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OATYHUKU AN USMEPEHUA NMAPAMETPOB
ABWXEHUA HA OCHOBE MOMC-TEXHOJIOIMHA
YACTb 2. MHEPLIMATIbHBIE AATHMKW BLICOKOW

TOYHOCTW

| A.Ty308, sensor@ranet.ru

B nepBon 4acTu cTaTtbn’ 6bIIN PACCMOTPEHbI MHEPLMA/bHbIE AATYUKMU

MU MOAYNN, BbINOHEHHblIe N0 MOMC-TexHonornm n obnaparoLime
cpegHMMU gNnsa NnpnbopoB JaHHOIMO Kacca XapakTepucTUukamu.

Takne NpMbOopbl NPUMEHSAIOTCS B CUCTEMAX, KPUTUYHbIX K CTABUIbHOW
paboTe AAaTUYMKOB B XECTKUX YC0BUAX dKcnayaTaumm (QBTOMO6UbHbIE
cucTeMbl ctabmamsaumm NnogBeckmn, pesepBHble HABUMALUOHHbIE
npmnéopbl 418 Manoun aBmaumm n 6eCcnUioTHbIX NeTaTeNbHbIX
annapaToB 1 Ap.), rae Tpe60oBaHUsa K TOYHOCTU U3MEPEHMSA NapaMeTpoB
OBUXXEHUS He 04eHb BbICOKU. 115 60/1ee TOYHbIX U3MEepeHUn
NpoM3BOAUTENN NMpeanaraloT MHepunanbHblie N3SMepuTebHble NpUbopbl
C YIYYLLIEHHbIMWN XapaKTepucTUuKaMn. PAaCCMOTPUM HEKOTOPbIE U3 HUX.

OUH K3 IpHUOOPOB BBICOKOM TOYHOCTH -
TpexoceBou rupockon STIM202 KoMIaHUHU
Sensonor Technologies (puc.l). OH o6na-
JaeT HAaMHOTO JIyYIIMMH XapaKTepHu-
CTUKAMHU [0 CPaBHEHHMIO C "MIIAfIIHUMU
6paThsiMHU’, OIMCAHHBIMHU B IIEPBOM YacCTH CTaTbHU
(HammpuMep, OLHOOCEBBIMH TIHpocCKonmaMu SAR150
u CRG20-01). Tak, yBenuueHo paspelleHue (c 12 1o
24 6uT), yaydlleHa CTabUIBHOCTb CMeIleHHS BO
BpeMs paboter (0,5 BMecTo 5-50 °/4), CHHUKEH CIy-
YalHBH yriaosoi yxon (0,2 Bmecto 0,8-1 °/4?), pac-
IIMpeHa I07I0Ca IpomycKaHUs (262 BMecTo 50 I).
CTonb BBICOKHX IIOKa3aTesjeld KOMIIAHHHM Sensonor
Technologies ynanocs fo6HTHCS B IIEPBYIO oYepesib 3a
CUeT psifia YHUKAIbHBIX TeXHOJIIOTHUECKUX PelleHUH,
IIPUMEHEHHBIX B KOHCTPYKIIMM T'HPOCKOIOB. OIHO
M3 HHUX - 3allaTeHTOBaHHas TexHoyorus Butterfly
(6abouxka).

TexHomorust Butterfly, paspaboraHHass Komma-
HHeHN Sensonor, OCHOBaHAa Ha ITPHUMEHEHHUH CIBOEH-
HOM MHEepILMAJIbHOM MacChl CIIeIIMaJIbHOM GOpPMBI
(HamoMuHaeT 6abouKy), U3TOTOBIIEHHOM K3 OLHOIO

* Ty30B A. JaTynKkun ANs U3MEpPeHns napamMeTpoB ABUXXEHNS HA OCHO-
Be MEMS-TexHonornm. Yactb 1. iHepuunanbHble JaTYnKm cpeaHen
TOYHOCTU. — DNTEKTPOHUMKA: HTB, 2010, N2 1, c. 72

