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NPOMO3uLII 00 NOJIMLWEHHA AKYCTUKU
JIEKLINHOI AYOAUTOPII Ne 453

MpoaHanizoBaHo 06'eMHO-NNaHyBanbHe pilleHHA ayauTopii
Ne 453 cTocoBHO BinGMTTA 3BYKY | yTBOpeHHA nyHU. byno BusiBneHo, wo
Bia6uTKM Big 6iYHMX CTiH ayaMTOPIi 3BYK NOKPUBAE NOBEPXHIO MMAQAYIB
3 BenMkuMum nporanuHamMu. Kpim Toro, pesiki MPOCTIHKM MOXKYTb
yTBOPIOBaATU JIYHY B Me)Xax npumiwleHHA. HaBeaeHi npono3uuii wono
noninweHHA aKyCTUKM nekuinHoi ayamtopii N2 453. 3anponoHoBaHoO
BNIALLUTYBaTU €KpPaH Ha po3pisi npuMilleHHA. BUKoHaHa Moro nepesipka
Ha YTBOpPEeHHs NyHU. BusHadeHi ginAHKu Ha cTiHax Ta cteni, aki cnig
onopsAAMTH 3ByKOoBiaGMBaouMMmn matepianamm.

KnwuoBi cnoBa: aKkyCTUKa; aKyCTUMHUIA €KpaH; 3BYKOBi BinbuTTs;
3BYKOMOI/IMHAHHSA; JIYHA; Yac peBepbepadii.

JlekuitHa ayauTopia N2 453 (puc. 1) 3HaxoAUTbLCA B 4eTBEPTOMY
kopnyci HYBITI Ha ocTaHHbOMy 4yeTBepTOoMy noBepci. B nnaHi Mae
NpsIMOKYTHY ¢opMy: wupuHa 11,56 M, posxuHa 18,1 M. Bucora
npuMmilleHHs cknagae 3,6 M. Paau Micub po3TalloBaHi napanesibHO MiX
coboto i fo nnowmHU gowkKn. BoueBnab, nepegbavanocsa po3tawyBaTm ix
Ha OAHIN noxunin nnowmHi. Nicna KOCMETUYHOro pPeMOHTY B ayauTopil
KpenpaHa powka byna 3aMiHeHa Ha MynbTUMeginHy. Po3MiweHHs i
KiNbKiCTb BIKOH B ayAuTOpil HAaBOAWUTb HA AYMKY, WO Le HeraTuBHO
BMJIMBAE HA aKyCTU4YHI BNACTMBOCTI ayauTOPIl: BY3bKi MPOCTIHKN MakTb
Many njouwy, siKka 34aTHa nNpaulBaTU B SIKOCTI 3BYKOBIAOMBaKUMX
eKpaHiB. KpiM Toro, 3HauyHa goBXKuMHa npuMiweHHs (18,1 M) npusBoanTb
[0 CYTTEBOMO 3racaHHs eHepril NpsAMOro 3ByKy Ha LWASXY Bif feKTopa Ao
ocTaHHix pagie [1], a npaMokyTHa B nnaHi popMa NpUMILLEHHA MoOXKe
cTBOptoBaTN edeKT nyHu [2; 3].

B po6oti nocraBneHo MeTy - npoaHanisyBatu 06'eMHO-
nnaHyBanbHe piweHHs ayauTopii N2 453 B KOHTeKCTi BRAMBY I
napameTpiB Ha aKyCTUYHUM pPeXuMm npuMilleHHs. fAkwo 6yayTb
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BUSIBNIEHHI HEOOMiKWN, TO, 3@ MOXJIMBOCTI, 3aNpoOnoHyBaTU 3axogu Ons
IXHbOr0 NOBHOMO abo YaCTKOBOIO YCYHEHHS.

