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AHHOTaHs. DKCIIePUMEHTA/IbHO UCC/IeN0BAHO JIBHKeHHe HHKeKTHUPOBAHHBIX OTPHUIIATE/IbHBIX 3aPA/0B I10f, CBO-
OO0IHOM [TOBEPXHOCTBIO JKUKOCTH, a Takke B 06beMe cBepxTekydero He-II mpu Temmeparypax T~1,5 K B cTathye-
CKHX 37IeKTPHUYeCKHUX I0JISX Pa3IMuHOM KoHQUrypauuu. O6HapyskeHo, 4TO B C/lyyae KOHQUIyPaLUH 31eKTpUye-
CKOTO I107151, KOTOpOe MPUsKKMaeT 3apsiibl K cBo6ogHOM moBepxHOCTH He-1I, HabnrogaeTcst 3aMeTHOe OTK/IOHEHHe
pacIpesie/ieHUs INIOTHOCTH TOKa OT TOHM, KOTOpasl 3afaeTcs IIeKTPUUYeCKUM I10J1eM, a IIPH KOHQUIYPaLlMH, KOraa
3aps/ibl ABUTaIOTCs B 06beMe He-1I, IJIOTHOCTB TOKA COBIIaIaeT C CHJIOBBIMU IMHUSIMU 37IeKTPHUUYECKOrO IOJIS.
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Abstract. The motion of injected negative charges under free liquid surface, as well as in superfluid He-II volume
at temperatures T~1.5 K in static electric fields of different configuration has been experimentally investigated.
Itis found, that in case of electric field configuration, which presses the charges to the He-II free surface thereisa
noticeable deviation of current density distribution from given by electric field, and in case of configuration when
the charges move in the He-1I volume, current density coincides with the electric field force lines.
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BBEJEHUE
B o6beMe KU KOTO rejiks MOT'yT GOPMHUPOBATHCS Pas-
JTHYHBIe HOHHbIe KOMIIIEKCHI, HaKboee pacrpocTpa-
HeHHBIMH M3 KOTOPBIX SBJISIOTCS IIOJOKUTE/IbHbIe
M OTpHULIATe/IbHbIE HOHBI, & TAKKe 3aPs>KeHHbIe BUX~
peBele Konbla [1]. TIooKUTebHbIe HOHBI (KATHOHBDI)
B KH/JIKOM TeJIMU IIPeJCTaBISsIIOT COOOM aTOM Telus
6e3 0[JHOr0 3JIeKTPOHA, OKPY>KeHHBIH CJI0eM 3aTBep-
JeBIIero rejus BCAeNCTBHUE ITOJAPU3ALMOHHBIX
sddexToB. Pamuyc Rt katuona okoso 6 A, a apdex-
THBHas Macca M* CK/JIaJbIBaeTCs U3 MacChl aToMa
renus, ceprl U3 TBEPIOIO Ie/IUs K IPUCOeJHHEHHON
Maccel. TakuM 06pa3om, Macca M* IO/IOKUTEIBHOTO
HMOHA COCTaBiseT npuMepHo 60-80 mHe*. [Ipyryro
CTPYKTYypy UMeIOT OTPULIaTe/IbHble HOHBI (QHHUOHBI),
KOoTopble 06pa3yloTcsi IPU BBeJleHHUHU B XXKHUIKHUM
reJlH 31eKTPoHa, CO3LAI0Iero My3blpek, JOKaIU-
3ysiCb BHYTPHU cPepHUdecKor moaocTu. O6pa3oBaHHUe
3JIEKTPOHHBIX I1Y3bIPHKOB CBA3AHO C PALOM IIPUYMH.
Bo-TiepBBIX, aTOM IeJIHs SIB/ISIeTCS YCTOMUYHBOL KBaH-
TOBOHM CHCTeMOM, KOTOpasi He MOXKeT IPUCOeJUHHUTD
K cebe IMIITHUH 3/IeKTPOH, II03TOMY CBOOOIHBI 3J/I€K-
TPOH BBIHYXZEH ABUIAaThCsd B MeXAaTOMHOM IIPO-
CTPaHCTBe BOIM3H OTTAIKMBAIOIIUX €r0 OTAe/TbHBIX
aTOMOB, M Mes IIPU 3TOM 60JIbIIIYI0 SHEPTUIO HYIeBbIX
Kose6baHuM [1]. Bo-BTOPHIX, TeIHI XapaKTepHU3yeTcs
MaJjol BeJIHMYHMHOHN IIOBEPXHOCTHOIO HAaTS>KeHHS
Ha rpaHUIle SKUAKOCTh -~ map'. Takum o6pasom, snek-
TPOHY BBITOJHO 06pa30BaTh My3bIPeK U TeM CAMbIM
YMEHBIIUTH CBOIO 3HEPrulo. TeopeTHyeCcKHe pacyeThl
[I0Ka3bIBAIOT, YTO PaJUYC 3JIEKTPOHHOTIO IIy3bIpbKa
R cocraBnsiet npumepHo 17 A, a sapdexTrBHAS Macca
aHHOHA IIPAKTHYECKH COBIIAZAeT C €0 IIPHUCOeJUHeH-
HOM MacCOH U COCTaBJIsIeT IIPUMepHO 243 mHe?,
OperidoBasi CKOPOCTb V|, IONIOKUTEIBHBIX U OTPH-
LaTeJIbHBIX HOHOB B BeAYIIEeM 3/IeKTPUYECKOM I10jIe
HAIpsI’)KeHHOCTbI0O E omMCBIBaeTCs cileAyoIlen
3aBUCHMOCTBIO:

VD:P-.Ey (1)

rhe | - MOABHMKHOCTh MOHA B SKHUJKOM Te/IMH, 3aBH-
csmlas OT TeMIIepaTypsl [2]. MexaHH3M TeMIlepaTyp-
HOM 3aBUCHMOCTH IOABHKHOCTH HOHA B XUAKOM
reJIMH, a TAKKe ee 3aBUCHMOCTH OT BHJA HOHA II0J-
pobHo omricaH B [1]. CTOUT OTMETHUTD, UTO IIPU JABHUKe-
HUH 3apsifia B 06beMe SKUAKOTO Ie/IHsI 0] AeICTBHEM
Be/lyII[ero 3JIeKTPHUYECKOro I10/Isl HaIIpaBJIeHHe CKOPO-
CTH MOHA B TOYKe COBIaJlaeT C BeKTOPOM HaIIPsIKeH-
HOCTH 3JIEKTPUYECKOTO I10JIsI, TO eCTh IIOABUKHOCTD
HOHa |L IBJIIeTCs CKaaspoM. TakuM o6pa3om HMeeT
MeCTO JIOKaIbHOe B3aHMOZIEHCTBHE HOHA C TSHYIUM
37IeKTPUYECKHUM II0JIEM.

M3BecTHO [3], 4TO Ha HMOHBI B XHUJKOM TelHU
B6/IIM3M MMOBEPXHOCTU CO CTOPOHBI KUAKON (pa3sl

INTRODUCTION
Various ionic complexes can be formed in the lig-
uid helium volume, the most common of which are
positive and negative ions, as well as charged vor-
tex rings [1]. Positive ions (cations) in liquid helium
represent a helium atom without one electron sur-
rounded by a layer of solidified helium due to polar-
ization effects. The radius R* of the cation is about
6 A, and the effective mass of M* is composed from
the helium atom mass, solid helium sphere, and
attached mass. Thus, the M* mass of the positive
ion is about 60-80 mHe*. A different structure has
negative ions (anions), which are formed when an
electron is introduced into liquid helium, creat-
ing a bubble, localizing inside a spherical cavity.
Formation of electron bubbles is due to a number
of reasons. Firstly, a helium atom is a stable quan-
tum system that cannot attach an extra electron to
itself, so a free electron is forced to move into the
interatomic space near the individual atoms that
repel it, having a large energy of zero vibrations [1].
Secondly, helium is characterized by a small value of
surface tension at the liquid-vapor boundary. Thus,
it is advantageous for the electron to form a bubble
and thereby reduce its energy. Theoretical calcula-
tions show that the radius of the electron bubble
R is about 17 A, and the effective mass of the anion
almost coincides with its attached mass and is about
243 mHe*.

