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The φ0 junction demonstrates a rich variety of dynamical states determined by parameters of the Josephson 
junction and the intermediate ferromagnetic layer. Here we find several peculiarities in the maximal amplitude of 
magnetic moment ˆ ym , taken at each value of the bias current, which we correlate to the features of the IV-cha-
racteristics of the φ0 junction. We show that a kink behavior in the bias current (voltage) dependence of ˆ ym  along 
the IV-characteristics is related to the changes in the dynamical behavior of the magnetization precession in the 
ferromagnetic layer. We also demonstrate a transformation of the magnetization specific trajectories along the 
IV-curve, magnetization composite structures, and hysteretic behavior in the bias current dependence of ˆ ym . Due 
to the correlations between features of ˆ ym  and the IV-characteristics, the presented results open a way for the ex-
perimental testing of the peculiar magnetization dynamics which characterize the φ0 junction. 
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1. Introduction 

The 0ϕ  Josephson junction [1] with the current-phase 
relation 0= sin( )s cI I ϕ−ϕ  is becoming an interesting and 
important topic in condensed matter physics [2, 3]. The 
superconductor–ferromagnet–superconductor (SFS) 0ϕ  
junctions where the phase shift 0ϕ  is proportional to the 
magnetic moment perpendicular to the gradient of the 
asymmetric spin-orbit potential, demonstrate a number of 
unique features important for superconducting spintronics 
and modern informational technologies [2, 4–8]. This cou-
pling between phase and magnetic moment of the ferro-
magnetic layer allows one to manipulate the internal mag-
netic moment using the Josephson current [1, 9]. The 
magnetic moment also might pumps current through the 

0ϕ  phase shift. It leads to the appearance of the dc compo-
nent of superconducting current in 0ϕ  Josephson junction 
[7, 9, 10]. 

The application of dc voltage to the 0ϕ  junction produces 
current oscillations and consequently magnetic precession. 
As shown in Ref. 9, this precession may be monitored by the 
appearance of higher harmonics in the current–phase–relation 
(CPR) as well as by the presence of a dc component of the 
superconducting current that increases substantially near the 
ferromagnetic resonance (FMR). The authors stressed that 

the magnetic dynamics of the SFS 0ϕ  junction may be quite 
complicated and strongly anharmonic. In contrast to these 
results, very simple characteristic trajectories magnetization 
precession in the ,y xm m−  z xm m− , and z ym m−  planes 
were recently discovered in Ref. 10. To distinguish specific 
shapes, some were named as “apple”, “sickle”, “mush-
room”, “fish”, “moon”, etc. 

Recent experiments [11–13] have measures an anoma-
lous Josephson effect, validating the 0ϕ  junction model 
and pointing to its potential uses in a variety of technologies 
that rely on superconducting spintronics [2, 14]. The specific 
nature of the coupling that occurs in the 0ϕ  junction allows 
one to manipulate the internal magnetic moment via the 
Josephson current, and conversely [1, 9, 15]. 

Previous simulations of the 0ϕ  junction demonstrated 
how the application of an external electromagnetic field 
could be used to tune the character of the magnetic moment 
precession over current intervals corresponding to specific 
Shapiro steps [10]. We also demonstrated the appearance 
of a dc component in the superconducting current and clari-
fied how it influences the IV-characteristics within the reso-
nance region, i. e., the region where the precession frequen-
cy is close to that of the Josephson frequency. The effects of 
Gilbert damping and spin-orbit coupling on IV-characteris-
tics and magnetization precession were also studied. We also 
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studied factors that could affect the magnetization reversal 
by the superconducting current in the 0ϕ  junction [6, 8]. 
The physics of 0ϕ  junction was found to have many fea-
tures in common with the famous Kapitza pendulum prob-
lem [7]. Most recently we were able to provide analytical 
criteria for magnetization reversal from predicting the con-
ditions under which the reversal can occur [16]. In the In-
troduction of Ref. 16, we have given a detailed review of 
recent experimental and theoretical developments relating 
to the 0ϕ  junction, and we also discuss the choice of mate-
rials available for its practical realization. 

This present work is an extension of some preliminary 
results [17]. Here we provide a more detailed investigation 
of the complicated dynamics that results from the unique 
interaction between the superconducting current and mag-
netic moment in the 0ϕ  junction. Interspersed with chaotic 
dynamics we find several windows of regular dynamics. In 
certain ranges of bias current, there are stable states of the 
magnetization precession, which we were able to charac-
terize by the very specific shapes they make through pro-
jections of the phase trajectories. We also simulate how the 
maximal amplitude of ˆ ym  changes as the bias current is 
swept along the IV-characteristic. 

