gonee BHcoKmx umcmax Maxa (10 M« = 3,0) Teopermueckue
peayasratht Hopera [30] Takxe xopomo cornacymoTea ¢ sKcnepEMeH-
TaabERME fapHwME [oina [35].

Omrpumuii caed

s otkprroro cieza Gy, 0 @ 14 5= 1y, ¥ 9To6H paccUHTATH HOH-
Hoe JaBleAne, HeobxonEMa HEGopMannsa 06 sMOHPAIECKOi BeTHIHEE O,
Tak kak Takaa uHbOpManus B 06JAaCTH CKEMAEMOTro TeYeHHA Orpa-
HWYeHa, /JA YHCICHHHX pacyeToB NpHHEMaeTcs BeamymHa o = 12,
J0CTaTOYHO TOYHO YCTAHOBJEHHAA NpH MalHx cKopoctax (M. — 0)
[36].

B kauecTBe npumepa oTkpuToro ciena Hoper [30] Bubpan Monens
co BayBom B cief (pur. 35, a). Baysaemuii Bo3ayx EMeeT Ty ke TeM-
nepaTypy TOPMOKeHmsi, 49TO M OCHOBHOH NOTOK, H OOJBOJHTCA
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B caef ¢ MaauM pacxomoM Gp. Bespasmepmoe umcio H, xapaxrepm-
3ylomee BAYB, ompeneiserca mo ¢opmyne

H = Gb_‘/m V’-T

hpsa —57'

rge R — rasoBas HOCTOAHHAA, § — YCKOPeHHMe CHJH TAMecTH u h —
BHICOTAa ycTyma. TakmM obpasom,
_ ( 2 )(v+1)/(2(v—1)) {11 (Caay Mj)— 14 (.Czaq Ns)}
v+1 (T's a/T2a) (A3a/A}) 081D (80— B1q) ’
rme A* ormocmTes K ycaopmaAM mpm M = 1,

Kax Bupno us gur. 35, 6, TeopeTngeckue peayabrate Kopera xopo-
IO COIIACYIOTCSI C DKCOEPEMEHTAJIbHEIMA [aHHKHMH, HONyYeHHBIME

TDCl /l
-
Poa yarad
M e
1a -

h
t 2
gle 777
Gg a
08
' 1 ( By
Mo 10— L
Ezi),ﬁ = ! //
P, / M,a=,,5 M, =2,0
04 +
02
i
1

0
-003 —002 —001 001 002 003

\
1
0
H
6

® ur. 35. CBepx3ByKoBoe O0OTeKaHHe YCTyNa, PacmOJOMKEHHOIO N0 MOTOKY,
co BayBom B ciuen [30].

a — cxeMa TeYeHRH, 6 — BIHMAHME BIYBA MACCH; pacder upm M. = 1,0, 1,5 m 2,0 u 3Kcme~
pPHMeHTATbHLE NaHHHE IPH Mya = 2,0.

p WnnmmoiicckoM yHmBepcutete mnpm M, = 2,0. Yrobm aydme
nouaTs Teopmio Kopera [30], paccmorpmM ee mpunoxenne.

Yoy [37] npumennn teopuo Kopcera [30] x samaze o nsymepHoM
JOHHOM clefie, CBA3aHHO# nmbo CO BIyBOM B Clefi 3a 3aTyIJIEHHOH
3ajHe# KpoMKo# mpodumis, aubo ¢ B3amMONeHCTBHEM My BHEIIHEM
CBEPX3BYKOBHIM HJIH 3BYKOBHIM TedeHHEM CO 3BYKOBOH MM JI03BYKO-
BO# CTpye#l PeakTHBHOIO [BHTaTeNsd.
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4.2.2. JlonHoe dasaeHue npu esaumodelicmeul. GHEULHe20 C8EPL38Y-
K08020 nomoka co 36yko8ol uau 0038yx08ol cmpyel

Cxema Tewemnma Yoy [37] mpencrasnema ma ¢mr. 36.

Cepx3ByKoBO#l MOTOK, 06TeKaIOIMu CTPYI0, TeYeT B BePXHeil 1aCTH,
a [03ByKOBO# BIyBaeMHin — B EmxHed. Yoy [37] npuran Te sxe momy-
meHnsA, uro m KopcT, a mMerno: TypOyjleHTHOe H309HEepreTHUECKOE
CMelIeHne TOTOKA B 3aTOPMOKEH-
HOM KHAKOCTA B 006JacTH OTpHBa

%) Pe OPOHCXONMT IPHA HOCTOSHHOM JaB-
Mo 1 neamm. OH HCHOMB30BAX oOrpa-

HOYeHHY Teopmio Hopera =
CPaBHHJ TeopeTHIeCKHe pesyib-
TaTH ¢ OYKCOEPAMEHTAILHHMHE

K Pg JaHHHMEA [JIA TpeX pe/KHMOB
h (dpmr. 37 —39), xax DokrazaHo Ha

Ps ML <t f, dmr. 40.
Ti=T, = ’; Pemmm I cootBeTcTBYET P2/ P <15
7 perxEM I1 COOTBETCTBYET
@ mr. 36. Cxema OBYMEPHOTO Tede- pexaM I COOTBETCTBYET

gaa [37]. PP >~ 2,35.
WNapgexc ' otrHOCHTCA K Tede-
HA B CTPye HIH B HEKHEH 9aCTA
Moend. JxcuepuMenTH Onam nposemeEH B WanmmoiicckoM yHEBep-
cutete, a Takxe Oynnepom m Peitom [38] B BenrnkoGpurannm m Yumb-
poy [39] B NASA. DkcnepmMeRTanbHLNE JaHHHE B OCHOBHOM Pacmola-

® mr. 37. Cxema tevenun B peskume [ [37].

rajoTcs HEYKe PACdeTHHIX, 3a HCKJIOYEHHEM Y3KOro HHTepBaja OpH
nepexone oT pexxmma I k II (¢nr. 40).

[Ipr pacueTe SOHHOTO JaBlIeHAA OWAM clelaHH CAeNyoONEe Opei-
moJio;keHnd. Bremnmil 06TexalomAail HOTOK OAHOPOJHHI W HaupaB/eH
napajiielbHO CTeHKe. DBHemHEHE DOTOK HMCOWTHBAET pPacmIAPEHHO
[Ipamgras — Maitepa B pexxumax I —I11, a BpyBaemas cTpyss — TonB-
ko B peskmme 1I1. B pesmmax I m Il mpysaemumit m3 comna moTok
nJoCKonapaieleH.



® nr. 38. Cxema Tewenusa B pexume II [37].

Ro
Mw
—————
PS’ —
7’
Z
a

O urr. 39.

a — cXeMa HeBASKOro TedeHHA B perume I1I [37]; 6 — cXeMa AUCCANATABHOTO TeYEHHAA Y Kpas
sacroitaolt obnactk [37].
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O© mr. 40. 3aBUCUMOCTE MEHKAY Pp/Poo B Po/Poo; Moo = 1,92, R/R' = 1,94 [3T].
# — BHCOTa ycTyma, h’ — pa3Mep BHXOQHOTO CedeHMA COIJIA. Pacders:

=124 2,758 M; — — — — 0 = 12; O 92KCHePMMEeHTAJILHHE Pe3YJILTATH.
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g =

® nr. 41. Benomoratenbnans Qyukuusa [y (¢, Cog) NAA M30IHEPIeTHYECKOrO
TYpOyNeATHOrO CMENICHASA CXEMACMHX CTPYH IPH NOCTOAHHOM JaBlenuu (B cay-
d9ae IOJHOCTbI0 pa3BATHX upodumen) [37].
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IIpn nocTosEEOM CTaTHIECKOM NaBIEHHH B 06/1aCTH OTPHBA IPaHH-
I COOTBETCTBYIOIUX (HEBA3KAX CTPYH» MOTYT GHITH MOCTPOEHH [JIfA
BCEX PEKHEMOB TEYCHHS METOJIOM XAaPaKTEePHCTHK.

Ncnonssys ypasperusa (30) m (38), moaywaem

G050/ TPsaltra (1 —C3) =

nS
d
= | £ = I (nCh) — L (s, €L, (42)
nj
WaTerpan

n
@ dn
Ii(n, Co) = S 1— C3.0°
npenctaBied Ha ¢mr. 41.
OMOmpHYeCKHi mapaMeTp, KOTOPHIH MOMKeT B3aBHCETh OT YHCIA
Maxa, naercs HKopctom m Tpmuomom [40] B Bmpae

o =12 + 2,758 M.

Ias ompemenemms Mj,, C3; B @33 B KOHIE 3aMKHYTOH obmacta
oTpHBa (KOTOpHe Heo6XOIUME! [JIA pacdeTa BEENIHET0 TeUeHAA U Tede-
HEA B CTPYe) HCHONBL3YIOTCA ClEe[YIMue ypaBHEHUA:

Ds 3d/p4 =1,
rae

Pssa/ps=[1+{(y—1)/2} M3, 1"/~ (43)

TaK KaK 00 CTaTHYECKOMY [AaBJEHHWI0 pP,, BEHI3BAHHOMY KOCHM CKad-
KOM BO BHEIOHEM ©NOTOKE, W3 YCIOBAA CMBIKAHHA OIpeJeasieTcsa
paspfensomas auHAA ToKa d ¢ GeapasMepHO#l KoopAuHaTO# 1. Takum
00pasoM, W3 PABEHCTB Pp = Py = P3 OHPEAENANTCA YIVIH HAKJIOHA
JEHEEA TOKa [JIA CXEMH HeBS3KOI'0 TEeYEeHHMS M CTATAYECKOE JaBJICHHE
3a 30HOM MOBTOPHOrO c:kaTms. B pessmme Tedenua 111 meromom mpo6
u omuboK ompepensiercs: yroa ©,,, npa xoTopoMm p, = p;. Jo cux mop
OOHHOE [aBJIeHHE pjp NOPeNmolarajioch u3BeCTHHM. UYToOH HaiTh
OpaBWIBHOE peHIeHWEe, WCHOJIb3YETCA 3aKOH COXPAHEHHsA MAaCCH B OT-
PHBHOM TEYCHHH

Gy+ Gg=0 mmm GiGy = —1,

opuyeM Juis pexxama I

Cqq02, 510 O
G, G — :.sa 21 2a — _1
#6a= G T Cran) (b7 (I11— 1) ’
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a maa peskemos 11 m 111

Gy/Gy = C3a0207’ (T1a—11j) 1,

CoaOsox (T1g—I4yj) —

rie z'/c — oTHOmEHHe NJIHH BAOIb PasfelAIHUX JHHAA TOKA B PaM-
KaX MOJeIH HEBA3KOro TeJeHHS.

Ilpm m3BecTHOM OTHOmeHME BHCOT h/h' m m3BeCTHHX BenmymEax
M, u p,’/p. 3amaua pemaeTcs mnyTeM 3afaHHSA OTHOWMEHHUA pp/Po.
3aTeM mpoBepseTCs, YLOBIETBOPAETCA JH ¢ IOMOMBI HOJYyYeHHOTO
pemieHAs 3aKOH COXPaHEHHA MAacCCHL.

PaszesuBas teopmwo Hopcra, Kapsep m Cmpre [41] paspabortanm
MeTOJl pacyeTa OTPHIBHOIO TEUYEHHA 3a YCTYIOOM, pPAaCHOJOKEHHHIM
10 IOTOKY, IPHA CBEPX3BYKOBHX cKopocTAX. OHE Hamuid, 970 BAHAHEE
NOrPAHAYHOLO CJIOS B TOYKE OTPHBA DKBHBANCHTHO BJIHMAHHIO BIYyBa
cTpy: B obnacTs oTphiBa. Ha rpagmenTH [aBieHNA W YHTPODHH BO
BHEINHEM DOTOKE BIHAET KPHBM3HA JHHAN TOKA B CI0€ CMEIIEHHS,
a B OCECHMMETPHYHOM TeYeHHH — HAKJIOH M KPHBH3HA JHHHH TOKa
nepex oTpuBOM. MX mopxon mpm paccMOTPEeHWHA BIAMAHHS TOTPAHHY-
HOro cioA momobem momxomy Hmpra [42].

Kupx [42] mezasmcamo or Kopcra chopmynmpoBan samauy o mom-
HOM Te4EeHHH NPH HYJEBOH TOJIHHE NOTPAHAYHOTO CJIOA Ha Texe.
OH KadYecTBeHHO Ope[CKasal BIWAHEE BAYBa BO3AyXa H JOPMH XBO-
CTOBOil 9aCTH Tejla Ha [OHHOE [JaBJIeHHE 34 YCTYNOM IPH CBEPX3BYKO-
BHIX CKOPOCTAX JIBYMEPHOTo moToKa. OH IHpeNnoNo;K|l, 9TO CYymIecTBY-
10T dYeTHpe OCHOBHHE OGJaCTH, KOTOpHe CcleqyeT pacCMaTpPHBATH
OTHEAbHO: CMEHmIeHHs, 3aMLIKAHHWMA, OTPHIBHOIO TEYEHHS W OCHOBHOMH
noTok. Teuenne B obnacTm CMemIeHHA CYUTAETCS B OCHOBHOM TAKHM
K€, KAk IPH CBOOOLHOM CMEUIEHHH OKPYKAalNIer0 HENOABIKHOTO
BO3[yXa C OSHOPOJHHM CBEPX3BYKOBHIM IIOTOKOM, T. €. HaupaBleHHe
JAHAA TOKa B 06JaCTH CMelIeHUA TaKoe ke, KAK B OCHOBHOM TIOTOKE.
B o6nacTm 3aMHIKaHBA DPOMCXOIHAT CHHATHE, KOTNA BEPXHAA K HEKHAA
o6aacTn, CMHIKasACh, OrPaHHYMBAlOT o00jgacTh oTpuBa. B ofxactm
OTPHIBHOI'O Te4EHMA, POPMEPYOMEACHs H3 BO3AyXd, BHTEKAOMEro
u3 o0jacTH 3aMHIKAHHSA, CTATH4YeCKOe [aBJEHHE HOCTOSHHO UM PAaBHO
CTATAYECKOMY JaBJIEHHI OKpy:Kawomeit cpeasl. OCHOBHOH mOTOK
BHe 006JacTH cMeImeHAA, B 061aCTH 3aMHKAHAA A B 00JaCTH OTPHIBHOTO
TeUYeHHS OYeHb OIM30K K HM3DHTPONHYECKOMY.

Biamsaane morparM4HOro €10 Ieped AOHROM 4acThI0 pacCMaTpH-
BaETCA IPH CAEIYIOMUX JONYIIEHHAAX:

1. Cnoii cMemenus BeseT cebs, kKaxk ecam Obl 0H 00pa3oBaica HA He-
KOTOPOM PACCTOSHEHA Nepe] ROHHHM CpPe30M, a He B BepIIHHe yruia.

2. JluHmsa TOKa ¢ DOCTOAHHHIM 3HAYEHHEM CKOPOCTH, ABJIAKMAACA
B NEUCTBATEIHHOCTH CpejHel JuHmeidl 06JacTh CMeLleH A, B Pasfieasio-
mas JHHAA TOKA PAasJAYHE, HO MOTOK MACCH MEKIY HMMM OJHHAKOB
BO BCEX CEYCHHAX.
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yCTaEOBJIeHO, 9YTO KAa4Ye€CTBEHHO BJIAAHHE IOTPDAaHAYHOTO CJOf
COCTOHAT B YMEHbII€HAH OTHOINCHHSI CKOPOCTH Ha paanenmomeﬁ JHHAR
TOKa B KOHIE ofacTH CMEmEHHA K CKOPOCTH BHE obaacta CMemeHus,

& TaKyie B YBeJHYCHHH JOHHOI'O MABJIE€HHA W YMEHBIICHHH HOHHOI'O
CONIPOTHBJIEHHUA.

4.3, TEOPYA JOHHOM O AABNEHHUA HAPALLUMMbI

IIpuMensas Teopumio norpanmanoro ciaos, Kapammma [43] pacemor-
pen 3ajady O /IOHHOM JaBJIEHHWM 33 KPHIIOBHIM NpOodHIeM C 3aTym-
JeEHO# 3ajHEH KPOMKOM [Js CAydas C NaMAHADHHIM NOTPAaHHYIHEIM

i:.»
3
1.
M .
e A
<0 —

@ ur. 42. Ynpomernras cxeMa OGTeKAaHWA KPEUIOBHX npoduied ¢ cyKeHHOM
# Gea cy:keHua XBOCTOBoit wactm [43).

1 — porpaHMuHKY clo# mepeN NOHHHEM Cpe3oM; 2 — Beep BOJH paspeskeHus IIpaHuTIA —
Matiepa;, 3 — CKa4OK; 4 — TpaHMIla CTPYH; § — PasfefAINaA JHHAA TOKA, 6 — cuen;
7 — NMHHA TOKA, KOTOpPag NPHXOAMT B KPHTHYECKYI0 TOUKY o0O0JacTH B3aMHKAHHKA.
& — 3acTofiHaa 30HA.

cioem Ha npodmne. Meron HapammMe npaxkTAYeCKH OCHOBAaH HA&
aHaJ@3e NOTPAHHIHOTO CIIOS ¢ IPHBIeYeHAEeM TEOPHHA NyTH CMeIleHns
Mparnras. Uncnennwit pacuer BumoaHeH Ans unmcen Maxa HeBoamy-
merHoro motoka 1,5, 2,0 m 3,4. Ilpm cpaBHeREH €ro pacHeTHRHIX
Pe3yibTaTOB ¢ IKCOEPEMEHTAJBHHIMA JaHHHMEA UemMena @ Jp. [22]
HoAydYeHO Xopollee COOTBeTCTBHE.

VnpomerEas cxeMa Te4eHHMA Npe/icTaBlieHa Ha ¢ur. 42,
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Choenagn clefylomue AOOYNIEHHA:

1. HaGerajommit moTOX JaMEHADHHA H HePeXOf IPOHCXOAMT
Ha 3ajiHe#l KpOMKe.

2. T'papment faBieHAs B cjloe CMEMEHHA MaJl M AM MOKHO Ipe-
Hebpeus.

3. B Basko#t oOaacTe TedeHHe H303HEPreTHYECKOe W THCIO
Ilpaugraa paBHO enmEHDE.

4. B cnoe cmemeHEmA Koo(pdHOEEHT CcMeleHAA HOCTOAHEH.

5. B o6nacta oTprBa K03pPUIHEEHT TENIOOTHAYH U CKOPOCTEH
JKHMKOCTE PAaBHH HYJIIO.

6. IIpodmas BacTOABKO TOHOK, UTO YCIOBHA B Haberarmomem
HeBA3KOM MOTOKE 3aMEHAITCA YCIOBHAME B HeBO3MYWEHHOM
MOTOKe.

Haugamno gexapToBoii cHCTEME KOOPAXHAT PacIoi03eHO HaJ 3afHeR
KPOMKO#i, Tfe U = U/2, OPHYEM U B U, — COCTABJIAIOIIAE BJOIH OCH
£ MeCTHOl M BHEIIHEH CKOpPOCTedl HeBA3KOr0 Te4eHHA COOTBETCTBEHHO.
Wapneke e 3aMeHAeT BHAEKC 2, mpEMeHeHHHH B paGote [43] u cooTmert-
CTBYIONMI YCIOBHAM Ha BHEHeH rpanmne cioa cmemenua. Ocb =
HaIpaBJeHa 00 JMHEAM, Ha KOTOPO# U = U./2, a 0Ch y IePIeHNAKYIAD-
Ha OCH Z.

YpaBHeHEA HepaspHBHOCTH, KOJHYeCTBa JABHKeHHEA E (opmyna
TlpanaTaa anaA ciofd cMelleHHs, 3aUACaHHLE depe3 OCpeJHEHHHE IO
BPEMEHN 3Ha4YeHAA MapaMeTpPOB, EMEIT CIeNYOmA# BHA:

aw) | 9lpv)
S 2 =0, (44)
a a 7
pu Gt pv 5= 5 (45)
n
T=8p—gi;— ’ (46)

rae € = xbu, — KoaQPuIHEHT TYpPOYAEHTHON BASKOCTH, ¥ — KO3(du-
MHEHT NPOMOPIHMOHANBHOCTH, 8 b — Tonmmua cioAa cMmemenma. [lpm
b, mponopnumoHaJbHOM I,

8 = KO UeT, (47)

rne ¢, — Apyroit koaddunuent npomopmmonHansHocTH. Torma ypap-
HEHHE KOJHMYECTBA IBM;KEHHA NPHHHEMAeT BHJ

du du r a du
pu +ovso=e L5 (0 5 ) (48)
rjae L — xapaKTepHaﬂ NJHAHA CI0A CMElnIeHHA nu

€9 = AC1U L.
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I'pamnmunkEe ycioBHsA CleXylOIae:
ul(z, 0) =2 ue u(z, ©) =u, 7 ulr, —oo) =0.
C momompio GeapasMepHHX BeIAIAH

u¥*

= u/Ue, V¥ = V/u,, p‘l = p/pev
2* =z/L, y* =y/L u T* = T/T,

BBejeM Oe3pasMepHyn (QYHKIHIO TOKa V*:

P
P = . 49
V}LepeueL ( )

Eciuu

E§ = €9/Ve, (50)
TO ypaBHEeHHe KOJIHMYecTBa ABMKeHWsA mpeobpasyercd K BHRY

Our _ prow O [ ez 0u"

ax—*——aoa: aw* (p u alp*)’ (51)
rie

opr ]/E—Z** a‘l’*_l/m**

= — UM I el sl (52)

CooTBeTCTBYIOMUE I'DAHMIHBIE YCIOBAS HMEIOT BHJ
1
u* (z*, 0)-——-—2—. u* (z*, ©)=1 n u*(z*, —o0)=0. (53)

CymecrBoBande aBTOMOJEIBHHX pemieHuil ypasHeHumit (51) m (93)
[JIS CMeNIeHAA HeCKAMAeMHX CTPYH OHUIO YCTAHOBJIEHO TEOPETHIECKH
Tépraepom [44] m sxcnepamenransno Pefixapxrom [45], a Takmxe axcime-
PEMEHTAJILHO JJIS CMENIeHHsl C/KEMaeMulx cTpyd — [ymepymom u mp.
[46]. TlosToMy npHEHATO, YTO TEOpPETHYECKHE ABTOMOAETbHEIE DEIICHUsA
TaKyKe CYIECTBYIOT.

C mcumonn3oBaHHmEM BEIPAKEHHS

v* = Veo* z* f (B), (54)

rie u* = Y2f' (), ypaBHenme KOJWIECTBA /BIWJKeHHA TONY-
9aeTCA B BHE

& 0%+ 2ff" =0 (55)
n
O =1 (@) =2 f (o) =0,

Yro6u pemuts ypasHenme (55), ny:xuo 3agars p* B Buje dymKmum
f (). Tlockombky

T* =1+ M (1 —u®) (56)
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n

Ug 2 ~1/
be= Umakc {1 +('Y'_1) Mﬁ} ! (57)
1 1—e2
pr = = —— (58)
1—'—4-ng,2
ypaBHeHme (DO) mpHHEMAaeT BHA
d 1’_‘82 2 " " 0
s {—F—) "1 +2/f=0. (59)
SN\ a—pes

9To ypaBHEHHe MOKHO PEIIHTHh YHCIEHHHM HHTerpupoBaHmeM. Opma-
KO [JIA IPOCTOTH UPHHATO Pp* = 1 B KadecTBe mepBOro NpHGIMmKeHHSA
AJA pacupefieieHHsI CKOPOCTH, OCHOBAHHOIO HA SKCIePHMEHTAJBbHO
mokasarHoM I'ymepymom m xp. [46] daxre, uro pacupenenenme cko-
POCTH B CJIoe CMEIIEHHs CEMaeMHX CTPYH COOTBETCTBYeT ee pacupe-
meqeHmio B HecxmmaeMoir ctpye. CaemosarenbHo, ypasmeHme (99)
mpeoGpasyercs K BHALY

" + 2ff" = 0. (60)

Ono 6mio pemeno Iépraepom [44] myrem pasnoskenmss B psags

o (8
f =32 A F (), (61)

rae
Fo(8) = & npm A < 1.

Tak Kak 9TE cTeneHHLE PAXH GHICTPO CXOAATCSA, TO UPEGIMKEHHO

f’ =1 + erf E, (62)

1
f=t4 S erf @ da — 0,1608 (63)

. 0
u* () =5 (1 +erf®). (64)

9TH npubaM;KeHHbEe PelleHHs IPHMEHHME K CMEIIEHHI0 HeC:KAMAeMHX
CTPY#, HO IPEANONAraeTCs, 9TO OHM OPUMEHMMB M K CMELIEHAK C)KH-
MaeMHIX cTpyH, ecanm u* ~ 1.

CnenoBaresibHO, 3afada O JOHHOM JaBIeHMH MO;keT GHTH pemieHa
¢ MOMOINBI0 IPHBEIeHHHNX BHINe NPUGIMKEeHHHX ypaBHeHHH, Tak KaK
Macca KUAKOCTH, NOCTYNAKINAasA B CIOM CMeWweHHA M3 HATEKAKoLiero
HDOTPaHEIHOTO CJIOs, 3aHEMaeT HOYTE BCKO YacTh 00JIAaCTH JECCHIATHB-
HOTO TedYeHHsd, B KOTOPOA Pa3BUBAIOTCA BHICOKME CKOPOCTH.

5—0828
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ITapamemp, o6vedunawowuli wucao Pelinosvdca u zeomempuueckue
Tapakmepucmuku

Kapamnma [43] mpeanosmi fnA KOppenAnuA JAHHBIX 10 TOHHOMY
NaBJIeHNI0 mapaMeTrp, obbefmEAmEA duciao Peitroiabaca u reomerpu-
geckne xapaxkrepucrukd. Eciam y Bospacraer, cKopocTh TeUeHHA B fuc-
CHOATABHOA 00JaCTH acHMIOTOTHYECKH OpPHUGIMAKAETCA K CKOPOCTH
BHENTHET0 WOYTH H35HTPONUYeCKOTo TeueHmA. [JoaTomy Heobxommmo
ONpEeleNUTh IPAHANY CTPYH.

Ecan npumem

u* (z*, y*) = 0,9975,

TIe Yy — KOOpAMHATA TPAaHMNH CTPYH, TO NPH 3a[aHHOM 4YHCIE
Maxa u* — QyHKOmEA TOIBKO

w* (2%, y3) = 51" (&) =0,9975.

CrnenoBaTesnbHO, U3 ypaBueHus (64) HaiifeM mapaMeTp HOJNOMKEHUS IS
rpamnsl c1pym &o = 2,150.
Hanee, pasmenfomas JIHHAA TOKA ONPENEIAETCS YypaBHEHUEM
Yo
m = S pu dy,
yS
rje m — Macca ;RKUAKOCTH, MOCTYHAmasa B IUCCUIATHBHYH 00JIacTh
H3 BHENIHEro MOTOKA, a Y — KOOpAWHATA pasfeisAiomeil JHHAN TOKA.
Ecim macca ;KmakocTd B Hadajie CI0A CMENMIEHMA 3a[aHA B BH/E
Peltee, TO

*
Yo
ey — "
S* P y Peltede
Ys

roe 8, — addexTHBHAA TONIAHA CIAOA CMEUIEHHA y 3a/lHEH KPOMKH.
Ecan kosdpdunuent cmemeHusns % onpefeanTh mno Kporko — JImsy
[10]
dm

4z ® (.’L‘, Be, Me) Pelley

m (0, Re, M,) =0,
TO UpeAHAYIee ypaBHeHHe mpeobpasyercA K BHAY

o x

wz* 5 f® dg:é- S % (z) dz, (65)
2 b

i

e
€ o
o= l/ =V %ecq.
ueae V 1
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Ha ocaose npenmonosxenns (4) o mocToarcTBe Ko3ddummenTta cme-
menusa ypasHeHme (65) mpmEmMaer caenyommi BE:

o {f (E) —F (B} = x. (66)

Paspeaswoman naHEAA TOKa OmMpeNeNAeTCA W3 3aKOHA COXPaHEHHA
KOJIMYeCTBA ABMKEEHMA B cioe cmemenud. CiaeoBaTenbHO, ecidm DpH-
HATH KOJIHMYeCTBO [ABMKEHNA B HA4YaJIbHOM CEYEHHHM CIOS pPaBHEM
KOJNMYeCTBY JABH;KeHHA B o06macrm, OrpaHWueHHOH pasfgessamomei
JUHHEH TOKAa, TO

Ug
S pu® dy = const
ANy
oz* S u*f’ (E) d& = const.

—00

Nuddepennupys mo z*, Haiinem
&

S u*f’ () d& = u* (85 f (8).

— 00

Pemas sTo ypaBHeHHme UACIeHHO ¢ ydeToM ypaBHeHmi (62) — (64),
mosydaeM mapaMeTp MOJOKeHHEA  pasielflmell IHHAE  TOKA
Es = 1,339.

Ciegyer OTMETHTB, 9TO §; HE 3aBHCHT OT Z W YTO CKOPOCTH Tede-
HEA BAONB pasflelAlomedl JWHAU TOKA DOCTOAHHA, HOCKOIBKY Kod(-
PUOEEHT CMEIneHAS %X NPHHAT DOCTOSHHEIM.

ITotox Maccel, mpoTeKawmMMA Me;KAY pasfelAKmeR ANAEeH Toka
O nmHEe# TOKA, NPUXONAIed B KPUTHUYECKYI0 TOYKY OGMAcTH 3aMH-
KaHOA, paBeH INOTOKY Macchl B Hadajle CTPYH.

Targum o6paszoM,

L
S pu dy = peliede, (67)
Vg
Ille Y, — KOODAMHATA JMHAM TOKa, OT/eNsOmel 3acToiiHyio 30HY,
nin

oz* {f(E) —f(E)} = 1. (68)
Ecnm mexmounts @ m3 ypasaenui (66) m (68), To

T TG fE)
5e
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f (80) m f (8,) mesaBmcmMH oT z, cremoBaTensHo, QyrKmus f (&) momm-
Ha 3aBHCETb OT T H CKOPOCTh u® mepeMeHHa BJONb JIMHHH TOKA,
NPAXOAMeR B KPATHIECKYIO TOUKY obmacTm saMikaHus. M3 3akoHa
COXpaHEHHS MacCH

Peueae = Pglle (84 — 03), (70)

rie 0, m 6% — ¢mamueckas ToNmEHA H TOJIMHMHA BHTECHEHHMA IIOTpa-
HHYHOTO CIOf Hepef MOHHHM Cpe3oM (AHIeKc a 0603HAYaeT yCIIOBHSA
B IIOTOKe IIepej] MOHHHM CpesoMm).

W3 Teopum HOTPaHMYHOTO CIOA

8. —5,0 ]/;i wost=1,737/ 2.

CrnegoBatensHo,
. c Mg [ 54+M%\3
8e=23,27 VEE(HM«%) : (M)

rae Re, — umcno Peitmonbnca, BHYMCIEHHOE IO /JJIHHE XOPAH C
A YCIOBHAM B IOTOKe Iepef JOHHHM cpe3oM. B mpemnonoxenun, 910
TOJIAHA CIOSA CMEIIEHHS Mala 10 CPaBHEHWIO C PasMepoM OHHOIO
cpesa h, paccTosHme ! MeKLYy NOHHHM Cpe30M H HadaloM obaacTm
3aMbHIKaHW, W3MepeHHOe BMIOJH OCH Z, 33JaeTCA NPHOIMKEHHO
(dur. 42) B BEHAE

h

rae ® — yroa moBOpOTa HEBA3KOTO NOTOKA IPH TeYeHHH PACIIAPEHHS
IpagaTaa — Mafiepa B OKPECTHOCTM YINIOBO# TOYKHA AOHHOTO Cpe3a.

C momompio ypasaernil (71) u (72) ypasnenne (69) npeobpasyercs
K BELY

c 1 Mo [5+ME\2 »  F(E)—1F(Ea)
T ﬁ;‘o’MSzE(erMz) S8 TGy (73)

rae f (Edl) — 3mauennme f (§;) B mavame obaacTu 3aMHKaHHS 3aCTOM-

woit 30mH, (¢/h) (1/V Re.) — mapameTp, ofbemuEsiomui umcao Peii-
HOIBJCA y IOHHOTO Cpe3a M TeOMeTPUYeCKHUe XapaXTepHcTARY, a M, —
gueao Maxa moToka mepea JOHHHM cpe3oM. ¥ paBreHme (73) CBA3H-
BaeT YCIOBHS B [HCCHAOATHBHOM Cloe CMemeHnus, oGo3HagaeMue
f (Edl), yeroBAS B COCeJHEH MOYTH HM3DHTPONAIECKOH obiacTwm,
ofo3HavaeMble HHAEKCOM e, H YCIOBHJ B IOTOKE IEPef AOHHHM Cpe-
30M, o6o3HATaeMEle HEAEKCOM a, ¢ suciaoM Peiitmonbaca m dopmoit Teaa.
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Honnoe dasaenue

st cxeMu Tedenust B foHHOM obmacta (dur. 42) aganH3 ¢ HCHOJIB-
soBandeM pmouymenmit Hapammmur [43] maer

P =P (Mm Recs t/Cy h1 B’)v

rae t/c, B’ m h — oTHOWeHMEe TonmuEHEN TpodUAA K XOpJe, YTOd CysKe-
HEA XBOCTOBOM 9acT¥ H pasMep JOHHOTO Cpe3a COOTBETCTBEHHO.
OnHaKO W3 YKCIEPHMEHTOB BHIABJIAETCSH, YTO JOHHOE JaBJEeHAE B MEHb-
imeil cTemeBM 3aBHCHT OT i/c m P, Tak 9T0 MOKHO IPHHATEH

pB = p (Mav Rec’ h)1

¥ 9TO BHpasKeHHme mOA06HO mpeano:xkeHHoMy Uenmenom [22]

po=p (Mo 0 =)

1la Bxome B obGmacTs 3amnkanmsa Teopusa Kopcra [30] naer anauenme
ancia Maxa JACCEIATHBHOrO TEYEHHS Ha JMHHHE TOKa, OT/e]AOMEi
CJI0H CMeHIeHWs OT 3acToiiHON obiacTu.
. Y (1 —e) Miug?
M, =——=Meug e = _ "

adl 1 ——egudl

W3 ypaBrenns Poakmna — I'oronmo mpm mepexofie uepes ckadok
=1 2 —_—
p +Y+1 (M; sin §—1),

rjge ﬂ— Yyroial HAKJIOHA CKAYKa, onpene.ﬂﬂeMHﬁ YPaBHECHHEM
2 (MZsin2 f—1)
M (Y+cos 2 +2 °

Tak kak yro; OTKIOHEHHA NOTOKA IPH LEpexXofe dYepe3 CKAadoK
© momxeH GHTH paBeH YIrJIy HOBOPOTA HEBA3KOI'0 HOTOKA B Beepe BOJIH
paspe:xerns [Ipauaras — Maitepa, yroa ckauka P onpeneaserca kak
dyrxnma M,, a uj, raxe Brpamaerca Kak dynknma M., mOCKOIBKY

tg O =ctgf

(74)

Psd; __ Pa

’

Pe 1]
H, HaKOHew, f (Ed[) ompe;leaseTcs ¢ noMompbio ypasuenns (73). Teuepp
npasas gacTs ypaBuenusa (73), T. e. mapamerp, 00beARHAOMUN IUCTO
PeiiHonbca M reoMeTpuuecKMe XapaKTEePHMCTHKH, BHIPA/KAETCHA KaK
dyaxmua M, a M,. Yncao Maxa nouTu m35HTPONAIECKOro TeUeHAA BHE
AECCHNATHBHOTO CJOH CMeImeHHSA, CBA3AHHOE C JOHHBIM aBJCHHEM,
MOKeT OHITH OHmpEe/IeNeHo TONBLKO AJMA JaHHBIX YCI0BHi B HaberamomeM

noroke: M, u (c/h)/} Re.. CpaBHEM Temeps pe3ysbTaThl HCCAEAOBAHAA
HKapamumu ¢ sxcnepumentama Yenmena [22]. Ilapamerp, o6benuusio-
muit aucao Pefinonbaca @ reoMeTpHuecKHe XapaKTepACTAKH AAA Telaa
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¢ CY/RaOIEHCA XBOCTOBO# 9acThi0, KOTOPHIA COOTBETCTBYET peIleHHUIO
IJIA [OBHOTO NAaBJIEHWS B CKAMAEMOM JIaMHHAPHOM JIBYMEPHOM HOTO-
Ke, paBeH

- 1 o Mg [ 5+MZ\3 = f(gs)"'f(gdl)
(5 VR_ec)aeB'*O’MSz v (5 ) merm—Ta @

rue
M, (5+M§ 3
o=, (5m)
u f’ — yrox cymxenns xBocToBoit 9actu, a M, — amcno Maxa B moto-
ke, HaerawmeM Ha CY;KABAOMYIOCA YacTh Teja, IMpPAIEM

' =vM) —v (M) = v, — v,

ITpu samanuux M, u M, ¢ oTpaskaer BiuaHme yria Cy;keHHA XBO-
CTOBOY 9aCTH HA MapaMeTp, o0peEHAMUA ancio PefiHonbaca u reo-

1,0
p % | T
S
ﬁ vo &Aﬁﬂ }u—
06 la¥-S1s] o
04
02 /
0 0,02 0,04 0,06 0,08 010
c_1_
h YRe,

® u r. 43. CpaBHeHHe TeOPWH C IKCIEPUMEHTOM. Mo = 2,0, t/c = 0,075 (mamu-
HAapHHi mnorpaHudnmi cxoi) [43).

OGozpadenne t/e ] g°
] 0,075 0,25 3,75
0 0,075 0,50 3,22
A 0,075 0,75 2,68
@) 0,075 1,00 —2,15

Teopusi, % = 0,03; t — TonmumHa mnpodmisa, 8 — momorkeHMe MaKCHMAJIbHON ToJ-
mMUHE, f — yrom cyKeHusA XBOCTOBOH dacTH.

MeTpHYeCKHe XapaKTepHCTHKH, a /Ui HYJIeBOro yriaa cysmennma ¢ = 1
u M, = M,. Uro6u pemmrs ypasuenume (75), moi:xHa GHTH W3BECTHA
senwunna X. [Ipuammas x = 0,03, kaxk ato caenanm Hly6ayap m Hie-
6anos [47], a Taxsxe Kpokko u Jlms [10], cpaBHEEM BeimYmHH, mOIY-
YeHHHE W3 ypasHeHHs (79), ¢ IKCHEPHMEHTAJBLBHMHA JaHHEME en-
meHa u Ap. (dpur. 43) mua mynesoro yria cyxesua m Mo = 2,0.
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B arom ciywae npu Mo = 2,0 yroxn cy:keHua Mopeam Mal, H MH
moayd4aeM 049eHb XOpOlIee COOTBETCTBHE MEKAY PACYCTHHIMA DPe3yJb-
TataMd KapamuME B 3KCIEPUMEHTAAbHHMH JaHHHMH YerMeHa.

Oyenka memodos pacuema OOHH020 0asaeHUR NPU  AAMUHADHOM
meuenuu

CoBpeMeHHHE HCCIEMOBAHMA NOHHOTO JABIEHUA [JAJeKW OT 3aBep-
HIeHAA ¥ HYKJAOTCA B JalbHeimeM pasBuTEd. Moaeas Uenmena
13, 48 —50] ynpomena 715 pemeHns myTeM BBeJeHAS JONYIMEHMH, ITO
HadaJbHAA TOJI[HHA MOTPAHHYHOTO CIOA PaBHA HYJII0, 061acTh 3aMH-
KaHAA, I'le MEPKYJIHPYIOMAA DOTOK NOBOPAaYABAET Ha3ad, Maja M 4TO
10JHOe [aBjeHHe Ha JHAHAHA TOKa, OPHXOAAME# B KPHTHIECKYIO
TOYKY, PABHO CTATHIECKOMY [aBICHAID 32 3aMHKAIOMHEM CKadKOM.
B pesyabraTe pemenue ypaBHeHHH TeIeHHs CTAHOBHTCA ABTOMOJEJIb-
HHM H II0JIe IOTOKAa MOKeT OBTHh BEIPAKeHO d€pes OJHY HepeMEeHHYIO,
BKII0YAI0MYI0 06e dmsmuecKne KOOPAMHATH. JTO pemieHUe MPAMEHAMO
TOJIBKO K TOH 9acTH NAOHHOTO Te4eHHA, B KOTOPOH LUPKyIMPyomas
Macca TOCTymaeT H3 BHEHNHEro MOTOKAa 3a CUeT BA3KHX CHI.

Onnaxo GopMH npodmia B HaYaIHLHOM OTOPBABIIEMCA BA3KOM Cl0€
OUeHb Ba)KHEI [JIA OIpEefeeHNsA BeJIWdEHH [IOHHOTO JAaBJIeHHAA NpA
JaMEHapHOM Tedenmu [51, 52], cnemoparenbHO, AJMA YCOBEPIIEHCTBO-
BaHAA MeTofla Yenmena TpeGyerca paccMOTpeTh HAYaJABHBIA HOTPAHHT-
HHEA cnoit. HecopepmencTBo Takux MeTofoB, Kak MeToan Hpokko —
Jlmza [10] m Kopera [30], saknouaerca rnaBamM oGpa3doM B gomyme-
HAHA, YTO BO3PACTAHHE NaBjeHHA, HeoOxoxmMoe s 3aMHKaHHA o61a-
CTH OTPHBA, MOKHO IPHPABHATH K Pa3HOCTH MEXKAY AOHHHIM JaBJie-
HEEeM M KOHEYHHM BOCCTAHOBJEHHHLIM [aBjieHAEM HAa 3HAYHTEJHHOM
yHaJleHNH BHHE3 IO MOTOKY. Ero cienyeT npupaBHMBATH JHG0 K JaBie-
HHUI0 B OKDPY/KAlOIEeM HEeBO3MYIMEHHOM IOTOKe, Jub0 K HECKOJIBKO
MEHBILEMY TaBJEHHI0, YTOOK ydecTh NOTepH NPH DPOXO/KICHHA BHEI-
HEr0 IOTOKA dYepe3 3aMHKAIOMMA CKAaY0K. JTO 03HAUaeT, 4TO TOUKA
3aMHKaHAA 006JaCcTH OTpHBA J€KUT B 061acTH MaKCHMAJbHOTO
MaBIeHHA, OTHAKO, COIJACHO JKCHePHMEHTAJNbHHM MCCIEIOBAHUAM
cBepx3ByKoBoro ponnoro Ttedenma [10. 25, 34] um BaauMopeicTBuA
YOApHOHA BOJIHE C morpaHMdnmM caoem (26, 27, 29], Touka Hyaesoro
BA3KOTO HAOpPAKEHHNA, T. e. TouKa 3aMblKaHMA 00;acTH OTphiBa,
pacnonokeHa OaMske, deM Toduka MaKCHMAlapHOro jamienus. [lpm
MO3BYKOBBIX CKOPOCTAX 3aMhKaHMe 06JacTH OTpPRIBA NPOHCXOJHT
B TOYKe, /e MECTHOe CTaTHYeckoe [aBjeHHe NPEBOCXOJIHT fAaBje-
HHe BO BHeImHeM HoToke. MccienoBanme NOHHOTO [aBJIE€HHA TpeGyer
BBeJleHAS [ONOJHHTE]BHOTO TNapaMeTpa, a HMEHHO OTHOIUeHHSA
OpUpPAIEHAA [aBICHHA NPH 3aMHKAHKH 061aCTH OTpHIBA K Pa3HOCTH
MEKIY CTAaTHYECKAM JaBJeHHeM BO BHellIHeM NOTOKe M JOHHMM [IaB-
nenneM. Ecnm o6paruthea, B wacTHocTH, K Teopun Hopeta [30] (xota
€ro MeTOJl pacdeTa MOATBeP:K1aeTcA HabI0JeHAAMHU M B NPUHIANE NO-
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HATHO, KaK PaCHpPOCTPAHATH 3TOT METON HAa OCHOBHHE 3aaYd JOHHOTO
TaBJeHAS), pacCMaTpWBaeMas TeOpPHS HEe [aeT 3aBUCHAMOCTH JOHHOTO
HaBjIeHAS OT 9ucia PediHONbACA MO ClAEAYIOMUM NPUIMHAM: €CJIH TON-
IMIZHEA DOTPAHHYHOTO CIOSl CTPEMATCA K HYJIIO, IOHHOE [aBleHre Mmaja-
eT JI0 HeKOTOPOX MUHHMAJbLHOM BeJWIMHH — NIPEJEeJIbHOTO ITOHHOIO
IaBjIeHusd, ABIALMEroca Gpyaxumed Toabko gacaa Maxa. Ilpu 3agan-
BoM uymcie Maxa [OHHOE JaBlieEWE HUKE NPEeIHHOTO MOKET GHTH
TOCTATHYTO TOJBKO IPH OTCOCE W3 MOHHOM 06iacTu, OpH HATHIAH
DONepedHoro TedeHHs MIA 3a CYeT NPOCTPAHCTBeHHHX 3(pPeKToB
B CJefle, CO3TNAIMUX YCIOBHA I 0Tcoca. IloaToMy m3MepeHHHIe 3HA-
4eHHs JOHHOTO /IABJIEHNA, OKa3aBIINeCA HUKEe PACIeTHHX IPEleIbHHEX
BeIW4HMH, He CBS3aHHHE ¢ NEPEYHCICHHHMHA (PAKTODAMH, HpPEHCTaB-
aaTesA coMEATENbHEME, Hpome ToTo, GONBIMAHCTBO YCAOBHHA HCIHTA-
HOA TAaKOBH, 9T0O OTHOMEHHWE TOJMIMHH NOI'DAHMIHOTO CIOA K PasMepy
AOHHOTO Cpe3a HE BCeraa JOCTATOYHO MaJjo, MO3TOMY YCJIOBHA, MpH-
Oamxaomueca K IpefieIbHOMY JOHHOMY Te9eHHUI0, NOCTATAIOTCA PERKO.
ITockonbky Teopms Hopcra B ee Hacrosmem BuUje OpH 3afaHHOA
TONI(AHE NOTPAHWYHOTO CIOA MepeR B3agHell KPOMKoir paer Gonee
BHICOKME B3HAYeHWS [JOHHOTO [aBJIeHHS, YeM ODKCIOePAMEeHTAJbHHE,
0OHa He NPHMEHHMA JJIs PacyeToB ¢ ydeToM 3Toil TonmueH. CienoBa-
tenpHO, MeToni Hopcera, Kupra [42] m gp. me mossonsior paccamTaTs
HCTEHHOE 3HAaYeHHe NpefeJbHOTO [OHHOTO HAaBieHEA. loT O¢axrT,
49TO0 WX TEOPHHM XOPOIIO COOTBETCTBYIOT M3MEDEHHHM 3HAUYCHHAM JIOH-
HOTO [[aBJEHAA OPHA MAJIOM, HO KOHETHOM OTHOMIEHUN TOJIMAHE IOTpPa-
HAYHOTO CJIOS K pPasMepy HOHHOTO CPe3a, CBH/ETENBbCTBYET O 3aBHITE-
HEH OpefieTbHOTO [aBleHns, a He 0 BIAAHAM NOTpaHmIHOro caos [53].

4.4, ACCNEAOBAHUA H3LWA AOHHOIO AABNEHWA NPU TYPBY/IEHTHOM
TEYEHHH

J{nA mcciegoBaHWl MOHHOTO JABIEHHA OPH CBEPX3BYKOBHX H JO-
3ByKOBHX cKopoctax Ham [53] Bmbpaan ycryn, pacmomoskeHHHI
no motory (dur. 44). IloTox, Haberaomuit Ha yCTYN, OPEANOIAraeTcs
CTaHOHAPHHM ¥ OHOPOJHKM, KpOMe 00JaCTH, IPAMHKAOMmMed K CTeH-
Ke, I'/le pa3sBABAeTCA HOrpaHHWIHEIA ciaod. [loTox oTpHBaeTca y yrio-
BOi TOUKH S W NPHUCOEAWHAETCA B TOUYKe R BHHU3 MO TeUEHHIO, 3aMEIKasA
OTPHIBHYIO 30HY MaJHX CKOPOCTeH, IJe TaBjeHHe 0 CYIeCTBY IOCTO-
AHHO H PABHO [OHHOMY [aBJIeHHI0 3a YCTymoM. BHemHumit HeBABKHE
DOTOK OTHeNAeTcA OT BA3KO# o6aacTu cBOGOTHEM CI0eM CMelleHHsd,
HAYAJ0 KOTOPOTO JIE;KAT B MOTPAHUYHOM ClIoe Hepej TOYKOH OTPHBA.
Kpome Toro, npmmEATO, 4TO TeYeHHe B CJIOe CMEIIEHHA AaNIPOK-
CHMHDYETCA TeYeHHeM CMeHIeHHs NPH NMOCTOSHHOM JaBleHHA TypOy-
JEHTHOTO TOTOKA ¢ moKoAmeica skmarocTso. OropBaBmmitca cioi
CMCINEHHMA INpPHCOefUHAETCA B 006aacTH GONpMUX IMOJOKATENBHHX
TpafiEeHToB AaBieEdA. Pe3dkoe Bo3pacTaHWe [aBJIEHNAA Pa3BOpaYMBaeT
q4CTh JKHAKOCTA CJIO0f CMENMEHAsA W OHAa TedeT B 0OpaTHOM HampaBie-
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HAEA B 34CTOHHYIO 30HY, B TO BpeMf KaK KHIKOCTb, mMeomas Gojee
BLICOKYIO CKOPOCTb, BHTEKAET W3 JOHHOH 006IacTH M MPOJOJKAET [IBH-
sKkeHume BHA3 1o moToky (fmr. 45). Tewenme Bmoab A1060it NTHEEE Toxa

I/ // -
/
M J7 Tewenus o
M, ”
— L7y 1 //:/ pacwupenw,v/;/ "
e

T
\L /’,” ,l
(] e
<l &R <
- |
o ———————1’—_—_/\
P, i
!

Pa\» R

fogpanuunstii caoti

a 6

® mr. 44. Cxema Teuenma [53).

a ~— o6TeKaHne YCTYNa NO3BYKOBLIM IIOTOKOM; 6 — OfTeKaHue YCTYNa CBEPX3BYKOBHM [OTO-
HOM.

Memok e2ysaemoil

Maces! o=

O6pamnoe dewkenue
8 3acmoiinywo obagems
7, 74 s . s ’ . o s
Touxa npucoedunenun

@ ur. 45. Teuenue nepex mpucoemsmHenneM [53}.

B @poiecce B3aEMoOneRCTBHA HpHG.’IE?KeHHO ONHCHBARETCA COOTHOMmeE-
HUAMHA [JIA OOHOMEDHOI'0 H3JdHTPONHUYIECKOro Te4eHHA.

M303HGPI‘GTH‘IECKOG BA3KOE TeYeHHe BJOJb HeKOTOPOﬁ JTHHHANA TOKa
3afiaeTcsa ycCjioBHEM Ha I'DaHHIEe TOTPAHHYHOTO CJI0s

u?® + 2¢pT = ui + 2¢pT.
Ilpm

*

u* = u/u,
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9TO0 COOTHONIEHHE OPUHUMAET BHU[

2
1—~u'2:%(T—Te) (76)
n

2cp
1—u= 7 (Ty—T.,) uin

w p
1—ug®= w2 (TZ_TW)’ (77)
es

T€ UHIEKCH 1 u 2 oTHOCATCA K YCIAOBHAM JaJIeKO BBEDXY 10 NOTOKY
H B CB060J1HOM ClIoe CMelneHusA COOTBETCTBEHHO. Memny YpaBHe-
auamu (77) uMeeTcs CBA3b, COOTBETCTBYIOIIAA HM3dHTPONHICCKOMY
paciIApeHrI0 BAOJIB Ka?KlIOﬁ JAHUA TOKa OT JaBJIE€HHA p; A0 JOHHOTO
JaBJI€HUA p g, KOTOPHE CIATANTCA HOCTOAHHBIMA IO TOJIMHHE IIOTrpa-
HAYHOTO CJIOoA 4 CJIOA CMEIIeHHA.

Torpga
T (v—1y/¥
_,f,z — = (32) , (78)
1 ey Py
7 u3 ypasrennii (77) u (78) caenyer
1—u;z:iTe,:M; (79)
1— u""2 ut, T, M,

T. €. CKOPOCTh KMIKOCTH BROJH KAKIOH JUHUM TOKA B KOHIE B3aWMO-
JeACTBUA 3aBHCAT TOJBKO OT €€ HAadaJbHOW CKOPOCTH W OTHOMIEHHS
gucen Maxa BHe BABKOTO CIOA.

Teneps BBefeM QYHKIHIO TOKa P

—Z—f=pvnj,—a‘5=pu, (80)
puted = | (1—u)db B puue8s= | (1—up) dy, @®1)
‘bw ‘bw

e 0 u 0;— TOMUHA MOTEPH WMIYJIbCa B IOTPAHUYHOM cioe, Habe-
rapomeM Ha YIJIOBYIO TOYKY U UPHU €ro OTPHBE COOTBETCTBEHHO, Yy —
JWHHUA TOKA, COOTBETCTBYIOMAsS CTEHKE.

Ecnnm npamem

1
* _ 2 2
1—uf=zmn M“‘-”—_r M2,
rie z—wMaio, T0 U3 ypaBHeHHA (79) momyamm

w={l—rz@—2=1—T 2—g— T2 2—2"...

(upm 1z (2—12)<<1).
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Takmm oGpasom,

t—uf=r(l—u)—5 (1—r)(1—ul)+... (82)
IlopcraBum atm pesynbraTh B ypasHenue (81)
patee=r | (A—udp—5 (1—n) [ (A—up)ap+...
by by,
= [ a—unap—;1—nx
\
X{ZSM—%D&W—Sﬂ—uﬂdW+H.}. (83)
¥y, by,
Onpenensa

[ a—umap=p.u.p,
1Dll}

rge 6** — tommmaa NOTepH KWHETHYECKOU JHEpPrud, HaWAeM, dTO
ypapHeHHZe (83) mpuEEMaeT BuJ

Pesttesds = 1pete {0 157 (20— 8 + ... } . (84)

Tak kak (20 — 6**) u unenn Gosee BHCOKOro DOPAAKA Majhl [if
TypOyJIeHTHOr0O MmOTPAHMYHOLO CJIOA, TO
2
pmuez@s~ oM
=r=L,
pEtue’G Me2

(84a)

Taxum obpasom, nas sanannoro M. mamenemue mapaMmeTpa TOJNIIUHH
HOTepH HMIYJbCA
pezuezes

RO (85)

MoKeT OHTH ompejeneHo Yepe3 OTHOCHTENbLHOE JOHHOE jaBJeHHe, TAK
Kak M., 3agaHo H33HTPOOMYECKOH 3aBUCHMOCTHIO

1 v/(y-1)
t+o@—DM,2

145 (p—1) M2

§J3
P1

OrHOCHTENbHOE TOHHOE aBlienHe p 5/p; upu uucae Maxa 2,0, paccam-
TagHOe o ypasueHmAM (85) m (86), xopomo cormacyercs ¢ peayabTa-
tamn Kupxka [42], a Tarkike Kapnepa u Cupse [41] (ur. 46).
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X apaKTepHCTUKE JOHHOTO Te9eHMsA 3AaBHCAT TaK:Ke OT IapaMeTpa
npucoefuueHna N, ompeAelseMoro B BHJe

N = Pr—DPB 87

pi—pg’ (87)
I7ie MHAEKC T OTHOCATCA K TOYKe NpHuCoef@HeHHA. N MOMKHO OIpefeATh
DKCOEPUMEHTANbHO B (QYHKEAH Mei (pumr. 47).

10

~ i
\. \\\ :
> \\! 1
08 AN
, /| \\ AN /
2 N\
: \
! \
06 : \\
:n /
% 3 \
Q
J 13 AN
& 504 )
Ulal
02| Me;=20 |
]
|
i
0 {
10 08 06 04 02 0

Pa/P;

® ur. 46. JlonHOe naBienue 3a yCTYNOM, DACIOJIOKEHHHM IO HOTOKY [53).

HavaJbHuit 1poduie CKOPOCT uf = (y/6)1/7. 1 — Kaprep u Cuppe (ONERA Memo Tech.,
20, 1961); 2 — Kupx [43]; 3 — pacger mo ypasHeHHIO (84a).

B o6nacTm Hec;kmmaeMoro Teuenmsa mapamerp N paseH 1,6 m mep-
JeEHO yMeHbImaeTca Mo 3Hadenma ~ 0,35 B obmacTm CBePX3BYKOBOTO
TeYCHHA.

Broar nmEEE TOKa Vg, NpPHAXOAAmMEN B KPUTHIECKYI0 TOYKY
ofacTn B3aMBIKaHHfA, OpPHpalieHHme [aBIeHHA OT pp [0 pPr CBA3AHO
¢ YMeHBIICHHEM CKOPOCTH OT Uy KO HYJIA U C yBeJINIeHHEM MIOTHOCTH
OT Pr MO P, TAe HHAEKC R OTHOCATCA K JIMHHE TOKAa, IPHXOMANIEH
B KPUTMYECKYI TOYKY 00JACTH 3aMHIKAHHA.

Ecnim 6yaeM cumTaTh C:HaTme KBA3SHOHTPOOHYCCKHAM, TO

L= ()" (88)

Torna ms ypasuenmit (87) u (88) cuemyer

PB __ ( PB )(v—i)/v

Pr pr ) (89)
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OGo3Hauad OTHONmEHHE ILIOTHOCTEA dYepes A, 3ammimeM

}\’=&n}\,=_p_c,
B~ pr B 0p

rne AMHAeKC ¢ COOTBEeTCTBYeT YyCJIOBHAM Ha cpe;meﬁ JIAHANX aCHMIITO-
THAY9E€CKOT O CBOﬁOJIHOI‘O CJI01 CMeIeHnA. C.nep;ona'renbno,

xR==xB(§§)““”V (90)

1
1+ (y—1) M2

Ap= (91)

1o =) ME(1—ug®)

Takum o6pasoM, Ap — QYHKIEA TOAbKO M,,.
Tak rak acuMoToTudeckmit TypOylaeHTHHI CBOGORHHIU Cioi CMe-
meHAsA HAPACTAeT JEHEWHO ¢ PacCTOSHUEM OT CBOETO0 Hadajla W OT Ha-

2p

i
|

P

v

. |
o

0 1 z 3 3
Me'
@ ur. 47. UsMenesne N B 3aBHCHMOCTH OT 4ucaa Maxa [53).

HMcrounmk: v [56); O [9); O [28]; @ [57]; A Borponos, TIpEHCTOHCKEH YHMBepCHTeT,
Rept 222; [J Bac, BormoHos, IIpuHcTORCKH# yHRBepcHter, Rept, 294; + Xakxkunen, Mac-
cadyceTcKRH TexHoJNOrMdecKuf wmHcTHTYT (MIT), Rept, 57-1; X Bypke, HbioMeH, Aero.
Quart., AUG, 1960.

9aja 3KBHABAJIEHTHOIQ CJOf CMemeHHsA, B paccMaTpHBaeMoil 3ajade
MECTHaA CKOPOCTb U®* MoskeT GHTHL BHpaKeHa 49epe3 P M KOODIMHATY
Z, ABIAKMYIOCA JeKapToBOil KOOPAMHATOH, NapajiejlbHOH HampaB-
JNeHHI0 Ha(eraomero NOTOKAa ® OTCYATHBAEMOH OT TOUKH OTPHIBA.

Y —¢ = pezue’ (.’IJ -+ I’)f (u.)s

rfie mafeKc M OTHOCHTCA K CpeflHeill JMHMH TOKa, a £ — pacCToAHMAE
MERNY ACTHHHHM HAYAJI0M SKBHBAJEHTHOLO CJOSl CMellleHHS W TOYKOH
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orpuBa. Ha mmxmedl rpannne unoas rewemus, rae u* = 0, dypxoma
TOKa 3afaercs B Bufe Pp (z) u cBsAzama ¢ f (0) 3aBUCHMOCTHIO

Yar = Vg = Pe; Ue, (x + 37’) f (O)‘
Qyuknua [ s3agaerca B BHAE
Im
f(u*)=% S p*u*dg, (92)
[4

rge p* = p/pe, 0 — mapaMeTp, CBABAHHKIA CO CKOPOCTHIO PACIIMPEHUSA
CJI0S CMEIIeHHWs, ONpeRelsieMHil ypaBHeHUEM

u*_—_—;— (1+erf %) ,

{ =oy/x, rme T — paccTOsSiHEE OT HAYAJa ACHMITOTHYECKOTO CJOS
cMellieHHsA, a MHAeKC M oTHocHTCA K cpepgHeil amHmE ToKa. Torga

¥

—_ pC -_—
j:-ﬂwgﬂ=—vn—lnx (93)

(y—1)oMZ,) p* = (y—1) oM,
p*

1
ho= £ T4 5 (1—1) M2, (1 —u*?)

o* ] ) o
{45 (1—1) ME, (1—u¥?)

dtu ypasHenus Onum BeiBefeHH Hamem npu paccMoTpeHmm cBobop-
HOTO CJIOSI CMeIIeHHS.
W3 ypasuennit (90) um (93) caenyer

V= pp\®@=1/v
f(uk)= 1) oM, In {7»3 (—p%) } (94)
n
fh) . In(p/pp)®— ¥
0 = 1— — T (95)

Tlono:xenue B cloe cMelmeHNs JMHAU TOKA, IPAXOAAMeHd B TOYRY HpH-
COeJMHEHHA, ONpefelsieTcs M3 YCIOBHA HEPA3PHBHOCTH B 3aCTOMHOM
obnacTu. B o6mem ciyuae, KOTa B 3aCTORHYI0 06;1aCTh IPOA3BOAATCH
BAYB M3 BHEMHEro MCTOYHHUKA,

'q)w —VYr —=4q. (96)
Tak kKak
\pw _ __ u*)
et = af () ~6, {1=T) (97)
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n3 ypasreHmit (97) m (96) ¢ ywerom Bemmamu f (uf) m f (u})/f (0),
onpepensdemMux ypasHenwamHu (94) u (95), nomHOe TeweHme ¢ AIHHOK
cB0GOHOTO €05 CMemeHus | NPH J03BYKOBOA CKOPOCTH ONHCHBAETCH
ypaBHEHHEM

oo 0 {1} ]
=pe2uez[ Y;ZM {Inkg ln(p’)(v_”/v}._

LA i) 98)
In A’B
HpPI CBEPX3BYKOBBIX CKOPOCTAX BBOJAATCA NONPAaBKa HA A3MCHEHHE
TOJNUHH TOTEPH AMIOYJbCAa NPHA NPOXOKACHMH Beéepa BOJH pa3peire-
HUA B yTﬂOBOﬁ Touke. Ecau o06osmaumTh BBICOTY YyCTyOa h, a yroa
Hpa}m’mﬂ —Mafz’[epa gepe3 v, TO IJdsi CBEPX3BYKOBOTO TedeHHA

hf (uh) f (uh)
9= Pe,le, 5T (Ve,— vel) Peylle,8 {1 TN (99)
. V?th {InAg—In (pr/pB)(v—l)/v}
4 =Pele, (v—1) 6MZ, sin (Ve — Vey) —
M2, 1n (p,/pg) ¥~ D/¥
1 r/PB
_ Peluele M§2 B T s e . (100)

IMopsinox pacdera caenyommi.
1. ina sapammoro M,, Bubmparor suasenus M., coorseTcTBYyIO-
uMe MHTepBaRy pp/p; [ypasuenme (86)]. Tar rak

o =12 (1 + 0,23 M,,) [401,
® =0,348 ~ 0,018 M,, [53] (100a)

n Ag lypasnenue (M)] apaserca ¢yurumeir M,,, paccuuThHBarT 3TH
BeJTWYUHE, & TaKiKe (Pe.lle,/pe o) U (Vo, — V).

2. 3apawr mapamerp .V [ypasuenue (87)] u xna xakgoro snavenns
ps, paccMaTpmBaemoro B n. 1. onpeieifioT p, M pacCIATHIBAIOT
f ) u f (up)/f (0) lypasuenua (94) u (95)].

3. Ecau usBecTHA NIIOTHOCTH MOTOKA BAYBA ¢, U0 ypaBHeHuam (97)
nim (99), onpegenasilnT TOIMMHY NOTEPH MMIY.1bCA, HEOGXOAUMYIO A
TOCTH;HEHNSA 3aJaHHOW BEJTUYMHE JOHHOTO JaBJIEHHUA.

4. Ilo ompeneneHHON TOIN[NHE MOTEPA MMIY:IBCA MOKHO PacCIm-
TaTh M3MEHEHUS [OHHOTO TeYeHHMS C M3MeHEHMeM NOTOKa BIyBaeMoi
maccel [ypasnenus (98) uam (99)].

WNcnonpsysa 0600ieH e YypaBHEHUA, ACCIeYEM IBa 9AaCTHHIX Cay-
9as: OTCYTCTBHE BAYBa M HpeedbHOE JOHHOE TedeHHe.
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Teuenue 6es edysa (g = 0)

U3 ypasaennit (98) n (100) caexyer, aTo TonmmAa mOTEpH EMIYITH-
ca, HeoOxXommmas [N NOCTKEHHES 3aJaHHOTO OTHOCHTENLHOTO HOH-
HOT'O MaBJeHHUs Pp/py, ompefeideTcdA ciegyomuM oGpazom:

A5 MO3BYKOBOTO TedeHHS

0 A(A—B
7 =c 2B (101)

rae | — namHAa ¢BOOOZHOIO CI0A CMELIERHWS W

A=lgh,; B=Ilg (%)“"“’"

u
V=
“=F=noMz,"
€2

LI cBepX3BYKOBOr0O TedeHHUA

0 A(A—B)

F=a G (102)
TIe

o Pe,ue Mz, cq - (MezTez) 3 ¢y

2 Pe, e, Mg, sin (Ve,—Ve)) Mg, Te ! Sin (v, —Ve,)

Ilns mpomeskyTounoro maTepBasa amcea Maxa (mpmmepno ot 0,85
no 1,0)

0 A(A—B)

=g =, (103)
riae
M T,y 3
Cy= (MelTel) ¢y, ecnm y=1,4.

JiBa mapamerpa !l u N, Bxofsimue B Bexmanny B B ypasuenmax (101)
m (103) ana mosBykoBoro Tedenms, B pacdere Hama [53] me ycra-
HABINBAIOTCA.

Honrnoe meuenue 6 npedeavhom cayuae 0 = 0
B stomM cnydae 4 = B mam

L=y, (104)
PB
a tTaxyke B ¢ymxumm N [dopmyna (87)]
PR _ A fave-1_
(£) =1 /(143 {0 =1} ], (103)

npmaeM Ay ompefenserca mo ypasrenmio (91) nuaa smazenma M.,
HOJy9eHHOT0 TPH JONYNIeHHAH, 9TO IHOTOK, HMEIOIHA CKOPOCTh, COOT-
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BeTcTByOmyl0 M, pacmmpsiercs m3sHTPONAYECKH OT p; 10 p p [ypas-
perume (86)].

JloBHOe MaBlieHHE 3a YCTYIOM, PaCIOJOKEeHHHM IO HOTOKY, pac-
cuurasroe mo ypasHenmoo (102) mpm N = 0,35 mw mo ypasHenuo
(100a) npm amene Maxa 2,0, npercrasieno ga ¢ur. 48 BMecTe ¢ gaHHH-

mz m3 pabor [22, 26, 28, 30,

54 —56].

05 l Peayabprarn Hama xopomo
s Ypaenege (102) COTJIACYIOTCA ¢ JABHKMH Ipy-
Pt | Ha padome [30] M %) TEX HCCIefoBaTelel, HO OHH

04 // e SaHWKEHH 10 CPABHEHHD C

(091" Hs putdm 23] maEHEME Hopcra ® 3aBhimeH:H

Y IO CPaBHEBHIO ¢ AaHHEKME Yen-
MeHa.

02 / PacueTnuie sHadeHms Mo=-

HOro faBiaenma u 0/h nas Kpu-

JI0BOTO NpodmiisA, NPABEIeEHEO

Ha Qmr. 49 B JyEKOuUm wmeaa

0 005 ., 00 015 Pepmonpica mpm amcae Maxa

® ur. 48. [lonHoe naBiieHHe 33 YCTYHOM 2, RoCTaTouHO Xopomo Coria-
B 3aBHCHMOCTH OT TOJITHHBL noTepu CyIOTcH ¢ MaHHRIMA I‘BI[J:(a u
ummynbca, Mg, = 2,0 [53]. np. [26] B o6nactu TypGynent-
O M = 2,025 [53] @M =2 [26]; A mmep. HOTO Tewenma. Ilepexonm mpo-
o, Sy B g Rt 19 moxomur mpm Re = 0,8-40°,
COOTBETCTBYIOT OKCIIEPHMEHTAM C KPHUIIOBHMHA BTO CBHIETEJIBCTBYET 0 Cy-
TpOPuAAMY. mMecTBOBAHAMA MeXaHm3Ma, Oia-

Togaps KOTOPOMY AOHHOE IaB-
JIEHUE 33 YCTYIIOM MO/KET He COBIAIATh ¢ JOHHHM JaBJICHAEM 33 H30JH-
POBaHHEIM IpodUIeM OPA AAEHTAYHKX YCIOBHAX.

B o6nacTd 103BYKOBHX H TPaHC3BYKOBHIX CKOPOCTeH pacUeTHHIE
3HA9eHHEA KO0d(P(PHUOMEHTOB NOHHOTO [AaBJEHHS 33 YCTYyNOM CpPaBHHBA-
0TCA ¢ JKCIEPHMEHTAJbLHHIMH [aHHEHMH. JHaYeHMs mapamerpa N
mas pacdeTa BeG@Wpaaucs mo ¢mr. 47, a mpefenbHOe 3HAYCHHTE
JOHHOTO [aBJEeHMA pacCIATHBaAoCh no ypasHenuio (105) (wTpmx-
OYHKTApHadg KpuBag Ha dur. 50).

3aMeTuM, 9TO KPYTOe NajfeNne PACICTHOTO JTOHHOTO MaBieHns B6In-
3 CKOPOCTH 3BYKa CBA3aHO C TAaKHM ’Ke XapaKTepOM YMEHbIIeHHA
Beawanun N. B Bepxnem mesom yray ¢mr. 50 npmBejena JimHA CBO-
6ONHOTO CJI0A CMEUIeHHA, MM, TOYHEe, ee IPOEKIHAA HA TOBEPXHOCTH
3a yCTyOOM B paccMaTpHBaeMoM HHTepBajte 4mcea Maxa.

N3 ¢ur. 50 sacHo BUIHO, YTO J0HHOE [aBJIeHHEe yBeIMYABACTCH
B IPUCYTCTBHH IOTPAHHTHOTO CJOA [0 CPABHOHHIO C MpeNeJbHHM CIy-
gaeM 0 = 0. BianAnume HavalabHOrO HMOTPAHHYHOrO CIOA HAa MPOLECE
npucoefWHEHNA U, CIeA0BaTeTHLHO, Ha MOHHOE NaBieHAe 00yCI0BIAeHO
OTKJOHEHHEEM OT ACUMITOTHYECKON (OPMHL CIOA CMEIICHAA, CBA3AHHHM
¢ ompefiefleHHNM HpodAiIeM CKOPOCTH B TOYKEe OTDPHBA.

6—-0828
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Peitnonbaca, paccauTanHOro mo xopme [53].

T ~= TOYKA Hepexopa.

0,2

04

06
Me,

[eX-]

10 12

@ nr. 50. [oHHOe faBleHMe 3a YCTYNOM IpPH HO3BYKOBHIX B TPAHC3BYKOBHIX

cKopocTax. CpaBHeHWE TeopuH u dKcmepumenTa [53].

1 — 0 = 0, pacger no ypasHenmio (105); 2 — pacuer mo ypasHeumio (103); 3 — npoduiab
¢ BaTymiIeHHOR 3amHed Kpomieo# [

6 — MecCTHOe 4ucio Maxa 1; 7 — 6

TanbHbHE XaHHHe [9].

9;

4 — pacder no ypasHeHuio (102); 5§ — pacger Hopcera;
/h = 0,026, pacder no ypasHeHmo (101); ] sKcnepmMeH~
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TEMNNOBLIE ABJAEHHNA B OTPbIBHbIX TEYEHUAX

O6osnauenus

a*

— KPHTHYECKAA CKODPOCTH 3BYKA;
a4y — Ko3pdHnBenT;
b — mEpHEHEA MJIOCKOTO TEedeHHS;
by — roadpdmnment;
T

C — mocrossHHasA, B 4acTHocTH C = pﬂ 7“’;

e
Cp — yAeIbHAasg TEeNN0EMKOCTh IPH NOCTOAHHOM JaBJICHHAH;

e — yhmenbHas BHYTPEHHss SHEPTHA;
[ = ulue
H — nonmas 3HTaNBNAA; OTHOMEHHE MOJHOM TeMIEpaTypH BHYTPH
TOTPaHUIHOTO CIAOS K ee BeJWIWMHE HA TPAHMHE NOTPAHHIHOTO
clios;
k — xosppunmenT TennooTHAYM, yAeNbHAA HMIH CTaTHYECKas 9H-
TaJIbIHA;
k' — Bricora ycTyma mim TAYOGHHA BHIEMKH;
K — nocrosHHas;
k — ko?$PUIEEHT TemI0UPOBOTHOCTH;
L — pnmAa XOpAH; [JHEHA MOJeJHW; XapaKTepHas [JIHHA;
!l — GespasMepHOe pacCTOfHHe; MJHHA YYacTKa INOMBOMA Temia
B NOTPAHWYHHA CIOH; [JIMHA CIOA CMeIIeHHs;
Q — NoNHHIE TENNOBOH NOTOK;
q — TEeIIOBOM MOTOK;
R — rasoBas mOCTOSTHHAS;

r — pagmyc; K09QPHOEEHT BOCCTAHOBJIEHHA T = S (H —f)dl
0

St — gmcao CranToma;
T 40 — TeMmepaTypa TeINIOH30JHPOBAHHON CTEHKH,

T, = T/T.
t

! — BpeMsA; nepeMeHHas TONIHUHA Y = S (T/T.) dt;
v

Uy = Ul
X = z/L;
z’ — paccTosgHHEe BHH3 [0 NOTOKY OT YCTYIa;

z, = 2/l;
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y
Y =yl ¥ =1V~ (/oo dy
0

Y, — spasamue Y Ha noBepXHOCTH Telia;
Z — mepeMeHHaf;

a=(Y —Y)/(r —Y); yron araxm

A — upeo6pasoBaEHAas KOODAMHATA BHEIMHe# TPAaHEOH CIOA
CMelNIeHNs;
{ = V,/)/ z, — GespasmepHas mepeMeHHAs NOTOKA MACCHI
4
n =" | (@/u,);
0
0 = (T, — T)/Te) /Y (y — 1) M3);
A — napamerp; K03PUIMEHT TeIMTOMPOBOAHOCTH;
E=a/L, uJu. =1-%
T — Hanpsi:keHWe TpeHHA; T = 1/0y;
@ — yroa, u3MepsAeMH#: OT KPUTHYeCKOH TOYKH DHIHUHAPA;

Py = ¥ V Veltelc;

— HHTEHCHBHOCTH BHXPA.

Hudercw

0 — NPUCOEJMHEHHHHA NOTOK;
aw — TeNJOM30JUPOBAHHAA CTEHKA;
— OCHOBHOH IIOTOK;
€ — BHENIHAA TPaHANA NOTPAHMIHOTe cjao0s; adPexTuBHOE
3HaYeHNE;

[ — miIockas niacTMHA; CpEfHAA TEMIEpATYpa;
BH — BHYTDHMOJIEKYJSADHOE [BHKEHHE;
I' — BOCCTaHOBIEHHE;
S — 3aTOPMOKEHHHI;

— oCpeIHeHHE; WJIOCKOe TedeHHe;

— naddepenumposanme mo E.

’

Copepmanue HacToame# raaBu OHI0 BKpaTOe BM3JAOMKEHO B T, I,
sgech e 6GymeT mompobGHee paccMOTpeHO BIHSAHHE TEIIOOEpPeNaTH
Ha OOJOMEeHHWe TOYKHM OTPHBA M HA HEKOTOPHE THUH OTPHBHHX Tede-
Auii, omEcannnx B ra. VII, B ToM gucie Tewemms B Kasepre, mepen
KJIHHOM H 32 WT:10il. Binsanne Tensonepeaun Ha Cjefi pacCMATPHBATb-
ca ge 6yfeT, Tak kak ono Omao mccaenosano B 1. VIII, mo B macrosn-
HyI0 TJIaBy BRJKYEH BOIPOC O Temlomepefade K NOBEPXHOCTH Tena,
HAXOJAMNEroca B cJjele. Temionepefada B OTPHBHHX o6aacTaAX
UpH M03BYKOBRX CKOPOCTAX BaKHAa [JIA PacueTa TemI000MEeHHHX
YCTPOMCTB, HO ¢ POCTOM CKOPOCTH JieTaTe/IbHKIX annapaToB CTRHOBATCH
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OYeHb Ba)KHOH! ONEHKAa BIHAHAA adPOJAHAMHYECKOT0 HarpeBa Ha 3¢-
(eKTHBHOCTH, HHTEPIENTePOB H INaPHEDHKE MOMEHTH OpPTaHOB yIpas-
JIeHAA THIA 3aKPHJIKOB OPH OTPHIBE, a TAaKKe HA XaPAKTEPHCTHKH
nuddysopos. BenencTBre oTpEHBA MOTOKA HEKOTOpPHE 00JacTu, Tak@e,
Kak o0lacTh OPACOEAAHEHASA, MPEJCTABIAAINT CO000I0 «ropAYAe OATHAY.
Jlo HacToAmEero BpeMeHH TeopeTHIeCKAe WCCICIOBAHAA BIAMAHUA Tem-
Jomepefady Ha OTPHB DOTOKAa OTHOCHIHCH I'JIAaBHHIM 00pa3oM K JaMu-
HAPHOMY TeYeHHIO.

1. ®U3UHECKHE NPEACTABJIEHUA O TEMNAONEPEAAYE B OBNACTAX
OTPBIBHOIO TEYEHHMA

Jo crx mop HeT DOJHOTO HpeACTaBIeHHA O Temwjomepenade B Hada-
Jie OTPHBA H XapaKTePUCTAKAX OTPHBHHX TeUeHWi, OMHAKO OmyOad-
KoBaHHbIe paGOTH Ha 3Ty TeMy [alT HEKOTOPYI uHPopManmio o6 aToM
SIBJICHAH,

Bonner cxamus
Py

OcHosHoe meveHue
———

Tlozpanuvneii cnoti 4
VA4

777777777 77 /g/ﬂ////k
Jacmoiinas aoso

® mr. 1. Tedenwe mepef KJIMHOM, YCTAHOBIEHHHM HA IUIOCKOM miactmae [1].

B ra. I y:xe ynommmanacs pabora Iamma [1], nocamernnas Bama-
HAK TelIonepefiai’ Ha OTPHB IHOTOKA BO3AyXa, HPHBOAAIMEMY K H3Me-
HEHHAM TPaJHEHTA JABJIEHAA M IPOTA)KEHHOCTH 00JacTA OTPHBA.
HamommnM, 9T0 NpH OXJa/IeHAH CTEHKE TPafiweHT [aBIEHAS yBeJIHd-
9MBaeTCA, a OPOTAKEHEHOCTH 00JacTE OTpHBA yMeHbImaerca. l[Ipm
Temmeparype creskam I',, MeBbmeli TeMumepaTypu T, KoTopas

COOTBETCTBYeT OTCYTCTBHIO TEIUIONEpefadd, OTPHE He 00A3aTedbHO
OPOUCXOAHMT HPH [aBIeHAH, 00JbIIeM, YeM NPH OTCYTCTBHH TELJIO-
mepefiaud, BCJIENCTBHE TOTO 9T0 BABKOCTH I'a3a YMEHBIIAETCA HPH
OXJAKIACEAN B 3T0 GaaronpmATcTByeT OoTpuBYy. Tak Kak aTo coolpa-
JKEHHe HE MOMXET CIYKHTh 00BACHOHHEM, IOIKTAeMCA CHeJaTh 3TO,
paccMaTpEBas H3MeHeHHe TpaJdeHTa [aBleHAA B TOYKe OTDHIBA.
Bocmonbayemcs cxeMoit TedeHHsA, IpeficTaBIeBHO Ha ¢ur. 1, n BBegeM
GespasMepHOE paccTOsAHHE

y
N
l—GOSPe dy.
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Torga mnpodmasr cropoctu B oOmactm B3ammofelicTBHA [ = u/u,
upa mobom T'y/Ty u T, = const MoHO CHmTaTh QyHKNHeH OfHOTO
mapamerpa [/, He 3aBmcAmeR oT wmcna Maxa m Peiimonspca. Otmo-
menne H monHO# TeMuepaTyps BHYTPH IOTDAHHYHOTO CJIOA K ee
peJmYdHe Ha BHEMHeH IpaHUIe MOKHO CIATAThH PyHKOHed ! m ofgHOro
MOIOXHATEIHHOTO HmapameTpa.

Ha crenke

=55 )

ap _ pete T (E‘_f)
dz 02 Ty \OI% |u’

ecnm KosddmnmenT p mpomopnumonanen T.
Teneps Ha OCHOBaHAM DPHOIMKEHHA NEPBOTO HMOPAJKA AIA Tede-
HAS B IPOCTO# BONHE mOJydaeMm

dp Pooll, 25+

a9z (M;—i)l/’ﬁ (2)
H

8% y—1 1

T =M (1 M) 3)
rge

r=S(H——f)dl.

W3 ypasuenmit (2) m (3) caemyer, 9To Bo Bceit ob6macTm B3ammopeii-
crBasg npa M. ~ M, u 6 = const

1 3
p P [1+? (y—i)Mw:l 0 p

r
dz (M3 — 1)/ dz2 *

Ipyroe nonymenme, uto (9%f/dl%), sBnserca QyHkumed r, cie-
AyeT W3 npennojoKeHHMsA o0 OXHOomapaMeTPHYEeCKOH B3aBHECHMOCTH,
B ¢ moMompio ypaBHennsa (1) momydaeM caenywomee o0HKHOBEHHOE
raddepeRnEanbHEOE YpaBHEHHE:

d?
= =KF (1),

peleHHeM KOTOpOro sBJAETCA
r
d
E==x[2k [Far]™, %)

Te



Dur. 2." TeopeTuueckoe pacnpefeNeHde faBJeHAs, 0TO0PaKeEHOe OTHOCHTEIbHO
IBYX ocell cmmMerpma [1].

