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JHuceprallisi € 3aBepIIEHOI0 HAYKOBO-OCIHITHOIO POOOTOI0 B raidy3i OXOpPOHH
mparii Ta IUBUIbHOI Oe3mleku, y sKii JaHo pPIMIeHHS aKTyaJbHOTO HayKOBO-
TEXHIYHOTO 3aBIaHHS 3 BCTAHOBJIEHHS 3aKOHOMIPHOCTEH 3MiH BIOPOAKYCTHUHHX
napaMeTpiB IIPU PO3BUTKY TPIIMIMHYBATOCTI Y OYyIiBEIBHUX KOHCTPYKIIISX, a TAaKOX
yIOCKOHAJICHHS  METOMAIB, PO3POOKM  aJIrOpUTMIiB 1 MOJACNEH  KepyBaHHS
BIOPOAKYCTUYHUMH KOJUBAHHSAMH 13 3aJlaHUMH aMIUNTYJHAMH Ta 4YaCTOTHUMH
XapaKTepUCTUKAMU [IJIi BU3HAUEHHA MPUXOBAHOI TMOIMIKOHKEHOCTI B €JIeMEHTax
OyIiBeIbHUX KOHCTPYKIIIM BIOPOAKYCTHYHHUM METOJIOM, IO MAa€ CYTTEBE 3HAYCHHSI
JUTS TIABUIIEHHS O€3IeKu i e(DeKTUBHOCTI eKCIuTyaTallii Oy 1iBeib 1 CIIOPY/I.

Y BeTynmi HaBeleHO akKTyaJdbHICTh TEMH, METY JOCHIUKCHHsS, HAyKOBY
HOBU3HY, NpPAKTUYHE 3HAYCHHS OJCPKAHUX PE3YNIbTATiB, OCOOMCTHI BHECOK
3m00yBaya Ta anpooaIlito pe3ynbTaTiB JOCTIKECHb.

Y nepmomy po3aijii npoBeeHO aHaNI3 cTaHy Oe3neku OyaiBesb 1 Copy/ MpH
TPUBAIIM eKCIuTyaTallii 3 ypaxyBaHHSM pPYHHIBHUX BIUIMBIB BHOYXiB Ta TOXEK.
BcranoBneHno, mo B ymoBax 3acTapiioro >Kmioro ¢GoHmy OydiBenab 1 BEIHUKOI
KUTBKOCT1 HAJ3BUYAMHUX CUTYAaIllH, Kl aKTUBI3YIOThCS NUHAMIYHUMH BIUTUBAMH BIJ
BUOYXIB 1 MOXEX, OE€3yMOBHO HEOOXIJHO MPOBOJAUTH KOHTPOJb CTIMKOCTI Ta

Oe3neku 00'€KTIB JJIA OIIHKK iXHBbOI MPUAATHOCTI A0 MOJAbIIOi ekcruryaTarii. 1le



BITHOCUTBCS SIK 10 caMUX 1HPPACTPYKTypHHUX 00'€KTIB O€3MOCEPEIHBO, B POl SIKUX
MO>XXYTh BHCTYNATH BUPOOHHYI LE€XH, CIOPYIU, TyHEJ Ta IHIIE, TaK 1 10 )KUTIOBUX
OyIuHKIB. AHaji3 MOKa3aB, 1110 HAKOMHMYEHHSI BHYTPILIHIX MOMIKOJKEHb B HECYUHX
cTiHax Ta (¢yHAaMeHTax OyzAiBedb € OAHIEI0 3 HAWOUIBLI MOUIMPEHHX O3HAK
MOTEHLIHOrO pyHHYBaHHS B Ipoleci ekcmuryaramii. s MOHITOpUHTY 1
JIarHOCTUKU TOIIKOJKEHb JI00pe 3apeKOMEeHIyBaB ce0e BIOPOaKyCTHUHHM METOJ
KOHTPOJIIO, SIKMi OyB amnpoOOBaHWW B PI3HUX YMOBax 1 JIO3BOJIIE IPOBECTU
HEPYWHIBHY OIIIHKY CTaHy OETOHHMX, 3a1300€TOHHHUX, LETJSHUX, 0araToIIapoBHX
CTIH MIEPEKPUTTIB Ta 1HIIUX BUAIB KOHCTPYKIIii. OMHAK JJI MiJBUIICHHS MIBUIKOCTI
 SIKOCTI BHU3HAYECHHS CTaHy OO0 €KTIB, KUIBKICHOI OIIIHKM HAKOMHMYEHHS B iX
€JIeMEeHTaX CYTTEBUX TMOUIKO/HPKEHb HEO0OXiIHa pOo3poOKa aBTOMATHU30BAHOIO
30y/pkyBada CKJIQJHUX KOJWBAHb 1 BJOCKOHAJCHHS METOAY ineHTudikarii
NPUXOBAHUX ITONIKO)KCHb BIOPOaKyCTHYHMM MeToJoM. Ha OCHOBiI TIPOBEICHOTO
aHamizy 0yso copMyIbOBaHO METY Ta 3a/a4i JOCTIIHKEHHS.

