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Sagaka CBOAMTCA K pelleHWIa YACTHYHO NHWHEAPHIOBAHHON cHcTeMb Hasbe - CTokca.C NOMOLWEIO HH-
TerpansHora np n Ty chyHiL| ] sune. Onpepe-
neHb PHOCTH M3 CcHOp A H thep r 0 COnpo-

H ANHHA 00 YYacTKa KaHana.

1. MayueHWe 3aKkoHOMepHOCTEH ABWXKEHWA BA3KOH MWOKOCTH B KaHanax c He-
NOABHMAHBIMU M MOABMAKHBIMM CTEHKAMU WMEET KaKk TeOpeTHYECKHMA Tak W npakiu-
yeckuid MHTepec. [eMmende HWOKOCTH B KaHanax c NOABHMHBIMM CTEHKAMH OTHO-
CHTCA K Knaccy ManoM3yyeHHbIX TeueHWH. BMecte c TeM, Takde WccnefosaHWs U
onpefeneHie 3aKoHOB HIMEHEHUH MapaMeTpoB TaKkWX TeUeHHWH MUMEelOT MHOro Tex-
HHYECKHX NPHACHKEHHH: NPH ONpefeseHHy YTeyer MHOKOCTH Yepes uiend Mexay
HeNoABHMHEIMK HANPABNAIOWLMMH W NOABHKHBIMA LITOKaMK PasNWUHbBIX. MaWWH M
MEXAHMIMOB, MPW W3ydeHud npobnem TpyBonposogHoro TpaHCnopTa rpy3oE B8
KOHTEHHepax, NP4 HenpepbiBHOA obpaboTke NWCTOBLIX MaTEpWMANcE B MeTannyp-
MK M T. A

TeopeTtWyeckue WMcclenoBaHuA BbllueykasaHHblX 3afjad, B OCHOBOM, NPOBOAM-
nuce B8 npuBnuxernuy CTokca, NpW KOTOPOM HE YYMTBIBAAMCh BCE WHEPUWOHHbIE
YneHbl B NEBbIX YacTAX. AuddepeHuHanbHbiX YpasHEHWH ABWKEHWA BASKOW Hul-
KocTH. [Mo3atoMy, nony4eHHble pe3ynbTatol ONMCEIBANH 3AKOHOMEPHOCTH ABHXEeHUA
B Tak Ha3biBaemoM cTabWM3IMPOBAHHOM YYacTKe KaHana, To ecTb Ha focTaTod-
HOM YAANeHHH OT ero Bxofa.

Takum obpasoM, HeBo3MOMHO BbiND ONpefenuTs M3IMEHEHWe 3HaYeHWA napa-
METPOB [BMXEHWA B Ha4yanhHOM yJyacTke KaHana, rAe, ecTecTBEHHO, UMEKOT MecTo
cneurdueckie ocobeHHocTH. lNocnenHHe MMeloT He TOMbKO TeopeTHYeckoe, HO
W O4eHb BaXKHOE NpaKTHYeckoe 3HaueHHe. TakuM obpa3oM, NofyyeHHbie pesyiib-
Tathl No Metogy CTokca He palQT NpefcTasNeHHs O PasBUTHH ABWKEHHA MUAKOC-
TH, UTo ocoBeHHo BaXKHO ANA KOPOTKMX TpyG.

B npegnaraemoil paboTe paccMaTpMBaeTCA 3afaqa O PAa3BMTHH TEHEHMA HWA-
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KOCTH MEKAy napannenbHbiMi ABIKYILHMHCA MIOCKOCTAMH, NPOCTHPAIOLMMHCA B
HanpasneHWax oced X ¥ Z Ao BECKOHEYHOCTH.

[laurKeHWe CTEHOK MPOMCKOAWT B CBOWX MOCKOCTHX g HanpaeneHuu ocu 0x ¢
33AAHHBIMK NOCTORHBIMK CKOPOCTAMM M g- Kpome Toro, WMeeT MecTa U Ha-
fOpHOE TeYeHWe HHAKOCTH, NPH KOTOpOM Ha Bxofe B KaHan QOpMMpYeTca nnoc-
KWW OfFOPOAHBIA Npodiunb CKOPOCTH (comr. 1).

