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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 implementation of
electron spectroscopy methods is based on the use of complex equipment, one of the main elements of which
is an electron energy analyzer of low and medium energies. Application of the multipole approach to the
synthesis of deflecting fields makes it possible to develop effective methods for energy analysis of charged
particle beams. The electron-optical scheme of new type mirror energy analyzer of charged particle 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 cylindrical field and a
circular octupole. When the fields were added, the central circle of the octupole 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-power 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 studies of the electron-optical characteristics of the
octupole-cylindrical field, are obtained. Based on an octupole-cylindrical 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, electron 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 the corresponding electrode systems. The suitability of a particular field for
the purposes of energy analysis is characterized 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 of electrostatic 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 analyzer based on an electro-
static octupole-cylindrical field is investigated, and a trajectory calculation in 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
1, 1,1, a1
Oct(r,z)_mz +51 {Z(l—r )+Elnr}+

RN N S P [l S
8 2 64

(2)

is circular octupole,  is coefficient specifying the weight contribution of the cylindrical field Inr, o is

weight component of the circular octupole.

The octupole-cylindrical field was chosen as the object of research, in which the component of the cy-
lindrical field is equal to the multipole part.

Figure 1 shows a schematic view in the longitudinal section (upper part) of the electron-optical scheme
of an energy analyzer based on an octupole-cylindrical field, where the value of the weight contributions of
the cylindrical field 4 = 1 and octupole ®w= 1. Potential distribution Eq. (1) differs significantly from the
classical field cylindrical mirror.

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 the trajectories
of charged particles motion in the octupole-cylindrical field, let us move the reference point of the trajectory
to its vertex m and place the origin x,& at the same point (see Fig. 1). All linear dimensions are calculated in
the radii of the inner cylindrical electrode r, to maintain the following dimensionless parameters:

rrn+rnp r—r z
—:&:14—,0, X=-" =Pn =P, é::—. (3)
r.O r0 r0 r-O

The distribution of the octupole-cylindrical field Eq. (1) in the new coordinates x,& ((for any 4 and @)

has the following form:

U(X,§)=Uog(x,r§)=Uogx, (4)
where

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

U(x,&)=U,g(x.¢&)=U,9,, (6)

where

0(x&) =g, =(R—x) &' 1& {%[1—(R—x)2}r%ln(R—x)}+
' )
1 s 1 2 1 1 2 5
LR (R +§|n(R_x)b+(R_x) }6_4
The motion of a charged particle in the axially symmetric octupole-cylindrical field (6) has the follow-

ing form:

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= ((jj—f = 3—5% =£'X, we obtain
X
2 2 2 0g( X, L og (X,
Moy Mg, ) EE g, [ (10)
2 2 ~ 0&  dx 5 0&
. . mé2  mu? 2 .
According to the scheme (Fig. 1), =——==Wcos“ ¢, at x= p,,, therefore, Eq. (10) can be rewrit-
2
ten relatively mlz)m as follows:
2
Mo _\w cos? o, +qu,f,, (11)
where
P ag (X,f)
f = | —225déE. 12
L (12)

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

(&) [90 =0, + F]=Pletgay + £, ~ F, (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 of the integro-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 into it.

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

case, vanishes, therefore, 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,, Uep, =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 Llgel®
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 +gp6 +£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,[b, —e]x { %—ez +h1 —el)}x +

‘ [ e Jrn(%-e Jeh(a- el}
(18)
+ ( j (&— 3j+h2(b—2—ezj+h3 } +
3 2
+ (——e] [ 4j+h2(b—§ e3]+h3[——e j+h(b1 e)}
+ ho(%—eoj+hl(— j hz[%“ e4j+ ( e3j+h(b2 92j+h5(b1—el)]xe-
Further, the integral on the right side of Eq.(13) is found:
Pctg’cr, + f, — f, = Pctg’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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ho(b_zz—ez)m(bl—el):—b_zz, (200)

ho(b—;—es +m(b—;—ezj+hz(b1—el)=b—;, (20¢)
ho(%—e4j+h(%—e3J+h2(b—22—ez +h3(b1—e1):%4, (20d)
ho(b—;—e5j+h(%—e4]+hz(b—;—esj+h3(%—e2]+h4(bl—e1)=%, (20¢)

bs _ b _ b, _ b, _ b, _ )=
ho(g eoj+hl(5 e5j+h2(4 e4j+h3(3 e3j+h4(2 ezj+h5(b1 &) 5 (20f)

