BI/II'YK
o(hiLiifHOrO ONOHEHTa Ha UCEpPTaLliHy poOoTy

Omensina AnatoJnst BacunboBuva
Ha TeMy «MMeTOo/M Ta CucTeMa MiABUILEHOI €(PEKTUBHOCTI KEPYBAHHS

11’ €30€JIEKTPUIHUM MIKPOMAHIITYJISTOPOM,
[pe/ICTABIICHY Ha 3100yTTs CTyIeHs JoKTopa (hiocodi

B TasTy3i 3HaHb 17 - EneKTpoHika Ta TeNeKoMyHIKallli
3a crierianbHicTio 172 - TenekoMyHikaiii Ta pafiloTeXHIKa

AKTYyaJIbHICTb TEMH AUCEPTALII.
Jluceprauiitna poOOTH NPUCBAYEHA BUPIMIEHHIO aKTyaJbHOI Ta BaXJIHBOI

HayKOBo MPUKJIAAHO] 3a/1a4l IT1ABUILICHH ecbeKTHBHOC'rl KepyBaHHs
I e3oeneKrquHHM MIKDOMaHINyJaATOpoM Ha 0a3l JIHIAHMX I €30€JIEKTPHYHHX
,I[BHFYHIB HA CTOSIUMX AKYCTUYHHX XBHJIAX 3 MPAMOKYTHHM PE30HATOPOM B MIKPO- T4
HaHO/liana30HaX WIBAUAKOCTEH, IO JOCATHYTO 33 PaxyHOK MOAAJIBLIOTO PO3BUTKY 1
BJOCKOHAJICHHS ICHYIOUHX METO/IIB KepyBaHHs 1’ €30€JIEKTPUYHUM
MIKpOMaHIIyJIATOPOM, PO3POOKH MPOrpaMHO-anapaTHUX PILICHb IX peami3ami Ta

CUCTEMH KEPYBaHHS Ha iX OCHOBI.
CbOroaHi OJHHM I3 OCHOBHMX KPHUTEpIiB BHOOPY THIly MaHIIyJIATOpa € HOTro

[iHa, SKA 3eOUIBIIOr0 3aJIeKUTh Bijl CKJIQAHOCTI Oro KOHCTPYKIIi, QYHKIIOHATY Ta
xapakTepucTuK. OCKIJIbKM MaHIMyJIsATop 3/iMCHIOE B MPOCTOPI Came JIHIMHE
MepeMIleHHsA, a /[BUTYHH, sKi BUKOPHUCTOBYIOTCA B HHX, 31eOLIBLIOrO
06epTaILHOrO NPHHIMITY Aii, TO, BIAMOBIAHO, TaKl MAHIMYJIATOPH MAIOTh Y CBOEMY
cKkaam JONaTKOBHI BY30J NEPETBOPEHHs OOEPTAIBbHOrO pyXy B JIHIMHUH, SAKICTH
BUIOTOBJIEHHS SKOrO MEPIIOYEProBO BIUTMBAE HA XAPAKTEPHUCTHKH MaHIMYJIATOPA Ta

KIHLIEBY L[IHY IPUCTPOIO.
Hapa3i Haii6iibll NEpCHEKTUBHUM Ta MAaJIOBUBYEHUM THIIOM JBHIYHIB €

TiHIAHAE 1T €30€JeKTPUYHHM JBUTYH 3 NPAMOKYTHHM PE30HATOPOM, sKHM 30epir
OCHOBHI BJIJACTHBOCTI 00€PTaIbHOI0 JBUTYHA, OHAK, «BIAMOBHBCA» B J0JaTKOBOTO
By3/1a KOHBepTalii 0OepTaIBbHOrO pyXy B JIHIMHMA. B pesynprari e CrpocTuiio

KOHCTPYKIIiIO JBHT'YHA Ta HOro BapTICTb.
Meroau Ta  aIrOPUTMH, SKI  BUKOPUCTOBYIOTBCS  JUIA  KEPYBaHHs

