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Beryn

IcTopist 6e3minoTHUX diTansHux anapatiB (BIIJIA) 6epe moyaTok e 3 1899
poky konu Hikona Tecina CKOHCTpYIOBaB 1 MPOJAEMOHCTPYBAB IPOMaICHKOCTI EPIIUA
y CBITI pajmiokepoBanuii kopabmmk. Ha ceoromgmimmii nens BIIJIA cTpimko
PO3BHUBAIOThCS y OaraThoX Taiy3sx. BoHM MacoBO 3aCTOCOBYIOThCS y BIMCHKOBIM
CIpaBi, B MEPITy Yepry JUIsl BEICHHS MOBITPSHOI PO3BIAKK — SIK TAKTUYHOI, TaK i
cTpaTeriyHoi. bBe3MmioTHUKM MiA-KiIaciB «MiHI-» Ta «MIKpO-» BCE€ IIHUPIIE
3aCTOCOBYIOThCS  MiJ 4Yac OOMOBHMX i HA  PiBHI B3BOJY Ta BIIIIJICHHS  JJIs
TEPMIHOBOTO OTPUMaHHA 1HQOpMaLli TUIY «I0 32 THM Haropoom», TOOTO IS
BUPIIIEHHS 33/1a4 BIMICbKOBOT pO3BiJIKH. [ lepCIeKTHBHUM HAIPSIMOM 1X 3aCTOCYBaHHS
€ BUpIINIEHHS 3aBAaHb y ckiaal por. Takox BuxkopuctoByroThes BIIJIA s
KOPUT'YBAaHHSI BOTHEBHX yJapiB [0 HA3eMHHMX LUIAX Ta K yAapHi. be3muioTHi
mitanbH1 anapat (BI1JIA) 3apxnu Oynu HajgOaHHAM BIHCHKOBHUX, MIPOTE OCTAHHIM
9acoM Taki iX MpeCTaBHUKH, K KBAIPOKOITEPH, 3aBOHOBYIOTh CBOE MICIIE IIIe 1 Y
pi3HUX cdepax uMBiUIBHOTO KUTTI. IllogHs mrOACTBO 3HAXOAUTHL iM  HOBI
3aCTOCYBaHHSA, TUM CaMUM pOOJSYM 1 MEBHI anTpeun JITAlOYUX TMOMIYHUKIB.
HpoHaM mOpOpPOKYIOTH OO MOOUIBHUX TeleoHiB, TOOTO B HEIAIEKOMY
MaiOyTHHOMY BOHU MOXYTh CTaTH HE3aMIHHUM aTpuOyTOM Hamoro xutTs. lle
MOSICHIOETBCS, HacaMIiepe]l, IMOPIBHAHO HEBEIUKOI iX BapTICTIO, MPOCTOTOIO
KepyBaHHS, MaJUMU BUTpaTaMU Ha €KCIUTyarTailito Ta yrpuManHs tomlo. [1{o6 He
MOBTOPIOBATHUCH JICK1TbKA Pa3iB, MICIS OIJIATY KOKHOI Chepr BUKOPUCTAHHS MOXKETE
B IyMKax noaaBaTu pedcHHS «llepeBara BUKOpUCTAHHS — 3HAYHO MEHII BHTPATH

KOUITIB, OTIEPATUBHICTh, AKTYyaJIbHICTh OTPUMAHUX JTAHUX).
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Po3zmia 1

OO0rpyHTyBaHHSI BUOOPY HABIraminHoro 3ade3nevyeHHs MOJIbOTY MAJIOr0
BILJIA

3aBmaHHs, sAKi 3apa3 BUKOHYIOTH BIIJIA, BuMararoTh iXHBOTO MOBHOIIIHHOT
MPUJIAJ0BOTO OCHAIEHHs. BHACTIIOK Takol MOMYyJISIPHOCTI, CydacHi O€3MiJOTHUKH 3
TOUYKH 30py TEXHIYHOTO OCHAIIEHHS TEPEBUIIYIOTh MUIOTAXKHI JITaKu. 3aBJISKH CBOil
aBTOHOMIi Ta HE3aJIGKHOCTI BiJl JIOJACHKOTO (haKTOpy, KOKHA 3 OOPTOBUX CHCTEM
MOBMHHA TIpAIfOBaTH YITKO 1 Oe3mepepBHO. HasBHICTH cuUCTEMU aBTOMATHYHOTO
YIpaBJIiHHS € TOJIOBHOIO BIJIMIHHICTIO BiJl TUCTAHI[IHHO KEPOBAHOI MOJIEIII.

OcHoBoOM po60TH Oyb-aK01 CAY € JTaHITI0KOK:

* BUMIPIOBAHHS CTaHY CUCTEMU;

* IOPIBHSIHHS OTOYHOT'O CTaHy 3 OaKaHUM;

* BUPOOJICHHSI BIUIMBY JUIsI KOMIIEHCAIllT TOXUOKHU MOTOYHOTO CTaHy BiJl TOTO
SIKUU 3aJ1aHO.

OcHOBHUH MIAMYHKT - ''BUMIprOBaHHs cTaHy cuctemu'. ToOTO, KoopauHATH
pO3TalllyBaHHS, IIBUIKOCTI, BEPTUKAJIBHOI IIBHIKOCTI, BUCOTH, KyTiB OpieHTAIlli, a
TaK0XX KYTOBUX NPHUCKOPEHb Ta IIBUAKOCTEH. Y OOpTOBIM cucTemi HaBiraiii Ta
kepyBanHsa BIIJIA  ¢yHKIisS BUMIpPIOBaHHS CTaHy CHUCTEMH BHUKOHYETHCS
MajiorabapuTHOW 1HepIliitHOIO-1HTerpoBaHo cuctemoro (MIHC). Maroun Tpiaau
IHEepIIINHUX JaTYUKIB (MIKpOMEXaHIUHI TIPOCKOMM 1 aKCEJIePOMETPU), a TaKOXK
TPUKYTHUN Mar"iToMeTp 1 6apoMEeTpUYHUN BHCOTOMIpP, Ta KOMILIEKCYIOUU JaHl X
natyukiB 3 nanumMu GPS-mpuiimaua, cuctema BUpoOJIsie TIOBHE HaBITalliiHe PillICHHS
3a KOOpJAMHATAMH 1 KyTaMH Opi€HTaIlii.

[HepiianpHa HaBITAIls - 11€ HABITAIIMHUK METOoJ] (BU3HAYEHHS KOOPAMHAT i

napaMeTpiB pyXy pi3HUX O0'€KTIB - JIiTakiB, KOpPaOJIiB, pakeT TOIIO) 1 YIPaBIIHHS iX
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NEPEeMIIIEHHsIM Ha BJIACTUBOCTI 1HEPIi, 0 € aBTOHOMHHM, TOOTO HE BUMAarae
HASIBHOCTI 30BHIIIHIX 3aCO01B Opi€HTAIlI] 400 CUTHAMTIB, SIKI HAAXOIATh 330BHI.

MIHC - ue moBHa iHepIliiiHa cUCTeMa, B SKiIM peai30BaHUI aIrOpUTM
oesmiatBoHoi IHC, iHTerpoBanoi 3 mpuiiMaioueM CYINyTHHKOBOI HaBiramiiHol
cucrtemu. Came B 11 cUCTEMI MATPUMYEThCS «CeKpeT» Bchoro komiuiekcy bITJIA. TTo
CyTi, TP HaBIraliiHi CUCTEMH MPAIIOIOTh OJTHOYACHO — TPU «ILJIATGOPMU» B OJTHOMY
O0YHCITIOBaUl MPAIIOIOTh HA OJHUX 1 THUX XK€ JaHuX ogHouyacHo. KoxkHa mimatdopm
peaizye CBOi MPUHIIMIIA yYIPABIIHHSA, K1 MalOTh CBOi «IIPaBUJIbHI» YacTOTH (BHCOKI
a00 HH3bKi). ['0I0BHUN (iabTp BHOMpPae ONTUMAIbHE PIMIEHHS 3 KOXHOI 3 TPhOX
maTdopM, B 3aJIEKHOCTI Bl XapakTepy pyxy. Lle 3a0e3neuye cTabiIbHICTh CUCTEMU
HE TUIbKU B MPSMOIHIHHOMY PYyCl, ajie 1 B yMOBaX HECKOOPJUHOBAHUX PO3BOPOTIB,
O014YHOMY pPBYYKOMY BITPOBI Ta Bipakax.

['onoBHOMO 1/1€€10 pO3BUTKY HaBiraiiiHoro obnagHanus JIA e ingopmariiitae,
anaparypHe Ta ¢yHKIIOHaJIbHE 00’€JHAHHS BHUMIPHHUKIB HaBiraiii B 1HTErpOBaHUMN
HaBIFaUIMHUA KOMIUIEKC, @ TOYHINIE B IHTErPOBAaHUN IHEPLIATbHO-CYIYyTHUKOBHIA
HaBITAIIHHAN KOMILIEKC.

[HTErpoBaHU HaBIrallMHUM KOMIUIEKC CKJIAJAEThCS 3 TPbOX OCHOBHHUX
€JIEMEHTIB.

e [HeprmianapHa HaBiraIiifHa CHCTEMA;

e  (CymyTHHKOBA HaBIralliiiHa CUCTEMA;

e  Moaynb aBTONIOTY.

BukopucTaHHs IHTErPOBAHUX 1HEPLIAIBHO-CYITYTHUKOBUX CUCTEM IOB'SI3aHO 3
TaKUMU PUYNHAMHA:

1. JInsg BUKOHAHHS 3aBAaHb KEPYBAHHS MOJLOTOM HEOOXIJHE aHAJIOrOBE
BUMIPIOBAHHS JIIHIMHUX 1 KYTOBUX MapaMeTpiB MOJBOTY, 1 HEOOX1AHO, 100 YacToTa

KBaHTYBaHHS 1MX TMapaMeTpiB BUMIpIOBasaca Jecatkamu repu. CynyTHUKOBa




panionasiramiiina cucremMa (CPHC) 3a0e3nedye 4acTOTy KBaHTYBaHHS CHUTHAJIIB
noJiokeHHs ¥ mBuakocti JIA 13 wactororo 1t (0,5r1), a 11e IBHO HEAOCTATHBO IS
CHUCTEM HaBEeJICHHS ¥ KepyBaHHS MOJbOTOM BHUCOKOMBHUAKICHUX BITJIA.

2. InepuiampHa Ta CYNMyTHUKOBAa HAaBITallliiHI CHCTEMH € BHUMIPHUKAMH
30BciM pizHux napametpu: CPHC - niniitHi napametpu (BekTop nojoxxennst bIJIA B
JeKIA TEOLICHTPUYHIN CHCTEM1 KOOpJAUHAT 1 BeKTop Horo mBuakocti), a IHC - sx
JiHIMHI Tak 1 KyToBi mapameTpu. Bzarami CPHC moxHa BUKOpHUCTOBYBATH 1 IS
BUMIPIOBAHHS KyTOBUX KOOPJUHAT, aje JUIsl {bOTO MOTPIOHE BUKOPUCTAHHS IEKITBKOX
aHTEH, sIKI OyIyTh BCTAHOBJICHI HAa TEBHOI BIJICTaHI OJHA BiJ OJHOI, 1 JEKUIBKOX
IpuiiMadiB, a 1€ BCE 3HAYHO YCKJIAJHIOE cucTeMy. Y Bunaaky, koiu BITJIA mae mami
PO3MipH, TO IO 3aJiayi BUPIIIUTH MPAKTUYHO HEMOXIUBO. Aue 3actocyBanHs [HC,
kopekroBanoi Bl CPHC, nanpuknan, 3a nqonomororo ¢uibtpa Kanmana, no3sosnse
BUMIPIOBATH KyTOBE MOJIOKEHHS JIA 3 IyKe MaJioro MOXHOKOIO.

3. Xapakrepuctuku noxu6ok, mo Bunukaioth B IHC 1 CPHC, cyrreBo
BIIpI3HsAOTECA. Tak sk B IHC 3milicHIOETBCS TOJIBIMIHE I1HTErpyBaHHS JIHIAHUX
napameTpiB, a MOTIM - IHTErpyBaHHS KyTOBHX KoopAauHAaT, To Il moxubku [HC
3pOCTalOTh 1 MOXKYTh OyTH KOMIIEHCOBAHI 3a JOTIOMOTOI0 30BHIIITHLOT KOPEKIii. Y TOM
K€ Yac, BUIAJKOBI BUCOKOYACTOTHI 3aBaau nepBuHHUX BuMipiB IHC mocuts no0pe
3TJIa/KYIOTBCS 32 JIONMOMOTOI0 orepaliid iHTerpyBanns. 3 iHmoi croponu B CPHC
OJICp>KaHHsI OCHOBHOI 1H(oOpMaIlli MPO BEKTOPU MOJIOXKEHHS W mBHAKOCTI JIA He
3aCHOBAHO Ha IHTErpyBaHHI. TOMy, BUCOKOYACTOTHI 3CyBH BuxXigHuX curnaiia CPHC
TaKO0XX MaloTh Miclie, aje Ha BiaMiny Bij [HC BoHu oOMexeH.

4. JlocuTh Manuii piBeHb CUTHAIY, OUIBIIMMA Alana30H JIXKEPEN CUTHAITY Bijl
npuitmadiB (26000 kM), mMajie BiJHOIICHHS CUTHAJI-IIYM MPUBOIUTH JIO TOTAHOI

3aBajgocrtiiikocti nmpuitmauiB CPHC. Kontypu (hazoBoro 3cyBy Ta 3CyBYy 3a 3aTPUMKOIO




MOXYTh JIETKO “BTpPAaTUTW’ BIAMOBIAHUN CYNYTHUK MpPH HAsIBHOCTI aKTUBHUX
nepenrkoa. OcoOarBO ypa3IMBUM HIOJ0 LBOTO € KOHTYP (a30BOr0 MOHITOPHUHTY.

3 OuxX TMPUYMH MOXKHA 3poOUTH BHCHOBOK, 10 B BIIJIA mnoBuHHI
BUKOPHCTOBYBATHCS 1HTETPOBaHI CYyMyTHUKOBI 1HepiiHi cuctemu. Cami iHepiiiHi
CUCTEMHU JIOCUTH KOPCTK1, BOHHU HE JIAI0Th IOCTATHRO TOYHUX MapaMeTpiB MOJIbOTY, 1€
MOSICHIOETBCS TUM, IO cami JaTYMKU MarOTh MOXUOKU BUMiproBaHHA. J{Jist Toro, mo6
Il 3HA4YE€HHd BIANOBIJAJIX BHMOraM TOYHOCTI HaBiramii OE3MJIOTHHUX JIITAaKIB,
BUKOPUCTOBYIOTHCS CYMYTHUKOBI CUCTEMH, SIKI BUIIPABISAIOTH 3HAYECHHSI BUMIPSHUX
3HAYEHb 1HEPLINHOI cUCTeMH. BUKOpUCTAaHHSA CYNyTHUKOBHUX CHUCTEM HE € IIJIKOM
HAJIAHUM, OCKUIbKM YacTOTa KBAaHTYBaHHS HaBITallliHUX MapaMeTpiB € JOCUTh
HU3BKOIO 1 BUMArae 1HTepnoJsiili abo mporuo3yBanHsa. Kpim Toro, icHye MOKJIUBICTh
BTpaTU CUTHAIIy CYIyTHHKa, 110 IpH3BEIE O BTpAaTHU 1HPOpMAaLIi Mpo MapamMeTpu
nonboTy. CPHC Takox Iyke 4yTiauBBI 10 pi3HUX THUIIIB MepemKko]. Bukopucranus
IHTETPOBAHUX IHEPIINHUX CYMYTHUKOBUX CHUCTEM KOMIICHCYE Crienu(diuHI HEIOTIKU
LIUX CUCTEM 1 3a0e31edye BUCOKY TOUHICTb 1 HaJ{IMHICTh IIPU BUMIPIOBaHHI TApaMeTpPIB
HOJILOTY.

HaBeneni BuIe 0OpUYMHM MOPU3BOJATH J1O0 HEOOXIAHOCTI 1HTErparii
1HepIliaTbHUX 1 CYMYTHUKOBUX CUCTEM JIJIsl HaBITallil 1 yIpaBIiHHA JITaKaMH Maiike
BciXx TumiB. Takum ymHOM, Komiter Mixnaponnoi Opranizamii [luBinbHOT ABiamii
(IKAO) 3 maitoyTHix Hapiramiitaux cucrem (FANS - Future Air Navigation System)
NPUIHSAB PYIICHHS TPO OOOB'SI3KOBE BUKOPUCTAHHS CYMYTHUKOBHUX HaBIraliiHUX
cucreMm pasom 3 [HC.

Tomy 1 y 6oproBOMY KOMILIEKcl HaBiranli 1 kepyBanHs BIIJIA nepenbavyaerbcs
IHTErpyBaHHs 1HEPLIAIBHOI 1 CYITyTHUKOBOI CUCTEM HaBirarii.

[nepuiitni HaBirauiiii cucremu (IHC) € HaBirauiiHUMH CUCTEMaMU, B SIKUX

1H(DOpMaIIis Ipo MBHUIKICTH 1 KOOPIMHATHA OTPUMYETHCS TUISIXOM 1HTETpaIlli CUTHATIB,
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BIMOBIIHUX MPHUCKOpPEHb JiTaka. [Hpopmaris mpo NpPUCKOPEHHS HAAXOIUTH Bl
akcenepometpiB JIA, ski BctaHoBieHl Ha O6opTi. [Ipouenypa iHTerpaiii BEKTOPHHUX
3Ha4Y€Hb, SKI BIAMOBIAAIOTh MPHUCKOPEHHIO 1 IIBUIKOCTI JIiTaka, 3a0e3MeuyeThes
BIITBOPEHHSM (IMiTalli€l0) Ha OOPTY JiTaka BIAMOBIIHOI cUCTEMHU KoopauHaT. Jlis
IIbOTO YacTO BHUKOPHUCTOBYIOTH TIPOCKOMIYHI cTadumi3aTopu abo0  JaTYUKH
TPOCKOMIYHOT KYyTOBO1 IIIBUJIKOCT1 3 O0UMCIIIOBAYEM.

HasiBHICTh MOMUJIOK B IaTYMKaX 1HEPLIAJbHUX HABITAIIHHUX CHCTEM Y CBOIO
4yepry BUKJIMKAE MOMUJIKA Y BU3HAUYCHHI HABITAI[IHHUX KOOPAMHAT PyXY JITAIBHOTO
anapaty. Tomy, npu ctBopenHi IHC, HamMararoTbCsi 3MEHIITUTH BEJIMYMHY TEPBUHHOI
TMOMMJIKU JaTYuKa.

[HC, sxi BcTaHOBIeHI Ha OOpPTYy MOBITPSHOTO CYJIHA, 3arajoM J03BOJIAIOTh
11EHTU(IKYBATH TaKl MIApaMeTPH MOJbOTY: KYyTH KPEHY , TAHTAXKa Ta KypCy; BETUUHHY

BEKTOpPA MEPEBAHTAXKEHHsI 1 a00 MUTOMOI Pe3yibTYIOUOi CHJIM & B MPOEKIISAX Ha OcCl
38’A3aHOi 200 HOPMAJbHOI CHCTEMM KOOPAMHAT, MLUIAXOBY V,, Ta BEPTUKAILHY

HIBUKOCTI; TeorpadgiyHi abo opToAPOMIYHI KOOPUHATH Ta BUCOTY MOJIbOTY.
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Po3aia 2

Anaui3 Ta Budip MEMC-akcenepomerpis i MEMC-ripockomniB sik
YYTJMBHUX €JeMEHTIB

Amnanizyroun modatkoBi iH(opmamiitHi gatuuku icHytodoro BIHC, moxnHa
no0aynTH, 1110 BOHU HAJIEkKATh /10 KJIACy BUCOKOTOYHHUX MPEIU3IMHUX JATUYHKIB, aje
BOHH 3aHAJITO IOPOT1 /Ui BUKOPUCTAHHS B CYMTyTHUKOBIN HaBITaliiHIi CHCTEMI, a JJis
HoBUX MiHiaTIopHUX BITJIA depe3 cBoi MacorabapuTHI XapaKTEPUCTUKH.

Opnak, KpiM MIpenu3iiHux akceiaepomeTpiB Bucokoi TouHocTi B BIHC, ski
KOPCTKO 1HTETPOBaHI 3 CYNyTHHUKOBHUMH HAaBITaI[liHUMHU CHUCTEMaMH, MOUIMPEHHS
Ha0yBalOTh JOCUTD KOPCTKI, ajle KpUXITHI JaTYMKH MEPBUHHOI 1H(Dopmarlii. [lepeBaru
TaKuX CHCTEM, OCOOJMBO B iX HaJ3BHYallHO Majaux rabapurax, wmaci Ta
eHeproBuTpatax. 1[I BUMOru B 3Ha4yHIN Mipi 3a10BOJIBHSIOTHCS MIKPOMEXaHIYHUMHU
akcenepomerpamu (MMA) 1 ripockoniamu (MMI'), 1m0 BUKOPUCTOBYIOTHCS Y
BUPOOHMIITBI HAMIBIIPOBIJHUKOBOI MIKPOEIEKTPOHIKH.

HaykoBi Ta TexHI4H1 po3poOKH B 00JIaCTI MIHIATIOPHUX JATYUKIB JJIs1 PI3HUX
i Ha 0asi KpeMHit0 (OCHOBHHU MaTepian MIKpOEJIEKTPOHIKK) modanucs 3 60-x
pokiB 20-ro cTOmTTS. MIKpOEIEeKTPOHHI TEXHOJOT1i I03BOJIWIM CTBOPUTH HA OJTHOMY
Kpuctaiai wmikpoenekrpomexaniuHi cuctemu (MEMC), mo o0'€eqHyroTh YyTIMBI
€JIEMEHTH, MePETBOPIOBAYl Ta €JIEKTPOHHI KOMIIOHEHTH.

[latenTH Ha pi3HI TEXHIYHI PIIIEHHS B 00JaCTI PO3POOKH MIKPOMEXaHIYHUX
YYTIUBUX €JIEMEHTIB OTPUMAaHI HHU3KOI MPOBIAHUX 3akopaoHHUX ¢ipm (Draper
Laboratory, Rockwell International, Systron Donner, Analog Device, SAGEM, Murata
Ta iH.).

BuBueHHs MiKpOMEXaHIYHUX 1HEPILIATbHUX JTATYMKIB MOYaAI0cs B JabopaTopii
Y. Jlpetinepa B 1984 porti. [lo 1994 poky Tounicts MMI', po3pobienoro B taboparopii

Hpeitaepa, nocsraa 300 rpaa/ron. Cydacai MMI naGoparopii Jpetinepa mokasyoTh

Kageopa AKIK HAY 20 15 01 000 I13

BukoHas Psieki M.O. Jamuuxk kymogoi opienmayii Aitepa | ApkyLu APKYLLIB
KepiBHuK PiAILLKIH M K. | |
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CTaOlIBHICTh CUCTEMAaTU4HOTO JApeidy Ha piBHI 0,5 rpag/c y niama3oHi TemmnepaTtyp
Bin -40 mo +85°C 0Ge3 Tepmocrtalbimizamii, Ha piBHI Big 10 mo 100 rpanm/rom 3
AITOPUTMIYHOIO TEPMOKOMIICHCAITIEI0 1 HA PiBHI 1 rpaa/rox 3 TepMocTaTyBaHHSIM.
HpetinepoBcbkiit  MMA ~ MasSTHUKOBOTO  THIy 31  3BOPOTHHUM  3B'SI3KOM
XapaKTEePU3Y€EThCS MOXUOKOI 3CyBY HYJS ~ 100 MKgE 1 MOTpIiIIHICTIO MacIITaOHOTO
koedirienta ~ 0,01%.

B nanwmii vac MmikpoMexaHi4H1 JaTYNKHU BUPOOIISIFOTH 1 POAAIOTHCS IPUOIU3ZHO
B 50 xoMmmanisx. [IpoTsrom poky Oyji0 IpoJIaHO COTHI MUIBHOHIB JaTYUKiB, 000POT
akux nepeBuliuB 10 MinbspaiB gomapi. 30kpema, kKommadis Systron Donner
BupoOsie 30 000 MMI™ Ha 100y (611bI1Ie 7 MIIH. Ha PIK).

2.1. AHaui3 BapiaHTiB M00YA0BH MIKPO-MeXaHIYHMX aKceJIepoOMeTPiB

MMA wMawTh iHepuiiiny macy (IM), sika, BHKOPHUCTOBYIOYHM €JacCTHYHI
€JIEMEHTH, MOHTYEThCSI B Kopiyci. BianosigHo 1o pyxy MMA IM, BoHu iisThCS Ha
OChOB1 1 MasATHUKOBI. Y 0choBii MMA KOHCTpyKIliS MPY>KHOI MiJABICKH J103BOJISIE
3MIACHIOBATH mpsAMuUid pyx MI, y MasatHukoBiid - kytoBuil. Y MMA icHye Bicbh
YYTIMBOCTI, B sIKiii MOoxksuBHi pyx MI. OGymoBIieHe KOHCTpYyKIIi€ro miaBicy. MMA 3
OJIHIEIO BICCIO YYTIIMBOCTI HA3UBAETHCSI OJTHOKOMIIOHEHTHUMHU. MOHa OyayBaTH ABO-
1 TpuKOMIIOHEHTHI MMA.

OCHOBHUM KOHCTPYKTUBHHUM BY3JIOM OCHOBOTO MMA € UyT/IMBUI €IEMEHT,
110 BKitouae IM 1 npy»xHi eemeHTH miBicy (puc. 2.1). Po3pi3HAIOTh XpecTonoaiOHMi
(puc. 2.1a), Z-o6pa3uuii KOCOCUMMETPHUUHBIN (puc. 2.16), Z-00pa3Huil CUMETPUYHHIMA
(puc. 2.16) 1 mapanensuuii masicu (puc. 2.12).

VY peansHoMy ockoBOMY pyci MMA BumiptoBau MI BUMIpIOETHCS €EMHICHUM
JaTYMKOM abo 3a JOMOMOTOI0 IT'€30PE3UCTUBHUX TMEPETBOPIOBAYIB Aedopmarriii

NPYXKHUX €JIEMEHTIB Mi/BICY.
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Hpyxs OmnopHa

a) OnopHa 0) €)

Puc.2.1. [Ipy>Hi eneMeHTH TiABICY

[IpuknamoM €MHICHOTO BHUMIpIOBaHHS pyxomoro IM € cimeicTBO

akcenepomeTpiB ADXL nmoBepXHeBOi KOHCTPYKIIii, BAKOHAHUX HA KPUCTaJIl KOMIIaHIi

Analog Devices. Becy kpucran akcenepomerpa, po3mipom Big 3,05 go 3,05 mMm, B

OCHOBHOMY 3alHSTHH CTPYKTYpOIO (pOpMyBaHHSI CUTHATY, IO OTOYY€E MIHIATIOPHUUN

JTaT4YMK, po3MmipoM 1x1, skuii po3ramoBanuii B ueHTpi. Jatuuk (puc. 2.2) siBisie co0010

CTPYKTYpy AU(EpEeHINaTbHOTO KOHJIEHCATOpa 3 JIICJICKTPUKOM ITOBITPS, OOKJIAIKH

SAKOTO BHpI3aHi (TIPOTpaBlieHI) 3 IUIOCKOTO €JIEMEHTY TMOJICHIIKOHOBOT TIIIBKU

TOBIIIUHOIO 2 MKM.

Enemenrmapia

r
| ;
| wowMipra
EEY
I
I
I
I
|
{
[Tpreroperms
Laa
-

Lad

Puc.2.2. KoHCTpyKTHUBHUH OJIOK €IleMEHTAaKpHI KOMIPKH TaT4YnKa
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Hepyxomi oOkmanku 4, 5 1bOro KOHJEHCATOpPA SIBISIOTH COOOK TIPOCTI
KOHCOJIbHI CTPWXHI, 1[0 PO3TAlIOBaHI Ha BUCOTI | MKM BiJ MOBEpPXHI KpUCTala B
MOBITPl Ha MOJIIKPEMHIEBUX CTOBITYMKaX-aHKepax 3, MPUBApPEHUX JO0 KpHUCTaIa Ha
MOJICKYJISIPHOMY PiBHI.

dikcoBaHl 00KJIagku 4, 5 IOr0 KOHACHCATOpa SBISIOTH COO0OI0 IMPOCTI
KOHCOJIbHI IITAHTH, PO3TAIIOBaH1 Ha BUCOTI 1 MKM BiJl TOBEPXHI KpUCTaja B MOBITPI
Ha TIOJNIKPEMHIEBUX KpIIUIGHHSAX CTOBMIIB 3, TMpUOasHi A0 KpucTaia Ha
MOJIEKYJIIPHOMY PiBHI.

Ha puc. 2.2 nokazaHuii CTpyKTypHUH OJIOK €1eMEHTapHOI KOMIPKH JTaTYUKA.
HacnipaBni, natunk mae 5, 4 enieMeHTapHUX KOMIPKH JUIsl BAMIPIOBaHHS TPUCKOPEHHS,
ajie JUisl CIIPOILEHHS Ha PUCYHKY MOKa3aHO JIMIIEe OAHY KOMIpKy. IHepiiiina maca 1
JNATYMKaA MPUCKOPEHHS MPU 3MIHI IIBUAKOCTI MEPEMINIEHHS KpHUCTajla 3MIL[Y€EThCS
BIJIHOCHO OCHOBHOi YacTWMHM Kpucrtana. [li mamenomiOHi BUCTynmH 2 YTBOPIOIOTH
PYXJIMBY OOKJIQUHKY KOHJEHcATopa. 3 KOXKHOI CTOPOHM Ll KOHCTPYKIis, CTOITh Ha
OCHOBI aHKEPHHUX KOJIOHOK 3, aHAJOTIYHUX KOHCTPYKIIH HEPYXOMHX OOKIaAoK 4, 5.
Po3cTspkku 6 Ha KIHISX 1HEPIIHHOT MacH, 110 3MYIIIY€E HOTO 3aIUIIATUCS Y BUCIUOMY
MOJIOKEH], SIBJIIE COOOI0 MEXAHIYHY MPYKUHY OCTIMHOI PYKHOCTI, 1110 0OMEXKYE PyX
1HEpIIHOT MacH Ta 3a0e3Meuye ii MOBEPHEHHS B BUXI1IHE TTOJIOKECHHS

OckUIbKH pyX Macu 1HepIli Mae BiAOyBaTHUCS B IUJIOMIMHI TMOJIKPEMHIEBOI
IUTIBKM, BICh YYTJIMBOCTI JaTyuKa JICKUTh B I IUIONIMHI 1 MapayielibHa TJIONIHUHI
JIPYKOBAHOI IIJIaTH, HA SKIA MPUITAEHUH JaTYHK.

Koxen 3 HabOopiB (54 HaOOpPIB) CTallOHAPHUX KOHJEHCATOPIB E€JIEKTPUYHO
3'€HaHUN MapaneiabHO 3 JIAHIIOTOBUM KpPUCTAIOM. Y pe3yjbTaTl BUHUKAE Mapa
HE3aJICKHUX KOHJCHCATOPIB, PyXJMBa OOKJIAJKa SKUX YTBOPEHA BCIMa MaJbIEBUMH
BUCTyNIaMU 1HEPIIAHOT Macu. YcepeauHl Kpucrajga IIi TpU MaHenl 3'€qHaHl 3

BOy/IOBaHMMH CXeMaMH i (opMyBaHHS CHUTHalIy akcenepomerpa (puc. 2.3). V
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CIOKIHHOMY CTaH1 (TMepeMIIIeHHs 3 TIOCTIMHOI MIBUIKICTIO) BCl «TAJBII» PyXOMOi
OOIMMBKM 3a PAaXyHOK pPO3TSHKOK 3HAXOMATHCS HA OJHAKOBIA BiACTaHI Bia map
(bhiKCOBaHMX IIJIACTHH NMaJbIiB. [Ipu Oyab-aKoMy MPUCKOPEHH] MBIl IEPECYBAIOTHCS
OnMKYe 10 OJTHOTO 3 HAOOP1B HEPYXOMHUX MAJBLIIB 1 BIAJAISIOTHCS BiJl IHIIOTO HAOOPY.
Y pesyapTaTi 1BOr0 BIJHOCHOTO TIEPEMIIICHHS BIJAMOBIAHI BIJCTAaHI CTAOTh
HEOJHAKOBUMH, 1 €MHOCTI MK PYXJIMBOKO OOKIQJKOI 1 KOXXHOI 3 HEPYXOMHX
OOKJIaJIOK 3MIHIOIOThCS, TOOTO 3MIHHA €MHICTh € BUXIHUM CUTHAJIOM MiHIaTIOPHOTO
naTyvka mnpuckopeHHs. Otouyroui gaTuvk Mikpocxemu (puc. 2.3) ¢dopMmyroTh

BUXIJIHUM CUTHAJI aKCeJIepPOMETpa.

