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The paper is concerned with the distribution of cathode material sputtered under the action of the pulsed reflex
discharge plasma and deposited on the anode surface (vacuum chamber) by means of a set of discrete receiving
plates. Correlative relationship has been found between the weight gain increase of the receiving plates due to the
deposition of cathode material (Ti) particles on them and the increasing magnetic field regions. The maximum pos-
sible sputtering yield Y, has been evaluated. The authors have deduced parametric dependences of the sputtering
ratio on the power function exponent that determines the shape of the radial plasma-density profile, and also, on the

magnetic field induction value.
PACS: 52.80.Sm; 52.40.Hf

INTRODUCTION

The problem of testing by experiment the patented
method of supplying the working (separable) substance
in the separating magnetoplasma device has been solved
previously [1-3] on the basis of the reflex discharge. It
has been demonstrated that the sputtering mechanism of
working substance supply is sufficiently efficient to
provide the plasma of density ~ 10* cm™. The meas-
ured cathode (sputtering) material yields ranged up to
2.8-102...0.26 atoms/ion, depending on the total num-
ber of particles in the discharge. Besides, based on the
experimental data, quantitative estimations have been
made for the mass flow rate of the cathode material
coming to the discharge due to the mechanism of work-
ing cathode surface sputtering under the action of ion
flows of gaseous plasma pre-generated in the inert-gas
medium (Ar and the Kr-Xe-N»-O, mixture) in the
pulsed reflex discharge with crossed ExB-fields. The
bulk quantity of the working substance of the discharge-
generated multicomponent plasma, which is carried
away across the confining magnetic field and is con-
densed on six receiving plates being at room tempera-
ture, has been also estimated. The data obtained in [3]
have suggested a preliminary conclusion about a direc-
tional separation of the plasma heavy component as a
result of centrifugal effects.

The present paper describes experimental studies in-
to the distribution of sputtered cathode material along
the long axis z of the facility on the inside of the vacu-
um chamber (anode), mainly, on the receiving plates
located in the central part of the mirror-configuration
magnetic system of the reflex discharge, similarly to ref.
[3]. At the same time, additional data have been ob-
tained on the dynamics of specific sputtered cathode
material flows as functions of the initial discharge for-
mation conditions, in particular, gas composition of the
discharge, cathode working surface condition, and effi-
cient sputtering ratios.

Thus, relying on the obtained experimental data, the
goal of this work has been to make up and analyze the
estimated weight balance of the cathode substance com-
ing to the discharge, with due regard for the changed
initial conditions of the discharge formation. In this
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case, the total weight balance of the cathode material
takes into account not only its distribution on the receiv-
ing plates, but also on the vacuum chamber walls.

1. EXPERIMENTAL SETUP

The experiments were performed on the MAKET
setup providing a pulsed reflex discharge in a longitudi-
nal magnetic field of mirror configuration (for more
details see refs. [3-6]). The experimental conditions
were as follows:

— residual chamber pressure was 1.33-10™ Pa; then
the discharge ignition gas (Ar, air) was let in the cham-
ber up to a pressure of 0.133 to 4.7 Pa;

— cathodes, 4 mm in thickness and 100 mm in diam-
eter, were made from titanium;

— the working Ti cathode surfaces were exposed to
the plasma of density <2-10"cm™, generated in the
reflex discharge at normal operation conditions: dis-
charge voltage <4.6kV, discharge current <2 KA,
magnetic induction <0.4 T, plasma pulse length up to
5 ms;

— in the middle part of the magnetic system (Fig. 1),
between the diagnostic ports a-a and b-b, 20 receiving
plates were placed to collect the plasma metal compo-
nent particles leaving the discharge across the magnetic
field;

— the receiving plates, made from copper, measured
12x32 mm;

— the total number of pulses applied for sputtering
the cathode material with subsequent sputtered particle
deposition on the receiving plates amounted to 4006; of
which, 72 pulses (1.8% of the total number) were per-
formed in the air atmosphere, and the rest, i. e., 3934
pulses (98.2%) were realized in the Ar atmosphere.