¢

U =)}

e

Dur. 1

3a OCHOBY MCKOOHbIX YPaBHEHWH [BWAKEHWA NPHHHMAIOTCA npHBKEHHBIE
ypaBHEeHWs, nosly4eHHble U3 CHCTEME ypaBHeHWH Haebe-CToKca nyTem 4acTMiHOro
yueTa cnaraembix OT YCKOPEHHMA M BA3KOCTH. Ec/v NPeanonoxunTs BASKYIO WA
KOCTL MEOKMMAEMOR, A ABWNKeHWe ee NaMMHaPHBIM, CTAUMOHAPHBIM, H3OTEPMi-
UECKWM M MNOCKO-NApannensHbiM, TO MW OTCYTCBHW MacCOBhIX CWA ypaBHEHWA
pBiKeHHs ByayT WmeTs aug [1].

14 o
ov,  lop OV,

ox pox oy

: iy
av, v,
e e
ox Oy

rme  -ecT CpepHAs PacxoAHas CKOPOCTb OCHOBHOFO MOTOKA MO CeyeHWIo B Ha-

yane Tpybbi; V, W V, coctasnsiolme ckapocti no ocam 0x u Oy; p -pasne-

0 (1.1)

HWe; P -NNoTHOCTH; V= KMHEMATHUECKHIA KO3MMHUHEHT BASKOCTH XKUAKOCTH.

PaccTORHHE MexKny NAocKocTAMM nycTb Gyper 2h . Ecnu Haudano KoopAuHat
gbibpath Ha CpefHel NAOCKOCTH KaWana, To rpadidHbie YCNOBMA AR 3afa4u no
PASBUTUW TEUEHWR ByAyT WMeTh BUA:

npu x=0 u hy|<h v, =U=const, p=p,=const
npu y=hu x>0 k= v_v=0 (1.2)
npu y=—hux=>0 v, =, Vy=0

3pech P - 3HaueHWe faBNeHus 8 Hauane- TpyBbI.
2. MpumMeHas dyHKUHOHANbHOE npecBpa3soBaHuie Nannaca W pewas ypaBHeHW:
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(1.1), npu rpaHudHbix yenosuax (1.2) noaydmum

3U y=] UI+U,[3y2 J U,-U, y
=—]-= —_) Rl SRl 7
Ve 2[ ) e W A

oyt Z A A f i),

e COSLL, Reh
U, -u, = (=1)" sin(mn/ k) p[ n::n’x]
3 = 2.1
o 1 Z b o Reh 2D

_U+U,~2U é[z_ sin(u,.yfh}}exp(_ﬁ}r

i Re h sin L, Reh

=l L{_] cos-—""—IJ p[ ER:;] - (2.2)

L ﬂ (2:3)

RhJ

Uh
roe Re = — - uucno PedronbAca, a L, NpocTbie KOPHH ypasHeHWa (211 = L
v

U, +U~W[ 3x
2U )'|_ Reh 5 2;

P=py+ pU{

-1

MasecTHo, 4T NpW TEYEHMM BAIKOM MMOKOCTH B HaNOPHbiX TpyBax rpagWeHT
[AaBNEHWA 3aBUCMT OT CPedHeH CKOPOCTM TeYeHWA, NapaMeTpoB XWOKOCTH W
TPyEhI Mo credyiowel gopmMyne:

ap 1 pU;,
OB B A : : 4
ox F‘Eh 2 24

rAe ., - CPEeAHAA CKOPOCTb TEeYeHMs MKMAKOCTH B Kavane, & - oBbl4HBIA KO3dh-
BMUMEHT TMOPaBNMYECKOro CONPOTHBNEHMA. B chyuae HenoOBuWHbIX CTEHOK KO-
aphuuMeHT £ oBycnoBneH ToNbKo AMCCHNALHER MeXaHWUECKOH 3HEePTHH MHAKoc-
TH 3a cueT paBoThl CHA BHYTPEHHETD TREHWA.

EC/W CTeHKM KaHana NofBHAHbIE, TO & 3aBHCHT M OT BHEWHWX MO OTHOWEHMIO
K MUOKOCTH CHMA TPEHWA Ha NOABHAHGIX CTEHKAX. JTOT KO3dHUWEHT B nocneg-
HeM cnyuae MOMET nNpWHUMaTe nobble 3HaueHwA (oBpalWatbca B HyAb MAM Beith
fase oTpMUATENbHBIM).

