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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 élements, of which
is an electron energy analyzer of low and medium energies. Application of the multipole approach,te, the
synthesis of deflecting fields makes it possible to develop effective methods for energy amalysisief charged
particle beams. The electron-optical scheme of new type mirror energy analyzer of chargedsparticle beams
based on an electrostatic axially symmetric octupole-cylindrical field is proposed fin the"work: An axially
symmetric octupole-cylindrical field is constructed as a superposition of a basic eylindrieal field and a
circular octupole. When the fields were added, the central circle of the octupoléWwas combined with the zero
equipotential of the logarithmic field. The motion of charged particles in the electfostdtic octupole-cylindrical
field. An integrodifferential equation for the motion of charged particlesiin am electrostatic octupole-
cylindrical field is derived. Calculation of trajectories in an energy analyzenwith an octupole-cylindrical field
was performed on the basis of the method of expansion into a fragtionalgpower 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 dh, octupole-cylindrical field, high luminosity energy
analyzers can be built to determine the composition of chasged‘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’ dexices/is based on the use of the features of the movement of charged
particles in the fields created by theteorresponding electrode systems. The suitability of a particular field for
the purposes of energy analysis isicharacterized by the dispersion of the field in terms of energies.

In reflector-type analyzefs, 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 amalyzers 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 influénee ofyedge 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

Cepus «dusukay. Ne 2(106)/2022 49



Zh.T. Kambarova, A.O. Saulebekov, K.B. Kopbalina

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, eléetrostatic axially
symmetric octupole-cylindrical fields for different weight contributions of the cylindtical'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 dn“af clectrostatic 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 cylindrieal mirror and a circular octupole.

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

ur,2)=ulnr+wU_,(r,7) 1)
here
R TIE ST R
Uy (r,z)=—2z"+=z2 —(l—r )+—lnr +
2 4 @)
e L LS
64 16 8 2 64

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

weight component of the circular octupole:

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

Figure 1 shows a schematic wiewdin the longitudinal section (upper part) of the electron-optical scheme
of an energy analyzer based onfan gctupole-cylindrical field, where the value of the weight contributions of
the cylindrical field up=1[1 and%6ctupole w= 1. Potential distribution Eq. (1) differs significantly from the
classical field cylindgicalymirror.
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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 aretealculated in
the radii of the inner cylindrical electrode r, to maintain the following dimensionless pasameters:

rr+rp r—r z
=l x=mop—p, (T 3)

0 0 I

0 rO
The distribution of the octupole-cylindrical field Eq. (1) in the new coordmates x,¢ ((for any 4 and @)
has the following form:
U (x.&)=U,9(x.&)=U,9,: “4)
where

9(X,§)=9x=,uln(R—x)+a{i'§4+l§2{1[1—(R—x)2J+lln(R—x)}+
41° " 2° 14 2 Relip. )

1 a1 2 1 1 2 5
L L rog -l x)[2 TN } 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:

Uks) =U,9(x.8) =U,9, 6)
where
I, 1,1 2 1
g(X8) =0, =In(R-x)--&'——¢ {Z[l—(R—x) ]+51n(R_x)}+ .
1 a1 2 1 1 2 5
<L (R - L(rx) +§1n(R_x)[5+(R_x) }a

The metion“of a charged particle in the axially symmetric octupole-cylindrical field (6) has the follow-
ing formu

mx = qUyéq, & = —%, (8a)
mé =qU,¢,, £, :_%);5)' (8b)

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 Egs. (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:

mu.  m

? ‘3('2+52)=‘q(um—U(ny))=—qUo(go—9x), 9)
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here U =U,g(x,.&,)=U,g, is field potential at point m, while x =& =0, gx:g(x,é(x));
gozg(xﬁg)x:o-
=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 m2§ . At the same time, we take into account that U,i = f,i + X,i = gﬁi , since at the ver-
. d& d&dx .
tex of the trajectory X =0. Further, using the relation & = d—f = d_éa =¢&'X, we obtain
X
moy m&  tog(xé)d tog(%.8)
___ézquojﬁ_gdxzquo"'#gdx ) (10)
2 2 o&  dx o 0&
me?  mo;

