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AHaNTUTUYECKMMM aCUMITOTUYECKMMU METOJAMU UCCIIENOBAHO BJIUSIHUE TOBEPXHOCTHO-
TO 3JIEKTPUYECKOTO 3apsiia Ha XapaKTep W CBOHCTBA BOJHOBOTO ABMXXEHUSI CBOOOMHOI
TMOBEPXHOCTU BS3KOIl OMHOPONHOM XuUAkocTU. [lomyueHbl BbIpakeHUs, ONMKUCHIBAIOIINE
JNMCIEPCUOHHbBIE 3aBUCUMOCTH KOMIIOHEHT BOJIHOBOTO IBMXKeHUs. OnpenesneHbl ha3oBbie
U TPYTIOBbIE CKOPOCTU CTPYKTYP, (POPMUPYIOLIUX BOJTHOBOE ABUKEHUE.
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1. Beenenune. TeopeTnyecKrM MCCAESIOBAHUSIM BOJTHOBBIX IBMKEHUIA HA CBOOOIHOM MO-
BEPXHOCTH XUIKOCTHU MOCBSIIEHO MHOXECTBO paboT. B kauecTBe mpumepa MOXXHO MpuUBe-
CTH Kjaccudeckye nyomikanum [1—3], o6o6maroniue moHorpadum [4—7] u Tpakratsl [§—10].
He ocnaGeBaet nHTEpEeC K M3y4eHUIO TTOBEPXHOCTHBIX BOJIH U B XXI Beke. [ToBepXHOCTHBIE
BOJIHBI UCCJIEYIOTCSI B PA3JIMYHBIX TEOPETUYECKUX MOIX0aX U B MPUJIOKEHUSIX, CPEIN KO-
TOPBIX MOXHO BBIICIUTH M3yYEeHHE BOJHOBOTO MaccomepeHoca [11, 12], mepepacmnpeneie-
HYS Ta30BbIX My3bIPLKOB [ 13], CTOSIMMX rpaBUTALIMOHHBIX BOJIH [ 14—16], 0611IMX CBOMCTB pe-
LIEHW YU KOMIIOHEHT TeYeHUil B uaeanbHbIx [17, 18] unm Bsa3kux [19] ctpatuduiimposaH-
HBIX XUIKOCTSIX. BHUMaHue ymesnsieTcsl OMUCaHUI0 TTOBEPXHOCTHBIX OKEAaHUYECKMX BOJIH,
B3aUMOIEUCTBYIOIINX C JIETOBBIM MOKpbITHEM [20] 1 BeTpoM [21]. AKTUBHO U3y4yaroTCs Ka-
NWUISIPHBIE W TPaBUTALIMOHHO-KAMUJUISIPHBIE BOJIHOBBIE MPOLIECCHI, BO3HUKAWOIINE Ha
MHOTHX 3Tarax 3BOJIOLUN KapTUHBI TEYEHUS, TIOPOXKIAEMOT0 B MPUHUMAIOIIEH KUIKOCTU
nanaroiiei karei [22—25].

[MpakTuyeckuii UHTEpeC MPEACTABISET U3yYeHUE BIUSHUS DJIEKTPUUYECKOTO 3apsiia Ha
MPOLIECCHI, TTPOUCXOASIIME Ha TOBEPXHOCTU XUIKOCTU. B OONbIIMHCTBE UCCeTOBaAaHUMN
BHUMAaHUE YIEISETCS ONpPENeIeHUIO0 KPUTEPUST YCTOMIMBOCTH [26, 27] — yCIOBHUST BO3HUK-
HOBEHMSI Ha TTOBEPXHOCTU 3apSIKEHHOM XUAKOCTU KOHYCOOOpPAa3HBIX BBICTYIIOB (KOHYCOB
Teitopa), ¢ BepIIMH KOTOPBHIX MPOUCXOIUT SMUCCUS 3apSKEHHBIX 2JIEKTPUUYECKUX Karelb [28].
HMHTepec K M3y4yeHUIO BJIUSIHUS 2JIEKTPUYECKOTO 3apsila Ha TPOIECChl Ha TTOBEPXHOCTU
XKUAKOCTH He yracaet [29—31]. AKTyaTbHBIMM CTaHOBSITCSI MCCIIEIOBAHUS, B KOTOPBIX TPO-
M3BOIUTCS y4eT TpaHCGhOopMalMK IIOBEPXHOCTHONM dHepruM [32], BKIIOYAIONIE JOMOIHU-
TEJIbHYIO 2JIEKTPUYECKYIO 3HEPTUIO 3apsKeHHOI MOoBepxXxHOCTU. B Hacroseil padore uc-
clieayeTcsl BIUsIHUE TIOBEPXHOCTHOTO 3JIEKTPUYECKOTO 3apsiia Ha TTOBEPXHOCTHBIC BOJIHBI B
BSI3KOI OMHOPOMHOM XXWIKOCTU Y MPUCOSIMHEHHbIE K HUM JIMTAMEHTBI, BO3HUKAIOIIIME B
BSI3KMX XKUIKOCTSIX.
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2. Maremarnyeckas opmyanpoBka 3agaun. PaccmaTtpuBaetcst mosydbecKoHeuHast Heorpa-
HUYEHHAasl BsI3Kasl XKUJKOCTb C KWHEMAaTUUYECKOM BSI3KOCTBIO V, 3aIMOJHSIONIAs] HUXHEE Mo-
JIyrpocTpaHcTBO z < (. PacueTsl mpoBoasTCsS B I€KapTOBOU cucteme KoopauHat Oxyz, B
KOTOPOI IJIOCKOCTh OXy COBMAAAET C PABHOBECHBIM IMOJOXEHUEM MOBEPXHOCTU KUJIKOCTHU,
a ocb Oz HarpaBjieHa BEPTUKAJIbHO BBEPX MPOTUB HAIpaBJICHUS ACUCTBUS TOJISI CUJT TSKe-
ctu g. ZKuakocTh nojaraeTcsl uAeaibHO MPOBOSILEH U CUUTAETCS, YTO BAOJb CBOOOTHOI
TOBEPXHOCTH pacmpeiesieH MOBEPXHOCTHBIN 3JIEKTPUUECKHI 3apsii C paBHOBECHOM MOBEPX-
HOCTHOI IUIOTHOCTBIO K. [ToBepXHOCTHas1 sHeprus xapakrepusyercs: K03 ULUEHTOM
MOBEPXHOCTHOTO HATSKEHUS G WJIM €T0 HOPMUPOBAHHBIM Ha MJIOTHOCTb KUAKOCTH P 3HA-
YeHUEM Y = (5/ p. CraButcs 3agaya 06 OLEHKE BIMSHUS TOBEPXHOCTHOTO 3JIEKTPUYECKOTO
3apsiia Ha JAUCTIEPCUOHHBIE 3aBUCUMOCTU PACIIPOCTpaHsIoNIeiicsl BIOJb CBOOOIHOM 3apsi-
JKEHHOM MOBEPXHOCTU XUIKOCTU CUHYCOMIATBLHOTO TIJIOCKOTO TEPUOINYECKOTO IBVXKEHUS
€ = {(x,7) c 4acTOTOi1 (0, TP 3TOM CUNUTACTCS, YTO JBVKEHNE KMUIKOCTU HE 3aBUCHUT OT T10-
MepevyHoit TOpU30HTATLHON KOOPIUHATHI y.

