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MeToto po60TY € po3pobKa npoLefypy ideHTUiKaLiT napameTpiB 6e33iLUTOBXyBaNbHOI NNasmMm AUCOLLiii0-
BAHOM0 [BOXaTOMHOrO rasy 3a Bo/bTamrepHo XapakTepucTukoro (BAX) i30n1b0BaHOT 30HAOBOT cuctemun. Bumi-
proBasibHa 30HA0Ba CMCTEMa NPefCcTaBAse COOOK NONepeyHo 06TiYHI LMNiHAPUYHWIA 30HA Ta ONOPHWIA enekTpos,
LLI0 CKMAfAETbCS 3 AEKINbKOX LMAiHAPIB. 3 BUKOPUCTAHHAM BiJOMMX TEOPETUYHUX i EKCNIEPUMEHTAIbHUX 3a/IeX-
HOCTe iOHHOTO Ta eNeKTPOHHOro CTPYMIB Ha LuMiHAP NobyAoBaHO maTemaTWyHy Mogenb 36MpaHHs CTpymy
30H[0BOKD CUCTEMOI Y CTPYMeHi ra3opo3psgHOro [kepena nabopaTopHoi AucouiiioBaHoi nnasmu. Mogenb
BK/HOYaE po3paxyHOK PiBHOBaXHOrO NOTEeHL|iany ONOPHOTr0 eNeKTPOAA MPU 3MiHi Hampyry 3MiLLeHHs 30HAY.

OTpuMaHi aHaniTUYHI CMiBBIAHOLLIEHHS, L0 A03BOMAKOTL BU3HAYMTU CTYNiHb AUcoLiauii iOHIB Y CTPyMeHI
nnasmu 3a pesynbTaTaMmy BUMIpiB 30HA0BUX CTPYMIB B 06/1aCTi HACUUEHHS! e/IEKTPOHIB MpW 3MiHi M/10LLi NoBepx-
Hi onopHoro enekTpoAa. Mpy NpUIAHATYX AONYLLEHHSX BIPOTiAHICTb BU3HAYEHHS CTYMEHH0 Aucouialii nnasmu
3a1eXNUTb TifIbKY Bifi TOYHOCTI BUMIpIOBaHb 30HA0BOrO CTpyMy. ChopMynb0BaHO 06MEXEHHS Ha PO3MipK 30HA0-
BOI CUCTEMM Ta Ha NOTEHL|iann 3MILLEHHS 30HAY LLOAO 3aCTOCOBHOCTI 3arMpOnoOHOBaHOI METOAVMKMN BUMIPHOBaHHA
CTyMeHto gucouiayii nnasmu. KoHLeHTpaLis 3apsmkeHNX YaCTUHOK Ta eNeKTPOHHa TeMnepaTtypa AVCOLiioBaHOi
nnasmMn y CTpyMeHi ra3opospsgHOro Mxepena BU3HA4alOTbCA Ha OCHOBI NO6GYAOBaHOI MaTeMaTWYHOI MOAeni 3a
paHile po3pob/ieHo aBTopammn NpoLefypoto iHTepnpeTauii BAX. Mpoueaypa nepegbayae BU3HaveHHs napame-
TpiB NMa3mu, 3a AKUMKU TeopeTuuHa BAX HalikpaLimMm Y1MHOM OMKCYE eKcrnepuMeHTanbHy BAX.

MpoBefeHO YMCNOBI JOCNIMHKEHHS BM/IMBY NMOXMOOK BUMIpIOBaHb 30HAOBMX CTPYMIB Ha BiHOB/IEHHs napa-
MeTpiB Nnasmu. B pamkax NpURHATUX NpUMyLLeHb OTPUMaHI OLiHKW BipOrigHOCTI BiAHOBNEHHS CTYMNEHO AWCO-
Liauii nnasmm B 3aN1eXXHOCTi Bifl MOXUOOK BUMipHOBaHb 30HAOBUX CTPYMiB. OTpUMaHi pe3ynbTaTyi MOXyTb ByTu
BMKOPUCTaHi y AiarHocTuLi 1abopaTopHOi nnasmu.

