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PE3EPBHAA NH®OPMALMOHHAA CUCTEMA
NIETATEJNIbHOI'O AMMNAPATA

Kapacesa T. B., Bbopucosa M. M.?
(Apzamacckuit nonumexnuueckuit uncmumym HI'TY um. P.E.
Anexceesa, Apzamac)

B cmamuve paccmompenst ochogrble npuHyunbl NOCMpOeHst pe3epeHol
ungopmayuonHol cucmemuvl asemamenvroz2o annapama (PUCIIA),
onpeoenena CmpyKmypHas cxema, ORUCan RPUHYUn pabomsi CUCEMbl
u g3aumodeticmsue medxncoy coool OMOenbHbIX COCMABHBIX ONOKO8.
Ipeonoscen cnocob nosviuleHusi MOYHOCMU, USMEHEHUS MACco2a-
bapummnvwix xapakmepucmux PUCJIA 3a cuem 3amenbl O10Ka 0amyux-
06 opuenmayuu. B cmamve maxoice npedcmagnena memoouka npo-
sepru oamuuxa yenogvix ckopocmeti STIM210 xomnanuu Sensonor
(Hopseaus).

KiroueBple cioBa: HaBUTAIIMOHHAS CHCTEMa OpHEHTAIHH,
MHUKpodIeKkTpoMexannueckne cuctembl (MOMC), BHeapeHme
MOMC.

1. BeedeHue

CoBpeMeHHas HayKa HE CTOUT Ha MECTE, U YPOBCHb Pa3BUTHS
3JIEKTPOHMKH T103BOJISIET IIO-IPYTOMY B3IJIIHYTh HA HAaBUTAllMOHHbIE
CHCTEMBbl OPHEHTALMH; HA CMEHY aHAJIOTOBBIM BBIYHCIUTEISIM TPH-
IIJTM KOMIaKTHBIE nu(poBeie ycrpoiicTBa. [lpumenenne nuppoBbix
YCTPOMCTB B HABUTALMOHHOM CHUCTEME OPHUEHTALMH I103BOJISET
MOBBICUTh TOYHOCTh, HAJIEKHOCTh U YMEHBIIUTH Ta0apUThl UYyBCTBU-

1
Kapacesa Tamvana Buxmopogua, kanouoam mexHuyeckux Hayk,

()ouenm (tatjanakaraseva@yandex.ru)
Bopucosa Mapuna Muxaiinosna, cmyoenm
(Marina4534FMRU@rambler.ru)
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TEJIBHBIX 3JEMEHTOB (I'MPOCKOIIBI, aKcelepoMeTphbl). B kauecTBe
YYBCTBHUTENBHBIX 3JIEMEHTOB HABUTAIIMOHHOW CHCTEMBI OpUEHTAITUN
MPUMEHSIOTCS MUHHATIOPHBIE aKCEIEPOMETPHI M THPOCKOIIBI, BbI-
noJjiHeHHble 10 MOMC TEeXHOJIOTHAM.

2. OcHoO@BHbIe y3J1bl pe3epeHol UHhoOpMayUOHHOU
cucmembl JlemamesibHO20 annapama

B cratbe paccmarpuBaeTcsa pesepBHas MH()OpMAlMOHHAS CHC-
TeMa netarenpHoro ammapata (PUCJIA), B xoTopo#t OymyT mpume-
HATBCS TATYUKH NepBUYHON WH(pOpManuu, ocHOBaHHEIE HA MOMC,
YTO TO3BOJMT YMEHBLINTH MAaccorabapuTHBIC XapaKTEePUCTUKUA H
MOBBICUTh TOUHOCTHBIE NTAPAMETPHI.

PesepBHas nnpopmanroHHas cucTeMa JIeTaTeJIbHOTO annapara,
NpUMeHseMasl B IPaXIAaHCKUX LEJSIX, peJHa3HadeHa Al GopMu-
pPOBaHMs, MHAMKALUU M BbLAAYM IOTPEOUTENIO0 TMPOMArHUTHOTO
Kypca, 3alaHHOTO Kypca, YIJIOB KpeHa M TaHTaxa, JaBJICHUS Y IO0-
BEPXHOCTH 3eMjH, abCONIOTHON M OTHOCHUTENBHOM Oapomerpuue-
CKOH BBICOT, BEPTUKAILHOW M MPUOOPHON CKOPOCTEH, a TakkKe IS
VMHIMKANK T1apaMeTpoB, MMOCTYNAIOMINX Ha BXOJ CHCTEMBI OT Oop-
TOBOI1 anmaparypsl.