MateMaruueckast GopMyIupoBKa 3aauyr COCTOUT U3 ypaBHeHUs1 HaBbe—CTOKCa U ypaB-
HEHUSI HEPa3pbIBHOCTU, KOTOPOE YIIPOILLIAETCs, €CIM OAHOPOIHAS KUIKOCTh HECXKUMaeMa:

i + (i - V)i = VAi —LVP + 3 2.1)

V.-i= (2.2)

3neck i = ué, + vé, — Mojie CKOPOCTei XKNIKOCTH, a P — IaBlIeHHe, KOTOPOE IPeCTaB-

JisieTcsl B BUe CyMMbl aTMOC(HEPHOTO P, 371eKTPUYECKOTO, THAPOCTATUYECKOTO U BOJTHOBO-
ro P naBneHwmii:

2
P:R)+§—O+pg(C—z)+P (2.3)
T

CumBonom E; = 4mK, 0603HaYeH MOIYJb BEKTOpa HAaIpPSKEHHOCTH OIXHOPOMHOTO 3JIEK-
TPUYECKOTIO II0JIsI, BO3HMKAIOIIETro HaJl HEBO3MYIIEHHONW paBHOMEPHO 3apsiKEHHOM IIJIOC-
KOCTBIO.

B 1utockoit mocTaHOBKe It HECKMMaeMOl XHUIKOCTH MOXHO BBecTH (DyHKLIMIO TOKa
MMPOU3BOAHBIE KOTOPOil 3aa10T KOMIIOHEHThI CKOPOCTHU KUIKOCTH:

u=0, v=-0,y (2.4)

Ilocne nuueapuzanuu ypaBHeHuit (2.1)—(2.2) u nmoanctaHoBku (2.3)—(2.4) moaydum, 910
ypaBHEHUE HECXKMMAeMOCTH BBITIONHSETCS aBTOMaTUYeCKH, a ypaBHeHue Habe—CTOKCca
NpUMET BUJL:

.0+ 9y + 28 Vo Ay =0
R R T P 2.5)
£ — 0V + VI, AY =0
p

M36aBmssch B (2.5) OT BOJIHOBOM YacTy AaBJIEHMS ITOJYyYUM ypaBHEHME Ha (DYHKIIMIO TOKA:
2<0: A9, —VvA)y =0 (2.6)

YDaBHeHI/IC (26) OITMCBIBACT MEPUOINYCCKOEC TCUCHUE B TOJIIC )KUIKOCTHU, CBA3aHHOC C
pacinpoCcTpaHEHUEM HOBerHOCTHOfI BoaHEL [TomuMo BO3MYILICHUA ITOJIA CKOpOCTCﬁ " gaB-
JICHUA TITPOUCXOIUT BOSMYILICHUE SJICKTPUUYCCKOTO ITOJIA U IMMOABJIACTCA nobaBka @ K 3jek-