1ar Oxnamdaeman cmenxa
Tw=06 Tz

13- e

Tennousonuposansas
cmenKa

-]

1,1

1,0

-~

6 -5
Re,x10

® ur. 3. Pacuer BiEAHAA oxjamueHHA, Mo = 3 [1].
p; — HasjieAme nepen obaacTeio BlauMopeiicTBmMA.

Hazpesaemasn cmenna Ty =2T,p,

® ur. 4. Pacuer BinsmEMa BarpeBaHma, Mo = 2,73 [1].
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rme K = const, a r. — 3HaueHEme I OpPH NOCTOSIHHOM [aBJICHHH,
HampmMep mepen o6iaacThio B3amMojeiicTBnsa & 3a Hed. Ilomoxurens-
BBl 3HAK B ypaBHeHHH (4) COOTBETCTBYET Te4eHHMIO Iepen YIIoM,
oTpEmaTeabHHE — Teuenmio 3a yraom (¢pur. 1). Ha ¢ur. 2 mpamse-

1,3
121
P
4] Haepesaemass cmenka
Tw =21 Twz
11+ A
6
TennouaonuposarHast
9’0// cmeHKa
- - __X._X
10 — Paccmoswue om HOCKA o€, MM
700 110
L Y

1
14 16 ED 20 22 24
3xeusanenmuoe uucno Pelinonsdca,Re,x10™

@ nr. 5. Uamepennoe pacnpefeienne faBJeHAs ¢ HarpeBanueM m Gea mero [1].

v 1
Tpawayer cnos
cMewenun 06”::"3:
npu HOHUR
Pasdenmowyas e ’
AUHUA moKa Me,pe
- — e
SN —— - _\L ——————
hy
Qo

@ mr. 6. CxeMa Teueus B 001aCTH OTPHBA (PaCTANYTa B BePTHKAALHOM HAlpas-
aenmn) [6],

JIeHO pacYeTHOe pacmpefeieHHe IaBIeHAA, CHMMETPHYHOe OTHOCH-
TenbEo yraa (otoGpa:keHO OTHOCHTEIBHO ABYX OCEHl CHMMeTpPHH).
Tann supenser mMeTox A, B KOTOPOM MCHOJB3YETCA aBTOMO1€Tb-
HHA 0podHNb CKOPOCTH A TENTOU30AHPOBAHHOM CTEHKH, B MeTox B,
B KOTOPOM NMPAMEHATCA NPOPHIE CKOPOCTH M DOTHOA TeMmepaTypH,
mojyYeHELe M3 ABTOMONENBbHHX peIeHAHA NpH Toil jKe BelHYAHE
T./ Twz, HO [P HaAE4YMH Telwionepefadd (T,,,z — TeMmepaTypa
TeNIOB30NHPoBaHEOR creuknm). B cnyvae H = 1 o6a meToma mpnen-
THYHH H COOTBETCTBYKWT Temaomsoamposannoit ctremke. Ha ¢mr. 3
IOKa3aHO BIHAHAE OXJAaKIeHHSA CTeHKH OpPH OTpHBe, Korga I, =
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=0,6 Ty, Mw =3, Re, = 5+10%. Cornacio merony A, oxmam-
AeHAe TPHBOTAT TOABKO K YBEJIWIEHWIO I'PajiMeHTa [IaBJICHHSA, a CaMo
naBieEme mpm oTpuBe He MeHsAercA. CormacHo merony B, spawm-
TeIbHO BO3PaCTal0T He TOJBKO T'DAafiWeHTH, HO W OpHUpameHde TaBje-
HHASA nepeq oTpHBOM cTaHoBUTCA Goapme. O6a MeTofa DIPEACKABHBAIOT,
9T0 OXJaKJAeHHe NPOTHBOReHCTBYeT oTpuBY. Ha ¢mr. 4 Dorasamo
BIHAHAE HarpeBaHHA CTeHKH OPH OTPHBE, Korpa [, = 2Twz, Mo =

= 2,73, Re, = 2,1-10% Kax npaBmno, BIUAHMe HarPeBaHHUA CTEHKH
OPOTHBONOJMOKEO BIHAHAK OXJIAMKACHASA.

PesynbraTl msmepenmit m pacaeros I'spma [1] mns kpyrosoro
OUIRHApPa ¢ OCTPHIM HOCKOM XOpomIo coriacyworca (dmr. 5).

WzMenenwe TpagdeHTa HaBIeHHA OO BIMAHHEM TeIONepeladH
ONA JaMAHAPHOTO TeYeHMSI CKEMaeMOd Cpefh OHIIO HOATBEPHAEHO
akcnepumenTanbHo ['apmom m IrpmmxeM [2] npm Mo = 3 u npubam-
3WTEJABHO IOCTOSHHOH TeMmepaType cTemkHm, pasmoit 150° C; kadge-
CTBEHHO M3MEPEHHOe JaBJIeHHEe XOPONO COOTBETCTBOBAJO PE3YIbTaTaM
pacaeroB Bpea m mp. [3].

JKcnepEMeHTanbHEE pAaEHHE [9ama m ap. [4], oTmocammecs
K OTPHBHHIM TEYEHMAM Tepef YCTymoM, oOpameHHHM HABCTpedy
TOTOKY, W 33 YCTYIOM, PAcHOJOKEHHKM IO NOTOKY, mpu M. = 2,44
6nnm mpencraBieEw B ra. 1. T'agn m fp., a taxkske Bepmapn m Cmer-
pyEK [5] mamepmnm manywo Benmummy h BOam3E ycTyma, pacmoio-
JKEeHHOT0 N0 NMOTOKY. UemMeH NMOUNHTAXCA AaTh (U3WdIecKoe 0ObAcHe-
HEe TeIJlomepefadd B OTPHBHHX TEYeHAAX, DONB3YACH CXEMOI,
TIpHBEEHHONX Ha (HT.

[pexnmonaraeTcs, 9T0 B BA3KOM CJI0€, ABIAIMEMCA, NO-BHAAMOMY,
cJloeM cMelIeHHsA, [|aBJeHAE MOCTOAHHO, 38 MCKIIIeHAEM OKPECTHOCTH
o6acTE TpHCOCNMHEHHA, W YTO HA OOJbIIeH YacTH CBOEH AJHHH
9TOT CI0# yHAleH OT CTeHKHW, ILOITOMY BO3LYX MEKAY HEM H
CTeHKOH MOKHO CYIATAaTh (AKTHIECKH HENOABKHHM, a TeMOepaTypy
B 06IacTm OTpHBa paBHOM TeMmepaType CTeHKH.

JImEMA TOKa IOCTOAHHO# CKOPOCTH OTAENAET BO3AYX OCHOBHOTO
TedeHMA OT yBIeKaeMoro ms sacroimoil obmactm. Paccmorpmm moTok
nonHO# sHeprmm B ofnacTE oTpuBa. Paspgendiomas JImERS TOKa
KacaeTcsi CTeHKE B TOYKe NIPUCOETWHEHHs, Ifie BHYTPeHHUWH IOTOK
rasa mMOBOpadYMBAaeT HA3al W BO3BpamaeTcA B 061acTh OTPHBA, COXpa-
HAA CBOI0 NOJHYI 5Heprmio. IIpH 3aMenneHWH BO3BPATHOI'O TEUeHHS
BEOJb CTEHKW OHAa BArpeBaeTCA, Wpe;kie deM 9TO TedeHHEe IomajaeT
B 06macTh cmemenmA. PasHOCTH Me;xIy IOTOKOM OHEPruH, BO3Bpa-
mMaeMHM B 00JacTh OTPHIBA M YBIEKAEMHM CJIOE€M CMEIIeHHHA, paBHA
CpelHEMy TEemI0BOMY LOTOKY K CTeHKe B oOnacTm oTpmBa. Takmm
o6pasoM, B ciyJae DacTAHYTHX OTPHBHHIX TeUeHHHA ¢ TOJCTHME
o6nacTAME OTPHBA CPefHHI TEII0BOH NOTOK K DOBEPXHOCTH HA y4acT-
Ke MEKNY OTPHBOM W IpHCoefHHeHueM (ojxblle mo CPABHEHWIO C CO-
OTBETCTBYIOMEM TEIJIOBHIM IIOTOKOM K IUIOCKOM IJIacTHHe ¢ DPHCOe-
JHHEHHKHM NOTPAHEYEHM ClI0oeM. JTOT TemnoBoi moTok B 6,3 pasa



TEILJIOBBIE fABJIEHVUA B OTPHIBHBIX TEYEHUAX 95

Gonbie, YeM B MOTPAHHYHOM cloe HECKEMaeMOH CPelH ¢ TeMm ke
yCIOBASAMHA Ha BHeNIHeill TPaHMIlE, YTO W HA TPARANeE CJIOS CMeIIeHHs.
Onmako 3a TpHCOeHHEHHEM ClefyeT OKHAATH GONBIIOH INOTHOCTH
TEIVIOBOTO IIOTOKA, OOYCIOBIEHHOH (TOHKHEM» MOTPAHHIHEIM CJoeM,
HAaUEHAIOMEMCSA OT TOUYKH Hpmcoemmmenma [71].

2. BJMAHWE TENNONEPELAYHA HA OTPBHIB MPH J0O3BYHOBLIX
CHOPOCTHX

N3BecTHH pe3yabTaTH HUCCIENOBAHUI TeIIONepefadd HPH JO3BY-
KOBEIX CKODOCTAX A H30JUDPOBAHHHX IUIOXO OOTeKaeMHX Tel,
TaKUX, KaK IVIACTHHH MM KPYroBHE NHJIMHADH ¢ OCAMH, HepIeHIH-
KyJASPHEIME HAaNPaBJIEHHIO IOTOKA, cPephl, a TAKKe MYYKH MUINHIPOR
aim Tpy0 ¢ oCAME, NEePHeHMUKYJNADHHMH HAOPaBIEHAID HOTOKA.
HKpome roro, GHIM BHIOOJHEHH HCCIEAOBAHUA TEMIONEPENAYd CO CTY-
MeEYaTHM H3MEHEHHEM TeIIOBOT0 IOTOKA HPH A03BYKOBHX CKODO-
ctax. Ilpm MaaHX CKOPOCTAX HOTOKa Temjomepegada B obxacTax
oTpeiBa oOyclOBIeHa TIJIaBHHIM 00pa3oM KOHBEKIHWel, HO TaK Kak
B OOoJbIIMHCTBE ClydaeB BO3MOKEH TOJbKO IPHOJHKEHHHIA pacuer,
33 HCKJIIYEHNEM IPOCTHX ONEHOK, MOAaBJIAIEe IACIO HCCIEKO-
BAHM OTHOCHTCA K YKCII€PUMEHTAJBHEIM.

OcEHOBHOE COOTHOLIEHHE A Temjlonepefads B OTPHIBHHX Tede-
HUAX [PHE AO3BYKOBHX CKODPOCTAX MOKHO IpencTaBuTh B BmAe [8]

Nu = C Re*/*Pr'/2.

Ilocrosimras C 3aBUCHMT OT TeOMETPHN M KPHTHYECKOrO IHCJIa
Peitnonsnca, mpu KOTOpOM TOTOK BHEPBHE OTPHIBAETCA OT KOPMOBOKR
gactn Teina. C MOMKHO LPEACTaBHTh B BHIE

C = (Rekpur Pr)7'3

20 Reypir TPyAHO ompeneNMTh faske AJA TeJ OpocTreiimeir GopMEL.

2.1. TENNOOTAAYA B OBNACTH 3A MAOCHKOM NAACTUHOM

Comaun u ap. (9] nposenu mamepeHms Temno0TAaYM Ha HepepHei
U 3ajHeil [OBEPXHOCTAX OJIEKTpHYeCKEm Harpesaemoir (mo 93° C)
OJACTHHH, NEePHEeHIHKYJIAPHOM HANpaBICHHI0 HOTOKA B a3pOJEHA-
MEYeCKOR TpyGe IpPH HOPMAlbHHX arMocPepHHX yciaoBHAX. Xopaa
niacTEHH Ounia paBHa 171 MM, a oTHomeHHe NNOmMAAU IJIACTHHH
K miomanu pabouero ceueHdda TpPyOm cocrasiaano 0,211. Yucno
Peitnonbaca saxmaoueno B mpesenax or 100 000 mo 450 000.

MckoMHe BeqHYMHH oNpelleIANTHCh NpPH CpefHeldl TeMmepaTrype
CJI0f, ONpefe/iieMOil COOTHOLIEHHEM
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rae L — xoppa nnacrmasl. CuapHoe BIMAHEe B 061aCTH KPETHIECKOM
TOYKA OKasHBAalId IYIbCANEH, W ODPH YCTaHOBKe TypOyamsmpyromei
CeTKH HM3MEePeHHHH TemIoBOH moTox BoapacTan Ha 50%. Temmome-
pegada K 3adgHeil HOBePXHOCTH (PAKTHYECKH He 3aBHCHT OT TEILIONE-
pefaum K mepeqHeil mosepxHocTH. Ko3p(PHOEEHT BOCCTAHOBJICHHS,
BHIYMCJIEHHHN [0 DPe3yJabTaTaM H3-

T T T T - o
08 -4 MepeHHWIl Ha 3aHed CTOPOHe HIACTH-
HHl, mpexcTasieH Ha ¢ur. 7. Ompe-
06 . melfeTcA STOT KodpdummedT cie-
o Y . 1 nyromzM obpaszom:
s T,—T,
J _] -
v 03 . . r=l—Tam
rne T's m T, — nonmasgs TeMmepa-
02r 1 Typa ® TeMmmepaTypa TeIJIOM30JIH-
° POBAHHOH CTEHKH, U o — CKOPOCTH
I | L N Ha0eraomero HEBO3MYINEHHOTO 0-
0 02 04 0§ 08 TOKa.
2 0
Uz/2cp,"C W3 rpajgmra caemyer, 9To I =
Dur. 7. HOSd)(bﬂI_U/IeHT BOCCTailOB- — 0,1 BOOIB BCEH 3anHeﬁ CTOPOHH

JIeHUS TI0 pe3yJIbTaTaM u3Mepenmii -
Ha sajiHeil CTOpOHe ILTOCKOIl ILma- OJIAaCTHHH, 4YTO COOTBETCTBYET pe

cTunst [9]. syabratraM aaa  Goapmmx gu@ced
Maxa [10]. CornacEo pesyanTa-
TaM, MOJYYeHHHM B NPUCYTCTBHNA
pasfendomer OIaCTAHL, YCTAaHOBIGHHOH B JOHHOW 0OIacTH B WIO-
CKOCTH CHMMETPHH, K CeTKH, KO((QHIMEeHT BOCCTAHOBJEHHA He H3Me-
HAETCHA, OJNHAKO pasfejnTelbHAA NJIACTHHA IPUBOJAT K CHUWKEHUIO
o0mero ypoBHA TEIJIOBOr'0 mOTOKa npubimsmTenbHo Ha 35 %, mpuuem
MAaKCAMYM TEILIOBOI'0 MOTOKA JOCTHUIraeTCA B TEHTpE.
TennoBoil mOTOK K 3ajiHeit CTOpPOHEe TJIACTHHHI B MHTEPBaJe 3Ha-
geHni

Re,:“%f_"f=105—4,4-105

MO;KHO BHYMCIHMTH HO XOPOINO COTJIACYIOMENCA ¢ 3KCIePHEMEHTAJb
HEMA faHHEEME Qopmyrne (dpmr. 8)

Nuy= C* Re;/*

Wapexe f oTHocHTCs K cpefHeidr Temmeparype caos; C* — Gespas-
MepHas BeIWYWHA, 3aBACAMAA OT YCTAHOBKH pAas[elIHTeJbHOH Iia-
cruaH mam cerku (tabm. 1).

Bo Bcex Tpex cepHsAX SKCOePEMEHTOB HarpeBaeMad IOBEPXHOCTB
6ru1a ofpamena BHE3 mo Tedesmio. B cepuu B ceTka He mpmMeHAIACH,
CKODOCTh TOTOKa Bosfyxa cocTaBigiaa or 11,6 mo 40 M/c. B cepum
Sa ceTka ¢ pasmepoM adeex 19 mm Gea pacmonoKeHa Ha paccTos-
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Ta6auya 1

3ABHCHAMOCTE KO3®-
GUIIUEHTA C* OT VC-
JIOBUA MCHBITAHHUN

Cepua C*
B 0,199
Sa 0,207
D 0,129

gunm 240 MM mepep mIACTAHOHK, CKOPOCTH HOTO-
Ka BOosiyxa coctaBasgaa or 9,5 mo 34,2 m/c.
B cepum D 3a nuacTEHOI OHia CHMMETPHYHO
YCTaHOBJIEHA pasfeNHTeNbHASA IIACTHHA TOJ-
mueoit 9,5 MM m giamEOH 229 MM, CKOpOCTB
mOTOKAa BO3AyXa cocTaBaaiaa oT 21 mo 30 m/c.

Pasnmunke CeTKE nepex MJIACTHHOH NOYTH
He BIMANE Ha Teljomepefady K 3ajHedl ee
CTOpPOHE, 9TO CBUJETENBCTBYET O HE3HAYHTE]b-
HOM BJIHAHEH MHTEHCABHOCTU TYpOyJIeHETHOCTH
OCHOBHOr0 TEYEHHS HJIHA IOJHOM €ro OTCYTCT-
pun. Temnopoit moTok K miuacTmEe npnbiwnsm-
renpro Ha 18% BHme, dYeMm B 3afEedl KpHTHTe-

CKOfl TOUKe NMAMHIpPA, CAEHOBATENBHO, deM Oojbime «3aTYINIEHO» Te-
10, TeM BHINE TENJOBO# IOTOK K ero AHY.

12

11|~ Obosnauenue Cepus ! ! ]
10 : 5
(o] Sa -]
g x D -
sl A T
N -
(=)
< 7 —
e}
“ 6l P D i
e
Sl
5t //f/ -
2% N
o1 d
-
-2 | | |
1 2 3 4 5

Resx107%

@ ur. 8. 3abucuMocte Nuy or Re aia 3ajseil CTOPOHH ILIACTHHH [9].
InppaMr o6osHadeHH NOPARKOBHE HOMEPA IKCIOEPHMEHTOB.

2,2, TEMNOOTAAYA OT KPYIrOBOro UMNHUHAPA, OBTEKAEMOIrO B MOMNERPEHHOM
HAMPABNEHHWH NOTOKOM BO3AYXA, U OT CHEPH

CeemeEnA o Temiomepefade IpPHE MajJHX udciax PeiiHoanica
HoJesHH [nA paspaGoTkE DpHGOPOB ¢ HAarpeBaeMHMH OPOBOJNOYKAMHE,
TaKOMHA, KaK TepMOdIeMeHTH H TepMoaHemoMeTpH. Cpemmmit Temio-
BOH IOTOK OT KPYroBOTO NMIHHAPAa M cdepH OHI mamepeH pasimi-
EuME mccaefoBatensamu (11 —13). PeayasraTh mamepeHHEi MeCTHHX
3HAYEHMH TEIVIOBHX NOTOKOB IpHBeneRH B paGorax [14—19).

7—0828
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2.2.1. Tenaoomdaua om noeeprHocmi KpY206020 Yusuhdpa npu
6oavwuzx uucaar Peiinoavica

IlImugr u Benmep [20] ompemenmnm koapounment TemmooTmasm
B muTepBase umcen Peimoasaca ot 5000 mo 426 000 mis oTmenbHHX
JaTyHEHNX OuIdHApoB Auamerpamm 50, 100 m 250 MM, marpeBaeMHX
mo mocrosrmoi Temmeparypu 100°C (¢pmr. 9).

@ nr. 9. TunuyHas TONAPHAA KAATPAMMA PACIPesieeHAA TeII00rd B moToKa [20].

Kpussle (1) 1 (2) COOTBETCTBYIOT ROKPUTHIECKOI 06:1aCTH CONPOTUBIEHNA, KpuBHe (3) n (4) —
KPUTHIECKOi 006JIaCTH CONPOTHBIEHNHA, KpuBasg (5) — 3aKpuUTHdecKol obJjacTu (B maHHOM
cilydae KOHIY KpMTHYeCKO! o6racTn). KpHMBrle MOTYy4eHH AJA OOHOW CTOPOHK M CHMMETDPUYHO
nepeHeCeHE Ha NPYryio CTOPOHY.

o Rey~100 000 MakcmmManbHEE 3HAYCHAS TOIIIOBOTO MOTOKA OblIm
sadmrcmposanu B mepenueir (0°) m 3agueit (180°)kpuTAYecKUX TOUKAX, a
MEHAMYM TEIIOBOT0 IOTOKA HMeJ MeCTo B OKpecTHOCTH Toukn ¢ = 80°.
ITpm 170 000 <<Re,;<<426 000 m Re;=426 000 cymecrBoBamm Ba APY-
IMX MAKCAMYyMa B OKpecTHOCTH @ =115°, npuueM TemIoBO# MOTOK B TO9-
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KaX MaKCHMyMa IOYTH BJBOE IPEBHIIAJ] TEIVIOBOH MOTOK B IepenHei
KPHATHYECKOH TOUKe, a 3aQHAA NONOBHHA IMIMHAPA OTHABAajJa OKOJO
60% Bcero Temna. I'mar [21, 22] onpenenun MecTHHe 3HAYeHHA 9HCia
Hyccensta Nu, xospdunuenta pasienma C, @ kosddmmmenra
TPeHUA ¢; [JIA HEM30TePMHIECKOI0 NWIMHApPA H HCCAENO0BAJ
BIMAHNE YPOBHA TypOyienTHocTH Haferawimero moTOKa BO3myXa

600 T T T T

\?:\
. Re=171500

(Nu)y

400 —

100 | 1 ! l .
0 40 80 120 160

® ur. 10. MecTEHI TeIJIOBO IOTOK OT IIOBEPXHOCTH HUJIMHADA IPH Pas3TUIHHX
gucnax Peitsoasaca [22].

NOTOK 3a pgeMndmpylomell pemeTrkoW; — — — MOTOK 3a NPOBOJIOYHOM CeTKOH’,
Re = 213 000 (BsopMaabHHi DOTOK B Tpyle). ¢ — Yrod, OTCIMTHBAEMHN OT nmepenHedt Kpmu-
THYECKON TO9KHM.

Ha MECTHYW0 Teliomepenady H IOBEpPXHOCTHOe TpeHHe B HHTepBaJe
ancen Peiimoasgca 70 800 << Rey; << 219 000. Tak kak TodHOCTH
aKcnepuMeHTaabHHX faHHHX [21] BmawBaer comuenms [22] B cBasm
¢ TPYAHOCTAMHA KaJHU6POBKM TPYyGOK IOJHOTO AaBIEHHA, PACHONOHEH-
HHX HAa NOBEPXHOCTH, PAacCMOTPHM TOJBKO pPe3yJbTAaTH MCHWTAHHE
[22], orpamamomue BiaMAHme ypoBHA Typ6ysemTHocTHm Haberawmero
HOTOKA.

Ilepexon :1amMmEHApHOTO TeYeHMA B TYpOYJEHTHOe, IO-BHLAMOMY,
npoucxoaut npu Re; = 167 500. Ha ¢ur. 10 Bunno, uTo Bce KpmBHE
TENJIOBOTO IOTOKa, 38 HCKIIOYEHHEM OIHOMR I JTaMUHAPHOTO TE€YeHHS
opu Rey; = 99 300, mMeroT ABa MakcMMyMa M [Ba MUHAMyMa. MokHO
saMeTHTh Takke (¢ur. 10), 9To moNOKEHMA MHHMMYMOB TENIOBOTO
notoka ¢ =~ 85° m @ =~ 145° coBmajmalT ¢ TOuKOfi OTpHBa JaMEHAP-

Ts
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HOFO TOTOKA M C HAYAJOM POCTAa JABJIEHWS B TYPOYIEHTHOM HOTOKe.
MaxcuMym TemmoBoro moToxa mmeer mMecto npu ¢ = 110° m cosmagaer
¢ TOUKO# OTpHBa TYPGYJIEHTHOTO DOTOKA IpPH OTCYTCTBUH Teliomepe-
nava. M3 ¢ur. 10 Taxxe BEAHO, 4TO IPN CPABHHEMHIX BEJIAIAHAX CKO-
poctm mHaberaomero NOTOKAa MeCTHHH KoapdurmumeRT TemmooTnadm

3

GNu

2 | ! |
4 5 s
lgRe

.

® ur. 11. MecTHHii Tem10BO# IOTOK B 3afHell KPUTHYECKOIl TOYKe NIMJIMHADA,
o6TexaeMoro moTokoM Boagyxa [8].

Obo3HaueHue Nu/Rez/ 3 3arpoMoxgeHue ceudeHnA TPyOul HcTouyHnK
X 0,254 0,188 [16]
(o) 0,204 0,139 [18]
+ 0,163 0,114 (171
A 0,136 0,000 [20]

B KPATHYECKOH TOUKe IPH YCTAaHOBKe IPOBOJIOYHOH CeTKN MpHGIM3H-
reabBo Ha 25% Oonbme, UeM 3a PEMeTKOM.

3mauenmsa umciaa HyeccenpTa B 3agHE#l KPETHIECKOH TO4YKe, mOJTy-
gennnte B paborax [16, 18—20], mpencrasnenn ma ¢ur. 11.

ViaTercHBEOCTS, TYp6yJIEHTHOCTH B 3THX MCHOHTAHEAX 6BlIA CaMoi
HE3KOM ®, Kak oxmpamsoch [8], wmeao HycceasTa mpomopmuomanbuo
anucay Pefimonnpaca B cremes: %/; (fur. 11). Onmako nua pesyasraTos,
[OJY9eHHHX DPA3THIHBIME WCCIENOBATENAMH, BeIMIMHE MOCTOSHHEIX
MHO}KHTeNeil COBePIIeHHO Pa3iMIHEl U He COOTBETCTBYIOT MAEAJbHBIM
SHAYCHAAM BCJENCTBHE BINAHHA CT€HOK, C;KAMAaeMOCTH, TypOyienrt-
HOCTE Haberamomero IOTOKA, IEPEMEHHO TeMumepaTyps HOBEPXHO-
CTH ® T. X.

IIprz mocrosamoM umeine Pefimomsaca wmemo Hyccemsra pacrer
¢ yBeJW4eHMEM 3aTPOMOKACHHA CeUeHHs TPYGH, a CIKIMaeMoCTh
BAMSAeT Ha 3amas/JHBAaHAe HEePeXofa WIN yBeJHIeHNE YCTOHIMBOCTH
JaMAHAPHOTO HOTPAHHYHOTO CJOA.
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DKCIePHMEeHTH B HeMHOTOYHCIeHHbEe TeOPeTAIeCKHEe HCCAST0BAHASN
IOKa3HBAT, 9TO POCT HHTEHCHBHOCTH TYpOyirenTHOCTH Haberawnmero
IOTOKa Ipm Gonbmmx dmcIax Pe#HONMBICA BHIBHBAET 3HAYATENHHOS
yBennuende umcia HyccenbTa, B To BpeMA KAaK IPH MalbX ACIAX
Peitronnnca ator addext npemeGpemmmo man [23).

2.2.2. Tenaoomdaua om noseprHocmu kpY208020 Yusuhdpa npu
masvizr yucaax Peiinoavdca

9kkept u 3onren [24] nabaogann H30TEPMH ¢ mOMOmMBIO HHTEDde-
pomerpa Maxa — Ilemmepa mpE Mannx gmcaax PeiHonbmca (ot 20
no 500) B o6nacTa naMuEapEOro Teyenusa. OHH H3MEDHIH TaKIKE MeCT-
grle yrcna HyccenpTa Ha mMOBEPXHOCTH KPYIJIHX CINIOIIHEX MEIHHX
nunneApos guamerpamm 12,7, 25,4 m 38,1 mm m gumuoir 229 MM, ma-
rpesaeMux mepep axcmepmmentoM. Ha noBepXHOCTE HarpeToro Teixa
npm Maaux gucaax Peimonbaca fopMumpyeTces TemnoBoi morpaHMIHEIA
cioit 3HaYMTeAbHOMA ToNmuak. W3oTepmul, HabaogaeMEe OKOIO IWIAH-
Ipa 4 3a HAM, mOKasaHH Ha ¢ur. 12. Bugso,aT0 ¢ pocrom gmcaa Peii-
HONBCA TOJAMZHA TEIJIOBOTO CJIOA YMEHBIIaeTcA M TOYKA OTPHBA CMe-
MaeTcs BHHU3 IO IOTOKY.

Ilpm mManux umcnax Peiimonbpca ciex BecbMa ycToiruums m Golee
3aMeTHAa ACHMMETPHA OTHOCHTEJIPHO HAIpaBJIeHHA TeueHHA (cireBa
HAIpaBo), Bu3BaHHAA cBoOogHoil komBeknued. Ilepexom mpomexomur
npu Re; = 1600 (¢ur. 12). Buancaennse o pesyasTaTaM E3MepeHAR
pesmdEHEK Nu IpefCcTaBieHH B IPAMOYTOJbHNX H IOJAPHHX KOOpPAH-
gaTax Ha ¢umr. 13—15. Bunno, uTo oxnampmamoiee AeACTBHE IOTOKA
BO3lyXa Ha HArpeTHi#l HEAMHAP HeogHopoxmo. Ilpm Maamx wmcmax
Peitronbaca Temionepenada OT mepenHedl wacTm muImEApa (ocobGeHHO
B HepefHedl KPATHYECKOH# Touke) Ooabime, 9eM oT 3ammei. IIpm Goab-
mEX gacjaax PeliHoabaca TOYKa OTPHIBA CMEMAETCA BHHA3 IO IIOTOKY.
Ilpm aToM oTHOmMeHHe TENAOBOTO MOTOKA B 3afHEdl KDATHIECKOH TOIKe
K CpelHEMY TeIJIOBOMY IOTOKY OT NIHMJIHHAPA CTAHOBUTCA MEHb-
me 15%.

Puuappcoxr [8] npegnaraer crexyomyo dopmyny 1A cyMMapHOTO
TEIIOBOTO MOTOKA OT KPYroBOro OWIMHApDA IPH J1aMHHAPHOM Teye-
HUNI:

Nu 180 11,+1OOC Re z/a

rpe €y = 0,83 u C; = 0,103. Ha ¢ur. 16 pacuers mo stoit dopmyne
cpaBHEBawTCA ¢ pacyeramm Maxk-Amamca [25].

O6e KpmBHe XOPOMmO COTJIACYIOTCHA B MHTepBae gmcen PeitHoxbaca
ot 102 mo 10°®. IIpm wmcaax Peitronsaca or 10® 1o 10% na wactn muamen-
pa pasBmBaeTcA TypGOyJeHTHHH NoTpaHMYHHIH €10dl. [Jaa Typﬁynen'r-
HOro pemMa HHPOpMAamdA OTCYTCTBYET.



® ur. 12. HaTepdeporpaMMel H30TepM OKOJIO UMIAMHAPOB [24].
a — pguEamerp 12,7 mMm; 6 — pguameTrp 25,4 MM; ¢ — puametp 38,1 MMm.
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® nr. 13. Pacupenenenne mectHoro 9mcia HyccennTa mo mOBepXHOCTH Kpyro-
Boro umauHgpa [24].

Yron ¢ OTCIATHBAETCA OT HmepefHel KpaTWIeCKO# TOUKA,
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Dur. 14. Pacnrenenenue mecTHoro 4mciaa HycceabTa mo moBepXnocTu Kpyro-
Boro muAHHApa [24)

¥Yroia ¢ OTCYETHBaeTcA OT NepegHefl KPHTUUECKOM TOTYKR.
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Bo3nyxa [8].



O ur. 17. Tevenne s Tpybumx nyurax [26].
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2.2.3. Tenaoomdaua om mpybHUT nyukos

Tpy6ubie ny9xk:m mMHEPOKO MCHOAL3YIOTCA HAa NpParkTEKe. Pas-
Mep m Qopma TemmooOMeHHMKOB W TpyG, pacmolokeHEe Tpy6 B
Iy4Ke W T. J[. HABIATCA OCHOBHHIMHM IapaMeTpPaMd, BJIHAIO-
mMAMH Ha XapakTep TedeHEA # ero oTpuiB. Ha ¢ur. 17 mo-
Ka3aEH THOWYHHE pacmojokeHns Tpy6 B mnyuxe (KopmaopHoe

Paccmosnue mendy nepezopodxamu

Do

2opo

p

Heperxpmsanue nepe

@ ur. 18. Teuenme MeXAY ABYMEPHHMH Ieperopogkamm [26].

(M3 poknama 47-A-103 T'onTepa, CeHcTpoMa B Konna, OpeacTaBIeHHOr0 Ha eXerogHylo KoHde-
peHiui0 ASME, ArtnaHtak Cuaru, mt. Hbo-epcu, 1947.)

¥ [aXMaTHOe, MOpAYeM OCH Tpy0 mepHmeHAMKYIAPHW HAIpPas-
JIeHUIO OCHOBHOTO IIOTOKA). Takoe pacmoioeHne 0OKWYHO IJSA Ta30BRIX
¥ BO3LYIIHHX HarpeBaTeleil, HAMpAMEep aBTOMOGHIBHHX paZHaTOPOB
u GaTapeit BOAAHOrO OTOMIEHAA MOMeMeETH. B obmem ciydae obrera-
HEe DYYKOB TPYO momo0HO 00TeKaHMI0 OJAHOYHOTO H30JHPOBAHHOTO
nmaEaApa B GeckomedHOl Cpefe, HO, €CTECTBEHHO, IPACYTCTBHE COCEJ-
HOX OWIAHAPOB BIWAET HA TOJAMMHY H pacmopefeieHAe CKOPOCTH
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B MOIPAHAYHOM CJI0e A B 061aCTH OTPHIBA, Il TedeHHEEe ABJIACTCA TYp-
6ynentanM [26]. B unrepsane uncen Peitsoasaca ot 135 mo 2700 npm
AEaMeTpax WHIAHAPOB oT /5 mo 10 ¢M m ckopocTm BOH 3 cM/c MexRIy
DPOJOABHKEMA PALAMHA TPYO He 3amMedeHo 0OGpa30BAaHUA JOLNOTHHTENb-
HEIX 3aBaXpeEmi miam TypOymnentrsocta [27]. Bmxpm Bospacramot
M0 MAaKCEMAJBHOTO pa3Mepa, OHpelesIsieMoro MeKTPYOHRM DPOCTPaH-
CTBOM, W 3aTeM MOCTEeNeHHO 3aTyxawT. Ilpm TecHOM maxMaTHOM pac-
noJokeHAd Tpy6 TypOyaeHTHHIA ciel 3a Kasxoi Tpy6Goii 3HAYATENIHHO
cykaerca. Temnomepenaga mambosnee apdexTmBHA HA TeX yJacTKax
HNOBEPXHOCTH KPYToBOTO IMIHHIPA, KOTOPHE CONpHKAacamTca ¢ ob.a-
CTAME OTPHBHOrO Teuenms. Temnomepenada B Tpy6ruX mydkax [8, 29]
6nna mccaenoBara Bepreammom m ap. [30].

B npyrmx Tamax TemnooGMeHHAKOB HPEIYCMOTPEHH DPa3JHIHEIE
meperopofkm Tama guadparM, AHCKOB, KOJBLIEBHX maiib, cerMenTool-
Pa3HHX MEeperopofok, 3PpdeKTHBHO mpegoTBpamammme obpasoBaH@me
33CTOMHEIX 30H, KOTOpPHE ABIAKTICA OCHOBHHM NPeNATCTBAEM A
adpdexTHBHOA Temnomepegadm B TPYOHHX TemI000MEHHMKAX.

ITpn nonepegsom o6Tekannmd TPpyGHOTO MYIKA FKATKOCTH ABMKETCH
B [ABYX IPOTHBOLOJIOKHHX HAIpPaBJIEHUAX, HOITOMY MEPEKPECTHOE
TedeEEe 0olee pasBATO, 9eM B APYTHX THNAaX TemI000OMEHHAKOB.
Ha xpamo Kamxmoll meperopogKa moTOK OTPHBaeTcA B obpasyerca Typ-
GynenTHas ob6iacTh OTPHBa, pasMep KOTOPOil 3aBACHT OT PAacCTOAHHA
MEKIY LeperopofKaMd, HO OCHOBHOH MOTOK >KHKOCTA 3aHWMAeT
3HAUATEIBHYI0 9aCTh OPOCTPAHCTBA MewAy mpenarcTeasamu (dur. 18).

2.2.4. Tenaoomdaua om cgept

MecTHHI TEeIIOBO NOTOK OT MOBEPXHOCTA ¢epH IPH M03BYKOBHIX
CKOpOCTAX B mHTepBase gmcenx Peinoanaca 44 000 << Re, << 151 000
6611 mameper Kapn [31] ¢ momompio moitoit chepuueckoir Monenn 3 se-
ne3a ¢ApMmkro» gmamerpom 127 MM u TonmmHo# cremkm 1 mM. Jlaa
nofiep:RaHUA NPUGIN3UTEIbHO NOCTOAHHON TEeMIEpPaTypPH Ha MOBEPX-
HOCTH cepPH BHYTPH Hee M01aBaICA HaTPeTHA map, a BO3AYX C TeMie-
paTypodl OKpPY:;RAOMmEei Ccpelbl HCNOIb30BAICA KAaK OXJaIHTexXb.
Ionygennsie BeamuMHn KoddPUIMeHTa TEILIOOTAAYd kb mpuBegeHbl
ua ¢ur. 19. Kosdduument h yMenbmaeTca 10 MEHHMYMa B TOUKe ¢
~ 105°, orcumTeiBaeMoit 0T mepejHeil KPHTHIECKOH TOUKH, M GHCTPO
BO3pacTaeT Ha ydacTke g0 Touknm ¢ = 120°, oueBMmHO. BCIex-
CTBHE OTPHIBA BBEPX M0 MNOTOKY. BHI3LIBAKOIETO CHJIBHO TYpOy-
neBTHoe TedeHme. Hpurtmueckoe umciao Peitmoabaca wHenarpertoit
chepn umeer mopamok 1,5-103-4-.10° u ymenbinaeTca ¢ yBeImdyenHmeM
AHTEeHCHBHOCTH Typ6yientHocTr [32]. OTpuwIBH 1aMEHApPHOTO U TYpOY-
JIEHTHOTO CcJoeB mmenT Mecto mpu ¢ = 81—82° [32, 34] n ¢ ~ 110°
[32] cooTsercTBEHHO, a oOXIadkjeHMe TOTOKOM BO3AyXa HArpeTOro
nEauHApa npm Gonpmux gmcaax PefHoabica HMPABOAUT K CMEmMEeHHIO
TOYKH OTPHBA BHE3 mo mnoToky [24]. ITosToMy oTpHEB .T1aMHHADPHOTO
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® mr. 19. Koasddunument Temmo- @ mr. 20. Hoppeasnma dKcnepm-
ormasm oT cdepu [31]. MEHTAJBHHY  [NaHHHX, I
h — xo9®PHEIREHT TeNJOOTHAYH; @ — <105 [31].
yroxr, OTCYNTHBAEMHE OT nepenHeH O 9SKCOEPUMeHTAJNLEHE JaEHHe;
KpETEYeCKOR TOYKH, Teopas [20). ¢ — yron, oTCUMTHBAEMEIt

oT OepenHel KPATHYECKOR TOYKH.

600 /l/
Paboma [12]—
y -
o3 g %0 ~Teopus?
g 0z ?‘ 3 ~ v L™~ 'Paboma [31]
2 % L~ J 037 Resolsa
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® urr. 21. Hoppeasmua @ ar. 22. KoppeaAnua sKcIepHMeH-
9KCIIOPHMEHTANbHHX J@H- TAJbHHX JaHENX jaa chepw [31].
X, 120°<@<180° [31]. 1) mmomcrom ®m np., AIChE, 87 (1941))

P — yroJ, OTCYHMTHBAE MR
OoT OepenEel KpETAYECKON
TOGKH,
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Cl0f, NO-BEAEMOMY, NIPOECXORHT HIKe II0 NOTOKY (¢ =~ 100°),
YeM B ciydae Hemarperoir cdeps (¢ =~ 82°).

PeaynpraTer maMepernit 118 o61acTA IpECOEAREHHOTO B OTPHIBHO-
ro TeYeHHSA BHPAKAIOTCSA 3aBECHMOCTAMH BHfA

Nu ~ (Re)®,5, 0° < ¢ < 80°,
Nu oo (Re)°,®, 9 >120°

m npeacrapiaesn Ha dmr. 20 = 21.

CpaBHeHEe NpPOHMHTErpEPOBAHHOTO mO cepe TemIOBOTO IOTOKA
[31] co cpepmmm smauemmem wmcia Hycceapra Nu mo Mak Apamcy
[25] (pmr. 22) nokasmBaeT, 9To faEEHe Mak Amamca mpEGIE3ATENBHO
ga 50 % Brime, gem narane Kapm. PacxosxneEne npANACHBaeTCA BHCO-
KOt HHTEHCHBHOCTE TypOyneHTHoCTE B 3KcnmepmmeRTax Max Apmamca.

Benmuman cpemEmx 49mcen Hycceasra MOryT GHTH BHYACIEHE
mo popmynam

Nu = 0,33 (Re)°:® (Max Apamc),

Nu = 0,37 (Re)?,%3 (Kapm).

2.3. TENNOOTAAYA B OBNACTAX OTPbIBA 3A YCTYMNAMHM

Mecrane k03PUUEEHTH TENIO0THAYHE H BOCCTAHOBJIEHHA B 00ia-
CTHE OTpPHBA H NPHCOEANHEHHs 33 YCTYmOM, PACHONOKEHHEM IIO

635 127
-
- — C———— o ——
Ly
[w\ 22 6,35 baxenum
Jlamyne

9,52

LN

.

1524

® rr. 23. Cxemn Mopesaeft ¢ Maiwy u GoabmmM ycrynamu [37).
MpuMenanne Bce pasMepH RaHKW B MRAIJTHMETPAx.

HOOTOKY, OHIE BJKCHEPEMEHTAIBHO ONpefeleHH apTopaM:m pabor
[35—371.

I symepanie Monenn Tonmunok 6,35 m 20,6 MM, o6Texaemule TypOy-
JeHTHHIM TIOTOKOM BO3[yXa €O cKopocThio 45155 m/c, cxeMaTmaecKm
noxasanH Ha ¢ur. 23 [37]. Pazrocts Temneparyp Topmorkerns (32° C)
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n moBepxHocT: GEita pasga 11° C. IlpoTsmenHOCT: 06MacTH OTPHBa
COCTABIAJIA MIECTh BHCOT YCTYNA A MAJOro YCTyna M HATH BHCOT [
Goasmoro ycryna. HoagdmmmeHET TemmooTmauu OB MaKCHMAaIbHEIM
B TOYKe NpPUCOEIUMHEHHST, KAK M B CJIydae CBePX3BYKOBOTO TEUEHU,
a Ko3QQHUIHEeHT BOCCTAHOBJIEHHUS B OTPHBHOM TeueHH: 0w Menee 0,89
(renmupas BenmumHa s TypOyJleHTHOrO pe;kmMa). Bo BEyTpemmei
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® ur. 24. Temnonepegada B 06JacTH OTPHBA.

x’ — pacCTOAHME OT YCTYNa BHH3 IO IOTOKY; § — MacmTal QIMHE BAOJb aGCUMCCH, paBHHIH
PacCTOSAHMIO OT YCTYHOAa A0 TOYKH IPHCOENMHEHHA (IATH BHICOT OAA GOJIBINOTO yCTYHa M MeCTb
BHICOT AN Majioro YycTyma). XapaKrepHas CKOPOCTh B KoddduumeHTe Teruootnadm u, —
CKOPOCTb IIOTOKA BO3AYXa HENOCPEACTBEHHO Hepell YCTYNOM; L — eIuHMIA QIMHH; R — Ko3(-
$unueRT TeruronpoBogHOCTH. CKOpOCTh Haferammlerg NMOTOKa HOPMAJIM30BAaHA OTHOCHTENBHO
CKOPOCTH Ug B CKOPOCTHM HajIeKO BHH3Y IO IOTOKY [37].

SBHAYEHHA CKOPOCTH u,, M/C

Veryn, MM A + O O
20,6 45,7 137
6,35 50 138,7

gacTH 06JacTH OTpPHBA CYmECTBYeT NMPKYJIANMOHHOE, HO-BHIEMO-
My, ycTaEoBuBIIeeca TedeHne. OKOI0 NOBEPXHOCTH CKOPOCTh HAIPaB-
JieHA NPOTHB OCHOBHOTO TEYGHHS U MOCTHrAeT BEIMYMHH INOPAKA
OIHOA IHATOH CKODPOCTH OCHOBHOI'O TeueHHsA. J[aBieHme B Goabmeit
qacTE 06macTE oTpHBa mour: mnocrostHHo [38, 39]. PesynsraTh ms-
MepeHmit Temlonepefaud OpuBefeHH Ha ¢ur. 24.
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3, MONOHEHHME TOYHH OTPLIBA NMOTOHA CH{UMAEMOH CPERI

B srom paspmene mpemcTaBieHs! pe3yJIbTaTH pacdeTa ¥ IKCmepm-
MeHTAJIBHOTO ONpefieleNra NOJNoKeHHs TOUYKM OTpHBA NOTOKA Tasa.
OTpHB moTOKa Ha HWIJIE PacCMaTpuBaeTcA B Pasm. 4.

3.1, NONOHEHHE TOYHH OTPbLIBA

ITonoxenme W cMemeHEe TOYKH OTPHBA B YCIOBHAX TEII0oGMeHa
OBIO0 ompejesNeHO AJA IJIACTHHH, cPeps M APyrax Ted.

3.1.1. Memod Mopdyroea u I'patina pacuema nosoxeHus mouxu
ompHlea AAMUHADHOZ0 NOZPAKUNHOZ0 CAOR 23d OM CMEHKU C 3a0aH-
HOUL nOcmOAHHOU memnepamypoi.

Mopayxos u I'paitn [41] pacnpocTpammam metonm Jlm66m [42],
a Tax:ke Mopnyxosa u Kaapxke [43] pacuera monoxenns Touxm oTph-
Ba NaMEHAPHOTO NOTPAHWIHOTO CIOA Taza Ha Clydai Tennoo6MeHa
npu 3aJaHHOX IOCTOAHHOW TeMmepaType.

Yucno IIpasaTas OpHHEATO PABHHM efUHMIE, a K0adPunuenT Bas-
KOCTH — DpPONOPNMOHAJBLHEM TeMmmepaType. OCHOBHHe ypaBHEHHA
caexyomye:

ypaBHeHEe Hepa3PHBHOCTH

7} a
—7 (W) + 5~ (pv) =0,
ypaBHenne KoJHu49eCTBa ILBE)KGHEH
u Ju ou
U pv G = pettee 2 ( )
ypaBHeHHE 9HEpPIHH

pucy 2 - puey ?,f, = —patte U+~ 2 (k5 ) (‘;—’;)2

Ecam Pr = const, ypasuenme aHeprnn NPUHAMAET BHJ
oH GH\ 9 | B 0 (u
Pr (pu 5 o0 57 ) oy 1“[ (1—Pr) 5 (z)]} (5)

rne H — monmasa 3HETajlbOuA
2
H == +cpT. (6)

Bsoasn mnepemerHymwo ¢,
t

o= (o o
0
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¥ UHTErPpAPYdA ypaBHEHHE KOJWYECTBA ABIKEHAA W ypaBHeHHE (D)
uo { B Ipefiedax TOJIMAHK HOOTpaHWYHOTO cloA oT ¢ = 0 mo ¢t = §;
(§; — Tonm@ra wOrpaEEYHOrO CIOA B MIOCKOCTE & — t), mpHieM

)

o-] () @ (®)

C ECIONb30BAHAEM IpAaHAYHHX yciaoBmi u = v = 0 mpm ¢ = 0, moxy-
qaeM ciaepyomue raddepeHMEANbENE ypAaBHOHHA:

(Fu2) N+ [ Fy+ Fy(Inpe)’ -+ (Inwe)’ X
x {Fi+(t+350 M) £} ] =

= C (pulp) sl (TelT ) {5z (wlua } &
(Fy2) M+ A+ Fa {(In pe)’ + (nue) )] =
=C (Puslpe) (wanftie) (TelTs) (p) {2 HIHI} s (10)

rge

A =Rex (8:/L)?,
1
Fi= g (ulue) {(1—ulu.)}dr,

I
ey D

F, {(H/He) — (ulu.)?} dr,

Fy=\ (u/ue) {1 — (H/H.)} dr, (1)

Oy o O

W _( Ty )1/2 To+S
C_—T/Tw mm C= T T.¥S"
S — nocrosmraa Caseprenpma, mHAEKC W o3HadaeT creHKy. Ulrpmx
osnavaer pdddepernmpoarme no § = x/L, rae L — xapaxTepmas
anmHA, 8 T = t/8;.
KpaTepmit oTpriBa EMeeT BHJ,

(—‘f;t—f)w=o (12)

7 CIOpaBeJJIEB KaK OPH HAJWYHA, TAK H OPHA OTCYTCTBHH TEIIOOOMEHA.
PaccmoTpeHH clemyomue DOIAHOME CeAbMOi cTeneHd AiA mpodmaeit
CKODOCTH M MOJIHOM 3HTAJABINH, YHOBIETBOPAIONIAE FPAHAYHEM YCIO-
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BEAM (BKJIK09asA TOYKY OTPHBA) H OPHTOXHEE AJIA CAydas Temnoo6mena:

== (%t——i—it5—|—7tﬁ~%r7) +

Ue

-

+a, (—71-1-12—%15+3'c“—'c7) +

I

—

+a3(——5—1+t3—315+%r“——r7) (13)

B — Gy + (1 —Gy) (3574 — 8478+ 0w — 2077) +

+ by (T — 207% 4 457° — 3675 4 1017), (14)
rge
Qg = — (% C) (Te/Too)(z—V)/(v_i) (u;/um) X
X G {1+ =DM}, (15)
a; = (ay/by)/3Gy. (16)

Gy=H,/He npu Pr=1—raxe OTHOIIeHHE [eHCTBUTEIBHO! TeMmepa-
TYpPH CTEHKE K PaBHOBECHOH TeMmepaType CTeHKH NHpH HYJE€BOM Tem-

J10BOM TOTOKE, b; — K03QPUOHEHT HpPA T B HONWHOME AJA IOJHOM
9HTAJI I AH

by~ 21 — Gy, (17)

q9T0 ABAAETCA XOPOMEM NpPHGAMKEHHeM, 3a HCKINYEHHEM CAydas
cmnbHOTO oxaaskaenms (G, 6amako Kk Hymo). IlpEMeHsas ypasmenme
(17), MoHO CymEeCTBEHHO YHpPOCTHATH pacdeT 6e3 s3aMeTHHX HOTEph
rounoctn. M3 ypasmemmit (13) m (16) mpm (du/dt), =0 monywaem

Ay, = —5— 18
287 G+ (*15) by (18)

Nunexc S oaHagaeT Touky orpeiBa. N3 ypasmemmit (15) m (18)
ompefesseM BeJIHIHAY Ag., IPH OTPHIBE

(To/T o)~ 2= V/v—1) 1
Agep = — 1C 19
sep (4 Juco) ji—}— L(Y’_ 1) Mz,,} Gy~ (_2__) by (19)
e 1 2 "\ 15
IloncraBnsaa (17) B (19), nonywaem
T\ -C-nAv-1)
hoep = — 105¢ —Te/Te) 7 M7 ! (192)

IoacraBasas (13) B coBokynnoctm ¢ (16) B maTerpo-tuddepenumaspuoe
ypaBHeHHe KoamdectBa nemwenmsa (3) m momyckasa. uto a; m by B Fy

8—0828
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u F, MoxHO DPHHATH IOCTOARHKIME, IOJXyTaeM CIeAYoee ypaBHeHNe:
(Fu2) M 4 M IFy (pilpe) + (uilue) {91 +
+ Y2 (g — DM (@1 — F)Y = 2C (pwlpe) (Tel Tw) (uaoluic).  (20)
Benmunun F; w ¢y B TOYKe OTPHIBA PAaBHH COOTBETCTBEHHO
F,s = 0,1159 4 0,002525a,5 — 0,001454a,5 — 0,0000572 x
X (biazs/Gy)* —0,000574 (bya3s/Gy) + 0,000887 (bya.s/Gy),
@15 = 0,25G, + 0,0437 + 0,0738b, + 0,0348a25 — (20a)
— 0,00291a2s + 0,00773 (biazs/Gy) — 0,001147 (bya}s/Gy) —
— 0,0001145 (bya.5/Gy)2.

Pemennem ypasmenms (20) sBasiercs

A = —— X
s@® 2Fs
£ = _ VN — (. /T
i (ue/uw)w/zqswis 1(Te/Too){(2v DAY= 1) —(2y5/Fyg) it
X €= @2/F 90 (V1) =1} (%, 5/Fy ) ? 1)
(ue/um) 18 1S(Te/Tco) 15/F18

ppudeM by ¥ azg — mpocThe QYHEROEE Gy, KaK 9TO CIEAyeT W3 ypap-
pernit (15) n (16), a Fig 1 915 — dyarmuu G, (dur. 25).

IIpu 3ajaBHHX NOJNO)KATENBHOM TIpajguedTe JAABICHHA, YHCIE
Maxa M, ® DOCTOSHHOM OTHOmMEHWH TeMmepaTyp Gy mDoOIoKe-
HHEe TOYKH OTpHBAa ONIpENeNseTcs NPAPABHEHBAHHEM HPABHX dacTei
ypasmermit (19a) m (21). dasa ortu-

o8 CKaHHA TOYKH NepeceyeHHs STHX
04 @ ABYX KPHBHX CTpoHTCA rpadui 3a-
P s BHCAMOCTH A or @ BOIM3H mpexmo-
— JaraeMoil TOYKH OTPHBA IO ypaBHE-
03 muam (19a) m (21). Tak xak moxo-
, )KeHHe TOYKH OTPHBA HE B3aBHCHT
02 Fis 011 or C, momno mpuasaTts C = 1.
-~ Fis
o, 0 B
AUsHUE menaooOMeHa HA noAo-
JHCeHUe MOouKU Omphea
0 04 08 iz 16 20

G, i Tax kKak IOJOKeHWe TOYKH OT-

— pHiBa He 3aBHCHT oT C, TO BIUAHHE

® mr. 25'GF ‘SM“ P15 B 33BACH-  rgmpepaTyphl CTEHKH HAa OTPHB
moernt ot Gy [41]. MOKeT OpPOABHTBCA TOABKO depes
06MeH IMIyIbCAaME WIH IpaguentT Aapienus u Gy. [Ilpm duxrcmposam-
HHX DACIpeNeseHAN CKOPOCTH BHENIHETO TeYeHHA U/ Uy (§) 7 Ms
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BENMYBHA Agp PACTET ¢ pocToM Gy, KaK 3TO BHIHO W3 IPHBEJIEHHKX
paHee ypaBHeHmHil, B sacTHocTH u3 ypapHernns (19a). MoxHBo crasars,
4TO OPH OXJIAKJEHHUH CTEHKHA TOYKA OTPHBA CMeNaeTCA BHHS3 IO IIOTO-
Ky, W OTPHB 3aTATHBaeTCHA BCIeACTBHE YMEHBINEeHWS BINAHHA Tpa-
AWEHTa [aBJIEHUA.

0,20

N
0,16 \

‘Ssep \

012 \

S

\
0,08 ~

004
0 04 08

12 16 20
T/ Teo

@O nr. 26. Ilonokenne TOYKA OTPHBA B 3aBHCHAMOCTH OT TeMIEPATYPH CTEHKR

(Bec:xmMaeMas cpefa), U/uw = 1 — &, Mo = 0 [41].

Ina muaocTpanuu paccCMOTPHEM NPOCTOR NPHMEP IOJOKUTEJIHHOTO
TrpajgdenTa AAaBJIEHHSA, COOTBETCTBYIOMIETO

U
e — 1—t. (22)

PacemorpuMm caygait My, = 0, Te/T,=1, B0G; o0KeT H3MEHATHCA.
Ecan npmpasasem npasue yactu ypasrenmit (19a, 1(21), To moayumm

_ 60p1s | ~Fis/291s
Esep—i —(1+ 116G, -4 ! y (228)

asngomylocs Qysxnmeds G,, Tak Kak @15 B Fig— dyExnmm G,
[ypasrerma (20a), (17), (18) mam $mr. 25].

HKoopnEaTa Toukm OTpHIBA, oOmpefeaseMas ypaBHeHHeM (22a),
npengrannena Ba ¢ur. 26 nna maTepBana smavenmit 0,3 < T, /T <
< 21 .

W3 dur. 26 BuaHO, 9TO IPH OXJAKACHAN CTEHKH NPOHCXONNT 3aTA-
rUBaHAE OTPHBA NOTOKa HECKEMaeMo# CpefiH.

Teneps npoBeieM pacueT AJA CKEMaeMol cpefn Ho dmcen My
< 5,31 mpm Jmrcuposanmom smaueHEE T,/To=2 m 0,3LG 2.
Ipa Mo, =0 m Gy =2 cremka Harpera, npE M.=>5,31 u G;= 0,3

8o
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CTeHKa oxJjaykneHa. Ilojcrasuas

TolToo=1 43 (p—1) M2 {1 — (/o))
H
Mi = (Ue/Uo)? Mo (Te/T )Y,

nepennmem ypasaerune (19a) B Bmpue

(Te/Te)™ 0"
{4411 (Ty/T o) +0,8Moo} (u/uco)

hsep = — 105C (226)

s yopomeHds onpefieieHAA TOYKE OTPHIBA HPH 3aJAHHON BeJIHINHE
Tw/T o Benmaury Agp MOMKHO BEUHCIHTH B QyHKOEA & mas awboro
M., nyTrem umciemHOro wmETerpmpoBamma ypasmemmi (21) m (20a)
AW KPHBHX

0,16 /
0,14 - //
0,12 <] /
E3 ~
sep \\
0,10 AN A
Hazpeeaemas k N / _ Oxnaxdaemas
cmerra < I~ > cmesKa
\
08 N,
o _// > N
AN
S ~

0,06 <

~ ~ J
004

0 1 2 3 4 5 6
M

@ u 1. 27. Tlono)enne TOUKH OTPHBA B 3aBHCHMOCTH OT dmcia Maxa, u,/ue =
=1 —§ [4].

Ty/lTy =25 — — — G, = 1 (TeNJOM3ONUPOBAHHAA CTEHKA).

ma ¢mr. 25. Torga KOOPAWHATA TOYKH OTPHBA ONpENeJAeTCH BeJAIH-
Hoit &, mpm KoTopoi#t Ag = Asp. PesyapTaTsl Takoro pacgera s moJo-
JKATEJHHOTO TPajfHeHTa AaBiJeHHAA, ONpeselsaeMoro ypaBHeHHEM (22),
npencTaBaens Ha ¢ur. 27. J{na cpaBEeHAA Ha 3TOH ke $urype mpa-
Be[IeHa 3aBECAMOCTH KOOPIMHATH TOYKA OTPHBA OT Ymcia M, mpum oT-
cyTcTBEE Temnoobmerna. Biausame M, Ha KOODAHHATY TOYKH OTDHIBA
upu duxcuposasroM T,/ T , 61arOIPAATHO B OTIHIHE OT HeGIaronpuAT-
goro BIUAEEA M, OpH OTCYTCTBHH TelooOMeHa.
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3.1.2. Memod Haaunzeopma

Unamarsopt [44] npepnosxnn nprbamxenaoe agaIATAYECKOE Peme-
HAe [JA OTPHBA JAaMHHAPHOTO HOTPAHAYHOTO CJIOA Tasa C YIeTOM
Tennoo0MeHa ¥ MEePEMEHHHX CKOPOCTH BHEIIHErO TeUEHHUS W TeMIepa-
TYPH CTEHKH, HO B IPWMEpaX, K KOTOPHM IPWIOKHM H3JIaraeMmi
3/leCb METOJi, PacCMaTPHBAETCA TOJABKO CAydail MOCTOAHHOA TeMmepa-
TYPH CT€HKH. I'paideHT [aBleHAsA BEI3EIBAET OTPHB, a TAKIKE YMEHb-
mMeHAEe WJIH yBeJUYEHHWE TOJNIMHH NOTPAHETHOTO CJIOM B OCHOBHOM
ImyTeM BO3/lelicTBHA Ha ra3 BOaumam cremku. Ero geiicTBme ycmnmpaer-
cd, TOJBbKO €CJH TeMuepaTypa rasa Bue H, CJeJ0BaTeJbHO, OH Jerde,
49eM B OCHOBHOM IIOTOKe. ITOT dPJeKT COOTBETCTBEHHO ocialbisercs,
€CIH OTHONEHHE TeMImepaTypsl B IMOTOKE K TeMIepaType CTEHKHE 6oab-
me eNEHEHOE.

B metone Unamursopra ans maockoro 1aMuUHEAPHOTO TEUEHHUS IPH-
MEHAIOTCA Te jKe NONYNEeHWA W OCHOBHEIE YpPaBHEHMs, YTO H B METOJ®
Mopnyxosa u I'paiina [41]. EquncTeenHOe OTIHYHE COCTOHT B TOM, 9TO
B ypPaBHEHHHU SHEPI'MH BMeCTO ¢pl MCHOJb3yeTCA yAeJAbHAA 9HTAIbIHASA.
B coorBercTBuE ¢ pesyabraramMm VnamArBopTa OPH NOBHIIEHHH TOM-
mepaTypH CTeHKH pPacCTOSIHHe [0 TOUKH OTpPHBA YMEHBIIAeTCA HIH
OTPHIB HACTymaeT paHbime, 910 corjacyercA ¢ pacderamu Mopayxosa
u I'paiina. Taxk xax Xoyapr [45] u Crioaprcon [46] yxe Buamcanam
MOJIO}KeENe TOYKH OTPHBA JJIA JHHEHHOI0 3aKOHA M3MEHEHHS CKODO-
CTH OCHOBHOTO TeUYeHHA KaK HEC;KHMAaeMoii, TaK M CKEMaeMO# cpejH,
Wnnuarsopr 4mcienHo mccaeaoBaa TemnooOGMeH A 3TOr0 YaCTHOTO
cirydas, a TaKxe JIA CIydas CHAMMETPHUYHOTO OO0TeKaEWA NEIEHADA
¢ TYIO# HOCOBOM JaCTHIO.

Kpyzo60ti yusundp ¢ nocmosHnoii memnepamypoii cmeHku

CuMMeTPEYHHI MUAMELD HAXOAHTCA B NOTOKE, ABIKYMEMCA C Ma-
0¥ CKOPOCTHIO

Ue () = Byz + Bsa® + Bgzb + .. .,

hy (2)
H, =4,

rae h — yieibHasA CTaTHYeCKasa 9HTA.1bLIOAA H H — yAeJabHasa NO0J1HAsA
9HTAJbIMSA.

= h 4 u%2, By, B3 u By — nocroasane. Hanpsxeune Tpenun
Ha TMOBePXHOCTH WHJIMHApPa L = r (pagmyc UHIMHDA)
=1,2326 (ups) " B} 'rg [ 1 + 2,351 53— B” o+
Bﬁﬂ Byr?
{3 10 =~ +0,58 ( ) } o'r ]

rfe @ — yToJ, M3MepseMulil 0T nepejHell KPHTHYCCKOH TOUKH.

CTEeHKa IAJMHApPa HMeeT NOCTOAHHYI TemnepaTypy 1 —
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Ecim sBectm GespasMepryio kKoopammEary @ = z/r (r — xapax-
TepHAA [JAMHA), TO BHDa)KEHWE AJA HANDSKEHAA TPeHHS HA IOBEDX-
HOCTH NWIEHIpPAa MOKHO TDEACTAaBATH B BHJE

T = 27933 (ugps) /2 (Fey — eyo A) /4 BY?rg (1 + Ti@® + To9+ ...) ,
rae

T 7ry  Byr? (7/2)ry— (35/12) Bir2

TR + 1+ hs
_ _Mry Byt (183/10)r2 + ro[(11/2) — 33ry +15r2] Byr?y
Ty= 1+r, By + { (1+r)2(1+ry) ( By ) ™
[—(53/10)+(807/20) ry +T 3+ ry {(263/6) —(91/4) r4-(63/2) Tf}.l
FEALTCEm X
BY? By?
’:'s Bi +
603/160— (206/15)r; — (65/8) r} + ro{ (7571/288)—(35/3) ry - 7rd} ( Birt ) 2
+ A2+ »

5 (ko —Keao )/ (s — ko4,

r

Il

wl

1
r2 — —5— (ks— k3oA)/(ki - kioA)’

— {1_ (%"—%)!(—%)!}.

(5—5)(-5)"

Wnnexc s oTHOCHTCA K mapaMeTpaM TOPMO;KEHHA.

Ilna dccnenoBaBMA BIHAHAA TeMmepaTyps creHkZ @ M. Ha mouo-
JKeHZme TOYKH OTDHIBA BBeJeHHHe OespasMepHEe mapaMeTpH pacmpe-
JelleRAs CKOPOCTH BHemHero TedeHHA Bgr?/By m B,r'/B,; camraiored
¢mrcmpoBanauME, a mapamerpu Bir’/h, w A — nepemenmriMa. [Ipm
MaJHX cKopoctaAXx m T = 4,87 cm Xumenu [47] nonywnn By = 7,151,
B; = —0,04497, B; = — 0,0003300, Tax aro

B3r*By = — 0,1491(5), By%B; =—0,02596.
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Nz ypaesmennsa Bepmynnm
Bir2 _ (v—1) M2
hy — [ m\2 Byr2 ( u\2 Bgrt [ m \4 v—1
_— £ _— 2 | — J M2
(2) {3 (2) + 5% (3) )} (T we)
rme M — umcao Maxa B Touke ¢ = n/2. [lonoeHAA TOYKH OTPHBA
JIaMAHAPHOTO IOTPAaHHYHOTO cI0A (T, = 0) mpmmeneEH B Taba. 2.

Tabauya 2
YTJICBASA KOOPIHHATA ¢ TOYKU OTPHIBA

|X
0 0,1 0,5
A
—1 1,402 1,404 1,459
0 1,429 1,431 1,511
1 1,550 1,556

N3 Ta6iu. 2 HeTpyAHO 3aMETHTH, 9TO HE CYIMECTBYeT 3aMeTHOH pas-
HUOH B [IOJOKEHAH TOYKH OTPHBA MJIA ABYX CiydaeB: Ipum TeMuepa-
Typax cremku: nuimanpa 0° C (4 = 0,0521)  100° C (4 = —0,2951).
JTOT pesynLTAT HOHATEH, TAK KAk AIA LUWIAHAPA BIHMAHAE Temaoo0-
MEeHa Ha OTPHIB MaJo, B CBA3H ¢ TeM 9To Ha nepBux 90 % GezoTprBHOTO
OOrPAHHYHOTO CIOA TEYeHHMe YCKOPAETCH, CJIeNOBATEIbHO, 06IacTh
3aMeINIAIOMEroca TeueHHsaA KopoTKasa. Kpome Toro, HampsixeHHe Tpe-
HAA MOKeT JOCTAYb 3HAYATEIHHO 60JIbIIero 3HaYeHuA B 061aCTH MAHH-
MyMa J1aBIeHHA, IeM 1A HeHarperoro nmameapa (tabn. 4 [44]). Yroxa-
mieHHe NOTPAaHHYHOTO CJI0S IPOMCXOAHUT OhCTpee Ha HAarpeToil CTeHKe,
9eM Ha HOHATPETOM NUIHHApE, HO 3TO He NPHBOAUT K CYMECTBEHHOMY
CMeIMEeHn0 TOYKM OTPHBA.

3ame0A0WUTICA OCHOBHOU NOmok

I pacaeta Toukm oTpuBa Wmnmarsopr [44] paccmorpen mpocroe
saMe[AsA0meecs TeYeHH®, OLpeNensdeMoe ypaBHEHHEM

Ue = By — B,x.

B 3ToM ciyduae mo:ojkeHHEe TOYKH OTPHBA ONpENeNAETCA ¢ TOYHOCTBIO
1% supaxenmem X = Bx/B, = 0,120 [45].
Ilns ompeeNeHEA MOMOMKEHHA TOYKH OTPHBA MOKHO IPAMEHHTD
crelyomui CraHmaprTHHit Merom [44].
1. Buuncisercs HamMEHBIIW MONOKHTEJBHHA KOopeHb X o ypaB-
HeHUA T, (X) = 0 B npegmonoxenmn, aro T; =0 (i >9). T, =
oo

= FX-e (1 + > TX"), rae F — MHOKHTeTs.
Sy
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2. lpue Y = X/X,, Tf = XiT; suuncasercd HamMeHbMAH

oo

I0JI0/KETeNbENE KOpeRs Y o ypasmermsa 1 -+ > T#Y' = 0, rue T =

i:i
=T} (i >5).

3. IlpmEmMaeTcd, 9TO HMCKOMO# TOYKe OTPHBA COOTBETCTBYET
Xeep =Y, (Xo) (1 +3Y,). Pesynbrathl, moqydeHHHE TaKEM METO-
moM, cBefeHn B Tabia. 3

Croaprcon [46] BHumcamn moio;KeHMe TOYKE OTPHBA IYTEM CBe-
IeHnsa TeYeHHUS C;KAMAaeMo# cpefH U, = By — Bjr K Te4eHNI0 HECKH-
MaeMoit cpegn m npmbamxerHOro MeTofa XoyapTa [45] mua pacuera
TOTPAHAYHOTO CIOA B mOCJefHeM ciaydae. I[lonydeHHHe OM pesyiabra-
TH OpPEACTaBIEHH B Tabi. 3, TOYHOCTH AX BH3HBAeT HEKOTOPHE COMHE-
Hoa. [lo-BHaEMOMYy, HCTHHHEE BEIHIHHH X geop OIKHEE OHTD HEKE O-
Jy4eHHHX, 3a HCKI09erneM ciygaa M, (0) =0, m qomxaH 6KHTH 3aKi0-
9eHH Me;KAYy NPHBEIEHHHMH B IOCIeAHAX ABYX CTpokax Tabum. 3,
3a mcriamogermeM M, (0) = 0.

Ecim H = H. (1 — g),

o0

h .
= 2 Angn (M), 1—‘;’1—5:): 2 ont™",
n=0

n=0

I

{ (2ne @0 @7 @) dE—4v""191,
0

¢ — ¢yHKOEA TOKa, TO

gn<n)=(—‘_ﬂg—‘!e-w(mn+%’ 50 m),

3

rge o — mocToAHHAA, a U — oOHYHas BHIDOKIEHHAA THIEPreoMeT-
pmduecKkas GyHKOHA.

IIpm oTcyTcTBEE TemooOMeHa pacupefeleHEE CKOPOCTH W SHTAIb-
OEE DO TOJMFEHE NOIDAHHIHOTO CIOA ompefensieTcs ymrmumeir f, (v)

fa (71) =

(%")' dn+1 1
S Gt

KaK [ JIAHeAHO yMeHBIMAIomeHcs CKOPOCTH BHENIHEro TedeHHs, TaK
U [Js HeKOTOPHX [APYruX 3aKOHOB ee M3MeHeHHA. UHCIOBHE 3HaYe-
mus GyHKOWHA fy, fo, f3, f4 @ fs DpuBemenn B Tabu. 4.
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Tabauya 3
PE3VJIILTATHL PACUETA NOJIOKEHHA TOUKH OTPBIBA IIPU A = 0 [44]
M, (0) 0 1 V1o 10
Xo 0,122 0,112 0,0675 0,0162
T —0,7543 —0,6742 —0,3071 +0,1644
T} —0,07542 —0,1350 —0,3382 —0,5034
T3 —0,06759 —0,07546 —0,1370 —0,2130
T? —0,05558 —0,06429 —0,1119 —0,2139
T3 —0,05003 —0,05835 —0,1056 —0,2255
XoYo 0,107 0,097 0,0578 0,0135
Xsep 0,111 0,101 0,0602 0,0142
Xgep (Crr0apr- 0,120 0,110 0,074 0,024
COH)

JBa npuMepa Te4eHHH ¢ MAJIOH CKOPOCTHIO OKOJIO HATPeTOH CTEHKH
npuBefieEH B Ta6a. 5. B cooTseTcTBHM ¢ Taba. 5 OTPHB HPOUCXORHT
apr X = 0,067, ecnm Temneparypa crenkm pasHa 303° C; mpm Tem-
nepatype crerkn 15° C toT e Meton maer X = 0,111. C yBenmuenuem
TeMIepaTypH CTEHKH OT KOMHATHOM [0 TOYKA KuneHusa (4 =
= —0,2951) paccTosHEe [0 TOYKHE OTPHBA YMEHbIIAETCA NPHAGIH3E-
tensao Ha 16%. Kax supamo m3 ¢umr. 28, momnoskeEHe TOYKH OTPHBA
3aBACHT TJaBHEM 006pa3oM OT TeMnepaTyphl M HOYTH He 3aBACUT OT IMC-
na Maxa (uyExkTHpHas nmaRA).

Ha ¢ur. 28 npusefenn Taxme Ana cpaBHeHms pedyiasTaTh CTio-
aprcona [46]. Ero Toukm pacmonararoTcAa BHOE TOYEK, IOJyIeHHHIX
oo Meropy Manmarsopra. Biamamme TeMnepaTypH CTEHKR Ha OTPHIB
OpE TeYeHHH C OOCTOSHHHM 3aMefjeHdeM (CIIOMEHAAg KpHBaf
ma fur. 28) Bupaskaercsa popmyoi

Xsep = 00120 {he (O)/hw }1/2.

Ero mMoxxHO paccMaTpHBATL KaK OTHOCHTeJbHOe yMeHbmeHHe (B %)
CKOPOCTH IepeA OTPHBOM HAa BEIHYHHAY

12 (Hﬂ‘]ﬂnbﬂaﬂ TeMIepaTypa HOTOKa\l/1
TeMIepaTypa CTeHKH ) :

9To COOTHOmEHHE MOKHO IPEMEHHTb H [Jsa Tedenua ¢ Pr 7% 1 [44l.
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I'ann [48] paspaGoran meTop 4MCIEHHOT0 MHTErPHPOBAHMA ypaB-
HEeHRA JAMHEHEADHOTO MOTPAHHYHOTO CJIOA Tasa B UPEAUONOKEHAH, ITO

///x
2 / /

on 4

013

010 4

Xsep /

009 /

/[ /
0,08 /

4 7

007 L
f // x

0064t
03 05 07 03 1,1 13

he(0)/hy,
® mr. 28. 3aBucaMocTs Xgep OT ke (0)/R,, [44].
he(O) HadallbHasA TeMOepaTypa NoTOKa; X Me(0) = 0, + Me(0) = 1, @ Me(0) = V-l_o-,

hw TeMIepaTypa CTeHKH.
KpYKKaMU o0BelleHH SKCIlepMMeHTanbHble NauHbic CTiaprcoHa [46)

CKOPOCTHh BHENIHEro TeUYeHHA B HaJaJle MOTPABMYHOTO CJIOA HE pPaBHA
HYJTI0, A BHYACIAI DOJO}KeHAe TOUKH oTpHBa. Ilo pesymsraTam pac-
9eTOB /1A CTeHKH, OXJIKISHHOM /10 TeMIepaTypHl Haberaomero moToxa
npg M =4 a M =2, Pr =1, p/ug = T/T4 @ mocTroAHHOM IOJO-
JKUTENbHOM I'pajilieHTe CKOPOCTH BHEITHETo TedeHns (HueKc d OTHOCHT-
CA K OCHOBHOMY Te4eHHI0), YCIOBHA NJA OTPHBA 3HAYATENHHO MeHee
GIarONpHATHH 0O CPaBHEHAID C TEMJIOH30JIMPOBAHHON CTEHKOM.

3.2. 9HCNEPHUMEHTANBHOE UCCNEJOBAHUWE BAWUAHKUA TENNOMNEPEAAYU
HA OTPblB TAMUHAPHOIO NMOrPAHHUYHOr O CNOA MA3A

OuwncarHoe BHIE BIXAHAE TeNI0mEPeNaud Ha OTPHB JaMHEHAPHOTO
HOrpaHUYHOro0 cnoa Grimo moxTeep:;KAeHo sxcmepmmentom Jlamkdopaa



Tabauya 4

9UCJIOBRIE 3HAYEHNA ®VHKIUNA f1, f2, f2, fa U f5 [44])

7 f1 fe I3 1a Is

0 1 1 1 1 4

0,005 0,9053 0,8650 0,8332 0,8064 0,7828
0,01 0,8577 0,8009 0,7572 0,7211 0,6901
0,02 0,7895 0,7126 0,6559 0,6102 0,5718
0,03 0,7380 0,6489 0,5846 0,5340 0,4923
0,04 0,6957 0,5981 0,5291 0,4758 0,4327
0,05 0,6594 0,5556 0,4838 0,4291 0,3854
0,06 0,6276 0,5193 0,4455 0,3903 0,3467
0,07 0,5991 0,4875 0,4127 0,3574 0,3142
0,08 0,5734 0,4593 0,3839 0,3289 0,2864
0,09 0,5498 0,4340 0,3585 0,3041 0,2624
0,10 0,5282 0,4111 0,3359 0,2821 0,2414
0,15 0,4405 0,3224 0,2508 0,2020 0,1665
0,20 0,3753 0,2609 0,1947 0,1513 0,1209
0,25 0,3243 0,2154 0,1550 0,1168 0,0907
0,30 0,2831 0,1804 0,1256 0,0920 0,0697
0,35 0,2490 0,1528 0,1032 0,0737 0,0545
0,40 0,2204 0,1306 0,0858 0,0597 0,0433
0,45 0,1961 0,1124 0,0719 0,0490 0,0348
0,50 0,1752 0,0974 0,0608 0,0405 0,0282
0,55 0,1571 0,0848 0,0517 0,0337 0,0231
0,60 0,1413 0,0742 0,0442 0,0283 0,0190
0,65 0,1274 0,0651 0,0380 0,0239 0,0158
0,70 0,1152 0,0574 0,0328 0,0202 0,0132
0,75 0,1044 0,0507 0,0284 0,0172 0,0110
0,80 0,0948 0,0450 0,0247 0,0147 0,0093
0,85 0,0862 0,0400 0,0215 0,0126 0,0079
0,90 0,0786 0,0356 0,0188 0,0109 0,0067
0,95 0,0717 0,0317 0,0165 0,0094 0,0057
1,00 0,0655 0,0285 0,0145 0,0082 0,0049
1,1 0,0549 0,0229 0,0113 0,0062 0,0036
1,2 0,0462 0,0186 0,0089 0,0047 0,0027
1,3 0,0390 0,0151 0,0070 0,0036 0,0020
1,4 0,0331 0,0124 0,0056 0,0028 0,0015
1,5 0,0282 0,0102 0,0045 0,0022 0,0012
1,6 0,0240 0,0084 0,0036 0,0017 0,0009
1,7 0,0205 0,0070 0,0029 0,0014 0,0007
1,8 0,0176 0,0058 0,0024 0,0011 0,0005




I podoancenue mabs. 4

f3 I fa . Is

n 11 T2

1,9 0,0151 0,0048 0,0019 0,0009 0, 0004
2,0 0,0130 0,0040 0,0016 0,0007 0,0003
2,2 0,0097 0,0028 0,0010 0,0004 0,0002
2,4 0,0072 0,0020 0,0007 0,0003 0,0001
2,6 0,0054 0,0014 0,0005 0,0002

2,8 0,0041 0,0010 0,0003 0,0001

3,0 0,0031 0,0008 0,0002

3,2 0,0024 0,0006 0,0002

3,4 0,0018 0,0004 0,0001

3,6 0,0014 0,0003

3,8 0,0011 0,0002

4,0 0,0008 0,0002

4,2 0,0006 0,0001

4,4 0,0005

4,6 0,0004

4,8 0,0003

5,0 0,0002

5,2 0,0002

5,4 0,0001

Tabauya 5

PE3YJIBLTATHI PACUETOB OTPLIBA OT HAT'PETON CTEHKH, M, (0) =01[44]
A —1 —0,2951 A -1 l —0,2951
T —9,545 —7,175 T¥ —0,7073 —0,7355
T, —18,24 —8,158 T% —0,10044 —0,08571
T, —187,7 —66,20 T* —0,07636 —0,07129
T, —2092 —532,3 T —0,06808 —0,05875
Ty —2,333-104 —4246 T —0,05211 —0,04804
Xo 0,0741 0,1025 XoYo ‘ 0,0649 ‘ 0,0900

Xgep 0,067 0,093




® g r. 29. IIpumep pa3BHTOrO OTPHIBA JAMAHAPHOTO CJIOH HA OCECUMMeTpPHIHOM
noBepxHOCTH CxKaths [49].

M., = 6,78; To = 500°C, po = 29 ara; T, = — G2°C; T, /To = 211 K/T72 K = 0,27.
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® mr. 30. Mogens m ee pasmepw [49].

IIONOBMHA YIJia IPM BepITEHEe HA49aTbHOrO KOHYyCa 15‘ MaKCUMATbHBIA Yron HaKJIOHA KOBTY-
pa 38°% pacderHoe 9dci0 Maxa 7; MmacmrTad 2,4 :
IIprMedaHne. Bce pasMeps IAHHW B Ml‘l!‘["lll'vle'l'pax

x40,01 Mm 27,05 28,0829,09 30,09 31,10 32,12 3

3,1 20 36,20 37,08
y+0.01 MM 7,85 7,54 7.84 8.15 5.50 8,56 9,2

3 34,16 35
7 9,70 1U 16 10.;3 11,2»
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[49, 501 mus ocecmmmerpmumo#t moBepxHOCTH CaTHA TpH 4,5 <
<M., <74

Kak Buaso ms dur. 29, oTpPHB DOrpaHEAYHOTO CIOA HA KOHAYECKOHR
MOBEPXHOCTH BEI3HIBAET CKAYOK, B3aMMOMEACTBYWIMHA C KOHHIECKOR
TOJOBHOH BOJHOM. :

PeaynpraTh mCOHTaBW ¢ MCIOJNb30BAHMEM MOMENH, IPEACTaBIIeH-
Hoit Ha ¢ur. 30, npm M = 7, monBoit TeMueparype 722—772 K B un-
TepBale OTHONIEBHMH TeMIEpPAaTyPH CTeHKH K LOJHON TeMmepaType
Tw/'Ts ot 0,3 po 0,8 noxasusaror, aro upa T,/T, = 0,6—0,8 o6xacTs
OTPHIBA JIAMHHAPHOTO HOTPAHMYHOTO CI0A OHIla 3HAYMTENbHON, a IPH
OXJIQ/KIEeHIH CTeHKH, cooTsercrByromeMm T, /T, ~ 0,4—0,3, obracTs
OTpHIBa HcCYe3aJa.

