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OB OCOBEHHOCTSX TEYEHUA 2KNJIKOCTU B IIOJIE
CIJIBI TAXKECTHI

B. JI. CEHHUIIKI

ABSTRACT. A problem is formulated and solved on the motion of a visco-
us liquid in a gravity field. The liquid is in contact with solid walls. The
boundary of one of the walls is permeable for the liquid. The liquid is
exposed by oscillatory influences which have no predominant direction in
space. The problem formulation includes the equation of Navier—Stokes,
the equation of continuity, and the conditions at the solid boundaries of
the liquid (at the boundaries of the walls). In particular, the new hydro-
mechanical effect is revealed which consists in that the liquid behaves
paradoxically, that is (at a background of oscillations) the liquid performs
a steady motion in the direction which is opposite the direction of the
acceleration of free falling.

Keywords: viscous liquid, gravity field, periodical in time influences
having no predominant direction in space.

1. BBEJEHUE

Ha nporskennn psa JIeT yCIenHo BeAyTCA NCCIEI0BAHNS THHAMUKA THIPOME-
XaHUYECKUX CUCTEM IIPU MEPUOAMIECKUX [0 BpeMenu (KOo1ebaTebHbIX, BUOPAIMOH-
HbIX) Bo3zeficTBusx (cM., Haupumep, [1]-[4] u upencraBnennyio ram sureparypy). B
YACTHOCTH, TEOPETUIECKH U IKCIIEPUMEHTAILHO OOHAPYZKEHO SBJIEHHE IPEUMyIIe-
CTBEHHO OJTHOHATIPABIEHHOTO ABUYKEHUST CAKMUMAEMBIX BKIIOUEHWH B KOJIEOMOmeics
skugrocrn [1], [5]-[7]; vaitzeno, ¥To BUGpaIHOHHBIE BO3IEHCTBHS MOTYT TIPHUBOJMUTH
K rugpoMexanndeckomy 3ddekty — anHajory «MasrTHuKa Kamuier» [8], cocros-
meMy B TOM, 9TO B NPHCYTCTBHH IOJIsSI CHJIbI TSAYKECTH HAXOIAIIEECS B JKUIKOCTH
TBEPJOE TEJIO COBEPIIAET «lIepeBepHyThie» KoJebanus [9]. B Hacrosieii pabore pac-
CMATPUBAETCA HOBAS 33,1494, O TEICHUH B TTOJIE CHJIBI TAKECTH BI3KOH HECKMMAEMO
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2KUJIKOCTH, ITO/IBEPralolieica IepuoJundecKuM 0 BpeMeHN BO3eCTBUAM, XapaKTe-
PUBYIOIMMCS OTCYTCTBHEM BBIJIEJIEHHOI'O HAIPABJIEHUsI B MPOCTPAHCTBE. YCTAHOB-
JIEHO, B YaCTHOCTH, 4TO KUJAKOCTb (Ha (boHe KoiebaHuiil) MOKeT COBEPILIATH CTAIU-
OHapHOE JBWKEHWE B HAMPABJIEHWN, MTPOTHUBOTOJIOKHOM HATTPABIEHWIO YCKOPEHUST
CBOOOTHOTO TIQJIEHUS, TO €CTh «CHU3Y BBEPX».

2. IIOCTAHOBKA 3AJIAYN

Nmetorcs BsA3Kasg HECXKHMAEMasi KHJIKOCTb U BEPTHKAIbHBIE TBEP/IbIE CTEHKU
Z4, 25 (puc. 1). T'panuna crenku Zg npouunaema ajas xugkocru. Crenka =4

[1]
>
[1]
w

Puc. 1. I'mapomexanndeckas cucremMa

COBEPIITaeT 33 JaHHbIE TEPUOINIECKIE TOCTYMaTeIbHbIE KOe0anus B0k oceit X, Y,
CTeHKa =g — BJOJb OCH Y WHEPIUATLHONU MPAMOYTOJIBLHON CHCTEMBI KOODIWHAT

—

X,Y,Z. Crenka Z,4 orpaHmdeHa ImIOCKOCTbI0O X = A | cTeHKa Zg — IJIOCKOCTHIO
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X =S (S > A — nocrostaHas). ZKUIKOCTE 3AIOMHSET TPOMEXKYTOK MEXKy CTEH-
kamMu — obuactb : A < X < 5 (—00 <Y < 00,—00 < Z < o). Tpebyercs
OIPEJETUTh ILIOCKOE MEPUOJIUICCKOE 110 BPEMEHH T JBUZKCHHE KUJIKOCTH.

