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AHOTANIA

bioa /[.B. MeTtonu po3paxyHKy 3BYKO130JIs1lii OaraTomapoBuX KOHCTPYKIIIMA. —
Kgsanidikaiiitna po0oTa Ha IpaBax pyKOIuUCY.

HNucepraniss Ha 3700yTTS HAyKOBOrO CTymeHs Joktopa ¢dinocodii 3a
cneuianbHicTIO 171 «Enexrponikay. — HamioHanbHU TEXHIYHUM YHIBEPCUTET
Vkpainu «KuiBCbKUN MOMITeXHIYHUNM 1HCTUTYT iMeHi Iropst Cikopcekoro», MOH
VYkpainu, Kuis, 2023.

HMuceprariitna poOOTa TPUCBSIYEHA JOCIIKEHHIO METOJIB PO3PaxyHKy
3BYKOI130JI4111 OyiBEIbHUX KOHCTPYKIII Ta BIUIMBY MaTepiaiiB OaraToliapoBHUX
KOHCTPYKIIIM Ha SKICHI MOKA3HUKU 3BYKO130JISII11.

3MICT JOUCEepPTALINHOTO MOCTIKEHHS BUKIAJACHO B UYOTHUPHOX pO3MIiiIax, e
MPEJCTaBIECHO Ta OOTPYHTOBAHO OCHOBHI pe3yJIbTaTH pOOOTH.

AKTyalIbHICTh ~ AUCEpPTAlIiHOI  pPOOOTH  OOIPYHTOBAHO Yy  BCTYyIL, J€
c(hopMyILOBAHO METY Ta 3a]1a4l TOCHIIHPKEHHS, ONIUCAHO METOAM JOCII1I)KEHHS, HAJJAaHO
1H(opMalIlito PO HAYKOBY HOBU3HY Ta MPAKTUYHE 3HAYCHHS OJIEP>KaHUX PE3YJIbTATIB.

VY nepuiomy po3aiil HaBeIeHa BaXIJIMBICTh MUTAHHS 3BYKO130JIS1I11 y IPUBATHOMY
*KUTTl. HaBeneHo 3arasibHi JaHl IOAO0 TUMIB IIYMIB Ta LUIAXIB Hepenayl mymy Mo
KOHCTPYKIIisi OyniBenb. [[puBeieHo mpukiiaayM TUIIOBUX MaTepialliB JJisl 3ByKO130JIA1I11
Tta BiOpoizomsuii. [lpencraBieHi mNpakTUYHI NPUKIATM BUKOPUCTAHHS TaKHUX
MartepialiiB y Mpoleci 3ByKO- Ta BIOpoi3osiii pizHux 00’ ekTiB. HaBeneHo mpukiaau
JII0YMX YUHHUX Ta aKTyaJbHUX METOIB PO3PAaXyHKY 3BYKO130JI511i TOHKUX JTUCTOBUX
MarepialiB, OHOPITHUX MAaCUBHUX OTOPOJIXKE€Hb, Ta 0araTOMIapOBUX OTOPOJIKYIOUHUX
KOHCTPYKU1H 0€3 mapy 3BYKO130JII00YMX MaTepiaiiB.

Y npyroMy po3null  HaBEACHUM aHAMITUYHUNA (PO3paxXyHKOBHI) METOJ
BU3HAUCHHS 1HJEKCY 3BYKOI30JAIll OJHOPIIHMX MaHeneld, OaraTomapoBUx
KOHCTPYKIIiM Ta 0araTomapoBUX KOHCTPYKIIIH 3 kpirieHHaM. [IpuBenennii anroputm
PO3paxyHKy 3a JIOIIOMOI0l0 1CHYHUYOT0 nporpamHoro 3adesnedyenHs Insul. HaBenena
METO/IMKA IPOBEICHHS €KCIEPUMEHTAIIBHUX JOCIIHKEHb 130111 HOBITPSIHOTO IIyMY

OTOPOJKYIOUMMHM  KOHCTpyKuismu.  [lpencraBieHi — pe3yJbTaTd  HaTypHUX
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EKCIEPUMEHTIB Ta JJAHUX OTPUMaHUX 3a aornomMororo Insul. [IpoBeneno nopiBHIIbHUI
aHali3 JaHUX OTPUMAaHMUX 3a €KCIIEpUMEHTaMU Ta OTPUMAaHUX 3a JornoMororo Insul.

VY TpeThOMy pO3AilIi HAaBEJEHO METOAMKY MPOBEJCHHS EKCIIEPUMEHTAIbHUX
JOCJII)KEHb, BUMOTH JI0 BUMIPIOBAJILHOI TEXHIKM Ta BUMIPIOBAJIbHUX MPUMIIIEHb.
HaBeneno excrniepuMeHTaIbHI JaHi Ta JaHl 3 HATYPHUX BUMIPIOBAaHb 00’ €KTIB. A came
HaBeJCHI pe3yJbTaTH JOCHI)KEHb MAaCUBHHX OTOPOJ/KYBAJIBHUX KOHCTPYKIIiH,
MaCHBHUX KOHCTPYKIIiil 3 oO1IMBKaMu pizHoro Tumy. [IpencraBieHo qaHi JOCHIKEHb
KOHCTPYKIIIH 3 pI3HUMHU TOBIIMHAMHU 3BYKOIOTIMHAIBHOTO 1Iapy Ta P13HOIO KUIBKICTIO
mapiB 3BYKOI3OJISIIIHHOTO oOnuitoBanHs. [IpoaHanizoBaHO 3aJIEKHICTh 3HAYEHBb
3BYKO130JIA1111 KOHCTPYKIIi1 B1J] TOBIIMHU 3BYKOMOTJIMHAIIBHOTO MIAPY Ta BiJ KUTBKOCTI
11apiB 3BYKOI30JISILIMHOTO OOJIMLIFOBAHHS.

VY yeTBepTOMY PO3ALTI MPEICTABIECHO HOBUH METOJ PO3PAaXyHKY 3BYKOI30JIALIL
OaratomapoBUX KOHCTPYKI[iH. OnucaHO MOBHUW alTOPUTM PO3PAXYHKY 1HAECKCY
1307151111 MOBITPSAHOrO IIyMy OyAIBEIbHUMHU OTrOPOJIKYIOUMMHU KOHCTPYKLISIMHU.
IIpuBeneno rpadiude Ta TaONMMYHE TOPIBHSAHHS JaHUX EKCIEPUMEHTAIbHHUX
JOCIIKEHb, TAHUX OTPUMaHUX 3a JOIOMOTIO0 MporpamMHoro 3adesneyeHHs Insul ta
3aIpONOHOBAaHOT MeTOAUKU. OI[IHEHO TOYHICTh METO/IB.

[IpencraBieni B quceprailii HOBI TEOPETUYHI Ta MPAKTUYHI PE3yJIbTaTH MOXHA
PEKOMEHAYBaTH 1O BHUKOPHUCTaHHS MpHU PO3poO0Ill HAI[IOHATBHUX OYydIBEIbHUX
CTaHJAPTIB, MPOEKTYBAHHIO OYyAiBEIbHUX 00’ €KTIB PI3HOTO MPHU3HAYAHHS, A TAKOX B
HAaBYAJIbLHOMY TMpPOIECI BUIIMX HAaBYAJIBHUX 3aKkjiaAiB YKpaiHU Uil HiATOTOBKHU
1HKEHEPI1B-aKyCTHUKIB.

B nuceptaniiiniii poOOTI OTpUMaHO HACTYIIHI HAYKOBI pe3yJbTaTH:
1. Boepie po3po6ieHo rpadiuyHUil METOJ] BUBHAUYCHHS 1HAEKCY 3BYKO130JIA111
0aratomapoBUX KOHCTPYKIIM 3 BUKOPHUCTaHHSM PI3HUX 3a KIacamu
MarepiaiiB, B TOMY YHCI1 3 ypaxyBaHHSM TOBUIMHU MaTepiany, UIUIbHOCTI Ta

TOBIIMHY 3BYKOI130JISILIMHOTO 00JIaITyBaHHS ;



2. Po3po06ieHo BAOCKOHAIEHUH METO]I BA3HAYEHHS BIUIMBY 3BYKOIOTJIMHAIBHUX
MarepiaiB  Ha  3BYKOI3OJSLINHI  XapakTEpUCTUKU  OaraTolrapoBUX
KOHCTPYKIIH;

3. YI0CKOHANIEHO METOJ OL[IHKHM BIUIMBY TOBIIMHH MOBITPSIHOTO IMPOMIKKY Ha
3BYKO130JIAI1HHY €EKTUBHICTh KOHCTPYKIIi CTIH 3 OOJIHUI[IOBAHHSM Ha OCHOBI
METaJIEBOT0 KapKacy;

4. Bu3HaueHO SKICHI 3MIHM YaCTOTHHUX XapaKTePUCTHK 3BYKOI30JIALIT
OaraTomapoBux KOHCTPYKILH, OCHOBAaHHX Ha MaCHBHUX
aKyCTUUYHOOJHOPIIHUX  MaTepiaiax, Kl  OOJUIIbOBAaHI  JUCTOBUMU
MarepiajiaMH 1 MalOTh B OCHOBI KapKaCHOI CUCTEMHU.

5. BuaineHo nopanblie BOPOBAKEHHS METOAY OLIHKMA — 3BYKOI30JISLII
OyIlIBEIbHUX OrOPOJKYIOUMX KOHCTPYKIIM 3 BHKOPUCTAHHSM PI3HUX

MarepialiB KapKacy.

I[IpakTyHe 3HAYEHHA OTPUMAHUX PE3YyJIbTATIB MOJSATAE Y HACTYITHOMY:

1. EdektuBHimi pimeHHs B mOpoekTyBaHHI: HoBa wmeToauka po3paxyHKY
J03BOJISIE  TOYHILIE  BpPaxOBYBaTH  XapaKTEPUCTHKM  OaraTolapOBHUX
HEOJHOPIIHUX KOHCTPYKIIM, M0 pOOUTh MPOEKTYBaHHSA OUIbII TOYHHUM Ta
HagiiHuM. lle cnpomrye mnpouec NpPOEKTyBaHHS Ta HAAA€ MOKIUBICTD
BUKOHYBAaTH MPOEKT 3TiIHO 3 BUMOraMH, IO HaBEJEHI Yy Jep KaBHUX
OyliBeIbHUX CTaHAapTax. TakK Hampukiaaj pPiBEHb 3BYKOI30JAIIT JIETKUX
KOHCTPYKI[IH MOXHa TMOKPAIUTH BUKOPUCTOBYIOUM OOIHUIIOBAHHS IIapOM
riIICOKapTOHOM Ha JEepeB’sTHOMY Kapkacl. TakuM YMHOM MOXHa JOCSITH
MOKpAIIeHHs 1HAEKCY 3ByKo130Jsuii Ha 4 1b.

2. ExoHOMIs pecypcCiB Ta KOIUTIB: 3aBJISIKU BIOCKOHAJIECHUM PO3paxyHKaM Ta ix
BUINII TOYHOCTI, CTa€ pEAIbHUM YHUKHEHHS HAJIMIPHOTO BUKOPHUCTAHHS
OyIiBEJIbHUX MaTepialiB, 10 B CYKyIHOCTI IPU3BOAUTH 0 3HAYHOI EKOHOMIT
SK KOIITIB, TaK 1 MPUPOJHUX pecypciB y cdepi OyaiBHuiTBa. lle BaxxnuBuit

KPOK y HampsIMKy CTajJoro PO3BUTKY, OCKUIbKH palliOHalIbHE BUKOPUCTAHHS
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MartepialiB BeJie 10 3MEHIIECHHS BIJIXO/IB 1 MOKPAIIy€ €KOJIOTIYHUN BIJOUTOK
OyniBHunrBa. KpiM Toro, omTuMiszallisi BUKOPUCTAHHS PECYpCIB CIpUsiE
3MEHIIEHHIO HETAaTUBHOTO BIUIMBY Ha JOBKULIA, aJ)KE€ MEHIIE BIJIXOJIB
O3Haya€ MEHIIIe BUPOOHUYOr0 HAaBAHTAXKEHHS Ta 3a0pyIHeHHs. Takuil miaxiz
He junie e)eKTUBHUH Y BIAHOIIEHH] BUTPAT, ajle ¥ COpusie CTBOPEHHIO OLIbII
CTaJIOr0 Ta €KOJOTIYHO OCBIAOMIIEHOTO OyaiBenbHOro cekropy. Hampukmnan
JUTS1 TIOKPAILEHHS 1HJIEKCY 3BYKO130JIA1111 JIETKUX MOPUCTUX (Tra300JI0K, TOIIO)
KOHCTPYKI[IH MOXKHa BUKOHAaTH (papOyBaHHS 3 OJHOro abo JBOX OOKIB, IO
Mpu3Bee 10 30UTBIIEHHS 1HAEKCY 3BYKO130J1s1111 B cepegHbomMy Ha 3 nb.

3. IligBuieHHs SKOCTI 3ByKoi30Js1ii: Po3poOieHa HoBa METOAMKA BUSIBIISIE Ta
BpaxOoBYE paHillle HeMOMi4eH1 (paKTOPH, SIK1 BIUTUBAIOTH Ha 3BYyKO130JIs11it0. e
MPU3BOAUTH JI0 MOKPAIIEHHS SIKOCT1 3BYKOI30JISIIIIMHUX PIIICHb 1 MIJBUIILYE
KoM(popT mns MemkaHuiB Oyxiai. HoBuil miaxix A03BOJISIE YHUKHYTH
yOylieHb y BU3HAYEHHI MapaMeTpiB, 10 BIUIMBAIOTh Ha €(EKTUBHICTH
3BYKOI30JIA1I1i, 1 CIpUSIE CTBOPEHHIO OUIbII €(EeKTUBHHX 1 aJanTOBAHUX
pilieHb y Taly3l apxiTekTypu Ta OynmiBHuuTBa. lLle Takoxx BiOkpuBae
MOXJIMBOCTI JIJIsi pO3pOOKH HOBHUX TE€XHOJIOTIA Ta MaTepiaiiB 3BYKO130JISIIII,
10 BPaxoOBYIOTh PI3HOMAaHITHI AaCHEKTH BIUIMBY Ha 3BYK Ta TapaHTYIOTh
BUCOKUHU CTYIiHb KOMQOpTy st >kuTeniB OyaiBni. Hanpuxknag nms Oubiin
e(eKTUBHOTO 3axXUCTy BiA HU3bKUX yacToT (MeHme 200 I'n) moumiabHO
301JIbIIIYBATH TOBIIMHY 3BYKOMOrIMHato4uoro mapy. [Ipu toBmuni 50 mm Ha

gactoTi 100 I'm Rw=21 nb, a mpu 200 mm Ha gacToTi 100 I't 3 Rw=34 nb.

Kntouogi crnosa: 3Byk013071511is1, 3BYKO130J1s111s1 Oy/1IBEIbHUX KOHCTPYKIIIH,

PO3paxyHOK 3BYKO130JIALli1, KAPKACHI CUCTEMU 3BYKOI30JIS1I11, 3aXUCT Bl LIyMY.



SUMMARY

Bida D.V. Methods of calculating sound insulation of multilayer structures. -
Qualification work on manuscript rights.

Dissertation for obtaining the scientific degree of Doctor of Philosophy in
specialty 171 "Electronics". - National Technical University of Ukraine "Kyiv
Polytechnic Institute named after [hor Sikorskyi", MES of Ukraine, Kyiv, 2023.

The dissertation work is devoted to the research of methods of calculating the
sound insulation of building structures and the influence of materials of multilayer
structures on the qualitative indicators of sound insulation.

The content of the dissertation research is presented in four chapters, where the
main results of the work are presented and substantiated.

The relevance of the dissertation work is substantiated in the introduction, which
formulates the purpose and tasks of the research, describes the research methods,
provides information about the scientific novelty and practical significance of the
obtained results.

In the first chapter, the importance of soundproofing in private life is given.
General data on the types of noise and the ways of noise transmission through the
construction of buildings are given. Examples of typical materials for sound insulation
and vibration insulation are given. Practical examples of the use of such materials in
the process of sound and vibration insulation of various objects are presented.
Examples of effective and up-to-date methods of calculating the sound insulation of
thin sheet materials, homogeneous massive fences, and multi-layered enclosing
structures without a layer of sound-insulating materials are given.

The second chapter provides an analytical (calculation) method for determining
the sound insulation index of homogeneous panels, multilayer structures and multilayer
structures with fasteners. The given calculation algorithm using the existing Insul
software. The method of conducting experimental studies of air noise isolation by

enclosing structures is presented. The results of natural experiments and data obtained



with the help of Insul are presented. A comparative analysis of data obtained by
experiments and obtained with the help of Insul was carried out.

In the third chapter, the methodology of conducting experimental studies,
requirements for measuring equipment and measuring premises are given.
Experimental data and data from natural measurements of objects are given. Namely,
the results of studies of massive enclosing structures, massive structures with various
types of cladding are presented. The research data of structures with different
thicknesses of the sound-absorbing layer and different number of layers of sound-
insulating cladding are presented. The dependence of the sound insulation values of
the structure on the thickness of the sound-absorbing layer and on the number of layers
of sound-insulating cladding was analyzed.

The fourth chapter presents a new method of calculating the sound insulation of
multilayer structures. The complete algorithm for calculating the index of air noise
insulation by building enclosing structures is described. A graphical and tabular
comparison of experimental research data, data obtained using the Insul software, and
the proposed methodology is provided. The accuracy of the methods was assessed.

The new theoretical and practical results presented in the dissertation can be
recommended for use in the development of national construction standards, the design
of construction objects for various purposes, as well as in the educational process of
higher educational institutions of Ukraine for the training of acoustic engineers.

The following scientific results were obtained in the dissertation work:

1. For the first time, a graphical method of determining the sound insulation index
of multilayer structures using different classes of materials, including taking
into account the thickness of the material, density and thickness of the sound
insulation arrangement, was developed;

2. An improved method of determining the effect of sound-absorbing materials
on the sound-insulating characteristics of multilayer structures has been

developed;



3. The method of assessing the effect of the thickness of the air gap on the sound
insulation efficiency of the structure of walls with cladding based on a metal
frame has been improved;

4. Qualitative changes in the frequency characteristics of the sound insulation of
multilayer structures based on massive acoustically homogeneous materials,
which are lined with sheet materials and have a frame system as a basis, have
been determined.

5. The further implementation of the method of sound insulation assessment of

building enclosing structures using different frame materials is highlighted.

The practical significance of the obtained results is as follows:

1. More effective solutions in design: The new calculation method allows to more
accurately take into account the characteristics of multi-layer heterogeneous
structures, which makes the design more accurate and reliable. This simplifies
the design process and provides an opportunity to implement the project in
accordance with the requirements specified in the state construction standards.
So, for example, the level of sound insulation of light structures can be
improved using a layer of plasterboard on a wooden frame. In this way, it is
possible to achieve an improvement in the sound insulation index by 4 dB.

2. Savings of resources and money: Thanks to improved calculations and their
higher accuracy, it becomes real to avoid excessive use of construction
materials, which in aggregate leads to significant savings of both money and
natural resources in the field of construction. This is an important step in the
direction of sustainable development, as the rational use of materials leads to
a reduction in waste and improves the ecological footprint of construction. In
addition, optimizing the use of resources helps to reduce the negative impact
on the environment, because less waste means less production load and
pollution. This approach is not only cost-effective, but also contributes to a

more sustainable and environmentally conscious construction sector. For
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example, to improve the sound insulation index of light porous (gas block, etc.)
structures, you can paint one or two sides, which will increase the sound
insulation index by an average of 3 dB.

3. Improving the quality of sound insulation: The developed new technique
detects and takes into account previously unnoticed factors that affect sound
insulation. This leads to an improvement in the quality of soundproofing
solutions and increases comfort for the building's residents. The new approach
allows you to avoid omissions in the determination of parameters affecting the
effectiveness of sound insulation and contributes to the creation of more
effective and adapted solutions in the field of architecture and construction. It
also opens up opportunities for the development of new technologies and
sound insulation materials that take into account various aspects of sound
impact and guarantee a high degree of comfort for the building's residents. For
example, for more effective protection against low frequencies (less than 200
Hz), it is advisable to increase the thickness of the sound-absorbing layer. At
a thickness of 50 mm at a frequency of 100 Hz Rw=21 dB, and at a thickness
of 200 mm at a frequency of 100 Hz with Rw=34 dB.

Key words: sound insulation, sound insulation of building structures, sound

insulation design, frame sound insulation systems, noise protection.
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BCTYII

AKTYyaJbHICTh po00TH. Y 21 CTONITTI MU HE MOKEMO YSIBUTH ChOTOJEHHS 0e3
CTpecy, BHUKJIMKAHMM IIOCTIHHUM pyXOM Ta IIyMOM, CHOPHYMHEHUM PI3HUMH
YUHHUKaMU. B MicTax, e puTM KUTTS MPUCKOPEHU, a 1HPpacTpyKTypa po3BUHEHA
710 HEMMOBIPHUX MaclITa0lB, MUTAHHS 3BYKO130JIA1111 MOCTA€ OCOOIUBO aKTyaIbHUM.
HeoO0xiaH1cTh 3BYKO130JIS1111 KUTIa BUXOUTh JAJIEKO 32 PaMKH MPOCTOI 3pyYHOCTI —
1€ MUTaHHSI KOM(OPTY, 3[10POB'S T AKOCT1 KHUTTH.

OpHi€ro 3 TOJOBHUX MEpEBAr 3BYKO130JIAL11 € 3a0€3MeUeHHs TULIl Y TPUMILIEHHI.
I He nue B HIYHUH Yac, KOJW MOoTpeda y BIAHOBJIEHHI cuil HaiiBuiia. [lym BrunBae
Ha Hac 24/7, mopyulylo4d Hall PEeXKUM JHS, 3HIKYIOUM NPOAYKTHUBHICTH Ta
BUKJIMKaOuu cTpec. [1ocTiiHMI IIyM MOXe MPU3BECTH 10 MOPYLIEHb CHY, 3pOCTaHHS
arpecMBHOCTI Ta TMOAPA3IMBOCTI, a TaKOX CHPHUITH PO3BUTKY CEPHO3HHUX
MICUXOJIOTTYHUX 3aXBOPIOBAHb.

VY cydacHux OyAuHKaxX Ta KBapTHUpax, /1€ CTIHM TOHKI, a 130Jiis cialka,
30BHINIHIN IIIyM O€3MEepeIIKOIHO MPOHUKAE BcepeanHy. BiH Moxke OyTH BUKIUKaHUN
PYXOM aBTOTPAHCHOPTY, poOOTamMu Ha Oy IIBHUIITBI, My3UKOIO 3 CYCIJTHIX KBapTUD, YU
OyIb-SIKMM 1HILIUM JDKEPEIoM. 3BYKOI30JSLIA CTIH Ta CTEJl MOKE 3HAYHO 3HU3ZHUTH
PiBEHB 30BHINIHHOTO IyMY, 3pOOUBIIN IPUMIILIEHHS TUXUM Ta KOM(POPTHHUM.

TakoX BaXXJIMBO BpPaxOBYBAaTH BHYTPIIIHIM IIyM — 3BYKH, SKI CTBOPIOIOTHCH
Bcepenuni Oyaunky. IllomeHHi 3BYKM Taki SIK KpPOKH, PO3MOBH, JB3UKYAHHS
€JEKTPONPUIIAAIB MOXKYTh 3aBakaTH, OCOOJIMBO KOJIU MOTPIOHO KOHIIEHTPYBATUCS HA
po060TI 200 BiAMOYMBATH. 3BYKOI30JISILISI MEPEKPUTTS Ta MO MOXKE JOTOMOTTH
3MEHILINTH [epeaady BHYTPIIIHBOIO IIyMY MIJK TOBEPXAMH Ta KIMHATaMHU.

HeoOxiaHicTh 3BYKO130JI1111 OCOOJIMBO BaXKJIMBAa I THUX, XTO IPOKHUBAE B
OararonoBepXxoBUX OyAMHKAax YU Ma€ CYyCiAiB 3BepXy, 3HM3y 1 3 Ooky. Bimuyrrs
MPUBATHOCTI Ta CIOKOK Yy BJIAaCHOMY OyAMHKY € KIIFOUOBHM MJI ICHUXOJOTIYHOIO
310pOBsl. 3BYKOI30JISI11I{HI MaTepiaiy Ta KOHCTPYKIIIi JO3BOJISIIOTH 3MEHIIUTH 3ByKOBY

nepeavy uepes CTiHU Ta MiJJIory, 30epiratouu Bally NpUBaTHICTD.
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OkpiM TOro, 3BYKO130JI5111sI € BAXKJIMBOIO YMOBOIO JJIsI KOM(OPTHOTO HABYAHHS Ta
poboTu BAoma. 3pOCTaHHS MOMYJISIPHOCTI AMCTAHIIMHOI OCBITH Ta poOOTH POOUTH
3BYKOI30JISIIIIO 11I€ OUIbII aKTyaldbHOIO. 3BYKH 330BHI MOXKYTh BIUIMBAaTH Ha SIKICTb
BaIllOl NMPOAYKTHUBHOCTI BIPOJAOBK JHS, TOMY Ba)KJIMBO CTBOPUTH BIJOKpEMIIEHE Ta
TUXE CEePEIOBUIIIE.

3arajgoM, HEOOXIAHICTh 3BYKOI3OJALII JKUTIA € aKTyaJlbHUM Ta Ba)KJIMBHUM
nutandsaM. lle muTaHHs He Jule mpo 3pYy4HICTh Ta KOM(OPT, a i mpo 30epekeHHs
(13MYHOTO, TCUXIYHOTO 370pOB'S Ta BHCOKOI SKOCTI JKHUTTS. [HBECTyBaHHS Y
3BYKOI130JISILI1I0 MOK€ IPU3BECTHU 10 TOMITHUX O3UTUBHUX 3MIH Y BalloMy 100po0yTi

Ta 3a0€3MEeYNUTH T€, Ha 1110 3aCITYTrOBY€E KOKEH — THUIILY Ta CHOKIH y BIIACHOMY JIOMI.

Meta i 3aBaaHHsi JOCJHiUKeHHAA. Memoro Oucepmayiiinoi pobomu €
BJIOCKOHAJICHHSI Ta pO3p00Ka HOBUX METO/IIB PO3PaXyHKY 3BYKO130JIA11i OyaiBEIbHUX
0araTomapoBUX KOHCTPYKIM, a TakKoX 3aJeXKHOCTI 1HJAEKCY 3BYKOI30JIALII BiA
HAIOBHEHHS KOHCTPYKIIi.

06 ekmom 0ocnidicenHs: € METOJT PO3PAXYHKY 3BYKO130JISIiT TOBITPSHOTO MIYMY
OyliBEIbHUMH KOHCTPYKIIISI 3 YpaxyBaHHSIM OCHOBHUX MapaMeTpiB Ta XapaKTePUCTUK
OrOpOKYBaJIbHOI KOHCTPYKIIIi.

IIpeomemom oOocniodcenns € MaTeMaTHYHA MOJIENIb/CHCTEMAa MaTeMaTHUYHHX
pPIBHSAHb CIPSMOBAaHMX Ha PO3PaXyHOK 3BYKOI3OJALII MOBITPSHOTO IIyMY
OaraTomapoBUMH OyNiBEIbHUMHU KOHCTPYKIISIMU.

JI71s1 AOCSITHEHHS! TTOCTABJIEHOI METH HEOOX1/THO OYJIO BUPIIINUTU TaKl 3a80AHHSL:

1. Po3rmsiHyTH 3araiibHi 3acajay 3BYKo130JiALii. BctaHoBUTH OCHOBI 3aco0u Ta

Marepiaid JyUisi 3BYKO- Ta BiOpoi3zofsiii. BcraHoBUTH OCHOBHI (hi3uWyHI
XapaKkTepUCTUKH, MO0 BIUIMBAIOTh HAa 3BYKOI3OJSLINHI CUCTEMH B SIKHX
BUKOPUCTOBYIOTHCA JJaH1 MaTeplaiu

2. Jlocmimutu MaTeMaTU4yHy 3aJeXHICTh €(QEeKTUBHICTh KOHCTPYKIII Bif

TOBIIMHHU II1apy 3ByKomnorinHaHHA. [[OpiBHATU pe3ysbTaTH C aHAIOTTYHUMU

CHUCTCMaMU.
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3. BukoHaTu aHaMITHUYHHUA OIJISAJ METOIIB PO3PAXYHKY  3BYKOI30JIALIL
OaratomapoBUX KOHCTPYKIIH. BuokpemMuTu miaxoau sKi JO3BOJSIOTH
po3paxyBaTu CUCTEMY 3 JIOJABaHHSAM IIapy 3BYKOINOIJMHAHHA, a00 3HAWTH
MIIXOAW sIKi Xxo4ya O MNpUOIM3HO JO3BOJSUIM BpaxyBaTH IMOPOKHUHU
KOHCTPYKIIII.

4. TlopiBHATH €KCHEpPUMEHTAJIbHI JaHl 3 IHIIUMHU Jkepenamu. [lopiBHITH
3alpONOHOBAHUN  METOJl (OTPUMaHy CHCTEMY PIBHSIHB) PO3PaXyHKY
3BYKOI30JIAIlT Ta pE3yJdbTaTh EKCIEPUMEHTAIIbHUX JIaHUX Ta JaHHUX

OTPpUMAHHUMHU 3a JOIIOMOI'OXO CTOPOHHBOI'O IIPOrpaMHOI0 3a0e3neueHHs.

Metoau pocaigskeHHs. /[ MOCSATHEHHS IOCTAaBJIEHOI METH BUKOPHUCTAHO
METOJY AaHAIITHYHOTO Ta KOMIT'IOTEPHOIO MOJICNIIOBAHHS, a TaK0X METOIU
€KCIIEPUMEHTAJIBbHOTO OLIHIOBAHHS 1HAEKCY 3BYKOI30JILIT MOBITPsHOTO wmymy. Ilpu
aHAJITUYHOMY OIIHIOBAaHHS BUKOPHUCTOBYBAJIMCS 3arajbHONPUNUHATI (GOpMYIH st
PO3paxyHKy 3BYKOI3OJALIl OuIbII mpocTux cucteM. [lpu koM ioTepHOMY
MOJICTIOBaHHI BUKOPUCTOBYBasiocss 3akopaoHHe I[I3 13 3akputum komoMm, 0e3
MOXJIMBOCTI BUBUEHHSI TOUYHOTO aITOPUTMY po3paxyHKy. [Ipu ekcieprumMeHTaaIbHOMY
JOCIIUKEHHI BUKOPUCTOBYBAJIUCA PE3YJNbTATH HATypPHHUX EKCIIEPUMEHTIB, SKi
npoBoAuB 3100yBau. [Ipu anamizi pe3ynbTaTiB, HUITXOM BHOKPEMIICHHS 3arajbHUX
XapaKTepUCTUK Ta BIACTUBOCTEH KOHCTPYKIIi, OTPUMAHO 3arajibHl MaTeMaTHU4HI
dbopmynu. Ho OCHOBI 3araibHUX MaTEMaTHUUYHHUX MOJENEH po3paxyHKy po3poO0ieHO
METOJIUKY MPEJICTABICHY Y POOOTI.

JlocTOBipHiCTH  OTPUMAHMX  pe3yJbTATIB  MIJTBEPKYETHCS  301rOM
TEOPETUYHUX JAHUX 3 PE3YIbTaTaAMH €KCIIEPUMEHTATBHUX JAOCIIIKEHbD.

HaykoBa HoBHM3HA po6OTH:

VY aucepranii npecTaBiIeHO HACTYIIHI HAYKOBI PE3YJIbTATH:

1. Brnepmie  po3poOneno  rpadiuHuii  METOJ ~ BU3HAYEHHS  3BYKOI30JIALIT

OararoiapoBoi KOHCTPYKIIIT 3 pI3HUMHU KJIacaMU MaTepiaiB;
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2. YII0CKOHAJ€HO METOJ| BU3HAYEHHs BIUIMBY 3BYKOIIOIVIMHAJBHUX MaTepianiB Ha
3BYKOI130JIAII11HI XapaKTepUCTUKU 0araTomapoBUX KOHCTPYKIII;

3. YI0oCKOHaJIeHO METOJ OLIHKM BIUIMBY TOBLIMHHU IOBITPSHOTO HPOMIXKKY Ha
3BYKOI30JISIL1IIHY 3JaTHICTh CTIH 3 OOJIMLIIOBAHHAM Ha OCHOB1 METaJIEBOT0 KapKacy;

4. 3HallIoB MOJaNbLIE BIPOBAIKEHHS CIOCIO OLIHKU 3BYKOI30JILIT OrOPOKEHHS
Ha OCHOBI METAJIEBOTO KapKacy.

5. BuzHaueHo  SKiCHI  3MIHM  YaCTOTHHUX  XapaKTEPUCTUK  3BYKOI30JIALI1
OaratomapoBUX KOHCTPYKIIM Ha OCHOBI MAacCHUBHHMX aKyCTHYHOOIHOPIIHHX

MatepialiB 3 OOJIUIIOBAaHHSM JIMCTOBUMU MaTepiajlaMH Mo KapKacy.

Oco0ucTuii BHeCOK 3100yBaya. Yci pe3yibTaTd, HABEICH1 Y IUCepTaliitHIi
poOOTI 1 BUHECEHI Ha 3aXUCT, OTPUMAHO 3a aKTHUBHOI y4acTl 3700yBaya Ta
omyOJIIKOBAHO Y crielliadi3oBaHuX (axoBUX BUJIAHHSIX.

Y po0oTi « AHaNITUUHUIN PO3B’ 30K 3aj/1aul 3HAXOKEHHS €()eKTUBHOCTI
YaCTKOBO IMIEJaHCHUX IITyMO3axUCHUX ekpaHiBy. 3aeib B.I1., Korenko C.I'., bina
JI.B. «Sciences of Europe», 2021, onmy0ikoBaHiil y ClliBaBTOPCTBI, 3100yBay
0COOUCTO MOJIETIOBAB Ta OYB CITIBABTOPOM MPOrpaMHOro Koay y ceptaosuiii Matlab.

VY poboti “Metou po3paxyHKy 3BYKO130JIs1111 OaraTromapoBux KOHCTPYKIIii.»
bina JI.B., Ilymeunikosa T., 3aenp B.I1. «Mikpocuctemu, EnektpoHika Ta AKyCTHKA
25 (2)», 2020, onyOmnikoBaHii y CIiBaBTOPCTBI, 37/00yBad 0COOMCTO 3aliMaBCs
PO3pPOOKOI0 METOJI0JIOT110, MOAANBIINN PO3BUTOK K0T BKa3aHUH y TUCEepTallitHIN
poooTI.

V¥ pobori «Research of sound insulation frequency response for a multilayer
inhomogeneous wall structures», Bida D.V., Zaretskyi V.Y., «TexHonoriuuuii ayaurt
Ta pe3epBu BUpoOHULTBa» Ned(66)2022, ony0OIikoBaH1i y CiBaBTOPCTBI, 3700yBay
0COOHUCTO MPOBOAUB EKCIIEPUMEHTANIbHI TOCIIIKEHHS, YACTUHA SIKUX
BUKOPUCTOBYETHCS y JUCEPTALIHINA POOOTI.

VY poborti «Influence of sound-absorping properties of noise protection barriers

on road traffic participants.» 3aeup B.I1., bina /I.B. «Technology audit and
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production reserves», 2021, ony61ikoBaH1i y CIIIBaBTOPCTBI, 37100yBa4 0COOUCTO
MPOBOAMB 301p JaHUX, BUMIPIOBaHHS Ta MPOBOJAUM PO3PaXyHOK OTPUMAHUX JTAHUX
10 BUKOPUCTOBYBAJIKMCS TPU HAMIMCAHHI CTATTI.

V¥ poboti «Descriptors of sound insulation of building structures in residential
buildings in Ukraine and Europe» bina /I.B., linkoBcekuii B.C., Technology audit
and production reserves», Ne5/2(67) 2022, ony0nikoBaHii y ClliBaBTOPCTBI, 3100yBay
0COOHUCTO MPOBOAMB aHali3 Ta 301p JaHUX MO0 METO/IB OMUCY KOe(DII[IEHTIB

3BYKOI130JIS1I11 IKI BAKOPHCTOBYIOThCS Y KpaiHax €Bponu.

IIpakTyHe 3HAYEHHS OTPUMAHMX Pe3yJabTaTiB. [[pakTuyHEe 3HAUCHHS
OTPUMAaHUX PE3yJIbTATIB MOJATAE Y CTBOPEHH1 €(PEKTUBHUX PIIICHB JJIsI
npoekTyBaHHs. HoBa MeTo1MKa po3paxyHKy J103BOJISIE OUTBII TOYHO BPaXOBYBaTH
XapaKTEePUCTUKHU OaraTomapoBUX HEOJHOPIAHUX KOHCTPYKIIIN, IO pOOUTH
MPOEKTYBaHHS OUIBII TOUHUM Ta HaAilHUM. Lle cporrye nporiec mpoeKTyBaHHs Ta
HaJla€ MOXJIMBICTh BUKOHYBATH MPOEKT 3T1JTHO 3 BAMOTaMHU, 1110 HaBEACHI y
Jep>KaBHUX OyMiBEIbHUX CTaHJapTax. EKoHOMIS pecypciB Ta KOMITIB. 3aBISKU OUIBII
TOYHUM PO3paxyHKaM MOKJIMBE YHUKHEHHS HAJMIPHOTO BUKOPUCTAHHS MaTepiaiiB,
10 MPU3BOJUTH JO €KOHOMII KOIITIB Ta PECYpCIB Y OYIIBHUIITBI Ta M1ABUIICHHS
SAKOCTI 3ByKO130J1s11i1. HoBa MeTo1MKa 103BOJIsIE€ BUSIBUTU Ta BPaXyBaTH paHillle
HeroMiueHi pakTopu, 10 BIUIUBAIOTH HA 3BYKO130Js11110. e mpu3BoauTh 10
MOKPAIEHHS SIKOCT1 3BYKO130JISIIMHUX PIIIEHb Ta KOM(MOPTY JIs MEIIKAHIIIB

Oy liBJIL.

