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Calculation of the electron-optical scheme of a new type
mirror energy analyzer of charged particles

Further studies of the electron-optical properties of electrostatic multipole-cylindrical fields, synthesized from
the fields of a cylindrical mirror and circular multipoles, are continued in the work. The implefmentation,of
electron spectroscopy methods is based on the use of complex equipment, one of the main elémentsief which
is an electron energy analyzer of low and medium energies. Application of the multipole approachiteprthe.
synthesis of deflecting fields makes it possible to develop effective methods for energy ghalysis ‘af, charged
particle beams. The electron-optical scheme of new type mirror energy analyzer of chargedfparticle beams
based on an electrostatic axially symmetric octupole-cylindrical field is proposed,in the work,’ An axially
symmetric octupole-cylindrical field is constructed as a superposition of a basic gylindrical field and a
circular octupole. When the fields were added, the central circle of the octupolé“was,combined with the zero
equipotential of the logarithmic field. The motion of charged particles in the electrostatic octupole-cylindrical
field. An integrodifferential equation for the motion of charged particles¥in_an’electrostatic octupole-
cylindrical field is derived. Calculation of trajectories in an energy analyzer\with an octupole-cylindrical field
was performed on the basis of the method of expansion into a fractional®pewer series of the particle motion
equation presented in the integrodifferential form. Coefficients of the, series, representing the trajectory of
motion in an analytical form, accessible for further studieg’of‘the electron-optical characteristics of the
octupole-cylindrical field, are obtained. Based on dh, octupole-cylipdrical field, high luminosity energy
analyzers can be built to determine the composition of charged“particle beams with energies from units of eV
to tens of keV in space plasma.

Keywords: energy analyzer of charged particles, eleetron mirrors, electrostatic axially symmetric octupole-
cylindrical field, approximate-analytical calculation, motion of charged particles.

Introduction

The operation of all analyzing devices'Is based on the use of the features of the movement of charged
particles in the fields created by theycorresponding electrode systems. The suitability of a particular field for
the purposes of energy analysis IS eharacterized by the dispersion of the field in terms of energies.

In reflector-type analyzers, charged particles enter between the electrode plates and, if their energy
matches the tuning energy, move in the region of the equipotential surface, then fall on the detector. The
advantage of these analyzers'is the ability to analyze high-energy charged particles beams with a relatively
small potential difference“between the electrodes. The disadvantage is a small specific dispersion and a
strong influence of edge’fields. Deflectors, in addition to surface analysis, have found wide application in
mass spectrometry, ‘as"well as in the analysis of high-energy particles. This has found application in space
plasma research. For these purposes, an electrostatic hemispherical analyzer with a circular field of view,
called “top-hat’»was widely used [1]. This analyzer was designed in the laboratory of the University of Texas
(USA). Then it was successfully used in various projects in the USA and Europe.

Until now, top-hat energy analyzers have been successfully used in experimental space plasma physics
[2-5].

The measurement of charged particles with energies from a few eV to tens of keV is a significant part
of space experiments. A plasma of such energy inhabits the solar wind, planetary ionospheres, interplanetary
space, the earth's ionosphere, and the magnetosphere. Near the earth, the study of the boundaries of particle
precipitation is necessary for fundamental studies of the magnetosphere.

The cylindrical mirror type energy analyzers have found wide application in the study of resonant phe-
nomena in gases, in spectroscopy for chemical analysis, to obtain spectra of secondary electrons, photoelec-
trons, auto-electrons, Auger electrons, as well as in space research, in the study of the interaction of atomic
particles with the solid body surface and plasma diagnostics. The cylindrical mirror analyzer has become the
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basic element of electron spectrometers for various purposes, produced in the countries near and far abroad
by leading instrument-making companies [6, 7].

The class of potential fields, called multipole-cylindrical, was first substantiated and classified by
Zashkvara V.V. and Tyndyk N.N. in [8, 9]. Application of the multipole approach to the synthesis of deflect-
ing fields makes it possible to develop effective methods for energy analysis of charged particle flows. This
method is based on the principle of superposition of the simplest fields of cylindrical type and various order
circular multipoles.

