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CospeMeHHbJe 11HTerp11pOBaHHble CI1CTeMbl HaBI1ral(l111 KA, KaK npaBI1JJO, <jJOpM11pYJOT 
HaBI1ral(I10HHOe perneHI1e nyreM KOMllJJeKC11pOBaHHJI !laHHblX fHCC-np11eMHHJ<B H 
6ecnJJaT<jJOpMeHHOH 11Hepl(HaJJbHOH HaBI1ral(I10HHOH CI1CTeMbl (oJ1HC). TipeMOJKeH HOBblH 
sap11aHT HHTerpHpOBaHHOH apXHTeJITYPbl CQC nepcneKTI1BHbiX KA CI1CTeMbl fflQHACC na 
OCHOBe JKeCTKO ( CI1JibHO) CBJI3aHHOH CXeMbl KOMllJJeKC11pOBaHHll AaHHbiX, B KOTOpOH B Ka'!eCTBe 
aHBJJOra HH<jJOpMal(l111 fHCC-npHeMHHKa BbiCT)'llaiOT AaHHble MeJKcnyrHHKOBOH JJB3epHOH 
HaBHral(HOHHO-CBli3HOH cHCTeMbi (MflHCC), a s Ka'lecTse aHBJJOra EHHC - AaHHbie 6JJOKa 
AaT'IHKOB YrJJOBbiX CKOpOCTeH. K OTJII1'1HTeJJbHblM OC06eHHOCTHM npeMOJKeHI1H OTHOCJITCH 
napaMeTpbl perneH11H 3a!la'll1 B KaCKa!IHOM cjJHJJbTPe KMMaHa, a TaKJKe HaHAeHHbiH CllOC06 
HCKJJIO'IeHHJI BJJI1JIHI1ll Ha BJirOp11TMbi, peaJJH30BaHHbJe B Cnel(HBJ!bHOM Bbi4HCJJI1TeJJbHOM 
YCTPOHCTBe (CBY) MflHCC, B OTJIH411e OT rny60KO-HHTerp11pOBaHHOrO aHBJIOra CXeMbl 
KOMnJJeKCHpOBaHI1ll. 

Tipe!ICTaBJJeHbl pe3yJJhTaTbl 11MI1Tal(I10HHOrO MO!IeJJHpOBaHI1ll npOI(eCCa 
cPYHKI(HOH11pOBaHJ1)1 CQC B pB3JJH4HbiX peJKI1MaX pa60Thl C Y'feTOM W11pOKOro cneKTPa 
B03Myrna!OU(I1X cjJaKTOpOB, KOTOpb!e AeMOHCTPI1PYJOT nepcneKTI1BHOCTb npHMeHeHUH TepMUHBJJa 
MJlHCC B COCTase COC nepcneKTHBHbiX KA CI1CTeMbi fflOHACC MH perneHHll 3a!la'IH 
llOBbJU\eHI1ll TO'IHOCTI1 OnpeAeJJeHHJI ero npOCTPaHCTBeHHOH Op11eHTal(HI1. ,[(eJJaiOTCJI BbiBO!\bl 06 
yCJJOBI1HX 11 orpaHH'!eHHJIX np11MeHeHI1H paCCMaTPI1BaeMoro nO!IXO!\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., 2Titov Y.V., 1Pasynkov V .V., 1Krasi lshchikov M.N. 
1MAI, 2The 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 in 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 systems, 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 GLON ASS 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 
lLNLS 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 tenninal 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 . 

Pa3paoorna, H3fOTOBJJeHne II HCCJie)IOBaHHe BbiCOKOTeMnepaTYPHOfO KpeMHHeBOfO 
npeoopa30BaTeJIII )laBJieHHII IIJIII TpaHCllOpTHbiX CHCTeM 
fO!IOBI1I(biH 11.8., Cyxanos B.C., TianKOB B.B., EpeMHH n.M. 

