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1. BABE3IIEYEHHS BE3IIEKW EKCITJIVATALII BYAIBEJIb I CTIOPY]] 3 YPAXYBAHHSIM METOTY
BIBPOAKYCTUYHOI'O KOHTPOJIIO

2. Ensuring the safety of the operation of buildings and structures taking into account the method of vibroacoustic
control

Pedepar:

1. Bapabanos C.C. 3ab6e3neyeHHs 6e31eKy eKCITyaTalii 6yAiBesib i CIopyH 3 ypaxyBaHHSM METOLY
BibpoaKycTUYHOTo KOHTpoJI0. — KBamigikauiliHa HaykoBa ITpalsl Ha paBax pykonucy. Jlucepratiis Ha 3000yTTs
HAyKOBOIO CTyIEeHs JJoKTopa (inocodii 3a crienia-spHicTIo 263 - «llnBinpHa 6e3neka». — HaB4asbHO-HAYKOBUM
iHcTUTYT «[IpUIHI-TIPOBCHKA AE€P>KaBHA aKajeMist Oy[iBHUITBA T apXiTEKTypHU» YKPaiHCBKOIO AEP->KaBHOTO
YHIBEpCUTETY HayKU i TexHOJIOoTii, [IHinpo, 2024. [lucepralis € 3aBeplIeHO0 HayKOBO-IOCiJHOI POOOTOIO B raysi
OXOPO-HU IIpalli Ta LUBiIbHOI 6€3MeKY, Y sIKill [aHO pillleHHs aKTyaJlbHOTO HayKOBO-TEXHIUHOIO 3aBJJaHHS 3
BCTAHOBJICHHSI 3aKOHOMIDHOCTEH 3MiH Bi6pOaKyCTUYHUX NIapaMeTpiB IPYU PO3BUTKY TPIlIMHYBATOCTI y OyAiBEIbHUX
KOHCTPYKIiSIX, @ Ta-KOX yIOCKOHAJIEHHSI METOiB, PO3POOKM aJITOPUTMIB i MOZieIell KepyBaHHS Bi6-pOaKyCTUYHUMU
KOJIMBAaHHSIMU i3 33JaHUMU aMIUIITyJIHUMU Ta YACTOTHUMU Xapa-KTePUCTUKAMU JJI1 BU3HAYEHHS TPUXOBAHO1
IIOIIKOKEHOCTI B €JIeMEHTax OyAiBe-JIbHUX KOHCTPYKIi# BiOpOaKyCTUYHUM METOJIOM, 110 Ma€ CYyTTEBE 3HAUEHHS
17151 I IBUIIEHHS 6e3MeKu 1 e(peKTUBHOCTI eKCILTyaTallii OyiBesb i cnopy. Y BCTYI HaBEEHO aKTyalbHICTh TEMU,
MeTy JOCJIiIKEHHS, HAYKOBY HOBU-3HY, IPAKTU4HE 3HAYEHHSI OJJ€P>KAaHUX PE3YJIbTaTiB, 0COOMCTUI BHECOK
37100yBaya Ta anpoballio pe3ysbTaTiB AOCiIPKeHb. Y IepuoMy po3[iiji IpoBeJeHo aHali3 cTaHy 6e3reKy Oy iBesb i
CIIOPYZ, IIpY TPUBAJiN eKCITyaTallil 3 ypaxyBaHHSIM PYHHIBHUX BILIMBiB BUOYXiB Ta II0->KeX. BcTaHOBJIEHO, O B
YMOBax 3acTtapisoro xwunoro ¢GoHzy O6yniBespb i BeNMKoi KibKOCTI Hag3BUYalHUX CUTYALil, SIKi aKTUBI3yIOTbCS
IVHaMiYHMMU BIUJIMBaMU Bif] BUOYXiB i MOXKeXX, 6€3yMOBHO HEOOXiJHO ITPOBOIUTH KOHTPOJIb CTiMIKOCTI Ta 6€31eKu
00'eKTiB J1J1s1 OL[iHKM iXHbOI IPUIATHOCTI 10 MoAanblIoi ekcryartatlii. Lle BifHOCUTBCS 5K 0 CaMUX
iH(ppaCTPyKTYpHUX 00'€KTiB 6€3110CepeIHbO, B POJIi SIKUX MOXKYTb BUCTYIIATU BUPOOHUYI LIEXH, CIOPYH, TYHEJI Ta
iHIIe, TaK i 1O )XU-TJI0OBUX OyIMHKIiB. AHAJII3 [10Ka3aB, 10 HAKONIMYEeHHS BHYTPIIIHIX MOMKOIKEHb B HECYIMX CTiHAX
Ta QyHIaMeHTax Oy[iBesib € OJHi€l0 3 HANOiIbII IOMUPEHUX 03-HaK IIOTEHLiITHOTO pyfHYBaHHS B IIPOLieci
eKcIutyaTauii. 711 MOHITOPHMHIY i Aiar-HOCTUKM MOMWIKOXEHb JOOPE 3aPEKOMEHIYBaB ce6e BiOpOaKyCTUUYHUN
