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MeToro po60Tu € po3po6Ka NpoLiesypy BU3HAYEHHS CTYMeHs AucoLlialii ioHIB i KOHLEHTpaLii eNeKTpoHiB y
Haf3ByKOBOMY CTPYMeHi ra3opo3psAHoro mkepena 6e33iLUTOBXyBasnbHOI Nia3Mn 3a pesynbTaTaMyi BUMipHOBaHb
CTPyMy, L0 36Mpa€ETbCs i30/1bOBAHOI0 30HAOBOKD CUCTEMOIO 3 MOMEPEYHO-0BTIUHUMN LIMNIHAPUYHUMMN eNeKTpo-
famun. Ha 0cHOBI OTpYMaHMX paHillie MaTeMaTUyYHOI Mofeni 36MpaHHsA CTPYMY i30/1b60BaHOKO 30HA0BOK CUCTEMOIO
7 acCMNTOTUYHOrO PO3B'A3KY AN 30HAOBOrO CTPYMY B 06/1aCTi HAaCWYEHHS eNeKTPOHIB OTPUMaHi HOBI pO3paxyH-
KOBI (hOpMynu 15 BM3HAYEHHA napameTpiB miasMu. MokasaHo, Lo B MOPIBHAHHI 3 OAMHOYHUM 30HAOM JleHr-
MIOpa i30/1b0BaHa 30HA0Ba cuCTeMa Ma€ 6iflbLl BUCOKY iHPOPMATUBHICTb NPW AiarHOCTULL CTPYMEHS ra30po3psi-
[HOro MKepena nabopaTopHOI Niasmu.

MpoBeaeHO YACNOBI AOCNIHKEHHS BNAMBY BiAHOCWHM NOLLMH 30HAA i ONOPHOrO eNeKTPoza, Lo 36MpaloTb
CTPYM, i MOrpiLIHOCTE 30HAO0BMX BMMIpIOBaHb Ha BU3HAYEHHS NapaMeTpiB Miasmu. Y pamkax NpuitHATOl mMate-
MaTUYHOT MoZenNi 36MpaHHsa CTPYMY BUKOHaHUIA aHani3 BNAMBY reOMETPUYHMX NapameTpiB i30/1b0BaHOT 30HA0BOI
CUCTEMW Ha METOAUYHY MOrPILLHICTb MPU BUKOPWUCTaHHI ANS BiAHOBNEHHA NapameTpiB naasMy aCMMATOTUYHOIO
PO3B'A3KY [/19 30HA0BOr0 CTPYMY B 06/1aCTi HaCUYeHHS eNeKTPOHIB. [ns npouesypw BifHOBNEHHS CTYMeHs AnCo-
uiauii ioHiB 3HalfeHi oNnTUMabHI 41 NPaKTUYHOr0 BUKOPUCTaHHA NOTEHLianu 3CyBY | FEOMETPUYHI NapameTpu
i30/1b0BaHOT 30HA0BOT CUCTEMM — BiAHOCMHM NOLMH 30HAA /i ONMOPHOrO eneKkTpoda. Y pamkax NpUiHATUX Npu-
MyLLeHb OTPUMaHI OLiHKW BipOriAHOCTI BiAHOBNEHHA CTYMeHs Aucouiauii i0HIB | KOHLEHTpaLii eneKTpoHiB y
3aNeXHOCTI Bifj reOMETPUYHUX NapaMeTpiB i301bOBaHOI 30HAOBOI CUCTEMM, TOYHOCTI BUMIPIOBaHHSA 30HA0BMX
CTPYMiB i NOTeHLianiB 3CyBY 30HAa LLOAO0 NOTeHLiasly OMOPHOrO eNeKTpoaa.

OTpvMaHi pesynbTaT MOXYTb OYTU BMKOPUCTaHi B AiarHOCTWL nabopaTOpHOi Mia3mMu rasopo3psgHoro
[pKepena 3 MPUCKOPEHHSM iOHIB B €EKTPUYHOMY NOAi CTPYMEHS.