The problem of determining the trajectories of charged particles in the field under study is reduced to
calculating the coefficients in expression (16). Expressions for the coefficients h;, e; and b; are obtained:

CZ
hOZTO, (21a)
h = 3C§C1 | (21b)
2
n %, 5GC 1)
4 2
h=%+% (21d)
2 2
2
h, = 25C; | 9C,C, , 21CC, | (21¢)
4 2 2
n _HCC,  27CC,  35C,C, (219
° 2 2 2 ’
h6—49C2 13C,C, , 33CC; | 45C,C, (219)
2 2 2 '
3 5 , 1 1 19 1 1
e =—"p — = 25— Htin(1+ =0 | 22a
3 5 3 1 C?
o = — o+ 1+ , 22b
& =5t 1gPn T g T g P T (Lt )= (22b)
3 C c. Cc 1 19 1
g =0 P 0 2, 2 Z(l+p,)-., (22c)
2 2 2 24 8" 16(1+p,) 8
2 2 2/~2
63:i+&+#[1 l]_ SN S (22d)
16 4 41+p,)\ 2) 16(1+p,) 2 4
1 C; 1 3p
g =————_ .C.C, + 2,C,C; + 0,C.C, + - m_— 4. ,(22d)
e 2 7 a a 2(1+p,) 8(1+p,)
c? 1 19 Pa Pn_ . PuCi
e5=_1+ 3= == == 5+ 2—..., (229)
4 8(l+pm) 16(1+pm) 4(1+pm) 8(1+pm) 2
1 1 c: ¢ 19 Pa
& =— 4-|- 3 -2 _ 5 + T (22f)
8(1+p,) 4(l+p,) 2 24 16(1+p,) 4(1+p,)
2 2
b, = —pmfo [1+ %J —(l:—gln(1+ L) (232)
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2 4 2
—-S Sy ele-Sli S (23b)
4 12 4 ) 16(1+p,)
c: ¢k 3p, [ C? .
b3:?0_ 021—C0C1(]1+,0m)+ '; (71+COC2){1+%]+..., (23c)
2 3 2
b= 3G 3G cace 256G G oo |l L e (23g)
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=—3(czc:3+clc4+coc5)+Z = ~CiC,+CG, —g(ClCﬁCoCs)—---- (23g)

Considering the system of Egs. (21)—(23), the coefficients C; are found. The approximate-analytical
method makes it possible to describe with high accuracy the trajectories of motion of charged particles in the
field under consideration.

Conclusions

The electron-optical scheme of a new type of mirror energy analyzer based on an electrostatic octupole-
cylindrical field has been studied. The calculation of particle trajectories in an electrostatic octupole-
cylindrical field is performed. The problem of integrating the differential equations of motion of charged par-
ticles and the analytical description of the trajectory equation in the electrostatic octupole-cylindrical mirror
is solved. The coefficients of the fractional-power series are obtained, which are necessary for describing the
trajectories of motion in an analytical form, accessible for further studies of the electron-optical characteris-
tics of the octupole-cylindrical field.
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7Kana TunTi 3apsAaATAJFaH 06JIIeKTePAiH alHAJIbI YIHePrus
TAJAAFBIIITBHIH YJIEKTPOH/IBI-ONTHKAJBIK CYJ10aChIH ecenrey

