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NSC KIPT subcritical facility “Neutron Source” uses rectangular tungsten or uranium target of 64x64 mm top
cross-section. To generate maximum neutron flux, prevent overheating of the target and reduce thermal stress during
the facility power operation one should provide uniform electron beam distribution at the target top surface. During
the facility design three different possibilities of electron beam density redistribution above the target surface were
considered. These were the fast beam scanning with two dimensional scanning magnets; the method of uniform
beam distribution formation with linear focusing elements (dipole and quadrupole magnets) and nonlinear focusing
elements (octupole magnets), when final required rectangular beam shape with homogeneous beam density is
formed at target; and combined method, when one forms the small rectangular beam with homogeneous beam den-
sity distribution and scan it over the target surface with scanning magnets. In the paper the all three methods are
considered and discussed taking into account the layout of the transportation channel of NSC KIPT subcritical facil-
ity “Neutron Source”. For the first stage of the facility start-up and pilot operation the fast scanning method was
chosen, realised and tested. The results of the beam distribution measurements over the surface of the target during

the facility adjustment and start up are presented.
PACS: 29.17+w.Dh, 29.25.Dz

INTRODUCTION

In National Science Center “Kharkov Institute of
Physics and Technology” (NSC KIPT, Kharkov,
Ukraine) a neutron source based on the subcritical as-
sembly driven by electron linear accelerator was de-
signed, constructed and is under physical start up [1, 2].
The neutron source is a hybrid facility. The main facility
components are an electron linear accelerator, a system
for electron beam transportation from linear accelerator
to the target, neutron production target, subcritical as-
sembly, biological shield, neutron channels and auxil-
iary supporting systems. Photonuclear reactions, in-
duced by hard electromagnetic radiation emerging at
retarding of the beam of relativistic electrons in the tar-
get from heavy element, are used to generate source
neutrons. Two options of the target material supposed to
be used: tungsten and natural uranium. Energy of elec-
trons in driving beam is 100 MeV. It is expected that
facility will provide neutron flux of about 2.4x10" neu-
tron/s. All activity is supported by Argon National
Laboratory, Chicago, USA.

100 MeV/100 kW electron linear accelerator was
designed by NSC KIPT and IHEP, Beijing, China [3],
manufactured in IHEP, delivered to NSC KIPT, in-
stalled, put in operation and adjusted for the facility
physical start up [4].

To generate maximum neutron flux without over-
heating of the target and with minor thermal stress the
uniform electron beam distribution at the target surface
should be provided along with accurate beam transpor-
tation through the transportation channel.
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1. LAYOUT OF THE FACILITY
AND TRANSPORTATION CHANNEL

The layout of the facility is shown in Fig. 1. The lin-
ear accelerator is installed at the second floor of the
neutron source building. In such configuration the
transportation channel is quite simple but meets the re-
quirements:

e transportation of the high current electron beam
from the driving linear accelerator to the subcriti-
cal assembly without particle losses;

e clectron beam distribution size at the subcritical
assembly target should be of about +32 mm in
both transversal directions;

e clectron beam density distribution at the target
should be uniform.

The lattice of the transportation channel is shown in
Fig. 2. Two 45° vertical sector bending magnets of
0.51 m radius, B1 and B2 are used to bend the beam
from the linac to the target. A quadrupole (Q11) is
placed at the middle point of the arc to compensate the
dispersion. A triplet (Q6, Q7, and Q8) and another two
quadrupoles (Q9, Q10) are used to form the beam size
on the target. Because of the uncertainty of the beam
twiss parameters at the linac exit, the triplet is also used
for the emittance measurement together with the profile
monitor PR3 by the quadrupole scanning method. The
distance between the last bending magnet B2 and the
target is about 2.5 m.

*Work supported by ANL, Chicago, USA contract #9J-30123...
*gohar@anl.gov
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Fig. 2. Layout of the transportation channel

Fig. 3 shows the beta functions and dispersion func-
tion along the transportation channel calculated with
MAD code with the assumption that € = 0.5 mm-mrad,
B=10 m, and a= 0 at the target. Fig. 4 is the MAD
calculation results assumed f = 55 m at the target. Such
results show flexibility of the lattice and opportunity to
readjust the lattice for the beam size variation at the
target.

