(==

rss. Capar. yH-1a. Hos. cep. Cep. Marematnka. Mexannka. FHgpopmatnka. 2015. T.15, Bbin. 3

The Problem of a Longitudinal Crack with a Filler in a Strip

N. N. Antonenko

Antonenko Nina Nikolayevna, Zaporozhye National Technical University, 64, Zhukovsky st., 69063, Zaporizhzhya, Ukraine,
antonenkonina@i.ua

The method of the solution the problem of the central longitudinal crack with a filler in a strip is proposed. It is assumed that the jumps
of the components of displacement vector is proportional to the corresponding stresses at its upper edge. Fourier's method of integral
transformation is used. The problem is reduced to a system of integro-differential equations. The effects of influence of thickness,
mechanical properties of a strip and a filler of the crack on Mode | and Mode |l stresses intensity factors (SIFs) are examined. The
following conclusions are made: increase the width of a strip and the coefficient that characterizes a filler leads to reduction of SIFs;

increase of shear modulus and Poisson’s ratio of a strip leads to the increase of SIF.
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HENMHEWHBIE BOJIHbI HA NMOBEPXHOCTW C/OS BA3KOW XWUOKOCTU

K. 10. BacuHckuiA

BacuHckuit KoHeTantue KOpbeBiny, kaHanaaT ouanko-MaTeMaTnyeckux Hayk, AOLEHT Kadpepbl MaTemMarnieckoro MoAenpoBa-
Husl, TIOMEHCKIIA roCyAapCTBEHHbIN yHMBepcuTeT, kbasinsky @mail.ru

PaccmoTpeHa HenHelHas 3afada o PacnpocTpaHeHui BOAH Mo cBOBOAHON MOBEPXHOCT CIOSt BA3KOWM HECKMUMAEMOI XKILKOCTH
BECKOHEHON Ty61HbI B MNIOCKOM cyyae. C MoMoLLbio METoa Manoro napameTpa AaHHast HelMHeliHast 3aaya packnaisBaeTcs
Ha 3afa4in B NepBbIX ABYX NPUBNUKEHMSIX, KOTOpbIe MOCNeN0BaTeNbHO paspeluatotcs.. MonyyeHbl HenMHeHble BbpakeHnst ans
KOMOHEHT BEKTOpa CKOPOCTM, ANHAMMYECKOTO [ABNeHNst U CPOpMbl CBOOOAHONM MOBEPXHOCTU. M3yyaeTcs ABUXEHMe YacTil
BSI3KOIN KIIKOCTY, BbI3BAHHOE PACMPOCTPAHEHIEM BONHbI MO CBOOOAHON NOBEPXHOCTU. YCTAHOB/EHO, YTO BSKOCTb KIAKOCTY
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0Ka3blIBAET CYLECTBEHHOE BNSHIE HA (DOPMY TPAEKTOPMIA XXMAKMX HacTuLl, KOTOPOE MPOSIBNSIETCS KaK B YMEHbLUEHNN aMnuTy bl
KonebaHuii C TeYEHEM BPEMEHMU, TaK U B OT/IMHIW TPAEKTOPUI BONM3N CBOBOAHOI NOBEPXHOCTY 1 Mpu 3arny6neHuu. VccnenosaH
HENMHeltHbIA 3cpdpekT CToKCa, KOTOPbIA 3aKMi04aeTCsl B HAMM4MIA MPUNOBEPXHOCTHOTO TEYEHNS.

Knroyesble cnosa: BONHOBLIE BO3MYLLEHWA, BA3KOCTb, TPAEKTOPUN HaCTuL.

DOI: 10.18500/1816-9791-2015-15-3-322-329

BBEJAEHUE

Pellenne HesMHeHHON 3a1a4yu 0 BOJHAX Ha MOBEPXHOCTH CJIOS HeabHOM XKUAKOCTH MPUBENEHO B pabdo-
tax [1,2]. B pabore [2] Taxkxke HaiileHbl HeJUHEHHbIE TPAGKTOPUH KUIKUX dacTHil. [l BI3KOH KHUIKOCTH
U3BECTHO pellleHHe JHHeHHOH 3amauu [3-5], a HesluHeFHas 3ajaya pellleHa TOJBKO /s NPUOJIMKEeHHS
cnaboBsi3KOM KuaKocTH [6]. JlaHHasi paboTa MOCBslleHa OMpeleseHHI0 HeJHHEHHBIX BbIpAaXKeHUH A/ CKO-
pOCTH, HaBJeHHs U (GOpPMbl CBOOONHOH MOBEPXHOCTH MPH BOJHOBOM JIBMXKEHHH BSI3KOH >KMIKOCTH, a TaKxXKe
OnpefieJIeHHI0 TPAaeKTOPUH KUAKHX YacTHILL.

