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CoBpeMeHHBle HHTErpHPOBAHHBIE CHUCTEMBbI HaBHramuu KA, kak mpaBuno, QOpMHUDPYIOT
HAaBUI'ALMOHHOE pEIIEHHE I[yTeM KOMIUIeKCHpoBaHWA  gaHHbiX [HCC-mpuemHHKa H
BecriarhopMeHHONR HMHeplHaibHOH HaBurauHoHHOH cucteMel (BUHC). IlpemioxeH HOBBIH
BapHaHT WHTerpHpoBaHHON apxuTekTypsl COC nepcnektusHbIX KA cuctemsl I'JIOHACC Ha
OCHOBE JKECTKO (CHJIBHO) CBA3aHHON CXEeMbI KOMILUIEKCHPOBAHHS JAHHBIX, B KOTOPOH B KadecTBe
apanora vHpopMaunn I'HCC-npHeMHHKa BLICTYNIAIOT [AaHHBIE MEXKCIYTHUKOBOH J1a3epHOH
HABHTAUMOHHO-CBA3HOH cHcTemnl (MJIHCC), a B xauectBe aHaynora BUHC — pgaHubie Oyoka
JIATYHKOB YIJIOBBLIX CKOpocTedl. K OTIHUMTENBHEIM OCODCHHOCTAM IMPEUIOKEHHS OTHOCHTCS
napaMerpsl peuieHHs 3aJayH B kackaJHoM ¢winTpe KaamaHa, a Tawke HafeHHBIH Criocod
HCKIIOYEHHS BJIUSHUA Ha ANCOPHTMBI, DPEATH3OBAHHBIE B CIIENHAJIHGHOM BBIYHCIHTENBHOM
yerpoitctee (CBY) MJIHCC, B ommude OT TiTyGOKO-HHTETPHPOBAHHOTO AHAJIOra CXEMBI
KOMILIEKCHP OBaHHUSL.

IpeacTaBneHs pe3ynbTaThl HMHTALHOHHOTO MOJIETHPOBAHUA npomecca
dbyuxumonnpoans COC B pasiHyHBIX peXHMax paboThl € y4ETOM INHPOKOTO CIEKTpa
BO3MYILAKOIHX (AKTOPOB, KOTOPbIE AEMOHCTPUPYIOT HEPCIIEKTHBHOCTE PHMEHEHH TePMHHATA
MJIHCC B cocraBe COC nepcnextusHbiX KA cuctems! 'VIOHACC mnis pemeHust 3amauu
TMOBBILICHHS TOUHOCTH ONPEACICHHs er0 NPOCTPAaHCTBEHHOH OpHeHTauun. [enarotca BEIBOAEI 00
YCIOBUSIX M OTPaHHHCHHUAX MPHMEHEHHS PacCMaTpHBacMOT0 MOAXO0/A.

About the specifics of the methodical approach to the formation of the shape of the
integrated attitude control system of perspective GLONASS spacecrafts
{Galikhanov N.K., *Titov Y.V., 'Pasynkov V.V., 'Krasilshchikov M.N.
lMAL *The affiliated branch «PNBS» JSC «RPC «PSI», Moscow

At the present stage of development of the GLONASS satellite system, high demands of the
accuracy, integrity and availability of navigation support for the system’s consumers are
imposed. In this regard, recently the situation is indicated inm which, from the point of view of
improving the accuracy of ephemeris-time support, second-order effects come more significant,
associated with errors generated by the attitude system of spacecraft, among others. Thus, the
task of forming the shape of the attitude control system of perspective GLONASS spacecrafts
becomes particularly relevant.

Modem integrated spacecraft navigation systeims, as a rule, form a navigation solution by
integrating data from a GNSS receiver and an inertial navigation system (INS). A new version of
the integrated attitude system’s architecture of perspective spacecraft of the GLONASS system
based on a heavily related data integration scheme is proposed, in which data from the inter-
satellite laser navigating link system (ILNLS) is used as an analogue of GNSS receiver
information, and the unit of gyroscopes is used as an analogue of INS. The distinctive features of
the proposal include the parameters for solving the problem by Kalman’s cascade filter. Method
of eliminating the interference with algorithms implemented in a special computing device
ILNLS is founded, in contrast to the deeply integrated analogue of the integration scheme.

