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Bubble contrast agent

Liquid  |Wall

Liquid
P P2 Ps
K Ro = 10 pum, Ps:r = 100 — 101.325 kPa,
n P, =2.33 kPa, Py = Pstar — P,
o = 0.0725 N/m, p; = 1000 kg/m?3,
h

Bubble

p2 = 1060 kg/m3, p3 = 1000 kg/m3,
n = 0.001 Ns/m3, ¢ = 1500 m/s,
y=4/3, 8=pv/(1—v), v=0.5,
d~ Ry, h=1 mm.
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Let us consider the following dynamical system, based on the well-known
Rayleigh-Plesset equation (Parlitz, J.Acoust.Soc.Am., 1990;
Doinikov, Phys.Med.Biol.,2011; Doinikov, J.App.Mech. Tech.Phys., 2013):

R=U,
0= (((1+222) (o2 () 25 —a
— (1+Y) (Po+ Pac sm(tw))—w) p1 o

c
17402 (p1—B)R (B—p3)R (p1—=B)(B—p3)R _ Vv
-3 U (3 ~20TAd ~ 2B ath T 2 (e ET s )) x
X(R( L %)

2 (ori8d ~ 2N 2 G o)
+a)

p1c

t=1,

Perpetual points: U =0,R = 0.
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Single attractor

P.. = 80 kPa,
w/2m = 70 kHz,
1-periodic motion

P.. = 80 kPa,
w/2m = 120 kHz,
2-periodic motion

P.. = 300 kPa,
w/2m = 600 kHz,
Chaotic attractor.
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Coexisting periodic attractors

P, = 170 kPa, w/27 = 430 kHz

1-periodic attractor. 2-periodic attractor. 3-periodic attractor.
R(0) = 0.838-10~* - Ry, R(0) = 15.4 - Ry, R(O) =0.903 - Ry,
U(0) = 500. U(0) = 4500. = —6.162

18}
14]
AR 2 AR
1 WRU
! 08
06

54 55 ([ 55 555 oz a6 92 L[] o4 e w g @
ot w0

20)
R, 66 R,
0| R, 0
66
20
-15

05 1 RR 14 0 " RR, 2 TORR, 14

Garashchuk, Kudryashov, Sinelshchikov Hidden attractors in bubble contrast agent model



Hidden chaotic attractor

P.c =90 kPa, w/2m = 115 kHz.
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Hidden chaotic attractor

P.c = 90 kPa, w/2r € [110,125] kHz

Period doubling Increasing frequency Decresing frequency

] T - o f o . .
AR, H‘ ”m . Lo RR, ’ |’ . ’ “ .
P A, 3 RP | P .
] sty bl |l o
i | ” ‘ ' 1 .“ll S .
| | . | L
4 L
i 0

iz K] " s, ) %

R(0) > Ry

2| n ax M
AR, | AR
I | i . |
ab lkuilii [ AL
T I s

oi2s, Hz) a2 ]

Garashchuk, Kudryashov, Sinelshchikov Hidden attractors in bubble contrast agent model




Hidden chaotic attractor

P.,. =90 kPa,
w/2m = 110 kHz.
1- and 2- periodic ,m
attractors
P, =90 kPa, = P, =90 kPa,
w/2m = ' w/2T =
= 120 kHz. = 118.8 kHz.
Psc =90 kPa, - P.c =90 kPa,
UJ/27T = ) w/277 =
=1182 kHz. | . =118.0 kHz. |
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Thank you for
your attention!
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