KntoyoBi cnoea: cTpyMiHb 6€33iLUTOBXyBa/lbHOI AMCOLiA0BAHOT MnasmMu, i30/bOBaHa 30HAOBA CUCTEMA,
LMNIHAPWYHI eneKTPpoAY, MaTeMaTuHa MoAeNb 36MpaHHa CTPYMy, PiBHOBaXKHUIA NOTeEHLian, CTYMiHb ANCoLi-
auir.

Llenbto paboTbl sBnfeTCs pa3paboTka npoueaypbl MAEHTUMKALMMA NapaMeTpoB 6ecCTONKHOBUTENBHOM
nnasmbl AMCCOLMMPOBAHHOIO [BYXaTOMHOMO rasa no BOMbTamrepHoii xapaktepuctvke (BAX) 130nMpoBaHHOM
30HJ0BOI CUCTEMbI. VI3mepuTenbHas 30H4OBas cvcTeMa MpeacTaBnseT coboii nomnepeyHo o6TeKaeMble LWAVH-
[pVYeCKuiA 30HA W OMOPHbIVA 3NeKTPOS, COCTaBNEHHbINA U3 HECKOMbKNX LUANHAPOB. C 1CMNONb30BaHNEM 13BeCT-
HbIX TEOPETUYECKUX W 3KCNEPUMEHTA/IbHBIX 3aBUCUMOCTEVE MOHHOTO Y 3/1EKTPOHHOIO TOKOB Ha LU/IMHAP NOCTPO-
eHa MaTemaTnyeckas MOfieNb COBMpaHKs ToKa 30HA0BOI CUCTEMOIA B CTpYe rasopaspsgHoro UCTOYHUKa nabopa-
TOPHOIA AVcCoLMMPOBaHHON NNas3Mbl. Mofe/b BKOYAET pacyeT paBHOBECHOMO NMOTEHLMaNa ONOPHOro 3/1eKTpoaa
NPV U3MEHEHUN HaMPSHXKEHNS CMELLLEHNS 30HAa.

MonyyeHbl aHaNUTUYECKMe COOTHOLLEHUS, MO3BOMAOLLME OMNpeAeNnnTb CTeneHb AMCCOLMaLmn MOHOB B
CTPpYye Nna3mbl Mo pesynbTaTtam M3MepeHUi 30HA0BbIX TOKOB B 06/1aCTV HAaCbILLEHWS 3N1EKTPOHOB NPW U3MeHEHNN
N/10LLaAM NOBEPXHOCTI OMOPHOrO 3NeKTposa. Mpu NPUHATBLIX LOMYLLEHWAX JOCTOBEPHOCTbL OMpese/eHns cTene-
HUW yccoupauyy Nnasmbl 3aBUCKT TOMbKO OT TOYHOCTU M3MEPeHUI 30HA0BOr0 Toka. ChopMynmMpoBaHbl OrpaHu-
YeHWs Ha pa3mep 30HAO0BOW CUCTEMbl W Ha MOTeHLMasbl CMeLLeHNa 30HA4a AN NPUMEHUMOCTMN NPeS/IoXKEHHON
METOAMKN U3MEepEeHNs CTeneHn auccoupaunm nnasmbl. KOHLEHTPaL s 3apsXkeHHbIX YacTUL, U 3NeKTPOHHaA Tem-
repatypa AMCCOLMMPOBaHHOM NNa3Mbl B CTPYE ra3opaspsgHoOro MCTOUHUKA OMPeAensatoTcs Ha OCHOBE MOCTPOeH-
HOI MaTemMaT14ecKoli Mogenn no paHee pa3paboTaHHOI aBTopamu NpoLeaype nHTepnpeTauum BAX. Mpoueaypa
OCHOBaHa Ha OnpefiesleHN 3HaueHnii NapaMeTpoB M/1asMbl, MPYU KOTOPbIX TeopeTuyeckas BAX Havnyywmnm 06-
pa3oM OMNMCLIBAET 3KCrepuMeHTanbHy0 BAX.