Hpowme toro, ecnm T,/T, yBenmumBaeTcs, OTPHB PACHPOCTPAHSET-
Cs1 BHILIE IO DOTOKY ¥ BIASAHEE €r0 HAa BHEIIHeE TeYeHHe BO3PAcTaer,
u Haobopor.

4, BIMAHXWE TENNOOBEMEHA HA OTPBLIBHOE TEYEHWE MNPH
CBEPX3BYHOBHIX H MMNEP3BYHOBbLIX CHOPOCTAX

Nmeetca Gonbmoe gucio paboT, DOCBAMEHHKX BIMAHUIO TEILI006-
MeHa Ba OTPHBHOE TedeHme UpH GONbMEX cKOpocTAX (cdeph, yeTymH,
BHIpE3H, HTJH U T. 7.). B mamBoM paspene maeTcsA 0630p SKCIEpPEMEH-
TalbHHX HCCIEOBAHUM, B CIeAyIOMmeM pasfeine 0yaeT ONMCAaH pacder
BIMAHHUA TeII0oo0OMeHAa Ha OTPHBHOE TedeHHE.

4.1. TEMJNONEPEAAYA K CREPE MPH CBEPX3BYHOBbLIX CHOPOCTAX

Bexsnr m Tanmarep [51] mamepmam TennoBoit moTox m paBHUBEC-
HYI0 TEMIEpaTypy B 00JacTm OTPHBa HA HOBEPXHOCTE cdepH. JKcme-
puMeBTH Obiim upoBefieHHl wmpm Mo = 2,00—4,15 m Re; =
=1,5-10% — 8,1 -10% (umcno Peiimonbaca BHumcaeHo mo mapaMeTpam
HeBO3MYMEHHOT0 1OTOKa ¥ paumameTpy cdepu). Cumranocs, uTo
TOYKa OTPHBA COBIAflaeT C TOYKOU mepeceIeHEs KOCOI'0 CKadKa B Haga-
le ofiacTm OTPHIBA C MOBEPXHOCTHIO cdepH. MuTepBasa m3MepeHHHX
Temmeparyp Ha moBepxHocTE cdepsl cocraBiasa 30—50° C. Hamboan-
mas TeMmepaTypa Gbula B Touke @ =50°, a HamMeHbImas — B obIacTE
OTPHIBA.

Kak supmEo m3 ¢ur. 31, B o6aacTe oTpHBA OTHOmEEHME PaBHOBEC-
Ho¥t TemMmepaTypu T K moaHoit TeMueparype I, GKJIO HOYTH IOCTOSAH-
HEIM BJ0OJb MOBEPXHOCTH MOJEIH X HEMHOTO YMEHBIIAIOCh C POCTOM
gucaa Peitnmonpaca. 3mech mop «paBHOBECHON TeMmepaTypoi» moppa-
3yMeBAaeTCA JOKaJbHO W3MEepeHHAas TeMImepaTrypa, IOpH KOTODOW

0T/ot =0 (t — Bpema), B OTIWYAE OT «TeMIEPATYPH BOCCTAHOBJE-
HOSA», COOTBETCTBYIOMEH HYJIEBOMY MECTHOMY TEILIOBOMY HOTOKY.
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® nr. 31. Orgomenne paBHOBECHOI TeMIEPATYPHl K IIOJIHOW TeMllepaType Hpu
Mo = 2,0 m meckoapkux umciaax Peitmonsuca [51].
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@ mr. 32. 3aBECHMOCTb OT ¢ OTHOLIEHUA MECTHOrO Ko3dduuueHTa TEMIOOTAATH
K ®09QUOHAEHTY TEmI00TAAYM B KPHTHIeCKOH TouKe mp¥ Mo = 2,0 B pecKouxb-
Kox gmciaax Peiimonbaca [51].

TEOPHA JIAMHHAPHOTO HOTDAHMYHOTO CJOA, —'—— TEOPHA TYpPOYJeHTHOro morpa-
HHYHOI'O CJI0A, IJIOCKaA NIACTHHA,




® ur. 33. Cxema mopmenu [52].

1 — KOHYC; 2 —BOJHH DAa3DEeKEHUA; —3aMEIKAOMAY CKAYOK YIIOTHEHMA, 4 —— DA3XENAN0-
mad JHUHAA TOKa, 5 — 3acTroiiHaA 30HA; 6 — moaychepmEuecKoe KHO.
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@ mr. 34. PacupegereHue TemIoBOro mOTOKA mO JHY MOJeAH 3 mpH HYJeBOM
yriae aTtakm [52].

a — Re/M = 7,9-10% 6 — Re/M = 4-10°% 1 — 0 TIOPMBOHTANX, § — [O BEPTHKANE, 3 —
o0 BepTAKANX MJIA TYpOGYINeHTHOTO TedeHMA.
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IIpm mespmmx umcrax Maxa wmcao Peiimonbaca Bamsamo Ha moxo-
/KeHne TOYKH OTPHIBA W AaBjeHHE B 00IacTd OTPHBa; C POCTOM uYmcia
Pefinonpnca Touka oTpuBa cMemanach nasan. Koaddmmment Temnoor-
padm h, BHYMCIEHHHH HO pe3yabTaTraM H3MEepeHmnid, IpeIcTaBJIeH

hguo/hunuycs o=0°
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® nr. 35. Pacnpenenenie TenIoBOro MOTOKA IO SHY MOeNH 3 PH YrJe aTakH a.,
OTIANYHOM OT Hynas, W Re/m = 4.108 [52].

@ — YrNoRoe PacCTOAHHE OT LIeHTPa IHA; a — pachpefesieHRe M0 FOPASOHTAMA: —— & = 10°;
—_—— — = 15°% — . — a = 20° 6 — paclpefe/leANe N0 BEPTHKAJIH: — -—a = —20°;

o =10 — — — a = 15° —- a = 20° BCe MaHHHE COOTBETCTBYIOT TYpPOYNeHT-
AOMY TedeHmIo.

na ¢ur. 32. [lpa HeGonpmAX yriaax ¢ KpHBasg h KPyTo Bo3pacTaer
BCJIEICTBHE Tepexojia JaMHHAapPHOTo TeIeHHA B TypOyienTHoe m focTH-
raer MaKCEMyMa mpu ¢ =~ 40°.

Ilpu M~ = 4,15 n Goapmem uwmcae PediRonwnca kosdpdmmment A
nmonolGen monyueHHoMy A M . = 2, aa HCKJI09eHHEM CMemennA To9-
KH Iepexojia Hazal.

®pencuc m [lssm [52] mposeam skcmepmmentannEOe mccaeno-
BaHHe Temjomepenadn K modycepHdeckod MOHHOM YacTE TOHKOTrO
9—0828
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kouyca mpad M. =~ 9, Re/m =7,910° — 4-10° m yraax arakm
u croapkemma ot O mo 20°. CxeMaTwdeckm MOJedb IOKa3aHA
Ha ¢ur. 33.

Hocosas gacts opmoit mogenm (3) 6uura octpoit ¢ momyyraom 9°,
BTOpPO# Mofenm (2) — 3aTymJIeHHO! ¢ OTHOLIEHWEM paguyca 3aTymie-
aua k paguycy asa 0,3. Ilpm o6TekaEunm 9TEX Mopeneit MOTOK pasro-
HAeTca OT MecTHoro umcaa M, o okomwarensroro M; moBopoToM
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@ ur. 36. Pacnpenenenne TemnoBOro NOTOKA IO JIHY MOJeNH 3 IPH yIie CKOJb-
menusa P, oTnamuHOM OT Hyns, @ Re/m = 4.108 [52].

@ — Yrioboe PacCTOAHME OT IeHTPa [HA; a — pacHpeRelieHHe 10 TOPH3OHTANH, 6 — pacnpe-
meseHue 10 BePTHKAJIM; BCe NAHHBIE COOTBETCTBYIOT TYDOYJIEHTHOMY TedeHHMIO.

Ha yroa v, ompefeiseMblii dmcioM M, u KoddpdmnuenToM TOHHOrO
NaBleHAA. 3aTOPMOKEHHHHN BO3AYX M3 MOTPAHUIHOrO CJIOA IIPH OTPH-
Be momajaeT B ob6aacTe ciefa, ofpasys BEXPH U TedeHHUe CIOKHOR
CTPYKTYPHI.

Ha ¢ur. 34, a npeacrasieHs pe3yabTaTH M3MepeHHI pacrpenede-
HUA TEIJIOBOTO MOTOKA IO AHY MOAENH 3 /JIA JaMHHAPHOTO TedeHHA
npu ManoM uncie Pefinonsaca. B oTamame or mpmbiamanTenbEo mOCTO-
AHHOTO TEemJ0BOI'0 NOTOKA MO BEPTHKAJHM TOPH30HTAJBHOE pacupepe-
JeHNe UMeeT NMK TeIIOBOTO MOTOKA, MOMOOHKNHA HabI0IaeMOMy B CIy-
qae Typ6ynentnoro teuenusa (pur. 34, 6). Cpennasa BenrMuUMHA TEIIIO-
BOTO MOTOKA HA OCHOBE JAaHHHX, IPefcTaBIeHHNWX Ha ¢ur. 34, cocras-
AgeT okoJI0 7% TemIoBOTO MOTOKA A NPHCOeAWHEHHOTO TedYeHHA IPH
MaJsioM yncie PefiHoNbACA A 0K0JI0 HOJOBAHH 3TOM BeAAIAHE 4151 GOMb-
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moro gmciaa PefiHoabaca B ¢liy4ae TOHKOTO MOTPAHMIHOTO CIOH H OT-
HOMEHRAA TOJNMUHE NOTPAHMIHOTO CIOA B TOYKe OTPHIBA K pajmycy
nua, Megbmero eqmannel. Ha ¢ur. 35 u 36 noxasaHo BIWAHEWE yrioB
ATAKE H CKOJNBKEHHA Ha TeIlomepenagy. XoOTs pacupefelleHHe Tem-
JI0BOTO IOTOKAa HEperyifApHO npm ManoM gucie Peinonsnca, omk
pacipefiefieAEs [0 TOPH3OHTANM, HabIIOTAaeMEi NpH HYJIEBOM yrie
aTaKW, HCcYe3aeT; OMHAKO B MEHTpe HoycdeprIecKOro JHA NOABIAETCH
oTderamBoe «ropadee nATao» (pur. 35). Beamuaumna TemmoBoro motoka
K JIOHHOH 9acTH B HCCJIELOBAHHOM HHTEPBAJe YIIOB aTaKU MU3MEHACTCH
MaJo, OJHAKO OHA HECKOJBKO Gosblie, 4eM NpPH HYJIEBOM yrie aTa-
KH, U OKOJI0 YIJIOBOM TOYKH BO3MOKEH OOJNBINOHE TenJoBOH NOTOK.
W3MeHeHHe TEIJIOBOTO HOTOKA K Moflel¥ 2 ¢ 3aTYMJIEHHHIM HOC-
KOM aHAJOrMYHO HAGIIOZaeMOMY MJS OCTPOHOCOM MOfenH 3, HO
BeJUYAHA CpElHEr0 TEIUIOBOIO TOTOKA HOPHOGJIHM3UTENBHO BJBOE
Gonbme, ueM aaA octpouHocoir Momenu. C yBeamueHmeM yrios
aTaKW HIH CKOJb)KEHWA BIHSAHUE 3aTYIEHUA, MO-BHAMMOMY, HCYe-
3aer.

4.2, BIMAHWE TENNONEPELAYA HA OTPbIBHBIE TEHEHHWA,

Bbi8BAHHbLIE YCTYMNAMM, BbIPESAMH W UMIHHOAPHUYECKWUMKW BbICTYMAMH
HA NOBEPXHOCTH TENA MPKU CBEPX3BYHKOBbLIX

M TMNEP3BYKOBbLIX CHKOPOCTAHX

PesynpraTh mcciefoBaHW# Temionepefady B OTPHIBHEIX TEYCHHAX,

BHI3BBAHHHIX YCTYIaMH, BEpe3aMH, PACHIHPEHUAMH W IWIMHJpHUe-
CKMMH BHICTYIIAMH Ha LOBEPXHOCTH OPH CBEPX3BYKOBHIX CKOPOCTAX,
OPUJIOKMME K TOBEPXHOCTAM INWTKOB CBEPX3BYKOBHIX KDBUIBEB,
OHJIOHAM, a TaK:ke 00TeKaTeJsiM PasIUIHHX GOpPM, YacTO BHICTYHAIO-
muM Haj TOBEPXHOCTAMH caMoleTa. B 3THX caydYasax ToJm@HA BA3-
KOTO CJIOA TOTO jke MOPAAKA, 9TO ¥ BHICOTA YCTYNa, BHPE3a MIH I{HINH]-
pa.
B ra6a. 6 npuBegena CBOAKA pasINIHBIX SKCIEPHMEHTAJBHEIX
HCClelOBaHMi, CBA3AHHHX ¢ JTUMH upoGiaemamu. HWccenenosannma
OTpHBA, BhisnWBaeMoro ycrymamu npu Mo = 2,44 (4], yxe yuomu-
HalUch B IJI. |, HOSTOMY B HACTOAMEH IjaBe OHHM PacCMaTPABATHCA
He OymyT.

4.2.1. Bausnue menaonepedauu Ha ompwuléHoe meuenue, eulavieaemoe
Yyemynamu U KOHUNECKUMU DACWUDEHUAMU

Toman (53] m Kagen [54] nposeanm mamepenms Tem10BOro moToKa,
TeMIepaTypsl BOCCTAHOBJICHMA, HANPAKEHUA TPEHHS W [aBIEHUA
B TypOy/IeHTHOM OTDHIBHOM TEYEHHH, BHI3BAHHOM PasHWMH POpMaMH
mosepxHocte Tena upn M, = 1,8, HNas cpasuwenns Toman [53]

Qe



Ta6auya 6

CBOJIKA SKCIEPHMEHTAJIbHBIX MCCJIENOBAHHMH TEIUIONIEPELAYHA B OTPBIBHE
CBEPX3BYKOBEIX CHOPOCTAX

—
ITorpa-
epra om
Cxema Mopnensa Mar pM%n’eJEf SMEPH | Hpannt | Moo Hneny;:ﬁi;(e
cloit
—_—
—_— IInockana cTeHka Typ6y- 2,44 KoapduuueHT Teny
m a0pOIMHAMHYECKOR JIeHTHBI] oTRauM, Koospdumue
Mo, Tpy6ul. BricoTa ycTy- BOCCTAaHOBJIEHHH, C7
— na 8—25,4 MM THYECKOe  NaBJICHW
HABNOPAMEHNEe TpPeHR
% uHCIo Maxa
— JepeBo, RATYAK Typ6y- 1,8 KosdpdumuaenT reuy
PIIIIIIIIIIIY. CMOHTMDOBAH Ha MIIeK-| JIeHTHRIA orgaun, Koaphuiue
M Yo curaace. JJIMHA BbIPe- BOCCTAHOBJIGHHA, CT
—_— [ ad 3a 60 mm, rrybuHa THYECKOe  NaR/IEHH
g 5, 10, 20 MM. Buico- HANOpKEeHNe TPEHH
e Ta yerymna, obpanieH- XapaKTePHCTHKA p
P W HOTO H4BCTpeYy lI0TO~ rPaHMYHOTO CJ0A
Ry, 12,21 MM BbiCcO-
Ta ycrymna, pacrojao-
YEHHOro [0 MOTOKY,
20 MV BbICOTA BRICTY-
na 20 Mm
Moo Banb3za ¥ Menb, Mo~ Typb6y- 1,8 Ter10BoN noro
—— 5 KpuITas TOHKON Gyma- | JeHTHHIR KO3(pUIHEeHT Temn
W roit., BrcoTa 12 MM orgaun, Kozbdumme
: 4 BOCCT4HOBJICHHH, Te
nepaTtypa Jo6oBoif o
BEPXHOCTH yeryn
CTaTHYECKOe NABJIEH
M Hepeso, o0muAroe | JlamMuHap-| & Tennosoit ooTo
=, HCpKaBelomeR cra- HH# @ ko3pduuuenr Temn
m JIbl0, BEPXHAA CTOPOHA | TYpOy- oTaaun, TEMIEpaTyp
3 MaTepnala ¢ 0Jio- | JICHTHBIR CTaTHYeCKOP OaBn
Xoff TerI0IPOBOTHO- HHe, npodunb cKop
Tbio. Buicora 25,4 MM, CTH, TOJAUIMHA IIOrp
yroa KimHa 15° HMUYHOrO CJI0d
[ P L I syMepHsle Monemu | JlammHap-| 0,3— TennoBok IOTO
— H3 MeIH (CIJIOIIHKIE) Hul B 4,0 | kOdpduLMEeHT Temnm
<[ 3 Typ6y- oTaaun, ugmcio Pe
JeHTHHI} HOJIbJICA Iepexona
/
Moo
/
Ten10on30NHPoOBaH- ’I‘ypﬁy;i 2,9 Koad)dmnm:,tx;g Temm
HaA MOJENb U3 HEP:KA- | JICHTHHI oTaauu, Koapduiaet
Wm:""ﬁ;mc:& BCIOULCH cTand. Temmno- BOCCTAHOBJCHAS, TE!
napom MAOAUUA:  BO3OYL- J0OBO# IOTOK
%m pe Hbtlt 3a30p 0.5 Mv H
‘ cnioga  TONMWHOK
0,127 mm. I'nybunna
BbIpe3oB 6,35 —
12,7 MM, pauHa 51—
380 MM
I[uaMHOp W3 uHKO- | TypOy- 8,6 qucno Peltronbaca
Mo Obpansennorii Henn 0,8 MM, KONMb- | JMEHTHHA |(MaKc,)| umeno Maxa, craT
> wascipeyy nomory | PBOM BLICTYI BRICO- 4eCKOC NaRJIeHue, T
<:ﬂj3;cmyn Ha Tolt 12 MM WHAHA [OrpaHNYHON
OCHOAS cnost, uucso CT3HTOHL
“apnyos modcsu KodpdOUUNCHT  TendaAo
otxaun, Nu/Rey,




rEYEHUAX, BbISBIBAEMBIX PACIDMPEHHMAIMH, BHIPE3AMH A VCTYHAMH IIPH

HHTEepBan

TeMOepaTryp Yucmo Peddnonbaca IIpuMeganue Hcrounmk
Tw = 65° C IOna ycryna, obpa- WaMepenna ya CTeHKe aspoppHamuye- | TIaan, Koym,
[ =40°C IMeHHOrO _ HaBCTpeuy | CKoil Tpy6u OTprmk [4]
ry= moToKy, Reg=3580—

Tr&18°c 7500, pna ycTynma,
PacloJIOKEeHHOr0 MO0
nOTOKY, Reg=
=6100—12 390
T =10-30°¢|Re=107 HabionenMa € INOMOmBIO TeHeBOro | Tomam [53]
w npubopa u nHIEpPepoMeTpa, HCILITAHKA
B aspoAnHamu4eckoil Tpyoe
Ty = 9,3— Re =107 CraTHyecKOC JaplieHme WaMepayoch | KaseH [54]
4° BONM3N N0G0BON NOBEPXHOCTH YCTYDA M
32,4°C Ha camMoft MOBEPXHOCTH, BCE OCTaJIbHbIE
N3MepeHNnA—TONbKO Ha J000BOM nosepx-
HOCTH ycTyna. JICHHITAHMA B aspoaMHa-
Muueckol Tpy6e
Tw = 224— Rex 0(107) HsMepeHAA TEIIOBOI'O MOTOKA, ocobeH-| HeHcMAT
203K HO B 00j1aCTH mpucoeawHeHmA. Wcnmra- | [57]
HHA B adpOIMHAMKuecKol TpyGe
Tw =300— Re = 106-4-1086 VicnnTanna B asponvHaMmueckol Tpy6e| Jlapcom [61)
387 K

Ts= 10—316°C} Re=-1,5-108 nnsa BuayajJuaanua NoToKa, MCKPOBAA Te- Xapsar,

T T —37- aKBMRANEHTHONH mJloc- | HeBan CvheMKa. MCOKMTAHMA B aspommHa- | IboH, Pyc,

w oo™ | KOl ILIAaCTHHH Muueckolt TpyGe XHTy {53]
(=73)C
TepMonapnl aia Re/Mm=5,9-10¢ HcnomtaunAa B CBOGOQHOM moJleTe B Te- | MaKKOHHCI

iTepBajia Temme- | (MakKc.) 9eHHMe 25 ¢ HA BHCOTe 14 KM 59])

Patyp 220—890 K
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TJABA XI

IPOBOJMI M3MEPEHHA HA INIOCKOR IUIACTHEHE, eT0 PesyibTaTH 0603Ha-
uatorca mufekcoM f. Kasen [54] mccaenoBan Tonsro yeryn, ofpamen-
HBI HABCTPeYy NOTOKY, CXOMHHEIM ¢ mcciexoBaEHEM TomamoMm. Koad-
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@ ur. 37. Pacnpenesienue JaBJIeHNA, KO-
otranuenTa BocCTaHOBJIEHUA, Koapdnmmu-
€HTa TeINIOOTHAYM M HANPSAKeHUs TPeHH S
nepes ycrymoM, oOpameHHEIM HABCTpedy
fgoToky (Beicora 12 mm) [53].

¢unuenT TemnooTAAYE 2 H KO-
a¢pprnumenT BoccTaHOBIEHHA T
ompepenAnncs mo GopMmyaam

h = Q/(Tw . TBCN))
u

r=(T,—- TW)/(Ts_TOO)y

Ie ¢ — IUIOTHOCTH MECTHOTO
TenJo0Boro nmotoka Br/m2;, T,,—
TeMnepaTypa CTeHKH, [opp—
appeKTHBHAA  TeMmmepaTypa,
T, — TeMmepaTypa BOCCTaHOB-
aeama u T, — Temmeparypa
HEBO3MYHIEHHOTO moToKa i °C.
Topp COOTBETCTBYET TeMIepa-
Type, IpH KOTOPO# B HadaJb-
HHH MOMEHT BpeMeBm I Ten-
JIOBOH IIOTOK ¢;—o paBeH HY-
ao0. T,pg He o006s3aTENBHO
moJikHA OHTH paBHA T ,, X0TA
darTHIeCKU oumM paBHH. Heko-
TOPHE 9KCNEPAMEHTAIbHEIE Pe-
syasrat Tomama [53] (3a
HCKJI0IEHNEM BEHIEMKH), YIOMS-
HyTHie B Ii. 1, mpepcraBiieHsl
Ha ¢mr. 37—40.

Husa ycryna, o6pamensoro
HaBCTpe4y NOTOKY, pacmpefie-
JlleHWe [aBieHUA, TEeIIOBOrO
OOTOKA M HAUODMAKEHWA Tpe-
HOA, NolydeHHHe TomaHoM
53] m Toagmom [4], momo6umL.
XoTA miIaTo naBieHAd BOIM3H
71060BO#f NOBEPXHOCTH yCTyma
OLLIO 3aperHCTPEPOBAHO  BO
BCeX OOHTax, ToMaH sadukcn-
poBaJI BHe3aUHHIMA pPOCT maBlie-

HUA BOJIZ3HT 06G0BOR NOBEPXHOCTHE YCTYIa, TOr{a KAK HA CaMO# mOBepX-
HOCTH iaBJeHme OEI0 paBHO miIaTo-Kasiennio (I'apn nosrmenas qasie-
HuA He o6Hapy:xua). Pacnpenenenna KoapduumenTa BOCCTAHOBIEHHAS,
TOoJNydeHHEE DAa3IMIHHIMA HCCIE[OBATENAMHA, HEMHOI'O Pa3lIHYalJHCh.
ToMaH moJNy9msI MOHOTOHHO BO3pAaCTAOmU Kod(PHIUEHT I' NpH mpH-
OJMmKeHNN K yCTYyNy ¢ MAaKCEMYMOM HA J0060BOi IOBEPXHOCTH yCTyma,
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® nr. 38. Pacnpenenenne naBiaenus, KoapuiueATa BOCCTaHOBACHAH, KO3{PH-
IUEHTa TEeIVIOOTAaY¥ W HATIPAHKeHHA TPEHHA 38 YCTYHOM, PAacHOJOMKEHHHM IO IIO-
TOKY (BHcoTta 20 mm) [53).
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TJIABA XI

B To BpeMa Kak ['agm moxywumn S-o6pasmoe pacupefieieHHe ¢ MaKCH-
MyMoM uepei ycrymoM. Jis ycTyma, pacmoso:KeHHOTO IO IOTOKY,
BCe pacHpefielieHHs [AaBIeHHAA, Kod((HOHeHTa TemI00T/a4d, Hampsa-
JKeHUA TPEeHAA ¥ K0d()UIMeHTa BOCCTAHOBIEHHA, modydeHHEHEe Toma-
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% 7. 77
® nr. 39. Pacnpegenenne paBieHUA,
koaddunmenTa BOCCTAHOBJIEHHA, KO-
sPPnuEeHTa TEIIOOTHAYM ¥ HAIPAMK-
HOA TPeHHA 3a BHCTYHOM (BHICOTa
12 mm) [53].

BoM u I'apgmoMm, momobmm. Xap-
Bat u ap. [55] momywmam cxoxHOE
pacupefiesieHIe TEMIOBOTO MOTOKA
3a YCTYIOM, PACHOJOKEHHEIM IIO
HOTORY, AJIA TOJCTHX TypOyiIenT-
HHX IIOTPAaHWYHHX CI0€B. 3a
061acTbl0 TPHCOeNWHEHAA Tell-
JOBOH HmOTOK yMEHBIIAICA HM3-32
GoNBIIOR TONMUHH NOrpPaHAT-
HHX CJIO0eB. OTH pacImpefelleHHs
TaKKe NO/0GHN HOMYYeHHHM A
TEYeHHUA 33 BHICTyIOM, HO B OT-
IMY@e 0T YCTyIa, PacIoJoKeH-
HOTO IO IOTOKY, TeIIOBOA HOTOK

~1.0
g/’
~05
1 1 0
040 035 030
PR,

® nr. 40. Pacnpenenenne pAaBiaeHUsA
nmo a000BO#i ITOBEPXHOCTH y(rrlyna,
o6 pameHHOro HaBeTpedy HOTOKY [54].

B CJy4ae BHICTyOa h 6LICTp0 MOCTHAraJ MAKCUMyMa W BHE3aIIHO YMEHb-

IMaJICAa.

Ha Goxpmom paccrosmmm (mo 18 mmicor ycryma) 3a ycrymowm,
PAcCIONIO/KeHENM 10 HOTOKY, H 33 BHCTYNOM KO3(QUOHEHT BOCCTa-
HOBJIIGHAS He JOCTHTa] moiHO# Bermumen. Hak ykaswBaer bpum-
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gmg [56], maske ma paccrogmmm 80 BHICOT ycTyma BHHB IO IOTOKY
K0>)PHUOMEHT BOCCTAaHOBIEHWA He JOCTHIraeT IOJHOA BEJIHYAHH.

N3 omritoB Tomama ciiefiyeT, 9T0 B CaAy9ae yCTyIa, o0pameHHOTo
HaBCTpPedy HOTOKY, OTDPHB 09eHb ciafo BIMAET Ha Temjomepexady,
T. e. GoIbIIMe BO3MYMIEHHHA, BHIBBIBAEMHIE MOJENAMH, N TPeXMepHHE
apdeKTH He OKA3HBAlT CYMECTBeHHOro BIHAHHAA Ha h. B ob6aacrm
OTPhIBA TOBEPXHOCTHOE TPeHHE yMeHbMaeTca B Cojblledl CTemeHw,
9eM TeIIOBOH MOTOK, TAK YTO HENL3A NPHMEHATH aHAJIOrUI0 PeitHonba-
ca, He HMesd JONOJHHUTEILHHX CBEAEHHA O XaPAKTEPHCTAKAX TEICHHSA
B 0061acTH OTpHBA. 3a YyCTYImOM, PacHmOJOKEHHHM II0 IOTOKY, oOpa-
3yeTCA BHEXPEBOH CJIOH, KOTODHU BHI3HBAET yMeHBIIEHHE TeMIepa-
TYPH BOCCTAHOBJCHHA 3a 3aMHIKAIOMMUM CKadKOM, XOTH BHXDH OHIH
049eHb CJaa0RMA.

Kax sugao u3 ¢ur. 40 m 41, B BepxHeil W HIWKHERE FacTd J060BOK
NOBEPXHOCTH yCTyma AaBieHde Goibme, 9eM B cpepnei sactd. [Tomy-
9eHHHE AJXA 1060BOH MOBEPXHOCTH YCTYyIAa BEIMYHHE A 3aKIOYCHEH
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@ mr. 41. Kosddruuent Tennoornaum h B 3aBUCEMOCTH OT KOODAMHATH y/h”
U CpeflEMe BeJAHMYAHH h 1O NaHABM HECKOALKHX ONMWTOB [54].

(O peayNbTATH PacYeTOB AJA HAYATILHHX MOMEHTOB BPEMEHH HECHONBKHX ONWTOB; @ Peayas-
TaTH pACYeTOB RJAA ONHOrO HENpPepHBHOLC OMBITA.

B mpepenax ot 290 mo 400 Br/m®.rpa;, B TO BpeMs Kak B HeBO3MY-
IMEeHHOM DOTPAHMYHOM CJoe B TOM ke cedeHmH h = 200 Br/m?%-rpan
[54] (pmr. 41).

Pesynbratsl gusa 061acTR ODpHCOEARHEHHs 3a ycTymoM, o6paso-
BaEHKM kamEoM ¢ yriom 15° (pmr. 42) [57, 58], mpencrasnens
ma ¢ur. 43.
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Yrobm cBeCTH K MHHEMYMY NepeTeKaHHe Tellla BJ0Ab HIOBEPX-
HOCTH B M3MEDHTH B&JIAYAHY OHKA TEIJIOBOro NOTOKAa B Y3KOH obmacTh
NpHCOeAXHEHHs, MOAeab yCTyma Obijla H3roTOBJIEHA M3 MaTepHalia
¢ HE3KOH TenJompOBOJHOCTHIO, TAaK KaK [PYrHEM HCCIe0BaTeNAM
He yIaloCh ONOPEleJUTh OEK TeIJOBOr0 HOTOKAa IPHE HCIOOJh30BAHHAN
Marepdana ¢ Goapmodl TemaonposopHocTe0. Hoosdduument Temmo-
OT/Maud [JA KJIMHA ompeneisicAa mo dopmyle

h = g/(Tqw — Tuw).

[Iprcoennuenye 3a KIMHOM W 33 KOHYCOM, HePEXOAAIMM B IMIHMH/D,
IPOHCXOAMT HA PAaCCTOAHAM OKOJO 2 H O BHCOT YCTyNa, W NHKOBHIE

x
3
iR
N °
X
Nkz\x_x x
2 7 & T X —
h xP(
hy ]’
1R paak 3
x
x&,‘&'@-—a—g
X
0
-5 0 5 10 15 20

xl
® u r. 43. TemnoBoii moTok B ofmacTu npncoemusenns [58).

x’ — paccTOfHMe 3a YCTYNOM, OTHECEHHOe K BHCOTe YCTYNa; X KOHYC — HMWIMHAP; A KIMH

(Po = 3 aTM); O KaMH (po = 5 aT™); X snmaganomue TOuKH, 0YeBHIHO, TOBPEHIEHH NAT-
YUKN.

BeJIHYEHK # Onum m3MepeRn BOaE3u obmacTH IpHCOEAUHEHMS.
Ha ¢ur. 43 unpmexc O cooTBeTCTBYeT CpefHE#l BeJUdHWHE [0 OTPLIBA.
Bennupgsa muKa M oOmuii ypOBeHb TENJOBHIX IOTOKOB 33 YCTYHOM
OTHOCHTEIbHO TEIJIOBHIX IOTOKOB HePel OTPHBOM 3aBUCHAT OT TOIO,
Gl NH NOTpPAHHYHHIA CJI0# nepel OTPHIBOM JaMHHAPDHBIM HIH
Typ6ynentHuM. B mepsom ciaysae OHE 3aBHCAT TaK:ke OT TOro,
IPOMCXOJAT JH nepexoR K TypOyJeHTHOMY peXUMY A0 NPHCOEIHHE-
uua. W3 dur. 43 BEAHO, 9TO AJA KOHyca, IHePeXOAAMET0o B LHIHHAP,
h/ho cTaHOBHTCA GoJblle eMHULE B OTIMYAE OT KIMHA. ITO ABIEHHE
06yCiI0BIEHO IEPEeX0A0M JAMHHAPHOTO CJI0A CMONEHHA B TypOyireHT-
HE# @mOcjle OTpHBAa.

PesynpTatel BHOONHEBHHX B cBofojHOM moiere HAccaegoBaHui
Typ6yJIeHTHOTO OTPHBHOIO TeYeHHA, BH3BAHHOIO YCTYHOM, oGpameH-
HEM HaBcrpedy moToky [59], mpencraBneEm ma $ur. 44.

Jlna cpapHeHEA NOPHBEJCHH TaKke 3HaYeHUA KodpduumenTa
TemI00THaYH, BHYACIeHEne mo Metogy Jkkepra [60], nna kommue-
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CKOr0 pacmEpeHHsd, 3aMmeHAwmero o6aacTs oTpwBa. HMNamepenpne
peamumEH Ha 40—50% HUKe pacYeTHHX, 9TO COTJIACYETCS C JAHHHIMHA
Jlapcona [61], monygermmmME B aspogmmaMmdeckoir TpyGe.
Temnomepenadya B OTPHIBHOM TeYeHWH, BH3BAHHOM KOHWYECKAM
pacmupenueM, Omia mcceaeqopana upa M, = 6,8 [62] 7 upr M, =
= 4,98 [63]. OTpuis Habxofanca KAk OpHE YHACTO JTaMAHAPHOM, TaK
¥ OpH mepeXofHOM Tedendsax. Momeas, HCmonb3oBaHHAS B dKCOEpH-
mentax ®epriocona m Illedepa [63], npencrasnena Ba ¢mr. 45.
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@ n r. 44. Rospdaument TemnooTnadu B 06IaCTH OTPHBA HO Pe3yAbTaTaM M3Me-
penmit B cBoGogHom mozeTe [59].
O pe3ylbTaThHl pacyeTa AJIA 3KBHBAJIECHTHOI'0O KOHMYECKOTO PpPacCHI¥MpeHuA.

TeoMeTpmuecKMe mnapaMeTpH MOJENH: MHONYYrod Komyca 15°,
mosyyroa KoHmgeckoro pacmumpenms 10, 17, 24 m 56°. Epunmumoe
qucno Peitnonnnca (Re/M) cocrasasiio ot 5, 25 10% mo 17,7 -10°, oTmo-
curenbHasg Temmeparypa crenk® ot 0,8 mo 1,0, Temmepatypa Topmo-
weras 395 K. OGmacts otpmBa dopmMmpoBanach mepex paciumpe-
HUEM, CHU)KaA CONPOTHBIEHEE, HO B HEKOTOPHX YCIOBHAX YyBEIWYH-
Basg TEIUIOBOM HOTOK IIOCJI€ IPHCOENMHEHHA.

Ilepexon mpomcxoAun Ha Typ6ynn3aTopax OpHU eUHETHOM 9JHCJe
Peitronsnca (Re/m) 6Gomee 6,5-10°. UYmetro maMmmapHOe TedeHHe
B ofiactH OTpHBa CYIECTBOBANO TOABKO IPH MUHMMANHLHOM Yrile
KOHWYeCKOI0  DaCIIHpeHNs 10° uw emwumumoM umcne Peimomnca,
(Re/M) memee 8,5:10°. Ilpm 4mcTo TaMWEApHOM TeYeHAH B 061acTH
OTPHIBA HE CYMECTBOBAJIO NUKA TEIVIOBOTO HOTOKA B 00JaCTH IPHCOEH-
HEHHs, B TEIUIOBOH NOTOK K MOBEPXHOCTH PACIIMPEHHs 3a IpPUCOENH-
HenmeM (HO mepeq mepexoioM) 6Ll HeGOAbMMM, HO HECKOJNBKO BHIIIE
BHYHACJIEHHOTO IO TEOPUH JAaMHHAPHOr0 HOrpaHMIHOro cios (dur. 46).

ITpn mepexomHOM pe;kUMe TedyeHHA B 061aCTH OTPHIBA CYMECTBOBAJ
OOK TeNJ0BOrO IOTOKA B O0MACTH HPHCOENMHEHHA. 1emIoBOi HOTOK
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B 06JaCTH TPHCOEAHEHHAS NJIA KOHATECKOTO PAaCIIMPEHHA [OCTATOTHO
TOYHO OUpejeNseTcss pPacuieToM II0 TEOPHH IPHCOE[HHEHHOro Typby-

56°

Typbynusamop
| 45,7 —aax 7
1
o 15“1?‘< ) D 1
i 85 203
288 158,4
871

® 7 r. 45. PasMepH MOReJM ® pACHOJ0KeHHE TEPMOLAp M JPEHAMKHHIX OTBEp-
cruit [63].

HKOOPIHUHATEI TEPMOIIAP U IPEHAXHBIX OTBEPCTHN

HoHmuecKkoe pacmBpenHe

HoHye —1annHap
10° 17° 24° 56°

PaccTossade BAOJb OCH MOAESNE X, MM

36,8 289,2 289,7 289 288,8
1084 302 302 300,8 292,3
133,9 314,2 313,5 312,2 299,6
159,2 331,3 330 324 306
172 % 347,8 346 335,2 313,2
184,7 364,8 362 346,86

197,6 * 381,2 378,2 358

210 398 394,2 370

223,2% 415 418,2

235 4 431,8

248,1 %

260,9

275,2

2832

* TONbKO APCHAMKHBE OTBEPCTHA.

JIeHTHOTO IOTPAaHHTIHOTO CJIOA, HAYHHAIOMETOCSA B TOYKEe mepexofia
OT UWIMHApa K pacmupeddn. llpoTsikeHHocTh ofaacTE OTpHBAa
OpH YHCTO JaMAHAPDHOM ® NEPeXOJHOM De;KMMAaX TedeHHA B Hed



Toyxa npucoedunenus
Touxa ompeisa

@ ur. 46. TeoMeTpudecKme XapaKTePUCTHKM o6jacTu OTpHBa [63].
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@ ur. 47. PeaynbTaTH U3MepeHUH TeIsIOBOro moToka [63).
3Ha4uKkM C 9epPTOYKaMM O3HAYAXT BO3MOMKHYIO NOrpemrHocTb Gonee +20%; — — —- pacder
110 TeOPHMH JAMMHADHOTO NOrpaHMIHOTO clofA [64], — . — pacueT mo TeOPHH TYPGYIEHTHOTO

TIOTPAHH9IHOTIO CIIOf, HAYUHAA OT TOYKM HM3JOMA KOHTYpa [65]. JJamrrapHOe TedeHHe B o6IacTh
OTpHBA; YIOJl KOHMYeCKOro pacumupeHns 10°, exnHmanoe uucio PeitHonbaca Re/M = 5,25-10%;
gucio PeliBonbpaca, BRMMCIEHHOE N0 AUAMETPy Tena Rey = 0,79.10°,



TENJIOBHIE fIBJEHUS B OTPHIBHBIX TEYEHHAX 143

YMEHbIMAJMAch C OXJa;KAEeHHeM CTeHKH, yYMEeHbIIeHWeM yTia pacHmiH-
PEeHHSA W yBeIWYeHWEM eIMHWYHOro ymcaa PediHoawica. PesayasrtaTth
H3MEpeHHi TEImI0BOro UOTOKA HpeAcTaBienn Ha ¢ur. 47. Beaumumna

St)/ Re; ornomena B 3aBmcmMocTH oT x/d (d — mmameTp mEaEHMpa,
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® ur. 48. PeayabTaTH H3IMepenMil TemIoBOro moroxa [63].

— — — pacter N0 TeOPHM JAMHHAPHOTO lorpaHndHoro caoa [84); —. — pacuer no Teopun
TYpOYJIeHTHOrO NOrpaHHIHOrO C.10A, HAYMHAA OT TOYKH WIToMa KOHTYpa [65]. llepexonHuit
pPeinM _ TedeHHMA B 00.1aCTH  OTPHBA; YroJl KOHMYECKOro DeCHIHPEHHA {0°, eqHMHHuYHOe
guciao PefiHosnbaca Rem = 17,7-10%, sucno PefiHo.baca, BHYMCIIEHHOE O RHaMeTPy Teha
Rey = 2,66-10°.

T — paccTOAHHE BIOJAb OCH MOJEJH) H CPABHHBAETCA C pacueTaMH
mo Metony Pomxo [64] aas upmcoenmmenmoro mammmapmoro cios,
a Tax:xe o Merony Pomrko u Taxkepa [65] ana Typ6yaentnoro mprcoe-
OHHEHHOTO ciaos. Toukm oTprHBa W npHcoegAHeHHA 0603HAYEHH Ig
® z,. Kak BuanHOo u3 ¢ur. 47, pacyeTHhe U HKCHEPAMEHTAJIbHKE JaRHME |
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00 BIAAHMIO TEMOEPAaTYPH CTEHKA Ha TemJomepenady X H30TepMHde-
CKO#l CTEHKE IpHW JTaMAHAPHOM pEXAMe TeUeHHA B HOTPAHMIHOM CJIOe
X0pomo coriaacyiTca MexAy coboid. TemnoBo# moTox MHHEMaleH
HEMHOT'0 HH3KE IO HOTOKY 33 TOYKOH OTPHBA, H MPOTAKEHHOCTEH

20 T =T T T

¢

(Re/m)x10-6

1/d

® ur. 49. Bamanue eguamaHoro ynacia Pefinonbaca m yria KOHN9eCKOro pacing-

peHHA Ha TeOMeTPHI0 OGNAaCTH OTPHIBA; TEIJIOM3OAWPOBaHHAA creEKa [63].
! — pnuHa o6nacTd OTpHBA; © — yrou pacmmupeHuA.

of61acT¥ HH3KOTO TEIJIOBOIO IOTOKA BechbMa MaJjla IO CPaBHEHHIO
¢ OPOTAKEHHOCTHI0 00sacTd OTpHBA. TemnoBoil MOTOK pe3Ko yBead-
9@BaJICA Tepel mpiAcoefrHEeHAEM HIH TEePeXOofOoM.

Ha ¢ur. 48 npusenesn pesyabTaThl M3MepeHHIl TEMIOBOTO HMOTOKA
TpH TmepeXoXHOM pe;kEMe TedeHHs B ob6nacTd orpuBa. B aToM caydae
mepexof TPOHCXORMA 3af0Jr0 A0 KOHHIECKOT0 DACIIUPEHNA B TOUKE
Zgepsx» H TEINIOBOi MOTOK K NIIAHAPY mEpe mepexofoM OBLT HeCKOIb-
Ko 6oibe pacdeTHOro I UPUCOSSMHEHHOI'O0 NOTPAHWYHOTO CJIOSA
Ha KOHYCe C YIJIOM, PABHBIM YTAy HAKJIOHA IIOBEPXHOCTH 061acTHd
otpriBa. Hmxe TOYKH mepexofia TemJIOBO#H MOTOK K NWJIAHAPY Owln
CYMECTBEHHO MEHbINEe PACYETHOTO A TYpOYIEeHTHOr0 NPHCOENWHEH-
HOTO HOTPAaHAYHOTO CJIOf HAa KOHYyCe ¢ YIIOM, DaBHHM Yriy HAKJIOHA
MOBEPXHOCTE 06JaCTH OTDPHBA.
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W3 cpaeerms ¢ur. 47 m 48 BAAHO, 9TO OpH YHCTO JaMHEHADHOM
OTPHBE TEIUIOBOA HOTOK B 00JAacTH NPHCOEAUHEHHA CPABHHTEIBLHO
HEBEJIHUK, B TO BpeMsA KaK UPH OTPHBE B MEPEXOLHOM DERKAMe Ternio-
BOii NOTOK B 0OJIaCTH NPHCOEAMHEHWA BeChbMa BeJHK.
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‘/[aw
® ur. 50. Banauwe oxJa)IeHNsA CTEHKH HA reOMETPHI0 00JacTH OTPHBA; YIroa
KOHMYeCKOr0 pacmupeHHs Oosepxnoctm 24° [63].
Refm: O 17,7-10% [0 15 108  8,5-10¢.

Biuannme eAMHMYHOr0 4YHcia PelHOABACA, YraAa KOHHIECKOTO
pacImupeHds U OXJa;KAeHUsA CTEHKA Ha AJMHY 06JacTH OTPHBA HOKa3a-
Ho Ha ¢ur. 49 u 50. U3 dur. 49 scHo, 9To ¢ pocTom umcnaa PeiHonbaca
¥ yMEHbIIEHHEM yIJa pACHIEpPeHHsd HAJHAHA 00JacTH OTpPHBA yMEHB-
maeTcd. AHAJNOTHYHO TPEHYIAM CIY9asM HarpeBaHde HOBEPXHOCTH
OPHUBOMAT K YBeIMYeHHI [, a OXJakJeHEe — K YMEHBIIeHHIO
! (¢pumr. 50).

Nanexc S Ha ¢ur. 50 osHawaeT TOYKY OTPHBA.

4.2.2. Tenaonepedava 6 OmMpPHEHBT MEYEHURT, 6H3GAHHNI 6GBlEM-
KGMU HQ OCECUMMEMDUHHOM mese U NAOCKOU nosepIHOCMU

Jlapcon [61] m3amepua TenaoBo# mOTOK B JaMEHApHHX H Typby-
JEHTHHX OTPHBHHIX TeYeHHAX B BHEMKaX HA OCECHMMETDHYHEIX
H ABYMepHHX Tejax B uHTepsa.ie snadendit 0,3 < M, << 4,0 n 105 <<
<< Re << 4-10°.

Buau monyvieBH OTHOmMEHHMSA OCpPEJHEHHHX TEIJIOBHX NOTOKOB
IJIs OTOPBABIIMXCH HOTPAHHIHBIX CJI0EB M 9KBHBAJEHTHHX IPHCOEH-

10-0828
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HeHHHX NOTPAHAYHHX CI0€B, KOTODHE CPABHHBAIKCH C Pe3yIbTaTaMA
pacgetoB Yenmena [6]. PesynbpTarsl, monydeHHHeE s JTaMEHAp-
HOTO TMOrPAHMYHOTO CJI0s, XOPOIIO COOTBETCTBOBAIM TeopHm Yemmena
B OTJIMYWE OT Pe3yIbTATOB A TypOyJeHTHOro TedeHus. TemroBoit
MOTOK JOCTHAraJl MaKCHMaJbHO# BEeJIUIMHH B 00JacTAX UPHCOENHHE-
HEs oTopBaBmerocsi moToka. Ha ¢ur. 51 moxasamsl aBa BHma mone-
neff, ocecHMMeTpHYHEE M [BYMepHHE, HCHOJIb30BAHHBIE B IaHHOM
HCCIe[OBAHAN.

B caywae ocecEMMETPHYHHIX Mofeleil HPHCOeIWHEHHHH W OTO-
PBaBMUHCS HOTPAHWYHEE CIOYM WMeIN NPHOIMAHMTENBHO OJWHAKOBHIS

Ocecummempuunvie Jeymepnvie
2
a
N
\ Obozpesaembie
‘ noaepxnocmu v
g 1
6 |
-

® ur. 5. Tanm mopmeneit [61].
a — € TPpHCOEeNHHEHHBIM TedeHHeM, 6 —cC OTPHBHEIM TEICHHEM.

cpefHHme M IpaHuyHbe (Ha BHEIIHEeH I'DaHMIE) XaPAKTEPHCTUKH Tege-
HES W IUIOMIANb.

Ha mopensax xkiuHbeB 06pasoBEIBAIUCH JBYMepHBIE IPHUCOEIWHEH-
HHe W OTOPBABMIMECS IOTPAHWYHEE CIOM NPHOIUBATENBHO C OfH-
HAKOBHIMH XapPaKTePUCTAKAMHA TedeHHs HA BHeIIHEeH rpaHuie U miIo-
manamu. OcpefHeEHH#A K0dQPUUEEHRT TeWIO0TAAYH ONpeeasiIcH
fe3 WCIOJbL30BAHMA TEMIEPATYPH TEIIOM30IMPOBAHHOM CTEHKH
no dopmyre

E — d (Qnorm/ABL)
aT,, !

rae Quonn — TOJHHM TEIIOBO# HOTOK K HarpeBaeMoil 9acTd Mojenu,
A g1, — TIOmANb HAIPeBaeMoro HorpaHudHoro cnos: nDl — 1as oce-
CEMMeTpHUHbIX, 2bl — A [BYMEPHHIX Mojexeil, | — AIWHA Harpe-
BaeMOT0 TOTpaHWIHOro ciaod. OnpenenenHas TakuM o6pazom Benu-

quHa h YKBUBaleHTHA OOKYHOMY OIpefeleHUIo

z — Qnonn
ABL (Tw_ Taw) ’
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ecin h pe sasmcmt or Ty, a B mpefiesax TOYHOCTH OmKTOB Jlapcoma

senmanEa k or T, He 3aBmcena. Umcaa Pe#monnaca m CramToma
OB BHYHCJEHH IO CPeJHAM XapPaKTePHCTHKAM TeYeHHA HA BHENTHER
TpaHAne CJOA.

Jamunaprnoe meuerue

PesyapraTH mamepenmit Jlapcoma mpumpefeHH Ha dmr. 52 m 53.
C mocTaTouHO# TOYHOCTHIO MOKHO NPHEATH, 4TO YKCIEPEMEHTAJIHHEE
3HadeHEA OTHomenmA hg/h, mua ocecmMmerpwdHOTO TedeHHA (OTHO-
meHye cpefiHero KoadPunmeHTa TEIIOBOrO HOTOKA IPH OTOPBABIIEMCH

i | % A
JlamuxapHoe meuenue <—l|—> Mepexod
|

0 ] I N B S B Ll N T |
1,5 5 106 15 5

Re,
@ ur. 52. Temyomepegada B OCECMMMETPMIHOM JIaMHUHADHOM Tedenmm [61].

0,6 l L L " Lo
8 105 2 5 1086

@ ur. 53. Temumomepejaua B ABYMCDHOM JaMuHApuoM Tedennn [61].

HOTPAHAYHOM CJioe K Ko3PNIAeHTY TemIoBOro NOTOKA NPH NPHCOEH-
HEHHOM IOI'PAaHWYHOM cJjioe) He 3aBHCAT oT dncea Maxa m Peitmonsaca
no dmcsia PefiHombaca, TP KOTOpOM HauYHHAeTCA mepexo;i B obmactm

10
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UPHECOeAMHEHHES, H XOpOmO coriacywrca ¢ Teopmeir Uemmena. Ilpm

66abmex umcaax Peitmonbnca oTmomenme hg/h, pacTeT B 06macTm
nepexofa, E OTPHB BHSHBAET IPesKIeBpeMeHEN A mepexon. IIpm nocra-
TogyRO OGoapmmx umciax Penmoapnca Rep > 2-10¢ (L — piamma
MOJie/id) MPOUCXONHT YBeJAHUeHEE, a He YMEHBbIICHEE CpPeJHero Temio-
BOTO IOTOKA.

lpz M, =3 7 M. = 4 BIEAHEe OTPHBA HA ABYMEPHOH Mofeam
pacmpocTpaHAI0oCh QaKTHIECKE Ha 2/3 XOPAH MOMENH, IOSTOMY A
CPaBHEHHA C pAacieTOM CIefyeT pacCMaTPHBAaTh TOJBKO 9Ty 4acThb
nosepxHOcTE. Cief0oBaTeNbHO, MOMHOTO CHEKEHHEA TEINIOBOTO HOTOKA
Ha 44% B COOTBETCTBEH ¢ TeopHei OKEmaTh He ciaexyer. Teopms
X0pOmo COrIacyercs ¢ dKCIEPEMEHETOM BINIOTH [0 mepexoma. Hpome
TOTO, YCTAHOBJIEHO, 9TO CPENHUH TEIUIOBOM IOTOK B CIy4ae OTOPBAB-
HIerocs JAaMAHAPHOTO0 HOTPAEAYHOIO CIOA YMEHbIIaeTCA B COOTBET-
cTBEE ¢ Teopmeir UenMema HE3aBACEMO OT ILUIOMANA IOBEPXHOCTH
HATpeBaTeld OOJ OTOPBABIIEMCS NOTPAHHYIHEIM CJIOEM.

Typbysrenmnoe mexerue

Ilepexon mepen OTPHIBOM BHISHIBAJCA C IOMOMbI0 Typ6yiIm3aTopos,
pasMemeHHHX Ha mepefHeidl M30JMPOBAHHOE YACTH ONUCAHHHIX BHIIODE
O0CeCHMMETPHEYHHIX Mofieeil. BrumciaeEHHe mo pesynbTaTraM H3Mepe-

25F \\
\
201+ \ l Q
\ Re,~3-10°
154 \
. \
B ~
hy 10} S~
5+ c_"o\o_o__ﬂ__o——o——o—'_o
2 | s { " | ‘ !
0 1 2 3 4
Me

® nr. 54. Temromepepasa mpa TypOymenTHOM TedeHuu [61].

l—l; — cpenHE# KoB(PMOMEHT TenIOOTRAYM IPHA OTPHEBE HOTPAHHIHOrO CJ0A, FA — CpenHAR
Koa(duIMeHT TemmooTHAYM upZ GeaOTPHBHOM OOTeKaHMA; — — — TEOpHA.

HE# Ko2QOHIMEeETH TeIIOOTAAYA IPH MOCTOSHHOM 4mcie PeiHombrca
Re ~ 3:10® opepcrasienn Ha ¢mr. 54.

B oTamume oT Xopomero COOTBETCTBHEA DKCIePEMEHTa ® pacdera
IUIA TaMEHAPHOTO HOTPAHMYHOTO CJI0A HOJYIeHO GOJBIIOe pacXok/e-
HEe PesyabTaToB A TYpOYAEHTHOrO HOTPAHEMIHOTO CIOA IPH HeGOMIb-
mux gmcaax Maxa. B coorBeTcTBHE ¢ HcciaefoBaEHMAME JlapcoHa
OlHOfi W3 OPWYMH TAKHX pacXOKAEHHE sABiaAercA 0oibmoe HECOOT-
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BETCTBHE TeMIepaTypHHX moTeEnHanoB. B Teopmm Yemmena umpenmo-
jaraeTcd, 9YTO BOBAYX H3 00JacTE BO3BPATHOIO TeUeHWsA C MaJioH
CKOPOCTBIO IONAaflaeT B OTAEJHBIIAACA NOTrPABMYHEHI CJIOH IPH TeMue-
paType, PaBHOH TeMmeparype CTeHkH. Ecam OH 9T0 IpefmoiokeHHe
ObLIO IPaBHJAbLHHM, TO HaCagOK AOJKeH OHJ OH M3MepUTh Ha JHHAR
HYJE€BOH CKODOCTH TeMmepaTrypy, PAaBHYI0 TeMIepaType CTeHKH,
OZHAKO, COIVIACHO M3MEpPEHHAM HACATKOM Yy CTEHKH, PasHOCTH TeMIe-
PaTyp Ha NOPAAOK BeJHYMHK MeHbINE NPAHATOH B Teopmu. Ilo peaymnn-
TaTaM H3MepeHA# HacafKaMH TOJI@HA CcBOGOJHOrO caos Goxbme
IONOBHHEH IIYGHEH 00JacTH OTPHBA, YTO TaKXKe MOKeT OHTh NpHAYHM-
HO#l pacxoKieHHH, IOCKOJIbKY B TeopmHm YemMeHa IpeAmosaraeTcs,
9T0 TOJAMUHA OTHOCHTENHHO Majia. TakmM ofpasoM, Teopusa AOIKHA
OHTE MogmPHEOEpOBaHA C YIETOM BO3BPATHOTO TEYEHHS.

Bausanue wucaa Peiinoavica

Bamsanwme wmcna Peitmonpaca Ha Temnomepefady npH JaMTHADHOM
u TypOynenTHOM TeueHmAX mokasaHo Ha ¢ur. 55, ma KoTopo# mpes-
CTaBJeHH 3aBECUMOCTH cpenHero wmcaa CramrToma St or wmena Pei-
HoabAca Rey.

Hpn JJaMHHAPDHOM Te€UeHHMHU, KAK IPHCOeAMHEHHOM, TAK M C OTpHI-

o <y —1
BOM, 3aBHCEMOCTb 0T umcia Peitmoanaca (St oo Re™}?) cosmamaer

8
[
5
4
3

1 rocor ] )

y ool 11
108 2 3 456 810° 56 8 10° 2 3 465

w Hhed

Re Re,

L L

® ur. 55. Bamanrme gucna Peitnonbaca [61].

JlammnapHoe Tedenme: O M, = 3,1, M, = 4,0; I — 0e30TpHIBHOE TeyeHne, STA ¢« Re "'1/2:
-— gt, —1/s . o a.

8 — orpuBHOe Teenme, Stg w0 Re™ /2. TypGynentroe Tedenue: M_ = 2,8; 7 — GesoTphis-

— -l/g — —
Hoe Tedenme, St, os Re [ /8 4 OTpHBHOe TedeHme, Stg oo Rez/ 5,

C XOpOmO M3BECTHOH 3aBECHMOCTHIO JJNA HDPHECOEAMHEHHOIO IOrpa-
HEYHOTO cyoA. TaxkuM 06pasom, BIHAHEEe OTPHBa Ha TemAomepeaTy
HE 3aBHCET OT wHcaa Peiimoanaca. B cayuae Typ6yanentnoro Tevenns,
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— 1 S -2
omEaKo, St, oo Re;’/® mum mpmcoepmuenrEOTO W Sts o Re;/® pua
oTpHBHOrO Teuenmsi. CieqoBaTenbHO, CHEMKEHHE TEILIOBOTO IOTOKA
BCIEJCTBEE OTPHBA YyBEIHIABAETCA C POCTOM dmcia PeifHoabica.

Pacnpedesenue menaosozo nomoka édoab modeau

Ha ¢ur. 56 = 57 npexcTaBieno pacupejeseHre TemIOBOIO MOTOKA
B OTPHIBHHIX JAaMZHADHHX W TYPOY/IEHTHHIX TEYeHAAX B BHJE 3aBHCH-
L

=

2,56

e

1 1
(o] 060 10 0 050 10 g 050 10
x/L xfL x/L

® mr. 56. PacmpefiesieEde TeILIOBOTO HOTOKA MO [JIMHE MOJEIH, JAMAHAPHOE
Tedenme, M, = 4, Re, = 0,4-10° [61].

1 — OTPHIBHOE TedeHHe; 2 — IIPHCOENUHEHHOe TedeHHMe. L e MIVHA MOJEIH.

{W—_} ‘11 W }

N

25
20
qlb
310
05

! 1 1 1
0 05 1.0 0 05 1,0 0 05 1,0
x/L x/L x/L

® ar. 57. Pacopenenerme TeIIOBOTO MOTOKA MO AJIAHE MOMeAH, TypOymenTHOe
Tegenme, M, = 2,6, Rey = 3.10° [61].

1 — OTPHBHOE Te4UeHEe; 2 — OPMCOENMHEHHOEe TedeHEe, L — MiIUHA MOMENH.

MOCTH OTHONIEHHSA MECTHOTO TEIJIOBOIO HOTOKA K CPeJHEMY TEIIOBOMY
HDOTOKY ¢/¢ OT OTHOCHTEeIHHOI'O PACCTOAHHA I, OTCIATEHIBAEMOTO OT
TOYKA OTpPHBA BHE3 mo moToky [61].

B OTpHBHOM Te4eHEH TEIIOBOH HOTOK JOCTHEraeT MaKCAMyMa
B 001acTH NPHCOeNWHEHAS, OpHYEM B OKPECTHOCTH 3TOH 001acTH
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TEIJIOBOM MOTOK OY€HBb OBICTPO pacTeT B OTJIMYWEe OT HPHCOEHMHEHHOTO
TeueHWsl, 0P KOTOPOM TemJI0BOH MOTOK MaKCHMaJleH BBEDX MO MOTOKY
OT TOBEePXHOCTH HAarpeBaTensi. MeCTHHIA TemnoBO# NOTOK GHICTPO
YMEHBbINAeTCA BHHE3 IO OOTOKY W 3aTeM OCTaeTcs MOCTOAHHEIM. Taxroi
XapaKTep M3MEHEHWs TEIJIOBOTO HOTOKA ONMHAKOB JJIA JaMAHADHOTO
7 TypOyJleHTHOTO TeUEeHHH.

Ilepexod e ce0600KHUZ NO2DAHUMHBLE CAOAT NPU memnepamype
CMmeHku, MEeHbwell Mmemnepamypb. menioudoslDOGAHHOL CMeEHKU

JlapcoH TPHBOOAT HEKOTODhle pPE3YJIBTATH 3KCOePHMEHTaIbLHOTO
MccleloBaEAs BIMAHMA uncia Maxa m TeMmepaTyphl CTeHKH Ha 9UCIO
Peitronpaca mepexoma B CBoGOZHHIX mOrpaHMYHEX ciaosx. Ilo ompe-
nexenmio Jlapcona, ancno PeitHonpaca mepexofia B OTPHIBHOM T€UE€HAH

l’

]
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® ur. 58. Ilepexon B CBOGOAHHX JaMAHAPHHX NOTPAHUYHHX CIOAX {61].

€CTh MaKCHMaJbHOe d9uciIo PeiiHOabCa, BHYUCIEHHOE IO JUIMHE CBO-
6onHOTO C10s1 I', IPM KOTOPOM HEPEXoji IPOHUCXOAHUT Cpa3y 3a TOYKOM
npucoennenus (pur. 58). [Ipm mocrosnHoM wmcae Maxa Mo oxmasm-
7leHEe CTeHKE NPHBOJMT K YMEHbIIeHWI0 yuciaa PeiiHonbca mepexona
B CBOGOXHHX NOTPAHMYHHX CIOSX.

1o pmecTabmiM3EpyIOMee BIRSHEE OXJAKACHHAA CTEHKH OPOTHBO-
[0J10/XHO CcTaGHIA3APYOMEMY BIMAHHIO Ha IPACOCNEHEHHHH morpa-
HEYHH#A caoff, Ha610aeMOMYy HDH YMEDEHHOM OXJaK[eHHA CTEeHKH
66, 67]. Crabmnmaupyomee Bamanue umcia Maxa m mecrabu.imam-
pyiomee Bamamrme Temnepatypu (T, << T,.) Habaofanoce Taxke
BO BCEX JKCHEPHMEHTaX.

Heccaedosanus menaonepedawu & eviexxe [55]

Bpenennas B ra1. | «momenn Maccoo6menma» Xapmara m Ap. [55]
MOKeT GHTH moJe3Ha [JifA (u3AIecKoro o0 bACHEHAA MEXaHA3MA TEII0-
mepefaddm IJA TeYeHWs B BhIeMKe. B sKCmepAMeHTalIbHHX HCCIER0-
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BaHMAX CHCTEMATHICCKE BAaPbHPOBAJMACH CIEAYONEE IapaMerpH:
guciao Maxa BEemHEETO Te9eHAA, OTHOMEHHE JINHAK K [NIyOHHe BHEMKH,
OTHOIIEHHWe TOJMUHH INOTPAHWYHOTO CJIOA TEped BHEMKOA K riayGmHe
BHeMKH (mpE TYpOyJeHTHOM TeYeHHMH), OTHONIEHHE TOJMEH TEeILIo-
BOTO W JAMHAMATECKOTO CJI0eB W, HAKOHEI, I'eOMETPHS BHYTpPEHHEiH
rpaEmnn obnactm oTpwsa. OTpaHWYeHHOE 9IHCIO ONHTOB ¢ TOH ke
€aMoil MOfieIbI0 IPHA JIO3BYKOBHX CKOPOCTSAX 7laeT OCHOBAaHME CUHATATH,
9T0 B 06meM HeT CymecTBeHHEX Pas3JIMdmdil B TeIIONepeade I [O3BY-
KOBOTO W CBEDX3BYKOBOT'0 Te9eHHH, 3a HCKIYEHAEM TOTO, 9TO Hepe-
XOJl OT «OTKPHTO» KaBepHH K «3aMKHYTON» OPOHCXOIHT (oliee MIaBHO
n Beamanen L/h' (L — pamea Buemkm, b’ — ee ray6mna) B cpemEeM
MeHbIIe, 9eM OPA CBEPX3BYKOBOM TEUCHHH.

JKCIepUMEeHTANbHENE HCCHEOBAHAS TeIIONepefadl B BHIEMKe
Geuim nposefeHs UpA Mo = 2,9 m Typ6y/eATHOM MOTPAHAIHOM CIO0€
¢ npodmieM CKODOCTH Teper OTPHBOM !/, cTemeHH. JKBHBaJeHTHOE
amcno Pedimonwsnca mns miockoir mmacTAEEl 6huio pasEo 1,5 108,
a OTHOIMEHME TOJMUAHH NOTPAHWYHOTO CIOA K BHCOTe ycTyma Ghuio
npubamsarensro pasEo 0,4. Mopmens, cobpamHas W3 TEmIOH30JHPO-
BAHHHX B3aWMO3aMEHSEMHIX BIIEMEHTOB (CeKNWil) W3 Hep;kaBenmen
cTai|, TMoKaszaHa Ha ¢mr. 59.

JlaBieEme TOPDMOKEHHS B a’poJAHAMAYECKOH TpyGe OBLIO paBHO
atMocdepHOoMy, a TeMmepaTypa TopMo)KeHEs cocTaBiasia or 10 mo
316° C. Bo Bcex skCcmepEMeHTax BeqWdYMHA & moCie OTPHBA YMEHb-
mianach Mo CPAaBHEHHIO ¢ COOTBETCTBYOMEH BeIMIAHOU mepef, OTPHBOM
¥ yBeJHYEBAJach mepeq o6JacThi0 MpHECOeMHEHHUS W 3a Hed. B cpen-
HeM TeIIOBOf IOTOK Ko [HY BhIeMKH cocTaBageT ~50—120% ot rem-
JIOBOTO TOTOKAa B IPACOEAMHEHHOM TeYeHNHW SKBUBAJEHTHOH AIWHEL

Hugpdysus mensa. XapBaT @A Ap. KOJIEIECTBEHHO HCCIENOBAIH
nmddysmo Temra WPHE OTPHBHOM TEeUeHAE B BHeMKe. lHecKoabKo
nosiAp AEpdys3EH Temna AJAA PA3HHEX BHCOT HAJ [HOM BHEMKH IIpei-
crasiero Ha ¢ur. 60 1).

Ha ¢ur. 60, ¢ BugeEs noasApH, OpAEeHTHPOBAHHELE BBEPX IO HOTOKY,
KOTOPHE IPHHAIJIEKAT K OPANOHHOMY cjol0. TeueHme B 3TOM cioe
HeyCTOHYMBO M MEHsET HampaBleHHe, 9TO IOATBED;K/AeTCA HaJmdmeM
MEeHBIINX TOJAAp, OPMEHTHPOBAHHKX BHH3 O HOTOKY. Pasmep ocmos-
HOH TOJApH yBeamumBaeTcs Ao paccrosgnmsa 1.68 MM Han mHom, dTo
CBOJETENbCTBYET 06 yMempmeHmHE cKopoctu. Ha Bricore mpmbiamsm-
TeAbHO 2,54 MM pasMephsl HOJAP, OPHEHTHPOBAHHHX BIEDeN W Hasaf,
MOYTH OJAHAKOBH; CIE0BATEeJbHO, B MOTOKE HET HPEHMYIMECTBEHHOTO0
HampaBjeHWs TedeHAA. BricoTa, Ha KOTOPOHl HabAIOANOCH BTO SBIE-
HAe, OPHUOIM3WTENbHO COBIANaeT C BHICOTOM, HAa KOTOPOH He OmlIo
o6HapyXeHo AEHAMHYECKOro faBieHus. Hay aTuM cioeM Habmomanca

1) HogapH RalT PAa3HOCTHA TeMIEpaTyp MOTOKA, M3MEPEHHHX HAa OJIHAKO-
BLIX PACCTOAHUAX, HO IPH PA3ANYEHX YIJIOBEIX MOJOKEHHAX TePMOIAphHl OTHO-
CATeIHHO HATPETOM M HEHArPeTOE HPOBOJIOKU.— IIpum. ped.
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apyroi ciao#t (ma Bmicote 2,5—3,8 MM Haj AHOM), B KOTOpOM, CyAs
[0 TOJNHOMY JaBJEHUIO, CpefHee TeIeHHWe OHUIO HANPABIEHO BHH3
00 TMOTOKY, HO HM3MEpeHHs TeMOepaTypPH [ajlW HOIADPY, OPHEeHTHPO-
BaHHYI0 BBepX mo moToky (¢ur. 60, 6). DTo He ABIAETCA TPOTHBOpE-
qmeM, Tak Kak B «GydepHOM» cloe TedeHHe NEePHOAMYIECKH W3MEHSET
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@ ur. 59. Oororpadmsa mMomenm B pasOGPAHHOM BHfe M €6 CXeMaTHYeCKoe H300-
pasrenme [55].

1 — KaHaJl AJA OXJAafMTeN A, 2 — MORYJIb;, 3 — yCTyn, o6pa3yeMbiii MONYJIAMHM DPa3nTAIHON
BHICOTH; 4 — cJilofia; § — BO3AVIIHHIY 3a3op 0,5 MM; 6 — KaHan MJIA OXJaONTENA; 7 — 33aMbl-
Kalomuid MOAYNb; 8§ — IJIACTHHA, 9§ — TepMONAPH IJIA HM3MePeHHA TeMuepatypu T, 10 —

TEIJIOU30JIHPOBAHHKE MORYJH; 11 — NATYMK TeMOepaTypH OXJANHTENA;, ¢ — TernJoBOH NOTOK:
8 — TONMMHA MOrpPaHWYHOrO CJIOA; L — mnMHA BHeMKA, A’ — riIy6WHA BBHEMKH.

HAaIpaBJe€HHe BCJEACTBHE OYJbCAaNWii B CJ0e CMEHMEHHS B BEHIEMKE.
KHorpa ciaoit cMemenms yray0iasieTca B BHEMKY, BO3[yX W3 BepXHEH
IOJIOBHHH BHEMKH YBJIEKAaeTC BHH3 IO TOTOKY, KOIZla jKe CJIOH
BHIIy9MBaeTCs, HApaBleHHe MOTOKA M3MEHAETCA HAa IPOTHBOMOJIOMK-
Hoe. VIsmepennss naBienma m nudpdysmm Tenna Hax OGydepHEIM CIoeM
YKasHBAlOT HA CHJIBHOE TeuyeHHe, HAIPABJIE€HHOE BHH3 IO IOTOKY,
KOTOpO€ ABJIAETCA COOCTBeHHO CBOOONHBIM CloeM cMemeHmA. B coot-
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BeTCTBHY ¢ HCCIEN0BAaHEAMA AuPPysun Tem:na B LEHTPAIHHOM CeYeHAN
CYIIECTBYIT TPH CJOA: CJIOM HEyCTAaHOBUBIIEToCHA €Ialoro BO3BpAaT.
HOTO TedenmA BOIW3H 7HA, B CpPeJiHEM HANpPABJIEHHOTO BBEPX IO HOTO-
Ky; Oydeprni cioif, XapaKTepH3yeMHit CAILHBIM TeYeHEEM C IePHOMH.

Hanpasnenue nomoxa

L
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® ur. 60. [onapu puddysnm Tenmna ma cpemHeit NMHUM BHEMKH H Pa3HHIX pac-
cToAHMAX or pHa Y, Mo = 2,8, L/h' = 9 [55).

a — cnolt BOSBPATHOrO TedeHWA; 6 — OydepHult cioft.
IIpaMevaH e Bce pasMepH KaHK B MUIJIKMETDPAX.

9eCKAM K3MeHEHHeM HampaBleHHs 0e3 ompefeleHHOTO pacxofa
MAacCH, H CJI0i CMEeImeHHs.

Tenaonepedava. Bram mpoBemeEn 1Ba BH[A ONHTOB: B OJHOM
U3 HAX BO3AYX HOAOTPEBAlCA, a CTEHKA OXJaaaaach (cTaEgapTHAA
cxeMa), B JPYroM BO3[yX HMEJ] TeMImepaTypy TOPMOKEEHA OKpY-
alomel cpefs, a CTeHKAa HAarpeBajach (HACHIIEHHEHM IAapoM IpH
temmneparype 150° C).

Ha ¢ur. 61—63 npusenern pacmpenenenus h/k;. NBnexc f orHo-
CHTCA K IIOCKOH IIACTHHE, HOTPAHHYHHIA CJI0H CIATAETCA HPHCOeNH-
HEHHHIM Ha DAacCTOAHUHA [BYX — UATH TAyOMH BHEMKH [0 OTPHIBA.
Hoappmnmenr h; ompemensnca no dopmyie
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@ ur. 61. Pacupenesenne TemIoBOro IOTOKA IO AHY BHEMKH IIPH pas3imdHAIX
agagenEax L/k’', Mo = 2,9 [55].

a — 'rox;rmﬁ MOrpaEMYHEN cioff mepen BHEMKONW; 6 — TOJNCTHI HorpaHMYHBIM crolt Oepen
BHIEMKOH.

24 24 j M=3,5
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0,15<x/L< 04
Munumym Q15< .z-(L <04 J l
1 |
0 2 4 6 8 10 12 0 2 4 6 8 10 12 14
L/h

L/n
a [
D ur. 62. OTHOCUTEAbHEE KO3QPHIHEHT TEMNIOOTAAYM (MUHEMANbHEIH, MaKCh-
MAJbHHA ® Ha paccToamdm z/L = 0,7) B saBacAMocTE oT L/k’ 1 Mo (ocpenmen-
Hhle [aHHHE BCeX OMHTOB) [55].
a — TOHKEH morpanwuHu® ciioff; 6 — ToncTWRl HOrpaHMYHEHK cioft.
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rge K — mocTosiHHAsA, 3aBECAMAA OT eOMETPHH MOMEJNH U TemIOIpo-
BOJHOCTE MaTepmala cTeHKHW; [, — TeMmepaTypa B BHeMEe. Koad-
¢mouent h ompenensncsa mo gopmyse
Tow— Tw
h=hmecm%?"0
aw w

t
roe T au ; — TeMImepaTypa BOCCTRHOBJICHWA Hepej OTPHIBOM. dra dop-
MyJNa moaBoaseT o0oiTHCE Ge3 KoOHIEEHTA BOCCTAHOBICHEA s
061acTE OTPHBHOTO TeUeHMA, BeJHYMHA KOTOPOTO HEM3BECTHA.

Ha ¢nr. 61 noxasaso pacmpeneleHne OTHOmMEHZA Ko3()PHImEeHTOR
TeILIOOTHAYA KO AHY OPAMOYroNbHO# BheMKH mp:m M, = 2,9 m pas-
amaEHX 3HaveHmsx L/h’ gaA TOHKOTO W TOJICTOr0 NOrpaHHYHEX

14 I
12 Toncmerii nozpanuunerti cnolll  Me=35-9
Q ’-(,/ y
10 // /U/ 2
~ J
he =
08
/%'\(
= B Ma=3,5—]
29
i e ZJ
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TorKul nozpaHuyHsnl caoU
0,2
0 2 4 6 8 10 12 14

L/n

@ nr. 63. CpefHUHE OTHOCHTEIBHEA KO3QPUNEEHT TEMJ00THAYH KO AHY BRIEMKR
B 3aBmcmMocTH oT dmcia Maxa m L/k’' mis TOHKOIO M TOJCTOTO HOTPAHUIHOTO
caoes [55].

cnoes. Oraomesne k/h; MeHbIIe eIUEANE B TOYKe OTPHBA, MAHAMAJIBHO
B IepBOYl MONOBMHE BHEMKHE W GOJBII® eMHANH Ha 3afiHEH CTEHKe.
Ono yeenmamBaetca ¢ L/kh’ y safmeit creHxu, HO yMeHbImaeTcsa BOIu3H
TOYKH OTpHBa. MuEEManbHaA Beawdusa h/h; yMeHBIMAeTCA C POCTOM
L/k', npuyeM MUHEMYM CMEIaeTCsi B CTODOHY MEHBIIAX 3HadYeHHi
z/L (x — paccTosiEme IO TOPH3OHTAIE 0T mepefmed cremkm). Ilpm
L/k' =9 obpasyerca <«miaTo» B OEHTpe BHEMKH, 00ycioBieHHOE
HavaJoM OpHucoefMHEeHHs noToka. Bauarnme 6/h’ (§ — Tommunma morpa-
HEYHOTO CJIOS HEMOCPEACTBEHHO HEPel BHEMKOM) COCTOMT B CMeNIECHHM
KpUBO# B CTODOHY Gonbmmx smaueHmit h/h; ¢ ysenmuemmem 8/R',
npmeeM KPHBHE OCTaloTCA KadecrBeHHO uofoOmmmMm. Ha ¢mr. 62
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upumBefieHa sasmcEMoctb h/h; ot M, m L/h'. HpEBHe CoOTBeTCTBYIOT
moCTOAHEEM z/L, 3a MCKINYEHEEM KpHBHX «MmHEMyMa». Ha ofmmit
ypoeHbr kpmBhX h/h; wmcmo Maxa M, oxasmBaer ciaGoe BimAxme,
0HO (olee 3aMETHO B TOJCTOM HOTPAHAIHOM CJIOE, OCOOEHHO B CEYOHHM
Ha paccrogam® 70% pnaveH BHeMKHA. B TOHKOM mOTpaHEYHOM ClO€
3TO CedeHHEe HAXOZUTCS eme B 05JAcTH HH3KOTO TEmIOBOTO IOTOKA,
HO B TOJCTOM HOIDAHWIHOM CJIOe YK€ CKasHBaeTCA BJIHAHOE pOCTa
TEIVIOBOTO TOTOKA B 00JAacTH NPUCOEMWHEHHS W BTO 3aMETHO OTpa-
7KaeTCA HA CpefHEM TeNJIOBOM HOTOKE KO NHY BHEMKH.

Ha ¢ur. 63 npepcraBien cpepHmii Temnopoit motok h/h; ko mmy
BHEMKH. B ciydae TOHKOrO HOTPAaHHYHOTO C¢JI0A o6IacTb OTPHBA
«OKpaHUpyeT» CTEHKY, CHEKAag TEIIOBOM IIOTOK BABOE, B OTIHTHE
OT cJydas TOJICTOI'O NOTPAHETHOTO CIOA, IPUYEM HEepPeXoy 0T TOHKOTOo
ci10da K ToiacTomy mpomexommt npm 6/h' ~ 1. Bamanne umena Maxa
cnabee W ckopee oTpaskaeT BiuaHHe maMenenma O/h', wem camoro
qacaa M.

Bamarme oxaakaenua TYpOYIEHTHOrO IOTPAHETHOTO CJI0A B HHTEP-
pase TemmepaTyp oTr —18 mo —85° C (uto coorsercrByer T,/T, =
= 0,96—0,75) Ha oTpHBHOE TeueHHe GHIIO dKCIEPEMEHTAIBHO MCCIe-
noBaso Yepmenkz m Cumriaepom [68) npm M, = 1,61 B unrepsane
uncen Peimonbmca or 11,6 -10% mo 34,8-10°% prumcnermnix mo pac-
CTOAHMUIO OT HOCKA MOJENH [0 TOYKHM OTPHBa B YCIOBHAM B HEBO3MY-
IMEHHOM NOTOKe. PesyibTaThl NOKa3HBAKT, 49TO BIMAHHE TeIlomepe-
Jau¥ HA OHEK JABJICHHA, CBA3AHHHYE ¢ OTPHBOM Ha Teje BpAIIEHHA,
o4eHb c1a60 CKa3HBaeTCA WM IIOYTH HE CKa3HBAEeTCA HA yrie HAKIOHA
CKaYKa YIUIOTHEHHfA, BH3LBAEMOro OTpHBoM. 3Menenme ycioBmit
Temnoo6MeHa Ha CTEHKaX CBEPX3BYKOBOTO comiua JlaBaas 3a cuer
E3MEHEHNA TeMIOepaTypH TOPMO;KEHHA HE OKAa3HBaeT CYI[ECTBEHHOTO
BIMAHEA Ha OTpuB [69).

4.2.3. Tennoobmern 66ausu YuAuHOpULECKUT 6BCMYNOE

Brin m3mepen TemaoBoOil MOTOK K CTEHKE O0CECHMMETPHYHOTO COILIA
B OKPECTHOCTH BHICTYHNAIOMMX IPAMOT0 W HAKJIOHHOTO LHMJIMHIPOB
opm THOEep3BYKOBOH ckopocts, M, = 6,6 xaBirenmm TopMo:keHus
42 xre/em?, TeMnepatype TopMoskenns ot 810 u 890 K, qucae Peitnonba-
ca Re/m ot 1,44 107 10 1,7 -107 m Temueparype cresku Humke 350 K
[70). lunuaaps uMend pasMepH MOPANKA TOJMEHKN HEBO3MYIMIEHHOTO
porpagmuEOro ciaos (3.5 cM), TonmuHA BHTECHEHHsA COCTABJIANA
1,37 ¢m, a Tonmuna motepu uMnyabea 0,14 ¢M, Tak 9To Bech NHIMHAD
HJIH €ro OCHOBHasg 9YacTh OBIa NOrpy;KeHAa B NOTPAHMYHHI CIOWH,
KOTOpPH# mepBoHAYaAbHO Ouli Typ6yiaentHuM. Cpensssa TemmepaTypa
ouauEApoB coctaBasaa or 470 mo 560 K. Kosdpuument temao-
oTnaga kb ompeneasaca mno dopmymae

h = q/(Ts - Tw)v
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T[e ¢ — NJOTHOCTH TEeNJIOBOTO LOTOKAa K cTeHKe, 'y m T, — Temme-
PaTYPH TOPMOEHHSA W CTEHKH COOTBETCTBeHHO. B aToM ompenexermm
HE MCIOAb3yeTcA TeMIepaTypa TemXoM30JAUPOBAHHON CTEHKH, TaK
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® ur. 64. Tuosl Momedeli m mx oOosmagenmsa [70].

a — rpynmna A: Kpyrosble HUJIMHAPH ZuaMeTpoM 9,5 MM, OChb IlepIeHONK yIAPHA MOBEPXHOCTIH,
Hep:KaBeuasa CTa’lb, TOJUIMHA CTeHKHM 1,27 MM; 6 -— rpynooa B: Kpyrosele LUIMHEPH gna-
MeTpoM 25,4 MM, OChb IePIIeHHUKYIADHA MMOBEPXHOCTH, HepKaBelomas CTanb, TOJMITHA CTEHKR
1,27 mMM; ¢ — rpynna C: HaKJOHHBle KPYTOBRle LIITHHAPH gHaMeTpoM 9,5 MM, HeprKaBelomas
eTanb, TONRMHA CTeHKM 1,27 MM,

IIpuMedaHnne. Bce pasmepn JaHhl B MHILIAMETpax.

