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MIKPOEJIEKTPOMEXAHIYHUX aKCEJIEPOMETPIB

2. Models and methods for automated design of technological processes for the production of MEMS
accelerometers

Pedepar:

1. O6’eKT mOCiI)KEHHS — MIPOEKTYBAHHS TEXHOJIOTTYHUX IIPOLIECiB BUTOTOBJIEHHS MiKPOEJIEKTPOMEXaHIYHUX
akcesiepomMeTpiB. MeTa po6oTtu - mifgBuiieHHs e(peKTUBHOCTI aBTOMAaTU30BaHOT'0 IIPOEKTYBAHHS TEXHOJIOTIYHUX
IIPOLECIB BUTOTOBJIEHHSI MIKPOEJIEKTPOMEXAHIYHMX aKCEJIEPOMETPIB, IIJIIXOM 3HIDKEHHS BapPTOCTI i 4yacy ix
IIPOEKTYBaHHS Ta BUTOTOBJIEHHS, 32 PaXYHOK PO3POOKH Ta yIOCKOHAJIEHHS MOJieJIel, METOZiB i IPOrpaMHOro
3abe3nedeHHs. MeTony JOCTiIKEeHHS: METOIY MaTEMAaTUYHOTO Ta KOMITIOTEPHOTO MOZIETIOBaHHS, Kiacudikaii,
004K CII0OBATIBHOTO {HTEJIeKTY, IUCKPETHOTO IPOrpaMyBaHHs, ONTHUMI3allii, MaTeMaTUYHOI JIOTiKH, TeOPii MHOXKNH,
Teopii rpadiB, YMcenbHUX METOIaX, METOAAX iMiTallilHOrO MOJIe/II0BaHHSI, TeOpii aITOPUTMIB, METOJIaX OpraHisarii
rpagiuHoro mianory no6ynosu iHTep@ercy Kopucrysaya. [IpakTU4Hi pe3yibTaTy — po3po0JIeHi i yIOCKOHAJIEH] B
IYcepTauiiiHiil po60Ti MOAEJi Ta METOIY JO3BOJIMJIN BUPIIINTY BaskjIMBE HAYKOBE 3aBAAHHS IiIBUIEHHS