1. HENWHEWHAS 3AJAYA O BO/IHAX HA MOBEPXHOCTM BSI3KOM XWOKOCTU

PaccmaTpuBaeTcst cioll BS3KOH HecxKMMaeMOH KUAKOCTH GeckoHedHOH ryy6uHbl. CBOOGOAHAS MOBEpX-
HOCTb CJIOS T'PAHUYMUT CO CPENOH MpeHeOPeXKUMO MaJsod MJIOTHOCTH, XapaKTepU3YIOLIeHCs MOCTOSHHBIM
naBjeHueM P, (B uacTHocTH, atmMocdepHbM). [lekapToBasi cHCTeMa KOOPAMHAT 3alaHa Tak, 4TO IJIOC-
KocTb 2* = ( coBmajaeT C HeBO3MYIIEHHOH IOBEPXHOCTbIO, @ OCb 2* MPOTHBOINOJOXKHO HampasJe-
Ha K BEKTOPY CHJbl TsiKecTH g. [IBHXKeHHe KHUAKOCTH MPOUCXOOUT B IIOCKOCTH z*z* €O CKOPOCTBIO
u* = (u*(t*,z*, 2*),0,v*(t*, 2*, 2*)). 3Be3nouxoi, rme 3T0 HeoOXOmMMO, 0003Ha4YeHbl (hHU3HUecKHe (pas-
MepHbIE) BEJUUYHHBI.

[IycTb B MONOXKHUTENBHOM HANpaBJeHHH OCH PaCHpOCTpPaHseTcs BoJMHA AJMHHBI A. [lJIMHA BOJHBI MHOTO
GoJblie ee BHICOTHL (A >> & ). B obacTu, 3aHsITOMN KHUAKOCTHIO BHIIOMHSIOTCS YPaBHEH s HePa3pblBHOCTH
U JIBHKEHHUS:

*
max
ou*
at*
3nech p* = P— P, + pgz* — nMHaMUYeCKoe [aBJjleHHe, p — IJIOTHOCTh, PP — faBjieHue, t — KO3(P(ULIUEHT

NUHAMUUYEeCKOH BS3KOCTH.
Ha cBoGonHo# moBepxHocTH 2* = £*(t*, *) 3a1ai0TCsl KHHEMATUYECKOEe U IMHAMHUYECKOE YCJIOBHUS:

L0 LogT
v =

1
divu* =0, + (u*V)u* = —;Vp* + %Au*. (1)

= +u (2)
ot* Ox*’
Pnn = _Pa; Pnr = 0.
HpI/I 0eCKOHEeYHOM 33Fﬂy6ﬂeHI/II/I CKOpOCTb KHUIAKOCTHU OOJI2KHA 3aTyXaTb, T. €. BbIIIOJHEHO YyCJIOBHE
u* — 0, 2* — —oo0. (3)

Cucrema ypaBHeHu# (1) u rpaHuuHbIX ycaoBHE (2), (3) siBAsSETCS 3aMKHYTOH K COCTaBJ/ISIET HEJMHEHHYIO
KPaeByIo 3ajiauy JJisl ONpe/Ie/eHUs] XapaKTePUCTHK BOJIHOBOTO JIBHXKEHHSI.
BBenem cienytouire 6e3pa3MmepHble MepeMeHHbIE W BEJTHYHHBbI:

u* =ccou,  p*=epcp, & =ct/k, o= pk/pco,

t = ket*, x = ka*, z=kz*, a=c/ey =w/wy, 2 =g/k,

rie ¢y U w, — (asoBas CKOPOCTb M YacTOTa BOJHBI JIMHEHHOH 3afaud 1Jsl HIeaJbHOH XKHIKOCTH COOT-
BETCTBEHHO, ¢ U w — (as3oBas CKOPOCTb WU YacTOTa BOJIHBI, £ = k& — MaJblfi BOJIHOBOH Napamerp,
k = 27w /\ — BOJIHOBOE YHCJIO.