KPUCTa/l/Ia KpeMHHUSs. [IPUHLIUI JeHMCTBUS IpHubo-
POB, OCHOBAaHHBIX Ha TexHonoruu Butterfly, Takom
ke, KaK U y IPYrHX BHOPAILIMOHHBIX I'HPOCKOIIOB.
CrenyanpHasi CHUcTeMa Bo36yXKJaeT IepBUYHBIE
npoTuBoda3Hele KojaebaHUS HHePLHAJIbHBIX MaccC
(puc.2). EciM HPOUCXOAMUT IIOBOPOT THPOCKOIA,
TO IIOJ [OeMCTBHeM CH/bl KopHonuca HHepLHalb
Hble MacChl CMEINAIOTCS B HaIlPaBJIEHUHU, I[EpIIeH-
OUKYISIPHOM IIJIOCKOCTH IepBUYHBIX KonebaHUM
(cM. puc.2). B pesynbraTe BO3HUKAIOT BTOPUYHBIE
KojiebaHMsI, YaCTOTa KOTOPBIX COBIa/laeT C YaCTOTOM

Puc.1. BHewHnn Bug rmpockona STIM202
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IepBUYHBIX. OTKJIOHEHHUs MHePLHAJIBHBIX Macc
B pe3y/ibTaTe BTOPUYHBIX KOIeOaHUN H3MepSIOTCS
€MKOCTHBIMU JaTYUKAaMH M I1ePeCYUTHIBAIOTCS
B 3HA4YeHH S YTIOBBIX CKOPOCTEH.

BasxHasi ocobeHHOCTh TexHonoruu Butterfly
3aKJII0YAeTCsI B TOM, YTO HHEpLIHAJIbHBIE MaCChl
3aKpeIrieHbl Ha CIeLHaJbHbIX IIOABECaX, IOIepey-
HOe CedyeHHe KOTOPBIX CKOHCTPYHPOBAHO TaKHUM
obpa3oM, 4TO6BI OHM H3THOATUCH TOJNBKO B IIJIOCKO-
CTH MHepPLHAIbHBIX MAacC U COOTBETCTBEHHO B 3TOH
>Ke TIJIOCKOCTH ITPOUCXOUIH [TePBUUHBIE KOJebaHu .
9TO MO3BOJSET YETKO Pa3helUuTh IIJIOCKOCTH IIep-
BUYHBIX M BTOPHUYHBIX KOJeGaHUHN U B pe3ylbTaTe
IIOBBICUTh YYBCTBUTEJIBHOCTh K IIOIEPEYHBIM CMe-
IIEeHUSIM, a CJIeIOBaTeIbHO, U TOYHOCTh U3MEPeHHUH.

B rupockome STIM202 MCIIONIB3YIOTCS TPU YYB-
CTBHUTEJBHBIX 3JIeMeHTa (C,E[BOEHHI)IE HHepLHa/IbHbIE
Macchl), KakKIbIM K3 KOTOPBIX II03BOJISIET OIlpefe-
JIUTH YITIOBYIO CKOPOCTB J/IS1 OMHOM U3 0Cei. KaskIbIH
YYBCTBUTEJIBHBIN 37IeMeHT TMPOCKOIIA PACIIONOKeH
B CIIEI[MQJIBHOM KOHCTPYKILIMM, KOTOPasi COCTOUT M3
TPex OCHOBHBIX C/I0€B. B HIDKHEM Cji0e HaxOLUTCS
CTeK/ISIHHBIM KPHUCTA/UI, B HEM pa3MelleHa CHCTeMa
BO30y>KIeHH sl IEPBUYHBIX KOJIeOAaHUN U KOHTaKTHBIE

TeHepupyemble (MepBI4HbIe) Konebams

LI

KonebaHus nop
[eiicTBYeM cunbl Kopronmnca

V3Mepsemoe
BpaLeHve

Puc.2. MpuHUMN gencTems cnctemMsl Batterfly

3/1eKTponabl. CpegHUM CJIOM COOEP>KUT HHepLHasb-
Hble MacChl. BepXHUM CJIOM ITpefCTaBiseT cobor cTe-
K/ISSHHBIM IIOKPBIBHOM KPHCTa/I. Takasti KOHCTPYK-
uus obecriedurBaeT GOpMHpOBaAHHE BO BHYTPEeHHEM
IIPOCTPAHCTBe THPOCKOIA 3alle4aTAHHOM II0JIOCTH
HU3KOI0 JJaBJIeHHUsI — 3TO elle ofHA QUPMeHHas Tex-
HOJIOTHSI KOMITAaHHH Sensonor. B 3Tok rmonocty BUOpU-
PYIOILIKe MAaCChl 3aIUINEHBl OT 3arpsi3HeHHUS U AeMII-
dupylolero AUHaAMHU4YeCKOrO0 BO3LEHNCTBHS BO3AYyXa,
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OCHOBHble TeXHUYeCKMe XapaKTepuCTUKM r’MpoCKOMNOB KOMMaHUM Sensonor Technologies

