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B pabote paccMoTpeHa HOBas 3ajada O TEYCHHHU BS3KOW JKMAKOCTH B IIOJIE CHJIBI TSHKECTH. JKUIKOCTH KOH-
TaKTHPYeT C JByMs BEPTHKAJIbHBIMU TBEPABIMH CTEHKAMU. [DaHUIBI CTEHOK IPOHUIAEMBI IS IKHUAKOCTH.
Ha %#IKOCTh OKa3bIBAIOTCS HEPHOANYECKUE [0 BPEMEHH BO3JCHCTBHS, HE NMCIOIIME BBICICHHOTO HAIPABICHHUS
B npoctpaHcTBe. [locTaHoBKa 3amaun BKIrodaeT B ceOs ypaBHenne HaBbe—CTOKCa, ypaBHEHHE HEpa3pbIBHOCTH
U YCIIOBHS Ha TBEPABIX TPAHUNAX KHAKOCTU (Ha TPaHUNAX CTEHOK). YCTaHOBIEHO HAIMYUE Psiia HOBBIX Y deKToB
HEOOBIYHOTO, TapaJOKCAIBHOIO MOBEACHNUS JKUAKOCTU. B yacTHOCTH, 0GHApYKeH 3((EKT «ICBHTALIMI KUIKOCTH,
COCTOSIIMIT B TOM, YTO HAXOSIIAsCS B IOJIC CHIIBI TSDKECTH XKUIKOCTD (B OTCYTCTBHE KaKOH-THO0 ONOpHI, Ha GoHe
Kosie6aHuit) HeMOABIKHA, HAXOIUTCS B COCTOSHUH MOKos1. [IpencTaBneHHBIM B paboTe XapaKTepH3yeTCs pa3BUTHE
CHCTEMATHYECKN BERYIIErOCs M3YYCHHs HEOOBIYHOM, MapaJoKcalbHONH AMHAMHMKH THAPOMEXaHUYECKHX CHCTEM
IPH MEPHOANYECKUX 10 BPEMEHH BO3CHCTBHAX. BBITOIHEHHBIE B JaHHOM HAIIPABJICHUH UCCIISOBAHUS TI03BOIMIN
JOCTHYb CYIIECTBEHHOTO IIPOrpecca B MOHUMAaHUH 0COOCHHOCTE!H NMHAMUKY THAPOMEXaHHIECKUX CHCTEM, B BEHI-
SIBIICHUH HOBBIX THAPOMEXaHHIECKHX 3(hdekToB. K HacToseMy BpeMEHH, B YaCTHOCTH, OOHAPYKEHBI 9 (HEKTHI
[apaIoKCaIbHOrO MOBEICHHS TBEPOro BKIIOUCHHS B BUOPHPYIOIIECH JKHIKOCTH, «CaMOIPOM3BOILHOIO» Iepexosa
TBEPJOrO BKIIOUCHHS B KOJICOMIOMEHCS JKUIKOCTH B IIOJIOKEHNE C 3aJaHHON OpHeHTanuell B IPOCTPaHCTBE, IPEH-
MYIIECTBEHHO OHOHAMPABICHHOTO BPAIICHHS XKUIKOCTH CO CBOOOMHON IPaHUIICH; OLPE/ICICHBI COICPIKATCIIBHBIC
pazinuus B KOJMeOaHHAX KUAKOCTH (IIPOU3BEACHO pasiesieHue KoaeOaHuil )KUIKOCTH Ha OTHOPOAHBIE M HEOIHO-
POIHBIE, BBEICHBI KO ()UINESHTE HEOHOPOTHOCTU KOIeOaHUIl JKUIKOCTH); TEOPETHIESCKH U IKCIEPUMEHTAIBHO
JIOKA3aHO CYIIECTBOBAHUE SIBIICHHS MIPEUMYILECTBCHHO OJHOHAIPABICHHOTO IBIKCHHUS C)KMMACMbIX BKIIIOUCHHUH
B BUOpupytomuieit sxuakocty. [IpeacraBinenHoe B paboTe MOXKET CIy)KHTh OCHOBOU JUIsl HPOBEACHUSI HCCIISIOBAHUIH,
HaIpaBJIeHHBIX Ha JKCIICPHMEHTAIBHOE OOHApYKEHHE BBIABICHHBIX TEOPETHUYECKH HOBBIX I'MAPOMEXAaHHYECKUX
3¢ ¢eKTOB, B YaCTHOCTH, 3P PEKTa «JICBUTALUM» KUAKOCTH.