KntoyoBi cnoBa: cTpyMiHb 6€33ilTOBXyBa/IbHOT MAasMu, CTYNiHb Aucolialii ioHiB, KOHLEHTpaLlist enekT-
POHiB, MaTemMaTNYHa MOAeNb 36MpaHHA CTPYMY, OLiHKV NOTPiLLHOCT i BiHOBNEHHS NapaMeTpiB.

The aim of this work is to develop a procedure for determining the ion dissociation degree and the electron
density in a supersonic jet of a gas-discharge source of collisionless plasma from the results of measurements of
the current collected by an insulated probe system with transversely oriented cylindrical electrodes. Based on a
mathematical model of current collection by an insulated probe system and an asymptotic solution for the probe
current in the electron saturation region obtained previously, new computational formulas for plasma parameter
determination are derived. It is shown that, in comparison with a single Langmuir probe, an insulated probe sys-
tem provides more information in diagnosing a jet of a gas-discharge source of laboratory plasma.

The effect of the probe to reference electrode current collection area ratio and the probe measurement errors
on the plasma parameter determination accuracy is studied numerically. Within the framework of the mathemati-
cal model of current collection, an analysis is made of the effect of the geometrical parameters of the insulated
probe system on the method error in plasma parameter determination using the asymptotic solution for the probe
current in the electron saturation region. For the determination of the ion dissociation degree, optimal values of
the insulated probe system’s bias potentials and geometrical parameters (probe to reference electrode area ratio)
are found. For the adopted assumptions, the reliability of ion dissociation degree and electron density determina-
tion is estimated as a function of the geometrical parameters of the insulated probe system and the probe current
and probe potential (relative to the reference electrode) measurement accuracy.

The obtained results may be used in the diagnostics of the laboratory plasma of a gas-discharge source with
ion acceleration in the electric field of the jet.

Keywords: collisionless plasma jet, ion dissociation degree, electron density, mathematical model of cur-
rent collection, estimation of parameter determination error.

Introduction. Currently, one of the main methods for diagnosing low-
temperature rarefied plasma is the method of a stationary electric probe. The sim-
plicity of the design and the possibility of determining the main parameters of the
plasma make the cylindrical Langmuir probe a reliable tool for laboratory testing
of structural elements and on-board equipment of spacecraft.

In physical modeling of ionospheric conditions, gas-discharge sources (GDS)
of plasma with ion acceleration in the electric field of the jet are used [1]. Ade-
quate laboratory modeling of the interaction of spacecraft structural elements with
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ionospheric plasma suggests a complete diagnosis of the supersonic dissociated
GDS jet. Therefore, increasing the information content and accuracy of laboratory
plasma diagnostics is an important element of physical modeling.

The article [2] considers an approach to diagnosing a GDS jet using an isolat-
ed probe system (IPS) with cylindrical electrodes oriented transversely to the
stream direction. Under the condition that the squares of the mass velocity of
atomic and molecular ions in the jet are inversely proportional to their masses, an
asymptotic solution for the electron saturation current is obtained. A relation be-
tween the degree of ion dissociation and the collected probe currents at different
ratios of the areas of the probe and the reference electrode is found. A procedure
of determining the degree of ion dissociation is proposed on the basis of probe
measurements in the jet core region. It is shown that the problems of determining
the degree of ion dissociation and determining other plasma parameters, such as tem-
perature and density of electrons, temperature and velocity if ions) are separated.

This article is a continuation of [2]. Under the accepted assumptions, new re-
lationships are obtained between the plasma parameters and probe currents meas-
ured by cylindrical electrodes on spacecraft. The influence of the geometric pa-
rameters of the probe system and currents and voltages measurement errors on the
reliability of determining the electron density and the degree of ion dissociation is
studied. The optimal for practical use geometrical parameter of the IPS, i. e. the
ratio of the areas of the probe and the reference electrode, is determined.

