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B monozpaguu Yxncena snepswie 8 Mupogoil Aume-
pamype 0000Wer U CUCMeMAMUUPOEIH MaAMepUds No
0dHOMY U3 Kaubosee OEMYAALHRI U UHMEDECHWI Han-
pasaerRul MexaHuku HcUIKocmu U 2a30G— OMPHEHEM me-
weHUAM, B03HUKAIOWUM npu 0Omerdnuu mes 613K0L
HUIKOCMBIO UAU 2030M 60 8cem JuanasoHe cropocmeil,
om do3gyk08020 {0 2UNepPasyK06020, NPU MEYEHURT @
EQHRAQE, 8 2a308MT MawUHar, mypbunaer u m.n. Om-
paxcas cospemenmnoe cocmosHue 8 smol OypHo paseu-
saiowelica obaacmu 2udpo- w aspoduramuku, KHU2a Ha-
Pady ¢ docmamouno zayboruMm meopemuMeckuM aHAAU-
30m codeprcum Oozamble SKCRePUMEHIMAAbHBE Marne-
Puaabi, secoMma nodesnbe O4f NPAEMUMECKUT RPpULOMce-
Hutl.,

Monoepagpusn adpecosara HayunuMm pabomnurem u
UHNceHepPaM, CREYUAAUIUDYIOWUMCA 8 obaacmu 2udpo-
U a2p00uURAMUKY U MEnAonepedaui 8 RPULOHCEHURAT K
camMoaemar, paKemam U KOCMUYECKUM JAemameabHbly
annapamam, 20308HM MAULUHAM U JeUzameasM, CKO-
PocmHbM  HAGB0GHNM U nodscdHBM KOpabasm, eudpo-
mypburam, Komnpeccopam u m. n, OHna Moxcem cay-
Jewmb maKxce YLeGHUM NOCOGUEM U CnPABOUHUKOM 4%
cmydenmoe U GCRUPAHIMOE YHUEEPCUMEMOs I 8mys3os.

Pedaryus sumepamypit no Ho80U meIwnuKe



OCHOBHbIE OBO3HAYHEMHWA

A — mIomangh OMBBAE€MOM MOBEPXHOCTH; NJIOMAAL HoIepeq-

HOTO CEeYeHHHd TeJa;

@ — CHOPOCTHL 3BYEKA4,;
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Ko3QPHATACHT DOABEMHOM CHJIHL;

ko3dPAMMEET CONPOTHBICHNAA,

Ko3pPUnEeHT UOBEPXHOCTHOIO TPEHNHSA;

Ko3pdunmedT AaBIeHnA;

VIeJNbHAA TEeIJNOEMKOCThH 1pM NIOCTOSHHOM [aBlIeHHM;

COLIPOTHBJICHHE;

nAHaMETP;

dopMImapaMeTp TOrpaEHYHOTO CJ0H;

Ko pHIEEeET TEemIooTHAdIM; BEICOTA;

qucio JInkrca;

gueno Maxa;

ypcso Hyccexnta;

IOKa3aTelh CTeIEHN;

gucao llpampros;

DaBJEHAE;

CKOPOCTHOU HAIIOD;

yucao Peirmodbiaca;

TeMIEpPaTypa;

BpeM#;

COCTABAANIOIMASL BEKTOPA CKOPOCTH B HAIPAaBICHHMH TeTe-
HEA,

COCTABIAKINAA BEKTOpa CKOPOCTH B HAIPaBJIeHWHA Y;

COCTABJAKIMAA BEKTOPA CKOPOCTH B HAOPABJICHHHA 32;

KOOP/INHATa B HANPABJEHNH TEYeHHA;

KOOpAMHATa B HAOPABIeHHWH, NEePOeHAUKYIAPHOM
HaIIpaBJICHEO X;

KOOp[HMHATE B HANPABJCHUH, NEePOeHAMKYJIAPHOM Ha-
OpaBJIeHHAM T 1 ¥;

yron aTaKd;

OTHOINEHWE yTeIhHHX TEeIIOeMKOCTe!;

TOJINEHA HOTPAHHAYHOTO CJ0A HMIAHM cBoGomHOro BA3KOrO
cloA;



OCHOBHBIE OBO3HAYEHUWH

— TOJNMUHA BHTECHOHHSA NOTPAHATHOTO CJOSA;
— KoapPuOueHT TYpOYIeHTHOH BA3KOCTH;
— TONIMMHA [OTEePHd HMMOYIhCa MOIPAHATHOTO CJOHA;
Ko3dPHNAEeHT AUHAMHAYECKON BA3KOCTH,
— KoappHn@weHT KHMHEMATHYeCKONl BA3KOCTH;
— NIOTHOCTH MHUEKOCTH HWIHW Ta3a;
— HaOpAKeHHe TPeHHA;
P — QYHKIIEA TOKA.

ATV <= DO *
|

Aniercw

e — ycIoBHs HA BHeNIHed rIpaHAOe MDOTPAHHIHOIO CIOA;
S — OTpHIB;

W — 3HAYeHHME HA CTEHKSE;

o6 — YCJHOBHSA B HEBO3MYMEHHOM IIOTOKe.



Fnasa Vi
XAPAKTEPUCTUHU OTPbLIBHbLIX TEYEHHUH

Ob6o3nauenus
A, — miaomanbk JOHHOTO cpesa;

b — mumpwuHEa;

¢; — KoapPUNMEeHT ¢; B HaYajle B3AMMOJEHCTBEA B CBOpPX-
3BYHKOBOM UOTOKe nIpyW 3agadmEoM Re,, OTHeCceHHBIN
K SHAYEeHHIO 3TOT0 KoapPuImenTa B Hayane B3aMMO/eil-
crema npu Re, — 108;

f — uwacToTa;

h -— BBLICOTA;

I — MoTOK KONIWYECTBa ABMKEHHUA;

k — rospPEIMEHT CMemeHnsd;

L — pnnna;

| — gnmuaa o6JacTH OTDHIBA;

l; — XapaxkTepHad JJImHa 00JacTH CBOOOJHOIO B3AMMOJAEHCT-
BHA;

M — DOTOK MACCH B CJI0€ CMelleHNA;

n = h/6§;

ll: = u/u,;

u,, = I/m;

I -- paccTOSHAE BBePX WIW BHW3 IO IOTOKY, M3MEDPEHHOE
OT TOYKM LOPUCOEAMHEHWs BRONL O0KOBOI o0pasyromei
OCHOBHOTO KOHYCA;

— Ko3pPummeET NTPONOPIAOBAILHOCTH;
8 ¢ — TonmmmEa ca0A cMemeHWsA B TOYKe OTPHIBA;

£ — BBICOTA TOYKM DOPHCOEAWHEHHHA HAM IOBEPXHOCTHIO
OCHOBHOTO KOHYCa, H3MePeHHASA II0 HOPMAJIX K HOBEPX-
HOCTH KOHYCA;

= x/bg;

M= Pr/P:s

© — yroil OTKIOHSHHHA NOOTOKA;

H = Up/U,;

E= p/ps;

0 — K03)dHENMAEHT BOCCTAHOBICHHAA AABIEHNI;

O, — Ko3)PHIMeHT pacCImupeEdsas CTpPYH.



TJTABA VII

Hidercw

A — BepHIAHA;
d — sacroiimas oOnacTs;
j -— 3HaYeHHe, COOTBETCTBYIOMEe YCIOBHAM CTPYyHAHOTIO TEUe-
HEA;
0 — ycnopusa B mavale B3aMMOASHCTBASI B CBEPX3BYKOBOM
TOTOKE;
R — npucoenmaeHme;
I — XapakTepHOe 3HaYeHDE;
S — ycaoBmsi B TOYKe OTPHIBA;
$ — 3HAYEHH® MIapaMETPOR TOPMOKEHHA;
{ — OoaBHOE 3HAYEHUE,
00 ~— YCIOBHMsS B HaleramoimeM IOTOKE;
~ — ocpegHeHHBe YCHOBHA Ha pasfeiafOmed JIHHEAA TOKa
B Clio€ CMeNIeHUd;
! — 3HaYeHHe HE/KE IO MOTOKY 0T o0JacTm mpmcoeluEEHHA.

IIpr oTphiRe mMOTOKA OT MOBEPXHOCTH TeJa OKOJO TeJIa W 3a HHM
o6pasyercss 061acTh OTPHIBHOTO TedeHAH. OTpHIBHEIE TEYSHUA MOMKHO
pa3OeNETh Ha JBa Kiacca B COOTBETCTBHU ¢ pas3MepoM o0IacTH OTpH-
Ba I0 CPaBHEHHID C pasMepoM Teja.

Ecnm obmacTs oTphHBA Mala IO CPABHEHHID C TeJIOM W OI'pPaHH-
geHa Pasfensionmell JmEmell TOKa, a TAK:Ke TOYKaMH OTPHBA # OpH-
COeNUHEHEA, TO TAKOM THLI TedeHHS OyJeM HaswBaTh IPOCTO «OTPHIB-
HBEIM TEYSHHEM?.

Jlpyroi THX OTPHBHOTO Ted9eHHA XapaxTepuayeTcsd OGoxbmuMn
pasMepaMu 10 CPaBHEHHUIO ¢ PasMepaMH Tela M MOJKeT HO OHTH 3aMK-
HYTHM TeYeHHeM, HKaK <«CIOYTHHIHA cXef» 3a TyneIM TeaoM, MOpo-
CTHpAKIUACH BHH3 II0 Te4eHWI0 Ha 0eCKOHedHO G(oJIbIoe paccTosd-
mue. B 570l raase pacCMaTpHBAIOTCA TOJNBKO (OTPHIBHEI® TeIeHHA®,
a «TeyeHHA B ciene» GyayT paccMorpeHsl B ri. VIII,

OTpriBHbIe TeyeHHSA BO3HHKAIOT, HAaODWMEp, mepey ycTymoMm, o6-
PAIEHHBIM HABCTPEYY LOTORY, WIH 3& YCTYIOM, PAaCI0JI0KEeHHEIM
II0 MOTOKY, 4 TaK:e B BHIeMKaX W Ha BepXHell MOBePXHOCTH KPHLIQ-
Boro mpodmag., OTpHBHOEe TedeHEe, obOpa3symomieecsa Mepes YCTYIOM,
IPWHANJIEKAT K OTPHIBHHM KINHOBHAANKM Te4eHASAM; TEYOHHI B BhIeM-
KaX [pHHAIIOKAT K OTPHBHAM BO3BDATHO-IMMPKYIANUOHHKEIM Tede-
HUAM, A& OTPHBHLIE TeIEHHAA OKOJO0 KPHIJIOBOTO Opodmas — K OTPHIB-
HEM Oy3sipaym. OTpHBHOE KIWHOBHUAHOE TeueHHe XapaKTepH3yeTcs
OTHOCHTEALAO MaJIOW BeAWUYMHON yria HaKJIOHA Te9eHHA K IOBepPXHO-
CTH TeJa B TOYKAX OTPHBA W NPHCOEAWHEHWHA, B TO BPEeMA KaK OpPH
OTPHIBHEIX BO3BPATHO-MUPKYNANHOHHEIX TeYeHHSIX IOBEPXHOCTH
Tella B TOYKaX OTPHBA M NPHUCOEIAHEENSA B 00meM ciaydae mouTH mep-
OeHAUKYJIAPHA HampaBiaeHnw TedeHnms. OrpHBHHE TedeHHs JTHX
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ABYX THIOOB BHI3HIBAIOTCH PA3PHEHEIM XadPaKTepoM TIeoMeTpHIecKoi
dopmil moBepxHocTH Tena. Unnaxo o6pasoBaHWe OTPHBHOTO LY3BIPH
CBABAHO ¢ JWHAMHOTIECKEMH XapPaKTePACTHKAMHA TEYeHHs, HPUBOIAIIN-
MH K HUPKYIATAOHHOMY JBIGKEHHI0 HAX TINAJKOH ITOBePXHOCTHIO.
CymecTBYiOT §Ba BAJA OY3HPed — KOpPOTKHUe u Jamuune. Ecam Koport-
KHA OYy3LPh OPH JAMAHADHOM TeYeHWH OKOJO IpodmiIsA Kphlna pas-
pylnaercsa, TO BOSHHKAET CPHB IOTOKA ¢ mepefHelf KPOMKM, OpPHWBO-
AAMEA K Pe3KOMY BO3PAacTaHHIO CONPOTHBJIEHHHA H MOTEPE IOABEM-
HOM CHIINI.

OTpHBEEE TeYeHHA MOIYT BO3HHKATh M Ha NepegHell KpPOMEKe.
Taxas mpobiema pacecmarpuBaercs B ria. IX, rjie ocHOBHOE BHEMaHMe
yIenseTcs ycAOoBHKW o0pasoBaHMA W MeXaHM3MY OTphIBA C IepejHEeR
KPOMKH.

B rn. X npumBomATCA KOHKPeTHHE XapaKTePHCTAKHA OTPHIBHHX
Te4eHNU W TeYeHHH B caele, CBA3aHHLIE ¢ JaBJIeHHEM Ha IOBEPXHOCTH
Tena, UpAMBIKaOMed K 06JacTH OTpLIBA.

IIpo6aemHu Tensionepeqadd B OTPHIBHHIX TeUYeHHAX PacCMaTPHBAIOT-
ca B ra. XI.

Uz coobpakeHnii KOMOAKTHOCTH W3JOKEHHA Ka’KAOU I'NIaBBEI MaTe-
pHans, cogepxamumecst 8 ra. VII, IX m XI, mo meroropoii crenenn
mepeKpHBAIOT IPYT Apyra.

B paspg. 1 mamHo# raaBH onmcaEH (M3WYecKHe KaPTHHHL TedeHWH
¥ JaHH TeOPOTHIECKH® PeIIeHWs [Jifl OTPHRIBHBIX TeU9eHUM OKOJIO JBY-
MEePHEIX IOBePXHOCTeH M OCECHAMMEeTPHYHEIX Tell; B pasf. 2 paccMOTpe-
HE OTPHBHEE OY3HDHM, BO3HEKAKIMHIE OPH OTPLIBe IOTOKA Ha Iepef-
BEX KpoMKax. OTpPEHBHOE TeYeHWe B CHJIBHOH CTeleHH 3aBHCHT OT IPH—
POAH NIOTOKA — JAaMWHAPHOTO, NEePeXogHOT0 MIA TYPOYJIeHTHOTro.
B mossyxoBoM moroke gmcno PedHONBAca oTopBaBmIerocs JaMHHAD-
HOT(Q HOCPAaHHYHOro cxosA mocraraer npmmepuo 50 000 {1]. ITosTomy
OpH AO03BYKOBBIX CKOPOCTAX Hpo0JeMa 9HWCTO JaMUHAPHLIX OTPHIBHEIX
TegeHUil MOKeT HE WMeTh IPAKTUYECKOTO 3HAYeHHA, ONHAKO BBHAY
TOr0, ITO B CKEMAEeMOM HOTOKe JJaMiHAPHOe OTPHIBHOE TEYOHNE KOBOIL-
HO YCTOWYHMBO M €r0 YCTONIMBOCTH MOBHIMASTCH ¢ pocToM dmena Maxa
(ganpumep, Ao CHIEP3BYKOBHIX CKOPOCTeH), JaMAHAPDHHE OTPHIBHAEIE
TeueHEA Tasa MOTYT OpHOOpecTH DpaKTHYeCKUi# MHTepec.

OTpsiBHEE TCYCHHA MOTYT BO3HHKHYTH UPH OTKIOHEHHBIX IIAT-
K8X, HATePOeOTopax, B COIJEe paKeTHOTO [BUTaTend, paboraiomero
B pe;xUMe [epepaciiapesnsd, Ha IOBETPEHHOW CTOPDOHE Tela, HMEel-
mero GoJBIMON yroa arakd, Ha MoBePXHOCTH KOpHmyca Kopabusa, Gom-
GoBoro oTceka, B OTEPHTOH kalWAe WIM aBapHMUHOM IIOKe M T. A.
B GoasmummcTBe ¢ayuaeB BHXPH B OTPHIBHHX TEUEHHAX SABJIAIOTCSE
HOYCTAHOBHBIIWMHECH H HX 5SKCOePpHMeHTAIbHOEe H3yYeHHe BechMa
BATPYNHATENLHO, OFHAKO B BHIEMKAX Y[AaeTCA HDONYYHTh YCTAHOBUE-
mwiicsi BEyTpPeHHmA Bmxpbhb. Mccnenysa Takme BHXPH, MOKHO IIOHATH
MeXaHUSM peaNhHHX BuXpeoOpazoBaHHH W OpPHpoONY myMa, CO3ja-
BaeMOro rmpoAuHaMHYeCKAMHE IpHIAHAMHA.
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1. OTPbLIBHbLIE TEHEHWMA OKONO ABYMEPHLIX
N OCECHUMMETPHYHBEIX TEN
n 3A HUMKU

B sToM pasmene GYAYT pPacCMOTDEHHl XapaKTePHCTHKHM OTPHIBHBIX
TeUeHNH HUIKOCTH ¥ I'a3a 0KOJIO ABYMEDPHBEIX ¥ OCECHMMETPHMIHBIX TEJ,
KaK yCTYM, IOHHHM cpe3, KPUBOJINHeHHAaA CTeHKa, BOI'HYTAs MOBEpX-
HOCTHL M T. Jl., A 33 9THME TeJaMH C COOTERETCTBYIOIUAMU CCRIIKaMHU
12 E3BECTHHE SKCUEPHMEHTAJILIIEIC K TEOPETHIECKHES MCCIEIOBAHMS.

Yacro TeueHme BEYTPM HOJOCTH WIW UYSHIPH Ha3bIBAKT «3aCTOU-
HEIM» («MepPTBEIMY). B 3acTOHON 80HEe CKOpPOCTE e 00a3aTeNbHO PABHA
Hyaio. B aToil 06macTH CymECTBYIOT CJIOMKILIC BEXPCBLIC HEYCTAHO-
BUBUIMECA TpPeXMepHHe TedeHHA, Naike eCJX OTPhB IOTOKa IPO-
WCXOMHT Ha JBYyMepHOH moBepxHOCTH Mim 3a Heil. B ofnacTtm mpmcoe-
AulleHHESA JaMHAHADHOIO NOI'DAaHUYHOTO CJI0H HA ABYMSDHOM MOJENH
B CBePX3RBYKOBOM mnoTOoKe HalOmwolanuch HHTEHCHBHBIE peryiaspHbe
fepHONYSCKIE BOSMYMECHUS B HAIDparmeHwu paaMaxa [2]. [Tpm ofite-
KaHA® AO03BYKOBHM IOTOKOM CpE€30B WM YCTYIOB JIBYMEpHRIX Tell

BO3HHKAIOT TeTeHUA HECKOJAbKUX THULOR

1.4 [3]. Takum o6pazom, OTPHIBHEIE Tede-
- X HHEA OKONO TeJd HpocTeiimell reoMerTpu-
1,2 7 | deckoili ¢GOpPME  SABIAAIOTCA [SOBOABHO
10 / o CIOWHBIME, HT0 CBEAETETBCTBYET O
Cp / , —_ Li " CILOMHOM OPHAPONE OTPHBHHX TeueHHM
08 — 117 B o0meM caygae. BrobaBox x sTOMY
06 < b_{ UpH HCCHE[OBARAM TeIeHHN CixuMae-
' / -t MO Cpenu HBO6XOE(IIMO YYUTHIBATH
04—t b const BIMAHOE  B3aHMOJEACTBUS  CKAYKA
i 0 b=21 MM VIOAOTHCHAS C OOTPAHHUTIEEM CJOeM.
02 T T xb=4,9 MM
® b= 3,9 mMm
0 05 10 15 20 1.1. OTPbIBHOE TEYEHHWE HHUAKOCTH

hyb Burapnr [4] uamepna (B gmamasome
O ur. 1. Kos@@uumenT coupo- O03BYKOBEIX CKOPOCTEH B a9PONHHAMU-
THRIEBNA UBYMEDHOTO WHPAMO-  gecpgiiTpy6e) Bo3pacTaHme COLPOTABIE-

yIOJBHOTO BHCTYOA, PAacloJio- .
JeKHOTO TWepOenfuKyjxapmo & BAA DA3NIHUHEX HpPedsATCTREAM, WaNpu-

Haferaromemy mnoroky [4]. Mep YCTYIIOB pasidWdIHEIX fopm, mepero-
b=const; L/b=o; u,, =25 mM/c; PONOK N3 IIACTAH, 3aKJIeINOoK W T, 1.
x=14,34 m; 8=067 mM; xuy,/V= p roTOKE BO3AYXa, ABUIKYMETOCHE CO

= 7,1-108,
! CKOPOCTBX 25 M/C, UPH H3MENCHHUE

gmcaa Re, = u«x/v or 2,8-10% mo
7,2-10%, Tne £ — paccTofiE@e [0 HPEUATCTBMH 0T KPATUIECKOH TOYKH
npM TypOyaeHTHoM peskmMe. Hpome Toro, oH BH3YaJIbHO HCCIAENOBAT
dopMuEpoRaEde BEXpeli, 00pa3oBaHHEIX YCTYNaMd H meperopojKaMu
B BOAAHOI Tpy6Ge npHu ckopoct: TedeHna 12 m/c. Buayanuaanus Tede-
HHA OPOW3BOAMIACH C IOMOIMBI) RJIIOMHHMWEBOro Hopomka. THIMay
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[5] Tamke m3MepAn Bo3pACTAHME COUPOTHBIEHUS PA3IHIHBIX IIpe-
OATCTBUHA, aHAJOTHYHHX paccMOTpeHHERM Bmraparom (mpm TypGy-
JIEHTHOM PEKHMe), pacmojaras 5TH UPeuATCTBHA IOJ] pPa3IHYNBMHA
yriaamM# K HaGerammeMy HOTOKY, ITePEKPHBASA BHEMEH W T. M., 9eM
IOTOJHKN mecaenoBarna Burapmora [4]. Otu ucenegosamma oxasanncs

® mr. 2. Kapruna obreranuma Bucryua, b/h = 2,4 [4].

HONE3HRIMA JIIS OUpPENeIeHns CONpoTuBlienusa, o0yCIOBIeHHOTO pas-
JATHHIME HOPOBHOCTSMH IOBEPXHOCTH KOpIyca Kopalas, KpBLIo-
Boro nmpodunda I pasIHYHHX dacTelr Kopabneil w camoseros. U3 Goib-
HIOTO 4Y@cJa Pe3yJILTATOB HW3MEPeHWH 37aech NPpefcTaBieHH JIANb
HEOKOTOPHE, UMeHmMUe OTHOIMIEHHe K XapPaKTePHHM OTPHIBHHEIM Tede-
EAaAM. M3MepenHHe 3HadeHHA Ko3QHO@eHnTa CONPOTHBJICHHA IBY-
MEDHKIX BHICTYHOB ¢ Pa3JHYHHIME OTHONMECHWAMH BHICOTH K INIHApPHHE
npwsegeHu Ha $mr. 1.
Ho3pounuerT cOOpoTHRICHAA ONpefersercA B BHJE

AD
CD =
qa
rge AD — pasHOCTh 3HAYEHHMA COITPOTHBIEHMA DNACTHHEL C BHCTYIIOM
z 6e3 Hero, A — nJAOmMA/b HOBEPXHOCTH BHICTYNA, CO3MAIONISH COIPO-
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THBIIGHHe, § — CPeIHee B3HaUeEme CKOPOCTHOrO Hamopa B BA3KOM
cioe oT ¥y = O mo y = h (Bricora BHICTYHA), ONpefenseMoe mo dop-

Myae

- 1
g=— | S () dy.

Oy

C yBenmueHmeMm s3HaueHmii h/b (b — mmpuHa BHCTyUA) U b 3HaYeHEE
Cp Tarxe BospacTaer. Opmako saBmcEMocTE Cp oT k/b BHpamkaloTes
A paJlieIbEHMA KPHBEIMH,
ecan b = const caymar ma-

02
A:;, - pamerpom. Ha ¢ur. 2 noxa-
6 | 3aHH BHXDH, 00DasyMOINUecs
QUT‘—}E = o nepes BHICTYIOM H 3a HEM.
:f —% _’%Ll' Cyna 1mo aHAJOTHIHEM
& dororpadmaM, IpHBEeJeHHHM

0 0z 04 06 08 10

B pabore [4] musa pasmmummx
-h/b

spagenmit h/8 (rme 8§ — Tom-

@ n r. 3. ComporaBaeHae, 06yCIOBIEHHOE
BHpe3aMu pasnwyHEod raybmEn [4].
Uoo = 25 M/C; b=rconst =32 mm;

{ 260 mm .

U 250 ma’
Ox=4,39 m; 8=67mMM; u_ xfv=0,2.106;

Xx=168mM 8=32 mM; u, x/v=2,8-108,

muHa TYpOyJleHTHOI'o Horpa-
HOYHOTO CH0OA), ¢ POCTOM TOJ~
IMHBK ODOrPaHAIHOIO CIOA YBe-
JAYNBACTCA  IPOTAKEeHHOCTD
obmacTH OTpPHIBA M HMHTEHCHB-
HOCTh BHXpeil, B ocofeBHOCTH

B ofmacTm 3a BHICTYOOM.
Bripessl He 0xa3HBalT GOXBIIOro BIMAHAS HA BHENIHEe TeYeHHe,
XOTHS NOJOCTH BHIpEsa 3al0oJHeHA BAXpaAME. V3mepeHHEHe 3HaYeHH:

® ur. 4 Kaprmpa Tegenzsa B BHpese [4].
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ACp mpencraBienn Ha ¢ur. 3, rae ACp = AD/qA,, g = Y/.pu® —
CHOPOCTHOJ Halop BO BHEINHEM TedeHHH, A; — OIoMagh JHA BHIpesa.
Hak smamo Ha ¢ur. 4, B rayboxkoMm BHpese mpH Masom h/b dopmu-

pyeTcH TOIBKO OfMH BHXDH, a IpH GonsmoM #2/b dopMApPYOTCS ABa
BHXDH.

Pacnpedeaerus Gasserus w CEOPOCMU, CORDOMUEICHUE 1L TOSEDZ-
HocmHoe mpeHrue

Duin BHNOIHEHH HEKOTOpPHE SKCHePEMEHTANLHRE WCCASNOBAaHUS
pacrnpefieieHIsa CTaTAYeCKOr0 NaBJIeHHS, COUPOTHBIEHMSA W HOBEPX-
HOCTHOT'O TPeHMst Ha YCTYNaX, B BHPE3aX W T. . UPH MAJBIX CHOPO-
CTHX HOTOXA.

Yemynw. Tawam n gp. [3] mceaenoBamm xapakrepmeTmkEm oTPHB-
HOT'0 TeYCHHA 3a MoJessl0 yeryma (dmr. 5).

Ha ¢ur. 6 opreemeHEl m3MepeHHEE 3HaYeHEA KoappHmmerTa 1aB-
JeauAa Cp = (P — P o)/ (Y 4pUd), TNE P W P o — COOTBETCTBOHHO MECT-
HOe CTaTHYeCKOe JaBJeHUe I CTATHYeCKOE JABICHAS B HeBO3MYIIEHHOM

2 3
_/ [/ 4\
e
////// i 7.

® mr. 5. Cxema OTPHIBEOTO TedeHHs 3a ycryiom [3].

7 — OCHOBHOY MHOTOK; 2 — cJoffi CMemeHWA, J -~ BO3BPATHO-IIUPKYJIANKOHHOE TCUCHHUE,
4 — nprcogNBHEHWE.

HOTOKE. XOTA N0oKa3aHHA MAHOMETPOR OHLIM CpaBHETEILHO YCTa-
HOBHBIIEMACS, PESYALTATH M3MepeHHH HeCKOIbKO OTIHMYANHMCh APYT
OT Apyra, 970 CBHUAETEJLCTBOBAJNO O CYMECTBOBAHHH HECKOIBKHX
THUOB TE€YeHHI 33 YCTYIIOM,

Hpuseiennsie fMaHHLE HABIAIOTCH CPEOJHEMH 3HAYCHAAMH [1Js
HECKOJbKHX COPHM 3HCOCPHEMEHTOB. JHadeHws x/h B WHTepBale 3Ha-
gernit (—1, () COOTBETCTBYIOT BEPTHKAILHONR CTEHKe YCTyLa, MOJIOKE-
TeALHnne 3HaYeHHAA x/h  COOTBETCTBYIOT TOPH30HTANLHOUE CTEHKE
3a veryooMm. CorslacHo MOJ'YYEHHEIM pe3yiIbTaTaM, MOHHOE AaBjeHHe
OUHAKOBO JIJisi BCeX YCTYHIOB HE3aBHCHMO OT MX BBLICOTH M TOJIEHE
TOTPaHWYHOTO CA0S, 33 HCKIKNICHAOM YCTYOOB C O9¢Hb MaJol BEICO-
toit. Bo Bcex ciaywasax joEHOe MaBJEHHe MEHLINE D . BHadane omHO
CJleTKa YMeHbIDaercsd BHES IO TedeHNIO 3a YCTYIOM, & 3aTeM OHICTpO
BO3pAcCTaeT, yKasWBasg Ha IPHCOeAWHeHRHe moToka. HedyscTBHTEND-
HOCTE HOHHOPO MaBJEHHS K BhicOTe YCTyIa H ToJAmMAHe OOTPaHAT-
HOTO CI0A, HO-BUAEMOMY, OOVCIOBJICHA TeM, YTO Te4YeNnHe B IOI0CTH
TAaBHLEM 06pa3oM DO KABASTCH HAIPAKEeHAEM TypOyIeHTHOT'O Tpe-



® nr. 6. Pacupepenenns pmaBiIeHHA HA BePTHRAaIbLT0H CGTEeHKe YCTyNa M Ha
TOPUBOHTAJIBHON cTeHKe 3a HuM [3].

* TOJICTHH MOTPAHRYHBI CIoii.
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@ nr. 7. Pacnpegexenns cpeaneil CKOPOCTH MOTOKA, AHTEHCUBHOCTH Ty POyilenT-

HOCTH H HAIPAKeHHA TYPOYICHTHOTrO TPeHU:A B34 YCTYUOM, PaCIOI0KEIIHELIM
no moTory [3].

h = 2 om; uy, — 28 m/c.

o 1,6 3 4.5
x/h
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HIA, KOTOPOe B 3HAYMTEJILHOH CTeNeHU He 3aBWCHT OT BBICOTH YCTyIra
® TOJMUHLE HATEKATIIEro TIOTPAHWYIHOrO CJOH.

Hax ooxazaHo Ha ¢ur. 7, B obmacTHE oTpeHIBA oOpaTHOe TedeHme
NOCTATAeT 3HAUMTEABHOW BRICOTH HAJl HOBEPXHOCTHIO HHA M 3aHUMAET
MOYTH BCIO JJAUHY OTPLIBHON oOaactym. BumHo, uro mHTeHCHEBHOCTEH
Ty pOY/AeHTHOCTY M HANPKeHWe TPEHUA PACTYT BHES II0 IOTOKY B CIOe
cmemeHuA. Hpoye Toro, Mo:KHO 3aMEeTHTH, 9TO Pacupeesesus (o Tol-
m@AHEe CHOfA) cpeaHell CKOPOCTH, HHATEHCHEBHOCTH TypOyaeHTHOCTH

5
04 !
e ) 1
Fal
G ;
C ’ -~ P, T 1b=0063 ;
P /h=0, A1
}.\-——V 7 I"
7

ped 25 —
7 %@&.‘* o
100 ]

0.2 03 04 o5 06 07 o8 09 1.0
x/b

& ur. 8. Pacopepencuust gasiennsa o AHY BHpes3a; ve. = 22,8 m/c (6]

| S
C;0 =(p ~ pncx)/(_g" puoo) 3 P — MeCTHOS CTATUHECHOS MaBieHUe, P, .. — CTATAIECKO NAB-

nedue B 6a3080iff TOUKE OTCUETA; U, — CKOpPOCTE Haleramoliero ODOTOKa; * — PacCTOHHME,

HM3MEPCHHO¢ B HAIIPABJCHAA OOTONA,

U HAODAKEHUA TPEHHA HeIYBCTBHTEBHBI K BHICOTE YCTYMa, a TaKske
K TOJIIIMHe HaTEeKAIOMEro OOIPAHMYHOTO CJIOA.

Bupesti. Pomwxko [6] usyunmn xapaxrepucTdrn Tevenws p IpSIMO-
YTOMLHOM Bhipese (WiM HleJH) B CTeHKE A3POTHHAMHUYECKO: TpyOHI,
A3MepAA [aplenue, CKOPOCTH, TPEHHE M T. W. OPH CROPOCTAX Habe-
raiomero BosaymHoro motoka 22,8 m 64 m/c. Pacnpenenenwme crarm-
JECKOTO NABJNCHHS N3MePATOCH KaK Ha JIHe, TAR W Ha CTEHKAX BhPE3a
3a mepefHed YVIIoBOR Toukoil Bupesa. Ha ¢wur. 8 moraszamu pacupe-
JdeJleBAA Cr.[‘aTHr{GCKOuI‘O gJaBaenwda Do IRy BREIpesa ong HEKOTOPHIX
3HAYCIHA OTHOMCHWHA TIyOWHBI K MHpPHEHE. Bmimo, aTo Bo Beex cay-
9aAX, KPOMe CaMOT0 MeIKOI0 BHPEsa, JABTeHHC B RHIpPe3e BHAYATE
magaeT, & 3aTeM NOBOJBbHO OBICTPO Bo3pacraer. Ha 64mnmeit gacTH
OCTANBHOU IOBEPXHOCTH JHA AABJEHWC CHAdana BO3PacTaeT C VBend-
denmeM IJYOHHB BRIpesa, HO saTeM YMEHbmaeTcd, B HeKOTOPHX CIy-
9aAX RaBJEeHWe B MCJIKHX BHPE3aX BHIeE, weM B Gosec IiyBoxmx
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{#lb = 0,25 1 1) opm z/b = 0,3 + 0,6, OrmMeTuM TaKmxe, 9TO aBiIe-
HHEe B MeJKHX BhIDE3aX PE3KO Bo3pacTaeT y sammeil cremkm. Ilorpa-
HAIHEIH CJ0H, KOTOPHIA OTPHIBAETCA OT IepefHOll KPOMKH BLIpe3a,
OpOHUKAaeT BHYTPL Hero, TaK 4TO CKOPOCTL NOTOKA Ha JHHAM TOKA,

o, D

2T F

=

hoe—
Ty

0,06
0,04}
P poz}

- 0,02
- 0,04
- 0,06l

| [Nepednas

i cmenxa

@ mr. 9. Pacnpenenenus gapiieHUss @O cTeHKaM BHpe3da W NMOBepxHoCTH gHAa [6].
a—h/b=10,75; 6 —~ h/b=1,00; Qu,, =17 m/c; @u, = 64 M/c.

nogxogamer K 3ajHed xpomke, Ooapme wyas, C yBenmuenmeM
DAyOMHEL ee BeJdYmHA CHAYAJa pacTeT, TAK 9TO TMONHOE TaBICHHE
Ha 3afHell CTeHKe Bo3pacTaeT. Ecnwm riayOmHEA BhIpe3a NIpPeBHINAET
h/b =~ 0,1, oTopBaBMAICA MOTPAHWYHKI CTOM He JIOCTUrAeT MOBEpX-
BocTm AHa. llo-BupmMomy, mpmOaManTeNEHO HPH 3TOM 3HAYEHUH IJY-
OmEbl BhIpesa ofpasyeTcda pasBHTOE BEXPEBOE TEUEHHE B OTIIHYHE OT
TedeHHA ¢ pudPysueil ¢jr0d cMelIeHHSA B MeNIKMX Bupesax. Ha ¢ur. 9
MPHBENeHb pacupefe e A JaBIeHAA 0 CTeHKaM BRpe3a U 110 HoBepX-
HoCTH mHA mpud A/b = 0,75 m 1.

HaBieHrEe Bo BCeX TouKaX Ovio ycraHosmBmmMcsa. (A moscue-
HUA IPadEKOB Clief[yeT 3aMeTUTH, 970 3HAYCHNAA JaBICHUS HA CTeHKAX
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OTJIOKEHH IO TOH ke ocu abcnmee, 9T0 M 3HAUeHHUA NaBICHAA Ha JIHE,
TaKEM 00pas3oM, KPUBBE DOKA3HBAIOT HeNPEepPHBHOE M3MEHEeHUE IaR-
JeHHA [0 mepmMerpy.) MummMaianHOe faBieHwe HoCepefmHe CTEHOK
1 THa T MAKCHEMAJLHOE JaRJIeHHe B yTJIaX TUOMYILI ZJIS OgHOTO YCTOM-
amBoro Buxpa. CompoTuBierme maBIeHHA HA CTeHKaX BHpE3a cocTa-

saio Cp = 0,033, tme Cp, ort-
?

ol 4-20 HeCeH K IMADHHE BhIpEsa.
G _b JKCIePUMOHTAILHBIE HCCe-
0,05} l I DOBAaHUA OTPHIBHEIX TeUeHUH
o l b B BBIpe3ax OPH MaJEIX CKOPO-
crax (o 28 M/c) moxaspiBAIOT,
-0,05L 4T0 KPHBLIE pacIpeaesie s
Cpo,ro- __g=1,o JaBIEHUA HAOBOJBHO CJIOAHE
0.0 _I— oo (gopMe; IpEpamerue TaBJie-
. o HAA Ha TepegHel CTeHKe M Ha
W w 1v HOBEPXHOCTH AHA O OoJbImeil
-0,05L qJacTH OTpHLATEeILRHO, a Ha
010+ £=08 3amHel credxke oHo aEb6O mo-
CPO,%_ AQEWMTENIBHO, 1mO0 OoTpUma-
ol A TesipbHO. OJHAKO BO BCEX CJY-
0 o Iw ! \%J r JaAX fAaBieHEHe OBICTPO BO3-
_posL pacraer BOIHMBHW 3amHEN KPOM-

010 d.05 ku Beipesa (dpur. 10) [3].
% sl —_—t T — Ha ¢ur. 11 moxasae u3-
i /T\ MepeHHBe pacupeeleHnsa CKO-
0 ' —od pocTE ¥ creHOK BEIpesa. Cro-
-QOSW POCTL MaKCHMalbHa V 3aJHEH
010 - 4 9=04p CTOHKH, AMEET MPOMEKYTOTHOe
Cp — 3HAYEHHe ¥ TOBEPXHOCTH JHA
005 O MEHEMAILHA V OepegHei
ol4 B 8 € Jc 4 DI CTEeHKN, IpHIeM MaKCHAMAalb-
DOSW ! HOe MeCTHOe 3HadeHHe (KOTo-

poe MeHbllle HOJOBAHBL U «)

HOCTHraeTCH HA MaJaoM paccro-

D ur. 10, PachOpefeleHiid gaBJieHus II0 )
CTeHKAM BHPe3a W LOBEPXHOCTH qHa ppm  AHHEA OT CTEHKH. Tarymo e
PA3JIWYHBIX 3HAYEHHAX oTHOcHUTenbHoil  TEHOEHIHWIO  MOZHHO o6HApY-
rayGuns Brpesa; d=4 oM, =28 M/c [8l.  xmTH wa ¢ur. 12 max cewenmusn
Ha OpPOMEKYTOTHOW InybmHe.

Pacupenesenue ckopoctrm wa $ur. 12 upmbamsnuTenbHo TaKoe >Ke,
9T0 M IPH BAXPEBOM BPAINCHUH JRHEAKOCTH KaK TBEPIOT0 TeJja, IpH-
9eM BHUXPH OT[€JIEH OT CTCHOK TOHKHM BH3KHM cloeM. Buxps, ofHa-
KO, HE CTPOTO CHMMETPWYEH, BO3MOYKHO, BCIEJCTBHE TPeHHHA, TaK 49TO
MaKCHEMYM CKODOCTHM Ha TIepenHed CTeHKe HeCKoJILKO MeHbIe,
9eM Ha 3afgHeid, JTH MaKCHMaJbHLEe 3HadYeHWs COOTBETCTBECH-
HO paBEH u/ue = 0,27 un 0,41, a B cepenmae pHa OHO paBHO

0,30 [6].
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® nr. 11. PacupeneneHda cxopocTu y ¢TeHOK BHpesa [6].
a—u_ = 64 M, hfb =1, 6 —u_, = 22,8 m/c, h/b = 1, y - pDacCTOAHME II0 HOPMEaIA
0T NDOBEDPXHOCTH CTEHHKH.
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® mr. 12. PacueTnoe pacmpefeieHne CKOPOCTH B HeKOTOPOM CeUeHHH BHpe3a;
e = 22,8 M/c [6].
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Tanm u np. (3] mamepunm pacopenenenme cpepmeit crRopocTH TYp-
Gy/neHTHOTO TeUeHHA, a TaKyKke HHTEHCHBHOCTH TYPOYIEHTHOCTH H Ha-
npsikeREne TYpOYJeHTHOro TPeHHA M NOpPHBENHU HX K Ge3pasMepHoMY
BHIY, OTHeCS K COOTBETCTBYIOINAM BelmYHHAM B HaberajoomeM IOTOKe
(¢ur. 13, 14). W3 sTtux pacnpepeneHMi BEAHO, YTO HAUPIKEHHE Tpe-
naA Oonbme B 30He CMeNmeHHA y3Koro BHpesa (A/b = 0,4), a Typby-
JeETHOCThL WHTEHCUBHEE, YeM B BHIpese KBajpaTHo# dopMu (k/b = 1).

HoaddumuenT moBepXHOCTHOIO TpeHHs, OTHECEHHHIA K IDHpHHE
BHpe3sa, mo ma3MepeRuaM Pomko cocTaBul Beamdury nopspra 0,0004

2, M
5.0 1 2 3 4
o I ’ l uful,
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a.D eI
a0 | ] ~ 00/t
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I 0 1 2-107%
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@® ur. 13. PacupeneneHAA B HECKOABKAX DOUEPeYBEHX ¢EYEHHAAX
BEipe3a OPOfOIBHOH COCTABXANMeEN cpelHell CKOPOCTH, HHTEHCHB-

HOCTH TYpOyJeHTHOCTH M HAOP/KeHAs TypOYIeETHOTO TPEHHS;
h/b = 1,0, ua = 28 wm/ec [3].

OpE U = 64 M/c m 0,006 upm v. = 22,8 M/c, x0T HeoOXoIUMH
Gonee TmaTenbHBE W3MEepEeHWA NOBEPXHOCTHOIO TpeHUs. Benmdwna
K09¢PHIMeHETa DOBePXHOCTHOIO TPEHHMA HAa [BA UOPHANKA MEHBIN®,
4eM K03dPUIHEEHTOB NAaBIEHUA WINW CONPOTHBJICHHA NABICHHAA.

Brparne mccmefoBaHHA TedeHMt B BHpe3axX MOXKHO oXapaKTepH-
30BaTh CJENYVIOMAM 00pa3oM.

B Bripese wkBanpaTHoro cedeHms HaOlmwpaeTcsa TeHAeHIMA K obpa-
30BAHHUIO 0JHOI'0 yCTOHYHABOrO BEXPA. JTA TEHAEHNUS, HO-BUAHMOMY,
H¢ CIAIIKOM CHJIFHO 3aBACHT OT COCTOAHHA HOTPAHHYIHOTO CIOA mepes
BRIpE30M, HO JABIEHHWE W CHIHLI, CO3JaBaeMble MOTOKAMH, MOLYT 3aBH-
CeTh OT COCTOAHMA HmOrpaEMYHOTO caod. lIpmpamenme comporueie-
HHSA, 00yCIOBJIeHEHOS BHPE30M, IOYTH HOIHOCTHIO ONpPEHesaeTCsa [aB-
JeHUeM Ha cTeHRKaX. CHIn TpeHMA, KOTOPHIME MOKHO OpeEedpeusn
OPpH onpefiefiIecHMA PAaBHOBECHOTO HOJOKEHHsA BHXps, MOTyT HIpPaTh
HEKOTOpPYIO pOJb IPH ONeHKe YCTOWIABOCTH.
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Buxpr ob6pasyeTcs BCiencTBue OTKIOHeHWA JACTH OTOpPBABIIETOCHA
IMOTPaHHYHOTO CJI0A BHYTPH BHpPe3a. JTO OTKIOHEHHE LIPOACXOMHAT
BOnNUM3M 3agHell KPOMKH BhHpe3a M CO3[aeT OTHOCHTEJLHO BHICOKOE
aBIeHEHe HA CTEHKEe BHIpe3a B OKDECTHOCTH 9TOH Toukm [3, 6].

B paGore [6] me oTMewenma Ba’KHOCTH BAHAHEMA Uepexofia IOrpa-
HAYHOTO CJ0S HAa OTPHIBHOE TeYeHME, KaK 3TO CrellaHo B paboTax
[7, 8] masa ceepx3BYROBHIX TedeHmiA, BEPOATHO BCIENCTBHME TOr0, 9TO
B HMCCJETOBAHHOM HHTEpPBaJle CKOPOCTEH mepexoj, He HMeJ MecTa.

X, CMm
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@ mr. 14. PacopejteleHUA B BecKOJNBKMX DOUEPEYHRIX COIOHMAX
BHIpe3a TPOROABHOH COCTABIAOMeN cpejgHedl CKOPOCTH, HHTEH-
CHBHOCTH TyDPOYNeHTHOCTH H HaNPAAeHHA TypOylIeHTHOrQ TpeHusd;
Wb = 0,4, ue = 28 M/c [3].

Mu paccMoTpmM 3TOT BOmpOC HECKOJBLKO mozgHee. B sarnwwenwye,
OTHAKO, CJEIYeT OTMETHTL, YTO OpPONecc IepeMelIHBAHMA JHUCCHIIA-
TABHOTO I OCHOBHOT'O BHEIIHETO HOTOKOB OTHOCHTCH K BajKHHIM fABJIe-
HUAM [AA TedeHW B BHIpe3aX W OKOJ0 YCTYNOB OPH HO3BYKOBBIX H,
®aK 5To0 OymeT BHAHO W3 HAaJILHEEHANIEro, CBEPX3BYKOBHIX CKOPOCTAX
M 9TO TPEeHHE B 00JaCTA CMCIIeHHst TOCTAraeT TOCTATOYHOH BeIMIMHEL,
9T00K YpaBHOBECHTH COTIPOTHUBISHHE NABIEHHA,

1.2, AKYCTHUYECKOQE M3NYHYEHHWE M3 BbLIPE3A

Bripes MogeT BEIBHIBATh CHJILHOe ARYCTHYECKOE BO3MYINEHHe IPH
KO3BYKOBHX W CBOPX3BYKOBHIX CKOPOCTAX W JIAMAHAPHOM Miam Typby-
JeHTHOM TOTPAHUIHOM CJioe nepex BupesoM. Kpmmuamapra [9] uccne-
NOBAJ aKycTHIeCKoe Iojie B mHTepBajge gmcen Maxa or 0,25 go 1,5
¢ DOMONILI0 TEHEBHIX METOZ0B, HHTePHEPOMETPHIECKHX METONOB W Tep-
moaHeMomeTpoB, HMccaenyemas Mofelh IBYMEPHOTO MPAMOYLOIbLHOTO
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BHpe3a mokaszaHa Ha ¢ur. 15. Beino ycranoBIeHO, 9T0 9acTOTa 3BYKA
HA DOCTOAHHOM rnyOmHe BBHIpe3a o0paTHO NPOHOPHUOHANHHA HIHPHUHE
BEHIPE3a, HO 3aBACHMOCTD ee OT IIyOmHE He HMCCAe0BaNach. XapakTep
aRYCTHIECKOr0 TONA N3JIYIeHNA 3aBHCUT OT THXA DOTPAHUYHOTO CJOA,
pas3MepoB Bripesa um cxkopocTn (miam ancaa Maxa) HaGerawmiero noroxa,
Ilpu saganHoM gmciae Maxa moae manydeHms cilabee B caydae TypOy-
JEHTHOYO HOOTPAEWYIHOTO CJOsA mepel BHPE30M, YeM B CJydYae JaMHA-
HapHOTro HOTPaHUYHOTO CIoA Tepel TeM ke BuipesoM. B mocaenmem
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® nr. 15. CxemaTnuecxoe usobpasxenne mopenan [9].
IIpumeuaan e PasMeprl JaHBl B MM.

caydae BOJHH 9eTKO BHIPa)KEHE M XOPOINO BANHE Ha MCKPOBHX TeHe-
BuIX doTorpadusax, B To BpeMd Kak B clIydae TypOyICHTHOIO NoTrpa-
HOYHOI'O CJIOS BONHBL caalble W pasMETLIe. AKYCTHYECKOe U3JyUeHHe
A3 BHIpesa IpefcTaBisgerT co00i THOWYHBIA NpuUMep IpeoOpaszoBaHHUA
moTeph MeXaHHYEeCKOH 3JHEepIHW HOTOKAa, OOYCIOBIEHHBIX TpeHHeM,
B aKycTH49ecKyio 3Hepruw. Yactora f mpm garHoM uncae M. @ Tem-
mepaType TopMmMo:keHud 71, o6paTHO IPODOPLUOHAJbHA MIMpHHE BHEIpe-
Ba b, Tak uro f = o (1/b), Tne & — TOCTOAHHHN KOo3dPUEIMeHT OPo-
DOPIMUOHAABHOCTH, KOTOPHIHA M TYpOYIeHTHOTO NOTOKA MEHRINP, 9eM
NJIA JaMUHAPHOTO.

1.3. BKCNEPUMEHTA IbHbLIE MCCREDLOBAHUA OTPBIBHbLIX TEHEHWH
rA3A

B mocienmnee Bpems cepbesHoe BHEUMaHUE yAeiseTcs HCCIaeNoBa-
HIAM OTPHIBHEIX Te4e€HUI, BEI3BIBAEMBIX TEJAMH PAZJIUUYHLIX Ie€OMeTPHa-
gecKuX GopM, MBIKYIMXCA CO CBePX3BYKOBOHW ckopocTsrio. Ilpu ru-
MeP3BYKOBHEIX CKOPOCTAX OTOPBABIIMHCH JaMUHAPHHE HOTPAHWIHBIR
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CJIOH OCTAeTCH TAKOBHIM HA 3HRAYUTEIBHOM PACCTOSHHW I, BO3MOYKHO,
GoJsiee ycrolitme, YoM NpucoeqdHEeHHHT caoil. Ilocne mpmcoemunenma
CHOMA MOKeT mo-IPEKHeMY 0cTaBaThCH JaMUHAPHHM, KAk 3To OHIO
YCTaHOBIEHO MPH KCCASNOBAHNA 00TeKAHNA MUINHAPHYICCKOU MOAEIH
¢ monycdepuuecKod HOCOBOK 9acThi0 m ¢ uriaod mpm M. = 14 [10l.

1.3.1. Ompuisnoe meueHue 2a3a, 6LL36AHHOE (Y2AAMU CHCAMUIY,
a makyce nadarOuuML U OMPANCEHHUMU CRAYKAMU YRAOMHEHUS

Pacopeneneara maphaenmnsi B JaMUAHApPHHX, ODePeXofHHX H TypOy-
JEHTHBIX OTPLIBHEIX TeYeHHAX, BEHIBBAHHEX YyCTYymaMm, 00pamieHHHMHA
HABCTPEYY MOTOKY WM PACHOJOKeHHEIME B HampaBieHUU IOTOKA,
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® ur. 16. Jlampuapumii orpue, My = 3,0 (Bruaune
uygena Pefinolbfca Ha pacOpefenenume pgasienuss) [7].
I, — mnwHa OT DepefHell KPOMKU [0 U3NOMA MOBEPXHOCTH.

6HLIE PACCMOTPEHH R I, I cO CCBUIKAME Ha KCHepuUMeHTH YernmeHa
u np. [7]. Kpome Toro, B ra. I ynomuranncs Takxe meciaegopanms [11]
TedeHH# Tepesi YCTYNIOM, OOpAamIeHHHM HABCTpedy HOTOKY (BHICOTOR
0K0JI0 2,5 cM), I 33 YyCTYIOM, PACHONOKeHHEIM B HaOPaBAGHHAH IOTO-
Ka, npu TypOyaeRTHOM pekmme TedenuA M M o« == 2,44 ¢ maMepeHnsa-
mME npodmieil ckopoctm, guced Maxa, pacnpejeleHHA KaBIeHNUA, Ha-
HpsKeHEA TPeHMA, TEINIOOTAAdN & Ko3PPQUIMeHTa BOCCTAHOBICHHA.
TloaToMy B mamHOM pasgeldie GYAYT pPaccMOTPEHH TOJNBKO XapaKTepH-
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CTHKM OTPHBHBIX TeYeHHIl, BEI3BAHHEIX «YIJIOM C:KaTHA» WK OAa0-
WEM U OTPAYKEeHHHEIM CKaYKOM YOAOTHEOHHAA. XAPAKTePHCTHKUA TaKMUX
TedeHHM AaHAJOTHYHEL XapaKTepHUCTHKAM TeUSHUNA OKOJ0 YCTYyIOB.
3aTeM eme pas BepHEeMCH K PAaCCMOTPEHUIO TeUYeHHH B BLIpese.

JKcmepumMeHTH Yenmena u gap. [7] B umrepBame wmcen Maxa
0,4—3,6 u uncex Peiinonsnca 4-102—5-10° (BoumcieHHEIX DO NIKAHE)
IIOKA 3HBAKT, 9TO0 OCHOBHEIM HDapaMeTpPOM, BIMAIOOIEM Ha pacIpejie-
JeHWe JaBJeHNs B OTPHIBHOM Te4YeHNH, He3aBHCHMO oT duceir Maxa
u PeiiHOonBACA, ABIAETCA II0M0MEHHE TOYKHM Iepexofa OTHOCHTEIBHO
TOUeK OTPHBA U TpHcoefuHeHHUA. llpm uuecro maMmHApPHOM OTpEIBE
TOYKA mepexofia pacHojioKeHa HMMKe IO ODOTOKY OT 06JIaCTH HPHCOS/H-
HeHHA. JTOT THO OTPHIBA HOTOKA ABIAETCA yCTAHOBHBIIMMCH TPH
CBePX3BYKOBHEIX CKopocTAX (§umr. 16) u B ogens Manoi cTeneHu 3aBHU-
cut ot gucaa PeiiHonnaca. CraTudeckoe Jamsienue B 001acTl OTPHBA
6osplle npu MeHbIIEX unclaax Pelinoapaca. Takas TerneHIUs mMeeT
MeCTO He TONHKO OPH JaMHWHAPHOM W OePeXOofHOM, HO W upu TypOy-
JeHTHOM TeYeHHUAX.

IIpm oTpHBe OepeXofHOro THOA TOYKA IepPexofia PaclooKeHa
Mexpy TOYKAMH OTPHIBA H IPUCOeqUHeHHS MmoToKa. Tedemme aToro
THna B o0meM caydae SABIAETCA HEYCTAHOBHUBIIAMCH W 9aCTO B 3HA-
duTeJbHOR cTeneHM 3aBHCHUT 0T gucaa Pefinoawnmca (fur. 17).

B obxacTm mepexofa 9acto HabampmaeTcs BHe3aOHOe ITOBHINeHHE
IaBieHUsA, 0coDeHHO KOIJla hepexoj NPOBMCXOAuT JUIIbL HEeMHOTO
BHINE TOYKHU mpucoequHennAa. Haronern, npm TypOyneHTHOM OTpLIBe
IPH CBEPX3BYKOBHIX CKOPOCTAX B 00mieM caydae To9Ka Depexoma pac-
DOJOeHa BBIIIe TOYKHE OTPHEIBA; OTPHBHOE TedeHHE TAKOTO THIA
OTHOCHUTEJIEHO YCTaHOBHUBIIEECH IO CPABHEHHUI € OTPHIBHEIM Te4eHHUEM
mepexoAHOr'o THIA; KPOMe TOTO, BIWAHME 9Nciaa PeliHoJibjca Ha Tede-
HIe 3TOT0 THIA OPOABIASTCA B MeHbIIell cTeneHH OO CpaBHEHUID
¢ OPYTHMH pacCMOTpPeHHHME Tmmamm Tedenwii (dur. 18).

brino Takse yeraHoBIeHO, 9TO ¢ pocToM 4dumcaa Maxa ycToddu-
BOCTh OTOPBABIIETOCA JaMUHAPHOTO CJOA CMELIEHUS TAK:Ke BO3pac-
TaeT, & OpH THOep3BYKOBEIX CKOPOCTAX JaMHUHAPHOE OTPHBHOE Tede-
HHe¢ OOAHOCTHIO yerodamBo. Hpome Toro, 6O 3aMedeHO, ITO OPH
CBEPX3BYKOBBIX CKOPOCTAX HOBHIIEHWEe [|JABJEHAA B TOYKE OTPHEA
n B 00JaCTH WIATO He 3aBHUCHT OT IPHYWHE!, BHAZBBAKMeH JaMHHAD-
weIdl otpuiB (dur. 19). Ognaro opu TypOyLeATHOM OTPEIBE, XOTA HMOBLI-
WeHHAe JaBJieHHUd B TOYKE OTPLIBA He 3aBHCHT OT IPHUYHHEI, BEIZLIBAIO-
meil OTPHIB, MAKCUMYM OPUPATIeHNA AABICHUS 3aBUCHUT OT MeoMeTPUH
MOAe N,

Uzmepennoe Yenmenom map. [7] pacnpenenenue nasnenns B «yrie
CIRATHSA» OPH TPeX Pa3IMIHHX PeRUMaX TedeHMs mokasaHo Ha dmr. 20,
Yrcro mamMuHa pHEEA peskuM UMeeT 061acTh MIATO ¢ TIOYTH IMOCTOAHHBIM
HaBieHneM. D mepexomHOM pekmMe LOTPAHMYHEIA CJIOA Bce eme
OCTaeTCA JAMHHAPHLEIM IPH OTPHEBe, TAK 9YTO HOBLINIeHNe TABJIEHHA
B TOUKe OTPHIBA MOYTH TaKoe ’Ke, KAR I IPM YUCTO JaMHHAPHOM OTPHI -
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Be, HO Iepexofi ofycaoBiaInBaeT GoJlee BEICOKOe OpUpameHHe faBiIe-
HHA Depej OpHcoesmuenueM. IloBnimenne naBieHEmA B TodKe oTPHBA
npu TypOyJIeHTHOM peiHMe 3HAYUTeJNbHO BHINE, HO IJAAaTO AAaBIeHHA
B 00JaCTA OTpHEBA OTCYTCTBYeT BCJE[cTBHE NOBHINEHNS HHepPTHH
FKHETKOCTH, BH3BAHHOIO BUXPEeBHM ABIKeHHEM B TYpOYIeHTHOM cloe.

5,0
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® nr. 17. OTpuB Depexoguoro Tuma, My, — 2,7 (sauaame
gucaa PeiiHodbaca Ha pachpegeleHue gapiaenud) [7].
S — DpubIR3HTENBHOE OOJI0MEHNEe TOYKH OTpHIRA.

Taroe pacupejieieHue AaBieHHA OpH O0TeKAHUMH «yIaa CRATHAA»
aHAJOTHIHO pacupefeleHuIo faBIeHIA nepef] yCTYOOM, 9YT0 CBHLETOIb-
CTBYET O CYMECTBOBAHWHE HEKOTOPOTO KadeCTBEeHHOTO momobnsa, Hesa-
BHCHMO OT OpHMYmHH, 9uciaa Maxa mam cropocTn motoka (oBBYKO-
BOH MM CBEPX3BYKOBOM).

Bormonor m Hemnep [12] monyumam pacupemenesmms JaBieHmsA
mepes yerymoM, oGpameHHHM HABCTPeTy TOTOKY, Opm M« =~ 3, oxa-
3aBmImecs NONOGHBEIMEH pacHpeJeleHHAM, DNOJYYeHHEIM YenMeHOM
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@ ur. 18. TypbyaertHnil orpruB; My = 2,7 (Bananne uuciaa Peii-
HOJNIBACA HA pacopejiedeHue masieHns) [7].
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@® ur. 19. HezaBucmmocTh pacUpefesieHAA TaBIEHHA OT OPUYIHE,
BH3HBAJOMell JTaMuHAPHLIA oTPHB; My=2,3, Re=0,2 *0.01 1085 [7].

CS — kpuBonMEEfHAA CTeuka; CC — yron cmatHs, S — YCTYO; ¥, — pac-
CTOAHNE OT HepeNHell KPOMKH (Hayala B3amMONelcTBHA), S — IIPHOIH3INTEN b~
HOC OONOHEHHE TOYKH OTPHBA.
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u np. [7]. Ilpeammymue ncciemoBaTeNd YCTAHOBHUAHM HAPALY ¢ APY-
TUMA ABIOHWUSME, 9TO IPH MAaJOH IPOTHRKEHHOCTH 00IACTH OTPHEBA
rpagmeHAT AaBJeHAS BHIIe, oM B obmacTm oYpEBa Goiabmoi mpoTs-
JKEHHOCTH, H 9T0o OOAbIIWEe WNBMEeHEHHA B IOTOKe MOTYT OHTH
BH3BadgH HeGoJpMEMH W3MEHeHHWAMH BO3MYOIAIMUX IPHYHH.

Ha ocaose npebiyMux 2KCOePUMEHTANBHKIX MCCAeTOBaHEA GHIIO
YCTRHOBIEHO, 4To YMcA0 PefHoapaca oKassiBaeT BAHAHUE Ha pacIipe-
fAeNeHye NABIcHAS B OTPHIBHEIX CBePX3BYKOBHX TeueHHAX. Yemmeny
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® ur. 20. Tpr pemuma obrerauus yraa cxarua (CC), M, =~ 2,7 [7].

a — naMuaappasii, CC 25°-2, M, = 2,7, ReL = 0,033 -10%; 6~ mepexopunit, CC 25°%-4, M, =
= 2,6, Re; = 0,33-10% ¢ — rypOyuenrnnnt, CC 25°-5 (rypOyausarop 4), M, = 2,7, Re; =
= 1,65.109%,

m ap. [7] ynanoes mourm moaHOCTHIO MCKAIOYIUTH BAMAHHE dmcia Peii-
HOJbACA (a TaKMe M reoMeTpHYeCKAX IapaMeTPOB Tela) Ha pesylbTa-

THL OYTeM BBeJeHHA CJleAyIOMEAX nepeMenunix: 1) (p — po)/p@VFf

BMeCTO p/p » (umr. 21, 22), rue ¢; — OTHOmMEHHe 3HAYCHUA ¢; B Ha4a-
Je B3amMOJeicTBRA B ¢BePX3BYKOBOM MoTOKe mpu mamnoM Re, k sHa-
9eHHIO ¢; B Hadaxe BaamMopeidicteumsa mpu Re, = 10%; 2) (z — =z,)/

/a:chf BMecTo (x — zy)/z,, THe * — paccTosgHUe, H3MEPEeHHOe BONb
TeJa OT mepefHeil KPOMKW, Ty — PACCTOAHME OT IepegHedl KPOMKHU
0 HAaYaJAbHOH TOYKHM BIAWMOHEHCTBUA.

AHaZOrZ9HO ecIHm OPHHATH B KadecTBe nepeMeHHoOH (p — Po)/

/ pOVEf, TO yAaeTCA HCKJIKYATH BIANAHAE TeoMeTpuYecKod GOopPMEL TeJa
Ha XapaxTep 3aBHCHMOCTHE oT My, X0TA m He B TaKo#dl Mepe, KaK B ABYX



0,16 T T T T
R G BEEEE. B
o —
0,12
g Modens Rez,
0 Cs25°%1 0,148.10%
P-F, 0,08 . DCCI5%3 0,065-10°
o 72 S ©5-3 0,213 - 10®
| A18%2 0037105
v5-7 0,837 - 106
0,04 l
0 L 1 | | ‘ I L
-02 0 a2 04 086 08 1,0 1.2
.x—a:c,
.1:01/?{

@ ur. 21. KoppeaAnua ZaHHKEX YO pPacHpeielIeHHIO JABACHHA IPH
JaMUHAPHOM OTPHBe Ha MOAENAX pa3jJNdHHX TeOMETPHYCCKUX
¢gopM npu pasamysbx gnciaax Peitmonegca (7]

S — npHOIK3NTETBHOE NOJOKEHNEe TOURY OTPEIBA.
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‘D nr. 22, Hoppenanus HaHHEHEX OO0 pacnpefeleHH0 FABAeHHA NpPH
TypOylleHTHOM OTPHEBe Depej YCTYIOM IIpM PAa3AHIHHX wnciaax Peii-
moARca, My = 2,0 [7]

$
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npeguaymux caydaax (pur. 23, 24). Umperc 0 orHOCHTCA K yCiIoO-
BHAM B Hadale B3aBMOIeHCTBAA B CBEPX3BYKOBOM IOTOKe, HMHACKC
P — K YCIAOBHAM B 00JACTH IIATO B JaMUHAPHOM IOTOKe WAH K 06Ja-
CTH NHEKa HaBlleHnd B TypOyaeATHOM MOTOKe.

Yenmen m Ap. [7} yeranosmam mpuuuny Taxoil yaasHoll Koppens-
NUA MEKTY MaBIeHHeM W pacCTOAHMeM HWJIH umcjioM Maxa HesaBm-
cmMo oT umcia Pefimoabaca m GOpMBL Tena HA OCHOBE CJENYIOMErO
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® ur. 23. Baugaunme gmcaa Maxa Ha XapaKTePHCTHKHA JIaMu-
HAPHOTO OTPHBA IIA CepUM MOfeJell pPasdaumduHx dopM IPH
pasnmunbix umeaax Pefmonbaca [7].

YOPOMEHHOTO PacCMOTpPeHHst oGaacTH CBOGOJHOTO B3aMMOJeHCTBHA
(cBoGojiHOe B3amMoOpielicTBHE onpefenseTcd KAK B3aUMOJIeUCTBUE.
He WNCOHTHBapMee BAAAHEA (OopMH Tena HIWKe OO TEeUYeHHI): eCJH
pacmpefieNeHue AABJeHHUA oOpefedsercsa AOKAIBHO CBOOOIHBIM B33auU-
MofeiicTBAeM IOOTPAHHETHOTO CJOS U BHEITHEI'O CBEPX3BYKOBOTO Teue-
HISI, TO OCHOBHHIMH ypaBHeHHAMH, KCOOJb3yeMBIMH B pacdeTax,
ABIAITCA YpaBHeHHe KOJIHYIeCTBA JBM/KEHUWA OANA YCTaHOBHUBIIETOCA
TedeHMA B BA3ZKOM CJo€ U ClAefylomee YpaBHeHHe, COPaBejJABOE KaK
NS TaMEHAPHOTO, TAK W AJIA TypOyIeHTHOro BHEITHeTO CBePX3BYKO-
BOTO TeYEHHHA:

vz d6*
P = Puessasroe + %‘ a9z "
-

(1)

B uacTHOM caydae cBoGogHOrO B3auMoOmeicTBUA B obGaactu, rae
JaBleHne HEBA3ZKOI0 TeUYeHHA [IOCTOAHHO WJIH MaJjo IO BeJImYHnHe
0 CPABHEHHUIO ¢ YIeHOM, COOTBETCTRYIOMUM B3aUMOeHCTBAI0, MOKHO
OOJNY9ATHh HeKoTOpyo mHopMammio o BiausHum Tnucia Pe#iHoxpica
Ha OCHOBE aHaJM@3a NOPAAKOB Bejudma. ag ciaydaa cBoOogHOTO
B33aHMONEHACTBHA, IPH KOTOPOM CKOPOCTH HapacTaHUA TOIMMUHKL Iorpa-
HHYHOTO ¢Jod Maixa, ypabBuenme (1) crommrca K BEOy

P—pPo __ 2 ad*
%  YMp—1 4z’ 2)
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O6o3Havgas depes [; XapaKTepHYIO JJIHHY O6JACTA B3amMOREHCTBHA,
113 ypaBHeBHUA (2) DOTYYHM CIeAYIOHYI0 OIeHKY HOPAAKA BeIWIHHBI:

P—po 6+ (3)

~

qo )/ Mz -1
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® ur. 24, Bamaume sucna Maxa ma UpupammeHHe JABJIeHHA B TOUYKe OTPHBA
TypOyHeHTHOTO HOTPAHHIHOrO CJOA IpH OOTEKAHEHH YCTVIOB, ¢yIJIOB CIKATHA»
¥ Opr B3aMMogelcTBUN ¢ TaJarMuM CKAYKOM yuinotHenus [7].

0003H. Monens Meton

®) 8-4 (rypGymmzarop 1)

O S-5 (rypoynuzarop 2)

<> 8-5 (rypbynmaatop 3) MacCNAHAA MNJICHKA
A S-10 (typdéymsarop 4)

A GG25°-3 (rypiyauzarop 1)

v Dapganiunil CKAYoK U «Yrol CRATHA» HacaJoK

[ ] yoryo } MacHiHaAd [IJIeHKA
® MagalmmAii CRAYOK ¥ HACANOK

C, Y <, A, A — naname I'sona 1 gp. [50];
v, B, @ — nagase Borgonosa [24],
(S — veryno, CC — «yroJI ci:atea»).

Tenepb YPpaBHeHHe KOJNUAYECTBA ABHKEeHUAA B OOTpaHAYHOM CJ0e HMeeT
B
77 du ap ét
Ut = T, (4)

Ono cmpaBefgamBo, ecam Op/0y Mano mo CpPAaBHEHHIO C TPaJHeHTOM
NaBlIeHHS B HAaOpPaBJIeHONW MOTOKA, 9TO COOTBETCTBYET CIYYAK JIAMI-
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gapHOro TedeHuMsA. Jlna TypOyneHTHOro TedeHHMA HTO YpaBHeHHe
MOJKET OKa3arTbCsa HECIpPaBeNJIMBBIM, TaK KaK, COTJACHO RCCIEZ0Ba-
ausam Borpowosa m Kemsepa [12], mpm My, =~ 2,9 cpenmuit momepeua-
HH@ TpamgmedT AaBieEns BOmmam Todxkm oTphBa OOJNbBINe, YeM IIPO-
ponpuu#. Ilpm OonpmoM momepedHoM TpajueHTe NaBiAeHmA JIp/dy
KPHMBH3HA JUHUH TOKAa AOJKHA OHTH OoabINoill, a B OKPECTHOCTHE HpS-
MOJnHeHHON CTEHKH JIUHAH TOKa HOJKHE CTPEMHTBCH K NPAMEIM
auamaM. CraenoBaTesibHO, TOJIBKO BO BHEIIHeH 4“acTH HOTLPAHHIHOTO
CJIOSl IMHUN TOKA MMEeIOT 00JNBIIYI0 KPUBU3HY BO/IM3M OTPHBA, B ypaB-
HeHHe TypOyJedTHOTO NOTPAHUTIHOTO CAOS MOKeT CTAaTh BeCH JOKRAI b~
HO HecnpasegiumbiM, Ilo dTo# npu9IuHe YpaBHeHHS UTOTPAHHTHOTO
cI0ofA TPHMEHATCA BONU3A CTEHKH, YT0 Jaer

d It

== (5 ). 5)

Tax xak BONE3H CTEHKH CKOPOCTH MaJja, ypaBHeHHe (D) yAobHO
ONA omdcadama Tedenus BOAm3m orprBa. Ecam mpmuats M, = const
71 PacCMOTPETH HOPMAIKM BeIUdIdHd, TO W3 ypaBHeBus (9) ciaexnyer

— T.
plipo ~ Téu ~ gin ) (6)
B nammoM ciyuae DIOBepXHOCTHOE TPOHHE Ty, B Hadalle B3aMMoIel-
CTBUA HCIHOJB3YeTCH KaK Mepa NOBePXHOCTHOIO TPEHHA T,. JTOT
¥ OPeSHAYIMHEA STkl PABHOCHIBHE! pPaCcCMOTPEeHNI0 ceMeiicTBa mopgol-
HHX pemeHnii, copgepRallEX HEKOTOPHE MHOKHATEJIH, 3aBHCHMIUE
oT wucaa M, u onymernusie B ypasuernna {6), Tak Kak oHE oGycaosie-
H5l ASMEHOHUOM IJOTHOCTH IO TOJIMEWHE TOTPAHHIHOTO CJOSA M M3Me-
HAOTCA BMecTte ¢ My, B OpoTHBOIONOKHOCTH ITOMY MHOMKHATEb
(VM2 — 1)1, o6ycaoBneHAsil HaMeHeHHeM ILIOTHOCTA BJOMH BHeIN-
Heli IPAHMILI HOTPAaHWYHOTO CJIos, COXpaHeH B ypaBmenmu (3), Tak
KaKk OH ABIfeTCHA CHAETYIApHEM mpu M, = 1 m cramoBuTes cymect-
BeHHHIM, Korna M, amms AemuaOor0o Boneme 1.
Ilepemposkan (6) m (3), moaxyamm

P— Do Twg e Ve
—~ ~ 0 (7)
90 g0 VMj—1 (M3—1)"/e

Hexsa (3) ua (6), monyaam

L ( g0 )112 N 1

&+ Twe)) Mg —1 V ey (M3—1)¢"
Ilaa ymo6erBa mcmosibayeMm oTHomeHWe KodddmImeHTa HmOBepPXHO-

CTHOTO TpeHUA OPH 3amaEHOM gmciae PeiiHoabpaca ¢j, K COOTBETCTBYIO-
meMy kKosppmnumerty mpm gmene Pefimonsjca, paBHom 10°:

Py L (9)

Cf — -
(¢ jo)'Re=_-1 08

(8)
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Ilpn mocrosumom M, ypasnenus (7) m (8) opuHuMaOT BHA

ok Ve, (10)
7 1
i ~——— 11

ITH peaynnTaTH, BRIPAKAIOMUE 3aBHCEMOCTD OT YHCJIA PelHONBR-
ca, IPUMEHMMH K OpHPAMeHMI0 AABJEHUA KAK B JIAMHHAPHOM, TaK
U B TypOyJIenTHOM TeYeHWH, ecJd TeTeHHMe ONpeefifierTcs CBOGOIHBIM
p3auMONeficTBIEM M He UCHHTHBAET BINAHNS TeOMETPHISCKHX Lapa-
METPOB TeJla CHH3Y mo mOoToKy. OHN TaKiKe HPUMEHHMEHI K IPHpPAIIE-
HUIO JaBJIeHHS IPH OTPHEBe (Pg — Po), B 00JacTH IIaTo WIH OUKA
nasneHnsa (pp, — Po), & Takke K oOmeMy XapaxrTepy pacmpepeieHHs
NPHAPAIMEHEAA AABICHUA NPH 33 POIKAAIONEMCH OTPHIBE, €CIH DTH TPH-
pameHns LABJEEMA COOTBETCTBYIOT CBOOOXHOMY B3amMopeHCTBHIO.
B gacTHOM ciydae UpPUpPAIMeHns AABICHHA B TOYKe JaMHOHAPHOTO
orpursa ypapuenne (10) cornacyercs ¢ pacaeramu Jiusa [13], xoTopmir
DOJYINJI 3aBHCUMOCTb, NPONOPIHOHAJBHYI0O Rel/s.

@arr, uro (Pg — Po)/Po U (Pp — Po)/Pp B HaMHHAPHOM IOTOKE

~ 1
H3MEHAIOTCA IOYTH Kak ch ~ Rel* (B cooTserersum ¢ yupomeH-
HHM AaHAJHA30M pasMepPHOCTel), CTEMYJAHUPOBAJN AalibHeHIINe MECCie-
JAOBAaHHA BCErO pacupeleleHua Aasienma [7]. B naMmHapHOM IoTOKe

6* ~ x (Re,) Y%~ zc;, Tak 4ro m3 coorHomenma (11) caegyer

&+ Teof Z4 VZ (12)

l' Lo 4 ——— S ——
N

Tax wak Ap/py ~ VE}, KOPpeJsANusa KPUBBIX paclpejieleHns Jas-
JeHNs MoKeT GEITh MoTydeHa B BHJIE 3aBECEMOCTE {(P— po)/po}(c) V/*
ot {(x — zy)/xy} (Z'})“l/z, KaK moKaszamo mHa ¢ur. 21, rge mpmBelieHH
HaHHHEE N0 pacHpefeleHA MNABJIeHWs NPHA JaMUHADHOM OTpHIBe
Ha MOHeJAX PABIHYHLIX TeOMETPHUeCKHX (OPM: «YTIa CHATHA», KPH-
BOMMHeHNOR CTEeHKH, [BYX YCTYIOB H OpE OTPHBE, BH3BAHHOM Ia-
RAIOMUM CKAYKOM ywnoTHeHEHs. MMes B BEHAY KOppelAlnmio, yCTAHOB-
JeHHYIO JJif BIHAHUA uymcena PeliHodblca Ha pacIpefeleHHe JaBlie-
HUSA OpH JaMHHADHOM OTpPHIBe, OCHOBHEE pe3yJAbTaTHl IO pac-
npefleleHRi0 IPUPAIMEHNA JABICHAA MOMKHO NOJYYHTH H3 rpaduka

sapmemvocty exmwamt {(ps — Po)/Po} (e) ™2 m {(pp — po)/po} (¢~
or ugmcna Maxa (¢mr. 23). Ilpm npmbamxesma My, k 1 B ypas-
Berun (7) npeobiapaer CHETYIApHHHE MEOMKHTEab (M) -— 1)"1/ s
I upHpamenyue HgaBieHus B obnactm onato (pp, — po)/gy acmMmTo-
THY9eCKH W3MeRgercsa 1o sakony (M? — 1)™Y4  Cuepomaremsno,
(pp — Po)/qgo Oyner acuMOTOTHYECKE HM3MEHATHCA L0 33KOBY
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M; (M: — 1)~"¢, mpepmcraBIeHHOMY INTPEXOBOH aWHEMeH Ha ¢ur. 23.
OnHako JaHHEE He PACHPOCTPAHMAIOTCA HA HOCTATOYHO MAJibIe 3HAYe-
HAA uncaa Maxa, 9To He TO3BOJAET KPHUTAYCCKH MPOBEPHTH MpeACKa-
3aHBB pocT DpupameHusa Jasiaenus BOaumax My = 1. Tem He MeHee
B MATepBaJje ITOJYYEHHHX [AHHHKX COTJAcOBAHAE TEODHM H 3KCHEpH-
MeHTa YHAOBIETBOPUTEILHOE.

Ias TypOyneHTHOTO OTPEHBA B COOTBETCTBHM ¢ ypaBHeHmAME (7)
n (8) caemyer mocTpomTh 3aBHCEAMOCTh {(P — Po)/Po} ¢; /% or
(z — xo)/ﬁ*?}'lf2, KaK W B cIydae JXaMmHapHOTo oOTpuBa. lipmuu-
Mas 6%/xy nasa TypOyAeETHOTO TeUeHMA DpPONOPIMOHANBHEIM ¢, HAXO-
amM, uwro mopxopsmeli mepememmoli 6ymer {(z — zo)/zp) ¢ '
(¢mr. 22). HeGoasmo#t pasbpoc, CBA3aHHHA ¢ N3MEHEHHAME YHCIA
Peitnonepca, B 0CHOBHOM, XOTH W He HOJHOCTBI, OGBACHAETCA YOPO-
mMEeHHHBM xapakrepom aHanmsa. Ha ¢ur. 24 mokasaHo Bimaame Imcia
Maxa Ha npupameH#e JaBieHAd B ToUxe TypOYIeHTHOTO OTpPHEBA OpPH
00TeKaHHH YCTYOOB, «YIJIOB CHRATHAY W IPH B3aHMOJefCTBNHE CO CKad-
KOM YyILIOTHeHHA. XoOoTH K HabamogaeTcs 3HAYUTENBHHH pasdpoc
pesyibTaToB, OGYCHOBNEHHHIA TPYIHOCTAMHU U3MepeHud OpHpameHuad
JlABJIEHASA B TOYKEe OTPHIBA, HO He 33MEYEHO CHCTEMATHYeCcKOIO pac-
XOIeHuA TAaHHHX M) pasamdHeix GopmM Tell. JTO ¢OTIacyercs ¢ BLI-
BOAOM, 4To IpUpameHume AABIEHHA B TOYKe OTPHIBA CBEPX3BYKOBOIO
TYypOyIeETHOTO IOTOKR, KaK M CBEPX3BYKOBOTO JaMHHAPHOTO IOTO-
Ka, oIpefiedsieTcss cBOOOAHHM B3awMOAe#icTBHEM I He 3aBHACHAT OT IPH-
9NHEI, BEI3BaBMeH OTPHIB. '

1.3.2. Ompus nomokxa 2aaa, ebl36aHHBI KaeepHOU

Haa ob6nacTell OoTpHIBA HOTOKAa 3a JOHHHEM Cpe3oM ¥ B BuIpesax
gepel yCTYNaMy WA 33 HEME IPH J03BYKOBHX H CBEPX3BYKOBHX CKO-
POCTAX Nepexof IOTPAHUIHOTO CNOA ABIASTCA BaKHHIM (PARTOPOM,
BIVANONM HA KPATHUYECKYIO IJIHHY (CM. HIIKe), KOTOpas B HepBOM
npubanKenuy He 32BUCHT oT ducea Pefimoapnca m Maxa. CymecTeyer
MaKCHMaJbHOe (KPUTHYECKOe) OTHOIIgHHE NJIUHEL OTOPBABMElrocd BA3-
KOTo CclIoA K Tay0OmHe BHpe3a B TBepAO# CTeHKe, IpHA NpeBkINe-
HEE KOTOPOTO KapepHa paspymaercs ¢ o6pasoBaHEHeM ¢aMOCTOATEIb-
HEIX ofZacTeli OTPHIBA OKOJO Kamaoro Kpas Bupesa. llyrem mame-
peHds pacOpefelennid [aBIEHAA W CKOpocTM B KaBepHax XapsaT
7 xp. [8) BrisBuam ycaoBma 06pazoBaHEA CaMOCTOATEJBHEIX KaBepPH
B BHIPE3aX M YCTAHOBHIH IapaMeTPH, ONpefeNdIoniue CIPYKTYpPY
TeuyeHZsA W pacHpeneiieHHe faBleHHA. XapBaT HCIOAB30BaJd ABe Mole-
am: OAHY JJAA HM3MEepeHHA NaBIeHHS, APYryo — RIA HcCAef0BaHUA
Tennaonepenasd. Tak Kax BTopas Mopens GyAer paccMorpena B ra. X1,
cocpeJIOTOYMM BHUMAHHE TOJABKO Ha MOIedM A MCCHAefoBaHUA Xapak-
TepmeTmK moToka. Mceaemosamusa Xapsara [8] sBasioresa skcmepm-
MEHTAJBHEIMI H KacaloTcA TIaBHEIM 00pa3oM QU3MKH OTPHBa TOTOKa
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B mHTepBade Umces Maxa maberalomero moroxa 1,9 < M. < 2,78,
a He KOJMYECTBEeHHBIX DAcUeTOB COOTBETCTBYHIMEX XapPAKTEPHCTHK

30Ha 39Ha NOGMOpHOZO
ompstsa CwamuA
é
I Pr
o
s
. L
1 D) i
R

o Bre doymeprozo asipeaa
Hapyrenl Buamemp oge~
AT 4 CUMMEmMpPUTHAL USIsl
€ [ L Mnocrocms cummempu

- L. . (ceobodmord cned)

D ur. 25. ®otvorpadunrt mponecca IaMBIKAHWA KaBepHM (a — B),
TEMHUHEE paclpefelelua nasdeHnA (T, X), cXeMH Mogedeil (e — )
u  oGozuavenna;, My = 2,78, &/hy = 0,44, rypOynentHoe TeueHue,
he = hy = 0,625 cm [8].