Y apyromy po3aiii npoBeleHO iMeHTH(IKAIiI0 CTPYKTYpPHHUX IMOPYIICHb B
Marepiajgax OyaiBesb 1 CIopya BIOPOAKYCTHUYHUM MeToJ0M. Ha OCHOBI BHMIpIOBaHb
MIBUAKOCTEM TPYXKHUX XBWIb B JEpPEB'STHUX, OCTOHHUX 1 MeETaJeBUX MaTepiaiax
IpOBEJIeHA iX OI[IHKA K KOJMBAJIBHOI CUCTEMU MPHU yJIapHOMY BILUTUBI. BcTaHoBineHi
3aKOHOMIPHOCTI 3MiH BIOpOaKyCTHUHHX MTapaMeTPiB IPH PO3BUTKY TPIIIUHYBATOCTI Y
OyIiBeIbHUX KOHCTPYKIISIX. BH3HAaueHHS BIIKPUTUX TPIMHUH 3I1MCHIOETHCS TI0
CTOSIUMX XBUJISIX, PE30HATOpAaMU MJisl SIKUX € MOBEPXHS Ta Oeperu TPilllhH. 3aKpUTi
TPIIIMHU TIEPEBOASATH OJIHOPIAHY HOPMajJbHY XBHWJIKO B HEOJHOPIAHY, IO
EKCIIOHEHIIHHO 3aracae. BcTaHOBIIEHO, IO TPHU MONIKO/KEHHI KOHCTPYKTHBHUX
eJIeMeHTIB Oy/iBeNb 1 CIOpYJ BHUHUKAIOTH BIIOPSAKOBAaHI Ta XAaOTUYHI CHUCTEMU
TPIIUH, PO3MIPU SAKUX, Y BHUIMAJAKAX YACTKOBOTO (TPHXOBAHOTO) BHYTPIIIHHOTO
pYWHYBaHHSI, 3HAYHO HIDKYe 00sacTi KoHTpouro. Lle cepemoBuiiie MOKIMBO BBaKATH
KBa310HOPITHUM, B SIKOMY CHCTEMH TPIIIUH BUSBISIOTH CBOI BJIACTUBOCTI JIMIIE
iHTeTpanpbHO. TOMy  3ampONMOHOBAHO  BH3HAYATH  IHTETPalibHI  MOKa3HUKHU
MOTIIKOJKEHHS €JIEMEHTIB KOHCTPYKIIiH, SKi 3B’s3aH1 3 30HAMHU aKyCTUYHOT YyTHOCTI
pe3oHaHcHUX xBWib. Lli xBuil ¢ikcyroTbes mnpuiimMauem 3 (UIbTpamu, SKI
MPOMYCKAIOTh HU3bKI YACTOTHU JUIsl pi3HUX MarepianiB. Ha 0a3i ux moka3HUKIB BikKe

MOXJIMBO 11€HTU(IKYBATH PU3UKU BTPATU CTIMKOCTI 00’€kTa KOHTpouto. [IpoBeaeHo



anmpoOailito MeToay BiOPOAKYCTUYHOIO KOHTPOIIO MOIIKOMKEHb KOHCTPYKTHBHUX
€JIEMEHTIB CIOPYJ Ha MNPUKIaAl JIOCHIIKEHb OETOHHMX TIOOIHTiB. Bu3zHaueHo
OUISHKA 3 MIJABUIIEHUMMHM HANpYyXEHHSMH, 30HM [PUXOBAHUX TPIMIMH Ta
MOIIKO/)KEHb Y OeToHl. 3a3HayeHo, W0 JJiS MIABUIICHHS IIBUAKOCTI M SKOCTI
BU3HAYCHHS CTaHy O0’€KTIB 1 CTPYKTYpH HAKOIMWYCHHS B iX €JIEMEHTax CYTTEBHUX
MOIIKO/)KEHh MOTPiOHA aBTOMAaTH3allisl BIOPOAKYCTUYHOTO METOIY, PO3poOKa
MojieNiel CKJIaJHUX KOJMBAaHb Ta MIJBUILIEHHS JTOCTOBIPHOCTI OLIIHOK PYWHYBaHb.