Mycrs @ = X/S;y = Y/S;2 = Z/S;T — nepwon KoneGauuii CTeHOK =4
Eg; T = t/T; A = Asin2nr (Z > 0 — mocrostvHas); a = A/S; e = E/S;
e, = {1,0,0} ; e, = {0,1,0}; (dA/dt)e, + Use, — CKOPOCTb CTEHKH =4 ; Uy =
TU4/S = uasin(2rT + ¢) (wa > 0, — mapamerpsr); Uge, — CKOPOCTb CTEHKH
Es; ug = TUg/S = ugsin(2r7 + ) (us > 0,9 — mapameIpsl); g = —ge, —
yckoperue ceoboHoro najienus (g > 0 — nocrosunasn); k = g2/ g; p, v,V — co-
OTBETCTBEHHO TLJIOTHOCTH , KHHEMATHYECKHH KOI(DPUIMEHT BAZKOCTH M CKOPOCTH
xuaxocty; v = TV /S = vy(z,7)e, + vy(x,7)e,; P — naBieHne B KUIKOCTH;
p=T2P/(pS?) = p(x,7); Re = S?/(vT) — aucno Peitnonnca.

[MocranoBka 3a1a4uu BrJOYaeT B cebsi ypaaenue Happe—CTOKCa, ypaBHEHHE
HEPA3PbIBHOCTH M yCJIOBHs, KOTOPBIE JIOJI2KHBI BBIIOJHATHCA Ha IPAHUIAX CTEHOK

- - .
ZA, 280

g%_’ +(v-V)v=—-Vp+ éAV — cKey B () (1)
_da_ —a (3)
vV = dTez UA€y opu r = a;
a
v=-—e;tuse, mpnz=1 (4)

3. PEUIEHUE 3A1AYU

U3z (2)—(4) cnenyer
Uy = 27E COS 27T B ). (5)

Cornacuo (1), (3)-(5) umeem

p=4r’e(sin2n7)r +p B O (6)
(p' — bymxnus 7);
v, v, 1 02
81); + 2me(cos 27T) aq;/ = T a;;y — €K B () (7)
Uy =ua upu T = a; (8)
Vy = Ug npu x = 1. 9)

Byaem paccmarpusars 3azady (7)—(9) upu Maibix 1O CPABHEHUIO C eAuHULE
3HaueHnsX €. [IpuMeHnM MeTON Pa3JIoKeHNsT MO CTeMeHsIM MaJIoro mapamerpa [10].
IIpeamonoxum, 910

vy ~ U + €Uy upu € — 0. (10)
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Ucnomssys (7)—(10), B eV — npubmmxennu (N = 0, 1) momyaum

a;—;_v + 2Nm(cos2nT)

a’l}o 1 82’01\[ =
9o _ 1IN _ a;
O0xr  Re Ox? m Bes

0
UN:(I—N)UA—N(SiHQWT)% upu z = 0;

vy = (1 — N)ug npu = 1,

rae ) — obmacts 0 < x < 1.
ITycts N = 0. Bagaga (11)—(13) umeer perenne

vp = Imag [ﬂAei‘P shg(1 _E) +ige™ shgz e2miT
shq

Baech ¢ = (1 +i)VmRe.
ITycrs N = 1. U3 (11)—(13) cnemyer

1 d*v -
27r<(c082777')881;0>:R63;2}—/@ B ()

v=20 mpu z = 1,

rae (..) = ITH .. d7’; v = (v1). Bamaua (11)—(13) umeer pemenne

T

v; = ¥ + Real (564””) A 0<xz<1
(v — bynkuus x).

Ucnonsays (14)—(17), naiizem
1
v=— imRem(l—x)

2 sh q
g 0 <o < 1.

—|—}Real {g[ﬂAew(ch q(1 —2) —2) + use™ ((chq)x — ch qx)]}

Qopmynamu
vy = Vg + €V

] g 0 <o < 1.

(19)

(20)

u (5), (6), (14), (18), (19) onpeaensercs npubIHKeHHOE perenue 3ama4an (1)—(4).
OT0 peleHre CBUIETEIbCTBYET O HAJIMYUH Psijid HEOOBIYHBIX, KAYECTBEHHO PA3/INY-
HBIX (MPOMCXOASAIINX Ha (GOHE KOJeOAHWH) CTAIMOHAPHBIX TeueHuil >Kuakoctu. B
YACTHOCTH, JJIs MAJIBIX 110 CPABHEHHIO C eJuHUIel 3HadeHnit n = 1—x:0 < n < n*

(n* < 1 — nocrosinuas), pu
ug = 0;
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Real (xe'?) > 0; (21)

TS kRe
4~ Real (xe'®)

(x = ¢ /shq) BbinoaHSIETCS COOTHOLIEHKE
v > 0.

JlanHoe COOTHOIIIEHNE O3HAYAET, YTO JKUJKOCTHh 3AHUMAIOIAA CIION

*

l-n"<z<1
BeJeT ceds MapaJoKCcaabHO — Ha (GoHe KOJIeOAHU COBEPINaeT CTAIMOHAPHOE IBH-
JKeHWe B HAIPABJIEHUH, TPOTHBOIIOJIOKHOM HAIIPABJIEHUIO YCKOPEHHUsI CBODOIHOIO
nazseHus (To ecTh «CHU3Y BBepx» ). OTmernm, 4ro yciosue (21) ans moboro 3Hade-
uusi Re > 0 BblosHsiercs, Haupumep, upu ¢ = 7 /4 — arg x.