KuoueBble ciioBa: Bsi3Kast KHAKOCTb, 110J1€ CHJIbI TH/KECTH, NEPHOIUYECCKHE 110 BpEMEHHU BO3/1€eiiCTBUSI He MMeEIOIIHe

BbIJeJICHHOT0 HANIPABJICHUS B IPOCTPAHCTBE, HOBbIE THAPOMeXaHHYecKHe PP eKThbI
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In the work the new problem is considered on the flow of a viscous liquid in a gravity field. The liquid contacts
with two vertical solid walls. The boundaries of the walls are permeable for the liquid. The liquid is exerted by
periodical in time influences having no predominant direction in space. The formulation of the problem includes
the equation of Navier—Stokes, the equation of a continuity and the conditions at the solid boundaries of the liquid
(at the boundaries of the walls). A series of new effects of unusual, paradoxical behavior of the liquid is discovered.
In particular the effect of the “levitation” of a liquid is revealed which consists in that a liquid being in a gravity
field (in the absence of any support, at a background of oscillations) is fixed, keeps the state of a rest. The presented
work characterizes the development of the systematically realizing study of the unusual, paradoxical dynamics of
hydro-mechanical systems under periodical in time influences. The investigations fulfilled in this direction permitted
to reach an essential progress in the comprehension of peculiarities of the dynamics of hydro-mechanical systems,
in the detection of new hydro-mechanical effects. To the present in particular the effects have been revealed of the
paradoxical behavior of a solid inclusion in a vibrating liquid, of the “self-realized” transition of a solid inclusion
in an oscillating liquid to the position of a prescribed orientation in space, of the predominantly unidirectional
rotation of a liquid with a free boundary; the important distinctions have been determined for the oscillations of a
liquid (the division of liquid oscillations in uniform and non-uniform oscillations has been done; the coefficients
of the non-uniformity of liquid oscillations have been introduced); the existence of the phenomenon of the
predominantly unidirectional motion of compressible inclusions in a vibrating liquid has been proved theoretically
and experimentally. The presented work can be the base for the implementation of the investigations directed to the
experimental detection of the new hydro-mechanical effects revealed theoretically, in particular the effect of the
“levitation” of a liquid.

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

hydro-mechanical effects

Cpeay MHOTOYHMCICHHBIX HaIpaBICHUN
B COBPEMEHHOM MexaHWKe KUIKOCTH [1-3]
MPUCYTCTBYET YCIICIIHO pa3BUBAIOIICECTd aK-
TyaJlbHO€ HaIlpaBJICHHe, OOpa30BaHHOE WC-
CJICJIOBaHUSMU HEOOBIYHOM, MapaioKCaIbHOM
JUHAMUKH THIPOMEXaHUYECKUX cuctem [4].

