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PA3BUTUE JAMMHAPHOI'O JU®PY3OPHOI'O TEHEHUSA
B COOCHOM KOHUYECKOM KAHAJIE C HEOJHOPOJHbIM HAYAJBHBIM
IMPOP®UJIEM CKOPOCTH

HCZL]MOHCZJZbelﬁ MexHu4ecKull YHUeepcumeni ((XapbKOGCKUI/Vl noaumexHu4ecKull uncmumymy

Beenenue

B pa6orax [1-4] aBTOpOoM OBUIH PaCCMOTPEHBI 3aa4d Pa3BUTHS JaMUHAPHOTO IUQ-
(Gy30pHOTO TEUEHUS C OJJHOPOIHBIM HAYAIBHBIM MPOPUIEM CKOPOCTH. J[aHHOE TPEOoIoKe-
HHUE, KaK MPaBHJIO, CIPABEJIMBO TPHU MOCTYIUICHUN JKUJAKOCTH B KaHAI M3 pe3epByapa HIU
JPYroro KaHaja ¢ IUIOIIAAbI0 TONEPEYHOT0 CEYCHUsT HAMHOTO OOJBIINM, YeM IUIOIMAb 10~
MIEPEYHOTO CEUYCHHUs B KaHAJAX, IJIC Mbl M3YYald Pa3BUTHE JAMUHAPHOTO TeveHus. Takue
YCIIOBUSI MOTYT HAOJIOJAThCs, HAPUMEpP, NPU TCUCHHUH >KHJKOCTH B KaHAJAX Pa3IMIHBIX
THIPABINYECKUX MaluH [5].

OpnHako BO MHOTHX MPAKTUYECKU MHTEPECHBIX CIydasx TEYCHHS, HAIPUMEDP, B MPO-
TOYHBIX KaHaJaX (JOPMYIOIIET0 HHCTPYMEHTA TOJIMMEPHBIX allapaToB Mepel COOCHBIMU KO-
HUYeckuMH U dy3opamMu KUIKOCTh MPOTEKAECT Yepe3 COOCHBIC MIJIUHAPUICCKUES KAHAIBI
(puc. 1). Takue KOHCTPYKIIUU TUIIMYHBI JIJIsl TPYOHBIX U KaOEJNbHBIX TOJIOBOK [6], a Takxke a7
TOJIOBOK pa3ayBHOTrO popmoBanusi [7].

Pucynok 1 — ConpsikeHre KOJBIEBOTO MUIMHIPUYECKOTO KaHalla ¢ COOCHBIM KOHHUYECKUM
muddy3opom

B monoOHBIX COCTaBHBIX KaHajgaX, Kak MpPaBWJIO, KOHCTPYKLHOHHO BBIMOJHSETCS
IUTAaBHBIN MEPEXOJ U3 OJHOTO COOCHOTO KaHaja B Ipyroi. B aTux ciydasx B COOCHBII KOHHU-
yeckuil 1udPy30p KUAKOCTh MOCTYMHAET C YK€ CPOPMUPOBAHHBIM MPOPHIEM CKOPOCTH, OT-
JUYHBIM KaK OT OAHOPOJHOTO pacIpenesieHus], TaK U OT IpoQuisi, KOTOpbIi Oyaer chopmu-
POBaH B COOCHOM KOHHYECKOM Tuddy3ope.
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OHEPIETUKA TEIMJIOTEXHOJIOM MU U SHEPIOCBEPEXEHUE

B npanpHeiinieM ucclieoBaHMM B Tpeneliax AaHHOTO pasfeia OyaeM CYHuTaTh, YTO
KHJIKOCTh TOCTYNAET B COOCHBIH KOHMYECKHU AU(D(DY30p M3 CONMPSHKEHHOTO C HUM KOAKCH-
AIBHOTO IWIMHIPUYECKOro Kanana (puc. 1). M3BecTHO, 4TO MpOQHIb YCTAHOBUBIIETOCS Te-
YEHHSI )KUJIKOCTH B KOAKCHAIILHOM IHJIMHPUYECKOM KaHaJe SBISICTCS HECUMMETPUYHBIM OT-
HOCHTEIIbHO CEPeIMHHON TOBEPXHOCTH KaHaia [8], a ero MakCHMyM CMEIICH K LIUIHHIpHYC-
CKOU TIOBEPXHOCTH C MEHBILIUM PAIHYCOM.

JIist pereHust 3a/1a4u pa3BUTHUS JTAMHHAPHOTO TEUYCHHSI B COOCHOM KOHHYECKOM JH (-
(by30pe MOCTOSHHOIN MIMPHHBI MPUMEHUM TPUOIMKEHUE, HCIIOIb30BaHHOE B padotax [9,10],

777777777 r(l rl
Insina A ] 7|
~ 7

o

a)j\/
Pucynok 2 — I'eoMeTpusi KOHUYECKOTO 3a30pa MOCTOSIHHOM ITUPHUHBL: & — CBSI3b IEKaPTOBBIX U OHUKO-
HUYECKUX KOOP/MHAT C TeOMeTpuei kaHaia: L — [yinHa KOHMYEeCKOi YacTh KaHaina, M; h — mupuHa

3a30pa, M; iR, Ix, lp — OPTHI B OMKOHNYECKOH CHCTEME KOOPJIHHAT; 6 — Pa3BOPOT KOHMYECKOTO 3a30pa
Ha IUIOCKOCTh

T.e. OyZleM paccMaTpuBaTh Pa3BUTHE JIAMHHAPHOTO TEYCHHUS B CEKTOpHAIBHOM Iuddy3ope
MOCTOSTHHOM HIUPUHBI (PHC. 2) ¢ HEOJHOPOIHBIM MPOQHIEM CKOPOCTH HA BXOJIE B KaHAI.

ITocTanoBka 3a1a4M M onpee/ieHue HAYAIbHOI0 NPOGHJIsi CKOPOCTH

Tak xe, kak u B [9,10], MbI OyZieM HCIONB30BaTh YIS PEIICHUS 3aa4U [MIUHIPUYC-
cKue KoopauHaThl. [l 3anmucu mMaremaTHyeckod (OpPMYJIMPOBKM 337ayd HUCHOJb3yeM Oe3-
pa3MepHbIE IEPEMEHHBIE U ITAPAMETPBI,

P-PF)h Vioh
QZL,X:E’UZL’HZQ,R%ZM, (1)
h h Vio mVio K

II€ CPEeIHsA IO IUIOLAAN MOBEPXHOCTU IONEPEYHOIO0 CEUYECHHs Ha BXOJE B KaHAJI CKOPOCTb
OIIPENIEITUTCS BEIPAKEHUEM:

V=5 @
2nr, sinah

B nanHBIX 0€3pa3MepHBIX NEpPEeMEHHBIX (POpMyIUpOBKa 3agayd OyJIeT COBIANATh C

(OpMyIMpPOBKOH 3a/1a4M O Pa3BUTUH JAMHUHAPHOTO TE€UYEHHS C OJHOPOIHBIM pacIpeaeIeHUEM

CKOPOCTH Ha BXOJI¢ B KaHa [1] 3a MCKIIOYeHHEM 3amicH, KOTopasi U OHpenelsieT pacipese-

JIEHUE CKOPOCTH Ha BXOJIe, KOTOpas B HAIIEM Clly4ae OyleT ABIATHCS HECMMMETPHUYHOM OT-

HOCHUTEIBHO CEPEJMHHOM MOBEPXHOCTM KaHana (QyHkumeid. OO0o3Hadas ee Kak

V(&o, X) = oa(x) , 3aIMIIEM MaTeMaTHYECKy0 (POPMYITUPOBKY 3a/1a4H:

2
Refvfﬂ+a—nza—\2/; ®)

& & oy
v=0, y=0; 4
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OHEPIETUKA TEIJIOTEXHOJIOM MU U SHEPIOCBEPEXEHUE

v=0, x=1; )
v=o(x), E=¢&p; (6)
=0, =&, ()
a YCJIOBHE ITIOCTOSAHCTBA pacxoaa B 6e3pa3MepHOM BUC 3alIMIICTCA, KaK:
Judy =% ®
0 g

HecuMMmeTpHUUYHBIT OTHOCHUTEIBHO CEPEIMHHOM ITOBEPXHOCTH KaHAJIA HAadaJbHBIN
npo b CKOPOCTU MOKHO IPEJICTABUTH B BUAE CYMMbI CTEIIEHHBIX (DYHKIIHIA:

co(x):a+bxk +cy", ©

rae a, b, ¢ — mocrosiHHBIC KO3 MUIIHEHTBI.

3aMeTHM, 9TO aHAIOTHYHBINA MMOAXO/ IS TOA00pa MPOQHIIT CKOPOCTH OBLIT HCIIOIB30-
BaH Taprom B ero MmoHorpaduu [11] npu co3gaHuu NpUOJIMKEHHOT0 METO/Ia pacuera morpa-
HUYHOTO CJIOSl C TIOMOIIbI0 MHTETPAIbHBIX COOTHOIIEHUU. Tam e JaHbl CChUIKM Ha Oosiee
paHHUE PabOThI, B KOTOPBIX MIPUMEHSIUCH aHAJTOTUIHBIC METO/IBI.

Pacripenenenue ckopoctu (9) MOMKHO yIOBIETBOPSITh TPAHUIHBIM YCIOBHSIM TTPHIITH-

nanus (4) u (5), a TakKe yCIOBHIO MOCTOSIHCTBA pacxona (8). U3 yciosus (4), (0(0) =0, mo-

ayqaem a=0. A ycnosue (20.158), b + ¢ =0, maeT cOOTHOIICHHE MEXIY KOIPPHUIIHMEHTAMH
bwuc,b=-c, urtorna yukiuio o)(x) MBI MOYKEM IPEICTABUTD B BUJIC:

k
o(x)=c(x"-x), (10)
HIOJICTaBJISASA KOTOPYIO B YCJIOBHUE MMOCTOSHCTBA pacxoja mpu & = &, moyydyaem:

1

Cj(xm—xk)dle. (11)
0

Boruncnss unterpain B (11), HaxoauMm BelpakeHHE, ONIPEAEIAIONIEe TOCTOSIHHYIO C:

m+1)(k +1
o (e "
k—m
U torpa mpoduiib CKOPOCTH KUAKOCTH HA BXOJE B KaHAJ MOXET ObITh OMUcaH (PyHK-
HUEH:
(m+1)(k+1); o«
o(x)=———2(x"-%"). (13)
k—m
[TousiTHO, uTO PyHKIUA (13) cCHUMMeTpHYHA OTHOCHUTENIBHO 3aMeHbl M Ha K. Beioepem
3Ha4eHuss M u K Tak, 9T0ObI MPOdHIL CKOPOCTH HA BXOJ€ B KaHAJ ObUT JOCTATOYHO HAIOJI-
HEHHBIM U C MAaKCUMyMOM CKOPOCTH, CMEIICHHBIM K TpaHuie y =1. [[is 3Toro Mo>XHO BHI-

Opatb 3HaueHus: M=7 u K =1, npu KOTOPBIX QYHKITHSI oo(x) IIPUMET BU/L:
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OHEPIETUKA TEIMJIOTEXHOJIOM MU U SHEPIOCBEPEXEHUE

0 0.2 0.4 0.6 0.8 %L

Pucynok 3 — HeomHopoanslii npoduib 6e3pazMepHON CKOPOCTH KHIKOCTH HA BXOJIE B COOCHBIH
KOHUYECKHIA U Py30p, COOTBETCTBYOLIMI pactipeaeneHuo (15)

8(.7
o(x)=—2(r"-x). (14)
3
3aBucumocTs (14) mpencraBieHa Ha pUCYHKE 3.
CrietoBaTeIbHO, HaYaIbHBIC YCIOBHS UIS pacrpeneieHust ckopoctu (6) ceiyac Mbl
JIOJDKHBI 3aM1caTh Kak:
8(.7
v=—=(1"-1) &=&- (15)
3
TeM caMbIM MBI TIOJIYYHIIA MATEMATHIECKYIO (POPMYJIHPOBKY 3a7a4ul Pa3BUTHS JIAMH-
HapHOTro MU PY30PHOTr0o TEUCHHS B CEKTOPHUATHLHOM KaHalle, allPOKCUMHPYIOIIEM COOCHBIN
KOHHYeCKuil auddy30p IpH HEOJHOPOIHOM HAYAILHOM PaclpeieeHH: CKOPOCTH JKUIKO-
cru. 3amada Gpopmyaupyercs cucreMoit ypasHenuit (3)—(8), (15).