KaK DPAKTHYECKM OHA He KMeeT CMEICJa BCIeICTBHE CIOMKHOU upH-
POJBI TeUEHIIS .

Ilas crenkn paGoueit wactu 2 = 0,057 xkB1/m? -Tpagt, Ha HCOHTHIBaE-
MOl macTuHe 6e3 numauHgApuueckoro npeusarctsua h = 0,040 4=
= 0,0006 &B1/nm2 -Tpap.
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PaccMoTpennsie BapHaHTH NUHIAHAPUYECKHX NPENATCTBHHE H HX
ofo3HadeHHA npencTaBleHH Ha ¢mr. 64, pacmomomxenme Tepmomap
¥ TpeGeHOK HacajKOB IOJHOTO AABJIEHHA HA IIacTUHe — Ha ¢ur. 65.
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® ur. 65. Pacnoaoxenne TepMonmap u rpeGeHOK HACATKOB IOJHOTO IaBJeHIIsE
Ha maactuHe [70).
IlepBaa uudpa HOMepa TepMonapH 0603HAuaeT PAN.

Onao n3 oKOH TPyOH GHIIO 3aMEHEHO NAaHeIbI U3 MAJOYTIepOanCTOM
CTall ¢ HHKeJeBHIM HOKDHTHEM, HMMEKMEeH OoTBepcTHE IHAMETPOM
9,5 MM, 9epes KoTopoe NMpOXOjWIa jepraBKa HUJIMHApPAa W IPOBOJA.

Ilpm wu3no0;kenM:m pe3y.JbTATOB HCHHTAHMEA OCHOBHOEe BHAMAHHE
yEIACTCA KadecTBeHHHIM TeHICHIHMAM, T. €. H3MEHEHUAM IOPAIKa
50% wuam 6Gonee.

I'pynna A

Temmoroil MoTOK B MpUIeTawIIeR K NUARHAPY obIacTu B mpejesax
O0AHOTO ero 1uaMeTpa B 2—7% pas’a NpeBOCXOAMJ TEWJIOBOH TNOTOK
B HeBo3Mymeniom norpannanom ciaoe (0,040 kB1/M? -rpan). B Touxe,
PacHoIo;keHHoll Ha pacCTOAHWN OKOJIO TpeX ANaMeTpOB B CTOPOHY
W BUEpeId IUIHHpA. TEI10Boil NOTOK B 2 pasa 6osbine, 4eM B HEBO3-
MYIIEHHOM NOTPanigHoM C10€, YTO CBHIETeIbCTBYET O CYMeCTBOBAHHEN
o0aacTH BAMSTINA BBEPX 10 NOTOKY M MO eTo upune. [[.1A iHIAHAPOR
BricoTolt 50.8, 25,4 m 19 My TeniorHe NOTOKH CXO[1Bl, XOTH B CIydae
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® nr. 66. HosddunuesT TemnooTgad®m B MIOCKOCTH CHMMETPHH JUIA MUIHHDH-
9ecKMX InpensaTcTBmi rpymnu A [70].
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® ur. 67. Koapdunnest TemnooTnadm B cedeHUAX, NePHEHOAKYIAPHHX K Ha-

OpaBleHHI0 HOTOKA, AJAs NEIMHAPAMIeCKHX npenaTcTBuil rpymon A m C [70].
IIpenaTteTBua: AAl; [DA3; vC2.
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Paccmosnue om yenmpa ocHoBarus npcnﬂmcmaun,mm

O mr. 68. HoapdumuenT Temnoornadll B mIOCKOCTA CHMMCTPUH A IWIHHAPI=
9eCKHX OpemsaTcTBH# rpymnnm B [70].

1IpenarcTBudA: OBI; OB2.
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caMoro Koporkoro nuiamdaapa (12,7 Mm) B 6amanesxamell To9Ke M TouKe
10, pacmono:keHHO# EHa pACCTOAHHH TpPEX JMAMETPOB B CTOPOHY
OoT LOHIHHApPA, OHA CHEKAJHCh [0 BEeIHYHHH, COOTBETCTBYIOmEH
HEBO3MYMEHHOMY CI0I0.

Boapmme TemmoBre mOTOKE 3a nEAMHEApPOM BecOTOH 12,7 mwM,
BEPOATHO, BHIBBAHH OTPHBOM HOTOKA OT BEPXHET0 TOPHA LMIHHApA
H IOCIeAYImAM ero npumcoeguaeErneM. [lonydeHHEHE B OOKTAX BEJH-
guEH h npuBemeHN Ha ¢mr. 66.

na Bcex DMAMHADPOB fAmaMeTpoM 9,5 MM Ha pPacCTOsSIHHE B mpefe-
7AaX Tpex JUAMETPOB 33 OUIMHAPOM TEIIOBOA HOTOK BooGme yMeHb-
DIaeTcA J0 COOTBETCTBYIOMEr0 YPOBHA B HEBO3MYMEHHOM LOTpDaHWI-
HOM cJloe, a AJA /-ro # 8-r0 pAA0B, HA PACCTOAHAHA CEMH HJIX BOCHMH
IMAMEeTPOB BHHE3 IO LOTOKY, OH UAafaeT HHUKE ITOT0 YPOBHA.

Ha ¢ur. 67 mpencraBieHo pacmpefieleEHe IVIOTHOCTH TEMJIOBOTO
OOTOKA B CeYeHHWAX, NEePHeHJUKYIAPHHX NIOTOKY. TenioBoil HOTOK
MHHEMAJeH B IVIOCKOCTH CHMMETDHH. 1aKoe pacIupefieleHHe TelJo-
BOTO IIOTOKA, BO3MOKHO, ABJAETCA CJIeICTBHEM NOHIKEHHA dHeprud
B BA3KOM cjeie Ha OCH CHMMETDHH IO CPaBHEHHIO ¢ HHEPTHeidl 3a Ko-
CHIMA CKaYKaMd, HMAYIMAMA OT IpemsaTCTBHA.

I'pynna B

Ha ¢ur. 68 u 69 npemcraBnemo pacumpenenenue KoddpdummenTa
TeIJIOOTAAYH 3a BEPTHKAJbHHIME NWIHHIDAMH AmaMeTpoM 25,4 MM
7 BeicoToll 25,4 mw 50,8 MM B HmIOCKOCTH CHMMETPMH M B Ce4eHHUAX,
NepOeHJUKYIAPHHX HANPABIEHHI0 IOTOKA.

Bonsmue TemnoBnie moToku ofHapys;keHH B paAne 4 # B Touke 10
OKO0JI0 IUIHHAPOB; B IPHJIETAalOMEX K NUJIAHIPAM TOYKAX TEILIOBOH
OOTOK HECKOJIBKO HIKe HIJf KOPOTKOI0 WHMJIMHApAa. Y MeHbIIeHHE
TEIJIOBOT'0 IOTOKA B HANPABJEHHM TEYCHMA NMPOHUCXOTHUT MeMJeHHEe,
9eM [AA NEIXAJPOB guaMerpom 9,5 mm.

Ha paccrosnmE Tpex gmaMeTpOB BHH3 IO IOTOKY TEIJOBO# HmOTOK
ocraBajica B 1,5—2 pasa Gonpine, 9eM B HEBO3MYMEHHOM IOTPAHUY-

HOM ciaoe. [TyTem cpaBHemMs umcen He oOHApY:;KeHO IIPOCTOTO TeOMeT-
pHEYeCKOro mojxobms.

I'pynna C

PeaynpTaTh, moaydeHHbe AT HAaKIOHHHX IMJIHHADPOB, IpeiCTaB-
nens Ha ¢ur. 70, T1.

B caytae mmamApa, HAKJIOHEHHOTO HA3aJ, TEIUVIOBOH IOTOK
B IJIOCKOCTH CHMMETDHH B OKDECTHOCTH LMJIMHADA MEHbIIe, deM A
IPAMOro NUJIMHApA, BCAEACTBHE CTeKaHHA Ha3al JaMMHAPHOTO HOrpa-
HWYHOTO CJOA ¢ HAKIOHHOTO NMIMHApA ). Bénbmme TemioBre noTok:

1) Ha ¢ur. 70 m 71 OopmBefeHH TONBLKO TEINIOBHeE MHOTOKH 33 LMIHHIPOM.—
Ipum. ped.

110828
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qeckEx npenarcTBmit A4 m C1 [70].
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@ nr. 71. Kosdpdunuent Tennoornadnm B IMJAOCKOCTH CHMMETDUU AJIA NUIAOAPL-
geckmx mpemarcTBuin A1 m C2 [70].

IpemarcreuA: AAl; AC2.
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GLITH E3MEPeHH mepe/] THJIRHAPOM HE B INIOCKOCTH CAMMETDHM U 34 HAM,
mprdYeM BEeJIMYHHA TENJIOBOTO IOTOKA, COOTBETCTBYIOMAA HEBO3MYINEH-
HOMY DOTPAHAYHOMY CJOI0, JOCTATAJach HAa PpACCTOAHWH BOCHMH
AHaMETPOB 3a MUAUHApPOM. B ciydae munmHApa, HAKIOHEHHOTO BIe-
pefi, TeImJIoBHE NOTOKH B €ro OKPeCTHOCTH IPEBOCXONHWIN COOTBET-
CTBYIOIIEE HEBO3MYIMEHHOMY NOTPAHMYHOMY CJIOK0 [0 S pa3 ¢ mocie-
AVIOIMZM YMeHBIIeHHEeM HX BHHU3 mo Tedenmpo. O61acTd HOBHIIEHHHX
TEIJIOBHX HOTOKOB BHE3 IO T€YEHMIO 00YCIOBJIEHH CKaiKaMH B cjefe,
mpu4YeM pacmpefielieENe TEIVIOBOI0 DOTOKA BHES3 IO TEUEHUI0 MOA06HO
OONYY€HHOMY [JA [IAHHKX KPYTOBHX IWJIMHADOB.

4.3. TENNONEPEJAYA B OB/IACTHU OTPLIBA HA BEPXHEW CTOPOHE
TPEYIOJIbHOIO KPbIJIA

PaccMoTpEM BAHAHEe Temiomepefadd Ha fABICHHEE Pa3pyNICHHA
BHXpeil HAa KpEUle, omucagHoe B . 1X, BOCHONb30BaBMECEH 3KCHIEPH-
MeHTanbEEM wHccaenoBammeM Tomama [71] mpm Mo =3 u Re =
7,3 10%/m. CreitaGer [72], Tamm
[73], O'Hun = Bompg [74] Taxmxe
IpOBeJM W3MEepeHds Temjomepe-
[aYd HA TPEYTOJBHHX KPHIbAX H
CTPEJNOBAHHX 3aTYIVICHHHX me-
PEAHAX KPOMKAX IIPA CBEPX3BYKO-
BHX CKopocTAXx. ['eoMeTprueckme
XapaKkTepUCTAKHA MOJAENH, HCII0MNb-
sopagHo# Tomamom [71], cxema
W CHEKTP TeYeHHA Ha CTOPOHE Pa3-
peKeHdsA TPeyroJbHOTO KpHJIA ¢
[O3BYKOBHIME LEPEJHAMHA KPOM-
KaM# DoKazaHe Ha $mr. 72 m 73.

Yron CTpeNOBHAHOCTHE Tieped-
HeiAi KDOMKH COCTaBJAx oT 75,7
mo 60,2°. Bo Bcex mcce0BaHAKX
ciydasgXx OPOMCXORHJ OTPHB Ja-
MHAHApPHOI0 TOTPAHAYHOTO CJOA,
u o0pasyomuiica Ha JIWHHA OT-
PHBAa BHXPEeBOH C.JI0# B 60.b-
IIAHCTBE CJIYYaeB CBEPTHBAJICAH
B Buxpb. C yBeimuenmem yrna
CTPeTOBHHOCTH HEPENHEH KpPOM-
KM HHTEHCHBHOCTb BAXDHA yMEHB-
manack. BHYTp, oT iamHEE OT-
® mr. 72. TeoMerpus Kpuna c yriom  DHBAa B TeleHHH mpeoGaajganm
%‘gpgglffgﬁlﬂocm mepefHeM KPOMKM  onmH mam Gojee BEXpeii, 06pa3o-

’ : BaHHHNX OTopBaBII]EMCH ClIoeM, H

IIpumMedanme. Bce pasMepn NaHH B
MHJUINMETPax. noJe TedeHuA OTJIHYIAJOCh OT KO-

tie
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HEYecKoro. IIpm yrne crpenosupHOCTH Tepearei Kpomku 75,7° u Ma-
AHX YrJax aTakd OTOPBAaBIIMACA TOTOK W BEXPEBOX CJIO0M MPOXOAAT
HaJ[ KPHJIOM M CBEDPTHBAIOTCA B BEXDH Hajl CTOPOHOM pas3pe;KeHHA, KO-

Buxpesoll cnott
Jusuu moxa, P

6038pauaousUecA
K Kpobiay

Vunus npucoedurenus
8ITIOPUYHOZ0 OMPLIGHT-
Bmopuyreiu 20 meyenus

Tepeuyrsili ompeie \

w

O/mp8  O6pacmb pacmeKaHuA

® ur. 73. Teueume Ha CTOPOHEe DPA3PEKEEUA TPEYTOALHOIO KpHIA ¢ JO3BYKO-
Bo#i mepemmeit Kpomxoi# [71].

TOPHIA OnpefeiseT Uojae TedeHAA HA 9TOH cropome. TenIoBO# NOTOK
MaKCHMaJleH B 00nacTm pacTeKaHWsA UOJI BUXpPeM M BCJAeNCTBHEe HHA3-
KOr0 JaBjeHUSA BEeNMYMHA €ro MeHbIie, 9eM Ha CTOPOHe NABICHWA.
Ilpu namuaapEOM Teuennn uucno CTPHTOHA IOX BEXpPEM 3aMeTHO yBe-
NUIEBAETCA C yBeaumueHWeM 4dmciaa PeiiHonbjca, mOKa DOTpPAaHAYHHM
CH0H TOJ BHXpeM He CTAHOBATCHA TypOyleHTHHM. TemioBoii mOTOK
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@ ur. 74. Tennomepenaua, Kos{pummenT BOCCTAHOBIGHHA N pacupefenense
[IaBJEeHAA [AA KPHUIA C YIJIOM CTPeJOBAIHOCTH NepefHeR Kpomkm 75,7° B yrioM
atakm 6,5°, Re, = 2-108 [71].



166 TJIABA XI

AMeeT NHK HOX KaKAKM BuExpeM. TemumepaTypa BOCCTAHOBJICHHS LOJ
BHXpeM OHula HH3KOM.

B xkawecrse npmmepa mHa ¢ur. 74 umpuBemeHH BenmdamHE St,
TH p/p, NAA KPHAA CO CTPEIOBHTHOCTHIO TepenHeir KpOMKm 79,7,
yriaom atakm: 6,5° opm umcxe Re, = 2-10%. Ymeno St m xospdmmument
T ompefexeHH mo QopmyiraM

St=—2" ==

Pooootp

4.4, TENNONEPEAAHA B OBJIACTH OTPLIBA MOTOHA OT MI /bl

OtpeiB moToka oT @Arae Gua ommcam B ra, [X. Temnomepenaza
B OTDLIBHOM TeYeHHH 32 HIJIOH, PACHON0KEHHON TEpes TYMHM TeJOM,
6s1a mecregosama B paborax [75—79]. Hambonee maTepecen Bompoc
O TOM, BHISHIBAeT /M HIIa yBeJWYeHNE HJIH yMeHLIIEHZE TeIJIOBOTO
OOTOKa, OJHAKO DPe3YJbTaTH ONHTOB NPH Pa3iUIHHX gmcaax Peii-
HONIbJICA KpaiiHe HOpPOTHBOPEYHBH, 4TO CBHJIETEJLCTBYeT O 3aBHCH-
MOCTH TeIIomepefiadd oOT 9YHcia PeilHOJAbNCA W peKAMA TedeHH:

® nar. 75. 06muit By mopenen [75].

CiieBa HAOPaBO: MOENb AJIA A3MePeHHd TEeNNIOBOr0 mMOTOKA ¢ MeoHOM toloBHoft qacThi0, HOCO-
BafAd 9acTh B PasoGpaHHOM BuOe, MOOeldb OJA H3MePeHHA NaBJIeHHA.

(mammmaproe unn Typ6ynentroe). Croanep u Hunbcen [75], a Taxmxe
Kpoydopa [78] obmapyxunm yseimuenme TemiIoBOro MOTOKa, B TO
BpeMsA Kak mamepenmsa Bormomosa m Baca [77], a taxske Orrepca
B 'epmaxa [76] manm mpotmBonmonoxusie pesynsrath. Kpoydopn (78]
TOOHTAIACA 00BACHATEL 3TO PACXO0MKACHHEE BIMAHEEM YHCIa PeidHOIbA-
Cca W pe;KUMa TeYeHHs.
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Cronpep u Hmabcer [75] mamepmam cpemmair TeMmepaTypy Boc-
CTaHOBIEHHA, CPEJHHEA TEIUIOBOH HOTOK M paclpeflelIeHHWE [ aBJECHHS
Ha Tele BpamieHAA ¢ MoJycpepuyecKOd HOCOBOH 9YacCThi0 H cepmei
KTI ¢ KOHEYecKHEM 3aocTpeHdeM (moayyrox npm Bepmmre 10°) m ormo-
IMeHAeM JIMHEL K JAAMETPY Tena
or 0,9 mo 2,0. Mopenun nokaszaumu
L Ha ¢ur. 75. Wamepenms Bhmou-

X HeHH B HWHTepBaje umcen Peii-
A HOJBJCA, BHYACIEHHHX IO qHA-
Mmerpy texa, 1,55.10°—9,85.10°

(/ m gmcen Maxa 0,12—5,04.
> Ileppass Mopmens cocrosia
,/5 u3 MeJHOH DoiaycdepnH mmamer-
“ 1/ pom 25,4 MM ¢ mraamm pasHoi
AAMHB M [WIAHIpDA U3 Hepka-
4L ¢ Beomeid cramm mameoi 140 Mm.
8 10° 2 4 6810 Bropas Mmopmenbr mupepcraBasia

Re (esosmyuenner nomok) coboro moxychepy, cocroamymo
@ ur. 76. Bauamme wran mpu Me=  H3 [BYX [ieTalell C OMHAKOBREIME
=2,67 [75). mromaname nopepxuoctu. Ilepen-

JUmRA MO o .05 () 1,0; A 2,0, HAA MEJHAs A€Talb HATpeBajaach,
g“:;‘;?’n;‘;’;‘;mw 6,4 MM Ha cTepue - 3AJ{HAA JleTalb M3 HeP;KaBeomei
HO#:12,7 MM; V IHCK OMaMeTpoM 9,5 MM H&  craim; He HarpeBajiachk. Tanugamni
crepxue aamHolt 25,4 Mm.

HHTepBAJ TeMImepaTyp AJA HOCO-
poit wactm or 10 mo 71° C. HoasddummenT Temnoornasn Buamcagercs
no dopmyie

q=hA (Tr_Tn)a

rne I, — TemMmepaTtypa HOCOBOH d9acCTH.

Ilpepmonaranocs, 9To MOrpaHAYIHHI C10# Ha moaycdepe Ge3 Mrin
6L1 JaMUHADHHIM, TaK KaK B COOTBETCTBHH ¢ mcciaenoBanmamm Deiin-
;xa [80] mepexon Ha cdepe mpoumcxommr mpm umcie PeitHoxbaca oT
1,57 10° mo 4,24-10%. Opmaxo TmaTenabHOE HCCIEOBAHAE TEHEBHIX
¢oTorpaduii MO3BOJIHIO YCTAHOBHTEH, 9TO OTPHBHOE TedeHHe OHLIO
nepexoHOro THHA (mepexox MeKAy OTPHBOM H LIPHCOE[MHEHHEM).

IIps Hamuuul HrIH K03PPHIEEHT BOCCTAHOBIEHHA YMEHBIIAETCH
OpomopnHoHadbHO jamBHe uran. Ilpm M, = 1,75 Hrla JIMHOM
50,8 MM camamia Koaddunment BoccTaHOBIeHMA Ha 3—5%, a mpm
Mo = 2,67— Ba 5—10%. PaBnoBecmas TeMmeparypa roJoBHO#
gacrm paketn nmamerpom 0,305 M, pasmas 185°C mpm M, = 2,67
Ha BhicoTe 30 KM, CHH/KAaeTCA 3a CYeT YCTAHOBKA HIJH NPHUGIH3N-
Texpao Ha 22° C.

Kaxk Buano m3 ¢ur. 76, na koTOpoil ImpeiCTaBIeHH SKcmepEMeH-
TaJpHHE BeJHIMHH YHCAA Nu B 3aBHCHMOCTH OT uncia Re mpm pgam-
BX M, m Re He3zaBmCHMO OT JJHHH HIJH, BeJHYHHA TENJA0BOIO
IOTOKAa HOYTH YABaMBAeTCAd IO CPABHEHHIO co cdepoii 6es HIIH.
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IIpe poGaBieEEE WrAK TEOAOBOE OOTOK OT HEpPEAHEH IOJOBHHH
moaycdepn B GONBIIMHCTBEe CIYJaeB yBeIHIMBAETCH.

drrepc u I'epmax [76] maMepsaanm TennoBoil MOTOK E TeMIepaTypy
BOCCTaHOBJEHHA HA ABYX TejJaX Bpamenusa ¢ uriamue (dur. 77) B mE-
TepBamax umcen Maxa m Peitmoanaca 3 <M. < 5,00 u 0,7-10% <
<< Re<1,90.10° (ynniumenme mcxopuolt Mopmenm 2).

@ ur. 77. ®opmu mopenenn [76].

a — yceueHHHH# HoOHYC (ACXofHasA KOHQHrypaiiuAa); 6 — ycedeHHWl KOHYC ¢ ArJof; e — yce-
YCHHHH HOHYC C MINIOH M KOJbLeBOl DpoTOYKOM,

Ha6moganuce nyiabpcamglm OTPHBHOTO TEYEHHS, MOITOMY adpOAH-
HaMHU9YeCKOe OXJaK[eEne KPYOHOMACHTAOHEIME BHXDAMH [OJKHO
610 HemocpemCTBEHHO CKasaThCA Ha TeMuepaType BOCCTAHOBJIEHHS
NOBEPXHOCTH, TaK KaK KpymHoMacmTaOHEHeE BHXDH YHOCAT TEILIO
OT HDOBEPXHOCTH, 9TO JOJKHO NPHBECTHM K CHIKEHHIO ee TeMIepa-
TypH. B muTepBane AAME MIrAH, OPE KOTOPHX HAOMOAAIHECH NYJIbCa-
nuE 0ONBIMON aMIVIUTYAH, o6Hapy:KeHn addeKT rucrepesmca Ais yce-
9eHHOT0 KOHyca ¢ uriaoil. B obmacTm rmcrepesmca mias ycedeHHOTO
KOHyCa € WUIVION HOJYy4YeHH HECKOJBKO 0oJbIIEe 3HAYCHHA Kodphdm-
I[FeHTa BOCCTAHOBJEHHA, YeM [JIA KOHycCa ¢ moiaycheprdeckoir BOTHY-
TOM IOBEPXHOCTHIO HOCOBo# wuacTd. IlonywemEHe Ko3pdHATACHTH
BOCCTaHOBJeHNsA mnpuBefenn Ha ¢ur. 78, Hosdppunmenr BoccraHoB-
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JeHHA CcHauajJa yMeHbIDaeTcs, a 3aTeM MeMJIeHHO YBEeJHUMBAETCA
C PacCTOAHHEM BOAb NOBEPXHOCTH TeJ C MITIaMH I MAJIO0 M3MEHseTCA,
OCTaBafich OJIWM3KEM K BeIMYHHAM, XapaKTeDHHM [JafA oOwYHOTO

HDOTPAHHYHOTO CJIOS B CIyIae yCeueHHOTO KOHYycCa.
HanGonrmee camuenme kKoadpdmmmeHTa BOCccTaHOBIEHEHA oT 0,91
mo 0,68 BcaencrTBue BAWAHHA WIIK HAMeeT MeCTO HA PACCTOAHHHA
25,4 MM Ha Momenam c¢ uoaycde-

034 pHYeCKo# BOrHYTO# J1060BOiM mo-
|t pepxrOCThIO. CooTBeTCTBYIOmMEE

090 CHIDKEHHE TeMOepaTypH BOCCTa-
’ HOBJIeHEA cocTaBiasger ot 660 mo
470° C npm M, = 3,5 m Temme-

086 |—— patType OKpY;Kalomero Bo3ayxa
o 4 s08 4° C. Takmm o6pasoM, KpymmO-
N — ' MacmTabHEE BAXPH MOTYT cCyme-
CTBEHHO IIOHH3HTH TEMIEPaTypy
BOCCTAHOBJEHHS  JIETATeJbHOTO
0,78 ammapata OpE GOJBIIAX CKOPO-
/ cTaAX mnoxera. Bamsanme yraa ara-
/”

P KA CBOJHUTCA K IOBHIICHUIO TEM-
0.74 _ nepaTryps HaBeTPeHHOH W HOHH-
\\ o_/ ’KeHUI0 TeMOepaTypH MOfiBeTpPeH-
0708 I/"/ Hoil moBepxHocreir Texa. Hoco-
' \3\ ; Baf 49aCTh C MIVIOH W monycdepn-
| YeCKO#il BOTHYTOH a060BO# mo-

0.6 25 50 P 100 125 BEDXHOCTHIO BHI3HBaeT Hamb0Ib-
X. msa mee CHUKeHHe Ko3dpdmmumenTa

® nr. 78. Cpasmemue xoopdunmentop  BOCCTAHOBJCHHS, CIEIOBATENBHO,
BOCCTAHOBIEHHA [ Tex pasimamoii 9T KOHQUIypanmua  sABaAeTcs
dopmu, a = 0°, Mo = 3,5 [76]. Hanbomee 3pPeKTHBHEM remepa-
r;c:(::ggzmgeno;b n:[%c;:::n:;e;rﬂngl;)pufm—n TOPOM BHXpPE€H B HCCIENOBAHHOM
gpomm ocHongon MOET® 0 TEpPMONIADH; nmanasone umcea Maxa. Hexo-
X — paccTofHHe OT KOHIA HIJIH JIO Tela. TOpHE pe3yJbpTaTH [Oas Roarbdm-
nueHTa Temnooraaun h = q/(T, —

— T) npm Hyaesom yrie ataku 1 M« = 3,5, noayuennne Irrepcom
m Tepmaxom [76], nmpencrasienm ma ¢mr. 79 B saBECEMOCTH
oTr; u T,i—— Twi, npadeM r; — Ko3pPHOMEeHT BOCCTAHOBJICHHSA, T,'_
m Ty, — TeMmepaTypH BOCCTAHOBIEHHA ® CTEHKH, HM3MepeHHMWe

BHYTDH MOJIeJIH y JIHa, 8 He Ha €e IOBePXHOCTH, ks M h, — 3mavenns k
AasA Moflend B nexoM u Ges HocoBoit wacTh (B 06oMx ciywasx Ges gma).

Hoapdmumenr BoccTamoBnemMA 1A HMCXORHOM KOBQHUTrypanun
BHIIIE, YeM [JIA TeJa ¢ HII0i u moaycdepHuecKodl BOrmyToi 1060BOM
IIOBEPXHOCTHIO, HO Dpa3jiMYde HEBEAHKO H cocTaBiaser 5—10%
(¢ur. 79, a). YcranoBKa IJIK NPUBOIHAT K YBEARUCHHAIO h A Mofeln
6es mOCOBo# wacTm mpmEmepHo Ha 20% (dmr. 79, 6). Bornomos m Bac
[77] mamepnam Tenn0BoM NOTOK K MAMHHIPHIECKOH MOTENH € nonycde-
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@ ur. 79. CpaBuenne cpefHEX Ko3(PHIAEHTOB TEHMOOTRAYH HJIA MoOJejed pas-
gux $opm, a = 0°, Mo = 3,5 [76].
a — MopmelH B HedoM; 6 — mMopenm 6es HOCOBHIX dacrelf,
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O® nr. 80. Koagpdrunmenr Temmoornadm K muammppy ¢ moixycdepmueckoi Hoco-
BOH 49acThI0 W HIJAMHA pasHOH mMIEHH, M. = 14 [77].

hg — KoapPHOAEHT TenNoOTHATH Iy Tena Ge3 mraw; L — MJAHA UIIH; d — MAaMeTp OAJAH-

npa. O moaycfepa B menoM; A DNepegHAsa IOBEPXHOCTH nonycdepH; (] 3apHAA NOBEPX-
HOCTb IOJTycHepH.
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pE9eCKOil HOCOBOH YAaCTHI0 M MIJAMd pDAa3JAYHON [JIHHH B NOTOKE
renaa upa M. = 14 m pgaBnemmm topMmossenua ~70 ara. Ymciao
Peitponbaca, BHYmCIeHHOE IO MImHE HWIAH, Owio pasHo 0,365 -108,
a OTPHIBHOE TeYeHHE OLLIO JAMAHAPHHM.

PesyibTarsl HM3MepeHWi TEWIOBOr0 IIOTOKa K HOCOBOH dacTH
npeacrasient! Ha ¢ur. 80. [Ipu ucnonp3zoBaHEd AIIH AJIEHOHM, paBHOM
geTHpeM AmaMeTpaM IHJIMHApPA, TenJAO0BOM HOTOK K moaycdepuaeckoi
HOCOBO# YacTH MOJeJd COCTaBisfeT MeHee '/, TenI0BOro IOTOKA
K Mopmenm 6€3 WIJIH.

Kpoydopx [78] mposen mmpoxroe mccnenosamme Temiomepenadnm
K OMIAHAPEYECKOH MOJEJNH ¢ 1NoJycepHIeCKoi HOCOBOH YaCTHIO
M Uraoii npm HomMuHaAbHOM dmcie Maxa 6,8 m B maTepBame wmcen
Peiitronraca Rey, BHUMCIEHHHX Do AmaMeTpy UHAMHApPA M Hapa-
MeTpaM moToKa nepen Mopmeasio, or 0,12-10% go 1,5-10% Impoxmit
HHTepBaJd 9uces PefdHONBACA HO3BOJIMI HCCAENOBATH CIAYdYad JaMH-
HADHOTO, IEePeXOoJHOr0 W TYpOYJeHTHOTO TedeHME HA TCpaHANAX
obnactm oTpuBa. Temnoormaza K monycdepe ¢ HINIOE CYMECTBEHHO
3aBHCHT OT BHUJa TeieHAA B 00/,1acCTH OTpHBA.

B cayuae Tena ¢ mrioit mepexof mpoHCXOAMJ HA rpaHmUe 00JacTH
OTpHBa WM mepef Heid nmph uucie PeilHoNbACa, BHYACICHHOM IO
mapaMeTpaM HEBO3MYIMEHHOI0 IOTOKA H [JIAHE MoJieJH 6e3 H|IJH,
Re ~ 0,5-10°. Hammenrmee unciao PeiiHoabAca, BHYHCIEHHOE IO
JInHe TMOTPAHMYHOTO CIOA [0 mepexoma, cocraBasao oxomao 0,06 -108
npa anmee uraw L/d = 1/,, no Ha Tene ¢ wWrioit mepexon MokerT
OpOH30iTA LPH 3HAYATEIHbHO MeHbIIEM 9Hcie Peitmoaspnca, ciaemo-
BaTeJbHO, HIVIa MOKeT OHThL IpEMeHeHa Kak TypOyamsaTop morpa-
EugHOro caos. Ha ¢ur. 81 mokasamm oTHOMEHHS MECTHHX TelJIOBHIX
IOTOKOB K MojeaH ¢ urioi (L/d=2) q; K MECTHEM TemJIOBLHIM NIOTOKaM
B KPHMTHYECKOH TodKe Teaa Ge3 HWIVH 4, ns, JJIA BCEX OCTAJIBHHX
anue ara L/d (Y/,, 1, 2, 3 u 4) saBucuMocTH momo6HH.

Kak Bugmo m3 ¢ur. 81, Temmosoir mMOTOK YMEHRIIAeTCA OKOJIO
OCHOBAHHSA HIJH, HO JOCTUTaeT MaKCHMyMa BOAH3M TOYKH NpPHCOENH-
HEeHHA TedeHHsA HA moaycdepe.

Ha ¢ur. 81 npeacrasienn Take pesyabTaTH pacdeToB IO METO-
pam Craitna m Yanaeca [81] nas nammBaprOro Te4eHHA H mo MeTORy
Koona [82] nasa typ6y:ienTroro tewerma. B o6omx caywasx mpeamo-
Jarajloch, 9T0 OOTPaHHYHHHE CJ0H HAYMHAETCA B IpPeAnojaraeMoi
TOYKe NPHCOENMHEHHs. XOTA pe3yJbTaTH pAacIeTOB HENOCTATOYHO
XOpOI0 COrAACYIOTCA C IKCHePUMEHTOM, OHH OIpefenfnT obmylo
rernennulo. Kpoydopa [78] nocrpomn 3aBHCEMOCTL ¢/Qst. ns OT
S/b oTgenbHo HAA pa3nIMIHHX o6aacred ancea Peftronnaca or 0,14 -10°
no 1,4-10%, arobu wmccnexoBaTh BIMAHME H3MEHEHAA AJHMHH HIJIH.
Tak kak Bce ciydad nofxo6us, npegcrasaeHa Amb o6macts 0,59 -108 <
< Re, << 0,66 -10% (pur. 82).

C pocrom S/b MecTHHII TenTOBOM HOTOK YMEHBIIAETCA, H OGMEM
CIIe[ICTBHEM YIJIHMHEHHS WIJLl ABIAETCHA CHIKEHHE TeIJIOBOTO IOTOKA



.52mszoropouoﬁhoioa?m:aooalll _Tm_ msmuropogoznmmszazmsnooai.l.l Mzaeeomzon
MIAY eHMUT — @ ‘MdOOAION MHROL HOMOORMINAM 10 pamoiieedgo qroud oMREEOLOOed — & ‘MINM €3¢ HUATON IMROL HOMO

-oBMIMdN € BMOLOI OJOHOIIAL OJOHIOAW drooHLorm — SU ‘#5p tPOIaM O BIAL BMOLON OJOHOLLIAL OJOHIOOW 9IIOHIOIT —fp
*[gL] uoram m o19LOBR HOd
-000H woMoohndedoAron o AYHUIUN ¥ HOLOI HOEOLTIOL MMHIOONW BH BOYIIOHWSJ BLOME SMHEULY ‘8 "I M
2=p/1
q,
8 I 0
Je0t

/O/O/b niran €ag

N — e

suysp / Sp

(1avzn £39),01- 1] ©
s0I-€'1 O
304960 O
501:090 ¥
gOI'EED ¥
q0I-G10 ®
hmx




[g8L] Boris B Ol9L0BR
Hoa020H Hoxoonudodofiron o AdYHHIMI M MOLONI NOGOKISL HMHIOOW BH NI MHAKY SHHHMIY ‘78 ' K

S
9 14 £ Y (4 ! 0

/ %1
Z

annanngecondy) IAN 4
e —— ] 4

ooeq
o«
<
e
<
L o 5]
oade
*
<40 Od
pd

oo de
)
<oe

A d @

su'isp/sp

v 401680 o
€ g01-990 v
Z 401-090 v
1 401-090 ©
%, 401-990 O
0 g01:1'1 ©

p/1 Y




174 TJIABA Xj

B He6ONBImIOH 061aCTH y OCHOBAHMA HIJIH M POCT TENJIOBOIO IOTOKA
nocjle OPUCOEAMHEHNAST HA OCTAJbHOR JacTH IOBEPXHOCTA IOJyCHepH.

Haxoren, na ¢ur. 83 nokasano samarme AJMHE HOAK Ha cyMMap-
HEI TenaoBoil HIOTOK K modycdepmueckoir sn060Boii mHoBepxHOCTH.

2
3 1/d
oY%
28 5 ; A\
A 3 /
v a
24

20 /\
16 /]

77

08

>
‘\o\ i

Qs/Qns

04

0
10° 2 4 6 8 108 2
Reg

® nr. 83. Brudewe maMHEK ®raH 11 9mcaa PedHOABACA HA CYMMAapHHE TemIo-

imﬁi IOTOK K moixycdepruecKoil J0G0BOH MOBEPXHOCTH LMJINHAPHYECKOH MOmean
78].

Qs M Qns — CYMMapHHI TemnoBol MOTOK K monycepideckol 1060BOH MOBEPXHOCTE HpA
HaJn4Yuy NIJH ® 6e3 Hee.

Hak O6nuto ckasamo pambme, opm Goapmmx umciaax Peit Hombaca
TEIJIOBOH IOTOK K modycepe mpUOIM3ATEIHHO yABAUBAETCA 3a CUET
HIJIHL.

Croapmep m Hunbcen [75] taxske oOHapy:KmiHm yBeaAYeHME TEMJIO-
BOTO NOTOKa 3a cdeT mranl. OpHako mpm HeGoasmux duciax Pedi-
HOJBJCA BIMAHAE UIJH CBONATCH K YMEHBIIEHHIO TEIVIOBOIO IOTOKA
go ~50%. 3rto cormacyerca ¢ teopweir Uemmerma [6], sxcmepumen-
TAIBHHMA pesyabraTamu DBorgomosa m Baca [77], moayuennnmm
OpH JaMHHAapHOM pe;kame Tedenusa. B ommrax Hpoydopma [78] rTege-
Hre B o0meM OblI0 JaMHHADHKEM. B HEKOTODPHX CAyYadAX OPH NOpPH-
coenmHeHnn HaGawonanca mepexon. Ilpm HeCKOABKO GONBIIMX THCIAX
Peitroasaca (~0,3.10°) nmepexop HaumHANCA [0 NPHCOEAHHEHHSN
n gmciao Peiironpnca mepexoma [iaA CBOGOJHOTO CJ0OA CMEIIEHHS
OEIO MeHBINE, 9eM fAaA cioA Ha crenke. Umcao Peitnoabpca mepe-
Xofia, BHYACJIEHHOE II0 MECTHHIM IapaMeTpaM TeYeHAsS 3a IpefejaMm
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o6nacTE OTpHBa, Bo3pacTanio ¢ pocroM umcen Maxa m Peiimonnaca.
Ilpu ysenmuenmm umcen Maxa umcna Pefimonbnca mepexoma B o6ia-
CTH OTPHBA IPUGIMKAIACH K COOTBETCTBYIOIMM THCIaM Ha TBepOi
rparmne [83, 84l.

5. PACHET B/MAHHUA TEMNONEPEAAYHA HA OTPLIBHOE TEYEHHE

WmMeeTcssi HECKONIBKO METOM0OB pacdeTa BIUAHHSA TemJoIepenadd
Ha OTPHIBHOE TeYeHHEe B INMPOKOM HMHTEPBaJie CKOPOCTEH OT H03BY-
KOBOHl 10 THEIEpP3BYKOBOM.

5.1. PACYET 818 OBJIACTH NPHUCOEJWHEHMA B HECHHUMAEMOM CPELE

Kak yxe ymommealoch B ri. I, pacuer TemroBoro motoka B 06i1a-
CTH OPHCOEIWHEHWS OYeHb BayK€H, TAK KAK MMEHHO B 3TOH o6iaacTm
oH pocruraerT Goapmoii Bexmumaw. Yanr m Bmrac [85] mpepmomuman
npulnm:KeHHHH MeTOJ pacdeTa Temjomepenadd B o0jacTH mpHECOeH-
HeHHMS CHJIbLHO OXJaKACHHOTO JAMEHAPHOTO NOTPAHAYHOTO CIOA
HA TYDOHOCHX TeJaX OpH rumep3BYKoBHX ckopoctax [86]. Mx pacuer
pacmpefielleHds [aBJeHASA H CKOPOCTH OTHOCHTCSA K 3aBAXPEHHOMY
TedeHnI0 kEAKocTH. CXeMH TeueHHs B 06JaCTAX OTPHBA ¥ OPHCOEIH-
HeHUA mnoKasaHH Ha ¢mr. 84 m 85.

B mpenmonoskeHmE, 9T0 ABYMEpPHOE TedeHHE B 00aacTH mpHCoenm-
HEHEA JaMAHAPHOE M 9TO HANPABICHHE TeYCHHA NEPIEHIAKYIAPHO
CTeHKe, JUHAM TOKA MOTYT GHTHL ompefeleHs W3 YpPaBHEHAA

Vi = — Q (), (23)

rae P — QyHKOMA ToKa, u = OPY/dy, v = — OP/Oz, Q — uHTeHCHB-
HOCTH BAXPA. JTO ypaBHEHHMEe CIPABEAJHBO [ HEBA3KOU MKHIKOCTH.
Ilpennmonaraercsi, 4T0 BA3KEM fABIAETCA TOJNBKO HOIPAHHYHHIH CHIOH,
PA3BHBAIOMEEACA BAOAL ocd z. Ecam Mu TakuM 0o6Gpas3oM ompemeamm
paccroarme L, 9T0 cTeHKa, HA KOTOPOi HPOMCXOAHT HPHCOEIMHEHHE
DOTOKA, HE BJIHMACT HA NPHUXONAMEe TeIeHHe np® y > L, T. e. ecau
u=0mpry>Luu>0nopr y <L, 10 ypaBeeHHe (23) cBoxmTCA
K cIeayiomemy:

a2 o2
o+ S — P v =0, (24)

rme A — mapaMeTp CI0A CMeMeHHs, ompefieliAeMHI U3 ypaBHEHHHA,
v(z, L) = — vee™™*, vy — coctaBaaoman v npa z =0 uw y = L.
HcoonsayemM mpm pemeHHwm ypasHeHdma (24) ciemyiomee mpeoGpaso-
Banme Jlamiaca fAi1a QYHKOEH TOKAa:

oS, y)=L:{¥(z, ¥)},
% (S, Z)=Ly{@(S, )}

rae S m Z — mepeMeHHHE.
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M3 ompenenenns AwEAEM TOKA, PAEWYHHX YCIOBHE mph T = Z,
y = 0 @ rpaEmgEHX ycaoBmii nm! ) caegyeT

S + TSI’
|9 (S, y)| <N pan Bcex §>0,
I'panuugr enos Up % Suenus
Cmemenun Ill_' HQ npucos
0

(Ppuz. 86)
Paade. 7 \ "o
3 nnm’z%c;; NuHU. \ - \

Touxa ompuiea

® ar. 84. Obmacts orpuiBa [85].

Croti cmewrenun L /
\

Pasdensowasn
JIUHUS moxa

N Nozpanuunesii

cnold
% X,

—— e -

N

® nr. 85. Obmacts mpmcoenuuenns [85].

rge N — mpomsBoabHOE 6GONBIIOE HOJOMKATEIbHOE IACIO. Pemenme
ypaBEeHns (24) npmEEMaer BHJ
p(X, V)= SR M @nary) A Y erp (—ALX) —

o AL (sin na¥ I
—23 e ) exp [~V r+ (L7 X, (25)
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rme X =a/L, Y = y/L. 310 ypaBHEHHE MO;KHO IOJYIHATEH TAKKe
METOOM pa3fleNeHHA NePeMeHHEIX.

Pacupenenennss CKOPOCTE W NAaBIEHHA BROJAb CTEHKH, IOJyYeH-
HEE ¢ IOMOmbI0 ypaBHeHHA (2D), mpemcraBienw Ha ¢ur. 86.

Ha »s10it ¢urype mpmBefieHO Takke pacupefielieHHe TEIIOBOIO
IOTOKA B 00JaCTH NIPHCOEAHHEHWs, NOJYIEHHOE ¢ [IOMOMbIO IpHBE-

10 p— 5
\ -\
\ LT
ol 4 4
0 \ /
u 7
Up )_/
0611 3
1\ |rn
o . 2
CANNE
(2—)0,4 ’, '\ 2
] '\ G (%)/G, TPU Pe /=03
02 \\\ / 1
Sram
~._
— n
0 02 04 X 0,6 08 10

® ur. 86. PacupeneneHdA CKOPOCTH, [ABIEHAA K TEIJIOBOT0 HOTOKA BROJB
crenku [85].

HEeHHOT0 BHile pemieHHa ® Mertofma JImsa [86]. O6nacts mpmcoenmue-
HHA OIpefiefieHa 3/[eCh KaK PAacCTOSHEE BAOJL CTEHKH, Ha KOTOPOM
moToK mepecrpamBaercsi, a uMenHo 0 < X <C 1. Cpenumii TemnoBoi
DOTOK B 00JacTH UPHCOeIWHEHHWS §,,r B MHTEpPBaJle 3HAUYEHHHA JaBie-
aua 0,1 < p./pr < 0,5 (mHmexc R COOTBETCTBYET UPHUCOEAHHEHHIO)
onpegeNAeTcA IO CAeqyIOIeldl MoJysMmApHIecKon dopmyde:
-2 /-l)

Qu,r 227 /’P /2 Vprl»"r]/ = (hr —hy) (0976+ 1,411 ﬁ‘)- (26)

Ecau pgup = (0elte) Pr/Pe ¥ Pr ~ 1,
unu

hp—hw __ Vo _
—h;h—w'~u—e‘—0,587 l85],

TO, TaK KaK

o VRe
AL=05,3 u A= 2222 A
ypasHenne (26) mpuEEMaeT BHj
Nu,=

w, r Pl _ e
— = 2 0,0463 Prt/sRe¥s (pefpa) s (0,76 + 1,411 L) L (27)

120828
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Benwauny p./p, MomEHO ompefeiuTh B NPEANOIOKEHAM H33HTPONH-
9eCKOro C;KaThA BAOJHL pasfelfomeil JUHAW TOKA CJIOA CMEIIEHWA,
Kak 310 cuenano Yenmenom m ap. [87]. Ilnomans obmactu mpucoenm-
HEHHMA MeHseTcA ¢ uYucaoM PeiiHoapnca.

Cpenamii TennoBoil mMOTOK AiaA miomand, Goasvmeid obixacTu mpu-
COe[IMHEHAA M BKJIKWYAIOIEl ee, Tak:Ke MO3keT OHTH BhUmcieH. Tak
KaK Ha paccroanu# z > L pmaBnenwe moutrm mocrosunoe (¢pur. 85),
o mia L<z<ux

., 0,0926 Pr'/3 Re®/4
Nu~ YY) y
0,2922 (zo/1)"/2 Re'/a 11

rae o — HeKOTopoe 3HaueHMe x, Goabmee L, HO eme COOTBETCTBYIO-
mee OKPEeCTHOCTH TOYKH npuacoenumenusa.Cpepnuii TemnoBoit moTok
B OKPECTHOCTH TOYKH NPHUCOeJWHEHHsA NpH o > L ompemenserca
CyMMO# BeJIMYHMH, BHYHACIEHHHX no dopmynaMm (27) m (28) ¢ cooTseT-
CTBYIONMMHM BECOBHMH Ko3pduuueHTamm.

CpaBeeHHe Pe3yJbTATOB PacueTa CO CPEIHEMH BEJIAYMHAMY TEIJIO-
BOTO IOTOKa, W3MepeEHnME Jlapcomom [61] maa x4/l = 0,08 m namm-
HApHOTO MOTPAHHYHOTO CJIOSH, NPHCOCAUHAIMErOCA MO YIIOM OKOIO
45°, moKasHBaeT, 9TO CPeSHWH TeINOBO# IOTOK, BEYHACIEHHBIH IIA
yCIOBHil dKCIepEMeHTa JlapcoHa, COrIacyeTcsi ¢ M3MEPEHHHKIM B Iipe-
nenax 10%. Pacuer, Bumoxnennsi Yarrom m Buracom [85], ocroBan
Ha OPEeMINOJ0KeHNH O NPHCOefHHeHnH Nof npaMeM yrioMm. Coraacao
PesybTaTaM SKCIEPUMEHTAILHOTO HMCCJENOBAHUA TEYCHHUS B BHEMKE
Ha DOBEPXHOCTH KoHyca npH Mo = 11, mposenennoro Huxoxem [88],
pacuer Yamra m Buraca maer saBmumerHHE BIBOE 3HAYEHHA CPETHETO
KospdunmenTa TemnooTnaum B 0OJaCTM NPHCOSIUHEHWs, UO-BUIW-
MoMYy, BCIENCTBHE NONYIEHHWS 0 HOAXOHe pasfelfomeil JUHAHA TOKa
K DOBEPXHOCTH BHEMKYU B TOYKE NPUCOCAHHEHWUA IOJ MPSIMBIM YIJIOM,
xo1a Yanr w Burac camm comMHeBanmCh B NPABHIBHOCTH 3TOTO AOMY-
menrus [85],

W3 ypasrennii (27) u (28) supno, yro Nu nponopuumonansuo Re’/
B objacTH mpucoefmHEEWS M Re HEMHOr0 B MEHBIIEHl CTENEHN BHE
atoit o6nactu. CrefgoBaTeNbHEO, IPONOPIAOHAIBHOCTD CPEJIHETO TEIIO-
BOTO IOTOKa umcay PeiiHoJabaca aag sagaHHOro Zy > L konebiercsa
meskny Re'/z mw Re®+ B saBucmmoctm o1 o, mw Re. Tak kar pnmma
o6xacte mnpucoenueenuns L ofpaTHo mpomopnmoHanbHa Re'/z mpm
zo > L, saBmcEMOCTH CpefHETr0 TemnoBoro moroka or Re ymens-
maeTca ¢ pocToM Re.

(28)

542, TEOPHUR YENMEHA TEMNNONEPEAAYM B OBJNACTAX OTPbIBA

dta Teopua Hambojee IMMPOKO M3BECTHA H CYINECTBEHHO CHOCOG-
cTByeT NMOHEMAHWIO CJOMKHOTO XapakTepa OTpHBHOro Teuemusa. Oma
flaeT pelieHme AJs CPEJNHEX BeJIHIMH. B CBA3SH ¢ NPHHATHMHE [ONY-
HIEHHAMA 00JacTh ee NpPWIOKEHHS COOTBETCTBEHHO OIpaHWYEHA.
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OpuE ¥3 THONYHHX OPHMEPOB, IOATBePKAAOMEX 3T0, KaK ymOMH-
HaJoch paHee, mpmBefieH Jlapcomom [61].

Yenmen [6] paccmarpupaeT miockmil TOHKEA BASKEHA CIof cme-
TIeHHs, OTHAeJIeHHHI OT TBEPHOIrO Tejla 3aMKHYTO# 06J1aCThIO, B KOTO-
Poit Bo3nyx ABEKETCA ¢ Majoi ckopocteio (dur. 87), mpuuem nasae-
HHe Ha BHENMIHEd T'pPaHUOE CJIOA IOCTOAHHOE.

JTa cxeMa TeUeHHS NPHEMEHACTCA K OTDHIBY JAMHHAPHOTO CJos
rasa DpHd pasiMYHHX 3HaYeHmAX unciaa IlpamparasA, Briao9as ciaygai,

1 [4 i

n 3ona

Pa”uq&l CNOR CMEeWwenun ”pu a HeHud

Pasdensiwuwan —Ue /
AUNUA moxa L u
\ \ 0’% I
P o '\' —— T
Pl

Quw

® ur. 87. CxeMa OTPHIBHOIO TedeHHA (pacTAHYTa WO BepTukanu) [6].

KOI7ila BO3AYX BAyBaeTcA B o0GmacTb oTpuBa. llocaenmmii caywai
oymer paccmorper B ra. XII. Ilaa caysas orpmBa TypGyienTHOrO
cJosi mpepnojaraeTcs, 4To guciao llpamgraa B o6gacTH MajHX CKO-
pocre pasHo emumumne. Ilpeamonaraercs Taxike, 970 B TOYKe OTPHIBA
TOJIIAHA IOTPAHAYHOIO CJIOS PABHA HYJIIO, 3TO HPEANOJOMKEHWE YrKe
obcy:xpanocs B ra. X. B npennmonoyxenmE o mocTosAHCTBE [AaBIEHASA
pacyeTHaA BeJIMYMHA TENJOBOIO HOTOKA K o6macTd JaMEHapPHOrO
orpuiBa (Bo3nyx) cocraBaama 0,56 coOTBeTCTBYOIIEH BEINIAHH
B cly9ae IOPHCOEAHHEHHOIO IIOIPAHHYIHOTO CJOH.

OcHOBHHE ypaBHeRHs KOJMYeCTBA [BHKEHHSA, HEPa3PHBHOCTH
¥ DHEPTHH Clefyiomme:

du du d du
pu-‘9—;+pva—y=~(7y—(p0—y). (29)
d (pu) a(pv)
5z tT—ay =0 (30)
oh dh a w ohy ou \ 2
Pug-!-PVd—y:a—y(ﬁ'@)TP(a—y) ) (31)

rae h — ygenbHas SHTaAbIOMA,
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I'panmunsie ycaopma:

u (.’L‘, °°) = Ueg, h (.’L‘, 00) - hev

u (z, — o) =0, h(z, — 0©) = hy.

Ilpegen —oo o3HA9aeT, 9TO LIPH ONpPEJENEHAM XapPAKTEPHCTHK
CIOA CMEIIEHWA CTeHKA CYATAETCA yNaleHHOW Ha OEeCKOHeYHOe pac-
CTOSIHEE.

Jas pemenns stEx AnddepeENAaIbHNX yPaBHEHUA IPAHENMAIOTCA
clefyniiae [ONOJHUTEIbHEE JONYINeHHs:

1. Pr=const;
2. p=pRT;

T /Ty Te+S
8. we=Cqs  C=V 7rpi—%

(saxom Cazsepierpga).

4, TonmmHa C€0A CMEMIEHAA B TOYKEe OTPHIBA PaBHA HYJIIO HIH
mperefpe;KEMO Majla 0 CPAaBHEHWIO C [IMHOW CIOS CMemeHEs [.

Jupdepennmansasie ypasHeHEs npeobpasyiorca mo merony Hap-
mara — [lzamra, asnsonmeroca oGo6menunem npeobpasosanms Museca.
Beoma (yEKOHI0O TOKa (P IOCPEICTBOM BHIPAKEHWI

pu=p.or,  pv=—p. L, (32)
moJsiarast

(7)., =% (%) 3)

(), =0 (o) .+ (&) (34

Ue =U/Ue, he ="h/he,

Ty =zx/l, P,= 'lpflV'@;l—cr Pe = 0/Pes (35)

Uy =W/ pe=CT/T,=CT,

U NOACTABJIAA 5TH BHpaeHua B ypasmenua (29) m (31), momywaem
CIeyIoNUde OCHOBHBIE yPaBHEHUSA:

T =0z (%o 7)) (36)
e %)+%2—u* (5" 37)

B 3TEX ypaBHEeHRHAX He IMOABIAETCA HE wucao Maxa, HM Y, a TOABKO
u?/h,. Cragana pemaercAa ypaBHEeHAE KOJM4ecTBa ABWKeHEA (36),
TaK KaK OHO He 3aBHCHT OT ypaBHemms sHeprau (37), B To Bpems
Kak TOCJIefHee 3aBHCHT 0T ypasHeHmEa (36).
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5.2.1. Pewenue YypasHeHus Koauuecmea OsUHCCHUR

Yenmen npusen ypaprerme (36) Kk oOHKHOBEHHOMY

{ du, 4 du,
—?‘E_dg( * dc) (38)
e

— GespasMepHas nepeMeHHas, CBI3aHHAA C HOTOKOM MacCH. Pe3ayis-
TATH 9YACIEHHOTO DPEHIeHHd JTOT0 HeJWMHEeHHoro AuddepeEnmaJIbEOro
ypaBHEHHs C HCHOJB30BaEWEeM nepeMenHoii Biasmyca

1 ¢ dc
npuBefieEH B Taba. 2 [6].

5.2.2. Pewenue ypasHeHus snepzuu

C mcmoiapsoaEmeM mepeMeHHO# [ ypasmenme (37) mpEHEMaeT

caenyomui Bup (ecnm Oh,/dz, = 0):
2h, dux\ Ohs u? duy

Us agZ"_( 9+d§)ag—_PrT (dg)‘ (41)
Tak xak ypasHenme (41) mBasercs OCHKHOBEHHHM JAUHEHAHHIM AHG-
depeHNEANTLHEM YPABHEHHEM BTOPOr0 NOPSAKA, MOKHO HOJYIATH
ero ofmee pemeHwue.

C moMompio ypaBeenmsa (38)

Uelly + () + Luy/a =0
ToJIy9aeM

ha <§)=1+c,é (4 )™ o P“‘ej<4 )T C Q) e, (42)

roe C,— nocroanHas, oupejenseMas H3 rpaxm'mux yCcaAoBHH, a

6@ ———S (a7 3
Ecan
Fi(t)= ? (b)) e,
" (44)
PO = | )™ @) 2

t
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TO

_ Pwlhe—1— (uZ/2h,) F5 (La)
Gt ) ’ (45)

OpuYeM HHJEKC d OTHOCHUTCA K 3acToiHO# 30He, a Fy(fa) mw F,(Lg)
3aBHCAT ToabKo 0T uuciaa Pr. Hanpumep, gas Pr=0,72, F, ({g) = 2,58
u Fz (Cd) = —0,175.

Pacupenenenpe snransumm gaerca GopMyaoR

h by :

b= =1+ (32—1) 61O+ 5= £: ), (46)
rme HOpMaamaoBauHme QYHKRIHE g4 (0), g, ()

81(8) =F()/F 1 (Ca), “7)

82(8)=F5 () —g1(8) F2(Ca)

OLpe/eNAITCA ¢ IOMOMbBI ypPaBHEHHH (44) m (47) m 9IMCHOBHIX 3Ha-
genuit u,. OHE YHOBIETBOPAKT CIEAYIOIMM YCIOBHAM:

g1(Ca) =1, gi(c0)=0,
g2(Ca) =0, ga2(c0)=0.

PesynbraThel pacdeToB B mATepBase gmcen Ilpamgtaa or 0,1 mo 10
mags B Tabua. II paGorm [6].
Ecaim Pr=1, ypaBmenme (47) ceommrca K BHAY

(8Ypr=1=1—uy, ()proy=1u.(1—u,),
a ypasrenue (46) k Bmmy

Ay 2
(h*)Pr=1= 1+ (h_e— 1) (1 —lt,*) +2UT19 U, (1 _ u*) —
h hy u? 2
=w—w (Gt (48)

9T0 XOpomo u3BECTHHIA HHTerpan HKpPOKKO HJIA Te4eHHS BABKOTO
rasa ¢ Pr=1.

5.2.3. I pouru cropocmu, sHMALLRUU U Memhe PAMY Pol
6 dusuveckur roopdunamaz

Ceasp { u y maercs $opmydoi

- 4
Y - Ueg ag
Pl l/-vea:c - S T, 2uy " (49)
0
JRuaa cosepmensoro rasa p = pRT u
T

b= cp,T + hoy 170 how = | €5, dT (50)
0
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— OHTAJIbIAA BHYTPERHET0 IBIE/REHUs MONEKYJIH, Cp = YR/ (Yo — 1) —

OOCTOAHHAA yfejdbHAA TEILIOEMKOCTh, COOTBETCTBYIOIIAA AKTHB-
HBHIM CTemeHAM cBOGOMb (HOCTYNaTeNpHOR M BpamaTelbHol), cp  —

3aBUCAMAs OT TeMOoepaType fqo6aBogHas yAelbHAA TEIIOEMKOCTb,
COOTBETCTBYIOIAA BHYTPEHHHM CTemeHAM cBoGOmH (KodebaTedbpHOM
¥ BO30Y/KIeHHA 3JIeKTPOHOB), R — rasoBaA MOCTOAHHAA.

Jliis qByXaTOMHHIX MOJEKYd Y, = /5, MJA ra3a ¢ MHOTOATOMHEIMHA
MoueryiaME Y, = % 3. Iloanyio yaeapHyw TemaoeMKOCTb cp HOIY-
guM, grddepennupya ypasuerue (50)

___ Y _
c”‘_yaii R+CpBH Y + panemp) (1)
Tark rax
he
Tt:T/Te= < T, (h*_k*ﬂﬂ)v (52)

a

T0 ¢ moMompio ypasHemmit (49) m (40) moxywaem

- g
/ —1 A dg
y Ue ¥ e f G dg —
2 Vere ava RT, [_§ ha s Quy 5 (7e)su 2uy }

~ Qe £y (B ) m g, § R R )
0

rie

)
d

=8 mO=| a0 (54)

0 0
i BeanguHbl npusefenn B 1a6:1. 3 [6]. Ilpodman ckopocr u auTanb-
OUU B 3aBHCHMOCTH OT { ¢ moMompio ypaBHeHud (53) mpeoGpasywrcs
B IIOCKOCTH (Qu3WIeckux koopamHar (z, y). Has sagammoro rasa
OpOoQU.IH TeMIepaTy phi OlipeleasdTca no npopunam saranpnuu b (T),
a npoduin gucaa Maxa BHUYUCIAKTCA 00 NPOPAIAM CKODOCTH M TeM-

nepaTypsl.

B vacTHBIX cIygasX rasa ¢ NOCTOMHHOM YIeIbHOR TEN.T0eMKOCTHIO,
T. €. MPH OTCYTCTBMH KO.1¢0AHMIL aTOMOB BHYTPH MOJEKY.d, MJIH rasa
B ONpeJeJIeHHOM MHTEPBA.IE TeMIepaTyp, B KOTODOM JHEPrds Koze-
faTeJpHHIX cTereHeil cBOGOIH NOJIHOCTHI0 BO3OY:KAEHA, CBA3BL ¥ C {
yopomaerca. Hpome Toro. muTterpanx B ypaBHenmm (53) mcdesaer,
Tak Kak hgy = 0. B atoM cayuae, mockoasky h = [y/(y — 1)] RT,

yy/ e oo (Tw
‘fl/vezc_nT(Te )m

Mene (59)
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H opodpmapr gmcaa Maxa gaerca dopmyioin

M.u
M=M, e _ Cndl . (56)
VT, Y A ATulT =1} g1 (1= 1) M

Pacopepenenue no.rmoﬁ DHTAJBIHA

it = {3 u2) } [ (1—-5E)

B 9TOM 9acTHOM CiIydae GyAeT Clefyrommm:
1
1 H{(Tw/Te)—1} g1+ (v—1) ME (v5 4 g22)
Te M _ 2 . (57)
Tie M L (1= 1) M2

5.2.4. Tenaosoii nomok u ko3 pPuyienm 6occmanosievLs Ha CMenkKe

OnpepgensM TemI0BOA HOTOK K CTEHKE M3 3aKOHA COXPAHEHHMSA
OHEPTHH [JIA 3aMKHYTOH KOHTDOJBHOH NOBepXHOCTH A C ydYeToM
CMeIeHn s
Pabora, npous-

llotox  Temma ° BeHUeHHe Pabora, npoms- BEEHHAsA Kaca-
gepe3 IMOBEpX- = _ BHYTPeHHeH u | BelleHHaA  Ja- + TeNBHEIM  Ha-
noers A KHHETHYECKOR BIGHHEM HA 1O~ \\vovonyoy ma

JHEPTHH BEPXHOCTE A nosepxHOCTH A.

[asa cranMoHapHOTO TeUeHHMA 3aKOH JSHEPIMH 3aUUCHBAETCH
B UHTerpaibHO# $opme

SSA dA— SS( '—Uziz-)pvndA+SSpvndA+SSrV,dA, (58)
A A A

rae A = cpu/Pr — KoapuuuenT TenionpoBogHOCTH; € = h — p/p —
yAenbHasA BHYTDEHHAA JHeprasa; V, — cocTaBifiomasa CKOpOCTH,
HOpMaabHaa K A (HampaBieHHe M3 KOHTPOJBLHOTO 06bEMa CUHTAETCA
OOJIOKATENbHEM); V; — cocTaBiafomas CKOPOCTH, KacaTeabHas K A
(monokMTeNbHOE HampaBieHEe BHOHMpaeTCA TaK, 4TOGH depes Kaca-
TelIbHOE HANPAKEHHE OIpeHenAnach paboTa, NPOM3BOAMMAA Ta30M
BEYTpEH A); T =|p du/dy| — cocraBagromas HanpsIKEHAA, Kaca-
TelbHAA K A.

Tak kKak Buonn aumum ToKa V, = 0, a Bpoasb cremku V, =0,
TO ypaBHEHNME COXDaHEHHA B NPHJIOMEHANM K 3aMKHYTOMY KOHTYDY,
00pa3oBaHHOMY pasnensawmieil auumeii Toka SR (06osHaueHa WHOEK-
com 0) m cremkoit RS (pur. 87), Gymer caemyromum:

!

i
b§ (x%)odx—()w:0+o+b_§ (p%)o(—-uo)dx, (582)
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rge b — mupmHA HIOCKOTO TeueHHs, (), — TEmIOBOH MOTOK K CTEHKE.
Taxk kKak Hanps:;keEme T mpomaBoauT paboTy HaJ ras3oM, 3HAK U
orpunateieH. Torma

l l
% _ i%’(?g %) dz— eipo(%%)ouodm (59)

Us ypaBuenus (43) G (0) = 0, tak uto ypashenme (44) cBopuTcs
K ClaefyomeMy:

dhy (hus uy yET
(&)= —C—3— (60)
MNupexc ' osHagaer guddepeHmupoBanue.
Tak Kak
pu dy = pe V\’euelc dC Pe vauga:c dg,
iﬁ_ — Polo
(@)= (61)

murerpada (99) csogmTes K cnenylomemy YPaBHEHHIO:

0 (i
Ob h Vpeuel"'elc { Ci_A +2 ‘0 to} ? (62)

OOCKOABKY pPuu, = C = Pugthagr JT0 CpaBHHTEIbHO HPOCTOE YypaB-
HeHMe, TaK KaK U, = uyu, u uwx, = du,/df nmpm { = 0 mocroan-
HHe, He 3aBHcamme oT umcia Pr, pasume 0,587 m 0,341 cooret-
CTBEHHO.

Jns apuabarmeeckoro mnpomecca @, = 0, u, oopcraBiaasa C,
B ypaBuemne (62), moxywmm

h 2 4 Pr u,,,ou,,0

aw __ 4, U [ -
g {Fa o)+ gy Fr (G - (63)
Kosdpdunuent BoccTaHOBIeHMA 7 ompeaenseTca oo d¢opmyae

haw—he . haw —he _ __ hd .
Wz T he—he 12l e i) Fiea)- (54)

kau;o =

2 ’
4Pr "’*o"*o

=

OrxoruaTtenpHo Oe3apa3MepHas CpeIHAA IUIOTHOCTH TEMJIOBOr0 IOTOKa
w = Qu/bl 6ymer pasHa

Tw . TC (Auepuy,)

Petie (haw—he) Re PrF, (Ca) ~

Pr

(65)

YpcnoBse 3HAYEHHA I M q, mpHBeieHH B Taba. IV paGorm [6].
Ws paccMoTpenHa YpaBHeHHMA osHeprM NOAYy9aeTCA Cpe;HUl

TenJOBOM HOTOK ¢,,, HO He MECTHHI.
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Cpegauii TemIoOBO# MOTOK (Gy),; K LIACTAHE NPH JaMUHADHOM
DOCPAaHHYHOM ClI0e M TeX jKe JONymeHuAX onpefeaed UemmenoM
n Py6esmrom [90], a tawsxe Bmymom [91]

(qw)bl Re -2
m]/—c—-z 0,664].)1‘ /3 upn Pr~1.

TemnoBo# mOTOK, BHYUCACHHHM JIJIf OTOPBABHIETOCA JaMHHAPHOTO
croa Bosayxa npm Pr = 0,72, cocrasager 0,56 cooTBeTcTByMOIMErO
3HAYeHHUA [Jf IPUCOENUHEHHOTO JaMHHAPHOTO MOTPAHHYIHOTO CJIOA.
Hoapduumert BoccTamoBieHEs B 064aCTAX OTPHBA JaMHHAPHOTO
cloA npubAM3UTEILHO PaBeH KOPHIO KBajgpaTHOMY w3 umciaa IIpamnpr-
JA W IOYTH TAKOB K€, KaK [Id OPHUCOSJAHEHHOTO JaMHHAPHOTO
MOCPAaHAYHOTO CJOH.

Képa [92] Teopermdeckm wmccaemoBal OTDPHB «PAaBHOBECHOTO»
JlaMAHAPHOTO NOrDAHMYHOIO CJIOH, HPOUCXOAAMHEA [ATEKO Ieperx
NajaomUM CKAYKOM YIUVIOTHeHHES WA mepej YCTYHOM, HHEXYIHDPYIO-
mEM CKa4Y0K IOPH CBEPX3BYKOBHX CKopocTsaX. llepex orpriBoM mpo-

HCXOMT pe3KOe INOBHINEHWe NaBIEHHWS, W KOI)PUnumeHT NaBieHHA
B ToYke OoTpHBa C, paBeH

Cpg=0,825 (M3 —1)"""*Reg ¢,

rme My — gucao Maxa mepej orpmiBom, Reg — umcino Peitmonspca
B TOYKE OTPHBA, BHYACIEHHOE IO PACCTOSHUIO OT IEepefHell KPOMKH
H XapaKTePHCTAKAM HEBO3MYMEHHOTo IOoTOKa. Cp . He BaBHCHT OT
TeMOEPATypPH CTEHKH.

5.3, MCCNEAOBAHHWE KAPNCOHA OTPLIBA TAMHUHAPHOIO CN0A NPH
FMNEP3BYHOBbLIX CHOPOCTAX [93]

HapJICOH nccieaoBal Temjaomepenady B JaMHHAPHOM OTDPBIBHOM
Te4eHMH OKOJI0O Tejla BpPalleHHA IpH THUNEP3BYKOBBIX CKOPOCTHAX,
OTCYTCTBHH XMMHICCKHUX pearcuni‘a n 1noaBoga MacCCHI. On paccMoTpea

. Beep sonn paspexenus
L

— Pasdensowias nunusn maxa

- 3amuikarowuil CKAavoK

® ur. 88. Cxema Temnomepepgadm 3a ycTymoMm [93].

npodHuIb CKOPOCTH B 06JacTd OTPHBA. B COOTBETCTBMM C €ro pesyias-
tataMu MecTHOe guciao Hycceabra pacter mpubIM3ATENbHO IPOMOP-
IMOHAJIBPHO MeCTHOMY umciay PeifHoappca, 9TOo XOpOIIO COTJIacyeTcs



TEIUIOBHIE ABJIEHUA B OTPHIBHLIX TEYEHHAX 187

¢ 9KCIOepPIMEHTAJbHKHME NaHHEMH. J[pyrUME HcCaeq0BaTedAMHA IMOKa-
33HO, YTO OPH npHOAM;KEeHAM K 00JacTH HPHCOETHHEHHA TEIIOBOl
mOTOK Bo3apacraer. Cxema TemIomepenadd 3a YCTYHNOM Ha OCECHM-
MeTPHYHOM Tele, mnpennoskeHHas Hapacomom, npencrarieHa =a
¢ur. 88.

B cooTBeTcTBEE ¢ JKCIHEPEMEHTAAbHHIME Dpe3yibTaTaMH DBiayma

m Ilanmome [94] crarmueckoe naBieEme B o6aacTE OTpHIBA 6HIIO

y OPUHATO HOCTOAHHKIM, YTQ
MO3BOJIMJIO YIPOCTUTH OCHOB-
HHe fuddepeHInATbHEE YPaB-
Pasdensioyan  HeHEA. BuGpammas nas pac-
nunus moxa 9€TA CHCTeMa KOOpPAHHAT IO-
kasaHa Ha ¢ur. 89. Tax rak
77777 7R0Y JABJICHHEe OPUHATO IOCTOSH-
HHM, pasfeldlmiad JUHAS
TOKa HpAMAasfd.
Koopgmmata z momosku-
TeJbHA BHOAb pasfeadomen
JMHUE TOKa B HampaBJeHUH
OT TOYKH OTpHBA K TO9Ke
OPHUCOEINHEHAsA, KOOPAHHATA Y OTCYATHBAETCS B HAIPABICHUH BHEII-
Hell HopMaJd K z. 3a 0Ch £ OPAHATA Pa3fielIflasd JIAHUA TOKa, a He
HOBEPXHOCTH Tella IO CIeAYIOIAM CO00paKeHUAM.
a) Pasnensomas NHEAA TOKA NpAMas ¥ Ty () Mo;KeT GHTh mpesn-
CTaBJlI€eHa HPOCTO# QyHKIHei.

6) IIpocroe mpeacraBiendme mpoduieil CKOPOCTH W BHTAIBIHM.

B) Pasgensioman JIHHEAA TOKA MONKHA OCTATHCA LPAMOH Iias
YIOBJIETBOPEHHUSA OCHOBHHIX AONYI[eHWH, IPUHATHX OpHA BHOOpe
cXeMbl pacdera, [fayKe eCIH HCXOAHHE HPdepeHIHIaIbHEE
ypaBHEHHA GyayT mpeo6pasoBaHH B APYIyH CHACTEMY KOOpPAH-
HaT. Ecam 6H KooOpAMHaTa  OTCYHTHIBAJIACE BAOJL KDHUBOI,
HaOpUMEpP BAOJL IMOBEPXHOCTH Tela, TO Pa3fielIANIas JIHHHAA
TOKa HCKa)Kajiach O npm mnpeoOpa3oBaHUAX, IPHMEHSAEMEHIX
B mccaenosanmam Kap.icona.

HuaKkocTh He BTeKaeT M He BHTEKaeT M3 00JIacTH OTpPHIBA Yepes
pasfeasomyo auHaw Toka (pur. 89), mostoMy IpH yCTaHOBHBUIEMCH
Te4eHAH JHEPTdAsd, NEePeHOCHMAad dYepe3 oTy JIHHAI TOKA, paBHA IOJ-
BOJEMO# K IIOBEPXHOCTH Teja. B momosHeHMe K OOBYHLIM Ipemmoo-
JKeHHAM TeopHm norpanuusoro cios Hapacom [93] npemmomomma,
9TO TOJIAHA HM30JMPOBAHHOH 00JAcTH OTPHBA M0 pasaeagomeit
IvHEeH TOKAa ABIAETCA BETHYHHOM TOIO ke NOPANKA, YTO M TOJIMHHA
clos cMemeHusa Han 3Toil duHHedl. OCHOBHBIe YDaBHeHHUSA:

HEPa3pHIBHOCTH

R"—E:P <13 8-yo<< Ty

® nr. 89. Cucrema koopmumar [93].

-(% (rou) + —% (rov) =0, (66)
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KOJHAYeCTBa [IBHKEHHUSA

du du a du
P”o—ﬁp"W:s;(“a—y)v (67)
a
F (68)
dHEepTHH

oH 0H 0 ( p [ Pr—1 ou .
puw_}_pv_?g}—_ ay (Pr dy )+ dy 1( )PUWI’ (69)

rie H — sHTaIbndA TOPMOJMKEHHUA.
B pacuere npumsaro, uto Ty, Pr, ¢p, pp ¥ pk — mocrosuEme.

5.8.1. IIpeobpasocsarue u pewerue duddepenyuasvHbls ypasHeHu

s ceefileEys ypaBHEHHH 0CECHAMMETPUIHOTO TEICHMA Ta3a K ypas-
HeHWAM IJIOCKOTO TEYEHMA KHUAKOCTH NPHMEHEM npeoGpasoBammsa
Manraepa u [oponmmnyiea. Beenem HOByH0 mepememmyo Y

) Vv ‘ £ ay. (70)
e
‘—IepTa 03HAYaeT IJOCKOE TedYeHHe.

BeegeM QyEKIHEIO ToKa 1, YIOBJIETBOPAIOMIYO YPABHEHH HEpa3-
PHEHOCTH

o _ . 0% _
Yy % ax T vvegv——v’ ()
rae V — cocraBasomas npeo0pa3oBaEHOH CKOPOCTH, oUpefeldeMas
ypasrenmem (71).
YpaBHeHHsA KOJWMYECTBAa [BWIKEHHA W SHEPTHH CBONATCA K Cle-
AYIOIHM:
E I A ) (72)
Y 5raY 9z 0Y?2 ~9ys’ -

9y oH 9y oH _ 1 9*H | (Pr—1
Y oz EaY—Pr JY?2 '( Pr )

azw 6w Py
X { 777 (5% W)} (73)
C momomsio ypasmerusa (71) ypasmenua (72) u (73) upmBEMaloT BHJ
du du u
TV ar =avr (74)

oH oH 1 o2H Pr—1 a ou -
s+ V=3 + (o) 77 (v 37)- (75)
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Ypasuennn (74) m (75) AATErpEpPYOTCH HOHNEPEK CIOA CMEMEHHA OT
TIOBEPXHOCTH Tela Y o () 10 BHEINHEH TPAHAIHE CI0d cMemeHna A (z).
Ilpomssonman Y, (r) B paccMarpmBaeMoit 06lacTH KOHeYHA W HEIpe-
PHIBHA.

Ilocne mATETpEpPOBAHHUA MOJYYAIOTCHA ClIefyIomue OCHKHOBEHHEIE
JugdepeHnraIbEbe yPAaBHEHASN!

. d0 du .

L (76)
0 1 0H .

ueo2E — o S| —0, an

rae BH — TOJIMAHA NOTEpH 3HEPIrHH, oupenaensaeMas YPaBHEHHEM
¢ H
u
Ox = S - (1—H—e) dY =(A—Yo) Is ;.
Yo

Wnnexc e oTHOCHTCA K HEBAZKOMY TEYeHHI0 HA TPaHHUIE CIOH CMe-
menus, Iy, — mETErpan norepm omeprmm, A — mpeoGpasoBaHHas
KOODIWHATA BHEUIHEH TPAHUNE CJIOA CMEMEHHA. ¥YpaBHEHHE KoJH-
decTBa ABm:xeHEA (76) pemaercs He3aBHCHMO OT yPaBHEHHA DHEPTHH.
IIpopuns cxopoctm u i ynpomeHWs NPodHIbL CTATHYIECKOH, a He
IDOJMHOH PHTANHOAA MPENCTABIAITCA B BHAE MOJHHOMOB

6
— = Yaat (78)
i=1
5 -
(B — Pw)/(he—huw) = X, bial, (79)
i=1

e a =Y —Y)/(A —Y,), ah — crarmueckasa saTaspousa. Ilpea-
TM0JIaTaeTCsA, YTO TOJIMUHA CJIOA 1JIA OpPOQHUAEH CKOPOCTH H SHTAIb-
oua omHa M Ta ke: A — Y. W3 ogmmmagnmatm KoapPmumeHTOB a,
H b, ompeneasioTCA UYTeM pemieHHAs YPABHEHHSA KOJIHYECTBA IBHKE-
HEA ¥ 9HEPTHH, OCTAJbHHE JIeBATh M3 TPAHAIHHX YCIOBHH Kak
¢yEKmUH a, ® by. Tak Kak npu «* =1, u =u, u h = h,, TO

92u S3u

v~ vy !

ou/dY =

)

92h
0h|0Y =55 =0,

a H3 YPaBHEHHA KOJIHYECTBAa ABHKEHHAA U JHEPIrHHU HA CTEHKe

—ul/2

2
P Pra}.

aa=0, a;=0, b=
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Torna

=t (—ait2)ad+5 (da—9) at+ 3 (—5ay+12) @b+

+ 2 (2(11 _ 5) as, (80)
st gt Ao+ (— B — 34+ 10) o - (Bby+ 3 —
—15) ot 4+ (—3by— A4, + B) b, (81)

rae
Ay = —{(ue/2)/(he— hw)} Praj.

Teneps MHTErpaikl NOTEPH KOJHYECTBA [BHKEHWA W SHEPruu OynyT
CJENYIOMIMT:

P 100
To= —17 % ~+ 5006 % 1001 * (82)

(1) (g Ay (et (L gy AT

I"H“(1 he)(m “1+7)“( H, )(9o“ibi+ g2z Ut
7., 395\ ul 535 7 .

+p5 ot 924)“ H. {(470282 — 3960 Pr) a; +

2693  Pr 54161 135706
e 2
(352116 120) a; + 1393093 “t 333393 f (83)

3amada CBOJHTCA K OIpE/IENeHHMI0 TpeX HEHM3BECTHHX a4, by m A.
Tax Kak ypaBHEHHJ KOJWYECTBA JBHKeHHS H JSHEPrHHM AT [Ba
pemeHns, TpeThe LOJXyYaeTcs M3 pacdeTHoH cxeMul. B cooTsercTBmH
C TPEeANoJIoEHAEM, ITO IKUIKOCTh He BTEKaeT U He BHITeKaeT h3 00ia-
CTH OTpHBA 9€pe3 pasfeldfAmyl0 JHHAI TOKAa, M3 YCIAOBHA COXpa-
HEHHs MAacCH HMeeM

0 0
Spudy=p]/\78 g u dy.
o ¥o

Tenepr 6GespasmepHHE ypaBHEHHS KOJHIECTBA [BUKEHHS, HEPIHH
¥ HEpPa3pHBHOCTH A 00JacTH OTpPHBa OYAyT Cle[yIONAMH:

Rey 10— (1o Rea) —as =0, (84)

— by

ke
m“)- bl = O, (85)

d
Res qez Tog Res)—
x
1 a;Rek —— (ay— 2) Reg Rek, — (4a; — 9) RejReg, —

— & (54— 12) Rey Reyy, — > (22, — 5) Rey,, = 0. (86)
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9Td ypaBHEHHSA HEJbL3fl PEMATL A0 KOHINA, MOITOMY PEmATCH COBME-
cTHO ypapmemma (84) m (86) ormocmrenrno a; (Re;) m Re, (Re;).

Hocne zamammsa dopmu Tena B GespasmepHoMm Bmpme Rey, (Re;) nenn-
anna b, (Re;) ompenensercsa m3 ypasmemma (85).

