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O IBUKEHUU BA3KOM ) KUJKOCTHU B OTCYTCTBUE BBIJIEJIEHHOI'O
HAITPABJIEHUSA B ITIPOCTPAHCTBE
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IocraBnena u peuieHa 3agada O ABIKCHUH BSI3KOM MKUIKOCTH B MPUCYTCTBHU TBEPABIX TEN — JBYX CTCHOK
¥ CBOOOJIHOM TOHKO# MPOHUIIAEMOH JIJIsl KUIKOCTH TUIACTHHBI — PH TIEPUOANYECKUX 10 BPEMEHHU BO3ICHCTBUSIX.
TocTaHoBKa 3a1aun BKITIOYACT B ceOsl ypaBHEHUE IBUKCHUS TUIACTHHBI, ypaBHeHHs HaBbe — CTOKCA U Hepas3phiB-
HOCTH U YCIIOBHS Ha TBEPIbIX TPaHULAX KUIKOCTH (YCIOBHS Ha MPAHHIAX TBEPIBIX TEN). YCTAHOBICHO HATHUYHE
a¢dekra, COCTOSIIEr0 B TOM, YTO THAPOMEXaHUYECKas CHCTEMa, TOJBEPraroliascsi MEPHOJMISCKAM 110 BPEMEHH
BO3JICHCTBUSIM, HE MMCIOIINM BBIICICHHOTO HAMPABICHUS B MPOCTPAHCTBE, MPOM3BOAUT OTHOHAMPABICHHBIE OT-
KJIMKH (PEaKIMK Ha BO3JICHCTBHUS ), BHIPAYKAIOLIUECS B TOM, YTO CBOOO/IHBIC YaCTU CUCTEMbI — B YACTHOCTH, JKUJIKUE
cion — Ha (hoHe KoJIeOaHMil COBEPIIAOT OJHOHAIPABICHHOE, CTallMoHapHoe aBmwkeHne. ChopMmynnupoBan 0000-
[ICHHBIH TPUHIAI CPeHero ABkeHus. [lepuommdeckue mo BpeMeHn (KonebareabHble, BHOPAIIMOHHBIC) BO3/ICH-
CTBUSI IPHCYTCTBYIOT MPAKTUYCCKU MTOBCEMECTHO. BBUTY 3TOTO HCCIICI0BAHUAME ANHAMUKH THIPOMEXaHHICCKHX
CHCTEM IIPH MEPUOIMUYESCKUX 110 BPEMEHH BO3JCHCTBUSAX OIPENIEINISCTCS O/IHA U3 HEU3MEHHO aKTyallbHBIX o0JlacTeid
B MEXaHHUKE XUAKOCTH. YK€ MPOBEICHHBIC K HACTOSIIEMY BPEMEHH HCCIICIOBAHUS TTO3BOIUIH OOHAPYKUTH PSIIT
HOBBIX THIpOMeXaHn4IecKux a¢dexroB. [lepuonudeckue Mo BpeMEHH BO3ICHCTBHS MOTYT MPUBOAUTD K BBIIOJIHE-
HHUIO CBOOOIHBIMH YaCTSMH THIPOMEXaHHUYECKUX CHCTEM 3aaHHOTO JBMKEHHUS, MOTYT HCIIOJIb30BaThCS KaK Cpeli-
CTBO yMPaBICHHS THAPOMEXaHHUECKUMH CHCTEMaMH. Pe3yibTaThl HCCISIOBAHNMI B TAHHOW 00IACTH MPEICTABISIIOT
KaK CaMOCTOSITCIIbHBII HHTEPEC, TAK U CYIICCTBEHHBII HHTEPEC B CBSI3H C BO3MOXKHOCTHIO IPHUMEHEHHS UX [IPH pa3-
paboTKe MOIXO0I0B K PEIICHUIO aKTyaIbHBIX ITPOOJIeM ITPUKIIJHOTO XapakTepa. Pe3yibrarsl, OJIyYeHHbIC B HACTOSI-
mieit paboTe, MOTYT HAWTH MPUMEHEHHE, B YACTHOCTH, B HICCIEIOBAHUIX HETPUBHAIHLHON TMHAMUKHI THIPOMEXAHH-
YECKHX CHCTEM, HCIIOIb30BaThCs IPU CO3AaHNH YCTPOHCTB, THAPOMEXaHUICCKHUX CHCTEM, 00JIaJalOIIHX 3a1aHHBIMHI
CBOMCTBaMH, HAIIPUMEP CHCTEM, 3a/IaHHBIM 00pa30M pearrpyroIHX Ha KoJieOaTelIbHbIe BO3ICHCTBYS; MOy YCHHbIC
PE3YIBTAaThl MOTYT CITY)KUTh TEOPETUYECCKOI OCHOBO JUTSl IPOBEICHMUSI HAPABICHHBIX OKCIIEPUMEHTAIBHBIX HCCITC-
JIOBAaHMI ABMKCHHS KUAKOCTH B PACCMOTPECHHBIX M @HATOTHYHBIX MM I'HAPOMEXaHUUCCKUX YCITOBHUSIX.

