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BBEJIEHUE

AKTyaJbHOCTh TeMbl HcciaenoBanmus. lllym sBnsercs omnum u3 Haumbolee
pPacIpOCTPAHEHHBIX OMACHBIX M BPEIHBIX MPOU3BOJICTBEHHBIX (DAKTOPOB B 3aMKHYTHIX
o0beMax  NPOMU3BOJCTBEHHBIX  moMelleHui.  [Ipou3BoJICTBEHHbIE  MOMEIICHUS
XapaKTEPU3YIOTCS HAJUYUEM CJIOKHBIX 3BYKOBBIX TOJIEH, (POPMHUpPYEMBIX MPSMbIM
IIyMOM OOOpYJOBaHHUS, CTAHKOB W MNPOMBIIIJIEHHBIX YCTAaHOBOK, a TaK)KE HaJIUYUEM
MHOXECTBEHHBIX OTPAXKEHUM B TMOMELIEHUH, 4YTO TMPUBOJUT K HECOOIIOICHUIO
TpeOOBaHUI HOPM MO MIyMy Ha paboynmx MecTax U B pabounx 30Hax. CormacHo
COBPEMEHHBIM HCCIIEIOBAHUSIM, YHCIIO PAaOOTAIONINX, MOJBEPralolInXcsl BO3AEHCTBUIO
MOBBIIIEHHOTO 1IyMa, HA OTAEJIbHBIX MPOU3BOJCTBAX MOXKET AOCTUraTh 2/3 OT o0LIero
yucna. Takum oOpa3om, oOecrieueHre HOPMATUBHOTO YPOBHS 3ByKa Ha pabounX MecTax

B IIOMEIICHUIX SIBIISIETCSA Ba)KHOU COIMMAIILHO-D)KOHOMHUUYECKOHN 3aJ1aueci.

brnarogapst ycwinsiM OTEYECTBEHHBIX W 3apyO€kKHBIX YUYEHBIX U HHXKEHEPOB,
HayKa Y NMPaKTUKa HAKOIWJIMA COJIMJIHBIA apceHas CPeJICTB U METOJOB IIYMO3AIIUThI Ha
MIPOU3BOJICTBE: 3BYKOM3OJIHMPYIOIINE KAOMHBI, 3ByKOU30JUPYIOLIME KamOThl U KOXKYXH,
3BYKOIIOTJIOMIAIONINE TAHEIW W  OOJIMIIOBKH, BUOPOU3OIUPYIONIUE  CHCTEMBI,
BUOpoaeMiupyronue MOKpeITUs U apyrue. Cpean MIyMO3amUuTHEIX CPEACTB 0coboe
MECTO 3aHMMAlOT AaKyCTUYECKHE DOKpaHbl, IMPEUMYIIECTBAMU KOTOPBIX SIBISAIOTCS
3G ()EKTUBHOCTh CHIDKECHHSI ITyMa, a TAaKXKe MPOCTOTAa KOHCTPYKIMHU. Y YUTHIBAsI, UTO BO
MHOTHUX TPOU3BOJCTBEHHBIX TMOMEIICHUAX, HAMPUMEpP, B I€Xax METauioo0paboTKH,
MEYATHBIX U TKAIIKUX IIeXaxX HamOoJiee BBICOKHE TMPEBBINICHUS MO IIyMy OTMEYaroTCs,
KaK IpaBUJIO, B CpPEIHE- U BBICOKOYACTOTHOM JUalla30HaX, aKyCTHYECKHUE SKpPAHBI
MOTJIU OBl OBITh B HUX UCIOJIB30BAHBI JJIsl CHIDKEHHS IryMa. HecMOTpst Ha yka3aHHBIE
BO3MOKHOCTH, pUMEHEHNE AD ISl 3alIUTHI OT IIyMa B TOMEUIEHUAX MPOMBIIUICHHBIX
OpPEANPHUATHH  HOCHUT SNH30AWYECKUM  xapaktep. Heckonpko 0Oosiee  MIMPOKO
npuMeHsitorcss AD i 3ammThl OT IymMa B oducax, HO MacmTabbl 3TOro
UCIIOJIb30BaHMUs HU B KaKO€ CPaBHEHHME HE UAYT C MaciiTabamu mpuMeHeHuss AD s
CHIKCHHS aKyCTUUYECKOTO 3arpsi3sHEHUS] OKPYIKaIOIIEH Cpe/bl, HampuMmep, st 00pbObI ¢

TPaHCIOPTHBIM IIyMOM. OAHOW M3 MPUYMH OrPAaHUYEHHOTO NMPUMEHEHUS! SKPAHOB JJIS
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CHUKEHHUS IIyMa B IMPOU3BOJICTBEHHBIX MOMEILICHUIX SBIISIETCS 3HAUUTEIILHOE BIMSIHUE
Ha 3¢dexkTuBHOCTL AD OTpaxxeHHOro 3Byka. Jlig pemieHuss AaHHOW MPOOJIEeMbI

HCO6XOI[I/IMO IMPOBCACHUEC NOIIOJHUTCIIBHBIX HCCHCHOB&HHﬁ.

Bomnpocamu cHukeHus IiymMa, B TOM 4YHCIE, B 3aMKHYThIX OObE€Max MU B
MPOU3BOJICTBEHHBIX TMOMENIEHUAX, a TakKKe UCcCIeqoBaHUIMU S(PPEKTUBHOCTH
AKyCTUYECKHUX  OSKpAaHOB  3aHMMAJIUCh  W3BECTHBIE  OTCUYECTBEHHbIE  yUEHBIC
A. W. AatonoB, W. U. boronenos, JI. A. bopucoB, M.B. byropuna, B.II. T'yces,
H. . UBanos, B. U. 3a6opoB, A.E. XKmanos, O. A. XKoronesa, B. }0. Kupnuunukos,
N. 1. Kmtoknn, C. JI. Kopurun, C.U. Kpsmmos, /. A. Kyknun, B. W. Jlengenes,
N. B. MarseeBa, I'.JI. Ocuno, M. B. Ceprees, A. Il. Twopun, H. B. Tropuna,
. E. Lykepuukos, A. E. lllamypun, U. JI. llly6un, E. 4. FOaun u ap., a 3a pyoexxom
JI. bepanek, M. Kpokep, I'. Kyrrpyd, . MaekaBa, Y. Kypue, [Ix. Apenac,
C. Peadepn, M. UexoBuu, [Ix. Yatunon, P. Ueept u npyrue. BrinonHeHHbIE UMU
paboTHI MPEACTABIAIOT HEMAIYIO HAYYHYIO IIEHHOCTh, OJHAKO MMEETCS Psifi BOIIPOCOB,
KOTOpbIE SBJISIOTCS HE 10 KOHIIAa U3YYEHHBIMU U TPEOYIOT CHIEHMAIBHBIX UCCIIEIOBAHUI,
BKIIFOYAsl BIMSHUE AaKyCTHYECKUX CBOWCTB TMOMEIIEHWN, a Takke GOpMbl U
KOHCTPYKTHBHBIX mapaMeTpoB AD Ha akycTtudeckyto agdekruBHocTh AD. Kpome Toro,
aKTyaJbHOM 3a7adeil siBisgeTcsl pa3pabOTKa METONOB pacuera AD B MOMEUICHUSAX U UX

BepuUKAIII TyTeM dKCIIEPUMEHTAIBHBIX UCCIICTOBAHUH.

Heabo paboTrbl sBisieTcss wucciaeqoBaHue JPGHEKTUBHOCTH aAKYCTHUYECKHUX
HKPAaHOB B 3aMKHYTHIX 00bEMax C pPa3IUYHBIMU aKyCTHUYECKUMHU CBOWCTBAMH JIJIS
HAy4YHOTO 000CHOBaHUA U pa3pabOTKu MeToaa pacyeTa apdekTuBHOCTH AD U CO3TaHUS

PEKOMEH 1Al M0 MPOEKTUPOBAHUIO AD B MOMEIICHUSIX.

Hayuno-texnuyeckasi runore3a: 3¢pHeKTUBHOCT, AD B MOMEIIEHUAX 3aBUCUT
OT aKyCTHYECKHX CBOHCTB W XapaKTEPHCTUK TIOMEIICHHS, a TaKke OT (OPMBI,
KOHCTPYKTHBHBIX I1apaMETPOB, aKyCTHYECKHMX CBOWCTB W pAacIoNOKeHHS AD

OTHOCUTCJIbHO NCTOYHHKA IIIyMd U 3allIUITACMOI 0 00BEKTA.

OO0beKThI HCCJIEI0BAHUSA: AKYCTHYECKHME DKpaHbl, 3aMKHYTble OOBEMBI Ha

IpUMEpPE MPOU3BOJICTBEHHBIX [TOMELICHUM.
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IIpeameT ucciaenoBaHMsi: 3aKOHOMEPHOCTH (DOPMUPOBAHUS 3BYKOBBIX IMOJEH B
MIPOU3BOJICTBEHHBIX TOMEIICHUSIX C Pa3IUYHbBIMU aKyCTHUYECKMMH CBOMCTBaMH H

CHHW)XCHHC IIYyMa B HUX aKYCTUUCCKHUMHU DKPaHAMMH.

3agaum uccjie10BaHUA:

- BBITIOJTHEHUE YKCIIEPUMEHTATBLHBIX UCCIICAOBAHUN XapaKTEPUCTHK IITyMa Ha
pabounx MecTax W B pabOYmMX 30HAX MPOU3BOACTBCHHBIX MOMEIICHUI U ONpEIeIICHNE
TpeOOBaHUM K €r0 CHUKEHUIO;

- W3yYCHHE  MEXaHW3MOB  (OPMUPOBAaHWsI  3BYKOBBIX  TMOJNEH B
MPOU3BOJCTBEHHBIX  TOMEIICHUSX C  IeIbl0  pa3paboTku  KiaccuHUKAIuu
MIPOU3BOJICTBEHHBIX MOMEIICHUH B 3aBUCUMOCTH OT UX aKyCTUYECKUX CBOWCTB;

- aHaJIM3 METONMKH pacuera 3(PQPEKTUBHOCTH aKyCTUYECKOTO OJKpaHa B
pabourx TOMEIIEHUSX, OCHOBAaHHOW Ha ONTHUKO-IU(PPAKITMOHHOW TEOPUHU, C IIEIBIO
OIICHKU €€ MPHUTOJHOCTH JIJISl OMpeNeNieHUs aKyCTHIeCKOH 3(P(GEKTUBHOCTH HKPAHOB B
MIPOU3BOJICTBCHHBIX TIOMEIICHUSX;

- pa3zpaboTka Merona pacdera 3()PEKTUBHOCTA aKyCTHYECKOTO JKpaHa MpHU
PACIONIOKEHUH 3aIlUIAEMOTr0 00BbEeKTa B 00JIACTU MPSMOTO W OTPAKEHHOTO 3BYKa B
TIOMETIICHUH;

- pa3paboTKa METOIUKH WCIIBITAHUNH AD M OMBITHOTO CTEH/JA U BHITIOJHEHUE
IKCIIEPUMEHTATBHBIX UCCenoBaHUN 3P HeKTUBHOCTH AD B CBOOOTHOM 3BYKOBOM TIOJIE
U B TIOMEIICHHWH C I[EIbI0 YCTAHOBICHHUS BIUAHUS (OPMBI W  OCHOBHBIX
KOHCTPYKTHUBHBIX HapameTpoB AD, a TakkKe aKyCTUYECKHX CBOMCTB MOMENIEHUN Ha
3¢ (HEKTHBHOCTH aKyCTHUECKOTO IKPaHa;

- OTIPEICJICHNE DSKCIIEPUMEHTAIBHBIX TMOMPABOK, YYUTHIBAIOIINUX BIIHSHHUE
aKyCTHUECKUX CBOUCTB momenieHust u ¢opmbl AD Ha ddexTuBHOCTH AD;

- pa3paboTka peKOMEHJAIM M0 MPOESKTUPOBAHUIO AD JUIsl CHIDKEHUS IIyMa
B ITPOU3BOJICTBEHHBIX MOMEIICHUSX;

- BBITIOJTHEHUE  ampoOanuu  pa3pabOTaHHBIX  PEIICHH B  YCIOBHUSX

IPOU3BOJICTRBA.



Haquaﬂ HOBH3HAaA:

1. [Ipennoxkena  kimaccuduKamuss  TPOU3BOACTBEHHBIX  IOMEIICHUN B

3aBUCUMOCTHU OT MX aAKYCTUYCCKHX Ka4CCTB, OIPCACIISICMBIX BBI6paHHBIM KPpUTCPUCM -

~1000
3HAYEHUEM CPEIHEro KO3 UUUEHTa 3BYKOTIOMIOMEHUS (K qn

2. Pazpaborana metoguka pacuéta 3(pPEKTUBHOCTH aKyCTUUECKHUX JKPAHOB,
PaCIONIOKEHHBIX B MPOU3BOJICTBEHHBIX MOMEIICHUSAX, BKIIOYAIONIAs pacu€T B 00JIacTH
MPSIMOTO M OTPAYXKEHHOTO 3BYKa C MOJTYYEHHBIMH SKCIIEPUMEHTATBHBIMU MTOIIPaBKaMu Ha
BIIUSIHME aKyCTUYECKUX CBOMCTB momemieHust U popmy AD, a Takxke pacu€T B 00JacTH
OTPa)KEHHOI'O 3BYyKa, IJI€ BIUSHHE AKyCTUYECKUX CBOWCTB MOMEIICHUS YUHUTHIBACTCS
TEOPETUYECKH.

3. UccnenoBana 3aBucuMocth 3PdekTuBHOCTH AD 0T aKyCTHYECKHUX
XapaKTEPUCTUK TOMEIIEHUs, a Takxke OT (OpPMBI, pa3MEPOB, AaAKYCTHYECKHX
XapakTepUCTUK Marepuana AD U 0COOEHHOCTEN yCTaHOBKU AD B IOMEIICHUHU.

4. Omnpenenena B3auMoOCBs3b dA(PdekTuBHOCTH AD B MOMEIICHUSX C
AKyCTUYECKUMU CBOMCTBAMH MOCJIEIHHUX, OINPEACISIEMbIX BBIODAHHBIM KPUTEPHUEM,
COTJIACHO MPEIOKECHHON KiIacCu(UKaIuy.

TeopeaneCKaﬂ H NIPpaKTHIECCKAasA 3SHAYUMOCTb:

1. [TonydeHsl XapaKTEpUCTUKHU ITyMa Ha pabouynX MeCTax M B pabOYMX 30HAX
B IIPOM3BOJICTBCHHBIX ITOMEMICHUSIX OyMaroreyaTHbIX M YCKaHHBIX MPEAIPHUATHH,
OmpeesiCHbI TPEOOBAHMS 110 CHHKEHHUIO IITyMa.

2. N3ydyeHbl aKyCTMUECKHME CBOMCTBA NPOM3BOACTBEHHBIX ITOMEIICHUM,
MOKa3aHbl TMPEJSTbl YIYUYIICHUS aKyCTHYECKHX XapaKTepUCTHK, BIMSAIONIUX Ha
3¢ GekTUBHOCTH AD, YCTAaHOBIICHHBIX B IIOMCIIICHHSIX.

3. [Ipemoxkena  knmaccuduKalysg  IPOM3BOJACTBCHHBIX  IOMEIICHHH B

3aBUCHUMOCTH OT UX aKYCTHYCCKHUX KauCCTB, OIIPCACIIACMBIX BBI6paHHI>IM KPpUTCPUCM -

~1000
3HAYEHUEM CPETHEr0 K0P PUIIMEHTA 3BYKOTOTIIOMECHUS (X ppqp

4. [TonydyeHsl pgaHHBIE O BIWSHUMA [APaMETPOB  MPOU3BOJICTBEHHBIX

nomenieHud 1 AD (popMma, pazmepsl, HaAIMUKME 3BYKONOMIOMIAIOIIETO Marepuasa) Ha



8
aKyCTU4YeCKYy10 3P (HEeKTUBHOCTH AD, YTO MO3BOJSET MPOCKTUPOBATH AD B MOMEIIEHUSIX
C YAYUYIIEHHBIMH XapaKTEPUCTUKAMU CHUKEHHUS IIyMa.

3. PazpaGorana metomuka pacuéta s(PpdexTuBHOCTH AD B IOMEIICHUH,
MO3BOJISIFOIIAS. OUCHUTh YPOBEHb CHIKEHUS IIIyMa 9KPaHOM Ha CTaJAUU MPOCKTUPOBAHUS
C YYETOM BIMSHHUS MPSAMOTO U OTPAKEHHOTO 3BYKa.

6. Pazpaboranbl pekoOMEHJalUK O MPOEKTUPOBAHUIO AD sl CHUKEHUS
mymMa Ha paboyux MecTax UM B pabouMxX 30HAX B MPOU3BOICTBEHHBIX MOMEIICHUSX,
BBITIOJIHEHA anpoOalys MPeI0KEHHBIX PEIICHU.

Hayuynas 3agaua: HayyHOoe 00OCHOBaHHME U pa3paboTka meroaa pacuéta AD B
3aMKHYTBIX OOBEMaxX BO B3aMMOCBA3M C MX aKyCTHYECKMMHU CBOWCTBAMU H

napamerpaMu AD Ha MPUMEPE MPOU3BOACTBEHHBIX TOMEILICHUN.
Ha 3amuTy BhIHOCATCS:

I. AKyCTUUYECKHE XapaKTEPUCTUKU MPOU3BOJACTBEHHBIX IIOMEIIECHUA Ha
MPENNPUATUAX OyMaronevyaTHbIX U YeKaHHBIX MPEANPUITHI U TPEOOBAHUS K CHUKCHUIO
nrymMa Ha pabodnx MecTax M B pabodux 30HaX.

2. Kiraccudukarus npou3BOACTBEHHBIX MOMENIEHUH B 3aBHCUMOCTH OT HX

aKyCTHYECKHMX XapaKTEPUCTHK 110 BHIOPAHHOMY KPHTEPHUIO ,}Eb? 0

3. MeTtonnka pacuéTa 3¢ heKTUBHOCTH AKyCTHYECKUX SKpaHOB,
PACIONIOKEHHBIX B MPOU3BOJICTBEHHBIX MOMEIICHUSAX, BKIIOYAIONIAs pacuéT B 00JacTH
MPSIMOTO U OTPAKEHHOTO 3BYKa C MOJIYYEHHBIMU SKCIIEPUMEHTAIBHBIMU NONPABKaMH Ha
BJIIUSIHUE aKyCTUYECKUX CBOMCTB momenieHust U popmy AD, a Takxke pacu€T B 00JacTH
OTPAXKEHHOI'O 3BYKa, IJI€ BIMSHUAE AKYCTUYECKUX CBOMCTB MOMENICHHS YYUTHIBACTCS
TEOPETUYECKHU.

4. Meronuka 3KCIEpUMEHTAIbHBIX HcciienoBaHuil 3dexTuBHOCTH AD B
3aBUCUMOCTH OT aKyCTUUYECKHUX CBOMCTB moMmeiieHus u AD, ero (Gopmbl, pa3MepoB U
PaCIOI0KEHUSL.

3. VYcranoBneHHass — cBsi3b  mapamerpoB AD  (pa3mepsl,  (dopma,
3BYKOINOIVIOIIEHHE) W MX PACIOJOXKEHUS OTHOCUTEIBHO MCTOYHUKA IIymMa H

3aIIUIIAEMOTO 00BEKTa C UX aKyCTHIECKON 3(P(HEKTUBHOCTHIO.
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6. YcTaHOBIEHHBIE 3aBUCUMOCTH akKycTUueckod »sddexktuBHOCTH AD OT
aKyCTUYECKUX CBOMCTB MPOU3BOJICTBEHHBIX TTOMEIICHUH.

7. PexoMenpganuy 1O  MPOCKTUPOBAHUIO W NpUMEHEHUI0 AD B
MPOU3BOICTBEHHBIX TOMEIICHUSX.

8. Pesynbrarel  anpoOanuu  OPUMEHEHHS] aKyCTHYECKOrOo dJKpaHa IS
CHUIKEHUS 1lIyMa B MPOU3BOJICTBEHHOM IIEXE.

MeTon0/10r1Msi U METOABI HCCJIETOBAHUSA

Teopetnueckoil. W METOJOJOTMYECKOW OCHOBOM JIHCCEPTALIMOHHOW padOThI
ciayXaT QpyHJAaMEHTaJbHbIC MOHATHUS U MPUKIAJIHbIC ACTIEKThl aKyCTHUKUA MOMEIICHUHN ¢
HCMOJIb30BAHUEM OCHOB CTATUCTHUYECKOW W TE€OMETPUUYECKOM Teopuu akycTuku. [Ipwm
MPOBEJCHUU KCCJIEOBAaHUN HCMHOJb30BaHbl COBPEMEHHBIE METOAbl CUCTEMHOTO
aHajau3a, MaTEeMaTUYECKOro MOJEIHPOBAHMS U CTATUCTUYECKOW OOpaOOTKH JaHHBIX.
DKCIEpUMEHTAIbHBIE UCCIIEIOBAHMS BBIMOJHEHBI C YY€TOM TPeOOBaHUN JAEHCTBYIOIINX
HOPMAaTUBHBIX JJOKYMEHTOB.

CreneHb /0CTOBEPHOCTH Pe3yJbTATOB JIUCCEPTALMOHHOIO KCCIEI0BaHUS
MOATBEPXKACHA YCIENIHON anpoOanueid W BHEAPEHHEM IMOJYYCHHBIX PE3YJIbTaTOB B
MPAKTUKY MPOEKTUPOBAHMS LIYMO3AIIUTHBIX MEPONPUSATUNA, a TAKXKE JOKa3aHa B XOJI€
HATYpPHBIX JKCIIEPUMEHTOB, BBHITIOJHEHHBIX B CBOOOJHOM 3BYKOBOM TIOJE W B
NOMEUIEHUH C Pa3JIMYHBIMU AaKyCTUUYECKUMH CBOWCTBAMH C HCIOJIb30BAaHUEM
IPEU3UOHHON aKyCTHYEeCKOW almapaTtypbl, COBPEMEHHBIX METOJUK aKyCTUYECKHX
U3MEpPEHUH, METOJ0B O0OpabOTKM JaHHBIX, OIICHKHA MOTPENTHOCTA H3MEPECHHI.
Pe3ynbTaThl TEOpETHYECKHX M SKCIEPUMEHTAIBHBIX HCCIeA0BaHUA 3(()EKTUBHOCTH
AKyCTUYECKUX SKPAHOB COMOCTaBUMBbI. METOIUKHN MPOBEICHHBIX 3KCIIEPUMEHTAIbHBIX
UCCJIEIOBAaHUN pa3pabOTaHbl C YY4ETOM JIEHCTBYIOMUX HOPMATUBHBIX JIOKYMEHTOB.

Anpodanus pe3yJibTaTOB UCCJIE0BAHNUS

OCHOBHBIE  TIOJIOKEHHUS  JTUCCEPTAIMOHHONW  pPabOThl  JOKIANBIBAINCH U
obcyxnanuck Ha 9-if u 10-if Bcepoccuiickoit HayqHO-TTPAKTUYECKON KOH(EepeHIInH C
MEXTYHAPOIHBIM y4acTHEM «3aluTa OT IrymMa u BuOpanumny», r. Cankt-IlerepOypr, 26-
28 ampens 2023 u 1-3 oxTa6ps 2025 1., X Beepocceniickoit koHpepeHIIMN « AKyCTHKA

cpeasl oburtanms», T. MockBa, 23-24 mas 2024 r., III TlerepbyprckoM HaydHO-
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texHnueckoMm popyme odoponnbsix Texnonoruit «BOEHTEX», r. Caukr-IleTepOypr, 4-
5 wmapra 2025 r., III MexayHapodHOW HAy4YHO-MIPAKTUYECKOW KOH(DepeHIuu
«Monoaexs. Texuuka. Kocmocy, r. balikonyp, 21-29 nHos6ps 2025 r., a Takxke ObUIH
MpeacTaBiIeHbl W o0cyxkaanuch Ha 3aceganun kadeapsl ES5 «TexnocdhepnHas
0€e30MacHOCTb M BBIYUCIUTENbHAS MEXaHUKa» banTuUHCKOro rocynapCTBEHHOTO
texHnueckoro ynusepcurera «BOEHMEX» um. J[.®D. Yctunosa B 2025 rony.

BHeapenue pe3ybTaToB HCCJI€10BAHUSA

OCHOBHBIE pPE3YyNbTaThl HCCIENOBAHWM, NPUBEACHHBIX B IUCCEPTALMOHHOU
pabote, HAIITK IPUMEHEHUE:

- Mpu pa3paboTKe MIYyMO3AIIUTHBIX MEPONPUITHI Ha pabouyeM MecTe ciecaps
MEXaHOCOOpOYHBIX paboT B 1exe meramwiooopadborkn OO0 «OmeraTex», rae ObLI
yctaHoBleH [I-o0pa3Hblii akyCTUUYECKUN 3KpaH, a Ha MOTOJIKE pa3MEIIeHbl IITy4YHbIE
(pyHKIIMOHATILHBIE) 3BYKOTIOTJIOTUTENH;

- B obpazoBarenbHoM mporecce PI'BOY BO BI'TY «BOEHMEX» um. J[.®.
YcTrHOBA B y4eOHO-METONMUECKUX MaTepraiax KypCcoB JIEKIIMI 1 IPAKTUIECKUX padboT
no aucturuimHaM «OCHOBBI BHOpoakycTuku» u «Pa3paboTka mryMOBHOPO3AIIUTHBIX
MEpPOTIPUSATUI» 0 HampapieHuto moarotoBku OakamaBpuara 20.03.01 «Texnochepnas
0€301acHOCTbY.

JINUHBI BKJIAA COMCKATEJS 3aKIIOYAETCd B TOM, YTO aBTOpP BBINOJHUI B
noaTHOM oOBeMe 0030p JHUTEepaTypHBIX MCTOYHUKOB, HaydyHOe OOOCHOBaHHWE U
pa3paboTky mMeTona pacuéra 3p(HEeKTUBHOCTH aKyCTHYECKUX SKPAHOB B MOMEIICHUSX, a
TaK)Ke€ HKCIIEPUMEHTAJIbHBIE HCCIEIOBAHUS SKPAHOB B IMOMEIICHHUSIX C Pa3IMYHBIMU
aKyCTHUYECKMMU CBOWCTBAMHU U B CBOOOJHOM 3BYKOBOM TIOJ€, a Takke TPOBET
00paboOTKy  pe3ylbTaTOB  dJKCIIEPUMEHTANBHBIX  HCCIEAOBaHMA W pa3paboTan
PEKOMEHJIallMK, OCYIIECTBUB MX MPOBEPKY Ha mpaktuke. JlucceprammonHas pabora B
MIOJTHOM O00BEME SIBIISIETCS CaMOCTOSITEILHBIM UCCIenoBaHueM. B paboTax, HamMcaHHBIX
B COAaBTOPCTBE, aBTOP  BBISABWJI  3aBUCHUMOCTH  HCCIEIYEMBIX  [apaMeTpOB,
chopMmynupoBan BBIBOJBI IO TPOBEAEHHBIM HCCIEIOBAHUSAM, OIKCAJ TMPOBOJUMBIC

AKCIIEPUMEHTBI U UX PE3YJIBTATHI.
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Myoaukauuu

Pe3ynbTaThl AMCCEPTAIIMOHHOTO MCCIEAOBAaHUS OMYOJMKOBAaHbI B HAay4YHBIX
M3IaHUsAX U CcOOpHMKE HaydHbIX TpylnoB X Bcepoccuiickoit Hay4HO-NPAKTUYECKOU
KOH(EPEHIIMU C MEXAYHAPOAHBIM ydacTUEeM «3alluTa OT IiyMa U BuOparuu». Bcero
M0 TEMAaTHUKE JUCCEepPTAlUM OMyOJIMKOBAaHO 6 HaydyHbIX pabOT, B TOM 4HCIE, 5 - B
pELIEH3UPYEMOM JKypHalle, BxoAasleMm B IlepedeHb BeAylIMX HAay4YHBIX >KYPHAJIOB,

pexkomenaoBanHbili BAK MunoOpuayku P® (kareropus K2).

CoorBeTcTBHE HAYYHO-KBAIM(PUKANMOHHOM PadOThl MNACHOPTY HAYYHOUH
CNEeNUAIBHOCTH

TeMa u comepkaHue AuUCCEPTAUMUA COOTBETCTBYET MYHKTaM 6 W 8 MpPEIMETHOU
oOsactu Hay4yHOU crnenuanbHOCTU 1.3.7 «AKycTUKa», OTpacib HAyKW — TEXHUUYECKHE
HaykH: «6. AKyCTHMKa ra3oBBIX Cpell, adpOaKkyCTHKa, MpuUuéM u 00paboTKa 3BYKOBBIX
CUTHAJOB B BO3/yX€, MOHUTOPUHI HCTOUYHMKOB aKyCTHUECKOIro IIymMa B aTtMocdepe,
AKyCTHYECKasi JKOJOTHS», «8. AKYyCTHMKA IIOMEIICHUN, MYy3bIKaJIbHAs aKyCTHKa,
AKyCTHKA pEUm».

CTpykTypa n 00beM padoThI

Jluccepranuust COCTOUT U3 BBEACHHUS, 4 IaB, 3aKJIFOYEHHUS], CIUCKA JTUTEPATypPhl U3
108 HamMeHOBaHMM W TpexX MNPWIOKEHUW; U3JIOKEHa Ha 162 crpaHunax
MAIIMHOMUCHOTO TeKcTa (34 cTpaHMIlbl NPWIOKEHHUI), B TOM 4ucie, coaepkuT 34
pucyHKa 1 34 TaOJIHIIBL.

Aemop evipasicaem 01a200aPHOCMb CBOUM KONIe2AM — COMPYOHUKAM Kagheopbl
«Texnocgpepnas 6ezonacnocme u eviuuciumenvras mexaruxka» BI'TY « BOEHMEX»
um. . @. Yemunoea, nayunomy pyxkogooumento — OOKMOpPY MEXHUYECKUX HAYK,
Odoyenmy, npogeccopy xageopwr Topunoit Hamanve Bacunvesne, a makoce Bacunvesy
Anexcanopy Ilemposuuy — cmapuwiemy npenooasamento Kageopwvl «Texnocepras
be30nacHocmv U BbIYUCIUMENbHASL MEXAHUKAY 34 B03MONCHOCMb UCHOJIb30BAHUS

000pY008AHUSL U HEOYEHUMYTO NOMOUb NPU NPOBEOCHUU UCNIMAHULL.
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ITTABA 1. COCTOAHHUE BOITPOCA U ITOCTAHOBKA 3AJTAY
NCCIIEJOBAHUA

1.1 Kpatkoe onncanne 00beKTOB HCCJIET0BAHUS

HccnenoBanns akyCTUYECKUX XapaKTEPUCTUK MPOU3BOICTBEHHBIX NOMELICHUH, a
TaK)kKe U3MEPEHHsI YPOBHEH IIyma Ha pabo4yux MecTax U B pabOYMX 30HAX BBIMOJHEHBI
Ha IpuMepe YeThIpEX OyMaroneyaTHbIX U YEKAHHBIX MPEANPUITHI, paCIOI0KEHHBIX B
ropogax MockBa, Cankt-IlerepOypr u Ilepmb. DkcriepuMeHTalbHbIE UCCIEAOBAHUS
OCYIIECTBIUINCh BHYTPU IPOU3BOACTBEHHBIX TOMEIICHUN YKA3aHHBIX IPEAITPUATHH.

[ToMuMO TIepeUUCIEHHBIX TPEANPUITUN, OOBEKTAMU HUCCIEHOBAHUS SIBIISLINCH
aKycTU4YeCKue dKpaHbl (AD) pa3NIUYHOIO KOHCTPYKTUBHOTO HCIIOIHEHUS, KOTOpbIE
UCIIBITHIBAJIUCH Kak B CBOOOAHOM 3ByKoBOM mosie (Pucynok 1.1), Tak U B 3aMKHYTOM
oobeme (Pucynok 1.2). B kadecTBe 3aMKHYTOTO 00BEMa HCIOJIB30BAJIOCHh OMBITHOE
UCIBITaTeNIbHOE TTOMEIICHNE, B KOTOPOM Ha TIEPBOM 3Talle OTCYTCTBOBAJIO KaKoe-ITHOO
3BYKOIIOTJIOIIEHUE (ITOMEIICHNE XapaKTEepU30BajJoCch BBICOKON peBepOepammeit), a
3aTeM TMOMEMIEHUE TMOATATHO O000PYI0BaIOCh 3BYKOMOIIOMIAIONIAM MaTepPHAIOM
(3IIM) myst TOTO, YTOOBI TTOCTIEIOBATEIHFHO U3MEHSTh U UCCIEA0BATh €r0 aKyCTHUYECKUE

CBOICTBA U UX BIUAHUE HA 3)PEKTUBHOCTH AD.

Pucynok 1.1 — Bun ucneiteiBaemoro AD B cBOOOIHOM 3BYKOBOM I10J1€
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Pucynok 1.2 — Bua ucnpIThIBAEMOTrO INIOCKOTO BEPTUKAIBLHOTO AD B MOMEIIEHUN

1.2 Hopmbl m1yma Ha padouux Mecrax

HopmaruBHble TpeOoBaHMs K IIYMy Ha paOouumx MecTax ompexaeneHsl [1, 2].
CornacHo [1] rurneHnYecKMMM HOPMAaTUBAaMHM, WCIIONB3YEMBIMU Ul OLICHKH YpPOBHEMN
BO3/JICMCTBUS IIyMa Ha pabOYMX MecTax, SBISIOTCS:

- DKBUBAJICHTHBIA YPOBEHb 3BYKa, 1DA, KaKk ypOBEHb, BO3IECUCTBYIOIIMI HA
paboTatorero 3a pabouyo cMeHy (M3MEPEHHBIA WIIH PACCUUTAHHBIN OTHOCHTEIHHO § U
paboueit cMeHbI);

- MAaKCUMAaJIbHBIE YPOBHM 3ByKa A, HW3MEpPEHHBIE C BPEMEHHBIMH
koppekuusiMu S u I, 1BA, xak HanOomnpIias BeTUYMHA YPOBHA 3ByKa, M3MEPEHHAs Ha
3aJJaHHOM MHTEPBAJIC BPEMEHU CO CTAHIAPTHON BPEMEHHOM KOPPEKIIUEN;

- IIAKOBBIN KOppeKTUpOoBaHHBIN 110 C ypoBeHsb 3ByKa, 1bC.

HopMaTuBHBIM 3KBUBAJEHTHBIM YPOBHEM 3ByKa Ha pabO4YMX MeECTax, COITIaCHO
[1], sBnsgercas 80 nbBA. MakcumanbHBIMM YPOBHSIMM 3ByKa A, HW3MEPEHHBIMHU C
BpeMeHHbIMU KoppekuusaMu S U I, asistrores 110 nbA u 125 nbA, coOTBETCTBEHHO.

[TukoBBIM KOppeKkTHpoBaHHBIM 10 C ypoBHEM 3ByKa sBisercs 137 nbC.
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Cornacio [2] mym HOpMHUPYETCd B  3aBUCUMOCTH OT  Ha3HAYECHHS
npou3BoJcTBeHHOro mnomenieHuss (Tabmuuma 1.1), npu  3TOM  HOPMHpPYEMBIMU

napaMeTpaMu Ha paboyuXx MecCTax SIBISIOTCSA:

- YPOBHH 3BYKOBOI'O [aBJI€HHUs, Ab, B OKTaBHBIX MOJOCAaX CO CPEIHUMH
reomeTpuueckumu yacroramu 31,5; 63;...8000 'y u koppekTupoBaHHbBIE IO A YPOBHU
3BYyKa, 1B, 1JIs1 TOCTOSSHHOTO IIyMa;

- KOPPEKTUPOBAHHBIE IO A SKBHUBAJIEHTHBIC 1 MAKCUMAJIbHBIE YPOBHH 3BYKa,

b, 171 HEMOCTOSIHHOTO IIyMa.

Tabmuna 1.1 — Hopmupyemblie napamMeTpsl IilyMa B 3aBUCUMOCTH OT Ha3HAUYCHUS

IMPpOU3BOACTBCHHOI'O IIOMCIICHHUA

JIJ1s1 ICTOYHUKOB
JIJ1s1 ICTOYHUKOB IOCTOSIHHOTO IITyMa HEIIOCTOSIHHOTO

myma
YpoBHM 3BYKOBOTO J1aBJI€HUs, 1b, B OKTaBHBIX OKBHUB.

Ypo- Makc.

MOJIOCaX YacTOT CO CPETHETCOMETPUUECKUMU KOp. 0
BEHb mo A
yacTtoTram, I 11 A
3BYKa, YPOBEHB

YPOBEHB
KOp.TIO 3BYKa,

b | e |

Haznauenue
THOMEIEHAN

S =l
') S
N Vg

125
8000

1000
2000
4000

o)
— | 2
on

Paboune
[IOMELIEHUs
aMUHHUCTPATUBH
o-
ynpasieHueckor | 96 | 83 | 74 | 68 | 63 | 60 | 57 | 55 | 54 65 65 80
0 IepcoHana
IIPOU3BO/IC-
TBEHHBIX
P AT PUATUN

Paboune
TIOMEILICHHUST
JMCTIETYEPCKIX
CITyKO, KaOUHBI
HaOJFO/IEHYA U
JCTAHIIOHHOTO
YIIPABIICHHS C 100 | 87 | 79 | 72 | 68 | 65 | 63 | 61 | 59 70 70 85
]PEUEBOM CBS3BIO TI0
Tened)oHy, Y4aCTKH
TOYHOM COOPKH,
Tene(h)OHHBIE 1
TenerpadHbie

CTAHLIH
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Haznauenue
HOMEIIEHU N

IL]'I}I HCTOYHHUKOB INOCTOSIHHOI'O IITyMa

JIJ1s1 ICTOYHUKOB
HEIMOCTOSIHHOTO IIyMa

YPpOBHM 3BYKOBOT'O J1aBJI€HUs, 1b, B OKTaBHbBIX
M0JIOCAX YaCTOT CO CPEAHEr€OMETPUUECKUMHU

yactoTamu, 11y

i
—
on

63

125

250

500

1000

2000

4000

8000

YpoBeHb
3BYKa,
KOp-HBII
mo A, nb

Makc.
KOp. o A
YPOBEHb
3ByKa, 1b

OKBMUB.
KOp. o A
YPOBEHb
3ByKa, 1b

[Tomemenue
nabopatopuit
TSt
MPOBEICHUS
JKCIEPH-
MEHTaJIbHBIX
pabor,
HU3MepuTe-
JBHBIX U
aHaJUTH4e-
CKHX padoT,
KaOHHBI
HaOJIIOIeHUS
U JTUCTaH-
IIHOHHOT'O
yIIpaBJICHHS
0e3 pedeBoit
CBSI3H 110
TeneoHy

103

91

83

77

73

70

68

66

64

75

75 90

ITomenienus ¢
IMOCTOSH-
HBIMH
pabounmu
MecTaMu
MIPOU3BOJI-
CTBEHHBIX
MpeIpHu-
SITHH,
TEPPUTOPUU
MpeIpus-
THIH C
IOCTOSH-
HBIMH
pabounmu
MecTaMu

107

95

87

82

78

75

73

71

69

80

80 95
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[Tpomomxenue Tadmuisl 1.1

JIJ1s1 ICTOYHUKOB
JInsl MICTOYHUKOB MOCTOSIHHOTO IIIyMa HEMOCTOSIHHOTO
myma
YPpOBHM 3BYKOBOT'O J1aBJI€HUs, 1b, B OKTaBHBIX
Haznauenwue M0JIOCAX YaCTOT CO CPEIAHEr€OMETPUUECKUMHU OKBHUB. Makc.
N YpoBeHb | KOp. IO | KOp. IO
MOMEIIECHUI yactoTamu, 11y
3BYKa, A A
“ - o o = = = = KOp. 0 YPOBEHb | YPOBEHb
— |8 | alw | S |8 |8 |8 |8 A, 1b 3ByKa, 3ByKa,
o — N w — IS\ < o0
nb nb
ITomerenns
oucos,
paboune
MTOMEILEHHS] U
KaOMHETHI
aJIMUHUCTPATH
BHBIX 3manuii, | 86 | 71 | 61 | 54 | 49 | 45 | 42 | 40 | 38 50 50 65
KOHCTPYKTOPCK
HX, IPOCKTHBIX
W HAY4YHO-
HCCIIEN0BATEND
CKHX
OpraHu3alui

1.3 XapaKTepl/ICTI/IKI/I mymMa B IIPOU3BOJACTBEHHBIX ITOMEIICHUIX

Bompoc o0 xapaktepe 1miymMa B TPOU3BOACTBEHHBIX IOMEIICHUSX U O
XapaKTEPUCTUKAX IIyMa Ha pab04YMX MecTax M3y4eH J0CTaTOYHO MoapoOHo [3-23, 32-
33, 39]. B uwureparype omnucaHbl KaK HCTOYHMKM IIyMa M HX aKyCTUYECKHUE
XapaKTEPUCTUKHU, TaK U XapPAKTEPUCTUKHU IIyMa B MPOU3BOJCTBEHHBIX MOMEIICHUSIX.
OtuM BorpocaMm mnocsiieHsl padotsl I'. JI. Ocunosa [32, 33], H. . NBanosa [3, 5, 6],
A. WU. AnrtonoBa [7, 88], B. WU. Jlenenena [7, 8, 88], U. JI. lllyouna [7, 13, 88],
M. B. byropunoi [3], A. B. Bacunbsesa [17], b. U. Mecxu [16], A. H. Uykapuna [21],
. E. Lykepuukosa [23], A. E. lllamypuna [6, 39] u apyrux aBTOpOB, I'I€ ONUCAHBI
napaMeTpel Iyma Ha pabodMx MecTaX, a Takke TpeOOBaHMS K €ro CHWXEHUIO U
pekoMeHayemble Mepornpusitus. Ha ocHoBaHMM aHanu3a pacCMOTPEHHBIX MCTOYHUKOB

MOJKHO CACJIAaTh CIICAYIOINEC BbIBOALI.
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1. Ha Bcex mnpou3BOACTBaxX IIyM NPEBBIIMIAET ACHCTBYIOIIME HOPMBI, HO
MPEBBIIICHUS HMMEIOT MECTO He nia Bcex pabounx wmect. llo oduuuanbHoi
OTEUECTBEHHON cTaTucTuke Oosiee ueM Ha 27% pabouyux MECT Ha pa3IUYHBIX
MPOU3BOJICTBAX 3APETHUCTPUPOBAHBI MpeBbIIcHUS Inyma [4]. bone3sHu, BbhI3BaHHBIE
MOBBIIIEHHBIM IIyMOM U BuOpanueii, coctapisitor 30-35% ot oOmiero uwucia
npodeccuoHaNbHBIX 3a0oneBanuii. HauOonee uIyMHbIE OTpaciu: MeETaJLTyprus,
MPOU3BOACTBO CTPOUTEIBHBIX MAaTepHUaNioB, JETKash MPOMBIIUICHHOCTh. BennunHa
MPEBBILICHUSI IIyMa COCTaBISAET, B cpeaHeMm, or 5 no 15 abA, HO Ha HEKOTOpPBIX
MIPOU3BOJICTBAX, HAllpUMEp, B MPOU3BOACTBE CTPOUTEIBHBIX MarepuaiioB (00paboTka,
IpoOJIeHNE KaMHS1) UMEIOT MECTO MPEBBIICHUS IIIyMa Ha pabounx MecTax 0ojiee yeM Ha
30 nbA. Ha Ham B3misia, Bpsia JIM MOXKHO HAWTH MPOW3BOJCTBA, Ha BCEX paboumx
MeCTaX KOTOPBIX IIIYM HAXOJUTCS B HOPME.

2. Kaxnoe IIPOU3BOJICTBO AMEET CBOIO cnenupuKy uyma,
XapaKTEPU3YIOLIYIOCS HE TOJBKO BEIMYMHAMM MPEBBIIMICHUS HOPM IIymMa U YHUCIOM
pabo4rX MECT C TMOBBINICHHBIMH YPOBHSIMH IITyMa, HO U OCOOCHHOCTSIMU TPOIIECCOB
IyMOOOpa30BaHusl, CIEKTPAIBHBIMUA XapaKTEPUCTHKAMU, YUCJIOM HMCTOYHUKOB IIIyMa,
nporeccaMu 00pa3oBaHMs IITyMa Ha pabOYMX MeCTaxX M JIaXKe BUIOM MECT HaXOXKICHUS
pabOTHUKOB HA MECTaX C MOBBIIMICHHBIM TyMOM (IIOCTOSIHHBIE pabodrie MecTa, paboune
30HBI W mpouee). M3 ckazaHHOTO CJIEAYyeT BBIBOA O TOM, YTO JIO0OE MPOHM3BOACTBO,
XapaKTePUCTUKH IIIyMa KOTOPOTO HE OBUIM UCCIENOBaHbl, TpeOyeT OTAEeTbHOTO
U3yYeHHSI. DTOT BBIBOJ] TOJTHOCTHIO OTHOCUTCS K OOBEKTaM HACTOSIIETO UCCIIeIOBAHUS -
OymaromnedaTHbIM M YEKaHHBIM MPOU3BOICTBAM, IJI€ COTPYIHUKMA HAXOMSTCS KaK Ha
MOCTOSTHHBIX PabovYnX MecTax, Tak U B pabounx 30Hax. Takum oOpaszoM, mepBas 3ajada
UCCIIEIOBAaHUSI — HM3MEPHUTHh IIyM Ha pabodyux MecTax U B pabOUMX 30HAX OCHOBHBIX
IPOU3BOACTB (B 1I€XaX M Ha MPOU3BOACTBEHHBIX YYAaCTKaX), BBIIOJIHUTH AHAIU3
NOJIyYEHHBIX  XapaKTEPUCTUK, OMNPENCIIUTh BEJIWYMHBI TMPEBBIIICHUS, XapakTep

MPEBBIICHUH IITyMa U BETUYUHBI TPEOyeMOTro CHIKEHUS ITyMa.
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1.4 CpencrBa u MeTOAbI CHUKEHHS LIIyMa HA pado4YuX MecTax B

MNPOU3BOACTBCHHBIX IIOMCIICHUAX

JlutepaTypa, TmOCBSIIEHHAs CpeACTBAM M  METOJaM CHI)KEHUS IIyMa,
ype3BeYaiitHo obmmpHa [3, 5, 6, 9, 11-33, 51, 52]. Ilo manueiM [3], a Takxke B
coorBerctBun ¢ ['OCT 12.1.029-80 [38], Bce cpeacrtBa 3ammuThl OT IIymMa Ha
MPOU3BOACTBE IO OTHOIICHHWIO K HCTOYHHMKY IIIyMa W 3alIUIIaeMOMy OOBEKTY

(pacueTHOM TOYKE) B COOTBETCTBUU C PUCYHKOM 1.3 mojipa3nenstoTcs Ha:

- CHIKAIOIIIKE IIIYM B UICTOYHUKE 00pa30BaHUS;
- CHIKAIOIIME 1IIYM Ha myTu pactpoctpanenus ot U go pabouero mecra;

- CHIKAIOIIKE IIIYM Ha pabouyeM MeCTe.