2. SIMULATION OF THE ALIGNMENT
AND FIELD ERRORS

For the simulations of the alignment errors effect it
was supposed that the electron beam at the entrance of
the transportation channel has Gaussian beam density
distribution functions in both horizontal and vertical
directions with the same RMS sizes (1 mm and 1 mrad)
and with energy spread of 2%.

The following RMS alignment error values and
magnetic field installation errors were used for all trans-
portation channel electromagnetic elements that are
quadruple lenses and bending magnets:

o Transversal position displacement is 200 pm;

e Angle rotations in three planes are 0.2 mrad;

e RMS relative field errors are equal to 10,

1. Layout of the NSC KIPT neutron source
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Fig. 3. Beta functions and dispersion function along
the transportation channel with =10 m at the target
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Fig. 4. Beta functions and dispersion along
the transportation channel with =55 m at the target

Fig. 5 shows the results of RMS beam position dis-
placement calculations made with MAD code and with
error values mentioned above.

As one can see in Fig. 5 the RMS beam position dis-
placement in the horizontal plane is about 2 mm at the
beam position monitor M and about 14 mm at the neu-
ron generating target. The RMS beam position dis-
placement in the vertical plane is about 3.5 mm at the
neutron generating target and about 1.5 mm at the beam
monitor M.
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Fig. 5. RMS beam position displacement along
transportation channel

As it is clear the transportation channel lattice has
serious sensitivity of beam position and size to the
alignment errors of the channel magnetic elements [5].
The reason of the effect is the high gradients of the
quadrupole lenses of final triplet and doublet. To reduce
such sensitivity the focusing strength was decreased.
That allowed to focus electron beam at the neutron-
generating target in 3x3 mm spot during electron beam
tuning [4] and further during the facility start up. The
beam tuning was performed by two doublets Q6, Q8,
and Q9, Q10. Quadrupole lens Q7 was switched off.

3. ELECTRON BEAM UNIFORMITY
AT THE TARGET

Three different ways to provide uniform electron
beam distribution at the target surface were considered
during design of the transportation channel such as:

o the fast beam scanning with two dimensional
scanning magnets;

o the method of uniform beam distribution formation
with linear focusing elements (dipole and quadrupole mag-
nets) and nonlinear focusing elements (octupole magnets),
when final required rectangular beam shape with homoge-
neous beam density is formed at target;

e combined method, when one forms the small rec-
tangular beam with homogeneous beam density distri-
bution and scan it over the target surface with scanning
magnets.

SCANNING SYSTEM

The scanning system which consists of two deflec-
tion magnets (ScM_H and ScM_V) is placed before B2
(see Fig. 2). The scanning angles are determined by the
transportation matrix from the scanning magnets to the
target. The horizontal and vertical deflection angles
change from -10 to 10 mrad and -24 to 24 mrad to
spread the beam pulses on the target evenly, as it is
shown in Fig. 6. The beam repetition rate is 625 Hz.
According to the strength settings in Fig. 7, the scanning
magnets deflect these beam pulses to 625 different
places in a second, which means there are 25 horizontal
and 25 vertical steps. Because of the beam pulse time
interval is very short (1.6 ms), the changing frequency
of one magnet should be 12.5 Hz with saw-tooth wave-
form (blue line in Fig. 7. The anther magnet strength
changes with multi-step (see red line in Fig. 7) with step
<1.6 ms.
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Fig. 7. Scanning magnets
strength settings
in a second

Fig. 6. Beam pulses
distribution
on the target

The scanning method determines the distance be-
tween the nearest two beam pulse positions on the tar-
get. The selection of the beam size is very important to
increase the beam density uniformity on the target. On
the assumption the beam having a Gaussian density pro-
file, the distance between the beam pulse positions on
the target should be (0.73...~1.72) o, where ¢ is the
RMS beam size. The beam density uniformity can reach
1% at most regions of the target. Fig. 8 shows difference
of the beam density at a corner of the target with differ-
ent pulse position gap. According to the calculation re-
sult, 1.4 o is selected. To reduce the beam loss, a
3.2 mm edge space is spared on the target. And the
beam losses are about 0.5%.

