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Meroro poboTH € TeopeTHdHe OOIPYHTYBaHHS 3aCTOCYBaHHs KJIACHYHUX CIIBBiJHOIIEHb TEOpii OJMHOYHOTO
IIUTIHPHYHOTO 30H/a U1 BU3HAYEHHS TeMIIepaTypH eJIeKTPOHIB 32 BOJIBTAMIIEPHOIO XapaKTEePHCTUKOIO IUIaBaI0-
401 30HI0BOI CHCTEMH "30HJ — IU1a3Ma — KOPIyC HAJMAJIOro CyyTHUKA" B yMOBax ioHocdepu. 30HI0BI BUMipIo-
BaHHS PO3MJITHYTI Ha IPHUKJIA/I HMIIIHIPUYHOT reoMeTpii 30H/1a Ta OTIOPHOTO €JIEKTPOa (KOPIyCy CYIMyTHUKA) TIPH
HAa/I3ByKOBOMY IIOIEPEYHOMY BIIBHOMOJICKYIISIpHOMY 0OTikaHHi. IoHOC(hepHa ITa3Ma BBaXKA€ThCS MAKCBEJIBCh-
KOO, CKJIQIA€ThCS 3 €IEKTPOHIB Ta OJHO3aPSIHIX aTOMApHUX iOHIB KUCHIO Ta BOJHIO. MOJIETIOBaHHS IPOBEIECHO
Ha OCHOBI PO3pO0JICHOI paHille MAaTeMaTHYHOI MOJIE, [0 BU3HAYAE ENEKTPUYHY Ta Fa30AWHAMIYHY B3aEMOIII0 B
IUIaBalOYild cucTeMi "30H] — I1a3Ma — KOPIyC CyIyTHHKA" Yepe3 napaMeTpH IUIa3MH, 30HJ0BOI CUCTEMH Ta I0Te-
HIia 3CYBY 30H[a IO0 KOPIYCY CYITyTHHKA.

BukoHaHO MOZIENIIOBaHHSI BU3HAUECHHS TEMIIEPATyPH €JIEKTPOHIB 32 KJIACHYHOIO HPOLIEYPOIO TEOPii OXUHOTHO-
ro LWIHAPUYIHOTO 30H/a IPH BUMIPIOBAHHAX 30HIOBHX CTPYMIB Ha IMOYATKOBIN AUIAHII 10HHOT 00J7acTi Ta B me-
pexizHiit o6nacti BoJIbTaMIIEpPHOT XapaKTEPUCTUKH IIABAIOY0i 30HA0BOI CUCTEMH. B paMkax BUKOpHCTaHOI MOie-
i OTPUMAHO KiNbKiCHI OIIHKHM METOJMYHOI IIOXHOKM BH3HAYEHHS TEMIIEpaTypHU €IeKTPOHIB B yMOBaX HEBHU3HAUe-
HOCTI mapaMeTpiB i0HOC(EpHOI IJIa3MH — 1OHHOI'O CKJIaLy, CTYICHS HEPIBHOBKHOCTI, HIBUAKOCTI OOTiKaHHS.
I[Toka3aHo, 110 PH BiJHOMICHHI IUTOLI KOPIyCYy CYMyTHHKA i 30HAa moHaa 300 MeToauyHa NOXHOKA HE NEPEBHIIYE
2 %. OTpUMaHO YUCIIOBI Ta AHATITHYHI OLIHKK MIOXUOKU BU3HAUCHHS TeMIIEPaTypH eJIeKTPOHIB 3a PO3PAXyHKOBH-
MH (GopMynaMu Teopii OANHOYHOTO 30H/A 3aJeKHO BiJl TOYHOCTI BUMIPIOBAHHS 30HIOBHX CTPYMIB Ta IOTEHIlia-
niB. TlokasaHo, 1110 B paMKax NPUHHATOI MOJei 30MpaHHs CTPYMiB METOJMYHA TOXHOKa BUKOPHCTAHHS PO3paxy-
HKOBHX (YOPMYJ OJJMHOYHOIO 30H/a ICTOTHO MEHINA 33 MOXUOKY PO3PaxyHKOBHX (OPMYIT IPH TOYHOCTI BUMIpIO-
BaHHS CTPYMIB i noTeHIianis B 1 %.

