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1. INTRODUCTION
In ionospheric plasma research by direct methods the measu

rements of main ion parameters are usually made with ion traps
eit.her in "floating" mode for measuring the total ion' density ni
or in the mode with ion energy analysis (RPA - retarding potential
analyzers) - to measure ion density ni' ion temperature Ti and
main ion masses Mi ; both spherical and flat RPAs are utilized.

The advantages of the spherical ion trap are its wide field of
view and higher sensitivity as compared to the flat RPAs, it.s
drawback is difficulties with measuring. ion temperature and
masses. The flat RPAs, despite the fact t.hat. t.hey are less
sensitive and have smaller FOV, show good results in measurements
of Ti and Mi (see Table 1) .

Qualitative comparison of spherical

parameter spherical

field of view 4n
sensitivity high, ( ~ 1)
ion density measured
ion temperature T., , difficul t
major ion masses 'M i difficult

Table 1

and flat RPAs

(, flat.

(0,1. .. 0,8)x2n
low ( 0,01 ... 0,1}
measured
measured
measured

The instrument MARl PROBE is designed wit.hin t.he MARS-94 pro
ject ,whose ion part combines the advantages of both spherical
and flat RPAs. This is especially important in case of missing or
insufficient a priori knowledge of the measurement conditions.
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The ion part of MARIPROBE-D sensor intended for ionospheric
plasma. parameters measurements is described in this report..Its
design CWiUhout detection unit), technology of its manufacturing
and results of computer modeling are also briefly described. .

This device enables the measurements of the following parame
ters of the ionospheric plasma component in the wide angle range
Ctwo sensors cover the whole angular space):

Table 2

parameter range of measurement
6 -30,1 5.10 CM ;

100 15 000 K~ .
2-3 major masses

n·1
T·1
M·1
Vd

ion density
ion temperature
mass. composition
ion drift vector
magnitude
angular resolution

50 M/s ... 35 KM/S~

150 - from TM records
20 - after data reduction

(for n ~100iCM~3)

The two perpendicular dr i.ft components are measured directly
and the third component (aligned along the sensor axis) is defined

. by ground ~ased evaluation of experimental data.

2. ION PART OF THE SENSOR
The described device consist~ of 28 electrode sets of RPA with

out collectors. All 28 RPA share a common detection unit
Ccollector) and ensure the angular coverage slightly more than 2rr
(flat angle equals 1900 ) . The FOV of each RPA is 420 and the
angular distance between adjacent RPAs is not more than 300 .

The design of the sensor is shown in.Fig.la. The electrode sys
tem is composed of 28· flat analyzers with retarding potential
CRPA) mounted on the case 2 along the spherical segment 3 limited
by the flat angie 100°. Two spherical segment grids 4 and 5 are
mounted behind the analyzer outputs concentrically to the sphere
3. The grid 4 is electrically connected to the case 2. The focu
sing potential Ufoc is applied to the grid 5. The grid 5 is compo
sed of the two qrids with equal potential to increase the elec
tric field homogeneity. The detector 6 is located at the centre of
the sphere. For different applications a variety of detectors may
be used - a simple flat metallic collector, or a microchannel
plate, or even more sophisticated detection devices.

Each RPA CFig.lb) consists of the collimator 1 which defines
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ters of the ionospheric plasma component in the wide angle range
(two sensors cover the whole angular space):

Table 2

parameter range of measurement
6 -30,1 5.10 eM ;

100 15 000 K; .
2-3 major masses

n·1
T·1
M·1
Vd

ion density
ion temperature
mass. composition
ion drift vector
magnitude
angular resolution

50 M/s... 35 KM/S~

150
- from TM records

20 - after data reduction
(for n ~100iCM~3)

The two perpendicular dri.ft components are measured directly
and the third component (aligned along the sensor axis) is defined

. by ground ~sed evaluation of experimental data.

2. ION PART OF THE SENSOR
The described device consist~ of 28 electrode sets of RPA with

out collectors. All 28 RPA share a common detection unit
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Each RPA (Fig.lb) consists of the collimator 1 which defines



,

- 15 -

Fig.la. MARIPROBE-D sensor. Sensor electron-optic electrode system

Fig. lb. Retarding Potential Analyzer CRPA):
1 - collimator; 2,3 - screen grids~ 4 - analyzing grids~

5 - isolators~ a - field of view CFOV)~

M- grid transparency;

--------- ----~_.--- -------
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the FO\' of the analyzer (the flat angle at the FOV cone apex is
equal 42°), two screen grids 2,3 and the double analyzing qrid 4.
The screei'} qrids are intended to generate a the flat parallel
electric field of the analyzing grid 4.

Analyzers are equally spaced in three azimuthal planes and in
th& meridional plane they are mounted at three different angles
relative to the vertical axis - 150 ( 4 RPAs), 450 (12 RPAs) and
750

( 12 RPAs). The total solid angle n is more than 2rr (the flat
angle is equal 1900 ) .

The device operates in the following way. The ion flux with the
energy E ) eUan (where e - electron charge, Dan - analyzing vol
tage) enters one of the analyzers in the FOV - angle a. The energy
and sign particle selection is made 'by applying a variable
retarding potential Dan to the analyzing qrid of an RPA. In
accordance with the electronic optical refraction law, the
potential drop of the thin electric field between the grids 1 and
2 ~akes particles change their flight path:

sin (3= ju 1 •
sin a U2

- arrival angle and potential a particle sees when
entering the electric field between the grids 5
CFig.1a);

~,U2 - departure angle and the potential at the exit of
the focusing field of the qrids 5.