The results of simulation modeling of the attitude system with wide range of disturbing
factors in various modes of operation are presented. Shown, that using the ILNLS terminal as
part of the attitude control system to solve the problem of increasing the accuracy of determining
spacecraft spatial orientation is perspective way. Conclusions are drawn about the conditions and
limitations of the application of the approach.

PazpaloTka, H3rOTOBJAEHHE H HCCIENOBAHHE BbICOKOTEMIIEPATYPHOT0 KPeMHHEBOTO
npeobpa3oBaTens AaBJIEHHS A8 TPAHCTIOPTHLIX CHCTEM
Fomosunei U.B., Cyxanos B.C., I1ankos B.B., Epemun I1.M.
HITK «TexHonorn4eckii HeHTp», I. 3eneHorpan
KpemHueBbie npeobpa3oBarend JABJIEHHA, H3roTaBIvBaeMble Ha ocHOBe KHU-CTpyKTYpHI,
00n1agalT pAAOM HEOCTIOPUMBIX JOCTOMHCTB, CPEAM KOTODBIX BBICOKME H3MEDHTEIBLHBIE
XapaKTepHCTHKY, Malble TabapuThl M Bec, Hu3kas cebGecrommocts. Tawue npeofpasoBaTenn
NpPEeACTARNAIOT OONBIIOH HHTEPEC C TOUKH 3PEHUS CO3JAHHA JAaTYHKOB JUIA MPOBEIACHUS
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H3MEPECHHH NPH BBICOKOH TEMNEpPAaType M JKECTKHX YCIIOBHS OKPYKAIOWeH Cpebl, B YACTHOCTH,
B CUCTEMaXx YIPaBleHHs NETaTCIBHEIX allllapaToB.

B craree ommcana pa3paboTka M H3TOTOBJICHHE BBICOKOTEMIICPATYPHOTO KPEMHHEBOTO
npeobpasopaTens Aasnenua Ha ocHoe KHU-ctpykTyph! s iMana3oHa TeMIepaTyphl OT MHHYC
45 °C no 220 °C. Ilpu pa3paboTke KOHCTPYKUHH U TEXHOJIOTHH HCIIONL30BAH MHOIOJIETHHI OTIBIT
HIIK "Texsonoruueckuil LeHTp" B 00JacTH co3OaHMsi KPEMHHEBBIX Ipeobpa3zoBaTeneit
JIaBJICHHA.

YyBCTBHTENBHEIH 37MeMeHT (UD) npeoGpa3oBaTens COCTOMT W3 3X YacTeil: OCHOBaHHS,
NPOKJIAAKH H KPUCTAILIA MeMOpaHsl, koTophlit ¢opmupyercs 3 KHH-mmactunbr. Ocnopanne
obecneynBaeT KperUIeHHEe KpucTaiia MemOpaHs! K koprrycy. ITpokiaaxa coeAMHSCT OCHOBAHME 1
KpucTaLT MeMbpaHbi. TeH30pe3sHCTOPE! PACMONOKEHB B MECTaX KOHLUCHTPALHH MEXaHHYESCKUX
HanpsmKeHHH Ha Kpuctamie Mem6panbi. KpucTaiur memOpaHsl HEHOCPE/CTBEHHO OCYLIECTBIISET
npeofpa3oBaHHe [aBJICHUS B BBIXOJHOE HanpsikeHHe. YacTH KpHcTamia npeobpazoBarens
COEMHEHB! MEXIY COOOH JIETKOMIABKHM CTEKIOM.

Codopmupopannsiii U3 pasMernactcs B METALAOCTEKISHHOM LMIHHIPHYCCKOM KOpIyce
tuna TO-5kopiryce, KOTOpBIA yIOBNETBOPSIET TPEOOBAHNAM CTOHKOCTH K BRICOKOH TeMmiiepatype
(6onee 220 °C). MoHTax KpHIIKH OCYNICCTRICH C HCMOIb30BAHNEM KOHJICHCATOPHOH CBapKH,
obecneunBaromeH HaeKHOE COETHHCHHE B LUAPOKOM [iHana3oHe TeMIeparyp.

