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OIITUMIBAIA MPOUEAYPU BUBOPY JATUYUKIB
VIS JIABEPHOI'O TEXHOJIOI'TYHOI'O OBJIATHAHHA

B pobomi nposedeno ananiz cyuacnux mooeneti iHmespaibHux aKcerepomMempio cyuacHux Qipm-
supobrukie MEMS 0ns1 nazepro2o mexnonociuno2o obaaonanns. Heobxionoio aankoio 01 6y0b-5K020
KOHMYPY VNPAGIiHHA, WO 003801A€ 3a0e3neyUumuy CUSHAIOM 360POMHO20 38 3KV eleKMPOHIKY, SAKd
Kepye GUKOHABUUM NPUCMPOEM, € 0amuuKu Qizuynoi senuyunu. Axceiepomempu peazyioms Ha Npuc-
KOpeHHs abo cumy, wo Oi€ Ha ceHcopHull enemenm oamuuxa. CMEOpeHo y3a2aibHeHy MAMeMamuity
MOOeb 30 OCHOGHUMU MEXHIYHUMU napamempamu akcenepomempis. Ha 6a3i enacmueocmeti meopii
po3mipHocmell, 6e3pO3MIPHUX CIMENneHesUx KOMNIEKCie ma eBpucmuyHo2o memody pospodieno baza-
monapamempudni Kpumepii AKocmi ma GU3HaueHo ix Qizuune maymavenus. 3anponoHosano npoye-
0ypy onmumizayii 6ubopy 0amuuKie 3 MHONCUHU ICHYIOYUX 3d PAXYHOK PO3POOKU Kpumepiig siKocmi
ma 8izyanizayii 3anponoHO8anol 3HAKOBOI MOOeNi 3anedcHOCmell 6a2amonapamempuyHux Kpumepiie
SAKOCTHI MHOJCUHU CYHACHUX aKCenepoMempie y Yyomupbox keadpanmax. B pezyrsmami ¢hynxyionans-
HO20 aHANi3y 3HAKOBOI MOOeNi 3 MHOMCUHU CYUACHUX AKCEelepoOMempis 8U3HAYEHO HAUunpuoamHiuly
Mooenb 3a bazamovma napamempamu 0OHOYACHO.

Knwuogi cnosa: axcenepomemp, 3HaK08a Mooesv, Kpumepii aKkocmi, meopis po3mipHocmell.

IocTanoBka npodaemu. Ob6macTs 3acTo-
CYBaHHS IHTETPaJbHUX JATYHUKIB € HAJA3BUYANHO
HIMPOKOIO: BiJ a€pOKOCMIYHOI TEXHIKH A0 aBTO-
MOOUTBHOT Ta pOOOTOTEXHIKH.

OmHYM 13 TOMPEHUX TUIIB JATYUKIB € 1H-
TErpalibHI aKCEJICPOMETPH, IO BHUTOTOBISIFOTHCS
3a  texHojorieco  MEMS  (Micro-Electro-
Mechanical Systems). [l puHKY IPOMHCIOBOCTI
MEMS-akcenepoMeTpiB, 3a TaHUMH (paHILy3bKO1
KOHCAJITUHTOBOI opraHizamii Yole Développe-
ment, XapakTepHe HoMiHyBaHHS 30 HAHOUTBITTHX
KOMTaHii-BUpoOHUKiB, a came: Bosch, STMi-
croelectronics, Texas Instruments, Avago Tech-
nologies Inven Sense, Qorvo, Knowles Electron-
ics Ta iH. [1-2].

MiticHo, choromHi TexHonorii MEMS csr-
HYJIA TaKOTO PIiBHA, SKHH MOIMYCKA€E HE TIIBKH
BHPOOHHIITBO HEOPOTHX KOMIIOHEHTIB Y Maco-
BUX 00csTax, a i MacoBaHE PO3IIUPEHHS KoJia ixX
3aCTOCYBaHb, y TOMY YHUCIIi W y JIa3€pHOMY TEX-
HoJytoriuHOMY OoOnamHanHi [1-12]. Tomy Ha TpH-

KJIaJli IUX 1HTETpaJbHUX aKCeIePOMETPIiB IPOBO-
JSITHCSl HACTYITHI JOCITI KCHHSL.