Vg
¥ ADXL193
v TIMING
F e DC( GENERATOR
‘VDEE,J; I -
:|: - _-HK" O™,
DIFFERENTIAL| | DEMOD A0z X
v EXC SENSOR awe > | BESEEL Q) Your
- -
| -
O ., :
SELF-TEST .

Puc. 2.3. CxeMHHi1 kpucran
3a npuHUUIIOM BUMIpioBaHHS MMA MNoAuIsStoThCsl HA MpsMI BUMIPIOBaJIbHI
MPWJIAIM 1 KOMITEHCAIlIiHI BUMIPIOBAJIbHI TPUIIAJIN.
V¥ nepuomy tuni MMA iHGopMmaliisi Ipo NPUCKOPEHHS CTPYMY BHIASETHCA 3
natyuka pyxy IM abo nedopmaiiii e1acTUUHUX €JIE€MEHTIB MiJABICKU. Y 1bOMY BUTIAJKY

BC1 JKEpeJia MOMUJIOK B JIAHIIIOTaX BUMIPIOBAHHS 3'SIBISIOTHCS Y BUX1THOMY CUTHAI.
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Puc.2.4. AkcenepomeTp 006’ €MHOT KOHCTPYKITii

[IpuknamoM mpsIMOTO BUMIPIOBAIBHOTO JaTyMKa 3 I1'€30pPE3UCTUBHUMHU
NPY>KUHHUMU  JIePOpMallifHUMH TIEPETBOPIOBAYaMHU MIJIBICKK MOXE CIY>KUTH
HACUITHUM KOHCTPYKILIMHUN akcenepoMerp. Lleil natuuk ckimagaetscs (puc. 2.4)
KpeMHi€BOi pamku 1 1 iHepiiiiHoi macu 2. J[Ba ToHKI TopcioHa 3, 4 3’€IHYIOTH
1HEepLiiiHOT Macu 3 KpeMHieBUM miaci. L{s1 Maca MexaHIYHO 3'€qHaHa 3 OJHOTO Kparo
KPEMHI€BOI paMH 1 3 1HIIOI KPOMKH Yepe3 Napy IMIUIaHTOBAaHUX MbE30PE3UCTOPOB 5, 6,
SK1 CTBOPIOIOTH HamiBMmacy. OOHJIBI TIOJIOBUHHU 3'€JIHaHI 3 MOCTOBOIO cxemoro. ITix
BIUIMBOM NpUCKOpeHHA a (auB. Puc. 2.2) iHepuiiiHa Maca 3MIIIYEThCS 3THMHAIOYH
TOPCIOHH 1 BUKJIMKA€E aAehOopMaIlifo I'€30CTIMKOCTI. TaKUM YMHOM, JAaTYUK 1 30BHIIITHS
o0OpoOKa KpHUCTAIIYHOI EJEKTPOHHOI CXEMH CHTHally MNUIsIXoM  Jedopmartii
'€30pE3UCTOPIB, BKIFOUCHUX B JIAHITIOT YI1CTOHCHKOTO MOCTa, CTBOPIOE MiJ] BILIUBOM
MPUCKOPEHHSI BUXIJIHUNM CUTHAJ, SKUM JOCSTAa€ CIOXKHUBadiB, OCOOJMBO B CXema
BUTbHOI (hopmu THC.

VY kommneHcyrouomy BuMiptoBaHHI MMA cuna, BUKIMKaHa BUMIPIOBAaHUM 1
JI0YMM TpUcKopeHHsM Ha IM, 4acTkoBO ab0 MOBHICTIO BPIBHOBAXKYETHCS KOHTYPOM
HETaTHBHOTO 3BOPOTHOTO 3B'SI3KY, KU pealtizye po3psa. Y IIbOMY BUTIAJAKY TOUHICTh
MMA 3aneXuTh B OCHOBHOMY BiJ] XapaKTEPUCTHUK JAHIIIOTa 3BOPOTHOTO 3B'SA3KY.

OcHoBHUMHU cxemamu (puc. 2.5) moOyaoBu MasTHUKOBUX MMA € cxemu 3

onuHapHuMu (puc. 2.5a) ¥ noaBiiHUMH (puc. 2.50) MasTHUKAMU 13 TPYKHUMH
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eJIeMEeHTaMHu - OajkaMH, a TaKOXX CXeMa 3 OJMHAPHUM MAasSTHUKOM 13 TMPY>KHUMH
eJIeMEeHTaMHu - TopcroHaMu (puc. 2.56). Bumip nepemimiens IM Moke 311iiCHIOBATHCS

€MHICHUMH a00 INbC30PC3UCTUBHBIMUA JATUYNKAMMU.
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BUILJIEHOTO

i

IHEPTHOIO MacoIo,

(V)

M1JIBUIIIEHOT TOYHOCTI, & TAKOK 1HIIIMX MEHII MOIUPEHUX MOJIEICH.

BHUTOTOBJISIOTECS  MaJIOTOYHI
- JATYMKIB KYTOBHX

ripockoriB. [IpakTuyHo yci BOHU

3apa3
0 B KOXXHIM 3 HHMX € po0ode TuIO, IO, y

b

oynosu MEMC
i npuniun 1ii MEMC

BUTOTOBJICHUX 3a TexHoJjioriecco MEMS

Puc.2.5.Cxemu no6y10Bu MassTHUKOBUX MMA
Lle o3nauae

13 Bapl1aHTIB 110

(v}

IHNIBUAKOCTEN

(V)

CydacHi maomacmTaOHI JaTYUKU BKJIIOYAIOTh HAHO-CHIIIKOHOBI ITU(POBI
HH1 T1pOCKOMH.

Tpu oproroHanabHi KOMIOHEHTH CTBOPIOIOTH SIAPO TPUXOAOBOTO IU(POBOTO

CuitikoHOBUM UPPOBUIN TATUUK CKIATAETHCS 3 TBOX OCHOBHUX KOMITOHEHTIB:

KpiM  pO3rasiHyTMX MOKIUBOCTEN

PosrisaeMo OCHOBHHU

MIKpOMEXaHI4YH1 IM'€30€eKTPUYHI aKCEIEPOMETPH, I'€30€TEKTPUIYHI aKCEIEPOMETPH
2.2. Anan

aKCeIepOMETPH, SIKI BKE€ BUKOPHCTOBYIOTHCS B SIKOCTI OCHOBHUX aKCEIEPOMETPIB,

KOMIIAaKTHOI'O KpGMHiGBOI’O dKCCJIICPOMCTPAa 3 HCBCIIMKOIO

Harpukiaza, B 0e3miargopmenniii Bepcii BKB-95.

MIHIATIOPHUX TPY>KUH,
KOHTPOJILHOTO Yira.
JaTYrKa.

— BiOparli




HANMOPOCTIIIOMY BUIAAKY, pOOUTH 3BOPOTHO-NIOCTYNATBHUM PyX B OJHIN TJIOLIMHI.
Ko mocTaBUTH TI€ TUIO HAa 00epTOBY IIaTGOpMYy, IUIOMIMHY SIKOT 30iraeThes 3

IUIOIMMHOKO KOJIMBAHb, TO HAa KOJIMBHY MAacCy IIOYHC IliHTI/I CHJIa KOpiOJIiC&

Fe=2m[Q x V],
ae Q — BEKTOp KYyTOBOi MIIBHAKOCTI (MEPICHAMKYISIPHUN IUIONIMHA
o0epTaHH),

V — BeKTOp NIHINHOT MBUAKOCTI TiJIa BITHOCHO 00€pTOBOI MIaTdopMu, M - Maca Tija.
Monynb F. = 2mQV sin @, 1e ¢ — KyT Mi) BEKTOpaMH JIIHIHHOT 1 KyTOBOI IIBUAKOCTI.

OTtxe, cuiia Kopiomica cripsMoBaHa MepreHIuKyIsIpHO HAIIPSIMKOB1 KOJIMBaHb
(puc.2.6) 1 oci o0eptanus. [Ipu npoTuiiexkHux HarpsiMkax pyxy cuiia Kopiosica Takox
Jlle B MPOTWIECKHUX HampsiMkax. Ha 1mpoMy 1 3acCHOBaHMU NMPUHLMUII BIOpaliiiHOTO

TIpOCKOIIA.

4

M

\
¥

Puc. 2.6. Hanpsimok cunu Kopiodica 1 konuBaHb
Busznauusmu cuny Kopionuca 1 3Har04M JiHIAHY MIBUAKICTH TUIA, HECKIAAHO
OOYUCIUTH KYyTOBY WIBHUAKICTH 1 11 3MiHy (KyTOBE TMpPHUCKOpeHHs). 3amaua
CIPOIYETHCS, SKIIO JIIHIMHA I[IBHAKICTh KOJUBAaHb V  3MIHIOEThCA 1O
cuHycoiganpHoMy 3akoHi V =V oSin [Jt. Toai BusHaueHHs npuckopenHs Kopiosmca
3BOJIMTHCS J0 JETEKTYBaHHs cUTHaiy {2, 0 MOJYJIIOE Hecyuy 3 yacTtotoro F. =2V
0Q2sin t. AMIUTITY1a BTOpUHHUX KonuBaHb IM y MMI' nyxe mana, ToMy K MpaBuIo,

BUKOPUCTOBYETHCSI PE30HAHCHE HACTPOIOBAHHS, MPHU SKIM YaCTOTH TEPBUHHUX 1
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BTOPHMHHUX KOJHMBaHb 1 BIaCHA YaCTOTa pe3oHaTopa O1u3bKi Mk coboro. Jlana 3agaua
JaBHO ¥ YCHINIHO BHPILNIYETHCS B PAAIOTEXHIIl, 30KpeMa, 3a JIOMOMOTOIO
KBaJpaTypHUX MOIYJISITOPIB/AEMOAYIATOPIB.

[To Buny pyxy IM y pexxumax rnepBUHHHUX 1 BTOPUHHUX KOJUBAHb PO3PI3HIIOTH
MMI' LL-tuny, RR-tunny Tta LR-Tuny. B LL - MMI" IM poOuthk mocTynaibHi
nepeMimeHHas, B RR - MMI' - o6eptanphi nepemimerss, a B LR (RL) - MMI' - pi3ni
KOMOiHaIii  MOCTymaqbHUX 1 oOepTanbHUX mepemimenb. Koxumit tunm MMIT
XapaKTepU3y€eThCcsl HAOOpOM Kiacu(iKaliiHUX O3HAK, HAMBaKIUBIIIMMHU 3 SKHX €

HACTYIIHI:

YHUCJIO BUMIPIOBAJIBHUX OCEH;

YHCJIO THEPIIHHUX Mac;

THII MIJBICY;

THII IIPUBOJA,

THII JaTYHUKa 3HIMaHHS CUTHAY,

PEXUM BUMIDY.
3a 4KCIIOM BUMIPIOBAIBHUX OCEH PO3PI3HAIOTH OJIHE - 1 JBOKOMIIOHEHTHI
MMI'. 3a KUTBKICTIO IHEPLIHHUX Mac pO3pi3HIIOTh OJHE - 1 bararomacoBi MMI'.

3a TUIIOM IMABICKK € MEXaHIYHI IIJIBICKH 1 MJBICKM 0€3 KOHTaKTy. ¥ CBOIO
4yepry, MeXaHIuHl MiJBICKH MOXYTh OyTH 30BHIIIHIMU a00 BHYTPIIIHIMH, a MyABICH
0€3 KOHTAKTy - €IeKTPOCTATUYHI, MATHITHI Ta 1HIII.

Y MMI' B pesxxumi pyXy 3 3alaHUMH ITapaMeTpaMu MOKYTh OyTH BUKOPUCTaH1
pi3HI TUOU NpuBOAIB IM: MarHiToeiaeKTpU4Hi, €JIEKTPOCTATUYHI, I'€30€IEKTPUYHI.
HalinomupeHimumii e1eKTpocTaTUYHUN IpUBIA.

Y MMI' 3HaxonaTh 3acTOCyBaHHsS pi3HI JAATYUKMA 3HIMAHHS CHUTHAJY, SKi
BUPOOJISIOTH 1H(OpPMAILIII0O MPO BUMIPIOBAHI KYTOBI IIBHUAKOCTI: €JIEKTPOCTaTHUYHI,

1’ €30pE3UCTUBHI, MarHITOCIEKTPUYHI 1 1H.
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MMI" MOXyTh MpalfoBaTé B peKUMax MPSIMOTr0 BUMIPY ¥ KOMIIEHCAIIHHOTO

BUMIpY (31 3BOPOTHUM 3B'SI3KOM).
BAJIKOBI I'TPOCKOIIN

VYci koHCTpyKIii BiOpamifHUX Ti1pOCKOIIB, MPHU IIUPOKIA IXHIM po3MaiTocCTi,
MOXHAa 3BECTH JI0 JeKIbKOX TUMIB. OHUMHU 3 HAUTIepIIUX € 0AJIKOB1 TIPOCKOIIH. IxHiit
OPUHIMI [1i TaKkWil: KOHCOJIbHY Oaliky (TUIacTHHY) 3MYIIYIOTh KOJIMBATUCA 32
JIOTIOMOTOI0 T’ €30€JIEMEHTIB Y HamnpsMKy oci X (puc. 2.7). [ix aiero cunu Kopuosica
npu 00epTaHHI BIIHOCHO OC1 Z, PIBHOODKHOI MOJIOBXKHBOI OC1 Oaliku, 30YIKYIOThCS

KOJIMBaHHSA y3J0BX ocl Y. BOHUM peecTpyroThCs IHIIMMHU 11’ €30€JIEMEHTAMU.

Y

T ez0eneMeHTH z

BruiproeaHe
obepTaHHT

KonueanHz,
0 TeHEPYIOTBCA
(HepEHHH] KOIHEAaHHA)

BaMiproBansHl (ETOpHEH )
KOQJIHBAHHA IJ BIUTHBOM CHIH
Kopromica

Puc. 2.7 bankosi ripockonu
Koncrpykuii 0anok MoxyTh Oyt pizHuMu. Hanpuknan, y ripockonax BAT
«9nma» bBI'-3 1 BBI'-4 BUKOpUCTOBYETHCS TPUMOIIOCHUI BIOpaTOp — cTajieBa Oanka
3 MOIMEPEYHUM NEPEPI3OM Y BHUJ1 PIBHOCTOPOHHBOI'O TPUKYTHHUKA. J{0 KOXKHOI rpaHi
OaJIK¥ MPUKJIICEHE TIO T’ €30€JIEMEHTY: Ha HIDKHIM CTOPOHI — 110 30y/KYIOTh BiOpallito,
Ha OIYHMX TpaHsX — BUMIpIOBaIbHI. OCHOBHHMM HENOIIK TaKMX TIPOCKOMIB — IXHSI

HH3bKAa TEXHOJIOTTYHICTH (CKJIQJIHO 3a0e3MeYUTH CTaOlIbHI mapamMeTpH KIICHOBOTO
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3'€THAHHS METaNy 1 II’€30KepaMikH 1 T.1.). ToMy B yCIM CBITI MOIIMPEHHS OAepKaIU
Tak Ha3uBaHi OiMop(dHi BiOparliiitHi ripoCKOIu.

Y OimopdHHX TIpocKomax pe3oHaTop SBJIsE COOOK JBI  CKJIGEH]
n'€30€NIeKTPUYHI TUTACTUHH, MOJISIPU30BaH1 B MPOTHICKHUX HampsMkax. J{o miaactun
(a0 110 oaHIET 3 HUX) MPUKIIAJETHCS HAMPYTa, OJIHA TUIACTUHA TOYUHAE CTUCKYBATHUCA,
1HIIIA PO3TATYBATHUCS, Y pe3yJIbTaTl BUHUKAIOTh KOJUBaHHA. [Ipu o6epTaHH1 mif Ji€ro
cuii Kopronuca 30y1Kyr0oThCsl BTOPUHHI KOJIMBAHHS, SIKI MOKHA IE€TEKTYBaTH THUMU
K enekTporamu. Ilo gaHOMy mNpUHIMII MOOYJAOBaHUM, 30KpeMa, BiOpaIliiHMIA
ripockon bBI'-500 ("Onma").

BiazHaunmo, 110 KOHCTPYKIis pe30HaToOpa MOKe OyTHM Habarato CKIIaJHILIE
omucanoi. Tak, OAWH 3 JJIEpIB TMPOMHUCIOBOIO OCBOEHHS  BiOpalllifHUX
'€30€JEKTPUYHHX TIPOCKOIIB — KOMIaHig Murata — 3amateHTyBajia CTpyKTypy, Y

AK1H pe30HaTop SBJsi€ COOO0IO0 Mapy KOJUBHUX y MPOTH (a3l rmacTuH (puc. 2.8).

Hanpsam __  ——
nonapisayii ——

[TesoenemeHTH

MeTanesi

nnacTuHW EJ'IeKTpO,D,VI

Puc.2.8. Ctpykrypa, y sKiif pe30HaTOp sIBJIsi€ COOO0IO Mapy KOJWBHUX y MPOTH

¢a3i miacTuH
[Inactunau abo GimMopdHi, a0 HaKJIeeH! HAa METaleBy IMiJICTaBy YHIMOp(HI.
KoxHa 3 miacTUH CKJIAJA€ThCSl 3 TPbOX YACTHH 13 MPOTHIICKHUMH HANPSMKaMU
nonspu3aiii. [Ipu oOGepTaHHi BIZHOCHO OCi Z BUHHUKAIOTh BTOPUHHI KOJWBAaHHS
(Y3I0BXK JTOBXKMHU IJIACTHH). X0Ya MEPBUHHI KOJMBAHHS IUIACTUH BiAOYBaIOTHCS Y

npotudasi, curHamu ixHbpOi TeHepanii cuH(da3Hl. BTOopuHHI X KOJWBaHHSI, IO
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oOymoBnieH1 cunoro Kopuomnuca, BUKIMKaIOTh JOJATKOBI MPOTH(a3HI CUTHAIM Ha
eJIEKTPOJIaxX, PI3HUIIA SKUX MPOMNOPIliiiHA KyTOBOI IIBUIKOCTI 0OEpTaHHS.

Takum 4mHOM, 32 TONTOMOTO0 JAu(epeHIIaIbHOI CXeMH MOXXHA BUIIUISATH 1Tl
curHanu. [Ipu 1bOMY BHKOPHUCTOBYIOTHCS Ti K €JIEKTPOJM, IO 1 JJIs TeHeparlii
NIEPBUHHMUX KOJINBAHb.

Komnanis Murata Bigoma Ha puHKY OiMoppHUMI TI'€30€IeKTPUIHUMHU
ripockonamu ENV-05. HegaBuo Ha 3miHy iM mpuiinuiu 6inbim qockonani ENC-03R.
[{e miniatropamil mpuctpiit (8x4x2 mm) Baroro 0,2 mr. Cxema BKITIOUEHHS MTPUCTPOIO

MoKa3zaHa Ha puc.2.9.

S : NJM2115
2 O | |
Vece  Out | 4,7 mk® :
7% | ENcosr || 100k H
: : 101{
O ol ;
Gnd  Vref :
T BU-pineTp 74,7 Mk
e o

Puc. 2.9. CxeMa BKIIIOUECHHS TPUCTPOIO

OCHOBHUI  HENONIK  I1’€30KepaMIuyHMX  BIOpamiiHUX  TIPOCKOIIB  —
TeMIlepaTypHa  HECTAaOUIBHICTh  MapaMeTpiB, OOYMOBIIEHa  BJIACTHBOCTSIMH
’e30kepamiki. KomrieHcyBaTu ioro crnpoOyBaiv — 1 He 6e3 ycmixy — axiBii
kommnaHii Epson, mo crtBopuwiam pazom 3 kommaHiero NGK Insulators HoBwmi
n'e30eneKTpuuHMii ripockon XV-3500CB. Horo Bimpi3Hse, kpiM opuriHambHOI
KOHCTPYKIIii, BUKOPUCTaHHS KBapIly B SKOCTI IT’€30€JeMeHTa. Y pe3ylabTari B
nianazoHi  BuMipiB  +100°/c  ygamocs JOCATTH NPUMHATHOI  TeMIEpaTypHOi

cTabutbHOCTI — 5% Tpu MiHIaTIOpHOMY KOopmyci (5%3,2%1,3 mm).
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['MPOCKOIIN-KAMEPTOHU

Opna 3 HaMBaXIMBINIMX KOHCTPYKIIN pe3oHaTopa ripockona — y ¢dopmi
kamepToHa, tuning fork (TF). Ilpunmun mii takoro nartuuka (puc. 2.10) mocuthb
IPOCTHIl: KOJMBHI B OJHIN IJIONMIMHI B MpoTUBO(da3e Macu Mpu oObepTaHHI HABKOJIO

BEPTUKAJIbHOT OC1 MOYMHAIOTh POOUTH KOJMBAHHSA B MEPIEHIUKYISPHIN MIONIUHI.

Puc. 2.10. I'ipockonu-kaMepTOHHU.

MosxnuBo, nepmmmM M>3MC-TUPOCKOTIOM, IO BHUKOPHUCTOBYE LIEH IMPUHIIMIIL,
crtaB Tripockorn, ctBopeHuii y kommanii Charles Stark Draper Laboratory
(www.draper.com) — xoymIIHBOT Jaboparopii Jpanmepa MaccadyceTcKoro
TEXHOJIOTIYHOTO 1HCTUTYTY. ba3zoBa mareHtoBana koHcTpykiliss TF-ripockomna siBisie
co0010 paMKy 3 IBOMa OCHMJUISITOPAMH, 10 KOJMBAIOTHCA B IpoTHBOda3e (HazycTpiu
OJIMH OJTHOMY) y3110BXK oci X (puc. 2.11).

KonuBaHHs reHepy0ThCs LUISIXOM 0/1a4l HAPYTy Ha rpe0eHYaThie TPUBOIH.

[Ipyu upoMy miJ [dI€0 EIEeKTPOCTATUYHOI CUJIM polOodYl Tijga OCIHUISATOPIB
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HiAITOBXYIOTBCS JAPYr 10 Jpyra. 3BOpPOTHHI pyx BinOyBaeTbCs 3a paxyHOK
mikponpykuH. [Ipu obepTanHi HaBKOJO oci Y pamMKa KOJUBAETHCS Yy BEPTHUKAIbHIM
mwiomuHl  (mepneHaukyaapHi  migkmaami MOMC): onuH  ocmwuiaTop  Oyje
MiHIMATHCS, 1HIIOI — OITyCKaTHCs 1 HaBmaku. Ha BepXHIO 4acTUHY pamMKd 1 Ha
MIJIKJIaIKy HAHECEH1 TECTORB1 €JIeKTpoau. [Ipu KoJIMBaHHAX y BepTUKAIbHIN TIOMIUHI
€EMHICTh Mi)K HUMHU TIOYHE 3MIHIOBATHCS, IO MOXXHA JETEKTUPOBATHh 1 BHU3HAYUTH

KyTOBY IIBHJIKICTh OO€pTaHHS.

[ Mpusoaun Y42y

\ -l

B . .
— Bibpauis

c—

= . K:- ; N

e g . B = g
= Qo = o
= O = O
C F ’ c E
c Z s 2
g3 o
[S) (8]

/ Oo O o

Puc. 2.11.Konctpyxkuis TF-ripockona
Onucanuii npuHIMI peaizoBaHuil kommaHieo Fujitsu y cepii MOMC-
rupockonos S1BG. Ixniit TF-pe3onaTop BUKOHAH 3 100pe BiZIOMOro MbE302JIEKTPUKA
LiNb3. I'ipockon npaiitoe B aianazoni £60°C, uytnuicts — 25+2,5 MB/°/c, NHIHHICTS
— 0,5%, nanpyra >xuBjeHHs — 5 B, cTpym cniokuBaHHsI — He Outbil 6 ma. ["aGaputu
Koprmyca — — 12,4%8,4x12,5 MM,  poOouuii  Jiama3oH  TeMIepaTyp

—40...+85°C.
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['MPOCKOIIN ANALOG DEVICES 3A TEXHOJIOI'IEIO IMEMC

OavH 3 OCHOBHHMX HEJOJMIKIB PO3IVISIHYTHX TIPOCKOIIB — CHJIbHA
CIPUUHATIMBICTS 10 JIHIMHUX HaBaHTaXeHb. KpiM TOro, TEXHOJOTIYHO CKJIAIHO
macoBo pooutu MEMC 13 KoiuBaHHSIME Y BEPTUKAIbHIN TUIOMINHI — II€ CYTIEPEYHTh
MPUHIIAIIOB] TJIaHApHOI TexHoJjorii. Ilepebopotu 11 mpobiemMu B 3HAYHIA Mipi
ynanocsi, Bukopuctopyroun MEMC-ripockonu, y SIKMX HampsiMKy KOJIMBaHb — SIK
NEPBUHHUX, TaK 1 BUKIMKAHUX MpUCKOpeHHsM Kopuommca, — nexars y IUIONIMHI
M IKIaKH.

[leBHOIO MipOIO TaKl FPOCKONM MOKHA PO3TJSIaTH SIK Bapialii ripockomna-
KaMepTOHa. 3HaYHUX YCHIXIB y JlaHiid 00sacTi gocsaria komnanis Analog Devices, 1o
yaanocsi ctBopuTd TexHojoriro IMEMS 1 Ha 11 0CHOB1 po3pOOUTH TiPOCKONH CEpiit
ADXRS 1 ADIS. Ockinbku 111 KOMIaHid — O€3yMOBHUH JIJEp Y MPOMUCIOBOMY
BUPOOHMIITBI TAHOTO KJIACY T1POCKOIIIB, 3yMIMHUMOCS Ha ii MPOIYKIIii TOKIaaHIIIe

OcHoBHu#t enemeHT ripockona cepli ADXRS — 1ie 3akpirsieHa Ha THYYKHX
MIJBICKaX paMKa, yCEpeaHH1 AKOi pOOUTh MOCTyNalbHI KOJUBAJIbHI PyXH SIKaCh Maca

(puc.2.12).

KpinneHHA BHYTPIWHBOT pamKn

— é—.

Y T

BHYTpiWHA pamMKka

O6epTaHHA

| BTopuHHI konueaHHA

Hanpam reHepoeaHWX KonBaHb

PesoHyoJva maca
CeHcopu KOnuBaHb

Puc. 2.12. T'ipockom cepii ADXRS
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Jl7is BU3HAYEHOCTI MOKJIAJAEMO, 110 KOJIMBAaHHS BiOYBAaIOTHCS Y3[0BXK OcCl X.
[ligBicu paMku AOMyCKarOTh i KOJMMBaHHS TUIBKK y310BX oci Y. KonuBanHa macu
30yKYIOTbCSI  €JIEKTPOCTATHUYHO, 3a JIOMOMOTOK TpeOiHKK 3yOIliB MPHUBIIHUX
KOHTakTiB (puc. 2.13).

Ha 30BHImHIA MOBepxXHI paMKH 1 Ha MIAKIAAII pPO3TAlIOBaHI TpeOIHKU
KOHTAKTIB, 1110 YTBOPSATH CUCTEMY IIOCKUX KOHJIEHCATOPIB.

[Ipu KOMMBaHHSIX PaMK{ BITHOCHO MIAKIAAKK BIICTaHI MIX UMM 3yOIsIMU
3MIHIOIOTBCS, BIJMOBIIHO 3MIHIOEThCA 1 eMHICTh. Konu migkinagka Hepyxoma (abo
pPyXa€eTbes MPSMOIIHIHHO 1 pIBHOMIPHO), paMKa HE KOJIMBAETHCS. SIKINO K MOYaTH
obepTaTu TaKy CTPYKTypy HaBKOJO oci Z, To min miero cuin Kopuonrca BUHUKHYTH
3MYIIIEH1 KOJIMBaHHS PaMKH Y3JI0BXK Oci Y.

OpnHak 3anumiaeTbcs TpodlieMa KOMIEHCallli JHIMHUX TNPUCKOPEHb. Y
npwianax cepii ADXRS BoHa BupilieHa 3a paXyHOK pO3MIIICHHS Ha OAHIN MiAKIaa1
JIBOX OJHAKOBUX CTPYKTYp, Y SIKMX T€HEPYIOTbCS CTPOro npoThdaszHi KOJIWBAHHS

(puc.2.13).

KOHTaKTN eMHICHUX ceHcopiB
npuckopeHHs Kopiorica

MpuBIAHI KOHTAKTK

BHYTpIWHA pamka
e Pesonytoya maca
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Puc. 2.13. Komnencauis niHiitHUX npuckopeHs cepii ADXRS

BumiproBanibHi CcHUTHaJIM, TIO0 3HIMAIOTBCA 3 €MHOCTEH 000X CTPYKTYD,
HAJXOIATh y nudepenuianbay cxemy. [Ipyu boMy CUTHANIM, BUKJIMKAH1 KOJTUBAHHSIMU
miJ BIDIMBOM TpucKopeHHs Kopwomuca, OyayTh ckiamatucs, a CHH(pa3HUMH
CKJIaJIOBUMH, OOYMOBJICHUMH JIIHIHNHUMH TPUCKOPEHHSIMH, — BITHIMATHUCS.

Bigznaunmo, 1o npuBeAeHa KOHCTPYKIIS MPocTa TIIbKKA B onuci. Enementu
mux MOMC HamzBuYaitHO mMami. AMIUTITYIM KOJMBaHb 3yOIliB TPeOiHOK (0OKIaI0K
KOHJIeHCaTopiB) cknagac 16-:107° M — MeHIIe MiXkaTOMHOTO BifcTaHi. 3MiHa EMHOCTI
Takoro koujaencaropa — 12-102! @. IpuBigai KoHTaKTH

OueBuaHO, MO0 OOPOOUTH CUTHAJ 3 TAKUX €MHOCTEH, MOTPIOHI Mpelu3iiiHi
MIJICUITIOBAYl, KOPEJSIIAHI MeToau oOpoOKM 1 T.I. Ycs HEeoOXiJiHAa eJeKTpOHIKa
iHTerpoBana B Ty )k CBIC. V pesynbraTi ripockonu cepii ADXRS aemMoHCTpyIOTh
JIOCUTh BHUCOKI pe3yJbTaT. ['IpoCKONU pO3TISHYTOrO0 CIMEMCTBa — II€ OJIHOOCHOBI
npwiaay, 3 JIHIAHUM aHAJIOTOBUM BHUXOJOM (HAmpyra Ha BHUXOJ[l MIHSETHCA TIO
JHIMHOMY 3aKOHI B 3aJIE’KHOCTI BiJl 4aCTOTU OOEpPTaHH).

Kowmmaniss Analog Devices Bumyckae i cimeiictBo ripockomiB ADIS. Bono
nobynoBaHo Ha 6a3i cepii ADXRS, ame 3 posmmpenumu (yHKIIIOHATEHUMUA
MOJIMBOCTAMH — 3 YOynoBanumu ALl 3acobamu TepMoKoMITeH allli 1 T.11.