Makanaga IIMHIPTIK — affHA MEH  JOHTeNeKTIK  MYJBTHIIONBIECP  OPICTepPiHEH  CHHTE3ZENreH
JNIEKTPCTATUKAIBIK MYJIbTUIIONBAI-IMIMHAPIIK ©pICTePIiH SJIEeKTPOHIBI-ONTHKAIBIK KAaCHETTepiHe OJaH
apFel  3epTTEYNEp JKYPri3UIreH. OIEKTPOHIBIK CHEKTPOCKOMHUS OMAICTEpiH ICKe AachIpyOBIH HETI3Ti
JJIEMEHTTEpiHIH Oipi TOMEH JXOHE OpTa DHEPTHSIbl SJICKTPOHIAPBIHBIH OSHEPIUs TaJAaFbIIIBl  OOJIBII
TaOBUIATBIH KYPAET KYpald-KaOABIKTHI KOJNJaHyFa HETi3leNreH. AYBITKYIIBl epicTepli CHUHTe3aeyre
MYJIBTUIIONBIIK OMIC-TOCUIAI KONJAaHy 3apsAATAIFaH OeIIeKTep aFbIHIAPBIH SHEPTUs TaJldaybIHBIH THIMIL
QnIicTepiH JaMBITyFa MYMKIHZIK Oepexi. Byt skyMbIcTa 3JIeKTpCTaTHKAIBIK OCBTIK CHMMETPHSIIBIK OKTYIIOJbI
— IWIMHIPJIIK epic Heri3iHAe 3apsaTaidraH OeJIIeKTep arblHAapBIHBIH JKaHa THITI alHanbl SHEeprHs
TaJIIAFBIIIBIHBIH AJIEKTPOH/BI-ONTHKAIBIK CYJI0Aachl YCHIHBUIFaH. AKCHAIIbI-CHMMETPHSIIBIK OKTYIIOJIbIi—
MWIMHIPIIK epic 0asaiblK HUIMHAPIIK epic ’KOHE IOHTEeNIeKTIK OKTYIOJBIIH CYIEPIO3UIMACH TYpiHze
KYpacThIppUIFaH. bepinreH epicrepai Kocy Ke3iHOE MOHTENCKTIK OKTYHONBIIH OpTalblK MIeHOepi
norapu@MIiK OpiCTIH HONIIK HSKBUIOTEHIHWACHIMEH OipikTipineni. OIEeKTPCTaTUKABIK aKCHAJBI-
CUMMETPHSIIBIK ~ OKTYIIOJIBII-IMIIMHIAPIIIK epicTe 3apsaTanFaH OeNIeKTepAiH KO3FallbIChl 3epTTENreH.
DNEKTPCTATHKANBIK ~ OKTYMOJBII—IMIAHAPIIK ~©picTeri 3apsiarTaifaH OeNIIeKTepIiH  KO3FaJIbICHIHBIH
uHTerpanaAb-1uddepeHanaplK TeHaeyl aJblHFaH. OHEPrHs TaIJAFbIIITBIH OKTYIOJIbIi—IMIMHAPIIK
opicinie OeNIIeKTep/AiH TPAaeKTOPUSUIBIK ecenTeyi HHTerpaaasl—audGepeHnsuIbIK  Typae Oepinrex
3apsiaTanFaH OeNIIeKTep/iH KO3FajJblC TEHAEYiHIH OeJIIeKTi—AspexeNi KaTrapra JKIKTey oici Herizinae
KyprizireH. OKTYNOJBAI—LIWIMHAPIIK OPICTIH ANEKTPOHIBI—ONTHKAIBIK CHIATTAMAJIAPBIH  OJaH  api
3epTTEeyre MYMKIHIIK OepeTiH aHaNWTHKalNbIK TYpPAETi KO3FaNbIC TPAaeKTOPHSICHIH OepeTiH Karap
koo dummenTrepi ecenreninred. OKTYNONbAI—IMIMHAPIIK ©pic HETi3iHAe FapBINTHIK IUIa3Maaarsl 5B
OipiikTepiHeH OHIaraH K3B neifiHri sHeprusra ue 3apsAATanFaH OeJNIIeKTep aFbIHIAPBIHBIH KYpPaMbIH
AHBIKTAYFa apHAJIFaH JKapblK KYIITi 3JIEKTPCTATUKAIBIK SHEPTUs TATAAFBILITAPBIH KYpacThIpyFa 6oabl.

Kinm ce30ep: 3apsaranraH OeNIIEKTEpIiH SHEPrHs TaJJarbIlibl, IEKTPOH/IBI aiiHaIap, EKTPCTaTHKAIBIK
OCTIK CHMMETPHSUIBIK ~ OKTYMONBi—IIIHHAPITIK ©pic, IKYybIK—aHATHTUKAIBIK €CeNTey, 3apsaTajFaH
GeJIIeKTepIiH KO3FaIBICHL.

