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AHHOTaLHSA. s CI)OPMI/IPOBaHI/IH KBAaHTOBBIX BI/IXPEIZI B CBEPXTeEKYy4YeM I'€JIHH HCIIO/Ib3yeTCs HECKOJIBKO METO-
OOB. B yacTHOCTH, Takue BHXPH MOKHO I'eHePHPOBATH IIPH ITOMOIIIH PA3/TMYHBIX KOJIE6J'IIOIJ_II/IXCH TeJ, IIorpy-
SKEHHBIX B >KHUIKOCTh. B cTaThe pa361/1pa10Tc51 0COBEHHOCTH 3TUX MeTOLOB, ITPUBOAATCS BO3SMOKHOCTH HUX IIPpH-
MeHeHH s IIPH HCC/IeJOBAHHNHU )KHILKOCTEfl, repexona TeYeHUH B Typ6y}IeHTHOE COCTOsSIHHE U IIpDHMEHEHHEe
TaKHUX OCHUJIJISITOPOB B TEXHHUKE.
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Abstract. A several methods are used for formation of quantum vortices in superfluid helium, including oscilla-
tion bodies placed in a liquid helium. In the article we analyze the features of these methods, presents the possi-
bilities of their application for the study of liquids, the transition of the flows into a turbulent state, and the use
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BBEAEHUE

U3yueHue TypOyTeHTHBIX SIBIEHHUH, 0CODEHHOCTH pac-
IIPOCTPaHEeHHU s HeTMHEHNHBIX BOJIH, 06pa3oBaHUe BUX-
PEBBIX TEUEHHUH IIPH X B3aHMMOJEHCTBHUU, 0COOEHHO
IIPUMEHHUTEIBHO K IIPUK/IAJHBIM 33/1a4aM, SIBIISeTCS
OZIHOM M3 Haubosiee HCCIeyeMBbIX IIPobeM COBPeMeH-
HOM r3UKU. TypOyleHTHbIe SIBI€HUS MOTYT ObITh KaK
BHXPEBOI'0 XapaKTepa, Tak 1 6e3BUXpeBoro. Buxpessle
SIBJIEHU S IPUBOIST K 00pa30BaHHUIO TAKUX CTPYKTYP,
KaK I[IUKJIOHBI U AaHTHUILIUKJIOHBI B aTMocdepe 3eMIHu
Y JpYTUX IUIAHET, TOPHAZO U CMep4H, BOJOBOPOTHI.
Be3BuxpeBoe IposBiIeHHe TypOyIeHTHBIX SBIEeHUN
06BIYHO OIpefieNsieTCs B3aUMOIENCTBHEM HeTHHeH-
HBIX BOJTH, M3-3a Yero, B YaCTHOCTH, Ha BOAHOM I10BEpX-
HOCTH MOT'YT 06pa30BBIBaThCsI BOTHBI RHOMAJIBHO 60/Tb-
IIIOM BBICOTHI, Ha3blBaeMble 'BOJIHAMHU-yO6UHLIAaMHU"
(freak waves).

OZHUMHU K3 BOIIPOCOB, BO3HUKAIOUUX IIPU H3Y-
YeHUH TYpOYIeHTHBIX SIBI€HHUH, SBISIOTCS BOIIPOC
0 IepeHoCe 3HePTrUHU I10 IHEePreTUYeCKOMY CIIeKTPY
13 06/1aCTH HaKayKH B JUCCHIIATHBHYIO 06/1aCTh,
a TaKKe 0 BO3MOXKHOCTSIX U CIocobax BO3LeHMCTBUS
Ha TaKHe [OTOKH SHEPrHU IS Pa3IUYHBIX BHUOB
TypbyneHTHOCTH. OfHAKO, TYpOyIeHTHbIe SIBIeHUS,
B OT/IMYHMe OT TAMHUHAPHBIX TeUeHHU, 0O4YeHb TPYLHO
MO JAI0TCSI TEOPETUYECKOMY OITHCAHUIO. PeasbHbIe
TypOy/IeHTHBIe TeUeHHU I IT0/IBepP>KeHbI 60/IBIIIOMY KOJIH-
YeCTBY C1y4YaHHBIX BO3JEUCTBUM, XOTS A1 SKCIIePH-
MEHTAJIBHON ITPOBEPKH TeOPeTHUECKUX BEIBOIOB HIIH
07151 GeHOMEeHOIOTMYeCKHUX 3aK/TI0UeHU I CTapaloTCs
IIPOBOIUTH U3MepeHHsI B KOHTPOJIUPYEMBIX H BOCIIPO-
H3BOJUMBIX YCIOBHUSX. CBEPXTEKYUHM IeIUN SBIIS-
eTCsI OHOM M3 CPefi, II03BOJISIIONIEH TOCTATOYHO IIPO-
CTO IIPOBOJUTH IKCIIEPUMEHTHI B OZTUHAKOBBIX YCJIO-
BHUSX. *He MOSKHO OUHILATh 10 HEBEPOSITHO HU3KOM KOH-
LIeHTPALlUK IIPUMeCeH, B TOM YHCJIe OT u30ToIma SHe.
Bce ocTaipHBIE IPUMECH He PACTBOPSIOTCS B SKHUIKOM
reJIMU U BBIMeP3aloT IIpU 6oJiee BEICOKUX TeMIIEPATY-
pax. Kpome Toro, cBepXTeKy4H i reivi obanaet psioM
YHHUKQJIBHBIX CBOFCTB. BSI3KOCTH SKHUAKOTO U CBEPXTEKY-
Yero rejivsi Ha [1Ba IOPSIAKA HUSKe BSI3KOCTH BOJBI, YTO
yMeHbIIaeT ITapaMeTp 3KCIIEPUMEHTAIbHON CHCTEMBI
Lv, rie L - XapaKTepHBIH pa3Mep CUCTEMBI, V — CKOPOCTh
TeueHUsI SKUIKOCTHU. BpaluarenbHoe JBHKeHHe [I0TOKA
SKUIKOCTH GOPMHUPYET BUXPH, [IJISI KOTOPBIX B TeJTHH
IIpY TeMIlepaTypax Huke T) Te4eHUe CBepXTeKydeln
KOMITIOHEHTBI SKUIKOCTH I10 10601 TPAaeKTOPUH BOKPYT
KOpa BUXPSI IOAUHNHSIETCS 3aKOHAM KBAaHTOBAHMUS, UTO
CyILIIeCTBEHHO YIIPOIIAeT ONMCAHHe AaHCaMOIIsI KBAHTO-
BBIX BUXPeH:

J vyl = n%, @

roe h - nmocTossuHas I[ImaHka, m - Macca atToMa reiaus
W 1~ I1ejioe 4YrciIo.