CHU¥EHWE LLyMa Ha
NpoWsBOaCTEE

CHWHeHWe Wyma B
MCTOUHUKE
ofpa3loaHuA

CHIBKEHWE LLYMAa Ha
pabouem mecTte

CHWKEHWE WyMa 0o
pabodero mecta

YMeHbLUEHWE
CWUMOBOro
BO3OEACTBWA

3ByKOW3ONUpYHOLWWE
KabDWHbI

CHW¥eHWe
3BYKOM3NyJaoLei
CNoCcoBDHOCTH

3BYKOW30MMPYOLLIME
KanoThl

AKYCTHYeCKne 3KpaHkl

AKYCTHMYECKWE 3KpaHb|

Pucynok 1.3 — OcHOBHBIE CpeaCTBa 3aIIUTHI OT IyMa Ha MPOU3BOJACTBE

CHukeHHe myMma B HCTOYHHUKE OﬁpaSOBaHI/lﬂ JOCTUIacTCA:
- CHHKCHHEM CHJIOBOTO BO3JCHCTBHS (HaanMep, YMCHBIICHUCM YaCTOTBI

BpalllCHUA MCXaHU3Ma NI CKOPOCTHU I[BI/DKGHI/ISI);
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— yMeHblIeHreM 3BykousiydeHus I (Hanpumep, yMEHbIIEHUEM IJIOIIAN
3BYKOM3JIYYaIOIUX MOBEPXHOCTEH, yBEIMYEHHEM KO3((uUIMEHTa MOTepb Marepuaja
U3JTy4aroIlen 3ByK IOBEPXHOCTH).
OneIT MPOU3BOJCTBA, @ TAKXKE JIAaHHBIE HAYYHOU JINTEpaTyphl, MOKAa3bIBAIOT, YTO
3Ta CHWKEHHUE IIyMa B UCTOYHUKE 00pa30BaHUs HA MPOU3BOJCTBE YPE3BBIUAWHO PEIKO

HCTIOJIb3YIOTCH.

CHukeHMe 1IyMa Mo mMyTH pacnpocTpadHenusi. C 3Toi 1eiapi0 Hanbosee 4acTo
UCIIONB3YIOTCSl TIYHIUTEIN IIyMa, 3BYKOM3OJUPYIOUIUE KAmoThl U KOXYXH, a TaKKe

akycTtuueckue skpanbl (AD), yctanaBnuBaembie BOnm3u UIII [22-34, 39].

CHukeHHe 1myma Ha  paldo4yux MecTax JIOCTUTaeTCd  YCTAaHOBKOM
3BYKOM3OJUPYIONINX KaOWH, B KOTOPBIX pacrojlaraercs padodee MeCTOo, a TakkKe
aKyCTHYECKUX DKPAHOB, CHUKAIOIIUX BO3JCHCTBHUS ITymMa Ha palOOTaONIUX Kak Ha

pabouem mecte, Tak U B paboueid 30He.

JlaHHBIE  SKCIEPUMEHTOB  MOKa3bIBAKOT, YTO  YCTAHOBKOW, HampuMmep,
3BYKOM3OJUPYIOUMX KAaOWH B MPOU3BOJICTBEHHBIX MOMEIICHUSX IIYM MOXET ObITh
camwked 1o 20-25 nbA [35-36, 40], mpu 5ToM 3h(HEKTUBHOCTh aKyCTUYECKUX IKPAHOB
He npeBbiiaer 15 nbA. Crnegyer OTMETUTh, YTO HECMOTpPSA Ha MEHBIIYIO
¢ pexTuBHOCTS, AD HMeEeT psj MPEUMYIIECTB, & UMEHHO, CYIIECTBEHHO MEHBIIYIO
CTOMMOCTb, yIOOCTBO JIOKaJW3allid, BO3MOXKHOCTh WCIOJIB30BAHUS I 3allUThHI
nepcoHanga, HaxoJsmierocs B paboyelt 30HE, MPOCTOTAa KOHCTPYKIIMH € ApPYTHE.
Hacrosimias paGota mocBsimeHa W3y4eHHUIO aKycTH4eckor 3¢dekTuBHOCTH AD s
CHI)KCHHMS ITymMa Ha pabounx MecTax M B pabouyMx 30HAX MPOU3BOJICTBEHHBIX

IIOMEMIEHNH.

Bompocam  cHmKeHUsT IIymMa — aKyCTHYECKUMHU  JKpaHaMH  IMOCBSIIEHBI
uccnenoBanus A. M. Anronosa [22], H.B. Twopunoii [15, 51-58], N.JI. llly6una [30,
31, 41], I'.JI. Nzaka [43], O.A. I'om3ukona [29], JI.H. IIaraukoBoii [44], C.A. Pribaka
[45], O.H. Tlo6oms [46], B.A. bonnapenko [86], A. E. lllamypuna [97, 98] B Hamei
cTpane, a Takke b. Koanxo [47], 3. Maekassl [48-50], . Hroamens [78], V. Kypse [80]

U IPYTUX 32 PyOSIKOM.
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Cpenu npounx padot otmerum ucciegoBanus H.B. Tiopunoit [51-52], koTopas
paccmarpuBaia AD B IOMEIEHNUH, B KAYECTBE CPEACTBA, CHIKAIOLIETO IPSIMOM 3BYK OT
NI n nokaszana, 4yto 3(HEKTUBHOCTE AD CYHIECTBEHHO 3aBHCHT OT aKyCTUYECKHX

CBOWCTB IIOMEIIECHUH B CBSI3U C HAJITMYMEM OTPAKEHHOTO 3BYKA.

JI1s1 MOBBIIIEHUS TOYHOCTU pacueToB 3(P(PEKTUBHOCTH aKyCTHUECKHUX SKPAHOB,
YCTAHOBJIEHHBIX B IMMPOU3BOJACTBEHHBIX IOMEIICHUAX, JETAIBHOMY U3YYEHUIO MOJJIEKAT
JBA B3aMMOCBSI3aHHBIX BONPOCA: KAK BIUAET HM3MEHEHHE AKYCTUYECKHX CBOWCTB
noMemeHuss Ha APPeKTUBHOCT AD M KaKUMU aKyCTHYECKHMMH CBOWCTBaMHU

XapaKkTEPU3YKOTCS TPOU3BOACTBEHHBIE IOMEIICHHUS.

1.5 AkycTHKa noMeleHui

Bormnpoc akycTuku momMeneHuid JOCTaTOYHO MOAPOOHO OTOOpakeH B JINTEPATYpPE
[59-78]. Omnwupasich Ha OCHOBHBIE TMOJOXEHUS, U3JIOKEHHbIE B MOHOrpaduu
0. II. IleBbeBa [68], paccMOTpUM BKpaTile OCOOCHHOCTH 3BYKOBOTO IIOJIS B
nomerniennn. [lomemenne cymecTBeHHO mpeodpasyet 3BykoBoe mojie UL, B mepByro
ouepellb, U3-3a OOJIBIIOrO0 KOJWYECTBA OTPAXKEHUH 3BYKAa OT OIPaXKIAIOMIMX U JPYTHX
noBepxHocTeil momenieHus. Cam o0beM TOMemeHHs, Oyaydn TpEXMEPHBIM
POCTPAHCTBOM, 00JagaeT HAaOOpPOM COOCTBEHHBIX YaCTOT, Ha KOTOPBIX MPOUCXOIAT
poliecchl ycuiieHus 3ByKa. C yBeTMYEHUEM YacTOThl KOJIMUYECTBO COOCTBEHHBIX YaCTOT
KoJeOaHul yBeIWYUBaeTCSA. 3HAYCHHE COOCTBEHHBIX dYacToT, [, KoJjeOaHui

ompenenseTcs mo hopmyre:
fa =1 () + ) + ()’ an

rZle € — CKOPOCTh 3BYKa B BO3/IyXe M/C;

ni, np, n3 — 1ensle uncna (0, 1, 2, 3 ...);

11, o, I3 — TuHEMHBIE pa3Mepbl TOMEILECHUS, M.
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Bo3nyx B 0o0beme MOMEIIEHUs] paccMaTpUBaeTcs Kak HaboOp pPE30HATOpPOB B
dbopme cCTOAYMX BOJH, KOTOpble OYIyT 3aTyxaTh, €CJIM JICHCTBUE HMCTOYHHKA
MpeKpamaercs. 3aryxaHue CBOOOAHBIX KoJieOaHWM B TMOMENICHUU Ha3bIBACTCS
peBepOepareit. CtanmapTHOE BpeMsl peBepOepalny, 3a KOTOPhIE 3BYK B MOMEIICHUU

3aTyxaeT Ha 60 Ab sBiseTCS BaXKHOM aKyCTHUYECKOM XapaKTEPUCTUKOW MOMENICHHUS.

Bpemsi peBepOepanyivi moMmemieHuss — HU3MepsieMasl XapaKTepucThka. XOTs B
oTnenbHbIX pabotax [70-71] BcTpeuaroTcss pacdy€THbIE METOJbI, IO3BOJISIOLINE
OMpeNeNaTh BpeMsl peBepOepaly, NpUMEM 3KCIEPUMEHTANIbHBIM METOJ 32 OCHOBY
MOJIYYEHHUS UCXOAHBIX aKyCTUYECKUX XapaKTEPUCTUK MPOU3BOACTBEHHBIX MOMEUIECHUM.
O6patuM BHMMaHME Ha TO, UYTO BpeMs peBepOepalvu SBISIETCS Ba)KHOU
XapaKTEPUCTUKON TeaTpaldbHbIX, CHOPTUBHBIX M APYTUX MOMEUIEHUW aHAJIOTUYHOTO
HazHaueHus [72-75]. Jlas mpou3BOACTBEHHBIX MOMEIICHUH HEOOX0AMMO HCMOJIb30BaTh
0oJiee yHUBEpCAJIbHbIE XapAaKTEPUCTUKHU, K KOTOPHIM, OTHOCUTCS, B MEPBYIO OUYEpE.lb,
3HAYECHHE CPEAHEr0 3BYKOMOTIOMICHHS B MOMEIICHUH (X g, ). DTA XapaKTEPUCTHKA, TAK
XKe, KaKk U BpeMs peBepOepalud, UMEET YacTOTHO-3aBUCHMBIN XapakTtep. Takum
oOpa3oMm, OJHOW W3 3a7ady MCCICAOBAHUS SIBISETCA M3YYCHUE aKyCTHYECKHX
XapaKTEPUCTUK  MPOU3BOJCTBEHHBIX TMOMEIIEHUH € Yy4YeTOM OMbITa JIPYTHUX
uccnenoBareneit [76-77] myTéM wu3MepeHUH B HHUX BpPEMEHHM peBepOepaluu C
MOCIIETYFOIIUM BBIYMCIICHUEM u aHAJIN30M CpeaHero kod(punrenrta

3BYKOIIOTJIOIICHUA.

Ha pucynke. 1.4 mnoka3zaHbl 3HaueHUs BPEMEHH peBepOepanuy MOMENIEHUN
Pa3IMYHOTO Ha3HA4YeHUs. XapaKTEepeH POCT BPEMEHHM peBepOepaluu C yBEIUYECHUEM

o0beMa MMOMEILIEHNUS.

[Ipumep COOCTBEHHBIX YacTOT MOMEIIEHUs, COrJIacHO [68], mpeacTaBiIeH B

tadiune 1.2.
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Pucynok 1.4 — 3aBucuMoCTh BpeMEHH peBepOepaliiu oT 00beMa MOMEIICHUS

Tabnuua 1.2 — CoOcTBEHHBIE YaCTOTHI IIOMEIIEHUS

n m ns f, T ny i} n; f, T
1 0 0 21,7 1 1 2 77,0
0 1 0 27,2 2 2 1 77,6
0 0 1 34,3 3 1 1 78,4
1 1 0 34,8 2 0 2 81,2
1 0 1 40,6 0 3 0 81,6
2 0 0 43,3 1 3 0 84,4
0 1 1 43,8 3 2 0 84,7
1 1 1 48,9 2 1 2 85,6
2 1 0 51,1 4 0 0 86,6
0 2 0 54,4 0 2 3 87,6
2 0 1 55,3 0 3 1 88,5
1 2 0 57,6 1 2 2 90,3
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[Tponomkenue Tadbauist 1.2

2 1 1 61,1 4 1 0 90,8
0 2 1 64,3 1 3 1 91,1
3 0 0 65,0 3 2 1 91,4
1 2 1 64,9 2 3 0 92,4
0 0 2 68,7 4 0 1 93,2
2 2 0 69,5 3 0 2 94,5
3 1 0 70,4 4 1 1 97,1
1 0 2 72,0 2 2 2 97,7

0 1 73,5 3 1 2 98,4
0 1 2 73,9 2 3 1 98,6

1.6 Teopusi u pac4ét akycTu4ecKou 3PpPeKTUBHOCTH AD

OcHOBHOUW TeopHWel, NOpUMEHIEMOW i1 pacuéra AD, ABIAETCA ONTHUKO-
nudpakuonHas Teopusi [3], corsacHo KoTopou 3hPeKkTUBHOCT, AD 3aBUCUT OT
Pa3HOCTH XOJla 3BYKOBBIX JIydel, ompenaessieMbIXx uncioM DpeHenst B COOTBETCTBUU C

pacueTHOM CXeMOM, MPeICTaBICHHON Ha pucyHKe 1.5, o cieayromiei hopmye:

2{a+b—d)

N = 3 ) (1.2)

rie a— paccrosiHue ot ucrounuka mryma (M) qo ceoboauoro pedpa AD, Mm;

b — paccrosinue ot cBo6oaHOrO pedpa AD 1o pacuértnoit Touku (PT), m;
d — paccrostaue ot Ul 1o PT npu oTcyTCTBUM SKpaHa, M;

A — JJTMHA 3BYKOBOM BOJIHBI, M, BBIUHCIIIEMAs CIASIYIOIINM 00pa3oM:



A=-, (1.3)

rJIe ¢ — CKOPOCTb 3ByKa B Bo3nyxe (c=340 m/c);

f— gacrora (31,5; 63; 125...8000) I'1.

e

Pucynok 1.5 — Cxema pacuéra AD: 1 — UII; 2 — AD; 3 — cBoboaHoe pedpo AD;
4 — PT, 5 — omopHast OBEpXHOCTh, O — yron qudpakmu
Cnenyer OTMETHTh, YTO ONTHUKO-AU(PAKIIMOHHAS TEOpHsl Hallllla IIUPOKOE
pacrpocTpaHeHue s pacueToB 3¢ PekTuBHOCTH AD 1O pe3ylbTaTaM padoT SITOHCKOTO
ydyeHoro, 3. MaekaBbl, KOTOpPbII Ha OCHOBAHUM AaHAIN3a MHOTOYUCIECHHBIX
AKCHEPUMEHTAIBHBIX U aHATUTUYECKUX JIAHHBIX, BBIBEJ JOCTATOUHO MPOCTYIO HOpMyTy
JUISl UH)KEHEPHBIX pacu€ToB 3 (PEKTUBHOCTU AKYCTUYECKUX IKPAHOB, YCTAHOBJICHHBIX B

CcBOOOTHOM 3BYKOBOM moJie [48-50]:
M‘mp = 101g20N, (1.4)

Merton, npemioxkeHHslil 3. MaekaBoii, HO3BOJISIET ONPENETATh NOTEPU 3BYKOBOM
JHEPIUM, BHOCUMBIE aKyCTHUUYECKMMH JKpaHaMH, OJHAKO HMEET CYIIECTBEHHOE
OTpaHUYECHUE, COCTOAIIEE B TOM, YTO 3BYKOBOE IAaBJICHUE 3a MPEAEIIaMU dKpaHa TOJDKHO
paBHOMEpHO yObIBaTh, YTO, KaK NPaBUIIO, HEpEAIM3yeMO Ha MPAKTUKE MpHU
pacloNOKEHUU DKpaHa B IIOMEIIEHUM B CBA3UM C HAJIMYUEM MHOXKECTBEHHBIX

OTPa)KEHUI B 3aMKHYTOM 00bEMeE.

OueHuBasi, B LEIOM, pe3yibTaThl pacyeToB 3(PdekTuBHOCTH AD MO ONTHKO-

Tu(pakKMOHHON TEOpUHM, OTMETUM HUX HEJIOCTATOYHYH) TOYHOCTh Ji Ccllydas
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PaCIIONIOKEHHsI dKpaHa B 3aMKHYTOM o0beMe [3], KOTOPYI0 MOXKHO OMNpENeUTh B
COOTBETCTBUHM C PHUCYHKOM 1.6, OTOOpakalolUM pe3yJbTaThl 3KCIIEPUMEHTATbHBIX
uccnenoBanuii 3¢pdextuBHOCTH AD B CpaBHEHHMHM C pe3yJbTaTaMU pacyeToB MO

dbopmyne 3. MaekaBbl 111 TOUEUHOTO UCTOYHUKA IITyMa.

Henocratounass TOYHOCTh ONTHUKO-IU(PPAKIMOHHOW TeOopuM JJisl pacyera
s pexktrBHOCTH AD B MOMEIICHUIX, HaNlpuMmep, no gopmysie MaekaBbl, OOBACHIETCS
MPUHATBIMUA B pacyeTe JAOMYIICHUSIMHU, B TOM YHUCJIE T€M, YTO CBOIICTBa Marepualia
aKyCTUYECKOTO  HKpaHa B  pacuere He  Y4YuThiBalOTCA, AD  OPUHAT
3BYKOHEIPOHUIIAEMbIM, UCTOYHHK 3BYKa - TOYEYHBIM, a BIIUSHUE IOMEIICHUS HE

YUYUTBIBAETCA MpHU pacyeTre 3HPEKTUBHOCTU IKpaHA.

HecmoTpss Ha yka3aHHblE MNOTPEIIHOCTH, B HAy4YHOM JIATEpaType MU B
JNEUCTBYIOIIMX HOPMATHUBHBIX JOKYMEHTaX BCTPEUYAETCS 3HAYUTEIBHOE KOJMYECTBO
METOJIOB pacuera aKyCTHIeCKOW d()PEKTUBHOCTH IKPAHOB, B KOTOPHIX B TOW WM MHOU
Mepe, UCTIONB3YETCs ONTUKO-TU(PPAKIIMOHHAS U TeOMETPUUYECKasi TEOPUsl aKyCTUKH |3,
48-50, 79-84], B TOM wuwMclie, JAHHBIA TOAXOJA MPUMEHSIETCA [JIsl PacuETOB
sbdexTuBHOCTH AD, pPACIONOKEHHBIX B 3aMKHYTBHIX O00BeMax (IPOU3BOJACTBEHHBIX

MTOMEIIICHUSX).
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Pucynok 1.6 — CpaBHenue 3Q(HeKTUBHOCTH IKpaHa, MOJTYYEHHON M0 JaHHBIM
skcnepuMeHTOB (1) u pacueToB 1o Metoay Maekassbl (2) Ipu HATUYUU TOUEUHOTO

HCTOYHHKA IITyMa

Hanpumep, n0BOJIBHO 4YacTo, B TOM 4YHUCJIE, B HOPMAaTHUBHBIX JOKyMeHTax PO,
ucnons3zyercst popmyna Y. Kypue [80], 0CHOBY KOTOpPOH COCTaBJISIET PaCCMOTPEHUE

Pa3HOCTH XOJa 3BYKOBBIX JIyduel U yncia Openens:

AL, = 201g 22N 4 5 mp N> —02.
thy2m|N|
AL, = 0mpu N < -o.2. (1.5)

Eme ogHuM npumepoM HCIHOJB30BAHUS ONTUKO-TU(PPAKIMOHHON TEOpUU s
pacuera AD sBnsercs ['OCT 31287-2005 [87], B KOTOPOM NPHUBEIECHBI PACUYETHBIC
dhopmymsl s ornieHKH dPdextuBHOocTH AD B padounx nomemenusx. B 'OCT 31287-
2005 paccmatpuBaroTcsi ABa ciydas pacnonoxenus PT 3a AD: B 30He rinyOokoi
aKyCTUYECKOM TEeHW (B 3TOM Clly4ae CUYMTAETCS, YTO SKpaH CHUXKAET MPSIMOM 3BYK,
M3JIy4aeMbIii HICTOUHUKOM), a TAK)KE MPU PACIOJIOKEHUN PACUETHON TOUYKU B Ipejesax
paguyca peBepOepalvd C y4eTOM OTpakeHUs OT OirKailed K HMCTOYHUKY IIymMa
CTEHbl W BIUAHUS KPOMKH ¢ HauOonpmied audpakuueil, rie 3BYKOBOE MOJie
dhopMupyeTcs oTpakeHHbIM 3ByKOM. Pacuetsl o gopmyne 'OCT 31287-2005 [87] B

30HE JEUCTBUSA OTPAKEHHOI'O 3BYyKa JAIOT pe3yJibTaThl Bcero Ha 3-4 nb Hmxke, yem no
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dbopmyne pacuera 3PhexkTUBHOCTH AD, pacHOIOKEHHOTO B 30HE JEUCTBUS MPSIMOTO
3ByKa, YTO O3HAYaEeT, YTO MHOKECTBEHHbIC OTPAXKECHUSI B MOMEIICHUM HE YUTCHBI B
JOJDKHOM Mepe B IpeIokKEHHbIX (Gopmynax. Ha ocHOBaHMM aHanmu3a MOJYYEHHBIX
MAHHBIX CHICJIaH BBIBOJ O TOM, 4TO riaBHBIM HemoctaTok I'OCT 31287-2005 cocTout B
OTCYTCTBHH CBSI3U d3PHEKTUBHOCTU AD C aKyCTUUYECKUMHU CBOMCTBAMHU MOMEIICHUS, YTO
HE TIO3BOJIIET TMPOEKTUPOBATH AKYCTUYECKHWE DJKpPaHbl B  IPOU3BOJCTBEHHBIX
MOMEIICHUSIX C BBICOKOM JOCTOBEPHOCTHIO IPOTHO3UPYEMBIX YPOBHEW 3BYKa IIpH
HaJIMYuM 3KpaHa. [[ma Oosjee gaTenbHOro aHajin3a HEOOXOJAMMO IPOBECTH JEeTaabHbIC
pacueTsl 1o Gpopmyiiam, peacTaBICHHBIM B [87] 1 BepUPUIIMPOBATh UX CHEIUATIbHBIMU
AKCIIEPUMEHTAMH, MPOBEACHHBIMU KaK B MOMEIIEHHUSIX, TAK U B CBOOOJHOM 3BYKOBOM

I10JI€C.

MHOrux w3 MNEPEYUCIEHHBIX BBIIIE HEAOCTATKOB JHIIEeHa Teopus AD,
pazpabotrannas H.B. Tropunoit mns pacuéra sddextuBHOCTH AD B CBOOOJTHOM
3ByKOBOM Tioie W B momemenusx [51, 52]. Paccmorpum omny w3  dopmym,
pa3zpaboranubix TropuHoit H.B. Ha oOCHOBE CTaTUCTHYECKOW TEOPUU AaKYCTHKH C

MIPUMEHEHUEM 3JIEMEHTOB T'€OMETPUYECKON 1 BOJIHOBOW T€OpUM aKycTHKH [S1]:

—6/a B _
1 4 1=pon | Pron 4T (1=, ab
AL =101g . ( 5/,) -101g Marctg:+
Qyer(R+1)? Ay QyeryipR? 2rVarZyaleh?
(1.6)
—C/3
20 lj H1=noy |Prow (1=t 4 hpsli
+3h, (#zarctg,—'% ( m) e —arctg L 1B
QyerflypReri 2ri Anou QuerRorp — QyernpRay 2 ,."pz,.z_l_hmszz
rac ru R — pacCTodHrA OT MCTOYHHUKA HIyMa A0 3KpaHa W OT 3KpaHa 10
3aIUAIAEMOT0 00BEKTA, COOTBETCTBEHHO, M;
Loy — mmHA AD, M;
h,p — BeICcOTA AD, M;
Boxp — K03pPunment qudpakunu AD;
Onos U Obgp — KOIDOUIMEHTHI 3BYKOIOIIIOMICHUS! MOBEPXHOCTH MEPE]]

AD u camoro 3kpaHa, COOTBETCTBEHHO;

A — JJirHA 3BYKOBOU BOJIHBI, M.



28

Kak BuguMm, ¢popmysa TOCTATOYHO CIIOXKHA JJISI PACUETOB U HE YUUTHIBAET (GOpMY
JKpaHa, 4YTO KpalHE BaXHO B YCJIOBUAX MNPUMEHEHUS AD B MNPOU3BOJCTBEHHBIX
nomenieHusix. HeoOxomumo mnonyuuth Oonee mpoctyio ¢dopmyiny pacuéta AD B
MOMEIIEHUH, MPOBEPUTh €€ TOYHOCTh M YCTAHOBHUTH CTENEHb BIMSHUS aKyCTHYECKHUX
CBOMCTB MOMEIIICHUS U SKpaHa, a Takxke (popMbl 3KpaHa Ha ero 3P (HEKTUBHOCTD.

[Ipu paccMOTpeHHH BOMPOCOB, CBA3AHHBIX CO CHUKEHUEM IIyMa B MOMEIICHUSIX,
0cO00Oro BHMMAaHUS 3aCIyKUBAIOT PadOThI, BBHINOJHEHHbIC MPEIACTABUTEISMH IIKOJIbI
npodeccopa B.W. JleneHeBa, MOCBSIIEHHbIE MPOrHO3MPOBAHUIO 3BYKOBBIX MOJIEH B
MOMEIICHUSX, a TAKXKE€ CHUKEHHUIO IIyMa SKPAHUPYIOIMIMMHU U 3BYKOIOTJIOIIAIOIIUMHU
KOHCTPYKIMSAMH B mnomemieHusx [7, 8, 22, 88-95]. OcraHoBuMcs mnoapoOHee Ha
paboTax, MOCBAIIECHHBIX aKyCTUYECKUM 3KpaHam. B pabotax [22, 92, 93] aBroph
MOKa3aJI, YTO MOKHO JOOUTHCSA ONMPEAEICHHOTO CHUKEHHMS IIyMa Ha pabouynx MecTax
MyTEM YCTAHOBKM aKyCTHMYECKOro 3kpaHa B mnomenieHun mexay HUII u pabouum
MECTOM, a TaK)K€ MOBBIIICHUS! 3BYKOIOIJIOMICHUS] B MOMEUIEHUU. YUYHUThIBasl, YTO Ha
aKyCTHYECKYyI0 3(P(HEeKTUBHOCTh AD B TOMEIICHUH CYIIECTBEHHBIM 0OOpPa30oM BIIHSET
OTPaXCHHBIM IIIyM, TPOHUKAIONIMN B 30HY aKyCTUYECKOW TeHH, (HopMupyeMoi
aKyCTUYECKUM AKpPaHOM, aBTOpamMu PEKOMEHA0BAHO HCII0Ib30BaTh
3BYKOMNOTJIONIAIONINE 3JIEMEHTHI B MOMEIICHUH, HAIPUMEDP, MOJBEIIEHHbIE HA MOTOJIKE
KyJuchl. /{151 yyeTa BIUSIHUSL OTPAXKEHHOTO LIyMa MCHOJIb30BaH METOJ MPOCIICKUBAHUS
Jy4ei, KOTOPBIM TMO3BOJISIET BBIMOJHATh PACUYETHl OTPAXKEHHOrO IIymMa Kak NIpH
3€pPKaJIbHOM, TaK M IPU PACCESTHHOW MOJENSAX OTPAXKEHUsSI 3ByKa OT OrPaKICHUMU.
ABTOpBl [22] TIpUBOAST pe3yJIbTaThl HCCIEAOBAaHMSA, B KOTOPOM pacueTamu
YCTaHOBJIEHO, YTO 3BYKOIOTJIOMIAONINE KYJHUCHI CHUKAIOT IIIyM Ha BEIWYUHY 110 7,7 nb
B IOMEUIEHNUU Ha pacCTOAHUM 18 M OT ucTOouHMKA 1mIyMa. [Ipu 3TOM, HEMOCPEACTBEHHO
3a SKpaHOM YMEHBLIEHHE CYyMMapHOTro IIyMa TOJIBKO 3a CUET 3KpaHa cocTaBisieT S5 Ab, a
IIPU COBMECTHOM JEHUCTBUU 3BYKOIOIVIOIIAIOMINX KYJIUC W aKyCTHYECKOrO HKpaHa
YMEHBIIIEHUE CYMMapHOTO IlIyMa B 30HE TNIyOOKOW aKyCTHMYECKOW TeHHM JOCTUTaeT 8,3
nb. Db dekTHBHOCTS dKpaHa aBTOpaMH [22] IPEAJIOKEHO PaCCUUTHIBATH 0 hopmyiie 3.
MaekaBbl, paclpoCTpaHEHUE 3BYKa B TIOMEIIEHUN pacCMaTPUBAETCA C UCHOJIb30BAaHUEM

KIaCCHYCCKOIro McCroaa FeOMeTpI/I‘IeCKOﬁ TCOPHUHN AKYCTHKH, UYTO Ha HaAIl B3IJIAMO,
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MO3BOJISIET OlEHUBaTh 3P(PEKTUBHOCTH HKPAHUPOBAHUSI TPSAMOTO 3BYyKa, HO HE
oOecrnieunBaeT JOCTATOYHYI0 TOYHOCTh OIIEHKH BJIUSHHS aKyCTHUECKHUX MapaMeTpOB
nomenieHust Ha 3 PEeKTUBHOCTH IKPaHa.

[Ipu paccMoTpeHMM TOJAXOJI0OB K CHIDKEHHIO IIPOU3BOJCTBEHHOTO IlIyMa B
MOMEIIEHUH  JKpaHaMH  HEJIb3s HE  OCTaHOBUThCc Ha  TpeboBaHusix  CII
254.1325800.2016 [96]. CBox npaBui [96] NOCBSIIEH CHUXEHHUIO TTPOU3BOICTBEHHOTO
myMa B TIOMEHIEHUSX U, YACTUYHO 3aTparuBaeT BOMNPOCHI CHUIXKEHHUS IIyMa
aKyCTUYECKUMH  dKpaHaMH, HalpuMmep, COAEpKUT QopMmyildy [  pacuera
s exktuBHOCTH AD, OCHOBAHHYI0 HA ONTUKO-TU(PPAKIMOHHONW TEOPUH, a TaK¥kKe
npejyaraer naHHbie 00 3G(exkTUBHOCTH AD 171 HECKONBKHX THUIOpa3MepoB AD,
mwiockux U [1-00pa3ubix AD. CornacHo [96] nuHeitHbIe pa3Mepbl KpaHa JT0KHbI ObITH
HE MEHee 4eM B Tpu pasza Oojblle JHUHEHHBIX pPa3MEpOB HCTOYHUKOB IIyma, MpPH
MPOEKTUPOBAHUM LIYMO3AIIUTHl PEKOMEHYETCSl OT/laBaTh MpeanoyreHue skpanam II-
oOpazHoit popmbl. [ CHIDKEHUS OTPaKEHHOTO 3BYKa OT TIOBEPXHOCTEH TTOMEIICHUS U
CHUXKEHHUS 3BYKa, H3JIYy4aeMOro [JPyTHMMH, pAacCHOJOXEHHbBIMU B IOMEUIEHUU
HCTOYHMKAMHU IiymMa, B [96] peKOMEHJI0BaHO COBMECTHOE IPHUMEHEHHE HKPAaHOB H
3BYKONOTJIONIAIONIEH OOJIMIIOBKHA, NIPU STOM BIUSHHE aKYyCTUYECKHUX CBOWMCTB
nometnienus Ha 3¢ dexTuBHOCTH AD B CII pennokeHo paccMaTpuBaTh B 3aBUCUMOCTH
oT cpeaHero koddduimenTa 3ByKomnoriomenus: nomemenus. C 0HON CTOPOHBI, UIEH
CII [96] npencTaBisitoTcsi AOCTATOYHO NPOJYKTHUBHBIMU, OJHAKO, THIATEIbHBIN aHATU3
TpeboBanmii [96] mOKa3bpIBaeT, YTO paccMOTpeHue BiIusHHS GopMbl AD Ha
sbdexTuBHOCTE AD B CBOJIE MPABHI MPEICTABICHO JOCTATOYHO OTrPAaHUYEHHO (HE
yKa3aHO KakK OIleHHBaTh 3(PPEeKTUBHOCTH [-00pa3HOTO, IMOIYy3aMKHYTOTO SKPaHOB M
HKPAHOB JAPYTHX BHUJOB), & YUET BIUSHUS aKyCTUYECKUX XapaKTEPUCTUK MOMEIIECHHS Ha
3¢ (PEeKTUBHOCT, 9KpaHa HE TPHUBS3aH K  KOHKPETHBIM  XapaKTepUCTHUKAM
MIPOU3BOJICTBEHHOTO TIOMEIIEHUSI.

Taxum oOpazom, HeoOX0oaMMO pa3padorath MeTOa pacuera dpdekTuBHOCTH AD B

IMPOU3BOJACTBCHHLIX ITOMCHICHUAX C PA3JIMIYHBIMH dKYCTHUYCCKNMHU XdPAKTCPUCTHUKAMU.
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1.7 lIpoekTupoBanue AJ

u METOOMNYCCKAaA

auTeparypa,

IIOCBAIIICHHAA

KOHCTPYUPOBAHUIO (MPOEKTUPOBaHUIO), pacueram 3(dextuBHOCTH AD Ha »ITame

MPOEKTUPOBAHMS, UYpe3BblUaiiHO oOmmpHa [5, 6, 53, 97-100]. B mepByro ouepenb,

oOpatumcs K knaccudukanuu AD 1Mo ux Ha3HayeHuto (Tabnuua 1.3), coriacHo KOTOpoi

BCC

AD  MOXHO

pa3enuTh Ha

TPAHCHOPTHBIE,

0(HUCHO-TIPOU3BOICTBCHHBIC,

TCXHOJOI'MYCCKHUEC U AOIIOJTHUTCIIBHBIC. TpaHCHOpTHBIG U TeXHOJoruueckue AD HalLIU

HauOoJIbIIICE IMPUMCHCHUC HaA IIPAKTHUKC.

Tabnuna 1.3 — Knaccudukanus akyCTUUECKUX 3KPAHOB 10 UX HA3HAYECHHUIO [ 5]

MecTo yCTaHOBKM U

Tun AD Cxema O06o03HaueHMs Ha cXeMe
MIPUMEHEHHE
OducHo- \ \ I —ucrtounuk myma; 2 — AD; | B noMmemeHusx ais
\
! 4
pou3BoI- | |, \\ ol 3 — pabouee MecTO; CHYKEHHS TIPSMOTO
CTBEHHBIE | ’ 4 - momMeleHue 3ByKa
| — ncroynuk myma Bnoib
(aBTOTpaHCTIOPTHBIN MOTOK WJIK | aBTOMOOMIIBHBIX
Tpanc- MOTOK KEJIE3HOJOPOKHOTO WJIU JKEJIE3HBIX
MOPTHBIE TpaHcmnopTa); 2 — AD; nopor (a/m)
3 — onopHasi TOBEPXHOCTH; HAIMpPOTHUB KUJION 1
4 — xunas 3acTporka IPYro 3aCTPOUKHU
3 4
Texunouno- ET % 1 — ncrounuk myma; 2 — AD; Co Bcex cTopoH
2\ 1 2) \
=t
TUYECKHE Sl ) ) :\\ 3 —creHa; 4 - 31aHKe HMCTOYHUKA IIIyMa
2
B xauectBe
1 — ncrounuk myma; 2 — AD; JNOIIOJIHUTEIIBHOT O
Jlononnu-
3 —mpoem; CpelICTBA B
TEJbHbIE
4 — 3ByKOM3OJUPYIOIIUMA KAMlOT | I[IYMO3AIUTHBIX

KOHCTPYKIHSX
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B Tabnune 1.4, na pucynke 1.7 u pucynke 1.8 [5] mokazaHbl BUABI pa3IudYHBIX

HaJcTpoeK ((hopMbl BepXHEW TpaHUYHOW MOBEPXHOCTH) U MPENCTABJICHBI JaHHBIE 00

yBenuueHun dSPdextuBHOCTH AD mnpu HU3MEHEHUM (OpPMBI BEpXHEH TpaHUYHOU

MTOBEPXHOCTH.

Ta6nuna 1.4 — JlononuurenbHas 3QGeKTUBHOCTh AD npu U3MEHEHUH (POPMBI BEpXHEH

rPaHUYHOM MMOBEPXHOCTH |5 ]

Haszpanue AD YcioBHas cxema A OTIOMHHTCIIBHAT
3¢ bexTuBHOCTD, TBA
1,5...2
a) r
['-06pa3ubiit
6) |_ 2,0...2,5
CrpenoBuaHbIN T 0...0,5
Y-00pa3HbIit T 2,5...3,5
X-o00pa3HbIit T 3,5...45
T
T-o0pa3nblii
45..5,5
0) T

Kak cnemyer u3 mnpencrtaBieHHbIX B TabOiuie 1.4 HaHHBIX, TEOPETUUYECKHU

yCIOXHEHUE  (POpMBI

BEPXHEU

TPaHUYHOU

apdextuBHOCTL AD OoT 1 10 5 NBA.

TTOBEPXHOCTH

MOXCET  YBCIIMYUTDH



Pucynok 1.7 — Cxema antunudpaxropa [5]: 1 — 31IM; 2 — nepdopupoBaHHbIi

UWIHHAP; 3 — aKyCTUYECKHUM IKpaH

Pucynok 1.8 — Cxema pe30oHaTOpoB, yCTaHABIMBAEMbIX Ha CBOOOIHOM pedpe AD [5]

1 — ropno pe3onaropa; 2 — oobem; 3 — AD

[lo manHBIM Hay4yHOU NUTEPATYpHI, HA dPPEKTUBHOCTH AD, MOMUMO pPa3MEpPOB
AD, BIUAIOT HaJWYUE W BUJ HAJICTPOEK Ha cBOOOmHOM pedpe, hopma AD (0COOEHHO
Ba)KHA JJISI SKPAHOB TEXHOJOTMYECKUX U O(PUCHO-IIPOU3BOJCTBEHHBIX), MaTepuan AD,

HaJM4Y1e/OTCYTCTBUE 3BYKOIOIJIONICHHS B KOHCTPYKIIMU AD.

VYcioxHEeHME HAACTPOEK MPEACTABISIETCS HENEPCHEKTUBHBIM 11 AD B
MOMEIIEHUAX, CUUTAETCs LeaecooOpa3sHbM u3MeHeHue (opmbl AD (Kak, Hampumep,

yKa3zaHo Ha pucyHke 1.9).
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Pucynoxk 1.9 — CxeMbl TEXHOJIOTUUECKUX 3KPaHOB [3]:
1 — ucrounuk myma; 2 — ['—o0pa3ubiit AD; 3 — ToUKa U3MEPEHUIA;
4 — 3amuiiaemMoe ot myma 3aanue; 5 — [I—o0pazusiiit AD;

6 — 3aMKHyThIN [1-00pa3Hbiii AD, npuMBIKaIONIUMA K CTEHE; 7 — CTEHA

[Mamypuasim A.E. [40] u CetnoBeiM B.B. [99] 6butn uccnenoBansl MIOCKHE U
I'-o0pa3nble  TexHonormueckue AD B YCIOBUSIX OJKCIUTyaTallMM, TMOJY4YECHBI
AKCIEPUMEHTAJIbHbIE PE3YyJbTaThl, IMOKA3aBIIME, YTO B 3aBUCUMOCTU OT (POpPMBI H
OCOOCHHOCTEM pa3MeIIeHUs] TexXHouornueckux AD, ux 3(PPEeKTUBHOCTh MOXKET
Bo3pactatb OT 3 10 9 nbA. Ilpu 3TOM yKa3aHHBIE HCCIEHOBAaHHS HE ITO3BOJISIOT
NEPEHECTH pe3yJbTaThl, IMOJYUYEHHbIE [Js1 TexHoliorndeckux AD, Ha oducHo-
MIPOU3BOACTBEHHbIE AD W CHenaTh OJHO3HAYHBIM BBIBOJ O BIMSHUM KOHKPETHOMU
dbopmbr AD Ha 3P dekTuBHOCTh AD, KOTOPHIN ObI TO3BOJIMI Pa3paboTaTh MPAKTUICCKHE
PEKOMEHJAIIMU TI0 TPOCKTUPOBAHUI0 AD pa3nmuyHOi (OPMBI B MPOU3BOJACTBEHHBIX
MTOMEIICHUSAX.

Crnenyer OTMETHTb, YTO B IMPOU3BOJICTBEHHBIX ITOMEIICHUIX 3alllUIaeMble
00BEKTHl pa3MeNaloTCs, KaK MPaBUIIO, HA MaJIbIX PACCTOSHUSX OT MPEAIOoIaraeMoro
Mecta yctaHOBKH AD (mopsiaka 0,5-2 M) U B 3aBUCUMOCTH OT KOHKPETHBIX YCIOBUM
MOTYT TOMNaJaTh B 30HY TTTyOOKON aKyCTHYECKOW TeHn AD wiH B 00J1aCTh TPAHUYIHOTO
paguyca wid  OBITh  OKPY)KCHHBIMH  HECKOJBKUMU  HCTOYHHKAMH  IIIyMa,
(bOpMUPYIOIIMMEU CIIOKHBIE 3BYKOBBIEC TOJISI U MHOXKECTBEHHBIE OTpaxkeHusi. CorjacHo

[41] oddextuBHOCTF AD  yBenmuuuBaercs Ha 2,5-3 1bA  npu  Hanmuuuu
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3BYKOMOTJIONIEHUS, OJIHAKO, Jisi AD B MOMEIIEHUU STOT BOIPOC TPEOYeT Takke
JOTIOJIHUTENBHOTO U3YUYECHUSI.

VYBenuueHre 3BYKOMOTJIONIEHUS MOMEIIECHHUSI SBJISIETCS OCHOBHBIM METOJIOM IS
CHUKEHHUS OTPAXKEHHOTO 3ByKa B 3aMKHYThIX 00bemax [3, 5, 6]. BeiObopouHbie aHHbIE
00 3(pheKTHBHOCTH 3TOM Mepbl MOKHO HaTH B [22, 59, 61, 64, 92, 93, 95]. Hanpumep,
B [3] npuBeneHsl aaHHble H3MepeHUNW Y3J/[ B mexe a0 M 1Ociae NPUMEHEHUS
3ByKonoriomaried ooaunoBku. [lo pesynbpratam aHamu3a 3KCIEPUMEHTATbHBIX
JAHHBIX aBTOPAMU IOJIYYEHO CHIKEHHE Iyma B 1exe Ha 3-10 b B nuama3oHe yactor
500-8000 T'u. [IpuMeHneHne akyCTUYECKOTO 3KpaHa M 3BYKOIOIJIOMIAOINIEH OOJUIIOBKU
MIOMEIIEHHUS SIBIISIIOTCA B3aUMOJOMOJHSAIOIMMHA MEPONPUITUSIMH TIPU 00ECIEUEHUH
3allIUTHI OT IIyMa B MPOU3BOJCTBEHHOM MOMEIIEHUHU, IPU ITOM COBMECTHBIN 3 PekT, a
TaK)K€ CTENEHb BIMSHUS 3BYKOIOIJIONICHHUS TIOMEHIEHUS U 3BYKOIOIJIONICHHUS
aKyCTHYECKOTO JKpaHa Ha ero 3(h(exkTuBHOCT, AD B MOMEMIEHWH HEIOCTATOYHO
H3YYEH.

JIns pgeTanbHOro MCCIEAOBaHUS BOINPOCOB MPUMEHEHUST AD B IMOMEILICHHUSX,
HEO0OXOIMMO BBHITIOJIHUTh HATYypHBIE UCHBITAHUA d()PEKTUBHOCTH AD MO CIETYIONINM
HaIpaBJICHUSIM:

- 3aBUCUMOCTH 3P (HEeKTUBHOCTH AD OT aKyCTHYECKUX CBOMCTB IOMEIICHU;

— 3aBUCUMOCTH dpPextuBHOCTU AD OT popMbI AD;
— 3aBUCUMOCTH d(pPekTuBHOCTU AD OT €Tr0 pa3MepoB;

— 3aBUCUMOCTb d()PEKTUBHOCTU AD OT €ro 3ByKOIOTJIOMICHHUS.

1.8 OcHoBHBIC 321a4H UCCJIETOBAHUSA

Ha ocHOBaHMM BBHITIOJHEHHOTO aHajin3a CPOPMYIHMPOBAHBI CIEIYIONIUE 3aauu

HCCIICAOBAHUA .

- BBIIIOJIHEHHUE DKCIIEPUMEHTAJIBHBIX UCCIECAOBAHUM XapaKTEPUCTUK LIyMa Ha
pabounx MecTax W B pabOYMX 30HAX MPOU3BOACTBEHHBIX NMOMEIICHUIN U OIpe/iesieHne

TpeOOBaHUHN K €T0 CHUKCHUIO;
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- U3y4yeHUe  MeXaHu3MOB  (OpPMHUpPOBAHHUS  3BYKOBBIX  IOJIEM B
MPOU3BOACTBEHHBIX  IOMEMIIEHUSX C  LEeIbl0  pa3paboTku  KiaccUUKAIUU
MIPOU3BOACTBEHHBIX TOMEIICHUHN B 3aBUCUMOCTH OT UX aKyCTUYECKUX CBOMCTB;

- aHallu3 METOAMKU pacuera 3(P(PEKTUBHOCTH aKyCTHUECKOTO JKpaHa B
pabouyux MOMEIICHUSIX, OCHOBAHHOM Ha ONTHUKO-TU(PPAKIHOHHOW TEOPHUH, C LEIbIO
OLICHKHU €€ MPUTOJHOCTH JJIsi ONpENETeHUs] aKyCTUUeCKOW 3(DPEeKTUBHOCTU IKPAHOB B
MIPOU3BOICTBEHHBIX TOMEIICHUSX;

- pa3paboTka MeToaa pacuera 3P(EKTUBHOCTH aKyCTHUECKOrO JKpaHa MpHU
PACIIOIOKEHUN 3alIUIIAeMOro 00beKTa B 00JacTU MPSMOTO0 U OTPAKEHHOTO 3ByKa B
MIOMEUICHUH;

- pa3paboTKka METOIMKH UCIBITAHHA AD M OMBITHOTO CTEHIA M BBITIOJHCHHE
AKCIIEPUMEHTATBHBIX UCCenoBaHUN dhHEeKTUBHOCTH AD B CBOOOTHOM 3BYKOBOM TIOJIE
U B TIOMCIICHWH C [EJIbI0 YCTAaHOBICHUS BIUSHHUS (GOPMBI W  OCHOBHBIX
KOHCTPYKTUBHBIX MHapamMeTpoB AD, a TakKe aKyCTUYECKHX CBOWMCTB MOMENICHUN Ha
3¢ (HEKTHBHOCTH aKyCTHUECKOTO IKpaHa;

- ONpENIENICHUE SKCIEPUMEHTAIBHBIX MOMNPABOK, YYHUTHIBAIOUIMX BIUSHUE
AKyCTHYECKUX CBOMCTB moMeneHus u hopmer AD Ha 3 PekTuBHOCTD AD;

- pa3paboTka peKOMEHJAI 0 MPOCKTUPOBAHUIO AD JUIsl CHIDKEHUS TIyMa
B [IPOM3BOJICTBEHHBIX TOMEUIEHUSAX;

- BHITIOJTHEHUE  ampoOanuu  pa3pabOTaHHBIX  PEIICHHHA B YCIOBHUSX

IIPOMU3BOJICTRBA.
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IUIABA II. XAPAKTEPUCTUKHU ITYMA U AKYCTHUYECKHUE CBOMCTBA
MPOU3BOJICTBEHHBIX IOMEIIEHUI

2.1. Kparkoe onucanue 00beKTOB HCCJIEI0BAHUS

B kadecTBe 00BEKTOB HCCIIEIOBAHUS OBLIM BHIOpAaHBI IPOU3BOJCTBEHHBIC 1I€Xa U
ydyacTku npenanpustuid  (pabpuk) Oymarone4yaTHOro M UYEKAHHOTO MPOU3BOJICTB.
N3mepenus myma Ha pabounux MecTax U B pabO4YMX 30HAX B CPAaBHEHUHU C HOpMamH [1]
MPOBOJIMIIUCh HA YETHIPEX MPOU3BOJICTBAX, PACHOJOKEHHBIX B Topoaax Mockse,
Cankr-IlerepOypre u Ilepmu. Ha xkaxmoil ¢abOpuke NTpOU3BOIUIUCHE HU3MEPEHUS
XapaKTEPUCTHUK IIyMa BO BCEX OCHOBHBIX I1€XaX M MPOU3BOJACTBEHHBIX y4acTKax, a JJis
JNadbHEUIIEro M3Y4YEHHUsI BHIOMpAIUCh MOMENIEHUS C HaumOoJiee BBICOKUMU YPOBHSIMU
3ByKa Ha paloTaolux MecTax U B pabounx 30HAaX, TAE€ PacHOJIOKEHUE
00CTY>KHBAOIIETO TIEpCOHANA HE JIOKAJTU30BaHO.