[’ €30€JIeKTPUYHMM JBUTYHOM B MIKPO- Ta HAHOJIAaNa3oHaX MIBHIKOCTEH, Ha Kb,
He 3a0e3medyloTh JOCTaTHIO €(EKTUBHICTD HMOro podOTH, IO TNPH3BOAMTH [0
NOripIIEHHA XapaKTEPUCTHK MPHUCTPOIO, B SKOMY B1H BUKOPHCTOBYETCS. e 1
BU3HAYa€ HEOOXIAHICTh MOAAJIBILIOIO PO3BUTKY 1 BAOCKOHAQJICHHS 1ICHYIOUMX METO/IIB
KepyBaHHA I €30€JIEKTPUYHUM MleOMaHIHyJIHTopOM Ha 0a31  JIIHIAHUX
11’ €30€JIEKTPUYHMX JBUT'YHIB Ta TEXHIYHUX PILIEHD iX pean3ali.

LE T (] ]

Ouinka OOrpyHTOBAHOCTI HAYKOBHX  Ppe3yJibTaTiB  Jauceprami, IX

JOCTOBIPHOCTI T4 HOBH3HH.
HaykoBa HOBHM3HA pe3yJbTaTiB AMCEPTALIMHOrO JOC/IDKEHHS TIOJSrae B

HACTYITHOMY:



I.  Bnepumwe  3anpomnoHOBaHO  YJAOCKOHAJIEHHSA  METOAY  KEpyBaHHS
[1"€30€JIEKTPUYHUM JBUTYHOM 3 MPSAMOKYTHHMM PE30HATOPOM HA OCHOB1 LUMPOTHO-
iMysibcHOT Moxyssiii (IITIM) nuisxoM MiHIMI3amii LWUBUAKOCTI JABUTYHA MPH HOro
CTApTI Ta 3YNMUHI, 10 JO3BOJIMIO 3MEHILIWTH PIBEHb 11yMIB Ta BiOpauii B 2-10 pa3is
[mpu poOOTI B MIKpO11ania3oH1 LIBUAKOCTEH.

2. Bnepme  3anponoHOBaHO  YJAOCKOHAJICHHS  METOAY  KEpyBaHHS
[1'€30€JIEKTPUUHUM JIBUTYHOM, SIKMH 3a0€3MeuyuB PEKUM KEpPYBAHHS IIBHIAKICTIO B
HAaHO/1AaMa30H1 IIBUAKOCTEH 3a paxXyHOK BHMKOPHUCTaHHS (PIKCOBAHOI KUIBKOCTI
IMITyJIbCIB  30yKkeHHs (10 20 B MOCHIZOBHOCTI) 3 PEryJIIOBaHHSAM YaCTOTH
CIIyBaHHA ULMUX TMOCIIAOBHOCTEH, sKka (opMyBajacsi MeXaHIYHHMM 3acoOom
KEPYBAHHs MIKPOMaHINYIATOPOM (JUKOMCTHK, TPeKOOJI), 10 JIO3BOJIMIO MIABUILUTH
MaHEBPEHICTh KEPYBaHHA OUIbILE, HIXK Y 2 Pa3H.

3. Bnepuie 3anponoHOBaHO YAOCKOHAJIEHHS METOAY IIJBUILEHHS TOYHOCTI
MO3MII0HYBAHHS 1’ €30€JIEKTPHUHOIN0 MIKPOMAHINYJIATOPA B aBTOMAaTHYHOMY PEIKUMI
38 PaXyHOK YHHMKHEHHS TEpEperyioBaHb LUIIXOM 3MIHM  [E€PEMILIEHHS
MaHIIyJIATOpa npu Oe3nepepBHOMY PyCi 40 KPOKOBOIO PEXKHMY PYXY 3 MOAAJIBIIO
3yMUHKOK B TOYIl MNO3MIIOHYBAHHA, W0 3a0€3MeymIo MIABHMIIEHHS TOYHOCTI
MO3ULIIOHYBAaHHA 10 piBHA (5-10) MKM.

4. Po3poOneno maremaTuuHy MOJENb NEPEMIIIEHHS poO0YOoro IHCTPYMEHTY
MaHINyJIALIAHOI CUCTEMM I BIUIMBOM KYTOBHX BiaxwieHb Pitch ta Yaw, ska
JIO3BOJISIE AJITOPUTMIYHO KOMIIEHCYBATH AaHl BIAXHWJIEHHS U1 MIHIMI3alli NOXHOKH
MO3UILIIOHYBAHHSA MIKPOMAHINYJIATOPA 3 BPaXyBaHHAM €KCIEPUMEHTAJIbHHX JaHHUX,
OTPUMAHMX NPH AOC/IYKEHH] HAMPaBJISIIOYHX JBUTYHIB.

