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PaccMoTpeHa 3amadya o0 omnpeaesieHu XapaKTepUCTUK MPUCTEHHOW JaMWUHApHON 3aKpydYeHHOM
CTpyUu HecxkumaeMmoi XuakocTu. [losydyeHsl yncieHHble pelieHus ypaBHeHuii HaBbe—Crokca B
CTallMOHApHOM 1 HecTallMoHapHOI rmocTaHoBKax. [lokazaHo, 4To Ha OOJIBIINX PACCTOSIHUSIX OT MC-
TOYHUKA CTPYU XapPAKTEPUCTUKU CTPYU TTOTUNHSIIOTCS aBTOMOAEIBHOMY 3aKOHY, KaK Y IPU UCTEYE-
HUY TPEXMEPHOM JaMUHApHON HE3aKPYYEHHOU CTPYH, HO pacpOCTpaHeHUe CTPYH IPU 3TOM TIPO-
KUCXOAUT TMOJ HEKOTOPBIM YIJIOM K MEPBOHAYaIbHOMY HallpaBJeHUIO BbiayBa cTpyu. [1pu Gosbiioi
3aKpyTKe IMOTOKA B CTPye BO3HUKAIOT 00JIACTU PELIUPKYISILIMOHHOTO T€YEHUSI, TEUEHUE B CTPYE CTa-
HOBUTCSI HECTALIUOHAPHBIM.

Karoueeswie crosa: ipucTeHHast CTPys1, 3aTOIICHHAsI CTPYS, 3aKpy4eHHas! CTPysl, aBTOMOIEILHOE pe-
LIeHYEe, peUMpPKYJISIHMOHHOE TeueHue, ypaBHeHuss HaBbe—CToKkca
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I[IpucteHHBIE CTPYU — CTPYHU, PaCIPOCTPaHSIOIIMECs BOOIb TBEpAOi ITIoBepXxHOCTU. HecmoTpst Ha
MPAKTUIECKYIO BaXKHOCTb M3YYEeHMUSI IIPUCTEHHBIX CTPYM, MCCICOIOBAHMUIO TEUYSHMSI B HUX ITOCBSIIIEHO
HeOOJIbIIIOEe KOJIMYECTBO MyOauKaluii. B oOCHOBHOM 3TO 3KcnepUMEHTaJbHbIE MCCIeTOBaHUS TypOy-
JIEHTHBIX IIPUCTEHHBIX CTPYi1, KOTOPBIE MOXHO YCJIOBHO pa3Ie/IMTh Ha IJIOCKUe cTpyu [1—4], Tpexmep-
HBIE He3aKpyUeHHbBIe CTpyH [5—12], TpexmepHEBIe 3aKpydeHHBIe cTpyH [13]. UnciaeHHbIe nccie1oBaHms
TUIOCKMX MPUCTEHHBIX CTPYI IPOBOAWINCH B padboTax [14, 15], TpexmMepHBIX IPUCTEHHBIX HE3aKPYUEH-
HBIX CTpyii — B [16—19]; aBTOpaM He U3BECTHBI PaOOTHI IO YUCJIEHHOMY MCCIIENOBAHUIO TPEXMEPHBIX
MIPUCTEHHBIX 3aKPYYECHHBIX CTPY.