HTIK «TexHonom'leCKHH I(eHTp», r. 3eneHorpa!l 
KpeMHI1eBbie npeo6pB3osaTeJJH AaBJJeHI1ll, H3roTaBJJHBaeMbTe Ha ocHose KHI1-CTPYKTYPhi, 

o6JJaAaJoT p»!IOM Heocnopi1MhiX !IOCTOI1HCTB, cpe1111 KOTOphiX BhiCOKHe 113Mep11TeJJbHbie 
xapaKTep11CTI1KH, MBJ!ble ra6ap11Thi H sec, HH3Kall ce6ecTOHMOCTh. TaKHe npeo6pa3osaTeJJI1 
npe!\CTaBJJJIIOT 60JJbWOH 11HTepec C TO'IKH 3peHHJI C031\aHUH AaT'IHKOB 11Jlll npoBe!leHI1ll 
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H3MepemtH npH BhiCOKOH TeMneparype H lKeCTKHX YCJIOBHJI OKpYJKa!OmeH cpe)l.hl , B '!aCTHOCTH, 
B CHCTeMax ynpaBJieHHJI JleTaTeJihHhiX annapaTOB. 

B CTaThe onncaHa pa.:Jpa6oTKa H H3roTOsneHue BhiCOKOTeMnepaTypHOro KpeMHwesoro 
npeo6pa30BaTeJIJI ~aBJieHHll Ha OCHOBe KHJ1-CTPYKTYPhl Mll ~Hana30H3 TeMnepaTypbl OT MHHYC 
45 °C ~0 220 °C. ilpH pa3pa6oTKe KOHCTPYKI.IHH H TeXHOJIOnm HCDOJih30BaH MHOrOlleTHHH Ollh!T 
HnK "TeXHonom'!eCKHH ueHTP" s o6nacTM coJ~aHHll KpeMHMeBhiX npeo6pa3osaTenei1 
~aBlleHHll. 

l.J.ysCTBHTellhHhlH 311eMeHT (':13) npeo6pa30BaTeJIJI COCTOHT 1-13 3x '!aCTeH: OCHOBaHHll, 
npOKJl~ H KpMCTaJIJia MeM6paHbl, KOTOpbiH QJOpMHpyeTCll 1-13 KHJ1-nnaCTHHhl. 0CHOBaHMe 
o6ecne'!Hsaer KpenneHue KpMcTaJllla MeM6paHhi K Kopnycy. OpoKJia~Ka coe~HHlleT ocHosaHne u 
KpHCTaJIJI MeM6paHbl . TeH30pe3HCTOphl pacnOJIOlKeHbl B MeCTaX KOHI.{eHTPai.UIH MeXaHH'IeCKHX 
Hanpl!lKeHHH Ha KpHCTl!JJne MeM6paHbl. KpHCTaJIJI MeM6paHhl Henocpe~CTBeHHO OCY!lleCTBlllleT 
npeo6pa30BaHne ~asneHHll s Bh!XO~Hoe HanplllKemte. l.J.acTM KpHCTanna npeo6pa30saTeJIJI 
COe):{HHeHbl Me~ C060H llerKOnllaBKHM CTeK.IIOM. 

CtjJopMuposaHHJ>IH l.J.3 pa3Memaercl! s MeTaJI.IIOCTeK.Ill!HHOM I.IH.IIHH~M'!ecKOM Kopnyce 
THna T0-5Kopnyce, KOTOphrn Y~OBJieTBOplleT Tpe60B3HHJIM CTOHKOCTH K Bh!COKOH TeMnepaType 
(6011ee 220 °C). MOHTalK KpbllllKH OCY!lleCTBJieH C HCDOJlh30B3HHeM KOH~eHCaTOpHOH CBapKn, 
o6ecne'IMB310!llei1 Ha,!leJKHOe coeaHHeHHe s llillpOKOM ~HanaJoHe TeMnepaTyp. 

,[{Jill H3MepeHHJI xapaKTepHCTHK npeo6pa30BaTeneif HCnOJih30BaHa ~ByxKaMepHal! 