METOJI, KOH-TPOJIIO, SIKUi1 OyB allpOOOBAaHMUI B PI3HMX YMOBAX i 03BOJISIE€ IPOBECTU HEPYNHIB-HY OLiHKY CTaHY
OEeTOHHUX, 3aJ1i300€TOHHUX, LIeIVISIHUX, 6araToLIapoOBUX CTiH [Ie-PEKPUTTIB Ta iHIIKX BUJiB KOHCTPYKLii. OfHaK 1jis
NiABUIEHHS LIBUAKOCTI I SIKOCTi BUBHAYEHHS CTaHy 00’€KTIB, KiJIbKiCHOI OL[iHKMA HAaKOIIWYEHHS B iX eJleMeH-Tax
CYTT€BUX IOMIKOPKEHb HEOOXiHA PO3pOOKa aBTOMATU30BAHOTO 30y )KyBada CKJIAIHAX KOJIMBAHD i BIOCKOHAJIEHHS
Meroay izeHTudikanii NprxoBaHMX NOMIKO-AXEHb BiOpOaKyCTUYHUM METOIOM. Ha OCHOBI IpOBeAeHOro aHanidy
OyJi0 chOop-MyJIbOBAHO METY Ta 3a/ayi JocifKeHHs. Y IpyroMy po3fiji IpoBefeHo ieHTUdiKalilo CTPYKTYPHUX
NOpyIIEeHb B MaTepianax OyAiBesb i ciopy/, BibpoakyCTUYHUM MeToLoM. Ha 0CHOBI BUMipIO-BaHb IBUIKOCTEN
IIPY>KHUX XBUJIb B I€PEB'STHUX, 6ETOHHUX i METaIeBUX MaTepia-jiax NpoBeeHa ixX OlLiHKa SIK KOJIMBAJIbHOI CUCTEMU
IIpU yAApHOMY BILIMBI. BcTa-HOBJIEHI 3aKOHOMIPHOCTI 3MiH BiOpOaKyCTUYHUX [1apaMeTPiB IIPU PO3BUTKY TPi-
IIMHYBATOCTI Y 6YZiBeJIbHUX KOHCTPYKLisIX. BU3Hau€HHS BiKPUTUX TPILMH 37ili-CHIOETHCS MO CTOSYMX XBUJISX,
PE30HATOpaMU [l SIKUX € MTOBEPXHS Ta 6eperu TpilyH. 3aKpUTi TPILIMHU IE€PEBOISATh OJHOPiIHY HOPMAJIbHY
XBUWJIIO B HEOLHO-PiHY, IO €KCIIOHEHIIIMHO 3aracae. BcTaHOBIIE€HO, 10 TP MOWKOIKEHHI KOHC-TPYKTUBHHUX
eJIeMeHTIB OyZiBeJb i ClIOpy[, BUHMKAIOTh BIIOPSIIKOBAHI Ta XaOTMYHI CUCTEMU TPIlllMH, pO3MipHu SKUX, y BUMIaJIKax
4aCTKOBOTO (IPUXOBAHOI0) BHYTPi-LIHBOIO PYHHYBAaHHS, 3HAYHO HIDKYE 006J1aCTi KOHTpoJIo. Lle cepenosuine
MO>KJIM-BO BBAXXaTU KBa3iOAHOPIIHUM, B IKOMY CUCTEMU TPIIIVH BUSIBJISIIOTH CBOI BJIACTU-BOCTI JIAIIE iIHTETPAJILHO.
Tomy 3anIpOIIOHOBAHO BU3HAYATH iHTErpasIbHi TOKAa3HM-KU TOUIKOIKeHHSI €JIEMEHTIB KOHCTPYKLH, sIKi 3B's13aHi 3
30HAMM aKyCTHUYHOI 4yT-HOCTi pe30HaHCHUX XBWJIb. L1i xBuili QikCyloThCs IpuiiMadeM 3 QisbTpamu, sKi
IIPOIIYCKAIOTh HU3bKi 4aCTOTHU 4J1s1 pi3HUX MaTepiaiB. Ha 6a3i 1ux NOKa3HUKIB BXKe MOXKJIMBO iIeHTU(iKyBaTH
PUBUKYU BTPATH CTIMKOCTI 06’eKTa KOHTPOIIO. [Ipo-BefeHo anpobaniio MeToay BiopoakyCTHYHOT'O KOHTPOJIIO
IIOIIKO/KeHb KOHCTPY-KTUBHUX €JIEMEHTIB CIIOPYZ, Ha MPUKJIATi NOCii)KeHb 0eTOHHUX TIOOiHI'iB. BuU3Ha-4eHo

LiISTHKY 3 NiBUILIEHVMU HAIIPY>KEHHSIMY, 30HM IIPUXOBAHUX TPILUH Ta IO-WKOXEHb Y 6€TOHI. 3a3Ha4eHo, MO AJ14



IiIBUIIEHHS MIBUAKOCTI I SIKOCTi BU3HA-YEHHS CTaHy O0'€KTIB i CTPYKTYpY HAaKOMMYEHHSI B iX €JIeMEHTax CyTTEBUX
TOII-KOJPKEHb NTOTPi6bHa aBTOMATU3allisl BIGpOaKyCTUYHOTO METOY, PO3PO6Ka MoJe-Jell CKIaJHUX KOJIMBaHb Ta
MiJBUIIEHHS JOCTOBIPHOCTI OLIiIHOK PyVHYBaHb.