st TaMUHaApHBIX TIPUCTEHHBIX CTPYM TEOpETUYECKUE U YUCICHHbIE UCCIeN0BaHUS MTPOBOAUINCH
TOJIBKO U151 TUIOCKMX U TPEXMEPHBIX He3aKpYYEeHHbBIX CTpyil. BriepBbie 3a1aya o MI0CcKoi JaMUHApHOM
CTpye, BBITEKAIOIIEH 13 TOHKOM 1eau MapajjiejibHO TBEPAOid MOBEPXHOCTU, Obljla pelllieHa B paMKax
ypaBHEHU1 norpaHu4yHoro cios [20] u yepes Tpu roja rosTropeHa B [21]. Ycnexy B pellieHUU 3a1a4yu
CcrocoOCTBOBAJ TOT (haKT, YTO B MJIOCKOM Cllydae ynajloch HallTM MHBapUaHT, COXpaHSIONIUI CBOE 3HA-
YyeHure B J11000M MOIEepeYHOM ceUeHUH cTpyu. Hannune nHBapraHTa MO3BOJIUIIO TEOPETUUECKHU OTIpe-
JIeJINTh TTapaMeTp aBTOMOAEIbLHOCTU, OTBEYAlOII1il 32 UBMEHEHUE XapaKTepPUCTUK CTPYU BIOJb MPO-

/

o 3/4
JIOJIBHOM KOOPAMHATHI X, TOJIIINHA CTPYU pACTeT MPOIMOPLUMOHAIBLHO X~ , a MPOAOAbHAsI KOMIIOHEHTA

-1/2
CKOPOCTH 3aTyXacT KaK X / .

B cinydae TpexmepHOIi MPUCTEHHOU CTPYM, BhITEKawllleil U3 MpaKTUIECKU TOYEYHOTO MCTOYHMKA
napajjieabHO TBEPJAO MOBEPXHOCTU, TEUEHUE MOKHO OMUCATh C TIOMOIIIbIO MapaboJM30BaHHbBIX ypaB-
HeHuit HaBpe—CTOKCa, B KOTOPBIX IPEHEOPEraloT HEMOPSAKOBBIMU WIEHAMU: TIPOJOIbHBIM IpaueH-
TOM JIaBJIeHUSI U BTOPBIMU MPOU3BOIHBIMU BIOJIb MPOAOIbHONM KOOPAWHATHI B BI3KUX YJIeHAX YpaBHE-
Huit. B [22] cnenaHo mpearnoiokeHue, YTO Ha OOJIbIIIUX PACCTOSTHUSIX OT MCTOYHUKA CTPYU pellieHue
JIOJDKHO BBIXOIUTh Ha aBTOMOJAENbHBIN pexum. Ho s onpeneneHus napamerpa aBTOMOJEIbHOCTU
B [22] ObLT IpUMEHEH 3aKOH COXpaHEHWSI MOMEHTA UMITYJIbCca IMOTOKA, KOTOPBIIf Ha caMOM JeJie HE CO-
XpaHsieTcsl. 3HaueHue napamMeTpa aBTOMOAEILHOCTH U CBSI3aHHbIE C HUM pa3IMyHbIe XapaKTepUCTUKU
CTpyM IToTydeHHI B padote [23]. Tak Kak ”THBaApMAHTHOTO PEIIeHUS IJIsI TPEXMEPHOM IIPUCTEHHOM CTPYH
Ha CEeromHSIIHUN IeHb HE MTOCTPOEHO, MTapaMeTp aBTOMOAEIbHOCTU MOXKHO OIPEAEIUTh TOJIBKO C T10-
MOIIIBIO YUCJIEHHOTO pelleHus 3amadu [24], uro u O0bu1o caeitaHo B [23]. Kak mpaBuiio, IIpu OTCYyTCTBUU
WHBapUaHTa HEBO3MOXHO MOJYYUTh YHUBEpPCAJIbHbIE XapaKTepUCTUKU. Tak, B cliyyae TpEeXMEpPHOM
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MPUCTEHHOM CTpyU NMPOodUIN KOMIIOHEHT CKOPOCTU U JaBJIeHUsI OYAYT MEHSThCS B 3aBUCUMOCTHU OT
¢OpMBI U BBICOTHI HaJ, TNIOCKOCTHIO BBIXOJHOTO OTBEPCTUSI CTPYU, OT MPOMUIISI CKOPOCTH B BBIXOTHOM
ceueHMU U oT yucia PeitHonbaca. Ho, Kak 1okaszaHo B [23], yHuBepcalibHbIe TPOMUIN BCE K€ MOXHO
MOCTPOUTD, €CIIU TIPEANOJOXUTh, YTO MHBAPUAHT, XOTh U HE HaMIeH, HO CyIIECTBYET U €CJIU UMEETCs
ACUMIITOTUYECKOE PELICHUE 3a/1a4M B HEKOTOPBIX 00IaCTSIX.