INTRODUCTION

The study of turbulent phenomena, peculiarities of prop-
agation of nonlinear waves, formation of vortex currents
at their interaction, especially in relation to applied prob-
lems, is one of the most investigated problems of mod-
ern physics. Turbulent phenomena can be of both vortex
character and vortex-free. Vortex phenomena lead to for-
mation of such structures as cyclones and anticyclones
in the atmosphere of the Earth and other planets, torna-
does and vortexes, and whirlpools. The vortex-free mani-
festation of turbulent phenomena is usually determined
by interaction of nonlinear waves, due to which, in par-
ticular, waves of abnormally high height, called "freak
waves", can be formed on the water surface.

One of the questions arising in the study of turbulent
phenomena is the question of energy transfer along the
energy spectrum from the pumping region to the dis-
sipative region, as well as the possibilities and ways of
influencing such energy flows for different types of tur-
bulence. However, turbulent phenomena, unlike lami-
nar flows, are very difficult to describe theoretically.
Real turbulent flows are subject to a large number of ran-
dom influences, although for experimental verification
of theoretical conclusions or for phenomenological con-
clusions one tries to make measurements under con-
trolled and reproducible conditions. Superfluid helium
is one of the media that allows experiments to be per-
formed quite easily under the same conditions. “He can
be purified to incredibly low concentrations of impuri-
ties, including the *He isotope. All other impurities are
insoluble in liquid helium and freeze out at higher tem-
peratures. In addition, superfluid helium has a number
of unique properties. The viscosity of liquid and super-
fluid helium is two orders of magnitude lower than water
viscosity, which reduces the experimental system param-
eter Lv, where L is the characteristic size of the system,
v is the liquid flow rate. Rotational motion of the fluid
flow forms vortices, for which in helium at tempera-
tures below T, the flow of the superfluid component of
fluid along any trajectory around the vortex cortex obeys
the laws of quantization, which significantly simplifies
description of the ensemble of quantum vortices:

J' vidl = nﬁ, 0))
g m

where h - Planck’s constant, m is mass of the helium
atom, and n is an integer.

Another unique property of superfluid helium is the
possibility of propagation of strongly nonlinear weakly
damped thermal waves - second sound waves. The non-
linearity coefficient of these waves a, varies from -co at
T, to a large positive value at lower temperatures, pass-
ing through 0 at T=1.88 K. Thus, any harmonic wave of
the second sound propagating in superfluid helium is dis-
torted according to the relation:
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Ellle ofHHMM yHHKaJIbHBIM CBOMCTBOM CBePXTeKy4ero
reJIvs SBJISeTCS BO3MOKHOCTD PAaCIIPOCTPaHeHH S B HeM
CUJIPHO HeJIMHEMHBIX €J1ab03aTyxaloMUX TeIJIOBBIX
BOJIH ~ BOJIH BTOPOrO 3ByKa. KospduLimeHT HeTuHe M-
HOCTH 3THX BOJIH 0, MEHSIETCSI OT —oo ITpH Ty 0 60BN
TIOJIOKUTE/IBHOM BeJTUYKHBI ITPU O0o/lee HU3KKX TeMIIe-
parypax, mpoxozs depes 0 ipu T=1,88 K. TakuMm obpa-
30M, Jitobasi rapMOHHYeCKasi BOJIHA BTOPOTO 3ByKa, pac-
[IPOCTPAHAIOIIAACS B CBepXTeKy4YeM Fe/IMH, UCKaska-
€TCsl COITIACHO COOTHOIICHHIO:

v=v,+a,0T, @

rge 0T - aMIIIMUTYAA BOIHBL, U GOPMHPYeT LieIblH
KacKaJ, KPaTHBIX FAaPMOHUK, YTO OTBEYAET Iepefaye
3HEepruu B 60siee BBICOKHH YaCTOTHBI AUATIA30H — IIepe-
Jada SHepruHu, COOTBETCTBYIOMIAS KOJIMOIOPOBCKOMY
WHepIIMOHHOMY MeXaHH3MYy. Takyio repefaydy 3Hepruu
(Ha3pIBa@MO¥ aKyCTHYECKOH TYpOyI€eHTHOCTHIO) B Pe30-
HaTope BOJIH BTOPOT'O 3ByKa, a TAK3Ke ITPOLecChl GOpMHU-
POBaHHUS, CYILIECTBOBAHM S U PACIIaIoB TAKKUX KACKAJIOB,
y>ke Habmronany pasee [1].

Tak KaK IOTOK CBEPXTEKYYelH KOMIIOHEHTHI BHUX-
pert 1oCTaTouHO 3¢ HeKTHUBHO paccerBaeT BOTHBI BTO-
pOro 3ByKa, TO 3aTyXaHHe 3THUX BOJIH MOXKET OBITh
HCII0IB30BAHO KaK CPeACTBO IJIs1 PerUCTPAIIUH Iepe-
XOJla CUCTeMBI B TypbyneHTHOe cocTosiHUe. C Ipyrou
CTOPOHBI, BBe/IeHHE BUXPEH B PaCIIPOCTPAHSIOIIHECS
HeJITMHEeHNHbIe BOJTHBI BTOPOTr0 3BYyKa MOSKHO HCIIONb-
30BaTh KaK JUCCHUIIATUBHBIN 3JIeMeHT, BAHUSIOMUN
Ha ITPOIIeCC aKyCTUYeCKOM TypOyIeHTHOCTH.

Llenbio JaHHON PaboThl 61710 HAUTH CII0CO6 BIHSI-
HHUS Ha IIPOLIeCCH Ilepejayl SHePTUH IIPH aKyCTHYe-
CKO¥ TYpOy/IeHTHOCTH Yepe3 KOHTPOIHpyeMoe BBejie-
HUe B 06beM pe30HaTOpa KBAHTOBBIX BUXPEH OCLIHILIS-
TOpPaMH, a TAK>Ke OLIeHKA KOJIMYeCTBa BUXPeH, TeHepH-
PYEMBIX BOKPYT KOJIEOTIONIHUXCS OCLIIIIITOPOB.