@ — 3aMEHyYTas wKapepma, L/h = 12,5, & — mepexomdeiit caydai, LA = 11.,5;

€ — OTHpHTAA KaBepHa, L/A = 10,5; # — u — THOHE 3alHedl KPOMKH; S— TO4YKa
OTPpHIBa; R — TOYKA IOBTODHOrO CEaTwiA,

IOTOKA., XaPAKTEPHCTAKA TeUYeHUs TPU /IO3BYKOBHIX CKOPOCTHX ¢paB-
HUBAIOTCA C XapPaKTepUCTUKAMH NPH CBEPX3BYKOBHIX CKOPOCTAX.
Horpaununsit caolfi B OodplimHcTBe »SKemepmmenToB 6 TypDy-
JICHTHBIM.

Tuomdauble TpuUMePbl KapPTUN TedeHHA, pacnpefesieHUA JaBICHHA
I cXeMbl Mofcsdel moKasaHbl Ha our. 295.
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Kpumuueckas Gauna. B 3aBECEMOCTH 0T OTHOIIEHHUSA JAJMHEI BHpe-
3a K rayOumHe OTPHBHOE TedeHHe B KaBepHE MOKeT OBITH OTKPHITHIM
uirm 3aMrHyTHM. Horma »To oTHolleHWEe BeJWKO, HOTOK OPHCOSTH-
BAETCA K IOBePXHOCTH IHa, B 3ToM ciiydae CyUWecTBYIOT ABe obiiacTi
OTpHIBa, KOTopHe XapBaT HA3BAaJ «33aMKHYTod KasepHoii». Ilepsas
006JaCcTh OTPEIBA 0GpasyeTcsa 3a YCTYIOM, PACHOJOKEHHHM IO IOTOKY,

a BTopasg — obiacTh CiKa-

30 ; 2’ THA — obpasyeTca  mepen

Tun 2, M=2,78 y; YCTYIOM,  HANPAaBIEHHEM

044< 6/hy< 0,88 /7 HABCTPeYy LOTOKY. Keuam

25 2 OTHONIEHHE IJAHHKE K BHCOTE

ﬁ, CTAHOBHTCA MEHbIe HRPHUTHA-

Hzna— yunundp, I JeCKOTr0 3Ha9YeHHA, OTPHIB-

mun 2 \ g HOe Te4YeHWe 3aHHEMAeT BCIO

20 A Kapepuy. OTpeIB H5TOr0 THOA

Lpum Harnon (Lpfhy)=6| Ha3blBaeTCA (OTHPEITOH Ka-
BepHOI».

15 7 Ha ¢umr. 26 opemcram-

L Tuner 1-3 JCHBI H3MEPEHHEe 3HAYCHNA

M=2,07;2,50; 3.03; 3,43 KPUTHYeCKON MJIUHBI 3aMBbI-

| 4 He n22_5:£{’:':;;§;”9’ ] KaHaNWA KaBepHH B pasiinmd-

j/ﬂ munst 1,2 HBIX BHIpe3aX ¢ pasiIuIHbIMA

10

M=2,8 dbopmaMm 3ajHell CTEeHKH B
/ dbyuxumn hy/hy OpR HEKOTO-
T hs pHIX 3HaueHHAX uncaa Maxa.
Tegenne O6bUI0 TONHO-
crhi0 TypOyaenTariM. Hax
BAOHO m3  ¢ur. 25, I,
0 1 2 3 4 5 [ Bcerjga cooTBeTCTByeT
hy /by Touxke mpmcoenmHenma. Cor-
@ ur. 26. Kpurndeckasa paupa 3aMHKAHHA 1acHo TMARpen-ororpadu-
xagepust [8]. aMm (pmr. 25, a — 8), ecanm
Ly, — muHa ofnacTa OTPHBA B KaBepHe; Lp—mm- ~ OTHOIIGHNE TOAIONHEL TOTPa-
Ha oOmACTH C3KaTUA OTOPBABIIETOCH IOTOKA. HHAYHOTO CJHO0A K  BLRHICOTE
yetyna O/khy Mesbmie enu-
HHNBl, TO TPOUCXOAUT PEe3KOe B ABHO BEIPAayKeHHOE H3MeHEeHHE CTPYK-
TypH DoToka. Opmuaxo, ecam O/hy = 1, KaBepHa OTKDHIBAeTCH BHe-
3a0HO, HO 3aMbeKaerca mocreneHso. Mmeercs mebGoxrmasa obaacth
TacTepesnca, W ecadm [, yMeHBIIaTh HOCTENEHHO, TO 00JacTh OTPHBa
OCTAaeTCH B3aMRHYTOR 6ojee OPOJOIKUTENBHOE BpeMs W HaolopoT.
IIpm nepexofe OT 3aMKHYTIOHM K OTKPHTOH KaBepHe TedeHHMe B HeH
OBLJI0O HEYCTOUYMBEIM.
HRoppeananuonaoe ypasHeHHe )i KPATHYECKOH ANHEH 3aMBIKAHUA
ABASIETCA yPaBHEHHOM NPAMON JMHMM:

Lypur  Lp . Lp (kz
o 224 ST (32)), (13)
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Kak 270 BuAHO m3 ¢ur. 26. Ilpemmosaraercs, 970 KaBepHA OTKPHI-
BaeTCA, KOrAa BEXpEu B 00emx 00aacTAX oTpPHBA CAEBAIOTCH (BHAYaje
OHH He B33aHMOJeHCTBOBAaIN) I 00pa3yeTcs BO3BpATHOE Teuende m3 ol-
JaCTH C}KaTHA B 00JIacTh OTPHIBA.

Ilepsas obaacmv ompwiea ¢ kaseprie. IIasa atoil obaactu uMenTes
BKCHepUMeHTaJbHEE JIAHHHe, B 0COOEHHOCTH JJIA MOHHOTO [ABJICHUA,

15 T - © 1
Ocecummempuq{rbiu Re
GJT ea — 5= ]
" @[ % Mer> %/// |
Lp @ 2{)“/ /1 Byl L\ .
hy Hsymeproit cned @ )(Q( L
Y 2
8 —-—*-@:-.... ® @
Teopus ® \ é %
— ~ i -, 51N
%2:;252 %@.-'@ Erggpu&a
3 B -
+ ty +, 2O R% typlymmanap 2t
0 2 5 5 7
10 10 10 10
Res

@ u r. 27. OrHomenne gAWHE 00gacTH OTPHIBA K BEICOTe yeTyma [8].
Hucao Pelinoabaca ReS = ucosfvoo BHIUMCJIEKO IIO YCJOBHAM B NOTOKE Oepen

OTPHIBOM ¥ DACCTOAHWIO TOYKH OTPHIBA HA BEPXHel KPOMEe YCTyna OT nepepHelk
KpOMKH. BYKBB B KpPYHEAX 0003HauawT Chaedyromipe paforsl:. A — Xapsat
u Anypa JAS, Ne 2 (i1958); B — TI'amg u ap., ARC TR CP 271, 1955;
C — HKapanay, JAS, No & (1954); D — JlaB, NACA TN 3819,1957; +-nanunie
Ilayapca u np., AVCO Res. Rept. 30, 1958, X TOuKE IepeceueHHs (¢ ¢ur,
26 u 30). I — pauHsie Jlenepra B Memepxopaa J48, Ne 3 (1959,

M3BectHo, 4To HaBienme B ciefie CBA3AHO ¢ OTHOMIOHMEM JIIWHBI K IIy-
OUHEe COOTHOIleHHmeM [Jid TeyeHus pacmupenus lIpaapntaa — Maitiepa.

B coOTBeTCTBHM ¢ M3BECTHHIMHU pelIeHHAMHU JAA pPasB@THA cBODOOJ-
HOTO Bf3Koro ciod [7, 14, 15] napamerp eMemedus u* — u/u, cyme-
CTBEHHO HOCTOSHHEIA /A DOJHOCTHRK JaMHUHAPHOTO HUJIH TypPOVIEHT-
HOTO TedeHHS N BCJECTBHE 3TOr0 reoMerpudeckas gopma obiaactm
OTPLIBA TaksKke HpUONU3UTeNbHO HEW3MEeHHA B HMHTepBajle CpelHHuX
sHaueHHE umcaa Maxa, peanmsosaHHOM B YKcOepmMeHTaX Xapsara.
Kaxk Bummo m3z ¢ur. 27, mpu SoapmuEx Reg ornHowmenme Lp/hy moutn
He 3zapucut oT M m Re Kak upm nmaMgmapHOM, Tak W Opu TypOyiaeHT-
HoM TedeHuAXx. Ilpuw naMuHApHOM TedeHNH HaluopaeTcd 3HAYUTENBHO
gonpmmit paszbpoc mammmx. Hpumauna paszbpoca sHaveruit Lplhy fgist
IBYMEPHOI'0 H OCECHEMMETPHYHOTO JAMHHAPHEIX TeYeHHUM HEI0CTa-
TOYHO BEIACHEHA,

Obaacmy cacamus ¢ Kasepre. B »aTolt 006sacTH XapaKTePUCTUKHA
TedyeHUA WOTOGHE XapPAKTEPUCTHKAM 061acTH OTpPHIBA, OJJHAKO U3BECT-
mgast mMolennh Yenmena — Kopera (ro. X) memocpefcTBeHHO HE OPMIO-
amMa {bur. 28). Mexanmsm TeueHMA B oOJacTH CKATHA BRIAKWIAET
IBa DA3AMYHBIX SABJICHHS:
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a) OTPHB HAaTEKAKMEro ODOTPAHEYHOrO CJIO0S, BH3BaHHBIMA BO3pac-
TaHUEM HAaBlIeHWA,— cBoOOJHOe B3amMoJeHCTBHe, KOTOpOe oIpeje-
JIseT MaKCUMaJIBFHO BO3MOKHOE 3HAYEeHHIE MaBNeHHA B Hadaje obnacTd
c:xatnA p, (dur. 25);

0) mansHeAmMMH poCT JABJIGHUSA OT JaBIEHHA OTPHIBA P, O «CPe.-
Hero» JaBJeHUs p,, KOTOpoe BHI3HBAaeT OTKIOHeHHe BHENIHEro HOTO-
Ka U oOpemelseT gopMmy oO6IaCTH CrRaTHA.

B cxywae mammuapmoro moroka Lgp/h Bo3pacTaeT ¢ yBenmuenmeM
Re, m M« (amcno Maxa HEeBO3MYMmEHHOTO HOTOKa mepen oOIacTHIO

24

.!Iamu;}tapnoe Rey
20 m‘eqeriue (71 Mm_j://% ‘h
Mm7 2 7 3 4 L

7 N\ |
Lr / y / Nepexodroe
T / @ mevenue [7]
2 § g { @ H=23_____|
Npedeaspoe 1 @ f=35
nosoxenue |
KQC020 CRA¥KA  § l Hakrnox na
1
) =

AN

~ Moo=15 duz.2ub [8]—
- I ZZZ Moo= 24
4 TypGynenmmoe
mevenue [7]
0
10% 108 10° 107 108

Rey
D ur. 28. OrHOmeHWe AAUHHE 00JacTH OTPHIBA Hepe] YCTYIOM K BH -
cote ycryma [8].

Yrncno PedHonbpca Re, = u, %/V,, BHYMCIEHO IO PacCTOAHMIO OT yCTyDa [0
TOYKH OTDHIBA.

OTpHIBA), OMHAKO B cjaydae TypbynenrHoro motoxa Lp/f He 3aBHCUT
or Re, m M« mpm yMepemHHX CBepX3BYKOBHX ckopocrax. Ilpupa-
menne [AaBICHEAA 7] MOMHO BHPAasHTh B BHALE

LPr P P (Rea MOO)) (14)
Poo
rne ® = K (M« —— 1) B mutepBane 1,2 << M. <<4; K =~ 0,05 nan
sammuapuoro u K ~ 0,25 gasa ryp6ynenruoro revennit [14]. ra dop-
MYJIa BHpasKaer crioco0HOCTH, HOTOKA K CIKATHI0O B MOMeT CIUTaThCA
dyHOIaMeHTaIbHON XAaPAKTePHCTHKOHM OTPHIBHOTO TeHYeHHSA.
Ceenenns o TedeHHAX B KaBepHaX, o0pasyoIUXcs B BHpesax
Ha TeJe, NCHONLIYITCA AJA MW3ydenusa Teveauwir B cBobomEEX
RaBEpHAX.
CeotioOnvie Kaceprw. CBODOTHYI KaBEpPHY MOMHO OoUMCaTh Kak
KaBepHy, 00pasyiomylocs, KOrAa HmOBEPXHOCTH NHA B3aMeHeHA IIO-
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CKOCTBY0 CUMMeTDPHH OTPLIBHOI'O TedeHms. Homdurypauumw ceBoGomHOM
ofaacTm OTpPHBA MOKHO HOJYUYHTH SKCOEPHEMEHTANHHO, eCAH BBECTH
OIIZHAD B 00JacTh cMeIleHHMA 32 TOUKOM CKaTud OTPHIBHOLO Tede-
HNA 33 JOoHHEIM cpesoM. Ha ¢ur. 29 mokaszamsr cxeMmb, mOCTpOeH-
HEle 0o mManpeH-QoTorpauAM cBOOOMHBIX KaBepH OTKPHTOIO M 3aM-
KHYTOTO0 THIOB.

Ha ¢ur. 30 xpmTudeckme ANMHE 3aMHKaHAA CBOGOMHBIX Ka-
BepH ODpelcTaBIEHE JUHeMHBHIMH 3aBUCHMOCTSMH OT hy/hy. Taxue
AnHeHHbe 3aBACHMOCTH HMEIOT MeCTO KaK [aaf CBOOOJHBIX KaBepH,
TaK ¥ [Yisi KaBePH ¢ TBepRoit rpamumedd (dumr. 26). Opnako mpuHIE-
MUaNLHOe W HHTepecHoEe pasimdde MeXAy STEMH TedeHUAMHE oOHa-
py)KuBaeTcAd B CBOHCTBAX TeueHUA B obGaacTm cykaTmsi. Hak moxasaHo
Ha $ur. 29, ecian B 06,1aCTH CMEIIEHAS 33 TOPJIOM OTPHBHOTO TEYeHUA
BBOJUTCA NHUJAWHAP, TedeHHE B OKPECTHOCTH KPUTUYECKOH TOUKN
NIIAHAPa U3MeHASTCA W NpuobpeTaeT XapaKTepHYIO CTPYKTYPY BHX-
peBoro OTpeIBHOTO TedeHnmst. ledopMupoBanHB y9acToK T0JOBHOTO
CHAYKA YUJNOTHEHHS Codep:KuT mapy Buxpeit (dur. 31), mockoasky
laBjaeHUe B mnepeflHell KPHTHIECKOM TOUKe IMJIMHIpA MeHbIIe, deM
MaKCHMaJbHOE MaBieHme 0o 00e CTOPOHE OT LEeHTPaAbHOH JINHHMT.
Ha ¢ur. 32 opuBenena cxema m300ap Ha HOBEePXHOCTH HMUJITEHLpa AL
roudpurypaumix ¢ pasmepom L, GONBIEM HAK MEEBIIEM KPHTHIECKOM
ANHHE 3aMBIKaQHHA.

Ha ¢mr. 33 morasaHH IS cpaBHeHNA AHAJXOTHIHEIe M300apHl MIA
NaBjeHuA B HeBO3MYmEeHHOH obJacTm oTphBa, maMepseMoTo TpyOKon
Iuto.

Heoxmgarmoe momoOme pe3sylipbTaToB, CBA3AHHBIX € 3aMBIKaAHUEM
ABYX COBEpPHIEHHO Pa3JIUYHKNX KaBEePH, MOMHO OOBACEHTL (€ HEKO-
TOPHIME OTOBODKaMM) caeayiomuM obpasom. Pacemorpmm cBoGOmHEIR
clleli HEOOCPEJCTBEHHO Iepep KpHETHWYIeCcKOH Todkoii. Ecam oTHoIme-
ung Lp/hy B cBOOOAHON MR OTpaHHIeHHOHN 00/1acTAX OTPHBHOTO Te4e—
HUSL CHKATHA OMMHAKOBH, TO OIMHAKOBH M OTKJIAOHeHHS JHHHUHA TOKa
BHEINHET0 TeUeHHs, BHEILHee NMaBjeHMe, a TaKMe cpelHee JaBlleHHe
oTpHiBa pPp. Ecam ypassenme (14) BHIpakaeT ¢QyHAaAMEHTaJbHbie
XapaKTepHUCTUKHE TeueHHA B 00J1acTH OTPHEBA, TO AABJEHHA B Hayale
007aCTH C3KATUA P4 TakKe OJEHAKOBH B obomx caydaax. Hlepen yery-
noM, oOpalieHHHBIM HABCTpPedYy TOTOKY, 3HAYeHHe P, OIpeJeaseTcd
MeXaHN3MOM «CBOCOMTHOTO B3aWMMONEHCTBHA», T. &. IpHUpaMeHEEM [aB-
JIeHms, KOTOpPOe [OTPAHHYHHU CJIO0H B COCTOAHHH NOAAEPHUBATH
mepen oTpuBoM. Temepb paccMorpuM cBobGopumi# caen. CxopocTh
Ha NeHTpaJbHodl AmHmEM B o0JacTm cBoGOAHMOTO cMelmleHHWA He PaBHa
Hyxio. Tedennme B COCTOAHME IOAfepKHBATH BO3pacTaHHe OaBJIEHHA
B HaOpaBieHWUM JBIKEHWA /0 TOYKM TOPMO;KeHHMA (OpefImoliaraercH,
9T0 BO3pACTRHEE AaBACHHA B HaNPaBIeHWM IBI)KeHHA mpeobaanaer
HaJ RO3pacTaHMeM JaBleHrsd, 00YCIOBISHARNM IePeHOCOM KOAMYeCTBa
ABW;KeHNA B MOMNePedYHOM HANPABJIEHMH; B CAMOM flelie, HOTOK HOJIKeH
OCTAQHOBHTHCH, Ilepel TeM KaK H3MEHUTH /[ABWKeHHe Ha obpaTaoe
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® ur. 29. 3amMuranme cBoOomEHOH RaBepHB; Mo = 2,8, Reg =
¢ = o

=0,5-10% (rypbynmeurnmii cuen) [8].

1 — Beep BONH paspexeHnud; 2 — XBOCTOBOH CHAYOK YOIOTHEeHUA; 3 — CKa4d0oK

YOJIOTHEeHHHA; 4 — UIHHAP B CIAede 3a TeXoM; 5 — TedeHle CHATHA B CcBOGOI-

HOM CJIEILG;AG — 0o0JacTh CMEIMEeHuA;, 7 — IopJi0 clena; & — CBOGOHHBIA ciaelm;
9 — RINH :
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@ ur. 30. HpuTuiuecKad AIWHA 3aMEKaH#AA CBOOOOHOW KaBepPHH
B mepexomuoM peskume [8].

@M, = 2,78, Re,=1,6-105, Lprths= 6,0, Ly/hy=86,0; 3 M_, = 2,78,
Re,=0,70-105, Lpky=17,7, Lp/h2=6,0; @M, =1,86, Re_ = 3-105,
Lpy/hi=4,5, Lg/ha=6,0; OM, =278, Re,=4.106, Lp/h1=4,5,
LF/hgz 6,0.
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® nr. 31. TunuuHoe pacmpefelieHNe AaBAeBHA II0 HOBEPXHO-
CTH OETHBApPA B ciexe 3a TeaoMm; Mo = 2,78, Reg = 0,5.108 [8].
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® ur. 32. CxeMa m306ap Ha MOBePXHOCTE LAJIMHAPA B CleAe
38 TeJIOM UPH Ppa3AUYHHX 3HaueHHAX L/hj; Mo = 2,8, Reg =
=0,5-10* (3padeHNA [ABJeHAA OTHOCOHHIK MECTHOMY HABJEeHHIO

8 HEBO3MYIMEHHOM HoToKe) [8l.
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n 06paszosaTh OTKPHTYH KaBepHY). Hpome Toro, obpatHoe TeueHme
He MoKeT CYNIECTBOBAThH 70 TeX IOP, DOKAa HAYAJI0 00MACTH CIKATHA
He OpPOHMKHET B J03BYKOBO¥ Y4YacTOK o00JacTH CMelleHUd MA@ IO
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@D = r. 33. Cxema uz06ap B ceoGoaHOR 06MaCTH CMeINeHHA
¥ B cBOGOMHOM BABKOM ClO€ (3HadeHWsA AaBJeHHd, H3Me-
peBnoTO TPyOHO#N IIMTO, OTHECEHH K MECTHOMY HABIEHUIO
B HeBO3MYIMeHHOM moToKe) {8].

Anupexcr: 0 — paberawmuii moTox; F — BHemHRE nDo0TOK; B — 006-
acTh CMeImeHHA,

Kpalineii Mepe B HO3BYKoBoe «ropio». EcTh ocHOBaHUA mDpennolia-
raTh, 9To KOIJa 3TO IPOMCXOIHUT, KaBepHA OTKpPHBaeTcA. B «3ByKo-
BOM» TOYKe Ha [EHTPANbHON AMHHR IpHpameHne JAaBJAeHHA HaJ DOX-
HEIM TaBJICHHUEM TOPMGOIKEHNA PABHO

(Pa— PR)/ PR~ —;‘MCL ~ 0,6 opm Mcp =~ 1

(eM. p, m pr ma dur. 25).

Taxoe ABIeHEe mMeeT MeCTO NPH «CBOGOXHOM B3aWMOACUCTBHID.
Heoxunanao ora3anoch, 970 3Ha9eHne BTOT0 NpHPaMeHHAsa [ABJIEHHS
OpUGIH3UTENBHO OAWHAKOBO CO 3HAUEHWMEM IPUPAMIEHNA [NAaBIEHHSA



XAPAKTEPHCTHMEN OTPBLIBHLIX TEYEHHWT 41

IpH OTPHIBE TYPOYAEHTHOTO MOTPAHWIHOTO CJHOA, XOTA MeXaHU3MEL
TedeHuil coBepmienHOo pasnmdHLl. HabnropaeMoe paBeHCTBO KpHATHUIe-
CKHEX PACCTOAHUM njis cBoOOIHEIX W OTPAHWYeHHHX KaBePH IIPEICTAB-
AdgercA CIYdalHHM B LpefelaX pacCMOTPEeHHOTO WHTepBajla dWH-
cen PeitEonppca. JlaA cBobomgHOro c¢iefa npwpameHue AaBIeHUA
(pa — Px) MOCTOAHHO, B TO BpeMA KaK [JA ycTyma, obpamjeHHOro

HaBCTpPedy NOTOKY, 3Ta BeaWdImHa sapmcuT oT ) ¢;. Kpome TorTo,
ypaBHeEme (14) ommchBaeT ¢QyHmaMeHTalbHEIE CBOMCTBA TedeHHHR
CIKATAA B Clefe.

JKenepuUMEHTH €O CBOOOMHBIMH CJeTaMA IOATBEPKAAIOT IpPeliIo-
JKEeHHEIA MeXaHA3M 3aMBEIKAHAA: TaK, B HCCJAEMOBAHHOM HHTEpPBaje
qmcen Maxa KpuUTAYeCKas NJIMHA He 3aBACHT oT dmcia Maxa. Wawme-
HAA JUIMHY XOpasl KJIAHA, MOYKHO BapbupoBaTh dmeno PeiiHomabaca
OTpEIBa B HepPexoxHOH obmacTu, mpuIeM 3aMBIKAHME KAaBEPHE! LPOHC-
XOAAT B COOTBeTCTBEM ¢ ypaBHenmem (13).

Pacnpedeaenue Jdasaenus

PaccMoTpuM Temeph pacupefelieHAA JaBJeHHA B JABYMEDHBIX
M 0CECUMMeTPAYIHHX KaBepHaXx, IPABefieM H3MepPeHHbIe pacupe/elleHud
NaBJGHMs A CKOPOCTA B JBYMEPHHX OTpDAaHMICHHHX KaBepHAX C INOJ-
HOCTBI0 Pa3BHTHM TYypOyJIeHTHHM IOTDAHAYHBEIM CHOeM Iepel Kapep-
HOU mpH Ay = Ky, HO P PA3IMIHLIX KOHQHUIypaUmsaX MOBEPXHOCTEH,
BHIBHIBAIODIMX CsRaTme XoToka [3].

Heymepras rasepra. Ha ¢mr. 34 upmeeneEs TUNHIHEIE pacOpene-
AeHOAA [aBjJeHHA Iio OHY Bmpesa, rae 8/kh (oTHOmMEHWe TOIIMHE
DOTPAHHYHOTO CIOA K TIyORHe Bhpesa) MCHOJB30BAHO B KavdecTBe
mapaMeTpa.

IlaBienne B Bhipe3e OAM3KO K HOCTOAHHOMY, €CJIH BLIpe3 Heriy-
GOKUH, XOTA B cepeamHe KaBepHH HaGmiofaeTcA cHabHil MUHAMYM.
Tonmaua DOrpaEAYIHOTO CI0A — Ba’KHEIN aKTop, BAMAIODIMIL HA pac-
npefesenue Aasiaennsa. laMenenusa p/p » ¢ mamesesneM 8/k B obracTu
OTpHBa M B 00J1acTh C)KaT@A TPOTHBOLONOMKHEL. B ofaacTm oTphiba
p/peo yMenbmaeTcs ¢ poctoM L/h. B obracta cmatusa p/p « yBeauwdu-
BaeTca ¢ pocrom L/h (¢pmr. 34). Ilpm HerayGokmx BmIpesax, Korja
8/h > 1, maBieHne B KapepHe GoJibIIe CTATHIECKOTO faBJAeHAA B Habe-
ramomem notore. Takoil e pesyapraT Obn moayder Tomanom [19].
dtoT pesynpraT XapsaT 00BACHAET TeM, YTO IO MO3BYKOBOH 9acTH
TOJCTOr0 LHOTPAHAIHOTO CAOA OT 00JacTH CKaTud BBEPX IO LOTOKY
¥ 3a DepejHAN Kpa¥ BHpesa pacupocTPaHAETCA BHICOKOE AaBieHHe,
KOTOpOe HECKOALKO OTTeCHAeT BHOIDHMH CBEPX3BYKOBOU LOTOK.

Ha ¢ur. 35 morxasama cxema maobap. BOausm Lyp,, rpafueHt
NaBiAeHUA CTAHOBHTCA O9¢HL GOALIIMM, a 3aTeM HacTo HabamomaeTcs
naaTo maBleHAA (XapaKTepHoe Oad o6jgacTm emaTHA).

Pacopepesiesme paBieHMsA DO 3ajHeli CTeAKe OpAMOYTOJBLHOIO
BHIpe3a moKasaHo Ha fur. 36.
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®ar. 35. Cxema m3aobap, HILTIOCTPAPYIOMAA paclpefieleHue JaBIeHHA
0o QxHY BHpesa; #hy = hy = 6,35 MM, Mo = 2,78, Reg = 1,5-108,
6/ = 0,44 [8].

i — o0JacTs OTPHEBA, 2 — OOJIACTH NDPHCOENHHCHEA; 3 — OGJIACTH CHHATHA.



XAPAKTEPHCTHKH OTPRIBHBIX TEYEHHU 43

Y pma BHpesa AaBieHHe MOYTH HOCTOAHHO, HO HA KPOMKE yCTyma
TpajiieHT [aBJeHUWA [1OBOJBHO 3HAYUTEJeH, 9TO CRBUAETEIALCTBYeT
0 BOCCTAHOBJCHHH [UHAMHMYECKOTO [aBJeHHMA B TOH 9acTHM BHEIIHEro
MOTOKa, KOTOpadA momajaeT Ha yCTyil.

Ocecummempuunpie Kageprst. UTo KacaeTcsa 0CECHMMMETPHYHON Ka-
BepHE, 00pa30BaHHON MeKJy KOHWYECKON WHIVION M TYyOLIM TeJoM
3a HeH, To Opm obGpalboTke

a M,i=2.1 ;/h_giga;f:gz a;;i:;.g OAaHHEIX C MCHOJb30BaHWEM

1,0 ; (a/?;er,S) o Ty BRICOTH. KBa3HIBYMepHOTO
a8 A e yeTyma MeM[Yy BHEUIHHM
2 /35; -7 pagaycoM TejJa MW HWIJOH

06 A 1,;,/, - OKa3HBAeTCHA, 9TO OCEOCHM-
Y ¢ // o MuDo  Tunl MeTpMYHAA KaBepHa 3aMEI-
h og (? g 5 p L/h=6 | Kaetca mpm TaKoil 3e Kpu-
oz b gd 7% 4 THYEeCKOH nJmHe, 9TO U ABY-

" \\k&' v MepHaa Kasepra. laA BH-

0 \Y R l | | | Pe30B Ha NUJIWHIPHIECKUX
Pz dg 16 18 20 22 24 26 Tedax ¥ A TeJ ¢ UIIaMHA

h2r s T 1 aHaMOTUIHBIE HabOJONeHNA
2ol e ] __4i_ crmeraHsl B MMAPOKOM AHWaila-
;/"’; o] 30He OTHOINEHMH pajuycos

, 08 - mraiel ®W Teaa (16, 47).
oo ﬁ S Mo=2.9 OnmEako 3aMLIKaHEIO Tede-
’ i é // g 8/n=16 HUA B OCECHMMeTPHIHOMN
04 X ’ KaBepHe OpuCcyDy 3HAa4H-
iLl ﬁ TeIBbHHH THCTepesuc, KOTAA

02 ina 6 oy ) 54 0HO COOTBeTCTBYeT 00Jb-
? R UM OTHOINEHMAM fi./hy, Ha-

0

10 12 14 16 18 20 22 24 28 npuMep AL/hi —= 12 " h2/h1 —
P/Peo — 20 [18]. [las aByMepHREX

@ n r. 36. Tannudoe pacHpefelieHEHe faBjie- BLICTYIOB HET aHAJOTHYHBIX

HHUA IO 3anHei’t CTeHEKe IDAMOYI'OJBHOT) BHI- MAHHEIX. XOTH H3MGPBHKH

aa [8].

Ee—amzpt]BMEHHHe BeruuwAal M, # 6/h; 6 — nepemen- AABJICHUA B OCECHMMOTpUH-

Has penmumna Lih. HHX TeYeHWAX HEMHOTOTHA-
CJIeHHBI, TEM HE MeHEe Mo-

JKHO CKa3aTh, 9T0 B 000MX CIydafAX OCHOBHLE TeHAEHNUH AaHAJIO-

FHYHE, HO pa3ImIaioTcA KOJWIeCTBEHHO.

Huroan [20] mamepun maBiaenme m KodhdUOMEHTH TEIAOOTHATH
fipy JaMHUHAPHOM TeYeHHM B OCECHUMMETDHTIHOM BEIpe3e HAa MOJENN
(pur. 37) npm HyNeBOM YyIjie aTaKH B MHTEPBaJie TANEP3BYKOBHIX CKO-
pocreit 11 <X M . << 20,1 u murepBane uncea Peitmonrmca 2,36 -10% <
<< Re/em <C 5,35-10%.

Jlapienme B OTKDEITOM KaBepHe MeHBIIe, 9eM HAa HOBODXHOCTH
HOHYCa, W 3aBUCHT OT JJAMHE A riyOUHH BHPpe3a (fpur. 38).

TopmsonTadbHAsA KOOPAWHATAZ X — PACCTOAHWE BBePX NN BHH3
110 TOTOKY, M3MEPEHHOe 0T TOYKH OPHCOeHHEHUA BIoJAb 00pasyome
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WCXORHOTO Konyca. B Hambodee rIyGoKoM BHpe3e HaBJAEHHE IIOCTOAH-
HO Ha TOBEPXHOCTH AHA, NPRIEM CaTHe IPOMCXOAHT HA YUACTKe,

dur. 37. CxeMa Momenn.

IIprnyvmedanne. PasMepH Ha MOOenm VKasaKH B MM,
PasMepH EBIpE3OB
L, Mmqa 8 8 16,0 16,0 16,0 32,0 32,0 32,0

D,vm3,2 2,4 3,2 2,4 1,6 8,2 2,4 1,6
L/D 2,5 3,33 5,0 6,67 10,0 10,0 13,33 20,0

cocrapiaaomeM 10% or xawEH BHpesa, BGAU3zm oGiacTu TpHCoENA-
HeamA. OfHAKO C yBeJmdeHEMeM OTHOINEHMA NAUHE K TAyOMHE Ha Mo-
BePXHOCTH [Ha BOBHMKaeT TPaJMeHT JaBIeHHUA, a C;KATHE MPOUCXONHUT

1.3 16
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06 02 70, ﬂpam?mmo -Maiiepy
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® ur. 38. Pacnpenenenue pmapie- @O mr. 39. JlaBlende Ha gHe BrIpe3a B 3a-
HHA 0 IOBEPXHOCTH Bmp133a; Po = BECEMOCTH OT OTHOCHTEJIPHOI'(Q HNPEeBhIKEe-
=28 1 rre/em? [20]. mas &/D sapmedi KPOMKH BHpe3a Haf IO~
OGoasauerma L, mM D, mm L/D  BepXHOcThio kKoHyca [20].
ﬁ 11% :31:% 150 Po, Krc/em®; O 28,1, A 49,2, (3 70,3.
Cl 32 1.6 20

Ha BCeM DPOTAMKeHHM BHpe3a. ledeHue B 00JacTH NPHCOECNHHEHHA
3aBUCHT OT TeoMeTpmueckoit dopmn Mofenam B aroit obractam. XoTa
CKPYTIeHAe KPOMKH BHpe3a B 00JaCTH UPHCOS[HHOHHA NMPAKTHISCKE
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#e BiAmAeT Ha pacupelesieHue JABJGHUA, M3MEHEHME BBICOTH 3ajHell
KPOMKHA OTHOCHTEJABHO TMepefHeld BIMAeT Ha pacupelelieHHe AaBICHU
0 MOBEPXHOCTH gHA BHpesa (dmr. 39).

Jlns cpapHeHus Ha ¢ur. 39 NpumBeAeHO TaKyKe HaBIeHME, COOTBET-
CTBYHOHIee pa3perkeHN0 AAA caaboMy CKaTHIO B ipocToi Boase [Tpany-
Tas — Maiiepa. Bmaro, 9To maBieHEme Ha [HE BHpe3a MeHBIIE COOT-
BercTByIomero Tevenuoo [Ipamnraa — Maitepa go /D = — 0,2 (rae,
KaK NoKaszaHo Ha ¢ur. 40, & — BHCOTa 3ajHeH# KPOMKHM BHpesa Haf
HOBEePXHOCTBIO HCXOMHOTO KOHycCa). llpm panbHelimeM moRmXeHWH
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@ ur. 40. Pacupenemenme papienms; L = 16 MM, D = 3,2 mum,
e/D = —0,4 [20].
po Krc/em®: O 28,1, A 49,2, (O 70,3.

sajpHell KPOMKHE [aBJIeHNe Ha [He HOBHINAETCH. ITO MOKHO O0BACHATH
ciaenyomuM o6pa3oM: IpH DOHWKEHHHM 3aflHell KPOMKH CTAaTAYECKOE
HaBleHMe Ha pasfelAloNed JHHUM TOKa DajaeT, TaK KaK TedeHMe
LIpOXORHT wepes Beep BOJH paclimpeRZA B 00aacTA OTPHIBA, CAEAOBA-
TeNbHO, NIOJHAA DHEPrUs TeUeHHUA BAONL PasAelAONledl AMHHE TOKA
TaKKe ImagaeT . ee OKa3HBaeTCH HemocTaTOIHO, 9TOo0H olecmevHTh
upucoeqHHeEAE B HOPMAaAbHON TOYKe HOPHCOE/IMHEHHWS U Pa3BePHYTH
moTOK o6paTHO BHYTPL KaBepHH. B pesyapTate mOTOK HPHCOETH-
HAETCS HMMEe H0 TedeHW1o, OPHYeM XapPaKTepHACTHAKHA TedeHHAA aHaJo-
THYHB HaGaOmaeMEM Op¥ oO0TeKaHAHW YCTyIa, pPaCHOoJO:KEeHHOIO
1o noToKy ($mr. 40).

Bausnue moauuns NOZPAHUUHO20 CAOL, 260MEeMPUL GIPE3A U UUCAA
Maxa

B o6mem caygae, xorma 8/h BospacTaeT, Bce TpajMeHThl BEIPaBHU-
BaOTCA, HO-BAAMMOMY, BCJIeJcTBHME YMEHBLIIEHHA NepeHoca KoImdge-
C€TBa JBIKEHMA B Bripe3, Pacupeneienme A1aBleHUs B BLIpPe3e HE BCeT-
IDa 3apucuT OT GopMH 3amHEr0 ycTyla.
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Hag maBepHOfl OTKPHTOrO THNA BO3MOKHBL KBAa BMAAa Te4eHUA.
B cayuae mamEHOTO BEIpe3a CBOOOIHHNM BABKAH CJO0A IOCTEICHHO
«IOMKAMACTCA» BNOJAbh KPUBOIMHEMHONA TPaeKTOPHH II0CHAe Hadalb-
HOTO pacIIMpeEWs BHYTPHh KaBepHH. BozpacTalomee flaBiAeHHe oTpa-
JKAETCSA OT [HA, KOAMIECTBO [ABWKeHUWA BHYTpeHHeH dgactm caos
CMCINEHHUH MOTJAONIAeTCH, B pPe3yAbTaTe 4elo He NPOUCXOXAT BoccTa-

2.0 /
1.8
6 /:3,5; 8/h=2,3 2.9: 2,1 /
P Pasbpoc dannvix / /
1,4 —
1.2 4
1,0 \ .
M=35 A %
T Ompore » v s
a8 \\ \\
i) 3 6 9 12
—
0 3 6 12
el 5 A
Ljh

@ uwr. 41. Usmeneane pacupefeneHud JaBJeHEA B BhIpede ¢ H3-
MeHenuem umcia Maxa; 1,6 << 6/h << 2.3 [8].

HOBJNEHMA JapjeHnA BOIM3m Bammeii cTeHKH. B ciaydae KopoTKoro
BEIpPe3a BO3PacCTaHAE [IaBJIE€HUA B TOYKe NPHUCOeJMHEHUA YTOJIIAET
DOTpAaHUUYHBIH CA0# Uepel TOYKOH OTPHBa HM CrIaKMBaeT TIpPajiAueHTH
naBieHuMA. [lasmenme B KaBepHe MOYTM DOCTOAHHO, & YTOJAMECHHE
TOrPaHNYHOTO CJOS MOYKeT BHB3BATEH Mpe/BapHATe]IbHOE OTKIOHEHHS
JVHANA TOKa BHEIIHErO TeUeHHAA WM NOMHATH YPOBEHH JAaRJICHUA BO BCeR
KaBepHe HajX NaBJieHWeM HalOeramoumero moTOKa.

Ha ¢ur. 41 mokazauno u3sMeHeHEWe NaBJIE€AUA CPa3y 3a TOUKOH OTpH-
Ba (z/L = 0) u nepen Touxoi mpacoemmuennsa (r/L = 1) B pyRrnmm
gmeaa Maxa @ oTHOINEGHHUA JIMHE BHpesa K ero Iiay6mue npm npubian-
3WTeALHO OxMHakoBHX O/kh. WcnHWTaHmAa TWPOBOOHINCH IPH TOJCTOM
norpaEndIHOM cjoe. HadecTBeHHO XapaKTep pacupemeleHHs MaBlie-
HNMs ONUMHAKOB NpH Pa3AHYHHEIX JECIaX Maxa; oHAKO OTHOCHATEILHEE
3HaYeHHA [MaBICHUA HE ABJIAIOTCA NPOCTHME (QYHKIUAME YHCIa
Maxa.
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Pacnpedenenue cropocmu
Ha ocHoBe M3MepeHWH CTATHIECKOTO AABICHUA MOYKHO HOCTPOATH

JUHHEA TOKa BHemHero tedenmsa (gur. 42) [8].
Haprusa Tewerma mpwm cBepX3BYKoBO#l cropoctu (dur. 42) amHa-

JOTAYHA KAapTHHe TeYeHWA NPH M03BYKOBO# cKopocrm [3]. Ormermm

Macuinab dnun, om Macwmad
— s yucex Maxa
0 5 10
ot 2 3,

L «
% ™\ Bueayull ckaiox

M,
—=+  Beep somu paspemenusn -
C ]Ino;xocmbz D Q? £
| g —— b —

Hamepenus Hacadxom noanozo dastewus,
PAUYCHHBIM BHUS 1O NOIMOKY

® ur 42. Kapruma TedeHums u pacupefeienusi umcaa Maxa B cBoGogHOM Bf3-
KoM ciioe B KaBepHe, Mo — 2,68, 8/h = 0,4, L/h = 10 [8].

ciacaymwniae xaparRTepHBIE 9eDThL TedeHUH B HaBepHe HpHN CBepPX3BY-

KOBHIX CKOPOCTAX:
1) coxpanenme oOmeH MaccH MeXny cederuamu 4 un E;

2) oGpartHoe Tegenme B ceuenmaAx C um D;
3) BHYTpeHHHE /[IRHHAW TOKAa KDYTO H3rumbarmTci BHYTDPh BHIPE3a;

4) B cedenwn F, pacmoso;xeHHOM 3a 00JaCTHIO CHRATHA, CKOPOCTH
TedeHAA BeJWKa BIJOTH A0 CTeHKH M OPOQMIL CKOPOCTH HE TAKOB,

KaKk B OOTrpaHHYHOM CJoe.

ConpomueseHie CMenoK ¢ sulpe3amu
ConpoTneienne OIACTAHH ¢ BHPe30M MOKHO pacciMTaTh HA OCHO-
Be M3MEpPeHMil MaBIeHUS Ha CTOHKaX, HOPMAJALHHX K IOTOKY, TOJIBKO
IOTOMY, 9T0 TPEeHHe Ha JHe BHIpe3a npenedpesxnmo Mano. Hosdpuument

conpoTHBIeHEA (', MMeeT BHJ
PP 4 (_-EL\
Po hl’

2 1 &
CD:"\T M: L

Sy
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eC/IA Ha4Yalo 0Tc4eTa Y COBIajaeT CO CTEHKOH BHPe3a. 3aBUCHMMOCTH

Cp or My m L/h mokazaun ua ¢ur. 43.
leomeTpma sagHeil CTeHKH BHpPe3a HEe OKa3EBAeT CYHIECTBEHHOTO
pamanms Ha Cp. G pocTom wnena Maxa Cp yMeHbmaeTcs npm JJIAH-
HOM ¥ yBeJIHYMBaeTCA OPH KOPOT-

0,025 KOM BHIpese.
L/h=12
0,020 \ 1.4 PACYET OTPBIBHOFO
8 TEYEHMA MNPH CBEPX3BYKOBOW
C
ODOIS N CHOPOCTH
Hmxe 6yayT omucaHB METOIH
0,010 [~ 3 i pacdeTa JaMHHApHOTO Hu TypOy-
1 '2 3 4 JE€HTHOrO OTPHIBHEIX TedeEHH 1e-
M, pex yCTymoM, oOpalmermHHM Ha-
My=2,1 BeTpedy moTory [21].
0,020 -
/
N ] 2.9 1.4.1. Memoo Yenmena
0,015 |- 5
3 e
Cp P Yenmen [7] Teopetuuecku pac-
0,010 ——> = cqmTaj pacipefieieHne CcTaTHde-
CKOT0 HGaBAE€HHA [IJIA Mojleliel
. 0,005 n T
- 3 p 3 2 OTPHIBHOTO TeYEHHA HEKOTOPHX

rrenoB. OgHA Takasg MoJedAL H30-
6paxeHa Ha ¢mr. 44. IIpemumona-
@ ur. 43. Koapdunuent conporuBire- rajoch, 9TO HNOTPAHUYHHE CJI0H
HUf CTEHKH ¢ BhipesoM [8]. He HapacTaeT MeXAY HadaJbHOM
TOYKOH ® TOYKON OTPHIBA.

TAnDAYHEEe AXAUWE TOKA H OpOQUIH CKOPOCTH B CJI0€ CMEeUIeHHA
U B 30He UPACOeNPHOHNA M300parkeHL cXeMaTHIecKy Ha ¢ur. 45 m 46.

Cioli cMemenza yToIMAaeTca ¢ paccTOAHAEM OT Hadaja dToro CAOA
no napafonumiIecKoMy 3aKOHY mojo0HO JaMHHAPHOMY HOTpPaHWTIHOMY
ClI010, OMHAKO CKOPOCTh ero HapacTaHAA OPHOJAM3ATEILHO B TPH pasa
Goaplie, 9eM Y TOTPAHAYHOTO CJOA.

OTprBHOE TeueHHWe B 30HE OPHUCOSAMHEHMA HPpe/IojJaraercsd ABY-
MEPHBIM, XOTA B 5TOH 30HE MOTYT CYHIECTBOBAThH TpeXMepHEE BO3MY-
menna [2]. Ilpm pacueTe CTaTMYeCKOro NAaBIEHHA B 006aacTm OTPEIBA
OOTOK MAacCH, OTCACHBAaeMOH clloeM cMemieHus u3 o0J1acTH OTpHEBa,
OpHApPABHABAETCA LMOTOKY Macch, IOCTymarmmeil obparHo B olaacrs
OTPHBa W3 30HH OPUCOCAAHEHAA Moj aeliCTBHEeM Lepernana NnaBjleHHA.
IIna npeomoneHAs HpUpanieHWA [AaBJICHHA B 30HE OIPUCOCNUHEHUA H
magpHeHIIeTo mepeMeleHAs YacTHI, B HAOPaBJCHUM TeUYCHHA HOTHOE
faBIeHZe p’ BIOJb JAHUHA TOKA B CJI0€ CMEMEHHA LOMKHO OLTE Gosbme,
geM KOHEYHOE CTATHYECKOE AaBJ€HUE B KOHIE 30HH IPHCOEHHOHMA.
CraTmueckoe MaBJeHre B OTOPBABOIEMCA cJoe oIpefieisieTca TpeGoBa-
HUEeM, 9TO0HK DOJHOoe JAaRJIGHHe B0JAL Pasfeldalomeil JIHHWHA TOKa

L/h
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0 JOCTHHEHMAH 30HLH OpACOeHMHCHEA
p— o 1 —
pr=rpe (1 +1— M2

o (4 25 ) O

)W(v—i) _
(15)

PaBHAJNOCH KOHEUYHOMY CTaTHYeCKOMY maBiaeHnmio p’. I[lapaMerpm
¢ deproil ¢cBepxy B ypaBHeHMAX (13) m (16) cooTBETCTBYIOT YCa0BAAM
BIOJAbL Pa3feAsaIoniell JJHHAM TOKa B CHo€ CMeINeHUA, WHAEKC d OTHO-
CHTCA K 3acToiHoil obdacTH, a WITPAX — K YCAOBUAM 32 30HOHU mpH-
coemmueHuA. (AHaJgormuHasa HMaedA Oba Tpefuioskena HopeTom um jp.
[15].) BeeacTeme 3TOr0 MOTOK JEIATCSA Ha [Be 00IaCTH: BABKWH CJIOH,
r/e AaBJAeHUNE HPENNoJaraeTcA NOCTOAHHBM, W 30HA NPUCOSNMHEHUA,
rie [0 OPefAUONOKEHMI0 CKATHEe TAKOBO, YTO HOTEPH MOJNHOTO JaBie-
HHA BIOAb Pa3fedsonied JAHEYM TOKA He CAMAIKOM BelHKH.
CaenoBaTennbHO,

pa= £
1 — f(y—1)°
{145 @i}

Urobrr mpencTaBaTh ypaBueHue (16) B Goaee ymoOHOM BHEJEe, BHpa-
3uM M uwepes M’ moum M, Bgonn BHemiHed TPpaHUOE CJI0A CMEIICHHA.
Ecam Pr = 1, uncao Maxa Broam pasmexsiomeidl nmamu Toka M cBsu-

32aHO € COOTBeTCTBYIIIEH CKOPOCTHI U uHTerpajoM DByseMana mis
YPABHeHAA 3HEPTHAHU, €CJM TeMIepaTypa B obixactu oTpeBa I'; paBHa
TeMIepaType TOPMOMKeHHA BHeMHEro woToka T,

1

(16)

Tio=T. (1+15°M2), (A7)

mim mHTerpanoMm Kpokko, ecam T, ue pasma T, [14].

Ecan mpepuono:xuTh, 9To TeMmepaTypa B o0iacTu oTpHIBA paBHA
TeMoepaType BOCCTAHOBJEHHA, TO MHTerpai DBysemana Jas coBep-
IDEHHOT0 Trasa maer

M2 —_ (E/ue)2 Mg _ . (18)
14 1, (v—1) MZ {1 —(u?/ud)}

I3 armx ypaBueHpid LoJydaeM CIEAYIONEe BepaKeHue AJA CTaTH-
YeCKOTO [aBJeHHA B 00JacTH OTpPHIBA:

P(v-1)

{4 (1 —i3) 5 (y—1) M2 5

1
i 1+ (y—1) M2

rae u, = @/u, = 0,587 [13l.
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Tax Kar u, He 3aBUCHT OT 4mcia PeilHoabaca, To py TaKiKe He 3a-
BHCHT OoT dmciaa PedHoxpAca, Kak 9To BHAHO w3 ypasHenusa (19).
Ha szpagenme p,; BamaeT ToabKo dopMa Tela depe3 3HAYCHUE JaBJIe-
HuA P’ B 30HE IPHUCOEUHEHHAA.

Ypaseenne (19) upmrmmaer Gomee ynobmyio dopmy, eciim 3aMe-
BEUTHh gncao M, umcaom M’ (cooTBercTByMOmMMM YCIORHAM 3a 30HOH
Opucoe/WHeHuA). DBHEIIHAsS IpaHENa JaMHUHAPHOI'O BABKOTO CJHOS
H3MeHSAeTeHd IJIaBHO; CJeoBaTeIbHO, BHYTDH uau BOGAW3H 3TOTO
BABKOrO CJOA HE BO3HHKaeT XBOCTOBOTO CKA4YKa YIJIOTHeHWS, H, Ta-
KuM o6pasoM, MOTOK BJ0Jb BHENIHEH TI'pPAaHENOE M303HTPOOHAYCCHHA.

C npusrevenmem TepmuBodormu Uenmena [22] apauenua M’ u p’
LA [RYMEPHOTO IOTOKA COOTBETCTBYIOT «YCJIOBHSM 3KBHUBAJEHTHOTO
HeBO3MYIIEHHOI0 HoToKa» mepen obaacThio orpriBa. CaegoBaTelbHO,
IIA M303HTPOMAYECKOr0 TeIeHWA BJOJbh BHEIIHOH IPAaHHUIE BABKOTO
CH0A BHIpa)KeHWe AAA p'/py MMeeT BUA

-1
., {1t e-nM) OV
p’ __p 2
A A - ) (20)
Pd De 1+_2_(,\,___1)Mr2

WUz (19) » (20) caepyer
M2 = (1 —a2) M;. (21)

Jro 03Ha4YaeT, 494TO OTHOIODEHHE YHCEJ Maxa B 30He opracoeaInrHeHnA

aaMuHapaoro ciod M’/M, mocrosmme m pasmHo (1 — u2)/z = 0,81.
N3 (19) m (21) monygaem BHIpaKeHHE MJIA CTATHICCKOTO NARICHUA
B 0bJgacTu OTpHIBA

1 H{y—1)
, 14 (7—1) M2 o
- = 1 - : (22)
d 15 (v—1) {M'2/(1—uk)}
Ilpm maxamx cxopoctax M’ — 0 umeem
Pa—p’ _ _Pa—pP
gf (le)Pl‘Mlz
.1 v/(y—1)
5 15 (v—1) M2 5
— lim —1 =
. M-2 1 , - 4 —58’
w0 ¥ 15 (p— 1) {M'2/(1 — i) *
(23)

rae ¢° — CKOPOCTHO# HAmOpP 3a 30HOH UPHCOEMHEHUA.
Tar rak u, — 0,587, 1o

Pa—P __ _0,526. (24

L/spu’?
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Ypasuenne (24) nuA Hec:xkmMaeMoi cpensl m ypasmenme (22) mas
CKAMaeMOH Cpefbl HPHMEHEMH He3aBMCMMO 0T BAWAHHAA dmcia Peii-
HoJabAca Ha $opmy obaacrm oTpHIBa.

B ooucaHHOM MeToJe OCHOBHoe UOPHOAMmKEHNE 3aKII09aeTcs
B IPERI0N0KeAny 00 N30 ETPOIHIECKOM CIKATHA BROJb PasjledaAnmen
JIMERY TOKAa B 30He NpHcoesumHeHmA. OfHaKO ONpHM TakoM mpmbam:ie-
HOO PacueTHOe IOJHOe JaBJIeHHEe HECKOJBKO OTJAMYAeTCA 07T aeiict-
BHTEJILHOTO WOJIHOTC jAaBienmA. HpoMe Toro, mpejmosaraercs, d4To
Pas/lelANMAA JNHHMA TOKA OKAaHIWBACTCA B TOUKE, IAe /aBJICHME
paBHO p', a He B TO4YKe NIPHCOeJWHEHHUdA, Ile JaBieHAEe pPaBHO pPg.
C yaeToM 3THX /IByX (aKTOB OCHOBHOE YypPaBHEHHME, COOTBETCTBYIOLIEE
ypasuennio (16), sammcmBaerca B Bmze

pag = Pr
_ : _
n[14 5 @—1

rae 1| = Pr/p: — KoadPupuent (He o6A3aTenbHO MeHBIUE MHUMEI),
BHpajKatonimil «3pQeKTEBHOCTEY CHRATHA L0 CPaBHEHWIO C W30BHTPO-

nmaeckuM uponeccoM. Ecam snavenue u, — 0,587 mopgcrasurs B ypas-
segme (22), To 3T0 ypaBHeHWe OymeT orpaHHYEHO CIYIaAME JBYMep-
£0T0 1M IUCTO JaMAHAPHOTO OTPHIBHOrO TEYEHHU ¢ HY.JeBO# TOMMWHON
MOIPAHATHOTO CJI0A B TOYKe OTPHBa. KelH se ToMKUHA NOTPAaHMIHOTO
¢J0oA B TOYKe OTPHIBA He PaBHA HYJNI0 M CYIMEeCTBeHHA, TO ypaBHe-
aue (22) eme NpMMeHMMO, HO HIPOQMIN CKOPOCTH B Pa3IMYHHX cede-

HEAX CIOfA cMemieHHnA He OynyT moxobusiMu. Hpowme Toro, u, = ,587,
1 MOYKHO BBHIYHCJIATECA B Kaj)KIOM KOHKPETHOM CjJydae MyTeM pemre-
ruA gagdepeHnuaNbHEX YPAaBHEHWH B YAaCTHHIX IPOUIBOJHEIX IS

BA3KOTO CJaO0A.

]W(‘\’—i) ?

1.4.2. Memod Bacuauy

OTpHB mepey yCeTymoM, 00palleHHEM HaBCTpPedy HOTOKY, 00yCa0B-
JeH MOJMORATEIbHLM IPajHeHToM JaBAeHUA OKOJO0 IIOBEPXHOCTH HEepes
yerynoM. Bacmamy mecaenosas oTpHER aToro BEAa [21], mpexmmonaras
TedeHme TYpOYJIEHTHHM U HCHOJb3YA KOHNEUIIHIO HepeMeHHOI'0 Ko3d-
¢unmenra typbysentaoro uepememupanumsa HKpoxko m Jlmsa [23).

Ipmpamenre gaBIeHUA B JOJOKeHHe TOUKM OTPHBA HPM PHKCH-
POBAHHOM 3Hadenuy umciaa Maxa omupefensAnTcas DyTeM pelleEnd
cmcTeMHE ABYX ypasHenuil. OnHo B3 BUX — aupdepeHnMalIbHOe yPaB-
HenmWe A pacOpefeieHdA JaBleHHS — OCHOBAHO HAa KOHHeNOIHH
o mepeMenHoM ko3QPmOueHTe TepeMelIWBaHUA, APYroe — ypaBHe-
gue 6ajlaHca Macchl Bo3/lyXa, BTEKAIOONEro M BHITEKAIOMEro M3 00-
JIaCTH OTPHBa Hepel, yCTyImoM.

Hemonp30BagHEAA B pacdeTe CXeMa TedeHHsA Nepejl YCTYymOM TOKa-
saHa Ha ¢mr. 47. Memxgy Toukoil oTpeBa § W TOYKOH DpPUCOETMECHNA
R uMmeercs TypOylleHTHH cioil cMelleHAd, NOKa3aHHHA Ha ¢ur. 47
INTPEXOBHMY IHHAAME. TedeHNe B CJloe CMEIIeHUA MeIy Pas[essio-
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meil auRueil Toka SA B BHYTpeHHeH rpaHXei ciaos B, moropaun-
BaeT oOpaTHo Hepex ycTymoM. Tak Kak OHO B JajbHEHIIEM BHOBD
TmonajiaeT B CJAOH CMEDIeHHMA BJOJb €ro IDAaHEIB, MEKIY CTeHKo
A rpaHmmneil B, cymecTByeT 00JIacTh TeyeHWd Bo3[yXa ¢ MaJoil CrO-
pocThi0, Ha3BIBaeMasA HHOTJA
2 4 3aCTOHHON 30HOM.
By % CmenaeM clegymomue mpej-
Yemyn IO OKEHNA .

7 1. [Torpanuanmii cioi TOH-
4 KUil; cilIe/l0BaTeIbBHO, MPOPHIb
Z CKOPOCTA B CJ0e CMeleHHsA
o umé gy MOYKHO CIUTATH NOJ00HBIM T po-
Soma ompsisa 3ona npucoedunenus ¢uarw B cTpye, BTerawollel

B TOKOANIYIOCA JKHIKOCTSH.
2. Kosddmumesr mnepeme-

Mzosnmponuueckutl
MOMOK a5 MIABAHAA
dx abd .
k= "&'5' — I, (23)

JAuccunamuenelil nomok

e © — yrox OTRIOHEHUA
BHEIIHETO (HM303HTPOIMHUIECKO-
®ur. 47. Cxema oTpHBHOIO TeweHHag T0) IOTOKa IIOCTOAHEH B TO4Y-
nepex yorymom [24]. KaX OTPHBA M IPHCOEJMHEHN;
1 — DOTpPABWYHEIT Ccaoi mepel OTPHIBOM; 2 — HO B CIoe cMeIneHufd Kk manMe-
CKa490R YONOTHEHNA, 3 — pasfenfaoman JHHHA
TOKA, 4—pacimupenne no Ipanarmo — Maifepy. HdeTrca € paccToaHAeM OT TGU-
KH OTpPHIBA.

3. Crarmdeckoe JaBleHHe IO TOJI[HAHE CIOA CMEUIeHHA HOCTOSHHO
M paBHO CTaTHU4YeCKOMY [IaBIeHHIO0 BO BHEIIHEM WM309HTPOUUYECKOM
TOTOKE.

77 7. -
Jse obnacmu mevenus (no Kpoxwo-JSlusy)

Y pasnernue dan pacnpedeserus dasienus

Y100H yCTAHOBUTHL COOTHONIEHHE MeXKJy HaBIeHEEM H paccTofd-
HAeM [0 TOYKHM OTPBIBA, HACHOABL3yeM ypaBueHHA Hpokro — Jlmsa
AIA KOJWYeCTBA JIBIKEHHA M CKODOCTH NPHUTOKa MaccH B 00JacTh
CMeNIeHUs, YpaBHeHHe Jfnepa, a TakKe UpHOIAIKEHHOE COOTHOIIEHNE
AJAA WOTOKA MACCHl B ciloe cMemeHmA. Brpakenme Kpoxko u Jlumsa
OJdA CKOPOCTHM NpPUTOKa MACCH B CJIOH CMeIIeHWS HMeeT BHJ

dm ds .
& (£ -0). @)
a VI CKOPOCTH U3MEHEHUA KOJUIECTBa [BMKEHHUS
dr dm dp
= () =8 (F) — (27)
8 8
rae [ = S pu? dy — TOTOK KoOJMIECTBA [BWKEHMA, M — S ou dy —
0 D
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HOTOK MaccH. OnOpefensas CpeSHIOI CKOPOCTh B ¢0€ CMEINIeHNA B BHJe
u, = I'm (28)

A ofosHavaag % = u,/u,, LpUMEeM
K = Rj = Upylu, = const, (29

TaK KaK B CTPYUHHX TeYeHHMAX OTHONEHWE IU,,/U, MOMKHO CUUTATh
mocToAHHEM. WEHpexcoM j 0603HadenH mapaMeTpPH, COOTBETCTBYIO-
mue yCJIOBHAM CTPYHHOTO TEUeHMA.

B ypaBeemuzm (27) MoHo npene(pedr BeIMYHWHOM T,, TAaK Kak
9jieH ¢ TPajiieHTOM [aBJeHHA BEJHK, a CKOPOCTL B 00JacTH OTPHBA
BOausn crenkm Mana. OO0venmunasa ypasHenusa (28) m (29) u moncras-
JAA pe3yALTAaT B ypaBHeHHMe (27), moxyamm

dm — du dm dp
i (”e 3z T™m d:) =te - —0 7 (30)
® u3 ypaBHeHumA (26)
s
7 = kpete. (31)

IToTox MaccH MOKHO TPEOJIMKEHHO BEIPa3HTh Je€Pe3 PasHOCTh Qmaum-
YeCKOM TOJAMMHEBl A TOJAMMHLI BEITECHEHUA NOTPAaHMYHOTO CJIOSA B BHIE

;T—I’ = Pele (61 - 6;)’
rae
6 6
6*H§ ( ) dy =6 \ 7 dy. (32)

Pelte elle

Ha ocHOBaHHMH IPEANOJ0KeHAA 3 MOMHO HCLOJAb30BATH OJHOMEp-
HOEe ypaBHeHHe Jfilepa JAA 3aMeHH IpajHeHTa CKOPOCTHA B ypaBHe-
vaA (30). Taxum obpasom, mcooansya (31) m (32), MoKHO 3ammcaTh
ypasuesme (30) B Bmjue

1 dg vE (1 — %)) (33)
EM2 dL  (§5/8g)— (8;/85) %5 {1 —(8F/8;)}

rie £ = p/ps — Geapasmeproe mamnenme, { = z/6g — Geapaamep-
HasAg KOOPOHWMHATA, pPg — MaBienme, 8 g — TodANUIMHA CJIOA CMeIUeHUA
B TouKe oTprBa. Ymemo Maxa M BuemHero msodsHTPOIUYECKOTO MOTO-
Ka oOpefendeTCA CAEAYIOIIAM COOTHOMEHAEM [IJA KOCOTO CKadKka
YOIOTHEHWA:

EM? = MS/rs) {ly — 1) &rs + (v — 1) — (2/MZ) X

X (8% — DIy — D &rs + (b + D) = 7, (34)
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Te I's = Ps/P « — Oe3pasdMepHOe JaBleHHe B ToOYKe OTPHBA, HMHIEKC
oo 0003HaYaeT YCIOBHUA B NOTOKEe HmEePe] CKAIKOM YUJOTHEHMA. ¥ IO
OTKJOHEHHUS MOTOKA © onpexeiAeTcHa CAeIYIONIHM COOTHOMEHACM IJs
KOCOTO CKavKa YILJIOTHCHHA:

0 =~ tg O = {(Ers — 1)/(yM% — &rs+ 1)} X

29Mao— (7 — 1) —(y+ 1) §rg\ 2
Terrmre o o Th®. (39)
Torga Tonmmuy caoA CMelleHHs MOKHO HaMTH H3 ypaBHeHHA (25)
8
d (5 [dt=11®+F. (36)
B c00TBETCTBUH C IPEIOJT0KEeHHeM 2
k= ko {1 — (L/Lr)}, (37)

rie k;, — NoCTOAHHOE 3HAaUYCHHME BeAWIWHH &k, a {p — sHauenme {
B obnactm upmcoequnenusa. CiaemoBaTesnnHO,

g
= h®d+kt (1—5) +1, (38)

0

T/le UPOM3BONLHEAA UTOCTOAHHAA OnpefejcHa M3 yciaoBEA § = &g mpn
Z = 0. Bacmany moxkaszax [21], aTo

8 Vi :

(?“;—) ®j (1—6—J)=€II/C"¢:; (39)

rAe O, — Kod)PUOUeHT pacluMmpeHHsA CTPyHd, a
Ecmamc
= u*2 dE,
1 1+ P (2u* — 1) — dwus2’

rue

& =oey/x,

u*=ufu,,

—1) M2 —1 Tw
w=L=p B { (14 ) (1+2) ) 1201

Yy — KoOpAmHATa II0 HOpMala®W K nosepxmocTm, 1, — TeMumeparypa
CTeHKH X

-};’ = {‘1 — (Tw/T-S)}/{‘1 + (Tw/Ts)}'
Ioxpcrapasas remeps (34), (37), (38) m (39) B (33), BaxopmM

F(E)dE=f(€)d§/{5h(§)d5+k(§)+1}, (40)
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T
F(8) = vho (1 — x5 {1 — (&/Er)}, (40a)
k(L) = lko {1 — (§/28R)} — (I3/00)] L. (406)
C BBeseEmeM mnpeofpasoBanuit
= {Frea=cw (41)
YpaBHEHHE (40) OpAHAMaeT BHJ
I —fat)+ B — 2, (42)

rpe mrpmxoM o0o3HadeHo auddepeHmmpoBaHmEe OO 1].
U3 ypasuenuii (41) m (35) caepyer

fa (n) = f1 (§). (43)

Hubdepennmanshoe ypaBHeHHe (42) B 3aMKHYTOM BHUE He pPelIaeTcH;
BMeCTO Hero [Jjs 9ACAeHHEIX pacieToB MCHoJb3yerca ypaererme (40).

Moduguyuposarnroe ypasmerue 048 30HB RPUCOCOUHEHUS

J A 30HH OPUCOEMHEHWS peHieHNe 3HAYMTEeIbHO NOpome, Io-
CKONBRY B obmacTm MexAy § — {xr m n060BOH cTeHKoil yeTyma ToJ-
IM¥HA oA CMENIeHUA NPEOIN3UHTeNbHO paBHa mupure §; crpyu. Cie-
noBaTenbHO, yparHenme (33) UpEHEMaeT BU[

e _ Vi (1 —x;) dt .
EM2  (8;/85) {1 —x;(1—87/8;)}

Ecam ma ocHOBaHAU NpPeANOJOKEeHHA 2 UPHHATH Koapdmnuent k
B 30He UPUCOESUHEHMA NOCTOAHHHM K OJHEBKAM K ero 3Ha9YeHHIO
B TO4YKE OTPHBa, TO

F (2) 45 =[{vhy (1 — %) 0c} (oypee — 1)1 (45)

(44)

ITompo6EmE BEBOA 5TOT0 YpaBHeHUA AaeTcA B HNPHIOMKEHUH K pabo-
e [19]. Umrerpupys ypasmenme (45), momaydaem

G (Ef) — G (8r) = 1 In (Ef/QR), (46)
rge
fi = {vko (1 — %;) 0.}/ (Ee

MAaHKC

— I (47)

— NOCTOAHHAA BeIWYMHA NPH 3afaHHOM 3HadeHma M.
Unnexc f cooTBeTcTBYeT 3HA4YeHEMAM HAa J0GOBOH WIOBepXHOCTH
yeryma, &; ompenenserca 9epes 3HadeHUA Sp, & {p — C IOMOINLIO CH-
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tr
creMmnl ypaBHermit (40) m {F; (Ep) = A S Fi () dy, woroprme Gymyr

paccmoTpensr moszgEee. OnHaKo 3HadeHHWe {; ocTaeTcs HeoIpejeleH-
neM, W3 sKenepuMeRTaALHEX AamHHEX [24] caemyer, gro

Cf—CR%fl—Z-Z.

B pasaumumnx mccaenoBamwAx OHJIO YCTAHOBJIEHO, YTC IIAPHEA
obJacTH OTpHBa COCTABJAsAeT OOHY — JABe TOJINAHW IIOTPAHAYHOTO
caosa. Takum ob6pasom, mupuEa o06GiacTd UPHCOSIAHEHTAA MOKeT OHTH
paBHa IIHpHHE 00JaCTM OTPHIBA.

Ypasuerue Gananca macced

B cooTBeTcTEEH €O cxeMoll TedeHWA, mpUEeleHHOHX Ha ¢QHr. 47,
MOTOK Macchl 00 paTHOro TedeHmsA B Touke { = {p obnacTm mpucoenu-
HeHms, oOyciaoBaeBHHIN BO3pacTaHHAEM [aBleHEA B sToil obaactwm,
JOJeH OHITL paBeH HOTOKY MAcCH, TOCTYNAYINEMY B3 00JIacTH OTpH-
Ba (3acToitHO# 30HE) B CJOH cMeuleHws BI0Jb HHMKHEH TIpaEMIH.
CiemoBaTeabHO,

S PrUR dy = S Pavq dz. (48)
0

Ha ocroBannm opeIinoa0KenuA 3 u3 YPaBHEHHA COCTOAHHA OJIA CO-
BEPIDEHHOTO Ta3a cieyer

olpe = WN(T/T;) = 1{T* (T+/To)}, (49)

rne T% = T/T,, T, — HexoTopas xapaxTepHas TeMuepatypa (ee
ompenexenue paaerca B pabore [25]). Ucmoassya sTo ompenerenme
T», Bacmamy [26] mamea, uto

(o/p)r = /1My {(To/Ts) + 13111 + {(y — 1)/2} M2, ]) X
X [1/{t + h Qu* — 1) — 4uwlu*?}]. (50)

Ecanm BBecTm mapaMeTp CT 6)yn E. = 0. (y/z) (upmmoxeEme  pabo-
te [21]), To ypasmemme (50) npmmmmaeT BuUA
Eeo’
(pe’*Le)R%I3

= prttoe LR B8 p) (L (T T+ B+ {r— 1/ B M) ),
(51)

_PrUR _
(peue)R gc
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Iy= ur dbe
8 1-Fh (Qu* — 1) — dwiu+?
0

7 .- — KoopauHaTa pasjensmontell TAHEE Toka. B npegmonoxennmm
Td - Tw
r —1
e Lt (1475 ) 2
B W3 COOTHOIIOHHA [Jf KOCOTO CKadKa YIJIOTHEHHS
Pelle 1 .
Poolico 1+ {(y—1)/2} M
&rs 2 (Errs—1) 1/
= 1— } .
14 {(y—1) /2} Moo X { M [(y+1) Erg+ (v —1)] (53)

Temeps, mopcrasiaaa (52) m (53) B mpaBylo dacTh ypaBHeHHES (48),
noaxy4aem

CR CR
i Pelle Pd Vd Poolloo vq
Poctico | —bee. B T4 gp — 4 grs x
é Potior Pe e 7 i1y {145 r—1} Mio§ ‘
2 (B2 —1) 1/
x| 1— di. 54
[ Mio{(v+1)ars+(~a—n}J ¢ (4)

[Ipasre wactu ypasmenui (51) m (54) paBHH, 2 BHpayKeHHE IJIA OPO-
m3Befiennsa (pU,)g TMOACTABIACTCA M3 yPaBHeHHA (93).
B umrore moxyuaem

(er/00) {T3f [ 3 {TuIT+ 13 ] ) Ears
X [1— ({2 (Bkrs — DYML {(v+1) Ears + (y— 1)) 2 =

tr

q 2 (E3r%—1) /2

_—— — d
TwlTs i vitrs [ 1 M {(v+-1) ers+(v—1)}] S

(55)

e vy — GespasMepHas HOPMAJbHAA COCTABIAIMAA CKOPOCTH rasa,

TOCTYDAOMmMero B CJI0l cMemeHHs, a v¥ = v/u,. XoTa vf Moxer mame-

HATLCA BAOAb IpaHmOe, Bacunmy mpeamoiokmn vy — const.
ITonaras

Fi(®)=brs[1—

2 (E2ry—1) ] 12

56
M% {(v+1)Ers+(v—1)} (96)
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H
“x
ERFi (ER) = A .\ Fy (E) dg, (57)
rne 0
A= (Wic2I){(T o/ Ts) + 13T w/TH)], (58)

MOKHO OHPEe[eJNHTH U§ ¢ momomblo Meroma paborsr [25]. Corxacmo
peayapTaraM paborm [27],

ool = 2(—11:,5 (0,849 40,184/ 1- 0,6982). (59)

3maderna (i paccUdATaHBl C IIOMOIBI BHYWCAATEALHOH MAaINWHE,
3Hana {p, MOKHO PacCcUdTaTh pacupejlelieHue INABJCHUA B 30He IPH-

COeHHEHHS,
Pacopenenenne paBieHUs B 00JacTA OTPHIBA PAaCcCUMTHBACTCA JHUC-

JEeHHO ¢ HMclolb3oBammeM ypasuenmi (40) m (57).
2,0

’ B
1,8 j i,8 ;[
/
16 1.6
/ I
1,4 14
/ )

12 ‘n}——j’ 2 1,2 //

P
Ps

Fle

3 °
1.0 1,0
g 1 2 3 4 86 6 7 8 9 0 1 2 3 4 § 6 7 8
x/3g X/
@ mr. 48. Pacupenenenme masieHusa nepen @O mr. 49. Pacupepenenme fapieHus
yerymoM; Mo = 2,90 [21]. nepen yerymoM; Mo = 3,85 [21].
O DHCIepEMeHTANbHEE Nankme [24]; pacdger. (O DKCOEpHMeHTANMbLAME nammbie [24];
pacder.

dKcuepEMeHTAILHEI® AaHHEE paboThl [24] cormacymprea ¢ pac-
9eTHHME pesyapTaTaME Bacmmmy (fur. 48, 49). Pacuer Bacmany
OTPHIBHOTO TeUEHHA Nepef YCTYIOM JO0BOJABHO CIOMKEH, HO OCYIMECT-
BEM, TaK YTO OTPHEHOE TeUeHHE UPH CBEPX3BYKOBHX CKOPOCTAX MOJ-
HO OPOAHAJNHBHPOBATH H PACCUATATh IO KpalHed Mepe OPH OTPHIBE
IIGTOKA, BH3BAHHOM YCTYIIOM.
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Hpyroit cumoco6 pacdera TedeHMA B BEIpede upenaoxken Cxpaii-
pom [28]. Ucuoonpsya mpueio Barsenopa [29], CkBaiip upenmoxma pac-
9IeHATh KaBePDHY Ha IAPo» ¥ MHOTPRHAYHHIN ¢JI0A BOKPYT HEro
(pur. 50). Teuenwe B xaBepHe DOJIEPKABAETCA HAUPHKEHMEM Tpe-
HEA BHEIIHEr0 LOTOKa, JeACTBYIOMEro HAa TPAaHAYHYIO JIMHUIO TOKA
KaBepHE. XO0TA AAp0o MOKeT GLITh Mal0 IO CPABHOHHIO C NPOTAMKEH-
HOCTBIO HOTPAHAYHOIC CJIOA, BO MHOTHX CIy4asAX IPUMEHUMA KOHIEN-
Ous TedeHAA B KaBepHE, COCTOAMIEH M3 MEeHTPAIbHOTO ANpa, OKPY-

OcrosHOT NOMOK Poalenmowmas aunus moKa
—— s e

......_.._...._.---"'""/ BHeuinas yacme 10ZPAHUYHOE0 CHOS
I —_— 7

Ay ey ey

—— e
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—
S
]
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S
N i e

T ———

Moepanuynei cnoil
VAL S
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@ m 1. 50. Tedenue B KaBepHe ¢ sAxpoM [28].

YKEHHOTO ImorpardudnmM cioeM. Crraitp [28] me amaamsmposam Tege-
HWe B KaBepHe. BMecTo 3TOTo 0H pPacCUMTAN TedeHHE, KOTOPOE MOIKET
BO3EMKHYTh BHYTPHA KPYTOBOTO HEJAEHPA € YACTHIHO HEIONBEK-
HEMH W 9aCTHYIHO [BIXYNIAMHCA CTeHKaMu. B pesyipraTe oH mOXy-
YW, 9TO MaKCAMYM CKOPOCTH BHYTDHM KaBepHH MOKeT AOCTHUTAaTh
~ 30% oT cKopOCTH BHENIHEro IMOTOKA.

2. OTPBIBHBLIE MNY3biPHU

J s yomo6crBa m3yvdeHrme OTPHBHHX ITY3HPEH NPOM3BOIMATCA B JBa
aTama: obmme cBoACTBa M 0COOGHHOCTH TeUeHAA B OTDHBHEIX UY3HPAX.

2.1. OBILIME CBOMCTBA OTPbIBHbIX MY3bIPEM

B mpomaoMm mcciemoBamUe OTPHIBHHX OYy3mpell B O0XbHIMHCTBE
clly9aeB OrPaHNYMBAJIOCH pPACCMOTPEHWEM NY3Hpsia, ob6pasyomerocs
Ha BePXHeHl IOBePXHOCTH KpsUIoBoTe upodmnd BOAM3M mmepemnen
Kpomru. Ilpm oTpriBe morora BONM3E 3afHEeHd KPOMKH KPLIJIOBOFO
Upo¢UIA CYmecTByeT ofHa JUHUA OPHUCOeTUHEHHA BOIH3HM TepemHeR
KPOMKH; OfHAKO UPH OTDHEIBE, CONPOBOKAAIONIeMcsA o00pa3oBaHHEM
Oy3HpsA, CYMEeCTRYIOT ABe JHHUYM NPHACOCAMHEHAs H [ABE JAHAH OTPHI-
Ba [30], xax morasamo ma ¢mr. 51.