OtpuMaHi pe3yIbTaTd MOXKYTh OyTH BHKOPHCTaHi JUIS MiATOTOBKY Ta IPOBEAEHHS IiaTHOCTHKU ioHOC(epHOI
IUIa3MH 3 BUKOPUCTAHHSIM Ha/MAJIMX CYIIyTHHKIB.

Kniouosi cnosa: ionocghepra niasma, ioHU amomapHO20 KUCHIO MA 600HIO, HAOMAN KOCMIYHI anapamu,
nasaya 30H006a cucmemd, OOUHOYHUU YULTHOPUYHUL 30HO, OOCIOBIPHICMYb 6U3HAYEHHS MeMnepamypu eieKm-
PDOHIB.

The goal of this article is to theoretically substantiate the applicability of classical formulas in the theory of a
single cylindrical probe to determining the electron temperature using the current-voltage characteristic of a float-
ing probe system of probe — plasma — ultrasmall spacecraft structure in ionospheric conditions. Probe measure-
ments are considered using a cylindrical probe and a cylindrical reference electrode (spacecraft structure) in a
supersonic transverse free-molecular flow. The ionospheric plasma is considered to be Maxwellian and consist of
electrons and singly charged atomic ions of oxygen and hydrogen. The modeling is based on a mathematical model
developed earlier, which determines electrical and gas-dynamic interaction in the floating system of probe —
plasma — satellite structure as a function of the plasma and probe system parameters and the bias potential of the
probe relative to the spacecraft structure.

Electron temperature determination was simulated using the classical procedure of the theory of a single cylin-
drical probe based on measuring the probe currents in the low voltage part of the ion region and the transition
region of the current-voltage characteristic of a floating probe system. For the model used, the methodological
error in determining the electron temperature was quantitatively estimated taking into account the uncertainty in
ionospheric plasma parameters, such as the ion composition, degree of nonisothermality, and flow velocity. It was
shown that, for a satellite-to-probe area ratio greater than 300, the methodological error does not exceed 2%. Nu-
merical and analytical estimates of the error in determining the electron temperature using the calculation formulas
of the single-probe theory were obtained as a function of the probe current and potential measurement accuracy. It
was shown that, within the adopted current collection model, the methodological error of using the calculation
formulas for a single probe is significantly less than the error of the calculation formulas at a current and potential
measurement accuracy of 1%.

The obtained results may be used in preparing and conducting ionospheric plasma diagnostics using ultrasmall
spacecraft.

Keywords: ionospheric plasma, atomic oxygen and hydrogen ions, ultrasmall spacecraft, floating probe system,
single cylindrical probe, reliability of electron temperature determination.
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Introduction. Among contact methods for ionospheric plasma diagnostics, the
most widely used is the stationary cylindrical Langmuir probe [1-6]. This is primarily
due to the simplicity of the measuring equipment design, a well-developed theory, and
acceptable accuracy in measuring the electron density and temperature in the vicinity
of a satellite.

The reference electrode of a Langmuir probe is typically the surface of conducting
elements of the satellite body that have electrical contact with the plasma. Since the
probe measurement system onboard the satellite is floating, the reference electrode
acquires such electrical potential at which the total current to the satellite equals zero

[7]. The rather stringent condition S; =S, / S, > 10° for the ratio of the areas of the
reference electrode S, and the probe S, and highly rarefied ionospheric plasma sig-

nificantly limit the registered probe currents when using the single Langmuir probe
measurement scheme on micro- and nanosatellites.

This article is a continuation of the work [8] on the substantiation of the applica-
bility of the classical relations of the theory of a single cylindrical Langmuir probe for
the diagnostics of ionospheric plasma onboard small satellites. In the work [8], the ef-
fect of the geometric parameter S, and the error in measuring currents on the reliabil-

ity of determining the electron density using the classical relations of the theory of a
single cylindrical probe in the low voltage part of the electron region of the current-
voltage characteristic (CVC) of the floating probe system (FPS) is estimated. In this
article, the effect of the geometric parameter on the reliability of determining the elec-
tron temperature of the ionospheric plasma at altitudes from 400 km to 800 km, where
the majority of ions are hydrogen and oxygen [9], is quantitatively estimated.

