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MAGNETIC FIELD DYNAMICS IN PLASMA OPENING SWITCH
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Computer simulations for magnetic field penetration into plasma of plasma opening switch (POS), and current
loop formation in it are presented for various initial plasma densities, currents, and POS geometries. It is shown that
the current loop dynamics in the POS is determined by the fast magnetic field penetration in plasma due to the Hall
effect. The strong dependence of the current loop longitudinal velocity on the transverse coordinate, together with
the influence of the boundary conditions at the POS cathode and anode, lead to the formation of the narrow S-
shaped current loop even in a homogeneous plasma. It is shown that the control parameters influencing the dynam-
ics of the magnetic field and the motion of the current loop in the POS are the initial plasma density, driving current
and cathode radius. The POS resistance is calculated for wide range of initial plasma densities, currents, and cathode
radiuses. It is shown, that POS resistance is proportional to the total current, inversely proportional to plasma densi-
ty, and is in the range 107...1 Q for plasma densities 10*2...10" cm.

PACS: 52.75.-d, 52.75.Kq, 52.40.Hf, 52.65,+z, 52.70.Kz, 94.20.wc

INTRODUCTION

A plasma opening switch (POS) is a plasma bridge
between two electrodes, in most cases in vacuum coaxi-
al line (Fig. 1). An inner electrode is usually a cathode
and outer electrode is an anode. POSes are used for
voltage multiplication in pulsed-power science and
technology including high-current pulsed electron ac-
celerators. The high-voltage pulse generator with POS is
a LC circuit closed through the POS. One end of the
POS is usually connected to capacitive energy storage,
the other — to a load. When energy storage is turned on,
the current in the line increasing in time is closed
through the PQOS, the electrical energy of the capacitive
energy storage CU,*/2 is converted into magnetic ener-
gy LI%/2. After some time, the impedance of the plasma
bridge increases sharply, the current is quickly de-
creased, a voltage pulse appears Upgs ~ Ldl/dt > U,, and
the accumulated energy is transferred to the load. The
POS opening time is much shorter (typically by 3-12
times) than the rise time of the current pulse. The short-
ening of the pulse duration causes a compression of the
energy and as a result — an increase in the load power.

outer electrode

r, Sm~current Lplasma
Z

Fig. 1. POS is a plasma bridge
between two electrodes in vacuum coaxial line

The main element of the POS is a plasma bridge with
a current — a nonstationary, highly nonlinear object. Its
spatio-temporal dynamics is determined by the initial
conditions and the current flow through the plasma. The
only way to control the processes in the plasma bridge is
the proper choice of the initial conditions — the plasma
density, conductivity and composition, their initial spa-
tial distribution, the dimensions of the cathode, anode,
and the length of the plasma bridge, as well as the rise
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rate of the current through the plasma bridge. Despite
many years of using POS, their experimental and theo-
retical studies [1 - 9], presently there is no complete
theory, let alone computational models for predicting
the POS parameters.

Usually, the plasma density n,, which is provided by
Bostic type plasma guns, lies in the range of
10%...10"® cm™®, the cathode radii R, are 1...5 cm, the
anode radii R, are 4...10 cm, i.e., the characteristic dis-
tances between the cathode and the anode a are
3...5cm. The composition of the plasma can be differ-
ent, but in most cases it is a plasma that contains carbon
ions, charge Z= 1...3. In this range of parameters
m,c?/e” <n,a? <M;c?/Ze?, where m, — electron mass;

M; — ion mass; c is the speed of light, i.e. the plasma and
electromagnetic field dynamics in a POS is described by
electron magnetohydrodynamics (EMHD) [6]:

E:—LXBLL[]xE’hl, (1)
c en,C c

jzirotﬂ , )