We find a kink behavior in the bias current (voltage) 
dependence of the maximal ˆ ym  which origin is related to 
the change of the dynamical behavior of the magnetization 
in ferromagnetic layer. The characteristic trajectories in the 

,y xm m−  z xm m− , and z ym m−  planes were recently dis-
cussed in Ref. 10. However, the kinks that occur in ˆ ym , 
and specifically their origin, have not been discussed before. 
As was alluded to in Ref. 10, these characteristic trajectories 
offer a unique possibility to control the magnetization dy-
namics via an external bias current. Here we show that simi-
lar shaped kinks have a common origin due to the underly-
ing dynamics. We also demonstrate how specifically shaped 
trajectories transform from one shape into another, the mani-
festation of composite structures, and hysteretic behavior. 

2. Model and methods 

In the considered SFS structure the superconducting 
phase difference ϕ  and magnetization M  of the ferromag-
netic (F) layer are coupled dynamical variables. The system 
of equations describing their dynamics is obtained from the 
Landau–Lifshitz–Gilbert (LLG) equation, the expression for 
the bias current of the resistively and capacitively shunted 
junction (RCSJ) model, and the Josephson relation between 
the phase difference and voltage. 

Magnetization dynamics is described by the LLG equa-
tion [18] 

 eff
0

= ,d d
dt M dt

α  −γ × + × 
 

M MM H M  (1) 

where γ  is the gyromagnetic ratio, α is Gilbert damping 
parameter, 0 =| |M M , and Heff is the effective magnetic 
field. Here we have used the model developed in Refs. 9, 15, 

where it is assumed that the gradient of the spin-orbit poten-
tial is along the easy axis of magnetization, which is taken to 
be along ẑ . In this case effective magnetic field is deter-
mined by 

 

eff
0 0 0

= sin y zM MKH Gr r y z
M M M

  
ϕ− +  

   
 , (2) 

where K  is the anisotropic constant, = / ( )JG E K ,   is 
the volume of F layer, 0= / (2 )J cE IΦ π  is the Josephson 
energy, 0Φ  is the flux quantum, cI  is the critical current, 

= /so Fr lv v  is parameter of spin-orbit coupling, 
= 4 / Fl hL v , L  is the length of F layer, h is the exchange 

field of the F layer, the parameter /so Fv v  characterizes a 
relative strength of spin-orbit interaction. We note that the 
second term inside of the sine function, i.e., 0/yrM M  is 
the above mentioned phase shift 0ϕ . 

In order to describe the full dynamics of SFS structure 
the LLG equations should be supplemented by the equation 
for phase difference ϕ , i.e., equation of RCSJ model for bias 
current and Josephson relation for voltage. According to the 
extended RCSJ model [15], which takes into account time 
derivative of phase shift 0ϕ , the current flowing through 
the system in underdamped case is determined by 

 
2

2
0 0

= sin ,
2 2

y
c y

dMC d d r rI I M
e eR dt M dt Mdt

   ϕ ϕ
+ − + ϕ−  

  

   

  (3) 
where I  is the bias current, C  and R  are the capacitance 
and the resistance of the Josephson junction, respectively. 

The Josephson relation for voltage is given by 

 = .
2

d V
e dt

ϕ  (4) 

Using (1)–(4), we can write the system of equations in 
normalized variables, which describes the dynamics of 0ϕ  
junction as 

{2= sin( )
1

F
x y z z ym m m Grm rmω

− + ϕ− −
+α

  

}2 sin( ) ,x z x y ym m Grm m rm −α + ϕ−   

{ }2 2 2
2= ( )sin( ) ,

1
F

y x z y z z x ym m m m m Gr m m rmω  −α − + ϕ− + α
  

{2= sin( )
1

F
z x ym Grm rmω

− ϕ− −
+α

  

}2 2sin( ) ( ) ,y z y z x yGrm m rm m m m −α ϕ− − +   

1= sin( ) ,y y
c

V I V rm rm − + − ϕ− β


  

= Vϕ , 
  (5) 
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where , , , , 0= /x y z x y zm M M  and satisfy the constraint 
2