Jns  M3MepeHMs  XapaKTepHCTHK —Mpeobpa3oBaTesied  HCNOIb30BaHA — [BYXKaMepHas
KOHOUIypaIHsA HCNBITATENEHOTO 000PYLOBaHM S, O3BOIOAs pa3buTh pabounii
JMana3oH TemIeparyp npeofpa3zoBatens Ha ABa — oT MHHYc 45°C mo +85°C u ot +85°C mo
+220°C. MccaenoBanue mnpeoOpasoBaTeneil nokasano, 4ro npuOOPEl HMEKT BBICOKHE
METPOJIOTHYECKHE  XApPAaKTEPHCTHKH, ONM3KHE K  TpaJMLHOHHBIM  Ipeolpa3oBaTensim,
HCHONB3YIOMHM OH(pGY3HOHHEIE TEH30PE3UCTOPBI. [IpOBEACH aHaIM3 OYYECHHBIX PE3YIBTATOB.

Pabotbr BhIMONHEHE! NpX (GUHAHCOBOH noanepxke MunHcTepcTBa 00pazoBaHHA M HAYKH
Poccuiickoii ®epepaunn (Cormamenne Ne 14.577.21.0245, ynukanpsbii HaeHTHGHKATOD
TPUSBP RFMEFI57717X0245).

B pabore ncnomssoanock obopynopaHwe LKIT "O®OyHkuuoHamsHbIA KOHTpONE M
JIMATHOCTHKA MHKPO- U HaHocHcTeMHoH TexHukn" (LIKIT HITK "TexHonornueckuii meHtp™).

Design, fabrication and characterization of a high-temperature silicon pressure
transducer for transport systems
Godovitsyn LV., Sukhanov V.S., Pankov V.V, Eremin P.M.
State Research Complex “Technological centre”, Zelenograd

Silicon pressure transducers, manufactured on the basis of SOl-structure, have a number of
undeniable advantages, including high measurement characteristics, small size and weight, low
cost. These transducers are of great interest from the point of view of creating sensors for
measurements at high temperatures and harsh environmental conditions, in particular, in aircraft
contro! systems.

The article describes the design, fabrication and characterization of high-temperature silicon
pressure transducer based on the SOl-structure for the temperature range from minus 45 °C to
220 °C. The design and fabrication is carried out at the facilities of SRC "Technology center"
having over 20 years of experience in the field of silicon pressure transducers.

The sensing element (SE) of the transducer consists of 3 parts: the pedestal, the spacer and
the membrane die, which is formed from the SOI-wafer. The pedestal provides fastening of the
membrane die to the package. The spacer connects the pedestal and the membrane die. The strain
gages are located in places of concentration of mechanical stresses on the membrane die. The
membrane die directly converts pressure into output voltage. The parts of the SE are connected
by a low-melting glass.

The formed SE is located in a metal-glass cylindrical package of the TO-5 body type, which
meets the requirements of resistance to high temperature (more than 220 °C). Installation of the
cap is carried out with the use of condenser welding, providing a reliable connection in a wide
temperature range.
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To measure the characteristics of the transducers, a two-chamber configuration of the test
equipment is used, which allows to divide the operating temperature range of the transducer into
two — from minus 45°C to +85°C and from +85°C to + 220°C. The study of transducers showed
that the devices have good metrological performance close to traditional transducers using p+
diffused strain gages. The analysis and discussion of the obtained results is carried out.

Work is executed at financial support of the Ministry of education and science of the Russian
Federation (Agreement No. 14.577.21.0245, a unique identifier, PRIOR RFMEFI57717X0245).

In work the equipment of CCP "Functional control and diagnostics of micro- and
nanosystem equipment” (CCU SRC "Technological center") was used.

ABTOMAaTH3aIHA [IPOCKTHPOBAHHS NAVILHBIX 3D-Macok
T'openos A.O., Tyunna U.0.
MAM, r. Mocksa

B MOCKOBCKOM aBHAIIMOHHOM HHCTHTYTe Ha Kadeape «TexHomorua mpuOOpOCTPOSHHA»
Bemercs paspaboTka TEeXHOIOTHH HAHECEHHS IMAasIbHBIX Macok ¢ HoMoublo 3D-npHHTepa H3
MmaTepualia, CXOXKEro 1o CBOMM CBOWCTBAM C MAaTEpUAJIOM JHMDNICKTPHUKA MEYATHOH ILIAThl —
anokcuaHoOM cmombl  [1]. Tlockonpky TexHomoruss 3D-macoxk JOCTaTOYHO HOBad, TO
CYUIECTBYIOIIME ~ CHCTEMBI  aBTOMATH3MPOBAHHOTO IIPOCKTHPOBAHUA (CAIIP) "
aBTOMATH3WPOBAHHBIE CHCTEMB! TEXHOJIOTMYECKOH NOAroToBkd mpoussosctsa (ACTIII) me
MOTyT O0CCNEeYHTh JO/DKHOTO YPOBHA aBTOMATH3ALMH OIEpPalHid TIPH NPOCKTHPOBAHHH H
narotosneHnd 3D-MackM W ocHacTku noj neuatdyto rnary (ITI1), yro, B CBOWO oOuepels,
3aTPYAHAST pa3paboTKy, UCCIENOBAHAE U BHEAPEHHE STOH TEXHOJIOTHH.