[ToMrMO BBINIEYKAa3aHHOTO, W3YYAIMCh AKYCTHUYECKHE CBOMCTBA IOMEIICHUMN.

HccnenoBanusi TOMENIEHUN MTPOBOIMITUCH HA TeX ke (hadpuKax.

2.2. MeTroauku u3mMepeHui

2.2.1. U3mepuTenbHas annaparypa u o00pya10BaHue

DOKCIEpUMEHTAIbHBIE MCCIIEIOBAHUS aKYCTHUECKUX XapaKTEPUCTUK MOMEIIECHUS,
sbdextuBHOCTH AD B MOMEIIEHUH, a TakKe B CBOOOJHOM 3BYKOBOM T0j€ (BHE
MOMEIIEHUS) MPOBOJUIIUCH C HCIHOJIb30BAHHEM CPEICTB HM3MEPEHUI, BHECEHHBIX B
FOCYJApCTBEHHBIA PEECTP U MMEBIIUX JCUCTBYIOIINE CBUIECTEIBCTBA O TOBeEpKe. s
IIPOBEJICHUS U3MEPEHHUIN YPOBHEHN 3ByKa U YPOBHEW 3BYKOBOTO JABJICHUS ITPUMEHSIINCH
MU3MEpUTEIbHBIE CUCTEMBbI Ha 0a3e IMIyMOMEpOB-BUOPOMETPOB, aHAIM3ATOPOB CIEKTpa

OKO®U3MKA-110A (Homep B peectpe CHU PD: 48906-12) B pa3znuyHbIX
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mogudpukanusix 1 OKTABA-110A (momep B peectpe CU PD: 32747-06), koTopbie
cootBeTcTBYIOT | kiaccy cormacio ['OCT P 53188.1-2019 [104]. B cocrase
U3MEPUTENBHBIX CHUCTEM MNpuMeHsuch mnpeaycunutenu P200 u  mukpodoHHbIE
karncionu BMK-205. Jlns npoBepku KaauOpPOBKU CPEACTB U3MEPEHUN MHPUMEHSIICS
akyctuueckuit kanuodparop AK-1000 (Homep B peectpe CU P®D: 76039-19) 1-ro knacca
corimacHo ['OCT P MOK 60942-2009 [105].

Jns omnpeneineHuss BAUSHUS YCIOBUM OKDPYXKAIOWIEW CpEeabl HAa PE3yIbTaThl
U3MEPEHUN BO BpeMsl TMPOBEACHUS M3MEPEHU KOHTPOIMPOBAIUCH MapaMETPHI
OKpYy)Karolmiel cpeabl: CKOpPOCTh JBHXKEHUS BO3AyXa, TeMmIlepaTypa BO3AyXa,
OTHOCHUTEJIbHASI BIAXKHOCTh BO3AyXa M atMochepHoe nasineHue. Bce mapameTpsl
OKpYy’Karolmen cpeapl HAXOAWINCh B TpejenaxX, YCTAaHOBJIEHHBIX B TEXHHYECKOU
JOKYMEHTALMU Ha CPEACTBA M3MEpPEeHUH. [JI1 KOHTPOIS METEOPOJOTHUYECKUX YCIOBUI
IpY NPOBEACHUM HU3MEPEHUM NPUMEHsIAch WU3MEpUTENbHas cucrema Mereockon-M
(nomep B peectpe CU PD: 32014- 11).

KoHTpons  BBICOTHI  pacmojiokeHHsi MHKpooHa  Haa  MOACTHUIAONIEH
MOBEPXHOCTHIO, @ TAKXKE PACCTOSIHUSA OT OTPaXarOUUX KOHCTPYKUUW BBIMOJIHSJICA C
IOMOIIIBIO PYJIeTKH m3MepuTenbHoit Geobox PK2-8 (Homep B peectpe CU PD: 36016- 07).

[ITymomep-BubpomeTp, aHAIU3aTOP CIIEKTpa OKODPU3UKA-110A
MpeAHa3HaueH ISl W3MEPEHUs CPEeIHEKBAAPATHUYHBIX, SKBUBAJICHTHBIX M ITUKOBBIX
YpOBHEW 3ByKa, KOPPEKTUPOBAHHBIX YpPOBHEW BHOPOYCKOpPEHHWs, OKTaBHBIX, 1/3-
OKTaBHBIX, 1/12-OKTaBHBIX W Y3KOIMOJOCHBIX CIEKTPOB, [JIi aHalu3a CHUTHAJIOB
pPa3sTUYHBIX TIEPBUYHBIX TpeoOpa3oBaTeNieil i PEerucTpaldd BpPEMEHHBIX (opM
CUTHAJIOB C II€JIbIO OLIEHKH BJIMSIHHS 3BYyKa, MH(Ppa- U yIbTpa3ByKa, BUOpAIIUN U MHBIX
TUHAMUYECKUX (DU3UYECKUX MPOIIECCOB Ha YENOBEKa Ha IMPOU3BOJACTBE, B JKWIBIX U
OOIIECTBEHHBIX  3MaHUSAX,  OMNpEACNICHUS  BHOPOAKYCTHYECKUX  XapaKTEPUCTHUK
MEXaHU3MOB W MalllMH, a TaKkKe I HAay4YHbIX ucciefoBaHuii. [Ipubop cocrout u3
unrepdeiicaoro 6oka (Mb) SKODOPU3IUKA-D, uzmepurensuoro moayns (MM) HF wim
110A u mepBUYHBIX NpeoOpa3oBarenei. Buabl koMriekTanuy npudopa st paboThl B
peXUMe IIyMOMeEpa, BUOpOMETpa WM aHaJIN3aTopa CIEKTpa MPUBEIACHBI B pasielie

«TexHnyeckne XapakTepUCTUKW». M3MepHuTenbHBIN MOAYJIb OCYIIECTBISET NPUEM
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aHAJIOTOBBIX CUTHAJIOB OT MEPBUYHBIX MpeoOpa3zoBaTened, yCUICHUE, HOPMaIU3aluio U
nudpoBoe MpeoOpa3oBaHWE CHUTHAIOB, PACUYET M3MEPSIEMBIX BEIWYMH, a TaKxke
oOecrnieunBalOT MUTaHWE W TEpBUYHBIX MpeodpazoBateneii. b DKOOU3ZUKA-D
OCYLIECTBIISIET YOpaBICHUE U TUTAHUE W3MEPUTEIbHBIX MOAYJEH, WHAUKAIMUIO
pe3yJbTaTOB M3MEPEHWM M WX 3aMHCh B COOCTBEHHOW JHEPTrOHE3aBHCHMOMN TaMSTH,
rnepeaavy pe3yJibTaToB U3MEPEHUN Ha BHEITHUE YCTPOUCTBA.

Kanubparop akyctuueckuit AK-1000 (nanee — xanuOpatop) npeaHazHayeH AJist
co3Janus 3ByKoBoro mnoiis ¢ ypoBHsimu 94 n1b u 114 nb (otHocutensHo 20 mklla) Ha
gactore 1000 I'm, Bo3melicTByromero Ha auadparmMy MHUKPO(GOHOB, OCHAIIEHHBIX
3alIUTHOM CETKOM W NMPUMEHSEMBIX B cocTaBe myMomepoB | wim 2 knacca mo ['OCT
17187-2010, 'OCT P 53188.1-2019, MOK 61672-1.

BcenanpaBneHHblii MCTOYHUK 3BYyKa (noaekadap) OED-SP360 coorBeTcTByeT
HopmatuBam: ['OCT 27296-2012 «3pmanusi u coopyxkeHusi. Meroasl H3MepeHus
3BYKOM3OJSILIMKM  Oorpaxkaaromux KoHcTpykumity, ['OCT P HMCO 10140-2-2012
«Axyctuka. JlabopatopHble M3MEpPEHUs 3BYKOHM3OJAIMK dJIEMEHTOB 3aaHuil. YacTs 2.
N3mepenue 3Bykomzonsiuuu BozaymHoro myma»; ['OCT P HMCO 3382-1-2013
«Axyctuka. I3mepenue akyctruueckux napametpon nomemenuiin; 'OCT P UCO 3382-
2-2013 «Axkyctuka. Bpems peBepbepanuu 00bI9HBIX TOMeeHuin» [103].

[Ipu mnpoBeneHWrM UW3MEpPEHUN Ha MPEANPUATHSIX BCE  00OpYyIOBaHHE
UCIIOJIB30BAJIOCh B PEKUME MAKCHUMAJIBHOM 3arpy>K€HHOCTH [JIsi OLIEHKH HauXyJIIeu
CUTYyalUU.

N3mepsieMbiMu mapamMeTpaMu SIBJISUIMCh YPOBHU 3BYKa M YPOBHHM 3BYKOBOTO

JAaBJICHUS B OKTAaBHBIX IIOJIOCAX CO CPCOAHCICOMCTPHYCCKHMH YaCTOTAMH B JHUAIIA30HC

ot 31,5 mo 8000 I'm.

2.2.2. MeTouKka U3MepeHHUs IIyMa Ha padounx MecTax U B pa00o4ux 30HAX

N3mepenus myma Ha paboyumx MecTaX M B pabOYMX 30HAX BBIMOJHSUIUCH C
y4eTOM HOPMAaTUBHBIX TpeboBauuii [102]. M3MepseMbIMu XapaKTepUCTHKAMH SBJISIIACH

YPOBHU 3BYKOBOI'O JaBJEHHUS W YPOBHU 3ByKa — JUIs IOCTOSIHHOIO LIyMa,



39

SKBUBAJICHTHBIE YPOBHM 3BYKa UM MAaKCUMaJIbHbIE YpPOBHM 3ByKa — JJId
HEMOCTOSTHHOTO IlIyMa. YPOBHH 3BYKOBOI'O JIaBJICHUS U3MEPSIIUCh B OKTaBHBIX MOJI0CAX
CO cpemHereoMeTpuueckumMu dactortamu: 31,5; 63; 125; 250; 500; 1000; 2000; 4000;
8000 T'u. Ilpu m3mepeHusx MHUKpo(OH pacmonaraics Ha BeICOTe 1,5 M Haja ypoBHEM
Mojia TpH BBINOJHEHHM PaOOT CTOA WM B paboyux 30HAX M HA BBICOTE YyXa,
paboTaroniero, MOpv BBINOJHEHUU padboT cuas. B pabouumx 30HaAX H3MEpeHUs
MPOU3BOJMIINCh B TOYKax Haubojee yactoro npedObiBaHusi pabotaromux. M3mepenue
VY3 u Y3 npoBoAWINCH B KaXI0M TOYKE HE MeHee TpEX pa3. lIpu Bcex m3MepeHusax
BPEMEHHAsl XapaKTEPUCTHKA IIyMOMEpa YCTAHABIUBAETCS B MOJIOKEHUE «MEIJICHHOY.
O6paboTka pe3ynbTaTOB H3MEPEHUN MNPOBOJMUIACH B COOTBETCTBUHM C METOAMKAMH,
MpeICTaBICHHBIMU B [3].
2.2.3. MeToauka u3mMepeHnsi BpeMeHH peBepOepany B OMeEHUAX

Bpems peBepOeparun sSBISIETCS UCXOTHOW HM3MEPSIEMOM XapaKTEPUCTHUKOM s
OMpeNieNIeHUs] aKyCTHYECKMX KadyecTB IoMelleHnH. B orauume oT cBOOOJHOTO
3BYKOBOTO TIOJIS, T/I€ 3BYK B TOUYKE HAONIOACHUS OMpPENENseTcs JWBEpreHIiuen (mpu
HEOOJBIITUX PACCTOSHUAX), 3BYK B IIOMEIICHUU TMPETEPIEeBACT 3HAYUTEIbHBIC
W3MEHEHHUSI, OmpelesiseMble, IOMUMO JUBEPreHIMH, OTPAKEHUSIMH 3ByKa OT
MIOBEPXHOCTEN TIOMELIEHUsA. Mepoll OTpaXe€HHl B TMOMEIIEHUHU CIIYKUT Bpems
peBepbOepanuu. Bpemsi peBepOepaniun — 3TO BpeMsi, B T€UEHHE KOTOPOTO YpPOBHU
3BYKOBOT'O JIaBJICHUS B TOMENIEHUWU CHIKaroTca Ha 60 nb mocne mnpekpamieHus
JIEUCTBUS CTaHJAPTHOTO MCKYCCTBEHHOTO MCTOYHHKA 3ByKa. UeM OoJibllie OTpa’KeHUH,
TeM Oombllie BpeMsi peBepOepammu (TYJIKHE IMOMEINIeHUs1). B TYyIKHX MNOMEemeHusIX
OTPaXEHHBIM 3BYK yXY/IIA€T XapaKTEPUCTUKH IIyMa Ha pabodMx MecTaxX, a TakkKe
CHIWKAaeT J(P(PEeKTHBHOCTh HEKOTOPBIX ITYMO3AIMMUTHBIX KOHCTPYKIHK (HampuMmep,
AKyCTHYECKHUX DKPAHOB).

N3mepenne  BpemMeHH  peBepOepalud  TPOBOAMIOCH B COOTBETCTBUU
¢ I'OCT P HUCO 3382-2-2013 «Akyctuka. N3mepeHue akyCTHUECKUX MTapaMeTPOB
nomenienuid. Yacte2. BpeMs peBepOepariuu o0buHbIX ToMemieHuit» [103]. U3mepenus
IPOBOJIMJIUCH C TIOMOILIBI0 HM3MEPUTEIBHOIO TpPaKTa B COCTAaBE: HEHANPABIECHHOTO

ucTouyHuka wu3nydenus myma (M), mymomepoB. Ilepenq wusMepeHusMu Bce
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paboTaroliee 0OOPYJOBAaHHE BBIKIIOYANIOCH, COONIOAANCS PEXUM THUIIUMHBI, 3aTeM
BKJTIOYascst uckycctBeHHblit U1, mocne BhIKIIOYEHUS KOTOPOTo (PUKCUPOBAIOCH BpEMSI
peBepOepanuu (T, c¢) B Tpex TOYKax IMOMELICHUS OJHOBPEMEHHO, 00paboTka
pe3yabTaToB cpenHeapupmernueckas. Ha pucynke 2.1 nokazan npumep pacroioKeHUs
NI u Toyek u3mepeHusi BpeMeHu peBepOepaliii Ha TpaBepHOM ydacTke (paOpuKH B T.

Cankt-IletepOypre.
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Pucynok 2.1 — ITpumep cxemsl pazmenienus: U1 u Touek nuamepenust BpeMeHu
peBepbeparuu (PB)
PBI1, PB2, PB3, PB4 — touka u3MepeHusi BpeMeHH peBepOepalinu,

NI — pacnonoxeHrne NHCTOYHUKA ITyMa

2.3. lllym Ha padoyux MecTax U B pad0UYuX 30HAX NpeANpPUsTHI

2.3.1. ®aopuka B 1. Cankr-IlerepOypre

Boimonnensr u3mepenust B 33 Toukax Ha ¢adpuke B r. Cankr-IlerepOypr Ha
pabounx MecTtax U B pabo4yuMx 30HAX B II€X€ MPOU3BOJCTBA MOHETHO-MEIAIbHO-
OPJICHCKOW MPOAYKIMH HAa y4YacTKaX: IJIABWJIbHO-IIPOKATHBIN, YEKAHKH U TPABEPHBIM.

[TonyyeHHble pe3ynbTaThl IPUBEAEHBI B Ta0IMIE 2.1.
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Ha ocHoBaHMM BBINOJHEHHOTO aHAJIW3a JAHHBIX, MPUBEJECHHBIX B Taonwuie 2.1,
clenaH BBIBOJL O TOM, 4TO M3 33 paboumx MecT M pabouux 30H HOPMATUBHbBIC
SKBUBaJICHTHbIE Y3 (M He3HauuTelbHbIe MpeBbiieHUus Ha 1 AbA) 3adukcupoBaHb
Bcero B 10 m3MepuTENbHBIX TOYKaX. B 4eThIpex TOYKax U3MEPEHUN MPEBBIICHUS HE
npeBplliasii - 4-5 nbA, a B ocrtanpHbIX 19 TOUYKax W3MEPEHUN NPEBBILICHUE
SKBUBAJEHTHBIX Y3 coctaBuino or 6 no 15 abA. IlpeBbllieHuss MakCUMalbHBIX Y3
ObUTH 3a()UKCUPOBAHBI IPUMEPHO aHAJIOTUYHBIE.

Tabnuma 2.1 — Pe3ynpTaThl U3MepeHHil 1ryma Ha paboyux MecTax u B pabouux

30Hax (¢padbpuka r. Cankr-IleTepOypr)

Haumenosanue I
yuacTKa Ne TH V3, ABA | DePPIICHHC | g e TBA
V35, IBA
(mpodeccun)
1 2 3 4 5
[ImaBuneHO- 1 76 B 87
MIPOKATHBIN ) 26 P 93
(BalBILIOBIIUKHI
XOJIOJHOT'O 3 87 7 95
MeTajia u ap.) 4 08 18 105
5 87 7 97
6 80 - 88
7 89 9 91
8 89 9 &89
VYyacTok yeKaHKHA 9 85 5 86
(omeparop 10 81 | 85
ABTOMAaTUYECKUX
CTAaHKOB H 11 86 6 90
YCTaHOBOK) 12 93 13 96
13 93 13 96
14 95 15 98
15 89 9 95
16 89 9 98
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[Tpogomkenue Tadbmuis! 2.1

1 2 3 4 5
17 94 14 107
HnaButbHO- 18 93 13 106
MPOKATHBIN
(HaJTaTYMKM ) 19 92 12 105
20 88 8 96
[LtaBunbHO- 21 84 4 98
MIPOKATHBIN 22 85 5 89
(pe3unku MeTaa)
23 94 14 98
24 80 - 96
25 80 - 94
26 81 1 98
27 80 - 96
['paBepHbIN 8 21 ) 96
(omepatopsl
crankoB ¢ UITY) 29 81 1 97
30 87 7 98
31 84 4 97
32 88 8 99
33 81 1 84

Takum oOpaszom, 1IyM B HOpME MpUMEpHO TObKO Ha 30% pabouux MecT U B
pabounx 30HaX, B OCTAIbHBIX CIydasxX 3a)UKCUPOBAHBI MpeBbIlieHUs: oT 2 10 18 nbA.
3aMeThM, 4TO MakCUMallbHble Y3 HaxoasTcs B auana3one 84-107 nbA, nmpeblieHus

HOCSIT aHAJIOTUYHBIN XapakTep.

2.3.2 ®aopuka Nel B . MockBe

N3mepenuss Ha ¢dabpuxe Nel B r. MockBa MpOBOAMIKNCH B TEYATHBIX II€Xax.
Bcero Obutn mpoBeaeHsl usMmepenuss B 105 Toukax. B Ttabmuue 2.2 mnpuBeneHb

pe3ynabTaThl M3MEpeHHil B 53 Toukax, HauOojee XapaKTEepHBIX ISl JAHHOTO BHJA
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IIPpOU3BOACTB. I[aHHBIe M0 MaKCHUMaJlbHbIM Y3 He IIPpUBOIATCA,

IMPCBBIIICHUA aHAJIOTHYCH.

T.K. Xapakrep

Tabnuia 2.2 — Pe3ynbTaThl BBIOOPOYHBIX U3MEPEHUH IITyMa Ha pabOUYMX MECTax U B

pabounx 30Hax (hadbpuka Nel, r. Mocksa)

HaunmenoBaHnue 1iexa, mporu3BOJACTBEHHOTO NeTH | V3ya 1BA [IpeBbllieHnE
y4acTKa Y 35ke, DA
1 2 3 4
1 87 7
2 83 3
3 85 5
4 84 4
5 100 20
ITeyaTHBIN 11EX, yYACTOK IEPCOHATU3ALUN 6 91 11
7 89 9
8 91 11
9 92 12
10 86 6
11 85 5
12 85 5
13 88 8
14 87 7
15 86 6
16 82 2
[TeuatHsrit nex 1 17 85 5
18 90 10
19 88 8
20 92 12
21 86 6
22 89 9
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1 2 3 4
23 94 14

24 93 13

25 87 7
26 90 10
27 96 16
28 97 17
IlewatHsbIii nex 2 29 100 20
30 97 17
31 102 22

32 84 4

IleuaTHBIN HEX 3 33 81 1
34 80 -

35 86 6

36 87 7
37 90 10

38 84 4

39 88 8

Iex meramno-rpaduyeckuii neyaTu

40 89 9

41 91 11
42 94 14
43 90 10
44 92 12

45 81 1

46 95 15

47 88 8

Ilex 1o U3rOTOBICHHUIO IOKYMEHTOB

48 87 7

49 85 5
50 90 10
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[Tpongomkenue TabaHIBI 2.2

1 2 3 4

51 83 3

[{ex mevaTu, y4acTOK rpaBUPOBKHU 52 95 15
53 90 10

AHanu3 MaHHBIX, PUBEACHHBIX B Tabmuie 2.2, MOKa3bIBaeT, YTO TOJIBKO B 3-X
TOYKax IyM B HOpMe (wiau mpeBbimaeT Ha 1 1BA). B ocHOBHOM 3apeructpupoBaHbI
npeBbiieHuss Ha 5-10 g1bA, HO Ha HEKOTOpBIX pabo4YMX MecTax W B pabOyMX 30HAX
npesblieHuss ot 11 go 20 nbA, t.e. npumepHo B 66% cnydaeB npesbienus 10 10

nbA, a npumepno B 30% OGonee 10 nBA.

2.3.3 ®aopuka Ne2 B . MockBe

N3mepenus mryma MpoBOAWINCH B MEaIbHO-MOHETHOM Iiexe (padbpuku Ne2 B T.
MockBa Ha pa3JIMYHBIX MPOU3BOACTBEHHBIX yUacTKax U B pabouux 30Hax. Bcero Obuin
MPOBEICHBl M3MEPEHHUs] B 45 TOYKaxX, pe3yJbTaTbhl MO 29 TOUKaM NPUBEAECHBI B

tabnuue 2.3.

Tabnuna 2.3 — Pe3ynbTarhl BBIOOPOUHBIX MU3MEPEHUN IIyMa Ha pabO4YMX MeCcTax U B

pabouux 30HaxX

HaumenoBanue
IPOM3BOJICTBEHHBIX  y94aCTKOB ° Y35, Hpespmerne V3yaxes DA
TH nBA V3., IBA MaKe
(pabounx MecT)
1 2 3 4 5
1 82 2 84
2 83 3 86
3 91 11 96
PaGouas 30Ha HanaJUMKOB 4 88 8 95
5 85 5 88
6 87 7 90
7 86 6 91
PaGouas 30Ha BaIbIIOBIINKOB 8 93 13 98
9 87 7 90
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[Tponomxenue Tabauiet 2.3

1 2 3 4 5
10 88 8 95
11 96 16 100
12 97 17 101
13 89 9 93
14 87 7 93
16 86 6 89
17 84 4 90
Paboune mecta Tokapei 18 83 3 89
19 86 6 90
20 81 1 86
21 93 13 100
Pabouue 30HbI criecapeii- 22 90 10 95
PEMOHTHHUKOB 23 86 6 91
24 80 - 89
25 86 6 95
Paboune mecta pe3unkoB 26 97 17 107
MeTaia (Ha HOKHHUIIAX U 27 102 22 113
mpeccax) 28 97 17 107
29 102 22 113

AHanu3 pe3yibTaTOB M3MEPEHHUH IlIyMa HAa OCHOBHBIX pa0O4YMX MecTaX U B
pabounXx 30HaX MOKA3bIBAET, YTO B HE3HAUUTENbHOM umnciie (4) Touek usmepenuit (TH)
OTMEYECHBI MPEBBILICHUS SKBUBAJCHTHRIX Y3 B mpenenax 3 nbA, npessimenus ao 10
nbA 3adukcupoBansl B 16 TU, B ocTanbHbIX peBbIeHNs cocTaBuian oT 11 10 22 abA.

Oco6eHHo OoJblIMEe MPEBBIIIEHUS MOJYYEHbl HA y4acTKax pe3ku metamia (0T 6 mo 22

nbA).

2.3.4 ®aopuka B 1. Illepmb

N3mepenuss na ¢dabpuke B 1. llepmp myma ObulM BbIMOJHEHBI B 158
U3MEPUTENBHBIX TOYKAaX Ha TMPOU3BOACTBEHHBIX YYacTKax B Le€Xax: KHIKHO-
0JIJAHOYHOTO M IUJIACTUKOBOI'O MPOM3BOJICTBA, 30HE IIEYATHOTO MPOU3BOJCTBA U
0aHKHOTHOT'O MPOU3BOACTBA. Pe3ynbTaThl BBHIOOPOYHBIX H3MepeHuid mo 70 Toukam

MpeJicTaBIeHbI B TabmuIe 2.4.
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Tabnuia 2.4 — Pe3ynbTaThl BBIOOPOYHBIX U3MEPEHUH IITyMa Ha pabOUYMX MECTax U B

pabounx 30Hax (habpuka, r. [lepmb)

HanmenoBanmne nexa, npon3BOACTBEHHOTO Ne TU V3o, |IIpeBbimenne | Y 3yaxe,
y4acTKa nbA Y3, IBA nbA
1 2 3 4 5
1 84 4 89
2 85 5 90
3 87 7 101
4 84 4 98
Vuactok 1 > 86 6 1oz
6 g7 7 102
7 84 4 100
8 85 5 98
9 92 12 96
10 82 2 89
11 84 4 87
12 85 5 90
VYuacTok 2 13 83 3 57
14 85 5 89
15 87 7 98
16 84 4 89
17 90 10 97
VyacTok 3 18 ol 1 %
19 97 17 100
20 94 14 99
21 93 13 97




[Iponomkenue Tabmuis! 2.4
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1 2 3 4 5
22 84 4 87
23 85 5 89
24 87 7 91
VYyacrtok 4 25 87 7 90
26 88 8 95
27 86 6 91
28 88 8 90
29 80 - 87
30 81 1 85
31 87 7 90
Yuacrtok 5 > il N 58
33 87 7 91
34 83 3 88
35 93 13 99
36 86 6 90
37 85 5 102
YyacTtok 6 58 50 _ o8
39 88 8 93
40 89 9 97
41 90 10 95
Veactox 7 42 97 17 100
43 95 15 95
44 98 18 103
45 84 4 88
46 80 - 85
YyacTok 8 4 il N i
48 86 6 90
49 83 3 85
50 81 1 85
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[Iponomkenue Tabmuis! 2.4

1 2 3 4 5
51 83 3 86
52 85 5 90
VYyactok 9 >3 ! H -
54 93 13 96
55 88 8 95
56 97 17 99
57 89 9 99
58 88 8 91
VYyacrok 10 > il ’ %0
60 85 5 91
61 93 13 96
62 89 9 93
63 81 1 85
64 87 7 90
65 83 3 87
VYuyactok 11 66 82 2 85
67 84 4 88
68 87 7 91
69 94 14 100
70 86 6 90
71 84 4 89
72 80 - 85
VYyacrtok 12 73 82 2 85
74 85 5 90
75 93 13 95
76 91 11 99

AHanu3upys pe3yJbTaTbl U3MEPEHUN, OTMETUM, YTO HOPMBI IIIyMa ITPEBBILICHBI B

MPEBAMPYIOLIEM YHUCIIE ClydaeB, Npu 3Tom mnpesbimieHus 10 10 gbA cocraBustor
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a0CcoJIFOTHOE OOJBIIMHCTBO M3 OOIIEro Yucjia U3MEPEHHBIX TOUEK, TOJIBKO MPUMEPHO B

20% To4dek mpeBbIIeHUsT COCTaBsAOT OT 11 10 18 nbA.

O06001mas pe3yabTaThl U3MEPEHUN IO BceM 00Cie10BaHHBIM (pabpukaM, caenaem
obmmit BbIBOJA: M3 435 Touek wu3aMepeHuil ToidbKO B 10% okBHBajleHTHBIE Y3
Haxoawiuch B HopMme, B 70% otmeuensl npeBbiienus oT 1 go 10 nbA, a B 20% -
npeBbiieHuss coctabuin oT 11 mo 22 nbA. Takum o6pa3zoM mpoOieMa 3aliuTbl OT

mymMma UCCIICAOBAHHBIX IIPOU3BOACTB ABJISACTCA aKTyaJ'IBHOI\/II.

2.4 AHAJIU3 AaKYCTUYeCKHUX CBOMCTB NMPOU3BOACTBEHHBIX MOMeEIeHU

2.4.1 O01ue cBeaeHu

JIto6oe momenieHue o06amaeT HaAOOPOM COOCTBEHHBIX YacTOT kosieOanuil. Ilpu
BBIKJTIOUEHUY HWCTOYHHMKA 3ByKa B TIOMEIICHHWH HEKOTOPOE BpEMS MPOUCXOISAT
3aTyxalolne KojaedaHus 3ByKa Ha coOOCTBeHHbIX YacToTax. Ha aTom addexre ocHOBaHO
ompenesiecHne BpeMeHUu peBepOepauuu. Bpemsi peBepOepanum — 3T0 U3MEpPSIEMbIN
MOKa3aTeb aKyCTHYECKOro KadecTBa rnoMenieHus. Yem Oomblie BpeMs peBepOepaiui,
TeM Oosee rynkoe nmomernieHus. CHIDKCHHE BPEMEHH peBepOepanny B MOMEIICHUH, a
3HAUUT YIIYYIICHHE €ro aKyCTHUYECKHMX KadeCTB C TOYKM 3PECHHS MIyMO3AIlUTHI,
JIOCTUTAETCSl Pa3MENIEHUEM B TIOMEIICHHH 3BYKOMOTJIOMIAIONIUX KOHCTPYKIUNA WU

MPEAMETOB.

JUIsi MOJHOW OLEHKH aKyCTUYECKMX CBOWCTB IMPOU3BOACTBEHHBIX MOMEIICHHI
OJIHOTO BPEMEHH peBepOepali HEAOCTATOYHO. Tak, HapuMep, 3HaY€HUE TPAaHUIHOTO
paanyca — BEJIMYMHBI, [MOKa3bIBAIOIIEH Ha KAaKOM PAcCTOSIHUM OT MCTOYHHUKA IIyMa
BKJIaJl MPSAMOIO W OTPAKEHHOIO 3BYyKa MPHUOJU3ZUTEIBHO OJMHAKOB, BO3MOYKHO
omnpenenuTh 3Has Wik Bpems peepOepauuu (T, ), WM 3KBUBAJECHTHYIO IUIOMIAb
spykonoriomenus (A, M?), WIH aKyCTUYECKYI0 IHOCTOSHHyIO momernenus (B, m?).

Bpemsi peBepOepanuu SBISIETCS UCXOJHOM BEIMYMHOW JIsI ONMpPEAEIICHUSI HE TOJBKO
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aKyCTUYECKOMN MMOCTOSIHHOM MMOMEIIEHUS u SKBUBAJIEHTHOU IJI0IIax
3BYKOIIOTJIOIIEHHUS, HO W OYE€Hb BaXHBIM M NPAKTUYECKH  pPeaIu3yeMou
XapaKTEPUCTUKON aKyCTHYECKHUX KA4eCTB MOMEIIEHUM — cpeaHero kol duimenrta
3BYKOIOTJIOMICHHUST TOMEIIEHUS (o, ), KOTOPBIH, KaK M BCE BBIIICIIEPEUMCICHHBIC

mapamcCTpbl, UMCCT YaCTOTHO-3aBUCHUMBIN XapakTep.

3HayeHue cpeaHero Kod(h@uimeHTa 3BYKOMOIJIONMIEHHUS COTJIacHO (Qopmyre

Co0una [3] onpenensercs CaeAyOMMUM 00pa3om:

_ 0,161,
o =
nor S T

moM “moM

2.1)

rie  Viow — 0OBEM IMOMEIIECHUS, M>;

Stow — TUIOIIAIb OTPAXKAIOMMX (ITOMIIOMAONINX) TIOBEPXHOCTEN MOMELIEHHs, M%;

Thom — U3MEpPEHHBIC 3HAUYCHUS BPEMEHHU peBepOepaIu, C.

AKyCcTHYECKasi TOCTOSIHHASL pacCUUThIBAaeTCs 1o hopmylie:

Anon
By = —2—, (2.2)

{l_ﬁnnn]
rac AHOM — OKBUBAJICHTHAJ ILJI0IIAAb SBYKOHOFHOH_ICHI/IH IIOMCIICHUA, MZ.

I'pannunblii paauyc (pamuyc peBepOepalviv) BBIYUCISETCA MO CIEayIOLeH

23
rp = [fme_ 0,057 [Ye 3)
167 Trom

OOBEeKTHBHBEIMH  ITOKa3aTeIISIMHU AKYCTHUUCCKHUX Ka4YCCTB IIPOU3BOJCTBCHHBIX

dbopmyne [87]:

HOMCH_ICHI/II\/’I, onpeacIaACMbIMA B JTaHHOM HUCCICAOBAHNU, ABJIAIOTCA (THDM > Trpe

Ucxonss u3 tpeboanuit HTJ[ [103], usmepeHuss BpemeHu peBepOepanuu M
pacyeT  JIpyrux  MOapaMmMeTpoB  OCYIIECTBISJICS C  OKTaBHOM  MOJOCHL  CO

CpPEIHET€OMETPUUECKUM 3HAYEHHUEM 4acTOThI 125 I,
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24.2 I/ISMepeHI/Iﬂ N PACuY€Tbl AKYCTHICCKUX MAPAMETPOB IMPOU3BOJACTBEHHBIX

NoMeIleH uil

Bcero Obulo BBIMOAHEHO 3 CEpUM U3MEPEHUN 1O OAHOM B KaXIOW U3
rccienoBaHHbIX (adpuk (Ha ¢adpuke Ne2 B r. MockBe U3MEpeHHs HE TTPOBOAUINCEH) B
cnenyromux ropojax: Cankr-IletepOypr, Mocksa, [lepMmb.

®aopuka 1. Cankr-IletepOypr. B nepBoil cepun wu3MepeHuit ObLIO
o0clieIoBaHO 5 TMPOU3BOJICTBEHHBIX IOMEIICHUIN, TE€OMETPUUYECKHE MapaMeTpbl
KOTOpPBIX IpHUBEJECHbI B Tabnuue 2.5. Yka3zaHHble B TaOJuUIle MapaMeTpbl pacCUUTAHBI

0e3 yueTa CMEXHbIX MOMEIICHUH, TPUIETaloNIUX K PACCMAaTPUBAEMBbIM.

Tabnuma 2.5 — I'eomeTpuyeckre XapaKTEPUCTUKH MOMEIICHU I

0Oo0Bem Oo0mas niomaabL BHYTP.
Ne momemenust Iomemenne, padGouee MecTo 3 - s . ¥ P
MOM., M NMOBEPXHOCTEl, M

Iex 1, muaBUIBHO-ITPOKATHBII
y4acTOK

1841 1151

Ilex 2, aBTOMaTHYECKHUE U
2 [I0JIyaBTOMAaTHYECKUE JINHUU 143 194
CTaHKOB M YCTaHOBOK

3 Iex 3 154 136

4 Iex 4, pe3ka metaiia Ha 297 278
HOXKHUIIAX U Ipeccax

5 Ilex 5, cTaHKU C YUCTOBBIM 101 152

IIPOrPaMMHBIM YIIPaBICHUEM

JlaHHbIE yCpEeIHEHHBIX 3HAYEHUW BpEMEHU peBepOepalid, HU3MEpPEHHBIX B

IMPOU3BOACTBCHHBIX ITIOMCIICHUAX, IIPUBCACHLI B Ta6J'H/II_IC 2.6. BeruncieHHbIC 3HAUYCHUS

@100 U 77, TIPOU3BOJICTBEHHBIX [IOMEIICHUAX PUBE/CHBI B Tabmie 2.7.

Kak cienyer U3 monydeHHBIX pPE3yNbTATOB 3KCIIEPUMEHTOB, MPAKTUYECKU BCE
oOclieIoBaHHbIC TOMEIIEHUS HUMEIOT OYEHb HHU3KHE 3BYKOMOTJIONIAOIINE CBOMCTBA.
XapakTepHbIM JJIsI BCEX MOMEIIECHHUH SIBISIIOTCS YBEIUYEHUE cpeHero KoddduiuenTta

3BYKOIIOTJIOMICHUA C YBCIMYCHHUCM YaCTOTHI. HaHpI/IMCp, B IICPBOM IIOMCHICHHH
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3a)MKCUPOBAHO YBEJIIMYEHHE cpelHero Koddduuumenta 3Bykomnoriuomenus ot 0,07 mo
0,11, a B TpeTthem nomemenuu - ot 0,08 1o 0,17.
Tabnuma 2.6 — VI3MepeHHbIe YCpeIHEHHbIE 3HAUEHUsT BPEMEHU peBepOepannu B

IMPOU3BOACTBCHHBIX ITOMCIICHUAX

HN3mepeHHble ycpeAHEHHbIE 3HAYEHUS BpeMeHH peBepOepannu, ¢
Ne B OKTABHBIX M0JIOCAX CO CPeAHEreOMeTPUYECKUMH YacToTamu, I'n
MOMeIleHu
125 250 500 1000 2000 4000 8000
1 1,77 1,71 1,65 1,54 1,45 1,26 1,08
2 0,91 0,82 0,75 0,71 0,69 0,61 0,57
3 1,66 1,47 1,21 1,11 1,04 0,87 0,71
4 1,34 1,12 1,07 1,02 0,99 0,92 0,81
5 1,22 1,13 1,11 1,09 1,01 0,95 0,88

Tabnuma 2.7 — BeluncneHHble 3Ha4eHUST CpeaHEro K03 dUiMeHTa 3ByKONOTI0MeHUs

Y TPAHUYHOTO pajguyca

PaccunranHble 3HAYEHUS O 5, U T M,
Ne momenieHuii Boruncisiembie B OKTABHBIX I10J10CaX CO

nmapamMeTpbl CpeAHereoMeTpU4eCKUMHU YacToramu, I’y
125 | 250 | 500 | 1000 | 2000 | 4000 | 8000

A 1ome 0,07 |0,07|0,07 | 0,08 | 0,08 | 0,09 | 0,11

1 tp 1,211,213 13 | 1,3 | 145 1,6
A one 0,13|0,14|0,15| 0,16 | 0,16 | 0,19 | 0,2

? tp 0,8 109109| 0909 10 1,0
A one 0,08 0,1 |0,12 0,13 | 0,14 | 0,16 | 0,17

’ tp 0,5106 06| 07| 0,7 | 07 0,8
A one 0,130,150,15| 0,16 | 0,16 | 0,18 | 0,2

* tp 0,8 109 09| 1,0 | 1,0 | 1,1 1,1
A rome 0,08 1 0,090,09| 0,1 | 0,1 | 0,11 | 0,12

’ tp 057105105] 05| 0,6 | 0,6 0,6
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['maBHBIN BBIBOJI, CBS3aHHBIA C pa3pabOTKOM IIyMO3AlIUTHI B 1I€XaX, COCTOUT B
TOM, YTO BBISBJICHBI YPE3BBIYAWHO HHU3KHE 3HAYCHHUS CpeaHero KoldduimeHTta
3BYKOMNOTJIONIECHUSI B MOMEIICHUAX (Ha BBICOKMX YacTOTaX 3HAUYCHHUE & ., COCTABIISIOT
or 0,07 nmo 0,2). B cBsSI3u ¢ ATUM MOJYyYEHBI U HEBBHICOKHE 3HAYECHUS TPAHUYHOTO
panuyca (3a HCKJIIOYCHUEM MEPBOTO TTOMEIIICHUS ), COCTaBJISIOIIIME
ot 0,5 M 1o 1 M. MccnenoBanHble MOMEMIEHNS] UMEIOT HU3KHWE aKyCTUUYECKHE KaueCTBa,
YTO 3aTPyAHSET Pa3paOOTKy OTAEIbHBIX CPEACTB IIYMO3AILUTHI, a TaKXKe SIBISETCA
OJTHOM W3 TPUYWH TOBBIIIEHHOTO IIyMa Ha paOO4YMXx MeECTax M B pabO4yux 30HAaXx.

O6o00mass ananu3, ormMerum, 4to Ha yacrtore 1000 I'm cpegnuit koddduimeHT

. —1000
3BYKOMOTJIONICHUS JIJIsl BCceX nmoMeniennit coctaBui Mernee 0,2 (Fpop < 2).

®adpuka r. MockBa. Bo BTopoil cepuu usaMepenuii Obuio 00cienoBaHO 7
MPOU3BOJICTBEHHBIX TMOMelIeHn! Ha ¢adpuke B TI. MOCKBa, T€OMETpUUECKHUE

napaMeTpbl KOTOPBIX IPUBECHBI B Ta0auIe 2.8.

Ta6muna 2.8 — I'eomeTpuyeckue XapakKTepUCTHKHA 00CIIeTIOBaHHBIX TTOMEIICHUN

(dpabpuka r. Mocksa)

No O6Lem Oo0mas miomaanb

IMomemenne, paéouee MecTo 3 BHYTP.
oM. MoMeIeHusl, M . 3
MOBEePXHOCTEl, M

[lex ¢ poTaliMOHHOM MIEYATHOU

1 . 1219,9 946,9
MaIluHON

2 YaKoOBOYHBIN y4acTOK 767,5 618,8

3 IlewyaTHbIl 11EX 169,9 189,5

4 Y4acToK TEPMOCTPYHUHBIX 518.4 437.4
MIPUHTEPOB

5 I'paBepHBIl yuacTOK 274,6 263,8

6 Llex ¢ mpukIeeyHbIM 1481.4 1027.0

000py/I0BaHUEM U MpeccamMmu

7 | lex metamnorpadckoit meuatu 936,6 620,8
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JlaHHbIE YCpPEHEHHBIX 3HAUYCHHUM BpPEMEHU peBepOepaluu, MOJyYeHHbIE Ha

OCHOBAaHWMN PE3YJILTATOB I/IBMCpCHI/Iﬁ B IIPOU3BOJACTBCHHLBIX ITOMCIICHUAX, IIPUBCACHLI B

tabauue 2.9.

Tabnuia 2.9 — YcpeaneHHble 3HaUEHUsI BpeMEHU peBepOepaluy B IPOU3BOACTBEHHBIX

MOMEIIEHUSIX
N3mepenHble ycpeqHEeHHbIE 3HAUYEHHUS BPEMEHU
peBepOepanum, ¢
Ne HoMemeHust B OKTABHBIX M0JIOCAX CO CPeHEreOMeTPUYeCKUMHU
yacroramu, I'n
125 250 500 1000 | 2000 | 4000 | 8000
1 1,36 1,26 1,20 1,18 1,0 0,95 0,89
2 1,28 1,11 1,02 0,88 | 0,81 0,80 0,77
3 1,17 1,06 1,00 0,98 | 0,95 0,84 0,73
4 1,32 1,20 1,09 1,00 | 0,93 0,83 0,78
5 1,86 1,63 1,36 1,25 1,17 1,11 1,11
6 2,17 2,20 2,08 2,01 1,88 1,58 1,32
7 1,44 1,39 1,28 1,19 1,16 1,06 1,03

Brruncnennbie 3HaueHUs] cpenHero Kod(hduimeHTa 3BYKOMOTIIOMIEHUS (o, ) U

IPaHIYHOrO pajuyca (7;,) B IPOU3BOJCTBEHHBIX MOMEIICHHSIX NPUBEICHBI B Tadmie 2.10.

Tabnuia 2.10 — BeruncieHHble 3HaUEHUS CpeIHETO Kod(pduIneHTa 3ByKONOTIOIMICHUS

Y TPAHUYHOTO paguyca

PaccunraHHble 3HAYEHUS ﬁm:umn Frpo M,
. | BeruucasseMble B OKTaBHBIX I10JI0CaX CO
Ne HoMeIeHHH napamMeTpsbl CPEAHETCOMETPUICCKUMU YaCTOTAMMU, I'n
125 | 250 | 500 | 1000 | 2000 | 4000 | 8000
| 2 3 4 5 6 7 8 9
@ 0,15]0,16 |0,16| 0,17 | 0,20 0,21 |0,23
1

Tp L7 | 1,8 | 1,8 1,8 20 | 2,0 | 2,0
2 oo 0,15]0,191020| 020 |0,22]022]0,23
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[Tpongomxkenue Tadbauist 2.10

1 2 3 4 [ 5 6 7 18 [ 9
oo 14 15 |16 1,7 1,7 ]17]18
@ oo 0,12 ] 0,16 | 0,16 | 0,16 | 0,17 | 0,19 | 0,20
’ oo 0,7 | 08 [ 08| 08 | 0,8 | 0,9 ] 1,0
@ oo 0,15] 0,16 | 0,19 | 0,20 | 0,21 | 0,24 | 0,26
! oo 141516 1,6 | 1,6 1,718
@ oo 0,09 | 0,10 | 0,12 ] 0,13 | 0,14 | 0,15 | 0,15
’ oo 0,7 | 07 [ 08| 08 | 09 ] 0,9 ] 09
@ oo 0,10 | 0,10 | 0,11 | 0,12 | 0,13 | 0,15 | 0,17
° Yo 15 15 | 1,5] 15 | 16| 1,7] 19
@ oo 0,17 | 0,18 | 0,19 | 0,20 | 0,21 | 0,23 | 0,23
! Yo 14 14 | 15] 15 15]17]17

Takke OTMETHM HHU3KHE AKYCTHUUYCCKHUC KadCCTBa HCCIICAOBAHHBIX HOMCIHGHHfl,

—1000
3HAYEHUE Xy, COCTaBUIO OKOJIO 0,2.

®adpuka, r. Ilepmb. B Tperbeil cepun usMepenuit Obuio obcnenoBano 10

IMPONU3BOACTBCHHBIX HOMGIHGHHfl, reOMCTPHUUICCKHUC IMMapaMCTPbl KOTOPLIX IMPUBCACHLI B

tabmune 2.11.