MecranE koapPEOUEHT IOBEPXHOCTHOTO TpeHms u uwmcao Hye-
ceJbTa [UIA IJIOCKOTO TEYEeHMS OmpefeNsioTcs mo (Gopmynam

201
¢ = —, 87
= Rey Vit-nnitor &
Re-
Nug=Jehe = b (88)

e—hw Rey V4 TGy iday

Haxomen, ¢ momomplo mpeoGpaszosamma Marmriepa ajia ocecmm-
METPHYHOTO TEUYEHHA MOJIydaeM

¢, = Lc,«&, Nu, =L Nu, (89)

rme

L——{3sina (ReRo—Rexsina)‘lRex }1/2

Re}20 — (Reﬁo —-Rey sin a)3

u Ry, — papuyc Teia.

Briumciennsie 3nagsenus c¢;, ¥ Nu, npuBemens Ha ¢ur. 90 m 91.
Cornacao mDoixyuenHmM peayiabrataM, B uatepBajie 102 << Re, <C
< 6,5-10* Benmumna Cf, IPAKTHIECKU TOCTOAHHA, a Beauunmna Nu,

10%
10'
. Ni
10°% ""‘m., B
C,
f.t 'O-J /
] B 107
o ol e ‘ 2 A
] z 3 2 0% 2 ol ol
10 10 Re 10 10 10° 10% 108 104
x Re,
%
O ur. 90. Mectunii koodduumenur b ur. 91. MectHoe umcesio Hyce-
TOBEPXHOCTHOTO TPeHHA B ohjacTit  ¢e1bTa B obzacTn oTpuBa [93].
orpuBa [93].

upaAMo OpomopumoHalsHa Re,. caemoBaTeapuno, TenJ10BOH HOTOK
OOCTOAHEH, 4TO Coraacyercs ¢ srcnepumeHtamu Bayma u IMannome
[94]. U3 pacueroB caeayer. 4to Temsmonepenada B 06aacTH OTpHIBa
Majla IO CPaBHEHMIO C TeIIonepe;iadell B KDHTHIECKOH TOYKE M, Bepo-
ATHO, MEHbBIe, 4eM K IepejHedl 4acTH Tejia mepel OTPHBOM, YTO
obbACHARTCA MaJiof IJIOTHOCTHIO (JaBlEHHEM) 3a BeepoM BOJIH pas-
peskeHnsA, a Takke HeGonbmum 5PPeKTOM KOHBEKIMHM BCIEICTBHE
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CPaBHHTEJAbHO MajiOd CKOPOCTH TeueHEsA B obdacTm oTpuBa. UenMeH
[95] mokasan, 4To mpm HeGoABmMMX CBEPX3BYKOBEIX CKOPOCTAX BTO
AaBjleHEe MeHbBIE, YeM CTAaTHUeCKOe JaBJIEHHe B HEBO3MYIMEHHOM

5 t
4 ; e
3 X (’x PW«( A Pasdennio
AT was AUHUS moxda
Nu,, ™

2 x

1

103 2 3 4

Rex

® ur. 92. CpaBmerne pacgetux u P nr. 93. Hourypwm obmacta oTpH-
JKCIepUMeHTAIbERX pesyabrarob{93]. Ba {93].
O pacder; X 9KcmepuMeHT [83].

noToke. PesyspTaThl pacueTa XOpOIIO COLIACYKTCA C HKCOEPUMEH-
tanbEeME naraevu Ilayapca m ap. [83] (Pur. 92). Xaparrepucrurm

015

010

!(C/ g
= &

-1 0 o 1
(Ty=56T,) Tw=Tr=28T, (TuTe)
Haepesanue Oxnamdenue

® ar. 94 Bianasme Temromepegasd Ha OTPHB TypOyidemtHOTO clos {96].
0 = [(Tr — Tw)/Te] [1/(1/2) (v — 1) MZ); r — KoBPPUDEEHT BOCCTAHOBIEHUA.

NOTOKA A MOMeNH, IOKa3aHHOU Ha dur. 93, crenyomme: M, = 2,57,
Re/m = 16,8.10%, Pr = 0,7, y =1,2 »n h/h, = 10.

Haxoren, npmeegemM HeKoTOpHEe CBefeEHA 06 OTpHBe TYpOyJIeHT-
moro cioda. Banen [96] mccaenosan Bimsnme Temmonepegaum Ha moio-
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jReHrue TOYKH OTPREIBA Typ6y.uem‘noro ClI0A A CHefyIoIero pacope-
JelieHNsaA CKOPOCTH:

v _ME 110 (an),

M

npmaeM Mt = u/a*, My, = uw/a*, rge a* — KpuTHgeckas cxopocTs
3ByKa. PesyisTaTH pacueToB mpeacTaBiens Ha ¢ur. 94. Harpesa-
HAe NPUBOAAT K CMEMIEHHWI0 TOUKH OTPHBA BBEPX IO HOTOKY, OXJaK-
JeHde — BHHS3 IO HOTOKY.
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Ob6osnavenus

b — mEpMHEA NJIACTHHE,
C, — K03)PUOAEHT DPOXOIBHOIO MOMEHTA;
Co — obvemENE KoaddumuenT pacxopna;
C, — rospPumuenT EMIyabCa;
E — sddexrmsrocts maddysopa;
h — ynenbHas sHTaABNHA;
A

K = § qu dA;

]
k = Ap/q;
| — nnuRa DaacTAHHL IIAHA CBOGOTHOTO CIOS CMEIIEHHS,

m = Bo/(2 — Bo);
P = g pu dA;

0
Ap — mepenag cTaTH9eCKOro JaBICHUA Ha OEPErOPORKeE;
(Q — KOIHYEeCTBO OTCACHIBAEMOM FHIKOCTH;
Gm — PACXO0X BIYyBaeMOMl MacCH;
R — pagmyc umamagpa;
r — KO3(P(HIMEHT BOCCTAHOBICHHA,
S — roapduumenr;
V; — cropocts cTpyn;
Vg — CKOpPOCTh OTCOCA;
B — xospdpunmeHT PopMH nepeaHel KPOMKH;
' — mupryaauus;
t{ =9}/ — ToAmMMBEa NOTEpH MMNYIbCA MOTPAHEIHOTO CJIOA;
A = (6%v) (du/dx);
0 — Ko3pdHIHeHT.

Hudexcwn

aw — TEemIOM30.IMPOBAHHAA CTEHKA;
L — pauna;

§ — orcoc;

! — mosiHOe 3HadeHHE mapaMmeTpa;
W — CTeHKAa WIH Clefq;

* — npeoGpa3oBaHHBIA LapaMeTp;
2

1, 2 — ceuenua guddysopa.
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YiupasieHue OTPHEBOM MOTOKA IMPOW3BOJHUTCA C IEABI0 IMOBHINICHHASN
9PeKTHBHOCTE HJIH YCOBEPIIEHCTBOBAHUA XAPAKTEPHCTHK JETaTe]b-
HHIX annapaToB W Mamue. OuHCaEAe MHOTOYHCIEHHHX OPAKTAYECKHX
OPHJIOKeHUA BHIXOAUT 3a PAMKH [JaHHOX IVIaBH. ABTOp cobmpaercs
HOCBATHTR npo0ieMe yOpaBIeHHA OTPHBOM ITOTOKA OTAEIBHYI0O MOHO-
rpadup. 37ech DPeJUPHHATA HONKTKA PAaCCMOTPETh OCHOBHEE NPHH-
OUOH yOpaBieHWsI OTPHBOM H COOTBETCTBYIOHMIWE IPUMEPH. ¥ Ipas-
JeHHe OTPHIBOM BO3MOKHO JHGO B BHAE HPEfOTBPANICHUA MU 3aMejl-
JeHAsA Havajka OTPHBA C JWKBUNAIWeld WM yMeHbIIeHHWeM objacreit
OTPHIBHOTO TeYeHHsA, Ju00 B BHJe NPHHYIATENBHOTO CO3NAHHA MECT-
HOT'O OTPHIBA IOTOKa C HMCIOJH30BAaHNEM XAaPaKTePHCTMK OTPLIBHOTO
TedeHns.

1. MPEAOTBPALLEHHUE MKW SAMEAJIEHHME OTPbLIBA MOTOHA

Tak kax pgByMsa ¢akTopamu, oOIpeAeNSOIAMU OTDHB IOTOKa,
ABIAAIOTCA MOJOKUTEIbHHHE I'PDAHEHT AABIEHAs M BA3KOCTH, OTDPHBOM
MOKHO YODAaBJIATH IyTeM H3MeHEHHA WJIH COXPAHEHHA CTPYKTYPH
BASKOT'O TEUEHUs, YTOOH 3TH [{BA OLpPEfleIAIIMEX PaKTOpa HIpeJOTBpa-
maJH wim 3aMefasand oTpue. CymecTBYIOT [Ba MeTO[a yIpPaBJIEHHSA:
Tpebyromuii 1 He TpeGyoomuit mogeona sneprud. Hanpumep, oTpuBoM
MOKHO YIDPAaBJIATH OYTEM COOTBETCTBYIOMmEro BHGopa OpMH moBepx-
moctr Tesaa. C gpyroil CTOpoHH, [JIA HpPeOTBPALICHUA OTPHBA MOKHO
OPAMEHUTH OTCACHIBAHHWE IOTPAHHIHOTO CJOA.

1.1. NPEAOCTBPAWEHHUE HUAKW SAMEOJIEHHE OTPbIBA NYTEM BbIBOPA @OPMbI
NOBEPXHOCTH TENA

Tlon $popmoit mOBEPXHOCTH Teja 37€Ch MOAPA3yMEBAETCSA HE TOJIBKO
¢opMa DOBEPXHOCTH OCHOBHOTO T€JIa, HO H TaKHe CPeACTBa, Kak melH,
reHepaTopH BHXpeH, yTOJNMEHWe HepefHeidl KPOMKH, BHpe3H # T. X.,
COOTBETCTBYIOMAM 00pa3oM pacHmosIo;KeHHHe HA OCHOBHOM Tele.
Yro6H ynpaBIATh OTPHBOM IOTOKA OyTeM BhOOpa GOPMH OCHOBHOTO
Tela, HE0GXoAMMO 3HATH METONH pacueTa pacHpeejeHds aBJIEHIA
IOTeHNHATLHOTO TEUeHHsA, MOTPAHUIHOTO CIOH, a TAKMKe KPHTepHi
oTphiBa. J[ig TPEXMEDHHEIX T€d, ¢ KOTOPHMY IPAXOIUTCH HUMETH JEJI0
Ha OpaKTHKe, HE BCErJa MMEITCA TaK@Ae METOIH pacdera, Tak 9TO
ecnu BHOGOD GOPME OCHOBHOIO Tela He ofecueuMBaeT ympaBIeHHS
OTPHBOM, IPAMEHAIOTCS JAONOJHHATENbHbE HW3MEeHeHUsA (OPMEI, TaKue,
KaK IIeld, FeHepaToOpH BUXped W T. [.

B nmpomuiom 6HI0 7OCTATOYHO IMAPOKO HCCIELOBAHO TEOPETHICCKH
obrekamme Kpuiabes. Hemasmo Jlmmpdensn u np. [1] omy6amkosanm
OpuGIKeHHKA METON paciera TPeXMePHOTO IOIPAHMYHOTO CJOA
Ha Kphuibsax. Bonnei [2] Bumoammn crporoe mcciaemoBaHuMe oOTexa-
HUA OPAMOYTOJBHON IJIACTMHE HPH TO3BYKOBHIX CKOPOCTAX C OTPHI-
BOM OT GOKOBHIX KDOMOK; OH DemIWi HHTeTPAIbHOe ypaBHEHHE NI
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HATPY3KH M BHYHCIE] HOPMaJbHYI0 CHJIY ® YTOJ CXOfa BHXpEH,
XOpOmO COTAACYWIMEcH ¢ SKCHePHMEHTAJIBHEIMA AAaHHHMHE 70 yIia
arakm 40°. JTa Teopusa DPAMEHEMA A MAJHX YIJHHEHAA B 60Jbmmx
VIJIOB aTakd. LepcTeH PACHPOCTPAHMJ pACIeT HA HPAMOYIOJBHOE
KPHUIO B C;kmMaeMoi cpene [3, 4] m moayuma xopomee cooTBeTcTBEHE
PesyabTAaTOB NPH yMEPEHHLIX YIdax arakd. UeHr BHIOJHHMI pacuer
WIS OPAMOYTOJLHONH IJIACTWHH €O CXOAOM BHXpeil mpA CBepPX3By-
KOBHX cKopocTax [5].

Pacyer oGTexaHms TpPeyrodpHHX KPHJIBEB MAJOr0 yAJUHEHASNA
C OTPHLIBOM MOTOKA, BKJIIOYas CTPEJIOBHAHHE KPHIBA LIPH AO3BYKO-
BHIX M CBEPX3BYKOBBIX CKOPOCTAX, IPUBOAMTCA B paborax [6—15]. 9tm
METOLH pacdeTa ABJIAOTCA NPUGIMREHHHME H OCHOBAHH Ha JHHE-
HOM TEOPHH; BJIMSHHE YIja aTaK¥, KPABH3HH, TOJMEHH pPACCYATHI-
BAIOTCH B OTHEJBHOCTM ¥ 3aTeM cymmmpyioTca. HecmoTpa ma Goab-
IO yroJ cXofia BUXpeil, IpPX COOTBETCTBYIOMEM ero BmHOope pacger-
HHe 3HaYeHU s HOPMAJIbHON COCTABAAIOMEA CHIH U MOJ0KEeHNe TEeHTpa
NaBIeHHA 1A TPeyroJbHHX KPHUILEB ¢ yaamaesneM 1—4 xopomo
COINIACYIOTCSH € OJKCIIEPHMEHTOM.

Crnenruep u ap. [16] suamcanan narpysky, aeiictsyomymo Ha Kop-
IyC BRHICOKOCKODOCTHOH HOABONHOM JOAKH LHpPH OTPHBHOM ero o00Te-
KaHUH BCJIENCTBHEE (OJBIIOTO yria aTaKd.

Ha ocHOBaHWH HOUYIMEHHH TEOPHHA TOHKOTO TEIa YCTAHOBHBUICECH
TPpeXMEepHOE BHXPEBOE TEUeHHE y IOJABETPEHHOH CTOPOHH Tejaa IIOf
yIJIoM aTaKH 3aMEHAETCH HEYCTAHOBABINEMCH [IBYMEPHHRIM BHXPEBRIM
TedeHAeM.

1.1.1. ¥npasaenue ompuieom Ha KpHA06WNr npoPuiir u EpHabir
npu 0038yK06wr CKOPOCMAL

B cnywae mpsmoro Kpmura GoJBHOro yAJAMHEHHAs, paclpefieieHde
HaBJeHAA HA KOTOPOM 3aBMCHT OT TOJIIMHH, KPABH3HH U yIJa aTaKH,
Mo;KeT OHTh C yCHeXOM NIpPHMEHEHa TeOpdA [IBYMEPHOTO TEUCHHS
C COOTBETCTBYIOMMM KpHTepHeM oTphBa. Ilpm ManmHx yriax araku
HNOJIOKUTENIbHKM TIpajdMeHT [aBjeHHSA Ha BepXHe#l CTOpoHe OGHYIHO
YMepeHHHH # pPacnpoCTPaHAETCH Ha %/ 3 XOpAH OT 3agHed KPOMKHM,
I03TOMY OTPHB BO3MOEH OK0:10 3aaHeil KpoMkHu. CiegyeTr o:kMIaTh,
OflHaKO, paHHero oTpmBa. Xopowud o0030p npobGieMH ynpas.ieHHsA
LOTOKOM HA J03BYKOBHX Kprbax cueian Kyxom m Bpe6mepom [17].

B GoxpmEHECTBE HPAKTAYECKHX CIY4Y8€B TOJMHUHA KPHIABLEB 00Jb-
moro yanuaenus gocturaer 6osaee 10 % gamun xopau. OTpuB Ha TaKHX
KPHJABAX HMeeT MECTO TOJBKO B KOHIEBOH YaCTH, IJe HOTpaHAYHKA
cioii TypOynenTHHA. Ecan yaanHenre IpsaMOro KpHIa Majio U He mpe-
BHINAET 4, 8 TONMEHEA ONPOPHIA cOCTaBAAET 0KoA0 4% mAMHE XOopiH,
TO OPE GONBINOH NO3BYKOBOIl CKOPOCTH OTPHB JaMHHAPHOTO IOTpa-
HUYHOTO CJIOA IPONCXOAAT y NepelHel KPOMKH IpH Majioi senuanne C .
IlosToMy, ecim mOTOK He mpUCOEAMHAETCA C OOPa30BaHMEM «Iy3HPA»,
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A obecmeueHus TpeGyeMEX XapaKTepPHCTHK OPH GOJBMHAX CKOPOCTAX
HeoGXxomuMo YCTpPaHHTh OTPHB. [l yOpaBleHHA OTPHBOM BMECTO
m3MeHeHMs (QOPMH cedeHHS KphUIa MOMKHO HCHOOJB30BAaTh HOCOBOI
MMTOK, NPH 3TOM OHMK paspeeHds y nepefHefl KPOMKH CMemaeTcs
BHH3 00 NOTOKY K NMIAPHEDPY IIMTKA M T'PajdeHT [IaBJeHHA YMeHb-
IDaeTcCH.

B cnyuae ymepeHHO CTDPeJOBEAHOTO KPEUIA TedeHHEe TPeXMepHOe.
Pacnpefenenue roapduimenTa HOIBEMHOE CHIB IO PasMaxy TaKOTo
KPHUJIa IPEACTaBIEHO Ha ¢HT.

Ecau ¢opma nmpoduieil He3aKPYUIEHHOTO CTPEJOBUIHOTO KpPHJIA
OOCTOAHHA 1O pasMaxy, TO paciupefieleHHe [aBIeHHs H3MEHAETCH
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@ ur. 1. Pacnpegenenme Cp mo pasmaxy ABYX CTPeNOBHAHHX KphuibeB [17],
ViJMHeHne 3, Yrool CTPeloBHIHOCTH IO JHMHHM CepelMHM xopm 45°.

OT HEHTPAJbHOTO K KOHIEBOMY CEUeHHMAM, TaK KaK BeJMYHHA IUKA
paspe;ReHHss 3aBHCHT He TOJBKO OT yIila CTPEJOBHIHOCTH, HO M OT
namenenus C; mo pasmaxy. Dosbmoe suavenme Cp Ha BHeNIHel
9ACTH CY/KHMBAIOMIETOCsA K KOHIY Kpbla BMEecCTe C M3MEHeHHEM BJOIb
pasMaxa pacHpefe]eHHs HATPY3KH L0 XOpfe [enalnoT o0cob6enno
BEPOATHBHIM OTPHB HAa BHEINIHAX YaCTAX CY;RUBAIOIAXCH KPHJIbEB.
Takum o06pa3oM, DONOHTEM MojAuKanmd ¢GOPMH IOIKHB OHTH
HAIPaBJEHH HAa YMEHBIIeHWE IHKA Pa3pPeHEHHA, 4TO CBA3AHO C H3Me-
HeHHAMHA QOpPMEl B IJaHe X HapacTaHWEM IOJOKHMTENbHOM KPUBH3HBI
0T cepejHHBI MOJAypa3Maxa K KOHIY Kpmaa. J[pyras momHTKa moay-
9UTH TOT ke NPHPOCT MONBEMHOM CHIN B IHEeHTpPadbHO# o6aacTu
IyTeM yBEJIWYeHHs OTPHIATENbHOH KPUBHU3HE B HaOpPaBJIelHH K NEHT-
Py MORET IPMBECTH K YBEIMYEHHI0 paspeseHHa BOAM3M mepepner
KPOMKH 0e3 oTpHBa. Binanmi0 CTpPEJOBHIHOCTH Ha pacHpejeleHde
HaBjaeHusA, 00yCIOBIEHHOE TOJIMWHON, TAK/Ke MOKHO NPOTHBOJEH-
CTBOBATh, M3MEHAA TOJNMMUHY 1m0 pasmaxy. Ilomoskenne MaKCHMaIbHOM
TOMMHAHN JOMRHO GHTH CABHHYTO IO XOpAe BIepe] B NEHTPaIbHOR
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M Hasaj B KOHIEBOH# YaCTH KPHJIa, 4ToOH pacmpejeleHHe JaBIeHHA
M HAarpysku OHJIO OAMHAKOBEIM BO BCeX CEYEHHAX OPH PaCICTHOM
sHadenun Cy.

Ecau MectHne 3nauenms Cp Bo BCeX CeYEHHMAX MERAY IEHTPAIb-
HOM 9aCThI0 M KOHIIOM KpHUIa ONMHAKOBBI, TO OAMHAKOBHL U pacmpefe-
JeHHs NaBJleHAsA W HATPY3KH @O Xopfe. XOTA pacnpefeleHHe KpH-
BH3HK WK KPYTKH YAOBIETBOPAET 3aJaHHKM TPe6OBaHAAM TOABKO NPH
onnoM 3HaueHmu Cr, MoguduKandsa ¢GopME B miIaHe TEOPETHYECKH
a¢ppexTnBHA AN Beex 3uavdennit Cr. Tak Kak OTPHB MO/KeT IPOM30UTH
Ha BCeM KpHUIe OfHOBPEMEHHO, €CAH TOAbKO ($OpMa IEHTPATIBHOIO
CceYeHHMA KPHUIA He M3MEHeHa, 4To0bl ofecmeddTh MEHBIIMHA OHK pas-
peKeHHA, OTPHB Heab3s 3afepskaTh. CoorTBeTcTBylOmMe MopuduKa-
v GOpPMH APYIHX CEeYeHHWH MO pasMaxy UpHBeaH OH K KaJTbHeHnIuM
M3MEHEHUAM B pacmpefieIeHAN KPUBH3HE M KPYTKH, TaAK KaK CBOMCTBA
3ajaHHON CcpefHed AHHAW npodmiIek HM3MEHATCA BHOJbL pasMaxa
ctpenosaguore kKpeiaa [15]. C yueroM moBejeHHA mOrPaHHYHOIO
ciod omTHMaabHYH ¢opMmy OyAeT MMeTh KPHJIOBOA mpodHIbL ¢ yBe-
JHYCHHHM YYaCTKOM XODAH, HAa KOTOPOM TPajgMeHT [ABJIeHHA OTPH-
1aTelleH, H YMEHHIIEHHHM YYaCTKOM XOpPAH, Ha KOTOPOM TIDafgHeHT
gaBleHVsa monaoKHTeneH. llyreM yBeawweHms pajgmyca CKPYIVIEHHA
mepefHed KPOMKH MOKHO MOJYYHTH 0G0Jbmoil 61arompHATHHEA Ipa-
A¥EHT [JaBJIeHHA HAa MEPBHX HECKOJABKHX NPONEHTAX XOPAH mpodmisa
¥ u3be:xaTh OTPEHIBA, MAKCHEMAJIbHO COKPATHB YJAaCTOK C IOJIOKHTEIb-
HEIM TPaUeHTOM NABJIeHHA, HA KOTOPOM Hampsy)KeHHe TPEHHA PaBHO
Hy1o uad GIA3KO K HyJIeBOMY 3HA4YeHHIO; MOKHO H30e:KaTh TaKke
mepexofa M moayudaTh HamGoinee apPeKTHBHHA mpodmiab AiA 3afaH-
weix yeaosmit {18]. Boprmam cmmsma compormBiennme Ha 20% mo
CPaBHEHUI0 ¢ CYMECTBYOIAME NPOQHAAMH ¢ MAJWM COODOTHBIeE-
nwem [19].

Bauskoe K HyJII0 Hampsa;KeHHe TPeHHA O3HAYaeT, YTO IMOTPaHHY-
HHI#l CJI0i#, OCTaBasiCh OPHCOEMHEHHHM K NOBEPXHOCTH, HaXORHTCH
Ha IrpaHH OTPHBa. TaK KaK KOHBEKTHBHAA TEMJIOOTAA4a TECHO CBA-
3aHa C MOBEPXHOCTHHM TPEHHEM, B 3THX YCIOBHAX MOKHO OKHIATh
O4YeHb HH3KOTO TEIIOBOrO0 MOTOKa W3 norpanmyuoro cios. CosnaBas
TaKo# cnenmupuIecKHi DOTPpAHHIHWH CI0i B YCTPOHMCTBAX THHA
madpdysopa, MO:KHO HPH 3a1aHHOM HAYaJIBHOM HOTPAHHMYIHOM ClIOe
H 3aJaHHOM K03 HUHeHTe BOCCTAHOB/ICHHA TaBJEHHA MaKCHMAlIbHO
cokparuth mauny madpdyaopa. Crpardopa cupoekTHpoBaa puddysop
a3pOAMHAMUIECKOH TPYOH € KOHTYPOM, YIOBIETBOPAIONMM YCIOBHIO
Hy7neBoro Hanps:xeHna Tperus [18]. Kak yxe ynomunazoes B ra. IX,
dopMa mepenHell KPOMKHM KpHJIOBOTO NpodHIAA OYeHb BaKHA. TaK,
Ginaromapsa oTrH0y BHH3 HOCKAa MOMKHO NPeJOTBPATATH WIH 3aTAHYTH
OTPHB JaMHHAPHOIO CJIOA OT NepefHed KPOMKH NPH COOTBETCTBYIO-
meM OTKJIOHEHHWH 3aKpHIKa. Eciu mpenoTspaimeHde HIH 3aTATH-
BaHME OTPHIBA ABJIAETCA TJIABHOH 1EJbI0, TO ;KejJaTeleH MePexXoX
JaMHHapHOro TedeHHA B TypOyaeHTHoe, TaK KaK TypOyJdeHTHHH
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TNOTOK Jerde NPEoAoJeBaeT NOJNOKHTENbHHA TpafiMeHT HaBJIEHHsA,
XOTAA TpeHHe npH TypOyneHTHOM pexume Oojpine, 9eM OpH JaMH-
BapHoM. IIpu CBEPX3BYKOBHIX CKOPOCTAX HONMTKA CHW;KEHHA CONIPO-
THBJIGHUS TPEHHA IyTeM YIOPABICHAA HOTPAHAIHEM CIOEM MO’KeT
OPHEBECTH K IPEKIEBPEMEHHOMY OTPHIBY, BHIBHIBAEMOMY CKadIKOM
VIULIOTHeHHA, TaK 9YTO NPH HEKOTOPHIX YCIOBHAX HPENOTBpAMCHEe
OTPHIBa MOKET OKaszaTbcs Gojee Ba/KHHIM, 9eM COXPAaHEHME JaMU-
HAPHOTO CJOA.

1.1.2. Ynpaeaerue ompulgor Ha Kpuaosis NpoPuiaxr U KDHAbAT
npuU CeepI3BYKOULL CKOPOCTMAL

TloppoGunie mcciaenoBaHEA OTPHBA HA CBEPX3BYKOBOM KPEHLIE HPO-
pea Ilmpem [20]. C Touku 3peHHA OTpHBa Ha KpHUe, BH3HBAEMOrO
CKAYKOM YILIOTHEHHWA, OCHOBHOM XapaKTePHCTHKOH (ODMHI CeueHHA
ABJIAETCA HM3MeHEeHMe HAKJIOHAa BepxHeil moBepxHocTH. [as ompepne-
JeHHsi Hadaja OTpHBa npu Ooxsimmx wuciaax Maxa ouenb BakHa
rakke (QopMa 3amHeid Kpomku. YacTo OTPHB BO3HMKAaeT CHagajla
Ha 9acTH pa3Maxa BCJAeACTBHe GOABION JNOKAIbHOE HATPY3KHA, H €ro
pasBHTHE MOkeT OHITHb 3ajep)xaHo MopmpuKanueir GopMH B IUIaHe,
OpHBOAAMEHR K CHWKEHUI0O OWKOB HArPy3KHW, HAIDHEMED U3MeHeHHeM
¢$opMH mepenneir Kpomku. IlpuamHo#l OTPHBaA, BH3BAHHOTO CKAYKaMU,
9acTO ABJIAETCA MHTepPepeHnMA mOJeil TedeHHs OT COCeJHHX IOBepx-
pocteii. CKa4oK OT mepefHeidi KPOMKA KPHUIa MOKeT BHI3BATh OTPHB
TIOrpaHAYHOTO CJIOHA Ha (ro3eldssKe, a 3TOT OTPHB B CBOIO OdYepedb
MOKeT MPHBECTH K MOABJICHUI0 BEXPeil, BO3MYIMAIOMAX M0Je TeIeHAA
oxoxo Kpuiia. CHcTeMa CKAa4KOB yIIOTHEHHMSA HAa CTPEJOBHIHOM KpHUIE
HOBONIBHO cJOKHa (QpuT. 2): OHAa COCTOHT M3 INepefHero, 3ajHero
W KOHIEBOTO CKAaYKOoB, IpHYeM NOCIefHHHE ofpasyerca He Ha Bcex
kpuibax. Ha BHemHe# gacTu Kphia mpeoGiapaer TeaeHme, Gam3koe
K 00TeKaHHI0 KpHJa C YIJIOM CKOJBbKeHHA M, MO-BHAMMOMY, IPEXKIe
BCero NOABJIAETCA OTPHB, CBA3aHHHIM C KOHIEBHM CKadkoM. [IBa
BHYTPEHHHX CKauka (mepefHAd H 3aJHUiT) ABIAIOTCA TPeXMEPHHME
H He TaK BajKHH A KPHJILEB YMEPEHHHX Y/JIMHEHUA OPH pacdeT-
HOM peKMMe, HO OHM BajKHH [Jf HEeCTPeJOBHAHHX KPHIILEB MAaJHX
yiJmEeHn#, paboTamEX IPH AOCTATOYHO O0abmMX KO3)PHIAEHTaX
mogreMHOM cmin. Ha 3TH fBa BHYTPEHHHX CKaYKa CHJIbHOE BIHAHNE
OKasuBaeT 00TeKaHHE KOPHEBOH YaCTH KphlIa; YACTHYHO BTO BIAMSHAE
nepefiaeTcsA KOHIEBOMY CKadKy depe3 TOUKy mepecedendA. Iloatomy
HM3MEHEHHE FeOMETPHHM B OKPECTHOCTH KODHEBOH YacTH KPEJIAa, HapH-
Mep ¢opMH Qlo3eliAKa, ABIAETCA MOMHLIM CPefCTBOM VIydMeHAS
o0TeKaEAA OOJbIIMX YYACTKOB KPHIIBEB.

T'panmneir oTprBa, BHIBHBAEMOI0 CKATKAMI YIOJOTHEHHSA, ABIAECTCA
kpuBad AB (pumr. 3). B Toake 4, cooTBeTcTByIOmMER HYJIEBOH MONBEM-
HO#l CHJe, CKadoK pacHmoJoKeH y 3ajHedl KPOMKH, B Touke B om
cABEHYT K mepenneir kpomke. Touka B cMemena BieBo, 9ToOH yKa-
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3aTh BOBHEKHOBEHHME OTPHBOB, THOHYHHX /A MAalHX CKODOCTei.
Jlmama BB’ orfexsieT oTPHB Ha HepegHEH KPOMKE OT OTPHIBA, BHI3H-
BaeMOro cKaukoM. J[[JIA DpemoTBpameHHAsA OTPHBA, BH3HBAEMOIO
CKAaYKOM, Heo0xoqaMo CABEHEYTH Ipanrny AB BBepx m BIpaBo ¢ meanio
pacmEpeHns [Wama3oHa yCJA0BHA mojera. Manke yaimEeHds & cTpe-

Ompeis om
Tlepednuii cravoxr nepedneii Kpomuu

c 8
GLT

(unu x)

Ompuie, bi3bI6aEMBIL
cRAYKOM

Honyesour

beaompsignoe

3 .
adnull obmeranue

CHRa4oOK

M-—> A
@ ur. 2. Tunmaaas cucTeMa @ uar. 3. 'paEmOs OTPHBOB pas-
CKa9YKOB YHJIOTHEHHAA HA CTPe- amdaRx sapos [20].

J0BEHOM KpHae [20].

JOBHHOCTh ABJIAIOTCA MONHEIME CPefCTBAMA HIPEJOTBPAMEHHES OTPH-
Ba, BHBHBAEMOTo CKauykoM. Manoe yiimHenne yMeHbIIaeT COIMKEHAE
nAHAE TOKa B 00MacT® MeCTHOH CKOPOCTH 3BYKa H 3aMeNJIsAeT pas-
BATHe o0nacTell CBEPX3BYKOBOIO TEYeHHSA Ha NOBEPXHOCTH KpHUIA.
CTpeIoBHAHOCTh CMArYaeT BIHAHHE CKAYKOB YIUIOTHOHHS BCICJCTBHE
YMeHBIOIEHAA COCTABJIAMEH CKOPOCTH, HOPMalbHOM K m306apam
Ha Kphje, W 3aMeniseT nossieHame orpuBa [20].

1.2, NPEAOTBPALUEHME MM 3AMEANEHHE OTPLIBA C MOMOLLbBIO LWENEN,
FEHEPATOPOB BUXPEH, BHIPE3OB M APYIUX FEOMETPHUYECKHX DAKTOPOB

1.2.1. Meau

MeneBoe kpuao, npennokennoe nesapucumo Xenaau — Ieimxem
u JlaxMaHOM, ID03BOJIAET MOBHCHTb SHEPrHI0 TEICHHA 3a CYET BAYBa
BO3IyXa 9epe3 IeJIb H ABIACTCA MOMIHHM CPEeICTBOM MPpeXoTBpaimie-
HHEA OOTEPH YCTOWYHBOCTH moieTa, Bxofa B mromop. Mlear =Ha
mepefHed 4YacTH KDHJA CHHKaeT OHMK pa3pe:KeHHA, W HapacTaHHe
WOrPAaHATHOIO CJI0A CTAHOBATCA He3HAUMTEIBHHM. B pesyianrare pac-
muApAeTcA pabodmii HHTEPBAJ YrioB ATAKH, H IPH R03BYKOBHX CKOpPO-
CTAX ToJIeTa W GOJBIMIMX YyriaX aTaKH JOCTHraercda Goapmoit xoaddm-
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mpodmias ¢ pa3TAYHHIMEA
CPe[ICTBAMA PeTy/IMPOBAHEA
flz()ﬁ'bemnoii cunre (NACA)
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g 20 :/ —
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be3 saxpsiaxos
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® ur. 5. KoapdunnenT MakcuMaabHON DOLB-
eMHOH cuaR CLyake B 3aBHCEMOCTH OT OT-
HOCHTeJABHOA TOJIMUEH ¢/c mpoduueit Ge3 sa-
KPHAKOB 1 ¢ 3axpuinkaMu (NACA) [21].

3aKpbUIKM PACIONOKeHH Ha 0,2 ¢ M OTKIOHEHH Ha
60°. Cepma npodpmrne#t NACA64, HHOEKC i O3HaYaeT
MHIYIAPOBAHHKIN,

—_—

3 \
] N Pacuiupenue
] ~< Ha 3adnei
5 \\ Kpomxe
s [X N
= 3’_ \\\

N\

AN

TNonomenue wenu

! L4 Z
0 02 04 06 08
Tonaxenue cxayxa xgy/c

®ur. 7. 3amemyienme CMeIIeHHA BIepex
CKaYKa YIJIOTHEHHS HA CTPENOBHAEOM KpHIIe
IIOCpPecTBOM BAYBa, ocaabasiomee 3PdekT
OTpHBA [0 pacIIEPEHHA Ha 3ajHeill KPOMKe

20].
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[HEHT OO['beMHOH CcHIH KpHia (Pur. 4). AHaJNOTHIHO HONBEMHYIO
CHJIY MOKHO CYMECTBEHHO YBEJWYHUTh IYyTeM HOPAMEHEHHS IIEeJeBRIX
3aKPHUIKOB BMECTO OOHYHHX IPOQMIMPOBAHHEIX 3aKPHUIKOB (pmr. 5
7 6 [21]), mockonbKy meap MeKAY 3aKPHUIKOM M OCHOBHHIM KpPHJIOM
npefoTBpamaeT OTPHEB IOTOKA OT HOBEPXHOCTH 3aKPHUIKA OpH G0ib-
IIMX yTiaX ero oTKkJIoHeHus. 1locie mpemoTBPamEHUs OTPHBA HONBEM-
Hasg CHJAa NPOJOJIKAeT pacTH (XOoTA M He TaK OHICTPO) BeieacTsme
JONOJHHTEIbHOA IMPKYJIANUM, BH3BIBAEMOH CTpyel; CTPYA MOKeT
co3naBaTh ¥ HeGoapmoe majieHHe DOJ'BEMHOM CHIH B CBA3H C TeM,
4TO ee TATa HANPABJIEHA BHHUS3. ¥ BEJIUYEHHE CONPOTHBIEHMA 3a CUeT
OpPAMEHEHHs MIEJIeBOr0 3aKPEUVIKA OpPH MaJHX YriaX OTKJIOHEHHSA
MaJlo 10 CPaBHEHMIO ¢ OOHIYHEIM IMTKOM IPH TOH ke NONBEMHOI cuie
(pur. 5—6 [21]), mosromy meneBoit 3aKPHIOK OYEHb MOJE3€H NpH
B3jere W mocaake. Ha npakTuKe UpHMEHAETCA MHOTO pPa3IMYHHIX
TANOB INEJEBHX KPHIbEB M IMUTKOB. OJTOMY BOIPOCY IOCBSMEHO
meEoro pabor [22]. Ha cBepxasykoBoM Kphule y3Kaa medb BIOIb
pasMaxa, Yepe3 KOTOPYIO BHTeKaeT TaHTeHIMAXbHasfg CTPYs, MPERoT-
Bpam@aeT OTPHB TYPOYIEHTHOTO CI0s IPU MAlHX CKOPOCTHX, a TAKKe
pacmEpsier paboumit WHTEpPBaJ yIioB aTakd (pur. 7).

Crpys, BHTekawmas 4Yepe3 medb, CO3ZaeT BOIM3H TOBEPXHOCTH
TOHKMH CIIOM Bo3gyxa ¢ Ooapmnoil sHeprueii, 61aromapa deMy HOTOK
OCTaeTCsA TPHCOETUHEHHHM K MOBEPXHOCTH NPH GOJBIIOM NOJOMKH-
TENBHOM TpajiMeHTe NaBJIEHHA; nepenaj AaBJIEHHA B CKadKe YIIOTHE-
HHA NPH 5TOM NOYTH MOCTUIraeT MOJHOHW BENWIMHHE Nepenafa B IPA-
MOM CKAadYKe.

1.2.2. I'enepamopw suxpeil

T'enepaTop BHXpS NOIBONUT 9JHEPIHI0 M3 BHENIHETO TEYEHHUSA

B IOTPAHMYHBIH CI0H W NPUMEHAETCA IJIaBHKIM 06pasoM AJas ynpas-
JeH¥s YK€ OTOPBABIIMMCH IO-
TOKOM Ha KpHIbAX, B auddyso-
pax ¥ Koxenax Tpy6 mnpu fo-
3BYKOBHIX U CBEPX3BYKOBHIX CKO-
pocTAX, a He AJA NPefOTHpalie-
HuA orpwBa. llpE 3atannoMm
BOCCTAHOBJICHHH JaBIEHHMS IpH-
MEHEeHHe TeHepaTopa BUXPS IpH-
BOAMT K YMEHBIICHHIO JUJIAHH
crenox. Hanpumep. npn kooddm-
I(HeHTe BOCCTAHOBICHHA aBle-
. ‘ ama 0,67 ¥ 103ByKOBOI CKOpOCTH
® ur. 8. Ipocroit «mayr» [23]. MOHO COKDATHTS [LTHHY TADPY-
N 1 2 3 4 sopa npmbausmtearno Ha 60%
W, mm 9,5 19 38 D [23]. IIpuMeHsAIOTCH TeHepaTOPH
D N e e BoC PasMePM MMM B pyypeii pasanmaHON (GOPME: Tpo-

R=267
20°(maKcumansueiz
JYeon naraona)
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CTO}i «IIyT», BKPAHEPOBAHHHIA (IIYT», TPEYTOIBHKHN «IAYT», KOBMHK,
BBICTYM, 3aBUXPHUTENH, KYUOJ, KIWH, JONATKA, KPHUIKIIKO, IEpero-
pofKH, obTeKaTeNHm, mpofonbHEe peGpa m T. u. Ilpocroit «mayr» m
JpyTHE TeHepaTOPH BUXpeil Ha KPHJIbAX HOKasaHW Ha ¢ur. 8—10.

My6aysp u HlmarrenGepr mokasaad, 9T0 HPEHYAATENHHOE Hmepe-
MenImBaHWE HOTOKA ¢ MOMONbI0 IeHEPATOPOB BHXPeH OKAa3HBaeT Ha
TOrPaHAYHKIA €O TaKo# ke 3deKT, Kak ¥ yMeHbIIeHHEe TpPajHeHTa
JaBJeHAA WIA yMeEbmenwe (opmumapamerpa H = 8*/0 (¢ur. 11 [23]).

HpynroMacmrTabHoe nepeMemuBaEWe ¢ TOMONBI0 CPABHHTENHLHO
GOJBIIEX M JAJeKO Da3HECeHHHX TeHEePATOpPOB BHXpe# 3HAYATENHHO

®nr. 9. Taou remeparopoB Bmxpeit n oGozgagenus [20].

@ — Ha mepegHed KpomKe; 6 — BRICTYIH; ¢ — OJHOCTOPOHHWe KJHHbA, 2 — XBYCTOPOHHME
KIMHBS; & — JIOOATKH, e — KPBUILIIKH.

spdexTmBEEe, YeM MeTKoMacmTabHOe mepememmBanme. Taxmm obpa-
30M, MHOTOPAJHEE IeHePATOPH MeHee 3QQEeKTHBHH, 9eM OTHODATHEIE
TeHepaTophl, pa3MemeHHHe COOTBeTCTBYIomuM obpasom. Ycmemmuoe
IpHMEHeHHWe TIeHepaTopa BEXDedl A NpPEeNOTBPAIEHHS pAa3BUTHS
OTPHBA HOTPAHHYHOTO CJX0s B 0GoJbIIel CTENEHHW 3aBMCHT OT WHTEH-
CABHOCTH W DPACIOJOKEHHA OTHEJbHHX BUXpeH B 06JacTd mOI0KH-
TeJBHOr0 I'PajHeHTa NABJCHHUA, I€M 0T HPOPHAA HOTPAHMYHOTO CIOSA
HIDKe O HOTOKY.
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lenepaTop BHXpA yBeJWYMBaeT NOABEMHYIO cmIy Kpmuta. Ha
¢ur. 12 moxazaHH pe3yabTaTH omnToB Maxkxammoxa m ap. [24],
PaCIoNOREBINAX KIHHbA N0 pasmaxy Ha paccrosnmm 0,ic ot mepen-
Heit kpomkm xpruosoro upodmas NACA 635018 mop yraamm
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@ 1 r. 10. Ipacoocobiaenns,
sh3kBalompe  ob6pasoBannme
saxpeit [20].

® ur. 11. Bangane npupyaaTeALHOTO Hmepe-
MEIMBAHAA HA OTPHB M OCPOAHEHHHE TOJM-
muny ® dopmmapamerp [23].

a — paspHB TepefHel KPOMKH,
6 — BHpe3 B IepenHell KpOMKe;
8 — TIeperopogKa Ha nepefHel
KPOMKe, 2 — Deperopogka Ha
sagHell KpOMKe; O — HamJBiB Ha

6* n 8 — BeJIMIAHH, MOJNIYIeHHHE OCpeXHeHHeM Jio-
KajbHBIX 3HAYeHMH mo pasMaxy [JA oGecDedeHMA
COOTBETCTBHA  NBYMEPHOMY  TEYEHHIO;
npocrof «niyry; -——--— 0e3 reHepaTopos; A &*
O 0, ! H=10%6.

nepenHedd KpOMKe HJIH TPONOJib-
Haf Heperoponka.

atakg -+ 22,5°, 4TOOH HOAYYHTH CHCTEMY BHXPeil ¢ IPOTABOMONOM-
HEIMA 3HaKaMH.

Kamn BmsbiBaeT TypOy.eHTHoe nepeMemHBaHWE, NOrpaHMYHEIA
clofi paspesaercsi KIMHbAMH W YacTHYHO OTBOJHTCHA B OCHOBHOM
morox. Daarogaps npAMeHeHWIO KJAHMHBEB YBEJIHYABAETCA JHHEHHEIH
y9aCcTOK KPHBO# TONBEMHOH CHJAKI, YroJ aTaKH, COOTBETCTBYOMEA
MaKCHEMAJILHOM HOABEMHOM cuie, BospacTaeT oT 14 mo 20°, a Beamumna
KoopdunmeHTa MaKCHMaJbHOH# mnoxbeMHoir cuam or 1,33 mo 1,89.

14—0828
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ComporuBienne Kphuta ¢ 3TEMH reEepaTopamd Bmxpei mpm Cp > 1,1
MeHbINE, 4eM TIJajKoro mpoduias, HO BeIMIMHA Kpeiicepckoro Cp
C TeHepaTOpaMHM BHXpell HecKoabko Goxbme (mpumepro Ha 0,002).
HKnuroBmpnbe rerepaTops BEXpeii 1a10T HECKOMBKO GONBIIYIO TOLBEM-
HYI0 CHJIY 10 CPaBHEHHIO C TeHepaTopaMd — KpoLIRmKamu (¢umr. 12),

20 % 20
i
/J} x
7
15 F 15
’

a 545430 ¢,
10 f, 10
0.5 2/ . 05

i
d ;
i 0
0 10 20 0 0,05
oy Cp

@ ur. 12. Bausanue renepaTopoB BuXpeil (KPHIJIKMEK I KJUHHEB) Ha NONbEMHYID

CHIy M conpoTuBienue Kpeuioporo mpoduns NACA 63;-018 [25].

—O— MCXORHHHA npoduiIb; ——X—— C reHepaToOPaMy — KPhJIKMKAMHA; ————— C KJIHHb-
AMM B TIOTDAHMYHOM CIIO€.

HO OPH MaJbX YIJaX aTakd CONPOTHBJIEHHE KIWHBLEB B 2—3 pasa
fonpIle CONpPOTHBIEGHMA TreHepaTopoB — Kpouimmmek [25]. Boaee
noipoGHbie CBEleHAsi O TeHepaTopax BUXPeH pAas3HHIX THUIOB MOKHO
nosnyuuts B paGorax (20, 23l.

1.2.3. Ilodguacnue noseprrocmu

Kak moxrazan Ilpamaras [26], oTphiB mOrpaHAIHOIO CIOA MOMKMO
HpefioTBPaTHTh, €CJIH IepeMemaTh IOBEPXHOCTh B HaNpPaBJIEHHH Tede-
HAA ¢ JOCTAaTOYHON CKOPOCTHIO, HO TaKo# cmocol ynpaBierus obre-
KaHMeM KpDHJbEB TPYAeH AJas peandmsanud Ha npakTtuke. DierHep
3aMeHHJ Dapyc Ha JOfKe BPAMAIMUMCH OUIMHIPOM H HCIOJb30BA
apdext Maruyca, Ho 3T0 OKaszadoch HesroHommunamM [27]. Paccmor-
pPEM KDYTOBOH¥ LWIMHAD AHaMeTpoM d, MOMEMEHHLX B OHOPOMHBIH
IOTOR, JBIGKYIMMHACA CO CKOPOCTBIO U o, C TPEMsA DPa3TAIHHIMH BeJH-
qUHAMA UHEPKYJIANHA CKOPOCTH BOKpYr nmamuapa (¢ur. 13) [25].
Korga mupryasumsa I << 2nu ~d HaupaBiIeHa IO 9acOBO# CTPeENKe
(pmr. 13, a), orpuB mpoucxomur B Touke A m Cp << 4m, HO mpm
qupkyasanua I = 2nu ~d oTpmBa He mpomcxommT M (1 jHocTHTaeT
MaKCHMaJbHOM BEIMIMHE 47T,
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IIpr manpeeifimeM yBeAWYeHHH LMPKYJANMH BO3MOKHO TEYEHHe
THIOA, noKasaHHoro Ha ¢umr. 13, ¢. B arom caywae Cp < 4m.

Xota, coraacuo llpanmpraio, mompemmasn
CHJIa HEe MOieT MNPEeB30MTH oOmpeaeleHHOI
peanunnnl [26), ma apammsa I'mayspra [28)
CIeyeT, 9TO NOABEMHYIO CHIY MOKHO HEOr-
PAHAYEHHO YBEIMYATH ILYTEM YBEJIAYCHHA
CKODOCTY BpaIIeHHS.

JKCOepUMEHTH MOKAa3aJd, 49TO Ha BO3-
AYIIHOM BHHTE BpameHHe CABHTAEeT OTPHB
B CTOpOHY 60abmIMX 3HAYEHAR Ko3pduuuenTa
NOIBEMHOM CHJIBI, 9eM CJeOBaJI0 OB OXKH-
JaTh Ha OCHOBAHEHE XAaPaKTePHCTHK Ipodu-
neir ceuenmit jgomactm [29]1). Tamm Teo-
peTHdecKr ITOKa3alX, YTO BPAMEHHe MOKeT
OPHBECTH K 3aIas/hIBaHMI0 M HHOTJA K Ipe-

AOTBpA€HNI0 OTPbLIBA JaMHHApHOTO CJoA
[301.

1.2.4. Cemxu

IIpm RO3BYKOBHX CKOpPOCTAX CeTKa sB-
JAeTCA TOJIe3HHIM CPEeJICTBOM IPENOTBpaIe-
HHES OTphiBa, NIPHCOE[MHERHS OTOPBaBIle-
rocs MOTOKa WIH YCHJIEHHA CTabHIu3Hpyio-
mero 3@dexTa, €cim B LEPBYI ouepedb
TpeGyeTcA moJaBlleHAE OTPHBA HIHM CTabH-
JM3anuA IOTOKAa, a 3bdeKTHBHOCTE HMeeT
BTOpOCTeN€HHOe 3HadeHHme. Ilpmmenennme
ceToK He ofecmedmBaeT BHCOKOI adipeKTHB-
Hocrd. Cerka wactro mpmmensiercs B Kaddy-

®ur. 13. OO6rekanmne
KpyroBoro mmimEApa mo-  SOPe: IddexTHBHOCTH de)q’)ysopa MO’KHO
TeHIAAaJbHHM HOOTOKOM XapaKTepU30BaTh BEJIHIYAHOM

a3JMIYHAIX BeJIHIH-

ﬁg? ll)mplcynaunn T (25]. E,,= -gz—_%,

o —T< 2auyd, Cp<im 1= 2

S—_—II:>=22;I:°°;- C%:éf:“ rae E, , — spdextaBrOCTL 1HPPy30pa Ha
oo “L yuacTke Meskny cedenmamu 1 m 2,
Asg A4

Py,= g pau2dA, P,= f piuy dA

'0 '0

— CyMMapHHE DacXoiH NOTeHIHAJbHON OHEPIHH (NaBjJeHHe) uepes

1) B pefCTBHTENLHOCTH BpallleHHEe He OKA3hiBACT CYHICCTBEHROTO BIMAHMA
HA HAYAJIC OTPHBA HA JAONACTAX BUHTA, & POCT BeIMUNHH I' mo nuueilnomMy sakowy
o6bacCHAeTCA pacmupenneM 06JacTH GOJNBINIOrO pa3dperxeHHA Ha 3uAUKTEIBHYIO
4acTb XOPEH JomacTH. — ITpum. ped..

14
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ceuenme 1 m 2 npmdpdysopa, p — cTarmueckoe KaBiIeHHme,
Ay

Az
K= S quidd, K,= S qaUz dA
0 0

— cyMMapHbIe PacXONH KHHETHIECKO# sHepram depes ceuenmsa 1 m 2
mapdysopa, ¢ — CKOPOCTHOH HAmOp.

Tax nasnBaeMHHE 3pJeKT 3amOoJHEHAA CETKH [OCTATOTYEH MJIs
NPEeXOTBPAMEHAA OTPHBA HJIH jKe NPHCOGAHHOHHS OTOPBaBIIETOCH
TOTOKA fasKe B CJIydae CHIBHO PA3BUTOTO OTPHBA MOTOKA B fEddy3ope.
«3amosEeHEE» mOApasyMeBaeT HCIOJb30BaHHE Bcero obneMa AEPPyY-
sopa aubo BcieficTBme BriGopa (opmu gudpdysopa, ambo Guaromaps
MeficTBUI0 CeTKE. B 3TOM cMbICIe 3amOMHEHHe 03HAYAeT OTCYTCTBHE
OTPHIBA, OBTOMY YCIOBHE 3AMOJHEHHA MOKHO OIPENEJHTh KaK MOJ0-
fme pacupefieieHHA CKOPOCTH B KaKAOM ceueHEE pEpdysopa ee pac-
npegenenno Ha Bxope. Cormacuo mccaegosarmio ly6ayspa m [nan-
reabepra [31], npm 703BYKOBHX CKOPOCTAX OTKIOHEHHE IOTOKA CeT-
KaMd K CTEHKaM COLIPOBOKJAeTCA YyBEIH4eHMEM IpajHeHTa CKOPOCTH
M Hamps)KeHHsA TpeHHsA Ha cTeHKe. Ilpomecc o6TeKaHMsA CeTKH TECHO
CBA3AH ¢ IpomeccaMm B TypOYyIeHTHOM HOOTPAHHTIHOM CJIO€, H CeTKa
MOKEeT NpeJOTBPAaTATh OTPHB JUGO 3a CYET yBEAXIEHAA TPAJAEHTA
CKODOCTH 0 HOpMAaJM K CTeHKe, JEO0 3a CYeT yMeHBIIEHHS rpa-
OAEeHTa JaBJIEHAA BIOAb CTEHKH, Am0o 3a cgeT aTEX 00omX 3ddeKToB.

ddpdexrr 3amOTHEHHAA 3aBUCHT IVIABHHM 00pa30M OT pacHONOKEeHHSA
ceTK: 1 KospPuIEenTa nepenaga AaBieHdsn HAa Hell k¥ = Ap/q, npmaem
Ap — pa3HOCTH CTATAYECKAX [aBIeHAE 0O 00e CTOPOHH CETKH.
Korma cerka MaxKCHMAaJbHO CBHHYTAa BIEDEN, OTPHB MOMKeT OHTH
yCTpaHeH myTeM yBelXWdeHAA K W ONTEMAIBHOTO 3amoNHEHHS AAPDy-
30pa BHIIE 0 DOTOKY, OHAKO HHEJKE IO HOTOKY OTDHB MOKET COXpa-
mAThCH. Horga ceTka pacmonoykeHa HEMKE IO HOTOKY, Y1aCTOK 3amo-
gerns aaddysopa Takike HAXOMATCA HU/KE OO HOTOKY. TaK Kak
npu 3afaHEOM k morepsa 9¢PeKTHBHOCTE MHHAMAJIbHA, €CIH CeTKa
pacmoiiokeHa B KoOHIe AAddysopa ¢ MaJHM YTIOM PaCKPHTHAA, TO
YroJl HEHOCPEACTBEHHO Hepef CeTKOH MoKeT OHTh yBeIWIeH H yBe-
Jm4eHo oTHomeHme mromapeil. Taxum oOpasom, npm 3aJaHHOM OTHO-
MeHHH Ilomajei# ® 3Hadenmm k mamGouee adpdexrEsHam fopMa pEd-
¢dy30pa C CeTKOH JONKHA UMETh MAIEIH YTOJX PACKDHTHA, Hepexonsd-
muit B 6oapmoii. YTo Kacaercd 3amONHEHHA H OTPHBA, TO HECKOIBKO
ceTok B pEPPysope mawboid ¢opMH cTonp Ke DPOPEKTHBHH, Kak
H ofiHa ceTKa B mAPPysope cnenmanbuoi popmu. [Ioaromy mpm coor-
BETCTBYIOIEM 9ACIe H IIONOKEHUM CETOK Jerde CIPOeKTHPOBATH
maddysop mpocror ¢opmm, uweM cmemmanbHoi Popmu [31] 7).

1) OparasaabHHM CPENCTBOM LpPEOTBPAMEHHA OTPHBA OT CTeHOK Ampdy-
80poB ¢ GOJBPIAME yriaMW DacKPHTHs, HOBHmMEHAS HX 3QPeKTABHOCTA X OXHO-
POHOCTH LOTOKA SIBJIASTCSA IOPEMeMmeHHe OTPHBAa K ocH RE(pdys3opa ¢ mOMOMBIO
PagEaIbHHX IEPEropofoK H NONePeYHOro RHUCKA, PACHOJOKeHHOTO B 00MacTH
ropuosmER REPdysopa. ~— ITpus. ped.
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1.2.5. Pasdessowas naacmuha

Kak ykasamo B ra. VIII, paspenawomas nnacrmuma, pacmosnorken-
Hag 3a TEJOM, MOMKET NPENOTBPAaTATh NEPHOAHMYECKHE IYyJIbCATHE
ciefa, €CAM IJMHA IUIACTUHEL [JOCTHTaeT OKOJIO NATH J¥aMeTpoB,
a TaKe MOMeT CHHBHThL conpoTEBienme. Hampumep, pasfeindmoman
IUIaCTAHA 34 KPYTFOBHM OUIMHAPOM OPHA JI03BYKOBHX CKOPOCTAX
cEmxaer koaddumment coupormpienma or 1,1 mo 0,7 [32].

1.3. NPEAOTBPALLEHHUE UNKX SBAMEANEHHUE OTPBLIBA TMYTEM OTCOCA
MOrPAHHUYHOIO CNOA

OTcoc mOrpaHWYHOIO CIOA MCKIOIAET HIHM YMEHBIIAET BIMAHHE
BA3KOCTH Ha OTPHB W Hem30eKHO CBA3AH ¢ 3aTpaTaM¥ MOIIHOCTH.
B ra. I ynoMuraica KiaccuuecKuii SKCIEPEMEHT IO TPeOTBDAMEHMI0
OTPHBa B JI03BYKOBOM fudpdysope myTeM 0TCOCa MOTPAHATHOIO CJOA.
CpenE pasnmuHHX cn0CO00B yIpaBI€HHS OTPHBOM 9ame BCEro IpH-
MEHSETCA 0TCOC 9epe3 Ieab, MO3TOMY 3TOT cmocob Oymer Goaee mof-
pobHO paccMOTpeH B MaHHOM pasfieie.

IlyTreM oTcoca #3 HmOrpaHUYHOTO CIAOH YRANAKTCA 3aTOPMOMKEH-
HEIE YaCTHULHI, IpEK[e IeM HPOHM30HIeT OTpHB, YTOOH 3aHOBO obpa-
3YIOMWAHCA NOTPAHAYHHEIK CJIOH MOTI INPEOAONeTh NOJOKHATE]bHHI
rpageedT faBiaeHusa. llpenoTBpamenHe OTpHIBA myTEM OTCOCA IPHEBO-
OUT K YMEHBIIEHHIO CONPOTHBJIECHUSA, YBEJIWICHHI0 IO HEMHOH CHJIH,
a TaKKe CMEmEHHMI0 TOYKHM Iepexofia BHHU3 IO HOTOKY, OMHAKO MJA
AOCTHKEHHA STOH mesu HeoOXOMEM BCHOMOTATEIbHEM MCTOYHHK MOII-
Hocta. OTCOC MOrpaHUYHOrO CIOA HCCAEAOBAICA KAaK TEOPETHIECKH,
TaK H SKCOEePUMEHTAJIBHO.

1.3.1. Pacuem omcoca nozparuuhozo ci0s

Paccmorpum oTCOC TaMEHAPHOTO HOTPAHAYHOTO CJAOA NIPH JO03BY-
KOBHIX CKOPOCTAX. Bo3MOeH KaK paBHOMEPHHIA 0TCOC ¢ IOBEPXHOCTH
Tela, TAaK M IO NPOHSBOJLHOMY 3aKOHY.

Pagromepriii omcoc no OAuke naacmuHb

ITpocreiimem cooco6oM paBHOMEPHOIO OTCOCA JAMEHAPHOIO IOTPa-
HOYHOTO CJIOA IPH HYJEBOM YTJIe ATaKH H JOSBYKOBHX CKOPOCTAX
ABIAETCA 0TCOC 4epe3 mopucTyw cremry (¢pmr. 14) [33].

Bcenencrme manoii ckopoct: orcoca vo << 0 B mpemenax |vo/ta |
ot 0,0001 mo 0,001, manpaBieHHO# TPOTHBOLONOKHO OCH Y, OTCACH-
BAIOTCA TOJBKO 9JACTHLOH KUJKOCTH, HAXOAAMEHCA B HEeNOCpPEeACTBEeH-
HOHM 6JIHM30CTH K CTEHKe.

Ynanaemoe KoamdgecTBO KEAKOCTE PaBHO Q = CoAU », TAE Co —
6espasmepHuit KoadpPmmmenT o6nemHOrO pacxoma, A — miaomanb
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OMBLIBA€MOU IOBEPXHOCTH. Tax xax OAA IUIOCKOH HIacTHHEH

1
Q=5 {{—vo(x)}dz 1)
0
u A = bl, npuueMm ! — mumHA, b — WHpPHHA NJIACTAHH, TO
!
1
Co=uz S{—vo (z)} dz. @)
]
Ilpm paBHOMEpHOM OTCOCE Uy = comst u
Co = — VUl . 3)
O6mue ypaBHEHAsA JAMHHADHOTO NOTPAHAYHOTO CJIOA
ou v
oz Ty =0 )
1,0 ‘ P
08 =
Ueo = I
y ‘h:l 0.6 ‘//E
0,4 77
Ueo — s 02 |-£ Y
» 4
— %
\ - =
0 08 16 24 32 40
Up=const y/8*

® mr. 14. IInockas unactmea c¢ paB- @ mr. 15. Pacmopegenenne CKOPOCTH B
NOMEpPHHM OTCOCOM IIPH HyJZeBOM yIiMe IOrPaHAYHOM CJIO¢ HA IJIACTHHEe IPH
arakz [33]. HyJaeBoM yriae araxm [33].

1 — paBHOMEPHHIl OTCOC, ACHMITOTHIECKHN
npodmis; 2—G6e3 orcoca, npodrab Brasnyca.

"

u%+v%‘§—=~%j—f—}—v~3—2§- )
¢ TPAHHYHKIMHA YCJIOBHAMEA

y =0, u =0, v = vy (2),

y = oo, U= U,

H Ha CTeHKe

du

Tw=H 5 (n1s JaMHHAPHOTO TEYEHMHA)

y=0

HMeOT YacTHOe pemeHHe, B KOTOPOM CKOPOCTH HE 3aBHCAT OT pac-
croagna r. Cumran du/dx = (0, @3 ypaBHeHHA HeDA3PHBHOCTH IOIY-
qaeM

v (z, y) = vy = const,
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3 YPaBHEHHEe KOJHYEeCTBa ABHKEHWS NPHHHMAaeT BH[

v du —v 2u
an'— ayz’

€ro pemieHHne
u(y) = ua {1 — exp (woy/v)}. (6)

TOJI]]IBHI:I BEITECHCHHA M IOTepH HMIyJbCa, a TaKKe HaOpAKeHHe
TPeHHUA Ha CTEHKEe PaBHBI COOTBETCTBEHHO

x___ VY —_ i v _ =p(—
o= (—vo)’ 0=3 (—vo)’ Tw =0 (— o) U=
991
—_w__9f__ Y)\_
Coo — 1/2pu§°——-2 ( um)_ch,
T. e. HaOPSKeHHE TPEHHA HE 3aBHCHT OT BABKOCTH.
3.02,/"«» Uoo Uoo
=7
2=
=5
Sl 2‘0§¢ 4=09 ux
! 15:;
" 2
5 =
10=—
e
=
u 2
" 002040608 10 12 14 16 18 20 22 E=(’£) Lt
IRERRERERREREREREREEREERNE
Ug =const

® nr. 16. Junnm TOKa mpu ofTeKaEEH IJIACTHHH ¢ paBHOMepHHM oTcocom [33].

Ha ¢ur. 15 npoduas ckopoctu, BuumciaeHAHH mo dopmyre (6),
cpaBEHBaeTca ¢ npopmieM biasmyca, COOTBETCTBYIOMUM TEUYEHHIO
6es oTcoca.

Benenerpue oTcoca CKOpOCTh y CTEHKM yBeJHYHBaeTcd, Gaarogaps
4eMy MOBHILIAETCA CIOCOGHOCTh TeYeHHMsS NPeofoJeBaTh IOJO/KHTENb-
Hul TpajueHT AaBienHua. IIpoduap ckopoctH, onpenenennni mo ¢op-
myie (6), acHEMOTOTHYEeCKHM TOCTHraeTCH Ha PAcCCTOAHAW, Npuban3H-
TeJabHO paBHOM [34]

(F2) 22 =4 wau CoVRe;=2. (34)

v

Uoo

IlosToMy 5TOT HpOQHIDL Ha3KBAETCA ACHMITOTHYECKHM HpOdHIeM
OOTPAHHYHOTO CJIOA C OTCOCOM HAa HPOH3BOJIBHOM IHJIMHAPHIECKOM
Texe [35].

KapTura nmHEE Toka unpm oTcoce mpeacTaBieHa Ha ¢ur. 16.
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Ob6ujee pewenue O0as omcoca nO NPOUIBOALROMY 3AKOHY

Ilna obmero ciydag 0TCOCA IO HPOE3BOJBLHOMY 3aKOHY Ha Teje
OPOM3BOJMBbHON (OPMH MOMKHO HOJYIATH HNPHOIZKEHHOE peIleHHe
C IOOMOIIbI0 HHTEIrPalIbHOTO YPABHEHHA KOJIHAYECTBA [BHKEHHSA

4 dO du

Ue = + (204 8%) u. d; — Uglhe = .;,w . )

IIpampTas [36] omemma cropocts oTcoca, HEOGXOMUMYIO [JIA IPEMIOT-
BPameHHns OTPHBA, B IPEJINOJ0KEHAH, 9T0 IPO(PHIb CKOPOCTH Ha Beel
IJIMHe Taxoi ke, KaK M B TOYKe OTPHBAa, B KOTOpoil

du
o= g, = 0

9r0 cooTBeTcTByeT mapamerpy Iloamraysema

3agasaa mpodunnr CKOpPOCTH B BHAE

u=ue {6 (§)"~8 (§)"+3 (5)'} @)
H yudaTHBasA, ato 0*/8 = (3/,0) — /120 = %/;, u caemoBaTennHO,
0/8 = 4/ss,
npuBeNieM ypPaBHEHHE KOJHMYECTBA ABMKEHHA K BHIY
8% 20 =22 5.

Ecnm aTy Benmuunmy mofcTaBHTH B ypaBHeHHE (8) H IPEXIONOMKHATEH,
9T0 TOJMMAHA OOTPAHAIHOTO cioA mocToamHa miam db/dz = 0, To

vo= e § Ie ©
N3 ypaspenna (5) mpm y =0

Yo (g_:)u=o =ue% v ('zzy—:)zpo' (10)
Tax rax

du au Ue

oy u=0= 8 oy u=0= 5

ro m3 ypasmenma (10) mmeem

12
=V - ()
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Us ypasmennii (9) m (11) momydaeM CKOpPOCTH oTCOCa, HEOGXOXEMYIO
ANl NPefOTBPAMEHAS OTPHBA

vo=—2,18)/ —v ke, (12)

Tax Kak [IA KpPyroporo mmIdmHApa pagEycoM R

dug Loo

== "2F

To W3 ypaBmeHHA (12) HaxomEM ciaegyiomee BHIpa)KeHHE IS KO3d-
¢unHenTa o6BbeMHEOrO pacxofa, He0OXOAUMOIO [JsA HOPEeROTBpAmeHHs
OTpHEBA,

—

Col/ 2=R—2,18)/2=3,08.

ViooMareM ciefyiomue aHAJATHICCKHe pEmEHHA 3afadd O0TCOCA.
Ilpumenss mATerpanbEOe YPaBHEHHE KOJIHYECTBA ABMKEHHS W METOJ,
nono6uuit Meromy HKapmama — Ilompraysema, Ilnmxrmar [37, 381
paspaGoTan MeTop pacdeTa DOTPAEMYHOTO CJIOSA Ha Telde HPOH3BONB-
HOM (OPMH C IPOM3BOJNBLHOH CKOPOCTHIO OTCOCA Uy (z), a Topma [39,
40] ycosepmencrBoBan ator meron. Xen [41] pacemorpen pasiamummnie
DpuGAMKeHHNE pelleEMs ypaBHEHH JBYMEPHOTO HOTrPAHHIHOTO CIOA
C OTCOCOM IpPH MO3BYKOBHX CKOPOCTAX H IIPOM3BOJBLHOM pacupeie-
nenun paBiends. Tpmmamar [42], Teeiirc [44] m Prarae6 [45]
HCCIEJ0BANE OTCOC C HPOH3BOIBHON CKOpocThio, a Bmrapar [46]
PACODOCTPAHHN pacieT Ha CIydail oceBoi cmMmerpmu. TpykeEGpoar
[47] mpemnokma oueHp mpocToe pemIeHMEe KaK IJA ABYMEPHOrO, TaK
H IS OCeCHEMMETPHYHOI'0 TEYeHHWi, CBefA 3a4a9y K pemeHHI0 OGHK-
HOBEHHOTro puddepeHnmalbHOrO ypaBHEHHsA nepBoro mopspaka. Crpo-
roe pemenge ['épTiepa ypaBHEHHH JaMEHAPHOTO DOTPAHEIHOTO CJIOS,
B KOTOpOM HCHOb30BaH HoBHi pap [48] (ra. II), Mmoxmo mpmMenmTs
ONA pemeHHs 3a[a4 0TCOCAa MM BAYBa 9€pe3 MOPHCTYI0 HOBEPXHOCTb,
€CliM IPHHATH pAacCIpefejeHHe CKOPOCTA NOTEHNAAILHOTO TEeICHHA
B Bume [49]

Ue (z) = 2™(So + Syz™ + Sd™b |},

a pacmpefeneHne CKOpPOCTH OTCoca B BHe

vy (z) = 2™ Mg, + 0™ + o™ + ...},

rae m = Bo/(2 — Bo), Po = 0 gua ocTpoit mepepmeit KpoMku, B, =1
AnA Tynoi Hocopoit wactE Sg, Sy, ..., Gy, Oy, O3 . .. —Koappu-
[AEHTHL.

Jlaa pacdeTa JaMHEHAPHOTO HOTPAHHIHOTO CIOA C OTCOCOM, KpoMe
yooMaryTux B ra. II TtaGamm [50], meoGxopmmu pomonHEETeNLHHE
TabaADE.
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1.3.2. JrcnepumenmasvHble UCCAEA06AHUSL OMCOCA NOZPAHULHOZO

<08

JKCOepEMEHTAJIbHEE HCCJIEJOBAHAA OTCOCA NOTPAHHYHOTO CJIOA
B JBYMEPHOM HOTOKE MAPOKO HPOBOJHINCH C IEJbI0 pPa3paboTKH
METOMIOB 0TCOCa A NPAKTHIeCKHX HPWIOMKEHHH, OTHAKO IOXpPOOHOEe

16 l
P
14 xo

5 v &

) 0

10 K /’/ &T

<

“ foml |

Jl =
06 }

04 /
02
o 5 10 5 20

o

@ mr. 17. IKcuepEMEHTAIbHEIE

3HAUEHNSA MO'BEMHOM CIJIK TPO-

¢mnss NACA 63A009 c mopm-

cToit mepemueit Kpomxoit [25].
0003~ (1y/u o) VReCouVRe Cq
BUA

x 100 3,61 0,0034
A 80 2,89 0,0027
& 80 2,16 0,0020
+ 40 1,44 0,0013
o) 0 0 o0

w,, — CKOPOCTE OTCOCA MO BOPMAIH
K IOBEPXHOCTH KPHIIA.

ONHCAHHWE JTHX SKCIePHMEHTOB BHXO-~
AT 38 paMKA HACTOALIECH KHWTH, 09—
TOMY OPHUBEJeHH TOJIBKO HEKOTOPHIE
OPAMEPHI.

Ilpm oTcoce HA mepemHed KPOMKE
OOHIKHOBEHHOTO KpHJa OTPHB UpH
0oNpmUX YTIax AaTakd MOKeT OBTh
OpefOTBPAMIeH N 3a/leP;KAH IPH CPaB-
HATEJIbHO HeGONBIIEX pacxogax orca-
cuBaemoro rasa. Ilpm mexoTopoM 3Ha-
YeHHE KospmumeHta NHONHEMHOH CH-
Bl OTCOC MO’KET OPOMSBOJHTHCA HA
9acTH NOBEPXHOCTH, Ha KOTOpPO# TIpa-
AHEHT CKOPOCTH B IEepBOM mpubimKe-
Hod 6onpuTe, 9eM MaKCHMAaJbHBIMA Ipa-
AMEeHT Ha KPHUIOBOM MNpOPHIe npd
MaKCAMAQJIbHOM MOIbeMHOH cmie 0e3s
orcoca [b1].

Bumrpsim B mopmeMHO# cmie H
yMeHbITIeHAe COOPOTHBIEHHEA 6aaro-
HapsA 0TCOCY HPH JO03BYKOBHX CKOPO-
cTAX DmoKa3aHH Ha ¢ur. 17 m 18. Vse-
amyenme C, OpPA DOCTOAHHOM yTie
aTaKH MOKeT OPHUBECTH K YBEJIHICHHIO
C;,HO IHINH 0 TeX IOP, HOKA MOJHO-
CTHI0O He MCYe3HeT OTPHB; NPX NajbHER-
meM yBeauwdenum Cq pOCT HOABEMHOK
CHJIEl He3HAYATEJeH HIHM jKe NpeKpa-
O[aeTCA COBCEM.

Ha ¢unr. 18 npencraBienn xoagd-
¢unment conpormeaenna Kpuuaa Cp
7 cyMMa Koo(pPUIEEHTOB CONPOTHUBIIE-
HHEA Kphlla B 3KBHBAJEHTHOTO COIPO-
TUBJICHHS MOIMHOCTH, TpeOyeMod masA
orcoca, (C b, + Cp.), BHYHMCICHHHIE

Ans mcrpeburens «Bammmp». C ypenuuenmem Cq ymensmaerca C Dy,
HO Beamumuna C D, +C D, BO3pACTAeT, MOATOMY Heo0X0JUMO OIEHHBATH

appexTHBHOCTS oTcoca. IIpm 3agannoM KodpdHIUeHTe mOABEMHOH cH-
JIH A3MeHeHne TOJIMWHE HOPHCTOTO Mareppala BJOJbL XODAH Ha 4eT-
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BEPTH CHI}KAeT MOMHOCTH, TpeGyeMyio Aias oTcoca Ha mpodmre NACA
0010 .51, caemoBaTenbHO, CHHKAGTCA W PACXOJ OTCACHBAEMOrO rasa
{51].

Ha posBykoBoM kpre ¢ yamwmenmeMm 4,6 ® yriom crperosmi-
sHocte 40° Ilonaron [52] monyann ysenmuenwe kospdunmenta moanem-
Hoi cuan Cy ¢ 0,94 mo makcmmansnoit Benmumun 1,18 npm koag-
¢unmente pacxoma orcacuBaemoro rasa Cqo = 0,0013, xora npm

0004

32 i 1
=12.5-10%
G, o ner; . P Re,=12,5-10
0,003 N\
24 N
Re=23x106 3
20 <
002
@ « 16 \\
S |
X 12
) 0
0001 (Cous Oop!_| ] g 5
G, q \
000z 00 0004 00005 !
o a0 8 @ 0 1 2 3 4

D nr. 18. Usmenenme Cp B 3aBu- @ mr. 19. CpaBHeHne ONTHMAIBLHOIO KO-

cumoctu OT Cg AA KphUla ¢ HOpH-  sddunmenta compoTusienus mpodmis c

CTOM NMOBEePXHOCThIO (camoieT «Bam-  oTcocoMm ¢ xoaddumuenrom TpeHwS Ha IIa-

aup») [25]. CTHHE NpH JaMuHAPHOM ¥ TYpGymenTHOM
norpaHmYHNX caosax {53].

1 — nampHapHbl cioff; 2 — opodmiIb € OTCO-
coM; 3 — TYpOyneHTHHR caolt.

M3MEHEeHMH yIJa aTakM HabJi0a1cA 3HAUYATENbHHE racrepesmc. ITo
yBeJIH9eHHE KOodPPHIUHEHTa MOIHEMHON CHJILI CPAaBHAMO C COOTBET-
CTBYIOIIAM YBEINYEHHEM Iad npoduad.

OTcoC HOrpaHAYHOIrO CJOA ABJIAETCA TaKMe O0YeHb NOJe3HHM
CPEICTBOM YJIydllleHAA XapaKTepPHCTHK CBePX3BYyKoBoro Kpuiaa. Omu-
Th I'porta [53] ¢ N1BOAKOBHNYKANM KPHJIOBHM HPOQH.IEM TOJNIHHOK
5% npm uncae PeiiHonbica. BHYACIEHRHOM mo aaune Xopau, 12,5 -108,
u uucaax Maxa 2,23 u 2,77 nokaszaam, 4T0 MOKHO NOJYYATh YBe-
JWYeHHEe TNONbEMHOM CHJIHN NPH MAJOM CONPOTHB/ICHHH.

ITyTeM oTcoca morpaHBYHOro C;10A Ha Tejle BpameHus (0KHBAXO —
IEAAHAP) MOKHO COXPAaHHTh JaMHAHAPHHHA NOTPAaHHYHHHE CIOH mpH
qrcae Peiinonsnca, BHYHCAeHHoM ©o Aamue, 4,7 -106—10,7.108,
m uacrax Maxa 2,5—3,5. B npomecce wmcnnTanmii TeMmepaTypa
NOBEPXHOCTA Mofend Ohila paBHA paBHOBECHO# TeMmmepaType TeIIo-
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W30JUPOBAHHOM CTEHKH, TaK 49TO cTabmimampylomee (mecTabmiamsm-—
Pylolee) BIUSAHWE OXJa;KAeHHES (HATDEBaHWMA) CTEHKH HE HAKIAIbl-
BAJOCh HA BIHMAHHE OTCOCA MOTPAHWYHOTO clIoA. Ha moBepXHOCTH.

Omcoc

1 I T T T T T 1 T
Omcoe
031 .
041 .
X
P -
ps |05 W = &
bes omcaca
06
0,7+
1 1 1 1 1 1 1 1 1
0 02 04 06 08 1,0
x/c
be3 omcoca

On r.[20. [Ipnvenenne pacIpefielIeHHOr0 OTCOCA HPH (PUKCHPOBAHHOM YHCIIE
Maxa [20].

Ps — IIOJIHOE [aBJieHNEe B HEBO3MYIIEHHOM IIOTOKe.

oTcoca He Dajfald yAapHEeE BOIHHE, Onarofapa dYeMy YHaBajloCh
n30e;KaTh WX B3AMMONEMCTBHA C JaMHHAPHHIM IIOTPAHHYHBEIM CIO0EM.

YMeHbIIeHHE CONDOTHBIEHHA TPH CBEPX3BYKOBHX CKOPOCTAX
BCJIEfICTBHE OTCOCA MOTPAHMYHOIO CJIOA HAINANHO BAAHO Ha ¢umr. 19.

Kosddpunument conporuBienus no pesyabraraM A3MepeHNii Ha KPhi-
ne ¢ orcocom mpm Rey = 12,5.10% B 1,5 pasa Gonsme kosdpdpumuenTa
COIIPOTUBJIEHUA TPEHWsA NPH JIAMEHAPHOM DEKUMe TeYeHHA B IOrpa-
HOYHOM CII0O€ M COCTaBJISET TOJABKO O0K0I0 27 % COOTBETCTBYIOMEro
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Ko3(ppunmeETa UpH TypOyJIeHTHOM pesKEMe TeueHHmsA. HapTmma ckau-
KOB IpH OTCOce mpefcTaBiena Ha ¢mr. 20.

CrrabHe CKa9KH OTXOJAT OT KayKmoil IeJNH, W eCIH 3aMHKAIMHMA
CKaY0K mepeMeIIaeTcs Ha3ak, HPOTAKeHHOCTh 001aCThH OTPHBA YMEHDb-
maerca. CKauYKW yCHIMBAIOTCA upE 0o0Jee HMHTEHCABHOM OTCOCE
@ JaCTHYHO HCIE3a0T, KOIfa OTCoC ociaabisgeTcs.

HaxnoH ckaguKkoB X0pOMmO COrIACYeTCA ¢ MECTHHME unciaaMa Maxa,
a BIMAHAE CKAaYKOB Ha CONPOTHBICHEE NaBJICHHS OLEHHBAETCA HPHUpa-

N\E Fpasaetiuem
NIOEPAHUYHEIM
cnoew

fglﬁ r. 21. IIpmMep KOMOWHMPOBAHHOTO OTCOCA M BAyBa (camoser «Deitpzaitnmy)

1 — KOMOMHEPOBAHHAA CHCTEMa OTCOCA W BAYBAa; £ — CTa0MIN3aTOpP C YOPaBJEeHHEeM IOrpa-
HAYHOIO CJOA; 8 — KamMepa CO CHATHM BO3AYXOM;, 4 — Kamepa Cropasmsa; 5 — ropaduit
ras K CTPYHHOMY HACOCY; 6 — BaKPHUIIOK CO BIYBOM; 7 — IeJb JJA OTCOCA HA KPOMKe; § —
BaKPHUIIOK C OTCOCOM; 9 — BAKPHJIIOK MJHK 3JIePOH CO BAYBOM; 10 — 3aKPHIJIOK C OTCOCOM,
11 — 3JIEpOH CO BAYBOM; 12 — TypOoKOMUpeccop; 18 — TpPyGOIPOBOX CKATOTO BO3NYXA,
14 — cTpYitHHEe HACOCH; 1§ — MHOTOCONIOBOR CTPYRHBIM Hacoc.

meHueM comporuBiaenma orcoca Ha 10—15%. Kak smgmo ms ¢ur. 20,
CTaTHYeCKOe NaBIEHHE HA BepXHEH CTOpOHE NPOPHIA YMEHbIIaeTcs,
clef{0BaTeIbHO, MOABEMHAA CHJa CBEePX3BYKOBOIO KPHJIA yBENHIH-
BaeTCA 3a CYeT 0TCOCA HOTPAHAYHOTLO CJIOA.