J. Ha ocHOB1 pocmmpkeHHs XapaKTepUCTHK IT°€30€JEKTPHYHOrO JBHIYHA
BCTAHOBJICHO, IIIO HOr0 PE30HAHCHA XapaKTEPUCTHKA Ma€ JBa PE30HAHCHI IIKH, MPH
IbOMY KEPYBaHHA MOro IIBHAKICTIO CJIIX 3AIMCHIOBATH IIJIAXOM PETYJIIOBAHHSA

4aCTOTH 30Y/UKEHHs B 30HI KEPYBaHHs, KA 3HAXOJUTHCA HA MPABOMY CXMJIl MPABOTO
PE30HAHCHOTO IIKa.

6. BuKkOHAaHO MOJEMOBAaHHA MEXaHIYHUX KOJIUBAHb I’ €30€JEKTPHYHOTO

Pe30HAaTOpa MABHWTYHA, IO JO3BOJIMJIO MIATBEPAUTH HEOOXIIHICTH BHOODY came
[MPABOro €JIEKTPUYHOr0 PE30HAHCHOIO IIKA JABUTYHA MPU HOro KEPYBAHHI,

Omxe, B auceprauliHii poOOTI MOCTaBJIEHE HAYKOBE 3aBAAHHS BHKOHAHO
[MOBHICTIO, 3400yBa4 MOBHOIO MIPOIO OBOJIOAIB METOMOJIOTIEI0 HAYKOBOI AiSUTBHOCTI.

Ouinka 3MmicTy aucepTauii, il 3aBepUIEHICTh Ta JOTPHUMAHHS NPHHUNIIIB
AKaAeMI4YHOI J00p0YeCHOCTI.

3a CcBOIM 3MICTOM AuceprauliiHa pobora 3q00yBaua Omensina A.B MOBHICTIO
BianoBlaae OCBITHbO-HAyKOBIM mporpami «TenexkoMmyHikamii Ta pamioTexHikay 3a
cnewianpHICTIO 172 TenexomyHikauii Ta pagioTeXHiKa Ta HANMPSAMKAM HOCTIDKEHB
BIJIIIOBIJHO J0 Hei.

PosrysiHyBIIM 3BIT MOAIOHOCTI 3a pE3yJNbTaTaMH MEPEBIPKH AMCEPTALUMHOI
poOOTH Ha TEKCTOBI CHIBMAIIHHA, MOXHA 3pOOMTH BMCHOBOK, 10 AMCEpPTALiiiHA
pobora OmenaHa Anatonis BacuiboBUYa € pe3ysbTaTOM CaMOCTIMHUX HOCIIUKEHb
3100yBaya 1 He MICTUTD €1IeMEHTIB (panbendikaiii, kommisuii, gpabpukaii, mariaty
Ta 3ano3u4eHb. BHUKOpuCTaHl 17ei, pe3yJbTaTH 1 TEKCTH IHIIMX aBTOPIB MAIOTh
HaJIE)KH1 MOCWJIAHHA Ha BIAMOBIIHE JHKEPEIO.



MoBa Ta cTUIbL BUKJIAJIEHHSI Pe3YJIbTATIB

Jluceprauiiina poboTa HamKMcaHa yKpaiHChKOK MOBOIO.

Jlucepramis CKJIamaeThes 31 BCTYNMY, YOTHPHOX PO3AUIIB OCHOBHOI YaCTHHH,
3araIbHUX BHCHOBKIB, CIIMCKY BUKOPHUCTAHUX JDKEPEN 1 J0AATKIB. 3arajlbHUH 00 €M
nucepTaii ckinanae 160 ctopinok, 3 HUX 129 cTOpIHOK OCHOBHOIO TEKCTY, 2 Tab/HMLl,
90 pucynkiB, 70 mTepaTypHuxX mKepes Ta 6 J0JaTKIB.

