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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
either in "floating” mode for measuring the total ion density ny
or in the mode with ion energy analysis (RPA - retarding potential
analyzers) - to measure ion density n;, ion temperature ‘I‘i and
main ion masses M;; 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, its
drawback is difficulties with measuring .ion temperature and
masses. The flat RPAs, despite the fact that they are less
sensitive and have smaller FOV, show good results in measurements
of T; and M; (see Table 1).

-Table 1

Qualitative comparison of spherical and flaL‘RPAs
parameter ' | spherical [ flat
field of view 4n (0,1...0,8)%2n
sensitivity high (= 1) low ( 0,01...0,1Y
ion density measured measured
ion temperature T. | difficult measured
major ion masses 'M. difficult measured

B . The instrument MARIPROBE is designed within the MARS-84 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_parameiers measurements is described in this report. Its
design (without 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
(two sensors cover the whole angular space):

15° - from TM records
2% - after data reduction
(for n ZlOOicm_3)

The two perpendicular drift components are measured directly
and the third component (aligned along the sensor axis) is defined
~ by ground based evaluatlon of experimental data

2. ION PART OF THE SENSOR

The described device consists of 28 electrode sets of RPA with-
out collectors. All 28 RPA share a common detection unit
(collector) and ensure the angular coverage slightly more than 2n
(flat angle equals 190°). The FOV of each RPA is 42° and the
angular distance between adjacent RPAs is not more than 30°.

The design of the sensor is shown in Fig.la. The electrode sys-
tem is composed of 28 flat analyzers with retarding potential
(RPA) mounted on the case 2 along the spherical segment 3 limited
by the flat angle 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 potentiél 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 (Fig.1b) consists of the collimator 1 which defines

angular resolution

Table 2
parameter | range of measurement

ion density n;y | 0,1...5.10° en>;
ion temperature T, | 100...15 000 K;
mdss composition - My | 2-3 major masses
ion drift vector Vq |
magnitude | 50 mss... 35 kmss;

I

|

I
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Fig.1la. MARIPROBE-D sensor. Sensor electron-optic electrode system
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Fig.1b. Retarding Potential Analyzer (RPA):

. 1 - collimator; 2,3 - screen grids; 4 - analyzing grids;
5 - isolators; a - field of view (FOV);
M - grid transparency; '
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the FOV of the analyzer (the flat angle at the FOV cone apex is
equal 429, two screen grids 2,3 and the double analyzing qrid 4.
The screen grids 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
the meridional plane they are mounted at three different angles
relative to the vertical axis - 15° ( 4 RPAs), 45° (12 RPAs) and
75%¢ i2 RPAs). The total solid angle Q is more than 2n (the flat
angle is equal 190%).

The device operates in the following way. The ion flux with the
energy E > eUan (where e - electron charge, Uan - analyzing vol-
tage) enters one of the analyzers in the FOV - angle a. The energy
and sign particle selection is made by 4applying a variable
retarding potential Uan 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 makes particles change their flight path :

sin B /Uy, 1)
sin a UZ
where a,U1 - arrival angle and potential a particle sees when
entering the electric field between the grids 5
‘ (Fig.1a);
B,UZ - departure angle and the potential at the exit of

the focusing field of the grids 5.

Adjusting the potential Ufoc value for a given device geometry
helps coilect 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 the radius 50 mm and applied potential UfOCS3OOOV
drastically changes the trajectories of particles entering this
.system, even at the most unfavorable angle,i.e., a >20°, to angles
B = 50 at the exit of the system. It means that the particles are
focused into a small spot on the detector which enables the use -
of small detectors and, in addition, decreases the UV 1light
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 »Uy, to the analyzing grids of the analyzers one can cut off
all analyzers except one. Arrival angles of particles are defined
within 15° directly from the TM-records and with an 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 42° then 24 RPAs are enough to cover the total FOV of one
sensor, c2n. 28 RPAs were chosen from the technological
considerations (Fig.3). This Figure shows the solid angle Q in the
plane (Mercator) 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 parameters 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
(2-5)-10" 3A/cu2 The inhomogeneity of the beam density was less
than 0.5%. The beam divergence at the input aperture was less than
+1.5%; since the distance to the ion source was made sufficiently
large.

The ion beam parameters were measured by a special Beam Monito-
ring Sensor (BMS), that is a flat electrostatic energy spectrome-
ter with retarding potential. The instrument wunder investigation
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 (microchannel plates of
shevron type) was utilized as a detector of fluxes; this detector
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




- 18 -

{ T T T T 1" T { T T
g 300 600 900 120{) 1500 1800 2100 2400 2700 3000
UfOC' v

Fig.2. Angle of departure,B, versus focusing voltage Upoe at
the exit of the focusing grid sel of MARIPROBE-D sensor.
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Fig 3 Fields of view (FOV) of MARIPROBE-D sensor 1in Cartesian

coordinates:

white small circles - FOV centres of 28 FRPA 1n angular
domain;

black area - anguiar domain covered by one RPa,

shadowed area - angu.iar domain covered by at least twc FFA.
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ion energy E=5,10,20 and 50 eV and normalized to the maximum pulse
count rate for the arrival angle of the particles o=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 symmetric relative to the axis and practically coincide
for all energies.