B cocras 0moka PVICJIA Bxonsr:

— Moaynb GuibTpoB (9), TPM BTOPUYHBIX UCTOYHHKA MHUTAHUS
(10), momyns 3ammthl 1 ¢unbTpanyn (11), mpeqHa3HAYSHHBIE IS
oOecrieyeHus1 Bcex YacTed U MOJyJiel CUCTeMbl TUTAIOIINMHU CTa0u-
JM3UPOBAHHBIMHU HANPSKCHUSMU;

— JeNnuTeNb HanpspkeHus (3), ciayXamui 1 mpeoOpa3oBaHus
HanpsHKEHUS;

— 050K maTyrkoB opueHTanuu (1), COCTOSIUN U3 TPEXOCEBOTO
MOJYJIbHO-CEHCOPHOI'O aKCeJIepOMeTpa, AaTUMKa YIJIOBBIX CKOPO-
creit STIM210, koTopble BBIAAIOT U3MEPEHHBIEC MapaMeTphl B LU}-
POBOM KOJE;

— JBa JaTydKa JIaBieHus (2), mpeAHa3HAYeHHBIX AJISl Ompese-
JICHUS TIOJIHOTO U CTaTHYECKOTO IaBJICHUS;

— Moaynb mpeoOpazoBanus (8), cayxamuii s mpeodpas3oBa-
HUSI aHAJOTOBBIX CHTHAJIOB, MOCTYMAIOMINX OT AaTYUKOB AAaBJICHUS B

XI BCEPOCCUICKA S [IIKOJIA-KOH®EPEHIM MOJIOJIBIX YUEHBIX
“VITIPABJIEHME BOJIBIIMMU CUCTEMAMIN”



1041

I(POBOM KO, a TaKKe IS TpeoOpa3oBaHus HHTEPHEHCOB MUKPO-

3ICTPOMEXAaHNICCKUX JATIYNKOB;

— MOIyNb compspkeHus (4), cuyKammid aisi mpeoOpa3oBaHUs

YaCTOTHBIX CHTHAJIOB, ITIOCTYMAIOIINX C JATYNKOB JaBleHU (2);

— TIPOLIECCOPHBIA MOIYyINb (6), MpeAHa3HAYEHHBINA IS BBIYHC-
JICHUSI TIO 3aJI0)KEHHBIM allTOPUTMAaM BBICOTHO-CKOPOCTHBIX Mapa-

METPOB ¥ YTIIOB IMPOCTPAHCTBEHHOTO MOJIOKEHUS 00BHEKTa;

— amantep mHTepdeiica (5), mpeaHasHaueHHBIN sl obecrede-
HUS puéMa W BbLIaYM MH(POpMAIMK 0 KaHaiaM HH()OPMAIIMOHHO-

ro ooMeHa;

— Bugeomoaynb (7), TMpemHa3HAYeHHBIH IS (HOpPMUPOBaHUS
M300paKeHNsT M WHIUKALUH BBICOTHO-CKOPOCTHBIX MapaMeTpoB H

YIJIOB IPOCTPAHCTBEHHOTO TIONIOXKEHUS OOBEKTA.

CrpyKkTypHasi cxemMa CHCTEMBbl NpPEICTaBlIeHAa Ha pUCYHKe .
Texanueckue xapakrepuctuku PUCIIA npencraBnens! B Tadmuie 1.

Tabnuya 1. Texnuueckue xapaxmepucmuxu PUCJIA

ITapameTpsl 3HaueHus
YrioBasi CKOpocTs, °/c o +100
Juarma3oH pabouux yrios, °:
- KpeH; +180
- TAaHTaX +90

Temmnepatypa OKpy)Karoliew cpeabl is
6noka, °C

ot - 40 mo + 55

I'mpoMarHuTHsbIN Kypc, ©

+180

3agaBaeMblil AMana3oH AABICHUS Y 3eM-
JIA, MM. PT. CT.

ot 520 no 806

JIuneiinas Harpyska, g 10 50
AoOcomoTHas OGapomerpuueckas (Teoro- ot munyc 500 1o
TEHI[UAJIbHAS) BBICOTA, M 7000