Ili ripockomu mpairoroTh y nmiamazoHax +80 1 £300°/c, a neski MaroTh
MO>KJIMBICTh Mepe0yI0BH JUHAMIYHOTO Jiana3oHy B Mexax Big +80 mo +£320°/c.
Xapakrepuuit ipukian — ripockon ADIS16255. Kpim gaturka KyTOBOi IIBHAKOCTI
BiH OocHameHuil ocHOBHUM 14-pazpsabpiM ALl mas onmdpoBku curHaily natyuka,
nonoMikHuMH  12-pospsagaumu LHAIT 1 AIIl, npatyukom TemmepaTypu 3
omudpoBanabM (12 6iT) BUX0a0M, YOyIOBAaHOI CHUCTEMOIO aBTOTECTUPOBAHMS 1

kanmopysanus, SPI-intepdeiicom 1 T.4. (puc. 2.14).
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LonomixHi
LLAMT ALMN Viof

1 ADIS 16250
Oatunk

TemnepaTypu | % g
[pockonuyHUA KaniopyeaHHs

— [NepeTBOpeHHA H
! Ta Lyuchposa
8: AaTuNK g | iumanie L T@uncbp

oBpobka — MopTt
T SPI

Camo- KepyBaHHsa

TecTyBaHHA
vee b= | ! ]

r 1 1 KepyBaHHs ALARM JornombkHi

g ;; XKUBIEHAM nopTu

9 O—

Reset

Puc. 2.14 Analog Devices cimeiicTBo ripockoniB ADIS

I'TPOCKOIIN 3 JTMCKOM-BIBPATOPOM

IIle oauH pi3HOBUA BiOpAUIMHUX TIPOCKOIMIB — MPHUCTPOID 3 JUCKOM-
pe3zoHaTopoM. OJUH 3 MEPUIMX TPOCKOMIB 3 JUCKOBUM PE30HATOPOM OYB CTBOPEHHIA
CHiBpOOITHUKAaMHU  JIabOpaTtopili  TBEPAOTENbHOW  E€IEKTPOHIKM  MMUYUTaHCKOIO
yHuBepctuteta B 1994 poui. Toal OyB mpoaeMOHCTPOBAaHUN MPOTOTHUII TIPOCKONA
(puc. 2.15a), uo mpencTaBisB cOOOI0 HIKEIEBUN NUCK aiameTpoM 1 MM — 0011 3
BICbMa HAMIBKPYIJIUMMHU CHOULSAMH, SKOPCTKO 3aKpIJIECHUMU B IEHTpI Ha

MOJIIKPEMHIEBIN T IKIAIIT.

Puc. 2.15.1IpoToTunu ripockoris
3 30BHINTHKOI BiJ] 00012 CTOPOHU 3 HEBEITMKUM 3a30POM PO3TAIIOBYIOTHCS 1110

MPUBOJ/IHI, BUMIPIOBANIbHI 1 KOperyBalibHI enekTpoau. Ilim mie0 Hampyru, Mo
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NPUKIAJAETHCS A0 MPUBOJHUX EJIEKTPOJIIB, T€HEPYETHCSI OCHOBHA MOJA KOJIMBAaHb
(HampuKIIa I, y3A0BXK 0ci Y) — TUCK MOYUHAE BUTATATUCS y3/I0BXK OCi Y 1 CTUCKYBaTHCS
y3110Bk oci X (puc. 2.16). Skmio miaknaaka (a 3 HEIO 1 JUCK) MOYMHAE 00epTATHUCS

HaBKOJIO oci Z, cunna Kopiomnuca nparue BUKJIMKATH KOJIMBAHHS B HAMPSIMKY oci X.

Byson /

KonmBaHb Fct—i

V - NEPBUHHI KONNBaHHA
Fe - cuna Kopuonica

Puc. 2.16. Ilpunaun aii BiOpawiitHUX ripoCKoIiB

Bunukae npyra (BuMiproBajibHa) MoOja KOJIMBaHb — TOJIOBHA BICh €llirca
3MilIaeTbes Ha 45°. AMIUTITY1a IIUX KOJIMBAHb (sens TPOIIOPIIiiTHA KyTOBOI IIBUIKOCTI
oOepTaHHs.

JlaHa KOHCTPYKIliSI BOJIOJIIE PSAJIOM ICTOTHHMX ocoOnuBocTed. Hacammepen,
3aB/SIKM CUMETPUYHIN CTPYKTYpl pE30HAHCHI YaCTOTH B OCHOBHIM 1 BUMIPIOBAJIbHIM
Mol ojgHakoBi. KpiM Toro, By3/10Bi ToOuku 000X MOj 30iraroThcs. Takuii pe3oHaTOp
Ma€e BUCOKY JTOOPOTHICTb, OT)KE€ — MOTEHI[INHO BEJIMKUM J03BOJIOM BUMIPY KYTOBOIi
MBUAKOCTI. BiH Mano cnpuiiHATIMBUIA 10 yaapiB 1 BiOparii. Kpim Toro, Hemunyui
BUpOOHMYI JedeKTH (HalmpukKiajl, acUMETpil0) pe3oHaTOpa MOXKHA YCYHYTH
€JIEKTPOHHHUM IUIIXOM, BUKOPUCTOBYIOUH CIIelliajbHI HaJaropKyBalbHI €IEKTPOIH.

Voke mepmmit 3pazok mokaszaB qo00poTHicTh Q ~ 2000 1 mo3ein 0,5°/c. Ilpu
nuHaAMIYHOMY Jniama3oHi £100°/c mpumnaa 7eMOHCTpyBaB HeMiHIWHICT Ha piBHI 0,2%.

3rogom Oyiia po3po0iieHa TEXHOJIOTIS CTBOPEHHS MOIIOHUX CTPYKTYP Ha MOJTIKPEMHIT
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(puc. 2.136). diametp BiOparopa ckmnas 1,1 MM npu ToBHMHI Aucka 80MKM (LIMpUHA
obona 1 cruie — 4 MkM). JJoOpoTHICTH mpoTOoTHIy BusiBWiacs Ha piBHI 1200 (y
rIMOOKOMY BaKyyMi).

Opnak Bxe B 2002 poui po3poOmroBaui npeactasunu MOMC-rupockon Ha
MOHOKpHCTaJI KpeMHit0 3 opieHTaliero (111) Ha cknsauii maknaami (puc. 5.13¢). [Ipu
niaMeTpi aucka 2,7 MM 1 ToBiuHI 150 MKM 100pOTHICTH pe3oHaTopa ckiana 12000.
Ile 3a6e3meuno mo3Bin 132 MB/°/c, mo Biamosimae touHicth 0,002°/c (7,2°/ron) i
HeniHiiHicTh 0,02%. peiid Hyns 3HaxoauBcs B Mexax 1°/c 3a 10 roaun 6e3
TEPMOKOMIIEHCAIII].

[ToaiOHMIT MPUHLKIT 3aCTOCOBAHUMN Y T1POCKOII 3 PE30HATOPOM Y BHJII BOCBMH
KIHIIEBOT 31pKH, YTBOPEHOIO CYIEpIIO3UIli€l0 ABOX KBajpaTiB (puc. 2.17). Taka
KOHCTPYKIisl JI03BOJISIE BHKOPHCTOBYBAaTH Il BHUMIPIB KYTOBOi IIBHJKOCTI
KOJIMBaJbHI MOJU OUIbII BHUCOKHMX TMOPSJAKIB, a TaKoX 3abe3nedye OLIbII TOYHE
CJICKTPOHHE OallaHCyBaHHSI pe3oHaTopa. Y pe3yabTaTi AOOPOTHICTh pe3oHaTopa 3

MOHOKpPHCTAIITNYECKOT0 KpeMHito ckiana 25000 1 Buie — 1o 115000.

Puc. 2.17. I'ipockon 3 pe30HaTopoM y BU1 BOCbMH KIHIIEBOI 31pKU
VY cepiitHUX mpuiaamax AUCKOBUN PE30HATOP BUKOPUCTAHUN Yy TipOCKOMmax
koMmranii Silicon Sensing Systems, CHUIBHOTO AOYIPHBOTO MiAIpHEMCTBA (ipM

Sumitomo Precision Products Company i British Aerospace Systems and Equipment
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(3apaz — BAE Systems). ['ipockonu 11i€i KoMmmaHii BUKOPHUCTOBYIOTh ONMUCAHUN
NPUHIUI, aje HUX BIAPI3HAE HE €EMHICHOI, a IHAYKIIWHUNA METOJ TeHeparii 1
BU3HAYCHHS aMIUTITYIU 3MYIIEHUX KOJIMBaHb. P€30HaTOp 3HAXOAUTHCS B MOCTIHHOMY
MarHiTHOMY TIOJIi, TEPIIEHANKYISIPHOMY TIIOIIHHI AUCKA. J[Kepero moimroyn — MardiT
13 camapiro-KoOabTy, pO3TalloBaHUN Haja BiOpatopoMm aiameTpoM 6 MM. UyTTeBi
€JIEMEHTH 1 MPUBOJM SABJISIOTh COOOI0 TOKOBI METIII.

Komnanis npononye kinbka miHifiok npunanis — SRC03, SRC05, GYRO-
SiRRSO01 (po3pobunennii me kommnaniero BAE Systems) 1 iH. 30kpeMa, ripockonu cepii
SRCO03 BumyckaroTbcs B Kopitycax 3 rabapuramu 29x29x18.4 mm.

VYei mpunagu  Silicon Sensing Systems BHCOKO CTiMiKI 10 yJapHUX 1
BiOpaIiiHUX BIUTMBIB — BOHH MPAIIOIOTh MPHU JIIHIMHUX MpUcKopeHHsx moHaa 100 g
1 ynapax 10 200 g (1 mc). [Ipoaykuis i€l KOMITaHii 3HAYHOIO MIpOIO OpIEHTOBaHA Ha
CHeliaigbHl 3aCTOCYBaHHSI.

VY tabnumi 2.1 npuBeneHi ocHOBHI napamerpu MEMS-natynkoB KyTOBUX
HIBUJKOCTEH OCHOBHUX BUPOOHHKIB.

Ha ocHoBI mpoBeneHOro aHammizy MOXHa 00paTh y SKOCTI JaT4YMKIB HAHO-
texHosoriunoi BIHC nns manorabaputhux BIIJIA 1BOXOCHOBI akcenepoMeTpu
ADXL202 dipmu Analog Devices Ta matyuku KyTOBO1 IMIBUAKOCTI Ha 0ocHOBI MEMS
— ripockomiB 3 auckoBuM pe3onaropom CRS03-11 kommanii Silicon Sensing Systems.

INonoBHOMXO npoGaemoro Oy b-sikux MEMS-natuukiB € mpoOJieMa i IBUIICHHS
TouHocTi. 3okpema misi MEMS-ripockoniB 11e¢ BIUIMB TaK 3BaHOI KBaJApaTypHOI
MOTPINIHOCTI ¥ BIUIMB 3MIH HAacTpOOBaHHS 4yacToTH BiOpawii MEMS-ripockoniB Ha

TOYHOCTI XapaKTEPUCTUKU BUMIPIOBAHHS KyTOBOI IIBHJIKOCTI.
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Po3ain 3

AHaui3 TouHocHuX xapakrepuctuk MEMC-ripockomniB

Hes3Baxkaroun Ha JOCUTh BEIMKHUM JIOCBIA PO3POOKH MIKPOMEXaHIYHHX
IPUCTPOIB y BCbOMY CBITI, 3apa3 icHye Oarato mpoOiem, sSiki MO)KHA PO3AUTUTH Ha
TEXHOJIOTIYHI MpoOJeMHU 1 TpoOJIeMU JOCTITHUIIBKOTO IaHy. Bci mi mpoGiemu
NOTPeOYIOTh BUPIIIICHHST HAHPI3HOMAHITHIIINX 3aBJaHb 3 MEXaHIKH, €JICKTPOHIKH,
JU3aiiHy, METPOJIOTii, TEXHIKM 1 MaTeplajJo3HaBCTBA, 1 B OCHOBHOMY CITPSIMOBaHi Ha
M1JIBUIIICHHS TOYHOCTI T1POCKOITIB 1 3HMKEHHS iX BapTOCTI.

TexHonoriyHi NpoOieMH BKJIIOYAIOTh HAcAMIIEPE]l HETOYHOCTI B POOOTI
PYXOMOT YaCTHHU T1POCKOIIA, TaKl IK CTATUYHUH 1 TMHAMIYHUN AUCOaIaHC PyXOMOi
YaCTUHH, HEPIBHOMIPHICTh NMPY>KHUX €JIEMEHTIB. Bce 11e MosICHIOEThCS CKIaIHICTIO
BHUCOKOI TOYHOCTI T€OMETPUYHUX PO3MIPIB enacTu4yHoi cucteMu MMI' 3aBnsku ii
MajauM TabaputaM. TexXHONOTriYHI MpoOJIeMH BKIIOYAIOTh HEOOXITHUM BUCOKHUUN
koedimieHT Q, BelMYMHA 1 CTAOUIBHICTh SKMX 3ajeXaTh Bl 0araTbOX HPHUYHUH.
Peanizaiisi BUCOKOSIKICHOI SIKOCTI MOXJIMBA TUIBKM HPU BCMOKTYBaHHI 00CSTY
YyTJIMBOTO €JIE€MEHTA, 1110 BUMArae BUPIIIEHHS CKJIaJHUX MPOSKTHUX 3aB/aHb.

TexHOoJIOTIYHI MOMMWJIKA 1 HETOYHOCTI B TE€OMETPUYHUX PO3Mipax
CTBOPIOIOTH TPOOJEMHU Pi3HOI MPUPOJHU, TaKl SK 3aBIAHHS BUOOPY 30BHIMIHBOT
YacTOTH 30Yy/KEHHSI KOJMBaHb. Y LbOMY BHUIIQJKy NMOTaHUWA BUOIp KOpESLii MIXK
BHYTPIIIHIMM 4YacTOTaMHU CHUCTEMH 1 YaCTOTOI 30BHIIIHBOIO 30Y/KEHHS
IPU3BOJUTH 10 3MEHIICHHS aMIUTITYJ BUMYILIEHUX KOJIMBAHb, 110 MPU3BOIUTH 110
3HIDKEHHS] TOYHOCTI TIOKa3aHb TiPOCKOIIA.

Opnak po3pOOHUKH MIKPOMEXaHIYHUX MPHUCTPOIB HE €UHI y BUPIIICHHI
po0semM TexHoyoriuHoro Twiady. [Ipu Minimizanii MMI BigHOIIIEHHS TTOBEpXHS /
00'eM pyXoMHUX KOMIIOHEHTIB Habarato BUIIE, HIXK Yy MakpoperioHi. B pesynbrari

NOBEpXHEBl €(eKTH MOXKYTh CTaTH JOMIHYIOUMMHU (PaKkTOopamMu, 110 BHU3HAYAIOTH
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xapaktepuctuku MMI'. MikpoMeTpuyHi po3mipu JaTYUKIB AaIOTh HOBI e(DEeKTH, sIK1
YCKJIATHIOIOTh MOUIMPEHHS 3aKOHIB 1 CHiBBIAHOLIEHh KOMIOHEHTIB MMI, ski €
MPaBWJIBHUMU 110710 MakpoeseMeHTiB. HeoOxi11HO BIAINTH BiJ BUBYEHHS JIIHIHHUX
MojieJiell 1 BUKOPUCTAaHHS armapaTy HemiHiiHOoi Teopil mpyxHocTi. Lle#t dakt Takox
MIATBEPKYETHCS  €KCIEPUMEHTAIBHUMH  JTOCHDKEHHSIMH, 110  TOKa3ylOTh
HasgBHICTh ePekTiB B auHaMimi MMI' HeniHIMHUX TUHAMIYHUX CHCTEM: HECTIHKI
TUIKM PE30HAHCHUX KPUBHX, aBapili KOJUBaHb 1 CTPUOKM aMIUTITYA YyTIUBUX
CJIEMEHTIB.

[Tpunuun po6otn MMI' 3acHOBaHMI Ha BUMIPIOBAHHI BTOPUHHOI BiOpalii
MacH IHEpUIMHUX KOJIMBaHb, IO BUHUKAE M1 Jl€r0 1HepuiiHuX cui Kopiodica npu
oOeptanHi ocHOBH. OJIHUM 3 €()EeKTUBHUX CIOCOOIB MiJIBUILIEHHS TOYHOCTI TaKUX
TIPOCKOTMIB € BUKOPUCTAHHS PE30HAHCHUX BIACTUBOCTEW CEHCOPHOTO YYTJIMBOTO
eneMeHnTa (CE). Y nipoMy BUNaKy NepBUHHI KOJIMBaHHS 30y15KYIOThCS 3a BIACHOIO
YacTOTOI0 MOro MEXaHIYHOro pe3oHaHcy. MakcuMmanbHa YyTJIMBICTH JaTYMKa
JOCATAETHCS] TIPU PIBHOCTI BJIACHUX YACTOT MEPBUHHHUX 1 BTOPUHHHUX KOJIHBAHb.
[IpoTe, NOMUIKKM BUTOTOBJIEHHA HE JOINYCKalOTh TAaKOro pEryJlOBaHHS 3
HE0OX1THOIO TOUHICTIO. KpiM TOro, mpucTpoi 3 pe30HaHCHUMU MMapaMeTpaMu MatOTh
JIy’K€ BY3bKY CMYTY TiportyckanHs. DaxiBili BBaXar0Th, 10 HAMOUTBII €()eKTUBHUM
cocoOOM MiJIBUILIEHHS TOYHOCTI € CTBOPEHHS MPUCTPOIB 3 aKTUBHUMHU
KOHTPOJIbHUMH XapaKTePUCTUKAMH MIEPBUHHUX 1 BTOPUHHUX KOJUBAHb.

[lutanHs po3poOku BUCOKOTOUHMX MMI' 1 miABUIIEHHS iX TOYHOCTI
MPUCBSYECHI OaraTbOM CTaTTSAM 1 MAaTeHTaM, a B OUIBIIOCTI 3 HUX OO0'€eKkTaMu
JOCIIIJIKEHB 1 PO3POOOK € MPsIMI BUMIPIOBATIbHI MPUIA/IH. ,

[ToxuOku MIKpOMEXaHIYHOTO TIpPOCKOMa TMOIUISIOTECS Ha BHIAAKOBI 1
CHUCTeMaTW4Hi. BuWMaakoBi MOMHJIKM B OCHOBHOMY BHKJIMKAHI E€ICKTPOHHUMHU

KOMITOHEHTaMH, SKI € YaCTHMHOK eJEKTPUYHOI YacTWHH. J[0 HHMX BITHOCSTHCS
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HiCWIIOBAYl, JDKEpesa KUBJICHHS, TEIUIOBUHM IIyM, CTPYMH BHUTOKY 1 IIyM BiJ
eJIEKTPOCTATUYHHUX JATYMKIB TOMIO. 3aBJaHHS BHUJAICHHS IIyMy Oe3mocepeaHbo
NOB'sA3aHe 3 UyTIUBICTIO opora. CKIIaIHICTh PO3POOKU EIEKTPUUHUX KOMIIOHEHTIB
oOymoBeHa MaiiMu po3Mipamu MMI', HeoOXiTHICTIO BUMIPIOBaHHS 3MIIIEHHS Ha
P1BHI MIKpOMETPUYHUX YACTUHOK, HU3bKUMHU 3HAUCHHSIMU HOMIHAIBHUX €MHOCTEN
CJIEKTPOCTATUYHUX JMaTyuKiB. OIIHKY BUMAJKOBUX MOXUOOK JAATUUKIB MPOBOJASTH
eKCIIEPUMEHTAIBHO 32 pe3yJibTaTaMH BUMIpIOBaHb y Jlabopatopii. CucreMaTuyHi
MOMUJIKK B  OCHOBHOMY OOYMOBJICHI  TEXHOJIOTTYHUMH  (akTopamMu 1
TEMIIEpaTypHUMH 30ypEeHHAMH B YMOBax CTa0OUIBHOTO TEIUIOBOIO MPOLECY B
CTPYKTypax UyTJIMBUX €IEMEHTIB.

JIo TEeXHOJOTIYHHUX IIOMHIIOK BIJHOCSATHCS CTAaTHYHUM 1 JHMHAMIYHUN
IucOaaHc PyXoMOi YaCTHHH, HEPIBHOMIPHICTh MPYKHUX €JIEMEHTIB, pO301’KHICTh
MPY>KHUX OCEH MiJIBICKKA 3 BUMIPIOBAJIbBHUMH OCSIMHU, HEPIBHICTh BJIACHUX YacTOT
KOJIMBaHb OKPEMHUX I1HEPIIHHUX Mac, Pi3HUIL 4YacTOT MO OcCi MOPYHIEHHS 1
BUMIPIOBAJIBHOI OCI, PI3HHISL MIX PO3PaxOBaHUMHU 1 OTPUMAHUMHU MEXaHIYHUMH
xapaktepuctukamu. CydacHUl piBeHb MIKPOMEXAHIYHOI TEXHOJIOTII MOXKe
3abe3mneuntu Ao 1 degrees 3 rpaayciB BepTUKaIBHOT CTIHKH TpaBipoOBaHUX 001acTe
1 710 IECATOT YaCTUHU MIKPOMETPA B TEOMETPUYHIN TOUHOCTI pO3MIpY.

3MiHa TETUIOBOTO TOJISI MPUCTPOIO 1 HASBHICTh TEMIIEPATYPHHUX TPAJIIEHTIB
MOXXYTh BUKJIUKATH TOMWJIKH B TIPHCTPOI 3a pPaxyHOK 3MIHH TE€OMETPHUYHHX
pPO3MIpiB 1 MPY>KHUX BIACTUBOCTEH KOHCTPYKIIii. 3MiHA a0CONIOTHOI TeMIiepaTypu
JaT4YrMKa TaKOX MPHU3BOAMUTH JI0 TEMIIEPATYPHOTO IUCOANIaHCy, 3MiHU KOPCTKOCTI
MPYKHUX €JE€MEHTIB MiIBICKHU 1 CTaHy MiABICY M1 HAIPYTO0, 3MIHU BJACHUX YaCTOT
1 TIOpYIIEHHS KOHTPOJBHUX YMOB. pe3oHaHc. [Ipu mpoektyBanni MMI cruin
3BEpHYTH YyBary Ha Takli TMTaHHs, SK BHOIp MarepiajiB 3 OJHAKOBUMU

Koe(dimieHTaMu  JIHIMHOTO  PO3IMIMPEHHS, 3 ypaxyBaHHSAM TeMIIepaTypHOI
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3aJIeKHOCTI MOJYJsSl MPYXKHOCTI 1 KoedimienTa Q, TEMIOBOro HIyMy MaTepialib.
CJIICKTPUYHI KOMIIOHEHTH, pPO3pOoOKa aaeKBaTHOI MOJEJl TEIJIOBUX TOXHOOK,
po3pobOka cuctemu Tepmoctadimizamii (CTII).

Opnak HalOUIBIMKA BHECOK y mnoMuiaky MMIT TouyHO BBOIUTH
KBagpaTypHy NoxuOky. ¥ MMI' CHUHXpOHHUN JETEKTOp OTPUMYE HE TIIbKH
CUTHAJI 3a paxyHOK mnpuckopeHHs Kopiomica, ame 1 HOro opToroHaJbHHM,
OOyMOBNIEHUI  CUTHaIOM  30y/OKEHHS TEPBUHHUX  KOJWBaHb, 3BaHUI
KBaJlpaTypHOl0 mnomMuikoo. Y MMG kBagparypHa TOMHIIKA  MOXKeE
NEPEBUIILYBATH B 5 pa3iB BEJIMYHUHY [TOPOTrY YYTJIMBOCTI 5 a00 OLIbILIE MOPSAIKIB.
TomMy B oOCTaHHE JECATWIITTS OJHIEIO 3 HAWBAXJIMBIIIUX MpPOOJIeM Yy
BJOCKOHAJICHHI TOYHMX XxapakTepucTuk MMI' € ycCyHeHHs KBaapaTypHUX
MOMUWJIOK y CBITOBIM MPAKTHUII, IPO IO CBIAYUTH MyOJIiKalis MpoBIAHUX (axiBLIB
y miit ramysi. (Geen J., W. Geiger, Clark W., Shkcl A.). AkryanbHicTs ipoGiemMu
paZMKaJIbHOTO 3MEHILIEHHS KBaJpaTypHux nepemkox y MMI' He 3HMKYeThCH, a
HaBMaKH 3pOCTA€, OCKIILKM BUMOTH 10 To4YHOCTI MMI 3pocTaroTs.

[Tpuunnor0 KBampaTypHoi ToxuOku MI sBIg€TbCS HECHIBIAIIHHS
BeKkTOpa MBUAKOCTI [IM 3 BEKTOPOM €JIeKTPOCTATUYHHUX CHUII.

Di3MYHOK0 NPUIHUHOIO LLOTO HASIBHICTH MEPEXPECHUX KOPCTKOCTEN Gy,

MPYXKHOTO TiABICY. 3 eEeKTUBHOT MATPHIIl )KOPCTKOCTEH MIT

C
~ G, ny+aA_0yoU°“Uq
Ko = Loy ey 2iyzeu)| 3.3)
xy+aAy0 onYq y_AyOZ( on + q + x)

ne C, - HOMIHAJIbHA €MHICTh €JEMEHTIB IpeOIHYaCTUX CTPYKTYp; A -

JHIMHE TEPEKPUTTS €IEMEHTIB IPeOIHYACTOI CTPYKTYPH.

_ Gxy alyg

OueBuaHO, WO AKMO MmiaiOpaTH Taky Hanpyry U, = T
0%Yon

, TO

Matpuug (4.1) npuiime BUTIISA;
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G, 0

Ko =10 ¢,- A%(Um2 +U,% + U2

(3.2)

3riH0 AKOi mpuymHa (Gyy), AKa MPU3BOJMTE 10 IOSBH KBaJpaTypHOI
MOXUOKHU, YCYHEHA.

Aute OUTBINI AOIUIBHO XapaKTEPU3yBaTH KBAJIpaTypHY MOXHUOKY HE pIBHEM
IPONOPIINAHOI T HAPYTH, & KOEDILIEHTOM IIEPEXPECHOT KOPCTKOCTI Gy

Jlnst 611bII IeTaIbHOTO aHaNI3y KBaApaTypHOI MOXHUOKH BHUKOPHUCTAEMO

HACTYITHUH 11 OITUC:

‘]y 0 d| |dy 0
0 J.lly 0 d,

oz|+|Gy Gy

% 115
e 6 o Iyl

a | _ | 0
vl |1-2/,0
(3.3)

ne J — momeHrt iHepuii, d, K — koedimienTn pemmndipysanus PM, 2 —

KYTOBa IIBUJIKICTb, Gy

Gyx — KOEIIEHTH NEPEXPECHOT KOPCTKOCTI, IHAEKCAMH
Y ,X — IMO3HAYaI0ThCS BIAMOBIIHO OCl IEPBUHHUX Ta BTOPUHHUX KOJIMBAHbD.

Jis BusHaueHHs Koediuienra Gy, PO3POONCHUH HOBUH METOM, MLIO
MOJISITa€ y BBEACHHI J10JIATKOBUX 3B'SI3K1B MK KaHaJlaMH TIEPBUHHUX 1 BTOPUHHUX
konuBaHb MMI', siki CTBOPIOIOTH KOMIEHCYIOUHU MOMEHT.

[Tpu y = 0 Ha Hepyxomiii uiardopmi, chopMOBaHUIT MOMEHT JIOPIBHIOE -

—G

yx@. 1Ipu BIJOMIA BENIMYMHI KOMIICHCYKOYOTO MOMEHTY 1 aMILIITyau

TIEPBMHHKUX KOJIMBAHb, MOXKE OyTH BU3HAYEHA BEMYUHA Gy .

Takox B kaHas 00poOku BuxigHOro curHary MMI™ BXOAUTh CHHXPOHHUN
netextop (CJl), BUXITHUNA CUTHAMI SIKOTO TPH 3CYB1 (a3l OMOPHOrO CUTHAY Ha
BenuunHy Ag. Buxiguuii curnan CJI moke OyTH TpeICTaBICHUN y BUTJISII:
UC[[ = UKOp(t) COS(A(p) + UKB (t) Sin(A(p)r (34)

e Uygop, Ugs(t) - Hanpyra, nponopiiiina KOpUCHIH CKIa/0Bil 1 KBaapaTypHii
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3aBajl BiAMOBIAHO, A@ - (a3oBuil 3CyB, 110 BHOCUTHCA Ipu (OpPMYyBaHHI
CUTHAJIIB. 3 I[LOTO BUpa3y BUIAHO, M0 3MimeHHs 1 Apeid myas MMI 3HauHOIO
MIPOI0 BU3HAYAIOTHCS BEJIIMYMHOIO KBajipaTypHoi nepemkonu. [lpu BeanumHi
kBaaparypHoi nepemkoau 1000% i 3mini Ag B Mexax 0,05° apeiid Hynns moxe
cTaHOBUTH 1°/c.

Jlnst 3MEHIEeHHS KBAaApaTypHOi MOXUOKH TPOIMOHYETHCS TOIMEPEIHE
3HIDKCHHSI PIBHS KBaJIpaTypHOI MEPENTKOAN Ha KiJbKa MOPSAIKIB 0e3mocepeaHbo
Ha BHUXOJI1 mepeTBopioBada eMHicThb-Hanpyra (IIEH) no HaaxomkeHHs cUTHAITY
Ha C]I. biiok-cxema cuctemMu KOMIEHcalli 3aBajiy, 110 MOSCHIOE i1 TPUHIKUII Jii,
HaBejieHa Ha puc.3.1. B cxemi 3 curnany U ,,,; monepeaHbO BUILIAETHCS CKIIa0Ba
KBaJIpaTypHOi 3aBaju, sika 3cyHyTa Ha 90° BIJHOCHO KOPHCHOTO CHUTHAIY.
BunineHHs BHKOHYETBCS IIISXOM BUKOPUCTAHHS CHUTHANY, SKHH 30yIKye
MEpPBUHHI KOJMBAHHS. 3a PaxXyHOK JIAHIIOTa 3BOPOTHOTO 3B’A3KY BEJIMYHUHA
KBaIPAaTypHOI 3aBaay 3MEHIIYETHCA, NMPU IBOMY JIAHITIOTY 3BOPOTHOTO 3B’SI3KY
BUKOpPUCTOBY€EThCS KiacuuHui [IIJ[-perynsitop, CHHTE3 SKOro peami3yeTbes

CTaHJapTHUMH MCTOdAMHU.

Usense £ Uout

h 4

P
V

uHﬂMl‘l

I

CETIERT 0P

F Y

Udri'.re

Puc.3.1. biok-cxeMma cucteMu KOMIIEHCAI[l] 3aBaau
Hocnimxenuss pobotu cucremu (puc. 3.1), 1o mpoBeaeH] B aucepTartii
binseBoi T.A. “Mertoasl KOMIEHCAIMM  KBagpaTypHOM  TIOMEXH B

MUKpOMexaHn4eckoM rupockorne RR-tuna” mokasainu, 1110 3BOPOTHHIA 3B'130K B
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HIi He poOWUTH BIUIMBY Ha KOPUCHHMM CHUTHAJ, OPTOTOHAJIBHUN KBaApaTypHOI
3aBa/ll, AKUI MPOXOAUTH Ha BUXIJ MPHUCTPOIO, mocuienuii B K pa3. AnanizyBatu
IO CUCTEMY Ha HECYYill 4acTOTI MOYKHA, KOPUCTYIOUUCh METOAAMM CTIHKOCTI
JTHIMHUX cucTeM. JlaHuil KOHTYp € Ipale3laTHUM KOHTYPY HE3alleKHO BiJ PiBHS
KBaJIpaTypHOI NEPEUIKOIN, MPH YOMY 3a0€3MeUyETHCS IPUAYILIEHHS TEPEIIKOIU

He MeHI Hix y 100 pa3is.
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Po3naia 4
AHaJIi3 MeToAiB CyMicHOI 00poOKHM iH(opmamii
4.1. AIropuTM OLiHIOBAHHSI 32 METOJI0M HaliMEeHIIUX KBAJAPAaTiB
Meron nanimenmux kBazapatiB (MHK ckopoueno) 3actocoByerbest st
OJICp)KaHHs ONTUMAJIBHUX OIIIHOK MPH 00pOOIll HAKOMWYEHUX BUMIPIOBaHb. SIKIIO

BUKOHAHO M BUMIpIOBaHb KOOpIUHAT X (MTapaMeTpiB) CUCTEMHU:

X(t) = A{t)X(t) + B(t)V, (t), Toxi:

Z=HX+V, (4.1)
e H — MaTpuus COCTEPEKEHHS;
Z,X,V, — BEKTOpHU, KOMIIOHEHTAaMHU SKHX € peaii3alis BEeKTopa
BUMIPIOBaHHS

Z,, BEKTOpa CTaHy CHCTEMHM X, 1 BEKTOpa MOMMJIOK BHMIPIOBaHHSI V,,

BIAMOBIIHO, TipuuoMy | =1,m .
Heo0x11HO 3a CIIOCTEPEKEHHSIMHU Z 1 3a/IaHOI0 MATPUIIEIO CIOCTEPEKEHHS

H sikHaiikpaiie OUIHUTA cTaH Bektopa X . Kputepiem Ttakoi ominku 3a MHK

m
cnykuTh GyHKIioHan J =Y V'V, SKuil MiHIMi3ye CyMy KBaapaTiB MOMHJIOK
i=1

B
u VY MaTpu4HOMY BUTJISII [I€H BUpa3 Oyje 3aMcaHuii HACTYITHUM YHUHOM:
M
1 V.,
VZ
p J=V,V, ..V, || ]
IO
Zm
B
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L
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a0o 3 ypaxyBaHHsM (4.1)

J=(Z-HX)"(Z-HX) (4.2)
Oninky X, BeKTOpa CTaHy cCHUCTEMHM X MOXHa OJEp)KaTh IUIIXOM
, . 0J
pO3B sI3aHHS PIBHSAHHA a_XZO'

3 ypaxyBaHHSM piBHSHHS (4.2) OTpUMAEMO:

A ANT
HT(Z—H xj+(z—H xj H=0 (4.3)
Hexaii: HT[Z—H;(j:O,
TO/I: HTZ—HTH>A<:0,
aGo X =(HTH)*H'Z . (4.4)

Otxe, HEOOXITHUMHU 1 JOCTATHIMU YMOBAaMH OJIEpKaHHS ONTUMAaTbHUX

A

OI_[iHOK X BCKTOpa CTaHy CUCTCMHU X 3a MCTOJOM HalMEHIIINX KBaI[paTiB €:

—  HASABHICTHh HAKOIMYEHMX CIIOCTEPEKEHD Z,, 1 =1,m;

—  3HaHHS MaTPHIll CIIOCTEPEKEHb H

—  He ocobmusicTs Matpuni H™H , To6T0 [HTH|=0.