METO/bl UCCNEAOBAHNA
B KauecTBe reHepaTopa BUXPer MbI UCII0/Ib30Ba/IK KBap-
LieBble KaMePTOHBI. TaKHe MU IOo06HbIe OCLI/IISITOPLL
HCIIONB3YIOTCS KaK CTAHAAPTHI YacTOTHI AJISI PYUHBIX
37IeKTPOHHBIX YacoB. Ka/MbpoBKa KBapLIeBbIX KaMepTO-
HOB [TPOM3BOAMUTCS 10 3/IeKTPUUECKOMY OTK/IHKY, COOT-
BETCTBYIOIIEMY UX MeXaHUYeCKHUM KonebaHUsAM (TOK
yepe3 OCLMJ/UISTOP IIPU MPUIOKEHUU ITIepeMeHHOr0
HaIlpsKeHH S B pe30HaHce). JIeKTPOMexaHUYeCKH I
KO3QHUIIMEHT a oIpese/seTcsl U3 U3MepeHHOH 10Ty~
IIMPHHBI pe30HaHCa OCLU/IISATOPA Aw B HJeaNbHbIX
yC/I0BHSX (B BaKyyMe):

a= MJ, (3)

R

rae M - Macca HOKeK KaMepToHa U R - anekTpuue-
CKOe COIIPOTHUB/IEHHe CHCTEeMBbI B Pe30HaHce. 3Has a,
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v=v,+0,0T, )

where 8T is wave amplitude, and forms a whole cascade of
multiple harmonics, which corresponds to energy trans-
fer to a higher frequency range - energy transfer corre-
sponding to the Kolmogorov inertial mechanism. Such
energy transfer (called acoustic turbulence) in the resona-
tor of second sound waves, as well as the processes of for-
mation, existence, and decay of such cascades, have been
observed earlier [1].

Since the flow of the superfluid component of vortices
dissipates the second sound waves quite effectively, atten-
uation of these waves can be used as a means to register
system transition into a turbulent state. On the other
hand, introduction of vortices into propagating nonlin-
ear waves of the second sound can be used as a dissipative
element affecting the acoustic turbulence process.

The aim of this work was to find a way to influence the
energy transfer processes in acoustic turbulence through
controlled introduction of quantum vortices into the reso-
nator volume by oscillators, and to estimate the number
of vortices generated around oscillators.

RESEARCH METHODS

As an oscillator of vortices, we used quartz tuners. Such
or similar oscillators are used as frequency standards
for handheld electronic clocks. The calibration of quartz
chamberpieces is performed by electrical response cor-
responding to their mechanical oscillations (current
through the oscillator when an alternating voltage is
applied in resonance). The electromechanical coefficient
a is determined from measured half-width of the oscil-
lator resonance Aw under ideal conditions (in vacuum):

_ [2MAw
a _‘/T’ ©)

where M is mass of the tuning fork support and R is elec-
trical resistance of the system in resonance. Knowing a,
it is possible to determine the movement rate of the sup-
ports of the quartz tuning fork from charging current I
of the electrodes of the tuning fork, and from the alter-
nating current voltage on the oscillator U, - bending force
of the tuning fork supports, corresponding to resistance
force of the medium [2]:

I(t)=a dzg{) =av, @)
F,=(a/2)U,. ©)

We have previously verified correspondence of the cal-
culated rate value of the tuning fork supports to their real
value using a Michelson interferometer. The results of
this measurement showed a good agreement between the
calculated and measured values of the maximum rate of
the tuning fork support [3].
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MO>KHO OIIpee/IUNTh CKOPOCTDb ABHMIKEHH I HOXKEK KBAP-
eBOro KaMepTOHa M3 TOKa 3apsAAKH I 3JIeEKTPO OB
KaMepTOHa, a4 U3 HAaIIPS>KeHHU S [IepeMeHHOI'0 TOKa
Ha OCOHJIISATOpPE UO - CU1y n3ruba HoKeK KaMepTOHa,
COOTBETCTBYIOIIYIO CHJIE COIIPOTHBJIEHH I CPEbL [2]:

I(t)=ad):1(tt) =av, @)
F,=(a/2)U,. (5)

[IpoBepKy COOTBETCTBHUS PACUETHON BeJTHYHHEI
CKOPOCTH JBH>KEHU S HOKeK KaMepPTOHA UX pPeabHOM
BeJIMYMHe MBI IIPOBeJIH PaHee C IIOMOIIBIO HHTepe-
pomeTpa MaliKenbcoHa. Pe3yabTaThl TAKOTO HM3Me-
PeHHUSI II0Ka3a/Ih XOpolllee COOTBETCTBHE PaCUeTHBIX
U U3MepeHHBIX BeIMYUH MaKCHUMaJIBHOM CKOPOCTH
IBUSKEHU I HOKeK KaMepToHa [3].

B mporecce yBeTHUYeHHS] aMIIIMTYAbl Konaeba-
HHU Ilepejava Bo36y>KIeHHUI B OKPY>KAIOLIYIO Cpeay
MMeeT [1Ba Pe3K0 Pa3THYHBIX peskuMa. [Ipu ManbIx
AMIIIUTYAaX KonebaHUM 06TeKaHHe KUIKOCTHIO
HJIH Fa30M KOJIe6TIoI X ST HOKeK KaMepTOHa TaMH-
HapHoOe, CHJIa COIIPOTHUBIIEHHSI KOTOPOT0O ITPOIIOPLIHO-
HaJIbHA CKOPOCTH JIBHKeHHS U IVIOTHOCTH yBJIeKae-
MOM OCLIMJIZIATOPOM Cpefibl. D7IeKTpOMeXaHHuUecKoe
COOTHOIIEHUS IS ABHKEHUS TaKOro KaMepTOHa
IpHUBe/leHbl Ha pUc.la. Pe3oHaHCHAs 4acToTa IpHU
3TOM OIpeJeIUTCS Kak:

o ©)
21 (L1+LL)*C1

WM 711 He6OMpIIUX 106aBOK MAaCCHI I10 CPABHEHHUIO
€ Macco¥ Kojebiorerocs Tena [4];