Pemienue 3aga4u pasBUTHSA JTAMHHAPHOIO TE€YEHHUS B CEKTOPUAJIBLHOM aAuddy3o0-
pe pH HEOJHOPOJHOM HAYAJIBLHOM pacnpefeJeHUH CKOPOCTH

bespasMepHas cpefHss MO IUIOMIAAUA I[OBEPXHOCTH IIONEPEYHOIO CEYECHUs KaHaia
CKOPOCTb OIPEAEIISIETCS BBIPAKEHUEM

v, = %0 . (16)

[Toxcranss (17) B (3), mosryduM ypaBHEHHUE, ONMCHIBAIOIICE TBUKCHHUE JKUIKOCTH B
TUAPOIMHAMUYECKOM yUacTKe CeKTopuaibHoro nuddysopa

OV _pe, Lo vl _

o2 e og

KOTOpOE TIPECTaBIIET cOOO0 HENIMHEWHOE HEOJHOPOTHOE YPAaBHEHHE B YACTHBIX MPOM3BOA-
HBIX BTOPOTO MOPS/IKA.
Pemate 3amauy (3)—(8) OymeM MeToI0M pas3iokKeHus 0 COOCTBEHHBIM (DYHKIIMSAM 3a-
naun Ltypma-JlnyBuis [12], cooTBETCTBYIOIIEH 0THOPOAHON 3a1auu Ut ypaBHeHus (17).
OpnnHopoaHas yacTe ypaBHeHus (17) 3anuiercs B BUE:

0, (17

o%v ~

OV _Re; 2 _o. (18)
ox

g o
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OHEPIETUKA TEIJIOTEXHOJIOM MU U SHEPIOCBEPEXEHUE

anee npencraBum penieHue ypaBHeHus (18) B Buae mpou3BeIeHUS:
V(&)=Y (&) ¥ (x)- (19)

[ToncraBum (19) B ypaBuenue (18) u pa3aenum moaydeHHBIH pe3yinbTaT Ha MPOHU3Be-
nenue (19). B pesynprare noiayuuM ypaBHEHHE C pa3AesSOIIMMUCS IEPEMEHHBIMU.
Pa3nenss nepeMeHHble U IEPEHOCS UX B Pa3HbIC YaCTU PABEHCTBA, IOJYyYaeM:

oY
§Y(E) & W(x)
[Tockonbky sneBas yacTb (20) 3aBUCHT TOJBKO OT &, a MpaBas TOJIBKO OT ), M TaK Kak &

U ( — HE3aBUCUMBbIE NIEPEMEHHBIE, TO KaXKaast yacTh ypaBHeHUs (20) noikHA ObITh KOHCTaH-
TOH, MpUYEM dTa KOHCTAHTA J0/DKHA ObITh oTpuniateasHoi [12, 13], T.e. MbI MOXEM 3amucaTh:

(t:O Ref oY _ 1 "

R mw Y =B (21)
EY (&) o v *
W
Bz
Y+ gY =0, (22)
o Rey
¥ +B2Y =0. (23)
[Tockonbky Y HE 3aBUCHUT OT Y, TO U3 (4), (5) cnenytor rpaHryHbIC YCIOBHUS it W
¥Y=0, x=0, (24)
¥Y=0, y=1. (25)

Cucrema ypaBHeHuit (23)—(24) npencrasisier coboii 3anauy typma-JInyBuss ps
HaXO0X/1eHNs COOCTBEHHBIX (QYHKIUN CPOPMYITUPOBAHHON HAMHU 3aJauH.

YacTHbIMH pellIeHUSIMU ypaBHEHUS (23) ¢ TpaHUYHBIMU ycloBusMU (24) u (25) sBius-
1otcs Gynkiu [13]:

Y, (x) =sinnmy, (26)

rae =1, 2, 3 ...00, U, cIeA0BaTENbHO, 00IIee pelieHue OJHOPOJAHOTO ypaBHEHHs OyJeT
NPECTaBIATHCA HEKOM CYyMMOM BeeX 3THX (yHKLUH.

Cucrema ¢yHk1uii (26) sBiIseTCS NOTHOM cUCTEMONW COOCTBEHHBIX (PYHKUINN MM cOO-
CTBEHHBIMH BekTOpamu 3anauu llItypma-JInyBusuis, 061aaaonMMu CBOHCTBOM OpTOTOHAb-
HoctH [12,13]. KBagpaT HOpMBI COOCTBEHHBIX (yHKIUH (26) paBeH:

1
. 1
[, = [sin*nmydy=—. (27)
0

Jlns nanpHe#miero pemeHuss HaM HeoOXOJUMO Pa3sIoKUTh (YHKIIMIO MCTOYHUKA B
ypaBHeHuH (17) B psa mo coOCTBEHHBIM (PYHKIMSAM cOOTBeTCTBYmoLeH 3amaun IlTypma-
JlmyBwins, T.€. B psg mo ¢yHknusM (26). @ynknueit ucrounuka B (17) sBisieTcs TpaueHT
nasieHus. M ceifyac Mbl clienaeM JOCTaTOYHO CHJIBHOE IPEIIOJIO0XKEHHUE, O KOTOPOM aBTOP
roBopui B padote[1].
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OHEPIETUKA TEIMJIOTEXHOJIOM MU U SHEPIOCBEPEXEHUE

Ha nanHoM sTamne mMbl NpeanoaoXuM, 4YTO TPaJUueHT JABJICHUS SIBJISETCS OCTOSTHHOM
BEIIMYMHOM.

B [1] ormeuanock 4To, 3TO MPEANOIOKCHHE HE SIBIIAETCS O0Jiee CUIIBHBIM, YeM IPeI-
MIOJIO’KEHUE O 3apaHee U3BECTHOM (PYHKIIMOHAIBHOM 3aBUCUMOCTH JABJICHUS BJIOJIb TEYCHUS B
KaHaJle, UCIOJIb30BAaHHOM B METOE IMPOJIOJDKCHUsI, KOTOPBI OBbLI MpEeCcCTaBiIeH B MOHOIpa-
¢buwu [14].

Takoe npeanoioxkeHue Mo3BOJAET IPAJUCHT JIaBJIICHUS MIPE/ICTABUTh B BUJIC:

=Y f,sinnny, (28)
n=1

rae K03 PUIMEHTHI Pa3JIoKEeHUS OMPEIesieM, HCIIOIb3ys CBOWCTBAa OPTOrOHATBHOCTH U 3HA-
YyeHHe KBaJpaTa HOPMbI COOCTBEHHBIX (YHKIIHIL:

1
IH’sin nmydy
=l —, (29)
[l
OTKYy/1a CIEYyEeT, YTO
2 '
f, =E(1—cosm)1‘[ : (30)

[Tockonbky pemienne 3amaun (17), (4)—(8) BeieacTBUE MPUHIUIA CYIEPIO3UIMN
MIPEJICTAaBUMO B BHJIC CYMMBI PSIJIa TIO COOCTBEHHBIM (DYHKITHSIM:

o0

V(Ex)=D_Y, (&)sin(mny), (31)

n=1
T0, nojactasisis (30) u (28) B ypaBHenus (17), momyuum:

Z{Yn‘{"r’] —Req %’\Pn e —g(l—COSnn)H"Pn} =0, (32)
n
n=1

u quTLIBaSI, qTo
Py () =-B*¥, (%), (33)

13 (32) monmyunM ypaBHeHHe [T HaxoxaeH s GyHKumi Y, (&):

2
Y, + PaS Y, + 25 (1-cosmn)IT' =0. (34)
Re¢ & mnRe¢ &

Begem CJICOAYIOIINC 0003HaYCHHS:

2 2(1-cosmn)IT’
G]_ — Bn , G2 — ( T ) , (35)
Re; &, nnRe; &,
u nepenuuieM (34) B BUe ypaBHEHUS
Yy +GEY, + G5 =0, (36)
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OHEPIETUKA TEIJIOTEXHOJIOM MU U SHEPIOCBEPEXEHUE

KOTOPOE TPEICTaBISIET HEOJHOPOAHOE OOBIKHOBEHHOE MU (EepeHIIMATbHOE ypaBHEHHE TIEp-
BOTO MOPSAKA.

W3BecTHO, 4TO pelIeHNe TAKOTO YPABHEHHS SIBJIICTCSI CYMMOW YacTHOTO PEIICHUS He-
OJIHOPOJHOTO YPaBHEHHsSI U OOIEro penieHust OJHOPOIHOTO ypaBHeHus [15]. HacTHoe pemie-
HUe ypaBHeHU (36) JIETKO HaXOUTCS U 3aMChIBACTCS B BUJIE PABEHCTBA:

_ G, 2(1-cosmn)

= =———01". (37)
"G (nn)3
OnHOpoHOE YpaBHEHHE, COOTBETCTBYHOMIEE (36), MOXKHO 3amucaTh B BUJIC:
dy,
—N—_GEY,, 38
d Ez 1&: n ( )

T.€. Mbl MOJYYWUJIM YPAaBHEHUE C PA3CISIIOLIUMMUCA IEPEMEHHbIMU. BBINONHASA pa3zieneHue
MEPEMEHHBIX, MIPUJIEM K CIEAYIOLIEMY YPAaBHEHUIO

M _ gz, (39)
Y
KOTOPOC HMCCT PCIICHUC!
Y,=C exp(—%GlEfj, (40)

rae C — mpou3BOJIbHAS MIOCTOSTHHASI HHTETPUPOBAHUSL.
CrnenoBarenbHO, 00IIee penieHne HEOJHOPOAHOTO ypaBHEeHHUs (36) MOXKHO 3amucarh
KakK:

&

e (41)

Y, (g):Cexp(—%Glizj

st Toro, 4ToOBI MOMYUYUTh BBIPAKEHHS, OMTUCHIBAIOIINE DBOJIIOIMIO TPOGUIIS CKOPO-
CTH TIPY HEOJHOPOJHOM HAYAIBHOM €€ pachpeeeHUH, HEOOXOJUMO OMPEIEIUTh MOCTOSH-