The retarding characteristics of Fig.5 show pulse count rates
versus Uan and are also normalized to the maximum pulse counting
rate for the arrival angle of the particles a=0°. These characte-
ristics are also close to ideal, rectangular characteristics, due
to the properly chosen design. Some deviation from ideal is the
retarding slope of about 5%. It is mainly due to the energy spread
dn the beam. The effect of the inhomogeneity of the electric field
M#ar the grid wires is less significant (< 1% ).

At present in addition to the lab experiments with RPAs Lhe
mathematical simulation was made of the particle passage inside
the sensor starting at the RPA aperture to the detector. All po-
tentials were taken into account inside RPAs both and the sensor.
The simulation program works in the interactive mode and allows
visual inspection of particle trajectories and control of all
parameters - both mechanical and electrical - of the sensor. Fi1g.6
shows the example of the output of such simulation program.

In view of the future interpretation of the data acquired by
this sensor it is very important to have a good knowledge of the
angular and energetic characteristics of the sensor as a whole.
The lab calibration of one such sensor with manual, not automated,
experiment control will take at least several months. Since the
experiment comprises two sensors for the whole angular coverage
and more than one experiment set 1is required for the space
mission it is wunrealistic to make preflight <calibration 1in
acceptable time. In this connection an automated system for vacuum
experiment control 1s under design specially for  MARIPROBE
experiment. This system includes the data acquisition, storage and
data reduction and visualization features in addition to the means
of experiment and vacuum chamber control. The means for the whole
range of operations with microchannel plates are also included.
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Fig. 4. Experimental angular characteristics of RPA for different
ion energies:
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Fig.5. Experimental energetic characteristics of RPA for ion
energy E;= 50 eV




MARIPROBE

APERTURE, SENSOR

E1 =580¢€V Urpa = 6.8V
E2  =5800.8 eV A '
Ris =6.88mm R2s = 6.88 Mmm
Rgridi= 5.8 Mm Rgrid2 = 4

"IZf

Fig.B.'Results of computer modeling of particle.trajectories
from outside RPA to the detection unit.
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3. DESIGN

To connect the 28 RPA leadouts with electronic circuitry the
wireiess connections are used on the internal surface of the
sensor (of printed circuit type).

All grids are made of. 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
(polyimid) is used. This material is very light szl.ag/cmg), and
strong as a 'metal, it is characterized by a wide range of
operation temperatures (-100° through +200°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, C05,H50 etc.) were detected in
the operation temperature range ( -100..+200°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 um. Grids with a very small step - 40 and 100 um 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~ 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
welaing. :

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 (A e 2 0.98). In addition light
traps were used inside the sensor and most RPA were tLilted 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 1is 1 kg
and its dimensions are 150x150x180 mm.
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Fig.7. a) MARIPROBE-D sensor; b) Focusing grid system;
¢) Segment focusing grid.
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LIHPOKOYTOJIbHOE YCTPOMCTBO IJI USMEPEHHS MMAPAMETPOB
XOJIONHOAM T1/IA3MbI

B.B.Adonun, B.B.Bespykux, K.H.punrays,
A.I1.Pemn3os, H.®.CmupnOBa,

Huctutyr kocmuueckux nccaeposanuii AH CCCP, r.Mocksa

A.TL. Bensiminn, J1.H. Jenmukosa, B.P.Konnuios
HITO BAKYYMMAIUIPHUBOP, r.Mocksa

BBEJIEHME

B MccnepoBaHMAX MOHOCPEepHO! MMasMH IPAMBME  MeTOXaMM  AJA
A3MEepEeHUs OCHOBHHX NAapaMeTPOB MOHHO! KOMIIOHEHTH OCHUHO NpPUMEHSDTCS
HOHHHEe JIOBYWKHM - NMCO B "nnaBabiieM” pexuMe ANA U3MEpPEeHUsA CYMMapHOMR
KOHUEHTpalKK n;, JUCO ¢ aHaaM3OM KOHOB M0 3HepruaMm (ATIl - amammusa-
TOPH C TODMOSIAWMM NOTEHUUANOM) - I/ UIMEPEeHHA MOHHOR KOHUEHTpauuu
n;, HOHHOR TeMIepaTypH Ti B MacC OCHOBHHX MOHOB M;; nNpUMEHADTCH
Kai cdepryeckue, - Tak M miaockue ATII. JocTomncTeoMm cdepuueckoro ATII
ABNASTCA WHPOKHE yron od3opa M NOBHWEHHAs HNO CPaBHEHHD ¢ IJIOCKHUM
ATIl YYBCTBMTENBHOCTb, a HENOCTATKOM -  3aTPyNHEHH  H3MepeHud
TeMnepaTypu ¥ Macc MoHOB. Ilmockuft ATII, xoTa ¥ umeer MEHbUW
0630pT ¥ MEHBUYK ' YYBCTBUTENBHOCTE , NOKAa3HBAET XOPOUME pPesyNbTaTH
npu usmeperuy T;M M; . (Tadm. 1)

