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Hucepraniiina poboTa NpPUCBSUYEHA BHUPIMICHHIO AaKTyaJbHOIO HayKOBO-
MPAKTUYHOTO 3aBJaHHsS 3HIDKCHHS BUIUIMBY OyIiBENBHOTO IMyMy Ha MPAIIOI0YUX 1
HACEJICHHS MPU BUKOHAHHI BiJHOBIIOBAJIbHUX OyMiBEIBHUX POOIT B YMOBaxX IILJILHOI
KUTIOBOT 320y 10BH.

[IpoananizoBaHO HayKOBi1 NyOJikaiii Ta NTPUKIAAHI PO3POOKM MIONO 3aXUCTY
NPALIOIYUX 1 HACEJICHHS BiJl BIUIUBY IIYMY TEXHOT€HHOT'O MOXOJKEHHS, Y TOMY YHCI1
i 1HQpa3Byky. llokazaHo, mo B yMOBax HaOJMKEHOCTI MIClb MOCTIMHOIO abo
THMYacOBOT0 MepeOyBaHHA JIIOACH A0 JKepes IIyMy, TPaJaulliiiHl 3aco0M 3aXUCTy Bijl
aKyCTUYHUX BIUIUBIB — AaKyCTHYHI €KpaHM HEJAOCTaTHbO eQekTuBHI. B ymoBax
OOMEKEHHUX NPOCTOPIB TOHKI AKYCTUYHI €KpaHW, y 3aJeXKHOCTI BiJ MapaMeTpiB
IMIIEJTAHCHUX ~ TOBEPXOHb, MOXYTh  MIABUIIYBAaTH PIBHI  I[IyMy  BHACHiJIOK
iHTepdepeniiitnux sBuil. (OcoOIMBO 1€ CTOCYEThCS HHU3bKOYACTOTHOI 00acTi
3BYKOBOro crekTpa. [Ipu 1pomMy BHACHIOK BIAOUTTS Ta MEPEBIAOUTTS aKyCTUUHHUX
XBWJIb Oy/1IBENIbHI KOHCTPYKIIIT HE 3a0€3Meuy0Th HOPMAaTUBHUX 3HAYEHb 3BYKO130JIALI11.

Jocnipxeno ¢pakTUUHI 3HAYEHHS! IIUPOKOCMYTOBOT'O IIIYMYy THUITOBO1 Oy 11BEJIbHOI
TEXHIKM Ta OyIiBeIbHUX MaigaHuukiB. [lokazaHo, 110 3HaYHA YAaCTMHA TAKOTO IIyMY
MpUNajac Ha HU3bKOYACTOTHY YACTUHY 3BYKOBOTO CIIEKTpa Ta 1H(PPA3BYKY, sIKI MAIOTh
MaJti Koedlli€HTH 3racalHs y MOBITPi 1 OyAIBEIbHUX Ta €KPAHYIOUKX MaTepiasiax.

Po3pobrneno 3aranbHi 3acajy MPOEKTYBAHHS KOHCTPYKINM JIJISi 3HIKCHHS PIBHIB
HU3BKOYACTOTHOTO 3BYKY Ta 1H(Ppa3BYKY.

Po3pobsieno MaTeMaTuyHuM anapat Juisl IPOEKTYBAHHS PE30HAHCHUX MaHesen s

MOTJIMHAHHA 3BYKOBHX Ta 1H(QPa3BYKOBUX KOJIMBaHb. Ha BiAMIHY BiJ] ICHYIOUUX PIIIECHb,



MPOEKTYBAHHS CIIUPAETHCA HA HETIEPEPBHI CIIEKTPaIbHI 3HAYEHHS 3BYKY, 11O JI03BOJISIE
oOupaTu 3a pe30HAHCHI YaCTOTH 3BYKY Ta 1H(PpPa3BYyKy MaKCUMalbHUX aMILITYy[. [Ipu
IIbOMY PO3pPaxXyHKH 3JIHCHIOIOTHCS 3 BUKOPHUCTAHHSM IapaMeTpiB MaTepiaiiB, SKi €
JOBIIKOBUMU — TPYKHI MOAYNi, TyCTHHA TOHI0. TeopeTnyHo OOTPYHTOBAHO 1
EKCIIEpUMEHTAJILHO TMIATBEPXKEHO MIABUIIECHHS €(QEKTUBHOCTI 3BYKOMOTJIMHAIBHUX
MaHeNel 3 HeperyJIIpHUM po3TalllyBaHHSAM nepdopallii IeBHUX pO3MIpiB.