[TpubopHas cCKOPOCTh, KM/U

BeptukanbHas OapomeTpHueckas CKO-
pOCTh, M/C

ot munyc 30 go 30

Onexrponutanue, B 27
["abapuTHbIe pa3Mepsl 010Ka, MM 130x120x184
Macca 0J10Ka, KT 2,700
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VIDHd PWoxo spHdAuwNAduL) “[ ong
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CxeMbl TOCTPOEHUS] aHAJIOTUYHBIX CHCTEM SIBIISIFOTCA OJHOTHII-
HBIMH U, KaK MPaBUIIO, IPAKTHYECKH HE OTJIMYAIOTCS APYT OT Apyra,

HE3aBUCHUMO OT MIPOU3BOAUTECIIA. OCHOBHOC OTJIMYHE TaKUX CHUCTEM

dhopmanuu.

3apyOexHble pe3epBHBIC CHCTEMBI CTPOSTCS HA IU(DPOBBIX JaTUUKAX,

3aKIIOYaCTCA B NPUMCHACMBIX JAaTUUKaX IMEPBUYHON HWH

BBINOJIHEHHBIX 10 MOMC texHonoruu. OTeuecTBeHHbBIE IPOU3BOIU-
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TEJH C OMACKOW OTHOCSTCS K IPUMEHEHHUIO TaKMX JAaTYHKOB, T.K. HE
CUHTAIOT WX IOCTATOYHO HaNeXHBIMU. OHUM U3 MPHUMEPOB CO37a-
HUS Takoil oTedecTBeHHOU cucTemsl siBisiercss ICPII-26 (Poccus, T.
Apzamac, OAO «AHIIIT «TEMII-ABHUAY) [3].

B coctaB WHTETpHPOBAHHON CHCTEMBI PE3EPBHBIX IMPHOOPOB
HCPII-26 BXxoasaT OJIOK OpHEHTAIMH W WHAWKAIIMA W MarHATOMETP
AHAJIOTOBBIM.

Omnpenenenre mapaMeTpoB OCYIIECTBISETCS Ha OCHOBE (hH3H-
YECKHX U3MEPEHUN YIIOBOH CKOPOCTH, JUHEHHOTO0 YCKOPEHUs, CTa-
TUYECKOTO W TIOJIHOTO JABIICHWH, MPOEKINI HANpPsSHKeHHOCTH Mar-
HUTHOTO TIOJNST 3eMJIM W WX TOCIEAYIOIed MaTeMaThdeckoi oOpa-
0OTKH.

NCPII-26 pyHKIHOHATEHO COCTOUT U3:

- 0JIOKa JaTYMKa OPUECHTAINY;

- TATYUKOB JTaBIICHYIS,

- ICIUTEINS HATIPSDKEHUS;

- MOJIyJIeH TIUTaHUS;

- MOJTYJISI DIIEKTPOHUKH;

- ajgantepa uHTEpdeiica;

- TIPOIIECCOPHOTO MOJTYJIS;

- BUJICOMOTYIIS.

OCHOBHBIE TEXHHYECKHE XaPAKTEPUCTHKH MPHUBEICHBI B Ta0IIH-
e 2.

Tabnuya 2. Texuuueckue xapaxmepucmuxu UCPII-26

ITapametp 3HaueHus

1 2
Jnana3oH pabo4MX YIIOBBIX CKOPOCTEH, °/c +100
Juana3on pabouux temneparyp, °C oT - 40 o + 55
MakcuMasabHOe JUHEHHOE YCKOPEHue, 50
Pabouee nanpspkenune nutanus, B 27
["abapuTHbIe pa3mepsl 010Ka, MM 130x120x215
Juana3oH pabo4ux yrios, °:
- KpeH; +180
- TAHTaX; +90
- Kypc. +180
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IIpoodonscenue mabauyol 2

1 2
HuTepdetic nadopMamoHHOTo 0OMeHa
- RS-232; Ja
- ARINC-429. Ja
Macca 6moxa UCPII-26, kr 3,4