Beryn mucepramii MICTHTh OOIPYHTYBaHHS aKTyaJdbHOCTI TEMH JOCIIKEHH,
dopmymioBaHHS MeTH Ta 3aBAaHb JOCIHIIDKEHHS, OMVIAA JITEPaTypH 3 BIAMOBIAHOI
rajmysi, BU3HAYEHHS HAYKOBOI HOBM3HM Ta NPAKTHYHOI 3HAYMMOCTI OTPHMaHHX
pe3ynbTaTiB. ABTOpP TMOSCHIOE, SKMM BHECOK oOOpaHa TeMa MOXKE€ 3pOOHMTH B

BIATMIOBIAHY TaJy3b 3HaHb Ta sAKi NpoOieMH MOXKyTh OyTH BHpILIEH] 3aBISKH

MPOBEACHOMY JOCIIIHKEHHIO.

Y nepumomy po3auIl MPOBEAEHO aHajli3 MIKPOMAHIMYJIALIAHOI CHCTEMH, 11
KOHCTPYKIIII, @ TAKO)X OCHOBHHX KOMIIOHEHTIB. JlOCIIIKEHO OCHOBHHM €JIEMCHT
MIKDOMAHINYJISITOpAa — JIHIMHUA 1T’ €30€JeKTpUuUHui ABUryH. (OcoOIuBY yBary
NPUAUICHO HANPAaB/IAIOYii ABUryHa (KapeTi), BiJ SKOI 3aJIeKUTh JIHIHHICTD ii PyXY
Ta poOOYOro IHCTPYMEHTY MaHINYJIATOPA, a TAKOXK IT" €30€JIEKTPUYHOMY PE30HATOPY,
OCKUIBKM PO3yMIHHS MPOLECIB, AKI BiAOYBalOTHCSA B HBOMY NPH MPUKIAAAHHI PI3HUX
30yKeHb, JaJ0 3MOTYy BH3HAQUUTH IUISXH IIJABMINEHHSA €(QEKTUBHOCTI POOOTH
JIBUT'YHA Ta MIKPOMAHIMYJISILIHHOI CHCTEMH B LIUIOMY.

Y apyroMy po3auil PO3MJIAHYTO CHCTEMY KOHTPOJIKO KYTOBOI CTaOLIBHOCTI
JIHIMHOrO 11’ €30€JIEKTPUYHOrO JIBUI'YHa, sKa 3al0e3neuumsia BUMIPIOBAHHSA MOrO
KyTOBHX IiepeMimieHb. I[IpeacraBieHo pe3ysnpTaTd MNPOBEACHUX OOCIIIKEHb,

HAaBEAECHO AQJTOPUTMIYHI Ta MPOrpaMHl PpllIeHHs Wi oOpoOku 300pakeHb B
CTBOPEHIM cHCTeMl, sKI 3a0e3neuuny BHUMIPDIOBAHHSA KyTOBOI HECTaOLIBHOCTI

11’ €30€JIEKTPUYHOr0 JABHUTCYHA B PEXHUMI PEAJIbHOrO 4acy, L0 JAJI0 3MOTY CYTTEBO
CKOPOTHTH 4Yac IPOBEAEHHA ekcnepumeHTy. [IpencraBneHO MaremaTHuHy MOMEIb

repeMileHHss poO0Yoro IHCTPYMEHTY MAHIMYJIALIHHOI CHCTEMHU.
B TperboMy PpO3aUIl MPOBEACHO MOJCIIOBAHHSA MEXAHIYHMX KOJWBAHb

11’ €30€JIEKTPHYHOI0 pe30HATOpa ABUTYHA 3a JAOMOMOIOK MPOrpPaMHOr0 KOMIUIEKCY

Comsol Multiphysics.
B d4erBeproMy poO3AaUll MPOBEACHO YAOCKOHAJICHHS METOJIB KEPYBaHHS

11’ €30€JIEKTPUYHOrO JIBUIyHA, K1 3a0e3neuywnv MIABUINECHHS e€()EeKTMBHOCTI HOro

KEpyBaHH:, a AK HACJIIJIOK 1 I €30€JIEKTPUYHOr0 MIKPOMAHIIYJIATOPA B LILIOMY.
Jlucepramiitna po6ora oopmiieHa BIANOBIAHO A0 BUMOr Hakazy MOH VYkpainu

Big 12 ciynsa 2017 p. Ne 40 «IIpo 3arBepakeHHS BUMOT 10 O(OPMJICHHS JUCEPTALUiY .