Y TpernoMy po3aiji po3poOJIEHO MOJENl Ta AITOPUTMHU CKJIAJHUX KOJIMBAHb
JUIE CHCTEM aBTOMaTu3allii BiIOPOAKYyCTUYHOTO KOHTPOJIIO O€3MEeKH eKCIuTyaTarlii
OyniBenb 1 copyd. Mojeni CKIaaHUX KOJIWBaHb JI0O3BOJISIIOTH peali3yBaTH 3aKOHU
KepyBaHHS, HEMOXJIMB1 NIl KJIACMYHUX BIOpalliiHUX CUCTEM aje HEeOOXIIH1 s
CUCTEM aBTOMATH30BAHOTO BIOPOAKyCTHYHOTO KOHTPOIO OynaiBeNb Ta criopya. s
KepyBaHHS  BIOpaliiHUMU  cucTeMaMd 3  OOMEXKEHOI  OOYHMCIIOBAIBHOIO
NPOAYKTUBHICTIO Ta JIBUTYHOM TIpsiMOi  Jii  OOIPYHTOBAaHO BHMKOPHUCTAHHS
KoediIlieHTIB 3MeHIIEeHOT po3psaHocTi 3a anroputmom J. Crenshaw. Ilokazano, 1o
3HWDKEHHSI CTIMKOCTI OyiBedb Ta CHOPYJ BHACHIIOK BHUNAIKOBUX JTUHAMIYHUX
BIUIUBIB TPHU3BOAUTH 10 HEOOXIIHOCTI BpaxyBaHHs OCOOJMBOCTEM XaoTu3allii
npoiieciB. [l BIOPOAKYCTHYHOTO KOHTPOJIO BHYTPIMIHBOT — TOIIKOJKEHOCTI
Ha3eMHUX cropya (CTiH, (yHIaMEHTIB) BHKOHAHO HAyKOBE OOIPYHTYBaHHS
ypaxyBaHHS XaOTHYHOI CKJIAJ0BOi mpoliecy pyiHyBaHHS. Po3poOieHo mporpamuy
MOJIeNIb NI TeHepaTopa BIOPOAKyCTUYHUX KOJIMBAHb, 10 OMUCYETHCS CHUCTEMaMU
mudepenniitanx piBHsHb Jlopenna E. ta Uena X. [loOymoBaHi CTPYKTypHI CXeMH
reHepaTopiB, IO OTPMMaHiI Ha OCHOBI AWQEPEHINIMHUX PIBHSIHB. Y IOCKOHAJIECHO
METOJIH 1 aJITOPUTMH aBTOMATHYHOTO KEPYBaHHS T€HEPATOPOM JIJIsI OTPUMAHHS XBHIIb
13 3aIaHUMH aMIUTITYTHUMH Ta YaCTOTHUMH XapaKTEPUCTUKAMHU, 110 HEOOXITHO IS
CTBOPEHHS 30ypIOIOYOTO yJIapHOTO BIUIMBY 3 TMOTPIOHMMH TapaMeTpamu Mpu
BIOpOAKYyCTHYHOMY KOHTPOJTI.

Y d4erBepTOMYy PpoO3aidi po3poOJEHO METOAM IMJBHINCHHS O€3IeKu
eKcIuTyartarii OyIiBeNb i CIOPYA 3 ypaxyBaHHSM MPOTPAMHUX 1 TEXHIYHHX 3aC001B
BIOpoaKycTUUHOr0 KOHTposto. OOrpyHTOBaHO, IO BTpaTa CTIMKOCTI HECY4YUX
KOHCTPYKIIIII MOXe B1AOyBaTHCSl 3a JIBOMa OCHOBHUMH CIIEHAPISIMU: MOCTYIIOBOMY