af=-lg %

2L

Pe3y/bTaThl IPOBE/IEHHBIX B Pa3HBIX CpeflaX H3Me-
PeHHUI Ha OJJHOM M3 KBapILIeBbIX KAMEPTOHOB IIpHBe-
IeHbl Ha puc.1b. OcobeHHOCTBIO JAHHOIO KAMEPTOHA
OBLJIO TO, YUTO IIPHU €ro U3TOTOBIeHUH OblI0 BEIOPAHO
HaIlpaB/leHHe KPUCTAIIMYeCKHUX 0Cel, II03BOJIsIolee
HOXXKKaM COBepIlIaTh KonebaHUS HapsiAy C U3THOHBIMU
MozmaMmH (f ~ 76 KI'11) TaK>Ke U TOPCHOHHbIE KoJlebaHU
(f; =~ 363 xI'r). M3 rpaduKka BUAHA XOpOIIasl KOPpessi-
LIMSI M@Ky IVIOTHOCTBIO CPefibl M YMeHbIIIeHHeM pe3o-
HAHCHOM YaCTOThI KAMePTOHA TP JIAMHUHapHOM 06Te-
KaHHUH. [IByXMOIOBble KaMePTOHBI IT03BOJISIIOT O HOM
MOJIOH BO3MYILATh OKPY’KAIOIIYIO CPefy K PerUCTpHU-
POBaTh OTKJIMK (B TOM UHC/Ie PUKCHPOBATH GOPMHUPO-
BaHHe TypOy/IeHTHOTIO COCTOSIHHSI) APYTOK MOZOH.

YBenrvyeHHe aMIUTUTY/bI KoreOaHHUH BblIlle KpPUTHYe-
CKOT'0 3HAUeHH I IPUBOJUT K POSKAE€HUI0 KBAHTOBAHHBIX
BUXPpeH. [Ip1 3TOM, KaK U AJis1 11060ro TypOy/1eHTHOro

O KpyTunbHble konebanma f=393 kl'y,  XKuakunin asot N,
Torsion mode f=393 kHz Liquid
| m W3rubHble Konebanns f=76 Ky T=77.3K g.-
01 Bending mode f=76 kHz O
SFHeT=1,4k %’
0,01 3 NHeT=42K .-
dj razoobpasHbin N, | Gas
- T=77K .
1E-3 4 o .
Atmocdepa |Air
T=300K m ..~
1E-4 - 0
" Ta3006pasmblit He | Gas
154 © T=300K
T T T T T
1E-4 1E-3 0,01 0,1 1
p, r/lcm? | g/cm?

Puc.1. a) SKeusaneHmHas cxema AAMUHAPHO20 KOAe6AHUS OC-
yuaassmopa npu Haauduu okpysxatoujeti cpedbl, C, — eMKoCcmb
coeduHswux npogodos, C;, Ry u L; — 3nekmpomexaHuyeckue
napamempbl MeXaHu4eckozo ocyuaasimopa, R, u L, = duccuna-
MUBHOe U UHepULOHHOE 8AUsIHUE cpedbl; 6) pe3yAbmamsi u3me-
peHuli cdguza yacmombl Kone6aHuli 8 zeauu u 8o3dyxe (npu T =
300 K, HopmanbHom dasiaeHuu), 8 XUOKoM ceepxmekyyem (SF)
u HopmanbHom (N) zeauu (T=1,4 K u 4,2 K) u udkom azome
no CpasHeHUr ¢ Yacmomoli 8 8aKkyyme

Fig.1. a) Equivalent scheme of laminar oscillator in the environ-
ment, C, - capacitance of connecting wires, C;, R, and L, - elec-
tromechanical parameters of the mechanical oscillator, R, and L,
Ll dissipative and inertial influence of the environment; b) mea-
surement results of oscillation frequency shift in helium and air
(at T= 300 K, normal pressure), in liquid superfluid (SF) and nor-
mal (N) helium (T = 1.4 K and 4.2 K) and liquid nitrogen com-
pared to frequency in vacuum

At increasing the oscillations amplitude the excita-
tions transfer to environment has two sharply differ-
ent modes. At small amplitudes of oscillations, the
flow of liquid or gas around the oscillating supports
of the tuning box is laminar, and resistance force is
proportional to the motion speed and density of the
medium entrained by the oscillator. The electrome-
chanical relations for the motion of such a tuning fork
are given in Fig.1a. The resonant frequency in this case
is defined as:

f=onrooe ©)
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Puc.2. BausiHue conpomusAeHus cpedbl 8 AAMUHAPHOM U Myp6YyAeHMHOM peXxumax 0451 Keapuee020 KAMepMmoHa C pe30HAHCHOU
yacmomoli f ~ 8 KI'U. M3mepeHus nposoouauch 8 8aKyymMe npu KOMHAMHOU memnepamype, U 8 2eAuU Npu pa3HblX memnepamypax.
OmKpbIMbIMU KpY>KKAMU Ha 2pagpuke 0603Ha4eHbl 3asucumocmu omkauka 6 8o3oyxe T = 300 K npu usmepeHuu coomaemcmausi
pacyemHoli 8eAUYUHbI CKOPOCMU HOXeK KaMepmoHa (cmpeAo4ka 6Aeso) U u3MepeHHds 8 uHmepdepomempe MalikeabcoHa (npa-
845 cmpeAoyKa)

Fig.2. Influence of medium resistance in laminar and turbulent regimes for a quartz tuning fork with resonant frequency f ~ 8 kHz.
Measurements were performed in vacuum at room temperature, and in helium at different temperatures. The open circles on the graph
indicate the dependences of the response in air T = 300 K when measuring the correspondence between the calculated value of the

velocity of the cameron legs (left arrow) and the one measured in the Michelson interferometer (right arrow).

ABUOKEHH S, CHJIa COIIPOTHUBIJIEHM S Cpeabl IIPOIIOPLIKIO-
HaJIbHA CKOPOCTH ABUKEHU S B KBaJIpaTe:

F=1/2C,pAv?, @®)

rae Cp - KO3GPUIIMEeHT COIIPOTUBJIEHU S, Ag — IIOIIe-
pedHoe ceyeHHe [BHKYLIerocs Tejaa. Pe3ynbTaThl
M3MepeHUH I0Ka3aau, YTO Mepexof K TypOyaeHT-
HOMY POXX/JEeHHIO BUXPeH MPOUCXOLUT AJSI KBap-
LIeBbIX KaMePTOHOB IIPHU CKOPOCTAX IBHKEHHUS
B HECKOJIbKO [eCATKOB CM/C, B 3aBUCUMOCTH OT Pas3-
MepOB KaMepPTOHOB M HX Pe30HaHCHBIX 4acCTOT.
Ha puc.2 npuBefeHbl pe3ylbTaThl U3MepeHHH
I71s1 KAMEPTOHA C Pe30HAHCHOM 4acToToM f = 8 KI'L1
B BaKyyMe IIPX KOMHATHOH TeMIlepaType U TeMIlepa-
Type >KHUIKOTO eIk, a TAKKe B JKHUIKOM Ie/IMU IIpH
Pa3sHBIX TeMIlepaTypax.