Hyto C B (41), a 11 3TOro HEOOXOAUMO OIpeAeauTh QyHKUMIO Y, (&) npu £=¢;. Kak u
paHbllIe, onpenenum Y, (&0) , IPUMeEHss paszniokeHue (41), B KOTOpoe MOJCTaBIsIeM 3HaUEHHE

u3 ycnosus (15).
[Tocne Takoii MoACTaHOBKU OYyZ€M UMETh BbIpaXKECHHE:

o0

. 8
>V, (& )sin(rny) = _5(;( _x). (42)
n=1
YMHOXast IpaByIo U JIEBYIO 4acTH (42) Ha Sin(nnx) U 3aIAChIBAsl MHTETPAJIBI C y4e-

TOM OPTOTOHAJIBHOCTH COOCTBEHHBIX (YHKIMI 3a/la4il ¥ 3HaYEHHs UX KBaJpaTa HOPMBI, IO-
JIy4aeM COOTHOLIEHUE:

1

Y, (&O)z—%.[()a—X)sin(nnx)dx. (43)
0
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OHEPIETUKA TEIMJIOTEXHOJIOM MU U SHEPIOCBEPEXEHUE

Beimonnsasa B (43) MHTErpupOBaHUE, IOTYYUM 3HaUYeHHE QYHKIUH Y, (ci) Ha BXOJI¢ B

KaHal, T.e. Ipu §=E:

(44)

Y, (gg) = (-1 224 !1_ 20 120 }

(| () ()|

[Toncrasuss (44) B (41), nomyyaeM ypaBHEHHE JUIsl HAXOX/IECHUS ITOCTOSHHON MHTe-
rpupoBanus C:

(-1)

_Gigd
w24 |y 20 120 | 075 G @)
(mn) (nn)”  (mn)

G,
rae G u G, onpenenensr B (35).
Paspemas (45) orHocutensHo C, HAXOIUM BBIPAXKEHHE:

(Tm)z &

c=_2 {1 ~1)" [T +112 1”*1[1A+£}}emf, (46)
| 2 o

KOTOpOE 3aIliCaHo ¢ y4eTOM Toro, uto cosmtn = (-1)".
Hanee, ucnonssys (46) u (37), uz (41) HaxoauM BbIpaKEHUE I ONpeneiaeHus QyHK-

mu Y, (&)

(nn)(5-2%)
Yo (8)=—=5|1-(-1)" |r]e S s

(47)

2Re; &,

(@) | () ()]

Ioacrasinss onpenenenue GyHKIua Y, (é) (47) B cymmy (31), Haxo MM BBIpaKEHHE,

224(1)”*1{1 20 | 120

s

OTpeIeTIsIolIee pacupeesieHue 0e3pa3MepHOl CKOPOCTH B KaHaJIe CEKTOPUAIbHOTO AU DyY-
30pa B Cilydae HEOJHOPOJHOIO HadajJbHOIO MpO(UiIsl CKOPOCTH, 33JJaHHOTO Oe3pa3MepHbIM
BeIpaKeHueM (15):
2
(nn)(55-€%)
2Re; &,

2 0 1_(_1\"
!X_X+221(1)

€
2 =3 (m)

v(&x)=II sin(zny) [+

(48)

2RerSo sin(mny).

= (-)™ |, 20 120
+224 1- +
Z{ (~n)” [ (~n)*  (mn)*

s
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OHEPIETUKA TEIJIOTEXHOJIOM MU U SHEPIOCBEPEXEHUE

3HaueHue BenuuuHBI I1' ompesensieM, BOCIONB30BABIIMCH YCJIOBMEM ITOCTOSHCTBA
pacxojia B JI00OM IIONepedHoM cedennn Kanana (8), u Beranciss uurerpan V(&,y) B (8), mo-

JTy4HM:
1250 _ 26882,
m=_>5 , (49)

(nn)*(£5-22)
-1)" L 20 120 | “ore,

-] [(E-2)] a1
n=1 (nn)4 P 2RefE_,0 P nz_; (nn)4 (Tcn)2 (nn)4

Jlnst onpeziesieHus pactpeesicHus: 0e3pa3MepHOro JaBJICHHs MIPU Pa3BUTHH JIJaMHUHAP-
HOT'O TEYCHHUS B CEKTOPHAIBLHOM UG Py30pe ¢ HEOTHOPOAHBIM HauAIbHBIM pacrpeeIeHuEM
CKOPOCTH, KaK U B paHee pacCMaTpPUBAEMbIX B HACTOSAIICH IJIaBe CAyYasX TEUCHHUS, BOCIIONb-
3yeMcsi 0aJIaHCOM MMITYJIbCa Ha SJIEMEHTAPHOM YYacTKe CEKTOPHAIBHOrO KaHama (puc. 2).

3anuiieM COCTaBIISIONIUE OajaHca UMITYJIbCa JUIS 3JIEMEHTApHOTO Y4acTKa CEKTOPH-
anpHOTO Auddy30opa (puc. 2) ¢ IpeHEOPESIKEHNEM MaCCOBBIMH CHIIAMHU

(1]

° CYMMaprII\/JI IIOTOK KOJIMYECTBAa ABHXKCHHA, II0-

CTYHAIOIIUK B 3JIEMEHT KaHaJIa yepe3 HIKHIOW 00- SSGT,ZL:O (50)
KOBYIO IIOBEPXHOCTH Ipu 2 =0 ;
* CyMMapHBIf MOTOK KOJIMYECTBA JBUKEHHUS dYepe3

-0 S6Trz |z:h (51)

BEPXHIOIO OOKOBYIO IMOBEPXHOCTh NPHU 2 =h |

* CyMMapHbIil MOTOK KOJUYECTBa MABMXKEHHUA, IIO-
CTYNAKUIMN Yepe3 MUINHAPUYECKYIO TOBEPXHOCTh Sop Vo Vo (52)
BXOJIa B 2JIEMEHT KaHala IIpU 1 =71, ;

* CYMMAapHBIN IIOTOK KOJIMYECTBA IBUKEHUA, yXO-
JSIIUNA  4epe3 LUIUHIAPUYECKYI0 IIOBEPXHOCTb,

AL (53)
OTPAaHMYMBAIONIMIO JIEMEHT KaHaja Ha BBIXOJE W3
HETO IIPHU I' =1,y +dr;
* IOTOK MMIYyJbCa 4Yepe3 UUIMHIPUYECKYIO II0-
SoFl (54)

BEPXHOCTh BXO0/1a, BbI3BIBAEMbII CHJIOW JTaBJICHUS,

* IOTOK MMIYyJbCa 4Yepe3 UUIMHIPUYECKYIO II0-
BEPXHOCTDH BBIXOJIAa U3 3JIEMEHTAPHOTO y4acTKa Ka- -S| P (55)
HaJla, BbI3bIBAEMbIN CUJION JIaBJICHUS,

rze T,, — TAHT€HIMAJIbHOE HAIIPSKEHUE CABUIa.

CYMMa BCCX COCTABJIAIOIINUX JACT OajaHC KOJIMYECTBa JABMKCHUS .

8S; (Trz |Z:0 Tz |z:h ) + SOPV02 ~SipVy” + SoFy=S,R =0. (56)

Pacnipeiesienne 4acTHON MPOM3BOIHON OV/OY B cexropuansHoM mauddysope ompene-
JUTCSI, KaK:
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() (7n)*(£5-?)
Y (X—lj+22£e 2Rero cos(nny) |+

(57)

© (_1 n+l (nn)’ ‘:37&2)
+224Z(_)2 1- 202+ 1204 e RS cos(nny).
Sy | ) ()

s Toro, 4ToObI BRIYMCIUTH O€3pa3MepHbIE CKOPOCTH CIIBHTa Ha IpaHUIAX KaHaua,
HaM JIOCTaTOYHO B BbIpaxkeHHe (57) nmojacraBuTh 3HaueHus ¥ =0 u y =1. B nepBom u3 3tux

cirydaeB Oe3pazMepHasi CKOPOCTh CIBUTA OIIPEICIIUTCS BEIPAKECHUEM:

(wn)*(&5-¢)

o Y ) e
ax x=0 2 n=1 (nn)
(58)
(nn)Z(iziiz)
224 & (-1)" 20 120 | omes
2 > |1- 2t 4
T =1 N (nn) (nn)
a BO BTOPOM CJIy4ae — BHIPOKEHUEM:
o 1 1_22 —(—2) o 2ReE _2_2242i2 B 202+ 1204 o 2Reih (59)
Nl 2 3 (mn) n° =n (mnn)”  (mn)

Mg BuamM, uto Beipaxkenus (58) u (59) He OyayT paBHBI 10 a0COIOTHOW BEIMYMHE, &
MO3TOMY NEpBBIN uiieH B O6anaHce (56) Mbl JOHKHBI 3aMTUCaTh B BUJIE:

. ov ov
03 (Trz 220~ Urzlp=n ) = —2mpr sin 0{5 Al ] dr. (60)
[Moacrasinss (60) B (56), mosaydnm cieayroliee BoIpakeHHe:
2
ZTcrhSinad—Pdr:—ZnurSina - dr+sz—O!r. (61)
dr 07|, Oz, 2nrehsino

U, mpoBons peneHre MpaBoil M JIEBOW YaCTH IMOCIIEIHEr0 PaBeHCTBAa Ha 2mursSinao,

j+ e (62)
z=h

21°rh?sin® o,

MBI [TOJTy4aeM:

ov

dP u[av v
z=0 oz

dr hlaz

BBIp@XXEHHE, OIpeAesIollee pacrnpeaeieHue O0e3pa3MepHOro rpaJueHTa JaBICHUS BIOJTb
cekTopuanbHOro aud@dysopa npu JaMUHAPHOM TEYECHUHU C YUETOM HAYaIHHOTO THAPOIAMHA-
MHUYECKOTO y4acTKa U HEOJTHOPOJHBIM MPOQHIeM CKOPOCTH HA BXOJI€ B KaHAI.
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Hcnonb3ys Oe3pa3MepHbie nepemenHbie (1), 3amuiinemM ypaBHEHHE, ONpPEICIIOIee
TpaaueHT JIaBJIeHUs B 0e3pa3MepHOM BH/IE:

dIr

drn g [ov ov
de

Re; S . (63)
e 0l Oxl

[TepBbrii unen B mpaBoil yacTu (63) sABIsSETCS AMHAMUYECKONH KOMIIOHEHTOW Oe3pas-
MEPHOTO TpaaueHTa JaBIICHUS; BTOPON WICH SIBIISCTCS JUCCHIIATUBHON €ro COCTaBIISIOICH.
Huterpupys (63) Brosb &, onpeaensieM pacupeaeiacHue 6e3pa3MepHOro JIaBJIeHUs B CEKTOPH-
anbHOM auddy3ope ¢ yd4eToM HadalbHOTO THIPOAMHAMHUYECKOTO y4acTKa W ¢ HEOAHOPOJ-
HBIM HayaJIbHBIM PACIpe/IeICHHEM CKOPOCTH TOTEPEK KaHaa:

2 g
() ==<Re,[1-| 2| |-[| 2 -2 e, (64)
2 &.- & aX x=0 aX x=1

JInisi BBIMTOJHEHHUS] BBIYMCICHUI BBIPAXKEHHE, CTOSAIIEEe B KPYIJIbIX CKOOKax B (64),
MO>KHO CTPYIIIIUPOBATH U 3aMKCaTh B BUJIE:

(nn)(5-2%)

Lo I 4iﬂe 2Rercfo 11+
oo Olmy nl (mn)

(65)
(nn)*(e5-¢?)
© 1_(—-1 n A S
2243 ( 2) ~ 202 .\ 1204 o 2ReiE
= (7n) (7n)”  (mn)
Tem caMbIM MBI IOJTYYUIIM pelieHue cHOpMyITHMpPOBAaHHON B MPEABIAYIIEM MTyHKTE 3a-

Jadqn C OIPCACIICHHUEM BCEX BaKHEUIITHX XapaKTCPUCTHUK TCYUCHUH, HeO6XOI[I/IMLIX I €ro
I[aJ'IBHeI\/JIIHGFO HCCIICOOBAHHNA U ITPOBCACHUA TCXHUYCCKUX paCYCTOB.