B maHHoOI1 cTaThe pacCMOTPEHBI TpEXMEPHbIE TPUCTEHHbBIC 3aKpyYeHHbIC JaMUHApHBIE CTpyU. B pe-
3yJIbTaTe MCCIeIOBaHUI aBTOPbI MOMBITATUCh OTBETUTH Ha ClIeAyIolue BOMPOChl. [TomuuHsI0TCS 1n Xa-
PaKTEPUCTUKU B TaJbHEM T10JI€ CTPYH aBTOMOJIEJIbHBIM 3aKOHaM, U €CJIU A4, TO 3aBUCUT JIM MapaMeTp
aBTOMOJICJIBHOCTU OT 3aKPYTKU cTpyu? JIMHUSI, BAOJb KOTOPOI TMPOUCXOIUT PACIIPOCTPpAHEHUE CTPYU
MPUY HAJIMYMU 3aKPYTKU, YK€ He OyneT psiMoii. ABsieTcs iu B JaIbHEM T10J1e 9Ta IMHUSI MapajiieabHON
OCHU X, BIOJIb KOTOPOI1 BbIIYBAETCS CTPYSl, HAKJIOHEHA JIU K HEeli TTO HEKOTOPBIM yriioM? PellieHuIo aTux
1 HEKOTOPBIX IPYTUX BOIIPOCOB IOCBSIIIEHA JaHHASI CTAThsI.

1. TIOCTAHOBKA 3AJAY

PaccMoTpuM ycTaHOBUBIIIEECST TeUeHUE HECXKMMAaeMOM SKUIKOCTH. BBeneM nekapToBy CHCTEMY KO-
OpIOVHAT X, J;, Z;- KOMITIOHEHTHI ckopocTu V| B 3TOI cucTeMe KOOPAMHAT 0003HAYUM 4Yepes U, Vi, W,.
[110THOCTD XMAKOCTU P, AaBIEHUE p;, KNHEMaThyecKuii koadhduumneHT BA3KocTu V. beckoHeuHas
TBepHast TIOCKOCTh ompenensiercs ypaBHeHreM y; = (0. CTpyst BbIIyBaeTcsl U3 KPYyIJIOW HMJIMHAPUYIE-
CKOI1 TpyOBI pagnyca a mapaijielbHO TBepAOil TUIOCKOCTU B HATIPaBJIEHNH OCH X; B 3aTOIUIEHHOE TIPO-

CTpaHCTBO. LIeHTp BXOAHOrO ceueHus TpyObl uMeeT KoopauHatel x; = 0, y, = A, z; = 0. AHanoruu-
HO [25] 3aKkpyTKa cTpye mpuaaeTcsl BpallleHrueM BHYTPEeHHEN MoBepXHOCTU TpyObl. BHelIHssI moBepx-
HOCTb TpYObI He BpalaeTcs. Ha BBIXOIHOM cedeHUU TPYObl CO CTOPOHBI MOTOKA CTPYS 3aKpydyeHa Io
YacOBOW CTpEJIKE.

OnpenennM 6e3pa3MepHble KOOPAWHATHI U IIepeMEHHBIE

X _N 2l _V _ Db~ P _ Upa
— V - T p - 2 s Re -
a a a Lll* pul* 14

rae L{l* — Cp€aHEepacxogHasd ImpoaoJbHasA CKOPOCTb 2KMIKOCTHU B TPY6C.