The drift velocity V, of positive and negative ions
in a leading electric field of intensity E is described
by the following dependence:

VD:FL'E’ (]-)

where p is ion mobility in liquid helium, which
depends on temperature [2]. The mechanism of the
temperature dependence of ion mobility in liquid
helium, as well as its dependence on the ion type,
is described in detail in [1]. It is worth noting that
when the charge moves in the liquid helium vol-
ume under the action of a leading electric field,
and direction of the ion velocity at a point coin-
cides with the vector of electric field strength,
i.e., the ion mobility p is a scalar. Thus, thereis a
local interaction of the ion with the pulling elec-
tric field.

It is known [3], that a force F of polarization ori-
gin (image force) acts on ions in liquid helium near
the surface from the side of the liquid phase, which
pushes ions from the surface boundary into the vol-
ume. When the electric field E, pressing the ions to
the surface is superimposed, a potential pit appears
due to competition with the image force. Its mini-
mum corresponds to the z, coordinate:
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,E[EI;ICTBYET cuna F IIONIAPHU3aLHOHHOI'O IIPOKMCXOK-
AJeHH s (CI/IHa 1/1306pa>1<eH1/151), KOTOpas OTTA/IKMBaeT
HOHBI OT TPAHHIIBI IIOBEPXHOCTH B 06BeM. HpI/I HaJlo-
SKeHHH IIPU>KUMaAIOIEero MOHBI K IIOBEPXHOCTH 3JI€K-
TPpHUYECKOTO II0JI4 Ei’ H3-34 KOHKYpeHIIHUH C CHUJIOHN
I/I306pa.)KEHI/IH BO3HHUKAeT IIOTeHIIMalbHayg ssMma. Ee
MHHHMYM COOTBETCTBYET KOOPAKMHATE Z,:

1/2
1 e(e-1)
Zy==| ———| . (2)
2| ELe(e+1)

[TosTOMy HOHBI, BBeJleHHble B Te/IUH, JTOKaJIH-
3YIOTCS Ha IIOBEPXHOCTH Z=Z;, U IIpeBpallias HOHHYIO
CHCTeMY B IBYyMepHYIO [3]. 3apsikeHHasI [I0BEPXHOCTb
MOXKET IIPUBECTH K CyLeCTBEHHOMY pPacCerBaHUIO
3apsiioB, KOTOPBIE ABUKYTCS BOIM3U Hee.

B nanHOM paboTe Hccef0BaHO ABHKeHHE NHKeK-
THUPOBAHHBIX OTPUILIATEIbHBIX 3aPs0B (3IeKTPOH-
HBIX I1y3bIPbKOB) I10]1 CBO60IHO IIOBEPXHOCTBIO KU/~
KOCTH U B 06beMe cBepxTekyuero He-Il npu TeMmIiepa-
Typax T~1,5 K B cTaTU4YeCKUX 3/IeKTPHUUYLCKHUX I10JISAX
Pa3IHYHOM KOHQUTYpauu. O6HapyskeHO, YTO B CI1y-
yae KOHQUTYpaLIMH 3JIEKTPUUECKOrO I10J1s1, KOTopas
IpH>KUMaeT 3apsifibl K cBo601HOL noBepxHOCTH He-II
HabroaeTcsl 3aMeTHOe OTKJIOHEH e IJIOTHOCTH TOKa
OT TOH, KOTOpasl 3a/aeTcs 3/IleKTPHUUeCKHUM II0JIeM,
a IpH KOHPUIYypaLUAX, KOILA 3apsabl JBUTAKTCA
B 06beMe He-II, JIOTHOCTh TOKA COBIA/aeT C CHUJIO-
BBIMU TUHUSMHU 3JIEKTPHUYECKOTO I10J14.