Horpa gwmeno Pelimonsaca, BHYACAEHHOE MO TOJNIUMHE IOTPAaHW9-
HOTO CcJ0fl, IPeBHIIaeT HEKOTOPOe 3HAUeHHe, o0pazyeTca Oy3HIPh.
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Ilpa oTprBe, cCONpoBOKIAOMEMca 00pa3oBaHUeM OY3HIPH, BO3MOMKHO
moclienyomee OpUCOeAMHEHIES NOTOKA K IOBEPXHOCTH, HO €CJH TY3HDh
B JaMUHAPHOM CJO€ paspymlaeTrcsi, TO MPOUCXOAUT CPHB ¢ IepeqHel
spoMku. CyDiecTBYOT [ABa BHAA Iy3BpeH: KOPOTKHe H [IJIHHHEIe.
KopoTruit my3Hph pacmoioKeH MeAy TOYKaMU OTPHBA W TPHCOSTH-
HeHNsd, X BO3AYX B HeM BOBJIe4eH B MUPKYJIANUOHHOE NBEKEeHHE, JTOT
OY3HpPh pa3pyllaeTcdA, C’KEMasgch, HaIpUMep, IPH BO3PACTAHWE YIJIa
aTakd. 3aTeM TOTOK TIOJHOCTBIO OTPHBAeTCH OT TOBepXHOCTH Oe3

S
A
_’/A—\
6 s
a 5

D wur. 51. JBa runma BA3Koro obrexkamua npodmuasa [30].

moclenyiomero mpucoefuaenus. JlimHa myssipAa wHeGoaplnas, HaIpH-
Mep, Ha KPRUIOBOM mpodnie oHa mMmeeT mopsajgok 1% ot mammm xop-
JObl, ¥ OYy3HIPL He OKA3EIBReT CYNIECTBeHHOTO BIUAHMA Ha pacipefe-
JeEMe naBiaennsa. OnHako IpPU pa3pyIeHNH Ny3HpPA HPOUCXOIHUT CPHIB,
OPUBOAANMKA K Pe3KO# moTepe HOABEMHOH CHIL H K BO3paCTAHUIO
conporuBidenusi. J[NUMHHEIA OySHpPb, QIWMHA KOTOPOTO CpPABHUTEILHO
pernka (2 miam 3% OT AMHE XOpAH), pPaspyHaeTcHd AHAJOTHYHEIM
o0pasoM, oxHako 06e3 MOCHeYIOmMEro MOJHOTO CpHBa MOTOKa, OTO-
PBABINAHCA IOTOK /ABH)KETCA HaJl MOBePXHOCTHIO TeJa M 3aTeM IIPH-
coeJUHAeTCH HMMe M0 TeYeHHWIO Wid y 3apHeil kpomuru, ITpm mammamn
ANEHHOTO TY3HPA pacOpefiefieHHe AaBIeHENS HU3MEeHAETCHA, OJHAKO
HOTePH HOABEeMHOR CHJIE HE3HAYHTEINBHE,

OTpeIBEHH#T TY3HPE CTOCOOGCTBYET TypOyiIwsainuu TOTpaHETIHOTO
CIOSA HWKe [0 TeYeHWT0. JTO CIYyJaH TaK HA3HBAEGMOTO CPHBA C 3all-
Hell KpoMKH. Bce Tpm cnaygas (KopoTKue W QJHHHHE TMY3HPH, a TaK-
JKe CPHIB ¢ 3afiHedl Kpomiu) wusyuenn Maxxaiuroxom u Tonrom [31]
aus Tojctoro Kpemosoro mpodmas (NACA 633-018) m merorophx
Ipyrux KpsuroBex mpoguued (fumr. 52). Ha takom Toxerom xphLIO-
BOM TpPOPHIe KOpPOTKHMH WMY3HPL 00pa3yeTcs npH YMepeHHHX yIJax
ATAKZ H C/RUMAETCH, HO HE PA3pyuraeTcsi A0 NOCTHIKEHUA MAKCHMAIb-
HOIl TOABEeMHOU CHIH BCJIeICTBHE HepeMelmEeHHS TOYKH OTPHIBA TYyp-
OyneHTHOTO CJ0A BBepX mO moTOKYy. O6pasoBaHHme KOPOTKOTO Iy3HIpS
BO3MOKHO TOJNLKO B OMpe[esIeHHOM MHTEpBaje umcedl Peiinoapca,
3aBHCANEM OT paclpejeneHus! NAaBICHHsS, KPUBU3IHE M HePOBHOCTEH
HOBePXHOCTH, a Taxme oT TypOyiaenTHocTE Haberaiomero mDOTOKA.

Xora upocroe o6bsacHeHENe 00pa30BaHMA KOPOTKOTO WYy3HIpA, JaH-
Boe [feaxoddom [32], menssa cymTaTh MOCTATOTHO TOYHBIM A KOJIU-
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9ecTBEHHHIX OIEHOK, T€M He MEHee OHO [0 CHX HOpP IO3BOIAEeT Kade-
CTBeHHO OOBACHATL BIMAHEHE ducla PefHOIBICA HA CPHIBHEE Xapak-
TepucTUKZA Kphliosoro mpodmas [31, 33]. Ha ocmose pesyabraTom

1.6
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@ rr. 52. KoadpdmouerT rrogbemuoy cuas Cy,
npoduiisas B 3aBHCHMOCTE OT yIia aTakK o]
Re = 5,8-108 [31].

Tri npodpuna: O NACA 63,-018; [ NACA 63,~012;

4 NACA 63-009; ANACA 65A006; ¢ poMGoBmg-
HE npoduns.

K3MEePeHHH Ha [VIaCTHHe IPRA
HAJIAYAR IOJOKHUTeABHOTO
rpagmenTa naBnenus JleH-
xo¢ BaKIWIWI, YTO OT-
pPEHIBHOEe Te49eHHe HaTpaBlie-
HO N0 KacaTeJpHOH K 1o-
BePXHOCTH OT TOYKHU OTPHIBa
M 9TO nepexoj OPOMCXOIUT
B OTprBHOM TeweHum. l[lo-
cleaymoniee pPa3BUTHE TYp-
OyJIeHTHOT'0 TeYeHHA ABIMA-
eTcsA NpHYHHOH nIpHCcoedu-
HeHHA HOTOKA K HOBEPXHO-
ctu. Ha ¢umr. 53 npusesienn
cXeMa B pasMepH JIaMUHAp-
HOTO OTPHIBHOI'0 ILY3HIpPHA
TPeyTroJAbLHOH (QOpPMH.

W3 ToukHd oTpHBA IO Ka-
CaTeJIbHOI K IOBEePXHOCTH
OTJOKEH OTPeBOK AIUHOH
5-10% v/u,,, rpe u,, — cxo-
pocThs Ha TpaHMIe MOTpa-
HUIHOTO CJIOA B TOUKE OTPhI-
Bd; 3aTeM ¥3 KOHIA 3TOTO
oTpeska mox yriaom 15° x
HeMY IpoBeAeHA Apyrad JHu-
HUA 019 HaXOMJeHUA TOIKH

npucoenmHernA. OTPHE BO3HHEKACT, €CIH TOJOKUTEIbHHIH I'pafHeHT
[NaBlIeHAA [IOCTRTOYHO BeJIUK, a HOpHCoeIHHEeHNe IPOHCXOANT, KOTHIa

A
- 50‘0 '50

Re? —

S

@ mr. 53. Koporxkwmii mysmps [32].
Kpuaosoii npofanh NACA 2412

3

OOTOKY coo0maeTcA SHepPrHsA, NPOTHBoJelcTBYIONAas HUCCUIANUM,
KOTOpas AOCTATOYHA [IA TMOANeP/KAaHMA HUPKYNANUOHHOIO TedeHnsd,
T. . DOTOK cTaHoBHTCA TypOydemrmmM. llocienyromee mpucoefuHe-
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HHMe 3aBMCHUT oT 4umcya PeifHoyplca, H ecan duciao Pednoabpaca maToka
f0JbIIe HEKOTOPOTO KPHTHYECKOTO 3HAYEHUMA, [NOTOK CTAHOBUTCS
HEYCTAHOBUBINUMCH, YCHIUBACTCS MHPKYJIAOHOHHOS TedeHUEe W IIOTOK
npucoenuuserca [34]. Tamm [35] mpemnokmn B KauecTBe KpuTumue-
croro sHadenmst Reg ypur = Ue 0/v = 210. Ha ocmoBe maywernms Goxn-

IM0T0 YHCIIA HMEKIINXCA dKCIePHMeHTANbHLX NauHux Qysr m Hien-
dep [36] cBa3anu o6paszoBanue mysHpA ¢ drcHoM Peitnonbnca, BHaAc-
JeHHHM 0 TOAIUEE IMoTpaHuIHoro ciod. Ecam uwmeao Peitnonnnca
B TOTKEe OTpPHBa Beﬁg = u,0%/v Gousme 400—500, o6pasyercs

KOPOTKHH WYy3HPh; eCIAH 7iie Bebg MEHBIIIE, 9eM Reég , oGpazyer-
HpUT

¢ AAHHEENHE ny3Hph (85 — TonmmEAa BHTECHEHHMA IOI'PAHWYHOTO
ciioA B Touke orpmBa). l'ont [37] moxaszan, ogHako, 4To He cymecT-
BYeT YHHBEPCATBHOTO BSHAYCHHA Reag AAA OoUpefieleHUusT MOMEHTA

paspymeHus kKoporkoro uysmps. I[lorok ¢ Reﬁaé 0 paspymennd,
GonpmuM 500, Oymer uMeTh Beoﬁ’ mersmni 000, Kak TONBKO paspy-
IIMTCH KOpOTKUHA Nysupb. U3 nabaromeruit ['onrta caenyer, aro Reg —

COMHUTEJbHHHA OapaMeTp A IPeNCKA38HEA PA3PYIICHHS KOPOTKOTO
nyseips. B KagwecTBe KPUTEPHS paspyIIeHAA MOKeT OHTL HCIOIB30-
BaH KoapouumeHT BOCCTaHOBJIEHWMA JaBienua O — Ap/((p/2) uy),

rie Ap — mpHEpapieHHe [aBJIEHHA MEKAY TOYKAMU OTPHBA H OpH-
coenunerams. RHorga ¢ gocturaer suavesus, 6anskoro & 0,39, Koporkmi
ny3Hph BHeSATHO pa3pyllaeTcd m oO6pa3yeTcs MIMHHHA Oy3Hps [38].

Ncaooap3yds yOpomeHHYI0 MOIENL JAMUHAPHOTD HECIKAMAEMOTO
TeYeHHA OKOJI0 MIACTHHH ¢ YCTYIOM W Npeflojaras CIpaBeiIuBLMA
OOEIYHEIC TONYNIeHUA NAMEHAPHOTO DOUPAHHTHOIO CJOS, MOJKHO pac-
CIMTATh HapacTaHMEe BA3KOTO CXOA, MONYYHB B pesyixbTare

/8% = Reg [{(n + 1)* — 1}/3],

rae ! — py@HA OTPHIBHOTO WY3HIPsA, I — OTHONIEHHE BHICGTHI yCTyIIa
K TonmuEe BuTecHenus 0§ B Touxe orpuea (n = h/8%) [39]. Cormacmo
5TOMY ypaBRHEHHIO, [JAHA JAMHHADHOTO OTPHBHOTO Ty3HIpH BO3-
pacTaer ¢ POCTOM Beég; npu TypOyIEeHTHOM TeUeHHM Pe3yNBLTaT mpo-

tapomoaosen [36]. Taxum oGpasoM, 9TO siBIeHHEe HYETAETCHA B Naib-
HelmeM muccneroBaamd. O6006Dias YyOoOMAHYTHE BHINE DKCICPHMEH-
TAJIbHLIE Pe3YALTATHI, MOKHO S3aKJICYUTh, YT0 KOPOTKUHM MysHIpb

CYIecTByeT, ecin Be6§ > 500 m o << 0,35.

2.2. NOAPOBHAR HAPTHHA TEYEHUA B OTPLIBHbLIX NY3bIPAX

Ilonpobuas wapTHHA TeUeHHA B OTPHIBHOM DIY3Hpe, 06pa3yiomeM-
CA NMpu JaMHHapHOM O0TEKaHHH KPEIITOBOrO IpOPmIA, MOKAalaHa cXe-
Matudecku Ha ¢mr. 54 [30]. OrpuBamil oDyswph MoO’KHO pacuIeHHTH
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Ha TPH UaCTH: BA3KOe TeYeHHe BHYTPH WYSHIPA, 00gacTh TypOymenT-
HOT'0 CMeIMeHuA BOJIH3NM MPHCOSAUHCHHUS W HEeBAZKAN BHENIHHH IOTOK.
Pemenusa pia kaxpoit m3 stux Tpex obiacTeit He MOTyT OHTH exqmH-
CTBeHHEIMH CAaME Ho cefe, m TOJNBKO HOyTeM CPAamHBAHUA BCeX Tpex
PeIleHHA MOMKHO HOJYIATH eJUHCTBeHHoe pemeHme. OJHako Tpm-
OnmKeHHOE pellleHMe MOKHO TOJXYYHTH ANA Kakgo#l obGmactm npnm
COOTBETCTBYIONIeM NpHOIMKeHHOM ydYeTe WX B3aUMOACHCTBUS MeKIy
coboit. IIpenmonaraercs, 9To mys3elph 3aMKHYT, TaK 49TO «HYJIeBas»
JUHUA TOKA OTXONUT OT HOBEePXHOCTH B TOYKe S W HPHCOCNHHIETCH
K Hell B Touke A. [lorpaummwmslii cioffi HMeeT KOHEYHYW TONIHEHRY
B TOYKe S, ¥ TaK Xak 0oJbile HeT IPAHMIHOTO YCIOBHA, TPebyOmero
oOpameHEsT B HYJIL KacaTeIbHOHN COCTABIMIMEHR CKOPOCTH BMOJIL

JSupuy moka

_ —.Fpanuya ensnoi
obnacmu

-~ loeepxuocme
8bIMECHe U

CmenKka

D ur. 54 OTPHBHOW Ny3HPh OpH JaMUHADHOM OOTeKauHH
Kpuaosoro upodmasn {30].

HyJeBoH JIMHEE TOKa (KaK Ha TBepaod NOBEpPXHOCTH), CBOOOTHEILM
BA3KHH CJI0M [OoMKeH pacIpOCTPAaHATECA BHYTPE 06JIacTH, OT pAHHYG H-
HOil wyneBodl juaMed Toka. TakuM 06pa3oM BHYTPH Iy3HIpS KUANKOCTE
OPUXOAUT B [BWKEHHE, H BO3HHKAET IMPKYJSUHOHHCE TedeHUe,
YAOBIETBOPAIOMEee TPeGOBAHAIO HeIPEPHIBHOCTHA B 3aMKHYTOM Iy SEHIpe.
Hak mokasanmo Ha ¢mr. 54, B 3agHeil YACTH My3HPA IAHAR TOKA CHIb-
HO pacxogdaTca. Taxkoe pacxoykneHme JHHMHA TOKA HEJIb3A NpeNcTa-
BATh cebe Kak JaMUHADHHIH Tpomecc TPU PACCMATPHBACMOM THCIe
Peiinonbnca, B Gonbuieit cremenun ouo mono6HO TypOyAeHTHOMY Hepe-
MEIIUBAHWIO, KaK B ClIyYae BHE3AIHOTO BO3PACTAHMA MOMEPEIHOTO
cegeHEA TPYOsI. CilemoBaTedbro, MOMEO OPEAINOJOHATH, YTo BOIH3H
cédeHMA 1 MIM HECKONBKO HmKe [0 DOTOKY OPOMCXOAHT IepPexof
K Typ6ynenrHoMy teaemmio. IIpobman cropoctu B cedemum 2 Gyger
HMETh XapaxTep mpoduis IpH OTPHBEe ¢ BePTHKAJLHHM Ha9aJLHBIM
YYaCTKOM; OHAKO OH He 003aTebHO MACHTHISH OOKIHOMY IPOQPUITIO
B NOJHOCTLIO PA3BHTOM TYpOyIIeHTHOM HOTpPaHHTYHOM cioe. [laBienue
MeXIy TouKaMu S u P; o9TH NOCTOAHHO, HO MeKAY TodkaM:a P m A
CHIbHO HM3MeHAeTCA. JIerko BuAeTh, 9TO OOHBIYHEIA HOAXON, OPUAMeHI-
MBIH X DOTPaHHYHOMY CJIOI0, HEe peiaer MpoOGIeME, XOTA HEKOTOpPHEe
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JOOYyDIeHUS TEOPMU OOTPAHUYHOTO CHOA CIPABENJHMBEL H B JaHHOM
ciydae, BAaDpUMep JonyHieHHe O HOCTOAHCTBE CTAaTHYeCKOTO JaBIeHUSA
B HalpaBlIeHHH HOPMAJNH® K HOBEPXHOCTH.

Buympennee meuenue 8 nyswpe

BuyTpermHeMy TeYeHHI0 B TY3Hpe MOCBADIEHO HEMHOTO paboT.
Ilpu paccmorpemmu 3roit mpobnemsr monesmnl paborer Cxkmaiipa [28]
7 DBosruenopa [29], B xorTopmix mpeamosaranmochr HagmuUHe «HARpay
¢ TOCTOSHHOU 3aBHXPEHHOCTBIO, OKPY/KeHHOTO BASKHM CJI0oeM, A
KOTOpPOTO CIpPaBefIMBsl AOOYIIEHUS TEOPHHM DOTPaHAIHOTO CIOHA.
OnHakro aTu paboTH clienoBano 66l 0000IIHTH, [IOMOJIHUB paccMoTpe-
HEe NpeamoJaraeMoro OKPY:KAWIEero JAMHHAPHOTO CJIOS AHANH3OM
ero ycTOMYMBOCTH U OIpefelleEMeM Toukm Hepexoma [30].

Obaacms mypOyseHMHO20 CMEUEHUA

YupomeHHas cXeMa TeYEeHH:HA ¢ Wy3HIPeM OKOIQ ABYMEPHOTO Kpbi-
aoeoro mpodmas Guna uaysena Hopbypu u Kps6rpm [40], obpaTas-
muMa 0coboe BHUMAHPE HA IIPONECC TPUCOeUHEOHHMs IPH ClHeqYyIo-
EX JOUYDIeHUAX: OCHOBHOK IpoIecC CMEeIleHHs W COOTBETCTBYIONIEE
BOCCTAHOBJIOHIE [aBJeHHWsd NOPOHCXOAAT B obGmacrm P,P,P3A4; upo-
UL CKOpOCTH B cedeHmu PP, — nuumeiinni, a upoduiIb CKOpPOCTH
B ToOIKe A mMeer TOT Ke BH[, 9TO M B TOYKe OTphIBA. REOKOCTE, mMpo-
Texamwilasi Tepe3 ceuenne PP, (cewenme 1), pacmupsieTcss u obpasyer
CJIoH Tonmuuoil AP ; B cedeHuu 2, B TO BpeMsA KaK CKOPOCTH IOTOKA
Ha BepxHell rpapuie o0dacTu cMelmeHHs unagaeT oT Vy mo V, Ges
noTephb dEepruu. P,P; ABasierca IHEHed TOKa, a depe3 cedenue B P
HRHUJIKOCTD B CpeJHeM He BTeKaeT U He BEHITeKaeT B COOTBETCTBUH ¢ OIpe-
AeJeHHeM HOBATHS TPaHWIE Dy3eipA. KpuBusHoil DOBEepXHOCTH IIpO-
¢mnsn SBA moxHo mpeHeOpeus W, HaKouen, P,P; napanmensaa BA.

N3 TeopeMsl MMUYJHCOB W YPaBHEHHUS HePA3PHIBHOCTH Ko3(pdu-
fMeHT BOCCTAHOBIIEHUSI NaBJEHHUA O B 3ajHed 9aCTH IY3HpsA 3a8a€TCS
B BHUjC

0 = (p. — Pl (5 0V3) = (Cp, — Cp)I(1 — Cy).

3uagenne O cnabo M3MeHsAETCA ¢ M3MeHCHHeM OTHOIIeHUA TOJMIMH

8./65 (vne 65 = PPy, 84 = AP;), a TaKiKe ¢ H3MeHeHWEM Trpopmas
ckopoern B cegennmn P P,. Ecnnm

vi/Vi = a -+ (1 —a) (y/bp)

¥ mpoduab B Touke A coOTBeTcTBYeT Vy/ Vo = (y/6,4)", T0o B mpenensn-
HoM caydae (n = 1) ¢ msmemsierca or 0,37 mo 0,45 mpu m3menenmnm
mocroarnoi ¢ ot 1,0 (ameeiiawpit opodpmas) no 0,5. ogxonAniee 3Ha-
gegMe 0 MOMHO NOJYYHUTh M3 PAaCCMOTPEHHSA CTEIeHHM pPaCITUPeHHs
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obaacrn TYpOYJeHRTHOTO CMeWIeHHS Me:KAy ABYMS DapalilelbHHMI
MOTOKAMHI ¢ Pa3iuYHLMHEA cropocTsvmu., Horgma mpexpamaerca pocr
IHapJaeHud B 00nactu TypOyneHTHOrO cMemennsa (IJIe-TO B OKPECTHOCTH
TOYKHY IPUCOEUHEHUA HYJAEBOH IUHHA TOKAa K CTEHKe), TOJIHMIA
obmactT cMermenna AP 3 mouTu B 3 pasa OPeBOCXOJHAT HePBoHAYANL-
HYI0 TOJMHUHEY CI0fA JKASKOCTH, BTekapmed B 06aacTh cMemenns (PP,
Ha ¢ur. b4) [41]. DTo maer ¢ = 0,32. AHanaus pacopeflelieHus HaBle-
HUA HA KPHJIOBOM Opodmiae co CTPYHHBEIMH 3aXpPHIIKAMHE, IJe 0THeT-
nuBo HabionaeTcH MIMHEHH Ny3HpPb, TOKa3bRaeT, 9T0 X03dduimenr
0 upuGIEU3uTEeNHRO mocToAHem E 6amsokr k 0,35 [42].

Brewnuii Hesaszruili nomok

Kax ynooMmmaioch BHIIe, KOPOTHHH Oy3HIPh 0OKa3bBaeT O9Y€HDL
caaboe BaMAHAE Ha pacipefeideHue AaBxeHHA (Pur. 09) M, clIenoBa-
TeJIbHO, HA MONBEMHYI0 CHUIY, CONPOTHBJICHWE X OPOMOALHEIA MO-
meur. IlosToMy mccaemosa-
HHUSI BHCIIHETO HeBA3KOTO
OOTOKA TPOBONATCA TJIaB-
HEIM 00pa3oM NPH HAJHIURA
OIWHHOTO Ty3mps. Mace-
Keaa [43] yememmo pemmn
3ajlagy O BHeUIHeM TedYeHuH
B IpoCTelieM clydae JBY-
MepHO# DIAaCTHHH. 3a NIUH-

! ! | ! i HEIM LY3HpeM CYIEecTBYeT
0 0,002 0004 0006 0008 0010 rojcTHI MOTPAHMYHBIH CHOMH
xfe 4 ToJcTas 06JacTh OTPHIBA,

® u r. 55. Pacupenesienne paBileduss B OKpe- HOTOPBIMHE HeIL3A ITIpeHe-

cTHOCTH mepemHeil KpoMku upoduna NACA 6pera'r1, OpHE PpelleHHH 3a-
63-009, mokasWBammee BAWAHHEe KOPOTKOI'O faYE 0 BHEIIHCM TeUeHWH.

; == = 5.8-10% [30].
I—I—ya—mp—a,pacifnnﬂ ii:e(;i:;nof‘{oe nor.ror;a: 3—()O—[:mt]:- 1loaromy Mackea [43] pac-~
uepuMedTanbEbe ganane (NACA TN 2502). CMaTpHBaeT TOJHIAHY BhI-
TecHeHUA  quaa  obaacrm,
cocrosimell U3 yYacTKa ¢ MOCTOAHHEIM AaBleHHeM, KOTOPHI upocru-
paeTcA TI0 DPEAHONIOMKEHHI0 [0 MAKCHAMAJILHOR TOJIIHHE IY3HP,
B y4acTKa C HOCTOAHHON TOJNMMWHOM BHTECHEHMA, OPOCTHPAINIErocsH
0 3amHedl KPOMKH, NpPH H5TOM 00JaCTE OTpHIBA HMeeT HOYTH IMOCTOSTH-
HYIO TOJMIMPHY H ILIABHO CXOAuT C 3ajHeX KpoMEH, OpAGIMKaACh
K HaAOPABJICHUI) OCHOBHOI'Q TOTOKa BJaj# OT KPOMKH.
Pacopenenenne naBieHzmd NpH HAJAUIAH JUIHHHOIQ OY3HIPS OIpe-
fAeIAeTCS ¢ YIeTOM TONNMHEL HpoQHAA. JTO geslaeTcs myTeM IIPoCTOro
BHUUTAHUA HNIMEPEHHOTO paclhpejesieHUsd HaBJIeHHdA NOpU HYJICBOH
nmopreMHON cmie. EamHCTBeHHOe pellleHHe MOKHO MTOJAYIHTH HPRE
HCOONB30BAHUM YCJOBHA, CleAyIODiero M3 pacdera oblactu TypOy-
JenTHOTO cMelmenua npm ¢ = (0,35. ITo 3HaweHEme O HCHOJIB3Yercs
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A3XA BHGOpa QU3MICCKE BOSMOYKHOIO peINeHHs H3 GeCKOHeu4HO 60Jb-
mIOTO THCIa MaTeMarTmdeckmx pemenmi Mackeaaa [43], Tak wro pac-
npefeNleHWe NABJEHAsS 33 OY3HIPpEM CTPEMHETCA K paclpeje]eHRio,
COOTBETCTBYIOIIEMY Ge30TPHBHOMY OCTeKaHRHUI0 ¢ TAKAM e KosdPm-
HUeHTOM HoiabeMHOM cmanl. CpaBHeHWe dKCUEPHMEHTANBHEIX H pac-

YeTHHX pe3yJdabTaTOR OAA JJIAHH-

0z HOT'O Iy3HpA IOpPHUBEICHO Ha
Yyre
bur. 56.
1 i | 1 -
0 02 04 06 03 1:0--- B caywae, COOTBeTCTBYIO

Popma npunsmotl nosepxHocTT estmecHens meM ¢ur. 56, mpemonaraercs,

2 IS =‘\='—¢_'a’.= &°
-1,0 Wy
Cp
- qs
Cp -1,0
0 ———
05
]
0 0,5 1,0
1,0 xfc

@ ur. 56. Pacupenenerwe paBiesma no @ ur. 57. Bamaume yrna araxn
KpumoBomy npoduae NACA 64A-006, =ma pacupenenenme pJaBJIeHEA IO
DOKa3HBaWINee BIAMAHAE MIAHHOTO NY3H- BePXHCH DOBEPXHOCTH HPOPBIAN

pa [30]. RAE roamumeoir 6% npm Haxmaam
1 — Ggao'rpmﬂoe 'reqemag B OKPeCTHOCTH 1_1?e- OAWHHOTO MY3HpA [3{)]_
pemaelf XPOMKE ONQOCKO¥ ILIACTHHH, @& = 7°,

C,; =0,76; 2 — TeopHA ONA IIOCKON IIACTHHH, —, PHCICDAMEHTAJIbHHE IAHHHE, Re=

=2,5.100;, - —— =~ pacueT NJIH HeBAa-

a = 17°, CL = 0,75; O sKCODepAMEHTANLAWE NAH- KOTO TOTOHA.

nwe mpe x=17° C; = 0,75 ¢ yueroM BIMAHHA

TONIBHKN NTPodHAIA NYTEeM BHYATAHEA RaHHHX
upx o = 0°,

aTo TYypOYNeHTHOe CMe eHHe HPOHCXOAHT OpaxTHuecK® B6aIm3wm Toukm,
pacmonokeHHOR Ha 45% NNHEN OpAH, Te pacupejieeHHA NaBIeHER
H HarpPy3KH HOPHA HAJHYHHE NY3HIPA CTPEMATCHA K COOTBEYCTBYIOI[NM
pacopefenenuaM npH GezorpueHoM o0Texammm. Taxmm o6pazom,
Cp, = — 0,35 ® Cp, = (Cp, — o)/ — 0) = — 1,1 opr ¢ = 0,35.
IIpr ompenenernmm Cp, ® NOJOKEHHA TOYKH IPHCOSAMHEHMA BOJHE-
KarT HEKOTOpHIe TPYAHOCTH.

Kax smamo u3 ¢mr. 56 m 57, anuEHHE nysHps oxasuBaer 6onb-
moe BIMSAHUWE HA pacupefleleHHAe [aBJCHHA.

Boapmoit pocT CONpOTHBICHHS NIPM HAJWYEH JJIMHHOIO HY3HPH
o0ycnoBileH HCHUe3HOBeHHOM MHMKa paspe:keNHs BOamam mnepegneft
KPOMKH, a CMelleHNMe HEeHTpa JaBJ6HAA CBABAHO C IOCTeNOHEEIM
YANAHCHVIEM IIY3HPA OPH BO3paCTaHHEHE Yriaa arakm. [asa paapmedime x
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ACCHeNOBAHMH DPEACTABIAETCA Ba)KHOHM Dpobiaema o OGaddruure,
BHI3BAHHOM OTPHIBOM ¢ 00pasoBaHHMeM IIHHHOTO IOY3HIPS.

I[Ipo6aeMy JTaMHHAPHOrO OTPHIBHOTO MY3HIPA MOMKHO KpaTKO oXa-
paKTepms0BaTh caenyomuM obpaszom [44]: mysuips obpasyercs, xorma
qrcao Pelimonblica MOTPAaHWYHOTO CJIOA IPH OTPHBE OPEBOCXOAHT
HEKOTOpOe Kpuruueckoe 3sHawemme (Kpmrepuit Tamm [34], Oyoma
n HKaendepa [36]), maBnemme, BoccTamamamraeMoe B Ipoliecce IpH-
COe{UHCHU I, MCHBIIe HeKOTOPOTO KPUTHIECKOTO 3HaYeHHA (KpHUTepuit
Kpa6rpn [301). Ycnonue Tewemmsa, mpefliecTBYImEe CPHBY IOTOKA
C ODepeHel KPOMKH, TaKOBO, 4TO
IepBbld KPHTEpHUH BHINOJIHACTCA,
HO BTOPO# KpHUTEpHUA 0 HEKOTO-
poii cremenn Hapymaercs. Ilep-
BHH KpHTepHii ¢BA3aH ¢ Mepexo-
oOM K TYpOyJAeHTHOMY TeUeHHO
B of6macTE OTpHIBA, B TO BpeMsA
KaK BTOpPO# CBA3AaH € MaKCH-
MAJILHO BO3MOMKHEIM 3HAYeHUEM
HANIpSJKeHUMA TpeHusA B obJaactu
TypOyJIeHTHOTO CMeIHeHHUs, IIPo-
THBOJIEHCTBY OMETo mepenany ran-
JeHus.

Ilpene dWeM 3aKOHYHTH 3Ty
FJaBy, VIOOMAHEM O HEKOTOPHX
@ wr. 58. Mpodwar cxkopocTu B 0- HWHTEPECHHIX ABJEHUAX NpHCOE-
T'PAHWIHOM CIO€ IIpu BayBe cTpyu [48]. JMHCHEA ® DOBTOPHOTO OTPH-

Ba. IlpHEcoeq@HeRWe IOTOKA K
MOBePXHOCTH € CHUABHO BO3PACTAONAM JaBIeHHeM MOMKET OHTH
TOCTHTHYTO HYTeM BJyBa CTPYH BJOJb CTeHKW IpPOTHB 0OpaTHOTO
rpajguenTa naBieHus [46].

Kax sunmo u3z ¢mr. 58, Gnaromaps BAYBY CTpYH OPOPHIL CKODO-
cTZ BOJH3K MOBEPXHOCTH TeJNA U3MEHAETCH, & SHePrusA KUAKOCTH yBe-
amanpaercs. Kappre m Oitxennbpennep [46] mcenenoranm ary mpob-
aeMy. B 3ome M B OCHOBHOM IPOHCXOAUT CMETHNeHNE ¥ IPHCOeIHHEHHAE,
B 30He I’ Benuko BaugEme TpeHus. [IpodPmIb cCKOpOCTH B ITOH 30HE
COOTBETCTBYeT OPOoQHUII0 B OOHIHOM HOTPAHHYHOM CJI0€, OUUCHBAae-
MOMY CTeIeHHEIM 3aKOHOM U/u, = (y/8)1/m.

B 3ome CL npodumas cKopocTH mpeAcTaBasdeTcAd CTeOeHHEIM 3aKO-
HOM, a 30Ha E — mose HeBA3KoI'v TedyeHnnmsi. Touxku B m C coorser-
CTBYIOT MUHUMYMY H MaXCHMYMY CKOPOCTH.

IIpr HEeKOTOpPHIX YCHAOBEAX NPHCOSAUHUBIIAICH NOTOK BHOBDL
OTPHIBAETCH 0T MOBEPXHOCTH Tesia. IIpH mMOBTOPHOM OTpHIBE IPHCOeANU-
HUBIIErocHA TYPOYAEHTHOTO MOIPAHHIHOTO CEOA BO3MOYKEH CPHE BCETO
IOTOKa, MO0 KpaliHeil Mepe npm YMepeHHHIX W BEICOKHX uuciaax Peii-
goabnca 47, 481, u sror darT OMI mOATBEpIK/IeH YPKCIEPUMEHTAIBHO.
WNsBecTHH ABa pas3iIMYHEIX MeXaHM3Ma BHe3AIMHOTO CPLIBA: MeXaHU3M,

yi

L
v
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CBA3AHHEHA ¢ pa3pylleHHEM OY3HIpA, I MeXaEH3M, CBA3AHHHHA ¢ NOB-
TOPHEM OTPHBOM TYpOyJIeHTHOTO HOorpaHMYHOI0 ciaos. CymecTByer
KPUTAIECKOe 3HAYCHUE Bees = 300, Buime xoroporo HaGXIONaeMEIe

BHE3ANHKWE CPHBH OOYCIOBNEHE HOBTOPHHM OTPLIBOM; HHUKe 3TOTO
3HAYEHHS CPHBE 00YCIOBIeHH paspylieHueM mysupa 149].
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MNasa VI
TEYHEHUWE B CIEAE

Oboznauenus

MHOKHUTEeNb; IJIOMAIb JOHHOI'O Cpeaa;

CKOPOCTE 3BYKA; PACCTOSIHME MEKIY TeoMeTpHYe-
CKHM IIeHTpOM nogo0Ma ¥ HavYaJdoM KOODAWHAT,
ro3p U HeHT;

MHOKATENs; TOCTOAHHAN;

ITHPHEHA ;

MOCTOAHHA A,

ko3 dummeHT;

CpeqHSA CKOPOCTH 3BYKa;

K02 QUOHEeAT COONpPOTHBIEGHUA BHYTPEHHero Typoy-
JICHTHOTO cJela, OTHeCeHHHI X mapaMmerpaM Habe-
ralomero OOTOKA;

KOo5(pPHUNHEeHT TOTOKA MAaCCHh;

VIeJAnHASA TEII0eMKOCTh IPU ToCTOAEHOM JIABJICHEN;
ConpoTHBIeHNe; KoapharueET TuGPy3 N KOMIOHEH -
TOB; [IOTEPsI EMOYJIbCA;

OoJIHAsS BHEPTUA CJefa;

cumia;

OONHOE [ABIEHHe 3a TPAMEM CKadKOM; DHTAJIbINA
TOPMOKEHU;

O0JIHOe JABJIEHHE B TOYKE TOPMOKEHHA 32 IPAMEIM
CRaYKOM;

pas3Mep MOHHOLO cpe3a; BepTHKANLHOS pPaCcCTOAENE
MEKAY BHUXDPHAMHA; SHTAABNHA;

IMHEpHHA clela;

O0JYasl 3aBAXPEHHOCTE B EIANWNY EBpPEeMEH®; no-
CTOSIHHAA;

SMIHPHUYCCKAA MOCTOAHHAA,;

OespasMepHasl BEIIMYAHA;

K03QQUMEEHT TEIIOTPOROHOCTH;

KOHCTAHTEL CKOPOCTH UPAMOM peaKIMH,
KOHCTAHTH CHOPOCTH obpaTHON peaKuu;

— macmrTabu JIWE B HaUpaBXeHHHU ocell Z, ¥, Z;
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OIUHAMHAY9EeCKAsA NAHHA;
IIUHA IJACTHHE, AJWHA CMEIICHUWS; TOPHU30HTAIL-
HOE PACCTOSHHE MEEOY BUXPAMH;

mupuHa caega no Tayscesny;

guciao Maxa;

9aCcTHIA;

npeobpa3oBaHHAA KOOPIUHATA; HHISKC;

HOTOK MACCH;
JaCcTOTA; KOHIEHTpAIHWA YACTHI[, YacTui/cme;
CTaTHYEeCKOE MaBJeHHe; MOKa3aTelb CTeTeHN,
CKOPOCTHOH HANOP; HOKA3BATENHL CTEIeHH;
KOPPeNANAOHENA KOd(PMIHEeHT;

paccTosHme OT Tella; PagUyc;
PagEyC HOCOBOHM dYacTH TeJa;

= r/rp;

quacano Crpyxanas;

CPelHAA CKOPOCTh TOTOKA;

MacmTal0l CKOPOCTE B HAUpPaBIeHEDH ocell =,
Yy %5

cpemHAA TO BPEeMEHH pPa3HOCTH CKOPOCTei;
CKOPOCTh BHEXpEil 0OTHOCHTEJNBHO CKOPOCTHE Haleraio-
Iero moTOXKa;

CKOPOCTH (TpexMepHas);

CKOPOCTh; KOMIOHEHTA CKOPOCTH, HEePUEHIAMKYJIAP-
HafA U; CKOPOCTDh NAPPY3EN KOMIOHEHTOB;

U~ 0t~ w?

COCTABAAINIASL CKOPOCTH B HANPABIEHHH OCH 3;
ToJIHAA IIUPUHA CJIENa; CKOPOCTH 00Ppa3soBaHUA KOM-
HOHEHTOB CPeIH;

KOOpJAMHATA B HAUpaBJeHUH MMOTOKA; PaCCTOAHHE
BIOJIb CJefla BHH3 IO TOTOKY;

KoopauEara 30QeKTHBHOTO HAYAJa OTCYeTa pac-
CTOAHHUSA Nepexofa;

paccTosHEAEe BHU3 [0 IIOTOKY OT JMOHHWOTO cpesa Teja
710 TepBOTO TOABICHUA HEYCTOHYMBOCTH ®W IOJIHO-
CTBI0 PasBUTOH TYpOYIEHTHOCTE COOTBETCTBEHHO;
OChb CJIeqa;

KOOPAUHATA, HePUeHAHKYIADHAA K Z;

yl/d;

UmY 1., GHECIO;

MOCTOAHHAMA, KOHCTAHTA CKOpPOCTH 006paTBOM peak-
NUAH; TapaMeTp;

MaCCOBas J0JSA KOMIOHEHTA;

MacITA0HEIE MHOMKHUTEIE;

TOCTOAHHAA, OTHONICHMe AJAMHH DOYTH CMeHIeHHuA
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K IHpPHHe CcJeJa; KOHCTAHTA CKOPOCTH UpsAMoOR
pearIuu;

DONA COXPaHAKMEHCs 3aBHXPEeHHOCTH;

MaccoBasg DOOCTOSHHAs; ToNepedHH pasMep HeOJ-
HOPOJHOCTH;

npeoOpa3oBaHHAs TOJIMUHA BSIZKOTO CJIOA;
KodgduiiaenT TypOyJdeHTHOH BA3KOCTH;
KoodhduueRT TeH30pa TypOynentHo# nuddysum;
Yo/Yry,

vV uw/vz, n = y/a2%; mapaMerp mOTOKA MACCH
MOJIOBUHA YIia KJIMHA HIH KOHYCA;

TOJAMMPHA DOTepH HMOYJIAbCA MOTPAHUYHOIO CJIOA;
YToIX Meskay HaupaBlienueM xHablerawoniero moTOKa
U KacaTelbHOU K HOBePXHOCTH, HOJHBIH yrod;
K/u2,;

cpeAnsiA AnmHa cBoGoAHOTO mpodera;
Ko3(QPHIMEeHT TUHAMEISCKOH BABKOCTH; OTHOCHTENL-
HO€ paccToAHHEe MERAY BHXPIMM;

OTHOCHTEILHOe paccTosHue; §espasMepHas OpaHHA-
Ta (z — x;)/d;

(x + a)/d;

y/Vd (z + a);

z/d;

y/d; _
3HAYeHHE §,, mpm =woropom U’ = O

1/V &, mnm yroxu, U3MepsAeMHil OT unepefHedl Kpu-
TAYECKOU TOIKH;
napaMeTp mepeMe;XaeMoCTH.

yCpenHeHHASA N0 BPEMEHH BeIXYHMHA;
HaYaJdbHHEE YCJIOBHA, KOMIIOHEHT,

MeCTHEIE YCHOBHA HA T'paHHUIEe LOTPAHUYIHOTO CJIOR
WIn Ha TpaHane TypOymeaTHoro ajapa (MoryT GHTH
9KBHBAaJICHTHH YCIOBUIO Ha OECKOHETHOCTH);
TOBepPXHOCTH pasfeia;

HadalbHOE YCJOBHE;

HEeBA3ZKUUN IOTOK;

0 — yecaoBusa Ha ocH;

1 —

1/2 —

lapaMeTp B OCHOBHOM DIOTOKE;
IapaMeTp Ha DTOJOBUHe TNHPHUHEL cjdega.
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IIpoGnema TeweHws B Ciaefe pasfedseTCs Ha OBe JaCTH: TeUeHHe
B ciefie HPHU KO3BYKOBHX CKOPOCTSX K TeYeHHEe B CJege uph CBepx-
B THEOeP3BYKOBHX CKOpOCTAX. TeueHHme B clefe — sBI€HHE OYeHb
CHOKB0Ee, MOITOMY Ha9HeM ¢ TOoro, 4TO MOIBITAEMCSA OXapaKTepHuso-
BATh (H3UKY 3TOr0 SBJEHHA M CBABAHHBICE ¢ HUM 3aJla9¥ B IEJIOM.
Tedenne B caene BA3KOE ¥ HE OTPAHUICHO TBEPIALIMH CTEHKAMH, HOL06-
HO CTPY#AHOMY TedeHHMI0. Pasanume Me;KOy STHMHE OBYMA THOAMH Teue-
HUH MOXHO IPOMJIIICTPHPOBATL Ha NpHMepe 00TeKaHHA peNIeTKH,
COCTABIeHHOM H3 HePHeHAUKYIAPHHEIX
noroky unnaciue (dur. 1).
Ecnm mmprra miacTHHE by, a pac-
CTOSIHHE MejKAYy NIacTHHAMHE b,, TO OT-
1 Homenue by/b, MOIKHO HMCIONAB30BATH
by > B XaUeCTBe mapaMeTpa, pasTPAEMIA-
BalOmeTo 3TH ABa redenusa. Ecanm b/b,

A
by| ——

> MAllo, TO KAy IIACTHHY MOKHO
~——  _______ pPaccMaTpHMBaTh KaK IOMEIIEHHYI B HE-
- e BO3MYIeHHHI TOTOK, a TedeHHUe 3a Hell
MOKHO Ha3BaTh TedeHHeM B cJaene. Ho

—_—

eci® bi/b; BeIUKO, TO JKHIKOCTH PO~
~———— . TeKaeT Yepe3 y3KHe OTBePCTHA B CTeH-
Ke, W TaKOl DOTOK MOKHO HA3BaTh
crpyeii. Taxum o6pasom, caen sang-
eTCA HeOTpAHHYCHHHEIM MOTOKOM 3a 00-
TeKAaeMBIM Tell0M, KOTOPHIH JBUKETCH
€O Cpe/iHe#l CKOPOCTLI) BHEITHEr0 HEBO3MYMIEHHOTO HOTOKA M HIPO-
CTUpaeTCd OYeHL [JalleKo BHEA3 mno wmorory. Hampumep, caep
Kopalna B COHOKOMHOH BOme M cBeTAmMUCA XBOCT — Clied, OCTABJfAe-
MEH OIIABIAIIAMCA BeIecTBOM,— 34 METEOPOM MOKHO HabGao-
TaTh Ha MPOTAKeHHH MHOTEX MUls. /[TmHaA ciela 3aBHCHUT OT Xapak-
Tepa MOTOKA, JAMEHAPHOTO MJHA TYpOyiIeHTHOTO, E OT GOPMH Teia.
Tax xKak BAOJB TAKOr0 OPOTSMEHHOIO Cllela H3MEHAIOTCA HEKOTOPHE
XaPAaKTePHCTHKHA HOTOKA, PACCTOAHKE BONB CJefla HCHOIb3yeTesa mpu
KIaccHpEKAME ocobeHHOCTe TedyeHHA.

B 3aBHCEMOCTH OT PaCCTOAHUA OT MOBePXHOCTH TeIa BHH3 mo IOTO-
KY B cjefe BHALIAKT ABe oblactu — OAMKHEA ¢ NaxpHHA cJeqn.
HaopumMep, mpu CBepX3BYKOBHX CKOPOCTAX GIMKHHE ciem 3a M-
AXHIPOM TpocTHpaeTcd npumepHo Ha 500 guaMeTpos, a.3a HEM HAYH-
HaeTcd MaNpHuU# caen (B KOTOpOM JaBjdeHHUEe HE CHJIbHO OTIMYAETCS
OT JaBJEHUA B HEBO3MYDIeHHOM moToke). TodHee, Tedewue B ciefie
Mo/ pasaelifeTcsd Ha CaMOCOXpaHsAMmeecd ¥ HECAMOCOXPAHSIOMEeCsH.
TepMnE «CcaMOCOXpPaHAMUHACA» OTHOCHTCH K HONOOGHI0 CTPYKTYPHI
Typ6yIeHTHOCTH I KMHeMAaTHYeCKNX XapPaKTePHCTHK B IPOMecce 3aTy-
xannAa. Opmako momobme M CAMOCOXPAHASMOCTh — He WMIeHTHYHEE
nouAarus, [loratueM monoluA NOAB3YIOTCA B TOM CiIydae, KOTJa Mac-
mTab pIMHE K MacmMTal CKOPOCTH MOCTATOYHEI [JA OIpeaesIeHHsA

D ur. 1. OfTexanue pemieTKHA
mirockrx nixactus [80].
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CTPYKTYPH TYpOyJeHTHOCTH, B TO BpeMs KaK «CaMOCOXpaHEHHe»
03HAYAeT, 9TO B OPOIlecce 3aTYXAHHEA mogobue cOXpaHACTCH B HALPAB-
JeHAH HOTOKA.

Onrakoe CTPYKTYpa He 00fA3aTelIbHO NOJKHA OHTH O MHAKOBOH B
Pa3NUYHHX 3aTYyXaKRMuX TYPOYIAEHTHHX IOTOXKaX,TAK KaK OHA Ompe-
HeasieTcs XapakTepHOH MIWHOA H CKOpocThio. B aByMepHOM H03BYy-
KOBOM CJeJl¢ TedeHHe ABAASTCHA CAMOCOXPAHSIOO[EMCH TOJIBKO B TOM
ciaydae, €CJIM WH3MEHEHHS CKOPOCTH [0 CEYeHHI) HOTOKAa MeHLIIe
00 CPABHEHUI0 CO CKOPOCTBHI0 HEBOSMYINEHHOT0 NOTOKA M €CIHE 3To
YCIOBHE BEINOJHAETCHA B Clelle HOCTATOTHO JAaeKO BHUZ O HOTOKY.
Ilpr Mo3BYKOBEIX CKOpPOCTAX W MAaNHX umcliax Pelimonnica Tedenue
B ciefe sa quiauaapoM Ha paccToarne 500—1000 qnuamMeTpor saBiseTca
OOYTH IMOJHOCTHI0O CAMOCOXPAHSION{UMCSH, mpuYeM Hauboiee CHIIBHHE
OTKIOHEHUA 0T CAMOCOXPAHAIET0CA TeueHHs1 HAOIIONANTCA HA TPO-
taxeann 100 gmamerpor. HostoMy mpm Goapmmx yncaax Pednonbaca
IOTOK Ha paccrosamm Gomee 100 nmaMeTpoB MOJKHO CUHTATH CaMO-
coxpausromuMes. Bénusw nuauEgpa, e TeYeHEe B clejie He SABJIAeTCR

uou
2
lenmpansHas o6nacme HeNpPepoIBHO20
mypéyaermHozo dsuxeHus
N~
~ _—
~ —_————
~

- T
~ 27 Obnacms nepemeimaio ucwqynenmuocmu
—— —— B,

—

—— e e e r — -

® mr. 2. MruoBeHHasa KapTUHA JO3BYKOBOTO TeUeHMA B ciefe 3a
nuaargpom [68].

CaMOCOXPAHAKMEMCH, CYIEeCTBYeT BEHICOKUH ypoBeHL DHEPIrHH Typ-
OyIeHTHOTO [BUJKEHHA, KOTOPHI MOHOTOHHO H MeNJIeHHO Daxaer
BHH3 00 IMOTOKY B OCHOBHOM M3-334 J[HCCHIANWHA OJHEPTHUH B Cllefie I
JaCTHYHO M3-3a POCTAa WHTEHCHEBHOCTH TYypPOyAH3arHA OCHOBHOTO IIO-
TOKA B peaynbrare Goliee smepruusoro mepeMentuBanmsi. [Ipm wmenax
Peiinonpaca, opeepsimaiomux o -10°, noTOK Ha MOBEPXHOCTH IUIMHIDA
CTAMOBHUTCH TYPOVIAEHTHHM H DEePHONUIECKHHA XapaKTep MHPKYyIA-
OUE BapyIIAeTcs u3-3a OBICTPOTO pacmaga MepHOUIECKON CTPYKTYPH
BCHEICTBHE B3amMoieicTBnA ¢ TypOynenTasiM pBuxeHmEeM [1].

Ha ¢ur. 2 mokaszsama MTHOBeHHAsl KAPTHHA MO3BYKOBOIO TeUeHHUA
B CJelle 3a IMUJAHHIPOM.

Kaxk suEpgHO U3 Qur. 2, e MOMKHO PACUNEHUATEL TAKIKEe U B momeped-
HOM HANOpaBIeHHH Ha HEHTPAIBHY X HOTPAaHHIHYI0 JaCTH.

B menTpanibHOHR 9aCTH H3MeHeHNe KMHETHYECKOoi sHepruu Typhy-
JICHTHOTO JABIMKeHHUA, HHTOHCHBHOCTU €€ pacCesHuA M BUXPEBOU BA3-
KOCTH BeChMa HE3HAYUTEIHbHO, W TYPOYJIeHTHOCThE IPAKTHICCKH OIHO-
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POgHA M HeOpeDHBHa BO BPeMeHH, MO3TOMY 5Ta YaCTh IIOTOKA HAa3bi-
BaeTCs MEHTPAJbHOE 001aCTHI0 HeOPePHBHOTO TYPOYIEeHRTHOrO BUsKe-
HuA. B morpanmddoil o61acTH KEHeTHYIeCKas DHePIrusa TypOyaeHTHOrO
IBMKeHNHA, WATEHCHBHOCTh PACCeAHUA YHEePIHU K BUXPeBas BA3KOCTH
Pe3KO YMEHEIIAIOTCA B HATIPABJICHAH K BHeINHel rpanune u Ty pGyinenT-
HOCTH CTAHOBHTCHA TepeMerxaiomeiica. CreneHb TepeMe;KaeMOCTH orlpe-
fensercsa mapaMeTpoM Q, ABNAIODIEMCA OTHOLIOHHEM MPOMeKyTKa Bpe-

10 MeHH, B TeY€HHe KOTOPOTO CyIle-
: cTByeT TypOyJieHTHOe NBm:keHHe,
08 K IONHOMY BpeMeHH. B menrt-

Q

panbEOl 00JacCTH HEeHpPepPHIBHOTO
TypOyiIeHTHOTO mABmKenma £ — 1
1 3aTeM ymenbmaetrcst no 0 no
Mepe NpHOIMKeHHMA K BHeEIIHEH
rpaHume cjaefa. {2 pesko magaer
or 1 Ha He0ONBIIOM pPaCCTOSAHHMN
oT ocu ciega Ao myasg (dpur. 3).

0,6
04
02

0 ot

~ e
r | St T !
0z 03 04 05 06 07

£,=yNdxsa)

®ur. 3. IapaMerp mepeme;KaeMoCTH
Q B Ccllefle 3a KPYrOBEM IHIAMHIPOM
[68].

£1==160, Rey=8400; — — — §1 =
=650, 800, 950, Re;=1360: ——— — pac-
OpepeleEne cpegHeit cropoctu,Re; = 1360;

% — KOOpPOWHATA ¢ HAYANOM HA OCH OUIWHT-
pa, mapannelbHad HEBOSMYIIEEHOMY Teve-
HHIO HW COBIARAKIAA ¢ EHM 110 Haopaslle-
HHMK), ¥ — KOODAHMHATA, NepIeRAuKYIAD-
HaA %} @ — PACCTOAHHAES MOKIY IeOMeTpHYecC-
KUM OeHTpOM noJgo0HA H HAYASIOM CHCTEMH
HOOpPIHHAT. {(JIAg muauHOgpa ¢ — paccTos-
Hue, m3MepaeMoe BBEpPX OO0 IOTOKY OT OCH
OUIBHAPA BEONE OCH X.)

Takum o6pazoM, mapaMeTpm mo-
ToKa B Jw0b6o# Touke (z, y) cuena
MOTyT OHTH BHPaKeHH (E mpe[-
CTaBJeHH I'papHUIecKH) depe3 He-
3aBUCEMYI0 Oe3pasMepHYH mnepe-
merryo Buna y/V d (z - a).

B cneme MomHO Takme BRIge-
IATE TPH  DPA3NUYHEIX PEKUMa
Te9CHHA -— YyCTOWduUBOe, Hepery-
IApHOe W IEePexXojHOe — B 3aBH-
CHMOCTH OT YHCIa PelHOoaplaca.
Hanpumep, opum [03BYKOBBIX CKO-
POCTAX TedeHHe B CleNe 3a I(H-

JUHOPOM YCTOMYHBOE B WHTepBale ducenr Pednonpnca 40 << Rey << 150,
rae d — puaMerp muauEApa. B sTOM mHTepBase ¢ pocroM Rey GHCTPO
pozpacraroT tuciaa Crpyxans, onpenensaemuie mo gopmysae S = nd/u,
rge n — 4acToTa, a Uew — CKOPOCTH HEBO3MYIIEHHOT0 mMoToXa (fur. 4).

IMonysmuupmueckass GopMylIa OJA 3TOTO HHTepBaga mMmeer Bupg |2}

5=0,212 —%’dﬁ)
uix| [3]
5=0,195 ( —Rz—;),

U moaydeHa Ha OCHOBe IlePBOHAYaNbHHX mccaenopamuit Crpyxana [4].
Teuenue B cuaepne B mHTepBase 300 < Rey <10 000 cramoBurca 6ecmo-
PARKOYHEIM T S Mallo HM3MeHseTCd, MOKa OeclmopsmodHble TYpOyJeHT-
HEe «OATHA» HAKJAOHBAaWTCA HA NDEePUONUIECKHe OTPHIBE TOTOKA.
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B npomemyrourom mureppane 150 << Rey; << 300 Bcaeacrnme Gecmo-
PANOYHOTO CXOAAa BHXpedl He YCTAHOBICHO KAKHX-AH60 3aKOHOB A
9acToTH cxofa (qur. 4).

Hpnr cBepx- W ruuep3BYKOBHIX CKOPOCTAX B ciene oOpasywrcH
CKAYKH YOIOTHEHAA M HPOUCXOAMT A3POAMHAMHUECKHH HArpeB, ofHA-
KO pe3yJbTaTH HCCIASAOBAHNUA TOIeHUA B CJefle IPH MANHIX CKOPOCTAX

0,220 T
0210 S 2 et L JorFack ot —
o & v |
> o212 (1-127
<4 Hauny=uian Koppeasauus:
0,190 ! — d,cm
S o o 00235
0180 o 0,0362
70 g o 10,0613
0, a 0,0800
v 00989
0,160
g P13
0,212 (1-2= > 0,158
0,150 4 0,318
g m 0,635
0130 f L
0,130 4
0120—s
4] 100 200 300 400 500 600 700 800 800 71000 1100 1200 1300 1400
Reg

Dur. & Yucuo Crpyxana S B 3aBACEMOCTE oT uduclia Peitmoaspca Rey (e~
aurap) [2].

SHAYKE ¢ «XBOCTHHAMH» VKAZLBAWOT, Y0 CKOPOCTh BHUMHCIAIACH OO0 4YACTOreé ¢xoga BAXDel
€0 BTOPOre WOAHHEADPA; @ — pes3ynbTATH HoRamHOTrO,

MOT'YT OBITh MCHOJIL30BAHEI IPW pPEHIeHHH 3a7a9 O cJieJe IpHU CRepX-
¥ THOCeP3BYKOBLHIX CKOPOCTAX HuarogapA HEKOTOPOMY HOA0DHMIO Tede-
Huil. Bo3MoHO TakKe IpuUMeHEHHe COOTHOIIEHHNA DomoOMA, WONY-
YeHHHEX JJif CBepX- W THNEeP3BYKOBHX CKOPOCTeH, IpH pelieHun 3a7a9
O [I03BYKOBOM Ciefe.

Hax ymomumasocs B ra. I, ceMb xapaKTepHEIX CBOHMCTB TeueHmMs
B cjdefle OPH THOeP3BYKOBHIX CHOPOCTAX WMOTOOHLI ¢BoWCTBAM Tede-
HHA B Cllefle IPH MO3BYKOBHX cxopocTax [5].

Oprako, Kak mokasanm Jlus u Xpomac, mpyrue GeThHpe CBOHCTBa
TeUeHHUA HPH IHIeP3BYKOBHIX CKOPOCTAX OTJAHYHH OT COOTBETCTBYIO-
IOIEX CBOMCTE OpH A03BYKOBHIX cKopocTax (6] (rm. I). Bomee Toro,
HpA JO3BYKOBEHIX CHEOPOCTAX TedeHHe B CJele 3a TYIOHOCHIM TeJIoM
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(Kar y:Ke YyDOMHHAJOCH) H3MEHSeTCA IO BPeMeHM, BHXpeBas CHCTeMa
CHIHbHO Pa3BHTa, M OCHOBHAA JacTOoTa HOPONOPNUOHAJIBHA CKOPOCTH
galberaiomero noroxa. Ho ¢ yBeanudenmem ameaa Maxa maberaromero
NOTOKAa HAYHHAET CKa3hBAThHCA CHEMAEMOCTH cpeibl M HaGJII0IaioTCs
CYINeCTBCHHEI® M3MEHEeHHA B NMOHHOH oGJacTH: MCYe3aeT ABHO BhIPa-
AEHHHHN NPH MO3BYKOBHIX CKOPOCTAX NePHOMHYeCKUH XapakTep Tede-
EUSA W YCTaHABJIHMBAaeTCA CTAIMOHAPHAHA CBepPX3BYKOBafg KapTHua
teuerua. Jlansueimee yeenmgenne Iucia Maxa npn Goapmax gmeaax
Peiinionrgca 1me BLI3KIBAeT KAYeCTBeHHLIX MaMeHeHH B o0JIacTH OIMMIL-
gero ciefla. Ilpu Beicokux gmenax Maxa BszkuMe m HeBAzKHMe 06aacTH
TedeNEA TONYMHAIOTCA XOPOIN0 MU3BECTHOMY T'HHEP3BYKOBOMY 3aKOHY
cra0@AiA3aTdy, M NapaMeTpsl cliefia He 3aBHCAT oT 4mcia Maxa, ecanm
M .0 mocrarodmo BedadKo, rue § — yroJ MesKny HampaBiaeaneM Habe-
ramoiiero moTOKa M MeCTHEEIM YTJIOM HAKJOHA NOBepXHOCTH Texa [7].

ITpu cBepx- ¥ runepsBYKOBHX CKODOCTHX LOMBAHETCA TaK HASH-
BaeM0e «Topiio»— HauMeHEIIee CedeHHme CJeja.

B opomnom nosppobmee Bcero OnI0 HCCIEIOBAHO TeUeHHE B cleje
3a KPYTOBHM OWIAHAPOM, OCh KOTOPOT0 NepUHeHAMKYASAPHA CKOPOCTH
Haberamoimero To3ByKoBoro moroka. llosTomy specs 6yneTr paccMmaTpm-
BaTbCA B OCHOBHOM ABYMeDHHI clel 3a mmimaxpoM. OxHaKo, ITOOK
OpPOAEMOHCTPAPOBATH OCHOBHEIE CBOMCTBA TeUeHWA B cjeje, paccMOT-
pPHM Ipe:Kje ABYMEDHBIN clepx 3a NIAOCKOM IUIACTHHOUM HPHA XO3BYKO-
BHX CKOPOCTSIX, a TAKKe NABYMEDHHI cJjieq 3a 3aTYIJIeHHOH 3ajHeH
KPOMKOl IpH MO3BYKOBHX H TPAHC3BYKOBHIX CKOPOCTAX.

1. TEHEHHWE B CNEQE MPHU JO3BYHOBbLIX CHOPOCTAHX

IToll KIaccHUeCKOoH IMApoA’pORHHAMAUIECKOH nOpobieme HOCBA-
IMeHK MAOToUACIeHANe paforei. MexanusMm o6pasoBaHusa Buxpe# npy
HO3BYKOBHEIX CROPOCTAX Omn ommcad IIpampgraem [8].

|4

®ur. 5 [OBa cxogammuxca O ur. 6. Bonemcram mnosepx-
TMOTOKA JKEAKOCTH [8]. HOCTH [8].

HKorga mea noToka mM3 pasHHX o0iacTedl TedeHus BCTPEYalTCA
3a sagHAed HPOMKOM Tejla, OHA UMEWT PA3JHYHEE 3HAUCHAH KOHCTAHT
Depuynam m ogmmakoBoe crarmieckoe fmasieEme (dumr. 5). Tar Kak
CKOpPOCTH BJ(0JIb IBYX JHHMI TOKa PasjJIETHHE, TO BCJASJCTBHE OYJHCA-
Ouii B MOTOKe MOBEPXHOCTH pasielia CTAHOBATCA Bolmucroi (¢ur. 6).
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JTa BOJHWUCTAH IOBEPXHOCTH NEPEMEINaeTcA CO CpefHeidl CKOPOCTHIO
notroka. B cmcreMe KoopmmHAT, m300pakeHHod HA ur. 6, KUIKOCTH
HaJ, DOBePXHOCTBHIO pasgeda TeYeT HanpaBo, & NOJ Hel — HaJIeBo.
N3 ypapraerna Beprynnm ciaegyer, uto ma rpeGue
BOJHBI CYMECTBYeT H30BITOK MABICHHOA, a V ee
T OOMOUIBEL — HOJOCTATOK H YTO IO Mepe yCHJIeHHA

% BOJIHMCTOCTH IOBEPXHOCTH Pasfiella B KOHIE KOH-

]IOB pacua;u;aeTc;I [ Oﬁp&SOB&HH&M OT}IB.TIBHHX. BHX-
“R@.  peir (pur. 7).

B ofmem cirydae HadabHEE MAJBEe BO3MYILE-
®ur. 7. O6paaec- HuA cnocobCTBYIOT GOPMUPOBAHAK GeCHOpATOTIHO
BaHMe BHXPed U3 mepeMeMIAHEHX OONBIIUX A MAIHX BAXpeH, @ TeJO
gggﬁpggﬁggfe g, HAaUMHAET MCIETHEBATE 3HAYATENHHO GOJNhINeEE CO-

IPOTHRJIEHEE, YeM BCIEACTBHE TpeHHA, ITM BAXPHA

qaCTO0 OPENATCTBYHT CMHEIKAHWI0 JIWHHIA TOKa 3a
TeJIOM B CO31a10T HeCUMMEeTPUIHO0e pacnpenenenne NaBlesna. Tederue
B Clefié B 3aBHCHMOCTH OT 4qmcia PedHoAbICA ABIASTCA JaMUHAD-
HHIM @ian TypOynenTHHM. B o6lacTw ciema npuMeHMMEI Dpefmoioxe-
HAA TeOpHH NOIDAHMYHOTO CJIOA, HO €CJAM BASKWHA CJOH CTaHeT
TOJCTEIM, 3TH OPEAIOJOKeHHus HAPYIIaTcsd,

Caed 3a naockoii naacmuHoill

Kupxrod [9], npumensa KoHNeNnuHO NOBEPXHOCTH Pas3pHBa L'enM-
rojibpya, pemmi safady 06 ofTexanmm miocko#r miactursl (fur. 8).

14
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@ ur. 8. Tewenme Kupx- @ ur. 9. CpaBHenne (OPM TOBepPXHOCTH pas-
roja OKOJO IVIOCKOH ILIa- puBa 3a miactuaoir [10].
cTuHEL [8]. — — — Teopms; sxcmepament, Re — 820.

Ilpenmomaramocsk, 9YTo CTATEYECKOe [ABIEHME TOCTOAHHO BLOID
IOBePXHOCTH Pa3piiBa MIH BHXPEBOTO CJLOS; CIE0BATENBHO, CKOPOCTH
TOMEe IDOCTOAHNHA.
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Tax rar B pemenmu Hampxroda moBepxHOCTH paspelBa LPOCTH-
paerca [0 (eCHOHEYHOCTH, CKOPOCTh HA 3TOH NOREPXHOCTH paBHA
CKOPOCTHA HEBO3MYIUEHHOI'O HOTOKA, & IOCTOAHEHOC [aBleHue Ha o6par-
HO# CTOPOHE NAACTHHH PaBHO NABJICHWI0O B HEBOSMYIIEHHOM LOTOKE.

Touna

MOpMMKEHILY Touxa

MOPMOMERUR

® nr. 11. Ocpenuennne JWHWE ToKAa, HaGampaeMmnie B ciaene
33 IWIIOCKOH Iiacrasoil [11].

Xora pemenme Hmpxroda noaydeHO AIs 9aCTHOrO Clydas, OLMCAH-
HOTO BbIIE, OHO [AeT pPe3yALTATH, OAWIKHEe K 3SKCIePAMENTaIb-
HEIM, IPHYeM NQNePeYHHEH pasMep IOBepXHOCTH pPa3PHBa MeHbINe
pacaetsoro (pur. 9).

Teopna HKwupxrofa npmmeREmMa Tare OAA BHICOKOCKOPOCTHEIX
IOTOKOB, B KOTOPHX OpoHcXofuT KRaBuTanums. Hanpmmep, mpum ofre-
KAHMH Tela, BHICTPEIHBAEGMOr0 B BOAy, mpefmonoskenme Hwumpxroda
CIIPABEJINBO, HOCKOJbKY NOBePXHOCTH pasPHBA He paspyllaercsd,
Ilpm mMaaex cKOpOCTAX HOTOKA HOBEPXHOCTH PA3pHBa pa3pyllaeTcs
BOIM3W MIACTHHH W CTAHOBHTCS KOPOUe ¢ yBelWYeHWeOM YHMCIA Peil-
goabnca Hagmuasg oT Re = 1600 ($mr. 10).

Ecnm moctponThs ocpefHeHHHEe THMHAY TOKA IO CPEAHEM 3HAaUCHHAM
CKOPOCTH, WaMepPeRHO# B cJefe, TO HOBePXHOCTH pa3pHBa He Oyjer
PacIpocTPaEATECA Ao 0eCKOHEYHOCTH, a OoKasKeTcs 3aMmeHyTtoir [11],
KaK TloKaszamo Ha ¢mr. 11.

Hva pupga puxpei, COCTABJAKWIIMX BHXPEBYI0 TEIOUKY, Lepeme-
MAOTCA N0 HIOTOKY CO CKOPOCTHI0, MeHEIIed CKOPOCTHE HEeBO3MYMIeH-
HOTO moToka. YacTora myabcan@ii MpEMEpPHO NPOHOPIEOHAILHA CHO-
POCTH HEBOBMYIMEHHOTO MOTOKA B OOPATHO NPOIOPIMOHAJLHA IIAPUHE
OPENATCTBESA [JIf JaHHOX ckopocTa @ GopMmul Texa. llepmogmuecxoe
TeUeIHe B caene npeobimamaer Ha PacCTOANHNA /|0 YETHIPEX AHAMETPOS
cleqa. XBOCTOBasA NJIACTHHA JAJNHHOH, paBHOH NATA AHaMeTpaM
METHEIPA, KOTOPasA AeadT clell HA ABe YacTH, MOJIHOCTRIO MPeOTBpa-
aeT nepHommMYecKme nyJabcama:m (¢ur. 12).

Ecam gimHa XBOCTOBOM NAAaCTHHEL MAJia, aMIUIATYAA YMeHBIIAeTCA
1 9aCTOTa W3MEHALTCS, W3 9ero CJefyeT, YTo Ha IEPHOAMYeCKoe Tede-
EHE B cjiefle BIESET UePEeIHAA JacTh clejd, a He TeYeHne BHW3 10 IO-
ToRy. Har BumEO0 B3 ¢mur. 14, o6macThs OTpHBA 33 NIACTHHOM KOPOT-



TEYEHWE B CIEME 80

Hafd — ee [JHHA AOCTATAeT 4 WiaHm O ;maMerpoB. HoHuesas TouKa
o0lIacTE OTpHIBA, MBIAKMASCA TOYKOH TOPMOMKeHHs, CORepIIaer
monlepevYsbie KoJIe0aHHA, COOTBETCTBRYWINHE DYILCANMAM B CJefe.

Xeocmosas
naacmuna

@ ur. 12. Kpyrosoii quamagp ¢ XBOCToBOM IactmHo#l [11).

Ecnm xBocTOBast niacTmHEA JOCTATOMHO JJIAHHAA, TO TOUYKA TOPMONKE-
HMA HAXOMHTCA HA TBEPHOH IMOBEPXHOCTH A MOIEPeYHEe IYJILCAME
clefla YCTPAHAIOTCA, XOTA o0NacTh paspe;KeHHA OCTAeTCs.

Caed 3a KpYz08ulM YUIUHIDOM

Crnem 3a KpPYroBHM OAJMHAPOM BO MHOTHX acleKTaXx NonobeH
clelly 3a INIocKo# nnacturod. Horga wmeao Pefinonnnca mpemeimaeT
HEKOTOPOE KPUTAIECKOE BHAUEHWE, Ba NIIEHAPOM DOPMEpPYeTCA mapa
BUXpeil. JTa mapa pacTArEBaeTCA B HANPABIEHAU IIOTOKA, CTAHOBUTCH
HeCHMMOTPDHYHOM U B KOHILE KOHIOB paspyllaeTrci M CHOCKHTCA BHH3
JI0 LOTOKY, pacOpocTpanssA 38BEXPEHHOCTh NONEPEMEEHO Ha 000
croporw ciiega. [Ipm ymeperro Gonpmux wnciax Peiimonnjica e Bcerna
CyImecTRyeT HadalbHas IIapa BUXpeid, M TaK KAK IOBEPXHOCTH pas-
PHBa, CXONAMAA ¢ TIOBePXHOCTH NWIHH/DA, HEyCTOHIMEBA, OHA CBep-
TEIBA6TCA B OTHEIbHEHE BEXPH C 00pa3oBaHHMEeM BHXPEBOR IelleH:l.
TaxuM ofpasoMm, BEXpeBoe JRHMIKEHEWEe OLPEIEJIeHHOE JacTOTH CymHIe-
¢TBYeT upu; Jio0oM umcae PeitHoNInACA, H BHHU3 IO NOTOKY pacipocTpa-
HAercs nRoitHOH panx Bmxped. Ilpm Gosvmux wmenmax Peftmoanaca,
craxxeM bGomee Re = 2500, Bmxpm paccemBarwTcsa mo mepe obpasomna-
HAA, N08TOMY MBOMHOM pay Buxpell me MomeT cymecrroBars. Ha zazn-
Hell CTOpPOHE NHUIAHApPA BUXPE IEePHOTHIECKH OTPHBAKTCA, LOKA
yncno Pelmonnica He poctHrHer sHavenusas Re = 4.10% — 5-105,
ITpa stex sHavermaAx yncia PefiHonsca TeweHme B Clefie CTAHOBATCH
TypOynenTneiM. Kak W B ciy9ae TMIOCKON TIIACTHHEL, XBOCTORAA TLI&-
CTHHA 38 MWIAHAPOM NPENOTRpAIaeT OTPHEB BUXped U OKa3LIBaeT
CAILHO® BIWAHHAE HA CONPOTHBJIEHME MANWHApA, YMeHLmas wroaddu-
nmenT coupotusnernsa or 1,1 no 0,9 [11, 12]. [Inacrusa s¢dexrTunHa
HAa PACCTOAHWHM NePBHX YOTHPEX-NATH JUAMETPOB BHU3 N0 MOTOKY.
Eenm nBa BABKUX CHOA HA KAKTOHU CTOPOHE Cliefla HE B3aEMOneHRcCT-
BYIOT ApPYT ¢ npyroM B o6JAacTH, I/Tc OHE HMEIOT TeH[EHTIHI0 K CBep-
THIRAHWIO B BHXPb, TO HE BO3HWKAET CTAOMIM3HDYIONIEro MeXaHW3Ma,
BaKpeIIAIomero oupeneienHoe MepHoinIeckoe ofpasoBaHue BHXDeil.
ITosToMy BA3SKHe CJIOM paspyINaloTcA HesaBHCEMO npyT of npyra [12].
JlaBmerme 3a IIACTHHOA MM TWIKHAPOM MEHLINE, 9eM [IaBIeHHE
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BO BHemueM noToke. Takwmm obpaszoM, BosnumkaeT paspe:xenue. Ilosro-
MY COUPOTHBIEHVE ILIOCKOH IUIACTHMHEL ropasgo Gomblie, 4eM IO Teo-
puz Kupxroda.

Caed sa samynaennoii 3adnell KPOMKOU RPU BO36YKOGHL
U MPAHCIBYKOGHL CKODOCTNAX

B coOTBETCTREM ¢ COBPEMEeHHKIMA HCCIEf0BARMAME ClSAA 334 34Ty -
JeHHOU 3agmeu kpomroi (fur. 13), nponepernuvu Homem u np. [13],

O nr. 13. Cxema MDIesn ¢ 3aTymiennol sagumeii kpomkoit [13].

Pazmax momesid 355 MM.
lipemeaanne Bce pasMepsl TAaHkl B MALITUMETDAX.

cTaTAUeCKOe MAaBIeHME BJ0Ib NEHTPANLHOM NHHHAA cJaexa OmnicTpo
YMeHBIIAETCA MPE yAAJAeHHM OT JOHHOTO CPe3a, XOCTHIasds MHHUMYMA
Ha PACCTOAHHHA, IPAMEDHO PABHOM IIOJOBHHE TOJINUHK 3aJ/Hed KpOM-
kz ($ur. 14).

Ilns cpapmennsa Ha ¢mr. 14 Dokasamo pacnpegelJesue CTaTwde-
CKOTO NaBIeHMA 33 IIOCKOH mmacTmROA [14)].

«Bnaguaa» Ha KpmBoi pacupeneienud Daineunsa (fur. 14) 6mna
Talie 3aMedeRa JADYCHMHE mccaenosateasaMn [14—16]. Ora obmacte
coBIA/aeT ¢ MecToM GOPMEPOBAHAA BEXDeil. 3JHadcHAe KoadihUIHCHTA
mapmerusi C, BO «BUAfMTe» YMEHLINAefcA ¢ YBeJWICHHEM OTHOCH-
TeJLHOH TOJIMUHE 3agHell KPOMKH, T. €. C YBeIWIeHHEM HHTEHCHB-
pocTm Bmxpepodl moposiru. Hanpmmep, Ha ¢mr. 14 mMmHuManbHOe
sravenwe Cp, paBHo npmmepno — 1,0, Torma Kark HIA KPYTLOBOTO
pmrzanpa [16] omo pasmo — 1,4, a [aA NIACTMHE, HOPMAJbHOI
Kk motory [14],—2,3. BaE3 mo DOTOKY OT BUA[MHEI CTATHIECKOE AAB-
JleTTve CHOBA LOBHIIAETCH M VCTaHABIMBAaeTCA OPH HEKOTOPOM 3Hade-
HUHA, MEEBIIeM CTaTHYECKOTO JaBIepAsd Bo BHemHAeM morore. lloaBie-
EHMe 9TOTO HJIATO AaBjeHMA BMECTO IOCTEIEeHHOTO YBeJHHYeHWs CTaTH-
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YeCKOTO JABJIEHUA N0 IOTOKY BAOIL UeHTPANBHOA JHENH CASNA YKa-
BEB2CT HA CYHIECTBOBAHWE BEXPEBOH mOpPOMKH. TeopeTmIecKH MOMKHO
MOKa3aTh, 9I0 CTATHYECKOe JIABIEeHHE BIONL TEHTPaiXbHOLE JIHHUU
BEXPEBOH [OPOKE MEHBLIIE CTATHYECKOrO JABIEHHSA B HEBOSMYIEH-
HOM OOTOKe Ha BEJINIAHY, BaBHCANIVE OT HHTeHCHABHOCTH BHXPeBOH
gopokku. G ypenmmuermeM umciaa Maxa mocTHraercd Taxod pemuEM

TeYeHNA, IPH KOTOPOM BO3HHKAET

‘/'\.\ XBOCTOBOM CKAY0K YIIOTHEHHA, H
20 /N TOUKa, B KOTOpo# ofpasywoTcAa BHX-
’ / \ _Muockan naocmuma, pH, NepeMemiaercA BHH3 00 MOTOKY,
' pacnodOXennan i o oGracTh MADEMyMa C, HCIe3aer
Cp / \ HOPMQAL K ROMOKY, 0 y p HCT€33€eT.
/ \ "(hecwumacman INMpa wmcne Maxa, Beime KOTOPOro
-15 \ sudxocmp}
S
Hu“ng

4

< )\
A :

T(Hn'”) gih
2 Hy Poo huac

® ur. 14. CraTudeckoe masaerme wa O umr. 15. Onpenemenme h' [13].
LLEHTpaJII:HOﬁ JHAHNHA clieJa [13]- CewenHMe CIema HA pacOoTOARAM 5 CM OT OOH-
1y T'apm, ARC 24 247, FM 3253, 1962. HOTO Cpe3a.

IPOUCXOJMT NEePeXox K «yCTAHOBHBINEMYCA» [OHHOMY TEYEHHIO
(1;in Mojenu:, maobpaskenHoit Ha ¢mr. 13, M = 0,975), obmacts mo-
CTOSIHHOTO JAaRJIeHHA BO3HAKAET BHUSY N0 HOTOKY, 9TO CBHAETEIHCTBYET
06 oGpa3opanWE 3aCTOMHOH 30HEI, W CTATHYECKOe XaBJCHHe B CJe/e
OpEOJHKAETCA K JIaRJIEHMI0 BO BHEINIHEM HOTOKe 0e3 mpoMe:RyTod-
goro miuato gamiaenusi. Takum ofpasoM, XOTS HMeCTCH HONTRepHIe-
HEe CYMECTBOBaHAA THCKPETHHX BEXpe# B clele OPH CBePXBBYKOBHIX
CKOPOCTHAX, YMEHbIIEHWe MX MHTeHCHBHOCTH TAaKOBO, YTO CJeJ IIOUTH
HC 00HAPYKUBaeT CBOKCTB NOJHOCTHI) Pa3BUTOH BHXPEBOM JOPOIKKH.
Ilpn wmccnemoBamMU PasBUTHSA clena NIpesiie BCero Ompenel1daeTcs
mHpAHa ciefa A’ B JAHHOM CCYCHHW KaK DACCTOAHAE MemJy TO4-
KaMM Ha IIPOTABOUOJOKHEHX CTOPOHAX 0T IEHTPAJIbHOM JAHHN, B KO-
TOPHX 3HaUeHme napaMerpa

Ho—H
Hg—pw

CTaHOBHTCS PABHHLIM IOJOBUHE €0 3HAYEHMA HA IeHTPAaJAbHOU JWHAN
B8 5TOM cedenmu, e H — napucmme, maMepsiemMoe TpyOro# IlumTo,
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H, — monHoe 1aBJieHWe, P — CTATHYIECKOE JaBJICHHE OKpPYRaOmel
cpennt (pur. 15). MsMmenenme mMAUpHHEI cjefla HDOYTH TaKoe iKe, KaK
n3MeHeHne Ko3pdmomenra JOHHOIO [NABJEHWS B peRuUMe TeYeHHA,
OpH KOTOpOoM npeobaagaioT nepmogndeckne ApneHusn (dur. 16). Ilepe-
X0 0T IOYTH IOJZHOCTHIO HEYCTAHOBHBIIETOCH POAKAMA Te4YeHUA
Kk yeramopmBmiemyca npu M = 0,975 compomomgaercas ymersImenmeM
HAPAHEH Creja.

1,0

08|~

05 41,2
d10

04 -{as
dos

ozt o4
-0z

1 ! | [ ; 0
o 02 04 06 0,8 10 1,2

Meoa

@ ur. 16. CBaA3s MeWTYy MOHHEIM JABJEeHUEM, INHEPUHOK
cllefa M 9acTOTOM oTphisa Buxpeit [13].

Ha ¢ur. 16 npmeepens amena Crpyxans, BuamcieHAEEe 10 dop-

MyIaMm
nh nh’ h'
S=—— 7 8= .

oo oo h
rae n — 9acToTa OTPHBOB, i — pasMep HOHHOTO cpesa, A’ —mmpm:-
Ha cJejaa. Hpﬂ HepeXGHe oT HGYCTHHOBHB]I[BTOCH Te9eHEA K YCTa-
HOBHBIIEMYCA YacToTa OTPHIBOB cKa‘IKG()ﬁpaSHG VBOIAIHABAECTCA.
Jlunm® TOKA BHEMIHErO TEHEHUS OKOJIO TN paslmiEoil GopMs Mo-

ryT OWTE onpenemens MeTomoM romorpada [17].
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1.1. NTAMHHAPHOE TEYEHHWE B CNEAE

3ajaga 0 JOHHOM JAaBIeHWH CBA3AHA ¢ Bafaveil o OAmWKHEM ciege,
HO B BTOM pasjelie XOHHOE JAABICHHe He DPACCMATpPHBACTCA.