The electron-optical schemes of mirror energy analyzers based on electrostatic quadrupole-
cylindrical [10], hexapole-cylindrical [11], and decapole-cylindrical fields [12] were previously studied in
sufficient detail. In particular, the monograph [13] is devoted to the study of their electron-optical character-
istics and potential capabilities, to the search for optimal electron-optical schemes with high focusing proper-
ties and energy resolution.

In previous studies, a family of equipotentials of cylindrical octupoles with a plane of symmetry and
antisymmetry was calculated [14]. Calculation and analysis of equipotential portraits ofyeleCtrestatic axially
symmetric octupole-cylindrical fields for different weight contributions of the cylindrical*field and“the circu-
lar octupole were carried out.

In the present work, the electron-optical scheme of a new type of energy analyzerzbased on an electro-
static octupole-cylindrical field is investigated, and a trajectory calculation dh ‘an~electrostatic octupole-
cylindrical field is carried out.

1. Focusing field of the energy analyzer

The field is built based on the superposition of the fields of a cylindrical mirror and a circular octupole.

The potential distribution for the proposed electrostatic system can be expressed as follows:

ur,z)=uinr+oU _(r,z) @
here

Oct(r,z):%z“+%22{%(1—r2)+%lnr}+

i e L g2
8 2 64

(2)

is circular octupole,  is coefficient spe€ifiying\the weight contribution of the cylindrical field Inr, o is

weight component of the circular octupole:

The octupole-cylindrical fieldswas chosen as the object of research, in which the component of the cy-
lindrical field is equal to the multipale part:

Figure 1 shows a schematic wiewsin the longitudinal section (upper part) of the electron-optical scheme
of an energy analyzer based‘@nfan joctupole-cylindrical field, where the value of the weight contributions of
the cylindrical fieldw =[1 andwettupole = 1. Potential distribution Eq. (1) differs significantly from the
classical field cylindricalmi¥ror.

z
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Figure 1. Schematic view in longitudinal section (upper part) of the electron-optical scheme of the energy analyzer
based on an octupole-cylindrical field: 1 — inner cylindrical electrode, 2 — outer deflecting electrode,
A —ring source of charged particles, i' — entrance ring window, i" — exit ring window, B — ring image
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The analyzer contains two coaxial electrodes, the inner electrode 1 has a cylindrical shape of radius I

and is under zero potential the outer electrode 2 has a curvilinear profile and is under the deflecting potential
Uo. The field is created between the electrodes that decelerate and deflect charged particles and has the prop-
erties of an electrostatic mirror. The profile of the outer deflecting electrode 2 repeats the equipotential sur-
face of the electrostatic octupole-cylindrical field. The cylindrical electrode 1 cuts through the entrance i* and
exits i" windows for the movement of the charged particles beam.

According to the scheme, the charged particles beam from the ring source A through the entrance win-
dow i'" in the inner cylinder 1 enters the energy analyzer field, further reflected by the field, then through the
exit window i" on the inner cylinder 1 returns to the zero potential region and focused into the ring image B.

2. Calculations

Consider the motion of a charged particle in the octupole-cylindrical field. To calculate th@,trajectories
of charged particles motion in the octupole-cylindrical field, let us move the reference ppintef the trajectory
to its vertex m and place the origin x,& at the same point (see Fig. 1). All linear dimepsions are caleulated in
the radii of the inner cylindrical electrode r, to maintain the following dimensionless pafameters:

rrn+rnp r —r va
—:&:14—,0, X=-" =Pn =P, é::—_ (3)
A I, I r

The distribution of the octupole-cylindrical field Eq. (1) in the new coordinates x,¢& ((for any x4 and @)

has the following form:

U(X,§)=Uog(x,§)=Uogx, (4)
where

0(x.&)=0, :,uln(R—x)+a{i§4+1§2{1[1—(R—X)ZJ+lln(R—x)}+
41 2 4 2
, R=1+p,. (5)
1 s 1 2 1 1 2 5
+—(R-X) +=(R=X)" ==In(RaX)| =+(R—%)" |——
64( ) 16( ) 8 ( ){2 ( )} 64}
The motion of a charged particle in the octupoleseylindrical field for the case under study: the contribu-
tions of the cylindrical field and the circular @ctupole, respectively, u = 1, o= 1, in this case, the potential
distribution in this system is described in the x,& coordinate system as follows:

UMé)=U,9(x.¢&)=U,9,, (6)

where

GRE) %, <in(R ) &' L& {%[1—(R—x)2}r%ln(R—x)}+
' ()
1 s 1 2 1 1 2 5
L e +§In(R—x){§+(R—x) }6_4
The motiontef a charged particle in the axially symmetric octupole-cylindrical field (6) has the follow-

ing formg

mx = qUy&,, &= —%, (8a)
ME=qUps,, 5= ézg ), (3b)

According to the law of conservation of energy when moving in a static potential field, the change in
the kinetic energy of a charged particle is determined by the passed potential difference. Further, integrating
the sum of Eqgs. (8a) and (8b) along the particle trajectory from the vertex m to an arbitrary point, we obtain
the law of conservation of energy for a particle moving in the electrostatic octupole-cylindrical field, which
relates the change in the kinetic energy of the particle to the potential difference:

mo? m

o= (K +8)=-a(U, ~U(x.£))=-aUs (9, 0,), ©)
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here U, =U,g(x,.&,)=U,g, Is field potential at point m, while x =& =0, gng(x,f(x));
gozg(xvég)mo-
£=0

By integrating Eq. (8 b) within the range from point m to an arbitrary point of the trajectory, we can de-

2 . .
termine the value of m;f . At the same time, we take into account that v° = &> + X = &2 since at the ver-
tex of the trajectory x_ =0. Further, using the relation E= (;—f = 3—5% =£'X, we obtain
X
2 =2 1 0g( X, £ og (X,
Moy Mg, G EE g, [ (10)
2 2 ~ 0&  dx 5 0&
. . mé2  mu? 2 .
According to the scheme (Fig. 1), =——==Wcos“ ¢, at x= p,,, therefore, Eqa(@0) eag be rewrit-
2
ten relatively mlz)m as follows:
m 2
n W cos? &, +qU, f., | (11)
where
Pm ag (X,f)
f = | ——2Fdé. 12
; ! Tt (12)

Substituting Egs. (11) and (12) into Eq. (10), we obtaingthg, integro-differential equation of motion of a
charged particle in the octupole-cylindrical field (6):

(&) [0 -G+ ISP e + T, - (13)
or
. P*ctg®a, + f, — f,
(- (14)
Qo — 0+ fx
where
X o ,
f =] 9(x g)f'dx , (15)
o O¢
and P/ = w sin®, is the reflection parameter relating the geometric and energy parameters of the

0
octupole-cylindrical field:
The solution ofythetintegro-differential equation (13) can be found as an expansion in a power series
with indeterminate coefficients. These coefficients can be calculated from Eq. (13) by substituting a power
series intofit.

Theyintegro-differential equation (13) has a singular point at the point x=0, since the factor (§’)2 , in this

case, vanishes, dherefore, to integrate the equation, the method of expanding the solution of the equation &
into a fractional power series is used [15]:

g:ﬁicnx”, (16)
n=0
or
E= \/;(Co +Cx+C X +Cx° +C,x* +Cx° +Cx° + ) . (17)

The radial component R=1+ p,, of the turning point of the trajectory, necessary for calculating the

value of & can be determined by using the integro-differential equation of the trajectory (13) for the point
X = p,, . Inthis case:

(rf')2 =ctg’a,, Oep, =0,
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and
g,+f =P
Substituting J, from Eq. (3) into Eq.(16) we arrive at the expression:
8(P’* - fm)+1R4 s Lgel®
InR = 8 2 8 .