TeueHue XXUAKOCTU OyIeM CUMTATh JIJAMUHAPHBIM, €0 XapaKTepPUCTUKHU YIOBJICTBOPSIIOT YPaBHEHM -
aMm HaBbe—CtoOKCa

divV =0, (VV)V =—gradp +Re™' AV (1.1)

B [23] Ob110 TakKe TOKa3aHO, YTO XapaKTEPUCTUKH TPEXMEPHOM IMPUCTEHHOM CTPYH IIPU OOJIBIITNX
yuciax PeifHombaca MOXKHO OMPENeInTh B MIPUOJIUKEHUN MTapadoIM30BaHHBIX ypaBHEHU !

du v ow_ (1.2)
ox dy 0z
2 2
w4 U, Ou_ 1 [du, du (1.3)

ox  dy dz Re 9y’ 07
2 2
ox dy 0z dy Relay’? 97

2 2
u 4y W 0w Op 19w Jw

ox 9y dz 9z Re 9y’ 9z

B ciyyae He3akpydeHHOM TpexXMEepPHOM MMPUCTEHHOM CTPYyU NMPU OOJNBIINX X PEIIeHUEe YpaBHE-
Huii (1.2)—(1.5) cTpeMuTCcst K aBTOMOAEIbHOMY C TapaMeTPOM aBTOMOJIEIbHOCTU, paBHBIM 4 /3

(1.4)

(1.5)

u(x,y,2)= Rex U (M,€)
v(x,»,2) = Re”’x™°V (n,€)
w(x,,2) = Re*x™**w (M.€)
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p(x,9,27) =Re”’x™*’P(n,€)

4/3
3 yRe / & 3 ZRC4/3
n= 4/3 - 4/3

X b

TakuMm o6pa3oM, TONIIMHA W IIAPUHA TPEeXMEPHON IMPUCTCHHON He3aKpyYeHHOM JaMHHapHOM

CTPYH PACTyT MPOOPLIHOHATBHO X /.

[1pu 3aganHOI (hopMe 1 BHICOTE HAJl IIOBEPXHOCTHIO BHIXOMHOTO CEUYEHUS TPYOhl XapaKTePUCTUKNI
MIPUCTEHHON 3aKpy4eHHO! JaMUHAPHOI CTpyu OYIyT 3aBHMCETh OT HECKOJIBKMUX HayajabHBIX MapaMeT-
pOB, 3aJaHHBIX B CCYCHNHU UCTEUCHMSI CTPYU: pPacxoja, 3aKpyTKH, yrcia PeiiHonbaca. Onpenemm He-
JocTaronre napaMeTpsl. byaeM cautaTh, 4T0 TPyOa, M3 KOTOPOUM BBIAYBAETCS CTPYS, HOCTATOYHO ITH-
Hasl, YTOOBI B CEUEHUSIX, HE OJIM3KUX K BRIXOTHOMY, YCTaHOBMJICS poduib I1ya3eiis ajs mpoaojibHOM
KOMIIOHEHTbBI CKOPOCTH 1 TBEPIOTE/IbHOE BPALLEHUE [UIsl a3UMYTaIbHOI CKOPOCTH v,

u=2(1-r"), v,=Qr (1.6)

3mech 6e3pa3sMEPHbIA painyC 7 OTCYUTHIBAETCS OT OCU TPYOBI, £ = (4« /@)L yrioBas CKOpOCTb Bpa-
LIEHMSI XUAKOCTU B TPYOE, YyITEHO TO, YTO CPEIHEPACXOIHAsI CKOPOCTD U = |, a MaKCUMaJbHasl CKO-
POCTB U,,,, = 2. [lon 3akpyTKOii OyneM MOHMUMATh BENMWYUHY S = Q,a/u) . = 2/2.