AHaJu3 Pa3BUTHS JAMHHAPHOTO TeUeHHs B ceKTopuaabHoM nuddy3ope ¢ Heoa-
HOPOJIHBIM NMpPo(duIeM CKOPOCTH HA BXO/e

B nmanHOM pasjene cTaThby MBI pACCMOTPUM, K KAaKHM OCOOCHHOCTSIM pacrpeaeiicHUs
OCHOBHBIX MapaMeTpoB JIaMUHAPHOTO (D PY30pHOTO TeUEHUS MOXKET MPUBECTH HEOAHOPOI-
HOE pacrpeeicHe Ipoduisi CKOPOCTH Ha BXOJIE B CEKTOPUATBHBINA KaHAII TIOCTOSTHHOMW IITH-
PUHBL.

B BriOpanHOM HayanbHOM pacmpeneneHuu ckopoctu (15) Ge3pasmepHas cKOpOCTh

AKHUJIKOCTH Ha CEPEIUHHON NMOBEPXHOCTU paBHA V¢ (&0,0.5) =1.3125, 9T0 HECKOIBKO MEHB-

1Ie, YeM 3HadyeHue 0e3pa3MepHON CKOPOCTH CTaOMIN3UPOBAHHOIO TE€UYEHUS B 3TOM TOYKE Ka-
HaJa, V(&O, 0.5) =1.5. T[loaTomMy B paccMaTpruBaeMoM CiIy4ae TeUEeHUs] CKOPOCTh KUAKOCTH Ha

CEpeIUHHOM MOBEPXHOCTH KaHaa Oy/IeT CTPEMHUThCS K CBOEMY CTa0MIM3UPOBAHHOMY 3HAUe-
HUIO CHU3Y, AaHAJIOTMYHO TOMY, KaK 3TO MPOUCXOAUT MPU MPOCTPAHCTBEHHO HEYCTAHOBHUB-
HIEMCS] TCYCHHUHU C OJTHOPOJIHBIM PacCIpe/e/ieHHeM CKOPOCTH Ha BXoJie B KaHai [1].

U ecnu Bocmons3oBathes npeayioxkenueM [Ipanaris 06 onpeneneHu JTMHBI Hadalb-
HOTO THUAPOJAMHAMUYECKOTO Y4acTKa, a B HAIIEeM CIIy4ae 3To OyJeT IJIMHA, HA KOTOPOW CKO-
POCTh KHJIKOCTH Ha CEPEIMHHOW MOBEpXHOCTH, T.e. Tipu ¥ = 0.5, mocturHer 99 % cBoero
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YCTAaHOBMBIIETOCS 3HAYEHHUs, TO Oe3pasMepHas KOOpAWHATA CTAOWMIM3AlMKA TEYEHUS IPH
Re; = 5 Oymer paBHa =10.165, 4T0 MpaKTHYECKU COBIIANAET CO 3HAUYECHUEM, KOTOPOE IaeT
H.T'

BBIpaXXCHUE, IoryueHHoe B [2] — (20).

Opnako, ucnonp3ys npemyiokenue [Ipanais, mpakTHUEeCKd HEBO3MOXKHO IMOJIYYHUTh
MPOCTOE BHIPAXKEHHUE ISl OIEHKM KOOPAWHATHI cradmim3anmu u3 pemeHus (48). Ho bl
BIIPaBE CJEJIaTh MOIBITKY HAMTH IPOCTOE BBIPAXKEHUE AJISl OLIEHKU KOOPAMHATHI, HA KOTOPOM
MPOUCXOJIUT CTAOMIIN3ANNS TEYCHUS TIPH PA3BUTHUU JIAMUHAPHOTO IU(PHY30pHOTO TCUCHHS B
CEKTOpUaIbHOM KaHaJIe IIOCTOSIHHON HIMPUHBI C TOMONIbIO penieHus (48), MOCKOJIbKY B ABYX
PACCMOTPEHHBIX CITydyasiX 3TO paclpeieieHue COBIAJIaeT Ha HEKOTOPOW KOOpIMWHATE CO CTa-
OWJIM3MPOBAHHBIM TEYCHUEM aHAJIOTMYHO peeHuio B [1].

UTOoOBI MOTYYUTHh IPOCTOE BHIPAKEHUE ISl OIICHKU BETUYMHBI KOOPIUHATHI CTAOUITH-
3allMM TE€YEHUs C TMOMOIIbI0 pemieHus (48), mpeamosiokuM, 4TO CTAOMIIM3AIUs TEUCHUS
HACTYIIAeT Ha TOM PACCTOSHUM OT BXOJla B KaHAJ, TJe MCU€3aeT BIUSHHUE PaCIpeleICHHUS
CKOPOCTH Ha Bxojie B KaHasl. OueBUHO, 3TO MPOU30MIET TaM, TJIe CYMMBI, BXOJISIINE B BbI-
paXeHHe, OTpELIIIoNIee pacipeaeiieHue 0e3pa3MepHoll CKOpocTH B KaHaie (48), cranyt
Onm3KuMU K HY10. Kaxxaplit ujieH cyMMUpyeMBbIX psiioB B BbipaxeHusx (48) u (49) conepxur
MHOKHTEIIb, PEICTABICHHBIA SKCIIOHEHTOM.

VIMEHHO 3TOT MHOKUTEIb

(nn)’(g5-¢7)

2Re; &, (66)

E()=e
crpemutcs k 0 pu yBeTu4eHUH O0e3pa3MepHON KOOPIMHATHI &,
Hpe,I[CTaBI/IM 3KCHOHCHTy B BUJC CYMMBI CTCIICHHOTI'O pslz[a H, CUuTasa Ojsd ﬂaaneﬁmeI‘i
OILICHKHN aprMeHT OKCIIOHCHTBhI MECHBIIIC €IUHHUIIBI, YTO BIIOJITHE paSyMHO B paCCManI/IBaeMI)IX
CHy‘IaﬂX TCUCHUA, U, OT6paCLIBaH B CYMMC YJIICHBI p;ma BBIIIIC HepBOFO, HOJ'Iy‘II/IMZ

e(nn)z (&5-¢°) i (nn)’ (&5 -&°) |
2Re; & 2Re¢ &

s Toro, yTOOBl CYyMMBI, BXOJSIINE B BBIpAKEHHE, ONpPEAEISIONIee pacipeaesieHue
CKOPOCTH, OBLIIM paBHBI HYJII0, HEOOXOIMMO, YTOOBI KaXbli UJI€H CyMMbI ObLI paBeH HYIIO,
MOCKOJIBKY C YBEJIMYEHUEM N UJIEeHbI YOBIBAIOT 110 aOCOIIOTHOM BEJTMUUHE.

[TpupaBauBas k HYO (67), MOTyYUM ypaBHEHHE:

2Rey &+ (mn)’ (65 &%) =0, (68)

OTKYJa HaXO0JAuM 6e3pa3MepHy}0 KOOpJAuHATy, Ha KOTOpOfI N-i 4ieH CYMMBGI B pacCMaTpuBac-
MBIX BBIPAKCHHAX CTAHOBUTCA PABHBIM HYJIIO:

(67)

&= [+ 20 Re, (69)
(7n)

Mbr BuguM u3 (69), 4To mpH yBeTHUeHHH N Ge3pasMepHas KOOPAMHATA & yMEHbIIa-
eTcs, ¥ MpH N — oo cTpeMUTcs K &o, a 3TO 03HAYaeT, YTO HauOoJIbIIee BIUSIHUE HAYaJIbHOTO
pacnpeseneHusi CKOPOCTH Ha AajbHEHINIee ee pacHpeseleHie BIOJIb TEYSHUS OKa3bIBaeTCs
yepe3 MepBbie WICHBl B CyMMaXx, T.e. 0e3pa3MepHasi KOOpAUHAaTa, Ha KOTOPOW MEpBBIN 4iIeH B
cyMMax pemnieHnid (48) craHeT OIM30K K HYITIO, sIBIseTCs HanOopmei. CienoBaTenbHo, o-
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garast B (69) N =1, mony4yuM BeIpak€HHE /IS TPHUOIMKEHHOTO BBIYMCICHHS Oe3pa3MepHOi
KOOPJMHATHI CTAOMIH3AIH TCYCHHUS:

) > 2Re
£, = a§+%Ref N P (70)

&y

3aMeTHM TaKXKe, YTO OTIMYHBI OT HYJS B cyMMax (48) 4jeHbl TOJNBKO C HEYETHBIMH
3HA4YEHUsAMH N. A B Te€X clly4asiX, KOIia BTOPOH YJIeH 0] 3HAKOM paJuKaia MeHble 1, T.e.:

2Re;

2
g

<1, (71)

BeIpakeHue (70) MOKHO YIIPOCTHTB, pa3jaras paJuKai B CTCTICHHOW psJl U peHeOperast cTe-
MICHSMU BBILLIE IIEPBOIA:

2Re;
Er =& I+ ——=&| 1 =&+ Ref’ (72)
g Tf io

H, IMOACTAaBJIAA 3HAYCHUEC JISI 7T, OKOHYATCIIbHO IMMOJIydacM:

£ =£,+0.101Re; . (73)

A cootHomenue (73) sIBISIETCs CIIpaBeIUBLIM, Kak cienyet u3 (71), mpu BbITOJIHE-
HUU YCIIOBUSA:

2
Re, < % £o=4.932,. (74)

[Tpu TeueHuu B cekTopHaibHOM AU(dy30pe MOCTOSHHON MUPUHBI, BHIOpAHHOM HAMHU
JUISL aHAJIM3a HAYaJIbHOTO THUIPOJIMHAMHYECKOTO Y4acTKa B HACTOSIIEH TriiaBe, COOTHOIICHUE

(73) cripaBennmBo mpu Re; <4.93. Ilpu nanpHeiinem aHanu3e IPOCTPAHCTBEHHO HEYCTAaHO-

BUBLIETOCS JJAMMUHAPHOTO TEUEHHsI MBI YBHJIUM, UYTO BbIpaskeHHE (73) OocTaeTcs crpaBeIu-
BbIM B OoJiee MIMPOKOM MHTEpBalie U3MEHEHus yrcen PeitHonbaca Rey.