Tax Kak ycTpaHeHHe NOTPAHHYHOTO CJIOS M3 IPHCTEHHOM 06iacTH
IyTeM OTCOCa W YyBEJIHYEHHE €ro JHEPIHH NYTeM ByBa ABIAIOTCA
3(peKTHBHEIME CPeNCTBAMHA YNpaBIeHHA OTPHBOM, KOMOmHAUHUA STHX
OBYX CDEeICTB ABIAETCHA NPAKTHYECKHEM DEIMEHHEM NpobieMH yJydmie-
HOA XapaKTePHCTHK KpHJa caMoleTa, B 0COO0eHHOCTH mpu mocamke
u Baiere. Hemenmkme camonetnm «Apamo-232» m «Jloprpe-24» Gunm
cHaOKeHH yKasaHHKEIMH JByMs CHCTEMaMH yIOpaBJIeHHA oOTeKaHHeM
Kpuaa (B obnactH 3a 3agEEM JoH;KepoHoM). [losgmee ma camonere
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XG-123D 6wt monysen Cp,, . = 4,8. Ha nmerxom camomere «Ileccnan,

nocrpoensoM B CIITA, 6utm ocymecTsiaens: orcoc u BayBs. [yis Takoro
conocoba ynpapieHHWs HOTPAHMYHBEIM CIOEM HET YA0BIETBOPUTEALHOTO
MeTofla pacyera, DOITOMY HPOEKTHpOBaHMe OHJIO OCHOBAHO Ha JKCIe-
PEMEHTAJIbHHNX JaHHHX.

Hpunbs mMeoT BepxHee NONO}KEHEE, TAK KAaK BJIMAHHME 3€MIH
YMeHbIIaeT NpHpameHre NOABeMHONW CHIH HOPH WHTEHCHBHOM OTCOCE
n BayBe. OTcoc m BAYB MOryT GHTH pacmpefejeHH IO pasMaxy HIN
o Xopje, HO pacmpepeleRMe no pasMaxy 3pdeKTMBHee IPYrux
c10co00B, BO BCAKOM CJIy4ae, [JIA H03BYKOBOTO TPAHCIOPTHOTO CaMO-
sera. Ilpumep KoMOMHMpPOBaHHOM CHCTEMH BAYBA H 0TCOCA IIOKAa3aH
Ha ¢ur. 21. Yseamuenne ClLyaxe TYTEM YIDABIEHUA IOTPAHHIHEIM
CJI0eM I03BOJIAeT BHOMPATh ONTHEMANBHYIO IJIOIMANb KPELIA IS Kpeii-
CepCKOTO DEHKMMA NPH COOTBETCTBYIOHIEM YBEIWUYEHHH CKOPOCTH
M JalbHOCTHM, OJHAKO, 9TH UPEMMYIIECTBA yTPAudBAIOT CMEICH, €CJIH
MOIIHOCTH, TpebyeMas fias orcoca, cammikom Beamka. Jlaa aToit meam
MOJXONUAT CTPYHHHIA HACcOC, a POTAlHOHHEIE HACOCH HEIPATOMHEL.
Bo3nyx, oTcackBaeMuiit B OTHOM MecTe HO pasMaxy, BAYBaeTcs B Apy-
roM Mmecte. CoriacoBaHme pacXof0B OTCACHIBAEMOTO M ByBAeMOTO
BO3[yXa /OCTUTAeTCA COOTBETCTBYIOIIWM BHIGOPOM IMUPHUHHE MIedei
IJiA BAYBAa U OTHOUIEHWA IUIOmajei orcoca W BryBa [54].

1.4. CHUHEHKWE TEMNONEPEAAYM B OBNACTAX OTPHIBA W 3AAEPHMBAHKWE

OTPBIBA OXNAM AEHHEM

Ilyrem BmyBa rasa B 06aacTs OTpHBA JAMMHAPHOTO TEUCHHSA
MOKHO YMEHBIINTH Temjomepegady. Tak Kak mpm aToM Tpebyerca

YMEDEeHHH# pacxojf rasa, TaKo# CmOcOl MMEeT MpPaKTAYECKOe 3Ha-
dqeHue.

Yenmern [55] Buumeann xkoaddummeHT BOCCTAHOBJIEHHA B OTPHB-
HOM TeYeHHE KakK QYHKIOAI0 MacCH BAYBAaeMOro rasa UpA 3HAYEHUAX
upcaa Ilpampraa Pr =1; 0,72 u 0,5 (¢ur. 22).

BespasMepHE# pacxof MAacCH OIDEeIAETCA B BHME

L=V z,,
rge 1, — npeodpa3oBaHHaA QYHKIOAA TOKA
b =YV vulC;
pu = pe (@V/dy),
pv = — p. (OP/0x),

Z, = 2/l, * — KoopnEHaTa, HapalieNbHAA PasAeIAEH JIUHUE
Toka P = 0 B ciaoe cMemeHus.

U3 ¢ur. 22 suauo, uto mpu Pr = 1 says me Biauser ma Kospdu-
[FeHT BOCCTAHOBJIEHMS, KOTOPHH OMMHAKOB KaK [Jf CBOOOTHOTO
CJ0A CMeMIeHNsA, TaK U Aid JaMEHAPHOTO morpanwunoro cios. Ilpm
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Kpuasie cosnadarom

04
(1] 02 04 06 08 1,0 12
=%
@ ur. 22. Banssawe BayBa wa Ko3QOHImeBRT BoccTaHoBaeHma [55].
————— CBOGOMHBI CI0K CMeleHUs; — — — TMOrPaHMIHBIA ciioft [56];—L; = (milpeuebl)l’ Re/C

Gespa3MepHHEIli pacXox BOYBaeMOro rasa; m; — PacxXonx BIYBAaeMOTo rasa (ONOTHOCTD X CKO-
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@ ur. 23. BanAnne BIyBa Ha Telllomepenady B caydae b, = h, = 1 (B cayzae
Mo — 1 3nagenue k,, MOueT GHTL TI06HM) {55].

(Qw) TEIJIOROM MOTOK ) i "

Q) 3, = TenoBof TOTOR THPW OTCYTCTBMM BAyBa & YW — CYMMApHHH Ten:IoBof MOTOK
i= o

f CTeHKe MeXOAy TOYKAMH OTPHBA W NPHCOEJHUHEHMA, — §‘- = (mi,’oeuebl) VRe/C — 0Oeapaa~

MepHHH pacxom BAYBaeMOro rasa.
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Pr <1 BpyB Bu3nBaeT yMeHbINeHHE KO3QQHIHEHTa BOCCTAHOBICHHS

KaK s CIOA CMeMIeHHs, TaK | 1A HOTPAaEAIHOTrO closA. IlyaxTupHOH

KpHBOii Ha ¢ur. 22 mpeAcTaBIeHK 3HATEHAS ', BHIACAeRHKEe Jloy [56].
Ecam B oGmacts OoTpHBa BOyBaeTcA ras ¢ pPacxopoM

0 0
Spudy = Vpeuep'elc Sdc = - CdeeueP'ele
oo 4

(eEgexc d oTHOCHTCS K 3acToiiHOM ofmactm), To B ofiacTH mpucoenm-

HeHAA He IPOHCXONAT BO3BPATHOI'O TEYEHHS W TEIUIOBOH MOTOK PaBeH
gymo (¢pmr. 23) [55].

m;
Pasdenstomas nunus moxg /

m; 06vem, 3anonnernsiii
JKUOKUM 2agom

@ mr. 24. Koryc co BaysoMm [55].

Yro6n omenuTe TpeGyeMulil pacxof BIyBaeMOro rasa m;, pac-
CMOTPHMM KOHYC ¢ yrioM npu Bepmmue 30° (dur. 24), pagaycoM ocHO-
pamas 0,3 M, OBIKYIHECA CO CKOPOCTHIO, COOTBETCTBYOINEH WHCIY
Mazxa 20, ma Bricote 30 KM; ogHA TpeTh 06heMa KOHYCA IEPBOHAYAIBLHO
3aHATA JKAJKAM BO3IYXOM IJIH JKMAKHEM BomopomoM. Homyc mpoaernt
¢ IOCTOAHHOHW CKOpOCTBIO paccrogmme oxomo 1,4.10° mmamerpos,
mwim 800 kM, OpH HYJEBOM TemiiooOMeHe 0 IOJHOTO pacxofa 3amaca
skapkoro rasa. Ilpakrtuueckmit apdexT 3asment ot amcaa Peiimoasaca,
J0 KOTOPOTO CBOOOJHEIA CJIO CMEIMEHHs MOKET OCTATHCH JaMHHAp-
HEM. Bimsname ByBa rasa Ha DOBePXHOCTHOE TPEHHE IO CYMIECTBY
TaKoe ke, KaK U BJIHSHAE Ha TemaoBoi morok [561].

Kak yxe 6bu10 ykasamo B ra. I m X1, npm mossykoBmx m cBepx-
3BYKOBHX CKOPOCTAX TeIUioONepefada BIHMAET HA IOJOMKEHHE OTPHBa
E IpPOTAKEHHOCTh 00JacTé OTpmBa. lIpH oxjdaKmeHAM HOBEPXHOCTH
Tejia TPAIHEHT [ABJIEHAs YBEIHYMBAETCA, a HPOTAKEHHOCTH 06IaCTH
OTPHBa yMeHBIIaeTcA. B ciaygae paBHOMEDHO 3aMEJAIOIMErocs Teue-
HUs IOBHINEHWE TEMIEPATYypPH CTEHKH OT KOMHATHOM [0 TOYKH KuIle-
HOSI MOKET NPHMBECTH K COKPANEHAN [JIHWHH 00JIACTH OTPHBA JaMM-
HapHOro cioa Ha 16% [571.

IIp#t cBepx3BYKOBHX CKOPOCTAX Gaarofaps OXJIQKICHHIO MOJEIH
B BHOJle NIIHHEAPA ¢ KOHHIECKAM DPACIIHPEHWEM HIPOTAKEHHOCTb 00Ja-
CTH OTDPHBA JIAMHHAPHOTO CIOSl YMEHBINAETCA, a TPajdeHT JaBJICHHSA
YBeJMYABACTCH,, 9TO aHAJIOTHYHO CJIYIal0 MEHBIIAX CKOpocTeid; addex-
THBHOCTh KOHMYECKOr0 paCIIMpeHHA HHOrJa BospacraeT [58].
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2. YNPABJMEHHME TEYEHWEM C NOMOLLBLIO OTPLIBA

B ra. I m XI ynommmEamock, 9TO OTPHB OT DEpeAHEH KPOMKH
OpE HEKOTOPHX YCJAOBHAX MOKeT CKOpee IPHBECTH K YBEeJWICHHIO
3dpPeKTEBHOCTH, 9eM OPEROTBPAIMEHEE OTPHIBA.

2.1. YNIPABNEHWE OBTEHKAHHWEM HPbIJIA NMPH A03BYHOBLIX CHOPOCTAX
C NOMOLLBbIO OTPbLIBA

s obecnedenda s¢PeKTEBHHX XapaKTePHCTHK Ha KpelcepCKoM
pe)KAMe OPH CBEPX3BYKOBOH CKODOCTH LPUMEHSETCS TOHKHAA OCTpO-
HOCHI mpOoPHMJIbL, HO IPH HOCAKKe U B3JETe C MAJIKMH CKOPOCTAME

® ur. 25. BosmoxEHe (OpMH WMETKOB ¢O cBoGomEO# ammmeit Toxa [43].
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® wr. 26. CpaBrenme Beamamn Cp, MOJYYeBHHX DasnuIEHME cnocobamm [43].
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9TOT HpOPHMIL HEBHTOJeH, TaK KaK IONbEMHAs CHIA Maja, CONpo-
THBJIEHAE BEJIUKO, YHOPABIAEMOCTh INIOXafA W HA HEPERHION KPOMKY
BCJIEJCTBHE OTPHBA JEeHCTBYIOT mepeMeHHHe Harpyaku. Takmm obpa-
30M, [JIA YJAYJYIIeHWS XAPAKTEPHCTHK IPH MAJLX CKOPOCTAX Keja-
TeJieH GoJiee TOJNCTHIA NPOPUIL, KOTOPHIA MOKET OHITH MOJYYEH, KaK
yKazamo Ha ¢wur. 25.

OGecneunBas OTPHB HAa HEpENHEA KPOMKE HUKHeH 4acTH M LpPH-
coefMHeHME Ha IEpefHell KPOMKe BepXHe#l 9acTH IpOoPHIAsA, MOKHO
OONYYNTh NPEOJM3WUTENBHO MOCTOAHHOE JaBJeHHWe HA IHHME TOKa,
COCIIMHAKMEA nepegHue KpoMKHE ofemx dacreil. Ilonommrennusiin
IrpafiMeHT [ABJICHWA Ha BepXHeil gacTH MpodmiIsa MOKeT craTh GOJb-
IM¥M, MO3TOMY JIAA IPEROTBPAMEHAA OTPHBA CKPYTIACTCA NEpPEeIHAN
KPOMKa BepXHe# 4acTH H fellaeTCAd MEedb MJIA ofecnedeHUA sHEPTHU-
HOTO BAyBa W IPHCOCIWHEHHMA HOTOKA.

Taxoit cmoco0 ympaBiieHEs IOTOKOM BHTOTHO OTIHYAETCHA OT ApPY-
rEX cmocoGoB yBedmdeHHMd NONBeMHOA cuiam (¢pur. 26) mpm ommma-
KOBHX Ko3QHmmeHTaX MMIOYJIbCca BLYBaeMO# cTpyH

1
C,.= qu,-/ (5 puioA) ,
Te ¢, — MacCOBHil pacXoi BIyBaeMoro Bo3fyxa, V;— CKOPOCTb

crpyn, A — nnomans meau. OgEako NpE OZMHAKOBHX YIVIAX ATAKA
CpaBHEHHE MeHee BHITOIHO.

2.2, YMPABJ/IEHHUE OTPbIBHLIM TEYEHHWEM C MOMOUWbBIO CTOAYHX BUXPEH

YuopaBiieHue TeI€HAEM € HOMOMbI0 CTOAYUX BHEXPeil HpeAnpHHA-
MaeTcd ¢ [eJbl0 M3MEeHEHHs YCTaHOBHBIIETOCH IOTEHOUAIBHOLO Tede-
HOA TyTeM H3MeHeHnA wiomana notoka. Ecanm 310t cnocob yupasienus
HEIOCTAaTOYHO 3PPEeKTHBEH, MOKHO IONOIHH-
TEJIbHO MPEMEHATH APyrAe MeTONH, HAIpHMep
oTcachiBaHME. JTOT OPUHIMI YIPABIEHAA IOTO-
KOM ORI HIpEMeHeH K KIacCHIeCKOMY KphI-
JOBOMY INpPOQUII0 € OCTPOH 3afHEH KpPOMKOI,
a HemasHO Puurae6 [59, 60] mpmmenmu ero K
nudpdysopy ¢ BHesamHEM pacmmpermeM (dur.
27). Busyanwsnoe wnabawonenue TedeHES, OCY-
mecrBaenroe MOpeem [61], morasamo, wto cro-
Aume BEXpH 00pasyoTcA B COOTBETCTBUH C TEO-
pueit Brxpeii. CTaimoHapHEE CTOAINE BUXPH He
®ur. 27. [Indpdysop ABIAINTCA BAXPAMH NOTEHLAATBHOTO THUIA, TAaK
°e;:g;a‘[1§§’]m Pacmi-  gak B ampdysope ¢ paciuimpeHNEM OHH Pa3py-
P ) mapTcsa. JlaA ycoBepmeHCTBOBAHHA TAaKOTO

nuddysopa HeoOXogUMH RajJbpHERMIEe HCCIE0-
paEna. Ilo Kpaiimeir Mepe TeopeTmueckm aToT T Amddysopa pac-
CcMaTPHBAETCA KAaK BO3MOMKHHIA cmocod ofecrnedeHns NJIaBHOTO PacUIM-
peHHs IOTOKa ¢ BECOKO# apderTuBHocThI0. Popma mudpdysopa ¢ Bre-
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3amHBIM pacCIBpeHHeM MokeT OKTh ©mOJydeHA COOTBETCTBYIOIIEM
KoHQOpMHEM oToOpaykemmeM o6isacTH BHE Kpyra

[8] =18+ in[>1,

rae E, M — DpAMOYroabHEE KOOPAMHATH B NpeoGpa3oBaEHOA mio-
ckoct [62]. Tak Kak pmas crabuaumsanmm BEXpEd BaykKHO, dYTOGH

cm
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T T 1
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@ nr. 28. Pacupenenenne [aBIeHEAA OKOJNO CToAdero Buxps B [uddysope
¢ BHe3amHHM pacmupermeMm [59].

HampaBJeHde KacaTeJbHOM K OCTPHIO COBIAJaJ0 C HampaBJeHHeM
Te4eHHA U TaK KaK HAKJIOH OCTPHA K CTeHKe HeappeKTHBeH, To Hambo-
Jee BHrOJHa KOHPWIypalMa OCTPUA, MOoKasaHHas Ha ¢Hr. 28.

Hanpasaenye kacaTeabHOH N0J#HO GBITH TaKuM, 9TO0H 10 ocTpHA
Tedenwe 610 Ge30TPHBHBM. Bo3MoaHOCTH CO3TaHEA aHAJIOTAYHOTO
ocecuMMeTpEaIHOTO auddysopa Gmila npojgeMORCTPHPOBAHa Jiunnn-
ImeM B JRIMOBOH TpyGe.

2.3, YNPABJIEHUE TEYEHHUEM C NCMOLLBLIO OTPBIBA NPH CBEPX3BYKOBbLIX
Y FTMNEP3BYHOBLIX CHOPOCTAX

B ra. IX 6nn paccMoTpen oTphiB MOTOKA OT HIAB, YCTaHOBJCHHOR
mepefl TYDHIM TEJOM IPHM CBEPX3BYKOBHX H THIEP3BYKOBHX CKOpO-
CTAX, ® ynoMaHYT paAp pabor, B Tom umcae [63—65]. C momompio
HATJIH MOKHO YMEHBIIHTH NOHHOE CONPOTHERIEHHE M TeNJOBOH NOTOK,

15+
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ecnm JaMHHAapHOe TeYeHHWe He IepexosdT B typGyiremtmoe. Takas
MIa MOKeT OHTH HCIONH30BAaHA A YBEIWYCHHAA DONBEMHOM CHIH
¥ ynpaBieHAA oOTeKaHHEM OyTeM W3MEHEHWA ee [IMHEL

Jna BHACHEHWA BOUpPOCa O NPHUMEHAMOCTH HIJE Ha CBEPX3BY-
KoBoM kpeute Xapraa [66] mposen skcmepuMerTannHOE HCCIEAOBAHTE
kpuna NACA 0012 ¢ orHo-
carenbpHoit Tommueoilr 12%
Mpoguas npu amcrnax Maxa 1,56—1,88

Tabanma 1

o g u gyncaax Peitronpaca 2,25 X
a z . [
X apaKTepRCTHKS 35 S X .,106_3’02 -10°. Ha mepen-
<3 < Hei#l KPOMKE 3TOr0 KphUIa OBHI-
25 Qo AW yCTAHOBJEHH uriau. Jlas
%o Zo CpaBHEHHA C Aa’pOAMHAMUIE-
CKUMHA XapaKTePUCTHKAME
Cumm (M=1,88) 0,079 0,031 CBEPX3BYKOBOTO KpHLJIA OBHLI
Lyaxe M <1 0,85 0,65 WCOHTAaH Takke  mpoduias
Man NACA 65-006 ¢ ormocuTens-
C.. . ICp 10,8 21,0 5 A
maxe’  Dyun HoOit TommuuoK 6%.

Braromapa uriaM Tedenze
mpeBpamiaeTcsi B TPeXMepHOe
HEOCeCHAMMETPHIHOE, B TO Bpe-
MA Kak 6e3 A1 o0TeKaH®e mepefHel KPOMKE KPHUIa (3a HCKINIeHEEM
KoHna) AByMepHoe. OfHAKO MeXaHH3M OTPHBA IOTOKA OT HIJH, 06-
pa3oBaHAe KOHHYECKOH 00JAaCTH OTPHBA U CHEKEHHAE COHPOTUBICHHSN
OO0 CYmECTBYy TaKHe jke, KaK H OpA OCeCEMMETPHYHOM TedeHHH,
paccmorperaom B ra. IX. IlpmMenenme Wra [is CHEKEHAS COLmpPO-
TaBiaeHAs Gosee ToHKoro Kpeuia Menee appextmBHO. XoTa OGuaaro-
JapA OpPUMeHEHHIO HIJ JJIWHOA, PAaBHOH NECATH pafAycaM IepegHer
KPOMKH, pacmoJoKeHHHX ¢ maroM B 5% XO0pAs, ygalzoch CHHA3HATH
coupornBieHae Ha 2)% mo CpaBHEHHH ¢ HCXONHHM KDPELIOM, 3TOTO
0Ka3aJoCh HEOCTaTOYHO II0 CPAaBHEHHWI0 C TOHKAM KpDHUIOM, Kak
pugHo M3 Tabx. 1 [66].

OpgHako myreM COOTBETCTBYIOMSA KoMmOumHAmE®m npopmiuei, Hria
U CPefCTB YBEJIWICHHH MONBEMHON CHIH, MO-BUAEMOMY, MOMKHO IOJY-
9ETH TOJCTOE KPHUIO C JyIMHAMA Aa’pONAHAMAYECKAMI XapaKTepH-
CTHKaMHd, 9eM y TOHKOro KpHLIA.

Ilpa cBepx3BYKOBHX CKOPOCTAX CTPYSA BO3AYyXa, BHTEKaOMAas
H3 BePIIAHH TYIOHOCOrO Tela HAaBCTPeYy MOTOKY (aspofMHAMUYECKad
4ria), OPABOSAT K 00pa30BaHUI0 KOHMYECKOH 00JacCTH OTPHBaA mepes
TeJdoM, Kak mepaq TBepiod mrmoi (§ar. 23). Oxcmepmment [67]
HOKa3asid, 9T0 IpU MAJHX yrjiaXx aTakd aspogUMHAMUIECKas HIIA
BEI3BIBAET CHMKSHAE CONPOTHBIEHAA, HO HPH OOABMAX yINIaX aTaKd
KoHM49EeCKasg 00/acTh OTPEHIBA IOYTH HOJHOCTHI) MCIE33eT M COLPO-
THBJICHAE CHMKAETCA O4eHb HesHaumreabHo (pur. 30); He HabmIMO-
[HaeTCA TAK/Ke CYM[2CTBEHHKX M3MEHEHMH MONBeMHON CHJIH B IPOJOIb-
HOI'0 MOMEHTA IO CPAaBHEHMI) C TeJOoM 0e3 HIJIH.
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Ilonnaa TemMmeparypa cTpym 6Hila TaKad jKe, KaK E B HEBO3MY-
MEHHOM ©OTOKe. ASpOAWHaMUYeCKass HTJIA BEI3HBAJa YBeJIAYCHHE
TEIJIOBOTO IIOTOKA K IOBePXHOCTH HE3aBHCEMO OT HAYAJIBHOTO OXJAaK-
JleHHsi WJIA HATPEBAHWA MOJeNH, MOCKOJIBKY BCIENCTBAE BAYBa BO3-
JyXa pacxof MacCH B IOTPAaHHYHOM CJI0e BO3PACTaJ H IPOACXONHUIIO

NENY
\Por”/ |

0,6,

Cp= 4D/md?q

02

0
-10 0 10
ay

@ ur. 30. KoadpdunmenT co-
upotuBiaeEnsi Cp B 3aBHCH-
Moctm ot o [67].

M, =1,87, M, y“=2,0, Rey=
= 6,2 10%®, d — mMaxKcmMaIbHHH
gmaMeTp TONOBHOA 9acTR; g, =

= P oMZ)/2; O momycdepmue-

. CKasa roJoBHAg dacTh; @ DOay-
®nur. 29. A%ponnnamnqecxaﬂ uriaa, M = cdoputecKan TONOBHAR. TacTL | ©
= 2,16, a = 0° [67]. aspoMHaAMAYEeCKO! mrmaoi.

typb6ynenTHoe mepememuBanue [67]. AsponummaMmuecKas HWIJNa ¢ BO3-
gyxoM Oojiee HUBKOA TeMmepaTyphH MOKeT YMeHBIOUTH TemJIOoBOM
HOOTOK.

JINTEPATYPA

1. Lindfield A. W., Pinsent H. G, Pinsent P. A., Appro-
ximate Methods for Calculating Three-dimensional Boundary Layer Flow
on Wings, Boundary Layer and Flow Control, ed. G. V. Lachmann, Perga-
mon Press, N. Y., Vol. 2, 1961.

2. Bollay W., A Non-lincar Wing Theory and its Application to Rectan-

ggég;‘ Wings of Small Aspect Ratio, Z. angew. Math. Mech., 19, N 1, (Feb.

1 .

Gersten K., Non-linear Airfoil Theory for Rectangular Wings in Com-

pressible Flow, NASA RE 3-2-59W, Feb. 1959.

Gersten K., Nichtlineare Tragfligel mit kleinem Seitenverhiltnis,

Ing.-Archiv., 30, No 6, 431—452 (1961).

.Cheng H. K., Aerodynamics of a Rectangular Plate with Vortex Sepa-

ration in Supersonic Flow, J. Aeronaut. Sci., 22, No 4 (April 1955).

.Brown C.E,, Michael W. H., On Slender Delta Wings with Lea-

ding-edge Separation, NACA TN 3430, April 1955.

o ¢ os



230 TJIABA XII

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.
24.

25.
26.
27.

. Adams M. C., Leading-edge Separation from Delta Wing at Supersonic

Speeds, Readers’ Forum, J. Aeronaut. Sci., 20, Ne 6, 430 (June 1953).

. Edwards R. H., Leading-edge Separation from Slender Delta Wing,

Readers’ Forum, J. Aeronaut. Sci., 21, Ne 2, 134—135 (Feb. 1954).

.Mangler K. W.,, Smith J.H.B., Calculations of the Flow Past

Slender Delta Wings with Leading-edge Separation, RAE Rept, N¢ Aero.
2593, May 1957.

Pappas C.E., Kunen A. E., An Investigation of the Aerodynamics
of Sharp Leading-edge Swept Wings at Low Speeds, J. Aeronaut. Sci., 21,
Ne 10 (Oct. 1954).

Bergensen A.J., Porter J. D., An Investigation of the Flow
Around Slender Delta Wings with Leading-edge Separation, Princeton
University, Dept. of Aero Engineering, Rept Ne 510, May 1960.

Sacks A. H, Nielsen J. N, Goodwin F. K., A Theory of
the Low -speed Aerodynamics of Straight and Swept Wings with Flow Sepa-
ration, Vidya Rept, Ne 91, Vidya Research and Development, Palo Alto,
Calif., March 1963.

Multhopp H., Methods for Calculating the Lift Distribution of Wings,
ARC R & M 2884, 1955.

Sacks A.H.,, Burnell J. A., On the Usz of Impact Theory of Slen-
der Configurations Exhibiting Flow Separation, Vidya Rept, Ne 91, Vidya
Research and Development, Palo Alto, Calif., March 1963.
Kiichemann D., ASimple Method of Calculating the Span and Chord-
wise Loading on Straight and Swept Wings of any given Aspect Ratio at
Subsonic Speeds, ARC R & M 2884, 1955.

Spangler S. B.,,Sacks A. H, Nielsen J. N., The Effect of
Flow Separation from the Hull on the Stability of a High-speed Submarine,
Part I: Theory, Vidya Rept, Ne 107, Vidya Research and Development,
Aug. 1963.

Cooke J.C.,,Brebner G. G., The Nature of Separation and Its
Prevention by G2ometric Design in a Wholly Subsonic Flow, Boundary
Layer and Flow Control, Vol. 1, ed. by G. V. Lachmann, Pergamon Press,
N. Y., 1981, p. 144—185.

Stratford B. S., An Experimental Flow with Zero Skin Friction
Throughout its Region of Pressure Rise, J. Fluid Mech., 5, 17 (1959).
Wortmann F. X., Experimentelle Untersuchungen an neuen Lami-
narprofilen fiir Segelflugzeuge und Hubschrauber, Z. Wiss., 5, Ne 8, 228—
243 (Aug. 1957); Taxe British MOS translation TIL/T, A 906.
Pearcey H. H., Shock-induced Separation and its Prevention by De-
sign and Boundary Layer Control, Boundary Layer and Flow Control, Vol.
2, ed. by G. V. Lachmann, Pergamon Press, N. Y., 1961.

Kuethe A. M., Schetzer J. D., Foundations of Aerodynamics,
Wiley, N.Y., s2c. ed., 1959.

Lindfield A. W., Brief Review of Thoeoretical Interpretations of the
Slot Effect, Boundary Layer and Flow Control, Vol. 1, ed. by G.V. Lach-
mann, Pergamon Press, N.Y., 1961, p. 186—195.

Schubauer G. B.,, Spangenberg W. G., Forcel Mixing in
Boundary Layers, J. Fluid Mech., 8, Part 1, 10—32 (1950).
McCullough G. B.,, Nitzberg G. E.,, Kelly J. A, Preli-
minary Investigation of the Delay of Turbulent Flow Separation by Means
of Wedge-shaped Bodies, NACA R & M A 50L12.

Incompressible Aerodynamics, Fluid Motion Memoirs, ed. by B. Thwaites,
Oxford, at the Clarendon Press, 1960, p. 210—-213, 223.

Prandtl L., Magnussffekt und Windkraftschiff, Naturwissenschaften,
13, N\e 93 (1925).

Flettner A., Die Anwendung der Erkenntnisse der Aerodynamik zum
Windantrieb von Schiffen, Jb. schiffbautech. Ges., 25, Ne 222 (1924).



VIOPABJIEHUE OTPHIBOM IIOTOKA 231

28.
29.
30.
3.
32.
33.
34.
35.
36.
37.
38.

39.
40.

4.

42.
43.

44.

45.
46.
47,

48.
49.
50.

51,
52.

Glauert M. B., The Flow Past a Rapidly Rotating Circular Cylinder,
Proc. Roy. Soc., A, 242, 108 (217) (1959).

Himmelskamp H., Profiluntersuchungen an einem umlaufenden
Propeller, Mitt. Max-Planck-Inst. StromForsch., vol. 2 (1950).
Bamxc, I'sgpn, 3agepskuBaomiee BAUsAHAEe BPAUIEHWSA Ha JIAMEHADHELR

OTpHB, Paxemnas mexnuxa u xocmonasmuxa, Ne 4 (1963).

Schubauer G. B.,, Spangenberg W. G., Effect of Screens in
Wide-angle Diffusers, NACA Rept, 949, 1949.

Roshko A., Onthe Drag and Shedding Frequency of Bluff Bodies, NACA

TN 3169, July 1954.

Manxrerr I., TeopEa norpammysOro cmos, WUJI, M., 1956.
Iglisch R., Exakte Berechnung der laminaren Reibungschicht an der
langsangestromten ebenen Platte mit homogener Absaugung, Sch. dt. Akad.
Luft. Forsch., 8, Ne 1, (1944); Taxs;xe NACA TM 1205, 1949.

Wuest W., Entwicklung einer laminaren Grenzschicht hinter einer Ab-
saugstelle, Ing.-Archiv, 17, N 199 (1949) .

Mpasagras JI.,, MexaEumxa BASBKUX >KUIKOCTEH, CO. «AdpoTHHAMUKAY,

1. 3, mox pex. Hioperga B. @., M.— JI., 1939.

Schlichting H., Die Grenzschicht an der ebenen Platte mit Absaug-
ung und Ausblasen, Luftfahrtforschung, 19, 293 (1942).

Schlichting H., Ein Nidherungsverfahren zur Berechnung der lami-
naren Reibungsschicht mit Absaugung, Ing.-Archiv, 16, 201—220 (1948);

Taroke NACA TN 1216, 1949.

Torda T. P., Boundary-layer Control by Continuous Surface Suction or
Injection, J. Math. Phys., 31, N\e 3, 206—213 (1952).

Torda T. P., Boundary-layer Control by Distributed Surface Suction or

éniecti{;)n, Bi-parametric General Solution, J. Math. Phys., 32, Ne 4, 312—
14 (1954).

Head M. R., Approximate Methods of Calculating the Two-dimensional
Laminar Boundary Layer with Suction, Boundary Layer and Flow Control,

vol. 2, ed. by G. V. Lachmann, Pergamon Press, N.Y., 1961.

Trilling L., The Compressible Boundary Layer with Pressure Gra-

dient and Suction, J. Aeronaut Sci., 17, 335—341 (1950).

Hurley D. G., The Use of Boundary-layer Control to Establish Free

Stream-line Flows, Boundary Layer and Flow Control, Vol. 1, ed. by
G.V., Lachmann, Pergamon Press, N.Y., 1961.

Thwaites B., On the Momentum Equation in Laminar Boundary-

layer Flow — A New Method of Uniparametric Calculation, ARC R & M
2587, 1952.

Ringleb L., Computation of the Laminar Boundary Layer with Sucti-

on, J. Aeronaut. Sci., 19, 48 (1952).

Wieghardt K., Fir Berechnung ebener und drehsymmetrischer

Absaugung, Ing.-Archiv, 22, 147—157 (1956).

Truckenbrodt E., Ein einfaches Niherungsverfahren zum Bere-

chnung der laminaren Reibungsschicht mit Absaugung, Forsch. Ing.-Wes.,

22, 147—157 (1956).

Gortler H., On the Calculation of Steady Laminar Boundary Layer
Flows, J. Math. Mech., 6, 1 (1957).

Gortler H., On the Calculation of Steady Laminar Boundary Layer

Flows with Continuous Suction, J. Mech., 6, N 3 (1957).

Gortler H., Zahlentafeln universeller Funktionen zur neuen Reihe

fiir die Berechnung laminaren Grenzschichten, Bericht Ne 34 der Deutschen

Versuchsanstalt fur Luftfahrt, 1957.

Thwaites B., A Theoretical Discussion of High-lift Aerofoils with
Leading-edge Porous Suction, ARC R & M 2242, London, 1946.
Poppleton E. D., Boundary-layer Control for High Lift by Suction

% 5tihe Leading Edge of a 40° Sweep-back Wing, ARC R & M 2897, London,



232 TJIABA XII

93. Groth E. E., Boundary Layer Suction Experiments at Supersonic Speeds,
Boundary Layer and Flow Control, Vol. 2, ed. by G. V. Lachmann, Perga-
mon Press, N.Y., 1961.

5%4. Wagner F. G., Design and Engineering Features for Flap Suction and
Combined Blowing and Suction, Boundary Layer and Flow Control, Vol.
1, ed. by G. V., Lachmann, Pergamonn Press, N.Y., 1961.

55. Chapman D. R., A Theoretical Analysis of Heat Transfer in Regions
of Separated Flow, NACA TN 3792, Oct. 1956.

56. Low G. M., The Compressible Laminar Boundary Layer with Fluid Inje-
ction, NACA TN 3404, 1955.

57. Illingworth C. R., The Effect of Heat Transfer on the Separation
of a Compressible Laminar Boundary Layer, Quart. J. Mech. Appl. Math.,
3, Oxford at Clarendon Press (1954).

58. Abbott D. E, Holt M., Nielsen J. N., Investigations of Hy-
personic Flow Separation and its Effects on Aerodynamic Control Characte-
ristics, Technical Documentary Report ASD-TDR-62-963, Itek Corporati-
on, Vidi(a Division, Palo Alto, Calif., Nov. 1962.

59. Ringleb F. O., Separation Control by Trapped Vortices, Boundary
Layer and Flow Control, Vol. 1, ed. by G. V. Lachmann, Pergamon Press,
N.Y., 1961, p. 265—295.

60. Ringleb F. O., Discussion of Problems Associated with Standing
Vortices and Their Applications, Paper presented at the ASME Fluid Engi-

neering Division Conference, Philadelphia, May 1964.

61. Frey K. P. H, Vasuki N. C., Tests on Flow Development in Diffu-
sers, Paper presented at the ASME Fluid Engineering Division Conference,
Philade{)phia, May 1964.

62. Ringleb F. 0., Two-dimensional Flow with Standing Vortices in Ducts
and Diffusers, J. Appl. Mech., 1960.

63. Mair W. A., Experiments on Separation of Boundary Layers on Probes
in Front of Blunt-nosed Bodies in a Supersonic Air Stream, Phil. Mag. 43,
seventh ser. (July 1952).

64. Hunt G. K. Supersonic Wind-tunnel Study of Reducing the Drag of
a Bluff Body at Incidence by Means of a Spike, Royal Aircraft Establish-
ment Rept Aero. 2606, May 1958.

65. Album H. H., Spiked Blunt Bodies in Supersonic Flow, Air Force Offi-
ce of Scientific Research, Waschington, DC, Rept, AFOSR 307, June 1961.

66. Hartley R. M., Leading-edge Spikes to Reduce the Drag of Wings at
gupersiognsi; Air Speeds, the David Taylor Model Basin Aero. Rept, 925,

ept. .

67. Brindle C. C., Malia M. J., Longitudinal Aerodynamic and Heat-
transfer Characteristics of a Hemisphere-cylinder Missile Configuration
with an Aerodynamic Spike, the David Taylor Model Basin Aero. Rept,
1061, July 1963.

68. Abbott, Doenho ff, Theoryof Wing Sections, McGraw Hill Book Co.

BUBJIINOTPAOHA

Black J. Sarnecki A. J., The Turbulent Boundary Layer with
Suction or Injection, Fluid Motion Sub-Committee, Aeronautical Research
Council, ARC 20, 501, FM 2745, Oct. 1958.

Carrow D. D.,, A Note on the Boundary Layer and Stalling Characteristics
(())f ékeirgé%ils, Performance Sub-Committee, ARC, Perf. 697, S & C 2435,

Cct. .

Chang P. K., Drag Reduction of an Airfoil by Injection of Sound Energy,
J. Aerospace Sci. (Sept. 1961).

Faulders C. R.,, An Aerodynamic Investigation of Vaned Diffusers for
Centrifugal Compressors, Gas Turbine Lab., MIT, Jan. 1954.



VIIPABJIEHHE OTPEIBOM IIOTOKA 233

Goldstein R.J.,, TsouF. K., Eckert E. R. G., Film Cooling in
Supersonic Flow, Heat Transfer Lab., Univ. of Minnesota, Institute of
Technology, Minneapolis, Minn., HTL-TR, Ne 54, Dec. 1963.

Goldstein S., Low-drag and Suction Airfoils, J. Aeronaut. Sci., 15,
N 4, 189—220 (April 1948).

Green L., Jr.,, Nall K. L., Experiments on Porous-wall Cooling and Flow
Separation Control in a Supersonic Nozzle, J. Aerospace Sci., 26, No 11,
689-—697 (Nov. 1959).

Gregory N.,, Pankhurst R. C, Walkor W. S.,, Wind Tunnel
Tests on the Prevention of Boundary Layer Separation by Distributed Sue-~
tion at the Rear of a Thick Airfoil, ASTIA.

Hartley R. M., Furey R.J.,,Letendre R. P., Ir.,, Leading-edge
Wedges to Reduce the Drag of Thick Wings at Supersonic Speeds and to
Increase Lift at Low Speeds, Department of the Navy, the David Taylor
Model Basin, Aerodynamics Lab., Research and Development Rept,
Noe 2102, Aug. 1965.

Hartofilis S. A., Pressure Measurement at Mach 19 for a Winged Reentry
Configuration: Part of an Investigation of Hypersonic Flow Separation and
Control Characteristics, Flight Control Div., Aeronautical Systems Div.,
Tech. Documentary Rept, N2 ASD-TDR-63-319, May 1963.

Xapryrauan Coencep, PesyasraThl SKCHEepUMEHTaJbHOTO MCCIENOBA-
HEf MATEHCHBHOTO BAyBa, Paxemmnas mexnuxa u xocmonasmuxa, Ne 8 (1967)

Henghan D. M., Note on the Comparison of a «Wake Brakes and a Para-
chute for Landing of Aeroplanes, J. Roy. Aeronaut. Soc., pp. 201—205,
March 1954.

Holder D. W, Pearcey H. H., A Method for Providing Warning of
the Onset of Buffeting, Stalling and Other Undesirable Effects of Flow Sepa-
ration, J. Roy. Aeronaut. Soc., p. 674 (Sept. 1958).

Hoskin N. E., The Laminar Boundary Layer on a Rotating Sphere, Fifty
Years of Boundary Layer Research, Braunschweig, 1955, p. 127—131.
Jackson S.B.,,Gunstone G.L.,Henghan D. M., The Compari-
son of a «Wake Brake» and a Parachute for Landing of Aeroplanes, J. Roy.

Aeronaut. Soc., pp. 3711—372 (May 1954).

Jones R. T., Effects of Sweepback on Boundary Layer and Separation,
NACA Rept., Ne 884, 1947.

Kaufman L.G., Il, Pressure Measurements for Mach Five Flows Over
a Blunt Pyramidal Configuration with Aerodynamic Controls: Part of an
Investigation of Hypersonic Flow Separation and Control Characteristics,
Air Force Flight Dynamics Lab., Research and Techn. Div., Rept.,
Ne RTD-TDR-63-4239, Jan. 1964.

King H. H., The Diffusion of Injected Gas in Separated Flow, J. Aerospace
Sci. (April 1962).

King H. H.,Baum E., Effect of Base Bleed on the Laminar Base Flow,
Electro-optical Systems, Inc., Research Note 10, May 1963.

Ludwig G.R., An Experimental Investigation of Laminar Separation from
a Moving Wall, AIAA 1st Aerospace Sciences Meeting, NY, Preprint
Ne 64-6, Jan. 1964.



NPHUNOHEHUE

HOBbLIE PE3YJ/IbTATbI MCCIEAOBAHWIA
OTPbIBHbIX TEYEHWA

A. W. lony6buuckun, I'. K. Maixanap, B. A. Heinaug,

Muoroo6pasme ¢opM OTPHBHHX TEYEHAH, 9aCTO TPEXMEPHHIX H
HECTAIHOHAPHHX, 3aBACANMX OT XapaKTepa TE€YeHAA B NOrPAHAIHOM
cloe H ClI0e CMeNIeHAA, 3aTPyAHAET HX TEOPeTHIeCKHA aHanm3
¥ pacyeT. 3a HOCIELHHAE TOAH IKCIEPEMEHTAIbHO 0GHAPYIKEHH paHee
HEeH3BECTHHI® CBOMCTBA OTPHBHHIX TedeHHMA. Bcenencrsme HaKomieHAA
DKCIOEPEMEHTAJIHLHOTO0 MaTepHaja W PAaCUIEPEeHHs BO3MOJKHOCTEH pac-
veTa (pEMeHeHHEe MAIIEH) B HOCHENHEee BPeMA MPOU30NIIN CYMEeCTBeH-
HHE CIBATH B pacdeTe OTPHIBHHIX TeYCHMil, 9TO COBCEM HE OTPAKEHO
MM HEeZOCTATOYHO OTpakKeHO B Kuure UskeHa.

IIpemxpme BCero ciemyer YHOMAHYTH pacder OTPHBHHX TeIeHHH
nyTem pemenns ypasHeHui HaBbe — CrToxkca ¢ IOMOMbI0 9HCIEHHBIX
MerofoB. H coskaneHdmio, TakWe peIIeHHSA IOKa YHAeTCs NOJYIHTH
A CpaBHATeNbHO HeGonpmmx dgucen Peitnoaspica.

IIpn Gonpmux gmcnax PeitHonbICa HPEACTABIAT HHTEpPEC Tede-
HUA HEBA3KOH ;KUIKOCTH C NOCTYJIMPOBAHHHME Ha OCHOBAHHHW ONHTA
TAHTeHIAAJIbHHME (BHXPEBHMA) IOBEPXHOCTAMHA PA3PHBA CKOPOCTH,
KOTOPHE MOKHO PAacCMAaTPHBATh KAaK OTPHBHHE TEUGHHAS IPH THCIE
Peiinonsaca, pasHOM OeckoHeaHocTH. BechbMa BajKHEE pe3ydbTaTH
MOJY9eHH ¢ IOMOIMBI0 ACUMITOTHIECKAX METOOB PENIeHHAs ypaBHEHUA
Haese — Crokca mpm gmcae Peiinoabnca, crpeMsameMca K GeCKoHed-
HOCTHM, KOTOPHE ABIAITCA Pa3BUTHEM KIAaCCUIECKOH TEOPHH IOTpa-
mugHOro ciog IlpamnTia. 9TH MEeTOJH DPAMEHAIOTCA B TeX CIyJasax,
KOIfla HAPYIMAIOTCA OCHOBHEIE IPENNOI0KeHAA TEOPHN HOTPAHHIHOTO
¢J1051, HAIPEMEP BCIEICTBEE U3MEHeHHA IPAHUIHKX yciaosmi. H Takmm
CIly9agM OTHOCATCA M XapaxkTepHHe 00JacTH OTPHBHHX TeUeHUI
(orpriBa W upHcoenummends). llpm OTPHBe CBePX3BYKOBOTO IIOTOKA
5TH o0mactd MoryT upHoGperaTh o0Im#me «IOKaJbHHE» CBOMCTBA,
He 33aBHCAIME OT KOHKPETHOrO BHJA OTPHIBHOTO TEUeHHsA, UTO CIOCOO-
CTBOBAIO falbHEHNIeMy DA3BUTHI) TEOPHH CBEPX3BYKOBHIX OTDHBHHX
TEYeHWH W CTEMYIHPOBAJO IEPECMOTP UPENCTABICHAA 00 OTPHBE IDH
MAIHX CKOpocTAX. XOTdA upd AocTatogno Gonsmmx gmcxax Pei-
HOJNBJCA TeYeHHE B NOTPAHMIHOM CJI0e CTAHOBHTCA TYpOyIeHTHHM,
mATepBaJi GONbPMAX MOKPATHIECKAX THcena PellHoab/ca mpefcTaBliger
NPAKTEYECKHH HMHTEpec, a pesyJabTaTh, IOJydaeMbHe C IIOMOIIBIO
aCAMITOTAYECKAX METOJ0B, MO3BOJIAKT OCYMECTBHTh o0muii aHanIm3
OTDHBHHX TEYEHWi, ONPE/IeIATh KPATEDAH mOfo0usa H, HECOMHEHHO,
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OyayT moiesHH And pemeHEA DoaHHX ypasHeHEH Hasne — Ctoxca.
ITockoabKy acHMOTOTAYECKEE METOAH HEOCTATOTHO MIAPOKO H3BECTHHI,
B COHCKEe JIATepaTYpPH K TpPeTbeMy pasfgeny OPAIOKeHHsA YKas3aHEH
paboru [2—17, 64], B KOTOpPHX H3IaralTCA 5TH METOH.

Cpenm CBOMCTB OTPHIBHHIX TEYCHHH, O0HAPYKEHHHX 3JKCIepPHEMeH-
TaJbHO, O9€HDb Ba3KHHL JUIA NPAKTAKA 0COOEHHOCTH aspOAHHAMHAIECKOTO
HarpeBa HOPHE CBEPX3BYKOBHX CKOPOCTAX, CBA3aHHHE C NOABICHAEM
y3Kkux oGnacreit (COEKOB») TEmJIOBOTO NIOTOKA B MeCTax HPHCOequ-
HeHHSA.

Wndopmanmsa o mepeancieHHEIX BHIIE Pe3yabTaTax TeOPeTHICCKHAX
U YKCOePHMEHTAJIbHHX HCCIEIOBAHAN OTPHBHHX TeUeHAH HMeeTCH
TOJABKO B CTAThfIX, ONYOJHAKOBAHHHX IOCIEe H3TAHHA MOHOrpadmm
Uxena. PaGorei, Bunonnennsnie B Coserckom Comose, B KHEre OTpa-
sKeHH HegocTaTouHo. Hacrosamee mpmio;keHdme He ABIgeTcd 0030poM
JATEpaTYpPH IO OTPHBHHM TedeHHAAM 3a 1966—1972 rr., a mpepgmas-
HAY€HO A 03HAKOMJICHAA TATATENA ¢ CYMECTBeHHO BaKHHMHA HOBEIMHU
pesyJibTaTaMd, TMEPEeYACICHHHMHA BEIIME.

Paspgenn 1, 2 manmcaun A. W. Tonybmuckmm, pasgenn 3, 4 —
B. A. Heinamagom, pasgeam 5, 6 — I'. U. Maitkamapom.

1. PACHET OTPbIBHBIX TEYEHWH YUCIEHHLEIMA METOAAMH
C MNMOMOLLbIO BBHHHUCIIMTE IbHBIX MALLIMH

B cBasm ¢ OHCTPHM yCOBEDINEHCTBOBAHWEM BHYACIATENHHHEX
MAIIFH B IOCIE[HEee BPeMs OABMIOCH MHOTO pafoT, B KOTOPHIX 3a1a4l
O TeYeHUW BASKOM >KANKOCTA W Ta3a UPA HAJAYAA OTPHIBOB W 30H
C BO3BPAaTHO-HAPKYJIANAOHHKME TEYCHHAMH PEIalTCH YHCICHHKRME
merogamu. B srux paGorax cucrema ypasuenuit Hasbe — Crokca
annpoKCAMUDYETCA KOHEYHO-PA3HOCTHOH CHCTEMOH IEPBOr0 HWJIH BTO-
pPOro mopsAfKa TOYHOCTH, KOTOpas pemIaeTcs 3aTeM KaKEM-IAGO wmTe-
PauMOHHKHM METOMIOM.

W3 poBonbHO Gonpmoro wmena paboT, MOCBANIEHHEIX YHACICHHBIM
pemrenmam ypaBHenmit Hasre — Croxca pgis sKumkocT® U rasa, pac-
CMOTPAM HECKOJIbKO ONyOIMKOBAHHHWX B mOCTeIHee BpeMsa pabor,
B KOTODHX OHJIN HO.Ty9eHH H MCCJENOBAHH TeYeHHA C DPAa3BHUTHMH
30HAMH OTDHIBA.

B pa6orax [1, 2] mecnenosaioch TeweHHe BABKOH HEC:KMMaeMOi
JKUMIKOCTH B PACHIEPAKMEMCH NBYMEDHOM KaHaje, CTeHKA KOTOPOro
CTAHOBATCA MapaliieJbHHMH HA 60BIIOM PACCTOAHAR BBEPX U BHHA3 II0
moTOKy (MEpHMHA KaHaja Ha BHXO/e B /1Ba pa3a OPeBOCXOJHIA IAPHHY
Ha Bxofie). [{1a pacueToB MCHOAH30BANCA TACIEHHLIA METOX, OCHOBAH-
HHI Ha BBe[[eHHA B yPaBHEHHUA MaJIOTo IapaMeTpa, CBOAAMEro TACIeH-
HYI0 ODPOOEIYPY B KOHETHOM cYeTe K PEHICHHI0 CHCTEM JHHEeHHKX anre6-
PaHieCKHX ypaBHeHOH HA Kayk[oM mare ATepanad. PacgeTn nokasanu,
uyro npm umciae Peitnoapica Re, BHYHCIEHHOM @m0 HMIApEHE BXOXHOH
9acTH H PaBHOM 87, BOSHHKAKT BO3BpATHHE TeUeHAA HeGOAbIIONM
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npoTs;keHHOCTH, npE Re = 321 mabaiofasack XOpomo BHpasKeHHAR
3aCTOMHAs 30HA C YCTAHOBUBWIMMCS BO3BPATHO-IHPKYJIANAOHHEIM
TeueHdeM, a upu Re > 2007 opomecc mTepanmit He CXOAATCH B MOCIE—
f0BaTeJbHEE NPHOJMMKEHAS KOJeOJIOTCA, HE CTPEMACh HA K KAKHAM
npeseaaM.

Tegenne B xamase ¢ DPAMOYTOJBLHEIM BEPE30M DPacCMaTPHBAJIOCH
B pabotax [3, 4] npm wmciax Re mopsamxa 100. Yaamocs mabaromaTs
CTPYKTYPY OTPHIBHOIO TedeHHWs B BHpe3e ¢ ofpasosaHmeM BTOpHY-
HEX BAXpeil B yriaaXx BHDpe3a, a Takxe GopMy pasfendomed IXHAH
TOKa, OKa3aBlleiicd BOTHYTOH IPH MAaJHX ¥ BHIOYKJIOH OpH COXbmEX
guciaax PeiHoabpaca.

O6rexanme BA3KOH ;KHIKOCTBIO TeJ NUINHIPHIECKOH QOPMH pac-
CUATHBAJOCH B psafie paboT, GOJBIIMHECTBO M3 KOTOPHX MMEJIO CKopee
MeTOLHIECKUA NN NOMCKOBEIHA XapaKkTep M3-3a TPYAHOCTEH JOCTATOIHO
ToyHO! ammpoxcmManum® ypasHenuit HaBre — CToxca ® rpaEMYEHX
ycaoBHA pia BHemHe# 3amagm obTekamma. B HexoTopmix paGorax,
ganpumep [5—7], 6nIH noNyYeHH CTanMOHADHLIE OTPHBHEE 00IacTH
3a TeJaMH KaK IPH MaJHX 9uciax PeifiHoxbjica, Tak X OpHU I0BOJHHO
3HAYATEJIBHHX (0 HECKOJBKMX COTEH), XOTA M3BECTHO W3 JKCIEPH-
MEHTOB, 49TO upm 4umciax Pei#Hoabaca, Ooapmmx ~40, TeueHUe
3a TeJIOM CTAHOBUTCHA HEYCTOMIUBHIM M BOBHMKAIOT BAXPEBHE JIOPOKKHA
Hépmarma. 3ToT paKT HEKOTODHE MCCIEA0BATENN CBASHBAIT C Pasind-
HOA mpmpofoid (M3WIECKOod W MATEMATHIECKOW HEYCTOWIHBOCTH Tede-
HHA B OTPHBHOH 00JACTH, OTHAKO CTPOrOoro m y0eqWTeaLHOT0 HmOJ-
TBEePIKIEHAA TAKOTO MHEHAA emie HeT. UWMCIeHHHE pelmeHWs mopxo0-
HOTO Pofa HPH AOCTATOYHO BHICOKHX YMCIaX PeifHoNbICAa MOMKHO pac-
CMAaTPHEBATh KaK YHCJIECHHHE YKCIEePUMEHTH, IOJe3HEe s HOHIMaHNA
cBoiicTs pemenmit ypasmenmit Hamre — Croxca.

W3 pa6oT, mocBAMIEHEKX HHTETPHPOBAHMIO HECTAMOHADHEIX ypaB-
mermii HaBre — CToKca, oTMETHM HeJaBHO OonyGJIMKOBAHHEE PaGOTH
[8, 9], roe npmMeHANacH HeABEAA CXeMa, B KOTODPOii Ipefioaaraioch,
9TO0 BEJIMYMHA BEXPA B KaKO#-1M00 TOYKE IOJA 3aBHCHUT OT 3HAYEHUH
QYHKIOUA TOKA ¥ BEXPA B COCEHUX TOYKAX B TOT )K€ MOMEHT BpeMeHH.
B oTamume oT ABHEIX cxeM, mpuMeHAEeMHX B 0ojee pamumX paboTax,
HeABHAA CXeMa MO03BOJAEeT [OCTAaTOYHO TOYHO YUECTh HEJIMHEHBHE
s)feKTH M, YTO He MEHee BAKHO, M30ABATHCA OT UCKYCCTBEHHOMH
HEYCTOMYUBOCTH, BHOCEMOM ABHOM cxeMoii. IlyTeM pacueToB yzanoch
OpPOCIeNHUTHL 32 00pa30BAHEEM BHXPEBHX MOPOKEK 3a TeJaMH HpPAMO-
yroapuoi dopmu npm Re mo 650. CpaBreHre ¢ dKCHEpHMEHTOM IOKa-
3aJ10 oOmee CXOACTBO KAPTHH TeUeHWA, OTHAKO Habaiofaninch 3Ha-
9HTEIbHHE PAaCXOKIACHHA B 9acToTe OTpHBa Bumxpeid [9].

B meMHoOroumcieHHHX MCCIEIOBAHUAX OTPHBHHX TeYeHHH BA3KOTO
rasa 4HCIE€HHHIMEH MeTofamu, Hanpemep [10—13], BoinonsenHHX s
MaJHX ¥ YMepeHHHX 3HaueHmi Re (J0 HECKONBKHX COTEH) W CBEPX-
3ByKoBHX 9ucexl Maxa (mo 3—5), B OCHOBHOM NOATBEPHIAIOTCA
cxeMaTH9ecKre IpefcTaBIeHAA O KapTHHE TEYCHHA B 00JACTH OTPHIBA
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(pumr. 1, 2). B pabote [13], B wacrHOCTH, KayeCTBEHHO NOATBEp:K-
JlaeTcA HAJIHYHE BABKOTO CIOA CMENIeHHA, 00pasylomerocsa B yrioBoi
TOYKE JOHHOTO Cpe3a Tejla H OKPY/KEHHOr0 HOYTH HEeBA3ZKOM IOTOKOM.
PacdueTn TeweHHsA 3a JOHHHIM Cpe3oM ORUIM BHIOIHEHH J0 Re =
= 4.10°%, ypaBuenna Haspe — CTOKCa annpOKCHAMEPOBAJIHACH C IIOMO-
MBI0 ABHOM CXEMEI ¢ IIepecueToM, 00ecmednBalONIEM BTOPOH HOPANOK
TOYHOCTH OTHOCHTEIbHO NMPOCTPAHCTBEHHHIX INAr0OB PACYETHOH CETKH.

—
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@ ur. 1. IIppMep pacueTa OTPHBHOrO TeUeHHMA 3a HNOHHHM cpe3oM. Haprmma
JagEuit Toxa npE M = 5, umcae Peiimonsgca Re = 800 [13].

B mocnennee Bpemsa GHIIE IPOBEIeHH HEKOTOPHE PacIeTH OTPHBHKX
HeCTANUOHAPHHX TeYeHHHA HACAIbHOH! (HEBA3KOH) ;KHUIKOCTH, B KOTO-
PHX 3apaHee MOCTYJHDPOBAJOCHh HAJMIHE TAHTeHOUAJIBHHX Pa3PHBOB,
HaYMHAIMAXCA Ha moBepxHnoctd Tena [14, 15]. BosmoskHo, uTo Takme
TeYeHHAS OTPAYKAIOT B OCHOBHHEIX 4ePTax HCTHHHOE TeYeHHE HPH OYEeHD
GonpmEx gucaax PedHOabACA, XOTA NOJIHOX ACHOCTE B 3TOM BOIPOCE
eme He focTErHYTo. ONHAM M3 Ba)KHHX BOOPOCOB ABJAETCA B 3TOM
caydYae OIpejielieHHe NOJIOMEeHHA TOYKH OTPHBA B Ka)KAKWHA MOMEHT
BpeMeHA. B ciygae 06TeKaHMA NJACTHHH € OCTPHIMA KPOMKAaMH IOJ
GONBIIEM YTIOM aTaKH, KOTJa I0JM0KeHHe TOYeK OTPHBA Ha KPOMKAX
MO}KHO IIOCTYJIHPOBATh 3apaHee, pacdeTH NOKA3KBAIT JOBOJAbHO mpaB-
JomonobHyI0 KapTEHY HECTALHOHADPHOrO OTPHBHOTO TEYEHHA CO CXO-
JoM BEXpeii ¢ KpoMOK nnacTuHH. lIpm HecTanuMoHapHOM oOTeKaHHH
TJAafKAX Tea (HaODpEMep, HHJIMHApPA) TOYKA OTPHBA NepeMenaeTcs 1O
TOBEPXHOCTH Tella U €e HOJOeHue 3apaHee Hem3BecTHO. B paGore [14]
OIpeAmonaraeTcA, 4T0 B 3TOH TOYKE TAHTEHIHAJAbHLIA OTPLE HANpaB-
JIEH 10 KacaTeJbHOM K IOBEPXHOCTHA Tena. B paMkax uaciaeHAod CXxeMH
pacdeTa ¢ IpAMeHEHHEM JUCKPETHHX BAXpeld, pacopejeqeHHLX 10 TaH-
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® ur. 2. [Ipumep pacdera OTPHBHOrO 00TeKaHMs NPsAMOyronbHEKa. Haprmma
aunmit Toka npe M = 0,3 m pasamamnx uncaax Peitmoanaca Re [12].
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® ar. 3. IIpaMep pacdeTa OTPHBHOrO 00TeKaHWs LNUJIMHAPA HECATLHOH KHIKO-
cThI0. BHXpeBas meseHa B pasiimYHHE MOMEHTH BDeMEHH B IIpefiellax OJHOIO
mepuopa T [14].
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reHOHAJBHOMY pa3pHBY, 3TOr0 MPEANOJOKEHHS OKa3aloCh J0CTa-
TOYHO JIJIA OJIHO3HAYHOIrO PEMIeHHs 3a7aYK B KayKIbli MOMEHT BpeMeHH.
NsBectHo, ofHako, 4To mpH Re —> oo KaK B CTAaNHOHAPHOM, Tak
M B HECTALIMOHAPHOM CJIydae He0OGXONEMO YAOBJIETBOPUTS €Mie YCAOBHIO
KOHEYHOI'0 IpajheHTa [aBJEHAA B OKPECTHOCTH TOYKH OTDHIBA, 4TO
HKBUBAJIEHTHO TPe0OBAHMI0 KOHEYHOH W HENPEeDHBHON KPHBU3HHI TaH-
reHIAaJbLHOTO pa3phiBa B To4YKe OTpHBa. B paGore [14] ato ycaosme,
MO-BHIEMOMY, Y[OBIETBOPSAETCA aBTOMATHYECKN 3a CUET CINIaKMBAaHUA
$YHKUMEA Opm d9ACIEeHHOM cuere. HOHKpeTHHE pacdeTh oOOTeKaHEsA
IMIAHAPA C 3apaHee BHECEHHOM HAYAIBLHOM aCPMMETDHEH TedeHHs
MOKa3HBAlOT, YTO TEYeHHME HOBOJBHO OHICTPO NPHHMMAeT MEPHOAHNTE-
CKEl XapaKTep HE3aBHCHEMO OT BHIa HAaYaJIbHON acumMerpus (dur. 3)
¢ IepHOJIOM cXofia BHXpeii ¢ Tena mopsagka (9—10) ro/V « (ro — paguyc
panaaapa, Ve — CKOpOCTh HabEraomero moToKa), 9TO HOBOJLHO
XOPOIIO COTJAACyeTcs ¢ 3HKCOEPUMEHTAILHHIMA pPe3yibTaTaMH.
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2. OTPbIB NMOTOHKA C HPOMOK KPLINA

OGTexanrme Kphula KOHETHOI'0 pasMaxa C OTPHIBOM IIOTOKa ¢ GOKo-
BEHX ¥ HepPeNJHAX KPOMOK IpPH YMEpeHHHX X GoNbIIMX YIriaX aTaKd
Op¥BJeKaeT Bce 6oJpIlee BHUMAHAE HCCAEN0BATeNeH B CBA3A ¢ BO3pa-

y U/y
X
z
—
—
—
x

O nr. 4. [IpamMep pacueTa BAXPeBON NeJeHH OKOIO MPAMOYTOJILHOTO KpHUIA,
00TeKaeMoro HeC:KEMAaeMOH KHTKOCTHI0 1Oj yriaoM artakm 15° [2].
a—BHA COOKY; 6—BHRX CBCPXY,

CTalomeil IPaKTHYeCKOH BaMKHOCTHI0 3TOTO Bompoca. B momoamenme
K KPaTKOMY HM3J0KeHH0 B KHAre U:KeHa mpmBegeM HEKOTODHE HHTEe-
‘PecHEIe pe3yJLTATH, HOJY4YeHHEE B HOCIeLHEe BpeMd.

Ha ocmoBe ofmenpmHATO# m ompaBpaBmeil ce6f Ha IpakTHKe
CXEeMHl pacdeTa, B KOTODOi KUIKOCTH CIATAETCA HEBA3KOM, HO IMOCTY-
J@pyeTcs HAJHYAE BHEXDPEBHX IejeH (TAHIeHOHAANBHHX pa3pHBOB),
CXONAmMMUX HE TOAbKO ¢ 3afHeid KpoMmkm (mocryiar sHykosckoro),
HO ¢ GOKOBHX M IEDEIHAX KPOMOK KpPhlJa IPH JOCTATOYHO GOJBIIEX
yriax aTakm, ORJM IOJYYeHH HOBHE aHANATHYECKHAE DPE3YJIBTATH
7 BHIOJHEHH KOHKDETHHE PAacYeTH, XOPOMO COTJIACyHmmuecsd ¢ IKC-
OEPAMEHTOM.

B pa6ore [1] ma ocHOBe dakTa, 9T0 K KPHIBAM HpPEXENHLHO MAJIOTO
YOUIMHEHAS OPUIOKHEM 3aKOH IJIOCKEX CeUeHHWi, CBONAMMMA IPOCTPAH-
CTBEHHYX0 3ajady BEXPEBOro o0TeKAaHHS K 3afade ABYMEPHOr'0 HECTa-
OHOHAPHOTO O00TeKAHUA IJVIACTHHH, ORI BHIBEJEHH 3aKOHH HmOm00uA.
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B d9acTHOCTH, JONONHATENbHAA IOABEMHAH CHJIA HPAMOYrOJILHOTO
Kpba, 06yCiOBJIeHHAs OTPHBOM HOTOKA C GOKOBHIX KPOMOK, IpOmOp-
UHOHANBHA YrAy aTAKA B CTENeHH °/3 M yNJIMHEHAI0 B cTemeH: 1/,
49TO coriacyerca ¢ pedyiabraTamm pabor [5—S8] ra. XII.
WN3sBecTusiit YnCcIeHHNA METOR pacdeTa TOHKOrO KpPhiIa KOHEIHOIrO
pasMaxa B HEC)KAMAaEeMOM IOTOKE C 3aMEHON BHXDEBOU NeNeHH Ihc-
KpPeTHHMH TOfKOBOOOpDa3HEME BHXPAMEH 6uin 0606meH pis pacueTa
HeJIMHEeHHOHX 3afaud o0TeKaHWsA KpI-
L0z, Ja ¢ yueToM CXOfla BHXDEBO MeleH:
HE TOJBKO C 3afHeH, HO Taxme ¢ 60Ko-
T 7° BHX M [EPeNHAX KPOMOK Kphmaa [2].
Z o Bunonmernne pacuers  o6TexaHHA
| Z e KDHUIBEB IIPH YMEPEeHHHX ¥ 60oJbmMEX
(6 A~ YIJIaX aTak® XOPOIIO COBIAAAIOT C DKC-
x el IEePUMEHTANBHKEMA JaHHNIME  (Qmr.
P 4.5), a Tak/Ke KaIeCTBEHHO HOATBEpMK-
/ r e [A0T 3aKOH IOXOGHA.
%w_\‘ 50 20 Ilpu pacgete 06TeKaHMA KpHUIBEB
'°~o\i¢~\-_‘\ KOHEYHO# TOJIM@HH C OCTPHIME KpPOM-
N ~ KaMH Ba;KHO 3HATh HANIPaBJEHHE CXoJa
BEXpeBoil menenn. Y3 amammsa yc-
x JIOBH# CXOfa BAXPEBOH WeJeHH C 3a-
OCTPEHHOU I0]] KOHETHKIM YriIOM KPOM-
KE Onao mokasaHo [3], 4To mexeHa
®mr. 5. CpasmeHme DacieT-  oyonyy o kacaTeAbHOR K BepXHelH MiIHm
HBEIX M 9KCIIEpMMEeHTAJbHKX 3HA- -
ermit aspojmmEaMuteckmx Ko-  HEUKHEH NOBEPXHOCTAM KpELIa B 3aBH-
a¢punEenTOB IPAMOYTOIBHOTO CHMOCTH OT HaupaBJeHHAsA Te4YeHHHd

0,50

m
-025—%

]

Kpsua ¢ ypnueHmeM 1 [2]. OKOJIO0 KPOMKH KpHJa, a TaKiKe OT
QoncnepuMeaT; — === TMHCHHAR  3paKa 3aBHXPEHHOCTA. JIMmb B OT-

AeJAbHHX TOYKAaX, Ifle 3aBAXPEHHOCTH
WIH CPefHAA CKOPOCTh TedeHAsA 0OpAIalOTCA B HYNIb, mEeJeHa MOKeT
CXOMATH MOJ YIJIOM KaK K HEJKHEH!, TaK M K BepXHed IOBEPXHOCTAM.
Pacuerss oOTexkaHEHA TpeyroapHOro KpHaa (poMGOBANHOIO mome-
pegnoro cedenus) [4] MR BHOONHEHH IPH MONYMEHAH O COPABEJJIH-
BOCTH 3aKOHA IJIOCKAX CeYeHHH A KPHIBLEB IPENeJIbHOr0 MAJoro
VAIMHEHAS X UPH 3aMeHe BHXPEBOH MeJeHH AACKPETHHMH BAXDPAMM.
Kaxk mokasamo cpaBHeRHe ¢ dKCOEPHMEHTOM, DPE3YJIbTATH PAaCIETOB
¢ KadeCcTBEHHOM CTODOHH NPABHIBHO OTPa)KalT BIMSAHHE TOJIIAHE
KpHJIa Ha XapaKTepUCTHKE ofTexkaHdsa. B aToM ciysae Bmxpemas
OelleHa CXOfMJa C KPOMKH KpHJAa N0 KAacaTedbHOM K AMKIEH mo-
BEPXHOCTH KDHIJIA (OPH HOJOKHUTENBHWX YIJIAX AaTaKH).
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3. ACUMINTOTHYECKHME METO/H
B TEOPHH OTPLIBHBIX TEYEHWW W B3AMMOAEWCTBHWA
NOrPAHHYHOI O C/OA C HEBA3HKUM NMOTOHOM

ITpw o6TexaHHH TeJ CBEPXSBYKOBHIM IOTOKOM W GOJBIIMX 3HaTe-
HUAX yncaa Re oTpHB 9acTo mpOMCXOAHT ¢ IVIAKOI0 yIacTKA KOHTypa
Tejla, Ha KOTOPOM, COTJIACHO TeopmH 0e30TPHBHOrO 00TeKaHWsA HEBA3-
KHM rasoM, I'PafiueHT [laBIeHAA PaBeH HYJIK HIH [[ayKe OTPUOATENeH.
CiemoBaTeJbHO, B PeaJbHOM TEYeHHH Iepef TOYKOH OTPHBA MOIKHO
BO3HAKATH TAKO€ B3aUMOJIefiCTBAE MOIPAHAIHOIO CIOS CO CBEPX3BYKO-
BHIM IIOTOKOM, KOTOpOe HHAYIHEpYyeT OoJbIIde NOJOMHTEJbHEE Ipa-
IHeHTH faBjieHHA. YenmMeH [al KauyecTBEHHOe 0GBhACHEHHE MEXaHA3MA
B3aUMOJIEACTBAA H HA3BaJ TEYEHHME Iepe] TOYKOM OTPHIBA TedeHHEM
co cBOGOIHBIM B3aHMOJEHCTBHEM.

B pa6otax [18—19] gna sToro Teyenus HalIEHO ACHMITOTHIECKOE
pemenme ypaBHeHEi Hapre — Crokca mpm Re — oo. JTo pemenme
0 BHY CYIMECTBEHHO OTJIMTAETCA OT PEUIEHUHA, HOJYIaeMOr0 B KIac-
CHYeCKOH TeopHMH morpaAwdgHOro cjiod. HamomHEmM, 3ITO B Teopmm
morparuuHoro cmos [1] mas moeTpoemmsa paBHOMEPHOTO aCHMHTO-
THYECKOT0 NPHOIMMKEHAS NPHEXONHTCA pacCMaTpHUBAaTh fBe o6aacThm
TeY4eHHA C INPOROJLHOA KOOPAHHATOM HOPANKA /JIMHH Teka. TedeHme
B OfHOH M3 HEHX (C MOIEPEYHHIM Pa3MEPOM TOIO 7K€ MOPAJKA) OMHCHI-
BaeTcA ypaBHeHHAMHE Jitiepa, KoTopsie npu M > 1 oTHocATeA K rumep-
G6onmueckoMy tHny. Jlpyras o6iacty — BA3KHE DOTPaHAYHHMN CI0H —
mMeeT Toamuny, B Re /2 pa3 MeHbINYIO, 8 COOTBETCTBYIOMITE YPABHEHEA
OTHOCATCA K mapaGoamieckomy Tumy. TakmM o6pa3oM, BO3MOMKHOCTH
nepegadn HHQopMamum (BO3MYIIEHMI) BBEPX HO HOTOKY, KOTOpas
COOTBETCTBYeT moJHEM ypapHenmaM Hasbe — Crokca, HCKIKOYeHA.

Coraacno pesyarratam [18—19], acumnroTHueckoe pemenme ypas-
menuit Hasre — CToKca pasamuuo B Tpex 00JACTAX, PACHONOKEHHHX
OKOJI0 TOYKH OTPHBA M MMERI(AX Majlyl [JAuHy mopsapgka Re /s
Bremnsaa o6macTs mMeeT momepeYHKA pasMep, COM3MEPHMHI ¢ ee [IIn-
HOM, a Te4eHHE B Hel ONMCHBAETCA B IEPBOM NPHOJIMKeHAN JWHEHHOK
Teopmell CBePX3BYKOBHX TedeHHA. Bropas o6nacTs mMeeT monepedHm
pasmep ~Re~'2, npodmiam cropoct:m B Heil B mepBoM HpuGIH;KeHHH
COBIAMIAIOT ¢ NPOoYMIAME B HEBO3MYIMEHHOM HMOTPAHMIHOM CJIOE Iepey
o6imacTri0 cBoGONHOrO B3amMofieiicTBdsA. BosMymeHua MajJH B B mep-
BOM NpHOJIMKEHAN He BIHMAKT Ha pacmpefieneHde jaBiaeHud. Tperns
061aCTh — IPHUCTEHOYHHIA CJIOH BA3KOTO TeUeHMA TOAmuUHOA ~ Re=%/s
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M3MeHenre ero TONIMAHK HHAYREDPYET BO BHEIIHEM CBEDX3BYKOBOM
NOTOKe TPajMeHT AABJCHAsA, BHBWBAIOMMA OTPHB. Tewsenme ommcm-
BaeTCd ypaBHEHHAMHE OOKRYHOTO HOTPAHUYHOTO CJIOA HECKHMaeMoi
JKUAKOCTH, HO B 3THX YpaBHEHHAX TpDajWeHT [aBJeHHS He 3afaH
3apaHee, a MOJJKEH ONPefeNsATbhCA B IIpollecce pemIeHMA U3 YCIOBHi
COBMECTHOCTM C BHEIIHAM CBEPX3BYKOBHM IIOTOKOM. JTO YCIOBHE
# m3BecTHaa $opmyiaa AKkKepeTa JUHEAHOH TEOPHU CBEPX3BYKOBHIX
TeYeHAA MO3BOJAT BHPA3UTh T'PAfAMEHT [aBJIEHUA 4Yepe3 BTOPYIo
NPOM3BOJAHYI0 OT TONIIAHB BHTECHEHMA BA3KOH 06IacTH TedeHHSA.
TaknM 06pa3oM, B YpPaBHEHUAX MOTPAHAYHOIO CIOS HOABIAETCA CTap-
mwas (BTopad) NpPOM3BOJAHAN MO IHPOAOIHHON mEpeMEHHOH OT HeusBecT-
HOH (YHKIMM — TONMIMHE BHTECHEHUA. ITO fenaeT HeoGXOmMMEM
3aflaHMe eIe OJHOTO JONOJHATEILHOI0 KpaeBOro YCJIOBHSA, KpoMe
HavaJbHBX B TPAHHYHHX YCJIOBHI HA IOBEPXHOCTH TeJla ¥ HA BHeINHeH
rpanEne morpanmgnoro ciaos. IlockonbKy noABIAeTCH He dacTHad,
a II0JHAA MPOW3BOJAHAS OO NPOAOJBHOH NIEePEeMeHHOH, To JOCTaTOYHO
3ajgaTh He (YHKIHIO, a JAAOIb OXHY KOHCTAaHTY, B JJAHHOM CIydae —
HOJIOYKeHHe TOYKH OTPHIBA.

ITonoxenne TOYKM OTpPHIBA 3aBHUCHT OT TPAHHYHHX YCJIOBHi, 3a/aH-
HHX BHE3 10 Te4eHn10. TakuM 06pasoM, B PelIeHHHE KOHKDEeTHOR 3a1aTd
CKa3HBAIOTCA CBOjicTBa Hexonuux ypaBnennit Hapse — CTokca (ammmm-
THYECKOTO THIA).

Vike mepBoe aCHMITOTHYECKOe NPHGIMKEHRe aeT HeNJI0X0e COBIa-
IeHne ¢ 3KCHEePHEMEHTAaJNbHHMHI JaHHHMHA [Js 3HadeHU# KoaddHIueHTa
NaBJEHAA B TOYKE OTPHBA M B 00JaCTH «IJIaTo» RABJEHUS, NOABIAIO-
meiics NpA mepexone B pasBuTyio 30HY orpmBa [20] (dmr. 6).

BenencTere 0KaapbHOTO XapaKTepa ACHMITOTHIECKOTO TEYeHHSA
¥3 ypaBHeHmHii, 3anNMCaHHHX B 0e3pa3sMepPHHX MepEeMeHHHX, MOMKHO
HCKI0UNTh Bee mapamerpri: Re, M, TeMneparypusuit pakrop. Tarmm
0o0pa3oM, mOJydeHHOE YHHBEPCAJIbHOE pelleHme ONMHCHBAaeT BCe Tewe-
HUsA, a GOpMyJH mepexoga K (M3MYECKHM INepeMeHHBIM yCTaHaBJIM-
BAIOT 3aKOH moAo6ma nias sTux Tedenuit. Bropoe nmpubam:xenue noka-
3HBAaeT, 4T0 AJA Goiee ToOYHOro onMcaHUsA HEOOXOAMMO YIHTHBATH
nepenajy AaBiends B nomepeunom Hanpasiaennd [18]. Taxum oGpazom,
Bce NpUONHKEeHHBE NOAXOAH, OCHOBAHHBIE HAa MCIOJb30BAHHUE ypaR-
HeHHW# DOTPaHAYHOTO CJHOA (Haupumep, onmmcauHule UkeHoM WHTe-
rpajJbHKIE METOAH), He MOTYT B NPHHNMIE NaTh 6oJee TOUHHE pesynh-
TaTH, 9eM TEOPHA HEPBOro TPHOIMMKeHUSA.

ACHMOTOTHYECKAS TEOPHs TedeHHil OKOJIO TOUeK OTPHIBA, Pa3BUTaA
B paborax [18—19], MokeT 6HLTH McHONB30BaHA AJIA MAPOKOIO KiIacca
3a/lad, B KOTOPHX BJAUSHEE MAJIHWX, HO OHCTPHX H3MEeHEHUH KpaeBHX
yCJIOBH#A mepefaeTcA BBEPX IO TeYeRMI0 3a CYeT JOKAAbLHOro B3auMoO-
NeHCTBAA NOrPaHUYHOrO CI0s (a TodHee, MeIJIEHHOIO BA3KOro Tede-
HUA B HEYKHEH 9acTH MOTPaHHYHAOTO CJI0A) C HEBA3KHM CBEeX3BYKOBHM
noTokoM. Tak Kak MexaHU3M nepefadd BO3MYHIERNH BBEPX 110 MOTOKY
IJiA BeeX TE€YEHHH 5TOTO THIA OJMHAKOB, TO YMECTHO PACHDOCTPAHHTH

16e
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Ha BCE 3TH CJIyYad HOHATHE (TEYEHHs ¢O CBOGOTHRIM B3aMMOIEeHCTBIEMY,
B paGorax [21—23] mokazaHo, 4TO KpaeBaa 3ajgada A8 TEYeHHH
ckaraa [18—19], chopmyanpoannas B Ge3pasMEpHHX mEpeMEHHHX,
AMeeT TaK)Ke CeMeHCTBO DEelIeHHH, ONHCHBAIOMEX TEYCHHS paspe-
JKCHHS.

CpRe ;/,‘

|
0 2 49 6

® ur. 6. CpaBEeHAEe TeOPETHYECKEX M IKCIOPHMEHTAAbHHX 3HaueHHid Koadpm-
IHeHTa JaBJeHAsA B TOYKe OTPHBA M B 00/1aCTd (IJIATO» PA3BHTOH OTPHBHOM 30HH.
pacger [18, 20], SKCOepEMEeHTAJNbHuHIE RKAHHWE, npuBeXeHHHWe B pabore [62]:

O Yenmen, KyH, Jlapcon (1958); (J Crepper, OMopu (1960); A XarwudeH, I'pebep, Tpua-
anar, AbapGamen (1959). I-o6anacrh «nnaTo», £—TOYKA OTPHBA.

Ecnd B TeueHHAX CHATAA TPAHUEHT MaBJIEHEA TOCTHTAeT MAaKCH-
MAJbLHOM BEIMYEHEL OKOJO TOYKH OTPHBA M 3aTeM HafaeT, a TPeHHe
yOKBaeT M 3a TOUKO# OTpHIBA mocruraer mMmaamyma [20],To B Teue-
HAAX DAa3peKeHHsA TPAJAeHT [aBICHHs HENPEPHBHO BO3DPACTaeT
(mo Mofyno) W OPH HEKOTODOM KOHEYHOM 3HAYEHAH MNPOXOJILHOM
KOOpIHHATH ofpamaerca B GeckomeaHocTh. B aToit Touke pemenme
EMeEeT OCOOEHHOCTh A HAOPAKeHAA TPEHAA W TEIIOBOTO MOTOKA
K Texy.

B pa6ore [21] aTr pemenns mCOONb3YIOTCA AJA ONACAHAS TEYCHHS
mepeR OHHKM Cpe3oM Ha pPAcCTOAHHAX mopsAxxka Re~%/s or mero.
BespasMepHEIH nepemaf [aBiAeHH# (OTHECEHHHWA K CKODOCTHOMY
Hamopy), IepelaBaeMblil OT ZOHHOHX 06JacTH OTPHBA BBEPX IO HOTOKY,
mMeeT mopARoxk Re~'/4, xoTopwii xapakTepeH A BCeX Te4YeHHH
co cpoGoganM B3ammopeiicrmeM. Ocobas TOYKa pemeHHAS HOKA3H-
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BaeT, YTO Ha MEHBIHX DACCTOAHMAX AHANHTHIECKAS NPHPOJA aCHM-
HTOTHYECKOTO PemeHHs W XapaKTep TedeHHA maMeHmioTca. Ilogpobree
aTa gacTh TeweHnss ¢ Ap ~ O (1) 6ymer pacemorpena Bmxe. CormacHo
pesyabraTaM pabote [21], BGamam momHOro cpesa BoaMokHO peskoe
yBeJIMYeHHEe TeNJIOBOr0 IOTOKA M HaNpsykeHusa TpeHma. B pa6orax

3

3

-10 5 10 15

® nr. 7. Pacupegenenne napieHdsa npH OOTeKaHWH YIVIOBHX TOYeK KOHTYpa
Tella CBEPX3BYKOBHIM ILIOTOKOM BA3KOro rasa [24].