Tabmuia 2.11 — I'eomeTrpuueckue xapakrepuctuku nomemniennit (Gadpuka r. [lepmn)

Oomas
O0Bbem IJIomaab
Ne nomemenusi | [lomenienue, paboyee MecTo | MOMeNIeHHU, BHYTPEHHHX
M3 I0BEPXHOCTEH,
2
1 2 3 4
[IpousBoacTBeHHOE
1 P A 1369 799.6
noMeniesue 1
IT
5 POHM3BOJCTBEHHOE 1169 7044
oMenieHue 2
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[Tponomxkenue Tadbauisr 2.11

1 2 ) )

3 IIponsBoacTBEHHOE 482 402,3
IOMeIIcHHE 3

1 IIpousBoacTBEeHHOE 1264 793.8
nomelenue 4

5 IIponsBoacTBEHHOE 990 637,0
noMemnieHue 5

6 IIpousBoacTBEHHOE 1836,7 1539.9
IoMelIcHue 6

. IIponsBoacTBEHHOE 160 179,9
noMenieHue 7/

g IIponsBoacTBEHHOE 939 5920
IIOMeIIcHHuE 8

9 IIpousBoacTBEHHOE 371 280,8
rnometicHue 9

10 IIponsBoacTBEHHOE 811 606,0
nomemienue 10

JlaHHbIE yCpEIHEHHBIX 3HAYEHUW BpEMEHU peBepOepaluy, MOJIyYeHHbIE Ha

OCHOBAaHWHN PE3YyJILTATOB I/ISMCpCHI/Iﬁ B IIPOU3BOJACTBCHHLIX ITOMCIICHUAX, ITPUBCACHLI B

Tabmune 2.12. BorYncieHHbIC 3HAYCHUS Moy U 7;, B IPOU3BOJCTBCHHBIX TIOMEIICHUSX

npuBeJieHbl B Tabnuie 2.13.

Tabnuia 2.12 — U3mepeHHble yepelHEeHHbIE 3HaUYE€HUsI BpEMEHU peBepOepaluu B

IMPOU3BOACTBCHHBIX ITOMCIICHHAX

Ne momerenui

N3mepenHble ycpeqHeHHbIE 3HAUYEHHUS BPEMEHU
peBepOepanum, ¢

B OKTABHBIX I0JIOCAX CO CPeAHEreOMeTPUYECKUMU
yacroramu, I'n

125 250 500 1000 2000 4000 8000
1 2 3 4 5 6 7 8
1 1,61 1,54 1,45 1,36 1,31 1,28 1,08
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[Tponomkenue Tadbmuier 2.12

1 2 3 4 5 6 7 8

2 2,32 2,29 2,21 2,02 1,94 1,81 1,63
3 1,34 1,26 1,19 1,16 1,1 1,06 1,0
4 1,51 1,49 1,41 1,32 1,16 1,09 1,02
5 1,42 1,35 1,32 1,20 1,11 1,03 0,95
6 1,47 1,36 1,32 1,30 1,20 1,08 0,94
7 1,41 1,35 1,30 1,19 1,07 0,95 0,81
8 1,91 1,85 1,79 1,78 1,69 1,64 1,60
9 1,37 1,29 1,11 1,06 1,0 0,97 0,85
10 1,28 1,21 1,11 1,05 1,0 0,95 0,85

Tabnuia 2.13 — BriunciieHHble 3HAUEHUS CPeIHETO KO3 hulineHTa 3ByKONOTIOIICHUS
Y TPAHUYHOTO pajinyca

PaccunTaHHble 3HAYEHUS X gy W 77,5 M,
Ne ) Boruncisiembie B OKTaBHBIX I10J10CAX CO
NMOMEIIICHUH | MMapaMeTPhI cpeJHereoMeTpHYeCKMMHU YacToTamu, I'iy
125 | 250 | 500 | 1000 | 2000 | 4000 | 8000
1 2 3 4 5 6 7 8 9

@ rom 0,1510,15|0,16 | 0,17 | 0,17 0,18 0,2

1 tp L5 | 1,5 | 1,5 ] 17 1,7 1,8 1,9
@ rom 0,11]0,11 0,12} 0,13 | 0,13 0,14 0,16

? tp 1,3 13|14 14 1,4 1,45 1,5
[720 0,14 | 0,14 | 0,15 0,16 | 0,17 0,18 0,19

’ rp ,o | 1,0 | 1,1 | 1,15 | 1,15 1,2 1,2
[T 0,17 10,17 {0,18 | 0,19 | 0,20 | 0,22 0,25

! rp 1,2 1,214 1,7 1,8 1,9 2,0
5 @ rom 0,17 10,18 {0,19| 0,20 | 0,21 0,25 0,25
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[Tponomkenue Tadbmuier 2.13

1 2 3 457 6 7 8 9
Tep 151516 16| 1,7 | 18 1,8
Ao, 0,13 0,14 |0,14| 0,15 | 0,16 | 0,18 | 0,20
° Tep 2021 |21 22| 23 | 24 2,5
oo 0,10 [ 0,10 |0,11] 0,12 | 0,13 | 0,14 | 0,16
! Tp 0,6 [065]07] 07 | 075 ] 0,8 0,8
Ao, 0,11 [ 0,11 ]0,13| 0,14 | 0,15 | 0,16 | 0,16
’ Tep 1212 12] 13 ] 13 1,4 1,5
oo 0,15]0,16 |0,18| 02 | 0,21 | 022 | 024
’ Tp 0,509 101,05 L1 1,2 1,2
Ao, 0,11 [ 0,11 ]0,12] 0,13 | 0,14 | 0,16 | 0,17
10 Tp 14 [145] 15155 1,6 | 17 1,8

3aMCTI/IM, 9dTO IIOJIYUYCHHBIC OJAHHBIC AKYCTHUYCCKUX CBOMCTB HCCICAOBAaHHBIX

o —1000
MMOMEIIEHUN MOATBEPKAAIOT BBIIIECKA3aHHOE: Ky, < 0,2.

2.4.3 AHa/1u3 aKyCTHYECKHX CBOMCTB MPOU3BOJACTBEHHBIX NMOMEICHU

Bcero Obuio o0cnegoBaHo 22 MNPOM3BOACTBEHHBIX TOMEIICHUS PA3IUYHBIX
o0beMOB u pa3MmepoB. [lomyueHHbIE HW3MEPEHUSAMH CHEKTPhl MAKCUMAJIbHBIX U
MUHHMMAaJIbHBIX 3HAYEHU BPEMEHU peBepOepaliii B MPOU3BOICTBEHHBIX TTOMEIIECHUSX C
yuetoM [103] mokazanbl Ha pucyHke 2.2. CHEKTpbl HMEKT YacCTOTHO-3aBHUCUMBIN
xapaktep (cmajg ¢ pocToM 4YacToThl, B mpenenax 0,6-2,3 c.). Paz3dpoc mosydeHHBIX
3HAYEHUM BpPEMEHHM peBepOepaniu CBs3aH C pa3dpocoM OOBEMOB H3MEPEHHBIX
MIOMEIICHUN.

Ha pucynke 2.3 npeacTtaBieHO HECKOJIBKO BBIYMCICHHBIX CIEKTPOB 3HAYCHUU
cpeaHux  KO3((PUUHMEHTOB  3BYKOIOIJIONIEHUS, B TOM 4YHCJE, [OJIYy4YEHHbIE

MUHUMAJIBHBIM M MaKCHUMaJbHBIM CIICKTPHEI. Mo>xHO Y6CI[I/ITBCH, 4TO Yy IOoAaBJIAIOHICTO
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OOJIBIIMHCTBA CHEKTPOB, BO BCEM YAaCTOTHOM JMala30HE 3HAYEHUE CPEIHETO
K02()(HUIMEHTa 3BYKOIOIIIOMIEHHST &y, Haxomutcs B mpexaenax 0,1-0,2, To ecth Bce
0e3 HUCKIIOYEHUS MCCIICIOBAHHBIC MOMEIICHUS MMEIOT C TOYKH 3PEHHUS IIYyMO3aIIUThHI

OYCHb HU3KNC aKYCTHYCCKHNC Ka1CCTBA.

T, c
2,5

2

1,5

_+_ _4—
\
0,5 1

0
125 250 500 1000 2000 4000 8000

f.Tn

PucyHok 2.2 — 3HayeHus BpeMeHU peBepOepalvu, MoayuyeHHbIC SKCIIEPUMEHTAbHBIM
MyTEM B MPOU3BOJACTBEHHBIX TOMENIEHUAX TpeX (HaOpuK:

| — MuHMMaNbHBIE, 2 — MAaKCUMAJIbHBIE CIIEKTPBI

J171s1 TOrO, 4TOOBI MOXKHO OBUIO CPAaBHHBATh MPOW3BOJACTBEHHbBIC TOMEILICHUS APYT
C JpyroM IO aKyCTUYECKMM KauecTBaM, HaMH BBIOpAaHO 3HaueHHe Kod3(duiineHTta
3BykomnoraomnieHus Ha yactore 1000 ' B kauecTBe OLIEHOYHOTIO KPUTEPHSL.

OneHnBasi UCCIIEIOBAHHBIE MOMEIICHUS C TTOMOIIBIO MPEITIOKEHHOTO KpUTEpHs,
OTMETHUM, YTO Ei,i? ® maxonutes B npenenax 0,15-0,2. 3BykoBoe TOJIE TPH &y, = 0,2
cuntaetcs U y3HBIM U MPU pacueTax MorpaBka Ha OTKIIOHEHUE OT 3TOTO JOMYIIECHUs
npuHUMaeTcs paBHOM 0 (IpM yBEIMYEHWH 3HAYEHHH (,, BBOIATCSA IIOIPABKH,
HAuMHAA OT &, = 0,3).

YeM MeHbIIE X, , TEM OOJbIIE BIMSHUE OTPAKEHHOTO 3BYKa, a TEM CaMbIM

MeHbIlle 3(PPEKTUBHOCTHL CPEACTB INIYMO3AIIUThl, B dYacTHOCTH AD. VYiyuiieHue
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AKYCTHUYCCKUX  KAUCCTB HOMGIHGHI/Iﬁ JOCTUIracTCsd BHCECCHHCM B IIOMCHICHHC

3BYKOIOTJIOMIAIOIINX MAaTEPHATIOB U KOHCTPYKIIUH.

O,E%HOM

0,25 4
0,2 3
0,15
1
0)1 /_/—/
0,05
0

125 250 500 1000 2000 4000 8000
STy

Pucynok 2.3 — PaccunTanHble CieKTpbl cpeHero ko3 GuimenTa 3ByKOMOrJIoneH s B

OTACJIBHBIX ITPOMU3BOJCTBCHHBIX ITIOMCIHICHUAX (1)216pI/IKI

1 — nomemenue No5 (padbpuka r. Cankrt-IlerepOypr), 2 — nomenienue Ne6 (padpuka

r. Mocksa), 3 — nomemienne Ne2 (dabpuka r. Cankr-IletepOypr),
4 — nomemenue NoS (pabpuka r. [lepmb)

VYuuteiBasg 00dbIIYI0 BEIOOPKY OOBEKTOB M3MEPEHUM, MOKHO yTBEPKAAaTh, YTO
aKyCTUYECKH HeoOpabOoTaHHbIE MPOU3ZBOACTBEHHbIC IMOMEIICHHUS XapaKTEPU3YIOTCSA
napaMeTpaMu E&fb? °<0,2.

['pannuHbIi panuyc SBIIAETCSA BCIIOMOTaTEIbHOU aKyCTUYECKOUN
XapaKTEPUCTUKON MPOU3BOJCTBEHHOTO TMIOMEIICHHUS, CBA3aHHOM C pa3MelieHueM
aKyCTUYECKUX DKPaHOB, YCTAHOBJEHHBIX B MOMEIICHWU. BbluucClIEeHHbIE 3HAYECHUS
IPAaHUYHOrO pajuyca, Ha MPUMEpPE YEThIPEX MOMEIICHUN Pa3IMYHbIX MPEANPHUSTHIA

MOKa3aHbl HA PUCYHKE 2.4.
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o, M
2,5 4
2
3
1,5 2
1

0,5 ———— r1

0 >

125 250 500 1000 2000 4000fii900
II
2

PucyHok 2.4 - 3Ha4eHust TpaHUYHOTO pajnyca (r;,): | — nomentenne No5

(dpabpuka r. Cankr-IletepOypr); 2 — nomemienue Ne2 (dhadpuka r. [lepmp); 3 —

nomenenue No4 (dbadpuka r. Mocksa);4 — nomenienne Neb (dhadpuka r. [lepmb)

OtMetruMm ci1ab0 BBIPaXKEHHBIA YAaCTOTHBIM XapakTep MOJTYyYEHHBIX CIEKTpPOB.
Benuunna rpaHMYHOrO pajudyca CBsi3aHa HE TOJBKO C aKyCTUYECKHUMHU CBOWCTBAMHU
MOMEIIEHUM, HO U ¢ X oObeMoM. [Ipu yBennueHuu oObEeMa MOMENIECHUS TPAHUYHBINA
paanyc CyIIECTBEHHO BO3PACTAET.

BenuunHa rpaHU4YHOTO pajuyca Ajis 00CIeOBaHHBIX MOMEIICHUN KoiebieTcs B
npeaenax or 0,5-0,7 m npo 2,0-2,3 M. DTO MNOKAa3bIBa€T, 4YTO B aKyCTHYECKHU
HEoOpaOOTaHHBIX HEOOJBIINX MOMEUIEHUAX YCTaHOBKAa AD MOXET ObITh 3aTpyJHEHA,

T.K. IPH HEOONBIIMX 3HAYCHHAX 7, Y3/ B pasHbix Toukax 3a AD MOryT ObITH

MNPpUMCPHO OAWMHAKOBBIMHU H3-34 BJIIMAHHUA OTPAKCHHOI'O 3BYKA. B 10 Xxe BpCMA B

MOMEIIEHUSIX OOJBIIMX pa3sMepoB YycTaHOBKa AD B 00JacTu NOpsSIMOro 3BYK HeE

. —1000
BBI3BIBAIOT 3aTpyAHeHud. Takum o00pa3oM, Hapsgy ¢ ONpPENelIeHUEM doo.

H€O6XOI[I/IMO 3HATh BCIIMUUNHY T'rpI/I IIOJIB30BATbLCA 9THM HaA IIPAKTHKC.
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2.5 Knnaccuukanusi mpou3BOACTBEHHbIX MOMeIle HU i

JInss  OLIEHKM  aKyCTHYECKMX CBOMCTB  MPOU3BOACTBEHHBIX MOMEMICHUHN

., —1000
MPEJIOKEHO HCHOJIb30BAaTh KpPUTEPUM ., , [0 KOTOPOMY MPOU3BOJACTBEHHbIC
MOMEIIICHUS MOKHO KJIacCU(UITMPOBaTh, pa30OMB Ha YeThIpe Kiacca (Tabnuma 2.14).
Tabnuma 2.14 — Knaccudukanus npou3BoACTBEHHBIX TOMEIICHUHN 10 UX

AKyCTUYECKUM CBOKWCTBaM

Knacc Xapakrep [TonpaBka | 3HaueHue AkycTrueckue
MOMEIIEHHUSI | 3BYKOBOTO MOJIs v KpUTepus XapaKTePUCTHKHU
10lg*mom | 1000 HOMEILEHHS
Mo
I nuddpy3Hoe 0 <0,2 TyJIKOE, HE UMEET

aKyCTUYECKON 00paboTKu

II kBazuaudpdysHoe 1,5 0,3 HE3HAYUTEIIbHAS
aKycTtuueckasi 00paboTka

III kBazuaudpdysHoe 2 0,4 3HAYUTEIbHAS
aKycTtuueckasi 00paboTka

v cnabonuddysnoe 3 0,5 MaKCHMaJIbHO BO3MOJKHAs
aKycTuueckasi 00paboTka

Knaccudukanys mnpou3BOJACTBEHHBIX MOMENIEHUA MO UX aKyCTUYECKUM
CBOMCTBaM TMIPEACTaBIsCT OOBEKTHUBHYIO KAPTUHY aKyCTHUECKUX XapaKTePUCTHK

IIPOU3BOJICTBEHHBIX IMOMEIECHNUM, ONpPENENsas YUCICHHBIM MOKAa3aTellb NX BO3MOYKHOIO
. ., —1000
AKyCTUYECKOTO COCTOSHMS: HCIIONb3Yys IPEIJIOKEHHBIM KPUTEPUM (oo, < 0,2 —
peanpHO  MOJIy4eHHas  aBTOPOM M TOATBEPKICHHAS  MHOI'OYHCICHHBIMH
AKCIIEPUMEHTAMU XapaKTEPUCTHUKA aKyCTHUYECKHM HEOOpaOOTAHHBIX IMPOU3BOJICTBEHHBIX

MOMEIIEHUM (XapakTep 3BYKOBOTro mojisi — Aud@ys3Hoe, mompaBka IOIgme = 0 nb,

o —1000
MOMEIIEHUE TYJIKOE, HE UMEET aKyCTUYecKkol o0paboTku), a & ,,, = 0,5 — 3ByKOBOE

nosie umeeT cradbonauddy3Hblii XapakTep, MompaBka IOIgwnDM = 3 nb, MakcuManbHO
BO3MOJKHAs, peayinzyeMas Ha IpakTuke (I0 MHEHHUIO aBTOpa), aKycTH4eckas oOpaboTka
MpOU3BOJCTBEHHBIX momenieHuid [106]. Pa3pabortannas knaccudukaiusi, Ha Haill

B3IJI14, OYCHDb yz(o6Ha I BBI60pa AKYCTHYCCKHX XApPAaKTCPHUCTHUK IIOMCIICHUA, B



64
IpolLecce €ero akKycTudeckod o0paboTku. OCHOBHas uaesl AUCCEPTALMOHHOTO
HCCIIEIOBAHUSI — CBSI3aTh aKyCTUUECKYIO (D (EKTUBHOCTh KPAHOB B 00JIACTH MPSIMOTO U
OTPaKEHHOI'0 3ByKa C aKyCTUUYECKUMHU XapaKTepUCTUKAMHU IOMEIIECHHUM, KOTOpbIe

OMPEICNAIOTCS B COOTBETCTBUU C MPEJJI0KEHHON aBTOPOM KiaccuUKaLUei.

OKCnepuMEeHTalIbHbIE HccliefoBanust 3PdexkTuBHOCTH AD B  MNOMENICHUSX
BBITIOJIHSUTUCH ~ @BTOPOM B COOTBETCTBUM C MPEIJIOKEHHOM — KilaccH(pUKaIUEH.
PexoMenganum 10 TPOSKTUPOBaHHIO AD B TIOMEIICHUSAX W BBIOOPY CPEICTB
3BYKOMOTJIONIEHUsI ~ TakXe  pa3pabOTaHbl  HAa  OCHOBAaHMM  NPEHJIOKEHHOU
KJIacCU(pUKaIUU.

BoiBoabI 1O Ii1aBE

I. N3mepenust mryma (3KBUBAJICHTHBIE U MAKCUMAJIbHbIE YPOBHH 3BYKa, 1BA)
OBLITM MIPOBENCHBI HA PabOUMX MecTaxX M B pabOUMX 30HAX YETHIPEX MPOU3BOICTBEHHBIX
npennpusituii B ropomax: Cankt-IletepOypr, MockBa u Ilepmb. Bcero O0puto
oOcnmenmoBaHo 22  TPOW3BOJACTBEHHBIX IIeXa, W3MEpPeHWs TpoBeneHsl B 435
M3MEPUTENILHBIX TOUKAX.

2. [Ipn aHanu3e OBUIO YCTAHOBJIEHO, YTO YPOBHH 3BYKa HE IPEBBIIIAIOT
HopMmy mpumepHo Ha 10% pabounx MecT m B paboumx 30HaX, B 70% TMpeBBIICHUS
myma 10 10 n1bA, a B 20% - 3aperucTpupoBaHbl CyLIECTBEHHbIE MPEBbIIeHUs oT 11 10
22 nBbA. Takum oOpa3om, mpobiaema 3alUThl OT IyMa Ha TIPEAIPHUITHSIX UCCIETYEeMOM
OTpaciv ABIISETCS aKTyaJbHOM.

3. AKyCTUUYECKHE CBOWCTBA TOMEIIEHUM MPOMBIIUICHHBIX MPEANPUITUI
ObLTM M3Y4YeHBl HA OCHOBAHUHM HKCIEPUMEHTAIBHBIX HCCIEAOBaHUN 22 TMOMEIICHHM
(IIeXOB M MPOM3BOJICTBEHHBIX YYACTKOB), JUISl KKIOTO M3 KOTOPHIX OBUIM BBHITIOJHEHBI
M3MEpEHUsT BpPEMEHHU peBepOepaluu, a 3aTeM BBIMOJTHEHbI BBIYUCIICHHS CPETHETrO
ko3 duimenTa 3BYKOTIOIONMIEHHUsS] (OCHOBHOM IOKa3aTellb) W TPAHUYHOTO paauyca
(BcrioMorarenbHbIN MMOKA3aTeNb, CBA3aHHBIA C Pa3MEIIEHUEM aKyCTUYECKUX HSKPAaHOB B
MTOMEIEHNN) B OKTaBHBIX MMOJj0cax B auarna3oHe gactoT 125-8000 I'u. Ob6a pacueTHBIX
rnapaMeTpa HMMEIOT YaCTOTHO-3aBUCHUMBIN XapaKTep — YBEJIWYEHHUE 3HAYEHUN MpH
YBEIIMYEHUU YaCTOThl. VICXOOHBIM XapaKTEepUCTHKOM JJIsi PACUETOB  SBJISJIUCH

M3MEpPCHHBIC 3HAUCHUsI BpeMEeHU peBepOepaiiuu, kotopbie coctapmmm ot 0,8-0,5 mo 2,3-
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1,3 c. Berunciiennbie 3HaU€HUs CpelHETO KOA(DPUIIMEHTa 3BYKOIMOITIOMICHUST HAXOSITCS
B auamna3zone 0,1-0,2 (3a uckirodeHrneM HeOOIBIIIOTO YKCiIa CIIEKTPOB, TAe 3TH 3HAYCHUS
coctaBunu 0,21-0,23 B yactorHoMm auamnazone 2000-8000 I'tr). B xauecTBe O1eHOYHOTO
KpUTEpUs aKyCTHYECKMX KadeCTB MPOU3BOJCTBEHHBIX MOMEIICHUN MPEITIOKEHO
MCIIOJIb30BaTh 3HAYEHUE cpeaHero kod@duirenta 3Bykomnoromenus Ha yactore 1000
I'n (@ooe’). OTMEYEHO, YTO HCCIeNyeMble IPOM3BOIACTBEHHbBIE MOMEIIECHHS HMEIOT
HU3KHE aKyCTHYECKHE KauecTBa (E&:b? o< 0,2), uto cHmkaeT 3P(PEKTUBHOCTL CPENCTB
IIyMO3alIUThl, YCTAaHABIUBAEMbIX Ha NYyTH pacrpocTpaHenus 3Byka ot HUII no
pabouero Mecta uiau paboyeit 30HbI, B YaCTHOCTH, aKYCTUUECKHUX IKPAHOB.

4. [Ipennoxena kinaccupukanus aKyCTUUYECKUX CBOMCTB MPOU3BOJCTBEHHBIX
MOMEIIEHU B 3aBUCHUMOCTH OT 3HAUYEHHS NPEJIOKEHHOIO KpUTEpUS U XapakTepa

3BYKOBOT'O ITIOJII B TIOMCHICHUHN

- I kmace: (@ame® < 0.2), 3ByKoBoe Tone auddy3HOE, TOMEIIeHHE TYIKOE,
Kakoe-JIn0O0 3ByKOIOINIOUIEHUE OTCYTCTBYET (TIOMpaBKa IOIgwnDM =0 ab);

- II knacc: (@ame® = 0.3), 3ByKOBOE moie KBasmmuddy3Hoe, TOMeNeHHe
oOnazaet caabbIM 3BYKOTOIIONIEHUEM (TTOMTpaBKa IOIgme = 1,5 nb);

- I knacc: (@aee® = 0.4), 3BykoBOe moie KBasuanddysHoe, MOMEIIeHHe
00J1a/1a€T 3aMETHBIM 3BYKOMOIIIONIEHUEM (TIOTpaBKa 101gwnnm =2 nb);

—1000
IV knacc: (@, = 0.5), 3BykoBoe mone ciaboauddysHoe, mnomemnieHue

O6Ha]_'[aeT MaKCHUMaJbHO BO3MOKHBIM B IIPOU3BOJACTBCHHBIX YCIIOBUAX

3BYKOMOIJIOIIEHUEM (TIOMpPaBKa 101gwnm~t =3 1b).

Hcnonp3oBanue mpemioKeHHON  KiacCcU(pUKAMU  TO3BOJISIET HE  TOJIBKO
CHUCTEMATHU3UPOBATh AaKyCTUYECKHE KauyecTBa MPOU3BOACTBEHHBIX IMOMEIIEHUM, HO
YOpOIIaeT M YHOPSAJOYMBAET BBHIOOP HIYMO3AIIUThI, YCTAaHABIMBAEMON Ha MyTH

pactpoctpanenus 3Byka ot U1 no 3amumiaemoro o0bekra, B 4acTHOCTH, AD.
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I'masa I1I. PACYET U TEOPETHYECKHUE NCCJIIEJOBAHMUS AD

3.1. Pacuér camkenus myma AD o I'OCT 31287

OnHUM U3 OCHOBHBIX HOPMATHBHBIX JOKYMEHTOB, UCIIOJIb3YEMbIX JJIsl OLIEHKHU
apdextuBHOCTH AD B pabounx nomenieHusx, spisgercs ['OCT 31287-2005 [87].
®opmynsl 11 pacueta dpdextuBHOCTH AD, mpenctaBieHHbie B [87], OCHOBaHBI Ha
MOJIOKEHUAX ONTUKO-AU(PAKIIMOHHON TEOPUHM M PACCMOTPEHUM PA3HOCTU XOJa
3BYKOBBIX Jiyuel npu Hamnuuu AD u npu ero orcyrcrBun. B I'OCT 31287-2005 [87]
npeayioxkensl  aABe Gopmynbl s pacuera dddexktuBHOCTH AD: s ciyvas
pacnionoxkenusi PT 3a AD B 30He ri1yOOKOM aKyCTHYeCKOM TeHU (B 3TOM cCiydae
CUMTAETCS, YTO DKPAH CHUKAET MPSIMOM 3BYK, U3JIy4yaeMblii HCTOYHUKOM), a TAKXKE MPH
paCIONOKEHUH PAacuUeTHOW TOYKM B IMpelesiax pajauyca peBepOepalud ¢ y4eToM
OTpaXEHHUSI OT OJIbKaillieil K MCTOYHUKY IIyMa CT€Hbl W BIUSHHUS KPOMKH C
HauOoublle audpakuuei, rie 3BykoBoe nojie (popMUpPYETCs MPSAMBIM U OTPAKEHHBIM
3ByKOM. (CXeMa paclolOKEeHHsI aKyCTUYECKOTO 3KpaHa B IOMEIIEHHH, C YYETOM
OTpaXCHUH 3BYKa, a TaKXKe, 0003HAUYCHHS, HEOOXOIUMBIC JJISl BBIMIOTHEHUS Pacu€ToOB

coryacHo [87], moka3zaHbl Ha pucyHke 3.1.
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Pucynok 3.1 — Cxema pacnpocTpaHeHHs 3ByKa B MOMENICHUH ITPU YCTAHOBIEHHOM
sKpaHe: | — MOTONOK; 2 — aKyCTHYEeCKUM 3KkpaH; 3 — Audparupyronimi 3ByK;
4 — MuxpodoH (pacueTHas TOUYKa, 3alUIIAEMbIH OT IITyMa O0BEKT);
5 — npsAMoit 3ByK; 6 — 10JI; 7— HCTOYHMK IIyMa; 8§ — aKyCTHUYECKas Mperpana;
9 — otpakeHHBIN OT 1OJIA 3BYK; 10 — OTpaKEHHBIN U PACCESTHHBIN 3BYK
B 3o0ne npsimoro 3Byka (B [87] mpesaraeTcss 3TOT cilydail paccMaTpUBaTh Kak

cB00O/IHOE 3BYKOBOE 10J€) 3 (HeKTUBHOCTH AD paccuuThiBaeTcs 1o hopmyiie:

IKpP

ﬂp _ E
AL® = 101g(3+4ﬂﬁ).,ﬂ;5 3.1)

rie A — JJIMHA 3BYKOBOU BOJIHBI, M;

Z — Pa3HOCTh X0/1a 3BYKOBBIX JIy4€Hl, M:

z=a+b—c, (3.2)

rae a, b, c — paccrosiHus, yKka3aHHble Ha pucyHke 3.1.

CHmxenne 3Byka AD ¢ ydy€TOM OTpaX€HHs 3ByKa B MpeAenax paauyca

peBepOepanuu (MU TPaHUYHOTO painyca) onpeaensercs clieayomum oopazoM [87]:
z
ALSE = 101g (1+20%), 2B (3.3)

3HadyeHue paauyca peBepoepaiuu (TpaHuYHOrO Pajinyca) OnpeesaeTCs:



A v
- 'E — D,US?J;,M (3.4)

rac A — >KkBUBaJICHTHAs IIomaab 3BYKOIOTJIONICHW A ITOMCIICHUS, MZ;

V — 00beM IOMEeNeHUs, M,

T — BpeMst peBepOepanviv B TOMEIIEHUH, C.

C uenblo aHanu3a BO3MOXKHOCTH NpuMeHeHus [87] aist pacuera 3(hPEeKTUBHOCTH
AD, YCTaHOBJIEHHBIX B TOMEIICHUHU, BBIMOJHEHBI pacueTbl 3¢ dexTuBHOCTH AD
pa3mepamu 2x2 M, a TakXke HaTypHbIe 3aMephl A3 PekTuBHOCTH AD pazmepamu 2x2 M B
MOMEIIEHUH CO cpeaHuM KodhduimenTom 3BykKomnoruomnieHus Ha yacrore 1000 ' ot
0,2 mo 0,5. CpaBHEeHHE PE3YJIbTATOB PACUETOB C IKCHEPUMEHTAJIBbHBIMU JAHHBIMU
s dexkTuBHOCTH AD B MOMELIEHUM C PA3IUYHBIMU aKyCTUYECKUMHU CBOWCTBaAMHU B

—1000
COOTBETCTBUM C MPEIJIOKEHHBIM 3HAY€HUEM ... (0,2, 0,3, 0,4, 0,5) nmpuBeaeHo B

Tabimue 3.1.
Tabmuma 3.1 — Pesynbratel pacu€ToB AD 1o [87] B cpaBHEHHM C JdaHHBIMU
AKCIIEPUMEHTOB
YuceHHble 3HAUEHHSI TAPaAMETPOB,
y¢dexkTUBHOCTH AD
Ilapamerp, B OKTaBHBIX 110J10CaX CO
¢opmyna CpeHereoMeTpU4YeCKMMH YacToTamu, I'n
125 250 | 500 | 1000 | 2000 | 4000 | 8000
41:?, M, ¢ =340 m/c 2,7 1,36 | 0,68 | 0,34 | 0,17 | 0,08 | 0,04

o Z
AL® = 1Dlg(3+401),,ﬂ;5 14 | 16 | 20 | 22 | 25 | 28 | 31

IKP

3IKp

%LOT‘J = 101g 1+20 ) aB | 10 | 13| 16 | 19 | 22| 25 | 28

DddexTuBHOCTL AD ( 3KC") nb 1,5 2 2.5 3 4 5 5

—1000__
Fope 092

OddexTnBHOCTE AD (ALa’““),;{B 2,5 4 5 6,5 8 10,5 | 11

—1000__
moet 0 3
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[Iponomxenue tadmaust 3.1

DddextuBHOCTE AD (ALaKC“),z{B
moms = 0,4

OddexTuBHOCTE AD

(Aovem 1, 4,5 8 11| 13 [17,5) 19 | 20

—1000__
Foope — 095

3,5 5,5 8,5 10 13 15 16

ALY — AL,

3Kp

5,5 5 5 6 5 6 8

—1000__
npu Foope — 095

He xomMeHTHpYS TOAPOOHO JaHHBIE SKCIEPUMEHTOB (OMUCAHbI B TiiaBe 4), JTUIlh

OTMCTHUM 3HAYUTCIBbHYIO pasHUy PACUYCTHBIX W OSKCICPHMCHTAJIBHBIX HOaHHBIX,

—1000__ (Y] ~
JOCTUTAIOIIYIO JAXKE IS Ghq,, — 0,5 3HAUeHM 5,5-8 nb. Jlnsg noMemennit ¢ Xy Imnumu

aKyCTHYCCKUMU CBOMCTBaMU (TynKux, XapaKTePU3yIOIIIMCS HU3KHAX
3BYKOIIOTJIOIIICHUEM) 3Ta pa3HWIa 1aocturaer necatkoB nb. Takum oOpaszom, Ha
OCHOBAHHUH BBINIOJHCHHOTO aHAalM3a PE3yJbTaTOB PACUYETOB M SKCIIEPUMEHTOB, CICIaH
BBIBOJI O ToM, uTo mpemiokeHHbie B 'OCT 31287-2005 (MCO 17624-2004) [87]

(hopMyIIbl HETPUTOHBI JJ1s1 pacueTa 3G PEeKTUBHOCTH AD B MOMEIICHUSIX.

AHanu3 HKCIEPUMEHTAJbHBIX JAHHBIX TAaKXKE I10Ka3bIBACT, YTO JAOIYLICHHE,
npuHATOE B [87] 0 TOM, 4TO, €cii AD B MOMEIICHUN HAXOJUTCS B 30HE MPSMOTO 3BYKA,
TO YCJIOBHS CHMKEHHS UM IIyMa aHaJOTWYHBI YCIOBUAM CBOOOJHOrO 3BYKOBOI'O MOJIS,
HEKOPPEKTHO, TaK KaK COIVIACHO BBIMOJIHEHHBIM HUCCIEAOBAHUAM JaKe B 30HE MPSMOI0
3ByKa B MOMEUIEHUHU 00S3aTENbHO MPUCYTCTBYIOT OMPENEIEHHBIM BKIIA OTPAXKEHHOTO
3BYyKa, KOTOPBIN OyJeT Takxke BAUATh Ha 3PdekTuBHOCTh AD B momenieHuu. [Ipu stom
pacuer AD, BBIIIOJHEHHBIM MJI1 YCIOBUW CBOOOJHOTO 3BYKOBOIO oy (00JacTh
IPSIMOTO 3BYKa), MOKHO MCIOJIb30BaTh, €CJIM BHOCUTb B PE3YJIbTAThl pacyeTa MOMPABKU
Ha BIMSHHE OTpPaXEHHOrO 3ByKa (HampuMmep, W3 JaHHBIX OSKCIEPHUMEHTOB, B

COOTBETCTBUHM C MIPEI0KEHHON Ki1acCU(pUKALNEH TTOMEIICHNHN ).
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Jlnst Tou”oro pacueta 3pdekTuBHOCTH AD B MOMEINIEHUH, TpeOyeTcs pa3paboTka
HOBBIX (OPMYJT C WCIOJIB30BAHUEM CTATHUCTHYECKOW W TEOMETPUUYECKONW TeOopHuit

aKyCTHUKHU U METOJIa MOCJIeA0BaTEIHLHOTO MPe0Opa3oBaHus 3BYKOBBIX mosei [101].

3.2. OcHoBHbIe JonyuieHUs. [ paHuLbI pacueToB

3BYKOBOE I0JI€ B TMOMENICHUH XapaKTepU3YyeTCs B3aUMHBIM BIIMSHUEM IOJIEU
NpAMOTO M OTPAXKEHHOro 3ByKa. JloJid mpsIMOro 3ByKa 3aBHUCHUT, B OCHOBHOM, OT
XapakTEPUCTUK HCTOYHHMKA IIYMa, a TAaKXE B3aWMMHOTO PAaCHOJIOKECHHUS HCTOYHHKA,
pabodero Mecrta M aKyCTUUECKOro skpaHa. Jlojii OTpaK€HHOTO 3BYyKa 3aBUCHUT, B
OCHOBHOM, OT OOBEMHO-IIJIAHUPOBOYHBIX PEUICHUM MOMEIICHUsl, aKyCTHYECKHUX
XapakTEPUCTUK  TOBEPXHOCTEH, HAJIW4YUsA  PACCEMBAKOIIMX  3BYK  DJEMEHTOB
o0opyioBaHus, MeOENM U MPOUYUX MPEAMETOB, HEOOXOAUMBIX JIJIsi IPOU3BOJICTBEHHOTO
pouecca.

OcCO0OEHHOCThIO TPUMEHEHMS] aKyCTHUYECKHUX HKPAHOB ISl 3alllUThl OT IIyMa
SABJISIETCA HAJIM4YME NU(PPAKIUOHHBIX SBICHUNW HAa «OTKPBITHIX» pedpax 3KpaHa, 4TO
O3HAYaeT CYIIECTBEHHYIO 3aBUCUMOCTh OS()PEKTUBHOCTH DKpaHa OT YCIOBUU €ro
yctaHoBku. [loaTomy, mccnenys mpumenenne AD Uil CHUKEHHUS ITymMa Ha pabodmx
MECTax B ITOMEUICHUAX, BAXKHO YUECTh BIIMSIHAE PA3IUYHBIX [1APAMETPOB HA CHUKECHUE
aKyCTHYECKUM JKPAHOM 3BYKOBOTO JIABJICHUS Ha KOHKPETHOM pabodyeM MecTe.

JIns aHanu3a 3BYKOBBIX IOJIEWM B MOMELICHUSX NPUMEHSIOTCS METOJbI pacuera,
coZep Kallre JIEMEHTBI TPEX OCHOBHBIX TEOPUN aKYCTUKH: BOJJHOBOW, TEOMETPUUYECKON
u cratuctudeckot [77]. IlpumeHeHHe BONHOBOW TEOPHH aKYCTHKH TpeOyeT
PacCMOTpPEHHUs 3aMKHYTOTO 00beMa B BHJI€ CIOXKHOW KOJEOATENIbHONW CHCTEMBI, YTO
[IPUBOJUT K TPOMO3JKMM MATEMaTUYECKHUM MOJEIISAM, a TakKKe K YpPEe3MEpPHBIX
BPEMEHHBIM W BBIYMCIUTENBHBIM 3aTpaTaM, TEM CAMbIM OTPaHUYMBAasl NPUMEHEHHUE
BOJIJHOBOM TEOPHUM JIJII PacUeTOB IPOM3BOJCTBEHHBIX MOMeENIEHH. B cooTBeTCTBUM C
r€OMETPUYECKON TEOpUe aKyCTHUKH 3BYKOBOE I0JIE B IMOMEIIEHUU MPEICTABISIETCS B
BUJIE CYNEPIO3UIIMU 3BYKOBBIX JIydel MPsIMOM BOJHBI C OECKOHEYHBIM YHCIOM BOJIH,

OTPaXXEHHBIX OT TMOBepxHOCTEH mnomenieHnud. OIlleHKa TOYHOCTH MPUMEHEHUS
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r€OMETPUYECKUX METOMOB JIJIsl 33/1a4 aKyCTUKH HanboJiee MOJHO MpUBE/IeHa B paboTax
JI.M. bpexoBckux [78].

Haubonee mnoaxopsuuMu 171 pa3pabOTKM  MaTEMAaTHYECKUX  MOeneit
ahdexTuBHOCTH AD B TIPOU3BOACTBEHHBIX MOMEIICHHUSX SBISIOTCS CTAaTHCTHYCCKUN
SHEPreTUYECKUM METOJ WM TEOMETPUYECKHM CTATUCTUYECKUM METOJ, KOTOpbIE
MO3BOJISIIOT YUTH OT HEOOXOAMMOCTH pa3J/ieNIeHUs 3ByKOBOM SHEPTUU HAa OTPAKAEMYIO U
paccemBaeMyl0 COCTABIISIONINE (YTO BEChMa CIOKHO TMPAKTHYECKH, HO BAXKHO IS
r€OMETPUYECKON TEOPUHU) U HE YUUTHIBAIOT CTPOro€ MPEANOSI0KEHUE CTATUCTUYECKOU
TEOPUHU O PABHOMEPHOM pACHPEICICHNH OTPAXKEHHOTO 3ByKa MO MOMEIICHUIO.

Cratuctuyeckas TeOMETpHUYecKass Teopus TNpenanonaraeT KBasuaud@y3Hbii
XapakTep pachpeaereHuss 3BYKOBOTO TOJIE B momernieHuH. [Ipu 3TOM TIaBHBIM
MIPEUMYIIECTBOM SIBIISIETCS BO3MOKHOCTh aHANIM3a PAacTpeIe]ICHUs 3BYKOBOM YHEPTUN B
MOMEILIEHUH 0e3 TNPeABAPUTEIBLHOTO PACCMOTPEHUSI BOJHOBBIX 3aKOHOMEPHOCTEM
pactpoCTpaHeHHs, OTPaKEHUs W paccestHus 3Byka. ClieqyeT OTMETHUTh, YTO CTEIEHBb
muhy3HOCTH TONST 3aBUCUT OT 3BYKOMOTJIONMICHUS M TEOMETPUYECKUX TMapaMeTpoB
nomeneHusi. C pocToM 3BYKOMOTJIONIEHUS! TOBEPXHOCTENW OMENIEHUSI CHUXKAETCS A0S
OTPa’KEHHOT'0 3BYKa M Hapyliaercs TpeOOBaHUE OJHOPOAHOCTH M MU30TPOMHOCTH IMOJIS.
Kpome Toro, mpenmnonoxkeHue o0 OTHOPOJHOCTH OTPAKEHHOTO IOJISL, MUCIOIb3YEMOE
IPU BBIBOJIE CTATUCTUYECKUX (HOPMYJ, OTPAHWYMBACT AMANA30H UX MPAKTHIECKOTO
MPUMEHEHUSI TOJBKO IS TOMEHICHUH ¢ ONM3KUMH COOTHOIICHUSIMU JIMHEWHBIX
pa3MepoB — COpa3MEPHBIX TOMEIIICHUI.

Cornacno omnpenenenuto Ipenepa [3] 3BykoBoe 1ojne B ciaydae CHaaoB
OTPaKCHHOU PHEPruu uMeeT KBasuaudPpy3HbIi xapakTep, 00yCIOBISHHBI HAINYHUEM B
KOKI0M Touke oObeMa pe3ydbTUPYIONIETO TIOTOKAa SHEPrHuH TPH COXpaHEHUU
dbopmanpHOTO TIpH3HAKa IU(PEGY3HOCTH O H3OTPOIHOCTH YIJTIOBOW HANpaBIEHHOCTH
AJIIEMEHTAPHBIX MOTOKOB. [[0ATOMY Bech YaCTOTHBIM AMANa3oH MOJPA3JEISAIOT Ha TPU
OCHOBHBIC 00JIACTH: BBIHYKJICHHBIX KOJICOAHWN, OTPAKCHHOW 3BYKOBOW JHEPTUHM U
kBasuauddy3Horo 3BykoBoro mojs (Pucynok 3.2). Kpazunuddysnoe 3BykoBoe molie
ompejieNsieTcsl  MyTeM  JHEPreTUYeCKOr0  CyMMHpPOBAaHHUS  3BYKOBOM  JHEpruw,

MPUILLIEANIEN OT Pa3JIUYHbIX UCTOYHUKOB B PACCMATPUBAEMYIO TOUKY.
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Pucynok 3.2 O6mactu 3ByKOBOr'O MOJISI B IOMELIEHUU:
I — BeIHYXIeHHBIX KOeOaHul (ipsiMoro 3ByKa); Il — enTMHUYHBIX OTpakeHUM (TIPSIMOTO

u oTpakeHHoro 3Byka); Il — kBasuauddy3noro noss (mo3gHei peBepoepanun)

['panuiel uccienoBaHusi B HAcTosIIed padoTe ompeaesieHbl JOMYyCTUMOCTHIO
amnmpoKCUMAIIMM 3BYKOBOTO TOJISI B TMOMEIICHHH Kak KBazuAU(G(Py3HOTO 3BYKOBOTO
moJisi, UCXoAsl u3 yciosueM Maiiepa [3]. YuuTtsiBasi, 4yTo paboune Mecta, Kak IMpaBuio,
pacmonararoTcsi B IPOU3BOACTBEHHBIX IOMELICHHUAX 00beMOM He MeHee 50 M°, rpanuia

MMPUMEHUMOCTH PacyeTOB MO yciIoBU0 Maiiepa coctaBut 136 I'm.

C wenpro JambHEHIIErO aHajiW3a MapaMeTPOB 3BYKOBOIO MOJISI B MOMEIIECHUU,
oOpatuMcs K cBoy MpaBuil [96], B KOTOPOM MPEJJIOKEHO YCIOBHO Pa3AeanTh 3BYKOBOE

moJIC B INOMCHICHUKU C OAHWM HMCTOYHMKOM 3BYKa Ha TPH YaCTH!: I - HpHMOP’I 3BYK

(r < 0,51rp), II — npsmoii u orpaxkeHHslid 3ByK (0,51, < I < 2Iyp), III — oTpaskeHHbII

3ByK (I' 2 2Iyp). YCIIOBHas cXeMa 3BYKOBOTO IMOJIsSI B MOMELIEHHH C YYE€TOM BIIHMAHHS

MPSIMOTO U OTPAKEHHOTO 3ByKa MTOKa3aHa HAa PUCYHKeE 3.3.
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Pucynok 3.3 — Cxema 3ByKOBOI'O IOJII B IOMELIEHNH: | — UICTOYHMK IIyMma,

2 — oOMeIeHue, 3 — ONopHas MOBEPXHOCTD, | — 30Ha MPEUMYIIIECTBEHHOTO AEHCTBHS
MpsAMOTO 3BYKa, Il — 30Ha nelCTBUS IPSIMOTO U OTPAKEHHOT O 3ByKa, III — 30Ha
JEUCTBHS OTPAKEHHOTO 3BYKa, YEPHBIM IIYHKTUPOM IIOKA3aHO JIEMCTBUE MIPSMOTO
3BYKa, N3JIy4a€MOI'0 HICTOYHUKOM IIIyMa, KPACHBIM YCJIIOBHO IOKa3aH OTPAKEHHBIN 3BYK

[Tonp3ysich pacCMOTPEHHBIMH TMOJOXKEHUSIMH [96], pacueT AD B momemieHuu

nperaracTCsd BbBIIIOJIHUTD OJIA IBYX YCHOBHﬁI

1. B rpaHuIax AEMUCTBUS MPSAMOTO U OTpaXKe€HHOro 3ByKa: 0,51, < T < 2@, (3.5)

2. B rpaHMIax MPEUMYIIECTBEHHOTO IECHCTBUSA OTPAKEHHOTO 3ByKa: I' = 217, (3.6)

BoiBon gopmyn pacuera sdpdexkTuBHOCTH AD B MOMEMIEHUU JJIs YKa3aHHBIX
YCIOBHUM  BBINOJHSAETCS  C  MUCIOJB30BAHUEM  METOJA  MOCJIEAOBATEIBHOTO
npeoOpa3oBanus 3BYKOBbIX mnojed [5, 101]. Ilpennmaraercs ¢ UCHONIB30BaHUEM
YKa3aHHOTO METOJla, MOJAy4yuTh (opMmyny mas pacu€ta AD B 30HAX MPSMOro M

OTpaXE€HHOTO 3BYKA.