IIpu paszpaborke PUCJIA ObuTO TIpemIoKeHO 3aMEHHTH OJIOK
JMaTYNKOB OPHUEHTALMH, MOCTPOCHHBIX HA TPAJUIIMOHHBIX MPHUH-
numax, Ha 610k B MOMC ucnonmaeHnn. Tpu akcenepoMeTpa ¢ Mar-
HUATORJICKTPUIECKON 00paTHOM CBSI3bI0 KOMIICHCAITHOHHOTO THTa AT
1104-50 (Poccus, r. Apzamac, OAO «AHIIIT «TEMII-ABUA») [1]
OBLIM 3aMEHEHBI Ha TPEXOCEBOW MOYIbHO-CEHCOPHBIN aKceIepoMeTp
MCA (Poccus, r. Apzamac, OAO «AHIIIT «TEMII-ABHUAY), a Tpu
BOJIOKOHHO-onTHUeckux Trupockomna BI' 941 (Poccus, r. Ap3a-mac,
000 «PU30ITHUKAY) [2] Ha TpeXxOCEBO# JATIMK YTIIOBBIX CKOPOCTEH
(IYC) STIM210 (Hopserus, kommauus Sensonor) [4]. Takas 3amena
TpHBeNia K YMEHBIICHNI0 Macchl B cpeareM Ha 20% u rabapuTHBIX
pa3MepoB cucteMbl Ha 25%. Emie oIHUM MOIOKUTEIEHBIM MOMEH-
TOM TaKOW 3aMEHBI CTAaHEeT OTKa3 OT JOIIOJHUTENBHOM IUTaThI IPeoo-
pa3oBaHUs aHAJOTOBBIX BBIXOJHBIX CHUTHAJOB B COOTBETCTBYIOIIUI
u(poBOI KOJ, TaK KakK MPeIIoKeHHbIE TATYUKH BBIAIOT CUTHAJT B
nudpoBom koxe. JJOCTOMHCTBAMH MHKPOIIEKTPOMEXAHUIECKUX
JATIYNKOB SBIISIETCA MAJIBIA pa30poc mapaMeTPOB B Mpeenax u3ems,
HU3KOE YHEPronoTpedieHne, BBICOKAs TEXHOIOTHYHOCTE U TTOBTOPSI-
€MOCTb, MUKPOMHHHUATIOPHOCTH, ()YHKIIMOHAIBHOCTbD, HaJIe)KHOCTD H
CTOMKOCTh K BHEIIHUM BO3JICHCTBUSIM.

3. Memoduka nposepku Oam4uka yas108bIX CKopocmelu
STIM210

CymecTByIOT npo0sieMbl, C KOTOPHIMH CTaJKHUBAIOTCSI MHOTHE
pa3paboTUnKu M3Jeui Ha 0a3e MUKPORJIEKTPOMEXaHWYECKUX OaT-
YHKOB. DTO HECOOTBETCTBHE IIapaMETPOB, BBIIABAEMbBIX AATYUKAMHU.
Heo6xonumo BbIOpaTh HalEKHOTO U 3aPEKOMEHI0BAHHOI'O I1OCTAB-
muka MOMC, Tak Kak CymecTByeT MHOTO IPOM3BOJUTENEH TaKuX
JATYMKOB U €CTh BEPOATHOCTh TOT0, YTO MOKHO HATKHYTHCS Ha Opak
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VI HECOOTBETCTBHE MPEIBIBISIEMBIX MapaMeTpoB. s pazpabot-
YHMKa BakKHA HaJEKHOCTh M ToYHOCTE MOMC, u HeoO0XoauM OajiaHC
TOYHOCTH MEXAY JaTduKaM{ W KOHEYHBIM m3zenueM. llpexme gem
yCTaHaBJINBATh MHUKPOIIEKTPOMEXaHHYECKHE NAaTYNKH B CHUCTEMY
PUCIJIA, HEoOX0oauMO TPOBECTH MPOBEPOUYHBIE PabOTH. BaxkHO
TPaMOTHO TUIAHUPOBATh BXOJIHOW KOHTPOIb M BBEIOOP MOCTaBIIHKA,
3TO MO3BOJIUT MPABIIBHO MOA00PATh HY)KHBIE TATINKH U COXPAHUTh
HaJEKHOCTh U TOYHOCTE PaboThl cucteMbl PUCIIA.

OnHUM W3 OCHOBHBIX YYBCTBUTENBHBIX SJIEMEHTOB CUCTEM OPH-
EHTAIlNH ¥ HaBUTAIlMHU SBISETCS AATYUK YTIOBBIX CKOpocTeid. OHU B
OoJbIIIel CTENEHH ONPENeISIOT MEXaHNIECKHE, MacCOTa0apuTHBIE U
CTOMMOCTHBIE XapaKTEPUCTUKH cucTeM. [loaToMy onTumanbHBIN
BEIOOD JATYMKOB YTIIOBOIM CKOPOCTH SBISETCS OJHON U3 BKHEHIITNX
3a7a4 poekTrpoBanus cucteMsl. s moctpoenns PUCJIIA npemioxeH
JaTyuK yrinoBoit ckopoctu STIM210, BeimonHeHHbIH Ha 6a3e MOMC
TEXHOJIOTHUM.