AHaJxi3 ocTaHHIX gocaigKeHb. [InTaHnHIM
MOOYIOBH, YIPABIIHHSI W 3aCTOCYBaHHS aKcee-
poMeTpiB mpHCBIYeHO psag  podit  A. HOmina,
O. Konenuenko, C. Cucoepoi, FO. Ilerponas-
nosckoro, J[. Jlapionosa, O. Kazakesuua, A. Jle-
O0enera, 1. IlerpoBa, O. TysoBa, B. Scannell,
V. Lara, Ch. J. Fisher ta in. Onnak y mux po6o-
Tax HEOCTaTHLO BiOOpakeHO, K 3 Oe3idi Cy-
JaCHUX MOJeENIe aKCEeIepOMETPIB IMBHIKO BH-
3HAYUTH TaKy, sSKa HAHOUTBII 3aJIOBOJHHUTH 3a-
MOBHUKA 32 BiAMOBITHIMH TapaMETPaMHU.

JlocmimKeHHsT cCydacHUX MOJCIICH akcee-
pOMETpIB 3a OaraTbMa mapaMeTpaMu MpH BiACYT-
HOCTi MaTEMaTHYHOTO OIHCY B3aEMO3B’SA3KIB MiXkK
HAMH HE J03BOJIIE€ ONTUMI3YBATH MPOIEAYPY 3
BukopuctanusaM 11K i 3aiimae 6arato gacy. Tomy
3a7jaya IIBHAKOTO BU3HAYEHHS MOJEII aKcelle-
poMeTpa 3 MHOXXUHH ICHYIOYHX 3a OaraTrhbMa ma-
paMeTpamMu € aKTyaabHOIO.
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Mertoro po6oTH € onTHMI3aLis TpoUeaypH
BHOOpPY MOJENi aKcelepoMerpa 3 MHOXKHUHHU ic-
HYIOUMX 32 paXyHOK MOJEIOBAHHS Ta PO3POOKHU
OaraTonapaMeTpUYHUX KPUTEPIiB AKOCTI.

Jlnst mocsTHEHHS i€l MeTH HEeOOX1THO BH-
PIIIUTH TaKi 3a1adi:

— CKJacTd mepelik (i3uuHuX Mopesen
IHTETpaNIbHUX aKCeIePOMETPiB Cy4acHHX QipM-
BupoOHuKiB MEMS 3a 0CHOBHUMH TeXHIYHUMH
napaMeTpamu;

— CTBOPHUTH Yy3araJlHEeHy MaTeMaTUYHY
MOJIeIh 32 OCHOBHMMH TEXHIYHMMHU TapaMeTpa-
MU aKCeJIEepPOMETPIB;

— BU3HAYWTH BHUJ MOJICTIOBAHHS,

— po3pobuTH OararomapaMeTpUdIHI KpHUTe-
pii IKOCTI ¥ BU3HAYMTH X (hi3HMUHE TIyMAdCHHS,

— Bi3yalli3yBaTH MpoIiec BUOOPY MaTINKIB
13 MHOXKHHHU Cy4acCHUX MOJENICH aKCcelIepoMETpiB
32 BH3HAYEHUMH OCHOBHUMH TEXHIYHUMH Iapa-
METpaMu;

— BHU3HAYWATH HAWMPHIATHINIY MOJEIH
JaTYMKa Ha MiacTaBl (QYHKIIOHAJIBLHOIO aHai3y
X MHOKHHH.