According to the scheme (Fig. 1),

5 TO =W cos’ @, at X= p,, , therefore, Eq:(10ean be rewrit-

U2
M as follows:

. m
ten relatively

mo;

=W cos’ a, +qU, f_ ; (11)

where

Py 5 ,
fo=] ggf)é'dé- (12)

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

"2
(&) [9,-g, + F.J8 P’ + 1, f, (13)
or
N Pletg’a, + f, — f,
(&) =——2% : (14)
9, —0x+ fx
where
L og( X,
f =jM§'dx , (15)
o 0
and P’ = w sin’ @, is the reflegtion parameter relating the geometric and energy parameters of the

0
octupole-cylindrical field.
The solution ofithe ‘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 intoft.

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

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

E=Ix>cx", (16)
n=0
or
§=\/;(CO +Cx+C, X" +Cx’ +C,x* +C.x* +C x° +) : (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,, . In this case:

(f’)2 =ctg’a,, Ox-p. =0,
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and
g, + f, =P,
Substituting §, from Eq. (3) into Eq.(16) we arrive at the expression:
8(P* - f )+ RY+1R2-2
InR = 8 2 8

2
2

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

1 1
the parameters of a cylindrical mirror analyzer are used: R, = exp(P2 ) =1+P+ 5 P+ 3 P°+—P*+...

and f, =0.
So the equation for determining p,, : L 2 \
8(P2—fm)+1R4+1R2—§ \
_ 8 2 8 _1
Pm = Xp
2]
+R

The left side of Eq.(13) was found from the calculatlons
de 1og(x.¢)
(dj[g(’ 9+ fgd \

0

b,
=h[b, —el]x{h (2
3 e b2

+
- (18)
+
+
Further, the int the right side of Eq.(13) is found:
Pctg’ar, + f, — f, = Pctg’a, + F (p, ) -
(19)

{blx b, x> bx3 bx* bx* bx*

33 + 44 + 55 + 66 +..}—¢(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 Eqs. (18) and (19), and the following system of equations is obtained:

ho(bl _el):_bls (20a)
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hOLb—zz—e2J+hl(bl—el)=—b—22, (20b)

n[2e fon(Ze fon(n-a)=2. (200

[ %e, o (2o o %oe, e (o) <2, (204)
e o 2oe o 2oe e 2—e Jrh(a-e)- 2. (200)

b _ b b, _ b _ b, _ o)
h°(6 e0J+h,[5 e5J+h2(4 e4J+h3(3 e3J+h4(2 e2J+h5(b1 e) . (20)

The problem of determining the trajectories of charged particles in the field und educed to
calculating the coefficients in expression (16). Expressions for the coefficients h;, ¢; @% ed:

CZ

h==, 6 21a)
3C,C

h ==, K 21b)

2
h, =%+—5C;C2 , @ (21c)
* o s
h, =—7C§C3 FRELCIC SCICZ\ 21d)
1

h, = oS (2le)

1 35C,C,

; (211)

+

2 2 2

2
o _!4903 ,13CC,  33CC, 45CC, el
Q 4 2 2 2

3 , 1, 19 1 1,

€ =—"— ——p,+In(1+ —+—p +— , 22a
) 16%& P =g P+ ;om)(16 7 Pn 8/%) (22a)

1 C;
+ —pr+—pat+—2p (1+p,)—.. , 22b
®l6pm et P (14 £y (22b)

3 C pCi Ciol 19 1
2 P 2o, 2 Cin(l4+py,) -, (220)
32 2 2 24 8 16(1+Pm) 8

2 2 22
Qﬁul(lﬂj A R (22d)
164 4(1+p,)0 2) 16(14p,) 2 4

1 C 1 3
& == 5~ PCiCa + PCiCy + £, C.Cy + PN —S(H’); e ,(22d)
C? 1 19 . C;
e =4 . S . S S— . — (22¢)
4 8(1+p,) 16(1+p,) 4(1+p,) 8(1+p,) 2
2 4
USRS SO U o A A S (226)