Bripaxxenue (70) npu Rer = 5 npuoxur k Benmnuune &, =10.49, a (73) naer 3Haue-

Hue 10.5. Ilpu Rer = 50 koopanHaTa cTabMIN3alK, BBIYUCICHHAS HEMOCPEICTBEHHO U3 pac-
HpeJIeNIeHUs] CKOPOCTH cocTaBUT 3HaueHus &, . =14.0, a cootnomenus (70) u (73) npuBoasar

K BeanuuHaM 14.2 u 15.05 cOOTBETCTBEHHO. Hpn yucie Peitnonsaca Res = 100 B oGnactu te-
yeHus, npuierampomeil k rpanune y = 0, npu GopMuUpoBaHUM CTAOUIM3HMPOBAHHOTO IOTpa-
HUYHOTO CKOPOCTBH JKUAKOCTH CHadaja YMEHBIIAETCS, JOCTHTaeT CBOETO YCTAaHOBHBIIETOCS
3HAaYeHUs, HE3HAUUTENIbHO €ro MPEBBIIIAeT U yXKe 3aTeM BHU3 [0 TEYCHUIO CTPEMUTCS K 3aBU-
CUMOCTH, XapaKTepHOM Ui yCcTaHOBHBILIErocs TeueHus (puc. 4). B obnactu, npuneratomien k
rpaHuie y = 1, CKOpOCTb KUAKOCTH Cpa3y YMEHbINIAETCS BHU3 MO TEYEHUIO JJO CBOETO CTaOu-
JM3UPOBAHHOTO 3HAUeHHs (pHc. 4).

3nmech HEOOXOIMMO OTMETHUTh, YTO 00JACTh MOTOKA, B KOTOPOH CKOPOCThH KHIKOCTH
ObICTpee BCETOo JIOCTUTAET BEIMYMH, OJM3KUX K 3HAUEHHUSIM MPO(UIIs CKOPOCTH IpH CTaOMIH-
3UPOBaHHOM TEUCHHMH, HAXOIUTCS MEXKIy CEpEIMHHON IMOBEPXHOCThIO WM TpaHumed y =0
(puc. 4). A 3TO B CBOIO OuU€peb O3HAYAET, YTO NPU MPOCTPAHCTBEHHO HEYCTAHOBUBIIEMCS
TEUYEHUH, C y)KEe KaKUM-ITH00 00pazoM chopMHpOBaHHOM TPOQHIEM CKOPOCTH, TOTPAHUIHBII
CJIOI He pacnpocTpaHsieTcs, HauuHasi OT TPaHMIIBl U 3aT€M Ha BCIO IIUPUHY MOTOKA BHU3 TI0
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TE€YEHHIO, a MPO(UIL CKOPOCTH Cpa3y HauMHAET MepecTpauBaThCs MO BCel CBOEH LIMpPUHE.
Ho Bce-Taku Ha cepeqMHHON MOBEPXHOCTH KaHalla CTaOUITU3aIns CKOPOCTH KHUJIKOCTH B pac-
CMaTpHUBACMOM CJIydae HACTYyIMaeT B MOCIIEAHION odepeas (puc. 4).

Pucynok 4 — Pactipeienierne 6e3pa3MepHON CKOPOCTH YKHUIKOCTH BIIONIb TEUEHUS B CEKTOPHATHHOM
muddysope ¢ unciom Perinonsaca Rey = 100:
1 — 1751 HEOJHOPOAHOTO HAYAFHOTO pactpe/iesieH st CKopocTH (15); 2 — 11t TeYeHus ¢ yCTaHOBUB-
LIEMCS pacTpeieIeHUeM CKOPOCTH

31ech CKOPOCTh CHa4yajla HEMHOTO BO3pPAcTaeT, HO 3aTe€M HAUYWHAET CHIDKAThCS, OCTa-
BasICh MEHbIIIE CKOPOCTU CTAaOMIM3MPOBAHHOTO TedeHus (puc. 5). JlocTUrHYB cTaOMiIM3Upo-
BaHHOTO 3HAYECHHUS, CKOPOCTh KUIKOCTH, KaK U B paHEE PACCMOTPEHHBIX CIyYasx, PEBOCXO-
JIUT €T0 U yXKe CBEpXY CTPEMHTCS K 3aBUCUMOCTU CKOPOCTHU OT palMaIbHOW KOOPAMHATHI IPU
YCTaHOBHBIIEMCSI T€UeHUH (pHC. D).

bespasMepHas koopauHara ctabunuzanuu tedeHus npu Res = 100 paBna &, =21.8.

3HaueHUS & KOTOPBIC OAKOT HpI/I6J'II/DKeHHLIe BBIPpAXKCHUS, MMOJIYYCHHBIC U3 PCHICHUSA 3ajia-

H.I' ?
YM METOJIOM Pa3JIeNIeHUs] IEPEMEHHBIX, paBHbI COOTBEeTCTBEHHO &, =174 u &, =20.1 nna
Beipaxkenuit (70) u (73).

CaMo0 HavajgbHOE HEOJHOPOJHOE pacipeaesieHue Oe3pasmepHoii ckopoctu (15),
HECUMMETPUYHOE OTHOCHUTENIBHO CEPeAMHHON MOBEPXHOCTH KaHaja, YXKe 3aKia/bIBaeT Hepa-
BEHCTBO aOCOJIIOTHBIX 3HAa4YeHHWH Oe3pa3MEepHBIX CKOPOCTeH CABHWra Ha TpaHHIE KaHaja
(puc. 6). Eciiu B ciydae cTaOMIM3MPOBAHHOTO TEYSHHS WM B CIIydae NMPOCTPAHCTBEHHO He-
YCTaHOBHBIIETOCS TEUCHHS C OJHOPOJHBIM pacIpelleIeHHEM CKOPOCTH Ha BXOJIE€ B KaHAJ
pacnpezieneHusl Y Ha rpaHULAX OTIMYAIUCh TOJIBKO IO 3HAKY, a 10 MOJYNIO ObUIM PaBHBI,

TO B JJAaHHOM CJly4yae, 3Ha4Y€HHs] CKOPOCTEN CIBHUra Ha IPAHUIIAX KaHajla B €ro BXOJHOM Cpe3e
Haxoaum u3 (15):
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: (75)

w |

Yr (§0’0)=

7r(&,1)=-16. (76)

3HaueHUs] CKOPOCTEH CIBHTa HA TPAaHUIAX BXOJa B KaHAN OyIyT NEHCTBUTEIbHBI IS
BceX ymcen PeliHonb/Ica, 1 UMEHHO ¢ HUX Oy/IeT HAUMHATHCS M3MEHEHHE CKOPOCTEH CABHra
Ha TpaHUIAX KaHalla TPHU MPOCTPAHCTBEHHO HEYCTAHOBUBIIHMXCS JAMHHAPHBIX TCYCHHSX C
HEOJHOPOIHBIM HaYaabHBIM poduiaem ckopoctu (15).

3aMeTnM, 4TO pacmpezeneHre 0e3pa3MepHbIX CKOPOCTEH CIIBUTA B clyyae MPOCTpaH-
CTBEHHO HEYCTAHOBHBIIIETOCS TECUCHUS C yiKe CPOPMHUPOBAHHBIM MPOPHIEM CKOPOCTH, XOTS U
HECOOTBETCTBYIOIIEM CTAaOMIM3HPOBAHHOMY PACHpEACSICHHIO CKOPOCTH B pacCMaTpHUBaEMOM
KaHaJe, SIBJISIETCSl OoJiee IMOJIOTUM, YeM paclpelleiecHue B clydyae TEUYCHHUS C OJHOPOJHBIM
HaAyYaJIbHBIM pacrpeieicHueM ckopoctd [1]. DTO MOHATHO, MOTOMY YTO HPU OJHOPOTHOM

pacupeaciiCHUU CKOpOCTCﬁ |’YF| HAaYMHACT YMCHBIIATHCS IMPAKTHYCCKU OT °O, a4 IIPU HEOAHO-

pOIHOM HavanbHOM pactipeneneHuu (15) ot momyns Benuuunsl (75) u (76), COOTBETCTBEHHO
JUISL CBOEHM TPAHULIBI.

Ha rpanwuie y = 0 npo¢uiib CKOpocTH 00Jjiee MOJIOTUH, YeM MPU CTAOMITHM3UPOBAHHOM
TedeHUHU (puc. 4), 103TOMY Ha 3TOH rpaHulie U Oe3pasMepHas CKOPOCTb CABUIa MO abCOJIIOT-
HOU BEJIMYMHE MCHBIIIE, YeM B Cllydae YCTaHOBUBIIErocs tedenus (puc. 6). Ha rpanune y = 1,
rae npoduib CKOpocTH Oojiee KpyTod B Hauane TedeHus (puc. 4), O6e3pazMepHasi CKOPOCTh
c/IBHTA 1O a0COJIIOTHOW BeMM4YHMHE 00JIbIIe aO0COMOTHONW BEIIMYMHBI O€3pa3MEepHOIl CKOPOCTH
C/IBUTa CTAOMJIM3UPOBAHHOTO TECUYCHUSI.

Jlanee BHHM3 IO TEUEHUIO pacupeesieHne 0e3pa3MepHOl CKOPOCTH CIBHUTA HA TPAaHUIIE
¥ = 0 yBeIMuuBaeTcs 1Mo abCONOTHOM BemunHe (prc. 6) 3a cUeT TOro, 4To B IpUJICTAIONICH K
9TOW TpaHWIle O0JIACTH TeYCHHs] NPO(UIL CKOPOCTH CTAaHOBHTCS O0Jiee HAIOJHECHHBIM
(puc. 4), mocTUraet CBOEro MakCMMyMa Ha HEKOTOPOM PACCTOSHUM OT BXOJIa B KaHAI U 3aTEM
HAUYMHAET YMEHBIIATHCS, B OCHOBHOM YX€ 3a CYET YMEHBIICHHUS CPEIHEH MO IUIOMAN MOoTIe-
PEYHOI'0 CEYEHUsI CKOPOCTU KUAKOCTH (pHc. 4). 3aMeTHM, YTO CPeIHssl MO IUIOMIA N Tome-
PEYHOTO CeYEeHHUsI KaHala CKOPOCTh HE 3aBHCHUT OT MPOQWIS CKOPOCTH B CEYCHHH, U B 0€3-
pa3MepHOM BUJIE SIBJISCTCSI TEOMETPHUECKOM XapakTepucTukon kanana (17).