Amnpobauis pe3yabTatiB guceprainii. OCHOBHI MTOJOKEHHS Ta Pe3yIbTaTh
JTUCEPTALIMHOTO AOCIIIKEHHSI IOMOBIIAINCH HA 2 MIKHAPOJIHUX HAYKOBO-
MPaAKTUYHUX KOH(EPEHIIAX:

1. 3ByKO1301s111iH1 BJACTUBOCTI 0araTonapoBUX CTIHOBUX KOHCTPYKIIiM Ha
ocHoBi TkJ. bina /[.B., 3apeuskuit B.1O., 3aenp B.II. «Teopis 1 nmpakTuka cy4yacHOi

Haykm» Il MmikHapoaHa HaykoBa-npakTuyHa KoHpepeHuis M. Kuis, 2018
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2. AKTyalibH1 Ipo0OJeMHU MTPOEKTYBaHHS Ta Oy IIBHUIITBA 3BYKO130JIALIIMHUX
nokpisenb. bina [1.B., 3apenpkuit B.1O., Korenko C.I'. «Teopis 1 nmpakTuka cy4yacHOi

Hayku» Il mixxnapoana HaykoBa-npaktuyHa koHdepeniis M. Kuis, 2018

Iyoaikamnii. 3a pe3yapraTaMu JOCIIKEHb OIyOIIKOBAaHO 7 HAYKOBUX
nmyOJiKalii (3 HuX 4 cTaTTl y HayKOBUX ()aXxOBUX BHJIAHHSX YKpaiHU 3a
cnenianbHicTiO 171 EnexTponika, B T.4. 1 cTaTTs y sIKiil 4UCIIO CIIBaBTOPIB (pa3oM i3
3n100yBaueM) OuIbIe ABOX 0Ci0, 1 cTaTTS B IHIIMX BUAAHHSX), 2 TOTOBIIL Y

301pHHMKax MaTepialiB KOH(EpEeHIIiil.

Ctpykrypa Ta 06csr aAuceprainiifnoi podoru. Pobota ckinagaeThes 31 BCTYILY,
YOTUPHOX PO3LIIB, CIIUCKY BUKOPUCTAHUX JIXKepen 13 27 HalilMeHyBaHb Ta 2 J10JaTKH.
Po6oTta mictuth 76 pucyskiB Ta 30 Tabnuip. 3araibHUN 00CsT TUCcepTaliitHOT

pobotu cknaaae 147 CTOpIHOK.
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1 OIJISIJI 3ATAJILHUX 3ACAJ] 3BYKOI3OJISILIII.

3ByK — MEXaHIYHI XBUJIEMOAI0H1 KOJIMBAIbHI PyXH y razax, piinHax Ta TBEpAUX
Tuax. TomMy 3BYKOBa €HEpris MOKE PO3TJSJIATUCS SIK OCOOJMBUNM BHUJ MEXaHIYHOI
eHeprii.

YacTuHKM Martepli, BUBEJEHI 31 CTaHy CIOKOI0, 3/1IMCHIOIOTh KOJIMBAJIbHI PYXH 1,
HICHs I€IKOr0 MPOMIXKKY Yacy, MOBEpPTAIOThCS JO MOYaTKOBOro crany. llpu npomy
MOXYTh BUHUKATH XBUJIEMIOAI0H! KOJIUBAJIbHI PyXH, OCKUIBKHA KOKHA YacTKa maTepii
MOB'sI3aHa 3 CYMDKHHUMHU YaCTMHKAMHU MPYXXHUMH CHJIAMH 1 MPUBOJUTH iX B
KOJINBAJIBHUU PYX.

Sxmo wartepili HanaTH BEKTOPHUW IMITYJICHUM HANpsIMOK PYXYy B3JOBXK
MOIIUPEHHS XBUII1, TO 111 YACTUHKHU BUKOHYIOTh PYX B3/IOBXK Ta B 3BOPOTHOMY HAIpsiMy
10 BEKTOpY pyxy. IIpum 1boMy yTBOPIOIOTHCS 3TYLUEHHS Ta PO3PIIHKEHHS YaCTHUHOK.
3ryIlIEHHI0 YacTOK BIJIMOBIA€ MiJBUIICHUN, AUISTHKAM PO3PIIKEHHS — 3HIKEHUU
TUCK. Taki XBUJII Ha3uWBarOThCA y (Pi3uil mo3aoBKHIMU. [10310BKHI XBUJII MOXYTh
CIIOCTEPIraTUCS Y BCIX TUIIAX CEPE/IOBUII: HABEICHUX BUIIE. Y MOBITP1 Ta BOAL MOXKYTh
MOIIUPIOBATUCS  JIUILIE TIO3JOBXKHI XBWJII, W0 TOSICHIOEThCA I1X MPYKHUMU
BJIACTUBOCTSIMU.

kim0 iMOyasC TOepeaHo y HampsMi, MNEPHeHAUKYISIPHOMY [0 HampsaMy
MOIIUPEHHSI XBWJII, €(PEKT BUXOAUTH 30BCIM IHIIUK. YacTUHKH, 10 CHOPUNHSIU
IMITYJIbC, 3/IIMCHIOIOTH MOTIEPEYHUIN HATPSMOK MOUIMPEHHS XBUJII KOJUBAIBHUN PYX,
IPUYOMY BOHA 3aXOIUIIOE 3a COOOK CYMIDKHY YaCTHHKY, 3 SIKOIO BOHa IOB's3aHa
NpYy>KHUMHU cuinamMu. OCTaHHS y CBOIO YEpry 3aXOIUIIOE 3a COOOI0 HACTYIIHY YaCTUHKY:
KOXKHA HACTYITHA 32 4YaCOM YacTKa, BUBEJIEHA 31 CTAHy CIIOKOIO, JOCATAE MAKCUMyMy
YCYHEHHS ii MOJI0’KEHHS B CTaH1 CIIOKOO 3aBXK/IH 3 ICSIKUM 3aI13HEHHSIM Y MOPIBHIHHI
3 MONepeaHbOI0. XBUIII I[LOIO0 BUAY HA3UBAIOThCs momnepeduHumu. [lomepeuni XxBuii

BHHUKAIOTD JIMIIC 34 IICBHUX YMOB.
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[Ilo crocyeTbest mymiB y OyniBenbHIA (I3Ull, TO HAUMNOMIMPEHIIUMU €
KOJIMBaHHSI BUTMHY. BOHM mepenaroTbcsi MO KOHCTPYKIIMHUM eJleMeHTaM OyAiBii
(cTiHU, IEpEropoAKU, HECYUl MJIOHN).

3a CHOEKTPaJbHOIO CTPYKTYpOIO, ILIYMH Yy 3BYKOBOMY [llala3oHi 4YacToOT
KJIaCU(PiKyIOThCS Ha:

- HusbkouactoTHuit (< 400 I'n);

- Cpennwouactothuii (400 - 1000 I'mr);

- Bucokouactotauii (> 1000 I'm).

CouiaiibHi  ONMUTYBAaHHS TMPOBENIECHI B JEKUIBKOX €BPOMEHCHKUX KpaiHax
MoKa3aju, 1o OlJIbIlIa YacTHHA MEIIKAaHI[IB 0araTrornoBepXoBUX OyJAMHKIB CKap:KaThCs
Ha IIyM Bij cyciaiB. 3riHo 3 BcecBITHBOO opraHizaiiiero oxopoHu 310poB’st (BOO3),
37I0pOB’Sl BU3HAYAETHCS SK "CTIMKWU CTaH (PI3MYHOTO, MCHUXIYHOTO Ta COILIAIBLHOTO
Oylaronoytyydsi, Ta He OOMEXKYEThCS JIMIIE BIJCYTHICTIO XBOPOO YU HENOMIKIB", IUB.
[2]. 3BaXkarouM Ha 1€ BUSHAUYECHHS, BIUIUB IIIyMY Ha 37I0pOB'Sl JIIOAUHU CJIiJI PO3YyMITH
HE MPOCTO SIK HECNPHUATIUBUN BIUIMB, aje TAKOXK SIK MOPYIIEHHS H00po0yTy, TOOTO
MICUXOJIOTIYHUN BILJIUB IIYMY, SIKUM B JIOBTOCTPOKOBIM MEPCIEKTUBI MOXKE MPU3BECTU
10 HEeCHpuATAMBUX (13M4HUX Hachiakie. BOO3 BusBHiIa 3HaYyHy KUIBKICTb
ceuu(piyHUX HEraTUBHUX HACHIAKIB IS 370pOB'S, CHOPUYMHEHUX [IyMOM
HaBKOJMUIIHLOTO cepenoBuila, AuB. [3]. OkpiM 3aXBOPIOBAHb MU MOXKEMO TaKOXK
BHOKPEMUTH MOPYIIEHHS CHY, CTPEC TOLIO.

AKTyalIbHICTh NpOOIeMU 3BYKO130JIs1111 [3 ] mOKa3ye CTyIiHb CEpHO3HUX PO3JIaIiB
CJIyXY B HalllOHAJIbHUX JOCIIIIKEHHSIX Yy TPhoX KpaiHax €C, 1110 CTAHOBUTH NPUOJIU3HO
TPETUHY Bij 3araibHOi KiabKocTl HaceneHHss €C. He3Baxkarouum Ha HEBU3HAYEHOCTI,
CIIPUYMHEHI PI3HUMU METOJI0JIOTIIMH (BKJIFOUAIOYU aHKETH ), 110 3aCTOCOBYIOTHCS JUIsI
OMUTYBaHb, aBTOp [4] MIHIIOB BUCHOBKY, IO MpoOiemMa 3BYKO130Jiil y €Bporni €
JIOCUTH 3HAYHOIO0. Y poOOTI [5] BKIIFOUEHO pe3yJIbTaTH PI3HUX COLIAIbHUX ONMUTYBaHb
Ta ONUCAHI HEJOJIKU Yepe3 HEMOCTiJOBHI aHKETH B PI3HUX KpaiHaX. AHTPOIOTeHHI
IIyMHU Y JKATJIOBUX OYJIIBISX PO3TISANAIUCA y BEIUKOMY 3arajlbHOE€BPONEUCHKOMY

nociimkenHi LARES (Benukuii ananmiz Ta oOrfisii €BpONEChKOr0o >KUTIOBOTO Ta
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MEJIMYHOTO CTany), koopaunoanomy BOO3 (€spona). Hocnimxenns WHO LARES
OXOIMWJIO BICIM €BPONEHCHKUX MICT, 1 METOIO OYJIO OL[IHUTH BILIUB KUTJIOBUX YMOB Ha
3n0poB'a. Pe3ynbTaT MoxkHa 3HaiiTH Ha BeO-caitti BOO3 [3].

[Ipu panxyBaHHI BIUIMBY 3 OOKYy pI3HUX JKEpen IIyMy, AOPOXKHIA pyX €
JOMIHAHTHUM JDKEPEIIOM, 32 SIKUM CJI1Iy€ aHTPOIIOT€HHUI IITyM Y )KUTIOBUX Oy IIBIISX.

Ha mijictaBi cTaTUCTUYHUX TaHUX MPO HAcEJeHHs [6] Ta pe3yNbTaTiB 00CTEXKEHbD,
1[0 COIPUYUHIOIOTH MOJIPA3HEHHS IIyMY (1UB. [4]), BUSBUIIOCH, 1110 OHA] 50 MUIbHOHIB
€BPOIEHILIIB MAAAI0THCS BIUTMBY IIYMY BiJl CYCI/iB, 10 HEraTUBHO BIUIMBAE HA SIKICTh
xutTa. Iuratm 3 gocmimkenas WHO LARES ta Ourteln mokiagHl IMOCHIAHHS

HaBeJieHi B [7].

1.1 BasxiuBicTh po3risay NUTAHHSA 3BYKOI30/ISILII Y IPUBATHOMY KM TJIi

BopoTr06a 3 1mrymoM y mpOMHUCIOBUX, TPOMAJICHKUX Ta KUTIOBUX MPUMIIICHHSX,
y MICTaxX Ta Ha TPAHCIOPTHUX 00’ €KTaX - BAXKJIUBE MUTAHHS, /10 SIKOT0, Ha JKaJlb, y HAIIl
yac NPUAULIIOTh HE JIOCTaTHBbO yBaru. Jlo 3BYKOI30JISIIIlT BIAHOCSTHCS CIELialbHI 1
JOIATKOBI  KOHCTPYKIli, TaHenl, MEPEeKPUTTS, MEPEeropogku  OCOOIUBOTO
3aCTOCYBaHHA. IX BHKOPUCTOBYIOTh B IIPOEKTYBaHHi, OyJiBHULTBI, [M3aiiHi,
pecTaBpailii Ta IHIIKUX OyiBeabHUX poOoTax. [IlyMo3axuCT € BaXKJIUBUM aCHEKTOM B
apXiTeKTypi.

[IyM —akyCTHYHI KOJMBAHHS, SKUM XapaKTEpHI 3MiHA aMIUNITYJId 1 4acTOTH.
[Iymu noauisitoThesi Ha MOBITPsiHI (y Tra3ax), riipoMexaHiuHi (y piiuHax), yAapHi
(MexaH1YH1 HAa TOBEPXHI MaTepialy 3a paXyHOK BiOpailiit). 3a 4aCTOTOI MOJUIAIOTH Ha
Hu3bkodacToTHI (<400I'1), cepennrovacTtoTHi (400—1000 I'm) Ta BHCOKOYACTOTHI
(>1000 TI'm). IIpomec 60poTHOM 3 HIyMOM HA3UBAIOTh IIYMO3aXHUCTOM — METOJU Ta
3aco0u, COpsIMOBaHI Ha 3HIKEHHS a00 MakcUMajibHE NPUAYILICHHS HETaTUBHOTO

BILUIMBY LIYMY.
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1106 po3rasiHyTH XKUTAOBUHN (POHI y €Bporni Ha MUTaHHS 3BYKOI130JI5L11, PI3HUX
THUIIIB NIepeIayl 3ByKy Ta YaCTKU MEILIKAHIIIB, Ha SIKUX BIUIMBA€E IIYM, KOPUCHO 3HATH
HaWIOIMPEHIIIUN TUI )KUTJIA, B KOXKHIMA KpaiHi. OCHOBHI TUIIH TOMEUIKaHb:

*Okpeme KUTIIO (TpUBaTHI OYIMHKH);

[ IpuOynoBanuii kopryc (TayHxayc, HalliBKBapTUPA);

*KBapTupu/KiMHaTH IPYTOKUTKIB.

YacTka HacelleHHs, SIKe MPOKHUBAa€ y MpUOYNOBaHUX OyAMHKax (TayHXaycax y
TOMY 4HCi), KonuBaeThes B 2% y Pymynii no 61% y Hinepnannax, y cepeiHboMy

32%. Ha pucysky 1.1 3a3HaueHa NopiBHAHHSA MK KpaiHaMu €BpOIIH.

BigcoTok HaceneHHs, WO MUBYTb Y
npueaHaHnX ByanHKax

Manbta
Icnauia
Hinepnangmn
ITanin
LWeeituapin
bpwuTaHia
lepmanin
EcToHin
Mpeuin
Wcnanpin
INutea
Benbria
Yecoka Pecnybnika
NopTyraxia
ABCTpinA
Cep6ia
DaHia
DpaHuin
DiHnaHaia
Monblua
Chosakin
Weeuja
MakegoHin
PymyHin
Hopseria
YroplmHa
CnoseHin

Xpearia
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Puc. 1.1. BigcoTok HaceneHHs, 10 )KUBYTh y IpUEIHAHUX OynuHKax y €Bpori (nanxi 2013p.)
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[To pizHMM naHuUM B YKpaiHi BIICOTOK HACENEHHs, 110 KUBE y OYIBIISAX TaKOro
tumny ckianae Big 11% mno 37%, B 3anexxHoCTI Bij periony. He 6epyThces 10 yBaru cena
Ta CeNuIla MiCbKOT0 THIY, TaK SIK TaM NIEPEBaKal0Th MPUBATHI OYIUHKHU.

Knacugikamiss cy4acHMX  KOHCTPYKLIHHUX OyniBeJbHUX BUPOOIB IS
MpuOYyI0BAHOTO JKUTJIA B €BPONEHCHKUX KpaiHaxX HE € OJIHO3HA4YHO0. J{Js 1ijelt miel
myOJTiKallii Ta AJi CIPOIIEHHS MOKe OyTH MPUNHATA HACTYIHA KaTeropu3ailis:

* Ha ocHOBI 0JIOKIB - nepei0ayae BUKOPUCTAHHS KOHCTPYKIIiM Ha OCHOBI TJIUHH,
KepaMiKH, 3alI0BHIOBAYIB 200 CHIIIKATY KaJIbII1IO

* Ha ocHOBI fiepeBUHM - 32 y4acTIO JepeB’SIHOr0 Kapkaca (BiIKpHUTa Ta 3aKpUTa
MaHellb), CTOBMAa Ta Opyca, NONEPEeYHO-TaMIHOBAaHOTO Opyca ab0 MacHBHHUX
JIEPEB’IHUX €JIEMEHTIB Ta 1HXXEHEPHUX CHUCTEM JEpPEB’SHUX BUPOOIB, TAKUX SK
KOHCTPYKIIIMHI IBOTaBpOB1 OaJIKu a00 MeTaneBi OaIKu.

* Ha craneBiif OCHOBI - JIETKUI CTaJIeBUN Kapkac, BUCOKUM CTaJleBHUI Kapkac i3
KOMMO3UTHUMHU OETOHHUMU MaTyOHUMU CUCTEMaMHU

* Ha GeTonHiii ocHOBI - 6€TOHY, 30ipHHMX OaJOK, IJIUT Ta MaHeNel, onanyOoku 13
OETOHHOI 130111

* Ha riGpuaniii ocHOBI - 3ajlydyeHHsI poOOYUX CTiH 13 OpycoM Ta OpycCOBOIO
M1JIJIOTO0, OJOKOBUX POOOYMX CTiH 13 JEPEB'SHOIO MiIOr0I0, CTAJIEBOr0 KapKacy Ta
NaHeJeil Ha OCHOBI JEpEeBUMHHU, O€TOHY abo0 CTajJeBOro Kapkacy 3 YTEIUIEHOO
METajeBOK OOIIMBKOIO a00 HECYUYUMH CTIHAMH.

OnHak iCHYIOTH JOJIATKOBI HUISIXW Tepefadl 3ByKy. Hampukian, KOHCTPYKIIiS
HECy4oi CTIHM MOK€ OyTH OJHAKOBOIO Ha BCIO 1i BUCOTY (BiA (DyHIAMEHTY J0 Jaxy).
OckuIbKM Hecyya CTiHA MOK€ OyTH KOHCTPYKTHMBHO 3'€JHaHa 3 (yHIaMEHTaMH,
M1JIJIOTaMH, BHYTPIIIHIMHA CTIHAMHM, J1aXOM Ta 30BHIIIHIMHU CTIHAMH, KOXEH 13 IUX
CTUKIB Ta iX (I3MYHMNA CKJaJ BIUIMBAE€ Ha 3BYKOI3OJIALIMHI BJIACTHBOCTI BCI€i
KOHCTPYKIIIi. 3BYK, SIKUW 3/IaTHUI mepeaaBaTUcs MK OyJMHKaAMU Ha [HUX «CTUKAX,
3a3BUYail Ha3UBAIOTh HEMPSMOIO TMepeaadero 3Byky. lle yacto moxxke Matu BaroMmui

BIUIMB HA 3arajbHi MOKa3HUKU 3BYKO130JISIII1.
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TakumM 4MHOM, MOKA3HUKH 3BYKOI3OJIAIII CTIHM MIX JBOMa MpUOYJAOBaHUMHU
OyJIMHKaMH MOXYTb 3MIHIOBATHCSI Ha KOXKHOMY pIiBHI MiJJIOTH BHACIHIIOK PI3HUX
KOHCTPYKUINHUX CTHKIB, BAKOPUCTOBYBAaHUX OyIBEIBbHUX MaTepIalliB Ta IpsIMUX a0

HE MpsAMUX LUISAX1B, IK MOKa3aHo Ha puc. 1.2.

CTpyKTYpHHN LLIAX Nepegayi
B —

[Mpsamun masx nepegagi

Puc. 1.2 Hlnaxu nepenayi mymy

1.2 Tunu mymiB Ta LUISIXH Nepeaavi 3BYKY B KUTJII

Inax nmas BUPIIEHHS KOHKPETHUX TEXHOJIOTIYHUX MPOOJIEM - 3aJICKUTh Bij
TUIY IIyMY, (PYHKIIIOHAJILHOTO NpU3HAYeHHs OyAiBeNb Ta eKCILTyaTalliiHuX BUMor. B
yMOBax 0araTOKBapTUPHHUX OYJIMHKIB IEPErOPOIKH Ta HECYUl CTIHU € JINLIE YMOBHUM
0ap’epoM AJI NOIIHUPEHHS 3BYKOBUX XBUJIb. TOMy. 0O YCYHYTH LIyM 1 HE TypOyBaTH
CYCIZIB - TOTPIOHO MPOBECTH SIKICHY 3BYKO130JISIIIIO.

CnoyaTky NOTpPIOHO BU3HAYUTUCA 3 THUIOM IIyMy, SKWWA BIUMBae. BoHu
MOAUISIOTHCS. HA TPU 3aralibHi TPymu:

[ToBiTpstHUM IIYyM - TOMIKUPIOIOTHCS MO MOBITPIO. SKIO HA NUISIXY 3BYKOBO1 XBUII1
BUHUKA€E Oap'ep y BUIJISII CTiH, MEPETOPOJOK UM CTENl, TO BIH HE BUXOAUTH, aje
BUKJIMKA€ B HUX KOJIUBaHHA. BOHM mepenaroThCcsi YacTMHKAM MOBITPS B CYCIAHI

NPUMILIEHHS, TOMYy MM 4yemMo 3BYKH. [IpukiiamamMu Takoro mymy MOXYTb OyTH
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TYYHHUM TIpuiiMad, pO3MOBH CYCIJIIB, IJIa4 JUTUHH TOIIO. SIKICHUN 3BYKO130JAITHUN
Marepiall 3IaTHUN TPUTHIYYBaTH BiOpallii, TomoMararouu yCyHyTH npooiaemy;[ 8]

VYapuuii mym - BUHHUKA€E 1]l YaC MEXAHIYHOTO BIUIMBY Ha KOHCTpyKIito. e
MOXxe OyTH MepecTaHoBKa MeOJIiB, MAaJAIHHS MPEAMETIB Ha MIAJIOTY, yAapHu Ta 0arato
iHIoro. Toi MIyMo130JIs11i10 MOTPIOHO BUKOHYBATH Ha MiJIJI031 Ta CTEJIl,;

CTpyKTypHUI 1IyM - B I[bOMY BUIIQJIKy 3BYKHU MOIIUPIOIOTHCS MO OyiBEIbHUX
KOHCTpyKIIisix. HaliBaxkue mo30yTHCs caMe TaKuX IIyMiB, TYT JIOITIOMOKE JIMIIIE MTOBHA
3BYKO130JIA11151 BCI€ET TOMENTKaHHS.[ 8]

Takox € moBHa Ta JIOKajdbHa 3BYyKoizoywis. OcTaHHI MeTon nependavae
130JIS1110 B IIyMy OCOOJIMBO CIa0KUX TOYOK.

VY Taynxaycax, siki qy>Xe MOMYJSpHI B MEPEAMICTAX BEIUKUX MICT YKpaiHW,
KOKHA KIMHaTa Ma€ pO3JAUIbHI CTIHU, a JUIsl KBapTUP OYyAYyTh BIJOKPEMIICHI CTiHU Ta
TT1/1JTOT M.

TepMmiH «po3nUibHA CTiHA», PO3AUISIE JBa OKpeMi OyIWHKUA. bBbyauHOK 13
CEepEeAHBOIO TEPACOI0 PO3JIUILE CTIHU 3 JBOMA CycCiIHIMU Oy nuHkaMu. KBapTupa moxe
PO3LISATU OJIHY a00 JB1 pO3AUIbHI CTIHM 13 CYCIAHIMHU KUTJIAMHU, aJI€ TAKOK MOKE MaTH

PO3AUIbHY CTIHY /10 3araJIbHOIO IPOMAJICHKOTO 3a1y a00 MiA'i34y A0 CHIJIBHUX CXO/IB.

1.3 3aco0u Ta MaTepiayu 3BYKOi30.1s111il, BiOpoi3oasamii

VY cyuacHOMy Oy1iBHUIITBI HAUOLIBII MOMYISSPHUMHU Ta MOITUPEHUMH € TaKi BUAN
3BYKOI30JIAIIIHHUX MaTepialiB, 3riHO 3aralbHONPUIHATOL Kiacupikalii:

e MinepanbHa Bara;

e [linomacr;

e B’s3kxi MmemOpanu

e (CeH/BiY MaHen

e HarypanbHa npoOka

e [Ilenrono3Hi MaTepianu

e (CKJIOBOJIOKHO
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e ['ymoBi marepianu
e 3BYKOI30JIs11i{HE OOTUIIIOBAHHS
KoxeH 3 HuUX BapTHil J€TajdbHOrO OIJISIAY, OCKUIBKM Ma€ psiji IepeBar Ta

00MeXeHb.[9]

1.3.1 MinepajbHa BaTa

OnnuM 3 HaWMOIIMPEHINIMX MaTepialiB ChOTOJHI € MiHepaidbHa BaTa. Bona
YyJI0OBO ITOTJIMHAE 3BYKU - SIK YJIapHi, TaK 1 MOBITPsHI. L1 XapakTepUCTUKN T03BOJISIOTh
OyTH HAWUMOMYISPHIIIUM MaTepiaioM il nux miiei. st poOoTu 3aCTOCOBYIOTHCS
creniaigbHl IVIMTH a00 KUIMMKH 3 aKyCTUYHOI MIHEpPAIbHOI BaTH.

Taki BUpPOOM XapaKTEPU3YIOThCA BHUCOKUM pIBHEM 3BYKOI30JISINT, IO
JOCSTaeThCs 3aBJSKU CIELIAIbBHOMY PO3TAallyBaHHIO BOJOKOH. CTpYKTypa CTBOPIOE
MOBITPSHI TOPOXHUHM, SIKI YyJOBO TaciThb 3BYKOBY €HEpPTrit0. 3aBISKU I[bOMY
MiHEepaJibHa BaTa BOJIOJIE 3BYKOI30JSAIIMHOIO-3BYKOMOTJIMHAIIBHOIO 3/IaTHICTIO, MPHU
bOMY XapaKTEepU3YEThCS HU3BKOK JIMHAMIYHOIO >KOPCTKICTIO. [lyke BaKJIMBHM
MOKa3HUKOM €()EeKTUBHOCTI 3BYKOI30JIALI] € KOE(ILIEHT 3ByKONOTJIMHAHHSA Ap, SKHH
3aJIKUTh B1J TOro, YU Bara po3TalloBaHa BIPUTYJ 10 ICHYHOYOi OyAiBEIbHOI
KOHCTPYKIIIi UM BIIOKpEMJICHA BiJl HEl MOBITPSIHUM IIPOCTOPOM, a TAKOXK YU € 3BEPXY
oOnuioBaNbH1 Matepiain. KpiMm Toro, koe(ilieHT 3ByKOMOTIMHAHHS Ap 3aJ1€XKUTh BiJ]
TOBILUHY MaTepiany. Sk npaBuio, BiH cTaHOBUTH Bifg 0,75 mo 1.

BB HasBHOCTI BaTHM B KOHCTPYKIUIi 3BYKOI30JSLIMHUX OOJNMIIOBAHb BUBYAB
I'omneptc [26]. ¥V cBoiil poGoTi [26] BiH ONMCaB 3aleKHICTh HASBHOCTI IIapy
3BYKOINOIJIMHAHHS Y MIEPEropoJiKax ¢ 0OIIMBKaMHU 3 TiIca.

Takoxx MiHepalibHa BaTa B PI3HUX O(POpPMIICHHSIX (aKyCTHYHI OCTPOBH, 0acoBi
MACTKH, MAaHEJ1 TOILO) BUKOHYIOTh POJb 3BYKOIOIIMHAY1B. L{eif MeTo1 BUKOpUCTaHHS
J03BOJISIE 3HU3UTHU IIIYM Yy KOHTPOJbHUX TOYKaX MPUMIIIEHHS, SKILIO JKEPENo IIyMy
3HaXOAMUThCS B mpumiiieHHl. CyThb IbOTO METOIY MOJAra€ B 3HUKEHHI 3BYKOBOI

€Heprii, sika B1IOUBAETHCA BiJl MOBEPXOHb Ta MEPEHOCUTHCS 10 TOUKU BUMIPIOBAHHS.
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Po3paxynkoBa ehekTUBHICTh IbOTO MeToAy csirae 10ab, ane Ha MPaKTUIl MOXIUBO

3HU3UTHU LIyM 110 SAb.

1.3.2 Hinomnact

[linomnact - Apyruii 3a MOMYJSPHICTIO MaTepian sl nux iineil. OaHak BiH
3MaTHUM MOTJIMHATHU JIMIIE 3BYKU yAAPHOTO MOXOJKEHHS. AJle HE3Ba)Kal0uM Ha IIE,
Marepiall HaA3BMYAMHO TMOMMPEeHH. Y 3B’SA3Ky 3 TakuMU cCroerudiuHuMu
napaMeTpaMy MiHOMOJICTUPOJ BUKOPUCTOBYETHCS B OCHOBHOMY ISl 3a0€3MeUeHHS
yTEIJICHHS MiAJIOT Ta CTeNl. SKI0 HOTo MOKIACTH Ha MiJIOTy, MO0 MOYKHA CTUCHYTH,
3aJIMBIIN OETOHHY CTSKKY TOBIIHMHOIO 3-6 CM.

ApMyBaHHS CTSKKH J]a€ 3MOTY 3aXUCTHUTH 1i B11 pO3TPICKYBaHHS BHACIIIOK PyXIB
o JepopMoBaHii OCHOBI - MiJi BIULIMBOM TAKOTO HABAHTAXEHHS BHCOTAa Marepiaiy
3MEHIIYEThCSE Ha 2-4 MM, TpaHyJIM CTUCKAaIOThCS, 3a0e3neuyroun e(eKTUuBHE
NPUAYLIEHHS yIapHOTo IIyMy B Aiana3zoHi 25-33 nb.[9]

[ToTpiOHO KiacTH Martepiad PpIBHOMIPHO, OJWM3BKO OAWH 10 onaHoro. IlIBu
3MINIYIOTbCSI HA TMIOJOBUHY JOBXWHU IUIACTMHU, a IIBU MO Kpaw 3a3BUYai
BUTOTOBJISIIOTBCA 3 TOro K wMatepiany. lleped 3alMBKOIO CTSDKKM Ha OCHOBY
MIHOMOJIICTUPOITY YKJIAIA€ThCS BIJOKPEMITIOBAIBHUMN 1Iap MIIBKOBOTO Marepiairy abo
MOKPIBEIBLHOTO MaTepiaiy, 3aJJ1s T1IAPOI30JIAIIil Ta 3aXUCTy AeMII(PYyr4oro mapy Bij
YTBOPEHHSI MOCTHUKIB IIyMy. J{J1s1 3BYKO130JISI1I11 1A€aJIbHO TIAIAAYTh IIJIUTH HEBEIUKO1

TOBIIUHMU - 0 4 cM.[9]

1.3.3 Marepiaju MeMOPAHHOTIO THILY
[Ilo cTocyeTbest B'SI3KONMPYKHUX MEMOpaH, BOHM TaKOX € JyXe ePEeKTUBHUM
MarepiaioM g 3BYKO130JiAlil. BOHM BUKOPUCTOBYIOTHCS, SIK MIPaBUIIO, JUIS
MIJIBUIIICHHSI 3aXUCTy KapKaCHUX CTIH BiJI CTOPOHHIX 3BYKIB. TakoX B'A3KOMPYXKHI
MeMOpaHH TaKO0 BUKOPUCTOBYIOTHCS JIJISL:
e Crin;
o C(Crenp;
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e [limyor;

e Kpisens;

BoHu sBIAIOTH COOOK CHUHTETHYHI 3BYKOI3OJSALIMHI Marepiadd BHUCOKOI
IIUIBHOCTI, BUTOTOBJIEH] 3 MOJIMEPiB, 0€3 BUKOPUCTAHHS OITYMIHO3HHUX CMOJ 1 TyMH.
BoHu XapakTepusyroTbCS BUCOKMMH IOKa3HUKaMH €JacCTUYHOCTI, THYYKOCTI,
MILIHOCTI, JAOBIFOBIYHOCTI Ta BOTHECTIMKOCTI. BOHM Tak0X BUKOPHUCTOBYIOTBHCS SIK
BiOpaliitHi nemndyrodi cepeHi mapu AJis M1IBUIIEHHS 3BYKO130JIs111i CTIH KapKacy Ta
3ano0iraHHsl BUHHMKHEHHIO pe30HAaHCHUX edekTiB. B's3konpyxhHa wmemOpaHa
HAKJICIOEThCSI HA JIUCTU TINCOKAPTOHY 3 BHYTPIIIHBOI CTOPOHH ONOPHOI pamu.
BukopucranHs Takux MartepialiB JO3BOJSIE€ MIABUIIUTUA 3aXUCT BlJl CTOPOHHIX 3BYKIB
Ha 25-32 nb. Takox Kpeiitan B.I'. y cBoiil po0oTi «3abe3nedeHHs 3BYKO130s1I1T 1]
yac KOHCTPYIOBAHHSI >KUTJIOBUX Oy/IBENIb)» OINHCAaB 3aJ€XHICTh JOJATKOBOI Macu
OOJIMIIIOBAHb Y KOHCTPYKIISIX 3 TINCOKAPTOHHUX IUIUT. Y PoOOTI 3a3HAuYECHUI

MO3UTUBHUM BIUIMB HasIBHOCTI MEMOpaH y OOJIUIFOBAHHSX BUIIE3a3HAYCHUX THITIB.

1.34 JIucToBi MaTepiajn Ta KOHCTPYKUIil

OcTaHHIM 4YacoM CeHJBIY-IIaHeNl CTajdu HaOyBaTH BEJIMKOI IMOIMYJSIPHOCTI Ha
PUHKY 3BYKOI30JISILIHUX MaTepiaiiB. BoHHM MOXyTh OyTH aOCOJIOTHO PI3HUMH 3a
JOBXHHOIO 1 CKJIaJIOM, BHUKOPHCTOBYIOTBCS, SIK NPAaBWJIO, JJs 3BYKOI30JISLIT
OJITHOIIAPOBUX Meperopoaok. ChOroiHi Bce 4YacTille JJisi CTBOPEHHS J0JAaTKOBOIO
3aXHUCTY OJHOILIAPOBUX MEPETrOpOJIOK (HAMPHUKIAMA, IETNISIHUX CTIH) BiJl 3BYKOBUX
XBWJIb IOYaJId BUKOPUCTOBYBAaTHM TOTOB1 3BYKOI130JsLIMHI cuctemu. lle cenasiu-
MaHesl pi3HOi TOBIIMHHY, K1 CKIAJAI0ThCs 3 MOETHAHHS MaTepialiB Pi3HOI MIUIBHOCTI
Ta CTPYKTYPHUX XapakTepucTuk. [lo mepeBar ix BHUKOPUCTAaHHS MOXKHA BIJHECTH
BIICYTHICTh HEOOXIJTHOCTI BCTAHOBJICHHSI METAJIEBOT0 KapKaca - BOHU KPIIUIAThCS
Oe3nocepeIHbO J10 CTiH.

OmuH 3 HallmomyJSpHIMIMX BapiaHTIB - TOEAHAHHSA UIIJIBHOTO APy
(TiIICOBOJIOKHUCTUN JIUCT) 1 JIETKOro (MiHEpajdbHa BaTa) - TOBIIMHA 1 CTPYKTypa

MarepianaiB MOXYTh 3MIHIOBAaTUCA. B LIJIOMYy OTpHUMY€EMO CHUCTEMY «Maca-IpyKUHa-
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Maca». BoHM MOHTYIOTBCS 32 JOIOMOTOI0 BIOPOCTIMKHUX MaTepialliB 4epe3 CreliaibHl
BY3JIM, BUTOTOBJIEHI BUpOOHUKOM. TOBIIIMHA TaKuX maHeneil moxe 0yTu Big 40 no 150
MM, 1 BUOMPAEThCA BUXOASYM 3 TOBUIMHU Hecydoi mneperopoaku. llinBuinenHs

MOKa3HUKa 3BYKO130JIALI11 3aJIEKUTh BIJ IIIJIBHOCTI 1 MOke cTaHOBUTH Bif 10 1o 20 nb.