Hatuuk yrmoeo#t ckopocta STIM210 - 3To Habop U3 Tpex BHI-
COKOTOYHBIX MUKPO3JIEKTPOMEXaHUIECKUX THPOCKOTIOB B MUHHUATIOP-
HOM Kopmyce. Kaxkgast och kanuOpyeTcst Ha IpOU3BOJCTBE MO CMe-
HICHUIO, YYBCTBUTEIHLHOCTH U HIMEET TEMIEPATYPHYI0 KOMIICHCAIHIO
JUTsl 00ecTIeYeHrs] BBICOKOYACTOTHBIX U3MEPEHUH Ha TeMIIEpaTypHOM
nuanazone oT —40° C go + 85° C. biok muTaercs oT 0JHOTO HCTOY-
Huka + 5 B. KanmmbpoBka maTavka mo TemmnepaType OCyIIeCTBISeTCS
JUTSE OTOOpaXKeHHsI TeMITepaTypbl OKpYJKaloIled cpenbl, a He BHYT-
pEHHElN TeMIepaTyphl HarpeBa Aatyuka [4].

OcHoBHbIE TexHHUYecKHe xapakrepuctuku JYC npencraBieHbl
B Ta0uIe 3.

Tabnuya 3. OcHosHble mexHUu1ecKue Xapakmepucmuxku 0amuuxd
yanoswix ckopocmeti STIM210

ITapametp STIM210
1 2
KonnuecTBo ocell 4yBCTBUTEIBHOCTH 3
Jlnamna3oH u3MepsieMbIX YIIIOBBIX CKOPOCTEH, °/c +400
Juana3on pabouux temneparyp, °C ot - 40 1o +85
TouHoCTh CMeneHus HyIs, °/9 -250 ... +250
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IIpoodonscenue mabauyol 3

1 2
HecTtaOunbHOCTh CMEIICHUSI HYJS MO TeMIlepa-
TYpHBIM TpajieHTamM, °/4
CrabuinpHOCTh MacmTabHOro KoddduimenTa ot

0 +0,5
BpeMeHH, %
Hamnpspxenne nutanus, B 5
[ToTpebnsieMast MOIITHOCTD, BT 15
Bec He Goiee, T 52
Pazmep, mm 21.5x38.6x44.8

[Ipumeuanue:
* - CpenHeKBapaTUYHOE 3HAYEHHUE, PACCUMTHIBAEMOE Ha OCHO-
BE€ OCTaTOYHOH MOTPELIHOCTH IO ABYM TEMIIEPATYPHBIM LIUKIAM.

3.1 lpoeepka napamempoe 0am4yuka om EKI/IH0YeHUs
K 8KJIFOYEHUI

HermoBTopsieMOCTh HYJIEBOTO CHTHANA OT BKIIOYEHHS K BKIIFO-
YEHHIO MPeICTaBIeHa B TabmuIe 4.

Tabruya 4. [lapamempwl, noayueHnvle Om GKIOUEHUSL K GKIIOUEHUIO
oamyuxa STIM210

WX, %1 wy, °/a wz,°la
-100.1 18.5 332.0
-99.9 16.7 330.1
-100.8 17.8 326.8
-100.5 12.3 335.8
-101.1 14.2 326.5

HenoBTopsieMOCTh HyJIEBOTO CHrHajla OT BKIIOYEHUS K BKIIIO-
YCHUIO B HOPMAIBHBIX YCIOBHSX cocTaBuia: ock X: 1.2 °/4, och Y:
6.2 °/a, ocb Z: 9.5 °/u.

3.2 OnpedeneHue Hyneeoz2o cueHana []JyC om mem-
nepamypbI NpuU Hazpeese
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Jnst Toro, 9TOOB! ONPEETUTh 3aBUCHMOCTh HYJIEBOTO CHI'HAA
AYC ot Temneparypbl, HeOOXOIMMO OMECTHTh JaTYNK B TEPMOKa-
Mepy U U3MEHATHh Temnepatypy oT - 40° C go + 60° C, momydeHHbIe

Pe3yIbTaThl 3aMChIBAIOTCS] B HOYTOYK.