Adjusting the potential Ufoc value for a given device geometry
helps collect all particles with energy E which passed the
analyzer within the angle a on the detector 6. The focusing effect
of the Ufoc can be seen in Fig. 2. The calculations show that the
grid system with th~ radius 50 mm and applied potential Ufoc$3000V
drastically changes the trajectories of particles entering this

,system, even at the most unfavorable angle, i.e. , a >20°, to angles
~ $ 50 at the exit of the system. It means that the particles are
focused into a slnall spot on the detector which enables the use
of small detectors and. in addition, decreases the UV light
effect.

Depending on the experiment tasks particles may enter the
system either through all 28 analyzers or sequentially through
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each of them according to some program. By applying the potential
U »Uan to the analyzing qrids of the analyzers one can cut off
all analyzers except one. Arrival angles of particles are defined
within 150 directly froIT. the TM-records' and with ~n accuracy of
$20 after data processing.

To check the light exposure of the total FOV and thus remove
"holes" in the total FOV, and to determine the minimum number of
RPAs to cover the whole angular range and their location on the
angular sphere the computer modeling was made. If the RPA FOV
width is 420 then 24 RPAs are enough to cover the totai FOV of one
sensor, 2rr. 28 RPAs were chosen from the technological
considerations CFig.3). This Figure shows the solid angle n in the
plane CMercator) projection. The abscissa shows angles in the
azimuthal plane and the ordinate, in the meridional plane.

In this Figure the white circles correspond to the central axes
of the RPA FOVs, the black area, to the angular regIon covered by
one RPA and the shadowed area to the angular region covered by two
or more analyzers.

The experimental check of some operating paramelers was made on
a special vacuum chamber. The positive nitrogen ion beams were
generated in the vacuum chamber. The energy of beams was
controlled in the range 5-50 eV. The beam density was
C2-5)·10~13A/c~. The inhomogeneity of the beam density w~s less
than 0.5%. The beam divergence at the input aperture was less than
±1.50~ since the distance to the ion source was made sufficiently
large.

The ion beam parameters were measured by a special Beam Monito
ring Sensor CBMS), lhat is a flat electrostatic energy spectrome
ler with retarding potential. The instrument under investigalion
and BMS sensor were mounted inside the vacuum chamber on the
2-axis rotation platform needed to set them at different angles to
the incoming beam and'thus to measure angular characteristics. A
secondary electron multiplier B3Y-7 Cmicrochannel plates of
shevron type) was utilized as a detector of fluxes; this delector
was operating in the pulse counting mode. The' experimental
investigations were aimed at checking the energetic and angular
RPA characteristics which are reqUired during the calculations
needed to interpret the parameters of measured ions.

Fig.4 shows the angular characteristics of the RPA measured for
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Fig.2. Angle of departure.~. versus focusing voltage U
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ion energy £=5,10,20 and 50 eV and normalized to the maximum pulse
count rate for the arrival angle of the particles 0=0°. One can
see from the Figure that the angular characteristics for different
ion energies in the range 5 through 50 eV are close to the ideal.
they. are symrnetr ic relative to the axis and practically coi'ncide.
f~r all energies.

The retarding characteristics of Fig.5 show pulse count rates
versus Uan and are also normalized to the maximum pulse countlng
rate for the arrival angle of the particles 0=00. These characte
ristics are also close to ideal, rectangular characteristics, due
to the properly chosen design. Some devlatlon from ideal is the
retardlng slope of about 5%. It is mainly due to the energy spread
~n the beam. The effect of the inhomogeneity of the electric fleld
ftIar the grid wires is less significant ($ 1% ).

At present in addition to the lab experiments with RPAs the
mathematical simulation was made of the particle passage inslde
the sensor starting at the RPA aperture to the detector. All pv
tentlals were taken into account inside RPAs both and lhe sensor.
The simulation program works In the lnteractlve mode and allows
visual inspection of partIcle trajectories and control of all
parameters - both mechanIcal and eleclrical - of the sensor. Flg.6
shows the example of the output of such SImulatIon program.

In VIew of the future lnterpretatlon of the data acquired by
LhlS sensor it is very important to have a good knowledge of the
angular and energetlc characterIstIcs of the sensor as a whole
The lab calibration of one such sensor wlth manual, not automat~d.

experIment control will take at least several months. Since the
experiment comprises two sensors for the whole angular coverag~

and more than one experiment set is reqUIred for lhe space
mission it is unrealistic to make prefll~ht calIbration In
acceptable time. In this connectlon an automated system for vacucw
experiment control 1S under design specially for MARIPROB~

experiment. ThIS system Includes the data acqulsItIon. storage and
data reduction and vlsualIzatIon features in addItIon to the means
of experIment and vacuum chamber control. The means for the ~hole

range of operations with IDlcrochannel plates are also included.
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3. DESIGN
To connect the 28 RPA leadouts with electronic circuitry the

wireless connections are used on the internal surface of the
sensor Cof printed circuit type).