®opmynbl pa3paboTaHbl B COOTBETCTBUU C MPUHLUNOM ['rOHreHca, coriacHo

KOTOPOMY KaXKIYK) TOYKY CpEObl MOYKHO CYUTAaTh LEHTPOM paCXOIAIICHCA WU
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BTOPUYHOM  BOJIHBI, HMHTEHCHUBHOCTb KOTOPOM NPOINOPLUUOHAIBHA IEPBUYHOMY
BO3MYUIEHUIO B A3TOM TOYKe. AKYCTHYECKHMH 3KpaH paccMaTpuBaercs Kak Habop
BTOPMYHBIX U3Iy4yaTenaell 3Byka. 3BykoBoe mnoine B PT ¢opmupyercs BkiIagamu
BTOPUYHBIX HCTOYHHMKOB IymMa. IllyM B pacdyeTHOM TOYKE OIpEAEAeTCs

OHCPIreTUICCKUM CYMMHUPOBAHHUEM BKIIAA0B OT 3TUX HCTOYHHUKOB.

IIpu BbIBOIE (hOPMYJI IPUHSATHI CAEAYIONIHE TOMYIIEHUA:

- TOMEIICHUE COPa3MEPHOE;

- B IOMEMIEHUU — OJIMH TOYEYHBII UCTOUHHK IIyMa;

- 3BYKOBO€ Tojie BOMM3U AD TpUHATO KBa3uAu(DPy3HBIM, OTpaKEHUE YUTEHO C
UCIOJIb30BaHUEM METOJ1a MHUMBIX HCTOYHHUKOB;

-  UHTep(PEPEHIIMOHHBIE SIBIICHUS HE YUUTHIBAIOTCS;

- 3BYK Judparupyer K 3allMiiaeMoMy OOBEKTy uYepe3 cBoOogHoe pedpo AD,
SIBJISIFOIIIEECS] BTOPUYHBIM JTMHEMHBIM U

- TPOXOXICHHE 3BYKa yepe3 AD He yuuThlBaeTcs, AD NPUHAT 3ByKOHENPOHUIIAEMOU
KOHCTpYKIMEH, 3ByKom3zojsiuusg 3kpaHa (3U,gp) CYIIECTBEHHO BBIIIE, YEM €ro
Tpedyemas 3pdextuBHOCTh (AL,qp), TO ecTb BbinonHseTcs ycnoBue: (3Usg >>
AL:—)Kp);

- 3BYKOIIOIVIOIIIEHUE ONOPHOM IIOBEPXHOCTH MEXIYy NI 51 PT

HC YYHUTBIBACTCA.

3.3. Pacuér 3¢ppexTuBHOCTH AD B NOMEIIEHUN B 30HE AeHCTBHUS NPAMOIO U

OTPAKCHHOI'0 3BYKa

PacuéTnas cxema nokaszana Ha pucyHke 3.4.
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Pucynok 3.4 — Pacuernast cxema AD B 30HE NPSIMOTO U OTPAXKEHHOTO 3BYyKa:
1 — ucrounuk myma (M), 2 — akyctudeckuii sxpan (AD),
3 — pacuétnas Touka (PT), 4 — nomenienue, 5 — onopHasi HOBEPXHOCTb.

Axkyctudeckas 3¢ pextuBHOCTS AD omnpenensercs B Buue [S]:

rE,-"a
AL, = 101gZ; , nB (3.7)

fer

6/3
Iﬁr —— MHTEHCHUBHOCTH 3ByKa B PT 6e3 AD, Br/m?;

c/3
IP¥ — MHTEHCHBHOCTS 3ByKka B PT ¢ ycranosnenusiv AD, Br/m?,
Bb1BoA (popMyIIbI BBIIOJHAETCS MPU CHEAYIOMINX YCIOBUSAX:

- PT pacnonioxkena B 30He IEMCTBUS MIPSMOTO U OTPAKEHHOTO 3BYKA.
Onpenenum yucautens B hopmyie (3.7) cienyomum oopa3oM:

B2 Wy
PT —W-BT/MZ (3.8)
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rne Wy — akycruueckas momHocts M1, Br;
r — pacctosiaue ot U no AD, wm;
R — paccrosuue or AD no PT, m.
BemonauMm omnpenenenue 3HameHatedas B dopmysne (3.7), UCHOIB3YS METOJ

MOCJIEA0BATEILHOTO MPE0Opa30BaHUsl 3BYKOBBIX moJeH [5].
NHTEHCHBHOCTH 3BYKa, MAJAOMIETO B HUYKHIOKO 4acTh AD:

Wiaer
I mag = Br/m? (3.9)

]
Tre

AKyCTHYeCKasi MOIIHOCTb, M3Jydaemas B HIKHEHM dYacth AD, BTOPUYHBIM

ycnoBHeiM U mmpunon =1 m.

W, = I poiloy - 1LBT (3.10)

rae 1, — AJMHA AD, m; "0 — mpuHA BTOPUYHOTO YCJIOBHOI'O UCTOYHMKA LIyMa,

M3JIy4aeMoro B HWKHEHN yactu AD, paBHas 1 wm;
NutencuBHocTh AD B BepxHeit yactu AD (Ha cBOOOIHOM pedpe):

W (1~ Qg ) I
IT —_ _HMT O TEERS ﬂ_rct i' 2
p 7 R Lasp g 2Py Br/m (3.11)

TAe @, — YaCTOTHO-3aBHCUMBIi KOO(Q(HUIMCHT 3ByKOIIOITIOWECH S AD;

h.. . — BbICOTAa AD, M.

3IKp

MomtHocTs 3ByKa, AudparupoBasiiero uepe3 AJ:

Wop =1I'p LipABrpgp BT (3.12)

rae A — JIMHA 3ByKOBOW BOJIHEIL, M;

B ;:gp — ko3 unueHt qudpakunu AD, paBHBIH 1.
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NuTtencuBHocTh 3ByKa B PT ¢ AD:

cfs _ Wap !aﬂ 2 (313)
Iy = — arctg 2R,BT/M
BrimostHUB mipeoOpa3oBaHus, TOTYyUHM:
. _ IKp
[ _ Wierloxp * 1(1 amp)isﬂpmmp_ (3.14)
PT —

2. i
Tre = Thyp oy " Thop R

1 ! ,
- arctg—=, Br/m*

-arct —L
‘g 2R

3Kp
1

2hagp

[Tocne ynpomienutii (3.14) noacrasum (3.8) u (3.14) B (3.7):

Wyer 27 TRy TR

AL, = 10lg

Lkp * b, (315)

2R

3Kp

27’[(‘)"+R)2T0 WHCT(I_QBKP)ABAMCIJP

[}
-arctg—=>_arctg
2]131{]3

Brmonasem npeodpazoBanue (3.15):

2
3Kp

AL +10lg—= — 101g(1 — a,) — 10lgpE  —

= 10lg —————
aKp ) (T' I R)ZT'O y angp
laKp lalcp Ji f ab, (316)
—101g| artg TN 101g artg—o | + 10lgm? — ALy, + ALy,
aKp

arf
B nomydenHyro ¢opMmyiy BBEIEHBI SKCHEpUMEHTaNbHbIE HompaBku: AL, . Ha

BIMSHUE OTPOKEHHOIO 3BYKa B TOMEIICHUH, Ajf - BiaumsHue QGopmbl AD Ha ero
¢

s dextrBHOCTS. OTpHUIlaTeNIbHAsT YAaCTOTHO -3aBUCHMasi TOIMpaBKa (ﬂLim) Oyner

MoJIy4YeHa JUIsl 4eThIpeX KiaccoB nomernieHui (cm. tadiu. 4.9 rnasa 4). [lonoxutensHas
YacTOTHO-3aBHCUMas TmonpaBka () Oyner AL{; nonyuyeHa mis [-oGpasHoro,
[T-06pa3noro u momy3zamkuytoro AD (cMm. Tabn. 4.5 rnasa 4). Pe3ynbTarbl pacuéToB
AD nnst PT B obnactu Il (cM. pucyHok 3.4) B CpaBHEHUHU C IAHHBIMH SKCIIEPUMEHTOB Ha

OMBITHOM CTeHJI€ (CM. riaBy 4) npuBeaeHbI B Tabnuie 3.2.
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Tabnuma 3.2. Pacuétr AD B 0651acTH NPSIMOTO U OTPAXKEHHOTO 3BYKa

IMapameTtpsl, pasHocts Y31, 1b
Mapamerp, B OKTABHBIX M0JIOCAX CO CPeHEreOMeTpU4eCKIMHU
dopmy.ia yacroramu, I'n
125 | 250 | 500 1000 2000 4000 8000
A= ?, M. 2,7 1,36 | 0,68 0,34 0,17 0,08 0,04
101g—"F
9. 2,
R | 65 | 65 65 | 65 | 65 | 65 | -65
r=1m
R =0,5mM.
Moo
10ig— a3 | 17 a7 |77 | 107 | 137 | 167
o =2M.
Xorep 0,6 0,7 | 0,75 0,75 0,8 0,7 0,65
101g(1— a,) 3 | 52| -6 -6 -7 52 | 46
- -3,3 [-33 -3,3 -3,3 -3,3 -3,3
101g | arctg -3,3
2R
L 0,4 0,4 0,4 0,4 0,4 0,4
10lg| arctg—— 1] |04
2R
AL .., (pacuer), 1b 4 8.2 12 15 19 20,3 22.6
AL,
6 10 14 16 20 22 23
(?xcniepuMeHT), b
Otknonenue 2 1.8 ) -1 -1 1,7 -0,4
JIaHHBIX, 1b

CpaBHUTENIBHBIA aHANW3 JaHHBIX PACYETOB M OSKCIEPHUMEHTOB IIOKa3al, 4TO
OTKJIOHEHUE BO CPEAHE M BBICOKOYACTOTHOM JWAIla30HE HE MpeBblmaer 2 nb, 4to

MOHO IIPHU3HATHh YAOBJICTBOPHUTCIIbHBIM.
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3.4 Pacuer 3¢ dexTuBHOCTH AD B NOMEIEHUN B 30HE AeCTBUS

OTPAKECHHOT'0 3BYKa

Ocnabnenue myma (uaum akyctudeckyro 3¢dexrtuBHOCT) AD B o001acTu
OTPAXKEHHOI'0 3BYKa OMNPEACINM C YYETOM AKyCTHUYECKHX CBOMCTB momemnieHus [107].

Pacuérnas cxema nokaszaHa Ha pucyHke 3.5.

Pucynok 3.5 — Pacuernas cxema AD B 30HE OTPaXEHHOI'O 3ByKa: | — MCTOYHMK IIyMa
(A1), 2 — akyctuueckuit s3kpan (A3J), 3 — pacuétHas Touka (PT), 4 — nomenieHue,

S — onopHas NOBEPXHOCTH

[Tpu BBIBOJIE (POPMYITBI IPUHSITHI TOMYIIICHUS

— PT maxoaurtcs B 006macTv mpeMMYyIIECTBEHHOTO JEHCTBHUSI OTPAXKEHHOTO

sgykosoro nous (r + R > 2r,,);
— AD 3BykoHenpoHuuaeMsblil (3Usgp >> ALyp).

Jnsa cioydas orcyrctBus AD, HWHTEHCUBHOCTh B PAac4eTHOM  TOYKE

paccuuThIBaeTCs Mo clenytoueid popmyse:



80

63 1 4{1—dgp) 2

I =W, [ + ,BT/M?,

Pr(uon) = Waer ooy ¥ )57/ (3.17)
raie  @g,,— YaCTOTHO-3aBUCUMBIA CpeaHUN KOA(DPUIMEHT 3BYKOMOTJIONICHUS
MOMEIICHUS;

A 2.

nam — JKBHBAJICHTHAS IUIOMIA]Ib 3BYKOIOTJIONICHUS IOMELICHUS, M~
Woon—  KOOPQHUIMEHT, MOKA3LIBAIONIMM CTENEHbL OTKIOHEHHS XapakTepa

3BYKOBOT'O MOJISl OT UACaIbHOTO qu(Ppdy3HOro B 3aBUCUMOCTHU OT &, (Tabnuia 3.3).

Tabnuna 3.3 — 3HaueHus NONPaBKU Wron [3]

(. Yron 10lgy, nb
0,2 1,25 1
0,4 1,6 2
0,5 2,0 3
0,6 2.5 4

JIns monydeHusT aHAJIOTUYHOTO BBIPAKEHUS MPU HAIMYUM AD BOCHOJIB3YEMCS

npeoOpa3oBaHHbIM BbipaxeHnueM (3.14). Torna, uateHcuBHOCTH B PT nipu Hanmunu AD:

I L
3 Kp ELY - )
(1 ﬂaxp}jlg,qm?p . Ctgzhmp arctg 2R 4{1_51{mw}

2, ;
2712 mhygy R Whiom Afios

I ;'ﬁ[nam} Wacr , Br/n? (3.18)
IMoactaBum (3.15) u (3.16) B (3.5) nonyuum Qopmyny [as  pacuéra
sbpdexktuBHocTH AD B mnomemenun ob6mactu Il (Pucynox 3.4), T.e. obnactu

OTPaXCHHOTO 3BYKa:

nosm — 4‘{:1_5111}9-{}
ALZSR = 10l | s + 5 e
{:1 HBHP}AE:I”'?P ﬂ?"[:tg_&p ar Ctg—E 4{.1_320“) (3. 19)

—10Ig

, b

ZHBTEhaquR Ynom Anom
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=
T o, @nom — cpenamit KOXP(UIMEHT 3BYKONOIIOMEHNS JI0 M TIOCHE YCTAHOBKH B

roMerteHnu A9, 00J1aIaroIIErO 3BYKOIOTIIOMIAOI MU CBOMCTBAMUE;
!
W0 "vaOM —  KO3(PUIMEHT, MOKA3bIBAIOIIMIA OTKJIOHEHHE 3BYKOBOTO TIONSI OT
1 y3HOro JI0 ¥ 1OCIIe YCTaHOBKHU AD;
Af
A OM — 3KBUBAJICHTHAS IUIOIIA/b 3BYKOIOITIONICHNSI B TIOMEILICHUU JI0 U TIOCTe

oM
’

YCTaHOBKH B MOMeIIeHUH A, 00JIa/Tat0IIEro 3BYKOIOITIONIAIOIIIMMYI CBOMCTBAMIL.

B Tabnune 3.4 nan npumep pacuérta 3pdekTuBHOCTH AD B MOMENIEHUHU, KOTAa
PT pacnonoxeHna B 00JacTH OTPa)XEHHOTO 3BYKa. AKYCTHMYECKUWU HKpaH, KOTOPBIH
YCTAHABIIUBAETCA B TOMEIIECHUHU, C JBYX CTOPOH OOJHMIIOBAaH 3BYKOMOTJIOIIAIOUIAM

MaTepuaoM.

Tabmuna 3.4 — Pe3ynbraThl pacu€TtoB akyctuyeckod sddektuBHOCTH AD B

MOMEIIEHUH MPpU pactonoxkenuu PT B 001acTu OTpakeHHOTO 3ByKa

BbIunciieHHBbIE 3HAYEHHUS
B OKTaBHBIX I10JI0CaX CO

Hapamerp, cpeaHereoMeTpu4ecKHMH YaCTOTAMH,
¢popmyaa I'n

125 | 250 | 500 | 1000 | 2000 | 4000 | 8000

N 00 | 01 ]o1] 01| 01| o101
_, 0,15 (0,15(0,15| 0,15 | 0,15 | 0,15 | 0,15
al‘IGM
10; 1 +4(1_E|IUM)
9 64| 64|64 -64|-64|-64]|-64
A&OM 20 | 21,6 122,41 224 | 224 | 22,4 | 21,6
4(1 - {TI':DN)

0,17 | 0,16 | 0,15 | 0,15 | 0,15 | 0,15 | 0,16
wr‘:ﬂMﬂ;IﬂM

3K E)KD E)KD
| T e T g, AT TR 401 — )
g TR F | | 77| 82| 82| 82 | 82 | 82 | 80

ML (pacuer), nb 1,3 | 1,6 | 1,8 1,8 1,8 1,8 1,6

IKp
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[Iponomxenue tabmauuesl 3.4

AL

IKP

05 | ,5| 2 2 2 2,5 3
(axcnepumeHT), 1b

Pasuuna nanneix, 1b 0,8 0,1 ] 021 02 0,2 0,7 1,4

CpaBHUTEIIBHBIN aHATU3 JAHHBIX PACUETOB M 3KCIIEPUMEHTOB ITOKAa3aJl XOpouiee

COBIIAJICHUE PE3YJIbTATOB, OTKIOHEHHE cocTaBmwio 0,1-1,4 nb.

BeiBOABI IO IV1aBeE:

1. Pacuér o popmynam, npeacraBieHHbM B HopmatuBHOM Jokymente ['OCT 31287-
2005 (MCO 17624-2004), moka3ayl HEMPUEMIIEMOE OTKJIOHCHHE PAcUETHBIX ITAHHBIX OT
JTAHHBIX SKCIIEPUMEHTOB, UTO O3HAYaET, YTo npeacTaBieHHbie B HTJL hopMynbl mpakTiHuecku
He pabotaroT anst pacuera dpdexkTuBHOCTH AD B momelleHusx. B ocHOBY 3Tux dopmyn
TMOJI0KEHA ONTUKO-AU(PAKIIMOHHAS TeOpHsi, 0a3upyONIasics Ha Pa3HOCTU XOJa 3BYKOBBIX
JTy4der B IPUCYTCTBUU dKpaHa, onpeaensiemas yuciom Openerns.

2. Pacuer akyctuueckon 3phekTuBHOCTH AD MPEasioxKEHO MPOBOIUTH IS ABYX
cinydaeB pacnosioxenuss PT nHa paccrosnum r ot HII OTHOCHTENBRHO TPaHUYHOTO

paguyca M COOTBETCTBEHHO XapakTepa 3BYKOBOIO IMOJsi: B 00JIACTH MOPSIMOTO U
oTpaxkeHHOTO 3BYKa (0,51, < I' < 21}) U B 00JaCTH OTpaXKeHHOT0 3ByKa (I = 2I;y).

3. OCHOBBIBasCh Ha CTAaTHCTUYECKOM U T€OMETPUYECKOW TEOPUU AKYCTUKU U
METOJIE MOCJIEA0BATEIBLHOTO MPEe0OpPa30BaHUs 3BYKOBBIX MOJEH, MONIYYEHbI (HOPMYITBI
st pacu€roB AD, minss PT B oOnactu AeiicTBUS MPSIMOrO M OTPAXKEHHOrO 3BYKA.
OddexTuBHOCT AD 3aBUCHUT OT aKyCTUYECKHX CBOMCTB MOMEIIEHHUS, OT Gpopmbl AD,
pacCIONOKEHUSI €r0 B IMPOCTPAHCTBE, BBICOTHI AD, €ro MOrJIOLIAKIINX CBOWCTB H
ko3(ppunnenta qudpaknuu. IKCIEPUMEHTAIIbHbIE ONPABKU HA BIUSHUE MOMEIICHUS
u Gpopmy AD OyayT mosiydeHbl M M3JI0kKEHBI B riaBe 4. J{insg AD pasmepoMm 2x2 M ObLI
BBITIOJIHEH pacyeT Mo MNOJy4eHHOH (popMyre s ycIoBUi CBOOOIHOIO 3BYKOBOT'O MOJIS

Y IPOBEJCH DKCIEPUMEHT, PE3YJIbTAT KOTOPOTO MOKA3ajl, YTO OTKIOHEHHE PACUETHBIX
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JAHHBIX OT OJKCHEpPUMEHTalbHBIX He TpeBbimaer 1-2 b, uyro oOecneunBaer
MPUEMIIEMYIO TOYHOCTh PAcYETHON (hOPMYIIBIL.

4. Tlpu naxoxnenuu PT 3a mpenenaMu IpaHUYHOTIO paguyca, TO €CTb B 30HE
MIPEUMYIIIECTBEHHOTO JIEUCTBUSI OTPa)KEHHOTO 3BYKa, TAKXKe MOJydeHa (opmyna s
pacuétoB 3PdexTuBHOCTH AD, B KOTOPOW, MOMHUMO BBIIICYKa3aHHBIX MapaMeTPOB,
TaK)K€ BKJIIOYEHBl MapaMeTphl, MOKAa3bIBAIOIIME MOTJoNIaoue (0Tpa)karoliue)
CBOMCTBa MOMeEIIeHUN (cpeaHuil KO3 UIIMEHT 3BYKOIOIJIOUICHHS, SKBUBAJICHTHAs
IJIOIIA/Ib 3BYKOIOIIOIEHUS U KO3 puuueHT nud@dy3HOCTH 3ByKOBOTO MOJIs), KaK 10,
TaK U MOCJIE YCTAaHOBKH AD. DKCHEpUMEHTaJbHAs MPOBEPKA MOKa3aja MNPUEMIIEMYIO
TOYHOCTh PE3YyJbTATOB pACUETOB, OTKJIOHEHHE KOTOPBIX OT HSKCIEPUMEHTAIBHBIX

naHubIX coctaBmio 0,1-1,4 nb.
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I'masa IV. SQKCIIEPUMEHTAJIBHBIE NCCJIEJOBAHUA
IPPEKTUBHOCTHU 39KPAHOB U PEKOMEHJALIUHA 110
INPOEKTUPOBAHUIO

4.1 Kparkoe onucaHue OnbITHOIO CTEHAA

DKCcrepuMeHTalIbHbIEC HccieaoBaHus 3PpPeKTUBHOCTU AD BBINIOTHEHBI HA CTEH/IE,
MpEACTaBISAIONIEM CcOOOM HaboOp JAEPEeBSHHBIX aKyCTHYECKUX DJKpPaHOB  TpeX
TUIIOPA3MEPOB, a TAKXKE KOMIUIEKT HW3MEPUTEIIbHOW almaparypbl, BKIHOYAIOIIHUMA
IIyMOMEPBI, HCKYCCTBEHHbIH HEHANPABICHHBI HMCTOYHUK 3ByKa H  JIPyroe
HeoOxonuMoe oOopynoBaHue. Bce cpeactBa u3MepeHUN, UCIHONb30BaHHBIE MPU
UCIBITAHUAX, MPOBOJAMMBIX B IOMEIIEHMHM M B CBOOOJHOM 3BYKOBOM Tiojie (BHE
MIOMEIIEHHUSI), BHECEHbl B TOCYJapCTBEHHBIH pPEECTp W UMEKT JACHCTBYIOIIHE
CBUJIETENIbCTBA O TTOBepKe. CBefeHus 00 U3MEPUTENBHOM ammaparype u 000pya0BaHUH,

IIPUMEHSEMOM JJIs1 IPOBEAECHUS YKCIIEPUMEHTOB ITPUBEAECHBI B pazaene 2.2.1.

DKCIIEpUMCHTAIBHBIC HCCIICIOBAHMS TPOBOJIWINCH HA ABYX HCIBITATCIBHBIX
IJIOMIAIKaX: Ha OTKPBITOM BO3AyXe (B YCIOBHSAX CBOOOJHOTO 3BYKOBOTO TIOJIA), TJIC
UCIIBITATeIbHAS ~ IUIOMIaJKa Oblda CcBOOOAHA OT  KAaKUX-THOO  OTpakKarolHuX
(moriomammux) NpeIMEeTOB U coopyxkeHuil B paauyce 30 M OT ee LIEHTpa, a TaKXKe B
UCIIBITATCILHOM  TIOMEIICHUU.  VIcTbIThIBaeMble  KOHCTPYKIIMM W amnmaparypa

paciojarajiucCb B ICHTPC HCIIBITATEIbHOMN II0IaaAKy WK B OCHTPC IIOMCIICHUS.

HcnpiTaTebHOE MOMEIIEHUE HMEINIO CIEIYIOMME pa3Mephl: BbicoTa — 3,6 M,
anMHa — 6,4 M, mupuHAa — 5,6 M, IUIOIMAAL Bcex moBepxHocTed — 159 M2 CTeHbI
MOMEIIICHHUS, TMOTOJIOK M TOJI HCXOAHO OETOHHBIE, MOCIeA0oBaTeNbHO (B 4 JTarma)
obnmuuoBbiBasiich  3[IM  paznuuHod Tmiomanu. AKYCTHYECKHE XapaKTepUCTUKU
MIOMEIIICHUS, MOJICIUPYEMbIC IIOCIEA0BATEIbHO B TIEPHOJ HATYPHBIX HCIIBITAHUH,

npuBeieHbl B Tadnute 4.1.
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Tabnuia 4.1 — AkycTudeckre XapaKTEPUCTUKHU UCTIBITATEILHOTO MTOMEIIECHHUS

N3mepennbie (T, ¢) 1 BbIYHCTEHHBIE (g

O0o3HaueHHe
e mamepennpix (T, ¢) Teps M) mapaMeTpbl B OKTAaBHBIX M0JI0CAX CO
I H BEIYHCICHHBIX cpeHereoMeTpUYeCKMMHU YacToTamu, I'1y
napaMeTpoB (X,
125 | 250 | 500 | 1000 | 2000 | 4000 | 8000
T,c* 0,921 0,80 | 0,551 0,55 | 0,54 | 0,43 0,40
Ortam I Wy ¥* 0,14 0,16 | 0,2 0,2 (0,24 | 0,31 0,30
Tep M ** 0,7 0,7 | 0,8 0,8 0,8 1,0 1,0
T, c 0,63 0,60 | 0,59 | 0,40 | 0,40 | 0,36 0,31
Ortam 11 [T 0,21 0,21 | 0,22 | 0,33 | 0,33 | 0,37 0,40
Trp M 08 | 0,8 | 0,8 1,0 1,0 1,2 1,2
T, c 0,55] 0,53 | 0,40 | 0,30 | 0,28 | 0,23 0,21
Otan
- [T 0,24 0,25 0,33 | 0,43 | 0,47 | 0,58 0,6
Trp, M 09 | 0,9 1,0 1,2 1,2 1,4 1,4
T, c 0,351 0,29 | 0,27 | 0,25 | 0,23 | 0,19 0,18
Otan
[ 036|046 | 0,48 | 0,51 | 0,57 | 0,68 0,70
1A/
e M 1,1 1,2 1,2 1,3 1,3 1,5 1,5

* T, c — BpemMs peBepOepaIuu;

** @ on — YCPEAHEHHBIN K03()(DHUIIMEHT 3BYKOTIOTIIOIIECHUS;

skkock 7

p’

M — I'PaHUYHBIA paguycC.
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XapaKTEPUCTUKU 3BYKOMOTJIOMIEHHUS UCIIBITATEILHOIO MIOMEIIEHUS N3MEHSIINCH B
—1000
COOTBETCTBHHM C IMPENJIOKEHHBIM KPUTEPUEM .., [OITanHO (IyTeM YBEIUYECHHS

—1000
iomwaau 3BykomnoriomieHus). [lo BbIOpaHHOMY KpUTEPHUIO (., COOTBETCTBOBAJIU

(okpyrnenno): stan I — 0,2, sran II — 0,3, stan Il — 0,4, stan IV — 0,5. 3nauenus

— 1000
IpaHUYHOI0 pajguyca 1., C YBeIWYECHUEM emuuBanncCh: 3Tam I — 0,8 M, 3Tam
rp Mo ’

IT—1,0 M, sram III — 1,2, stann IV — 1,3.

B kaudectBe Marcpuaia 14 BBIIIOJIHCHHA aKYCTI/I‘IGCKOI\/,I O6pa6OTKI/I IIOMCIIICHUA

HCIIOJIb30BAJIMCh MUHCPAJIbHBIC IIIIUTEI.

3aMeTI/IM, qTO IOJYYCHHBIC 3HAYCHUA Tu From Ha | »rame OMM3KH K 3HA4YCHUSAM,
MOJYYCHHBIM IIpU HM3YUYCHHHN aAKYCTHYCCKHX CBOMCTB pCalibHBIX IIPOHU3BOJACTBCHHBIX

MMOMEIICHUN, OMMCAHHBIX B TJ1aBE 2.

4.2 MeToauka npoBeeHUs UCIILITAHMH AD B CBOOOJHOM 3ByKOBOM I10JI€

4.2.1 OnbITHBIE AKYCTHYECKHE IKPAHBI

Ha obGeux mmomiankax OBLIM HMCIBITaHBI AKPaHBI CIASAYIOMHNX THUIIOPAa3MEPOB:
Ix1 M, 1,5x1,5 M u 2x2 M ABYX Moaudukauii — ¢ 0OJUIIOBKOM 3BYKOIOTIOMIAIOIINM
MaTepuajgoM IO BCEM IUIOCKOCTH W 0€3 OOJHWIIOBKM; HAa OTKPBHITON IUIOIIaAKe OBLIH
ucnbiTanbl  AD  pasznuuHoil  Qopmbl:  minockue, [-oOpasnbie, I[l-oOpasHbie u

MOJTy3aMKHYTBIE.

Buemnuii Bus1 onbITHRIX AD pa3nuyHoil (JOPMBI U CXeMbl H3MEPEHHUM MPUBEIEHBI
Ha pucyHkax 4.1—4.7. Ilepeyenbp u3MepeHUd U cBeAeHUS OO0 OMBITHBIX OOpa3lax

pUBEACHBI B TaOwmIe 4.2.
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43
’
mwo -1
A
| w2 |

Pucynok 4.1 — IImockuit AD: NIl — uCKkycCTBEHHBIN HEHANPABICHHBIN UICTOYHHUK
myma; AD — UCIIBITBIBaEMbIN aKycTHYecKnuil 3kpaH, THU-1, TU-2 — Touku uzmepenuii,

IZI€ Pacloaralich NyMOMEpPEI

VE,
my TH-1
M -2

AFoes 3IM |\ AFc 3IM

Pucynok 4.2 — IInockuit AD ¢ 3[IM: UIII — uckyccTBEHHBIN HEHANPaBIECHHBIN
HMCTOYHHUK IIyMa; AD — HUCIBIThIBAEMbIN akycTuueckui skpad, THU-1, TU-2 — Ttoukn

U3MEPEHUH, T/I€ pacloyiarajnuch IIyMOMEpPbI
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Pucynok 4.3 —I'-06pa3nbiii AD: NI — nckyccTBEHHBIM HEHANPABIEHHbIN HCTOYHUK
myma; AD — UCIIBITBIBaEMBbIN aKycTH4YecKuil 3kpaH, THU-1, TU-2 — Touku uzmepenuii,

IZI€ Pacloiaraliich NyMOMEpPEI

ECA 9-1
RS
4 ¢ ,
// !
R w2

Pucynok 4.4 — [1-o0pa3ubiit AD: WU — ucKycCTBEHHBIN HEHANIPaBICHHBIA HCTOYHHUK
myma; AD — UCIIBITBIBaEMbIN aKycTHYecKkuil 3kpaH, THU-1, TU-2 — Touku uzmepenuii,

IZle Pacloaraliuch NyMOMEpPEI



&9

My V‘/ TH-1
N

A7 oe3 3[IM

Pucynok 4.5 — Ilony3amkHyThIii AD: NI — MCKyCCTBEHHBIN HEHAIIPABICHHBIN
WCTOYHHUK IIyMa; AD — HCOBITBIBaEMbIN akycTtuueckui 3kpaH, TU-1, THU-2 — Toukn
W3MEpPEHUH, TI€ PACIOIarajruch IIyMOMEPHI
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Pucynok 4.7 — Ilony3amkHyThIi AD ¢ 3[IM Ha BHEIIHEM KOHTYpe
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Tabnuia 4.2 — IlepeueHb u3MepeHuil U cBelleHus 00 OMBITHRIX 00pa3iax AD

Ne | Pazmep | BbicoTa

n/n A, m TH, m IR A

I 1ockui

['-06pa3zubiit

1 I1x1 0,5 IT-06pa3nbIit

[1-00pa3HbIi, TOTYy3aMKHYTHII

[1-00pa3Hneblii, nomy3aMkHyThIN ¢ 31IM Ha BHeLIHEM
KOHTYpE

I 1ockui

I'-06pa3zubiit

[T-06pa3ubIit

1,5x

L5 0,75 [1-00pa3HbIil, TOTY3aMKHYTHIN

ITnocknii ¢ 3[IM
(TmIieBast CTOpoHa)
[1-00pa3znbIi, noay3aMkHyThId ¢ 31IM Ha nuueBoit
CTOPOHE

I 1tockuit

['-06pa3ubiit

[T-06pa3ubIit

3 2x2 1,0 [1-06pa3Hblil, NOTY3aMKHYTHIH
ITnocknii ¢ 3[IM
(TmIeBast CTOpoHa)
[1-00pa3nbIi, nomy3aMkHyThId ¢ 31IM Ha nuueBoi
CTOpOHE

4.2.2 Metoguka udmMepeHuii

HcnbiTanusa nmpoBOAUINCH HEHAIIPABIEHHBIM NCKYCCTBEHHBIM MCTOYHUKOM 3BYKa
IOCTOSIHHOM 3BYKOBOW MOIIHOCTH. s M3MEPEHHH MCHOJIb30BAINUCH INPELUU3UOHHBIE
IIyMOMEPBI, YCTaHABIMBaEeMble B TOUKaX u3MepeHuil. boiee moapoOHble cBeaeHUs 00
arnmaparype u Apyrux yCTpoucTBax NpuBeaeHkI B pasaene 2.1.1.

N3mepenus mpoBOAUIUCH B TPEX U3MEPUTENBHBIX TOYKaX (PUCYHOK 4.8), B TOM
YHUCJIE B KOHTPOJIBHOM TOYKE, KOJHYECTBO 3aMEPOB B KAKIOW TOUKE M3MEpEHUs — 3.
O1neHKa MOTPENIHOCTH M3MEPECHUM BBINOJIHSIACHK B COOTBETCTBUU C [3]. B kaxmon

U3MEPUTENBHON TOYKE H3MEPSIUCh YypoBHHM 3ByKoBoro pnasienus (Y3), nb, B
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OKTaBHBIX MOJIOCAX CO CPEAHETCOMETPUYECKUMU yacToTamu: 125, 250, 500, 1000, 2000,
4000 u 8000 I'u, a takxke ypoBHM 3ByKa (Y3, nbA). Axyctuueckass 3pPpeKTUBHOCTD
OMBITHBIX PKPAHOB OMpeEJIENsiach Kak pPa3HOCTh ypoBHEHN 3BYKOBBIX AaBieHuit (Y3]1) u
VY3 B Touke n3mMepeHuit 6e3 akyCTUYECKOro IKpaHa U ¢ aKyCTHUeCKUM 3kpaHoMm [107].
Bce pesynbraThl n3mMepeHuil o0pabaThIBaIUCh 1O JaHHBIM, ToJy4eHHbIM B TH 3a

AD, nannbie B TU Hag AD ucnosib30BaIMCh IS KOHTPOJIS.

B

&

~

Vs

1000 500
= e 2000

] T

Pucynok 4.8 — CxeMa pacnonoKeHus TOUeK U3MEPEHUS I ONPEAECTIEHUS
akyctuueckoil apdextuBHOCTH AD (C yCTaHOBIEHHBIM AD):
1 — pacnonoxenue UIII, 2 — pacnonoxenue AJ, 3 — TH-1 (3a AD),

4 — THU-2 (3a AD), 5 — xoHTpoabHAas Touka (Hag AD), 6 — onopHasi HOBEPXHOCTh

4.3 AHayu3 pe3yJbTaToB U3MepeHuil dppekTuBHOCTH AD B CBOOOTHOM

3BYKOBOM I10JI€

4.3.1 3aBucuMocThb 3PPeKTUBHOCTH AD OT pa3MmepoB

Boinu BbINOMHEHBI UCTIBITAaHUSA TPEX 00pa3noB miockux AD pasmepamu: 1,0x1,0
M, 1,5x1,5 M, 2,0x2,0 m [108]. YcpenH€éHHble HaHHBIE HW3MEPECHUN NPUBEIACHBI B

tabnuiie 4.3 1 moka3aHbl Ha pucyHkax 4.9—4.10.
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Tak kak AD wuMmeeT Tpu CBOOOJIHBIX pedpa, TO PACCMOTPEHO YBEIUUYCHUE
(yIBOEHHE) TUIOMIAM OMBITHOTO 3KpaHa. OTMETUM, YTO KaXKI0€ YJIBOCHHE IUIOIIAIU
yBennuuBaeT 3pdexktuBHocTh AD Ha 3 nBA. B yacTtoTHOM auamna3oHe pa3HHIA B
ocHOBHOM cocTaBisieT 3-4 nb. CnektpanbHble cocTaBistone 3GPEKTUBHOCTA UMEIOT
APKO BBIPAXKEHHBIM MOJBEM B CTOPOHY BBICOKMX YacTOT C HAKJIOHOM 2-2.5 nb Ha

OKTaBYy.

Tabmuua 4.3 — DddexTuBHOCTS AD MpU U3MEPEHUSIX B CBOOOJHOM 3BYKOBOM MOJIE B

3aBUCUMOCTH OT Pa3MEPOB 3KpaHa (IKpaH MJIOCKUN, BEPTUKATIbHBIN )

Pa3mepni dddexTnBHOCTL A, 1b,
Paccros-
Admnu e or AD B OKTABHBIX I10JI0OCAX CO CPEIHEreOMeTPHYECKUMH dppexTus-
BBICOTA o TH. m qacToTamu, I'n HOCTh, IBA
TH, m ! ’ 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000
I 0,5 3 5 7,0 9,0 12,0 15,0 17,0 8,0
X
2,0 2,5 4 4,0 7,0 10,0 12,0 14,0 6,0
0,5 4,5 80 | 10,0 | 13,0 17,0 19,0 | 20,0 12,0
1,5x1,5
2,0 3,0 6,0 | 9,0 11,5 14,0 16,0 17,0 10,0
o 0,5 6,0 | 10,0 | 14,0 | 16,0 | 20,0 | 22,0 | 23,0 15,0
X
2,0 5,0 80 | 11,0 | 14,0 17,5 20,0 | 21,0 13,0
AL3kp, n1b
25
3
20 2
15 !
10
5
0 -

125 250 500 1000 2000 4000 8000
f.Tn

Pucynok 4.9 — 3MepeHHbIe 3HaUeHUsI aKyCTHUeCKOM AP PeKTUBHOCTH AD pa3aIuyHbIX

pasmepoB B TU-1 Ha paccrossaum 0,5 M ot AD:

1 —AD 1x1Mm,2—AD1,5x1,5m;3 — AD 2x2 M
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Hanubie B THU-1 wa 1-3 ab Beime, uem B TU-2, T0 ectb 3ddexTuBHOCTE AD
3aMETHO YOBIBAET MPU YBEIUYEHUU PACCTOSIHUSA OT AD 10 pacu€THON TOUYKHU (B CBSI3H C
yMeHbllleHrueM yria nudpaxuuu). [lonydeHHble aHHbIE MOTYT OBITH HCIIOJIB30BAHBI

MpU POEKTUpOBaHUU AD.

AL3kp, nb
25

- |

15

0 -
125 250 500 1000 2000 4000 8000
f.Tn

Pucynok 4.10 — 3aBucumocts akyctuueckoit 3¢ pextuBHOCTH AD pa3HbIX pa3MEPOB B
CBOOOJHOM 3BYKOBOM T10Jie Ha paccTosHuu oT AD no TU-2 — 2,0 m:

1 —AD Ix1 M;2 —AD 1,5x1,5Mm; 3 — AD 2x2 M

4.3.2 3aBucuMOCTD 3PPEeKTUBHOCTH aKYCTHYECKOI0 IKpaHa oT ¢Gopmbl

bbinmu BBITIOTHEHBI UCHBITAaHUS Pa3aUYHBIX AD: 1ockoro, ['-o6pasnoro, II-
00pa3HOTr0 M TOJIY3aMKHYTOro TuMa, TO ecTh [[-00pa3HoOro c mojkod Ha BepXHEM
cBoOoaHOM pebpe AD. HcnbiTaHus mpoBOAWINCH HA AD TpEX TUMOpPA3MEPOB, HO, TaK
KaK TOJyYEHHbIC JaHHBIE UJCHTUYHBI, MPUBOASATCA PE3yJIbTaThl UCHBITAHUU aiia AD
pasmepoM 1x1 M. JlaHHBIE HWCHBITAHUM TpUBEICHHI B Tabmuie 4.4 W MOKa3aHbl Ha
pucynke 4.11.

N3menenne Qopmbl aKyCTHYECKOrO 3KpaHa 3aMETHO CKa3bIBa€TCS Ha €ro
s pexktuBHOCTU. ['-00pa3HbIil akycTuueckuil kpaH 3(pdexkTuBHee miockoro Ha 1-2 nb

(2 nbA), Il-00pa3Hblil aKyCTHYECKHl BKpaH 3aMeTHO 3(P(QEeKTUBHEE ILIOCKOrO, B
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paccMatpuBaeMoM dYacToTHOM nauanazoHe Ha 3—4 nb (3 nbA). MaxkcumanbHoe
HACBHIIIIEHWE DJKpaHa HAACTPOWKAaMU Ha CBOOOJIHBIX pEOpax AOMOJHUTEIBHO
yBenuuuBaer ero 3@dextuBHocth Ha 5—7 nb (6 nbA), TO ecTb eciu TJIOCKUM
aKyCTHYECKUM »JKpaH oOecrneuynBaeT cHuwxkenne Y3J| wa 2-17 ab (6 anbA), 1o
nosny3aMkHyThid Ha 622 1b (14 1bA), paznuna 8 n1bA.

B Tabn. 4.5 mnpuBeneHa mnosioxkuTeNbHas mnonpaBka B (opmyny (3.16),

MOKa3bIBatoIIas yBeandeHue 3pPeKTUBHOCTH AD NpH YCI0KHEHUU €10 (POPMBI.

Ta6muna 4.4 — DddhexTuBHOCT AD B CBOOOIHOM 3BYKOBOM I10JI€ B 3aBUCUMOCTH OT

(dbopmbI 3KpaHa

PaceTos dpdexTuBHOCTL A, Ab,
dooma H:IZ ::T_ B OKTaBHBIX 0JI0CAX CO Sbbercru-
Ap3 AD 10 Cpe/HereOMeTPHIECKUMH YacToTaMu, | '~ o\
’ 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000
0,5 1,0 2,0] 7,0 | 9,0 | 12,0 | 15,0 | 17,0 8,0
[Tmockuit
2,0 0,0 1,0 5,0 | 7,0 | 10,0 | 12,0 | 14,0 6,0
I'- 0,5 2,0 4090 |11,0| 14,0 | 17,0 | 19,0 9,0
oOpa3HbIi 2,0 1,0 (2,0 6,0 | 80 | 11,0 | 14,0 | 17,0 7,0
I1- 0,5 3,0 (6,0 |11,0| 13,0 | 16,0 | 19,0 | 21,0 11,0
oOpa3HbIi 2,0 1,0 | 3,0 | 8,0 | 10,0 | 12,0 | 15,0 | 17,0 8,0
0,5 5,0 8,0(13,0| 15,0 | 18,0 | 21,0 | 22,0 14,0
ITony3amk-
HYTBIN 2,0 3,0 |5,0]10,0| 13,0 | 14,0 | 17,0 | 18,0 11,0
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Tabnuia 4.5 — IlonpaBka B popmyny (3.16) npu nusmenennn popmsr AD (ALgxp)

ITonpaska, 1b, noKka3pIBaKOIAsA U3MEHEHUE
3¢ dexTuBHOCTH AD NpH U3MEHEHUHU (POPMBI,

®opma AD B OKTaBHBIX M0JIOCAX CO CPeHEreOMeTPUYeCKUMHU
yacroramu, I'n
125 | 250 | 500 | 1000 2000 4000 8000
I"-00pa3usbrit 1 2 2 2 2 2 2
[T-06pa3ubrit* 2 4 4 4 4 4 4
[Tomy3amMKHyTBIA™** 4 6 6 6 6 6 6

*MoNoXKUTENbHAsT TOMPaBKa UCIOIb3YETCsI, €CJIM pacyeTHasi TOUKa JICKUT B Mpejieniax
MOJIy3aMKHYTOT0 00beMa, chOpMUPOBaHHOTO 00KOBBIMU OTroHamu [1-o6pa3Horo AD;
**noynoxuTenbHas MOMpPaBKa UCHOIb3YETCs, €CIU pacyeTHasi TOUKa JEXKHUT B Mpeaesax
MOJIy3aMKHYTOr0 00beMa, ChOPMUPOBAHHOTO MOTY3aMKHYTHIM AD.

ALskp, 1BA
25

A
20

15

10

5
|
|
|

0 -
8000

£,

Pucynok 4.11 — CpaBautenbHas 3¢ hextuBHOCTh AD pazmepom 1x1 M B 30He

125 250 500 1000 2000 4000

aKyCTUYECKOU TeHU npH pa3iauyHoit popme AD: 1 — mnockuit AD; 2 — ['-006pa3HbIit

AD; 3 — [1-00pa3sbiit AD; 4 — nomy3aMKHYThIH AD
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4.3.3 Bausinue 3ByKonorjioneHusi Ha 3 PeKTUBHOCTh AKYCTHYECKOI0 IKpPaHa

HcnbIThIBanuCh aKyCTHUYECKHE 3KPaHbl CO 3BYKOMNOTJIOMIAKONIMM MATEPHUAJIOM,
HAHECEHHBIM CO CTOPOHBI HCKYCCTBEHHOIO HCTOYHHMKA 3ByKa MO BCEH IUIONIAIH
ONBITHOTO aKyCTUYECKOTO 3KpaHa, JJIsl BCEX TUIIOPAa3MEpPOB. Pe3ynbraThl yCpeTHEHHBIX
W3MEpPEHUN B BHJE€ pasHULbl Mexay Y3 i IIOCKOTO aKyCTHYECKOTO JKpaHa

pazmepom 2x2 M npuBeeHbI B Tabnuie 4.6.

Pacuértel yBenuuenus 3¢ (PpeKTUBHOCTH aKyCTUUYECKOTO 3KpaHa 3a CYET HAHECEHUS

31IM BeinonHseTcs o hopmyre [108]:

ALZD, = 101g(1 —a,,, ), 1B (4.1)

Toe o 3HaueHUs Kod(PQulMeHTa 3BYKOMOTJOMIEHUS JOJKHBI OBITh B3STHI U3

IKp

nacrnopta AD (WU MOTYYEHO IKCTIEPUMEHTAIIBHO).

Tabnuma 4.6 — Ycpennéunbie 3HaueHus (10 BCEM aKyCTUYECKHM JKpaHaM U MO0 BCEM

MU3MEPUTENBHBIM TOUKaM) 3(hPEKTUBHOCTH 3BYKOMOTIIOICHUS

dpPpexkTuBnocts 3IIM, 1b, B OKTaBHBIX 0JI0CAX CO
Cnocod nmosy4yeHus CpeHereoMeTpu4YeCKMMH YacToTamu, I'n
AAHHBIX
125 250 500 1000 2000 4000 8000
DKCHepuMeHT, 1b 1,0 2,0 3,0 3,0 3,0 3,0 3,0
@ — TIEPECUET
JaHHBIX 110 GOpMyIIe ’ ’ ’ ’ ’ ’ ’
4.1)
aralcp
MBMEPCHHEBINE -~ | 5 0,7 0,8 0,8 0,8 0,8 0,7
peBepOepaIrmoHHOM
Kamepe
Pacuér no popmyne 3,0 5,0 7,0 7,0 7,0 7,0 7,0
4.1), nb
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OTMeTUM, 4YTO OKCHEPUMEHTAIBHO YCTAaHOBJIEHO: A()PPEKTUBHOCTH HKpaHa
yBennunBaercss Ha |-3 nb B paccMaTpuBaeMOM YAaCTOTHOM JIMANA30HE 3a CYET
HAaHECEHUS Ha NOBEPXHOCTh AKyCTUYECKOTO KpaHa 3BYKOIOIJIOIIAKOLIErO0 MaTepHalia
(3TIM). DT0 HemyIOXOM pe3ylabTaT, HO MOJy4YeHHble AaHHble Ha 2-4 nb (TOo ecThb
(hakTUYECKH BJIBOE) HUKE IMOJYUYEHHBIX SKCIEPUMEHTOM B aKyCTHUUECKON Kamepe
(macnoptHble  JaHHble). Pa3Hunma  oObsicHseTcss  TeM, 4To KO3 UIMEeHT
3BYKONOTJIOIICHUSI  JIJIi  TOJYYEHHs] TACIOPTHBIX JAHHBIX OINpENEsCS MpHU
UCIIBITAHUAX TaHEI aKyCTUYECKOr0 3KpaHa B peBepOepallMOHHOM Kamepe, TO €CTh
no4yTH B wuaeanbHOM au(p@dy3HOM 3ByKOBOM mojie. Ha mpakTuke umMeer MecTo
HalpaBJICHHOE TMaJeHUuEe 3ByKa HA aKyCTUYECKHUE HSKpaHbl, IMPU OSTOM 3HAUYECHUE
Kod(ppuireHTa 3BYKOMOIJIONIEHUS aKyCTHUYECKOrO SKpaHa MOYTH B JIBa paza HUXKE
peBepOepallMOHHBIX 3HAYCHUU. ITO OOCTOATENBCTBO CIEAYET YYUTHIBATH MpPH

IMPOCKTHPOBAHUH AKYCTHYCCKUX IKPAaHOB, YCTAHOBJICHHBIX B IIOMCIICHUAX.

