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1. Mopgeri Ta METOAY aBTOMaTU30BAHOT'O NPOEKTYBAHHS TEXHOJIOTIYHMX MIPOLECIB BUTOTOBJIEHHS
MiKPOEJIEKTPOMEXaHIUHUX aKCEIePOMETPIB

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

Pedepar:

1. O6’eKT mOCTiIKEHHS — NPOEKTYBAHHS TEXHOJIOTIYHMX IPOLECiB BUTOTOBJIEHHS] MiKPOEJIEKTPOMEXaHIYHUX
akcesepoMeTpiB. MeTa po6oTu - mifBuileHHs e(peKTUBHOCTI aBTOMAaTU30BaHOT'0O IPOEKTYBAHHS TEXHOJIOTIYHUX
[IPOLLECIB BUTOTOBJIEHHS MIKPOEJIEKTPOMEXAHIYHMX aKCEJIEPOMETPIB, IIJIIXOM 3HIDKEHHS BapPTOCTI i 4yacy ix
[IPOEKTYBaHHS Ta BUTOTOBJIEHHS, 32 PAXYHOK PO3POOKH Ta yIOCKOHAJIIEHHS MOIeJIel, METOZIB i IPOrpamMHOro
3abe3nevyeHHs. MeTonu MOCimKeHHS: METOIU MAaTEMAaTUYHOTO Ta KOMITIOTEPHOTO MOJIEIIOBaHHS, Kiacudikariii,
004U CII0BATIBHOTO {HTEJIEKTY, IUCKPETHOTO IPOrpaMyBaHHs, ONTHUMI3allii, MaTEMaTUYHOI JIOTiKY, TEOPii MHOXXNH,

Teopii rpadis, YMCENbHUX METOAAX, METOAAX iMiTal[ilHOrO MOJIe/IIOBAHHS, TEOPii aITOPUTMIB, METOJAaX OpraHisarii



