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General comments

The thesis contains many contributions to the development of high accuracy vibration
measuring systems, based on use of multi-axial vibration transducers with sensing systems of
different physical origins, primarily piezoelectric ones. The subject of the thesis is of paramount
importance for practical embedded applications with real-time vibration measurements, where
accuracy is of primary importance. The framework developed helps in managing the complexity
of vast number of applications using multi-channel measuring systems intended for 3D-
vibration vector calculation at the point of interest in high power mechanical objects with
rotating parts, such as aircraft jet engines, heating plants compressors, etc. An important
contribution to the framework of high precision vibration measuring systems consists in
improving measuring accuracy without intruding into transducer’s construction. The most
important impact of the proposed technology on the measuring systems design is that it proposes
a new approach for developing extended accuracy multi-axial vibration transducers with
different sensing mechanical systems having initial orthogonal as well as non-orthogonal
sensitivity vectors® basis.

Another important contribution of the thesis with respect to the development of new class
measuring systems has consisted of enhancing the internal architecture of multi-axial transducers
to accomplish better separation of noise signals from the signals presenting the vibration
components of interest. Its implementation gives way to developing vast range of high accuracy
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but quite a number of other vital mechanical values, such as sound pressure, tension, etc.

Finally, the proposed approach not only helps to improve metrological characteristics of
multi-axial transducers, but also presents a new technology which enables their recalibration
during service life, which is essential in case a transducer is suspected to lose accuracy being
damaged due to accidental shock, etc. This will considerably prolong its life cycle.

Remarks

Though the work as a whole is quite complete and comprehensive, there are some points of
recommendation nature to be outlined:

- The analysis of industrial vibration transducers might have included the range of
transducers with built-in electronic conditioning preamplifiers

- It would have been much appreciated to give a more detailed description of calibration
*echnology for different kinds of transducers

- A more detailed description of the proposed method and technology with already known
should have been much appreciated.

Summary

The thesis provides solid contribution to a new technology for improving vibration
measurement accuracy with industrial multi-axial transducers and developing a new class of high
precision transducers and measuring systems that make the overall assessment of this thesis
extremely positive. The results make the framework much more usable and extendible, and may
have direct impact in actual industrial processes developing embedded real-time systems.
Therefore, the results of the thesis are relevant to current needs of the scientific community and
of industry practice and are important for the further development of the field of embedded real-
time systems. The main objectives of the work have been fulfilled, as shown through the
evaluation sections in the different contributions, and in the overall case study. The methodology
used in the thesis is considered appropriate. In particular, all the contributions are well founded
on solid theoretical grounds, and are proven through exhaustive evaluation and, more important,
through actual implementation. The thesis satisfies the conditions of a creative scientific work, as
is shown thmugh the pul}llcatmns of some of its results in pe:er rewewed wnfermce :

I recommend the thesis for presentation with the aim of receiving the D
Engineering.
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YHUBECHTET HAYKH H TEXHOIOI'HH, N'OHI' KOHI
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Hazpanue: PaipaboTka METON0B M CPEICTE NMOBLILEHHA TOYHOCTH HIMEPEHHA BHOPALIHKH
MHOMOOCEBBLIMH BHOPOIATHHKAMH
Yuupepeurer: Hucruryt mawnnosenenus um. A A, braronpaposa PAH. Mockea,
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Ofmnii KoMmMenTapuii