‘max
Ha Brixone u3 TDY6I)I CTpy4d obOnamaer HNMITYJIbCOM Jx B HaIipaBJICHUU OCHU X U OJIM3KUM K HYJIIO M-
IIYJIbCOM ‘]z B HaIIpaBJICHUHN OCH T

J, = ]:Tuzdydz, J, = ].;Tuwdydz
20 2w

IMon aeiicTBUEM CUJI TPEHUSI XKUIKOCTU O TBEPIYIO TIOBEPXHOCTD MPOIOJIbHBIN UMITYJILC CTPYU C PO-
CTOM x OyIeT yMEHbIIIAThCs, a TTONEePEeUHbI UMITYJILC OYIeT CHavaja mMpuoopeTaThes, a 3aTeM yxKe Te-
parbest. I3 ypaBaeHuii (1.3) u (1.5)

%Z_L 9y dz %:—L In dz.

ox Re Y dy =0 T ox Re ¢ dy =0

BrickaxkeM ruIioTe3y: Ha OOJBIINX PACCTOSIHUSIX OT UCTOYHMKA CTPYH HECUMMETPUS B CTpye, BbI-
3BaHHAas BpalllecHUEM XUIKOCTH B BLIXOTHOM CEUYeHNH, MICYE3HET; BOJIIONS CTPYU HUYEeM He OyIeT OT-
JIMYATHCS OT DBOJIIOLNY HE3aKPYYECHHOM CTPYH, HO 3a CYET IPUOOPETEHHOT0 OOKOBOTO MMITYJIbCA CTPYS
OyIeT pacIpOoCTPaHATHCS HE BIOJb OCH X, a BIOJIb IIPSIMOM JIMHNH, HAKJIOHEHHOM K OCH X Ha HEKOTO-
poIii yro 0; mapamMeTp aBTOMOIEILHOCTH JISI 3aKPYUYeHHOI CTPYM COBITAIET C ITapaMeTpOM aBTOMO-
NeJIbHOCTU [IJIS1 HE3aKPYUYEeHHOM CTpyH, T.€. OyneT paBeH 4/3.

2. YU CJIIEHHOE PEIIEHUE

YucaeHHO ¢ MOMOIIbIO METOIa KOHEYHBIX 00beMOB peliainuch ypaBHeHUss HaBbe—Ctokca (1.1).
Annpokcumalius KOHBEKTUBHBIX WJIEHOB MPOBOAMUIACH MO CXEME BTOPOro IMopsaka TOYHOCTHU C
Pa3HOCTSIMM IMPOTHUB MOTOKA, a TUPHY3UOHHBIX YICHOB U JaBJIE€HUS — C ITOMOIIbIO LIEHTPAJIbHBIX
pasHocTeit BTOPOTo Nopsiika TOYHOCTU. YpaBHEHUS UMITYJIbCOB U AaBJIEHUS PEIIAIOTCS COBMECT-
HO. 3ajaya pelaeTcsl Kak MceBIOHECTallMOHAPHAsl METOIOM YCTAaHOBJIEHUSI ¢ (PUKCUPOBAHHBIM
1IIaroM Mo TCeBIOBPEMEHMU.

MonenmupoBaHue NPOBOAUTCS Ha CTPYKTYPUPOBAHHON pacyeTHOM CEeTKe C OOIIUM KOJMYECTBOM

sueek 6% 10°. Ha puc. 1 mpuBeneHbl HapaMeTPbl PACYETHOM 00JIACTH M T€OMETPUUYECKUE ITapaMeTPhl
TpyObI (TTIOBEPXHOCTHL TPYOBbI BBIAEIECHA CEPHIM LIBETOM); IIPOIIOPLIMA MEXIY Pa3IUIHBIMUA pa3MepaMu
Ha puc. 1 He cobmmogarorcs. Pacimpsioniasics pacueTHas 00JIaCTh ITO3BOJISIET COCPEIOTOUYNTD OOJIBIITYIO
YaCTh sSTYeEK BHYTPHU SApa CTPYH.