1.1.1. Jamurnaproe meuenue 8 cnede 3¢ YuUAUROPOM

Topo6ma m Issme [18] npoamanmsmpoBanm oxoxo cra pabor
0 TEUCHAW B JaMAHADHOM CTALUOHAPHOM CJefie.
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Bavuacnuii caed

M3 Bcex ABenmii B IOTOKe HENOCPEACTBEHHO BOIWBH DUIMHADA
HamboJce MHTEHCHWBRO MAydalach BEXpeBasa Hopokka HapmaHa.
Buxpesas dopoucra Hapmarna. Perynapuasa (06H9HO ABYMepPHAA)
poposkka Hapmana mabGamogaercs B mETepBade smauenmit Re, or 60
mo 5000, «Ilopomkoit»y KapMaHa HaskBaeTCA CHCTEMa HOCIE0BATENb-
HHX BHXPeH, pacnoiloKeHHHIX B INaXMaTHOM HOPsSjKe depe3 pPaBHEIE
mATepBainl. Poserxex [19]
paccMaTpHABaI BUXPEBHE
HOPOMKE ¥ CBABAHHLE C HE-
Mu 3amaun, a Kpxmeobaon-
kmit [20] npoamanmsmpopan
150 paGoT mo BEXPeBHM J0-
poKKaM, OXBATHBAKWMHAX 41
TeMY L0 CRA3RHHHIM C HEMHE
sagagaM. HemaBgo Bumuaae
[21] Tamme o6o6mma pe-
3YJALTATH IO 3TOMY BOIpOCY.
M3 ragpopgrnaMEIecKOH T€0-
PHA HEBA3KOTO H BABKOTO
= > TeYeHNH caexyer, 9T0 BUXpe-
BEHI¢ MOPOMKHA MOMKHO CO3-
®ur. 17. Buxperaa popomkxa Hapmanma [aTh SHKCUCPHMEHTAJIBHO B

I
(cxema) {66]. BO37Yy Xe, IpHIeM JaCTOTA Ie-
JIMAAM TOMA IOKA3ZAHH B CHCICME HOOPAMHAT, CBA- -
BaHHO ¢ BEXpeROll mOpOoHKOMH, PHOANYECKOTO OTPhIBA BHUX

pe#i ABAAeTcA BayKHEIM Ia-

paMeTpoM TeUOHHS B CIele.

Kapmam [22] mamea, wro cmcrema pmxpeit Oymer ycroilumpoit
OTHOCHUTEIBHO ABYMEPHHX O0eCKOHEeWHO MAaJHX CMemeHmil, ecim

sh (“T”) —1 u h/1-=0,281,

rae ! — ropusonTannbHOE pPACCTOAHHEe MeRIY BHXPAMHE, h — BepTH-
KaJibHOe paccrosaume (dar. 17).

JTOT 9ACTHETA caydai, B KOTOPOM TAK HABHBaeMHIH Kodpdurmument
Rapmana k/I pasen 0,281, peanmsyercs npu mcue3alile Majloil BA3-
KOCTH B TedcHEe wHcuesamome wmanoro Bpemenm [23]. Kpome Ttoro,
yeTaHoBNeHo [23], ©TO MOPOMKKA M3 OJIHOTO PANA BEXpell ABIAETCA He-
yeroiunpoi. B ofmem caygae morok Mo;keT OBTH YCTOMYWBHIM NPH
Bcex sHadeHHAX h/l, ecam paccMarpumBarh cpefHme 3HadeHEA h m| [
HeycroitunsocTh cBfA3aHa TONLKO ¢ IepAOKAYHoCTHIO [24].

Hesanmcumo Orima nomywema ppyrag $opMmyna, BHpaKaoman
ycaoRHe ycToiumsoct: [25]:

sin (%) —=sh (%—h—) ,
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e ¢/l — OTHOIIeHEEe, BHpAiKAIOMee B3aMMHOE PACIONOKeHEWe BHX-
peii. CamBon ¢ oTHOCcHTCE K mpom3BoabHO# fmamue, 0 < ¢ << I Ilpo-
HU3BOJIBEOMY 3HAYCHHWIO ¢ COOTBETCTBYeT 3HadeHme A/l, mIpm KoTopoM
BEXpeBasA JOPOKKa ycToA4mBa.
QOBYHO BAXPH OTHOTO PAA2 DPACHOOJATAXTCA He TOCEPeTHHE MErK-
Y BUXDAMH Apyroro psapga. Bce BEXpeBEe [OPOXKE, KOTOPHE YAOB-
JETBOPSIIOT 3TOMY YPAaBHEHHWK, SHBIA-
I0TCA HEYCTOWYHBHIMA BO BTOPOM IIpH-
OJMWKeHMH, B TO BPeMA KaK BCe JAPYTHe
BHXDEBLHE CHCTEMH HEYCTOHIMBH YiKe
B neprom npubamxenmm. Ilo gororpa-
¢EsaM, OONYYCHHWM Pa3AHIHEIME HC-
clIe[0BaTeIAMHA, YHCIOBBHE SHATOHHA
h!l He OIWHAKOBHI, MOCKOJBKY A/l 3a-
rEcuT oT BpeMenm [26—28]. I[lpm
GonBIIKX MO3BYKOBHX CKOPOCTAX obpa-
30BABIIEECA BUXPH OHICTPO 3aTyXawT
¥ JIOpO{Ka CTAHOBHTCA BH3YAJBHO He-
mabmogaeMoii. TeM He MeHee MPOUCXO-
JUT 1ePHOIAYECHKAM OTPHB TOTOKA.
Wameperna moxd CKOPOCTE ¢ IIOMO-
b0 TEPMOAHEMOMETPOB W NPHAOIMWKEE-
Hble BHYUC/JICHHN NOKa3alm, 9TO JaH-
HBE, IOJYYeHHHE € IOMOLIPI0 TePMO-
ATeMOMETPOB, HENOCTATOYHBL IJIA Xa-
PAKTePHCTHRE BUXPEBOH moposirnm [29,
30]. Bwmmo ycraHomiaemo, 9T0 METOX
pacuera, mpejiaosKendLit B pagore [29],
MOKeT naTh Goaee unonpobmyio wrOOD-
manmio o Buxpax [30]. Tax rax pesyas-
TaThi HE €OTJACYioTCA XPYT C Ipyrom,
MO;KHO CK33dTh, 4YTO B HACTOAMEM
BUJl¢ TEOpHs YCTOWIHUBOCTH BUXDEBOH
JIOPOIKKT A€ YAOBICTBOPHUTEdbHA. 1B0-
® nr. 18. Buxpesan mopomsa PO YCTOMYWBOCTA IEPBOTO npmﬁ.ma-‘
Kapmara sa kpyrossy muuniy-  REHEA JOCTATOIHO TOYHO OUWCEIBAET
pom [21]. dumsmueckue dABJeRAA, HO MaTeMaTH-
M -= 0,577, Re; = 1,16-105. qeCKEA aHAJIHA3 NpeJCKa3HBaeT He-
yCTOAYWBOCTD, YKaSHBad, 4YTO  YIo-
PHIOTIEHHOE DACIOJOREeHUe BHUXpell He MOKeT COXPAHATHCA.
Korga Henb3st nupenebperaThs BIHAHAEM CRUMAEMOCTH IIOTOKA, T. e.
npu 0,35 << M <2 0,75 (ma mopepxyocT nmiunnpa M goctaraer u ope-
pummaer 1) m mpu 8 -10* << Rey << 2-10°, nepmopmyeckme BEXPHA MOTYT
NOABIATECA Jame B ciayvae, KOIJA CKAYKE YLJOTHEHMA IIPOCTH-
palTes OT OfHOH cTemkw TpPyOW Ao Apyrodf, xak Ha Oomr. 18

[31].
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Hputraeckoe auciao Maxa pasmo 0,45, HO mameneunsa dnciaa Crpy-
xana opu 3ToM wdene Maxa me maburomaroTcd.

Pacnpenenense ckopoCTH B OTHENLHOM BHXPe BAXPEBOH IOPOMKKHI
Hapmana, mamepennoe Tmmme [32], xopomo cormacyeres ¢ ypasme-
mmeM Xyrepa [33] (¢pmr. 19).

Xora Buxpesada nemouka HapmaHa 33 KDPYTOBHIM UMITHAPOM
Mo:keT OHITH ycToMYmMBOW, KAK MOKA3HKBaeT dKcnepument [34], Taxoro

® ur. 19. Pacnpegenedne CKOPOCTH B OT;1CABHOM BHXPE BUXPeBOil
nopoxku Rapmaia. Pacnpegenenue cKopocT mo HOPMAIM K OCH LOPO-
sru [21]. Cpasuenne ypasnenus XyKepa [33] u okcrnepinmenton Tumye

[32].
w = (T/1) [ch G/ l)/sh @k /i) sh (2ay /)] 4 Te—@—R/2024NE joq0,  (pyoy],
I'=5,73 eM2/e, 4vi=2,5¢em2, h=1,9cm, 1=9,1cu, hjl=0,200.

ycTOﬁ.qHBOI‘O Te4YCHMA B CJ/Jlelde 3a OUGCI/IMMBTPH‘:[HHM TCJIOM Ie GYH.IGCT—
BYET.

Moxuo pomoaHuTENBHO pexomengoBaTh paborn [35—53), nocssa-
HICHHbIE JAMHHAPHOMY TCICHHIO B CJe/le 3a TeJaMH IPU T03BYKOBBIX
ckopoctax. llemaBHo sKcmepmMenTanbpHO OBHLI MCCHEQ0BAIT yCTAHO-
BABNIMICA CHAep 33 KPYTOBEIM IUJIHHAPOM DDA vmcaax Pelinoaspica,
BHAYUTCIBEO GONLWHX, 9eM B IPYTHUX HCCIeJ0BANAAX; IPH 3TOM OBLIA
HOAYYCHB HEKOTOPHE HeO:KWTAHILIC pesyabraTer [H41.

Heromopune saxchwie ceoticmea aamunaphozo caeda. Ilyavcanum
CKOPOCTH, W3MepAGMBble OKOJIC HepefHed KPHUTHYIECKOH TOYKH, OKa-
gauanch seckMa GoanmnME [55). DT BOaMYymEHUA, MO-BHAMMOMY, 3aTV-
XaidK¥ ¥ MCY9e3aJH B MOTPAHWYHOM CIA0€ MO Mepe npubiumiioenud ¥ ciae-
Ay, HO GONbLNIe IYJbCAamud CKOPOCTM BOJM3H IepejHel K PHTHIECKON
TOYKA MOTYT CTaTh BasKHEIM (PAKTOPOM, OPEIIIeCTRYIOMHEM 00pa3oBa-
HAK caefla. B dacTonocrm, «BUXpeBad BOPOHKa» RGJIU3EA TOYKM OTpHIRA,
BepOATHO, ABJIATCA HAYAJLHOH ToUKO#l 00pasoBaimMsa WMHTEICHBHRIX
Buxpeir B cunege. B Buxperoin BopoHKe HabOIOMAKTCH IYILCANAN
¢ OOnBINOM AMIMIATYAoH. JTH NUYIbCAMA HOALeP/KEBAIOTCH WIYTEM
HAKOIIEHAA MAJHX BO3MYIICHAA, BO3HHUKAIMAX B OTODBABLIEMCH
morpaumyEoM cioe [18, 55].
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AKycrHuecKasi DHEPIHEA B Clefle ABIACTCA WOBOE mpobIeMoii,
cBA3aHpol ¢ TypGynerTHOCTHIO [56]. Ilyascammm cxopoctm B Typ6y-
JIOATHOM CIeié W OYJILCUPYIONNe KacaTeJIbHHe HAPAMeHHd HA HO-
BePXHOCTH TeJIa ABIAAITCA ACTOYHEKAME aKYCTAYECKHX BOJH, WHTEH-
CHBHOCTH KOTOPHX H3MeHSeTCS IO SKCHOHEHTWAIBLHOMY SaKOoHY B 3&-
BHCHMOCTHE OT. cRopocth xmirocrs [57]. B mortore okxomo xpyromoro
MAIRHELPA CYMECTBYIT TPW NEHTPA BOBMYIIEHHA: HBA HMHTEECHBHHX

Ob6nacmu nynscayutl
cxopocmell ¢ Bomstuo
5 15 amnrumy3ori

obnacmy nysscayuls
cxopocried ¢ Gonsurol
amnaumydoi

D n[r. ]20. ITynbcanue CKOPOCTH ¥ MOBEPXHOCTH MUIHHQ-
pa [18].

IIpumevarme. VHazaRRne HA (HIYypE 9WCIa OPONOpPONQ-
HALHH AMOJIHTYRE Oyabcanmuil.

B TOYKAX OTPHBA W ofdu caalnit — B KpHTHdeckod Toare [55, 58,
59]. Iyascmpyomme HCTOYHHKH aKYyCTHYECKOTo MABIEGHWS OOpeje-
AATCA JTHMA TpeMa unenrpaMd. llyaecamum pacopocTpaHAKTCA
B NOTPRHWIHOM Cloe HEAWHAPA X BO BHEUIHEM HOTOKe CO CKOPOCTHIO
aByKa (¢ur. 20). Yacrora akycTuuecKux xojeGaHmid paBHa NPAMEPHO
3a/2nd, rme @ — cxopocts 3BYKa m d — mmamerp Tena [58, 59
OropBaBmEBACA BEXPH, NYJALCEPYIOmMZ ¢ sroll gacToToi, OTCHIIaeT
06paTHO AMITYJIBCH, PaCTPOCTPAHAIONTAECH 0T IPHCOEIAHGHHOTO CIOA,
®, corjacEo aPpderry [lomnepa, dacrora KoleGaHHN YMeBBLIIAETCSH
uponopnuOEaNbH0 oTHOmMEeHHM® 1 — (U — Ug)/a, THe ug — CKO-
POCTH> HepEeMEeNIeHMsA BUXPHA OTHOCHTENLHO moToka. [Ipomcxommr nsa-
AMOMIeCTBAe MeKAY aKYCTHIECKHMH KoJe0aHEAME NPHCOeIHHOHHOTO
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moToKa (9acToTa KOTOPOTo PaBHA NePBOHAYAJABLHON) M 0TOpPBABIZEroCH
BEXDA, KOTOPO® BHSHBAET WHTEHCHBHYI0 NYJILCANHK ¢ YaCTOTOH
Omenus 3a/2nd [(u» — ug)/a)l. ITn MaTEHCHBHEIC NYALCAAH ABAAIOT-
¢A NpEIMHOHE oTpuniBa rExpeil. HacToTa oTpHBa mapw BuXpeil B 3TOM
ciaygae pamHa Y/,-3/,-(1/nd) (U — ug), B wmcao Crpyxadda MOKHO
BHpa3ure dopmynoi

S=-—3—( — ),

4T Uoo

Paccroanme Memy nocxeoBaTeJbHEIME BAXPAMH paBHO 4nd/3
H OOCTOXHHO, ITO MOATBEPKIAETCA IKCIIePAMEHTOM.

030

Arycmuseckan meopus N

lgRe

O nar. 21. CpapHenxe SKCIEPHMeHATANbHHX YHCexn CTPyXasiA ¢ pacde-
TaMH 10 aRycTudeckodl Teopum Moy [18].

¥ Crpyxaab, @ 9trun, Hopbaxzep, Hude; X @elimk, A Paaed; O Taitnep,
A Jlpemep,

Pacgerawe sHauenumn umena CTpyxanAa Xopomo coriacyioTcs
¢ sKcumepEMeHTAIBEEIME (pur. 21).

Hanppeiimee mcciaegoBanme W cpapHerue Teopu# [lloy ¢ arcmepm-
MEHTAJbHEMA TARHHEIMA MOKeT HATh HOBYI0 AHGOPMANWIO 0 BINAHHEM
CaMOBO30YIKTAIONIAXCA AKX YCTHICCKMX KoJieDaHMi Ha TedeHHEe B Clefe.
Binsanme HanomeHHs akycTmdecKEX Koaebanwil Ha JNaMWHADHHE
HoTOK ucciegoBapo B pabore [60].

HononEnTenbHYI0 MHOOPMANA O BIAAHENA aKYCTHUSCKHX KoJde-
OaEnii Ha TeueHme B clefe MO)KHO HOAYIHTH W3 KEWrm Pmiapiaco-
sa [64].

OroppaBmmiicsi DOTPAHHYHEIA CJOH MABIAETCHA HEYCTOMIHBHIM
N0 OTHOMEHHIO K BO3MYIIEHHAM, CO3HABAEMHEM 3BYKOBEIMHA BOJHAMH
B HGKOTOPOM [OHAODA30HE YACTOT W JIMH BoJHH. lIpE HamoKeHHm
WCKYCCTBeHHHX BOSMYIIEHMI MO/KHO IONYYATH BCe HOYCTOHIHBHIE
98CTOTH ¥ JJWHH BOJH, W KaK TOILKO OfHA NJIMHA BOJHB CTAHOT
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upeobiaagawiieif, T0 BOMHOBHE BO3MYMEHHS B Pe3yJbTaTe BIaHMHOM
BEIYKOWE HAYHYT IpeBpamaThea B BEXpu. B Teuenme artoro nponecca
yaCTOTA ¥ JJNAHA BOJHE HAYANLHHX KoJeGaHmil COXPaHATCH.

Haavruii caed

Teuenume B ciaefe HAJeKO BHHM3Y II0 HOTOKY XaPAKTePHBYETCA IIpe-
pebpe:xEMo ManuMe Oyabcanuamu. Ilonmas 3aBmxpenHOCTH, NMpOXoO-
AADIAA 9epes NomepedHoe cedeHue B eIHHHIIY BpeMeHH, 06o3HAYaeTcA
qepe3 K @ ompepenifeTcA mo QopMmyie

Uy

k] ()

¥y

r7e Yy M Jj, — COOTBeTCTBEHHO BHYTPEHHAA B BHEUIHAA FPaHAIA 3aBHX-
pennoro cios B ciaefe. Ecam BeecTH (e3pasMepHYI0 BENHIHHY A

A= Klu,

TO TaK HasHBaeMas IOJA COXpaHflomeica saBuxpesuEocTH B, Oyzmer
paBEa A./Ag, Ile MEAEKCH I B S OTHOCATCH K BHAYSHUAM, BRIYHECJIEH-
HEIM Ha PACCTOAHEM r OT TOYKW OTPHIBA W B ToYKe OTpHBa. [lapaMetp
P sPpdexTHBHO HCHONBL3YETCA IJIA OMUACAHEA YCIOBEY TedeHAA Ha pac-
CTOSHHM I, NOCKOJABKY II0 Mepe Npo/BH:KeHHA 3aBUXPEEHOCTH BXOJIE
clefla Ha Hee IeHCTRYIOT CHAH BABKOCTE M TypOyJIenTHOe NepeMemud-
BaHOe W OHA IOCTEHEHHO PaspyIIaeTcs 3aBEXPEHHOCTHI0 NPOTHEBOIO-
goxcHOT0 3HaKA. Ilpum Ag=1,01 B, ymensmaercsa xo 0,93 ma paccros-
HUH TONOBUEE IUaMeTPa WHWIMHAPA OT ToIKM oTpHBa [35].

dmeprma caela Ha efuEAODY oO0neMa oupernendeTés BeIMIHEOH

(1/2) p (u? 4+ v* 4+ v?), rme u, v, W — COCTABIAKIEE IyIbCANMN
CKOPOCTH B HaOpaBJIeHMH OCeH £, § W 2 COOTBETCTBEHHO, a 9epTa
osEauaer ocpegmenme. Ha paccrossmm Oomee 40 pgmameTpoB BHMS
10 HOTOKY OT MUIMHApPA, e TedeHHe B ciaefe TypOyrentHoe, Pomko
[62] maMepua TOJBKO KOMIIOHOHTY U UDPH JO3BYKOBHX CKOPOCTAX
H OUpEeNeNna INIOTHOCTH 3neprumm wepes (u/U,)?, rae Uy — cpenmas
CKOpPOCTH TEYeHHs, W BEIUCAWA 3Heprmio ciena E mo gopmyne

os

E= | () e(d):

—_—o0

E npencrasaser cofo#fi pesyabTaT HOTeIPHPOBAHEAA NJIAOTHOCTH >HEp-
T'HE B IJOCKOCTH, HOPMAJBHOA K HANPaBISHHIO Ha0eranimero NoToKa.
B o6mem ciaydae HOdHYH 3HEPIUI0 U’ MOKHO 3aOHCATH B BHJE

i = i + @ + @l
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THe U; — BKIaJ SHEPrAE XaoTHIeCKHX TypOyJdeHTHHIX ITyIbCAIH,
i — BKJIAJ 9HEPTMH HePHORHIECKHX NYJILCANHi# ¢ YACTOTOH OTPHEBA
1y, & I} COOTBETCTBYET YA BOSHHOMH 9acTOTe OTPHBa (ny = 2n4). B mesn-

0,032

0,028}~
0,024}
0,020

(ﬁa)zo,ms

0,012

0,008

0,004

%0 25 20 i
y/d g/d

@ ur. 22. Imeprus B cuene [62].
a — Re = 150; 6 — Re = 500, d = 0,190 cn, x/d = 6.

12
Re
50
1’0 A 100 o
| %\0\
u a8 Re d.cm
+ u & o 50 D0,0032
uj o 100 00932
06 o 150 0,18%
A 200 0,1895
AN B g
-4
04 \ 4 2900 0477
\\ - 4000 0477
az ggo N 200 ' ¢
2900
4000 \5\;\\4\- |t
] 10 20 30 40 850 60 70 80

Paccmosnue no nomoKy e duamempex

® ar. 23. Baryxaame gmcKpermoit smeprmm [62].

Tpe caena (mo Kpaiimeil Mepe Ha HAYAJBHOM YUacTKe) TYBCTBYeTCA
BIAXAHEE 33aBEXPEHHOCTHA ¢ 06eEX CTOPOH, H 8Jech OpeobIagaeT 1acTo-
Ta ny (pur. 22).
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Benmumma u) craHOBETCA paBHOE HYNI0 HA PACCTOAHAN MeHee
12 nmamerpoB BHES mo morory. llpm Re = 150 (dar. 22) Teuenme
B Clefie YCTOHIHBOE ¢ YHOPANOTISHBON BHXPEBO# JOPOMRKOHA, DpHIeM
TypOyJeHTHOe aBMEende oTcyTcTByer. TaxmMm obGpasom, ul = 0.

OHEepTHA Bcero ciefa F 3alucHBaeTcs B BHUE

E = E, + Ey + E,,

rre E., Ey m E, — speprau, cooTBeTcTBYOmEe L2, u’ m L.

daryxansme smeprus E; + E, moxasano Ha ¢ur. 23. Haummas
¢ Re = 500 3aryxamme NUpOMCXOUT AHAXOTHIHO A BCEX UHCEN
Peiinonsica, @ Tedende B Cjefl¢ CTAHOBHETCA IOJIHOCTHIO TYpOyaeHT-
HeIM Ha paccrosamm 40—50 nmameTpos.

1.1.2. Caed 3a cepoii u Epyeavim OUCKOM

Teuenme B cmeme 3a cdepoil aHAJNOTHIHO TeIeHHIO B Clele 3a IH-
JWHADPOM, IOATOMY B JaHHOM paspfelxe OyJeT yKasaHa TOJBKO pas-
HHATA METY 3TAMY nByMA TedeHuaMu. Ha ¢mr. 24 [63] npexcranenn
pasMepH clefa 3a cpepoil B 3aBHCHMOCTH OT gucaa PeiHoabaca.

1000

@ urr. 24. PasMepu clega 3a cfepoil B 3aBHCEMOCTM OT 4HcJa
Peitnonngca [18].

KRaprury TeweHHA B cJefle 3a OCECUMMETPHIHEIM TeJIOM, HAIpPH-
mep 3a cepoil, MO}KHO HPEACTABATE CAefyIoNuM o6pasoM: IpH OYeHb
MajJux umceiaax Peiipospica IMEAPHHAA ClXefla YBeAHMYHBASTCA C POCTOM
agena Peanonspca. Ilpm sToMm 3acToifHAA 30HA, COCTOAINAA B3 3aTOPMO-
JKeHHOH JKEAKOCTE 34 TeJI0M, OTHeJgeTcA OT OCHOBHOIQ IOTOKA BHXpe-
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BOI ©NeJeHoH, W B 9T0M 30He BOJHHMKACT NOCTOAHHAA MEUPKYIALHA,
COOTBETCTBYIOMASA BEXPEBOMY KOJAbUY. B BOOSHOM clefie 3a KPYTJIHM
AMCKOM 0PH YBOJHYEHHH dHcIa PeHBOIBACA pasMepH BHEXPEBOro
KOJIEIA PAacTyT Mo Tex IOp, MOKA He OY/MeT AOCTHTHYTO KPHTHIECKOE
umeso Pefinonbygca, pasnoe 100. Ilpm aToM amaMeTp KoJabOa COCTAB-
JAAET UpEMEepHO moiaTopa amamerpa Aucka. Horma wmenxo Peitroanpca
UpeBHIAET KPHTHIeCKOe 3HAUEHWe, LOABIAKTCA KoJebaTeJbHHE
BOBMYIEHHNsA KA MOBEePXHOCTHE BUXPEBOrO KOJBINA U CHOAYIOIHE OIHA
8a IPYroi 9acTH BEXPEBOr0 KOJALHA YAAJIAITCA BHA3 IO NOTOKY depes
upaBuIbHEe MATepBalul Bpemenu. llpm umcne Peiimoxnsnca, pasmoM

195, BEXpeBoe KONBOO 3a KPYLIKM JHCKOM NOJHOCTBHI0 pa3pymiaert-
ca [10].

1.1.3. Onpedeaenue aurUIl MOKE, NOGEPIHOCINU paspuiea,
pacnpedeseHus cKOPOCMIL, CONPOMUBAEHUS U NOGBEMHOL CUAYL

JIMHEA TOKa OKOIXO KPYTOBOr0 OHAMHAPA IpPH MAaJHX YHCIAAX
PeiiponnIca OUpPeNeNAKNTICA TEOPETHYEeCKH IyTeM pPeleHEs TOYHOTO
ypaBHeHud BASKOI'O TEYeHHA THCICHHHIM KOHETHO-PASHOCTHEIM METO-
noM (¢pmr. 25) [64]. SToT MeTON MOKHO IPUMEHATH B HOBOILHO GOJIE-
moM HOTepBalle umcen PeifHoMBICA, XOTA PACIeTH MOIYT OKA3aTLCA
TPYAOEeMKHMH.

B W I

& mr. 25. Junmm TOKa OXoI0 Kpyrosoro mmimsnpa; Re=10 [10].

dopMa mOBEPXHOCTE PaspuBa OKOJO KPYTOBOTO MEIXHADA H3Me-
ngeTc B HATepBaixe udcex Pelimoangca 3,5 << InRey << 4,9, Kak
norasano Ha $ur. 26 [65].

CoriacHO TEOPETHUCCKUM peSYIhTATAM, €CIH £ — PaCCTOMHE®,
A3MEPAEMOe OT TOYKH ¢ YrAOBOH KOOPAMHATOH 45° OTHOCHTEIBHO
nepexHeil KPHTHYECKOd TOYKM, TO TOJIMHAHA ITOBEPXHOCTH pPaspLiBa
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WA IMUPHHA cjefa NPOoNOPUMOBAJBHA Z'/2 ANA Madex gucen Peii-
HOJBJICR, W [i0 TEX HO], MOKA COpaBefIuBa 3Ta 3aBHCHMOCTD, TCICHUO
B cJlefle MOKHO OpegmoIaraTh JAaMHHADHEBIM.

Re=8540 =14 480

N

®rr. 26, (QopMa TOBePXHOCTH pa3pHBa A KPYyToBOTO
nuaunggpa [10].

CompoTHEBIeEEe TeJla MOKHO BHYMCJIHTH, ASMEPAA pacmpeneleHusd
CKOPOCTE JAJIGKO 3a TeJIOM B cliefié M IPUMeHAHA yPaBHEHNE KOJIHYe-
CTBa TBHIKCHHAA.

Teyenue 0K0A0 NAOCKOU NAGCTMUNBL U 3a Hel

MpenmomoxuM, Iro TIAOCKAS NIACTEHR PACIONoReHA LOJ Hyde-
BEIM YIIIOM aTaku B OJTHOPOJHOM MOTOKE, IBHKYMEMCH CO CKOPOCTRIO

HoumpoittHas nOGEpAHOCIS B,
> X
L i LT 2 Ll e

N
\

e

r’u{‘r,y)

LR RSN

Sy

m

- b

Uco Um Uy,

@ umr. 27. [IpuMeEeHEe yPaBHENEA KOXHICCTBA
BWKEHRA IS pacuiera CONPOTHBICHUA IWIOCKOH
LIaCTHUHE]L, PACIOIOKeAHo MO HYTeBHM YIIOM
aTak®, UPH 3aJaHHOM Ipodrxe CKOPOCTH B CieNte
[66].

V¥ w, B IycTh muockocTd AA4, BBy ABNANTCA KOHTPOJbHHME IOBEPX-
moctamu (pur. 27). Bexoxcrsme ycaoBus HEPAaSPHBHOCTH M yMEHLIIE-
HAS CKOPOCTH BOMM3H OCH I JacTh SKMJKOCTH O6yaeT IpoTeKaTh
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qepes KOHTPOABEYI0O noBepxHocTh A(Bi. RoaxmwecrBo mporerammeit
KUTKOCTE PABHEO PASHOCTH MEXKIY KOJIWIECTBOM KAMTKOCTH, IOCTYIAIO-
meit yepes A A m npoxomameii gepes BB, . I'panuna 4B He naeT BRIaja.
B KOJHMYECTBO [IBHM’KCHNA B HANDABJICHHE 7, TAK K&K BepPTHKAXbHASA
COCTABJIAIOMAA CKOPOCTH HA OCH & BCIENCTBHe CHMMETPHEHN paBHA
gymio. Ecam mupupy nnacrmen o003HAYATE depes b, BIEKANMYO
MAacCy KAIKOCTH CYNTATH TOJOKATEAbHON, 8 BHTEKAKNNIYI0 — OTPHIA-
TelbHOH, TO GalaEC KONMYECTBA [BIKEHWSA MOKHO BHIDASHTE CJe-
OyIomuM o0pasoMm:

Goueme pacxon ommero gy
AB 0 0
h h
A4y b § Uody pb i ul dy
h h
BB, —b 5 udy —pb j u?dy
¢ 0
h h
AB; —b S (00— ) dy —b S oo (oo — 1) dY
0 0
Z = Hour- 2 = Pacxog =10 Z = IloToK Koamdecrsa
POABHAA remxerng — ConpoTas-
HNOBEPXHOCTh JeHAe

Taxk Kak HOIHHEA TOTOK KOJHYECTBA NBIGKEMMA paBeH COIPOTHBIE-
"z D, TOo Ba ofHOH CTOpPOHE NAACTHHK

D=bp 5 U (Uoo—u) dy.
y=0
JAna oGemx cTtopon

2D =bpS u (e — w) dy. (1)

Xora 210 ypaBHEHWE, BHIpajKalomee MOTEPI0 KOIWIECTBA NBIKCHHS,
BHIBE[IEHO Il IIOCKON IJIACTHHH, OHO IPHMEHEMO JIIA JI000T0 CHM-
MEeTPHIHOTO NAIMBIHAIECKOTO TeJa.

Ecam Mul ompefesuM TONIMWHY IOTePH HMITYILCA HaK

o o (1=
TO

D = bpuz,0.



100 3 TTABA VIII

Pacuopenenenue crkopocTE B ¢leme 3a IVIOCKOM NJIACTHHOR OMpefe-
ngerca caegyommM o6pasoM [66). IIpexmonosum, 9To B Ciee cpepHAA
0 BpeMeHH pa3BoCTh COCTABIAIHIAX CKOPOCTH B HAUPABICHAU OCH I

U (2, ) =% —u(z, y) ()

MaJla IO CPABHOHMI0 ¢ W, TAK 4TO wWieHAME ¢ U'? mum Goxee
BHCOKOTO HOPATKAa MOXHO npedeGpeus. Ilpeme6peras U'® m cpengeit
0 BpeMeHH PARHOCTBI0 V'2 COCTABIAMMX CKOPOCTH B HAIPABICHHE
OCH }, mOJydaeM YpaBHeHHE DOTPAHHYHOTO CIOsA Ha IJIOCKOH IuIa-
CTHHE B BHJIe

al’ FRI7k
Uoo e =% ay2 (3)

¢ rpaEmYERME yetosmamm U /0y = 0 mpr y = 0 uw U’ = 0 npm
y = co. UroOH mepefiTA OT ypaBHEHHA B YACTHHX UPOW3BOJAHEIX
K OOHKHOBeHHOMY auddepeEnmanbHOMY YPABHEHWIO, IpAMeEM

=y} d= )

0 =uC (F) 2w, (5)

rme ! — puwEa pnactmHE B C — OpOH3BOJNBHEIA KO3pPUITMEHT.
Tenepr ypaBrenme (1) mpumet Bup

2D = bpl S T dy. (6)

-0

Ecam nopcrasmm (5) 3 (3) m pasgenmm pesyawrar ma Cud, (x/l)—'ez—1,
TO IONYdYdM

rt 1 r 1.
g+ +58=0 (7

npu rpaEmIELHX yeaosmax g =0 mpum =0m g =0 opm n = oo.
Nurerpmpya, nomyiunm

i
g'+5ng=0,
apryeM DOCTOSHEAS WMHTETPHPOBAHHA paBHa Hyxalo Oxarofaps

rpasmasoMy yeiaopmpw g = 0 npm n = 0.
HNarerpupys pmaznee, momyumm

gmcrn (). ®
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OpHYeM DOCTOAHHAA HHTEIPHPOBAHAA NOABIAECTCA B BHIAE MHOKH-
Telsa W, He Hapymad oOINHOCTH, ee MOXHO UPHHATH PaBHOH egH-
HHIE, TaK KaK B ypasHeHHe (D) BXOMHT NPOH3BOJABENHE Koapdunment C.
On onpexensiercA M3 YCJIOBHA paBeHCTBA CONPOTHBJCHHA, BHYHCICH-
HOoro mo ¢opmyae (6), conpoTms-

JIeHHI0 OJIACTHHE. Tak Kak 10

fg (n) dn=afexp (—fw)an= o9

=2V =,
ypasHeHHe (6) ODpAEEMaeT BHE u

2D =2V wChoul J L. o6

02 / \ o1

y
e
7 <

4] A < S 3 | ] } ] 1

~4 -3 -2 -1 0 1 2 3 4 0 05 10 15 20 25 30
[
= ur !
i sV
® mr. 28. Acumumrorudeckoe pacnpe- @ umr. 29. PacopemeleAme CropocTH
feleHAe CKOPOCTH B JaMEHAPHOM B JIAMAHAPHOM C¢Jeae 3a IIACTHHOIM,

clexe 3a WIOCKo# maacruuoi [66]. PACHONOKERHOH MOX HyJeBRIM YTJOM
ataka [66].

13 atux nByx ypasHeHEi

C = 0,664/} .

OKoH9ATENBHO DOJYYaeM CKOPOCThH U s caene

o’ 0,664 fx\-12 1 ¥2ue

= e (7)) e (-7, ®

JTo ypaBHeHHme CIPaBeJJHBO HA GOJBIIOM PACCTOAHEH OT Kpas mMja-
cruesl. Ha ¢ur. 28 mokasamo pacnpeneiieEHe cKopocTH, HOTYyYeHHO®
3 ypasHeHHs (9), KoTopoe HaHOMMHAET TayCCOBY (GYHKIEIO pacipe-
deJdeHAA omMROOK.

Ha ¢ur. 29 moxasamo pacnpefeiseHHe CKOpPOCTE B JaMHHA PHOM
caefe.
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Teuenue okoa0 menra npPoOU36OALHOU GOpMB U 3@ HUM

B nmamummapeoM cieme maxke Ha OOABIIOM PACCTOSHHH 3a TEJIOM
CKOPOCTH B OKPECTHOCTH OCH CHMMETDHY HEe PaBHA CKOPOCTH HEBO3MY-
HeHEOT0 HoToKAa. CHIE, AeACTBYIOIIAE Ha TeJ0 HPOH3BOILHON HOpPMHI,
MOKHO BH9HCJATHL ¢ HOMOWBIO TeopeMu HMoyiancor [67]. Ckopocts
HeBOSMYIEHHOTO HOTOKA H €@ HampaBjieHHe 0003HAYAIICH U€Pes U o
u r. Hagano ocm xoopaEHaT £ HAXOAHTCH B HEKOTOPOH TOUKe BHYTpPH
trena. Cropocts B Ja000d R3ajaHHOM TOYKE ONpeNeNAeTCA B BHIE
Uw — V, rge V HMeeT TpH COCTABAANMEX U, V H W B HADPABJICHHH
oceif z, y ® 2. Torna COOPOTHBIEEMEe ONpPEAENACTCA BHIPAIKCHHEM

D = —puo SS u dy dz. (10)

Ifonremraa cuna F, m GoxoBasa cmna F, ompependiorca Bepaske-
HESAMH

F, = —puo H v dy dz,

F,=—pus SS w dy dz.

I

JTr mATEerpanw GepyTcA HO IUIOMAAM NOOEPEYHOro CEeYeHHs CJefia.
Ecam ocecmMMeTpEYHOE TEI0 PpACHOJOKEHO 6O/ EYJAEBHM YIJOM
arakd, 10 F, m F, pasau myar.

OneHka DOPAJKOB BeJNWYHH NOKAa3HBAeT, 9TO B CJele BENHIHHEI
J*V/dy® m 0%V /92 Gonbme mO CpaBHEHHAIO C BeamYHHOH §°V/dx?, Tak
910 wneHOM VvV *V Heapssa mperebpedn maske OpH r't «/v 31 (r — pac-
CTOSHHAE OT TeJa), T. €. TaM, I'[e TeueHHe BHE CJIefa MOKeT pacCMaTpH-
BaTecA moreHmmadbHEM, Yanen (V.grad) V B ypaBrenmm Hasre —
CroKca N0 HOPANKY BEJIMYMHHE PaBeH (Lo — V) (8V/0z) ~ (4 V/Z),
a wren vw2V mo mopanky seamumHnl paBen v (92V/oy*) ~ vV/(2by,)?,
rne 2b, — mmApuEa caega. Kcam camTaTs, 9TO 3TH JBe BeJIHYHHEI
oaHOro mopAnKa, 10 2b, ~ V' Vil w, T. €. HIMpEHA CcNela pacTeT
nponopnmoransao V z. Us ypasmemma (10) caemyer, §To

F.~ puoV (2b,)32,

Vo~ Lz
pvz

T.e.V B ciefle yMeHbIIaeTcs ¢ ysenmuennmeM x. Mcciaenoparme Tede-
HHAA B Cjlelé MOKHO YHOPOCTHTDH, €CJH BOCHOJNB30BATHCA THIOTE30H
ABTOMOMENHFHOCTH HOTOKA B ClHefe.

JAiA paanpHEro ciema MOMHO CAeJNAaTh LPERNONOMKeHHe, 9T0 BCEe
wpoduim CrOpocTedl mOLOOHK OFHOMY «YHHBEPCAJIHHOMY HNDPODHII0
CKOPOCTH», €CJIM BBEXPHE COOTBETCTBYOHMAE MACIITAOH [JAHBI H CKO-
poctm [17].
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TogHee, IPH COOTBETCTBYIOMIAX MOJIOATENBHRX NOCTOAHHHX P H ¢
u(z, y) = z7°f (n),

rae 1 = y/x9. IT0 BepHO AJA JAMAHAPHOTO H TypOyneHTHOTO IBY-
MEPHOTO M OCECHMMeTPHYHOI0 TeYeHHAH B clefe.

Caen Honuuecrso OnHopooHBIHE TypOyneHTHR®
. OBHMKEHHA NAaMMHADHEIA 2¢ =1 pPt+tg=1
. 1 1
JByMepHBE p=gq p=9== p=q=-5
1 2 1
Ocecummer- p=2q p=1, g=-5 p=g, ¢=7
pPHIHHH

IToctoAnEBE p M ¢ MOTYT OHITH OLpejeleHH AJA BCeX CIy4Yaes
43 OprbamKeHHOTO YPABHEHHsI KOJINIECTBA IBHIKEHUA.

Jist npymepHoro motoka p = g = /,. lllupmra ciaepa no mopaj-
Ky BeamdmeH cocraBiserT O (x'/2), MakCHMaJdbHAas CKOPOCTH o0pat-
Horo redennd O (r~'/?) m umeao PeAHOALICA TOCTOAHHEO BAOJIE CHEHA.
Jlasa ocecUMMETPMYHOTO JaMHHADHOTO IOTOKa p =1 m ¢ =1/,.
Illmpmna caema nmo HOpsAAKY BeamdEHH coctamasieT O (z'/2), MakcH-
MaabHag CROPocTh ciefa O (z~1) u ymcno Peitnonasgca Re = O (x—1/2)

[17]. Kak ysKe yHOMAHaJIOCH, INEPHHEA CJEAa PACTeT HPONOPHHAOHAID-
mo z'/2 [65, 67].

1.2. TYPEYNEHTHOE TEHEHWE B CNEAE

Teuenne B caepe 3a IIOCKOH NJAACTAHOH MM JIOOHM APYTHEM TEIOM
CTAHOBHTCA TYpPOYVJIEHTHHIM npH 4mciaax Peimoasica, Gonpmux 108
Jlake B ToM ciydae, KOT[la HOTPAaHHYHEINA CIOH OCTaeTCd JIaMHHAP-
HEM JI0 3afjHe#t KpOMKH, TeUeHHEe B Clejle CTPEMBTCA TypOyIm3oBaTh-
¢A M3-33 HEYCTOHYMBOCTH NOTOKA BCJENCTBHE CYIIECTBOBAHHWA TOYRY
nepernba B npodmrie cKkopoctu. Ecam morpaHuYHsIi CJIOH Ha moBepX-
HOCTH TBEP[OI'0 Tella CTAHOBUTCHA TYPOYAEHTHHM A0 OTPHIBA, TO, €CTe-
CTBEeHHO, cnen OyaeT TypOyaertHrM. OCHOBHHM HOKasaTexeM TypOy-
JeHTHOCTH HOTOKA B Cleje SABIAIOTCA, 0YeBHIHO, CKOPOCTE B Clefe,
MEHBOIAA CKOPOCTH OCHOBHOIO HOTOKA, M TYpPOYJIeHTHOE TPEHHAE, KOTO-
poe MEOro GOJNIBINe JIAMAHA PHOTO.

3amagy o0 TypOyNeHTHOM cJiee MOKEO PemuTh ¢ HOMOINBI ypaB-
HeHU# uorpaHmuHOI'0 Caosf. [Ipm ompepellenum mapaMeTrpos morpa-
HAYHOTO CJOA IIpeAnoNaraercs, 49TO TOAMUHA OOrPaHEYHOTO CIOA
Maja N0 CPABHEHHIO ¢ JJIHHOM TeJa, a4 NMONepevyHHii rpajimeHT CKOpo-
CTH BeJHK. JTH OPEeANOJOMEHUA CIPABEeIHBH AJdsA Te4eHHS B Clene,
TaK KaK IONEePEeYHHe pasMepnl CJeXa MajJdH [0 CPAaBHEHHI0 ¢ pasMe-
PaME OCHOBEOrO HOTOKA H HOMEPEYHHH IpajHeHT CKOPOCTH B Clene
pocTaTogHO BeamK. [loaTomy MeTop pemeHHA 3ajjad HOrpaHHYHOTO
CI0A MOKHO NPHMEHATL K pacdeTy Te4eHHA B cJjefe. leopeTmiecknm
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paccumTaTh TYpOyJXeHTHOE TedeHHe B CJefe Hpome, IeM TypOyaeHT-
HOE TeUeHHe BIOJIb CTeHKH, TAX KaK M3-3a OTCYTCTBUA CTEHKM HeT
HeoDXO0UMOCTHE pacCMATPHBATh JaMAHApHEL momciaoli. Kpome Toro,
JaBlIeHHe B OIpPEJEIEHHOH 00GIACTH Cllefja Ha HEKOTOPOM pPacCTOAHHE
OT TeJla MOKHO CUMTaTh HNOCTOAHHEIM, YTO YHpoimaeT pacuer. Haca-
TeJbHNE HAOPSKCHAA MOKHO BHIPDA3HTH, HCUONBL3YH MOHSTHE [NJIAHE
nepeMeIIMBaHNA, BBeAerHoe llpampmraeM.

Teopusa nozpanuunozo caon

OCHOBHEIE YpaBHEHHESA HOTPAHUIHOIO CHAOH SKEIKOCTH CIeAYIONHe:
YpPaBHEHHE HEPa3PHBHOCTH

du v
7% Tay =Y

YpaBHeHHe KOJNHYECTBA ABHACHHA

ou du u 1 ¢
Tl Ty T ey
n
du | du
_ J2| du | ou
T=pl AT

rae ! — myTh cMemeHHA. [ipome Toro, no runorese Ilpanjrasn,

T=0pe —‘% . (11)
Tax xak s¢ppeKTHBHAA BAZKOCTH € ONPELNAETCA BHPAKCHHEM
e = Kb (Unake — Unman)s

T = 0K b (Wsane — Ustun) ‘g‘;i ; (12)

e b — mupuya 30HH CMEmEeHHdA, a K — IMOApIIeCKas HOCTOAHHAA.
Uro0H mpoEHTErpapoBaTh AuddlepeENUaILHNEe YPAaBHEHHA Hepaa-
PHBHOCTH H KOJIHIECTBA ABHKEHHSA, OLEHHBAKTCA LOPAAKE BeJHIHH
E [EJANTCA COOTBEICIBYIOMHME HIPEATIOI0KEeHHA.
Ecim mopeguososcum, 9T0 MyTh CMeNIeHAs OPONOPOHOHAJNEH b, TO

d
i:if}=const a -—b-~v',

b dt
T. €. CKOPOCTh POCTa [ MpONOPHMOHaNbHA oHepedHoii ckopoctu v’ . Ho
’ du
~1 0%
v 5
TaKk 49TO
db g 9u

dar " "y
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Caenyiomee mpepnmono;KeHHe 3aKI09aeTCsA B TOM, 9TO CPe/iHEe 3HAUe-
HHC Ju/dy Hpu b/2 DPOHOPUHEOHANBHO Uyaye/b:

%lt’_ =const. (1/b) Umarc = const Pt yaxc-

Xuume [68] mpemmosxmn npyroii MeTon pacueTa TeueEHS B CJefie.

IIpubauacennoe ypasnenue OeuNeHUR

B cBobopgmom TypOyneHTHOM HOTOKe, T. €. B CHAe€lle, KOTOpHH
HE CONPHKACAaeTCs HEMOCPEICTBEHHEO ¢ TBepAoil rpaHuNel, TypOyaenT-
HOE NBH)KEHHe HeH30TpomHoe, B saryxamomeM H30TPOOHOM TYpOY-
JEeHTHOM TeleHME TYpOyJNeHETHOCT, HE HONMEPIKEBAETCA, OXHAKO
B cpobomHOM TypOyneHTHOM NOTOKe TypOYIeHTHOCTL BOCIPOM3IBO-
maresa. Husa ompepenesEnA napaMeTpPoB IOTOKa B cJiefle JAeNaloTCH
CAeAYIOINAe IPENIONOKEHHHA,

1. Cpennee 3maueHHe COCTABIAICINEA CKOPOCTH MOTOKA, IePOEHIH-
KYJAApHON K HAaNpaBJCHHMI0 OCHOBHOTO HOTOKA, TOPA3[0 MEHBINE CKO-
pOCTH OCHOBHOTO IOTOKA.

2. Tak Kak pasMeps o0JacTH TypOyJeHTHOIO TeYeHHA B HAIPAaB-
JeHHH OCHOBHOTO IIOTOKA ropasfao 0oJjbine, YeM B HONEPEYHOM HATPAB-
JeHHH, apaMeTPH HOTOK3 M3MEHSIOTCA ropasfo CHJLHee B mOmeped-
HOM HANpaBICHHWH.

3. Namerenus cpepHero CTaTHUECKOTO JaBJEHHHA 110 IIHPHHE CJIEIa
openefpe;xuMo Maide. Tak Kak CTATHTIECKOE AABICHHE B HANPABJE-
HHHA OCHOBHOIO IOTOKA IOCTOSHHO, MOKHO HPENIIONOKHUTH, 4T0 B 06-
AaCTH CHieja CpefiHee CTATHIECKOe JABJIEHHE NOCTOAHHO. BBoms Mac-
mrabu gnme L., L, ® L, B HanpaBnenun oceif x, y W 2z, mOAyYAM

Ly L, Ly
L_x<11 Lx<<1ﬁ'z‘~1,

HOCKOJbKY TYpGyJieHTHass 30HA 3HAYATE]ILHO y#¥e B HanpaBIeHAR
OoCe y ® z, 94eM B HAIPABICHHH OCH ZI. 3anoumeM YpaBEEHHE Hepas-
PHIBHOCTH [AJH OCpeJHEeHHHX II0 BpeMeHH CKOPOCTEeH
8l
dr

ai_’, ﬂWj .
_I_ 6,!] _]_ 9z '"‘03

rre U; — cpenEAs mo BpeMeHH COCTABAAINAA CKOPOCTH B HANpas-
JeHAHW OCHOBHOTO HoToKa, V; H W; — CcpepHme 1o BpeMeHH COCTAaB-
JAIIHME CROPOCTA B HANPABICHHWH OCOH ¥ H Z COOTBeTcTBeHHO. Ecam
BBecTH MacmTabm cropocrm U, U, m U, B manpasnenum ocedl z, y
I Z, TO OOPSAMOK RBEJIHYAH BceX WIEHOB B ypaBHeHAHW Hepa3pHEB-
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7, oUZ T: WTT I,

HOCTH 6yAeT OfHHAKOB:

Ue U, U,

Ly = Ly ™ L,

U, L, U, L, U,

Ux  Lp ' TUx Le 0T, 70
Ki_—_Ly, ‘fi:Lz HK‘~1.
Uy Ly Uy Ly Wy

Hanpﬂmeﬂne pur, KOTOpOoe HOABJIAETCHA B YPaBHEHHH [IBWHREHHSA
Peitnonpaca, MOKHO Tak;Ke BHPA3HTh B YA0GHOM Macmrade ¢ IOMO-
mplo Kodpdunuenta Koppeasauma R;;:

ui)a (¥j)B
Rij)a. p =2
( ZJ) (ut)A (uJ)B
Te u; d U; — COCTARJAIOIIAE NYIbCANMNI CKODOCTH, U; M U; — CpejHe-
KBaipaTHMYHHEE 3HAYCHHA COCTABIAKINHX WYJLCAIAU CKOPOCTH, 8 HWH-
JEeKCH i H j OTHOCATCA K MPAMOYTOILHEM KoopgmHatTaM. A4 ® B 060-
3HAYal0T TOYKH, B KOTOPHIX DACCMAaTPHBAKIOTCH COCTABIAWMEE €KO-
pocte. Tax kax maTeHcHBHOCTH TypOyienTHOCTE U®, v° H w? mMeror
npuOAA3NTEIBHO ONUHAKOBYI0 BEIUTAHY

u? &~ ¥~ v,
0603HATEM WX Uepes V2, H TOTAA
uiu; ~ R;;v? upm i 5= j.

TakmMm oOpasom, Hampskenme PeiliHoabgca puv BHIpa;KaeTcsa depes
pR ., V2.

Y pasnenus dsuncenusn Pelinoavdca dan medenus 6 caede

B o6mactm crega ¢cKOpPOCTH OCHOBHOTO motokKa U/ MEHBIIE CKOpO-
CTH HEBO3MYIMEHHOI0 OCHOBHOTO TOTOKA U . T4K KaK HapaMeTpH
IOTOKAa B HAIPABJEHHH ¥ H Z II0 CYLECTBY OQUHAKOBH, TO J000€ pemie-
HEe B HANPaBIeHWH Yy OpUMeHHMO H JuasA HanpasjieHma 2. Cnemosa-
TeJBbHO, PACCMOTPHM TOJBKO HAUPABIEHEA Z ¥ J. JaOHINEM ypaBHe-

HEe [BH:KeHUs PeiiHoap/ICa W MOPANKE BeIMYHMH 9JIEHOB AJA HALNPAB-
JNeHA X:

ol an _Loap 8 — 4 —
(Uzoo—i—Ui) +Vi __Ha_x_ 3z U -——5—' ur —_— '5; uw
Uoo U2 Ui Uz Apy v? R v? R ve
7, Lx L. I. oL. L. v F xz

HIH
2 2 2
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rRe p — cpegmee Mo BpeMEHH CTATHISCKOE JaBlieHme, a Ap; — H3MeHe-
HAe CTaTHYECKOro JaBAeHHA B HAHNPABJIeHHH ocH z. Tak rkak U, =

= (UxLy)/Ly, 710 V3 (0Us/8y) mmeer mopamox (U,U,)/L, ~
~ (U%/L,). CnemosatenpHo, Beamaunsl Vi (83U /dy) m Wy (0U41/62)

nMeror nopagor Uy (8U,/0z). HMaa W, (0U,/92) monyuaum Takme ixe
pesyAbTATHL,
JIss HampaBleHHA Y

Uog

U /ALLERE ARACRE /AL T B R
(14)

e Ushy  Uily ULy Apy o R

o, L Ly Ly pLy Ly Ly Y2 L,

HIA

3 { y  BAe p oL, 2 nr o ip

T, LpU% "YW UR L, UL Li VUL’

rae Apy — H3MEHCHHEC NaBJICHHs B HAODABJCHER J.

Tark Kak Us/U; » 1 Ras TedeHHA B cilene, TO BTOPOH M TpeTHd
9leHH B JIeBOH YAaCTE 3THX ABYX ypasHeHmA Maian. Ecnm ny, R.,

u Ry, He MaJm, TO du®/oz B ypasmenmm (13) menbure, wem Auv/dy

m Juw/dz, a vu/dz B ypasuennn (14) Membme TYPOYICHTHLX WIEHOB.
Hpome Toro, mopamox v¥/U% moxer OGHTH CAMHIM BHICOKHM, CIEJOBA-

TeABHO, Uo/U/; m3 ypasmenmsa (13) me mosxer mMerb GOABMEA HOPA-
IOK, 96M Lx/Ly. Jpyrumu ciaoBamu, Bce TYpOYAeHTHBIE WIOHH MEHE-
Ime NMEePBOTO dmeHA B 1eBOH wactm ypasHesma (13). CaepomareasHo,

HOPAAOK BEJHYHHE Ue/U; Takoit e, Kak B L./L,.
ITo Toit ke IpHNYNEe MePBHI Wien B JeBOK JaCTH ypaBHEHHA (14)

Menbme Jv?/dy B Ovw/dz; TR JBa WieHA YPABEOBEIIHBAIOTCA WICHOM

(1/p) (9p/ay).
Teneps, ecliE COXPAHATL TOJBKQ HAKOONBIIHE UIEHEI, TO YpaB-
gennme (14) opaMer BHT

ap a = a —

37+pa—yv2+pﬁvw~0. (15)
NuterpupyeMm 510 ypaBHeHHe:

p+ort-+o | s-owdy=pe. (16)

IlocTonsBHaA HHTErpUPOBAHHA Po — CTATUUECKOE [NaBJIeHUE 3a Ipe-
AenaMm TypOyaenTHo# o6iacTH B TOM jRe CeUeHHH.
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Huddepennupyem ypasreame (16) mo z m pasmenmm peayapTaT
Ha

1aop 8= 8 4 —
T T w Y ‘“355‘5?”"’@- (17)
Ana EanfoapmIEX WwieHOB YpaBHeHme (13) npmEmMaer Bun
o, d — & —
Uoc —ax—'—— ——a—y— uv—%—z—uw. (18)

Pacnpenenenne faBIeHEA MOKHO NOJXYYATH U3 THX YPABHEHWIl, ecad

A3BECTHH Uy M Lw WIm HX coorgomenme ¢ U;. 310 cooTHOmEeHme
MOKHO HOJXYIHMTh B NPEILIOJOMEHUH, YTO IEPEHOC KOJMHIECTBA NBH-
JREHHA [POHCXONAT BeJiefncTBHe mupdysun, obycrnopmemHo#t rpa-
IHEHTAME BEJIHIHH:

aﬁl ﬂﬁj
a9z k& azy )'
rae {€m);r — KoaddummenT Tersopa TypbynaenTHoi qudpdysuu. Yienn

dU1/dy m 0U1/3z Sonpine BCeX WieHOB, BHPAKAOIMEAX H3MEHEHAE CKO-
pocta. Iloatomy, ecim mpeHeOpeub MAJHIMEH YIGHAMH, TO

ol ) oU ] al,
Uoo 6.1:1 :—6? (Em)xx _t?—y!-} +73;' {(Sm)xx_a—zi‘} . (1%

Ecam xoapdunmenr (e,,)., IPAHATH OOCTOAHHLNM, TO pelleEAe ypaR-
menHa (19) Gymer pemenmeM ypaBremma I'aycca. [as nsymepHOre
HOTOKa HMCHOAb3yeTcA mnoHarme nyTH cmemenus I[Ipanaras

— wuy = (embu

Uy 5o @ (aff', 2
wo =Py () 0
TRe [ —OyTh CMellleHHA |
aU
2 —@i— = (€m) -

1.2.1. Jeymepnoe meueHue ¢ caede 3a meaom

TypbynentHoe TedeHHe B Cixefe 32 CHMMETPHYHHMHE TeJIAME HCCIe-
KOBAJOCh B IPOIIIOM, HO TeYeHHEe B CJHEJe 38 TEJOM HeCHMMETpUIHOH
dopmul, o6TanaoIAM DoABEeMHOH CHIIOK, M3YYeHO AOBOJBHHO MAJIO.
THOMIEKM DpHMEpOM ABYMEPHOTO Clella ABIAETCA TedeHHMe 3a Oec-
KOHEYHO JJIMHEHNM KpPYTFOBHM HEIHHAPOM ¢ OCHI0, HePHOeHAHKYJIAD-
HOH OCHOBEOMY HOTOKY.

Camocoxpansiougeecs meueHue

s rypGysieBTHOTO cliefla CaMOCOXpaHAKmeecs TeueHne Ha 60Jb-
IMOM pPAaCCTOAHHE OT Tella JyYme H3yIeHO, YeM HecaMoCOXpaHf-
OnIeecs TeYeHEHe CPasy 3a TeNOM.
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Teopus. 3pmecs GyoeT HCCIENOBAHO TEOPETHYECKO® pACUpeleIcHAe
CKOPOCTH B JBYMepHOM ciefie. Byner paccMorpena Momeldb TeueHHA
B ciefie 3a KpyrosuM maimaapoM (Pur. 30) B nupeanonomesnu o noxo-
O6uE mpoduiell CKOPOCTH B COYCHHAX CJIela HAa BEeKOTOPHIX PaccTOA-
HAAX OT nmaaEppa [68].

® rr. 30. Tegderme B caeffe 8a KPYTOBRIM
nuauEapom [68].

Ecim o6osnaunts wepes U’ oTkiaoHenme or cropocTd U, BH3HBae-
Mo#f 3THM LHAMEApOM, a uepes [ ee cpefmnee 3HaUeHHWe, TO ypas-
HeHHEe JBV’KEHHA B HATIPABJICHHA OCH I OPHMET BHJ

v’ @

Plhoo 5z~ =3y T

20 _ 2 O 1)

Tak Kax KapTHHA TeUeHHAA B CIele UpeAIolaraercs aBTOMOMENb~
HOHA, TO

v ﬁl’:ar&c . Oxy .
[7;‘”‘0 =f (gz)v PR lP(E;), Pa’;"a ” = A (&), (22)
=209 = §1=zj“. (23)

W3 ypasmerusa (23)
=Y (&) f (B

H
Oy 5 A
p—ug‘:"\l’ (&) (Ea)-
{lockonery

o U 1 0%, ¥ O O
dx U 4 0F ' dp 0&4 OF
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i Oy ~lpz('p dh
dy pul,  d dEp’

ypasuesne (21) ompmEmmaer BHA

dy Yo dp df o dR
Ta+ =% & mm =V (24)

IIpupasHEBan pedexr pacxoja MACCH HOTEPe NOTOKA KOJIHAYeCTBa
OBWREHAA, MOKBO Haite cBusk mMexxny Y (§) m ¢ (§):

¥ (£) = Ao (§),

riae A —mapaMeTp, KoTopwii OyHeT onpefesiem moske. lorja

w3 ypasmenusa (21) umeem

f 2 (df/dE2) A P? 29
dh(dEy 1 dhjdss T dojdEy” (25
YUneHs B JeBoil 9aCTH 3TOTO ypaBHEHHA aBuA0IcH QyHxmuamm &,
AJd TONBKO ¥, 8 YWICHH B HPABOH YacTH — YHKNAAMHE §1 HIH TONBKO
z. ITosromy, aT06H ypasaenue (25) ynosxerBopaiocs, o6e 3aCTHE 3TOTO
YpaBHEHHA foM:kHHE OHITE mocTogHHEMA. CiefoBarelbyo,

¢? = const 99 pom cp=—1—

dEy VE
Ioacrasass ¢ B ypasmenme (22), moxydmm

_ry 2 ¥ 6
Ll G =k &)

Taxum obpasom, m3 ypasmenmit (22) m (23) ciemyer
[ 4
T —ay L

Oxy g d
pugo =4 z--a

% (52}

3nas &5, ¢ m ¥, ypasEeHHe (24) MOKHO IDeACTaBHTH B BHME
dh

d
fthg— — 244
Ilocne HHTErpHPOBAHHA
1
h= — SA Eaf +c-

¢ = 0, Tag Kak KacaTejibHOE HANpsKenMe upu §, = 0 paBHO HYIXIO
BCAEACTBHE CHMMETPHIL.
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Pacopenenienme KacaTeJbHHX HaOpsKeHHE ompeneseTcs pacupe-
neJeHHeM CKOPOCTH

ny _ 1 l/ d ﬁ’ _ 1 y U’ 3
ok~ T2V it T T o raum (27)

N3 ypasuerma (27) maxonmM KoMHOHEHTY Koxddummenra Typlymaent-
HOH ARODOYIAA (&r)xx:

(Em)xx l So (5'/1100) . 1 £2 (ﬁ' /ﬁﬂaanc) (28)

Ul 2 (dd) (U'fue) 2 (d/dE;) (T [Drwarc)
Kak suapo m3 ypasmerHA (28), (£,,)xx ABIfEeTCA QYHKOHeH TOIBKO
£,. Wurerpmpysa ypasHenme (28), HaXOMEM OTHOMEHHE CKOPOCTEH

o == @XP Uood 332 £ d& } . (29)

U;qanc T2 {&m)xx

Ecaum mpeamono:kuThb, 4TO (8p,)xx — const, To

— exp { — gz} . (29a)

(Emdxx 7%

_’

[_]h’IaRc
Haa pemenus ocuoBHOro ypasmenms (29), maiomero pacupejelie-

HEE CKOpocTH, HeoGXonmMo 3HATE (€n)xx. LECIE BOCHONB30BATHCA
HOHATHEM HYTH CMEIIeHHAA

(emdea= 12| 2|,
TO
Em)ex _ Al? d u’
uwd  d(x-}-a) -daf;;mﬂc :

Hpeanonoxmm, aro L = €,V d (x |- a), rae C,, — woadhdunuenr. Ilox-
CTaBAfAA 5TO BHIpasKeEme B ypaBEeHme (28) W HHTeTDHPYA IocIefHee,
Ha XOUM

U . (E2)8 _ { | 2] ) #/27)2 30
Umave  18ChA [1 [E2lo ] ‘ (30)
rae (8,)o — 3Bauennme Lp, IPH KOTOPOM U’ = 0. Iapamerp A MOKHO
BHIUHCAETH, HCNoAR3ys yeiaosme U'/Upaxe = 1 mpm &, = 0,
_ (E2)d
A—v—m.

Teneps ypaBaerue (30) mpmummaer BHJ

=1 {&" T (31)
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Hpome ToOro, mmeeM

Uma!{c (E2)3 g
=4 ]/x+a 182(,'?,, z+a” (52)
W3 ypapsenmii (31) u (32) caemyer
U (&) d _ [ 1E %22
bt d A Kk G- (33)

3maveHdAs Cp ® (§;)p MOKHO BLMHCIMTH B IPEJUONOKEHWH, YTO
l=Bb, m b,=B(Cpdx)",

rpe b, —nonoBmEA WMEPHEHE caena, § m B — napamerpni, a Cp— xoad-
UL MenT COnpOTUBIECHUSA.
Hockoarxy [ =Cp V d (z + a), 10
oo B B
™ d{zta) d(x-a)
Taxk Kax m3 EHTErpala KoamdecTBa apw:Kenma [68]

B=V10B
104 Cpd
Cin = d(z+a)
¥ TOCKONBKY
g — L.
Vd(z+a)
TO
buw
(52)0 - vd x—[—a)
IlomcTapasaa sru 3Ea9eHUss B ypasHeHme (33), moaydaem
. '\/10 Cpd 3/
Uoo 18P r+a w) } . (34)

Tenepb, ecanm npmmem a =0, To

0 VI T (g (1), R

dTo pacmpenelieAme CKOPOCTH B Cjefe 3a KPYTOBMM THIMHIPOM,
monyuenroe MlmmxTmrrom [66].
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Ha ¢mr. 31 npencranneHn pacyeTHO® H BDKCIEPHMOHTAJILHOE pac-
HpefeieHAs CKOPOCTH, KOTOpHE Xopommo coBmamamr [69, 70]. Kpa-
san I coorBercrsyer ypapHeHHIO (34a), a KpEBag 2 — CIegyOIEMY
YPaBHEHHIO:

Zo n 11/3 I/W (ca;d)_% exp “"1'"2) :

rme 1 = ¥ Vuwleor, a 8o — mocroaaHAA 3GPEKTHRHAA KHHEMATHTE-
CKasd BASKOCTh. JTO yPaBHOHHE IIOJIYIdeTCA M3 YPaBHEHHA IS JaMH-

1.0
Uiaree o 80
0.6 A 100
P\® o 1665
04 ) e 208
N
ﬁé,,é" 02 %:\;
- | A

-12 -0 -08 -06 -04 -02 O 02 04 06 08 10 12
Y/Yr

@ ur. 31. PacupeneneHne CHOPOCTH B Ciefe 3a KPYTOBEIM I(WITHHI-
pom [66]. Cpapmenue Teopuu u srcuepumenrta 0o Mauxrnary [69].

HAaPHOTO CJef[a 3aMeHOH TaMAHAPHOH KAHEMATAYECKOH BASKOCTH V HAE,.
Hax Bmgmo w3 ¢ur. 31, pasauna Me:ray KpuBuMA ! 7 2 oveHb Maia.

Pacopepienenze CKOPOCTHA B CJefle MOYKHO TAKsKe BLIYHCIHTH HEIO-
CpemeTBeHHO ¢ HCUOJB30BAHEEM TEODHHE KACATeIbHEIX HAaIpsHKeHHM
Paiixapnra, nmpyxktEBEOM Teopmd Pailixappra, ranoresn Ilpanprna
0 ImepeHoce KOJMYeCTBA ABWKeHHA mid TeopHE Telnopa o mepeHoce
saBUXpeHHOCTH. bojee moapobio 3TH TEOPHE HBIOAIEHH B KOHIE
Xaune [68].

Ircnepumenm. PesayabTaTH OJHCMOPHEMEHTAJBHHX MCCISOBAHANA
3aTyXaHHA IOTOKA B ciefe W ApYyrmx HaOIIogeHEHI moToKa 3a KPYro-
BHMHA DHEJUHADAMH TNpPEICTaBIAKMTCA B BHAe (YHKOWUE OT 5, —
= y/V d (x F a) u cpapEABATCA ¢ HMEOMAMHACA PACTETHHMH AaH-
ALIMH.

Pe3ynbTaTh H3MEpeHMH CpeJHEeH CKOPOCTH 3a KPYTLOBHIM NUJIHHN-
pPOM B CAMOCOX PAHAIOMIEMCA HO0TOKE, BruoaHeHHue Illanxraarom [69]
DeiipreM ® Qoarmepom [71], a Tarke Tayucergom [72], cormacyiores
Meay coboii m ¢ pacdeTHmME fgaHEeME (pur. 31, 32).

JKCHepHMEHTaNbHO Hopo0He B pacupejeiesHdm cpegHelt cropocTm
o0uapyseno B obisacte Re; > 800, B korTopoii conpoTHBAEHAE KpY-
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TOBOrO MJINHAPA MOKET 0CTABATHCH NOCTOAHHHEM, 8 CAMOCOX DaHEHH®
obmeil CTPYKTYPH NOTOKA HMeeT MOCTO Ha PACCTOAHEAX §y =
= (# + a)/d > 90. OpEaKo nNA CAMOCOXpAHEHHA AETAJBHOH CTPYH-
Typu Tpebyercs 6Gonemee pacctrosame E; = 500—1000 [72].

U3 ¢ur. 32 Bageo, wro (Ez)o = 0,48.

10
() g{
1 }4] e 500
08 + 650
O 800

071 x 850

% 06

Maxg Reg =1360
0,95 -
04 "
03+ X
021
01
1 I | IQ*"X. hJ|
0 0.1 0,2 0.3 o4 05

£,=y/Vd(xea)

® ur. 32. PacopefieneEne cpegHed CKOPOCTH B ciefge 3a KPYIOBHIM
muanagpom [68].

PE3VALTATH H3MepeHMll, — ~— — TEOPHA [ePEeHOCA KOJAYECTBA JLBIKE-
HHUA ¥ 33BUXDEHHOCTH; - -~~~ = {em)xx = const.

Oxolio OCH cJAena BHUNCJeHHLe 3HAUYEHAA CpeJHEHd CKOpoCcTH
MeHbIIe MSMEPEHHHX; BT0 CBHAETEIBCTBYET, 9TO TCOPETHIOCKHA Koag-
¢unmeHT mepeHoca CIEIIKOM Maia. Pacmpejesnermse CKOPOCTH Ha OCH
HpencTaBIACTCH TayccoBodl (yHxnmedl pacmpenelenus OuIHHOK

U Zs \2

5 eXP {_(6?5—6) }‘

MAaKC

Suavemme U'/Upaxe BHYMCACGHHOE IO 3TOMY YPaBHEHHIO, OTIHYIAETCA
OT H3MEpDEHHOTO OKOJO TpaHHNH, TAaK Kak, XOTA B NEeHTPaJIbHOH
qacTd cxefa (em)cx = Y4 (0,256) v od = 0,016 u »d, B DOrpanAIHOH
06IacTH H3MepeHHoe 3HaveHme (€,,)y; FOPa3no MeHbINEe, ¥eM B IeH-
TpaJAbLHOH TACTH.

IIyrs mepeMemuBarusa [ Goapme Ha OCH W MEHBIIE HAa TpaHHEIE,
H ero CpegHee W3MepPeHHOe 3HAYeHHWe HA NOJOBHHE HIMPHHE CJeRa
COCTABJIAET

Uy =~ 0,4—0,46.
Jro 3madeEme Gojbmie BHUMCJICHHOro mo Teopud IIpamprias.
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Pacopejieenne MakCMMalbHOTO HANPSIKEHHS BHYMCIAAETCA ¢ HO-
MOIIBI0 TAyCCOBA pacupelieleHAR CKOPOCTA

( Ty ) __A_d 1/ 2Cn)n
puso I Makc 2 z+-a Ul

Ono moctHraercs mpu

Eowr =) TE2,

Ho maxcmMmanbEas MHTEHCHBHOCTb TYpOYJNEeHTHOCTH pa3BHBAETCA 3a
npegeJaMu NOJOBEHE mupmHLl (Es)1/,

Ea= B 103 > (Ep)oge

TakuM o06pa3oM, MaKCHMAZbHAS WHTEHCHBHOCTE TYpOyIeETHOCTH

gocrHraercs He npH (&y)onr-
Hpyrae usmepeaune napaMerps caena (73, 75, 76] sa kpyropumum
DUIMHIPAME: pacHpefeieHHe TeMIepaTYpH, MHTEHCHBHOCTh TYpOy-
JAGHTHOCTH, KacaTeJbHHe

0.24-:-”—\\ HaNIpA;KeHHA, pacmpefe-
R X Jenue TypOyJIeHTHOH BA3-
o.20f- \ KOCTH, mepeHoc Typ6y-
i \ T JEHTHOCTH B IOIEPETHOM
016} \ HaOpaBJIeHAH, JPHEPTreTH-
u \ WOk JecKMit famane o T, g.—

MOTYT OBITh HOJE3HH IJIA
0oJee yrayO0ImeHHOro Io-
HUMAHHAA TeYeHHEA B Halb-
HeM cJefe, MOOCKOIBKY
9TH BeIMIAHE H3MEepPeHH
B obmactH & = 80—950,
OpOCTEpAKINEeHCA 0T He-
camocoxpasstionieiicss 06-
NACTH JO0 CAMOCOXPANAIO-
®ur. 33. Ormocmrenssas warteHcmsaocts mme#ca. Ha ¢mr. 33—35
Typbyaertnocrrn mpm  §y = 500, 650 m 950 ppepcrapaeEH H3MepeH-
B CJA€Me 334 KPYTOBHM OIWIMHIPOM [68] HLI¢ 3HAYeHWSA HRHTEHCHB-
HOCTH TypOyJTeBTHOCTH,
KACATOJNBHOTO HANDMAKEHHA, TYPOYIeHTHOH BA3SKOCTH H IepPeHOCA
HapaMeTpoB B NONEPeYHOM HANpPABACHEH B O0JAaCTH SHAYEHHAR
£1 = 500—950.
XapaxkTep HiMeHeHMA WHTEHCWBHOCTH TYpPOyJeHTHOCTHE Ha dmr. 33
noyioben moaydensomy Pomxo [62], o xoTopoMm ymommmanocs pasee.

Ha ¢ur. 33 ¢* = u;u; — yABOeHHAA KHHETHIeCKas dHeprusa TypOyaent-

0,12
0,08

0,04
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goro asmxenmEa. HacaTenpHoe HaUpAsKeHHE [OCTHIAET MAaKCHEMyMa
npeE &, = 0,2, HO TypOyJueHTHaA BABKOCTh YMOHHIIAETCH HpPH BO3-
pacTaHmHd &, (pur. 34).
Beamaman
uv W

Tome | T
MAKC MAKC

NPEHAMAIOT OTPHEIlaTeNbHEE 3HATCHHA B NEeHTPAIBHOR objacTH, 4TO
COOTBETCTBYQT TI€PEHOCY, HANpaBAEGHHOMY K ocH ciaefa (dmr. 35).

Bxiajg B sEepIEpR TypOYIeHTHOTO [BHKeHHA MEHACTCH HO MNPUHEe
caena (¢mr. 35).

OKolI0 OCH cIefa EHTeHCHBHOCTh TYpPOYAEHTHOIO XBHKEHHA LIpe-
HeOpe)KEMO Mala M OCHOBHO# HPHTOK SHEPTHH IPOHCXOIAT 3a CUeT
KOHBEKI[HH B 0CEBOM HaUpaBJeHHH 9epe3 OCHOBHOH moToK. /lmccmma-
nra ® quddysEs TypOyIAEeHTHOCTE B HPOTHBONOJ0KHOM HAUIpaBIeHEN
YDABHOBEIIMBAKT 3TOT HpHTOK sHeprmm. Ha ¢mr. 36 smax «mipocy
03HaUaeT OPUTOK PHEDPTHH, 3HAK (MHHYC»— ee HoTeplo, Bo BHemHei
floFpaEAYHOK 061acTH MaJia He TOJhKO HHTeHCHBHOCTH TYyPOYyAeHTHOT O
JBHKeHUs, 50 U MadGPys3Hsa KHEeTHICCKON DHEPIHH, a TaKKe JHCCH-
nagag. Bazane oHEePrEE AJMA TeYEHHS B CJefile MO;KHO 3aMHCATh B BH-

ne [74]

o1 04
87 2 42, ' 95 ud
wy 8 U v d U \2

215 — ( ) =0,

ugo 65; Uoo 00!

TR

re g° = u;u; (YABOGHHAA KHHETHYECKAA BHEPIWA TYPOYAeHTHOTO
gemwenna). Nufekc | OpEAMMaeT 3HAYeHHA oT 1 70 3, NpHE JTOM
My = U, Uy =V H Uz = w, & = z/d u §; = y/d. Benmumun scex
<IGHOB B YpapHEHMH 0anaHCAa BSHEDPIHH, 33 ICKJIIOYCHHEM TEPEHOCA
naBeHns vp, Oian msMepern Taymcengom [74). Benmumna vp Gnina

mavepera HoGamm [75). Pesyasratu msmepenmii Taymcemma [74]
upemcTaBiIenst Ha ¢umr. 37.

Briaan BA3KOH AACCHHANEE B SHeprmio TYpOyNeHTHOTO NBUKeHES
B pjeMeHTe 0o0BeMa caeia orpmuareien. Opmaxo Ha ¢mr. 37 4ies,
BHPAKAIOMEY AHCCHIAMAI0, EMEEeT NOJOKHTe]IbHHA 3HAK, HOBTOMY,
KaK MOKA3aHO CTPENKAMA BJOJS BePTHKAJBHOW 0CH, OTpHmATE]BHBIE
3HAYCHHA O3HATAIT MOJO;KUTEIbHEN BKIAK B 9HeprA0. B OKPecTHO-
CTH OCH clefia B CBA3H C TeM, 4ro mpomssogran 6/08; [(1/2) ¢°] orpuna-
TeAbHA, KOHBeKTHBHHI WieH U« (0/08)) [(1/2) ¢°] naer nomommtens-
HRHA BHJAAH.

Kunerugecras sHepras TypOYJIEHTHOTO IBIGKEHHH, AHACCHOANNAA
¥ TypOyJeHTHoN BA3KOCTH £ HPETEPHEBAIT CHIBHLIX HW3MCHEHHH B
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(Em)xx
g
uOd
Rey= > = 1360
- 0,025
40,020
I A —— (Em) 2
- > loois “9
N
N laomo
N 190
40006

1 L 1 ]

or o0z 03 0.14 05
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® ur. 34. PacupeficfieHHe KacaTeIbHOTQ HAOPsyKenHa A TypOyleHT-
HoH lneﬂse.lkocwn opu §; = 500, 650 u 800 B cnepe 32 KPYroBHM NHITHJ-
pom .

0,008
0,006
0,004
G002

0

~0,002

ucw, U:nsaﬂc

""""" - ?/ g':am
S

Req="2%~1350

I

1 I

-0,002
0

I ! L !
01 02 03 04 05 06 07
£z~ y/d(x+a)
® mr, 35. llepenoc TypOyTeHTHRM [IBHKeEHeM KOMIIOHEHT MHTEHCUB-

MOCTH TypOyAeHTHOCT B INONepeYHOM HANpAaBIeHEH B CEYeHUAX
t, = 500, 630, 800 u 950 B caene 3a Kpyropuym nuxzEApom [68].

) i . . — Oco crieda
Konsexuus Juccunauus (=)
® — [
Rupysa()

BoiBenenue snepeuu~ duccunayun anepeuds
CAEC
Aupysus nomesyuanshol (x))

SHBPBUU
Konseruua @

Tranuya credy

® ur. 36. Bknag B sHepruio rypOyJeHTHOTO HABWKeHHA B CIERe 33
muneaapoM [68].
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8
§ ngo Red.—-.-l%’g= 8400
%’T 5 :---_-_-—.-\.\
3L -
I e
2 1 \\\ ‘/ S e
o = o :;'_'n-»_j)
~ i e . ~ of e
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@ ur. 37. Banagc 2Heprmm B caefe 33 KPYTOBHM THAMHAPOM OpH
g, = 160 [68].

g d 1 op

i
—_— -5-5_{_ Y ua (ROHBCEUNA), — — — —ﬁ—Eé—Tg- T (napdry-
. 6 1 i _' . HRAPRINESE E’ a -ﬁ’
3HH); —— 3E; 71? 5 vq" (maddysan); e w3 BE; wo (BB
v d uw \2
aeyiennie sEepram), —-—— 15 'u—og' (ﬁ 'W) (MACCHOANNA).

OEeHTPaJbHOE 30HEe BOJMH3A OCH cJena, YTO YKa3HBAEeT HA olpeeJeHHYIO
OHOPOTHOCTH TYPOYAeHTHOCTH B 3T0# obsacth. OMHAKO PTH 3HAYEeHHA
Pe3K0 mAZANT HPH OpAOIMKOENHA K BHEIIHe# IOrpPaBEHYHOH 06AacTH.