KOHQJHrypal.{HJI HCilh!TaTellhHOro o6opy~osam!JI, n03BOJIJIIO!llal! pa36HTh pa60'IHH 
~uanaJoH TeMnepaTyp npeo6pa3osare1lll Ha ~sa - oT MHHyc 45°C ~o +85°C H OT +85°C ~o 
+220°C. 11ccJie~osaHHe npeo6pa3osaTeJiei1 noKa3aJIO, 'ITO npw6ophl HMe!OT BhiCOKHe 
M~oJiorH'!ecKHe xapaKTepHCTHKH, 6JIH3KHe K TPaAHI.\HOHHbiM npeo6pa3osaTeJil!M, 
HCfiOJlh3yiO!IIHM ~HQJQJY3HOHHbJe TeH30pe3HCTOpb!. TipoBe):{eH aHaJIH3 fiO.IIY'JeHHhiX pe3yJihTaTOB. 

Pa60ThJ BblfiOJIHeHhJ npH QJHHaHcosoif noMeplKKe MnHucTepcTsa o6pa3osaHHll H HayKH 
PoccHilcKoil <l>e~epauHH (ComameHHe .N"2 14.577.21.0245, ymtKaJIJ>HhiH H~eHTHQJHKaTOp 

IIPI13P RFMEFl57717X0245) . 
B pa6oTe HCfi0Jlh30BaJIOCb o6opy~oBaHHe l.J,Kil "<i>yHKUHOHl!JibHbiH KOHTPOJlh H 

~HarHOCTHKa MHKpO- H HaHOCHCTeMHOH TeXHHKH" (I.J,Kn HnK "TeXHOJIOrH'IeCKHH I.{eHTP") . 

Design, fabrication and characterization of a high-temperature silicon pressure 
transducer for transport systems 

Godovitsyn I.V., 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 
control 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 oc 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 fie ld 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 SOl-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 T0-5 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 4S°C to +8S°C and from +8S°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 execnted at financial support of the Ministry of education and science of the Russian 
Federation (Agreement No. l4.577.2l.024S, a unique identifier, PRIOR RFMEFIS7717X024S). 

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

AIITOMaTH3aliHH npoeKTHpOBaHHH naHJihHbiX 3D-MaCOK 

fopenos A .O., TJ"llina I1..0. 
MAM, r. MocKsa 

B MocKOBCKOM asHaUHOHHOM HHCTH"ryre na Kaljle.[lpe «Texnonontl! npH6opocTpoeHHll» 
Be.[leTC51 pa3pa60TKa TeXHOllOfHH HaHeCeHH51 !lal!JibHbiX MaCOK C llOMOII.(biO 30-!lpHHTepa H3 
MaTepHana, CXO)f(efO llO CBOHM CBOHCTBaM C MaTepHanOM .[IH3lleKrpHKa !le'faTHOH nnaTbl -
3ll0KCH.[IHOH CMOllhl ( l]. IlOCKOJibKY TeXHOllOntll 30-MaCOK .LIOCTaTO'fHO HOBall, TO 
cyll.(eCTByiOII.(He CHCTeMbl aBTOM3TH3HpOBaHHOf0 npoeKTHpOBaHHll (CAI1P) H 
aBTOMaTH3HpOBaHHhle CHCTeMhl TeXHOllOfH'feCKOH llO.[IfOTOBKH llpOH3BO.[\CTBa (ACTIJI1) He 
MOf)'T o6ecne'I:HTh .[10Jl)f(H0f0 ypOBH51 aBTOMaTH3aUHH OllepaU:HH llpH llpOeKTHpOBaHHH H 
H3fOTOBneHHH 30-MaCKH H OCHaCTKH !lOLl !le'faTHYIO nnary (I1I1), 'ITO, B CBOIO O'fepe.[lb, 
3arpy.L\HlleT pa3pa60TKy, HCCne.[IOBaHHe H BHe.[lpeHHe 3TOH TeXHOllOntH. 