8(1+p,) 4(1+p,) 2 24 16(1+p,) 4(1+p,)
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PuCol . Pu|_Co
b, = 1+ 20 - =2 n(1+ p,), 23a
! 4[2J16n(p’“) (233)
2 4 2
b2=—C—°—C—°+me0 CI—C—0 +C—°+..., (23b)
4 12 4 ) 16(1+p,)
2 3 2
b, :%—%—Cocl(lﬁpmﬁsg’“ (%+COC2][1+%J+..., (23¢c)
2 2 3 2
p, =& _3CC 3G _apr 26, GG oL P, (23
2 2 4 3 2 8(1+p,) 2
2 2
bs=—2c1c2—20003—c3c4—3COC2 BRSNS (23¢)
4 2 8
2 2 1 22
b, =C,C, +C,C, —3(C,C/C, +C;C,C, )—E(SC]C3 +5C,C, =3C;C, Y- (23f)
5(C; 7 (3 5
b7=—3(czc3+clc4+<:0<:5)+Z —--CC,+CC, —g(clcﬁcocs)—.... (23g)

Considering the system of Egs. (21)—~(23), the coefficients C; are femnd.“Fhe 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 enérgyanalyzer based on an electrostatic octupole-
cylindrical field has been studied. The calculation€ef particleWrajectories in an electrostatic octupole-
cylindrical field is performed. The problem of integratingithe differential equations of motion of charged par-
ticles and the analytical description of the trajectony equation in the electrostatic octupole-cylindrical mirror
is solved. The coefficients of the fractional-power seties age obtained, which are necessary for describing the
trajectories of motion in an analytical form, agcessible for further studies of the electron-optical characteris-
tics of the octupole-cylindrical field.
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7Kana Tunti 3apsiaTajiran 0e/IeKTepAiH ailHAAbI 3HePIrusl
TAJAAFBIITBHIH JIEKTPOHABI-ONTHKAJBIK CYJI0aCbIH ecenrTey