LnA onpepenenus 3HadeHus £ B chyyae NOABMMXHDIX CTEHOK NPU passuToM
TeYEHWUM KMOKOCTH M3 (2.3) Haﬁnem

(
ap 5 ][ U,+U1]
Ok 2; TR !
o [ Reh Re!r "Reh L o (&)
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M3 ypasHeHuiA (2.4) W (2.5) nonyunM:

"i[l _U_1+_U:.] 3+2ie P( 2_x_]\ (2.6)
" Re 2U = X\ "Hn Reh J ’

@opmynbl (2.1), (2.2), (2.3) u (2.6) onuchiBalT U3IMEHEeHUA aHauyeHWH napa-
METDOB [BHKEHHA KUOKOCTH (ckopocTeH, AaBneHWa 1 KO3MHULMEHT CONPOTHENE-
HW#A) BOOAb KaHana.

Mpu UCCneaoBaniy PasBUTHA ABKEHHA JHUAKOCTH B KaHafax BaX(HOE MpaKTH=
LecKOE 3HaueHWe MMEET ONMHA HauanbHoro ydacTka foToKa- [Ona ee onpepene-
HWs cHauana HaipeM MaKcHManbHoe 3Hadeh e oCeBoil CKOPOCTH no BbicoTe. Kak
suoHo, B8 dopmyne (2.1) nocneghve ABa cnaraembix (BeckoreuHbie cyMMbl)
bICTPO CTPEMATCA K HY/MIO NPH yAaneHud or BXofa B KaHaj, No 3ITCH NpHuMHe
pafi NPOCTOThI BHIMHCNEHWA HX MOXHO HE yunTbiBaTh. C TOHHOCTBIO A0 BhILUEYKAS
3aHHOrD NPHBNMAMEHHA W3 (2.1) nerxko onpepenuTe BENUYMHY ), NPH KOTOROM V
NPHUHKMAET IKCTPEMasbHOe 3HadeHue.

(UE_UJ}’

_ L e 2.7
¥ =Hu, +U,-20) &l

TlansHeiye BoMMCIEHHS OKA3bIBAIOT, 4TO MPH ~U1 +U2]<2U (2.7) paer

3HaqyeHWe V, MNpH KOTOpOM OCeBas CKOpOCTe V. MaKcumansHa, a TnpH

]U| +U1] < 2] MWHUMANBHA. JKCTPEManbHOR 3HaueHHe CKOPOCTH V., Gyper
v (G-U) UG

T
1+U2 '_2U) 4

CocTagnsa oOTHOLUEHWE PasHOCTH 3KCTPEMaNbHOM CKOPOCTH HACTHL 2KHAKOCTH
Ha BecKOHEYHOM YAaneHWH oT BXOA W CKOPOCTH HACTHY Ha KOHEYHOM PacCTOAHWM
[ oT BXOAa K IKCTPEMANLHOA CKOPOCTH, HanaeM

Versam. = Vv 12(U, +U, —2U)
= = *
Vsion (u,-u) +3U,+U,)U,+U, —2v))-18U(U, +U,~2U)

(2.8)

x (Ul,+U,—2[1}%-1—1{1AMJ%P(—M1 £ )+

o L COSLL, Reh

el (~1)" sin( yym / h) p[ rr:rz:L]
i ; = exp=—— (2.9)

3apagan 3HadyeHHe NIEBOW 4AcTH YpaBHEHWA (2.9) 4 pelwas ee, MOXHO nofy-
UMTb NPHENWKEHHOE 3HAYEHHE A/MHBI HauanbHOro y4acTka L nnockoii TpyBbl, Ha
NPOTAKEHUH KOTOROro 3KCTpeManbHoe (MaKcuManbHoe) 3HayeHWe CKOPOCTH Hac-
THL, BYAET OTAHUATBCA OT CBOETO IKCTPEMa/IbHOO SHAUEHHA Ha 3afaHHylo Manyio
BENHUYHHY.