)
2

The value R can be determined by the method of successive approximations. As a zero approximation,

o . 1 1 1
the parameters of a cylindrical mirror analyzer are used: R, =exp(P2)=1+ p? +§P4 +EP6 +£P8 +..
and f, =0.
So the equation for determining o, :
8(P* - fm)+1R4+1R2 _>
Pr = EXP 178 8 -1¢
7%
2

The left side of Eq. (13) was found from the calculations:
dg’ L 199(x€)
rd _

=h [bl _el { %_ez +hl _el):'

An[2 e Jen(2oe,Jontagsdle
(18)
+ ( j (&— 3]+h2(b—2—ezj+h3 } +
3 2
+ (——ej [ 4j+h2(b—§ e3]+h3[——e j+h(b1 e)}
(A (e )on[Boe o B on Be o
Further, the intégralien the right side of Eq.(13) is found:
P2ctg’cr, + f, — f, = P’ctg’cy + F () -
(19)

2 3 4 5 6
—{blx+b22X +b3;( +b4: +b55x +ng +..}—¢(x).

Thus, both parts of the equation of motion of a charged particle in the octupole-cylindrical field (13) are
presented in the form of power series. Further, by equating the terms at the same powers of x in expressions
(18) and (19), the coefficients of series Eq. (16) are determined. The coefficients of series allow for further
analyzing the corpuscular-optical parameters of the considered system.

The results of calculating the coefficients of the C, series (16), which determine the trajectories of mo-
tion of charged particles in the investigated octupole-cylindrical field, are given below. We equate the terms
at the same powers in Egs. (18) and (19), and the following system of equations is obtained:

h(b -&)=-h, (20a)
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b. b.
ho(f—ezjﬂll(bl—el):—?, (20b)
b.
h, &—es +hl(—2—e2]+h2(b1—el)=g, (20c)
3 2 3
b b b
ho[f—e4)+h(%—e3J+h2(?2—e2j+h3(bl—el)=Z4, (20d)
b, b b. b,
ho(gs_esj+hl(f_eztj"'hz(ga_esj"'hs(zz_ez}"h4 (b1 _31)2% , (20e)
b, b b. b, b,
ho(ge—e0j+hl(%—e5j+h2[j‘—e4}+h3(€3—e3]+ h4(32—e2j+ hy(b,—e)=—=. (20f)
The problem of determining the trajectories of charged particles in the field unde is teduced to
calculating the coefficients in expression (16). Expressions for the coefficients h;, ¢; d d:
2
h, = %’ 6 (21a)
h = 30301 , K (21b)
2
h, =21 | 5CCe @ (21c)
4 2 N
h, = 7C§C3 N 150102\ (21d)
CC
h, = 21 2, (21e)
h :1 CcC, +3502C3 | (219

2 2 2
2
49C; 13C,C, 33CC, 45CC, (219
4 2 2 2
3 5 1 19 1 1
eo:_EPm &Qﬁi—ap;+|n(l+pm)(ﬁ+z,0m+§P§1j: (22a)

e1=i+ —p2+ip3+c—§p (1+p )— (22Db)
1 mf1e’™ 167" 2 M mso '
c: p,C2 Cio1 19 1

-0 _Fm¥0 0 _Z, 7 _“In(1 —
2 2 2 24 87" 16(Lep,) gt ) 229

2 2 22
_+&+;[l+lj_ 19 3 +mel +me1 e, (22d)
16 4 4(1+pm) 2 16(1+pm) 2 4

2
€= - PnCoC; + PnCoCs + £, C.C, + ! - +... 1 (22d)