Tadnuna 1
KauecTBeHHOe CpaBHEHUE XapaKTEepPUCTUK cdepuyeckux

1 NIOCKHX HOHHHX JIOBYUEK

Jonnsre nOBYWKH
llapameTp Chepuueckasn [Inockas
[lone spenmd, cp v4n (0,1...0,8)x2n
YYBCTBUTENLHOCTD Brucokaa( = 1) Huskas (0,01 - 0,1)
KoHUeHTpalud HOHOB llamepseTcs | UsmepsgeTcs
TemnepaTypa noHOB T. lamep. 3aTpyRHEHO amepseTcs
MaccH GCHOBHHX MOHOENH Uamep. 3aTpynHeso | lismepsgeTcs

B pamxax mpoekTta “Mapc-84" paspadoran mpudop MAPUIIPOD, nomnas
YaCTb KOTOPOTO OCBEeNUHSeT HOCTOMHCTBA Kak CcQepuyecKux, TaK H
nnockux ATI. 3Ta OCOCEHHOCTL OCOCEHHO BaxHa B ClIyyae OTCYTCTBUA
MM HeIOCTaTOYHOr'O KONKYEeCTBa allpHOPHHX AAHHHX OC YCJIOBUAX pPacoTH
npudopa.
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B HacTosmeM IOKNajZe ONUCHBAeTCA MOHHAf YacTbh J[gaTuuka MAPU-
[IPOB-I[, mpeIHasHauyeHHAsA ANA U3MEPEHUA UOHHHX MapaMeTpPoOB KOHOCHep-
HOff myia3MH, ero KOHCTPYyKUHA (Ces3 ys3ja perucrpauuiu), KpaTKO TexHoO-
NOTHA USTOTOBJICHUS ¥ Ppe3YJbTaTH MOAENUPOBAHMA. 3TO YyCTpoicTBo
odecneunBaeT MIMECPeHME B WKPOKOM YTJIOBOM JhuanazoHe (fABa faTumka
NepeKpHBanT BCE NMPOCTPAHCTBO) CREAYDPHMX NapaMeTPOBR MOHHOR KOMIIO-
HeHTH MoHocepHoit miuasmu (Tadn. &) -

‘ Tadmuua 2
TlapameTp [ J¥ana3oH M3MepeHus o
VoHHas# KOHUEHTpauus ny | 0,1- 5:100 cM'3;
Honnas TemmepaTypa T, | 100 - 15 000 K;
MaccoBult cocTas M; | 2-3 ocHOBHHE MaccCH;
BexTop nmpeitda MOHOB Vq |
BeJIMUMHA | 50 wec - 35 ke,
paspemenre no yrnax | 15° - HemocpeacTBeHEO IO
TeNeNeTpun .
| 2° - nocne odpadoTku (mpu.
| n;2100 cm 3)

lIpn 3TOM JABe NomepeyHHe KOMIOHEHTH npeﬂéa H3MEPADTCA HeNocpen-
CTBEHHO, a TpeThbA (NpONONbHAA OTHOCHTENBHO JHaTuyMKa) onpenenseTcd
NpX HazeMHOfl O6padOTKe IKCNEePUMEHTANbHHX NaHHHX.

OIMCAHVE VOHHOWM YACTW IATYMKA

YCTpOACTBO $aKTHUUECKH NpPENCTABRNAST COCOM Halop U3 28 2MeKTPOk-
HHX Hadopor ATII Gez konnexTopa. Bce 28 ATIl padoTanT Ha ORHH yzen
perucTpauuy (KonneKTop) H odecneuuBapT yraoeoe MNepeKpHTHe HEMHOT'o
Gonee 2n (mmocku#t yrom 190° ). yriopad auarpamMa kaxgoro ATIl 42°,
yTJIOBOE PACCTOSHUE MEXNy cocenHuMM ATI re Gomee 30°.