OcranoBuMCs Ha BOIIPOCE O CPEJHEM 110 BPEMEHH TEYE€HUU KUJIKOCTHU IIPH MAJIbIX
0 CPABHEHWIO C eIMHUIEH 3HAUeHnsX Re.

IIycTs

U cosp —ug cosy # 0.

Ucnonssys (5), (14), (18)-—(20), nonydum
1
(v) ~ € (Wacosp —ugcosy)) (1 —x)e, npu Re — 0. (22)

Cornacuo (22) (ma done xkomebanuit) mmeer Mecto ciemyiomee. Ilpu g cosp —
ligcost) < 0 xmuakocTh B obsactu () IBUKETCA «CBEPXY BHU3» (OJIHAKO, TAHHOE
JIBVKEHNE CYIIECTBEHHBIM 00pa30M OTJINYAETCS OT JBWIKEHWUS, MPOUCKOMASIIETO B
OTCYTCTBHE KOJICOAHMUIT CTEHOK); IIPH U4 COS @ — Ug oS > 0 KUAKOCTD B 061aCTH
Q) IBIWKETCA «CHU3Y BBEPX».

IIycrs

U cos — ugcosyy = 0. (23)
Ucnonsays (5), (14), (18)—(20), moxyunm
V) ~ % e(F+Gz)(l—z)Ree, mpu Re— 0. (24)

3necn
F=—2upsinp —ugsiny; G=3 (ﬂAsingp — Ugsiny — E) .
T

Cornacuo (24) (na dbone koebanuii) umeer Mecto caeayoee. Ilpu FF < 0, G < 0u
F <0, G <0 xuaxocts B obnactu ) qBUXKeTCA «CBepXy BHE3»; ipu F' > 0, G > 0
uF >0, G > 0xunkocrs B obnactu §) ABMKeTCH «CHU3Y BBepx»; upu F > 0, G <
0, —F/G < 1 xmakocrs, 3anumatomas cioit 0 < z < —F /G, apuxkercsa «cHusy
BBEPX», & JKUJAKOCTh, 3aHAMAIONIAA CJION —F/G < x < 1, — «CcBepxy BHU3»; NpHU
F >0, G <0, —F/G > 1 xuggocts B obmacTu ) IBHKETCA <«CHH3Y BBEPX»;
npu F' < 0, G >0, —F/G < 1 xkuakocrb, 3anumaiomas cioit 0 < ¢ < —F/G,
JIBUKETCSL «CBEPXY BHU3», & MKUIKOCTh, 3aHuMamomas cioii —F/G < z < 1, —
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«crE3y BBEpX>; ipu F' < 0, G > 0, —F/G > 1 xuaxocTs B obmactu () ABHMKeCTCa
«CBEPXY BHU3»; IIPU

F=0, G=0 (25)

JKUIKOCTh B 001acTH ) MpeGhIBAET B COCTOSHUY <«JIGBUTAINNS — HAXOIACH B MOJIe
cuitbl TsxkectH, (Ha done komebanuit) nokourca. Ormernm, uto ycaosus (23), (25)
I J1I060ro 3HaveHus £ > 0 BBINOJHAIOTCS, HAIPUMED, pu Ua = K / (37), g =

2k /(3m), ¢ =m/2, ¢ = 3mw/2.

4. 3AKJIIOUYEHUE

Pesynbrarsl HacTosite paboThl CBUAETENBCTBYIOT O TOM, 9TO B IPUCY TCTBUU 10~
Jisl CUJIBL TSI?KECTH OKA3bIBAEMbIE HA YKUJIKOCTH IIEPUOIUIECKUE TI0 BPEMEHH BO3/eii-
CTBWS, HE MMEIOIINe BIIETIEHHOTO HATPABIEHHUS B TPOCTPAHCTRE, CTIOCOOHBI TIPUBO-
IuTh K 3 derTaMm MHOro00pa3HO MPOSBIISIONIErOCsk HEOOBITHOTO, MAPATOKCATHHOTO
MOBEIEHNS KUAKOCTH. [Iprwammoii 00HapyKeHHBIX 3D MEKTOB ABJISIETCS COTTIACOBAH-
HOCTH (IPYr C APYrOM) OKa3bIBAEMbIX HA YKUIKOCTh BO3AEHCTBHMH, YTO HAXOIUTCSH
B HEIIOCPE/ICTBEHHON CBsI3U C UPUHLUIIOM cpenHero asuxkenus (cm. [4], [11], [12]).

[Ipencrasiennoe B HacTosi1Iell pabore, B 9ACTHOCTU, MOXKET CJIYKUTh TEOPETUIe-
CKO#1 OCHOBOIT JIJIsT TIPOBEIEHNS HATPABIEHHBIX IKCIIEPUMEHTATHHBIX NCCIIeTOBAHUIT
JIBU2KEHHS YKUJIKOCTU TIPH TIEPUOINIECKUX 10 BPEMEHN BO3/IEHICTBUSIX.
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