%:—c-rotE , (3)

where E, H are the strength of the electric and mag-
netic fields; J is the electron current density; o is the
plasma conductivity. Eg. (1) is the electron fluid motion
equation under the assumption of strong collisions,
when the inertia of the electrons can be neglected, and
when the magnetic pressure significantly exceeds the
thermal pressure. Eq. (2) is the Ampere’s law in which
the displacement current is omitted, and Eq. (3) is the
Faraday’s law. Plasma is assumed quasineutral —
n, =Zn;. Egs. (1) - (3), excluding J and E, can be
reduced to:

B, Crot{[rOtBXB]-i- Crotl?',} =rotlV;xB], (4)
ot 4rx en o

which, under the assumption of o= f(r,z), has the
form:

e
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B _ rotlV; x B]- rot{ ¢
ot 47l

2
rotB x B} +° AB. (5)
N, dro
The first term on the right-hand side of (5) describes
the acceleration of the plasma as a whole, the character-
istic velocity scale for this is the Alfvén velocity:

Va=B/./4zM; . The second term in (5) is responsi-
ble for the rapid penetration of the magnetic field into
the plasma in the form of a quasi magnetostatic wave

(KMC means Kingsepp, Mokhov, and Chukbar (KMC-
wave), [5)  with a  velocity [6, 71

u; =cBr?/8ze-o/ar(l/n,r?). The third term in (5)

describes the diffuse penetration of a magnetic field into
a plasma. Typical speeds can be estimated as:

Vo =4.36-20°1 /v M /my-ne 17, ugy =9.94-10Y7 1 /n,r?,
where Vp,, Ug, areincm/s; r—incm; I —in A; n, —
in cm®. For I =100 kA; R,= 2 cm; M;/m,= 12;
z =1; n, = 10" cm® we have: V,, = 0.63-10° cm/s;
Up = 2.49-10%cmis. le., Ugy >> V.

Magnetic field that propagates in a plasma with a ve-
locity u; can accelerate ions at the front of the KMC-

wave and disturb the initial plasma density [4, 10]. The
ions speed due to such acceleration can be estimated.
From the plasma momentum equation, its longitudinal
component, taking into account that the gradient of

magnetic pressure V(BZ/87Z') is much higher than the
gradient of thermal pressure V(P), we have:
d(n;M,V,,)/dt = V(B?/87),
whence n MV, ~V(B?/8z)At. The characteristic
time of such acceleration can be estimated as
At=~J¢ ug, where & is the width of the KMC-wave
front, it is determined by the diffusion coefficient
D=c?/4zc (see Eq. (5)), 5; = D/uy . The estimation

for V~1/5; , gives for the ion velocity V,, V2 /2u;,

and, for the limiting case V;, =u; , gives V;, =V, /2.

Due to the ions acceleration, the plasma density is dis-
turbed. Its characteristic values can be estimated from
the continuity equation for the plasma density:

Any| /iy Vi, /ug . For the plasma parameters given
above, at V,, = 0.63-10° cm/s, uy, = 2.49-10° cm/s,

An;|/n, = 0.25. lLe., the KMC-wave, when passing

through the plasma, slightly perturbs its density.

The above estimates allow the following scenario of
the POS operation [10]. When the capacitive energy
storage is turned on, the current increasing in time is
closed through the left boundary of the POS plasma,
forming a current loop (see Fig. 1). Over time, a mag-
netic field in the form of a KMC-wave penetrates into
the plasma at a speed of the order of u; . At the KMC-

wave front, ions are accelerated to velocities
Vi, <V, /+/2 <u; . The time of energy accumulation in

an inductive energy storage device with POS can be
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estimated as the time for ions with a velocity
V,;, =V, /-2 to pass through a plasma bridge of length
L,. For the circuit current, which changes as
1(t)=1,sina/T), this
to =ncLr./mg,M;/2Z /1. For calculations it is con-

venient to use t,=5.1-10""L,r IngM;/myZ /1,

where t isins; Ly, r —incm; n, —in cm®; 1, —in A

gives:

For estimates, as r, can be chosen the average radius
between the cathode and the anode, since the ion veloci-
ty is inhomogeneous along the radius. For 1 =100 kA;
Rc=2cm; R,=75cm; L,=15cm; M;/m;=12; Z=1;

n, = 10" cm™®, we have: t, = 1.25-10° s. When the cur-

rent front (current loop) moves along the plasma, the
current channel gradually enters the area where the
plasma density decreases towards the load. With a de-
crease in the plasma density, the velocity of the KMC-
wave increases and the magnetic field is more and more
detached from the perturbed ion background, heading
towards the plasma boundary. If the length of this tran-
sition area is estimated as 6 ~a~d; =c/w,; (6 >>a

is a necessary condition for the application of an “ideal”

EMHD with immobile ions, @; is the ion plasma fre-

quency), then from the expression for u; , taking into
account that V ~1/46;, the opening time can be estimat-
ed as: t,=3,/u; =M,c?r/ezl,. For calculations it is
convenient to use t :10’3r\ M;/m, /1,Z , where t,
isins; r —incm; I, —in A. For I =100 kA; R.=
2cm; M;/m,=12; Z =1, this gives: t; = 6.93-10°s.

For an inductance of about 200 nH, with a full current
break of 100 kA, Upos = 289 kV, which corresponds to
the voltage multiplication factor Upps/Uo = 11.56 (Uo =
25 kV). These estimates, based mainly on EMHD, are in
good agreement with the experimental results [11 - 13].

Thus, the dynamics of the POS is mainly determined
by the rapid penetration of the magnetic field into the
plasma, the formation and movement of the current loop
in it. Below the numerical simulation results for the dy-
namics of the magnetic field penetration into the plasma
are presented. It is shown that the initial plasma density,
current, and POS geometry are the most important pa-
rameters affecting the motion of the current loop in the
POS plasma.

1. EMHD EQUATIONS

In the axially symmetric case (4) has the form:

oB B oB
Py, c 0 _ilﬁ(raﬂj)_il +
ot 4rxoz| en r or o 0z

01 oB 10 0 0
L2fle B tlifn)--2ha)- 2his)

It is convenient in (6) to replace H=-r-B,, and

(6)

pass to dimensionless variables z=7-R,; r=r-R;;

t=t-Ty; n=mn-n,-5,/R;; O'=0'1~T03/2~:|:3/2; T, -
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initial electron temperature; H=H-H_; H,=2-1,/c;
V,, =V, ,-Va. As a result, omitting the tildes, we have:

% lﬁ{rr} {rz}=2Fr_é, )
where T, _iﬁ ° ﬂ;
nror T%2 52
HoH_ ¢ oH . o
" nroz 1Y% Or’
gzi ! ; 5i=L — ion skin length;
Re @ete @
/71-3/2
— electron-ion collisions time;
fe = 4.2 Ne*Z%n,

A - Coulomb logarithm; @, — electron cyclotron
frequency. H in (7) has the sense of a dimensionless
current. Eq. (7) is written in a conservative form. The
I, and T, fluxes contain two terms — the nonlinear
terms are responsible for the convective propagation of
the magnetic field in the plasma due to electron current,
and the linear terms describe the diffuse penetration of
the magnetic field into the plasma. The chosen system
of dimensionless variables led to the fact that (7) con-
tains one dimensionless parameter &. For POS in the

range of parameters n,= [10*%, 10"] cm®; M;/m, = 12;
Z=1[1, 3]; T,=[1, 10] eV; I, =[50, 200] kA; &=[10",
10™Y]. Further, in all computer simulations, taking into
account that V; << u; , in (7) we neglect the terms that

contain the ion velocities (G ).