= , ,
( ) = 1ii x y z

m t∑ , 2= 2c ceI CRβ  is the McCumber pa-

rameter. In order to use the same time scale in the LLG and 
RCSJ equations, we have normalized time to the 1

c
−ω , where 

= 2 /c ceI Rω  , and = /F F cω Ω ω  is the normalized fre-
quency of ferromagnetic resonance ( 0= /F K MΩ γ ). Bias 
current is normalized to the critical current cI  and voltage V  
— to the =c cV I R . The system of equations (5) is solved 
numerically using the fourth-order Runge–Kutta method at 
fixed value of current = 0I  in time interval [0,1500] with 
the timestep = 0.005tδ . We use the initial conditions 

= 0xm , = 0ym  = 1zm , = 0V , = 0ϕ , and as the results, we 

obtain ( )im t , ( )V t , and ( )tϕ  as the functions of time. Then 
the value of bias current is increased for the current step 
the = 0.00005Iδ  and procedure is repeating. The obtained 
values of xm , ym  zm , V  and ϕ  at time = 1500t  for the 
current I , are used as the initial conditions for the value of 
I I+ δ . During the calculation we have increased a bias 
current until Imax and then decreased to zero. In order to 
calculate the IV-characteristic, we average the voltage in 
time interval [200,1500] at each value of I . To investigate 
the resonance behavior of the system we calculate the max-
imal amplitude of magnetic moment in time domain ˆ ym  at 
each value of the bias current I  and plot it as a function 
ˆ ( )ym I . 

3. Kinks in the IV-characteristics and their origin 

Due to interaction between the superconducting current 
and the magnetization in the ferromagnetic layer, the 0ϕ  
Josephson junction exhibits a rich, complicated dynamics, 
which can be strongly anharmonic and even chaotic 
[9, 10, 15]. On the other hand, as has been demonstrated in 
Ref. 20, the precession of the magnetic moment in some 
current intervals along IV-characteristics may be relatively 
simple and harmonic [10]. Here we concentrate on the in-
teraction between the Josephson current and ferromagnetic 
layer magnetization and on some of the peculiarities of the 
magnetization dynamics which may be manifested in the 
experimentally measured IV-characteristics of such systems. 
The magnetization dynamics is characterized by its maxi-
mal amplitude ˆ ym  taken at each value of the bias current 
along the IV-characteristics. 

In Fig. 1 we present a part of IV-characteristics together 
with the maximal amplitude ˆ ym  with decrease in bias cur-
rent at > cI I . All calculations in this paper were done at 
the following parameters of the system: = 1G , = 1r , 

= 25cβ , = 0.01α . Along with chaotic parts (see, particular-
ly, the left side of the figure), reflecting complex magnetiza-
tion precessions, we see a regular variation of ˆ ym  with the 
bias current. We note, that the positions of the peculiarities 
in the IV-characteristics coincide with the positions of the 
specific behavior of maximal amplitude of ˆ ym  as a function 

of bias current. An interesting feature of this ˆ ( )ym I  depend-
ence are the kinks shown by the arrows. 

To stress these kink peculiarities, we show in Fig. 2 the 
V-dependence of the maximal amplitude ˆ ym  along the IV-cha-
racteristics of the 0ϕ  junction at three different values of 
the ferromagnetic resonance frequency: = 0.4Fω , 0.5, and 
0.6. In all cases we can see very clear the kinks on either 

Fig. 1. Part of the IV-characteristic of the 0ϕ  junction in the 
ferromagnetic resonance region ( = 0.5)Fω  together with the 
maximal amplitude ˆ ym  with decrease in bias current along the 
IV-curve. Arrows show the kinks in the ˆ ( )ym I  dependence. 

Fig. 2. V-dependence of the maximal amplitude ˆ ym  with a 
decrease of the bias current along the IV-characteristics of the 0ϕ  
junction in the ferromagnetic resonance region at different values 
of the resonance frequency, indicated by dashed lines. 
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side of the resonance frequency Fω  in the 2R  and 3R  re-
gions. Such a shift in the kink position indicates their rela-
tion to the ferromagnetic resonance. A kink in the region 1R  
is also manifested, but it has no symmetric counterpart due 
to the transition of the Josephson junction to the zero voltage 
state. One of the the main purposes of the present paper is to 
explain the origin of the kink. 