TakuM o00pa3oM, 3aBUCUMOCTH ‘y(&)‘
Re; = 100.
B Havane Tedenus, koraa BOIM3U rpaHuibl y = 0 mpoduias CKOpOCTH CTAaHOBUTCS 00-

Jlee HaloJIHEHHBIM, Yy TPaHUIbl ) = | ero HaloJHEeHHOCTh yMeHbInaeTcs (puc. 4), a 3To npu-
BOJUT K YMEHbBILIEHUIO a0COITIOTHON BEIMUYMHBI Oe3pa3MepHON CKOPOCTH CABUIA HA I'PaHULE

0 SBJISIETCA SBHO HEMOHOTOHHOM npu
X:

KaHana (puc. 6), T.e. 3aBUCUMOCTb ‘y(i)‘ | AABJIACTCS MOHOTOHHO yobiBatouieil. Ho ¢ yBenu-
X:

YeHHEM uucia PeliHomnbaca Mpu JOCTHKEHUH CKOPOCTU Ha CEPEINHHON MOBEPXHOCTH KaHaila
CBOEr0 3HAYEHMsI JJIsl CTAOMJIM3UPOBAHHOIO TEUEHMS 32 CUET MHEPLHUOHHBIX CBOMCTB MOTOK
KUJKOCTH B LIEHTPAJIBHOM YacCTH KaHajla HE YCIEBAET 3aMEJIUTHCS, KaK 3TO IPOUCX OUT IIpU
MOJIHOCTBIO Pa3BUTHIX NMOTPAHUYHBIX CIOSIX B TEUEHUHU JKUIKOCTH. [l03TOMY IpH CylIecTBEH-
HBIX yhcliaXx Ref cymiecTByeT oTpe30K KaHaja, IJIe CKOPOCTh KUAKOCTH B LIEHTPAIBHON YacTh
BbIIIIE, YEM B CTAOMJIM3UPOBAHHOM MOTOKE (PHUC. D), @ 3TO MPUBOJIUT K HECKOJIBKO 00Jiee BBI-
TSAHYTOMY IPOQHIII0 CKOPOCTH, U, KaK CIEICTBUE, K MEHBIINM a0COIIOTHBIM 3HAYEHUSIM CKO-
pocTeil clBUra Ha IpaHUIaX KaHajla 10 CPaBHEHUIO CO 3HAUYEHUSMHU CKOPOCTEH cIBura Ha
rpaHMIaX KaHaja B Cly4ae CTaOMIM3UPOBAHHOTO TeueHus (puc. 6).
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Pucynok 5 — Pacnipenenenne 6e3pa3mepHOii CKO-
POCTH Ha CEpPEeJMHHON OBEPXHOCTH CEKTOPHAITB-
Horo muddy3opa Ipy IaMUHAPHOM TEYSHHUU C
Re; = 100: 1 — qy1st HEOTHOPOTHOTO HAYAITEHOTO
pacrpeneneHust CKOPOCTH Ha BXOJI€ B KaHAIl
(20.168); 2 — my1st yCTaHOBHUBILIETOCS TEUCHHUST;

10 15 20 25 30 30

o

Pucynok 6 — Pactipenenenne 6e3pa3mepHOi
CKOpPOCTHU CABHI'a HAa I'paHHIIaX CECKTOPUAJIbHOT'O
nmuddy3opa npu TaMHHAPHOM TEYSHUU C YHC-
nom Petinonpaca Res = 100: 1 — na rpanutie
¥ = 0 B yCIIOBUSX pa3BHBAIOIIETOCS TEYCHUS
IPY HEOJHOPOIHOM HAaYaIbHOM PacHpeeICHUN

3 — OTHOCHTENFHOE OTKJIOHEHHE pacIipeneneHus |
OT pacrpeieneHus 2

CKOPOCTH ITOTIEPEK KaHaia; 2 — Ha TPaHHUIIE Ka-
Hana y = 0 mpu yCTaHOBUBIIEMCS TCUCHUH;
3 — pacnpenenenue MOAyIIsl Oe3pa3MepHOi CKo-
pOCTH C/IBUTa Ha TpaHuIe ¥ = 1 MpH TEYEHUH C
HEOIHOPOIHBIM HAaYaIbHBIM pacrpeieIeHUeM
CKOPOCTH

Panee Mbl BBIUMCIIHIIN, YTO TUCCUNIATHBHAS COCTABIISIIONIAsS O€3pa3MepHOro rpaleHTa
JTABJICHUSI SIBIIIETCS CYMMOM MoJlyJiel Oe3pa3MepHbIX CKOPOCTEH clIBUra Ha rpaHuIaX KaHaua,
B3TOM C OTpULIATENBHBIM 3HAKOM. DTO CHPaBEMJIMBO KaK Ul MPOCTPAHCTBEHHO HEYCTaHO-
BUBIIETOCs Te4eHus (63), Tak U I CTaOMIN3NPOBAHHOTO TedueHus. M mosromy Bce 0coOeH-
HOCTH paclpeesieHusl CKOPOCTeH clIBUTa Ha rpaHUIaxX KaHaia OyayT MPUCYTCTBOBAaTh B pac-
npeeNIeHHH JUCCUTIATUBHBIX KOMITOHEHT 0e3pa3MepHOro IpaJiueHTa JaBJICHUSI.

B nauane Tteuenus c umcnom Peitnonpaca Rer =100 u HeogHOpOIHBIM TpoduiIeM
CKOPOCTH Ha BXOJI€ B KaHAJl CyMMa MOJyJIe CKOPOCTEH CIBUTa Ha TrpaHHUIlaX OOJbIIe, YeM
pU CTaOMJIM3UPOBAHHOM TEUEHHUH, MOITOMY 371€Ch OOJbIIE U MOAYNb AUCCUIATUBHOM CO-
CTaBISIONICH TpPAJMEHTa JABJICHUS Yy TMPOCTPAHCTBEHHO HEYCTAHOBHBILIETOCS TEUYCHUS
(puc. 7). [lanee BHU3 1O TEYEHUIO B COOTBETCTBHU C paclpe/ie]IeHneM CKOPOCTEH CBUTa Ha
rpaHuLaX KaHajaa MOJyJIb IMCCUIIATUBHOM COCTaBISIOLIEH Oe3pa3MepHOro rpaueHTa AaBiie-
HUS JUIS IPOCTPAHCTBEHHO HEYCTAHOBMBILIETOCS TEUEHHs] CTAHOBUTCS MEHbIIE, YeM JUIs CTa-
OMITM3MPOBAHHOTO TEUCHHUS U MPHOIIKACTCS K HEMY NP CTaOMIIM3AIK TEYEHUS CBEPXY.

[Tockonbky TuHaAMHUYEcKast COCTaBIIsAONIas Oe3pa3MEepPHOTo IpaJueHTa AaBICHHS TOJI-
HOCTBIO OmpesensieTcs: 0e3pa3MepHOi cpeHel Mo IUIOIIA U MOBEPXHOCTH MONEPEYHOro ce-
YeHHUsl KaHalla CKOPOCThIO, TO OHAa OJMHAKOBA Kak JJIs pacueTa 0e3pa3MepHOro rpajueHTa B
NIPOCTPAHCTBEHHO HEycTaHOBHBINEMcs TedeHHU (63), Tak W B cilydae CTaOMIM3UPOBAHHOTO
teuenus [9]. A 3T0 03HAYaAET, YTO K OTPHUIIATSIHHBIMUA 3HAYCHUSMH JIMCCUITATHBHON COCTaB-
Jstromiedt 6e3pa3MepHOro AaBleHHsT OyIeT CyMMHUPOBATbCS IOJIOKUTENbHAS IMHAMUYecKast
cocrapistomas, kotopas npu Rer = 100 mproOpeTaeT yxe CymecTBEHHOE 3HaUYCHUE BOIH3U
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BXOJIa B cekTopaibHbIi auddy3op. [1o abconroTHOI BenrMunHe TUHAMAYECKAst COCTaBIISIOIIAs
eIIe MEHBIIIE MOJIYJIS JUCCHITATUBHBIX COCTABISIONIUX, TIOITOMY B 000MX ciydasx Oe3pas-
MEPHBIN TpagueHT OyaeT OTpHUIaTeIbHbIH (puc. 8).

L L 1 1 1 1 1 | 1

10 i5 20 25 30 35 g 10 15 20 25 30 35 g
Pucynok 7 — Pacnipenenenvie BIoIb JIaMUHAP- Pucynoxk 8 — Pacnipenenenne BIoIbs TaMUHAP-
Horo audyzoproro teueHus ¢ Res = 100 B cek- Horo audyzoproro teueHus ¢ Res = 100 B
TOPHAJILHOM KaHajle HOCTOSHHOM IIMPUHBI TUC- CEKTOPHAIILHOM KaHaJle TIOCTOSHHON IIUPUHBI
CHUITATUBHOH COCTaBIIAIOLIEH Oe3pa3MepHOro 0e3pa3MepHOro rpagueHTa JaBICHUS:
rpajgueHTa AaBjieHus: 1 — BBIYUCICHHOM s 1 — BBIYHCIICHHOTO AJISl TEUYEHHUSI C Y4eTOM
TE€YEeHHS C YYETOM HauyalbHOTO THAPOJUHAMHU- HAYaJIbHOTO THIPOAMHAMUYECKOI0 yYacTKa
YECKOI'0 yJacTKa IIpH HEOAHOPOIHOM Hadajlb- [IPY HEOAHOPOJHOM Ha4YaJIbHOM paciipesene-
HOM pPacHpeieIeHUu CKOPOCTH; 2 — ISl TeUEHUS HUH CKOPOCTH; 2 — ISl TCUEHHS C YCTaHO-
C YCTaHOBHBLIEMCS IPO(UIEM CKOPOCTH BUBIIEMCS IPO(UIEM CKOPOCTU

Bonpimas BennmunHa JUHAMHYECKOW KOMIIOHEHTHI O€3pa3MEepHOTO TIpaJvueHTa JaBjie-
HUS IPUBOJUT K TOMY, YTO IPAJUEHT JaBIEHUS PU CTa0MIM3UPOBAHHOM TEYEHHUH CTall SBHO
BBIpQXCHHOW HEMOHOTOHHOW (yHkIueil ot § (puc. 8). Bo3HUKHOBEHHE M XapaKTep TaKUX
byHkIwmii uccnenoBan aBropoM B [9]. Ho 3TOT rpaaueHT emie Ha BCell [IMHE KaHaIa MPHHH-

dI1(§)

MaeT TOJbKO OTpHUIATENbHbIE 3HAU€HUsA. A BOT QYHKIUS d—ﬁ B CJIy4ae MPOCTPAHCTBEHHO

HEYCTaHOBMBIIIETOCS TEUEHUS], PACCMaTPUBAEMOM Celuac, UIMEET JBa JIOKAJIbHBIX IKCTpEMyMa
(puc. 8).

B Havane TeueHus, rie AMCCUIATUBHAs COCTaBIISAOLIas Oe3pa3MEpHOro rpajJueHTa
npeobiaaeT HajJ JMHAMHYECKON €ro COCTaBISIONIEH B OCHOBHOM 3a CUeT 3HaueHui Oe3pas-
MEpHOW CKOpPOCTH cJIBUTra Ha rpanunie y =1 (puc.6) Oe3pasmMepHbIi I'paAUEHT MPOCTpaH-
CTBEHHO HEYCTAaHOBHBIIETocs TeueHHs sBisieTcs pactyumeil ¢ynknuei. C yBennueHueM &

3HA4YCHUC d_ YMCHBIIACTCA KaK 3a CUCT YMCHBIICHUA MOOYJIA I[HCCHHaTI/IBHOﬁ €ro CoCraB-

astonieit (puc. 7), Tak M 3a cUeT YMEHBIICHHUs JUHAMUYECKOM coctapmstomieit (63). Ha Heko-
TOPOM PACCTOSSHHM OT BXOJIa JIMHAMUYECKas COCTABJISIFOIIASl CTAHOBUTCS HAMHOTO MECHBIIE
MOJyJIsl JUCCHUITATUBHOW COCTABIISIONICH Oe3pa3MepHOro TpaJreHTa MABJICHUS U TIOITOMY
Oe3pa3MepHBI TPAJMCHT JTaBJICHHS, OCTaBasCh OTPHUIATCIIEHBIM, HAYMHACT YBEIUIHBATHCS
10 a0COJIFOTHON BEJTMYHMHE BJIOJIb & . DTO W MPHBOJIUT K MOSBICHHUIO JOKATHHOTO MaKCHMyMa

dI1(&)