36 1.3c lo

Fig. 8. Beam density contour with different beam pulse
position gap on the target

METHOD WITH NONLINEAR OPTICS

The method of distribution function correction of
particle density in a charged particle beam is based on
changing of transversal velocity of charged particles
with nonlinear magnetic field depending on transversal
coordinates of a particle. Peripheral particle is much
more affected by nonlinear magnetic field, while parti-
cles from the central part of the beam distribution prac-
tically have no effect of the field. As a result, peripheral
particles from tails of beam distribution are shifted to
the central part of beam distribution [6 - 8].

As it was shown in [8], in order to produce uniform
distribution of the beam density in X and Y directions
simultaneously it is necessary to use nonlinear objective
with two quadrupole magnets for beam focusing and
defocusing in X and Y directions, octupole magnets for
redistribution of the particle density and set of quadru-
pole magnets to form the required beam sizes.

Fig. 9 shows the layout of the magnetic elements in
non-linear objective for the transversal beam density
redistribution and beam envelopes in the objective.
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Fig. 9. Layout of the magnetic elements in a nonlinear
objective for the transversal beam density redistribution
and beam envelops in the objective

Calculations with DeCA code [9] showed that
nonlinear objective of quadrupole and octupole combi-
nation with following parameters:

D1:DS L~=1.0;

Q1:QL L[=0.300 KI1=3.58753;

D2:DS L~=1.5;

O1: 0L K3L=58000;

D3 :DS L=0.5;

Q2:QL L[=0.300 KI1=-3.23126;

D4 :DS L~=1.5;

02 : OL K3L=38000;

D5:DS L=0.5,
where D1-5 are straight parts of length L, OL1-2 are oc-
tupole lenses of K3L force and Q1-Q2 are quadrupole
lenses of force K1 and length L, provides practically uni-
form particle distribution in both transversal directions.

Fig. 10 shows the initial particle distribution in the
electron beam and particle distribution after nonlinear
objective. Fig. 11 shows transversal beam distribution
after nonlinear objective. It is clear from the pictures
redistributed particle density and formed practically
uniform beam distribution in both transversal directions
X-Y.
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Fig. 10. Initial electron beam density distribution (a, b),
electron beam density distribution after nonlinear
objective (c, d)
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Fig. 11. The transversal electron beam distribution
after nonlinear objective

This method was successfully used at design of pre-
liminary version of the neutron facility layout [10].

Initially it was assumed that electron beam at the en-
trance of the transportation channel has Gaussian beam
density distribution functions in both horizontal and
vertical directions with the same RMS sizes (1 mm and
1 mrad). In Fig. 12,a,b profiles of electron beam at the
target formed with nonlinear objective are shown. In
Fig. 13 the phase map of the beam at the target in the X-
Y plane is depicted. One can see from the Fig. 3 that use
of octupole magnets allows to realize pseudo-uniform
distribution of particle density at the target. The shape
of beam profile can be corrected with slight changing of
octupole strengths. The final distribution width can be
edited with changing of quadrupole magnets strength.

Further simulations carried out with PARMILA
code simulation data for beam distribution in the accel-
erator showed that because more dense presence of the
particle in the center and tails of the distribution octu-
pole magnets have strong effect on tail particles, that
can lead to particle losses on the walls of the channel
vacuum chamber. At the same time, particles from the
center of the distribution are under weak effect of the
nonlinear magnetic field and, therefore, the shape of the
central part of the beam distribution is changed very
slightly. With such beam distribution the particle losses
due to nonlinear magnetic field are ~ 2.5%.