Brnockonaneno monens Delany-Bazley mono koedirieHTa MOTIMHAHHS 3BYKY
HOPUCTUMH MaTeplalaMH. YCl pO3paxyHKH 3 NPUHHATHOIO MOXUOKOIO 3BEJIEHO 10
OJTHOTO TTapaMeTpa — MUTOMOMY OTIOPY MOBITPSTHOMY TMOTOKY, SIKHI JIETKO BUMIPIOETHCS
B IMII€IaHCHIN TpyOi. Yci po3paxyHKH 3MIHCHIOIOTHCA Yy AlMCHIN (opmi, 110 CIpolrye
IpaKTUYHE 3aCTOCYBaHHA Mojeli. Bepudikariis pe3yabTaTiB TEOPETUUHUX JOCITIIKEHD
3a IONMOMOT0I0 HaTypHHUX BUMIPIOBAHb MOKa3aja NPUMHATHY 301KHICTh PO3PAXyHKOBUX
Ta E€KCIEPUMEHTAIbHUX JaHUX. 30KpeMa BCTAHOBIJIEHO, IO PO3pPOOJICHUN MOPUCTHIM
Marepiaa Ha OCHOBI 0a3aJbTOBUX BOJIOKOH 3a0e3neuye KOe(IlEHTH IIyMOIIOTIIMHAHHS
Yy HMU3bKOYACTOTHIN 00J1acTi 3ByKoBOro criektpa a0 0,45-0,50. s cepenHix 1 BUCOKUX
gactor — 0,75-0,90. Tloka3aHo MOXJIUBICTh PO3MIMPEHHS (DYHKIIIOHATBHUX
MOXKJIUBOCTEH IIyMOIOTJIMHAIBHUAX MaTepiajiiB, HaNpUKIad, A eKpaHyBaHHS
€JIEKTPOMATHITHUX TOJIiB HIUPOKOTO YACTOTHOTO JI1alla30Hy.

HayxoBa HOBU3HA 0/iep>KaHUX PE3yJbTATIB MOJISATA€ Y HACTYITHOMY:

Bnepuwe: OOTpyHTOBAHO 3acaiu MPOEKTYBAHHS HIMPOKOCMYTOBHX
3BYKOTIOTJIMHAIBHUX KOHCTPYKIIIM, IO JO3BOJIMJIO 3a0€3MEUUTH 1HACKCU 3HIDKCHHS
3BYKYy Y HHM3bKOYAaCTOTHIM 4YacTHHI 3BYKOBOro crekrpa 5—8 ab, y cepenHbo- Ta
BHCOKOYACTOTHIN o6nacti — 25-35 nb.

Boockonaneno: icHyto4l MOjeNl TIOTJIMHAHHS 3BYKY TOPUCTUMHU CEPEIOBHUIIIAMHU
[UIIXOM BU3HAYEHHS BINOBIIHUX KOE(DILIEHTIB Yepe3 OMip NPOAYBAHHIO Ta 3/11ICHEHHS
PO3paxyHKIB y JAiHCHIN hopmi.

Habynu nooanvuioeo pozeumxy: pO3paxyHKOBI METOAU IMPOTHO3YBaHHS
e(EeKTUBHOCTI IIYMO3aXMCHUX €KpPaHIB 3aCTOCYBaHHSM, Ha BIIMIHY BiJ ICHYIOUHX

METO/I1B, TapaMeTPiB MaTEPialliB, sIKi € JOBIAKOBUMH. L{e 103BOMMIIO 3MEHIIIUTH OOCSTH



EKCIIEPUMEHTAJIbHUX  JOCTIKEHb 3  BHUNPOOYBaHHS €(QEKTUBHOCTI  3aXHUCHHUX
KOHCTPYKIIN Ta OTPUMAHHS BUXITHUX JaHUX.

[IpakTryHe 3HaYEHHS OJIEPKAHUX PE3YJIbTATIB MOJSATA€ Y HACTYITHOMY:

BrockonaneHuii po3paxyHKOBHIA amapat J03BOJISE 3/1HCHIOBATH MTPOTHO3YBAaHHS
3aXMCHUX BJACTUBOCTEH MarepialiiB 1 KOHCTPYKIIH Yy 3alie’KHOCTI BiJ aMILIITyAHO-
YaCTOTHUX XapaKTEPUCTHUK 3BYKY Ta 1HPPa3BYKy Ta YMOB iX 3aCTOCYBaHHS (paXiBISIMH-
MpakTUKaMu Oe3 CHeliadbHOi MIATOTOBKH. Y PO3paxyHKH 3aKJIaJCHO BHUKOPUCTAHHS
JIOBIJIKOBUX MMapaMeTpiB MaTepialiiB 3 MIHIMAJIbHOIO KUIBKICTIO JaHUX, SIKI OTPUMYIOThCS
EKCIIEPUMEHTAJIbHO Yy JIabOpaTOpHUX yMOBax. Bu3HaueHl 3acagW TNPOEKTYBaHHS
KOHCTPYKIII J03BOJIAIOTh y MPaKTHUHIM poOOTI HOpMai3yBaTH pIBHI IIyMy Ta
1Hppa3ByKy y 3aJeKHOCTI BiJ 1X IHTEHCHBHOCTI, PO3TaIlllyBaHHS NIyMO3aXHCHHUX
KOHCTPYKIINA Towo. BumnpoOyBaHHS 3aXMCHMX KOHCTPYKLIH Yy pealbHUX YMOBax
eKCIUTyaTallii CBIAYMUTHL MPO iX JOCTaTHIO e(peKTUBHICTh. Pe3ynbratu HOCITIIKEHD
BIIPOBA/DKEHO Y HaBYaIbHUK mporiec KHUiBCHKOro HAIOHATBHOTO YHIBEPCHUTETY
OyIIBHUIITBA 1 apXITEKTYpH MPH MATOTOBII (haxiBI[iB 3 IUBLILHOI O€3IMEKU Ta TEXHOJIOT11
3aXUCTY HABKOJMILIHBOTO CEPEIOBUIIIA.