Buknag ocHoBHOro marepiamy. Anami3
CyJacHHX MOJEJIe aKCeIIepOMETPIB  Pi3HUX
(dhipm-BupoOHukiB MEMS mokaszas, 1110 OCHOB-
HUMH 1X TEXHIYHUMU TapaMeTpaMu, sKi BIUINBa-
I0Th Ha €KCIUTyaTalliifHi BJACTHBOCTI, € Tiama3oH
pobodmx TeMrIiepaTyp, KIIbKICTh Jiala3oHiB BH-
MIpPIOBaHUX TMPUCKOPEHb, MaKCHMajbhbHa YacTOTa
nepeaavi TaHUX Ha BUXIJ, 4ac 3aTPUMKH, Mak-
cUMajbHE 1 MiHIMAJIbHE 3HAYEHHS JIOITyCTUMOTO
CTPYMY KHUBJICHHS.

[epenik cydyacHMX Mopesel akcelepoMeT-
piB pi3HUX KOMITaHIH-BUPOOHUKIB Ta 1X OCHOBHI
TEeXHIYHI TapaMeTpH HaBEACHO B TaOI. 1.

VY3aranpHeHa MaTeMaTUYHAa MOJCIb 3a
OCHOBHHMH TEXHIYHUMH TapaMeTpaMu akKcele-
POMETpIB, IO MOJaHi B Tabj. 1, Mae Takuil BU-
TIIAL;

F (Qmax’ Qmin;f7 tﬁ KG’ Imax’ Imin) = 0’ (1)
e Qnax’ Qnin -

Hi 3HaYEHHS POOOYO0T TeMIepaTypu;

f - MakKCuMaJIbHa 4YacCToTa Hepeﬂaqi

IaHUX Ha BUXIL;
t — 4ac 3aTPUMKU,;

K, —  KUIBKICTh Jiana3oHIB BUMIPIOBa-

HUX MIPUCKOPEHD aKCEIEPOMETPA;

MaKCUMaJIbHI Ta MIHIMAJb-

I .1

max’ “min

3HAYEHHS JOITyCTUMOTO CTPYMY >KUBJICHHS.

AHaji3 y3aragbHEHOI MaTEeMaTHYHOI MO-
neni (1) miaTBEepIKY€E BiACYTHICTh aHATITHYHOTO
3B 3Ky MIXK HaBeIEHHUMH HapameTrpamu. Tomy
BU3HAYAETHCS YMOBHE MOJICIIOBAHHS 1 po3po0-
JITFOTBCST YMOBHI KpuTepii sikocTi. s miporo Ha
0a3i gaHux Tabid. 1, BmacTUBOCTEH Teopii po3mip-
HOCTEH, O€3pO3MIPHUX CTEIEHEBUX KOMILIEKCIB
Ta €BPUCTUYHOI'O METONY CTBOPIOIOTHCS Oararo-
napaMeTpUyHi KPUTEPii SIKOCTI 1 BUBHAYAETHCSA X
¢iznune TIymaueHHs [9—-12].

Po3pobmeno OaraTtomapamMeTpudHi KpHUTe-
pii siKoCTI Ta iX (i3uvHE TIIyMayeHHs, SKi MalOTh
BUTJISL

MaKCHUMaJIbHI Ta MIHIMaJIbHI

Qmax Qmin

K, = Q— — Oe3po3mipHa Be-
max

JIMYMHA, 0 XapaKTepu3ye poOourid TeMrepaTyp-
HUAW [ialma30H aKcelepoMeTpa, Hahkpara IpH
K 0™ 1;

K, = ( f- t) — 0Oe3po3mipHa BeNMYHHA,
sSKa XapaKTepu3ye UIBHIKOJIIO aKCeIepoMeTpa.
BpaxoBytoun, mo f = const 1 MWBHAKICTH 3a-

JIC)KHMTD BiJl Yacy 3aTPUMKH !, HAHKPAIOK BEJIH-
YUHOIO € MiHIMaJIbHE 3HAYEHHS,
K, — BenuuuHa, siKa XapaKTepUsye Killb-

KICTh Jiama30HIB BUMIPIOBAHUX IPUCKOPCHD
aKcerepoMeTpa, HaKpaIow € MaKCUMAaJTbHa;

I -1
K, =| ——= | — 0Ge3po3mMipHa Be-

max
JIMYMHA, SIKa XapaKTepu3ye poOOYMi Jiana3oH
CTpyMy >KUBJICHHS, Halikpamia mpu K, —1.