[TpuMepoM HEOPAMHAPHOTO TOBCACHHUS THU-
JPOMEXaHUYECKON CHCTEMBI MOXET CIYKUTh
3 dexT, COCTOAIMIT B TOM, YTO B TOJIE CHIIBI
TAXKCCTU TBEPAOC BKIHOYCHUE B KHUJIKOCTH,
IIJIOTHOCTH KOTOPOI'0 OTIMYHA OT IIJIOTHOCTH
JKUJIKOCTH, TIPU TIEPUOJUYECKHX TI0 BpeMe-
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HU (KoneOaTenbHBIX, BHOPAlMOHHBIX) BO3-
JEHUCTBUSX, B CPEAHEM 110 BpeMEHHU (Ha (oHe
KoneOaHni), He BCIUTBIBACT M HE TOHET — «JIe-
BUTHUPYET», HAXOAUTCS B COCTOSHUM <«JIEBUTA-
am» [5, 6]. B HacTosmeit paboTe BBIABICHBI
HOBBIC TUJPOMEXaHUYECKUE dPPEKTHI, B 4aCT-
HOCTH, 00HApYKeH P PEKT «ICBUTALNNY KHI-
xocTH. IlpeameroM u3yueHUs ABISETCS HOBas
3a/laya 0 TEYCHUU BS3KOH >KHIKOCTH B IIOJIE
CWJIBI TSDKECTH TIPU TEePUOJUYECKHX IO Bpe-
MEHU BO3AeHCTBUAX. JKUIKOCTh KOHTAKTUPYET
C BEPTUKAJILHBIMHU TBEP/BIMHU CTCHKaMH =, 2.
FpaHMum CTEHOK IPOHUIIAEMBI 115 )KUJKOCTH.
Crenka =, cOBepLIaET 3aaHHbIE neprouye-
CKHe HOCTyHaTeJ'ILHBIe KoneOaHus BOIb OCei
X, Y, cTeHKa E, — BIOIIb OCH Y uHepuHaIbHOMU
MPSMOYTOJIHOW CUCTEMbl KoopauHaT X, Y, Z.
Crenka "] OTpaHUYCHA IUIOCKOCThIO X = A,
creHka 2 — miockocTteio X = L (L > A — mo-
cTosiHHas1). JKUIKOCTh 3amoiHseT obaacts €2
(A<X<L,-0<Y<ow,—w<Z<wn), BTeKaeT
B o0macTh () ¥ BEITEKAaeT U3 Hee Yepe3 rpaHu-
bl CTEHOK.

Lenbto paboOTHl SIBISIETCS  OIpEICIICHNE
JIBIDKEHUS YKUJIKOCTH.

Ilocmanosxa u peutenue 3a0auu

[Iycts t — Bpems; T — nepuon koneGanuit
CTEHOK Z , B, ,r—t/T x=X/L;y=Y/L;
z=72/L; A Asin2nt (A > 0 — nocrosHHas);
a= A/Ls A/Le {1,0,0}; e ={0,1,0};
(dA/dt)e + U €~ CKOpOCTB CTEHKH (FpaHI/II_ILI
crenkn) Z;u =TU /L= sin2rt +a, ) (4, >
o - HapaMeTpLI) U €, — CKOPOCTb CTCHKH (rpa—
HI/II_II)I CTCHKH) = TU /L=1,sin(2nt + a.)
0,=20,a, - napaMeTpLI) Qe, ¥ U,e, — cxo-
POCTb JKUJIKOCTM Ha TIPaHULE CTEHKU E ;
Qe, + U,e — CKOPOCTE XKHIKOCTH HA IPAHH-
e CTCHKI/I 2,;q9=TQ/L=¢gq sin(2nt + ¢)

vy =(1-N) u, - N(sin 2751:)% pu x = 0;

v =(1

~[sin(21‘c1:+(p)]

(q >0, ¢ — mapamerTphl); g =— g e, — yckope-
HHMe cBOOOIHOrO majeHus (g > 0 — mocTosH-
Has); . = gT2/ A; p, v, V — COOTBETCTBEHHO
IUIOTHOCTD, KI/IHeMaTquCKI/Iﬁ ko3 purmeHT
BSI3KOCTH B CKOPOCTB X)uakocT; V=TV /L=
= V (x0)e + v (X, t)e P — naBnenue B JKHIKOCTH;

=TP/ (pLZV) p(x 1); Re=L1?%/(vT) — uncino
PeI/IHOJIB,Zlca.

IlocranoBka 3amauyM BKJIIOYaeT B ceOs
ypaBHenue HaBre—CTOKCa, ypaBHEHHE Hepas-
PBIBHOCTH U YCJIOBHUS, KOTOPBIC JOJDKHBI BBI-
TOJIHATHCS HA TPaHMIAX CTEHOK =, =

?'F(V V)v=- Vp+RLAV— exe, BQ; (1)

T

V:-v=08BQ; 2)
v=gqe tue mpux=a; 3)
v=ge tue mpux=1. @)

N3 (2) — (4) cnenyer
v=quuas<x<l. ®))

Cornacno (1), (3) — (5) umeem
P=-2neq[cos2ut + @)]x +p'BQ; (6)
(p' — pymiums 7)

ov,  0v, 1 0°v

Fs qg Reaz—SMBQ(7)
Vv, =, IpH X = a; ®)
v, =u,mpux=1; ©)