Ha rpanunax pacyeTHoi 00J1aCTH ObUIY MOCTABJCHBI CISAYIOIIE TPAHUYHBIC YCIIOBUSI:
* B HavanbHOM ceueHMM (5) 3amaHbl TPOMUIN KOMIOHEHT cKopocTH (1.6)

N3BECTHUA PAH. MEXAHUKA XKUAKOCTU U TA3A Ne 6 2023
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Bun cooky Bun cBepxy
2
3
Y1
4
60
5 ¢ x, 1080a
520a DY VR
120a J 20a
5 2a
8 3a 9 <
X1 1
1100a

Puc. 1. CucreMa KOOPIWHAT 33724y U TEOMETPUS pACYETHOM 00IacTH.

* Ha ropusoHTanbHOI TBepaoil MTOBEepXHOCTU (9) U HAa MOBEPXHOCTSIX (BHYTPEHHE M BHeEIIHeit)
TpyOBI (6) 3a1aHO YCIOBHE TTPYIINTIAHUS

» Ha 6okoBrix (1), (2), BepxHeii (3), mepenneii (7, 8) u BbixogHOM (4) CBOOOTHBIX TPaHMIIAX ITOCTaB-
JIEHO yCJIOBUE

du _dv _dw_,
on oJn on
YcraHOBIEHUE pellleHUs] OTCIICXKBACTCS IO BEJIMYMHE MacCOBOTO pacxoja 4epe3 rpaHuily (4) pac-

. -6
yeTHOoi1 obsactu. [1pu 3TOM BelMYMHa HEBSI30K 110 YPaBHEHUIO UMITy/Ibca He TpeBocxoauT 10 .

3. PE3VJIBTATbBI PACHETOB

s oTipeneIeHHOCTH OyIeM CYUTATh, YTO IIEHTP BHIXOMHOTO CeYeHUS TPYOBI PACTIONIOKEH Ha BBICO-
Te i = 4 a (puc. 1). beuto npoBeneHo nBa pacyeta npu Re =77, § = 0.56 u .S = 0.33.

HMMeeTcss HEKOTOPBIM TTPOM3BOJI B BBIOOpE OIpeneicHUs 1LIeHTpa cTpyr. B maHHO#T pabote 1IeHTpoM
CTPYH B CEYEHHMH X = cOnst Ha3bIBAETCsI TOYKA C KOOPIMHATAMH Y, (), Z, (X ), B KOTOPOil UMEET MaKCUMyM

COCTaBJISIIONIAsI CKOPOCTH, TTapaJlie/IbHAsI TBEPIOI ITIOCKOCTH, T.€. (PyHKIIMST \/ u2(x, y,2)+ wz(x, ¥,Z) nMe-
eT MaKCUMyM nipu pukcupoBaHHoM x. Ha puc. 2 npencrasneHs! rpaduku GyHkuuii y, (x), z. (x), u3
KOTOPBIX CJIEAYET, YTO IEMNCTBUTEIHHO CTPYSI PACIIPOCTPAHSIETCS 104 HEKOTOPBIM YIJIOM K ocu x. Oue-
BUIHO, YTO 3TOT YIoJI 3aBUCUT OT HadaIbHOM 3akpyTKu cTpyu. Ilpu S = 0.33 1 .S = 0.56 3TH yIJIBI CO-
OTBETCTBEHHO paBHBI 1.7° 1 2.7°.