On the left boundary of the plasma (see Fig. 1), the
boundary condition for (7) is determined by the magnet-
ic field, which is created by the current passing through
the cathode. On the right boundary, the magnetic field is
equal to zero, and on the inner and outer metal elec-
trodes of the coaxial POS, the z-component of the elec-
tric field is zero. If the total current is presented as
It)=1,f(t), then H(r,z=0)=f(t). All simulations
below were performed with f(t)= 1. On the right
boundary of the POS plasma the boundary condition for
(7) has the form: H(r,z=L,/R;)=0. On the inner and

outer electrodes the boundary condition for (7) has the
form: T, (r=14z)=0 (inner), TI,(r=R,/R;,2z)=0
(outer).

Eq. (7) is the scalar convective-diffuse equation, for
which, when solving it by the classical Galerkin
method, it is necessary to satisfy the stability criterion:
Pe=u|h/2D <1, where h<1 is the grid element size,
D=¢&/T¥2«<1,
u={u,,u,}={-0H/aoz/(nr),0H /or /(nr)}. If the stabil-
ity criterion is not satisfied, i.e., the Peclet number
Pe >1, then nonphysical numerical oscillations can
arise on the solutions H(r,z), which, in the case of a
nonlinear convective-diffusion equation, can grow in-
definitely. Usually, to suppress numerical oscillations,
various methods of stabilization [14 - 16], or adaptive
meshes [17] are used. In this study, we used the meth-
ods described in [15, 16].
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2. NUMERICAL SIMULATION RESULTS

Fig. 2 shows the simulation results for Eq. (7) with

e = 10" em®; 1, =100 KA; M;/m, =12; Z = 1.
Plasma density is homogeneously distributed in space.
With these parameters &= 2.17-1072, i.e., the magnetic

field upon penetration into the plasma should have a
sufficiently sharp front, the width of which is propor-
tional to &. Fig. 2 shows, at different times, current

density J={j,,i,}, ¢ — component of B(r,z). The
current density j is also shown by arrows.
B,(r,2)

Bphy(x=2z,y=r)
8

] :{jrl Jz}

Time=1 Electron flow {Jr,Jz} Time=1

HORMNWARVNON®OO

0 5 10 15
Time=25  Electron flow {Jr,Jz}

HOMNWAUVNON®OO

0 5 10 15
Time=100 Electron flow {Jr,Jz}

6 ; 10 1‘5

Fig. 2. Spatio-temporal dynamics of magnetic field

penetration into the POS's plasma. Plasma density
is homogeneously distributed in space

As can be seen from Fig. 2, over time, the magnetic
field B(r,z) penetrates into the plasma. This penetra-

tion occurs in the form of a radially inhomogeneous
KMC-wave with a sharp front, it is faster than the diffu-

sive penetration. Since B(r,z) and j(r,z) are related
by equation (2), the highest current density ] is where
the spatial derivatives of B(r,z) are maximal, i.e., at
the front of the KMC-wave: j, ~dB,/oz,
J; ~o(rBy)/or/r. As can be seen from the expression

for j,, the current density in the cathode-anode direc-
tion is determined by the magnetic field change rate in
the longitudinal direction — j, ~0B,/oz. That is, the

faster B, changes in the longitudinal direction, the
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higher current density flows in the transverse direction.
The maximum inhomogeneity of B, in the longitudinal

direction is determined by the width of the KMC-wave
front, i.e., by the parameter &. The same is true for the

current density j, in the longitudinal direction.
The electron current density J is pressed to the

electrodes (see Fig. 2), i.e., electrons leave the cathode
and enter the anode almost tangentially. This is due to
the fact that on metal electrodes E, =0. Taking this
into account, from (1), for V; =0, it is easy to obtain
Jr 1 J, =U(wget.) <<1, i.e., indeed electrons leave the
cathode and enter the anode almost tangentially.