MpoBefeHbl YNC/EHHbIE UCCNERO0BAHNSA BAWAHWA MOTPELLHOCTEN M3MEepeHMs 30HAO0BbIX TOKOB Ha BOCCTa-
HOB/IEHME NapaMeTpoB Ma3mbl. B paMmkax NPUHATLIX AOMNYLLEHUI NOAYyYeHbl OLEHKN A0CTOBEPHOCTW BOCCTaHOB-
NeHUs CTeneHn AnccoLmalmn nna3mbl B 3aBUCUMOCTU OT TOYHOCTW M3MEPEHUS 30HA0BbIX TOKOB. IMoNnyyeHHble
pe3ynbTaTbl MOTYT 6bITb MCMOMb30BaHbI B ANarHOCTHKe NabopaTopHON Nnasmbl.

KntoueBble CoBa: CTPYs GeCCTONKHOBUTENLHON AUCCOLMMPOBAHHON Nnasmbl, N30MPOBaHHAS 30HA0BAS
cUCTEMa, LMNMHAPUYECKE 3NeKTPO/bI, MaTeMaTuyeckas MOfieNlb COBMPaHNs TOKa, PaBHOBECHBI NOTeHLuman,
cTeneHb Anccoumaunm.

The topicality of this paper stems from the need to develop a modern home high-speed motor-car train with
a passive safety system (PSS) in accordance with Ukrainian State Standard DSTU EN 15227 now in force in
Ukraine, which regulates the passive safety of a passenger train in collisions with obstacles. A PPS includes ener-
gy-absorbing devices (EADs) designed for reducing the longitudinal forces in the intercar connections and the car
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accelerations in an emergency. The aim of the paper is a mathematical simulation of dynamic loads on the head
car of a motor-car train with PSS elements in a collision of identical reference trains at a speed of 36 km/h accord-
ing to Scenario 1 of DSTU EN 15227. The scientific novelty of the paper is a mathematical model and program
modules developed for the study a front collision of reference motor-car trains considered as chains of solid bod-
ies connected with one another via essentially nonlinear elements. The force characteristic of an intercar connec-
tion accounts for the operation of the absorbing apparatus of the coupling devices, the possibility of the draw-and-
buffer gears shifting into the undercar space, EAD plastic deformation, and the possibility of plastic deformations
in the car structures. The proposed mathematical model gives the mean values of the car accelerations and plastic
deformations for comparison with the permissible values according to DSTU EN 15227. Dynamic loads on the
cars of a PPS-equipped motor-car train in a collision of identical reference trains were analyzed. Different variants
of use of the energy-absorbing devices developed at the Institute of Technical Mechanics of the National Acade-
my of Sciences of Ukraine and the State Space Agency of Ukraine were considered. The devices include lower-
level ones to be mounted at the coupler level (EAD 1 of energy capacity 0.95 MJ, EAD 2 of energy capacity 0.25
MJ, and EAD 3 of energy capacity 0.3 MJ) and an upper-level one to be mounted in the front underwindow part
of a head car (EAD UL of energy capacity 0.12 MJ). Dynamic loads on the cars of PSS-equipped trains in their
front collision were studied. It was found that the proposed passive protection (the front parts of each of the 80 t
head cars are equipped with two EAD and two EAD UL devices, their tail parts are equipped with two EAD 3
devices, and the 64 t intermediate cars are equipped with two EAD 3 devices at the front and at the rear) meets the
DSTU EN 15227 requirements for Scenario 1. The proposed mathematical model and the results obtained may be
used in designing head and intermediate cars for a home motor-car passenger train in accordance with the DSTU
EN 15227 requirements.