The simulation of the reference orbit displacement
due to misalignments of the transportation channel
alignment was carried out with DeCA code. The follow-
ing values of the alignment errors were taking into ac-
count: in directions X, Y, Z — 200 um, rotation angles in
planes XY, YZ, ZX — 200 mrad. In Fig. 14 the results of
simulation of one random realization of the element
alignments with RMS value of errors, that were men-
tioned above, are shown. In calculations the initial
Gaussian distribution of the beam density was used.

a 05 0,04 003 -002 nmv:;: mﬂm 002 003 004 mb
Fig. 12. Are final distributions of beam particles
at the target (a, b)
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Fig. 13. Distribution of the transversal coordinates
of electrons at the target

Magnetic element alignment errors with switched
off octupoles lead to the shift of the Gaussian distribu-
tion center at the target with value of about ~ 0.02 mm
in both transversal directions. When the octupoles were
switched on, with strengths optimized for error-free case
for uniform distribution production (see Figs. 12, 13),
beam distributions at the target become axially-unshifted
but their shapes are triangular (see Fig. 14). It can be
explained by influence of sextupole magnetic field
component, that effects beam particle traveling through
an octupole with the shifted center. As it was shown in
[3], effects of such type can be compensated with sextu-
pole field, that can be combined to the octupole.
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Fig. 14. Distribution, of beam particles at the target
taking into account errors of element alignments:
in horizontal plane(a); in vertical plane (b)

The same calculations were made for the new layout
transportation channel [11]. Two octupole magnets were
set between Q6-Q7 and Q7-Q8 respectively (see Fig. 2)
and were used to change electron beam distribution
function. The final electron beam distribution at the
target surface is shown in Fig. 15. The beam losses at
walls of vacuum chamber due to nonuniformity of the
beam distribution are of about 1.5...2%. The main dis-
advantage of the method is big beam sizes in bending
magnets. With use of the method one should have about
100 mm gap in bending magnets of the transportation
channel that leads to the big magnet sizes and unreason-
able power consumption.
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Fig. 15. Distribution of the transversal coordinates
of electrons at the target
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COMBINED METHOD

It seems that combination of two methods described
above gives the best opportunity to form homogeneous
electron beam density distribution. Preliminary calcula-
tions show that it is possible to improve the value of parti-
cle losses in the transportation channel forming rectangular
shape of the beam at target with 5.26x5.26 mm and use
scanning system described above. In case of need to im-
prove energy losses and beam uniformity the presented
transportation channel lattice allows modifications.

4. ELECTRON BEAM DISTRIBUTION
AT THE TARGET DURING THE FACILITY
ADJUSTMENT AND START UP

After analysis of the methods of the uniform beam
distribution at the target of NSC KIPT subcritical facil-
ity “Neutron source” it was decided to use fast scanning
method during the facility adjustment, start up and pilot
operation. During further operation it allows to use
combined method if it is necessary. To realize fast scan-
ning method two scanning magnets were manufactured
and installed at the transportation channel (Fig. 16). The
maximum magnet coil current is about +150 A that al-
lows to deflect electron beam with angle £35 mA.

At the first stage of NSC KIPT subcritical facility
adjustment the dependence of neutron flux value on the
electron beam position at the target was measured.

As it was determined during preliminary accelerator
beam parameter adjustment with target dummy and
lame screen monitors at the end of beam transportation
channel, with chosen set of the electromagnetic ele-
ments parameters and electron beam energy of
100 MeV, the electron beam sizes at the target should
be of about 3x3 mm and put at the target center. Be-
cause absence of beam diagnostic equipment in the end
of accelerator transportation channel it is possible to
confirm real beam position with neutron flux measure-
ments only. To move electron beam at the target sur-
face, one can observe the picture of neutron flux distri-
bution change and find the edges of the target.