64 2 2(1+pm)2 8(1+pm)4
2 2 2
e5 :C_1+ 1 - 19 - pm - pm - + meZ -, (223)
4 8(1+p,) 16(1+pm) 4(1+pm) 8(1+pm) 2
2 4
o=t 1 G G 19 . e (22f)
8(1+p,) 4(ltp,) 2 24 16(1ip,) 4(Ltp,)
2 2
b, :%[u%}f—éln(upm), (232)
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2 4 2
=-S0 S ,cfe Sl S (230)
4 12 4 ) 16(1+p,)
cz ck 3p, [ C? N
b3:?0_ 021—C0C1(]1+,0m)+ '; (71+COC2){1+%]+..., (23c)
2 3 2
b, =G _3CCe 3G opa 266Gy GG oo L Pl (230)
2 2 4 3 2 8(1+p,) 2
2 2
b, =—2C,C, -2C,C, - C3C, — GG, G636 (23e)
4 2 8
b, =C,C; +C,C, —3(C,C/C, +CiC, C3)—%(5C1C3 +5C,C, —3C;C; ) —.., (23f)
5(C? 7/ s
b7:—:a(czc:3+clc4+c(,c5)+Z 2 -C,C,+CG; —E(clcz+cocs)—.... (239)

Considering the system of Egs. (21)—(23), the coefficients C; are found. Theé approximate-analytical
method makes it possible to describe with high accuracy the trajectories of motien‘efi€harged particles in the
field under consideration.

Conclusions

The electron-optical scheme of a new type of mirror energy analyzer fiased on an electrostatic octupole-
cylindrical field has been studied. The calculation of partiele 4gajectories in an electrostatic octupole-
cylindrical field is performed. The problem of integrating the differentialFfequations of motion of charged par-
ticles and the analytical description of the trajectory equation tythetelectrostatic octupole-cylindrical mirror
is solved. The coefficients of the fractional-power seri€s are obtained, which are necessary for describing the
trajectories of motion in an analytical form, accessible farfurther studies of the electron-optical characteris-
tics of the octupole-cylindrical field.
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Kana Tunri 3apsaTajrad 0eJIIeKTepaiH aiHAIbLY HePT U5
TAJAAFBIIITHIH 3JIEKTPOHIBI-ONTHKAJIBIK CYJI0achIH ecéifTey