YCTpORCTBO JaTuMKa MOKA3aHO Ha pHC.1,a. BNeKTpofiHas cicTeMa co-
ISPXUT 28 NNOCKMX aHANN3aTOPOB C TOPMOIAMMM foTenuuanom (ATID,
PaclOIOXSHHNX B KOpIyce 2 MO KOHTYpPY cPepHueckoro cermeHTra 3, or-
PAHUYESHHOT'O YTJIOM 100°. 3a Buxomamu AHANMH3ATOPOB, CHaOXeHHHX KOJ-
nuMaTopami 1, KOHUEHTPUUYHO cPepe 3 YCTAHOBNEHN NBe CerMeHTHHe ¢o-
Kycupybiie ceTk# 4 u 5, oGe cdepuueckoit gopmu. CeTka 4 anexTpuvec-
KM COeIMHEeHa ¢ KOPHyCOM &, Ha ceTky 5 nogaercd - JOKycUpyouun
NoTeHuuan U@ox' Ins nOJyyeHUs PABHOMEDHOT'O 3INEKTPUYECKOro MONd
ceTKa O COCTONT U3 ABYX, HaXOLAWMUXCH NOA ONHUM NOTEHUMAJIOM, CETOK.
B uenTpe cepy pacnosyioxeH AeTeKTop 6, KOTOPHE B 3aBUCHMOCTH OT
YCNOBUl MPOBENESHUA SKCHEepUMeHTa  MOXeT MMeTb BUI  MIOCKOTO
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MeTaNIMYECKOTr0 KOMJIEeKTOpa, JIUdo MHKPOKaHaJIbHOﬂ IIJTACTHHE,

nudco
doniee CIOXHOT'O PerUCTPUPYWUEro YCTPOHCTRA.

Puc. 1,a. [lpunuunuanbHasd cxeMma MOHHOR 3JNEKTPORHON CHCTEMH
(ZaTu¥K MOHORB).

Kaxputt us ATII (puc.1,6) cocTouT H3 KOJAAMMaTopa 1, omperensowero
YyIJIOBYD IMArpaMMy HanpaBJSHHOCTM aHajuzaTopa (KOHYC HpM  BepuiiHe
- a=42%), IBYX SKpaHHHX CeTOK 2,3 ¥ KBOAHON aHanusupybuefl ceTknm 4.

L=42°
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Puc.1,6. KoHCTpyKUMA aHaimusaTopa:

1 - xonmuMaTop; 2,3 - 3KpaHHHe CeTKM; 4 - [BOHHaA aHanusupyouwas

CeTKa; D - UBONATOPH, a - yroj odsopa aHaIU3aTOpa;
M - ko2¢dMUUEHT IPONYCKAHUS CETOK.
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MeTaNNUYEeCKOI'O KONJIEKTopa, Judo MPIKPOKaHaHbHOﬂ IINaCTUHY,

Juco
donee CIOXHOT'O PeTruCTPUPYRUETro YCTpPOKCTRA.

Puc.1,a. [lpuEnUNKaNbHAA CXeMa MOHHO! 3/MEKTPOAHOf CHCTEMH
(ZaTuMK MOHORB).

Kaxmet us AT (puc.1,8) cocTOoMT K3 KoMnuMaTopa 1, onpepensouero
YIJIOBYD HMArpaMMy HANPaBISHHOCTM aHanmuzaTopa (KOHYC NpM BepliMHe
a=42%), mByx 9KPaHHHX CeTOK 2,3 ¥ HIBOHHOR aHanusupypuel# ceTku 4.

L=242°

-7

1
.!

P

TCOESE TR SSRAAAA
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Puc.1,6. KoHCTpykuus aHajgusaTopa:

1 - xommmMaTop; 2,3 — 3KpaHHHe CeTKHM; 4 - J[BOfHAA aHanIUsupyomas

ceTKa; 5 - MIONATOPH; o - yrojx odzopa aHalIu3aTopa;
M - xo2¢fMuMEeHT MNpOINYyCKaHUSA CETOK.
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DKpaHHHE CEeTKM NPeNHABHGUEHH IS @opMupOBaHué IJIOCKONApaiebHOTo
NEeKTPUYECKOTO IIONA aHanusupyoue#r ceTku 4.

AHanuzaTopH DacClONOXEHH PaBHOMEPHO B TpeX a3UMYTANbHHX INIOCKOC-
TAX, a4 B MeDUIVOHANBLHOR INIOCKOCTU — MOX TpPeMsd pasHHMH yIrJlaMi K
BepTHKAIBHOR oc — 15° ( 4 ATID, 45° ( 12 ATID u 75°C 12 ATID. 06-
uu# TenecHuit yron () npepvmaer 2n (IAOCKUA yron paBeH 190%). -