OocJIa0JICHHI ~ HECy4YMX  KOHCTPYKIIA  BHACHIAOK  HAKOMUYEHHS  BHYTPIILIHIX



MOIIKOJKEHb a00 IMIBUJKOMY HAKONWYEHHIO KPUTHUYHOI KUIBKOCTI TPILIMH, SKi
aKTUBI3YIOTBCS PpANTOBUM PYWHYBAHHSAM T'PAaHHUYHO-HANMPYKCHUX KOHCTPYKITIN
BHACHIOK OyAb-SIKUX JWHAMIYHUX BIUIMBIB. MOJEIIOBaHHS MpoLECcy pyHHYBaHHS
METOJIOM CKIHYEHHUX €JIEMEHTIB IOKa3ajo, IO 3aJ0Bro J0 TOro, K TPIIMHU Ha
MOBEPXHAX KOHCTPYKIIA MOXYTh OyTHM BH3HAUEHI Bi3yaJbHO, 30HU IPUXOBAHOT
MOIIKOKEHOCT1 aKTUBHO PO3BUBAIOTHCSI BCEPEAMHI CTIHOBUX KOHCTPYKIIIH OY/I1BEIb
1 copya. Y 3B'SI3KYy 3 THM, IO O0'€KTOM JOCIIPKEHb € YacTKOBE pYyHHYBaHHS
OyaiBenb Ta COpya, TOOTO HE MEPIIONPUYNHA, a BXKE HACTIIKH BIUTUBY KOMILIEKCY
HeraTuBHUX 0a30BUX (DAKTOPIB, TO JJISl OLIHKU MOIIKOKEHOCT1 00’ €KTIB KOHTPOJIIO
BIIEPIIIE 3aMPOIIOHOBAHO BUKOPHUCTOBYBATH MOKA3HUK, IO BiOOpa)kac iHTETpabHUN
PHU3HK BTPATH CTIMKOCTI KOHCTPYKTUBHHUX €JIECMCHTIB CIOPY/ 3a JBOMa OCHOBHUMU
rpynamu (akTopiB pusmKy. llepma rpymna moB's3aHa 3 BHUSABJICHHSM 30BHINTHIX
CTPYKTYPHHX TOIIKOMKE€Hb, SKI 1IEHTH(PIKYIOTBCS METOAaMHU  Bi3yaJIbHOTO
KoHTpomto. Jlpyra Tpyma moB'i3aHa 3 BHSBICHHSM NPHUXOBAHHUX TIONIKO/KEHB,
napaMeTpu SKUX BHU3HAYAIOTHCS BIOPOAKyCTHYHHM METOJOM. I[HTEerpalibHHIl pU3HUK
BTpPaTH CTIMKOCTI BH3HAYAETHCS a00 IUIAXOM IOPIBHIHHS 1 BUOOPY MaKCUMAaJILHOTO
pPU3HKY B TIpymi, a0 MiJCyMOBYBaHHSIM PH3HKIB 32 IMMHU aBoMa (dakTtopamu. Jlis
aBTOMaTM3allii CHUCTeM BiIOPOAKYCTUYHOI JIarHOCTHKUA OyaiBENb 1 CHOPYHA BIEpIIE
PO3p00JICHO reHepaTop MEXaHIYHUX KOJIMBaHb 13 3aJjaHUM YaCTOTHUM CIIEKTPOM Ha
OCHOBI TIPOTPaMOBAaHOTr0 JIOTIYHOTO KOHTposepa 1 cepBompuBoaa. JlabopaTopHi
BUNPOOYBaHHA pPOOOTH TeHepaTopa MPOMIUIM YCHIIIHO, OylIM 3reHepoBaHi
NPSIMOKYTHUM MeaHJAp, HECHMMETpPUYHA MHIa, TPUKYTHHM CHUTHAl Ta IMepioJAHyHI
rapMOHIYHI KOJNHWBaHHSA. BcTaHOBIEHO, MO TeHepaTop 3a0e3mnedye BHUKOHAHHS
3aJlaHUX XapaKTePUCTUK, a MEXaHI3M CEpPBOINPHUBOAY BHUKOHYE 3alpoOrpaMOBaHe
3aBAaHHA. B pesynbTaTi TPOBEASCHUX JOCTIDKEHb pPO3poOieHi «MeroandHi
peKoMeHaIli 3 OIIHKA TOIIKOXEHOCTI KOHCTPYKTHBHUX €JEMEHTIB OymiBenb i
CIIOpYJl BIOpOAKyCTHYHMM METOJIOM JUIA 3a0e3nedeHHs Oe3IeKu ixX eKcIuryartarii,
SKI BCTAaHOBJIIOIOTH METOJW iMeHTH(QIKAIi TOIKOHKeHh Ta TPIIIMHYBATOCTI B
KOHCTPYKTHBHUX €JIeMEHTax OyaiBenb 1 crmopyn BiOpOAKyCTUYHUM METOJIOM B
yMOBax HaJ3BUYANHUX CHUTYaIlil, [0 BUKJIHUKAHI TPUBAJIOIO €KCIUTyaTalli€l0 00’ €KTIB
1H(QpacTpyKTypu Ta AUHAMIYHMMHU BIUIMBAMHU Bl BHUOYXIB 1 moxkexX. MeroanuHi