Bynem paccmarpusars 3amaqy (7) — (9)
IPU MJIBIX 110 CPABHEHHMIO C €AMHMIICH 3HaYe-
Husix €. [Ipeanonoxum, 4to

(10)

Hcnonw3ys (7) — (10), B eN— npubamkeHun
(N =0, 1) momyuum

v~V ey npu € — 0.

rae Q — o6macTh 0 <x <1, -0 <y <o0,—00 <z <00,
ITyctes N = 0. 3amaga (11) — (13) umeer pemienue

e shi(1-x)+10,e“ shix

v, = Imag vy

3nech A = (1+i)\/7'cRe.

2
CATIE SR 8 Q; (1)
ox Re ox
(12)
~N)u, mpu x = 1, (13)
™ | mm0<x<l. (14)
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ITycte N=1. U3 (11) — (13) ciegyet

ov 1 d*v
q{[sin(2mt+ 0y = — —— — Q; 15
q([sin2mt+ @)] = e % B (15)
Vz—((sin2m)ﬂ> mpu X = 0; (16)
ox
v=0mnpux=1, (17)
T+l
e ()= [ .. de V=v,
3agaua (11) — (13) umeer pemeHue
v, :V+Real(\~7e4“”) (18)
(V— dpyHKIUA X).
Ucnonw3ys (14) — (17), naitnem
— 1
v=——xnRex(lx)+
> » Re x(1—x)
+1Rea1{i [G,e chi -, ei%]}(1—x)+
2 sh
1 Rede™ _
+5Real{ﬁ[ule ! ((ch?»)(l—x) + x—(chk(l—x))) -
—ii, € ((chA)x +1-x —(chAx))]} mm0<x<1 (19)

dopmynamu

Vy =V, + v,

(20)

u (5), (6), (14), (18), (19) onpenensercs npu-
ommkenHoe perienue 3amaun (1) — (4). Oro
pelleHne CBUIETENBCTBYET O HAIWYHMH Psizia
HEOOBIYHBIX, KAY€CTBEHHO Pa3IMIHBIX (TIPOHC-
XOISIIIHX Ha hoHE KOoJIeOaHuH) CTalOHAPHBIX
TCUCHHUH XKUAKOCTH. B 9acTHOCTH, COTIIacHO
(19 mpu q =0, U =0;

Real(We™ ) > 0; (21)
N % Re
0>—
Real (We'™ )
(W=ActhX) qna 0 <x < 1 umeem
v>0. (22)

CootHomienne (22) o3HayaeT, 4TO >KUA-
KOCTh BeJieT ce0sl mapajoKcaabHO — Ha (oHe
KoNeOaHN COBEpIIAeT CTAIlMOHAPHOE JBUKE-
HUE B HaIPaBJIEHUH, MPOTHUBOIIOJIOKHOM Ha-
NPaBJICHUIO YCKOPEHHsI CBOOOIHOTO MaJICHUSI
(TO ecTh «CHHU3Y BBEPX»).

OtmetuM, uto ycioBue (21) mis nro6oro
3HaueHuss Re > ( BeIMONHSETCS, Hampumep,
npu o, =7/ 4—arg V.

O6paruMcs K BOIIPOCY O CPEIAHEM TI0 Bpe-
MEHU TEUCHUH JKUJKOCTH MPU MAJIBIX 110 CPaB-
HEHHIO C SIUHUIICH 3HaUeHnIX Re.

Ilycth

U, cosa,, — U, cosa, # 0. (23)
Ucnomezysa (5), (14), (18) — (20), (23),

TOJTyYUM
(V) ~ % g (1, cosa, — 1, cosa, ) (1-x)e,

mpu Re — 0. (24)

Cornacho (24) (ua pone xonebanwmii) Kum-
KOCTb B o0nactu 2
npy U, cOsQ, — U, COSQ, < 0 aBHKETCH
«CBEpXy BHU3Y,
npu U, coso, — U, coso, > 0 naBmxercs
«CHHU3Y BBEPX).

[IycTs

u, cosa, — U, cosa, = 0. (25)
Ucnomssys (5), (14), (18) — (20), (25),

MOJIyYUM

(V) ~ % e(A+Bx)(I-x) Ree,

mpu Re — 0. (26)
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31ech

e .
A= —§(2u1 sina, + 1, sina, );

B= %[ﬁlcos(oc1 —¢)—1,cos(a, —(p):l— .