4.4 DkcniepuMeHTaJIbHbIE HCCJaeA0BaHus AD B OMeleHUn

[Ipu BBINOJHEHUH SKCIEPUMEHTAIBHBIX UCCIIE0BaHUM Oblja MOCTaBICHA 3aja4ya
U3Y4YUTh, KaK BIMAET M3MEHEHHE aKyCTHUUYECKHUX CBOWCTB IMOMEIICHHS HAa U3MEHEHUE
addexkrrBHOCTH AD. C 3TOM menpro myTéM modtamHoro BHeceHus 3IIM B ombITHOE
MOMEIIEHNE €r0 aKyCTUYECKUE CBOMCTBA MOATAITHO U3MEHSIUCH. 3[€Ch 32 OLIEHOYHBIN
nokasarenb (KpuTepuii) ObIJIO MPUHATO BBIYUCICHHOE (TIO pe3ysibTaTaM H3MEpPEHUH B

IOMEIIEHNH  BpPEMEHH  peBepOepaluy) 3Ha4YeHHWE  cpeaHero  kKodddumueHTa

—100
3BykonorionieHus Ha yactore 1000 I'ny (pqy, ) Bcero BeImonHeHO 4 sTana n3MepeHui
(Ha iockux AD):
~1000 _
JI’IDM 0 23
F1000 _
I'.[IIID"[ 0 3
~1000 _
JI’IDM 0 43

1000
Fron 0 5.
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3amerum, yto 3HadyeHue 0,2 ObUIO BHIOPAHO B COOTBETCTBUU C pPeE3ysibTaTaMu
UCCIIEIOBAHUM aKyCTUYECKUX CBOMCTB MPOU3BOJACTBEHHBIX TOMEIIECHUM (CM. T1aBy 2), a
3Hayenue 0,5 ObUIO BBIOpAaHHOE W3 IMOHUMAaHUS TOTO OOCTOSTEILCTBA, YTO IIOCIE
00pabOTKH MPOU3BOACTBEHHBIX MmomMerieHuit 31IM, ¢ 1enbo CHUKEHUSI HHTEHCUBHOCTH
OTPAXKEHHOI'O 3BYyKa, 3TO 3HAUYCHUE SIBIISIETCS MAKCUMAJIbHO JTOCTHKMUMBIM Ha MPAKTHKE.
OKCIIEpUMEHTANbHBIE HCCIEAOBAaHHMS COCTOSJIA M3 JByX 4YacTeil: B Hayaie
ONpEAEISIIOCh, KaK II0JTallHO€ M3MEHEHHE (., BIHAET HAa OTHOCHTEIIHLHYIO

s dexkTruBHOCT, AD, a 3aTeM paccMaTpuBajach UX akycThuueckas 3(PEGeKTUBHOCTh MpH

Pa3HBIX 3HAYECHUAX (pqy -

Ucxonubie pe3ynprarel uamepeHuid Y3 u Y3 B U3MEpPUTENBHBIX TOYKaxX 3a
JKpaHaMH TPEX TUIOPA3MEPOB IPU MOITAMMHOM HM3MEHEHHM AKYCTUYECKHX CBOWCTB
MOMEIIECHUSI TpUBEleHbl B mnpuioxkeHun b, a oOpaboraHHble pe3yJbTaThl

CPaBHUTEIBHOTO YBEJIMYCHHSI aKyCTHYecKol s(dQpeKkTuBHOCTH AD mpuU MOITATHOM

YBEIMYEHHUN &, TPUBEIEHBI B Tabuie 4.7.

OtHocutTenbHOe yBenuueHue 3PdextuBHOCTH AD pasmepom 2x2 M IpH

HOATAITHOM YBEJIMYEHUH X, NPHUBEIECHO HA pUCYHKE 4.12.

AHanu3 gaHHbIX B Tabuuue 4.6 1 Ha pucyHke 4.12 noka3bpIBaeT, YTO yBEJINUYEHUE
@pon, T.€. YIAYUIIEHHE aAKYCTHYECKMX CBONCTB IOMEIICHHS 3a CUYET CHIDKEHHS
OTPa)KEHHOI'0 3BYKa, 3aMETHO cKasbiBaeTcsa Ha 3(dextuBHoctu AD. Tak, mus AD
pa3sMepoM 2x2 M yBEIIMYEHHE X, OT 0,2 10 0,5 yBenmumBaeT 3pdekTuBHOCT, AD Ha
8-10 nb B mmanazone wactor 125-8000 T'm (mo 10 nBA). OpueHTUpoBOUYHAs
YBEJMYEHHE TI0 3TATIaM COCTABUIO: @oon® = 0,2-2 nBA, @i23%=0,3-4 nbA, @122%=0,4-
8 nBA, @:d9%=0,5-10 nBA. 3amMeTnM, UTO I KAXKIOTO M3 JPYTHX PACCMOTPEHHBIX
TUNoOpa3MepoB AD mosyyeHHble 3HaueHus 3ddekTuBHOCTH HA 1-2 nb Huxke, yem s
AD pazmepom 2x2 M.

3a oTHOCUTENBHYIO 3(PHEKTUBHOCTD, paBHYyIO 0, mpuHsaTa At AD pazmepom 1x1

—1000 —1000
M NpU g, = 0,2. Takum oOpazom, pasuuna s AD pazmMepoM 2X2 M gy, —0,2
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cocraBmia 1-2 n1b B paccmarpuBaeMOM 4aCTOTHOM Auarna3oHe. Jlanee Bce pacCyKIeHUs

BenyTcs st AD 2x2 M (puc. 4.12).

Tabmuma 4.7 — Pe3ynbraThl CpPaBHUTEIBHOIO  YBEIMYEHHS  aKyCTHYECKOMU

3QPEeKTUBHOCTH AD NPH YBEIUUCHUH Xy,

Paznuna nusmepennsix Y3/I, 1b B
Pasmepnl | 3Ha4e-HUSA | No OKTaBHBIX I10JI0CAX CO Paszmepsr
AD, M @2 | TH | cpeanereomerpuyeckumu gactotamu, I | AD, M
125 | 250 | 500 | 1000 [ 2000 | 4000 | 8000

@Lo0o — 1 0 0 0 0 0 0 0 0

1x1 0,2 2 0 0 0 0 0 0 0 0
@Lo00 — 1 11,0/20]20]20] 25| 25] 20 2,5
0,3 2 108(20]20]2071] 20720/ 15 2,0
@lf%= | 1 130]45]/50]55]|60]65] 60 5,0
0,4 2 130(145|45] 50| 60 | 50| 5,0 4,5
@l0o0— | 1 /40/60]60) 70|80 75|75 7,0
0,5 2 135]155(50]160 65| 65| 65 6,0
@Lo00 — 1 11,0/05]105] 1,0 1,0 | 1,O | 1,0 1,0
0,2 2 105] 0 0 |05]05|05] 0,5 0,5
@Lo00— 1 120]25]30)30) 35 ] 35] 30 3,5
1,5x1,5 0,3 2 120(20]20] 253030 30 3,0
@l0o— | 1 130]/60)|70]|70] 65| 65] 6,5 6,0
0,4 2 130]50[05]60 60| 60 | 65 5,5
@Lo00— 1 1647085858580 70 8,0
0,5 2 154]165(801]80) 80| 70/ 65 7,0
@Lo00— 1 11,0 1,5]1,5]20] 20| 20| 2,0 2,0
0,2 21051010 1,5} 1,525 20 1,5
@Lo00— 1 125130]40] 40| 40 | 40 | 3,5 4,0
2532 0,3 2 11,5125(30)30] 30| 35| 30 3,5
@Lo00— 1 140 ]50]65| 80| 80 80| 75 8,0
0,4 2 130(40(60 7075|7570 7,0

@Lo00— 1 (5518019510 |95 195 | 8,0 10
0,5 2 145185185185 190 |90 |75 9,0

—1000
[Ipy HEOOABUIOM YBEIMYEHUU Hpyy = 0,3 momomHuUTENbHAS 3G (PEeKTUBHOCTH AD

coctaBuna 2,5-4 nb (4 nbA), npu E,:;? ¢ = 0,4 coorBerctBenHo 4-7 nb (7 nbA) u,
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HaKOHEIl, TMpHU E,:fb? ° - 0,5 cootBerctBeHHO 6,5-9 b (9 nbA). Takum o6pazom,

YIy4dHI€HUEC aKYCTHUYCCKUX CBOMCTB MMOMCIICHUA NTYTEM YBCIWMYCHHA CPCIAHCTO

—1000 —1000
ko3¢ uIreHTa 3BYKONOIJOWEHU OT @go, = 0,2 10 @p,,, = 0,5 yBenmmuuBaer

s pexkTuBHOCTH AD B MOMEIIEHUH MUHUMYM Ha 7 nBA.

PaccmoTpum aOcontoTHBIE 3HAYEHMsS] aKycTUdeckod 3ddexTuBHOCTH AD mpHu
W3MEHEHUHU AaKyCTHYECKHMX CBOMCTB moMmemieHus. B Ttabmume 4.8 mpuBeaeHBI
pe3yNbTaThl HCCIIeA0BaHU AD B MOMEINEHUH C Pa3IMYHBIMHA 3HAYECHUSIMU (X, , @ Ha
pucyHke 4.15 mokaszaHbl pe3ynbpTartbl UCHBITAHUN AD pasmepoM 2x2 M. Pe3ynbprars
ATUX HJKCIEPUMEHTOB NOATBEPKIAOT YPE3BBIYANHO BBICOKOE BIIMSHHE H3MEHEHUS
aKyCTUYECKUX CBOMCTB MOMEIICHUI Ha akycTuueckyro sddektuBHOCcTh AD. Tak s

AD 2x2 M akycTuueckast 3p(PeKTUBHOCTh COCTaBUIIa B YaCTOTHOM Auanaszone 125-8000
I'u, 1b u B 1BA: 1,5-6 ab (5 1BA) nipu @,,,,=0,2; 2,5-11 (7,5 aBA) npu @,,,,=0,3;
3,5-16 (10 1BA) mpu @5, =0.,4; 4,5-20 (12,5 nBA) npu @, =0,5.

ALskp, 1bA
12

10

0 | =
125 250 500 1000 2000 4000 . %{)00
S 11

PucyHnok 4.12 — VYBenuueHnue akyctuueckout apdextuBHocT AD pazmMepoM 2x2 M B

30HE aKyCTUYECKON TEHU AD MpPH YBETUUCHUUN (pqy,

—1000 _ —1000 _ —1000 _ —1000 _

| — o =0,2;2 — @0 =033 —a,, =045 — ., =05
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B Tabmune 4.8 mpuBeneHbl aOcontoTHbIE 3HaYeHUs 3¢pdexkTuBHOCTH AD TpHU

000
U3MEHEHUH ..., , a Ha puc. 4.13 nmaHel TakWe »K€ JaHHBIE B CPaBHEHHM C

MOJIy4YEHHBIMH JaHHBIMU 3 PeKkTUBHOCTH AD B cBOOOJHOM 3ByKOBOM Toiie (Tabnuia

4.3).

Tabmuma 4.8 — Axyctuueckas 3(P¢GekTuBHOCTH AD B MOMELICHHH TIPU

U3MEHCHUH (X, 1 pa3MepoB AD

3 Akyctuueckasi 3¢ppekTuBHOCTL A, 1b, B
Pazme- Hate- OKTABHBIX I0JI0CAX CO Ipdex-
peI A3, _Hllggu cpeaHereoMeTpu4eckuMu 9acroramu, 'y | THBHOCTD,
M JI‘IDM HEA
125 | 250 | 500 | 1000 | 2000 | 4000 8000
0,2 05110 (1,5 1,5 2,0 2,0 1,5 2,5
i1 0,3 1,0 2,0 { 3,0 3,0 | 3,0 | 2,5 2,0 3,0
X
0,4 201 3,5 145] 50| 7,0 | 9,0 12,0 5,0
0,5 25145160 7,0 110,0]|12,5 14,0 7,0
0,2 151251301 40 | 55| 6,0 7,0 3,0
0,3 2,01 3,0 [3,5] 501 6,5 ]10,0 10,0 5,0
1,5%1,5
0,4 30150170 90 [11,0]12,0 15,0 7,0
0,5 401 7,0 19,01]11,5|14,5]17,0 18,0 10,0
0,2 1,5120 25| 3,0 4,0 | 5,0 5,0 5,0
- 0,3 25140 (501 6,5 | 80 |10,5 11,0 7,5
X
0.4 35155 (185(10,0]13,0]15,0 16,0 10,0
0,5 451 8,0 | 11 |13,0]17,5]19,0 20,0 12,5

HerpynHo ybemauThCs, 4TO HaKe MPH X, =0,5 akycTuyeckas >PpQPpeKTHBHOCTE

AD B momernieHnnu ocraetcs (B auamazone yactoT 250-8000 I'm) mpaktudecku Ha 3-4

nb Huwxke, yem 3¢ dextuBHOCTE AD B cBOOOJHOM 3BYKOBOM moiie. Emé pa3 oOpatum
—1000

BHUMaHUE, YTO TpU &y, —0,2 aKycTHYecKas XapaKTepUCTHKAa COOTBETCTBYET

YCJIOBUSIM TTPOU3BOJICTBEHHBIX NToMenieHni u 3pdektuBHocTh AD coctaBiusiet 1,5-5 nb
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(5 nBA), uto ouenn HeBenuko. [lpu Eifb? 0=0,3 s dexruBHocTs AD 2,5-11 nb (7,5

—1000

nbA), npu &,,., = 0,4 sddexruBnocts AD 3,5-16 nb (10 nbA), a npu E,:;?D =0,5

s extuBHOCT AD 4,5-20 n1b (12,5 n1bA), TO ecTh Npu yBEIUYCHUN Eifb? ® Ha xaxble

0,1 a¢pdexrunBHOCTE AD BO3pacTaeT Ha 2,5 nBA.

25 AL.ij’ 'HB

A e 5
20 4
15 3
10 -
5 — .1

' ____..__—

1 __..__—
0 " .

125 250 500 1000 2000 4000 8000

J, Tn

Pucynok 4.13 — Akyctudeckas 3QphexkTuBHOCT AD 2X2 M B ONBITHOM MOMEIICHUU C

Pa3IMYHBIMU aKyCTHYeCKUMU cBoicTBamu (1-4) u B cBOOOHOM 3BYKOBOM o€ (5):

—1000 —1000 —1000 —1000
| — o =0,2;2 —@pope =0,3;3 — e =044 — @y =0,5;

5 — cB00OOIHOE 3BYKOBOE I0JIE

4.5 3HayeHHs IKCIIEPUMEHTAJIBHBIX MOMPABOK B PacuéThl AD B

INOMEIICHUAX

Ha  ocHoBaHMM  pe3ynbTaTOB  SKCIEPUMEHTOB  MOJYYE€Hbl  3HAYCHUS
AKCHEPUMEHTAJIbHBIX MompaBok B  ¢opmyny (3.16) pacuéra aKycCTUYECKOM
sbdexktuBHOCTH AD Uil MNOMEIIEHUH C pa3IM4YHOM CTENEHbIO0 AaKYyCTUYECKOU
06pabotku 31IM (Tabauna 4.9). Ot 00001IEHHBIE 3HAYEHUSI TTOTYUYECHBI TSI PACUETHBIX

Touek (Touka 1), B oOmactu mpsimoro 3Byka. IIpu »TOM oOpalieHO BHUMaHHUE Ha
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pe3yJIbTaThl SKCIEPUMEHTOB: 11 AD, YCTAHOBIICHHBIX B IOMEILICHUH, Pa3HULA MEXKIY
pe3yJibTaTaMM, MOJYYEHHBIMH B TOYKax | W 2, Bcerga MeEHbIIE, YeM B pe3yibTarax,
MOJIYYEHHBIX B CBOOOJIHOM 3BYKOBOM I10JI€ (BJIMSIHUE OTpaKeHHOro 3ByKa). [losTomy c
TOYHOCTHIO /10 = 0,5 1b MOXXHO TSI TOYEK 2 MPHUHSTH JJIsI BCEX 3Ha4YeHUi B Tadmuie 4.9
nonpaBky paBHyto - 1 1b (n1bA). Emé€ pa3 oOpatum BHUMaHUE, YTO TOYKA 2 HAXOAUTCS
B rpaHuUlIax pajnyca peBepOeparum.

Tabmuna 4.9 — 3HaueHHe YCPETHEHHBIX KCIIEPUMEHTAIIBHBIX IMOMPABOK B PACUETHI

akyctuueckoil apdextuBHOoCcTH AD B momenieHusx (popmyina (3.14))

Pa3mepsl | AkycTHUYecKHe ITonpaBka, n1b, B 3HaYeHUS IMonpaska,
AId, m CBOMCTBA aKycTu4eckou 3ppexkTuBHOCTH A , B nbA
MoMelIeHHus OKTABHBIX I10JIOCAX CO
1000 cpeIHereoMeTpuYeCKMMHU YacToTamMmu, I'iy
- 125 [ 250 [ 500 | 1000 | 2000 | 4000 | 8000
1 2 3 /4|56 | 7| 819 10
0,2 25140 (55| 7,5 | 10,0 | 13,0 | 13,5 6,0
. 0,3 1,0 | 3,0 50| 6,0 | 90 | 95 | 11,0 5,0
X
0,4 1,o | 1,5 125] 40 | 50 | 6,0 | 50 3,0
0,5 051010 20 | 20 | 2,5 | 3,0 2,5
0,2 30 1551701 9,0 | 11,5 13,0 | 13,0 9,0
0,3 251501(65] 80 |10,5] 10 10 7,0
1,5x1,5
0,4 1,5 13,0(30]| 40 | 50 | 7,0 | 7,0 5,0
0,5 0511010 1,5 | 25 | 20 | 20 2,0
0,2 3,0 16,0901 11,0| 16,0 | 16,0 | 17,0 10,0
0o 0,3 3,0 150160 60 | 12,0 | 12,0 | 12,0 7,5
X
0,4 2513513535 |70 70| 7,0 5,0
0,5 1,5 1201201 2,0 | 30| 3,0 | 3,0 2,5

Takum 006pa3zoM, MOMpaBKU B pacd€Tbl AD MOTYT COCTaBUTh, HapuMep, 1ist AD

pazMepamu 2x2 M:
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—1000
npu &, = 0,2 ot 3,0 1o 16 n1b B paccmaTpuBaeMoM 4acTOTHOM Juanasone (10

nBA); pu Tane” = 0,3 ot 3,0 10 12 1B (7,5 ABA); npn @oce = 0,4 ot 2,5 10 7 1B

(5aBA); ipu Tane = 0,5 ot 1,5 10 3 1B (2,5 nBA).

Takum o00pa3zom, B pacu€étax AD 00sA3aTEIbHO JOJDKHBI YUUTHIBATHCS
aKyCTHYECKHE CBOMCTBA ITOMEIEHNAN, ITPU 3TOM AD, YCTaHABIMBAEMbIC B aKyCTHUECKHU
HE0OpabOTaHHBIX MOMENIEHUAX, UMEIOT A(PPEKTUBHOCTH B HECKOJBKO pa3 MEHBIIYIO,

yeM AD, pacnoioXeHHbIE B CBOOOHOM 3BYKOBOM TIOJIE.

4.6 PexomeHganuu 1o NpoOeKTHPOBAHUIO U YCTAHOBKe AD B

NPOU3BOACTBCHHBIX ITIOMCIICHUAX

Ha ocHoBaHuWYM BBITIOTHEHHBIX HUCCEIOBAaHUNM AD B CBOOOJHOM 3BYKOBOM IIOJIE M
B MIOMEIIICHUN C PA3IMYHBIMH aKyCTUUYECKMMH CBOMCTBAMHU pa3paOOTaHbl CJIETYIOIINE

PEKOMEH 1Al H.

1. AKycTHYECKasA o0padoTka NMPOU3BOACTBEHHbIX MOMEIICHU .
YcranaBnuBare AD, NMpeAHA3HAYEHHbIE JJIS CHIKEHUS IIymMa Ha padOyux MecTax U B
pabouux 30HAaX, B TOMEHICHUSAX, MPEABAPUTEIBHO MOJIBEPrUIMXCS aKYCTUYECKOU
o0paboTke IyTeM BHECEHHS B IIOMEIICHHE 3BYKOIOTJIONIAIONINX MAaTepHajioB.

—1000

KpI/ITepI/IeM A1 OOCHKHM AaKYCTHYCCKHUX KAa4CCTB IIOMCHICHHUA SABIIACTCA Xy,

y‘II/ITI)IBaH, 9TO aKyCTHYCCKU H606pa6OTaHHBIe IMPOU3BOACTBCHHBIC IIOMCIICHUA B

—1000__

OCHOBHOM  XapakTEpPU3YIOTCAd ..., = 0,2, pEKOMEHAyeTCs JOBOJIHUTH CPEIHUU
o —1000
KO3 (PUIIMEHT 3BYKOMOIVIOMICHHUS] TOMEIIEHUH 10 @, = 0,4. B akyctuuecku
—1000
HEOOpaOOTaHHBIX MPOU3BOJACTBEHHBIX TOMEHICHUAX (Tno. = 0,2) akycTuueckas

s dektuBHOCT, AD (Hampumep, pasmepaMu 2x2 M) B 30HE MPSIMOTO 3ByKa
(3amuuiaeMblii  OOBEKT HAXOAUTCA YCIOBHO B TE€OMETPUYECKOM IleHTpe AD Ha
pacctosauu (R) or mocnennero R < 0,5 M) moxer cocraBisith Bcero 1,5-5 nb B
gacToTHOM juanazoHe 125-8000 T (5 nBA). Ilpu yBelmueHHH @oee® 1o 0,4

akyctuueckass 3¢dextuBHocTh AD Bo3pactaer 1o 3,5-16 ab (10 nBbA), Tte.
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MpakTUYeCcKu BABOE. Tem He MeHee, akycTuueckas 3PGeKTUBHOCTh AD B MOMENIEHUH
BCETJa HWXE, YeM Ta K€ B CBOOOIHOM 3ByKOoBOM mnoje. [laxe, ecnu @29 = 0,5
(IpakTUYEeCKu MaKCUMAJbHO JOCTHXKMMas BEJIMYMHA B MPOU3BOJCTBEHHOM IIEXY),
aHAJIOTMYHBIA paccMaTpuBaeMoMy AD HMMeEeT 3HaYeHUE aKyCcTUuecKou 3(pPEeKTUBHOCTH
Ha 2-4 n1b (3 1bA) Huxe.

2. Pacnonoxkenne AD B nmoMeleHNH. Tak Kak B JIIOOOH TOYKE MOMEIIECHUS
MMEIOTCSL COCTaBJSIONIME Kak mpsimoro 3Byka MWII, Tak W OTpakeHHOro OT
MMOBEPXHOCTEN ITOMEIICHUSI, BAXKHOM XapaKTEPUCTUKOM SIBISETCA TPAHUYHBIA pajinycC
WK paanyc peepOepaluu — YCIOBHAasl T'PaHUIIA, I1I€ BKJIAJ MPSIMOTO U OTPAKEHHOTO
3BYKa MPUOIU3UTENBbHO OJuHaKoB. HeoOXoauMo cTpeMuThes pacrnonararb AD, a Takxke
JOKalMI0 OOBEKTa 3allMThl OT ImyMa Ha paccrosiHuax ot I, koTopele MeHblie
BEJIMYMHBI TPAaHUYHOTO pajauyca. B ciiydae pacnonoxeHus oOBbEKTa 3alluThl 3a
npenenaMy TPaHUIHOTO paanyca d3hPekTuBHOCTE AD CHIKaeTcs HEe MeHee ueM Ha 2-4
nbA.

3. IIpoexTupoBanue AD. DddexTuBHOCTE AD BO3pACTAET C YBEIMYCHHEM
pasmepoB AD. Bospactanume 1iomaau AD  BIBOE HE MEHEE UYeM Ha
3-4 nbA yBenuumBaeT ero akyctuyeckyro dddekruBHOCTh. OObluHO AD,
YCTAHOBJICHHBI HA OMOPHON MOBEPXHOCTH, UMEET 3 CBOOOMHBIX pedpa. YCIOKHEHHE
dbopmbl AD nyTeM NpUMEHEHUs, HapuMeEp, HAJCTPONKA Ha CBOOOTHOM pedpe, Takke
yBennuuBaet 3ppekruBHOCT AD Ha 2 AbA. DddextuBHocTh 1'-00pazHoro AD Ha 1
nbA Bbime miockoro, 3ddextuBHOCTH [l-00pasHoro — Beime Ha 3 1bA, a
3¢ (HEeKTUBHOCTH MOTY3aMKHYTOTO — BbIlie HA 6 NBA, [IpuMeHeHne 3ByKOMOTIONEHUS B
koHcTpykuun AD (3IIM pacrnionoxeH Mo Bcedl MIOCKOCTH AD) YBEIMYHMBAET €ro

aKycTH4IecKyo 3 pekTuBHOCTH 10 2 1BA,

4.8 Anipodaumsi npeaI0KeHHBIX PellleHUii HA MPaKTHKe

C 1enpio MPOBEPKHU pa3paOOTAHHBIX PEKOMEHAINN IJIsi CHIDKCHHS IITyMa B TIeXe
MEeTaII000pabOTKM Ha paboueM MecTe clecaps MeXaHOCOOpPOUHBIX padoT ObLIH

BBIITOJIHEHBI CJICAYIOMIUC MCPOIIPUATHUS 110 ITYMO3AaIUTC!
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— YCTaHOBKAa OIBITHOTO aKyCTHYECKOrO0 JKpaHa B paboueld 30HE ciecaps
MexaHocOopouHbIX pador (Pucynok 4.14) takum o6pa3zoM, uToObl AD HaxoIWJICAd B
30HE€ MPAMOrO W OTPAKEHHOIO0 3BYKa OT MPEBAJUPYIOIIEr0 HCTOYHHKA IIyMma
(kommpeccop), T.€. Ha paccTossHUU R < 2rpp;

- YCTaHOBKA MO BCEH MJIOIIAIN MOTOJKA [1€Xa MTY4YHbIX (()yHKIIMOHAIBHBIX)
3Bykonornotureneit (Pucynok 4.15).

OO6mmii Bux AD noka3aH Ha pucyHke 4.14. [1-oOpa3sbiit AD pazmepom 2,5x4 M
M3rOTOBJIEH U3 METAJUIMYECKUX MaHENe CO 3BYKOIOIJIOIMIEHUEM, YCTAHOBJIEH Ha MOJy

nexa.

]

N
~

~
\

R

Pucynok 4.14 — Cxema 1niexa MeTamuioo0paboTKu ¢ ycTaHOBIEHHBIM AD U (oTo
pabouero Mecra ciecaps MEXaHOCOOPOUYHBIX padoT:
1- I (kommpeccop), 2 — AD, 3 — 11ex MeTaioo0padboTku, 4 — 3alIUIIaeMoe
pabouee mecto, 5 — pabouasi 30Ha cliecapsi MEXaHOCOOPOUYHBIX padoT, 6 — CKIaACKast
30Ha, 7 —30HA OMepaTopa KOHTPOJIbHO-U3MEPUTEIBHOTO IPHOOpa, 8 — paboune

mKaQbl

N3mepenus mymMa npoBOJUIUCH Ha paboueM MecTe cliecaps MeXaHOCOOPOUHBIX

paboT, KaK 10 YCTAaHOBKH, TaK M MOCJE YCTAHOBKH AD TIpH B CIEAYIONHUX YCIOBUIX B
o —1000
[[EeXy: CHaJyaia IeX He UMeJl aKyCTHUYeCKOU o0paboTku ( &, coctaBuio (,2), mocie

. —1000
aKyCTUYeCKOW 00paboTKH 1iexXa 3HaueHue & ,, cocTtaBuio 0,4.
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Pucynok 4.15 —Bua mityqsoro (pyHKIIMOHAJIBHOTO) 3BYKOIOTJIOTUTEIIS

Jlnga  yBenuyeHHs 3BYKOIIOTJIOIIEHUS ObTM  BbIOpaHbl  IITYy4YHBIE
(byHKIIMOHAJIBHBIE) 3BYKOIMOTJIOTUTENH, BBIOOP OBUI OOYCIOBIEH YyIOOCTBOM HX
pa3Mmenienns. KonMyecTBO IITYYHBIX 3BYKONOTJIOTUTENEH, HEOOXOIUMOTO ISt
JIOCTH)KEHHS aKyCTHUECKHX XapaKTepPHCTUK TIOMEIICHUs I[eXa 10 BBIOpaHHOMY
KPUTEPUIO  ame —=0,4; ompeseneHo pacyeToM. JlaHHBIE W3MEPEHHH BpEMEHH
peBepOepalii B LEXE, a TAKKE BBIUMCICHHBIE 3HAYEHUS CpeaHero ko3(guuueHTa

3BYKOIIOIJIOIIEHUS] TOMEILEHUs TpuBeeHbI B Tabnuue 4.10.

Tabmuma 4.10 — JlaHHble U3MEpPEHUN M PaACUYETOB B II€X€ METALIO00pAOOTKH 10 U

MOCJI€ aKyCTUYECKON 00pabOTKH

5 HN3mepennsie (T, ¢) U BbIYNC/IEHHBIE (':Ilmm , Trp, M)
Tatibl . napaMeTpbl B OKTaBHBIX 110J10CaX €O
aKYCTHYECKOM ITapamerp
cpeaHereoMeTpuYeCKMMHU YacToramu, I'y
o0padoTku
125 | 250 | 500 | 1000 | 2000 | 4000 8000
T,c 1,34 | 1,12 | 1,07 | 1,02 | 0,99 | 0,92 0,8
Jo
o. 0,13 | 0,15 | 0,15 | 0,16 | 0,16 | 0,18 0,2
monM
T,c 0,551 0,53 | 04 0,3 0,28 | 0,28 0,21
ITocne
@ om 0,14 | 0,25 | 0,33 | 0,43 | 0,47 | 0,58 0,6

Heo0XonuMoO BBINOJHUTE aKyCTHYECKYH0 OOpabOTKy MOMELIEHUs, YTOOBI €ro

) —1000
aKyCTUYECKHE CBOMCTBA COOTBETCTBOBAIM BBHIOPAHHOMY KPUTEPHUIO Ty, —=0,4. BbiOop

yyciia (PyHKIMOHAJIBHBIX 3BYKONOIVIOTUTENIEH OIpPEAENIeH, HCIOJIb30BaB MacCHOPTHHIE
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JIaHHble KO3(puIMEeHTa 3BYKOIOIVIOMIEHUS 3ByKomoriotutens Ha dactote 1000 I'n

paBapie 0,8. UYwucino mornorureneir pasmepom 1,6x0,6 M, HEOOXOIMMBIX s

BBIITOJIHEHUSI TIOCTABJIEHHBIX yciIoBUM, coctaBuwio 80 mrT. IIpoBepka mpaBHUIIBHOCTH

MOJIyYEHHBIX 3HAaYeHUW mpuBeneHa B Tabn. 4.10, rae mpeacTaBieHO BBIYMCICHHOE
—1000

3HAQYEHUE KPUTEPUS o, — 0,43, UTO COOTBETCTBYET BBIOPAHHOMY KPHUTEPUIO

—1000__
oo —0.4.

BbrunciieHHOE 3Ha4YeHHME TPaHUYHOro paauyca (Irp) I IMOMELIEHUs Lexa

cocTaBwio I'p, = 1,8 M, pabouee MECTO HAaXOIUTCA B 30HE MPAMOIO M OTPAKEHHOTO

3BYKa.
Y3/, nb
U
85
4
80
75 |
3
70 2
65 1
60 -

125 250 500 1000 2000 4000 .%000
S I

Pucynok 4.16 — CnekTpsl iryMa Ha pabodyeM MecTe ciiecapsi MEXaHOCOOPOUHBIX
paboT no ycrtanoBku AD (4) u ocie (1,3):

1 — cnekTp mryma Ha pabouem mecte, AD yCTaHOBIICH, BHIIOJHEHA
—1000
aKycTthueckasi 00paboTka 1nexa (&gy,, —0,4), 2 — HopMa 1ryma [2], 3 — yCTaHOBIIEH

AD, akycTHueckast o0pabOoTKa HE BBIITOJIHEHA (Ei,i? 0=0,2), 4 — crexTp myma Ha
pabouyeM mecte 0e3 AD
3HaueHHUd MOJYyYEHHBIX YPOBHEM 3BYKOBOIO [aBJIEHUS B CpPAaBHEHHUU C
nercTByomuMu HopMamu [1] mpuBenensl B Tabimie 4.11 u moka3zaHbl Ha PUCYHKE

4.16, a B Ta0bime 4.1
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Tabmuma 4.11 — H3MepeHHble CHEKTphl IIlymMa Ha pabodyeM MecTe cliecaps

MEXaHOCOOPOYHBIX PabOT B CpaBHEHHH C HOpMaMmu 0e3 AD u ¢ AD

Y3/, nb,
IIpumensiemblie
B OKTaBHBIX 0JI0CAX CO Y3,
Ne | cpemcTBa 3amIMTHI
cpeHereoMeTpU4eCKUMH YacToTamu, I'n abA
OT IIymMa

63 | 125250 | 500 | 1000 | 2000 | 4000 | 8000

CpencrtBa 3amuThI

1 OT mryma 74 | 80 | 84 | 86 | 87 88 86 82 95
OTCYTCTBYIOT

VYcranosieHn AD,
aKyCTHYECKas

2 00paboTka - 176 |77 178 79 | 79 | 76 | 72 85

OTCYTCTBYET
—1000

(HI'II:IM :092)
VYcranosieHn AD,
BBITIOJTHEHA
3 aKycTh4ecKas - |73 074172 72 | 69 | 66 | 64 76

—1000
o0paboTka (g, =
0,4)

4 Hopwmel myma 95 | 87 | 82 | 78 | 75 73 71 69 80

Takum oOpa3oM, OTMETHM, 4TO TMpeBbimieHUs Y3J[ Hax HopmaMu, MpuU
OTCYTCTBUHU IIYyMO3alIUThI, cocTtaBuio 2-15 n1b B auanazone wactot 250-8000 I'm (15
nbA), T.e. B 3 pa3a no cyObeKTUBHOMY ONIYIIIEHUIO TPOMKOCTH. [Ipu ycranoBke AD B
aKyCTUYECKH HEOOpabOTaHHOM TOMEIICHUN (E,:fb? 0=0,2) myM Ha paboueM MecTe
cum3uicsa Ha 2-10 nb B nuanazone yactor 125-8000 I't 1 Ha 10 (7bA), HO mpogomxKa

npeBbiaTh HopMmy Ha 4-6 1b (5 1BA) B wactotHoM auanazone 1000-8000 I'1.

Tabnuia 4.12 — 3HayeHus: NPEBHIIIEHNUS HOPM MPU PA3JIMYHBIX BAPUAHTAX YCTAHOBKHU

LIYMO3ALHUThI
IIpumensiemblie IIpeBbiieHus HOPM, Ab, MpeBbi-
No cpeacrsa B OKTaBHBIX I10J10CaX CO LIeHHe
3alUTHI OT cpeHereOMeTpu4YeCKMMH YacToramu, I' 1BA ’
nyma 63 | 125|250 | 500 | 1000 | 2000 | 4000 | 8000
Cpencrtpa
1 3alUATBI OT
myma - - 2 8 12 15 15 3 15
OTCYTCTBYIOT
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[Tponomkenue Tadbmuisr 4.12

YcTaHoBIICH
AD,
aKycThuecKas
00paboTka

OTCYTCTBYET
—1000

(arl'Il:I M :092)
YcTaHoBIICH
AD,
BBITIOJTHEHA
3 aKycThueckas | - - - - - - - - -
00paboTka

OOMEIEeHU N
—1000

JI’IDM - (094)

—1000
Ilocne mpoBeeHUs aKycTUUeCKoi 00paboTky nomemenus (¥non =0,4) npu Tom

xe AD nononHutenbHoe cHkenue Y3J[ cocraBuna 7-20 nb (19 abA). Takum
oOpazoMm, AD B akycTudecku oOpaboTaHHOM mnomenieHun cHuzuia Y3J[ va 7-20 ab, a
¥3 na 19 nBbA. llym Ha pabGoyeM MecTe ciecaps MeXaHOCOOpPOUHBIX pPaboOT B

IMPpOU3BOACTBCHHOM IIOMCIICHUHW CHHXKCH 1O HOPMBI.

BbIiBOABI IO IV1aBE

1. JI1s1 ipoBeIeHUsT UCTIBITAaHWM OBLI CO37IaH OMBITHBIM CTEH, COCTOSIIUMN U3
Habopa AD pa3nuyHBIX MO IUIOWAAU, (opMe, 3BYKOMOMIOIIEHUIO, B COBOKYITHOCTH C
WCKYCCTBEHHBIM  HCHANPABICHHBIM HCTOYHUKOM 3BYKa IIOCTOSHHOM 3BYKOBOU
MOIIHOCTH W anmaparypoul mis wusMepeHuid 3HaueHud Y3/, Y3 wu Bpemenu
peBepOepaiuu B noMenieHusx. VcnbiTanus mpoBOJUINCH B CBOOOJHOM 3BYKOBOM IOJIE
MU B ONBITHOM IIOMEIICHUH C PA3JIMYHBIMU  33J1aBa€MbIMM  AKyCTUYECKHUMHU
XapAKTEPUCTUKAMMU.

2. Ha ocHoBanuu peiictByromeid HTJ[ Obuta  paspaborana meToauka
ucnbpITaHUH AD B CBOOOAHOM 3BYKOBOM TIOJIE W B TIOMEIICHUM, COJAeprKalias
pacroyiiokeHue u3MepuTenbHbix Touek U AD. Touka u3mepeHuil 1 pacnonokeHa Ha
paccrostnuun 0,5 M (B 30He TiyOoKkoil akyctuuecko TeHu AD) B cepeauHe AD,

pasmenieHue AD B 30HE JEUCTBUA NPSIMOIO M OTPAXKEHHOIO 3ByKa, TOYKa 2 Ha
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paccrostHuu 2M oT AD B 001acTU OTpa)KEHHOro 3ByKa. McmbiThiBanuch AD Tpex
tunopasmepoB (1x1 Mm; 1,5x1,5 m; 2x2 M), minockux, I'-oOpa3ubix, [1-o0pa3HbIX u
MOJIY3aMKHYTBIX ¢ HaHeceHHBIM 1o miomaau AD 31IM u 6e3 3IIM. Bce usmepenus B
Toukax | W 2 MPOBOAMINCH KaK C YCTaHOBICHHBbIM AD, Tak u 0e3 Hero. HcmbiTaHus
MPOBOJIUIIUCH B CBOOOTHOM 3BYKOBOM I10JI€ U B ONBITHOM MOMEIICHUH. AKYCTHUUECKHE
CBOMCTBA ONBITHOTO MOMEIIECHUS OMPENENsUIUCh PacuéTOM Ha OCHOBAHHUU PE3YyNIbTATOB
U3MEPEHUN BpEeMEHM peBepOepali MNpH Pa3IUYHOW SKBUBAJICHTHOW IUIOWIAIUA U
IJIOIIAIM 3BYKOTOTIIONIEHUS, MaTepuai JUisl aKyCTUUECKOW 0OpabOTKU MOMEIIEHUT —
MUHEpalibHas BaTra. B KauecTBe KpUTEepHsi 3BYKOMOMIOMIAIOMIUX CBOMCTB OMBITHOTO
MOMEIIEHUS MCTOJIB30BAJICS CpeaHeill Kod(P(UIIMEHT 3BYKOMOMIONIEHUSI B MOMEIICHUU
Ha uwactore 1000 T'm (@oeo®). Dramsl aKyCTUYECKOW OOpaOOTKU HCIMBITATEILHOTO
TIOMEIIEHHS (M3MEHEHHUE e ) TPOBOIMINCH CIETYIONIMM 00pa3oM - 3Tamn 1: cpeHnmii
ko3dduiuent 3BykonomiomieHuss paBeH 0,2; ostan 2: cpenHuid ko3 PuUIUEHT
3Bykonoroienus paseH 0,3; satan 3: cpeaHuit K03QpUIIMEHT 3BYKOMOMIONIECHUSI PABEH
0,4; u otan 4: cpeauuii K03GhPUITMEHT 3BYKOMOMIIONMICHHS MOMEIeHus goBeaeH 10 0,5.

3. Pesynbrarel ucnbiTaHuit AD B 00nacTH MPSIMOrO 3ByKa MMOKa3ad
cinenyromee. [ns AD paznuuHbix pa3MepoB B Touke 1 (B 30HE MIyOOKON aKyCTHYECKOU
tenu AD) nonyueno: mias AD 1x1m sddexrtuBHocts 3-17 n1b, B Auana3oHe 4actor —
125-8000 Tu (8 mbA); 1,5x1,5m »sddextuBnocts 4,5-20 nb (12 nbA); 2x2
s dexruBHocTs 6-23 b (15 nbA); oTMedyeHa 3aKOHOMEPHOCTh — MIPU KaXIOM
yaBoeHun 1omanan  AD  addextuBHOCT, Bo3pactaeT Ha 3 1bBA. 3Hauenwue
sdpdexkruBHocTH AD B TOouke 2 Ha 2 ab (nBA) HuMke u3-3a yMEHBILECHUS YIJia
mudpakinuu. Caenyomui mo 3Ha9uMocT (HaKTop, BAUSIOMUN Ha 3D PeKkTuBHOCTD AD,
— ero hopma. DddexTuBHOCTh [-00pa3ubix AD Ha 1-2 nb (1a1BbA) BeIIIe, YeM TIOCKUX
[T-o0pa3nbrx, Beime Ha 2-4 1b (3 1bA), a momy3aMkHyTHIX BbIitie Ha 5-7 n1b (6abA). U,
HaKOHEI, MPU HAHECEHUU Ha IUIOCKOCTh AD 3ByKomnoriomaruux Marepuaion (311IM)
ero 3gheKTUBHOCTH Bo3pacTaet Ha 1-3 b (B cpennem, Ha 2 nBA).

4. I[Ipu pacnomoxkenuun AD B  NOMEUIEHUH, €ro  aKyCTUYECKYIO
3¢ (PEeKTUBHOCTH, B MEPBYIO0 OYEPE/b, 3aBUCIT OT aKyCTHYECKHX CBOMCTB MOMEIICHUS,

OTpeAeNsIeMbIX BBIOPDAHHBIM  KpPUTEpHEM 3HAUYCHUS cpeaHero KodddummeHTa
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3BYKOITOTTIONIEHUS (Tame ). BBIIN BBIONHEHH! HccTen0BaHus dGhekTuBHOCTH AD TIpH
MO3TAITHOM WM3MEHEHMHU mnocieanux B npeaenax ot 0,2 go 0,5 gjias Tpex TUIIOpasMepoB
AD. Tak g AD c pazmepom 2x2 M nipu yBenudeHuun ot 0,2 1o 0,3 >3pdhekTuBHOCTD
AD yBennuuBaercs Ha 1,5-2,5 nb (2nbA), npu yBennyenuun @29 10 0,4 na 3,5-5,5 1b
(5nbA); npu yBenuuennu a0 0,5 wa 5-8 nb (9 nbA). AlGcontoTHbie 3HaYeHUs
aKyCTHUYeCKol 3(pMEKTHBHOCTH AD 2X2 M NPU PA3INUHBIX Tawe  COCTABUIM: NPH
@ = 0,2 adpdextuBHOCTb 1,5-6 0B (5 1BA); pu @oene© = 0,3 3ddexTuBHOCTD 2,5-11
1b (7,5 nBA); npu @ase® = 0,4 sddexruHOCTD 3,5-16 1B (10 1BA); Ipu Tame © = 0,5
s dexTuBHOCTS 4,5-20 1B (12 nBA). TakuM 06pa3oM MPU KAKIOM YBETUUCHUU Woamne
Ha 0,1 addexkruBHOCTE AD Bo3pactana Ha 2-2,5 n1bA. Ha ocHOBaHMHM BBHITIOTHEHHBIX
AKCIIEPUMEHTOB JJIsl BCEX TUIOpa3MepoB AD MOIyUYEHbI 3HaUCHUS TOMPABOK B (hOpMYITy
pacuérta 3 GEKTUBHOCTH AD B 3aBHCHMOCTH OT Tane .

3. Pa3paboranbl pekoMeHAAIMU MO MNPOCKTUPOBAHUIO U YCTaHOBKE AD B
MPOU3BOACTBEHHBIX TMOMEIICHUAX, BKIIOYAIONIME: O005S3aTelbHYI0 aKyCTHUYECKYIO
00paboTKy mNOMeIIeHUl, Tae pacnoyiaraitrcss AD, CBI3b MecTononoxeHus AD ¢
BEJIMYMHOM TPaHUYHOTO paauyca (paauyca peBepOepaluu), a Takke NMPUMEHEHUE B
KOHCTPYKIMU AD 3J€MEHTOB, YBEIIMUUBAIOIMINX €ro 3P(HEeKTUBHOCTH (pa3Mepsl, hopma,
3MII).