Makanaga IIMHIPITIK — affHAa MeH  JIOHTeNeKTIK  MYJBTHUIIONBIEP \\OPICTEPIHEH  CHHTE3IENreH
ANIEKTPCTATUKAJIBIK MYJIbTUIIONBAI-IMIMHAPIIK OpICTePIiH SNEeKTPOHIBI-ONTHRANEIK KacHETTepiHe OJaH
apFel  3epTTeydep JKYPri3iireH. ONeKTPOHIBIK CIEKTPOCKOIMs “MQiicTepiH icke achIpyABIH HETrisri
JJIEMEHTTEpiHIH Oipi TOMEH JXOHEe OpTa OJHEPTHSIbl SICKTPOHNAPHIHBIH. BHEPIUs TaJAAFbIIIBl  OOJIBII
TaOBIIATBIH KYPJAET Kypan-KaOJbIKTBl KOJJaHyFa Heri3JeliieH. AYBITKYIIl ©picTepAi CHHTE3aeyTe
MYJNBTHIONBAIK OMIC-TOCUNIl KOJAAHY 3apsiATanFaH QemnIeKTep aEbIHIAPBIH SHEPTHs TalaybIHBIH THIMIL
QnicTepiH JaMBITyFa MYMKIHZIK 6epexi. by skyMbIcTa SeKTPEFATHKANBIK OCBTIK CHMMETPHSIIBIK OKTYIOJbI
— IWIMHIPJIIK epic Heri3iHAe 3apsaTatraH OeJIIeKTep) arbIHJapbIHbIH JKaHa THITI alHanbl SHEeprHs
TaJIIAFBIIBIHBIH AJIEKTPOH/BI-ONTHKAIBIK CYJI0aChl YCHIHBUIFaH. AKCHAIIbI-CHMMETPHSIIBIK OKTYIIOIbIi—
WIMHIPIIK epic 0asaiblK HUIMHAPIIK epic >KOHE) NOHTeNICKTIK OKTYIOJbIIH CYIEPIO3UIMACH TYpiHzAe
KYpacThIpbUIFaH. bepiareH epicrepai Kocy Ke3lHAEN JOHIEICKTIK OKTYHNOJBIIH OpTaNBIK IICHOEpi
norapu@MIiK  OpICTIH HONIIK HSKBUIOTEHIHWACHIMEH OipikTipineni. OJIEeKTPCTaTHKABIK aKCHAJBI-
CUMMETPHUSIIBIK ~ OKTYIIOJNBII-IMIMHIAPEK opicTe 3apsaTanraH OeJeKTepaiH KO3FallbIChl 3epTTENreH.
DNEKTPCTATHKANBIK ~ OKTYIONbIIi—IMJIMHAPIEK \ OpicTeri 3apsiarTaifraH OeNIIeKTepIiH  KO3FaJIbICHIHBIH
uHTerpanab-uddepeHanapk ATeHASyd aJblHFaH. OHEPrHs TaIJAFbIIITBIH OKTYIOJIbIi—MIIMHAPIIK
opicinie OemmeKkTepAiH [EpacKTOPUSIIBIK ecenTeyi HMHTerpaaasl—audGepeHInsuIbIK  Typae Oepinrex
3apsiaTanFaH OeNIeKTep/iH, KO3FalbiC ACHIeyiHIH OeIIeKTi—AapexeNi Karapra JKIKTey oici Herizinae
KypriziireH. OKTYNONBbAI=LIMITMHAPIIK OPICTIH AJNEKTPOHBI—ONTHKAIBIK CHIATTAMAJIAPBIH OJaH api
3epTTeyre MYMKIHIIK/ OEpeTiH @HAINTUKAIBIK TYPJAETi KO3FAlIbIC TPAGKTOPHACHIH OEpeTiH KaTap
kodddurenTrepi ecenreMuren. OKTYynoNbAI—IMIMHAPIIK epic HeTi3iHAe FaphlUTHIK IUIa3Malarsl 3B
OipiikTepiHeH) oHlaraH ‘K@BF elinri SHeprusra We 3apsATaaFaH OeJIIeKTep arbIHAAPBIHBIH KYPaMbIH
AHBIKTAyFa apHANEAHPKAPDIK KYIITI 3JIEKTPCTATUKAIBIK SHEPTUs TATAAFBILITAPBIH KYpacThIpyFa 6oabl.

Kinm ce30ep:Bapstanrad GeNIeKTep/IiH SHEPrusl TAJIAFbIIbL, JIEKTPOHIBI aifHanap, JICKTPCTATHKAIIBIK
OCTIK CHMMETPWSHIBIK  OKTYIOJBII—IMJIMHIPIIK ©pic, JKYbIK—aHAJIUTHKAIBIK ecelTey, 3apsATaliFaH
OO NIeKTePIMIH KO3FaIbIChL.