2By, ]1/2
- .

£=2Cp Rel/2 [ "

B=M2 - 1)1/2,
3 2 1
X=’_‘M [333 (_g"_") a5 Jw, /
[ P R

a=(0u/éy)w ! Re"‘/z/uw—rpannem- NaBJICHAA, BHYMCIIeHHHN B HEBO3ZMYIIEHHOM HNOrpaHMg-
HOM cJy1oe mepen 06s1acThbl0 B3aEMONEUCTBHA.

*

[22, 23] Teopma TeweHMir CO CBOGOAHKIM B3aMMOJEHCTBHEM HMCIOJb-
3yeTCH [ M3YICHHS TeYeHHEH pa3peskeHHs, BOBHAKaOMEX npu obre-
KaHUHA CBEPX3BYKOBHM HOTOKOM YIJOBHX TOYEK KOHTYpa Teja, €ClIH
yram noBopora Maau (~Re-'4). B pa6ore [22] gpano nmneapmsoBan-
Hoe pemieHEe 33/la9H, COpaBellIMBoe i yrioB mosopoTa a < Re~'s,
HexoTopsie uncieHENe pemenns misa o ~ Re-'/¢« npnsegenn B pabo-
rax [23, 24]. B nocaenuneir paGote B paMKax TEODHH TEeIeHMil CO CBO-
GOmHEIM B3aHMOJECHCTBHEM HCCJeJ0BAHH TAaKKe TeYeHUA CrKATHA
OKOJIO YII0BHX TOYeK K NpHd NaJeHAHd HA IOTPAHHYHLIE CJIOM CaabHX
yAAPHHX BOJH, HMEIOMAX nIepemagn [aBieHEE mnDopagka Re-Y4,
IToxasano, 9To B mepBOM npubaM;KeHHM KpaeBhle 3afadd OJA 3THX
ABYX THIOB TeYeHHH COBIAJAIOT BCOAY BHE o6aactm paumsoi ~Re-'/s
OpA COOTBETCTBYIOMEM nNof6ope aMOIMTYAH Dapjalomedl ynapaoX
BOJHE M yria OTKJOHEHHA CTeHKH. BHYACNeH KpATHYeCKMI mepemaj
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JABIeHHs, NPHBOAAMME K [OABICHHI0 OTPHBA IOTPAHUYHOTO CJIOS
[24]. 3akorm momobmsa 06GobmeEH W AAf 3THX Tedemmii. lloayuenm
9uCIeHHHE pemeHHs [Js PAfa TedeHHH, B TOM THCIe NIA TedeHHH,

® nr. 8. CxeMH CBepX3BYKOBHX TedeHHi, OIACHBAEeMHX TeopHeil cBoGopHOr©L
B3aMMO[eHCTBHA.

BRIIOYAIOMEAX 30HH oOTpuiBa guamuoit ~Re~*/s, Hexoropme pesyis-
TATH B IepeMeHHHX mofobma mokasamu Ha ¢umr. 7.

HMocrarogno obmasa m mpocTas ¢opma 3aKoHa momobUsA A Tede-
HAK €O CBOOOJHHM B3aMMOJEHCTBHEM, OTHOCHTEJHHO IIPOCTOM BHJ
YPaBHEHHH W KpaeBHX YCJIOBHHl W, HaKOHeI, TOT (AKT, 9TO IOJyUeH-
gnle pesyJdbTAaTH YK€ B IEPBOM HPHOIHKEHAH HMEIOT yAOBIETBOPU-
TEJAbHYI0 TOYHOCTH OPH He CIMMKOM OOoNbIAX aMIIATYZaX BO3MY-
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IIeHH{, ABIAITCA TOYHHIMA B Ipefelie W NPEBOAAT K I€TKOMY mpef-
CTaBIEHAI0 O BKJaJe Da3iIWIHHX (U3nTIecKHX 3PPHEeKTOB — Bce 3To
CTHMYJHpYyeT pa3BATHe NPHIOKeHMA Teopmm K OGolee mmporomy
KJIAacCy Te4eHmH.

Ha ¢ur. 8 moxkasamn OpPEMEDH TaKHX CBEPX3BYKOBHX TE4OHHIA.
IlepBuit npumep (¢mr. 8, a) — obTexanme KOPMOBOA JaCTH IIACTHHE
KOHe9HOi AauHH. B o6macta x > 0 yenosme npminnnarnsa u (z, 0) =0
3aMeHAeTCS yCAOBHeM cHMMeTpHHE u, (r, 0) = 0. Cnexys [18], onermm
aMIUIATY/K BO3MYIEeHMi W pasMepH obiacTeit, Ha KOTODHE OHO pac-
npocTpaHseTca. VcuesHoBeHUe HANPSKEHHsA TPEHHA HA OCH TEUCHUA
NPUBOJUT K PA3TOHY CTPYeK TOKA, HPOXOAAMMUX BONHA3M HIOCKOCTH
CHMMETPHH. JTO BHIBHBAET OHCTPOE M3MEHEHHE TOJNMHUHH BHTECHEHHS
¥ HMHIYOUPYeT TpPafUeHT [aBIEHAA. lIpoCcThHe ONEHKH HAa OCHOBO
YPaBHEHAH HEPa3pHBHOCTH, HMIOYJbCa H JWHEHHOH TEOpHHM CBEpX-
3BYKOBHIX TE€4E€HWI MMOKAa3HIBAlOT, 9T0 BONM3HM KOHOA IJIACTHHH 00pa-
3yeTcA JOKaAbHAA 00JacTh TeYEHUA CO CBOOOMHHM B3aHMOIEACTBUEM,
JUIA KOTOPOH mepemaj AaBieHHAA (OTHECEHHHH K Pxls) Ap ~ Re~'4,
Az ~ Re-%s. Tlepeq KOHNOM ILIACTHHH HHAYOUPYETCA OTPHUIATENb-
HHA TPagWeHT [ABIEHHA, a B CJefe [aBIE€HAEe BOCCTAHABIMBAETCAH.
Ilpu (Az/Re-3/8) > oo rpagumenT faBieHHA HcYe3aeT. AHAJIOTHTHOE
paccMOTpeHHe CIHPAaBENAUBO U [JIA TEI€HWA NHPH MAJHX YIiIax aTaKd
o ~ Re-'/s (¢pmr. 8, ¢) [25]. B sToM cayuae mepex KOHOOM ILTACTHHH
Ha ee BepXHeil W HMKHEH# CTOPOHAX MOTOK HOBOPAaIHBAeT Ha YOI
+o. IloBopor Ha yrom o mpE AOCTATOYHON BEIWUMHE O HOJKEH
TPUBOAMTE K OTPHBY HOTPaHAYHOrO cios. Hpmrmueckmit mepemap
IaBJeHHdA, BH3HBAKOMHUA OTPHB, HECKOABKO (oabme, geM B caydae
obrexaHMA yriaa, o6pasoBaHHOIO ABYMsS CTEHKaMH. JTo 00BACHAETCA
HaJOKeHAeM OTPUIATeNbHOTO CPAfHeHTa [aBJEHASH, BH3HBAEMOrO
CXOf0OM IOTOKAa ¢ IUIACTHHH, Kak upm o = (.

AHaJloOTHYHEIE Pe3yJBTATH MOKHO HOJYYATHb AAA OOTEKaHHS XBO-
cToBO# gacTH mpodunn (¢pur. 8, 6). Hakonen, mpuseneM MHTEpECHHIA
npumep Tedenus (¢ur. 8, 2). 3mecr mepenaau gapiaeus Ap ~ Re-'/s
WHAYOUpoBaHH HA AauHe Ar ~ Re~3/s mo 06e cCTOPOHH TOYKH, B KOTO-
poii TeMmmepaTypa HOBEPXHOCTH Teiaa mperepmepaer paspuB. Ha stoit
gagHEEe B caoe TonmmHOod Re—®'8, kak aTo cienyer W3 ypaBHeHHUA
9HEPTuH, TeMIepaTypa. NJIOTHOCTH ¥, CJIeA0BATEABHO, TOIIKHEA CTPYEK
ToKa MeHAIOTCA Ha nopsjnok. [Ipu atoM, cormacHO AuHeiHO# Teopumm
CBEDX3BYKOBHX TeY€HRBH, MHAYUHpYeTcA Nepenax AaBiIeHHA Ap ~
~ Re~Y/1. B cBoo oduepens Ap okasnBaeT BIAHAHHE HA TeUCHHE B MPH-
CTEHOYHOM C/I0€ yxe B nepBoM npubamxennsa. OCHOBHAaA 9acTh mOrpa-
HAYHOTO CJa0s mof fAedctBHeM Ap ~ Re~'/¢ MeHseT ToamuHy BHITEC-
HeHHUA JWIIb Ha BeIHMYAHY nopsajka Re~*4, uyTo yumTmBaerca naumb
BO BTOpOM mpubam:keHHd. Tak Kak TOJNIMIHHA ~€ OPOTPEBAETCA JMOIb
Ha gamEaXx Azr ~ 1, 9T0 BHawMBaeT Ap ~ €, IpPOrpeB CTpyeK TOKa
OCHOBHOI 4YacTH NOTPAaHUYHOIO CJOH MABIAETCA HECYIeCTBeHHKM
¥ OKa3HBaeT BJHAHUE JHWIL BO BTOPOM NpPAGAMKEHHH.
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CymecTBeHHEIH HHTEpEC HNPECTABAAIT DPHIOKEHASA TEOPHH CBO-
60JIHOTO B3aMMOJIEHETBAA K TEICHUAM ;KUMKOCTH. B paborax [256—29]
9Ta TeopusA OHJIa DpAMEeHeHAa K MCCJEJOBAHMI0 TeIeHHA BOIH3H KOp-
MOBOM gacTH muacTEHH ® npodmas. B paGorax [27, 28] paccmarpm-
BalloCh CHMMETpHYHOe O0TeKaHWme maacTHHH. Kak W [isa cBepx3By-
KOBHX TedeHWiI BOAHM3E 3aJHEed KPOMKH, OKa3ajJoCh HEOGXOIMMEIM
paccMaTpuBaTh TpPH 00JacTH: Y3KHU €0 BASKOTO TEUCHHA TOJMIU-
HOlt ~Re~%/s, HeBA3Koe 3aBHXPEeHHOEe TedeHHMEe B O06IacTH TOH ke
TOJMUHK, YTO W HEBO3MYMEHHHHA NOrpPaHWIHKA CJI0H HA NJIAaCTHHE,
E caabo BO3MYMEHHHHA BHEIIHWIA TOTeHIHAJBHKEHA MOTOK. Pemmennme
BBEPXY II0 TEYEHWIO CPAMUBAJIOCH ¢ pemeHmeM baasmyca, a BHH3Y
IO TEYeHHI0 — C M3BECTHHM pEWEeHMeM 3afadul [Js JaMAHAPHOTO
cnega [29].

B paGote [25] cnenana monHTKa pacnpoCTPaHETH PEMIEHAS HA CIy-
9aii 06TeKaHuA MIOCKON MAACTHHH MO MAIHME YIJIaMH ATaKHK C IEIbI0
OLEHKH BIMAHUA CHI BA3KOCTH HA BEIMYUHY OEPKYIALUU, KOTOpas
OIS HEBASKOI0 TedeHHS ONmpefeiseTcd yciosueM sHyKoBCcKoro,
a TaXKe HCCIEN0BAaTh BOSHHKHOBeHEME OTDHBA HAa 3afHEH KPOMKE
miacTaEH. M3-3a maamgdma yria aTakdm mepej 3ajHeil KpPOMKO# mJja-
CTHHH HAa BEpXHEil CTOPOHe MHAYIUpPYeTCA HeGIarompuATHHE (moo-
JKUTENBHHI) TrpajideHT [aBIeHAA. BMecTe ¢ TeM Ha PacCTOAHHAX
¢BOGOHOTO B3aMMOJEHCTBHA HHIYOHPYeTCA OXarompusaTHHE (OTpH-
maTenbHHH) rpagmesT napiaeHma. O6a spPexTa MMEOT ONMHAKOBHE
110 NOPANKY BEIMYMHK NIPH yriax aTaxd o ~ Re~'/1e, [loaTomy mMokHO
OKUJIaTh, YTO KPHTHIECKOEe 3HAYCHHE YIJIa aTaKu, HPH KOTOPOM BO3-
HUKaeT OTPHB MOTPAHHYHOTO CJIOA HAa BEPXHEH CTOPOHE MIACTWHEL,
a ~ Re~'1s, Tlommoe pemenHe 3afadd W3-3a TPYAHOCTEH BHYHCIE-
Huit B paGote [25] me momyuweno.

CumMeTpuunOe OOTEKaHHE [OTOKOM JKHJKOCTH B3ajHell KPOMKH
opoduiA KOHEYHOU TOJNMUEH paccMorpero B paGote [26] ¢ meanio
YCTaHOBIEHHUS Yria PacTBOpPAa, IPH KOTOPOM BOJIU3M 3afHEH KPOMKHA
HaYMHAeT pPa3BHBATHCA OTPHB. lloKasaHO, 9T0 KpHTHYECKas BeJu-
4@HEa yria mMeeT mopaAmoxk Re~Y4.

CymecTBeRHHH WHTepec mpefucTaBiaser pabora [30]. B meit pac-
cMaTpuBaica o6mmit ciiygaii OTPHBA NOTOKA HECKUMAEMOHM >KUNKOCTH
Ha TJIaJKOM YydYaCTKe KOHTypa ofrTexaemoro Ttena. HcciaegoBamme
0COGEHHOCTH, BO3HMKAKIEH B peNIeHMH YpPABHEHHA NOrpaHWIHOIO
C10A TP 33[aHHOM paclpefeleHEE JaBJeHHES OKOJO TOYKHA OTDHBA,
pamee mpoBomgmiaoch B paborax [31, 32] m mp. IlogpoGHee ¢ sTEME
pe3yJIbTaTaMH MOKHO O3HAKOMHThCA B 0630pHoit pabote [33]. Onmako
B pa6ore [30] moxasarHo, 9TO B OKPECTHOCTH TOUYKH OTDPHIBA BOZHHEKAET
30Ha CBGGOMHOr0 B3aMMOJEHCTBHA TOTO K€ THIA, 9TO W B CBEPX3BY-
KoBoM Tegennm [18]. CymecTBeRHOE OTIIMYME COCTOMT B TOM, 9TO IS
BHeNIHEeA 06;1aCTH HEBA3KOro TEeYeHHS BMECTO LIPOCTHX YypaBHEHWA
IuHEeHHOA TeOPUN CBEPX3BYKOBHIX T€UYEHWH HEOGXOAUMO HCIOJIB30BATH
pemieHus KJIacCHIeCKOil TEOPHH CTPYHHBIX Tedenui. OTpHB HOTOKA
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JIOKAJAbHO OOYCNOBIEH TPafHeHTOM [aBJeHWsA, WHAYOHPYEMHM NpH
cBoGonnoM B3amMmopeiicTeud. B mpemesie Re — oo momygaercs peme-
HEe, y[0BJeTBOpAKNIee ycioBuiw bBpmianosna [34].

Ilepeiinem Temepp K pe3yJsibTaTaM HCCJAENOBAHUSA TEIEHAHA C OYCHHL
GOJLIIEME JIOKAJLHEIMYE IpagueHTaMu faBjieHuss. OCHOBHEE IOJOke-
HAA aCMMOTOTHYECKON TEOpHH TeYeHWil 9TOr0 THIA IPHBEJCHH B pa-
6ore [35]. B ravecTBe THNMYHOrO mpHEMEpPa PacCMATPHEBAETCH TEYCHHE
Pa3peKEeHAss OKOJO YIVIOBOA TOYKH KOHTYpa TeJa B CBEPX3BYKOBOM
DOTOKEe BA3KOIO rasa.yTJ0BasA TOIKA MOMET HMeTh He6oJbmoe CKpyr-
JeHAe ¢ MaJHM PagAyCOM KPHBH3HH MOPAAKA TOJMIAHE HEBO3MYMIEH-
HOTO morpanmuHoro cios (~Re~'z). B srom cayuae, coriacHo Kiac-
CHY€CKOH TeOpMH HNOTPAHMYHOrO cJ0si, mpd Re — oo Ha Gonpmeir
9aCTE TeYeHHs BJHAHAE BA3KOCTH MCYe3aeT W ypaBHeHusa HaBne —
Croxca mepexomaT B ypaBHeHHMA Jiiepa. B6awmsm mosepxmHocTd Tema
B mpepeie o6pasyeTcs MOBEPXHOCTH TAHIeHIHMAIBHOrO paspuBa (6ma-
romapsa 9YeMy BHIOJHAKTCA YCIOBHA NPHJIANARWA), KOTOpag MpH
HEKOTOPHX YCJIOBHAX MOKET OTPHBATBHCA OT NOBEPXHOCTH Teja.

OnHaxo OK0JIO YIioBOi TOYKE faBJ€HHE W YroJ HAKIOHA BEKTOpA
CKOPDOCTH MEHSITCA Ha NOPANOK N0 BeJWYHHe HA MAaJo# [JdHe.
Torna B obmacta Tonmuuoil ~Re~Y2, mMeomeli Bcerga A03BYKOBOMH
Y9aCTOK NpOQHIAA CKOPOCTH, COCTABIAKNMUE CKOPOCTH U, U, HOPMAaJb-
HHEe ¥ TaHTeHOWAaJbHHE K IOBEPXHOCTH Tejla, HMelT ONHHAKOBHIA
nopAgoK BeaHIEH. V3 ypaBHeHWiEt HEeDaspHBHOCTH H HMIYJIBCA ClIe-
AyeT, 9To Ha fiamHaX ~Re~'/2 B OKPECTHOCTH YIIOBOM TOYKHA HPOKOIH-
HH# ¥ MOmepeYHH# TrpafiHeHTH RABJEHHsS HMEIOT OJHHAKOBEIH HOpHA-
nok. WcmoapsosaHme STHX OINEHOK IPH COBEPUIEHAM NPEIEIHLHOTO
nepexoma Re — oo B ypasnenmax Hasse — CTOKCca mpuBOAHT K ypaB-
permaM Jinepa. OgHako pemenms ypaBHeHEi Jilepa He HO3BOJIAIOT
VIOBIETBOPHTh YCIOBHAM NPWIMNAHAA HA KOHType Texa. IloaTomy
Ha pgamHax ~Re~'2 mpuxommTcs paccMaTpmBaTh eme OAMH, Goiee
TOHKMIA CII0i, B KOTOpOM Ii1aBHHeE uwiens ypasnenuii HaBre — Croxca,
CcBfisaHHHE C BABKOCTHIO, WMEIOT HOPANOK HHEPUMOHHEIX WIEHOB.
M3 »Tor0 ycioBEA BHTEKaeT ONEHKA TONMEHH 00JacTH BABKOTO
TeYeHHsA, KOTOPasg OKasWBaeTcA mpomopuuonaiabuoi Re~/t. B cayuae
00TeKaHAA HETENJOH30JMHPOBAHHOTO TeJa BOBHHKAIOT NONOJHHTENb-
HEIe 0COGEHBOCTH IpEeAeNbHOTO peMeHMsa YypaBHEeHHA BHEPTUHA, C KOTo-
PHIMH MOKHO IO3HaKOMHThCH B pabore (21]. HcmonpsoBanme maBect-
HOr0 NOPUHIUNA ACAMITOTEYECKOr0 CpAaliMBAHHA DEIEHNA B PasHHEIX
XapaKTepHHX obaactax Tedemms (cM., manpmmep, [41]) mossoaser
HOJIy9HTH BCe HeoGXoamMue rpanmunnie yciaosrsa. Cpammpanme peme-
HMA NAs JoKaabHOM o6nacTm, mMeomeidl NPONOJBHNE W monepeyHbIi
pasmepn ~Re~/2, m gaa BHemHero CBepX3BYKOBOTO IIOTOKa JaeT
BHEIIHEE KpaeBoe YCIOBHE A noKadbBHoH o6iacru. CpammBanme
¢ pemeHmeM B HEBO3MYIIEHAOM HOIDAaHAWYHOM CIoe 18T HPOPHIH
mapaMeTpoOB B «HEBO3MymeHHoM HaberaomeM IOTOKe», T. €. IpA
(z/Re'/2) > — oo, N3-3a Mas0ii ToAMEHK 0GJACTH BA3KOIO TedeHHS
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Ha IOBEDXHOCTH TeJa A JOKAJIBHOIO HEBA3KOTO TEIeHHS [OKHO
BEIIOHATHCA yClAoBHe «Hemporekammsa»: v = (. Pemenme aroit Kpae-
BOfl 3afa9d HO3BOJAET ONpPEeAESATH DPACHPEHeJeHHe CKOPOCTH H JaB-
JeHUs HA BHEOIHEH IpaHANE BABKOI0 JOKaXbHOTo TedeHHA. OOmumii
MeTOJ{ pemieHHA MOCeIHeH 3aa9H [a TaKk/Ke ypaBHEHHH IOrPAHATIHOTO
CI0A, pPasBHBAKMEroCd B YCKODAKIIEMCHA IOTOKE H3 OECKOHEUHO
yoaneasoil Touxkm (z/Re~'/2) > — oo] mpepiaomen B pabore [36].

NaTepecHo, 9T0 cymecTBOBaHME MONEPEYHOr0 Mmepemaja AaBlIeHHMH
¥ NEeHTPo0eKHHX CHJI B 00JACTH JOKAJIBHOIO HEBA3KOI'0 TEYeHHA
OPUBOJAT K NEpPEePACIIAPEHHI0 TOH YaCTH 3aBEXPEHHOTO TEYeHHA,
KOTOpaA AeKHAT BOAM3H DOBEDXHOCTH Tela. daBienme mpw 5ToM
MO}KET CTAaTh MEHBIE, 9eM BHAIH 3a 06JaCTRI0 MOBOPOTA. ITOT 3PPeKT
BO3pacTaeT ¢ POCTOM YIJa IOBOPOTA KOHTYpa TeJIa W JellaeT BEPOAT-
HEIM OTPHB IIOTOKA HAa y4acCTKe, I'[e JaBJeHHe BO3pacTaeT [0 IpeHeib-
Horo sHauenma [35].

B paGore [37] o6mue mososkeHHMA TeOpHE HPUMEHEHH K PacueTy
TedeHAA Iepej MOHEHM Cpe30M Teja W NOHHOH OGIACTHIO OTpHIBA.
JaA pemeHEs 3afadd O JOKAXHHO HEBIBKOM TEUEHUU HMCHOOIB30BAH
MeToj HHTerpaJbHNX cooTHomeHmi Hopommmmera [38]. Kak moxa-
3KBaeT CpaBHeHHE peayinbTaToB pacdera [37] ¢ srcmepEMeHTANLHKIME
narEnvA [39] (mposexennoe B paGote [40]), yxe pua nepsoro npuGum-
JReHHA pacInpefieleHde JaBIEHAA BNOJIb HOBEDXHOCTH Tela OIpefe-
aaerca poctatogHo TogHO (pmr. 9). B pabore [40] Tax:xe B pamrax
aCHMIOTOTAYECKOA TEOPHA pPACCMOTPEHO TeUeHHEe Iepel HOHHHM Cpe-
30M, HO TOJHKO HMPH TANEP3BYKOBOA CKOPOCTH BHEIIHETO HEBA3KOTO
moToKka. BsamMopeiicTeEe rHEODeP3BYKOBOIO MOTOKa ¢ LOTDAaHMYHHIM
ciioeM Ha OCHOBHOM 9JacTd Texa mpefmodaraerca caabuM (Mot 1,
rge T — XapaKTepHHH HAaKJIOH 3(QeKTHBHOU IpaHHANH, 06Pa30BaHHOMR
TOJIMAHONA BHTECHEHHA MOTPAHAYIHOTO CloA). B aToM ciydae mame-
HEHAE [aBJIEHAA Ha NOPANOK BEAMYAHH HPOMCXONHT HA IJIHHAX
mopAnKka MwT, ogHaKo 00macTh ¢ GONBIIAME MONEPEYHHIMH Iepema-
JaME JaBJIeHAsA HMeeT XAPAKTePHYK NIMHY HOPAXKA T, KaK A IpH
YMEPEHHHIX CBEPX3BYKOBHX CKOPOCTAX.

B pa6ore [21] mokasano, 9T0 AJIA HOMTHOrO OMHCAHAA PACIPOCTPa-
HeHAA BO3MYIIEHHWI mepex MOHHEM Cpe3oM, KpoMe o0JacTd NIHHOM
Re~'/2 ¢ nepemagom namnenmit ~1, Heo6xommmMo paccmarTpuBaTh Golee
nnuHAy0 o6mnacte ~Re~*/s ¢ mepemagom naBmemuit mopagka Re~'/1,
TEeYeHAE B KOTOPOi OMMCHBAETCA B PAMKAaX TeOpHH CBOGOMHOr0 B3aUMO-
neicreaa [18). Cormacmo pabGoram [21, 37], npm ycrkopeEEE moToKa
mepeq HOHHHM CPe30M Pe3KO YBeIHYIABAETCA HANDMKEHAe TPEHHA
4 B MEHBIIEH CTENEHH TEIJIOBHE MOTOKE K Texy. MHTepecHod ocoben-
HOCTHIO ITHX TeUeHHH ABIAETCA CBOEOOpPa3HHH 3PPeKT «3ammpaHHm»
‘BO3MYIEHHHA, ACXONAMMHAX OT HOHHOTO Cpe3a, HPH HOCTH;KEHHAH CKO-
POCTE 3BYKa Ha JIMHAHA TOKA JOKAJIBLHOTO HEBA3KOr0 TeYeHWsA, mpHIe-
rafomeil kK noeepxuoctE Teaa [37]. [loka oTHOmMeHme HaBIeHAR HA LO-
BEPXHOCTH Tesa mepen o0IacThI0 BO3MYIIEHHOr0 TeYEHHA W B JOHHON



HOBHIE PE3YJIBTATH UCCIENOBAHUNA OTPRIBHEIX TEYEHUN 251

06,1aCTH OTPEBa MEHBINE 3BYKOBOTO IIepenana, pasaoro [(y+1)/2]v/v—1.
Ile Yy — OTHOIIEHHE VY/IEIbHHX TENJOEMKOCTeH Trasa, ycCKOpeHHe
TIOTOKa B 06JIaCTH JIOKAJIbHOTO HEBA3KOrO TeYeHHST HPOMCXONAT TAKHM
06pazoM, 9TO faBJeHAe HENOCPEACTBEHHO Hepef JOHHKIM CPe3oM PaBHO
JOHHOMY fAaBieHdl0. [Ipm 3TOM pacmEpeHHe CBEPX3BYKOBHIX CTPYeK
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@ gr. 9. CpaBEeHEe TeOpeTHYECKHX M OKCIOPAMEHTAJbHHX MABBHX IO pac-
Opefie/IeEAI0 RABJICHAA Hepel MOHHHM CPe3oM [UIA [BYMEPHOr0 CBePX3BYKOBOTO
WOTOKA.

pacyer [37); — — — renoepasykonoe npuGmmkenne [40]; M =3,15; Gg—mnmnua
BHITECHEBMA JIAMBHAPHOIO LOTPAHHYHOIO CJOA nepen OOJACTBIO B3aRMONEHCTBHUR, JKCIEpH-
MeHTaNbHHE naEHne [38): A M =4,02, Re={,2.104;, (M =3,15, Re=1,5 104;

O M_=2,35, Re=k,k-104,

TOKA IPOHCXONAT 3a CYeT CY;KeHHs JO03BYKOBHX, JeKamux Oiamxe
K moBepxHOCTH Teida. OmHako, KOTa WHOJHMI nepenaj RaBjJeHUI
JOCTHTaeT YKa3aHHOTO BHINEe KPHTHYECKOTO 3HAUeHHs, ymciao Maxa
Ha HOBEPXHOCTH Teja (B JIOKAJAbHO HEBA3KOH JaCTH TedeHHsd) AOCTH-
raeT 3BYKOBOTro 3HaYeHHA. [lanbHeimee pacliEpeHHe NOTOKa Hepen
AOHHEIM Cpe30M HEBO3MOMKHO, M OKO0JIO YIi0BOM TOYKH dopMHpYyeTCH
OeHTPUpOBaHHAA BOJNHA paspemeHnda. /lanpHelmee yMeHbIIeHHEe JOH-
HOTO [ABJICHAA He BIHSeT Ha TedeHAe Hepe[ JOHHHM cpe3oM. JTO
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o6cTOATENbCTBO ynymeHo H3 Buny B paGore [23] mpm cpaBEemmm
C OSKCHePEMEHTAJBHHIME JAHHKIMA, NOJYYeHHHMHA npE Mo = 2,75
U DajieHNd AaBleHHs 3a 00aacTeio moBopora mo 0,32 oT mcxomsOro
3HAYeHAA. OKCIePHMEHT NOKA3KBaeT, 4YTO Iepej, YIIOBOH TOUYKOM
yMeHbIleHne HaBienus cocTaBager 60% oT moaHOro MOEMKEHHA
NaBIEHUSA, 4 9TO HAXOQUTCA B XOPOIIEM COOTBETCTBHH C IOJYYeHHHIM

x

® ur. 10. Cxema TeueHrs B 061aCTH NPHECOEAMHEHAA NOIYGECKOHETHON NBYMEp-
HOM CBePX3BYKOBOH CTDPYHM K IOBEPXHOCTH 0CKOHEYHON IIOCKOH ILIACTI{HEL.

B pabore [37] BuBomom. B paGore [23] ynymeno ms Bupy $opmmpo-
BaHME JIOKAJbHO HEBA3KOH 00JacTH TeuyeHHSA H W3 PACCMOTPEHUs
OfHOW Jumb 00JacTE CBOGOJHOTO B3aWMMOMEHCTBAA clelaH BHIBOJ,
9T0 1mepe[ YIJIOBOW TOUKOH mepemay pjaBiaenua cocraBiaser 90%
MOJHOTO Iepemasja.

PaceMoTpEM Temeph ¢BepX3BYKOBOE TE€UEHHE CHKATHA ¢ 0OJBIIAME
JOKaNbHHME IpajueHTaMu faBiaesns. ([aBinerme mamenseTcsas Ha mo-
PANOK Ha JJAHAX MOPAAKA TOJIMUHK IOTPAHAYHOro ciaos ~Re~/2.)
BesoTpriBaOE 06TeKaHEEe TBEPOrO TeJla B 3TOM Clydae CYImECTBOBATh
He MO;KeT, TaK KaK OTPHB IOIPAHAIHOTO CJIOA BH3KBAETCA MEHLINUMHE
[0 TOPAJKY BeJMYMHH NepelNafiaMA WId TpafHeHTaMu napiaenma [18].
Baemwi npaMep TedeHAA HTOTO THIA, PACCMOTpPeHHH# B pabote [42],
noxasar Ha ¢mr. 10. 9To o6nacTs npECcoenHHEEHEA MONTYOECKOHETHOM
CBEDX3BYKOBOM CTPYyW K LOBEPXHOCTH IUTOCKOH NJAcTHHH. JleBee
o0JlacTd OPHCOEAMHEHUA CTPYSA ® IJIACTHHA pasfiejeEn o0xacTeio
moxoAmeroca rasa. Ha rpamEme cTpyd m rasa ofpasyeTcA BssKad
obnacty cMemenmsa (Wi cBOOONHKA HOrpaHMYHHI CJHOH), TedeHHE
B KOTOPOH ONWMCHBAETCA KIAaCCAYECKOH Teopwmeil NOrPaHWIHOTO CJIOA.
IIpepmosnaraerca, 970 HaYajo 30HH CMEHICHHA JE;KAT Ha HEKOTOPOM
paccToaBmA ! oT o6mnactu mpucoequuenma. (Hmwe ! mcmoamsyercs
B KauecTBe MacmTala NJINHK A OpW BRYACICHAX umcia Peirmoasica.)
IIpomonbHHIA ¥ mOmepeYHsI pasMepH JOKaJAbHOHE 00/1aCTH HEBASKOTO
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TeueHHs ¢ OOJLMEME NPONOJNBHEMA E LOHEPEYHEIMH NepemagaMu
JNaBJAEHHEA, KAaK M [JA TeYeHHHd paspeiKeHHA, MMeioT mopaAgoxk Re'/z,
TaKk KaK ONpPENENAITCA TOJMEHOA HEBO3MYIMEHHOHX 30HH CMENICHHA.
B mepBoM mpuHGAMKEHHEH TeYeHHE B 3TOH 30HE OMUCHIBAETCA MOJHHIME
ypaBEeHEAME Jirepa. B kadecTBe mpodmieil CKOPOCTE H MIOTHOCTH
B «HaerammeM HOTOKe», COTJACHO UPHHOENY CPAIIUBAHUA aCAMOTO-
THYECKUX Pa3ioKeHdd, He00X0AMMO HCL0IB30BATh IPOQHIHA IS HEBO3-
MYIIEeHHOT0 Te4eHHAA B KOHIE 30HH cmemennsa. Ha sHemHe#d rpanmme
YI0BIETBOPAITCA YCIOBHA COBMECTHOCTH ¢ BHEUIHUM CBEPX3BYKOBHM
TOTOKOM, a Ha IOBEPXHOCTH Tela HOPMAXbHAA COCTABJIAIIIAA CKOPO-
CTH paBHA HyJ0. McciremoBamme OOMEX CBOMCTB peNIEHAA NOKAa3H-
BaeT, 9T0 B NepBOM NPHOIMKeHAA NaBieHue TOPMOKEHUA ra3a Ha pas-
felAMEA JVHAA TOKA B KOHOE 30HK CMeIIenus p, (pasgeidaiomei
B [JAHHOM clyJ4ae HAa3HBaeTCA JHHAA ToKa, NPHXOAAMAA HA
HOBEPXHOCTH Te€jJa) MOJKHO OHTH PAaBHO CTATHIECKOMY [aBJICHHIO
Ha GoabpmOM paccTOAHAE 3a 0GIACTHI) MOBOPOTA P.. Hak mokasamo
HIDKE, B JEHCTBHTEIBHOCTH Do => Do Ha Beamuuny ~Re~!/1, uro
cB3aHO ¢ 3pPexTamMm BABKOCTH. 31€Ch CYMECTBYET OMmpeNieeHHAN
AHATOrAA ¢ W3BeCTHHIM ycaoBmem Yemmera — Hopcra pua obnacreir
IPUCOEEHEHAA OTPHIBHEIX 30H.

IIpe;xne Bcero 3aMeTwM, 9TO HJIA HEBA3KOTO TEYEHASA, COTIACHO
WHTerpaily DepHyannm, po > pw. Jladee Ha ocHOBaHHE 0GmEX TeopeM
MOHOTOHHOCTH JJf BHXDEBHIX TeueHHW, moxaszamHuX B pabGore [43],
¥ coopaskennii, KoTopse mpHBefeRsl B pabore [44] mua amamormaHux
TeUeHH#l HECKEMAEMOM KANKOCTH, MOKA3aHO, 9TO HPH Py = Po KPH-
TAYECKAA TOYKA TeYeHHAA CMEMeHAa B OECKOHETHO YAAIEHHYI TOUKY
popaBo Ha moBepxHocTm Teiaa. (Pasymeerca, Toapko B Macmrabax
z ~ Re s, B pelicTBETENBHOCTE 3TO 03HAYAET, YTO OKOJIO KPHTH-
YeCKO#l TOYKM CYmECTBeHHO BAHMAHHEE CHAJ BA3KocrH.) [{anee B paGore
[42] morazaHO, 9TO0 B MHEPOKOM HHTEPBajle SHAYCHHHA HATAIBHEIX
¥ rpPAaHAYHHIX YCIOBHHA HEBO3MOKHH TEI€HUA OPH Do > Po. llpHm
Do > Po OpaBee KPHTHYECKOH TOYKH [JOJKHA CYMECTBOBAaTH 06JacTh
HOBA3KOTO TeIeHAsA, He COAePKAMmAasa BO3BPATHHX TOKOB, 9TO He MO3BO-
JIAET YXOBJIETBODHTH YCIOBHAM COBMECTHOCTH C BHEIMIHHM CBEPX3BY-
KOBHM moTOoKoM mpH (z/Re~'/2) & 4 oo [42].

TaxmM 06pa3oM, B mepBoM NPHOINKEeHAA A JTOKAJILHO HeBA3KOH
001acTH TeIeHEA OTOHPAETCA eJAHCTBEHHOE PEIIeHHe, YNOBJIEeTBOPAIO-
mee YCIOBHI Dy = Do H He COMep:Kamee KpATHIecKod Touku. Mccae-
[0OBaEAe ACHMOTOTHKE 33TYyXaHAS BOSMYIMIEHMA N7IA 3TOTO pelmeHds
OpPUBOOAT K HeOOXONHMOCTH H3ydeHHs TedeHHA eme Ausa obaacTm
x ~ Re~®/s, B KOTODO#l XapakTepHaA BeIHIAHA [epemafoB AaBICHAA
umeet nopanok Re~/4. B aToit 0o61acTh naBieHHe BO3PAcTaeT M JOCTH-
TaeT MpeJieIbHOTO 3HATEHHS D. 3IECH K€ PACHOJI0KEeHa KPATHIECKAS
TOYKA TedeHMsA, a pelleHHe ONACHBAETCA YPABHEHHAMH TEODHH CBO-
GogHoro B3amMoneiicTBEA. TakmM 06pasoM, nepsas monpaBKa K yCJIo0-
sa0 Yenmema — Hopcra umeer mopamok Re™' # (ToT ke mopAmox
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ZMeeT Iepemay [aBJEHAsA, BH3HBAKMUANE OTPHB HOIPAHMYHOTO CJIOA).
Jpyroii Ba;KHH BHBOJ COCTOAT B TOM, YTO KPHTHYECKas TOYKa B 00-
JaCTA TpHCcoefAHEHUsA 00s3aTeNBHO JEKAT B 00JacTH BSA3KOro Tede-
HES, IO KpaiiHed Mepe MJISA TAKEX YIJIOB HafieHAA CTPYH, KOTOPHE
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® nr. 11. CpaBHeHHe PACUETHHX U IKCIEPHMEHTANbHEIX JAHHKX AJIA MAKCAMAI b~
HOil BeJMYMHH TeINIOBOTO IIOTOKA B 06JacTH IPHCOe[UHeBHA JAMHHADHON OTPHIB-
HO#f 30HH B CBEDX3BYKOBOM IIOTOKe.

X Me= 3, Re = 105, g% = 0,5, fw=0, gw = 0,05;
OiMe= 3, Re = 105, g% =10,9, fw=20, gw=0,05;
[ Me=3, Re=104 m 108, g* = 0,5, fw=0, gw = 0,05;
@ M= 3, Re = 105, g*=0,5, fw=-0,4, gw = 0,05;

KOpPeaAN¥A 3KCOEePHMEHTAJbHHX HaHBHX [63]. M,—uncio Maxa Ha rpasume CTpyA
0 o6NacTE mprcoegudHeHns; Re—qHClIo PeHHONbACA, BHIYHCIEHHOE IO NJIMHE 30HH CMemeHAA
A ODapaMeTpaM HeBA3KOro MOTOKA [0 IIOBOpPOTa; g* H 8 ,— 3HaYeHuA Oeapa3MepHO#t 9HTAJMNb-

ITEA TOPMOMKEHHA rasd B 30He OTPHIBA B OKONO MOBEDPXHOCTH Tejla, OTHECEHHHE K ee BEJIMYAHE
B HEBA3ZKOM CBEPX3BYKOBOM IOTOKe; f.—OespasMepHad (YHKOUA TOKA HA JMHAA TOKa,
npUXonAmedtt Ha DOBEPXHOCTb Tejla, B ImepeMeHHHX Jinza-—- Hoponmangwna [42]; St--Maxcu-
ManbHOe 3HaueHHe yHcna CTSHTOHA; qmam—maucmanbﬂun TENnJI0BOA HIOTOK B obnacra

IpPHUCOSMACHAs; P,,—IIOTHOCTh asza NP TEMNEPAType CTEHKE M [aBieHEA 3a obaacTbio
IOBOPOTA; G.— YIOJl HafieHns CTPYH; Reg—uucio PeffHONBACA, BEMUCIIEHHOE DO TONMRHE 30HN
cMemerHA 1o o6nacTH moBopora; He — SHTANLIMA TOPMOMKEHHMS Ha CpaHEOE CTPYH.

COOTBETCTBYIOT HOBOPOTY IPH HPHCOCTAHEHHOM KOCOM CKadKe YIJIOT-
HEHUA [JIA TeYeHHA HEBA3KOTO rasa.

B pa6ore [42] mcenenyeTcs Takke pacmpefielleHHEe TEIIOBHX IOTO-
KOB B obmactu npmcoenunaenun. CpaspHeHEE PACYeTHHX NAHHHX I
MAaKCHMAIbHHX 3HaYeHHOH TENNOBBIX IOTOKOB ¢ SKCIEPHMEHTAJBHKEMHE
NaHHEMHA, cobparnnmME B paGorte [63), npusemeno ma ¢mr. 11. Ifaa
pacdeTa TEIJOBHX IIOTOKOB B HIDKHEH dacTH 0GNAacTE JOKaIbHO
HEBA3KOTO TEUEHHA PACCMOTPEHH Y3Kue 06/IacTh TedeHHs, B KOTOPHX
CymecTBeHHH 3QdeKTH BA3KOCTM H TeIJIOmpoBogHOCTH. B Kauecrse
KpaeBHX YCIOBH# [Jjsa 3THX o0JacTeil HCIONB30BAHK pPE3YJIBTATH
YHCIEHHOTO pelleHds 3a[a9d [JIA HeBABKOTO TeYeHHs, NOJYJIeHHHE
C TOMOIIbK) BECKOJLKO MOAMPUIEPOBAHHOTO METOfa HHTErpajbHEIX
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coorHomenuii Jlopoprunnna [38] npm mcnoabsoBanmm nBYx momoc.
PeayabTaTh pacueTa pacmpefieleHAA AaBIeHEA O TeJNy CPABHUBAIOTCS
¢ JKCIepHMEHTAJbHHRMA JaHHHMH [45] ma ¢ur. 12. Herotopoe npe-
BHIIEHEE 9KCNEePUMEeHTAJbHHX 3HAYEHHH 10 CPABHEHMIO C PACICTHRMR
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@ ur. 12. Pacnpenenenne paapieHus B 00JacTH HPUCOEAMHEHHA JaMHHADHOIR
OTPHBHO# 30HH mHepe] IATKOM B CBePX3BYKOBOM IIOTOKe.

pacuer [42]; O skcnepumenr [45]; p,,—nmaBienwe Ha Tene; po—MaBjIeHEe X0 o6racTm
NI PUCOENUACHH A .

00BACHAETCA TeM, 9TO pacdeT NPOBEAEH JHIb AJA JOKAJIbHO HEBA3-
Koii oGnactu. [l yaydmeHHsA COBIAJEHHA PACYeTOB C BKCIEPHMEH-
TaJbHHMHA JaHHHIME HEO0XOAMMO NOJNY4YATh pemeHNs H B o6aactm
cBOGOHOr0 B3aMMOJEHCTBHA.

Ilonnoe mcenenoBanme pasBATHX 30H OTPhHIBa NPH HCHONb3OBAHAH
ACEMIOTOTHYECKEX METOJ OB CBA3AHO CO 3HAYMTEJIHHHMH TPYAHOCTAMH.
OpHako AJIA NPOCTEHIIMX TeYelUHWil NOJYIeHB BasKHHE pPe3yJbTaTH.
Mpasgras [1], a noanmee Borwenop [46] maywamm niockme crammo-
HapHHeE O00JacTH TeYeRHH HECKHMAaeMoil KUIKOCTH, OTpPaHHYCHHEe
3aMKHYTHIMHA JMHAAMH Toka npH Re — co. OHE mokasaim, 9To ecam
pacxof Ta3a BHYTPM TAaKOH 30HH MO NMOPANKY BeJHYAHHW Goibpme,
YeM pacxofi B Y3KHX NOTPaHMYHWX CJIOAX Ha TpaHHOax obaacrm,
TO BHYTPH 30HH npH Re — oo cymecTsyer HeBA3Koe TedeHmE C MOCTO-
AHHKIM 3HaYeHHEM 3aBHXDeRHoOCTH. [{JA mpocToro wacTHoro ciydas
TedeHWs C NOCTOAHHHM [aBIeHHEM BAOJAb rpaHMun bBaTuenop ompeme-
JHEA BeJUYMHY 3aBAXDEHHOCTH, MCIOJB3YA YCJAOBHA CTANMOHAPHOCTH
TedeHUs B NOTrPaHAYHHIX CAOAX. ITH yCaoBHEA 0600maoTcsa IAA BeM30-
fapHYeCKHX TeueHMi HeC:KMMaeMo# KEakoctd B paborte [47] m nman
TeueHHMs C;KAMaeMoro rasa B pabore [42].
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B paGore [42] ¢ mcnonbsoBaHMEM aCHMOTOTHYECKHX peMeHHi s
OT/IeIbHHIX 06JacTell 30HH OTPHBA PasBHT HPHGIAMKeHHHI (HeaCHM-
OTOTHYECKMIA) METOJ pacueTa T€UeHHs B Pa3BHTOM 30HE OTPHBA mepen
IATKOM Ha Telie, 06TeKaeMOM CBEPX3BYKOBHM MOTOKOM rasa. I1ocKoxn-
Ky IpeAmoJarajgoch, 4T0 BHYTPEHHsISL 9aCTh 30HH OTPHBA COCTOMT
JUIOb B3 OXHOA 06JACTH, OrpAaHMYCHHON 3aMKHYTOH JIHHHMEH TOKa,
ofmas KapTEHA TeueHHs o0pa3oBaHa CIEAYIOIMAME 06JacTAME: OKpe-
CTHOCTEIO TOYKE oTpuiBa miamHOM ~O (Re~%/s), naa roTopoil HaiimeHO
yHuBepcaiapHOe pemeHme B paGore [20]; obaacThio mpmcoegmmenma
HOTOKAa K MOBEDPXHOCTH OTKJIOHEHHOTO INUTKA, B KOTOPOH mepemajn
naBiaends otiamiaerca Ha O (Re~'/1) or ompepmenseMoro m3 H3BecT-
Horo ycuaosusa Yemmema — Hopcra; o6aacThio HEBA3KHX BO3BpaTHO-
OUPKYJIADAOHHHX TeIeHUA, B KOTOPOi CKOPOCTA MaaH (HO HE CTPEMAT-
ca Kk Hyao upa Re — o0), a sucao M Maxo, 1 nosToMy 3aBUXpeHHOCTD
MOYTHA MOCTOSIHHA, M, HAKOHEN, ABYMsI MOTPAHHYHHME CIOAMH, OTHEe-
IA0IEME HEBA3K0E BO3BPATHO-HAPKYIAANUOHHOE TeYeHHE OT BHEIIHETO
HEeBSI3KOTO IOTOKA (30HA CMEMEHWs) W OT MOBEPXHOCTH Teja.

Takag Mopenb COBMECTHO C YCJAOBHAMHE [JIs OLpefeleHus 3aBHX-
PEHHOCTH ¥ TeMIepaTyph rasa B BO3BPAaTHO-MHPKYJIANHOHHOM Tede-
HAE DO03BOJsET y)Ke B HepBOM NPHOIMKEHAM DPaCCIUTATL KOHPHIY-
palui0 30HH OTPHIBA U TEIJIOBHE HOTOKA K Teay. OgHako B obmeM
ciaydae BHYTDH OTDRIBHOE B30HH MOrYyT 06pas3oBaThCA BTOPHIHEIE
BAXPH OKOJIO YIVIOBRIX TOUYeK KOHTYDA Tella MW BOAM3H TOYKH OTpPHBA.
910 00BACHAETCS OTPHIBOM HOTPAHATIHOTO CJIOSA B OCHOBAHHH BO3-
BpaTHOro TedeHns. VX BIMsHAe Ha 06IY0 KapTHHY TedeHHs, GopMy
OTPHIBHO# 30HH M [gaBJeHAe B HEA d9acTo HecymecTBeHHo. OmHAKO
BO3MOJKHOCTh TAaKHX 00pasoBaHmii B NPHHOANE HE IDO3BOJAET IOKA
OTBETATH HA BOIPOC O CYMECTBOBAHAW CTAMAOHAPHOTO (XOTA O
H HEYCTOMYMBOIO) NOPEAeJbHOTO pemeHdsa ypasHenmii Hasne —
Croxca.

B pa6ore [20] yganocs monyuuTs oxoHYATeNbHHE peleHHA 3afad
0 mony6eCKOHETHKX 30HA&X OTPHBA, BOBHAKAMEX B CBEPX3BYKOBOM
moToke. ONHAKO B 9THX 3ajadax BO3BPATHHE TeUeHHA HAYHHAITCH
B GeCKOHeTHO yHaneHHOH 061aCTH, a IPACOCTAHEHNA He IIPOHUCXOMNMT.
IlosroMy moay4eHHHE pemeHAA MOTYT NPAKTHYECKA OHKTH HCIOJIB-
30BAHH JIMOIb A JOKAJIBHOTO OUMCAHEA TeICHHH 0K0JIO TOYeK OTPHBA
B OTDHBHHX 30HAX KOHEYHOH IJIMHEI.

WnrepecHO 3aMeTHTh, 9TO pemeHHMe YPABHEHHH NOTPAHAYHOTO
cl10s, He00XOAEMOe JJIsA IOCTPOEHAs PemeHHMs 3a7add, B pabore [20]
YHMCJIEHHO HPOJONKEHO depe3 TOYKY OTPHBA. XOPOMO H3BECTHO, UTO
NPH 32[aHHOM 3HAYCHAH TrpPafiEeHTa [NaBIeHAA peleHue mMeeT ocofeH-
HOCTb TaKOro THOA, KOTODasA [edaeT HEBO3MOMKHHM IIPOIO/KeHHE
9YHCIeHHOT0 pemeHAsA 3afadl 3a TOYKY oTpHBa. llogpoGmmir 0630p
AHAJIATHIECKAX W 9HCIAEHHHX pPEe3yJIbTaTOB, OTHOCAIMUXCH K 3TOMY
BOIpoOCy, cofiepxkmarcsa B pabore [33]. B paGore [61] 6rno 3ameueno,
3TO IpPH CHENUAJIBHOM BHJE pPaCIpeleleHHs MaBJIeHHA MOKHO u36e-
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KaTh oOpameHnA B 6ECKOHEIHOCTb NPOM3BONHHX OT TOJIIMHH BHITEC-
HeHHS W HAOps;KeHHS TPEHHA Ha Tele.

B paGore [61] 6w nmpmmenen mckyccTBeHHHIA npmeM. CHadana
9HACJIeHHOe HHTErPHPOBAHME YDPABHEHHH HECKEMAeMOI0 IOTDAHHYHOTO
cloA OPOBOAHIOCH OGHYHKIM IyTeM, T. €. OPH 3aJaHHOM pacmpepeie-
BnE fapieHusa. Ha neGonbmoM paccToAHHE mepef TOYKOH OTPHBA
BMeCTO [aBJeHHA 33[aBAJOCh pacmpefeleHHe TOJIIMEHH BHTECHEHHA
HOrPaHAYHOIO CIOA B BHAe MOJHHOMA BTOpPOil WM TpeTheil cTemeHH,
a aBleHHEe ompefeasanoch. Ilpm aTom ynaBaxock mpoOATH 4epe3 TOUKY
OTpPHBA H Jake 00JacTh NPECOEAMHEHHA HeGOoABMO# 30HH OTPHBA.
Taxum obpasom pemanache ofpaTHas 3amada. [[1A CBEpX3BYKOBOIO
TeUYeHHA CO cBOGOMHEM B3ammofeicTBEeM [20] BO3MOKHOCTH HPOXO3K-
AeHESA Jepe3 TOUYKY OTPHBa 00ecmeIdBalach 3ajlaHAeM aHAIATHIECKOM
CBA3E MEKJAY BEJIHYAHOH [aBIeHHA W OPOHE3BOTHOH OT TOJMUHH
BHTECHEHAA nOrpaHEIHOro ciaoa. (Ceasn B BEuge QopMyian AKKe-
pera.) Paszymeercs, pemenme, moiyueHHOoe AaA 06aacTE 3a TOUKOM
OTPHIBA, He ABJIACTCH €[EHCTBEHHHIM H OTBe4aeT UMb HaKTEeHHOMY
BERY TedenEA. OgHAKO 5TO pemeHHE OTBEYAET YCIOBAAM B KPHATH-
9€CKOHl TOYKE BO3BPATHOI'O0 TEUYEHHA pAa3BHTOH B30HH OTPHBa, 9TO
BATHO W3 CPDaBHEHHWs pacUeTHOr0 3HA9YeHUs NABJIeHAA B H300apHOH
9acTHE 30HH OTPHBA ¢ KCOEPEMEHTANLHHME RaHHEEME (pur. 6).

JpdexTH, cBA3aHHHE CO B3amMOAEHCTBHEM BHEMHETO HEBA3KOTO
DOTOKa W NIOTPAHWYHOIO CJOS, OKA3KBAWTICA Hambojee CHIHHEIMHA
OpH THEOEP3BYKOBOH CKOPOCTH BHENIHEN0 MOTOKA, €CHH HM3BeCTHHA
mapaMeTD BA3KOI0 B3amMOAEHCTBHA § = M.T He ABIgeTCA MalHM.
B pesxmme caaboro BzammoneicTeua § < 1, upm y ~ 1 npmrATO roBo-
puTh 06 yMepeHHOM, a mpE %> 1 0 cATBRHOM B3aMMOMEHCTBHA THOEp-
3BYKOBOI'0 IOTOKa C HOTPaHHYHEIM cioem [48].

B paGote [49] pesyabraThl HmcciemoBaHHE CBOGOZHOrO B3aEMO-
[elCTBEA [IA yMEPEHHHX CBEPX3BYKOBHX cKopocTeir [18] pacmpo-
CTPaHEHH HAa THENEP3BYKOBHE TEUeHHA.

ITpr cnaGom BzammojelcTBEE Ha OCHOBHOI 9YacCTH TeJa I'DajHeHT
HaBIeHHAA, FHAYNADPYEMBIA TOJMAROH BHTECHeHAA NIOrPAaBEAIHOTO ClIOA,
Mal H BIEAeT Ha Te4eHHE JHIb BO BTopom mpubamxenmd. Ilostomy,
KaK ¥ OPH YMEPEeHHHX CBEPX3BYKOBWX CKOpPOCTAX, Ha YJacTKax
¢ OHICTPHM H3MEHEHHMEM TIPAHHYHHX YCJIOBHH BO3HHKAKT 00JaacTH
TeueHHHA €O cBoGOMHEHM B3auMOJeiicTBAeM. B KadecTBe HpHMepoB
TAKAX TEYCHHA MOKHO Ha3BaTh TEe4EHHA OKOJ0 TOYeK OTPHBA HIH
ao66e ApPyrAe T€IeHHA, B KOTOPHX IPH yMePEeHHHX CBEDX3BYKOBHIX
CKOPOCTAX BO3HHKAKT 00.1acTH cBOo0OXHOrO B3aHMOJEHCTBHA.

Ilpm remep3BYKOBHX CKOPOCTAX HECKOJBKO M3MEHAIOTCA MacmTa-

Ob mapaMeTpoB TEYEHHS, HampHMep:

Ap 1 x 3

- ~ e, -~ ‘4,
rae Ap/p — oTHOCHTeNbHAs BeJMYHHA Iepenafga faBieHddA, a Az/l —
OPOTAKEHHOCTh 00,acTA CBOGOMHOr0 B3aMMOJeACTBHA. Jlerko BAIETH,
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910 pd Mo~ 1 5TH mapaMeTpH HPHHEMAIOT OOKIYHHI BHJ JJA yMe-
PEeHHEIX CBEPX3BYKOBHX CKOPOCTEH.

Ecnn B3amMoneiicTBme Ha OCHOBHOM 9AaCTH Teja He ABJIAETCA Cla-
OLIM, TO IpafMeHT IaBJeHHUA, KOTOPHIA MHAYNUDPYETCSA NpH o0TeKaHH:
BHEIIHAM NOTOKOM 3()(eKTHBHOTO TelXa, 00pasoBaHHOIO TOJINAHOMA BHI-
TECHEeHHA MOTPAHUYHOrO CJIOs, BIHAET HA TEIEHUE B MOTPAHUIHOM CII0€e
y:Ke B nepBoM npubamxennu. Takum 06pasoM, pacIpeielieHre JaBIeHAs
Ha BHeIIHeH TIpaHWIE DOTPAHUTHOTO CJIOA Helb3s CIATATH 33aXAHHBIM
H ero Heo6XO0MMO OIPeAeNATh IPH COBMECTHOM HHTETPDHDPOBAHUH ypaB-
HEHHH JIA HEeBA3KOTO I'MIEP3BYKOBOI'0 IOTOKA M MOTPAHMYHOTO CIOA.
Ilpm aToM MaTeMaTAYeCKasA MOCTAHOBKA KpaeBO#M 3aJaud Ha Beei
OJAHMHE Tella aHAIOTHYHA €e IMOCTAaHOBKe B JOKAJNBHHX O0JAacTAX Tede-
HUiT €O CcBOGONHEIM B3aHMOOEHCTBEEM [JA DPEKEMA YMEPEHHBIX
cBepx3BYKOBHX ckopocreii [18]. IloaToMy MOkHO GHIIIO 0)KAAATH HOAB-
neEne 3PPeKTOB Iepefavud BO3MYINEHUI BBepX IO NOTOKY Ha BCeil
OJMHE Tela, T. €. 3aBECUMOCTH PEmIeHAsa OT KPaeBHX YCJIOBHI, 3afaH-
HHIX BHH3 IO IOTOKY.

B paGore [49] noraszano, 910 O6HYHEE KpaeBEE YCIOBUA, 3afaH-
HHE Ha IOBEePXHOCTH TeJa M BHEIIHEd IpaHdIe MOTPAHHIHOTO CIof,
M HavaJbHEE YCJIOBHs He UO3BOJAKT €IWHCTBEHHHM 00pa3oM ompe-
DEeJNUTh PEIeHUs 3afaYd AIA PeKEMOB YMEPEHHOrO W CHIBLHOTO B3aH-
MOJEHCTBUA [a)Ke B MEPBOM NPHOGIM:KeHWH. UTOOH BHAEIUTH €NHH-
CTBEHHOE pemeHne, HEOOXOAMMO 3ajaTh TONOJIHHUTENLHOE KpaeBoe
yclIoBHE — €Ile OfHY MOCTOSHHYK. E MokeT OHThL BelWYnWHA HOH-
HOTO JaBJEeHHS 332 JOHHHM Cpe30M, IO0J0KeHne TOIKA OTPHBA, KOTOpas
MOKeT OHTPH HOJIyYeHA W3 yCIOBH COBMECTHOCTH C peleHmeM, ONUCH-
BalOI¥M TeUeHHe BHEH3 mo moToky. B paGore [49] upoBemen amanms
XapaKTepa HEeeIHWHCTBEHHOCTH pPEINeHHsA [ TeYeHHUs OKOJO IJIOCKOMR
IJIaCTHHH IPH ¥ = oo (CHJIBHOE B3aHMOJEHCTBHE).

¥Ycranosneno, 9To npu OOHYHHX KpaeBHX ycaosusax (6es momoua-
HHTEJIHHOTO YCIOBHs, 3allaBaéMOro Ha KOHIE Tela), KPoMe XOpoimo
U3BECTHOI'0 ABTOMOJEIBHOTO peImeHHs, moiaydeHHoro Jimsom m Crio-
aprconoM [48], cymecTBynoT ABa OgHOmMApAMETPHYECKUX CeMEHCTBa
HEABTOMOJIEIbHEX pelleHdi ypaBHeHHA HOTPAHUYHOIO cloA. B okpe-
CTHOCTH IepefHed KPOMKH IJIACTHHH 3TY pemeHHs MOTYT OGHTH mpepn-
CTaBJIEHH B BUIE DPANOB:

f & M) ~ fo(m)+EH2Afy (n) + D) + .. .,
P () ~ Aot (1 -+ AgtHe -+ AEAHI 4, L),
rae &, n ¥ f — obuunne mepemennne Jopommunumna — Jluza [48]
’ y

x
2y -
t==2r (pdz,  n=@p7" {ody,
0

v—1
n
of

=75,

m
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f — ILIOTHOCTH, OCTAJbHEE 0003HAUEHHMA BCTPEUANMCH BHIIE W ABJIA-
joTca ofmenpuHATHME. IlepBHeE wieHH DasloKEHHA COOTBETCTBYIOT
aBTOMoOfleIbEOMY pemenmo. OnpefeneEne ClefyOIIUX WICHOB MOKET
OHITH CBEJEHO K pelleHMIo JHHEeHHON OMHOPO/HO! CHCTEMH YPaBHEHNIA,
HETPUBHAJbHOE PEIIeHHe KOTOPOH CYmeCTBYeT TOJNBKO IIPH «CoOCTBEeH-
HOM» 3HAUEHWH 4 ¥ OLPEJeNfieTCA ¢ TOYHOCTHI0 A0 IPOM3BOJILHOM
mocToanHOi, Hanpumep A ;. Cienyromue WIeHK HaXOAATCA OHOSHAYHO
(nnsa samamHOro A;) M3 pemeHMsA JIHHEHHOH HEONHOPOAHOH CHCTEMEH
ypasrennii. Iloxkasaro, 4To B 3aBECEMOCTH OT 3HaKa A, JlaBIeHue
1A HeaBTOMOJIeJbEKX pemenuil Bcoony Goasme (4, > 0) mau Beioxy
menpme (4, << 0), 5eM [ aBTOMOAENBHOTO pemennd. B naxsHeiimem
JJA KPATKOCTHE HM3JO0KEHHS TeIeHNs, COOTBETCTBYOINUE MOJOKATEIh-
HEIM W OTPHIATEJALHLIM 3HaueHHAM A, 6YAYT Ha3HBATHCH TEUEHHAMHU
C/RaTHA W paspesxenmsa, xora npa A, > 0 Bcerga cymecTyer o6nacTs
OKOJI0O HOCKa Tela, B KOTOpPO# faBjeHme YOHBaeT MO IOTOKY.

B pabore [52] amamoraunse pesyasTaTH MOJYYEHH AJS TPEYTOJb-
HOT0 KpHIJa W INIACTHHH, 00TeKaeMoO# CO CKOJb;KeHHEM, Korja Habe-
raoiii TOTOK HANpPABJIEH HE IO HOPMAlId K IepefHEH KPOMKe Iuia-
CTHEEHL. Y CTAHOBJEHO, YTO MHTEHCHBHOCTH PACHPOCTDPAHEHAS BO3MYIIE-
EXii BBEPX IO IOTOKY BO3PACTAET C YBEJWYEHHEM YIJa CKOJILKEHHA.
3aMeTHM, 4TO [JS OKOHYATEJIBLHOTO PEIIEHMA 3ajJai¥ O TEUYCHHH
Ha TPEYroJbHOM KpHUIe HEoOXOAMMO DPacCMOTPeTh BOHPOC O BHIIOJI-
HeHMH T'DaHHYHHX YCJIOBHH B miockocT: cmMMerpud. CymecTBeHHHI
HETEpec NPeACTaBIAeT HCCIe/i0BaHEe 00TeKaHUA TeJ BpAaINeHHs THOep-
3BYKOBHIM TIOTOKOM BSI3KOTO Tasa, mpoBefieHHOe B paGore [53] naus Beex
PE&KEMOB B3aMMOJeicTBAA — OT caaboro mo cmapHOro. Jlas yupome-
HHUSA PelIeHus 3aJa4d PACCMATPHBAJIMCH Tea ¢ TOJNINUHOM , IPOIOPHAC-
HalpHOM %4, rie £ — paccrosHme OT mepepHedl Kpomkd. Ilo cpasme-
HOI0 ¢ TEUCHUSMH OKOJ0 TWIocKHX Tea B pabore [53] sameuenn nBe
mHTepecHEHEe ocoGeHHOCTH. IJPPEeKT pacupocTpaHeHAs BO3MYIMEHHN
Ha Tenax Bpamenus ciabee. KpoMe Toro, oH McuesaeT B mpemeabHEX
cayuaax § — 0 @ g — oo M IOCTHraeT MaKCHMAaJbHOU WHTEHCHBHOCTH
Opd yMEPeHHOM B3aHMOJlefiCTBHH.

Kak BHIHO M3 pe3yabTaToB pacueToB, BRINOJHEHHHX B paboTax
[24, 53, 54] m npuBenennnx Ha ¢ur. 13, Benmurna coGCTBEHHOT0 3Ha-
YeHAA @ ABIAAETCA KPATEPHEM WHTEHCHBHOCTH Nepefadd BO3MYINECHH
BBepx 1o moToKy. C pocrom a apdext ymenbmaercsa. IlosTomy, coraac-
HO JaHHHM, IONYYeHHRM B paborax [55, 56] ansa Tevenma ma miaockoi
IUIaCTHHE, IPH BAYBE rasa 9epe3 NOBEPXHOCTH Tela addeKT ycmim-
BaeTCs, a NpH OXJaKIeHUH IOBEPXHOCTM pe3Ko oclabemaer. Becpma
BaKHKEIM ABJIAETCA BOIPOC O MOCTAHOBKE JOMOJHHTEIBHOTO KPAaeBOTO
YCJI0BHAA, ACIOIL3YEMOTO [ 0TGopa e[HHCTBeEHOTO PEelIeHNs 3a/1aY™.
B pa6ore [49] naa Teuenmit ¢ > O (1) noxasano, uTo ecim pemenue
1A OCHOBHOM vactm Teda [mammoit (Az/l) ~ 1] Be conepsxmt ocoboik
TOUKH, B KOTOpoil TpeHMe ofpamaerca B (ECKOHEYHOCTH, TO B KOHI[E
of6racTH QaBjeHHe HE MOKET H3MEHATHCA HA MNOPANOK BeJHYHHH

17



35

1 1
0,006 0007 _ 0,008

35

30

15

e

Pasm? Cfaam

P

10

05

0 1 1
0,006 ao0s 0016

6

® mr. 13. Pacmpepenende JaBleHAss H JOKATbHOTO KOdPPHIEeRTA CONPOTHBIE-

HEA TPeHHA HA IVIOCKOH IIaCTHHE IPH CHIBHOM B3aMMONEHCTBHE IHIEP3BYKOBOIO
OOTOKA C JaMAHAPHHM OOTrPAaHAYHHIM ciioem [24].

a—y=7/5, ax:49,6; 6—vy=5,3, ax23. p/pa“; —— cf/cfan 3 ¥—OTHOIUEHAE YHeJb-
T
HHIX TeIWI0eMKOCTeN, Pgp., Cf,p,—3HAYCHAA MAPAMETPOB [UIA ABTOMONEIBHOrO pPemIeHud,

x —0e3apasMepHad IIKHA MJIA OQHONO M3 HeABTOMOMENbHBIX pemeHmH.
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Ba jiamBax (Az/l) € 1. 310 06GCTOATENBCTBO MO3BOJNSAET TpPeGOBATH
HENPEPHBHOCTE M3MEHEHMs BEJIWYHHH JaBJIEHWA IPH IEPeXofe K cle-
pylomeit obiacTH, pacmojioKeHHOE HuKe Io TedeHmio. Hampmmep,
IV Te9eHUA OKOJIO INLOCKOHE INAaCTHHH ¢ IJIOCKEM CPE30M, 33 KOTOPHIM
IOHHOE JNaBJeHHE 3aflaH0, Heo6xommMmo oTO6paTh TO peEIIeHAE OJHO-
mapaMeTPAYecKOro ceMeicTBa, [Aid KOTOPOTo fAaBieHme mpm z/l =1
PaBHO 3alaHHOMY AOHHOMY /laBJI€HUIO.

Ha ¢ur. 13, ¢ n 6 npEBeieEH iBa «CTAHJAPTHHIX)» pemeHus u3 pabo-
T [24], Ba KOTOPHX IpeACTAaBICHH pacupefeleHds AaBIeHUA IIA
TedeHUH c;KaThA | paspesxenms. IlockoabKy fnaBneHHe OTHECEHO K €ro
BEJMYMEE JUIA CJYyYas aBTOMOJEJHHOIO PeIleHHs, TO JOCTaTOYHO OCY-
MECTBATH NpeobpasoBanpe HPOJOJBLHOR KOOPAHHATH TaKEM 00pasoM,
9TO0H HY;KHaf BEJIMYMHA 3TOT0 OTHOIIEHMs Homaja B Touky x/l = 1.
Cornacro rpynme mpeo6pasoBanmit [49], Benrmumua oTHOmeHHs faB-
JeHE# OPH 3TOM COXpaHSAETCA.

Jlns Tedenmii c)KaTAA HPA YBeJIWYEHHH JOHHOTO NaBJCHKMA Ha MHTE-
TPajJbHOH KPHBOH HOABISETCA TOYKa OTPHBa. JlanbpHeiimee yBenmue-
HHe JOHHOTO JaBJieHWsA NpPHBEAET K IepPeMEemeHH}0 TOYKH OTpPHBA
BBEPX IO HOTOKY. Bompoc 0 pemeHnn safad® ANA OTPHBHOTO Te4€HAA
pasymeeTcs, Tpebyer fmansEeimmx mcciaenoBanmii. Onraxko B paGote
[49] sameueno, 9T0, mOKa TOYKa OTPHBa He HmEepEMECTHIACH Ha IEpex-
HIOI0 KPOMKY, Te4eHHE OKOJI0 IOBEPXHOCTH ONNCHBAETCA NPE:KHAMHA
YpaBHeHMAMH H COXPaHMETCA NpeKHH# MacmTab Bcex (H3MYECKHX
napaMeTpoB. B wacTHOCTH, coxpaHseTcs mOpsaxok yriaa orpusa O (T).
Ecam sxe o craBoBETCA paBEHM O (1), TO OTPHB [OMKEH HAYMHATHCA
¢ mepefiHell KPOMKH. ¥ YaCTOK TeYeHUA A0 TOUKHE OTPHBA ONHCHBAETCH
TO# }Ke YHEBepCalbHOM HHTerpaibHOM KpuBoil. OmEako AaA ydacTka
TedeHAA 3a TOYKOi OTPHBA pemieHWe H3-33 HAJIHMYHEA BO3BPATHHX
TedeHR MoKeT B o6meM ciaydae M3MEHHTLCA.

HeaBToMopenbELE pemeHds AiA TedeHHH paspe;KeHHA OKaHIH-
BAalOTCA 0CO00O# TOYKOH, B KOTOPOil Haups;KeHWe TpPeHHS Ha Tele
® abcodioTHAA BeJMYMEA IpafiMeHTa faBieHEA obpamalorca B Gecko-
HedHOCTh. OHAKO BeJMYMHA [ABIEHHA OCTAeTCA KOHEYHOH M IOJO-
JKATENBHO#, paBHO# p,. Bompoc 06 or6ope pemenms B aToM ciydae
yToureH B paGore [56], rae mokasano, 4To mpm 3HAUYEHHAX IOHHOTO
JaBJIeHHA Pn > py [(z/l) = 1] Bompoc pemaercss Tak ke, Kak U Jias
TedeHH c;kaTHA. B arolt o6a1acTm 3HaueHHH pj, €ro H3MeHeHHe BIHSAET
Ha pacopefieleEHe JaBjleHHA OO0 BCell NOBEePXHOCTH Teda. Ecam
Py > py > [2/(y + 1)l9/v—Vp, | To pemenme Ha OCHOBHOH TacTH Tena,
1. e. mpE 0 << 2/l << 1, pEKCHpPOBaHO B HMEET HA KOBIE 0c06Y 10 TOUKY.
9t0 o3HavaeT, 9T0 B6AM3HA A0HHOTO cpe3a GopMEpyeTcsa 06:1acTs ¢ 60ab-
IIAMHA JOKAJBHELKIMA TDafiieHTaMM JaBJeBHA, B KOTOPOM [aBJieHHE Ha
TeJIe MEHAETCA OT Py IO Py Ha PACCTOAHMAX MOPAAKA TOJIMHK MOTPa-
HHYHOTO cliof ~I[t. M3MeHeBEe p, B yKa3aHHHX Ipefeiax BJHAET
HAa TeYeHHE TOJBKO B JOKalbHOU oGaacTd. JlanpBeilimee yMeRbmeHHEe
JOHHOTO JlaBleHns p 5 < [2/(y + 1)]¥/0—Dp, yxe me Bamser Ha Tede-
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HEe, TaK Kak B KOHIe JOKAJIbHO HeBABKOH 06JaCTH 're4eHNA Y HOBEPX-
HOCTH TeJa CKOPOCTh HOTOKA CTAHOBUTCA 3BYKOBOM M BO3MYMEHHA
He IepefalTCsA BBEpX IO HOTOKY. 3aMETHM, YTO IPH 3TOM peImeHHe
CYIIECTBEHHO OTIMYAeTCA OT aBTOMOJENbHOr0, 0COGEHHO BOJHM3H AOB-
HOTO Ccpesa.

B pa6ore [49] morasamo, 9T0 KpaeBasa 3ajada AJaA TeYeHAS Ha IIa-
CTHHe OpH Y — 00 MHBAPHAHTHA OTHOCHTEAHLHO HEKOTOPOH OJHOIA-
paMeTpHYecKod TIpynnn a¢EHEHX npeofpasoBaHWil NEePEeMEHHBIX
(xpoMe ycioBEA Ha 3amHEH KPOMKe). 3TO HO3BOJAET CBECTH BCI) COBO-
KYIHOCTh HEaBTOMOJEIBHHX DEMEHWH 3aJa9¥ K JBYM (CTaHZAPTHEIM)
pEIIeHAAM, COOTBETCTBYIOIGUM TEICHHAM CyKAaTHA U pasperkeHHsd.

Jasg molydeHWs pa3nmiEHX $opM 3aKOHa mOmOOHA MOCTATOYHO,
HOIB3YACH BUAOM rpynnu mpeobpasoBaHuil, cHOPMEAPOBATHL TAKHE
KOMOMHAIAE TEPEMEHHHX, B KOTOPHIX HCKIIYAETCA HPOU3BOJIbHAA
mocToARHasA upeobpasoBanud. Hoshii 3aK0H mogo0usa ABageTca Golee
o6muM mo CpaBHEHMIO ¢ HaiifleEHKIM paHee B paborax [50, 51]. Teopma
mopobua [50, 51] me aBaserca moamoil, Tak Kax B Hell He YUYATH-
BaeTCA BOSMOKHOCTH IEpefadd BOSMYIEEMi BBEPX IO LOTOKY, IpH
KOTOpO# HeoGXogAMO BBeJEHHE €INe OJHOrO0 AOUOJEMTEILHOTO Iapa-
MeTpa mopobma. OmEaKo OHA mOJEe3HA AJA TaKAX oblacrell TedeHws,
rae 3ToT sddert man. [anapHelimee mccleqoBamme 3aKOHOB mOAO0HsA
¢ Y9eTOM pacOpOCTPAaHEHHs BO3MYINEHHH BBEPX IO HOTOKY AJMA pas-
AMYHKX TeYeHMEA BHOONHEHO B pabote [54]. dxcmepmmenranbpmas
OPOBEPKA 3aKOHOB mOA00HA H CpaBHEHHE PACYETHHIX M SKCIEPHMEH-
TaJbHKX JaHHEKEX OpoBefeHH B paborax [57, 58]. 3rm pesyabrath
moxasaae Ha ¢ur. 14, 15. CoBnagenre BuoJiHe yIOBIETBOPHATEILHOE.

Acumnrormueckme Meronn pemenma ypaBHeEmii Hasbe — Crokca
HalluIi TpPAMEHEHHWE K 3ajadaM oOTeKaHAA MAIHX NPENATCTBHA HiId
HEPOBHOCTEH, PACHOIOKEHHNX B OCHOBAHAW HOTPAHEYHOrO cios [59,
60]. B pa6ore [59] paccMaTpuBaeTcs o6TeKaHEEe HECKAMAEMOH KEIKO-
CTBIO «eUHWYHOM IMEPOX0BATOCTH», T. €. BLHICTYIA ¢ BHICOTOH, MHOTO
MeHbIIefl TOJMWHK morpaEmYHOro ciaod. Mcciaegyercs Tarkoil perkuM
TeYeHus , IPH KOTOopoM gucio Peiinoabnca, BEYACIEHEOE IO XapaKTep-
HOMY pasMepy BHICTYIa ¥ CKOPOCTH BHYTPH UOTPAaHEYHOTO CIOS
Ha BHICOTE BHICTYyIA, ¥ &~ b, Beauxo. [losToMy B nepsoM npubiamxeRnn
mIA 06JacTH ¢ XapaKTepHKRM pasMepoM IOPAAKA BHICOTHL BHICTYIA
3aja9a CBOJUTCHA K pemeHdi0 ypapHeHmid OJiaepa. Mcmoanbsosamme
OPHUHOANA CPAIABAHUA ACEMIOTOTAYECKUX PpA3JIOKEeHHH D03BOJSAET
OLIpEieNuTh FPaHAYHEE YCIOBHA B «HaferaomeM» Ha BHCTYO HOTOKe
O BAAJH OT Hero. B 3THX MecTax BO3MYINEHWS, BHOCHMEE BRICTYIIOM,
OOJNKHEL 3aTyxaTh. HeBOSMYMIEHHHH IOTOK JOKAJIbHO HMEET BHA:
u~y, v=0. Hosppuouenr npomopnmoraisHOCTH B {dopMyIie
OJA U [OJKEH COOTBETCTBOBATH MECTHOMY 3HAUCHHI0 HAIpPSAKEHHS
TpeHAsA Ha JHE HEBO3MYIMEHHOrO0 HOrpaEMYHOro ciosa. B paGore [59]
HCCIeOBAHK TaK:Ke TEICHAA OKOJO BHICTYIOB, IOCTEIEHHO MOHIMKAIO-
muExcsa BBepx 1 BHA3 1o moToxy. [lokasano, 9To npm canmKoM pe3xoM
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yMeHbIIEHEN BEHICOTH BHCTyna (Kpyde, 9eM | z |?) pemenme ypasrenmii
itnepa o6sa3aTeNbHO COREPKAT 06MaCTh BOSBPATHHX TEYEHMH, KOTO-
pas Moxker o6pa3oBaTbCA mepef BHCTymoM H 3a HEM. Hpome Toro,
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@ mr. 14. JKkcoepuMeHTaNbHAA NPOBePKA 3aKOHA NMOJOOAA A TEUCHUI B PeKH-
Me CHJIBHOTO B3aUMOJEHCTBIA T[HIEP3BYKOBOr0 NOTOKA C MOrPaHMYHBIM CJ0eM
¢ y4eTOM PacOpOCTPaHeHMA BO3MymieHuil BBepx mo moToky; M = 23,3, Re —=
= 1,9-104 [49, 57].

@ — 9KCIICPAMEATANbHNE Pe3YAbTATH; f—Te e pe3yAbTaTH B KOOPAMHATAX nogobua; @ a=0°;
O a=10° X a=11°30"; A a=13°; [ a=20°; t—nepemennana JOpPOXHNONHA.

B 9To#l pafoTe m3yJeH HNOTPaHUYHHIA C.I0H B HAKHEH 4aCTH JOKajib-
HOTO HEBSA3KOTO0 TeYeHHs.

B pa6ore [60] mccnegoBano o6TekaHEe MaTHX BHCTYNOB IIPH CBEPX-~
3BYKOBHIX CKOPOCTAX TeUeHHA BO BHemHeM HeBA3KOM moToke. [laHa
ofmas KiIaccHmpMKaUMA DEKHEMOB TeUeHHH, BOZHMRAIOMUX OPH BCeX
BO3MOKHHX KOMOMHAUMAX TreoMeTpHYECKHX IapaMeTpPOB M MeECTHOM
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TOMMUEHN OorpaEmysoro ciaos. ChopmyampoBaHH COOTBETCTBYWOIIEE
KpaepHe 3ajadyd W HaigeHH HapaMeTpu mofobumsa. aa HeKoTopHX
PEeKEMOB IPOBeJeHH pacdeTHHE WCCIENOBAHUSA MIH HaiAeHH aHAIH-
THYECKHe pemeHMs. PeaynbTaTH paGoTH IO3BOJAAIOT COENaTh CIEHYIO-
mye WETepecHKEe BHBoAL. IIpe:xae Bcero saMeTHoe yBeliMdeHAe HaOPsA-
’KeHUs TPEHHUA ¥ TEIJOBHX MOTOKOB K HOBEPXHOCTH TeJa MOKET Ipo-
HCXONMTH Ha PACCTOAHUAX, NPEBHINAIOMMUX IO NOPAAKY XapaKTepPHEIH
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@ ur. 15. CpaBHeHHe - pacUeTHHX W 3KCHePAMEHTAJbHHX MAHHHX IO pacmpe-
AeJIeHHIO RABJEHAA HAa IIOCKOH IJIacTHHE CO IMUTKOM OPH CHJIbHOM B3aEMONEeH-
CTBOH THOEP3BYKOBOTO IOTOKA C JIAMUHADHHM IOI'PAHMIHHM ciaoeM; M = 24,2,
x = 10—16 [58].