Tpuueckomy noreHuuany ®, = —F;z Hag CBOOOIHON TOBEPXHOCTHIO:
z>0 AD=0 2.7)
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ypaBHCHI/IH HCO6XOL[I/IMO JOIIOJTHUTL 'PaHUYHBIMUA YCJIOBUSAMUN Ha CBO60£[HOI7I IMMOBCPXHO-
CTH, a TaKKe YCIOBUSIMU 3aTyXaHUS IBUXEHMSI KUIKOCTU C IYOMHON U MOCTOSTHCTBA Ha-
MPSKEHHOCTU 3JIEKTPUYECKOTO MOJIsI B 66CKOHEYHO YIaJeHHOM OT 3apsKeHHOM MOBEPXHO-
CTU TOYKe. [paHWYHBIC YCIOBUS TOCHE JMHEeapU3allMy 1 TPOLeAypbl CHECEHUs Ha paBHO-
BECHYIO MOBEpPXHOCTb z = 0 [33] BBIISAAST ClienyIouM 00pa3om:

P +2pvdp + 60, — %6;1) =0
n

z=0. {98+dy=0 (2.8)
azzw - axx‘l’ =0
®-EL=0
Z—> = 0y >0, dy—0 2.9)
z—>o VO -0 (2.10)

CTOoUT OTMETUTH, YTO B TAKOI ITOCTAHOBKE IMMOBEPXHOCTHBIN 2JIEKTPUIECKUM 3apsia OoKa-
3bIBaeT BIMSIHUE Ha OUCIIEPCUOHHBIE COOTHOILIEHUS TOJIBKO Yepe3 TMHAMMYeCKOoe TpaHuy-
HOE YCJIOBHE Ha AaBJIeHUE.

3. Pemenne. byneM vckaTh pellieHUe JTUHEApM30BaHHOM 3amauu 111 UHOUHUTE3UMAaJb-
HBIX OTKJIOHEHU I CBOOOIHOM MMoBepXxHOCTH (2.6)—(2.10) B BUIE MEPUOTNIECKUX BO3MYIIIE-
HUM C TTOJIOXKUTEIIBHO OTpeNe/IeHHOM YaCTOTOM U KOMITJIEKCHBIM BOJTHOBBIM YHCJIOM:

v Aexp(k.z2)
¢ B

_ — 3.1
@ Fexp (k) exp (ik,x — iot) 3.1)
P Cexp(k.z2)

IMorpyxeHue 3amaum B ajre6py KOMIUIEKCHBIX YMCeNT TTPUBOIMUT K YBEJIMUYCHUIO YMCIIA
KOpHeii. JIormomHUTebHbIe KOPHU TPAAUIIMOHHO OTOPaKOBBIBAIOTCS TpUMEHEHUEeM (DU3U-
YECKHX COOOPaKEHUI — B YACTHOCTH, YCJIOBUS 3aTyXaHUSsI PElIeHUIl C yaajJeHUueM OT CBO-
6onHoit moBepxHoctH [8]. IMoactapisst (3.1) B (2.6)—(2.7) moJyduM AUCIIEPCUOHHBIE COOT-
HOILICHUSI, CBSI3bIBAIOIIIME KOMITOHEHTHI BOJTHOBBIX BEKTOPOB:

(k2 - 2) (v (&2~ 42) =) = 0 62
" s ,Z[O6aBKI/I K 9JICKTPUYCCKOMY ITOTCHIIUAJTY:

kp = ki (3.3)

[TonHbIiT HAGOP pellleHU T aarebpandyeckKoro ypaBHeHUsI YeTBepToii cteneHu (3.2) BKItoYaeT
KOPHHU JABYX BUIIOB:

k

Z

=tk, k=x[ki-i® (3.4)
\%

IlepBble U3 HUX OMMUCHIBAIOT BOJHOBOE ABVXEHUE (0003HAYEHBI k). Bropbie onpenensaor
MPUCOEIUHEHHBIN K BOJIHOBOMY IBUXXEHUIO JIMTAMEHT — TOHKYIO KOMIIOHEHTY TEUYEHMS,
TMPOSIBIISIONIYIOCS B BUAE TOHKUX CTPYEK, COMPOBOXAAIOIIMX BOJHY. 3/IECh BBEIEHO 0003Haye-

HUeE k; IUIS1 pa3/Inuusl KOPHEH.

MareMaTuecKu JTIMTaMeHTHBbIE KOMITOHEHThI OTMCHIBAIOTCSI KOPHSIMM JUCTIEPCUOHHBIX
YPAaBHEHUH, J1s1 KOTOPBIX CIIPaBEIJIMBO COOTHOLIEHUE Re k; ~ Im k;, TOorna Kak BOJHOBBbIE
KOMITOHEHTHI TEYEHHUSI XapaKTEPU3YIOTCs KOPHAMM, KOTOPBIM CBOICTBEHHO Re k, > Im k.

Bun petrenust aist pyHKIMU ToKa ¢ yuyeToM (3.4) 3anuiieTcs cJIeayroluM 00pa3oMm:

v = A(exp (k,z) + Bexp (k;z)) exp (ikyx — iwt) (3.5)
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Potop nosist ckopocteii ¢ yuetom (2.4) u (3.5) onpenesnsiercs

roti = Aexp (ik,x — iot) (kf (eb<+ Beks) - (kz2 "4 Bk} ek'z)) (3.6)
U ¢ yuetom (3.4) mpeobOpa3yeTcs B BIpaKeHUE
rotii = ABexp (ik,x — iwt)exp (k;z) (k)% - kf) 3.7

N3 (3.7) BugHO, 4TO BOJTHOBAs KOMIIOHEHTA TEYEHUS k,, B OTIMYUE OT JIMTaMEHTHOM
KOMIIOHEHTHI k;, HE y4YacCTBYET B ONMCAHUY BUXPEBOI COCTaBSIOLIEH NEPUOJUIECKOTO Te-
YEHMSI.