KutoueBble cjioBa: BA3Kast KHUAKOCTh, MNEPUOAUYECCKHE 10 BPEMEHHU BO3}IeﬁCTBHﬂ, OTCYTCTBHE BBIICJICHHOT'0
HaIlpaBJICHUS B IPOCTPAHCTBE, OAHOHANPABJ/JIEHHOE CTAllHOHAPHOE IBU/KEHUE

ON THE MOTION OF A VISCOUS LIQUID IN THE ABSENCE
OF A PREDOMINANT DIRECTION IN SPACE
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The problem is formulated and solved on the motion of a viscous liquid in the presence of solid bodies — two
walls and a free thin plate which is permeable for a liquid — under periodical in time influences. The formulation
of the problem includes the equation of the plate motion, the equations of Navier—Stokes and a continuity and the
conditions at the solid boundaries of the liquid (the conditions at the boundaries of the solid bodies). The effect
is revealed which consists in that a hydro-mechanical system which undergoes by periodical in time influences
having no predominant direction in space produces the unidirectional responses (the reactions for the influences)
which expresses in that the free parts of the system — in particular the liquid layers — at a background of oscillations
perform the unidirectional, steady motion. The generalized principle of average motion is formulated. Periodical
in time (oscillatory, vibrational) influences are practically everywhere. By this reason the investigations of the
dynamics of hydro-mechanical systems under periodical in time influences define one of invariably actual fields
in fluid mechanics. The investigations which have been realized to the present time allowed to reveal a series of
new hydro-mechanical effects. Periodical in time influences can drive free parts of a hydro-mechanical system to
fulfill a prescribed motion, they can be used as the means for controlling hydro-mechanical systems. The results of
investigations in the given field are of their independent interest as well as of their essential interest in connection
with the possibility of the use of them under the elaboration of approaches to solving actual problems of an applied
character. The results obtained in the present work can find their use in particular for investigations of non-trivial
dynamics of hydro-mechanical systems, can be used under a creation of devices, hydro-mechanical systems which
have prescribed characteristics for example systems that respond for oscillatory influences by a prescribed manner;
the obtained results can be the theoretical base for the realization of directional experimental investigations of the
liquid motion at the considered and analogous to them hydro-mechanical conditions.