Hecamocoxpansoujeecs mevenue 3a Kpyzoeslm YUAUHIPOM

B ra. I 6bino npepcTaBieHO paclipepnesieHHEe NaBIeHHA OO HOBepX-
HOCTE Tela B ONMWIKHEM clefle Xagk (QYHKIES 49dcaa Pefinoanpaca.
Taynacenn, [77] mamepms mapaMeTpn HOTOKAa OXK0J0 HOBePXHOCTH HM-
amHApa B 00nacTu, Te TeueHHe B Clefe He SABIAOTCA CaMOCOXpa-
HAAMCA, a Takme B obaactm mo x/d = 160 (¢umr. 38).

B6amsm nmawnppa (T. e. OpM MAIHX 3HaYeHHAX z/d) mapaMeTph

u? (1‘—1‘0) 2 (I—Ig) a w (.r—-.‘l:o)

uw v @ 17 ubo \ 4 a d

Uoco

H3MeHAKWTCA Topa3fo B Goanmled cremeHH, 9eM IpH OOJBIIHX 3HaTe-
HUAX z/d, T. e. JaJeKo 3a TeJIOM, Ifie aTH NapaMeTpPH MaJH H ciaabo
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Red = 8400
refs o
el ]
0 02 04 , 08 08
Y/ [(x-xg)d] 2
O x/d=89
o 120
A 160
02
zj.d
8
4 Regq= 8400
1 I
0 02 04 " 0s
y/[(xe-o)d]
Red-‘- 8400
L i o4
(1] 02 04 06

y/ [(-ac)d] e

@ ur. 38. OTRNOHEHHE OT CaMOCOXPAHAIONETOCH Tede-
aaa B cuepe [77].
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3aBHCAT OT x/d, 4TO yKasmBaeT HAa IpeoblaflaHAe CAMOCOXPAHAI0-
Ierocsa TeYeHHsI; To COOTBETCTBYeT HEKOTOPOMY YCIAOBHOMY Hadaly
teqeausa. BHagane Tegenme B ciaefie B CHIFHOM CTENOHH IePHOAATECKOE,
HO npm Oonbmux 3HaweHAAX Re,; nepmommyHocTs GHCTPO mogaBIAeTCS
TypOyJeHTHHIME BO3MYIIGHMAMM M HAa KODOTKOM DAacCTOSHHHE B He-
CKOJIBKO QHAMETPOB OT NEJIAHHADA NEPHOSHYHOCTH OTCYTICTBYET LOJI-
gocteio  JlomosHMTenIbHEIE CBeleHHA O LEPeMeKaeMOCTH Te4eHHS,
CBOMCTBAX TONHOCTHI0 PA3BHTOTO TYpOyIeHTHOro IOTOKAa, CTPYKType
KPYIOHHX BHXpeoOpasoBaHAHM, CTPYKTYpe BEXpeill, mepenocAMux asHED-
THIO B T. I., MOKHO HaliTk B wumre Tayncesma [77].

Caed sa JsymepHblM MEAOM NPOU3BOALHOL HOPMY

HccaemoBaHmA ciae0B 34 TeJaMH IPOH3BOJBHOH POPDME HEMHOTO-
YHCJEHHE, HO XdPAKTePHCTHKH Clea JaJeKo BHH3 IO MOTOKY OOHTHO
mOKOGHE XapaKTePHCTHKAM Clela 3a KPYToBHM mumimpapom. Opnaxo
HepexXOfHEA HpOHecC, CBASAHHHIEA C 3apokAeHHeM TYpOyIeHTHOTO
ABH:KeRUS BOJHM3HE Tesa OPOM3BOJBHOM (POPMEI, OTIHYALTCH OT Tedue-
HEA B clele 33 KpyropuM nuimagpoM. Herotopas mrdopManms
06 3TOM pasTEYdA COAEepKUTCH B pasf. 1, B KOTOpOM paccMaTpHBAOT-
CA chaenhl 3a NIACTHHOH M TOJCTOH 3a/lHEll KPOMKOH.

1.2.2. Typbysenmunii caed 3a OcecuMMempPUUHBIM MEAOM

W3 ciefor 3a 0CECHMMETPHYHEIME TejaMy HaHOoJdee HHTEHCHBHO
Asydancs caeq sa chepod, XoTA MCcIeoBaH OH B MeHbIIeil CTeNeHH,
9eM CJe/l 338 KPYTOBHM IEIHHIPOM.

Y Cseitn [78] nmranca pemmrs sapa-
9y o TypOyaeHTHOM cJjepge 3a cde-
poil Ha OGOABIIOM pACCTOSHHH OT

———
Hee, MCOOJIb3YVA TEOPHI) LHOTPAHHY-
&£
-_— O o ¢ OyTm -
HOTO CJOH OHATHC HYTH CME

merma Ilpagpras. OB npepoona-
z raji, 49To TIpaHAGA CJeJa ONMCH-

Baercs aBHEHHEM
@ ur. 39 Cucrema KoopiuHAT IJIA ¥p

ciefa 3a cdepoi. y = ozls - Pr=1/s,

rge « 1 P — HOCTOZHHEE, W BTOpo# WIeH CTaHOBETCA Goxbme mep-
BOro mo Mepe nNpubImuenus K Teay (dpur. 39).

Jlna poiyueEHsA TEOPETHYSCKOTO peNleHHsl BBOJATCH CiAe/ylme
TPeIIOMOKEeHAS;

1) manexo 3a TeJoM CpeHAA CKOPOCTb DABHA U, + U, HpPHIEM
v << U ooy

2) H3MeHeHHE CKOPOCTH Te4eHUA B HANPABJIeHHH, NePNeHIAKYIApP-
HOM oCH oz, DoJnpmie, 4eM BJIOJb 3TOR OCH;
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3) ypaBHEHHEM [BIKOEWH, SANMCAHHHM JJA HAOpPaBIeHWS, Hep-
NeHEJANKYIAPHOTO OCH 0%, MOKHO IIpeHebpedn;

4) V' o Id (2by)]/dt oo u o Id (2b,)]/dz, roe v' — nyapcanum Cro-
pocTm B HaunpaBienmm Yy, a 2b, — HIEDEHA CIega.

Pemas ypaBHeRMA HePA3PHBHOCTA E KOJMIECTBA JNBEDKEHHA IDH
IIOMOIMA COOTBETCTBYIOMEX upeobpa3oBaHEi, TPeOYHOMEX CIO0KHBIX
MATOMATHICCKEX BHIACICHAH, MOJAYy9aeM CIeAYIOMue BRIPAIKEHEA 5%
rpaHMns TYpOYACHTHOrO clefa ¥ pacupefeleHES CKOPOCTH:

y=1,41 (3C2) (CpFz)2{14+0,19 (3C%) "2 (CpF)'/* 23},
u=ties (CoF)"® 2™, (n)

15§
v=-3= (CoF)"* ™"y (),
rae
1
na) = — (g s — A%,
_ ¥
= CoFa)7

A=0,56 (3C2) 75,

a C = const, KoTopas JAOMKHA OMPEJENATHCH SKCIEPHEMEHTAABHO.
Benmuena CpF oupeneasercs mo compormpieEdio Texa. CompoThBie-
HEE BHUHCAfeTCH 1m0 Qopmyde 1/,0CpFul,. 3areM pacCIATHBARIOTCH
¥, L uv.

Urxen m Ox [78a] monyumnm TeopeTHYeCKOe pemmeHne A YCTaHO-
BEBHIETOCA TYPOYIeHTHOIO JaJbHETO Cjlejla 3a HeHONBHIKHHM OCECHM-
METPHIHHM TeJ0oM, 00TCKaeMHM OLHOPOSHBIM IIOTOKOM HEC;KEMaeMoi
KUKOCTH CO CKOPOCTBIO U oo.

K oCcHOBHHM YPAaBHEHHAM OTHOCKUTCH YPAaBHEHEEe HEPa3pPHBHOCTH

[0 (yu)/oz]l + [0 (yv)loy]l = O.

B npeamono:kenmm, uTo ¢TaTHYecKoe AABJIeHWe NOCTOAHHO, YPaB-
HEHEH? KOJMYECTBA JBE:KEHHA MOMKHO 3amACaTH B BHAE

u (u/dz) + v (8uldy) = (1/yp) (8 (yT)/dyl.

Tak kak U’ = v« — u, T0, moacTaBafas U’ B T4 Ba ypaBHEHREA
W ONEeHMBAA NOPAJKA BEJNIHH, NONYIAM YypaBHEHme KOJHYCCTBA
OBIKEHAA B CJIENVIOMEM BEIE:

—uw (007 /0z) = (t/yp) + (1/p) (01/0y).
Tenepsr BBegeM nyTh cmemenusa llpamnraa I:
T = pl® | du/dy | (9uldy).
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B mrore monydaem caegyomee YPaBHOHHO:
— uw (80'/82) = (I2y) (8T"/jay)® +
+ 212 (3T [3y) (6°T" |oy?). (346)

AnA ocecuMMeTp@uHOro TYpPOYIEHTHOTO CJefa B HECKHMaeMo#

KHEEKOCTH b, m U’ npomopmmomaxvau z'/3 m z-*/3 coormercrBeHHO
[66]. Ilpegmosaras, awto mpodmam ckopocreidl mogolGHH ®H BBOAA 1 =
= y/b, KaK HE3aBHCHMYI HEPEeMEeHHYI0, MMEeM

by = B (Cpd2z)'s

"
U’ Juw = (2% Cpd®)-/5f (n),

rge B — mocrosmsas, koropasa Oyner ompeneiena amie. Mcmonssys
cootnomernne ! = Pb,,, nepenmineM ypaegerme (346) B BHpe

(/s) @f +nf') =2 (BYB) [f'f* + (1/2n) f%)
Pemenue sToro amdepennmanbHOr0o ypaBHeHUA
() nf = (B*B) f* + €y, (34m)

rje «OTPAX» O3HaUaeT AmddepenmupoBarme mo 1. M3 rpammummx
yeaosuih f = f =0 upu n =1 cmepgyer C;, = 0.
Teneps ypaspenwme (34B) upHBEAMAeT BHJ,

dfif*/a = (B/3p%)"/m'/2 dn.

Hurerpapysa, moayvaem
2 = () (BI3BYYm*s + C.

N3 rpanmaroro yemoBua f = () npm m = {1 cuexgyer, gro
Ce = — (¥5) (B3P /2.

CrnemoBaresxbHo,

= (Y3) (B/9B%) (1 — /)2

Jror peayasTar nofoben monyuenwomy Ilrmxtmarom [66] nna nsy-
MEpHOTO CcJefa M OTJHMYAeTCA TOJBKo KoadpdmiumentoM (/3 smecto
1/,), Kaxk BHAHO M3 ypaBHemma (34B).

Yro6ut onmpegenmTs B, OpaMeEsM TeOpeMy KOJAHYECTBA JBHKEHHA
K KOHTDOIBHOMY 00BEMY, OKPY:KAWOMEeMy TeJo.

[Tonroe compoTHBjIeHMEe BHYHCHAETCA HO (GOpPMYyTe

o0

D=2npSu(um—u)ydy=2ﬂ:pSI7’ (e — U’ y dy.
Y

0
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IIpenebpesxem BenmumHOM U'? u onpepenmm D:
D = (Yy) Cppu?, (nd?/4).

IlpupaBHEBAs [Ba IIOCJAEJHHEX BHPAKEHHA, NOTYIAM

oo

(M1g) 1 wCpd® = 5 Ty dy =

0

1
T dn = uaCod (BY2789 | (0t — 202 + m) dn.
U

[ B Y

Taxkmm obpazoM,
B = [(105)"*/2] p*/*

f = [(105)'/3/54] =473 (1 — n°r)2,
OxoHUaTEeABHO WS 3TOr0 YPABHEHHA HaIeMm

b = L(105)/3/2] B/s (Cpda)™? (34r)

U' e = [(105)'/3/54] B-4/s (22/Cpdt) " [1 — (y/b,)"2 2. (34m)

Penresme, mpepcraBieHHOe ypaBHeHMAME (34r) m (34m), mpome,
geM B paGore Cpeitna [78].

Berny BemocraTKa 9KCIePMMEHTAALHKNX JAAHHBX 0 XapaKTepHCTH-
KaX cliefa 3a OCEeCHMMETPHYHHM TejioM OOHYHO IPHHEAMEETCH, I9TO
OTHOCHMTEJIEHLIe PAa3MEpPH KPYIHHX BExpeobpasoBagmii B pacmpegeie-
HEE CDEefHEH CKOPOCTH B OCECHMMETPHMYHOM CJene UupHOIE3uTeNBHO
TaKme jxe, KaK B JABymeproM ciaefie [79]. Mamepennue xodpdummenTh
CONPOTHBACHAN M JABAGHHA B Clele 32 AHECKOM HA pACCTOSHER
1,7 pmameTtpos or mero pasem 1,20 m —0,45 coorBercrBerno [80].

Baxanc smeprmm B TypOyieETHOM clele 3a BO3AYX03a00pHHEKOM
¢ TYOHIM HEeHTpPaJbHHM TedoM 6 mecneosar Poysom [80] ma ocmose
PACCMOTPEHMA IKCIePHAMEHTAJBHEIX NAHHHX H IAaBHBIX YICHOB ypasB-
HeHUH KOJHYIecTBA JBH;KEHHA M YHEPTHEM JIJifd OCPEJHeHHOT0 W BTOpHY-
HOTO [BViKeHdA. fIBaenms Bo30y:(leAna m AuccHmamun TypOyIeHTHO-
¢TH B TYpOYJIEHTHHX cjefax 9THX THIOOB, KAK U OKHAMANOCH, OYEHB
CJIOKHLI@, TeM HEe MeHee MOKHO YTBepPKAaTh, 9T0 OCHOBHAA 30HA BO3-
Oymnenna TypOyaeHTHOCTH HaXO[QUTCA MEKAY 3aBHXPEHHBIM S/ DOM H
OCHOBHKIM MOTOKOM. KpoMe ToTo, MOKHO ONpeieINTh AECCHIATHIO SHCP-
THE Jja/ke B 30HAX HEeOJHOPOAHOHX AaHW30TPOIHOH TYpOyiIeHTHOCTH ¢ IO~
MOIIBI0 OAHOM JUIOIB IPOM3BOJHOH CKOPOCTA BMECTO AEeBATH NIPOMA3BOJ-
HHX, BXogAmux B o0ofmennyn amccEmaTuBHEYN Gymrmmio. Ilorepn
SHEPrEA B OCHOBHOM HOTOKE TOYTH HCKJIIUHTEIbHO CBA3AHH & BO3-
Oynennmem Typbyaertaocra [80].
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2. TEMEHHUE B CNEAE 1P CBEPX3BYHOBbLIX
U TMAEP3BYHOBbLIX CHOPOCTAX

B ra. I 6810 faHo KpaTKoe onMCaHEEe TeYeHUA B Caejle NpH GONb-
IMAX CKOPOCTAX. B aToM pasjerne paccMaTPHABATCH NOIOJHETEIBHEIE
nojipoGHOCTH 0 MEXaHM3Me H CBOMCTBAX TEYeHHA B Clefe NPH CBepX-
3BYKOBHX W T'HOeP3BYKOBEIX CKOPOCTAX.

2.1. FTA3B0AMHAMHUHECKHKE ¥ TERNOBBIE NPOLECCHI
B CNEAE NMPH CBEPX3BYHOBLIX K TMNEP3SBYKOBbLIX CHOPOCTAX

C gpeBHeHmIMX BpeMeH Y4YcHEE HaGaIOMalIm B H3Y9aAH ABICHHEe
00pa30BaHAA NIMHHEHX CBeTAMUXCA XBOCTOB 3a MeTeopaMm. Takoi
XBOCT ABIACTCA OJHHM M3 BHMIOB CJeM0B 32 TEJOM HDH THIEPIBYKO-
BHIX CKOPDOCTAX, KOTOPHH 00pa30oBaH YVHOCHMEM BeIIECTBOM MeTeopa.
JTOT ciexy MOKHO HabGaoaaTh (uarofapsa ero 3HAYATeNBHOHU [JIHHE.
Crnex cTaHOBHTCA BayKHEMM (@KTOPOM IPH H3VIOHHH CBOOOMHHX Bf3-
KHX IOTOKOB, CBOOONHKX Buxpel u TYpOyIeETHOCTA. XapaKTepHACTAKE
TeUeHH B CJe/e 3aBHCAT 0T TOT0, ABIAECTCHA JH OH JAMHUHAPHHIM HAR
TYPOyJIeHETHNHM, H CHJIBHO OTJIHYAIOTCH OT XAPAKTEPHCTHK OKPYHA-
IMero moToKa. Tak KaK pazMep E CBOMCTBAa Te4eHAH B CJieflé HEIIOCpe[-
CTBEHHO 32BHCAT OT THIA ABHKYIMETrOCHA Tela M €0 TPaeKTOpHH, TO,
HO/{po0HO H3YYHMB IIOJIe€ TeYeHHEA B CJIEe, MOKHO ONpPEeXeNHThH Iapa-
MeTpHI JeTsamero Tesaa. Takmm ofpasoM, B HacTOsImMee BpeMs pelleHHe
3a7a9, CBABAHHHIX €O CJeJaM¥ 32 KOCMHYECKHMMH Kopabasmu, paxe-
TaMA H COYTHEKAMKM IOpH THOEP3BYKOBHX CKOPOCTAX, CTAHOBHTCSA
HeOoOXOAMEM I ONO3HABAHMA BXOMAMMAX B aTMochepy Ten. Benen-
cTBEe OONBHION CKOPOCTH TAKHX Ted BOSHHKAET CIOKHAA mpobiaema
29POAMHAMAYECKOr0 HArpeBa, INPH 9TOM TeMIleparypa B cieje CTaHO-
BuTCHA BHCoKoil. Hanpumep, npm M. = 22 ma BHcote 30 kM 5HTAINB-
OMA BJONb OCH CJefla 33 TYOHM TeJOM VMEHBIIAeTCHd [0 IepBOHA-
9aJbHOTO SHAYEHHSA BO BHENIHEM cjeme ToJAbkKo Ha paccrosaEA 150
nmameTpoB. Ha paccrosamm 1000 mmamerpoB 3a cdepoit SHTAIHIHA
Ha ocH cixefia Bce eme B 10 pas Oonbime, weMm B OKpy;Kalomel cpe-
rme. Bo BHemHeill YacTH cefla YHOC BemecTBa TeJla W XHMHYECKHE pe-
AKIWA, TAKKe, KaK JACCOGHATMSA MOJEKYJ rala B aTOMBI, MOHA3ATAA
H pexoMOEHATHSA aTOMOB B MOJIEKYJIH, BAAAWT Ha CBA3h € AamTHAPATOM
H gEaTHOCTHRY. KOorpa 9acTHIE YHOCAMOI(Q MATEPHANA CTAJIKUBAKTCH
¢ 9aCTANAME KECJIOPO/a, MOSB/IAETCA CBeTAmmiica xsocT (hmr. 40, 41).

ITpobnema rumepsByKOBOro cliela ABIAETCH HECOMHEHHO CIIOMK-
HOH, HO CYIIECTBYIOT OIpe/icIeHHNe VOPOMEHHA ¥ nofo6ue Co CaefoM
IpH MO3BYKOBHX CKopocTax. Hanmpmmep, XoTA KiaaccHYeCKHH J[03BY-
ROBOHl cleff, KaK JIBYMepHH#, TaK H OCeCHMMETDHYHHI, HaXORUTCH
B mépeMeHHOM BO BpeMeHH I0JIe TeYCHHA, a TaKKe B 00JacTH pasBH-
TOH 38BEXPEHHOCTH, OCHOBHAA 9acT0Ta BHXpeo6pasoBaHMA DpONOp-
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OHOHANBHA CKOpocT:H Haberaiomero motoxa. Kark yke YIOMHHANOCH
B ra.l, ronepaByxoBoif B HO3BYKOBOH CIEIH MMEIOT He TOJbKO ofmue
xapakTepmeTmkm [81], Ho u cymecrsennne pasamunsa [6].

Fonoguoil cravox

BOGMOBO{ GRUYOK YNAOTMHEHLSA

1”:: ! Caobodunsit eg3xuil cnoil

— W %
——- w
—

—

A
/

® nr. 40. Chex 3a TYOHM TeJ0M OPH CBEePX3BYKOBHX H THITep-
3BYKOBHIX CKopocTax [6].

Hak ymomMmnuanoce B ra. I, mpm rHOep3sBYKOBHX CKOPOCTHX BCe
NHEUM TOKA B CcJjefe 3a TYOHM TEJIOM, HePBOHAYAJBHO OTHOCAMMAECH
K (BHCIIHEMY cJelly», NOTJIOMAIOTCA HWKE NO TMOTORY TYpOylIeHTHEM

Dowiomit | Jamusapreit _ﬂm_

cired Oansnuii cned

D ur. 41, Cneg 3a TOHREM TeloM HPH CBePX3BYKOBHX H THOep-
3BYKOBBX CKOPOCTHX.

caemgom. Dmraugeckmi nponece paspuTEa TypOyaenTroro ciega, BRIO-
gag IOIJIOMEeHHe BHEIMHEr0 OOTOKA, MOMKHO OIHCATH CJeYIONIAM
o0pasoM: DPORCXORAT AuPPy3HA TyIsCANUE 3aBAXPEHHOCTH, BH3BAaH-
HO# MeJAbYailfinmMu BHXDAME, H3-33 OONBIIAX Tpaj@eHToB CKOpOCTeH,
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KOTODHIME OHE obmapaior, m TypOynenTHHH GpoHT, OrpaHMYABA QMM
cJefi, PaCIPOCTpaHAETCA 110 INHPHHE caefa. TakmM ebpasoM, mpomc-
XOJAT Ieperava sHeprud TYPOYJIeHTHOrO JIBWKEHHS B 00JacTh IOTO-
K&, rje TypOyJIeHTHOCTL emme He BO3HHKJA, 9T0 H Bo30y:maaeT Typ-
OynenTHO® JBAMEHHEe rasa B NEePBOHATAJLHO HeNOJBUKHOU cpepe.
C xgpyroil cTOpoHHI, mepeTeKaHHe Ta3a M3 BHemHeHX o00JacTHE B TYp-
OyJieHTHO® HOPO, BEPOATHO, BH3HBAeTCA OOJBIIAMH BHXDAMH,
KOTOPHie PR3pylIaloT IPaHEUY AApPa.

OamREeM ciefie CTATAYECKOS JaBJeHME elme He NOCTHTaeT CBOEro
3HAYeHHSA B OKPY;KAOMmei cpefie B IpajHeHT MaBICHHA B PaJHANBLHOM,
a TAKKe B 0CEBOM HAaUpaBIeHHWH He paBeH HYJIK. B OamxmeMm caefe
BA3KOE IepeMelMBAHAEe ABISACTCA BAKOKM (aKTOPOM, HO B JajJbHEM
tlleffe CHJAK BASKOCTHE MOKHO CIMTAThH Ipeol1aTaiomBEMH, a CTATHIE-
CKOe [aBJeHME IOCTOAHEO H PAaBHO CBOEMY 3HAYEHHIO B OKpPY:;KaomeH
cpere.

I'mmepsBykoBo# ciiel 3a TOHKHM TeJOM HECKOABKO OTJIAYRETCA
OT cJefa 32 TYORMHA TelaMu. B cjydae TOHKOro Texa 6Goinimme rpa-
JHEHTH B HOTOKE, BH3BAHHHE I'OJ10BHOM Y/ apHOH BOJHOR, HecymecT-
BeHHH W BA3KHAA ciAef pacHpoCTPaHAeTCs B obractd, IJie mapaMeTpH
IOTOKA OmM3Km K mapaMeTpaM Haberatomero moroka. HBienma mepe-
X0Ja PAa3IAYHH, KPOME TOTQ, BO3MOKHO PA3JAYHH H BEJIMIHHH Typ-
OYJeHTHEIX NYJIBCANHAH, KOTOPHE 33aBHCAT OT CTEeHeHH 3aTYIICHMA
resa. O6JacTs ONHKHErQ caefa OrpAaHWYEHA NPAMEIMH JHHUAMH,
HpudYeM €ro DepBOHAYANLHAA IMHPHHA MECKOJAbKO DoxabIue, YeM mome-
peYHHe pasMepH TeJa H3-33 TOJCTOr0 OTOPBABIIEIOCA BA3KOTC CIOA,
3aTeM IIHpPHHA CJlejla IOCTeNeHHO YMeHBIIaeTCA BHH3 IO IOTOKY,
HocTHras ropaa. B GaumikEeM ciene 0ropBaBIOMAACA BASKAN ¢I0od Arpaert
BQKHYI0 POJB. 3a ropJoM MHEpPHHA cleila pacTeT DPONOPLIHUOHAIbBHO
niaxHe cnxefa. KHar yoommmanocs B ri. I, enen 3a TOHKHAM TelOM
ABASETCA XOJORHHEIM B OTJIAYHE OT TOPAYEro Cjefa 3a TYIHM TeJoM
#3-3a OTCYTCTBMA HHTEHCHBHOTO HarpeBa, CO3[aBaeMOT0 BO3HHKAIO-
IEMY yIaPHEIME BoqHAMA, W (ollee MeJeHnoro pocta ciaega. Hpome
TOTO, CJAeJ] 3a TOHKHM TeJOM OXJAKAReTCH Tropasno OHCTpee, 9eM
3a TYOHM TeJOoM. OKCOePHMEHTH ¢ OCTPHM KOHYCOM W KOHY-
COM €0 cepHYECKHM 3ATYNJeHHmEM, HMENMMH YroJl NPH BepIum-
ge 20°, B muTepBase uymceax Maxa Mo or 2,66 mo 4,80 mokasanm,
uTO MOHHOE JaBJeHHE W Yrod HAKJI0HA MOBEPXHOCTH Clefa OfHHAKOBE!
0JaA o00MX KOHYCOB, €CJIN OZHHAKOBH MecTHOe 4mcio Maxa m umcno
Pefinoap/ca, BHYNCICHHOE [0 TOJIIAHE LHOTEPH AMIOYJRbCAa IOTPaHHY-
HOTO CJOS V oCHOBamMA Komyca [82]. M3-3a BHICOKOH TeMIepaTyphl
B THIEP3BYKOBOM CJ€Jie 32 TYIRM TeJIOM HA TeUeHHe B CJe/i¢ BIHAIOT
CBOUCTBa PEANBHOr0 Tasa MIM (PHIAKO-XPMAYECKHME NPOImMecCH, Kak,
HAaNpEMep, AACCONMANMA, HOHM3an|usd I peKoMOmmanmsa., Bpema, Tpe-
OyeMoe MNJIs 3aBepImIeHAs OPONECCOB ANCCONMANAA K HOHH3ANRH
(m xaa oGpaTHHX OpomeccoB), B CPaBHEHHHM CO BpeMeHeM JIBIKCHHS
YACTHN ra3a CYIMECTBEHHO IPH ONPEEJeHHN PerMCTPHEDPYeMHIX afdex-
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TOB TMIeP3IBYKOBOTro Clefla, HAIPAMep TAKHX, KaK TEIJIOBOC M31yIeHHe
I OTpajkKeHHe JJIEeKTPOMATHHTHHX BOJH OT clefa. 1A ompefeleHHA
OapaMeTpPoOB Clela Ha OCHOBAHHH 9KCIePHMEHTOB HeoGXo[uMO TOYHO
8HATH CKOPOCTH noyieta. Tak Kax mpomecc mepeHoca B TypOGyseETHOM
crene npu OGoapmmx gmexax PeiiHoab/ica HPOMCXOIHAT B TACAYH Das
OnicTpee, €M B JIAMHEHAPHOM CJ07e, TO BHCOKOTeMIepaTypHubli Typby-
JIGHTHHIA ClIe) OXMAKTAeTCA HA HECKOIBKO HOPAAKOB OHCTpee, YeM
JaMRHAPHHI, ocTaBlIAA 0ojee KOPOTKHMA BEAAMHE XBOCT.

Has ymoGersa cier MOMKHO PasieJHTh Ha OXpelelAeMblid Ipoiec-
COM pacIIEpeHHs B OTpeJieNieMblii poneccoM Temuonposoraocta [83].
OnpenensaeMslii OpomeccoM PACIIHPEHHS Clell TPOCTAPAETCH 10 TOYKH,
Iji¢ AapjeHHe yMeHBbIIAeTCA A0 3HAYeHHA, COOTBETCTBYIOLIEI0 BHEII-
HEMY MIOTOKY, B OXJAKJEHHNEe NPORCXOAAT B OCHOBHOM BCJC/CTBHE pPac-
mApeHusa OOToKa, B clepe, ompepenaseMoM IPOIECCOM TEIIONPOBOI-
HOCTH, HOTOK OXJamuaercsi B OCHOBHOM 3a cd¥eT nuddysmm Temia
OT BRICOKOTEMIEpPATYPHOTO fAfpa. TaK KAy OXJNaKIeHHE CIea NpPOo-
HCXOMHUT B OCHOBHOM 3a C9eT TEILIONPOBOAHOCTH, BIHSHME BASKOCTH
HEeCYIEeCTBeHHO.

DOusEKO-XEMAYECKHE IPOMECCH B CIIEEe AOCTATOYHO CIOKHE, HO
B IBYX HpPeAEJbHKX CHYIaAX — PABHOBECHOTO B 3aMOPO’KeHHOT0 MOTO-
KOB -—— BO3MO}KHH BHAYATeIhHEE yHOpomeHHA. B TepMonmBaMmdecknm
¥ XHMHYECKH PABHOBECHOM IOTOKE ra3a CKOPOCTHE TePMOJIMHAMHYECKAX
X XOMIOYeCKHX NPOIECcCOB Topa3fo 06oxbmme CKOPOCTeH KOHBEKIHE
7 aedhdysun, a B TePMOEHAMHAYECKH M XAMHYECKH 3aMOPOKEHHOM
DOTOKE Trasa COOTHOWIEHHE MeKAY CKOPOCTAME HPOTHBOIOJOMKHOE.
B xmMmueCKH 3aMOPOKEHHOM IOTOKE BCeMH XEMEYeCKOME Pderramm
M0XHO TpeHefpeds BecaeNicTeHe OGRCTPOTO M 3HAYATEHHOrO paclmpe-
HAA I'a3a, DOCKOJNBLKY COCTAB rasza OCTAeTCH HOCTOAHHHM, MJIH 38MO-
pPOKeHHHM, HPH TOH CTeIeHH NUCCOIHAIMHA, KOTOPasd COOTBETCTBYET
TOUKe, I'e e MIMBHeHNEe CTallo npeHebperkEMo MaaLM. JaramMEdecKme:
M3MEHEHES B I'asé HPOTeXaloT ropasfo OHCTpee 0 CPaBHEHHIO ¢ XHMH-
49eCKEMHA NpPeBpaIIeHRAME, CJOA0BATEIbHO IOCAeHIE HO MOT'YT CYMie-
CTBEHHO HOBJIMATH HA COCTAB ra3a, M cMeCh ABWKeTcs 03 H3MeHeHMI
MACCOBHX KOHIEHTpAaNmid wommoHeHTOB. Ecim TepMonmHaMmiecKme
OPOLECCH aHAJOTHYHHM 00pa3soM CBA3AHH ¢ [IHHAMHYECKAMHA H3MEeHe-
HASAMH B rage, TO CHOPOCTH TepPMOJHHAMHYECKHX IPOIecCoB, Kak
H XAMAYECKHMX, PABHH HYJ0 A IOTOK cTaHoBWTICA ofparmmmm. llpm
00JBIIAX CKOPOCTAX H BHICOTAX CJIEfl, BO3MOKHO, ABJIAETCA 3aMO-
POJHEHHEM H JAMAHAPHHM, HO OH CTAHOBATCH TypOyiaemTHEIM Iepen
«pasmopakuBasmeM». Ha BrcoTax Ooxee ~ 30 KM 3aMOpOHeHHHH
clef 09eHb GHICTPO TepAeT TEIIOBYIO DHOPIHI0 M ATOMH JHCCOMHEPO-
BAHHOTO ra3a HAIMHAIT pexoMOmampoBaTe. B mpomecce pexombGmma-
IHE BEIEASETCA JHEPTHA I AP0 Caefla HArPpeBaeTcs, Ho TemIOIPOBOS-—
HOCTh B PafMAJNbHOM HAIDABJIEHWH BH3HBaeT ero oxjamuleHme. Tax
KaKk B 3aMOPOKEHHOM TOTOKe HA BHcoTe Gomee ~ 30 KM TepsaercA
Goapme Temia, 4eM BHJIENAETCH B IpoIecce peKoMOMHATEM, TO TeM~
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gepaTypa B clelle MOKeT JOCTHTHYTh 3HAUCHHS TeMIEpaTyphl BHEII-
HEro IOTOKA.

Ecnn nuramudeckHe M3MEHEHHMA B rase IPOTEKAKT ropasjgo Mef-
JeHHEE 10 CPABHEHMI) CO CKOPOCTAMH TEPMOJAHAMHYECKAX B XAMAYE-
CKAX NPOTECCOB, TeYeHHMe CTAHOBHICSH TePMONMHAMUYECKH M XHAMMIIE-
CKH PaBHEOBeCHHIM. IlOCKONBKY CKOPOCTE 3THX HPOIECCOB B Ipefele
6ecKOHEYRH, TAKHe NPOMEeCCH TaKKe ABIAIOTCA ofpaTEMeME. Ha mo0-
CTaTOYHO MAJIHX BHCOTAX HOTOK rada HAXO[AHTCA B TePMOJHHAMHIE-
CKOM PaBHOBECWH, a CJeJ OXJaKIZaeTCA 34 CYeT pacCIImpeHns
OT BHCOKOrO JapjieHAsA BOXH3E Teda [0 AaBJeHUSI BO BHOIIHEM
MOTOKE.

Ilpm nammEapHOM TeJeHEH B PABHOBECHOM CJefleé TeMueparypa
TIOCTeI®HHO YMEHBIIAeTCA IO NOTOKY, HO B 3aMOpPOKeHHOM CJieje
TeMIepaTypa B OJmKHEM Clene HEMKe, 9eM PABHOBECHAA TEMIEPaTypa.
Jlanee BHM3 N0 MOTOKY B 3ABHCAMOCTH OT PAsMepOB TeJIa M BHICOTH
TOJIeTa Clel MOKeT BHOBDL HATPEBATHCHA M OXJAKAATECA HIM 3aMOPO-
JHOHHLEE XUMAYeCKHEe KOMOOHEHTH MOryT nE¢dyrampoBarh 6e3 sHaud-
TeJbHOro HarpeBammsa. [lpm mepexome HarpeBaHHA 3aMOPOMEHHOI'O
cJeda 0e OPOMCXOIMAT.

Ha 6onpmmx BHCOTAX 00JnLIDasg 9aCTH raza, OPOXOAMEro Yepes
LOYTE TPHAMOM CKAaY0K YIUIOTHEHHA, IONAafaeT B HOrpaHEYHKE CaoH
Tena, W 3HAYATENLHAS JOJA 3HEPIEE Iepeacred Tely, a OCTaNBHAA
€e 1aCTh PACCeHBAaeTCA B clAefe. 1ak KAK B TOUYKe TODMO;KeHHA HE MO-
yeT OLITE TOCTHIHYTO PABHOBECHE, KOHNGHTDPAMA dJIIeKTPOHOB BO BCEM
I0JI6 TeUeHMA MOKeT me GHITE paBHOBecHol. Hpome rtoro, cxopocTs
pekomMbmEanmm Mmaga., TakmM o006pa3oM, KOHHEHTPAHHA OJIEKTPOHOB
B clene Goxnpmme, 4eM B paBHOBecHOM notoke. OpHakro, ecad IOTOK
ABAAETCA TYPOYACHTHHM, KOHIEHTPANHA 3JJEKTPOHOB MOMKET OCTa-
BATHLCHA HHEBKOH.

Ha Mansix BHCOTAX TOJIIHHA HOTPAHAYHOTO CJIOA ropas’fo MeHb-
e, 96M PACCTOAHEE N0 OTOMIGNNIeT0 CKAIKa. DOabImas 4acTe SHEP-
TMH CONEPKHTCA B 00JACTH HEBABKOTO HOTOKA, IOITOMY BIHAHUO
MOrPAHMYIOr0 CJI0f% Teixa Ha cien npexebpe;xmmo Mando. G ymembpmie-
HEEM BHCOTH B TOYKE TOPMOMKEHHS JIOCTHTAeTCA PABHOBECHAHA HOHH-
3andA, HO BHHM3 0 IOTOKY pAacHOpelleIeHHe IIOTHOCTH 3JJIEKTPOHOB
BJ0JIb OCH 3ABHCHT OT COOTHOIICHHRA (ECIH IOTOK JaMHHAPITHIH) MEKILY
BpeMeHeM MOHHOA W aTOMHOH peKoMOMHAUHE H XapaKTePHHM Ia3ojH-
HAMAYCCKHEM BPEMEHEM.

2. 2, TAPAMETPbBI CNEJQA NPH BOJIbBLIKX CROPOCTAX

Menpaman [83] TeoperEIecKE HCCAEXOBANT TeYOHHE B C/Iefle 32 OTHO-
CATeIBLHO KOPOTKAMH TeJXaMH BpPAIMMEHWS B HHATEPRAJNE CKODOCTEH
moaeta or 4500 mo 11 000 m/c m BmicoT oT 30 mo 75 kM.

TeMmeparypa, NJIOTHOCTH M CKODOCTH PpaBHOBECHOIO BO3jyXxa
B caene 3a cdepoit morydeHsl B QYHKIAM CKOPOCTH HOJIETA.
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O rr. 42, Temoeparypa Ha oceBoil JAWHHEH ToKa 3a IroJIOBHRM
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@ ur. 43. OTHOCHTEABRHAH ILIOTHOCTHL Ha OCeBOH JAHEHH
TOKA 3a FOJAOBHHM CKadIKOM Tepen cdepoil mpu Hoclenyo-
meM NM309HTPONMYeCKOM DACHIMpPEeHHH [0 AABICHHA OKPY-
Malomei cpens [83].
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@ ur. 44. OTeHOCETeNsHadA CKOPOCTh HA OCeBOR JMHHE
TOKA 3a TOJOBHHM CKadYKOM Hepex cfepod HPH IXOCAERYIO-
WieM HM303HTPONHYECKOM PACIIHPEHBH A0 AasIeEMA OKpPY-

sRatomel cpepw [83].

Temnepamypa T,103 K
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®rr. 45 Temneparypa Ha oceBoit

JIMAAY TORA 3a TOJOBAKHM CKagKOM
pepex cfepoll UpH HoCHAeLYIOIeM H30-
SHTPONNILCKOM pACMEpPEHUR 10 (aB-
JICHAA OKPYKawmeh cpeJH (cpaBmeHERe
M@Ky PABHOBECHRIM W 3aMOPOREHHKEM
trerenmamu) [83].

1 — paBHOBECHOE TEYCHHE, 2 — 3aMOPOIKEH-
HOEe TedeHMe 110 HKHoxe(areihHHEHM CTEIeHAM
¢BOOOAH M XUMUIECKOMY COCTABY.
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@D ur. 46. OTHOCHTEALHAA MIOTHOCTS
Ha OCeBOH JHHEVWY TOKAa 3a TOMOBHHEM
craukoM mepep cdepoil Ipm mocaeqyo-
OjeM HM303HTDONNYeCKOM pacHHpeHdH
N0 [aBJICHHA OKpy)Xaiomeil cpenst
(cpaBHeHHe MeKY PABROBECHEIM H Ra-
MOpoXeHHEM TeteHnAaMu [83].

1 — 3aMOpGMKEHHOE TedeHRe N0 KOxefaTedb-

HHM CTEIeHAM CROJONK B XAMWYECKOMY CO-
CTaBY; 2 — PaRHOBECHOE Te3ICHWE; P, —

IJIOTHOCTHL Halerasolnero mOTOKA.
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B nepBoM npmbamxeHHM TeMIepaTypa YBeJIHUHBACTCH JIHHEHHO
B 3aBHCHMOCTH OT CKOpPOCTE moaera (pmr. 42).

Ilpu MalloH CKOPOCTH NIJOTHOCTE CleNa COCTABJIMET LPHMEPHO
1/1p OT MIOTHOCTH OKPY;RAIOmMeEA Cpef W IOYTH HE 3aBHCHT OT BHCO-
TH, B TO BpPeMs KaK IPH BHCOKEX CKOPOCTAX OHA YMeHHUI4ETCH Mo
/30 oT mIoTHOCTH OKpy)Rawmed cpemsr (fur. 43, 44).

TeMnmepaTyps # NJIOTHOCTH clepa 3a cdepoit Ha Bricore 60 KM
IPE PAaBHOBeCHOM H 3aMODOKEHHOM TOUCHAM CPABHUBAIOTCA Ha Qur. 45
# 40 B 3aBHCHMOCTH OT CKOPOCTH I0JeTa.

HUccrepoBanmes ppa Caydad pacmosioykeHHA Ha cdepe TOUKH 3a-
MOP&)KHBAHHAA Ta3a IO KojleOaTeanHHM CTEHEHAM CBOOOIH H COCTABY.
B neppomcayuae To9Ka HaXOXHRTCA OKOJ0 3BYKOBOH TOYKH, BO BTOPOM —
Ha paccrogEmEd ¢ = 90° or KpuTHUecko# Touru. Kax BagHO Ha $ur. 45,
€ClH IOTOK HPOXOAHUT depe3 CKAY0K B PaBHOBCCHOM COCTOAHHHM, 3aTeM
8aMOPaKUBAGTCA W HocJe o0TeKaHHA TeJla NONAXaeT B CIeJ, ero TeM-
nepaTypa MOKeT CHILHO OTAXIATHECH OT PABHOBECHOM, 4T0 CYMECTBEH-
HO BIHAET Ha KapTHAY Tedemnd B ciefe. M3 ¢ur. 45 Taxke sHuHO,
970 ecld pPeKOMOMHAOHA B NOTOKE IPOMCXONHMT OPH JABIEHHH OKPY-
aomeil cpeaH, To TeMmepaTypa MosKeT BO3PACTH B 2—5 pas B 3aBH-
CEMOCTH 0T CKopocTH modeTa. IHa dwur, 45 u 406 noxasamn Taxxe Kpm-
BHe MaA ¢ = 1,4, XOTOpHEe COOTBETCTBYIT COCTOAHMIO T'asa, 3aMOpPO-
*KeHHOTO 110 KoXebaTeIbHHEM CTeNeEAM CBOOOIH B XHEMAIECKOMY COCTa-
BY B I'0JIOBHOM CKaYKe YIJIOTHOHHs H B 0OJe TeYeHHsd. B sroM clyuae
TeMIepaTypa H INOTHOCTH GIA3KM K DPABHOBECHHM 3HATCHHIM.

2.2.1. JTamunapuui caed, onpedersemwii npoyeccom menionpo-
gOOHOCTIU

Ncoonrsya ypaBHeHHe KBa3HPaBHOBECHOI0 COCTOHSHHS [JA BHCO-
KoTeMIeparypHoro Bosuyxa, @expaman [83] noayamn dgumenemmoe
pemieHEe A JNaMEHADHOIC ciefa 3a chepoH, ompemeaseMoro mpo-
IMeCCOM TeTIONPOBOXHOCTH.

Korna nasiiende B HanpaBleHMH MOTOKa YMEHBITAETCA J0 3HATe-
HHA B OKpY/Kalomeld cpeme, To fajbHelimee OXJaKIeHMe cjefa IpPo-
HCXOHUT 32 C9eT TeILIONPOBOJHOCTH OT BHICOKOTEMIEpaTypHOLO AApa
B OKPY;Xa0IIYI0 XoJO0Hay cpeay. Oxma)imenme 8a C9YeT H3JIYJEHHA
npeHeOpeRAMO MaJIo.

[1s naMEHAPHOTO DABHOBECHOTO NOTOKA BO3AYXa HA BHICOTe
18 M mpm cxopocTm %~ = 5,3 KM/c 3a TOUKOH, TNE P> P », Denna-
mau [83] mocrpomn npoPmam momBOH M CTATHYECKOH SHTAJABIHME,
CKOPOCTH, TeMImepaTypH K IJOTHOCTH AJA OUPEAIASeMOro IIpoIec-
COM TeINIOIPOBOJHOCTH ciyefa 23a Cdepoill B 3aBHCHMOCTH OT r* =
= rfr, (r — panmyc, 71, — pagmyc Hocka). [dns ompemeaseMoro
IPOTEecCoM TenJoIPOBONHOCTH clefla JUIHHA, H3MEPsAeMass BAOIE Cleaa
0T 1eHTpa cepHYcoKodl HOCOBOH dYaCTH, 0603HAYAETCA Hepes Z,.
Rax BupHO M3 dur. 47—>50, aTH npodHIN He PAaCIIEPAKTCA B PAHANE-
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HOM HampaBJIeHHH, Kak B ciayvae ambpdysmm, mo-BEAERMOMY, BCIEHCT-
BHE TOro, 9TO IIOTHOCTE B ANpe HWHE, ueM BHe ero. Ilockoapky BHEm-
HfAA 006JacTh caefia ¢ (GoABINOHE HAOTHOCTHI ABJAAETCA 0YeHbh HHTEH-
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@® ur. 47. Mpodunau YHTAILONMA OHDEAEIAEMOr0 Hpoiec-
COM TelmnONpPOBOXHOCTH NaMEHAPHOTO ciexa 3a cdepoi

[83].

Brcora 18 M, uoo = 5,3 HM/C.
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® u r. 48. [Ipodmam cropocTE oupemeasseMoro MPONECCOM
TeNMIONPOBONHOCTA JaMENApPmoro ciefa sa chepolt (831
Brcora 18 KM, w, = 5,3 KM/C.

CEBHHM NIOTJIOTHTENEM Telllia, OTHOCHATEABHO O0JbIIO¢ YMEHEBIIOHHE
TeMOepaTypH Sipa ¢ HUSKOH IIOTHOCTHLI0 YPARBHOBCIIMBAETCA MAJIEIM
yBeIm4eHHeM TeMOepaTypH OKPYIKAOmero rasa, YTo IpefoTBpamlaer
pacnpocTpaHeHWe SHTAJEINH,
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O ur. 49. Ilpodunm TemmepaTyps OIpefeaAeMOTO HpoO-
Fec]cou TeIIOTIPOBOTHOCTH IaMHHAPHOTO cliefa 3a cdepoii
83].

Bucora 18 kM, u , = 5,3 KM/C.
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® ur. 30. IIpopmam IIOTHOCTH OIpefedseMorc MpPOIEeC-
COM TOINIOEPOBOHOCTH JaMHHADHOTO clefa 3a cgepoil
[83].

Brcora 18 ¥M, u, = 5,3 ¥M/c.
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2.2.2. Honusayus ¢ LaMUHADHOM caede

Honmsaumonsaa mupdysna (mim Temaomepesada) B KBa3mpaBsHO-
BOCHOM JaMZHHAPHOM clofe 3a chepoll Ham 32 BXOAAMMM B aTMochepy
TeJoM TpPH THOWYHHX YCHOBHEAX BXOfa McclenoBamach JimmoMm [84].
C momompo TepmopmEamMmiecknx Tabxmy I'mamopa [85], Jlorama (86]
u Tapa [87] mo uwaBecTarM paBHOBecHOH TeMmepaType M ILIOTHOCTH
rasa MO/KHO BLHIYACIMTH KOHIEHTDAIAI0 JIEKTPoHOB N, ofpasoBab-
IIAXCA BCIEMCTBHE TePMHIECKON MOHE3aNmAH IACTOr0 BO3AYXA.
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®Gur. 51. PasnosecHad KoH-
UEHTpanms 9JIeKTPOHOB B KPH-
THYCCKOH TOIKe B 34BHECHMOCTH
OT CKOPOCTH M BHCOTH [84].

Cxopocms, kM/c

@®urr. 52. PaspoBecHas Kol-
HeHTpamuA 9AeKTPOHOB Ha MO-
BOpXHOCTH Cdepsl B I3aBECAMO-
CTH OT CKOPOCTH W BHCOTH [B4].

Onpenenesras TakuM 06pa3OM KOHNEHTPATHAA JIEKTPOHOB B KPH-
THIeCKOM TOYKe I B TOUKe Ha CchepmaecKoil MOBepPXHOCTH, OTCTOAMEPH
ot mee Ha 90°, mpencTaBiaena Ha ¢ur. 51 m 52.

JlnA 9uClTeHHKX pACYeTOB IPHHMMACTCA YHOPOINEHHAT MOJIeNs
JaMHHAPHOTO CJefla, B KOTOPOM XMMAYECKHE PeaKiln| IpeanoIaraioT-
¢Sl MIHOBEHHBIMU IIPH COXPAHOHHH YASNHHOH SHTPOIMM BIOJbL KasK-
J0# IVMHEA TOKA.

B ofnacTE 1aMERApPHOTO TedeHHAA IpOIEcC PACHIAPCHAA B CIefe
HATPOTOrO B CKATKe ra3a ABAAETCH HOYTH alHabaTHYECKEM, HOCKOIBRY
IOTEPH TEIIOBOH BepPIHH OT MOTOKA K TBEPJOMY TeJy 9Yeped obnacTs
OTPHBHOTO TEYEHHs, KAK NPABHIO, HO NPEBHOIAIOT NOTEPA IHEPIHH
OyTeM TemIonPOBOLHOCTA dYepes3 NMOTPANMHHAIA CI0H B 6e30TPHBHOL
06J1aCTH TeYeHHA OK0J0 Takoro ke reaa. IloTepm Tenna Ha M3NMyYeHHe
0BBIHO MEHBIIE COOTBETCTBYIOMHEX a3pOMEAMHYECKHEX HOTEPH Telia.
TakmM o6pasoM, [0 Tex Top, TOKA TOJIMWHA IOTPAHHTHOTO CHOA
H& IOBEPXHOCTH cHephl Maja IO CPAaBHEHHIO ¢ PaluyCcoM cepnr, pac-
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CeMBaHME 3HePTHH B ¢je/ie IPOHCXOAT TOXhKO BCISICTBAE MOJXEKYAAp-
HO® pamdPyswMm, TemIonpOBOMHOCTHE MW BABKOL0 NepeMeIIMBAHHSA
MEeKAY coceIHEME TPyOkamm Toxa. Bpema auddysmm gacTHIH Iua-
MeTpoM d paBHO

rae A — cpemEss paamHa cBoGomHOro upobera; ¢ — cpegHAs CKO-
POCTHL MOJEKYJ rasa. B TeueHHWe 3TOT'0 BpeMeHH Tello, [(BIDKYINeecs
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® ur. 33. PaccrogEme, Ha XOTOPOM ciefyeT YIATHBATH
MOJMeRYIApHY Auddys3uio B ciaege 3a cdepoit, B 3aBHCHMO-
CTH OT JUaMeTpa M BHCOTH [84]

Cpenras cKoOpocTh 6 EM/C, cpendAasa TeMieparypa cirefa 3000 K.

€O CKOPOCTBIO U, NPOXOJAT PACCTOIHHEE

vd2
.Z'D:Ut‘p:-é—f.

Ilponece pacmupesns B cjlee Ha PACCTOAHUM OT TEAa, MEHBIIEM
Zp, ABIAGTCA afaabaTHIECKHM, B TO BpeMA Kax Ha GOJABMIAX pacCToA-
HEAX ClefyeT YIMTHBaTh BAXAHEe AnPYsHH B TemaonpOBOLHOCTH.
Ha ¢ur. 53 npencrapieEn sHaAYeHAA I IPH cpefiHeir cKopocTH 6 KM/c,
cpengell TeMmeparype ciaega 3000 K m maBmenmm B ciaepne, paBHOM
MEeCTHOMY aTMOC(EpHOMY AABICHHIO.

Ecnm d =~ 0,3 M, T0o paccTosnme, Ha KOTOPOM CJefyeT YUATHBATD
MOJeKYXApEYI0 mEddy3mo B cieme, cocraBiser mpmmepEo 1,6 kM
Ha BHCoTe npmbamamrentro 30 kM. Ecam CKopocTh 3JeKTPORHO-HOH-
HO#A peroMOMHANHMH MOCTATOYIHO BeNHKAa, TO CTeDeHb MOHHBANHAM
MOKeT CYMTATHCA KBa3MDABHOBECHOH ¢ JIOKAJHHOH TeMIepaTypou
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Tas’a H JOKaJbHOH KOHIEHTpaNHe# MOHM30BAHHHX XHMHYECKAX KOM-
TIOHEHTOB B KAKNOH TOYKE B TCUEHHME IpoIecca PaCllHpeHHA.

Kpome Toro, ecam pexoMOEmBAIHEA aTOMOB H BOSOYKIEHHE MOJE-
KYJAAPHHX KoJebaHwit IpOMCXOAAT AOCTATOIHO OHICTPO, TO BCH XHMHA-
4eCKAA CHCTeMa MO/KeT PpACCMATPHBATHCA paBHOBecHo# B Jioboil
MOMEHT BpeMeHE. Taxmm o0pasoM, mponecc paCIIHpPeHMs ABXAOTCH
H302HTPOIMYECKEM BHOAbL KasKIod TpyOkm Toxa. Oauako yjeianHad
SHTPONHA ra3a HM3MeHZeTcsa OT TpyOxm K TpyOke B COOTBOTCTBHE
¢ MECTHOM HHTEHCHBHOCTHIO T'OJIOBHOH ynapHOH BOJHBI, d€pe3 KOTO-
PYIO OPOXOIAT 3TH TPYOKM ToKa.

CEOpocmo a4eKmporRKO-LOHKOU DeKoMOURAYUL

TepMuuecKas HOEH3ATHAS BO3AYXa HOPMAJBHOTO COCTABA CBA3AHA
B OCHOBHOM ¢ Iponeccom o0pasoBaHMA MOHOB OKHCH asoTa. IIpomecc,
oIpeNeNAIMAN HETeHCHBHOCTH 00pasoBaHMA ¥ DPA3JIOKEHMS HOHOB
NO*, mpoucxopmT caenyomuM oOpasoM:
B
N+022 NOt +e.
s

Houcrauta ff, cooTBeTCTByIOmMas HpONECCY HOHA3ANMH, PAaBHA
B~ 8.40-11]~ /2%-31850/T cyd)c

(T B rpagycax Hearswna). HorcTanra o, COOTBETCTBYIOmMAA IpPO-
oeccy peKOMOMHATAN, PaBHA

o~ 310-37""2 cm¥/c.

YroOn oupeieMTs HOJHYI0 CKOPOCTH H3MOHEHHS ILIOTHOCTH HOHOB
B TeueHHe Iporecca OHCTPOro pacHIHpeHMs, IPONECCOM HOHHM3AI(HH
MO;KHO mpepeOpeus, 4TO JaeT

dn/dt = n (d 1n p/dt) — an?.

[lepeniii y1en B mpaBodl 9acTH 3TOT0 YDaBHEHHA COOTBETCTBYET
W3MEHeHHI0 IUIOTHOCTH 9JeKTPOHOB BCJEACTBHE pacmupermsa 0Oe3
peroMOmHAmMM, a BTOpoifl 9iIeH HOpeACTARNIAeT OOHYAYI0 CKOPOCTH.
pexoMOHHANIEE NPH HOCTOAHHOM oOBeMe.

IIpoumsBosEas or JorapupMa ONOTHOCTH Taza NPH PACIHPEHAHE
d (In p)/dt oroxno Tymoro Texa nmpmbamsHTeasbHO 0OPATHO HPONOPIHMO-
HAJAbHA BPEMEeHU HPOXOKJEHHMA IOTOKA OKOJO TeJa:

d(lnp) v

at =~ d-

JIBa 4ieHa B npaBof 9aCcTH YpaBHeHUs Jia dn/df craHOBATCA CPaB~

HEMHMHE 110 BeJAIHHE, KOTAA

v
d:‘_'_"’
an
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n — IUIOTHOCTE 3JIEKTPOHOB B TOUKEe HA NOBeDXHoeTH cdepH, rfme
HaYWHAeTcA mpomecc OmicTporo pacmupeHmA. PesynsTaTh BHIIHMCHe-
HW TTOKa3LIBAIOT, YTO Ha BHICOTaxX Gojee ~60 kM cTemeHr MOHH3AIHE
OPHONTMIKAEeTCA K KBA3BMPABHOBECHOH IJIf BCEH CHCTEME.

Cropocmb pekoMbuUHAyUU AMoMo8

OCHOBHHIME peaKIHAME, ONPefelsOMMUME MECTHYH CTemeHb JHC-
CONMANEHE BO3AYXa, ABIAIOTCS:

Ry
0,+M = 0+04+M;
Ryn
ka
N.+M == N4+N{+M;
Rsm
ks
NO4+M T >N+O4+M;

k3
O+N, &= NO-+N;
N+03 <= NO+O.

Xora peakmmm ofmena (nocnenmue pnBa ypapEeHEAA) sPPeKTHBHH
B codeTaHMH ¢ puccomuanueii N, # Oy, B Dponecce GucTporo pacmu-
PeHHA OHH He HEMEIT BA’KHOTO 3HAYCHAS, T&K KAK He H3MEHAKT OTHO-
CHTEIBHOTO KOJHYECTBA AaTOMOB H MOJEKYN B cmcteme. IlosTomy
CKOPOCTh DPeKOMOMHANMHEHE aTOMOB OyHeT OImpeJelATBCA TPeXKOMUIO-
HeHTHHMH HpoLeccaMM pPeKoMOMHanum (OepBEE TPH YPABHEHRA HDH-
BefeHHOHR BHINE CHCTEMET).

KorcrapTH o6paTEEX npomeccos ki, kgp, kK3p OAM3KE mo Berm-
aaue. llosToMy, ecnm mpemebpedr pasnmumeM THIOB aToMOB, y4acT-
BYIOIIEX B PeKoMOMBauuu (I THOOM aTOMOB TPOThero KoMnoHenTa M),
nponsBO/IEaA OT KOHOEGHTPANHEM aTOMOB B mpomecce OnCTporoe pacinm-
penusa OynmeT pasHa

dnyldt = —ng4 (v/d + kgnany).

Ecam B3aATH cpegHee 3Hadenue, To
krp = 10-27T-*2 ¢cmb/c,

Ife n, — KOHIEATpPamHA BCeX aToMoB Ha cdepe, a Ny — KOHIEH-
TpamEA BCeX 4acTHEN Ha cepe. HpoMe o9eHP HHBKHX BHCOT IIPOIECC
poKoMOHHAIMA aTOMOB B clefle HepaBHoBecHE. Hommearpamum
AEKTPOHOB B JaMHHADHOM clxefme 32 cepoidl B KBasEHpPABHOBECHOM
COCTOSHHM IpH CcKopoctm 6,7 xm/c Ha BrHCoTe 60 KM yKazaHH
Ha ¢ur. 54. HeTpyaHo 3aMeTHTH, 9T0 HOHH30BAHHLIM CAe] 33 TYHOHM
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TeJOM HMeeT deTKO BHpa;KeHHOe ANpOo, AHAMETP KOTOpPoro CpaBHEM
C AMaMeTpPOM TeJaa.

Brytpm sAjpa KOEIEHTPAmHA 3JIEKTPOHOB LOYTH HEe MeHSeTCA,
3a HMCKAm4YcHEeM 001acTH, NpEMHKAMmMEHd K Teay, HO Ha BHENIHEH
FPaEMI® AJNpa KOHIEHTpamds DACKTDOHOB pe3ko majgaer, obpasys
XOpOIIYI0 OTPAMAOMyl0 HOBEPXHOCTb AJAA IAGKTPOMACHATHHX BOJH
¢ YacToTOH, MeHNBIme#d 94aCTOTH INa3MH BHYTPH Afupa. Peskoe mape-
HHE¢ KOHIEHTDANHH 3JeKTPOHOB B PaAHAJbLHOM HAaNpPaB/IIeHHH BH3BAHO
OHCTPHM yMeHBIICHHEM HHTEHCHBHOCTH TOJOBHOH YHAPHOH ROJHH

5.10" 707" Yoapuas 6onHd
14
i Y /,010 /109 NeKMpoH fom?3
+
L— L [ ,
¢ 10 20 30

Pacemoanue sa chepoll 6 duamempax

D nr. 54 Komnearpamwd BIeKTPOHOB B clefe 3a che-
poik mpm ckopoctn 6,7 Km/c ma BrcoTe 60 xm [84].

Pacder NpOMSBOIMICHA AJlA JIAMEHAPHOTU DPABHOBeCHOTO MWBOSHTPO-
UP9eCKH PACIMUPHOINErOCT YECTOrO BO3XYXA.

UpE YAAJEeHAM OT OCH Tymoro Tena. M3MeHeRHMe KOHUGHTDALMH 3JIEK-
TPOHOB B 0CEBOM HAIIPABJIeHHA BHYTDH SApa OOYCIOBIEHO IaJeHHEM
LaBlIeENA B THOEP3BYKOBOM moroxe. YI3BecTHO, 9TO JJAA yMeHbUIEHHs
AlaBJIeHAA 33 T'OJOBHOH YAapHOH BOJHOH IPH THNEP3BYKOBHX CKOPO-
CTAX [0 JABICHHA OKpY;Kaome#d cpean TpeGyeTcAa 3HAYATEXLHOE
paccTosHme. B manpHed dUacTH clxefa Iocle HaJeHHA JaBJIeRHA
[0 3HAYCHHA B OKPY)Kalled cpefle KOHNEHTPAIHA JJeKTPOHOB
BHYTDE sAfpa H3meHseTca Jubo BciaeacTtsme pmddysmm, nmbo Beaes-
CTBHE JDYTHX THOOB JHECCHIAI{HH.

Hoppsanus npmuMece#, IOTeHMEAJ HOHM3ATHHE KOTOPHX CYmECT-
peHHO EWKe, veM ¥ NO (rakmx, KaK MeTaanH, oco0eHHO W3 T'DYODH
MEeJ0YHEX K mMeJ0Y4HO3EMeNBHEIX), MOKeT KOpeHHHM o0pasom
OOBJIMATL HA pacnpefelieHHe KOHIGHTPAIHH JJEKTPOHOB B clefie.
OxHEAaK0 IPHEMECH ¢ IOTEHNAANOM HOHARATAA, PABHEM MM MPEBHINAI0
IEM NepBLlid noTennman nogusanum NO, KoTopwi cocraBaser 9,25 o8
(mampumep, GONBLNIMHCTBO HOMETAJMJNWIECKHX 3JEMeHTOB M Oprammde-
CREX COGNZHEHWH, MiIH 3JE€MEHTOB ¢ BREICOKAM 3JeKTPOHHNM Cpoj-

CTBOM, KAK TAJIOTeHH), He H3MEHAOT PAaCHpPefeleHHA KOHNECHTDPAMHA
2JIEKTPOHOB.
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2.2.3. Ilepexod

B macToAmee BpeMsa HHTEHCHBHO H3YJaeTCHA IlePeXof, JaMAHAPHOTO
TedeHuA B clene B TypOynedTHoe. Iloxa eme He m3BecTHA MCXOJHAS
IpHYHHA OEPexofia, XOTHA IPeJCTABIAETCA, 9T0 HEYCTOHYHMBOCTH HIIA
CX0H BHXpeH ¢ Tela BHIHBAKT BO3MYMEHHEe JaMHHAPHOIO TeYeHWHA,
Mepexop Tewenus B ciefe 3aBUCHT rTaBHEM 06pasoM orT BHEICOTH WA
aTMOC(EPHOro [aBJE€HMA M IJIOTHOCTH, & TaK:Ke OT pasMepoB Tena,

HO cjaab0 3aBHCHT OT CKOPO-

15 cre [88]. Ilpm Bxopme Texna
d,mm B BePXHHE CJIOH aTMOChepH
0% ¢ TOCTOAHHOE CROPOCTHIO
o 25 3a HAM obpaayercss namm-

HAapHAH ciden, HO IO Mepe
TOTO, KAK TEJIO CIYCKAGTCH,
JTaMAHAPHHH cJej Iepexo-
JHT B TypOyIeETHHE B TO9-
Ka mepexoja IepeMemaercsd
o0 HAUDABJEHWI) K Teay.
ITepexorn Momxer OHITH ompe-
feJleH Pa3dAIARHME CIOCO-
6aMm: MeTomamH TepMoaHe-
MOMETpHH, 00 MN3MOHEHHIO
| [ SIEKTPHIECKOr0 TOKa, ¢ IIO-

0 r 2 3 MOMBIO CHEMOYHOH KaMepH

1/Re-10%m 6apabagnoro THOA IO TIO-

HIKeHAI CKOPOCTE CBETA-

D ur. 55. PaccrosmEme rmepex MeIy ocplo 1NCIOCH TEUEHHA, HUIMDEH-
MIIAHApA ¥ TOYKOH mepexoja B cliefe B 3a- METOJaMH IO HAaYAJdy H3IMe-
BHCHMOCTHA OTUOGPaTHOI‘O 3Ha9eHHUA eguamnd- HeHHHd OJOTHOCTA H € II0-
;;;ogz{n;ﬂllelggﬁgsgﬁgﬁa6erafomero DOTOKA  MomrRI0 PAAMOIOKATIHOHHKIX
' W3MEpPEHHH 10  Pe3KoMY

POCTY YIbBIPABHCOKHX dac-

tor. Ilepexom B ciejge 3a KpyroBWM muimexpoM npa M. -—5,8
opomcxonmt np:m wacae PediHoapaca Regepex = 5,510 — 7,5-10
[89] mam mpmbnmsmrennro npu Regepex~ 7-10* [90], BHumcaenBOM
00 PAacCTOSHHI0 A0 00JacTH mepexofa oT oCH NHIHMHAPA H YCIOBAAM
pHEemMAETr0 moToKa. Hcam Repgpey BHYHCAHAETCH 00 PAaCcCTOSHWIO
OT 3pPeKTHBHOTO HAYaJa W HO JOKAJIBHHKM YCIOBHAM B NOTOKE HOpH
Mo = 5,7, 170 Regepsx = 8,5-10* [91]. Paccroanmme mexpgy OCBIO
TUINHEAPA ¥ TOYKOHE Mepexopa B CIEAE Tpepex OUPEACIACTCH WO THCIY
Re, BWYHCIGHHOMY JJS eAEHALH MJIHEHE, C IOMOINBI0 HPOCTOH 3a-
BECEMOCTH, moxydennoin llemerpmagecoM [89] (dmr. 55). Ilepexon
Te4eHHA B Clee 3a TOHKHM TeJIOM IPOMCXONHT Cpasy 3& TOPJIOM
HId HAa HEKOTOPOM DPAaCCTOMHHH OT HEro IO IOTOKY BCIe/CTBHE

Typbyneumnsrii cned A

Lyenex-tM

Jlamunapweri caed
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peycrofigmBocTH TedeHHA. PaccToAHEe [0 mepexofa B cliefle 3a TOH-
KHM T€JIOM He Sa8BHCHT OT Pa3MepoB TeJxa, B OTIHYAE OT TeI¢HHA B CJIe-
me za Tyomm Teaom [92]. Ilpyrofi oramumrenbHOE 0c06EHHOCTBIO
nepexoyia B cllefie 3a TOHKAM TeJI0M ABIAETCHA CYNIeCTBOBaHAEe HOKOTO-
poro 3pPeKTHEHOrO Hazala OTCYeTa PacCTOAHMA mepexona. Ilepexon
38 TOHKAM T€JOM NPOHCXO-
NMHAT HA PacCTOAHHM, OTCYH-
THIBA€MOM OT 3T0r0 pPexr-
TEBHOTO HAYaJa, DOJOMKe-
HEEe KOTOPOTO CBA3AHO C
AMHAMATIECKON YCTOHIABO-
ctero. CymecTBOBamHme Ta-
KoOro HadaJia 0TCYeTa, BEpO-
ATHO, 00YCIOBJIEHO PACIpO-
CTPaHEHHOM HeYCTQUUHBO-
CTH IOCPEICTBOM MO3BYKO-
BEx sosmymenmit [93]. Ha
¢urr. 56 mpencTaBIeHBl IHC-
na Peitgoanaca mepexopa
B CJiefie 33 KIMHOM, BHYHC-
JeHHKE K0 fopmyae

(*mepex — %0)  Poolt

“mepex oo

6-10°

L]

rge o — KoopiaEHATa 5¢-
(eKTHBHOT'0 HAYAJIA OTCUETA.
Kax pas cdepu, Taxr
' 80 110 W OnA KOHYCa pacCTOAHHE
D, zpat 10 TOYKH Iepexofa H3MeHSH-
® nr. 56. Msmemenme gucia Peiimodsica ©TCA JIWHEHHO C H3MOHEHHEM
nepexona (ssepxy), woopgunarm spderTms-  MecrHoro wmciaa Peiimonspca
HOI'0 Hadanla OTcYeTa PacCTOAHHA Tepexofa Ha I‘paHED;e ciena B OﬁﬂaCTE
zo (B cepepune) H MecTEoro dmcaa M ma
rpaEnne clefa (BHE3Y) B BaBUCHMOCTH OT (Znepex /d) << 30 (Qur. 97).
MECTHOTO yTia Kimma [92]. Yuena Pefinoasaca mepe-
h* = h + 26%, Xofa IO TYOHX ¥ OCTDHIX
TeJ pA3JHIATCH NpPHMEp-
Bo B 4 pasa (dmr. 57) [94]. Ha GompImoM ymajeHHHE OT TYHOIO Tela
(Zpepex/d >> 50)  paccTosHHe @0 HWepexXola Pe3Ko BO3PACTAeT,
NpEGHMKAACH K ACAMOTOTHYECKOMY BHAYEHMAI0, NPH YMEHLIICHHH
MecTHOTO dmcna Pelimoapica ma rpanume ciena. Iloatomy «HamMens-
ice KPATHIOCKOE» IHCH0 PelHOJBACA B clefe, HEMME KOTOPOTO CJef,
NOJXHOCTHI0 JaMAHAPHEIHA, MOMHO OHpeAeanTs no ¢ur. o7. Ecam pac-
CToAHMe mepexopa MpPeJCTaBHTh B 3aBHECEMOCTH OT P »d [95], To omo
gHe Oy/er saBHCETh OT CKOPOCTH IOJXeTa.
HeemoTpa ma pasmuuMa mepexoua B CJefe 3a TYOHM H OCTDHM
TEJXOM, MOKHO HAHTH YHABEpPCANBHO® COOTHOMEHHWe, mopbmpas cooT-
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BeTCTRYIOMMAM 00pazoM (YHKNAOHAJHHHE CBA3W 3aBHCHMLIX U HO3a-
BACUMHX [HePEeMEHNHX, BAARAMEAX HA nepexoj (Ppmr. H8). Uem obyc-
JOBNCHa TaKasd YHHMBEPCANLHAA KODPPeIANNS MERAY (Bexnepex) X

X (M »/M,)? & M, mensBecTHO.

100 1 | 1 1 t {
Po=10mm ©
50 ~ .
%.511» pmLcm= P
20— 10mm -
0 N N /Kmr_yc
2
% 5 — —
5
2+ ]
1
o5+ ~
021 -
0,1 H ] | ! ! | |
109 2 5 10% 2 5 105 2 5 10°

Rex nepex

@ mr. 57. Paccromgme 0T ropaa caega A0 ToIRH
mepexofila B 3aBHCHMOCTH OT MECTHOTO dnucia Pe#-
HONBJCA HA TpaHAme ciaexa [94].
Iaa  woHyca — 28104 .

Yy Xiepex = B} 7 Bag cdepsr Xpepex ™

H,6.104

=T~ [90], rze Rj — emmemMaHoe vumcnoe Pelinonnpea.
® jJamHbie 04 cfepb, BHYECHEHHKE [0 IADAMETpaM DOTOHA
B Hagajde TYPOVAEHTHOTO YYACTHA,
O manHble iz cPEpH, BHYHCACHHEE OO NAPAMETDAM HEBAS-
HOTO NOTCKA HA OCH; -+ MaHHKE JUIA KOHYCA, BHYACIEHHHE II0

CPemHHM 3HATCHHAM MAPEMETDOE IoToKa [Slattery, Clay, Phys.
Fludds, M 5, 849 —855 (1962)].

PeaynnTaTH, mpmBefeEREe HA (ur. 58, MoryT GHTh anIpOKCHMH-
POBAaEHK KpmBoil [95]

5 { Mo\ 2 poo/ M#*
Tnepex = 1,46-107 (52) b s
IIe Znepex — PACCTOSIRHEe A0 TOYKH IEPeXola oT JOHHOrO cpesa
tema (B Merpax), mEAexc 00 OTHOCHTCS K 8TMOCHEDHHM YCHAOBHAM
H3 YpOBHe MOPA, a 3Hadenme M* ompenessieTcss H3 COOTHOHMIEHHM
Ig M* = 4,744 + 0,124M . + 0,00976M2%,, M. < 8;
Ig M* = 5,48 + 0,11M ., M. > 8.

I
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Uurcao Maxa Ha BHemHe# rpaHWIe DOTPRHEYEOTO ciod M, CBA3aHO
¢ umcaoM Maxa mHaberammero noToka M« COOTHOIMIeHHeM

6 5/2 (6 (M3~ 5) M sin2 B
] 5 — 5 ( 2 PP 1 ) { ) "
"M sin? § — 5 (Mo 8in2 f 4 5)
a suavenme Sin®f} MosHO ompemeNHTE W3 ypaBHEHHSA

(sin? B)? — (M‘;I 2 41,45in? 8) (sin?B)* 4

2
+{31‘-4§§i+(0 36+——-sm2® }(51n2|3)- M:E’=0,

rae © — TonmoBHHA YrN2 NPH BepHIMHEe KOHYCAa HAM ODOJOBHHA YIJA
KJIMH2 JJIsi KOBAYECKHUX Tedl, KoMOuHanui cdepa — KOHYC M KIHHLEB;
® = n/2 nus chepu m mmammnpa. (B mocaenmem ciayuae p = :n/2)

o
T
Q°
o]
]
L
om

()
]
fan®a}
73
o o
&80
1

(Fetreen).e (

mmn oo
[rice aiio]
L i

_.
<

I

b 0

0O 2 4 6 8 10 12 M4
Mo

@ = 1. 58. Koppenauua gagasx 1o nepexony B cie-
me [95].

O woHye; [ cdepa; <> KIEH; A KOEYC CO CepHYeCHAM 3a-
TYNJIeHueM, V IMAJERLD.

Hpommermocn obaacta nepexona OHAa onpeaedeHa B QYHKIUR
« [96]. Kax emmEo m3 ¢mr. 59, mpoTsxedBocT: 00IaCTH IEpexona
MO}KHO 0XapaKTePH30RAThL DACCTOAHMEM I, — X1, ¥y — PacCTOAHHE
OT MOHHOTO Cpe3a TelNa [0 NePBOT0 NOABJACEHA HEYCTOWYABOCTH



@ rr. 59. Cxema chema sa Temom [96].

107

Rem.a?; y Rem.mz

105 ] £ H } ! i
2 4 6 8 10 2 14 16

@ ur. 60. Bamasve wacnra Maxa mnaleramomero noToKa
na umcao Peiimoapgca mepexona B ciaepe 3a xogycoMm [96].
OB =8 A6=0368 =10 6 = 12,5°, ¢Berane Tou-
Ku — Reg, y,: 3aueDHEHHbIe TOIKE — RHeg, o,
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B JaMHH2PHOM IIOTOKe BABKOTO ALpPa, T, — PACCTOAHHE OT JOHHOTO
cpesa Tela [0 CeYeHH:H, B KOTOPOM IOTOK B BASKOM ffpe ciefda cTa-
HOBHTCA TOJHOCTHI0 TypOynenTHmM. OmpeneseHHasA TaKEM o0pasoM
IpOTAKEHHOCTh 00NacTH Hepexona HokasdaHa Ha ¢ur. 60.

2.2.4. Passumue caeda

flnpo ciaema uMeeT HepoBHHe Tpavunu. llosroMy mia onpepmene-
HESA er0 WHPHHK Tpebyercs cnenumalbHHIMA MeTof. JlaMEBEapHHIE caen
pacTeT MeIJleHHee IO CpasHOHEMWIO ¢ TypOyaentHrM. C yMeHnmeHumeM
aTMOC(EPHOr0 ARBJACHHA CKOPOCTH pocTa yMesbmaercsa. Ilpm armo-
cepHOM gaBNeHEA NIEpPHHA clefa 32 cepoll pacTeT IpONOPREOHAIR-
go z'¢ ma paccrosaam mo 3500 Kenmbpos, HO npH AapdeHEE 41
n 100 MM pr. cr. HIHpPHHA clefa YBeJMIWBaeTCA IPODOPOEOHANBHO
r'/s pa paccrostmmu Ao 50 raxmGpos [97]. ITpoduas naMmuapsoTo
ciena 3a TOHKHM TeJoM HecuMMeTpudeH npd M. — 2,3, H MOKHO
yTBepHAaTH, 9T0 B o0ImeM ciaydae CKOPOCTH DaclIHPeHHA B 3aTyXa-
HAA XOpPONIO COBHAJRIOT C COOTBETCTBYIOUIINMH CKOPOCTAMH B HEC)KH-
Mmaemoit cpexme [98]. Ogmako, no-sAAEMOMY, CYIIECTBYeT HCKIIOTeHUE,
HOCKOJBKY JKCIepHMenT mpd M. =~ 6 mokasan, 9To NIHEPHHa JaMHO-
HAPHOTO CJe[la OCTaeTCA HOCTOSHHOH Ha DACCTOAHHME [MECATH WMIH
Gonee pasMepoB NOHHOI'O Cpe3a 38 KIMHBAMH C PAa3IAIHLIMHA yIJja-
mu [92].

Pacmupenne Ty pOyaeHTHOTO ciiefla YI00HO ONpeeIATE Ho CIefyIo-
MeMy CTEeIeHHOMY 3aKOHY:

b [ x\"

- (3)
roie d — A@aMerp MHA OCECHMMETPHYHOrO Tena, b W r — MUPHHA
W PacCTOAHEE BIO/AbL cliea COOTBETCTBeHHO. JTa DOJNYy3MOAPHIECKAs
dopMyTa moaydeHa HA OCHOBE DKCIOeDAMEHTAJbLHLIX NaHHHEX /[leidiHa
a IMopra [99] nns cheprr mpm cropoctr 2260 M/c B 3KRCIEPAMEHTAN b~
mnx gamakx Casrrepn 1 Kiten [100] nia Komyca = cdeprr B mETEpBaATE
cropocrei 1200—5200 m/c opz gasnermu 20—200 MM pT. c1. B skeme-
pUMeHTaX €O CTaXbHOMW cpepoit npd ckopoeTsax 800—1600 m/c Mapdn
w [wxwacor [101] monyymmm » = !/; naA crememHOTO 3aKOHA CJe-
AYIOMero BUAA:

(%)Szzax-{—c,

TIe @ B ¢ — KO3()HIACHTH.
3axon pacwmpenssn TypOyJeHTHOTO ciaega OHJ TakKe MONYICH
Caarrepn m Hueem [100]

Ve =% (377)
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The w — NONHAA WHpPHEHA clefa, A — miromafb JoEHOTO cpesa Mofje-
I A I — PacCTOAHHE BIOJb CJella, H3MepseMoe OT KpPHUTHIeCKOH
Touxd. YToOH moap30BATHCA HTHM YPARHOHHEM, HY:;KHO 3HATH KOB@-
¢unuenT comporusaerms Cp. CoraacHo pacueTaM CONPOTHBICHHA
KOHyca, BHIOONHeHHWM JlalioECOM B [Op., COOPOTHBIEHWe IIOBEpPX-~
HOCTHOI'0 TPEHHS COCTABAAET IpEMepHO '/,, compormBieHme AaBie-
HEA /3, a coOOpOTHRIEGHHE [AaBAPHWA ¥ NOBEPXHOCTHOTO TpeHHsd,

10_ HRonyt v
| | oboakau.] My Reoogd Cp |6 b
o 12,3 | 2,02-105 |0,0830!) &
Ll o 12,0 | 2,00-10% |p0770| 8
| v 125 | 570-105 |00658 | 8
A 126 | 1.03-10% | 0,0632| 8
wffg - S v
G
A GCoepa
pfosnat| Me | Réwz Cp |dmm
v 14,4 | 1.09-105 | 0,9 |6,35
- ™ 142 |116-105 | 08 |6.36
® 140 | 152105 | 0.9 |6,85
A 13,6 1245-105 | 0.9 |6,35
1 ] j | 1 | I | ]
10 10% 10®
x/d

@ unr. 61. Pocr TyplyiaenTHoro sppa ciega 3a cdepoit 1 xoHycoM (pe-
3yJRTATH OOJydeHH B OajrmcTHdeckoit ycranosre NOL) [96].

w/2d x /3
=0 ()
Cp

06yCJ0BIEHAOE BASKUM B3aEMOJeHACTBACM, a Taxk:Ke BIASHHEM JIONe-
pevHod KpUBH3HE H [OHHOTO Cpe3a — BeamwyaRy nopsaxa 9%
OT DOJHOLO coXpoTaBieHmA. Jlaiore u ap. [96] Brnoammam nogpob-
mHui pacaer Cp nas cepsl @ KOHYC2 ¥ Ha OCHOBE DKCIIEPUMOHTAIBLHEIX
JaHHHX, OpejacTaBjieHHbX Ba ¢ur, 61, BuBesu 3aKoH /3 mia pocta
MIAPHHEH TYPOYyIASHTHOTO Cciaesa

(w/2d) z \s
T =0,9 (7) .
rje £ — PaccTOsiHMEe BHHU3 IO MOTOKY OT JOHHOTO cpesa.
JxcmepEMeHTaAbHEE RaHHHe (Pmr. 61) moaydemsr mas KoHYCOB
¢ noxyyraamu npu sepmumue 6,3 m 8° B wATepBase cropocteit 3050~
5600 m/c m pun cdeps upm cropoerr 5050 M/c. Teiiop m ap. [102],
a raxyxe Buanepbex [103] To:xe mamepanm pocr TypOymeHTHOTO Clena.