OnpuiroaHeHHsI pe3yJbTATIB AMCEPTALIIHOT po00oTH

HaykoBi pe3ynbTaTd auceprauli BUCBITJIEHI y 12 HaykoBuUX myOnikaisx
3n00yBaya, cepea SAKHX: 3 CTaTTl Y HAyKOBUX BHMJAHHAX, BKIIIOYEHUX Ha AaTy
onyOJIIKyBaHHA A0 MNEPENIKY HAayKoBMX (DaxOBMX BHAAHb YKpaiHHU, 2 CTaTTl Yy
neploJAMYHUX HAYKOBUX BUAAHHIAX, MPOIHACKCOBaHMX y 0a3ax manux Web of Science
Core Collection ta/abo Scopus Ta BIAHECEHHMX [0 NMEPIIOTO — TPETHOr0 KBAPTHIIIB
(QI—Q3) BianmoBigHo a0 knacugikamii SCImago Journal and Country Rank aGo

Journal Citation Reports; 1 marenT Ykpainu Ha BUHaXI/I.



TakoX pe3ynbTaTH AWcepTamii Oynu ampoOoBaHi Ha 5 HAayKOBHX (DaxoBHX

KOH(EPEHIIAX.
TakuM YMHOM, HAYKOBI Pe3yJbTaTH OMKMCaHI B AUCEPTaLliHIA POOOTI MOBHICTIO

BUCBITJIEH]1 Y HAYKOBHUX NyOmKaisix 3100yBayva.

HenoJstiku Ta 3ayBakeHHs1 10 AUCEPTALIHHOI pO0OTH.

1. Ha Moo nymKy, B po3a. 1 aucepTaHTOM 3aHaATO HaAMIPHY yBary IpHALICHO
PO3MIIAAY T €30€NIEKTPUYHOro eeKTy Ta MPOLECY BUTOTOBJIECHHA II'€30€JIEKTPHYHOI
KepaMiKH, HACIIIIKOM YOro CTal0 ACLIO IPOMI3Ke BUKIAAEHHS OTJIAN0BOIO PO3ALTY

aucepTaili.
2.Hasenena B po3a.2 npw
MIKPOMAHITYJISIIIMHOI CHUCTEMHM MaTeMaTH4YHa MOJEJb BIUIMBY KYTIB BIAXHJICHH:

Pitch Ta Yaw Ha JiHIMHICTH TpaeKTOpii PyXy HaIpaBiAI04Ol II"€30€JICKTPHYHOIO
nBUryHa Oyna 6 OinpIn JOCTOBIPHOIO, AKOHM BPaxOBYBABCs MPHU LIbOMY M TPETIH KYT —

Roll.

NOCITIDKEHHI ~ KyTOBOi  CcTaOUIBHOCTI

3.B po3n. 4 puceprant OaraTto yBard NPHAUIMB AOCIIDKEHHIO METOAA

ctabimizamii MWBUAKOCTI I1"€30€JIEKTPMYHOrO ABHTYHA IUIAXOM BHUMIPIOBAHHS HOTO
CTPYMY CIOXXMBAHHs, OJHAK, B KIHLEBOMY TE€XHIYHOMY PIIICHH1 peasi3alls LbOro

METOIY SIBHO HE (Irypye.
4.B Tekcri pmuceprauii 3yCTpIYalOThCA TrpaMaTH4Hi, CTWIICTHYHI Ta

opdorpadiydl TOMUIKHA, MAa€ MicClie, 30KpeMa, B po3J. 1 HEeNmoCaiAOBHICT HymMepallli

OKpeMHuX pucyHKIB (3amicth puc. 1.12...1.18 —puc. 1.3...1.9, puc. 1.20...1.26 — puc.
1.11...1.16), a Tako>X HEBIAMOBIAHICTh IX HymMepalli B TEKCTl Ta B MIAPUCYHOUHUX

