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HALULMWOHANBHBIN CTAHAAPT POCCUWNCKOWN GENLEPALUMN

lFocypnapcTBeHHas cuctema obecrneveHns eguHcTBa UsMepeHuii
MNKPO®OHbl MSMEPUTE/IbHbLIE

YacTtb 2

MepBUYHbIE MeToa rpagyvpoOBKX NO AaB/EHUNI0 1a6OPaTOPHbIX 3TA/IOHHbIX MUKPOJ OHOB METOAO0M
B3aMMHOCTM

State system for ensuring the uniformity of measurements. Measurement microphones. Part 2.
Primary method for pressure calibration of laboratory standard microphones by the reciprocity technique

fata sBefeHuns — 2013—05—01

1 O6nacTb NpUMEHeHUS

HacTosawwuii ctaHgapT:

- pacnpocTpaHsieTcs Ha nabopaTopHble aTasloHHble MUKPOOHLI (Aanee — MUKPOGOHbI), YA0BNETBO-
psowme TpebosaHmam M3K61094-1, n Haapyrme KOHAEHCaTOpHbIe MUKPOMOHbI, UMEILLMEe Takue xe pas-
Mepbl:

- ycTaHaBNvBaeT NepBUYHbIA MeTof onpefeneHNs KOMMNIeKCHOW YyBCTBUTE/IbHOCT MUKPOGIOHOB MO
[aBneHno, N03BONSAIOLMIA MONYYUTbL BOCMPOU3BOAMMOCTb MHEOBXO0AMMYH0 TOYHOCTb NPU M3MEPEHUN 3BYKOBO-
ro fJaBfeHus.

Bce BeNMUmMHbI BbIpaXeHbl B eAnHMLAax MexayHapogHoii cuctembl egunuut, (CH).

2 HopmaTuBHbIE CCbIIKA

Cnepyioune HopMaTVBHbIE LOKYMEHTbI 0653aTeIbHbI NPU NCNOIb30BaHNW HacTosLLero ctaHgapTa. Mpu
AaTUPOBaHHbIX CCbl/IKaX NPUMEHSAIOT TO/IbKO yka3aHHoe nusganue. Npu HefgaTupoBaHHbIX CCbI/IKax MPUMEHAI0T
TO/IbKO CaMoe NocnefHee n3faHune JaHHoro HOpMaTMBHOIO AOKYMEHTA, BK/IoUas o6oe f0MNoHeHVe.

M3K 61094-1:2000 MukpodoHbI n3mepuTesnbHble. YacTb 1. MUKpodoHbl nabopaTopHble 3TasIOHHbIE.
TexHunuyeckne TpebosaHusa (IEC 61094-1: 2000 Measurement Microphones — Part 1. Specifications for
laboratory standard microphones)

NCO/M3K PykoBogacTeo 98-3 HeonpegeneHHOCTb usmMepeHus. Yactb 3. PyKOBOACTBO MO BbIPaXeHMI0
HeonpeaeneHHocTn B namepeHmm (CuMA236)1(ISO/IEC Guide 98-3. Uncertainty of measurement — Part 3:
Guide to the expression ofuncertainty in measurement (GUM: 1995) ?)

3 TepMUHbI 1 ONpeaesneHns

B HacTofiLem cTaHfgapTe NpMMeHeHbl TEPMUHbI M onpedenerns no M3K 61094-1 n MCO/M3K PykoBsoa-
cTBY 98-3. a Takke cnefyrouie TepMnHbI C COOTBETCTBYOLWLNMY OnpeaesieHNAMU:

3.1 o6paTtumblii MukpodoH (reciprocal microphone): JInHelHbI NacCUBHbI MUKPOIOH, A5 KOTOPO-
ro UMnefaHc Xo/10CTOro Xofa B 06paTHoOM HanpasneHun 1 nepefaToyHblii UMNegaHc B MPSIMOM Hanpas/eHuu
paBHbl M0 ab6COMOTHOMY 3HAYEHWIO.

3.2 ha3oBas YyBCTBUTE/NbLHOCTb MUKpPOdIOHa no gasneHunto (phase angle of pressure sensitivity of
microphone): ®a30BblIii yron Ha faHHOl YacToTe MeXAy HanpshKeHnem X0n0CTOro xoa u paBHOMEPHO pac-
npeAeneHHbIM 3ByKOBbIM iaBNIEHNEM, [eCTBYIOWUM Ha MeEMOPaHy.

NMpumeuyaHune — EgMHMLA N3MepeHUs: rpagyc unm pagmax unu papg).

1NCO/M3K PykoBoacTBo 98-3:2008 — nepeusgaHne PykoBOACTBa NO BbIPAXEHUIO HeOMNpeAesieHHOCTN B u3mepe-
Huax (GUM) 1995 r.

N3paHne odunynansHoe
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3.3 anekTpuyeckuii nepedaTouHblil uMneaaHc (electrical transferimpedance): [Ansa cuctemsl u3 AByx
aKyCTMYECKN CBSA3aHHbIX MUKPO(OHOB — 3TO OTHOLLEHME HaNPsHXXEHUsi XO/10CTOro Xo4a MUKpodoHa-nprem-
HUKa K BXOAHOMY TOKY MUKPODOHa-13nyyaTens.

NMpunmevanwne 1— EanHuuamnsmepeHuns: om (Om).

MpumMmeyvaHune 2— OTOTMMMeAAHC ONPeaensaioT AN KOHCTPYKLMM C 3a3eM/IEHHbIM 3KPaHOM, NPUBEAEHHOW a
7.2 M3K61094-1.

3.4 akycTuyeckuii nepefaTouHblii nMnegaHc (acoustic transfer impedance): [ns cuctembl U3 AByX
aKyCTMYeCKM CBA3aHHbIX MUKPO(hOHOB — 3TO OTHOLLEHME 3BYKOBOIO AiaBNeHuns, AeiicTBYyOLero Ha membpaHy
MUKpOhOHa-MpUEMHMKE, K 06bEMHON CKOPOCTH, BOCNPOM3BOAMMON MUKPOOHOM-n3NnyyaTenem, B pexvve
KOPOTKOrO 3aMblKaHus.

NMpumeuyaHwune — EgMHMLA N3MEePEHUSA: Nackaslb-CeKyHa Ha Kybudyeckuii metp (Ma mc.'mM3).

3.5 kamopa cBsA3u (coupler): YCTpoiicTBO, B KOTOPOM NpY YCTAHOB/IEHHbIX MUKPOOHaxX 06pasyeTcs
NoJIoCTb OMNpe/esieHHOR (hopMbl U Pa3MepoB 1 KOTOPOE CAYXKMT B KAYECTBE 3/IEMEHTa aKyCTUYeCKOol CBS3N
Mexzy MUKpohoHamm.

4 OnopHbIe BHeLLUHWE YC/10BUSA

OFIOprIe BHeLHNe yCnoBus:

* TeMnepartypa: 23,0 °C;
-CcTaTnyeckoe fasneHue: 101,325 kMa;
- OTHOCUTE/IbHas B/IaXHOCTb: 50%.

5 |_|pI/IHL|,I/II'II:>I rpagymnpoBkKun Mo gaBsieHNMKO METOA0M B3aMMHOCTU

5.1 O6wwue NpuHLUMbI
5.1.1 O6uwue cBegeHus

pasyvnpoBka MUKPOGOHOB METOLOM B3aMMHOCTU MOXET ObITb BbINOMHEHA NGO C MOMOLLbIO TPEX MUK-
POHOHOB. AABA U3 KOTOPbIX AO/MKHbI 6bITh 06PATUMBIMU, NGO C MOMOLLLH0 BCMIOMOTaTe/IbHOr0 UCTOUHMKA 3BYKa
N ABYX MUKPOCYOHOB, OAAVH 13 KOTOPbIX A0/IKEH GbITb 06paTUMBbIM.

MpumeyaHwune — Ecnv ofgnH N3 MMKpOohoHOB Heo6paTuM, TO OH MOXeT ObITb MCNO/Ib30BaH TO/ILKO a KavyecTse
npuemMHuKa 3ByKa.

5.1.2 O6LWMe NpUHLMNbI NPU NCMOJIb30BAHNN TPEX MUKPO OHOB

MpegnonaratoT, 4TO fBa MUKPOCHOHA aKyCTUYECKN COeiUHEHbI Yepes kamepy CBA3W. Vicnonb3ys oguH 13
HUX B KaYeCTBE UCTOYHUKA 3BYKa, a APYroil — B KaYecTBe MpUeMHMKa, U3MEPSIOT 3NeKTPUYECKUil nepesaToy-
HbIi UMNegaHc. EcnvakycTuuecknii nepefaToUHblii UMNeAaHc Takoli CUCTEMbI M3BECTEH, TO MOXET ObITb Hali-
[EeHO npousBefeHne YyBCTBUTENbHOCTEN MO AAB/IEHUI0 ABYX CBA3AHHbIX MUKPOMOHOB. /cnonb3ys napHble
KOMO6UHaUMN MUKPOHOHOB (1), (2) 1 (3). nonyyaloT TpY Takmx He3aBUCUMbIX NPOU3BEAEHNS, U3 KOTOPbIX MOXET
6bITb BbIBE,EHO YpaBHEHWE /15 YyBCTBUTE/IbHOCTW NOAABEHNIO KAXAOr0 X TPEX MUKPO(OHOB.

5.1.3 O6LMe NPUHLMMbI NPY NCMOJIb30BAHNN ABYX MUKPOGOHOB 11 BCMOMOraTebHOr0 NCTOYHU-
Ka 3ByKa

Bo-nepBbiX, NpeanosaratT, YTo ABa MUKPOOHA aKyCTUUECKU COEAMHEHbI MEXAY CO60l C NOMOLLbIO
kamepbl CBA3W. ONpefensiioT Npou3BefeHWe 3HauYeHuid YyBCTBUTENILHOCTY MO AAB/IEHUIO 3TUX MUKPOGO-
HoB (5.1.2). Bo-BTOpbIX, NpegnoaraioT, YTo Ha 06a MUKPOoHa BO3EiCTBYET OMHAKOBOE 3BYKOBOE faBie-
HMe OT BCNOMOraTe/IbHOro UCTOYHMKA 3BYKa. TOrAa OTHOLEHWE ABYX BbIXOAHbIX HaNpskeHuii 6yaeT paBHO
OTHOLLEHUIO YyBCTBUTE/IbHOCTEN NOAABEHNIO 3TUX MUKPOCOHOB. TakM 06pa3oM, 13 MPOU3BELEHNUS NOTHO-
LIeHMs YyBCTBUTE/IbHOCTEN N0 AAB/IEHMIO [BYX MUKPOOHOB MOXET GbITh ONpe/esieHa YyBCTBUTE/IbHOCTb Mo
[aBNeHNIo KaX0ro U3 ABYX MUKPOGPOHOB.

MpunmeyaHune — Cuenblo NOAY4YNTb OTHOLWEHNE ‘—IyBCTBVITeﬂbHOCTeVI no AaBJ/1IEHUIO, AONMYyCKaeTCcAa UCNOoJib30-
BaTb MeTO/ HernocpeACTBEHHOrO CpaBHEHUS, a BCNOMOraresibHbIM UCTOYHMKOM 3BYKa MOXeT ObiTb TPeTUii MUKPOOH,
MeXaHN4YecKmne n akyCTnyeckme XxapakTepucTukM KOTOPOro oT/inyarTCAa OT XapakKTepucTuk rpagynpyemMbix MVIKpOd)OHOB.
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5.2 OCHOBHbIE ypaBHeHUs

ﬂaﬁopaToprle 3Ta/I0OHHbIE U FIO,D,OﬁHbIe v MVIKpOC*)OHbI A0NyCKaeTcAa paccMaTpuBaThb Kak O6paTVIMbIe,
N NO3TOMY CUCTEMA U3 ABYX ypaBHeHMﬁ ANA 3TuX MI/IKpO(bOHOB MOXET 6bITb 3anMcaHa B Buae

2,1/ +212€ = )
221/ + 222£ =£.

roe p — 3BYKOBOE [aB/ieHVe, paBHOMEPHO pacnpegenieHHoe no Mmem6paHe MUKpodoHa, B nackansix (Ma);

U — HanpsXeHue Ha 3N1eKTPUYEeCKUX KOHTakTax MMKpothoHa B BosibTax (B);
O— 06beMHas CKOpOCTb aKyCcTuyecKoli YacTu (MeMbpaHbl) MUKpOhOHa B KyBM4eCcKnx MmeTpax B CEKYHAY
(m3/c);
i — CunaToKa, NPOoTeKaloLero Yyepes afieKTpuyeckme KOHTaKTbl MUKPOoghoHa, B amnepax (A);
2,, = Z~— 3neKTpuyecknii UMnegaHc MMKpodoHa Npu 3aTOPMOXeHHoI MeM6paHe B omax (Om);

r22 = Za— aKkycTMyeckuii nmnefaHc MUKPOOHA NPV HEeHarpy>XXeHHbIX 3NeKTPUYECKUX KOHTakTax B nac-
— Kafnb-cekyHAax Ha kybuueckuin metp (Ma ¢ m 3);

212=221 =M. Za— nepefaTouHblii MNeAaHc B 06paTHOM ¥ MPSIMOM HanpaBfeHNsIX B BOSIbT-CEKYHAAX Ha
- Kybuueckuint meTp (B-c m-3);
M” — yyBCTBUTENBHOCTL MUKPOGOOHA NOAaBEHMIO B BOMIbTax Ha nackans (B Ma ).

MpumeyaHune — MoAYEPKHYTbIMU CUMBOIaMUN 0603HaYEHbI KOMIMJIEKCHbIE BE/TNYUHBI.

YpaBHeHus (1) MOryT 6bITb NepenucaHsl B BUAe

hoi* ¥**>yx*x (1a)

KOTOpble 1 NPeaCcTaBNAOT CO60I ypaBHEHNSA B3aWMHOCTY A1 MUKPODOHA.

MpegnonaratoT, 4To MUKPOPOHBI (1) 1 (2). MMetoLLne YyBCTBUTE/TbHOCTM NOAABIEHNIO 2.aKyc-
TUYECKU CoeAMHEHbI C MOMOLLbIO Kamepbl CBA3W. W3 ypaBHeHwuii (1a) cnegyeT, 4To TOK/. npoTekarowuii yepes
3/1eKTPUYECKNEe KOHTaKTbl MUKpodioHa (1), BbI30BET 0GbEMHYI0 CKOPOCTb MPU KOPOTKOM 3aMblkaHuu (£ = 0 Ha
mem6paHe) Mp , L M co34acT 3ByKOBOe AaBrieHne 12 , */, Ha aKkycTuyeckom Bxoge MUKpodoHa
(2). naeZ, 12 — akycTuyeckuii nepefaTouHbIi MMNeaHc CUCTEMBI.

HanpsixeHne Xxo10cToro xo4a Ha MMKpodioHe (2) npu aTom byaet

L? =Mp.2 pjt =Mp. I Mp.2jj. 12/,

CnepnoBaTo/ibHO. Npou3BeeHne YyBCTBUTE/IbHOCTE N0 AaBNeHNto 6yaeT

Mp Mp 2= (1/2a.i2)(tM i)- (2)

5.3 MeToj 3amMeleHna Hanps>XeHus

MeTopa 3ameLleHnst HanpsHKeHUs NPUMEHSIIOT AN ONpeAeeHNst HaNPSHXKEeHUS X010CTOr0 X0A4a 3/1eKTpU-
YeCKU HarpyXeHHOro MUKpOghoHa.