YCTPORCTBO padoTaeT creiybuuM odpas3oM. [loTOk HOHOB ¢ 3Heprueit
E> eUaa (rne e — 2NMeMeHTapHHR 3apdl, UaH ~ a”anusupynillee Hanpsaxe-
Hue) monajzaeT B ONMH U3 AHANK3ATOPOB B IpelieNiaXx yria od3opa «.
CeneKuyst YacTHl, 1o SHEPTHAM ¥ 3HAKY OCYWeCTBIAETCA NyTEeM NOoJauy Ha
AHaANMUBMPYOUYD CETKY aHanuzaTopa U3MEHAOWErocs TOPMO3SWero NOTeH-
ugana U, . B COOTBETCTBUM C 3AKOHOM 3JIEKTPOHHO-ONTHYECKOTO IpPEeNoM-
JIeHUs B pe3yibTaTe CKayka IIoTeHUyana, CO3MaBAEMOr0 TOHKOCIORHHIM
QNCKTPUYECKUM IIOJIEM CeTOK 1,2, YacTHUUH M3MEeHAT HanpaBjeHUEe CBOero
IBUXCHUA Kak

sin 3 U
' -/ 1 1)
sin « Uz
rie a, U1 - yron u moTdHuyan, non KOTOpHMM YaCcTUlLA BieTaeT B

none cerok 5, a f3,Us - BHNeTaeT.

[lonoGpaB COOTBETCTBYLUCE 3IHAUCHME NOTEHUMANA Uéox Lns gannon reo- .
METPUM yCTpO#CTBA, MOXKHO COGpaTh BCe YACTUUH C 2Heprueir E, npowen-
Wye aHaNu3aTOp B Npefenax yrioB o, Ha meTexkTop 6. doxycupyouuit ag-
dexT nond U@on WINOCTPUPYET pMC.2. PacueTH NOKa3HBaLT, YTO CHCTEMa
CeTOK ¢ paguycoM 50 MM ¥ HPUMOXEHHHM IIOTEHLUAIOM U@o < 3000 B pes-
KO M3MeHdAeT TPaeKTOPUM YacTHll, BIETADWUX B 3Ty CHUCTEMy Haxe Nok
camuM HeGnaronpusTHEM yriaom (a = 90%);, mo yraoB. f3 £ SQ Ha BHXOHE U3
CHCTEMH. STO O3HAUaeT, UTO YACTHLH (QOKYCHDYOTCHA B HEGONbIOE MATHO Ha
OEeTEeKTope, UTO CMocoGCTBYET NPUMEHEHMI MaJoraGapuTHHX nerexTopoB ",
KpOME TOr'0, OrDaHMuUMBaeT CBETOBO! MOTOK Ha MX BXOAE.

B 3aBHCHMOCTH OT 3aiay AKCIIePMMEHTa YacTHUN MOTYT IPOXOXUTH
nmuéo onHOBpeMeHHO uepez Bce 28 ATIl, nuGO nocnienopaTenbHO depea-Ka- -
KObl ¥3 HUX [0 32afaHHON IporpamMe. 3amepeTh Bce aHANUIATODH, KpOME
OLHOT'O, MOXHO, NOAAB Ha ¥X aHamusupyoume ceTku norteHuman U >>U, .

YToJ NpuXoAa UACTHUILL OlpeleNseTcd ¢ TOUYHOCTHO 15° HenocpenCTBeH—
HO mo Buny TM-samucu ¥ ¢ TOUYHOCTLD 2° nocrne O0paGOTKY HAHHBX.

Ing npoBepky “3acBeTKU" -o0Wero INojs 3PEeHUs C UeNbDd KUCKIDUEHUd
“mHp" B OCUieM IoJle 3PeHUs, ONpeleNleHUus MUHUMANBHOTO KomuuyecTea ATII
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Allé NEPSKDHTUA OCWeTo NONA 3PEHUS ¥ UX PacloNIoXeRus Ha cepe Gwito
IIPOBEIEHO MOZeNupOBaHKMe Ha DBM. IIpn wupune AUarpaMMEl HampaBleHHOGC-
T# ATl 42° nng TIONHOT'O NePEeKPHTHSA OCWero NOns SPeHus 2n IOCTaTOYHO
MeTh 24 ATI. Us TexHomoruueckux coodpaxeHuft Ghlo BHGpaHo 28 ATII
(puc.3). Ha aToM pucyHke TenecH yron Q npeicTaBleH Ha NIOCKOCTH
{mpoexuus Meprartopa), rae no ocu adCLUUCC OTNOKEHH YTIH (B rpan.) B

B eoad =

5 é?=:5254§
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Puc.2. 3BaBucumocTs yrna 8 mHxona HacTHl ¥3 QOKyCHUpyomero mnonsg oT
HanpaAXeHUus U@ox ANA Da3NUYHHX DHEpPruil UOHOB.