BBeneM noHsTHE TUHUM TOKA MMOMEepEeIHOro TEYCHUS B CEYECHUUN X = X, = const. YPaBHCHI/IC JIUHUM
TOKa

dy ___ dz
v(x,3,2)  w(X0,1,2)

Ha puc. 3a noka3aHbI IMHUM TOKA MOIIepeuHOoro TeueHus 1pu x = 600. Ecau BMecTo KOopauHarT x,
¥, Z BBECTHU MOBEPHYTYIO Ha yroi O cuctemy koopauHat , y, T (puc. 4), TO B 3TO CUCTEMe KOOPIUHAT
JIMHUU TOKA MOMNEPEYHOIO TEUYCHMSI COOTBETCTBYIOT IIOKa3aHHBIM Ha puc. 30. JIuHuu Toka Ha puc. 30
COOTBETCTBYIOT aHAJIOTMYHBIM pacueTaM IJisd He3akpydyeHHolt cTpyu [23]. OnpeneaeHHBIN MoKa3aTelb
aBTOMOJIEJIbHOCTH TIPU PACPOCTPAHEHUU CTPYH BIOJb OCU { COOTBETCTBYeT 3HaueHUIo 4/3. Tem ca-
MBIM HOATBEPKICHA TUTIOTE3a O COOTBETCTBUH B TaJIbHEM I1OJIC 3BOJIIOLNY 3aKPYIeHHOM CTPYH, IIOBEP-
HYTOI Ha yroJji 0, 3BOJIOLUN HE3aKPYUEeHHOM CTPYU.

MN3BECTUA PAH. MEXAHUKA )KUAKOCTU U TA3A Ne 6 2023
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Puc. 2. Tpaduku y, (x), z. (x): 1, 2— S =0.56, 0.33.
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Puc. 3. (a) JIlunum Toka ronepeyHoro tedeHus nmpu Re =77 u S = 0.56 B ceuenunun x = 600 B MCXOMHOM cHUCTEME KO-
opauHart. (0) JiuHum ToKa rornepeyHoro redyeHust pu Re = 77 u .S = 0.56 B ceyeHunu x = 600 B HOBOI cuCTEMe KOOP-

JUHaT.
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Puc. 4. [IpssmoyrobHBIE 1€KaPTOBBI CUCTEMBI KOOPIMHAT X, Y, Z U G, ¥, T. [[yHKTUP COOTBETCTBYET IMHUM y = y.(X),

Z = Z.(x), TOUKU — IPOEKUNHU IyHKTUPHOM JIMHUY Ha IUIOCKOCTh y = 0. Ochb ¢ HalnpasJjieHa BIOJIb KacaTeJbHOM K IIPO-
€KLY MYHKTUPHOM JIMHUU Ha TI0CKOCTh ¥ = 0 B Touke x = 200.

N—

Puc. 5. Jlunnu TOKa, COOTBETCTBYIOIIME pacdeTy Ipu S = 1.1.

4. OTCYTCTBUE CTALIMOHAPHOI'O PEIHUEHHWA TP BOJIBLLIUX S

Tak e, Kak 1 B CBOOOTHOM CTpye, YBEIMICHNE 3aKPYTKU CTPYV IPUBOIUT K ITOSIBIICHUIO B IIOTOKE 00-
JTacTell pelMPKYJISIIIMOHHOTO TedeHus [26]. [1pu mosiBJIeHNM BO3BPaTHOTO TEUEHUST HEBSI3KU TIPU pelire-
HUU cTallMOHapHBIX ypaBHeHUT HaBre—CTOKCa ye HeJlb3s cAesiaTh MeHbIIe HEKOTOPOIi 3a1aHHOM Be-
JIMIUHBL. DTOT (paKT yKa3bIBaeT HA HEOOXOAMMOCTh PEIICHMS 3aJadil ¢ TTOMOIINBIO HECTAaIlMOHAPHBIX
ypaBHeHnit HaBre—CTOKCa.