XK.T. Kambaposa, A.O. Cayne6ekos, K.b. Kon6anuna

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

B cratpe nponomkeHs! nanbHEHIINE UCCIEN0BAaHUS JIEKTPOHHO-ONTUYECKUX CBOMCTB AJIEKTPOCTATHUECKUX
MYJbTHIIOJIBHO-IIMINHAPUYECKUX TT0JIeH, CHHTE3UPOBAHHBIX W3 MOJeH IMIMHAPUUECKOTO 3epKajia U Kpyro-
BBIX MYJIbTHIIONEH. Peanu3amnus MeTo0B 3/IeKTPOHHOM CIIEKTPOCKOIMH OCHOBAaHA Ha MCIOJIL30BAHUH CIIOXK-
HOTO 00OpYIOBaHMsI, OJHHM M3 TJIABHBIX JJIEMEHTOM KOTOPOTO SIBISICTCSl SHEPrOaHaNU3aTop 3JIEKTPOHOB
HU3KHX U CpeJHUX 3Hepruil. [IpuMeHeHne MyJIbTHUIIONBHOTO MOJIX0/a K CUHTE3Y OTKJIOHAIOIIMX TOJNed naeT
BO3MOXKHOCTB ISl pa3BUTHSI 3()(HEKTHBHBIX METOIOB SHEProaHan3a MIOTOKOB 3apsHKEHHBIX YacTHII. ABTOpa-
MU TIpeAJIo’KeHa 3JIEKTPOHHO-ONTHYECKAsi CXeMa 3epKajbHOI0 3HEproaHajau3aTopa MOTOKOB 3apsiKEHHBIX
YacTHIl HOBOTO THIIA HA OCHOBE AJIEKTPOCTATHUECKOTO OCECHMMETPUYHOIO OKTYIOJILHO-IMINHIPUIECKOTO
noist. OcecMMMETPUYHOE OKTYIOJIBHO-IMIIMHIPUIECKOE T0JIe CKOHCTPYHUPOBAHO B BHJIE CYIEPIIO3NIUHU Oa-
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30BOr0 LIWJIMHIPUYECKOTO TIOJII U KPYroBOro OKTynois. IIpu crioxeHuu moneil HeHTpaibHas OKPYXHOCTh
OKTYIIOJISI COBMEINANACh C HYJIEBOH 3KBUIOTEHLHANBIO JOTapu(MHUECKOTO Nois. MccnenoBaHo IBIKEHHE
3apsDKEHHBIX YaCTHIl B 3JIEKTPOCTATHYECKOM OKTYIOJFHO-IIMIMHAPHYECKOM Iojie. BhIBeeHO HHTErpo-
muddepeHIaIbHOe YpaBHECHHE JIBIDKCHHS 3apsOKCHHBIX YAacTHI[ B OJIEKTPOCTATHYECKOM OKTYIIOJIBHO-
HWIMHApPUYECKOM ToJie. Pacuer Tpaekropuil yacTHUIl B 3€pKaJbHOM SHEProaHaIN3aToOpe € OKTYIOJBHO-
ITHHPUICCKUM IIOJIEM BBHIMOJNHEH HA OCHOBE METOJa Pa3JIOKCHUS B APOOHO-CTEIICHHOHN psiJi YpaBHEHUS
JIBIDKCHHSL 3apsDKCHHBIX YacTHII, PEACTABICHHOTO B UHTETPpO-auddepeHnuansaoit popme. IlomydeHsr ko-
3¢ GUIMEHTHl psifa, NMPEACTABIIONINE TPACKTOPUIO JBIDKCHHSA B AHAIUTHYECKOM BHIE, AOCTYIHOM [UIS
JANBHEUIINX HUCCIEIOBAHUN SJIEKTPOHHO-ONTHYECKHX XapaKTEePUCTUK OKTYMOJbHO-IMINHAPHYECKOTO II0-
n51. Ha ocHOBE OKTYMOJIEHO-IIMIIMHPHUYECKOTO MOl MOTYT OBITh MOCTPOCHBI CBETOCHIIBHBIE SHEproaHain3a-
TOpHI, IPEJHA3HAUYEHHbIC JJIsI OIPENENICHHUsI COCTaBa MIOTOKOB 3apsDKCHHBIX YACTHIl C SHEPTUAMH OT €IUHHUI]
3B 10 mecaTkoB k3B B KocMHYECKOH IIa3Me.

Knrouegvle cnosa: SHEProaHaaInu3aTop 3aps’KCHHBIX YaCTUII, SJIEKTPOHHBIC 3€pKaJia, 3JICKTPOCTATUYECKOE OCE-
CUMMETPUYHOE OKTYNOJIbHO-TWINHAPUYECKOE I10JIE, HpH6HI/I)KeHHO-aHaHPITH‘{eCKI/Iﬁ pacueT, ABUKECHHUC 3a-
PSAKEHHBIX YaCTHUII.
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