2.2.5. Hamepenue dpysux napamempos 8 caede

ITpacyrcrere HE60NBIHOTO KOJHYCCTBA HOHH30BAHHOTO WIH BO3-
OyHIeHHOT0 BHICKTPAIECKHAM cmocoGoM rasza B clele N03BoJaAeT
IpPOBOMIUTE BU3yaJbHEe HabaomeEma. Hsmepemue aTHx permcrpm-
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PYEeMHX ARJICHHH OYeHb IOJE3HO JPIA AUATHOCTHKE moToka. Moe-
KYJasl ¢ BO3OYHIeHHHMHE 5JEKTPOHAMH H3JyYalT BO BTOPOR IOIO-
JRATeNEHOR ITOJOCe cHmexTpa azoTa, B moxoce Ilymama — Pymre
COeKTPa KHCAOpoAa HW B P- E Y-mosocax CUeXTpa OKHCH a30Ta; Bee
9TH NOJOCH HaXomATcA B roxy0oit gactm BmimMoro cuexrpa. Momm-
30BAHHHE MOJNEKylnh azoTa N3 H3IydYaoT B mepBO# OTpHmATeIBHON
moJioce roiayboif uacTH CIexTpa, & ¢BoGOIHEE 3JIeKTPOHH NPH Beex
CTONKHOBOHUAX C HeHTPaXpHKHMH ¥ MHOHM30BRHHHIMH YaCTHOAMU
W3JYIA0T BCJEeACTBHEe CBOGONHO-CBOGOMHEIX IepPeXO0B B KOHTHHYY-
Me, IpocTApameMcsa 40 WHPpaKpaCHON JacTH CHEKTpa.

Xances m gp. (104, 105] paspaGoranmm Meron maMepeHws 3aTy-
XaHHA aMIIHTYAR ¥ CABATAa o0 Pasze MAKPOBOIHOBOTO Nyda B 3aBH-
CHMOCTY 0T KOHIEHTPAIAH 3JIEKTPOHOB H JACTOTH COYNApeHHH B Cjie-
ne. I'peGerka gaTemkoB Tuna cPOKYCHPOBAHHOTO MHAKPOBOJHOBOTO
30Ha HOBBOJACT M3MEPHTL KaK OCeBoe, TAK H PagHaJbHOE pacipe-
NeleAds KOHRI@HTpPANUY SJeKTPOoHOB B cieqe. Ho DmOCKOMBRY diex-
TPOHH IIPeBpPaINAoT cpely B NPOBOAANYI0 LJiasMy, cnocobHYIo oTpa-
MATh, NOTJIOIATE H IPEIOMAATH 3ACKTPOMARCHATHEE BOJHH, yCIeNI-
HOe TpuMeHeHHe MI00KX MAKPOBOJHOBHX OpHE0OPOB HIS AHATHOCTAKR
Aa3MBl 3aBACHT OT HAJAYAS HHPOPMANAKE O B3aHMOAEHCTBHH 3JACK-
TPOMaTHATHHX BOJH € TIa3Moi#. JT0 B3amMofelicTBHe 0COOEHHO CHAL-
HO NpPOABAAETCA, KOIJa JacTOT2 3IeKTPOMAIHETHHX BOJH 6GaHzKa
K OAa3MeHHO#l dYacToTe, KOTOpasdA LpoLOPIHOHAAPHR KOPHIO KBaj-
PATHOMY W3 ROHIEHTpanHm 3JnexTpoHoB. M3MepeRus clena mpoBOaAT-
¢ Ha OaIIHCTHIECKHX YCTAHOBKAX, TRK KaK TaKWHe yCTAHOBKH HaH-
foJee SKOHOMMIHK, TO3ZBOJLIOT TIATEILHO KOHTPOJHPOBATh HATAJE-
HEe VCIOBHA, 4 anmaparypa pasMemeHa OJIH3KO K TPAeKTOPHE HOJe-
Ta, Ijle OTHOIIeHHMe CATHAaJa K moMexe Ooiee BHCOKOe.

OnTugecKue HM3MEpeHES WINYICHHSA TPOH3BOAATCA ¢ IIOMOLILIO
KOIJEMATOPOB, YCTaHOBIEHHBX B ImoJe Habmionenna B obecuedHBaio-
mux HeoOXoquMoe OpOCTPAHCTBEHHOE paspelleHde sl ACCAeN0BAHKA
H3MYUEHHS B Clele H ero CTPYKTYPH. JKCIepHMeHTAThLHEEe Pe3ynbhra-
TEL XOPOIHO COTJIACYTCA ¢ TeOPeTHISCKMMH pacUeTaMd.

Meromaka wmaMepenns WHQPRKPACHOTO H3IyYeNds aHaJOrHAIIIa
HCHOJB3YeMOM 51 BEAAMOTO H3Iy9eHHA, 32 MCKIIOUEHWEM TYBCTBM-
TeNLHLIX 2JeMenToB. llpmMeHsanmcr $oTOCONPOTHBIEHHA HA OCHOBE
aHTHMOHHJa OHIWs, NOMEIIeHHHEe B cocyf J(pioapa ¢ OKHOM HA3 cam-
dEpa m OXJaKIaeMEE JKEAKAM a30ToM. B ocHOBBOM manydemme
EMelN0 AJARY BOIHK MeHee 2 MEM. llsyuemme cmema 3a oObexTamm
MaJIOTO AHAMeTPA OPOH3BOMATCA ¢ MOMOILI0 MAKPOBOJIHOBHKIX 30H/0B
¢ NIWHOH BOMHEI, JOCTATOYHRO Majo# i obecuedermsi HeoGxogUMOTo
IPOCTPAHCTBEHHOI0 paspemeHEA. JacToTa MEKPOBONHOBHX Kojeba-
AU [0JHR TPEBOCXOAHATH MIa3MEHHYI0 FacToTy MO KpaiiHen Mepe
Ha fABa mopAAka. Tak xaxk Ha pacOpocTpaHeHHe 5JAeKTPOMATHHTHHIX
BOJH BIHACT KOHOEHTPANHAS M 9YACTOTA CTOJKHOBeHMH >IC€KTPOHOB,
TO A AX ONpejleleHHA Heo0XoauMo H3MepATh 3aTyXaBde AMIIATY-
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A ¥ u3MeHeHHe (a3n cPOKYCHDOBARHHOI'O MHKPOBOJHOBOTO JYy4a.
IIpumepn wu3Mepenus saTyxXaHHA ABMIIATYAH, KOHIEHTPAUHWHE IITeK-
TPOHOB H H3MeHeHHs (a3 B THIOeDP3BYKOBOM cJee NOHA3AHE

/’-\\
5
r—[llf g —==x10
¢ T —=F
] \ o | Avnumyda) (4) B
o g 4t ron 08
g- | '! \)(:' "
§ % I ¢ {3} Teno
@ 3 -+
g i’f o AL e
e ! ," TMonowenue agua <
EE 2T N 04
3 1
o 1 Konyshmpayus snexmponos
£e 1/ Py anowmpe ® 02
S J; vaun ’
0

0 A 50 »n 100 126 150 175 200
Paccmennue 3a pposmom crauka, mm

@ ur. 62. AMUIHTYJa MEKDPOBOJAHOBOYO JIY4a M KOHIEHT-
pammsa SIEKTPOHOEB B rumep3syroBoMm caene [105].

ga ¢ur. 62 u 63. U3 ¢ur. 62 pugHo, uTo BOMA3UM 00naCTH CIRATHA
IOTOKA OTHOINGHWE aMOJAHMTYIH H3JYUIeHHAs, HPOHIENHIero depes cieq,
K ee HCXOXHOMY 3HAYEHFI0 CTAHOBETCA QOIbLINe ¢JWHUNL M HA HEROTO-

30~

Kavamrer

Hamenenue ¢assi nocae
npoxoxdenua cuenana,’

............ —
--------------------

Pacemosinue, mm

@® mr. 63. Uamenenne dasu B cemunydenoil encreme 70 Ge [105].
Jdabsyerue 10 MM prT, CT.; CKOPOCTD 5,4 HM/c; Momens — cdena ¢ MeNHHM HOKPHEITHEM.

POM pPacCTOAHMH BHHM3 IO MIMOTOKY KOHUECHTDAIHAA IJIJNECKTPOHOB PE3KO
YMeHbillaeTCH. Pp&JIKBHTH REOHOCHTPANAN VICKTPOHOB M AMIJIHTYIH
MMeOT 3HAYHATENhHAKE BeJIWdmHH B HeDOJBIOM HHTepBane.
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U3z ¢ur. 63 BumEO, 9TO NHKH CHTHANOB B COCEMHHX H3MEPHTEIh-
BHX JUHEAX CMEIIAITCA B OCOBOM HANPABJICHMU W3-3a HEOJHOBpE-
MEHHOT0 IepeceveH:ms TOHKHX MAKDOBOJHOBLIX Jy4eill HOHHBOBAH-
HEM $pOHTOM CHRAIKa YOJAOTHERHA.

PesyapraTH H3MepeHH#A KOHOEETPAI[MX 3JEKTPOHOB BechMa
II0JIe3HH JJIA BHABICHHS appPOoJHHAMHIECKHX CBOMWCTE caema, B 0CO-
GeHEocTH OGaMRHEro ciaejla HENOCPEACTBOHHO 32 MOHHHM CpEe30M,
rfie onpefelieHHe E M3MEPeHHE IIAPAMETPOB IOTOKA 3aTPYAHUTEILHO
upm Goapmux cxopocrax. Myrnm u 3emmens (106] sxexrpomnasm nyu-
KOM IIPOA3BOMHIH H3MEPeHHA B THIOP3BYKOBHX clIeJax 3a KOHYCOM
npm Mago# maormocta W M, = 13 m 18 go ymcea Peitmoxbpnca, mpu
KOTOPHX B OamwrEEM clefe ROSHAKAaeT TypOyaeHTHOCTE. JaTem
0 W3MEPeHHHM 3HRYOHHAM KOHOEHTPANEH 3JeKTPOHOB W BEIYHCIEH-
HOMY [aBJGHHMIO OIpEeNeJANH DHTAJbOHI0. MAKPOBOIHOBEIM METOXOM
H3MEePANOCHh PRIEONOKANMOHHOE CEYeHWe, BeJIWTIHHA KOTOPOrQ 3apH-
CHT OT KOHI@HTPANHH 3JEeKTPOHOB W JACTOTH CTOJKHOBOHHM.

Jya pagmoioKamEOHHOM AHTeHHH OTpaKaeTcs 0T PacHIHpsiole-
roca caefa. OTpakeBEHHH CHTHAJ HCOHTHBAeT OMIEPOBCKOe CMeme-
HHE BCJIEICTBHE TBHKEHHS CJI6jia H Bo3BpaniaeTcs oOpaTHO B AaHTOHHY.
Benmamaa 9TOTO CWMrHAJa B RaKAHHA MOMEHT BpeMeHKH ODpefelfdeT
PafloNOKAAOHHOE cedeHHE CJIefla [JIfA NaHHOTO PaCCTOAHEA,

2.3. PACHET CAEJA NPH BONBLIWX CHOPOCTAX

BonsmuucTBO pacueTroB ciefa OpH GOJBIIEX CKOPOCTAX OCHOBAHO
Ha HEUOCPEeICTBEHHOM IPHMeHeHHE KJIACCHIECKOTO HHTErpalbHOro
meronga OGamaromapsa ero mpocrore., HHTerpanpHHE MeTOI YXOBJIETBO-
pAeT yPaBOEHHIO COXPAHEHWA B CPEHEM IO COYEHHI0 W TOTHO BJOJb
OCH CHMMETPHH OCeCHAMMETPHYHHX cjaefoB m cTpyid. Heobxommmo,
OMHAKO, 3a/laTh pajdaJdbpHOe pacupefieleHHe NapaMeTpoB HOTOKA.
Irta pacupemeieHds BHOEPAWTCH HA OCHOBE DKCTPANOJANHE H3BECT-
HHX 3aBACAMOCTEH /A MaNHX CKOPOCTeH ¥ aCEMIOTOTHISCKAX Xapak-
TePHCTHR CJema ¢ MCIOoJAh30BaHHEM cooTHomenm#d Hpoxwo. TIpenmo-
JaraeMnie pacupefeJernds MOGKHH 00dagaTh «MeCTHHM Domobmemy,
T. €. COOTBeTcTBywmEM o00pasoM HOPMaJE30BAHHEE pagdailbHEE
pacropefejenuas HPegmoJaraloTcA He 3aBHCAIAMA OT KOOPIEHATEH
B HANPABICHAH 1TOTOKA, €CJIH OHM BLIpAaKeHK Jepe3s HOPMAaJIM30BaH-
gHe paJHalbHHe KOOPHHEHATH, npeoOpa30oBaHHHE € YYETOM IIIOT-
HOCTH.

OcnoBHOH HETOCTATOK HHTErPRJIbHHX METONOB CBH3AH C HEBO3-
MOKHOCTRIO TOYHOrO YIOBJIETBOPEHWA HAYANLHHX ycaowit. Moryr
OLITh VYTEHH TOJbKO HaYaJbHEE YCAOBHS HA OCH ClIea W HHTETpaib-
HEE BEIXIMHH, KAK NOJHOe KOJATIOCTBO [ABH:KEOHHA H TOTeps dHED-
raa. [[pyrme mapaMeTps HOTOK2 H pajfAaJBHEE pacupefeJeHAA Hapa-
MOTPOB NOTOK2 [OGKHE COOTBOTCTBOBATH NPHHATHM HpodHIAM.
HoaromMy 3apaHee HCKIOYAETCH HEABTOMOAeAbHOCTH moTOoka. [lmmx-
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tEAT [107] mcmoap3zopan sToT mETErpadbHEIE MeTon. ( HWEKOTOPbLIMMI
He3HAUATEIbHKEMKY N3MeHeHHAMH, KAK y4eT HepPaBHOBOCHOCTH BO3-
AyXa, WETErpaiXbHEIH MeTOJ HCIOah30Banca B paborax [108—113],
B TPpPEAIOJOKEHHM MDepeMeHHHX HDapaMeTpPOB BHENIHET0 TeJIeHHH
B paborax [6, 107, 109, 113115, 117], ¢ y4eToM m3MeHERMA BHICOTHE
monera B paGorax [118, 119], ¢ yderom m3MeHeHHA MO BpeMeHH Hapa-
MeTpoB aTMocepsl (B cBAZaEAO# ¢ Jemieli cHcreMoir KOOpLAHAT)
B paborax {118, 120). [Ipyro#f nmpaMensieMH# MeTOL — WHTErPalkL-
HHHE Meron poxoc '), nospoiifgeT Goliee TOUHO OHOHCATEH IIOJ® TEICHHA
H YAOBJAETBOPHTHL 00Jiee CIOKHHM HAYANBHHIM YCAOBHAM LPU OTCYT-
CTBEE AaBTOMONEIBHOCTE B mnoroke. Opmaxo 7tpebyerca Goubmoe
KOJHTIECTBO MOJ0C, 9TOOH IpaOiaH3UTH TOTHOCTE ITOTO METOAA K TOY-
HOCTH KOHEUYHO-PA3HOCTHOTO METOJA pelIeHHs OCHOBHHKX YpPaBHEHHH
OPH NPOX3BOJAbHEIX HAYAJABHHX W PpaEpuEbix ycaosmax [121]. Unre-
rpaldbHEE MeTOH LoXoC MenoabaoBancs B paborax [122—124]. B paGo-
Te {121] npmMensiics KOHEIHO-PABHOCTHBIA METON AJH TOIHOTO pac-
9eTa TANEP3BYROBOTO JAMAHAPHOTO M TypOyJeHTHOTO CJEI0B B BO3-
AyXe, BKIOTAA IOPOTECCH AMCCONHANAW KM peroMOwmarmm, mpore-
K2om#ue ¢ KOHETHKIME CKOPOCTAMH HPH IPOH3BOJBHEIX HAJANBHEX
¥ TPAHMYHHX YCAOBHAX. B KavecTBe MPUMEpPOB PacCMOTPHM HHTE-
rpanbaeii  Metof bBayma — Illtafirepa [110] mns smammmapHOTO
u TypOyIeHTHOTo cleJOB M HHTerpaibHHIE Meron Jimsa — Xpomaca
[6] nas Typ6ynenTHOTO Caena.

2.3.1, Memod Gayma — [Mmaiizcepa

Meron ocHOBAH Ha CJAeHYIOIMHX LPEILIOA0MREHAAX.

1. Tas ABngeTcA CUIOIIHOE cpefoi. ITO yClOBHe MOKeT He BHIIOI-
HATBHCA BBEPX L0 DOTOKY OT CHJIBHEEIX CKATKOB, Ile MIOTHOCTE OTHO-
cCUTeNbHO HM3KA.

2. HommomeRTH cMecH BeqyT ce0A kKax COBepIIeHHEIH ras.

3. CpoiicTB2 MOJEKYJIAPHOTO MEPEHOCA ONPENeNSIOTCH CTATHCTHA-
JecKoll MeXaHHKOH I XMMHYECKHe PeaKIUN ONMHCLIBAITCA KiaccHde-
CKOH MOJEHYJISAPHON KWHETHKOI.

IlopaAmox nAWHE 3aTyXaHHA HEONMHODPOXHOCTeH (MaumHL MEQPYIHHE)
B oIpefenaeMux auddysmed npomeccax Mo)KeT OwTh ompejelieH
oyTeM CpaBHeHMSA BpeMeHH ARQOy3MH K BpeMeHHA NPOX0KAeHAA JaCTH-
s 9epe3 AaEayKR 00nacTh. B JaMAmapHOM HOTOKe TAKHE HAPAMETPH,
KaK CROPOCTH, [JJfA ROTOPHIX NONEePedEEH pPasMep HeOogHOPOLHOCTH
XapaKkTepu3yeTcsS BeaWIWHOH 0, a JaMmHapHaA NTUPPysUaA — BeIUIH-
HOH v = p/p, mMerT namuy auaddyswm mopsauxa udi/v. Xaparrep-
HEEe 3HRYeHUA KodPPUOHeRTOB AaMmHApPHOU Muddysmm IpHBEACHER

Ha ¢ur. 64.

1) B oresecTBenHO AATepaType DTOT MeTOX H3BECTeH KaX MOTOX MHTErPAIp-
HHX coorHOmMeHWH. — Hpum. ped.
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Tar kar a8 Bosmyxa KosdPEmmenTH TepMmEdeckodl aupdy3mEm
kipc, m napdys3mm xoHmEeRTpPANAH HMeOT TAKOH e IOPAJOK, Kak
" v (1. e. ancna Hpamgras = Jislomca mmeror mopsamoxr 1), AA@HE
nadQysar HeoqHOPOTHOCTEH TeMIepaTyphl H KOHIEHTpAIHME TaK:ie

aMeioT mopAxok ub?/v, mpm-
1o gyoM 3HAYeHHS O He ONEHA-
7 KOBHI 17151 PAa3JIMIHEX Iapa-
VA meTpos. B  mammHApHOM

- )4 TalLHeM BHYTPEHHEM Cclaele
(P)e \/ v cocrasaser 50 v.. B Typ-
OyJIeHTHOM LOTOKe CTPYK-
7 Typa ofaactz ceoGomEOrO
¥ TYpOyTeHTHOTO IepeMelnn-
/ R Ba&HHEA TOBOJLHO CJIOKHA
/ B pamHa Aaddysum, KOTo-
. / / pafA HE 38BHCHT OT YHCIA
10 7 PeiiHoannca, ABIMETCH Be-
(&/p)e - amamHOM mopsAmka 6 X 108,
v - rge 8 — ¢umamgeckasm ToOxA-

/ 7 IMAHA BA3KOTO CJOf, BRITH-
/ clIeHHad mo Ko3pPmouenTy
y BAsKoidl mapdysmm IIpammr-
F az [107],  (v)o = K&,
(v, — uy), rme K — rom-
/. cragTa, O, — mpeoGpaso-
L BE@HHAS TOAMHUHA BAKOIO
CJOfA, HMHIOEHC ! OTHOCHTCA
K TypOyIeHTHOMY [ BH:Xe-
HHAI0, HHIEKC € — K MecT-
/ HEHM YCIOBAAM HA TPAHHANE
/ TypOyneETHOTO ARpa (KOTo-
y / pme MoryT OwHTH SKBHBa-

10 0 = 30 2 %0 g JICHTHEL YCIOBHSIM B HOBO3-

Beicama, um MYIEHAOM BHETTHEM TOTO-

ke), a mamexc 0 coorser-

® ur. 64. Xaparrepusie sHagenus x0d9ddu- ¢TByeT 3HAUCHHAM Ha OCH.
nuellTOB JdaMuEHAPHOH mupdysum p/p [108]. Teneph NAHAMEYOCKAS JLTH~
Ha JL,, BHYNCIeHHAA TO

CKOPOCTH JIaMHHAPHOIO IOTOKA, OMEHHBaeTCs Caexyiommm obpasoMm:

=S () (5) (32)-

n Ue=—Uug He Mo
Han mnomobus mponeccos B3aHMOAEHMCTBHA JBYX KOMIOHEHTOB
tpebyeTca coBmapenme BeadmwwH L, w L,p.Blu, rme B — pasMepnas
KOHCTAHTa, 3HaUYCHHe KOTOpPOi OMHAKQBO nuaA BeeX morokos. Camemo-
BaTeabHO, Ha OoJbmied TacTH TPAaeKTOPHE JACTHIH AAHHOTO KOMIIO-

10°

St
ai
»N

Kospppuytienm samunaprod Suddysuu, m*/c

—
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HeHTa IIOTHOCTH P, MOKET NPUGIMIKeHHO ACHOIB30BATHCH /IS Koppe-
JANAE TPOHeccoB B3amMofelicTBHA NRYX XKOMHOOHEHTOB, COIPOBOM-
maeMmulx mafdysmeii. B3amMopeiicTBHE TpPeX KOMIOHEHTOB TpedyeT
AOHOJHETENHHOTO BBEIEHHS P, XOTSA IpocTol BHGop MacmrTaboB
oo p, obecmeunmBaeT mo KpalHe# Mepe YACTHUHYI0 KOPPENAIHIO IS
BCceX mponeccoB. [as mBYX pasJMuYHKX KOMIOHERTOB, KPOMe IPEE-
AYIUX DIPeAnoao;KReHmil, AOJKHO OWTE mpmHATOo, uro L, ~ p.A,
rie A — nnomajgk LONEPEYHOre CeYeHAsA HeoTHOPOAHOCTH.

OcHosrble YPABRERUR O0aR MmedeHUR 8 ocecCuUMMEM PULHOM caede

Hoadpuumenter Omuapuoit auddysAnd HeCKOJIBKHAX KOMIIOHEHTOB,
KoTopee o0osHAadaloTes depes ), mpeamolaraioTcs OfHHAKOBHME.
CaemoBaTesnsHO, cHOpocTh AEPOY3mm a1060r0 KOMIOHEHTa ompefe-
nfgerca 1o 3axony Duxa B BHUie

o;v; = —D grad o,

rie o; — MaccoBasdg KOHIEHTpaO®Wsi KOMIOHEHT& i, U; — CROPOCTh
napdpysnr KommoHenTa i. CmMech XapaKTepHsyercs OJHHM JIHCIOM

JIvtomca Le = (pDcp)/k, tne ¢, — cpemHAs yoeasHas TEIIOEMKOCTH
Opu IOCTOAHHOM JMaBIEHWH, %X — K03(hPHATUMERT TemIONPOBOTHOCTH,

OcHoBHEe YpaBHeHHA OCECHMMETPWYHOIO IOTPAHHIHOTO CIOA:
YPaBHEHHWE HE Pa3pHBHOCTH

(pur)z + (pvr), = 0; (35)
YPaBHEeHHE HKOJHYIECTBA ABYMHKENHA

(our)x + (puvr)e = (urice)r, (362)

pr =0 mam p = const; (366)
YPaBHeHHC DHEpPpIruH

(purH), 4+ (pvrH)r =

=[L& {H,-—[—(Pr—1) wir + (Le—1) 3 /zm,} ] (37)

ypaBHeHHe COXP&HQHHH KROMIIOHEHTa CMEeCcH
Ie
(Pures)sx -- (pvreg)r = (%— rair) _+prw:, (38)

rge r W r — HaOpaBlIeHHAaA OO0 IOTOKY W pafMaIbHAf KOOPIHHATH
¢ COOTBETCTBYIOIMMHA HM COCTABISIOMAMA cKopocTH # @ v, H —
PHTANBIMA TOPMOMKEHHH, W; — CYMMapHAf CHOpocTh o0pasoBammsA
i-r0 KOMOOHeHTa, HHIGKCH Z K 7 0003Ea42i0T YaCTHHE OPOM3BOTHEE
10 YKa3aHHOH nepeMeHHOM. JTH OCHOBHEE YPAaBHeHAA IPAMCHUME KaK
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JJIA JaMAHAPHOTO, TAK ¥ IJIA TYPOYICATHOro TeYeHMHE, €CIH B MOCIEH-

HEM cliydae Ka:KAHA napaMeTp epeHoca CIATAeTCA COOTBETCTBYIONIE

CyMMOM JaMEHapHOT0 W TypOyJenTHoro KodPPUOHEeHTOB mepemoca.
I'paEMYHEHe YCIOBEA CJeYIOU{AS:

upr r = 0
w,=v=0, H =0, o, =0, (39a)
puty = 2pitty, (396)
puH =2 {H,.,-{- (Pr— 1) wtty, +(Le—1) ¥ h;oci,,,.} , (39m)
puos, = 2 = Lea,, + puw; (39r)
npu r — &
Uu=1u, H=H,=const, o=ay, (40}

T'ounvie pewernusn

Ilpenmonaran Le = Pr = 1, m3 DpuBegeHHHX BHImE OCHOBHHX
ypaBHeHHA monydaeM uHTerpanl Hpokko nusA ypaBHeHHA YHepTHH,
T. 0. A Up = U, (T)

H = H, = const, (41a)
¥ VI DTOCTOSAHHAOR CKOPOCTH BHENIHETO MOTOKA U, == const
H—"He — u— ue , (416)

HOc_H‘e - uOQ—u—e

Irjle HHASKC ¢ 03HaTaeT HavajbHEE YCHOBHA. KicIE 94aeHH, yIATHBAKW-
m@Ee CKOPOCTE 00pasoBaHEAA KOMIOHEHTOB (pw;), OpeHeOpeKAMO MaJIH
0 CpaBHEBHIO ¢ NePeHOCHHEMH 4leHaMH O ecan Le/Pr = 1, To mare-
rpaj ypaBHeRw#d KomRmeHTpanmum (38) mpm u, = const m «;, = const

Oyner clenyOImmM:

Aij— &g, — U-—1Ug . (42)

Uin,— Fig Uy — Ue

ITpnGammenno ypaBHenus (416) m (42) mpepamonarafoTcA NORAIBHO
IPAMEEEMEIME NPH U, = U, (2) B o;, = a;, (z). Yrobu monysmrh
OCHOBHEE YP2RBHCHHS B OKOHUATeJBHOM BHIE, TPUMEHEM Cile[[yio-
mue npeobpa3oBaHEA:

pott dm=prdr, m=0nn,

dm (43)

bm__ { P
- = i dem,

Tfemmn— npeoﬁpaaoname HOPMAJBbHRE KOOPDHAHHATHL.
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OxoHYaMeALHBY U0 OCHOGHEE YPASHEHUL

OcHOBHHE WHTerpaJbHEE YDABHEHHA B IpeofpaszoBaHHOM ILIO-
CKOCTE B OKOHYATeJHHOM BH/I® 3aNHUCHBRIOTCA CileAyomuM o0pasoM:

ao d
= M d";e — (H;‘:)e , (44a)
do 1 '
Sm i [ {rs et nen} ] i
1
do dag, 1 (L
& =M (Pi ”m"")e""ﬁg" § win dn, (44m)
The
1 i
G=6?n§ u(u.—u)ndn, M=206%\ undn, (45a,6)

i 1
BE=6¥,1§ u(H.—H)ndn, 6,-=6?,,Su(ocie—ai)ndn (498,1)
0

C momompi0 npeoGpasopandil (43) TpAHHYHEE YCIOBHA BAOJL OCH,
BHpa)keHHHe ypasHeEwaME (396) — (39r), mpmmEManT BET

d
g g2 =2 — e ttnns, (462)
dHy Mo 1
u g =2 5 H (o)
X {Hnno— (Pro— 1) ugtnng+ (Leg— 1) 2 hio“innu} (466)
% |
dai L
g e 2 p:g%; ( - ) Cinno - Wiee (465)

Iopcrpounsii HAARKC 7 03HAYAET YACTHYH IPOM3BONHYIO IO 7.
B mpmfammenHOM HHTOTPATLHOM METONE MCIOJb3YETCHA IMPefmosoKe-
HHe 0 BuAe (OYHKOWOHAJIBAHX B3aBHCHAMOCTEH NePOMEHHEX, H YeM
GoNbIne HE3ABACHMEIX YCIAOBHH YLOBACTBOPAKTCHA HPHHATHMHE LpPO-
fuaamMH, TeM BHIIe TOYHOCTL pemienmsi. B paccMaTpmpaeMom MeTole
OpeAOoJaraeTcsa, 9T0 NPOQHIE CKOPOCTH, JHTAABLIMH TOPMOMKEHHd,
KOHNEHTPaNdKE KXOMIOHEHTOB CpPEXH ONHCHBAKTICA UYeTHRMH TMOJIH-
HOMAMH OT HODMaJW30BaHHOH mIpeodpa3oBaEHOE KOOPAWHATH N.
Ilpenmonaraerca manee, aro LIA MpoPuIeH CKOPOCTH ¥ KOHIEHTPAAR
KOMIOHeHTOB CMeCH JOCTATOYHO OJHOTO HeOnpEeNeJeHHOTo apaMerpa,
a AAA OpoQHIA SHTANBIAK TOPMOMEHHA — JBYX IapaMerpos, IToOH
BHPa3ATh H3MeHEHWE HTHX BeJWYHH BJOAHh OOTOKA. 1OJIIHHA cAena,
APYTroif HEoNpe[eNeHHHH napaMeTp, AAd BCOX NepPeMEHHHIX IIOTOKA
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apefmonaraeTca OXHHAKOBOM M HEABHO BXOIHT B OIpSLeIcHEE Nn.
OxoHuaTerpHO Ha OCHOBE LPEACIbHHX (BHAZ [0 NOTOKY) aCHMUTOTH-
JeCKHEX CJIYYaeB, OIS KOTOPHX W3BECTHH TOYHLIE MATEeMATHIECHEE
pemeHusa (¥ TOYHHEe HATerpaiH), NPHHEUMAKTICH caegyoniue HyHK-
OEOHAJNbHNE 32BACEMOCTHE AJs Opodmaed mapaMeTpoB IOTOKA:

(4 — uo)/(x, — o) = fi (n), (47a)
(H — Ho)/(Ho— Ho) = F () + ( -228—) 13 () (476)
x
(@ — a) (s, — az) = fi (7). (478)

QOyaroum f, moxHO BHOpPATH TakuM ofpasom, urobH YJOBIETBO-
PUTH HARYAJILHHM YCIOBHAM.

C momompio ypasmernmii (47) ypasmemusa (45) cBojgsrca R BHOY

0 = 0% (w. — wo) (a1u, + asug), M = 8 (azu, + asn,),
(48a, 6)

Bp = 6% {(H, — Hp) (asit, + agltg) 4+ Hpno (@712, 1+ asiig)},
(488)
8; = 8% (@ie — @yy) (@ae + @10%), (48r)
IpEYeM KOHCTAHTH @; ONPEeNSOTCA CIeqymaM o00pa3oM:
1 1 1
= AU —fyndn o= —f)ndn e - { fn an,

0 0

(49 a, 6, B)
i i
a,;:g(i—fi)ndn, af,:gfi(i-—fz)ndn, (49 t, 1)
" i ’ i
a6={{ U —fndn —a}, a={fifndn,  (49e,m
1 ’ 1 "
as={fs0 —fyndn, a= {1t —f)ndn, (493, m)
0 0
i
ajp = 1 —f)ndn —ay¢. {49k)
10 {i }

Tepmoxumuieckue ceoticmsea 6030yxa

PaccMoTpuM YHCTLIH BO3JAYX € YYeTOM €ro XHMHYECKOTO COCTARA.
OnmcapHHE MeTON ACCIAENOBAHAS MOXOT OHTE COOTBETCTREHHO HCIIOIb-
30BAH W IJIS [JPYTHX U3BECTHHIX XMMMJICCKHX HIPOLECCOB.
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Ilpeanonaraercs, 910 BO3LYX, COCTOAMUN TepBOHAYATHHD M3 CMe-
CH MOJGKYJ KHCJI0pOfa ¥ a30Ta, pacHajfaercs Ha cMech KOMHOHeHTOB:
N, N,, O, 0,4, NO, NO*, e-, KoTOpHE VYACTBYIOT B XHMHICCKHAX
peaKnAAX, YKazauHLX B Tabua. 1.

Tabauya 1
KOHCTAHTEI CKOPOCTEN XUMHAYECHKUX PEAKIIHI [109]
Peaxmasn Karammzarop IK30TEPMUYECKAA KOHCTAHTA ﬁiﬁgﬁ;a
f
a O0,+X-+ o 1 % 105 z (T/4500)~1,5
+5,1 5B== 0+ 0, 2 % 1014 z (T/4500)~1,5
FO+X 4 N, N, NO % X 1014  (T/4500)-1,6
6 N+ X 4 N 2,5 % 1015 z (T /4500)~1.8 -
+9,8 o= N Na 0,5 X 1018 & (T/4500)15  —
N X 1 MOIBZ. ¢
Ar, 0, 05, NO =X 1015 z (/450013
B NOLX+ Ar % x 1015 z (T/4500)-1,5
+6,59m=N-+ NO, O, N, O, 15
? 1 H T _1,5
04X N, 2 % 1015 x (T /4500)
r NO+O- - 1 101" 70,5 exp(—3120/7T)
+1,4 9B+
=0, +N cM3
I N,-+ 04 — 1,3.1018 MOJIb- G
+ 3,3 sB ==
+=NO N
e N+0+ — 3x10-3 7% em2
+2,8 sB== ¢ - YACTHIEA
= NOt 4-o

Hpenmonaraerca, 9T0 KIacCHYeCKas XUMHAUECKAS KHHETHKA JIAMH-
HapHOTO Te4eHHEA NPHMEHHMA AJSI CPEeJIHAX 3HAYCHHWH DapaMeTpPoB
TypOyneunrHoro Tedenms. M3-za orcyrerBma mudopmanmm o6 aPdex-
THBHEIX CKOPOCTHX peaxuuit B TypOyIeHTHOM HIOTOKE B3HAYEHHSA CKO-
pocTell peaknmi B J2MHHAPHOM MNOTOKEe MCHONBAIYIOTCA TAKMKE W JIIA
TYPOYIXeHTHOTO TOTOKA.

Ceoticmea nepenoca

JlammrapHii KoddPuumenT AEEAMHTIECKOH BAZKOCTH |4 OIpefe-
nseTca 3 ypasmenmsa Casepmenna. 9QPexTH nepeMemHEBaHuA, 00yc-
NTOBJIeHHKE NIEPeMEHHEM COCTABOM Cpefibl, He YIATHIBRIOTCS, H B TYp-
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OYyJOHTHOM NOTOKe Jdi000e ABICGHHE MOJCKYIAPHOTO mEPEHOCA, KAK
KaCcaTeALHOEe HAUPAMEHHe, TeII0BOH NOTOK M cropocTs aaddysmm

M2CCH, [ONOJNHETEJHHO VCHIHBAETCA TYpOYJTeHTHHM IepeHOCOM,
CBA3AHHHM ¢ TypOyJenTEHME nyascanuaMu. Koaddpmmmentnr npo-
HOPUHOHAIBHOCTE — KoapPunuenT TYpOYIEHTHORA TeILUIOTPOBOIHO-
cta k; @ Koadpdmmment TypOynentHoA pupdysnm [V; — BXomaT B TYpP-

Gynenrnoe umemo Ilpamgraa (Pry = e,c,/k,) u B TypOyaenrnoe wme-

no Jvwonca (Le; = pDycy/ky), Kak m B ciryuae TaMERAPHOIO DOTOKA.
IToaTtoMy B aBHOM BHle HEOOGXOMWM TOJBKO KodPduUmEent TypOyIaenT-
HOH BA3KOCTH €,, KOTOPHWH ompefeaseTcs o ciefyiomedr dopmy.e:

& (x) = pK (20n) (ue — uo), (49a)

rie py () — mcxommoe 3maveHHe ONOTHOCTH, K — MOCTOAHHAS, PaB-
mag 0,01, a &,, onpepennerca B Bume

ém

3, =2 g-f-;imdm.

-

Beagamamr Pr; m Le; Moryr npemmonaraThes NOCTOSHHBEIMA,
AMCIOMEMA TOPHANOK eAWEHIH.

Aamunapruve ciedn

Pacuer nmamMwmapHOro cliefla yopomaeTcs, ecIH YCJIOBHsS Ha Ipa-
HHOAaX IPAHATH MOCTOSHHBMEA H KacaTelbHO® HAIPMKEHHe Ha BHEII-
Heill Tpanmme BABKOTO CJIOA CUMTATH PABHLEIM HYNO, T. e.

u, = const, a;, = const (502)
n

(l-"l'ruf)e = (WHT)G = (p'rair)e =0 (506)
ppar =0 mwmn = 1.

C poMoIIp0 (YHKITHOHAABHEX 3aBECHMocTell (47) ypasuenns (44)
CBOIATCS K BHIY

8 = 8, = const, Aannm

éc — _f—g- = §2, (1, —up) (:éue+a2uﬂ) , (5‘1&)

Qg =0g,=const, nim
O, = 8% {(H . — Ho) (asie + agtto) + Hnng (a7ke + aslty) } (210)

i i
2 &, S wndn, 0; — &% S u (0, — i) n dn. (518)
0 0
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Pacyer BHOoaEAeTca B cienyoomei mociaegosarenpHOCTHE. llombm-
paores ¢ymrnmm 8, (x) ® Uy (%), YHOBIETBOPAIOmMUEe YDPABHEHHIO
KOAHM9eCTBA JBH)KEHMA KAaK B WHTerpaabHOM Bmae (Hla), Tak m BAOID
ocu (46a). Otnensa pemeAZme 5T0r0 ypaBHeHHs or pemienmit mius H
H 0, MONYIAM cHeqyIRIMAA Pe3yNETaT:

2 (0) S ?l:;i—%=f (10) — f (achs (52a)
rne
1 Ye a a4, aaUg
f(u‘])‘—" ay | ag { Ua— U - ai—;ag In ( Up— Uy )}' (526)

Ecam malifeE0 HEKOTOPOe UACTHOE BHAUEHHE Ig,, KOTOPOE COOT-
BOTCTBYOT KOODIAMHATE Z., TO YPapHerNe (52a) Haer nocIeyomue 3HATE-
HAA L), KOTOPHE COOTRETCTBYIOT HPHAPANIEHHI0 KOOPHWMHATH (I — Z.).

IIpa uy — u.

f (o) = aii-az ( uel"—euo).

Pacopenenenme SHTANBOEA TOPMOMKEHHA BIOJbL OCH IOJYYaeTCH
u3 cucremul ypasHeswit nua Hy (x) w H,,o (z), cocroamei a3 ypas-
Henus (516) B maTOrpannHOM PopMe ¥ ypaBHenus sxepruu (466), npo-
WHTerPHPOBAHHOTO BHOJL OCH, a NPOQHIb SHTANBIHEHM TOPMOKEHHAM
samaerca ypasHemmeM (470).

Jsi pacueTa pacupefefieHEfA ROHIEGHTDANAHE KOMIIOHEGHTOB CpPembl
MOXHO HCNOJL30BATE YpaBHeHWe KOHIEHTPANUE KOMIOHEHTOB BJOJb
ocu (468B), B RoTOpPOE MopncTaBAsAeTCH &gy (Z) B3 (478). Ho ecam BMecTo
HHTerpajJibHOT0 COOTHOIIEHHA [JdA KOHNEETPANHA KOMIOHEHTOB
penonabsyerca ypasrerme (51B), mmddysma mposBIAETCS HESIBHO
TONbKO 4epe3 ysexmdenwme 0., H3MEHEHHE lo M OAPAMETDH COCTOS-
A¥A, KOTOpEle BXonAT B w;. Kcxm ompernensierca o6beMHAS KOHIEH-
Tpamys, HaIPEMeP KOHOEHTPAIHAS SIEeKTPOHOB, TO HapaMeTp COCTOA-
HYA O BHOBb ywuTHBaeT Mupdysmo. llocTogmEme wmcaa Jiniomca
u [lpampgras, oraHYaOmMUecH OT eIHHATE, 3afalOTCA B pacderax,
¥ HX BIVWAHHE YYATHIBAETCS ¢ MOMOMb0 YpaBHEeHMil (466) u (468). Ecin
Le = Pr = 1,0, Teuerne siBnsercsa samopokersnM (w; = 0) u maTe-
TpaibHbil MeToJ Oy/ieT TOTHKEM B TOM CMEICJIE, UTO TOJYICHHOE pelle-

HHe MNEHTHYHO WHTerpasaM HpOKKo Aid YypPABHEHHU JHEPIMH B KOH-
IEeHTpAIA KOMIOHEHTOS,

Typbysenmune caedn

Ha Manmx Bmcorax caeng 3a TedoMm npmE GoasmiEx CKOPOCTAX
COCTOHT N3 TYPOYNERTHOTO Sxpa, OTPAHRNIEHHOr0 TAMHHAPHEIM WA He-
BSI3KEM BHEIIHHUM TeueEHeM. (CJref] 32 Ty IEIM TEJIOM OTPARMYeH RIX PeBRIM
BHeIOHHM TeYeHEeM, a ciel 3a TOHKHM TeJOM YXOBJIETBOpPAET YCJIo-
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BASM ONHOPOTHOTO BHOIMHEr0o IOTOKA, IOITOMY WCCIENOBAHWE CAeNa
yAobHee NPOM3BOMNHTH pasgesbHO AJdA TYOHX ¥ TOHKAX Tel.

Caedv sa mynwmu meaamu. Merog Bayma m Ilraiirepa [109]
Heé OrpaHAYIeH TOJBbKO XHMAYECKHM 328MODO’KeHHHMH HJIH paBHOBEC-
AHMH TEICHAAMA H MOKCT TPUMEHSATHCA HE TOABKO [AIA yHDPOIeHHHKX
TPaHWYHHX YCAOBWHA Ha IOBEPXHOCTH paspaena, HO B AxA Goxee o6mux
TPAaHAYHHX YCHXOBHE. JTOT METOX OCHOBRH HA Kpe[IoJOKeHNN, 9TO
AApO caefa ABAAETCA NOJHOCTHI0O TYpOyaemTHEM, TypOyrearsoe
ABMKORMe B ANpe ycroifiumBo W HeTypOyneHTHHE IOTOKE MACCH,
OTCaCHIBAEMHEHE AAPOM, MTHOBEHHO CTaHOBATCA TypOynenTBHMH. Hpo-
Me TOr0 TpemoJarajoch, ITo AApO ClIefa pa3sBHBAETCH BHYTDH BHEII-
He#t o6aacTu 3aBEXpeHHOrO TedeHHs. TakmM 00pasoM, Bce MapaMeTpH
TOTOK2 HAa NOBePXHOCTH pasiesia ABAAKNTCA QYHKOIHAMH PACCTOAHES
B HANPABJGHNE NOTOKA W 3apaHee HewsBecTHH. Ha ocHoBe aTHX
npejnoaokeHaid Buosre o60cHOBaHHO TpeGoBaHWe PARBEHCTBA JaMU-
HapHOTO W TypOyJIeHTHOr0 KacaTelbHHX HaNPMHKEHWHA HA LOBePXHO-
¢t pasfieda. Ecam TypOy/ieHTH2sA BA3KOCTb ropasfo Goabme Jdamm-
HADHOH, T. €. 6CTE &, > ., U3 TpeOoBaHHEA PABEHCTBA KaCaTeJIbHHX
HaIpAKeHAA Ha MOBePXHOCTH pasfiesa claefyeT Ur, & Ur, W BCCINR Ur,

ocTaeTcs MaJoit (HAmeKcEH [ B £ OTHOCATCA COOTBETCTBEHHO K JaMUHAP-
aoMy u TypOynenTEOMy Tedenmam). IIpodpuar cxopoct:w BuUXpeBoro
TeUYeHHS BHTACIACTCA HA OCHOBE MOJEJH HEBA3KOT0 TeUICHHMsA C II0-
MOmMBIO IapaMeTpa MOTOKA MaCCH 1), oIpejgexfaeMoro QopMyloi

]
2 _m2
prtten 5 = | poucr dr (53)
8¢

T. . 1) — npeo0pasoBaHHafg HOPMAaJbHAsd KOOPAWHATA BHEIIHETO
IOTOKA, COOTBETCTBYMIAS pajuycy DONEpedHOTo CeYeHMA, JTepes
KOTOPO® TpPOTEKAaeT Macca yKa3aHHOM BeMWIMHH 32 e[AHWIlY BPeMeHH.
Co0oTBeTCTBYIOmMAA KOPPENANAS CKOPOCTH, HOJYJeHHASI HA OCHOBe
npodumelt, nokazamamnx sa Qur. 10 paGors [6], ocymecTBaserca mpn
IIOMOIITA QOPMY Ik

Ue = Ug, + (o — u’ec) {0,93 (M —ne) — 0,29 (n — n)® +
+ 0,03148 (q — n,)* — 0,00037 (n — n.)*}. (54)
JEadeHne 1) JUIA JAHHOTO CedeHHA HAXONHTCA TyTeM NpPAPaBHUBA-

HES MaCCH, HOTJdomaemon TypOyJeHTHHIM AIpOM [0 3TOT0 CedeHusd,
DKBHUBAIEHTHOE Macce B BA3KOH ofaacTH, a HMEHHO

6

Uoo ( nzj'fl% ) = pt, S purdr=

be

= 0%, (astte + aquty) — { O (G3ue + astio)}e- (99)
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B coorBercTBEmM ¢ drTuM ypaBHeHueM HAKJIOH JAHAK TOKa, BXOHNA-
MEX B AP0, TpeHefpesKEMO MaJl 0 CPABHEHWIO ¢ HAKJIOHOM HOBEPX-
HOCTH pasjiesia. JRAYCHHS NapaMeTpPoB &, W W LOJIyTayoTCH M3 WHTE-
rpadbHOTO ypaBRemmsa (44a) W IpaHEYIAHX YCIOBHIA BRoas ocH [ypan-
Henme (46a)]l. Omr mpepcraBieHH ypaBHeHHAMH

abd,  {2asup+ (2 —as) up} 217 (0)
dz (aquq+ azug) Deooll } (Wi + &) +
! /2
Poolip
d
du Wi Pett " Polig nan
S lor—) e oy — oy S — S0 0 e | By
S nam
+ Mo
(u— ) (@1ue +a2up)
(56a)
n
dug 2 (Wt e0) £ (0)
dz B Pooa%nug ! (566)

rme TypOyneHTHas BSI3KOCTH HAXONHTCA W3 ypasmemus (497) o
du./dx ~= uy, dn/dz.

Ypapaenme (0b6a) mpepgcraBiser 0CoGeHHO HMHTEPECHH KIace
33789 0 TedeHHAX C MAALMHA LOTepAMM CHOPOCTH U, — Ug (T. e.
Ug—~ U,) H OOYTH NOJHOCTHI0O HOTIOMEHHKNM BHEIIHAM BHEXDEBEM
morokoM. llpm ormx ycaoBEAX HocAefHHE ABA WieHAa B ypaBHe-
HEA (Oba) npeobiagaior mo BeamYHHEe HWA-34 BAFKHON POAE XepeHOCA
H2 TOBEPXHOCTH pasfeia.

IIpu Le = Pr = 1 pns nammpmapnoro, TypOyJeHTHOIO ® Liepe-
XOJHOTO MOTOKA TOYHOE PemeHme ypasHeHWA dHepram (37) EMeeT BHEA

H = H, = H, = const.

KagecTBenHyn OImEHKY BIAAHWA HAYANHHOTO YMEHLHIEHHA WIW
UpHpAINeHAsl DHTAJNBIUM TOPMOFKOHHUS MOMKHO IIPOA3BECTH OO MeCT-
HEM 3Ha9eHEAM U,, OIpeflelleHHEM 110 ypaBaenuw (416).

Pacupegenenpe KOHHEHTpAuWid KOMIIOHEHTOB IIOJAYIA€TCA IIYTeM
VOORIETBOPEHHA YpaBHEeHHA (47B) TIPABWIHHIM VCIOBHAM [JIA O
Ha ocu: (46B):

da; (Mg 20) "
gz =2 —pega (@i~ i) I3 (0)+ o (58)

Tak Kax Ha BHeWIHeH TpamMie ANpPA i, MEHAECTCA B 3aBACHMOCTH
OT Z, OJHOT0 TOJBKO ypapHenms (08) HeJgocTaTo9HO [JA peNIeHHA
safatd. ONHEAKO B3HATeHHS O;, MOKHO REYMCIMTH ¢ HOMOMIbIO CJe-
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AYomero ypaBHCHHS KOHﬂOHTpalIHﬁ KOMIOOHEHTOE B 3aMOPOKEHHOM
IIOTOKe:

da‘ie (l‘l‘?'a'!'r)f v
== } - (59)

Cuaedvl 3a monkumu mesamt.. B nmpegmonmonennu, 9o Ha HOBEpPX-
HOCTH pasjesia mapaMeTpH NOTOKA HOCTOSHHE H IEPEHOC OTCYTCT-
ByeT, pacuerT TypGyAeHTHOTO Clilefia 3& TOHREM TeJOM CTRHOBHTCH
apocTeM. I'paamaEEe YCIOBEA HA IHOBEPXHOCTH Pasjela BHPAKAITCA
cootTHomenmsamu (50). OcHOBHEIE YpaBHeHEA H METON| pacdeTa qJa Typ-
OyNeHTHOTO H JaMHHADPHOTO CI6NOB OofMHAKOBH. OnBaro mapaMeTph
mepeHoca TpeGyHT CHeNEAJABHOTO PACCMOTpeHHA. B 9acTHOM cilydae
£, > W, DoNe CKOpocTeif MoKeT GLITH HOJHOCTHIO OIPEHENCHO.

N3 ypapuenmii (46a), (47a), (51a) n

PUr = P ol Yr,
PUr = —0 colh Y Py,
rge ¢ — GQyEKmUA TOKA, CIefyer

x

4Kalfof; (08" | £ da = F (o) — F (o), (60a)
rie 0-—=6/u2,
2 2
et (1-(3) o) o
g:i%a_oﬂ' c=ay/a, m d=s1+4c.

Oyarnas F opa vy - u, ACAMOTOTHYECKA CTPEMHTCH K

F(ug) > —2— g2

Pacuemns,. PaccMOTPHM OTA@NBHO JaMWHADHHA ¥ TypOydeRTHHI
CJIEJLbL.

JaMmuEapEHHA caex 3a TYODHM TeJoM Peayus-
TaTH PACIETOB JaMHHEAPHOTO CJema mpueefeHH Ha ¢ur. 65-—69.

VenoBHA Ha HAYAJBHOM OCH NONYIeHH HA OCHOBE CHOPOCTeld
XUMAYeCKAX peaknaii B ONHOMEDHOM HEBA3KOM MOTOKe BO3AyXa
¢ 33MAaHHHM HW3MOHEHHEM JABJOHHWS, PACHUDPAKIEMCS 0T YCIOBHH
B KPHTHYECKOX TOUKEe TYHOTO TeJa JI0 YCAOBHH B OKPY)KAIOMIER cpeje
{125]. Bo Bcex pacuerax jsaMEHAPHOr¢ Clega Npefmosaraercs, 4ro
P =Pw, H=Hew, Hpyp = 0. Torpa

FO)=£(0)=12, a=op» Ga=g5

349 311 43 23

s =515 Fs=3150 b= g B 8= "Tg4p"
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Ha ¢mr. 65 upegcerasienn pacnpejielieHAd TeMOepaTyps B 3aBu-
CHMOCTH OT I H HPHBEIOHHOTO PACCTOAHNA

§=u (pTu)eo HM/ (L:_) ’

8 TAK)Ke paBHOBECHHE 3HAYGHEA TEMIEPATYPH, COOTBETCTBYIOIZE
MABJIEHHKI0 HA BHCOTE IOJETA M PACYCTHOH SHTAJBIMHE, B 3aBHCHMOCTH
of § (ana cpaemenma). Manne H3MeHEHEA B COCTaBe CpeH MOI'YT

4000

S
”~ ~— ]

3500

3000

T, K r “‘"::75)\ ~
2000 L 7|50
T T e . e e \
1600
~~ 4
1000 -
—— — —_——]
500
0 0,2 04 086 08 10 12

Paccmoarug 8dons ocu cneda, xm

@ ur. 65 PacnpegpaeErms TeMmmepaTypl BIOAL OCH clefla
B TIporecce BX0Aa TYIIOTO annapara B arMocepy co CROPOCTHIO
or 4,5 no 6 xM/c, Cpd ~ 0,09 M2 [109].

-— — — HEPaBHUBECHaA TEMIEPATYPa B SABACHMOCTA OT X He-
DaBHOBECHAA TeMIEPATYDA B 3aBHemMocTH oT E; ---- - DPaBHOBECHAA TeM-
neparypa, COOTBETCTBYIOWIAA [OaBIEIHI0 HAa BHCOTE IONCTA A PACHETHON

SHTANBIVH, B 3aBACAMOCTH OT . Boane xamuoli Kpmeof YEKa3zaHa BEICOTa
B HM.

npuBecTy K OoabmmM maMenenwsim Temumeparypu, Hanpmmep, ¢y =
= 0,01 coorBercTByer upumbamsmrensmo 200 K. Taxmm obpasom,
Manasg ommbKa B 3HAUCHWH C/; MOYKeT HPABECTH K GOABIIOH IOTpPen-
HOCTH B BOJIMIMHE MAKCHMyMa TeMIEpPaTyph. 3aMETHM, ITO CKOPOCThL
mapdysmm oupenenserca f, (0), amavedme KoTOPOH 3HECH 3aflaeTCA.

Ha ¢mr. 66 mpmeesiensr pacmpefeneHns KOHNEHTPABH 3JIOKTPO-
HOB, COOTBeTCTBYKINHe pachpefiedeHHAM TeMmepaTypw Ha ¢ur. 65,

OpdeM NOYHKTHPHHE W CIUIONIHHE JHHAWA OTHOCATCA COOTBETCTBOHHO
K x| E.
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@D ur. 66. PacupegeneBEEA KOBOEHTPAAA 3JeKIPOHOB BAOIb
OCH cllefa, COOTBETCTRYHINHE PacOpeAc/eHHAM TeMIepaTypH
Ha ¢umr. 65 [109].

- =m — B JABACHMOCTH OT X;

NEAN
A

3200

N
N VARG
X

B 32BACAMOCTA OF Lo

2800 /
" o 14 N
ool |/ h
o |}

0 03 06 08 12 16 18
Paccmosmue sdonb ocu cneda,xm

- ®ar. 67. Baaasue wncen JIsiomca 1 IIpamgraa na pacope-
IelleANe TeMOepPaTYpPH BROJAL ocu ciaema [109]

BoicoTa 45 KM, HOMUHANEHAH CHODOCTH 6 KM/C HOMHEARLHOEZ 3Have-
aue C’U A=0,09 m2.
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Ha OGonemux mmicotax puddysma mpemsarcTeyer o0pasoBaHHAO
MAKCHMYMOB, 4 Ha MaJHKX BHCOTAX POCT TeMmepaTyph HEJOCTATOYEH
aan mx obpasosammn. Ilponecc obpazoparEma auexrporos (N + O ==
< NO* + e”) mpaxTmuecKH ABJAETCA PABHOBECHHM, NIpPOHECXOM(A-
IEM B HEPaBHOBECHOH cpefie, CofiepKamell sHepPreTHIeCKE NOMHBHE-
pylomue Kommonent N, N, O, m O.

Ha ¢ur. 67 u 68 moxazamo pauasme wmcen Jlpomca u Ilpasaras
HA pACIpEeeICHUAA TeMIepaTypPH B KOHNEHTPALAHR 9JeKTPOHOB BAOIb

[ [ | ;
hHauaanoe anaueHue
B Le Pr
/ 10 10
10 10 07
J ig 07

Mg, 0AEKTNPOH/ CM3
LR
N

%

LR

N

g 03 66 09 12 15 18
Paccmosnue 8fone ocu cneda,xm

@D ur. 68. Bauamame umcen JIntomca m Hpamgrna ma
KOHUeHTpamuio arekrporos [109].

Bricota 45 KM, HOMHEHAIBHAA CKODOCTE 6 KM/¢, EOMERAJILHOS 3BAYCEAS
CpA = 0,09 M2,

OCH, BHPasKalMeecA B YCHIBHEN ITUKOB TEMIEPATYPH W KOHIEHTpA-
oy 9NeKTpoHoB. Pacmpenenennme KOHIEHTDANEE YJIEKTPOHOB COKpa-
mAeTCA IO MJIHHE clefa Op:| umcaax Jleviomca m Ilpamnras, oTamaaw-
MAXCA OT eIAEANK, BCIEJCTBAC YCMISHWA NMQPYysmH O0 NOTORY.
Tak Kak npepmoaaraxocs, 9ro f; (0) = f; (0), paEanne uncen JIpwn-
ca = Ilpasaras, upexcrasinessoe ma ¢ur. 67 m 68, neanmo comep:ur-
CA B OPeJHOI0KeHAH

w = Ley fi(O) — &0 >1.

Pro f1(0) Pry

Taxam o0pazoM, Dpm ONMeHKe YUOMAHRYTHX BHBOJOB HYIKHO Co6aw-
HATh HB8BeCTHYX OCTOPOMKHQCTB.
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TypbynreunTHHe CIeFH 3a TYUHM ® TOFH-
KumM Teaanmun Hadar. 70 n 71 opaeenens peayiasTaTH pacIeToB
TypOyIeHTHOrO clefa 3a TYIRM H TOHKUM TejlaMu.

IIpz pacuerax paBieHMEe LUPHHAMANOCH LUOCTOMHHKM W DABHHM
NaBIEHAI0 OKpY)KawIme# cpemnl, smcaa Jlslomca u Ilpampras ocpen-
HEHHOTO ¥ TYpOYJIeHTHOrO HOTOKA CUYHTANMCH DPABHHMA OJUHWNE,

10}, Ke "\\
‘. [
81| N/ \\
o /7 A\
eI A
| / { ‘I
4 | / 1 l\
! / ! W\
gl o noy NS~
T 2f 1 - ™~ —_———
Q}; -t"’ ;OO Paccmosnue 30 mendom M
200 800
™0 : # ,,.__.5.99___—_.'__
- I Y e
s, | ! 7
it all 0 /
| !
| /
-4 I ’
{ ’l
|
-6F § /
V]
-8k l‘ |
\ ]
-0k l\ ,I
v
2k \vl

@ ur. 69. OTHOWeHEe H3MEHEHHUA MACCOBOM AOJH KOM-
IMOHEETOB, 0o0pasyouyxicad B poNecce XAMEIECKHX
peariupmii, K M3SMEHEHUIO TOH Ke BEJHTHHBI BCIAeACTBUE
mupdy3ud B 2dBUCHMOCTH OT pacCroAuusA (IaMmHap-
nui caen) [109].

JlaMEHAPEER ciiex Ha BHCOTE 45 KM, #,, = 6,6 KM/C, — — nud-
QyauMonHEN YIeH OTPUIATEILHBIH.

a ramwme [ (0) =/f (0) =12, ay=Yu, a3 ="y a3="/
¥ a, = Y40. Iaa Tymoro Teia pacdcTH OPOR3BOAHIHCL AJA BHCOTEH
43,7 ¥M @ cropoct: mnaberamomero moroxa 6,5 xku/c. Havanbsmne
yeaopust (npm z — 0) Ea rpammme TypOyJNeHTHOr0 Axpa B Ha OCH
OpHBefeHE B Tadm. 2.

Ilanee mpeguonaraercs, aro I = H « = const B ciejle, # HA4AIO
koopimEar {z = 0) pacmomosxeno NPHUOAAM3ATENBHO HA PACCTOAHNR
90—30 nmamerpoB Texa or mommoro cpesa. Uz durypu 70 B BUgHO,
9TO MAKCHMYM TEMLEpATYDH HA OCH COOTBETCTBYer X/8,, = 420.
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® ur. 70a. TypOyrenTHHd cler 3a TYOHM TedoM. PacnpefelleHEe
TapaMeTpOB HMOTOKA B HAYalbHOM CeYeHHH, z, = 0 [109].

Bmicora 43,7 KM, u,,=6,5 kM/c. Ycnosaa npw r=0, & = 0: NOg- =%,7629, 1010

gacTuu/em®; To = 3,3384.10° K, p, = 1,385. 10~ mr/m3, u, = 3,6 mM/C,
6m, = 0,141 m,

10°

10!

1 !IIIIIF]

102

[} lIIIIIJI

| 1

1073
0

L
50 16.0 16,0
(x/0p,) x1072

® ur. 706. TypOyaeETHHE cien 3a TyouM TexoM. Pachpenmenenue
KOHOEeHTPAQHU HMeKTPOHOB Bpoab oca [109].

dm, = 0,141 M; NO+ == 9,7629.10" gyacren/cm®.
C Oc
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® nr. 70B. TypOynesTHHH ciaex 34 TyuhM TelloM. PacnpefelieHHme TiapaMerpoB
noToxka Brois ocu [109].

ufug, p/p,, T/ To
0 2 4 6 3 10 12 14 16 18 20

1.0 ufu, P/Po /8

08

06

0.4

02

0 0,1 02 03 04 05 06 07 08 09 10
1/8; NO'/NO,

® mr. 71a. TypOyneETHHE cllex 3a TOEKHM TeloM. Pacmpepene-
HHe TapaMeTpoB IOTOKA B HaYaldbHOM cedeHmH, z, = 0 [109).
Bricora 45,7 M, u_ = 7.2 kM/c, Venopaa opm r =0, x = 0: u, = 0,72 xM/c;

6, = 0,929 M; po = 1,026-10—* &r/M*; T, = 3993,6 K; Nog == 6,712.10
gacTA/cm.
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®O ur. 716. TypOyaesTHHA chey 3a TOHKHM TexoMm. PacmpeieleHue
KOHOEHTPAHA IEKTPOHOB BHodb ocm [109].
8m, = 0,288 wm, N{, = 6,712-10'° nacrrm/cn®,

10 120
8 16
Uy fUge
6 -
£o/Poc Po/Poc 1'275 o
4 ~4 08
2 404
T/Toe o
! 1 ] ] I i 0

6 2 4 6 8 1 122 14 18 1B 20
(®/Sp ) x1072

@ pr. 7. Typ6yneHTHHE clleq 3a TOHKEM TeloM. Pacmpepesende
mapaMeTpOB HOTOKA BROAb ocm [109].
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L8 TOHKOTO TeJda pacdeTH IPOH3BONWIAHECH OIS BHCOTH 49,7 KM
E ckopoctm Halerawpomero moroka 7,2 kM/c. Hauanesmme ycaoBmsa,
YCIOBEA HA TPAHUNE AAPA @ YCJAOBES HOJETA Te 7Ke CAMEE, 9YTO O B
Taba. 2. Tax Kak npmMenmMm mAETerpan HNpoKKo [asa ypapBHEHHA
oHeprEm (416), B pacueTax MOMKHO y9ecTh HAUAALHHEE OTKIOHEHHA
SHa4eHHHd moaHo# sHTaarmmm. IIpeamomaraercs, aro Hy, = 0,38H
E HagaJo KoopamHaT (r = () pacmoao:KeHo HEMHOTO HEWKe TopJa

cilefa, OTKyHa caefyeT, aro up, = 0,1% .

Tabauya 2
JAHHEIE OJIA PACYETA TYPEYJEHTHOIO CIIEOA [109]

mﬁﬁ Tynooe Tedo ToHEKOe TN
Buicorta KM 43,7 45,7
Uoo KM/C 6,5 7,2
Ug KM/C 4,7 Yoo
&G, 0,233 0 Ycnosua ga
aN, 0,1734 0 rpamane Opa
aNo 3,59.10-5 0 z=0
aNO} 7,81.10°7 0
T, 745 K T
NOt dacTAL/CcM3 9,92.108 0
HO He Hoo
Ug KM/C 3,68 0,72
%09 1,18.10-8 6,8.10-%
0
o, 0,233 0,230
an, 0,207 0,310 VenoBasana |
aANO, 3,47.10°5 2,2.10-5 OocH TpH
aNO} 3,53-10-5 3,26.10°3 z=10
Ty 3338 K 3994 K
NO} JacTHN/CM3 9,76-101¢ 6,71-1010
H, Heo 0,38H o
n npr z=0 0,450 —
Gmc opa z=0 0,141 0,288
K M 0,01 0,01
DpuuMedaHRe: Qg = (M-/MNOH) ANO+H ANy =1 — ) &; (i # N2), p=const,




TEYEHHE B CIEJE 169

| ] ! ] ] 1
0 2 4 6 8 10 2 14 16 18

(/8 )x10°

@ ur. 7Tir. TypOyaeHTHHE clex 3a TOHKHAM TelloM. Pacnpenene-
HHe IapaMeTpPoB IOTOKa Bhoxs ocd [109].
8, == 0,929 M, S, = 0,288 m,

2.3.2. Teopus Jlusa u Xpomaca

Teopusa rmmepasyKoBoro TypOyinenTHOoro ciaema, paszpaboTammas
Jimzom m Xpomacoum [6], racaeTca raaBaniM o6pasoM mpouecca cMmeme-
HE#A, KOTOPHHA omnpefesideT CKOPOCTH AAQPY3HHA H OXJIaKACHAA CIena
33 TYOHM TeJ0M IpH TePMOAWHAMHIECKOM DaBEOBeCHE. B oToi Teo-
PHH PACCMATPHBAETCA CTPYKTYpA CA6[a 33 TYNHMM TelaMd H Opef-
Jaraercd YOpPOIIeHHAs CXeMAa TeUeHHA BO BHOIIHEeA W BHYTPEeHHEHR
JacTAX ciaepa. I'paHEMOA MeKAYy STEMH YacTAMH CJefla CYATAETCA
0ecKOHEYHO TOHKOH M IPEANONATAETCH, TITO PACIHPEEHe TPaHHIH
BHYTPEHHOT'0 Clefla 3aBACHT TOJBKO 0T FPANCETA B BEJIMYMHEL DHTAIB-
mau. I{poMe Toro, paccMaTpuBalOTCA [BA IpefelIbENX BAma TYpOy-
derTHOX Amddysmm: 1) TypOyaertHOCTH, 06JaFAIOMAA «IOKAILHHM
nogobmeM», OPH KOTOPOM IIOTOK B KA)KAOM cedeHmH BemeT cebf Kak
Y9YaCTOK «aBTOMOJEILHOIO0» TYpOYJIeHETHOIO cAefla ¢ MaJo# CKOPOCTLIO,
7 xkosdppunuenT judysEE NpoOoPIHEOHATEH MECTHOH HoTeépe Koxdde-
CTBA [BHKEBHH HMJH CONPOTHBICHHWIO BHYTPEHHETO Clefa HAa LAHEOM
ydacTKe; 2) «3aMOpO’KeHHafA» AuPQy3HA, OPE KOTOPOE Kos(QHIHeHT
TypOynentTHol mEQQY3HA 3aBHECHAT TOJABLKO 0T HATAALHOI'O 3HATEHHA
kos(pHIIEeETa CONPOTABICHAA BHYTPEHBOIO ciefa B o0gacTH ropia.
Ecar kos¢ppmnmerT nEysdE HE3BeCTeH, TO MOMKHO IPOEHTOTPHPO-
BaTh YPAaBHOHHA TYpOyaeETHo#H AE(PY3HE ANA IHTANLIMEA H MAac-
COBOA KOHOeHTpaumd. Bnim paccamTamm JacTHEHe CAyJIaE HapacTa-
HASA BHYTDeHHero TypOyleHTHOTO cllefa E TIPOBEJEHO CDABHeHHE
¢ BKCOepPHMEHTAJLHNME NARHKMHA. I{poMe Toro, paccIYATaH THIMIYHEH
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npumep Bxopna B aTMocdepy mpu M = 22 ma srcote 30,5 KM, 9TOOH
H3Y4ATHh PACIPENETIeHEe JHTAJBNNA M KOHIEHTPAIHH 9JeKTPOHOB
B clefe B ABYX IpPeAEIbHHX CAYIAAX TEPMOTHHEAMATIECKOTO PAaBHOBE-
cHsa ® Opm IEcTOR Aupdysum (B OMHOPOAHOHE cpene).

Xapaxmepucmuku eHewHe20 U eHYMPEeHHes0 caedd

PaccMoTpuM XapakTepHCTHKHA BHEIIHETO W BHYTPEHHETO ClIeAa.

Brewnuil caed. Pacemorpum obnacrs x/d > 2—10, rge crarmge-
CKoe faBlIeHEe TOABKO NpHOIA3ATeAbHO B IUATH pa3 6oapme qaBIeHAs
B HaferamoimeM DOTOKe M SHTAJBIHAA BAOJL JHAHAA TOKA HEBA3KOTO
TeUYeHHAA H3MEHAETCA MEeIJeHHO ¢ H3MEeHeHHEM CTATHYeCKOTO HaBIe-
HEA (T. €. TPARWEET PHTAJLIME B HANDABJIEHMHA HOTOKA HWpeHeOpe:xH-
Mo Max). IIpepmonosxum, aro wmeao PeHHOIBACA AOCTATOTHO BOIHKO
H XapaKTepHOE BpeMs JaMUEAPHOH AA(Pys3uH BO BHEIIHeM CHefe
3HAYATEAHHO OoJbOle BPEMEHH IepeXoja OCHOBHOH dYacTH IOTEepH
MMOyJIBCa BO BHYTpeHHEH 71ypOynemtawil caen. Ilpenmomaraercs,
9T0 BHYTPOEHWH clel He BAAAET HA TeUeHHMe BO BHEENIHEM CJe-
ge BIVIOTL M0 TIpaHANH TYypOYJAeHTHOrO HAApa; TakEM obpasoM,
pacupefeleHHe SHTAJBNHA BO BHEIIHEM cJefe MO/KHO OHOPeNexdTh
A3 pacdeTa HEBA3KOro Te4eHHA.

BpepieM «upEpefesHoe paccTogumEe» Y 1o HOPMAaH K OCH Clefa,
HE COBHAJIAIOMIEe ¢ (HBHIECKHEM PACCTONHHEM Yy H oOIpefeasemMoe
npeobpaszonaBueM Xoyapra — JopoEHENEHAS

YEdY:= (L&) y™dy, (61)

rae y =jy/d, mAmeKkc L o3pauaeT BeAWUMHY B CHEBA3KOM» HOTOKe
A BO BHEIIHEM clede; M — mokasaTelsb ctenenm (m = 0 maa msy-
mepHOTO B m = 1 naa ocecAMMerpHIHOro moToka). Pacmpenmenemme
DHTANIBTINM B HOBABKOM IOTOKE NPENCTABIAETCA ABYHApaMeTpHIe-
CKHM ceMeiicTROM mpoduieit

(r/hw) — 4 = {(hp/h) — 1}og (@mY L) = Hg (Z) (62)

pna Yy > Y, rme h ozpagaer 3ddeKTHBAYI0 CTATHYECKYIO OHTANbL-
U0, BKIIOYaA X@MAYecKylo smraxemmic (126], (kL) — 3Havenme
SHTAJBIAN HA HYJEBOH JHEHE TOKA B HeBA3KOM TEYeHHUH, IPOCTHPAIO-
memes go ocd, H = (hp/ho — 1)o, Z = ¢, Y, ® a, — MacmTab-
HHIl KO9()RIUEEHT, KOTOPHE MOKHO OHPEHEIHTH II0 mMOTepe EMOYIBLCA
B HEBABKOM TOTOKe. ][I THMeP3BYKOBOTO Clefd (Lo — U)U« K 1
A h—heo X —Ueo (U — Us). B sToM mpubammermm Y, [ypanme-
mue (61)] coormeTcTByeT PyHKUHE TOKA HIH TOTOKY MAacCCH MEXAY
ocslo B y. B obmactm z/d > 5 — 10 compormBiIeHHWe 3a C4eT CTATH-
9eCKOr0 AaBICHAA NpeHeGpe;KEMO MaJjJo IO CPABHEHMIO ¢ COOPOTHBIE-
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HHEM 3a CUeT moTepH EMIOYJBCA B

m+l 4m+l H
T Ty M (622)

rae Cp, — Kodp¢uOEEAT COMPOTHBICHUA B €HEBA3KOM» IOTOKe H

Emat = 5 Zm g (2) dZ.

Horga z/d > 50—100, cratmuecroe pnaBieHEme (GaKTHIOCKHE pPaBHO
JaBJeEMI0 B HaferalomeM HNOTOKe, JUHEE TOKA HEBA3KOT0 TeUYeHHA
IapaJiIeabHH OCH CIefa, TPOJHEIb PACNPE/IeIeHAA DHTAJILIAY B HERA3-
KoM motoke [ypasmemme (62)] me B3aBECHT 0T PACCTOSIHEA BIOAB OCH
B OpEeJeNbHHX CIYYafAX «3aMOPOIKEHHOIO» HIE TEePMOIMEAMHYECKH
PABHOBECHOTO IOTOKA.

Buympennuii caed. B teopum Jlmza m Xpomaca [6] yimTeBaercs
TepmogmEaMEIeckmii  5ddexT HIMeHeHAA CTATHAYGCKOTO MABIEHHA
B/0XEL OCH CJHexa I He yUHMTHBaeTcA nqmHamMmEiecKdit sddexr. Ymcaen-
HHE pacdeTH CJela 34 OCECHMMETPHYHLIM TEJNOM BEINOJHOHH IS
Mo =8,5, po =1 atv 7 gig Mo = 22 ma Brcote 30,5 xm. Ilpen-
noJarag, 9T0 CPEREAA DETAILIAA NOJHOCTBI0 OOHCHIBAGTCH NBYMSA
mapameTrpamu, pasHEocTsi0 (g (0) — k) m mmpmao# cmega Yg o

MoNyd9aeM
_ Y
(herthe) — (hylhes) = By (-=574) G ( Y:“f) (63)
npa 0 é YT g YTf!

rie d — pgEameTp Texa W mEmeKCH I, i u [ 000o3HAYAOT 3HAYCHEA
B TYpOYIeHTHOM ciefe, HaJaJAbHKE 3HAYeHAA U 3HATeHHA Ha IpaHHUNE
COOTBETCTBEHHO.

Tak Kak HeBA3KEH IIOTOK, OXPYRACIAHE BEYTPEHHAN CIIeN, XapaK-
TepH3yeTcs NAaPAMeTPaMXE (y, iy B Uy; IPA ¥ — Yy, nepeMerHaa Xoyap-
ta — JlopomupnHEA qIA BHYTPEHHEI0 CJIEJa MOKET OHTH oIpefeneHa
ciaegyomeM obpazoM:

Y7dYr = plp;-y™ dy. (64)

e memseecTEHe ¢ymkumm, Bj ((z— z:)/d) = By (§) m Y (E),
ompefileAA0TCA W3 YCJIOBAA COXPAHOHWA SHEDIHH, BHPAKEHHOrO
HETerpajoM SHCPIUM N0 MEPHHE BHYTPEHHTo ciefa, B m3 Oamamca
HSHEPIEH BLOJEL OCH BHYTPEHHETO CJe/la, KOTODHIA CBARHBAET HHTEH-
CHBEOCTHp OXJa’KIeHHA B HANMDABJEHAH IMOTOKa ¢ HMHTEHCHBHOCTHIO
TypOyAeHTHOHR TeImiomepegadd DO HOPMAJHA K OCH.

Ysen, BHpPAKAOMYE TEILIONPOBOAHOCT: B YpaBHOHMH SHOPTHU,
onpenelseT SKREBAJERTHHH Ko3ddummenT TypOynenTHo# HAdpdysum.
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U3 ypasmerma (64)
a

1 m Oy P 8 p\2 ym Bk

v By (Pery o) = BYF Y7 {(B?) e ym '—”‘aYT}-
Ha ocm aTor unen papen

p(0) (6%) {(g@f , ( 1 1 ym )

& \av% o\ p; ) °T 1};130 YR oYy Y@1)°
HO W3 ypaBueudms (64)

;% Yy (BFme‘)_i/(m+i)

I 9JeH, BHPa)KalM#i# TenJI0npoBOAHOCTh, IPHHAMAET BHJ

0 2k
(m + 1) "pcgz) ( vy

Er.
)YT=0 T

KoshdummerT TypOyneaTHO# mmddysmm ompemesmercs cleRy OIEM
oOpasom:

or = (_P_(‘.’l) 2l g (65)
P
IIppEuMas BOo BEHAMAHEE, 9TO
er = K'Au yy, (66)
rie K' — GespasMepHasd BejiH4uHA, 3aBHACAMAR OT CROHCTB CPEMEl

(B0 He OT pPa3HOCTE CKOpOCTeH WIW MEPHEHH clefa), ® Au — cpern-
He¢ 3HAYPHHe PA3HOCTH CKOpPOCTel HO MMEpPHHE CJega, IpefcTaBHEM
ypasgerme (65) B Bmme

er ~ K (LO)) 2/m+D, y; ~ K’ (ﬂO_)) Yot erd. (67)

Y Ps
Ecaom
. P (0) \ —1/(m-+1)
K =K (_‘pf ) , (68a)
TO
er ~ KAuYr d, (686)

rie K — mocrosmmas, npomopumonansuaa (Ry)l. Hosdpdmmmest
OPODOPUXOHAJBHOCTE 3ABHCHT TOABKO OT COOTHOINEHMA MeXKAY Y

u mapuEoi caena o, onpexgeaernoi no Tayacenny.
U3 ypasrermi (68a), (66) m (65)

-k (£ p(?) )“‘"”F“isi " (69)

Uood

Horma z/d > 5—10, moamaa »BTAABIEA (AKTHYECKH DOCTOAHHZ
06 MAPUHe BHYTPEHHETO CAefAa M DABHA HOJHOH SHTAJHIHME HEBA3-
Koro moToKa. TaK KaK (Yo — U)/U o € 1, TO B TypOynenTHOHR TacTh
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OOTOKA

Beamumna Pu~ mpecTaBafeT HEKOTOPYIO CPOJHION CKOPOCTH, NpH-
aem 0,8 << p << 0,9. Uz ypasmenna (69) momxydaem

- m-H1 -
TD - B (52)" 5,070 o

Coomnowenue mexdy osxeusanrenmhuum kosdduyuenmom myp6y-
aenmuol duggysuu u nomepeil uMnysbea

Ecn_n_ &r ompepmessercA m3 ypasmemmit (686) mam (71), cBssb

MEKLY &y X MECTHHM 3HATeHWEM IOTepH EMIYILCA BO BEYTPEHEHEM
caeme TAKad jKe, KAK B «ABTOMOJEJABHOM? CJIEZ0 HECIKAMAGMOM :KHIKO-
CTH C LOCTOAHHHM coIpoTHBiaesmeM. lloTepm mMmyanca mo cpamme-
HEI0 ¢ MECTHHIM HeBS3KHM IOTOKOM Ha T'paHANe TYpOynenTHoro agpa
OIPeNelIAI0TCA BHPAKEHAOM

Yy
Dy =2(m™ | pou (uy — u) y™dy. (72)
0

N3 ypasmernuii (63), (64) u (70)

D; = 2 ())"psh wd™ By (YT Groo, (73)
rme

1
Gmit = | G (0) E™at (732)
0

a

Q = YT/YTf-

W3 ypapuennii (71) m (73)

er _ Kp p (0) ) 1/m+0) [ y;

ot Yz_l‘nf— G, Y } (Y—Tf) CD;' (74)
rge C D; —«MeCTHHH» KOdPPUOMEHT COLPOTHBIEHWS, OIpe/esieMhH
BHD 2yKeHHEeM

. m oo P

D;=Cp { G g 271 (75)
T. e.