Pesynbrati po3paxyHKy KpHUTEpiiB SKOCTI
HaBezleHi B Tabm. 1.

Bimomo, 1o Bizyasmizarlisi MpUCKOPIOE TPO-
nec BUOOpPY HATYUKIB 13 MHOXXMHH CYYacHHX
MojeNne akcenepoMerpiB. TomMy Ha miacTaBi
PO3pOOJICHUX KPHUTEPIiB SKOCTI KpUTEpiajbHe
PiBHSIHHS HAOMpa€e TAaKOTO BUTIISTY:

1//=(K ;KF;KG;K,)=O. 2)

Ha 06a3i kpurepianbHOro piBHAHHA (2),
BJIACTUBOCTEH T-TEOpEeMH Ta OararornapameTpud-
HUX KpHUTepiiB sikocTi (Tabn. 1) Oyayerbcs 3Ha-
KOBa MOJEJb 3aJIe)KHOCTEH KPHUTEPIiB SIKOCTI 3a
OCHOBHHMMH TEXHIYHUMH IapaMeTpaMH B YOTH-
PBOX KBaJpaHTax, sika 300pa’keHa Ha puc. 1.
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Taomums 1
IMepenik cyyacHux MojeJiell aKceJlepoMeTpPiB 3 OCHOBHUMH TEXHIYHHMH MapaMeTpamMu
Ta KPUTePIiB IKOCTI

Jiamazonu Kpurepii sxocTti
Ne| Mogens Qi”(”’ QI”Z” " |BUMiproBaHHX J; ’ 15[(’: I”‘Z I“X ’
npuckopens | < 1 M M Ky Kr | Ko | K,
Analog Devices
1 | ADXL313 233 378 ﬂ:O,S/iﬂ;l/ﬂ:Z/ 2 1,4 0,3 0,1 0,38 | 4,48 4 0,67
2 | ADXL345 243 358 +2/+4/+8 2 2 0,14 | 0,03 | 0,32 6,4 3 0,79
Bosch Sensortec
3 | BMA280 233 358 +2/+4/+8 2 3 0,13 10,066 0,35 6 3 0,49
4 | BMA250E 243 348 +2/+4 2 4 0,13 [0,066| 0,30 8 2 0,49
Murata
5 185?)?830_ 243 | 398 +1/42 2 1100 | 63| 5 [039] 200 | 2 | 021
6 %%?3100‘ 243 | 393 +5/46 2 |10 5 | 3 038|220 2| 04
STMicroelectronics
7 | AIS326DQ 243 378 +2/+6 2 1,95 0,8 10,67 0,36 39 2 0,16
8 | LIS2DSI12 | 243 | 358 ﬂ/iféig/ 2 | 12 | 04150013 032 | 48 | 4 | 092
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Puc. 1. 3naxkoBa Moens onTuMi3anii BHOOPY HATUYHMKIB
3 MHOKHHH MoJeJieli akceJiepoMeTpiB y 6e3po3MipHHUX KOOPAHMHATAX

Mpumirka: mudpu 1, 2, ..., 8 Biamosixatots mudpam y tabdm. 1.
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3 puc. 1 BuaHO, 110 HAKKPALIOI0 MOACILIIO
akcemepomerpa € Ne 6 SCA3100-D07 dipmu
Murata.

OTxe, Bizyasizailis 3HaKOBOi MOJIEINI B YO-
THPHOX KBaApPaHTaxX MPUCKOPIOE BUOIp Ta BU3HA-
YeHHS HaWKpamux MOJeNeH MaT4YHKIB 3 MHOXH-
HU ICHYIOYHX 3aBJISKH OJIHOYACHOMY aHai3y 3a
OaraThbMa mapamMeTpamH.