,ll,llll perneH:Hll 3TOH npo6neMbi nocTasnena Ja.[la'!a pa3pa6oTKH MOL\Yllll L\llll cymecTBYIOII.(HX 
CHCTeM. BhmOJIHenue nocTasnennow 3a.[la'IH pa36HTO na necKOllbKO 3Tanos: 

I. Pa:Jpa6oTKa anropHTMOB asTOMaTH'IeCKOH renepauHn ocnacTKH !lOLl I1I1 M» yctanoBKH 
3TOH nnaThl B 30-npHHTep H KllaCCH'IeCKOH ((llllOCKOH» 30-MaCK:H, T.e. 6e3 06oeMHblX 
<<KposaTOK» !lOLl ::JneKTpOHHbie KOMllOHeHTbi. B Ka'feCTBe BXOL\HbiX .[13HHbiX anropHTMaM 
llO.[\aeTC» gerber HllH dxfl dwg ljlailn C 20 H306pa)f(eHHeM !laliJibHOH M3CK:H H HH<!>OpMaUH» 0 
TOllll.(HHe !le'laTHOH llll3Tbl H JKenaeMa» TOllll.(HHa 30-MaCKH. 

2. Ilpose.[lenHe 3KcnepnMeHTOB M» onpe.[leneHHll onTHMallbHhiX napaMerpos «nnocKHX» 

30 M3COK. 
3. Pa:Jpa6oTKa anropHTMOB renepauHH «06oeMHOH» 30-MaCKH. 
4. Pa:Jpa6oTKa MO.[Iyllll, cnoco6noro pa6oTaTb ne3aBHCHMO HnH llOL\KlllO'!aeMoro K OL\HOH H3 

cymecTBYIOII.(HX CAITP. 
S. IJpOBe.[leHHe 3KC!lepHMeHTOB C uenhiO BHe.[lpeHHll HOBblX ljlyHKUiiH H y'leTa Bhll!BlleHHhlX 

He.[IOCTaTKOB. 
Pe3yllhTaToM pa60Thi MOL\Yllll »Blll!IOTC» ljlaHJibi ¢opMaTa STL, KOTOpbie nepe.LiaiOTC» s 

ACTITIT 30-npHHTepa. 
B nacTo»mee speM» BhmonneHbi pa60Tbi no nepsoMy H '13CTH'IHO BTopoMy 3TanaM 

pa3pa6oTaHbl anrOpHTMbl aBTOMaTH'IeCKOH renepaUHH OCHaCTKH H «llllOCKOH» 30-MaCKH, 
npose.[leHbl 3KcnepHMeHTbl no onpe.[leneHHIO a.[lre3HH MacoK K MaTepHanaM ne'!aTHbiX nnaT [2, 
3]. Be.LI)'TCll pa6oThl no pa3pa6oTKe MOL\Yllll CAI1P. TecTHposanHe pa3pa6aTbmaeMoi1 CHCTeMbi 
nnanHpyeTc» npoBOL\HTh Ha 30-npHHTepe Objet Connex260 H ACTI1I1 Objet Studio. 

nHTepa·rypa: 
l. fopenos A .O. <<HanecenHe nallnhHhiX MacoK na 30-npHHTepe». C6opHHK Te3Hcos 

.[\OKlla.[IOB «I1HHOB3UIDI B aBHaUHH H KOCMOH3BTHKe-2014» II 000 «IlpHHT-CaJIOH>>, 2014; 
2. fopenos A.O. «A.Lire3H» 3D MacoK K ne<JaTnoil nnaTe». C6opHRK Te3HCOB L\OKJia.[loB 

«ABH3UH51 H KOCMOHaBTHKa-2014» II MacTepcKal!!le'!aTH, 2014; 
3. BacHJibeB <l> .B., fopenos A.O. Awe3H» na»llhHbiX MacoK, nony'leHHbiX na 30-npaHTepe 

II 3neKrpOH:HKa: nayKa, TexnonorH», 6H3Hec. 2017. NQ6. C. 194-196 
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