1.4 3aco0u 3ByKoOi30.s11ii.

[lin 3acobamu 3BYKOI30JISAIlT MaeTbCs Ha yBa3l OyJIBENIbHI KOHCTPYKIIi
(oropomkeHHs), AKI ~ BUKOPUCTOBYIOTBCS ~ JJIsl  3HIDKEHHS — IIyMy,  SIKHM
PO3IMOBCIOJIKYETHCS MK HNPUMILMIEHHSIMU Ta/a00 HaBKOJIUIIHIM CEpPEIOBUIIEM.
[Ipouec 3HMKEHHS IyMy 00yMOBJIEHUH MOTIMHAHHAM Ta BIIOUTTSAM 3BYKOBOI €HEpTii
Oy1iBEIbHOIO KOHCTPYKIII€IO (MIEpEeropoiKaMu, IEPEKPUTTIIMU ).
B apxitekTypHiil aKkycTHIll, IpH PO3paxyHKaX, PO3MISAAIOTh JEKIJIbKa BU/IIB
KOHCTpYKIIiH [21]:
® OJHOPIAHI MacHBHI MEPETOPOJKH (IIErJisiHA CTIHA, MaHEJIbHI OCTOHHI CTIHH,
TOIIIO.)

e neperopojiku 13 nuctoBux marepianis (I'KJI, I'BJI, JICII, Toio.)

® [IEPEropoJIKM Ha OCHOBI METAJIEBOIO KapKacy, 3 OOIIMBKOK JIMCTOBUMH
MarepiaiaMi 4d 0e3, 3 3alOBHEHHSIM MOBITPSHOTO MHPOMIXKY MOPUCTUM
3BYKONOTIMHAIIBHUM MaTepiajioM.

[IpuiiHATO pO3paxoOBYBATH 3BYKOI3OJSLII0 TaKUX KOHCTPYKLIM rpapiaHUM
MetonoM. [lpuknazsg OpIEHTOBHMX YacCTOTHUX  XapaKTEPHUCTUK  3BYKO130JIAII1

HaBEJICHUX BUIIE KOHCTPYKIIIM HABEJAEHO Ha pHuC. 3
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Puc. 1.3. - AMIIiTYJHO YaCTOTHI XapaKTEPUCTHKH 3BYKO130JIA11ii OrOPOKYBAIbHUX
KOHCTPYKIIN 3 Pi3HUX MaTepiajiB.
3 pucyHky 1.3 MoXHa MOMITUTH, II0 MACUBHI OJHOPIAHI KOHCTPYKIIi MaroTh

BEJIUKY TepeBary mnepej 1HIIMMHU HaBeJACHUMHU MaTepiajJaMu, 0COOJIMBA HA HU3BKUX

yacToTax. [le 3yMOBIE€HO BEIMKOI MACO0 JaHUX KOHCTPYKIIIi.

1.5 3aco0Ou BiOpoi3osamii

3acoOu BiOpoOI30JIsAIll HampaBi€Hl Ha 3HWKEHHS yJapHOro abo CTPYKTYpPHOIO
myMmy (IpsAMUN (Qi3MYHUANA BIUIMB Ha OyZAiBEIbHI KOHCTPYKLII 3 pucC. 2) HalyacTille
BUKOPUCTOBYIOTh JUIsl 3HWKEHHS IIyMY B11 1HXkeHepHoro obnannanss (TII, Hacocw,
BEHTWIsILIMHE oOnagHaHHg Tomo). Takuid cmocid mojsArae 'y BHUKOPHCTAHHI
BIOpOPO3B’A3yIOUMX  €JIEMEHTIB TakKuX SK: BIOpOi30JiI0I04l  BCTaBKU  a0o
BiOpokpimieHHss. OcHOBHA mpoOjeMa BiOpaliifHOrO MmiyMy B TOMY, IO MEXaHI4YH1
KOJMBaHHA KOHCTPYKIi, $KI BHHUKAIOTh B HACIIOK MPSAMOro BIUIMBY Ha
CTIHW/MIJIOTH/CTEN], NPU3BOAATH JO MOBTOPHOIO BHUIPOMIHIOBAHHSA IIyMy B

MPUMIILICHHS.
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B Ham yac BHUKOPUCTOBYIOTH pi3HI BHAM BIOPOI30OJSATOPIB, SIKI OKPEMO
MiI0UpaoThCs MiJ TMOCTaBJEHI 3a7adl Ta BiJ po0OOY0i YaCTOTHM YyCTaTKyBaHHSI.
HaiinomumpeHnini B HalI vac:

- IlpyxunHni BiOpoizonstopu (puc. 1.4)

- IlomimepHi BiOpoizonaTopu (puc. 1.5)

- IlmaBaroui migioru

OnopHa memaneBa pama 3 wbenepi®

N
N
AN
.
N

Bibpoizonowua onopa

R s

Puc. 1.4 Tlpuknax BiOpoi30msiii 30BHIITHIX OJIOKIB CHCTEMHU BEHTHIISALIL

HeaminHa onanybka

ucmu O _Bopoeocmilika |
@amepa) L. Y <. gy ol 7oL Tigpoisomoouud wap
[ U 2T noniemuneHy
SER R .. Bibpodonwioua onopa
Mauma nepekpumma<
Yo
Yo

Puc. 1.5 By3ox crionyueHHs BiOp0i30Jb0BaHUX OETOHHHUX (PYHAAMEHTIB

Ha pucynky 1.6 HaBeaeHuid mnpukiaj BUKOPUCTAHHS BiOpPOI30JATOPIB MIpHU

OynyBanHi OymiBiai Tearpy M. [onkor, Kurtail. OOMexXeHHS NPOCTOPY 3MYCHIIO

32



pO3TallyBaTH MPUMILIEHHS 3aJ11B T€ATPy HaJl pIBHEM 3€MJI1, 1100 BUKIFOUNUTH KOPCTKI
3’€JTHAHHA 3B MDK c00010. TakuM 4YMHOM, JABa 3ajM MIJHATI Ta PO3TAIIOBaHI B
IaXOBOMY TOPSIIKY BCEpEeIMHI MacuBY OyAiBIl Ta po3jAUIeHI, 100 TapaHTyBaTH
3BYKOBY Ta aKyCTHUYHY 130JiA1lit0. PimieHHs, sike Oyi0 3HalAEHO 1Sl 3aXUCTy OyAiBIl
Ta BCIX 3aJIIB 1 CUEHIYHUX MalJaHYMKIB yCEepEaHHI BiJ] BIOpallii Ta IIyMmy, HOJIAraio B
TOMY, 1100 PO3MICTUTH BCIO OyAiBIIO HA OHAR 650 BIOpO130IALIMHUX NpYyKUHax. Lle
J1a€ 3MOTY BIJIOKPEMUTH KOMIUIEKC Bl OyIb-IKOr0 IIyMy Ta BiOpalli migBady Ta piBH
3eMJI1, CIPUYMHEHOT0 TYHEJIEM METPO, PyXOM TPAaHCHOPTY YU CYyCIAHIMU MIA3EMHUMHU

KOMYHIKAI[ISIMU.

Puc. 1.6 Ilpukian BUKOpUCTaHHS BIOPOI30JIATOPIB B MPUMIIICHH] T€ATPY, [T 3aXHUCTY BiJl
BiOpartiit meTpo, M. 'onrkonr, Kurait

BaxnuBo 3HaTH akyCTUYHI BTpaTH MIPH [lepeaadl 3ByKy ado0 IIyMy Yyepe3 CTIHH

1 TiJUIoTH, 00 MaTh MOXJIMBICTH MOPIBHATH Pi3HI KOHCTpYyKIii. [le mae 3mory

po3paxyBaTh aKyCTHYHY 130JISIIF0 MDK KBapTupaMu a0 BIUIMB IIYMY BIiJ

30BHIIIHIX JDKEpEN, TAKUX SK TPAHCHOPT, IHXKEHEpHEe OOJaJHaHHSA, TOLIO, 1

pO3pOOUTH ONTUMAabHI PINIEHHS ILIOJO0 KOHTpOJIIO Iymy. Bike icHye Oarato

1a00paTOPHUX PO3PAXyHKIB MJIA PI3HUX THUIIIB MEPETOPOJIOK, aje HE JOILLIHHO
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pPOOUTH HATYpHI €KCIIEPUMEHTH JJIS BCIX ICHYIOUMX Ta BUKOPUCTOBYBAHUX THUIIIB
KOHCTPYKI[IH, TOMY BaXXJIUBO MAaTH METOJAM JJIsl PO3PAXYHKY Ta MPOTHO3YBaHHS

1HJIEKC1B 3BYKO130JISI1[1i TUTIOBUMU OYy11BEIbHUMH KOHCTPYKIISIMHU.

1.6 YuHHi MeTOAH PO3PaXyHKY 3BYKOi30JIsALIl

3 KOHCTPYKTUBHOI TOYKH 30py MEPErOPOJIKM MOYXKHA PO3IIJIUTH Ha J1BA KIIACH:
OJIHOIIIAPOBI Ta OaraToIIapoBi.

[lin ogHOMIAPOBUMHU KOHCTPYKIISIMU PO3YMIIOTh BUKOPUCTAHHS OY1b-SIKOTO
IIIIBHOTO OyAiBETBHOIO MaTepialy Ha »KOPCTKOMY croiyueHHi (po3uuni). Lle
MOXYTh OYTH UETJsHI, TINCOBi, Tra300J04YHi, KEpaM3UTOOETOHHI 1 HaBITh
3a11300€TOHH1 IEPETOPOKH, JIe OETOH I'pa€ poib 1 KOHCTPYKTUBHOIO MaTepiaty, i
cnosryyHoro. He3Baxarouu Ha Te, 110 B OJIHIN MEPEeropo/illi MOXKIMBa KOMOIHAITis
JIEKUIbKOX MarepiaiiB, BU3HAYAJIbHUM OyJl€ HasBHICTh JIMIIE HIUIBHUX MaTepialiB
3a YMOBH >KOPCTKHX 3B'SI3KIB MIX yciMa eJleMeHTaMH KOHCTpykii. Hanpuxnan,
CTiHA 3 ra300€TOHHUX OJIOKIB Ha LEMEHTHO-MIIIAHOMY pPO34YKHI, OOJUIbOBaHA
LETJIOKO.

3BYKOI130JIAII1HIHI XapaKTEPUCTUKU aHAJIOTIYHUX KOHCTPYKIIH BU3HAYAIOTHCS
MEePEeBAXKHO 3aJEXKHO BIJI iX Macu Ta MIABUIICHHS (MIJACUICHHS) 1HJEKCY
3ByKoi3ousii. [Tpubnusno 6 ab 301IbIIEHHS 1HIEKCY 3BYKO130J11i BiAOYyBa€eThCA
3a YMOBM MOJIBOEHHS Macu KOHCTpYyKIli. [lopucTicTe Matepiany mneperopojku
TaKOX BIAIrpae poiib y 3a0e3nedeHHi i 3ByKO0130JsiitHuX BiacTuBocTe. [lpore,
IpaKkTUKa TOKa3zy€e, II0 BaXXKO JOCATTH PE3yJbTAaTy ULUISIXOM 30UIbIIEHHS
MOPUCTOCTI MaTepially yepe3 3HauHi BTPATH 3BYKO130JI1111, III0 BUHUKAIOTh Pa3oM
13 3MEHILIEHHSIM MTOBEPXHEBOI I'YCTUHU TaKOTO MaTepiaiy.

[leperoponku 3 OaraThMa IIapamu, K BKa3ye iX Ha3Ba, CKIANAOThCA 3
JNEKUIbKOX (IpUHAIMHI JBOX) MIapiB OyAiBEIbHUX MaTepialliB, sIKI MOXKYTh OyTH
TBepAUMHU (TycTUMU) 200 jerkuMu. TBep Al MaTepiaiiu (Taki sk TIICOKapTOH, 1era,

MeTall) BIAITPAlOTh POJb y 3BYKOI30JAII 1 (PYHKIIOHYIOTh aHaJOT14HO
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OJIHOILIIAPOBUM IMEPEropoJKaM: 3BYKOI30Jslisl Oye BUIIOI0, SIKIIO MOBEPXHEBA
LIUTBHICTh MaTepiany Ounbiia. JIerki MmaTepiaiv BUKOHYIOTh (DYHKI[IFO TOTJIMHAHHS
3ByKy. OTXe, CTpYKTypa Ma€ OyTH TaKOI0, II0O 3BYKOB1 KOJMBAaHHS, sIKI TPOXOJSATh
yepes3 Hel, SMEHIIYBAJIMCS 32 PaXyHOK TEPTs MOBITPS B MOpax MaTepiany.

Cnin 3ayBaXXWTH, IO 3aCTOCYBaHHS MarepiaiiB, TaKuX SK MIHOIUIACT,
MIHOMOJiypeTaH a00 KOPOK, BUABISETHCA MEHII €()eKTUBHUM Y 3BYKO130JISALIIMHUX
neperopoakax. lle MOsICHIOEThCS TUM, IO JJIsI JTOCATHEHHSI 3BYKOI3OJIAIIL 111
MaTepiagd MaloTh HEJAOCTaTHIO MIUIBHICTh, 1 iX HE MOXKHA BBa)KaTH
3BYKOIMOTJIMHAIbHUMU Y€pe3 HU3bKY 3/]aTHICTh MOTJIMHATH 3BYK Uepe3 BIJCYTHICTh
MOBITPOMPOHUKHOCTI. JIOCTaTHRO MOMYJISIPHUM PIIIEHHSIM TaKOTO TUIY B YKpaiHi
€ KOHCTPYKIlISI BUAY: METaJeBUU KapKac 3alOBHEHUM MIHEPaJIbHOK BaTOI Ta

oOmuTHii 3 000X OOKIB JIUCTAMU TIIICOKAPTOHY, MO JBA 3 KOAKHOTO OOKY.

1.6.1 3ByKoi30/s111i7 JIUCTOBHUX MarepiaJjiB (ToHKHX
Meperopoaok)

HaBengenuii meTon MoOXHAa BUKOPHUCTOBYBATH [Jii KOHCTPYKIHM, IO
CKJIaJIal0ThCA 3 OJIHO 1apy (O€ToH, 1eria, ra300€ToH, KepaMiuHi OJIOKH TOIIO) Ta
MaroThb noBepxHeBy ryctuny 100-1000 kr/m?. YacTOTHY XapaKTEpPUCTUKY 130111
MOBITPSHOTO IIyMy R, 1B, OJHOIIAPOBOIO OropoOMKYBaJIbHOI KOHCTPYKIIIEIO
BU3HAYAIOTh LUISXOM MOOYJIOBH KPHUBOi, 300pakyroud ii sIK JiamaHy JiHiO,
ananoriuny JiHii ABCD, sika Bka3aHa Ha pUCYHKY 3.

Koopaunaru Touok B1 C (R, R.19aCTOTH f 1 f . ) BA3HAYAIOTh BIAMOBIIHO
sriguo 3 Ttabmuuero 1. Yacrorm 3 Tabm. 1 f, 1 f_. 3a0KPYIJIIOIOTH [0
CEepPEAHBLOTC€OMETPUYHOI YACTOTH Ti€l TPETUHHOOKTAaBHOI CMYTH, B MEXaX SKOI
3HAXOMUThLCS YacToTa f , abo f . [18]

Binpizok AB Oyayrots 3 HaxwioM 4,5 n1b Ha okraBy, a Biapizok CD — 3
HaxuioM 7,5 nb Ha okTaBy (puc. 1.5). B neskux mkepenax Bkazanuit Haxun 4 nb
Ha OKTaBy Ta Ha Ha 8 0/] Ha okTaBy BinnoBiaAHO [17]. Touku B 1 C 3’e€qHy10Th Mixk
co0010.
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I'padix ABCD Ha pucynky 1.7 1 € noOynoBaHa 4aCTOTHa XapaKTepUCTUKA

130J1A111

KOHCTPYKIIIEIO 13 TUCTOBUX MaTepiaiB.

HOBITPSIHOTO  IWIyMy R, 1b,

OJIHOIIAPOBOIO  OTOPOKYBAIBHOIO

R, nb
72
=
S
OkraBa
r‘.
|o*
B 1 W
%R
T.
x5 101 - \/
A/ m o
a7 ~
fB fc

Puc. 1.7- YacToTHa XapakTepUCTHKA 1301111 MOBITPSHOTO IIYMY OJTHOLIAPOBOIO

OrOPOJPKYBAJILHOIO KOHCTPYKITi€o[17]

Yacrora, 11
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Tabnuysa 1.1 — Buznauenus koopounam mouok B i C[19] [20]

) I'yctuna P,

Marepian fg It f T Ry, nb R, n1b

Kr/m?
1 Cranb 7800 6000/ h 12000/ h 40 32
2 AroMiHi€BI

2500-2700 6000/ h 12000/ h 32 22

CILIaBU

3 CKJ10 cuIiKkaTHe 2500 6000/ h 12000/ h 35 29
4 CkJ10 opraniyte 1200 17000/ h 34000/ h 37 30

2100 9000/ h 18000/ h 35 29
5 A30ecToLeMEHTHI

1800 9000/ h 18000/ h 34 28
IUINTH

1600 10000/ h 20000/ h 34 28
6 lNncokapTonHi 1100 19000/ h 38000/ h 36 30
IUINTH 850 19000/ h 38000/ h 34 28
7 JlepeBHOCTpYX- 850 13000/ h 26000/ h 32 27
KOBI IJIUTH 650 13500/ h 27000/ h 30 26
8 Tepni  JIepeBHO-

1100 19000/ h 38000/ h 35 29

BOJIOKHUCTI TUIUTHA

IIpumiTka. 7— TOBIIMHA OTHOIIAPOBOI TOHKOI KOHCTPYKUII (J1McTa) y MisTiMeTpax.

1.6.2

YacToTHY XapaKTEpUCTUKY 3BYKOI30JIALI1

3BYKOi30/15111i1 OTHOPITHMX MACUBHHUX OTrOPOIKEHb

MOHOJIITHUX ~ KOHCTPYKIIIH

BHU3HA4YarOTh TOY4aCTOTHO 34 HACTYITHUMU BKa31BKaMH. LIEICTOTHy XapaKTCPUCTUKY

R, n1b Bu3HavaroTh y rpadiunuii crnocid, Oyayrouu kpuBy ACBD sk HaBeneHo Ha

puCyHKy 1.8.
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R', nb
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Yactora,l 11

Puc. 1.8 YacToTHa XapakTepUCTHKA 130JIALliT HOBITPSIHOTO IIYMY aKyCTHYHO OJIHOPiTHOIO

OTOPO/IKYBAJIBHOIO KOHCTPYKIIEIO

Yacrory Ve (abcmucy touku B) BusHauaroTh 3rimHo 3 1.1.a-1.1.x mpu

BpPaxOBYIOUH TOBUIMHY KOHCTPYKLI:

fis =164 —1201g A,

pu
i =159-1201gh, pu
i =154-1201gh, pu
i =149 —1201gh, i
i =144 -1201gh, i
i =139-1201gh, pu
i =134-1201gh, i

h

p=1800 KT/M3,
P=1700 w3,
P=1600 /3,
P =1500 w3,
p=1400 /3,
P=1300 w3,
p <1200 KT/M3,

ne 't — TOBIIMHA OrOPOIKYBaIbHOT KOHCTPYKIIiT, M;

(1.1.a)
(1.1.6)
(1.1.8)
(1.1.r)
(1.1.1)
(11.e)

(1.1.x)

P —rycruna (06’eMHa Maca) MaTepiany KOHCTPYKIii, KI/m3.

OTprumaHe 3HAYEHHS 3a0KPYIVIIOIOTH A0 CEPEIHBOTE€OMETPUYHOI YaCTOTHU

TpeTI/IHHOOKTaBHO'l' CMYTHU 4aCTOT.
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Opaunaty Touku B, sika € BETUUYHMHOIO 3BYKO130JISII11 RB, nb, BUBHAYaKOTh
3a GOpMYJIOIO:
Ry = 21lgm — 14, (1.2)

Jie 7 — MOBEPXHEBA I'yCTUHA OTOPOIKYBAJIbHOT KOHCTPYKIIIT, KT/M2.

!
OTpuMaHy BEIMYHUHY Ry 3a0KpyrmorTh 10 0,5 nb.
Hani Big Touku B JiBOpyd mOpoBONATH TOPU3OHTANIBHY KpuBy BA, a

npaBopyu BiJ Touku B npoBonats kpuBy BC 3 Haxunom 7,5 1b Ha OKTaBy 10 TOYKH

, —_—
C 3 opauHartow Re =60 nb. I3 Toukn C npaBopyd MPOBOJATH TOPU3OHTAIBHY

kpuBy CD. Sfxmo Ttouka C neXuTh 3a MEXaMH HOPMOBAHOTO YaCTOTHOIO

Jiana3oHy 3BYKO130JIs1I11 (4acToTa fe 23150 I'1r), To Bimpizok CD - BiACYTHIH.
Taka MeToAMKAa BUKOPUCTOBYIOTHCS JJIsI PO3PAXyHKY 3BYKOI30JIAIIl B
Vkpaini. Huxde HaBeneHi MOPIBHSHHS BUKOPHUCTaHHSA TaKoi METOJUKHU 13
HaTypHUMU BuUMiptoBaHHsIMU. Hwuxue (puc. 1.9-1.12) HaBeneHo mnpukiIaau
pO3paxyHKy Ta TMOpIBHSHHA 3 HAaTypHUMH €KCliepuMeHTaMu. BumiproBaHHs
npoBoawiocs mymomipom Briiel & Kjer (Hanis) monens 1613, cBigourBo mpo
noBipky No 22-01/2571/16 uunne go 20 nunns 2023p. O6’extamu Oynu peasbHi
KBapTUPHU, B SAKUX MPOBOAWIKCS OyHdiBeIbHI POOOTH MO 301IBIICHHIO DPIiBHS
3BYKOI30JIA1[1T MIXKKBAPTUPHUX TMEPETOPOJIOK. EKCIEpUMEHTH TPOBOAMIKCS Yy

nepiof 3 2020-2022 poku Ha pi3HUX 00’ €KTaX.
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Puc. 1.9 YactoTHa XapakTepUCTHKA 1301111 HOBITPSIHOTO IIYMY Or'OPO/IXKYBaJIbHOIO
KOHCTPYKIIi€to 3 nerau 120MM, po3paxoBaHOIO 32 METOAUKOIO HABEIEHOIO BUIIE
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Puc. 1.10 YacToTHa XapakTepUCTHKA 130JIALII1 MOBITPSIHOTO IIIyMY OTOPOKYBaJIbHOIO

KOHCTPYKI_IiGIO 3 OCTJIN 250MM, PO3pPaxoBaHOIO 3a MCTOAUKOKO HABCACHOIO BUIIIC
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Puc. 1.11 YacToTHa XapaKTepUCTUKA 130J1s1l1T OBITPSHOIO LIyMY OrOPOJIKYBaJIbHOIO
KOHCTPYKII€I0 3 ra3o0s10ky 100MM, po3paxoBaHOIO 32 METOJUKOIO HABEAECHOIO BUILE
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Puc. 1.12 YacToTHa XapaKTepUCTHKA 130JIALII1 MOBITPSIHOTO IIIyMY OTOPO/KYBaJIbHOIO

KOHCpr1(I.[i€IO 3 F3306J10Ky 200MM, PO3paxoBaHOIO 3a MCTOJAUKOKO HABCACHOK BUIIIC
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1.6.3 Po3paxyHok i30/11ii HOBITPSAHOI0 IyMy 0araTomiapoBuMH
OrOpoO/:KyBAJIbHUMHU KOHCTPYKUIAMH

YacToTHY XapaKTepUCTUKY 130JIA1111 HOBITPSHOTO IIYMY OTOPOJI)KYBaIbHOIO
KOHCTPYKIIIEIO, SIKa CKIAAAETHCS 13 IBOX TOHKUX JIUCTIB 3 MOBITPSHUM MTPOMIKKOM
MIK HUMH (TIOJIB1iTHE CKJIIHHSI, KAPKACHO-OOIINBHI MEPETOPOJIKH 13 JBOX OOITUBOK
3 OJJMHAPHUX TIICOKAPTOHHUX, TIICOBOJOKHUCTUX JUCTIB, IEPEBHOBOJIOKHUCTHUX 1
JIEPEBHOCTPYKKOBUX TUIUT, METATY TOIIO MO KapKacy 13 METaJIeBOT0 mpodiiato abo
JepeB’stHUX OpYCKIB) MPU OJHAKOBIM TOBIIMHI JIMCTIB OYIyIOTh 3a HACTYIHHM
anroputmoM:[20]

- OyaylOTh YaCTOTHY XapaKTEPUCTHUKY 130JIA1111 MOBITPSIHOTO LIyMY OJHIEIO
OOLIMBKOIO 3a aJIrOPpUTMOM 3a3HAYEHUM Yy TONEPEIHbOMY PpPO3LIL
HaBejeHHOMY BuIle. HacTtynmHuk kpokom Oyje moOyjoBa JOMOMIXKHOL
namanoi Ai1B1CiD1. lo opaunar ninii ABCD noparots nonpasky 4R , 1b,
dKa BIJIMOBIJAE 32 30UIBIIEHHS IMOBEPXHEBOI T'YCTMHHM KOHCTPYKIIII.
ITonpaBky AR, BU3HAa4alOTh 3rigHo Tabmmui 2. Marepian Kapkacy

M

(MeTaneBuit Y1 AepeB’ sHHIT) IEPErOPOAKH IPH BUSHAUCHH] BEUYNHU m

HE BpaxoByeThCs;[ 19]

- BH3HA4YaKOTh 4YacCTOT C30HaHC KOHCT KI.[ll 3a HACTYIIHOIO
P

+
f, = 60 /;;‘m—’;”n (1.3)[19]

e m 1m, —TOBEPXHEBA I'yCTHHA OOIIMBOK, Kr/M? ;

dbopmyioro:

d, — IIUPUHA MOBITPSHOTO MPOMIXKKY M1 OOIIMBKAMHU, M.

Po3paxyHKoBa 4acToTa OKPYIJIFOETHCA [0 HAWOIMK4YOi  3HAYYIIOT
CEpeIHbOIr€OMETPUYHOI YacCTOTH B TPETUHHOOKTABHOMY J1alla3OHI, B SKOMY
3HAXOJMTHCS BKa3aHa 4yacToTa. Jl0 MOMEHTY IOCATHEHHS 1aHOi YaCTOTH, YaCTOTHA
XapaKTEepUCTHUKA 3BYKO130JIA1[l1 BUBYEHOT KOHCTPYKIIIT CIIBHAJAE 3 IOMOMIKHOIO
niniero A1B1CiD1 (BimoOpaxena kpuBa AE nHa pucynky 1.13). Ilpu nocaruensi
YacTOTH , 3HAYEHHS 3BYKOI30JISIli 3MeHIIyeThcsi Ha 4 nb BITHOCHO KpHUBOL
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A1BiCiD; (o3nauene toukorw F). Touku E Ta F 3'emqnytors mixk coborwo st
MOJANBIINX PO3PAXYHKIB.
- HayvacToTi 8 , (Ha TP OKTABH BMILE BiJl YaCTOTU PE30HAHCY ) BU3HAYAIOTh

Touky K 3 opauHaTtoro R =R _+ H_, 1b, aKy 3’€dHYIOTb 3 TOYKOIO F.
K F

I
Bennuuny mompasku H, 1b, BU3HAYarOTh BIANOBIAHO 10 Tabmuii 3 B
3QJIEKHOCTI BiJl TOBUIMHM IOBITPAHOTO INPOMDKKY d,. Big Toukm K
npoBoaATh BiApizok KL 3 maxunom 4,5 n1b Ha OKTaBy 10 TOUKH f
(mapanenbno miHii A1B1)[14].

3HaueHHs opjauHatu BiApizka KL Hax opauHato JOMOMIXKHOI KPUBOI
A1BiCiD:1 sBise coborwo mompaBky AR,, Ab, mompaBka BpaxoBy€ HasBHICTb
HOBITPSHOrO NPOMDKKY (IJIs [iala3oHy 4acTOT BHMIUE Bif 8 ,). SIkimo f , =8f ,
touku K 1 L npuiimarotses 3a oany. SIkmo f ,<8f ., Biapizok FK npoBoasTh TibKu
no touykM L, sxa Biamoimae wactoTi f,. llompaBKy AR, y IbOMY BHIAIKy
BU3HAYAKOTh K PI3HUIIIO OpAUHAT TOYKHM L 1 minii AiB1 Ha wacrori f ,. Touka K B
JAHOMY BHUIIAJIKYy € IOMTOMI’KHOIO;

r) BiJl TOYKH L 110 yacToTu 1,25f , mpoBOAAThL Biapizok LM. Ha wacrori f .
BH3HAYalOTh TOUKY N NUISIXOM J0JaBaHHS J0 BEIUYMHU OPJUHATU JOTMOMIXKHOI
xpuBoi AiBi1CiD1 mompaBku AR, (TOOTO, R =R_.+A4R +A4R,) 1 3’€AHYIOTH ii 3
toukoro M. Bin touku N npoBoasats Binpizok NP 3 Haxunom 7,5 nb Ha okTaBy, B
neaKux Jpxepenax 9ab na oxrasy[17].

KpuBa AIEFKLMNP na pucynky 1.13 sBisge co0oro0 4acToTHY
XapaKTepUCTUKy 130711l moBiTpsHOro Mmymy R, nb , nmociimkyBaHOIO
OTOPOJI>)KYBAJIbHOIO KOHCTPYKIIIETO.

AHanoriyHo OyAyIOTh YacTOTHY XapaKTEPHUCTHUKY 130JiL1i IMOBITPSHOIO
IyMY CBITJIONPO30PUMH (CKISSHUMH) KOHCTPYKIISIMU 3 MOJIBINHUM CKITHHSAM HPU
OJIHAKOBIM TOBIIMHI IIapiB ckia. [Ipu moOynoBI 4YaCTOTHOI XapaKTEPUCTUKHU

3BYKOI30JIAI[l1 BIKOH, BIKOHHI paMH, MpPU BU3HAYEHHI BEJIMYUHU m HE

cym?

BPaxOBYIOTb.
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Puc. 1.13—YHactoTHa XapakTepuUCTHUKA 13014111 HOBITPSIHOTO IIyMY KOHCTPYKII€IO, SIKa
CKJIAJJA€THCS 13 IBOX TOHKHUX OJAMHAPHUX JUCTIB (OOIINBOK) OJHAKOBOI TOBIIMHHM 3 MOBITPSHUM

IPOMIKKOM MixK HUMH[ 1 7].

k1o xapkacHO-OOIIMBHA Teperopojka (HaMpUKIIa, 13 TIICOKAPTOHHUX
JIUCTIB) CKIAJAETHCSA 13 IBOX TOHKUX JIUCTIB 3 MOBITPSIHUM ITPOMIKKOM Mi>K HUMH,
ajle OOIIMBKM CKJIQJAIOTHCS 13 JIBOX HE CKJICEHUX MK COOOIO JIMCTIB OJHAKOBOI
TOBUIMHY, ii YaCTOTHY XapaKTEPUCTUKY 130JISLI1 MOBITPSHOIO IIYMy OyAYIOTb
sriguo 3 puc. 1.13. Ilpu npomy BenwuuMHu Ry, R., f, 1 f. kpuBoi ABCD
BM3HAYAKOTh JUIS OJMHAPHOIO JIMCTa OOMMBOK. IIompaBKy 4R, Ha 30LIbIICHHS
MOBEPXHEBOI I'YCTUHU KOHCTPYKIIIT B I[IJIOMY, BU3HAYAIOTh BIIMOBIAHO /10 TaOuIIi

1.2 B 3a7€XHOCTI BIX BEJIWYWHHU BIJHOIIEHHS m . Jm, (me m_  — cymapHa

YM
MOBEpXHEBA TyCTHMHA 000X OONIMBOK MEpPEropoiku 0e3 ypaxyBaHHS Kapkacy,

Kr/M%; m , — TIOBEpXHEBA I'yCTHHA OJTHOIO JIKCTA, kr/m?) [20]. Pe3oHaHCHY YacToTy
f p KOHCTPYKIIIi BU3HAYAKOTH 3rigHO 3 GopMyioro (1), B Kl m 1 m, — CymMapHa

MOBEPXHEBA I'yCTUHA BIANOBIJHO KOKHOI 13 OOIIMBOK.
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Tabnuys 1.2 — Benuuuna nonpasxu AR [19]

oy’ M AR , 1B ey AR, nb
1 2 3 4
1,4 2,0 2,7 6,5
15 25 2,9 7,0
1,6 3,0 3.1 7.5
1,7 3,5 3.4 8,0
1,8 4,0 3,7 8,5
2,0 4,5 4,0 9,0
2,2 5,0 4,3 9,5
2,3 5,5 4,6 10,0
2,5 6,0 5,0 10,5
Ilpumirka. m__ — CcyMapHa MOBEPXHEBAa TYCTHHA OOIIMBOK KAPKACHHX

cyM

neperoponok (0e3 ypaxyBaHHs Kapkacy) a00 mapiB CKJIHHS, KI/M2; m L

IOBEPXHEeBA I'yCTHHA OJHOIO0 JHCTA 00IHMBKH (200 0HOr0 CKJIa), KI/M>,

Tabnuys 1.3 — Benuuuna nonpaexu fnf19]

[llupuHa MOBITPAHOTO IPOMIXKKY d , MM Bemnuunna H, b
15-25 22
50 24
75 25
100 26
150 27
200 28

Kpim Toro, s KapkacHUX KOHCTPYKIIH TakKoro BHUKOHAaHHS iX
3BYKO130JIs111s1 30LIBINYETLCS HA YaCTOTaX f > f . HA BEIMYMHY IOIPABKH AR ,=2
nb, Ko oaHa 13 OOLIMBOK CKJIAJAETHCA 13 JIBOX JIMCTIB (I1IapiB), a Apyra — i3
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OZHOTO INAapy, 1 Ha BEIMYMHY IONPABKM AR ,=31b, KO 0O0MIBI OOLIMBKU
CKJIAJalThCd 13 JBOX IIApiB JMCTOBOro Mmatepiany. [ ypaxyBaHHS L€l
HONpPaBKU TpeOa Ha 9acToTi f . (AUB. puc. 13) BIAMITUTH TOYKY S 3 OpAMHATOIO
R=R_.+A4R +AR,+ AR, 13 SIKO1 TIPOBOJATH BIIpaBo Biapizok ST 3 Haxumom 7,5 nb
Ha OKTaBy. Touky S 3’€IHYIOTB 3 TOUKOIO M.[23]

['padik, mo3nauenuii namanow miHier0o AEFKLMST na pucynky 6,
BiI0Opakae YaCTOTHY XapaKTEPUCTHUKY 130JIA1111 MOBITPSAHOTO IIyMy R, BUMipsiHO1
3a JIONIOMOT010 KapKacHO-OOIIMBHOT KOHCTPYKIIii B Aenuoenax (nb).

YacToTHY XapaKTEepUCTUKY 130JISII[1i TMOBITPSHOTO IIyMy KapKacHO-
OOIIIMBHOIO MEPETOPOJIKOI0, BUKOHAHOIO 13 METaly, CKJIa, TICOKApTOHHUX IUINT 3
PI3HOIO TOBIMHOKO OJMHAPHUX JIMCTIB OOIIMBOK (TIPH CITIBBIAHOIIEHHI 1X TOBIIUH
He OlIbIle HIX 2,5), @ TAK0K MOABIMHOTO CKJIIHHS 3 P13HOIO TOBIIMHOIO IIAPIB CKJIa
(mpu TakoMy caMoOMy CIIBBIJHOIIEHHI iX TOBIIMH), OyIyHOTh 3a HACTYITHUM
anroputmoM:[17]

a) Oyyl0Tb YaCTOTHY XapaKTEPUCTUKY 130JIS1111 MOBITPSIHOTO IIIyMYy OJHUM

OJIMHAPHUM JIUCTOM OUIBIIOI TOBIIMHU 3 MOBEPXHEBOI T'YCTUHOK m , 3TITHO 3

1
MoOy/IOBOI0 YAaCTOTHOI XapaKTePUCTUKU MOBITPSHOTO IIYMY OJHOILIAPOBOIO
TOHKOIO OTOpOJKYBalIbHOIO KOHCTpyKui€w. (miHiE ABCD Ha pucynky 1.13).
Busnauarots (BiAmOBigHO 10 TabauIi 1) 4acToTy f ., IS APYroro Jucra OOUIMBKY
MEHILOI TOBIIMHHM. By 1yt0Th nonoMikHy IiHi0 A1B1 10 4acTOTH f ,, 10AaK04H [0
3Ha4Y€Hb 3BYKOI30JALIl JMCTa 3 OUIBIIOI TOBLIMHOK IONPABKH AR, SKY
BU3HAYAIOTh BIJTIOBIAHO /10 TAOIHII 6 B 3aJIEKHOCTI BiJT CITIBBITHOIIICHHS m - (6e3
ypaxyBaHHs MacH KapKacy) i HOBEpXHEBOI I'yCTHHHM JIMCTa OLIBINOI TOBIIUHU m .
Mix yacroramu f , i f ., IPOBOAATH TOpH30OHTANbHUM Biapi3ok BiCi. I3 Touku Ci
poBoATh Bipi3ok Ci1D1 3 Haxunom 7,5 nb Ha okraBy;[17]

0) BU3HAYAIOTh PE30HAHCHY YaCTOTY KOHCTPYKIIi f , 3rixHo ¢popmynu (1.3).