XK.T. Kambaposa, A.O. Cayne6exos, K.b. Konbanuna

Pacuer 3/1eKTPOHHO-ONITHYECKOH CXeMbI 3¢PKaJIbHOI0
JHEProaHaAIN3aTOPA 3aPSAKEHHBIX YACTHI HOBOI'0 THUIIA

B cratpe nponomkeHs! nanbHEHIINE UCCIIEN0BAaHUS JIEKTPOHHO-ONTUYECKUX CBOMCTB AJIEKTPOCTATHUECKUX
MyJ'lbTPIl'lOJ'[bHO-LIl/IJ'[I/IH}IpPI'-leCKHX l'lOJ'ICﬁ, CI/IHTBSI/IpOBaHHbIX n3 l'[O.]'léf/i L[I/IJ'IPIH}lpPI'-lCCKOFO 3ep1<ana n prFO—
BBbIX MYJIbTUIOJNEH. Peamu3anus METO0B 3JIEKTPOHHON CIIEKTPOCKOIMHM OCHOBAHA Ha MCIOJb30BaHUM CIIOXK-
HOTO 00OpYIOBaHMs, OJHHM M3 TJIABHBIX JJIEMEHTOM KOTOPOTO SIBISICTCSl SHEPrOaHANU3aTop 3JIEKTPOHOB
HU3KHUX U CpeaHux sHeprui. Ilpumenenue MYJIbTUIIOJIBHOI'O MOJAX0Aa K CUHTE3Y OTKJIOHSIOIIMX ToJIEH JaeT
BO3MOXKHOCTB ISl pa3BUTHSI 3()(HEKTHBHBIX METOIOB SHEProaHaIn3a MOTOKOB 3apsHKEHHBIX YacTHII. ABTOpa-
MU TIpeAJIo’KeHa 3JIEKTPOHHO-ONTHYECKAass CXeMa 3epKajbHOI0 3HEproaHajan3aTopa MOTOKOB 3apsiKEHHBIX
YacTHIl HOBOTO THIIA HA OCHOBE AJIEKTPOCTATHUECKOTO OCECHMMETPUYHOIO OKTYIOJIBLHO-IMINHIPUIECKOTO
noist. OcecMMMETPUYHOE OKTYIOJIBHO-IMIIMHIPUIECKOE TI0JIe CKOHCTPYHPOBAHO B BHJIE CYIEPIIO3NIUHU Oa-
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30BOr0 LIWJIMHIPUYECKOTO TIOJII U KPYroBOro OKTyHois. IIpu cioxeHuu moneil HeHTpaibHas OKPYXHOCTh
OKTYIIOJISl COBMEINANACh C HYJIEBOH 3KBUIOTEHLHANBIO JOTapu(MHUECKOTO Nois. MccnenoBaHo IBIKEHHE
3apsDKEHHBIX YaCTHIl B 3JIEKTPOCTATHYECKOM OKTYIOJIFHO-IIMIMHAPHUECKOM Iojie. BhIBeeHO HHTErpo-
muddepeHIaIbHOe YpaBHECHHE JIBIKCHHS 3apsOUKCHHBIX YAacTHI[ B JIEKTPOCTATHYECKOM OKTYIIOJIBHO-
HWIMHApPUYECKOM ToJie. Pacuer Tpaekropuil yacTHUIl B 3€pKaJbHOM SHEProaHalM3aToOpe € OKTYIOJBHO-
IMTHHPUICCKUM IIOJIEM BBHINOJNHEH HA OCHOBE METOJA PA3JIOKCHUS B JAPOOHO-CTEIICHHOHN psiJi YpaBHEHUS
JIBIDKCHHSL 3apsDKCHHBIX YacTHII, PEACTABICHHOTO B UHTETPpO-auddpepeHnuansaoit popme. IlomydeHsr ko-
3¢ GUIMEHTHl psifa, MPEACTABIAIONINE TPACKTOPUIO IBIKCHHSA B AHAIUTHYECKOM BHIE, AOCTYIHOM [UIS
JANBHEUIINX UCCIEIOBAHUM SJIEKTPOHHO-ONTHYECKHX XapaKTEePUCTUK OKTYMOJbHO-IMINHAPHYECKOTO II0-
751. Ha ocHOBE OKTYMOJIEHO-IIMIIMHPUYECKOTO MOl MOTYT OBITh MOCTPOCHBI CBETOCHIIBHBIE SHEproaHain3a-
TOpHI, IPEJHA3HAUYECHHbIC JJIsI OIPEIENICHHUsI COCTaBa MIOTOKOB 3apsDKCHHBIX YACTHIl C SHEPTUAMH OT €IUHHUI]
3B 10 mecaTkoB k3B B KOCMHYECKOH IIIa3Me.

Knrouegvle cnosa: SHEProaHajInu3aTop 3aps’KCHHBIX YaCTHUII, SJIEKTPOHHBIC 3€pKaJia, 3JICKTPOCTATUYECKOE OCEC-
CUMMETPUYHOE OKTYNOJbHO-HWINHAPUYECCKOE I10JIE, HpH6HI/I)KeHHO-aHaHI/ITH‘{eCKI/Iﬁ pacucT, ABUKECHUC 3a-
PAKEHHBIX YaCTUII.
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