eeKTUBHOCTi aBTOMATU30BaHOI 0 [IPOEKTYBAHHS TEXHOJIOTIYHUX IIPOLECiB BUTOTOBJIEHHS



MiKpO€JIEKTPOMEXaHIYHUX aKcesepoMeTpiB. HaykoBa HOBU3HA OTPUMAaHUX PE3YJIbTATIB OJIAra€e B TOMY, L0 BIIepLIe
PO3p06JIEHO MaTeMAaTUYHY MOJEJIb BU3HAYEHHS MiKPOEJIEKTPOMEXAHIYHOTO aKCeJIepOMETPA-aHAJIOTa, ISl SIKO]
dopmasizoBaHO KpuTepii 4yacy i BAPTOCTI BUTOTOBJIEHHS, MaCH Ta ILJIOILi MiKpOeJIeKTPOMEXaHIYHUX aKCelepoOMeTpa
Ta BPaXOBaHO (PYHKLiOHAJIbHO-KOHCTPYKTUBHI OOMEXEHHS, 10 JO3BOJIsI€E BU3HAYUTY HAWKPAllill BapiaHT
MIKpPOEJIEKTPOMEXaHIYHOTO aKCelepoMeTpa-aHaora Jjs 3iliCHEHHs] BUOOPY TUIIOBOTO TEXHOJIOTIYHOTO MPOLECY;
BIIEPILE PO3PO6JIEHO y3araJbHEHN METO/, aBTOMAaTHU30BaHOTO ITPOEKTYBAHHS TEXHOJIOTIYHUX MTPOLIECIB
BUTOTOBJIEHHS MIKpOEJIEKTPOMEXaHIYHOTO aKCEJIEPOMETPIB, SIKMI 6a3y€eThCs HA ABOX YACTKOBUX METOZAX: BUOOPY
TUTOBUX TEXHOJIOTIYHUX MPOLECIB i MOLIYKY aHAJIOTiB OKPEMUX €JIEMEHTIB TEXHOJIOTIYHOTO MPOLIECY, 110 JO3BOJISE
OTpUMaTH e(PEKTUBHUI TEXHOJIOTIYHMI IPOLEC 32 PAXyHOK 3HIKEHHS BAPTOCTI Ta 4aCy BUTOTOBJIEHHS;
YIOCKOHAJIEHO MOZEJIb CTPYKTYPHO-TIADAMETPUYHOIO CUHTE3Y TEXHOJIOTTYHOTO MPOLECY BUTOTOBJIEHHS
MiKpO€JIEKTPOMEXaHIYHUX aKCeJIEPOMETPIB, 51Ka, Ha BiIMiHY Bif| BiTOMUX, LIJISXOM BUOOPY TUIIOBOTO
TEXHOJIOTIYHOTrO NPOLIECY, ONepaliil i 061aHaHHS, J03BOJIIE OTPUMATU CTPYKTYPY TEXHOJIOTIYHOTO poLecy iy
BUIIAJIKy HEOOXimHOCTI o6partyu 6isblll e(peKTHBHE TEXHOJIOTIYHE 00JIalHaHHSI; Y OCKOHAJIEHO MeTO, BU6Opy
TUTOBUX TEXHOJIOTIYHUX POLLECIB BUTOTOBJIEHHS MIKPOEJIEKTPOMEXaHIYHMX aKCEJIEPOMETPIB, SIKUH, HA BiIMiHY Bifl
iCHYI04MX, Ha OCHOBI METOZIB iepapxidyHOi KylacTepusalii Ta iHTeJIeKTyaJbHOrO aHai3y JaHUX, IKWU [03BOJISE
BU3HAYUTU B3a€MO3B'SI30K MiXK (PYHKI[iOHAJIbHO-KOHCTPYKTUBHUMMU [MOKa3HUKAMU MiKPOEJIEKTPOMEXAHIUHOTO
aKceJIepOMETpa-aHasora i TUIIOBUM TEXHOJIOTIYHUM IIPOLECOM Ta 3HU3UTHU BAPTICTh i YaC HA IPOEKTYBaHHA. 3a
pe3yJbTaTaMU JucepTaliiiHOi po60TH OTPMMAHO aBTOPCHKE CBiIOLITBO HAa KOMITIOTEPHY Iporpamy N2 65348 Bin
16.05.16 p. PesyznbTaTu nucepraniiiHoi po60oTu BIpoBajpkeHi Ha nignprueMmctsi TOB «OBeH» Ta B y460BUil ITpoLiec
XapKiBCbKOTO HalliOHAJILHOTO YHIBEPCUTETY PalioeIEKTPOHIKHY, 3aNI0Pi3bKOro HAl[iOHAJIbHOTO TEXHIYHOTO
yHiBepcuTeTy, KpeMeH4ybKOro HallilOHaJIbHOTO YHiBepCcUTEeTy iMeHi Muxaiia Octporpagcbkoro. OTpuMadi
Pe3yJIbTaTU MOXYTb OYTH BUKOPUCTAHI [7I1 aBTOMATU30BAHOTO IIPOEKTYBAHHS TEXHOJIOTIYHUX NIPOLECIB
BATOTOBJIEHHS MiKPOEJIEKTPOMEXaHIYHMX aKCEJIE€POMETPIB 3 NOJANBIIMM CTBOPEHHSM TEXHIYHOI IOKYMEHTallil y

BUIJISIZIi MApIIPYTHOI KApTU 11714 iX BUTOTOBJIEHHSL.

2. The object of research is a design of technological processes for the production of MEMS accelerometers. The
purpose of the work is to increase the efficiency of the automated design of technological processes for the MEMS
accelerometers production by reducing the cost and time of their design and production, through the
development and improvement of mathematical models, methods and software. Research methods are:
mathematical and computer modeling, methods of classification, computational intelligence, discrete
programming, optimization, mathematical logic, set theory, graph theory, numerical methods, simulation methods,
algorithm theory, methods for organizing a graphical dialog for constructing a user interface. Practical results - in
the dissertation work models and methods are developed and improved, which have allowed to solve an important
scientific task of increasing efficiency of the automated design of technological processes for the MEMS
accelerometers production. The scientific novelty of the obtained results are the next: for the first time a
mathematical model for determining of the MEMS accelerometer-analogs was developed, for which the criteria of
production time and cost, and the MEMS accelerometer mass and area were formalized, and the functional-
constructive constraints for MEMS accelerometer were taken into account, which allows to determine the best
version of the MEMS accelerometer-analogue for the typical technological process choice; for the first time a
generalized method for automated design of technological processes MEMS accelerometers production has been
developed, which is based on two partial methods: the choice of typical technological processes and the search for
analogues of technological process individual elements, which allows obtaining an efficient technological process
by reducing the production cost and time; the model of structural-parametric synthesis of the technological
process for MEMS accelerometers production is improved, which, unlike the known ones, by choosing the typical
technological process, operations and equipment, allows obtaining the structure of the technological process and,
if necessary, to choose more efficient technological equipment; the method of selecting typical technological
process for MEMS accelerometers production is improved, which is different from existing methods by the fact it
is based on methods of hierarchical clustering and data mining methods, and allows to determine the relationship
between functional and constructive indicators of MEMS accelerometer-analogue and of a typical technological