HaJMucaxX, BIJACYTHICTh 3aCTOCYBaHHsA B TEKCTI OKPEMHUX MIAPO3AUNIB poOOTH

MPUMHATHX JUCEPTAHTOM alpeBlaTyp («IIMPOTHO-IMMYJIBCHA MOMYJLALIS» 3aMICTh
[I1IM, nanpuxnax, Ha c. 105, 112, 114, 119, 123, 124 1 T.A.), BUKOPHUCTAHHS

aAHTJIOMOBHHX ITO3HA4YEHb HA OKpeMUX pUCyHKax (puc. 2.10, 2.12 — 2.14) Too.
BBaskaro, 110 BHUCJIOBJIEHI 3ayBa)KCHHS HE € BU3HAYAJIBHUMHU 1 HE 3MEHIIYIOTEH

3araJlbHy HayKOBY HOBU3HY Ta MPAKTUYHY 3HAYUMICTh PE3YyJIbTATIB Ta HE BIUIMBAIOTH
Ha [MO3UTHBHY OLIIHKY AUCEPTALIIAHOI poOOTH.

BucHoBOK npo auceprauiiiny pooory
BBaxaro, mo auceprauiiHa pobora 3n00yBaua ctyneHs aoktopa dinocodii

OmensaHa AmnHartomiss BacunboBuya Ha TeMy «MeToau Ta CUCTEMa MiABHINEHOI]
e()eKTUBHOCTI KEPYBAaHHSA II’ €30€JIEKTPUYHUM MIKPOMAHIMYJISITOPOM» BHKOHAHA HA
BUCOKOMY HayKOBOMY PIBHI, HE MOPYLIYE MPUHLIMIIB aKaJeMIYHOI JOOPOUECHOCTI Ta
€ 3aKIHYEHUM HAyKOBUM JOCIIDKEHHAM, CYKYIHICTh TEOPETHYHHX Ta MPAKTUYHMX
pe3yJIbTaTIB SAKOTO PO3B'A3y€ HAYKOBE 3aBJIaHHSA, 110 MAa€ ICTOTHE 3HAUYCHHS IS
rayry31 17 Enexrponika ta tenexkomyHikauii. Juceprauiiina po6oTa 3a akTyaJbHICTIO,
MPAKTUYHOK LIIHHICTIO Ta HAYKOBOIO HOBHM3HOKO IIOBHICTIO BIiJMOBIIAE BUMOTaM
YUHHOTO 3aKOHOJABCTBa YKpaiHu, mo mnependadeni B nam6 — 9 «llopaaky
MPUCY/UKEHHS CTYNEHA JAoKTopa (Quioco(li Ta CKacyBaHHS PIMIEHHS Pa30BOi
CreLITI30BaHOI BYEHOI pajv 3aKjiagy BHLIOI OCBITH, HAyKOBOi YCTAHOBU IO
MPUCY/UKEHH:A CTYNEHs NOoKTopa (uiocodiin, 3arsepmkenoro ITocranosoro Kabinery

MinictpiB Ykpainu Big 12 ciuns 2022 p. Ne 44,



3n00yBau Owmensn Amnaronii BacuinpoBud 3aCiIyroBye Ha IMPHCY/UKCHHA

cTyrens gokTopa dinocodii B ramysi 3nans 17 — EnekTpoHika Ta TeJeKOMYHIKaLli 32
cniewianibHICTIO 172 — TenekoMyHIKalii Ta paJloTEXHIKA.

OdIiuiiHUI OTOHEHT:

3aBiayBad kadeapu poOOTOTEXHIKH,
eJIEKTPOEHEPreTHKH Ta aBTOMAaTH3allli
M. ipod. b.b. CamoTtokina

Jlep)KaBHOTO YHIBEPCUTETY
«KuTOMMpPChKA MOITEXHIKA»

K.T.H., JIOLL. C//\7/ ",
e

i

Angpii TKAYYK

[Tigmuc o¢. onoHeHTa
K.T.H., jou. A.l. Tkauyka
3aCBIAYYIO.

JlekaH (haKynbTETY KOMIT FOTEPHO-IHTErPOBAHUX

TEXHOJIOT1H, MEXaTPOHIKHU 1 POOOTOTEXHIKH, )
Jlep>kaBHOTO YHIBEPCHUTETY 7
«KUATOMHPCHKA MOJIITEXHIKA) £
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