Keywords: viscous liquid, periodical in time influences, absence of predominant direction in space, unidirectional
steady motion

Wzyuenue 3amay, CBSI3aHHBIX C [IBIDKEHM- Ha NPOTSDKCHUU JUIMTEIBHOTO BPEMEHHU C He-
€M BA3KOM KHJIKOCTH B Pa3lM4YHBIX THAPO- HM3MEHHBIM COXpaHEHHEM akTyaJbHocTH [1-3].
MEXaHHYEeCKUX YCJOBHAX, OCYIIECTBIseTCs B YacTHOCTH, BBIMOJHSIOTCS HCCIEI0BaHMUS,
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HaIpaBJICHHBIC Ha BbIsBICHHUE 3(PEKTOB cper-
HEro JBIDKEHUS >KUIKOCTH, TIOABEPTaroIIencs
MEPUOANYECKIM [0 BpeMeHH (KoneOarelb-
HBIM, BUOPAIIMOHHBIM) BO3meUcTBHIM ([4, 5]
U MPEJCTABICHHAS B 3THX HUCTOYHHUKAX JIUTE-
parypa). B macrosmeit paborte mocraBieHa
U pelieHa HOBas 3ajjada O JBM)KEHUH BS3KOH
KUJKOCTH, OOYCIIOBICHHON KOJeOaTeIbHBIMU
BO3/ICUCTBUSMU Ha )KHUJIKOCTb, XapaKTepU3yIO-
IIMMHUCSA OTCYTCTBHEM BBIJEJIIEHHOTO Harpas-
JeHust B mpocTpancTBe. JKUAKOCTh KOHTAKTH-
pyer c a6COJIIOTHO TBEPABIMU CT€HKamMu W ,
W, u ractuHoi =. CTEHKH COBEPIIAKOT 3a/1aH-
Hble KoNeOaHMs BJIOJIb OCH Y HWHEPIUAIBHOM
MPAMOYTOJIHOM CUCTEMBI KoOpJiMHAT X, Y, Z.
Crenka W, orpanuyeHa II0CKOCTBIO % =A,
CTCHKA W — IUIOCKOCTBIO Y = A, ToanHa
MJIaCTHHBI HpeHe6pe)KI/IMO Maia (paBHa HYIIIO);
MJacTHHA HaXOOHUTCSI B IUIOCKOCTH Y =B
(A, <B<A,; B — nocrosunas). IIpomexyr-
KA MEXJly CTEHKaMH M IJIACTMHOM — 00NacTH
QA <Y<BunQ, :B<Y<A (-0o<X<on,
<7< ®) — 3aITONHEHET )KI/I,Z[KOCTB}O Pac-
CTOSIHME MEXy cTeHKamu L = A2 Al oCTO-
stHHO. [InmacTuHa mpoHUIaeMa Ass )KUIKOCTH;
IJJACTUHA JBUXKETCS BAOJAb Och X MOJ JEH-
CTBUEM BHEIIHHMX KOJICOATEIbHBIX CHJI U CHJI
CO CTOPOHBI KUIKOCTH.

Lenbto paboTHl SIBISIETCS  OIpEeiieHNE
HE 3aBHUCAIICTO OT HAYAIbHBIX JIAHHBIX TIEPHO-
JTIUYECKOTO 110 BPEMEHH t JIBHIKSHISI )KUIKOCTH.

Ilocmanoska u peuterue 3a0auu

ITycts T — nepuon xonebanuit creHok W ,
Wyt=t/ T, x=X/L y=Y/L; z= Z/L
A, = Asin2nt  (A>0 HOCTOSIHHAs);
e=A/L; a,=A /Lia=A /L b=B/L; &~
YacTh IUTACTHHEBI 2 JIUHON D, «BIIHCaHHAS
Me>1<z[y IUIOCKOCTIMU Z=7* u Z = Z*+D
(Z*, D,>0, D,>0 — NOCTOSHHBIE); M —
Macca Tema & e, ={1,0,0} e, ={0,1,0};