Pemenue ypaBHeHus (3.3) 3anucbIBaeTCs B BUIE:

k.o = tk, (3.8)

Bri6op kopHeii B (3.4), (3.8) onpenensieTcs ycaoBUSIMU puzndeckoit peanuzauuu (2.9)—
(2.10):

Rek,; >0, Rek,p <0 (3.9)

YcenoBue (3.9) monosHsieTcsl YCIOBUEM NEMCTBUTEIbHOCTU YaCTOThI BOJTHOBOTO JBUXKE-
HUusA Imw = 0.

IMoncraBum penrenue (3.1) ¢ yaetom (3.4) B rpaHUYHBIC YCI0BUS (2.8) 1 ITOJIy9UM CBSI3b
MEXIy KOHCTaHTaMU, OTPEAe/ISTIONMMU (hrsndeckue 1monst (GyHKIMIO TOKa, OTKJIOHEHWE
CBOOOIHOM IMTOBEPXHOCTU 1 JOOABKY K JIEKTPUUYECKOMY MOTEHIIMATY):

2 2 2
B=ab(yp), p=-fathk_ 2k
O ki + ki 2ky — i)V (3.10)
. 2 )
F=EB=EA%(4+p), = |kt 2l KBV kol
® ’ o 1+B 4mpw

Hcnonways (3.10), nmHaMuyeckoe rpaHUYHOE yCJIOBUE Ha AaBiieHue (2.8) U ypaBHeHUE
Hasre—Crtokca (2.5) moaydum ypaBHEHHE:

_aztt\u + VatzAW + (g - kaJ?Y) axxw + zvaxxztw - Yaxxxxw = O’ (311)

KoTopoe 1ipu noactaHoBke (3.1) u (3.4) TpUBOAUT K NUCTIEPCUOHHOMY COOTHOIIIEHUIO:

. 2
gk, — 4k — kKW gy -0 + k] (y+ 4 [k~ @j —0 w=—fo_ (3.12)
% 4m\/pgo

3nech cumMBoIoM W 0003HaY€HO OTHOLLIEHUE MJIOTHOCTU YHEPTUM MOJS1 U MOTEHUIUATb-
HOI TOBEPXHOCTHOM 3Heprum (mapametrp ToHkca—PpeHkKess). AHaIU3 TUCIIEPCUOHHOTO
ypaBHeHus (3.12) mpoBeneM B 6e3pa3MepHBIX IIepeMeHHbBIX. B KauecTBe mapaMeTpoB 06e3-

pasMepuBaHusl BblOEpeM COOCTBEHHbIE MacIUTaObl 3aJayd: BPEeMEHHON — T, = ’Y/(Vg) u

. [2
[IPOCTPAHCTBEHHBI — &, = 3|V / g. Ilpu BeIOpaHHBIX MTapaMeTpax eCTECTBEHHBIM 00pa3oM

4

o [ 43 6
BO3HUKACT MaJlblid IMapaMeTp € = 5 gV /'\{ 1 C TOYHOCTBIO OO0 Cllara€MbIX, ITOpsaakKa 0(8 )

IMCIIEPCUOHHOE YpaBHEHME, CBSI3bIBalollee Oe3pa3MepHYI0 KOMIIOHEHTY BOJIHOBOI'O BEKTO-
pa k,« 1 4aCTOTY (., IPUHUMAET BUI:

6
0N
Koo+ €%k — — - ekys (W +2iE°0,) = 0 (3.13)



BOJIHOBOE ABMXEHUE B BA3KOW OAHOPOJJHOM XUAKOCTHU 383

Puc. 1. 3aBUCMMOCTD JUJIMHBI BOJIHBI OT YaCTOThl BOJIHOBOTO IBUKEHUS B XHUIKOCTH C nmapamMeTpaMu BOZbI

Pp=1 F/CM3, 6 =72 mun/em, v =0.01 CM2/C) MPU pa3IMYHBIX 3HaueHHUsX mnapamerpa ToHkca—@PpeHkes

(W = 0; 1.0; 1.5) B tnana3oHe 4acTor a: () = 10—104 c_l, 6: = 20-400c .

JucniepcnoHHoe ypaBHeHue (3.11) nMeeT Tpu KOpHSI:

1/3 1/3 2
Ky :ea—”+l(sw+2is4m*)— 2 (382—(£W+2i£403*) )
3x2 3 3ea?
(1 _ \/3)8 23 ¢ (3.14)
Fi 2
Ky = ———2—| ol + %(3 — (W +2ig’w,) ) +E(w +2iws),
’ 6x 2/ o 3

e

o= —9W + 2W° —18ic’wy + 12i’W 2y + 2—27830),,2: — 24wl — 16w +

33 16+ 8’ Wiwl + W (—4 + 48ie"uﬁ) — 4 W (41’ + 90, + 24e6wi) +
+ - =

2 + bl (16 + oy (—721‘ + oy (27 - 641'860)*)))

AHanu3 KopHeil fucnepcuoHHOro ypaBsHeHus (3.14) moka3bIBaeT, YTO YCIOBUSIM (hu3rye-
ckoil peanmzanuu (3.9) u onpeneseHNUI0 YacTOThl, KaK IEeHMCTBUTEIbHOM TOJOXUTEIbHOMN
BEJIMYMHBI, C yIETOM COOTHOIIEHMI (3.4) yIOBIETBOPSIET TOIBKO PEIICHUE K.