MapameTp STIM202 STIM210 STIM300
Hanpsa)keHve nuTaHus, B 4,5..55
Pabouasa TemnepaTypa, °C -40...85
Macca, r 55 50 HeT AaHHbIX
MakcnumanbHbIM yaap, g 5000
YacToTa BbIBOPKM, M3MEPEHUI/C 1000 2000 2000
Monoca nponyckanua (-3 aB), Iy, (perynupyeTrca) 262
Bpems 3anycka, c 10 1 1
M3meHeHne HavyanbHOro CMelLleHMs BbIXO4HOro CMrHana rmpockona B +30 +10 +10
3aBUCUMOCTM OT TeMnepaTypbl, °/
CTabunnbHOCTL CMeLLEeHNS BO BpeMsi paboTbl, °/4 0,5
C/ly4amrHbIN YyIN0BOM YX04, °/4'? 0,2 0,15 0,5
M3MeHeHme HaYaIbHOro CMeLLLeHNs BbIXOAHOM0 CUrHaNa akcesnepome- - - +2
Tpa B 3aBUCMMOCTW OT TeMmnepatypbl, g-103
HecTabuabHOCTb HA4anbLHOro CMeLLeHus, g1073 - - 0,05
CKOpOCTb C/ly4aMHOro yxoaa, M/c/4'? - - 0,06
AnanasoH n3mMepeHnn yckopeHus, g - - +2...£100

6narogapss uyemy [J06POTHOCTh UYBCTBHTEIBHOIO
37leMeHTa OYeHb BBICOKA. [{/Isl rallleHHs MeXaHMYe-
CKOI BUOpallMK BHYTPU FepMETHUYHOr0 KOpITyca IIpHU-
6opa Ka>KAbIH YyBCTBUTE/IbHBIN 3/IeMeHT THPOCKOIIA
3aKpeIlyIeH B IIJIAaCTHKOBBLIX IeMIIPepPHEIX 37IeMeHTax.

PaboToM rHpOCKOIIa YITPaBIIsieT 3aKa3Has CUCTeMa
Ha kpucTase (ASIC) 1 32-paspsgHBIE MUKPOKOHTPOJI-
nep STM32F103 komnanuu ST Microelectronics. ASIC
yIIpaBJIsieT CUCTeMOK BO3OY>KIeHUs KonebaHUM, [TPU-
HHMMaeT CUTHaJIbl OT eMKOCTHBIX JaTUYHUKOB, IIpeobpa-
30BbIBaeT CUTHAJIBl B LIUPPOBYIO GOpPMY, BBIIIOTHSET
ux 06paboTky. MHUKPOKOHTpOIep obecredrBaeT
HHTeperC ¢ BHEIIHUMH YCTPOMCTBAMH, XPaHHUT H
3a/laeT HAaCTPOMKM IIpUbOOpa, B TOM UYHC/Ie HAHHBIE
KaJIMOPOBKH, peasn3syeT paboTy MPOrpaMMHBIX LIUP-
POBBIX QUJIBTPOB U JIP.

[Ipubop STIM202 moskeT paboTaTh B OZHOM K3
IBYX PeXHMOB - H3MepeHHs YITOBBIX CKOPOCTeH
Y M3MepeHUs TeKYLUIHUX YIJIOB II0BOPOTa (MHTEeTpasib-
HBIN PEXKUM).

TUPOCKOIBI  IPOXOASAT 3aBOACKYI  KaJlH-
OpoBKy. H3MepsIIOTCSL CpelHEKBaJpaTHuUHble 3Ha-
YeHHUs] OTKJIOHEHHUH IpU OTCYyTCTBUH BpallleHHUs
M TeMIlepaTypHble 3aBUCHMOCTH OTKJIOHEHHH.
KanubpoBKa BBIIIONHSETCS OTHENBHO AJISI KasKIOH

ocu. KanubpoBouHble KO3QOUIIMEHTH XPAHITCA
B IIaMATH MHKPOKOHTPOJIIEpA TUPOCKOIIA U MCIIOIb-
3yI0TCS TpU 06paboTKe JaHHBIX H3MEPeHHU .