B 6e3pasmepHbix nmepeMeHHBIX 3anada (1)—(3) npuHMMaeT BUX

*
max

divu =0, ag—ltl —vpAu+ Vp = —¢(uV)u, (4)
o 0 B
v—aa—auax, z=¢gk,
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v ou o [0\ ov
(-2 —=—en |-+ | =t = —-p—2v— |, z =¢€&,
PmL- 2y 0(8 890) O oz) \& P20y, ¢

ou  Ov 9N\ v O¢ B
O(aﬂax) <1‘ (%) )“4”0@%’ Z=e

u—0, z — —00.

B cuay masnocTH BOJIHOBOTO NapaMmeTpa € I'PaHHUUHBIE YCJOBHS Ha CBOOOAHOM MOBEPXHOCTH 2 = &f
pasnoxeHrneM B psn MakisopeHa BXOASIIMX B HUX (DYHKIHUH, CBOASATCS K YCJOBHSIM Ha (PUKCHPOBAHHOH

MOBEPXHOCTH z = (.
Pellenyie 3afauu HaXoAuM B BHJE PSLOB MO NMapaMeTpy e:

0 0 0o
_ 1—1 _ _ 1—1 _ i—1
u= E € u;, u, = (uia07vi)7 p= E € Dis €_ § € €l
=1 =1 1=1

[ToncraBasisi 3TH psibl B ypaBHeHHUs1 (4) M passioxKeHHBle B OKPECTHOCTH HYJIsl FDAaHHUYHbIE YCJOBHS U
NpUpaBHUBAs KOI(PPULUHEHTHl PU OJUHAKOBBIX CTENEHSX &, MOJNYYUM 33124l B MePBbIX IBYX MPUOJIHKEHHU-

AX.
B nepBom npuOaMKeHWH 3a1aua uMeeT BUA MpH £V
0
divu; =0, aa—l; —vpAu; = —Vpy, (5)
0& ovy duy Oy
—a 2L —9 = il SR =
Vi=« 8t7 51 Vo—(— Dz 07 Dz + O Oa z 07
u; — 0, z — —00.
1715 BTOPOTO NPUG/IMKEHHs: NpH £
0
divuy = 0, a% — Auy = —Vps — (11 V)uy, (6)
852 an 6V1
_>Z _ — — - =
Va=a -+ :r,( ui1), p2 — &2 Yo~ fl 21 5, ") z2=0,

duy 8\/2_43111351 9 <8ul+3vl) 2=0

0z ox Ozr or oz \ oz ox

us — 0, z — —00.
Pelenue nuHeiHoi 3agauun (5) uMeet By [5]
uy = Ae~at [e* cos (x —t) + (aVy + bV2) cos (x — t) + (aVa — bV7) sin (x — t)], (7)

= Ae—at {e*sin(x —t) + Vicos(z —t) + Vasin (z — 1)},
A B

= Ae* "o (acosXJr/Bsmx) {1:m6 o (avcos x + ssiny),
Vi (2) = €% (B; cosaz — Bysinaz), Va (2) = €% (By cos az + By sinaz),
B = —21/0aA/(a2 + 52), By = —21/03A/(a2 + 52).

3mech [ — Ge3pa3MepHblil gekpeMeHT 3aryxaHusi (fwo — pasMepHbiil), A — aMILIMTYIHBIH mapamerp,
s = 2ug — (3. [lapamerpsl a u b cBsizanbl cooTHowenusamu a? = b? — 1+ 3/v, 2ab = a/vy.
YacTtoTa BOJIHBI Yepe3 JeKPEeMEHT 3aTyXaHHs BbIpaxKaeTcs CJeAYIOLHM 00pasoM:

2=1+4s? 4V0/S

Jl1s nekpeMeHTa 3aTyXaHHs MOJy4YeHO ypaBHeHHe
6 —
sO st —dis? — 48 =0,
aHaJMTHYeCKOoe pellleHHe KOTOPOro HaiieHo, HO He MpPUBENEeHO 3[eCh M3-3a CBOEH IPOMO3JKOCTH.
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[ToncraBuB BhipaxkeHusi (7) B 3agmady (6), MONYyUUM CHCTEMY JIMHEHHBIX HEOAHOPOAHBIX YDaBHEHWH H

TPaHHUYHBIX YCJIOBHS ISl ONpPEeNEeJeHUs] HEM3BECTHBIX (DYHKLUHH Uz, Vo, p2 U 2, PelleHHe KOTOPOH HMeeT
BUJ