All grids are made o~ tungsten and the sensor body of aluminum
alloy. The RPAs and grid mounting elements are made of stainless
·steel. As an isolating material a composite polyimid material
Cpolyimid) is used. This material is very light Cp=1.2g/CM3), and
strong as a .metal, it is characterized by a wide range of
operation temperatures C-l000 through +2000 C) and produces
practically no organic outgassing. Its outgassing was measured
to find out the possibility of its application in space. The mea
surements were made on the industrial mass analyzer. No organic
traces except of clean gases (CO,C02,H20 etc.) were detected in
the operation temperature range C -100.. +2000 C ) .

. Large diameter grids were made with the use of the mandrel
with slots. The wires were put into the slots and galvanically
fixed afterwards. The grid step was 0.75 mm and wire diameter was
25-30 ~m. Grids with a very small step - 40 and 100 ~m were used
to improve the RPA characteristics. The analyzing grid were double
with 1 mm distance between the grids. The lab electrolytic bath
experiments have shown that high focusing potential (3-5 kV) was
depressed to 10-6-10-7 of- its value in the region of the analyzing
grid of RPAs.

All mechanical connections in the sensor were made by pressure
contact welding and connections of the sensor case - by argon arc

1 ,.we.ulng.
The total transparency of the grid set was 0.3. To decrease the

sun illumination effect all elements inside the sensor, including
grids, were nickel blackened (As,~ ~ 0.98). In addition light
traps were used inside the sensor and most RPA were tilted in
such a way that direct illumination of the sensor output hole was
eliminated.

The external view of the sensor with the case for elec-
tronic circuitry is shown in Fig.7. Fig. 7 also shows the sphe
rical segment grid of large diameter and the assembly of the focu
sing grid set. The sensor weight with the electronic case is 1 kg
and its dimensions are 150x150x180 mm.



Fig.7. a) MARIPROBE-D sensor~ b) Focusing grid system~

c) Segment focusing griq.
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WHPOKOYfO.T1bHOE YCTPOPlCTBO )lJI5I H3MEPEHH5I nAPAMETPOB
XOJIO)lHOPl nJIA3MbI

B. B. A4>OHHH, B. B. Be~PYKH~, K. H. J'paarays,
A. n. PeMH30s, H.4>. Caapaosa,

HHCTHT}'T KocMH~ecKHx HCCJleAOSaHHH AH CCCP, r.Mocxea

A. n.BeJUIWHH, JI.H.)leHIUHKosa, B. 4>. Konsrnos
HnO BAKYYMMAIllnPHBOP, r.MocKsa

BBE,l[Effi1E
B HCCneXOBaHHHX HOHOC~PHOA nna3MH npHMNMH MeTO~aMH ~nH

~3MepeHHa OCHOBHHx napaMeTpOB HOHHOA KOMDOHeHT~ 06bNHO npHMeHHDTcH

BOHHilie nOBywKH - nH60 B "nnaBaDUJ,eM" peDMe ~nH H3MepeHHH cyMMapHoii

~oHueHTPauHB n i, nH60 C aHanH30M HOHOB no 3HeprHHM (ATll - aHanH3a

TOpU C TOPM03~M nOTeHUHanoM) - AnH H3MepeHHH HOHHOA KOHueHTpaUHH

n i• HOBBOI TeYnepaTypH Ti H Macc OCHOBHNX HOHOB Mi; npHMeHHDTcH

K~C C~PHqecKHe"TaK H nnOCKHe ATn. ~OCTOHHCTBOM C~pHqeCKOrO ATll

HB1IHeTCH mHpoKHI yron 0630pa H nOBMWeHHaH no cpaBHeHHD C nnOCKHM

ATTI qYBcTBHTeJIbHOCTb, a HenOCTaTKOM - 3aTpynHeH~ ,H3MepeHHH

TetmepaTYPH H Macc HOHOB. IInOCKHD. ATll. XOTH H HMeeT MeHbIIIHM

0630~ H MeHbmYID ,qYBCTBHTenbHOCTb" nOKa3bffiaeT xopornHe pe3ynbTaT~

npH H3NapeHHH' TiH Mi' {Ta6n. 1)

Ta6nHua 1

KaqecTBeHHoe cpaBHeHHe xapaKTepHcTHK C~pHqeCKHX

H nnOCKHX HOHHNX nOByweK

I HOHH~e nOByrnKH

GqlePiNecKaH IlnOCKaH

none 3peRKa. cp

qYBCTBHTenbHOCTb BUCOKaa( ~ 1)

KOHueHTpauHs HOHOB HsMepHeTcs

TeMIlepaTypa HOHOB T. ~Mep. 3aTPY.lUfeHO
I

MaccN OCHOBHNX HOHOEN\. H3Mep. 3aTpynHeHo, 1

( 0, 1. .. 0, 8) x21l

HH3KaH (0,01 - 0,1)
YI3MepHeTcH

VbMepaeTcH

VbMepHeTcH

B pasxax npoexra "Mapc-94" paapaooraa npzoop MAPWlPOB, BOHHaH

qaCTb KOToporo 06~e~HHaeT ~OCTOHHCTBa KaK C~pHqeCKHX, TaK H

nnOCKHX ATll. 8Ta oco6eHHocTb oc06eHHo BaEHa B cnyqae OTCyTcTBHH

HnH HenOCTaTOqHOrO KOnHqeCTBa anpHOpHYX AaHH~X 06 ycnoBHHX pa60T~

npaoopa.
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B HaCTOgmeM nOKnane onHCHBaeTCS HOHHas qaCTb naTqHKa MAP~