MpegnonararT, 4TO KMUKPOOHY C ONpeae/eHHbIM HanpPsHKEHUEM XO/I0CTOrO X04a U BHYTPEHHUM UMne-
[laHCOM NOAK/YEH UMNEAAHC Harpy3ku. 15 U3MepeHust HanNPsHXEHNs! XO/I0CTOro XoA4a K MUKPOCHOHY nocie-
[l0BaTeIbHO NOAK/M0YA0T Masiblii (Mo CpaBHEHUIO C UMMeJaHCcoM Harpysku) MneaaHc, Yepes KoTopblil nogatT
C reHepaTopa kaM6poBOYHOE HaNpPsHKeHue.

MpegnonaratoT, YTO 3BYKOBOE AaB/IEHNE U KANIMGPOBOYHOE HaNpshKeHWe 0fHOM 1 Toli e YacToTbl noga-
10T nonepemMeHHo. KasimGpoBoUHOE HanpshkeHue peryimpyioT 40 TeX Mop. Noka OHO He AacT Takoe Xe nageHue
HanpshXeHWs Ha UMNeaHce Harpysku, YTO 1 NpY BO3AelCTBIM 3BYKOBOTO AaB/IeHUsl HA MUKPOCHOH. B aToM cny-
yae HanpshkeHue X0/10CToro xoa 6yaeT paBHO MO 3HAYEHUIO KaIMGPOBOYHOMY HAMPSHKEHMIO.

5.4 OnpepeneHne akyCTUYeCKOro nepefato4yHoro umnegaHca
AKycTUYeckuii nepefaToyHblii umnegaHc Z, 12 i -[) mMoxeT 6bITb ONpefeneH N3 3KBUBasIEH-
THOV CXeMbl pUCyHKa 1.rae” , nZ* 2— akyctnyeckune nmnegaHcbl MMKpooHoB (1) 1 (2) COOTBETCTBEHHO.
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1— kamepa cBsi3n
PucyHok! — 2kBMBasieHTHas cxema ans onpepeneHns akyCTyeckoro nepegaro4yHoro nmnegaHcan »

B HekoTopbIX Ciydasx 12 MoxeT 6bITb onpeaeneH Teopetuyecku. MNMpegnonaratoT, YTO 3BYKOBOE AaB-
neHne 6yaeT 0AUHAKOBbLIM B /1060I TOUKEe BHYTPU kaMepbl CBA3N (3TO 6yAeT CO6M104eH0, ecnin hnsnyeckme
pa3mepbl kKamepbl CBA3W Masibl MO CPaBHEHWIO C AIMHOW BOJIHbI). TO/IbKO B 3TOM C/lyyae ras, 3ak/toueHHblli B

kamepe CBA3U, XapakTepusyrT KakK YNCTYH0 MOAAT/IMBOCTb (FTMOKOCTb), Y U3 3KBUBAIEHTHOM CXEMbI PUCYHKA 2
(B NpeanonoxeHun aamabaTUYecKoro xapakrepa cxaTus 1 paclumpeHus rasa) Z., ,2BblpaxarnT yepe3”Z a ,2:

1 3)
Lan2 KfPs.r  KrPl,» |

roe V— o6t reomeTpryecknii 06beM KaMepbl CBSI3W B Kybuyecxnx metpax (M3);
Ve , — 3KBUBa/IEHTHbIN 06beM MUKpodhoHa (1) B kybuueckmx metpax (M3);

Ve 2 — 3KBMBaJIeHTHbIi 06beM MUKpOdOoHa (2) B Kybrnyecknx metpax (M3);

Za v = KpJ(j«>V) — aKycTuM4ecknin umnegaHc rasa, 3ak/l04eHHOTO B KaMepe CBSA3U, B Nnackasb-CekyHaax Ha
— Ky6uueckuii metp (Ma ¢c/m3);
j2 = — 1 (MHUMas eguHNLA);

CcO— yraioBasi yactoTa B pagmaHax B cekyHay (pas/c):

p5— cTatuyeckoe gaBneHue B nackansx (Ma);

p5F— cTaTuyeckoe gasfieHne Npy ONOpHbIX YCI0BKAX B nackansx (Ma);

K — OTHOLLUEHWE yAebHbIX TEN/I0OEMKOCTEN NPU YCNIOBUSX U3MEPEHNS;

K PaBHO K MPU OMOPHbIX BHELLIHNX YCIOBUSX.

3HaueHns K U Kr 41 BMAXHOro Bo3yxa MoryT 6bITb OnpejesneHbl U3 ypaBHEHW, NPUBEAEHHBIX B MPU/IO0-
XeHuun F.

S kill

PucyHOK 2 — SKBUBaUIEHTHAsi CxeMa fy1s1 onpeaenieHns 2'a 12, koraa pasmepbl kamepb! CBSI3Y Masibl MO CPaBHEHWIO
C [/MHOV BO/HbI

Ha 60/1ee BbICOKMX YacToTax, MNPV KOTOPbIX pa3Mepbl KAMepbl CBA3M HEL0CTAaTOUYHO Masibl MO CPABHEHUIO
C A/IMHOM BOMHbI, onpegeneHne” 12ycnoxHsetcs. OfHAKO ec/im hopMa kamepbl LuaMHapuyeckas v ee ana-
MEeTp TaKoii Xe, kak y MeM6paH MUKPOGOHOB, TO Ha YacToTax, rae npeanonaraeTca pacnpocTpaHeHue NI0CKUX
BOJIH, BCIO CUCTEMY [JONYCKaeTCs paccMaTpuBaTh Kak 04HOPOAHYIO IMHMIO nepegaun (CM. pUcyHok 3). B aTom

cnydyae Z. 12BblpaxaeTcs yepes Z a 12 (B npeanonoxeHnn aamabaTuyeckoro xapakrepa cxatusi u paclumpe-
HVA rasa):

jd[bL+Kk Sz) cosh(y/O)« 40 9inh(v/0), @
£12] LalLo)

roe Za 0 — akyCTUYeCcKkuii umneaaHc Ans naockoi BosHbI B kKamepe cBA3W. Ecnn notepsiMu B kamepe CBS3u
MOXHO npeHebpeyb, To Za 0 = pc/SO:

p— NJIOTHOCTb rasa B kamope CBA3M B Kuorpammax Ha Kybudeckuii meTp (kr/m3);
C — CKOpOCTb 3BYKa, CBOOOHO pacnpocTpaHAoLLEerocs B rase, B MeTpax B cekyHay (m/c):
SO— nonepeyHoe ceyeHne Kamepbl CBA3MW B KBaApaTHbIX MeTpax (M2);
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D — fgnviHa Kamepbl CBA3W, T. €. paccTosiHMe Mexay AByMSA membpaHamu B MeTpax (M);
y= a +y p — KOMMMEKCHbIN KO3 hULMEHT pacnpoCcTpaHeHUss B MeTpax B MUHYC NepBoii cteneHn (M '1).
3HayYeHns p 1 c AN BNaXXHOTO BO3AyXa MOryT 6biTb ONpeenieHbl U3 ypaBHEHWUIA, MpUBEAEHHbIX B NpUIo-
xeHuun F.

PeanbHasn yacTb y onpegenseT notTepu Ha BA3KOe TPeHWe W TensonpoBOAHOCTb Ha LWIMHAPUYECKON
NMOBEPXHOCTU, @ MHUMAas YaCTb NpeAcTaBsaeT co60i yr10Boe BO/THOBOE YMCO. [py He3HAUNTEIbHBIX NOTEPAX
y BypaBHeHWUu (4)ynpoLualoT. NOM0XMB a PaBHOW HY/H0 U p paBHOl bi/c. Heo6xoaumo yuecTb 10601 Bo3ayLu-
HbIl 06beM, CBSAA3aHHbIN C MUKPOOHaMW, flaxe HaX0A4ALWMIACA BHE LMIuHApa, 06pa3oBaHHOro kaMepoii CBA3n
nobenmn membpaHamu (cm. 7.3.3.1).

PucyHok 3 — OkBuBas/ieHTHaA cxema Ans onpegesieHns 2 ‘al2. korga B kamepe cBA3M nNpegnonaraeTcs
pacnpocTpaHeHve NA0CKOW BOMHbI

5.5 TlMonpaBka HaTeNna0MNpPoOBOAHOCTb

Mpu onpepenexdnn Z*a 12 B 5.4 npeanonioxeHbl agmabartnyeckme ycnosus B kamepe cBsA3n. OgHako B
[elicTBUTENbHOCTH TEN/TONPOBOAHOCTbL CTEHOK KaMepbl CBSA3M Bbi3blBAET OTK/IOHEHWE OT YNCTO agmabaTnyec-
KX yCNOBWIA, 0COBEHHO 47151 HEGObLUNX KAMEP CBA3U U HU3KMX YacToT.

B Anana3oHe HM3KMX 4aCTOT, KOrAa 3ByKOBOE laBieHne 6yaeT 04MHaKoBbIM B 110601 TOUKe BHYTPU Kame-
pbl CBA3W W. B NPEANOMOXEHUN, NOCTOSAHCTBA TEMMNEepPaTypbl CTEHOK KamMepbl, NOTEPU Ha TENI0MNPOBOAHOCTb
MOryT ObiTb pacCcUuTaHbl Y BbIpaXeHbl B BUAE KOMM/IEKCHOr0 NONpaBoYyHOro koadychmumeHTa_[in Kk reomeTpu-
yeckoMy 06bemy Vb ypaBHeHUn (3). YpaBHEHUS 415 pacyeTa NonpaBoYHOro KoadycpmymeHta N nprBegeHbl B
npunoxeHun A.

B frana3oHe BbICOKUX YACTOT BHYTPU Kamepbl CBA3U OyAeT BO/THOBOE ABUXEHNE U 3BYKOBOE [aBrieHne
He ByAeT OAHUM 1 TEM Xe B /10601 Touke Kamepbl. J18 NPAMbIX KPYTOBbIX LLUIMHAPUYECKNX KaMep CBA3W, rae
cnpaBefnvBa Teopus NUHeliHoN nepegaun (cMm. 5.4), COBMeCTHOE BNSIHNE MOTEPb Ha TEM/IONPOBOAHOCTb U
BAA3KOE TPEHME MOXET ObITb ONpegesieHo A5 NI0CKOBOTHOBOrO PacnpoCcTpaHeHusl B kamepe C MOMOLLbHO KOM-
N/1EKCHOro KO3thhuLmeHTa pacnpoCcTpaHeHns n akycTuyeckoro umnegaHca. JonofHUTENbHYO TENA0NPOBOA-
HOCTb TOPLOB Kamepbl CBSA3U (MeMO6PaH MUKPOGOHOB) YUMTbIBAKOT, BKIHOUMB AONOMHNTE/IbHbIE KOMMOHEHTbI B
aKycTuyeckme nMmnefaHcbl MUKPOPOHOB. YpaBHEHUs AN pacyeTa KOMMNEKCHOro koadduuymeHTta pacnpoc-
TpaHeHMWs U akKyCTMYecKOro mmnegaHca npu MJI0OCKOBO/IHOBOM PacrnpoOCTPaHEHUN akKyCTUYECKOW BOJHbI
npviBeAeHbI B MPUIOXKEHUN A.

5.6 lMonpaBka Ha KanuAAApPHOCTb TPYOKM

Kak npasusio, B Kamepe CBSA3N MOHTUPYIOT KanunnspHble TpYOkn 4015 BbipaBHUBaHWSA CTaTUYECKOro AaB-
NIEHNSA BHYTPU U CHapyXu kamepsbl. [lBe Takne kanuinisipHble Tpy6K1M NO3BONSAOT BBECTU B KAMepY ApYroi ras

BMeCTO BO3ayXa.
AKyCTUYECKMI MMNeAaHC Ha BXOA4E OTKPbITONM KanunnsipHol Tpy6kn Z, ¢ onpeaenstoT no hopmyie

A.c=2,.(tanh(r fc). 5)
rae Za (— KOMMN/IEKCHBIN aKyCTUYeCKUA BOSIHOBOW MMMegaHc 6eckoHevHol TpyObkn B nmackanb-CeKyHAax Ha
~ Ky6uueckmii metp (Ma -c/m3);
Ic — pnuHa Tpy6Kn B MeTpax (M).
LyHTMpytoLLee feicTBME KanuaisapHbIX TPY6GOK yUnTbIBAIOT, BBOAA KOMMIEKCHbIV NONPaBOYHbIA KO-
huumneHT [c K akyCTMYeCcKum nepefaTtoyHbIM nmnegaHcam, onpegeneHHsim no gopmynam (3) u (4):

2a12 (6)
Ac=1+n

raoe n — 4ncno oanHaKoBbIX KannnnAapHbIX prGOK;
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Z"a 12 — aKkycTu4yeckuii nepefaTouHblii umnegaHc Z 'a 12c nonpasKoii Ha TEM/I0NPOBOAHOCTbL cornacHo 5.5.
—  3HauyeHus aKyCcTMYecKoro nMmnegaHca Ha Bxoge 2° ¢ AN OTKPbITOl KanunnspHoli Tpy6ku npuBeeHsb! B
npuaoxeHuun B.

5.7 OKoOHYaTe/lbHble ypaBHEHUSA A1 YYBCTBUTE/ILHOCTU N0 JaB/1IEHNIO
5.71 MeTo/4 C MCNoNb3oBaHNem Tpex MUKPOOHOB

O603HavalT 3NeKTPUYeCKUii nepepaToyHbli UMneaaHc yepes Ze 12 n BBOAAT aHa/OrMyHble
0603HavYeHNs 415 0CTaBLUMXCA Nap MUKPOOHOB.

lMpuHAB BO BHUMaHWe nonpasku, ykasaHHble B 5.5 1 5.6. nonyyaloT oKoHYaTesibHoe ypaBHeHVe 1A Moay-
NS YyBCTBUTENIBHOCTU MUKPOIOHa (1)nofaBneHunto:

@)

éc 1270.31 ééa. 23 ~C,127C 3

W p.il .
£>23 €'ni2—a3ll 23

AHanornyHele ypaBHeHus cnpaseimebl U AN MUKPOGOHOB (2) 1 (3).
Mopo6HbIM 06pa3om onpefenstoT U Pa3oBy YyBCTBUTE/IbHOCTb MUKPOOHOB Yepe3 ha3oBblii yron
Kax[oro uneHa ypasHeHus (7).

MpumMmeyaHune — ECAn KOMNNEKCHYO BENIMYMHY BbIpaXaloT yepe3 MoAy/b 1 hasy, To nHdopmauns o ase
[,0/1KHA OTHOCUTBLCA KO BCeMy AnanasoHy gasbl. T.e. 0— 2r. pag nnm 0— 360°.

5.7.2 MeTofA C UCNONb30BaHWEM BYX MUKPOKOHOB M BCNOMOTaTeIbHOT0 MCTOYHMKA 3BYKa

Ecnun NCNOMb3YHT TOJ/IbKO ABa MI/IKpOCbOHa M BCnomoraTesnbHbli UCTOUYHUK 3ByKa, TO OKOHYaTe/sibHOe
ypaBHeHne ana moayna 4yBCTBUTE/IbHOCTU noAaB/IEHNIO 6y,u,eT nMmeTb BUg
> 8)
1Apl As<2 N1\

i~ . .
i|*ETEY i2 j !

rfe OTHOLLIEHWUE ABYX YyBCTBUTE/IbHOCTEN N0 AaB/IEHUIO N3MEPST METO40M CPaBHEHUSI C MOMOLLbI0 BCMOMO-
raTesibHOro UCTo4YHMKa, cm. 5.1.3.