Jlo 9acToTd 0.8, YaCTOTHA XapaKTEPHCTHKA i30JIALIl MOBITPSHOrO IIyMy

KOHCTPYKIII€I0 301raeThesl 3 AOMOMIXKHOIO KpuBoto A 1B (Biapizok AE Ha pucyHky
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14). Ha gacrori f b 3BYKOI130JIAI[1I0 MpUiiMatoTh Ha 4 1b HUXKYOIO0 Bij JOMOMIKHOL
ninii A1B1 (touka F). Touku E 1 F 3°eqnytotTs Mixk co6010;
B) Ha 4YacToTi 8&f , BU3HauaroTh K 3 opauHaTor R =R _+H , A€ H,  —

MOMpaBKa, sIKy BU3HAYAIOTh BIAMOBIIHO A0 TaOAMIll 3 B 3aJ€KHOCTI BIJ IIUPUHU
. : ,
TIOBITPSHOTO NPOMIKKY d . Touky K 3’€Hy 0T 3 TOuKOI0 F.[24]

Big K wacroTny xapaktepucTuky OyaytoTh napaneinbHo kpusiii A1B1CiDy,
TOOTO MPoBOAATH BiApi3ok KL 3 Haxuiaom 4,5 1b Ha OKTaBy 10 9aCTOTH f ,, HOTIM
IPOBOJATH FOPU3OHTANLHUH BiApi3ok LM no wacrotu f ., 1 mami Bigpizok MN 3
HaxuioM 7,5 nb Ha oktaBy(B 1HIIUX Jxepenax 4 1b Ha okTaBy 1 9 1b Ha OkTaBy).
SIKmo f , =8f ,, Toukn K 1 L 3nuBaroThes B oxHy. SIKII0 yacrora f , <8f ,, TO
BiApizok FK mpoBoasTh TUIBKH 70 TOYKH L, sika BIAMOBIIA€ YaCTOTI f - Touka K

B JAaHOMY BHUIMAJIKy JIEKUTh 11032 YACTOTHOK XAPAKTEPUCTUKOIO 1 € TOMOMIXKHOIO.
Jlamana miHia AEFKLMN nHa pucynky 1.14 sBisge co0oro 4acTOTHY

XapaKTEePUCTUKY 13011111 MOBITPSHOTO ymMy R, nb, MaHOI0 KOHCTPYKIII€IO.

R, b

10 nb

OkraBa

/
/' D1
~

K|
/ T
/ _—B Ci
/ ~ /EMB 5)8)\0@'/
4B g
A m
V ********* Sl I [a4 \7{
@]
‘ 3 oKTaBHU =
0,8 fr 8 fp fB1 fci fc2 Yacrora, '

Pucynok 1.14 — YacToTHa XapakTepUCTHKA 130141111 HOBITPSIHOTO IIyMY OrOPOIKYBaJIbHOIO
KOHCTPYKIII€IO, KA CKIIAAA€THCS 13 TBOX TOHKUX OJIMHAPHUX JIUCTIB (OOIIMBOK) Pi3HOT

TOBILMHHU 3 MOBITPSHUM IIPOMIKKOM MK HUMH
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YacToTHy XapakTepUCTUKY 130J5L1i MOBITPSHOIO IIYMy KapKacHO-
OOIIIMBHOIO TEPErOpoOAKOI0, BUKOHAHOIO 13 OJHOTO 3 MarepialliB HaBEJCHUX Y
po3ainl ang puc. 14, npu 3amoBHEHHI MOBITPSHOIO MPOMIXKKY MK OOIIMBKAMHU
nopucTuM ab0 TOPUCTOBOJIOKHUCTUM  MaTepiajioM, OyIyloTb y  Takii
MOCHIJOBHOCTI:

a) OyAylTh YacTOTHY XapaKTEPUCTUKY 3BYKOI30JALIl BiAMOBIIHOI
KOHCTPYKIIIi 3 HE3alIOBHEHUM MOBITPSHUM MPOMIKKOM 3T1IHO 3 MOOY0BOIO PHC.

13 Ta 14. Ilpu upomy 10 cyMapHOi MOBEPXHEBOI I'YCTUHU KOHCTPYKIIl m _, IpU

cym?
BU3HAUEHHI IIONPAaBKU AR, JOJAIOTh IIOBEPXHEBY TIyCTHHY 3allOBHIOBaYa
MOBITPSIHOTO TPOMIXKKY;

0) BU3HAYAIOTh PE30HAHCHY 4YacTOTy KOHCTPyKHii f .. Ilpu 3anmoBHeHH1
MOBITPSHOTO TMPOMDKKY TMOBHICTIO a00 4YacTKOBO MIHEPAJIOBATHUMHU YU
CKIOBOJIOKHUCTUMH IUIMTaMH ab0 MaraMu 4acToTy f, BH3HAYalOTh 3IiJHO 3
dopmyioro (1), B sKiii m  1m,— CyMapHa HOBEPXHEBA I'yCTUHA BIAMOBIAHO KOXKHOI
13 OOIIUBOK.

[Ipn 3amoBHEHHI MPOMIKKY MaTepiaioM 3 KOPCTKUM CKEJIETOM

(miHomoicTHPON, (iOPOIT TOIIO) YaCTOTy PE3OHAHCY f,, BHU3HAYAIOTH 3a

dhopmyoro:

= o (14
aem im, — cyMapHa MOBEpPXHEBA I'yCTUHA BIJIMOBIIHO KOXKHOI 13 OOIIUBOK,
KI/M?;
dy — — [IMPUHA MTOBITPSHOTO IPOMIXKKY MK OOIIMBKaMU, M;
E, - OUHAMIYHUN MOJYJIb IPYKHOCTI MaTepianry 3allOBHIOBa4Ya IPOMIKKY

MDK oOmmuBKamu, I1a.

SIkuio OOIIMBKH HE MPHUKJICEHI IO Marepially 3allOBHIOBaYa, BEIMYHHY E

npuiimMaroTs 3a 0,75.
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Po3paxoBany 4acToTy fp 3a0KPYTIIOI0ThH 10 BEJIMYMUHU
CEpEeIHbOr€OMETPUYHOI YACTOTU TPETUHHOOKTABHOI CMYIH, B MEXax SKOI BOHA
3HaXOJIUThHCS;

B) JI0 YaCTOTH PE30HAHCY (f <f ,) YACTOTHA XapaKTEPUCTHKA 3BYKOi30JIALIi
JaHO1 KOHCTPYKIIii 301ra€ThCsl 3 YaCTOTHOIO XapaKTEPUCTUKOIO, MOOYAOBAHOIO ISt
MEePEropoJKK 3 HE3alMOBHEHUM MOBITPSHUM MpoMiKKoM (Biapizok AEF Ha
pUCYHKY 15).

Ha wactotax f>1,6f, 3BYyKOI30Isllid JAHOI KOHCTPYKIIi 30LIBIIY€THCS
JI0JIATKOBO Ha IONPABKY AR ,, 1B, Ky BU3HAYaIOTh 3TiAHO 3 Tabnuuero 1.4.

[Ipy noOyJ0BI 4YACTOTHOI XapaKTEPUCTUKU 3BYKOI30JAMIi Ha YacTOTI
f=1,6f, (Ha [BI TPETUHHOOKTaBHI CMYIM BHIIE BIiJ YaCTOTU PE3OHAHCY)
BM3HAYaOTh TOYKY Q 3 OPAMHATOK Ha BEJIMYMHY AR, BHILOIO BiJl TOYKH, SKa
nexuThb Ha BiApi3Ky FK, 1 3’eqnytots ii 3 Toukoro F.

[TotiMm Big Touku Q OyAylOTh YacCTOTHY XapaKTEPUCTUKY MapaiesibHO
YaCTOTHIM  XapaKTePUCTULI 3BYKOI30JISALII KOHCTPYKUIi 3 HE3allOBHEHHM
MOBITPSIHUM MTPOMIKKOM.

Jlamana miHigs  AEFQKILIMINiP1  (m1s  omHOmIapoBUX — TJIOCKHX
KOHCTpYKI[iK) abo mamana miHist A1EFQKLiM ST (ans xapkacHO OOIIMBHUX
KOHCTPYKI[I Ha pUCYHKY 1.15 sBiisie cOO0I0 YaCTOTHY XapaKTEPUCTUKY 1301111
MOBITPSIHOTO IIYMY R, 1B, TaHOIO OrOpOKYBaJIbHOIO KOHCTPYKLIELO.

3a aHAJIOTIYHUM MPABHIOM OYIyHOTh YaCTOTHY XapaKTEPUCTUKY 130JIALI1
MOBITPSHOTO MIYMY JJISI KAPKACHO-OOIIMBHOIO MEPErOPOIOK MPHU Pi3HIM TOBIIKHI
mapiB  OOJNIMIIIOBAaHHA TPU  3AMOBHEHHI MPOMIXKKY MIDK  OOLIMBKaMH

3BYKOIIOTJIMHAJIbHUM MaTCpiaJIOM.
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Puc. 1.15—  YacroTHa XapakTepHCcTUKa 130JIA1i1 MOBITPSIHOTO LIYMY KapKacHO-OOIINBHOIO

NEPEropoIKOIO 3 3aIIOBHEHHSIM MPOMDKKY MIX OOIIMBKAaMH 3BYKOIOTJIMHAIBHUM

(TIHOTIOICTUPOJT TOIIO)

Mmatepianom[17]

Tabnuys 1.4— Benuuuna nonpaexu AR ,[20]
Marepian 3anoBHIOBaYa | 3allOBHEHHS MPOMIXKKY MIX oOmmBkamu, % | ARs, b
[Topucro-Bonokuuctui | 20 % 2
(MiHepanbHa Bara, | 30 % 3
CKJIOBOJIOKHO) 40 % 4

50 % — 100 % 5

[Topuctuii 3 KOPCTKUM
CKEJIETOM 100 % 2

[ToniOHa MeToAMKa BUKOPUCTOBYETHCS IO BCbOMY CBITY @ Y BCIX B1JIOMHUX

HOpMax, aje 3 JCSKUMHU MOoMpaBKamMu Ta HiooaHcamu. Lli mompaBku He € ayxe

BAKJIMBUMHU, 00 CTOCYIOTHCSI TUIBKM KYTIB HaXWJly KpUBHX Ta KOE(QILIEHTIB, 5K

BUKOPHUCTOBYIOTHCS] TPU MOJICIIFOBAHHI.

50




1.7 IIporpamHe 3a0e3ne4yeHHs JJISl PO3PAXYHKY i30JIALil MOBITPSAHOI O
mymy

[Iporpamue 3abe3neuenHs INSUL mporHosye BTpary mnepenadi 3ByKy y 4
PI3HUX YaCTOTHHUX 30HaX (puc. 1.16).

3oHa 1

Ha HM3pKHMX YacTOTax 3aKOH Mac BHM3HAya€ CIOYATKy BTpPAaTHU Iepejadi.
piBeHb 3ByKoi3oJsiLli 30uIblIyeThcs Ha 6 nb/okrtaBy, ame INSUL wMoxe
BpaxOBYBAaTH HU3bKOYACTOTHY Hee(PEKTUBHY pajliailito (MOCUIaHHS Ha PO3IiI HA
OKpPEMUX TMaHEeIAX).

30Ha 2

Bumie pe3oHaHcHOI 4acTOTHM Maco-MOBITpsiHa Maca neperoponku (fo), sika
BU3HAYAETHCSI Barolo MaHesleil Ta MOBITPSIHUM 3a30pOM, PiBEHb 3BYKO130JIs1Iil
30uIbIIyeThes Ha 18 ab/oKTaBy, KOaU 00HUIBI CTOPOHU CTAIOTh BIAOKPEMICHUMH.

30Ha 3

Konu mmprnHa nopokHUHU 3pIBHIOETHCS 3 JOBXKUHOIO XBUJIl 33 YacTOTOIO,
MOJyJli TOPOXHUHU TOEJHYIOTh MaHedl pa3oM, 1 pIBEHb 3BYKOI30Js1IIT
30uIbIIy€eThes Ha 12 nb/okTaBy.

3oHa 4

TBepai 3'€1HaHHS BUCTYIAIOTh 3ByKOBUMHU MOCTaMHU MIK JIBOMA MAaHENSIMU, a
PIBEHb 3BYKOI30JISLIT OOMEXKY€EThCS MOCTIMHUM 3HAYEHHSM, OUTBIIUM 32 HOPMY

MacH, 1 301IbIIy€eThes aulie Ha 6 1b/oKTaBy.
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Puc. 1.16 YacToTHa XapakTepuCcTHKa 130111 MOBITpsiHOTO HIyMy po3paxoBana INSUL

[Ticnst BUKOHAHHST HAYKOBO-JIOCIIAHUIIbKOT poOOTH y MOMEpEeaHIX po3Aliax
OyJI0O BCTAHOBJICHO BIJCYTHICTh 3araJIbHOMPUUHATOT METOIUKH PO3PAXYHKY
3BYKO130JIA1111 OaraToiapoBUxX KOHCTPYKIIiH, sika Oyia O mpuilHATHA Ta 3po3ymina
SK JIJIs BOPOBAXKEHHS 11 y JAep:kaBH1 Oy/1BeJIbHI HOPMHU, TaK 1 JIJisi BAKOPUCTAHHS
ii y noOyTroBHMX, mNpukiIagHuUX UIsax. Ha chorogHi icHyroui METOAOJOTiI
JI03BOJISIFOTh MPOBOJUTU PO3PAXYHOK 3BYKOIZOJSAIIMHUX XAPAKTEPUCTUK JIHIIIE
OJTHOPIIHMX KOHCTPYKLIA Ta IIUJIKOM MOHOJITHUX KOHCTpyKHiid. Ha xanb,
dbopmMynn Ta METOJMKH, IO JO3BOJISAIOTh BUKOHATH PO3PAXyHKU [Jii CUCTEM
BUKOHAHUX 3a KapkacHowo cuctemoro (puc. 1.17) Hemae. IcHye mnporpamue
3abe3neuenns INSUL (HoBa 3enanmis), sike 103BOJISIE 3MOJICTIOBATH HEOOXITHY
KOHCTPYKIIIIO Ta BUKOHATH PO3PAXYHKU aMILUTITYJHO YaCTOTHOI XapaKTEPUCTUKU

Ta 1HJEKCIB 3BYKO130JIAL11 OyA1BEIbHUX KOHCTPYKIIIH.
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IcHyOUa nepezopogkd

Puc. 1.17 — Moaens 3ByKO130JISIIITHOTO OOTUIIOBAHHS CTIHU

Anroput™, (GopMynIM Ta METOAMKAa PO3PAXyHKy HE BIOMa. 3 BJIACHOTO
JOCBIy BHUKOpHUCTaHHS Insul, MOy 3poOMTH BHUCHOBOK IO JO HETOYHOCTI
MOKA3HUKIB OTPUMAHMUX JaHUX. 3HAYCHHS OTPUMaHi B XOJl MIPOTrPaMHOIO
MOJICTIOBaHHSI CYTTEBO BIJIPI3HSIOTHCA B HATYpHUX BHUMIPIOBaHb Ha 00’ €KTax
(OuthII neTanbHI JaH1 OyAyTh HEBeeH1 HIKYE). L[ moxmubka MOKIMBO BUKIMKaHA
3a paxyHOK e(eKTy pe30HaHCy, IKUH BUHUKAE MPHU CHIBBIIHOIIEHHI XBUJIHOBUX

PO3MipiB MaTepiaiB.
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1.8 BucHoBKkH 10 po3ainy 1

1. Po3BuTok Hayku y cdepi apXiTEKTypHOI HAayKH Ta 3BYKOI130JIALIii
HAJ3BUYalHO BEJIMKA Y 3B'A3Ky 3 POCTOM IIYMOBOTO 3a0pyJHEHHS B Cy4YaCHOMY
CBITI1. BiIKpUTTS HOBUX MaTepiajiB, TEXHOJOTIM Ta HAYKOB1 JOCHIIKEHHS B II1i
rajxy3i CHpPUSITUMYTh TMOKPAIICHHIO SIKOCTI JKHUTTS, 3JI0POB'S Ta 3arajibHOrO
100po0yTy CyCIUIbCTBA.

2. Ilpu OyAiBHUITBI Ta MPOEKTYBAaHHI 3arajibHO NPUUHATUMH Ta
HalyacTille BXXUBAaHUMH € KOHCTPYKLII 3 LEMNIH, ra3o0JI0Ky, 3ai1i300€TOHHUX
naHene, Tomo. HailedekTUBHIIMMHU 3 HUX € CTIHM 3 IETJISHOI KIaJKd Ta 3
3anizo0etonHux nanesne (Rw=>58 nb ta Rw=52 nb BianosiaHo).

3. Jma po3B’si3aHHsA 3amadi  BiOpoi3oJisIii  (IHXKEHEPHUX CHUCTEM,
oOnaHaHHs, BIOPOPO3B’SI3KM TMOBEPXOHb) BUKOPUCTOBYIO MPYXKHI Marepialiu,
TyCTUHA SKMX p = 135kr/m>.

4. Ha chorogHimHii JeHb HaWMOIIMPEHIIIUMHU MaTepiaiamu y cdepi
3BYKOI30JIA1I11 €: MiHEpaJbHa BaTa, MHOIJIACT, MOJIIMEPHI MEMOpaHU Ta JIUCTOBI
Matepiand. BoHH BUKOPHCTOBYIOTHCS Yy OYJIIBHHUIITBI Ta PEMOHTI JUIsl CTBOPEHHS
KOM(OPTHOTO Ta TUXOr0 MPOCTOPY Ta € HE3aMIHHMUMHU KOMIIOHEHTaMU Cy4acHUX
cHCTeM 3BYyKOi30JIAlii. MiHepanbHa BaTa € eeKTUBHUM abcOpOEHTOM 3BYKY. Ii
BUKOPUCTAHHS JI03BOJISIE YHUKHYTH BUTOKY 3BYKY 4e€pe3 CTIHM Ta NMEPEKPUTTS.
KpiMm Toro, meil marepian Ma€e BUCOKY TEIUIOI30JISLINHY 3AaTHICTh, IO POOUTH
HOro BaXKJIMBUM KOMITOHEHTOM JJIsi CTBOPEHHSI €Heproe()eKTUBHUX MPUMIIIEHbD.
[linomnmact jerkuid, MIIHUN 1 NPOCTUH y BUKOpUcTaHHI. [liHOMIAcTOBI MIUTH
MOXXYTb OyTH BUKOPHMCTAaHI JUIsl yTEIJIEHHS CTIH Ta NEPEKPUTTIB, aje Horo cdepa
3acTOCYBaHHs MeHIIa HiX y BaTu. [lomiMepHi MeMOpaHu HaJalOTh JOJATKOBY
3aXHCT BiJl 3BYKY Ta BOJIoTd. BoHU MaloTh BUCOKY Macy, 1110 pOOUTH iX 17i€aTbHUMHU
JUIsT BUKOPUCTAaHHS B 3ajayaXx B SKUX HEOOXiJHA MiJBUIICHA €(PEKTUBHICTD
3BYKOI30JIAIIINHUX KOHCTPYKIii. JIMCTOBI maTepianu, Taki SK TIICOKApTOH YU

MI®, Takox MOXyTh OyTH BHUKOPHUCTaHI $IK 3BYKOI30JIALIMHI mapu. Bonwu
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HaJAl0Th JOJATKOBY Macy Ta HIIJIbHICTh KOHCTPYKIIii, 10 CIPUSIE MOTIUOICHHIO
3BYKY Ta MIJBUIIEHHIO 3BYKO130JISIIHHUX XapaKTePUCTHK.

BuxopuctanHs nux MartepiaiiB y MO€IHAHHI JO3BOJISIE CTBOPUTH HAA1HY
Ta e(PEeKTHUBHY CUCTEMY 3BYKOI30JIALIL 11 Oyib-aKOro npuMimeHHs. [Ipu upomy
BAXKJIMBO BPaxOBYBaTH OCOOJMBOCTI KOHCTPYKI[i Ta MpU3HAYEHHS MPUMIIIECHHS,
mo0 JOCATTH HaWKpamoro pe3yJbTrarty B 3a0e3nedeHHI KOMQOPTHOro
aKyCTHUYHOTO cepefoBuiia. /o HalmommupeHimux 3aco0iB 3BYKO130JISI[li MOKHA
BIJIHECTH  TEPEropojka 3  BHINE3a3HAYEHUX  MarepiaiiB, KOHCTPYKIIii
3BYKO130JIALIIHHOTO OOJIMIIOBAaHHS ICHYFOUMX MAaCUBHUX OJTHOPIAHUX CTiH.

5. CyyacHl METOOu PO3PAXyHKY 3BYKOI30JISLIT JO3BOJISIIOTH OTPUMAaTH
3HAUEHHS 1HAEKCIB 3BYKOI30JIALII Ta aMIUIITYJHO-4aCTOTHI XapaKTEePUCTHKHU IS
OJTHOPITHUX KOHCTPYKIIN. AJITOPUTMU HaBEJEH1 y po3aul 1 J03BOJSAIOTH TOYHO
MPOpPAaXyBaTH 3HAYEHHS, Y BUMAJKY SIKIIO MM 3HAEMO BCl HEOOXI1/IHI KOE(IllIEHTH
Ta XapaKTepUCTUKUA BUKOPUCTAHOTO OYiBEILHOTO MaTepiamy.

OkpiM pO3paxyHKOBUX METOJIB ICHY€ MpOrpamMHEe 3a0e3MeueHHs, M0
JI03BOJIsIE OTPUMATH PE3yJIbTaTH MOAI0H1 10 PO3PaXyHKOBUX, ajie 00MABA CIIOCOOU
BIIPI3HAIOTHCS BiJ] JJaOOPATOPHUX PE3YJIbTATIB.

IIpore, s cyyacHux METOAIB OyJIBHUIITBA BIICYTHI CIIOCOOM MPOCTOTO,
3pO3yMIJIOT0 Ta IIBHJAKOTO METOAY PpPO3paxyHKy IHIEKCY 3BYKOI30JIALIL
0aratomapoBUX KOHCTPYKIIM. 3amponoHOBaHI METOAUKH HE MIAXOASITh IS
BUPIIICHHS MOCTABJICHUX MHOIO MpoOiemu. ToMy BUpIIIEHHS OO MUTAHHS €

aKTyaJIbHOIO MPOOJIEMOI0, METO]T BUPIIICHHS SIKOT 3aPONOHOBAHUM J1alIi.

55



2 AHAJITHUYHI JOCJITKEHHA TA KOMIPIOTEPHE
MOJEJIOBAHHSI METO/IB 3BYKOI3OJISIIII

VY it yacTuHi gucepTallii MpeCTaBICHO MOPIBHAHHS €KCIEPUMEHTATbHUX
BUMIPIOBaHb 3BYKOIPOHUKHOCTI CTIH 1 MIUIOTH 3 TEOPETUUHUMHU MOJEISIMU Ha
OCHOBI TOMEpeHIX poOIT aBTopa . PO3risiHyTO OKpeMi OJHOPIJAHI MaHeN i, Maca,
KOE(IIIEHT dKOPCTKOCTI Ta PO3MIPH, SIKI BBAXKAIOTHCS MPUUHATHUMH JJISI OMHUCY
HaWMOIIMPEHIMUX OyAIBETbHUX KOHCTPYKIINA. Takoxk po3riasiHyTO OarartoiiapoBi
KOHCTPYKI[li CTIH 3 JOJAaTKOBUM TOBITPSHUM MPOMIXKKOM MDK MaHEIsIMU
KOHCTPYKIli. JloCHimKyloThcd crnocoOM KpIIJIEHHS MDK MaHeIsIMUA — Ta
3BYKOIOTJIMHAHHS B TOPOXHUHI, 1110 JO3BOJISIE OTPUMATH KOPEKTHI Mepe10auyeHHs

BTpAT IiJ1 Yac nepeadi 3ByKy.

2.1 AHaJdITHYHI J0CaiKeHHS

3araJpHONPUUHATHM  MapaMeTpoM IO  ONHUCYE€  3BYKOI30JISALIIO
OTOPOJIKYBAJIbBHUX KOHCTPYKIIM OyJiBelb 1 MNPUMINIEHb € 1HJEKC 130JIsI1i
MOBITPSHOTO IIyMYy OrOPOJKYBallbHOI KOHCTpYyKuii Rw, ab, Ta iHAekc
MPUBEICHOTO PIBHA YAAPHOTO IIYyMY MijJ MepeKpUTTAM L, 1b.[8]

Pospaxynox 3BYKO130JIA1I11 MIPOBOJIUTHCSA pu MPOEKTYBaHH1
OTOPOKYBAIBHUX KOHCTPYKIIIH. Ocrartouna OIlIHKa  3BYKOI30JIAILI1
OrOpOKYBAJIBHUX KOHCTPYKIIH OyJiBenb, 30y/l0BaHUX 32 HOBUMHU THUIIOBUMU
MPOEKTaMH, TOBHHHA MPOBOAWTHUCS Ha TIJACTAaBl HATypHUX BUNPOOYBaHb

OTOPOJIKYBAJIbHUX KOHCTPYKI(IA €KCIIEPUMEHTAIbHUX OYIMHKIB

2.1.1 OpHopigHi manesi

OnHoMmIapoBOIO MEPETOPOJKOI0 BBAKAETHCA KOHCTPYKIIIS, SIKa CKIIAA€THCS 3
OJTHOTO a00 JAEKUIbKOX IIapIB SIKI JKOPCTKO MO€nHaHI MK co0oro. CylisbHa
OJIHOpIJIHA 130TPOMHA IUIUTA € HAUIPOCTIIIMM CIIOCOOOM OMUCY CTIH a0 MiJJIOT,
0 3yCTpiuaeThcsi B OYIIBHUITBI Ta OyAiBenbHIM mnpodeciiiHiii JiTepaTypi.
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3arajioM OropojiKyBajbHI KOHCTPYKIII Habarato ckjiaagHIII L€l ieanizoBaHOl
dbopmu. Ilpore po3ymiHHS Ipoliecy Hepeaadi 3ByKy uepe3 II0 «IUIaCTUHY» Mae
(dbyHIaMeHTallbHE 3HAYEHHS, OCKIUIBKH ii 4aCTO BUKOPHUCTOBYIOTH SIK 3pa30K s
MOPIBHSIHHSA 3 OLIBII CKJIAJHUMHU OyAiBebHUMU eeMeHTaMu. OCHOBHI TPUHIIUIH
nepeaayi 3ByKy MO>KHA MOSICHUTH, PO3TJISJAIOUM IJIACTUHY KIHIEBOiI TOBILIUHH,
aje HecKiHYeHHOro po3Mmipy. Ha mnpaxrtumi Oarato mpoOjeM NpOoeKTyBaHHS,
PO3paxyHKy Ta BHUMIPIOBAHHS 3BYKOI30JIA1li1 MOB'S3aH1 3 KIHIEBUMU PO3MIpaMu
IJIACTHH Ta IX CMOJIYKaMH 3 IHIIUMU 1acTuHaMu. [lovaBinu 3 mojeni st TBEpAOL
OJIHOPIJHOT TUIACTUHU KIHIEBOTO PO3MIpPY, JIETIIE 3pO3YMITH Pi3HI KOHIIEMIIIT,
pPO3LIMTA Ta IHTEPIOJIOBATA PO3PAXYHKH HA CKJIAAHINIT KOHCTPYKIII, SKi
3yCTpI4arOThCs Ha MpakTull. TUM He MeHII, MU Oy1eMO BUKOPUCTOBYBATH MOJIEIb
HECKIHYEHHOI IUIaCTUHHU, 1100 OTPUMATH VYSBICHHS MOpPO TMepeaady 3BYKY B
3QJIEKHOCTI BiJl KyTa 1 BIA3HAYUTH BAXJIUBI 3B'A3KH M1 MOJEISIMU KIHIEBUX Ta
HECKIHYEHHHUX TUTACTUH JJI iepeaadl 3ByKy noBiTpsM. J1Jist mepeayi HOBITPSHOTO
myMy 3 NOpUMINIEHHS-JDKEpenIa 10 NpPUMIIICHHSI-TIpUiiMaya 4epe3 CYIUIbHY
OJHOPIJHY TUIACTUHY MOTpiOHA MoOAeNb 3 TpboMa mijcucteMamu. [ligcucrema
MEePEeropoJ KU MOBUHHA OYTH MpE/ICTaBIeHA TUIBKHU Yepe3 3ruHaIbHI XBUIIl, TOMY
10 BUIIPOMIHIOBAHHS BiJl MaJiHHS TJIOCKUX XBWJIb HE3HauHE. 3ayBaxTe, W10,
OOMEXYyIOUd MOJENb TPbOMa MiACUCTEMAMHU, MU ITHOPYEMO OIYHYy mnepeaady 1
MPUITyCKaEMO, 110 BiOpallisi MOXe TNepefaBaTUCs BiJl IUIACTUHU A0 OyAb-SKOL
3'€elHaHOT KOHCTPYKLUIi, ajie He HaBlaku. Monenp 0a3yeTbcs Ha €HEPreTUYHOMY
MOTOIIl MK TpylmamMu MOJ| MPU PE30HAHCI; II€ HA3UBAETHCS PE3OHAHCHOIO
nepenavero. s mepenadi MOBITPSHOTO 3BYKY 4Yepe3 NEPEropoakKy TaKoX
HEOOX1JHO MaTH Ha yBa3l HEPE3OHAHCHY Nepeaady Mixk MiJicucTeMaMu. Y MoOJenl
ug Qgopma mnepeaadi OOXOAUTH MIJACUCTEMY IUIACTHH, XO0Ya MOTYXKHICTh, IO

nepenaeThes, BU3HaAYaeThes BiracTuBocTsAMH 1iacTuH (Crocker and Price, 1969).

Pe3onancHa mnepemadya moB’si3aHAa 3 PE30OHAHCHMMHM YacTOTaMH, Kl

NOTPAIISAIOTh Y CMYTY YacTOT, B K1 MPOBOASATHCS JOCHIKEHHS. Y MOJeNi, 10
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PO3MISAAETHCA TYT, 3B SI30K BIOYBAETHCA 32 PaXyHOK KIMHATHUX MOJIaM Ta MOJ]

BUTMHY IIJIACTUHMU.

Koediuient nepenayi 3ByKy T CTIHU - 11€ BIIHOILIEHHS 3BYKOBOI €HEprii, 110

nepeaeThCs CTIHOO, A0 3BYKOBOI €HEPrii, 1110 Najae Ha cTiny (2.1).

T =" (2.1)
Inaa
Brnacna 3Byko3ousiiss — KOE(DIIEHT, SKAW TPSIMO MNPONOPLINHHUNA 10
3BYKOIMPOBITHOCTI (2.2):
o =10lg () (2.2)

Takum 4rHOM, BIacHa 3BYKO130JiA11isl HaOyBae BUTIALY (2.3):
Iy
O = 10lgﬁ = Lyag — Lup (2.3)

JInsi HECKIHYEHHOi 130TPOIHOI IIJIOCKOI CTIHM PIBHOMIPHOI TOBIIUHU
Koe(iLieHT nepeaayl 3ByKy IIOCKOI XBHJII 3aJI€XKHUTh Bl KyTa 6 MIX HanpsMKOM
MOITMPEHHS TaJarvoi TIOCKOI XBWJII Ta HOPMAJUIIO JO IUIONIMHM CTiHW. Jlis
OLIIHKU AX(Y3HOTO NOJIs Koe(DILIeHT Mepeaadl 3ByKy Td HEOOXITHO yCepeHIOBATH
Koe(]illi€HT nepeiayi 3ByKy IITOCKOi XBuIl T(0) 3 BIIMOBIAHUM KOPETIOBAHHSIM 10

BCIX KyTax MajJiHHs,
Tq = 2 [27(©)cosOsin@Odt (2.4)

cos 6 — 1101112 MONEPEYHOTo NMePePi3y MIOCKOT 3BYKOBOT XBUII, sIKA MaJla€ Ha
OJMHUII0 TUIOHIl CTIHM TiJ KyTOM MaaiHHsA 0 a0 HOpMmani 10 CTiHU. Sinf
MOB’A3aHUM 3 TUM, IO OKPYXKHICTh TiIeCHOro KyTa Mix O Ta 0+dO mopiBHIOE
2msin0d0. dO@ — BuHuUKae depe3 udepe3 Te, MO Tz=1 s Bcix 3HadyeHb 0. Tomy

piBHSHHS (2.4) MOKHA MEpenucaTi y BUTTISIAL
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4 =2 [, 7(©)dcos®® (2.5)

Onnak 1151 COPOILEHHST PO3PaXyHKY JUIsl OAHOPIIHUX MaHeIell BpaxoByIOUH,
III0 Ba)KJIMBOIO BJIACTUBICTIO € Maca OAWHHII IIJIOIII ITaHe1, a BIIOMHUH 3aKOH MacHu
[9] mae MOXIMBICTH MPOCTOTO PO3PaXyHKy BTpaT MijJ yac mepeaadl 3BYKOBOT

eneprii. Tomy popmyny (2.1) mogar0Th y BUTIISIAL
R =20log(mf) — 47 (2.6)

Onnak namg OUIBIIOCTI MPaKTHYHMX OyAIBENbHUX MaTepialliB CTaTUYHA
XKOPCTKICTh TOBUHHA OYTH JOCTAaTHHO BHCOKOIO, 1100 HAJIEKaTH MPOMIKKY MiX
3BYKOBUMHU XBUJISIMH IO PO3MOBCIOUKYIOTBCS B MOBITPI Ta y OyaiBEIbHUX
KOHCTPYKUISAX JiekaB y aianazoni yactotr 50-5000 I'u. Ile nocnimxyBaB Kpamep
[12] 1 3aKkOH Macu OyJI0 €10 3MIHEHO, 00 BKIIOUUTH 3MIHY IEepeaadl myMy Ha
KPUTHYHIN YacToTi 1 Buile. byllo BKIIOYEHO 3aJIeKHICTh BIJ >KOPCTKOCTI

Marepiaiy, TOOTO BiJl MaTepialliB CTIHHU.

1
T(G) = | Zcos® (27)

1422252

2ppcC
Jle Z XBUIbOBHI omip CTIHU 1 P,C IMIIEAaHC MOBITPS, IO € J00yTKOM
IIITBHOCTI CEpPENIOBUINA 1 WIBUJKOCTI 3BYKY VY TOBITpL. SIKIIO 3HEXTyBaTu

AKOPCTKICTIO CTIHHU, TO Z=j®m, JIe ® KyTOBa 4acTOTa a m Maca oJuHMIN Tutomli. [e

o3Hayae, Mo GopMyTy MOKHA MOJIATH Y BUTIISIL:

1

T(G) - 1+a?cos2%0’ (2.8)
e
wm
a= (2.9)
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VY cBoiit po6oTi Kpamep [12] Takoxk cipocTUB BUTIISA 10 POpMYIIHU: SIKY Y HAC

9yac HavacTime BUKOPUCTOBYIOTh MTPH PO3paXyHKaX:
R =20log(mf) —10log(2nw /nwc) — 47 (2.10)
Jle M - koediIieHT 3aracaHs B CTiHI.

JIns  OIbIIOCTI TOHKUX  OJHOPIAHMX — MarepiaiiB, $KI  3a3BUYail
BUKOPHUCTOBYIOThCSI B OYJIBHUIITBI, 1€ 3a0e3Meduye TOYHUN MPOTHO3 BTPAT MpHU
nepeaadl NepeBaXHOro Jiana3oHy vactoT. OpHak ajii OTPUMaHHS BHCOKOI
TOYHOCTI HAa HU3BKUX YAaCTOTaX HEOOXIJHO PO3IVISIHYTH NOJATKOBI yMOBH. Jlid

THIIOBOTO BHIPOOYBaHHA KOHCTpyKmii 10 - 12 M

HEOOX1JJTHO BpaxOBYBATH
€(hEeKTUBHICTh BUIIPOMIHIOBAHHS BUMYIIEHUX XBWJIb Ha yacTtoTi meHme 200 I'.

Coroemnn [13] BHOCUTD 3MiHM B (hOPMYJIL JIJIs TTaHEI1 3 HECKIHYEHHOIO IUIOMIEIO:

¢ = 7(0)In (kVA) (2.11)
Je k — XxBui1boBe YMCIIO Ta A TUIONIA OrOPOIKYBaJIbHOT KOHCTPYKIII.
2
k = - (2.12)

dopMya TaKOX Ma€ CIPOIICHUN BUTIISIA.

AR=—log [In(kA "2)]+20log [1—(0/we)?] (2.13)

Onnak Bupasu (2.1), (2.2) 1 (2.3) He NIAXOIATh AJIA OMUCY YK€ TOBCTHUX 1
BAKKMX KOHCTPYKIH, Takux Ak OeToH abo merna. g 1mux TUOIB MHaHelen
MONEepeYHl XBUJIl CTalOTh OUIBII BIJIMBOBUMHU B MOPIBHSIHHI 3 OTMHAIOYHUMH
XBUJISIMM Ha BUCOKMX uYacTtoTax. lle BmiMBae Ha BTpaTH BHCOKOYACTOTHOL
nepeaayi, 3HKYIOUH YaCTOTHY 3aJIEKHICTh 0 6 1b/0KTaBy Ha BUCOKHX 4acTOTaxX
[14] 3amicTh 12 ab/OKTaBy JJisl TOHKUX NaHENEN BUIIE KPUTUYHOT YACTOTH.