Fig. 16. Transportation channel scanning magnet

The measurements were done with 10~ sensitivity
sensors (sensors 1 (channel B), 3 (channel A), and 5
(channel C) in Fig. 17). Sensor 1 is the nearest to the
accelerator. As it was determined during previous accel-
erator adjustment the excitation coil current of B2 di-
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pole magnet equal to 510 A corresponds to the central
electron beam position at the target. Changing B2 exci-
tation current we can move the electron beam in longi-
tudinal direction. The shifting distance can be calculated
in accordance with B2 geometry and distance till the
target surface. The measurements were done during
5000 electron beam pulses with beam repetition rate of
20 Hz and pulse beam current of about 35 mA. Simulta-
neously the electron beam charge was registered.

Fig. 18 shows the results of neutron counts registra-
tion in dependence on B2 coil excitation current. As one
can see:

e value of neutron flux increases with approaching
to the sensor and vice versa, decreasing with moving off
the sensors 3 and 5;

o value of neutron flux at sensor 1 is practically the
same because with beam movement along accelerator
axis the distance to the sensor 1 keeps practically the
same;

o the current of 510 A corresponds to the center
beam position at the target because of equal results for
sensor land 5;

o the sensitivity of sensor 3 is about 10% lower than
sensitivity of sensors 1 and 5;

o the edges of the target are bounded with 501 A (de-
creasing of the neutron flux at sensors 1 and 5) and 517 A
(decreasing of the neutron flux at sensors 1 and 3).

Fig. 19 shows the sum of sensor counts in depends
on electron beam distance from the target center. One
can see that neutron flux value is within £ 1% when
electron beam is at the target surface. When the beam
reaches the edge of the target (= 32 mm) the total flux is
dropped down.

Fig. 17. Layout of the neutron sensor installation
in the SCA core
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Fig. 18. The results of neutron counts registration
in dependence on B2 coil excitation current
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Fig. 20 shows the results of two operation shifts
normalized to registered electron beam charge. The
number of registered neutrons per mkC is about 100.
The measurement results are different for the different
operating shifts. The difference value is about 5...6%. It
means that efficiency of the beam current registration by
the FCT5 was different during shifts.

To test scanning magnets efficiency two direct cur-
rent sources were connected to the scanning magnets
instead scanning current source. Current sources al-
lowed to change supply current in a range + 45 A. Such
current can not provide changing electron beam position
from edge to edge of the target but allowed to estimate
the efficiency of the scanning magnets. Fig. 21 shows
the normalized neutron counts depending on beam dis-
placement in vertical direction with B2 magnet and ver-
tical scanning magnet. Fig. 22 shows the normalized
neutron counts depending on current in horizontal scan-
ning magnet excitation coils.

To complete the activity scanning magnet testing the
series of neutron flux measurements with different cur-
rents of scanning magnet scanning current sources were
done. The measurement results show that electron beam
reaches the edges of the target with 65 A current of
horizontal scanning magnet and 110 A current of verti-
cal scanning magnet that corresponds to design calcula-
tions. So, to use excitation current of the scanning mag-
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net coils of about 50, and 90 A for horizontal and verti-
cal scanning magnets respectively it possible to provide
uniform beam distribution at the surface of the target
without beam losses.
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Fig. 21. Normalized neutron sensor counts in depends on
electron beam displacement (® with TB2 current change;
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The program of the physical start up of the NSC
KIPT subcritical facility “Neutron Source” supposes to
use electron beam repetition rate of 20 Hz. Simultane-
ously, the frequency of the excitation current oscilla-
tions can not be changed in the scanning magnet power
supply sources. So, during the physical start up with
switched on scanning magnet power supply sources and
20 Hz electron beam repetition rate 20 electron bunches
will uniformly distributed along target surface (see
Fig. 6).

Because the facility physical start up is carried out
with low electron beam power of about 175 W it is no
necessity to use fast scanning during the start up accel-
erator operation and neutron flux measurements. But, in
order to test the scanning system and to confirm the
correctness of the neutron flux measurements the meas-
urements of the neutron pulse response were done for
several fuel assemblies loadings with excitation current
of 45 and 85 A for horizontal and vertical scanning
magnets correspondently. As a result, in all measure-
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ments the total number of registered neutrons were
lower on about 0.5% from the number of the registered
neutrons without beam scanning. Such results show the
good efficiency of the facility scanning system and low
level of the electron beam losses at the target.