Bucnoeku. lllnaxom anamizy 00’ekta 10-
CJIIJDKEHHSI BCTAHOBIICHO, 10 TOOYy0Ba #oro 3
BU3HAYCHUMH HAWNPUIATHIIIAMUA  MOJCISAMHU
KOMITOHEHTIB ITiIBUIITY€ SKICTH CaMOro 00’ €KTa.

1. BwusHaueHO YMOBHE MOETIOBAHHS, 1110
JIO3BOJIMJIO TIPOBECTU JOCIiKEHHS 3a OaraThMa
napamMeTpaMyd MpH BiCYTHOCTI aHaJiTUYHOTO
BHpa3y B3a€EMO3B’SI3KiB MK HUMH.

2. Pospobneno ©6e3po3mipHi KpuTepii
SIKOCTI 32 CIMOMa OCHOBHUMH TE€XHIYHUMH Tapa-
MeTpaMH, Ha OCHOBI SKHX IMOOyZOBaHAa 3HAKOBa
MOJIETh Y YOTHPHOX KBaJpPAHTAX.

OTxe, 3a pe3yabTaTOM Bi3yalizailii 3HaKO-
BOI Mozielli Ta (DYHKIIOHAIBHOI'O aHaJli3y OIHO-
YacHO 3a ciMOMa MapaMeTpaMy BH3HA4YEHO, IO
HAUTNPUIATHIIIO MONEUII0 € aKCeIepoMeTp
Murata SCA3100-D07.

IlepcieKTHBOIO MOAANBININX TOCIIIKEHD €
po3po0Ka y3araabHEHOTO MOKa3HHWKa SKOCTi CY-
YaCHHUX MOJICTICH aKCeIepOMETpiB IS JIA3EPHOTO
TEXHOJIOT1YHOTO 00JIaTHaHHS.
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OPTIMIZATION OF THE PROCEDURE FOR SELECTING SENSORS
IN LASER TECHNOLOGICAL EQUIPMENT

Introduction. Automated and automatic control systems are an integral part of modern high-
tech production. Physical quantity sensors are an essential element for every control loop, which al-
lows providing the feedback signal of electronics by control on actuator device. Accelerometers are
responsive to acceleration or force acting on the sensor element.

The purpose of scientific work. The objective of this research is to optimize the procedure for
determining the most suitable accelerometer model from a variety of existing ones through the design
and development of multiparameter quality criteria.

Formulation of the problem. Most of integrated accelerometers, manufactured by MEMS tech-
nology, combine the functions of forward and reverse electromechanical conversion with built-in in-
telligence. The area of integrated accelerometers application is very wide: from aerospace equipment
to automotive one and robotics, which makes a wide range of requirements put forward to them.

Today MEMS technologies have reached a level that allows not only the production of inexpen-
sive components in mass quantities, but also the massive expansion of their applications, including in
laser technological equipment.
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The investigation of current accelerometers models on many parameters without mathematical
description of relationships between them doesn’t allow to optimize the procedure using a PC and
takes time. Therefore, the task of rapid determination of accelerometer model from a variety of exist-
ing ones on many parameters is important.

The main material. The authors have conducted the analysis of modern accelerometers models
of different MEMS manufacturing companies. As a result, the main technical parameters that affect
the performance properties of accelerometers are determined. In this paper the quality criteria for key
indicators are calculated. A generalized mathematical model is created. Based on the properties of
dimensions theory, dimensionless power complexes and heuristic method, multiparameter quality cri-
teria are developed and their physical interpretation is determined.

Conclusions. The procedure for optimization of selecting sensors in laser technological equip-
ment from a variety of existing ones due to the development of quality criteria and the visualization of
the proposed sign model of the dependencies of multiparameter quality criteria of many modern acce-
lerometers is offered. As the result of functional analysis of sign model the most suitable model from
many modern accelerometers by many parameters at the same time is determined.

Keywords: accelerometer, sign model, quality criteria, dimensions theory.
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