B Tabmurie 5 mpuBeAeHBI pe3yabTaThl TPEX 3aMEPOB IPH Harpe-
Be oT - 40° C o 0° C.
Tabnuya 5. [lapamempsi, nonyyenusie npu Hacpese om munyc 40° C

00 0°C
Temmnepartypa, °C
40 | 30 | 20 | -10 | O
Hynesoii curnai, °/a
X 1 | -848 | -875 | -964 | -96.7 | -96.6
X_2 | -895 | -809 | -90.9 | -96.1 | -102.7
X_ 3 | -848 | -87.7 | -97.0 | -946 | -95.6
Y 1 | -325 | -282 -7.0 1.2 11.8
Y 2 | -666 | -60.7 | -514 | -39.2 | -255
Y_ 3 | 325 | -25.7 | -20.1 -7.0 7.5
Z_ 1 | 1765 | 280.1 | 3345 | 368.2 | 406.7
Z 2 | 1489 | 239.0 | 2584 | 251.1 | 280.8
Z 3 | 1765 | 2748 | 3221 | 353.6 | 383.6

B tabnune 6 nmpuBeaeHs! pe3yabTaThl TPEX 3aMEPOB NP Harpe-
Be oT + 10° C mo + 60° C.
Tabnuya 6. [lapamempoi, nonyyenuvie npu Hacpese om + 10° C do +

60°C
Temmnepatypa, °C
10 | 20 | 3 [ 4 | 5 [ 60
Hynesoii curnai, °/a
1 2 3 4 5 6 7
X_1|-1022 | -106.0 | -106.4 -96.9 | -100.6 | -93.4
X_2|-1035 | -110.8 | -107.8 | -101.9 | -103.9 | -94.9
X 3| -993 | -105.2 | -106.0 | -110.1 | -102.1 | -99.1
Y_ 1] 189 26.0 44.94 5186 | 60.0 | 514
Y_2 | -133 15 14.3 21.2 32.2 24.1 |
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IIpoodonscenue mabauywl 6
1 2 3 4 5 6 7
3| 20.2 22.7 26.8 40.6 56.3 60.0
1| 405.2 | 375.8 340.5 317.1 | 276.7 | 2124
2 | 286.1 | 268.9 228.4 234.3 | 228.7 | 195.7
3 | 4143 | 396.6 377.9 345.6 | 322.0 | 266.5

I'padvku maHHBIX 3aBHUCHMOCTEH mpu Harpese ot - 40° C o +
60° C npuBeneHbl HAa pUCYHKaX 2, 3.
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MakcuMaabHOE CMEIICHHE HYJICBOTO CHTHajia MPH HarpeBe ¢ -
40° C go + 60° C: ocp X: 29.9 °/4, ocb Y: 98.8 °/4, ocp Z: 230.2 °/u,
MaKCHUMaJIbHAasl HEMOBTOPSIEMOCTh CMEIIICHUS HYJIEBOTO CHTHANA: OCh
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X: 6.1 °/4, ocs Y: 15.1 ° /4; ogHO M3 W3MEpPEHUI MO OCU Z WMEeT
OOJBIIYI0 HEMOBTOPSEMOCTD, C €r0 y4eTOM OHa cocTtaBmia 149.5 /4,
0e3 ero ydera — 28.5 °/u.

3.3 OnpedeneHue Hyneeozo cuzHana AYC om mem-
nepamypbi NpuU oxsaxoeHuu

Hatunk STIM210 HEoOXOAMMO TMOMECTUTh B TEpMOKaMepy |
oxnaxzaars ot + 60° C go - 40° C, nony4deHHbIE PE3YIbTATHI 3aMUCHI-
BAIOTCS B HOYTOYK (M3-32 CaMONpOTpeBa JATUMK HE OXJIAKIAJICS
Hmke muayc 35° C).

B tabmmne 7 mpencraBieHbl apaMeTphl, MOJIyYEeHHBIE PU
oxnaxnaerauun ot +60° C o + 10° C.