Tema aueceprauny uveer GoNBILOEe IHAYCHHE [U18 CO3IAHMA CHCTEM W3MEPEHHA BHOPALIMH BBICOKOH
TOYHOCTH, B KOTOPBIX MCMOIBLIVIOTCA MHOMOOCEBble BHOPOLATUHKH € PasIMUHONR 4YBCTBHTENLHOM
CHCTEMOI, Hallle BCEro HA OCHOBE NMbLEIDWIEKTPHUECKHN npecdpaizopateneid. MeTon, npeinmkeHHeld B
JHCCEPTALMK, BECEMA AKTYANEH N4 NPAKTHYECKOro MPHMEHEHHMA B MIMEPHTENLHBIX CHCTEMAX, B
KOTOPBIX K TOYHOCTH W3MEpPEHHH npenwasnsroTca Belcokne TpeDoeanua. OH no3sBonseT co3dapaThb
PazHOOOPAZHLIE MHOMOKAHANBHLIE CHCTEMBl WIMEPEHMA BEKTOPA NPOCTPAHCTBEHHOH BHOpauuu B
JANAHHON TOYKE B IHEPreTHYeCKHx ODBEKTAX ¢ BPALLAKILIMMHCA Y31AMH, TAKHX KAk aBHATBHIATENH,
komnpeccopsl T2 v 7. 0. BaswkHbM NperMyLLECTEOM NPEAIOHKEHHOND METOMA ABNAETCH BOIMOKHOCTE
NOBBILUEHHA TOUHOCTH HIMepeHus Bubpauuy 0el BMEwAaTeLCTBl B KOHCTPYKUMIO BHOPOIATHHEKA.
[lpenmyllecTBOM NPEACTABISHHOTD METOLA ARIAETCH TO, WTO OH NPEAIAraeT HOBLH NOAX0 K CO3AaHHID
MHOMOOCEBEIX  MPEUHIHOHHBIX BHOPONATHHKOE C© PavIMYHBIMH  YYBCTBHTENBHBIMH CHCTEMAMH C
OPTOFOHANBHBIM M KOCOYTO/IBHBIM H3MEPHTENBHBIMH Da3HCAMH BEKTOPOB YYBCTBHTEILHOCTH.

Elé 01HHM BKHBIM NMPEHMYLLECTEOM NPELIOMEHHOIO METOAA B CBeTE pa3paboTkH HIMEPHTENbHEIX
CMCTEM HOBOTO KJIACCA ABNASTCA BOIMOMKHOCTB COBEPLUEHCTROBAHHA APKHTEKTYPBI MHOMOOCEBBIX
BHOPOIATYHKOBR B HANPABICHHH YIVHILEHHA BBUIEICHHA CHIHANOE BHOPALMH H3 WYMOB. 3TO NO3BONAET
COINABATE LWHPOKHA PAJ MHOTOOCEBEIX BHOPOJATUMKOB W MIMEPHTEILHLIX CHCTEM HA WX OCHOBE J18
HIMEPEHHA HE TONBKO BHOPALMH, HO W PA3NHYHBIX MEXAHHYECKHX NapaMeTpoB, TAKHX Kak 3BYKOBOE
NABNeNHe, Mexannyeckoe nanpsaenue w ap. Kpome toro, ¢ noMouikio npeiomedHoro MeToia MOKHO
HE TOABLKO YIVYIIHTH METPONOTHYECKHE XAPAKTEPHCTHKN MHOMOOCEBBIX  BHOPOJATYMKOB, HO M
ODECTIEYHTE MX MOBEPKY W NEPeKanHOpOBKY B NPOLECCe IKCMAYATALMH. 3TO 4PeIBBYARHD BAMKHO, KOTIa
BOTHHKAET NOAOIPEHME, MTO BCNEACTEME CAVUANHLIX NOBPE#IeHHA, HANPUMEP, B pe3yibTaTe MaaeHHs
KAPAKTEPHCTHEH TOYHOCTH AaTHHKA YAYIHIHCE, B PEIYVIRTATE CPOK C.ﬂ}-’)h'ﬁb.l TAKOM? JATYHEA MOMWHO
IHAYHTENBHO YBEIHHHTE,



Jamevannna

B uenom OHCCEPTALIMA NPeICTABNACTCH UeNBHOH W 3akoHYeHHOH. OnHako HEODXOIHMO OTMETHTE
HEKOTOPRIE 3AMEYAHHA PEKOMEHIATENLHOMD XapaKTepa:

- Tlpu ananuie XapakTEPHCTHK MPOMBILLIEHHBIX JaTHHKOE BHOPALMM KENATENLHO BKIOUHTE B
paccMoTpeHHe pai BHOPOJATUMKOR ¢ BCTPOSHHOH 3NEKTPOHHKOH

- bbino Obl NONe3HbLIM 0aTh DONee 1eTANLHOE ONHCAHHE Npouecca HE.ITHESPUBHH LA PANTHYHEBIX JATYHKOB