METO/bI UCC/IEAOBAHUA

JKCIepUMeHTHl OBbIIM NpoBeLeHB B paboueln
s4yerKke, KOTopas IpeAcTaBisija coboi mpsiMo-
YTOJIPHBIM IapaJjljiejlelluIIe]] C MIeCThI0 3IeKTpHuUe-
CKY M30JIMPOBAHHBIMU I'PAaHSIMH BHYTPEHHUMH
pasMepamu 50 x50 x3 MM. BepxXHss IPpaHb S4eHKHU
OblJIa M3TOTOBJIEHA M3 KBAPLeBOT0 CTeK/a, Ha HUX-
HIOIO [IOBEPXHOCTH KOTOPOTO HAIIBIIMJIM IOy PO-
3pauyHy0 MeTa/JIIMYeCcKylo IJIeHKY. PaccTosHuUe
"IIOBEPXHOCTD KHUAKOCTHU - KBapIieBoe CTeKJO0"
COCTaBNAA0 3 MM. TUTaHO-TPUTHEBBIH paJHOaAK-
TUBHBIM MCTOYHUK 3aPSAL0B JHAMETPOM 3 MM Obl1
YyCTaHOBJIEH Ha OAHOM M3 BePTHUKAJIbHEIX PaHeH
syenku (1 Ha puc.l). Ha NpOTHBOIMOIOXKHOM CTO-
poHe 6Bl pa3sMeleH 5-CeTMeHTHBIN KOJJIEKTOP
(3 Ha puc.l). lluprHa ceTMeHTA COCTaBIsIa 9 MM,
a BeicoTa 30 MM. KaskablH CeIrMeHT OB IOAKIII0-
YeH K He3aBHCHMOMY YCHJIMTE/II0 TOKa, a BBIXO[-
Hble CUTHAJIBl OTHMPOBEIBAIMCH AHAIOTO LI PO-
BBIM IIpeobpasoBaTenem (ALII) M 3aIIHCHIBAIHUCH
B IaMATh KOMIIbIOTEpA. B 3KCcImepuMeHTaX U3Me-
pAn1ack 3aBUCHMOCTDh TOKA KOJIJIEKTOPOB OT Bpe-
MeHH IIPH BKIIOYEHUH U BEHIK/IIOUeHUHU BO36yKmIe-
HUS BOJIH IJIYHKepaMH. J{J1sl OLleHKH MTOCTOSTHHOU
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Therefore, ions introduced into helium localize
on the surface z=z,, and turning the ion system
into a two-dimensional one [3]. The charged sur-
face can lead to essential dissipation of charges,
which move near it.

In this work, the injected negative charges (elec-
tron bubbles) motion under free surface of the lig-
uid and in the He-II superfluid volume at tem-
peratures T=1.5 K in static electric fields of differ-
ent configurations is studied. It was found, that
in the case of electric field configuration, which
presses the charges to He-II free surface of there
is a noticeable current density deviation from that
given by the electric field, and in the configura-
tion when the charges move in the He-II volume,
and current density coincides with the electric
field force lines.

RESEARCH METHODS

The experiments were carried out in a work-
ing cell, which was a rectangular parallelepiped
with six electrically insulated faces with inter-
nal dimensions of 50 x50 x3 mm. The upper face
of the cell was made of quartz glass, on the lower
surface of which a semitransparent metallic film
was sprayed. The distance "liquid surface - quartz
glass" was 3 mm. A titanium-tritium radioactive
charge source with a diameter of 3 mm was placed
on one of the vertical faces of the cell (1in Fig.1).
A 5-segment collector was placed on the opposite
side 3 in Fig.1). The segment width was 9 mm and
the height was 30 mm. Each segment was con-
nected to the independent current amplifier, and
the output signals were digitized by an analog-to-
digital converter (ADC) and recorded in computer
memory. In the experiments, the time dependence
of the collector current was measured when the
plunger wave excitation was turned on and off. To
estimate the constant component of the collector
current I;(t), and obtained experimental depen-
dences were subjected to Fourier filtering at low
frequencies.

A constant electric voltage was applied to the
faces of the parallelepiped from independent
sources relative to a common ground, so that the
injected negative charges traveled from the charge
source to the collector.