B rupockome STIM202 mpenycMOTpeHa TaKKe
GuIBTpanu A1 IIOAABIeHM S ITapa3UTHRIX CUTHAJIOB,
BO3HHMKAIOUIMX B pe3ynbsTaTe BU-BU6palitii, TEIIIOBBIX
IIyMOB M Ap. [JIs 3TOr0 MPUMEHSIOTCS IIPOrpaMMU-
pyeMeie QHUIBTPEI, YACTOTY Cpe3a KOTOPHIX MOSKHO
MeHSITb IPOrPaMMHO He3aBHCHMO I10 Ka>KIOH OCH.

HHTepeceH cr10ocob M3MepeHUs TeMIlepaTyphl UyB-
CTBUTE/IBHBIX 3JIeMeHTOB, IPUMeHseMbIl B STIM202.
B ornrume oT 6ornee femeBHIX MOZeNeH, IIe U3Meps-
eTCsd CpelHsis TeMIlepaTypa BHYTPHU KOpIlyca, B THPO-
ckorie STIM202 C BBICOKOM TOYHOCTBIO H3MepSETCS
OTIEJNIbHO TeMIlepaTypa KaXkKAOoro 4YyBCTBUTE/IHHOIO
3/IeMeHTa. KM3MepeHHs IPOBOAATCS II0 OTK/IOHEHHIO
YacTOThl BUOpallMK HMHepIIHaJbHBIX MacC CHCTEMBI
Batterfly ot 3amaBaemort BBICOKOCTAbH/IBHBIM TeHepa-
TOPOM, BO30Y>KIAIOIIKM 3TH KoslebaHHU .

XapakTepuUCTHUKHU Trupockona STIM202 mpubnu-
SKAIOTCS 110 TOYHOCTH K BOJIOKOHHO-ONTHYECKHM
rupockonaM (BOT). IIpu 3ToM pacxofpl Ha MOAK/IIO-
YeHHe U KCII0/Ib30BaHUe mpubopos STIM202 HIKe, a
obmiasgs KOHCTPYKILIHSI M3MePHUTe/bHBIX CHUCTeM, IJe
OHH HCIIONB3YIOTCS, — IIpolie. KpoMme Toro, mpubopsl,
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BBIIIOJIHEHHBIe 110 MOMC-TexHOJIOTUH, MeHee
KaIlpH3HBI K YCIOBUSIM OKpY>Kalollel cpefbl, bosee
KOMIIaKTHBI ¥ IOJITOBEYHEI.

Kommnanus Sensonor paspaborana oriamoy-
HbIH KoMIUIeKT (evaluation kit) misg moakIro4YeHU S
rupockona STIM202 K mepCcOHaTbHOMY KOMIIBIO-
Tepy C olepalMoHHON cucTteMort Windows. C mmomo-
IIbI0 3TOr0 KOMIIJIEKTA I10/Ib30BaTe/Ib MOXKET TeCTH-
poBaTh OCHOBHBIE XapaKTePHUCTHKH THPOCKOIIA
U HU3MEHSTh ero HacTpOMKH. KOMIIJIeKT COCTOUT
u3 JIByx Kabenen (mepexogHuK USB-RS422/RS485
KoMmaHuu National Instruments u IepexomHHK
MeXIy CTaHOAPTHBIM 9-KOHTAaKTHBIM pa3beMoOM
RS-422 M OTBeTHOM 4YaCThI0 O/ MOAKJIIOUEHUS
K STIM202). Yepe3 5TH KabelH IIPOU3BOAUTCS OIIPOC
THPOCKOIIA, YIIpaBJeHHe UM U I104a4a MHUTAOIIEro
HanpsokeHHd. Ho mpumMeHeHue HHTepderica USB
CyLIeCTBEHHO OrPaHHUYHBaeT OBICTPOAEHNCTBHUE
THPOCKOIIAa M IPUBOJUT K IIOTepe YacTH JaHHBIX
ero M3MepeHHH, 4YTO BeJeT B UTOre K HapaCTaHHIO
omuboK HM3MepeHHUs YIJIOBOM CKOPOCTH. C 3THMHU
npobreMaMH yKe CTaJKMBAJIHUCh HEKOTOPBIE POC-
curickue pa3paboTuuku, TecTupoBaBuive STIM202
Ha ITpeJMeT IPUMEHHUMOCTH B HOBBIX pa3paboTKax.
Ins 6onee 3pdeKTHBHOrO 1abOPaTOPHOro HcCCe-
IOBaHUSA rupockorna STIM202 KoMIIaHHS Sensonor
peKoMeHlyeT MOAK/IIYaTh ero 4yepes3 HHTepderic-
Hble I/1aThl (HalpuMep, MPOU3BOACTBA KOMIIAHHUHU
National Instruments), momcoefuHseMble K CJIOTY
PCI rmepcoHaIbHOr0 KOMIIBIOTEPA.