Wy = et ({e**Dy +1/2[a1 Vs + b1 Vi + aVs + (b+ 1) Vg } cos (22 — 2t) +
+{=€e¥*D1 +1/2[a1Vs — b1 V5 + aVs — (b+ 1) V5] } sin (22 — 2t)) ,

Vo = e~ 2t [(eQ‘ZDl + Vs + Vg,) cos (2z — 2t) + (62ZD2 + Vi + Vﬁ) sin (2z — 2t)] ,
Dy = et {[622 (D1 4+ aDsy) + V7] cos (2x — 2t) + [622 (BDy — aDy) + V}g] X

x sin (2z — 2t) — e*AVs + ABy + A*[(2v0 — Bs) /(o + s*) — e**] /2 + +(B} + B3) (1 — %) /2},

28
ot

§2:W{[Q(D2+B4+K2_QQ)_6(D1+B3+K1+Q1)]COS(2x_2t)_

— [ﬁ(DQ +B4+K2 —QQ) —‘rO[(Dl —|—Bg+K1 +Q1)]Slﬂ(2$—2t)},
rae
Vs (2) = €"% (Bs cosa;z — Bysina; 2), Vi (2) = €"% (Bycosayz + Bzsina; 2)

Vs (2) = e®t1? (Ky cosaz — Kasinaz), Vs (2) = e"t1? (Ky cosaz + Ky sinaz)

Vi (2) = e®tD? (G cosaz — Gasinaz), Vi (z) = etY? (Gycosaz + Gy sinaz),
a? = b3 — 4+ 283/vo, aiby = a/vp,

K1 ={[(b+1) R+ aRs]C1 — [aR1 — (b+ 1) Rs] Co} /A1, Ay = (C] +C3) /2,
Ky ={[aR; — (b+1) R2] Cy + [(b+ 1) Ry + aRs] C2} /Ay,
Gi1={laa+pB(b—-1) K, —[a(1—0)+ fa] Ko +2Ry}/4,

Gy ={[a(l =b)+ Ba] K1 + [aa+ 8 (b—1)] K2 + 2R, }/4,
Ch = [4avg —a (B+219)]/(2v0),  C1 = [8b — af + B3 — dvos] /(4vo)
Ry = A[(2bvy — s) By + (o — 2a1p) Bs]/(2w),
Ry = Al(a — 2avy) By — (2bvy — s) Ba]/(2wp),
Bs = wy[s1 (Lo — 4D1) + a (L —4D5)]/Aa, Ay = 7 + a2,
By = wg[s1 (Ly — 4D5) — o (Ly — 4D1)] /Ao, 51 =4y — 3,
Ly = A {a 4§ (a® — s*) /A3 — s — K1] + ab[l — Ky + 81ps/As] — 3o+
(B = 61r) Kz — oK1/ (200)} /A, Ay =5+,
Ly =A*{b[4v5(a® — %) /A3 — s — K1] — aa[l — Ko + 8vgs/Az] + 3s+
+[(B = 619) K1 + aKs]/(2v0)}/ As,
Dy = (FyJy + Fody) /Ay, Do = (FiJo— FyJy)/Ay, Ay =JF +J3,

Ji = [81/3 (aq + s1b1) — Sl/AQ] — 51, Jo = [81/3 (aby — s1a1) — a/Ag] + «,

Fy = A? 2up(a — 5)/As + 1] 2vg(a + 5)/As — 1]/2 + [1 Ky + Ky — Gy + Hy L1+
+HyLy + (BQ1 — aQ2)/(245), A5 = (o + %),

Fy = 2a19A%(1 — 2519/ A3)/As + LKy — [1 Ky + Gy — HoLy + H1 Ly + (8Qo + aQ1)/(245) ,

I = 2bvg + (4dvg — B/A5)/2, I

—2avy + o/ (2A5),
H, = [Qaygbl — 2511/ga1 + OZVSS/A{S]/AB’
Hy = [2041/3@1 + 2811/3[91 + (551 - a2)/A5]/A3.
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2. BOJ/IHOBbIE TPAEKTOPUU XNAOKUX YACTUL,