Wave excitation was performed using two flat
plungers (2 in Fig.1) installed parallel to two adja-
cent faces of the cell at a distance of 3 mm. Each
plunger was driven by a separate electromagnetic
actuator, the alternating voltage to which was
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COCTaBJISIIONIE! TOKa KOJIJIeKTOPOB I;(t) moyyyeHHbIe
3KCIIePUMeHTa/lbHble 3aBUCHMOCTHU IO BEepPrajuch
dypbe-GUIBTPAMK Ha HU3KHUX YaCTOTaX.
[TocTOsSIHHOE 37IeKTpHUecKoe HaIlpsixkeHHe ITPUKIIa-
ObIBA/IM K TPAaHSAM Iapajje/enuIesia OT He3aBHUCH-
MBIX UICTOYHUKOB OTHOCUTE/IbHO 06Ie 3eMJIH, TaK
YTOOBI MHKeKTHUPOBAHHBIE OTPUIIATe/IbHBIE 3aPsiIbl
repeMeIlaIMCh OT HCTOYHHKA 3aPsIIoB K KOJITIEKTOPY.
Bo36yskaeHMe BOJIH IIPOU3BOJHUIIOCH C IIOMOILIBIO
I BYX IIJIOCKUX IIYH>KePOB (2 Ha pUC.1), yCTaHOBIIEH-
HBIX [1apaJlJIeJIbHO JBYM CMeXHBIM IPaHSIM SUeHKHU
Ha PacCTOSIHUH 3 MM. Kask/AbIH ITyH Kep [IPUBOAHIICS
B IBH>KeHHe OT/le/IbHBIM 3/IeKTPOMarHUTHBIM IIpH-
BOJIOM, IlepeMeHHOe HallPsi>KeHHe Ha KOTOPBIH 1ojia-
BaJIOCh OT JIByXKaHaJIbHOI0 QYHKIIMOHAIBHOIO TeHe-
paTopa. IIyHsKephl COBepLIaIX IOCTyaTeIbHO-BO3-
BpaTHOe ABM>KeHHe B TOPU30HTa/IbHOM I1JIOCKOCTH.

PE3Y/IbTATDI

Ha puc.2-4 nmoxkasaHbl 3KCIIePUMeHTAJIbHbIe 3aBU-
CMMOCTH TOKa OT BpeMeHH Ha CerMeHTax IIphueM-
Horo KosnaekTopa I;(t) mo BKIoUeHUs BO36yKze-
HHS BOJIH Ha IIOBEPXHOCTH CBEePXTEKY4Yero rejus,
BO BpeMsl paboThl IJIYHKEPOB U IOC/Ie BBIKJIIOUe-
HUg Hakayku. IlpemcTaBieHHBbIe 3aBUCHMOCTH
OBLIM IOJIyUYeHBl IPHU CAeAYIOMUX HANPSIKeHUIX
Ha I'PaHSX SYeHKH: HaIlPSKeHHe Ha MCTOYHHKAX
Ugourst, 2= ~100 B, Ha 60xkoBor rpaHe Ugg, =0 B, Hamps-
JKeHHe Ha BepXHeM IpaHu U HMKHEHM I'PaHu MeHS-
JIOCh BXO/Ie SKCIIePHMEeHTa. B mpeAcTaBIeHHBIX 3KCITe-
PHMMeHTax rapMOHHYeCKas HaKayKa BOJIH Ha II0BePX-
HOCTH KUJKOCTH OCYILECTBJISIACDH ABYMS ILyHKe-
pamu Ha yacroTe 49,8 ', PasHOCTh a3 amekTpuye-
CKHX CMTHAJIOB, II0JaBaeMbIX Ha IIPUBOJBI, COCTAB~
nsita 90°. KpyTH3HA reHepUpyeMbIX Ha II0BEPXHOCTHU
BOJIH cocTaBisiia kH =0,05.

Ha puc.2 mpeacraBiaeHa 3aBUCHMOCTD, IIOJY-
YeHHAas IPU CAeAYIIKX HANPSIKeHUIX Ha Bepx-
Her U, = -50 B u HrKHed Ug,yn= -100 B, rpansx
SYeHKH. BUAHO, 4TO [0 BK/IIOYEeHH S HaKauKH TOK
pacrpeneneH MeXXy IePBEIMU TPeMs CeTMeHTaMH
-1, 0, 1 ¥ 3aMeTHO MeHSeTCs C BKIIUYeHHeM HaKauKHu.
Tok Ha cermeHTe -1 yBe/IMYKMBAETCS IIPU BKIIOYEHUH
HaKayKH, a Ha cerMeHTax 1, 0 yMeHbIIaeTcsd, a IpU
3TOM CyMMAapHBIH TOK 3aMeTHO yBeTUUHBaeTCs.