Makanaga IUIMHIPITIK — affHAa MeH  JOHTeNeKTIK  MyJBTUIOMBHEP\ OpICTepiHEeH  CHHTE3ZENreH
JNEKTPCTATUKAJIBIK MYJIbTUIIONBAI-IMIMHAPIIK ©pICTePIiH SJICeKTPOHIBI-ONTHKAIBIK KAaCHETTepiHEe OJaH
apFel  3epPTTEYNIEp IKYPri3uUIreH. OJEKTPOHIBIK CHEKTPOCKOMHS QMICTepiH ICKe AaCBIPYIbIH HETI3Ti
JJIEMEHTTepiHiH Oipi TOMEH J>oHE OpTa SHEPrHsUIbl SAEKTPOHMAPBHIHBIH OSHEPrHs TaJIaFblIbl  OOJIBIIT
TaOBIIATBIH KYPAET Kypan-KaOJbIKTBl KOJJaHyFa ‘HEri3NGIreH. AYBITKYIIBI ©picTepAi CHHTE3AeyTe
MYJIBTHIONBAIK OMIC-TOCUIIl KONAAHY 3apsiATajfaH OenNeKTep arbIHAApbIH SHEPTUs TalaybIHbIH THIMIL
onicTepiH JaMBITyFa MYMKIHIIK Oepeni. by skyMBleTa 3/1eKTPETaTHKANBIK OCBTIK CHMMETPHSIIBIK OKTYTIObI
— IWIMHIPIIK epic Heri3iHAe 3apsaTanFaH OemIeKTepd arbIHAAPBIHBIH KaHA THITI alHANbl SHEPrHs
TaJIIAFBIIBIHBIH AJIEKTPOH/BI-ONTHKAIBIK CYJI0achl YCBIHBUIFaH. AKCHAIIbI-CHMMETPHSIIBIK OKTYIIOJIbIi—
HWIMHIAPIIK epic 0asaiblK HUIMHAPIIK epie, )KOHE IOHTeNIeKTIK OKTYIOJbIIH CYNEpIO3UIMICH TYpiHe
KYpPacThIpBUIFaH. bepinreH epicTepmifipkocy\ Ke3iHIe MOHIENCKTIK OKTYIONBIIH OpTaIbIK IIeHOepi
JnorapudMIiK OpICTIH HONIIK JKBHIOTCHHHUSICHIMEH OipikTipigeni. ONEeKTPCTATHKAIBIK aKCHAJIbI-
CHUMMETpPUSIIBIK  OKTYIOJIBi-LIIHIAHIPIIKY OpicTe 3apsaTaiFaH OeJIEeKTep/iH KO3FalbIChl 3epPTTENreH.
ONeKTpCTaTUKANBIK ~ OKTYHOIBIIIIIMHAPITIK  ©picTeri 3apsATadFaH  OeNIIeKTep[IiH KO3FaIbICBIHBIH
UHTErpanabi-andepeHInaIblK, TOHACYl aiblHFaH. OHEPrUsl TaIJaFBIITHIH — OKTYIIONBAi—IIMITHHIPIIK
epicinie OemnmeKkTepAiHFTPACKTOPMSIIBIK ecenTeyl HMHTerpamasl—IudepeHusIbK  Typae Oepinren
3apsiaTanFaH OeNIIeKTeP/iH K@3Falblc TEHACYiHIH OeIIeKTi—Aspexesi Karapra JKIKTey oici Herizinae
KyprizinreH. , OKTYfIOMBAILIMHAPIIK OPICTIH ANEKTPOHBI—ONTHKAIBIK CHIATTAMAJIAPBIH  OJaH  api
3epTTeyre MYMKIHAIK OCPETIH aHAIUTHUKAIBIK TYPJEri KO3FAIbIC TPAGKTOPMACHIH OepeTiH KaTap
ko3 durrenErepi) ecenreninred. OKTYMONbAi—IIMIMHAPIIK ©pic HETi3iHAe FaphINTHIK IUIa3Manarsl 5B
OipiikTepiHeH \OHIAFaH k3B nelinri sHeprusra me 3apsaTainFaH OeJIIeKTep arbIHAAPBIHBIH KYPaMbIH
aHBIKTayF@apHAIFAH JKapblK KYIITi 3JIEKTPCTATUKAIBIK SHEPTUs TATAAFBILITAPBIH KYpacThIpyFa 6oabl.

Kinm Jeasoep BapsaTanrad OONIIEKTEPAiH SHEPIus TaJJaFblllibl, SIEKTPOH/ABI aifHANap, HJIEKTPCTATHKAIIBIK
OCTiK CHMMETPHSUIBIK ~ OKTYHONBAI—IMIHHAPIIK Opic, KybIK—aHAIUTHKAIBIK €CeNTey, 3apsaTalFaH
OOMILICKTEPiH KO3FAIBICHL.

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

Pacuer 3/1eKTPOHHO-ONITHYECKOH CXeMbI 3¢PKaJIbHOI0
JHEProaHaIM3aToOPAa 3apPAKEeHHbIX YACTHL HOBOI'0 THUIIA