ITP06-~, npenHa3HaqeHHaS nns H3MepeHHs HOHHYX napaMeTpOB HOHOC~P

HoA nna3MbI, ero KOHCTpyKUHS C6e3 Y3na perHcTpaUHH), KpaTKo TeXHo
norHS H3rOTOBneHHS H pe3ynbTaTY NOnenHpO~aBHa. .aTo YCTpoAcTBO
06eCneQHBaeT H3MepeHHe B WHpOKOM yrnoBoN lHana30Be (~Ba laxquKa
nepeKpHBaDT Bce npoCTpaHCTBO) cnelYDmHx napaMeTpoB HOHHOA KOMnO-'
HeHTY HOHOC~pHOa nna3NH (Tadn. 2)·

Ta6nHua 2

napaMeTp ]iana30H H3MepeHHs

0,1 - 5!106 CM-3;
100 - 15 000 K;
2-3 OOHoBHwe MaCCY;

MOHHaa KOHueHTpaUHa
MOHHaa TeMnepaTypa
MaccoBbItt COCTaB
BeKTOp npeAta HOHOB

BenHqHHa
pa3peweHHe no yrnaM

ni I
Ti I
M

i
. I

Vd I
I, 50 IVC - 35 KM/C;
I 150 - aenccpeacraeaac no

TeneMeTpHH .
I 20 - noons o(jpadoTKH Cnpa.
I ni~l00 OM-3)

TIPH 3TOM nBe nonepe~Ye KOMnOHeHTY npeAta H3MepSDTCS Henocpen
CTBeHHO, a TpeTba CnpononbHaa OTHooHTenbHO laTquKa) onpenenaeTca
npH Ha3eMHoA 06pa60TKe 3KcnepHMeHTanbHYX naHHYX.

orrnCAH11E MOHHOH \lACT~ lIATtrnKA
YCTpoAcTBO ~aKTHqeCKH npencTaBnaeT-c060A Ha60p H3 28 3neKTpon

HHX Ha60poB ATTI 6e3 KonneKTopa. Bce ,28 ATTI pa60TaDT Ha OlMH Y3en
perHCTpaUHH CKonneKTop) H 06eCneQHBaDT yrnoBoe nepeKPWTHe H~MHOrO

60nee 2n (nnooKHA.yron' 1900 ).YrnOBaJI nHarpaNMa Kax,uoro ATn 42°,•
yrnoBoe paCCTOSHHe MeZAY COCenHHMH ATTI He donee 300.

YCTpoAcTBO naTqHKa nOKa3aHO Ha pHc.l,a. 3neKTPOlHas CHCTeMa co
nepZHT 28 nnOCKHX aHanH3aTopoB C TopMo3a~M nOTeHUHanOM CATn),
pacnono~eHHYX B Kopnyce 2 no KOHTypy ~pHqecKoro cerweHTa 3, or
paHHQeHHOrO yrnoM 1000. Sa BYXOnaMH aHanH3aTOpOB, cHadseHHYX ~on

nHMaTOpaMH 1, KOHueHTpHqRO c~pe 3 yCTaHOBneHY lBe cerMeHTHye WC
KycHpyDmHe ceTKH 4 H 5, ode C~pHqeCKOa ~PMH. CeTKa 4 3neKTpHqeC
KH coenzaeaa C xopnycoa 2, aa cerxy 5 nOlaeTCS· ~KYCHpYJ)lIlHa
nOTeHUHan UWCK' !fia nonyqeHHS paBHoMepHoro 3neKTpHQeCKOrO nona
ceTKa 5 COCTOHT H3 nByx( HaXOnsmHXCS non onHHM nOTeHUHanOM, ceTOK.
B ueHTpe C~pY pacnonoxeH neTeKTop 6, KOTOpYA B 3aBHCHMOCTH OT
ycnoBHA npoBeneHHa 3KcnepHNeHTa MozeT HMeTb BHn nnOCKoro
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MeTannHQeCKOrO KOnneKTOpa, nHdo MHKpOKaHanbHOa nnaCTHH~, nHdo
donee cnOKHoro perHcTpHpyDmero yCTpoaCTBa.

0°

I

"'-I
---=0:..;..,--°1--

_ T ~ /.4;a.<.

Puc.l,a. npHHUHnHanbHa~ cxeMa HOHHOa 3neKTpO~HOa CHCTe~

(~aTQHK HOHOB).

Kaxn~ H3 ATTI (pHc.1,d) COCTOHT H3 KonnHMaTopa 1, onpe~en~Dmero

yrHoByD ~HarpaMMY HanpaBHeHHocTH aHaHH3aTopa (KOHyC npH BepwHHe
a~42o), ~BYX 3KpaHHb~ ceTOK 2,3 H ~BOaHO~ aHaHH3HPYDme~ ceTKH 4:

PHc.l,d. KOHCTPYKUH~ aHaHH3aTopa:
1 - KOHHHMaTOp; 2,3 - 3KpaHHMe ceTKH; 4 ~Bo~Ha~ aHaHH3HpyDmaH

ceTKa; 5 - H30H~TOPM; a - yron od30pa aHaHH3aTopa;
M - K03~HUHeHT nponycKaHH~ceToK.



- 26 -

MeTannHQeCKOrO KOnneKTOpa, nHdo MHKpOKaHanbHOa rrnaCTHH~, nHdo
donee cnOXHoro perHcTpHpYD~ero yCTpoaCTBa.