Ha puc.3 mpencTaB/ieHa 3aBUCUMOCTb, [IOJIYYeH-
Hasl IIPHU C/AeAYIOIHUX HAIPSKeHHUSIX Ha BepXHeHu
Uyp=-100 B 1 Hr>KHEH Ugyyn= ~50 B, rpaHsX SIUEHKH.
BuaHO, 4TO 0 BK/IIOYEHM I HAKauYKU TOK B OCHOBHOM
IIPUXOAHUT Ha -1 CErMeHT HPHEMHOIr0 KOJIJIeKTOpa
YU IIPUMEPHO PaBeH CyMMapHOMY ToKy. C BKIoYe-
HHeM HaKadyKHU paclipefie/leHHe TOKOB U CYMMapHBIN
TOK CYILIIeCTBEHHO He MeHA0TCs. Tok Ha 0,1 cerMeHTax
B TeUeHMe BCero BpeMeHHU U3MepeHHU s OCTAeTCs IIPU-
MEPHO paBHBIM HYJIIO.

Usl
2
2 Uup
1 —————
sours_1 0 I
-1 Usours,l 0
1 -2
Uszzusaursz UdOW”

Puc.1. Cxema sveliku: 1 — uCmMoYHUK 3aps1008, 2 — NAYHXKepbl,
3 - NpUHUMArWUU CEKUUOHHBIU KOAAeKMOop

Fig.1. Cell diagram: 1 - source of charges, 2 - plungers, 3 - receiv-
ing sectional collector

Puc.2. 3asucumocmu om epemeHU MOKA HA NPUHUMAULUX
Konnekmopax e ceepxmekxydem 2enuu He-Il

Fig.2. Time dependence of current on the receiving collectors in
superfluid helium He-l
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Puc.3. 3agucumocmu om gpemeHU MOKA HA NPUHUMAIOULUX
Konnekmopax e ceepxmekxydem 2enuu He-Il

Fig.3. Time dependence of current in receiving collectors in super-
fluid helium He-ll
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Puc.4. 3asucumocmu om 8peMeHU MOKA HA NPUHUMAKUWUX
Konnekmopax e ceepxmekxydem 2enuu He-Il

Fig.4. Time dependence of current in receiving collectors in super-
fluid helium He-lI

Ha puc.4. ipefcTaBiieHa 3aBUCUMOCTb, IIOTyYeHHas
[P C/IeAYIOIUX HAIPSIKeHUSIX Ha BepXHeH Uy=50B
U HukHel Uy, = -100 B, TpaHsIX S4elKH, U IIPU 1107~
HOCTBIO 3aII0JIHEHHOH siuelike 6e3 cBOOOIHOM IT0BepX-
HOCTH. B 3TOM C/Iy4ae I1o/iyYeHHbIe 3aBUCHMOCTH TOKa
OT BpeMeHHU BBIINISAAT 6o/lee 3alIyM/IEeHHBIMU, YeM
B IIPeIBIAYIIUX C/1yYasX, a IIPY BKIIOUeHUH HaKaYKHU
HabrofaeTcs BCILIECK TOKA Ha -1 cerMeHTe IIPHeMHOro
KOJIJIEKTOPA M CyMMapHOro Toka. OHaKo B LIeJIOM Kap-
THHa paclpeje/eHUs TOKA BBITAAIUT aHAJIOTMYHO
[IpefCTaB/IeHHON Ha PHUC.3.

3aBUCHMOCTH, IIpeJCTaB/JeHHble Ha PHC.2, 3 IOy~
YeHBI B 9KCIIePUMeHTaX C pa3/IMYHON KOHQUTYpalirel
3JIEKTPHUYECKOTO I10JIs, II03TOMY 3apsibl JBUIAIUCh
Ha Pa3HOM PAcCTOSIHUU OT CBOOOHOM IIOBEPXHOCTH,
a B 9KCIIePUMEHTAX, Pe3y/JIbTaThl KOTOPBIX IIPeICTaB"
7leHBI Ha puUC.4, cBOOOAHASI IOBEPXHOCTh OTCYTCTBYeT.