CormacHo (26) (1a dhoHe koneOanwii) nme-
er Mecto cienyromee. [Ipy A <0, B <0 nu
A <0, B <0 x)uaxocts B obmactu Q IBHKET-
csl «cBepxy BHU3»; Ipu A >0, B>0u A >0,
B > 0 xxuaxocts B o0macTu () TBUKETCS «CHU-
3y BBepx»; mpu A >0, B<0u-A/B<1
JKHIKOCTD, 3aHMMaroIasg cio 0 < x <A/ B,
—w<y<ow,—o0 <z <o IBUKETCI «CHU-
3y BBEpPX», a XHUAKOCTb, 3aHUMAIOMIAS CIIOH
~A/B<x<l,-w<y<ow,-0<z<w0-
«cBepxy BHM3»; Ipu A >0, B<0u-A/B>1
KUIKOCTh B 007MacTH () NBIDKETCS «CHU3Y
BBepx»; IpU A <0, B>0u -A /B < 1 xun-
KOCTbh, 3aHHMaromas cioii 0 < x < —A / B,
—0<y<ow,—0w<z< o0, IBHKETCI «CBEPXY
BHH3», a KHUJIKOCTh, 3aHUMAIOMIAas CJIOH
“A/B<x<1l,-0o<y<o,-—w<z<ow-
«cHH3y BBepx»; Mpu A<0,B>0un-A/B>1
KUIKOCTh B 007acCTH ) NBIDKECTCS «CBEPXY
BHI3Y»; TIpU

A=0,B=0 (27)

KUIKOCTh B oOmactu (Q_mipeObIBaeT B CO-
CTOSTHUU «JIEBUTALMU» — HaxOJsCh B IOJE
CUJIBl TsKEeCTH, (Ha doHe KonebaHUM) mo-
koutcsi. OTMmeTuM, uto yciosus (25), (27)
JUTsL TI000TO 3HaYeHUs % > () BBIMOJTHSAIOTCS,
HarpuMmep, nNpu

q=2mn, ¢=n/2, i, =%/(3n),
U,=2%/(3n), o, =n/2, o,=3n/2.

3akjoueHue

M3yueHue npeAcTaBICHHONM B HACTOALIEH
paboTe HOBOU 3a/1auu O TEUCHUH BI3KOU KHJI-
KOCTH B IIOJIC CHUJIbI TS’KCCTHU IIO3BOJIMJIO BbI-
SBUTH PSJ HOBBIX 3((HeKToB HEOOBIYHOTO, Ma-
PaJOKCaIbHOTO MOBEACHHS )KUAKOCTH. JlaHHbIe
3QdexTsl UMEIOT MECTO NPU NEPHOIUYECKUX
10 BpEMEHH BO3IIEHCTBUSX, XapaKTePU3YIOIINX-
CA OTCYTCTBUEM BBIJACIICHHOI'O HaIlpaBJICHUA
B mpocTpancTBe. Cpenu BBISBICHHBIX d(dek-
TOB 3aCJIy’KHUBacCT 6I)ITI) OTMCUYCHHBIM BE€CbMa
«TOHKHID» 3P DEeKT «IeBUTALINI )KUIKOCTH, CO-
CTOSAIIMH B TOM, YTO HAXOASIIASICS B I10JIE CUJIBI
TSOKECTH JKUAKOCTh (0e3 KaKOW-THOO OIOpHI,
Ha (poHe KomebaHwmil) TOKOUTCS, «JIEBUTHPYETY.

W3noxxeHHoe B HacTosIIeH paboTe MOXET
CIIy’KUTb OCHOBOM JUIsI IIPOBEJEHUS HCCIIENO0-
BaHMM, HAIIPABJIEHHBIX HA SKCIIEPUMEHTATBHOE
oOHapyXeHHe BBISIBJICHHBIX TEOPETUYECKH HO-
BBIX THUAPOMEXaHWYIECKHX 3(P(PEKTOB, B HaCT-
HOCTH, 3P eKTa «TCBUTAIII KUIKOCTH.
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