Tabnuya 7. [lapamempsi, nonyyeHuvie npu OXNANCOEHUU OAMYUUKA
om+ 60°Coo + 10°C

Temnepatypa, °C

60 | 50 | 40 | 30 [ 20 | 10
Hynesoii curna, °/a
-85.7 | -824 -82.1 -78.3 | -82.7 | -84.9
-85.0 | -88.4 -87.2 -87.1 | -88.0 | -95.6
-86.1 | -82.5 -93.6 -79.1 | -83.2 | -91.3
-60.1 | -61.7 -44.4 -36.3 | -31.1 | -274
-64.6 | -64.1 -45.7 -45.8 | -36.4 | -32.9
-68.8 | -67.0 -55.0 -50.6 | -43.4 | -44.9
79.4 | 90.9 112.4 142.1 | 193.1 | 205.8
80.0 | 929 114.6 139.4 | 194.3 | 210.0
70.8 | 86.5 114.2 136.0 | 189.5 | 208.7

[xN

N

w

[XN

w

WIN |-

NN N|[<|<[=<|X[X]|X
N

B tabnuiie 8 mpeacTaBiIeHbl MapaMeTphl, MOJYUCHHBIC MPU
oxyaxaerun ot 0° C o - 35° C.

I'paduku JaHHBIX 3aBUCHMOCTEH TPH OXJIAXKIACHUH MPUBEACHBI
Ha pUCyHKax 4, 5.
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Tabnuya 8. Ilapamempsi, nonyyennvie npu OXaaxcoeHuu 0am-
yuxa om 0° C do - 35°C

Temmnepartypa, °C

0 | -10 | 20 | -30 |
Hynesoii curnai, °/a
-90.3 -93.7 -90.7 -88.5 | -83.8
-103.7 | -101.5 | -96.1 -98.0 |-90.9
-93.3 -93.5 -89.8 -79.5 -85.0
-9.5 -5.1 12.7 21.5 24.4
-17.8 -5.8 8.6 14.5 13.9
-26.7 -14.4 -2.4 9.3 18.0

[35Y

N

w

[3XY

w

NIN|N|<|<|<|X|X|X
N

21 1762 1263 |1614 |1724 |1616
2 1825 1286 |1649 |170.0 |167.6
3 1748 1242 |1658 |1704 |1659
20 \\A\\ y fronfleme b feeeed gl IS
05 ',‘,"”, st SR T4 O O T = ™
& : =

Puc. 5. Usmepenue no ocu Z
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MakcumanbHOe CMEIIeHUE HYJICBOrO CHT'HATIA ITPH OXJIaXICHUH
¢+ 60°C go - 40° C: oce X: 45.0 °/4, och Y: 86.8 °/4, ocy Z: 137.9
°/d, MaKcUMaibHasi HETIOBTOPSIEMOCTh CMEIIICHHUS HYJICBOTO CUTHANA:
och X: 6.1 °/4, oce Y: 15.1 %4, ock Z: 9.2 °/u.

3.4 3asucumocmb cmeuweHUs1 HyJ1ee020 cuzaHasia om
memnepamypbl Ha hUKCUPOBAHHbLIX MOYKax

3aBHCUMOCTb CMEILEHHS HYJIEBOI'O CUT'HAjIa OT TEMIIEpaTyphl Ha
¢ukcupoBaHHBIX Toukax - 40° C, - 20° C, 0° C, 20° C, 40° C, 60° C ¢
BBIJIEPKKOM JIBa yaca MpeJCcTaBiIeHa Ha pUcyHkax 6, 7.

MakcumanabHOE CMELICHHE HYJIEBOTO CUTHANA MpPU OIperelie-
HHUM 3aBUCUMOCTH CMEILEHHS HYJIEBOT'O CUTHaJIa OT TeMIepaTypbl Ha
(hMKCHPOBaHHBIX TOYKAX TeMmepaTypsl: ock X: 28.8 /4, ocp Y: 91.4
°/4q,0ch Z: 155.6 ° /4.