pekoMeHaalli BhpoBajkeH1 B [onoBHOMYy VYmhpasiiHHiI JlepxkaBHOi cinyxOu 3



HaJ3BUYalHUX CUTyalid Ykpainu y JIHIOpOneTpoBChKii 00J1acTi Ta B HABYAIBHOMY
mporeci kadenpu OXOpOHM Mpalli, UUBUIBHOI Ta TEXHOTEHHOI Oe3MeKu
[IpuaHINpOBCHKOT  JAEpXKaBHOI akajaeMii OyJIBHULTBA Ta apxXITEeKTypu, Je
BUKOPUCTOBYIOTBCA ISl PU3UK-OPIEHTOBAHOTO YHPABIIHHSA 1 MIJBHUILEHHS SKOCTI
MIAroTOBKU (PaxiBIliB 3a creriaibHICcTIO 263 — «l{uBibHA Oe3meka.

Kuarwu4oBi cjoBa: nuBiibHa Oe3neka, BIOPOAKYCTHYHI MeETOIU, Oe3rmeka
OyaiBenb 1 CHOpPYH, CTIMKICTh CIOPYJ KPUTHYHOI 1HPPACTPYKTYpH, MOJAEITIOBAHHS
JUHAMIYHUX MPOLECIB, MOAEINI CKIaJHUX KOJIUBaHb, BIOPOAKYCTUUHHUIA MOHITOPHHT,

aBTOMAaTH3allisl CUCTEM KOHTPOJIIO, MIIBUIIIEHHS PIBHS OC3MEKHU.

ABSTRACT

Barabanov S.S. Ensuring the safety of the buildings and structures operation
taking into account the method of vibroacoustic control. — Qualifying scientific work
on manuscript rights.

Thesis for a PhD Degree in the specialty 263 — “Civil Safety”. — Educational
and Scientific Institute “Prydniprovska State Academy of Civil Engineering and Ar-
chitecture” of Ukrainian State University of Science and Technologies, Dnipro, 2024,

The dissertation is a completed research work in the field of labor protection
and civil safety, which provides the solution to the current scientific and technical
task - to establish the regularities of changes in vibroacoustic parameters during the
crack development in building structures and to improve methods and develop algo-
rithms and models for controlling vibroacoustic oscillations with given amplitude and
frequency characteristics for determining hidden damage in building structure ele-
ments by vibroacoustic method, which is essential for increasing the safety and effi-
ciency of building and construction operations.

In the introduction, the relevance of the topic, the purpose of the research, sci-
entific novelty, the practical significance of the obtained results, the recipient’s per-
sonal 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 absolutely neces-
sary to control stability and safety of the objects and to assess their suitability for fur-
ther operation. This applies both to the infrastructural objects, which can include pro-
duction 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 opera-
tion. The vibroacoustic control method has proven itself well for monitoring and di-
agnosing 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 determining condition of the objects and making quantitative as-
sessment of the accumulation of significant damages in the object elements, it is nec-
essary to develop an automated exciter of complex oscillations and to improve the
method of identifying hidden damages using the vibroacoustic method. Based on the
analysis, 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 basis of the
measurements of the velocities of elastic waves in wooden, concrete, and metal mate-
rials, these materials are assessed as an oscillating system under the impact action.
The established patterns of changes in vibroacoustic parameters during the crack de-
velopment in building structures are presented. Open cracks are determined by stand-
ing 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 ar-
ea under the control. This environment can be considered quasi-homogeneous, in
which crack systems reveal their properties only integrally. Therefore, it is proposed
to determine the integral damage indicators of the structure elements that are con-
nected to the zones of acoustic audibility of resonant waves. These waves are cap-
tured 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 tub-
ings. 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 determin-
ing the conditions of objects and the structure of accumulation of significant damages
in their elements, the automation of the vibroacoustic method, the development of
models of complex oscillations, and the improvement of the reliability of damage as-
sessments are required.