Keywords: emergency collision, head car, passenger motor-car train, energy-absorbing devices, passive
safety system.

Introduction. Laboratory modeling of ionospheric conditions, testing and cal-
ibration of scientific on-board equipment is an important stage in the development
(preparation) of space experiments and technological processes in plasma. Using
diatomic gases (nitrogen, oxygen, hydrogen) in rarefied plasma sources, dissociat-
ed gas flow with parameters close to required conditions [1, 2]. Laboratory model-
ing of ionospheric measurements, technological plasma processes involve a com-
plete diagnosis of laboratory plasma.

The most developed and commonly used diagnostic method to date remains
the method of a cylindrical Langmuir probe [3]. An effective procedure for inter-
preting the I-V characteristic of a single cylindrical probe immersed in a stream of
a three-component (consisting of neutrals, positive ions, and electrons) collision-
less plasma is proposed in [4]. This procedure is based on a comparison of the the-
oretical approximation of the I-V characteristic with the results of probe current
measurements. A priori information about plasma properties and experimental
conditions is specified as restrictions on the parameters of the theoretical 1-V char-
acteristic. In [5], this procedure is extended to a system of isolated cylindrical
probes with an arbitrary ratio of current-collecting surface areas of the probe and
the reference electrode. Developed procedure it capable to interpret probe meas-
urements on nanosatellites in the approximation of three-component plasma.

In this work, the procedure for interpreting probe measurements [4, 5] was
adapted for the diagnosis of laboratory dissociated plasma containing atomic and
molecular ions of the working gas of a plasma source.

Formulation of the problem. Let us consider the rarefied plasma flow pro-
duced by a gas-discharge plasma source by ionization of a diatomic gas (nitrogen,
oxygen, hydrogen) and acceleration of ions in the electric field of a jet flowing
into vacuum [1, 2]. Plasma in the jet is considered to be four-component, consist-
ing of neutral particles, atomic ions having the mass m; /2, molecular ions having

the mass m; and electrons.

The core region of the jet (a region with an uniform distribution of plasma pa-
rameters such as density n, , temperature T, of the charged particles of the kind
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o ) is placed in the vicinity of the jet’s axis and is limited to a cylindrical surface
with the base radius of Rj . In the core region, the degree of ions dissociation is

characterized by the parameter n i M , where n;;, n,, are the densi-
Nig+Niz N o
ty of atomic and molecular ions, respectively, n, is the density of electrons (the
condition of plasma quasineutrality follows n;; +n; , =n).
Since ions are accelerated in the electric field of the jet, mass velocities of
atomic V;; and molecular V;, ions satisfy the relation V;,/V;, = ,/milz/mi’l in

the core region.

A measuring probe system is placed in the core region ofthe jet. The probe sys-
tem consists of transversely streamlined cylindrical electrodes having areas ratio of
Ss =S¢ / Sy Where S, is the probe area, S, is the area of the reference electrode,

Sep >> S, is assumed. The base radii of the probe r, and the reference electrode
Iep are significantly smaller than their lengths, the end surfaces of the reference elec-

trode are isolated from the plasma, the electrostatic and gas-dynamic influence of the
electrodes on each other in plasma is negligible, emission currents from the electrode
surfaces are absent. The plasma in the core region of the jet is quasineutral, the flow
around the electrodes is collisionless, the influence of the magnetic field on the probe
current is not significant, and the velocity distribution of particles of the same kind is
Maxwellian. The temperatures of atomic and molecular ions are assumed to be the
equal, Tj; =T, =T;.

We assume that the probe system does not introduce a significant gasdynamic
and electrodynamic perturbations into the plasma flow. To ensure this the follow-
ing restrictions are accepted

lep << Rjet,
Ie,sat << Ii,jet' (1)

where 1, is the base radius of the reference electrode, I, o is electron saturation
current collected by the probe; I; ;¢ is the ion current through the core region of

the jet.