The cathode/receiving plate mass before and after
plasma treatment was determined through weighing
with the use of laboratory balance of Type VLR-200 g.
The surfaces of the cathode and the receiving plates
were examined by means of the interference microscope
MII-4.
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Fig. 1. Schematic view of the MAKET setup and the %ﬁerr]i?n?;tﬁr T T
arrangement of receiving plates (top view): pulses 3446 4006
1 to 20 — receiving plates; 21 — discharge chamber Percent of the total 90.16 (An) 98.2 (AN
(anode); 22 — cathode No 1; 23 — cathode No 2; number of pulses | 984 (Kr-Xe-N,-O,) 1.8 (air)
24 — magnetic system; Specific flows of
a-a, b-b —diagnostic port cross-sections; sputtered matter 0.56 0.26
I-VI — arrangement of receiving plates in [3] mg/(cm’-s)

2. EXPERIMENTAL RESULTS
AND DISCUSSION

Fig. 2 shows the photos of the Ti cathodes before
and after plasma treatment (x500 magnification). As is
seen from Fig. 2,c,d, the cathode surface exhibits the
traces of material erosion. In this particular case, unlike
the results obtained in [3], there are no traces of partial
surface fusion of the cathode. For comparison, Fig. 3
shows the photo of the Ti cathode surface (x500) after
the action of the cathode spot of the stationary vacuum
arc (arc current 100 A, voltage 27 V), where the traces
of Ti surface fusion are clearly seen. Therefore, the pre-
viously observed partial cathode surface fusion [3] is
evidently due to the transition of the reflex discharge to
the arcing mode, reported earlier in [7]. The absence of
cathode fusion marks in the present experiments (see
Fig. 2,c,d) apparently testifies to the reduction of dis-
charge transitions to the arcing mode [7].

Table 1 lists weight characteristics of Ti cathodes
before and after the treatment. As is seen from the table,
the titanium cathodes are characterized by different
losses in weight. For example, the loss in weight by
cathode No 1, located above the vacuum scavenge
pump, was found to be 497.6 mg for the whole operat-
ing period. Cathode No 2, remote from the exhaust unit,
lost in weight 347.2 mg, this being ~ 30% less than in
case of cathode No 1. Considering the total cathode
material loss in weight (see Table 1), the specific flow
of the sputtered matter can be estimated to be
0.211 mg/pulse or 0.26 mg/(cm*s). Table 2 gives the
experimental data on the specific sputtered-matter flows
obtained in this work and the ones presented in ref. [3].
It can be seen from Table 2 that the specific sputter-
matter flow estimated in the present work is by a factor
of 2.15 less than that indicated in [3]. This may be at-
tributed to the difference between the initial conditions
of work [3] and of the present experiments, namely, the
percentage ratio of the pulses realized in a certain gas
atmosphere to the total number of pulses. As is known
[8], the sputtering ratio depends on the atomic weight of
ions, the ion energy and the angle of ion incidence on
the sputtered surface. On the other hand, in work [3],
the areas of fused cathode surface were observed, that
resulted in an additional mass outflow of the cathode
material.

In the plasma-solid surface interaction, a variety of
processes such as electron emission at particle interac-
tion with the surface, sputtering, blistering, etc., take
place [8]. One of the main processes that causes the
cathode material damage, and hence, its ingress to the
plasma, is sputtering.

Experimental studies of cathode sputtering in the re-
flex discharge were carried out in a number of works
[9-15]. The authors of refs. [9-12] have investigated
the cathode sputtering ratios for a number of metals at
low gas pressures P < 4.4-107 Pa, when the mean free
path of sputtered atoms 1 was greater than the discharge
gap size. At those conditions, some special features of
cathode sputtering in the reflex discharge were observed
[9-12]:

— the effective cathode sputtering yield Y, is nonu-
niformly distributed on the radius of the cathode and
decreases from the center to the periphery; it is also
dependent on the discharge parameters (P — pressure,
B — magnetic field induction, V, — anode voltage). With
increase in B and decrease in P, the region of high
Yeure(r) values shifts from the center to the medium re-
gions of the cathode;

— the nonuniformity of the Y.=f(r) distribution and
its absolute value increase with an increasing mass of
bombarding ions, this being due to the increase in the
momentum transferred by the ion in consequence of its
mass and energy increase, which is associated with the
change of the potential distribution in the discharge gap;

— a portion of the sputtered metal from the central
part of one of the cathodes falls on the opposite cathode.

The erosion behavior of the cathodes during their in-
teraction with a stationary low-temperature weakly ion-
ized plasma of the reflex discharge has been investigat-
ed for different metals in refs. [13-15]. Under condi-
tions of a weakly ionized plasma at pressures
P>1.8-10" Pa, the cathode sputtering occurs not only
due to the ions of the gas component, but also may be
due to the ions of the cathode material, i.e., self-
sputtering may take place [13].