6. BoinonHena anpoOanusi NpeyioKEHHBIX PEUICHUN: B MPOU3BOACTBEHHOM
MoMenieHuu (B exe Metaimoo0paboTku) ycrtanosieH [1-o6pa3ubiit AD pasmepom 2,5x4
M JJIsl 3alIUThl OT IIymMa paboyero mecra cliecapss MexaHocOOpouHbIx pador. bez AD
myM mnpeBblan HopMbl Ha 2-15 nb (15 abA), mpu ycranoBke AD B 1exe 0e3
aKyCTHYECKOW 00pabOTKM CHUKEHHE ITyMa Ha pabodyem mecte coctaBisuio 7-10 nb (10
nbA) u mym npesbiman HopMbl Ha 4-6 1b (5 nBA). Ilpu Tom ke AD u akycTUuecKoOu
00pabOTKEe MOMEIMIEHUS (oo —0,4) YpPOBHH 3BYKOBOTO JaBIEHHS IOIOJHUTEIHHO

cHkeHbl Ha 3-10 nb, a ypoBHM 3Byka Ha 9 nbA, mrym B HOpME BO BCEM YaCTOTHOM

IAarna3oHe.
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3AKIIOYEHUE

1. N3mepenus: miyma ObUIM TPOBEAEHBI Ha pabOYMX MecTax U B pabodmux
30HaX 4YEeThIpEX MPOU3BOJCTBEHHBIX mpeanpusitTuii B ropoaax: Cankt-IletepOypr,
MockBa, Ilepmb. Bcero Obuio oOcnenoBano 22 NPOU3BOJICTBEHHBIX — II€Xa,
MPOU3BOJICTBEHHBIX yYacTKa M MPOU3BOJCTBEHHBIX JIMHHUMI, U3MEPEHUsI MPOBEJACHBI B
435 usMeputenbHbIX Toukax. [Ipu ananmuze OBLIO YCTAHOBJIEHO, YTO AKBUBAJICHTHbBIC
YPOBHM 3BYKa HE MPEBHINIAIOT HOpMY npumepHo Ha 10% pabounx mect u B pabouux
30HaX, B 70% mnpeBbimienns myma g0 10 nbA, a B 20% 3apeructpupoBaHbI
cyiiecTBeHHbIe npeBbiieHus ot 11 go 22 nbA. Takum oOpa3zom, npodiiemMa 3alIuThl OT
rymMa Ha IpeAnpUsITUSX ATOM OTPACIH SABIISIETCS aKTyaJlbHOM.

2. AKyCTUYECKHE CBOWCTBA MOMEUIEHUW IPOMBIIUIEHHBIX MPEAIPUATUI
ObUIM M3y4YeHBbl HAa OCHOBAHUU AKCIECPUMEHTAJIBHBIX HCCIEIOBaHUN 22 TOMEIICHUI
(1exoB W MPOU3BOACTBEHHBIX YYACTKOB), NIl KaXXJOTO U3 KOTOPBIX ObLIM BBIMOJHEHbI
M3MEpEHUsT BPEMEHU peBepOepanmu, a TAaKKe BBIYHUCICHUS CpenHero koddduimeHTa
3BYKONOIVIOIIEHHS] U TPAHUYHOIO PaJInyCca B OKTaBHBIX MOJ0CAX YACTOTHOTO JAUAana3oHa
125-8000 I'i. Usmepennblie 3HaueHus: BpemeHu peepOepauuu coctapuin ot 0,8-0,5 mo
2,3 — 1,3 c. BplunciieHHbIE 3HAUY€HHSI CPEIHEr0 Ko3(PQUIMEHTa 3BYKOHOIIONICHUS
HaxoauTcs B auarnaszone 0,1 — 0,2, 910 3HaYUTENIBHO CHIKAET d(PPEKTHBHOCTD CPEACTB
IIyMO3alIUThl, YCTAHABIMBAEMBbIX Ha NYyTH pacrpocTpaHenus 3Byka ot HUII no
pabouero mecTa win pabodeil 30Hbl, B YaCTHOCTH, aKyCTUYECKUX SKPAHOB.

3. [Ipennoxxena kimaccupuKamus aKyCTUUYECKUX CBOWCTB MPOU3BOJCTBEHHBIX
TIOMEIEHNH B 3aBUCUMOCTH OT 3HAYEHHS MPEIIOKEHHOTO KPUTEPHS o~ U XapaKTepa
3BYKOBOTO IO B TMOMENIECHHH: | Kmacc: (@aew® < 0,2), 3BykoBOe moie auddysHoe,
MOMEILEHHE TYyJIKOe, Kakoe-Tu0Oo 3BYKOIOMNIOIIeHHWe orcyTcTByer; Il Kimacc:

—1000
@m0 = 0,3), 3BykoBoe moje kBazuaud@y3Hoe, momenieHue obraagaer ciadbiM

— 1000
3pykonornomenunem; Il kmace: (@n.,. = 0,4), 3BykoBoe mone KBazuauddysHoe,

—1000
nomenieHrne o0OpyI0BaHO 3aMETHBIM 3Bykomomiomenuem; 1V knace: (@, = 0,5),



114
3BYKOBOE MoJjie cinabonuddysHoe, noMeneHne 000pyIoBaHO MAKCUMAJIBHO BO3MOKHBIM
3BYKOIIOIJIOILIEHUEM.
4. Pacuér mo ¢dopmynam, mnpeacTaBI€HHBIM B OCHOBHOM HOPMAaTHBHOM
JOKYyMEHTE, TMOKa3all HEMPUEMIIEMOE OTKJIOHEHUE PACUETHBIX JIaHHBIX OT JaHHBIX
skcriepuMenTa. B momemenusix ¢ omuum (wiu npeBanupytomum) UII npennoxkeno

paccMarpuBaTh TpPU OOJacCTH 3BYKOBOTO TMOJSI HA PACCTOSHUSIX I, CBA3AHHBIX C

IpaHUYHBIM paanycoM Irp: I — mpsmoii 3Byk (I < 0,5Ir), II — npsamoii U OTpaskeHHBII

3ByK (0,51, < I < 2Iyp), Il — orpaxkennsiii 3ByKk (I' = 2Ip), a pacueT AD BBIOJHATD B

3aBucuMocTH HaxoxaeHus: PT B ogHoil u3 obnacteit.
3. [Tonyuena ¢popmyna ang pacu€toB AD B 00JaCTU NPSIMOTO U OTPAKEHHOTO

3ByKa, riae 3(PQPeKTUBHOCTh AD 3aBHCUT OT pPACHOJIOXKEHHS €ro B MPOCTPAHCTBE,

v IR
BBICOTBI AD, €ro 3BYyKOIOTJIOIIAIOIINX CBOWCTB, KO3 duimenta 1udpakuuu [ m{gp u

AKCHEPUMEHTAIBHBIX MOMPABOK HA BIUSHHUE OTPAXKEHHOT'O 3BYKAa B MOMEIICHUU U Ha
BrusHue Gopmbl AD. JlJist 3ByKOBOIrO MOJst B 00JACTU OTPAKEHHOTO 3BYKa MOJIyYEHa
dbopmyna st pacu€toB AD, B KOTOPOil, MIOMUMO BBIIIEYKA3aHHBIX MapaMEeTPOB, TAKKE
BKJIIOYEHBI TMapaMeTpbl, MOKa3bIBAIOLIUE TMOTJIONIaoe (OTpa)karoliue) CBOWMCTBA
noMemeHu (cpeauuii ko3 PUIIMEHT 3BYKOIOIJIOMICHUS, SKBUBAJCHTHAs ILIOIIAb
3BYKONOTJIONIEHUSI U KO3 duiureHT aud@y3HOCTH 3BYKOBOTO IMOJIsI), KaK 10, TaK U
nocie ycraHoBku AD). DKcnepuMEHTallbHas MpoBEpKa IoKazaida MNpUEMIIEMYIO
TOYHOCTb PE3yJIbTATOB, MOJYYEHHBIX PACUETOM IO JBYM MPEIIOKEHHBIM (POpPMYIIaM.

6. J{1s1 ipoBeieHUs UCTIBITAHWM OBLIT CO3/1aH OMBITHBIM CTEH, COCTOSIINN U3
Habopa AD pa3nMYHBIX MO IWIOMAaAH, (GOpPME U TIP. B COBOKYMHOCTH C UCKYCCTBEHHBIM
HEHANPABJICHHBIM HMCTOYHUKOM 3BYyKa [OCTOSHHOW 3BYKOBOM MOIIHOCTH H
anmnapatypord nns usMepenuit 3Havenuit Y3J[, Y3 u BpemeHu peepOepanuu B
nomenieHusx. VcnblTaHus NpOBOJUIUCH B CBOOOJHOM 3BYKOBOM I0JIE M B OMNBITHOM
NOMEUIEHUHA C Pa3JIMYHbIMU 33/1aBa€MbIMH  aKYCTHYECKHUMH XapaKTEPUCTUKAMU.
HcnerteiBanmuce AD Tpex tunopasmepos (1x1; 1,5x1,5; 2x2), mmockue, I'-o6pa3neie, I1-
oOpa3Hbie W MOJy3aMKHYThIe ¢ HaHeceHHbIM mo rromanu AD 3IIM u 6e3 31IM. B

COOTBETCTBHH C MPEIOKEHHON KiIaccupUKaIKen aKkycTruueckas o0paboTka OMBITHOTO
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MOMEIIEHUsI MPOBOAWIACHE B 4 3Tama: B 3aBUCUMOCTH OT 3HAYEHUS BBIOPAHHOTO
KpuTepus T =0,2; 0,3; 0,4; 0,5.

7. Pe3ynpraTel ucnbiTanuii AD B CBOOOJHOM 3BYKOBOM MOJI€ MOKA3alld, YTO
s AD pa3nuyHbBIX pa3MepoB B Touke | (30Ha TIIyOOKOM aKyCTHYECKOM TEHH)
nonyuyeHo: 1xIm — sdpdextuBnocts 3-17 nb, B amanazone yactor — 125-8000 I'my (8
nbA); 1,5x1,5m — adpdextuBnocts 4,5-200b (12 n1bA); 2x2 — adpdextuBnocts 6-23 nb
(15 nbA); oTmedyeHa 3aKOHOMEPHOCTb — IMPU KAXKJIOM YJIBOCHUM Momagu AD
a¢pdexTuBHOCT, BO3pacTaeT Ha 3-4 nbA. 3HadueHue 3¢GPEKTUBHOCTH B TOYKE 2
ctabuinbHO Ha 2 1b (1BbA) Huke u3-3a ymeHblieHus yria gudpakiuu. G PeKTHBHOCTD
I'-06pa3ubix AD Ha 1-2 n1b (1n1BA) BbIie, yeM miockux [1-o6pa3Hbix, Boilie Ha 2-4 1b
(3 n1BA), a monmy3amMKkHyTHIX Bbilie Ha 5-7 nb (6abA). W, HakoHel, npu HaHECEHUU Ha
WIOCKOCTh  AD  3Bykomoriomawmux wMatepuanoB (3[IM) ero 3ddexTuBHOCTH
Bo3pactaet Ha 2-3 1b (2 nBA)

8. Ecim  AD pacnoiokeH B TOMEIIEHHH, TO €ro akKyCTUYECKYIO

3¢ PEKTUBHOCTD, B IEPBYIO 0YePE/ib, ONPEACIISIOT aKyCTHISCKUE CBOMCTBA TIOMEIIICHUS

@ op - DBUTH BBITIOJIHEHBI MCCIIEOBAaHUSI M3MEHEHHsS 3PPeKTHBHOCTH AD U CTENEHH

BIUAHUS Ha 3P(HEKTUBHOCTh AD aKyCTHYECKHX CBOMCTB momerneHus. Tak nus AD c
—1000

pazMepoM 2X2 M MpU YBEIMYEHHH &, OT 0,2 no 0,3 sdpdexruBocts AD

yBenuuuBaetcs Ha 1,5 — 2,5 nb (2 nbA), npu yBenuueHuu Eifb? ® 1o 0,4 na 3,5—-5,5 nb

(5nBbA); npu yBenuyeHuun E&fb? ® 1o 0,5Ha 5 — 8 n1b (9 1bA). AGcontoTHBIE 3HAYEHUS

. 000
akyctuueckoil appexktuBHOCTH AD 2x2 M NpU Pa3AUYHBIX ., COCTABWIU: MpHU

—1000 —1000

Ao = 0,2 3ddextuBrocts 1,5-6 nb (5 nbA); npu @,,,, = 0,3 abdexTuBHOCTS 2,5 —

—1000

11 nb (7,5 nbA); npu a_,, = 0,4 sddexruBrocts 3,5 — 16 nb (10 nbA); mpu

Eif,'b? =05 spdextuBnocTs 4,5 — 20 nb (12 abA). Takum oOpazoM Tpu KaXIOM

—1000
YBEIMYEHUH .., Ha 0,1 sddextuBHocTr AD BO3pactama Ha 2-2,5 nbA. Ha
OCHOBAHHWH BBINOJHEHHBIX 3KCHEPUMEHTOB JII BCEX TUIOPa3MEPOB AD MOIy4YEHbI
3HAQYEHHUS] TIOMPABOK B MPEMIOKEHHYIO (opmyny pacuéra sddexktuBHOCTH AD B

IIOMCIIICHUH.
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0. Pa3pabotanbl peKOMEHIAlMKU 1O MPOCKTUPOBAHUIO M yCTaHOBKE AD B
MPOU3BOJICTBEHHBIX TMOMEIICHUSX, BKIIOYAIONINE: O00S3aTENbHYI0 aKyCTUYECKYIO
00paboTKy mMOMeENIeHUM, Tae pacnonaratorcsi AD; CBA3b MECTONMONOXKEeHUs AD ¢
BEJIMYMHON TPaHUYHOrO pajuyca (paauyca peBepOepaluu), a TakkKe NPUMEHEHUE B
KOHCTPYKIIMU AD 3JIEMEHTOB, yBEIUYUBAIOIUX ero 3¢ (PeKTuBHOCTH (pa3mepsl, popma,
3MII).

10. BemonHena anpoOauusi MNpeaoKeHHbIX pemeHui: I[I-oOpasznbii AD
pasmepom 2,5x4 M yCTaHOBJIEH B lLIeXe METaI000pabOTKM Ha paboueM MeCTe ciecaps
MeXaHOCOOpOUHBIX paboT. be3 AD mym npesbiman HopMbl Ha 2-15 ab (15 nbA), npu
ycTaHOBKe AD B 1exe 0e3 aKyCTUYecKoll o0paboTKu CHUXKEHUE IIymMa Ha pabouem

Mecte coctaBisio 7-10 a1b (10 n1BA) u mym npesiman HopMmbl Ha 4-6 n1BA (5 abA).

—1000
IIpu Tom xe AD u akyctuueckod o00paborke nomemieHus: (Fmom =0,4) ypoBHHU

3BYKOBOI'O JIaBJICHUS JONOJHHUTENBHO CHWXEeHbl Ha 3-10 nb, a ypoBHM 3ByKa

Ha 9 n1bA, mym B HOpME BO BCEM YaCTOTHOM JIMaNa30OHE.
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CIIMCOK COKPAILIEHUH U OBO3HAYEHUI
AD — aKyCTHYECKUU dKpaH
I'OCT — rocynapcTBEHHBIN CTaHIAPT
NI — uctoyHuk nmryma
31IM —3ByKONOrIOMAIINKA MaTEprall
HTJI — nopMaTuBHO-TeXHUYECKAS TOKYMEHTALIUS
PT — pacuernas Touka
PB — Touka u3mMepeHus BpeMeHU peBepOepalnu
CanlluH — canutapHsie mpaBuia 1 HOPMbI
CII — cBox mpaBui
TU — Touka nzmepeHus
V3] — ypoBHH 3BYKOBOTO JIaBJICHUS

Y3 — ypoBHHU 3ByKa
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Tabnuua 1 — JlaHHbIe UCTIBITAHUN ONIBITHBIX AD B cBOOOTHOM 3BYKOBOM mojie. Mukpogon Nel

Muxpodon Nel
Ne u3mepenust Tun usmMepeHus Yposnu 38yKoBoro 1asJenusi, 1b
B OKTABHBIX I10JIOCAX CO CPeJHEereoMeTPUYeCKUMHU YacToTamu, ' Y3, ibA
31.5 63.0 125 250 500 1000 2000 4000 8000
A Iv x Im 54,6 69,6 91,9 97,6 86,1 93,0 93,2 92,3 87,4 101,2
H3mepenue 1 II-o6pa3ublii AD 57,6 69,6 91,8 97,7 86,0 93,0 93,2 92.4 87,2 101,2
54,7 69,4 92,0 97,6 86,1 93,0 93,3 92.4 87,1 101,2
AD Iv x Inm 55,8 70,3 91,7 97,6 85,6 93,2 93,4 92,5 87,3 101,2
H3mepenue 2 I'-o0pa3ublii AD 55,2 69,7 92,0 97,7 85,8 93,2 93,4 92,5 87,3 101,3
57,1 69,5 91,9 97,6 85,6 93,2 93,4 92,5 87,2 101,3
A Iv x Im 55,5 70,2 92,1 97,8 85,5 93,3 93,4 92,3 87,3 101,4
H3mepenue 3 Ipsamoii AD 53,7 70,6 92,1 97,7 85,6 93,3 93,4 92.4 87,1 101,3
53,1 69,5 92,2 97,6 85,1 92,9 93,1 92,3 86,9 101,2
52,5 70,3 92,5 98,0 85,3 93,1 93,2 92,3 87,1 101,4
H3mepenue 4 CBo0oanoe moJe 53,0 69,4 91,7 97,4 84,6 92,8 92,9 92,2 87,0 101,0
54,8 69,6 92,2 97,8 84,8 92,9 93,0 92,2 87,1 101,2
A Iv x Im 55,3 70,6 94,3 100,0 87,8 93,5 93,2 92.4 88,1 102,7
H3mepenue 5 Ioxy3aMKHYTBIH 53,9 70,1 93,8 99,7 87,5 93,4 93,0 92,2 88,1 102.,4
AJ 53,4 69,9 93,5 99,6 87,5 93,4 93,0 92,1 88,1 102,3
Al Imx Im 54,4 70,4 93,4 99,3 86,0 92,9 92,3 89,7 88,0 101,7
Mony3aMKHYTBIN
AD ¢ 31IM 55,3 69,5 92,7 98,7 85,3 92,3 91,9 89,4 88,0 101,2
H3mepenue 6 N
00IIMBKOM
(BHeLIHsIs1) 55,6 69,2 92,8 98,3 85,0 92,2 91,7 89,6 87,8 101,0
53,1 68,5 91,8 97,0 85,6 91,0 91,0 85,5 83,9 99,7
Wsmepenue 7 A9 LSm x 1,5m 54.4 68,1 91,2 96,7 85,4 91,3 90,5 85,6 83,5 99,4
Ipamoii AD
56,0 68,6 91,1 96,3 85,2 91,3 90,2 85,8 84,2 99,2
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54,2 68,4 90,5 95,8 85,3 91,8 90,4 87,0 85,6 99,1
Msveperme 8 | A2 1M X LSw 55,1 67,9 90,6 96,0 85,1 91,6 90,1 87,1 86,1 99,2
I'-o0pa3ublii AD
55,1 68,4 90,3 95,8 84,7 91,5 90,2 86,9 86,1 99,0
53,4 68,0 90,6 96,3 86,1 92,1 90,6 86,8 85,8 99,5
W3mepenne 9 A 1,5m x 1,5m 51,8 67.8 90,6 96,2 86,0 91,9 90,3 86.8 86,0 99.3
II-06pa3ublii AD
51,1 67,4 89,9 96,1 85,8 91,8 90,4 86,8 85,7 992
A 1,5m x 15w 54.4 68,3 92,0 97,0 85,3 91,6 90,1 86,8 86,0 99.8
Wsmepenne 10 |  Toay3aMKHyTbIil 55,0 67,3 91,0 96,6 85,0 91,2 89,9 86,6 86,0 99,3
AJ 52,6 68,0 91,1 96,4 84,9 91,0 90,0 86,6 86,1 99,3
A 1,5m x 1,5m 54,7 69,1 91,5 96,8 84,2 90,9 91,0 86,7 86,0 99,6
Mony3aMKHYTBIN
Vsmepene 11 A3 ¢ 3IM 55,9 68,2 91,8 96,3 83,9 90,5 90,9 87,0 86,1 994
001MBKOH 55,6 67,9 91,6 96,2 83,5 90,5 90,8 87,3 86,2 993
(J/IuneBasi cTOpPOHA)
AD 1,5m x 1,5m 59,8 69,7 91,6 96,1 84,3 91,0 90,8 86,3 85,9 99,3
Hpsamoii AD ¢ 31IM
W3mepenne 12 5 57,3 69,7 90,8 95,2 83,4 90,5 90,8 86,7 86,2 98,7
O0IIMBKOM
(JInuesas cTopona) 57,0 69,2 90,3 95,0 83,3 90,6 90,8 86,8 86,2 98,6
54,7 68,8 90,5 95,8 83,9 91,5 89,6 87,6 85,8 99,0
Wsmepenne 13 | CpoGoxnoe noue 54.4 68,1 90,2 95,5 83,6 91,0 89,3 87,3 85,4 98,6
53,5 67,9 90,1 95,6 83,3 91,0 89,4 87,3 85,3 98,6
A 201 x 201 53,9 67,3 89,5 94,3 84,5 90,4 88,9 83,4 81,3 97,6
W3mepenne 14 Mpsimoii AD 56,3 67,5 89,2 93,7 83,9 90,0 88,9 83,5 81,6 97,2
55,2 67,2 89,6 93,9 83,9 90,2 88,8 83,9 81,5 97,4
54,7 67,7 91,1 96,0 85,5 91,1 87,9 83,7 84,0 98,7
Wsmepenue 15 A9 2m x 2u 56,2 69,4 90,4 95,5 84,9 90,8 87,6 83,7 83,6 98,3
I'-o0pa3ublii AD
56,1 67,8 90,8 95,7 85,0 90,8 87,5 83,5 83,3 98,4
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[Tpomomxenue Tadmuist 1

55.5 67,7 91,4 96,2 85.1 91,0 87.8 83.1 82.6 98,8

HN3mepenne AD 2m x 2m
" Ml obpaoruti AD 552 67.5 91,0 96,1 84.8 90,8 87.5 83.0 82.6 98,6
56,0 67.2 91,1 95.8 84.8 90,8 87.4 82.9 82.6 98,5
S A 201 x 201 55.8 68.5 91,6 96,7 85.1 91,3 88.4 83.8 83.0 99,2
11; IMouy3aMKHYThIi 56,6 67.6 91,3 96,7 84.8 90,9 88.1 84.0 83.4 99,0
A9 57.1 67.8 91,3 96,7 84.8 91,2 88.2 84.0 83.0 99,1
AD 2mM x 2M 51,8 67.6 91,3 96,1 83.4 89.0 88.5 82.8 82.0 98,4

Iosy3aMKHYTHIH
I/I3M(i1;eﬂne o 3T 54,0 67.3 91,1 95,9 83.3 88.6 88.5 82,7 82.1 98,2
06 BKOi 54,0 67,3 91,1 95,7 83,3 88.5 88.4 83,6 81,7 98,1
(/IuueBasi cTOPOHA)

A9 2M x 2M 54,5 67,7 90,4 94.4 83.8 89.1 88.9 83.8 81,7 97,6
Wswepenne | Tpamoii A3 ¢ 3TM 557 67.6 90,4 94.4 83.5 89.1 88.4 83.2 81,6 97,5

19 OOLIMBKOI
(lunesas cropoua) | 53,5 67.5 90,4 94,7 83.5 89.2 88.6 83.1 81,7 97,7
53,0 67.2 88.7 93,4 84.6 89.0 89.5 83.1 81,8 97,0
H?‘M‘;'(’f““e CBoGoIHOE MOTe 54,2 67.2 88.5 93,3 84.4 89,0 89,7 82.8 81,5 96,9
57.8 67.5 88.4 93.3 83.8 88.7 89.6 82.5 80,9 96,7
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Tabnuua 2 — JlaHHbIe UCTIBITAHUIN ONBITHBIX AD B cBOOOTHOM 3BYKOBOM Tojie. Mukpodon Ne2

Muxpodon Ne2
Ne u3mepennst Tun u3MepeHnst YpoBHH 3BYKOBOI0 JaBJICHHS, Ib B OKTaBHBIX I10JI0CAX CO CPEAHEreOMETPHYCCKHMH YaCTOTAMH,
I'n V3, 1BA
31.5 63.0 125 250 500 1000 2000 4000 8000
AD Inix Int 55.4 72,7 85.3 87.9 80,3 78,4 77.6 74,3 69,2 90,8
Wsmepenne 1 | T-06pasubrii AD 58.0 72,6 85,2 88.0 80,2 78.4 77,7 74,4 69,1 90,8
55.4 72,5 85.3 87.9 80,3 78.4 77.6 74,5 69,2 90,8
AD Inix Int 56,5 72.3 90,3 92,0 85.0 78.3 76,8 76,8 69,1 94,9
Wsmepenne 2 | T-o6pasnbiii AD 55,9 71,7 90,6 92,1 85.1 78.1 76,8 77.0 69,0 95,1
57.7 71,5 90,5 92,0 84,9 78,2 76,8 77.0 69,0 95,0
AD Tor x Int 56,2 71,8 94,2 98,7 87.2 78,3 77.0 78,0 69,1 99,9
Wsmepenue 3 Tpsivoii AD 54.4 72.1 94,1 98.6 87.2 78.3 76,9 78.1 69,0 99.8
53,8 71,1 94,2 98,5 86.8 77.8 76,7 77.9 68,7 99.8
53.4 71,8 94,2 101,0 96,1 89.3 93,0 94,1 88.1 103,7
Wsmepenne 4 | CpoGoanoe mose 53,7 70,9 93,5 100,5 95,6 88.9 92,8 93,9 88.0 103,2
55.4 71,1 93,9 100.8 95,6 89.1 92,8 93,9 87,8 103,4
AD Inix Int 56,7 72,7 81,8 84.5 83.0 77.1 79.1 73.1 68,3 89,0
Wsmepenne 5 | Iloy3aMKHYTHIil 55,0 72.1 81.4 84,3 82.8 76,9 79,0 73.1 68,2 88.8
A9 54,9 72.1 81,1 84.0 82,7 76,9 78,7 73,0 68,2 88,5
AD lmx Im 56,2 72,9 81,6 84.5 83.1 78,7 78.1 73.4 67,4 89,0
Iosy3aMKHYTHIH
smepenue 6 A3 ¢ 31IM 57.3 72,0 81,0 84.1 82.4 78,5 77.7 73,3 67,7 88.5
00muBKOH 56,6 71,8 81,2 84,1 82,4 77,1 77,4 72,8 67,3 88,4
(BHeLLHsIs)
54,1 70,5 90,6 92,0 79,5 81,1 76,3 74,2 69,9 94,8
Msmepenne 7 | A2 1AM x1,5m 55,6 70,1 90,2 92,0 79.4 81,2 76,3 73,6 70,5 94,5
Hpsamoii AD
57.0 70,6 90,2 91,9 79.3 81,0 76,3 73,3 71,7 94,5




135

[TpomomxeHue TabIUIbI 2

56,0 70,5 84,7 85.1 76,5 80,1 78.0 72,4 68.7 89,4
Msvepenne 8 | 22 1LSM X 1,5m 56,1 69,9 84.8 85.5 76,3 79.9 77.7 72.4 69,4 89,5
I'-o0pa3ubIiii AD
56,3 70,5 84,7 85.6 76.1 79.8 77.8 72,7 69,2 89,5
54,9 69.5 83.2 87.2 77.2 79,7 79.2 77.3 68.3 89,9
W3mepenne 9 A3 L5mx1,5m 53,2 69,5 83,0 87.3 77.0 79.3 78,8 77.1 68,2 89.8
II-o6pa3ubrii AD
53,0 68,9 82.5 87.2 77.0 79.3 79.1 77.0 68.5 89,6
i AD 15w x 15w 56,3 67.8 78.5 92,0 83.1 81,1 80.3 77.1 69.4 92,6
3Me11(’]e““e TTo.1y3aMKHYThIil 56,4 67,9 78,0 91,7 83,0 80,7 79,9 77,0 69,3 92,3
A9 54,5 67.6 78.1 91,5 83.0 80.6 79.8 77.1 69.1 92,2
AD 1,5M x 1,5m 56,7 68.6 77.8 91,9 83.2 81,1 78.8 75.3 68.0 92,4
Iosy3aMKHYTHIH
I/I3M(i1;eﬂne o 3T 57.6 67.6 78.0 90,8 82.6 80.8 78,7 75.3 67.9 91,6
06mmMBKOH 57,4 67,0 77,8 91,3 82,7 80,8 78,7 75,3 68,2 91,9
(/IuueBasi CTOpoOHA)
AD 1,5M x 1,5m 60,5 71.4 90,2 91,5 78.6 81,7 75,4 73,0 68,7 94,3
Wswepenne | Mpamoii A3 ¢ 3MM 7750 ) 71,6 89.9 91,4 78.5 81.4 75.1 72,7 68.1 94,1
12 OOLIMBKOI
(JInuesan cropoma) | 57,8 71,0 89.6 91,3 78.6 81,3 74.8 72.1 69,0 93,9
553 71,6 93,7 100,3 94,4 88,7 95.1 93.4 88.4 103,2
H?‘Mell;e““e CBoGoaHoe moJie 54,7 71,0 93.3 100,0 94,1 88.5 94.8 93,2 88.4 102,9
53,9 70,8 93.3 99,9 93.8 88.4 94.8 93.1 88.4 102,8
56.8 68,4 84.5 84.4 82,7 77.7 74.4 69,9 67.9 89,4
Wsmepenne A3J 2m X 2m 58,8 68.7 84.3 84.0 82.4 77.4 74,2 69,9 67.2 89,1
14 IIpsamoi A
58.0 68.3 84.6 84.1 82.4 77.4 74,3 70,0 67.2 89,2
57.9 66.8 77.7 79.3 81,0 75.5 71,4 69.1 67.2 85,3
Wsmepenne AJ 2m x 2 59.8 69,9 77.2 78.8 80,7 75.2 71,3 68,9 67.2 85,0
15 I'-o0pa3ubiii AD
60,1 66.8 77.3 78,9 80,9 75.3 71,2 68.8 67.3 85,0
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59.6 63.3 76,2 80.5 76.4 73.5 72.2 69.5 65,9 83,8
HN3mepenne AD 2m x 2m
" Il-ofpasimi A 59.4 63.9 76,2 81,1 76,9 74,2 72.8 70,2 66,5 84,2
58.6 64.8 76,7 81.8 77.4 74,6 72.9 70,6 66,9 84,8
Hoenene A 201 x 201 59,0 65.6 75.8 84,7 78.9 77.7 75.6 71,6 68,2 86,8
11; IMouy3aMKHYThIi 593 66.6 76,2 84.8 78.5 77.2 75.3 71,3 68.1 86,7
A9 59.9 65.6 75.6 84.6 78.6 77.4 75.4 71,3 68.0 86,6
AD 2mM x 2M 53.8 63.3 76.1 85.2 78.9 77.0 75.1 69.6 65,0 86,9
Vsmepenne | L1O1Y3aMKHYTLI 55,5 63,2 75,8 84,7 78,9 76,9 75,0 69,7 65,2 86,5
i A9 ¢ 31IM
06 BKOi 55,5 63,8 75,8 84.4 78,9 76,8 74,8 69,7 65,2 86,3
(/IuueBasi cTOPOHA)
AJ2M x2m 55.0 68.4 84.4 84.0 82.8 74,6 73.1 69,2 67.6 89,1
Wswepenne | Tpamoii A3 ¢ 3M 75 ¢ 68.1 83.9 83.4 82.5 74,3 72.1 69.8 67.2 88,6
19 OOLIMBKOI
(JInuesan cropona) | 54,1 68.0 83.8 83,4 82.4 74.4 72.0 69,7 67.1 88,5
53.8 70,6 92,5 99,3 91,8 91,6 93,2 88.6 86.8 101,8
H?‘M‘;'(’f““e CBoGoIHOE MOTe 54,9 70,4 92,3 99.1 91,4 91,4 93,2 88.6 86.6 101,6
58.7 70,7 92.3 99,1 91,6 91,4 93.1 88.7 86.4 101,6
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Tabnuia 3 — JlanHble UCTIBITAHUI ONBITHBIX AD B CBOOOJHOM 3BYKOBOM TioJie. Mukpodon Ne3

Muxpodon Ne3
N‘_’ I/I3MepeHI/IH TI/III I/I3MepeHI/IH ypOBHI/I 3ByKOBOF0 AaBJICHUSA, lIB B OKTaBHBIX FOHOC&X Cco cpenHereOMeTpnqecman JacToTaMH,
1 V3, nbA
31.5 63.0 125 250 500 1000 2000 4000 8000
AD Im x Im 54,9 71,1 89,2 92,5 79,5 73,6 76,6 72,1 66,1 94,2
Wsmepenne 1 | T-06pasmubrii AD 57,4 71,1 89,1 92,5 79,5 73,5 76,6 72,2 66,2 94,1
55,0 70,9 89,3 92,4 79,6 73,5 76,5 72.1 66,3 94,1
A v x Im 56,0 70,8 91,4 94,5 80,3 74,2 76,1 72,3 67,4 96,2
Wsmepenne 2 | T-o6pasnbiii AD 55,4 70,1 91,7 94,7 80,6 74,0 76,1 72,3 67,2 96,4
57,2 70,1 91,6 94,5 80,4 74,2 76,2 72.4 67,4 96,2
A v x Im 55,7 70,1 92,8 96,7 87,0 78,5 75,0 72,1 68,3 98,2
Wsmepenue 3 Tpsivoii AD 54,1 70,5 92,7 96,6 87,1 78,5 75,0 72,1 68,2 98,2
53,3 69,4 92,8 96,5 86,7 78,1 74,6 72,0 68,2 98,1
52,7 69,7 92,1 99,0 94,1 88,9 86,8 89,5 82,3 101,2
Wsmepenne 4 | CBoGoaHoe moue 53,0 68,7 91,4 98,5 93,5 88,6 86,6 89,4 82,3 100,7
55,0 68,9 91,8 98,8 93,5 88,7 86,5 89,3 82,3 100,9
AD Im x Int 55,7 71,1 87,7 90,3 80,8 74,0 76,6 72,8 69,1 92,6
Wsmepenne 5 | Iloy3aMKHYTHIil 53,9 70,5 87,2 90,0 80,3 73,7 76,4 72,7 69,2 92,2
A3 53,5 70,5 86,9 89,7 80,4 73,7 76,1 72,7 69,2 91,9
A Imx Im 543 71,3 87,2 89,8 81,7 73,9 75,5 72,1 65,3 92.1
Moy3aMKHY ThI 55,7 70,4 86,6 89,2 81,1 73,5 74,9 72,0 65,5 91,6
HN3mepenne 6 Adc 3HNUI
OOIIIUBKOI
(Bremmsis) 55,8 70,3 86,9 88,9 80,5 73,3 75,3 71,6 65,7 91,5
53,2 69,1 89,2 92,0 78,1 79,5 76,5 75,1 70,7 94,0
Wsmepenne 7 | A2 1SMx1,5m 54,6 68,7 88,8 92,0 77,9 79,5 76,3 75,1 69,5 93,8
Hpsamoii AD
56,1 69,1 88,8 91,8 78,0 79,4 76,1 75,0 70,3 93,8
AD 15m x 1,5m 54,4 69,5 86,0 87,8 76,1 79,8 76,3 74,6 67,4 90,8
Wsmepenne 8 | T-o6pasnbiii AD 55,6 69,0 86,2 88,1 75,9 79,6 76,1 74,5 68,1 90,9
55,9 69,5 86,0 88,2 76,0 79,6 76,2 74,3 67,6 90,9
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1 . 543 68,9 84,7 89,2 80,0 80,5 79,2 743 69,4 91,3
Msmepene 9 I LSmx 1,5m 523 68.7 84.5 89.0 79.7 80,2 78.9 743 69,6 91,1
II-o6pa3ubrii AD
51,5 68,3 84,0 88,9 79,7 80,1 78,8 74,1 69,6 90,9
" AD 1,5m x 1,5m 55,5 67,7 83,3 88,8 82,0 79,2 77,8 74,8 69,3 90,8
3Me11(’f““e TTo.1y3aMKHYThIil 55,7 67,3 82,6 88,5 81,9 78,8 77,5 74,8 69,1 90,4
AD 53,8 67,4 82,8 88,4 81,9 78,9 77,4 74,7 69,0 90,4
AD 1,5M x 1,5m 56,0 68,0 82,6 88,6 82,0 79,1 77,0 74,0 67,3 90,5
Ioy3aMKHY ThI 57,0 67,4 83,0 87,8 81,4 79,0 76,8 74,0 67,0 90,1
I/I3M(il;eﬂne AD ¢ 31IM
00U BKOi 56,8 66,9 82,7 88,1 81,3 78,8 76,7 74,0 67,0 90,1
(/IuueBasi cTOPOHA)
AD 1,5M x 1,5m 60,0 70,1 88,7 91,6 77,3 80,0 75,8 73,2 70,3 93,6
Msmepenne | NPIMOH A ¢3IM | 578 70,2 88,4 91,4 77,2 79,7 75,6 73,5 69,4 93,4
12 00N BKOI
(JInnesas cropona) | 57,6 69,8 88,1 91,4 77,2 79,7 75,5 73,9 68,8 93,2
54,8 69,5 91,5 98,2 92,6 86,0 93,7 92,1 82,7 101,2
H?‘Mell;e““e CroGoanoe moue 542 68,9 91,1 97,9 92,3 85,6 93,3 91,9 82,9 100,9
53,5 68,6 91,1 97,9 92,0 85,5 93,3 91,9 83,1 100,9
AD 2 x 2m 54.6 67,5 84.6 83,9 81,4 76,6 71,2 71,0 64,4 88,9
H3mepenne o
o Tpsivoii AD 56,8 67,9 84.4 83,6 81,1 76,1 71,4 71,4 65,4 88,7
56,1 67,5 84,8 83,6 81,1 76,2 71,6 71,4 65,5 88,8
55,6 66,7 80,8 79,2 80,2 75,3 71,6 70,5 62,9 85,9
Wsmepenne A9 2m x 2m 572 69,6 80,3 78,6 79.8 75.1 71,3 70,5 63,1 85,5
15 I'-o0pa3ubIii AD
56,7 66,7 80,4 78,9 79,8 75,1 71,4 70,6 62,9 85,6
56,2 64,8 79,2 83,5 76,8 74,5 74.6 71,2 64,3 86,1
Wzmepenue A9 2m x 2 56,1 64,4 78,7 83,4 76,6 74.4 743 71,1 64,5 85,8
16 II-o6pa3ubnii AD
57,1 64,9 78,7 83,1 76,8 74.4 74,5 71,1 64,6 85,7
" AD 2 x 2m 58,2 65,0 76,6 82,2 77,2 76,0 75,8 72,5 65,5 85,3
3Me11;e““e TTo.1y3aMKHYThIil 58,5 65,2 76,7 82,2 76,8 75,7 75,6 72,4 65,5 85,3
AD 58,9 64,8 76,5 81,9 76,9 75,6 75,7 72,3 65,2 85,1
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AD 2m x 2M 53,1 63,4 76,0 82,0 77,2 75,2 74,1 70,6 63,3 84,8
H3Me1%eme Hogy;ar;rfl[ﬁbm 54,9 63,3 75,8 81,9 77,2 75,3 73,9 70,6 63,3 84,7
00N BKO¥ 54,9 63,8 76,1 81,7 77,1 75,2 73,8 70,5 63,3 84,6

(/IuueBasi CTOpoOHA)
AD 2M X 2m 54,5 67,4 84,5 83,3 81,2 74,3 73,3 72,2 65,8 88,6
Msmepenne | Ipsimoii AD ¢3[IM | 54 4 67,1 84,0 82,7 80,9 73,7 72,5 71,7 65,5 88,1

19 OOIIUBKOI

(Jlunesas cropona) | 53-8 67,1 83,8 82,8 80,7 73,8 72,7 71,7 65,5 88,0
53,2 68,7 90,6 97,1 91,0 86,8 92,2 87,6 83,1 99,8
H?‘M‘;'(’f““e CBoGonoe moue 543 68,5 90,3 96,9 90,8 86,7 92,0 87,4 83,2 99,6
58,4 68,9 90,3 96,8 90,8 86,6 92,0 87,3 83,2 99,6
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Tabnuua 4 — JlaHHbIe UCTIBITAHUI ONBITHBIX AD B cBOOOTHOM 3BYKOBOM ToJie. Mukpodon Ne4d

Muxpodon Neq
Ne uzmepennst Tun n3mepenus YpoBHH 3BYKOBOI0 1aBJIeHHs1, 15 B OKTaBHBIX M10JI0CAX €O CpeHereoMeTpHYecKHMHU YacToramu, I'iy V3. 2BA
31.5 63.0 125 250 500 1000 2000 4000 8000 oo
54,6 69,4 89,2 93,3 82,5 78,7 75,5 70,5 65,5 87,3
A9 1Imx 1Im
Usmepenue 1 Il obpasmntil A 56,9 69,0 89,1 93,3 82,3 78,5 75,3 70,5 65,8 87,2
54,8 68,9 89,3 93,4 82,5 78,6 75,4 70,5 65,9 87,3
55,8 69,0 90,1 93,8 83,0 75,6 73,2 69,4 65,3 87,3
W3mepenue 2 A Imx 1m 55,3 68,5 90,3 93,9 83,2 75,6 73,1 69,5 65,1 87,4
I'-o0pa3ublii AD
56,4 68,3 90,1 93,8 82,9 75,5 73,1 69,4 65,4 87,2
55,5 68,5 91,6 95,5 86,7 77,4 72,8 69,5 64,3 89,2
Hsmepense 3 A Im x Im 542 63,6 91,3 95,3 86,6 772 72,5 69,5 64,3 89,1
pamoii AD
53,0 67,9 91,7 95,3 86,3 76,9 72,4 69,5 64,4 89,0
52,4 67,7 90,2 97,2 92,4 86,8 84,6 86,3 80,6 94,9
Usmepenne 4 CBoGoxHoe moue 51,4 68,3 89,0 96,8 91,9 86,3 84,7 86,2 81,0 94,5
53,8 67,4 89,5 96,7 91,9 86,4 84,5 86,3 81,0 94,6
AD ot x 1o 55,0 68,9 88,5 92,5 80,6 73,0 72,5 70,4 64,3 85,8
Usmepenne 5 IMoTy3aMKHYTHIi 53,4 68,2 88,1 92,4 80,2 72,7 72,6 70,6 64,7 85,6
A9 53,0 68,5 87,7 92,0 80,1 72,4 72,7 70,4 64,7 85,3
Ad Imx Im 54,0 68,8 88,3 92,1 80,0 74,3 73,0 68,9 62,4 85,5
ony3aMKHYTBIN
Usmepenne 6 o 3TN 55,4 68,6 87,8 91,9 79,8 74,2 72,7 69,2 62,5 85,3
(BHewHsist) 55,6 68,4 87,8 91,7 79,4 73,8 72,1 68,6 63,3 85,0
52,9 67,6 87,4 90,5 76,8 75,7 76,3 71,1 69,3 84,9
Hsmepense 7 A LSm x 1,5m 54,5 672 86,8 90,5 76,5 75,8 76,1 713 69,9 84,8
pamoii AD
56,0 67,9 87,0 90,5 76,8 75,4 76,1 71,8 70,1 84,9
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54,1 68.1 85.4 88.0 74,7 76,4 77.1 71,9 69,2 83,9

Wsmepenue 8 AJ 1,5mx 1,5m 55,4 67.9 85.6 88.2 74,4 76,2 76,9 72,0 69.1 83,9
I'-o0pa3ubiii AD

552 68,3 85.5 88.4 74,6 76,3 76,8 72.1 68,9 84,0

532 67.3 84.1 87.2 77.7 79.1 77.2 72.2 68,4 84,5

W3mepenne 9 A3 L5mx1,5m 51,9 67.4 84,3 87.2 77.5 78,8 77.0 72.1 68,4 84,4
II-o6pa3ubnii AD

51,2 67.0 83,7 87.1 77.3 78,9 77.0 71,9 68,6 84,3

A 15w x 15w 54.8 66,4 84.2 86.5 78.1 78,6 75,7 71,2 67,6 83,8

Wsmepenne 10 TMoay3aMKHYTHIi 54,5 66.3 83.8 86,4 78.2 78.3 75,4 71,2 67.6 83,7

A9 52,9 66,2 83.5 86.4 78.1 78,2 75,5 71,3 67,7 83,6

AD 1,5M x 1,5m 56,0 66,7 83.3 86.1 77.8 78.1 74,4 70,6 66,0 83,2
Iosy3aMKHYTHIH

Hsmepene 11 A3 e 3TIM 56,5 66,2 83,7 86.1 77.6 77.8 74,3 70,6 65,9 83,1

06mmMBKOH 55,7 65,9 83,5 86,0 77,5 77,7 74,3 70,6 65,9 83,0

(/IuueBasi CTOpoOHA)
AD 1,5M x 1,5m 59,9 69,1 86.6 90,3 76,6 76,5 75,5 71,8 68,4 84,7
Wsmepenne 12 Tpsvoii A3 ¢ 3MIM 755 ¢ 69,3 86,4 90,0 76,6 76,0 74,9 72,1 68,7 84,4
OOLIMBKOI

(Jluuesasi cropoma) | 56,9 68,8 86.3 90,1 76,5 76,0 74,6 72.1 70,2 84,4

54,5 67.6 89.9 96,6 91,1 84.1 90,1 87.5 80,9 95,7

Wsmepenmue 13 CBoGoaHoe moJie 53,5 67.1 89.5 96,4 91,0 83.8 89.9 87.4 80,9 95,5

52,9 66,6 89.6 96,4 90,7 83.8 89.9 87.4 81,0 95,4

54.4 66.3 84.0 84.3 79,8 74,3 70,3 69,2 66,3 81,6

W3mepenue 14 A9 2 x 2m 56,6 67,3 83,9 84,0 79,5 74,1 70,1 68,2 66,5 81,3

Ipsamoi A

55.6 66,6 84.3 84.1 79.6 74,1 70,4 67.8 66,9 81,4

55.1 66.3 82.2 82.0 77.6 75,2 70,4 68.1 64,7 80,5

Wsmepenne 15 AJ 2m X 2m 57.0 68.1 81,5 81,3 77.3 75.1 70,3 67.8 64.8 80,2
I'-o0pa3ubIii AD

55,9 65,8 82,0 81,7 77.4 75,0 70,5 67.8 64,7 80,3
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56,6 63,5 80,6 83,7 74,9 76,2 73,3 67,3 64,6 81,1
Wsmepenue 16 A9 2m X 2m 55,3 64,1 80,3 83,7 74,7 76,0 73,5 67,2 64,4 81,0
II-o6pa3ubnii AD
56,6 64,2 80,5 83,5 74,8 75,9 73,1 67,2 64,4 80,9
A 201 x 201 57,9 64,2 79,1 80,1 74,0 76,4 73,3 68,1 64,4 80,4
Wsmepenmue 17 IMouy3aMKHY ThIi 57,8 64,2 79,1 80,4 73,7 76,2 73,0 68,0 64,3 80,3
AJ 58,6 64,1 78,9 80,3 73,8 76,2 73,1 68,0 64,5 80,3
AD 2M X 2m 52,7 63,0 78,4 79,6 74,4 76,0 72,8 66,5 62,4 80,0
Iosy3aMKHYTHIH
Hsmepenne 18 3 ¢ 31M 54,4 62,9 78,2 79,2 74,1 75,9 72,6 66,4 62,7 79,8
obmHBKoOI 54,5 63,6 78.3 79,4 74,3 75,8 72,6 66,0 62,5 79,8
(/IuueBasi CTOPOHA)
AD 2Mm X 2m 52,8 66,6 83,8 83,7 79,6 73,2 71,6 69,2 65,8 81,3
Msmepenne 19 | DPAMOH A9 ¢ 3TIM 775 0 66,2 83,6 83,3 79,4 72,6 70,9 69,5 65,4 80,9
00N BKOI
(Jluuesasi cropoua) | 54,9 66,2 83,2 83,2 79,0 72,7 71,0 69,4 65,4 80,8
54,1 67,0 89,2 95,5 89,5 83,1 91,8 92,0 80,7 97,2
Wsmepenmne 20 CBoGoanoe moue 55,1 67,2 88,9 95,4 89,2 83,0 91,7 92,1 80,7 97,1
58,8 67,2 88,9 95,3 89,3 82,8 91,5 92,3 80,6 97,1
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Tabnuia 5 — JlanHble UCTIBITAHUI ONBITHBIX AD B CBOOOJHOM 3BYKOBOM ToJie. Mukpodon Ne5