MogenupoBaHue 3JIeKTPUUYECKOTO I10J15 ITOKa3bl-
BaeT, UTO IIPU HAIIpSDKeHUSIX Ha BepxXHeH Uyp=-50B
U HuXHeH Uy, ,= -100 B, rpaHsx siuelKU 3apsabl
IOBUTAIOTCS BOIM3U IByMePHOM 3apsSKeHHOM MTOBepX-
HOCTH, a npu Uy,= -100 B, Ugeyn= -50 B BX Tpaex-
TOPHUU MPOXOAAT B 06beMe SKMIKOrO Te/Us B JAaIU
OT ITIOBEPXHOCTH.

Crenyer OTMeTHTbh, YTO, KOTAA 3apsaibl LABU-
ralTcs BOAJIU OT IOBEPXHOCTH, WU B CUTYallMH,
KOIZa siuerKa II0JIHOCTBIO 3aIl0JIHEHA CBePXTeKYyUYHUM
rejveM, BpeMeHHble 3aBUCHMMOCTH TOKA BBITJSALSAT
OAMHAKOBO, a CYMMAapHBIH TOK B OCHOBHOM ITPUXOAHUT
Ha -1 cerMeHT PHEeMHOr0 Koji/IeKTopa. OmHaKo, Korga
3apsifbl IBUTAIOTCS BOIM3U IOBEPXHOCTH, TO pacIpe-
JleJleHye TOKa 10 BKIIOYeHM I HaKayKH paclipenens-
eTcs caelyromuM obpa3om: -1 cerMeHT IPUXOAUT 33%
Ha 0 cermeHT 46%, 1 Ha 1 cerMeHT 21%. BkiodeHHe
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supplied from a two-channel functional generator.
The plungers made progressive-return motion in the
horizontal plane.

RESULTS

Fig.(2-4) shows the experimental time dependences
of current on the segments of receiving collec-
tor I;(t) before excitation of waves on the superfluid
helium surface, during the operation of the plung-
ers and after the pumping is switched off. The pre-
sented dependences were obtained at the following
voltages on the cell faces: the voltage at the sources
Usours1, 2 = ~100 V, on the side face Ugg.;=0 V, volt-
age on the top face and bottom face varied during
the experiment. In the presented experiments, har-
monic pumping of waves on the liquid surface was
carried out by two plungers at a frequency of 49.8 Hz.
The phase difference of the electrical signals applied
to the actuators was 90 °. The steepness of the waves
generated on the surface was kH =0.05.

Fig.2 shows the dependence obtained at the fol-
lowing voltages at the upper U,, = -50 V, and lower
Ugown=-100V, faces of the cell. It can be seen that cur-
rent is distributed among the first three segments -1,
0, 1 before the pump is turned on, and changes mark-
edly with the pump turn-on. The current on segment
-1 increases when the pump is turned on, while the
current on segments 1, 0 decreases, and the total cur-
rent increases noticeably.

Fig.3 shows the dependence obtained at the follow-
ing voltages at the upper U,,, = -100 V, and lower Uy,
=-50 V, faces of the cell. It can be seen that before
pumping is turned on, the current mainly comes to
the -1 segment of the receiver collector, and is approx-
imately equal to the total current. With pumping
turned on, the current distribution and total current
do not change significantly. The current on the 0.1
segments remains approximately equal to zero dur-
ing the entire measurement time.

Fig.4 shows the dependence obtained at the fol-
lowing voltages at the upper U, = -50 V, and lower
Ugown = ~100 V, faces of the cell, and at a completely
filled cell without a free surface. In this case, the
obtained dependences of the current on time look more
noisy than in the previous cases, and when pumping
is turned on, there is a burst of current on the -1 seg-
ment of the receiver collector and the total current.
However, in general, the picture of current distribu-
tion looks similar to the one presented in Fig.3.

The dependences presented in Fig.2, 3 are obtained
in experiments with different configuration of the
electric field, so the charges moved at different dis-
tances from free surface, and in the experiments, the
results of which are presented in Fig.4, there is no
free surface.



NANOTECHNOLOGIES

HaKa4dKH IPHUBOAUT K YBEHYEHHIO CYMMapHOTO
TOKa 35% U CyleCTBeHHOMY U3MEeHEHHIO ero pacrpee-
JIeHH s Ha -1 CerMeHT IIPUXOAUT 65% Ha 0 cerMeHT 22%,
U Ha 1 cermeHT 13% 110C/Ie BEIK/IIOYEHHSI HAKAYKH pac-
Ipefie/leHHe BO3BPAIIAeTCs K HCXOLHOMY. TakUM obpa-
30M, HUIHYHe CBOOOLHOM [TI0BEPXHOCTH CYIIeCTBEHHO
BJIMSIeT Ha TPAHCIIOPT 3apsifia B CBepXTeKy4eM IellkH,
4TO MOXKHO CBSI3aTh C paCCeMBaHHUEM 3apsiIoB Ha 3apsi-
SKEHHOH [IByMEePHOM ITOBEPXHOCTH SKUAKOCTH.