A

OTpumaHHS OIIHKKA X TOB'SI3aHO 3 HAKOIIUYEHHSIM CIIOCTEPEKEHb Z .

MeToa HaWMEHIIIUX KBaAPaTiB 3aCTOCOBYETHCS TO/, KOJTU HAJTAIIIOK

iH(hopMaIii BUXOAWTHh 32 PaXyHOK TOYHHMX BHUMIPIOBAHb 32 JOIOMOIOIO
pi3HuX nat4yukiB iHGopmartii. [Ipyu mboMy, BUMOTH IIOJ0 CHEKTPATHHOTO CKIIATY
MOMUJIOK JaTYMKIB HE BIJ3HAYAIOTHCS. BiAMOBIIHO 0 1IbOTO METOIY, Ma€ Miclle
MIHIMI3allisi CYMHU KBaJpaTiB MOMUJIOK BCiX BUMIPIOBAHb.

4.2. AIropuTM OUIHIOBAHHS 32 METOJI0M MAKCUMYMY NPAaBAONOAI0OHOCTI
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ANTOPUTM OIIIHIOBaHHS 332 METOJOM MAaKCUMyMY MpPaBIOMOMIOHOCTI (sK
anroputMm ouiHtoBanHg 328 MHK) moTpebye HasiBHOCTI BEKTOpa CIIOCTEPEKEHb.
[Toxubku BHUMIpIOBaHHSA PO3MOAUICHI 3a HOPMaJIbHUM 3aKOHOM. Toji

HIUIBHICTH PO3MOALTY HMOBIPHOCTEH BEKTOpa V,, MaTUME HACTYMHHUI BUTJIS:

PV.0)= SVARAV..| (45)

@R, il

ne R, —  KopemsliifHa  MaTpulsd  MOXHOOK  BUMIPIOBAHHS;
R,| — Bu3HAuHMK MaTpumi R, .

BukopuctanHss =~ aJropuTMy = OIIHOK 32  METOJIOM  MaKCUMyMy
paBAONOAIOHOCTI epeadauye BUKOHAHHS HACTYITHOI YMOBH: BUBHAUYHUK MaTpPHIIL

R, He mouuen nopismioBatn 0 (|R;|#0), a omke marpuus R, He ocoOnusa.

[MincraBuBmm (4.1) y (4.10), oTrpuMaemMo HacTymHHI BHUpa3 IJsl PyHKIT paBo-
1o110HOCTI, sIKa ABJISIE COOOI0 MIUTBHICTD PO3MOALTY ITOMUJIOK BUMIPIOBAHHS:

1 3
-=(z,-HX, ) RZ, - me)}

w(X) =;exp[
J@1)"|R,| 2

n

Cnizx oOpatu Taky OLIHKY X m , IPH SIKIM QYHKIIIS mpaBaonoaioHocTi y(X)

(4.6)

NEPETBOPIOETHCSI B MAKCUMYM, IO BIJANOBia€ MIHIMYMY KBaJpaTiB BIAXWJIEHb
BUMIPSIHMX KOOPJMHAT BEKTOpa X BIJ IXHBOTO MIWCHOTO 3Ha4YeHHs. [[s 11bor0

. oy (X
HE0OX1JJHa HACTYIHA YMOBA! % =0.

Ha mnpaktuii 3BHYailHO 3pydHillle OOYMCIIOBATH MAKCUMyM HE caMoil
¢byHKIIT mpaBaonoaioHOCTI, a i1 Jorapudma, Tomy 1e Oyae BUTISAATH HACTYITHUM

YHUHOM:
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A T
an(X)an;—l[Zm—H xm) R (Z, —HX,) (4.7)

\/(2”)m|Rz| 2

3 piBaaaHS (4.7) Bi3bMEMO TOXiJHI 32 KOMIIOHEHTaMH BeKTopa X, 1
npupiBHAEMO X 10 HyJs. [licns poro oTpuMaemo:
Lt v Vol - Y
EH R,1Z,—HXn +§HRZ Z —-HXn| =0, (4.8)

3ayBaXUMoO, MO0 SK 1 Juisi (OpMyNM OILIHKKA BUMIPIOBaHb 3a METOIOM
HaMEHIIMX KBaApaTiB, JOJaHKU BUpasy (4.8) piBHI Mk COOOIO 1 KOXKHUN 3 HHUX
JIOPIBHIOE HYJIO.

Hexaii:

HTRzl(Zm ~H xmjzo
TOI:

X, =(HR"H)'HTR;'Z, (4.9)
Bupaz (4.9) crae BuxigHUM s PO3POOKU aJITOPUTMY OTPUMAaHHS
ONTHUMAJIBHHUX OIIHOK 3a METOJOM MaKCUMYMY ITPaBIOMOI0HOCTI.
JIist  BU3HAYCHHS ONTUMAJIBHUX OI[IHOK 332 METOJIOM MAaKCUMyMy
MPaBIONOAIOHOCTI HEOOX1THO MaTH HACTYITHE:

—  HaKOIIMYUTH M CIIOCTEPEIKEHb —Z

—  3HATHU KOPEJALIMNHY MAaTPULIIO R, MOXMOOK BUMIPHUKA;

—  3HATHU MATPUINIO 3B’SI3KIB CIIOCTEPEKEHHS H .

Ax 1 3 amroputmom oriHku i1 MHK, orinka )A(m MOB'sI3aHa 3
HAKOMWYEHHSIM BUMIPIOBaHb Z  , 1iek meto, sik 1 MHK, moxxe 6yTn Bukopucranuii

TITBKH JUTsI BAMIPIOBAHHS TTapaMeTpa 3 IeKiIbkoMa cucTeMaMu. B iHIIomy BUTIaiKy

HoBa ominka noMuiaok [THK He 30iraeTbcs 3 mOTOYHUM 3HAYEHHSIM OMHJIOK 34 4Jac,
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pIBHUI Yacy HAKOMIUYECHHS CTIOCTEPEKEHb.

ANTOpUTM OIIHKM MaKCHMAaJbHOI MPaBAOMOAIOHOCTI, a TAaKOX aJTOPUTM
OLIIHKA HaWMEHIIMUX KBaJpaTiB BUMAaraloTb HAKOMHMYEHHS BUMIpPIOBaHb, TOOTO
HAsIBHOCTI BEKTOpa. criocTepekeHHs. Lleit MmeTo npomnonye MakcuMizarito GyHKIT
MPaBIONOAIOHOCTI, SIKa BIJATOBIIa€ MIHIMAJIbHUM KBajpaTaM MOMHJIOK. Y IIbOMY
BUMAJIKY Tiepen0davyaeTbcsi, M0 MOXUOKM BHUMIPIOBAHHS PO3MOAUISAIOTHCS 32
HOpMaJbHUM 3aKOHOM. TOMy IXH€E TpHBasie 3aCTOCYBaHHS € MPOOJIEMaTUIHUM JJIs
Oe3rnepepBHOI OI[IHKM KOMIIOHEHTIB BEKTOpa cTaHy. ToMy, K MpaBUIIo, B ICHYIOUUX
cucreMax 1e 0asyerbcsi Ha po3mmupeHomy PpiapTpl Kanmana.

4.3. AITOPUTM KAJIMaHiBCbKOI (ijbTpanii

Posmupenuit (ontumansHuit) 6esnepepBuuid anroputMm ¢utetpa Kanmana
NO€HYE B cOO1 JBA 3aBJaHHS: MOHITOPHUHT 1 (DUIBTPALiI0, MIHIMI3YIOUM TTOMHWJIKH
OIIHKH.

[Tpunuun noGynoBu  po3mmpeHoro ¢iabTpa Kanmana posrissHeMo Ha

OCHOBI JIIHIMHOI CUCTEMHU, SIKa OMKUCAaHA CUCTEMOIO PIBHSHb:

X(t) = A()X(t) + B(t)Vy (t); (4.10)
Z(t) = Ht)X(t) + V4 (t).

ne X(t) — N-MIpHUI BEKTOP CTaHy CUCTEMU;

A(t) — kBagpaTHa MaTpHIsl PO3MIPHOCTI N X N (MaTpuilsl KoedillieHTiB
CUCTEMH);

Vy (t) — k-mipHuit BekTOp 30ypeHs, IO Ji€ Ha BXOi JMHAMIUHOT CHCTEMH;

B(t) — maTpuris 30ypeHs;

Z(t) — BEKTOp BUMIPIOBaHHS,
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H(t) — maTpuns cioctepexeHHs;
V,(t) — BEeKTOp MOMUIIOK BUMIPIOBaHHS .

[ToTpi6HO 3HAWTH Taki OMIHKK X, 100 MTOMHJIKH OI[IHIOBAHHS:

A(t) = X(t) - X(t)
Oynu MiHIMaTbHUMU. TOOTO ci1171 3a06€3MeUnTH MIHIMYM CyMHU JliarOHAJIbHUX

CJIEMCHTIB MaTPHIIi:

Puu P2 - P
py=| P2 P2 T Pl vl AT )] (4.11)
| Pni Pn2 - Pnn

VY xoBapiauiiiHid Matpuui P(t) wienun pjj =Dj = Gzi XapaKTEPU3YIOTh
JMCIEPCii MOMUIIOK OIIHIOBAHHS CIIBIIAAAI0YMX KOOPAUHAT Xj, a WICHH P; j — IxHIO
B3aEMHY KOPEJISIIIIO.

s quaaMivHoi cuctemu (4.10) onTuManbHUM (BUTETPOM, IO 3a0e3neuye
MIHIMYM CJily MaTpuiil P, € anroputm 13 TphoX OJIOKIB:

1)  OCHOBHOTO OJIOKY, SIKHW MOXHA 3aIMCaTH HACTYITHUM YHHOM:

X (1) = AMX(t)+ Ky O[ZE) - HOX()] (4.12)

2) On0Ky 00uYHMCIIeHHs KOoe(DilieHTIB KOPEKIIii, 0 3aUCYEThCS SIK:

Ko ®)=POHT ©RZz (1) (4.13)

3) OnOKy pO3B’si3aHHS PIBHSAHHS KOBapiallii, SKMi MOXKHA TPEICTaBUTH

AK:
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P@) = AM)P(t)+PHAT (©)-PEHT (R OH®PE)+BER BT (1)
(4.14)

Le#t anroput™ 3a0e3Medye OIIHIOBAHHS BCI1X KOOPUHAT BEKTOpa X MpH BU-
KOHAHHI YMOB CIIOCTEpPEKIMBOCT] JMHAMIYHOI cucTeMH. Mloro ocoGIuBicTs y BH-
oopi koediuienTtiB Marpuui Ky. BuxigHi 3HaueHHs OLIHOK 5((0) BU3HAYAIOTHCA 32
noTnepeIHbOI0 1H(pOopMalIiero mpo KoopanHatu Bektopa X. KoBapiariliny MaTpuilio
MOTOYHHMX TOMUJIOK OIliHIOBaHHsS P(t) HeoOXimHO obOuucitoBaTH OE3MEPEpBHO B
MIpOIIECl OIliHIOBaHHsI, a00 MONepeaHbO.

VY cydacHHX NOBITPSHO-IECAHTHUX KOMIUIEKCAX ICHYIOTh 1HII CHOCOOH
chiIbHOI 00poOKM onHi€el TucsauHOl 1Hbopmarii. Hanpuknan, meroan B3aeMHOI
KOMIIEHCAIlll Ta MOMWIKK (DUIbTpalli JIYWIBHUKIB OJHOTO 1 TOrO K MapaMeTpa
HaBIraiii.

Merton KoMIIeHcallii ToXuOOK BUMIPIOBaHb BUKOPUCTOBYETHCS IIPH 00POOIT
acpoHaBiramiiHoi iHgopmarilii, 30KkpeMa, KOJIU OJWH 1 TOH camMuil HaBIraliMHUN
napamMeTp BHUMIPIOEThCS KUIbKOMa JYWIbHUKaMH. Po0oTa TakuxX IJIYUIHHUKIB
3aCHOBAHA HA PI3HUX (PI3MUHUX TPHUHIMIAX 1 MOMUJIKAX, K1 pO3JIUIEHI B /11ala30Hi
4acTOT, B JAHOMY BHMAJKy CYNyTHHKOBOI 1HEpPILIaJIbHOI HAaBIralliHOI CHUCTEMH
(ISSN). Tyt anroput™M KoMIeHcallli BUKOHAHHH 3 BHKOPUCTAHHSIM CXEMHU,
nokasaHoi Ha (ir. 4.1. 1 103BoJIsI€ 3HAYHO 3MEHILIUTH TOXUOKH BUMIPIOBAHb.

Curnanu BumipHukiB Bl 1 B2, siki kpiM BUMIpIOBaHOT BETMYMHU X MICTSTh
y cebe curnanu noMuiiok &1 ta § 2, HanxoaaTh Ha BX1 pUCTporo BigHiManus [1B1,
Ha BUXOJ1 sIKOro opmyeThesi curHai. Lleit curnan npoxoauTh Kpi3h JUHAMIYHUN
binmeTp F(p) 1 Ha nmpyromy mpuctporo I[1B2 BimHIMaeThcsi 3 CUTHANTY MEpPIIOT

(KOpEeKTOBaHO1) CUCTEMHU.
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Puc.4.1 CtpykTypHa cxema peanizallli anropuTMy KOMIeHcarlii

Cxema ¢inpTpallii €KBiBaJIeHTHA CXeMl KOMIICHCAIlli, OJHAaK, 3 MOIJISIAY
MIPaKTUYHOI peaizailii, mepepara BiJIZIA€ThCSl caMe CXeM1 KOMIIEHC aIli.

Haii0inpm mpuBaOIMBOIO JUIsl 3aCTOCYBAaHHS B KOMIUIEKCHUX CHCTEMAax
Hapiramii €, 6e3ymoBHO, KanmaniBcbka ¢unbtpaiis (K®). IIpore, Bukopuctanus
K® 3ycTpivae neBHUX TPYIHOLIIB MpH i MpaKTUUHINA peani3aiii Ha 6opTi JIA. Tomy
B po0OTI  3ampolOHOBAHO  BHUKOPUCTOBYBATH  JJIsi  KOMIUIEKCYBaHHS
aKCeNePOMETPUYHOTO Ta TIPOCKOMMIYHOTO BHUMIPIOBAHHS TMapaMeTpiB KyTOBOI

OpIi€HTAIlll aJITOPUTMU CXEMH KOMITICHCAIII1.
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Po3ain 5
Po3poOka ajropurMiB KOMILUIEKCYBAHHSI  TiPOCKOMIYHOIO Ta

AKCCJIIEPOMETPUIHOI'O BI/IMipHI/IKiB KYTOBOI'O IOJIOKCHHSA

AHami3yloud MOXJIMBICTh 3aCTOCYBaHHS Ha Cy4YaCHUX MiHIATIOPHUX
oesninotHux mitanpbHuX amapatax (BITJIA) mnpeumsifiHMX BHUCOKOTOUHHUX
ripoBepTHKAJICH MOXKHA BIIMITUTH, 110 Takl CUCTEMU 3aHaATO Aopori. KpiMm Toro
JUI. BOHH HE MIIXOASATh Yepe3 CBOi MacoradapuTH1 XapaKTEPHUKH.

Jl1s BUMIpIOBaHb MapaMeTpiB KyToBoi opieHTallii BIIJIA nponoHyroTh psija
aNbTEPHATUBHUX METOJIB OJIEp>KaHHs 1€l iHopmaIllii, 30kpema: MipoMeTpUIHUN
Ta MarHiTOMETPUYHHIA, METOIM BU3HAYCHHSI KYTiB KPEHY ¥ TaHTaxa.

AHami3yloud MOXJIMBICTb BUKOPUCTaHHS TOYHOI TipOBEpTHUKAIl  Ha
CyYaCHUX MIHIATIOPHUX O€3MiIOTHUX JiTalbHuX amaparax (BJIA), 3po3ymino, 1o
[l CUCTeMM 3aHaaro aopori. Kpim Toro, BOHM HE MIiAXOJATH Yepe3 iX MacoBY
XapaKTePUCTHUKY.

Jliist BuMiproBaHHs KyToBoi opieHTanii BIIJIA nponoHyrooTbCs pi3HI METOAU
OTpUMaHHA Takoi 1H(opMallii, B TOMY YHCII: MIPOMETPUYHI 1 MarHITOMETPUYHI,
METO/M BU3HAYEHHS KYTIB KPEHY 1 KPOKY.

HenonikoM MeToay BEpTUKAIbHOTO MIPOMETPUYHOTO BHUMIPIOBAHHS €
noxuOka BUMIiproBaHHA i yac noiaboTy BIIJIA Ha mamiii BUCOTI Haj pernbeHOIO
MICLIEBICTIO, OCKUIBKM TOPU30HT TEIJIOBOTO BHUIPOMIHIOBAHHSA MOBEPXHI 3eMJIl
nedopMyeThCs.

Meron MarHiTOMETpUYHUX BHUMIPIOBaHb Ma€ 00JIacTi HEBU3HAYEHOCTI,
30KpeMa, KOJM MarHiTOMeTp 00epTaeThcsi HABKOJIO OJIM3BKOI Ooci abo 30iraeTbes 3
HAMpsIMKOM BEKTOpa MAarHiTHOTO MOJs, a TaKOXX Ha TPAEKTOPISAX, ONM3BKUX [0

90...270° € HeBM3HAYEHICTh BUMIPIOBAHHS KYTIB KpeHy 1 TaHraxka. Kpim Toro,
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aHOMaJjbHI 3MIHM B MAarHiTHOMY IOJ1 BUKOPHCTOBYIOTHCSl I BUMIPIOBAHHS
napaMeTpiB KyTOBOI Opi€HTaIli K TOPYLIEHb.

Tomy 3apa3 Bce OuIpIl MomMpeHHS HaOyBae 3actocyBaHHsS Ha BIIJIA
MikpoMexaHI4HuX TipoBepTukaneii (MMI'B) ta 6e3mnardopHux iHepIiadIbHUX
HaBIrallIMHUX CHUCTEM (PIHC) mnoOynoBaHux Ha JAOCUTh TIpyOux, aie
MIKpOMIHIATIOPHUX JaTYuKax nepBuHHOI iH(opmanii — MEMC-gaTtunkax.

Ili BuMoOorm B 3HAYHIK MiIpi 3aJOBOJIBHSAIOTHCA MIKPOMEXaHIYHUMU
akcenepomerpamu (MMA) 1 nmaruymkamum KyToBoi mmmBuakocti (MMJIKII),
BUPOOHMIITBO SIKHX BUKOPUCTOBYE HAIIBIPOBIIHUKOBY MIKPOEJIEKTPOHIKY,
aHAJIOT1YHY TEXHOJIOT1i BUTOTOBJIEHHS IYXE BEJIMKHUX IHTErpalbHUX cxem. L1
MEMC-ceHcopu cepliiHO BUITYCKAIOThCS 1 KOIITYIOTh CTUIBKH, CKUIBKY 1HIII YilH -
OJIU3BKO JIECSTKA J10J1apiB.

OpxHak roJIOBHUM HEAOJIIKOM MIKPO-MIHIATIOPHUX 1H(OPMAILITHUX CUCTEM,
K1 MOkHa BigHecTH 10 MMI'B, € Hu3bKa TOUHICTh. TOMY AJI1 BUMIPIOBAHHS KYTIB
KpeHy 1 TaHraxka Oureiricte po3pooHukie MMI'B 1 BIHC mnpomnonyoTh
BUKOpPUCTOBYBaTH MeroA, B sikomy MMA 1 MMJIKII mignatotbest cnemiaibHiN
ITOPUTMIYHIM 00pOOII.

Po3pobka anroputMmiB KOMIUIEKCYBaHHS TOKa3iB TEPBUHHUX JTaTYMKIB
iH(popmartiii MMI'B ta BIHC € 3aiaueto BesibMH aKTyallbHOIO.

Hainommupenimioro ajst moBHOTO iHTErpyBanHsa nokaszis MMA 1 MMJIKIII
€ TaK 3BaHU A0JaTKOBHM (PiIbTp, a00 cxeMa ¢utbTpanii Kanmana. J{ns BupimeHHs
npoOJeMu 1HTErpoBaHOi 0OpOoOKM 1H(OpMalLli B 1HTErpOBaHUX 1H(OpPMALIHHUX
CUCTEMaX, 3BHYalHO, HaWOULIBII 1iKaBoro € inpTpamis Kammanoa. OpHax
BUKOpHUCTaHHA QiabTpa KanimaHa HalITOBXYEThCSl HA ACSIKI TPYIHOII 1] Yac HOTo
npakTudHoi peanizaiii Ha 6opty BIUJIA. TIpote, B cydacHUX MOBITPSHO-AECAHTHUX

KOMIUIEKCaxX, KPiM aJIfCOPUTMIB, 110 J03BOJISIOTH ONTUMAIBHO OIIIHIOBATU BEKTOP
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CTaHy, ICHYIOTb i 1HIIII METOJH 1HTErpallii, 30KpemMa, METO]] B3aEMHOI KOMIIEHCaITli,
KUl OyB TOBEJCHUH B IPAKTHUIll. BUKOpuCTaHHS METOMy KOMIIEHCAITii Tpu 00poo1i
Bi16uTKiB MMA 1 MMJIKIII 00yMOBIIEHO THUM, III0 B IIbOMY BHIAJKy MOXHOKH
BHUMIPIOBAHHSA 3HAXOIATHCS B PI3HUX J1alla30HaX 4acToT.

l'omoBHOO  mepeBaroro  ¢unbrpamii  Kammana € Te, mo B
KOMIUIEKCOYTBOpEeHHST 1H(MOpMaliiiHuX cucteM Ha Buxodi ¢iaptpa Kanmana
BIJTHOBJICH1 OI[IHKY BCHOT'O BEKTOpA CTaHy, y TOMY UHCJ1 CUCTEMAaTUYH1 KOMIIOHEHTH
MOXHOOK JIYUIBLHUKIB, 10 J03BOJISE MPOBOJIUTHU 1X KaIiOpyBaHHS B MOJbOTI. AJle,
Ha Hallly AYMKY, 1 3 3aCTOCYBaHHSIM KOMITICHCAIIMHOI CUCTEMHU Pa30OM 13 CUCTEMaMu
KOPEKIIii ICHY€ TaKa MOKJIUBICTb.

OT1xe mocTtaHoOBKa 3a/1a4l MOke OyTH cPopMyJIbOBaHA HACTYITHUM YHHOM:
pPO3pOOUTH AJITOPUTMHU KOMIUIEKCHOTO BUMIPHHUKA IMApaMETPiB KyTOBOI Opl€HTaIli
BITJIA Ha OCHOBI cXeMH B3a€MHOI KOMIICHCAIlli Ta IIPOBECTH iX BceOIUHE
JTIOCIIIKEHHS.

AKcCeJepoMeTp MOKE 3aCTOCOBYBATHCS SIK JJIi BUMIPIOBAHHS IPOECKIIIMA
a0COJIOTHOTO JIHIWHOTO MPUCKOPEHHS, TaK 1 JJI1 HEMPSIMHUX BUMIPIOBaHb MPOEKIIii
rpaBiTaliiHoro  npuckopeHHs. Ilpu  po3rTamryBaHHI — akceilepoMerpa  Ha
TOPU30HTAJIFHOMY Ta HEPYXOMOMY BIJHOCHO TOBEPXHI 3emuli 00'€KTi BiH Oyne
BUMIPIOBATH a=-F YSIBHE MPUCKOPEHHS, IO CTBOPIOETHCS CUJIOI0 HOPMAJIBHOT
peakKIlii onopu, sika TIOPIBHIOE 32 BEJIMYMHOIO, ajie MPOTUIICIKHA 3a HAMPSIMKOM CHJI
3€MHOTO TSDKIHHS Y TOYI[l 3HAXOJ>KEeHHsI 00'ekTa. SIKIIO € MHOIO CUIIOHO, 1110 JII€ Ha
00'€KT € cujIa 3eMHOTO TSKIHHS, TO aKCEJIEPOMETP, BUMIPIOIOYH MPOEKIII0 BEKTOpa
rpaBiTallii Ha BJaCHY BICh UyTIUBOCTI Ax = gSin(ot), MOke BUKOPHUCTOBYBATHCS SIK
THKJIIHOMETD JIJIs1 BA3HAUCHHS CTATUYHOTO KyTa HaXUJy aKceliepoMeTpa.

o = arcsin( Ax/g )

Taki BIAacTMBOCTI  aKceJlepoMeTpa 3aCTOCOBYIOTh B allTOPUTMAax
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nepenactaptoBoi BuctaBku BIHC nansi Bu3Ha4YeHHS CTOSHKOBUX KYTIB KpEHY Ta

TaHTraXa.

Y poGouux anroputmax mnapamerpu BIHC kyTtoBoi opieHTtamii o0'ekta

BU3HAYAIOThCA 1HGOPMAIlIEI0 JAaTYUKIB
05 MpuckopeHHa

)l _ ‘J ||. |I

kyToBoi mBuakocti (JAKIL). 3okpema, i

napaMeTpu MOXYyTb OyTH BH3HAYEHI

18 7 IHTerpoBaHi 3HauYeHHA KyToBOI

CJICMCHTAMH  CHPSIMOBAHOI KOCHHYCHOI  Fig. 1. BuxigHi curtanu mikpocxemu MPU-6050

Matpul B, siki MOXyTb OyTH OTpUMaH1 pi3HUMU criocobamu. Hanpukiian, MaTpuiio
B MoxHa oTpuMaTtH, BHPINIUBINM y3araJibHeHe piBHSAHHSA I[lyaccoHa Ha OCHOBI
iH(dopMalli mpo KyTOBY HIBHUIKICTH JIPOHA MIOJAO iHepIiiHOro mpoctopy JIA i
KYTOBY IIBUJKICTh CHUCTEMM HaBITalllUHUX KOOPAMHAT BIJHOCHO MPOCTOPY

IHEpIIINHUHN, KU BpaxOBY€ KyTOBY IIBHJKICTH 3€MJIl 1 KyTOBY HIBHUIKICTH 3a

paxyHok nonsoty BITJIA.

A- AmEA - ('ONHEA ,

0 TO%n  Oyea
A& @ep =| 0y, 0 —Oy, |

TOpa Oxea 0

0 —(0g, +Qg)  (0y, +Qy)

One =| (0g, +Q¢) 0 —(oy, +Qy)
—(on, +Qy) (o, +Qy) 0

Oxpr Oyar Oz,  — KyTOBI MIBUAKOCTI JIA BIZIHOCHO 3B’S3aHMX OCEH,

sumiproati JIKIL Qg Qy, Qy Ta o, , 0, , 0y, — TPOCKLIi KyTOBOI MIBHAKOCTI

oOepTaHHsl 3emill Ha OC1 HaBITAl[IHHOT CUCTEMHU KOOPJMHAT Ta KyTOBI IIBUAKOCTI,
SIK1 BUHUKAIOTh TIPHU 00J160T1 c(hepruyHOT MOBEPXHI 3eMIII.

JUiss  BU3HAYEHHA KYTOBOI  OpIEHTallisl O00’€KTa MOXYTh  TaKOX

o1




BUKOPHUCTOBYBaTHCs napametrpu Ponpura-I'amineTona y ¢gopmi kBatepHioHIB a0
151 iH(opmalist Moxke OyTH oJiepKaHa MUIIXOM PO3B‘I3aHHS KIHEMAaTUYHUX PIBHSIHb:
= (“)yz COSY — @, sin y)secS;
V=0, +1t99 ((’)zz siny — oy, COSy) ;

§ =0y siny+w,;cosy,

IE 0y, Oy , 0, — MIPOEKIIiT BEKTOpa a0COJIFOTHOT KYTOBOI IIIBUKOCTI Ha OC1

Y5,
3B'S13aHOI CHCTEMHU KOOPAMHAT, SIKI 3HOBY K BPaXxOBYIOTh KYTOBI IIBHIKOCTI JIA
BITHOCHO 3B’SI3aHUX OCEH, MPOEKIii KyTOBOI IBUIKOCTI 0OepTaHHs 3eMill Ha OcCl
HaBITaIliiHOT CHUCTEMHM KOOpPAWMHAT Ta KYTOBI IMIBHUAKOCTI, SKi BHHUKAIOTh IpHU
00JIbOTI1 c(peprUHOI MOBEPXHI 3EMIII.

Jist  umrocTpanii  mpo6sieM, [0 BUHUKAIOTH TPH  CHpodi OTpUMaTH
iH(popmartito mpo KyToBy opieHTanio natdynkie MEMC, nus. Ha ¢ir.1 moka3ani
BUXIJHI CUTHAJIA peasibHOro 00Ky iHepuiiHux MEMC-natuukiB (MiKpocxeMu
MPU-6050), 1110 00'€IHYIOTh TPHOCHOBHUH aKCEIEPOMETP 1 TPUOCHLOBUM TPOCKOT Ha
KpucTail KpeMHito. 30kpema, Ha ¢ir. 1 nokazani "cupi" 3HaUYE€HHSI IPUCKOPEHHS 1
IHTErpOBaHi 3HaUEHHS KyTOBO1 IMIBUIKOCTI B OJHIH 3 oceii 6;1oky MPU-6050.

AHai3 BuXiiHUX curHams 010ky MPU-6050 mokasye, mo curian MMA
HaBITh y CTATUYHOMY PEXHMI Ma€ CyTTEBY IIIYMOBY CKJIaJIOBY. A BPaxOBYIOUH, IO
HAa PYXOMHM OO'€KT KpiM CWJIM TpaBiTallli Jif0Th 1€ ¥ 1HII CHUJIM, BUKIWKaHI
NPUCKOPEHHSIMHU, OOEPTaHHSAMH, TPSACIHHAM 1 T.JA., TO CTa€ 3pO3YMLIUM, IO
BU3HAYUTH 3a JIONOMOTOK aKCEJIEpOMETPIB MapaMeTpu KyTOBOi Opl€HTalli B
MOJIBOTI € 3a7a4€I0 BEJIbMHU MTPOOJIEMATHYHOIO.

Ha BinMiny BiJ akcelIepOMETPpUYHOTO CIOCIO OTpUMaHHs 1HPOpMAaIlito PO
KyTH KpEHy Ta TaHTa)ka IUISIXOM IHTETpYBaHHS CUTHANY TIPOCKOMIYHOIO JaTyhKa
BUKJIMKAE MIBUAKO 3POCTA0Uy MOXUOKY BHUMIPIOBAHHS Ye€pe3 HAasSBHICTh CTaJIOl

nmoxn6xku MM JIKIII.
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3 iHmoro 00Ky, aHai3 BUXigHUX curHaiiB 6ioky MPU-6050 mokasye, 1o
NOXMOKM BHUMIPIOBAHHS IapaMeTpiB KYTOBOI Opi€HTAIlli 3 BHUKOPUCTAHHSIM
akcenepomeTpiB 1 MMJIKIIL] 3HaX0a4ThCS B PI3HKX JA1alia30HaX 4acToT. TOMY METO/T
KOMITCHCAINI] 1€aIbHO MIAXOAWTH IS BHUPIMIEHHS 3aJadl IHTETPyBaHHS JIBOX
JYWIBHUKIB.