Bapto 3BepHyTH yBary, 1mo Opu MOJIEIIOBaHHI CKJIAAHIIIUX KOHCTPYKIIN

(HanmpuKJaa, HEOJHOPIAHUX ab00 MpPOoUILOBAHMX) 3 BUKOPUCTAHHSIM METOMY
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HECKIHYEHHMX IUIACTUH  HEOOXIAHO  3B'A3aTH  MOJENl 3  HAaTypHUMH
BUMIPIOBaHHSAMM, SIKI Ha MPAKTHUI[l BUKOHYBAaTUMYThCSI Ha KIHIIEBUX IJIACTHHAX,
TOOTO KOHCTPYKIIIAX (hIKCOBAHOTO po3Mipy. JlJisi 3pydHOCTI 1€ 4aCTO pOOUTHCS
UIIXOM OOMEKEHHS Jlana3oHy KyTiB majiHHg. Ha BiaMiHY Bia Teopii KIHLEBUX
IUIACTHH, HEPE30HAHCHA Iepeaaya yepe3 HECKIHYEHHI IUIACTUHU BU3HAYAETHCA
BUIIIE KPUTUYHOI yacToTu. lle o3Hayae, M0 y BUNAAKY, KOJIHU BIOPOpPO3B’siKa
(memnyBaHHs) MIACTUHU JOCHUThH BEJIMKA, TaK [0 PE30HAHCHOK Mepeaayero
MO>KHA 3HEXTYBATH Ha YaCTOTaX, L0 3HAYHO MEPEBUILYIOTh KpUTHUHY YaCTOTY, TO
HEpe30HaHCHa Iepeaayda Oyie nepeBakaTh Ha UX BUCOKHUX YacTOTax. Y OyJIHMHKaX
PIIKO MOKHA 3YCTPITUCS 3 OJHOPIAHUMHU KOHTPYKIISIMHU 3 TaKUM CHUJIBHUM
nemn@yBaHHsIM B jgiama3oHi yactoT 63-3150 T'm. B mnoamibHux Bumagkax
BUKOPUCTAHHS TEOPii HECKIHYEHHUX IJIACTUH JJISI HEPE30OHAHCHOI IIepeaayl BUILE
3a KpUTUYHY YaCTOTY 3a3BUYAN HE MiIXOUTh.
2.1.2 BbararomapoBi KOHCTPYKUIil

Yacto  1OBOAMTBCS  pO3paxoOBYBaTU  aKyCTHYHI  XapaKTEPUCTUKHU
OararomapoBux KOHCTPYKIii. KOHCTpyKIIl CTIH 1 HIJUIOT 1HOMI CKJIAal0ThCs 3
TOHKOTO OOJIUIFOBAHHS 3 OBITPSHUM MIPOMIKKOM MI3K HUMHU, 1 PU MPaBUILHOMY
MPOEKTYBaHHI BOHU MOXYTh JaTH BHCOKI 1HJIEKCH 3BYKoi30iwii. HalimpocTtimmuii
BUIMAJOK JJIs1 aHAMI3y - 1€ KOHCTPYKUISA, LI0 CKIAJAEThCA 3 JBOX TOHKHUX
ONHOPITHUX TAaHEJeH, PpO3AUICHUX TMOBITPSIHUM IIapOM, Ta 3aloOBHEHI
3BYKOIOTIIMHAILHUM MartepiajioM, 0e3 cTUKIB Mixk oOnuitoBanHsM. [llapn [14]

pPO3pOOUB TakKi TBEPKEHHS JIJIsl BTpAT Mepeadi B TPhOX Jiana3oHax 4acToT:

R=20log(f(m, +m,))—47 f< fy (2.14)
R=R, +R, +20log(fd)—29 fo<f<fi (2.15)
R=R, +R, +6 f> fi (2.16)
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Jle ml Ta m2 Maca MOBEpXHI KOXHOTO Iapy OOJHUIIOBaHHS, d- mIMpUHA
noBiTpsiHOrO mpomikky, f0 — pezonancHa udacrora cuctemu fl — yacrtoTta, sika
nopiBatoe 55/d. R1 ta R2 — inpmexkcu 3Bykoizousmii 3rigHo 3 (2.15 Tta 2.16).
HaBenenuii Bupa3z He MICTUTh MapaMeTpiB, sIKI BPaxOBYIOTh MOIJIMHAYl, sKi
3alOBHIOIOTH MOBITPSHUM MPOMIXKOK KOHCTPYKIIi, TOMY BHpIIICHHS i€l
npoOJeMu Ma€ MEBHUM IHTEPEC 3 TOUKHU 30pY MPAKTUYHOTO 3acToCyBaHHsA. Daxi
[11] y cBoiii poOOTI MPOMOHY€E MAEHIO albTePHATHUBHUU BapiaHT BUpa3y Ui

BHUCOKHX YaCTOT.

R=R, +R, +8.6ad+20logjo(B/k)  f>1j (2.17)

Jle o Ta B miiicHa Ta ysiBHAa 4aCTUHM KOe(DII[i€eHTa MOTJIMHAHHS 3alOBHEHHS, k

— XBHJIBOBEC 4YHUCJIO.

k=2 (2.18)

2.1.3 BbararomapoBi KOHCTPYKUil 3i KPiIJIECHHAM
Jlesiki KOHCTPYKLII MOXYTb OyTH OJM3BKUMH 10 i€any OaraTolapoBUX
KOHCTPYKI[li 0€3 CTHUKIB, ajie¢ OUIbIIICTh KOHCTPYKTHMBHUX €JEMEHTIB MAalOTh
MEBHUM THUI )KOPCTKOTO a00 e€1acTUYHOro 3’€HaHHs MK nanensmu. [lapmo [15]
pO3pOOMB BIAHOCHO TMPOCTI BHUpPa3uW [UIsl PO3PAXYHKY 3BYKOI3ZOJISALIT IS

OararoiapoBUX KOHCTPYKIIH 3 TOYKOBUM a00 JIIHIMHUM 3'€ THAHHSIM.
R=R+2 +20log(e.fc)+20log[m; /(m; +m2)]—45 (2.19)
R=R+2 +10log(b.f:)+20log[m; /(m; +m2)]-18 (2.20)

Jle e Ta b BigcTaHbh MK TOYKOBHMH Ta JTIHIMHUMH 3’ € JHAHHSIMH BI1AIIOBI1IHO.
[{i Bupa3u BipHI JUIIE HUKYE KPUTUUHUX 4aCTOT 000X maHenei. 3a JOmOMOroro
CTATUCTUYHOIO aHA3y €HEeprii MOXKHA OTPUMATH BUPA3M JIA Jl1ala30Hy 4acTOT

BUIIIE KPUTUYHOI 4aCTOTH 000X maHenet [15]. [ns 3’ eqHaHb, K1 HE € KOPCTKUMH,
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TaKuxX K MPYXKHI CTajeBl peilku ad0 TOHKI CTajeBl MMNUIbKH, PiHAenb BUBIB
BHpAa3H, K1 BpaXOBYIOTb THYUKICTh 3’ €AHaHHA [15].

OCHOBHOIO aKyCTUYHOI XapaKTEPHCTHKOK OYJIBEJIbHOI aKyCTHKH € HOro
€(EeKTUBHICTh, SKa BHPAXOBYETHCS Yy BUIVISAL PI3HULI 3BYKOBOI'O THCKY JO
MEePEropoOIKU Ta MICJIsl IEPETOPOAKHU Y BIJIMOBIAHUX MpUMimieHHsx (2.21):

AL=L,—L, (2.21)

ne L1 — piBeHb 3ByKOBOTO TUCKY B NIEPIIOMY MpUMIllIeHH1, b

L> - piBeHb 3ByKOBOI'O THCKY Y ApyroMy npumimieHHi, 1b

B Hacmigox moxXwmiioro magiHHS XBHJII MOXJIHUBUN €(EKT CIHIBHAAIHHSA abo

edexT pe3oHaHncy. YacTtoTra cmiBIaliHHS BU3HAYAETHCA 3a (hopmyIioro (2.22):

_ ,12p(1—u2)
fe = 2msin20, E ’ (2.22)

ne E — monynto FOura matepiany, a u - koedirient [lyaccona.

o . . (V)
IIpu 6 O=90 3HAYEHHs YaCTOTH CIBIAIiHHS Ha3MBalOTh HAWMEHIIOK

4acTOTOIO CHiBMaaiHHAg (2.23):

_ ¢ [12p(1-p?) <t
fop = m,/ —— ~ 0,552, (2.24)

JI€ C — IIBUAKICTD IIOB3I0BXHIX XBWJIb B IIJITACTUHI.

Kputnuna yactora BU3Hauae BEpXHIO MEXKY 3aKOHY mac. lle 3HaueHHs ciin
BpPaxOBYBAaTH TMPHU PO3PAXyHKAX 3BYKOI3OJSAIII IS CETMEHTYBAaHHS YaCTOTHHUX
MOKa3HUKIB HA 30HY HU3BKUX YaCTOT, CEPEIHIX YaCTOT Ta BHCOKHMX YacToT. Ha
KOXXHOMY CETMEHTI Ha CUCTeMY OyaiBelIbHOI KOHCTPYKLIi BIUIMBA€E CBIM «3aKOH.

Tak mist cepemHix Y4acTOT MOXKJIMBO BHKOPHCTOBYBATH 3aKOH Mac, SKHMA
JI03BOJISIE€ 3 BITHOCHO HEBEIUKOIO MOXUOKOI po3paxyBaTH aMIUTITYyAHO-4YACTOTHY
XapaKTepUCTUKY KOHCTPYKIIii. 3aragpHa (opMysa 3aKkoHy Mac HaBeneHa B (2.25):

R=20lg(m-f) —47 (2.25)
Jle m — IOBEpXHEBA Maca KOHCTPyKii kr/m? , a f — wacrora, 'L,
Jlopeuno Oyne ckaszaTu, 1m0 A0 OOJacTi CepeHIX YacTOT TaKOX YacTo

JI0JAI0Th 00JIACTh PE3OHAHCY MACH 1 PYXKHOCTI INTACTHH (f  <f <2f )
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Ha Hu3pkmx wyactoTax KOHCTp}IKI_IiH I[i€ K IIaCTUHA Ta YHPABIIAECTHCA
3aKOHOM Mac.

Ha Bucokmx 4acrorax (f>f, ) TPOSBIAETbCS edeKT 30iry (CHiBIaLiHHS

4acToT), 4epe3 sIKi 3BYKOI30JAIIIHI MOKAa3HUKH KOHCTPYKIT maaaroTh. Jliis
3MEHILEHHS BIUTUBY €(peKTy HEOoOX1AHO 30UIBIIUTH NPYXKHICTh BCiel cuctemu. Ha

pUCYHKY |8 BKazaHa TUIOBA MOJIENIb YACTOTHOI XapaKTEPUCTUKHU MEPETOPOIKH.

>
f ‘D 2f 7 Q/ ;\‘p f 2 rz!

Puc. 2.1 - TUNOBa MOJIENTb YaCTOTHOT XapaKTEPUCTUKHU MTEPETOPOIKHU
e I - o6nacte HU3bkUX yacToT, Il Ta III - oGmactek cepennix gactot, IV —

00J1aCTh BUCOKHX YaCTOT.

3BakarouM Ha BHILE3a3HAYEHE, MOXHA 3pOOWUTH BHUCHOBOK, IO ICHYIOYa
BEJIUKA KUIBKICTh (hOPMYJI 1 METOAMK, SIKi 3apa3 BUKOPUCTOBYIOTHCS, TEOPETUUHO
OXOIUTIOE BCl HEOOXiaH1 acrmekTh. OJaHaKk Ha MPaKTHIll BHUABISETHCS, IO IIi
dbopMysIM Ta METOJMKU HE 3aBXKIU € MOBHICTIO PEIEBAHTHUMH ab0 MPAKTUYHO
3aCTOCOBHUMMH JIJIs1 TPOEKTYBAJILHUKIB Ta 1HXKEHEPIB.

[IpuuuHoto 11OTO MOKE OyTH psia dakTopiB. [lo-nepie, 6arato 3 ICHyHOUHX
(dbopmyI1 Ta METOJIUK MOXYTh OyTH IOCUTh CKJIATHUMH Ta 4aCOM HEMPO30PUMHU ISt

NPaKTUYHOrO 3aCTOCYyBaHHSA. BOHM MOXyTh 0a3yBaTHUCS Ha CIpPOILEHHUX a0o
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HEJOCTATHHO PEATICTUYHHUX MPHUITYIICHHX, 0 OOMEXKY€E IXHIO 3aCTOCOBHICTH Y
peaJbHUX YMOBAX.

[To-gpyre, MmMBUAKUN TEMI PO3BUTKY TEXHOJOTIM Ta HOBI BUMOTH JIO
KOHCTPYKUINA MPU3BOJATH OO TOrO, IO ICHYIOYI METOJUKH MOXKYTh CTapiTH Ta
CTaBaTU MEHII ePeKTUBHUMHU. [ [pOEKTYBAIbHUKY Ta 1H)KEHEPH MMOCTIHHO IIYKAIOTh
Onbml  edeKTUBHI Ta 1HHOBAIiMHI MIAXOAW JJIsi PO3B'SI3aHHS  3aBJaHb
3BYKO130JI41111.[26]

OTxe, BUHUKAE HEOOXIAHICTh Y po3poOlll HOBUX METOJIIB PO3PAXYHKY Ta
nepeadayeHHs: 3BYKOI30s11i KOHCTpyKIiil. [{i MeToau MOBHHHI BpaxOBYBaTH
Cy4YacHi TEXHOJIOT1] Ta peajiCTUYHI YMOBHU eKCIuTyartarlii. Takuil miaxiJi JOmoMoxKe
MIJIBUIIUTH SIKICTh MPOEKTYBAHHS Ta 3MEHILIUTH 4ac, MOTPIOHUN ISl po3pOOKH
MIPOEKTIB.

Onnak po3poOka HOBUX METO/IIB TAKOK MOKe OyTH BUKIUKOM. BoHa BuMarae
rUOOKOTO  pO3yMiHHSA  (DI3UYHUX TPOLECIB, CYYacCHUX MarepiaiB  Ta
oOuuncmoBanbHUX MeToAIB. KpiM TOro, HOBi METOAM MOTPEOYIOTh MEPEBIPKHU Ta
BaJIiJIallii 4yepe3 eKCIEePUMEHTH Ta MPAKTUYHI BUMPOOYBaHHS, 1100 MiITBEPAUTH
iXHIO €()eKTUBHICThH Ta TOUHICTb.

OTxe, BaXJIMBO NIATPUMYBAaTH OallaHC MK BHUKOPUCTAaHHSAM ICHYHOYHX
METOJIMK Ta PO3pOOKOI0 HOBHX MIAXOMAIB. [HKeHepW Ta MOCIITHUKH IMOBHHHI
CIIBIPAIIOBATU JJIS CTBOPEHHSI OUIbII TOYHMX, €()EKTUBHUX Ta MPAKTHUHHUX
METOJIB 3BYKOI30Js1i{, SIKI BIJMOBIJIalOTh CYYaCHUM BHUMOTaM Ta CHOPUSIOTH

JOCSTHEHHIO SIKICHUX PE3yJIbTATIB Y IPOEKTYBaHHI.

2.2 KomM’roTepHe MOJeJTI0BAHHSA
2.2.1 MopemoBanns 3a nonomororw INSUL
JUIsi  KOPEKTHOCTI CTBOPEHHS METOMAOJOrIi, PO3PaxyHKy YacTOTHOI
XapaKTePUCTUKU 3BYKOI30JIAIIll, MEPEropoAKd BKazaHOi Ha puc. 2.1 Oynu
nposeneHi moaentoBanHs B 113 Insul Ta 3a HabnmxeHUMU METOIaMH BKa3aHUMU Y

NonepeIHbOMY po3iil. Pe3yiapTaTi OyAyTh HaBeI€H1 HHKYE.
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JInst [AOLUIBHOCTI Ta akTyaJdbHOCTI poOOTH Oynu oOpaHi HAWUTUIOBIIIL

OyiBeIbHI KOHCTPYKIII, sIK1 CKJIafaroThes 3 nerau 120 mm + 100 Mm akycTHYHOL

Batu + 2 mapu ['KJI, npyruit tun nerna 240 mm + 100 Mmm akycTuyHO1 Baty + 2

mwapu I'KJI. TloBepxHepa maca 1ernu 120 mm popisHioe 200 kr/m?2, nerna 240Mm

400 xr/m?, a maca 100 mM Batu Ta aBox wmapis I'KJI 31 xr/m?, ta aHamoriumi

KOHCTPYKLIi 3 3amoBHEHHsIM 50MM BaTow. Buxomdum 3 HUX JaHUX Ma€EMO

MOKA3HUKU BKazaHl B TaOiu. 2.1-2.4. Jlns 3py4HOCTI 3amucy HpU JE€MOHCTpalii

pe3yJbTaTiB BUKOPUCTOBYEMO OKTaBHUU crieKTp yacToT. [Ipu moOynosi rpadikis

BUKOPHUCTOBYBABCSI TPETUHHOOKTABHUM CHEKTP YACTOT. Y TaOIUIISX 5-8 3a3HaUeH1

3HAQYEHHSI YACTOTHUX XapaKTEPUCTUK BUIICONMUCAHUX KOHCTPYKIIIH po3paxoBaHi y

I13 INSUL.

Tabnuys 2.1 — wacmomua xapaxmepucmuxa cucmemu 120 mm yeena + 50

mm eama + 2 wapu I'KJI pospaxosano 3a 113 Insul

Yacrora, I'n

63

125

250

500

1000

2000

4000

PiBenb 3ByKoi30as1ii, 1b

27

49

51

58

66

67

82

Tabnuysa 2.2 — wacmomua xapaxmepucmuxa cucmemu 240 mm yeena + 50

mm eama + 2 wapu I'KJI po3paxosano 3a 113 Insul

Yacrora, I'n

63

125

250

500

1000

2000

4000

PiBenb 3ByKoi30as1ii, 1b

33

55

57

63

70

73

92

Tabnuys 2.3 — wacmomua xapaxmepucmuxa cucmemu 120 mm yeena + 100

mm eama + 2 wapu I'KJI pospaxosano 3a 113 Insul

Yacrora, I'n

63

125

250

500

1000

2000

4000

PiBenb 3ByKoOi30as1il, 1b

35

55

51

58

65

67

86

Tabnuys 2.4 — wacmomua xapaxmepucmuxa cucmemu 240 mm yeena + 100

mm eama + 2 wapu I'KJI po3paxosano 3a 113 Insul

Yacrora, I'n

63

125

250

500

1000

2000

4000

PiBenb 3ByKoi30as1ii, 1b

42

61

57

63

70

73

92
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BignoBimHo A0 HOPMAaTUBHUX JOKYMEHTIB  BJacHa  3BYKOI30JISIIis
PO3PaXOBYETHCS AK JECATH JECITKOBUX JIOTapu(PMiB BiTHOIIEHHS 1HTEHCUBHOCTI
3BYKOBHX XBWIb, 10 TMaJal0Th Ha OrOPO/KYBAJIbHY KOHCTPYKIIIIO, O
IHTEHCUBHOCTI 3BYKOBUX XBWJb, M0 MPOUIUIM Kpi3h LI KOHCTPYKIIIO.
OOOB’SI3KOBOI0  YMOBOIO € BIJICYTHICTh OOX1IHMX (KOHCTPYKIIMHUX) HUISXIB
nepenayi 3ByKy.[15]

[Ipu mopentoBaHHI 3HAaYEHHsS MOBEpXHEBOI Macu 1eriu 120 MM Oyna
npuitasaTa y 200 kr/m?, moBepxHesa Maca uermu 240 mM Oyna npuiiaara y 400
KI/M?, NOBEpXHEBA Maca JBOX IIApiB TiIICOBOJIOKHMCTUX IUIMT Ta BaTH, O€3

3aJI€KHOCTI BiJ TOBIIMHY, Oyna nmpuitara sk 31 kr/m>.

2.2.2 IlopiBHSJIbHUMA AaHAJI3 KOMII’KOTEPHOI0 MO/EJIOBAHHA Ta
eKCIepPUMEHTAJIbHUX JAHUX

[Ipy excnepuMeHTAJBbHMX pO3paxyHKaxX HEOOXIJHO JOTPUMYBATHUCS
HACTYIHUX MpPaBUJI MPOBEICHHS BUMIpPIOBaHb. J[)Kepesio 3ByKy MOBUHHO OYTH 3
BCEOIUHUM BUIIPOMIHIOBAHHSIM IIyMY (J0J€Kaeap), CTBOPIOBATU Yy MPUMIIIEHHI
mudysHe nose. Mikpodonu abo nrymomip NOBUHHI 3HAXOJUTHUCS Y PUMIIICHHI 3
HU3BKUM PIBHEM THUCKY Ta OyTH 1032 MEKaMH NPsIMOTO 3BYKY BIJ JPKepelia IIymy.
Mikpodonu abo 1ryMoMip MOBUHHI 3HAXOJUTHUCS Ha BIJCTaH1 HE MeHIIe HiX 0,7M
Bl JOCHIKYBaHOi KOHCTpyKIi. J[>kepenmo miymy, B CBOIO 4Yepry, MOBHHHO
3HAXOJMTHCS Ha BIACTaHI HE MEHILE HIX 2,5M BiJ AOCHIKyBaHOrO 00’ ekTy. [l
BUMIPIOBaHb PEKOMEHYEThCS BUKOPUCTOBYBATU «Oumuid» myM. Llelt tun mymy
OCOONMUBHUI THUM, IO MOr0 CIEKTpalbHI CKJIAJ0BI PIBHOMIPHO PO3MOAUICHI IO
BCbOMY Jlana3oHy 4acToT. BuMiproBaHHS 3ByKOBOT'O THCKY Y 000X IPHUMIIIEHHSIX
MOBUHHO TMPOBOJUTUCS HE MEHIIE HIK Y MIECTH KOHTPOJBHUX TOUKAaX.

BumiproBaHHsI MOBUHHI OyTH BUKOHAHI Y TPETUHHOOKTABHUX CMyTaX. 3TiHO 3

(2.3):

2

L, =2 (2.26)

T 4p0c0’
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ne S — mIoma BUOpoOyBaHOro 3pasKa, M2, P (y - TyCTUHA NOBITPA, Kr/M>, co—
IIBUJIKICTh 3BYKY B IMOBITPi, M/C, p1 — C€peAHIN 3BYKOBUI TUCKY B MPUMIIICHHI 3

JOKEPENIOM 3BYKY, Ila.

Ly = 4;’0260, 2.27)
A, ~ 0,162,
T,

nePo- TyCTUHA MOBITPS, KI/M3, Co — MIBUAKICTh 3BYKY B IMOBITPi, M/C, P2 —
cepelHii 3BYKOBUU THUCKY B IPHUMIIIEHHI 3 JKepenaoMm 3ByKy, Ila, Az -mioma
TIOrIMHAYiB B IPUMIIIEHH] KyIM HOIIMPIOETHCS 3BYK 3 IIEPIIOTO NPMMILIEHHS., M2,
Bennunnau V; ta T2 — 00’em Ta yac peBepOepaiiii, BiIMOBIAHO, 3riAHO GOpMYIH
CeOiHa. [30m1i10 MOBITPSHOIO IIyMYy OrOpPOJKYBaJbHOK KOHCTPYKIIEIO

PO3paxoBYIOTh 3a HACTYIHOIO Gopmylioro (2.28):
R =Ly + L, +10lg () (2.28)
2

VY Ttabn. 2.5-2.8 HaBeAeH1 pe3yabTaTH €KCIEPUMEHTAILHUX BUMIPIOBaHb Ha
00’ekTax. BumiproBanus npooauiiocs nrymomipom Briiel & Kjer ([lanis) monens
1613, cBimontBo mpo moBipky No 22-01/2571/16 uunne no 20 mumas 2023p.
O6’extamu Oynu peayibHI KBApTUPH, B AKUX MPOBOAMINCS OyiBENIbHI poOOTH MO
30UIBIIIEHHIO PIBHS 3BYKO130JI111i MIKKBAaPTUPHUX Meperopoiok. EkxcrnepuMentu
npoBoawincs y nepiof 3 2020-2022 poku Ha pi3HUX 00’ €kTax. OTpUMaHUX TaHUX
3HauyHO Outbmie. J[y11 exkoHOMIT yacy Ta 00’eMy nucepTanii Oynau oOpaHl THUIIOBI
HaWMOIIMpPEHIIl 3HaUeHHS. TakoX 3HaUeHHS MPUBEEH1 10 CEPEIHIX MO0 YaCTOTaxX.
VY Honatky b HaBeieH1 pe3ybTaTH €KCIEPUMEHTIB 3 HATYPHUX 00’ €KTIB 3 pI3HUMHU
KOHCTPYKIIIHHUMHU €JIeMEHTaMH (IIeperopoiKamu).

[Ipu excriepuMEHTAILHUX BUMIPIOBAHHSX 3HAYEHHS IMOBEPXHEBOI Macu
uernu 120 mm Oyna y 200 xr/m2, moBepxHeBa Mmaca ueriu 240 mm Oyna y 400
KI/M2, TIOBEpXHEBAa Maca JBOX IIapiB TIMCOBOJOKHUCTUX IUIUT Ta BaTH, 0e3

3aJIEKHOCTI B1J] TOBIIMHH, Oyna 31 kr/m2.
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Tabnuya 2.5 — uacmomua xapaxmepucmuxa cucmemu 120 mm yeena + 50

mm 6ama + 2 wapu I'KJI 3a ekcnepumenmanbHumMu HamypHUMu OaGHUMU

Yacrora, I'n

63

125

250

500

1000

2000

4000

PiBenb 3ByKoi30as1ii, 1b

22

45

48

54

68

68

84

Tabnuys 2.6 — wacmomua xapaxmepucmuxa cucmemu 240 mm yeena + 50

mm 6ama + 2 wapu I'KJI 3a ekcnepumenmanbHumMu HamypHUMu OaGHUMU

Yacrora, I'n

63

125

250

500

1000

2000

4000

PiBenb 3ByKoi30as1ii, 1b

29

50

52

60

72

70

89

Tabnuys 2.7 — wacmomua xapaxmepucmuxa cucmemu 120 mm yeena + 100

mm 6ama + 2 wapu I'KJI 3a ekcnepumenmanbHumMu HamypHUMU OaGHUMU

Yacrora, I'n

63

125

250

500

1000

2000

4000

PiBenb 3ByKoi30as1il, 1b

33

53

55

57

63

67

91

Tabnuys 2.8 — wacmomua xapaxmepucmuxa cucmemu 240 mm yeena + 100

mm 6ama + 2 wapu I'KJI 3a ekcnepumenmanbHumMu HamypHUMu OaGHUMU

Yacrora, I'n

63

125

250

500

1000

2000

4000

PiBenb 3ByKoi30as1ii, 1b

39

57

58

65

73

75

89

Ha pucynkax 2.2-2.5 300pakeHO MHOpPIBHSHHS YaCTOTHUX XapaKTEPHUCTHUK

OTpUMaHUuX 3a jaornomMorow moaentoBanHs B I13 Insul Ta 3 ekcnepuMeHTaAIBHUMU

TAaHUMH.
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ab

BS

G5

45

35

L] a0 100 1x 10 250 315 400 500 &30 200 1000 1250 1600 2000 2135 3500 3150 4000 O

gl I A S TANEH T LI

Puc. 2.2 TlopiBHSIHHS YaCTOTHUX XapaKTEPUCTUK OTPUMaHUX 3a qoromororo 113 INSUL
Ta EKCIIEPUMEHTAILHO HATYPHUMU JTaHUMH 11 KOHCTpyKLii 3 120 mm nerna + 50 mm Bata + 2

mapu I'KJI

ab

85
75
65
55
a5
35
25

15
63 80 100 125 160 250 315 400 500 &30 800 1000 1250 1600 2000 2125 2500 3150 4000“’"

—Insul ——EKenepHMeHTaNbHI AaHi

Puc. 2.3 — ITopiBHSHHS YaCTOTHUX XapaKTEPUCTHK OTpUMaHHX 3a nornomororo I13 INSUL
Ta eKCIIEPUMEHTATBHO HATYPHUMHU TAHUMU 7151 KOHCTPYKIIii 3 240 mm nerna + 50 mm BaTta + 2

mapu I'KJI
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ab

a5

75

65

55

45

i5

25

15

63

80

100 125 160 250 315 400 500 630 800 1000 1250 1600 2000 2125 2500 3150 4000 ks

—Insul

——EHCNepUMEHTaNBHI AaHI

Puc. 2.4 TlopiBHSIHHS YaCTOTHUX XapaKTePUCTUK OTpUMaHUX 3a gornomororo [13 INSUL

Ta eKCIEPUMEHTAIBHO HATYPHUMU TaHUMU st KOHCTPYKITii 3 120 MM nerna + 100 mm Bara +

ab

a5

75

65

55

45

35

25

15

63

80

2 mwapu I'KJI

100 125 160 250 315 400 500 630 B00 1000 1250 1600 2000 2125 2500 3150 4000 o

—|nsul

= EHCMEPUMEHTANBHI A& HI

Puc. 2.5 IlopiBHSIHHS YaCTOTHUX XapaKTePUCTUK OTpUMaHUX 3a gornomororo [13 INSUL

Ta eKCIEPUMEHTAIHHO HATYPHUMU TaHUMU sl KOHCTPYKITii 3 240 MM nera + 100 mm Bara +

2 mwapu I'KJI

71



AHanizyloun OTpUMaH1 pe3yjbTaTH MOKHA MOMITUTH JEKUJIbKa HIOAHCIB 3a
SAKUMH PE3yJIbTaTH BIAPI3HsIOTHCS. [lo-mepiie, € pi3HULS B «IIJIABHOCT» KPUBOI,
aka B [13 Insul 3ymoBieHa niHiiiHICTIO TOOYnyBaHHS TpadiKy, a camMe Ha HU3bKUX
yacToTax OepeThbCs 40 yBaru Haxui KpuBoi y 6 1b/oKkTaBy, Ha cepeIHbO-HU3bKUX
18 nb/okTaBy, Ha cepenHix 12 nb/okTaBy 1 Ha BUCOKUX 6 1b/0KTaBy 3 ypaxyBaHHIM
koedimienTiB C, K1 HEB1JOMI Ta 3aXHUIleH] aBTOpChKUM MpaBom [13 Insul.

Jlesska TOCTPOKYTHICTh rpadikiB MOOYJOBAaHUX 3a EKCIEPUMEHTAIBHO
HAaTyYpHUMHU JaHUMHU MO>KHA TOSICHUTH METPUYHUMHU MOXUOKAMH, MOB’SI3aHUMHU
TUM, 10 IIYMOMIp — aHAJOTOBHI MPUCTPiil, pe3ysbTaTH SIKOTO 3HIMAIOTHCS HE
nporpamMHo, a HaoyHo. OOpoOka BiIOYyBa€ThCS MPOTPAMHO, YEpe3 IO Hema
IJIaBHOCTI rpadiky.

Jlpyra BiAMIHHICTH TMOJIATA€ y YHCJIOBIMA BIIMIHHOCTI MDK MPOTPaMHUM
MOJICTIOBAaHHSIM 3HA4Y€Hb Ta PE3yjbTaTaMH HATYpHUX BUMIPIOBaHb. SIK MOXKHa
nobayntu 3 Tabmuupe 1-8 B cepeaHbOMY Ha OAMH THN KOHCTPYKIII MOXMOKa
cranoBuTh 3-5 nb. lle BIZHOCHO HeBeaWKa NOXHMOKa, TaK sK IpOrpamMHe
MOJICTIOBaHHSI HE BPAXOBYE SIKICTh Ta KIJIBKICTh BIOpOAeMM(YIOUMX KPIIJIEHB:
edexT O01YHOTO (KOHCTPYKIIIMHOIO) MPOXO/KEHHS 3BYKY, 00’€M MHpPUMIIIECHHS,
(hOH]I TOTTIMHAHHS.

Jns  mpuOiu3HOi OIIHKM Ta mepeadadyeHHs PIBHIB  3BYKOI30JSIIIL
KOMIT FOTEPHUN METOJI € MPUUHATHHUM, alie HE IOCKOHAIMM. BpaxoByBartu 1ie npu
MPOEKTYBaHHI MOXJIMBO, ajie He nMpodeciiiHo, yepe3 HETOUH] JAaHi.

JlopeuHo Oyae cka3zaTu Npo MOXJIMBY HEOOXIHICTh PO3PAaXyHKY YaCTOTHUX
XapaKTEePUCTHUK 3T1AHO Aep>KaBHUX OyiBebHUX HOpM Ykpainu. Ha xkanb, cyuacHi
HOPMHU HE PErylIolTh pO3paxyHOK OaraTomapoBUX KOHCTpyKii. B  ix
pEKOMEHAAIIAX HAJaHO JIMIIE MOPSAOK PO3PAXYHKY JUIsl OJHOPITHUX, TOHKUX
JUCTOBUX Ta JBOIIAPOBUX KOHCTPYKUIA. Beil 1 Meronum He BpaxoOBYIOThH
3alIOBHEHHSI KOHCTPYKIIi TMOMIMHAIOUYMM  MaTeplaloM, Ta KOHCTPYKTHBHI

0COOJIMBOCTI TAKUX OTOPOJIKYBAIbHUX MPUMIIICHb.
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2.3 BUCHOBKH 10 po3ainy 2

1. 3aragoM, OCHOBHOIO MpPOOJIEMOIO BHIIE 3a3HAYCHHX METOMdIB € Te, IO
dbopmyia, XoU 1 € NOTY>KHUM IHCTPYMEHTOM, BCE K TaKW HE 3aBXK]U HAJa€ TOYHI
pe3ynbTat B ycix cutTyauisx. 3 iHmoro 0oky, INSUL, ne3anepeuHo, npornonye
e(heKTUBHUY Ta 3pyUHHM MIAX1] JUIs pO3B'sI3aHHS 33124 pO3PaXyHKY 3BYKO130JIs1111,
ajie, BITHOCHO HATYpHHUX JJaHUX OOMJBA METOIU HE € PEIICBAHTHUMU.

2. Y Bupazax orpumanux Kpamepom ta ChroemioM AJist OIIHKU €PEeKTUBHOCTI
3BYKOI3OJIAIIINHUX XapaKTepPUCTUK OJIHOPIJHUX KOHCTPYKIIA HE BpaxoBaHi
0COOOBOCTI OJHOPIAHUX TOBCTUX 1 BaXKUX KOHCTpyKuik. lle BrumBae Ha
3HM)KEHHSI €(DEKTUBHOCTI KOHCTpYKLil Ha 6 nb/okrtaBy 3amicte 12 nb/okTaBy y
Jliara3oHi BUCOKUX YacTOT.

Ha mpakTuiii yacto BUSBISETHCA, 1O HaBelEeHI (OpMYJHM Ta METOIU HE
3aBXM MOBHICTIO BIJMOBIJIal0Th NOTpeOaM MPOEKTAHTIB Ta 1HXeHepiB. Lle moxe
OyTH 3yMOBJIEHO KiTbKOMa npuunHaMu. [lo-nepine, 6arato icHyrounx Gopmys Ta
METOJUK MOXYTh OyTH BKpaill CKJIaQJHUMU Ta HE 3aBXKIU 3PO3YMUIMMHU JJIs
MPAKTUYHOTO BUKOPHUCTaHHA. BOHU MOXYyTh I'pYHTYBaTHCS Ha CIPOIIEHUX abo
HEpEATICTUYHUX MNPUITYHIEHHSIX, I[0 00OMEXY€E IXHIO 3aCTOCOBHICTh y pealbHUX
ymoBax. [lo-apyre, mBUAKI TEMIH PO3BUTKY TEXHOJOrIA Ta HOBI BUMOTH [0
KOHCTPYKUINA MPU3BOJATH IO TOTO, IO ICHYIOYl METOJAMKM MOXYTh BTpadyaTH
aKTyaJlbHICTh Ta CTAaBaTH MEHII €()eKTUBHUMU. [IpOEKTYyBaTbHUKHU Ta 1HXKEHEPU
MOCTIHHO IIYKAIOTh OUIbIl €(EeKTHBHI, MPOCTI Ta IHHOBALIMHI MIIAXOAW MJIS
BUPIIICHHS 3aBAaHb 3BYKO130JIA1111.

3. Heska pi3HicTh rpadikiB, moOyJOBaHUX HAa OCHOBI €KCIEPUMEHTAIbHUX
JAHUX, MOXE TMOSCHIOBATUCS METPUYHUMU MOXUOKAMU, MOB'SI3aHUMH 3 TUM, IO
IIyMOMIp - aHAJIOTOBUM MpUIajd, pe3yJbTaTh SKOTro (PiKCYIOThCS Bi3yalbHO, a HE
nporpamuo. O6po0ka MPoOBOIUTHCS MPOTPAMHO, 0 MOXKE BIUTMHYTH HA TIaAKICTh
rpadiky.