6 (DaKTOpr, BAKOWME Ha HyBCTBUTEJIbHOCTb MO AaB/1IEHNIO

6.1 O6Lwwue cBegeHus

YyBCTBUTENILHOCTb KOHAEHCATOPHOIo MUKPOhOHA NofaB/IEHNIO 3aBUCUT OT HaNpPsHXKEHUS nonspusalmm
1 OT BHELUHWX YC/OBWIA.

MpyHUMN paboTbl KOHAEHCATOPHOr0 MUKpOOHA C Monspusauneil 0OCHOBaH Ha NPeanonoXeHnu, 4To
3/1eKTpuYecknin 3apsg Ha MMKpodhoHe ocTaeTcsl MOCTOAHHBIM Ha BCex YacToTax. 3To ycnoBue onpegensercs
NOCTOSIHHOWN BpeMeHn 3apsga MUKpoddoHa, paBHOI NPOM3BEAEHNI0O EMKOCTU MUKPOOHA Ha CONPOTUBEHME
nonspusauun, 1 He BbINO/THAETCA HA OYEHb HU3KNX YacToTax. HecMoTps Ha TO. YTO YYBCTBUTEIbLHOCTb MUKPO-
dhoHa Mo Xx0/10CTOMY X04y ONpeAenatoT NpaBuIbHO C UCNO/b30BaHNEM MeToAa 3aMelleHns, feicTBUTeIbHoe
HanpshkeHne c BbIXxofa NPUCOEAUHEHHOTO K MUKPOMOHY npeaycunuTens B 06/1acT HU3KMX YacToT byaet
MeHbLLe 13-3a yKa3aHHON NOCTOSHHON BPEMEHMW.

Bonee Toro, npu onpegeneHnn YyBCTBUTENLHOCTU NpeAnonaralT, YTO NPu U3MepeHnaxX foKHbI ObiTb
co60eHbl HEKOTOpble Tpe6oBaHus. [Na NoayyYeHns 4OCTaTOYHO MasiblX COCTaBALWNX 0bLLeil Heonpeae-
NIEHHOCTKN NpU NPOBeAEHUN rpagyvpoBK/ 3TN TpeboBaHNA, Nepeync/ieHHbIe HKe, HE06X0ANMO CTPOro KOH-
TponunposaTthb.

6.2 HanpshxeHne nonapusayum

YyBCTBUTENBHOCTb KOHAEHCATOPHOTO MUKPOOHA MPUGAN3NTENbHO NPOMOPLMOHANbHA HaNpPsXXeHWo
nonspusauum, M N03TOMy B NPOTOKO/E rpafynpoBKy A0/MKHO ObiTb yKa3aHo AeiCTBMTEIbHOE 3Ha4YeHne Hanps-
XeHus nonapusaunn. PekomeHgosaHHoe M3K 61094-1 HanpshxeHue nonspusauny pasHo 200.0 B.

6.3 CTtaHfapTHasa KoOHuUrypaumsa 3a3eM/eHHOro aKkpaHa

B cooTtBeTcTBMM € 3.3 MOK 61094-1 HanpshXeHMe X0/I0CTOro X04a A0/IHKHO OblTb U3MEPEHO Ha 3/1IeKTpU-
YeCKMX KOHTakTax MMKpohoHa METOA0M 3aMeLLEeHUSA HANPSXKEeHNS, onMcaHHbIM B 5.3. TpeboBaHus K KOHUry-
pauuy 3a3eM/IEHHOr0 aKpaHa A/151 1abopaTopHbIX 3Ta/IOHHbIX MUKPOOHOB yka3aHbl B M3K 61094-1.

AHanornyHas KOHCTPYKLUMA 3a3eM/IEHHOTO 3KpaHa [o/MKHa 6biTb NCNO/Ib30BaHA NPU rpafynpoBKe Kak
AN MUKpPOhOHAa-NPUEMHMKA, TaK U ANA MUKPOOHA-U3yyaTens, askpaH Ao/HKEH 6bITb NOAKIIOYEH K NOTEHLU-

6
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any 3emnu. Mpu NCNob30BaHNUM APYroii KOHCTPYKLMK pe3ynbTaThl pafyupoBKy JOMKHbI BbiTh MPUBEAEHBI K
CTaHAapPTHOW KOHCTPYKL MM 3a3€MJIEHHOIO 3KpaHa.

ECnn U3roToBUTENb YKa3biBAET MaKCUMaibHOe MeXaHWUeckoe yCuime, KoTopoe MOXET GbiTb NPpUIoXe-
HO K LLEeHTpa/IbHOMY 3/1eKTPUYECKOMY KOHTAKTY MUKPO(OHA, TO 3TOT NPeAes He AO/MKEH GOblTb NPEBbILLEH.

6.4 PacnpegeneHue gaBneHus no membpaHe

MpuonpegeneHnn 4yBCTBUTENBHOCTU NOAAB/IEHMIO NPeAnoaaratT, YTO 3ByKOBOE AaB/ieHne paBHOMep-
HO pacnpegeneHo no MembpaHe. BbixogHoe HanpshkeHre MUKpPoghoHa Npu HepaBHOMEPHOM pacnpefeneHnm
[aB/ieHns N0 NOBEPXHOCTUN MeMbpaHbl 6yAeT 0TNYaTbCA OT BbIXOAHOIO HANpsXXeHns MUKpodhoHa npn paBHO-
MEpPHOM pacnpejefnieHnn AaBneHuns, UMetoLLemM TO e caMoe cpefHee 3HauyeHue, NOCKOJIbKY, Kak npasuso,
MUKPOGOOH 60/1ee HyBCTBUTE/EH K 3BYKOBOMY AaBNIEHNIO B LIeHTPe MeMb6paHbl. 3Ta pasHuua byaeT gpyroii ans
MUKPO(POHOB C HEPaBHOMEPHbIM HaTsHXKeHVeM MeMbpaHbI.

B unnmHapuyeckmx kamepax, OnncaHHbIX B NpunoxeHun C. BONHOBOE ABMXeHME ByaeT Kak npofosb-
HbIM, TaK 1 paguanbHbiM (Kak CUMMETPUYHbIM, Tak U acMMeTpUYHbIM). PagnanbHoe BO/THOBOE ABUXEHWEe
6yAeT NPUYMHOI HEpaBHOMEPHOTO pacnpegenieHns AaBneHus no memopaHe. OHO BO3HUKHET, eCnn U3nyya-
Tenb 6yAeT oTIMYaTbCA OT nAeanbHOro NOPLIHEBOr0 MCTOYHMKA, NIOTHO COMPUKacaloLLLerocsi C NOBEPXHOCTbLIO
Kamepbl CBA3W, UK ecnn reoMmeTpuyeckas hopma coeanHeHnss MMKPOOH — KaMepa CBA3W He npeacTasnseT
co60li NpsAMONi KpYroBo LnuHApP. Kpome Toro, acuMmeTpuyHoe pagnanbHoe BO/THOBOE BUXEHWE BO3HUKAEeT
M3-3a HEecoBepLleHCTBA reoMeTpuyeckoli (hOpMbl CUCTEMbI HEMOABWXHbIM 3MeKTpos — MembpaHa
MUKpPOPOHa-M3NyyaTensa nan n3-3a HatsxeHns memopaHbl U ee 0AHOPOAHOCTMU.

PekomeHayeTcs, 4To6bl NpM rpagyMpoBke HEPaBHOMEPHOCTL pacnpeAeneHns 3BYKOBOro faB/ieHus no
membpaHe He npesbiwana +0,1 gb. OgHako 370 ycnoBMe TPYAHO KOHTPO/IMPOBaTh U3-3a FeOMeTPUYecKoro
HecoBepLUEHCTBA peasbHOro MMKPodhoHa 1 kamep CBA3M. HecmMoTpsa Ha TO. YTO paAnasnibHOro BOJTHOBOIO ABU-
XEHNA HEBO3MOXHO n3bexaTb N3-3a OT/IMUUS pacnpefeneHns no CKOpocTn MUKPodoHa-n3nyyaTens ot nae-
aNbHOro NOpPLUHA, Kamepbl CBA3W, ANaMeTp KOTOPbIX paBeH anameTpy MeMmbpaHbl MUKpodoHa, 6yayT MeHee
BCEro noABepXeHbl pagvanbHOMy BO/THOBOMY ABUMXEHUIO Y MEHEe BCEro YyBCTBUTE/bHbI K HECOBEPLUEHCTBY
reomeTpuyeckoi (oopmMbl NOIOCTU, YEM Kamepbl C AuameTpoM, 601bWKNM guameTpa membpaHsbl.

OpfHakoecnu HeobxoArMa BbICOKast TOYHOCTb NPU rpafypoBKe Ha BbICOKMX YacToTax, To A4N15 No/yYeHuns
6051ee nNpasBubHON YyBCTBUTENBHOCTU MUKPODOHA XenaTebHO NCMO/b30BaTb HECKO/IbKO Kamep CBA3W pas-
NINYHBIX Pa3MepoB ¥ BBECTV TeopeTnyeckn 060CHOBaHHbIE NONPaBky Ha pagnanbHOe BOSTHOBOE ABVXXEHNE.

6.5 BnunsiHMe BHELWHNX YCA0BUNA
6.5.1 CtaTuuyeckoe gaBneHue

AKyCTUYeCKoe CONpOoTMB/IEHNE N Macca rasa Mmexay MemopaHoii  HeNnoABMKHbLIM 3/1EKTPOLOM, NoAAT/IN-
BOCTb N0/10CTH 32 MeMbpPaHoii (4anee — nogaTANBOCTb) U, ClIeA0BaTENbHO, HyBCTBUTEIbHOCTL NOAABAEHUIO
3aBUCAT OT CTATMYECKOro AaBneHuns. 3Ty 3aBUCMMOCTb, KOTopas npeAcTaBiseT co6oi PyHKLUMIO YacToThbl,
MOXHO onpefenuTb ANA MUKpodhoHa nyTem ero rpagympoBkM MeTOAOM B3avMHOCTU MpU PasnyHbIX
cTaTU4eckux fasBfieHNsaX.

MpunoxeHne D cogepXuT MHpopMaLMio 0 BAUAHUN CTATUYECKOTO AaBIEHNA HA YyBCTBUTENbHOCTb MO
faBneHunio NnabopaTopHbIX 3TA/TOHHbIX KOHAEHCATOPHbIX MUKPOGOHOB.

6.5.2 Temnepartypa

AKyCTUYeCcKoe CoONpoTHBIEHNE U Macca ra3a Mexay MeMbpaHoi U HeMOABWXHbLIM 3/1IEKTPOAOM U. cefo-
BaTe/IbHO, YyBCTBUTE/IbLHOCTb MO laB/IEHMIO 3aBUCAT OT TemnepaTypbl. Kpome Toro, reomeTpuyeckme pasmepsbl
MUKPOHOHa 3aBUCAT OT TEMMNepaTypbl, @ YyBCTBUTENIbHOCTb MUKPODOHA 3aBUCUT OT MEXaHNYeCKOro HaTsxe-
HMA MeMOpaHbl 1 OT PacCTOSTHUA MeXAy MeMOpaHoli 1 HENOABWXHLIM 3/1eKTpogom. Obliee BMAHME 3TUX
N3MeHeHNi 3aBUCUT OT YaCTOThbl. 3Ta 06befMHENHAn 3aBMCUMOCTb A1 MUKPOGIOHa MOXeET ObITb onpeaeneHa
nyTem rpafympoBkM MeTO40M B3aMMHOCTY NPY pas/inyHbIX TeMnepartypax.

Mpunoxexune D cofepXxuT MHoOpMaL Mo 0 BANAHUN TemnepaTypbl Ha YyBCTBUTENIbHOCTbL NOJaB/1EHNI0
nabopaTopHbIX 3TA/IOHHbIX KOHAEHCATOPHbLIX MUKPOCHOHOB.

MpumeyaHune — Ecmm MUKPOGhOH NOABEPrHYTh GOJBbLLMM M3MEHEHUAM TEMMePaTypbl, TO 3TO MOXET NPUBEC-
TU K UISMEHEHWIO €70 YyBCTBUTE/IbHOCTY Ha MOCTOSIHHYHO BE/INUMHY.
6.5.3 BnaxHoCTb

HecMoTps Ha TO. YTO TEPMOAMHAMUYECKOE COCTOSIHUE BO3AyXa B MOSIOCTM 3a MEMGPaHO/ MUKpodoHa
He3HauuTeNbHO 3aBUCUT OT BNIAXHOCTU, ee B/MsIHNE HAa YYBCTBUTE/IbHOCTb 1a60paTOPHbIX 3TA/TOHHbLIX MUKPO-
(hOHOB B OTCYTCTBME KOHAEHCALMMN HE MPOC/IEXNBAETCS.

MpumevaHune —Onpe,qeneHHble YCNoBMA MOryT NMOB/NATL Ha cTabunbHOCTb HanpshkeHna nondapusaumn n
3apAa Ha HenoaBWMXHOM 3/1EKTPOAE U TakKUM o6pa30M NOBNUATb Ha YyBCTBUTE/IbHOCTb MMKpOCbOHa. Hanpumep, nosepx-
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HOCTHOE CONpPOTUBJ/IEHNE U30ALMY MaTepruana Mexay HenoABMKHbIM 3/1eKTPOAOM U KOPMYCOM MUKPOMOHA MOXET YXyA-
WNTbCA NOA, BNUAHMEM 6ONbLLIOW BIAXHOCTU, 0CO6EHHO ecnn maTepuan 3arpssHeH (7.3.3.3). MoBepxHOCTHOE CONPOTUB-
NeHne nMeeT 3amMeTHOE B/IVSIHME Ha YyBCTBUTE/NIbHOCTb MWKPOMOHA Ha HU3KMX 4YacToTax, oco6eHHO Ha ha3oBylo
YYBCTBUTE/IbHOCTb.

6.5.4 Tlepexon KONOPHbLIM BHELHWUM YyCO0BUAM

B npoTokone rpagyvpoBKM YyBCTBUTE/ILHOCTb MUKPOGIOHA MO AaB/IEHWI0 A0/KHA ObITh NpuBeAeHa K
OMOPHbLIM BHELLIHWUM YC/TOBUSIM, NPY HA/IMYUM [LOCTOBEPHbIX MOMPaBOYHbIX AAHHbIX.
B npoToKo/1e fO/KHbI BbITb YKa3aHbl YCI0BUSI, MPW KOTOPbIX 6bl/1a TPOBEeAEHA rpasynpoBKa.

MpumeuaHune — Mpu rpagympoBke TeMnepaTypa MUKPOGOHA MOXET OT/IMYATLCS OT TEMMNEepPaTypbl OKpYXato-
wero Bosgyxa.