CtpykTypHa cxema, 0 peallizye€ MeTo 1 KOMIIEH allli, 1J11 KOMILJIEKCYBaHHS
ripockomniunoro BuMipHuKa BepTukam (I'BB), skuii moOymoBaHuii Ha OCHOBI

MMJIKIII i akcenepoMeTprudHOro BUMipHHKa BepTukaii (ABB) npeacraBineHna Ha

puc.2
] Anropurm KOMILIEKCHOT
I & ) _
| Q. .
:lmmnxm 5. +|£ 00poOKu 1H(DOpMAaIIii, 110 BUKOPUCTOBYE

3
| BB S = . .
.r______________E_________ ! METOJI KOMIIEH Callll, Ma€ B IOPIBHAHHI 3
| z !

o | .

| A o2 H OITUMAIBHOIO KaJIMaH1BCHKOIO
I § b : Xpgg =X+ &2 . . s
I ABB O =1 (bUIbTpali€ro JOCUTh TPOCTHI BUTIIS!
e |
Fig. 2. Cxema peanisauii metoay KomneHcadii X = Xzaa — F(P)(Xaaa — Xaaa

ne F(p) — nuHamidHui QUIBTP CXEMH KOMITCHCAINT; Xzaa, Xaaa— HAPAMETPH
KyTOBO1 opieHTalii oxep:xyBani Bii ' BB 1 ABB ; x— ouinka gaHoro napamerpa
KyTOBOI Opi€HTAILII].

SIkmto BuOpatu ¢inetp F(p) TakuM, 1100 BiH 3 MiHIMaJIbHUM CIIOTBOPEHHSIM
MPOMYCKaB 3aBaay [ 1 3ariylryBaB 3aBaay [, TO MOXHMOKAa KOMITJIEKCHOI CUCTEMU
Oyne MiHIMalIbHOIO, TOOTO TMOXMOKAa 3MEHUIYEThCA 3aj€XKHO BIJ PI3HUII B
CIIeKTPAJIbHUX XapaKTepUCTUKaX 3aBax (11 Ta [Jo. Ilpu 3HaAuHINA pi3HHUINI B
YaCTOTHUX XapaKTEPUCTHKaX 3aBaj Ha Buxoi ¢pinsrpa F(p) (auB. puc.1) moBHiCcTIO
Oyne BigTBOproBaTHCS 3aBajga [J1, ToOTO moxmbka I'BB, a Ha Buxomi cxemu
KOMIICHCallli OIlIHKa TapaMerpa X OyJae MaKCHMaJbHO TOYHO CIIIBIAJaTH 3

BUMIPIOBAaHUM MApPaMETPOM X.
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3anumaeTbCs BU3HAYUTH TaKy CTPYKTYpYy AMHAMIYHOTO (iIbTpa CXeMHU
KOMIIEHcallii, sika 0 3a0e3nedyBaiga cymicHy oOpoOKy oaHOpinHOT iH(OopMaIii Bif
I'BB ta ABB 3 skicTIO, 01M3bK0OI0 4O OIITUMAaIbHOI.
[lepeTBOprOIOYM PIBHSAHHS CXEMH KOMIICHCAIli, OTPUMAEMO
% =x-+[1-F(p)Eaa + F(P)sara =x+§
ne  E=[1-F(p)Eaa+F(P)easa = Eama— F(P)(Eman—Eana) — TTOXMOKH KOMILJIEKCHOL
00poOKu 1H(pOopMaTIrii.

IneanpHuit GimbTp F(P) MOBMHHWIT MaThH Taky A4

aAMILTITYJHO-9aCTOTHY Xapaktepuctuky 4 = F(w) (muB

v

] N —]

puc. 3), o6 BiH B 00J1aCTI YaCTOT Mrpp 0€3 CIIOTBOPEHHS ores ©ABp
Puc. 3.

MPOMYCKaB HU3bKOYACTOTHI CUTHAJM MOXUOKH [Irgg, @ B 0OJACTI YaCTOT (WABB
BIATIHIOBaB TOXUOKY [Japs. Tomi Ha Buxomi ¢imetpa F(p) (mmB. puc. 2)
CIIOCTEPIra€ThCs HE BUKPHUBIEHA HHU3bkodacTOoTHa mnoxubka ['BB, a Ha Buxoml
JPYroro MPHCTPOIO BiJIHIMAHHS BIATBOPIOETHCS TOYHE 3HAYCHHS BUMIPIOBAHOTO
KYTOBOI'O MapameTpa X.

2::X+§AA&—§AM;=X

B icHyrounx cxemax kommeHcarli (Hampukiaaa, B 1HEPIIaIbHO-IOTIIEPIB-
ChKIM cucTeMl) (iIbTP BHCOKHMX 4YaCTOT Ma€ BUIJISJ anepioIUYHOI JIAaHKU 3

nepeIaBaIbHOIO (PYHKITIEIO

1
F = ]
(P) (Mp+2)

ne T — crana yacy ¢uibTpa, a nepeaaBaibHa (QYHKIIS QUIBTpAa HU3BKUX

qacToT

L-F =5

siBJIsie COOOK0 TakK 3BaHy 130JIpOMHY (peasibHy Ju(epeHIlitoBaIbHY) JIAHKY.
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Taxuit GpinbTp HU3BbKUX YacTOT (1) epeKTUBHUI TINBKU ISl MOCTIMHUX, HE
3MIHHHX Yy 4yaci moxuOok. O/Hak, HaBiTh HaOMKeHu# aHani3 noxudok I'BB, (qus.
puc. 1) mokasye, 10 MOXHUOKH YHCIEHHS MapaMeTpiB KyTOBOi OpIEHTAIlll 3 4acoM
3pOCTaroTh. TOMy ISl TAaKOTO POAY MOXHOOK B [2] OyB 3ampONOHOBAHMIA OLIBII

CKJIAAHUI (UIBTP TPETHOTO MOPSAIKY BUTIISY:

3Tp+1 _
(Mp+D(Tp+1)(Tp+1)

F(p)=

Jl1s Takoro AMHaMIYHOTO (iIbTpa MepenaBaibHa GyHKINSA PLUIbTpa HU3BKUX
Y4acTOT Ma€ BUTIISA

T?p?(Tp+3)
Sp® +3T%p2 +3Tp+1-

[L-FPl==

[Ipy nocuTh BENMKHMX CTanUuX 4Yacy I TpiiKOWO B YHCEIBHUKY MOXHa
3HEBAXXUTH 1 TOA1 PLIBTP HU3BKUX YaCTOT HAOyBa€ BUTIISALY

-|-3p3
T p® +3T2p? +3Tp+1

[1-F(p)]=

Takuii QinbTp, 3a0e3Medyroud acTaTU3M TPEThOIO MOPSAKY, BXKE HE
MPOIyCKae HE TUIBKM CTaldy ckiaafoBy noxubku ['BB, ame 1 moxuOku, 10
3MIHIOIOTBCS 332 3aKOHAMU NEPILIOTO 1 APYroro MNOpsAKIB.

D1iIbTP BUCOKUX YACTOT

3Tp +1
(Mp+D(Tp+1(Tp +1)

3a paxyHOK HasiBHOCTI (opcyrouoi nanku (37p + 1) Tpoxu TIACUITIOE

F(p)=

BHCOKOYACTOTHY CKJIaJoBy MoxuOku ABB, ane me 3 ycnixoM KOMIIEHCYETHCS

MOTPIMHUM 30UTBIIEHHAM HOTO (PUIBTPYIOYMX BIACTUBOCTEH.
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Po3ain 6
JlocaigeHHs] MPONMOHOBAHUX AJITOPUTMIB KOMILJIEKCYBaHHS
MeTtoa0M MaTeMaTHYHOTO MOJICIIIOBaHHs B cepeaoBuilli Delphi 3aificHeHO
MONTYKOM CKJIQJHUX alTOpUTMIB 0OpoOKHM iH(oOpMallii, mo peami3yioTh METO

KOMIIEHCAIII1 3 pI3HUMH KOHPIrypauissMu JUHAMIYHOTO (QiIbTpa.

JIJisi BUBUEHHSI 3alPOTIOHOBAHOIO AJITOPUTMY HEOOXIJTHO chHopMyItoBaTH
MaTteMaTtuyHi Mojeni momuiok MMA 1 MM/JIKIII. i moxeni BpaxoByrOTh 6arato
KOMITOHEHTIB, 0 CTAHOBJISATH KIHIIEBI MOMWJIKH CceHcopa. Jlo HUX BITHOCSTHCS
Koe(dilieHTH MOXUOKM MaciiTadyBaHHS 1 BUPIBHIOBaHHS, a TaKOX KBaJpaTU4HI
MOMWJIKH, 3yMOBJIEH1 HEIIHIMHICTIO XapaKTEPUCTUK aTYUKIB, CACTEMATUYHUMHU 1
BUITAJIKOBUMH KOMIIOHEHTaMHU (IIyMOM) HYJBOBOTO 3MileHHs Tomo. OnHaK mpu
posrisiai pyxy BJIA 6e3nepepBHOT MBUAKOCTI HA MPSAMUX JIHISX, MOJIIb IIOMUJIKH
MO>Ke OyTH 3HAYHO CIIPOINECHA B HACTYITHOMY BHTJISIII:

i i i i i i
ne Kal_, Kcol- — CHCTEMaTW4Hl TOXMOKM BUMIPHUKIB (Apedd Hys);
Q4. Qp. — IHTEHCUBHOCTI BMIIAJKOBHX IIOXUOOK BUMIPHUKIB;, €4, €, — LIYMHU
i i i i

BUMIPIOBaHb.

Taka Mozenb TOMMIKH JaTydka € HAWMOPOCTINIOW, ane B 0Oararbox
MPaKTUYHUX BUMAJKaX BOHA JOCHTHh €(DEKTHWBHA, IO JO3BOJISIE BHPINTyBaTH
poOsemMu 1HTerpalii MuxX JIYUIbHUKIB.

Pe3ynbTaT JOCHIKEHb CXEM KOMIEHcCalli 3 JWHaMIYHUM (DUIbTpOM

HEPIIOTO MOPSIIKY Y BUIIISIAL anlepioquuHol JaHku F(p)= 1 ITOKA3yIOTh

(Tp+1)

(muB. puc.6.1), mo noxmOKa OLIIHIOBAHHS MapaMeTPiB KyTOBOi Opi€HTaIlli

nopiBHsSHO MeHIe noxuoku ' BB. Oxgnak, y mopiBHSHHI 31 CEpEeTHbOKBAAPATUIHOIO

Kageopa AKIK HAY 20 15 01 000 I13
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noxuOkoro ABB Mae micrie 3MiHa moXuOKM cXeMu KOMITeHcarliil B yaci. OiIbTp ke
TPETHOTO MOPSIJIKY BJKE HE MPOIyCKae He TUIbKH CTally ckiafoBy noxudku 'BB, ane

1 TOXUOKH, 110 3MIHIOIOTHCS 332 3aKOHAMH TEPIIOTO 1 JPYroro MOpsAIKIB,

TChart

MoxunbKrm ety S
OUHIOBAHHA ™S

MoxmbkalBB

1 3Tpal ]

Fip)= (Tp+D)(Tp+D)(Tp+1)

ta

o

=

o

o

u T u T T T T T T
0 20 40 B0 &0 100 120 140 160 180 200

Puc.6.1 Pe3ynbratu 1OCiKEHb CXeM KOMIIGH A1

a Takox 3a0e3mnedye rapHi (QUIBTPYIOUl BIACTUBOCTI CXEMHM KOMIUIEKCYBAaHHS 1
JIOCUTH BHCOKI TOYHICTHI XapaKTEPUCTUKU OI[IHKU MapaMeTpiB KyTOBOI Opl€HTAIl]

HE TIpIIe, HXK cXeMa ONTUMaIbHOT KaJIMaHIBChKO1 (DUIbTpallii.

CxianHi yMOBH po60TH 1HGOPMAIITHUX CEHCOPIB MIPU3BOATE 10 3HAYHUX
noMWIOK. Tomy OaxaHO TMPOBOJAUTH AHAJTITUYHY KOMIICHCAIIKD MOXUOOK
JYWIBHUKIB (7151 3A1MCHEHHS iX KajmiOpyBaHHsS B moJiboTi) B anroputmax BIHC,
NepI HiXK 1[I CATHAJIM BUKOPHUCTOBYIOTHCS JJI1 OOUMCIIEHHS MapaMeTpiB Ople€HTALl1

1 BU3HAUYEHHS KOMIIOHEHTIB IPUCKOPEHHS YSIBHUX B3/I0BXK OCEil HaBirarfii.

S




Posain 7
KaniOpyBaHHs J1aTYHKa KyTOBOI IIBHIKOCTI

Axmo posrnsaatd aBToHOMHY pob6oty BIHC, mo ckiamaerbcs 3 OJHOTO

aKcelepoMeTpa 1 OAHOTO TipOCKONa, TO TOMWJIKA BHU3HAYEHHS 3MIIICHHS 3

ypaxyBaHHSAM YCIX MOXJIMBHUX JpKepesd MOXMOKHM JaTdyhka MOKe OyTH OlliHEHa 3a

AOIIOMOTI'OI0 BHpPA3y:

2 3 2
5p(t)z5p0+5voAt+5bOa%+5bog%+5€Og%+
VoA VAt+SE. AT sE s VAL, (5.11)

o Oa 2 Og oz AN

ne o Po~ MOMMJIKa BU3HAYEHHS KOOPJMHAT B IMOYaTKOBUM MOMEHT 4acy t0 :

5vo

- IIOMMJIKA MIBUJIKOCTI B MOMEHT tO ;

At - - iHTEpBa yacy 3 MoMeHTY oTpuManHs octanHix CPHC;

ob

g~ IOMHIIKA 3MILLEHHS HYJIS aKCEJIepOMETpa B MOMEHT t

0’

5b0 g MTOMUJIKA 3MIIIEHHS HYJIsl TIPOCKOINIa B MOMEHT to :

o0,

0g” nomuiika He noeaHaHHsi ocet BIHC mo kyram kpeHa i1 TaHraxy 3

ocsiMu JIoKalibHOI cuctemu koopauHaT(CK);

5% -V At - nommiika He noegHanHs bIHC 3a kyroM asumyTy 3 JIOKaJIbHOL

CUCTEMU KOOpPJMHAT, IOMHOXEHA Ha MPONAEHY Bi/ICTaHb;

o FOa - MacITaOHUN KOe(PIIIEHT 7151 aKCeIepOMETPa;
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) FOn - MacmITaOHUM KOePillieHT JIJIsl TIPOCKOTA;

f - nmpuckopenHs, sike BiqUyBaeTHCS;

g - IPUCKOPEHHS BUILHOTO MAAIHHS;

3 piBHSHHS OYEBHJIHO, 110 MOXMOKA BU3HAYCHHS 3MIIIECHHS 32 JTOTIOMOTOI0
BIHC 3pocrae mpomopiiiiHO KBapary 4acy i3-3a nmapaMeTpiB 3mimieHHs Hyist (D)
1 MmacmrabHoro koedimienta ( SF ) akcenepomerpa 1 KyOy yacy uepe3 3MIIICHHS

HYJISI TIpOCKOIIA.

Bubpano HaiOibll NpUdHATHY Mojenb i curHainiB MEMC naTuukis
[5.12]:
lw,a (t) =X(t) + by g + SFy g X(1) + Ny g X(t) + &y g X(1), (5.12)

ne X(t) - BexTOp BILIMBaKOYOi BeMUMHK: a00 KyToBOi mBuakocti W(t), abo

npuckopenns a(t);
lw,a (1) - curnamu 3 naruuxis (W(t) a6o a(t));
by g - 3MiLLCHHS HYIIIB (CHCTEMAaTHYHA IOXKOKA);
SFW’ a - Marpuil MaclTaOHUX KOe(]ILIEHTIB,

Ny a - Marpuist He OPTOTOHAIBHOCTI OCEHi TiPOCKOMNa 1 aKCeIepoMeTpa 10

BIJIHOIIIEHHIO 110 ocl X;

Ew,a - LIYMH [IEPETBOPIOBAYIB;

Cunres anroputmiB 00poOku nanux B KHC nependauae 3HaHHs napameTpiB

MaTeMaTUYHOI MOJIENI. 3 11€10 METOI0 BUKOHYETHCA MPOLEAypa KaaiOpyBaHHS.
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Ha panmii MOMEHT OTpUManu PO3MOBCIOHKEHHS HACTYMHI METOAU

KaJ1iOpyBaHHS :
- MICCTHITO3UILIHHUN MeToJ — SiX-position method (SPM);
- moaudikoBauuii merona - (MSPM);

- Oararomo3uliiinuii 1 MomudikoBanuii Meroau - multi-position method

(MPM) i MMPM BinnoBigHo. B po6oti ocHoBHY yBary npuaiieso SPM i MMPM.

Meton SPM 103BOJIsi€ OLIHMTH HYJIbOBE 3MiliecHHS naTdukiB (D) 1 ix
macmTabHi koedinientu (SF), BUKOPHUCTOBYIOYH TPOCTI CITIBBIAHOIICHHS, HABEICH1
TUISt HIECTUITO3UIIIITHOTO BHUMIPIOBaHHSI. s OIIIHKHU napameTpiB
HEOPTOTOHAJIBHOCTI OCl BUKOPUCTOBYIOTh MSPM. V TOl Xe Yac BUMIpIOBaHHS
BUKOHYIOThCS, MpPUHAWMHI, B 9 TO3UIIAX JAaTYUKIB 3 BIJIOMOIO KyTOBOIO
OpI€HTAIII€0, 1 TApaMEeTPH OTPUMaHi 3a IOTIOMOTOI0 METOly HAaMEHIITUX KBaApaTiB
(MHK). Henonikom 060X croco0iB € HEOOXIJIHICTh BUPILIEHHS BIJOMOI KyTOBOI
opienTaii oceit BIHC mrono oceit nokaibHOi cucteMu koopAauHaT. HacTymHi 1Bl

npoleypu KanOpyBaHHSI HE MAIOTh IIbOTO HEJIOJIKY.

Meton MPM 0Ga3yetbcst Ha TOMY, IO HE3alIe:KHO Bij opieHTalli oceid BIHC
1 JIOKaJIbHOT CUCTEMH KOOpAMHAT IMpHU BIACYTHOCTI 30BHIIIHIX 30ypeHb, cyma
KBaJIpaTiB OCEH UYTJIIMBOCTI JaTYMKA JOPIBHIOE KBAAPATy OIMOPHOIO BILIUBY
(TIpUCKOpPEHHS BUIBHOTO MaiHHS JJISI aKCEJIEPOMETpa, IBUJKOCTI 00epTaHHs 3eMIIl

JUISL TIPOCKOTIIB ):

2
|P2<,x+|r2<,y+||2<,z =(-K -COSa)2+(—K -cos,B)2+(—K ~C037)2 = K", (5.13)

| | | - TIOKa3| i akcelepoMeTpa  a ripOCKOIIA;
e Kx'K,y"'K.z 0Ka3 oce CEIEPOMETP 00 pOCKOIIa;

K - BelnumHa OMOpPHOTO CUTHANY; &, 3,7 - KYTH MK OCSAMHU YyTJIMBOCTI 1 OOPHUM

BEeKTOpOoM (puc.5.12,a).
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KyToBa mBuakicte 06epTaHHs 3emMili € JOCUTh CIIA0KUM CUTHAJIOM 1 MOXeE
BUKOPHCTOBYBATHUCS JJIs KamiOpyBaHHs goporux i Bucokotounux bIHC, mpu mpomy
piBeHb IIyMy KYTOBOi IIBHJKOCTI NaT4WKa HWXK4YE, HIK OMOpHMMA curHai. s
kanmiopyBanas ripockomiB BIHC kmaciB cepemnpoi Ta HU3BKOT TOYHOCTI, SIKi
BkimovaroTh BIHC na 06a3i MEMC, HeoOxigHe KOHTpOJIbOBaHE OOEpTaHHS.

Sximio B moaeni (5.12) 3HeXTyBaTH IIyMOM IIEPETBOPIOBAYIB, B3SITH BICh X SIK
OTIOPHY, a KyTH HEOPTOTOHATBLHOCTI oceil Y 1 Z BiTHOCHO oci X B3SITH MaJUMH, TO

BHpa3 ( 5.12) MoxHa 3anucaTé HACTYITHUM YHHOM:

lay| | azy —Gaxx 15k |Laz || Paz

i (SR PRV ay’ lg7 - TOKa3u akceepoMeTpa o BIANOBIJHUM OCAM B BEKTOPHIH
popmi 15; anz - KyT HE OPTOTOHAJILHOCTI OCi Y; ‘9aZX’9azy - KyTH HE
OpPTOTOHAJIBHOCTI OCi Z.

[3 cucremMu piBHSIHb BUPAXKAEMO ICTHHHI 3HAYEHHS MMPUCKOPEHHS MO OCSIM

ay,d,,d, 1 BUKOPMCTOBYIOYM BHPa3 BBOJUMO KBaJpaTH4Hy (YHKIIiIO,AKa 3a/1a€

0OME>KEHHS MPU BUKOHAHHI 1IeHTU]IKAITIT:
F(Ig;) :a)%+a>2,+a§—\|g”2 =0,(5.15)
5= [Sax Say Saz DPax bay baz Oayz Gazy faxx T ,(5.16)
Heginomi mapameTpu 0O0UHCTIOIOTHCS METOJIOM HaAMMEHIITUX KBaJpaTiB JJIs
HeniHiiHOo1 QyHkuii (5.15). dns uporo y psia Teinopa noBuHHa OyTH pO3KIIaJeHa

bynakmis  (5.15), o0OMeXyouHuCh TMEPIIMMHU  TOXITHUMH  TapameTpiB 1

CIIOCTEPEKEHHSM. Y pe3yJbTaTi MU OTPUMYEMO:
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A-A+B-5+w=0,(5.17)

Wi F(lgin&)+B-(Ig-L;)(5.18)
A{n 4 (AT (BGl_lBT y 1y 1aT (BGl_lBT ) 1w, (5.19)
5{3n a° -G 18T (BG 18T ) Lw+ AA),(5.20)

ne A - MaTpuIll po3mMipom [nx m], sIKa CKJIQJIA€ThCs 3 TEPIINX MOX1THUX

(5.15) nmo mapameTtpam (5.16);
B - niaronaneHa Matpuis [Nx3N], sika CKIaIa€Thes 3 MEPIINX MOXiTHHX
10 KO’)KHOMY 3 TPBOX CTIOCTEPEIKCHb;

1 D
GI =E O'_ - MaTpus BaroBux KO€¢)1H1€HTIB, E - OJHHHUYHA MAaTpUILIAd;
0

O, 0 - CCpCAHBOKBAJIpaTHIHA IMOXHOKa JaT4HKa,

N- YUCIO CIOCTEPEKEHb( MOJOXKEHb AaT4yMKa); M- YHUCIO HEBIJOMHX
napameTpiB.
Jns nynboBoi itepanii : mapamerpu SF, i by - oriHOOTECS 32 MeTOOM

SPM;

Lo=lg-50=%0 200" "% -

A

[I{o6 anropuT™m mpalfoBaB HaJEKHUM YUHOM, HEOOXIJTHO, 100 KUIbKICTh

BUMIpPIOBaHb N OyJio OlIbIlIe, HIXK KIJIbKICTh HEBIIOMUX. Y 3B'SI3KYy 3 UM B pOOOTI
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naTydka Oyno 3MOJEIbOBAaHO 26 HE3AICKHUX BHUMIPIOBaHb, MICJIA KOXHOTO

BMHUKaHHS. JlesKi 3 MOXKIIMBUX TOJIOKEHb IMoKa3zaHi Ha ¢ir. 5.1.

Yo
e ey
}’/1 z..*"’f’

£

}.’

a o
Puc.7.1, a — OpienTaiist oceil faT4rKa BiIHOCHO IJIOMIMHU JOKAJIbHOI
cuctemu koopauHat; Puc.7.1, 6 — [puxnan opienranii BIHC ms kaniOpyBanHs

metogamu MPM 1 MMPM

Ileit MeTon He BuMarae crneriaibHoro BupiBHioBanHsa BIHC 3 nokansHumMu
ocamu CK, mo [03BoJjisie BHUKOPUCTOBYBATH HOro B M03a71a00paTOPHUX
BUNPOOYBAHHSIX JJII BUCOKOTOYHHUX MpuiiaaiB. sl 1HCTpYMEHTIB CEpeAHbOrO Ta
HU3BKOTO KJIACy TOYHICTh KaliOpyBaHHS aKCeJIEpOMETpa BUKOHYETHCS METOJIOM
MPM, a nng ripockona OOYMCTIOETHCA JIMINE 3MIIICHHS HYJIB HUISIXOM
YCepeHEeHHs MOKa3HUKIB Aatunka. MMPM BukopuctoByeTbcsi B poOOTI s

OLIIHKM HEBIJIOMUX MMapaMeTPiB.

B naniii po6oTi OyB peanizoBaHul CTATUYHUI AJITOPUTM MOJCITIOBAHHS JIsI
dbopMyBaHHS OI[IHOK ITapaMeTPiB MOJIEII1, 3M1IMCHEHUI €KCTIEPUMEHT 3 KalliOpyBaHHS
ripockona Ta akcenepomerpa it MEMC natuuka MPU-6050 Ta oTpumanmx

pe3yabTatiB. MoIe/IFOBaHHS Ta €EKCIIEPUMEHT MPOBOAMIM Mpu 00cs31 3pazka 4000.

Pe3ynbTaTi CTaTUCTUYHOTO MOJIEIIOBAHHS Y BUTJISAI 3HAYEHb TTapaMeTpiB

Ta 11X Bi)IHOCHI/IX CEPCAHBbOKBAAPATHYHHUX HOXI/I60K, a TaKOX 3Ha4YCHHA
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MOJIeJIbOBAaHUX 3HA4YEeHb MPEACTaBIICHI Ha puc. 7.2., AaHWil aiama3oH omiHoK SF

MPECTaBICHUM pa30oM 3 iX cepeHIM 3HAYEHHSM JIJIS IBOX 00CST1B BUOIPKH.

" ke o

L i
7000 1000 3000 5000

i

1000 3000 5000 7000 9000

OBbém paibopru OoneM BulBopKR
a 9]

Puc.7.2 3anexHicTh BIIHOCHOT CEPETHbOKBAAPATUYHOT MOXUOKHU OI[IHKU
MaciTabHoro koediiieHTa BiJl 00’eMy BUOIPKH : a — JJIs akceliepoMerpa, 0- st

ripockoria

B pe3ynabTaTi poboTH Oysiv BUBYEHI ICHYIOU1 MeTOAM KaniopyBanHs MEMC
JATYMKIB 3 TOYKH 30pYy 3aCTOCYBaHHS 1X Ha MpakTuili. Pe3ynbraT KamopyBaHHs (
mozaemoBanHsi) MEMC wmerogpom MMPM  103BOJSIOTH 3pOOMTH HACTYIHI

BHUCHOBKHM:

1. TToxubka OIIHOK MapameTpiB Mpu 3adaHiil KiIbKOCTI noioxenb bBIHC
CYTTEBO 3aJIEXUTh BiA 11X 1HPOPMATUBHOCTI , SKa IOB’S3aHA 3 HE3AJIECKHO

OTPUMYBAaHUMH JIAHUMU T10 BCIM TPHOM OCSIM.

2. TOYHICTb OI[IHKU TapaMETPIB 3aJI€KUTH BiJl 00’ €M BUOIPKH MTPU KOKHOMY
MOJIOKEHH1 JATYMKA, 10 TaKOX 30UIBIIY€ yac nmporeaypu. BecranosneHo, 1mo npu
o0’emax BuOipku Ounpme 7000 cyTTeBOro  30UIBLIEHHS TOYHOCTI  HE

CIIOCTEPITaETHCS.
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3. IIpu Manux o0’emax BUOIPKH OI[IHKK HapaMeTpiB € 3mimeHumu. [Ipu

301JIbIIIEHH] BUMIpPIB OI[IHKK CTAIOTh HE 3MIMICHUMH 1 iX JAMCIepCii 3MEHIIYIOThCS

nporopuiiiao B 1/+/N pa3 .

daiin 3arosoBka (header file), HaBeneHuit Hwkue, Oyae mpalroBaTH 3
mubpoBuMu natyukamu npuckopeHHss MPU6050, ski minkmioueHi 10 TUIaTH
Arduino yepe3 12C npotoxoin 3a anpecoro 0x68. Ilpane3gatHicTh nepeBipeHa Ha
miatax Arduino Uno 1 Arduino Mega. Jlanuii ¢aiin 3aronioBka Bumarae ¢aiin Wire.h
nepen aoxaBaHHsAM "gyro Accel.h". Kpim Toro, mepen BUKIMKOM BOYZOBaHHUX

¢bynkuiid, Tpeda popmatysaTtu mmHy [2Cc nonomororo komanau Wire.begin ();.
JlaHuii 3arojIOBKM BKJIIOYAE B c€0€ HACTYITHI [NI00aIbHI 3MIHHI:

int accel x_OC - MicTuTh BUMIpIOBaHHS MOJO0KCHHS aKCeIepoMeTpa Io10

OcC1 X TiJ] Yac KaiOpyBaHHs

int accel_y OC - MicTuTh BUMIpIOBaHHS IMOJOXKEHHS aKCeJIepoMeTpa o010

ocl y IpH KaniOpyBaHHS

int accel z OC - MicTuTh BUMIPIOBaHHS ITOJIOXKCHHS aKCEJIEpOMETpa 010

0C1 Z TIpu KaniOpyBaHHS
int gyro_x_OC - MicTuTb BUMIpIOBaHHS MOJOXKEHHS TPOCKOIIA MO0 OCi X
int gyro_y OC - MicTuTh BUMIPIOBaHHS MTOJIOKEHHSI TIPOCKOIIA 111010 OCi Y
int gyro_z_OC - MicTuTh BUMIpPIOBaHHS MOJI0KEHHS TipOCKOIa 010 0Ci Z

float temp_scalled - Mictute aOcositOTHE 3HAYEHHS TEMIIEPATypU B

rpanycax Ilenncis
float accel_x_scalled - nani oci x akcenepomerpa MiHyC JaHi KaaiOpyBaHHS

float accel_y_scalled - nani oci y akcenepomerpa MiHyC JaHi KajliOpyBaHHS
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float accel_z_scalled - nani oci z akcenepomerpa MiHyC AaHi KaliOpyBaHHs
float gyro_x_scalled - gani ripockomna oo oci X MiHyC JaHi KaiOpyBaHHs
float gyro_y scalled - gani ripockomna oo oci y MiHyc faHi KaniOpyBaHHs

float gyro_z_scalled - mani ripockomna o0 oci z MiHyC JaHi KaliOpyBaHHs

KaniGpyBanHsi ripockomna i akceiepoMerpa - Iie Qy’Ke BaKJIMBUH KPOK.

_n

Haeneni 3naueHHs 1714 TipocKora MaroTh BUTIAI: "gyro X scalled =", Tak sk miis
OTPUMaHHA KyTa MOBOPOTY LIOAO OCl 3a JaHUMHU KYTOBOI HIBUJKOCTI, HEOOXIJTHO
npoBecTH 1HTerpyBaHHs. fAkmio "gyro X scalled" micTuth momMuiky abo HEBIPHO
oOpana 0a3a, 111 TOMUIJIKA TAaKOK IHTETPYETHCS 1 IEPETBOPIOETHCS B 3HAYHY TOXHUOKY
B pe3ynbTari. Tak Mo B 171€aji BUMIPIOBAaHHS MOBHHHI MOKAa3yBaTH HYJIb, SKILIO
TipOCKOI HE PyXa€ThCSI HABKOJIO OYIb-SKUX ocell koopauHaT. Ha npaktuui gocsartu
1ieally MPaKTUYHO HEMOJKJIMBO, TaK IO HAIIE€ 3aBJaHHA - MIHIMI3YBaTH IO
noMuwiky. KpiM Toro, s KommeHcamii «ApipTy», MOXXHa BHUKOPHUCTOBYBATH
aKceJepoMeTp JUIsl pO3paxyHKy KyTa HaxWily, MOPIBHSHHS OTPUMAaHUX IaHHUX 3

pe3yabTaTaMu ripocKoria 1 HACTYITHOI KOMIIEHCAIIE€I0 JaHO01 MoXuOku. Po3paxyHok

KyTa OyJie pO3TISHYTO B 11 CTaTTI OKPEMO HIDKYE.

Ha pucynkax nani mokazano BukopuctanHs ¢yskiii MPU6050 OffsetCal

() 6e3nocepennno B mporpami B Arduino IDE.

Cketu Arduino jis xamiOpyBaHHS IUIaTH aKcelepoMeTpa / Tipockoma

MPUG6050:
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#include <W.