KurouoBi ciioBa: OyaiBenbHUN IIyM, [IIJIbHA 3a0yA0Ba, 1HIEKC 3HUKEHHS IIyMY,

aKyCTHUYHHI €KpaH, Ppe30HaHCHA MaHEb.
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The dissertation is devoted to solving the urgent scientific and practical problem
of reducing the impact of construction noise on workers and the population during

restoration work in densely populated residential areas.



Scientific publications and applied developments regarding the protection of
workers and the general public from the effects of man-made noise, including infrasound,
have been analysed. It has been shown that in conditions where places of permanent or
temporary human habitation are located close to noise sources, traditional means of
protection against acoustic effects — acoustic screens — are insufficiently effective. In
confined spaces, thin acoustic screens, depending on the parameters of the impedance
surfaces, can increase noise levels due to interference phenomena. This is particularly
true in the low-frequency region of the sound spectrum. Furthermore, due to the reflection
and re-reflection of acoustic waves, building structures do not meet the standard sound
insulation requirements.

The actual values of broadband noise from typical construction machinery and
construction sites have been investigated. It has been shown that a significant proportion
of such noise falls within the low-frequency part of the sound spectrum and infrasound,
which have low attenuation coefficients in air and in building and screening materials.

General principles for the design of structures to reduce low-frequency sound and
infrasound levels have been developed.

A mathematical framework has been developed for the design of resonant panels
to absorb sound and infrasound vibrations. Unlike existing solutions, the design is based
on continuous spectral values of sound, which allows the selection of resonance
frequencies for sound and infrasound of maximum amplitudes. In this case, calculations
are performed using reference material parameters — elastic moduli, density, etc. The
increased efficiency of sound-absorbing panels with irregularly arranged perforations of
specific sizes has been theoretically substantiated and experimentally confirmed.

The Delany-Bazley model regarding the sound absorption coefficient of porous
materials has been improved. All calculations, with an acceptable margin of error, are
reduced to a single parameter — the specific resistance to air flow, which is easily
measured in an impedance tube. All calculations are performed in real form, which
simplifies the practical application of the model. Verification of the theoretical results

using field measurements showed acceptable agreement between the calculated and



experimental data. In particular, it was established that the developed porous material
based on basalt fibres provides sound absorption coefficients in the low-frequency region
of the sound spectrum of up to 0.45-0.50. For mid and high frequencies — 0.75-0.90. The
possibility of expanding the functional capabilities of sound-absorbing materials has been
demonstrated, for example, for shielding electromagnetic fields across a wide frequency
range.

The scientific novelty of the results obtained lies in the following:

For the first time: the principles of designing broadband sound-absorbing
structures have been substantiated, enabling sound reduction indices of 5—8 dB in the
low-frequency part of the sound spectrum and 25-35 dB in the mid- and high-frequency
regions.

Existing models of sound absorption by porous media have been improved by
determining the relevant coefficients based on airflow resistance and performing
calculations in real form.

Further development has been achieved in: calculation methods for predicting the
effectiveness of noise barriers by using, unlike existing methods, material parameters that
are reference values. This has made it possible to reduce the scope of experimental studies
on testing the effectiveness of protective structures and obtaining initial data.

The practical significance of the results obtained lies in the following:

The improved calculation framework enables the prediction of the protective
properties of materials and structures depending on the amplitude-frequency
characteristics of sound and infrasound and the conditions of their application by
practitioners without specialised training. The calculations are based on the use of
reference material parameters with a minimum amount of data obtained experimentally
under laboratory conditions. The established principles of structural design allow for the
normalisation of noise and infrasound levels in practical work, depending on their
intensity, the location of noise-protective structures, and so on. Tests of protective
structures under real operating conditions demonstrate their sufficient effectiveness. The

research findings have been incorporated into the curriculum of Kyiv National University



of Construction and Architecture in the training of specialists in civil safety and
environmental protection technology.
Keywords: construction noise, dense development, noise reduction index, acoustic

screen, resonant panel.
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