*

0 -m

B -
g " B
<] |
E 9
-~ A}
3 _
R
g 1§
= %
o 04
S |

@

L

i I
0 20 40 40 20 100 120 140 140 180 200 220 240 240 280 300 320 340 340

» AsuMyT, rpag
Prc.3. lona speHus amanusaTopoB gaTuuxa MAPVMIIPOB-I B IIPAMOYT'ONBHOM
CHCTEMe KOODHKHAT.
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a3UMyTaJbHOR INIOCKOCTH, a IO OCH OpPAMHAT - B MepuIMoHanbHoit. Ha
9TOM DUCYHKe Cefltieé KPYXKM NOKa3HBAOT DAacClONIOXSHUE UEHTPOB Mnonelt
speHusd ATIl, yepHHff ¢gOH - oGAACTBL YI/IOB,  OXBAUSHHHX  OLHUM

aHanu3aTOPOM, ¥ WTPUXOBAHHHA - IBYMS WM COjlee aHaM3aTOPaMHU.

OKCIepUMeHTANbHAasA [POBEPKA HEKOTOPHX padouux xapaKTepthnm zaT-
Y¥Ka NPOBOAWIACH HA cHelyanbHOf BaKyyMHOR ycTaHOBKe. B BakyymHo#t
Kamepe CO3NABANNUCH HYUKM NMONOXUTENBHHX MOHOB a30Ta, SHEPIMA KOTO-
pHX perynupoBanack B npefenax 5-50 2B. I[INOTHOCTH [yuKOB coc-
rTapnamn  (2-5) <107 A/CM2 HepaBHOMEPHOCTE IINIOTHOCTU B CEUYEHUN
BXOAHOTO OTBEPCTUA He npembmwana 0,5% , DacXoZMMOCTb IIYyYKOB HOHOB
BONU3Y BXORGHOT'O OTBepCTHd - i1, 59 or ocx IyuKa, UTO HOCTHUTANIOCH
IOCTATOUHHM yIajieHMeM KHCTOUYHMKA MOHOB OT JaT4YHKa.

[lapaMeTpH MOHHBX HYYKOB U3MEPANMCH CIEUUANbHHM AATHUMKOM KOHTDO-
ng nyuka (IKID, nperacTaBnsgouuM coGoff IIMOCKUA SJIeKTpoCTaTHYecKun
CIEKTPOMETP C TOPMOIAWYUM HOTEHUUATIOM. '

Jatuvk JKII ¥ McciaenyeMsit MpUGOpP 3aKpelIANNCh B BaKyyMHOM Kamepe
Ha IBYXKOODIMHATHOM [OBOPOTHOM YCTpOIICTBE, KOTOpPOe: I[IO3BONINO
YCTaHABNMBATL UX I[ON Pa3MUUHHMK yTJIaMi K HANDABICHUO TOTOKA HOHOB
1 CHUMATDL TEeM CaMbM YTJIOBHE XapaKTEePUCTUKH.

B kauecTBe LETEKTODA MCCIICYEMHX NOTOKOB UCHONB30BANCH BTOpUY-
HHA SIEeKTPOHHHA yMHOXUTeNnb BAY-7 (MUKpoKaHanbHad I[aCTUHA WEeBPOH-
HOT'O THOA), padoTapluil B pexuMe cueTa UMIYIbCOB. llenpb 3KCHEpUMEH-
TANBHHX UCCNELOBAHUN ARIANACH NPOBEPKA DHEPreTUUYECKUX ¥ YTJIOBHX
XapakTepucTuk ATII, 3HaHME KOTOPHKX HEOGXOZMMO IPH NPOBEASHUK HHTEp-
IPEeTalUOHHHX DacueToB IPU OIpeleNeHUM NapaMeTPOB U3MEPAEMHX KOHOB.

Ha puc.4 npusenend yrioswe XapakTepucTukum ATIl, cHATHe Ind
oHepruft uoHoB E = 5,10,20,50 3B, IpoHOPMUPOBaHHHE X MaKCHMaJIbHON
CKOPOCTH cueTa MMIYJbCOB IIPU yrJle NpUXoia YacTHLL a=0°. Uz aToro
DUCYHKA BMIHO, UTO YTJIOBHE XaPaKTEPUCTUKK AN DA3NMUHHX SHEpTUft OT
(5 no 50 3B) OnuzxM K UIeaibHHM, CHUMMETPUUHH OTHOCHTENLHO OCH
OPAMHAT ¥ IPaKTHUYECKU COBIANANT AJNA BCEX 3HAUYCHUR DHEPTUU.

[IpuBenenHtle Ha puc.S 3HepreTUYeCKUe XapaKTEPUCTHKN aHANK3aTOPOB
IPEeICTABIANT COCOll 3aBHCUMOCTBH CKODOCTH cueTa  UMINYJIBCOB  OT
aHanusupybllero Hampaxerus U, u TaKk xe NPOHOPMUPOBAHH K
MAaKCHUMANBHO! CKOpPOCTH cYeTa IHpU YyIjle [OpPUXOAa  YacTHl o= =P,
llonyueHHHe 3HepreTHYeCKMe XapaKTePUCTHKU aHaANKM3aTOpOB Onaronaps
[IPaBUIBLHO BHIGPAHHOR KOHCTPYKUUM TaKke ONUIKU K MASANBHHM — IpAMOY-
TONBbHHM. HeKoTopoe OTKIIOHeHMe OT HIeanbHOfl XapaKTepUCTUKU UMeeT
MEeCTO Ha yvyacTKe BanupaHud B BUINE cnaza, KOTOPHHA COCTaBideT Ipy-




2b og;pa[?’