/3 rpa¢rKOB XOPOILIO BUAHO, YTO YMeHBbIIeHHE TeM-
IepaTypsl refus U MOCIeAYIOUMU IIepexo Telus
B CBepXTeKyuee COCTOSIHMe IIPUBOJUT K YMeHbIle-
HUIO CHJIBL COIIPOTHUBJICHHUS B IAMHUHAPHOM TeYeHUH
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or for small additions of mass compared to the oscillating
body mass [4]:
af=-te L ?)
2L

The measurements results performed in different envi-
ronments on one of the quartz tunings are shown in
Fig.1b. The peculiarity of this tuning box was that the
direction of the crystal axes was chosen during its fab-
rication, allowing the supports to oscillate along with
bending modes (f; ~ 76 kHz) and torsional oscillations
(fr=363 kHz). The graph shows a good correlation between
medium density and the decrease in the resonance fre-
quency of the tuning box in laminar flow. Two-mode tun-
ing devices allow one mode to perturb the environment
and register the response (including formation of a turbu-
lent state) by the other mode.

The increase of the oscillation amplitude above the criti-
cal value leads to the birth of quantized vortices. At that,
as well as for any turbulent motion, resisting force of the
medium is proportional to the motion rate squared:
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(criomIHasi KpacHasi IMHUS Ha rpaduke), UTO Koppe-
JHUPYeT C yMeHbIlIeHHeM KOHLIeHTpaluu Bo3byxae-
HUI B reJIMU (9KCIIOHEHIIHa/IbHOe BBIMep3aHHe PoTo-
HOB) U, COOTBETCTBEHHO, TMUHAMHUYeCKOM BSI3KOCTH.
TakuM 06pa3oM, B 3THX 3KCIIePUMEHTaX MBI OIlpesie-
TN XapaKTepHble CKOPOCTH IepeXofa JBHKeHU S
KBapLIeBbIX KAMEPTOHOB B TypOy/IeHTHBII PESKUM, UTO
I103BO/ISIET 3a/laBaTh PeXKHUMBI BBeJleHU S JHCCUIIaTHB-
HOI KOMIIOHEHTBI B 06beM CBepXTeKy4ero reus.

OBCY)XXAEHUE

B skcnieprMeHTax OblIa onpesiesieHa NPUHLIUIIHAb-
Hasl BO3MOYKHOCTb [I/I BBeJleHUsI BUXPeH OCLUIIH-
PYIOIIMMH KBapleBbBIMHU KaMepPTOHAaMH B IIPO-
CTPAHCTBO YaCTOTHOM Ilepe/laul SHePTUU IPH aKy-
CTUYeCKON TypOyleHTHOCTH BOIH BTOPOIO 3BYKa.
[Tonnpobyem ompeneNUTbh TEMII POCTa YHCIA BUX-
pel, reHepHpyeMBIX B 06beMe re/iusi IpU KolebaHUU
TaKHX OCLH/LISITOPOB. CyMMapHas SHeprusi, rnepeja-
BaeMas B BUXPEBYIO CUCTeMY KOJIeOITIOMIMCS TeJIOM,
OyzeT ompene/nsiThCSl MeXaHHUYeCKOM MU 3/IeKTprye-
CKOM MOITHOCTBIO IIOTEPb CHJI, BEI3BIBAIOIIHUX Koleba-
HMS OCLM/LISITOpa. He TPyoHO BUZETD, UTO IIPOU3Be-
JeHHe TOKa 3aps/IKY IJIACTUH KaMepTOHa Ha HaIlpsi-
>KeHHe IlepeMeHHOro CurHasna, Bo3byxkaamoilee 3TH
KonebaHM S, paBHO IIPOM3BeeHHUI0 PaCCUMTaHHOM
CHJIBl Ha PaCCYUTAaHHYI0 CKOPOCTD ABHSKEHH S HOKEK
KaMepTOHa. Jlajlee MOXKHO OIpefieIMTh MaKCHMallb-
HYI0O aMIUIMTYAY KonebaHMS KaMePTOHA U oIlpefe-
JTHUTbh CYMMapHYIO SHeprumw, rnepefaBaeMylo B Cpefiy
IIpH OZLHOM I1epHojie KonebaHUM:

AzZ-P%zPV-tzF-V . )

| =

ITpy 3TOM HYKHO YYMTBIBATh TO, YTO IIPH MaJIbIX
aMIUIMTYAaX KomebaHUM (M MaJIbIX CKOPOCTSIX ABH-
>KeHH ) o6TeKaHHe JIJaMHUHAPHOe U JIHIIb IIPeBbl-
HIeHHe IIpeJe/bHbIX BeJIMYHUH CKOPOCTH V. IIPHUBO-
OUT K POKIEHHIO BUXPell. BoluMTaHHe JaMUHap-
HOTO JIBUsKeHMs U3 obmiert 3aBUcKHMOCTH F(v) mpuBe-
JleHO Ha pucC.3. Bo3pacTaHue CHJIBI COIIPOTHUB/IEHU S
IOBH>KeHHIO OCIIMJIJISITOpPAa IPU Iepexoje K TypOy-
JIeHTHOMY BUXPpeobpa30BaHHUIO 6/1M3K0 K KBaIPaTH4-
HOM 3aBHCHUMOCTH, IIPH 3TOM V.. COCTaB/IsIeT BeJIU-
4yuHYy nopsaaka 10-15 cm/c. [ pe3ynbTaToB, Ipef-
CTaBJIeHHBIX Ha PUC.3, IPU CKOPOCTHU JBHKEHHU S
HOKeK KaMepToHa B 30 cM/c aMIIMTyAa KonebaHUM
KaMepToHa 4 KI'11 cocTaBisgeT 12 MKM, MaKCHMaJ/ibHas
cuna-4,2-10H; nusa KaMmeproHa B 32 KI'11 - 1,5 MKM
1 3-107 H coOTBeTCTBeHHO. JHeprusi, nepeganBae-
Masi B BUXPEBYIO CUCTeMY KaMepTOHOM 4 KI'1J 32 ofuH
nepyof KonebaHuM, OyeT opeensThCsl HHTErPaioM
oz, KPUBOM, 0603HaUeHHOM Ha rpaduKe B BUJIe IIYH-
KTUPHOM JIMHHUH, U oH bynmet ~ 10710 [k, [ins 32 kIt
3Heprus oyzet ~ 10712 k.