7 CocraBnsoLwme HeornpeaeneHHOCTU rpagynpoBKn

7.1 O6wwme cBeaeHus

B gononHeHue Kghakropam, BAVSIIOLLMM Ha YyBCTBUTE/IbHOCTL MO AaB/IEHWI0 (CM. pasaen 6). Huxe ykasa-
Hbl COCTaBAsAOLMe 06LLei HeonpeaeeHHOCTU, Takme Kak NorpelHoCTs MeToAa, MHCTPYMEHTaIbHas norpeLu-
HOCTb U T aTeIbHOCThL NPOBEieHUs TPajyNpOBKU. ®akKTOpbI, U3BECTHBIM 06PA30M BAUsIOLME HA pe3y ibTaTbl
rPaayvpoBKM, AO/KHbI 6bITb U3MEPEHBI UM PACCUMTaHbI C MAaKCMMasibHO BO3MOXHOM TOUHOCTLIO A/1s TOro,
UTOGbI YMEHbLUUTL UX BAUSIHUE HA 06LLYI0 HEONpeAeIeHHOCTb.

7.2 2nekTpuyeckuii nepefaToUHbIi nMnepaHc

Lna n3mepeHus anekTpuyeckoro nepesaToyHoro nMmnegaHca ¢ Heo6xo4MMOM TOYHOCTbLIO UCNOMb3YIOT
pas/inyHble METOAbI, HO HN OAHOMY U3 HUX HE OTAAl0T NpeanoyTeHune. ToK, NPOXoASALNA Yepes U3nyyartersb, Kak
npaBwW/I0 yCTaHaBAMBAIOT, U3MepPSAs HanpshKeHne Yepes kasIMbpoBaHHbIV UMNeAaHC, BKIIOYEHHbIN Noc/iedoBa-
TesIbHO C MUKPOOHOM-Un3yyaTenem. [,nsi Toro YTo6bl NPaBUIbLHO U3MEPUTL TOK. K MUKPOGOHY-MU31yHaTesnto
[0J/DKHa 6bITh NpUCOeMHeHa cCTaHAapTHas KoHUrypaLms 3a3eMIeHHoro akpaHa (6.3). Kannbposka nocnego-
BaTE/IbHO BK/IKOYEHHOTO MMMNEeAaHca fo/MKHA GbITb NPOBEAEHA C TON Xe eMKOCTbIO KaGenst Uan Apyroro Harpy-
304HOrO MMMeJaHca, Kak 1 Npu N3MepeHUn HanpsHKeHNs Yepes KasImbpoBaHHbI nmneaaHc. 3To No3BonseT
onpeAennTb 31EKTPUYECKUIA NepefaTouHblli MMNegaHc Yepes OTHOLWEHME HaMpPsXXeHUn 1 KannbpoBaHHbIN
uMnegaHc.

HanpsxeHve, nogaBaemoe Ha MUKPOYOH-U3TyyaTe b, AO/MKHO GbITb TaKUM, YTOObI BIUSHUE FapMOHMK
OT 3TOro reHepartopa 1nn ot MUKpodoHa-n3nyyaTens Ha HeonpeLeNeHHOCTb B UISMEPEHUN YyBCTBUTEIBHOCTYN
nogasneHunto 661710 Masio MO CpaBHEHUIO CO C/lyvaiiHOl HeonpeaeneHHOCTbI0 u3MepeHuii. LLymbl unun gpyrue
nomexu (Takme, Kak NepekpecTHble NOMeXxu) akyCTUYEeCKOro Uan APYroro NPOUCXOXAEHUS HE AO/MKHbI Ypes-
MEPHO B/IMATb HA YYBCTBUTENBLHOCTb M0 AABNEHNUIO.

MpumMmeyaHune 1— [ONsynyyweHUs OTHOWEHUS CUTHAN/WYbl PEKOMEHAYETCS MCMOMb30BaTb annapartypy As
4acTOTHOrO aHanusa.

MpumeuyaHune 2— lepeKkpecTHbIE NOMEXU AOMYCKAETCs M3MepPsATb, 3aMeHUB MUKPOOH-MPUEMHINK MaKeToM
MUKPOHOHA CTEM Y XeE HAPYXHBIMU FreOMeTPUYECKUMU pasMepamm 1 Takoi e 31eKTPUUECKOil eMKOCTbI0 NonpeaennB pas-
HOCTb B pesy/ibTaTax M3MepeHWii 3/1eKTPUYECKOro nepefaToyHoro nmnegaHca. Kamepa cBsisau v MUKPOMOHbI A0/KHbI
6bITb PAcMoOIOXeHbl Tak Xe. Kak Npu rpagynpoBke. NepekpecTHble NOMeXn A0MNyCcKaeTcs onpeaenaTb WU Npy rpajyvpoBke,
YCTaHOBUB HaMnpshXeHne nossipusaumm paBHbIM Hy/0. B 0601x MeToAax peKoMeHAyeTCsi UCNo/b30BaTh annaparypy As
YacTOTHOrO aHanu3sa-

7.3 AKycTunyeckuin nepefaToyHblil MnegaHc

7.3.1 O6uwue cBegeHus

Ha akycTuuecknii nepefaToyHbIli UMNeAaHC BUSAIOT HECKO/IbKO (PakTOpOB, HO OCHOBHbIM MCTOYHUKOM
HeonpeAeneHHOCTN NpY ero M3MepeHnn, 0CO6EHHO A1A MaNeHbKNX KaMep CBA3N, ABASIOTCA NapaMmeTpbl MUK-
pochoHa.

7.3.2 XapaKkTepucTukum kKamepbl CBA3N

7.3.2.1 Pa3Mepbl Kamepbl CBA3MN

dopma 1 pa3mepbl NOIOCTY Kamepbl CBA3M [O/IKHbI YA0BNETBOPATL TpeboBaHnAM 6.4. MNMoka Hanbonb-
LIMe pa3Mepbl Kamepbl CBSA3WN Masibl N0 CPaBHEHWIO C 4/IMHON 3BYKOBOI BOJ/IHbI B ra3e, 3ByKOBOE iaB/IeHNe Bpas-
HbIX YacTAX Kamepbl OyAeT NoCTOAHHLIM U He ByfAeT 3aBUCETb OT ee (hopMbl. Ha BbICOKMX YacToTax u Ans

60/IbLLNX KaMep CBA3W 3T0 Tpe60BaHNe MOXET 6bITh Y/0BNETBOPEHO NPY 3aN0NHEHUN MOMOCTY Te/IUEM UMK
BOZAOPOAOM.
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HeonpegeneHHOCTb B N3MEPEHNM pa3MepPOB Kamepbl CBA3W BAWSET Ha aKyCTUYEeCKUA nepefatoyHblii
MMnenaHc HeOAHO3HAYHO B 3aBUCUMOCTM OT YacTOTbl. Ha akyCTUUECKMIl MMNefaHC BMAIOT TakXe NonpaBku Ha
TEennonpoBOAHOCTb W KaNnUANsApHble TPy6Kn. MNpuMepbl UCNOMb3yEMbIX KaAMep CBSA3WN NpUBeAEHbI B NPUIOXe-
Hum C.

NMpumevaHune! — LnamHapryeckne Kamepbl CBSA3W, UCNOMb3yeMble BAMANa3oHe 4acToT, rae pasMepbl kKame-
pbl HE MaJsibl MO CPaBHEHUIO C f/IMHOV BOJIHbI, fO/KHbI 6bITb M3rOTOB/IEHbI C 0CO6OIA TWATe/IbHOCTbIO, 4TO6GbLI NpeaoTBpa-
TUTb BO36YXAEHME aCUMMETPUUHbIX 3BYKOBbIX NO/ENA.

NMpumeuvaHune 2— BrausHMe aCMMMETPUYHOrO pacnpegesieHns 3ByKOBOTO MOJsi HA MUKPOOH 06GHapyxXuBa-
10T. U3MeHSAsH B3aMMHOE MOJIoXKeHNe Kamepbl CBA3M U MUKPOGOHOB, Hanpumep, NoBopaunBas Kaxablii MUKPOOH BOKpYr
CBOeil 0CY CTYNeHAMU Ha HEKOTOPbI Yyro. ECin B AaHHOM CiyHae 3/1eKTPUYecKunii nepeAaToUHblii MMNeAaHc n3MeHsieTcs,
TO 3TO BAVSIHME CllefyeT yUYecTb Npu OLeHKe HeonpeaeieHHOCTU.

NMpumeuyaHune3 — Ecnukamepa cBA3M 3aNosiHeHa He BO3/yXOM, a pyrvmM ra3om, To Heo6xo4MMo NpeoTepa-
TUTb YTEYKy 3TOro ra3a B MoJIOCTb 3a MEMOGPAHOW NyTemM repMeTu3aunm KOHTaKTUPYHOLWMNX MOBEPXHOCTEW TOHKMM croemM
BakyyMHOW cma3sku. Mpu guddpy3um rasa yepes membpaHy rpagynpoBky MUKpodoHa faHHbIM cnocob6om NpoBOAUTL He
cnepyeT, Tak Kak HyBCTBUTE/IbHOCTb MUKPOOHA CTAaHOBUTCSA HEMPOTrHO3MPYEMOWA.

7.3.2.2 TloTepun Ha Tens1I0NpoBOAHOCTb N BA3KOCTb

MonpaBkn Ha nNoTepu nU3-3a TensI0NPOBOLHOCTU W BA3KOCTU [O/MKHbI 6biTb paccymTaHbl U3 ypaBHEHW,
NPUBEAEHHbIX B NPUIOXKEHUN A AN LUINHAPUYECKNX KaMep CBSA3M C pasMmepamu, ykasaHHbIMY B NPUIoXe-
Hun C. Mpu pacyeTax NoA NosHbIM 06bEMOM Kamepbl CBA3M MOHUMAKT CYMMY reomMmeTpuyecknx o6bLemMoB
NosI0CTN KaMepbl CBA3W 1 NepeHnX 06beMOB NPUCOeANHEHHbIX K HE MUKPOOHOB. AHAOrMYHO NoA NOJTHOW
NOBEPXHOCTbIO KaMepbl CBA3U MOHVMAIOT CYMMY NOBEPXHOCTEn CO6CTBEHHO NO/IOCTW Kamepbl CBA3M 1 No0C-
Teil nepeHNX 06 bEMOB NPUCOEANHEHHbIX K HE MUKPOKOHOB.

7.3.2.3 KanunnspHas Tpy6ka

Ecnun ncnonb3yoT KanunnspHble Tpyoku, TO akycTUUeckuii MMneAaHc Ao/KeH ObiTb paccumTaH U3 ypas-
HeHWli. NpMBeAEHHbIX B NpUAoXeHun B. NS yMeHblUeHUs BAMAHUS pa3mepa TpyOku Ha paccuuTbiBaeMyto
HeonpeaeneHHoCTb PEKOMEHAYETCA UCMNO/b30BaTb AJIMHHbIE Y3KWe KanunnspHble Tpyoku. MonpaBoyHbIl
KO3(hPULMEHT AN KaNWIAPHbLIX TPYOOK paccumTbiBatoT U3 ypaBHeHns (6) B 5.6.

7.3.2.4 ®usnyeckne BeNNUNHbI

AKYyCTUYECKUNIA NepefaToyHblil MMNeaaHc 3aBUCUT OT PU3NYECKUX BETMYMH, OMUCHIBAIOLLMX CBOMCTBA
rasa B Kamepe CBA3N. DTN BE/IMUNHbI 3aBUCAT OT BHELLHWX YC/IOBWIA, TAKUX Kak CTaTuyeckoe AaBneHne, Temne-
paTypa 1 BNaXHOCTb. 3HAYEHNSA 3TUX BE/IMUYMH W X 3aBUCUMOCTb OT BHELLHMX YCNI0BUIA A1 BNAXKHOTO BO34yxa
yKasaHbl B TpunoxexHun F.

CyMMapHyto HeonpefeneHHOCTb 3TUX BEIMYNH ONpefensoT Kak COBOKYMHOCTb HeonpeAeieHHOCTel,
NONYyYEHHbIX U3 ypaBHEHW NpunoxeHns F. n HeonpeaesneHHOCTel n3MepeHnii napamMeTpoB, XapakTepusyto-
LLMX BHELLIHNE YCNOBUS.

7.3.3 TlapameTpbl MUKpOhOHa

7.3.3.1 TlepefHsas NosocTb

NabopaTopHble 3TanoHHbIe MUKPOGIOHBI Nepes MeMbpaHoii nMetoT yrnybnernve. O6bem aTol nepegHei
noJsIoCcTW NpeacTaBnseT coboii YacTb 06LLETO reOMETPUYECKOT0 06beMa VkaMepbl CBSI3U B ypaBHeHuu (3). My-
OGUHbI 3TUX NepefHUX NO0CTel Takke BANAIT Ha A/1MHY /0kamepbl CBA3W B ypaBHeHUN (4). 13-3a 4ONYCKOB Npu
M3roToB/IEHUN 06BEM U rNYBUHY NepefHen NoaocTn cnegyeT onpesensaTe UHAVBUAYANbHO AN KaXA0r0 MUK-
pochoHa nepep ero rpafyvpoBKOiA B M/I0CKOBOJTHOBbIX KaMepax CBA3M (NpunoxeHue E). Jlerko onpegenntsb, 4To
N3MepeHHbI 06bem nepegHelt NonocTn 6yAeT OTANYaTbCsa OT 06beMa, paccUMTaHHOro Ha OCHOBaHWK none-
peuyHoro ceyeHmnst SOkamepbl CBSA3N 1 rNy6UHbLI NepeAHe NooCcTU. 3TO CBA3AHO C TEM. YTO AnameTp nepesHeli
NosIOCTV MOXET HEMHOTO OT/IMYaTbLCA OT AuaMeTpa Kamepbl CBA3N, a nepefHsas nosioCTb MUKPOPOoHa UMeeT Ha
BHYTPEHHe CTeHKe pe3bby, KoTopas He N03BOIAET TOYHO ONpeeuTb AnaMmeTp NosaocTu, n. Kpome Toro, B6u-
31 Kpas MeMbpaHbl MUKpOhoHa MOXeT 6bITb A0NONHNTE IbHOE KOJbLeobpasHoe BO3AyLIHOE NPOCTPaHCTBO,
ob6pasytolee nonocTb. Mpn MCNoNb3oBaHUN ypaBHEHNS (4) 4ONONHUTENbHbLIA 06bEM NONOCTH, onpejense-
MbIii KaK pasHOCTb MeXay feCTBUTENbHbIM NepegHM 06beMOM 1 06 bEMOM, paccUYMTaHHbIM U3 MONEePeYHOro
ceyeHns SO kamepbl CBSA3U U FNy6MHbI NepeAHel NonocTy, cregyeT paccmaTpuBaTtb Kak AOMOHUTENbHBIN
nMneaHc Harpysku, NOCKOMbKY 2 | 1 21 umnegaHc oNoMHUTEIbHOro 06bema 06pasyoT napaniensHoe
coefiMHeHVe uMnegaHcos.

MpumevaHne 1— ,ﬂ'OI'IOI'IHI/ITeJ'IbeII‘/‘I o6bem B HEKOTOPbIX CiydyasaX MOXeT 6bITb oTpuuaTesibHbIM.

NMpumeuvaHune 2— Ecnu 8 nepegHeli NosocTu UMeETCs BHYTPEHHSASI pe3b6a, TO yBesiMueHne BHYTPEHHeN
NOBEPXHOCTU N3-3a €€ HANINUYNSA NOBbLICUT MOTEPU Ha TENIONPOBOAHOCTb U BbI30BET M3MEHEHE aKyCTUYEeCKOro iepeaaroy-
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HOro umnegaHca. Eciv npm pacyeTe akyCTMYECKOro NepesaToyHoro nMnegaHca atum adhPekTom npeHe6peratoT, TO COOT-
BETCTBYIOLME KOMIMOHEHTbI HEONPEeAEeIeHHOCTU 40/KHbI 6bITb COOTBETCTBEHHO YBEINYEHbI.