Formulation of the problem. Let’s consider a model of a probe measuring sys-
tem with cylindrical electrodes transversely placed in a supersonic plasma flow of a
dissociated diatomic gas. The plasma flow is formed by the GDS with the accelera-
tion of ions in the electric field of the jet flowing into the vacuum chamber [1, 3].

Measuring (probe) and reference electrodes are electrically isolated from the
body of the vacuum chamber. The reference electrode consists of the series of
identical cylinders located in parallel, each of which can be connected or discon-
nected from the measurement electrical circuit. I1t’s assumed that the probe base

radius r,, and the reference electrode base radius r,, are significantly less than

electrodes length, the ends of the electrodes are isolated from the plasma, the elec-
trostatic and gas-dynamic influence of the electrodes on each other in plasma is
small, and there are no emission currents from the electrode surfaces.

The GDS jet contains neutrals, positive singly charged ions of two types (mo-
lecular ions of mass m; and atomic ions of mass m;/2) and electrons. It’s as-
sumed that the flow around the electrodes is collisionless, the influence of the
magnetic field on the probe current isn’t significant, and velocity distribution of
particles of each type in the unperturbed plasma is Maxwellian. Since the ions are
accelerated in the electric field of the jet, the mass velocities of atomic V;,; and

molecular V; , ions satisfy the relation V;; /V;, =/2.
It follows from the condition of plasma quasi-neutrality that n;; +n; 4 =n,,
where n;; and n; , are the density of atomic and molecular ions, respectively, and

n, is the density of electrons. The degree of dissociation of ions in the jet is char-

acterized by the parameter n=n; /ne . The temperatures of atomic and molecular
ions are assumed to be equal T;; =T; , =T; .
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It is required to develop a procedure for determining the parameters n and n,

in the core region of the jet by the results of measurement of the probe current in
the region of electron saturation, i. e. to obtain calculation formulas and estimates
of the error in determining the parameters depending on the geometrical parame-
ters of the IPS and the values of the bias potential of the probe relative to the refer-
ence electrode.

Mathematical model of current collection. In a supersonic flow of dissoci-
ated rarefied GDS plasma, the probe current of the IPS in dimensionless quantities
at the probe bias potential ¢;, relative to the reference electrode is determined by

the formula [2]
T, (00) =L, (01 +9p )+ I; (01 + 0y ) o)

where the equilibrium potential ¢, = ¢., ((piz) of the reference electrode relative

to the potential of the unperturbed plasma is found from the current balance equa-
tion:

Ss '|:Te ((pcp ) + Tl ((pcp )] + [Te ((piz + (Pcp)+ TL ((Piz + Pep )] =0. (2)

Here, S, is the geometrical parameter of the probe system: S, =Scp/Sp , Sep I8
the area of the current-collecting surface of the reference electrode, and Sp is the
surface area of the probe (.S, <<S,,).

The functional dependences of the electron I, (¢) and ion I; (¢) currents to the
cylindrical electrode are given by the relations [2]

TQ(Q)Z{Z/\/;WM/4+ . 0>0;

exp((p), (pSO,

J2/mexp(-Bo+S7?), 0257 /B;

2/\5\/5/2 +S%-Bo, ©<S?2/B |

where ¢=eU/ET, is the dimensionless electric potential (U stands for the di-

mensional potential) of the electrode relative to the unperturbed plasma, e is the
unit charge; n=m,/m;, p=T,/T; are the ratios of masses and temperatures,

respectively, of electrons and molecular ions; S; =V, /u; 5 is the ionic velocity

I;(¢)=—(1+0.414n) \/%

ratio, and u; o is the thermal velocity of molecular ions.
The currents I,, I,, I; are normalized by the thermal electron current

I,o0=J.0"Sc, where j, =eneue/2\/E is the density of the thermal electron cur-

rent, u, is the thermal velocity of electrons, S, and is the area of the collecting sur-

face of the cylindrical electrode.