Hccrenyem OucriepCMOHHBIE COOTHOLICHUS. OnpeaenM 3aBUCUMOCTD JUIMHBI BOJIHBI A
OT YaCTOThbI BOJTHOBOTO IBVMXKEHUS IS BOJTHOBOTO PELICHUs] M aHAJIOTUYHYIO 3aBUCUMOCTh
JMHeHOTO MaciTaba TMraMeHTa §; OT YacTOTHI Isi TOHKOTO HEBOJTHOBOTO PELICHUSI:

_ 21 _ 21
A= 2 2’ & = 2 2
JRe (k, ) + Im () JRe (k, ) +Im (k)

Ha puc. 1,a mpencTaBieHbl 3aBUCUMOCTH IUTMHBL BOJHBI OT YaCTOTHI BOJTHOBOTO IBIXE-
HUSI TIPU Pa3HBIX 3HAYEHUsIX Tapametpa Tonkca—MpeHKest IUIst SKUIKOCTH C apaMeTpaMu
Bonbl (p = 1 r/em?, 6 = 72 nun/cm, v = 0.01 cm?/c). Ha puc. 1,6 B Gosee KpyITHOM MaclTa-
6e 1306pakeHa 06JIaCTh, B KOTOPOI BHIPAXKEHO BIIMSTHHE TIOBEPXHOCTHOTO SJIEKTPHYECKOTO
3apsiza.

AHAIM3 MOKA3BIBACT, YTO NMOBEPXHOCTHBIN JMEKTPUYECKHUIA 3apsil OKAa3bIBAET 3aMETHOE
BJIUSIAHUE B 06ﬂaCTl/l 4acToT, COOTBCTCTBYIOLIUX KaIWUIAPHO-TPpaBUTALLMOHHBIM BOJIHAM!
YBEJIMUYCHNE MTOBEPXHOCTHOTO 3apsiia, MPUBOAUT K YMEHBIICHHIO IIMHBI BOJTHBI BOJTHOBOA
KOMITOHEHTBI JBVKEHMSI [IPH BBIGPAHHOIT 4yacToTe.

(3.15)
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Puc. 2. a: 3aBUCUMOCTD JTUHEIHOTO pasMepa JIMTAMEHTHOMN KOMITOHEHTBI OT YaCTOThI B XKUIKOCTHU C rmapaMeTpaMm

Boxel (p =1 F/CM3, 6 =72 mun/em, v = 0.01 CM2/C) MPU pa3INYHbIX 3HaUeHUsIX mapaMeTpa Tonkca—DpeHKest

4 _
(W =0; 1.0; 1.5) B tmanasone yacror ® = 10—10" ¢ 1; 0: 3aBUCMMOCTb OTHOIIIEHUsI PA3HOCTH MACIIITa0OB JIUTa-

MCHTOB B 3apﬂ)KeHHOﬁ Slch n He3apﬂ)KeHHO]‘;l 8[ XKHUAOKOCTH, K UX CYMME AS OT 9YaCTOTHI BOJTHOBOTI'O IBVKECHUA IIPpU

pasIMYHbIX 3HaUYeHUsX napamerpa Tonkca—®penkens (W = 1;1.5) B ananasone yactor ® = 10-1 04 L

IMTocTpouM aHaJOTMYHBIE 3aBUCUMOCTU JIJISI HEBOJHOBOW KOMIIOHEHTBI JABVXKCHUS.
Ha puc. 2,a npenacraBieHbl 3aBUCUMOCTH JIMHEWHOTO MaciiTaba MpUCOSAMHEHHOTO JIMTa-
MEHTa OT YacTOThl BOJHOBOTO IBMXKEHWS TMPHW Pa3HBIX 3HAYEHMsX IMapamerpa ToHKca—
DpeHkens WISl KUAKOCTU ¢ IapamMeTpaMu Bojbl. M3 puc. 2 BUIHO, YTO TMTOBEPXHOCTHBIM 3a-
psii MPaKTUYECKU HEe OKa3bIBaeT BJIUSIHUSI HA JIUTAMEHT, TIPUCOENUHEHHBIN K TTOBEPXHOCT-
HOI1 BOJIHE (TOJIIMHA JUHUIT Ha rpadUKe He MO3BOJISIET Pa3pelliuTh PA3HULLY MEXIAY KOMITO-
HEHTaMU TeUYCHUs B He3apsSDKEHHOM U 3apsKEHHOM SKUIKOCTH ). M3 paccMoTpeHus Tpaduka
3aBUCHMOCTH OTHOILIEHUSI PAa3HOCTU MAcIITabOB JINTAMEHTOB B 3apsIKeHHOM O, U He3apsi-

XEHHOM 81 KHUIKOCTHU, K UX CYMME

OT YaCTOThI, IPUBEIEHHOIO Ha puC. 20, CIEAYET, YTO 3HaYeHUe A IS XKUIKOCTU C Mapa-
Metpamu Boabsl u Tonkca—®penkenss W = 1.0, 1.5 MakcUMaJIbHO B OKPECTHOCTU YaCTOThI
® = 100 ¢~!, MOHOTOHHO YOBIBAET C OTKJIOHEHNEM OT TOTO 3HAUEHUA U He mipeBbimacet 0.1%.