= {U, 0, 0} — CKOpOCTB Tena & (HJIaCTI/IHBI =);
u=TU/L; p,v, V={V,, V,, 0} — coorser-
CTBEHHO IUIOTHOCTh, KHHEMAaTUYECKUI KO-
3G GUIHEHT BSI3KOCTU M CKOPOCTh JKUJIKOCTH;
v=TV/L(v={v, & 0} =v(y, 1)); P — narme-
HHE B )KUJKOCTH; P = T P/(pL ) (p p(y, )),
Re= L2 /(VT) gypcino  PeitHonbica;
F, =Fsin (2mt+(p) — BHEIUHAS CWJIA, JIEH-

ext

CIBYIOIIAsl HA TeNO § B HampasleHHH och X

(F>0,¢p-nocrosmnere); f,, =T> F,, /(mL);
F, = pv[(a VY), L —(9Vy /BY)‘YZH] D,D,—
CWia, MAEHCTBYIOIIAs CO CTOPOHBI JKHJI-
KOCTH Ha Teno & B HampaBlIeHUH ocu X,

Tocratoia 3a)1a'm BKJIIOUaeT B ceOs
ypaBHEHUE JBWOKEHUs Tena & (MIacTUHbI 2),
ypaBHeHus1 HaBbe — CTOKCa U HEpa3pbIBHOCTH
U YCIIOBUSI, KOTOpBIE IOJDKHBI BBINOIHATHCS
Ha rpanumax ren W, W, =:

du
_T :fext + fliq; (1)
ov 1
> (V~V) z—Vp+R—e Av BQ,Q; 2)
V.v=08Q,Q; (3)
d
v:ie npu y=a,,y =1l+a; 4)
dt
da,
vV =ue, +E e, mpu y=b-0,y =b+0. %)
U3 (3)—(5) cnenyer
Vv, =2MECOS2NT NpH a,<y<b-0,b +0<y<a,. (6)
Cornacho (2), (4)—(6) nmeem
p=4n’e(sin2nt) y+p’ npua, <y <b,
p=4n’e(sin2nt) y+p” mpub<y<a, (7

(p', p"— dynkuuu 1),
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Vx +21te(cos2m)avx —Laz—v Q.Q-
36 dy Re oy’ "ot

v=0mpuy=a,y=1+a;

v =unpuy=b-0,y=b+0.

@®)

©)
(10)

Bynem paccmarpusars 3amauy (1), (8)—(10) mpu MaseIx 0 CpaBHEHUIO C €AWHHLICH 3HAYEHHSIX €.

IIpenmnonoxum, 4To

u~ u,+eu, v, ~ v, +ev, npue— 0.

X

[Tycte N =0, 1 — HOMep pUOIKEHUS (CTETICHD €).
Ucnonsays (1), (8)—(11), momyuum

du
dTN :(1_N) fext +f1in;
) 0 1 9 — _
h+2N1£(00527tt) Va0 - V’Z‘N BQ, Q;
00 dy Re dy
VxO

VN = —N(sin 2m7) mpuy=0,y=1;

Viw=Uy npuy=b-0,y=b+0.

3necy Q, u Q, — obmactu coorBercTBeHHO 0 <y <bub<y<1
(—ee<X <0 ,—c0<Zz<00);
y=b—0)

AN
y=b+0 ay

ES AN
% Rel dy

(3 =pLDD,/m).
ITycte N =0.
3amaga (12)—(15) umeer pernenne
u, = Real(ﬁ ez"”)

fe

211:{1 +%[cth Ab+cth A (1 —b)]}

. sh Ay 2-)
v, =Real| 1——= "™ | npu 0< y<b;
x0 ( sh Ab pro=y

ASh;L l_y it
Vxo zReal[um e’ ] npu b<y<lI,

rae f=T?F/(mL); A=(1+i)VnRe .

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)
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Ilycts N=1.
U3 (12)—(15) cnenyer

Y smvn = olser =0 (19)
dy y=b+0 dy y=b-0 s
d Voo~ =
2n (cos2m)ﬁ =Ld—\2/ BQ, Q) (20)
ay Re dy
_ . v,
v =—((sin2nt) pu y=0, y=1; (21)
dy
V=T mpu y=b—0,y =b+0. (22)

T+l

3neck (...)= J dra=(u ) v=(v,).