7.3.3.2 AKyCTUYECKMIl umnesaHc

AKyCTUUYECKUIA MMNefaHC MUKPOOHA 3aBUCUT OT YaCTOTbl U OnpeaenseTcs HaTsHKeHWeM MeMGpaHsbl,
C/10eM BO3Ayxa, 3ak/o4eHHbIM BMOM0CTY No3aAn MeMbpaHbl, U reoMeTpreli HOMoABMXKHOIO anekTpoga. B nep-
BOM NPUBIMKXEHUN aKyCTUYECKNIA MMNEAaHC MOXET ObITb BbipaXKeH, MPUMEHUTE/NbHO K 3KBMBANIEHTHON cXxeme,
B BMAe nocnefoBaTelbHO COeAVHEHHbIX MOA4AT/IMBOCTW, MAcChl M CONPOTUBIEHUS. ANlbTEPHATUBHO 3Ta 3KBU-
Ba/IeHTHasi CXxeMa MOXeT ObITb OnuMcaHa Yepes NoAaT/IMBOCTb, YACTOTY pe3oHaHca ¥ KO3hULMEHT NoTepsb.
MoJaTNMBOCTb HA HU3KOW YacTOTe HepeaKo BbipaxatlT B BUAE peasibHON YacTu 3KBMBANEHTHOTO o6bema
(6.2.2 M3K 61094-1).

W3-3a BAMSAHUS TENI0ONPOBOAHOCTM B NO/IOCTM NO3a4n MeMBpaHbl Ha O4EeHb HU3KUX YACTOTaxX BO3MOXHO
yBe/nn4yeHne 3KBUBaSIEHTHOr0 06bemMa MMKpodoHa A0 5 % AN MUKPOhoHOB Tuna LS1.

AKYCTUYECKMII MNefaHC Z., KaxAoro MMKpodhoHa cocTaB/IieT OCHOBHYIO YacTb akyCTMYeCKoro nepesa-
TOYHOro UMNegaHca”, 12cuctembl v onpeaenseT NorpeLHOCTb NPY OLLEHKE BIMSIHWUA Z, HA TOYHOCTb rpaaym-
POBKM B Li€/IOM 1 0OCOGEHHO Ha BbICOKMX YacTOTax.

MeToabl onpefeneHunst akyCTUYeckoro umnegaHca onvcaHbl B npuaoxexum E.

MpumMeyaHmnme — TOYHOCTb, C KOTOPOWN AOMXKHbI 6blTb M3MEPEHbI NMapamMeTpbl MUKPOMOHA ANA MNOAYyYeHUs
Heob6xoaMMoM 06Leli TOYHOCTU, 3aBUCUT OT NMPUMEHSEMON KaMepbl U YacTOoThbl.

7.3.3.3 HanpsxeHue nonspusaymm

Mpu onpegeneHnn HanpsHKeHUsa nonspusaLnm Heob6xo4MMo NPUHATL Mepbl A1 €r0 U3MEPEHUS Hernocpe-
[ACTBEHHO Ha KOHTakKTax MWKpodioHa. DTO OCOGEHHO BaXHO, €C/IM HanpshXeHue nonspusauun nogaeTcsa ot
BbICOKOMMMELAHCHOIO NCTOYHMKA, NOCKO/IbKY MUKPOMOH MMEeT KOHEUYHOEe 3HaYeHne CONPOTUB/IEHUSA U30/15-
uvmn. C apyroi CTOPOHbI, UMETCA 060CHOBaHHbIE CNOCO6LI M3MEPEHUS HANPSXXEHUS nonspu3auun B yaane-
HUM OT MUKPOPOHA Ha UCTOYHMKE HaNpPSHXXEHWS, ecnn OCTOBEPHO U3BECTHO, YTO CONPOTUBAEHNE N30MALUN
MUKpPOGPOHa f0CTaTOYHO BbICOKO, UM HA HU3KOOMHOM BbIXO/ie UCTOYHNKA.

7.4 HecoBepLUEHCTBO TeOpUN

MpakTnyecknii BbIBOJ, TEOPEMbI B3aUMHOCTW 1 aKyCTUYeCKOro nepefaroyHoro nMnegaHca OCHOBaH Ha
HEKOTOpPbIX MAeann3vpoBaHHbIX NPeANoN0XeHNSAX 0 MUKPOhOHax, 3ByKOBOM NoJie B Kamepax CBA3W, nepeme-
L EeHUn MembpaHbl MMKPODOHA 1 reOMeTpMM Kamep CBA3W Kak 31eMeHTOB akyCTUYECKOW CBA3M MeXay MUKPO-
dhoHamu. Hke npuBefeHbl NpYMepsbI, Korga 3T NPefnosioKeHUs He BbINOTHATCS:

- Hebonblune gedekTbl B NeHKe MembpaHbl MUKPOOHA-U3NydYaTens MOryT NMPUBECTU K UCKAXEHUIO
CMMMETPUYHOr0 BO/THOBOTO ABVXXEHNSA, KOTOPOE HeNb3s y4ecTb NCNOob3yeMoii 419 pacyeToB hOpMynoii:

- MUKPOPOHbI MOTYT 6bITb HEUAEHTUYHBbIMU. DTO BO3AENCTBUE MOXET OblTb CBEAEHO K MUHUMAIbHOMY
npy MCNoNb30BaHUN MUKPOOHOB TO/IbKO OAHON Moaeny;

- Ucnonb3yemble NoMpaBkn Ha BOSIHOBOE [ABMXEHWE OCHOBaHbl Ha naeanusauny cMeLeHns meMmopaHbl
MUKPOOOHA UK NOSTyYEHbl IMANPUYECKUM MYTEM;

- fONOSTHUTENbHBIN 06BbeM nepeHeli NonocTn MukpodoHa (7.3.3.1) MoxeT 6bITb onpegeneH TOYHO:

- NpefcTaB/ieHne akyCTMYeCcKoro umnegaHca MMKpooHa B BUAE CUCTEMbI COCPEA0TOUEHHbIX NapameT-
poB ABNAETCA NPUBAMKEHNEM K UCTUHHOMY MMNeJaHcy;

- NOTepM Ha BA3KOCTb Ha NOBEPXHOCTU MOMOCTU KamMepbl CBA3W MOJyYeHbl N0 NPUBIMKXEHHO TEopuw.
Kpome Toro, He y4TeHO yBeIMYeHne noTepb Ha BA3KOCTb U3-3a BHYTPEHHEN pe3bbbl B nepefHei kamepe MUKpo-
dhoHa 1 LLepoxoBaToCTV NOBEPXHOCTU. Bece 3T0 oKa3biBaeT BAMSAHME Ha akyCTUYeckuii MneaaHc B AnanasoHe
BbICOKMX 4aCTOT.

7.5 HeonpefeneHHOCTb YPOBHA YyBCTBUTE/IbHOCTU NO AaBNeHUI0

HeonpepeneHHOCTb YPOBHS YyBCTBMTENBHOCTU NO AABJ/IEHUI0 JO/KHA OblTb OnpeAenieHa B COOTBET-
ctBun ¢ MICO/M3K PykosoacTeom 98-3. Mpu ochopmneHnn pesynbTaToB rpafynpoBky A0/HKHA 6bITh AaHa pac-
LUMpeHHas HeonpeaeieHHOCTb U3MEPEHUSA B 3aBUCMMOCTU OT YacTOTbl NPy KOadhpuumneHTe oxearta K = 2.

/3-3a CIOXKHOCTN OKOHYATE/IbHOrO BblpaXeHWsi YyBCTBUTENLHOCTN NogaBneHuto [ypaBHeHne (7)] aHa-
Nn3 HeonpezeneHHOCTN akyCTUYEeCKOro nepefaToyHoro nMneaaHca, Kak npaBunsio, BbINOMHAKT MHOTOKPaTHO,
NOBTOPSAS BbIYWCAEHWSA NPU N3MEHEHUW KaX[0W M3 COCTaBNSAILWMNX B COOTBETCTBMM CO CBA3AHHLIMW C HUMU
HeonpegeneHHocTaMn. OT/INYME OT pe3ynbTaTa, NoNYyHYEHHOro AN HEU3MEHHbIX COCTaBNALWNX, NCNOMb3YIOT
ANs onpefeneHns ctaH4apTHOM HeonpeaeneHHOCTU, CBA3AHHO C Pa3/IMYHbIMU COCTaBASAOLLNMN.

B Tabnvue 1npuBefeH nepeyeHb COCTaB/SALWMX, BANSIOLWMNX HA HEONPEeAENEeHHOCTb rpagympoBk1. Ho
He BCe M3 3TUX COCTaB/IALLMX MOTYT UMETb OTHOLLIEHNE K KOHKPETHOM YyCTaHOBKE ANs TpalyMpoBKM MUKPOGO-
HOB. MOCKOJIbKY A/19 U3MEPEeHUs 3/IeKTPUYECKOro nepefaTovyHOro nMmnegaHca, ansa onpejesieHa napaMmeTpos
MUKPO(POHOB 1 NapameTpoB KaMepbl CBA3N UCNONb3YIOT pas3/iMyHble MEeTOAbI.
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CocTaBsnsioLne HeonpeAeneHHOCTH, NpuBefeHHble B Tabnuue 1. kak npaBuio, 3aBUCAT OT 4acToTbl U
[OMKHbI 6bITb NpeAcTaBfieHbl Kak cTaHAapTHble HeonpeAeneHHocTn. CocTaBsoWwme HeonpeaeeHHOCTH
ZOXHbI GbITh BbIPXKEHbI B NIMHEHOI chopme, HO norapudmmuyeckas hopma Takke BO3MOXHA U3-3a ManocTu
3TUX 3HAYEeHWl, N NOJlyYEHHAs OKOHYaTeNlbHas paclUMpeHHas HeonpefefnieHHOCTb u3MepeHns 6yaeT, no
CyLL,ecTBYy, TOW Xe caMoiA.

Ta6nuuya 1— CocTaBnswlmne HeonpeseneHHOCTH

M3mepsiemasn BenMunHa MyHKT cTaHgapTa

dnekTpuyecknii nepefaTtoyHblii uMnegaHc

MocnepoBaTesibHO COeANHEHHbIV nMnegaHc 7.2
OTHOLWeHNe HanpsXeHui 7.2
MepekpecTHble UCKaxXeHUs (Nomexu) 7.2
Co6CTBEHHbIE U BHELWHWE LWyMbl 7.2
NckaxeHuns 7.2
YacTtoTa 7.2
JKpaH 3a3eM/ieHnss MUKpPodoHa-NpMeMHmnKa 6.3
JKpaH 3a3emMieHns MUKpodoHa-usnyvarens 6.3; 7.2

MapameTpbl Kamepbl CBA3U

AnnHa Kamepbl CBA3N 7.3.2.1
AvnameTp Kamepbl CBA3N 7321
O6bem kamepbl CBSA3N 7.3.2.1:7.3.22
Mnowaab NOBEPXHOCTU Kamepbl CBA3U 7.3.2.1;7.3.2.2

O6beanHeHHas Kamepa CBs3n

Pasmepbl KanunasipHoi Tpyokn 7.3.2.3
CraTunyeckoe fasneHuve 7.3.2.4
Temnepartypa 7324
OTHOCUTENbHAsA BIAXHOCTb 7.3.2.4

MapameTpbl MUKpodoHa

Fny6uHa nepeaHei nonoctn 7331
O6bem nepesHer nonoctn 7331
OKBMBANIEHTHbIN 06BEM 7.3.3.2
Pe3oHaHCcHas yacTtoTa 7.3.3.2
KoadhdununeHT notepb 7.3.3.2
MoaatnmeBocTb MeMbpaHbl 7.3.3.2
Macca mem6paHbl 7.3.3.2
ConpoTtusrieHne Mem6paHbl 7.3.3.2
JlononHuTenbHasi TEN/I0NPOBOAHOCTb U3-3a pe3bObl B NepeaHeil nonocTtu 7331
HanpsxeHue nonspusauumn 6.5.3; 7.3.3.3

HecoBepleHCTBO Teopun

Teopus Tena0npoBoAHOCTU MpunoxeHune A
PacueT fONONHNUTENIbHOTO 06 beMa 7.3.3.1; 7.4
MoTepu Ha BA3KOCTb 7.4
PagnanbHoe BO/THOBOE ABUXEHNE 6.4; 7.3.2.1; 7.4
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OkoHuaHue Tabnuybl 1

M3mepseman BemMunHa MyHKT cTaHAapTa

O6paboTka pe3ynbTaTtoB

MorpewHocTb OKpyrieHns

NoBTOPAEMOCTb N3MepeHnii

MonpaBKM Ha cTaTu4yeckoe fAasBsieHune 6.5; npunoxexve D

TemnepaTypHble nonpasku 6.5; npunoxeHne D
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MpunoxeHune A
(o6a3aTenbHOE)

[MoTepwn Ha TeNnNONPOBOAHOCTbL N BA3KOE TpeHne B SGMKHyTOVI nonocTn

A.l O6wue cBegeHunn

B 3aMKHYTOli MOMOCTN Kamepbl CBSA3M TEM/IONPOBOAHOCTL MeXAy BO3[yXOM U CTeHKaMW Bbi3biBaeT NMOCTEMeHHbIN
nepexop oT aguabaTUyYeCcKnX yC/I0BUIA K U30TePMUYECKUM. XapakTepUCcTUKa 3Toro nepexoa 3aBMCcuT OT 4acToTbl rpagyu-
POBKM M OT pa3mMepoB kamepbl. Kpome TOro, CKopocTb kosie6aHunsa 3ByKOBbIX YaCTUL, BAO/Ib BHYTPEHHE NOBEPXHOCTM Kame-
pbl CBA3W npuBeaeT K NoTepsAM Ha BA3Koe TpeHue. COOTBETCTBEHHO Oy[eT W3MEHATbLCA U 3BYKOBOE [aBMeHue.
co3faBaemMoe MUKPO(hOHOM-usnyyatenem, T. e. 6ygeT N3MEHATLCA NOCTOAHHOE 06 beMHOe CMelleHne NCToYHrKa. Ans
onpe/esieHns Nosly4aeMoro 3BykKOBOro laB/ieHUs NPeAsioXeHbl Ba peleHuns:

- HN3KOYaCTOTHOE pelleHne, OCHOBAHHOE TOJ/IbKO Ha TenJIoNnpoOBOAHOCTA U NPUMEHMMOe A5 M/I0OCKOBOJTHOBbIX
Kamep n s kamep 60/1bWOro o6bema B4acTOTHOM AnanasoHe, rae Aonyckaetcs npeHebpeyb BO/IHOBbLIM iBUKEHUEM;

- WMPOKOMOIOCHOE pelleHne, yunTbiBatoLiee NoTepy Ha TenJ1I0NpoBOAHOCTb 1 BA3KOE TPEHMWE B LLMPOKOM Ananaso-
He 4acToT, MPUMEHNMOE TO/IbKO A1 NSIOCKOBOJIHOBbIX Kamep.

M10CKOBOTHOBbLIE KaMepbl 1 KaMepbl 60/1bLIOro 06bema onvcaHbl B NpuaoxeHun C.