process and to reduce the designing cost and time. The results of the dissertation research are implemented to
production process at enterprise OO0 «Oven» and to education process at the Kharkiv National University of
Radio Electronics, Zaporozhye National Technical University, Kremenchuk Mykhailo Ostrohradskyi National
University. On the base of dissertation results the author's certificate for software No. 65348 dated 16.05.16 was
received. The obtained results can be used for automated design of technological processes for MEMS
accelerometers production with further obtain of technological documentation in the form of a route map.

Jep>kaBHHH peecTpauiiiHuii Homep [IiP:

IIpiopuTeTHHI HaNIpSIM PO3BUTKY HayKH i TEXHIKH:
CrpareriyHu# NpiopHTETHUI HAIIPSIM iHHOBaLiHHOI AiSJILHOCTI:
IlizcyMKu AOCIiAKEHHS:

ITy6stikamii:

HaykoBa (HayKOBO-TE€XHiYHa) IPOAYKILisi:
ConiasIbHO-€KOHOMIYHA CIIPSIMOBaHICTh:

OxopoHHi goKymeHTH Ha OIIIB:

BrnpoBaakeHHS pe3yJIbTaTiB AHCepTalii:

3B'S130K 3 HAYKOBHMH TEMaMH:

VI. BizomocCTi Ipo HayKOBOr0 KEPiBHHKA/KEPiBHHUKIB (KOHCYJIbTAaHTA)

BiacHe IIpi3Buie Im'sa I1o-6aTbKOBI:
1. Hesmopos Irop llakupoBuy

2. Nevliudov Igor Sh.

KBasigikamis: n. 1. 1., 05.02.08
InenTudikarop ORCID ID: He 3acrocosyetses
JopaTrkoBa indpopmanist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH:
Kopg, 3a €IPITIOY:

Micue3HaxoaKeHHS:

dopma BaacHOCTI:

Cdepa ynpasiiHHS:

ImenTudikarop ROR: He zacrocoyerbcs

VII. BinomocrTi npo odiniliHuX OIIOHEHTIB Ta PELL€H3E€HTIiB
OdiuiiiHi OTIOHEHTH

Baacue IlpizBumie Im's I1o-6aTbKOBI:



1. Hedronos JleoHin IBaHOBUY

2. Nefedov Leonid I.

KBasmigikamis: 1. r. 1., 05.13.12
InenTudikarop ORCID ID: He 3acrocosyetses
JoparkoBa indopmamnist:

IToBHe HaliMeHYBaHHS IOPHIHNYHOI 0COOH:
Kop 3a €IPIIOY:

Micue3HaxoaKeHHS:

dopma BaacHOCTI:

Cdepa ynpasitiHHS:

Inentugikarop ROR: He zacrocosyerscs

BaacHe IlpizBume Im's I1o-6aTbKOBI:
1. Jlo6yp Muxaiino BacunboBuy

2. Lobur Mykhaylo V.

KBasigikamis: n. 1. n., 05.13.12
InenTudikarop ORCID ID: He 3acrocosyerscs
JoparkoBa iHdpopmamnist:

IloBHe HaiMEeHYBaHHS IOPHIHYHOI 0COOH:
Kopg 3a €1PIIOY:

Micue3Haxoa KeHHSI:

dopma ByracHoCTI:

Cdepa ynpasiiHHS:

InenTudikarop ROR: He zacrocosyerscs

PeuenseHTu

VIII. 3aKkJII04Hi BiZoMOCTi
BiiacHe IIpi3Buine Im'sa ITo-6aTbKOBI

TOJIOBH paju

BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI

rOJIOBYIOYOTO Ha 3acigaHHi

BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTparop

Beskoposaitnuii Bosogumup BaseHTUHOBUY

beskoposanHui Bosogumup BaseHTHHOBUY



KepiBuuk Bigginy YKpIHTEI wo e
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko T.A.

JisiIbHOCTI