- B pabore wenocratouHo noapo0HO oOCBEWEH BOMPOC CPaBHEHHA NPELIOKEHHOTO METOAA ©
CYIECTBYOLMMH

Briroasn

Ofwan oueHKa OMCCEPTALMHM NONOMHTeNbHAdA. B Hell onucana HOBAA TEXHONOIHA NOBLILLEHHA
TOMHOCTH M3MEpeHHs BUOPALMH KAK MPOMBILLIEHHBIMH  MHOMOOCEBBIMH BHOpOJaTHHKAMH, Tak M
METOJONONHA  CO3JaHHA  HOBOTO KJACCA  BLICOKOTOYHBIX  NEpPBHYHBIX  BHOponpeoOpasosareneii.
Mpeacrasneddas paboTa OTKPBLIBAET LWHPOKOE HAMPABIEHME CO3QAHMA MPOMBLILJIEHHBIX CHETEM
KOHTpoAs BHOpaumu. Pe3ynsTaTel, HINOKEHHBIE B IHCCEPTALHH, YPE3BRIYAHHO BAMKHEI KAK ANA HAYYHBIX
HCCIEAOBAHKH, TAK M 1A CORIAHHA NPOMBILLIEHHEIS CHEUHATHIHPOBAHHEIX HIMEPHTENBHBIX CHCTEM,
COCcHOBHBIE LENH W 3a0a4¥  MCCNEI0BAHWI  YCMNEWHO BLINOAHEHBI, YTO OTP@MEHO KAK B riaBe
APAKTHUECKOrD MPUMEHEHHA NPELIOMEHHOID MeToda, TAK W B Eero TeopeTHYecKoM ODOCHOBAHHM.
Metononorus mcenenosannii npeacrasnsercs ofocnosannoil. Meron ocnosan Ha dynnamenTaneHoH
TeopeTHYecKOi Gaie H NPoRepeH HA MHOTOYHCIEHHLIX NMPAKTHUECKHX NPUMEPAX W, YTO 0CODEHHD BAMHO,
B MpakTHYeCKHX cucTemax. JMccepTalma yI0BNeTEOPAST TpeDOBAHHAM K HAYYHBIM HCCAEI0BAHHAM, YTO
BMIHD W3 chNMCcKa MyDAMKALMIA, B TOM “MCIEe HAa Hay4HbIX KoHdepeHUMAX. ABTOp OOKA3Al CBOIO
CNOCOOHOCTE CAMOCTOATENBHO NPOBOAHTE HCCNEA0BAHKA H JOCTHIAThL HAYUHBIX PE3yIETATOR.

A pekoMeHIYI0 YKalaHHYIO IHCCEPTALMIO K 3AlUMTE ANA NPHCYHKIEHHA Y4EHOrO IBAHHA KaHIHaTa
TEXHHYECKHX HayK.

IKenepr:
Baaowumup Huepunos, 0. h.-m. v, npogheccop,
Yuuaepcumem naywu u mexworozuu, lone Kone
Adpec & None Konee: 80A, Haw an, Cait Kyw, HT, T'K
Tereghon dna konmarmos: +832 2358 8322 (oghuc, TK)
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[leperoa ¢ aniiMHCKOIO H3LIKA Ha PYCCKHH #3BIK BeRuIONHen nepesojunxkoM AKJIAHOBBIM

AJIEKCAHJIPOM CTETTAHOBHYEM.
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Poccuiickas dejepaums
l'opos Mocksa
Cempaymaroro jaexadps JiBe THICHYH JIBa/IIATOTO TO/1a

A, Hlekounxun erp Asekcaniposud, norapuyc ropoja MockBL, CBHICTEILCTBYIO HOUIHHHOCTE
nojumen nepesotanka KJIAHOBA AJIEKCAHJIPA CTEITAHOBHYA.

Hormmen cilesiana B MOEM ITPHCYTCTBHH.

JIMUHOCTE HOJUTHCABIICTO JIOKYMCHT YCTAHORICHA.

3aperucrpuposano B peectpe: Ne 77/1841-n/77-2020-2-7,

e T iRaigano rocyiapersennoii nonumnst (o rapudiy): 100 py6.
s 1o ¥ TeXxHudeckoro xapakrepa: 300 pyo.
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