Puc. 4. Yrnosuwe xapakTepucTukyu ATIl ansd pasHHX 3IHeprufi MOHOB E
"x" - E=S 3B; "o" - E=10"3B; "+" - E=20 3B; "e" - E=50 3B

9TO OCBACHAETCH B OCHOBHOM pa3CpOCOM 3JHEPTrMK MOHOB B

MepHO 5% .
nyyxax. Menbwee BnusaHue ( < 1% ) oxa3wBaeT HEepPaBHOMEPHOCTb JMEKT-

DYYECKOT'O NOJA NPOBOJOK BOIU3M CETOK.
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Puc.5. 3uepreTuueckue xapakrtepucTuki ATIl ans snepruu moHoe S0 3B
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[lomumo nadopaTopHoit oTpadotku ATIl npomBexzeHo MaTeMaTHyecKoe
MOLENMPOBaHUEe IPOLECCOB IPOXOXASHMS WaCTHl, Uepe3 HeTeKTOp OT
BxogHo#t ameptyph ATIl 1o y3ja perucTpauui. B pacueTax yuyTeHH Bce
noreHuuanms kaxk BHyTpu AT, Tak ¥ B OCHOBHOIl "YacTH HaTuMKa.
Monenupyowasd mporpamMva padoTaeT B IMANOTO-BU3YANBHOM pexuMe o
NO3BONAET BU3YaNbHO KOHTPONUPOBATL TPASCKTOPUM YaCTULl ¥  ONEPaTHBHO
U3MEHATh BCE - KaK MeXaHUueCkKue, TaK H 3JIeKTPUUEeCKMe IapaMeTpH
natunka (puc. OJ.

MAPHITPOb

ANEPTYPA, JATHHK

‘E1  =58.8 3B Urpa = 9.8 B
E2 =sepa.8 5B

Ris =5,88MM R2s = 6.88 MM
Rgridl= 5,80 MM Rgrid2 = 4.88 MM

Puc.B. PesynpTaTh pacuyeTa NPOXOXIECHUS MHOHOB 4Yepe3 aHalu3Upypuyp
YacTb JaTuyMKa.

Becbma BaxHO ¢ TOUKM 3peHMs UHTepnpeTauuy HaHHHX, KOTOpHe OynyT
NOJyUeHH IIpY NOMOWM 3TOTC AaTulKa, 3HaTh TOUHHE YTJIOBHE M SHepre-
THYECKHe XaDaKTepHUCTUKM AaTuMKa B LENIOM IOocie ero OKOHYaTeNbHON
coopki. JladopaTOpras kKanudpoBKa OLHOTO  TaKOro  JaTuyuKa  INpH
HeaBTOMaTH3UpOBaHHOM ( "pydyHOM') yNpaBleHUM IKCIEDUMESHTOM 3afmeT
HEeCKONBKO MecdueB. [IOCKOAbBKY B KOMIUIEKT NpuUdopa AJd MOJHOTO Inepe-
KPHTUA NPOCTPaHCTBA AONXKHH BXOAUTH ABa TakKUX JaTuvka, a And
[IpOBeleHUss 3KCIepUMEeHTa B KOcMoce TpedyeTcs OCHUYHO He - ONMH
KOMIJIeXT npudopa, TO 3TO O3HayaeT, UTO 6e3 aBTOMATH3aUMM Ipouecc
KanuOpOBKY [POBECTH B INpUEMIeMOe BpeMd HepeasibHO. B CBA3U C  3ITUM
ClleLsalbHO AN 3kcnepumenTa MAPWIIPOB paspadaTnBaeTcs  CHCTeMa
aBTOMAaTUSVPOBAHHOTO YNPABNECHUA BAKYYMHHM JaCOPaTODHHM 3KCIEepUMEH-
TOM, BKJOYablilad [NOMMMO CPenCTB YIpaBieHUs IPUCODOM M BaKyyMHOR Ka-
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MEpO# TaKxe cpelcTBa cOopa, XpaHeHUd, ONepaTUBHOK OCpaGOTKU M BU-
Iyanmusallu¥  JaHHHX. Kpome Toro, B 3Ty CHCTEMYy BXOLAT CpeicTBa Iif
~poBepk# H oTéopa MKIL : '