Pesynbrarel pacdeToB IpeacTaBleHbl HA PUC. 5 1 6 B BUIE yKe JIMHUI ToKa B ceueHnn z = 0

dx dy

u(x,5,0)  v(x,,0)

IIpn S = 1.1 HecTalIMOHAPHOCTD, XOTS U IIPUCYTCTBYET, HO KapTUHA JUHUM TOKa CJIa00 3aBUCHUT OT
BpeMeHHM — puc. 5. MHoe nmelto, Korma 3aKpyTKa CTpyW CTAHOBUTCS ellie 0oJiblie, .S =~ 2.2 — puc. 6. B atom
cilydae B OKPECTHOCTH PELIMPKYISIIIMOHHOM 00J1aCTH, TeOMETPUSI KOTOPOU CUJIBHO 3aBUCUT OT BpEMEHU,
00pasyloTCs JOMOTHUTEIbHBIE BUXPU PA3JIMYHOTO HATIpaBJIecHUs BpalleHus. TedeHre CTAaHOBUTCS TTEPU-
oauueckuM. Ha puc. 6 ripeacTaBieHo XapakTepHOe U3MEHEHUE JIMHUI TOKa Yepe3 paBHbIE TPOMEXYTKU
BpEeMEHU B TeyeHue neproaa. [lepuoanaHoCTh TeYeHNSI MOXHO HAOJIOAATh U 110 U3MEHEHMIO IIPOIOIb-
HOIT KOMITOHEHThI CKOPOCTH B 3aJaHHOI TOYKe MPOCTPAHCTBA. B KauecTBe TakOBOIT BhIOpaHa TOUKA Ha
TIPOIOJKEHUU OCH TPYOBI, OTCTOSIIAsI Ha 4 paanyca OT BEIXOTHOTO CeYeHUST — puC. 7.
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Puc. 6. JIluHuu ToKa, COOTBETCTBYIOLLIUE pacyeTy rnpu S = 2.2.

| | | | | |
0 200 400 600 800 1000 1200
tul*/d

Puc. 7. I3meHeHre TPOI0IbHON KOMIIOHEHThI CKOPOCTU B GUKCUPOBAHHOI TOUKE MPOCTPAHCTBA BOJIU3U BBIXOJHOTO
CEYEHUS TPYOBI.

SAKJIIOYEHHUE

BnepBrbie onpenesieHbl BaxkHbIe OCOOEHHOCTH 3BOJIIOLIMM TPEXMEPHOU 3aKpyYeHHOI JaMUHApHO
cTpyHu. 3aKpyTKa CTPYH NPUBOIUT K OTKJIOHEHUIO OCH CTPYH OT IIEpBOHAYAILHOTO HAaIIpaBJICHHUS.
B manpHEl 0671aCTH CTPYS pacIpOCTPaHSIETCS TTOM HEKOTOPEIM YIJIOM K 3TOMY TTIepBOHAYAJIbBHOMY Ha-
paBlIeHUIO. 3aKpydeHHAasI TpeXMepHas TPUCTEHHAs CTPYS TOCTaTOYHO OBICTPO TePSIET CBOIO 3aKPYTKY,
1 B TIOBEPHYTO CCTeMe KOOPIMHAT ee TTOBeeHNEe B JaTbHEel 001acTH ¢/1ab0 OTJIMYaeTCsl OT He3aKpy-
yeHHOI1 cTpyu. COOTBETCTBEHHO, 1 TTapaMeTp aBTOMOACILHOCTH OKa3bIBaeTCsl TAKUM Xe, KaK B He3a-

Kpy4yeHHOM ctpye — 4/3. [lomepeuHble pa3sMepsl CTPYHU PACTYT IPOIOPIMOHATBEHO C4/ ? pomosbHasT

-5/3 ~4/3
KOMITOHEHTa CKOPOCTH 3aTyXaeT 10 3aKOHY { /3| a roTnepeYHbIe KOMIIOHEHTHI IPOTOPLIMOHATBHO € 7.
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HpI/I OOJIBIIINX 3HAYECHUSIX 3aKpPYTKM B CTPYC BO3HHMKAIOT obJract PECIMNPKYIATTMOHHOIO TCUCHMS.

TeyeHue CTAaHOBUTCS HECTallMOHApHBIM, IIEPUOANYCCKHUM.
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