[Mpocneaum 3a IMHUSIMU TOKa BOJIM3U CBOOOMHOI MOBEPXHOCTHU XUAKOCTU. [TonctaBum
MOJIyYeHHbIE JUCTIEPCUOHHBIE COOTHOIIIEHUSI B petieHue (3.1) ¥ MocTporuM JIMHUM TOoKa ISt
KUAKOCTU TIPU Pa3IMYHBIX 3HAUYEHUSIX TOBEPXHOCTHOTO 3JIEKTprUUecKoro 3apsina. Ha puc. 3a
IMOCTPOEHBI JIMHUM TOKA IS HE3apsSI’)KEHHOU MOBEPXHOCTU BOJbl BOZHUKAIOIIMUE TIPU pac-
MIPOCTPAaHEHUHM BOJIHBI € YacToTol = 100 ¢! ¢ yueToMm (BBIpaxkeHus (3.5), KpuBbIe 1306-
pakeHbl CIUIOLIHBIMU JIMHUSIMU) U 0e3 ydyeTa (IIyHKTUPHBIE JUHUN) JTUTAMEHTHBIX KOMITO-
HEHT TeYeHUs Ha MaclITadaX HeCKOJbKUX JJINH BOJIH. Bblpa)KeHl/le oe3 yyeTa JUraMCHTHBIX
KOMITOHEHT IMOCTPOEHO 1151 (yHKIIUM TOKa:

v = Aexp(k,z)exp (ik,x — iwt)

Ha puc. 3,0 n3o0paxeHbl Te XXe 3aBUCUMOCTH, HO Ha MacInTabaX HeCKOJIbKUX JTUTaMeH-
ToB. Ha puc. 4 u puc. 5 n306paxkeHbl aHaJIOTMYHbIE 3aBUCUMOCTHU IIpU 3HAYEHUM ITapaMeTpa
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Puc. 3. JIuHuu TOKa B KMIKOCTH C MapaMeTpaMu Boxsl (P = 1 F/CM3, 6 =72 muu/em, v = 0.01 CMZ/C) B Havajlb-
HbII MOMeHT BpeMmenn ¢ = () C, BO3HMKAIOILME IPY BOJIHOBOM BO3MYLIEHMH MTOBEPXHOCTH ¢ yacToToii ® = 100 ¢!
MPY OTCYTCTBUU TMOBEPXHOCTHOIO 3jieKTpryeckoro 3apaaa (W = 0) ¢ yyeTtoM (CIUIOIIHBIE JIMHUKU) U O€3 yyera
(TyHKTHPHBIE JIMHUN) JTUTAMEHTHOM KOMITOHEHTHI BOTHOBOTO IBIIKEHHSI HA XapaKTEPHBIX MacIITabaX JIMHBI BOJI-
HBI — a; ¥ JInTaMeHTa — 0.

Toukca—®penkenss W =1.0u W = 1.5 coorBeTcTBeHHO. I3 pUCYHKOB BUIHO, YTO IMOBEPX-
HOCTHBII 3JIEKTPUYECKUI 3apsii OKa3bIBaeT BJIUSIHUE HAa BOJTHOBYIO KOMITOHEHTY TEUEHMUSI:
€ro YBeJIMYeHWEe MTPUBOAUT K YMEHBIIEHUIO JUTMHBI BOJTHBI — XapaKTepHOTO pa3Mepa BOJTHO-
BOI KOMIMOHEHTHI TeueHUs. [Jaxke Ha MaciTabax JUIMH BOJH BUIHO, YTO JIMHUM TOKA, MO-
CTPOEHHBIE 06e3 yueTa JUraMeHTHON KOMITOHEHTBI, OTJIMYAIOTCS OT IMHUI TOKA, TIOCTPOEH-
HbI€ C YYETOM BCeX KOMIMOHEHT TeueHusl. Elie 6osee SIpKko OTIMYMS MPOSIBIASIOTCS Ha MaJIbIX
Macitabax, CpaBHUMBIX C XapaKTePHBIMU pa3MepaMU TIUTAMEHTOB ;. Y4eT TOHKUX KOMIIO-
HEHT I103BOJISIET CTPOUTH 00JIee TOUHYIO KapTUHY TedeHus1. HecMoTpst Ha MaJIoCTh aOCOJIOT-
HBIX BEJIMYMH, TOHKME TEYEHUsI BHOCSIT BECOMBII1 BKJIaJ Ha MaJIbIX MacilTabax 3a c4eT 60J1b-
11101 THNTOTHOCTHY TEPEHOCUMO SHEPTUM.