In the third chapter, the models and algorithms of complex oscillations devel-
oped for automation systems of vibroacoustic control of safety of building and struc-
tures operation are presented. The models of complex oscillations make it possible to
implement control laws which are impossible for classical vibration systems but are
necessary for systems of automated vibroacoustic monitoring of buildings and struc-
tures. To control vibration systems with limited computing performance and the di-
rect action engine, the use of reduced bit rate coefficients according to the Jack Cren-
shaw algorithm is justified. It is shown that a decrease in stability of buildings and
structures as a result of random dynamic impacts leads to the need to take into ac-
count the features of chaotic processes. The chaotic component of the destruction
process is scientifically justified for taking into account in vibroacoustic control of
internal damage of ground structures (walls, foundations). A program model was de-
veloped for the generator of vibroacoustic oscillations described by the systems of
differential equations of Lorentz and Chen. The structural diagrams of generators
were constructed on the basis of differential equations. The methods and algorithms
of automated control of the generator for obtaining waves with specified amplitude
and frequency characteristics were improved, which is necessary to create a disturb-
Ing impact with the required parameters during vibroacoustic control.

In the fourth chapter, the developed methods of increasing the safety of the
buildings and structures operation with taking into account software and technical
means of vibroacoustic control are shown. It is substantiated that a loss of load-
bearing structures stability can occur according to two main scenarios: the gradual
weakening of load-bearing structures due to the accumulation of internal damages or
the rapid accumulation of a critical number of cracks, which are provoked by the



sudden destruction of limit stress structures due to any dynamic impacts. Modelling
of the destruction process using the finite element method shows that long before
cracks on the surfaces of structures can be determined visually, zones of hidden dam-
ages are actively developing throughout the walls of buildings and structures. Due the
fact that the object of the research is partial destruction of buildings and structures,
that is, not the root cause, but the consequences of the impact of a complex of nega-
tive basic factors, it is for the first time proposed to use an indicator which reflects the
integral risk of loss of stability of structural elements of buildings for assessing the
damage of objects under the control according to two main groups of risk factors. The
first group is related to the detection of external structural damages, which are identi-
fied by visual inspection methods. The second group is related to the detection of
hidden damages, the parameters of which are determined by the vibroacoustic meth-
od. The integral risk of loss of stability is determined either by comparing and choos-
ing the maximum risk in the group or by summing up the risks based on these two
factors. It is for the first time when for the automation of systems of vibroacoustic di-
agnostics of buildings and structures, a generator of mechanical vibrations with a giv-
en frequency spectrum based on a programmable logic controller and a servo drive
was developed. Laboratory tests of the generator were successful, a rectangular me-
ander, an asymmetric saw, a triangular signal and periodic harmonic oscillations were
generated. It was established that the generator ensures the performance of the speci-
fied characteristics, and the servo drive mechanism performs the programmed task.
As a result of the conducted research, "The methodological recommendations for as-
sessing damage in structural elements of buildings and structures by the vibroacoustic
method to ensure the safety of their operation" were developed, which determine
methods for identifying damages and cracks in structural elements of buildings and
structures by the vibroacoustic method in emergency situations caused by long-term
operation of infrastructure facilities and dynamic effects caused by explosions and
fires. The Recommendations were implemented by the Main Department of the State
Emergency Service of Ukraine in the Dnipropetrovs’k Region and in the educational
process of the Labor Protection, Civil and Technogenic Safety Department of the
Dnipro State Academy of Construction and Architecture, where they are used for



risk-oriented management and for improving quality of training of specialists in the
specialty 263 — “Civil Safety”.

Keywords: civil safety, vibroacoustic methods, safety of buildings and struc-
tures, stability of critical infrastructure structures, modeling of dynamic processes,
models of complex oscillations, vibroacoustic monitoring, automation of control sys-
tems, increasing the level of safety.



	Міністерство освіти і науки України
	АНОТАЦІЯ
	ABSTRACT