#include ce

// Defining constants

#define dt 20 // time dif ce in milli seconds

#¢define rad2degree 57.3 // Radian

#define Filter_gain 0.95 // e.g. angle = angle_: Filter_gain + angle_ accel*(1-Filter_gain

[] RERERRE AR AR AR H AR AR A IR I IR RAE R IR AI AR AR AR A IR IR IR A AR AR IR R AR
Global Variables

I R R T T T PP T T T ST

ed long t=0; // Time Variables
angle_x_gyro=0,angle_y_gyro=0,angle_z_gyro=0,angle_x_accel=0,angle_y_accel=0,angle_z_accel=0,angle_x=0,angle_y=0,angle
A L T R R R T T T

(115200);

MPU6 esetiWake();

MPU60S0_SetGains(0,1);// Setting the lows scale

MPU6050_SetDLPF(0); // Setting the DLPF to inf Bandwidth for calibration
MPU60S0_OffsetCal():

MPU6050_SetDLPF(6); / Setting the DLPF to lowest Bandwidth

Arduino Uno on COM3

Puc.7.3 Cxeru Arduino mis kamiOpyBaHHS TJIaTH aKkceaepoMeTpa /

ripockoria MPU6050;

Resetting MPU605S0 and waking it up.....

The gyro scale is set to 7.63 milli Degree/s

The accel scale is set to 1.20 milli m/s*2

Calibrating gyroscope .... dont move the hardware ..........
gyro_x register offset = -135

gyro_y register offect = 91

gyro_z register offset = -213

Calibrating accelrometer .... dont move the hardware ..........

Accel x register offset = 416
Accel_y register offect = -83
Accel_z register offset = 8538

Puc.7.4 Pe3ynbrar poOOTH CKETUy ISl KaniOpyBaHHS B CEpIAHOMY

MOHITOpI1

Po3paxyHok KyTa 3a 1onomoroto ripockorna mpu6050 :
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JlaHi 3 ripocKorna MarTh BUTJISIAL

_ @ hgyro
gyro_x_scalled = dth

ro vy scalled = 199)’”’
gyro_y_scallea dc’y

d .
gyro_z_scalled = Egéflwo

Hanmani  mu 6ynemo po3risiiaTd Bce Ha IMpUKIIal oci X. s po3paxyHKy

KyTa HEoOX1JJHO MPOIHTErpyBaTH 3MiHHY "gyro X_scalled"
Fety—tiprien={123..]

€ KUTBbKICTIO 1Tepaliii

Tak camo BapTO BIJ3HAYUTH, IO Ha KOXXHOMY YacCOBOMY

POMIXKKY LMKy 3HaueHHd "gyro x scalled" 3anuinaerscs ogHaKOBUM.

Jlnst peamizarii JUCKPETHOTO I1HTErpyBaHHs, OyJAeMO BUKOPHUCTOBYBATH
meron FEiinepa sk oauH 3 HalOLIbII MOMYJSPHUX aAIrOPUTMIB. MareMaTuyHO

1HTerpyBaHHs MeToioM Eiiiepa MokHa 3amucaT B TAaKUH CIOCIO:
877"’ (t,) = gyro_x_scalled * T + 68"° (t,_1)

Mu npumnyckaeMo, 010 TOYAaTKOBI KyTHM IIOAO OCEd X, y, Z TMicCid

kanmopysanHs piHi 0, 0 1 90 rpagyciB BIANOBIAHO, TaK 1O s iTepamii n = 0:
097 (t) = 07, 697 (t0) = 0°, 097" (t0) = 90°

3navenns T (4ac KOXHOI iTeparlii) 1 AWHAMiKa caMOTO Tipockoma (sK

HIBUKO 1 HACKUIBKM HEJIHIMHO 3MIHIOIOTHCS KyTH), 3HAYHUM YMHOM BILJIMBA€ Ha
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TOYHICTh PO3PAaXyHKIB. UM MOBUTHHIIIE 3MIHIOIOTHCS KYTH 1 YUM MEHIIIEC TIPOMIKOK
MIX 1TepalisiMi, TUM TOYHIIINM Oyzie pe3yapTaT. ¥ I[bOMY CEHCI KO, 0 MIaTu
Arduino 70CUTh MOBUIBHI, KPUCTANIN Y HUX MPAIIOIOTH 3 4acTOTO0 16 MI'IT 1 3HATTS
BuMipiB KoxkHiI 10-20 Mc cTae MOCUTH CKJIaAHHM (3 OTJISAAYy Ha TOW (hakT, 1m0
IPOIECOp 3aWHATHUN HE TUIBKH PO3paxyHKOM KyTa, aje 1 iHIIMMH MapajeTbHUMH
3aBJIaHHAMH). MU MOKEMO BUKOPHUCTOBYBATH T y BUTJISA1 3MiHHOT 200 KOHCTaHTH,
51, 0COOMCTO, BBAXKAIO 3a KpaIle BUKOPUCTOBYBATH KOHCTAHTY ISl KOKHOTO ITHKITY.
VY mpoekTi AMHaMiYHI YMHHUKKA HE BPaXxOBYBAJIMCS, MPOCTO BUKOPHCTOBYBAJACs

yacToTa iteparliit 3 pospusom B 20 mc (0.02 c).

[ToxuOka ripockona - «apudt» (drift)

n

Yepes HeineanbHe KamiOpyBaHHsA ripockomna, "gyro x scalled" Hikomu He
JIOPIBHIOE HYIIIO 13 yacoM "angle X gyro" 3MmiHIO€ CBOi 3HaUeHHs. J[J1s1 BUpIIIEHHS
JaHOi TpoOJIeMH, IPOBOAUTHCS PO3PAXYHOK KyTa 3a TOIIOMOTOI0 aKCelIepoMeTpa 1
OTpUMMaHI1 3HAYEHHS CPaBHUBIIOTCA 3 KyToM ripockomna. Tak sk mogyns MPU6050
PO3TAIlIOBY€ETHCS FOPU3OHTANIBHO, MPUCKOPEHHA 10 oci z 1g (TobTto, 9.81) sk 1e

MOKa3aHO Ha  PUCYHKY 5.5. MM MOXeMO BHKOPHUCTOBYBAaTHM L€ BEKTOP

MPUCKOPEHHS 1 HOTO MPOEKIIII0 Ha BICh Y JIJISl PO3PAXyHKY KyTa MK OCSIMHU X Ta Y.

'y

X

W

1g 1g
Y Y

Puc.7.5 IIpuckopenns mo oci z
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KyT, xnii po3paxoBy€eThCA 3a IOMMOMOTO0 aKCEIIEPOMETPA, PO3PAXOBYETHCS

3a 3QJIEKHICTIO:

5 accel x _scalled

goccet =i

\/a,ccely_scalledz + accel_z scalled?

accel_y_scalled

9;}"""1 =tan
\/a.ccel_x_scalledz + accel_z scalled?

OcHoBHUMMHU TIpo0JieMaMu TMPU BU3HAYEHHI KyTa HAXWUIy 3a JOIIOMOTOIO
aKcelepoMeTpa €: CHJIbHA 3alllyMJICHHOCTh CUTHAIY 1 Iy’K€ CHUJIbHA YYTIUBICTH J0
BiOpanii, 0e3 AKuX *O0JIeH MEXaH13M He npaitoe. bubi Toro, ecainpi nepeMiieHH1
MPU6050 y310Bk 0/iHI€T 3 OCelt KOOpJUHAT, OTPUMaH1 3HaYEHHS OYIyTh 3aBaXaTu
po3paxyHKy KyTa. Tak W0 JJig Kpalioro pe3ysbTraTy, KyTH 3 TIpocKoma 1

akcesiepoMeTpa 00'€THYIOThCS 3a I0MOMOI010 (hiJIbTpa:
6, = Filter_gain * 8”"° + (1 — Filter_gain) = 93¢
OcTaTo4HO piBHSHHS 71 BUBHAYCHHS KyTa HaXWITy HAa0yBa€ BUTIISTY:
677 (t,) = gyro_x_scalled * T + 0, (t,_1)

Ha pucynky 5.6 Hik4e HaBeJeHa IMIJIEMEHTAIlisI OTPUMAHUX 3aJIeKHOCTEN

B 000J10HI1 Arduino IDE
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D Gyro_header | Arduino 1.6.5 =i B

®aiin Mpaska dckus VncrpymenTst Momovus

00 BEHB

Gyro_header

Serial.print

Serial.println("\tLoad");

MPU6050_ReadData() ;

angle_x_gyro = (gyro_x scalled*((Z
angle_y gyro = (gyro_y_scalled*((Z
angle_z_gyro = (gyro_z_scalled*((f

t)dt/1000) +angle_x);
£)dt/1000) +angle_y);
t)dt/1000) +angle_z) ;

angle_z_accel = accel_z_scalled/(sqrt(accel_y scalled*accel_y_scalled+accel _x_scalled*accel x_scalled)))* (float)rad2degree;
angle_y_accel = (accel_y_scalled/(sqrt(accel_y_scalled*accel_y_scalled+accel_z_scalled*accel z_scalled)))*( rad2degree;
angle_x_accel = atan(accel_x_scalled/ (sqrt(accel_x_scalled*accel x_scalled+accel_z_scalled*accel z_scalled)))*({float)rad2degree;

angle_x = Filter_gain*angle x_gyro+(1-Filter_gain)*angle_x_accel;
angle_y = Filter gain*angle_y gyro+(1-Filter_gain)*angle_y_accel;
angle_z = Filter_gain*angle_z_gyro+(1-Filter_gain)*angle_z_accel;

(gyro_x_scalled);
(e
(gvro_y_scalled);
o 2
yro_z_scalled);
S H

Arduino Uno on COMZ

Puc.7.6 Ocratounuii po3paxyHOK KyTa HaXwiy 1 miaoip KoegilieHTiB

MOCUJICHHS JIJIs1 PLIbTpa

PesynbraTy 3HIMamucs JUIs Pi3HUX MapameTpiB KOe)IIiEHTIB MOCUICHHS
¢b1apTpa 1 MpUBEAEH]I Ha MaIIOHKaX 1o nopsaaky. KoediuieHt nocuiieHHs 1 o3Hauae,
0 (aKTUYHO WAYTh BUMIPIOBAHHS TUIBKHU 3 Tipockomna. MojkHa MOMITUTH, IO B
KiHIl angle X 1 angle y BiAXUISIOTHCS BiJl 3HAYEHB, PO3PAXOBAHUX 32 JOIIOMOTOIO

3HAYCHb 3 AKCEJIIEPOMETpA.
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Filter_gain=0.0

100 T T T T T T T
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/ 'l angle_x
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Filter_gain =0.95

100 T T T T i T
y \\,!I| angle_x_gyro
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Filter_gain=1.0
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Puc.7.7 Pe3ynpTaT KamiOpyBaHHSA IJIaTH aKceJIepoMeTpa / TipocKomna

MPU6050 3 pizaum koediienTom miacuieHus ¢iunprpa: a) 0; 6) 0.5; 8) 0.95; 1) 1 ;

Y MoeMy BuUMNAaAKy, IS TOMAJIBIIOTO TMPOEKTY BHKOPHCTOBYBABCS
koedimienT nocwieHHs 0.95. 3anmexHo BiA AWMHAMIKA CHCTEMH, MOXKHa MHOTO
MiBUIIYBATH, aje HE 70 1, Tak AK 3HAYCHHS OYIyTh CWJIBHO BIIXHJIATHCS BiT

ICTUHHUX.

bazyrounck Ha NPONMOHOBAHMX METOJAWKaX B pPoOOTI Oymu po3poleHi

QITOPUTMH TIEpe]] MOTLOTHOTO KaTiOpyBaHHS JATYUKIB KYTOBOI IMIBUIKOCTI.

[Ipouec kamOpyBaHHs — 1€ HacCTynHUM miarotropunid eran podot ICKB. ¥V
O0araTbOX  JOCIIDKEHHSX  MPONOHYeThCs  KamiOpyBath  gatuukud  BIHC,
BUKOPHCTOBYIOUM aJITOPUTMU KaJIMaHOBCKOW (iabTparlii, mo 0a3yloThcs Ha
MaTEeMaTUYHUX MOJIEIISIX MOXHUOOK 1HEPIHMATIbHUX BUMIPHUKIB 200 HA MaTeMAaTUYHIN

MOJIe1 BCi€l 1HEpIianbHOI-CyyTHUKOBOI HaBiramiiHoi cuctemu (ICHC).
VY3aranpHeHe piBHSAHHA cTaHy noxnOok BuMiproBanHs [CHC mae Burisz:

V. =0,

icHe, k icue, k

ViCHc, k-1 +

icHC

d _ (Diuc,k 0 .
Ac icnc, k T 0 00 — B1AOMa MaTpunsd CUCTCMH, IO C(i)OpMOBaHa

cHc, K

Ha OCHOBI Matpuilb @iy, Dy MOJETEH KOPETHOBAHUX CKJIAJOBHX MOXUOOK

1HepIliadbHOI Ta CYITyTHUKOBOT HABITAI[IHHUX CUCTEM;

giHc, k

Sienck = Z — BEKTOP rayCiBChKHX IIYMIB 3 MaTpHIleIo aucrepcii Q
cHC, K

icHe, k

K1 OTPMMaH1 3 OUTOIIYMHUX CKJIaJI0BUX MOXUOOK JBOX HABITALIITHUX CUCTEM.

74




PiBHSIHHS 1J19 OIIIHKHU VCHC « 3 YpaxyBaHHSIM MEBHUX JIOMYIIIEHb BUXOATh 13

3araJlbHUX PIBHSHb ONTHUMAJIbHOI (PUIBTpAIlil 1 MAIOTh BUTJISI:

V' V'CHc klk—1 + KQ) k (chc, k ZiCHc, k )’

icHe, k =V
Z]CHC k — G (ch k mc, kViHC7 k|k—1) + MCHC kVCHC K[k — 1’

Il
O
31

31

kVn|n k-11

Vsiin, k k-1 = O, k Viiin, k-1 Vairi, k k-1 = Osifi, k Vain, k15 Vi, k k-1 i

T T 1.
Ko,k =Pik-1Hk (HiPi—aHi + Ny ) 5

A

Prk-1 = Ossani k P 10 Stk + Qi k

P = Pk|k—1_ Ko, kHkPkk-1:

Hy = [G(Z3|n =1 sk Vain )+ ai ok Vi k

8V3n|n k wcic , k =Vacic ,k|k—1’

ne Zgi, Zi — BexkTopu crocrepexkers 3 BuxoniB CHC i IHC; G — Bimoma
matpuils BekropHoi ¢yHkiii G(X), mo 3B's3ye pamioHaBiramiiHi mapamerpu
CUTHAJIOBI 3 OIIHIOBAaHUM BEKTOPOM CTaHy Xk; Mz, M — BiIOM1 MaTpulll 3aBajl

nporecy cnocrepexerb Ha Buxomax CHC i THC; Zs— OIliHKA BEKTOPOBI

~

CIIOCTEPEKEHHS; Vi , Vs Vi — MOMWIIKA OLIHIOBAHHA INOXMOOK KOMILIEKCHOI

cucrtemH, a Takox noxudok IHC 1 CHC; Vicﬂc,km_l 1 Pgk-1 — BIAMOBIIHO NOMMJIKH
ominroBauHs moxuobok IHC 1 CHC i koBapianiiina matpuiist P 1 MoMeHTOBI K, siki
pO3paxoBaHi Ha OCHOBI K BUMipIoBaHb y momepeani momentu roguau K —1, kK —2; H

— MaTpHIl BUMIPIOBAHb JJII BEKTOpa criocTepeskeHHs; N — kopemnsiiiiiHa MaTpuIls.

[IpupoaHo, 1m0 MOAENL MaTPHUIll MOXHOOK CHUCTEMH MICTUTh CKJIQJIOBI
npeiidis iHepiianbHOro Moyt MEMS-natuukis, Tomy GinsTp Kanmmana BupoOisie

ONTUMAJIbHY OIL[IHKY CUCTEMATUYHOT CKJIaJ0OBO1 MOTPIIIHOCTI WX AATYUKIB 3 TOUKH
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30py MIiHIMyMy TIOMHJIKH OIIHIOBaHHS. Pe3yiapTaTH MOJACIIOBAHHS MPOIIECIB
KaaiOpyBaHHs akcelepoMerpa (moxuOka omiHoBaHHS A(Aaz)) 1 JaTYMKH KYTOBOI
mBHIKOCTI (moxuOka omiHoBaHHAA(Aeps1)) 3 BUKOPUCTAHHSAM KaJMaHIBCHKOT

dbinpTparii HaBeAeHi Ha puc. 7.8.

6 Error of Estimation for A(Aa,)
x 10 3
A(Aay)
A A L
0 50 100 150 200 250 300 350 400 450 500
a)
-7 Error of Estimation for A(Aeps.)
x 10 1
A(Aeps
AN M\/ (Aeps,) il
\MJ\ //\’\UWW
‘ L L L L
0 50 100 150 200 250 300 350 400 450 500

Puc.7.8 a),0) - pe3ynbTaT MOJEIIOBaHHS MPOIIECIB KaliOpyBaHHS

TpuBamicTs Takoi nmporeaypu KaaiopyBaHHS JOCUTh BEJIUKA M CKJIa/Ia€ 1eCh
nopsiikoBl 10 xB. ToMy NpoOmOHYeThCS MepecTapTOBE KalmiOpyBaHHS NAaTYMKIB
kyToBoi mBuakocTi ICKB 3 kpeny i Tanraxxy (OCHOBHI JpKepenia MOXHUOOK YUCIISHHS
KyTOBOI Opl€HTAaIli) 371MCHIOBATH MPU BUCTABIICHIM CHUCTEMI, BUKOPHUCTOBYIOUYH
iH(popMaIio nMpo MOMUIKA (HOPMYBaHHS 1HTErpajbHOI KOPEKIIi, 30Kpema, IMpo
noMwiku anroputmiB unciaeHHs: B [CKB ckitamoBux mBUAKOCTI MOJBOTY (Ha eTarti

MePeICTApTOBOTO KaIiOpyBaHHS 111 CKJIAJIOB1 JJOPIBHIOIOTH HYJIIO).

Cnpomiennii kouTyp kaniopysanus JIKII npencraBnenuit Ha puc.7.9.
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Puc.7.9 Cnpomennii koHTyp kaniopyBanns JIKII

dopMyrouu IpH KajaiOpyBaHHI JOJAATKOBUN KOHTYP KOPEKIIii 3 JIAHIFOraMu

IIBUIKICHOTO 3BOPOTHOIO 3B'SI3KYy, SIKMWM 3a0€3MeunTh 3MEHILIEHHA NEpioay 3

OJIHOYACHUM JeMI(ipyBaHHA INIYJIEPOBCHKMX KOJUBaHb (HA e€Taml TaKoro

KaJIIOpYBaHHS TOBOJUTHCS KEPTBYBATH 1HBAPIAHTHICTIO CUCTEMHU IO BITHOIICHHIO

70 yaapiB 1 BiOpaliii), Mo>kHa 3a koedillieHTaMy MIACUJICHHS B LUX JIAHIFOrax

CYJIUTH MPO 3HAUYCHHS CUCTEMAaTHUYHHM CKJIag0BUX norpimHocteit MEMS-natunkis

KyTOBOI IIBUAKOCTI. Y JaHII A0JaTKOBOI'O KOHTYPOBI IHTETpaibHOI KOPEKIIil, SIKU

YBOJMTHCS B KOJIO POPMYBAHHS MTPOEKITiH BEKTOpa a0COIIOTHOT KYTOBOT IIBUAKOCTI

Ha OCl 3B'SI3aHOI CHCTEMH KOOpJMHAT HEOOXITHO BpaxyBaTH MPOEKIli KyTOBOi

HIBUIKOCTI 00epTaHHs 3emill, TOOTO BBaXKaTH 10

Wy = - :
Y2 YA T YNHE

Oy =@ - ;
%A *NHE
w; = -0 :
7 'IA  PNHE
e , @ ) — mpoekii KyroBoi mBuakocTl JIA BigHOCHO
Yia’ na’ “Za P Y

1HepIiaTpHOTO MPOCTOpoBl Ha oci 3B's3aHoi CK, ski Ha erami KaniOpyBaHHS
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JIOPIBHIOIOTH BEIMUYMHI CUCTEMATHYHOTO Apei(OBi BIAMOBIAHOTO JaTYUKa KyTOBOT

IIBUIKOCTI;

0, , @ , (W7 — TpoeKiii KyToBOi HIBUIKOCTI HaBIramiiHOTO
*NHE' YNHE ' “NHE

TPUTPaHHUKA BITHOCHO 1HEPIIaIbHOTO MPOCTOPOBi Ha oci 3B'13aH01 CK, siki Ha eTari

KaJmiOpyBaHHS BpPaXxOBYIOTh TUIBKM MPOEKIIli KyTOBOT IIBUAKOCTI 00epTaHHA 3eMIIi

Q=L 008B; Q, =Q,sinB; Q =0
o _
*NHE N
w =BT|Q
YNHE H
Q
1)
“NpE] B F
ne B — reorpadiuna mupotra Touku ctapty bIUIA; B — wmarpuns

HAIpaBJISIOYUX KOCHMHYCIB MIXK OCSMH 3B'SI3aHOT0 M OCAMM HaBITaIllifHOTO

TPUTPAHHUKA.

TpuBanicTb MPOMOHOBAHOI MPOLIEAYPH KallOpyBaHHS 3HAYHO MEHILE W
CKJIaJla€ necATku cekyH . KamiopyBaHHS a3uMyTaIbHOIO TPOCKOIa MPU HAsIBHOCTI
B ckiaai ICKB marnitomerpa MOKHA 31HCHIOBATH i B MOJBOTI 3a iH(popMariiero

PO HEB’S3KY YHCIICHHUX 1 BUMIPIOBAHUX 3HAYEHB IIBUIKOCTEH 3MIHU KYpCY.

AHanizylouu NMPONOHOBAHMM crnoci0 KaliOpyBaHHS, MOKHA y3arajbHUTH,
0 KamiOpyBaHHS 3IIHCHIOETHCS 3a alTOPUTMAMU AHAJIOTIYHUMHU aJrOpUTMaM
pobouoro pexkumy ICKB, BukopucTroByrouH iH(oOpMaIli€o HE Mpo 3alryMmiIeHi
CUTHAJIM 1HEepUiaJbHUX BUMIpHUKIB, a iHpopmariito ICKB no kyrax opieHTanii ta
PO 3HAYCHHS ITIBHIYHOI 1 CXIJHOI CKJIaAOBOI JIHIWHOI IMIBHAKOCTI, SKI € TpH

KanopyBaHHi nmoxuOkamu cucremu. BucraBka 1 kamoOpyBanHs ICKB BIUIA Bin
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amapatypy CTapTOBOI KaTamyldbTH 3HAYHO MPUCKOPIOE W MOKPAIy€ TOYHICTH ITUX

poLeayp.

JIist  TiATBEPIKEHHS IHOTO 1HXKEHEPHOTO aHajiizy OyJio MpOBEIEHO
MaTeMaTUYHE MOJICTIOBaHHS PO3POOJICHUX aJITOPUTMIB.

Pesynbrat mochimkens pobounx pexumiB ICKB (TounicTh yuciIeHHS
nmapaMeTpiB KyTOBOi Opi€HTallli, 30KpeMa KyTa TaHraxka) IiCJisi TpOBEACHHS
IpoLEIypU MEepPeCTapTOBOrO KajdiOpyBaHHS NAaTYMKIB KyTOBOI IIBHUIKOCTI y
MOpIBHAHHI 3 HE BiAKamiOpoBaHMMHU JaTuvkamMu HaBefeHi Ha puc. 5.10. Ilpu
JOCITIJIKEHHSAX BUKOpUCTOBYBasiach Mojieib ICKB, Moiens cymmyTHUKOBOI CUCTEMH
HaBiraiii, sSIK erajoHa, ajic¢ BUKPUBJIEHAa O1TMM IIYMOM HaBiramiiiHa cucrema u
MOJIeNIb CXEMH, IO peajizye Mpoleaypy IMepeiacTapToBoro kaniopysanss. [lpu
MOJICJIIOBAaHHI HE CTabUIBHOTO BEKTOpa CUCTEMAaTUYHUX MOXUOOK Moyt IMMJ]

BUKOPHCTOBYBABCS OLIOMIYMHUN (HOpMyrOUHii PiiabTp.

&, rpag,

L ki -l = e Yot il YT T i

s |/ NG
Be: KamidpyBaHH
ol SN

R I Ny - Ilicnd npoBeleHHA MepecTapToBOTo KamGpyBaHHA ©

u + + u u u y t u u y +
200 400 E00 s00 1 000 1200 1400 1 600 1 800 2000 2200 1, cek

Puc.7.10 PesynpTaT gociimkens 0e3 KaaiOpyBaHHS 1 MiCIs TPOBEICHHS

MIPEICTapTOBOTO KaTiOpyBaHHS

Pe3ynbraT MOJENIOBaHHS CBig4aTh MPO CYTTEBE 3MEHIICHHS IMOXHOKH
YUCJICHHS TMMapaMeTpiB KYTOBOI Opi€HTAIli TICAS TMPOBEACHHS NPOLETypU

MePeICTApTOBOTO KaJTiOpyBaHHS.
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Ananmiz noxubok MEMC partumka KyTOBOi IIBHUIKOCTI TOKa3ye, IO
KBa3iCcTallioOHapHa CKJIajoBa Apeidy maTdrka 3 4acoM 3MIHIOETHCS, IO CYTTEBO
BIUIMBA€ Ha TOXHOKHW BHUMIPIOBAHHS KYyTOBOI OpI€HTaIllli, TOMY TUIbKH OJIHOTO
MEePEJCTapTOBOTO KaliOpyBaHHS HEIOCTaTHBO I 3a0€3MEUeHHS NPUWHATHHX
TOYHICHUX XapaKTEepPUCTUK BHUMIpHUKA. BuUHMKae IOIIIBHICTh 3A1HCHIOBATU
nepioguyHe abo OesrnepepBHE MoiaboTHE KaniopyBanHs MMJIKII Ta kopekitito

I'BB 3a indopmariiero mpo oIiHEeH1 3HaYeHHsI TapaMeTpiB KyTOBOI Opl€HTAaIII].
OmiHeHi 3HAYeHHS KyTOBOI MIBHIKOCTI My, ®7 MOXHa OTpUMATH 3
HACTYITHUX PiBHSHB!
Oy =7+ \ysinY;

&, =9cosy —ycosIsing,

ne v, § - OIiHeHi 3HAYCHHS KyTiB KPEHY Ta TAaHTaxa; 7, é — IIBUAKICTh
3MIHM TapaMeTpiB KyTOBOI OpieHTalli, sika (OPMYETHCA NUIAXOM 3BHUYANHOTO
mudepenmioBantsa.  [Hdopmariiss mpo y Moxke Oytu oTpumana Big MEMC
MarHiTOMeTpa, SKUM 3a3Bu4ail BUKOpUCTOBYeThcs Ha bBIIJIA sk BuUMIpHHK

MarHiTHOTO KypcCy.

OuiHeHl 3HA4YeHHS KYyTOBOI IIBHJKOCTI MOXHA TaKOX OTpUMATU 31

CIPOLIEHUX PIBHSHB:
Ox =7,
&, ~ 9cos?.

Tyr BpaxoByeTbCs, IO MNpPU IEBHUX YCTAJEHUX 3HAYEHHSIX KYTOBOI

IIBUIKOCTI PO3BOPOTY \y CX€Ma KOMIIEHCAI[ll BUMUKAETHCSI.
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3a OIIHEHWMH 3HAYEHHSMH KYTOBOI IIBHIKOCTI Ta 3HAYEHHSMH KyTOBOI
MBHAKOCTI, Mo HagxodaTh Big MMJIKII, oO4YHMCIIOIOTECS HOTOYHI 3HAYCHHS
npeidy Hyns JaTydka 3a BIJATMOBIIHOIO BICCIO, SKI Y W BHUKOPHUCTOBYIOTBHCS JIJIs

oJILOTHOTO KaniopyBanus MM JIKIII.

Jna 3aificaenHs kopekuii [’ BB BUKOpUCTOBY€eTbCs pi3HUII MK TOTOYHUMHU

3HAYCHHSIMH MMapaMeTPiB KyTOBOI Opi€HTAIlli Ta TX OLlIHKaMH.

UuraHHA JaTyuKa YCKIATHIOETHCS HASBHICTIO CHJIBHOTO IIyMY BCIX
koMrioHeHTIB MEMS natumka. I'padix obGuucneHoro 3HaueHHs apeiihy MEMS

JATYUKIB ITOKa3aHui Ha puc. 7.11.

TChart
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0015
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0054
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a a0 100 150 200 250 300 350 400 450

Puc.7.11. I'padix oGuucienoro 3HaueHus apeiiby MEMS natuunkin

JIist OIIHKHM CepeHhOTO0 3HAUEHHS BHUMIPIOBAHOT Ha OCHOBI BapTOCTI
MIIX0/11 3a4yMJICHOT'O CHUTHAJTy TOJISTaE B O0YMCIICHHI CEPEeTHHOTO 3HAYSHHS 3pa3Ka
Ta CTaHJapTHE BIAXWIEHHS (CTaHAApTHE BIAXWUJIEHHS) PO3CIIOBaHHS 3HAYEHb

BUIMAJKOBOI BEJIMUMHH BITHOCHO 11 OUIKYBaHb.

CranmapTHe BIAXUIIEHHS BUKOPUCTOBYETHCS JIJISl PO3PAXYHKY CTaHIAPTHOI

NOMWJIKM CEPEIHBOr0 apu(METUYHOTO, MOOYyJ0Ba JOBIPYMX IHTEPBAIIB IS
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CTAaTUCTUYHOTO TECTYyBaHHS TINOTE3, BUMIPIOBAHHS JIHIAHOI 3aJE€KHOCTI MIXK

BUITAAKOBHMMH BCINYMNHAMU.

CranaapTHE BIIXUJICHHS:

CraHmapTHE BIIXWICHHS (CTaHIApPTHE BiIXWJICHHS BUITQKOBOI BEIIMYUHU
X 10 BIAHOIICHHIO JO HOTO OYIKYBaHHSIM Ha OCHOBI 00'€KTHBHOI OINIHKH MOTO

JucIepcii)

ne 2 - TUCTIepCis;
Xi-! eJleMeHT BUOIpKH,
N-po3Mip BUOIPKHU;
X -cepenne apupMeTnune BUGIpKY:

_1n 1
X==23 Xi=—(X +...4+ Xp).
ni§1I n(1 n)

Po3mip BubOipkoBoi cykynHocTi nopiBHIOE 100. Pe3ynbTaTu 3anucyroThes y
daiin manux 1 o0poOmstoThesa. Po3paxyHkoBe cepenHe apudmeTudHe BUOIPKHU 1

CTaHJapTHE BiaxuieHHs. I[licmsg 1bOro MacuB JaHMX BIANOBIAAE TEpe3arucy
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BUIIAAKOBUX JaHUX TIIPO BUKUIAW B HAJIMIIKY , 3aMIHIOEThCA Ha CCPCOHE

apuMeTHIHE BUOIPKH.

®parMeHT KOy, SIKHA pealli3y€ OIHKY CEepeaHhOTO 3HAYCHHS, BHOIPKH

[MOKAa3aHWil 1aii

floatget_value(float *a,floatb_v);

floatget_value(float

*a,floatbasic_value)
{
float sum=0,sum_2=0;
floatsko;
floatbv_I,bv r;
chari;
//[Find simple mean
for (i=0;i<C;++i)
{

sum += a[i];

YIfor
sum /= C;//sum = sum/C;

for (i=0;i<C;++i)
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{

sum_2 += (a[i] - sum)*(a[i] - sum);

YIfor

sko = sqgrt(sum_2/(C));
bv_I = basic_value - sko;
bv_r = basic_value + sko;
sum = 0;

/[Filter array

for (i=0;i<C;++i)

{
if (a[i] <bv_l)
afi] = bv_I;

if (a[i] >bv_r)
a[i] =bv_r;
//Find si,ple mean
sum += a[i];

Yifor
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The formation
of array of x;

k+1

The formation
of array of z

N
Il
S|k

X

I M=
N
x~

End

Puc. 7.12 CTpyKkTypHa cXxema aJlrOpUTMY OILIIHIOBAaHHS CEPEIHBOTO 3HAYCHHS

npeiidy Hys.
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JocaigkeHHsI TPONMOHOBAHUX AJITOPUTMIB KAJTiOPyBaAHHA

Po3nin 8

Pesynbpratu pociikeHb cXeM KOMIeHcalii 3 JUHAMIYHUM  (UIBTPOM

TPETHOTO MOPAIKY 1 OHOYACHOT POOOTH cXeM KamiOpyBaHHS 1 KOPEKIIii MOJIbOTY

UTIOCTPYIOThCS Ha puc. 8.1.