A.2 Hunsko4yacTOTHOe peleHune

B 0o6n1acTy HU3KMX 4acTOT 3BYKOBOE flaB/1eHNe MOXeT 6bITb PACCMOTPEHO, KaK 04HO 1 TO Xe ANs BCex Touek Kamepbl
CBA3N W BIMAHME TENJIONPOBOAHOCTY MOXET 6bITb PACCMOTPEHO KaK Kaxylieecs yBesimyeHne o6bema Kamepbl CBA3N Npu
BBeJleHNV KOMM/IEKCHOTO MNOMpaBoOYyHOro KoaddumuneHTa [ KkreomeTrpuyeckomy o6bemy V B ypaBHeHuu (3).

MonpaBoYHbIli KO3(hULMEHT paccunTbiBatoT Mo hopmyne

OH- - . <A-1>

‘M W (k<1)E¥

rae Eu — komnekcHaa dyHKUUs npeo6pasoBaHnia TeMnepaTypbl, onpejenseMas B BUJe OTHOLWEHUS yCpeAHEHHOro no
NPOCTPaHCTBY CUHYCOMAaNIbHOrO M3MEHEHUA TeMnepaTypbl, BbI3BAHHOIO 3BYKOBbIM AaBfieHUEM, K CUHYCOU-
AalbHOMY U3MeHeHUI0 TemnepaTypbl, KOTOPOe 6b1/10 Gbl NPV COBEPLLIEHHO Ten/IOHeNpPoOBOAALNX CTEHKaX Kame-
pbl cBA3K. B pa6oTe (A.1J3Ha4yeHns TabynmpoBaHbl U NMPUBEAEHbI B 3aBUCMMOCTUN OT napameTpoB A n X.

rae R — OTHOLWEHWe A/IMHbI K AnameTpy KaMepbl CBSA3W;

X * M2Uk

i — yvacTtoTa Brepuax (Mu);
| — oTHOWeHNe o6 bemMa KaMepbl K ee NOBEPXHOCTU a meTpax (M);
u t— KoaduUMeHT TeMnepaTyponpoBOAHOCTU ra3a B KBaJpaTHbIX MeTpax B ceKyHAay (M2/c).
BTa6bnuue A.1 npuBeaeHbl 3Ha4YeHUA 0N HECKONbKNX 3HaYeHnin R nX c okpyrneHnem go 0.000 01.
AN UMNMHOPUYECKUX Kamep CBA3W, ONMUCAHHbIX a NpuioxXeHun C. npuBoAMMas HUKe annpokcuMauus ans Kkomn-
NTeKCHOI BennuuHbl Ey/laeT pe3ynbTaTthl C NorpelwHocTbio meHee 0.01 ab ans yactoT Bblwe 20 Iy,

EA=1-S ¢ 0, S2+¢ or sf, A2>
roe
noroort 1, . xsi2-89 A1-6R2
vV 2aX 20 x u(29 + 1)2 3-/7(29 - 1)3

Moaynu, paccuntaHHble no popmyne (A.2), UMetoT norpewHocTb 40 0.01 % Ansa 0.125 <A< 8 ugna X > 5. MNepsble
ABa usieHa ypaBHEHUs (A.2) MOTYT 6bITb UCMO/Ib30BaHbl 151 KAMEP CBA3W, OT/INYALOLLMXCSA N0 (POPME OT NPSIMOro KPyroBoro
umnuHgpa. Npun rpagynpoBke B Kamepax CBsi3W, ONMUCAHHbIX B NpUioxeHun C. B gnana3oHe 4actoT Hwke 20 'y fO/KHO
6bITb MCNOb30BAHO pelleHne, npeacTaBneHHoe B(A. 1], 415 BCEro AnanasoHa 4acToT Uv LO/IKHbI 6bITb YBENYEHbI COOT-
BETCTBYlOUIME COCTaBNAOWMNE HEONPeAENEHHOCTH.
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Ta6nwunuya A.1— 3HavyeHus E»

[JelicTBUTENbHAS YacTb £ MHuMas yacTb gv
X

A4=0.2 R- 05 R-1 R-0.2 A» 0.5 A» 1

0.72127 0.71996 0.72003 1.0 0.24038 0.22323 0.22146
0.80092 0.80122 0.80128 2.0 0.17722 0.16986 0.16885
0.83727 0.83751 0.83754 3.0 0.14818 0.14304 0.14236
0.85907 0.85920 0.85922 4.0 0.13003 0.12614 0.12563
0.87393 0.87402 0.87403 5.0 0.11732 0.11421 0.11380
0.89343 0.89348 0.89349 7.0 0.10030 0.09807 0.09777
0.91082 0.91086 0.91086 10.0 0.08477 0.08321 0.08300
0,93693 0.93694 0.93694 20.0 0.06086 0.06007 0.05997
0.94850 0,94851 0.94851 30.0 0.05002 0.04950 0.04942
0.95540 0,95541 0.95541 40.0 0.04349 0.04310 0.04304
0.96358 0.96359 0.96359 60.0 0.03568 0.03541 0.03538
0.96846 0.96846 0.96846 80.0 0.03098 0.03078 0.03076
0.97179 0,97179 0.97179 100.0 0.02776 0.02761 0.02758
0.98005 0,98005 0.98005 200.0 0.01972 0.01964 0.01963
0.98590 0.98590 0.98590 400.0 0.01399 0.01395 0.01395
0.99003 0.99003 0.99003 800.0 0.00992 0.00990 0.00989

A.3 WNpOKONONOCHOE pelleHne

B 06/1aCTN BbICOKUX YaCTOT KpOMe TeMn10BbIX NOTEPb MPUCYTCTBYIOT NOTEPU HA BA3KOe TPEHWE 1 ero Bo3geincTemne
BbI3blBaeT Kaxyllieecs yMeHblleHne 3(pheKTUBHOro NornepeyHoro ce4eHns Kamepbl CBS3M M3-3a MPUTPAHUYHOTO C0s
B6/1M31 NOBEPXHOCTU U KaXylleecsl yBeninyeHune AiMHbl kKamepbl CBA3W N3-3a YMEHbLUEHWS CKOPOCTU 3ByKa. B 061actu HU3-
KX 4acTOT 1 119 KaMep, ONUCaHHbIX B NpuioxeHnun C. 3T ABa ahekTa KOMNEHCUPYIOT APYT ApYyra, HO Bo3jeicTBMe Ten-
nonpoBogHOCTM ocTaeTca. O6Llee BNMAHWE NOTEPb Ha TEN/IONPOBOAHOCTbL U BA3KOE TPEHVe Ha pacnpocTpaHeHne 3ByKa B
UUAnHApuyecknxTpybax paccmoTpeHo B[A.2)HaocHoBe Teopumn Kupxroda. KomnnekcHble BblpaXeHUsa Ans KoadhhuumneH-
Ta pacnpocTpaHeHWs U akyCTUYeCKOro uMnegaHca kamepbl CBA3WN MNOyYeHbl U3 ypaBHEHUSA (4)

(A.3)

(A4>

rae 4 — BA3KOCTb rasa B nackanax 3a cekyHay (Ma c):
a — pajguyc Kamepbl CBA3W B MeTpax (M).

3HaueHUss C. 4. p U A5 BAAKHOTo BO34yxa MOryT 6bITb NOMyYeHbl U3 ypaBHEHWI B NpUIoxeHun F.

Kpome BbllleykasaHHbIX NOTepb Ha 6O0KOBOV MOBEPXHOCTU LUIMHAPA Kamepbl CBA3M CyLLeCTBYIOT NoTepu Ha Ten-
NIONPOBOAHOCTb Ha MOBEPXHOCTAX OCHOBaHWU LnAnHApa, 06pa3oBaHHbIX MUKPOOHaMU. STV NOTEPU MOTYT BbITb Bblpaxe-
Hbl C MOMOLLbI0 aAMUTTaHca 1/2” n.A06aBNAEMOr0 K KaX40My aAMUTTaHCY MAKPO(OHa B ypaBHeEHUM (4). BCOOTBETCTBUM C
[A.3]

(A.5)

Ecnv MMKPOMOH MMeeT BHYTPEHHIOK pe3b6y B nepeAHel NoaocTu, To AO0NO/THUTE/IbHbIe NOTEPU Ha TeNI0NPOBOA-
HOCTb M3-3a MOBEPXHOCTUN pe3b6bl MOTyT 6bITh yUTeHbI, €CN 406aBUTb NoWaAb NOBEPXHOCTU pe3bbbl K naowaan none-
peyHoro ceveHunsn S,, B ypaBHeHun (A.S). B cootBeTcTBMMU C [A.4]. YpaBHeHus (A.3)—(A.4) cnpaBeanunBbl NS HaCTOTHOIO
AvanasoHa wWwp3 2> 100 4- 3To cooTBeTCTBYET YacToTam 6onee 3 My m 12 'y 4NA NOCKOBOJ/IHOBbIX KaMep, NPUBEAEHHbIX B
Ta6nuue C.1a158 MUKpodhoHOB LS1P nLS2aP. cooTBETCTBEHHO.
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MpunoxeHue B
(o6a3atenbHoe)

AKyCTUYECKUI nmnegaHc KanunasspHoli Tpy6ku

B.1 O6wue cBeneHus

AKyCTMYECKNA uMnegaHc J1, ¢ Ha BXOJe OTKPbITOM KanunnspHoi Tpy6kn onpeaensatoT, MCX0As8 U3 TEOPUMN AJSINHHbIX
NVHWI (S.6). No ypaBHEHUIO

C « {Mdfc). (B.1)
Mexay My uMeeTcs cooTHoweHwne (B.1J
Nl ‘8'2>
naf\  AaJ0(fca,)d
nafL 2(k-1)~(B»a,N (B.3)
pc2 Bfla, JO(Bfea,)j'

roe JO( ). J,( ) — uunuHgpuyeckne yHKuMn Beccens nepsoro poja Hy/sieBOro 1 NepBoro NOpPsiiKOB OT KOMIJIEKCHOIO
nepeMeHHOoro;
paguyc Tpybku B meTpax (M);

K - (-/bIp/n),/2 — KOMM/IEKCHOE BOJIHOBOE YMC/I0 a MeTpax B MUHYC NepBoli cTeneHmn (M*1),;

B«(u/pBl),sa.

4 — BA3KOCTb rasa B nackanb-cekyHpax (Ma -c);
p — NMIOTHOCTb ra3a B Kujorpammax Ha Kybuueckuit metp (kr/m3):
a, — TemMnepaTyponpoBOAHOCTb rasa a KBagpaTHbIX MeTpax B CEKyHAY <m2/C).

BblwenpuBeaeHHble YPaBHEHUS [O/DKHbI 6bITb MCNOMb30BaHbl A1 pacyeTa NonpaBoYHOro koadduumneHta /N B
ypaBHeHUu (6). 3HaueHnsa ¢, T|, p 1 «, A1 BNAXHOIO BO34yXa MOTyT 6bITb BbIYMC/IEHbI N3ypaBHEHWA. NPUBEAEHHbIX BNpPU-
noxexHuun F.

B anbTepHaTMBHOM C/lyyae kanuanispHas Tpy6ka MoxeT 6bITb 3ar/ylieHa no Bcei AnHe noaxogsaiei no pasmepy
NPOBOJI0YKO NOC/Ie YCTAHOBKWN B KaMepy CBA3M MUKPOMOHOB. B 3TOM cnyyae nonpaBoYHblli KOs dpuuyneHT paBeH 1.

YpaBHeHus (B.1). (B.2). (B.3) cnpaBeanvBbl ANS naeanbHOW LUANHAPUYECKON Tpy6GKM 1 3aBUCAT B 4-ii cTeneHn oT
paguyca Tpy6kn. OfgHako B AeliCTBUTENbHOCTN (hopMa BHYTPEHHUX YacTell TPyoKn He COOTBETCTBYeT dOpMe KpyroBoro
LMAnMHApPa 1 HeobxoamMa rpafynpoBka TPy6KM Mo NOTOKY A418 TOro, 4To6bl onpeaennTb ee adhEKTUBHbI paauyc.

B Ta6nvuax B.1 n B.2 npuBeaeHbl 3HaYeHWSI peasibHOWN Y MHUMOW YacTeli  C NPy ONOPHbIX BHELLIHWX YCI0BUAX 415
06bI4YHO UCMNOMb3YEMbIX PasMepoB TPY6GKM U HACTOTbl COOTBETCTBEHHO. DTU TabnuLbl AO/MKHbI 6bITb UCNO/L30BaHbI C
LeNbio MPOBEPUTL BbIYMCNTENBbHYIO MpOrpamMmMy A5 pacyeTta 3HaueHuit nsypasHeHuii (B.1).(B.2). (B.3). NpurpagyvpoBke
B ypaBHeHusx (B.1). (B.2). (B.3) AONXHbI 6bITb NCNOML30BaHbl AeliCTBUTEIbHbIE 3HAYEHUA TemnepaTypbl, CTaTUHECKOro
AaBNIEHNA N OTHOCUTENTbHOW BNaXHOCTK.

Ta6nunuya B.1 — PeanbHas yactb Z,, c, Ma *c/m1
PasmMepbl Tpy6KM B MUNANMETPAX

x =50  » 100
YacTtoTa. Ny
a=0.1667 a=0.20 a=0.25 a«0.1667 a =0.20 a* 0,25
3.015 1.454 0.596 20 6.034 2.911 1,193
3,016 1.455 0,596 25 6.037 2.913 1.194
3.017 1.455 0.596 31.8 6.043 2.917 1.196
3.019 1.456 0,597 40 6.052 2.923 1.299
3,021 1.458 0.598 50 6.066 2.931 1.203
3.026 1.460 0.599 63 6.088 2.946 1.210
3.033 1.464 0.601 80 6.124 2.970 1.222
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OkoHuyaHue Tabnuuybl B.1
Pa3mepbl TPy6ku a MunanmeTpax

L 50 <* 100
Yacrtora. 'y,

a» 0.1667 a=0.20 a=0.25 a »0.1667 a- 0,20 a* 0.25
3.043 1.470 0.604 100 6.178 3.006 1.240
3,060 1.480 0.609 125 6.264 3.063 1.270
3.090 1.496 0.618 160 6.416 3.168 1.323
3.134 1.521 0.632 200 6.638 3.326 1.406
3.204 1.561 0.653 250 6.985 3.589 1.547
3.322 1.628 0.688 315 7.540 4.061 1.815
3.531 1.747 0.749 400 8.355 4.940 2.378
3.868 1.940 0.848 500 9.074 6.287 3.532
4.501 2.310 1.033 630 8.677 7.339 5.629
5.805 3.109 1.433 800 6.378 5.313 4.380
8.331 4.884 2.374 1000 4.354 3.006 1.928
12.122 9.001 5.376 1250 3.546 2.127 1,147
9.201 7.936 6.752 1600 4,171 2.408 1.195
4.332 3.027 1.956 2 000 6.325 4,404 2.523
2.698 1.638 0.894 2 500 4.986 3.723 2.774
2.808 1.579 0.783 3 150 4.412 2.660 1.392
5.917 3.529 1.745 4000 5.245 4.024 3.079
5.959 4.838 3,917 5 000 5.058 3.258 1.767
3.307 1.940 1.012 6 300 4.580 2.921 1.673
6.581 5.380 4.133 8 000 4.696 3.034 1.751
4.180 2.461 1,257 10 000 4.977 3.360 1.949
3.909 2.545 1.546 12 500 4.765 3.335 2.277
4.047 2.594 1.540 16 000 4.757 3.267 2.142
4.531 2.809 1.516 20 000 4.847 3.322 2.021

MpumedyaHune — 3HauyeHUs, NpMBefeHHble B HacTosAl el Tabnnue, BepHbl TOILKO NPU OMNOPHbIX BHELIHUX

ycnosusax (cMm. pasgen 4 ntabnuyy F.2).