We assume that the radii of the probe r, and the reference electrode r,, are

subject to the following restrictions [2]:
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ry/ha <1, 1, /g <& =3-10,

where A, is the Debye length in an unperturbed plasma and £ is such value of
rcp/}\‘d , Which limits the applicability of the asymptotic Langmuir solution for the

ion current to a cylinder in a transverse flow [4, 5].

Relations (1), (2) that represent the parametric current-voltage characteristic
(CVC) of the "probe—plasma-reference electrode™ system, include dimensionless
parameters n, wu, B, S;, S;, ¢;,, determined by the parameters of the unper-

turbed plasma n,, T,, m;, n, T;, V;o, geometric parameters of the probe sys-
tem S,, S, and the probe bias potential U, .

The direct problem of probe measurements is to calculate the CVC of the
probe I, (Uiz) for given parameters of the unperturbed plasma, probe system and

bias potential of the probe U, relative to the reference electrode (U, =U,, - U,,,
where U, U,, are the potentials of the probe and reference electrode relative to

the unperturbed plasma).
For the CVC fp((piz) in the electron saturation region at sufficiently high

positive bias potential o;, , an asymptotic solution is obtained [2]:
— 2 | S2u(1+0.414n)° [1/2+S2 =&
Ip((PiZ)z_ 2S ( 2) : / —t— (3)
VS 2u(1+0.414n) +1

B 4 TP -
In the GDS plasma jet, the solution (3) is estimated to be applicable within the po-
tential range:

min max

Qi <P <Oy,

UL G[Sfp(l +0.414n)* + 0.14Jsi/\/6+ 6.5,

OR™ << (1+0.414n)(uS;” /B)(xSu /S, )2 !

where S;,, is the cross-sectional area of the core region of the jet (region where

plasma parameters don’t change over the distance from the jet axis).

Within the framework of the accepted mathematical model of current collec-
tion (1), (2), in the electron saturation region from the asymptotic solution (3) for
dimensional potentials and currents the following relations are derived:

1
I (U)/1,(U,)~ ; 4
pUi)/1p Uic) (1/2+S?|RT; fe+ /4 kT, [e+ U, @

Ip(l]LZ)I})([]lZ) ~ 1 ' Ip2(Uiz,2)+Ip2(Uviz,1)z(]iz,2+[]iz,1 (5)

Ip2 (Uizz)_IpZ (Uiz,l) Uiz ~Usea Ip2 (Uizv?)_]pz (Uiz,l) Uiz2 Uiz
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Here, all bias potentials U, belong to the range of applicability of solution (3):
Uy, €| 0" kT, [e, o™ kT, e . (6)
The above relations will be used later in estimating the errors in determining the

plasma parameters.

The inverse problem of probe measurements is to determine the values of the
plasma parameters by the experimentally obtained CVC f{g(l%g) The probe sys-

tem must be able to measure CVC at different electrodes area ratio S .

As a result of measurement the probe’s current 7, and bias potential U, , the
approximate values are obtained, respectively
%)):Ip(l'i'g/f)'%z:(]iz(l—i_g/g)’ (7)

where 8, 8 are random values from the ranges [-¢;,e7], [~ey.ep ] respec-
tively; €;, g are the limiting relative measurement errors for the corresponding
quantities (g7, g > 0).

Solution (3) defines the probe current in the electron saturation region as a
monotonically increasing function. Then the function I, (Uiz) is approximated by

Zg(l%’z) with a limiting relative error of &;;; =7+ 1, (U, )/1,(U;,)-Uyep .
Taking into account relation (4), we can write
U.

L <1.
(1/2+ 82 )RT; Je+m/4- kT, e+ U,

eruy=¢;+E-gy, where E=

In the GDS jet, kT, /e <S> kT, /e <U,, usually satisfy, so we will not over-

estimate much if we accept E=1.
Let’s consider, based on the asymptotic solution (3), the problems of deter-
mining the degree of ion dissociation n and the electron density n, by the meas-

urements of the probe current in the GDS plasma jet.