4. Ille opmHi€0 TMOMITHOK BIJMIHHICTIO € 4YHCIOBa PO3OLKHICTE MIXK

MporpaMHUM MOACIIIOBAHHAM 3HAYUCHb Ta PE3yJibTaTaMH pCaJIbHUX BI/IMipIOBaHI).
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3rigHo 3 TabnuisMu 1-8, B cepelHbOMY, AJIsi OHOTO TUIY KOHCTPYKIIT MOoXuOKa
ctanoBuTh 3-5 nb. lle BiAHOCHO HEBeNHMKa IMOXHWOKA, OCKUIBKH MPOrpaMHE
MOJICTIOBaHHSI HE BPaXOBYE SIKICTh Ta KUIBKICTh BiIOpOAeMIIPYyrOUUX KPIIJICHb, a
TakoX eQeKkTH OIYHOro (KOHCTPYKILIMHOTO) NPOXOIKEHHS 3BYKY, 00'eM
MpUMIILIEHHS Ta (POHOBE MOTIHOJICHHS.

Jlns mpuOnv3HOI OLIHKKA Ta MPOTHO3YBAaHHS PIBHIB 3BYKOI30JI1II MOXHa
BUKOPUCTOBYBAaTU KOMI'IOTEPHI METOJM, MPOTE BOHU HE € 1JCaIbHUMU Yepe3
HECXOXKICTh JaHUX. BpaxyBaHHS LMX JaHUX Yy MPOEKTYBaHHI MOXIIMBE, aje
BUMAarae 0Co0JIMBOI yBaru 4epe3 ix HEeBUPA3HICTbh.

5. Cnig BiA3HAYUTH MOXJIMBY TMOTpeOy Yy PO3PaxyHKy YacTOTHHUX
XapaKTepUCTUK y BIJAMOBIAHOCTI JO JI€pXKaBHUX OyJIBEJIbHUX HOPM Y KpaiHH.
CyuacHi HOpPMH, Ha 3Kallb, HE OXOIUIIOIOTh PO3PAXYHOK OaraToIiapoBHX
KOHCTPYKIIIH. VY IX peKoMeHAAIlAX HAJA€ThCS JUIIE 3arajJbHUM MAXiA 10
PO3paxyHKy JJisl OTHOIIAPOBUX TOHKUX JIMCTOBUX a00 JIBOIIAPOBUX KOHCTPYKIIIH.
Yei 1wl MeTroau HE BpaxOBYHOTh 3allOBHEHHSI KOHCTPYKI MOTVIMHAIOYUM

MaTepiaaoM.
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3 EKCHEPUMEHTAJIBHI JOCJIIJKEHHSA

3.1 Metoanka npoBeJeHHS eKCIIEPUMEHTAJbHUX J0C/IiIKEeHb
3.1.1 Bumoru g0 BUMipoOBaJIbLHUX NPUMIlllEHb

[Ipu BUMIpIOBaHHI 3BYKOI30JIS111 €eKCIEPUMEHTH MAXKyTh MPOBOJAUTHCS SIK Y
1a0OpaTOpHUX, TaK 1 y HATYpHUX YMOB. [lJi KOXXHOTO 3 THUIIB BUMIPIOBaHb
ICHYIOTh BUMOTH.

ko posrasnatu JadopaTOpHI YMOBU BHUMIPIOBAHb, TO MPUMILIECHHS
MOBUHHI CKJAJaTHCS 3 JIBOX CYMDKHHUX INPUMIIIEHb 3 3arajbHOI0 CTIHOKO a0o
M1JJI0r010, B 3aJIEKHOCTI B1Jl TOTO, IKMI TUII LIYMY € TOCJII)KyBaHUM (TIOBITPSHHIMA
— TeperopoAkor0 abo ymapHHM — MEepeKpUTTsM). 3a CBOIMU aKyCTUUHHMU
BJIACTUBOCTSIMU OOHJ[Ba MPUMIIICHHSI MMOBUHHI OyTH peBepOepauiitHuMu, TOOTO
MaTh BHCOKUU piBEHb peBepOepallli. 3arajbHa CTIHa MOBMHHA MATH MPOPI3 AJIA
BCTAHOBJICHHS 3pa3KiB IO JOCTIKYIOThCS (1IBEpi, BiKHA, MEPETOPOJKH, TOIIO).
O0’emMu TpuUMIIIEHb TOBUHHI OyTH He MeHmUMU 3a 50 M3, npu npoMy 00’eMu
KaMmep MOBHUHHI BIApi3HATHCA HE MeHIe HiX Ha 10% no 06’emy. KoHCTpyKTHBHI
OTOPOJI)KYBAJIbHI €JIeMEHTH (CTIHU, MIJJIOTA, CTENsA) MOBUHHI MAaTU MOBEPXHEBY
ryctuny He meHiy 3a 500 kr/mM2. 3rigno 3 ACTY b B.2.6-86:2009 3BykoBe nosne
y OpUMIIIEHHSIX TOBUHHO OyTH Andy3HuM. ToOTO 3ByKOBa €HEprisi B MPUMIIICHH1
KaMepu NOBMHHA OyTM MaKCHUMAaJIbHO PIBHOMIPHO po3mnojiieHa. MiHiManbHy
He0oOX1AH1 AU(PY3HICTh MOJIS MU MOKEMO OTPUMATH MPU YMOBI IO PI3HULA MiX
PIBHSIMU 3BYKOBOT'O TUCKY, BUMIPSIHUMH Yy BCiX O0OpaHUX TOYKAX MPUMIIICHHS, HE
nepeBuiyBaia 5 n1b Ha yactorax a0 200 ' 1 3 1b Ha OBl BUCOKMX YacTOTax
HOPMOBAHOI'0 YaCTOTHOTO Jiana3oHy. Yac peBepoOepailii y npuMilieHHI HU3bKOTO
pIBHSI MOBUMHEH OYTH HE MEHIIEe HI) OJIHa CEKYHJy Yy BCiX cMyrax 4actoT. Yac

peBepOepallii Ha HU3bKUX YacTOTaX MOBUHEH 3HAXOJUTUCS Y HACTYITHUX MEXaxX:

1<T, <27 (3.1)
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e V — 00’eM npuMillleHHS] HU3bKOTO PIBHSI.

Sk Oyro 3a3Ha4YeHO BUILE: 3arajibHa CTiHA MOXKe MaTu npopi3. [lioma nuporo
Mpopi3y TaKOXK Ma€ MiHIMaJIbHI 3HaYeHHA. [[1s1 cTiH, neperopook — He MeHie 10
M?, 1is nepekpurTi Big 10 M2 1o 20 M2, MiHiMaabHa JOBKUHU OfHI€T i3 CTOpiH
Mpopi3y NoBUHHA OyTH 2,3M. 3BYKO130JIS11isl CTIH KaMep MOBUHHA OyTH HE MEHIIIE
HDK Ha 6 Ab OLIBII0I0 3a 3BYKO130JIs111i BUTTPOOYBAHOTO 3pa3ka (KOHCTPYKIIII).

JInsi HaTypHUX BHUMIpPIOBaHb BHUMOTH Jemio iHIHN. Takox sk 1 17
7a00paTOPHUX BHUMIPIOBAaHb, NMPHUMIIIEHHS MOBHHHI OYyTH CYMDKHHMMH Ta MaTH
3arajbHy CTIHKY (II0 BUMIPIOBaHHS MOBITPSHOIO IIyMy) a00 3arajibHy MiJijIory-
cTento (Ui BUMIPIOBaHHS yaapHoro mymy). O0’eMu mpuUMIIIEHb BUCOKOTO Ta
HH3BKOTO PiBHIB IIOBUHHI OyTH HE MeHIIE 33 25M°, a JTiHiliHI pO3MipH HE MEHIIUMU
3a 2,3m. Skiio Ha 00’€KTH 00’ €MU MPUMILIEHD Pi3HI, TO OUIbIIE 3 HUX MOTPIOHO
BUKOPUCTOBYBAaTH SIK MPUMIIIEHHSI BUCOKoro piBHA. [lmoma BumpoOyBaHOi
KOHCTPYKIIi TOBUHHA OYTH He MEHIIOK0 3a 10M,

ExcnepumenTtanbhi nociimkenHs nposoawiucs 3rigHo g0 JCTY b B.2.6-
86:2009. 3a 1mi€l0 METOAMKOI NPUMIIIECHHS JJisi BUMIPIOBAHHS 130JIALI11
MNOBITPSHOTO  IIYMY  BHYTPIIIHIMH  OTOPOJUKYBaJIbHUMH  KOHCTPYKLISAMH
CKJIaJlaucid 3 JBOX CYMDKHMX II0 TOPU30HTall NPUMIIMIEHb MDK SKUMU
3HAXOAMUTHCS JOCHIKyBaHa KOHCTpyKUis. [IpumimenHs 3 OutbluuM 00’eMoM
BUKOPUCTOBYBajach SK TMPUMIIIEHHS BUCOKOro piBHA. [lns  3aco0iB
BUMIPIOBAJILHOT  TE€XHIKM OyJau  JOTpUMaHi  BHUMOTH  OMNHCaHI  Jaii.
BukopucroByBaBcsi reHepatop mymy 3 aianazonoM Big 20 I'm mo 15000 I'm,
MIJICUITI0OBaY MOTYKHOCT1 00panuii 3rimHo 3 'OCT 24388, rydHOMOBIII 3 poO0oUUM
niamazonom 50 'ty ;o 10000 I'1 3 HEpIBHOMIPHICTIO YaCTOTHOI XapaKTEPUCTUKH HE
oinbme 15 ab. BumiptoBanbHuit mikpodoH 1 kiacy TOYHOCTI 3 HOMIHAJIbHUM
niamazoHoM Big 30 I'm mo 18000 I'm 3rigro 3 TTOCT 6495. Best BuMmiproBanbHa

TEXHIKa Majia YaHH1 CBIJOIITBA MPO JIEPKABHY MOBIPKY.
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Mix JpKepenoM IIyMy Ta OTOpOJKYBaJIbHOK KOHCTPYKIIEI BIACTaHb
noTpumyBanacsi He Oiunbiie 1M, ane He menme 0,5 M, B 3aJI€KHOCTI B yMOB Ha
00’ €KTI.

BumiproBaHHsI TPOBOAMIKCS Y IIECTH TOYKAX PIBHOMIPHO PO3MOIIEHUX 10
BCbOMY 00’€My NpUMIIIEHHA. BiacTanp BiJ OropoKyBaJIbHUX KOHCTPYKIIHM 10
MikpodoHy mniarpumyBanack 0,5 m. Touku po3TanryBaHHS MIKpPO(OHIB (TOUYKH
BUMIPIOBaHH) M3k c00010 Oynu Ha BifcTani 0,7 m.

3rinno 3 1.6.1.8 JICTY b B.2.6-86:2009 BuMiproBaHHsI NPOBOISATHCS Y
TPETUHHOOKTABHUX cMyrax y aianaszoni yactot 100, 125, 160, 200, 250, 315, 400,
500, 630, 800, 1000, 1250, 1600, 2000, 2500, 3150 I'u.

[301411i10 TOBITPSHOTO WIYMY OpPOIOJKYBaJIbHOIO KOHCTpyKIHiero R, nb,
BU3HAYAIOTh y KOXKHINA CMYy31 4acTOT 3a (hOpMYJIOI0:

R =L, —L,+10lg (zi), (3.2)

ne L1 - cepaHiil piBeHb 3ByKOBOI'O THUCKY B IPUMIIIEHH] BUCOKOTO PiBHSA, Ab;
L>— cepenniii piBeHb 3ByKOBOT'O THCKY B MPUMIIIIEHHI HU3BKOTO piBHSA, 1b;
S — oA NoBepXHi BUIPOOYBaHOI KOHCTPYKIIii, M2;
A~ eKBiBaJIEHTHA IIIONIA 3BYKONOIIMHAHHS B IPUMIIIEHH], M2
CraHIapTU30BaHy pI3HUIIO PIBHIB 3BYKOBOTO PIiBHI 3BYKOBOI'O THCKY

BHU3HAYAIOTh y KOKHIM CMY31 4acTOT 3a (OPMYJIOL0:
D, = L, — L, + 10log (;—z), (3.3)

ne L1 - cepaHiil piBeHb 3ByKOBOI'O THUCKY B IPUMIIIEHH] BUCOKOTO PiBHS, Ab;
L>— cepenniii piBeHb 3ByKOBOT'O THCKY B MPUMIIIIEHHI HU3BKOTO piBHSA, 1b;
T, — yac peBepOepallii B mpUMIIIEHHI HU3bKOTO PiBHS, CEK;
To— BemMuMHA CTAaHAAPTHOIO Yacy peBepoOepairii 1 1opiBHIOE 0,5 cek.
[IpuBeneHy pi3HULIIO PiBHIB 3BYKOBOT'O TUCKY BU3HAYAIOTh Y KOXKHIN cMYy3i

4acToT 3a (hopMyio10:

Dy = Ly — Ly + 10log (5%, (3.4)
2
ne L1 - cepenHiii piBeHb 3ByKOBOI'O THCKY B IPUMIIIEHHI BUCOKOTO piBHS, Ab;
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L>— cepenniii piBeHb 3ByKOBOI'O THCKY B MPUMIIIIEHH] HU3BKOTO piBHSA, 1b;
A, — exBiBaJIeHTHA MIOIIA 3BYKONOIIMHAHHS B IIPUMIIIEHHI, M%;
Ao — BeJIMYMHA CTAaHAAPTHOI EKBIBAJIEHTHOI IUION[I 3BYKOMNOTJIMHAHHS 1

nopiBHIOE 10M?,

3.1.2 ExcnepuMeHTAJIbHI J0CHiIKeHHs. 3arajibHi qaHi

JlocnipkeHHsT TPOBOINUIIOCS BIAMOBIHO 0 MPOTOKOYy BunipoOyBanb JCTY
b B.2.6-86:2009 nns BunpoOyBaHHs mepenaydl 3BYKY B IOBITPlI CTIHOBHUMH
KOHCTpYyKUissMH. OO’exT BiamoBigae BciM Bumoram JICTY b B.2.6-86:2009.
HetanpHimy iHGOpMaIlil0 JUBUCH TOMNEpeAHid po3nul. BumnpoOyBaHHS
npoBoawincs y BumiproBanbHoMy komiuekci JII HJIBK. 3pa3ku marepianis
OyJii po3MilleHl Yy BUNPOOYBalbHIA pami 3 OTBOPOM [jIsi BUIpPOOyBaHb 2,5 M
3aBIIMPIIKYA Ta 1,5 M 3aBBUIIKK MK JBOMa PO3AIJIEHUMU KIMHATaMu 3 00’ €MOM
187 m* ta 140 M° (103HAYACTHCS «BEJIMKA KAMEPA» Ta «MaJla KAMEPa» BiIIMOBiIHO).
Ha pucynky 3.1 cxemaTtuuHo 300pakeHo J1a00paTOpHi KaMepH Ik BUMIPIOBAHHS
3BYKOI130JIS111T KOHCTPYKILiil. O0’ekT 001agHaHUI aBTOMaTU30BaHOIO 3BYKOBOIO Ta
BUMIPIOBAJILHOIO CHUCTEMOIO g 300py Ta mocToOpoOKkuM maHuX. BTpatu npu
nepeaadi 3ByKy BUMIPIOBAIUCS B 000X HaMpsMKax, BiJ BETUKOI KaMepH A0 Maioi
KaMepu Ta HaBOAKWh, 1 pe3yibTaTH, OyiaM ycepeaHeHl, o0 3MEHIIUTH

HEBU3HAYEHICTh BUMIPIOBaHb YEPE3 MOMKIUBI MOMIJIKU KaJliOpyBaHHS.
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Puc. 3.1 KonuenTyanbHe KpeciaeHHs CTIHOBOTo 00’ €KTa nepesayi 3ByKy B

nabopatopHOMY Kopmyci. 3pa30K OyB BCTAHOBJICHUN MiXk IBOMA CYMDKHUMHU 110 TOPH3OHTA1

3BYKOMIpPHUMH KaMEpaMH.

AMIUTITYJTHO YaCTOTHI 3aJIEKHOCT1 3BYKO130J1s1l1i OyJM BUMIPSHI JJIsl BCiX
qacToT y 1/3-0KTaBHUX cMyrax y po3IIMpEeHOMY Jiana3oHi 4actoT Bix 31,5 I'o no
10 kI, x0o4a 17151 po3paxyHKy 3BYyKO130J511i BAKOPUCTOBYIOETHCSI CEKTP YaCTOT
200-3150 I'm.

3BUYAHOI NPAKTUKOI B  JKUTIOBUX OyJUMHKAX €  JOJaBaHHS
037100JIF0BaJIbHUX TEOBEPXOHB /10 OCHOBHUX KOHCTPYKIIMHUX €JIEMEHTIB (KIaJKu
a0o OeroHHUX cTiH). Hampukiana, moBepxHi CTiH 1 CTedl 3 TINCOKApTOHY, SIKI
MPUXOBYIOTH I'0Jil OETOHHI OBEPXHI1, Oy/I1BEJIbHI KOMYHIKALii (€JIEKTpOIPOBOJIKa,
BOJIONPOBIAHI TpyOM 1 BEHTWIALIWHI KaHanu). [incokapTroHe o03400J€HHS
3a3BM4Yail  BKJIIOYA€ TINCOKApTOHI  MaHei, MeTaJeBHil  Kapkac, sSKHi
BUKOPUCTOBYETHCS IS 1X MIATPUMKHU, 1 YacTO 3BYKONOIJIMHAJIBHHMIM Matepiad,
SKAWA 3aMOBHIOE TOBITPSHUI TPOCTIP MIK TIINCOKAPTOHOM 1 TOBEPXHEIO

KOHCTpYKTUBHOTO enemeHTy. Ili enementn omucani B ISO 15712-1 sk
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«OOJUIIOBAaHHS» a00 «BKIIAUIND», «Iapu» abo «HOKPUTTS». Y I[bOMY 3BITI
BUKOPHUCTOBYETHCS MEPIIUNA TEPMIH — «OOTULIFOBAHHS.

[Ilo6 oxapakTepuzyBaTH 3MiHYy BTpaT 0pU Tnepedadi 3BYKY (piBEHb
3BYKOI130JI41111) BHACIIOK JOAaBaHHS 3BYKOI30JALINHOTO OOJUIIOBAHHS [0
ICHYIOUOi CTIHU/TIEPETOPOIKU (HAPUKJIIA] CTIHU 3 OETOHHUX OJIOKIB), BBOAUTHCS
€IMHUN PEUTUHTOBUI MOKA3HUK, AKUM Ha3uBaeThCcsi ARy (ASTC). [Toka3zuuk ARy
€ noctiitHuM y cranaaprax [SO 140-16 ta ISO 15712-1 IIpouenypa, BUKOpucTaHa
B IIbOMY 3BITi, Bignosigae npoiueaypi [ISO 140-16 [25] 3 pozpaxynkom ASTC.

CTaHAapHI OUiHOYHI YacTOTHI XapaKTepUCTUKM i30NALIT NOBETPAHOrO

wymy
60

55

50

45

RN, a6

40
35
30

25
100 125 160 200 250 315 400 500 630 800 1000 1250 1600 2000 2500 3150
YactoTa, 'Y,

Pucynok 3.2 CraniapTHi OLIHOYHI YaCTOTHI XapaKTEPUCTHKH 130111 MOBITPsHOTO MIyMy RN

Brpatu mnpu mnepenaui 3BYKy (IHZEKC 130JS1ii MOBITPSHOTO IIYyMY)
BuMIprot0Thes 3rigHo 3 JICTY b B.2.6-85:2009 sk s meBHO1 0a30BOi CTIHH
(HampukIaa, CTIHM 3 OCTOHHHUX OJOKIB), Tak 1 JjIs1 0a30BOi CTIHM 3 JOJaHUM
OOJIMIIFOBAHHS 3 OIHOTO Ta/ab0 3 000X KOHCTPYKIIiH. JlaHi mpo BTpaTu nepeaayi (B

1/3-0kTaBHHX Alana3oHax) 0OpOOJIAIOTHCSA HACTYITHUM YHHOM:
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[Haekc 1301 TOBITPsSAHOTO MIyMy R'W Oropo/KyBajibHOI KOHCTPYKIII 3
B17J0MOIO0 (BUMIPSHOIO 200 PO3pax0BaHOI0) YACTOTHOIO XapaKTEPHUCTUKOIO 130111
MOBITPSHOTO 1IyMy R' BH3HA4Ya€ThCAd NUISIXOM TMOPIBHSHHS Ii€i YacCTOTHOL
XapaKTepUCTUKU 31 CTAHAAPTHOIO OLIHOYHOK YAaCTOTHOIO XapaKTEPUCTUKOIO
1307111111 oBITpsiHOTO 1IyMy RN. [17] (Tabm. 3.1).

BenuunHu  cTaHAapTHOI  OIIHOYHOI  YacCTOTHOI ~ XapaKTEPUCTUKU B
TPETUHHOOKTABHUX CMYyTaX 4acTOT y HopMoBaHoMYy niana3oHi Big 100 ' mo 3150
I'n (16 TpETUHHOOKTABHUX CMYT) 1 BEIMYMHU CTAHIAPTHOI OI[IHOYHOT YaCTOTHOL
XapaKTEPUCTUKHU B OKTABHUX CMYTraxX 4acTOT Yy HOpPMOBaHOMY Jiana3oHi Bix 125 I'a

10 2000 I'y (5 okTaBHUX cMyT) HaBelleH1 B Tabnuill 13 1 Ha pucyHky 3.2.

81



Tabnuysa 3.1 — Yucnosi eeruuunu cmaHOapmuux OYiHOUHUX YACMOMHUX

Xapakmepucmux i30J4Yii NOGIMPAHO20 UWLYMY

YucnoBl BETUYUHU CTAHIAPTHUX OIIHOYHUX
CepeqaboreoMeTpuIH1 ) .
YaCTOTHUX XAPAKTEPUCTHUK 1301111 MOBITPSHOTO
YacTOTHU
myMmy RN, a1b
TPETUHHOOKTaBHUX
B TPETUHHOOKTaBHUX B OKTaBHUX CMYyTax
(okTaBHUX) cMyT, 11
CMyrax 4actoT 4acToT
100 33
125 36 36
160 39
200 42
250 45 45
315 48
400 51
500 52 52
630 53
800 54
1000 55 55
1250 56
1600 56
2000 56 56
2500 56
3150 56
IpumiTka. YactoTu, HaBeIeHI B Jy>KKax, BIJIMOBIIAIOTh
CepeaHLOT€OMETPUYHUM YaCTOTAM OKTaBHUX CMYT

[Hnekc 13omsuii noBiTpstHOrO myMmy R'yy BU3HA4aeThCsl MUIIXOM HAaHECEHHS
(HaknmamanHs) Ha rpadik 3 OIIHOYHOIO XapaKTEPUCTUKOK 3BYKOI30JIli Ry
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rpadgika YacCTOTHOI XapaKTePUCTUKU 130JIALl MOBITPSHOTO IIYMYy I[E€IO
KOHCTpyKuicro R' 3 MOJaNbIIUM BH3HAYCHHSM CEPEIHBOTO HECHPUATIUBOTO
BIIXUJICHHS YaCTOTHOI XapaKTePUCTUKU BIAHOTO OI[IHOYHOI.

BBaxarThcsa HeOakaHUMH PO301KHOCTI Mk XapakTepuctukamu Ry 1 R' BHU3
BiJl OI[IHEHOI XapaKTepUCTUKH Ha OKpeMmMux JiamazoHax uyactor. CepenHiii
HeOaxaHU BIIXWJI CTAaHOBUTH 1/16 Bim cyMH BCiX HeOaXaHUX BIAXWIIB JJIS
pPO3paxyHKIB y TPETMHHOOKTABHUX Jiama3oHax 4acToT 1 1/5 Bix cymMu BCix
HeOakaHUX BIAXWIIIB JJI1 PO3PaxXyHKIB B OKTaBHUX Jiara3oHax 4yacTor.

Skmio cepelHs BeNWYMHA HEOAXAHOTO BIAXWICHHS MaKCHUMaJbHO
HaOmxkaeTbesa 10 2 1b abo gopiBHIOE 2 1b, poTe HE NEPEBUIILYE L0 BEIUYUHY,
toml BenuunHa 1HAekcy R'W Oyne 52 nb (uucnoBa BenwunHa OpAMHATH
CTaHJApPTHOI OLIIHEHO1 XapaKTEPUCTUKHU Ha cepeaHboreomMeTpuyHiii yactori 500
I'm).

Skiio cepenaHs BenuyuMHa HE0a)XaHOTrO BIAXWIICHHS mepeBulrye 2 ab, To
OIl[IHEHA XapaKTepUCTHKA MOBUHHA OyTH 3MillleHa BHU3 Ha ILJIe YUCIIO JIEHOel,
mo0 cepeaHs BeIWYMHA HEeO0a)KaHOTO BIAXWICHHS BiJ 3MIMIEHOT OIlIHEHOT
XapaKkTepUCTUKU 3HOBY He TmepeBuilyBasia 2 nb, ame nHabmwkanacs 10 i€l
BEJIMYMHH.

B Takomy Bunajgky 3a BenuuuHy 1HJEKCy R'w OepeTbcsi 4ncioBa BeIWYMHA
OpJIMHATH 3MIIIIEHOI BHU3 CTAHJAAPTHOI OIIHEHOT XapaKTEPUCTUKH.

Akmo cepenaHs BeaMYMHA HEOAXaHOTO BIAXWICHHS MeHIe 2 1b abo Hemae
HeOa)KaHUX BIJXWICHbB, TO OI[IHEHA XapaKTEPUCTHKA TOBUHHA Oy TH 3MIIIIEHA BITOPY
Ha Iijie 9uciao Aenuben, mob cepelHs BelIHMYrHa HeOa)KaHOTO BIIXUIICHHS Bif
3MIIIEHOT OI[IHEHOI XapaKTEPUCTUKN MaKCUMallbHO HaOnmxkamnacs 10 2 b, ane He
MepEBUIIYBaJIA 1[I0 BEJIUUKHY.

VY 1npomy BUNAAKY 3a BEIUUYUHY 1HAEKCY R'w OepeTbcsi unciioBa BeIWYMHA
OpJIMHATH 3MIIIEHOI Bropy CTAHAAPTHOI OLIHEHOI XapaKTEPUCTUKU Ha

cepenuporeomeTpuuHii yactoti 500 I'1I.
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3.2 EKciepuMeHTAJIbHI JOCHII)KeHHsI MAaCHBHHMX OrOpPOJKYBaJbHUX
KOHCTPYKILiH
[eit po3ain npucBsiYEHUN pe3ybTaTaM €KCIIEPUMEHTIB 010 3BYKO130s1I11
MEeperopo0K 3 OETOHHUX OJI0KIB O€3 T0/IaTKOBOTO OOIHMITIOBAHHS.
[Ipu nocnimxkeHHs X BUIPOOOBYBATUCS CTIHU 3 JBOX THUIIB OETOHHUX OJIOKIB:
1. beronni 6;10ku TOBIKHOKO 190 MM. 3 MOBEPXHEBOK MOHTAXKHOI MAaCO0
238 kr/m>.
2. beronHi 6;10ku TOBIIMHOIO 140 MM. 3 TOBEPXHEBOIO MOHTAKHOIO MacCOIO
134 xr/™m>.
BumiproBaHHsI IpOBOAMINCS 3 JBOX TECTIB HAa OJHAKOBUX 3pa3Kax KOHCTPYKIIIL

(Tabn. 3.2)
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Tabnuys 3.2 — Pisens 38yK0i30aayii KOHCMPYKYIi K OemOHHUX OJIOKI8 MOBUJUHOIO

190 mm, ma nosepxuesoio macorw 238 xe/m’

CepenHbOT€OMETPUYHI
beronni 650ku 190 mm
aeToTt [ToBepxHeBa Maca 238 kr/m?
TPETUHHOOKTABHUX . . .
(oxrasix) emyr, ' PiBens 3Byko1305m1111, 1b

50 33

63 32

80 33

100 37

125 38

160 35

200 31

250 35

315 39

400 42

500 44

630 47

800 48

1000 51

1250 53

1600 56

2000 59

2500 58
3150 58

4000 60

5000 61

R'w 48
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Puc. 3.3. PiBeHb 3ByK0i30J511iT KOHCTPYKIiT K OeTOHHUX OJI0KIB TOBIIKMHOIO 190 MM, Ta

IIOBEPXHEBOK Macoro 238 Kkr/m>

JIB1 cTIHKHM MarOTh MMO/10H1 3HaYeHHS R'W, aje KpuBi BTpaT nepeaadi moMITHO
BiIp13HAIOTHCS HA yacToTax Bia 100 10 400 [', ne Ha pe3ynbTaTu sl TAKUX CTIHOK
HalOUIbIIIe BIUTMBAIOTH KpalioBi yMoBU. KoxkeH pe3yNbTar € JIHCHUM pe3yJIbTaTOM
JUIsl yMOB BUMPOOYBAJIBLHOIO 3pa3ka, aje HeMae MiJICTaB CTBEPIXKYBATH, 1110 Oy/1b-
KU 13 HUX € OUIBII peNpe3eHTATUBHUM (TUIIOBUM) JIJIsl OUIKYBaHO1 €(DEeKTUBHOCTI,
KOJIM CTiHA BCTAHOBJIEHA B OY/1BII.

st criH, nmoOyaoBaHUX 13 OJIOKIB KJIAAKH 3 JIETKUX OETOHHUX OJOKIB,
TOBIIMHOIO 140 MM Ta MOBEPXHEBOIO Macor0 134 Kr/M? Ta YIiIbHEHHS IIOBEPXOHb
(hap06o10 MpU3BENO 10 MOMITHOI 3MIHU pe3yJbTaTiB R'w, sik 3a3HaueHo y Taou. 15.
VY upomy Bumajaky Oyjao HmpoBeAEHO TpH (MO CYTi IAEHTUYHUX) BUMPOOYBAHHS
3pa3ka cTind. CepeHe 3HAYEHHS TPhOX Pe3yabTaTiB R'w miisl) moka3aHo y Tad.
3.3 st MOPIBHSIHHS 3 IOCUTh PI3HUMU pe3yibTatamu npu papOyBanHi papOoro 3

o1HOro abo 000X OOKIB CTIHH.
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Tabnuys 3.3 Pigenwv 36yK0i3018Yii KOHCMPYKYIi K 6emoHHUX O10Ki8 MOBWUHOIO

140 ymm, ma nosepxuesoio macor 134 xe/m’

CepenHbOreOMeTpUYHI Beronni 6moxu 140 mm
4ACTOTH [ToBepxuera Maca 134 kr/m?
TPETHHHOOKTABHIX PiBensb 3ByKOi305A11, 1B
(okTaBHUX) cMyT, [T
He IIO@ap6O%iHHﬁ [odapboBanmii
nodapboBanmii > o 3 JIBOX CTOpiH
CTOpPOHH
50 24 27 27
63 22 26 26
80 18 24 25
100 19 23 26
125 22 26 28
160 21 27 30
200 23 28 29
250 24 29 29
315 27 29 29
400 29 32 35
500 31 35 38
630 33 38 39
800 37 40 42
1000 38 42 42
1250 39 44 47
1600 40 45 49
2000 36 42 46
2500 37 43 47
3150 41 49 50
4000 43 52 55
5000 45 53 56
R'w 35 39 41
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Puc. 3.4 PiBeHb 3ByKO0i30JI111T KOHCTPYKLii K 0€TOHHUX 0JIOKiB TOBIIMHOIO 140 MM, Ta
HOBEPXHEBOIO Macoro 134 kr/m? (cuns ninis — He nodapOoBaHo; YepBoHa — 1o(apOOBaHO 3

OJIHI€T CTOPOHU; KOBTA — 1OGapOOBAHO 3 IBOX CTOPIH).

®apOyBaHHs AJIsI TepMETHU3AIllT OJTHIET CTOPOHU 30UTBIINIIO 3HAaUEHHS Ry, 3 35
nb 1o 39 nb. Menuni 3MiHM BHacaiAok gapOyBaHHS 3 ABOX CTOPIH IMiJABUIIUIN
3HaueHHs1 R'w me Ounbmie g0 41 ab. [lns 1i€i mopoXKHUCTOI CTIHU 3 JIETKOTO
OeTOHHOrO OJIOKY OyJo 3pOo0JI€HO BHUCHOBOK, IO 3HAYHI BUTOKHU 3BYKOBOL
MOTYKHOCTI1 B110yBatOThCs Yepe3 MOPUCTY LIEMEHTHO-HAIOBHIOBAJIBHY MAaTPULIO,
Ak Onmoku He Oyno repmeruzoBaHo. [lomiOHa KapTMHAa MOKpAIICHHS
criocTepiraiacs, KOJIu rofly CTIHY 3BYKO130J1F0Baji OOIIMBKOIO 3 TIICOKaApPTOHY Ha

JepeB’IHOMY KapKaci, K MOKa3aHo y po3auii 3.3.
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3.3 JociriazkeHHs] KOHCTPYKIII MACMBHUX CTiH 3 00IUMBKAMU

VY uboMy po3ii MPECTaBICH] Pe3yabTaTh BUMIPIOBAHb 3ByKOIepenayl s
cepii 3pa3KiB CTiH, 110 CKJIAIAI0ThCS 3 Ta300€TOHHUX OJIOKIB, 3 3BYKO130JIALIIHHUM
OOJIMIIFOBAHHSIM 3a OJIHI€1 00 TBOX CTOPIH.

3.3.1 ba3zoBi KoOHCTpPYKUIl

Jlo 06a30BUX KOHCTPYKIIIM Halle)KaTh KOHCTPYKIIi, 10 CKIAAaloThcs 3 1 3
0eToHHUX 0JI0KIB ( gayi OyAyTh pO3MISIHYTI O€TOHH1 OJIOKH TOBIIMHOKO 190 mMMm. 3
HIOBEPXHEBOI0 MOHTAKHOI0 Macolo 238 kr/M> Ta OeTOHHI 6JOKH TOBIIMHOIO 140
MM. 3 MOBEPXHEBOI0O MOHTAXHOK Macow 134 xr/m?) 3 OONMLIOBAHHAM
TINCOKAPTOHOM 110 KPIMUTHCS 10 JepeB’siHOI a00 MeTaneBoi oOpenriTku 3/0e3
3allOBHEHHSI aKyCTHMYHOIO BaToro. Jlo BapiaHTIB OOJUIIOBaHb TaKOX BXOJUTH
3QJIEKHICTh B1J] KUTBKICTI IIAPIB TIIICOKAPTOHY, TOBIIMHU MOBITPSIHOTO MPOMIKKY

Ta TOBHIWHU IIPYKHOT'O HAITOBHIOBA4a.
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Tabnuys 3.4 — Pisens 38yKo0i30nayii KOHCMPYKYIi K OemOoHHUX OJIOKI8 MOBUJUHOIO

190 mm, ma nosepxnesoio macoio 238 ke/m? 3a 36yK0I30MAYIHUM OOTUYIOBAHHSM.

CepenHbOT€OMETPUYHI
PiBenb 3ByKO130JI1111, b
4acTOTH
TPETUHHOOKTaBHUX | OOnuioBaHHs oJHUM | OONUIIOBAHHS OJHUM
(oxTaBHMX) cMyT, ['ll | 1rapom rirmcokapToHy | MIAPOM TilICOKAPTOHY
Ha JIepeB’ TH1M Ha JIepeB’ TH1M
oOpemitii 38mMMm obOpermitii 38MMm
3 OJIHI€1 CTOPOHU 3 000X CTOPIH

50 32 30

63 31 30

80 30 29

100 29 22

125 32 21

160 34 25

200 35 31

250 41 45

315 42 47

400 42 41

500 46 46

630 47 48

800 48 52

1000 53 56

1250 58 60

1600 61 63

2000 61 59

2500 60 59

3150 61 63
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Puc. 3.5 PiBeHb 3ByKoi30uIA1LliT KOHCTPYKLIi K O€TOHHUX 0JIOKIB TOBHIMHOIO 190 MM, Ta
HOBEPXHEBOIO MACcOI0 238 KI/M? 3a 3ByKOI30JIALIHHAM OOIMIFOBAHHAM. (CHHIM OOJIUIIIOBAHHS 3

OJIHI€T CTOPOHU; YEPBOHUM OOJIUIIFOBAHHS 3 IBOX CTOPIH)

3 HaBeleHMX 3HayYeHb TaOnuul Ta rpadika, MOXXKHA 3ayBaXKUTH, IO
HEPIBHOMIPHICTh 3pOCTaHHSI MOYACTOTHUX I1HIEKCIB, 3HAUYEHHS MO>KHA YMOBHO
PO3IUIMTH Ha JBa CETMEHTH, a caMe — Hu3bki yacToTu (1o 200 I'mr), Ta BHCOKI
gactoTu (Bix 200 I'm). Cnix 3ayBaxuTd, 10 B BUMAAKY OOJIUIFOBaHHS 3 000X
CTOpIH  CIOCTEpPIraeThCsi  MOTIPIICHHS  3BYKOI3OJSLIMHUX  BJIACTUBOCTEU
KOHCTpYKUii Ha yactorax Hmwkye 200 I'm. Ile moB’s3aHO 3 pe30HAHCHUMH
SIBUILIAMH, 5Kl BUHHUKAIOTh Ta MOCHIIOIOTHCS Yepe3 IMOBITPSHUM MPOMIKOK MEX
IapoM TIINCOKapTOHY Ta ICHYKOYOK meperopoikoro. Lli BrumBM MoOXHa
BUMNPABUTH, NUISIXOM 3alOBHEHHS I[LOTO MPOMIXKKY MOMVIMHAIOUUM MaTepiajioM.