Cpr = (0=10y) (Co /B, (752)

Te CDf — Ko3(HImeHT CONpOTHBAECHAA BHYTpemBero TypOyaent-
Horo cuefa (oTHeceHmHit k pul /2).
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Uz ypapmenma (64)
— 0) \ —1/(m4-1
g~ Yr ( P (0) ) m+1)

Y
ClI BI[O BaATeJIbHO,
ST K -
Brcd YTf ~ 4mtlGy, CDf (76)
HJIA
Pr [ _&r ~_ Kip .
o (35) Y ~ iy Cope (762)

Tax Kak B TypOyneaTEOM TeU6EAHA, 06Ia210MEM «MECTHRIM moo6meM»,
Cp , B ypaBHenAW (76a) siBasEeTCA MECTHHIM 3HAUYEHHEM KO3 (HIUEHTa

CONPOTHERICHAEA, TO BEJIHINHA

er
Ps ( d) YZ,
Poo \ Uo /
YBEJIHYNBAGTCA B HANPaBJIeHAH IIOTOKA OT CBOEIr0 HAYAJHHOI'O 3HAYe-

Huf, cooTBercTByomero (C D;)“ OO KOHEYHOTO, COOTBETCTBYIOMEro

K08(QHOINEHTY IOJHOTO COMPOTHBIIGHUA Tella, {IporaBONOIOKBOMY
IpeAebEOMY CIyYal0 MeQJIeHHOM peaKnme TypOyITeHTHOCTH Ha HMame-
HEHAA TEYCHHAA COOTBETCTBYET «3aMOPAaKHBAHMAE) DTON BEJIHIWHE

pr (2

o () vF,

IpE HAYAJBHEOM 3HAYCHHH, coOTBeTcTByiomeM (Cp ,c)i Wz ypasse-
mri (73) m (75) caenyer

BC .
Bi(E) rmey (Yoo—1) M2 D;
1®) yypor T - (77)

TaruM 0o06paszoM, eciE H3BECTICH (CD}) ;y TO HAYaJbHOE 3EAYEHHE

Yr ONPEeNeNASTCH Be.IHImHON Bi/H, pufpasHof AIA Had9ajga BHIHC-
nenudt, 1. e. By/H, (CD ); @ H asnatorca mapamerpamn sagadn. Ecam

(Y, )i £ 1, pemenme cpaBHETeJILHO HOUIYBCTBHTEIbHO X BHOpan-
Homy spagenno (Y p )i

¥ pasnenus mypbysrenmuoll dufysun u uxr peweHus
04 IHMAALNUU U MACCOB0L KORYERMPAYUU

PaccmaTpmBarorca ypasEeHHA TypOyaeaTHO#R nEdPy3HH 3HTAMM-
IIAA H MACCH BO BHYTPOHHEM CJefie.

Typbyasenmnas Qugpysus snmaavnuu 6o enympernex caede. llpnm-
O6amKeEEA TeOPHH NOIPAEHTHOTO CJIOA MOIYT GHTH HCHOIB30BAHE
OPHE PeIIeNHEd 33729 BHYTPeHHero caefia. B caydae ycTaEOBHBIIOTOCH
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OBYMEDHOTO HJIH OCeCHMMETPHYHOro TYpPOYAGHTHOI'0 TedeHHA YDaB-
HeHHe bHeprmm AaA sbPekTEBEONM OmHapHOX cMecm, 3aNHECAHEOS
9epe3 CYMMapHYH CTATAYECKYI0 DHTAJBINIO, AMEET BHK

(v G5 +ogy) = (oo™ 57) + M(g;*) +
tu gt gy {oem (1) " DG 78)

Ine &g, €y H &, — Ko3pPHETHEeHTH TypﬁyneHTHon napdysmm s
TOMJIa, EMOYJIHCA H MaCCH COOTBETCTBeHHO, Leqy = (&,,/84) — Typﬁy—
JeATHOe 1@Ca0 Jlplomca. Uaedn, yuWTHBalOMWe JaMHBADHHI Iepe-
HOC H [HCCHNANMIO, CIATAITCA IpeHeOPEKAMO MAAKHME IO CPaBHe-
HAKW C COOTBETCTRYWIIEMHA TYpOyIeBETHHME wWwieHaME. Ecim npm-
HATh Lep; = 1 ® yYATHBATE TOJBKO TepMOEMHAMHYECKHH sPdexrt
pacupe/eleEAA CTATAYECKOTO faBIeHNA (a He NHHEaMudecKul sddexr),
TO ypaBHeHne (78) mpmmer BER

1 9 m Ok
o(urtvay) =5 a (eens™ ). @9)
Tak Kax @3 pacCMOTpPeHHA HOPANKOB BeJIXTIHH B 06JACTH HE CIIAI-
koM Onmskoit kK ropay v (0h/0y) € u (0h/0z) v U~ u = Pu. npm
0,8 << P < 0,9, To namnana sajaga amamoTH4YHA 3ajadge of oxHOMEp-
HOH (m 0) mnm nBymepHOR BecTammomapmo#t (m = 1) Temmompo-
BonHOCTH ¢ ! = z/u. OmHAKo 3Ta AHAJNOTHA HECKOJILKO HeoOH4YEHa,
TaK Kak caM KOo(PHUHEET &7 B3aBHCHT OT AMIUIATY/H B IMAPHHL
umMuyasca sETakboum [ypasmennsa (68) m (71)] m Temmo pacupoctpa-
HAeTcA B 00MacTh ¥ >> J; HECTAIMOHAPHOTO HEOTHOPONHOTO pacmpe-
AENEeHAs DHTAIBIEHA, B KOTODPOM €4 (akTHYeCKH paBHO Hymo. Mcmomas-
3ysi mepemernnyio Xoyapra — Joponnanuna [ypasmenms (64) m 79)],
HaXoIuM

oh =~ oh _ 1 2 P \2 e g™ Ok

Ut YV Gvy = VF oy {(’p?) a YE a¥r } (80)
tne § =z/d, y=yldm v =uY, + vY- — moIepevHaf COCTABIAK-
MasA CKOPOCTH «3KBHBAJEHTHOTO HECHEMAEMOro NoTokay. [ocmemmwmii
waen ypapuerdda (80), 3ammcamnsii yepes &5, AMEET BHJ

(p )2( g 2m ey {p(O) 2mA1) &p  ep
Pf YT uwd T uood

Bmecto Toumoro pemerms ypasmenumi (79) w (80) myrem mATerpmpo-
BaHEA ypasHeHus (79) mo mmpuEe BHYTPEHHero ciena mpeobpasyem
ero B HeamHeldHoe O06HKHOBeHHOe [HpdepeEnmadrEOe ypPaBHeHHE
nepBoro HOPAAKA JIS NPEPANIEHAS SHTAJBINA HIA NOTEPH AMOYILCA
BO BHYIDEHHEM cJele. BTopoe ypaBHEHHE 3TOr0 THIA NOJYYaeTCH
oyTeM YOOBIETBOpeHMA ypaBHenma (79) BIoab oCH ciepa.
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C noMompio 8THX ABYX YpaBHEHHH ONpPeHedsaeTCA NMOBefeHHe ABYX
napametpoB By (§) m Y1 ; (8) lyparmerme (63)] m, TaxEM oGpasoM,
Bce XapakTepmcTmkm — TypOyieBTtHO# amddysmm  SHTAIBIHNH,.
Yumuoxasa ypapuenne (79) sa y™ H HHTEerpmpyA oo IIHpHAHE BHYTPEH-

HEro cllefia, ¢ HCHOJAH30BAHMEM YpaBHeHEs HepaspuBEOcTH (64)
TOIY9IAM

YTf YTf
d
= S purhYF dYr) =h; 4 7 ( j pjurYFdYr) (81)
Hin
d fYTj h—h) YR Y VE; any 82
'EE—]_SPJ‘( NYT T}“‘_me+1 dg ’ (82)

Ie I 3aMeHEeHO HA U H, CIe0BATeNbHO, ACKI0UeH0 B3 Ypapaernd (82).
NaTerpan B aepoll 9acTE ypanHeHHA (82) mpomopHHOHAJIEGH HOTepe
mMnyasca [ypasperms (70) # (72)). Us ypasmenmit (63) u (62) mmeem

AL B®) Wr )™ Cms } =

- () T () e

Warerpapys ypasnenue (83), saxommM

B By () Y} G = { 2L By QY F) s | —

Yo
h hoo _1- am ’
_ L/m_)H 3 S %Y’}-‘f"lg (@Y L) dY L. (84)
Fr)
Tak rax
( : ) Ym+1 Ym+1 8 (const), (843) |

ime 8 — mocToAHEHEAA, CBA3aHHAA C MACCOH, ¢ DOMOMBX YPABHEHHA
(62a) nepenmmeM ypasgpenme (84) B yAo6Eo# $opme, ompesensio-
meit «pysrnmo conpormpaesmay Fy (Z;):

(01/P) BY 16y Cpp

1(P#/Poo) BiY'%‘;’Gmu}i T (Cp j)i -

=F,(Z)=1+ ﬁ—i {6(Z)—8Zpit+

Zf "
+—(Cf§f9)—-émiﬂ-[ ZS Z™g (Z) dZ — { m,; _i(f 4 }Zfi] (85)
fi
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rie 4y = ochLf n H = (h /he)o — 1. Booas ocm cnefa ypaBme-
mme (79) nam (80) npnmmae'r BUL

(g%)r o= (m +1) ( oY 3. )YT=0 (TS:EOTQ_) (86)
W3 ypasmenma (63)
He' (2) 2L+ Ft=m+1) Yi‘” B, (5227) (87)

Hos TypﬁyneHTHoro NBIGKEHUS, oﬁnap;amlnero WIOKAABHHM Dofo6meM»,

€7 HaXONHETCA M3 ypaBHeHHA (74) m ¢ momMompio ypapHemuit (75a),

(85) m (B4a) mmeem:
er a’ﬁ%K(CDf)i

PO\t amy;  ZiFy(Zy)
Piood  PoA™ Gmy; ( ) (88)

o7 Z; @ i—apo)

Ecam ¢ noMomgio ypasaenn# (83) u (84a) samenmts dB,/dE na dZ,/dE,
TO B3 ypaBEeHHS (8D) MOKHO HOJYIHTL BHparkenme nisa B, B OyHK-
oA Zj.

IlpeEMan pns opoctotH P ~ (p/h), mMeem

G" (0
¥ (25, H) (02,108 = —(K/B) e o+ (Co e (p11p) ™0,
(89)
the 0) \ 1/(m+1 1
-1 m m h(0) \ 1/md-1) ¢ Ry \ 4/tme1)
e o (40)
F1(ZypH)= T
_pi) fm+1) ey
F (Z ) {(poo zj
2 (&f
Fi(Z) (89%)
u
_ 1 1 . Gm+1
Fz(zf)_[1+m+il{ (m—+1) Gy 1} Em+1 X
(27— ani+15)2
o & )Ty ] (896)
CDyHmmH F 1 (Z;) onpenenserca ma ypasmenma (85):
a8 1 H (CD.f)i
:(m+ )gm+i H“l"i CDO ’
Rk {0)
0 A+ H gz + By, (89m)
(Cp )i
By D gmy Fi(Zp)
N CDo Gmit (z}nﬂ_amﬂa) r (891‘)

Z
(B£)"" o {1+(mz4;ﬂH SfZ"‘g(Z)dz} HmED - (89m)
0
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=1+ Hg (Z)). (89)

Oyexuma ¥ (Z;, H) B ypansesun (89) 3aBHECHT 0T & TOIBKO BEIe[-
creme caaboro maMeHeHWA J, NPHBOAAIMETO0 K YMEHBLINGHHI P;/P
BROAL OCH caena. lloaromy ¥ (Z;, H) aBnserca IpakTHISCKHE (YHK-
nued Tonbko Z;, a ypanuerue (89) Moxer OLITL penieHo B OHOKpAT-
HEIX KBaJipaTypax JJIf OUpee]eHAA pOCTA MEPHHK TypOyIeHTHOro
BHYTPEHHETO CieHa

-

z £
_ _ K 6 mt2 (. pr\ VD)
f ¥ (25, H)dZi= — 45 g omt? (Co): ES (+5) ak.
/
(90)

Pacnpeneneame CTaTHYECKOTO AABJGHHA BAOJB OCH CJena olpe-
HgeAeTcA W3 PpAcUeTa HEBABKOT0 IIOTOKA CO CKAYKOM YILNIOTHEEHA
nny B3 srcmepuMenta. Ilpm § > 100 p;/p~ =~ 1. Ecam Z; (§) nape-
cruo u3 ypapaeEmsd (90), ¢mamdeckas rpaHENA clefa OUpelelAeTCA
w3 ypasrenus (89a), a ammamryaa TYpOyJAeHTHOrO EMIYJIBCA BHITMUC-
agerca o ypaBaenuio (89r). B mpoTHBOmO.a0KEOM OpPEAEIBLHOM CHY-
4ae «3aMOpo:KEHHOro» Kosdpgunmenra nuddysum m3 ypasnerusa (76a)

HAXOOUM

K
PTG (PP

Poo Picod

Kpowe Toro, ¢ moMombo ypabuerwuit (83), (85) m (84a) ypaBrerne
tTengonpoBogaoccTu (87) pemaerca B OJBEOKPATHLX KBagpaTypax:

e
Py T Y;}f ~

Zy &
: _ K G (0) m-1 _ py \ 1/(m+-1)
G(Zy, HydZ;= BT AmAig,,, O™ (Cp ) S (—P;) dE,
(Z 1) T
(91)
roe
G (Zg, H) = Z?(Z}"+1—am+iﬁ)1!(m+i) (:_m) i:’('“’i*l-i)[‘,‘2 (Z)). (912}

Oyaxmuas F, (Z,) onpenensieresa ua yparaennd (896), a hs/h » us ypan-
mpeans (89e). Tax kak B 001aCTH He CIMOIKOM GIM3K0H K Topiy, HO
Hepey HAYAIOM METEHCHBHOIO (IOTWONMEHAAY BHENIHEro TeUeHUA
sagpoM o118 « Zmit < 1,10 Fi(Zg) = 1, Fy (Zg) = 1, h (O)/h e &

~ 1+ H, (@myyZy) (pip o)tmt) & (1 - H)H/m+1), Pemenne ypas-
nermi (89) m (91) cropmETCcA K CooTHOMeEHHIO IofoOEA

VIV (V)i = — (m+2) g g (o ) B—8). (92)



TEYEHWE B CIEJE 179

dameruM, 9TCc B 3TOH 0GJIACTH pacHImpenuWe (PH3HYECKUX TPAHMI
BHYTPEHHErO Clie/la B CHABHOHA CTeNeHH 3aBHCHT 0T YMeHLIIGHHA CTa-
THYECKOT0 JABIOHEA BHOJMb OCH cixexd [ypaBmemma (84a) m (89m)l.
Kax Tonxpko RagmzaeTcss Npomecc WHTEHCHBHOIO <HOTJIOMECHEMN,
pemenus B ciydae TypOyaeETHOCTH, 06aagaiomedi WIOKAJBEEM NOIO-
OmeM», ® B ciydae «3aMOPOKEHEOTO» KoapduuuenTa anddysmam pacxo-
FATCA MemAy coboil ¥ TOYHRM pacieT PaCHIEPeHAA Clefa YCHAOKHEIET-
ca. Ho Tak Kak mpomecc «IOTJIOMEHHAY IO CYMECTBY 3aBOPHIAETCA
Ha paccrosEnd 100—200 mmameTpos Tena BHE3 mO MOTOKY OT ropia,
to mpu £ — E; > 100—200

Cno‘l‘ (CDf)i

(CDf)i

Nz yparaeruit (89), (89a), (89r) — (8Ye) caeayer
Z; ~{K (Cp, + CDf')}i/(m+2) (H)—2/4m+1) (m~+-2)} E1/m-+2) (93)

F\(Z) ~ w Fy(Z)=1.

)
ys ~ ZH D~ (K (Cp, + CDﬁ)H’" (m-1) E}1/0m+2) (94)

Hostomy mpm 3afjasHOM § mEpHHA Clefa 09eHb YYBCTBUTEABHA K H
AJIA CKOPOCTH TOJeTa, a pacHIEpeHue caefa oljee TOYHO OMpeneIseT-
csa ypasaermeMm (89x).

Hanero mo moTory (& > 10*) BcaefcTsHe CymeCTBEHHOTO OXIa’K-
nerust caena h (0)/hw ~ 1, hyho ~1 m (Any)/Z; ~ 1. B oroit
ofaacTH pacnmiMpeEUe clela OLPEeNeadeTCA COOTHOINOHHEM, AaHATOrHWY-
HEHM ypasHenu® (32), B Kotopom Cp ;; BAMEHEHO Ha (Cp, + Cp ﬁ) i )81
cAydad «IOKaJbHO Nofo0HOHM» TypOymesTEOocTH. Pacupeneiaenme
3HTAJABNAY IMOJNYYaeTCA M3 YCIAOBWA ABTOMOJEILHOCTH AHAJOTHIHO
cayqdaw TayaceHAa: -

hy—h Az \ (m-1)/(m+-2)
2m T f — L
(2 G’"*‘)( u2 /2 )( 6 ) “G{z(Ax)i/(m+2>9(m+1)/<m+2)}’

rme

K G"(0)
A=~ A2 g g,

7 0 — ToaIMEHA MOTEPH HMMIYJLCA

a Dm+2 :

(e m1 _CDO'J'_CDﬁ
e

PesyarTaThl pacdeToB pocTa IMAPHHEK CJAefa TNpeCcTABICHH Ha
dur. 72 m 73. Kar smjgEo m3 dur. 72, sKCHepHMeHTaIbEHE AAHELIe
XOpOoni0 COTIAACYKTCHA € PeayJbTATAMHE pacdeTa.

Ilpm cropoctax mopsapka 2,7 — 3 KM/C pacueTHoe pacIImpeHHe
BHYTPEHHErO CJIefia B CIyJae «IOKaJbBO NOA00HON» TypOyrenTHOCTH
XOpOmO COBIANAET ¢ H3MepPEHHAMHA TEHOBHIM MeTONIOM, HO INHpPHHZ
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-~
10 -
6 —
v ? v At =1
xr v ’a"'-"
Tn 2 VA gyﬂ j -
\ Dooo '6"-—‘—
4
1,0 -
06— I
rg
04
02

1 2 4 6 10 20 4060100 200 400 800 2000 &000
x/d
®ur. 72. Mupusa TtypOyrertHoro ciega Mo = 8,5,
Poo =1 atM [6].

OHKcHeprMenTaIbuse aapume Coorrepa nm Knea (JIaGoparTopwua HM.
JIABKOIBHA})

u,, KM/c d, cm Poo

v 2,74 12,7 41 mM pr. cT.

] 2,74 12,7 1 at™

Q 2,74 6,35 1 atm

A 2,74 12,7 100 mM pr. cT.
DKCHNepMMENTATBERE Nanuple Jdeiiga m IDopra (pupma («KoBB3p»)

+ 2,13 9,6 1 amm
OrcOepHMeHTANBHBE maHAse @erpaMaHa (fApma AVCO)

b4 4,57 5,59 {1 arm

Teopnsa JInsa @ Xpomaca [6]
2,89 (CD;)i = {0,022 1 arm

— «JOKanBHO TMomobHasg» TYPOYIeRATHOCTHE; — — — «3aMOpOKeHBHIiy
gospdmnuestT guddysan.

9

8 s

€ //

5 ]
Yr ~ —_——
rn 4 ] — o s i g

3 4‘_’.—--—-— _

-
D 0= Pog
1 /
Hauam!) cmemenurv, P=%Pw
0 50 100 150 200 260 300
x/d

® ur. 73. Mupusa typGynentHoro ciema [6].
M_, = 22; Bnicora 30 KM; u,, = 6,73 KM/C; (CDf)i = 0,0077; rn — pa-

BEuyC BOCOBOH 9acTH Tena. wiokanbmo OHogo6Hast» TypOynesT-
HOCTE; — — — —— (3AMODOIKeHHHH» Koagdmunear Taddysnan.
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cllena, BHIYACICHHAA IJIA «3aMOPOKEHHOTO» KoddpPunmenta nudpdpysnn
(ompepmeseEHOTO TOABKO 0O HaYaJIHLHOMY CONPOTHBJIGHHI BHYTpEH-
HETo cJefia), 3aNM;KeHa mo Kpaineit Mepe BnBoe B muTepBajte 200 <
<< z/d << 4000, Taxmm oOpasoM BpeMs, TpeOyemMoe naa BHPABHEBA-
HEA Macmita0a ¥ WHTEHCHBHOCTH TYPOY/IEHTHOTO NBHKEHHS, MEHBINE
0 CpaBHEHHIO CO BpemeHeM, TpeGyeMbIM [ H3MeHeHHA TYpOyleHT-
HOro koaddmomenta muddysEm BOIE OCH Clefa.

Typbysenmuas duggysus Mmacchk 60 SHympenHeMm caede., IHaA
usMmenenne kozpdunmenta TypOynenrsonr audpdysmm e, (§) BHOIB
OCH cJlefla, MOMKHO OUHCaTh TypOyieaTHY IRPPYSHI0 OTHEeINbHHX
XHMAYECKEX KOMINOHEHTOB BO BHYTPeHHeM cilefleé ¢ NOMOMNIbI0 IO~
X0/]a, aHAJOTHYHOTO PACCMOTPEHHOMY BHINIe [JNA CyMMapHOH cTaTH-
YecKo# »HTanpnm@A. PaccMoTpmM mpocreiimmit cayvait, Korga Bce
IrGGYEAPYIONAe KOMIOHEHTHL COJ@PIKATCA BO BHYTPGHHEM CJe/e:
peroMOMHANWA WIW Ipyrueé XAMAYeCKHE DPeaKIWH, B KOTODHX ydacT-
BYIOT 3TH KOMNOHEHTH, HACTONLKO Me[jeHHee AHPYys3mm, 9TO HMR
MOKHO npeHeOpeds. ITO caydail BBeleHWs HHOPOJHOIO BemeCcTBa
B NOTPAaHAYHHE ciaoi nmyreM abngnum. Kar m smransnus [ypaeme-
sme (63)], maccoBas KoEmeHTpanmsa Moker OWTH 3aJada B IOPOCTeH-
meM cJiydae B ABYyHIapaMeTPHYECKOM BHpe:

K Yr) =K@ F (v 5 ) (95)

rge A; — MaccoBasg KOHOeHTpanuA AAPPYHAAPYOMEX KOMIOHGHTOB
w Y5, (§) — mepa mumpman mpodmas maccoBoi KoEnemTpanmm. [las

3TOT'O YaCTHOIO CclAy4Yasa, HpAHAMAA

F ( Yoy ) :e_Y%'/Y%D’ (95a)

Yr,

HAXOTAM IMOTOK MAaCCHI
m =2 (n)m,s:o puKy™ dy = 2 ()™ Ppju wdmt KOY’;{!};H Fropq =
= const, (96)
rue

Fm+1 = Sﬁ,m e—A2 d;», Fi = V:TZ, F2 —
¢

o] =

Broga xoapdmmomerT moToKa MaccH ¢, HOXydYaeM

— m . Pf ymtp
Cm = 2 (M) ™PPooliond™ 1 myy  Poo YTD K, =rconst. (96a)

Bropoe coorHomerme Mesxny Ko B ¥ 7, MOKHO HOJNYIHTH B3 ypas-
HeHds OwHapHOH Ampdysmm, roropoe npm Le; =— 1 mpmEmMaer BmA
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ypaemerms (79) mnm (80), B xoropux % samemeso ma K;. Ha ocm
cllefia U3 ypaBHeHHA (84) caemyer

aK; i 32K ; €
(“a?, Ym0 (m+1) ( aYg?)yT=o ( Bu:d) ' (97)
a m3 yparHeHHA (9da)
dK g K
& =200 (535) - (97a)

Yparnenme (88) ofecmeumpaeT «IoKaabHO® Homobme» TypGyieHTHO-

ctd 27/(Bu «d). TlomcTaBnas 10 cooTHomenme m Bupasxenme (96a)
s ypaseerme (97a), noaydaem

2/( 1
[Ko(Ei)]Z/(m+l)= Vi, (ps/pe) /07D _
Ko (§) (Vo) (p4/pao)2/ ™+

2 (ch)ia'g“K
PRAMG 4 (z}'n+1 — am&-i 5)1_2/(m+ 1)

g
=14 | L, (98)
ki

rie nNpodEIM HAYaJBHOH MACCOBOM KOHIEHTPAIMA ¥ SHTAJIBIEH
B TYpOYJIEHTHOM HOTOKE «CPAIMEBAIOTCAY, €CIH

1
(Yr)i=5 (Vo )t
L (&) onpenensierca popMymoi

(8) = PP "D (sl poe) VD (@240} 25 (Zg)
{h (0)/hoo} /THD {hyfhoo} /D (ZTH o H )

(7)™ 99

_ (Z;?H-i _a:"n-i-lﬁ)(i -TH)/(i—l-m)Z}npz Zy)
¥ (Zy, H)

JHaA MACCOBYH KOHNEHTPAIMIO, MOKHO BHIYACAHTL 00LEMHYI0 KOH-
MEeHTPANHI0 YACTHI] BIOJb OCH:

ny (E¢, 0) — (Pffpoo)i {h (0)/hoo} Ko {E:)
(€ 0)  (pf/bos) {k (O)/koo}i Ko () ° (100)

Pacopenenerme 00:eMHOR KOHDEHTPANEMH YACTHI IO IAPHHE CJeIa
HMeeT clenyomui sumn:

nr G Y1) {h(0OVheo} , ~YP7%
g (& 0) TR (Y7 koot ), (104)

rme Yr, ompepenserca m3 ypasreEma (98). Pacuernmbie sHaueHES

00'beMHO} KOHNEHTDANEH 9aCTHI HpHBeNeRH Ha QHT. T4.
Us ypasgerms (100) BmpHo, 9To HadaibHOE YMEHBLIIGHHE 0ODbEM-
HOM KOHOGATPANWHE YACTHL BIOIL OCH Clle/la MPOHCXONHET BCJICACTBHE
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06beMHOrO pacmHEpeRHs HOTOKA HOP¥ Py—> Pw. Ecam (§ — ;) >
> 50—100, 10 p; & p . IIpm oxNa:KAeHAH cl6Aa HIH OPH YBeJude-
HEE ero IJIOTHOCTH o0'heMHAsd KOHIGHTPAOHA YacTHH yMEHBIIAGTCS
BHE3 LO NOTOKY MemJIeHHee, UeM MaccoBas KOHHeHTpandd. Tak Kak

1,0 —
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n[(ﬂi,ﬂ) N ~
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xfd

®ur. 74 Typbyrenrmaa puddysua B ciaefe;
Mo = 22, suicora 30 M [6].
np (x, 0)/n I(O' 0) — oTHOmMeEeHHe MeCTHoll KoHIEHTDAIHI

YACTHL] K MCXONHOH HOHIIEHTPAI[MH YACTHL. 1 — «3aMOpo-

meHHbE» Koapdmment muddyanm; 2 —@IOKaAbHO NOX00-
#2A» TYPOYIEHTHOCTD.

npu (§ — &;) ~ 200 mpomece «norIomenrs» 0CECEMMETPHIHOIO TYP-
0yJIeHTHOTO BHYTPSHHETO cliena PakTHIeCKH 3aBepmaeTes, To Fy (Z)~
=1, 2P wES w | Ko (B) |20 > | Ko (8) | ~2A™H) mpu
{§ — &;) > 200. Cpasumsasn yparmenus (89) m (98), moryuaeM

2/m+1) o, 2{(m~-1}
()1, =1, ()

HIn
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JTO 03HAYAET, IT0 HOPMAJIH30BAHHASA MACCOBasl KOHOGHTPANHUA A CYM-
MApHAfA CTATHYECKAA DHTAJNHIOHA HOMOOHHE, KOTfla IPONECC «IOIJo-
meHus» 3aBepmeH. Taxum obpasoMm,

% Ko (E) ~ E-tmH1y/omi2),

AHaJIOTHYHEE 3aMeYa HIA MOXKHO CHeJIaTh IS CAY9a A «3aMOPOKEHHOM»
napdysun. ClerywIime BHBOAK MOTYT CAYKETh 3aKI0YCEHACM
K HCCHeJoBaHHIO IOTOKA B cJjene.

Ecaa mpomecc «mOriomeEHA» MOJHOCTHIO PA3BAT, BIAXAHHUE
HAYIBHOr0 K02pduOAeHTA CONPOTHBIICHES BHYTPEHHEro TYpOyieHT-
HOT'O Cleja, OTHeCEHHOTO K IapaMerpaM HabGerajomero nmotoka (Cp f)i'

Majio, TAX KAK CONPOTHBIEHWE, CO3LaBaeMOe IOrJONMACMEIM BHEMI-
HOM HEBA3KHEM IIOTOKOM, Topasfo OoJblie HaYalbHOTO COIPOTHBIIE-
HEs. lamea, TpeGyemas sl HNOIVOMEHWSA OOTEPH AMOYJIbCa BHYT-
peHHHEM cJiefloM, OPOHCXOLAmEro HamboJiee HHTCHCHBHO B HAYANL-
HHA umepmos, upomopumomadbHa (C Df)i_l/3 B QOBYMEpDHOM clydae
7 (Cp f),-“/& B ocecEMMeTpHIHOM caydae. (Cp ;)i H3MEHAETCA MPOIOp-

nmoHansHO (Re)~'/2, ecam BaA3KHE chok nNaMHHADHLET, ¥ 3HAUYCHEE
(CD ; MOKeT OBITh OHEHEHO He (QoJiee 9eM ¢ ABYKPATHOH OMMOKOM.

)i

i’acqe'r TypbyneHTHOR AnpPySHE XUMHAIECKH AKTHBHOIO Tasa
B THOEpP3BYKOBOM clie[lé 33 TEJOM € OCTPHIM HOCKOM OBLI BHINONHEH
¥Ya606oMm m Xpomacom [127]; pasBurme rmmepsByxoBoro TypOyieHT-
HOTO CJefla 3a TYNLM H TOHKAM TelaME ORLIO paccI#TaHO JIEKOHHECOM
[114]. Yyars =m fur [128] paccmoTpenm caen B paspesxeHHOM Tase.
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Mnasa IX
OTPbLIB NOTOHKA C NEPEAHEX HPOMHKHU

O6oanauerus

A; — oTHOCHTeNbHAS INIOMAAb IJIOCKOTO Cpe3a HOCOBOH HYaCTH
Tena, %),
@ — pagAyC HIJIH;
C y — wKo3dPuUnEEeET HOpPMAABHOK CHIH;
Cm — KodPHOUEEHT OPOXKOJILHOIO MOMEHTA;
Cp = (Piw — P)Y2P U, — xo3(dunmenT pmaBiIeHAA;

K = l/t nan l/d;

L, — paccrosEme B wWampapBjJeHHHE I OT HadaJa IOOTPAHAYHOT'O
CJAOA M0 TOYKH HA Telle, TMe ero TOJNAHA HIE Pagmyc
PaBHH £,

! — mamHA WrAB; paccTOAHWMe B HANPaBIeHAH I 0T Havala
noTPAaHMYHOTO CJIOH [0 Hadaka objacTm orpniBa (3acTOM-
HO# o0nacTm);

M — umcao Maxa;

n — mapaMeTp CTeNeHHOTO NpodHAA CKOPOCTH;

r — pammyc;

§ -~ pPACCTOAHWE® IO HOPMAJAE K RIKHY; PACCTOSIHEE BIOIb
NOBePXHOCTH Teja, M3MepeHHOe OT KPHTHYECKOX TOUKH;

$p — NJAWMHA HCXOMHOE MOJSIH;

§§ — paccTOAHME BJIOJb OCH MOJEJNH, M3MEpPeHHO® OT HOCKA;

t — ToammAa; £ = 2 (s1/s5) — 1;

u* — CHROPOCTh Ha PasfeaArmell JEHEAH TOKA;
ch — HOOJIOKOHHe HeHTpa /aBleFHA, H3MEepPeHHOe B JJIMHAX
TeJa OT er0 HOCKa;

B = 1/

6 — TonmmEa mNoTpammuEOro cI0A; OTKIOHeHHe LOTOKA
38 CKAIKOM YNJNOTHEHHUSA,

0 — rommpHa mOTepH HMIyJABLCa HOTPAHAYHOTO CJOH; YTOX
HAKJIOHA CHAYKA YILUIOTHEHHA OTHOCHTEJALHQ BEKTopa
CKOPOCTH TIepej CKavYKOM; yTioBas KoopAammaTa HA cde-
pIIeCKOM HOCOBOH 4YaCTH;

A — YTOJX OTDHBa;

§ — OpEpamende CTaTHYeCKOT'0 MABNGHEA B CKAYKe YIJIOTHEe-
HAS,

0 — KoapPHUMeHT BOCCTAHOBIGHHA [ABICHMNHA;

¢ — YTOJ CKAYKa YIVIOTHCHHA.
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Huderen

¢ — IOBEPXHOCTH KOHYCA, XOpPHa;
R — uprncoenmmenne;

S — orpuB;

{ — moamOe BHAYEGHHE,

0 — smagerme uepex 00kacTLI0 OTpHBA;

1 — ycaosme 3a CKadYKOM YIIOTHeHHA HAa HepPefHEH KpPOMKe

uaM 3a 00JacThIC OTPHIBA;
2 — 3@aveHHe IOCJ6 NPACOCTHHOHHSA.

OTpwB moTOXa € mepegHel KPOMKH MOKET OKasaTh BIHSHHE
HA Bech peREM ofrTekaHmA moBepxXHocTH. Hak W B APYTHX ciaydaAx
OTPHEBB HOTOKA, BASKHA MOTOK OTPHBAGTCA Ha NepeNHel KPOMKE TOA
JecTBHEM IOJIOKHTEABHOTO rpaamenTa Xaeinemma. Ilpm pocraTodumo
GOoJRMHX Yriax aTakM KDBLUIOBOIO HPO(QHJIA MOJOKHTEJBHBIH Ipa-
IEEHT AABIGHHA HA NepefHEHd KPOMKe ¢ MAJKM DPajHycoOM 3aKpyrie-
AWA OKasHBAETCA [JOCTATOYHO OOJBIEAM, 9YTOOH BEI3BATH OTPHIB.
ITpr Goapmux grcaax Maxa oTPHB NOTOKA ¢ IepedHeH KPOMKH 3aBH-
CHT OT WHTEeHCHBHOCTH CHKAadYKa YNJOTHEHHs, oOpasyiomerocd OKoJo
mepefHel KpoMru. [lajke npH MaJBX yriax aTaKd TOHKOIO KDPBUIa
¢ OOJBIIOH CTPEJOBHIHOCTHI) B C 3a0CTPEHHON IepefHedl KPOMKOM
MOTOK OTPHBaeTCA 0T UepegHedl KPOoMKH ¢ 00pasoBaHHEM BHXpeil Hal
BepXHe# DOBePXHOCTHI) KPBLIA, OKA3HBaA BIHAHAE Ha A3PONHHAMH-
JeCKHe XaPAKTEePHCTEKH, B OCOBEHHOCTH B YCJAOBHAX B3jeTa H NOCAM-
KH, @ TRK;Ke NOj] JIeMCTBHeM IOPHBOR BeTpa M B3PHIBHHX BOJH B aT-
Mocdepe. [pyrmM HHTepECHHM SBICHHEM CUHTAOTCHA OTPHB IOTOKAa
¢ OCTPHA HMIJE, YCTAHOBICGHHOHA Iepel TYLOH HOCOBOH YaCTHIO TelH
UpPH CBEPX3BYKOBHX CKOPOCTAX. laxad mria Mo)xeT cIocOOCTBOBATEH
YMeHBIICHUI0 CONPOTHBJIGHHA W TeILIONepejadYd K JdeTaTeAbHEIM
anmaparaM, paspHBanmEM Ooiabmze cKopocTm '), Oma Moker OHTH
TAKKE HCIOJIB30BaHa KaK 9d(PeKTHBHOE CpPeINCTBO YNPAaBJEHHA.

Bragane paccMoTpEM OTPHIB IOTOKA C uHepeAHedl KpPOMKH NpH
OO3BYKOBHX, & 3aTeM LIPH CBEDX3BYKOBHIX CKOPOCTHX ITOTOKA.

1. OTPbIB MOTOKA C NEPEJHEW KPOMHKM NPU AO3BYHOBbLIX
CHOPOCTHX

B mamHOM pasnene pacCMaTPHBASTCA MeXAHH3M ¥ KPATePHH OTPHI-

Ba IOTORa ¢ HepejHell KPOMKH IPH HO3BYKOBHX CKODOCTAX, & TaKkiKe
¢XoJf BEXpell ¢ mepemseil KPOMKH.

1) MoKBO0 TOBOPHETH TOJBKO 00 YMEHBUIEHHH CyMMapHOTO TEIIIOROTO MOTOKa,

Tak KAk B 00JacTH IpPHCOSMUHEHAA BO3MOKHH (OHKH» TeOJIOBOTO MOTOKA.—
IIpum. ped.
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1.1. MEXAHH3M OTPbLIBA C NMEPEAHEW KPOMKH

Ha ocmone maGamfieEmii OTpHBA ¢ NEePeIHAX KPOMOK KPHILEB
Osimu paspaboTaHll pasiEYHLE TEOPHEM OTPHEBA NOTOKA C HepefHedt
KPOMKH.

Kps6rpm [1] ma npmmepe xpiriooro mpodmarn RAE 101 ¢ orHO-
caTensHol Toammuodr 10% BsameTmn, YTO CYmeCTBYHT CuaeAyiOIiEe
TPH THNA OTPHBa IOTOKA.

1) Ompuis ¢ sadneii kporru. Ilpu Bo3pacTaEME yria aTakd TOYKA
OTPHBa TypOyJNeHETHEOTO CloA ABIKETCA BBePX IO LOTOKY OT sajiHed
KPOMKH.

2) Ompue ¢ nepedneii kpomru. IloTox BHE3AHO OTPHBAETCA
BOamsn mepenHed KpoOMKM.

3) Ompue nomoka ¢ morkozo npoguass. BOamsm mepegmeit Kpom-
KH OTPHBAETCA NaMEHApDHKH NOTOK W IPMCOEJUHEACTCA Kak TypOy-
JeHTHEHE notok. IIpm Bo3pacTaHWE yria aTakM TOYRA OPHCOeIHHE-
HAA OBEHMKETCA BHHB8 IO MOTOKY.

Orpue TypGynerTHOTO moToka (Tunm 1) paccmaTpueancs B ra, IV,
Orpae ¢ mprcoeguneBweM (Twm 3) paccMarpupancs B ra. VII. fsme-
HHE OTPHIBA C mepejEeH KpoMEM (THN 2) HByJaeTcA B JaHHOM pasjele.
Ilpn oTprBe HOTORA 3TOTO THNA JTAMEHAPHHEE CI0MH MOKET OTOPBATLCA
0T BepXHEH HOBEePXHOCTE NPOPHIA BOME3W mepeHEH KPOMKE npH
HeKOoTopoM yrie atakd. XotA Kpsbrpm [1] me mabaiogan npucoenn-
senua Ha npodume RAE 101, s o6memM ciyvae mpECOeIMHEHME BO3-
MOKHO HmKe N0 IOTOKY ¢ o0pa3oBaHmeM IYy3HpA Ha BepXHeH mopepx-
pocT®. Hax ykaswBanoch BHINe, CYMECTBYHT Iy3SHDPH JBYX BANOB:
KOPOTKHe W JJHHEEE, B 3aBHCHMOCTH OT HX HmpoTdaxkeHHocTH. KopoT-
KMl Iyselpb OpeicTaBideT HaumOOJLMHA HETepeC OpPH HCCIeX0BaHUH
OTPHBA ¢ HepeflHeH KPOMKM, TOCKOJBKY IDH BHE3aUHOM paspylme-
HHEHM KOPOTKOTO NHYy3HpPH MNPOMCXONHMT OTPHE ¢ mepemnelt KpomMxm
C TOCHeAYIMM¥M CPHBOM IOTOKA, BRSHBAIINEM pPE3K0e NaZeHHS
DONbeMHOM CHJIK X BHE33NHO® MOBHIIeNHe COUpPOTHBIeHNH. I110CKOIL-
Ky TAKOH CPHB Kpa#He HeKeJaTeJeH ¢ TOUKH 3PeHHAS a3pofimHaMumye-
CKREX XAPAKTODHACTHE KpHIAbeB, HeoOXomuMo NOHATH (HIHYECKYIQ
OPHEPOLY OTPHBa MOTOKA STOTO THIA.

B Touke mpmcoenEHeHWA TYypOyNeHTHOr0 MOTOKA CPA3y 33 KOpOT-
kuM mysmipem HA npodmie NACA 64 AO006 xpumpaa pacmpepesesns
dopmmnapamerpa H = 6%/0 mmeer nmx, yxkasmpamommit Ha CymEecTBO-
BaHHE 30HH 3apOKAanmeroca Typ6ylIeHTHOTO OTpLIBA Cpasy 3a KOpPOT-
KAM Ty3HIPeM, 9TO MOKeT MOCHYKHTH KIIIOM K Teopum, o0BACHAIO-
nrell MexanmsM OTpPHBAa ¢ nepefred KpoMxu. [losromy ¥Youanumc [2}
DOCTYAHPOBAJ, YTO KapTHHA TEYeHHWS, BRJAKYAIMAA KODOTKHHA
Oy3HpbH, HEYCTOHIARBA, BCAGNCTBHEE HTOI'0 TOTOK OTPHEBAETCHA B TOUKE
JaMWEADHOTO OTPHBA ¢ ofpasoBapmeM Anmmmore nysupA. Ho mocry-
AaT YoANHCA Ee NOATBep:kJAaeTcs Apyrumu HabmwojeRmamu. Tak
KaK TeopHA Y OJJIMCA OCHOBaHA HA MCCJENOBAHME XKOHKPETHOTQ KpH-
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nmoBoro npoduraa, oHa He mogmaerca o6obmenuio. MTak, BBELY TOTO
uro 00/1aCTh HEHOCPEJCTBEHHO 334 KODOTHEM IY3HIpeM SBIAETCA Iepe-
XOXHOZ 0T 0o6macTE CMemIeEWA K OOHYHOMY TypOyJZeHTHOMY HOTpAa-
HOTHOMY CJO00 H TaK KaK NPOoPHIE CKOPOCTE B 3THX 00JaCTAX
He HpAHALNEOHAT K OONYIHOMY THNY, TPYAHO [aTh HCTOJIKOBAHHE
3mageEna f B 3roii obmactm [1]. Kpome Toro, mpumepn oTpEHEBOB
HOTOKA ¢ RPRIIOBHX mpodmaeid, npusefenunle Makxanmoxom a I'oa-
ToM [3], He cormacyoTes ¢ Teopmei Youxmca, TAK KaK 3apOiKAaio-
Merocsd Ty pOyIeHTHOTO OTPHBA HEMOCPEACTBEHHO 32 TOYKOH IPHECOEH-
HEHHA B KOHHe KOPOTKOTo Ny3wpsa mmm He Habmopadoco. Maxrperop
[4] Tamwre ne o0HapY:KHJI TCHOEHIHA K OTPHBY OPHCOCKHHAKMErocH
MOTPAHHTHOTO CJOS Ha HpodHrie.

1.1,1. Teopus Mawrzpecopa

Teopma Maxrperopa [4] oTpmiBa ¢ mepenHed KPOMKE OCHOBAHA
Ha OanaHce DHEPrHH YCTAHOBHBLIETOCH BHXPHA 33 KODOTKHM Iy3H-
peM. Ilpemmomaraercs, 9T0 paspymeHEHe KOPOTKOrO WY3HPH COOTBET-
CTBYeT TOMY COCTGAHMIO, IPH KOTOPOM KHHETHMYeCKad DHEpPIHA,
MOCTYTAIONEAA M3 OTOPBABIIErOCH MOTDAEHATHOIO CJIOS, HEJ0CTATOTHA
IS DOAJep/KAHAA BHXPEBOTO NBIKOHHSA BCJeJCTBHe HECCHUNANAN
dHePTrHE myTeM JEPPy3HE. TarEM 00pazoM, 3Ta TEOPHA HO OXBATHI-
BaeT npobaeMy B meaom, a TOJNHKO HEKOTOPYIO ee dacThb, XOTH Hpef-
nono:kennss Makrperopa, cBfisaEERe ¢ YCI0OBAAMHE DABHOBOCHSA IEP-
KYJAAHEOHHAOI0 TedeHHA B 3afHedl YaCTE OY3HpA, ABIAKTCA KOCTa-
TouHO yOelIRTeNbHEMHA W, TO-BEIEMOMY, mpaBuasasvm (1],

1.1.2, Teopua Kpabmpu

B teopum orpuBa ¢ mepepmeii kpomrx KpsGrpm [1] mecmoarsyerca
K03PPHIIEHT BOCCTRHOBJCENA NAaBJIeHAA O B CBA3H C TeM, 9TO HOCJHef-
REe JOCTHMMEHHA C/leajm BOSMOMHLM Gojee TOUNO BEIYACIATH O,
KOMOHEHPYA pesynbTaTH ®aMepemmi [oara {3] m Maxrperopa [4]
B IIHPOKOM HETepRaje YIVIOB aTaKd ¥ 9@cex Pelinoisnca B 06aacTm
OTpEBa ¢ KopoTkmM mysupeM. Ilo ompepmenemmio

0 = (Cpp — Cpg )1 — Cpg) = (Pr — po)/(/20ue),
rae Cp — Kooddunuenr papaenms B o6jlacTH IPHCOSTHHEHNAA
Cp = (p — p=)/(Yepu).

WUgpexcu S m B cooTBercTByOT YCAOBHAM HIPH OTPHIBE W IDpPHCOEIM-
HeHEHZ. B MOMEHT paspymieEWs KODOTKOro Hy3ups nambo BCIeACTBHE
BO3DAaCTAHHEA YIVIa aTakd, AEGO BCHAGACTBHME YMEHLIIOHMA YHCJIa
Peliroasaca mpu DOCTOAHHOM yTJI€ aTAKHK KodPPAIMEnT BOCCTAHOBIe-
HHA JaBACHAA B 0GJACTH TYPOYIEHTEOrO CMEIIeHHA JOCTHraeT MaK-
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cuMalbpHEoro 3HadennmA 0,30. 3TO NPOHMCXOHHT BO BCeX Caydasax ofTe-
KaHo|d Opopuad, m 3a4eEde ¢ = (,3) ABIsgeTcA 060CHOBARHKM NI
upomecca TypOyJaeHTHOro CMemeHHS, BH3HBAIOHIEr0 HPHCOCAHHOHHE
B LY3HPE, 9T0 HOATBEDIENAOTCA HKCIEPEMEHTANHHO [D].
[IpoTsaennocTs oTOPBABIIEroCS JAMHEADHOTO CI0H B IepegHeH
9aCTE uyswpA (@iE B 06JacTH, Ije AABICHHe NOCTOAHHO) OMpPENe-
agetes BepakeHmeM (Regx)g = (u.0*/v)g, a KoaddummerT BoceTa-
HOBJIGHAA JaBJIeHEA, IPH KOTOPOM UpPOHCXOXHT HPHCOCHTHEHTE
TypOyeHTHOTG OOFPaHHYHOTO CJI0A, BABECHT OT HpPOTAKEHHEOCTH

4
Ompesg

1

) &=57°%0=035
3~

\ o =5,0% 0°=0,28
._CP -~

2l o =4,2% 07=0,22

1z 3 4 5%xoph
o 1 2 3 4 5 6 7

Paccmosuue sdons nosepxrocmy
om nepedpeill ¥KpoOMKU , CM

®ur. 1. Pacopesenrenme paBneHHA B OKPeCTHOCTH
nepeAgHed KPOMKH KPHJOBOTO UpPOQHEA ¢ XopAoH
122 c¢m; Re = 1,7 108 [4].

oropeaBmeroca cxod. [locre mpmcoenuHenmma pacmpejiesnende JaBie-
AuUA AOCTEraeT 3HAYeHHE, cooTBeTCTBYWmEUX O6esoTprBHOMY 00Te-
rammo. Ecam sTo meobxommMoe 3HageHme O MeHBIIE IPERIOIATae-
MOTO M3KCHMAJBLHO BO3MO)KHOTO 3HATCHHH, TO B NepegHed dIacTH
IYy3HPHA MOKeT DA3BUTHCA MHTEHCHBHOE NOACACHBAHHE M IYBHPH
6ymer KoporkEM. C yBeqmUeHEHeM Yria aTaKd HHE Paspe:eHns B pac-
mpefieAeHWH [TABISHHA, COOTBOTCTBYIOIMEM NOTEHNUATHLHOMY 0OTe-
RAHMI, CTAHOBHETCA BHIIE, BO3PACTaeT ¥ NOAOKUTENLHRI IpafmeHT
napienusA. Taxum obpaszom, KospYEOEEHT BOCCTAHOBIGHHA aBie-
HUA B 001aCTH OPACOEeNUHEHHS BO3PACTAET, IOCTATaA B KOHIE KOHMOB
MAKCHMAJBHEO BO3MO/KHOIO 3HadeHUA O, XOTA KOPOTKHH IIY3HpH
C pOCTOM YIia aTaKu HECKONBKO C:KuMaerTca (bmr. 1).

Hak BEgEO Ha ¢ur. 2, ¢ TakKe pacTeT ¢ YMeHbOICHWOM YHCJXA
Pefinonpica OpE DOCTOANEOM YIie aTAKH.

Tax wak ¢ Bo3pacTaEmeM wmciaa PeiHoJbAcCa pacTeT IPOTAKEH-
HOCThL JaMHH4DHOIO Y4YaCTKAa B OTOPBRBIIEMCS CJI0® CMeNIeHHA,
TO UpPE MEHLIIEX Twciax Peirmoanica mux paspesxenEs Tarke Gyxer
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HEDKe, HO KO03QPHOmEeHT BOCCTAHOBJIGHMS NaBIeHHA, HeoOXOTHMEIH
I UPHCOENUHOHMA, MOMKET AOCTETHYTh MAKCHMAIBHO BO3IMOIKHOTO
sHavedgusa. lIpH modEOCTHI mepepacmpefeneHEOM NABICHEHMYM HA LpPO-
prIe TpPHCOEKMHEHM® MOJKeT NPOM3OHTH JAJE€KO BHH3Y L0 NMOTOKY
npuE KosdpdmmuenTe BoccranopneHwa Aanienaa ¢ = 0,35 ¢ obpasona-
HHeM Ny3HpdA. Hak ymoMEHAaI0CH BHINE, 3KCOEPHUMEHTAJbHEE MCCJIe-
popammsa [6] paror rakoil ke DOpPANOK BeIHYMHN O JAA AIAHHOTO
OY3hpA OPH YCIOBHH, 4TO NY3HpPh HE HACTOJBKO BeJHK, 9TOOH

al e=245-10% o=030

\

1,28-10%; o=0,35
N 1Y

-097-10% 5=0,36

Tpucoedunenue

T

L 8 9 0 1 12 % xopdsi
§ 9 o 1 12 B
Puaccmosntie 8dans n0SEPXHOCTIIU
om nepedHeti KPOMKU,CM

® ur. 2. PacnpepemeHne AAaBIeHAA B OKPECTHOCTH
mepefEe HKPOMKH Tpodmiaa ¢ xopaod 100 cu mpm
o — 4,2° [4],

TOKPHTH GoJIbIIe MOJOBRHK AJIWHK XOPAH, B YTO JaBjienHe Aa mepex-
Heil Xpomxe He MeHseTca, OTMeTHmM cleXylolime HOCHeNOBATENBHLIC
sTank o6pas3oBa”uA NIHHHOIO Iy3HIPHA.

1. Ilo pocTmwxenmm MakCHMAaJabHOro 3padenua ¢ = 0,35 xopor-
KUl nysHph He MoKeT 6oJbme CymecTBOBATH.

2. Tlmx paspemenma muafaeT, BoxegcTBme vuero Ress < 400,
EciIZ B TOYKe JaMAHAPHOTO OTPHBa Regs > 450, To cpasy 3a orphi-
BOM MOKHO O;KHJIATh mepexofa K TypOyIeETHOMY TeueHHI0.

3. Harsa TypOGyieRTEOCTH B 00JaCTE OTPHBa HEe MOTYT DacTh,
X Ted4eHHEe B 5TOM 06/JACTH OCTAeTCA JaMMHADHEIM. JKCHEPHEMEHTH
Maxrperopa [4] norasans, aT0 ToAmMWHA BHTECHSHHS OTOPBABMIErOCH
CROS CMETNeHHA PACTET BechbMa HO3HAUMTEJHHO BMOJL BHeDIHe# rpa-
HULIH DOYSHPA OT TOYKE OTDHBA A0 HOABIEHHA TYPOYJIGHTHOCTH.
IHo-sagEMoMy, 970 CHOpaBeJJHBO KA49eCTBEHEO H JIA JJIHAEHOIG
Oy3HpA.

4. Haxonen, Rea§ cragoBuTCA Gonbme 450, TypOyleATHLIe MATHA

PacTyT W BOSHEKAeT TYpOyNeHTHOE CMeIIeHHe,
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9. Pacnpeneserme JapieHHA CTAHOBHTCA TAKMM, 9T0 IOTOK UPH-
COeMEAOTCH IIPK KOCTATOTHO MaJioM 3EauYeHmH o [1].

B cxyuae ToEKOr0 mpodaiA SBIeHNE FACTepPesHca NpH HWSMOHEHUH
auciaa Pe#ironnnca, obuapymennoe Makkainoxom 7], moxno 06nac-
HHATH CIeAYIOMEM 06pasoM: HPeAHoNORKAM, IT0 HA TOHKOM Npodmie
npe Goapmom umciae Peiimoabjca o00pasyerca KOPOTKEH NY3HIpH;
SaTOM IOpH yYMeHbIICHME 1ACHa PeliHombfnca B HEKOTOpHHE MOMeHT
ofbpasyerca anmEEEE HysHpb. B pesyibraTe mpoucxomar mepepac-
npepeienne fabiaepua u Res¥ ymempmaercs. Eciam Temepnr cmoba
VBeIWIWBaThL THCHAO0 PeilHOABACA, WUYSHPE YKOPAYHBAGTCA J0 TOX
HOp, moKa He GYAYT MOCTHTHYTH NePBOHAYANGLHHE YCIOBHA, HO IPH
Somee BHICOKOM 3HadYeHEM 4Tucia Peiimonbica. fBnemme rucrepesmca
OpH HW3MeHeHHEM YIJIa aTAKH, HO NOCTOAHEOM 3HAYEHHMHM 4JHCIa Peii-
HONbIcA OOLACHAETCH aHAJOTHIHKM oOpasoM. B aToM ciyuae Bos-
BpaT K KOPOTKOMY OY3HPK IOPOHCXOAUT OPH 3HAYATEALEO MEHBIIeM
yrie aTakdm, YeM paspymenme myawpa [1].

2. KPUTEPUI OTPLIBA JTAMUHAPHOIO MOTOHA
C MEPEAHEN KPOMKH

Ha ocmoBe 5SKCIePEMOHTANBHHX HNaHHKWX MiaA mpofmiedt OHa
YCTAHOBJIEH NPOCTOM OMIMPHIECKHN KpDHTepHH OTDHBA JaMHHAD-
HOI'0 MOTOHKA C MepejHed KPOMEH.

Fonr [8] mccaegosan aspoaupaMmiecKie XapaKTePACTHKE IBYMOp-
goro npodmna NACA 63-009 npm wmciae Peitmonaspca Re = 5,8-10¢
(BHaCIeEEOM TO AiEEe XopAH) # uncae Maxa M. = 0,167, B pesyusn-
TaTe GBI MOJyYeH KPHTePHA NAMAHEADHOTO OTPLIBA C mepejHed KPOMKR

Cpg IC ~ 0,89,

IIJMB.KC
rae C, — KoaddmnueHT Kanienms, onpegeXseMui mo GopMyre
Cp = (Ptoo — DY (M 9p i),

8 Pio — IONHOE NaBlleHue Haberaiomero MOTOKA.

Oyar m Knerdep [9] Goree mogpofro mccmegosanz oTpHE ¢ mepei-
meit kpomru mpodmmedr NACA 63-009, 63-012, 64A-008, 65-3-018,
66-2-016, 66-3-018 m kaEnLer B HHTepBANe B3Havenmit wmena Peii-
moxsxca Rest ot 400 no 4883, yraos arakm or 0 go 10° & yraoB kimma
ot 5 mo 12°.

OHE yCcTAaHOBHIM, UTO KDHETepHeM OTPHBA JTaMEHAPHOTO NOTOKA
¢ mepepHell KPOMKM MOKET CAY;KETH DOCTOAHHO® OTHONI®HHE® CKODO-

cTel U,g/tg, . .= 0,95 (pur. 3). B coorsercTBEm ¢ pKCIEPEMERTAID-

guvu naEame Lonta [8] aro ormomemme cocramager 0,94. Xota
YEAQ3aHHNH KPHTePHHA CHPaBeJHAB TOALKO AAA NBYMePHHIX upodmiei,
DTH ’Ke Pe3yNLTATH MOYKHO MCHOAR3OBATEL M MPHMOHATENILHO K TOHKAM
crpenosnnanM kprabam [8]. PesyasTater mamepemmit [10] ma mpo-
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dune mexommoir m mommbunmposaraoi dopm (upodmaw «¢ oTKIOHEH-
HbIM HOCKOM» KphIa ¢ Oodekmoil @ogbeMHOE CHI0I) mogTrRepmmIA
BHOPAEHNH KpuTepmi OTpHBa. B KauecTBe OKOHYATENLHOrO WHCIIO-
BOTO 3HAYeHHMA npeflosxena Beawawna (1,94 (¢mr. 4).

3,0 %&s 7
Ve
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i ~
// _
20 ;f"
j *
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Uey _ /
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®uar. 3. CooTHomeHHe MENAY CHODOCTBIO B TOYRe OTDHBa
I MaKcuMadbEol cropocthio [9].

Uy, — CHOPOCTh HABGETAKINEr0 HOTOKA; Uey o n — MAKCHMANLHAA CHODOCTDL
Ha DNRojuIe;, Uesg--CHOPOCTh B TOUKE OTPHEBA, O npodane NACA 6:2A006

[NACA TN 1923 (1949)], x npodmar NACA 63-009 [8]; A npodmns
NACA 63-012 [NACA TN 2338 (1951)].

OTRIOHEEHHH HOCOK ONHOTO H3 HCCIAENOBAHEWX mpoduned cxe-
MaTHYeCK® m300pasken Ha Qu@r. o.

Ilpodmar ¢ OTKIOHEEHHHM HOCKOM HMeeT MeHBITHH pajgmyc HOCKaA,
ueM mexogHmE npoduns. ( moMomplo TAKOTO NPOCTOr0 M3MEHEHHSA
KOHQETYpalldd HOCKA MOMHO 3aTAHYTh HIH OPeloTBPATHTH JaM¥-
HapHHH OTPHEB ¢ mepefHell KPOMKHE TPW COOTBETCTBYIOMIEM OTKJIOHE-
HAWX 3aKPHIKA. VCIHTaHMA MOJENR NPOBOAMIMCEH NIPH CKOPOCTH IOTO~
xa Bo3nyxa 16—24 M/c ¢ oTkIOHenmeM H (e3 OTKJIOHEBHS 3aKpHUJIKA.
Kpmrepmit Ueg ey pe = 0,94 MOKET 0BT HCHONB30BAH IPHE OTKIO-

HEeERHE F 0e3 OTKIOHEHHA 3aKpHJIKA HE3aBHCHMO OT 3HAYCHUH yrios
arak# u Gopmu mpodmas. OMHAKO, €CIE HA KPHEBOJIUEECHHOH NOBEDX-
HOCTHE CYLIECTBeHHO BIHAHME IEHTPOOOIKHEX CHI, cozmaommx 6oin-

MMy UOTBEMHYI0 CHUIY, STOT IPOCTOM KPHTEDHH MOMET OKa3aThHCH
HeCIpPaBEIIXBELIM.
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3. PASPYLWIEHUE BUXPEM, CXOAALLMX C MEPEJHEM HPOMKH

Paspymenre BExpeit mpomcxopaT

K4K B 3aKPYYEHHOM IOTOKe B

Tpy6e, TaK ¥ HA CTPENOBHAHOM KpHJIe. OTO ABICHAME CBA3AHO ¢ OTPH-

4,0 I
3.5
e 3.0 ”
e
5 S .
aw uﬂlﬂlﬁﬂ 0,94

. A I
2,0,

1,5 L
e
e
1,0LZ
10 1.5 20 256 30 35 40
Yepaue
u

® u r. 4 CooTHOMeHREe MEKAY CKOPOCTHI) B TOSKE

OTPHBa M MaKcHMaJbHoHl cropocThio [10].

A uexonueil npodunr Ges saKpHNKA; (O HCXONHEIR HDO-
(hENL ¢ OTKIOHEHHBIM 3AKPHIKOM; <> NDOPHIAL ¢ OTKIO-
HEHHEM HOCHOM (e3 sarphiKa; [ apodunb ¢ OTHIIOHEH-

HEIM HOCKOM ¥ OTHIOHEHHBIM 3AKDHEIIKOM.

BOM IOTOKAa. bHIla mpefUpEEATAa MONKTKA PACCMOTPETH pa3pylueEne
suxpeil ¢ oOpazonanmeM TypOyJNeHTHOCTH Kak peayanhTaT B3adMOMEH-

& — g,
Omxnonennorii r/c=1,6%

ROCOK

HexoDubrii

356

{D:}fr. 5. MopMa OTRIOHEHHOI'O BOCKA
10}.

Hcxopunii npopans UAS 35B, naumma xopi
¢ = 1,6 m, pagpyc HOCKA rfc = 219,

CTBRA MNOrPAHHYHOrO CIOHA,
OTOPBABIIETOCS OT BEPXHEH TIO-
BePXHOCTH KpHJIa, CO CBOpa-
YHBAIOO[EMCA BHXPEBHIM ClIO-
eM, CXONAIlMM C LepejHe:
kpoMmin [11], ogHako B mansb-
HeiimieM 3TOT daxTop Hepecrta-
JIE CIATATH CYINEeCTBeBHBIM AJA
paspymenma Buxpeit. Pac-
CMOTpPHM BKpaTHe ABJICHHE Pa3-
pyYIIeENA BHXpe#, CXOJAMHX
C HepejHeil KPOMKU, BBAJY €ro
OPAaKTAYeCKORX BAMKHOCTH, &
raxike pana Gomee rayGoxoro
NOHEMAHHS OTPHBZ TOTOKA,
OcHoBEEIE OCOOEHHOCTH HTOTO
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sapjennsa Owmiam BusasieEH Poem [12], Mackemnom [13] m Dxomcom
{14]. Paspymenme mpemerasiser co0oi CTPYKTYPHOe H3MOHEHHS
OOTOKA OT CHJIBHOTO PeryiIApPHOIC ABE/KEHEHS [0 CHHpand K Oomnee
ciaabomy TypOyienTHOMY ABHIHEHHIO, KOTOpPOe MOIKeT BO3EMKHYTH
B HeKOTOpOM ceuenmm BExps [15].

PaspylleEme BHILBAETCH MOJNOKATENbHAEM TIDAAHEHETOM [aB-
JeHus, DPEBOAAMMEM KATKOCTh ¢ MaJIOH pHepruel B COCTOHHAS BOKOA,
Ero Momuo mpenoTBpaTHTD MYTOM O0TCACHBAHHA JKUIKOCTA B CeI0HUE
HEIOCPELCTBEHHO 3a HAYaJOM pAa3pyIleHHs, KaK M B clydae OTPHBa
HOTOKAa., AHAJOTHA MEXAY paspymeHEeM BHXpedl U IpAMEM CRad-
KOM YIUIOTHEHHA IIPH CBEPX3BYKOBHX CKOPOCTAX MOYTH OTCyTCTBYET,
Ho 00a cayyas CBABaHH ¢ HEYCTOMIMBOCTHIO WPH 3aMeTJICHWE IIO-
TOK4, 00YCIOBICHEHOM BHE3ANHHM pPOCTOM IABJCHEHA.

Tax xkak paspymeHHe BAXpei Ha KpLIIe IPHBOJHET K YMEHBIIECHHIO
MECTHOTD pa3pe:ReHHEA HA er0 MOBePXHOCTH B K W3MEHEeHHIO IOJOKe-
HUA OTPHBA DOTPAEMIHOTO CJOS LIOJ BHXpeM, 3T0 ABJeHme Tpelyer
Gonee IIyGoROr0 HCCIE OBARKMA.

3.1. PASPYLUEHUE YCTAHOBHBLUMXCA BUXPEH, CXOAALLIMX
C NEPEAHEHW KPOMKH

KpaTkoe ommcaEMe 9TOTO SBIGHHA NPHBOJETCA B KEmre [161
a Tarxe B paGore {14].

Panee 370 ABIeHHEe HCCAEMOBANOCH IRCICPUMEETANHHO B BOMAHKIX
Tpyfax HMIE B adpofEHAMEYECKEX Tpy6ax Mammx cropocted [11,
17—33).

TeopeTrueckne HCCALROBARMA BHINOAHEHH B paGorax [34—37, 391.

13 aTHXx MEOTOYHAC/IEHHHX HKCOCPHMEHTAJIBHHX H TeOPEeTHYCCKHX
pa6oT ciaefyer, OXHAKO, YTO sABJACHHe DA3PYIEHAsA BHXpel, CXONA-
IMEX ¢ HepejHEed KPOMKH, NOKA elle OKOHYATEJIHHO He moHATO. BHuam
HpOBefieHE KadueCTBeHHBE HMCCIAef0OBAHHA, YTOOH IIOHATL HOBENCHHE
MOTOKA W HAMTH HAJSKAIYI0 OCHOBY [JIA TeOPEeTEUYeCKMX DPACUETOB
YCTaHOBMBIIOTOCA M EEYCTAROBMBIIETrOCA paspymeHEA. B BogasOl
Tpybe HCCIe0BANIOCH, KaKAM 06pasoM CHIBHO passHToe TypOymeHT-
HOe TedeHHE, BOBHEKAIOIMee IpH OTPHIBe IOTOKA C OCTPON Nepenmei
KPOMKH HOCTPETOBH/HOTO KPHJA, MepeXOofHWT B TeUeHHe ¢ YCTOHIH-
BHIME BHXPeBHME 00Pa3oBaHRAMH Ha KpHUIe ¢ GONBIIOH CTPeNOBHI-
mocTeio. KpoMe Toro, H3ydaiach CTPYKTYPa BHXDPA, H3MEPANHCH
COCTaBIAIOINAE CKOPOCTH, JaBjJeHHe M YpOBeHb IIyMa, a TAK'Ke ompe-
MEAANOCH MOJQKeHne ANpa BHEXPA.

IIpy annpoxcEmManeEd BEXpeBOH HeNeHH HapOM JHCKPETHHIX BHX-
peil TEOPOTHIOCKMI PACIET HNOTOKA OKABEIBAETCH [OBOABHO WPOCTHM
[34—36], onmako peayasTaTH pacueTOB NA0X0 COTIACYIOTCA ¢ BKCIE-
pUMeHTAZBHHMA AaHEMME. Teopma KpHIa Majoro yxamaeEwa Mamr-
aepa u CMuTa mambonee moNHO OTpakaeT ocobeHHOCTH, 0OHapyme-
gHLIE JKCIePHMEATANBHO.
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3.2. PASPYIWLEHMWE BUXPEM, CXOARLINX C NEPEAHEN KPOMKH KPBINA

Paspymenme Bmxpeii, cXofammax ¢ OepegHedl KPOMKH TPEYToJih-
HOTO KpHLIA, OPOHCXOAHT cCiaexyrommMm obpasom [15]). Paccmorpmm
TPEYroNLHOe KPHIIO B RO3BYKOBOM moToke (fur. 6).

MpemmonomeM, 9T0 KapBd M3 DApH BEXpeH Ha TPeyrojbHOM
Ephiie o6pasyeTcA OPU CBOPRYMBAHEE KOHMYOCKOH BHXpeBoi mee-
HH, CX0fAmed ¢ mepeqHel KPOMKH. B TO ke BpeMA 9TOT BEXPH MOMKHO

D ur. 6. QopMupoBAHNE NAMWHaPHHIX BHXpeH Ha
TPCYroabHoM Kpeuie [5).

paccMaTpEBAaTh KaK AADo BHXpeBOro TedeHud, BOmpampomee B cebn
3aBEXPEHHOCTH C UOepefHeill KPOMKH, Ppa3MepH H HHTEHCHBHOCTB
KOTOpPOr0 YBeJAHYHBAITCH C PACCTOAHWEM BHH3 IO HOTOKY. Bmxpe-
BEle ¢I0E cOeraror ¢ mepennell KpoMkE S; m o6pasyior IHHHIO BTO-
pEYHOLO oTpHBA S, Ha BepxHeil nmosepxrocTm. Habmomemma moxa-
BHBAIOT, YTO TePE] PaspYIMeHHeM RaKaas JUMHAA TOKa, HOAXOXAMAA
K BHXPI0 mocie orE0aERA HepeHeil KpOMEY, IPEREMAeT (OpMy NOYTH
uEnuAgpAdeckoii cuapand (mr. 7).

Cornacao Teopuu Xoxna [30], BuxpeBoe Ampo COCTOMT H3 HEBA3-
KOl BMXpeBOi 060J0YKM ¥ BHYTpPeHHET0 BABKOTO Apa, OKPY:KeH-
HOTO 2T0H 000m0o49koii. BuxpeByio o000I0YKYy MOKEO paccMaTpHBAThH
kax obsacTh ¢ TpUOAAIATENBHO DOCTOAHHOH CKOPOCTHIO BpalieENA
9aCTHI] KEKOCTH, & BS3Koe aAnpo — Kaxk o0jacTe, B KOTOpO# CKoO-
pPOCTHh BpAIleHHA YaCTHL KANKOCTH CHEKAeTCA A0 HYJIA Ha OCH.
Ilo-BEpEMOoMy, pa3pymIeHHe BO3HEKAeT B ALpe BUXPA, M TedeHHE
B/|0JIb OCH BHYTPH Afpa MOKeT ONTH YPEe3BHYAKHO YyBCTBHTEABLHEIM
K MalHM BO3MYIUEHHAAM BHemHero uoToxa. OTHomMEHHe CKOPOCTH
BPAllCHEA YACTHI[ K OCEBOH COCTAaBIAIONIEH CKOPOCTH ABIAETCH BaK-
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HEIM (akTOpOM, BIMAKNOIEM Ha paspymerue BExpa., Dopma Hocka
OKa3HBaeT caafoe Brusnme HA 3HAYEHHME YIJla ATAKH, OPH KOTOPOM
DPOHCXOAUT pA3PYUIEEHe BEXPpeil.

CornacHo pesyarTaTaM uH3MepeBHmil, mojdHOe NAaBIGHHE HA OCH
HOYTH HOCTOAHHO II0 BCeM [JmMHE BHXDPHA NOCTe Ppe3Koro LageHds

® mr. 7. Okpamiensasd BUXPeBafd HAThH Ha TPeYTroJbLHOM IIACTWHe C OCTPHMHA
xpomramu [15].
CHOpPOCTh BONH B TpYfe 5 cM/e.

Y BepmueH, BelwdrHa MOJHOIO JABJEHHA H3 OCH OYeHDL MaJla BCAEI-
CTBME YMEHLIMCHMA OKPYKHOM COCTaBIAKIEH CKOPOCTH, 00yCHOBICH-
Holt Baskod nubdysmeit B y3xoM BHyTpeHHeM sjpe. I'eomerpruecKas
dopMa ocE BHXpA Ha KpHIe 0JH3KA K OpAMOK JIMHWE, PACHOJOKEH-
HOM DOJ HEKOTODHIM YIJIOM K BHEIIHeMY HOTOKY, OffHAKO ODW IIpH-
OImKeHAE K 3afueil KpPOMKe OCh BHXPA HMCKDHBIHETCH, CTPOMACH
COBIIACTL C HampasieHdeM Haberamwimero MmoTOKa.

PazjgmaHbie mecneJOBAHAA pas3pyllennss BHXPA IPA MalkX CKO-
pocTax m 4dmcaax PeitHoiblca MOKA3HBAIOT, UTO BAXPEBHE TeUeHHA,
PacHOpoCTPAHAIIEECH OT CTPEJOBHEAHOA HepefHef KPOMKH C OCTPHIM
HOCKOM, BHE3ALHO 3aMEIJAHITCA BJOJAb OCH BHXPA, OTKIOHAITICH
A COBEPHIAIOT HepHojEIecKHMe BPaMATENbHLIE [BHKEHHWA, a 8[aTeM
IpoMCXOANT paspynierue Buxpeit ¢ o6pasoBaEmeM TYpOYIeHTHOCTH.
Paspymenne 00ycloBlIeHo mOJOKETEABHBIM TPafiMOHTOM [AaBJEHHAA,
HeHCTBYIOIAM BOOJNL OCH, M HH3KEM TNOJHHM MAaBJAGHEEM BHYTPH



OTPHIB ITIOTOKA C NEPENHER KPOMKH 211

BEXpeBoro Axpa. Ha xprure TeueHEE BIOIL OCH BEXPA J6TKO B3aTOp-
MaKUBAOTCA RBCIASJCTBHE BOCCTAHOBICHAA [OABIEHHA, BHIB3BAHHOTO
38 HEH KPOMKOM W CIEIOM.

B o6meM ciaywae, eciim BOCCTAHOBNEHHE [JaBAEHHS, BH3BAHHOE
3a/{Heil KPOMEKOH, OKABHEBAETCSA HENOCTATOYHHM A TOPMOKEHHUA
TeIeHAA BOJIL OCU BAXPsA, MOCHEREHHR He pPaspymaerca HA LOBEDX-
HOCTH Tella, HO MOKeT pa3pyIIATHECA B clelleé B NpPOmecce Aalb-
HEHIIero pocTa RABIEHAA BHXOJbL OcH, o0yciaoBaeEmoro amddysmeit
3aBAXPEHHAOCTH. XOTA B IHOTOKE, OKPYKAWIIEM BHXDH, /ABICHHUS
pacTeT MOCTeNeHHO, BHE3aNHOE 3aMeJIeHWe HeNloCPeCTBeHHO Mepef
paspymeHEmeM CBA3AEO C PE3KEM pOCTOM [4BJEGHHA BROAD JHEAH
TOKa BOJW3E ocH.

[Tpz ompefereRHHX YCAOBHAX B 3aBHCEMOCTM OT OTHOINCHHS
OKDYHHOH W OCEBOH COCTABIAIOINAX CHODOCTH BO3MOKHO BHE3amHOE
pacIiEpeHne BAXPA, KOTOPOP COMPOBOIKIIAeTCA POCTOM JAaBIGHAA,
BHI3HIBAIOIIMM TOPMOKEHHE TEYeHHA BROIL OCH. [losoKeHme ToUKm,
B KOTODoH HauwWHAETCA pa3pyIIeHHEe, MOKHO ONPENeNNTE H3 Pac-
cmoTpenuA 6ananca Mexay pasiWIHREMA He3aBECUMHME daxropamu,
CBABAHHEIME ¢ TeoMeTpHeld Tejla, JTO NOJOKEHHME YYBCTBHTEILHO
K TpaJHeETy MaBileHHAA BLOAEL BExpA. Iloraa paspymenme npomcxo-
AUT BHITE HO IOTOKY OT 33jJiHeH KPOMKH, €ro UQJo:KeEHe 3aBHCHT
OT KOMOHMHAWHM YIIa aTaKE ¥ CTPEJIOBHIEOCTH TepegHeld KPOMKH,
HO TPaKTHIeCKE He 3aBHCHT OT UHCIa Peitmoasnaca. B ycaosmsax,
6XaronpHATHHX JNA BO3HEKEOBeHHA DAa3pyINeHWsA, er0 OKOHYATENdb-
HOe IOJIOKeHHEe MOKeT GRITh ONHpeleNeH0 pPACCTOAHMEM, HAa KoTOpPoe
OPOHHKAET KEAKOCTE H3 obmactm TypbymeHTEOrO TeweHHMs, 06pa-
30BaBIICHCA HIKe paspylleHHWs, BBepX 10 TEYEHHIO BIOIbL OCH
BHXPA.

Hpome Toro, mabmwoenns INOKA3HBAIT, 9T0 UPH MAJIKX YACIAX
Pefinonpaca cymecTByeT 001aCTh IEPHOJAICCKOTO TeICHRA MEKIY 00-
JACTAMHE 3aMENIeHHA 0CeBOr0 TeIeHHA M TYpOYieHTHOTO pa3pymeRun
BHXpeil ¥ BHXPEBafd HHTH COBepHIaeT NePHOAHYECKOe BpPamaTedh-
HOe JBHEKeHHe. BO3MOKEHO OCeCEMMeTPHYHOE pAcIIEpeHmHe BUXpH
OKOJ0 TOYKA TOPMOKCHHA OCEBOT0 MOTOKA, HO IMOCKOALKY OCECHM-
METPHYHANL KOHQUIYPAIE:A HEYCTOHYMBA, HMEETCH CUIALHAA TEHNEH-
OuA K CBOPAYMBAHHI BmXps B coupansb. ClemopaTesnHO, CIMpadn-
Hafd KoHQMrypanus sBIAeTCA BTOPHYEHRM CBONCTBOM Hpomecca pas-
pymennn [14, 15},

Hccnenosanma ofTeKaHNA K0JEGIOMETOCH TPEYTOJIbBHOTO KDHAa
C YIVIOM NOJIOKUTeABLHOM CTPeNoBHAHOCTH Nepenueir wpomxu 8(°,
mpoeefieHENHe B BofmHoM TpyGe [40), moxasanu, wro cymecTByer
3HAYMTEJbLHAS PAa3HEOA B I0JIOKeHHE BHXDEHE IpH yCTAHOBHBIIEMCA
¥ Hey¢TaHOBUBmEMcH Tewendax (¢pur. 8).

Ilpu BOBpacTaHEM yTNA ATAKW BUXPH CTAHOBHTCA Gollee HHTEH-
CHBHHIM W JBIKETCA BHYTpPH, HO HE JOCTUTAET MoJOMKEHUH, COOTBOT~
CTBYIOHOIEr0 CTANWOHAPHOMY 0O6TeKaHWI0, BIUIOTH KO MAKCHMAJILHOTO
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O urr. 8 IlonoxkeHue BMXPHA, CXOAAMEro € UepefHed KPOM-
KH TPeyroAibHOTQ KDHIA (oChb TaHI'aKa pacmolioskeEa HA
pacctonnmn 0,625 ¢y or BepmumaEH) [14].

#y Z — ROOPIMHATH TOYHH II€peCed€HHA OCH BHIPA ¢ OIOCROCTBIO,

ZepHEHIHKYIAPHON K HalderaromeMy IOTOKY, ¢ — MECTHHIY mOodypas-
MaXx; c¢g — KOpHEeBafg XOpha.
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BHAYCHAA YIMa aTak#. HaobOpoT, OPE yYMeHbIMeHdE YIiIa ATaKH
BAXPL ocaabiasercsa W ABHKETCA HAPYKY OT IOJOKGHHAS, COOTBOT-
CTBYIIET0 CTAMAOHADHOMY o0TeKaHmIo.

4, OTPbLIB C NEPEAHEW HPOMHKM MPU CBEPX3BYHOBbIX
CKOPOCTAX

damaua 06 o0TeKaumud mepefHel KPOMKH CBEPX3BYKOBHM IIOTOKOM
OCJI0KHASTCA B3aUMOAEHCTBEOM CKAYKa YIJIOTHEHWA € IOTPAHHY-
HEM cioeM. ONHAKO JaCTHHE CAyd9ail OTPHBA JTaMHHADHOIO LOTPa-
HUIHOIO CJOA C NepefHedl KPOMEE NPH O0TEKAHHH «yTria CHATHS

2 MZt Pz

3

Qur. 9. OTFI:IB llaMrHapHOTO TIOTOKA ¢ mepel-
Heli kpomuku [41].

1 — CKAYOK YOJOTHEHMA HA DepepHell KpoMKe; 2 — CKa-
YOK YILIOTHERNA B OfIACTA MpUCORIMHEHWA, 3 -— TOYKA
OPHCOCIMHENN;, 4 -— BHEMIHAA TPAHNIA CJI0A CMeme-
HHEA, 5 — pazpendmad JIAHAA TOKA.

JAOBOJILHO HPOCT. JroT cayuait 6mut paccmorper DBpayspom [41)
¢ HCHOJb30BayHeM MOOHQMIOEPOBAHHOK TEODHH CI0A CMEIICHHA
Yenmena [42]. Cxema rTeuernun maoGpaykena ma dur. Y.