The degree of ions dissociation. To determine the degree of dissociation n in

the GDS jet, a calculation formula is obtained in [2], which can be written in di-
mensional form as follows:

2 2 2
1 Ip,l'ps_Ip,Z
2 2
\/E ’ SS,Z Ip,2 - Ip,l

n~2.415- ~1|, py=S,5/S;1 >1. (8)

Here, I, and I, are the probe currents corresponding within the framework of
the mathematical model (3) to the bias potential U,, at the values of the ratio of

the areas of the probe and the reference electrode of S;=S;; and S;=S,, ,
respectively. In this case, the bias potential U,, must satisfy condition (6).

125



Formula (8) determines the degree of dissociation n only in terms of the di-
mensional currents and does not explicitly depend on the plasma parameters n,,
T,, S;, B. Inthe theory of a single Langmuir probe, there is no such calculation

formula [6]. This proves the IPS with cylindrical electrodes to be more informative
tool, compared to a single Langmuir probe, of the diagnostics of dissociated labor-
atory plasma jet.

Let’s consider the relative error of the calculation of the degree of dissociation

€ =(ﬁ—n)/n , Where m is values calculated by (8) at exact probe currents [, ,,

I, 4, corresponding to the mathematical model (1), (2), for different values of the
arearatio S, at p,=5. Fig. 1 represents the dependence of €, on the bias poten-
tial U;,. The curves in the figure correspond to S;,= 100 (1), S;o= 200 (2),
Ss9=300 (3), S;5=400 (4), S;5=500 (5), S;5=600 (6). The calculations are

carried out for n=0.5, S;=4,

0.5
g, n=2-10" and B=4, which are the pa-
rameters of laboratory plasma for simulat-
0.4 . o . )
ing the flow conditions in the ionosphere
[7]. Within the framework of the current col-
0.3 6 lection model (1) — (2), the error &, is a
i methodological error in calculating the de-
02 | 3 gree of dissociation 1 by (8).
' 2 The obtained results show that an in-
1 crease in the bias potential U;, and a de-
01 crease in the geometric parameter S,
leads to a monotonous decrease in the

0 ' methodological error .. At bias poten-

0 50 100 15(0]_ \2/00 tials U;, <50 V for all considered values

1z

Fig. 1 of the parameter S, , >100, the methodo-
logical error &, of formula (8) increases sharply, which makes it difficult to ade-

guately determine the degree of ion dissociation.
At potentials U;, from50 V to 100 V and S, , from 100 to 400, the methodo-

logical error &, does not exceed 20 %. At U;, >100V and S, >100 the error
€, is significantly smaller and doesn’t exceed 10 %.

Let’s consider the effect of probe measurement errors and geometric parame-
ters py, S;o On the error in determining the degree of dissociation n by formula

S
(8). Substituting the approximate values (7) into the calculation formula (8) and
neglecting the second order small values, after simple transformations, taking into
account the solution (3), we can write:
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2 2
p..+1  2p 1
1+2[ s + s JELU

2 2 ’ 2 @2
ps -1 pS -1 8S,,"°u¥
& =sUp 19(0—1’] ~. . s s 5,2 HTg -1, (9)
gl M ' pl+l 2
3
v 1—2 82 + 2 .SS,QQM\P% SI,U
ps -1 ps -1

W, =1+2.41n, ¥, =1+0.414n,

where ¢, is the limit value of relative error in determining n, n is values calcu-