B cratpe nponomkeHs! nanbHEHIINE UCCIIEN0BAaHUS JIEKTPOHHO-ONTUYECKUX CBOMCTB AJIEKTPOCTATHUECKUX
MYJIBTUIOIBHO-IIMIMHIPUUECKUX TI0JeH, CUHTE3UPOBAHHBIX U3 IMOJIEH LMWIMHAPUYECKOTO 3epKaia U Kpyro-
BBIX MyJbTUIONEH. Peann3anus MeTo10B JIEKTPOHHOM CHEKTPOCKOIIMU OCHOBaHA Ha MCIOJIb30BaHUM CIIOXK-
HOTO 00OpYIOBaHUs, OJHHM M3 TJIABHBIX JJIEMEHTOM KOTOPOTO SIBISICTCSl SHEPrOaHAaNU3aTop 3JIEKTPOHOB
HU3KHX U CpeqHUX 3Hepruil. [IpuMeHeHne MyJIbTUIIONBHOIO MOAX0/Aa K CHHTE3y OTKIOHAIOUIMX MoJel naer
BO3MOXKHOCTb JUIsl pa3BUTHs (G (PEKTUBHBIX METOJIOB JHEProaHain3a MOTOKOB 3apsHKEHHBIX YacTHLl. ABTOpa-
MU TPENTI0KEHA DIEKTPOHHO-ONTUYECKAsT CXEMa 3€pPKaJIbHOTO JHEProaHaM3aTopa MOTOKOB 3apsKEHHBIX
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YaCTHIl HOBOTO THIIAa HA OCHOBE 3JIEKTPOCTATHYECKOTO OCECUMMETPHUYHOTO OKTYIOJIbHO-IMIUHAPHYECKOTO
nosst. OcecMMMETPUYHOE OKTYIOJIbHO-LMIIMHIPUIECKOE TI0JIe CKOHCTPYHPOBAHO B BHJE CYNEpIO3UIUHU Oa-
30BOT0 LWJIMHIPUYECKOTO TIOJII U KPYroBOTO OKTYHoJs. IIpu croxeHuH moneil HeHTpaibHas OKPYXHOCTh
OKTYIIOJISI COBMEIANACH C HYJIEBOH 3KBHIIOTCHIHAIBIO JOTapU(DMIUECKOTO TOs. MccrnenoBaHo BHKEHHE
3apsOKEHHBIX YaCTHUI] B 3JIEKTPOCTATUYECKOM OKTYIOJBHO-IMIUHAPUUECKOM I10Jie. BriBeeHO HHTErpo-
muddepeHIaIbHOe YpaBHECHHE JIBIDKCHHS 3apsOKCHHBIX YAacTHI[ B OJIEKTPOCTATHYECKOM OKTYIOJIBHO-
HWIMHApUYECKOM ToJie. Pacuer Tpaekropuil yacTHUIl B 3€pKaJbHOM SHEProaHaIN3aToOpe € OKTYIOJBHO-
HIIMHIPUYECKUM TI0JIEM BBINOJHEH Ha OCHOBE METOJa Pa3JIOKEHUS B APOOHO-CTEIIEHHOH psill ypaBHEHUS
JBIDKCHHS 3apsDKEHHBIX YaCTHI, MPEACTaBICHHOTO B MHTErpo-audepenimansaoi popme. Ilomyuensr ko-
3¢ GUIMEHTHl psifa, MPEACTABIAIONINE TPACKTOPUIO IBIDKCHHSA B AHAINTHYECKOM BHIE, AOCTYIHOM IS
JANBHEUIINX UCCIEIOBAHUH SNIEKTPOHHO-ONTHYECKHX XapaKTEPUCTUK OKTYMOIbHO-IMINHAPHYECKOTO II0-
ns1. Ha 0CHOBE OKTYIOJIEHO-IIHITMHPUIECKOTO OISl MOTYT OBITh MIOCTPOCHBI CBETOCHIILHBIC SHEprOaHaIH3a-
TOPBI, MIpeIHa3HAUYECHHBIE JJIS OIPENIeJIeHUs] COCTaBa IMOTOKOB 3apsKEHHBIX YACTULl C SHEPTUSMH OT €UHMIL
3B 10 mecaTkoB k3B B KOCMHYECKOH IIIa3Me.

Knrouegvlie cnosa: SHEPTOoaHATIU3ATOP 3aPSHKCHHBIX YaCTHULL, 3JICKTPOHHBIC 3€pKaJia, 3JICKTPOCTATUYCCKOC 0OCe-
CHUMMETPUYHOE OKTYNOJBbHO-HWINHAPUYECCKOE I10JIE, HpPI6J'IPI)K€HHO-aHaJ'IPITPI‘{eCKHﬁ pacyeT, OBMKEHNWC 3a-
PAKCHHBIX YaCTHII.
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