B pacrpeieneHun T B ClTydae MPOCTPAHCTBEHHO HEYCTAHOBUBIIETOCS TeUeHuUs (puc. 8).
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Jlaniee BHM3 10 TEUEHHUIO MPOUCXOAUT YMEHbBIICHUE MOAYIISI O€3pa3MEepHOTo IrpaIueH-
Ta JaBJICHHS yXe BCJIEJCTBHE YMEHBIICHHS BEIMYHMHBI CPEJHEH MO IUIOMIAJU MOIEPEUHOrO
CEYeHHUs KaHaja CKOPOCTU TEUEHHUS KHUAKOCTU. ITO MPUBOJUT KaK K YMEHBIICHUIO TUHAMHU-
YEeCKOW COCTaBIISIONIEH Oe3pa3MepHOro rpaJueHTa IaBJIeHHs, TaK, OYeBUIHO, U K YMEHBIIIE-
HUIO a0COJIOTHBIX BEJIMYMH CKOPOCTEH CABHUra Ha CTEHKaX KaHaya, MOCKOJBKY 3/IeCh y>Ke IMO-
IpaHUYHBIC CJIOW BOJIHM3M TPaHMIl KaHajla MOJHOCThIO chOPMUPOBAHBI. A 3TO BeleT K YMEHb-
HIEHUIO a0COJIFOTHOM BEIMYMHBI TUCCUIATUBHOM KOMIIOHEHTHI Oe3pa3MepHOro rpagueHTa
JABJICHUSI, T.€. TPAIMEHT JABJICHUS OMSTh CTAHOBUTCA Bo3pacTraroueil pynkuuen &, U, B KO-
HEYHOM pe3yibTare, GOpMUPYETCs JIOKaIbHBI MUHUMYM B 3aBUCUMOCTHU dH—(E“') (8).

dg

[Tpu 3TOM, Tak)Ke Kak U B paHEe PACCMOTPEHHBIX CIIydasx TCUEHHs, HAUMHAasi C HEKO-
TOPOTO PAacCTOSHUA OT BXOJla B KaHAJI MOJYJIb I'PaJUeHTa JaBJICHUS B MIPOCTPAHCTBEHHO He-
YCTAHOBUBILIEMCS TEUYCHHHM MEHBIIE MOJIYNS TPaJueHTa JaBJICHHUS CTaOMIN3UPOBAHHOTO Te-
yenust (puc. 8). [IpyunHbI TaKOTO COOTHOIIEHUSI BEIWYMHBI TPAJIMEHTOB JABJICHUS MBI pac-
CMOTpEJH paHee ¥ OHH, KaK BUIAHO U3 PUCYHKE 4, HE N3MEHWIUCH.

be3pasmepHoe naBieHHe TOIBKO B Hadaje TEUEHHUS HAa y4acTKe THMAPOJIMHAMUYECKON
CTa0MIIN3alMU WU3MEHSETCS MHTEHCHBHEE, YeM B THAPOJUHAMUYECKH CTAOMIM3UPOBAHHOM
tedeHuu (puc. 9). I mockonbKy Ha HEKOTOPOM PACCTOSTHUH OT BXOJa B KaHal MOJYJb FPau-
€HTa B MPOCTPAHCTBEHHO HEYCTAHOBUBIIEMCS TEUCHHH CTAHOBHUTCS MEHbBILIE, Y€M MOIYIIb
rpagueHTa CTa0MIN3UPOBAaHHOTO TEYCHHUsI, Mepernajl AaBJIeHUs BIOJb TEYCHUS C HEOIHOPO-
HBIM TPO(HIIEM CKOPOCTH CTAaHOBUTCS MEHBIIE, YeM Mepernaja AaBlIeHHs B CTaOMIM3HPOBaH-
HoM TeueHuH (puc. 9). Ho npu Re; = 100 pa3HOCTh B pacnpeaeieHnu 0e3pa3MepHbIX JaBiie-
HUH, NpeJCTaBIEHHBIX Ha pucyHke 20.87, ele He3HAUUTEIbHA U B TEXHUYECKUX pacuerax ero
MO>KHO MpeHeOpeyb. ITO 03HAYaeT, YTO IPU pacueTe nepernaja AaBIeHUus] B COOCHOM KOHHYe-
ckoMm nuddysope ¢ reomerpueii, n3o0pakeHHOW Ha pucyHke 2 ipu Re; = 100, MOXHO TOJTb-
30BaThCSl 3aBUCHMOCTSAMH MOJYYECHHBIMU U CTaOMIM3MpOBaHHOrO TeueHus [9], T.e. Oe3
ydeTa BXOJIOBBIX MOINpaBok [3].

n T T T
-20 L 1 3 |
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2
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-100 [ 4
I L I 1 I
10 15 20 25 30 35 13

Pucynok 9 — Pacnipenenenune Brons namuHapHoro andgysopraoro teuenus ¢ Res = 100 B cekropu-
ANBHOM KaHaJle TOCTOSIHHOW IUPUHBI 0€3pa3MepHOTro JIaBJieHus: | — BBIYUCIEHHOTO JUIS TCUCHUS
C Y4E€TOM HayaJbHOT'O THAPOAMHAMHUYECKOTO YHaCTKa [IPH HEOAHOPOJHOM Ha4aJIbHOM paciipesie-
JICHUW CKOPOCTH; 2 — AJIsl TEUEHUSI C YCTAaHOBUBIIEMCS IPOQHIIEM CKOPOCTH; 3 — OTHOCUTEIIEHOE

OTKJIOHEHHE pacripeienieHus 1 oT pacnpenesneHus 2

VBennuenne umucna PeitHosbaca no 3HadeHus paBHO 200 NMpUBOIUT K TOMY, YTO
HECUMMETPUYHBIN MPO(pUIb CKOPOCTH COXPAHSAETCS Ha pacCTOSIHUU nopsiaka 25—-30 3HaueHui
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mmpuHbl. KoopauHaTta TuapoiMHAMHUYECKOW CTaOWIIM3aluy, OLIEHEHHAs M0 PacIpeICIICHUI0
0e3pa3MepHBIX CKOPOCTEH Ha CEpeMHHON MOBEPXHOCTH KaHana, paBHa &, . =32.7. Ilpu-

ommkenHoe Boipaxenue (70) B jaHHOM citydae naet 3Hauenue &, . = 20.5. Jlyumee npubiu-

H.I'
xenue aaet poipaxenue (73) — 30.2.

C poctom uncna PeiiHonbca yBenuuMBaeTcsl BIMSAHUE MHEPLIMOHHBIX CBOWCTB Teue-
HUS, YTO U TMPUBOJIUT K YBEITUYEHUIO JJIMHBI HAYaJIbHOTO THAPOJMHAMUYECKOTO YJacTKa, Ha
KOTOPOM IPO(UIIb CKOPOCTH COXPAHAET HECUMMETPUYHOCTh OTHOCUTENIBHO CEPEAMHHON 10-
BEPXHOCTH KaHana. [Ipu 3TOM cpenHssi CKOPOCTh KUKOCTH YMEHBIIAETCS BIOJIb TEUCHHUS, U
BCJIEJICTBME MHEPLMOHHOCTH TEUEHMsI BOJIM3M BHYTPEHHEW IpaHMIbl KaHajla Ha HEKOTOPOM
OTpE3KE COXpaHSIETCsl HauOOJbIlas B IONEPEYHOM CEUYEHUHU KaHana cKopocTh. [loaTomy Ha
HAyaJIbHOM JTalle TEYEHUs MMEHHO BOJM3U BHYTPEHHEH MOBEPXHOCTH IPOTEKAeT OoJibllas
YacTh JKUAKOCTH, BO BCSKOM CIIydae, pacxo] >KUAKOCTH BOJM3M BHYTPEHHEH MOBEPXHOCTH
Oosblie, yeM Ipu NapadoIMUECKOM paclpeieeHun CKopocTh. M mocKonbKy B JII0OOM Iorie-
PEYHOM CeueHHMH KaHala JIOJDKHO BBIOJHITHCS YCIOBHE MOCTOSHCTBA pacxoza (8), To u3-3a
TOT0, YTO Y BHYTpPEHHEH rpaHulibl (Y = 1) KaHaja CKOPOCTh OKa3bIBACTCA 3aBbIIIEHHON, BOJIU-
31 BHyTpeHHel rpanuiibl (y = 0), CKOPOCTh )KUJKOCTH IpU OONBLINX 3HAaUeHUsX Rer B Hauane
KaHaJla CriepBa yMEHBINACTCS, a 3aTeM, COBMECTHO CO cTabuim3amnueid mpopuis CKOPOCTH y
BHYTPEHHEH IPaHULbl, CTPEMUTCS K CBOEMY YCTAaHOBUBLIEMYCSI paclpeieIeHUIO CHU3Y.

VYBenuuenue uucna Perinonsaca 10 1000 BHOCUT KayeCTBEHHOE U3MEHEHHUE B pacIipe-
JIeJIeHHE CKOPOCTH >KUIKOCTH B CEKTOpaIbHOM Tuddy3ope.

B stom ciyuyae oGnacte ¢ MakCUMalbHBIMU 3HAYEHHMSIMH CKOPOCTHU KMJIKOCTH pac-
IPOCTPaHsIETCs] Ha 3HAUYUTENIBHOE paccTOsIHME OT BXoja B KaHai (puc. 10), rae yBenuyeHue
MOBEPXHOCTHU MONEPEYHOr0 CEYEHUs KaHaja y)Ke CylulecTBeHHO. [Ipu 3Tom yBenuuuBaercs u
IOBEPXHOCTh MONEPEYHOI0 CEUEHUs], yepe3 KOTOPYIO MPOTEKAeT MOTOK JKUIKOCTU C MAaKCH-
MaJIbHBIMU CKOPOCTSIMH, T.€. YBEJIIMYMBAECTCS PACXO/] )KUJKOCTH Yepe3 MOBEPXHOCTh, JOKAIU-
30BaHHYIO B 00JIaCTM MaKCUMAaJIbHBIX 3HaYCHUH B pacupenesneHuu ckopocTH. s toro, uro-
OBl MoAJepKaTh 3[1€Ch YBEJIUYEHHUE pacxoja, BOIM3M rpaHulbl ) = 0 BO3HMKAeT BO3BPaTHOE
teuenue (puc. 10). Ha pucynke BujHa 001acTh KaHalla ¢ OTPUIIATEIHHBIMA 3HAYCHUSMHU CKO-
pocTH. DTOro TpedyeT U YCIOBUE MOCTOSHCTBA pacXoa. TOJbKO B TAKOM CIy4ae OHO MOXKET
OBITH BBITIOJTHEHO.

[TosToMy, B maHHOM ciy4ae TedeHHs Oe3pa3MepHas CKOPOCTh CIBUIa Ha T'PaHUIE
¥ = 0 Ha HEKOTOPOM PaCCTOSHUH OT BXOJla CTAHOBUTCS paBHOM Hy:mto (puc. 11). Ha atoit iu-
HUH BHEITHEHW TPaHUIBI KaHAIa MPOUCXOANUT OTPBIB MIOTPAHUYHOTO CJIOS U Jajiee BHHU3 1O Te-
4yeHuIo (GopMupyercs 00JacTb BUXPEBOTO JBM)KEHHUS C BO3BPATHBIM TE€UEHHEM BOJIM3U Ipa-
Hutp y = 0.