[Ticyst 3aBepiIeHHS EPEXiAHUX MPOIIECIB Y CXeMax KOMILIEKCOYTBOPEHHS Ta

KamOpyBaHHs (1led Yac TOJOBHUM YHWHOM BH3HAYAETHCA YacOM 3015KHOCTI

anroput™MiB QinbTparii), 'BB nepexoauts y pobounii pexxum, MOKa3ylouud TapHi

(G1IBTPYIOUl BIACTUBOCTI 1 IPUUHATHY TOUYHICTh BUMIPIOBAHHS MAPaMETPIB KYTOBOT

opieHTarlii. 30kpemMa, TOUHICTh KajaiOpoBaHoro I'BB He MeHIe TOYHOCTI OIlIHKH

napameTpiB KyTOBOI Opi€HTAIIli.

TChart
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Puc. 8.1 Pe3ynpTaTu A0CHiKEHb AJITOPUTMIB TIOJTLOTHOTO KamiOpyBaHHS

Ta KOPEKIIii

Kagheopa AKIK

HAY 20 15 01 000 113

Jlamuux kymoeoi opienmayii
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BukoHaB PsekiH M.O.
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Jlns BUBYEHHS AWHaAMIYHUX XapakTepuctuk MMI'B mpu monentoBanH1
yTBOPIOBAJacs iieaibHa KyTOBa IIBUAKICTH 1 BIAMOBIIHUHN 17€albHUN HapaMeTp

KyTOBOI Opi€HTAIlli KyTa, SIKWI MOPIBHIOBABCA 3 BUMIPIOBAHUMHU MapaMeTPaMHU.

Pe3ynbTaTi MOjeIOBaHHS, MPOLTIOCTPOBAHI Ha pUc. 8.2, BKa3yIOTh I[IJIKOM

NPUNHATHI AMHAMIYHI XapaKTepUCTHKHU 3ampornonoBaHoi MMI'B.

T T T T T T T T T T
i il 40 i a0 100 120 140 160 160 20 il 240 260 260 300

Puc. 8.2. Pe3ynbpTaTi AOCTIIKEHb TUHAMIYHUX XapaKTEPUCTUK

MMI'B

Anani3 Buxiguux curHaigiB MMA Ta i"TterpoBaHoro curHaary MMAVS
BKa3ye, 110 MOMUJIKU B iX BUMIpaxX 3HaXOAATHCS B PI3HUX Jlana3zoHax 4acToT. Tomy
METOJI B3a€EMHOI KOMIIGHCAIll 1J€aJbHO MIAXOAUTH MJIA BUPIIMICHHS MPOOIeMU
IHTerpaIii mux JaTYuKiB.

Pe3ynbTaTu 1OCHIIKEHHS IHTETPOBAaHUX T1pOBEpTUKajEH, TOOyJ0BaHUX Ha

OCHOB1 KOMIICHCAIIIMHUX CXeM 3 (UIBTPOM TPETHOTO TOPSAKY 3 OJHOYACHUM

87




(GYHKIIIOHYBaHHSAM CXeM KaJiOpyBaHHS 1 KOPEKIIii, MOKa3ylTh Xopolli (iabTpyroui
BJIACTMBOCTI 1 MPUHHATHY TOUYHICTh BUMIPIOBAHHS MapaMeTpiB KyTOBOI Opi€HTAIll.
Amnani3 pe3ynbTaTiB MOJENIOBAHHS IIOKa3ye€ MPUHIMIIOBY MOKJIHBICTh

HEJIOBTOTO TOJIBOTY 3 aBTOHOMHOT0O MMI'B micis po6oTn mepeMukava KOPEeKItii.
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PO3A1JI 9.
OXOPOHA ITPAIII
B mummomHOMY TIpOEKTI po3risimaeTbes moOyaoBa CUCTEMH IIIABUILIEHHSI
TOYHOCTI 3HIMAHHA JAaHUX 3 MIKpOEJIEKTpOMeXaHIuHoro ripockoma. Ha cranii
MIPOCKTYBaHHS € HEOOXITHUM po3po0Ka aaropuTMIiB Ta  (YHKI[IOHAJIBHUX CXEM
cUCTeMH, 1110 noTpedye BukopuctanHsi EOM. Otxe, cy0'eKTOM TUILLIOMHOTO MPOCKTY € iH-
’KEHep mporpamict 1aboparopii, 10 3aiiMaEThCsI POSKTYBAHHSIM JaHOI CHCTEMH.

Jlo po6otu 3 EOM nomyckaroTbcest MpaiiBHUKY, 110 HE MAIOTh METUYHHUX MPOTH-
MOKa3aHb, MPONIUIA BYACHO MEPIOAUYHUA MEIUYHUN OIS, IHCTPYKTaX 1 HaBYAHHS
IpaBUiIaM TEXHIKU O€3MEKH 1 BAPOOHUYOI CaHITapli.

OCHOBHUM MicIieM poOOTH 1HXKE€HEpa MporpamicTa € KOHCTPYKTOpPChKa jlabopa-
TOPIsl aBlalIHHOTO MIJIPUEMCTBA YA HAYKOBO-AOCIITHOTO IHCTUTYTY.

9.1. Onuc podouoro micus cy6’exra 11

Jlist naGopaTopii BuOpaHe MpUMIIIEHHS 3 HACTYITHUMHA FT€OMETPUYHUMU TTapame-
TpaMu: IUpUHA — 4M, JOBXKHUHA — 6.5M, muioma — 26 M?, BUCOTA CTEJi — 3 M. byniens Ta
NPUMILIEHHS! cOpyKeHH] 3rigHo 3 BuMmoramu JIbH 2.09.04-87 “AnminicTpaThBHI Ta
nooOyToBi OyaiBimi”. [Tpumitenns nadoparopii o0gaHaHE YOTHPMA POOOYUMH MICISIMU
JUTsL 1THKeHepiB rporpamicTiB. O0'eM BUpOOHUYOro NPUMIILIEHHS HA OJIHOTO MpalliBHUKA
ckiaanae 19,5 m®, mioma npumimeHns — 6.5 M? 3 ypaxyBaHHAM MaKCUMAJILHOTO YKCIIa

MpaIliBHUKIB B OHY 3MiHy. [Iman poGodoro mpumitieHHs 300pakeHnii Ha pucyHky 9.1.

Kageopa AKIK HAY 20 15 01 000 IT3

Buxonana | Psasxin M.O. Jlamuux KYmoeoi opienmayii Jlimepa | Apxyw Aprxywie
Ilepesipus | Dinawuxin M.K. | |

Koncyas-m  |Kosnimin O.0. MIHIAMIOPHUX Oe3NITOMHUX

H.xoumpon. | Tyniyun M.D. TIMANBbHUX 204M ] 5]
Ilputinses Cuncenazoe BM.
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Pucynox 9.1 - Iiman po6o4yoro npumitieHHs

1-4-Po6oui Miciisi, S-CBITUIILHUKY,6-TIPOTUIIONKEKHI TATYMKH, 7-11ada, 8-BOrHEraCHUK

OcHoOBHUI BUPOOHUYMI TIPOLIEC MOJIATAE B PO3POOIIl AJITOPUTMIB, TEXHIYHOI J10-
KyMEHTallll Ta HalMCaHHI MPOrpaMHOro 3a0e3MeUYeHHs, 1110 NOTpeOye BUKOPUCTAHHS
EOM.

B npuminienHi po3ramoBani 4oTupu pobouux micis. Bei Bonu obnagnani [1K 3
PIAKOKPUCTATIYHUMHU MOHITOpaMU, HMpHUEIHAHI 10 JIOKajdbHOI Mepexi. Ha crom monmat-
KOBO BCTaHOBJIEH1 TeneoH, npuHTep. OCBITICHHS MPUMILLEHHS 31HCHIOETHCS 3a JOTIO-
MOTOIO JIFOMIHECIICHTHUX JIaMTI, SIKi He 3a0€31e4yI0Th HAJIEXKHY SIKICTh OTBITIICHHS

PoGoTa iHxxeHepa mporpamicta MoB’si3aHa 3 3HAYHUM 30POBUM HaBaHTAXKCHHS,
1110 BUMarae 3a0e3MeyeHHs HaJe)KHOTO OCBITIICHHS; TIOB si3aHa 3 BUKOpUCTaHHSIM EOM,
10 € JHKEPETIOM MIABUIIICHOTO PIBHS IITyMy Ha poOOYOMY MICIIi, TAKOX JDKEPEIIOM Hei-
OHI3YIOUMX €JIEKTPOMArHiTHUX MOJIB Ta BUIPOMIHIOBaHb. Tpya0Ba AiSIBHICTh MpOrpa-
MiCTa MOB’si3aHa 3 MOCTIHUM TiepeOyBaHHSM MPalliBHUKIB B IPUMIIICHH], TOMY JJIs1 KO-
M(}OPTHUX YMOB Mpalil HEOOXIJTHO CTBOPUTH HAJIEKHUN MIKPOKIIMAT B JabopaTopii.
[Ipans 1HXKeHepa mporpamicra € Hapy>KeHO0, TaK SIK BUMArae pillleHHs CKIIaHUX 3a-
BJIaHb, TPUBAJIOTO CIIOCTEPEKECHHS 3a BIJICOTEpMIHAIAMH, TAKOXK MPAI[IBHUK HECE BIAMO-

BIJIAJIbHICTD 32 (PYHKI[IOHAJIbHY SIKICTh OCHOBHOI POOOTH.
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9.2. llepenik mKigTUBUX Ta He0e3MeYHUX BUPOOHUYUX YNHHUKIB.
[Ix1a11B1 BUpOOHWUY1 YNHHUKH, 110 J1IOTH HA MpaIliBHUKA KOMIT IOTEPHOI J1a00-
patopii:
HenocratHiii piBeHb HITYYHOTO OCBITJICHHS
MikpoxkimMar
[TigBumIeHNii piBEHB MIyMY Ha pOOOYOMY MICIIi.

Heionizyroui enekTpoMarHiTHi MoJisl 1 BUPOMIHIOBaHHS

o &~ W npoE

Hanpy:xenictsb mparii

9.3 AHaJni3 WKiAIMBUX Ta HeOe3MeYHUX BUPOOHMYMX YHHHHUKIB
HenocrartHiil piBeHb IITYYHOTO OCBITIIEHHS. OCBITIEHHA HAa POOOYOMY MicCIIi

porpamicTta MOBUHHO OYTH TakuM, 1100 MpAIiBHUK MIT 0€3 HApPyTu 30py BUKOHYBATH
CBOIO poboTy. [l 3a06e3neueHHs He0OX1AHIUX XapaKTePUCTUK IITYYHOTO OCBITICHHS I10-
TpIOHO BCTAHOBUTH HEOOXIJHY KUIBKICTh OCBITIIOBAJIBHHUX MPHUJIaAiB, IO 3a0e3MeyaTh
Hopmu niepeadauventi B JIbH B.2.5-28-2006 «IIpupojHe 1 mITy4HE OCBITICHHSD.

Po3paxyHOK OCBITJIIEHOCTI poOOYOro MicClsl 3BOJUTHCS JO BUOOPY CHUCTEMHU
OCBITJICHHSI, BHW3HAYEHHIO HEOOXIJHOTO 4YHCIA CBITUIBHUKIB, IXHBOTO THUITY 1
po3mimieHHs. [Iporec poboTr mporpamicTa B TaKUX YMOBAX, KOJIM IIPUPOTHE OCBITICHHS
HEJ0CTaTHbO a00 BIJICYTHIM. Buxoasuu 3 1bOro, po3paxyeMo MnapaMeTpHu IITYYHOTO
OCBITJICHHSI.

3rigno HopMm JIBH B.2.5-28-2006 «Ilpupoane i mrydne ocBitiaeHHs ». PoboTty
nporpamicTa, onTuMaIbHEe 3HaYeHHS OCBITIICHOCTI ckianae £ = 300-500/1x, ane dakTu-
YHE OCBITJCHHS MPUMIIICHHS cKiamae Bchoro 220 ak. OTke, HEOOX1THO BXKUTH 3aXO0/IIB
J71s1 30UTBIIIEHHS] OCBITJCHOCTI MIPUMIIIICHHS.

Jiist ocBiTIACHHS 00MpaeMo cBiTioaioani Jamnu ML-T8-13W. Hanpyra ocBiTiro-
BalbHOT Mepexi — 220B, mxeperno kuBieHHs — ToOyToBa enekTpomepeka 220B, 501 m.

3rinno 3 JIBH B.2.5-28-2006 «IlpupomHe 1 mITy4HE OCBITJCHHS» J1aHE
MPUMIIIIEHHST HE BITHOCUTBHCS O THUX, IO MOTPEOYIOTH aBapiiHOTO Ta YEPrBOTO

OCBITJICHHS.
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9.4. MikpokaiMaT po60o4oi 30HH.

Bignosimno no I'H 3.3.5-8-6.6.1 2002 «['irieniuHa kiacudikaiisa mpaii 3a
MOKa3HUKAMH IIKIJIMBOCTI Ta HEOE3MEYHOCTI (PaKTOpiB BUPOOHUYOTO CEPEIOBHUINA,
BaXKOCTI Ta HAMPY>KEHOCTI TPYAOBOTO MpOIeCy» Tpals iHXeHepa-Tporpamicra 3a
BXKKICTIO BIJIHOCUTHCS J0 ONTUMAJIBHOI (JIeTKe (p13MYHE HABAaHTAKCHHS).

OCHOBHHMM JJOKYMEHTOM, SIKMI PETIIAMEHTYE HOPMHU MIKPOKJIIMaTy poO60v0i 30HH

e JACH 3.3.6.042-99 “CanitapHi HOpMH MIKPOKJIIMaTy BUPOOHUYUX PUMIIICHD .
3HayeHHsS MapaMeTpiB ONTHUMAIbHUX Ta JOMYCTUMHUX MapaMeTpiB MIKPOKIIMaTy
srigao 3 JICH 3.3.6.042-99 ““ CaniTapHi HOpMH MIKPOKJIIMaTy BUPOOHUYUX MPUMIIICHD

” IS TIPUMIICHB , Ta (PAKTUYHHUX MTapaMeTpiB MpeICTaBIeHHI B Ta0I..8.1.

Tabmuus 8.1
[lepioa poky |IlapameTp MikpoKIIIMaTy 3HavYeHHs
Ontuma-  |[lomyctume dakTu-
JbHE JHE
XonoaHuit Temneparypa noBiTps B npu- |22-24°C 25-21°C 23°C
MIIIEHHI
BignocHa BoJoricts 60 - 40% 75% 35%
[IBUAKICTH PYXy MOBITPS 0,1m/c 1o 0,1m/c 0,1m/c
Tennuit | Temnepartypa noBiTps B mipu- |23 - 25°C  |28-22°C 24°C
MIIIEHH]
BignocHa BoJoricts 60 - 40% 55% nipu 55%
t=28°C
[IBUAKICTH PYXy MOBITPS 0,1 m/c 0,2-0,1m/c 0,1m/c

3HaveHHs (aKTUIHOI BOJOTOCTI MOBITPS B MPUMIIIIEHH] B XOJI0IHUM Tiepion - 35%,
HE TIOTpaIUIsie B Alana3oH JAOMyCTUMUX 3HAYeHb - 22-24°C. OTxe, B XOJIOAHY TIOPY POKY
B MPUMIIIEHHI HEOOXIAHO BUKOPUCTOBYBATH 3BOJIOKYBAau IOBITPS,IIPONIOHYETHCS

BUKOPHUCTAHHS yJIbTPa3ByKOBOro 3BosioxkyBaua Polaris PUH 0407.
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9.5.11lixBuIIeHUIi piBeHb LIYMY HA po0o4oMy Micii

[TinBumieHui piBeHb IIIyMYy B KOMIT FOTE€pHIM JiabopaTopii CIpUUYMHEHUN YOTHpPMA
[1K, gotupma TenedoH-(pakcamu, MPUHTEPOM, a TaKOX TYAIHHAM ITyCKOBOTO pele
CBITUJIbHUKIB. DaKTHUUHE 3HAYEHHS PIBHS IIIyMYy CTaHOBUTH 88-92 nb, xonu gomyctumuit
piBeHb 3BYKYy ctaHoBuTh < ['JIP, a came 50 6. Metoau BHUMIpIOBaHHS IIyMy Ta
JIOTYCTHMI PiBHI 3BYKOBOTO TUCKY Y OKTaBHUX CMYyTaX 4acTOT, €KBIBaJICHTHI PiBHI 3BYKY
Ha poboyomy micti pernmamentoBani JICH 3.3.6.037-99.

[lym moripiurye yMOBH Tpalll 3A1MCHIOIOYH MIKIAJUBY 0 Ha OPTaHi3M JIIOJWHHU.
[Ipamroroui B yMOBax TpHUBaJIOi LIyMOBOi Al BUNPOOOBYIOTH APATIBIMUBICTH, TOJOBHI
0011, 3amaMOpPOYEHHS, 3HID)KCHHS TaM'sTi, MIJBUIIEHY CTOMIIIOBAHICThb, MOHIKECHHS
aneTuTy, 001 y Byxax 1 T.4. Taki nopyiieHHs B poOOTI psy OpraHiB 1 CACTEM OPraHi3My
JIOAVUHU MOXYTh BUKJIMKATH HEraTWBHI 3MIHM B €MOLIIMHOMY CTaH1 JIIOJWHU aX 0
cTpecoBUX curyauid. Ilig BINIMBOM MIyMy 3HHJKYETbCS KOHLEHTpALIs YBarw,
NOPYIIYIOThCS (P131070TTYHI PYHKIIIT, 3'SIBIASETHCS CTOMIIEHICTD Y 3B'SI3KY 3 M1ABUILICHUMHU
CHEepreTUYHUMHU BUTpaTaMU 1 HEPBOBO-TIICUXIYHOIO HAIPYIrO0, MOTIPUIYETHCS MOBHA
KoMmyTailis. Bee e 3HMKYye mpane3gaTHICTh JIOJUHM 1 11 IPOJYKTHUBHICTH, SIKICTH 1
Oe3reKy mparii.

Jlns TOHWKEHHS pIBHA INyMy HEOOXigHa [JOJAaTKOBa 3BYKOI3OJAMISA. Y  SKOCTI
3BYKOI30JIIOI0UMX MaTepiajiB, sIKi 3aCTOCOBYIOTh Y KOHCTPYKITISIX TMEPEKPUTTIB TSI 3HIKEHHS
nepeaadi CTpYKTYpHOTo (yIZapHOTO) 3BYKY MEPEBaXHO BUKOPHUCTOBYIOTH MaTH Ta IUIATH 13
CKJITHOTO Ta MIHEPAJbHOTO BOJIOKHA, M'SIKI TUIMTH 3 JIEPEBHUX CTPYKOK, KapTOH, TyMy,
yTEIJIEHUH JIIHOJEYM, a TaKOK 3aMiHa BIKOH Ha 3BYKO130JII0I0YI.

9.6.Po3paxyHok A/ NOKPAallleHHsI PiBHS IITY4YHOI0 OCBIiTJIEHHS
Jns po3paxyHKy OCBITJICHHSI KIMHATH CKOPHUCTAEMOCS METOJIOM CBITJIOBOTO
noToky. JlJis BU3HAYEHHS KUIBKOCTI CBITHJIBHHUKIB BHU3HAUMMO CBITJIOBHHM MOTIK, LIO

najia€ Ha MOBEPXHIO IO POPMYIIi:

= EKSZ | 6.1)

n

ne F - cBiTnoBuii NoTik, JIm,
E - HopmoBaHa onTuManbHa OCBITIEHICTD, JIxk, E=400/Ik,

S - mIoIA OCBITIIOBAHOrO NpUMiLeHHs (Y HAIOMY BUNAAKy S = 26 m?);
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Z - BITHOIIICHHS CEPEIHBOT OCBITICHOCTI 10 MiHIManbHOI (Z = 1.1);

K - xoediuieHT 3amacy, n1o BpaxoBy€ 3MEHIIEHHS CBITJIOBOTO MOTOKY JIAMIIU B
pe3ynbTari 3a0pyaHEHHS CBITWIBHHKIB Yy TMPOIECi eKcrutyaTarii (Horo 3HadeHHS
BU3HAYAETHCS MO TaOJIMI KOe(IIleHTIB 3amacy IS Pi3HUX IMPUMIMICHb 1 B HAIIOMY
Bunagky K = 1.5);

N - Koe(iliEHT BUKOPUCTAHHSA, (BUPAXKAETHCS BIAHOMICHHSM CBITIIOBOTO MOTOKY,
0 [MaJa€ Ha PO3PAXyHKOBY IIOBEPXHIO, JO CYMapHOTO TIOTOKY BCIX Jjamm 1
OOYHCITIOETHCS B YaCTKaX OJMHUIIL; 3aJICKHUTh BiJ XapaKTEPUCTHK CBITHILHUKA, PO3MIpIB
npuminieHHsi, (apOyBaHHA CTIH 1 CTeNl, SIKI XapakTepu3yloTbcs Koe(ilieHTaMH
BiJI0OpaxkeHHs BiJl CTiH (Pc) 1 ctemni (Pn)), 3HaueHHs KoeilieHTiB Pc 1 Pn BU3HAYUMO 110
Ta0IUIIl 3aJIEKHOCTEN Koe(ilIeHTIB BIJOOpaXKEHHs B1J] XapakTepy nosepxHi: Pc = 30%,
Pn = 50%. 3naueHHa N BU3HAUYUMO MO TaOJIUIN KOE(IIIEHTIB BUKOPUCTAHHS PI3HUX
CBITHJIBHUKIB. J1JIsl IIbOTO OOUMCIUMO 1HACKC MPUMIIICHHS TT0 (GOPMYJIi:

= 5 (8.2),
h{A+B)
Jle S - wroma npumimenus, S = 26 m2; h - po3paxyHkoBa BHUCOTa MmiaBicy, h =
2,9m; A - mupuHa npuMitieHHs, A = 4u; B - oBXWHa NpUMIlIeHHs, B = 6,5 M.

[TincTaBuBIIM 3HAYEHHS] OTPUMAEMO:

[ 26
"~ 2,9(4 +6,5)

= 0,95

3nHatouu iHAeKc npumitieHHs /, Pc 1 Pn, nopisatoe N = 0,29
[TizcTaBUMO BCi 3HAUeHHS Y (DOpMYJITy JIJIsl BU3HAYEHHS CBITIOBOIO MOTOKY F:
_400-15-26-1.1
0.29

Jlnst ocBiTIIeHHST BUOMpaemMo cBiTioaioaH1 JJamnu ML-T8-13W cBiTioBuUiA TIOTIK

= 59172 JIm

akux On=19501m. Po3paxyemo HEOOXiIHY KUIBKICTh JIaMII IO (hOpMYyIIi:

Nt e (8.3)

F
7
N - BU3HAYa€THCA YUCIIO JIAMIIL;
F - cBiTioBuii notik, F = 59172 Jim;

Fn - cBiTnoBuii notik namnu, £ = 1950 Jiw.
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59172
"~ 1950

OTxe, AJid OCBITJICHHA BHUKOPHUCTAa€EMO 8 CBITUJIBHHUKIB, KOXEH CBITHJIBHUK

= 32 LIT.

KOMIUICKTYETBCA YOTHUPMaA JIaMIIaMH. POBMiHly}OTBCH CBITHJILHUKH ABOMa psaagaMu, I10

YOTUPHU B KOKHOMY PALY.

9.7. 3abe3meveHHs MOKEKHOI Oe3MeKU B PO3P00II0BAIILHOMY MPOEKTI

[Toxerxxna 6e3neka 3abe3nedeHa y BianosiaHocti 3 HAIIB A.01.001-2004 , skwuit
€ 000B'A3KOBUM 17151 BAKOHAHHS BCIMa MIJIPUEMCTBAMU HE 3aJIeKHO BiJl (JOPMU BJIACHO-
cti. [IpaBuia BCTaHOBIIIOIOTH 3arajibHl BUMOTH 3 MOKEKHOT O€3IEKH.

BubyxoBa Hebe3neka BiacytHs 3rigno JECT 12.1.010-91, Tomy mo BiacyTHi

JoKepesia 11 BAHUKHEHHS.

Po6oue npumitieHHs 1abopatopii 3a Ki1acu(piKaIliero MoxeKoHe0e3MeUHOCTI Ma€e

BIIHOCUTHCS 10 Kateropii /l.

3a0e3neyeHHs MOXKEKHO1 0e3MeKH B 1a00paTopii JOCITraeThCs 3a paXyHOK 3aCTO-
CYBaHHSI MIp MOXEXHOT MPOMUIAKTUKU 1 aKTUBHOTO MOXKEXKHOTO 3aXHUCTY, TOOTO KOM-
MJIEKCY MIp MOMEPEPKeHHS] BUHUKHEHHS MOXeX a00 3MEHIIeHHS 1X HachiakiB. [Ipuuun-
HaMU BUHUKHEHHS TTOXKEXK1 €JIEKTPOYCTATKYBaHHS MOXKYTh OyTH:

1. mepeBaHTa)X€HHS IPOBO/IIB;

2. HesKiCHEe BUKOHAHHS 3'€JHAHb €JIEKTPOIPOBOIKH;

3. MEepEeBAHTAXKEHHS PI3HUX EJICKTPUYHHUX MPUCTPOIB;

4. KOpOTKE 3aMUKAHHS

5. KOHTAKT TOPIOYMX PEYOBHH 3 HATPIBAIIbHUMHU MPUCTPOSIMH.

JIxepena enekTpuyHOi eHeprii (po3nmoaAlTbY1 MPUCTPOi, TpaHCHOPMATOPH) PO3Ta-
IIOBYBAaHI1 Y BIJIOKPEMJICHUX MPUMIIICHHSX.

OcBITIIOBaJIbHY €EKTPUYHY MEPEKy BUKOHAHO 3TiHO BuMor [IEY - mpaBunam
YCTPOIO €JEKTPOYCTAHOBOK ISl MOXKexoHeOe3neuHnx 30H. [Ipokiaganus kademnto uepes
NEPEKPUTTS, CTIHU, (PasIbIl MIJJIOTY 3A1MCHEHO B CTAJIbHUX TpyOax 3 HAlOBHIOBAYEM 3
HErOpIOYMX MartepiaiiB. ABapiifHi Mepeki OCBITICHHS, JUCTAHIIIHHOTO Ta aBTOMATHY-

HOTO IMYCKY MPOTUIMOKEKHUX CUCTEM Ta CUTHAJII3AIlll MPOKIJIAIEHO OKPEMO BiJl CUJIIOBUX
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Ta 1HIIUX EJIEKTPUYHUX KOMYHIKalil, a Py CyMICHOMY MPOKJIaJaHH] iX po3AlIeHO Te-
peropojKkamMu 3 HETOPIOYKX MaTepialiB (MeTa, FTeTHHAKC).

EdexTuBHICTh 3aCTOCYBaHHS BOTHETAaCHHKA, Y MEPILY Yepry MoB'sa3aHa 3 MpaBU-
JHHUM BHOOPOM MOTO THITY 3aJIe’KHO BiJl KJIacy MOXKEXl, sIKy He HEOOX1JHO MOTacUTH.
OCHOBHI BUMOTH JI0 OCHaleHHsI 00'€KTiB BOTHETracHMKamu periameHTyroThesi HAITB
b.03.001-2004 «TumnoBi HOpMHU HAIEKHOCTI BOTHETACHUKIBY.

VY npuminieHHi HeoOX1AHUI 1 BYTrJIEKUCIOTHUNM BOTHETACHUK TUITY BBK-2.

J1J1s BUSIBJIICHHS MOXKEX1 BUKOPUCTOBYIOTH TIOYKEKHO-OXOPOHHY CUTHANI3AIIII0, Y
BinnosigHoCT 10 JICTY EN54-2:2003. ITokexHi CIOBinIyBadi BUKOPUCTOBYIOTHCS IS
dbopMyBaHHS KOMaHJHOTO IMITYJIbCY aBTOMAaTUYHOTO MYCKYy CHUCTEMH aBTOMATHYHOIO
MOKEKOTACIHHS.

JIJist BUSIBIIGHHS TMOXEXI1, 3aMICTh CTapUK TOYKOBUX MPUCTPOIB MPOMOHYETHCS
Bcranoput 1 mgarauk Honeywell Notifier SFAPT-453(A) (Acclimate PlusTM Multi-
Sensor Low-Profile Smoke Intelligent Detector). /laTunik BHKOPHUCTOBYE aHaIi3aToOp
UMYy Ta KOMOiHAIII0 (GOTOETEKTPUYHUX Ta TEMIIEPATypPHUX CEHCOPIB 3 BMOHTOBAaHUM
JUTSL TABUIIEHHS IMYHITETY 710 (aJIbIIMBOTO CIPAIIOBAHHS. .

EBakyartis 3miiicHtoeThes Bianosiaao 10 HAIIB A.01.003-2009 "IIpaBuna ymari-
TyBaHHS Ta €KCIUTyaTallii CUCTEM OMOBIIIEHHS MPO TOXKEXKY Ta YIPABIIHHS €BaKyaIli€lo
moae B OyauHkax Ta cnopynaax'. Kommieke BUpOOHHMYMX MPUMIIIEHb MA€ JBA €BaKya-
IAHUX BUXOU. J[Bepi Ha NUIAXaX eBaKyallii MaloTh BIIUMHATUCS Y HATIPSIMKY BUXOTY 31
CHOpY/AH, MIMPHUHA NUIAXIB - HE MEHLIE iM, a mupuHa asepeit -0.8 M. Hlnsaxu eBakyarii

MoKa3aHi Ha pUCYHKY 8.2.
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TLiaH eBAKYALL IIPH HAT3BITAHIX

CHTYALIAX
I -1 1 |
L
I
|
[min ) |
|
1
|
|
| |
. ¢ — |
(3 v+ |
.| 44— —
__.T § .
1
TTpn mocxe:xi Teaedoayearin 101
VMOBHL MOTHAY @HHA
W - GCHOBHHA LU eBaxyauy , - Tenedon
4 — — - anacHuil UMAR epaxyani ;
I] B — - PYMHHA DoEEeMHER COoElifyEa] |,
B - momemunii wpan;

Pucynok 8.2. - [Inan eBakyauii

JloBXrHA OCHOBHOT'O NIUISIXY €Bakyailii - 13 M, 3amacHoro — 18m.

9.8 BuchHoBok

1.®dakTHYHE 3HAUYCHHS OCBITJICHOCTI MPUMIIIEHHS CKJanano 220K, 1m0 3T1IHO 3

JIbH B.2.5-28-2006 «IIpupoane i mTy4He OCBITICHHS HE BXOJUTH B /Iialla30H ONTHMA-

JBHUX 3HaueHb. [y 3a0e3meueHHss onTUMaabHOI OCBITICHOCTI B 400K BUKOPHCTAHO 8

CBITWJIBHHUKIB 3 4-Ma cBiTiiogiogaumu Jiammamu ML-T8-13W koxeH.

2.@akTUYHE 3HAYEHHS BOJIOTOCTI MOBITPSI B MPUMIIIEHHI B XOJOJHHUM Tepiof

cknagae 35%, mo 3rigo 3 € JICH 3.3.6.042-99 “ CanitapHi HOpMH MIKpOKIIMATy

BUPOOHMYMX NPUMIIIEHb ~ HE BXOJIWUTh B ONTUMAJIbHUW J1alla30H, JUIsl HOpMasi3allii

BOJIOTOCTI TIOBITPSI BUKOPUCTAHO YJIBTPAa3BYKOBUHU 3BOJIOKYBau moBiTps Polaris PUH

0407.
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PO3A1JI 10.
OXOPOHA HABKOJIMIIHBOTI'O CEPEJOBHUIIA

OxopoHa HaBKOJMIIHBOTO CEPEJOBMINA 32 OCTaHHI NECATWIITTA cTaja OJHIEI0 13
HaWBXJIMBIIIKUX TPpoOJieM cydacHOCTi. ToMy MOTpIOHO AyKe BIANOBIIAIBHO, PETEIHHO
CTaBUTHUCA JI0 1IbOTO Ta 3aBYACHO 3HAXOJUTH 3aCO0M 1100 3amo0iraHHs 3a0pyJHEHHS Ta
MOTIPIICHHSI HABKOJIMIITHHOTO CEPEAOBHUIIA, SIK JIJS JIOAUHHU TBapWH, TaK 1 JUIsl IPUPOIU
B3araji. A TakoX MPOEKTYBaTH TaKi MPUCTPOi, NaTYMKU, CUCTEMHU, AKi O HE HAHOCHIIU
IIKO/IM HAaBKOJIHUIIHEOMY CEPEIOBHIILY.