CeepxTekyuni renmm | Super fluid He, T=1,4 K
0,000005 -
A 4 Kkly 06paTHbIN A
0000004 4 Hz, back
' 11 & 4xru|Hz A
> 8Kkly|Hz
~ 0,000003 4| © 3L1KlulHz A
L = 32«kly|Hz /
uF A
0,000002 -
A
J o
o =
0,000001 - - e ]
A 4 ] 5@ : :. :
0 N A__Ad”rfl,_ 2 Q_O~ % pa"
T T T T
0 10 20 30 40 50
V, cm/c|cm/s

Puc.3. Yacmp 3Hepzuu, nepedagaemoli 0m 8HELWHUX UCMOYHU-
K08 8 8UXpesYI0 cuCmemy npu mypbyaeHmHocmu

Fig.3. Part of energy transferred from external sources to the vor-
tex system under turbulence

F=1/2CpAv?, 8)

where Cj, is the resisting coefficient, Aq is the cross sec-
tion of the moving body. The measurements results
have shown that transition to turbulent vortex genera-
tion occurs for quartz chamberpieces at rates of several
tens of cm/s, depending on the size of the chamberpieces
and their resonance frequencies. Fig. 2 shows measured
results for a tuning element with resonance frequency
of f =8 kHz in vacuum at room temperature and liquid
helium temperature, as well as in liquid helium at differ-
ent temperatures.

The graphs clearly show that a decrease in the helium
temperature and the subsequent transition of helium to
superfluid state leads to decreasing in the resisting force
in the laminar flow (solid red line on the graph), which
correlates with a decrease in excitations concentration in
helium (exponential freezing of rotons) and, consequently,
in dynamic rate. Thus, in these experiments we have
determined the characteristic rates of motion transition
of quartz chambers into the turbulent mode, which allows
us to set the modes of introduction of the dissipative com-
ponent into the superfluid helium volume.

DISCUSSION

In the experiments, a principal possibility for intro-
ducing vortices by oscillating quartz oscillators into
the space of frequency energy transfer at acoustic tur-
bulence of second sound waves was determined. Let us
try to determine the growth rate of the number of vorti-
ces generated in the helium volume at oscillation of such
oscillators. The total energy transferred to the vortex sys-
tem by an oscillating body will be determined by the
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J1J151 OLIeHKH IIJIOTHOCTH CO3/IaBae@MBbIX BUXPer Hy>KHO
y4ecTb SHEPrHI0 POKAEHUS eUHHUIIbI ITHHBI BUXPSL.
OCHOBHasl S9HEPrysi KBAHTOBOT'O BUXPsI OIIpe/le/sieTcs
13 KUHEeTUYeCKOM SHePrUH IBLIKYILEHCS CBepPXTeKy ek
SKHUIKOCTH, 00yCI0B/IeHHOK 3aKOHAMHU KBAaHTOBAHH S

T

Ev=j

To

2 2
np, Virdr = nps}(ln[r] , (10)
4n I
I7le MHTeIPUPOBaHUe OrPaHUYMBaeTCs 1160 pasme-
paMHU cocyza AJ1sl eIMHUYHOTO BUXPSI, IMOO paccTos-
HHeM 710 6MKanIINX CoCeTHUX BUXpell. OLleHuBas
n =1 (BUXPSIM 3HepreTHYeCKH BBHITOJHO IPUHUMATh
MHHHMaJIbHO BO3MOXKHOE 1, B “He yCTOMUUBBIM SIB/IS-
eTCsl BUXPb C ONHUM KBAaHTOM LIUPKY/ISLHUU N = 1),
In(l/r.) ~ 10 (uTo BHONHE pa3yMHO IIPH JOCTATOYHO
IIJIOTHOM YIIaKOBKe BUXPeR), p, = 0,147 r/cM?3, Tonydaem
SHePryhi0 Ha eJHMHHULY JJIHHBl BUXPEBOH HUTHU

E/L=(pKz/4n)1n(1/r0)=1,2.10-12% ‘

[ 03HaUeHHBIX BbIIlIe 3HEPIUi [0/1y4aeTcs, YTO
3a ofHO KonebaHMe B BUXpeBas CUCTeMa yBeTUYHUBa-
eTcs Ha 108 MKM IIpH aMILIUTYIe KonebaHUM B 12 MKM
nist 4 K[ KamepToHa U 10 MKM IIpH aMIIIUTYHe
KkonebaHUM B 1,5 MKM mis 32 kI, TakuM obpasom
MBI BUJUM, UTO [JIMHA BUXPEBOU CUCTeMBI IIPH eJl1-
HUYHOM KoJebaHUH OCLHJIISITOPA YBeJIHUUYHBaeTCs
Ha MHOTO IOPSAAKOB O0sbIlle, YeM IIPOCTOE YA IHHe-
HYe eIUHHUYHOIO BUXPS ~ TO CTh IIPOLIeCC pOsKAeHU
TypOy/lIeHTHOI0 II0TOKA BUXPeH SBJISIeTCS KOJIIeKTHB-
HBIM, B KOTOPOM y4acTByeT MHOI'O 3alIMHHHUHTOBaH-~
HBIX BUXpel ofHOBpeMeHHO. Ilonpobyem OLleHUThb
IJIOTHOCTH POPMHPYEMOI0 BUXPEBOI0 IIPOCTPAHCTBA
BOKPYT OCUHJIJIATOPA.

CKOPOCTh IBHKEHHM S BUXPEBOTO KOJblla paguyca
R, IIpH Hy/1eBOL TeMIlepaType LaeTcs BhIpaskeHHeM [5]:

K 8R
= 1 0-1/2{, 11
Yo 41'[Ro(nao /J w

rme K=1’1/m4H,E =9,998 -1078 M?/c - KBaHT LJUPKYJISILIUH.
He TpynHO BHIETb, UYTO CKOPOCTD ABUKeHHU I KOJIbIIA
TeM MeHbllle, yeM 60JIbliIe ero paguyc. /st BUXPeBOro
KOJIBLIA paZiuiyca 1 MKM CKOPOCTb BUXPS KUMeeT II0Ps-
IIOK vV, = 8 cM/c, 0jist 10 MKM - v, =1 cMm/c, 0151 BUXPS
¢ paguycoM B 100 MKM - vy=1,2 MM/C.