In Fig. 3 we demonstrate the magnetization trajectories 
in the y xm m−  plane and the corresponding results of FFT 
analysis of the temporal dependence of ym  in the regular 
region 1R , at = 0.95I  (a), (b) and = 0.75I  (c), (d), i.e., to 
the right and left sides of the kink, respectively. We find 
that the kink is the bifurcation point between the two types 
of trajectories, i.e., as the system goes from period one to 
period two behavior. 

In Figs. 3(b), (d) we present results of FFT analysis of 
the time dependence of the magnetization component ym  at 
different bias currents corresponding to the dynamics before 
and after the kink. At = 0.75I  an additional frequency 

= / 2Jf f  appears in comparison to the case at = 0.95I , 
confirming the period doubling. 

Different types of magnetization trajectories in the 
,y xm m−  z xm m− , and z ym m−  planes, realized along the 

IV-characteristics were found in Ref. 10, such as “apple”, 
“sickle”, “mushroom”, “fish”, and “moon”, called like that 
for distinctness. But the kinks in ˆ ym  and their origin were 
not discussed at that time. It was mentioned there that the 
specific trajectories demonstrate a unique possibility of 
controlling the magnetization dynamics via external bias 
current. Here we show the similarity in the appearance of 
the different kinks and stress that their origin is related to 
the transformation in the magnetization dynamics. In Fig. 4 
we demonstrate the magnetization trajectories around the 
kink in the 2R  region, which present the “apple” type at 

= 0.6I  before the kink and the “mushroom” type after kink 
at = 0.555I . The results of FFT analysis [see Figs. 4(b), 
(d)] show the doubling of the period of trajectories in case 
of the “mushroom”. 

Actually, such a transformation of the “apple”-type tra-
jectory to the “mushroom” type happens over a large bias 
current interval, and we will discuss this in the next section. 
In Fig. 5 we first show time dependence of the ym  very close 

Fig. 3. Magnetization trajectories in y xm m−  plane for regular 
region 1R  and results of FFT analysis of the temporal dependence 
of ym . The value of current at the corresponded points is 
indicated in the figures. 

Fig. 4. Magnetization trajectories in z xm m−  plane for regular 
region 2R  and results of FFT analysis of the temporal dependence 
of ym : (a), (b) at = 0.6I ; (c), (d) at = 0.555I . 

Fig. 5. (a) Time dependence of the ym  at = 0.5704I  and 
= 0.5702I ; (b) FFT analysis of time dependence of ym  at 
= 0.5704I ; (c) The same as (b) at = 0.5702I . 
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to the kink, just at current step before ( = 0.5704)I  and after 
( = 0.5702I ) the kink. We see that the difference is related 
to the modulation of the time dependence after the kink. 
FFT analysis [Figs. 5(b), (c)] again confirms this transfor-
mation in the dynamics of the system through the appear-
ance of the corresponding small peaks. 

In Fig. 6 we demonstrate that the kink in the region 3R  
is related to the transformation of the “fish”-type trajecto-
ry, realized at = 0.44I , to the “double fish” trajectory, at 

= 0.416I . Results of FFT analysis presented in Figs. 6(b), 
(d) show the doubling of the magnetization precession pe-
riod in the case of “double fish”-type trajectory. 

The presented results thus demonstrate that the kinks in 
ˆ ym , in all three of the considered regular regions 1R , 2R  

and 3R , are related to period doubling bifurcations of the 
specific precession trajectories. 

4. Transformation of the magnetization trajectories 
and composite dynamics 

The application of dc voltage to the 0ϕ  junction produces 
current oscillations and consequently magnetic precession. 
As shown in Refs. 9, 15, this precession may be monitored 
by the appearance of higher harmonics in the current-phase 
relation as well as by the presence of a dc component in 
the superconducting current. The latter increases substan-
tially near the ferromagnetic resonance (FMR). In contrast 
to Konschelle and Buzdin [9, 15], who stressed that the 
magnetic dynamics of the SFS 0ϕ  junction may be quite 
complicated and strongly anharmonic, in Ref. 10 we demon-
strated that the precession of the magnetic moment in certain 
current intervals along IV-characteristics may be very simple 
and harmonic. 