5 o & 8 B

-100

105

10

)

-115, L L L I L i L i i
W a0 20 a0 0 0 20 30 40 &0 &0 ® @™ 20 a0 0 0 M 30 40 50

Puc. 6. Usmepenue no ocam Xu Y

40 30 20 10 0 10 20 30 40 50 60

Puc. 7. Hamepenue no ocu Z
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Hcxons U3 MOMYYCHHBIX PE3ylbTaToOB, MOXKHO CIENaTh BBIBOJ,
YTO MUKpOMeXaHuieckui riupockort STIM210 cooTBeTCTByeT 3asiBICHHBIM
MPOU3BOJIUTENIEM XapaKTepucTHKaM. VICTIbITaHus MOKa3aiu, 4To Mocle
oxJaxaeHust Moy Hrxe - 40° C MpOUCXOANT pe3Koe yBeIndeHHe
HyneBoro curHana, Ho misi cucrembl PUCJIA HeoOxomum nuama-
30H OT - 40° C mo + 55° C. TouyHOCTHBIE XapaKTEPUCTHKH TaTIHKA
STIM210 naxomsiTcsi Ha OJHOM YpPOBHE C XapaKTEPHUCTHKAMHU
MPUMEHSIEMBIX celiYac BOJOKOHHO-ONTHYECKAX THPOCKOTIOB.

4. 3aknroyeHue

HaBuranmonHass cucremMa OpHEHTAaLHUH 3TO CJIOXKHAs
3JIEKTPOMEXaHUYECKasl CUCTEMA, B KOTOPOW TOYHOCTh BBIXOJHOW Ha-
BUTAIIMOHHON MH()OPMAIIUH HANPSIMYFO 3aBUCHT OT XapaKTEPHUCTUK OJIOKa
JaTYNKOB OpPUEHTALUHU (TUPOCKOIIBI, aKCEIEPOMETPHI), BXOIAIINX B
COCTaB CUCTEMBI, M IO3TOMY BBIOOP HX OUYEHb BAXKEH IS Pa3paboTKH
cucremsl. B ipoextupyemoit PUCIIA mist peannzanyi HaBUTAIIHOHHOTO
anropuTMa OBLTH BBIOpAHBI TaTYMKH, OCHOBaHHBIe HA MOMC Tex-
Honorusax. [Ipexae 4eM ycTaHOBUTH Takue AATYUKU, HEOOXOAMMO
MIPOBECTU BXOJHOH KOHTPOJIb, TAK KaK TOUHOCTh BBIXOJHOH HaBHra-
IUOHHON WMHGOpPMAaLUK 3aBUCUT OT OJIOKAa NAaTYMKOB OPHEHTALHU.
PesynpTaTomM crenaHHOM 3aMEHBI CTajJ0 YMEHBLICHHE TaOapUTHBIX
pasMepoB M MacChl CHCTEMbI, NP OJHOBPEMEHHOM COXPaHEHUU
TOYHOCTH W HAJCKHOCTH BblIaBaeMbIX mapameTpoB. Eme omHum
MOJIOXKHUTENbHBIM MOMEHTOM TakOW 3aMeHbl CTal OTKa3 OT
JOTIOJIHUTEIBHON IUIaThl, KOTOpas Obula MNpeAHa3HadeHa i
npeoOpa3oBaHusl AHAIOTOBBIX CHUTHAJIOB, IMOCTYMAIOLUIMX OT JaT4YMKOB
TpaauInOHHOTO HcnonHeHwns.. MOMC BBIIAIOT CUTHAT B TU(POBOM
KOZ€, 1 HET HeOOXOJUMOCTH B JONOJIHUTEILHOM NPeoOpa30BaHUH.

IIpumenenne MOMC TeXHOJIOTMM MO3BOJUT COXPAaHUTH TOY-
HOCTb U HaJCKHOCTh BBIIABAEMbIX ITapaMETPOB CHCTEMBI U obecIie-
YUTh MUHHMMAaJbHBIE MaccorabapuTHele napamerpsl. COBpeMeHHbIE
MHKPO3JIEKTPOMEXAHUYECKUE AATYUKHU SBISIOTCS XOPOIIUM IIPUMEPOM
BOIIOLIEHUSI HOBOT'O MOKOJIEHUS], U, BO3MOKHO, B OyIyIIIeM CMOTYT
MOJTHOCTBIO 3aMEHUTh AATYUKU TPAAULMOHHOTO UCIIOJHEHUSI.
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Abstract: In the article is considered a base approach of building a
reserve information system of aircraft (RISLA), defined the block
diagram, described the principle of operation the system and the
interaction the separate combined blocks betwen themselves. Is
propoused the way of increaseing precision and redusing the mass
and overall dimensions of RISLA due to replacement the block of
orientation sensors.The same way in the article is present the meth-
od of verification angle rate sensor STIM210 the Sensonor company
(Norway).

Keywords: navigation system, microelectromechanical systems
(MEMS), introduction MEMS.
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