Dusuyeckre KOOPAHHATEl YacTHLb! x*(t*), z*(t*) yHOBNETBOPSIOT YpaBHEHHUSM

*

dx*
a7 dt*

®dusnueckoe BpeMsi HEOOXOIUMO 00€3pa3MePUTb YaCTOTOH KoJieGaHUsl XKHUAKOH YaCTHLBl 0, TaK KaK JJIs
HeJIMHEAHBIX BOJH Ja)ke B MeasbHOM XKHAKOCTH o He COBNAAaeT ¢ 4acTOTOH BOJIHBL [2].
YuuTBIBas, 4TO

¥t =ct* 4+ a/k, 2" =z/k, t"=t/o, u* = ecpu,

ypaBHEHHsI, OMUCHIBAIOLINE [BHKEHHE YaCTUIbl B BOJIHE MOXKHO TPEACTABUTL B BUJE
dx t ck\’ ; ck\’ dz t ck\’ (8)
— =¢|l—-—Ju—-|[(t-— — = —— ] V.
dt a o o)’ dt a o

x:ZE’xi, z:ZE’zi, = 1—1—251%. 9)
i=0 i=0 i=1

[ToncraBasisi psinbl (8) M BbIpaXKeHHsI 1J11 KOMIIOHEHT CKOPOCTH B ypaBHeHHs ABHKeHHs (9) Iis ompe-

[TosoKuUM

JleJIeHHs TepBhIX TpeX KO3((HULHUEHTOB, MOJYyUYHUM CJelyIolle YpaBHeHUS:

dxo _ dzo _
a7 at
dl‘l A _ By 20 . /
=L {[e* 4+ aVi (20) + bVa (20)] cos xg + [aVa (20) — bV (20)] sinzo} — (t71),
d A
AL _ 22t {[e* + Vi (20)] cos o + Va (20) sinzo)
dt «
dzy e~ Wt
d_; =— ({€** Dy +1/2[a1Vs (20) + b1 Vi (20) + aVs (20) + (b+ 1) Vi (20)] } cos 2zo+

+ {—6220D1 + 1/2 [a1V4 (2’0) — b1 V3 (Zo) +aVg (ZQ) — (b + 1) Vs (Zo)]} Sin2$0) — (t’}/g)/—"

8
e~ ot

+ ({Azlezo +b(2az —x1) Vi (20) — [(a2 — b2) z1 — axl] % (zo)} cos o+

o
+ {—Azlezo +b(2az —x1) Vo (20) + [(a2 — b2) z1 — a:cl] i (zo)} sina:o) ,

_ 284

dz e« .
d_t2 = [(e2™ Dy + V3 (20) + V5 (20)) cos 2xo + (€7 Dy + Vi (20) + Vi (20)) sin 22| +
e~ At
+ {[Az1€® + bz1 V1 (20) + (21 — az1) Va (20)] cos zo+ [Az1€0 + bz1Va (20) — (21 — az1) Vi (20)]sinzo} .

Paspemaﬂ rnocJjie0oBaTe/JibHO AaHHbIe YPpaBHEHHA, MOJYYHUM CJEAYIOLIHe BbIpa>KEHUA:

o=z, —t, 2=z, =0,
T, = Zit {[-BAe* — (ab+ Ba) V1 (z1) + (ca — Bb) Vo (21)] cos (zp — t) +
[—ade*™ — (ab+ Ba) V2 (2) — (aa — b) Vi (z)]sin (L — 1)},
2 = e_it [(@Ae®™ — BVi (21) +aVa (21)) cos (v, — t) + (=BAe™ — BVa (21) — aVi (21))sin (xg — 1),
Ty = m ({~ (aD1 + BD2) €+ — (Bay + ab) Va (21)/2 + (aar — b1) Va (2)/2+

326 Hay4Hbir oTgen



K. 0. BacnHcrnA. HennHeriHbie BO/HbI Ha MOBEPXHOCTH /108 BA3KON MHAKOCTH @

+Ae [(2aBa + a®b — 37b) /A5 — B/ (2v9) + (o — B2) /As] Vi (21) +
+Ae" [(2a8b — o’a+ BPa) [ As + o/ (2v0) — 203/ A5) Va (21) —
—[a(b+1) + Ba] Vs (21)/2 + [aa — B (b+ 1)] Vs (21.)/2} cos (2zr, —t) +
+{(BDy — aDy) e*** — (Bay + aby) Vi (21) — (aay — Bb1) Vs (2) +
+Ae* [(2aBa + a®b — B2b) /A5 — B/ (2v0) + (a? — %) /As| Va (21) —
—Ae* [(2a8b — a®a + f2a) /A5 + o/ (2v) — 203/ As] Vi (21) —
—la(b+1)+Ba] Vs (2)/2 = [aa — 5 (b+ 1)] V5 (2)/2} sin (221, — 1)),