Ta6nwny aB.2— MHumasa yactb Z, c. Ma c/mj
Pasmepbl Tpy6Kku B MUAIMMeTpax

lc - 50 /c » 100
YacTtora. 'y,

a- 0,1667 a* 0.20 a«0,25 a-0.1667 a=0,20 a-0.25
0.097 0.074 0.049 20 0.096 0,114 0.090
0.122 0.092 0.061 25 0.120 0.143 0.112
0.154 0.116 0.077 31.5 0.152 0.180 0.141
0.195 0.147 0.098 40 0,192 0.228 0,180
0.244 0.184 0.123 50 0.240 0.285 0.225
0.307 0.232 0.155 63 0.300 0.359 0.283
0.390 0.295 0.197 80 0.378 0.456 0.361
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OkoHuaHue Tabnuubl B.2
Pasmepbl Tpy6KM B MUAIMMETPax

ic *so Ic « 100

YactoTa. Ny

a» 0,1667 a» 0,20 a* 0,25 a* 0.1667 a* 0.20 a»0,25
0.488 0.369 0,246 100 0.467 0.570 0.452
0.611 0.462 0.308 125 0.573 0.711 0.567
0.783 0.592 0.396 160 0.705 0.907 0.731
0.981 0.743 0.496 200 0.829 1.125 0.923
1.230 0.933 0.623 250 0.923 1.383 1.170
1.557 1.186 0.792 315 0.896 1.668 1.502
1.993 1.527 1,021 400 0.488 1.848 1.923
2.513 1.948 1.306 500 - 0.676 1.418 2.203
3.192 2.533 1.711 630 -2.737 -0.771 0.932
3.992 3.354 2.325 800 - 3.890 -3.149 - 2.506
4,287 4,216 3,186 1000 - 3,030 - 2.594 -2.129
1.347 3.171 3.733 1250 - 1.381 - 1.156 -0.944

-5,328 -4.376 - 3.270 1600 0.430 0.455 0.280

-4.500 - 3.769 - 2.958 2 000 0.265 0.975 1.222

- 1.998 - 1.665 - 1.281 2 500 - 1.700 - 1.549 - 1.341
0.489 0.241 0.049 3 150 0.204 0.197 0.051
2.431 2.282 1.690 4 000 - 1.070 - 0.858 -0.516

-2.799 - 2.427 - 1.945 5000 0.209 0.437 0.403
0,181 - 0.041 -0.193 6 300 - 0.071 - 0.098 - 0.222

- 1.231 - 0.589 0.227 8 000 - 0.041 - 0.029 -0.141
0.867 0.637 0.331 10 000 - 0.053 0.152 0.209

-0,548 - 0,705 -0.769 12 500 - 0,281 - 0.294 -0.276

-0.217 - 0.406 -0.538 16 000 - 0.175 -0.187 - 0.226
0.426 0.341 0.134 20 000 -0.107 0.001 0.032

MpumeyaHne — 3HayeHNA, nNpvBefeHHble B HacToswel Tabnuue, BEpPHbl TONLKO MPU OMOPHbLIX BHELHUX
ycnoBusax (cMm. pasgen 4 v tabnuugy F.2).

B.2 Bubnunorpadus
(8.1) ZWIKKER, C.and KOSTEN. C.W. Sound Absorbing MaterlOls. 1949. Elsevier. Amsterdam. Chapter Il. § 2—3
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Mpunoxexune C
(cnpaBoyHOE)

Lunuugpryeckne kamepbl CBSA3U, MPpUMEHSAEMbIE 4151 TPAAYUPOBKN MUKPO(OHOB

C.1 O6uwuwne cBepeHus

B kamepe cBA3W, NPUMeEHAeMOli ANs rpafynpoBKN MeTOA0M B3aMMHOCTU, O/HKHO GbITh CO3aH0 paBHOMEpPHOE pac-
npegeneHne 3ByKoBOro faB/ieHNss No Mem6paHe kak MUKpodoHa-nsnyyaTens, Tak 1 MukpodoHa-npmemHnka. Ocob6eHHo
BaXHO o6ecneuynTb paBHOMEPHOe pacnpegesieHne gaBfieHUs No Memb6paHe MUKpOgOHa-MpueMHuKa ANs TOro, 4Tobbl
noslyunTb 4YyBCTBUTE/IBHOCTb MWKPOCOHA B COOTBETCTBUM C onpefenieHneM 4YyBCTBUTE/IbHOCTW MO AasBneHuio (3.4
M3K 61094-1). /3-3a pagnanbHOro BOJIHOBOIO ABWMXEHUA N aCUMMETPUYHOCTU ABWXEHUA MeMbpaHbl 3TO naeanbHoe
yC/N0BUE MOXET GbITh BbINOIHEHO NULIb NPUGAVKEHHO. /19 yBEIMYEHUA YacTOTHOTO AMana3oHa Kamepbl CBSA3M (3TO OTHO-
CUTCA TONBKO K pajnanbHOMYy BOTHOBOMY ABUXEHUI0) HEO6X0AMMO, YTOGLI paananbHan pe3oHaHCHas YacTtoTa 6blna Kak
MOXHO BblllU€, YTO AOMNYCTUMO NPU YMEHbLUEHUN AnamMeTpa kKamepbl CBA3U. MpakTuyeckn gnameTp kKamepbl CBA3N He A0/1-
XeH 6bITb MeHblle AnamMmeTpa MeM6paHbl MUKPOMOHaA.

OfHako ANns uMetloweica Kamepbl YacToTa pe3oHaHCa MOXeT ObiTb MOBbIWEHA MNPV BBeAEHUV B3aMeH BO3ayxa
BHYTPb Kamepbl Bogopoaa nnu renus (7.3.2). TeopeTUdecky 3To yBesiMyeHne BepxHei rpaHnyHo 4acToTbl KaMepbl Bblpa-
XalT K03 pUNEHTOM, paBHbIM OTHOLLEHUWIO CKOPOCTY 3BYKa B BOAOPOAe (re/Inn)«CKopoCcTun 3ByKa a Bo3ayxe. Heo6xoau-
MO 3aMeTUTb, YTO CKOPOCTb 3BYKa B MeMGpaHe MUKPOOHOB NOYTM He 3aBUCUT OT TWMa rasa B kKamepe CBA3N U He MeHsieTCst
Kak CKOPOCTb 3BYyKa 3ak/1l04eHHOro B Kamepe rasa.

Borsblioe 3HaYeHWe Npu rpafympoBKe METOA0M B3aMMHOCTU B 3aMKHYTO Kamepe CBA3M MMeeT akyCcTU4eckuii nepe-
AaTouYHbIli uMnegaHc 2n 12 Beeld cuctembl (5.2 1 5.4). KOTOPbI A0/KeH GbiTb N3BECTEH C BbICOKOV TOYHOCTbLIO. Ha yacTto-
Tax. rae AfMHa 3BYKOBOW BOJHbI 6GOfblue MO CPaBHEHWIO C pasmMepamMu kamepbl CBA3W, pacnpejefieHne 3BYKOBOro
AaBfieHns paBHOMEPHO BO Bcell kamepe nJ/l, ,2. 2‘a ,23aBUCUTOT ah(hpeKTUBHOTo 06 bema kamepbl CBA3KN, T.e. reoMeTpu-
Yeckoro o6bema kamepbl, Bk/tovas o6beMbl nepegHeli NonocTu (4anee — nepeaHuli 06beM) U 3KBUBaSIEHTHbIE 06beMbI
MUKpOhoHOB (3). Ha yacToTax, rae A/iMHa 3ByKOBOW BO/IHbI CpaBHUMa C pa3MepaMu kamepsbl, 6yeT cylecTBoBaTb BO/THO-
BO€ [IB/XXEeHWe 1 TPYAHO NoNyunTb TeopeTuyeckoe BblpaxeHue 4158 NepeaToyHoro nMneAaHca kamMmepbl CBS3M B OYeHb
npocToii hopme. YpaBHeHMue (4) BblpaxaeT nepefaToyHblii uMNeAaHc 2;a , 2 WMIMHAPUYECKOl Kamepbl CBA3W C AnamMeT-
pOM paBHbIM AnaMeTpy MeM6paH MUKPOOHOB NpK AONYLLEHUN TONBLKO NIOCKUX BOSH a Kamepe.

Bbinn paspaboTaHbl MeToAbl pacyeTa NepeAaTovyHOro nMnegaHca 4aa Apyrux cayyaes. 18 HUX, OHaKO, nonpaBka
Ha BO/IHOBOE [iBMXEHWe J0/KHa ObiTb onpeAesieHa aMNUPUYecku.

MpakTuyeckn MCNoNb3ytoT ABa TUNa kamep CBA3W. ITO JI/IOCKOBOJ/IHOBbIE Kamepbl CBA3W, AUaMeTp KOTOPbIX paBeH
AnameTpy MeM6paH, v kamepbl 60/1bLIOT006BEMB. B KOTOPbIX 06beM KamMepbl BE/IMK M0 CPABHEHUIO C NepeAHMY 1 3KBMBA-
NEHTHbIMN 06 beMaMn MUKPOOHOB.

C.2 MNOCKOBOJ/IHOBbIE Kamepbl

[vameTp nonocTteli NJ1I0CKOBOJ/IHOBbLIX KAMEpP CBSA3M paBeH AnameTpy nepeHMX NonocTen mukpodoHa. [limHa kame-
pbl.T.e. paccTosHUe MexayAByMsa meM6paHamu, fo/kKHa 6bITb 4,OCTATOYHO 60/1bLON, YTO6LI 06ecneynTb pacnpocTpaHe-
HVe NMNOCKOW BOJIHbI, HO 3Ta A/IMHA He A0JXHa 6biTb 60/blie YeTBEPTU ANIMHbI BO/HbI. PekoMeHAyeTCca Mcnonb3oBaTb
Kamepbl CBA3W, UMetoLne OTHOWEHMEe ANNHbI KgnameTpy 0T0.5 Ao 0,75. Takme Kamepbl NO3BOMAIOT NPOBOANTL B BO3AyXe
rpagyvnpoBKy nabopaTopHbIX 3Ta/IOHHbIX MUKpOdOoHOB Tvna LS1P ao 10 klM'y n tuna LS2Pflo 20 ky,.

ANna aTnx KaMep MOryT 6bITb NONYYEHbl aHATUTUYECKNE BblPaXeHNA ANA yyeTa BANAHUA CUMMETPUYHOIO pagnanb-
HOro BOJ/THOBOTO ABWXEHUS NpU AONYLWEHUN, YTO (DYHKL WA, ONucbiBalowWwas cMeleHne meMmépaHbl MUKPOCHOHOB, COOTBE-
TCTBYeT naeann3npoBaHHbIM KonebaHnsaMm membpaHbl (C.2— C.4) (pUCYHKM HaxoaaTcs a pasgene C.4).

B kamepax cBfA3W, Kak NpaBn10, NPUCYTCTBYET acCMMMeTpUYHOe pajnasibHOe BO/THOBOE ABWXeHne. CaMble HU3kne
MOAbl 3TUX aCUMMETPUYUHbIX KOlebaHUi BO3HMKAOT B N/IOCKOBO/IHOBbLIX Kamepax okono 10.6 21,2 kl'y, Ansi MUKPOGOOHOB
Tunos LS1 n LS2. cooTBETCTBEHHO.

Anapacyeta2 'a 12HBO6XOAUMO UCMONbL30BaTb ypaBHeHME (4)1C BbICOKON TOYHOCTBIO onpeaennTb Bee hakTopsbl,
BAMsiOWMe Ha 22 12 (cm. 7.3), BYUACTHOCTU — aKyCTUYeCKUiA nMneaaHc MUKPOOHOB.

PekomeHAyeMmble pa3Mepbl 4158 NJIOCKOBO/THOBbLIX Kamep npueBegeHbl B Tabnuue C.1 nnokasaHbl Ha pucyHke C.1.
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1— MUKPOOH. 2 — U30NATOP. 3 — KANUANAPHbIE TPYGKM

PucyHok C.1 — 3cKu13 N/I0CKOBOJIHOBOW KaMepbl

Ta6nunye C.1 — HoMMHaNbHble pa3mepbl N/IOCKOBOJIHOBbIX kamep
Pa3mepbl B MusinmeTpax

Na6opaTopHbie 3TaNIOHHbIE MUKPO OHBI

O60o3HayeHne pasmepoB

Tun LS1P Tun LS2aP Tun LS2bP
0 A 23,77 13.2 12,15
0 B 18.6 9.3 9.8
0 C 18.6 9.3 9.8
(¢} 1.95 0.5 0.7
E 3.5—9.5 3—7 3.5-6

C.3 Kamepbl 60nbliero o6bema

Kamepbl 605blwero o6bema uMeoT 06bemM 60/blie 06beMa M/I0CKOBOJTHOBLIX Kamep, U X pa3Mepbl Bbi6paHbl Tak,
4TO6bl YMEHbLLEeHNe faBeHns Ha MeMbpaHe 13-3a pagnasnbHblX MO HaCTUHHO KOMNEHCUMPOBA/IOCh YBeIMYeHnem gasre-
HUA N3-3a NPOAOSLHOM MO/bl. ONTUMaNbHOe OTHOLWEeHWe [/IMHbI K AnameTpy — 0K010 0.3. 1 OHO 3aBUCUT OT /Ty6UHbI
nepefHUX nonocTteli MMKPOGOHOB.

Takvne Kamepbl CBA3M UCNOMNb3YIOT B BO3AyXe A1 rpagyvpoBKN 1abopaToOpHbIX 3Ta/IOHHbIX MUKPOOHOB TUna LSIP
BM1OTb A0 2,5 KMy n Tuna LS2P o 5 kY, npy BBeAeHUN 3SMNUPUYECKUX NONPaBOK Ha BOJTHOBOE ABWMXeHue. Ecnn Heo6xoaun-
Ma BbICOKast TOYHOCTb, PEKOMEH/YyeTCA onpe/esiaTb NonpaskKy Ha BO/THOBOE AiBUXXEHUeANA KaxXA0N MHANBUAYaNIbHO U3r0-
TOBJ/IEHHOW KaMepbl CBSA3W, MOCKO/IbKY BO/IHOBasA KapTWHa B Kamepe B 3HAYMTE/IbHON CTeMeHn 3aBUCUT OT ee pa3meposB.
Ana pacyeta T a 12 40/1KHO 6bITb UCMO/IL30BaHO BblpaxeHue (3). AN KOTOPOro Heo6Xo4MMO oNnpeaeInTL CyMMy nepej-
Hero o6bema MnoJsioCTU U 3KBUBAJIEHTHOrO o6bema MUKPOOHOB. PekomeHayemble pa3smepbl kamep 60/bluero o6bema
npueeseHbl B Tabnuue C.2 1 NokasaHbl Ha pucyHke C.2.
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PucyHok C.2 — 3cku3 kamepbl 60/1blIero o6bema

Ta6nuuya C.2 — HoMuHanbHble pa3mepbl U AONYCKU AN1A Kamep 60/bluero o6bema
Pa3mepbl a MunnMmeTpax

JlabopaTopHble 3Ta/IOHHbIE MUKPOGIOHbI
O603Ha4eHne pa3mepos

Tun LS1P Tvn LS2aP Tun LS2bP
0 A 23.77 13.2 12.15
0B 18.6 9.3 9.8
ocC 42.88 + 0.03 18.30 r 0.03 18.30 + 0.03
D 1.95 0.5 0.7
E 12.55 + 0,03 3.50 £ 0.03 3.50 2 0.03
F 0,80 + 0.03 0.40+ 0.03 0.40 2 0.03

B Ta6nuue C.3 npuBeAeHbl TUMOBbIE NONPaBKN Ha BOSTHOBOE [ABWXEHWe A1 Kamepbl CBA3W 60/bliero obbema,
MNCNONb3yeMOW COBMECTHO C MUKpodoHamu Tuna LS1P. 3HauyeHWss MONpaBOK AO/XHbl OblTb NpuGaBfeHbl K YPOBHIO
YyBCTBUTENILHOCTM MO JaB/IeHNI0, ONpee/leHHOMY A1 KaMepbl CBA3M, HaNo/IHEHHOI BO3yXOM, N MOTYT 6GbITb BBE/EHbI
Torga, Korga npaktuyeckue nonpasku AN8 MHANBUAYaNbHO Kamepbl C MUKPOOHaMK He onpeaensnn. 3Tu xe nonpaskn
MOTYT 6bITb UCNO/Ib30BaHbI 1 NPY 3aNoIHEHNW KaMepbl BOAOPOAOM, EC/IN YAaCTOTHYIO LKAy YMHOXWUTL Ha KO3 (DULMEHT,
paBHbIN OTHOLIEHWNIO CKOPOCTU 3BYyKa B 06beMe € 3af,aHHON KOHLUEeHTpaunein Bogoposa K COOTBETCTBYIOLWEN CKOPOCTU B
BO3JyXe.