It is seen from Fig. 2, that the longitudinal velocity
of magnetic field penetration into a plasma, as well as
the velocity of the current loop in the longitudinal direc-
tion, strongly depends on the transverse coordinate even
for a homogeneous plasma. Far from the electrodes,
where their influence is insignificant, for a homogene-
ous plasma we have: u; =cB,/(47eng,r) . Taking into

account that, as follows from (2), B, ~1/r, it is clear

that in the middle of the plasma filled gap, far from the
cathode and anode, the longitudinal velocity of the
magnetic field penetration into the plasma and the ve-
locity of the current loop will decrease with increasing
radius. The strong dependence of the current loop longi-
tudinal velocity on the transverse coordinate, together
with the influence of the boundary conditions at the
cathode and anode ( j,/j, <<1), lead to the formation
of an S-shaped current loop even in a homogeneous
plasma. The characteristic width of the current loop is
~ &lu; . Simulations show that its velocity is propor-

tional to the current 1, and inversely proportional to
the plasma density n,, which is in good agreement with
the expression for the KMC-wave velocity.

According to (1), the electric field E~J . lL.e., it has

a maximum value in a narrow area around the current
loop. As can be seen from Fig. 3, the E,(r,z) field is

always greater than zero. It accelerates ions in the posi-
tive direction of the z axis, towards the load. The
E,(r,z) field (see Fig. 3) accelerates ions to both the

cathode and the anode.
Fig. 4 shows, in dimensionless variables, the force

F =-V(B%/87)+(BV)B/4rx, which is included in the
MHD equations [18]. As can be seen from Fig. 4, F,
accelerates the plasma towards the load, and F, pushes

it to the cathode and anode. It is also seen that F is
concentrated in a narrow area around the current loop.
l.e., the above estimates for the ion velocity due to the
interaction with the KMC-wave, the perturbation of the
plasma density, as well as the time of energy accumula-
tion in the inductive energy storage with POS, don't
contradict not only the known experiments, but also the
given numerical simulations.

An important POS characteristic is its resistance R
at the stage of energy storage. It should be as low as
possible, less than the resistance of the energy storage
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circuit. This is necessary in order for the POS to act as a
current switch, and has little effect on the energy storage
process.

E,(r,2)

Time=25 Ev(x:l‘y:r) Time=25 Ez(xmz.y=r)

9
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Fig. 3. Spatio-temporal dynamics of electric field
penetration into the POS's plasma
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Fig. 4. Spatio-temporal dynamics
of F =-V(B?/87)+(BV)B/4r in the POS's plasma
The POS resistance can be estimated from the follow-
ing considerations [19]. For a POS plasma bridge with a
radius rand a length L, the magnetic energy flux that is
transferred from the cathode to the anode can be estimated
as P= Bg 18-V 2arL,, where v, =1/en 2zarL, is the

electron current velocity. Hence P:B§/8;r-llene,

i.e., the magnetic energy flux does not explicitly depend
on the dimensions of the POS plasma. As B =2I ler,

we have for P=1%u/c?, where u=1/en,27r?is the
electron current velocity averaged over the length of the
order of r. Hence, for R we have: R=P/12=u/c?. For
calculations it is convenient to use R=30u/c, where
R isin Q. For u in the range of 10’...10% cm/s, the
resistance R is in the area 107...10™" Q. So, the POS
resistance depends on the control parameters as follows:

R~1/n,, R~1, R~1/r?. In the latter expression, the
value of r is not exactly defined, nevertheless
R. <r<R,. In the numerical solution of equation (7),

at each moment of time, B,(r,z), v, (r,z)=j, /en,
are known. Therefore, it is possible to calculate the
magnetic energy flux, which is entered into the plasma
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by the electron cathode

L r2 .
'BS(R.,z
Pin:I ¢( c ) Jr(Rc’Z) ZﬂRCdZ,
o 8t eng(R.,2)
energy flux that is carried out of the plasma by an elec-
tron current through the anode
LD

P . = I Bj(Ra’Z) jr(RalZ)