PaccerBaHMe UHXeKTHPOBAHHBIX B SKUIKHI Te/TUH
3apsIIOB IIPH BO3OY>KIeHHH BOJIH Ha IIOBEPXHOCTH KU
KOT'0 I'eJIMs paHee HCC/IeI0BAIOCH B Halllel pabote [4].
CornacHo [5] BoJIHBI Ha ITOBEPXHOCTH SKMAKOCTH IIPU-
BOAST K POPMHUPOBAHUIO 3HIE€POBOM 3aBUXPEHHO-
CTH, a IIPU BBICOKHUX aMIUIUTYAAX HAKAa4KH OTHeJIb-
Hble BUXPH HAUMHAIOT IIePeKPhIBAThCsI, 06pa3yst BaJIbl
3aBUXPEHHOCTH, Ha KOTOPBIX PACCEMBAOTCSI MHKEKTH-
pOoBaHHBIe 3apsI/EL.

BbiBOAbI

3KC1'IEPI/IMEHT8.)'IBHO YCTaHOBJIEHO, YTO ABYMeEpPHAsA
3dpsiPKeHHA S IIOBEPXHOCTD CBEPXTEKYYEIo rejivs CyIe-
CTBEHHO BJ/IHMSET Ha TPAHCIIOPT MH>KEKTHPOBAHHBIX
3JIEKTPOHOB.
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NHOOPMALLUA O PELLEH3UPOBAHNU

Pepmakuus 61arofapuT aHOHHMHOIO pelleH3eHTa
(pelLieH3eHTOB) 3a UX BK/aJ, B pelleH3UpPOBaHUe 3TOM
paboThl, a TaKsKe 3a pa3MellleHHe CTaTekl Ha cakTe Kyp-
HaJjla ¥ epefavy Ux B 3IeKTPOHHOM BHe B HIb eLl-
BRARY.RU.

Jekaapauus o KoH(pAuKMe uHmepecos. A8mopbl 3a9842t0M 06
0mcymcmauu KOHPAUKITOB UHMEpecos UAU AUMHBLX OMHOWeHUL,
Komopble mMo2Au bbl N08AUAMb HA paBomy, npedcmasAeHHyHo 8 daH-
Holl cmamee.
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Modeling of the electric field shows that at
voltages on the upper U,, = -50 V, and lower
Ugown =100 V, faces of the cell charges move near
the two-dimensional charged surface, and at
Uyp=-100 V, Uggyp = 50 V their trajectories pass in
the volume of liquid helium far from the surface.

It should be noted that when charges move away
from the surface, or in a situation where the cell
is completely filled with superfluid helium the
current time dependences look the same, and the
total current mainly comes to the -1 segment of the
receiver collector. However, when the charges move
near the surface, the current distribution before
pumping is turned on is distributed as follows: -1
segment comes 33% to 0 segment 46%, and to 1 seg-
ment 21 %. Turning on the pumping leads to an
increase in the total current of 35% and a signifi-
cant change in its distribution to -1 segment comes
65% to 0 segment 22%, and to 1 segment 13% after
turning off the pumping the distribution returns
to the original one. Thus, presence of a free surface
significantly affects the charge transport in super-
fluid helium, which can be attributed to charge
dissipation on a charged two-dimensional liquid
surface.

The dissipation of charges injected into liquid
helium during wave excitation on the liquid helium
surface was previously studied in our work [4].
According to [5], waves on the liquid surface lead to
formation of Eulerian vorticity, and at high pump-
ing amplitudes, individual vortices begin to over-
lap, forming vorticity shafts on which the injected
charges are scattered.

CONCLUSIONS

Experimentally confirmed, that two-dimensionally
charged surface of superfluid helium significantly
influences onto the injected electrons transport.
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