lated by (8) at approximate probe currents

1.2 =~ . .
. o1 1p2r 89 =89 +E- 8 is the relative
N error in measuring the probe current.
1 r Fig. 2 and 3 illustrate the influence of
the geometric parameters S;,, p, and
0.8 - limit value of relative error of measuring
the probe current €; ;; on the limit value of
0.6 relative error ¢, of determining the degree
of dissociation m by (8). The results of
0.4 - calculations of ¢, as a dependence on
electrode areas ratios S, o for &7 ;= 0.01
0.2 (curves 1), 0.02 (curves 2), and 0.03
(curves 3). For each value of the measure-
" , , ment error &; 7, dotted curves correspond
0 200 400 5 600 10 pg= 3, short dashed curves correspond
Fig. 2 ' to p,= 4, middle dashed curves correspond
to p,= 5, long dashed curves correspond
to p,= 6 and solid curves stand for p, = 10.
Lr The calculation results reveal that a
€n decrease in the parameter S, , from 200 to
0.8 100 leads to a sharp increase in the error
i e, for all p;. As p, increases, ¢, de-
06 - creases monotonically for all ¢;;; and
I S, 2100. For S, >200 and p,>5,
04 L the error € doesn’t change significantly.
I Taking into account the considered
02 L above influence of S;, and U, on the
i methodological error &, , we recommend to
o L A take py>5; S;, = 200...400 at U, =
0 0.025 g7y 005 50..100V and S,y >200at U;, >100V

Fig. 3 for an adequate estimate of the degree of
ion dissociation.
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Fig. 3 represents the results of calculations of ¢, depending on the measure-
ment error g;¢; at S, o =500 for various p, =5 (solid curve), 7 (dashed curve), 10

(dotted curve).

The results obtained allow us to conclude that, in order to adequately deter-
mine the degree of ion dissociation, the limit relative error in measuring the probe
current and bias potential should not exceed ~ 1 %.

Expanding in relation (9) the square root in a series with respect to ¢;;; and

holding 1st order member, we obtain a simpler estimate for the limit value of the
relative error of the calculation formula (8)

1 S, 2u- Wk +1
‘Wor_ln S 2“ ¥ 2}[1"' 5,2 “’2 i J2(SI +E8U)
s2 1 T2

Ssnz‘Pl 1+
ps -

The above estimate, together with results presented in Fig. 1, allows one to select
proper geometrical parameters of the IPS and evaluate the required measurement
accuracy for an adequate determination of the degree of ion dissociation.

Electron density. By analogy with the case of a single Langmuir probe [6],
rewriting relation (3) in dimensional terms, squaring and differentiating with re-
spect to the bias potential U;,, we obtain a calculation formula for the electron

1z
density:

n, ~—— |Te. 1 +1- /deZ(UiZ). (10)
©eS,V2e {5 2u(1+0414n) du,,

For a reliable estimate the electron density in the GDS jet using (10), the bias po-

tential U;, must satisfy (6).

0.3 Fig. 4 shows the dependence on the
bias potential U,, of the relative error

&n %, =(m, —n,)/n, , where 7, is the result

of calculation by (10) with accurate calcu-
lation of the probe current I, using the

0.2
mathematical model (1), (2), for various
area ratios S, at p,=5. The curves corre-
spond to S o= 100 (1), 200 (2), 300 (3),

400 (4), 500 (5) and 600 (6). The calcula-
tions were performed for n=0.5, S; =4,

n=2-10" and p=4. Within the frame-
work of the current collection model (1) -

0 50 100 150 200 (2) the error g, is a methodological error
Fig. 4 Ui V in calculating the electron density n, us-

ing (10).
The results of numerical modeling show that an increase in U;, leads to a
monotonic decrease in €, for all values of the electrode area ratio S, >100. For

01
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all S,, &, reaches its largest value at U;, <50 V. Also, the largest value of &, de-
creases as S, increases, and at S, > 350 the error €, doesn’t exceed 10 %. At
S, =600 the methodological error of formula (10) is €, ~3 %, which is quite ac-
ceptable for practical use.