NMutaHHA aHanisy aKycTUYHUX BJIACTUBOCTEM [NSOaLbKMX 3an
posrnapanuca B po6oTtax [4; 5]. AHaniz 06'eMHO-NNaHyBanbHOro
PilLeHHS, YMOB BUAMMOCTI Ta NPUPOAHOT OCBiT/eHOCTI B ayauTopil N2 453
6yB BUKOHaHWI B poboTi [6], ane NnUTaHHSA aKyCTUYHUX BNacTUBOCTEN L€l
aygouTopil HIKUM He po3rnaganocs.

6)

Puc. 1. JlekuinHa aygutopia Ne 453

Ha puc. 2 nokasaHi po3mipu ayauTopii, po3MilleHHA B NnaHi pagis
AN rnapadviB i MynbTUMEINHOT OOWKW, OTPUMAHI B pe3ysnbTaTi obMipiB.
Ha pwuc. 3 HaBemeHo 1i No3doBXHiM po3pi3. lMpoaHanisyemo cnepuy
BENIMUYMHY nuToMoro o6’eMy 3any (Ha ogHoro rnagada). [Ans ayautopin
[7] ue 3HayeHHs pekoMmeHAylOTb NpuiMaTu B Mexax 4-5 M3 Big uiel
BEJIMYMHWN 3aNexuTb 4ac pesBepbepauil B 3ani, AKMA B CBOK 4Yepry
BMJIMBAE Ha MyYHICTb Ta YyTHicTb. AyauTtopia Ne 453 obnapgHaHa naBamu,
ane SKWO Ha ogHoro cnyxada Buainutu 0,5 M OOBXWHWM NaBoK, TO
HabnumxeHo B AaHoMmy 3ani Moxke noMictutuca 200 nwopen. 06'em
ayauTopii cknagae npubnusHo 652 mM3. 3BiAcvM BMMNAMBAE, WO Ha OAHY
noanHy npunagae 3,26 M3, wo € HepocTaTHiM. MNpoTe daKTUYHUI Yac
peBep6epalii B 3ani B Uit po6oTi o6uyncnioBaTUca He Byge. i akycTUYHI
BJIACTMBOCTI ByAyTb OLIHIOBATUCS NNLLIE 3 TEOMETPUYHOI TOYKM 30pY.

AyouTtopis Mae poBxuHy 18,1 M, a BigcTaHb Big NeKTopa Ao
C/yxaya oCTaHHbOro psaay dakTMyHo byae HaBiTb GinbLwoto (ams. puc. 3).
[onatoum TaKy BiACTaHb 3BYK Oyae cyTTeBO 3racatu. Lle yacTkoBO MOXHa
BUNPaBUTM 3a PaxyHOK BiabMBaHHSA 3BYKY Bif OiYHMX CTiH i cTeni sk
AKYCTUYHUX EKPaHiB.

30KpeMa, ropmM3oHTaNbHY MAOCKY CTEN0 MOXHa BBaXaTu OOHUM
aKYCTUYHUM eKpaHoM. [ns [oBXWMHW aypuTtopil nmoHap 18 M uboro
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3amMano, TOMY TMPOMOHYETbCA B KiHUI MPUMIWLEHHA BRawTyBaTH
AOOATKOBMW  KPUBOMIHIMHUA  UMNIHAPUYHMKA  eKpaH. Le nigcmnute
eHeprilo 3BYKY A8 KiNlbKOX 0CTaHHix psagie (puc. 4).
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Puc. 2. Po3Mipu ayguTopii, po3MilleHHS B NNaHi pagis ona rnanadie Ta
MYNbTUMELINHOI AOLWKN
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Puc. 3. NMo3noBXHin po3pi3 aygutopil

Pwuc. 4. Jocnip>keHHa dopMu eKpaHiB Ha po3pi3i 1-1
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Ha «cTiHax B $KOCTi 3BYKOBIgOMBalUYMX €KpaHiB  MOXHa
BUKOPUCTATK NPOCTIHKM MiXX BikHaMmu. Ockinbku nepwi 0,5 M ekpaHy He
BPaxOBYETbCA, 3Ba)kaluu Ha sasBuwe audpakuil 3Byky [8], To nuwe
HeBeNMKa 4YaCTUHA NPOCTiIHKIB BiAOWMBa€E 3BYK B ayguTopil0 3rigHo 3
METOAOM reoOMeTpPMYHOI aKyCTUKW. Hacnigok — Ha 06inblwy 4acTuHy
MOBEpPXHi  rnspadiB 3any Bigbwutum 3BYK Big 6i4HMX eKpaHiB He
notpannse. [docnigXyBanucsa [Ba BapiaHTWM po3TallyBaHHSA AXKepena
3BYKY: KOMM NeKTop CToITb 6ins Kadbenpwu i KON BiH CTOITb HanpoTu
cepeavHu gowkm (puc. 5).