I

"'-I---=r:s:..;..:-_.\--
_ T ~

..

Puc.l,a. npHHUHnHanbHaH cxeMa HOHHOa 3neKTpO~HOa CHCTeMM
(~aTQHK HOHOB).

Ka~~ H3 ATTI CpHc.l,d) COCTOHT H3 KonnHMaTopa 1, orrpe~enHD~ero

yrnoByD ~HarpaMMY HarrpaBneHHocTH aHanH3aTopa CKoHyC rrpH BepwHHe
a~42o), RByX 3KpaHH~ ceTOK 2,3 H ~BOaHOa aHanH3HpyDmea ceTKH 4:

PRc.l,6. KOHcTpyKUHH aHanH3aTopa:
1 - KOnnHMaTOp; 2,3 - 3KpaHH~e ceTKH; 4 ~BOaHaH aHanH3HpyDmaH

ceTKa; 5 - H30nHTopH; a - yron o630pa aHanH3aTopa;
M - K03~HUHeHT nponycKaHHH ceTOK.

---- ------- ----
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3KpaHH~e CeTKM'rrpeAHa3HaqeH~~n~ WoPM~pOBaH~~ rrnOCKOrrapannenbHOrO
SneKTp~qeCKOrO rron~ aHanM3MpYD~eA ceTKH 4.

AHan~3aTop~ pacrrono~eH~ paBHoMepHo B Tpex a3HMYTanbHb~ nnOCKOC
T~X. a B Mep~AHoHanbHoH nnOCKOCTH - no~ TpeM~ pa3HbThm yrnaMH K
B~p'THKanbHOa OCH - 150 ( 4 ATil). 450 ( 12 ATil) H 750( 12 ATil) .. 06-, -

mHH TeneCH~H yron n npeBb~aeT 2n (nnocKHA yron paBeH 1900) ..
YCTpOHCTBO pa60TaeT cne~YDmHM o6pa30M. ilOTOK HOHOB C sHeprHeA

E > eUaH (r~e e - sneMeHTapH~H 3apan. UaH - aHanH3HpyDmee Hanpa~e

H~e) nonaAaeT B,OAHH H3 aHanH3aTopOB B npeAenax yrna 0630pa a.
CeneKUH~ qaCTHU no 3HeprH~M H 3HaKy ocymecTBnEeTCE nyTeM nO~aqH Ha
aHan~3HpYD~YD ceTKy aHanH3aTopa H3MeHED~eroc~ TopM03a~ero nOTeH
UHana UaH. B COOTBeTCTBHH C 3aKOHOM 3neKTpOHHO-OnTHqeCKOrO npenOM
neHHa B pe3ynbTaTe CKaqKa nOTeHUHana. C03naBaeMoro TOHKocnOHH~

3neKTpHqeCKHM noneM ceTOK 1,2. qaCTHU~ H3MeHaT HanpaBneHHe CBoero
~BH)KeHHa KaK

sin (3 = / U1 •

sin a U2
rAe a.U1 - yron H nOT4HUHan. non KOTOP~ qaCTHua BneTaeT B
none ceTOK 5. a ~,U2 - BMneTaeT..
IToAo6paB cooTBeTcTByDmee 3HaqeHHe nOTeHUHana U~K nna ~aHHoA reo
MeTpMH yCTpoHcTBa, MO)KHO c06paTb Bce qaCTHU~ C 3HeprHeA E, npOllie~

liMe aHanH3aTOp B npenenax yrnoB a, Ha neTeKTop 6. ~KycHpYDmHa 3~

~KT nona U~K HnnDcTpHpyeT pHc.2. PaCqeT~ nOKa3bmaDT. qTO CHCTeMa
ceTOK C panHycoM 50 MM H npHnO)KeHHb~ nOTeHUHanOM U~K~ 3000 B pe3
KO H3MeHaeT TpaeKTop~H qaCTHU, BneTaDmHX B STY cHcTeMY na~e non
caM~M H86JIaronpl1RTHblM yrJIOM Ca = 90°),:, no yrJIOB. (3 ~ ~ ua BblXO.n.8 lIJ3

CI1CT8Mbl. aTO 03HaQa8T, QTO QaCTI1Ubl 'WORYCI1PY~TCR B H860JIbW08 nfiTHO Ha

.n.8T8RTOP8. QTO cnoco6cTByeT npl1M8H8HI1ID MaJIora6apl1THblX .n.8T8KTOPOB lIJ,, . .

KpOM8 Toro, OrpaHI1Ql1Ba8T CB8TOBOH nOTOR Ha I1X Bxo.n.e.. -. . .

B 3aBHCHMOCTH OT 3ana~ ~KcnepHMeHTa qaCTHUH MoryT npoxonHTb
nH60 onHOBpeMeHHO qepe3 Bce 28 ATil, nH60 nocnenOBaTenbHO Qepe3·Ka
~bla H3 HMX no 3aAaHHOA nporpaMMe. 3anepeTb Bce aHaRH3aTOpH, KpoMe
OAHoro, MO)KHO, nOAaB Ha HX aHanH3HpyDmHe ceTKH nOTeHUHa~ U »UaH.

Yron rrpHxona qaCTHU onpenenaeTca C TOQHOCTbD 150 HenocpencTBeH
HO no BMAY TM-3anHcH H C TOqHOCTbD 20 nocne 06pa60TKH naHH~.