) OIMCAHME KOHCTPYKLMHA

Ing coenunenus BuBonoB 28 ATl ¢ u3MepUTENLHOR 3JIEKTPOHMKON
NpuMeHeHa Ge2npoBofouUHas CHCTEMa BHBOLOB Ha BHYTPEHHe) NOBEDXHOCTH
chepn ( THRDa nevyaTHOrO MOHTaxa)

Bce ceTky BHMONHeHH M3 BoJbypaMa, KOpNyC - U3 aTOMEHEEBOTO
cnnasa, a xopnyca ATIl ¥ Bce 37IeMeHTH KpeleHus CeTOK - U3 Hepxape-
pie# cTar¥, B xayecTBe M3OMUPYDUWero MaTepuana NPUMEHEH KOMIO3MIUU-
CHHH! NONMUMMAHHM MaTepyan ( noauumup J, OTIHYaoWuica JerKocThbh
(p=1,2~r/cy3), HPOMHOCTBD MeTaljla, WMPOKUM IManas3OoHOM padouMx TeM-
nepaTyp ( oT -100 mo +200°C ) ¥ npaKTHUeCKM OTCYTCTBUEM OpTaHMYeC-
KEX rasoBufenenufl. C ueMbL BHACHEHMS BO3MOXHOCTHM INpPUMEHEHUS 3TOro
MaTepyana B JaTuMKe OHNU NpPOBeREeHH WU3MEPEeHUs ero Tra3OBHAEeNeHHd.
VisnepeHUs NMPOBORMIIMCD IIPY NMOMOMY IPOMLIUJIEHHOI'O Macc-aHanuzaTopa. B
padouenM puanasore Temueparyp (ot -100 no +200°C ) noMuMO BhIeNeHUs
YUCTHX TIa30B (CO,COZ,HZO M Ip.) He OCHapyxeHO Jaxe  CIeloB
OpT'aHKUKQ.

CeTku OONBWOro AMaMeTpa KW3TOTaBJMBANUCH NMPU I[IOMOWMM ONPaBKM C
6OpO3ZKaAMK, B KOTOpHE YKJIaIWBaNUChL IMPOBOJOYKU C  MOCHELyOUUM
ranbparuyecknM sakpennenueM. Har cerck 0,75 MM, IuaMeTp NPOBOJOYEK
25-30 Mx.

C uenbp ynyuweHus xapaxTepucTuk ATIl B HMX TLipUMEHEHH CeTKM ¢
OuYeHb ManuM waromM - 40 n 100 Mx.rAHannanpybmaz ceTKa - JBONHadg ¢
paccTosHHeM sexlly ceTKamu 1 wmM. JlaGopaTopHas  oTpadoTka ¢
HCHOONBIOBAHUEM  IANSKTPONUTUUYECKO!  BaHHH  NO3BONMIA HONYYUTD
npoBucauge donepworo (3-5 xB) noTeHuuana QoKycUpyouux CeTOK B
odnacTi aHamMaupypuefr ceTku ATI nopsanxa 107 °-10"".

Bce coenunerus BHIOJHEHH KOHTAKTHO# CBapkoOX, a CoOeAMHeHUd
KOpNyca - aproHo-AyT'OBO# CBapKOH.

Odmasa mpospauHocTb ( npomyckande ) MONHOro CeTOuYHOro Hadopa
pasHa 0,3.

Ing y™MeHbWEHKs BAKAHUA SaCBeTKM npudopa CONHUEM Jnfg Bcex
BHYTPEHHUX 3/7I€MeHTOB JaTuMKa, BKADYAsd CETKM, [PUMEHEHO HUKelepoe
yepHerue ( A_, £ 2 0,98). Kpome Toro, BHYTpPM laTuyMKa NpPeLyCMOTDEHH
CBETOBHE JOBYWKK, a OONbWMHCTBO QHaNU3ATOPOB PA3BEPHYTH TaK, YTOCH
IpeNOTBPATHTh 3aCBETKY AeTeKTopa.
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BHewHuil BUE JaTuMKa BMECTE C KOPIYCOM IJi SJISKTPOHMKK NOKa3aH
Ha prc.7. Tam xe mokasaHa cerMeHTHas#s cepuueckas .cCeTka GOJNBUOTO
nuaMeTpa (BHU3Y) ¥ cUCTeMa $OKyCHpyoOuMX CeTOK B cdope (B cpenHel
yacTH) .

Macca naTuukKa BMeCTe C KODIIYCOM IJIs SJIeKTPOHUKM 1 Kr, radapur-
Hhle pasmeph 150x150x180 mM.

.a)

o)

B)

Puc. 7. Buewnut Byn natumka MAPWIPOB-I (a);
cucreMa QOKycCUpyoUUX ceTOK B coope (G);
CerMeHTHasd cdepuueckas ceTka GONBWOTO pasmepa.(s).
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