3MiHa ¢opMK NpPOCTiHKIB He Aana 6axaHoro edekTy: 3BYK Mawnxe
He BiABuBaBCA Ha cnyxadiB abo X HOBi eKpaHW YTBOPIOBANN 3HAUYHY JIYHY
B MeXax NpuMilleHHs. BapiaHT i3 3aKpUTTSM CBITNONPOPI3iB TAaKOX He
6aXKaHWN, OCKINbKW Le 3HU3UTb MPUPOAHY OCBITNEHICTb i HEraTUBHO
BNAMHE Ha iHTep'ep ayauTopil. ToMy KOHdirypauia nnaHy He
3MiHIOBanach.
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Puc. 5. locnigxeHHa ¢opMu eKpaHiB Ha NNaHi: a — NeKTop CToITb 6ing
kadenpu; 6 — NneKTop CTOITb HABMPOTK CEpPeaUHN OOLLKN

lNepeBipka HaA YTBOPEHHA JIyHW HA MNO3A0BXHbOMY pPO3Pi3i
nmokasana, WO Big4 CTeni nyHa yTBOplBaTMCsa He Oyae, ToMy wWo i
nnowmHa nepetmHae coepy pagiycoM 5 M, LEHTP SKOI pO3TalIOBAHO B
mxkepeni  3Byky [2; 3]. [paHuyHa noBepxHS JyHW, CTBOpEHa
KPMBONIHINHMM €KpaHOM, BUHWUKAE NILLIE HUXKYE MOBEPXHi cnyxadis (puc.
6), Wo uinkom gonyctumo. lMNepeBipka Ha MOXUBICTb YTBOPEHHS JIYHU
OiYHMX eKpaHiB NoKasana, Wo JlyHa MOoXXe YyTBOPHBAaTMCA Bif MepLuoro,
paxywun Bif [OWKW, NPOCTIHKY pns 060x BUNaAKiB po3TallyBaHHSA
nekTtopa (mkepena 3ByKy) (puc. 7). ToMy uUe” NPOCTIHOK HeobXigHO
3arnywnTn 3ByKONOrSIMHAYMM MaTepianom.
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Puc. 7. MNepeBipka yTBOPEHHS JIyHM Ha NJaHi 3any: a — NEKTOp CToITb bing
kadenpu; 6 — NneKTop CTOITb HABMPOTK CEpPeaUHN OOLLKN
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Jani 3a cnocobom, HaBeoeHuM B [8], BM3HaAueHi 30HKM, aKi cnin

obnuutoBaTh 3ByKOBiA6MBaOYMMKM MaTepianaMn. BuaHayeHHs Taknx 30H
ANS CTiH i cTeni nokasaHi Ha puc. 8-9.

0dnacmb cmiHy, Axy cnid cnopadumy
/ 36yK0BIdIUBANHUMU MAMEPIANAMU

253

Puc. 8. BuaHaueHHsa obnacTi CTiHK, SIKYy i oNopsSaMTY 3BYKOBIABMBaOUMMHK
MaTepianamu (oaloTb KOPUCHI NepLi BinGUBaHHA B 3an)

Odaacmi cmeni, Aki cAid onopAdumu

bykobidbubaiyuMy MamepicAaMU
)||»==1 |=1| B —— -

B

L

3
= - ———

Puc. 9. BuaHaueHHs obnacTi cTeni, Ky chif onopsouTi 3BYKOBigOMBatouUnMMu
MaTepianamu (oaoTb KOPUCHI NepLi BigGUBaHHA B 3an)
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Ak 3rapyeanocsa suuwe, nepwi 0,5 M ekpaHy He BpaxoBylTbCa [8],
TOMy obnacTi, 306paxeHi Ha puc. 8-9, 36inbwyemo Ha 0,5 M B yci
cTopoHu (puc. 10).