[Ipuknanu Ta pe3yabTaTy HaBEJIEHI HIXKYE Y BIAMOBITHOMY PO3/ILIL.
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Tabnuys 3.5 — Pisens 36yKo0i3onayii KOHCMpYKYIi K 6emoHHUX OJIOKI8 MOBUJUHOIO

140 mm, ma nosepxnesoio macoio 134 xe/m? 3a 36yK0i301AYitIHUM OOTUYIOBAHHSAM.

CepenHbOT€OMETPUYHI
PiBenb 3ByKO130JI1111, b
4acTOTH
TPETUHHOOKTaBHUX | OOnuioBaHHs oJHUM | OONUIIOBAHHS OJHUM
(oxTaBHMX) cMyT, ['ll | 1rapom rirmcokapToHy | MIAPOM TilICOKAPTOHY
Ha JIepeB’ TH1M Ha JIepeB’ TH1M
oOpemitii 38mMMm obOpermitii 38MMm
3 OJIHI€1 CTOPOHU 3 000X CTOPIH

50 27 27

63 24 24

80 19 19

100 19 19

125 24 29

160 29 32

200 31 35

250 39 44

315 38 43

400 38 40

500 40 43

630 42 45

800 48 49

1000 50 52

1250 55 60

1600 59 63

2000 53 59

2500 52 54

3150 57 60
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Puc. 3.6 PiBeHb 3ByKoi30uIA1Llii KOHCTPYKLIi K O€TOHHUX 0JIOKIB TOBUIMHOIO 140 MM, Ta
MIOBEPXHEBOIO Maco 134 Kr/M? 3a 3BYKOI30JALIHHIM OOJIUIIOBAHHAM. (YEPBOHUM —

OOJIMIIFOBAHHS 3 OJIHI€T CTOPOHU, CHHIM — 3 IBOX CTOPiH)

3 HaBeJIeHUX 3HAaYEHb Ta0IUIl Ta rpadika, MOKHA 3ayBaXKUTH, 10 3POCTAHHS
MOYACTOTHUX 1HJEKCIB YMOBHO CITIBIaIal0Th 3 3aKOHOM Mac. [Ipu noaBoeHH1 Macu
MEePEropoKH — 1HAEKC 3BYKO130JISI1I1T 3011bIIy€eThCs HA 2-3 nb, 1o mu 1 6ayuMo B
pesynbrarax. [I[puunna TOro, 10 3aK0H Mac MPAIoE B 11 CUCTEMI MOJISITAE B TOMY,
10 Maca 6eToHHUX 0710KiB 140MM 3 MOBEpXHEBOIO Macor 134 kr/m? maiixke piBHa

Maci 1I0JJaHOTO 3BYKO130JISIIIIHHOTO OOIUIFOBAHHS.
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3.3.2 BnuiMB TOBLIMHM 3BYKOIIOIVIMHAKYOr0 MaTepiaay (BaTH) MK

OOIIMUBKOIO TA CTIHOIO

Tak sik cucTema 3ByKO130JISI111T CKIAJa€EThCA 3 CACTEMHU TUITY «Maca-MpyKUHa-
Maca», a IMpd MPOEKTyBaHHI 3BYKOI3OJSILIMHUX  pIIIEHb  HalYacTilie
BUKOPUCTOBYEThCA CHCTEMa JIOAATKOBOi  3BYKOI30JsIli  (3BYKOI30JISIIAHE
OOJIMIIIOBaHHS), TO HEOOXIIHO PO3TIsAHYTH Bapiamii cucteM. Ilig BapiamisiMu
Ma€eThCs Ha YBa31 piI3HOBUIHICTh €JIEMEHTIB OOJIUIIOBAHHI. Y HACTYIMHHUX TaOJIHUIISX
Oyle  po3riasiHyTO  Bapiaimii  OOJNMIfOBaHR 3  3MIHHUMHM  TOBIIMHAMHU
3BYKOIOTJIMHAIOYOTO MaTepiany (BaTu).

VY Tabmuuax 3.6-3.8 HaBeAeHO 3HAUYEHHSI PI1BHIB 3BYKO130JIALI11 KOHCTPYKIIIH 3
3arajJbHUM  TOKa3HUKOM TOBUIMHU IOYaTKOBOI ~ KOHCTPYKLIi  (iCHYHO4Oi
MEepPEeropoJKi) Ta BaplaHTaMH THUIIOBUX PIIIEHh IO 0 3BYKOI30JAIIl TaKUX

KOHCTPYKIIH.
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Tabnuys 3.6 — Pisens 38yKoi305yii KOHCMPYKYii 3 2a300emoHHUX O10KI8 MOBUWUHOIO
100 mm, ma nosepxuegoio macoio 40 k2/m? 3 36yKOI30MAYIHUM 0ONUYIOEAHHAM
OOHUM ULAPOM 2INCOKAPMOH) 3 OOHIEL CMOPOHU HA Memane8omy npoini 3 piHuUM 3a

MmoSWUHO WUAPOM 36YKONOSIAUHATIbHOCO Mamepiafzy.

CepenaboreoMeTpuIHI1 PiBenb 3ByKO130II1111, 1D
4acTOTH ToBmmHa ToBwmHa ToBumHa
TPETUHHOOKTaBHUX 3BYKOIZONAIIINHOT | 3BYKOI30AIMHOT 3BYKOI130JIAL1HO]
(oxrasmix) cmyr, I'n Batu 50 MM Batu 100 mm Bati 200 mwm
50 24 21 16
63 23 18 17
80 23 20 25
100 19 26 32
125 24 33 38
160 30 37 42
200 33 40 44
250 31 36 37
315 34 34 34
400 37 37 37
500 40 40 40
630 43 43 43
800 45 45 45
1000 48 48 48
1250 51 51 51
1600 53 53 53
2000 55 55 55
2500 56 56 56
3150 55 55 55
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Puc 3.7 PiBenb 3ByK0i3051s11ii KOHCTPYKIIi 3 ra300eTOHHMUX 0J10KiB ToBIIMHOKO 100 MM, Ta
TIOBEPXHEBOIO Macoto 40 Kr/M? 3 3BYyKOI30JIALIHHIM OOIMIFOBAHHSM OJHUM IIApOM
TiICOKapTOHY 3 OJIHI€T CTOPOHHU Ha MeTajIeBOMY Mpodiii 3 pi3HUM 3alI0BHEHHAM

3BYKOIMOTTIMHAIOUOro MaTepiany (cuHs JiHist — 50 MmM; uepBona — 100 mm; sxoBTa — 200 MM).

3MiHa TOBUIMHU 3BYKOIOIVIMHAIOYOTO Marepially BCEpeAuHl KOHCTPYKIIil
MPU3BOAUTL [JI0 TO3UTUBHUX 3MIH B 3HAYEHHAX IHJEKCIB 3BYKOI30JSLII B
CEepPEAHBLOTCOMETPUUHUX CMYyTaX YacTOT. [CTOTHI 3MiHI MOMITHI Ha HHU3BKHUX
gactoTax (mo 250 I'm), mo BignoBigae gopmyni (20), sika BpaxOBYy€ TOBIIUHY
3alOBHEHHSI Ta (P13UYHI XapaKTepUCTUKU MaTepiany. Pi3uuus 3Haduens y 3-5 1b €
HOPMAaJbHOIO, TaK SIK TOBIIMHA MaTepialiB B 3pa3kax 3MIHIOETHCS y JIBa pasu

BIJAMIOBITHO JI0 MOIEPETHLOI0 3pa3Ka.
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Tabnuys 3.7 — Pisens 38yKk0i3015yii KOHCMPYKYIi 3 2a300emMOoHHUX O10KI8 MOBUWUHOIO
200 mm, ma nosepxuesoio macoro 80 ke/m2 3 36yK0I30AAYIUHUM 0OIUYIOBAHHAM
OOHUM ULAPOM 2INCOKAPMOH) 3 OOHIEL CMOPOHU HA Memane8omy npoini 3 piHuUM 3a

MmoSWUHO WUAPOM 36YKONOSIAUHATIbHOCO Mamepiafzy.

CepenaboreoMeTpuIHI1 PiBenb 3ByKO130II1111, 1D
4acTOTHU ToBmuHa ToBmuHa ToBmuna
TPETUHHOOKTAaBHUX 3BYKO130JIAIIIITHOT | 3BYKOI30JISILINHOI | 3BYKO130JS1HHOT
(oxTaBHMX) cMyT, I'11 BaTu 50 MM Batu 100 Mm Batu 200 MM

50 28 25 19

63 27 20 22

80 23 24 29
100 21 29 34
125 22 29 33
160 31 32 32
200 34 35 35
250 38 38 38
315 40 41 41
400 43 43 43
500 46 46 46
630 49 49 49
800 52 52 52
1000 54 54 54
1250 57 57 57
1600 59 59 59
2000 61 61 61
2500 62 62 62
3150 61 61 61
4000 80 80 80
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Puc. 3.8 PiBeHb 3ByKOi30JIA1LlIT KOHCTPYKLIi 3 Ta300€TOHHUX OETOHHUX OJI0KiB TOBIIMHOIO 200
MM, Ta OBEPXHEBOIO Macoro 80 Kr/M? 3 3BYKOI30/SAI[IHHAM OOJIMIIOBAHHAM OJHUM LIAPOM
riICOKapTOHY 3 OHI€T CTOPOHH HA METAJIEBOMY IPOdii 3 pi3HUM 32 TOBIIMHOIO HATIOBHEHHAM

3BYKOIOTJIMHAIOUOT0 MaTepiany. (cuHs JiHist — 50 mm; uepBona — 100 mm; sxxoBta — 200 MMm).

OTtpumaHi 3Ha4YeHHS MOMIOHI 10 THX, IO OMNHCaAHI BHIIE. 301IbIICHHS
TOBIIMHYU 3BYKOMOTJIMHAIOYOTO MaTepiady MNO3WTUBHO BIUIMBAE HA 3HAYCHHS

3BYKOI130JIS1111 HA HU3bKUX YaCTOTAaX.

98




Tabnuys 3.8 — Pisens 38yKk0i3015yii KOHCMPYKYIi 3 2a300emMOHHUX O10KI8 MOBUWUHOIO
300 mm, ma nosepxnesoro macoio 120 ke/m2 3 36yKOIZ0NAYIUHUM OOIUYIOBAHHSAM
OOHUM ULAPOM 2INCOKAPMOH) 3 OOHIEL CMOPOHU HA Memane8omy npoini 3 piHuUM 3a

MmoSWUHO WUAPOM 36YKONOSIAUHATIbHOCO Mamepiafzy.

CepenaboreoMeTpuIHI1 PiBenb 3ByKO130II1111, 1D
4acTOTHU ToBmuHa ToBmuHa ToBmuna
TPETUHHOOKTAaBHUX 3BYKO130JIAIIIITHOT | 3BYKOI30JISILINHOI | 3BYKO130JS1HHOT
(oxTaBHMX) cMyT, I'11 BaTu 50 MM Batu 100 Mm Batu 200 MM
50 30 27 21
63 27 21 23
80 19 22 27
100 26 30 31
125 31 33 34
160 35 36 37
200 39 39 39
250 42 42 42
315 45 45 45
400 47 48 48
500 50 50 50
630 53 53 53
800 56 56 56
1000 58 58 58
1250 61 61 61
1600 63 63 63
2000 65 65 65
2500 66 66 66
3150 65 65 65
4000 85 85 86
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Puc. 3.9 PiBeHb 3ByKOi30JIA1Ll1T KOHCTPYKLIi 3 Ta300eTOHHUX 0110KiB TOBIIMHOIO 300 MM, Ta
MOBEPXHEBOIO Macor 120 Kr/M? 3 3ByKOI30JIALIHHAM OOIMIFOBAHHSIM OJIHUM IIAPOM
TIICOKAapTOHY 3 OJIHI€l CTOPOHHU Ha MeTajeBOMY POl 3 PI3HUM 3a TOBIIMHOIO IIIAPOM

3BYKOIOTTIMHAILHOTO Matepiainy. (cuns ninig — 50 mm; yepBona — 100 mm; sxoBTa — 200 MM).

3.3.3 BuiuB  KiJIbKOCTI mapiB OOMMBKH HAa 30iJblLICHHS

3BYKOI30JIA il

Jlnst 30UIbIIEHHS Macu KOHCTPYKIII MOXIIHMBO TaKOX BHUKOPHCTOBYBATHU
IBiifHE a00 MOTpiiiHE OOIUIIOBAHHS 3BYKO130JIA1I1I1HOT KOHCTPYKIIi. Takum unHOM
MU 30UIBIIMMO Macy BCl€i MOBEpPXHi, L0 MpHU3BEAE A0 3O0LIbLICHHS 1HIEKCY

3BYKO130JIA1111 BC1€T KOHCTPYKIIIi B I[IJIOMY.
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VY Tabnuinsgx HWKYE HaBEICHI BaplaHTH 3 OJIHAKOBUMH IMOYaTKOBUMHU
neperopogkamMu (iCHyrYl CTIHM) 3 BaplaHTaMH pPI3HUX KUIBKOCTEH IIapiB

TIICOKAPTOHY.

Tabnuys 3.9 — Pisens 38yKk0i3015yii KOHCMPYKYIi 3 2a306emOoHHUX OJ10Ki8
moewunoro 100 um, ma nosepxnesoio macoro 40 k/m’ i3 36yKoi30AAYIIHUM
0OIUYIOBAHHAM 3 2INCOKAPMOHY 3 OOHIEL CMOPOHU HA MemAaiegomy npo@iui 3

3ANOBHEHHAM AKYCNMUYHOIO 6AMOK MOBUWUHOIO S0mm.

CepeHbOoreoMeTpuyHi PiBens 3ByKoi3omstii, 1b
HacToTn KinbkicTh mapis KinbkicTs mapis KinbkicTs mapis
TPCTHHHOOKTABHHUX TilICOKAPTOHY: O/MH | TilICOKAPTOHY: ABA | TillCOKAPTOHY: TPH
(oxraBHuX) cMyT, [T ToBIIMHA OTHOTO TOBIIMHA OTHOTO TOBIIMHA OTHOTO
[1apy TiCOKapTOHY | IIApy TilCOKAPTOHY | IIapy TilCOKapTOHY
12,5 MM 12,5 mMm 12,5 mMm

0 24 23 23

63 23 20 17

80 23 18 21

100 19 25 29

125 24 31 35

160 30 36 40

200 33 39 42

250 31 35 37

315 34 34 35

400 37 37 38

500 40 40 41

630 43 43 44

800 45 46 46

1000 48 49 49

1250 51 51 52

1600 53 54 54

2000 55 56 56
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2500 56 57 57

3150 55 56 56
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Puc. 3.10 PiBens 3ByK0130J1s11i{ KOHCTPYKIIi 3 ra300€TOHHUX OeTOHHUX 6JI0KiB TOBIIKHOIO 100
MM, Ta OBEPXHEBOIO Macoro 40 Kr/mM? 3 3BYKOI30/AI[IHHUM OOJIMIIOBAHHAM 3 TIIICOKAPTOHY 3
OJIHI€T CTOPOHU HA METaJIeBOMY NMPO(isi 3 3aIIOBHEHHSIM aKyCTUYHOIO BATOIO TOBUIMHOIO SOMM.

(cunHiM — 1 map, 4epBOHUM — 2 1Iap, )KOBTUM — 3 IIapH)
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Tabnuys 3.10 Pigens 38yK0i301ayii KOHCMPYKYIi 3 2a300emoHHUX OJI0Ki8
moswunoro 100 mm, ma noeepxnesoio macoro 40 k2/m’ 3 36yK0i30AAYIIHUM
O0OIUYIOBAHHAM 3 2INCOKAPMOH) 3 OOHIEL CMOPOHU HA Memane8omy npoini 3

3aN0BHEHHAM aKyCMU4HOo0 eamor moswuroro 100mm.

CepennporeomMeTpuy PiBeHb 3ByKOi30J111i1, 1B
Hi 1acToT! KinbkicTs mapis KinbkicTs mapis KinbkicTs mapis
TPCTHHHOOKTABHUX TiICOKapTOHY: OANH riICOKapTOHY: ABA | TINICOKAPTOHY: TPH
(oxTaBHMX) cmyT, 11t ToBIIMHA OJHOT'O ToBImMHA OJHOTO ToBIMHA OJHOTO
I1apy TIICOKapTOHY | MIapy TIICOKapTOHY | MIapy TiMCOKapTOHY
12,5 mMm 12,5 mMm 12,5 mMm
50 21 15 14
63 18 18 22
80 20 27 30
100 26 34 37
125 33 39 42
160 37 43 45
200 40 45 47
250 36 38 38
315 34 34 35
400 37 37 38
500 40 40 41
630 43 43 44
800 45 46 46
1000 48 49 49
1250 51 51 52
1600 53 54 54
2000 55 56 56
2500 56 57 57
3150 55 56 56
4000 71 72 72
5000 75 76 76
R'w 45 46 46
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Pucynok 3.11 PiBeHb 3ByK0i30JI11i1 KOHCTPYKIIIi 3 Ta300€TOHHUX 0JI0KiB TOBLIMHOIO 100 MM,
Ta MOBEPXHEBOIO Macoro 40 Kr/M? 3 3BYKOI30JIALIHHUM OOJIMIIOBAHHAM 3 TIIICOKAPTOHY 3
OJIHI€T CTOPOHU HA METaJIeBOMY NMPO(isi 3 3alIOBHEHHSIM aKyCTUYHOIO BATOIO TOBLIHHOIO

100MM. (cuHIM — 1 map, 4epBOHUM — 2 IIap, KOBTUM — 3 IIAPH)

3.4 BucHOBKH 10 po3ainy 3

1. PiBeHb 3ByK01301511111 KOHCTPYKIIii 3 0ETOHHUX OJOKIB TOBIIMHOIO 195
MM Ta TyCTUHOIO 238 KI/M° BHIIWH 3a piBEHb 3BYKO130JIs11i1 OETOHHUX OJIOKIB
ToBmUHOI 140 MM Ta ryctunoo 134 kr/m Ha 13 1b cepeaabomy. To6TO y Takomy
BUMAJKY CIIPalbOBY€ 3aKOH Mac.

2. ®apOyBaHHs OUIBII JIETKMUX KOHCTPYKIM 3 OAHOTO abo ABOX OOKIB
MIJIBUIILY€ P1BEHb 3BYKoi30s11i 3 35 n1b 10 39 nb, npu ognobiunoMy (apOyBaHHi,
ta 3 35 n1b no 41 ab npu nBoctroponuboMy (apOysanHni. [1lo Bxke Ha 9 nb, npu
OJIHOCTOPOHHKOMY, Ta 13 nb, mpu aBOCTOpOHHBOMY (apOyBaHHI, BIAPIZHIETHCSA

B1Jl 3HAYEHb OLIbII BaXKKUX KOHCTPYKIIIi.
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3. JUIs TOKpalleHHS 3BYKOI30JIALII JIETKMX KOHCTPYKILIM MOKHA
pekoMmeHAyBaTu ¢apOyBaTu iX 3 2-X cTOpiH. Tak sSIK 3Ha4YHI BUTOKU 3BYKOBOIT
eHeprii Bi1I0yBalOThCS Yepe3 NOPUCTY IEMEHTHOHAIIOBHEHY MATPUIII0 MaTepiany.

4. PiBeHsb 3ByKO13051sL11 JerKux KOHCTpYKUid (140 MM Ta ryctunoro 134
Kr/M3) MOXHa 3HAYHO MOKPAIIUTH BUKOPHUCTOBYIOUM OAHOOIUYHE OOIUI[IOBAHHS
[IapOM TIMICOKAPTOHY Ha JIEpeB’IHOMY KapKaci. 3HaUeHHS 1HAEKCY 3BYKO130JIs1111
Takol KOHCTPYKIii craHoBUTh Rw= 44 nb. Ilpu BukopuctanHi oOJIUIIOBaHHS 3
IBOX CTOPIH AOCATa€eThCA 1HAEKC 3BYyKoi30iLii Rw=48 nb. Ilpu nboMy 3HaueHHA
IHAEKCY 3BYKOI30JIALII OLIbII BaXKUX KOHCTPYKLIM (ToBUIMHOIO 190 MM Ta
ryctuHoro 238 kr/m3) csrae Rw=48 nb, mo € piBHUM 3Ha4Y€HHIO JBOOIYHOIO
OOJIMIIFOBAHHS JIETKOT KOHCTPYKIIII.

5. 30UTbIIEHHS TOBIIMHH 3BYKOIOIVIMHAIOYMX MaTepialiB y KOHCTPYKIIi
MO3UTUBHO BIUIMBAE HA HU3bKI YacTOTU. Tak 30UIbLIEHHS TOBIIWHU
3ByKO130JAM1HHOT Batd 3 50 MM 110 200 MM OpU3BOJIUTH 10 30UIBIIEHHS PiBHS
3Byko13oJiiii 3 Rw=21 n1b 1o Rw=34 b na yacrori 100 I'i. To6TO BUKOpUCTaHHS
e(heKTUBHOTO 3BYKOMOTJIMHAIYOT0 MaTepiany B KOHCTpYKIi 1ae A Rw=111b —13
nb.

6. JloaBaHHsI JOJATKOBHX IIAPIB TIICOKAPTOHY B 3BYKOI30JISIIIHHOMY
OOJIMIIFOBAHHI MOK€ CYTTEBO MOKPAIIUTH 1HJEKC 3BYKOI30JISIIIT I[1€1 KOHCTPYKIIIi.
KoxeH no1aTKoBHil mIap TilcoOKapTOHY MOXeE MPU3BECTH 10 30UTbIIEHHS 1HIEKCY
3BYKO130JI41111 Ha TpUOIN3HO +2-3 nernubena (ab), 1110 € 3HaUyIIUM TOKPAIIEHHSM.
Tak, Hanmpukiaa, Tpu OONUIOBaHHI OeTOHHUX OJOKiB ToBmIMHOW 100 MM Ta
MOBEPXHEBOIO Macoro 40 Kr/M2 oHUM 11apoM rincokaptony Rw= 43 nb, 3 nBoma

mapamu Rw= 45 nb, 3 ppoma Rw= 46 1b.
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4 METOJI PO3PAXYHKY 3BYKOI3OJIAIIII MACUBHUX
OI'OPOIKEHD 3 JIMCTOBUM OBJIMINIOBAHHAM HA
OCHOBI KAPKACY

4.1 MeTtoa po3paxyHKYy 3BYKOI30J/s11lil 0araTomapoBuX KOHCTPYKIIi

BpaxoByroun BuIlle3a3HAUEHUN OIS JITEpATypH, €KCIEPUMEHTANIbHI Ta
3MOJIEbOBAaH1 Jall 3alpONOHOBAHA METOJMKA JJIA PO3PAaXYHKY 3BYKOI30JIALIL
OyIliBeIbHUX KOHCTPYKIIIA, TN SIKUX 3a3HadeHuU Ha puc. 10. Y maricrepchkiit
po60Ti aBTOpa OyJia 3aMpoNnOHOBaHA METOAMKA IS PO3PAXyHKY 3BYKOi130Jsii s
PO3paxyHKIB PO3AUTMMO I[f0 KOHCTPYKIIiIO Ha JBa mmapu. [lepmnmii map — icHyro4a
KOHCTPYKIIis 3 TBEpIUX MaTepianiB (0eTOHY, HEMISTHOT KJIaIKU TO1Io). JpyTHii map
— Marepiajl oOJUIIOBAHHS 3 MOTJIMHAHHSAM (T1COBOJIOKHHUCTI IUIUTH, KEPAM3UTHI
IUTUTH, IUIATA Ha OCHOBI KBapILEBOr0 MICKY TOIIO + MiHEpaJibHA BaTa, 0a3aJbTOBA
BaTa, BOWIOK Touio). Sk BUCHOBOK — Yy poOOTI BHepie po3poOJieHuil Ta
3alpONOHOBaHUN rpadiuHUil METOJl BU3HAYEHHS 3BYKOI130JIA1i1 OaraTomapoBoi
KOHCTPYKIIii 3 pI3HUMH KJIacaMH MaTepiaiiBb.

['pyHTyrounchs Ha BiioMuXx QopMmyiiax Ta METOIIB PO3paxyHKIB po3poOiieHa

MCTOJHUKA Ma€ HaCTyrIHI/Iﬁ BUTJIAA:

[ R=R1+R2+CL2 fSZSO
R=R1+R2+CL2_9 2502f§2500 Fu(41)
_R= R1+R2+Cl’2+9 fZZSOOFu

ne Ri — 1HAeKc 3BYKOI30JIS1l1 HA NEBHIM YacTOTI ICHYIOYOi KOHCTPYKIUIL 3
TBEpAUX MaTepialiB (0€TOHY, HETJITHOI KIaJKU TOII0), TOOTO, 3a3HaYE€HOI0 BUIIIE,
nepuioro (iCHyr04Oro, MacHUBHOIO) «mapy» KoHCTpykuii, nb; Ro — iHgekc
3BYKOI30JIAII11 APYroro «mapy» KOHCTPYKIli, BianoBiaHo, n1b; C — momaTkoBuii
Koe(]illieHT MonpaBku, 1b.

Koediuient C po3paxoByeThbCs 32 HACTYITHUMU (popMysiaMu:
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m1+2m2

_ _ un
¢, = 101g( : (h2+h2)) 20lg (2, (4.2)

_ Mmit2ma ) _ —
¢, =10lg (f (h2+h2)) 10lg (R, — Ry), (4.3)
m; — TOBEpXHEBa Maca mnepmoro (iCHyH4YOoro, MAaCHBHOIO) «Iapy»

OyHiBenbHOI KOHCTPYKIi, KI/M%; my — IOBEpXHEBa Maca APYroro (I0JaTKOBOI
3BYKOI130JIA1111) «Iapy» Oy1iBeIbHOT KOHCTPYKIIii, kr/m?%; hi — ToBITMHA 11(50)11(0))0)
«mapy» OyaiBeIbHOT KOHCTPYKIIi, M; ho — TOBIIMHA Apyroro «iapy» O0y1iBeJlIbHOI
KOHCTpyKIi, M; f — wyacrora Ha AKId NPOBOASATHCS PO3PAXyHKH, 3TiAHO
TPETUHHOOKTABHOI MOJ0CH YacToT, ['11.

3a3HauuMoO, WI0 KOXHA CHUCTeMa pIBHSAHb pelieBaHTHA JUIsl PI3HUX
MOBEPXHEBUX MAcC ICHYI0UO1 KOHCTPYKIIii, IEPIIOTO «ILIapy».

Taxk, cucrema piBHsHb Ci (4.2) BianoBigae OyAiBeIbHIA KOHCTPYKIT B SIK1M
MOBEPXHEBA Maca ICHYI0UO01 IEPEropoaKU, MEPIIOTO «IIAPY», JIEKUTH B MPOMIKKY
100...400 xr/m?. TokasHuku Hmkde 100 Kkr/m> He JOpEYHO PO3MIISANATH Yepes
HU3bKI TOKA3HUKHW, Ta TakKi MaTeplaJd HE TOBHHHI BHUKOPUCTOBYBAaTHUCS B
3BYKO3OJAMINHUX 11X, ToOTO i JOpEeUHO BUKOPUCTOBYBATU JJIsi Marepialis,
NOBEpXHEBa Maca akux MeHme Hixk 400 kr/m2. CucreMa piBHSHB 3 BUKOPUCTAHHAM
koedimienta C; (4.3) peneBaHTHa, B CBOIO 4epry, Uisl MaTepiajiiB, MOBEpXHEBA
Maca Skux 6inbma 400 kr/m?,

[Toxasnuku Ri Ta Rz po3paxoByrOThCS BIAMOBIAHO O MYHKTIB 3a3HAYEHUX
Hwkuye. YactoTHy xapaktepuctuky R, nb BuzHauawoTh y rpadiunuii cmnocio,

Oynyroun kpuBy ACBD sik HaBezneHo Ha puc. 4.1.
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Pucynok 4.1 YacToTHa XapakTepuCTHKA 13011111 MOBITPSHOTO IIyMY aKyCTHYHO

OJTHOPITHOIO OTOPOJI)KYBAITbHOK KOHCTPYKITIEIO

YacToTty v (abciucy Touku B) BH3Hau4alOTh B 3aJIEKHOCTI BiJl TOBIIMHU

OTOPOJIXKYBAJIbHOT KOHCTPYKIIIi 3rigHO 3 4.4.a-4.4. x:
S =164-1201gh, npu p=1800 kr/mM3, (4.4.a)

fs =159 -1201gh, p=1700 kr/m3, (4.4.6)

npu

fu=154—-1201gh, p=1600 kr/m3, (4.4.8)

npu

fa=149-1201gh, oy P=1500 i3 (4.4

fo =144-1201gh, p=1400 «r/n3, (4.4.0)

npu
Js=139-1201gh, pu p=1300 kr/mM3, (4.4.e)
fs =134-1201gh, mpu P 1200 1r/y3, (4.4.5%)

h

ne "'t — TOBIIMHA OTOPOIXKYBaJIbHOT KOHCTPYKIIT, M;
P —rycruna (06’eMHa Maca) MaTepiany KOHCTPYKILi, KI/m3.
OTpumaHe 3HAYEHHS 3a0KPYTIIOIOTH J0 CEPEIHHLOTCOMETPUYHOI YACTOTH

TpeTI/IHHOOKTaBHO'l' CMYTHU 4aCTOT.
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!
Opaunaty To4uku B, sika € BeTUYUHOIO 3BYKO130JIA1I11 RB, 1nb, BUBHAYaKOTh
3a GOpMYJIOIO:
Rgzzllgm—l4 (4 5)

Jie 7 — MOBEPXHEBA I'yCTUHA OTOPOJIXKYBAJIbHOI KOHCTPYKIIIT, KI/M2.

!
OTpuMaHy BEIMYHHY Ry 3a0KpyrmorTh 10 0,5 nb.
Jani 13 Touku B BiBO MpOBOJSATh TOPU3OHTAIBHUM BiApi30K BA, a BpaBo
Bi1 Touku B poBoasTe BC 3 naxunom 7,5 n1b Ha okTaBy 10 Touku C 3 OpAUHATOIO

R:- =60

nb. 13 Touku C BpaBo mpoBOASTH TOpU30HTANBHUN BiApizok CD. ko

Touka C JIeXUTh 3a MEKaMH HOPMOBAHOT'O YAaCTOTHOTO [1alla30HY 3BYKO130JIALI1

(dactora fe 23150 py ), TO Bipi30Kk CD - BiJICyTHIM.

Koediuientu C (4.2) (4.3) y cobi MaroTh jjorapudMidHi BUpasH, sKi 3aJexKaTh
Big h Ta m — TOBIIMH Ta Mac miapiB, BiAMOBIAHO. i koedimieHTH HEOOX1AHI IS
aHyJIOBaHHS e(EeKTy pe3oHaHCy y cucTtemi oOJuItoBaHHS. TakumM 4YMHOM MU
MO>XEMO BU3HAYaTH BIUIMB 3BYKONOIJIMHAIBHUX MaTepiasliB Ha 3BYKOI30JISLINHI
XapaKTepUCTUKHU OaraTolapoBUX KOHCTPYKIIIH

OTpumaHi 3HaAYEHHS IS CUCTEM, SIK1 CKiIagaroTees 3 meriau 120 mm + 50 mMm
akyctuuHoi Batu + 2 mapu ['KJI, npyruit tun uerna 240 mm + 50 MM akyCTUYHOT
Batu + 2 mapu ['KJI, nermu 120 mm + 100 MM akyctrunoi Batu + 2 mapu ['KJL,
npyruit tan nerna 240 mm + 100 MM akyctuunoi Batu + 2 mapu ['KJI HaBeneHo B
Tabn. 14-17. Po3paxyHOK cuUCTEM MPOBOJUBCS 3a (hopMynamMu BkazaHumu y (4.1),
(4.2) ta (4.3). ns 3pyuHocTi 3HaueHHs y Tabnuisix 4.1-4.4 HaBeIeHO Y OKTaBHOMY
criekTpi yacToT. [Ipu po3paxyHkax 3HAUE€HHS MOBEPXHEBOI MacH uerinu 120 mm
Oyna npuitasaTa y 200 kr/mM2, moBepxHesa Maca 1eriu 240 mm 6yna npuitasaTa y 400
KI/M?, NOBEpXHEBA Maca JBOX IIApiB TiIICOBOJIOKHMCTUX IUIMT Ta BaTH, 0O€3

3aJI€KHOCTI BiJ TOBIIMHY, Oyna mpuitHaTa Sk 31 kr/m>.
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Tabnuysa 4.1 — wacmomua xapaxmepucmuxa cucmemu 120 mm yeena + 50

mm 6ama + 2 wapu I'KJI 3a excnepumenmanbHUMu HAmypHUMu OAHUMU

Yacrora, I'u 63 125 | 250 | 500 | 1000 | 2000 |4000

PiBenb 3Bykoi30suil, 1b | 44 48 44 52 62 67 74

Tabnuysa 4.2 — wacmomua xapaxmepucmuxa cucmemu 240 mm yeena + 50

mm 6ama + 2 wapu I'KJI 3a excnepumenmanbHUMu HAmypHUMu OAHUMU

Yacrora, I'u 63 125 | 250 | 500 | 1000 | 2000 |4000

PiBenb 3ByKoi3z0Js0il, b | 53 57 56 63 72 76 87

Tabnuys 4.3 — wacmomua xapaxmepucmuxa cucmemu 120 mm yeena + 100

mm 6ama + 2 wapu I'KJI 3a excnepumenmanbHUMu HAmypHUMu OAHUMU

Yacrora, I'u 63 125 | 250 | 500 | 1000 | 2000 |4000

PiBenb 3ByKoi30suil, 1b | 46 50 46 55 64 69 75

Tabnuys 4.4 — wacmomua xapaxmepucmuxa cucmemu 240 mm yeena + 100

mm 6ama + 2 wapu I'KJI 3a excnepumenmanbHuMu HamypHUMu OAHUMU

Yacrora, I'u 63 125 | 250 | 500 | 1000 | 2000 |4000

PiBenb 3ByKkoizoasuii, 1b | 52 56 55 63 72 75 87

HopiBusinna. Ha puc. 4.2-4.5 ta Tabn. 4.5-4.8 300pakeHO YaCTOTHI
XapaKTEPUCTUKHU IS CUCTEMM, IO CKiIagaeTbcsa 3 nerau 120 mm + 50 mMm
akyctuuHoi Batu + 2 mapu ['KJI, npyruit tun uerna 240 mm + 50 MM akyCTUYHOT
Batu + 2 mapu ['KJI, nermu 120 mm + 100 MM akyctrunoi Batu + 2 mapu ['KJL,
npyruii tun nerna 240 mm + 100 mm akyctuunoi Batu + 2 mapu 'KJI po3paxoBani
TphoMa Metonamu: 13 Insul, HaTypHHM ekcriepUMEHTaMU Ta 3aMpPONOHOBAHOIO

MCTOIUKOIO.
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Tabnuys 4.5 — lopieuanus yacmomHux Xapakmepucmux OmpumManux 3a
oonomoeoro 113 INSUL, excnepumenmanbHo HAmypHUMu OAGHUMU MA 3d

NPONOHOBAHOI0 MeMOOUKOoI0 051 Kohcmpykyii 3 120 mm yeena + 50 um éama + 2

wapu I'KJI
CepennboreomeTpuyHi PiBenb 3ByKOi30J1s11i1, 15
e ExcniepumenTanbHi JanporioHoraHa
TPETUHHOOKTaBHUX . I13 INSUL METOTNKA
(oxTaBHHX) cMyT, I'l1 S

63 23 28 44

80 34 33 45
100 43 40 47
125 45 46 48
160 46 50 46
200 47 50 45
250 47 46 44
315 47 49 46
400 48 51 50
500 54 54 52
630 56 57 56
800 62 59 59
1000 67 61 61
1250 65 64 65
1600 67 66 67
2000 67 68 66
2500 75 68 78
3150 78 67 75
4000 83 83 77

Rw 58 59 57
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63 80 100 125 160 200 250 315 400 500 630 800 1000 1250 1600 2000 2500 3150 4000

My
—EKcnepumeHTanbHi aaHHi —[13 INSUL —3anponoHoBaHa MeToauKa

Puc. 4.2 TTopiBHSAHHS 4YaCTOTHUX XapaKTEPUCTUK OTpUMaHUX 3a gonomororo 113 INSUL,
EKCIEPUMEHTAIbHO HATYPHUMH JAHUMHU Ta 3a00POHOBAHOIO METOIMKOIO JUIsl KOHCTPYKIIIT 3

120 mm neruna + 50 mM Bata + 2 mapu I'KJI

Tabnuys 4.6 — [lopigHanHA yacmoOmMHUX XapaKmepucmux OMmpuUMaHux 3a
oonomoeoio 113 INSUL, excnepumenmanbHo HAMypHUMU OAHUMU MA

3a00POHOBAHOI0 MEMOOUKOIO 011 KOHCMpPYKYIi 3 240 mm yeena + 50 mm 6ama ~+

2 wapu I'KJI
CepennboreomeTpuyHi PiBenb 3ByKOi30J1s11i1, 15
4acToTH ) 3anponoHoBaHa
ExcnepumenTanbHi
TPETUHHOOKTaBHUX . 113 INSUL METOIUKA
JlaHHI
(oxTaBHUX) cMyT, I'l1
63 30 32 54
80 30 37 55
100 49 43 56
125 50 46 57
160 56 49 57
200 57 52 56
250 53 55 56
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63 80 100 125 160 200 250 315 400 500 630

—EKCcnepumeHTanbHi gaHHi

—T13 INSUL

315 55 58 58
400 59 60 61
500 60 63 63
630 66 65 67
800 68 68 69
1000 71 70 71
1250 74 72 75
1600 74 74 78
2000 71 76 73
2500 76 76 88
3150 77 75 87
4000 88 94 88
Rw 65 67 65
u&100
90
80
70
60
o

800 1000 1250 1600 2000 2500 3150 4000

—3aI'Ip0I'IOHOBaHa mMeToauKa

My

Puc. 4.3 TIopiBHSAHHS YaCTOTHUX XapaKTEPUCTUK OTpUMaHUX 3a gornomororo 113 INSUL,

EKCIePUMEHTAIbHO HATYPHUMH JAaHUMHU Ta 3a00POHOBAHOIO METOIMKOIO JUIsI KOHCTPYKIIIT 3

240 mm nerna + 50 mMm Bata + 2 mapu I'KJI
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Tabnuys 4.7 — llopieHanus yacmomHux Xxapakmepucmux OmpumManux 3a
oonomoeoro 113 INSUL, excnepumenmanbHo HamypHUMU OAGHUMU Ma

3a60POHOBAHOI0 MEMOOUKOIO OJis KOHCmpYKyii 3 120 mm yeena + 100 mm sama +

2 wapu I'KJI
CepennboreomeTpuyHi PiBenb 3ByKOi30J1s11i1, 15
e ExcniepumenTanbHi JanporioHoraHa
TPETUHHOOKTaBHUX . I13 INSUL METOTNKA
(oxTaBHHX) cMyT, I'l1 S
63 34 34 46
80 43 42 47
100 48 48 48
125 53 53 49
160 56 56 50
200 57 56 48
250 55 46 46
315 53 49 48
400 56 51 52
500 56 54 55
630 56 57 57
800 58 59 59
1000 61 61 64
1250 65 64 68
1600 67 66 70
2000 67 68 69
2500 77 68 79
3150 83 67 74
4000 88 83 78
Rw 61 59 60
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——EKcnepumeHTanbHi AaHHI —[13 INSUL ——3anponoHoBaHa MeToaMKa

Puc. 4.4. TIopiBHAHHS YaCTOTHUX XapaKTEPUCTUK OTpUMaHuX 3a gonomororo [13 INSUL,
EKCIEPUMEHTAIbHO HATYPHUMH JAHUMU Ta 3a00POHOBAHOIO METOIMKOIO JUIsI KOHCTPYKIIIT 3

120 mm nerna + 100 mm Bata + 2 mapu ['KJI

Tabnuys 4.8 — IlopigHanHa yacmomHUux xapaKmepucmux OMmpuUMaHux 3a
oonomoeoio 113 INSUL, excnepumenmanbHo HAMypHUMU OAHUMU MA

3a00POHOBAHOI0 MEMOOUKOIO 08 KOHCmpYKYii 3 240 mm yeana + 100 mm 6ama +

2 wapu I'KJI
CepennboreomeTpuyHi PiBenb 3ByKOi30J1s11i1, 15
4acTOTH ) 3anponoHoBaHa
ExcnepumenTanbHi
TPETUHHOOKTaBHUX . 113 INSUL METOIUKA
JlaHHI

(oxTaBHHX) cMyT, I'l1

63 39 39 53

80 47 46 >4

100 54 51 33

125 57 47 56

160 59 50 57

200 58 53 56
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250 58 55 55
315 59 58 58
400 64 60 60
500 65 63 63
630 68 65 65
800 70 68 68
1000 73 70 73
1250 74 72 75
1600 77 74 78
2000 75 76 75
2500 77 76 86
3150 83 75 83
4000 88 89 86
Rw 70 66 67
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——EKCNeprMeHTanbHI AaHHI

—T13 INSUL

—3al'lp0I'IOHOBaH3 MeToauKa

My

Puc. 4.5 TlopiBHAHHS 4YaCTOTHUX XapaKTEPUCTUK OTpUMaHUX 3a gornomororo 113 INSUL,

EKCIEePUMEHTAIbHO HATYPHUMH JAHUMU Ta 3a00POHOBAHOI0 METOIMKOIO JUIsI KOHCTPYKIIIT 3

240 mm nerua + 100 mvm Bata + 2 mapu ['KJI
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4.2 BUCHOBKH 10 po3ainy 4

1. Po3pobiiennii MeTo po3paxyHKy 3BYKO130JIS1I11 € BACOKOHAIIMHUM Ta
TOYHHMM 1HCTPYMEHTOM JJIsl aHAJI3y Ta OLIHKHU 3BYKOBOTO NMEPEKPUTTA B Oy HIBIISIX
Ta KOHCTPYKIIAX. OJHIEI0 3 KIIFOYOBUX BIACTUBOCTEH 11i€1 HOBOT METOAUKH € ii
BIIMOBIAHICTh pe3yJIbTaTaM HATypPHUX €KCIIEPUMEHTIB.