1In~ npOBepKH "3aCBeTKH"'o6mero nO}I~ 3peHHa c uenbD HCKnDqeHH~

"AbIp" B 06meN none 3peHHa, onpe~e}IeHHE MHHHManbHoro KOnHqeCTBa ATil

-----------~
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an~ nepeKpbIT~~ o6~ero non~ 3peH~H ~ ~X pacnOnO~eHll~ Ha cWepe 6~no

npO~e~eHO MO~en~pOBaH~e Ha 3BM. ITPH UJ~pHHe ~~arpaMM~ HanpaBneHHOC
TH ATn 42

0
~nH nonHoro nepeKp~HH 06~ero nonH 3peH~H 2rr ~oCTaTOqHO

HMeTb 24 ATIT. ~ TeXHOnOrHqeCKHX co06pa~eHH~ 6~no B~6paHO 28 ATIT
(pmc.3J. Ha SToM pHcyHKe TenecHb~ yron n npe~cTaBneH Ha nnOCKOCTH
(npoeKUHS MepKaTopa), r~e no OCH a6cUHcc OTno~eH~ yrnM(B rpa~.) B

E:: la!J

15

10

1 I ro so 600 900 1200 1500 {>JOO 2100 24!Ja 2700 3000

. l..{tpott"B·
~ PHc.2. SaBHCHMOCTb yrna ~ BMxo~a qaCT~U H3 WoKycHpy~~ero nonH OT

Banp~eHHS UWoK ~ns pa3nHqH~ 3HeprH~ HOHOB.

e

I I I I I.

100 120 140 160 ien 200 220 240 UO ~80 30~ 320 340360

A3l1MYT , rpaa
~~c.3. nona 3peHHs aHanH3aTopoB ~aT~Ka MAP~OB-~ B npHMoyronbHoA

CHCTeMe Koop~HHaT.

------
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a3HMYTanbHoQ nnOCKOCTH, a no OCH bp~HHaT - B MepH~HOHanhHOa. Ha
STOM pHcyHKe 6en~e KPY~H nOKa3~BanT pacnono~eHHe ueHTpOB nonea
3peHH~ ATIT, qepH~H WaH 06naCTh yrnoB, OXBaqeHHb~ OnHHM
aHanH3aTopOM, H illTpHxoBaHH~Q - ~BYM~ HnH 60nee aHa~H3aTOpaMH.

3KcnepHMeHTanhHa~ npOBepKa HeKOTOp~X pa60qHX xapaKTepHCTR~ ~aT

qHKa npOBO~HnaCh Ha cneUHanhHOH BaKYyMHOa yCTaHOBKe. B BaKyyMHOa
,

KaMepe C03~aBanHCh nyQKH nonO~TenhH~X HOHOB a30Ta, SHeprR~ KOTO-
p~x perynHpoBanaCb B npe~enax 5-50 sB. TInoTHocTR nyQKOB coc
TaBn~nH C2-5) ·10-13A/CM2. HepaBHoMepHocTh nnOTHOCTH B CeQeHHR
BXO~Horo OTBepCTH~ He npeB~illana 0,5% , pacxo~HMOCTh nyQKOB HOHOB
B6nH3H BXO~Horo oTBepcTH~ - ±1,5° OT OCR nyqKa~ qTO ~OCTHranOCh

~OCTaTOqHbW y~aneHHeM HCTOQHHKa HOHOB OT naTQRKa.
TIapaMeTp~ HOHHWX nyQKOB H3Mep~nHCh cneUHanhH~~ naTQHKOM KOHTpO

n~ nyqKa CKKIT), npe~CTaBn~nmHM C060H nnOCKHa 3neKTpOCTaTRqeCKHa
cneKTpOMeTp C TOPM03~mHM nOTeHUHanOM.

flaTqHK BRIT H HccnenyeM~M npH60p 3aKpenn~nHCh B BaKyyMHoa KaMepe
Ha nBYXKoop~HHaTHOM nOBopOTHOM yCTpoMcTBe, KOTopoe' rr03Bon~no

yCTaHaBnHBaTh HX non pa3nHqH~MH yrnaMH K &anpaBneHHnrrOTOKa ROHOB

" CHHMaTb TeM caMb~ yrnoB~e xapaKTepHCTHKH.
B KaqeCTBe neTeKTopa HccnenyeMbIX nOTOKOB Hcrronb30BanCH BTOPHq

HNM sneKTpOHHWH YMHO~Tenh B3Y-7 (MHKpOKaHanhHa~ nnaCTHHa weBpOH
Horo THna), pa60TanmHH B pe~Me CqeTa HMnynbCOB. UenbD SKcnepHMeH
TanbH~X Hccne~OBaHHH ~Bn~naCb rrpOBepKa 3HepreTHQeCKHX R yrnoBwx
xapaKTepHCTHK ATTI, 3HaHHe KOTOPb~ Heo6xonHMo'rrpH npOBeneHRH HHTep
rrpeTaUHOHH~X paCqeTOB rrpH onpe~eneHHH napaMeTpOB H3MepHeMYX HOHOB.