In this section we discuss two peculiarities of the mag-
netization dynamics. The first peculiarity is related to the 
transformations that occur between the two types of the tra-
jectories. We found that such transformations happen con-
tinuously. As we have seen above, the region 2R  within bias 
current interval [0.54675,0.6259] demonstrates a kink be-
havior at = 0.5703I . Going down along IV-characteristic, 
we observe first the “apple”-type trajectory, and then after 
the kink a “mushroom” type, i.e., in the z xm m−  plane. In 
Fig. 7(a) we show the trajectory of the magnetization at the 
boundaries of the interval [0.5703,0.6259] and see that the 
amplitude of zm  and xm  is increased with a decrease in I . 

At the point where the magnetization pass the point with 
the = 0xm , we can see a scroll structure. On the boundary of 
the above mentioned two intervals, the scroll structure at 

= 0.5703I  is widening. It is demonstrated in Fig. 7(b), 
where a zoomed part of the trajectories for two boundary 
values of bias current is presented. In both cases we see a 
scroll, which reminded letter “e”. After the kink is passed, 
the scroll is transformed and reminds one of a reflected letter 
“e” now. In the current interval [0.54675,0.5703] the “ap-
ple”-type trajectory continuously transforms to the “mush-
room” one. This transformation is demonstrated in Fig. 7(c), 
where the trajectories for three values of current are present-
ed. In Fig. 7(d) the zoomed part of trajectories closed to the 
point = 0xm  is shown [this region is marked with the 
dashed ellipse in Fig. 7(c)]. As we can see, the scroll struc-
ture disappears continuously throughout the transformation. 

The second peculiarity is related to the creation of the 
composite type of the trajectory. An example of such 
magnetization dynamics appears in the current interval 

Fig. 6. Magnetization trajectories in y xm m−  plane for regular 
region 3R  and results of FFT analysis of temporal dependence of 

ym . The value of current at the corresponded points is indicated 
in the figures. 

Fig. 7. Transformation of the “apple”-type trajectory to the 
“mushroom” one near kink at = 0.5703I . (a) “Apple”-type 
trajectory before kink; (b) Enlarged part of (a), demonstrating 
scroll; (c) Trajectory transformation after kink; (d) Enlarged part 
of (c) near scroll. 
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Fig. 8. Realization of composite type trajectory at I = 0.6268: 
(a) during the first 10000 time units; (b) during the second 20000 
time units. Points S  and E  mean starting and ending points of 
recording. 

[0.6268,0.6288] between regions 2R  and 3R  and is demon-
strated in Fig. 8. We see a realization of composite-type 
trajectory, i.e., different type of precessions are realizing in 
during one period: “apple”, large, small “left and right mush-
rooms”. Starting from the point S , in during the first 10000 
time units the magnetization describes first an “apple”, then 
large “right mushroom” [see Fig. 8(a)], then it continues a 
precession along small “left mushroom”, small “right mush-
rooms” and large “left mushrooms” [see Fig. 8(b)]. We stop 
recording of the time dependence close to the end of the 
period after 20000 time units (see point E). We note that 
the composite structures of different type trajectories may 
appear in different parts of IV-characteristics by changing 
the system’s parameters. 

5. Hysteresis in ˆ ( )ym I  dependence 

Another peculiarity we found in the current dependence 
of the maximal magnetization of the 0ϕ  junction is an ap-
pearance a sequence of hysteresis at different ferromagnet-
ic resonance frequencies. In Fig. 9 we show the bias cur-
rent dependence of ˆ ym  for three frequencies: (a) = 0.5Fω , 
(b) = 1Fω  and (c) = 1.5Fω . They demonstrate that the 
difference in the bias current dependence of ˆ ym  for increase 
and decrease the bias current is appeared. We see that at 

= 0.5Fω  the McCumber type of hysteresis known for 
IV-characteristics of underdamped Josephson junctions is 
manifested only, while with increase in frequency an addi-
tional hysteresises start manifest themselves [see Fig. 9(b)]. 
At = 1.5Fω  we observe a rather large and very pronounced 
hysteresis at > cI I . There are two more small hysteresises 
which we do not mark in Figs. 9(b), (c). 

An important point is that this peculiarity in the bias cur-
rent dependence of ˆ ym  manifests itself in the corresponded 
IV-characteristics also. Below we stress such a manifestation 
in the the IV-curve, particularly, we show in Fig. 10 the en-
larged part of IV-characteristics which demonstrate the man-
ifestation of the starting and ending points of hysteresis, 
indicated in Fig. 9(c). We show there the stating point [ 1S , 
see Fig. 10(a)] of the largest hysteresis at = 1.5Fω , which 
is ending with a chaotic behavior at point 1E  [Fig. 10(b)]. 