Iipm oTprIBe OCHOBHOM MOTOK OTHENAETCA CI0EM CMEHICHHH OT 00Ia~
CTH ¢ NADKYJIANAOHHEM TEUeHMEM rasa, BaKIIOYeHHOH MeKIy pasje-
AAOmed TEEHel# TOKA B IOBepXHOCTHIO Teda. CHoH cMeNIeHAA BHISH-
BaeT HEKOTOPOe OTKJAOHEHHe MOTOKA. 38 CKAYKOM YINIOTHEHHS, IpH-
COEIMHOHHNM K HNepefHeil KpOMKe, JTHHEHY TOKAa NPAMOJIUHEHHDY
H [apajLIeabHH BHeIuHel rpamune caoda cMemernmsa. [lpm opabamae-
HEH DasfelAnINel JUEAM TOKA K TOoYKe IpHCOeNEEeHHH ofpasyercs
CHCTEMAa BONH CKATAA, CAMBAIONAXCH 3aTeM B CKa90K YILNTOTHOHHSA .
cooTReTCTBYlIomuit mpmcoermuermo. Yeumem m ap. [43] mokasanm
SKCICPHEMEHETANbHO, YTO POCT CTATHYECKOTO JABIEHHA Po/pPy WO TOM-
MIHe B30HH IIPACOSAMHENHA He 3aBHCHT oT umcla PeitHoamara,
a 3apHcHT OT wucna Maxa M, mocie mpuCoefHHEEMA.
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4.1, TEOPHA HYEFNIMEHA — EPAY3PA

- Yenmern [43] cpemaa caeqyomue 1pefno/o;Kenus.

1. CraTudeckoe TaBneHme BL0Jb NPAMOJIMHOHHOTO YIaCTRa pasjie-
AARIOeH JHEMA TOKA PAaBHO CTATHYECKOMY [aBJISHHI0 NOTeHBAJb-
HOTO Te4eHHA,

2. Bpooars kKpmBonmHEeHOro ygacTKa pasfelAloniell AEHEE TOKa
A0 TOYKH NPHCOSAHHEHHMA NPOECXOAWT H30PHTPOHNUIECKOE CiKaTHe,
TeYeHAE 3ATOPMAKHBALTCA, NABMCHEE BO3pacTaeT Mo po. Himnke Toux:
MPHECOEIMHEHAS N0 HOTOKY CTATHYECKO® NaBJIeHHE PABHO D.

3. B caoe cmemerna u* = u*/u, = 0,587, rme u* — cropocTh
Ha pasjeNAmed JAHAA TOKAa, U, — CKOPOCTh MOTEHIUAIBHOIO
TeUeHHA.

4, IlppumeEnEMo ypaBHEeHUE COCTOMHHA COBeDHIEHHOTO Trasd.

5. Temmomepegaua Ha cTeEKe upedeGpexumo mama, a Pr = 1.
Jlas1 CBABHE TeMNEpPATYpPH B CJ0€ CMEIUNeHHHA ¢ TEMIepaTypoil TopMo-
/KeHEA DHOTeHIHMAJIbLHOI'0 TEYeHHA MOKHO HCUOIb30BATh HHTErPA
Bysemara gns ypaBHeHHS >HePIUH.

Ha ocHomaEwE JTHX [peIOoJO:KeHEH DpApameHde XaBIeHHA
(upemcTaBiIeHHAOE OTHOUIEHMEM JABIEHWHE NPH Mepexofe depes CKavoK
VIJAOTHEHHS) PaBHO

g {1+(~z—1)Mafz(1—aﬂ)1W“‘f"’“ (1)
i +v—)Mz2 | '

CuopaBeminBOCTE ATOH (OPMYJH HOATBEp:KACHA 3KCHEPHEMEHTANh-
2o Yenmernom u np. {43] gqaa ten pasamanux HopM, y KOTOPHX OTPHB
NPOMCXOJAT C IepeJHed KPOMKH.

Bpayoap [42] passmn Teopmio cmemenus UYenmena [43] w mpomasen
pacueTH ¢ HCIOJL30BAHMEM BHITACIUTENbHOM MAITAHE.

Kak yOOMHHAJIOCH BHIIE, BCIEACTBHE HE3ABHCHEMOCTH TaBJIeHUA
B TOYKC NPACOEIEHEEHNA OT Yucaa PefiHoanica upA oTpHBE ¢ mepefHeR
KPOMKE ypapHeHHe (1) MOKEO MCHOJB30BAThH JNIA pacdeTa pacmEpe-
EAA ToJA TeueHHEA xo obaactu oTprBa. Pacemorpmm dmr. 9. Ilpexn-
rojiaraeTca, 4To O; OIpeneiseT pacmEpeEme 00acTH JNaMAHAPHOTO
CMEHIeHEA, NOCKOJIbKY CJH0H CMeHIEHHN BHI3HBAST OTKAOHENAO HEBs;3-
KOTO IIOTOKA.

Humxe No TeWORRI0 TOTOK BHOBL OTKIOHAGTCA B 06XaCTH NPHCOESIHE-
HeHHd, W CyMMa oTkioHeRu# gomKea ONTb paBHA HAKJIOHY CTEHKH.
IIpennonaras, uro mpE mepexofie 9Yepe3 CKAUKH YILUIOTHEHHWA CHpAa-
BE[IMBH OOHTHHE YpaBEEHES raszoBoil nunammes, Bpaysp [42]
Hamex

(v+1) M}
ctg O =120:iyy {2 (MZsin® 0p,—1) —1 } (2)
n
1 (P—1) M2sin2 0;,4 -2y Y2

M, = - | , 3
Mt = @ =050 | VMR 07— (7 — 1) (3)
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P ur 11. OTKAoHeHAe IIOTOKA 34 CKAYKOM YOJOTHEHHHA,
OPACOe[AHeHHRM K nepemmed kpomke [41].
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@ unr. 12. laBrenne 32 CKaIXOM YILIOTHeHHSA, OIPUCOSIHHEH-
HEM K DepeiEell kpomke [41].
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rge § ¥ 8 — OTKIOEEHHE TOTOKA PHU HEpPeXoie Yepes CKAaY0K I HAKJIOH
CKAaYKa YIJIOTHEHES OTHOCHTEJLHO HANDABIEHHA BEKTOpPa CKOPOCTH
nepe; CKauIKoM, mEAeKceH { = 0, 1, OTHOCATCA K YCHOBHAM HA Mepej-
Hell KpoMKe W B oOJacrtm IpucoegmHeHHUs. [Ipmpamenme raBieHES
BHPa/KaeTCA B BHJE

8, = {2yMi sin® 8, — (v — D}y + 1), (4)
Cuopapemidpe Tax:Ke KEHeMaTHYECKOe COOTHOLICHHE
by = B — 8y, (5)

rre P —«yron cixaTua».

Ypaseenusa (1)—(5) o6GpasyoT cumcTeMy COBMECTHHX TpaHCHEH-
IeHTHBIX YpaBHEHHH C BOCEMb0 NepEeMeHHKMHE ¥ DapaMeTpaM#a Y,
M. u f§. BexegerBEe TPaHCTEHIEATHONO XapaKTepa STHX ypaBHeRUWH
WX pemenHe B 3aMKHYTOH (opme HeBo3MoO;KkHO. Bnlno HalimeHo wuHc-
JEeHHOE DPOLIEHHEe ¢ HOMOIObI0 IBYX NOCJAeA0BaTeIbHHX NpuOIMHeHNH.
CorsacHO pesyJbTaTaM pacdeTOB pellleHWE CYMECTBYeT He OPHE BceX
koMbmranunax Mo = P, Hereppany 1 << M. << 10 coorsercrByet
HeKOTOPH I MHTepBaJ 3HAYeHHH [ ¢ HWXKHEM, He PaBHHM HYJIIO Lpe-
JedIoM, KOTOPEIA COOTBETCTBYET OTPHBY ¢ Nepefueldl kpoMka (pur. 10).

W3 ¢pur. 10 BugHO, 9YTO B COOTBETCTBUM ¢ JAHHOM TeopHedl OTpPHIB
¢ mepegHeld KpOMEM HEBO3MOKEH HY IpH OjHOM 3Hauénum P, ecam
Mo << 1,27,

Ha ¢ur. 11 m 12 npegcraBienn saBucEMocTZ Oy ¥ pi/p o 0T Mo
c P B xavecTBe mapaMeTpa.

Ilpn cpaBHeHHE TeopeTHYECKHX pe3yaAbTaTOB, NpPe/ICTABICHHBIX
Bpayspom [42], ¢ sKcnepuMeHTaJNbLHEIME AaHHHMME Yenmena @ ap.
[43] B 1ByX caayuasx oTPHBA € NepefHedl KPOMKE NOAYYEEO YLOBIETBO-
PHTENbHOe COTJIacHe, €CIE IPHEATH BO BHEMaHNe NpHOIHKEEHLIN
XApaKTep TEOpPHH.

4.2. BIUAHUE NEPEAHEW KPOMKHW
HA OTPBLIBHOE TEYEHWUE NPH CBEPX3BYHOBbIX CHOPOCTAX

Ilepennusan KpOMKA OKAa3WBAaeT BIHAHME Ha OTPHBHOE TedeHHE
OpH CBEPX3BYKOBHX CKopocTAX. HeGoapmme HCKaXKeHAA (GOPMEL
nepenHedl KPOMKH MOryr Bo30y[ETh NepHOfMYeCKHE BOBMYMOHHA
10 pasMaxy B NOrPaHEYHOM CJoe A0 NPHCOeANHEHHHA H LIOCIe HeTro.

Ha ¢ur. 13 m 14 npusefgeHH SKCOEPHEMEHTAILHEIC pPE3YAbLTATH
Wury [44] maa nBymepHOro yCTyma, DacHONOMKEHHOTO TO IOTOKY
(M« == 2,15). Bmgeo, 4uro B TOTPAHHYHOM CJI0€ CYHIECTBYHOT BO3-
MymeEHS U0 PasMaxy g0 OPHCOEJHHEHHA M NOCAe HEeTO KAK IpH
JTAMEHAPHOM, TaK H IPH TypOY/IEHTHOM De:KEMAX TeUeHHA. AMIUIE-
TyJa BOBMYIEeHHH Gblia maubodsined B mepexofdoM persmAMe. AMIIH-
TyZa NPHEOIM3ATEIHHO NPONOPIHOHATRHA MCKAKEHAAM GopMEl mepes-
Eeil KPOMKH, 4 OTHOUIGHHWE JMYHK BOJHH BO3MYIIEHHHA mOTOKA K TOJ-
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IAHe NOTPAHAYHOrO CJIOA ABNAercA (YHREWeH oTHOMEBWA BHCOTH
YCTYyIa K TOJNIEHe MOTPAEHYHOTO CIO0S, HO He 3aBHCET OT PasMaxa

MOICJIH.
JTo TpexMepHOe BO3MYIIeHHe ABJIAETCA 0 CYIIeCTBY pOIyJJabTa-

TOM HEYCTOMYMBOCTH [BYMEDHOr0 TEUYeEHA, NIPEYEM B OCHOBHOM

e —— =ty
-

_Hanpasasuue

nomoxa
® ur. 13. Teomurpuueckas opma mogenn [44].
L = 80—225 mm, k. = 3—10 MM, TomIEHA ODepefneit KPOMKH £ = 13—224 MKM,
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® nr. 14. Bnuanue MecTHhLIX U3SMeHeHHH TOMNMHH TIepefHell KPOMKH Ha BO3-

MYHIGHHS TOTOKa [44].
1 — Ge3 MECTHOIO YTONIMEHAH, £ — ¢ MECTHHM YTONMEHHEM.

Boamymenune (o KpaitHedl Mepe B NePBOHAYAIEHLIX HKCIEPAMEHTAX)
06yCA0BIeHO HEeGOJALIIEMHE HCKAKeHHAME QOpMH mepefHedt KPOMKH.
Ecauy yMeHBIIEHAe AaMOJRTYAH OPONOPUHEOHAIHFHO MCEAKeHIAM
nepe/iHeif KPOMKE ¥ 3aBHCHT TOJBLKO OT HHX, TO M3MEHGHHA IIOJHOTO
[aBICEMA B [ABYMEpHOM IOTOKe BJOJL pa3Maxa HMeOT BeJHYHHY
nopsirka 1% oT moamoro KaBIeHHsA 3a NPAMEIM CKAaIKOM, E3MEDEHHOTO-



218 ' [JIABA IX

HA NeHTPANbHOM JRHEWE MOJEJE IIPH YCJOBHE, YT0 ACKAKEHHA (OPMEL
nepenHeir. KpoMEa Measme 0,5 = 1 Mum.

Bamsarme MecTHHIX M3MeHEEeHHM TOJIMEER NepeIHEM KPOMKHA Ha BO3-
MYOeHHA IDOTOKA moKazaBo Ha ¢mr. 14. Ilommoe maBnerme 3a npsA-
MBIM CKAJKOM Ha LeHTpaapHO#l guHEE mopenu (z = () oGosHadeno
gepes P;, a B3MeHeHHA NaBJeENA 10 Pa3Maxy oNpeeaaioTCa ¢ HCHOIb-
.30BAHWEM CAEAYIONIEr0 COOTHONIEHMM:

Ap;=Pe@ ¥ =P (% § 0)
Pz, y, 0)

¥ 3a7a0TCA B MOJAX 0T ps;. VsMeHeHHA TOAMIEHL BHOCAT NOLIOJHHU-
“TeJbHOE CHJIbHOEe BO3MYMEHHe B ODOTPAHEIHHE CIIOM.

5. OTPbIB MOTOKA OT TOHKOW Wbl UNK ANACTUHDI,
YCTAHOBJNEHHOHW NEPEJS TYNbiM TENOM,
MPU CBEPX3BYKOBbLIX U TMNEP3BYHOBbLIX CHOPOCTAX

3T0T UACTHHE CAydaii OTPHBA ITOTOKA MOMKET OHThL MpUMeHEH
A TPAKTUYECKHX NPHIOKEHWH ¢ HCNOJb30BAHEEM UPEHMYMECTB
oTpuBHOTO TeueHAs. OTPHB TAKOTO THIIA MOKET CYIMECTBOBATH KakK
B JaMHHAPHHX, TAR H TYpOy/JIeHTHHX TeUeHHWAX, BRAOTAA B3aUMOIEH-
CTBHE CHAYKa YIVIOTHEHHA C HNOIDAHMYHHM CJI0€M, NPHCOeJMHEHHE
OTODBABIIAXCA CIOGB W NYJIbCANMOHHEE HECTANMMOHADHLIE TEJeHHA.
Bravane mepeYdCIAKTCA HEKOTOPHEe BO3MOKHEE NPAKTHYCCKHE IPH-
JIOJKPHEMA, B3aTeM OIMCHBAKTCHA OCODEHHOCTH MeXaHH3MA TOYCHHA.
Haromern raercAd ommcame mogpo0HOH KapTHHBI TeYeHHH Ha OCHOBE
SKCIEePIMEHTANBANX HabMoeHHER. JKCIepAMEHTANBHEE HCCIIeoBa-
HMS NPOBOARIECH GoanImell 9aCcThI0 Ha NEJTHHIPEYECKAX MOJGIAX
C HOCOBLIMA YaCTAMM, MMEIOINUME HOJycepHIecKylo ¢opMy, II0-
cxyio GopMy, noaycdepudecKyn GopMy ¢ ILIOCKEM CPE30M, a TAKME
dopMy omEBala ® YyCeYeHHOro KoHyca. WHATepmas ucciaenyeMEX
gmcen Maxa maGerammero moroxa 1,75 <X Mo < 14 m wmcen Pei-
HOJBACA, BHYHCJCHHEHX II0 AEAMETDY IHIMENADEYECKOH YacTH Tella,
0,85.10% <C Re; << 1,5-10°%. Teuwemme OKOJO TAKAX OCECHMMETDHY-
HEIX MojeJeil npd HYJIeBOM ¥ OTJIMYHOM OT Hyaf yriax AaTake 0y-
geT paccMoTpeHo Gollee THIRTEJIBHO TOCJHE DACCMOTPEHHMA CBOUCTB
TeYeHNA OKOJO MABYMEPHHX IOBEDPXHOCTEH IIPH HYJAEBOM yIJe aTaKH.
KosddruaenTH conpoTMBIeHds, NOLBEMHEON CHIH H T. . OIpejesd-
JUCHh KasgniM HcclefoBaTeleM Io-cBoeMy, 4910 Oyper ynoMmamyTo
B COOTBETCTBYIOI[MX pasfgeiax.

5.1. NMPAKTHYECHKOE MPHUIOMEHHE

Hax yrasmBalock B Iia. I, ToOHKaA ®Wraa, yCTAHOBJIeHHAs mepen
TYHOEM TeJaoM, MOeT OWTh HCHOJH30BaHA [JA YMEHbIIEHHMA COLPO-
THBIeHHSA, a TaKKe Temionepefadd UpHE GoXBIIMX CKOpocTAX Habe-
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rajomero moroxa. Ha BHCOKOCKODOCTHBIX JeTaTeAbHHX anNapaTrax
UI7a MOJKEeT NPHEMeHATECH NIA Gonlee 3PPEeRTHBHOTO HCIOIH30BAHHSA
TAI'H CHI0BO#M yeTaHOBKE. HanpuMep, MOKHO CYIIeCTBeHHO YMEHBIIHTH
TEIJIOBHE NOTOKHM ¥ HOTPeGHYI0 TATY BO3AYIIHO-KOCMHYECKOTO CaMO-
JleTa OpH ToaeTe B aTMocdepe IOYTH € MOCTOSHHHM YHCIOM
Maxa.

IIp# Bxonme B armMocdepy TYHOTro Tedla C 3aJAHHOM TEIIOEMKQCTHIO
obecneyusawTess Gonee Bhcoxkme uucaa Maxa m nosmmennas addex-
TUBHOETh GOETONIOBKH, YTO 3ATPYSHAET €e MepeXBaT. Tak Kak HIJa
TPUBONHT K YMEHBIIEHWIO [OHHOTO MJaBIEeEHA W, IO-BHIHMOMY,
K YMEHBIICHHAIO TeIVIONepeNaut B HouH0R 06aacTy, o6inertaeTca 3amada
paspaborkm KoHCTPYKUME anpapata. llpm coobmenmm Tymomy Temy
© MTJIO# yTia aTAKE ero CONPOTHRIEHEE NMOHMKAETCH IO CPABHENHID
€ COIPOTHBIGHHEEM TAKOI'0 e Tesia Be3d UrIH (XO0TA ® He CTOXb Cyie-
CTBeHHO, KAK IDH HYJEBOM YIJe aTaKH), a NONbeMHAA CHJIA HOBH-
maercsa. lloaToMy BHICTYNai0IDAA HUIIIa MOMKET OKA34THLCHA MONE3HOM
B YCIOBHAX CTAPTA ¥ JpYTHX YCJIOBHAX mojera. MsMemsaa paummy
® JHaMeTP BHCTYDAOIIe# HIJAB, MOKHO YHIPABIATH adPOFEHAMHEIE-
CKAMH XapaKTeDHCTHKAMH; TOHKAf# OPAMad HIJa ABIAAETCA YAODHBIM
H NPOCTHM CPeACTBOM ynpasiaenna. OgHaKO ee IPEMeHOHAE HOCKOIb-
KO OTPaHW4eno, eC/IH He IPHHATH COOTBETCTBYIOMEX Mep AJA YCTpa-
HOHHEA HeONArOUpHATHHIX SBIeHHEH, CBA3AHHHX C OyABCAOHAME
HOTOKA OKOJO HUIVIE, KOTODHEe MOTYT HOBIWATHL Ha 83POAEHAMHAIECKHEE
XapAKTEPACTHKN.

6.2. MEXAHHU3M OTPbIBA MOTOHKA OT BbICTYNAKLWEH HrAbl
NMPHU BONLLIIHX CHKOPOCTAX

B ra. I 6niE mpuBeleERl »KCHOPHMeHTAJABHbE peayabTaThl Der-
THErepa [45] Mo OTPHBY [03BYKOBOTr0 IOTOKR OT [ByMepHOM moBepx-
"Hoctu. Ha ToEHKOM maacTEHe, yCTAHOBAEHHOH mNeper TOJICToH ILIa-
CTHHO#, IMOTOK OTPHIBAJCA HNOT NeACTBMEM BA3KOCTH H IOJ0KHTENb-
HOI'0 IpajfideHTa HaBIGHUSA BAOJb TOHKOH miaactmad. llpm cepepxsmy-
KOBHIX CKOPOCTSX HOTOK T2K:Ke€ OTPHIBAOTCA IOJ| JeWCTBHEM BASKOCTH
W TpajHEeHTa HABICHHA 33 CKAYKOM ynaoTHeHE®s, (OfHA M3 DepBHX
paboT IO OTPHIBY CBEPX3BYKOBOI0 WOTOKA OT BRICTYLAKINEH HIJH,
sumonHensas Mbaitpom [46], comepwmur Tmarteanune mHabmoxeHEA
m Pusuveckne o0nsacEHenmA. OcoGeHHOCTE OTPHBA TOTOKA OT TYHOTO
TeJla ¢ BHCTYOAKMEHX TOHKOM HIVIOR MOMKHO KDPaTKO OXapaKTepH30-
BaTh CIeAyMIEM 06pa3oM: IPH AOCTATOYHO Goapmom gmcie Maxa
maberaomero moToka o6pa3yeTCA CHCTEMa CKAIKOB YIJIOTHEHHA.
Ilpu oGTerkamme Tymoro Teja 6e3 Hriasl o0pasymoTCA CRAYEH YILIOT-
HeHHA ABYX BHJ0OB: KPHBOJIHHEUHHN CKAYOK Hepel TeJOM H KOCOH
CKaY0K Ha IoBepXHOCTH Texa (¢pur. 15). Ecam mepex Temom ycraHo-
BHTH INIACTHHY, TO BOBHHKAET [JOBOJHHO CHOKHAA KapTUHA CKRIKOB
yoaoreenus (pur. 16—20).
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Qopma 3aMEHYTOH 06aCTH OTPHBA OKOJIO ABYMEPHOHM IIOBEPXHO—
CTH TOHKOHM NJacTHHH HNBJAsAETCA B oOmeM cryJae HIHRHOBH/THON
C OpHCoelHHeHHeM MOOTOKA Ha NOBEPXHOCTH TYUOro Teja. BEyTpH
o0JAaCTH OTpPHBA BOBHEKAET MHPKYJIAUHoHHOoe Teuenme., QO6macTs
OTPHIBA YAaCTO HaA3HBAIT BaCTOMHOH 30HOH, OJHAKO 3TOT TEPMHH

@ ur. 15—-20. ObTeKaAme gBYMeDHOIO TYHOIO Tela ¢ BHCTyHDawue#l IIOCKOM.
unacraHon [46].

He JOJGHOH CBABKLIBATHLCA C IIPEACTABICHHEM O HYJIEBOM 3HATYCHHH
CKOPOCTH BEYTPH 5Tod o0nacTH. Ecnin Teso ¥ Mrila oCeCEMMETPHIHLIE,
T0 00JACTH OTPHEBA OKONO HWIJK HMeeT B ofmeM caydae KOHEIBCKYIO
dopmy. Korpa Tewenme Apigercss meyCTaHOBUBIEMCH, GopMa CKATKA
M a9pOSMHAMAYECKAE XaPAKTePHCTAKY B TeUeHHE ITepHofa Konebanmil
HepeMEeHHH., ¥YT0J MeMAY BHeUIHe#l IpaHwued oTOPBABIEroCA CIoA
H 0ChI0 UIJIH (YToJl OTPpHBA) ABliAerTcA GyrrImeil anciaa Maxa u uncaa
PelinoJIbCcA, BEYHCJEHHOTO IO PACCTOAHUIO MEXKIY TOIKOH OTpHBA
H KoHNOM HIJH. OTopBaBIIMMCA BASKWI CA0M OTCACEIBAaET KUMKOCTE
w3 oflacTh OTPHBA, ¥ JUIA COXpaHeHHs Gananca TOTOKA MAacCLl 9acTh
aTOH KHKOCTA NOJUKHA OHTHL BO3BpameHEa B 06JIAacTh OTphIBA HOI
JeificTBEeM rpafEeHTa RaBieHEA B 00JacTm mpucoenwHeHusi. B ycio-
BAAX PABHOBeCHs JaBlieEde B 00OIAaCTH uUpHCOENEHEHHH, KOTOpOe
MOJKeT NOAJEPKHBATLCA OTOPBABIIEMCH CJ0EM, 3aBHCHT OT YHCJA
Maxa maberarwomero moToKa u oT yraa orpuiea. OcHoBHHE ocobeEHOCTH
0DTeKaHHWA HIJH, YCTAHOBJEHHON IEPeq TYNHM TelloM, OIpeeaioTes
u3MeneHneM QODPME CKAYKA YIJIOTHEBHEA. [ A TOHKOTO Tela HETH3A



OTPEIB NOTOKA C NEPEJHEN KPOMHKU 224

BOCTUYh CKOABKO-HHOYAL 3aMETHOIO YMeHBIIEeHUS COIPOTHBISHUSA,
TaK KAK CKATOK YIVIOTHeHWA LUPUMHEAeT K IOBePXHOCTH TeJa, & YCTa-
HOBKA MIJH He NPHBOSAT K 3aMETHHM H3MeHeHHAM (QOPME CHAYKA
yuaoTHeHnas. ITor dakr 6ua goxasam Heitcom [47] ma mpmmepe kom-
Guranum mEAEEIp — KoHYC (¢ yriaom 410°) — uwrma opm Ma =
= 2,75 — 6,3. Anmanormano Xaur [48| noxrsepmuma, wro mpum yera-
AOBKE KOPOTKOH HIJH TIEpeN TeJoM ¢ NHPAMHAANBHKM HOCKOM TPH
M, = 1,61 — 1,81 oTpuB moroxa He Ha0JrOfaeTCH W CONPOTHBIE-
HHEe He YMOHLIIACTCH.

®nsuveckuit mponece uaMeHeHWS @GOPMH CKAYUKA YIJIOTHOHHA,
omucananii Merkemem [49], y:xe ynommuancas B ra. I, Taxk 9ro agech
MH He OyJeM LOBTOPATECH.

XapakTePpUCTHKE MOTOKa MOMHO H3MOHATH IyTeM W3MeHOHUS
JUIHHE H KAaMeTpa Hrias. [Ipm MCOONIb30BAHEN KOPOTKOH HIVIH IIOTOK
OTpHIBaeTCH Ha eo KoHme. OTPHEB 9TOr0 THNA HABHBAGTCH (KOHIOBLIMY,
Ilpm memoNB30BAHWA AJIMHEOM HTIK TOYKA OTPHBA CMOINAETCH BHHAS3
[0 TOTOKY K M3JA0MY MOBEPXHOCTH HIJIH H OCTAETCA TaM TIPH Halb-
HelileM W3MeHPHUH [IMHH B HeKOTOPOM HHTOPBase sHaueHmiA. OrphHiB
TAKOTO THIIA HABHRBAGTCH «3ATAHYTHM OTDHBOM». J[18 mpocToTH pac-
CMOTPEM XapaKTePUCTHKH [OTOKa UPH HYJIEBOM YILJIe aTakH, T. e.
OPE HAIATAE CONPOTEBJICHHMA U OTCYTCTBEE HoabeMHoM cmam. C yse-
JWYeHueM JJIMAK HTIH YIOoX OTphiRa yMenbmaerca. COOTBETCTBEHHO
YMeHBITaeTCA M COUPOTHBIEHHe. JT0 TPONONKAETCA Mo TeX INOD,
HOKA TOYKA OTPHBA He HAYHET HEPeMEINATHCH BHOAL HMIVIK, 9TO IpPH-
BOOHT K BO3PACTAHHIO YIiaa OTpHBa WU, CHEAOBATENHHO, COUPOTHBIE-
#ma. HerpyaHo mDoHATH, 9TO CYymecTBYeT HeKoTopas JJI@HA WIJE,
HPZ KOTOPOH CONPOTHBICHHEe CTAHOBMTCH MUHAMAJIbHbBIM. XanT [48]
HasBaJ ee Kpermdeckroit. Mum Gynem HassBaTh 5Ty JAHHY (KpHTHYe-
CKOil [IWHOM, COOTBETCTBYIOINE MHHEMYMY COoIpoTuBIeHHA». [azee
MO)KHO TONYCTHUTh, YTO DA HEKOTOPOM 3HAYOHHH [JIMHL HIJE LIPOHC-
XO[MT CKagKooGpasHoe mepeMemecnde TOYKW OTPHIBA ¢ KOHIA WIJLI
B TOYKY, COOTBEICTBYIOINYI0 3aTAHYTOMY OTpPHBY, Wim HaobopoT.
Jdra namHEA Tak:Ke Oba HaspaHa KpETHYeckoit B paborax [D0, 51l.
3nech 7 B JaJbHEUIIEM TAKAaA KPHTHYECKAA [VIAHA OyHeT HABHBATHCA
«KPHATUYECKOMW JIWHOH, COOTBETCTBYIOINEH CKAaYKOOOpasHOMY IepeMe-
mIeHAI0 TOYKH oTphiBay. IIpA Taxo# KpUTHYECKOR JIHHO MIJIH CAYIaM-
HEM 00pasoM BOSHHKAIT OTPLIBM IoTOKAa 060HX THIOR (KROHIEBOM
M 3ATAHYTHH OTPHBE), TOSTOMY TaKoe ABJenHe OLUII0O HA3BAHO «HEOH-
HO3HAUHOCTBLIO TedeHHMA» [52]. KpurHweckas AnamHA, COUTBETCTBYIO-
masg MEHEMYMY COINPOTHBIOHHSA, TOJIYUYeHA AJA Hamboiee JIHHHOM,
KOHHYECKH 3a0CTPEHHOR WIJVIK, KOTJa OTPHIB IPOHCXOMHT HA KOHHE
KOHMYeCKOTro 3aocrpeHusa. ( yBeauIeHHeM AJMHE HIJIK TOIKA OTPHIBA
He OCTAETCA (PAKCHMPOBAHHOM, OJIHAKO OHA YCTAHABIHBAGTCH B HEKO-
TOPOM CMENIeHHOM NOJIoKeHHMH. TaKoe CMelleHHWe TOYKH OTPHIBa
CONpPOBOKAACTCA M3MeHeHEeM QOpMH CKadKa YIVIOTHEHHA ¢ COOTBOT-
cTBylomeil nedopmanmeit obnacrm oTpmsa [53]. Ecim oTopBasmmiics
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CJ0M HeNpePHBHO H3TH0AeTCsI, TO ero HASHBAKT (HIOTHYTHIMS,
OtopRaBwmiicA c0lfl Takoro THOA He Koiebmercs W He OyJLCHEpYeT.
Bornonos m Bac [54] ma6nwpanu obpasopasme CKadka yHIoTHEeHHS
an60 BHOyKJoH, Jm60 BoruyTo# GopMH HA KOHINE HTJL OPH TAIEp-
3BYKOBHIX CKOPOCTHX B moToKe remmsa, M = 12,7 — 14,0 m Re/em ==
= (0,29 -10%. Cornacmo pesyapraTam HCUHTAHEA OCHOBHOE pasimuue
MeKIY CBePX3BYKOBHIM M I'HIEP3BYKOBHM 00TeKaHHEM COCTOMT B TOM,
9r0 06iacTE OTpPEHBA CBEpPX3BYKOBOTO IOTOKA OHAM IepeXoXHEIMH,

B TO BPeMs KAK IpH I'MOEP3BYKOBOH CKOPOCTH OHA ORLIM 9MCTO JaMH-
HapHEMH,

5.3. OTPLIB MOTOKA OT ABYMEPHOW TONCTOR NNACTHHbI
C BLICTYMAIOLWEHR TOHHOW NNACTHHOM

Monens cocrosna w3 TOHKOE m ABYX TomcrTmx mracTma. Toukas
INIACTHHA NOMeNaNach MeHAY TOXCTHME mymacTmHamu ($mr. 17).
(MDopma 1060BOI YACTH TOJCTOM IIACTHAHH MOKeT OHITH INIOCKOH HIH
CKPYTJAeHHOM, pampEMep B Bmjae moaynmampapa. HpoMka Tomkoi
ILIACTHHRI MOeT OhTh NJIOCKOH HMIM 3a0CTPEHHOH. ABTOPY Hem3BeCT-
HEI HCCJXenoBaHMA o0TeKamHA TaKHX TeJ Hofx yrioM aTaxm. IlosTomy
agech WpeACTaBJeH JIANIL CJYyYall HYJeBOro yrja arakdm. Jlns Typ6y-
nenTHOrO moToKa NpE M, = 2 B mmrepraze Re/m = 1,24-107 —
1,81-107 MomxEO BHEENHTH CHONYIOMME TPH pe:KAMa TeIEHHS B COOT-
BOTCTBHH ¢ OTHOMEHHOM TOJINAHH MOTPAHHIHOTO CIONA Heper TOICTOoM
OJIacTHHOM K ee roxmumue [55].

llepewii pewcum. B pTOoM perruMe ToNmumHA TOTPAHAYIHOTO CIIOR
mepex TOJCTOH NMIACTAHON HMMeeT TOT ;Ke HOPANOK, YTO M TOJMMUHS
mracTEEE. O6nacTs B3aEMONEHCTBHA CKAUKA YIJOTHEHHA C HOrpa-
HUYHBIM CJI0€M 3aHHMAET 3HAYWTEJIHbHYI0 9acTh OTPHIBHOTO TOUCHHA.
Pacmpejlenenne paBieAdEsi B 00JacTH oOTPHBA CAJNBHO HM3MOHSIETCH
¢ m3MeHeHHEM pa3Mepa Tela.

Bmopoii pesum. B sroM pexmMe ToIM@HA IUTacCTHHE. B TPH HIR
0oslee paz NpPeROCXOQUT TOJIMAHY morpapwaImoro cxoa. (6aacte
B3aHMO/IeHCTBAA CKAYKA VILIOTHOHWs C NOTPAHEYHHEIM CI06M HMeer
MeHBIIYI0O NpPOTAKeHHOCTH, 9eM o0O0JacTh OTpHBA.

B o6nacTm orpuiRa, 3aHMMAIOIMEH 3HAYATEJBHYIO 9aCTh BHCTYOAi0-
mMed TLUIaCTWHAH, [JaBJeHHe IOYTH IOCTOARHO H PABHO IABJIEHHIO
34 CKAYKOM VILIOTHeHHS, co3jaBaeMeiM orpuiBoM. Ilepem xobGoBoil
MOBEPXHOCTBI0 TOJCTONA TIIACTHHN HABJCHHAE MOKET CHJIBHO H3Me-
HATHCA B 3aBACHMOCTH OT (OpPMH ILIACTHEHHI.

Tpemuii pexcum. B >ToM perkEMe TONMHUHA IUIACTHHE HAMHOTO
00NbIIEé TOJNIAHE MOTPAHAYHOTO ¢ioA. llpH BozpacTamw®m TOJAIAHE!
ITACTEHE TOYKA OTPHIBA IepeMeraerca BBepx mo noroxky. Ecxm ormo-
MIeHHE ITOH TONMMHE K JJIAHEe BHICTYNAWIEA mracTaas Goxee 15%,
TOYKA OTPHIBA pacliojaraercs BOJAZA NepejHed KPOMKHW BHCTYIAIO-
med MIACTHHK MM BOOOCPEICTBeRHO HA Heil. Eciam mepennrsas KPoMKa
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He ABJIAETCH MepoXoBaToll, ToYKa OTPHBA Homajaer B 00IacTh JaMHA-
HADHOIO TEeYeHH# N0 Mepe ee NepeMemeHAA K KpoMke. Tak Kak
JaMHEHAPHREA ¢J0 He MO3KeT HOIjep;KHABATh Gojee BHICOKOe IpuUpa-
ImeHne AaBleHus, 1M TypOVIeHTHHE CI0#, YroJd OTpeBa yMeHEIIAEST-
CA, a TOYKA OTPHBa OHCTPO IlepeMemaeTcs K NepefHed KPOMKe.
Ilpu gaapmeiimrem Bo3pacTAHUE TOJXMAHG INTACTURH (IR NPH yMeHb-
TIeHEH [UIMHK BHCTYNAIMEH TOHKON INIacTHHE) yroa, oGpasyeMui
IMHHAEH, mexouArneid M3 IepefHeil KPOMKM ¥ KacaTeNbHOH K TOJCTON
INIACTHHE, JOCTHraeT 3HAaYeHAA, UPH KOTOPOM IPOHMCXORMT OTXON
TOJAOBHOIG CKAaYKa YIUIOTHeHWA NpH 3afaHHoOM umcie Maxa maberao-
mero motoka. llpu sToM TpeTmii pexkmM TedeHEA MoKeT OHTH Hecra-
OHOHADPHHM, €ClE Kpad ToaCTOH TmuacTHHE ocrpire. OmHako B cry-
Jae OUIMHAPUIECKOH QOPMH NepefHedl KPOMKH TOJACTOH ILIaCTHHL
Oyipcaimil He BOSHWKAeT, a NPOMCXOAWT YCTAHOBABITHHACA nepexom
K 00Texkammo ¢ OTOIDefIIMM CKAUYKOM ymiloTmeHus. Ma stmx mecxeno-
RAHHH MO;KHO 3aKJII0YUTH, 9TO HeCTANHUOHAPHOE Tevenme abycronneno
OCTPHIMH KPOMKAMM, IOUAZAIIMMUME B 00JaCTh [0O3BYKOBOLO HWPKY-
JAATHOEHOTO TedeHAA mepen TedoM [46, 52].

W3 3TEX Tpex pe;KMMOB BTOPOMl M TPETHI IpexcTaBiAIOT HHTepec
¢ TOUKH 3PeEHA YMeHPIIEHES COLPOTHBJICHUA Tell ¢ KIAHO00pasHOi
$opMoH nepenHell YaCTH.

Ecam ma BHCTYnamomed nAacTEH® MMeeT MecTO KOHIEeBOM OTPHIB,
TO BO3HHKAe€Y BO3BpaTHOE TeUYeHWE, 3AHAMAIONIEe OKOJO TIOJOBHHEE
ofaactm orpoiBa. CTaTmueckoe JaBieHWe HA IOBEPXHOCTH Tejla OKa-
BHBAETCSH YYBCTBETENbHEIM K NPACYTCTBHIO TOHKOM TIAaCTAHH B 0bmxa-
CTH OTPHEBA H K MAJKM M3MEHEHMAM YCJOBHHA B HaberaiomeM IOTOKe.
Yucaa Maxa, Bunumcaennbie mo pesyabTaTaM WU3MepPeHHH ILIOTHOCTH
B OOAHOTO AaBIeHMs 3a NPAMEIM CKAIKoM, COCTaBXAIX B ofmem ciy-
gae Mernee 0,5 B o6nacTE BO3BPaTHOro TeueHUA BOIM3HE NOBEPXHOCTR
BHCTYnawmed miactueEs [55].

5.8.1. Hccaedosanus KapmuHu meuwenus

BenxencTeHe CJI0KHOIO XapaxTepa ofTeKaEMA TYOHIX TEJX C BHICTY-
DAKMUMA HIIaME KN MIaCTHHEAMEA HeoGXoMuMbl TIaTe bHEe nabiaio-
NeHHA RIS ToAEManAd kapTuan TedeHmsa. Pumr. 15—20 ormocATCA
K JIBYMEPHEM IIOTOKAM OKOJO TYUHX TeJ ¢ BHCTYDAIOMMMH IJACTH-
samu. Coraacuo ¢ur. 15 (K = 0, rne K = l/t, | — pumna TOHKOM
INTACTHHE, ! — TOJIMHAA TOJCTOH mnacTwpk) M dur. 16 (K = 0,09),
dopMa TOJNOBHEX CKAYKOB yIJOTHerHA oamHaxoBa. Hpm K = 0,55
OKOJI0 TOHKOM IJacTHHL (JOPMEpYETCHA LO3BYKOBOE TedeEWe M Ha
obermx CTOPOHAX DTOM IJIACTHHH WOTOK OTPHBaeTca ¢ o0pasoBaHHEM
ycraEoBHBIDeHCs 3acToiinoit somm. @mr. 17 coorsercrByer K = 2,
oppako upE K = 3,0 m 3,5 rewenmsa mopobuel. Ilorpamwamnil cioi
Ha TOHKOM INIACTHHE OTDHIBaeTCA Nepeji YCTyNmoM; TpH oToM BOIm3E
mepenEed KPOMEHM TourO# njacTmuel obpaayercs o06i1acTh OTpHBa
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wamEoBEAHEON ¢opmu. Cxadox yundormeHws, oOpasyloingiics nepex
oToll obxacTeI0, cTapoBHATCA cixabuM BOMM3am mepefgHedl KPOMKH TOd-
<¢1o#t naacrark (dar. 17), a Baamcirennoe 3madenme Ap/p cocraBiaser
peamunny nopAgka 0,4. Ilpg K = 1,5 u 2,0 Teuenme cramoBHTCA
meycraposmemumea. Ha ¢rr. 18 (K = 1,5), 19w 20 (K = 2,0) grabnto-
JaeTCA HOYCTAHOBHBIIeECHA TedeHHe 0e3 peryiaspHHX IePHOAAYECKHEX
Koxebanmit. Tak Kak rOJOBHOM CKAa4Y0K YILIOTHOHHA NIpHCOSAHEH
K TOHKOH IJacTuHe, Te9oHHMA HaJ Hed ¥ IOX Hell He B3aBHCAT HPYT
OT ZPYyra M BOSMOKHA aCHMMeTDHA, KaK 9T0 BHAHO Ha ¢mr. 18 m 20.
Eecnm K croas BemHKO, 9TO IOTOK He OTPHBAeTCHA Ha IepelHed KpoM-
K¢ TOHKOM IJaCTHHH, TO er0 HOBeJeHHe A0 HOKOTOPOU cTenend 3aBH-
CHT 0T TOr0, ABJACTCA JIH TMOTPAHAIHEIA CJI0A BOJMBM OTPHBA TYP-
OyJNeHTHHM BAY JaMpHapeEsM. Ecam norpanmunni ciaoit Typ6yxenT-
HBIf, TO BHENIHAA MpaHANa 00JAaCTH OTPHBA IOYTHE OpPAMOJHHERHA
W BOJH3H TOYKH OTPHIBA (QOPMHpPYeTCS KOCOHM CKAYOK YIIOTHEHHA.
Ecam ke morpaH@YHHE cJI0H JaMEHAPHHNA, TO OTPHB IPOHCXOAUT
aleKO OT TYHOro TeJda. JIMHMHA TOKA CPa3y 3a TOYKOHU OTPHIRA MMEIOT
B obmieM ciaydae BOTHYTYIO (JOPMY OTHOCHTEJHHO BHeEIIHero IOTOKA,
W, TAKUM o6pa3oMm, B 9TOH 06JACTH NPOUCXORHUT IOGTENEHHOE CHKa-

Tae [46].

5.8.2. Hyavcupyouee meuerie

Ilynscupyomue Tte9eHEHMA HegocTaTodHo moRATH. CymecTByer
HECKOJbKO TEeOpPHE »TOr0o MABJEHHs, OCHOBaHHHX HAa HaGAOIeHHEAX
W aganamse. Tark Kak GoJbmasg 9acTh dKCIHEPHEMEHTAJbLHBIX HCCIENo-
BAHHA BEINOJHEHA Ha OCECHMMETDHYHEIX MOAEAAX, NYIbCHPYIOMEe
rTeqcHHe Dyner pacemoTpeno moApobuee B paspgene o6 ocecEMMeTpHY-
HHX IOTOKax. B aToM paspgene 6yaer JaHA KpPaTKad XapaKTePHCTHKA
MYJABCAPYIOMEro TeYeHHNA.

Ilpm ofTeranum ABYMEpPHHIX TNIACTAH HeYCTAHOBHBIIEECHA Tede-
age Bospukaer npm K = 1,5 m 2,0 [46], korma Tonmuna Teda HoCTH-
raeT MAKCEMAILHO BOBMOKHOTO 3HAYeHHA MJIA 00pasoBaHWA OTPHBA
rIEEOREgHEOTO THOA [49]. [losTOMY MOKHO BaKJIIOUYETH, 9TO IYJILCH-
pyiollee TegeHHe BOGHHKAET TOJbKO IpPH Takmx sHadenwax K, npm:
KOTOPHX BO3MOKHE KIMHOBHIHEE WIA KOHycooOpasHue o6acTu Teye-
HHAA ¢ OPHCOEAUWHeHHHIM CKAYKOM YIIOTHeEWA (CHAOHM HIH CHIB-
HHM), H 9T0 TeoMeTpHYECKas jopMa Tynmoro Tela He ORA3HBAeT BIHA-
HHA Ha nyiascupymomee Teuenwme. Ilpy M. = 1,96 makcmMaxbHO®
3HA4YOHHEe NOJYYIia KIAHA ¢ NPHCOSJUHEHHBIM CKAIKOM YIJIOTHeHHA
cocraBisieT 22,3° [46]. MexanmsM NYABCHPYOIIEro TEYOHHA MOKHO
o6'bsicHATH ¢ moMombio Oamanca Macchl, Teuenue cTaHOBATCA HeycTa-
HOBHBIIMMCHA, KOTNa oTHOUICHHWE [laBJeHHI IPH HepeXone depes KoCoi
CKAY0K YIJAOTHOHHA TAKOBO, ITO MacCa *KHAKOCTH, BO3BPAMAKIMAACA
B 30HY OTphIBa BOJH3M TOUKH OpUCOCTHHEHHS, He cOaJaHCHPOBaHA
¢ MacCoH ;KHAKOCTH, oTCAacHIBaeMoi#i u3 sTol oGnactm [56].
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a.3.3. Pacuem dsymeprozo nomoxra oxoso mynoti
RAGCMURBK ¢ MOHKCU svicmynaloujet NAACMUnol

B macTosimee mpeMs He CYmecTBYeT AOCTATOYHO IOJAHOH TeopHH
TOYeHHA OKOJIO0 TYUOro Teja ¢ BHCTYHmalome#d niactamoil ((ByMepHHH
caydald) mrm mriaoi (oceCHMMeTPHWYHHN caysal). 3mecs mpeacTaBleH
pacger, smeperie BrmoaHeEEHE Mexrenem [49]. Oror pacwer mpume-
HAM Kak [Jf AByMepHOro, Tak H JJIA OCECHMMeTPHYHOrO TedeHMIl.
U3 yenonmsa 6anamca ImOoTOKa MACCH ONPeAeNAIOTCA pasMephsl o6aacTd
OTPHBA KJIMHOBHIHOR MIH KOoEYcooOpasHoOH GOpMH, a Takixe OpeNelIH
CYIEeCTROBaHMA OTPHBOB Taxoro Thma. CymecTByeT MakCHMaJbHOE

¥

T { Sacmotiras 30ua

® pr. 2{. Cxema ofTeKaHUA ABYMEPHOTO TYIOTO Tella ¢ BRICTYNAKINEH TLIOCKOH
nuacregoii [49].

3HadeHHe TOJOIAHK Tejda (OTHEeCOHHONW K HAYAJHHOM TOJIIAHE NOTpPa-
HUYHOTO CJ0f), OpH OpPEeBHIICHEH KOTOPOT0 CTAHOBHUTCSA HEBO3MOMK-
H5M YCTAHOBUBIIMICH OTPHEB KIHHOBHAHOTO HJIH KoHYcooGpasHOro
tana. Ha ¢ur. 21 moxasama mpocras TeopeTHvecKas CXeMa TeYeHHS,
8 KOTOpo#l OTOpBAaBIIMMCA BA3KHHE CJoH HpPHCOeAHMHAETCA HO Kaca-
TeXHHOM K HOCOBOH WacTu Teda (Takoe Ipejnoo;KeHHe O Opucoefu-
HeHHH CJIof 10 KacaTeXbHOH QOJHKHO OHTH IPOBEPEHO).

Pacuer ocHOBaH Ha yupomienHofi KapTHHe oTpHBa IOpH RonmyIle-
BVMH, YTO CKAYOK YUJOTHeHHA E FpaHdla OTPHBHOTC TO9eHHMS HPAMO-
NHHeMHEE W YTO CTATAYECKOe MaBiIeHWe BHYTpH ob6iacT®E OTPHBA
OOCTORHHO H PABHO AaBJAGHHIO 334 KOCHM CKAYKOM VIJIOTHOHHSA.

Torga ypasHeHHe HePasPHBHOCTH INPEHEHMAET BAL

WY

)]
Polto (yo — 80) + S pu dy = p1tg (Y1 — 6:) 4 S pu ds,
i) 0

rpe upgexcl 0 m 1 oTHocATeA K ycnoBmsM nepen 06HacTBIO OTpHIBA
¥ 3a He#, § — PaccTOAHUEE N0 HOPMaJX K mosepxHOCTH Teaa. Hemonn-
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3yeM MOHATHe TONIIMHA BHTECHOHHA NOTPAHHMIHOTO CIOA
Potto (¥o — 87) = gy (Y1 — 8Y), (6>
TOTIa yPaBHeHWe KOJAHEUeCTBA NBIUKOHHMA OPUMET BHJ

(P1 — Po) Yo + pruicos A (ys — 81) — poul (yo — 60) +
6o

84
+ S pu’cos i ds — 5 pu’dy =0,
0 ]

rme A — yroa otpuBa. HcenmoneayAa ypaemenue (6) m ompenenenme
TOXMUAEE DOTepH AMIYJIbCA MOTPAHWIHOTO clod O, Haxommm

w Pi—PoY) _ pauf cos A 1y
yo(l—;ocosl—m-——)-—-ﬁo—-—‘ 8,—]—(1—;}005&) &, ()

Potd Poud
I/IB GOOTHOIHGHHﬁ JIA KOCOTO CRAYKA YUOJIOTHeHHA Cchaeayer
u — 1
1_—"1—003;\::&”%]:_(:’1)11
U Polsd 2

rae ), — xospPENHEENT [aBICHAA
»

__(p/po)—1
Cp= (v/2) Mg °

Ypassenne (7) npuEEMaeT BHA

91 o 1 +1/2HUCPI

8 Q ’ ®
rae

Ozplu’fcoshzﬂ M?

a H, = 8}/0y — (opMmapaMerp IOrpaEAYHOTO CJIOA.
Coormomenwe Mesray C(,, yIIOM CRa4ka YOJOTHeHAA Iepen
067aCThI0 OTPHIBA ¢ M YIVIOM TPAHHOH 00NACTH OTPHBa A HMeeT BHT

l,lsz ctg o

tgh= —1j¢,

PaBHOBECHE® 3HAYCHHEA YIJIA CKAUKa YIUIOTHEHHA ¥ Yria OTPHIBA
HIW JaBJeHUS B OTPHIBHOM TeWeHWHM MOKHO OIPEAeJHTb U3 ypaBHE-
nua (8), eciu magecTHO 8,/604. 7o smauernme 04/0 MomEO BHYMHCIATE
B OpeqIoJ0MeHun, 9To npupamendme 0 Mexny moxosxenusmu 0 m 1,
00YCIOBISHAOS CMEIIEHEEM, IPOUOPIUOHAJNILEO NPUPAINeHn0, KOTO-
poe WMelo O MecTo IpH 3aMeHe 00JacTH OTPHIBA KJITHOM C YIIoM A.

Taxum obpazom,

L
£Ty dz
Oy =00+ S piud cos A’
i
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rme &€ — Koap(QUIAeET NpPoNOPHUOHAJBHOCTA, T — HATpAKeHHe Tpe-
Eng. Ecia npefnonoxuTs, 9To HanpsKeHEe TPOHMA HA KIHHE PABHO
HaIIp}I}KEHHIO TpEHHK Ha ]IJ]OCKOfI ni1aCTHHe, TO
ud ., 1
0, — 0, = P00 .9 (9)

pjui 0 sinh’

rae ¢ — ToJIEHA TYyNoro Teda. Bempy Toro uro
To _ do o
bo_uﬁ_ (E)xﬂl T e“’
H3 ypasueruit (8) m (9) cuenyer
a-g—‘;t:(i—k—;—HoCm—Q) tgh=TtgA, A10)

¢

rne T — ¢ymrmua My, a A onpepeanerca ypasnenmem (10). B cay-
Yae JaMEHAPHOTo HiH TYpOYIeHTHoro TedeHUs BOAL IJOCKOH mia-
CTUHE
T -1
8 = ool = k(Mg) ReZ /M
I 1 = 2 [JA JaMEHAPHOrO TEeUeHHA W 1) A 7 xaa Typbyrenrnmoro
TedernA, k — OespasmepHas Jymkoma Mg,

HuTerpupys s10 ypanHeHEHWe, HaXOMEM
!

8o = f 0" dar =Ly Ue(Mo) Ry /™.

CaenmosaTeJsnHo,
85/80 = (n — 1)/nl,

Ije ! — paccToAHMe OT HaYajia TOTPAEMYHOIO CJod [0 HAavala
sacTodimoli 30HM. Torga ypaBmemme (10) npmummaer Bup
t n

nIa

_Ii_=s{( Twh (1)

n—1)m;+T

rae L — paccrosinme B HanmpaBieHum Z OT HAYAJA IHOTPaEWIHOTO CIOM
[0 TOYKH Ha TeJe, B KOTOPOH TONINUHA WIH PATHYC Tena PaBHE { O B
KOTOpPO# MOJKEO GHTHh BHIOpAaHO 3HAYCHHE €.

Tak wax ! = L — ¢ cos A, ypasaenue (11) maer TeopermuecKyIo
3aBACHMOCTE @, A mimA Cp, OT TOJMEUHKE OPENATCTBH, eC/aH IOorPaHmY-
HHEH cIod mepep o6xacTsi0 oTphiBa JAMGO IOJHOCTHIO JaMWHAPHHIH,
an6o nonHOCTRIO TypOynenTHmA. Yroa oTpHBa A H Yroa CKadxa
YOIOTHEHHESA ¢ TpaduIeckH IpeAcTaBiensl Ha dur. 22 B 23 Kak QyEK-
nuu ¢/l ¢ My, B KavecTse mapamerpa B Ipegmomomenud € —1 .




~01 0 o1 02 03 04 05 08 07 08
t/L

@ uar. 22. Vrom oTPHBa A B 3aBHCHMOCTH OT OTHOCUTENSHO{
Tonmuas Teaa /L (gBymepHoe Tedenme) [49].

- TypOynentunid morpammann#t crot (m = n = 7), — — — naMuHap-
it DorpaHMYHHE cnoil, M, — Tuciao Maxa Haferamnero noTOKA.

] ] 1
70
5 s |3 |35 ]
/5 / / 5,0
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4 ] g o
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° Pid -~ -
s /4
1
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10 1 ] ) |
-0 o a1 02 03 04 05 0O Q7 08

t/L

® ur 23, Yroa cKadka yIWIOTHeHHA § B 3aBHCHMOCTH OT OTHOCH-
TelbHoH TonmuHM Teda !/L (gsymepHoe Tedenme) [49].

TYDPOVIeATHSI Dorpaguunsit caolf (mp = n = 7); — — — IaMuHAp-
HRE norpasuganlt cnof.
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PesyawTaTH nokaswsaloT, 9To QA Raxporo sHadenma M, cyme-
CTBYeT MAKCHMAJLHOP 3HaYeHEe {/L, BHIE KoToporo JaHHAA TEOPHA
He gaer pemermsa. MaxcmMmaabHOe 3HadeHWe ¢/[, moaydYeHo M3 ycao-
BHEA, YTO0 OPH OTPHBe NOTPAHEYHOTO CJIOA JOCTHTAECTCA MAKCHMAILHO
BO3MOMHHEHA Yroa OTKJAOHPHHA IOTOKA, COOTBETCTBYIOLMH Ipucoemn-
HeHHOMY ROCOMY CKAa4Ky YIJOTHeHHA. Tak Kaxk TPH MaJHX 3Have-
Huax #/L cTaHOBHATCA CYIMECTBOHHHM BAHNAHHE B3aHMOAeHCTBAA HOIpa-
HHYHOT'0 CAOA ¢ KOCHM CKAYKOM YNJOTHeHH: I, IPENCTABIAeT MHETEpes
aganms Mexxens pua Goabmmx wmcem Maxa, xorpa oTpwB KiIMHO-
BHIROrO TENA BO3MOKEH IPH MOBOABHO Oonsmmx sHAYeRmAX f/L.

6.4. OTPLIB NOTOKA HA OCECHMMETPHYHBLIX TYMLIX TERAX
C BbICTYNAILLEW UrNOU APH HY NEBOM YFIE ATAKW

Mopenn mas mccnemoBammsa 3TOi HPOGIEMI HMEIOT BHE ococHM-
METPMYHKX Ted ¢ PA3NHYHBME 3aTYIICHHAMA ¥ TOHKAMHA CTODIRHAME
(urmamm), yCTaHOBICHHHMM Hepejl STHME TeJamu. IIpEMepH Tarmx
Mopenedt ¢ uraame U 6e3 FAx mokasamsl Ha ¢ur. 24—36. 3arymaenze
HOCOBOM 9aCTH MOKeT BAPLHPOBATHCA 32 CIeT MSMEHEHHA MLIOMATNH
OJ0CKOro Y4acTKA HOCOBOH YaCTH OT HECKOJBKHX HPOIeHToB Ko 100
OTHOCHT@JILHO MAKCHMANLHOH TIOMAAY TOTEPETHOTO CeaeHUA MONEIIH.
Mraa mosxer mmeTb (GopMy UHMIMHADA ¢ KOHEYOCKHM 3a0CTpPOHEEM,
HATAEAPA ¢ IVIOCKEM TOPHOM HIE COCTOATH H3 HeCKOJIBKAX LEIMH-
APOB DasMUYHHX AAaMeTPOB. [{IWHN W AMAMETPH HUIJM pasAMTHH.
TeueEne okoxo TakmX 7Teal NORO6HO ABYMeDHOMY, OINHCAHHOMY
B pasf. 5.3, 3a HCKAKNYeHHEEM, HANPHAME), HYALCHDYIONEro TCIOHHA.
Opmo @3 OCHOBHHIX KAYeCTEBOHHHX pPasimauii MeKNy IBYMePHHM
E OCeCHMMMOTPUYHKIM TEYeEWsIMU 3AKA0YAeTCA B TOM, UTO LOPEXON
OT O/{HOT'0 THIA OTPHBA K IPYTOMY B IEPBOM CAYYae COMPOBOKIASTCS
HYALCAPYIOIEM TeUeHHEM, B TO BPeMA KaK BO BTOPOM CJaydYae HeCTa-
nmorapEOCTL He Habmionanack [49]. Ilpm mynesom yrme ataxm Gram
maMepeHH [46] yron orpeiBa ¥ pacnpenenemwe gapieHUs Ha IOBEepPX-
HOCTH Tymoroe Teda npum M. = 1,96 m Re/em = 1,3-105. Pacupe-
fleleHAsI AABNOHUA U CKOPOCTH, a TaKie KOaPPHIHeHTH conpo-
THBIICHHA W TelToneperasm Aas Tyuwx Tex mpm M., = 12,7 — 14,0
Z Re/em = 0,29-10° onpenenenn axcumepamenTansmo [54].

5.4.1. Yzon ompwsa u pacnpedesenue Oasaenus
no noaycgepuseckoii nocoeoli wacmu npu Mo = 1,96

B caysae moutm YCTaHOBHBINETOCH KOHMYECKOT0 TeUOHHA NPH
OTPHBE Ha M3/I0Me II0OBEPXHOCTH ATIH WIH B KaKo#-1u6o Apyroil Toaxe
ee IOBEPXHOCTH Yo KoHmMYeCKoH o6nacTu oTpmsa mpm Mo = 1,96
BO3pACTaeT ¢ POCTOM YIia KOHMYECKOT'0 CKalKa ynaoTHeHns (Pur. 37),
IpA9eM HaMepPeHHBe 3HAYOHUA COLAACYIOTCA ¢ TeopeTHICCKAMH, IpPH-
segenokMu B Tabmmme Homaaa [57], xora U3MEpPeHHHE 3HAYCHHA



@ nr. 24—-36. ObTekaEde TYNOro OCECHMMETPUYHOIO Tela ¢ BHCTyHAKMel
TOHKOR mraoit [46].
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B 00meM cJyuae HECKOJIHKO MEHBbINe, YeM Teopermdeckme. CooTHoWme-
HUe MY YIJIOM KOHHYECKOTO CKadyKa YIJIOTHeHHWSA B YILIIOM OTPHIBA
#e 3aBHCHT OT opMul Tymoro Teaa. Ha ¢ur. 38 npuseneno pacupeneae-
HEe [aBJAeHUA, E3MEPEeHHOEe IIPA YCJIOBHAX 00TEeKaHUs, COOTBETCTBYIO-
mux ¢ur, 30 m yray KoEwdIecKo#t obaactTu oTpsea 16,7°.

W3 ¢mr. 38 smpgHo, 9TO UPH MaJHX 3HAYEHAAX yraa 0, orcumrTh-
BaeMOTO oT NepefHed KPUTHIECKOH TOYKH, M3MEDPOHHO® [aBJIeHHS
Ha HmOAycPepHIeCKOH HOCOBOH dUacTM HOMHOI'O HEKE pacderTiloro,
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@ nr. 37. CooTHOMEHAE MeXRITY FIIOM KOHHIECKOTO CRadKa YILIOT-
HeHHA W YIWIOM KOHHEgecKo# o6aactm orpuiBa [46].

1 — MAKCHMANBHOS 3HAYEHUE A AiA OPHCOCARHEEHHOTO CKAYKA YILIOTHEeHHH,
2 — yCcuoBHE, COOTBETCTBYniee M = 1 Ha TpaHAOE 3acToiHON obmacTm:
O nonycheprueckrll HOCOK; [} IJIOCKHHA HOCOX.

oxHaKo mpm 0 > 30° B OKpecTHOCTH JHHHH COUPKeHHA Toxycde~
pmYecKoil HOCOBOH YacTH ¢ HUIHEADOM CTAHOBUTCA CYymECTBEHHBIM
BIMAHEe CKATAA NOTOKA, COOPOBOKAAIOMErocs OHCTPHM POCTOM
Rasaenns. Maxcamannmoe smauenme pmasaenwmsi p/p, — 0,35 pocrm-
raercs Opu 0 ~ 50°, 3arem paBaerme GHICTPO MajsaeT [0 MHHAMAIL-
HOT0 3HAYCHMWA CPa3dy 3a JAHHHEH CONpPKeHEA. JHAYMTeABHHIA PpoCT
JABIeHAs HMEeT MeCTO MeRAy CKAYKOM YINIOTHeHWA UM IHOBepX-
HOGTHIO TeJa.

ITo m3MepenHOMY pacupefeieHRI) JaBIGHHAA, UPHEBEACHHOMY
Ha ¢ur. 38, 6HA BHUHCIen KosdpdmIEEAT conpoTuBAeRnA. CompoTuB-
JeHHe TPEEHMA He YUYATHBAJOCH H IPORNOJIAratoch, YTO HaBJeHTe
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Ha [OHHYIO 9acTh Tella paBHO CTATHIeCKOMY AaBICHWI Haleralomero
notoka [46]. Koapouunment conpormeaenns Cp, onpeneaserca no gop-
MyJie

c D

D™ ([zp00U2,) (nd%4)

rae D — conporuBaenune. CpaBHenme smagenuii Cp [IA TeAe ¢ ATIOR
A 063 IO NOKAa3al0, 9r0 ¢ IOMOIBI0 BHCTYDAIOMPH HMIan meper
OUIHHAPOM ¢ NoJAyc@epudIecKodl HOCOBOH YACTHI MOKHO YMOHBIIATE

=0,36,

035
030
025
P 4 __ X Teopemunecxoe dasnenue
Ds HQ IIOBGPXHDCHJI! J'!Oliycd,
0,20 A=18,7"
i
i
015
Jaenenue nadeeanuieco nomora
Iy p>—
"0 30 60 90 ¢°
| ] | L I
0 025 050 075 10 1,26 75 175 Z0

sfd
@ ur. 38. PachmperieieHEHe JAaBieHuA L0 Tely ¢ NonychepHIeckod HOCOBOI
9acTbio N BHCTydaomed nraon (I/d = 1,44) [46].

pg — [aBjense TOPMOKeHEA HASerajomero IOTOXG, d — AWAMETp TejNa BpameHWA, 3 —
PACCTORAHME BHONL IOREDXHOCTH Tena, MaMepeHH(Oe OT HepeAHeli KPUTHYCCKOH TOTIRH, 0 —
YrjoBasg KoopoEHAaTa Ha OoayedepmuecKoli EOCOBON qacTH,

comporunierme nouru Ha 50%. Pacuernoe smagenme Cp A4 NAARE-
IPHUECKOTO TeJa ¢ KOHAYECKOH HOCOBOH 9acThio (¢ MOIYYTJIOM KOHY-
ca 16,7°) cocrasaser 0,25, T. e. Bcero oxkoJo ABYX TpeTed OT Beaw-
umes Cp AJA Tela ¢ NOAYCHEpHIECKOH HOCOBOH 9YacThI0 H HToi.

5.4.2. Pacnpedeacrue dasaeHus U conpomusgaerie npu
M. =12,7 — 14,0

Ilasa usMepeHHA NaBIeHHA Ha Teae ¢ BEICTyUAmed ocTPOH HIIoU
r Ges Hee NpPH THIEP3BYKOBHX CKOPOCTAX HCHOILROBAIHCH MoJed
MHIHHAPA C IVIOCKUM TOPHOM H OolYyC@epHIecKEMA HOCOBHMH I3CTHA-
Mmu [54]. EqunCTBeHHHH CKaToK VILIOTHOHUA OCTABAJCH IPHCOOLAHEOH-
HbHIM K KOHIIY HIJIE, 9T0 CBEAETEJbCTBOBAJO O PacHOJOKeHHH TOYKHA
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OTPHBA TaK3e HA KOHIE HIJH A 00 OTCYTCTBEH NYJILCANHHA TedeHus.
Xors npa Mo = 1,96 yron KoumuecKO# o0aacTu OTpPHBaA 1O U3Mepe-
muam Moaiipa [46] cocraBager 16,7°, mpm M. = 12,7 — 14,0 aror
yroa ymessmaeTcsa go 6,25—5° mpm gimme uras or 4 Ko 8 nuamerpos
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® nr. 39. Pacopepencnme AaBIeHAA 10 IWIOCKOH HOCOROH
TaCTH UMIEEApa UPH pasamaunx 3nauenusx i/d [54].
— — — HyJeBoe JaBiIeHHE,

Tena. PesylabTaTh W3MepeHHA pacmpefe]eHHsA MaBleHHA OO HOCOBOM
9acTH IOpPHE TUIeP3BYKOBHX CKOPOCTAX, Ipe[CTaBAeHHLHE® B BHAS
ColCpyane (ur. 39—42), Haraaamo CBAAETENLCTBYIOT 06 M3MeHeHWH

JapJieHu A, CBA3AHHOM ¢ HAJIATAEM HIJIHL. Ha sTux $urypax
Co=1p— po)/(Fp ML),

Copare = Pt — P =)/(Fp M2,
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e p; — NOJHOe AABJICHHe 3a TMPAMBIM CKAYKOM YILIOTHOHHH, § —
PacCTOAHEE BAOAb> HOBePXHOCTH, W3MEPPHHOE OT KPATHIECKOH TOI-
K¥, | — gamHa urasl, d — gmameTp Tesa. MamepemHOoe pacmpepede-
HHAe JaBIeHHA Ha TeXe 663 WIIE XOPOIIo COTIAcyercsa ¢ pe3yabTaTaMe
pacueTa o HBIOTOHOBCKOM TeopHHM.

Ha ¢ur. 39—41 mabaropaeTcs BHesanHoe H3MEHOHHE B pacIpele-
JIeHWN faBXeHds Npy I/d > 4 naa n@mAmEApa ¢ INIOCKAM TOPOOM H ODH

10 : |
l/d
o0
09t a8 -
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05 - Hulemonosckan meopus N
04
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ol JSunus conpaxeus
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® nr. 40. PacnpenereEme paBaeHus 0o noaychepmde-
c;mﬁ chonoﬁ 9acTH (UIHEAPA OPA PA3INIHHX 3HAYCHHAX
Ifd [54].

i/d > 1,5 pna onanuEnpa ¢ moaAycdepHdIecKod HOCOBOM YacThi0, TMPH-
weM npm I/d >4 a10 mamenemme ycyryGasercA. Ha moBepxmocTH
MUIAEAPA ¢ IUIOCKAM TOPHOM faBleHHme OHICTpO MajflaeT B MATEPBAJIS
orrowennit !/d or 1 po 1,5, a npu l/d > 6 maMeHeHme AJIWHH MIVIH
He OKasHBaeT CYmMEeCTBeHHOro BJIHAHMA Ha RaBiaeHme. Ha muammape
¢ moxycepHUIecKoil HOCOBOM 9YaCTBI0 TOYKA NPHCOSTHHEHWA Lepe-
memaeTes ot O = 45° npu I/d = 0,5 mo 6 = 70° mpm MakCEMaATHLHEIX
WCCIeA0BaHENX 3HaYeHEAX l/d.
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Hpn ycTepoBKe HIAR mepe] MEIZHAPOM € IIOCKAM TOPHOM Ipo-
ucxonmmr boliee caafoe pacIIMpende IOTOKA OKOJO TOPHEBO# KPOMKH,
9TO BHIBHBAET MOCTelIEHHOe YMeHLHIOHHWe NAABIeHHA BLOAb OUIHHIDH-
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®ar. 41. PacopefeneHme JaBIeHAS [0 OUAMHEADY ¢ INIOCKHM
TOpHOM OPH PasIHTHKX 3Hayenuax l/d [54].
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® ur. 42. Pacupenenenne faBienusa mo DEIHEAPY ¢ moxycde page-
cKoll HOCOBOH YacThI0 NMPH pasdmumnx sHadennsax l/d [54],

Jeckofl JaCTH Tesa. VpelwueHWe /JMHHE HIVH OT EBYX A0 UeTHpEX
AAaMeTPOB Tejla OKashBaeT cjaboe BIWAHWe ga pacIpefedenHne
HaBAeHHAA,
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B caywae moaycdepuyuecKo# HoCOBO#M dYacTH BOAW3HE TOYKH HpH-
coemHeHEA HAONOaeTCA NNK JaBieHNA, ONHAKO YPOBeHL 3HAUYCHHI
MaBJEHHA HA JHHEHUHA COONPAKCHNSA NoaAyCcHepHIeCKOro HOCKA B KHJIHH~
Apa H Ha OAJIAHAPHYSCKON YACTH TeJa 3HAYATEIBHO HHKEe, deM

Ha OHJIAxHApe 0e3 HIH.

100 PeayapraTs H3MEpoHAR

\ ! ko2 PHAIIEeATa CONPOTHBIOHHAA
Hs10MOHOBCKAS MECPUA npmBefeHH Ha ¢ur. 43.

09 |- (RAOCKAN HACOBAT YGCME) ROB@&)HIIHGHT CONpPOTHBIE-

EuA Cp paccUUTHBAICA TYTOM

AHTEFPAPOBAHEA H3MEPEHHOTO

o8 | TaBJeHES Ha J000BoH uwacrnm

Tymoro Texa. MakcmmaianHoe
07 | BHa9eHNe KodOPHEe Ta COIPO-
Tasnesad Cp ., K KOTOpOMY

oTEHeceHH Kopddunments Cp,

o 08 paccunTaHO OO [LAaBJIGHHIO 33
e IOpAMBIM CKQ4KOM YIIOTHEHHA
0,5 1 DJIomagm JdoOoBOII dacTH.

™ promonoecrasn meopus Kak BupHo H3 (i)III‘. 43, B CIy—-

0,4 \i (ronycghepuyecKas Hocosas uacms) vyae OUINHApPA ¢ IJOCKHM TOp-

moM Cp/Cp,,, ., ROCTHTAET eJd~
HAOB OPH OTCYTCTBHH HIJH,
03 OMHAKO B CJy%Yae DUJIHHApPA
¢ noaychepagecKoii HOCOBOH
YacThI0 3T0 OTHOINEHU® [AOCTH-
raer Tonsko 0,5. 3mavenmsa
Cp/Cpyy,. mamawt mo 0,02
o1 {— 0,03 npr l/ld >4 B cnygae
OHHIAHAPA ¢ NJOCKAM TOPIIOM,
| g0 TOoabKO 5o 0,03 npn l/d >6
0 2 4 6 8 10 B cAyJae OUMJIEHOpPa C TOAy-

id cdepnruecKkoit HOCOBOH 4ACTHIO-

02

O nr. 43. HoadpunmenTw compoTHBIE-
HUSA Tell ¢ ATIaMA PasAmTHON miauss [54]. 5.4.3. Bauanue uucea

) OATAHEP € MIOCKEM TOPIOM, A IELTHHID Maxa u Petinoavdca
¢ nosychepmaeckol HOCOBONM 9acThio; @ Heycra-
HOBMABINeeCcd TedeHHe.

B namHOM paszfeie Ha

OCHOBE  BKCHOPHMEHTATLHEIX

nmecrefoBaHMH HMaydaercda Bamanme wmced Maxa m Pedinonbsaca ma
XapaKTOPUCTHKMA NOTOKA IIPH HYJEBOM YIA€ ATAKH.

Kpoydopr [58] BmHmomrEma sxconepHMeHTaJbHEE HCCASTOBAHHEA
npa M« = 6,8 na MojteAx pasiIM4YHEEX pasMepoB B HHTepPBaAe UYHCEX
Peitroasnca or 0,12:10%° mo 1,5-:10°, BHUWCAEHHHX N0 [AHAMETPY
noaycdepuueckoit Hocosoit uacrm; [Jlemmeasc m Mommxapa [52]
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® nr. 44. Bauauame guwcna Peidnoasaca na xoaddu-
OUEeHT CONPOTHBIAeHHS NaBieHHs Tel ¢ moaycdepuue-
CKOIl HOCOBOH 9acTh¥0 w BHcTymawuleil uraoi {58].
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® »r. 45. Bansame ancaa Maxa [52].
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nposenu mecaegosakma OpE M. = 1,75, 2,0 = 2,50, 5o mpu oxmom
sHavenmn BRe/M = 1,36-107.

Kpoydopn [58] umamepma Taxike MHTeHCHBHOCTH Temionepenadm
K TeJy ¢ UII0i, HO 9Ta JACTh ero paboTH paccMaTpuBaercd B ra, XI.
B mmrepBane wmcen Peiimoangca or 0,49 -10° mo 3,69-10% B morpa-
HUYHOM CJoe OHIWHApa ¢ noiycfepmiecKAM HOCKOM Iepexol He
HaOmofaercst. Oguako, ecau uepeq TeJIOM YCTAHOBUTEH UINY, HePeXof
OpoMCXONAT Opm TucAe Peiimonpaca oxoxo 0,5-10% suamciaenmom

0 M=175
x M=20 Re/m=1,36-107
A M=25 dI:Dz
i
X Y i
0'5 hY !’ L .i\
h o O O
N\
AY . w, w1
c X i
D AN ] i
X B
04 kY rh
N Y
| ll
0 Ay
1 15 20 25
ld

@ nr. 46. Bauwsnue gncna Maxa [52].

mo ycaosmaAM B HaGeraiomeM moToke m pasmepy Texaa [58]. Hammens-
mlee 3HaYeHHe UmMclIa PefiHolblca Iepexofia, BHIACABHHOE MO YCJIO-
BHAM B HaleramoimeM MOTOKE H TOJIIAHE INOTPAHAYHOTO CIOA Ha Tele
¢ mriao#, pasmo 0,06-10° npu pawHe WMINL, paBHOE IoJoBHHE IMa-
MeTpa mEIEHApa. 3aBucuMoct:m Cp oT Rey ans tena ¢ mraoit m Ges
Hee MpMBEeAH HA QHAT. 44.

Snavemns Cp Bospacraior ¢ ysenmdemumem Rey. C pocrom pamnn
arap Cp YMEHBIIAeTCA A0 MAHMMYMA, 4 3areM Bo3pacTaer, ecad Imcilo
Peiipoanaca M0OCTATOYHO BeJAHAKO, 9To0H MOr IPOH3OUTH Ie PeXoX,
xax B cayuae l/d = 4. Taxoe BozpacTanue CONPOTHBIEHHA oBycion-
JIeE0 COOTBETCTBYIIMMM BO3pacTaHWeM NAaBJeHHA 33 OTPLIBOM mepe-
xogHOTo Norpapmanoro cxoa [43]. Kak Buguo wa ¢ur. 44, sHawenme
Cp npu l/{d = 1 6amsko K seavenmio Cp upa l/d — 4, ecnm Bo3HE-
KaeT Iepexof.

JKCOePHMEHTANBHEe pPO3YAbTarsl AAH /ABYX MoJeded ¢ uIIaMu
(QEIMEAPH ¢ IIOCKAM TOPmOM M ToaycdiepuIeckod HOCOBOHl TaCTHIO)
npuBegeEs Ha ¢mr, 4D m 46 [52].
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C p ompenenAlcH o popMyIIe

—_ D Pp—Pa

CD“'—q—Z'l_‘—"q'_"—'s
rqe ¢ — CKOPOCTHoii Hamop HaGeramomero moroka, [} — moaHO®
CONPOTHBJACHAe, H3MOPeHHOe Ha Becax, A — mIomiagh momepevHOro
CevYeHMs Texa, Pp — AOHHOE HaBACHHWe, P, — CTATHYCCKOe NABICHHE
Haberapomero mnOTOKA.

W3 pur. 45 u 40 MoxHO BAfETH, YT0 KAaYeCTBEHHO BIHAHTE JIHHE
HIJIH HA CONPOTWBISHHE O/[MHAKOBO AasA obGemx ¢opm Ten mpu Beex
snavendax umcaa Maxa. [{o =HexoToporo 3HaYeHAS [AJIMHH HTIH
CONpPOTHBJIeHAE MAafaeT M AOCTHTaeT MUHAMYMAa. 3aTeM (', BHE3aTHO
BO3pacTaeT Ha 3HATHTOABLHYI0 BeJJHIMHY W NPH faJbHeHIIeM Bo3pacTa-
HEZ AIAHH HMCIH OCTAGTCS NOCTOAHHHIM MM CJIETKA OTRIOHIETCS
OT NIOCTOAHHOI'0 3HAYeHWA. DHE3amEH#E pPOCT CONPOTHBICHHEA o0yec-
JOBJIeH IepexomoM, HabGmwojgasmuMca Taxke HKpoydopmom [58].
HApyrme mccaemoBaTesHm He HADIHFAAM TaKOro BHE3aIHOTO pOCTa
CONPOTHBIEGHASH, UO-BHIAMOMY, BCJIeACTBHe JaMAHAPHOr0 XapaKTrepa
HorpaEg4HoOro caos [54].

5.4.4. Hccaedosanus o00mMexanus OCECUMMEMPUUHO20 Meaq
€ U201l NPU HYAEBOM Yeie amakKy

3nech paccMaTpHBAeTCs CIOMHAS KapTHHA TEYCHHSA OKOJIO OCe-
CUMMeTPHYHOI'0 TeJa C HIJo# HA OCHOBE MATePHAJIOB HCIIKTA-
EHil, BunonxmeHanx npu M. = 10 [59] m ByneBom yrae araxwm,
a Taxwe npE Mo = 1,96 [46]. Byn [59] maygan orpueEmne redeHms
dororpadmuecKEM MeToJIOM H TeOpeTHYeCKH HcciaegoBat ofmacTs
B3AWMOJOMCTBEA CKAYKa YIUIOTHEHHSN ¢ OOrpaHHYHNM cihoeM. Monenn
OPeACTABJIANE CoG0H DmoNKe MUNMHAPH W3 JNATYHH TEAMETpoM 19 MM
C BHCTYOAIOMMMHM HIJIaMM pasimddod pampn amamerpom 1,17 =
3,17 M. OnEa MOHeXDh CXeMAaTAISCKH HOKazaHa Ha ¢ur. 47.

Teuennme 610 JaMEHAPHHIM, ¥ OTOPBABHIANCA BABKHENA CIOH mMe]
npAMoinHeitHe o0pazyompme, 3a MCKIOYCHHEM [IBYX MakhX yIACT-
KOB BOIM3H TOYEK OTPHIBA M NpUcoenuEeHHA. Tak KaK oTopBaRIIAACA
BA3KHAHA Cl0H 00pasyeT mOYTH KOHMYECKYI0 NMOBEPXHOCTh, JABICHHE
B HAHPaBIGHA® NOTOKA OKAa3HBaeTcA HOCTOAHHLHIM H MOKeT OHTHL
OTIeHeEO M3 WM3BeCTHoro pemenus Teinopa — Maxkona paa obrexa-
AAsA koHyca. Hpowme Toro, Gnarogapsa EyleBoMy 3HAYEHWIO FPAJHEHTa
XaBJEeHHA N0 HOPMAJHM K TpAMol AWHEMYE TOKA AaBJeHume B objactm
OTPHBA TAKO0e jKe, KaX ¥ B