[Ona npocToTbl BBIYHGNEHHA B npaBsod 4acTH ypaBHEeHWs (2.9) W3 nepeoA cym-
Mbl OCTABMEHO MMl MEpBoe charaemoe, a BTOpas cymma oT6polueHa Mo BbilUey-
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Ka3aHHbIM npuuuHam. Monaras, Hanpumep, 3HaudeHwe nesol uvactd (2.9) paBHbiM
-3
07", nonyumm:

U+U,=20(codpyalh) ) (L
5 —lJex Mneh) (2.10)

e

2 18U(U, +U, -20)-(U, -U;)" =3(u, + U, U, +U, —20)
12(U, +U, -2U)
3nech |1, - HAHMEHbLWHA OT/NMYHBIA OT HYNA KOpeHb ypasHeHMa (gL = [1. Pe-

was (2.10) otHocutensHo L, noayuum nNpuBAMMKEHHOE 3HaueHMe AAWHbI Hayans-
HOro yyacTka

e Rih{rln 66,7(2U -U, - Ul)(cosu, = COSH;)’n)

= =

el Ui costy,

(@ 2a) _U1+U:-H

MU s, -20) & ]|

(2.11)

W3 (2.11) BUaHO, YTO BNA AEACTEMTENSHOTO M NONCHHMTENBHOTS SHAYEHHA ANH-
Hbl HauanbHoro yqactka senduuHsl 0/, W, pomxHbl NopuMHATECA 3apakee
3afaHHbiM ycnosuam. [loaToMy, B paccMOTpeHHOM obleM cnyyae NoHATHe Ha-
4YanbHOro y4yactka YC/MOBHO W MMEeT OrpaHuieHHOE NPaKTHYECKOEe NPHAOMKEHWE.
Ha npakTuke 4acTo BCTpevaloTCA Chydad, NP KOTOPbIX ABMMETCA NWWb ofHa
CTeHKa.

Ecnw B chopmynax (2.1), (2.2), (2.3) u (2.6) X — 00, NoAyuuM 3HAaUEHWs napa-
METPOB ABWXKEHWA ANR cTabWNW3UpoBaHHoro yuacTka kaHana [2].

TR T
V=0 (2.13)

(. U+U)\(3x 1
po=pa=st{ TJ(W—E] a
E‘,= %[i—%) (2.15)
Mpunuman 8 dopmynax (2.12) - (2.15) |, =, =0, Byaem umers 3HaueHue

BE/MUYMH B CTABWUNMIUPOBAHHOM Y4acTKe KaHana B cnyyae HEMoABMKHBIX CTEHOK.
Ecnu B nonydeHHbix dopMynax NpWHATE  , M OBHOBPEMEHHO X —> 90, nony-
4uM 0BoBueHHbIH cnydal aswedus Kyatra [3].
PaccMoTpUM YMCNEHHbIH NPUMER Mo CAeayioMM AaHHbIM:

=IMfce , =05m/ce , ,=0Im/ce , h=005m
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v=10"m’lce , p, =100 /M, p:toz%ce 2

Ha dour. 2 npepcTagned 3aKoH W3MeHeHWA OCEBOW CKOPOCTW V. B HauanbHOM
y4acTke Mo BbICOTE W BAOAL KaHana. Bugdo, 4To B obnactd, BAM3KOR K Havans-
HOMY CEYEHWIO, M3MEHEHWe CKOPOCTH V. MO BLICOTE MPOMCXOAMT MepneHHee.
Bponb kaHana no TeyeHWio CKOPOCTb V. YBENWYMBAETCA W HadMHAA OT CeueHWA
x=24 , npMHMMaET NOYTH NOCTOAHHbIE 3HadveHWA. Ee makcumaneHoe 3HaueHHe
Haxogutca Ha sobicote ¥ = 0.114. Ha dur. 3 npefctasneH 3akoH M3MEHeHHA Aas-
NEHHS, M3 KOTOPOrD BMOHO, YTO OAaBfeHWE BOONL KaHANA YMEHbLIAETCA: NP 3TOM
B Haua/BHOM y4acTke yMeHblUeHHe NPOHCXOAMT BbicTpee, YeMm BEAM3W cTabHAWau-
POBAHHOMD y4acTKa.

% as

; 2
] B
a

261 X= Xnd

34 =
£ wsg R =500

=

or
chmr . 2. chwmr.3.
Ha cur. 4 npepcrasneH 3akoH M3aMeHeHWA KoO3MUHEHTa CONMPOTHBAEHMA

TPEHWA No AnWHe kaHana. BugHo, 4To ero 3HaueHue YMeHblWaaTCA BAONE KaHana
no TEYEHHED.