We also demonstrate the manifestation of the ending point 
2E  of another big hysteresis at = 1.5Fω  in Fig. 10(c). 

The IV-characteristics are measured experimentally, so 
the results presented above open a way for experimental 
testing of the peculiarities pronounced in the magnetization 

Fig. 9. Bias current dependence of ˆ ym  in the increase (dotted) and 
the decrease (solid) the bias current for: (a) = 0.5Fω , (b) = 1Fω , 
(c) = 1.5Fω . 

Fig. 10. Manifestation of the hysteretic behavior in the IV-
characteristic near points, marked in Fig. 9(c). (a) Starting point 
of the first hysteresis; (b) Ending point of the first hysteresis; 
(c) Ending point of the second large hysteresis. 
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dynamics of 0ϕ  Josephson junctions. The question concern-
ing the details of the hysteresis appearance and its depend-
ence on the parameters of the system will be addressed 
elsewhere. 

6. Conclusions 

We have studied the interaction between the supercon-
ducting current and magnetic moment in a 0ϕ  junction and 
investigated the maximal amplitude of the magnetization 
momement ˆ ( )ym I , where I  is the bias current. We found a 
kink behavior in the bias current (voltage) dependence of 
ˆ ( )ym I  along the IV-characteristics. Analysis of the mag-

netization precession dynamics and trajectories revealed 
that the origin of the kinks can be related to changes in the 
dynamical behavior of the magnetization precession in 
ferromagnetic layer. Found effects concerning the trans-
formation of the magnetization specific trajectories along 
the IV-curve, magnetization composite structures, and hys-
teretic behavior in the bias current dependence of ˆ ym  open 
several interesting directions for future investigations. Due 
to the correlations between the discovered features of ˆ ym  
and the IV-characteristics, the presented results open a way 
for the experimental testing of the peculiar magnetization 
dynamics which characterize the 0ϕ  junction. 

We note that in our model the interaction between the 
Josephson current and the magnetization is determined by 
the parameter = / ( )JG E K , which describes the ratio 
between the Josephson energy and the magnetic anisotropy 
energy and spin-orbit interaction. The value of the Rashba-
type spin-orbit interaction parameter in a permalloy doped 
with platinum [21] up to 10 %, in the ferromagnets without 
inversion symmetry, like MnSi or FeGe, usually estimated 
in the range 0.1 1− , the value of the Γ  in the material with 
weak magnetic anisotropy 5 34 10 K AK − −⋅ ⋅  [22], and a 
junction with a relatively high critical current density of 

5 6 2(3 10 5 10 ) A cm−⋅ − ⋅ ⋅  [23] is in the range 1 100− . It 
gives the set of ferromagnetic layer parameters and junc-
tion geometry that make it possible to reach the values 
used in our numerical calculations, for the possible exper-
imental observation of the predicted effect. 
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Особливості вольт-амперних характеристик 
та динаміка намагніченості джозефсонівських 

φ0 контактів 

Yu. M. Shukrinov, I. R. Rahmonov,  
A. E. Botha 

Джозефсонівські φ0 контакти демонструють велике різ-
номаніття динамічних станів, які визначаються параметрами 
джозефсонівського переходу й посереднього феромагнітного 
шару. Знайдено низку особливостей у поведінці максималь-
ної амплітуди магнітного моменту ˆ ym  для кожного значення 
струму зміщення. Ці особливості співвіднесено з особливос-
тями вольт-амперної характеристики φ0 контакту. Показано, 

що поведінка кінку в залежності ˆ ym  від струму (напруги) 
вздовж IV-кривої пов’язана зі зміною динамічної поведінки 
прецесії намагніченості у феромагнітному шарі. Продемонст-
ровано трансформацію специфічних траєкторій намагнічено-
сті вздовж IV-кривої, намагніченості композитних структур та 
гістерезисної поведінки залежності ˆ ym  від струму зміщення 
намагніченості. Результати, які приведено, внаслідок кореля-
ції між особливостями ˆ ym  та IV-характеристиками дозволя-
ють експериментальну перевірку специфічної динаміки на-
магніченості, яка характеризує φ0 контакти. 

Ключові слова: SFS джозефсонівські контакти, вольт-амперні 
характеристики, співвідношення струм–фаза. 
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