)8 en.(Ry2)

resistance as R=(P,, —P,,)/1°. There is no magnetic
energy flux through the left boundary of the plasma,
since j, ~o(rB;)/or and By(r,z=0)=2l/cr, there-
fore the derivative 0/0or is zero, and through the right
boundary, since By(r,z=Z2,)=0. The results of the POS
resistance calculation are shown in Figs. 5-7 for differ-
ent cathode radii, plasma density n,, =10%...10" cm®,
current I, =50...200 kKA, M;/m, = 12 (carbon), the

charge of carbon ions Z = 1. Plasma density is uni-
formly distributed in space.

current through the

and magnetic

27R,dz, and calculate the

R Q oo- S50KA
' &, ++ - 100 kA
e 00 - 150 kA]

4 .é xx - 200 kA
107 it m

f i § 1]

14 15

10° 10° 10“ 10
Nplasma,cm'?’
Fig. 5. The POS resistance vs plasma density.
Straight lines are an approximation of the dependence
R(n.) by the function a/n,

As can be seen from Fig. 5, regardless of the total
current 1, the POS resistance R ~1/n,, which corre-

sponds to the above estimates. For the studied plasma
densities, the POS resistance R is in the range of

10%...1Q.
R, Q
...... a
e S N I Egeereeest
10 .............. A3
Do e
1072 T 2 L
= ++-10"cm3
103 Qaseanseenttt” @ ........... o ‘
@ = 1015cm 3

60 100 140 180

Fig. 6. The POS resistance vs current | .
Lines are an approximation of the dependence R(n,)
by the function R(l,) =bl,
As can be seen from Fig. 6, regardless of the plasma
density n,,, the POS resistance R~ 1,, which corre-

sponds to the above estimates too.
As can be seen from Fig. 7, the POS resistance de-

creases with the cathode radius as R~1/ RC2'4, which is
little bit faster than in the above theoretical estimation.
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Fig. 7. The POS resistance vs cathode radius R .
Line is an approximation of the dependence R(R,)
by the function R(R.) =c/R>*

CONCLUSIONS

Computer simulations of the magnetic field penetra-
tion into the POS plasma, in the EMHD approximation,
show that the magnetic field penetrates the plasma in
the form of a wave with a narrow front. Since the elec-
tron current density is proportional to the spatial deriva-
tives of the magnetic field, at the front of this wave the
current density is maximum, which leads to the for-
mation of a current loop in the POS plasma, thats trans-
fers the charge from the cathode to the anode. The
strong dependence of the longitudinal velocity of the
current loop on the transverse coordinate, as well as the
influence of the boundary conditions at the POS cathode
and anode, lead to the formation of a narrow S-shaped
current loop even in a spatially homogeneous plasma.
The control parameters affecting the dynamics of the
magnetic field and the motion of the current loop in the
POS plasma are the initial plasma density, the total cur-
rent, and the POS geometry. For a wide range of initial
plasma densities, total currents and cathode radii, the
POS resistance R was calculated. It turned out that

R~1/n,, R~1,, R~1/R**, and it is in the range of
107...1 Q for usual POS parameters.
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JAUHAMUKA MATHUTHOTI'O ITOJIA B IIASMEHHOM KOMMYTATOPE TOKA

O.B. Manyiinenxo, U.H. Onuwenxo, A.B. Illawenko, U.A. llawienko, B.A. Comenko, B.I'. Ceuuenckuii,
B.b. IO¢epos b.B. 3aiiyes