It is required to determine the degree of ion dissociation in the core region of
the jet from the results of measurement of the 1-V characteristic of the proposed
probe system — the dependence of the probe current |, on the probe potential U,

with respect to the reference electrode potential.

Mathematical model of current collection. The electric and gas-dynamic in-
teraction of the cylinder with the plasma flow is characterized by the ion velocity
ratio S; =V, /u;, ratio of the cylinder’s characteristic size to the Debye length

E=r./Ly , dimensionless electric potential of the cylinder ¢ (normalized by
kT,/e where e is the elemental charge) relative to the unperturbed plasma poten-
tial, ratios of masses u=m,/m; and temperatures 3 =T,/T; of charged particles,

degree of ion dissociation n. Here u; =,/2kT;/m; is the thermal velocity of the
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ions, k stands for the Boltzmann constant, r, is the cylinder base radius, A, is

the Debye length.

In prior works [4, 5], the approximation of the current collected by the cylin-
der in a flow of a collisionless three-component plasma is used obtained on the
basis of the classical asymptotic Langmuir’s relations [6], analytical studies [7]
and calculations [4, 8 — 10]. Preliminary qualitative calculations performed accord-
ingly to the method of [4, 11] for a four-component plasma show that the presence
of ions of different kinds (atomic and molecular) in the supersonic flow does not
lead to a significant change in the self-consistent electric field in the vicinity of the
streamlined cylinder. In a plasma stream containing both atomic and molecular
ions of a diatomic gas, the total current on the cylinder with applied potential ¢

relative to the plasma potential, is estimated by the following dimensionless rela-
tions (the electronic current on a cylinder is assumed to be positive):

Ie(p)=Te(0)— (L+0,424n /B - Ti (o),

exp(e), ¢<0
JTrexpl-po+s?)  0252/p:

) Z/N/EVZJ;ZJFSiz—B : (P<Si2/B,

where I_c, I_e stand for total and electronic currents, respectively, on a cylinder, nor-

Ti(o)

malized to the thermal electronic current; I; — ion current on a cylinder, normalized

to the thermal ion current of the corresponding ions kind. The thermal current of par-
ticles of a kind o is determined by the expression 1,q=]j,0-S., Where

Jou0 :enaua/Z\/E is the thermal current density, u, =+/2kT,/m, is the thermal

velocity, m, is the mass of particles, S, is the area of the cylinder’s current collect-
ing surface. Here the index o =i,1 corresponds to atomic ions, o =i,2 — to molecu-
lar ions, o =€ —to electrons.

In dimensional form, the dependence of the cylinder current 1. on its poten-
tial U relative to the unperturbed plasma potential is determined via the dimen-
sionless current 1, as follows:

Ic(U): je,O e I_c(eU/kTe)-
We imply the following restrictions on the radii of probe r, and reference elec-
trode r, [5]:
Ep =rp/kd <1, &, =rcp/xd <10.

Direct problem. Measuring I-V characteristic, we obtain the dependence of
the current I, in the circuit “probe—plasma-reference electrode” on the probe bias

potential U;, relative to the reference electrode (U;, =U, -Ug, whereU,, Ug,

83



are potentials of the probe and reference electrode, respectively, relative to the un-
perturbed plasma potential). Probe potential with respect to plasma potential is
Up=Uj; +Ug.