2. 3anponoHOBaHa METOJIUKA JO3BOJISIE 32 (PI3UUHUMU Ta TEOMETPUUHUMU
BJIACTUBOCTSIMU OT'OPOJKEHHS BUBHAUUTH MOTO YaCTOTHY XapaKTEPUCTUKY
3BYKOIOTJIMHAHHS.

3. Po3poOneHnuii MeTo1 po3paxyHKy 0a3yeThCs Ha BIJOMUX METOAaX OLIHKU
YaCTOTHOI XapaKTEPUCTUKH 3BYKO130JIA1111 OKPEMO /I MACUBHHUX aKyCTUYHO
OJTHOPITHUX KOHCTPYKIIIH Ta JUCTOBUX MaTepianiB. OTHaAK OCHOBHOIO MEPEBATOI0
JTAHOTO METOJTy CTajo T€, 110 3a JOMOMOTOI0 BBEJIEHUX KOE(]illI€EHTIB BJIaJIOCh
OIL[IHUTHU B3a€EMHHUI BILJIUB OOJMIIOBAHHS Ta MACUBHOI YACTUHHU KOHCTPYKIIIi.

4. Jlns nepeBipKU 3alIPOIMIOHOBAHOTO METOAY OyJI0 MPOBEIEHO YUCIIOBI Ta
HaTypH1 EKCIIEPUMEHTH, K1 MMOKa3alu BIAMOBIAHICTD (B Mexax +/- 5 nb )
YaCTOTHUX XapaKTEPUCTHUK 3BYK0130J1s11i B Alanazoni yactot 200 — 3150 I'u.

Cawme 11eit g1ama3oH 4acToT € «po3MOBHHMY. Came BiH € OCHOBHOIO
po0emMor0 B TOOyTOBOMY IJIaHi.

5. Pe3ynbTaTu NMOpiBHSIHHS PO3PaXyHKOBUX BEJIUYMH 1HAEKCIB 3BYKO130JIS1111
OTPUMAaHUX 3 BUKOPUCTAHHSIM 3alPONOHOBAHOI'O METOJY , Ta OTPUMAHUX
EKCIIepUMEHTAIbHUM IIJITXOM, CTAHOBHUTH +/- 3 nb, 1110 BIAMOBIa€ TOYHOCTI
pO3paxyHKy 3 3acTocyBaHHsSIM nporpamu INSU, 1110 € CBITOBUM JifIepoM B AaH1H
o0nacrTi.

6. BapTo 3BepHyTH yBary Ha HEBEJIMKY HEBIANOBIIHICTh 3HAUEHb HA
gactotax 63 n1b — 125 n1b ta 3150 1b —40001b. Bona BuHuKae yepe3 y HaCI1A0K
AHTPOMOTEHHOT0 BIUIMBY IiJ1 YaC MPOBEJICHHS €KCIIEPUMEHTIB Ta uepes
HEJIOCKOHAJIICTh Ta MOMWIKU OyA1BETbHUKIB, 1110 BUKOHYBaJIu POOOTH Ha 00’ €KTI.

VY KOHTEKCTI MOPIBHSIHHSA 3 ICHYIOUUMH (GOPMYJIaMH Ta IPOrPaMHUM

3a0€3MeUEHHIM BaXKJIMBO BIA3HAYUTH BIMIHHOCTI. [CHYIOU1 MIAX0IU MOXKYTh
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BUSIBUTH 3HAYHY NMOXMOKY Yy BIJTHOIIEHHI 10 peajlbHUX eKcliepuMeHTIB. Lle Moxe
OyTH MOB'A3aHO 31 CHPOUICHHSMU Ta y3araJlbHEHHSIMHU, sIKI BAKOPHUCTOBYIOTHCS B
ICHYI0YMX (popMyJIax, a TAKOX 3 OOMEXKEHOK MOKIIMBICTIO TPOrPAMHOTO
3a0€e3MeUeHHs BpaXOBYBAaTHU BC1 JIeTall KOHCTPYKIIii.

7. OCHOBHOIO BIAMIHHICTIO Ta BATOMUM (PaKTOPOM y KOPEKTHOCTI
pO3pO0JIEHOI METOAMKY, B TOPIBHSAHHI 3 1HILIUMH, € YpaxyBaHHs TOBIIHH, Mac Ta
HIITBHOCTI 3BYKO130JI11HHOT KOHCTPYKIIii (AuB. koedimientu C1 ta C2y 4.2 Ta
4.3). lllo nae MOXIHMBICTH OUIBIII TOYHO BpaxyBaTH BCl PI3UUHI HapamMeTpu

BUKOPHCTOBYBAaHUX MaTepIalliB.
BMUCHOBKUA

1. B po6oTi 6yno po3pobieHo rpadiuHuii METO BUSHAYCHHS
YaCTOTHOI XapaKTEPUCTUKH 3BYKO130JIs1111 OararomapoBoi KOHCTPYKIIiT 3 pI3HUMU
KJIacaMU MaTtepiaiiB, M0 JO3BOJIMIO PO3PAaXOBYBATH 1HAEKCH 3BYKO130JIALII1
MAaCHBHHUX CTIH 3 KAPKAaCHUM OOJIMIIOBAHHSIM.

Po3pobnenunii MeToa 103BOJISIE MPOBOAUTH OLIHKY 3BYKO130JISLIHHOT
3IaTHOCT1 KOHCTPYKIIIHA B po3mupeHomy fiamna3zoHi yactoT 50 — 5000 I'u, mo
JI03BOJISIE PO3PAXYHKOBUM METOJIOM BHU3HAYATH MPOHUKAIOY1 PIBHI TyMY B
MPUMIILIEHHS B OKTABHUX CMYyTaX 3 CEPeHOT€OMETPUUYHUMH YacTOTaMu 63 —
4000 I'u. Takuii q1ama3zoH 4acTOT BiAMOBIJIa€ BUMOTaM HOPMATHUBHUX
JOKYMEHTIB.

2. Byno npoanaiizoBaHo Ta yJ0CKOHAJIEHO METO/I BUBHAUYECHHS BILIUBY
3BYKOIOTIIMHAILHUX MaTepiajiB Ha 3BYKO130JIAI1HI BJACTUBOCTI
OararoiapoBUX KOHCTPYKIIH, 10 TO3BOJUIIO OUIBIN palliOHaIbHO 00upaTu
3BYKOIOTIMHAIBHI MaTepialu 3a iX (pI3MYHUMU Ta TEOMETPUIHUMU
XapaKTepUCTUKAMH.

[Toka3zaHo 110 301IbIIEHHS TOBIIMHU 3BYKONOINIMHAJIBHOIO Matepiany 3 50

MM 110 100 MM B 1iIOMY NPU3BOAUTH J0 301UIBIIEHHS 1HAESKCY 3BYKO130Js1111 Ha 2
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nb, Ta nogaTkoBo 11e Ha 1 1b mpu 30UTbIIIEHH] TOBIIMHU 3BYKOMOTIMHAIBHOTO
mwapy a0 200 mm.

Henonikom >xe 3011bIIEHHS TOBIIUHY 3BYKOMOTJIMHAILHOTO MaTepiaty €
3MEHIIEHHS 3BYKO130JISI1IMHOI 3AaTHOCTI KOHCTPYKIIT HA PE30HAHCHIN 4acToTI,
110 JIEKUTH B 00s1acTl HU3bKUX 4acToT 50 — 100 I'n. Take siBuIie MOXe
Cy0’€KTUBHO MOTIPIIYBaTH 3BYKO130JIA1I1I0 CTIHU, OCKIJIBKHM came B LIeH niana3oH
4acTOT € pOOOUYHM J11alla30HOM HU3bKOYACTOTHUX aKyCTUYHUX CUCTEM
(cabBy(epin).

3. VY 10CKOHAJIEHO METOJ1 BU3HAUEHHS BIUIMBY MOBITPSHOTO MPOMIKKY
Ha YaCTOTHY XapaKTEPUCTUKY MACUBHOI CTIHH 3 OOJIUIFOBAHHSM JTUCTOBUMU
MaTtepiajgaMH, 1€ JO3BOJIMIIO MMOKa3aTH, 110 OOJIMITIOBAHHS 3 000X CTOPIH
JUMCTOBUMH MaTepiajaMy 3 TOBITPSHUM IMPOMIKKOM MPU3BOAUTH J0 PI3KOTO
3MEHIIEHHS 3BYKO130JISIIMHOI 31aTHOCT1 B 00J1aCTi HU3bKUX YacTOT.

HasiBHICTh HE3aMOBHEHOT'O MPOMIKKY M1k JINICTOBUM MaTepiajioM Ta
MAaCHBHOIO YaCTUHOKO CTIHU MPU3BOAUTH JO BUHUKHEHHS PE30HAHCHUX SIBUII
MOBITPSHOTO IPOMIXKKY, IO Cy0’€KTHUBHO MOTIPILIYE 3BYKOI30JISLI1HHI
XapaKTepUCTUKU OTOPOKEHHS Ha BelnuuHy 10 3 1b 3a iH1ekcom
3BYKONOINIMHAHHS. TOMYy B KOHCTPYKIISIX 3 OOJUIIOBAaHHSIM MacUBHOI CTIHU
JUCTOBUMH MaTepiajaMu MO KapKacy, 3aBXK/IU MOBITPSIHUN MPOMIKOK HEOOX1THO
3alOBHIOBATU BUCOKOE()EKTUBHUM 3BYKOIOTJIMHAIBHUM MaTePiaioM.

4. [Toka3aHo BIUIMB KapKacy OOJMIIOBAHHS Ha 3BYKOI30JIALIIHHI
XapaKTEePUCTUKH, 1€ JJO3BOJIUIIO OLIIHUTHU 3BYKO130JIAII1I1HI XapaKTePUCTUKU
MAaCHBHUX CTIH 3 OOJUIIOBAaHHIM Ha OCHOBI METAJIEBOTO KapKacy.

3. Byno BU3HaYeHO 3MIHM YaCTOTHUX XapPaAKTEPUCTUK 3BYKO130JISIIIT
OararoiapoBUX KOHCTPYKIIH 3 pI3HUX KJIACIB MaTepiaiiB, 10 T03BOJIHIO
BU3HAYMTH PE30HAHCHI YACTOTH TAKMX KOHCTPYKLIN Ta BU3HAYUTH MIHIMYMHU
3BYKO130JISI1I11.

[TopiBHSIHHS YaCTOTHUX XapaKTEPUCTUK 3BYKO130JIs111i OaraTomapoBux

KOHCTPYKIIiH, III0 OTPUMaHi €KCIIEPUMEHTATBHUM IIJISIXOM Ta HA OCHOBI
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3aPONOHOBAHOIO0 METOY MOKA3y€ BEJIUKY Y3TOJKEHICTh PE3yJIbTaTIB B
yacTOTHOMY niana3oHi Bumie 125 I'n. Ha Hu3bKHUX yacToTax pe3ysibTaTh
OTpUMaHI1 PO3PaxXyHKOBHUM LUISXOM € JEII0 BULIUMHU.

6. Po301KHICTh 3Ha4Y€Hb 1HIEKCY 3BYKO130J11i OararomapoBux
KOHCTPYKIIIH 3 OOUIIOBAHHSM JINICTOBUMHU MaTepiajiaMu Ha OCHOBI METAJIEBOTO

KapKacy CTaHOBUTH 1/- 2 n1b.
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Pe3yabTaTu eKCIIEPUMEHTIB 3 HATYPHHUX 00’ €KTIB 3 PI3HUMH

KOHCTPYKUIHHUMHU eJIeMeHTaMH (IleperopoaKaMu)

JNOJIATOK B

YacToTHI XapaKTepUCTUKHA 0araTOIapOBUX KOHCTPYKIIM 3 BUKOPHUCTAHHIM

nersid Ta ['KJL. TToka3yroTh piBeHb 3HMKEHHS IIYMYy B 3aJI€KHOCTI BIJ YaCTOTH

dB(Hz); Hz — ropuzonTansHa Bick; dB — BepTukaibHa Bich
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Puc. b. 1. YacToTHa XapakTepuCTHKa OararomapoBoi CTIHOBOT KOHCTPYKIIIT Ha

ocHOBI ernu 125 mm. ta 1 nmucra ['KJI, mpu 3MiH1 TOBIIMHM POIIAPKY

€()EKTUBHOT'O 3BYKOIIOIJIMHAJILHOTO MaTepiay.
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Uerna 125 mm. ta 2 auct K/
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Puc. b. 2. YacToTHa XapakTepuCTHKa OararomapoBoi CTIHOBOT KOHCTPYKIIIT Ha
ocHOBI ernu 125 mm. ta 2 nuctis I'KJI, npu 3MiH1 TOBIIMHYU NpOIIApKy

€()EKTUBHOT'O 3BYKOIIOIJIMHAJILHOTO MaTepiaiy.

Uerna 125 mm. ta 3 auctu K/
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Puc. 40 YactoTHa XapakTepucTUKa 6araTomapoBoi CTIHOBOI KOHCTPYKLIT Ha
ocHOBI ernu 125 mm. ta 3 nuctis I'KJI, npu 3MiH1 TOBIIMHYU NpOIIapKy

€()EKTUBHOTO 3BYKOIIOIJIMHAJILHOTO MaTepiaiy.
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Uerna 250 mm. Ta 1 aunct K/
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Puc. b. 3. YacToTHa XapakTepuCTHKa OararomapoBoi CTIHOBOT KOHCTPYKIIIT Ha

ocHoBi nerau 250 mm. ta 1 nucra ['KJI, npu 3MiH1 TOBIIMHM POIIAPKY

€()EKTUBHOT'O 3BYKOIIOIJIMHAJILHOTO MaTepiaiy.

Uerna 250 mm. ta 2 nuctu MK/
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Puc. b. 4. YacToTHa XapakTepuCTHKa OararomapoBoi CTIHOBOT KOHCTPYKIIiT Ha

ocHoBI ernu 250 mm. ta 2 nucti I'KJI, mpu 3MiH1 TOBIIMHY NpOIIapKy

€()EKTUBHOTO 3BYKOIIOIJIMHAJILHOTO MaTepiaiy.
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Uerna 250 mm. ta 3 auctu K/
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Puc. b. 5. HacToTHa XapakTepuCcTHKa OararomapoBoi CTIHOBOT KOHCTPYKIIIT Ha

ocHoBi ernu 250 mm. ta 3 nuctis I'KJI, mpu 3MiH1 TOBIIMHY NpOIIapKy

€()EKTUBHOT'O 3BYKOIIOIJIMHAJILHOTO MaTepiaiy.

Uerna 375 mm. Ta 1 amuct K/
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Puc. b. 6. YacToTHa XapakTepuCTHKa OararomapoBoi CTIHOBOT KOHCTPYKIIIT Ha

ocHoBI erau 375 mm. ta 1 nucra ['KJI, npu 3MiH1 TOBIIMHY POIIAPKY

€()EKTUBHOTO 3BYKOIIOIJIMHAJILHOTO MaTepiaiy.
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Uerna 375 mm. ta 2 nuctu MK/
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Puc. b. 7. YUacToTHa XapakTepUCTHKa OararomapoBoi CTIHOBOT KOHCTPYKIIiT Ha

ocHoBI nernu 375 mm. ta 2 nuctiB I'KJI, mpu 3MiHI TOBIIMHYU NpOIIapKy

€()EKTUBHOT'O 3BYKOIIOIJIMHAJILHOTO MaTepiaiy.

Uerna 375 mm. ta 3 auctu K/
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Puc. b. 8. HacToTHa XapakTepuCTHKa OararomapoBoi CTIHOBOT KOHCTPYKIIi1 Ha

ocHoBI ernu 375 mm. ta 3 nuctiB I'KJI, mpu 3MiHI TOBIIMHYU NpOIIapKy

€()EKTUBHOTO 3BYKOIIOIJIMHAJILHOTO MaTepiaiy.
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Uerna 500 mm. Ta 1 auct K/
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ampun50 M. ==l 100 M. s 150 M. 200 mm.

Puc. b. 9. HacToTHa XapakTepuCTHKa OararomapoBoi CTIHOBOT KOHCTPYKIIIT Ha

ocHoBi nerau 500 mm. ta 1 nucra ['KJI, npu 3MiH1 TOBIIMHM POIIAPKY

€()EKTUBHOT'O 3BYKOIIOIJIMHAJILHOTO MaTepiaiy.

Uerna 500 mm. ta 2 nuctu K/
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ampun50 M. ==l 100 M. s 150 M. 200 mm.

Puc. b. 10. YactoTHa XapakTepucTuka 6araTomapoBoi CTIHOBOI KOHCTPYKLIi Ha

ocHoBi nernu 500 mm. ta 2 nuctiB I'KJI, mpu 3MiHI TOBIIMHYU NpOIIapKy

€()EKTUBHOTO 3BYKOIIOIJIMHAJILHOTO MaTepiaiy.
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Uerna 500 mm. ta 3 auctu MK/
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ampun50 M. ==l 100 M. s 150 M. 200 mm.

Puc. b. 11. YactoTHa XapakTepucTUka 6araTomapoBoi CTIHOBOI KOHCTPYKLIi Ha
ocHoBi nernu 500 mm. ta 3 nuctiB I'KJI, mpu 3MiHI TOBIIMHYU NpOIIapKy

€()EKTUBHOT'O 3BYKOIIOIJIMHAJILHOTO MaTepiaiy.
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YacToTHI XapaKTEPUCTUKU OaraTomapoBUX KOHCTPYKIIH 3 BUKOPUCTAHHAM

razo6eronnoro 6moky 400 kr/m3 Ta IKJL. Toka3yoTh piBeHb 3HIKEHHS IIyMy B

3anexxHocTi Bij yactotu dB(Hz).

Hz — ropusoHTanbHa BiCh;

dB — BepTUKaJIbHA BICh.
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ampun50 M. ==l 100 M. s 150 M. 200 mm.

Puc. b. 12. YactoTHa XapakTepucTUka 6araTomapoBoi CTIHOBOI KOHCTPYKLIi Ha

ocHOBI razooeronHoro 010ky 100 mm. ta 1 nucrta I'KJI, npu 3MiHi TOBIIMHA

MpoIapKy €(peKTUBHOIO 3BYKOIOTIIIMHAIILHOTO MaTepiaiy.
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a3 (400) 100 mm. Ta 2 auctm NKN
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ampun50 M. ==l 100 M. s 150 M. 200 mm.

Puc. b. 13. YactoTHa XapakTepucTuka 6araTomapoBoi CTIHOBOI KOHCTPYKLIi Ha
0oCcHOBI razo0eToHHoro 6;10ky 100 mM. Ta 2 nuctiB ['KJI, mpu 3MiH1 TOBIIUHU

MpolapKy epeKTUBHOrO 3BYKOIOTJIMHAIBLHOTO MaTepiaiy.

a3 (400) 100 mm. Ta 3 anctm NKN
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ampun50 M. ==l 100 M. s 150 M. 200 mm.

Puc. b. 14. YactoTHa XapakTepucTuKa 0araTomapoBoi CTIHOBOI KOHCTPYKLIi Ha
ocHOBI razooeronHoro 010ky 100 mm. ta 3 muctiB ['KJI, npu 3MiH1 TOBIIMHM

MpoIapKy €peKTUBHOrO 3BYKOIOTJIMHAIBLHOTO MaTepiaiy.
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a3 (400) 200 mm. Ta 1 auct MKN
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ampun50 M. ==l 100 M. s 150 M. 200 mm.

Puc. b. 15. YactoTHa XapakTepucTuka 6araTomapoBoi CTIHOBOI KOHCTPYKLIi Ha

ocHOBI razooeronHoro 010ky 200 mm. Ta 1 nucra I'KJI, npu 3MiHi TOBIIMHA

MpolapKy epeKTUBHOrO 3BYKOIOTJIMHAIBLHOTO MaTepiaiy.
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a3 (400) 200 mm. Ta 2 anctm NKN
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ampun50 M. ==l 100 M. s 150 M. 200 mm.

Puc. b. 16. YactoTHa XapakTepucTuka 0araTomapoBoi CTIHOBOI KOHCTPYKLIi Ha

0oCcHOBI razo0eToHHoro 6;10ky 100 mM. Ta 2 nuctiB ['KJL, mpu 3MiH1 TOBIIUHU

MpoIapKy €peKTUBHOrO 3BYKOIOTJIMHAIBLHOTO MaTepiaiy.
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Puc. b. 17. YactoTHa XapakTepucTUka 6araTomapoBoi CTIHOBOI KOHCTPYKLIi Ha

ocHOBI razooeronHoro 010ky 100 mm. ta 3 nuctis ['KJI, npu 3MiH1 TOBIIMHU

MpowapKy epeKTUBHOrO 3BYKOIOTJIMHAIBLHOTO MaTepiaiy.

100
90
80
70
60
50
40
30
20
10

a3 (400) 300 mm. Ta 1 auct MKN
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Puc. b. 18. YactoTHa XapakTepucTuka 6araTomapoBoi CTIHOBOI KOHCTPYKLIi Ha

ocHOBI razooeronHoro 010ky 300 mm. Ta 1 nucrta I'KJI, npu 3MiHi TOBIIMHA

MpoIapKy €peKTUBHOrO 3BYKOIOTJIMHAIBLHOTO MaTepiaiy.
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a3 (400) 300 mm. Ta 2 auctm NKN
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ampun50 M. ==l 100 M. s 150 M. 200 mm.

Puc. b. 19. YactoTHa XapakTepucTuka 6araTomapoBoi CTIHOBOI KOHCTPYKLIi Ha
ocHOBI razooeronHoro 010ky 300 mm. Ta 2 nuctiB ['KJI, npu 3MiH1 TOBIIMHU

MpolapKy epeKTUBHOrO 3BYKOIOTJIMHAIBLHOTO MaTepiaiy.

a3 (400) 300 mm. Ta 3 amctm NKN
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ampun50 M. ==l 100 M. s 150 M. 200 mm.

Puc. b. 20. YactoTHa XapakTepucTuka 6araTomapoBoi CTIHOBOI KOHCTPYKLIi Ha
ocHOBI razooeronHoro 010ky 300 mm. Ta 3 nuctiB ['KJI, npu 3MiH1 TOBIIMHU

MpoIapKy €peKTUBHOrO 3BYKOIOTJIMHAIBLHOTO MaTepiaiy.
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YacToTHI XapaKTEPUCTUKU OaraTomapoBUX KOHCTPYKIIH 3 BUKOPUCTAHHAM
razo6eTonHoro 6moky 600 kr/m3 Ta IKJL. Toka3yoTh piBeHb 3HIKEHHS IIyMy B
3anexxHocTi Bij yactotu dB(Hz).

Hz — ropusoHTanbHa BiCh;

dB — BepTUKaJIbHA BICh.

a3 (600) 100 mm. Ta 1 auct KN
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ampun50 M. ==l 100 M. s 150 M. 200 mm.

Puc. b. 21. YactoTHa XapakTepucTuka 6araTomapoBoi CTIHOBOI KOHCTPYKLIi Ha
ocHOBI razooeronHoro 010ky 100 mm. ta 1 nucrta I'KJI, npu 3MiHi TOBIIMHA

MpoIapKy epeKTUBHOrO 3BYKOIOTJIMHAIBLHOTO MaTepiaiy.
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a3 (600) 100 mm. Ta 2 auctm NKN

Same

s

e

_,_w-_ 5

i

B

|

e

O D & “ NI O X

g 50 MM.

el 100 mm.

e 150 mm.

©
O

200

w*

MM.

S N o
ORI

Puc. b. 22. YactoTHa XapakTepucTUKa 6araTomapoBoi CTIHOBOI KOHCTPYKLIi Ha

0oCcHOBI razo0eToHHoro 6;10ky 100 mM. Ta 2 nuctiB ['KJI, mpu 3MiH1 TOBIIUHU

MpolapKy epeKTUBHOrO 3BYKOIOTJIMHAIBLHOTO MaTepiaiy.
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Puc. b. 23. YactoTHa XapakTepucTuka 6araTomapoBoi CTIHOBOI KOHCTPYKLIi Ha

ocHOB1 razo6etoHHoro 6;10ky 100 mM. Ta 3 auctiB ['KJI, npu 3miH1 TOBIIMHH

MpoIapKy €peKTUBHOrO 3BYKOIOTJIMHAIBLHOTO MaTepiaiy.
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a3 (600) 200 mm. Ta 1 auct FKN
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Puc. b. 24. YactoTHa XapakTepucTUKa 0araTomapoBoi CTIHOBOI KOHCTPYKLIi Ha

ocHOB1 razobetoHHoro 6;10ky 200 mMm. Ta 1 nucta I'KJI, mpu 3MiHI TOBIIUHU

MpolapKy epeKTUBHOrO 3BYKOIOTJIMHAIBLHOTO MaTepiaiy.
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200 mm.

Puc. b. 25. YactoTHa XapakTepucTuka 0araTomapoBoi CTIHOBOI KOHCTPYKLIi Ha

ocHOBI Ta3z00eToHHOTrO 010Ky 200 MM. Ta 2 nuctiB ['KJI, mpu 3MiH1 TOBIIMHU

MpoIapKy €peKTUBHOrO 3BYKOIOTJIMHAIBLHOTO MaTepiaiy.
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a3 (600) 200 mm. Ta 3 anctm NKN
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Puc. b. 26. YactoTHa XapakTepucTuka 0araTomapoBoi CTIHOBOI KOHCTPYKLIi Ha

ocHOB1 razo6etoHHoro 6;10ky 200 mM. Ta 3 auctiB ['KJI, npu 3miH1 TOBIIMHH

MpolapKy epeKTUBHOrO 3BYKOIOTJIMHAIBLHOTO MaTepiaiy.
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a3 (600) 300 mm. Ta 1 auct MKN
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Puc. b. 27. YactoTHa XapakTepucTUKa 0araTomapoBoi CTIHOBOI KOHCTPYKLIi Ha

ocHOBI Ta3zo0eToHHOTr0 010Ky 300 MM. Ta 1 nucta I'KJI, npu 3mMiHI TOBIIMHU

MpoIapKy €peKTUBHOrO 3BYKOIOTJIMHAIBLHOTO MaTepiaiy.
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a3 (600) 300 mm. Ta 2 auctm NKN
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ampun50 M. ==l 100 M. s 150 M. 200 mm.

Puc. b. 28. YactoTHa XapakTepucTuka 6araTomapoBoi CTIHOBOI KOHCTPYKLIi Ha
ocHOB1 razo6etoHHoro 6;10ky 300 mM. Ta 2 auctiB ['KJI, mpu 3MiH1 TOBIIMHH

MpolapKy epeKTUBHOrO 3BYKOIOTJIMHAIBLHOTO MaTepiaiy.

a3 (600) 300 mm. Ta 3 anctm NKN
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ampun50 M. ==l 100 M. s 150 M. 200 mm.

Puc. b. 29. YactoTHa xapakTepucTuka 6araTomapoBoi CTIHOBOI KOHCTPYKLIi Ha
ocHOB1 razo6etoHHoro 6;10ky 300 mM. Ta 3 auctiB ['KJI, mpu 3miH1 TOBIIMHH

MpoIapKy €peKTUBHOrO 3BYKOIOTJIMHAIBLHOTO MaTepiaiy.
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YacToTHI XapaKTEPUCTUKU OaraTomapoBUX KOHCTPYKIIH 3 BUKOPUCTAHHAM
razo6eTonnoro 6moky 800 kr/m3 Ta I'KJL. [Toka3yoTh piBeHb 3HIKEHHS IIyMy B
3anexxHocTi Bij yactotu dB(Hz).

Hz — ropusoHTanbHa BiCh;

dB — BepTUKaJIbHA BICh.

a3 (800) 100 mm. Ta 1 auct NKN
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ampun50 M. ==l 100 M. s 150 M. 200 mm.

Puc. b. 30. YactoTHa XapakTepucTuka 6araTomapoBoi CTIHOBOI KOHCTPYKLIi Ha
ocHOB1 razo6etonHoro 610ky 100 mMm. Ta 1 nucta I'KJI, mpu 3MiHI TOBIIUMHU

MpoIapKy e(peKTUBHOrO 3BYKOIOTJIMHAIBLHOTO MaTepiaiy.
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a3 (800) 100 mm. Ta 2 anctm NKN
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ampun50 M. ==l 100 M. s 150 M. 200 mm.

Puc. b. 31. YactoTHa XapakTepucTuka 6araTomapoBoi CTIHOBOI KOHCTPYKLIi Ha
ocHOBI Ta3zo0eToHHOTro 010Ky 100 MMm. Ta 2 nuctiB ['KJI, npu 3MiH1 TOBIIMHU

MpolapKy epeKTUBHOrO 3BYKOIOTJIMHAIBLHOTO MaTepiaiy.

a3 (800) 100 mm. Ta 3 anctm NKN
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ampun50 M. ==l 100 M. s 150 M. 200 mm.

Puc. b. 32. YactoTHa XapakTepucTUKa 0araTomapoBoi CTIHOBOI KOHCTPYKLIi Ha
ocHOB1 razo6etoHHoro 6;10ky 100 mM. Ta 3 auctiB ['KJI, npu 3miH1 TOBIIMHH

MpoIapKy €peKTUBHOrO 3BYKOIOTJIMHAIBLHOTO MaTepiaiy.
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a3 (800) 200 mm. Ta 1 auct MKN
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ampun50 M. ==l 100 M. s 150 M. 200 mm.

Puc. b. 33. YactoTHa XapakTepucTuka 6araTomapoBoi CTIHOBOI KOHCTPYKLIi Ha
ocHOB1 razobetoHHoro 6;10ky 200 mMm. Ta 1 nucta I'KJI, mpu 3MiHI TOBIIUHU

MpolapKy epeKTUBHOrO 3BYKOIOTJIMHAIBLHOTO MaTepiaiy.

a3 (800) 200 mm. Ta 2 anctm NKN
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ampun50 M. ==l 100 M. s 150 M. 200 mm.

Puc. b. 34. YactoTHa XapakTepucTUKa 0araTomapoBoi CTIHOBOI KOHCTPYKLIi Ha
ocHOBI Ta3z00eToHHOTrO 010Ky 200 MM. Ta 2 nuctiB ['KJI, mpu 3MiH1 TOBIIMHU

MpoIapKy €peKTUBHOrO 3BYKOIOTJIMHAIBLHOTO MaTepiaiy.
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a3 (800) 200 mm. Ta 3 anctm NKN
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g 50 MM.

el 100 mm.

e 150 mm.
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Puc. b. 35. YactoTHa XapakTepucTuka 6araTomapoBoi CTIHOBOI KOHCTPYKLIi Ha

ocHOB1 razo6etoHHoro 6;10ky 200 mM. Ta 3 auctiB ['KJI, npu 3miH1 TOBIIMHH

MpolapKy epeKTUBHOrO 3BYKOIOTJIMHAIBLHOTO MaTepiaiy.
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Puc. b. 36. YactoTHa XapakTepucTUka 0araTomapoBoi CTIHOBOI KOHCTPYKLIi Ha

ocHOBI Ta3zo0eToHHOTr0 010Ky 300 MM. Ta 1 nucta I'KJI, npu 3mMiHI TOBIIMHU

MpoIapKy €peKTUBHOrO 3BYKOIOTJIMHAIBLHOTO MaTepiaiy.
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a3 (800) 300 mm. Ta 2 anctm NKN
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g 50 MM.

el 100 mm.

e 150 mm.

200 mm.

Puc. b. 37. YactoTHa XapakTepucTUKa 6araTomapoBoi CTIHOBOI KOHCTPYKLIi Ha

ocHOB1 razo6etoHHoro 6;10ky 300 mM. Ta 2 auctiB ['KJI, mpu 3MiH1 TOBIIMHH

MpolapKy epeKTUBHOrO 3BYKOIOTJIMHAIBLHOTO MaTepiaiy.
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Puc. b. 38. YactoTHa XapakTepucTuka 0araTomapoBoi CTIHOBOI KOHCTPYKLIi Ha

ocHOBI Ta3zo0eToHHOTr0 010Ky 300 MM. Ta 3 nuctiB ['KJI, npu 3MiH1 TOBIIMHU

MpoIapKy €peKTUBHOrO 3BYKOIOTJIMHAIBLHOTO MaTepiaiy.
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