Problem formulation and mathematical model for probe measurements on-
board a very small satellite under ionospheric conditions are presented in [8]. It is
assumed that the FPS consists of sufficiently long cylindrical electrodes — a probe

with a base radius 7, and a reference electrode (satellite body) with a base radius

t.» - The electrodes are placed transversely in a supersonic ionospheric plasma flow

with a mass velocity V. The end surfaces of the electrodes are insulated from the
plasma.
The charged particles of the ionospheric plasma are electrons and singly

charged oxygen O and hydrogen H " ions. The unperturbed plasma is considered
to be Maxwellian, quasi-neutral, and nonisothermal. The ion temperatures are iden-
tical, 7. =T, or =1 and the degree of nonisothermality is characterized by the

parameter B =7,/T; , where T, is the electron temperature. The ion composition of

the plasma is characterized by the parameter ¥, =n,,. / (n e T )E Ny / n,,

where n n,. are the densities of ions H " and O", respectively, n, is the

H*> €
electron density.

We consider that the electrostatic and gas-dynamic influence of the electrodes
on each other is weak; the side surfaces completely absorb the charge of incident
particles, and there is no emission current from the surfaces; the flow around the
electrodes is free-molecular; the effect of magnetic field on the probe current is
insignificant; the presence of different species of ions in the plasma does not sig-

nificantly alter the self-consistent electric field near the electrodes.
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The main geometric parameter of a FPS is the ratio of the current-collecting
surfaces of the reference electrode and the probe, S; =S, / S, . The case S; —>©

corresponds to the single-probe theory. It is necessary to evaluate the applicability
of the formulas of the single-cylindrical probe theory to determining the electron
temperature 7, from FPS probe current measurements in the ion and transition re-

gions of the CVC.

Mathematical model of current collection. The electrical and gas-dynamic
interaction of a cylinder with a plasma flow is determined by the ion velocity ratio
S; =V /u; , the characteristic cylinder size relative to the Debye length =7, /), ,

the electric potential of the cylinder relative to the undisturbed plasma U, , and the

ratio of the temperatures of the charged particles B =7, /7; . Here, u; is the thermal

velocity of ions of species i with mass m;, 7, is the cylinder base radius, and 2, is
the Debye length.

A mathematical model for currents collection by cylindrical electrodes in su-
personic flow of ionospheric plasma is substantiated in [8]. That model takes into
account different values of parameter & for the probe and reference electrode and
different velocity ratios S; for oxygen and hydrogen ions in the flow, S; is 4 times
smaller for hydrogen ions than that for oxygen ions. An approximation of the de-
pendence of the ion current collected by the cylinder on the parameters &, S;, and
the cylinder's potential ¢ relative to the plasma is developed using the classical
Langmuir asymptotic relations [10] and the calculation results from [11-13] of
solving a system of two-dimensional Vlasov—Poisson equations for transverse free-
molecular flow around a cylinder. In dimensionless quantities, the total current to
the cylinder is estimated by the relation (the electron current to the cylinder is posi-
tive):

L. (0)=T.(0) =T (). T;(0) = Jia /B (41, - T,p- (0)+(1=2) T (0)). (1)

where I_C , 1 s I_l stand for the total, electron, and ion currents to the cylinder, re-

spectively, normalized to the thermal electron current; / o+ > 1+ are the currents

to the cylinder of ions O, H", normalized to the thermal currents of ions of the
corresponding species, ¢ =eU/kT, is the dimensionless electric potential (U is

the dimensional potential, k is the Boltzmann constant, e is the unit charge),
Uy, =m, / M. is the ratio of the masses of charged particles. Calculation formulas

for the currents /,, 0

In the ionosphere, the FPS is always at an equilibrium potential, defined by the
zero total current of charged particles through all collecting surfaces of the elec-
trodes. The potential of the satellite body (reference electrode) U, relative to the

. and 1_H+ are given in [8].

undisturbed plasma is almost always negative. The probe potential relative to the
undisturbed plasma writes U, =U;, +U,, where U, is the bias potential which is

cp> iz
probe potential relative to the reference electrode potential. A probe measurement

is registering the current /, in the “probe—plasma-reference electrode” circuit

while modulating the bias potential U, .
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The dimensionless probe current /. , at the bias potential @;, is determined by

solving a system of nonlinear equations:

Tp((piz)zl_c((piz+(pcp)’ (2)

ST (00 )+ T (0 + 00 ) =0, (3)

where @, is the equilibrium potential of the reference electrode relative to the un-

disturbed plasma potential, corresponding to the bias potential ¢,,. Here and be-

low, the index "cp" refers to the reference electrode, and the index "p" refers to the
probe.