CONCLUSIONS

Three different ways to provide uniform beam dis-
tribution at the NSC KIPT subcritical facility “Neutron
Source” were considered and analyzed during the facil-
ity design. For the stage of the facility adjustment and
physical start up the method of the fast beam scanning
with two dipole scanning magnet was chosen, realized
and tested.

The results of the beam density distribution meas-
urements obtained during the facility adjustment and
start up showed that realised lattice of transportation
channel allows to deliver electron beam from linear ac-
celerator to neutron target with beam losses of about
0.5% and electron beam density distribution uniformity
of about 1% that corresponds to the design parameters.
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PACHPEJIEJIEHUE IIJIOTHOCTHU IMYYKA HA MUIIEHU MMOJKPUTHYECKOM YCTAHOBKH
«ACTOYHUK HEMTPOHOB»

HU.M. Kapnayxoe, A.10. 3enunckuii

Ionkputnueckas ycranoBka «Mctounuk HeiitponoB» HHII X®DTU ucmons3yer NpsMOYrolbHYIO BOIb(MpPaMo-
BYIO WJIM YPaHOBYIO MHUILEHb pa3MepoM 64x64 MM B MONIEPEYHOM cedeHuH. /|1 reHepalui MakCUManbHOIO TIOTOKA
HEUTPOHOB, NPEAOTBPALICHUS NIeperpeBa MUILIEHN U CHIKEHHS TeMIIepaTypHOI'o CTpecca MaTepuaia MUIIEHU MU
paboTe Ha MOJHOW MOITHOCTU YCKOPUTENS HEOOXOAMMO 00ECHEeYUTh PABHOMEPHOE paclpeeeHUe YacTHIl Ha I10-
BEPXHOCTH MulieHH. [Ipu NpOeKTHPOBaHUN YCTaHOBKU OBUTH PACCMOTPEHBI TPU BO3MOXKHOCTH Nepepaciipe/ieIeHus
TUIOTHOCTH 3JIEKTPOHHOTO ITyYKa Ha IMOBEPXHOCTH MUILIEHH, TAaKUE KaK OBICTPOE ABYXMEPHOE CKaHHPOBAHUE DJIEK-
TPOMAarHuTaMu, MeToJi (POPMUPOBAHHS OAHOPOIAHON IIOTHOCTH YACTHUI JIMHEHHBIMH (JUIIOIBHBIMUA U KBAJPYIOIb-
HBIMH MarHUTaMH) U HEIWHEHHBIMU (OKTYIOJBHBIMU) (DOKYCHPYIOIMIMMHE DJIEMEHTAMH, KOTJla OKOHYATEIbHAs Tpsi-
MoyronbHas (opMa ImydKa ¢ OJJHOPOJHBIM PACIPECICHUEM IFIOTHOCTH YacThL] (POPMHUPYETCsl HAa MUILIECHHU, 1 KOM-
OMHHMPOBaHHBIA METOJ, KOT/ia HEOOJIBIION KBagpaT ¢ OAHOPOAHON INIOTHOCTHIO (POPMUPYETCS HETMHEHHBIMU (OKY-
CHUPYIOIIUMH 3J€MEHTAMHU U 3aTeM CKaHUPYETCS IO IOBEPXHOCTH MUIICHU AUMOIBHBIMU MarHuTaMu. PaccMoTpeHsl
BCE TPU METOAa, IPUHUMAs BO BHUIMAaHHUE CTPYKTYpY KaHajia TPaHCIOPTUPOBKH IyYKa MOAKPUTHUECKONH YCTaHOBKU
«Ucrounuk HeritponoB» HHI| XDPTU. Ha nepBoii craguu (pu3H4ecKoro mycka M ONBITHO-IPOMBIIIIEHHON JKC-
IUTyaTaluy METOA OBICTPOrO CKaHWPOBAaHWS ObLI BHIOpaH IS peaju3allid U npoTecTupoBaH. IlpencraBieHsl pe-
3yJAbTaThl U3MEPEHUH pacIipe/ieieHust INIOTHOCTH 3JIEKTPOHOB Ha MOBEPXHOCTH MUIIEHH, KOTOPBIE OBUIN MOITYYEHBI
TIPY TIOJrOTOBKE U B T€UEHHE (PU3NYECKOro ITyCKa YCTaHOBKH.