The proposed probe system is isolated. For each value of the bias voltage U;,

there is a corresponding equilibrium potential of the reference electrode U,

which provide zero total current of charged particles through all collecting surfac-
es of the probe system. For the reference electrode, the equation of current balance
in a dimensionless form writes

Ss - I_cp ((Piz )+ I_p ((Piz ) =0. 3)
Here, the dimensionless currents to the reference electrode I_Cp((piz)z I_C((pcp) and

to the probe I_Io ((piz)= R ((piz + (pcp) are determined by relations (2). For each value

of the bias potential ¢;, the solution of the nonlinear equation (3) for the potential
of the reference electrode ¢, gives the dependence of the equilibrium potential of

the reference electrode on the probe’s bias potential — ¢, zd)((piz). In a dimen-

sional form, the equilibrium potential of the reference electrode is determined as
follows

Ucp(Uiz):q)(eUiz/kTe)’kTe/e'

Thus, the 1-V characteristic of the probe in a dimensionless form is given by the
formula

I_p ((Piz)z I_c (®((Piz)+(Piz)’
and in dimensional form:
I p(Uiz): jeo : Sp ' I_c(q)(eUiz/kTe)+eUiz/kTe)-

Since the dependence of the current on the potential of the electrodes and parame-
ters n, u, B, S; is a continuous single-valued function (2), the solution (D((piz) of

the nonlinear equation (3) exists and it is unique for all considered values of the
bias potential o;,, it can be found using iterative method [5].

Under a sufficiently large positive bias voltage ¢;, , when the probe potential
relative to the plasma one satisfies ¢, = ¢;, + ¢¢,>> 1, the probe current is mostly
electronic:

I_c((Piz +(Pcp)z2/\/g'\/n/4+q)iz + @

and the reference electrode attracts ions:

To(0ep )~ —(1+0,414n) /B 2/Vx- B2 452 ~Bayy -

In this case, the current balance equation (3) allows us to obtain an analytical solu-
tion
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_(w/4+0,)-S, 2+ 04140 P 2+ 52)p
1+ S u(1+0,414n) '

Pep 4)

The dimensionless 1-V characteristic of the probe in the electron saturation regime
is determined as follows

12
fp(@iz)z%-(szu( : 2+1} AW2+82)B+n/a+o, . ()

1+0,414n)

It can be seen that, in contrast to a single Langmuir probe, in the proposed sys-
tem the electron saturation current depends on the ion flow velocity S; and the

degree of plasma nonisothermality . This is due to the insulation of the probe

system, as well as the shape of the reference electrode and plasma flow pattern
around it.

Relations (2), (3) that determine the parametric representation of the I1-V char-
acteristic of the “probe — plasma — reference electrode” system, include dimension-
less parameters n, w, B, S;, Sg, ¢;, defined through the following parameters of

the unperturbed plasma, probe, and reference electrode: n,, T,, m;, n, T;, V;,,
Sps Sep» Ui -
The dependences on the bias potential ¢;, of the probe current I_IO is shown on

p 1

Fig. 1 and of the equilibrium potential ¢, is shown on Fig. 2 for the ratio of the

electrode areas S; = 50, 100, 200, 300, 400. Three curves correspond to each Sq:
thin solid curve is calculated for the degree of dissociation n = 0, dotted curve — n
= 0.2, dashed — 1 = 0.5. The thick solid curve is calculated at S; = 1000, n=0. The

dots in the figures show the results of calculations by the formulas (4), (5) for the
corresponding Sg and n =0 (dots 1), n=0.2 (dots 2), n=0.5 (dots 3). The calcula-

tions are performed for such a parameters S, =4.6, u=2.7-10"°, p=4.2 that cor-

respond to the laboratory plasma used for modeling the flow conditions in the iono-
sphere [12].

plo B 400 ~- ":'
? 300 P 42
8 | e A= o e -
o - = '_,:::_: o
s | = e =20
—"‘p _-o—-"'o
ot JT- S
4 | ’}’ ‘-“0-:-__—8'"'-0- ___j_;-:*/;g
e 10
R= P e
5 | [
S = Sg:50
0 1 1 1
0 25 50 75 ®iz 100
Puc.1
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Fig. 2

The approximation (5) for the electron saturation current is applicable if the
following condition satisfy:

0, > op" = 6,/S?/p [sszu(u 0.414n) + 0.14]+ 6.5. (6)

From (6) one can see that an increase in the ratio of electrode’s areas S leads to

an increase in the necessary bias voltage ¢;, for achieving the electron saturation

regime. At the same time, the bias voltage is limited by conditions (1). The ion
current in the core region of the supersonic plasma jet can be estimated as

2
i jet = €NgVi 2R et

Then considering (5), the restriction on the probe size (1) writes:

rl , 1+ 0. 414 i Jet (7)
plp < !
/ imZax 2

X

where | is the probe length, op® is the largest bias potential applied to the

probe in measurements.

Inverse problem. Let the reference electrode to consist of a series of parallel
cylinders and each cylinder can be connected or disconnected from the electrical
measurement circuit. Such a measuring probe system makes it possible to simulta-
neously measure the I-V characteristic for various values of the area ratio S. Let

S, and S, be the two different values of area ratio. We assume that the local
flow parameters do not change when the area of the reference electrode changes.
Then, to each bias potential ¢;, corresponds the probe current I; in the measur-

ing system with S, = SS* and current I;* in system with Sg = SS**. Substituting

the measured currents in a dimensionless form in (5) and considering the two ob-
tained equalities relative to the parameters n, S;, B, we find
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n=2415. = /sif -l s -1, 8)

OB

Note that (8) defines the degree of dissociation m only through the dimensional

values of currents and does not depend on other parameters of plasma flow.
The degree of dissociation n is determined on the basis of (8) using the stand-

ard method for processing the results of measurements of probe currents I; and I;*
for various values of the bias potential U;, in the electron saturation region

i e
min _y & _ omax
Piz iz KT, Piz

The lower boundary of the acceptable range of the bias potential is found from (6)
at the largest value of the parameter S, the upper boundary is determined by rela-

tion (7) and is limited by the probe dimensions.
Numerical simulation of determination of the dissociation degree n by the

measurement of probe currents I; and I;* at parameter S, <[50,400] confirmed
the reliability of the obtained values of n:

8, <K@, ps)-3

— — 2 -1 =
K (T, py)~ _0.214 L (M+9)m 2 1020 139
n+0.01("  [(p +2.065)n —0.035] n+0.09
where 8, is the relative error in obtained n , m is the "precise” value of the de-

gree of dissociation, d, is the relative error in measurements of probe current,
Ps =S5 /Ss >1.
Thus, the problems of determination of the dissociation degree n and other

plasma flow parameters n,, T,, S;, B are independent. Having the n value de-

termined accordingly to the proposed procedure using (8), the kinetic parameters
of the plasma flow might be found using the mathematical model of current collec-
tion (2), (3) accordingly to the method [5] or the model (2) of current collection by
the single cylindrical Langmuir probe [4].

Conclusions. A procedure for determining the parameters of charged particles
in a jet of a gas-discharge source of a collisionless dissociated plasma of a diatom-
ic gas by the I-V characteristics of a probe system with cylindrical electrodes is
developed. An isolated probe system allows measurements with a discretely varia-
ble surface area of the reference electrode. A mathematical model of current col-
lection by the probe system in a high-speed flow of the dissociated plasma is con-
structed. Obtained analytical relations allow to determine the degree of ions disso-
ciation in a plasma jet by the results of measurements of probe currents in the elec-
tron saturation regime at various surface area of the reference electrode.

It is shown that the task of obtaining the degree of dissociation and the task of
determining the density of charged particles and the electron temperature of the
dissociated plasma are independent. Restrictions on the probe system size and on
the probe bias potential are formulated as the condition of applicability of the pro-
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posed procedure for measuring the degree of plasma dissociation. Within the ac-
cepted assumptions, the reliability of determining the degree of plasma dissocia-
tion is estimated depending on the accuracy of probe current measurements.

The obtained results can be used in planning and interpreting the experiments
in laboratory plasma.
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