The interaction of the cathodes with dense plasma
from the pulsed reflex charge has been investigated in
the earlier cited papers [2, 3], and also in [16], where the
exposure of the beryllium target to H, plasma flows
gave rise to blistering on its surface.



Fig. 2. Photos of the cathodes (a, ¢) and the magnified (*500) images of their surface areas (b, d), before (a, b)
and after (c, d) plasma treatment
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Fig. 3. Titanium cathode surface after exposure to the cathode spot of the stationary vacuum arc (x500)

In the present studies, it is essential to note the pos-
sibility and necessity of estimating the actual cathode
sputtering ratio under conditions of the reflex charge.
As in ref. [2], it appears possible to estimate the highest
possible (at the given experimental conditions) sputter-
ing ratio in terms of the ratio of the number of particles
coming to the discharge to the number of particles par-
ticipating in the sputtering process on the part of the
discharge plasma. In our case, it was expected to be
~1.0. Its running values as functions of some discharge
parameters, viz., the index of power in the equation of
radial plasma density distribution:

N(r)=N_ 1—[}} , (1)

max

and the magnetic field induction, are presented in
Figs. 4 and 5. The maximum sputtering ratio values are

attained in the case of a uniform plasma density profile,
as in [17], i. e., at the power function exponent in eq. (1)
vy >8. The increase of the function Y.,,=f(B) is deter-
mined by the fact (evidenced by experiments) that the
radial plasma density profile changes with a varying
magnetic field value in such a way that with the field
increase the radius at N.=N,, also increases. The reason
is that with the magnetic field increase the diffusion
flows across the magnetic field decrease. The obtained
results are in satisfactory agreement with the literature
data [2, 18].

Let us next consider the distribution of the cathode
material deposited on the receiving plates. Fig. 6 shows
the photos of the plates before and after sputtering. The
surface color difference of the receiving plates (yellow-
red — prior to sputtering, white — after sputtering) is in-
dicative of the cathode material deposition on their sur-
faces during sputtering.
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Fig. 4. Sputtering yield Y, versus the power function
exponent, which determines the shape of the radial
plasma density profile (Ne=1.7-10" cm™, P=0.267 Pa,
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Fig. 5. Sputtering yield Y, versus magnetic field
induction (No=2-710" cm™, P=0.8 Pa, Ugis=3.8 kV, y=4)

Fig. 7 shows the diagram of weight gain by the re-
ceiving plates. The registered values for plates No 4
(4m=0mg), No5 (4m =100 mg), No 10
(4m = -0.15 mg) were not taken into account in the
weight gain diagram, because they essentially differed
from the average readings of other receiving plates. The
given mass anomalies are not discussed here, as sup-
plementary observations are needed.

The total mass of the cathode material settled on the
receiving plates amounts to 2.65 mg. The weight gain of
the plates due to the substance arriving at them from the
discharge plasma was averaged over all the plates and
was found to be 0.156 mg per conventional plate. Con-
sidering the receiving plate size to be 1.2x3.2 cm, we
obtain the specific cathode substance flow
0.041 mg/cm? per receiving plate. The total weight loss
by two cathodes for the experimental run consisting of
4006 pulses is equal to 844.8 mg. After deduction of the
cathode substance accumulated on the receiving plates
and equal to 2.65 mg, we obtain that 842 mg has sput-
tered on the vacuum chamber walls (anode surface),

i.e., the specific flow onto the anode has made
0.0638 mg/cm?®. In the order of magnitude, this ap-
proaches the value of the specific cathode-substance
flow onto the receiving plates.

Fig. 6. Receiving plate surfaces before (a) and after (b)
sputtering (<500 magnification)

Ordinal number
Fig. 7. Diagram of weight gain by receiving plates

Before considering the weight distribution of the
sputtered cathode metal along the vacuum chamber
(anode), mainly on the receiving plates, and aside from
that, a possible relationship between the weight distribu-
tion of the deposited substance, the value and shape of
the magnetic field in the region of cathode material
deposition along the longitudinal axis z, we shall esti-
mate the conclusions of the theory [12] of the sputtered
metal distribution on the anode surface in terms of the
same coordinates. In this case, it has been assumed in
[12] that the mean free path length of sputtered atoms 4
is greater than the dimensions of the discharge gap
A>R, L, where R and L are its radius and length, re-



spectively. Regarding that the angular distribution of the
substance sputtered off the cathode (cathodes) obeys the
cosine law, we obtain the number of particles AN com-
ing in unit time from the cathode K; to the unit of arbi-
trary area A4S marked on the anode surface and being at
a distance R, from the sputtering area do:
ﬂzzj(r)ddcoswlccz)sel , )
AS e 2R
where Y is the cathode sputtering yield; e is the electron
charge; j(r) is the ion current density at the given point
of the cathode; ¢, is the angle of particle emission from
the cathode surface, defined as cosg;=z/R;; 0;is the
angle of particle incidence on the anode surface, defined
as cos#,=(r,-rcosa)/R,, where a is the angle that deter-
mines the site of particle emission (sputtering) on the
cathode surface.
After integration over the entire cathode surface K;
we obtain:

R :[ﬂ) =L (ryrar [SEAB 4g, 3)
AS ) ey o 27R]

where r, is the cathode radius. A similar expression is
deduced for the particles coming to 4S from the second
cathode K, and accordingly, F=F;+F,. For estimating
the distribution of the sputtered substance on the anode
surface we take up the geometrical dimensions of the
MAKET setup. In the process, taking into account the
radial plasma density distribution given by formula (1)
and, correspondingly, using the function of ion current
distribution on the cathode surface in the form of
§(N=jmax(1-(r/r)?) we obtain the sought-for distribution
of the sputtered substance on the anode surface coming
from one and two cathodes (Fig. 8). As is obvious from
Fig. 8 (curve 1), in the one-cathode case, the sputtered
substance distribution on the anode surface reaches its
maximum at a certain distance from the cathode, and
then, it falls off as the distance increases. In the two-
cathode case, the distribution shows symmetry about the
center of the discharge system (see Fig. 8, curve 2).

For the experimental MAKET facility conditions,
the assumption A >R, L, made in [12], often fails. At
collisions, the sputtered atoms transfer a part of their
energy to the gas atoms. At that, according to ref. [19],
the sputtered atom transport in the gas-discharge plasma
may occur in the diffusion or diffusion-transit-time
mode. In the diffusion mode, it is assumed that the most
part of sputtered atoms has thermalized, and therefore,
the atomic motion is described by the diffusion equa-
tion. For the diffusion-transit-time mode, it is character-
istic that the number of collisions is insufficient for
thermalization and transition to the diffusion mode. In
this case, the distance, within which the sputtered atoms
go into the diffusion mode (get thermalized), is deter-
mined by the relation:

0.69
h= ﬂ{%} 0.39+ o.23m[%} NG

2 g
where m; and m, are the masses of the sputtered atom
and the gas atom, respectively; E, is the initial energy of
the sputtered atom; Eg is the average energy of gas at-
oms; Zo is the free path length, 20=1/Nyo, Ny is the gas
atoms concentration, ¢ is the cross section for elastic

sputtered atom scattering by the gas atom. The estima-
tion shows that at the energy of sputtered titanium at-
oms E,=1¢eV and the argon pressure ranging from
0.133 to 4.7 Pa the h value lies between 14.2 and
0.4 cm.

F,/F,  F/F

max’ max

1,04

0,8

0,6

0,4

0,2

0,0

T T T T T

—6'0 -40 -20 0 20 40 60
Z, cm
Fig. 8. Anode surface distribution of the cathode
substance coming from one (1) and two (2) cathodes

In the gas-discharge plasma, the sputtered atom,
aside from elastic collisions with gas atoms, participates
in inelastic processes resulting in ionization of the sput-
tered atom. Calculations made in [6, 20] for the experi-
mental conditions have shown that the degree of metal
component ionization in the plasma is essentially de-
pendent on the initial plasma density. The remarkable
fact is that the highest efficiency of gas-metal plasma
generation is observed at the electron density
Ne > 10" cm™, and the degree of sputtered atom ioniza-
tion close to 100% is attained. It should be noted that
the time of reaching a density of 1-10™ cm™ amounts to
~ 70 ps [4, 6]. With a knowledge of the plasma density
and electron temperature it is possible to estimate the
free path length of the sputtered atom prior to its ioniza-
tion using the relation A;, = vo/K;;Ne, Where v, is the ini-
tial velocity of the sputtered atom, K;, is the rate con-
stant of neutral atom ionization by electron impact.
Taking the plasma density equal to 1-10* cm™, the elec-
tron energy 8 eV, the initial energy of sputtered Ti
atoms E,=1...10 eV, we obtain 1; =0.14...0.44 cm.
Consequently, considering the results of refs. [4, 6], it
may be expected that a great deal of Ti neutral atoms
will be observed in the vicinity of the cathode, while in
the remaining volume the Ti atoms will be mainly in the
ionized state.