3agaua (12)—(15) umeer perienue

u, =T+ Real (ﬁe‘”‘“) ,
vV, =V+ Real(flle‘”‘”) npu 0<y<b,
v,y =V+Real (¥,6") mpu b<y<I, (23)

riae U — MOCTOSHHAS, V,, Vo - GyHKIHH Y.
Ucnonesys (16)—(22), naiigem

u= —% Imag{ka[b cthA(1-b)—(1-b) cth kb]}; (24)
_ _chiy—(chAb) by | _vy
=nRe Real Z .
v =ntiRe Rea |:u sh b +ub npu 0<y<b; (25)
hA(1-y) —(ch A(1-b)) (1-b)" (1- _
V:—nReReallﬁc ( y) (; sh(k(l—)t)))( ) ( y)]+ﬁ1_z npu b<y<I. (26)

dopmynamu

u=u,+eu,,v, =v ,+Eev,, 27)

u (6), (7), (16)—(18), (23)—(26) onpenensiercsa npudmmkeHHoe pemenue 3aaaqn (1)—(5). U3 ato-
rO PEIICHHUs], B YaCTHOCTH, CIICAYET, YTO KHUJAKOCTh (Ha (hOHE KOJIcOaHUI) COBEPINACT CTAIUO-

HapHOe, NpsIMOoJIHelHOe nBmkeHne. OTMeTHM, uto npu b = 1/2 miactuna = (Ha ¢oHe Koneda-
HUI) HEMOJBU)KHA.

OcTaHOBHMCS Ha BOITPOCE O CPETHEM 10 BPEMEHH JIBIKSHHUH JKUIKOCTH TTPH MAJIBIX 110 CPaB-
HEHUIO C eIMHUIICH 3HAaUYeHUIX Re.
Ucnomnsays (6), (16)—(18), (23)—~(27), momyanm

(uy=¢€u~ (2b-1)Q,

(v)=¢eve, ~ Q(y+b—-1)e (0<y<I1) npu Re >0, (28)

A

e Q= 8—f(cos(p) Re.
2
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Cormacio  (28) (ma ¢done xomebda-
Hui, g Q #0) mmeeT MecTo ciemyromiee.
Ilpn b>1/2 (b<1) B obmactu Q, 1pu-
CYTCTBYIOT JIBa CIIOSI, ONpe/esieMble COOT-
HowenusiMu 0 <y <1 — b (cmo#t /) m 1 —
b<y<b, B KOTOpHIX >KHUIKOCTH JIBUKETCS
BO B3aWMHO MPOTHUBOTIOJIOKHBIX HAIpPaBICHU-
SIX, IPUYCM HAMPABICHUEC JBUKCHUS JKUIKO-
CTH B CIIO€ [, NPOTHBOIOJIOKHO HANPABJICHHIO
JBMXKEHHs IIAaCTUHBL Z; B oOnactu 2, (B cioe
b<y<1) XuAKOCTh IABMXETCS B OIHOM Ha-
MPaBJICHUH, KOTOPOE COBIAIACT C HAMPABIICHHU-
€M JBM)KEHUS IIACTHHBI =. OTMETUM, YTO TOJ-
IMHA CII0s [, paBHA «TOJILMHE» 00nacta L, .
IIpu b < 1/2 (b > 0 B 06nacTu Q, NPUCYTCTBY-
0T /IBa CJIOfI, OTIpeAeTsieMble COOTHOILICHUAMHU
b<y<l-bul-b<y<I(cnoiil),BKoTopbix
KHUJIKOCTh JIBMDKETCS BO B3aUMHO MPOTHBOIIO-
JIOKHBIX HAMPABIICHUSX, IPHYEM HAITPaBICHUE
JBMKEHUs KUIKOCTH B CJO€ [, IPOTHUBOIO-
JIO’KHO HAIPABJICHUIO JIBIKCHUS IJIACTHHBI =;
B obmactu €, (B cnoe 0 <y <b) KHUAKOCTH
JIBYDKETCS B OJIHOM HAIpaBIICHUH, KOTOPOE CO-
BIQJIACT C HAINPaBJICHUEM JIBUYKECHUSI TUIACTH-
Hpl Z. OTMETHM, YTO TONMIMHA CJI0s /, paBHa
«ronumuHe» obmactu €, . Ilpn b=1/2 mia-
CTUHA = HEMOJBMKHA, JKUJIKOCTh B KaIOU
u3 obmacteil Q , €2, JBMXKETCI B OJHOM
HANpaBJICHUH, W OTH HANpPaBJICHUS B3auM-
HO TIPOTHUBOTIOIOKHBI.