rpadiuHoro niayory no6ynosu intepdericy kopucryBaya. [IpakTH4Hi pe3ynbTaTty — po3pobJieHi i yIocKoHaeHi B
IycepTauiiiHiil po6oTi MOAEi Ta METOAU JO3BOJIMIIN BUPIIUTY BaskIMBE HAyKOBE 3aBAaHHS IiABUIEHHS
e(eKTUBHOCTI aBTOMATU30BaHOI0 [IPOEKTYBAHHS TEXHOJIOTIYHUX NIPOLIECiB BUTOTOBJIEHHS
MiKpO€JIEKTPOMEXaHIYHUX aKceslepoMeTpiB. HaykoBa HOBU3HA OTPUMAaHUX PE3YJIbTATIB II0JIIrae B TOMY, 1O BIIEpLIE
PO3p006JIEHO MaTeMAaTUYHY MOJEJIb BU3HAYEHHS MiKPO€JIEKTPOMEXAHIUHOTO aKCeIepOMETPA-aHAJIOTa, 7Sl SIKO]
dhopmasizoBaHo KpuTepii 4yacy i BApTOCTI BUTOTOBJIEHHS, MacCH Ta ILJIOLLi MiKpoeJleKTPOMeXaHIYHUX aKcelepoMeTpa
Ta BPaXOBaHO (PYHKLiOHAJIbHO-KOHCTPYKTUBHI OOMEXEHHS, 10 J03BOJIsI€ BUBHAYUTY HAWKpallill BapiaHT
MIKpOEJIEKTPOMEXAHIYHOTO aKCceJlepoMeTpa-aHasora Jjs 3AiliCHEeHHsI BUOGOPY TUIIOBOTO TEXHOJIOTIYHOTO MPOLECY;
BIleplie po3pobJIeHO y3araabHeHNI METO]], aBTOMAaTU30BaHOT0 IIPOEKTYBAaHHS TEXHOJIOTIYHUX IIPOLIECiB
BUT'OTOBJIEHHS MIKpOEJIEKTPOMEXaHIUHOTO aKCeJIEPOMETPIB, SIKUI 6a3yeThCs Ha ABOX YACTKOBUX METOZAX: BUOOPY
TUTIOBUX TEXHOJIOTIYHUX MPOLECIB i MOLIYKY aHAJIOTiB OKPEMUX €JIEMEHTIB TEXHOJIOTIYHOTO MPOLIECY, 110 JO3BOJISE
OTpuMaTH e(pEKTUBHUI TEXHOJIOTIYHUI IPOLEC 32 PAXyHOK 3HIKEHHS BAPTOCTI Ta 4aCy BUTOTOBJIEHHS;
YAOCKOHAJIEHO MOJEJIb CTPYKTYPHO-TIAPAMETPUYHOTO CUHTE3Y TEXHOJIOTIYHOTO IIPOLLECY BUTOTOBJICHHS
MIKpO€JIEKTPOMEXaHIYHUX aKCeJIEPOMETPIB, 51Ka, Ha BiIMiHY Bif] BiTOMUX, LIJISXOM BUOOPY TUIIOBOTO
TEXHOJIOTIYHOTrO NIPOLIeCy, ONepaLliil i 061aHaHHS, J03BOJIsI€E OTPUMATU CTPYKTYPY TEXHOJIOTIYHOTO IpoLecy iy
BUIIANIKy HEOOXimHOCTI 06patu 6ibill e(peKTHBHE TEXHOJIOTIYHE 00JIalHaHHS; YIOCKOHAJIEHO MeTO, BU6OpY
TUTIOBUX TEXHOJIOTIYHUX IIPOLLECIB BUTOTOBJIEHHS MiKPOEJIEKTPOMEXaHIYHMX aKCEJIEPOMETPIB, SIKUH, HA BiIMiHY Bifl
iCHYI04MX, Ha OCHOBI METOZIB iepapxidyHOi KjlacTepusalii Ta iHTeJIeKTyaJbHOIO aHali3y JaHUX, IKUI [03BOJISE
BM3HAYUTH B3a€MO3B'SI30K MK (PYHKLIOHAJIbHO-KOHCTPYKTMBHMMH [TOKa3HMKAMU MiKPO€JIEKTPOMEXaHI4YHOTO
aKceJIepOMEeTpa-aHasora i TUIIOBUM TEXHOJIOTIYHUM IIPOLECOM Ta 3HU3UTHU BaPTICTh i 4aC HA IPOEKTYBaHHS. 3a
pe3yJbTaTaMu AUCEPTALiliHOI pO60TU OTPUMAHO aBTOPCHKE CBiIOLTBO Ha KOMITIOTEPHY ITporpamy N2 65348 Bif,
16.05.16 p. PesysnbTaTu nucepraliiiHoi po6oTu BIpoBampkeHi Ha nignprueMmctsi TOB «OBeH» Ta B y460BUil ITpoLieC
XapKiBChKOTO HalliOHAJILHOTO YHIBEPCUTETY PalioeIEKTPOHIKHY, 3aNI0Pi3bKOro HAI[iOHAJIbHOTO TEXHIYHOTO
yHiBepcuTeTy, KpeMeH4yIbKOro HalliOHaJIbHOTO YHiBepCcUTeTy iMeHi Muxaina Octporpagcbkoro. OTpuMadi
PEe3yJIbTaTU MOXYTb OYTH BUKOPUCTAHI [1J7I1 aBTOMATU30BaHOT0 IIPOEKTYBAHHS TEXHOJIOTIYHUX NIPOLECIB
BUTOTOBJIEHHS MIKPOEJIEKTPOMEXaHIYHMX aKCEJIEPOMETPIB 3 ITOJAJILIIUM CTBOPEHHSAM TEXHIYHOI JOKyMEHTALil y

BUTIJISITi MApPIIPYTHOI 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.
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