PO3MO/ILJI I'YCTUHM ITYYKA HA MIIIEHI MIIKPUTAYHOI YCTAHOBKHA
«IKEPEJIO HEMTPOHIB»

IM. Kapuayxos, A.1O. 3enincokuii

[MinkputnuHa ycranoBka «Jxepeno neiitponisy HHI] X®TI BukopucTOBYE NPSAMOKYTHY BOIb(pamMoBy abo ypa-
HOBY MillleHb po3MipoM 64x64 MM y monepedHuKy. [ renepariii MaKCUManbHOTO ITOTOKY, 3ar00iraHHs eperpiBy
MiIIEH] Ta 3HWKEHHIO TEMIIEPaTypHOrO CTPECY Marepiaily MillleHi pu poOOTi Ha MOBHIH MOTY)KHOCTI IPUCKOPIOBa-
4ya HeoOXiJHO 3a0e3MeunTH PiBHOMIPHHUI PO3ITOALT YaCTUHOK Ha MOBepXHI MimieHi. [Ipu nmpoekTyBaHHI YCTaHOBKH
OyJI0 pO3IIIIHYTO TPH MOXJIUBOCTI TIEPEPO3MOAITY I'YCTHHHU SJIEKTPOHHOTO ITy4YKa Ha IMOBEPXHI MIIIIEeH], TaKi SK [IBU-
JIKE IBOMIpHE CKaHyBaHHs €JIEKTPOMAarHiTaMH, METo ()OPMYBaHHS OJHOPIAHOI I'YCTHHU YaCTHHOK JIiHIHHUMH (OH-
MONBHUMU Ta KBaJpYIOIbHUMHU MarHiTamu) Ta HeJiHIHHUMHU (OKTYIIONBHUMH) (DOKYCYIOUMMH €IEMEHTaMH, KOIU
OCTaTo4yHa MPSMOKYTHa (hopMa MydKa 3 OJHOPIIHUM PO3MOAITIOM T'YCTHHH YaCTHHOK (POPMYETHCS Ha MillleHi, Ta
KOMOIHOBaHHUI METO/I, KOJIM MaJIeHbKUI KBaApaT 3 OJHOPIMHOIO HIUTBHICTIO (POPMYETHCS HETIHIHHUMU (POKYCYIOUH-
MU eJIeMEHTaMHU, a TIOTIM CKaHYETHCS TI0 TIOBEPXHI MillleHi TUITONBHIMHU MarHiTamMu. Po3mistHyTO Ta 00roBOpeHo BCi
TpH MeTOIH, OepydH 0 yBaru CTPYKTYpy KaHaJy TPaHCIIOPTYBaHHS ITydka MiJKPUTUYHOI ycTaHOBKU «J[kepemno
neritponiey HHI[ XMDTI. Ha nepuriii cramii ¢pi3suuHOro mycKy Ta AOCIiHO-TIPOMHCIIOBOI €KCIUTyaTallii METO IBHI-
KOTo CKaHyBaHHsI Oy10 BUOpaHoO /10 peaiizanii Ta nporectoBaHo. [IpencrapieHo pe3ynsTaTid BUMipIOBaHb PO3ONLTY
LIUTBHOCTI €JIEKTPOHIB HAa MOBEPXHI MilleHi, sSKi OyJI0 OTpHMaHO TPH IiJrOTOBI Ta HPOTATOM (i3UYHOTO IYCKY
YCTAHOBKH.

10 ISSN 1562-6016. BAHT. 2021. Ne3(133)