Ha pwuc. 11 MaeMo ocTaToyHUN pe3ynbTaT ANA BCiX EKPAHIB CTiH i
cTeni. 3po3yMino, WO 3a MeXaMu BU3HaYeHUX obnacTen MoxHa (3a
noTpebu — 3aHAATO BENUKWUA SK ONs ayauTopin yac peBepbepadii)
PO3MillyBaTV 3BYKOMNOMIMHAKOYe 06IMLIOBAHHS.
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Puc. 10. Jo BM3HauyeHHs obnacTen cTenii CTiH, AKi cnig onopagutu
3BYKOBiIg6MBaOYMMN MaTepianamm

HacmuHa ekpaHy, AKY MoxHA odnuukbamy
/ 3byKonoz AUHARYUMU Mamepianamy
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Puc. 11. 06nacTi cTeni i cTiH, AKi cnig onopsanTy 3ByKOBIiAOMBaOYNMM
MaTepianamu
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B crarri HaBegeHo npono3wuil LWOAO0 MONIMWEHHS aKYyCTUKM
nekuinHol aygutopii N2 453 HYBITI. Hagani oTpuMaHuMin [ocCBig MOXKHa
BUKOPUCTATM ANA aKYCTMYHOI PEKOHCTPYKUIl iHWKX 3aniB 6yab-sKoro
NPM3HA4YeHHS 3 HE33aA0BINIbLHOK aKYCTUKOH.
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PROPOSALS TO IMPROVE ACOUSTIC OF LECTURE AUDIENCE Ne¢ 453

The volume-planning solution of auditorium No 453 was
analyzed in the context of the influence of its parameters on the
acoustic regime of the room.

The value of the specific volume of the hall per spectator was
analyzed. This value is recommended to be within 4-5 m3 for
classrooms. The reverberation time in the hall depends on this value
which in turn affects the volume and audibility. Approximately 200
people can fit in this lecture hall. The volume of the auditorium is
approximately 652 m3. One person in auditorium No 453 accounts for
3,26 m3, which is not enough. But the actual reverberation time was
not calculated in this work. The acoustic properties of the hall were
analyzed only from a geometric point of view.

The auditorium is 18,1 m long. Overcoming such a distance, the
sound will fade. This problem can be partly compensated by repeated
sound reflections from the side walls and ceiling which will serve as
sound-reflecting screens.

The horizontal flat ceiling was adopted as one sound-reflecting
screen. It was also proposed to arrange an additional curved screen at
the end of the room. This will boost the sound quality for the last few
rows.

The partitions between the windows were used on the walls as
sound-reflecting screens. Significant parts of the lecture hall where
the reflected sound from the side screens does not enter were found.

217



Cepist «TexHi4YHi Hayku»

Bunyck 1(105) 2024 p.

The case when the lecturer stands next to the lectern and, separately,
when the lecturer stands opposite the middle of the blackboard, were
investigated. Changes in the configuration of the walls did not have
the desired effect. Almost no sound was reflected to listeners, or the
new screens created a significant echo within the room. Therefore, we
did not change the configuration of the plan.

A check for echo formation on the longitudinal section showed
that no echo will be formed from the ceiling. The boundary surface of
the echo formed by the curved screen may occur below the surface of
the listeners. Therefore, it can be considered permissible. A check for
the formation of an echo from the side screens showed that an echo
can be formed from the first wall for both cases of the location of the
lecturer (sound source).

Zones that should be lined with sound-absorbing materials were
also determined. Since the first wall can create an echo, it is
recommended to completely cover it with sound-absorbing materials.

Keywords: acoustics; acoustic screen; sound reflections; sound
absorption; echo; reverberation time.
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