A
Z g8 16 2% 32 42
dour.4.

Ana npuveeneHHoro YMcneHHoro npWMepa no copmyne (2.11) BbiivcneHa gau-
Ha Haya/bHOro y4acTka, KOTopas oKa3anach pasHoM, NpuBauautensHo 4 m. Mony-
ueHHble OPMYNbl W NPMBEEOeHHBIE rpaduKkKd NO3BOMAIOT WCCMEOOBaTh Pa3iqyHbie
Cy4aH ABMMEHWA PEanbHOM MMWAKOCTM B NAOCKOM KaHane c MOOBMMHbBIMH CTeH-
KaMM.
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MPABUIA AN1S ABTOPOB

1. Crartem, npepctasnsemsie 8 “Waeectia HAH Apmenuw, Mexanuka”, gonmuel CONPOROMAATECA
PAIPELEHHEM HA ONyBAMKOBAHME OT YYEDEMAEHWA, B KOTOPOM BeINOAHEHA paboTa.

2. CraToM NPBACTABAAKITCA HA APMAHCKOM, AHITHACKOM MNW DYCCKOM A3bIKAX B ABYX IKIBMNNADEX
B BOIMOMHO CHKATOM W ACHO M3NCHEHHOW hopMe.

3. MopMynsi W BCE OBODIHAYEHWA BNHCHIBAKTCA YETKO W ACHO, NPM 3TOM AOMMHO GbiTh OTHETAHBOE
PAINHUHE MEMAY JArNABHBIMM W CTPOMHBIMH Byrsamu.

B Tex cAydasx, KOTOa 3arnaBHbie W CTPOHHbie Dykes! OAWHAKOBBI NO HAYEpTaHHIO HeoBGxOATMO
3arnasHoie DyKeb oAt EPKHYT: CHH3y AeyMA NEpTOSKAMH, @ CTDDHHBIB OTMETHTE ABYMA YEPTOMKAMM

CBEPXY, HANPHMED: V H v 0 H 0, K k U wu, S H 5 1. 4. Cheayet Tarxe gefats padfik-ue

MeRay 9 0 wu 0 (Hynem), ana werc 0 (Hyns) cAeAyeT NOAYEPKHYTH CHH3Y KBAAPATHOR CKONKOA
(rapaHpawom).

HeoBx0aHMO TWATENBHO BNWChIBATE NOXOMHE APYr HaZ Apyra BOykesi, Hanpumep & W (, lwe,
I,J Y, u wun uap Mpeueckue Byxesi NOAYEpKHEATs KPACHBIM HADAHAAWOM.

HHAEKCHI W NOKA3arend Cnegyet OTMETHTh YEpHbIM KApPaHaawom COOTRETCTEEHHO ﬂyrci‘ﬂ oy MW

"
\_J, HanpuMep: N;

Maremartiueckve oBoaHaqennAa, Hanpumep: sin, arcsin, In, |g, lim, const W 7. 4. HAAO NOAYELKHBATH
rOPHIOHTANEHOA NPAMOA CKOBKOH.

6. J'lmepa‘rypa NPHBOAMTCA oﬁu.wm CMNHMCKOM B KOHUE CTaTbM, NpH 3TOM B unme:ne,qyyou.l.eﬁ na-
CNEQOBATENBHOCTH YHKAIRIBAKTCAI ANA KHHIH- maMHﬂHﬁ W HMHHLUWANL ABTOPA, NOAHOE HAIBAHHE KHHIH,
HOMEP TOME, MECTD WIAAHWA, WINATENBCTEO, MO4 H3naHuA, CTPaHKUbl; ANA #ypHana - DAMHIHA H HHHUKANS
ABTOPA, HAMMEHOEAHWE PabOTel, HAIBAHHE HYPHAaNA, rOA WIAAHHA, ToM (noauepkHyTs ) u Bbinyck. Ccouna
HA NWTEpATYpY B TEKCTE NAETCA WAhPOW B KEAADATHBIX CHODKAX.

7. Yepressl NpHAAraloTcA Ha OTAEBNBHBIX AMCTax. Mecta WAKCTPAUMA YK33bIBAKTCA H3 nesaM
NOME CTPAHWUBI OTMBTKOR “‘dhur..”
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