So, the deposit formation on the receiving plates
may take place owing to deposition of metal ions in the
ionized state; yet, the deposition of the same-type
atoms, but in the neutral state, is also not improbable. In
view of the balance between the particles coming to the
discharge due to the external inlet of working gas and
the particles resulting from cathode material sputtering,
and also, with account of the measured data on the
plasma density, its radial distribution and the rotational
speed of heterogeneous plasma layers [4—6, 20], it fol-
lows that the arrival of metal ions from the plasma
column due to centrifugal effects is the predominant
channel for metal particle input and deposit formation
on the receiving plates.



We now consider the distributions of the cathode
substance deposited on the receiving plates, measured in
the experiments of [3] and in the present studies at the
MAKET facility. The peculiarity of the given experi-
ments is that the magnetic field in the middle part of the
facility is not strictly uniform, undergoing certain devia-
tions from the averaged value. Thus, the deviation from
the average magnetic induction value in the positive
magnetic field gradient zone makes up +7.1 %, and
-6.2 % — in the negative gradient zone.

The maximum quantity of deposit on the receiving
plates is determined, among other things, by the plate
arrangement in the positive magnetic field gradient zone
(Fig. 9). In the zones of negative/zero magnetic field
gradients, the reduction in the deposit quantity on the
receiving plates is observed. The triangles in Fig. 9 (A)
show the plate weight gain distribution obtained in [3]
(curve 1), and the dots (®) represent our present results
(curve 2). For comparison, Fig. 9 gives the calculated
(see Fig. 8) anode surface distribution of the cathode
substance coming from two cathodes (curve 4). The
same figure also shows the distribution of magnetic
field induction in relative units B/B,, where By is the
magnetic induction at z =0, z being the magnetic field
central point (curve 3).
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Fig. 9. Receiving-plate weight gain distribution
in relation to magnetic field induction distribution:
1 — distribution measured in [3]; 2 — present work;
3 — magnetic induction distribution in the plates loca-
tion area; 4 — calculated anode surface distribution of
substance coming from two cathodes. The figures
on distributions 1 and 2 indicate the receiving plate
numbers

Below, instead of macro parameters of the sputtered
cathode substance distributions on the anode or, what is
the same, on the receiving plates, we consider the struc-
ture of these distributions and some of their special fea-
tures.

— Max and min displacements in distributions 1 and
2 (see Fig. 9) can be explained by different geometries
of the receiving plates. In case 1, those were discs,
33 mm in diameter, while in case 2 those were rectan-
gles measuring 12x32 mm. Besides, the receiving plate
patterns were also different. In the first case, the spacing
between the plate centers was about 10 cm, in the se-
cond case, it was about 3 cm.

— In case 1, the peak of Am/Amy. = 1 was observed
at a distance of z = -15 cm from the center of the mag-
netic system (plate No 1), i.e., closer to cathode No 1. In
case 2, the maximum was attained at z=-31cm, i. e,
16 cm closer to cathode No 1 (plate No 1).

— Distribution 2 is stronger structured, prompting us
to establish a certain relationship (correlation) between
the receiving-plate weight gain and the increasing mag-
netic field regions, e. g., in the interval I-I1, curve 1 in
Fig. 9 and interval 3-6, curve 2 of the same figure, and
also, -1V and 11-13. A similar correlation is ob-
served in the decreasing magnetic field regions for the
intervals I1-111 and 9-11, as well as for V-VI and
17-18.

— The regions of correlation between the receiving
plate weight gain due to cathode sputtering and the
magnetic field increase were observed in both the exper-
imental studies of [3] and the present work.

CONCLUSIONS

1. It has been demonstrated that the maximum quan-
tity of discharge plasma metal deposit on the receiving
plates is dependent, among other things, on the plate
arrangement in the zone of positive magnetic field gra-
dient. In the zones of negative/zero magnetic field gra-
dients, the reduction in the deposit quantity on the plates
located in these zones is observed.

2. Correlation has been established between the re-
ceiving-plate weight gain due to deposition of cathode
material particles (ionized and, possibly, neutrals) on
the plates and the increasing magnetic field regions.

3. It has been shown that the regions of correlation
between the receiving plate weight gain due to cathode
sputtering and the magnetic field increase were ob-
served in both the experimental studies of [3] and the
present work.

4. The titanium cathodes, prepared from a 4 mm
thick Ti metal sheet, have exhibited unequal losses in
weight. Thus, the loss in weight by cathode No 1, locat-
ed above the exhaust unit, was found to be 497.6 mg
over the whole period of experimenting (4006 pulses).
Cathode No 2, remote from the exhaust unit, lost in
weight 347.2 mg, this being ~ 30% less than in case of
cathode No 1.