We assume that the following constraints hold for the probe and reference
electrode:

&, =rp/kd <l, &,= Cp/kd <10.
Thus, relations (2), (3), (1) define the electrical and gas-dynamic interaction
(the dimensionless CVC 1 » ((piz)) in the floating system “probe—plasma-reference

electrode” through the dimensionless parameters y,, t,, B, S;, S, and the bias
potential @, .
The dimensionless parameters y,,, B, S;, S, ¢;, are determined through the

unperturbed plasma parameters n n,, T,, 1,, V, the geometric parame-

s Mg s

ters of the probe system S, S, , and the probe bias potential U, . The dimen-

cp >
sional CVC of the FPS is determined by the relation / p(U,-Z): Je S, I » ((p,-z),

where j, =e\k/2nm, ne\/F is the density of the thermal electron current.

e

Direct problem of probe measurements is to calculate the CVC of the probe
I, (U iZ) for the given values of the unperturbed plasma parameters (n,,%,, 1,, 1;,

e’

V') and parameters of the FPS (S »» Sep)- Similarly to the case of a single cylin-

drical probe (characterized by S, — o), the CVC of the FPS can be convention-
ally separated into three characteristic regions: the ion saturation region

(U, <U, ,1,<<1I,), the electron saturation region (U, >U,. ,I,>>1,), and the

1z>7e iz »*e
transition region (U, <U,, <U,, ), where Uy, U,, are the accepted low and high

boundaries of the transition region of the CVC, respectively.
It is familiar that the CVC of a FPS differs most significantly from that of a

single cylindrical probe in the electron saturation region. The ion region of the
CVC for the FPS with the electrodes areas ratio S, >20 is practically equal to that

of a single probe, for which the potential of the reference electrode relative to the
plasma is constant. Fig. 1 shows in dimensionless form the dependences of electron
to ion currents ratio on the bias potential @;, in the transition region of the CVC at

S, =600 for y, =0 (thick solid curve), y, = 0.3 (thin solid curve), and %, = 0.7

* ok

(dotted curve). The calculations are performed for S; =5, u, =3.4-10 and
B=13.
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The upper boundary U : of the transition region corresponds to the zero probe
potential U, relative to the plasma. In dimensionless form, the upper boundary of the
transition region is determined by the condition

¢, = _(pcp . (4)

L00 Thus, within the framework of the

adopted current collection model by FPS, (pfz*
is determined quite accurately by solving the
system of nonlinear equations (3), (4). Fig. 2
represents the dependence of (pfz* on the elec-
trode areas ratio S, for y, =0 (thick solid
curve), 0.1 (thick dashed curve), 0.3 (thin
solid curve), 0.5 (thin dashed curve), and 0.7
(thin dotted curve).

Fig. 3 shows the dependence of the di-
mensionless equilibrium potential ¢, of the

0.01

reference electrode on the bias potential ¢;,

near the transition region of the CVC for
Y, =05 at S, =200 (dotted curve), 300
(thin dashed curve), 400 (thin solid curve),
800 (thick solid curve), and 1600 (thick
dashed curve).

0.0001

-3.2
Pep

3.1 -3.5 '
100 400 700 Ss 1000 -10 -5 0 o,

Fig. 2 Fig. 3
We notice that changing in the parameters S, and %, within the considered
limits leads to a fairly significant change in the equilibrium potential ¢, and the

upper boundary of the transition region (pfz* . Since, in general, the electron tem-
perature can be determined under the uncertainty in the ion composition and the
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electrodes areas ratio, for modeling we use the lowest value of (p;* =3.2 (see

Fig. 2), thereby reducing the transition region of the CVC.
The data presented in Fig. 1 at negative bias potentials show that the lower

boundary of the transition region (p;kz is quite arbitrary, and we determine it by the
ratio of the electron current to the ion current at the probe

d =t /1] =[lr, =11,

rent from ion current in the ion region of the CVC. An increase in the parameter

. Essentially, d is the relative deviation of the probe cur-

%, from 0 to 0.7 for ¢;, <0 is decreasing d by 10% to 30%, so for given d", (pfz
is shifting toward zero reducing the transition region. Therefore, due to the uncer-
tainty of the plasma ion composition %, , during modeling we use the dependence
of d on @;, at y, =0, which is approximated (p:-; =0.0022+2.26-1g(d*). We
select such d” at which electron current is smaller than measuring current error

*
g;,s0d <gj.