[TepBble 5K3eMIUISIPBl rHpocKkona STIM202 6biu
IIpor3BeJleHbl B Havaje 2010 roga, Iiocjae 4ero B IIPO-
INMBKY Npubopa 6bLT BHeCEH psifi U3MeHeHUH, ylayd-
LIAOLIIMX €r0 TOYHOCTHBIe XaPaKTePHUCTHKM M PACIIH-
psaromyrx GyHKIMOHAIbHBIE BO3MOKHOCTH. Ho U Ha
3TOM KOMIIaHHS Sensonor He OCTAaHOBMJIA CBOM pas-
paboTku. B Onuskaiilee BpeMsi OHa TOTOBUTCSL K
Ha4dajly [IPOM3BOACTBAa Psila HOBBIX MOfAesell HHep-
LIMa/IbHBIX JATUYUKOB M APYrHUX IMpubopoB. OfUH K3
HUX - TpexoceBor rupockorn STIM210 (cm. Tabnwuiry).
9To MOOUGUILIMPOBAaHHAS Bepcus rupockora STIM202,
oTnrYaronascs 6oee BbICOKOM TOYHOCTBIO K ITPOH3BO-
JUTEBHOCTEIO, a TaKKe B 10 pa3 MeHBIIMM BpeMeHeM
3amycka. IloceIHHUM IapaMeTp KpaliHe BakeH IS
MOOUIBHBIX CCTeM OBICTPOro pa3BepThIBAHUSI, TAKHX
KaK CMCTeMBI IIPULIIMBAHU A U ITyCKa. IIpoM3BOACTBO
3TOr0 TMPOCKOIIA JOJIKHO HayaThcs 1eTom 2011 ropa.

Eme onWH HOBBIM NPHUOOpP - H3MepPHUTENIbHBIN
Monynb STIM300 (cMm. Tabnuily). B HeM coBMeIlleHbI
THPOCKOII - TaKOH 3Ke, Kak B STIM210 - ¥ TpH BBICO-
Ko3QPeKTUBHEIX aKcelepoMeTpa. Hadaso cepuiu-
Horo BhIIycKka STIM300 s3amaaHHpPOBAaHO Ha OCEHb
2011 ropa.

Tpetunt mpubop - omHooceBort M3IMC-THPOCKOIL
C IIOBBIIIEHHON TOYHOCTBbIO SAR500. OH cmocobeH
C XOpOIlIeH TOYHOCTBIO U3MEPSITh CKOPOCTh BpallleHHUs
3eMJIH, OIIpefesiss IIPU 5TOM TOYHOe HallpaBJIeHHe Ha
ceBep, 4To menaet mo3uiuu BOT ermie 6onee MAaTKUMU.
[Tpubop HaYHYT IPOK3BOAUTE B Havasle 2012 roxa.

CeromHs OIMCAHHBIE B CTAThe ITPUOOPEL SIBISIOTCS
OOHHMMH M3 IydmrX MOMC-IaTYKMKOB B CBOeM KJlacce.
Bce 6osnplie pa3paboTYMKOB aBHAILIMOHHOM, KOCMUYe-
CKOY M BOEHHOM TeXHUKH IPUMEeHSIOT UX B HOBBIX pa3-
pa60TI<aX BMECTO TpagULHOHHBIX BOI' u MexaHuye-
CKHX THpockoroB. Kommanus Sensonor Technologies,
CO CBOEH CTOPOHBI, IIOCTOSTHHO paboTaeT Haj yaydlle-
HHeM XapaKTepHUCTUK IIPHU6OpOB, UX yHelleBIeHHeM
Y HaJIa>)KMBaHMeM MaCCOBOr'O ITPOM3BOACTBA.

JlomoTHUTeNIbHYI0 HUHPOPMALMIO II0 OIMMCAH-
HBIM B CTaTbe IIpUOOpaM MOXKHO ITOJyYUTb B KOM-
HaHuu "PaguaHT-DIKOM", SBIAIONIEHCI OPHIIH-
AJIBHBIM AUCTPUOBIOTOPOM HAHHOHM IIPOLYKIIHUH
B Poccuu u CHI.
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