2. Barabanov S.S. Ensuring the safety of the buildings and structures opera-tion taking into account the method of
vibroacoustic control. - Qualifying scien-tific work on manuscript rights. Thesis for a PhD Degree in the specialty
263 - “Civil Safety”. - Education-al and Scientific Institute “Prydniprovska State Academy of Civil Engineering and
Architecture” of Ukrainian State University of Science and Technologies, Dnipro, 2024. The dissertation is a
completed research work in the field of labor protec-tion and civil safety, which provides the solution to the
current scientific and technical task - to establish the regularities of changes in vibroacoustic parame-ters during
the crack development in building structures and to improve methods and develop algorithms and models for
controlling vibroacoustic oscillations with given amplitude and frequency characteristics for determining hidden
damage in building structure elements by vibroacoustic method, which is essential for in-creasing the safety and
efficiency of building and construction operations. In the introduction, the relevance of the topic, the purpose of
the research, scientific novelty, the practical significance of the obtained results, the recipient’s personal
contribution and the approbation of the research results are given. In the first chapter, safety condition of
buildings and structures during their long-term operation is analyzed with taking into account the destructive
effects of explosions and fires. It is established that in the conditions of an overage housing stock and buildings
and a great number of emergency situations, which become more intensive due to the dynamic impacts of
explosions and fires, it is absolute-ly necessary to control stability and safety of the objects and to assess their
suit-ability for further operation. This applies both to the infrastructural objects, which can include production
shops, structures, tunnels, etc., and residential buildings. The analysis shows that accumulation of internal
damages in load-bearing walls and foundations of the buildings is one of the most common signs of potential
destruction during their operation. The vibroacoustic control method has proven itself well for monitoring and
diagnosing the damages, it was tested in various conditions and allows for a non-destructive assessment of the
condition of concrete, reinforced concrete, brick, multi-layered walls, ceilings and other types of structures.
However, in order to improve the speed and quality of de-termining condition of the objects and making
quantitative assessment of the ac-cumulation of significant damages in the object elements, it is necessary to
devel-op an automated exciter of complex oscillations and to improve the method of identifying hidden damages
using the vibroacoustic method. Based on the analy-sis, the purpose and objectives of the research were
formulated. In the second chapter, identification of structural damages in the materials of buildings and structures
using the vibroacoustic method is shown. On the ba-sis of the measurements of the velocities of elastic waves in
wooden, concrete, and metal materials, these materials are assessed as an oscillating system under the impact
action. The established patterns of changes in vibroacoustic parame-ters during the crack development in building
structures are presented. Open cracks are determined by standing waves, the resonators for which are the surface
and the edges of the cracks. Closed cracks transfer a uniform normal wave into a heterogeneous one which decays
exponentially. It is further established that when structural elements of buildings and structures are damaged,
ordered and chaotic systems of cracks appear, the sizes of which, in cases of partial (hidden) internal destruction,
are significantly below the area under the control. This environment can be considered quasi-homogeneous, in
which crack systems reveal their prop-erties only integrally. Therefore, it is proposed to determine the integral
damage indicators of the structure elements that are connected to the zones of acoustic audibility of resonant
waves. These waves are captured by a receiver with low-pass filters for various materials. On the basis of these
indicators, it is already possible to identify the risks of loss of stability of the object under the control. Approbation
of the method of vibroacoustic damage control of the building structural elements was carried out on the example
of studying concrete tubings. Areas with increased stresses, zones of hidden cracks and damages in concrete were
identified. It is stated that in order to increase the speed and quality of de-termining the conditions of objects and
the structure of accumulation of signifi-cant damages in their elements, the automation of the vibroacoustic
method, the development of models of complex oscillations, and the improvement of the reli-ability of damage

assessments are required.
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VIII. 3aKkJIl04Hi BiZoMOCTi



BnacHe IlpizBume Im'st Ilo-6aTbKOBI Hasmcsko Mukosa Mukosaiosnd

TOJIOBH paju

BiiacHe IlpisBume Im'st [To-6aTbKOBI Hamceko Mukosia Mukosnaiosu

TOJIOBYIOYOrO Ha 3acCimaHHi

Bi,ILHOBi,I[aJIbHPIfI 3a Hi,ZII‘OTOBKy Bapa6aHOB CranicsiaB CepriﬁOBHq

00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiJIIOBiZaJIbHUM 3a peE:CTpaI.lilO HayKOBO'l' Opuenko TersiHa AHaTOJIiBHA

OisiILHOCTI