Inverse Problem of Probe Measurements. Let’s model the measurements in
Tonosphere using FPS utilizing the mathematical model of current collection (1) —
(3). We consider the problem of determining the electron temperature (parameter

T, of the mathematical model) based on the probe current measurements /, (U ,.Z)
by the FPS in the transition and high voltage side of the ion regions of the CVC.
We use a procedure for determining the electron temperature from the CVC of a sin-
gle stationary cylindrical probe in a plasma flow with single-species ions [14].

The classical procedure for determining the electron temperature includes two
main stages of processing the CVC of a single cylindrical probe: extrapolation of
the ion current Ifm(Ul-Z) from the ion saturation region to the transition region of
the CVC and differentiation of the experimentally obtained linear function
ln[I . (U iz )] in the transition region of the CVC.

Within the framework of the mathematical model of current collection (1) — (3),
(1), the methodological error of applying the procedure for determining 7, using a

single cylindrical probe is estimated by calculating 7_’6 using the classical approach
from the currents 7/, (Uiz) obtained from the solution of problem (2), (3), (1), and

then comparing it with 7. The relative error €4, = (7_"6 - Te)/ T, corresponds to the

specific measurement conditions (bias potential U, at measuring probe currents

1, (U ,-z)) and the method of processing the results (methods of ion current extrapola-
tion and numerical differentiation of ln[l B (U i )])

In the modeling, the dimensional upper boundary of the transition region is
specified as U, ~3.2kT, /e, and the lower boundary as U,, ~—4kT, /e.

Extrapolation of the ion current from the ion region to the transition region of
the CVC is based on the classical Langmuir asymptotic formula, which specifies

the current to the thin cylinder in the ion-attracting electric field to be \—¢, [10].

For plasma with single-species ions, due to the linearity of 1*(U, L=l 2 (U ) in the

p\~iz
ion region of the CVC, the following relation holds:
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where U, <U;

1z]

*
SUiZ'

iz iz] , (5)

Let /7™ be the ion current calculated by (5) for bias potentials U, from the

transition region of the CVC (U, ; <

U, < U;;*). Fig. 4 shows the dependence of the

1z —

relative extrapolation error of the ion current g; = (Ifm -1 )/ I; (thin curves) and

0.02

0.01

0 0.4

Fig. 4

U.

1z°

0.8

e

electron current g; = (I 17—, )/ I
(thick curves) on the bias potential U;, (in
volts) for y,= 0.5 at S,= 100 (dotted
curve), 200 (dashed curve), and 1000 (solid
curve). The calculations were performed
for Uy, =-1V,U,,=-4V.

The presented results illustrate the fa-
miliar fact of suppression of the ion current
by the electron current in the transition re-
gion of the CVC. As the bias potential in-
creases higher from the ion region, a sig-
nificant increase in the ion current extrapo-
lation error &; occurs, but the relative er-

ror in determining the electron current ¢,
e

decreases and does not exceed fractions of
a percent.

Electron temperature is determined using the calculation formula for a single
probe:

e

k

dU,

1z

tr -1
Tzildln(lpli )] | ©)

Within the framework of the theory of a single cylindrical probe, this formula
is exact, since the potential of the reference electrode is constant. In the general
case of a FPS, as shown above, the potential U, in the transition region changes

quite noticeably. Fig. 5 represents the effect of parameters 7y, (a), 7, (b), V' (c) on
the methodological error ETe at S,=200 (dotted curves), 300 (thin dashed curves),

400 (thin solid curves), 800 (thick solid curves), 1600 (thick dashed curves) and an
upper estimate of the effect of these parameters under ionospheric conditions de-
pending on S, (d). During the modeling, the differentiation of the logarithm of the

function I, ~ 1, -

1

squares method.
An analysis of the modeling results shows that variations in the flow velocity

V' and parameter B do not significantly affect the error in determining the electron

I?" is carried out using linear approximation by the least

temperature. A change in the plasma ion composition (parameter Y, ) results in a
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change in §Te up to 0.5 %. The greatest effect is exerted by the electron tempera-
ture 7, and the electrode areas ratio S, . A decrease in these parameters leads to an
increase in the methodological error. For S, > 100, the error &7, does not exceed
5 %, and for S, > 300, it does not exceed 2 %. Note that with a further increase in
clectrodes areas ratio S, the methodological error €7, decreases, but does not ap-

proach zero, it is about 1 % for S, =2000.