KomnbsroTepHble MOAETMPOBAHUS MPOHUKHOBEHHSI MATHUTHOTO NOJIS B MJIa3My IJIa3MEHHOTO KOMMYTaTOpa TOKa
(IIKT) u dhopmupoBaHus B HEH TOKOBOH NETIHM IPEACTABICHBI AT Pa3IMYHBIX HadaJbHBIX IUIOTHOCTEH IUIA3MBI,
monHBIX ToKoB U reometpuii [IKT. ITokasano, uro nuHammuka TokoBoi metiu B [IKT ompenensercst OBICTPBIM IIpO-
HUKHOBEHHEM B IUIa3My MarHUTHOTO MoJjs 3a cuet 3¢ dexra Xoma. CuilbHast 3aBUCUMOCTh MPOJIOIBHON CKOPOCTH
TOKOBOH HETIH OT HOMEPEYHOI KOOPIMHATHI, a TAKXKe BIMSHHE TPAHUYHBIX yclIoBHH Ha katone u aHoxae [IKT mpu-
BOJAT K 00pa30BaHUIO y3KOHW S-00pa3HOM TOKOBOW HETIH B OJHOPOAHOI mia3me. Iloka3aHo, 4TO ympaBiSIONIIMHU
napaMeTpamy, BIUSIOMIMMH Ha AMHAMHKY MarHUTHOTO TOJIA M JBMKeHHe TokoBoi metnu B [IKT, sBmsrorcs Ha-
YanpHas MIOTHOCTH MJIa3MBl, TIONHBIA TOK U paauyc karoaa. Conporusnenue [IKT paccunrano i MIMPOKOro aua-
Ma30Ha HaYaJIbHBIX IUIOTHOCTEH ITa3MBbI, TIOJHBIX TOKOB M pajauycoB kKaTona. Ilokasano, uro conporusienue ITIKT
MIPOTIOPIIMOHAIFHO ITOJHOMY TOKY, OOpaTHO HPOIOPUMOHAIBHO IUIOTHOCTH IIa3Mbl M HAaXOAUTCS B JHaIla3oHE
103...1 Om IUTS TUTOTHOCTEN TI1a3MBI 10*2...10% M,

JUHAMIKA MATHITHOTI'O ITOJIA Y IIVIABMOBOMY KOMYTATOPI CTPYMY

O.B. Manyiinenko, I.M. Oniwgenko, A.B. Ilawenxo, 1.A. Ilawenxo, B.A. Cowmenxo, B.I'. Céiuencokuit,
B.b. IO¢epos, b.B. 3aiiyes

KoMn'roTepHi MOACIIOBaHHS POHUKHEHHSI MAarHiTHOTO MOJIS Y TIa3My I1a3MOBOro komyrtaropa ctpymy (I1IKC)
i opMyBaHHS y Hill CTPYMOBOi TETIi MpEACTaBICHI U Pi3HUX MOYATKOBUX T'YCTHH IUIA3MH, IOBHUX CTPYMIB i
reomertpiit I[IKT. ITokazano, mo mquramika crpymoBoi netii y [IKC Bu3HaYaeThCS MIBHIKAM MPOHUKHEHHSM MAarHi-
THOTO TIOJIS Y TIa3My 3a paxyHoOK edekTy Xoiuta. CuilbHa 3aJeXHICTh IT03/10BKHBOT MIBHIKOCTI CTPYMOBOI MeTJi
BiJl ONEPEYHOT KOOPJIMHATH, a TAKOXK BIUIMB TPAaHMYHUX yMOB Ha KaTtoxi i aHoxi I1IKT npusBoasTs 10 yTBOpEHHS
BY3BbKOi S-00pa3Hoi cTpyMOBOi meTii B ofHOpiAHIK mia3mi. [Toka3aHo, M0 KepyloYnMHy mapaMeTpaMy, 10 BIUIUBA-
I0Th Ha TUHAMIKY Mar"iTHOTO 1o i pyx crpymoBoi et y IIKT, € mogaTtkoBa rycTuHa IIa3MH, IOBHUH CTPYM i
paniyc xatona. Omip ITKT po3paxoBaHO AJis IMHUPOKOTO Jiana3zoHy MOYATKOBUX T'YCTHH IJIa3MH, MIOBHUX CTPYMIB i
paniyciB karona. ITokazano, mo omip IIKT mpomnopmiiiHuii TOBHOMY cTpyMy, OOEpHEHO MPOIOPIIIHNN TYyCTHHI
IJ1a3MU 1 3HAXOJAUTHCS Y JIiarna3oHi 103...1 Om JUISl TYCTHH TUTa3MU 10*2...10% M,
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