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3aMmacoM IUIACTUYHOCTH, TO3BOJISIIONUM JehopMUpoBaTh MX 0€3 OTKHUra Iocie
B3pbIBa Ha BenuuuHy 10 72 %. [lnactuueckas aedopmarus mo 72 %, a Takke
nocieaywonmi omkur npu Temmneparype 900-950 °C c Bwimepxkoir 30 wmitH
CIIOCOOCTBYIOT BBIPABHMBAHUIO MHUKPOTBEPAOCTH U MHUKPOCTPYKTYPHI MO CEYEHUIO
CTEHKH TPYO.
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THE APPLICATION OF THE CHEMOGRAPHY METHOD
FOR CONSTRUCTING FIELDS OF GAS EMISSION FROM SPACE
VEHICLE SURFACE

The topicality of the research related to the study of gas emission consists in the
fact that gas emission and subsequent condensation occur unevenly, are determined
by the presence of particular material on the surface of the spacecraft, and by the
effect of space factors.
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There are standards regulating the norms of the loss of material mass and the
norms of the condensed phase, namely: ECSS-S-ST-00 (ECSS-S-ST-00-01 ECSS
System — Glossary of terms; ECSS-Q-ST-10 Space product assurance — Product
assurance management; ECSS-Q-ST-10-09 Space product assurance -
Nonconformance control system) [1].

It should be noted that in these standards the attention is paid to the properties of
the material, but the conditions for its use and the location of the spacecraft are not
taken into account.

Traditionally, the method of cold deposition (condensation) of volatile substances
released in vacuum, when heating samples of materials, is used to control gas
emission and decide on the use of a specific material in the production of space
vehicles [2].

To conduct the research, we used the VUP-5 camera with a special working insert
that allows heating and cooling of the plates to a given temperature with an accuracy
of 0.5 °C (Fig. 1). The temperature on a cold plate was regulated using Peltier
elements, which allow controlling heat fluxes by changing the difference of potentials
on semiconductors.

In the course of the research it was found that the surfaces themselves (even
practically inert to chemical interactions) can give a chemographic effect due to
certain features.

Figure 1 — Vacuum post VUP-5 with a special insert for testing materials
for gas emission

In one case, this effect manifests itself as a result of the functioning of peculiar
microvoltaic pairs (for example, in aluminum alloys), in other cases — as a result of
defects in the crystal lattice or its deformation under the action of previously applied
loads (Fig. 2).

177



ABIAIIIMHA TA PAKETHO-KOCMIUYHA TEXHIKA. MEXAHIYHA IH)KEHEPIS.
ABIIIHHO-KOCMIYHI TPEHAKEPH

a) b)
Figure 2 — Chemographic images:
a) the surfaces of a ceramic instrumental plate;
b) the surfaces of a hard-alloy element

An important point in the method of fixing reactions of ultra-low concentrations
IS its resolution.

To solve the issue of resolving power, we considered a sample with a microcrack,
which was identified by the chemographic method.

The tests were carried out according to the standard method by installing the test
materials in the appropriate bars (Fig. 3). However, the location of the heated and
cooled bar was changed, tracking the intensity of deposition of volatile substances
depending on the distance to the researched object along the unit vector. Next, the
volatiles were deposited on silicon plates and control aluminum, chrome plates 0.14
mm thick. After the experiments the plates were weighed and the mass of the
deposited material was calculated.

Figure 3 — Samples located in bars

The obtained imprints were scanned adjusting the actual size of the image and the
Image obtained on the computer raster, as well as assessing the amount of
illumination of the deposition surface relative to a clean surface. The comparison of
the characteristic areas of the image and the calculation of the intensity of the
chemographic effect in black gradations over a 100-point scale were performed using
original computer programs.

We found that with increasing distance the mass of condensed matter decreased
significantly, which made it possible to construct gas emission fields for the
researched sidewall surface of the satellite.
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Considering the entire surface of the satellite, it is possible to construct
histograms of gas emission for any planes, and using the principle of superposition of
gas fields on adjacent elements, one can obtain the value of the expected
concentration of active molecules for certain operating conditions.

We also additionally researched the maximum possible resolution of the method,
which allows predicting the depth of damage to the layer by the revealed defects,
based on a number of scribes made on the surface of the samples and measured from
microelectronic SEM photos.

Thus, the use of the presented equipment and methods significantly clarifies the
level of forecasting gas emission and condensation, and also enables direct modeling
of these phenomena for various circuit designs and used materials.
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PA3PABOTKA JOIMOJIHUTEJIBHBIX 2JIEMEHTOB JIJIsA
JJIEKTPOHHOI'O YYEBHOI'O KOMIIVIEKCA « KOMIUIEKC YAT OB/I»
C HEJIBIO ITOBBIINEHUSA D9@PPEKTUBHOCTHU TIPAKTHYECKOI'O
OBYYEHUA ABUALTUOHHOI'O ITIEPCOHAJIA CJOYXDB YB/

[IpakTnueckoe oOyueHHMe — dYacTb y4eOHOro IIpolecca, HalpaBlCHHas Ha
MOATOTOBKY CHEIHAINCTOB K Oyayuiedl TpyAoBoi nestenbHocTH. lIpakThueckoe
oOydeHHe SABISIETCS HEOTHEMJIEMOW YacThlO MOJTOTOBKH aBUAIMOHHOTO IMEpPCOHAsa
cyx0 YBJ[. OcoGeHHOCTSIMU MPaKTUYECKOT0 O0yYEHHs aBUALIMOHHOTO IMepcoHalia
ciyx6 VYBJl sBasiorcs: mpuUMEHEHHE  y4eOHO-TUCHETYEPCKUX  TPEHAKEPOB,
UMUTHPYIOIINX PpeajbHYI0 BO3AYIIHYIO OOCTAaHOBKY; MOJEIHPOBAHUE Pa3IMUHBIX
CUTyalluil BO3IYIIHON OOCTaHOBKH, MO3BOJISIOLIEE OTPadOTaTh BCE YETHIPE METOJIA
AIIEJIOHUPOBAHUS BO3JYIIHBIX CYIOB (YyIpaBi€HHE MOCTYIATEIbHON CKOPOCTHIO,
YOPaBICHUE  BEPTUKAJIBHOM  CKOPOCTBIO,  BEPTUKAIBHOE  JLIEJIOHUPOBAHUE,
BEKTOPEHHE); OTpabOTKa NEHCTBUI NpU aBAPUNHBIX CUTYalUsAX, TAKMX KaK: OTKa3
panuoCBsI3M, IMOXKap Ha OOPTYy BO3IYLIHOIO CyJHA, 3aXBaT BO3JYLIHOIO CYJHA,
HEUCIPABHOCTh IIACCH U T. . OTpaboTKa (pa3eoyoruu paauooOMeHa Ha JBYX
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