25
e at

2As
x cos 2z, — 2t) + [~ (aDy + BD2) €% — aVi (1) — BVa (21) — Vs (21) — BVs (21)] ¥

{{(aDy — BDy) ¥ + aVy (2) — BVs (21) + Vg (21) — BV5 (21)] x

zZ9 =

xsin 2z, — 2t) + Ae™ [aVi (z1) + (b+ 1) Va (21) + A%] + be*** (Bf + B3) },

23
1—e ot

E W[ Yo fe* Ae? (O‘Z ﬁQ 2a04V0)V1(ZL)+2aAeZL><
08A5

x (vo + brg — B) Va + ae®™*= (B + B}) (2a*vo + 2v9 — 35),

TIe T, 2, — JarpaHKeBbl KOOPAUHATHL.
Benuuuna us = ¢ — o/k npencras/sier co00H MEPEHOCHYI0 CKOPOCTb BIOJb FOPH30HTaIbHOH ocH. Ee
NpUONHKEHHOE BbIpa’KeHHE MMEET BHUJ

_ oy 1 2
us—c<1 ck)_c(l 1+6272)~5072. (10)

Jlns mprMepa MOCTPOEHbl TPAeKTOPHH ABHXKEHHS MKHMAKHMX 4acTHL npu Mmajom (puc. 1) u Gosbliom
(puc. 2) 3HaueHHH KOI(P(HULHEHTAa KHHEMAaTHYECKOH BA3KOCTH. BHIHO, YTO 4acTHLBl BOJIH3H MOBEPXHOCTH
IBHXKYTCSl ObICTpPee, YeM YaCTHIBl Ha IIyOHHe, UTO 00YCJIOBJEHO HaJW4HMeM MPHIIOBEPXHOCTHOTO TeUeHHs
Crokca, KoTopoe xapakTepusyercst nepeHocHoH ckopocTbio (10). C yBesnyeHHeM BSI3KOCTH aMILIATYAA BOJ-
HOBBIX BO3MYILEHHH M TepeHOCHasi CKOpocTh yObiBaioT ObicTpee. Kpome Toro, BO/MH3M MOBEPXHOCTH TpU
60JIbIION BS3KOCTH TPAeKTOPHH HAKJIOHEHBl B BepXHeH TOUKe B CTOPOHY [BHIKEHHS, UTO He HabsIofaeT-
cd Ha 3aray6JeHHH. DTO MOXKHO OOBSCHHUTb BJMSHHEM BSI3BKMX KacaTeJbHBIX HaMpsKeHWH Ha cBOOOIHOH

HOBerHOCTH.
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Puc. 1. Tpaextopuu dacTur xxuakoctu npu v = 107° m?/c
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3AK/MIO4EHUE

Takum 06p2130M, MoJIy4eHO aCUMIITOTHYECKOe pelleHHe HeJHMHEeHHOH 3ajauyd C TOUYHOCTbIO A0 YJIEHOB

BTOPOro MOPsiAKa M0 MaJoOMy aMIIMUTYAHOMY napametpy. [losydeHbl BbIpaxKeHHs /sl TPAeKTOPHUH YaCTHLL

KHUIAKOCTH, a TaKKe [Js1 CKOPOCTH NMPUIIOBEPXHOCTHOIO TE€YEHHUSA CTokca.
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Nonlinear Wave on the Surface Layer of a Viscous Liquid

K. Yu. Basinsky

Basinsky Konstantin Yurjevich, Tyumen State University, 10, Semakova st., 625003, Tyumen, Russia, kbasinsky @ mail.ru

The nonlinear problem of the propagation of waves on the free surface of the layer of viscous incompressible fluid of infinite depth in

the plane case. Using small parameter method, this nonlinear problem is decomposed into problems in the first two approximations

that consistently allowed. Nonlinear expressions for the components of the velocity vector, the dynamic pressure and the shape of

the free surface. The motion of particles of the viscous fluid caused by the spread of the wave of the free surface. It is found that the

the presence of near-surface currents.
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viscosity has a significant effect on the shape of the trajectories of liquid particles which is manifested as a decrease in the amplitude

of oscillation over time, and in contrast to the paths near the free surface and penetration. The nonlinear effect of Stokes, which is
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