Let’s consider the influence of errors in probe measurements ¢;;; and a geo-
metrical parameter S, on the error in determining the electron density n, using
formula (10). Within the framework of model (1)-(2) of probe current collection,

similarly to the case of a single cylindrical probe, 112, (U- ) in the electron satura-

12
tion region is a linear function. In this case, for any interval [U- Uiz’z] from the

12,1
region (6) we can write:
dl (Us) _1;(Ui2)- 15 (U;

1z Z,l)
- U elu.,,U.,].
dUiz Uiz,2 _ Uiz,1 iz € [ 12,1 12,2]

Then the calculation formula (10) writes:

n, v ——. | e L S+1 1o Uie) =1, (Uiea). (12)
eSp V2e |\ S.u(1+0.414n) Uiz = Uiz

To estimate the error of determination of the density n, using formula (11),

we substitute approximate values (7) into it. After simple transformations, taking
into account the solution (3) and relations (5), neglecting the second order small
members, we obtain:

%_ne
n

<e ZM.(EIQSUJ,
Uy, -U, 2

e I 1z,1

where ¢, is the limit relative error in determining the density n,, n, is values cal-

culated by (11) at approximate probe currents fp (Uiz’l), fp (L]iz’z), and the bias
potentials U;, ;, U, , belong to the range (6).

12
As one can see, the relative error g, does not explicitly depend on the geo-
metric parameter S, . However, the total error, including the methodological error
of formula (11), which is shown in Fig. 4, does depend on S, . The resulting esti-
mate of the relative error ¢, together with results presented in Figs. 4, allows one

to select S;, U, ;, U, and evaluate the required measurement accuracy for an

12

adequate determination of the electron density.

Conclusions. A procedure has been developed for determining the degree of
ion dissociation n and the electron density n, in a supersonic GDS plasma jet by

the results of current measurements by IPS with transversely oriented cylindrical
electrodes. Within the framework of the accepted assumptions, new calculation
formulas are obtained that relate the investigated plasma parameters n and n,

with measured probe currents in the electron saturation region.
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The influence of the electrodes current-collecting areas ratio and the probe bi-
as potential relative to the reference electrode potential on the determination of
plasma parameters are studied numerically using the current-collection model in
the electron saturation region. Within the framework of the mentioned model, the
errors in the determination of plasma parameters are estimated analytically de-
pending on the geometric parameters of the probe system, the measurement accu-
racy of the probe currents, and the probe bias potentials relative to the potential of
the reference electrode.

The obtained numerical and analytical estimates of the degree of ion dissocia-
tion and electron density determination errors help to select the geometric parame-
ters of the probe system and the required measurement accuracy when planning
and carrying out experiments on laboratory plasma diagnostics.

=

. Gabovich M. D. Physics and Technology of Plasma lon Sources. Moscow: Atomizdat, 1972. 304 pp. (in Rus-

sian).

2. Lazuchenkov D. N., Lazuchenkov N. M. Determination of parameters of a dissociated supersonic rarefied plas-
ma flow by current-voltage characteristics of isolated system of cylindrical probes. Teh. Meh. 2020. No. 2. Pp.
80-88. https://doi.org/10.15407/itm2020.02.080

3. Sapozhnikov G. I. Experimental studies of the flow of accelerated ions and its interaction with models.
Uchenye Zapiski TSAGI. 1971. V. 2. No. 1. Pp. 129-133. (in Russian).

4. Godard R., Laframboise J. Total current to cylindrical collectors in collision less plasma flow. Space Science.
1983. V. 31. No. 3. Pp. 275-283. https://doi.org/10.1016/0032-0633(83)90077-6

5. Lazuchenkov D. N., Lazuchenkov N. M. Calculation of the ion current to a conducting cylinder in a supersonic
flow of a collisionless plasma. Teh. Meh. 2022. No. 3. Pp. 91-98. https://doi.org/10.15407/itm2022.03.091

6. Chung P. M., Talbot L., Touryan K. J. Electric Probes in Stationary and Flowing Plasmas. Springer-Verlag, 1975.
150 pp. https://doi.org/10.1007/978-3-642-65886-0

7. Shuvalov V. A., Pis’mennyi N. I., Lazuchenkov D. N., Kochubey G. S. Probe diagnostics of laboratory and

ionospheric rarefied plasma flows. Instruments and Experimental Techniques. 2013. V. 56. No. 4. Pp. 459—

467. https://doi.org/10.1134/S002044121304009X

Received on November 15, 2022,
in final form on December 1, 2022

130