Ha ·pHc.4 rrpHBe~eH~ yrnoBwe xapaKTepRCTHKH ATTI, CHHT~e nng
SHeprHH HOHOB E = 5,10,20,50 sB, rrpoHopMHpoBaHH~e K MaKCRManbHOa
CKOpOCTH CqeTa HMrrynhcoB npH yrne rrpHxona qaCTHU a=Oo. ~ 3Toro
pHcyHKa BHnHO, qTO yrnoB~e xapaKTepHcTHKH nng pa3nHQHNX3HeprHa OT
(5 no 50 sB) 6nH3KH K H~eanbHb~, cHMMeTpHQHW OTHOCHTenbHO OCH
0p~HHaT H npaKTHqeCKH COBna~anT nn~ Bcex 3HaQeHHH sHeprRH.

TIpHBeneHHwe Ha pHc.5 3HepreTHqeCKHe xapaKTepHcTHKH aHanR3aTopoB.
npe~cT,aBfl~nT co6oH 3aBHCHMOCTh CKOpOCTH CQeTa HMITynbcoB OT

aHanH3Hpynmero Hanpg~eHHg UaH H TaK ~e rrpoHop~poBaH~ K
MaKCHManbHoQ CKOpOCTH CqeTa npH yrne rrpHxona qaCTRU a=Oo.
ITonyqeHHWe 3HepreTHqeCKHe xapaKTepHcTHKH aHanH3aTopoB 6naronap~

npaBHnhHO Bw6paHHoH KOHCTpyKUHH TaK~e 6nH3KR K HneanhHWM - npgMoy
ronbHWM. HeKoTopoe OTKnOHeHHe OT H~eanhHOa xapaKTepHcTHKH HMeeT
MeCTO Ha yqaCTKe 3anHpaHHg B BHne cnana, KOTOpWa COCTaBngeT npH-
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PHc.4. YrnoB~e XapaKTepHCTHKH ATD nn~ pa3H~ 3HeprHa HOHOB E
"x" - E=5 3B~ "0" - E=10 3B; .,+.. - E=20 3B; "e" - E=50 3B

wepHO 5% . oTO 06~gCHHeTCS B OCHOBHOM pa36pocoM 3HeprHH HOHOB B

ny~ax. MeHbwee BnHgHHe ( 5 1% ) OKa3~aeT HepaBHOMepHOCTb 3neKT

pH~ecKoro nons cpoBonoK B6nH3H ceTOK.

N
Nnur.~<0 tl---.4...L-....A--...o---"""-o

4S

o 10 20 30 #J SO UaN)8

Puc. 5. 3aepreTHQecKHe XapaKTepHCTHKM ATTI nns 3HeprHH HOHOB 50 3B.
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DOM~MO naOOpaTOpHOM OTpaOOTK~ ATD npOBe~eHO MaTeMaTHqeCKOe
MOnefl~pOBaHHe npOueCCOB npOXO~eHH~ qaCTHU qepe3 neTeKTOp OT
BXOnHO~ anepTYP~ ATD ~o Y3na per~CTpau~~. B paCqeTaX yqTeHY BCe
nOTeHu~aflN KaK BHYTP~ ATD, TaK ~ B OCHOBHO~ -qaCTH naT~Ka.

Monen~pynma~ npOrpaMMa pa60TaeT B nHanOro-BH3yanbHoM pe~Me H
n03BOfl~eT B~3yaflbHo KOHTPOfl~pOBaTb TpaeKTOpH~ qaCTHU H OnepaTHBHO
H3MeH~Tb BCe - KaK MeXaH~qeCK~e, TaK M 3neKTpMqeCKHe napaMeTpY
naTqHKa (pHC. 6).

MAPVInp05

AnEPNPA.AAr<.fHK
'E1 .= 56.8 38 Urpa = ~.8 B
EZ =5800.8 38
HIs = s .ee MM RZs = (; .08 MM
Rg-rid.1= 5,86 MM HgridZ = 4.08 MM

,.,
II

Ii
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"Il-----W

PHc.6. Pe3YflbTaT~ paCqeTa npoxo~eH~~ HOHOB Qepe3 aHanH3HpyDmyD
qaCTb narvaxa.

BeCbMa Ba~o C TOqK~ 3peHH~ MHTepnpeTau~~ naHHMX, KOTOpYe 6ynYT
nonyqeH~ np~ nOMO~ 3Toro naTQMKa, 3HaTb TOqH~e yrnoB~e H 3Hepre
T~qeCK~e xapaKTep~CTHK~ naTq~Ka B uenOM nocne ero OKOHQaTenbHOR
COOpKM. na60paTopHa~ KanMopOBKa onHoro TaKoro naTqHKa npH
HeaBTOMaTM3HpOBaHHOM C"pyqHOM") ynpaBneHM~ 3KcnepHMeHTOM 3aRMeT
HeCKonbKO Mec~ueB. DOCKonbKY B KOMnneKT rrpHoopa nng nonHoro nepe
KpbTTM.lI npOCTpaHCTBa nonzsu sxomrrs nsa TaKHX narvaxa. a nn.lI
npOBeneHH.lI 3KcnepHMeHTa B KOCMoce TpeoyeTc~ OO~HO He OnHH
KOMTIneKT np~6opa, TO 3TO 03HaqaeT, qTO 6e3 aBTOMaTH3aUHH npouecc
Kan~6pOBKH npOBecT~ B np~eMneMoe Bpe~ HepeanbHO. B CB~3H C 3T~M

cne4rlanbHO nn~ 3Kcnep~MeHTa MAPMTIPOE pa3pa6aTMBaeTCg . CHCTeMa
aBTOMaTH3HpOBaHHoro ynpaBneH~.lI BaKyyMHbm na60paTopH~ 3KcnepHMeH
TOM, BKnnqanma.lI nOMllMO cpencTB ynpaBneHH~ npHoopOM H BaKYYMHoR Ka-
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Mepoa TaK~e CpenCTBa c6opa, XpaHeH~H, OnepaT~BHOa o6pa6oTKM M BM
3yanH3aUHH naHHNX. KpOMe TOrO, B 3TY cMcTeMy BXOnRT CpenCTBa nnH
-poBepKH H oT6opa MKTI.