{—paccToAHMe OT mepefHed KPOMKE ITACTAHH N0 MUATKA; Dy pp— RABICHEE [JA ABTOMONENb-

HOrO pemeHns; pacger. O a=90°, h/1=0,12; x a=90° h/1=0,08; A a=10°
@ o=0° (a—yrol OTKNOHEHHA INATKA, YCTAHOBJEHHOrO HA 3afHEH dYACTH ILTACTHHN).

pasMep mpeunaTcTBHA. 1lpm ompemeneHum Hadaja OTPHBA NOTOKA AJSA
NIPENATCTBAA, BHCOTA M [QJIMHA KOTOPHX OJHOIO NOPAJAKA BEJIWIAHHI,
Ha paccTOAHHEAX ~b He06GX0oauMO pemars noJHHe ypasHerusa Hasre —
Ctoxrca mna HeC;KMMaeMoil sRANKOCTE (XOTA BHEUTHHH IOTOK CBEPX3BY-
KOBOIl) M YOPOINEHHHX KpaeBHX yciaopuil. [[1s TOEKEX DpensTCTBH:
3aflada OUpefeJeHAs Havala H Pa3BHTUS OTPHBA CYmECTBEHHO yIpoO-
MmAaeTCs, TAaK KaK CBOIATCA K pemerrio ypasuenui Ilpaantas. llpasna,
rpajuenT JABJIeHUs B HAX 9aCTO HE 3a/IaH U OIpeJelsAeTCA U3 PeleHns,
HO 3T0 He 00s3aTelbHO NPUBOJUT K Hepefade BOSMYIMEHWH BBepx
0 TeYeHHI, TAK KAaK TpajAeHT AAaBICHHs] HE CBA3aH B 3TOM Clydae
€O BTOpPO#l IPOH3BOJHON mO z OT (QYHKOHMH TedeHHA.
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Haxormen, mETepecEHii pesyapTarT Gojlee 9acTHOro xapakrepa
NOJNYyYeH i TeYeHWH OKOJ0 TOHKHMX IPEnATCTBHA HpH Goabmmx
BHAYeHHSAX MeCTHOro wmciaa PeiiHonbica, KOrga [As OCHOBHOM YacTh
BOSMYMEHHOM 00IaCTE cnpaBexiEBH ypaBHeHEs Jiinepa. Oxasanocs,
49T0 3HAK BOBMYIEHEH MaBICHHS, BH3HBAaEeMHX HA NepegHE#d wacTm
IPeDATCTBASA, 3aBECAT OT DAapaMeTpa, PaBHOrO OTHOIIEHWIO ILIONMAJH
IONEePEYHOro CeYeHHs NPENATCTBEA K XapaKTepHOH IIOmMAfH CeYeHHus
porpasmuroro cios ~Re-1. Ecam aToT mapamMerp MaJ, TO IPENATCTBEE
MHAYOHPYET paspe:keHHe, TAK KaK B3amMOJIeCTBHE pacopocTpa-
HAETCS JHUMb HA JOBBYKOBYI 4acTh HPOQHIA NOrpaHEYHOLO CIOA.
Happoras, npu Goasmux sHaueHHsAX napamerpa of6A3aTelbHO peann-
3YyITCA BO3BMYIIEHHsS CKaTMs, a4 HA B3aEMOJEHCTBHE B OCHOBHOM
BIHAET BHEIIHHY CBEPX3BYKOBOH IOTOK.
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4. PE3YJibTATH MCCNEAOBAHHH

ABYMEPHbBIX OTPBIBHBIX TEHEHWH C MOMOLLBIO MPUBIMHLEHHBIX
H Nony aMNHPHYECKHUX METOLOB,

MONYYEHHBIE B COBETCHOM COIO3E

Hecmorpa Ha Gonpmoe pazHOOGpasme NpHGIMKEHHRX METONOB,
HX MOXHO B OCHOBHOM OTHECTH K ABYM THmaM. B npméamxeHHHX
METOfaX mepBOr0 THIA HCUOJb3YIOTCH PAasiMYHEE POPMH HHTETPATb-
HHX ypaBHEHHH H COOTHONIEHMI, NOJYYeHHHX W3 ypaBHEHWil Iorpa-
aEgHOTO ciog. Ilo cymecTBy Takoil mOLX0f ABIAETCA HENOCPENCTBEH-
HEIM OPOJOJKEHAEM XODPONO H3BECTHHIX METONOB pacdieTa Ge30TpHB-
HHIX TeYeHHH DOTPAHEYHOTO CIO0A. 3afa49a 0 PACUETe OTPHBHOTO TeUe-
HAA CBOXHTCH K MHTeTPHPOBAHAI0 CHCTEMH HEJMHEHHHX OGHKHOBEH-
BrX auddepernmansunx ypasHeHmit. Ilpm sToM Tepsaercs mEPOD-
MAOHA O pacOpefe]eHAA QYHKIWHA 10 TOJNMUHE MOTPAHUYHOTO CJIOA.
IlosTOMy BBOAHTCA DPEANOJNOKEHHE O TOM, UTO 3TH NPOPHIHE OPHHAL-
JeaT K TOMY HIN HHOMY CeMEMCTBY B 3aBHCHMOCTH OT YWcla CBOGOX-
EHX DapaMeTPOB, COOTBETCTBYIONMETO UHMCIY YPaBHEHHWI JJs ompepe-
JleEAs WX H3MEHEHHA BAOAb moToKa. CmcTeMa [OMOJNHAETCA COOTHO-
MEeHAAMH, CBASHBAIOMEME pacOpefejeHde TOJMMUHKE BHTECHEHHS
DOrPAHAYHEOIO CJIOS C XapaKTePHCTHKaMH BHENIHETO uoToka. Jlas
MoAyUeHHsA YIOBJETBOPHTEIBHEX Pe3yIbTATOB BaXKHOE 3HAUYCHHAE HMEET
BHGOD ceMeiicTBa mpoduaeit pacnpefeleHNs NapaMeTPOB IO TOJMMUHE
DOTPAHHEYHOTO CIOS, a TAaKKe COOTHONEHHH [Jjs pacieTa BHEIIHETO
HEBA3KOTO TedYeHUs.

K nepBnm coserckmM pa6oTam, B KOTOPDHX HCIOJB30BAaH TaKOM
DOIXOX K pacdery CBEPX3BYKOBHIX TE€UeHHH C JaMHHADHHIMA OTDPHIB-
HHIMA 30HaMH, npmEagiesxar paGotm [1, 2]. B oGemx paGorax pas
pacuera [aBjeHEs Ha TPaHHOE IOTPAHHYHOTO CJIOS MCIOJAb30BaHH
coorromenns Ilpamaras — Maiiepa. Kpome Toro, B paGorte [1], rue
paccMaTpHBaeTCsA 3ajaia O IafleHEM CKauKa YIJOTHeHHA Ha Iorpa-
HHYHHHA CJI0#, YYHTHBAJIHCH COOTBETCTBYIOIIWE YCJIOBHA pa3pHBa
B TOUKe majeHAA CKauKa. B oToil paGoTe HCHOONB30BAHO OfHOIAPA-
MeTpHYecKoe CeMeiCTBO CTeNeHHHX Npodmiell CKOPOCTH W PHTAIbLIAH
TopMokeHHA B nepeMerHHX [loponemunHa. B paGore [2] mcmoanso-
BaHO OfHONAPAMETPHIECKOe CeMecTBO mpodmiieit CKOPOCTH aBTOMO-
NeIbHHX pelieHEHMli ypaBHeHHWIl NOIPaHHYHOIO CI0sA. PaccunmTHBazach
OTDHBHAA 30HA, BO3HMKalomas uepen mutkoM. CpaBHeHHe pesyibTa-
TOB pacyeTa ¢ HKCHePHMEHTAJbHEMH JAHHKEIMY IO0Ka3aJ0, 9T0 X0polee
COBIfieHUE IIONYyYaeTCA HNJAA HE CIMIIKOM [JHHHEHX 30H OTDHBA,
He HMEWIUX pa3sBATO# 06jacTA ¢ NOYTE HOCTOAHHOH BeIHIAHOM
NABJICHHS.

B mocaegume ropgm onyGamkoBaH mEHKA paGoT, B KOTODHX HMHTe-
rpaJbHEHE METORH HCHOJB3YIOTCA A pacueTa TeueHHH ¢ TypOynenT-
HHMH OTpHBHEMHA 30HaMu [3—6]. PaGoru [4—6] mo MeTopmke mpm-
uuKaoT X pabore Kpokxko — Jlmsa [7]. Canegyer ormeTHTBH, uTO mpH-
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MeHeHNe WHTEerpajbhbHOr0 IMOAXOfa K TYPOYIeHTHHM TedeHWsM 6olee
IpHBJIEKATeNbHO, YeM K JaMHHADHHM. Bo-mepBmx, mas Typ6ynent-
HEIX TeYeHWil 0 HACTOAMEro BpeMeHN He MOJIyIeHO MCXOXHONK 3aMKHY-
TO# CHCTEMH TOYHHX YpaBHEHWil, H I03TOMY IOKA HET BO3MOKHOCTH
IA pasBATHEA Gosee CTPOrEX MeTomoB. HpoMe Toro, @3-sa Gombmoit
HHTeHCUBHOCTH IIPOLECCOB TypOyIeHTHOro cMemenns o61acTd ¢ moar:
OOCTOSAHHKEIM [aBJIEHHEM, PacueT KOTOPHX B paMKaX €JHHOK CXeMH
9acTO0 OKa3HBaeTCA 3aTPYAHHTEIbHHM, B 3TOM CIydae MeHee BHIpa-
xeHH. (HpoMe HeKOTODHX THIOB TeueHMiT, Ha@pAMED OTPHBHHX
30H mepeq TeJaMH C HIJIaMH.)

Pazymeercs, mpm pacuere TypOyNEHTHHX TeUeHHHA NTPHXOMUTCA
mOJIb30BaThCA aMmEpHYeckoir madopmanmmeil. Ho gacTo orpammumsa-
0TCA HCIOIb30BaHHEM HECKOJABKAX YHABEPCAILHHIX KOHCTAaHT. BmecTe
¢ TeM pe3yJabTaTH PacieTOB pasMepOB OTPHBHHX 30H, OHHOTO HaBJe-
HAA, KPETEYECKHX IepenajoB MaBIEHAA HOCTATOYHO XOPOMO COBIA-
[AaT C SKCOEPEMEHTANbLHHMHA [aHHKME. B ymoMamyTmx pa6oTax
OpOBeeHH PacieTH JOHHOTO AaBIEHHA H GIM;KHEro cjiela B Heorpa-
HEYeHHOM mOoToKe [25] m mpm cTpyitHoM o06TeKaHuH Tes, a TaKKe OTPHIB-
HEIX TeYeHW# B KaHakax. OmpefeleHH TaKe XapaKTePUCTHKH
NCEBIOCKaUKa, T. €. 06JacTH mepexofla 0T CBEPX3BYKOBOTO TEUCHHS
B JIHNHHOM KaHAJe K I03BYKOBOMY, B KOTOPOil BMECTO IIPAMOr0 CKAaTKa
BO3HHKAeT CJIOKHAfA CHCTeMa CIalHX KOCHX CKAaYKOB H OTDPHBOB
moTOKa NIpH TypOyleHATHOM TedeHHH BGAm3m cTeHOK [6].

Wcnmonnsopanme apyroro mogxopma faeT HAWAYYNIAEe pPe3yIbTATH
EMEHHO [JIfi pPasBATHX 30H OTPHBa, B OCHOBHOM 9YaCTH KOTOPHX
HaBleHHE MOYTH MOCTOAHHO. [lepBoHAYANBLHO 3TOT MOAXOX OBLI mpef-
noxer Kopcrom [8] u Yenmenoum [9] aaa TypGynenTHHX # naMmHap-
HEIX OTPHIBHHX 30H COOTBETCTBeHHO. Eiro 0CHOBH mOApOGHO M303KeHEH
B kamre Usxena. Tam ke W3n0KeHH moOmpaBKH, IpefJaraeMsle HHO-
CTPaHHHMH aBTODAaMH HIJs y9eTa BINAHEA BASKOCTH Ha Iepenap
HaBIeHAsA B OOJACTH NpHUCOENUHEHUs, HAYAJBLHON TOJIMAHH MOTpa-
HAYHOTrO ¢J10A ¥ T. I. [ToaToMy 3mecs 6yayT AMmME KpaTKO nepeYHCISHE
COBeTCKEE DalOTH W HEKOTOpHE IOJYIeHHHE B HHAX pPe3yIbTaTH.

B paforax [10—12, 24] aTor moxxon mcmoNb3oBaH AJAA pacueTa
AOHHOT'O MAaBJEHAA 33 YCTYNAMH B ClIyYae IBYMEDHHX TYypOyJIeHTHHX
ocecHMMeTpHIHHX Tedemmit. B pa6orax [13—16] mccaemosano momnoe
maBieHHme 3a TegamMu mnpoctoit ¢opmu. IIpm nocratoumo Gompmom
qucae Maxa oTHomeHHme QOHHOTO JaBJIEHHA 3a KIMHOM K [aBJICHHIO
B HaferamimeM HEBO3MYMIeHHOM NOTOKe KAaK Aas Typ6yaentnoro [13],
Tak ® a4 jgammHapHOro (14] Tewemmit Bo3pacraer ¢ pocroMm M.
B paGote [14] ykasmBaercs, uTo maBecTHHE NPHHEDUN CTaOMIM3amud
TedeHHsA mpa M, — 0o 0Ka3HBAETCHA COpaBeIJIMBRM U s CAOEP3BY-
KOBHIX TeIeHHil ¢ OTPHBHEMHE 30HaMH. TaM jKe yCTAHOBIEHO, YTO HOH-
HO® [IaBJleHWe 33 TOHKMMH KJIHMHbAMH 3aBHCHT OT HM3BECTHOTO Iapa-
merpa mofo6msa MwT, rme T — GeapasmMepHas TOJMuHaA KIHHA. B pa-
Gorax [15, 16] st pesyarTaTH HDPHMEHAITCA K TEIGHHAM OKOJO
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KIHHLEB W IIACTHHH, O0TeKaeMHX IOJ YIJIaMHE aTakd. B wactmOCTH,
OKa3HBaeTcsa, 9TO IPH A0CTaToYHO GoapmoMm umcae Maxa ma momser-
PEeHHO# CTOpOHEe Teda ROMKHA 06pa30BAaThCA OTPHIBHASA 30HA, HAYH-
HAIOmMAACA OT HepeHel KPOMKH TeJa W OMHBAIOIMAA BCIO IOJBETPEH-
HYI0 CTOpPOHY Teiaa. J[aBIeHHEE B 9TOH 30HE, OTHECEHHOE K JABICHHIO
B HalerapomeM HOTOKe, Bospacraer Kak MZ.

B paGorax [17—20] pasBETa MeToaMKa pacyeTa JaMEHADPHBIX
H TypOyJeHTHHX OTPHBHHX 30H mepej| cdepoil ¢ UIIIOH, HAYaI0 KOTO-
PRIX PACIOIO03KEHO HA OCTPHE UIIH, 06TeKaeModl BIOJL OCH CHAMMETDHN
¥ OOJ yriaMu aTakKH.

Bonee cno;xHOUl sABIAETCA 3ajada O pacdeTe TEYEHHIi, B KOTOPHIX
OTPHIB IOTOKA HAYMHAETCA Ha TIaKOM yJacTKe KOHTYpa Teja M ero
OJIO;KEHUe 3apaHee HEH3BECTHO. TeueHMA TAKOro THIA HCCIE0Ba-
amce B paGorax [21, 22]. Ommoro ycmosms Uenmena — Kopera miam
KaKux-1u60 ero MogEpEKANEil OKA3HBaeTCA HEJOCTATOYHO [JIA 3aMEI-
KaHOA 3aJa98 0 pasMepax H MOJ0KeHHN A300apMIeCKOM 30HK OTPHIBA.
Onpepensaa KOOPAMHATH TOYKH OTPHIBA, B BTOM CiIydYae HeoGXoamMo
UCIOJbL30BaTh €Ie OJHO NOIOJHHUTEILHOE alreGpamvecKoe COOTHOmE-
HOe, CBASHIBAIOMEE AaBJIEHHEE B OTPLIBHOM 30HE C JIOKAILHEIMHA XapaK-
TepUCTEKAMA HOTPAHETIHOTO CIOA mepef TOYKoi oTpuBa. Takme cooT-
HOIIEHUA 9aCTO HA3HBAKOT KPETEPHAMH OTPrIBa. MeToqs BX nonyvenns
Ha OCHOBE JKCIHEPUMEHTANLHHX MAHHHX, KAYECTBEHHHX MOJEIbHEIX
coofpasKeHdH, a TAKKe ACHMITOTHIECKEX METO/IOB H3JIOKEHH B KHHATE
Uxena ¥ B OpequyIieM pasjaeie npeiokeHdEd. B pabore [21] B ka-
9ecTBe mpEMEpa NPMIOKEeHEA 00mero npubiImKeRHOr0o MeToa pacuera
pemena 3amaZa 00 OTpHBE Ha IUVIOCKON IUIACTEHE Nepel IMATKOM
B CBEPX3BYKOBOM mortoxe. J[ommoe maBieHme 3a cdepoil ompeneneHo
B pabore [22].

Ha ocHoBaHHE HCXOIHOI MOeIE H300apHOM OTPLIBHON 30HH B pa-
Gore [23] mposemen pacuer TeMmepaTypu rasa B ofiacTHm OTpHBA.
B paGore [24] B mpemmonoxenmE o ToM, 9TO HamGoiee MeIeHHEM
IpPOIECCOM INpPHA YCTAHOBIEHAW CTANWOHAPHOTO TEUeHHA B MOHHOK
obnacTE ABaAercA TypOyIeHATHOE IepeMelIMBaHME, paspaboTal MeTOR
OIeHKM BpPEMEHH YCTAaHOBJEHWA CTAMOHAPHOTO TEYEHHA B OHHOK
Typb6ynenTHOR OoTpHBHOU 30HE. IloyueHHNe peayabTaTH mO HOPANKY
BeJIWYONH OJE3KE K DKCHEPHAMEHTANLHHM TAHHEIM.
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5. TENNONEPEJAYA K NOABETPEHHOM CTOPOHE TEJA
NPH OTPLIBHOM OBTEKAHWW EFO NMOTOKOM C BOJbLUOH
CBEPX3BYKOBOM CKOPOCTbIO

HocraTouro X0opoImmo H3BECTHO, 4TO B 00JaCTAX HOPHCOCAHHCHHSA
OTOPBABUIETOCA OT TBEP/IOi MHOBEPXHOCTHE CBEPX3BYKOBOTO IBYMEPHOTO
H 0CeCHMMETPHYHOr'0 IOTOKA BO3MOKHO HOABIEHAE Y3KAX oGaacreii-
OAKOB TEIJIOBOr0 MOTOKA, HAMHOTO HPEBHINAIONMEro TeIIOBOM HOTOK
Ha OKpecTHOH TactH moBepxHOcTH. O6JacTh OTpHBA B [JBYMEDHHIX
TeYeHAAX NpeACcTaBliger cob6ofl 3aMKHYTYI 001acTh DEPKYIANUAOH-
HOTO TeUeHHA; B 00JACTH HpPHUCOENMHEHAA K TBEPHOH IOBEPXHOCTH
TOAXOQAT pAa3fedfAnmasd MDOBEPXHOCTh TOKA M Te4eHAE CXOLHO CO
cTpyeil, BCTpEJAMEAcA ¢ TBepAo# HOBEPXHOCTHI. B TpexMepHHIX
OTPHBHEX TEUEHHAX HA INAPKYJIANAOHHOE TedeHAEe HAKIANHBAECTCA
«OpofoNbHOE» TedeHHMe (HAmpaBIEHAE KOTOPOTO HE M3MEHAETCH)
H BMeCTO 3aMKHYTOH o6aactm obpasyeTcs He3aMKHyTas o0O0JacTh
«BHHTOBOTO» Te4eHAA. B TpexMepHHIX OTPHBHHX TE€UOHHAX NHKA TeIl-
JI0BOTO MOTOKA 3KCIEPHMEHTAIbHO OOHADY/KEHH HEJNABHO W BIHAHME
Ha OX HoABjJeHHe mapaMeTpoB M., Rew, $opMH m yria arakm Texa
H3yYeHO eIe HeJOoCTaTo9HOo. BMecre ¢ TeM HOHKHA TEIIOBOTO IOTOKA
MpPeCcTaBIAKT OOJBIIYI0 ODACHOCTH MJS JeTaTeJbHHX AammapaTos,
TaK KakK II0 BEJHMYAHE OHE MOTYT Ha HOPAJOK IPEBOCXOIUTH TEILIOBOIA
OOTOK K OKPECTHOHM JacTH IOJBETPEHHOHW HOBEPXHOCTH W JOCTHraTh
BeJIAYMAH, XapPaKTePHHX [JdsA HABETPEHHOA IOBEPXHOCTH, IO3TOMY
H3y9eHrde BOSMOKHOCTeH HX yMEHBINEHHS BeCbMa aKTyaJlbHO.

BecrMa 3(deKTHBHHM CpeNcTBOM H3MEPEHHAS TEMIOBOTO MOTOKA
ABIAITCA TEPMOMHAWKATOPHHE NOKDHTHSA, H3MEHAKWIEMEe IBET HIH
Opo3padHEOCTh OPH Ompe/eleHHOM, He 3aBHCAMEH OT NaBJIeHAA TeMIle-
parype [3, 4, 12]. B kagecTBe THIAIHOTO mpAMEPA A 0CECAMMETPHYI-
HLIX TedeHmi Ha ¢ur. 16 npeacraBiena dororpadma Momenn, DOKPHTOH
TepMOMHAEKATOpOM (HepacIIaBMBImIUiicA HMHANKATOp Gemoro msera;
9epe3 Y3KWH CIOH pacIVIaBABIIETOCs HMHAMKATOPAa BHAHA TeMHAsA
Momens). IlomesHH paJiA ODOHUMAHHWS CTPYKTYPH TedeHHH CHOeKTDH
«opefelbHHX» JAHANR TOKA, MOJydaeMsle OyTeM Pa3MHBAHAA IOTOKOM
TOYEK KPaCKH, HaHEeCeHHHX Ha MOBEPXHOCTH Mofend. [IpasrakoM oTpH-
Ba CIY;KHT HOABIEHHE Ormbaiomieil mpefelbHHX JAHAA TOKA M H3Me-
HeHHEe HANpaBJIeHAA HAODAKEHWH TDPEHHs: JHHAA OTPHBA ABJIAETCSA
IuHAel «CTeKaHWAY, JUHHA OPUCOSHHHEHUS — JUHUEH «pacCTeKaHHA.
Crenyer oTMETHTH, YTO 3THX CBEJCHHI WHOTHA AANEKO He JOCTATOYHO
OJA HCYEPIHBA0INEr0 MOHMMAHUA TPEXMEPHHX OTPHBHEIX TedeHHH,
Kak OymerT BHAHO ®M3 MajJbHEHmero, W [IA NOCTHKEHHSA JTOH IEeNH
HeoGXoMuMH Jam60 HCCIe[0OBAaHKE <(BHEINHEHA» YacTH C;KATOTO CJIOA,
ambo pacuer.

K mepBHM mCcegoBaHAAM TemIoOnepefadd K HOABETPEHHONR CTOPOHE
Tela, B KOTODHX Obad 00HApYKeHH HNHKA TENJ0BOTO MOTOKAa HAa Ha-
OpaBIeHHOE IO LNOTOKY IJIOCKOE CTOpPOHE TYHOHOCOTO HOJYKOHYCa,



7 |- M,=6
6~
q
| _Reg=2,1-10°
S
P, 3§ .
3 - l ’
1,07-10¢
2
05-10¢
1=
1 | | 1 J
90 2 4 s 8 10
8 X

®nr. 16. Kogyc ¢ ycrymom (sxcnepmmeHTH bBpaskko).
a—IOKPHTH! TepMOMHIAKATOPOM; 6—TeHeBO# CHUMOK; 6—paclpefeieHne TelIOBOro NOoTOKa
oo oﬁpasylomeﬁ; X—PaCCTOAHNE OT TOYKI OTPHIBA HA KOHYCE, OTHECEHHOE K BHICOTE YCTYUa;

TEIJIOBOM IOTOK g OTHECEH K TEIIOBOMY HOTOKY B TOYKE OTDHIBA (IaMHHAPHBIA mOrpaHHYHHA
caoif), ducio PelHonbaca ReK BBIYMCJICHO 1O NapaMeTpaM B TOYKe OTPHBA.
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otHocATCA paboTe [4—6]. C moMoOmpI0 KUHOCHEMKHM MOJENH, MOKpPH-
TOWl TePMOKPACKOH, MEHAIOMEH KPACHBIN [[BET HA YEPHBIA MPU TeMIle-
parype T = 338,2°, Gouin 0GHAPY/KEHBI [iBE Y3KHUE MOJOCH MaKCHMY-
MOB TemaoBoro moToka (¢ur. 17), mpymue 0T TOYEK CONPAKEHUS

® ur. 17. Honykonyc O, = 24,3°, NOKPHITHII TEPMOKPACKOM; Yrod aTakm
a = 0° (mrockas CTOpPOHA HampaBIeHA MO HMOTOKY); Mo =25, Rep o = 1,1-108,

Rey, Moo = 70 [4].

a—1=0,8 ¢c; 6—1=3 ¢c; ¢—1=12C; 2—T1=48 c.

chepnr ¢ KomycoMm. CIEKTPH IpPENEIbHEIX JUHUA TOKAa IOKa3BBAKOT,
9T0 00JaCTH MAKCHMYMOB TEIIOBOTO IOTOKA COBIAJAI0T C JIMHUAMM
pacrexanus (fur. 18). CxomHble pe3yabTaTH MOJYYEHH M HA MOy
KOHyce ¢ MeHpmuM yrioMm pacTBopa (¢pur. 18, 19). C ymenbeHuem
pagmyca cepuuecKoro 3aTyHJIEHHS MOJeJHM NHKU TEeIJIOBOTO IOTOKA
ymensmatores (fur. 20); B ciygae OCTPOHOCOTO MOJYKOHYCA JUHUM
PACTeKaHUA U NMKH TEIJIOBOTO MOTOKA MCYE3aI0T, OTPHIB MOTOKA HAOIIO-
JaeTcs TOIbKO y pebep (dpur. 18), cKpyrienne KOTOPHX, MO-BUAEMOMY,
yCTpaHseT 3Tu y3Kume obusacta oTpeiBa [5]. YMensmenue uncia Peit-
HOJIbJCAa IPH HEMBMEHHOM pajmyce CHepmuecKoro 3aTYIJIEHUs TOKe
OPHBOAMT K O0€30TPHBHOMY OOTEKAHWI0O M MCYE3HOBEHHI0 ITHMKOB



\

//////Ilmll\\\\
NN
ZUTN
AT

/////I/HINHH[”I”“|||||m\\\\\\\\\

——

|
I

—_— ===

F*uwm’/'\\\\ w gy ”\\\\\\vq\ QU TN,

{"-nv oy m‘”ll'mllllﬂun[[/; \\\\\\w, x

B a0 T /\\\\\&\\.

//////n”u,nn” PTG

N////:Illtnur|||rHlm||||l||||\|\\\\\\\\\\

6

[

A’l“l“”l”"

e !'
o

'"“'"“‘
® ur. 18. CoekTpel npejesbubiX JHHWII TOKA JJIA DOJYKOHYcOB (&= 0°) [0},

\\\\\l\\\l\\lllmllil'H[””H‘ |

IOy A

a—TynoHocHit, M = Re; =1,1-108, Re; M =170
6 —ocTpoHoCH#, M _=5, Re, w=1,1-108,  Re, Ma=T70, }9n=2‘-3°;
=11, Re; _=1,5.104, Re; M ’=0,007,
=6 Re; o=1,1-105, Re; M 824, }
0,=15

-8
=0 ReL' wo=1,1-104, ReL, cMoo=0,24,

6— TYINOHOCHIN, M
2 — TYNOHOCHIA, M
M

0 —TYIOOHOCHIH,
L—pnuHa.
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® mr. 19. Pacopegesenne TemIOBOIO HOTOKA MO MONEPeYIHOMY CEYGHMI ILIO-
CKOBl CTOPOHH TYMOHOCOr0 moiykxonyca [6].

x=x/a, G—DagAYC BATYILIEHUH, TEm0BOM HOTOK g OTHECEH K TEmJIOBOMY IIOTOKY K ILIOCKOI
NNACTHHE (JIAMAHADHHI NOTPAHRYHHE CIOH#).

| =0, %=6,15 H
3 ¢ Mo= 5
w1 ! I\
IAC A
25 W2\
— |omu I ~
-1 L) 1

® nr. 20. BarAame pagmyca 3aTymieHEA @ HA TEIVIOBOE IOTOK K IJIOCKOM
cTOpOHe moaykomyca O, = 24,3° [5].
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(pmr. 18, 20). 3aBmcEMocTE AJA MaKCEMAIbHOTO TEIIOBOTO MOTOKA
KOPPeaupyIOTCs M3BeCTHHM IIapaMeTPOM B3aMMOJEHCTBESA «HEBA3KON»
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® mr. 21. 3aBECEMOCTh MAKCHMAJILROTO TENIOBOrO HOTOKA K MJOCKOH CTOpPOHe

HNOJIYKOHYCA OT 4dCAa PeiHOABACA, BHYMCJIEHHOTO 1O PAfMyCy BaTYIJIeHHS d,
-6

® napaMerpa Re;, oMo [22].

OMg=5; AM_ =6.

H «BA3KOI» FacTh Tevenns Re.M3! (naMrnapuui cixoi) [22] (ur. 21, 6).
CoexkTpH mpefenBbHHX JWHAA TOKa B OKPECTHOCTH 3aTYIJICHHA CBH/e-
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TeIBCTBYIOT O 0€30TPHBHOM OOTEKaHHMH, MJIMHA IITPAXOB Pa3MHTOM
KPAaCKE YMEHBINAEeTCA ¢ yHAAJeHAEM OT HOCKA MOfJead, BOAH3H JHHMI
pacTeKaHHA MTpPEXHW AamHHee (Coiapimme Haupss;keHHA Tpenda). Hax
yBeJIM9eHHe, TAK B YMEHbIICHAE YIia aTaKd NPHEBOLUT K YMEHBIICHHIO
MaKCHMAJBLHOR BeJIWYHHN TEMIOBOro noToka. Ilpu yrae atakm o = 15°

18,—
Y | z=6'1s
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—4 14L
g 25|
P2 2
25° \I £=325 L
P——ID f
/8 \ l 8
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\ )

=52
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-1 0 1 -1 o 7
a z & z
® u r. 22. Pacupenenenne TemI0BOro MOTOKA IO NOMEPEYHHM CEeICHHAM IIOCKOM

CTOPOHH TYHDOHOCOTO MOJYKOHYCa B 3aBHCHMOCTH OT yIJa aTakm d; 0, = 24,3°,
Mo = 5, Rep, o0 = 1,1-108[5].
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ABe 06IacTH MAaKCHMAJbHHX TEIUIOBHX MOTOKOB, HAYINHE OT HepemHei
KPOMKH, CONMKAOTCA H B YAAJEHHHX OT 3aTYIVIGHUA CEeYeHHAX
caumBaorea B ofEy [4]. Ocraerca ogHa JMHMA pacTeKaHEA — B IJIO-
CKOCTH CHMMETPHH M COOTBETCTBYIONMHA eii NMHMK TemJA0BOTO IOTOKA
(¢umr. 22). IIpn eme Gonpmem yrie aTaru, oo = 25°, B mepefHei 4acTH
Monenu ofpasyerca ONMH NMK TEIJIOBOrO DOTOKA, a B 3ajHel ee
JacTH HOABJAIOTCA ABA IHKA, PacHojioKeHHEE m0 00e CTOPOHHL OT
oca (dmr. 22).
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Qumr. 23. HO[JI}]'ROHYO 0 =.15° ¢ mnockoil HaBeTpPeHHOil cTOponoil, Mo = 9,
9l.

Rey,e = 108
a - 1penebHble JUHAMX TOKA, a=30°, }
= OCTPOHOCHI I10JI yC,
6—Monenb IMOKPHTA TepMoKpackeil, a=25°, 1=50 c, P JHOHYE,
¢ —IpefeabHblc JUHUU TOKA, o=25°%,
} TYIOHOCHINf IOJIYKOHYC.
=10 ¢,

2 —=MOJIJIL OKPHITA TePMOKpackKoif, a=25°



280 NIPAJIOKEHUE

Horp;a JIOCKasA CTOPOHA OCTPOHOCOIO MOJYKOHYCA ABJIAETCA HABET-
PEeHHOHR, OTPHB HOTOKA NPOMCXOJWT NPH yIiaax aTakdm o > Oy m He
Y KPOMOK, a B CepeMHEe MOABETPEeHHOI cTOpOoHK. B mmockoetn cammer-
pum BHaGmiofaeTcs OfHA JMHAA PAaCTeKAHHA H COOTBETCTBYIONIHA ejf

& 6

[l <l
/
OI'Q'
P—

\
\\/a=,50"/3 /) \=15°3
NUADZARS

o\
Ny

12 |/
// @ mr. 24. PacupepesneEre TEIIOBOTO

TIOTOKA IO MONePEeYHHIM COUeHHUAM IOM-
L/ BOTPEHHOM BHIYKJIOH CTOPOHH OCT-
POHOCOTO0 MOXYKOHyca, O, = 15° [9].
a—M_=5, Re,, ,=0,4-108, x=0,24;
-1 0._ 1 6-M, =5, Rey, ,=0,77-108, x=0,46;

8 2 6—M =6, a=25°

OUK TenaoBoro motoka (fur. 23, 24). YMenwvmenne gncna Peitronbiaca
E B BTOM CjlydYae OPHBOJAT K MCYC3HOBEHHIO JWHWYM PACTeKAHHSA
¥ yMEHbIIEeHHI0 MAKCAMAJIbHOTO TEMIO0BOTO HOTOKa (fwr. 24, 6). Uure-
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PECHO, UTO B CIydae TYDOHOCOTO HOJXYKOHYcCA ¢ INIOCKOA HaBeTpeHHOH
CTOPOHOH NHWK TENJ0BOr0 IOTOKA HWCUe3aeT B IepefHedl 9acTH Mopead
¥ N0ABAAETCA TOJALKO B 3af{HEe#l 9aCTH, IPAIEM II0 BeJINYMHE OH MEeHbIIe,
geM IJA oCTPOoHOcOTo moaykomyca (¢umr. 25). Cxemyer ormermTh
5, 5

| |

X=325 1 X=6,15
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@ ur. 25. Pacnpepeienne Tena0BOr0 MOTOKA 110 HONEPeYHHM CedeHHAM IIO/BeT-
PeHHO# BHIIYKJIOH CTOPOHH IHOJYKOHYCOB [9]; 6y = 15°, a = 25°, M. = 5,
Rep,« = 108,

— — — ~ TYrOHOCH#l NOJIYKOHYC,

OCTPOHOCHIH# NOJAYHOHYC.

¥ B 9TOM CJIydae HAJIHAIME 0COGEHHOCTeH — Y3KHX 06GaacTedl mMOBHINEH-
HOTO TEmJOBOTO IOTOKAa, HAYMHAIOMEXCA OT TOYEK COnpsKeHHA cde-
PHYECKOT0 cerMeHTa ¢ Komycom (Qumr. 23, 2).

C ob6TekaHWeM NOABETPEHHOH BHIOYKJIOE CTOPOHH IOJYKOHYCa
CXOMIHO 06TEeKaHHe IOABETPEHHOR CTOPOHK KPYraoro Koryca (pur. 26);
CydA OO mpefiebHHIM JHHEAM TOKA, HO-BHAMMOMY, MMEET MECTO BTO-
PHYHHI OTPHB, B pesyJbTaTe KOTODPOTO HOABJAITCA BTODHE JIHHAH
crexanma [11].

Pacnpenenenme TennoBoro moToxka mo mJAOCKOH mOABETPEHHOH CTO-
POHE HOJAYKOHYCA C IJIOCKEM 3aTyIJIeHEEM HOCOBOH 7acTH OTIAMYAETCHA
TeM, 9TO OT Ka)K0# YIJIOBO# TOYKH MAYT ABe OGJACTH HOBHIIEHHKX
TEmJIOBHIX IOTOKOB [4]; cxoanas KapTHHA HaGAI07aNach Ha OOJABETPEH-
HOH CTOPOHE HHAMHApPAa C JJIJMOTUYECKEM NONEPEYHHM CEIeHHEM
H HOCOBOH 9acThio, 06pa3oBaHHOW NOJOBHHONU OCECHMMETDPHYHOIO
sanmncouna [17] (pur. 27).

Ilpm o6Texanmm KAMHA CO CKOMEHAKNME GOKOBHIME TDAHAME HMEIOT
MECTO OTPHEB H NPHCOEAMHEHHE KAK K HOJBETPEHHOH MmOBEPXHOCTH,
HAOPABJEHHOM IO IOTOKY, TaK B K OOKOBHM TIpaHaM; B obGaacTax
mpucoefuHeHAA Ha6NaTCA OHKH TEemJIOBOTO IIOTOKA, NpPHYEM
3aTyIIeHHEe HepefHell KPOMKHA IPHBOANUT K YBeJHICHHI0 NAKOB HA IOJ-
BeTpeHHOU cTopome (dur. 28).
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O6paTumcs Teneps K mccaeoBaHuAM miacTuH. Ha moaBeTpeHHO
CTOpPOHE ILIOCKOH TpPeyroJpHOH WIacTUHE HaOdomaerca Jambo ofHA
JIMHUA DACTeKaHMA M COOTBETCTBYIOIIMA € NHWK TEmJI0BOTO IOTOKA

©® ur. 26. Konyc 0y = 13,5°, Mw = 5, Rep, = 10%, a = 20° [11].

a—TIpeneibHble JUHAM TOKA Ha II0ABEeTPEeHHOIl cTopoHe; 6—1=2 C; e—T=H Cc; 2—T1=15 ¢,
MOME]b IIOKPhITA INIABAUMMCA TEPMOMHIUKATOPOM.

B mIockoern cummerpun [7, 15], muGo nuuua pacrekaHUA B mepemHeit
9acTH, Jajlee mepexoiAmas B IBe OIM3KUe JUHAN PACTeKaHUs C Y3KOH
00/acThI0 0E30TPHIBHOIO TEYEHHS MEKIY HHMH W JBYMs CHMMETpPHY-
HBIMH OTHOCHTEJIBHO IJIOCKOCTU CHMMETPHUU MHKAaMHU TEILIOBOTO MOTOKA
[18]. Ot; nmBa muKa cOaMKAIOTCA W MEPEXOAAT B ONHH B CEYCHHAX,
pacmolo;KeHHBIX Oimke K ocrpuio mwiactuubl. IlorpaHugssiii cioi
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MEe;KIy AMHEHAME PAacTeKaHHUsA BefeT ce6fl KaK HAUMHAKOIAACA B TOYKE
ux pasgenernns [21]. TennoBoit moToK BAOAB CpeHeil IMHAH ILIACTHEK
A3MeHseTCA caenylomum obpasom [18, 19]: ¢ ysenngenuem paccrogamsa

\ /|

®ur. 27. Ob6aacru
MOBHIIEHHOIO0 TemJIo-
BOr0 IOTOKAa (M3MEHe-
HUe IBeTa TepPMOKpac-
KH) Ha TOABETPEHHOHU
CTOPOHe IWIHHApPA C
INANTAIECKAM Iome-

OT OCTPHA TEIJOBOH HOTOK [JOCTHI'aeT MakK-
CHMAJbHOM BEJWYMHHE, 3HAYHTEIHHO IpeBHINIA-
I0Mel TenJoBOd HOTOK K NJIAaCTHHE, BHIYHCICH-
HBH [JIA AaMEHAPHOIO CIOs, 3aTeM OH YMEHb-
maeTcsi ¥ BHOBH BO3pacTaeT, JOCTUras pacyer-
HOili BEJIMIAHH A TypOyaeHTHOro ciaos ).

TenyioBoil HOTOK Ha OCH yMEHBHHIAETCHA BCJEHCT-
BHE HOABJIEHHA 06JacTH 6€30TPHBHOIO T€YeHUHA
MEKIY IHHUAMH pacTekanms. [lpu TypOyiaent-
HOM CJIo€ OTHOCHTEJbHAsA BEJIUIWHA MUKOB Tel-
JIOBHIX IIOTOKOB pe3Ko yMeHbmaerca. Maiose-
POATHO, 9TO MUKHA TEINIOBOIC MOTOKA B mepef-
Hell 9aCTH ITACTUHE BH3BAHK MEPEXOL0M TaMU-
HapHOTO C10A B TypOy/leHTHHA Ha caMoi mia-
CTHHE, 9TO jXe Kacaercd Iepexofia B CJIoe CMe-

eHAA, TO ero poJb eme He MHCCIEOBAHA.
CxpyrieHHble KPOMKH TOJCTOH TpeyroJbHOM
miaacTHHEH o6TeKkawTca Ges oTpuBa. Hak u B ciy-
gae BHRIOYKJIOH NOJBETPeHHOH CTOPOHH TYIO-
HOCOT0 MOJYKOHYCa, NOBHIICHHHE TEIJIOBHE
OOTOKH HaGaoganTca B 3afHel 9acTH HJIACTH-
HH, OpUYeM [BYM JHHHEAM pacTeKaHHA COOTBETCTBYIOT [Ba IHKa,
BEIMYAHA KOTOPHIX pacter ¢ poctom guciaa Peitmoasgca (¢ur. 29).
B pa6ore [19] mpupememsl pesynbTaTh HCCIEOBAHHA BIHAHHA
¢opmul miacTEHH B muade. IIpu CKpyrJieHMH BEePUIMHH INIACTHHE
(papmyc oxpy:kHOCTE coctaBiaaa 0,063 gimun) BMecTo ofHoO# o6aacTm
GonbIINX HANPSKEHHWH TPEHUSA W TEILIOBHIX MOTOKOB BOGJHM3H cpepHei
JUHAE NOABWINCH iBeé TaKHe y3kKHe o0jacTd, pacmpocTpaHsAomMuecs
OT TOYEK CONPSKEHHUA OKpY:KHOCTH ¢ npAMMH. OHAKO Ha IUIacTHHe
c mepejiHeill OCTPOR KPOMKOil B ¢opMe rHnepboONH (pagMyc KPHBH3HEL
Ha ocH cuMMeTp¥H Obi1 paBeH 0,03 MIMHH NJIACTHHE) JAHHH pacTe-
KaHOA U OAKA TemJ0BOro MOToKa mcuesnn. B paGore [19] mpuBenenn
TAKKE CBEJIEHHA O «BA3KOM» CJIO€, T. €. CJI0e MaJoil IoTHOCTH (BHYT-
pPeHHAA 9acTh INOIPAaHMYHOIO C.I0A), TOJNIHEHA KOTOPOI'O HE IIpeBOC-
XOUT ABYX TOJMUH JBYMEPHOr0 MOTPAHHIHOTO CJAOA 1A IMIACTHHH
H pe3Ko yMeHbIaeTcs (10 ~U.3 TONMBHE ABYMEPHOro ClI0sa) BOIU3H
cpefHeil nMHEMA TpeyroabHoi miaacTEHH. Ha mnacTere ¢ nepegueit
KPOMKOi#1 B ¢opMe rumep6oibl TAKOTO PE3KOr0 H3MEHeHHMA TOJINMHEL
BABKOTO cnos He HabGmonaerca. [IMKH TenJa0BOTO MOTOKA YCTPAHAKTCA
TaKKe IyTeM oTruba oCTPOTro KOHIA TPeYTOJbHOHR INIACTHHH, IPH KOTO-

PeYHHM CeuYeHHEeM H
HOCOBOHl 4acTbi0, 06-
Pa3soBaHHOH MOJIOBH-
HOI OCecHMMeTpPHIHO-
ro saamncoupga [17].

1) TaKoB ke XapaKTep M3MEHEHHA MAKCHMAJBHHOTO TEIIOBOIO IOTOKa C pac-
CTOSIHHEM OT KPHTHYeCKOM TOUKH JIJIA HOJAYKOHYCOB [5] u mnacTmeH ¢ wmamun-
puueckuMu Kpomxamum [7].
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POM MeCTHHIA yroa arakd MeHseTca oT (° Ha KOHIE 0 5° Ha OCHOBHOK
gacta maacteeH [20].

Honuraemea Temeps xoTsi GH 9acTHYHO OGBACHATHL MOTydYeHHEHe
peaynbrars. Bo Bcex ymoMAHYTHX paGoTax, 0YeBHHO IOJ BIMAHEEM
MBBECTHOTO (aKTa, 49TO OPH MAJIHX CKOPOCTAX OTPHBHOE TEedeHHE
BOIM3H MO/IBETPEHHOM CTOPOHAL KPHLIA C OCTPHME KPOMKAME H KOHYCA
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@ nr. 28. Pacnpepesnenue TenI0BOr0 MOTOKA 0 MOOEPeYHOMY CedeHMIO HaIlpas-
JeHHOI WO JIOTOKY CTOPOHH KiamHa; Me = 5, Rey, o = 9,5-10% [7].
TYOOHOCHIM KIUH; = ——— OCTPOHOCHY HIHH.

Iofi YTJIOM aTaKd YOpPaBAAETCA [ABYMs BHXDAMH, KOTOpHe Habiio-
HaloTCA W mpH HEGOJBMAX CBEPX3BYKOBBIX cKopoctax [2}, cumraerca
HECOMHEHHHEM, 9TO IHKHW TEIUIOBOI0 HOTOKA IPH (OJNBIIAX CBEPX3BY-
KOBHIX CKODOCTAX TaKKe HMHAynupyiorca Bmxpsmd. Ilapa Bmxpeit
obpasyercd B pe3ysbsTaTe OTPHBA HOTOKA OT OCTPHX HePeJHEX KPOMOK,
IpPUYEM BCIaeCcTBHe Ge30TPHBHOTO 00TEKAHUA OCTPHA IJIACTHHH BUXPH
HOABJIAKNTCA TOABKO HAa HEKOTOPOM paccrogumm ot mero [20, 21].
Ectp Taxxe mpenmomomends, 9To BEXPM MOTYT GHITH CIENCTBHEM
TIONEePEeYHOT0 TEeYeHUA BHYTPH HOTPAHWYHOTO CJAOS W mpH Ges0oTpPHB-
HoM TedenmHm [20], a Taxke H3MeHEHMs DHTPONHME 3a YHAPHOHE BOJIHOM
[16]. Urobm y6emuThca B CHpaBeEBOCTH BTHX LPEANOIOKEHHH,
ciaefoBajo OH UMETH CBeJieHHA O TEIeHWHM BO Bceil o0nacTm BO3MYyme-
nuA. HawGonee monuke cBeeHAA MMEIOTCA JJIA TPEYTOAbHOA IIACTHHE
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@ mr. 29. lIpegenbHEe JHHHN TOKA Ha DORBeTPeHHOH CTOpPOHe TPeyroJbHOR
IJACTUHH ¢ OAIAHAPAYECKHMH KPOMKaMH M pacnpenenenne TEIJIOBOrO TOTOKA
[7].

o ee pomepeynoMmy cedenmio I—7, a = 20°, )
a-—IpenenbHHe JAHEY TOKAa; O-paclpeje.leHude Ter10BOro [OTOKA,
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¢ ocrpuiMd Kpomkamu [13]. Brpatue mamomuM pesyapTaTH 3ToOM
paborni. I'ooBHAs ymapHas BOAHA B HCCAeN0BAaHHOM MHTEPBAJe YIIOB
arakn a = 0—15° mpucoeguHeHa K OCTPHIO IJIACTHHEI, HO YK€ IIPH
a = 9° orcoenmHeHa OT GOKOBHX KpoMok !). B monserpemmoit wactm
TeYeHUA y[apHas BOJHA NEPEXOANT B BOMHY MaXa B IJIOCKOCTH CHM-
MeTpuu. B momepeuHoM ceueHMEH oHa mMeeT (GOpPMY DIJIHICA, T. €.
6au3xa k ormbaromeir korycos Maxa. Jlaa sTux uccaeqoBanmil Xapax-
tepro Gonpmoe umcio Maxa M« = 10 m mmskoe umcao PeitHonnmca
Rer, », cuemoBarTensHO, OCoibpmas TOJNMHAHA NOTPAHAIHOTO CIOH
(rabam. 1). Ilpm yraax arakm a = 0—5° TOJNMHHA «BASKOTO» CIOA
¢ MajNHM HOJHEM JaBJeHHEeM [OYTH COBIAJAaeT ¢ BEMMHCJICHHON s
0ecKoHEeYHOHd ILTACTUHH TOJIMWHOA HOTPAHAYHOTO CI0A H BA3KAK
ClIOH TOYTH 3amoJHAeT mOABeTperHYI0 obmacts (pmr. 30). OTpuBa
IOTOKA OT OCTPHIX KPOMOK HpH yIiiaX aTakd [0 o A 7° He NPOUCXO-

Tabauya 1

ITAPAMETPEI TIOTOKA ¥ TOJIIMMHA JJAMMHAPHOTO IIOTPAHNYHOTO CJIOA
(TEIIJION30JINPOBAHHAA CTEHKA)

M, Rer, » 8/x Rer, M58 Pa6ora
5 (6—12).10% 0,017—0,012 3877 (4, 5]
5 106 0,014 64 [6]
6 (1,6—19)-105 0,043—0,012 3,4—4 1

10 (4,28—3,36)-105 | 0,055—0,063 0,3—0,4 [13]
6 (2,4—18,7).108 | 0,011—0,004 52—400 [18]
6,8 (2,4—3,1)-108 0,013—0,011 24—31 {19]

ITaposoil sKpan 9.108 0,0067 9N

6,8 2.108 0,014 20 [20]

AMT, TedeHHe BOIM3H TOBEPXHOCTH IOYTH HapaiieiabHoe. JImAmm
OTPHBA MOABIATCA Hpd o >> 9° BOIM3M JMHUME IepeceveHHsA IIa-
CTHHH ¢ KoHycoM Maxa, BepImEHa KOTOPOTO COBIflaeT C OCTpHEM
IVIACTHHH, ¢ YBeJIHYEHHEM YIJIa aTaK| JUHUA OTPHBA IepeMemanTCsAa
K KPOMKaM.

Baskmit coit mpu Beex yriax aTaku 3amoaHseT GOapmylo FacTs
HOflBeTPeHHO# 061acTH, mpuyeM, HauuHAA ¢ o = J°, XapaKTep H3Me-
HEHHMA ero TOJIUHH IO IMKpPHHEe MAACTEHH MeHsaerca. IlyreM mame-
peHEil MOJHOrO faBieHHs, HadyuHAA ¢ o = 9°, B6amam Komyca Maxa
ofHapyKeHH caabne «BHyTpeHHHEE» CKAYKH YIUIOTHeHHs, OpeCKa3aH-

1) TIpemeAbHHI yroi aTaKH IJIACTAHH [JA YIia CTpeJoBHgHOCTE A = 75°
u aucna Maxa Mo = 10 paBen 10,3° Ge3 yweTa TONMMHH BHTeCHeHHA norpa-
angsOro ciof. IIpm dnmcie Mo = 5 mpeAenbHHA yroJa aTakm paseH Bcero 1,7°.
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Hele Teopermieckd [10], KoToprie, mo-BEAMMOMY, BHIBHBAIOT OTPHIB.
Cxemn Tegenmit maa o = 15° mpexcraBienn ma ¢ur. 31. Toabko
B mccaenoannm [6] G6enm gmenra Mo, Re », KOTOpHM cooTBeTCTBYIOT
CTOJIb Ke GoJbliMe TOJIEHE HOTPAHEYIHOTO CJI0s, KaK ¥ B paborte
[13],B ocTanbHHX K€ HCCIE0OBAHAAX BeIMIKEN O/r GLIIM B HECKOIBKO

O ur. 30. PeaynbTaTH HM3MepeHMR U CXeMa TeI€HHS B IMONEPeYHOM CeYeHHL
TOJBETPEeHHOH  CTOPOHH TpPeYrodabHOH miacTmau; A = 75° Mo = 10,
Rew,; = 2,48-10% [13].

O a=0°, A a=5° [Ja=9° © a=11° VvV a=15°
X BEpPIHHA INIACTHAHH.

BA3KHANR CJOH; ~ — =~ — CHAYOK;

pa3 mespme (tabn. 1). CiemoBaTesnnbHO, ecTh BCe OCHOBAaHUA HpeANoO-
JaraTh, 9TO B NOJBETPEHHHX O00JaCTAX TeUeHMA TPeYroJbHHX IJIa-
CTHH, HCCIefl0OBaHHHX B paGortax [7, 18, 19]. raxmxe GHaAE BHYTpeH-
HHe CKAaYKH YIUIOTHEeHHA, nprueM Goiablied MHTEHCMBHOCTH, YeM
Habmonaemue B pabote [13), Tak Kak DOBOPOT HOTOKA y KPOMOK
npoucxonaua Ha Goapmui yroa. CymecTBoBanMe BHCAYEro CKadKa
BO3MOKHO INPH YCJOBHH, 49TO HOPMAaJbHasfd COCTABJIAIIIAA CKOPO-
CTH K CKayKy GOJIBIIE CKOPOCTH 3ByKa. bes ydeTa TOJMMHH BHTEC-
HeHHsA NOTPAHHYHOIO CJOA 3TO YCJAOBHe BHIOOJHAeTcd B pafoTax
[7, 18, 19]. OTpriB moToKa Ha naacTHHe A =75° IPOHCXOAUI HA KPOM-
KaX, Ha niacteEe A = 70° — Ha moABeTPeHHOI NOBEPXHOCTH, HO pac-
npefefieHHe TEIJIOBOTO TNOTOKa BOIM3M CpenHed JMHHMM NJIACTEHHH
6o cxonakM [19]. Ha ocHoBaHHH H3I0KEHHOTO CJENyeT CYHTATH,
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4TO B CilIydae TPEYTOJBLHHIX INIACTHH He BHXDPH, a BHYTPEHHHE CKAYKH
YIJIOTHEHHS] MHAYNUPYIOT TeYCHWE K CPefHell AMHUE IIaCTHHH, KOTO-
poe OTBOJHUT ra3 ¢ MaJO# HEPIHed OT ee CePEAMHE, BHI3HBAET YTOHD-
MeHde OOrPaHUYHOTO C€JIOA ¥ LHOsBJIEHME NHKA TEIJIOBOTO TOTOKA.

AN

NI

@ nr. 31. CxeMH TedeHWiT B BA3KOM CJI0€ Y HOABETPEHHOH CTOPOHH TPEYTOdb-
HOTO KpHUIA.

BmecTe ¢ ronoBHO# BOMHON BHYTPEHHHE CKAYKH ONPENEISOT OTDPHB
¥ BCe TeYeHWe B moABeTpeHHO# o6aactm. Buxpm mpeacrasasioT cobomo
AIBIIeEWE BTOPUYHOE.

B paGore [18] kKpoMe BHCOKOro TEImIOBOTO HOTOKA TaK:Ke YIIOMH-
HaIOTCSl M BHICOKHE [JaBIEeHUS B JOKAIBHKX 30HAX [EHTPAJILHOA IaCTH
OJIaCTHHEI, 9TO COOTBETCTBYET TEUOHHWI0 C BHYTPEHHHMH CKAIKaMU;
PaspexeHds, COOTBETCTBYIOI[HE BAXDPAM, NPH GONBIINX CBEPX3BYKO-
BHX CKOPOCTSAX B ONHTAaX He 00Hapy:;keHn. OTMETHM TAKIKE, YTO CIEKT-
PH OpefedbHEX JUHAA TOKA A TeUCHUH Ha NOABETPEHHOH CTOPOHE,
BHI3EIBAEMHX BHXPSAMHE, HANOMUHAKT OOJYIeHHEE B PAaCCMATPHABAEMEIX
paboTax TONBKO WUPH TONCTHX BA3KEX ciaoax [13].

BezorpriBHOE ofTeraHHEe OCTPHA TPEYrOJABHON IIACTHHH O06BsAC-
HAEGTCA TeM, 4TO BOJM3H OCTPUA CYMIECTBEHHO BIHUAHUEE BJSKOCTH
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BO BCEM CJI0€ BO3MYIMIEHHOT0 T€YeHAA W BHYTPEHHHME CKAYKH B HEM
He BO3HHMKAIOT. YMEHBIIEHWE TOJIMAHH BA3KOIO CI0A B HEHTPAIbHON
9aCTH INIACTHHH, ONpefeeHHOe METOXOM IapOBOr0 SKpPaHAa, 0GbACHA-
€TCA MmONEepeIHHIM TeIeHMmeM NOJ HEHCTBAEeM CKAYKOB M NOBHINEHHEEM
IVIOTHOCTA, a IOABJEHHE ABYX JHHWI PACTeKAHHA U IHKOB TEIIOBOI'O
DOTOKA IO KPasAM TeIeHHS B IEHTPAIbHOM 30H€ — H3MEHEHUEM CXEMH
TeIeHAA BCIAENCTBHE YBEJMYCHHA PpACCTOAHAA MEKAY CKadKaMm
(¢mr. 31). [Ipm Gonpmux yriax aTaku BHYTPEHHHE CKAYKHA YAAIATCH
OT HOBEPXHOCTH IVIAaCTHHH M HIPAlOT POJb «3aMEIKAIOMHUX» CKAYKOB
B nomHom TeseHmA. Caabo pacmEpaAmmeecs TedeHHe Ha IIOCKOM
CTOPOHE OCTPOHOCOr0 HOJYKOHYCA € MECTHHIM OTDHBOM Y KPOMOK
COOTBETCTBYET OOTEKAaHHI0 IJACTHHH IPH MAJKX yriax aTakH. Des-
OTPHBHOE O00TeKaHme INIOCKOH NOABETPEHHOH CTOPOHH MOJYKOHYCA
opu MaaHX ducaax Rey, o ABIAETCA 0YEBHAHHM CIENCTBHEM B3a@MO-
JleiCTBEA NMOTPAaHAUYHOrO CJI0S M BHemHero TedeHusa. Bmaropgapsa 6oxs-
O TOJNIWHE NOrPAaHWYHOTO CJIOA MHOXBETPEHHAA CTOPOHA HMEET
apPeKTEBHYI0 BHOYKIyI0 $opMy, IepeTeKaHAme ¢ HAaBeTPEHHOU CTO-
POHH ciaboe W HeT BHYTPEHHHX CKAYKOB, CIOCOGHHX BH3BAaTh OTPHIB.

Yo KacaeTcA TYHOHOCHX IOAYKOHYCOB, TPeYrOJbHOH MIaCTHHE
€O CKpYIVIEHHOW BEPIMIMHON M 3JIJHOTAYECKOr0 HHUIAHHApPA, TO ME
He WMeeM CBeleHWi O TeIeHWH B HOJBeTPEeHHON o6aactm sTHX Tel,
a cIeJ0BaTeIbHO, HE MOKEM YTBED:AaTh, YTO W JIA HAX OHpeeIfio-
IMUMH ABIAKTCA BHYTpPeHHHE CKAaUKH ymiaoTHenma. OTMeTHM, OXHAKO,
49T0 pacd4eTHHM IyTeM OGHapY;KeHO HaJIWMYUMe BHYTDEHHUX CKagKoOB
BCI€CTBHE pa3pHBA KPABH3HE IPH Iepexone oT cpepHIecKOro 3aTyI-
JeEdA K KOHMYEeCKOd mopepxHocTH [14], Ho BamaAHme sTOro pasphBa
cnabee, 9deM B CIydae OCTPHX KpoMoK. Bo3MmoKHO, 9TO pesyabTaTH
pabotu [19, 20] o6GycaoBaeHn ocirabneHEeM HIH yCTpaHeHHWEM BHYT-
PEHHHX CKAaYKOB.

Otru6 xoHma TpeyroapHod miaactuun [20] m mepegHsAs KpoMmkKa,
mmeoman Gopmy ramepGoan [19], mo-sMguMoMy, BH3HBAOT IOBOPOT
TeYeHHA OT KPOMOK K OCH IJIAaCTUHLH OPE HEHpEePHBHOM C/KaTHH;
He HCKJIIYEHO IOABJIEeHME BHYTPEHHAX CKaYKOB HHKEe IO IOTOKY,
oflHaKo GoJIbIIAE IMKHA TEII0BOro MOTOKA IPH 9TOM MOTYT H He Habuio-
JaTLCA BCJIEACTBHE BO3POCIIei TONMMHE NorpaHuInoro cios. Hamom-
HEM TaK/Ke, 9T0 B MCCJI€J0BAHMAX NTOHHOTO RXABJAEHHA HA OCECHMMET-
PUYHHX TedaX OwIM oGHapy:eHH (oJplIag pa3HHIa B NABICHHN
Ha mepudepHH W B IEHTpe jHa NPH JaMAHAPHOM NOTPAHHIHOM CJo0€
M IOYTH HOCTOAHHOE ;1aBIeHHe Ha JAHEe OpHA TypOyJIeHTHOM nOrpaHdd-
HOM cioe. AHAJOTHYHHX CBEIEHUH O TEIJIOBOM IOTOKE He MMeeTcd,
HO, CyAA IO pE3yabTaTaM HcCC.Ie10BAaHHi Telsomepejadd B oGaacTax
NpHUCOEMHERAA TYPOYIeHTHOrO CI0f, MOXHO CUHTATH, 9T0 OTHOCH-
TeJIpHAS BeJWYMHA NMKOB TEIUIOBOTO IOTOKA B cj1ydae TypOyJAeHTHOrO
caosa Oyner MenbITe, 9eM B ciydae JamuHapHoOro cion. CiegosareasHo,
GopIIEEe NUKA TenJA0BOI'0 NOTOKA MOTYT HOSABIATHCH B ONPEXEICHHOM
uHTepBane mapameTpoB Mo, Re~ MeAy ofaacTeio mx 3HaYEHHI,
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OpH KOTOPHX Baam(op;eﬁc'rnne BA3KOI'0 A HEBA3KOTO CJOEB IPHBONHAT
K HCYe3HOBEHHWIO OTPHBA, W 00JacThi0 WX BHAYCHHI, IPH KOTOPHIX
CI0# TYpOyIeHTHHIA.

OcobeHrOCTH OTPHBHHX Te€YeHHH 3HAYATENHHO Clabee OTpakaloTCs

B pacnpenesieHAA NaBJIeHHsA, Y€M B pacmpefeseHHH TenJIOBOIO MOTOKAa
0 MOBEPXHOCTH TeJa.
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6. A3POAUHAMHYECHOE HAIPEBAHWE
B TPEXMEPHbLIX OBJIACTAX B3AWMOJEMCTBMA
YAAPHBIX BOJIH C JIAMUHAPHBIM MNMOIrPAHHUYHBIM CJIOEM

IKCIepEMEHTATbHEIE NCCIEIOBAHNA TPEXMEPHEIX TEJEHUA B3aHMO-
JAEHACTBMA LPOBOAHIUCH HA NPOCTEAIAX OPEMEPaxX: HAKJIOHHHIH
NATMHAD Ha ILUIACTAHE, UMINMHAD Ha KOHyce, MMATADPYOIUWHA 3aTyn-
JeHHYI0 KPOMKY Kphura uam pyia {1—4, 7, 16], nonepeunas crpys,
BHITEKAIOIMAaA B CBEPX3BYKOBOM NOTOK H3 OTBepCTAA B ILIACTHHE
uaa xomyce [5, 8, 10, 11], TpeyronrHoe monyKpHUIO, YCTaHOBJIEHHOE
Ha miactuHe uiau Komyce [17, 18], TynoHocHe nmonxyxoHyCcH, ycTaHOB-
nennbie Ha nutactume [12], u np.

HauGonee monro mccrenoBana MHTepdepeHNUA OHIXHApA ¢ IIa-
craHoi. Bricora mmamuapa BmbHpamace HOCTAaTOYHO GONBIION, C TeM
4yTo6H ee BIMAHAE Ha OTPHBHOE TEYeHHE He OBJIO CYMECTBEHHBIM.
OGnacTs OTPEHIBA DPOCTHPAETCHA [ajeKo mepe] HIHHADOM, IepIeHIu-
KYJAPHHEM niaactune (pur. 32), npudeM jaBieHHe B Hadaje oGIacTH
OTpHIBA, AAWHA 06JacTH OTPHBA, Yro.I HAKJIOHA DPa3felAnINell JNHAHA
TOKa B IJIOCKOCTM CHMMETDMM IOJYHHAKTICA 3aKOHaM «CBOGOJHOro
B3aEMOJIEACTBEA», CXOAHKM € COOTBETCTBYWIINMH 3aKOHAMM JJIA ABY-
mepHOro TedeEHA. Tax, Hampumep, KoapPHOMEHT JaBIeHAA B Hadale
o61acT\ oTpHBA IPOIOPUMOHAaTeH mpomasefeHmElo (M3, — 1)-1/sRe "/
[4] (Res — umcno PeliHoapaca, BHYHCIEHHOE TI0 PACCTOAHHI S
0T Havaja o6GJacTH OTPHBA ;0 KPOMKH INJIACTHHH), OTHOCHTEJIbHAsf
pamEa obmactm orpuBa l/d ~ Reo's,, YIOX HakiOHa pasnedsomei

—1
JHHUE ToXa 6 ~ Re.,,,,/q‘, (z¢o — paccToAHEe [0 OCM MHIHHAPA OT KPOM-
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® ur. 32. a — CHeKTp NpeleJbHHX JIWHHWI TOKA HA INIACTUHE C MEePIeHIUKY
TePMOUMHANKATOPA (JIMHWH IIOCTOSIHHOW TeMIepaTypPHl IOBePXHOCTH M TeINIOBOIO

IAPHBIM K ee IOBePXHOCTH IMIHHAPOM (
IOTOKA) [JIA PAa3JIUYHBEIX MOMEHTOB BPEMeHH
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Ku miaactmun) [16]. Ilepeceuenme ckadka YOJIOTHEHHS, HCXOIAIIETO
M3 Hadaja 0GJAaCTH OTPHBA, C TOJOBHOHX BOJTHON NWIHHIpPA MOKET
OPUBECTH K NOABJCHHI0 Ha NWJIHHApPE W B 00JacTH NPHCOCAMHEHW
OTOPBABIIETOCA CI0A K IWIAHADY IHKOB TENJIOBOTO IOTOKA M JiaBile-

wua [2]. OGnacts nmpmcoeguHeHns XapaxTe-

pH3YeTCA JIMHMeHd «pacTeKaHHmA» B CIEKTpe

npefeJbHEX JAHANR TOKA, NepeXoadmei ¢ qu-
P amHApa Ha maacTmHy. B oGaactm mpucoemm-
HeHHA NOTOKA HAa miacTAHe HaGIoOxawTCA
6 Oonpmue HAUPAMEHAA TpeHAA (JOMHELE
mTpux® Ha ¢ur. 32).

Pacnpepnenerue qaBienns 3a JAHHEH 0T-
PHBA B NJIOCKOCTA CAMMETDHH TeYeHUA CHa-
9aja CXOSHO C PpAacIpelesieHEEM aBJIEHAA
mepej YCTYIIOM, HO 3aTeM NOABIAETCA OTIH-
9me, CBHMETEIHCTBYIOIIEE O CYIMIECTBEHHOM
BIAAHAM TpexMepHocTa TeseHEsa (dpmr. 33).
U3 ¢umr. 33 BEEHO TaKke, 9TO pacmpepe-
lleHWE [aBICHHA Depel CTpyedl 3aHEMaer
IPOMEKYTOYHOE NOIOKEeHEEe MEXKAY pacupe-

AeNeHUAMHE JIaBICHAA Nepel YCTYNOM H Ie-
/ pen mmamaapoM. B TpexmepHmx o6macrax
OTPHBHOIO Te€Y€HHA OOHADYKEeHH o6aacTm
CBEPX3BYKOBHIX TE€UEHWil, BHyTPEHHHE CKad-
KH YIUIOTHEHHS W BTODHYHHE OTPHBH [1,
3, 4, 7]. Haubosee BaKHEM [UIA TPAaKTHKE

{ Ce/CTBAEM SBIAETCA HAIMIME B 3THX 00aa-
-10  -05 0 CTAX NHEKOB TEIJIOBOTO IIOTOKAa, KOTOPHeE G-
x JM E3MEPEHH ¢ INOMOLIbI0 NJIABAIMXCHA Tep-

®ur. 33. Pacopegene. MOWBAHKATOPOB [16] (¢ur. 34).

HUEe JaBjleHnda 0o I1Ja-
CTAHE B IIJIOCKOCTHA CHUM-
MeTPHMH Iepen YCTYIIOM,

ConocraBieHNe TPAaHUIK NJIABACHHAA H
CIeKTpa npefieTbHHX JUHHHA ToKa (dur. 32)
DOKa3biBaeT, UYTO JUHAA PacTeKaHHAA ABJIAIOT-
CA JIMHUAME MAKCUMYMOB TEIJIOBOTO IIOTOKA.

ONWIHHAPOM ™ CTpyei,
Mo = 3 [5].

@ yeryn; O CTPYA, Dy;/Poo=
=40, A OWIMHOPD.

Hanb6oapmeli BeJIHYHHH TEILIOBOH MOTOK Ha
N71aCTHHE OCTHTaeT B y3KOH 00JacTH mepepq
NUIHBIPOM; BeJIMYMHA €T0 CPaBHHMAa C Be-
JHYHHOM TemJI0BOI0 HOTOKA HA KpPHTH-
decKoi nuHuE pmauMHApa (dur. 35). BeanuuHa MaKCHMAaJbHOTO TemIo-
BOTO TOTOKAa K ILIACTHHE ¢ IMJIHMHIPOM HAMHOIO HIPEBOCXONHT BeJH-
YUHY TEIJI0BOT'0 IOTOKA K Il1ajkoi naacrune (pur. 36). Ilepen nuamny-
pom Ha aunHmE 2 (Pur. 32) HabawogaeTcsa BTOpPOR HeGoabIOH MUK Tem-
JOBOTO LOTOKA, BO3MOKHO COOTBETCTBYWHHA MaKCHMYMY NaBjeHHS
(pmr. 33). OTHOCHTEXBLHEHIE KOOPAMHATH XapaKTEPHHIX /1A 00JacTH
oTpHiBa JHHHIE ciabo 3aBHCAT or uMcha Peiitnoabaca m Moryr 6HTH
npefcraBleHH B oGoGmenHoM Buze (pur. 37). B o6obmennom Bmae



® ur. 34 Ob6macTH pacIIaBHBIIEroCs TePMOMHAUKATOpPa, M« = 6 [16].
a—-1=0,24 c; 6—1=1c; 6-T1=2cC, 2—T=ke;



9/30= 0,6 x,

0,22
0,55

1,03

®pr. 35 JImHAR paBHHX OTHOmMeHMA ¢/qy; Mo = 6, Rew
T,/To= 0,6—0,9 [16].

g —TemNnoBO# MOTOX K MIACTHHE; Qo—TeIJOBOX MOTOK K KPATHYECKON MNHHMN LWIAHZPA .

= 1,2-10°,

%o
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Qn
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3
L ! 1 : 1
~10 -5 (/] 5 10 15
x/d

® ur. 36. Tenn0Bo# HOTOK K IUIACTHHE B IJIOCKOCTH CHMMETDUH negeu ummlm-
pOM H Ha JHHHAAX epactekanna 3a HWInHAPOM (nmrum I, 3, cM. dur. 32). Mw = 3,
Rew,x, = 1,1-105

q, —TemI0BOM MOTOK K rianKoft nnacTaxe.
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® ur. 37. HoopauEaTH JIHHUIA pacTeKaHus I, 3, JUHHH BTOPOTO MaKCHEMyMa

TeIIOBOTO TOTOKA 2 U JIWHWII MHHEMYMa TeIIOBOTO IOTOKA 4, 5 HA IIacTuHe;
Mo = 6, Rewxy, = 105—10¢ [16].
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x/d

® ur. 38. Pacnpesesnenne TeIOBOTO IMOTOKA B IIOCKOCTH CHMMETPHI IJIACTHHbI
u 1o nueME pacrekanus I, Mo = 6 [16].

® mr. 39. CHeKTp HpefielbHHX JHUHWII TOKa Ads Komyca Oy = 10° mox yraom
atakn o = 20° (HaBeTpeHHAasA cTOpoHA), Me = 5 [16].
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O nr. 40. MakcuManbHHI TEIUIOBO# HOTOK mHeped pmamagpom [16].
h d u. p.d
__ _'mMaKc! )
NU—T, Reo,d— o’

M Ro—EKOB(DPHOMEHTH TENJONPOBONHOCTM M BASHKOCTH, COOTBEICTBYIOIMME TeMneparype
TODPMOMKEHUA, Pg—IUIOTHOCTL BO3AYXA 32 NPAMHEM CKAauKOM VINIOTHEBHA, O —IJacTHHa;

X ®oHYyC.
3
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@ ur. 41. MakcAManbHHI TemnoBOR HOTOK mepex nmiamagpom [18].
O mnacTdHa; X KOHYC.

Quaxc/Go
<)
OX
%

:
§
‘

h *teten s

O mr. 42. COeKTp OpefeJbHHX JHHHE TOKA HA KOHYCe IIPH HCTE9EeHHH CTPYHM.
0 = 5° M« = 5; a =0, pyj/po = 1.



@ ur. 43. CneKkTp mpefie/IbHEIX JHHEMEA TOKA HA IOABETPEHHOH CTOpPOHE KOHYycCa
npn mcTeeHMH CTPym; 8y = 5°, Mo = 5, & = 10° pos/po = 1.

dur. 514. I'papEnu msMeHeHWA IBeTa TepMomHA@KATopa; Oy = 5°, M = 5.
a = 10°% PojPo=1-
a—t=0,5¢; 6—1=1c; e—1=hc; 2—1=16 C.
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MOKHO TaK;Ke IPENCTAaBHTHh PacCIpefejeHHe TEIIOBOTO HOTOKA B ILIO-
CKOCTH CHMMETPHUH Iepef [UINHELPOM X II0 IXHAY pacTeKaHus ($ur. 38)
[16].

OTpHB MOTOKAa OT IMOBEPXHOCTH NUJIMHApPa AmamerpoM D c moxy-
ceprIeCKO# TOJOBHOM 9YaCTHI0 HPH YCIAOBHU, UTO RHaMeTp d ycTa-
HOBJIEHHOT0 Ha HeM muimuapa He mpesocxomut 0,1 D, cxopeH ¢ oTpH-
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® ur. 45. CoekTp npefeJbHBIX JWHHI TOKAa HA INIACTHHE C YCTaHOBJIEHHBIM
Ha Heil moaykKpsuioM, M« = 5 [17, 18].

BOM OT ITacTHHHL. T0 jKe caMoe MO/KHO CKa3aTh U 00 OTPHIBE OT MOBEPX-
Hoctn Komyca (¢pur. 39). MakcumaiabHBIE TeINTOBOH IOTOK mepern
OUAAHAPOM MOKeT GBITh IpeICTaBJIeH YHHBEPCATHHOH 3aBHCHMOCTHIO
(pur. 40).

Ilpn yMeHBIIEHHH OTHOUIEHUA JHAMeTpa IHIMHIpPAa K TOJIIAHE
BHITecHeHnsaA 0% MOrpaHUYIHOrO CJI0A Ha IVIAAKOM miIacTuHe no0 ~1—2
ONMCAHHbIE BHIIE 0COGEHHOCTH OTpPBIBA COXpaHAWTCA; mpum d/6* << 1
o0IacTh OTpHIBA PACIPOCTPAHAETCA eme O6OoJblIe Bmeped, HO YUCIO
XapaKTePHHIX JIUHAA B COEKTpe mpe/eTbHbIX JHHAA TOKa YMEHbIIAETCH,
ocTaeTcd OfHA JWHHUA MaKCUMyMa TemioBoro moroka /. Makcumym
TEIJIOBOTO NOTOKA Ieped HUIMHAPOM pe3ko magaer (¢mr. 41).



300 NPHJIOEHHWE

HaKJIOH OHIAHAPA BOepen He OpUBOAHAT K OPHHOUNOAAJbHBIM OTJIH-
9AAM 10 CPAaBHERMIO C BePTHKaAbEHM nmuimuEApoM. Hakaon muauampa
Hasaj NPUBOJMT K YMEHBIIEHUIO KJIHHH 00IaCTH OTPHBA B INIOCKOCTH
CAMMETDHHA; IPA yrie HaKJIOHA, DPABHOM ~45°, ylapHaA BOJHA B IJIO-
CKOCTH CHMMETPHH JOXOJHUT /10 OCHOBAHMS NMJIAHAPA, 06JacTh OTPHBA
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@ ur. 46. 3aBECEMOCTH OTHOMICHUA BeIMIMHE MAKCIMAIBHOTO TEIIOBOTO HOTOKA
Ha njacraHe B 06JacTH OTPHBA K TeNJIOBOMY HOTOKY K FIAafKO# INIacTHHE OT
oTHOIeHus xaBaenwmin [17].

A x=0°% M =3; O x=0° M, =5 = x=0° My =6; ¢ x=30°, M, =6, O x=60°
M, =5; @ x=60°, M_=6; ¢ x=80°, M_=3.

pacmosiaraeTcs mo Goxam mUIWAAPa. MakcUManbHHEA TENI0BOH IOTOK
K IJacTHHe Oepel NWIMHIPOM ¢ H3MEHEHHMEeM YIJa ero HaKIoHa
H3MEHACTCA TaK K€, KaK M TEINIOBOH IMOTOK K NMWINHAPY IO YIIOM
ckoammenus [16]. TemmoBo#t moToKk K mOABETPEHHOH HMOBEPXHOCTH
KOHyca Iepej HHJIHHADOM OpH yriae aTakE o > 0y 3HAUATEIBHO
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MeHbINe, 9eM IPH yrie aTakd o = (0, HO W B 3TOM CiIydae mpHCYT-
CTBHe IWJIMHAPa BH3HBaeT yBelHYeHHE OUKa TEIJI0BOro moToka [18].

OTpHB moToka mepest cTpyeil, BHTeKaOmed# N3 KPYTI0ro OTBEPCTHSA
B WIacTHHEe, AMeeT MHOTo o0Iero ¢ oTpHBOM mepef NUIuHApoM [5, 8,
10, 11]. KagecTBeHHOE CXOACTBO HLMIOCTPEpYeTCA Ha ¢ur. 42—44
(sxcmepmmenTn Boposoro m Pruxkosoit).

Tpeyronsroe mOMyKpELIO ¢ OCTPOI nEpefHEH KPOMKO#H mpH JoCTa-
TOYHO GOJBIIOM yIJe OTKIOHEHHSA TaK/Ke BHI3HBAET OTPHB IIOTOKA
OT IJACTHHH, HAa KOTOPOHl OHO ycraHoBiIeHO (pur. 45). B cmextpe
OpefieIbHBIX JMHAA ToKa HaONIOaeTcA OCHOBHASA JHHHAA pacTeKa-
HEA 1, THHUA BTOPHYHOTO OTPHBA (CTEKaHHA) 2 M JMHHEA NOBTOPHOTO
mpucoeuaeHEs (pacTekanusa) 3. MaKcUMyM TemnoBoro mOTOKa KOCTH-
raercs Ha AuEAA /. 3aBHCEMOCTD €r0 BeJUYAHL OT OTHONICHWS JaBiIe-
HAA 3a yRAapHOH BOJXHOH, OTXOAAMmMEH OT HmepeiHEH KDPOMKH IOJY-
KPHJIa, pp K JABIEHHI0 HA IJACTHHE BHE 00JACTH BO3MYMEBHSA OT
HONYKPHJA Py OPH pa3IdYHHX YIVAX CTPEJOBHIHOCTH IepefHeR
KPOMKH U YIJIOB aTaKd IOJYKpPHJIA ABIAETCA YHEBepCalbHOM (pur.46)
OrHOomenne naBieHHil,— IO-BEAUMOMY, HamGojee BaKHEHM mapaMeTp
IPH B3aMMOJIEHCTBHA CKAYKOB YIUVIOTHEHHA ¢ IOTPAHAIHLIM ciaoeM [15].
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— yeryou 109, 110, 131—145 (3)
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115 (2)
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" 118—120 (2)
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crax 124184 (2)
— — — — J03BYKOBWX CKOPOCTAX
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123184 (2)
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Teuenme B cieme paBHOBecHoe 127 (2)

— — — pexoMbmramus aromoB 137,
138 (2)

— — — caMocoxpansomeeca 77, 78,
108—118

— — — cBerameecsa 124 (2)

— — — Typbynenrroe 103—123 (2)

— — — — wMecTHOe mopmobme 174 (2)

— — — (A3EKO-XIMUYIECKHe Ipolec-
cu 126 (2)

— — — wuacrora miaasMu 138 (2)

— — — JIEKTPOHHO-MOHHAA peKoMOm-
manma 136, 137 (2)

— — — a3ddexTuBHOE HAJAIO OTCIETA
paccrosnus mepexopma 140 (2)

— spuemnuee 144 (1)

— sBHyTpernee 12, 144 (1)
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Tcm | Crp. Crpoka HanezaTaro Cnenyer 4uTath
1 33 6 camsy |Rey 3 Reg” !
1 63 | Hopuumes k | ——0,05 < u/u, <0,95; | — —— 0,05 <y,
dur. 50 A e ' <0.95 Sufue
——— —— 3KCTPaNoONALASA | — — IKCTPANONANHA
1 65 1 ceepxy [Mopdnm Mapédn
1 67 | 6 cmmsy |22 April 1964, pp. 117— | Fluid Mechanics, 12. Pt
128 1 (1962)
1 97 Y}();g;ieune 0 <E<E)y). O i<y,
1 111 | 11 ceepxy | Meiirep Maiimxep
26 cmepxy
1 131 | Hognmes x [ Komyc 75° KoHyC 7,5°
dm1. 15
1 134 | Hopnmer k | — pacuer pacuaer
¢uar. 19
1 136 | 19 cpepxy |Maiik Maxaann
1 144 2 cHM3y | {MHAMH9eCKasA CKOPOCTb; | AHHAMUIECKAS CKOPOCTD
] (cKopocTh TpeHHA);
4 cEmay |aHeprEA Typ6yNeHTHOTO |3HEprasa TypGyJIeHTHOro
ABMKEHHA  CKOPOCTh ABHKEHAA
TPeHHA);
1 171 | 3 cmmsy |ackmepumenr. IKCIePUMEHT.
Ilopmucs mox| cMemena
¢ur. 10
1 191 3 cEm3y paspaTar PasBETHHA
1 205 | 21 ceepxy |Martinot—Largarde{Martinot—Lagarde
1 207 | 24 ceusy |Abott Abbot
1 209 | 9 ceepxy |[Stratford D. S. Stratford B. S.
1 240 4 csepxy |ypasaenme (32) ypaBHeEEA (32)
1 247 | Hogmmepb K | To9Ka oTphBa (Opubanm- | T09Ka oTpmBa (npEGAH-
¢ur. 6 3HTENBHO) 0=05 MM; 3ATeNbHO); §=5 MM;
1 250 | 13 camsy |p=0,528 pg p=0,528 pg
1 288 | 4 cmmdy |Mach Number of 6—5 Mach Number of 6.5
1 290 | 4 cBepxy |Schock Waves Shock Waves
1 291 6 camdy |Ray Kumar A, Ray, Kumar A,
2 43 9 caudy | Hamxonxn Huxonb
2 68 | 14 camsy |Kappse Kappsep
2 184 | 21 cBepxy |V266 Ba66
2 186 | 25 cem3y |Karbacher Korbacher
2 187 | 19 cumay | 124 1949 124 (May 1949).
2 195 9 causy | Zeinerg Zeiberg
2 205 | 10 cam3y |66=2=016 66=2=>516
2 276 | 18 cemay | Norburg Norbury
2 277 | 11 camsy |Radius Sweepback Radius and Sweepback