Ormernm, uto (mpum Q #0) cpeanee
[0 BPEMEHU [BWKCHHE XXHIKHUX CIOEB IPO-
HCXOUT TIPU JTFOOOM TOJOKEHUU TJIACTHHBI
MEX]y CTEHKaMH.

3aKkjoueHne

[IpencraBnenHoe B Hacrosmied pabore
CBUACTCILCTBYCT O TOM, YTO KHUJAKOCTH B pac-
CMOTPCHHLIX YCJIOBHUAX COBCPLIACT NABUKCHUC
B BBIJCJICHHOM HAallpPaBJICHUH, BBI3BIBAEMOE
U TIOAJICPIKUBAEMOE OKa3bIBAaeMBIMU Ha JKUJ-
KOCTb BO3/ICHCTBHUSMH, HE MMEIOIINMHU BBIJE-
JIGHHOTO HaIpaBlieHUs! B npocTpaHcTre. [Ipo-
UCXOAUT «IIOPOXKJCHUE MOpSIKa U3 Xaocay.
[Mpuunna nannoro 3¢¢dexTa COCTOUT B cOIIa-

COBAaHHOCTH (IpyT C JPYyroM) OKa3bIBAEMBIX
Ha JKHIKOCTH BO3ACUCTBHM, YTO HAXOIUTCS
B HEMOCPEACTBEHHOW CBS3M C TPUHIIUAIIOM
CpeIHero JABWKEHUs [6], KOTOPBIH B 0000IIICH-
HOM BHJIC MOXET OBITh C(hOpMyTHpOBaH cClie-
JIYFOIIIAM 00pa3oM.

OcHoBormojararomeid IpUIuHON CcpeaHe-
TO TI0 BpEMEHU JABWXCHHSI CBOOOJHBIX YacTei
THJIPOMEXaHNUECKOM CHCTEMBI (JacTel cucre-
MBI, JBMKECHUE KOTOPBIX HE 33JIaHO) MpPH Iie-
PUOAMYECKUX TIO BpEeMEHH (KOJIeOaTeNbHbIX,
BUOPAIMOHHBIX) BO3JEHCTBHSX Ha CHUCTEMY,
HE HUMEIOIIUX BBIJICJICHHOIO HAIMPaBICHUS
B MPOCTPAHCTBE, SBISCTCS BO3MOXHOCTH CO-
BEPIIICHUS] CBOOOAHBIMU YACTSIMHU CHUCTEMBI
JIBIDKCHUS B PA3IMYHBIX HAMIPABICHUSX B MIPO-
CTPAHCTBE B HEOJUHAKOBBIX YCIOBUSX.

PesynbraThl, moday4yeHHbIE B HACTOSALICH
paboTe, B 9aCTHOCTH, MOTYT CIYXXHUTh T€Ope-
THUYECKOM OCHOBOW JJisi MPOBEJEHUS HANpaB-
JIEHHBIX DYKCIIEPUMEHTATBHBIX HCCIEIOBAHUN
JIBIKEHUS )KUJIKOCTH B PACCMOTPECHHBIX U aHA-
JIOTUYHBIX UM TUJIPOMEXAHUUECKUX YCIOBUSIX.
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