OIIHCAIDiE KOHCTPYKllID1
Bn~ coenHHeHHS B~OnOB ,28 ATn C H3MepMTenbHOa 3neKTpoHMKOa

npHweHeHa 6e~npoBonOqHaR CHCTeMa B~BonOB Ha BHyTpeHHea nOBepxHocTH
e4JepIX ( rana nexaraoro MOHTaxa)

Bee ceTKH BbIIIOmteH~ H3 BonbwpaMa, Kopnyc - J1:3 anDMJ1:HJ1:eBOrO
ennaaa, a Kopnyca ATn H Bee 3neMeHTN KpenneHMS ceTOK - M3 HepJKaBe
DmeA C~ar.VC; B KaqecTBe H30nnpYDmero MaTepMana npMMeHeH KOMTI03MUJ1:
OHH~ nOnHHMHnHMa MaTepHan (nonHMMJ1:n ), OTnMqaD~M~CH nerKOCTbD
(p=1,~ r/cw3l, DPO~OCTbD MeTanna, WHpOKMM nJ1:arra30HOM pa6oqJ1:x TeM
nepaTYP ( OT -100 no +200oC ) H npaKTHqeCKH OTCyTcTBHeM OpraHHqeC
KHX ra30BYneneHHA. C nenbD BMSCHeHHH B03MOJKHOCTH npHMeHeHHH SToro
MaTepHa1Ta B JlaTqJ!Ke 6~JIH npoBeneHbl J1:3MepeHJ1:H ero ra30BbIneneHHH.
H3wepeHHH npoBOnHnHCb npH nOMOmH npOMbIillneHHOro Macc-aHanH3aTopa. B
padot.le)( pana30He TeMIIepaTYP (OT -100 no +200oC ) nOMJiMO B~neneHliH

qucTi:llX ra308 (CO,C02,H20 J1: np.) He o6HapyxeHo naJKe cnenOB
opraHHKH.

CeTKH 6OXbworo JlHaMeTpa H3rOTaBnliBanliCb npH rrOMOmH onpaBKli C
60p03nxaMH, B KOTopMe YKnan~anlicb npOBOnOqKli C nocnenyDmHM
raJIbBaKH~ecKHM 3aKpenneHHeM. mar ceTOK 0,75 MM, nHaMeTp npOBOnOqeK
25-30 NK.

C ueHbm ynyqweHH~ xapaKTeplicTHK ATil B HHX npHMeHeHbl ceTKH C
OqeHb wanHM warON - 40 H 100 MK.rAHanli3lipynmaa ceTKa - nBOaHaa c
paecTosHHew Me~ CeTKaMH 1 MM. Ea6opaTopHaH oTpa60TKa c
HCn0Hh30aaHHew 3neKTponHTHqeCKO~ BaHHN n03BonHna nonYQHTb
npOBHCaRRe donbworo (3-5 KB) nOTeHUHana ~KYCHPYDmHX ceTOK B
o6naCTH aHanH3KPYDmeA ceTKH ATn nopsnKa 10-6-10-7.

Bee 008IKHeHHS BbIIIOJIHeH~ KOHTaKTHO~ cBapKo~, a COenJ1:HeHHH
Kopnyca - aproHo-nYrOBOa cBapKoA.

06mas npoopaqHOCTb (nponycKah~e ) nOJIHOrO CeTOqHOrO H~6opa

pasaa 0,3.
nns YNeHbweHHs BJIHSHHS 3aCBeTKH npH60pa COJIHueM nng Bcex

BHYTpeHHHX 3neMeHTOB naTqHKa, BKJIDQaS ceTKH, npHMeHeHO HJ1:KeneBOe
qepHeHHe ( As' ~ ~ 0,98). KpoMe Toro, BHyTpH naTQJ1:Ka npenycMoTpeHN
CBeTOBJXe nOBywKH, a 60nbWHHCTBO aHaJIH3aTOpoB pa3BepHyTN TaK, qTo6N
npenoTBpaTHTb 3acBeTKy neTeKTopa.
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BHeWHllH Blln naTqHKa BMeCTe C KOprrYCOM nn~ SneKTpOHllKll nOKa3aH
Ha pHc.7. TaM Ke TIOKa3aHa cerMeHTHa~ C¢epllqeCKa~ .ceTKa 6onbilloro
nHaMeTpa (BHll3Y) MCHCTeMa ~KYCHPyn~x ceTOK B c60pe (B cpenHe~

qaCTll) .
Macca naTqHKa BMecTe. C KopnycoM nn~ 3neKTpOHllKM-l Kr. ra6apllT

HNe pa3MepN 150x150x180 MM.

. a)

0)

Pllc.7.BHeillHll~ Blln naTqllKa MAPMITPOB-n (a);
CllCTeMa ~KYCllpyn~llx ceTOK B c60pe (6);
cerMeHTHa~ C~pMqeCKa~ ceTKa 6onbilloro pa3Mepa (B).