XapakTtep 1 MacmTabu Cyd4acHOTO aHTPOTIOTEXHOTEHHOI BCE 3POCTal0U0i HEraTUBHOI
I11 Ha IPUPOJHE CEPENOBUILE BUKIMKAIOTh OOTPYHTOBAHY TPUBOTY 3 MIPUBOY CEPHO3HUX
HACJIIJIKIB, 1[0 B1AOYBAIOTHCS, AJI 30POB'S 1 CaHITapPHO-CM1AEMI0JIOTIYHOIO 01aronoayyqus
OLIBIIOCTI HacelleHHS YKpaiHW 1 IHIIUX KpaiH €BpoIU, Mpo 10 BUCIOBHIJIACS JECsTa
€Bporneiickka KOH(EPEHIIis 3 TOBKIJUISI OXOPOHH 1 3JI0pOB's.
10.1. EHepro30epe:keHHs Ta ii0r0 HANMPSIMKH

EneprozbepexeHHs: (eKOHOMisl €Heprii) - peani3allis MpPaBOBUX, OpraHi3allliHUX,
HayKOBUX, BAPOOHUYMX, TEXHIYHUX Ta EKOHOMIYHUX 3aXO0/I1B, CIPIMOBAaHUX HA €(DEKTUBHE
(patioHanpHE) BUKOPUCTAHHS (1 EKOHOMHE BUTpPAYaHHS) MAJIMBHO-CHEPTETUYHUX PECYPCIB
1 Ha 3aJly4eHHS B TOCHOAAPCHKUN O00OpPOT TOHOBIIOBAHUX JKEpPENT EHeprii.
Enepro3oepexeHHs - BaXJIMBE 3aBJAaHHS 31 30€peKEHHS MPUPOTHUX PECYPCIB.

B  nmanmii wac HaWOinbInI  HaragbHUM € TOOYTOBE  €HEPro30epeskeHHs
(enepro3depexkeHHs B o0yTi), a Takok eHepro3oepexkenHs B cgepi KKI'.

[lepemikomoro 10 MOro 3/1MCHEHHS € CTPUMYBAHHS 3pOCTaHHS TapuUQiB IS

HACEeJICHHS Ha OKpeMi BUIU PECypCiB (€JIEKTPOCHEpris, Ta3), BIACYTHICTh KOIITIB Y
nignpuemcts JKKIT Ha peamizamito eHeprozOepirarouyux mporpaMm, HHU3bKAa YacTKa
PO3paxyHKIB 3a IHAUBIAYaTbHUMH IPUIaJaMu OOJTIKY 13aCTOCYBaHHSI HOPMATHBIB, a TAKOXK
BIJICYTHICTh MacOBOi ITOOYTOBOI KYJIbTYpU €HEPro30epe:KeHHs.

OCHOBHI HaNPsIMU €HEPro30epPEeKEHHS:

Kageopa AKIK HAY 20 15 01 000 IT3

Buxonana | Psasxin M.O.. Jlamuux KYmoeoi opienmayii Jlimepa | Apxyw Aprxywie
Ilepesipus | Dinawuxin M.K. | |

Koncyas-m | Maooco C.M. MIHIAMIOPHUX 6e3NITOMHUX

H.xoumpon. | Tyniyun M.D. TIMANbHUX 204]‘4 ] 5]
Ilputinses Cuncenazoe BM.




- €KOHOMIsl €JIEKTPUYHOI €HEepTii;
- €KOHOMIS TeIla;
- E€KOHOMIis BOJIH;

- €KOHOMIs razy;

€KOHOMIs MOTOPHOTO ITAJIMBA.

Jami po3riistHeMo O1IbIII KOHKPETHO OJIMH 3 HAIPSMIB €Hepro30epeKeHHs, a
came y cepi eIeKTpOeHepPrii.

10.2. Enepro3oepesxeHHs B eJIEKTPOHHi anapaTtypi

3a ocTaHHI TPUIUATH POKIB KUIBKICTh €JIEKTPOIPHIA/IIB Y BUKOPUCTAHHI CTPIMKO
3pocina. L{ell cexTop MBUAKICTIO 30UTBIIEHHS CIOKUBAHHS HUM €JIEKTPUKU MOCTYIAETHCS
TUJIBKM aBTOMOOUTbHOMY. 3apa3 KOHCTPYKIIi NpUIafiB CTald 3pyYHINIUMH, OUTbIIE
BIIOBIIAIOTh BUMOTaM CIOKHBaYiB.

ChoroaHi eHepro30epexeHHs - 1€ He JIMIIe MOJIHA TEHACHIISA: OOHparoyYn
CJICKTPOHHUM Tpuiaa sl TMOTEHIIMHOro Mpua0aHHs, CMOXKMBaudl OYIKYIOTh MOOAUYUTH
HU3bKI TOKA3HUKH EHEpProcrnoxuBaHHA. [lpoTsrom Oararbox poKiB 11 BIJIOMOCTI
HAaBOAWJIMCS Ha  0Oararbox MOOYTOBUX  MpWiajaXx y  BHUINIAAI  MapKyBaHHS
eneproedexruBHocTi €C.

ETukeTkn po3TamoByoThCs Ha J00Ope BUIAUMHUX MMOBEPXHSX, MO0 CIOKHUBAYI MOTJIH
MOPIBHATH TO3HAYEHI XapaKTePUCTUKU PI3HUX NTpHUCTpoiB. CHoxuBayi po3riasgaloTh
EHEepPreTUYHE MApKyBaHHS SIK CIOCIO BHU3HAUEHHS TMPUIAIiB, 10 EKOHOMIISTH
€JIEKTPOCHEPTil0 ,TAKUM YUHOM, JO3BOJIAIOTH 30€piraTd KOIWITH MpU TPUBAIOMY
BUKOpHUCTaHHI. [IparHydn 3poOUTH CBOIO MPOAYKIIIO KOHKYPEHTHOIO, HE TUIBKU KpaiHu
€Bpocoro3y, a W KpalHH MOCTPaASTHCHKOTO TPOCTOPY CTalu BiJJaBaTH I[epeBary
€KOHOMIYHOI0 MOO0yTOBOi TexHiku. 3 1 mucromaga 2008 poky OOMEXHB JOCTYI Ha
OLTOPYCHKUI PHHOK HEEKOHOMIYHHMX MOOYTOBUX €IEKTPONPHIIANIB, Kiac skux Hiwk4de C. B

Pocii icHye nep>kaBHUN CTaHIapT, Ha TIJICTaBl SIKOTO BUPOOHUK BUPOOY 3abe3nedye
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BKJIFOUEHHS B HOPMATUBHY 1 TEXHIUHY JOKYMEHTAI[II0 Ha KOKEH BHJI €HEPrOCIOKHNBaI0UOTO
BHUpOOy MOOYTOBOT0O Ta KOMYHAIBHOTO MPU3HAYEHHS TOBHUX BIJOMOCTEW MPO TMOKA3ZHUKHU
eHeproe(peKTUBHOCTI BUPOOU Ta 1HPOPMAIIIIHOTO JINCTKA EHEProePEeKTUBHOCTI.

o »x cTocyeThest YKpainu, To BUMOTH 110 eneprozoepexenus € B ICTY 4980/2008.
Bumoru 111 BiiMOBiAaI0Th €BPONEHCHKINA MPAKTHII, 1 KJIACH €HEPTOCIOKUBAHHS T1 K caMl.
CroxxuBau Mae TpaBO BUMaraT y IpOAABIls JOKYMEHT, IO MiATBEPIKY€E BIAMOBIIHICTH
texHiku JJCTY 4980/2008, a Takosx iHdopmallii npo Te, 10 sSIKOTro KiIacy eHepro30epe:KeHHs
BITHOCUTBLCA TeXHiKa. SIKI0 K Takoi iHdopMarlii Hemae, TO TEXHIKY Kpallle He KyITyBaTH.

B ymoBax 3pocraHHs Tapu(diB Ha EIEKTPOCHEPril0 TNUTaHHS 1i EeKOHOMII,
BIIPOBA/KEHHSI €HEPro30epirarounx MPakTUK Yy IMOBCAKACHHOMY JKUTTI HaOyBae jaenani
O1IBILIOT AKTYaJIbHOCTI.

Opni€ero 3 TMNpUYUH  3BEpPHEHHS J10 '"3ejeHuX"  TEXHOJOrid -  MEHIIe
eHeprocnokupanHs. Lle mpu3Beno 10 TOro, MO BUPOOHUKH E€JIEKTPOTEXHIKH IMOYalld
HABBUIIEPEAKN 3MaraTucs OJUH 3 OJAHHM, HaMaralO4uch MEPIIMMH 3aTBEPAUTH BHCOKY

IIJIAHKY HAWMEHIIIOIO CHCPI'OCIIOKHUBAHHA Y CBOIX BHpO6aX.

Csimnooioone nioceiuysanns. TpaauiiitHi PK MoHITOpH Ta TeneBi30pH, 3BUYANHO K,
€KOHOMHIIIIE KOJIUIITHIX MOJIEJIEH 3 €JIeKTPOHHO-TIPOMEHEBUMU KIHECKOTIAMHU, aJie He BapTo
3a0yBary, 10 ¥ JdiaroHayji HUHI BX€ HE Ti, Tak mo 3 BeiaukuMu PK moniTopamu Ta
TEJIEBI30paMHy EIEKTPONIUMIBHAKHN 1 3apa3 KPyTATbes MOcuTh mBUAKO. IIlo crocyeThes
HoBux LED-monenei, cBITIOA10/IHE M1ICBIYYBAaHHS JJO3BOJISIE 3HAYHO CKOPOTHTH BUTPATY
eHeprii 0e3 WKOoAu AJisl ICKPaBOCTI 300pakeHHs. EKOHOMIA eeKTpoeHeprii 3MEeHILIEHUN 10
40%.

CeiTyiofloIHE MIACBIYYBAaHHS 3apa3 JyXe MOmyJispHa 1 3aTpeOyBaHa B Ju3aiiHI
MOHITOpIB - 1 He 0e3 mnpuumHu. Hampuknan, xommnanis Viewsonic Bkazana 50%-By
€KOHOMII0 eHeprii i cBoro MoHiTopa VX2250wm-LED.

CroxuBaHHS €HEprii CBITIOMIOAaMU Habarato MeHIe, HiXK 1HIITUMHU MPUCTPOSIMH,

SIK1 BUITPOMIHIOIOTH CBITJO. Lle dakt nae cBiTinomioqnuii manc Ha ycrnix. Cama mo co0i
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TEXHOJIOTisI, SIKa CTBOPIOE MEXaHI3M EHEpro30epexeHHs, Mae Xopourl maHcH. JlaBaiTe
MOPIBHSEMO CIIOKUBAHHS €HEPrii Tenesizopamu Sony. BizbmeMo 3Buyaiinuii LCD ta LED
LCD 3 piaronamtro 46 arorimMiB. CBITIOM10HUH TeNeBi30p crioxuBae oim3bko 0096 BaT Ha
KBagpaTHui aroiM, 3BudaitHuii PK crnoxxuBae 0139 Bat Ha kBajgpaTHUM oM. PizHMIS
OueBHJIHA - eKOHOMIs Maibke 30%. A SKII0 MOPIBHATU CBITJIOAIOJHUN TB 3 TUIA3MOBUM 3

aHAJIOTTYHUM PO3MIPOM - PI3HUILI Oy/ie 1Iie 3HAUHIIIIE.

Vnpaeninna  enexmpoowcuénennsm.  AKTUBI3allld — HaJallITyBaHb  YIPaBJIiHHS
enekTpoxkuBieHHsAM Bamoro 1K mo3Bosise 3aomaautu eaeKkTpoeHeprito i rpomri. Pexum
OUIKyBaHHS 1 CIUISIYMN PEKUM - JIBa MPOCTUX CIIOCOOM 3pOOUTH JOMAIIHIM KOMITIOTEp
eHeproeeKTUBHUM. PekuM O4iKyBaHHS - BIAMIHHUMN BapiaHT, KOJIHM BU 4acTO 1 HEHAJIOBIO
BiXoauTe BiJ poOouoi craHiii. EKOHOMIiS JOCSATa€ThCA 3a PAXYHOK BIIKIFOYCHHS
JKUBJICHHSI BiJl MOHITOpA, KOPCTKOTO JMCKAa 1 1HIIMX KOMMOHEHTIB. [Ipu HaTtuckaHHI Ha
OyIib-SIKy KJIaBilly a0o0 MepeMillleHH1 MUIII KOMI'IOTEpP BITHOBUTH poOOTY. OJIHAK SIKIIO B
pEeXUMI OUYIKYBAHHSI BUHUKHE IepeOiil 3 eNEeKTPOKUBICHHSAM, HE 30€pexeH] TaHl MOXKYTh
OyTtu BTpaueHi. Tomy pekoMmeHayeThcsi BukopuctoByBatu JIBXK. Ilpu BucHakeHH1 3apsiny
Oarapei cnemiansHe [13 30epexe mani 1 BUMKHE Komm'totep. s HOyTOyKa akTUBI3allis
pEXKUMY OUIKYBaHHS - HAWO1IBIIT €PEKTUBHMIM CTIOCIO 3a0IIaIUTH 3aps]l aKyMYJISITOPA.

Cruisianii pexuM HalO1IbIT ONTUMANIBHKH, KOIu BH Biaxoaute Bif 1K Ha TpuBanmii
yac. Y 1bOMY BHUIIQJKy JaHl KOIIIOKTHCS B PE3EpBHY 00JACTh AHMCKA, a KOMIT'HOTEp
BUMUKaeThes. Lle 103BOsIE 3MEHIINTH €HEProClOXUBAHHS NPU 30€peKEHUX JaHUX, a
TAaKOX 3HU3UTU 3HOC KOMIIOHEHTIB KoMm'toTepHoi cuctemu. Ilicns BkmodenHs 1K Bci
JOKYMEHTH, (PUIbMH, 1TpH 3'SBISATHCA HA €KpaHl B TOMY BHUIJISI, SKUMU BU 1X 3aJIALIUIH.
Jlyist HoyTOyKa Ma€e CeHC HaJIallTyBaTH aBTOMATUYHUM TMepexiJl B CIUITYMN PEXUM, KOJIU

piBEHb 3apsiay OaTtapei OMM3bKUI 10 KPUTUUHOTO.

Po3pobku. AmepukaHCbKi BUYEH1 3allpONOHYBAJIM HOBY TEXHOJIOT1I0 BHUPOOHMIITBA
KOMI'IOTEPHUX CXEM, sIKa TEOPETHYHO JO3BOJIUTH 3HU3UTU €HEPTOCIIOKUBAHHS CY9aCHUX

BEJIMKUX OOUYUCITIOBAIILHUX IIEHTPIB HA K1JIbKa MOPSJIKIB.
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CBOIO TEXHOJIOTIIO JOCTITHUKYA Ha3BaIA B3a€EMOBHTIIHIA KBAaHTOBOI JIOTIKOIO
(B3zaemna KBanToBa jiorika, npuuoMy, HE3BaXKaro4uu Ha Ha3BY, 10 KBAHTOBUX KOMII'IOTEPIB
I TEXHOJIOTis HE MAa€ BIJHOIICHHS). Y paMKax poOOTH TOCIHITHUKH BUKOPHUCTOBYBAIH
cXeMy 3 H100i10, siKa 0XOJo/KyBayiacs 1o 4,2 kenbBiHa. [Ipu Takiii HU3BKIN TeMIiepaTypi
cxemMa riepeOyBaja B CTaHl HaampoBigHOCTI. Ilpum 1bOMy poO3paxyHKH JOCIIIHHUKIB
MOoKa3aiM, MO0 1M BIANOCA 3BEpPXy BIPUTYJI HAOIM3UTHCA [0 TEOPETUYHOI MEXKI
€HEProCIOKUBaHHS 0OUUCITIOBANIBHUX MPUCTPOIB, IKI BUKOHYIOTh KJIACUYHI OOYMCIICHHS
(HampuKIaa, KBAaHTOBI OOYMCIIEHHS MOXYTh BUKOHYBAaTHUCh TMPU OLIBII HU3BKOMY
€HEeProCIOXKUBaHH]).

3a ciioBaMH BUYEHHX, Yepe3 HEOOX1THICTh TaKoi HU3bKOI TEMIEPATYypH IX TEXHOJIOT1S
HE TIpHJIaTHA JJI JOMAITHBOT'O0 BUKOPUCTAHHS, aJie MiTIAe 111 BETUKAX O0UHCITIOBATHFHUX
neHtpiB. Ilpu 1mpoMy 3 ypaxyBaHHSIM €HEPrOBUTPAT HA OXOJIOJPKEHHS MIKPOCXEM,
CHOKMBAHHS €JIEKTPUKUA MOAIOHOI cucTemMoro Oynae sk MiHiMyM B 300 pa3iB MeHIle
icHyrounx 3apa3 aHanoriB. Tinsku B CIIIA B 00uncItoBaIbHI IIEHTPU CHOKUBAIOTH OJIU3HKO
12 riraBar, 110 €KBIBaJIGHTHO MOTY>KHOCTI KIJIBKOX JIECSTKIB €JICKTPOCTAHIIIN.

10.3. AnbTepHATHBHI JAKepesia eHepril

Ha Bcix eTanmax po3BUTKY CyCHUIbCTBA BJOCKOHAJIEHHS TEXHIKH Ta CTBOPEHHS HOBHX
3HAPAJIb TIpalli CYyMPOBOKYBAIKCS CTPIMKUM 3pOCTaHHSIM BUIO00YTKY €HEprii Ta OCBOEHHS
il HoBUX JKepen. JloBruit yac 1ie Oyyna BUHSATKOBO €HEprisi M’s131B, MOTIM ApOBa, BOJa, BITED,
Tenep Byriuuis, HadTa, ra3. XapakTepHO, 1110 KOKHE HOBE BIAKPUTTS B raty3i MepeTBOPEHHS
eHeprii TpU3BOAWIO 10 IHTEHCUBHOTO 1 PI3HOMAHITHOTO ii BUKOPUCTAHHS, aje areTuT
JIIOJICTBA 3POCTAaB.

binbiicTe po3BUHYTUX KpaiH MOCUIICHO 3aMAa€ThCA TEXHOJIOTIEI0 HETPATUIIINHUX,
a60 BigHOBMIOBaHUX Jxepen eHeprii (BE) — Conus, BiTpy, NPUILIMBIB, TEIUIA 3€MJI1 TOLIO.
Bonu He MOXyThb CTaTH CIpaBXHIMHU 3aMIHHUKaMH HaTH, ra3y, BYTUUId 4M SACPHOI
eHeprii, sKa MOBUHHA BUKOPHUCTOBYBATHUCS B MIOEAHAHHI 3 TpaaullinHuMu. [Ipu iboMmy BOHH

MOXXYTh BIAITpAaBaTH BAXJIMBY POJb ISl PETIOHIB 13 CHOPUSTIMBUMHU KIIMATUYHUMH Ta
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IHIIMMHA YMOBaMHU.

BiTtpoBa enextpuyHa ctaHuis (BiTpoenekrpocrtanilis, BEC) - rpyma BiTpoBHX
CJIEKTPUYHHUX YCTAaHOBOK (200 OKpema BITpPOBa €JIEKTPUYHA YCTAHOBKA), YCTaTKyBaHHS 1
CIIOPY/ZIM, SIKI PO3TaIloBaHI Ha OAHIA TepuTopli, (YHKIIHHO 3B'A3aHI MK CO00IO 1
CTaHOBJISITh €AMHUI KOMILIEKC, MPU3HAYCHHUI BUPOOJISITH €IEKTPOCHEPTi10, TEPETBOPIOIOYU
KIHETUYHY €HEPTil0 BITPY B €ICKTPUYHY.

['0J0BHOIO TPUYMHOIO, MO0 CTPUMYE PO3BUTOK BIAHOBIIOBAHUX JIXKEPEN EHEprii,
BUABIIIETHCS HEOOXIHICTh BHUCOKHX KamiTaJbHUX 3aTpaT. AJjie *OJEH BUJ EHeprii He
00XOJUTHCS TaK JIOPOTO, SIK I HeI0CTaua, 10 aKTyalbHO CHOTOJIHI.

[Ile 30BciM HEOABHO J€AK1 Hali MOKJIAAaIucs Ha BOAHEBY eHepreTuky. [IpuposHi
3amacd YHCTOTO BOJHIO 30BCIM HE3HAuHI, BOJHOYAC Y CIOJYKaX BOJECHb LIMPOKO
PO3MOBCIO/KEeHUH. Po3po0ieHo pi3HOMaHITHI CIIOCOOM OJCp)KaHHS BOJHIO SIK XIMIYHHUM
IUISIXOM, TaK 1 Ha OCHOBI €JEKTPOoJi3y Boau. ExonoriuHa 4nucToTra BOAHEBOI €HEPTreTUKHU
MPU3BOJUTH J0 HE €KOJOTIYHOCTI OJ€pKaHHA €JIEKTPOEHEPTrii P 100yBaHH1 BOJIHIO.

BitpoBa enexTpuyHa ycTaHOBKa (BITPOEJIEKTPOYCTaHOBKA) - BITPOBA €HEPreTHYHA
YCTaHOBKA, 5IKa MIEPETBOPIOE KIHETUYHY €HEPTII0 BITPY B €IEKTPUUHY.

Po3pi3HAI0TH BITPOEIEKTPOYCTAHOBKHU:

— wmaioi motyxHocTi (10 100 kBT);
— cepeanboi notyxHocti (Big 100 no 1000 kBT);

— Benukoi notyxHocTi (moHag 1000 xkBT).

[Ilono mMpoOrHo3iB BUKOPUCTAHHS COHSYHOI €HEprii, TO JAEsSKi BYEHI TBEPASAThH: yepe3
HU3bKY TYCTUHY COHSYHOI €Heprii mpu i1 3acToCyBaHHI MOTPIOH] BEJMKI TEPUTOPIi, aje 11e
HE 30BCIM BIPHO.

Tak, Ha mmporax Amxabana i TamkeHTa Ha KBaApaTHUN KIJIOMETp I1aJia€ OIMiBIHI
MOTIK COHSYHOI €Heprii, piBHUI noTyxHOoCTi [[Hinmporecy. 3BuyaiiHo, Ha YKpaiHi cymapHa
TyCTHMHA COHSYHOI pajiaimii B cepeauboMy craHoBuTh 700 B1/mM2. HaiiOiunbiia npsima

COHSIYHA pamiarlisi B miBaeHHUX oOmactax (Omechkiii, MukonaiBchkiii, XepCOHCHKIM) Ha
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piBH1 Mops gocsrae 1kBr/m2 — 0,1 Bt/cm2.

HaiiBu3HayHIIMM 3ax0/J0M 3J1MCHEHMM Ha VYKpaiHi B Taly3l BUKOPHUCTAHHS
COHAYHOI €Heprii, € CTBOPEHHS COHAYHOI enekTpocTaHiii B c. JleniHo Kpumcekoi 00:1.
[MotyxHnictio 5SMBT (CEC-5).

P03po0mor0ThCs MPOEKTH BUKOPUCTAHHS COHSYHOI eHeprii. EHepris coHus, mpu
MomalaHHl Ha 3eMJITI0 MEePETBOPIOETHCS Ha Termo . CTaBUThCA 3aBIaHHS MaKCHMAJIbHOTO
BUKOPHUCTAHH ii 10 TOTO, SIK BOHA IIEPETBOPUTHCA HA TEIUIOBY eHeprito. II{ibHICTh MOTOKY
coHAYHOi pamiamii B KocMmoci crtaHoBuTh 1400BT ma M2. IlizpaxoBanHo, 1o mpu
BiJ[paxyBaHHI BUTpPAT Ha BUMIAPOBYBaHHS Ta (DOTOCHHTE3 KIJIBKICTh COHAYHOI pajialii 1o
Jocsirae MOBEPXHI 3eMJIl, Maibke y 7 TUCAY pa3iB MEPEBUIIYE KIIBKICTh BCiET HEOOX1AHOT
HUHI €HEepTii.

CoHsiUHY €HEprilo IUIAHYETbCS MEPETBOPUTU B EIEKTPUYHY LUIIXOM CTBOPEHHS
kocMiuHux ctanuii. Ha nymky K.I1.®deonTticToBa 1715 ofepxanHs noTyHOocT1 10mH. KBT
HeoOX1AH1 coHsiuHi 6aTapei npubarzHo 100 kM2. YV MIKpOXBUILOBOMY J1alla30H1 €HEPT1I0
MO’KHa Oyzie TpaHCOPMYBATH Ha 3EMIIIO.

ANbTEpHATUBOIO ICHYIOUHM CIIOCO0aM OJIEp>KaHHS €Heprii MOXKYTb OyTH JIMIIE TaKl
croco0u, B SIKUX Ha KIHIIEBIM CTajlli €HEPronepeTBOpeHb He OyJe 3 SBISTUCS IIKIIINBA
pedyoBuHa, abo 30BCiM He OyJe pe4yoBMHU SK Takoi. B 1boMy i momsirae Bes
NapajoKCAIbHICTh BUPIIICHHS POOJIEMH.

10.4. Ex0/10r0-eKOHOMIiYHi 30MTKH

BukopucranHs cucteM KOHTPOJIIO 1 YIIPaBIIHHS JOCTYNOM, siKa MpalfoBaTUME 3a
JIOTIOMOTOI0 KOMIT FOTEPHOTO PETYJIFOBAHHSI Ta KOHTPOJIIO € CIIOXKUBAHHS €JIEKTPOCHEPrii,
10 3aBJIa€ MIKOJM HaBKOJIUIIHBOMY CEPEIOBUILY.

Butpatu enexktpoeneprii npu BukopuctanHi [IEOM po3paxoByroTecs 3a GopMyIior:

WHEOMZM'CD'Ks'Ko'n'KBr (91)

ne M — 3araibHi BUTPATH €IEKTPOCHEPTii, kBm-200; @ — nivicanii poHx vacy, 2o0; K,

- koedimient 3aBanTaxkenns [IEOM; K, - koedirieHT OHOBNIEHHS;
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n — koeditieHT kopucHoi aii; K, - koedilieHT BTpaT y JIaHIIOTY.
3pobuMo po3paxyHku eHepro3arpat A aekuibkox [IEOM naBenenux B Tadu. 9.1,
Buxinni gani: @ =1300 200; K,=0,75; K,=0,85; »=0,85; K;=0,95.
Orxe:
Wngom 1 = 0,28-1300-0,75-0,85-0,85-0,95 = 187,38 xBm-200;
Whgom 2 = 0,12-1300-0,75-0,85-0,85-0,95 = 80,31 «Bm-200;
Wheom 3 = 0,062-1300-0,75-0,85-0,85- 0,95 = 41,49 xBm-200.

Takum 9uHOM, 30MTOK HABKOJHUIITHHOMY CEPEIOBUIILY BU3HAYAETHCS 32 (POPMYIIOIO

3 = Whgom " Y

Omxe, eKOHOMIYHI 30UTKH 111 KOskHOT IIEOM:
3, = 187,38 - 0,37 = 69,33 2pn.
3, =80,31-0,37 = 29,71 epn.
3; =41,49-0,37 = 15,35 2pn.

Ta61.9.1
I[TEOM 1 I[TEOM 2 [IEOM 3
[Ipuctpiii Momnitop | Cuctemuuii | Momnitop |Cucremunii | HoytOyk
010K 0JI0K
Monenb Samsung | Brain Basic| Samsung Everest HomeAsus K73SV,
795 DFS,17" B100 [E1720NR, 17 8010
[loTy>xHICTH Bm-200 80 200 20 100 62
Saranbia CII 0,28 0,12 0,062
KkBm-200

Otmxe, mpu BukopuctanHi [IEOM HaiimMeHII €KOHOMIYHI 30MTKHA TMPUHOCHUTH
HOYTOYK Asus K 73 SV Ha :
[TopiBusno 3 [IEOM 1
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A=69,33 — 15,35 = 53,98 rpH, T006TO 30UTKHN MeHTIT 78 %
[TopiBusino 3 [IEOM 2
A=29,71 - 15,35 = 14,36 tpH, T0OTO 30UTKHM MeHTII 48 %

BucHoBkmu

OTxe, yTuiizamisa opicHOI TEXHIKH, B TOMY YHCI1 1 KOMII IOTEPiB, € 000B’I3KOBOIO
IPOLEAYPOIO I BCIX MPAIIOI0YUX MIAIPUEMCTB, a TAKOXK JJI1 KOXKHOI JIFOJUHU OKPEMO.
HenpaBunbHe mpoBeneHHs i€l Mpoueaypd (BUKHAJ Ha CMITHUK) 37aTHE BUKIUKATH
MaJICHbKY «TE€XHOTEHHY KaTacTpody».

B nanuii MOMEHT MOXHa 3 YIIEBHEHICTIO CKa3aTH Ipo T€, 10 3aKOH MPO yTHUJII3alii
KOMIT'FOTEPIB HEOOXI1THUI, TOMY II0 HacmpaBAl MU HE MOBMHHI HEraTWBHO BIUIMBAaTH Ha
Hamie J0BKULIL. B Hammiil kpaiHi BXXe iICHYIOTh KOMIIaHIi, sIK1 3 33JJ0BOJICHHSAM MPUUMYTh
3aMOBJICHHSI Ha YyTWJII3alil0 cTaporo objagHaHHSA. Baini koMm'torepu 3MOXKYTh 3a0paTu
KOMIIaHii, 10 3aiMaroThCs yTUii3aliero. Bece mo Big Bac moTpiOHO - 1e MaTh OakKaHHS
BHECTH CBI BHECOK Ha MOKpAILEHHS €KOJOTIYHOIO CTaHy KpaiHU Ta IUIAHETH B IJIOMY, a
caMe yTHIII3yBaBIIMU CBiil KOMIT IOTE€p YU OPITEXHIKY. BapTicTh Takux MOCIyr HE BEMKA, 1
BU O€3YMOBHO 3MOXKETE€ JI03BOJIUTH COO1 3p0OOUTH HABKOJIUIIIHINA CBIT YUCTIIINM.

Takox HamaraTvcs BUKOPHUCTOBYBATH €Hepros3oepiraroue oOnaJHaHHSI A — Kiacy,
P MOKJIMBOCTI, BUKOPUCTOBYBATH aJIbTEPHATHBHI JpKepesaa eHeprii 1 JOTpUMYBaTUCh
eJIeMEHTapHUX MOPaJl, BAKOPUCTOBYIOUH €JIEKTPOSHEPT1I0 OUIbII €(h)eKTHUBHO 1 BiMOBIAHO,

3a0111aJ[P)KyBaTH T'POIIIi.
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BucHoBKH

Ananiz BuxigHux curHaigiB MMA Ta iHTerpoBaHoro curHany MMAVS
MOKa3ye, 10 MMOMWJIKH iX BUMIPIOBaHb 3HAXOMATHCS B PI3HUX Jiama3oHax 4acToT.
Tomy MeTo B3aeMHOI KOMITEHCAITIT 1/1eaTbHO MiIXOIUTh IS BUPIIIICHHS MPOoOIeMu
1HTerparii ux J1aTYuKiB.

Pesynbratu mocnipkeHHs 1HTETpOBaHUX TipOBEpTUKAJEH, MoOyI0BaHUX Ha
OCHOBI CXe€M KOMIIeHcallli 3 GIIBTPOM TPETHOTO MOPSAKY 3 OJJHOYACHOK POOOTOIO
CXeM KajaiOpyBaHHS Ta KOpPEKIli, JAEMOHCTPYIOTh XOpolli (UIbTpyBaIbHI
BJIACTUBOCTI Ta MPUMHATHY TOYHICTh BUMIPIOBaHb MMapaMeTPiB KyTOBOI OpI1€HTAII].

AHami3 pe3ysibTaTiB MOJCIIOBAaHHS TIOKa3y€e MPUHIUIIOBY MOKJIUBICTh
HEJIOBIO MPOJOBXKYBATH JIETITU 3 aBTOHOMHOro MMI'B miciga poboTtu BUMHUKaua

KOPEKIIii.
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