0.02 0.03
er, T T er,
0.02
0.01 //’ ______ -
7
/
/\ 0.01
0.00 | o — — —
7 0
-0.01 : -0.01 ' '
0 0.5 v, | 1000 2000 3000 7,,K
a) b)
0.02 0.05
ETe ----------- ETE
0.015 |
0.04 |
001 | T T TTTT———
0.03 |
0.005 |
0.02 |
0 o T e c— — c—
-0.005 001 -
6.5 7.5 8.5 0 500 1000
V ks Sy
9) d)
Fig. 5

The results presented in Fig. 5, d) are, within the framework of the current col-
lection model (2), (3), (1), an upper estimate of the methodological error ETe with

uncertainty in the model parameters y,, V', B, T, for the procedure for determin-
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ing the electron temperature in ionospheric conditions using calculations based on
the single-probe theory. The results show that the level of methodological error of
the procedure for the 7, determination using FPS is significantly less than the level

of actual error in determining the electron temperature by the CVC of a single cy-
lindrical probe [14].

Probe measurements errors. To determine the electron temperature from the
CVC of the FPS, formulas (5) and (6) are used. These formulas are accurate within
the framework of the theory of a single probe in a plasma flow with single-species
ions [14]. To estimate the effect of bias potential and probe currents measurements
errors on the error in determining the electron temperature by (5), (6), we use a two-
point difference approximation during numerical differentiation in formula (6):

e U

iz4_U

7 = : (M
g ln[lp (Uiz4 )_ " (Uiz4 )] - m[lp (Uiz3 )_ I (Uiz3 )]

* sk
where U, <U,,; <U;,, <U, .

For temperatures 7, and Te , calculated using (5) and (7), respectively, for "ac-

e

tual" 7, (U, ) and "measured" I » (ﬁ iz) probe currents, the following estimate holds

(r.-7.)r.

Here &7, is the maximum relative error in determining the electron temperature

SSTe z381tr +481ir +48U' (8)

using formulas (5), (7); €, , €;,. , &y are the maximum relative errors in measur-
ing probe currents in the transition region (‘(1 »—1, )/ 1 p‘ <g; ), in the ion region

(‘(Tp -1, )/Ip‘ <g;._ ), and bias potentials (‘(ﬁiz -U,, )/Uiz <gy ), respectively.

The separation between the measurement conditions for the ion and transition re-
gions of the CVC is due to the significant difference (by an order of magnitude) in
the levels of the measured currents. Estimate (8) is obtained for ionospheric condi-

tions at |U iz3| << U, , taking into account the modeling results, which show that in

the ion saturation region, the ratio of probe currents / »WUizp) / I »(Uz,) is the larg-

est when y, =0.

As one can see, the relative measurements error er, doesn’t depend explicitly
on the geometric parameter S;. However, the total error, including the methodo-
logical error ETe of the procedure for determining 7,,, depends on the electrodes
areas ratio S, as shown at Fig. 5, d).

The estimates and modeling results show that, with a current and potential
measurement accuracy of 1 %, the methodological error €7, of using the calcula-
tion formulas of the single-probe theory to determine the electron temperature is
significantly less than the error er, of calculations using formulas (5) and (7).

Conclusions. The applicability of classical single-cylindrical probe theory to
determine the electron temperature from floating probe system current measure-

ments in ionospheric conditions is theoretically substantiated. The substantiation is
based on a mathematical model that describes the electrical and gas-dynamic inter-
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actions in the floating system “probe—plasma—spacecraft body” through the pa-
rameters of the plasma, probe system, and probe bias potential.

Determining electron temperature is modeled using the classical procedure of
single-cylindrical probe theory by measuring probe currents in the ion saturation
region and transition region of the CVC of the floating probe system. Methodo-
logical error in determining electron temperature under conditions of uncertainty in
ionospheric plasma parameters (ion composition, degree of nonisothermality, and
flow velocity) is quantitatively estimated within the framework of the FPS model.
It is shown that, for the spacecraft body to probe area ratio greater than 300, the
methodological error does not exceed 2 %.

The obtained numerical and analytical estimates make it possible to select the
parameters and measurement modes of the floating probe system and to determine
the required measurement accuracy when planning and conducting ionospheric
plasma diagnostics experiments onboard ultra-small spacecratft.
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