Jlns peweHns 3Toi npo6IeMsl 1ocTasieHa 3aa4a paspaboTKH MOy s T CYIIECTBYIOUIHX
cHCTeM. BrInonHEeHHE [TOCTaBIeHHON 3a1a4H pa30UTO HA HECKOJIBKO DTAIIOB:

{. Pa3paboTka aJIrOPUTMOB aBTOMATHYECKOH reHepauin ocHacTku rof 1111 jis ycranosku
aroi ruiatel B 3D-mpHHTEp M Kiaccudeckoi «miockoi» 3D-mackm, T.e. 6e3 0ObeMHBIX
«KpOBATOK» I107l DJIGKTPOHHBIE KOMIIOHEHTbl. B KauecTBe BXOJHBIX JaHHBIX AIrOPHTMAM
nonaercs gerber win dxf/dwg ¢aitn ¢ 2D uzobpaxkeHueM rasnbHOH Mack# W HHPOPMAIHA O
TOJILMHE NEYATHOHN IUIATHI U KeNaeMas ToyirmHa 3D-Mackw.

2. TlpoBe/icHHE IKCIIEPHMEHTOB I/ ONPEETEHHs ONTHMAJLHBIX MTAPAMETPOB «ILIOCKHX)»
3D macox.

3. PaspafoTka aNropuTMOB TEHEpAIHH «00BeMHON» 3D-MackH.

4. Paspaborka MOzyJist, CriocOOHOTO paboTaTh HE3aBUCHMO MM MO/IKIHOYAEMOTO K OJIHOH M3
cyecTyouux CAIIP.

5. TlpoBe/ieRME IKCIIEPUMEHTOB C LIENBIO BHEJPCHUSA HOBbIX QYHKUHA W ydeTa BbIABICHHBIX
HEJlOCTaTKOB.

PesyneraToM paboTel Moayns seistoTca ¢aiiael dopMara STL, koropele nepemarorcs B
ACTIIII 3D-npudTepa.

B Hacrosiiiee BpeMs BBIOIHEHBI pabOTH MO NEPBOMY M YaCTHYHO BTOPOMY 3TaliaM —
pa3paboTaHbl aJrOPHTMBl ABTOMATHYECKOH TEHEpPalUMH OCHACTKH M «ILIOCKOH» 3D-Mackw,
[IPOBE/EHBI SKCIICPUMEHTHI [I0 ONPE/IENCHNIO a/Ire3MH MAacOK K MaTepHasiaM TIeYaTHBIX IuTaT [2,
3]. Benyrcs paboTsl no paspaborke moxyna CAIIP. TectHpoBaHHe paspabaThIBAEMOH CHCTEMBL
IUIaHHpyeTes TpoBoanTh Ha 3D-npuHTepe Objet Connex260 u ACTIIII Objet Studio.

JIuteparypa:

1. Topenos A.O. «HaHecenue mnasuibHbIX Macok Ha 3D-mpuarepe». COOPHMK TE3HCOB
JIOKIan0B «MHHOBAKMY B aBHAIMH H KOCMOHaBTHKe-2014» // OO0 «IIpunT-cayon», 2014;

2. T'openos A.O. «Anre3us 3D Macox kx medatHo# miarte». COODHHK TE3HCOB JIOKIIANOB
«ABunanus U kocMoHaBTUKa-2014» // Mactepckag nevarty, 2014;

3. Bacunbes @.B., ['openos A.O. Anre3ns nasuibHBIX MacoK, [0JTy4eHHBIX Ha 3D-npurTEpE
// DreKTpOHHKa: HayKa, TEXHOJIOTHS, O6u3Hec. 2017. Ne6. C. 194-196
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