I[TIpu He Hy/IeBOHU TeMIIepaType CBePXTeKy4ero reus
JBHKYIeecsl BUXPeBoe KO/IbLI0 yMeHbIIaeT CBOM Pas-
Mep M3-3a B3aHMHOI'O TPEeHHUSI HOPMaJIbHOMN U CBEPX-
TeKy4el KOMIIOHeHT. CKOPOCTb U3MeHeHUs paguyca
BUXPEBOI'0 KOJIblla OIIPeJle/IUTCS Kak [5]:

R=-av(R). (12)

BPEMH CyIIeCTBOBAHHA BUXPS MOKHO OLI€EHHUTD,
Kak:

HAHO MHAVCTPUA Tom 16 Ne6 2023

mechanical or electrical power of the loss of forces caus-
ing oscillations. It is not difficult to see that multiplica-
tion of charging current of the plates on tuning box by the
voltage of the alternating signal that excites these oscilla-
tions is equal to multiplication of the calculated force by
the calculated rate of the tuning box supports. Then it is
possible to determine the maximum amplitude of oscilla-
tion of the tuning fork and to determine the total energy
transferred to the medium at one period of oscillation:
Az2~F-le~V~tzF-V~l. )
2 f

It should be taken into account that at small vibration
amplitudes (and small velocities) the flow is laminar
and only exceeding the rate limit values v, leads to vor-
tices. Subtraction of laminar motion from the general
dependence F(v) is shown in Fig.3. The resistance force
increase to the oscillator motion at the transition to tur-
bulent vortex formation is close to the quadratic depen-
dence , with v., being a value of about 10-15 cm/s. For the
results shown in Fig.3 at a 30 cm/s rate of 30 cm/s, the
oscillation amplitude of 4 kHz tuning fork is 12 pm and
the maximum force is 4.2-1076 N; for a 32 kHz tuning
fork it is 1.5 pm and 3-10z7 N, respectively. The energy
transferred to the vortex system by a 4 kHz chamberpot
during one period of oscillation will be determined by
the integral under the curve labeled as a dashed line on
the graph, and it will be ~107°]. For 32 kHz energy will
be ~ 1012],

To estimate density of the created vortices, it is nec-
essary to take into account the birth energy of the unit
length of the vortex. The basic energy of a quantum vortex
is determined from the kinetic energy of a moving super-
fluid, determined by the quantization laws:

_ T 5 =n2PSK2 L
E, '[ mp, Virdr R ln[rc}, (10)

0
where integration is limited either by the working size for
a single vortex or by the distance to the nearest neighbor-
ing vortices. Estimating n =1 (it is energetically favorable
for vortices to take the minimum possible n, in *He a vor-
tex with one circulation quantum n = +1, In(l/r) ~ 10
(which is quite reasonable at sufficiently dense packing of
vortices), p; = 0.147 g/cm3, we obtain energy per unit
length of the vortex filament

E/L=(pKZ/4ﬂ)ln(1/1‘0)z1.2~10’”ﬂ—1\j{ :

For the above energies it turns out that for one oscil-
lation in the vortex system increases by ~10® pm at
oscillation amplitude of 12 pm for 4 kHz of the tuning
fork and ~10° pm at oscillation amplitude of 1.5 pm for
32 kHz. Thus, we see that the vortex system length at
a single oscillation of the oscillator increases by many
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=R, /2av,, 13)

rme o - Ko3QULIMEeHT B3aUMHOTO TPeHHSI MKy HOp-
MaJIPHOH U CBepXTeKy4el KOMIIOHEHTAMH CBEPXTeKY-
yero reaus. JJaJbHOCTB I10JIeTa KOJIbLIA 10 er0 HCUYe3HO-
BeHU I OIlpeie/INTCS Kak [6]:

toonde o1
Iy = j;v(R(t))dt = J};\:(R)dR dR=— (R, §).

C yyeToM MaJIOCTH pajuyca Kopa BUXPs I10 CpaB-
HEHMIO C PAJHUYCOM BHUXPS IIOJYYHUM OKOHYATEJIbHO.
[To3TOMY IIPH LOCTATOYHO CHUJIBHBIX JHUCCUIIATHBHBIX
Ipoileccax B CBepPXTeKy4yeM rejiMy JeTeKTHPOBaHHe
BHXPeH Ha PacCTOSIHUU D BO3MOYKHO TOJIBKO JJ15 BUX-
peri c pa3amepaMu boinbliie Ry, orrpenensieMbIMH COOT-
HomeHueM 2R, >2aD. MOXXHO IIPeAII0NI0KHUTh, YTO
pazuyc BUXPEBOTO KOJblia HOPAJKA aMIIIMTYbI
KonebaHUS KaMepTOHA WIH ~ 10-20 MKM I KaMep-
ToHa ¢ f = 4 K[l KaMepTOHA U MOpsIAKA HECKOIBKUX
MKM s f =32 kT, U3 oueHok pabots [7] mpu T=1,2K
BUXPH C JHAMETPOM B 18 MKM IIepeMeIlaloTcs Ha pac-
cTosHUA B 0,5 MM 3a BpeMsd mopsaka T = 40 mc. IIpu
T = 1,6 K TakoM ke BUXPb IPOHIET pPacCTOsSIHUE
~0,3 MM 3a Takoe ke BpeMs. C y4eToM TeMIIa HaIlo/l-
HeHUs o6bemMa BO/IK3HU ocUHU/IsITOPA 32 T/2 = 20 MC
obmas AyIMHa BUXPer COCTaBUT 10° cM. DTo I103BOIsIET

orders of magnitude more than the simple elongation
of a single vortex, i.e., the process of the turbulent vor-
tex flow generation is a collective one involving many
spinning vortices simultaneously. Let us try to esti-
mate density of the formed vortex space around the
oscillator.

The motion speed of a vortex ring of radius R, at zero
temperature is given by the expression [5]:

K 8R
- InS0-1/2, 11
Yo 4nRo(n 20 /j W

where k=h/m, , =9.998-10 m?/s - circulation quant. Itis
not difficult to see that ring rate is smaller the its larger
radius. For a vortex ring of radius 1 pm, the vortex veloc-
ity is of the order v, =8 cm/s, for 10 pm - v, =1cm/s, fora
vortex with a radius of 100 pm - v,=1.2 mm/s.