[ToHATHO, YTO B OTPHIBHBIX TEUEHMUAX YPABHEHUS MOTPAHUYHOTO CJOs HE paboTaroT.
Ho B Hamem cinydae Ha OJTHOM M3 T'PaHULl y KaHAJIA IOTPAHUYHBIN CIIOM HE HapyIIaeTcs, a B
LIEJIOM JUIs TTOTOKA JKMJKOCTH 4epe3 MONEepeyHOe CeYeHHE KaHalla JMHAMHUYEcKasi COCTaBIIs-
I01[asl U3MEHEHUsI JaBJICHUS BCIEACTBHE TeopeMbl bepHymnu noimxkHa OBITH ClpaBeAIMBOM.
Panee MbI Buzenu, uro yxe npu Ref = 500 B Havane kaHaia npeobagaeT XxapakTepHasi HHep-
nuoHHas cuia. [loaToMy MOXXKHO OBUIO XOTS OBl KQUeCTBEHHO PAacCCMOTPETh XapakTep H3Me-
HEHMs 6e3pa3MepHOro JaBJIeHUS U €ro IpaJueHTa BAOJIb MPOCTPAHCTBEHHO HEYCTaHOBUBIIIE-
rocs TedeHus. Ho B JaHHOM cilydae HHTEpecHee MPOaHaIM3UPOBATh YCIOBHS BOSHUKHOBEHUS
OTpBIBA OTPAHUYHOTO CJIOS ¥ BO3BPATHOT'O T€UEHHUS C MTOMOILBIO UCIOIb30BAHHOM HAMU MO-
JIEJIA MTPOCTPAHCTBEHHO HEYCTAaHOBUBILIETOCS TEUECHHUS.
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Pucynoxk 10 — Pacnipenenenue 6e3pa3zMepHOi CKOPOCTH JKUIKOCTH BAOIh TEUCHHUS B CEKTOPHUAITEHOM
muddysope ¢ yuciom Perinonbaca Res = 1000: 1 — my1st HEOTHOPOIHOTO HAYAILHOTO PaCIpPeaCICHHS
ckopoctH (15); 2 — st TeUeHHsI ¢ yCTAaHOBHUBIIIEMCS PACTIPEIEIIEHHEM CKOPOCTH

3a nuHUEeN OTphIBa MOTPAHUYHOTO cliosi hopMuUpyeTcsi 00IacTh C BO3BPAaTHBIM Tede-
HUeM. B HamOonee pa3BUTOM MeCTE TOJIIMHA OOJIACTH C BO3BPATHBIM TEYCHUEM IPHU
Res = 1000 ne npeBocxoaut 0.1 mMpUHBI KaHAA.

JIyist TaHHO¥ TeOMETPHH KaHaJIa ¥ Ha4aJbHOTO PacHpeIeIICHUs] CKOPOCTH, OIpeesie-
Moro BelpaxkeHueM (15), oTpbIB MOrpaHUYHOrO CJI0s OT TpaHuIbl ¥ = 0 MPOUCXOAUT MPH YKC-
nax PeiiHONb/ICa, COCTABIAIONINX BeMn4nuHy nopsiaka Res = 600 (puc. 12).

YBenuueHnue unciia PeliHobica CABUTACT JIMHUIO OTPHIBA TIOTPAHUYHOTO CIIOS OJIFKE
K BXxo1y B kKaHan (puc. 12). Bmecte ¢ TeM Mbl BuAMM, 4TO JUIs yncen PeifHombaca, 60mbIImx
600, uaTepBan U3MEHEHHs Oe3pa3MepHON paauaNbHON KOOPAUHATHL &, HA KOTOPOM (GOpMU-

pyeTcsi BO3BpaTHOE TEYCHHUE, SIBISETCS KOHEYHBIM, a 3TO O3HAYaeT, YTO C YMEHBIICHUEM
CpeIHell 1o TUIOMIAJM IONEPEYHOTO CEYEHHs CKOPOCTH BJIOJH KaHala, BOCCTAHABINBACTCS
OJTHOHAITPABJICHHOE TEYEHUE KHUKOCTH.

3amMeTHM TakXke, 4TO 00JIacTh KaHala, Ha KOTOPOH MOKET HaOJOJAThCsl BO3BPATHOE
JIBIDKEHUE JKUAKOCTH, C YBEJMUEHHEM 4dncia PeifHombaca yBennunBaeTcs Kak BBEPX, TaK W
BHH3 110 TeueHuto (puc. 12).

3aki0ueHue

B HacTosmiel paGote BhepBble pelleHa 3ajJadya pa3BUTHs JJAMHUHAPHOTO TEUCHMS B
ceKkTopuaibHOM U dy30pe MOCTOSHHON MIMPUHBI ¢ HEOJAHOPOIHBIM MPO(UIEM CKOPOCTH
KHUJIKOCTH Ha BXOJIE B KaHaJ.

[ToxazaHno, 4To I OLIEHKH O€3pa3MepHON KOOPAMHATBHI CTAOMIM3AIMKA MPOCTPaH-
CTBEHHO HEYCTaHOBMBILEIOCs TeUeHHs B TNpeAenax H3MeHeHus uucia PeifHonbaca
0 <Ref <50 MOXHO HCHONB30BaTh BhIpaxkeHus u3 [2], a npu umciax PeitHonbaca Rer >50
HE0OXO0AMMO UCHONIB30BaTh IS OLEHKH &, . BbIpaxkeHue (73).
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Pucynok 11 — Pacnipenenenue Oe3pa3mepHoit

CKOPOCTH CIIBUTA Ha TPAHUIAX CEKTOPHUATBHOTO 10 15 20 25 30 35 g
nudy3opa npu JaMUHAPHOM TECUCHUH C YHC-
nom Peitnonbaca Re; = 1000: 1 — Ha rpanmuIe Pucynok 12 — Pacnipenienenue BaOJIb JaAMHUHAPHOTO
¥ = 0 B yCTIOBUSIX pa3BUBAIOIIETOCS TCUCHUS 1 Qy30pHOrO TEUCHIS B CCKTOPHAIILHOM KaHaIe
MIPU HEOTHOPOTHOM Ha4aJIbHOM pacIpeserne- 6e3pa3MepHOil CKOPOCTH CIBHIa Ha IPAHHIE
HUM CKOPOCTH TMOTIepeK KaHana; 2 — Ha rpanune X = 0 — CIUIOMIHbBIC JIMHIH 1 MOZYJIs 6e3pasMepHO
kaHaia y, = ( mpu yCTaHOBUBIIEMCSI TEUCHUH; CKOPOCTH C/[BUT'a HA TpaHulie ¥, = 1 — mrpuxoBbie
3- pacnpeneireHne MOyt 6e3pagMepH0f/j JuHun: 1 — JJI1 TCYCHUA CO CTa6I/IJ'II/I3I/IpOBaHHLIM
CKOPOCTH CIIBHTa HA TPaHULIE ¥ = 1 [pU Teue- HpO(bI/IHCM CKOpOCTH,; 2— AJ1 TCYCHHS C HEPAaBHO-
HUU C HEOTHOPOIHBIM Ha4yaJIbHBIM pacrpese- MEpPHBIM PACIpEACICHUCM CKOPOCTH Ha BXOJC B
JICHHEM CKOPOCTH kaHan u Re; = 600; 3 — Re; = 800; 4 — Re; = 1000;
5 —Ref = 2000

OTMeTUM TaKke, YTO TIPH ONPEIEIICHNUHN JABJICHHS B COOCHBIX KOHUYECKHX TUPdy30-
pax, mepeja TEYeHUEM B KOTOPBIX JKUJIKOCTh IPOXOJUT Yepe3 APYrue KOAKCUAIbHbIE KaHalbl,
MOKHO B TIpenienax m3MeHeHus yucia Peitronbaca 0 < Rep < 150 mcnonb30BaTh BRIpaKEHUE
HOJTyYEHHbIE IS CTaOUITN3upoBaHHOTrO TeueHus [9], T.e. 6e3 yueTa BXOJAOBBIX MOMPABOK.

U, nakoner, He0OXOAUMO CKa3aTh, YTO B TAKUX TEUCHUSIX MPHU OONBIINX yuciax Peii-
HOIIbJICa, BeposiTHO Tipu Ref > 600, Ha BHemHel rpanuie Auddy3opa MOKET BOSHUKHYTh OT-
PBIB IOTPAHUYHOTO CJIOSI.

O0o3nHauenusi: h — mupHHA COOCHOTO KOHMYECKOT0 KaHaja, M; Py, P — naBieHue Ha BXoJe B
KaHaJ U TeKyllee nasienne, [1a; Q — o0beMHBIN pacXo JKUIAKOCTH, M3/C; Ro, Ry — 3HaueHus paauab-
HBIX KOOPJMHAT BX0J1a B COOCHBIN KOHMUYECKUH KaHaI M BBIXOJIa U3 HETO, M; I — pajuaibHas KOOP/IH-
HaTa B HWJIMHIPUYECKOW CHCTEME KOOPAMHAT, M; lo, 1 — 3HAUCHHUS PaTHalIbHBIX KOOPJIUHAT BXOJa B
CEKTOPHABHBIA KaHa ¥ BbIXOJa U3 HEro, M; Vy, — paJiuanbHas COCTABIISIONIAs pa3MEPHOH CKOPOCTH B
MWIMHIPUYSCKONW CUCTEME KOOPAUHAT, M/C; Vo — CpeaHss 10 MONEPEeYHOMY CEUCHHUIO pa3MepHas CKO-
POCTh Ha BXOJI€ B KaHal, M/C; Z — akCHaJIbHas KOOPAMHATA B [IMJIMHAPHUIECKON CUCTEME KOOPIMHAT, M;
O, — TOJIOBMHA YIJIa PACKPBITHS KOHHUYECKUX IOBEPXHOCTEH, 0Opa3yroIluMX I'paHHIbl KaHajla, paj;
U — KO3 UIMEHT TUHAMHYECKON BSI3KOCTH XHUAKOCTH, [la-c; p — TUIOTHOCTH >KHIKOCTH, Kr/M>;
Eur. — OE3pa3MepHas pagualibHas KOOPAMHATA, OrPaHUYMBAIONIAs JJIMHY HAYaJILHOTO THUAPOJWHAMU-
gecKoro ydactka; Res — aucio Pefinonbca.
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VJIK 532.5; 678.027
Vines JI.M.

PO3BUTOK JJAMIHAPHOI JU®Y30PHOI TEUII ¥ CIIBBICHOMY
KOHIYHOMY KAHAJII 3 HEOJHOPIIHUM ITOYATKOBUM INPO®PIJIEM
HMBUIAKOCTI

VY niiicHiif poOoTi Brepie BUpIIIEHA 33aja4a PO3BUTKY JaMiHapHOI Teuli B CEKTopua-
JBHOMY JU(Y30pi MOCTIHHOI IUPUHHU 3 HEOJHOPIAHUM HpodisieM MBUIKOCTI PIAMHU Ha BXO-
ni B kaHan. [lokazaHo, 10 MpH BU3HAYEHHI TUCKY B TAKUX TEUisIX MOKHA B MeXaX 3MIHU YHC-
na PeitHonpaca 0 < Ref< 150 BUKOpUCTOBYBATH BHpa3d OTpUMaHi Ui cTabUIi30BaHOI Tedii
[9], ToOTO 6€3 00Ky BXITHUX MOMPABOK.
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[, HapemTi, HEOOXiMHO CKa3aTH, 110 B TAKUX TEUisAX IPU BEIMKUX yKciax PeliHonb/ca,
iMoBipHO mipu Res > 600, Ha 30BHIIIHIN TOBEpXHI JU(y30pa MOKEe BUHUKHYTH BIJPUB MPHKO-
PIIOHHOTO IIapy.
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