5. Based on the obtained experimental data, the
highest possible sputtering coefficient has been estimat-
ed to be ~ 1.0. Its running values were determined as the
functions Y =f(B) and Y= f(y). The maximum
sputtering ratio values, equal to ~ 0.513, are attained in
the case of a uniform plasma density profile, i.e., at the
power function exponent in eq. (3) y> 8. The obtained
results are in satisfactory agreement with the literature
data [2, 18].
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PACIIPEJAEJIEHUE MACCBI PACIIBUUISEMOI'O KATOAHOI'O BEHIECTBA
B OTPAXKATEJ/IBHOM PA3PSJE B10JIb MAT'HUTHOT O IIOJIA
INPOBOYHOU KOHOUT'YPALIUN

10.B. Koemyn, E.U. Cxkubenko, A.U. Ckubenko, A.C. Kynpun, A.H. O3epos, E.B. Ciocvko, B.b. IO¢epos

HccenoBaHo pacipeie/ieHie pacibUICHHOTO MaTepraiia KaTo[0B MO/ BO3ISHCTBHEM IIa3Mbl HMITYJIbCHOTO OTPaKaTeIbHO-
ro paspsizia ¥ OCaXKAaeMOT0 Ha IOBEPXHOCTH aHO1a (BaKyyMHOM KaMephl) ¢ IOMOIIBbI0 Ha00opa AUCKPETHBIX MPUEMHBIX ITACTHH.
VYcraHoBIeHa KOPPEJALHOHHAs B3aWMOCBS3b YBEIMYEHHS [IPUPOCTa MAcChl MPUEMHBIX IUIACTHH B PE3yJIbTaTe OCAXKICHUS Ha
HMX 4YacTHll KatoaHoro BemectBa (Ti) M o0nacTell HapacTArOLIEro MarHUTHOrO NoJis. IIpoBelieHa OlIEHKA BEJIMYMHBI MaKCH-
MaJbHO BO3MOXKHOTO KOd(QUIMEeHTa pacnbUIeHUs Yo [loNydeHbl mapaMeTpHYecKue 3aBUCUMOCTH KO3((HUIMEHTa paciblie-
HUSI OT MOKA3aTelisi CTENEeHHOW (YHKIHH, OPENENIonero GopMy paanaabHOro MpoQuIst MIOTHOCTH UIA3MbL, U OT BETHYHHBI
WHYKIIMA MATHATHOTO TIOJISI.

PO3MOALT MACH PO3ITIOPOIIEHOI KATOJHOI PEUOBUHM Y BIIIGUBHOMY PO3PSIII
V3JIOBK MATHITHOI'O ITOJISI TIPOBKOBOI KOH®ITYPAIIII

JO.B. Koemyn, € 1. Cxioenko, A.1. Ckubenxo, O.C. Kynpin, O.H. O3epos, €.B. Cocvko, B.b. IO¢gepos

JlocIimKeHO pO3MOAiT PO3MOPOIIEHOTO MaTepialy KaTOIB ITiJ] BIUTMBOM IDIa3MH IMITYJILCHOTO BiIOMBHOT'O PO3psIy 1 oca-
JDKYBaHOTO Ha MOBEPXHI aHoza (BaKyyMHOI KaMepH) 3a JOMOMOT0K HabOpy IHCKPETHHX NPUHAMAIIBHUX IJIaCTHH. BeTaHOBIICHO
KOpEJLIHHUI B3a€MO3B’ 130K 301IbIICHHS IPHPOCTY MacH MPUHMAaNbHUX ITACTHH 32 PAaXYHOK OCa/PKCHHS Ha HUX YaCTOK KaTo-
nHoi peuoBunu (Ti) 1 obnacTeit HapocTarOYOro MarHiTHoOro nosist. [IpoBeeHa OLiHKa BEIHYMHA MaKCHMaJIbHO MOXKIHBOTO KOe-
¢iuienta posnopomeHHs Yo, OpepikaHi mapaMeTpUuHi 3aleXHOCTi KoedillieHTa po3MOpOLICHHs BiJ MOKa3HHKA CTEICHEBOI
GbyHKuii, skuit BU3Ha4ae GopMy paaiaabHOro mpodinto ryCTUHY MIa3MH, 1 BiJ BENUYUHH iHAYKLIT MATHITHOTO MOJIS.
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