At non-zero temperature of superfluid helium, the
moving vortex ring decreases its size due to mutual fric-
tion of the normal and superfluid components. The rate of
change of the vortex ring radius is defined as [5]:

R=-av(R). 12)
The existence time of the vortex can be estimated as:

=R, /2av,, (13)

TENErPAMM KAHAN A

HAYYHOIO USOATENIbCTBA

TEXHOC®DEPA:

4 OHNanH penopTarxxu
C KpYNMHEMLMX BLICTABOK OTRACNAK

A AHOHCHI MEPONPUATUI C yHacTMeM
TEXHUYECKMX IKCMEepTOB OTPacNM

4 CKWOKKW Ha XypHano
M3naTenscTBa oo 25%

A HKOHKYPCHl W PO3bIfrPhILLmn
OT BEOyLLMX KOMNaHMKH

A KHWHHBIE HOBWHKK K npezeHTaLllii

HOBBIX BEIMNYCKOB HYy[PRHaNoe

MognucelBanTeCh M OCTaBaUTeCh B Kypce @
rnaeHblx cOBLITUK HayYHO-TEXHMYeCKOW chdepbl
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OLIEHHUTH Cpe/iHee KOJIMUeCTBO BUXPEH B IIPOCTPaH-
CTBe BOIK3K TaKOr'0 OCIMJIISTOPA C IIJIOMIAIbI0 KOJIe-
OO M XCS IJI0OCKOCTe  ~1 cM? B 1 ~ 107 cM 2, Ha paccTo-
SSHUU ~ 1 MM OT OCLIHJIJISITOPA, YTO JOJIKHO CO3/1aBaTh
JOOCTAaTOYHBIM AUCCUIATHBHBIN BKJIAJ B aKyCTHUe-
CKYI0 TypOy/lIeHTHOCTb. /ISl Ma/eHbKOI0 KBapLieBOro
KaMepTOHa f =32kl c tomambro ~ 1 MM2 118 aMILIU-
TyIbI KolebaHUI B HECKOJIIBKO MKM CKOPOCTD JIBHKe-
HUS BUXPeBOIro Koyblla OyJgeT Ha mopsifok 6osblie
U BpeMs ero sKH3HH nopsiaka 1 mc. CymMmapHas
IJIMHA BUXPeH IIPYU TAKOM BpeMeHH COCTaBUT 3-10° cM
Y CpefHSIsl IIJIOTHOCTD BUXPEH BOIK3HU OCLLHUJIISITOPA
Ha r1ybuHy B 0.1 MM (paccTossHHe, Ha KOTOPOM BHUXpe-
BbIe KOJIBLIA C PaIUyCOM B 1 MKM HCUYe3ai0T) COCTABUT
Teske n ~ 107 cMm2.

BbIBO/Lbl

B paboTe MBI 3KCIIepHMEHTAJIBHO OIIPe/leIUIH CKO-
POCTh IepeKkauKH SHePruu OT KBaplieBbIX KaMep-
TOHOB Pa3HBIX Pa3MepOB U Pa3HBIX Pe30HAHCHBIX
YaCcTOT B BUXPEBYIO CUCTEMY, OLleHU/IHU BO3MOKHYIO
IIJIOTHOCTDb BUXPeH [JIsl TAKHX IIPOL[eCCOB U ITOKa3alH
IPUMEHUMOCTb TAKHUX OCLIMJIISTOPOB AJISl CO3/IaHUS
JOOCTAaTOYHBIX JUCCUIIATUBHBIX [IPOLECCOB 151 Aa/lb
HeMIIero U3y4eHUs MPOLECCOB Mepelaul SHepruu
IIPH aKyCTHYeCKoH TypOyneHTHOCTH. Pabora 6pla
rofggepskaHa rpaHnToM PH® Ne22-22-00718.

WHOOPMALINA O PELLEH3UPOBAHUU

Pepmakuus 61arogapuT aHOHMMHOIO pelleH3eHTa
(pelieH3eHTOB) 3a X BK/IaJ, B pelleH3HMPOBaHUe 3TOM
paboThl, a TakKe 3a pa3MellleHHe CTaTell Ha CanlTe
SKypHaJIa U Ilepefady Ux B 3JIeKTPOHHOM BH e B HOb
eLIBRARY.RU.

Jekaapauus o KoH$AUKMe UuHMepecos. A8mopsl 3a18AAH0M
06 omcymcmauu KOHQAUKIMOB UHMePecos UAU AUMHBLX 0MHOuLe-
HUL, Komopble Mo2Au bbl nosAusMmb Ha pabomy, npedcmasAeHHyto
6 daHHoll cmamee.
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where a is mutual friction coefficient between the nor-
mal and superfluid components of superfluid helium.
The flight distance of the ring before its disappearance is
defined as [6]:

T 13
L= [ v(R()dt - | VRS dr= LR, -¢).

Taking into account the smallness of the vortex crust
radius in comparison with the vortex radius, we finally
obtain. Therefore, at sufficiently strong dissipative pro-
cesses in superfluid helium, detection of vortices at a dis-
tance D is possible only for vortices with sizes larger than
R, determined by the relation 2R >2aD. It can be assumed
that the vortex ring radius is the order of the oscillation
amplitude of the tuning forks or ~ 10-20 pm for a tuning
fork with f = 4 kHz tuning fork and of the order of a few
pm for f = 32 kHz. From the estimates of [7], at T=1.2 K,
vortices with a diameter of 18 pm travel a distance of
0.5mm for a time of the order of t~40 ms. AtT=1.6K, the
same vortex will travel a distance of ~ 0.3 mm for the same
time. Taking into account the rate of filling of the volume
near the oscillator for t/2 ~ 20 ms, the total length of vor-
tices will be 10° cm. This allows us to estimate the aver-
age number of vortices in the space near such an oscilla-
tor with an area of oscillating planes ~1 cm?inn~10” cm?,
at a distance of ~1 mm from the oscillator, which should
create a sufficient dissipative contribution to acoustic tur-
bulence. For a small quartz tuning fork f =32 kHz with an
area of ~ 1 mm? for an oscillation amplitude of a few pm,
the vortex ring rate will be an order of magnitude larger
and its lifetime of the order of 1 ms. The total length of
vortices at such a time will be 3-103 cm and average den-
sity of vortices near the oscillator at a depth of 0.1 mm
(distance where the vortex rings with a radius of 1 pm dis-
appear) will be the same n ~ 107 cm2.

CONCLUSIONS

In this work, we experimentally determined the energy
transfer rate from quartz tuning forks of different sizes
and different resonance frequencies into a vortex system,
estimated possible vortex density for such processes, and
showed applicability of such oscillators to create sufficient
dissipative processes for further study of energy transfer
processes in acoustic turbulence. The work was supported
by RSF grant No. 22-22-00718.
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