PaccMoTpuM BIIMsIHUE TOBEPXHOCTHOTO DJIEKTPUYECKOTO 3apsifia Ha IPYIIOBBIC ¢, 1 (a-
30BbI€ Cp;, CKOPOCTU BOJIHOBOTO U UX AHAIIOTOB Cgyy;, Cppy TMTAMEHTHOW KOMITOHEHTHI TeYe-
Hus. Ha puc. 6,a mpencraBieHbl UICKOMbIE 3aBUCMMOCTH TSI BOTHOBOIM KOMITOHEHTBI Te4e-
HUS OT YaCTOTHI IIPU pa3HbIX 3HaUeHUAX MapaMeTpa ToHKca—DpeHKeIsT ISt KUIKOCTH
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Puc. 4. JIuHuM TOKa B KMIKOCTH C MapaMeTpaMu Boxsl (P = 1 F/CM3, 6 =72 muu/em, v = 0.01 CM2/C) B Havajlb-

” o —1
HBblIf MOMeHT BpeMeHu = () ¢, BO3HHMKAIOLIME [TPY BOJIHOBOM BO3MYLIECHHUH MMOBEpXHOCTH ¢ yactotoir 0 = 100 ¢
mpu 3HaveHun napamerpa Toukca—®penkenst W = 1.0 ¢ yueTom (crutomrHbie TMHUN) 1 6e3 yueTa (ITyHKTUPHBIE
JIMHUM) JINTAMEHTHOI KOMIIOHEHThI BOJTHOBOTO JABIMKEHUST HA XapaKTePHBIX MaCLITa0ax [JUIMHBI BOJHBI — a; U JIUTa-

MeHTa — 0.

¢ TmapaMeTpaMHU BOJbI, TOCTPOEHHBIE C MCMOJIb30BaHKeM pelenuii (3.4), (3.14). Ha puc. 6,6
n300pakeHa 00JIacTh B TMANla30HE YACTOT, B KOTOPOM BIUSTHUE TIOBEPXHOCTHOTO JICKTPH-
YECKOTIO 3apsiia OKasbIBacTcs 3aMeTHBIM. Ha puc. 7,a, 6 1300pakeHbl aHAJIOTMYHBIE 3aBACH-
MOCTH OT JUIMHBI BOJIHBL.

BiusiHue mMoBEpXHOCTHOTO JIEKTPUUECKOTO 3apsiia Ha BOJTHOBYIO KOMITOHEHTY TEUEHUS
CKa3bIBaeTCs B 00JIACTU KaNTWIISIPHO-TPAaBUTALIMOHHBIX BOJIH. YBEIMYEHUE TTOBEPXHOCTHO-
0 2JIEKTPUYECKOTO 3apsifa MPUBOIUT K YMEHBIIEHNI0O MUHUMAIBHBIX 3HAYEHWI IPYITIIOBOM
1 (a30BOI CKOPOCTEit U CMEILIEHUIO 3KCTPEMYMOB B 00J1aCcTh 6ojiee HU3KUX YacToT (60JIb-
WX UTMH BOJIH). AHAJIOTMYHBIM 00Opa30oM BeleT ceOs 3HayeHHWE 4YacTOThI, TPU KOTOPOI
MIPOMCXOIUT Pe30HAHC (pa30BOI 1 TPYITIIOBOI CKOPOCTEii. AHAIN3 TTOKA3bIBAET, YTO ITOBEPX-
HOCTHBIN 3JICKTPUUECKHI 3apsil He OKa3bIBaeT 3HAYMMOTO BJIMSIHUS Ha JIMTAMEHTHAsT KOM-
rmoHeHTa TedyeHus. Ha puc. 8,a, 6 mpuBeneHbl 3aBUCUMOCTH aHAJIOTOB I'PYMITOBOM 1 (ha30BOit
CKOPOCTEil TUTaMEHTHYI0O KOMITIOHEHTY OT YaCTOTHI U IIPOCTPAHCTBEHHOTO MacITaba cooT-
BETCTBEHHO TSI He3apskeHHOM xkuakoct (W = 0).
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Puc. 5. JIuHuu TOKa B KMUIKOCTH C MapaMeTpaMu Boxsl (P = 1 F/CM3, 6 =72 mun/em, v = 0.01 cm“/c) B Havab-
HbIit MOMeHT BpeMeHr ¢ = () ¢, BO3HMKAIOIIXE ITPY BOJTHOBOM BO3MYILEHUH TIOBEPXHOCTH ¢ yactoToil 0 = 100 !
npu 3HayeHun napamerpa Tonkca—®penkenss W = 1.5 ¢ yyetom (CrjiouIHbie JMHUM) U 6€3 yyeta (IyHKTUPHBIE

I[]/IHI/II/I) JIMTAMEHTHOU KOMITOHEHTBI BOJTHOBOTO JBUKEHUS HA XapaKTEPHBIX MaciitTabax JJTUMHBI BOJTHBI — a; nJmjra-

MeHTa — 0.
Coh,gr» CM/C Coh,gry CM/C
105 Cu(®), W=0 a . Ca(®), W=10 0
N - = cu(w), W=1.0 e - - - Cx(®), W=1.0
10 @), =15 100R U, eeeees y
I Cph(())), W=0 50 n " "\J"""
1000 LT \ IR
‘t.‘ N '.’.".If.-.‘. -
100 - of B .-." """"" cm(®), W=0
10 ‘\‘2;" o ! ‘.. £ (@), W= 1.0
1 1 1 N 1 1 1 S5t 1 '-'I-'-"C‘ph((D) W 15
0.10 1 10 100 1000 10* 10 50 100 500 1000
®,c! o,c