Ne uzmepennst

Tun n3mepenus

Muxpodon Ne5

Ypomm 3BYKOBOI'O 1aBJICHUS, I[B B OKTAaBHBIX IMOJ0CAX CO CPEAHETCOMETPUYECCKUMMU YaCTOTAMHU,

I'n V3, 1BA
315 63.0 125 250 500 1000 2000 4000 8000
AD It x Int 54.8 68,1 88.7 93,1 82.8 777 733 68.4 69.6 86,9
Msmeperme 1 | Tl-o6pasubrii AD 56.9 67.7 88.6 93,1 82.6 77.6 732 68,1 69,5 86,9
55.0 67.7 88.8 93.2 82.8 777 733 68,5 69.9 87,0
AD It x Int 55.9 67.9 89.3 93,5 83,7 772 722 69,0 68,1 87,2
Msmepenme 2 | T-o6pasmbiii AD 55.4 67.4 89,5 93.6 84.0 772 72.2 69,1 68,1 87,4
56,4 67,1 89.3 93,5 83,8 77.1 722 69,1 68,1 87,2
AD Int x I 557 67.4 90,8 94.8 86,1 78.0 72.1 70.8 65.4 88,7
Wsmepene 3 Mpsivoii AD 545 67,5 90,5 94.6 86,0 77.8 72.0 70.8 65,5 88,5
532 66.9 90,9 94.6 85.6 775 71.9 70,6 65.4 88,4
525 66,5 89.0 96,1 91.6 86,2 82.6 83,0 81,1 93,6
Msmepenne 4 | CroGoamoe mosie 51,1 67.2 87.9 95.7 91,1 85.7 82.7 83,0 81,9 933
53.8 66.2 88.4 955 91,1 85.9 82.6 82.9 81,6 93,2
AD It x Int 55.1 67.7 88.3 92.3 82.1 74.4 71,0 67.9 62.6 85,8
Mamepenne 5 | Tloy3aMKHyThIi 535 67.0 87.8 92,1 81.8 743 71,0 68,1 63.2 85,6
A3 53.0 67.3 87.5 91,7 81,7 74,1 71,0 68.1 63.2 85,3
AdlmxIm 54,1 67.7 88,1 92,0 81,7 73.7 70,6 65.2 61,5 85,4
ToaysamknyToIi 557 67.4 87.7 91,9 81,5 732 70,6 65.5 61,9 85,2
AD ¢ 31IM
H3zmepenne 6 N
OOLIMBKOI
(ToHOCTBIO 55.8 67.3 87.7 91,7 81,1 742 69.4 64.9 60,9 85,1
BHEIIHSIA)
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53.3 67.0 86,7 89.9 76,6 75.3 77.0 71,3 70,1 84,7
Msmepenne 7 | 2 LSMX1,5m 54,7 66,6 86.1 89.8 76.1 75,2 76,5 71.8 69.8 84,5
Hpsamoii AD
56.1 67.3 86.2 89.9 76,4 75.1 76.4 72.6 69,7 84,6
A 15w x LSn 543 67.5 85.0 88.1 74,2 74.8 77.9 72.4 64.8 83,9
Wsmepenne 8 | T-o6pasmbrii AD 55,7 67.4 85,1 88,2 74,2 74,6 77.6 72.1 65.1 83,8
55.5 67,7 85.0 88.4 74,2 74,6 77.7 72.2 66,0 83,9
53.3 66.8 84.0 86.8 75.5 76,4 79.3 75,7 66,0 84,7
W3mepenne 9 A3 L5mx1,5m 52,2 66,9 84.1 86.8 75,3 76,1 79,2 75,7 66,0 84,6
II-o6pa3ubrii AD
51,4 66,4 83.5 86.9 75.1 76.1 79.3 75.6 66,0 84,6
A 15w x L5n 55.0 66,0 84.2 86.8 75,4 76,3 78.5 75,0 65,7 84,3
H3mepenue ’ T
" IMouy3aMKHYThIi 54,6 65,9 83,7 86.6 75.4 76,0 78,2 75,0 65,9 84,0
A9 53,0 65.8 83.5 86.6 75.6 76,0 78.2 74,9 65.8 84,1
A3 1,5m x 1,5m. 56,2 66.5 83.2 86.2 75.3 75,7 77.5 74,1 65.6 83,5
Msmepenne | 11O1Y3aMKHYTHIH 56,7 66,0 83,7 86,3 75,1 75,5 77,4 74,0 65,8 83,5
o’ A9 ¢ 31IM
06mmMBKOH 56,0 65,7 83,5 86,2 74.9 75,4 77,2 73,8 65,8 83,3
(/IuueBasi CTOpoOHA)
AD 1,5M x 1,5m 60,0 68.8 85.9 89.9 76.8 75.3 75.8 71,1 68.4 84,3
I’I?‘Mell;e““e Hp’“(‘)‘gl‘l‘l ;‘is;HM 58.1 69.1 85.7 89.6 76.8 74.9 75.2 71.9 68.2 84,1
(Tunesas cropoua) | 57,3 68,4 85.6 89.7 76,7 75,0 75.3 71,9 67,7 84,1
54,9 66,9 89.1 96,0 90,7 83.9 87.3 87.1 80.0 94,5
H?‘Mell;e““e CBoGoaHoe moJie 53,8 66,4 88.7 95.8 90,6 83,7 87.2 87.0 80,3 94,4
53.3 65.8 88.8 95,7 90,2 83.6 87.2 87.0 80,3 94,3
A 201 x 201 54,9 66,0 83.6 85.1 79.3 71,7 73.4 71.4 66,2 81,9
H3mepenne o
o Tpsivoii AD 57.1 67.2 83.5 84.8 79.1 71,7 73.6 71,3 66.5 81,8
56,0 66,4 83.8 84.9 79,0 71,6 73.8 71,3 66,9 81,9
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553 66.1 82.5 83.4 76,7 73.1 74,0 70,1 63.1 81,0
Wsmepenne AJ 2m x 2 57.4 68.1 81,8 82.8 76.4 73,0 73.9 70,1 63.0 80,7
15 I'-o0pa3ubiii AD

56,3 65,7 82.3 82.9 76,5 73,0 73,9 70,1 62.8 80,8
56,9 63.6 81,1 83.8 73,6 75,0 73.4 67,7 62,6 80,6

HN3mepenne AD 2m X 2Mm
" Il-ofpasimi A 55.4 64.1 80,9 83.8 73.6 75,0 73.4 67.6 62,9 80,6
56,9 64.1 81,1 83.6 73.6 74,7 73.3 67.5 62,9 80,5
i A 201 x 201 58.0 64,3 80.1 80.6 73.5 73,7 73.8 67.5 63,7 79,7
3Me11;e““e TTo.1y3aMKHYThIii 58,0 64,2 80,2 80,8 73,2 73,5 73,6 67,5 63,4 79,6
A9 58.7 64,0 80.0 80,7 73.3 73.5 73,7 67.8 63.4 79,6
AD 2mM x 2M 53,0 63.1 79.5 79,9 73.8 74,2 73.1 66,4 61,2 79,4

Iosy3aMKHYTHIH
I/I3Me11;eﬂne o 3T 54,6 63.1 79.4 79.4 73.5 74,0 72.8 66.5 61,5 79,1
06mmMBKOH 54,6 63,8 79,3 79,6 73,5 73,9 72,8 66,5 61,2 79,1
(/IuueBasi CTOpoOHA)

A9 2M X 2M 53,0 66.3 83.5 84.6 79.1 72,7 73.1 69.6 64.8 81,6
Wswepenne | Mpamoii A3 ¢ 3MM 775, o 65,9 83.4 84.1 78,9 72.1 72,6 69,6 64,2 81,2

19 OOLIMBKOI
(JInuesan cropona) | 55,4 66,0 83.1 84.2 78,7 72.1 72.6 69.8 63,7 81,2
53.3 66,6 88,7 95.1 88.8 81,9 91,3 88.5 81,1 95,7
H?‘M‘;l(’f““e CBoGoaHoe moJie 54.4 66.8 88.4 95,0 88.6 82.0 91,3 88.4 80,9 95,7
59,2 66.6 88.4 94.8 88.7 81,7 91,1 88.4 80,9 95,6
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Tabnua 6 — JlanHble UCTIBITAHUI ONBITHBIX AD B CBOOOJHOM 3BYKOBOM ToJie. MUKpodoH 6

Muxpodon Ne6
N‘_’ I/I3MepeHI/lH TI/III I/I3MepeHI/lH YI)OBHI/I 3ByKOBOF0 [[aBJIeHI/IH, [[B B OKTaBHBIX IT0OJIOCAX CO cpenﬂereOMeTpnqecman qacroraMn,
I'o Y3, 1A
31.5 63.0 125 250 500 1000 2000 4000 8000
AD 1o x In 54,7 65,8 86,9 91,9 81,9 78,2 71,2 68,9 59,5 85,9
Wsmepenne 1 | TI-o6pasubrii AD 56,8 65,5 86,8 91,8 81,6 78,1 71,2 69,0 60,2 85,8
55,1 65,5 87,0 91,9 81,8 78,1 71,2 69,1 59,8 85,9
AD 1ot x 1n 55,8 65,9 87.3 92,1 82.6 78,1 70,9 67,1 63,6 86,2
Wsmepenne 2 | T-o6pasubrii AD 55,2 65,3 87,5 92.3 82.9 78,2 70,9 67.3 63,6 86,3
56,3 65,2 87,4 92,1 82,7 78,1 71,0 67,3 63,6 86,2
A 1n x 1nt 55,3 65,3 88,7 93,2 83.9 78.3 70,3 68,1 62,5 87,1
W3smepenne 3 Mpsivoii AD 54,5 65,4 88,4 93,1 83.9 78,0 70,2 68,2 62,7 87,0
53,3 64,8 88.8 93,1 83,5 77,7 70,1 68,1 62,7 86,9
52,2 64,3 86,6 93,9 89,7 85,4 80,6 77,6 77,3 91,5
Wsmepenne 4 | CpoGoxHoe moJe 50,2 64,8 85,3 93,6 89.3 84.8 80,8 77,6 78,1 91,2
53,7 64,3 86,0 93,4 89,2 85,0 80,5 77,4 77,6 91,1
AD 1o x In 55,1 65,6 86,7 91,2 82.3 75,1 71,0 67,2 61,6 85,2
Wsmepenne 5 | Tloay3aMKHYTHIil 53,5 64,8 86,2 91,0 81,8 75,0 71,2 67,1 62,5 85,0
A3 52,7 65,0 85,9 90,6 81,8 74,8 71,0 67,2 62,1 84,7
Ad Imx Im 54,0 65,7 86,7 90,9 82.0 74,5 69,7 64,9 61,6 84,8
Iosy3aMKHYTHIH
Msmeperue 6 A ¢ 3M 55,5 65,4 86,2 90,8 81,8 74,1 69,6 65,3 62,1 84,6
06mmnBKOH 55,7 65,2 86,3 90,6 81,4 75,0 71,1 64,6 60,2 84,6
(BHeLIHsIs1)
53,3 65,2 85,0 87,9 75,0 73,1 73,1 70,2 64,8 82,3
Msmepenne 7 | A2 1AM x1,5m 54,6 64,7 84.4 87.8 74,6 73.1 72,8 70,0 64,4 82,1
Hpsamoii AD
55,9 65,6 84,5 87.8 74,9 73,0 73,4 70,0 65,2 82,3
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A3 1,5 x LSw 54,1 65,8 83,6 86,8 73,8 74,0 72,7 71,7 64,4 81,8
Wsmepenne 8 | T-o6pasmbrii AD 55,5 65,7 83,8 86,8 73,7 73,8 72,3 71,1 64,2 81,7
55,1 65,8 83,6 87,1 73,7 73,6 72,2 70,4 63,5 81,7

52,9 65,0 82,9 85,5 72,1 73,4 75,9 69,5 64,5 81,7

smepene 9 rﬁﬁ;:i:;i:{a 522 65.2 83.0 85,5 717 731 75,7 69,5 64.2 81,6
51,0 64,5 82,3 85,4 71,6 73,2 75,7 69,4 64,2 81,5

A 15w x L5n 54,9 64,4 82,7 85,9 72,4 70,1 73,1 68,4 62,5 80,6

H:"Mell(’f““e Toaysamicny T 54.4 64,5 82,3 85,6 72,5 70,0 73,0 68,6 62,6 80,4
A3 52,7 64,4 81,9 85,7 72,7 70,2 73,0 68,6 62,9 80,4

A3 1,5m x 1,5m 55,8 65,2 81,8 85,5 72,1 69,1 72,3 67,9 62,4 80,0

Wsmepennue Hngaé“;‘r“[ﬁ”“ 56,4 64,5 82,3 85,5 71,8 69,0 72,2 68,0 62,2 80,0
1 (In I‘I’f:;:‘i';zgoﬂa) 55,7 64,3 81,9 85,3 71,6 68,9 72,2 68,0 62,0 79,8

AD 1,5m x 1,5m 59,2 67,2 84,1 87,8 75,5 73,2 73,5 70,3 66,1 82,4

H?‘Mell;e““e Hp"fgfl ;‘is;HM 58,2 68,2 83,9 87,6 75,4 72,8 73,2 69,7 65,0 82,1
(Jlnnesas cropona) | 56,9 67,2 83,8 87,6 75,3 72,7 73,0 69,7 65,3 82,1

54,9 65,0 86,7 93,9 89,1 82,6 83,5 85,4 79,3 92,3

H?‘Mell;e““e CroGoanoe moue 53,9 64,4 86,3 93,7 88,9 82,3 83,4 85,2 79,3 92,2
53,3 63,8 86,5 93,7 88,6 82,3 83,4 85,3 79,4 92,1

A 201 x 2nt 54,8 64,6 81,2 85,1 78,1 68,7 74,1 70,1 62,3 81,3

H?‘Mell;e““e TIpsivoii AD 57,0 65,9 81,2 84,8 77,8 69,0 74,0 70,0 62,6 81,1
55,6 65,0 81,5 85,1 77,9 69,2 74,0 70,1 62,8 81,2

54,9 65,1 80,9 83,3 77,1 68,4 72,0 67,2 60,0 79,7

H?‘Mell;e““e F_OA; j;‘l‘ﬂ’)‘lé“b 572 67,4 80,2 82,9 76,9 67,9 71,9 67,3 59,6 79,4
56,1 64,5 80,8 83,1 76,9 67,9 72,0 67,5 60,0 79,5
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56,7 62,6 79,9 82,7 74.8 67.7 72.4 65,7 59,7 78,8
HN3mepenne AD 2m x 2m
" Ml obpaoruti AD 55.0 63,2 79,7 82.5 74,7 67.6 72.1 65.6 59,7 78,7
56,5 63,2 79,7 82.2 74.8 67.6 72,0 66,2 60,0 78,6
Hoenene A 201 x 201 57.4 63.6 79.4 81,2 74,7 67.6 70,8 66,9 60,1 78,0
3Me11; Tlo.1y3aMKHYThIil 57,6 63,8 79,4 81,3 74,3 67,2 70,6 66,8 60,1 77,8
A9 57.9 63.4 79.2 81,3 74,5 67.3 70,8 66,4 59,3 77,9
AD 2mM x 2M 52,6 62.1 78.8 80,5 74,3 68.6 68.1 64,2 59,0 77,0
Vsmepenne | L1O1Y3aMKHYTLI 54,2 62,2 78,8 80,4 74,2 68,3 67,9 64,3 58,9 76,8
o8 A9 ¢ 3IIM
06 BKOi 53,9 63,0 78,6 80,3 74,2 68,2 68,1 64,6 58,4 76,9
(/IuueBasi cTOPOHA)
A9 2M x 2M 52,6 64.8 81,5 84.5 77.8 70,0 72.2 69.8 62,7 80,7
Wswepenne | Tpamoii A3 ¢ 3MM 5, 64.4 81.3 84.4 77.5 69.4 713 68.8 62.5 80,2
19 OOLIMBKOI
(Tunesas cropoua) | 55,4 64,5 80,7 84.5 77.2 69.5 71,2 68,9 62,7 80,2
53,0 64,7 86.6 93,2 86.9 81,5 85.1 84.9 77.0 91,8
H?‘M‘;'(’f““e CBoGoIHOE MOTe 54,6 65.5 86.3 93.1 86,7 81,6 85.0 84.8 77.2 91,7
58.4 64,7 86.3 93,0 86.8 81.4 84.8 84.9 77.1 91,7
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Ipuiaoxkenne b. JlanHble HCNIBITAHUI AD B ONIBITHOM MOMeIIeHUH
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Tabnuma 1 — Jlanasie ucnbiTanuit AD B ONBITHOM nomerieHnd. MukpodoH 1

Mukpodon 1
Ne H3MepeHnst Than H3MepeHnst YI)OBHI/I 3BYKOBOI'O 1aBJICHUS, ]IB l;zf::::;;lx’ i—l‘?lﬂocax CO CPEIHETCOMETPUYECCKUMMU y3’ JIBA
315 [ 63.0 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000
479 | 79 | 997 [ 1018 | 936 | 928 | 941 | 91,9 | 862 | 10041
H3mepene 1 Blzﬁao?oixol . 484 | 783 | 100 | 102 | 933 | 924 94 o8 | 861 | 10030
T 476 | 788 | 994 | 102 | 933 | 95 94 91,8 86 | 10031
438 | 792 [ 966 | 102 | 931 | 917 | 927 | 907 | 849 | 9951
Hsmeperme 2 BKpgﬁmlo’_s’;l’; Yol a3 [ 789 [ 964 | 102 | 932 | 914 | 925 | 907 | 848 | 9941
oo ard | 790 | 962 | 1017 | 932 | 914 | 924 | 907 | 849 | 9931
392 | 79 | 957 | 1012 | 944 | 922 | 929 | 905 | 857 | 9.6
Hsmeperne 3 31&‘33%_2’;2;’ 380 | 783 | 959 | 1009 | 94 | 9201 | 926 | 905 | 87 | 9940
oo 40,0 | 78 [ osg | 101 | 941 | 921 | 926 | 906 | 858 | 99.48
474 | 788 | 990 | 1003 | 916 | 907 | o2 90 848 | 98,56
Hamepene 4 3;5?0}5_121;;4’ 48 | 787 ] 992 [ 1003 | 914 | 905 92 89,0 | 847 | 9846
T 478 | 782 | 990 | 1002 | 912 | 905 | 91,9 | 901 | 848 | 9843
450 | 78 [ 959 | 101 | o6 | 891 | 909 | 897 | 836 | 9800
Hsmepenue 5 BKI;IJO&:S;? o a2 |83 96 | 1009 | 917 | 89 907 | 896 | 837 | 9791
T 438 | 770 | 955 | 1007 | 917 | 9 908 | 896 | 837 | 9787
423 | 773 | 952 [ 1006 | 926 | 903 | 907 | 895 | 832 | 9809
Hamepere 6 3;5%?_2;23;4’ 434 | 776 | 954 | 1007 | 926 | 905 | 907 | 894 | 834 | 90814
T 47 | 773 ] 957 | 1000 | 925 | 905 | 906 | 894 | 833 | 97,9
415 | 743 | 873 | 93 | 862 | 85 85 837 | 796 | 92,01
svepenne 7 3;5?0}5_12141;’ 40 | 743 87 | 926 | 859 | 85 85 836 | 794 | 91,87
T 407 | 744 | 87 | 929 | 86 | 849 | 849 | 836 | 794 | 9189
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445 | 747 [ 908 [ 953 | 883 | 863 | 872 | 857 | 807 | 9398
Hsmepenue 8 BKI;EIO&LS;Z; "o asa | 7as | on1 | os1 | 879 | 863 | 871 | 857 | 807 | 9387
T 45 | 746 | 912 | 954 | 882 | s6, 87 856 | 807 | 9388

470 | 749 | 954 | 994 | 892 | 7 884 | 869 | 819 | 9584

Hsmepene 9 3;%%?_2324;4’ 479 | 752 | 954 | 994 | 89 | 867 | 882 | 868 | 81,9 | 9572
T 48 | 749 | 954 | 991 | 888 | 868 | 883 | 868 | 82 | 9564

475 | 753 | 953 | 972 | 883 | 865 | 867 | 853 | 799 | 9431

Hsvepenne 10 Blz?liaolfoixol . 479 | 743 | 948 | 971 | 881 | 862 | 865 85 797 | 94,09
o 48 | 745 | 948 | 969 | 881 | 863 | 864 85 | 797 | 94,03

454 | 744 | 904 | 936 | 847 | 847 | 848 | 832 | 796 | 91,79

smepene 11 BKpgﬁolo’_S’;l’: o[ 4a3 [ 743 ] 905 | 935 | 846 | 846 | 848 | 831 | 794 | 9L7
T 458 | 744 | 904 | 933 | 846 | 846 | 848 | 832 | 794 | 91,69

4 | 749 | 857 | o1 | 84 | 831 | 845 | 825 | 803 | 9074

Hamepenne 12 31&‘33%_2);25“ 417 | 744 | 856 | o1 | 839 | 83 843 | 824 | 802 | 90,62
T 417 | 748 | 853 | 913 | 837 | 828 | sa41 | 823 | 802 | 90,54

413 | 736 | 883 | 916 | s4 84 84,2 83 784 | 90,93

Hsmepenue 13 3“5?:302_’5"442“4’ 413 | 739 | 884 | 018 | 84 | sa1 | 842 | 829 | 785 | 9097
ol 414 | 34| 887 | 917 | 838 | 839 | 842 | 829 | 783 | 90,89
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Tabnuma 2 — JlanHble ucnbITaHuii AD B ONIBITHOM TToMeteHuu. Mukpodon 2

Mukpodgon 2
Ne H3MepeHnst Tan H3MepeHnst YI)OBHI/I 3BYKOBOI'O 1aBJICHUS, ]IB iz;(::::;;x’ i—l‘?lﬂocax CO CPEIHETCOMETPUYECCKUMMU y3’ ]IBA
315 | 63.0 | 315 | 630 | 315 | 630 | 315 | 630 | 315
459 | 795 | 983 | 1024 | 044 | o4 937 | 912 | 868 | 10061
OkpaH 1x1 M,
Hsvepene 1 ase_ 46,0 | 788 | 983 | 1023 | 941 | 938 | 934 | 912 | 866 | 10043
455 | 794 | 978 | 1026 | 941 | 937 | 935 | 912 | 866 | 10049
423 | 788 | 955 [ 1021 | 928 | 927 | 932 | o916 | 872 | 100,04
Hsmeperme 2 BKpgﬁmlo’_s’;l’; " 404 [ 784 | 9ss [ 1019 | 927 | 926 93 o6 | 873 | 9991
T 403 | 787 | 954 | 1021 | 929 | 95 93 96 | 873 | 9996
386 | 773 | 958 | 1012 | 933 | 941 | 9238 | 913 | 865 | 100,03
Hsmeperne 3 31&‘33%_2’;2;’ 384 | 768 | 9 | 1009 | 93 | 939 | 925 | 912 | 864 | 99,80
T 395 | 766 | 959 | 1013 | 928 | 939 | 95 | 912 | 866 | 9986
452 | 791 | 968 | 1001 | 921 | 908 | 914 | 893 | 852 | 9823
Hamepene 4 3;5?0}5_121;;4’ 448 | 789 | 972 [ 1003 | o190 | 907 | 913 | 892 | 854 | 9821
T 455 | 784 | 969 | 100 | 917 | 90,6 | 913 | 893 | 854 | 9811
42,5 | 776 | 949 | 1008 | 908 | 904 | 912 | 892 | 848 | 9808
Hsmepenue 5 BKI;IJO&:S;? w778 9s2 | 1008 | o1 | 903 | 909 89 848 | 97,97
T 418 | 774 | 946 | 1006 | o1 | 903 91 89 848 | 97,94
41 | 764 ] 955 | 1004 | 920 | 909 | 913 | 894 | 851 | 9828
Hamepere 6 3;5%?_2;23;4’ 416 | 768 | 956 | 1006 | 92 91 912 | 894 | 852 | 9831
T 452 | 763 | 96 | 1002 | o2 | on1r | 912 | 894 | 852 | 9825
a4 | 32| 883 | 921 | 861 | 86 853 | 843 | 808 | 92,34
Hsmeperime 7 3;5?0}5_12141;’ 404 | 30| 878 | 918 | 86 | 862 | 853 | 841 | 807 | 9229
T 404 | 32| 88 | 22 | 86 86 85,0 | 841 | 808 | 9224
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437 | 7139 ] 895 [ 952 | 874 | 873 | 866 | 856 | 8.6 | 9389

Hamepene 8 BKI;EIO&LS;Z; o aas [ 742 | 896 | 949 | 872 | 87 865 | 854 | 816 | 93,69
T 442 | 741 [ 900 | 953 | 872 | 869 | 865 | 853 | 815 | 9373

465 | 747 | 927 | 979 | 896 | ssa | ss1 | 857 | 829 | 9544

Hsmepenue 9 3;%%?_2324;4’ 465 | 748 | 928 | o8 | 894 | 882 | 879 | 855 | 828 | 9532
oo 467 | 745 | 928 | 976 | 892 | 883 | 879 | 854 | 827 | 9520

46,0 | 746 | 937 | 961 | 889 | 873 | 87,1 | 852 | 806 | 9433

Hsuepenne 10 Blz?liaolfoixol . 466 | 736 | 932 | 96 | 886 | 869 87 85,1 | 807 | 94,14
oo 468 | 738 | 931 | 957 | 886 | 87 87 85 80,6 | 9408

445 | 732 | 892 | 944 | 853 | sa6 | 849 | 847 | 813 | 9239

Hsmepenne 11 BKpgﬁolo’_S’;l’: ol s 2] 89 | 945 | 853 | 846 | 849 | 847 | 813 | 924
oo 449 | 735 | 800 | a2 | 853 | 847 85 846 | 813 | 9237

a4 | 733 | 868 | o915 | 85 | s47 | 851 | 829 | sLI | 9154

Hamepenne 12 31&‘33%_2);25“ s12 | 73 | 867 | 914 | s47 | sa4 | sa47 | 827 | 809 | 9126
T 2 | 32| 864 | 917 | 846 | 844 | 847 | 826 | 809 | 91,8

26 | 72 | 873 | 909 | 85 | ss4 | sa5 | 834 | 807 | 9152

HsMepenne 13 3“5?:302_’5"442“4’ 222 | 24| 873 | 912 | sas | 853 | 845 | 82 | 808 | 9148
oo 23 | 718 | 878 | 912 | 847 | ss2 | saa | 831 | 808 | 914l
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Tabnuma 3 — JlaHHbIe UcTibITaHMd AD B OTIBITHOM TIOMerieHnn. MukpodoH 3

Mukpodon 3
Ne H3MepeHnst Tan H3MepeHnst YI)OBHI/I 3BYKOBOI'O 1aBJICHUS, ]IB iz;(::::;;x’ i—l‘?lﬂocax CO CPEIHETCOMETPUYECCKUMMU y3’ ]IBA
315 | 63.0 | 315 | 630 | 315 | 630 | 315 | 630 | 315
496 | 803 | 95 [ 1oL1 | 929 | 929 | 931 | 917 | 865 | 9984
OkpaH 1x1 M,
Hsvepene 1 ase_ 489 | 797 | 953 | 1012 | 926 | 925 | 929 | 916 | 83 | 9967
474 | 800 | o5 1014 | 926 | 926 | 929 | 917 | 863 | 9975
464 | 783 | 924 | 1004 | 924 | 928 | 933 | o017 | 878 | 9975
Hsmeperme 2 BKpgﬁmlo’_s’;l’; Yol a0 [ 779 | 923 [ 1003 [ 924 | 927 | 931 | o917 | 878 | 99,65
oo a2,0 | 781 | 923 [ 1002 | 925 | 926 | 929 | 918 | 877 | 9959
424 | 756 | 933 | 998 | 923 | 929 | 923 | o1 | 865 | 9921
Hsmepenne 3 31&‘33%_2’;2;’ a7 | 752 | 937 | 999 | o1 | 926 92 ol | 866 | 99,07
oo 428 | 750 | 934 | 1002 | 921 | 926 | 9 oLl | 866 | 99,12
46 | 797 | 949 | 994 | on1 | 914 | 909 91 85,1 | 9828
Hamepene 4 3;5?0}5_121;;4’ 467 | 796 | 952 | 995 | o1 | o913 | 909 | 909 | 851 | 9825
T 468 | 794 | 949 | 994 | 908 | 913 | 909 91 852 | 9824
475 | 770 | 917 | 984 | 899 | o1 91 89,1 | 847 | 9751
Hsmepenue 5 BKI;IJO&:S;? o a3 | 773 918 | 984 | o0 | 908 | 908 | 889 | 847 | 9738
T 444 | 772 | o1a | 982 | 897 | 909 | 908 | 889 | 847 | 9734
447 | 752 ] 938 [ 986 | o1 | 896 | 909 | 891 | 855 | 9740
HsMepene 6 3;5%?_2;23;4’ 450 | 756 | 939 | 982 | 908 | 897 | 99 | 8,1 | 855 | 97,33
T 475 | 749 | 942 | 984 | 907 | 897 | 909 | 91 | 853 | 9734
439 | 712 | 888 | 93 | 86 | 856 | 864 | 833 | 814 | 9255
Hsmeperime 7 3;5?0}5_12141;’ 438 | 708 | 885 | 926 | 858 | 856 | 864 | 832 | 815 | 9246
T 427 | 700 | 885 | 929 | 858 | 856 | 863 | 833 | 816 | 9249
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446 | 128 | 876 | 939 | 857 | 864 | 859 | 833 83 | 92,80
Hsmepenue 8 BKI;EIO&LS;Z; w2 876 | 935 | ss4 | 861 | 858 | 832 83 | 92,59
T 450 | 733 | 879 | 939 | 855 | se1 | 857 | 83 83 | 92,63

465 | 747 | 909 | 959 | 892 | 875 | 872 | 854 | 832 | 9450

Hsmepene 9 3;%%?_2324;4’ 463 | 746 | 908 | 96 | 891 | 872 | 869 | 853 | 831 | 9435
T 465 | 743 | o1 | 957 | 888 | 872 | 87 852 | 83,1 | 9426

46 | 738 | o1 | 942 | 868 | 853 | 856 | 857 | 815 | 9305

Hsvepenne 10 Blz?liaolgoixol . 465 | 729 | 904 | 941 | 865 | 85 854 | 855 | 813 | 9283
o 466 | 733 | 905 | 939 | 864 | 85 854 | 855 | 812 | 9278

450 | T8 | 870 | 923 | 825 | 854 | 41 | 833 | 812 | 9143

smepene 11 BKpgﬁolo’_S’;l’: o[ aas [ 717 | 872 | 925 | 825 | 855 84 833 | 812 | 9146
o 453 | 22| 872 | 921 | 824 | 854 | 41 | 832 | 812 | 9137

435 | 705 | 882 | 878 | 848 | 83 836 | 835 | 812 | 90,53

Hamepenne 12 31&‘33%_2);25% 438 | 706 | 879 | 87,5 | 846 | 828 | 833 | 834 | SLI | 90,33
T 455 | 705 | 876 | 877 | 845 | s26 | 834 | 834 | 812 | 9033

444 | 694 | s64 | 912 | 838 | 852 | 858 | 827 | 814 | 9L71

H3mepenne 13 3“5?:302_’50"442“4’ 437 | 698 | 864 | o1s | 836 | 85 857 | 826 | 815 | 91,64
T 437 | 603 | 87 | ois | 836 | 85 857 | 827 | 8L6 | 9167
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Tabnuma 4 — JlanHble ucnbITaHuii AD B ONIBITHOM MoMetieHun. Mukpodon 4

Mukpodon 4
Ne H3MepeHnst Tan H3MepeHnst YI)OBHI/I 3BYKOBOI'O 1aBJICHUS, ]IB l;zf::::;;lx’ i—l‘?lﬂocax CO CPEIHETCOMETPUYECCKUMMU y3’ ]IBA
315 | 63.0 | 315 | 630 | 315 | 630 | 315 | 630 | 315
567 | 815 | 954 | 982 | 912 | 917 | 92 | 902 | 849 | 984
OkpaHn 1x1 M,
Hsvepenue 1 a_ 572 | 814 | 948 | 983 | 91,0 | 915 | 921 | 901 | 847 | 982
552 | 807 | 946 | 982 | 91,0 | 915 | 921 | 92 | 849 | 983
549 | 804 | 933 | 1007 | 933 | 913 | 926 | 901 | 844 | 990
Hsmeperme 2 BKpgﬁmlo’_s’;l’; o510 [ 802 | 932 [ 1005 [ 931 | 910 | 927 | 902 | 844 | 989
T 499 | 80,5 | 934 | 1007 | 934 | on1 | 925 | 902 | 845 | 989
S13 | 799 | 936 | 987 | 927 | 919 | 929 | 903 | s4s | 988
Hsmeperne 3 31&‘33%_2’;2;’ 50,1 | 786 | 932 | 987 | 924 | 918 | 929 | 903 | 845 | 988
T 508 | 788 | 934 | 989 | 923 | 917 | 97 | 902 | 847 | 97
s46 | 804 | 92,1 | 943 | 891 | 899 | 99 | 886 | 841 | 965
Hamepene 4 3;5?0}5_121;;4’ 3,7 | 808 | 925 | 945 | 889 | 899 | 908 | 886 | 840 | 965
T 538 | 80,6 | 922 | 944 | 889 | 899 | 908 | 886 | 842 | 965
64 | 789 | 91,9 | 985 | 894 | 90 | 910 | 885 | 840 | 97,
Hamepenne 5 3“;1315313’; “olsis [ 793 921 | 984 | s94 | 899 | 909 | 884 | sa1 | 971
T 24 | 795 | 918 | 984 | 893 | 900 | 99 | 884 | 840 | 971
s46 | 783 | 93,1 | 986 | 909 | 885 | 903 | ss1 | 836 | 968
Hamepere 6 3;5%?_2;23;4’ 4 | 786 | 934 | 986 | 909 | 886 | 93 | 881 | 835 | 968
T 558 | 780 | 937 | 986 | 907 | 885 | 903 | 881 | 836 | 967
S0 | 744 | 919 | 953 | 843 | 838 | 840 | 822 | 807 | 918
Hsmeperime 7 3;5?0}5_12141;’ S5 | 748 | 916 | 948 | 842 | 838 | 839 | 821 | 8.0 | 916
T 499 | 742 | 916 | 951 | 841 | 837 | 839 | 821 | 81,0 | 917
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507 | 751 | 908 | 947 | 854 | 854 | 846 | 853 | 812 | 97
Hsmepenue 8 BKI;EIO&LS;Z; ol s27 | 754 909 | 950 | ss1 | 853 | 844 | 853 | 808 | 927
T 520 | 750 | 912 | 946 | 853 | 853 | 845 | 853 | 808 | 926

si4 | 763 | 900 | 941 | 868 | 863 | 849 | 864 | 800 | 932

Hsmepene 9 3;%%?_2324;4’ SLL | 765 | 900 | 939 | 867 | 860 | 846 | 864 | 799 | 930
T 507 | 760 | 90,1 | 939 | 865 | 861 | 847 | 864 | 799 | 930

504 | 752 | 889 | 926 | 846 | 850 | 839 | 846 | 804 | 917

Hamepenne 10 Blz?liaolfoixol . SLL | 752 | 888 | 92,6 | s44 | 847 | 838 | 846 | 803 | 917
o 507 | 750 | 886 | 925 | 844 | 848 | 837 | 847 | 803 | 916

504 | 743 | 903 | 924 | 837 | 832 | 829 | 840 | 790 | 909

smepene 11 BKpgﬁolo’_S’;l’: Yol so [737 [ 906 | 925 [ 837 | 833 | 829 | 839 | 790 | 909
o 507 | 743 | 906 | 925 | 836 | 832 | 829 | 840 | 790 | 909

507 | 728 | 908 | 91,9 | 819 | 805 | 827 | 800 | 783 | 893

Hsmeperue 12 31&‘33%_2);25“ si4 | 735 | 906 | 920 | 818 | 803 | 825 | 798 | 783 | 892
T 530 | 731 | 903 | 921 | 817 | 803 | 824 | 798 | 786 | 892

513 | 748 | 822 | 933 | 836 | 818 | 33 | 81 | 761 | 902

Hsmepenue 13 3“5?:302_’50"442“4’ SI6 | 742 | 827 | 934 | 833 | 818 | 833 | 809 | 763 | 90,1
T S13 | 741 | 829 | 935 | 83 | 817 | 834 | 8.9 | 763 | 92




158

Tabnuma 5 — JlanHbple UCTIBITaHUI AD B ONIBITHOM MOMeeHuN. MUKpoQoH 5

Muxkpodon 5

Ypomm 3BYKOBOI'O 1aBJICHUS, I[B B OKTABHBIX IMOJ0CAX CO CPEIHETCOMETPUYCCKUMMU

Ne uzmepenus Tun nzmepenus — Y3, abA
315 | 63.0 | 315 | 630 | 315 | 630 | 315 | 630 | 315
56,68 | 8145 | 9537 | 982 | 91,16 | 9166 | 9224 | 90,18 | 84386 | 9833
OkpaHn 1x1 M,
Hsvepene 1 29 5721 | 8137 | 948 | 9827 | o1 | 9148 | 9209 | 90,14 | 8467 | 9824
5521 | 80,69 | 94,62 | 98,17 | 91,03 | 9148 | 9214 | 90,16 | 849 | 9826
549 | 8038 | 933 | 10074 | 9334 | 9120 | 9263 | 90,14 | 8444 | 99,03
Hsmeperie 2 9“1’;%015’;1’25 ™ [ 75096 | 80,17 | 9321 [ 100,54 | 93,01 | 91 | 9266 | 902 | 8443 | 98,93
T 49,92 | 80,53 | 93,35 | 1007 | 9336 | 91,00 | 9247 | 90,15 | 845 | 9895
513 | 79.85 | 9356 | 9872 | 92,72 | 91,89 | 928 | 9026 | 8446 | 988
Hsmeperne 3 31&‘33%_2’;2;’ 50,1 | 78,55 | 93,15 | 98,71 | 9243 | 9182 | 9286 | 9033 | 8449 | 9878
T 50,84 | 78,75 | 93,44 | 9891 | 9225 | 91,72 | 92,66 | 9021 | 8469 | 98,69
54,57 | 80,39 | 92,08 | 9431 | 89,06 | 89,93 | 90,87 | 8859 | 8414 | 96,54
Hamepene 4 3;5?0}5_121;;4’ 53,67 | 80,77 | 92.46 | 9449 | 889 | 89,87 | 90,79 | 8855 | 84,04 | 9649
T 53,81 | 80,61 | 92,15 | 9439 | 8891 | 89,86 | 90,84 | 8857 | 8416 | 96,50
56,38 | 78,01 | 91,03 | 98,54 | 89.41 | 8996 | 91,02 | 8849 | 8398 | 97.1s
Hamepenne 5 BKI;IJO&:S;? "o sisa | 793 | 92,14 | 9838 | 8944 | 8991 | 9085 | 8844 | 841 | 9705
T 52,35 | 7945 | 91,78 | 9843 | 893 | 8998 | 9088 | 8844 | 8402 | 97,07
54,61 | 78,29 | 93,13 | 98,58 | 9085 | 8853 | 903 | 8814 | 8356 | 9677
Hamepere 6 3;5%?_2;23;4’ 54,07 | 78,55 | 9343 | 98,55 | 90,86 | 88,55 | 9034 | 88,13 | 8354 | 9678
T 55,81 | 77,96 | 93,65 | 98,57 | 90,73 | 88,54 | 9029 | 88,06 | 83,57 | 9674
50,05 | 7444 | 91,85 | 9534 | 8428 | 8382 | 84 | 8218 | 8071 | 91,79
Hsmeperime 7 3;5?0}5_12141;’ 1,52 | 7479 | 91,62 | 948 | s4l6 | 8377 | 8393 | 82,14 | 8098 | 91,60
oo 499 | 74227 91,64 | 9505 | 8411 | 8367 | 8394 | 8213 | 8095 | 9165
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50,66 | 75,11 | 90,82 | 9474 | 8543 | 8539 | 846 | 8534 | 8116 | 9271

Hamepenne 8 BKI;EIO&LS;Z; " 52,66 | 7535 | 9094 | 9502 | 851 | 8529 | 8439 | 8534 | 8083 | 92,67
T 52,03 | 7502 | 91,18 | 9457 | 8527 | 8526 | 8449 | 8529 | 8075 | 9258

s14 7625 90 | 94,13 | 86,77 | 8627 | 8485 | 8642 | 8004 | 93,15

Hsmepene 9 3;%%?_2324;4’ 51,08 | 7647 | 90,02 | 9394 | 867 | 8598 | 8458 | 8639 | 7993 | 92,99
T 50,67 | 76,01 | 90,11 | 93,88 | 8647 | 86,07 | 8471 | 8639 | 79,8 | 92,99

5041 | 75,15 | 88,87 | 92,63 | 84,64 | 8498 | 8386 | 8455 | 8036 | 9173

Hsvepenne 10 Blz?liaolfoixol o | 5109 [ 7522 8879 | 02,55 | 8443 | 8473 | 8384 | 8464 | 80.29 | 9166
o 50,73 | 75,04 | 88,59 | 9249 | 844 | 8477 | 83,67 | 8468 | 8027 | 91,63

5042 | 7428 | 9032 | 9239 | 8374 | 8322 | 8286 | 8395 | 7907 | 9086

smepene 11 BKpgﬁolo’_S’;l’: " [Tsior [7372] 00,55 | 9249 | 837 | 8320 | s2.86 | 8392 | 7901 | 90,88
o 50,71 | 7432 | 90,59 | 9247 | 8357 | 8322 | 82,89 | 8397 | 7895 | 9087

50,72 | 72,84 | 90,84 | 9193 | 81,901 | 8046 | 8272 | 7996 | 783 | 8932

Hamepenne 12 31&‘33%_2);25% 5139 | 7348 | 9059 | 92 | 81,78 | 8034 | 825 | 7975 | 7832 | 89,21
T 53,04 | 73,14 | 9025 | 92,00 | 81,71 | 8025 | $243 | 7983 | 7856 | 8921

5127 | 7481 | 82,05 | 9334 | 83,59 | 81,81 | 8328 | 81,08 | 7612 | 90,16

Hsmepenue 13 3“5?:302_’50"442“4’ 51,63 | 74,10 | 82,67 | 9341 | 8333 | 818 | 833 | 8091 | 7634 | 90,14
T 5133 | 741 | 829 | 9347 | 8329 | 81,72 | 8335 | 8091 | 7629 | 90,15
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Ipuioxkenne B. AKTbI BHeApeHUs
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AKT BHEPEHMS B YUEBHBIN MPOLIECC

KoMHCCHA B cOCTABE HAYANLHHEA yuyeGHoro ynpasneuus MB. [pyannkosoi,
w.0. nekana akyastera E «Opyvsae w ocoetems poopysenuss E A Jnamencxoro o
.o, smeegviomers  kadeapoilt B «Dxonorus W OpoianodcTReHHAd GE30NACHOCTE:
AD, Onefinnkopa COCTABAIA  HACTOMIMHA axT ¢ TOM, YT0  MATCPHAIM
IHCCEpTAUHOHHOMD  Hocnenopannd  Kongparteesa Cepred  ANeKcecsNda, Ccrapmcro
NPEnoIaRaTena Kadeapsl « IR0N0rHa W ponsEOICTRCHHAR BelonacHocTes OIBEOY BO
shammuiicknii  rocynaporeexnedi  Texmmuecknit | yaneepoter  «BOEHMEX®
v, [ @, Yernnosas, BHeIpeHsl 1 HCNOALIVIOTEA B yuelSHOM npolecce 1 obyueHns
CTYAEHTOR [} HANPARISHHK [0ATOTORKH OarkanaspHara 20003.0]1 «Texnocdepuasn
Ge30NAcHOCTR,

PesyneraTe wccnenosannii Konppereena CoA. NernH B OCHOBY PATA Pa3ncsios
Jekuril, 8 TAKKEe HALLTH MPHMEHEHHe B MPAKTHYeCcKHX paloTax no AMcimnimsaM

aICHOBE BHAPOAKYCTHERY H «PAIpaboTEa Iy MOBROPOZAITHTHAN MEPONPHATH AR,

=

lpopexTop no obpazoraTenbrodl = _'_'..---"
IEATENBHOCTH T e AB. Cycnamn
Havanenuk yuedHore ynpasienns 7 & M.EB. [lpyannkosa

H.o. saseyiowero kadieapoi E3 ﬁ/ ="
«DKONOTHA H NPOHIBOCTREHAS ——— A, Oneitrmnxos
Gesonacnoeten v

HAROMDTHA W TPOH3BOACTREHHAN C.A. KonapaTses

GEAOMACHOCTRY

Cr. npenoyasarens kadeiapu: B3 {/ ,) &
s
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IMlamypun
2025,
TEXHWYECKHWI AKT BHEJIPEFHF

Komuncena 8 coctase npencrasurencii 000 aOmeraTexs u BI'TY «BOEHMEX® .
JL.  YeruHOBA COCTABMNA HACTOAIHA AKT @ TOM, YT0 OOTYYEHHELE MATERHANED
JHCCEPTAHOMHOTO HECTEA0BAHHA COHCKATENA YueHOH CTEerenH KanIMIaTa TeXHHYECKHX HAyK
Kongpateera Cepres AJeKceeBH=a, HCHOBIOBAHBI NPH NPOBCICHHE MCPONPHATHE 1718
CHHHERHA IYMa HA paboues MeeTe clecapd Mexanoctopounes pabor,

HemonsaosanHe  peivaRTATOR OHCCCPTAUMOHHOMD neenenosanns Homnpareesa CoA.
NOFBOANIG  ONPEIENATE  KIOYEREE  AKYCTHYECKHE  XAPAKTEPHCTHKH NOMellenHns  (Uex
METATT000paloTER), COTNacHD BEBEICHHBM B padore dopmynam paspalorars o YCTAHORHTE
TEXHHYUECKHE CPEACTBA (AKYCTHHCCKME JKDEH, IBVKONOUIOURIONHE MAHETH) W TEM CAMEIM

CHH3IUTE HIYM HA PAGOYEM MECTE CASCAPH MEXAHOCTOPOUHED PaboT 10 HOPMEL

[Mpeacrasurenn QOO wnmeraTexs:

FaMECTHTENE repepan-Horo JHpCETOpa — /g

TEXHHYECKHH THPEETOp (‘ j
JamMecTHTEN: MeHepabHOTD JHPEHTOpa

110 KOMMEPHMECKHM BOTPOCAM A, Hagonopom

AAL TTaMkHE

MMpencraparend BI'TY «BOEHMEX®
WM. J1LD. ¥eTHHORA:

N.1.4., nou., npodeccop kadenpe ES
dTexnochephad Ge30NACHOCTS H
BLIMHCTHTENLHAN MEXAHHEAN

Cr, npenopasarens kapeapel ES

u Texnocdepnad He0TacHOCTE H
BLIMHETHTENLEHAS MEXAHHERH

H.B. Twopuna

:i‘gk
\ o
YN m

C.A. Konopatees

\
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