Puc. 6. 3aBucumMocTs (ha3oBoil 1 TPYNITOBOIT CKOPOCTH OT YACTOTHI B XMAKOCTH C TapaMeTpamu BoIsl (P = 1 T‘/CM3,
6 =72 mun/em, v = 0.01 CM2/C) TP pa3IMyYHbIX 3HaueHusx napamerpa Tonkca—®Ppenkens (W = 0;1.0; 1.5) —a;

B OoJiee KpyITHOM Maciirabe — 6.
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Cph, gr, CM/C Cph,grs CM/C
a 0
104 Ca(®), W=10 _ Ca(®), W=0 )
- = cx(w), W=1.0 - = = (o), W=10 <
1000F - Cal@), W=15 100 === Cu(0), W=15
50 W
100 -~
‘:-E'.-’”, SN
10 R en(@), W=10 ol
o 10
..... cml(®), W=15 e Cn(),
1 L | | | | | | 5 _"""cl"‘(@)’ | | |
0.1 1 10 100 1000  10* 10° 0.5 10 50 10
A, ¢! A, ¢!

Puc. 7. 3aBucuMocTtb (ha30BOil U IPYNMOBON CKOPOCTU OT IUIMHBI BOJHBI B KUIKOCTU C MapaMeTpaMM BOJIbI

p=1 r/cM3, 6 =72 mun/cm, v = 0.01 CM2/C) NP Pa3INYHbIX 3HAYEHUsX rapamerpa ToHkca—®DpeHKes

(W =0;1.0; 1.5) — a; B 6ostee KpymmHOM MaciiTade — 6.

Cont,grl, CM/C Cont,erl, CM/C

0
10
5
1
0.50
0.10
0.05
1 1 1 1 1 1 1 1 1 1 1 1
0.10 1 10 100 1000 10* 0.050.1 05 1 5 10
®, ¢! 3, cM

Puc. 8. 3aBucumocts Ga3oBoit (ITyHKTUPHAsK JTWHUS) U TPYIIOBO (CTUIOLIHAS JIMHUSI) CKOPOCTH JIMTAaMEHTHON

” 3
KOMITOHEHTBI TeUEHMsI B He3apsDKEHHOM XIIKOCTH B XUIKOCTH ¢ rapaMeTpamu Boasl (P = 1 r/eM”, ¢ = 72 nuH/cM,

v =0.01 CM2/C, W = 0) or yacToThl — a; TMHENHOTO pasmepa — 0.

3akmouyenune. [ToBEepXHOCTHBIN 2JIEKTPUYECKUIA 3apsii OKa3bIBaeT 3aMETHOE BJIMSIHME Ha
BOJIHOBYIO KOMITOHEHTY TEYEHUS B 00J1aCTU KaMWJUISIPHO-TPABUTALIMOHHBIX BOJIH. YBeIuye-
HHUE TMOBEPXHOCTHOIO 3JIEKTPUUYECKOIO 3apsia NPUBOAUT K YMEHbBIIECHUIO MUHUMAaJbHBIX
3HAYEHU TPYIIOBOM 1 (a30BOM CKOPOCTEM, IIPU STOM HAOJIIOOAETCS CIBUT 3TUX 3HAYCHUIA
B 00J1aCTh 00JIe€ HU3KMX YacTOT. B BSI3KOI XKMIKOCTH TIOMUMO BOJTHOBOI KOMITOHEHTBI TEUSHUST
CYLLIECTBYET HEBOJIHOBAsI KOMITOHEHTA — JIMTAMEHT, OTBEYalollas 3a TOHKUE MPUCOEIUHEHHbIC
TeueHusl. BiavsiHue moBepXHOCTHOIO AJIEKTPUYECKOTO 3apsiia Ha 3Ty KOMITOHEHTY OBEPXHOCT-
HOT'O BOJTHOBOTO JIBMKEHUST HE3HAYUTEIBHO. YUYET BCEX KOMITOHEHT BOJTHOBOTO IBUXKEHUST TI03-
BOJISIET CTPOUTDH KOPPEKTHBIE KAPTUHBI TEYCHUS, B YaCTHOCTU JIMHUU TOKA.

Pabora BeinosiHeHa npu MHAHCOBOM noanepxxke Poccuiickoro HayuHoro donaa (rnpoekr 19-19-
00598-I1 “I'mapoavHaMMKa M 2HEpPreTMKa Karuli M KamneJbHbIX CTpyil: ¢hopMUpOBaHUE, ABUXKEHUE,
pacnaj, B3auMOIeUCTBIE C KOHTAKTHOM moBepXHOCThIO”, https://rscf.ru/project/19-19-00598/).
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The influence of the surface electric charge on the character and properties of wave motion
along the free surface of a viscous homogeneous liquid has been investigated by analytical as-
ymptotic methods. Expressions describing the dispersion dependences of the wave motion
components are obtained. The phase and group velocities of the structures forming the wave
motion are determined.
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