Ta6nunuya C.3 — lNonpaBku Ha BOSIHOBOE ABWXEHWEe B BO3AyXe, onpejesieHHble 3KCMepUMEHTaNbHO ANA KaMepbl
60nblero o6bema, NpuMmeHsieMoii ¢ MmkpodoHamu Tuna LS 1P

Yacrora. 'y Monpaska. gb
800 1 Huxe 0.000
1000 - 0.002
1250 -0,013
1600 - 0,034
2 000 - 0.060
2 500 -0.087
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MpunoxeHune O
(cnpaBoyHOE)

BnunaHue okpyxarLliei cpeabl Ha YyBCTBUTENbHOCTb MUKPO(OHOB

0.1 O6uwwne cBepeHus

HacToslee NpuioxXeHne COAEPXNT CBELEHNA O BIMSHAN CTaTUYECKOT 0 laB/IeHNst U TemnepaTtypbl Ha YyBCTBUTE b-
HOCTb MUKPOPOHOB.

D.2 OCHOBHble COOTHOLWEHUS

YyBCTBUTENIbHOCTb KOHAEHCATOPHOI0 MUKPOChOHa 06paTHO NPONOPLMOHA/IbHA aKyCTUYECKOMY UMMegaHcy MUKPO-
hoHa. YNpoLleHHO umnegaHc MnkpogoHa MoxeT GbITb NpeAcTaB/ieH B Buie nmnegaHca Mem6paHbl (kak npaBuio, yumTbl-
BalOT ee Maccy U rmbKocTb), NocnefoBaTelbHO COeAMHEHHOTO C UMNeAaHCOM BO3Ayxa Bo6beMe 3a MeM6paHoii.

MMnegaHc Bo3dyxa B 06beme 3a MEMGPaHOW onpeaensieTcs TPeMsA COCTaB/AOWUMU:

- TOHKVMM C/NI0EM BO3A4yxa Mexay MeM6paHoii 1 HeNnoABUXHbIM 3/1eKTPOAO0M, BHOCSALWMM 3aTyxaHue U Maccy;

- C/l0eM BO3fyXa B CKBO3HbIX OTBEPCTUAX U KAHABKax Ha HEMOABWXHOM 3/1EKTPOAE, BHOCSLNM 3aTyXaHue 1 Maccy;

- BO34YyXOM B NOJIOCTU N0O33a4u HENOABUXHOIO 3/1€KTPOAa, AeliCTBYIOLWMUM KaK NoAaT/IMBOCTb HA HU3KMX YacToTax, a
Ha BbICOKMX YacTOTax BHOCALMM AONO/THUTENbHbIE PE30HAHCHI 13-3a BOJTHOBOIO ABUXEHUS B MOMOCTU.

OTHOCUTENIbHAaA Macca 3TUX TpexX COCTaBNAKLWNX OnpeaensieTcss KOHCTPyKuueli MukpodoHa. CunTaroT, 4To naoT-
HOCTb 1 BSA3KOCTb BO3Ayxa SIMHEHO 3aBUCAT OT TeMnepaTypbl U/MAN cTtatudeckoro gasneHusi. OTciofa BbiTekaeT, UTO
MMnefaHc MUKPOOHa Takxke 3aBUCUT OT CTaTUYeCKOro AaBneHns ntemnepaTtypbl. KoadduuneHTbl cTaTuyeckoro gaBne-
HUA 1 TemMnepaTypbl 4719 MUKPOOHOB OnpesesniaoT Kak OTHOWEHNE akyCTUYECKOro nmnegaHca npy onopHbIX YCNOBUSAX K
aKyCTUYeCKOMY MMneaaHcy npu felicTBUTe/IbHbIX CTaTUYECKOM AaB/IEHUN UTeMnepaType, COOTBETCTBEHHO.

0.3 3aBMCUMOCTb OT CTAaTUUYECKOro AaB/ieHus

Macca 1 nogaTt/IMBOCTb 3aK/TF0UYEHHOTO B NOJSIOCTY BO3/yXa 3aBUCAT OT CTAaTUYECKOr0 iaB/IeHUs, TOrAa KAKCONpoTUB-
NeHne AonycKaeTCs CHMTaTb HEe3aBNCUMbIM OT CTaTUYECKOro faBneHns. KoadduumeHT ctTatnieckoro gaBeHuns, kak npa-
BUIO. 3aBUCUT OT 4acCTOTbl, KaK 3TO NMokasaHoO Ha pucyHke D.lI. Ana uvacTtoT Bblwe 0.5 fQ (/Q— pe3oHaHcHas 4yacToTa
MWKPOCHOHA) 3TN YaCTOTHbIE N3MEHEHWS B 3HAYNTE/IbHOW CTEMEeHN 3aBUCAT OT BOSTHOBOTO ABWXEHWSA B MOJIOCTU 3a Henoa-
BWKHbIM 3/1€KTPOAOM. B 06LieM, KO3 DULMEHT CTAaTUUECKOTrO AaB/IeHNs 3aBUCUT OT KOHCTPYKLMKN AeTanei, onpegensio-
WX hopmMy HEMOoABMXKHOIO 3N1eKkTpoda n o6bema 3a HUM (Aanee — 3afHUIi 06beM), U UX (hakTmyeckme 3Ha4YeHUs MoryT
3HaYNTeNIbHO OTINYATBLCA ANA ABYX MUKPO(OHOB OT PasHbIX MPON3BOAUTENEN, HECMOTPSA Ha TO. YUTO MUKPOMOHbLI MOryT
6bITb OHOTO W TOrO Xe Tuna, Hanpumep LS1P. MoaToMy ko3aULMEHTbI CTAaTUYECKOro AaBfeHus, NpuBefeHHble Ha
pucyHke 0.1. He cnegyeT NPUMEHATL A5 N060ro MMKPOgoHa.

OOH

PucyHok 0.1 — 3aBUCUMOCTb KO3(P(PNLMEHTOB CTATUUECKOrO AaBeHNs MUKPOGOHOB TunoB LS1P u LS2P
OT OTHOCUTENIbHOW YacToTbl VIQ
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3HaveHne KoadppuumeHTa CTaTMYECKOrO AaB/ieHns B 061acTU HU3KUX 4acToT (Kak npaBuio, Ha YyactoTe 250 u)
onpefensieTcs COOTHOWEHMEM MexXAy noAaT/IMBOCTAMU CO6CTBEHHO MeM6paHbl 1 BO3[yXa, 3aK/Il0YEHHOro 3a Membpa-
HOI4. MOCKO/IbKY YyBCTBUTENILHOCTbL MO AaB/IEeHUI0 B 06/1aCTU HU3KUX 4acTOT onpeAenseTca pesynbTupytowein nogatnm-
BOCTblO MeM6paHbl 1 C/M0sA BO34yXa 3a MeM6paHOoi, To KO3(hPULUNEHT CTaTUYECKOro AaBNeHnsa ANA UHAMBUAYasIbHbIX
06pa3L 0B MUKPOOHAa AAHHOTO TUNa B 3HAYNTE/IbHO CTeNeHn 3aBUCUT OT YYBCTBUTEIbHOCTU MUKPOChOHA Ha HU3KOI Yac-
ToTe.

3HauveHune Ko rLMeHTa cTaTUYECKOro AaBeHns B 061aCTU HU3KUX YaCcTOT, Kak NpaBus1o, HAXOAUTCA BNpeaenax
oT muHyc 0,01 go muHyc 0.02 ab/kMa gnsa mukpocoHoB LS1P Mot muHyc 0.003 go muHyc 0.008 gb>'kMa Ans MUKPOodhOHOB
LS2P.

B 06/1acTN OYeHb HU3KMX YACTOT B NOSIOCTM 3a Mem6bpaHoli 6yeT NPoOUCXoAnTL N30TEePMUYECKNin npouecc aedop-
Mauun rasa n noaTomy NoAaT/IMBOCTbL MOIOCTU BO3pacTeT. KpoMe TOro, NoBbILLAETCA BAUSIHWE OTBEPCTUSA AN BbipaBHUBA-
HUA faBneHnsn. ToT apheKT CTAHOBUTCA 3aMeTHbIM Ha YacToTax Huxe 2—5 'y 4na MMKpodoHOB TUNoB LS1 n LS2.

D.4 3aBuUCUMOCTb OT TeMnepaTypbl

Kak Macca, Tak ©uConpoTMB/IeH e BO3/yXa B 3aMKHYTO NO10CTW 3aBUCAT OT TemMnepaTypbl, HO NOAAT/IMBOCTb NPUHS-
TO CUMTaTb HE3ABMCUMOW OT TemnepaTypbl. TUNnoBas 3aBUCMMOCTb TEMMePaTypPHOro KoadurLMeHTa OT YacToTbl NOKasaHa
Ha pucyHke D.2.

N3MeHeHMsA TemnepaTypbl BO3AeNCTBYIOT Kak Ha BO3AyX B 3aMKHYTOM O6beMe. Tak U HA MexaHU4Yeckue 3nemMeHTbl
MUKpOPOHa. I3meHeHne TemnepaTypbl Bbi3blBaeT U3MEHEHWE HATSXEHUA MeMGpaHbl W. C/ieoBaTe/lbHO, U3MEHAET ee
noAaT/IMBOCTb U PacCTOAHNE MeXAY MEMOPAHO N HEMOABWXKHBLIM 3/1€KTPOAO0M. ITO NPUBEAET K N3MEHEHWNIO YyBCTBUTE b=
HOCTU Ha NOCTOSAHHOE 3HaYeHWe N K He60bLIOMY U3MEHEHWIO Pe30HaHCHOW YacToThbl.

CyMMapHbIi TeMnepaTypHblii KO3thUUNEHT NpeacTaBnseT cob60i pe3ynbTaT /IMHERHON KOMBUHaLY BANAHUA Kak
N3MEHEeHNs nMMejaHca 3aMKHYTOro o6 bemMa Bo3ayxa, Tak M M3MeHeHNA MexaHUYeCcKoro HaTshkeHUs. Hu3kovacToTHoe 3Ha-
YeHVe TeMnepaTypHOro KoaduumeHTa, Kak NpaBuio, HaxoamTcs B npegenax = 0.005 a6/K gns MMKpotoHOB TUNa Kak
LS1P. Tak M LS2P. TemnepaTypHbIl KO3 PULMEHT, NOKa3aHHbIN Ha pucyHke D.2. He cnegyeT NPUMeHSATb 415 NH060ro MuK-
pochoHa.

NBX

PucyHok 0.2 — O6wWunit BUA 3aBUCUMOCTU TeMNepaTypHOro koaduruymeHTa oT 4YacToTbl 4711 MMKpOodoHoB Tunos LS1P
1N LS2P. BbI3BaHHOW N3MEHEHNEM MMMNefaHca 3aMKHYTOro o6bema Bo3ayxa

0.5 Bbubnunorpadunsa

(D.1J RASMUSSEN. K. The static pressure and temperature coefficients of laboratory standard microphones. Metrologia.
36. 1999. pp. 256— 273

(D 2) KOSOBRODOV. R. and KU2NETSOV. S. Static pressure coefficients of laboratory standard microphones In the
frequency range 2—250 Hz. 11,h ICSV. 2004. St. Petersburg. Russia, pp. 1441— 1448
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MpunoxeHne E
(cnpaBoyHOE)

MeToabl onpefeneHus napamMmeTpoB MUKpooHa

E.1 O6wuwne cBegeHuns

HacToslee npunoxeHne coaepxuT nHopmaL o o meTogax onpegeneHns napameTpos MMKpPooHa, BANSIOLWMNX
Ha aKyCTMYeCKuUiA nepefaToyHbIi nmnegaHc. K aTum napametTpam OTHOCATCA rNy6uHa n o6bem nepegHeli NoNocTn nakyc-
TUYecKkunii nmMnegaHc MUKpodoHa.

E.2 Tny6uHa nepegHeil nonoctu

Fny6uHy nepegHei NonocTn onpeAenstoT ONTUYECKUMU MeToAamMun. FNy6unHy onpeAensioT C NOMOLLbIO CKaHWUPYo-
wero nHTepdepomeTpa. Hanpumep s1a3epHOro, No KOHTYPY BAO/b AnamMmeTpa MeM6paHbl 1 BHeLHero konbLa Takue nsamMe-
peHusa cnepyeT NpoBOAUTbL, MO KpaiHei mepe, ANs ABYX NepneHAVKYNAPHbIX APYT K Apyry AnaMeTpoB. [pyroii metos
3aK/1l04aeTCa B U3MEPEHNN C NOMOLLbIO MUKpPOCKoNa-rny6rnHoMepa paccTosHUA Mex Ay ToUkaMu Ha BepxHeil YacTu MUKPO-
(hOHHOTO KOJbLia M TOYKaMKN Ha Mem6paHe. Mpu 3TOM He06X0A4MMO BbIMO/THUTL HECKO/IbKO N3MepeHuii, pacnpeaeneHHblX
no mem6paHe 1 no Bepxy KosnbLa.

E.3 O6bem nepefHell NONOCTU U IKBUBASTIEHTHbI 06beM

O6bem nepefHeli NO/IOCTU BMECTE C 3KBUBA/IEHTHLIM 06 bEMOM MUKPOOHa ONpeAensatoT akyCTMYecKumMm metoa-
MU MPU OMOPHbIX BHELWHUX YCNOBUAX.

McnbITyeMblit MUKPOMOH BCTaBAAKT B OHO U3 OTBEPCTUI KaMepbl CBA3U C TPEMSA BXoAaMu. B Ba Apyrnx oTBepcTus
BCTaB/ISAIOT [Ba KOHAEHCATOPHbIX MUKPOMOHA: NepBblii — n3syyaTeNb, BTOPO/ — MNPUEMHUK. I3MepSAI0T 31eKTPUYecKnii
nepefaToyHbIli UMNeAaHc Mexay 3TUMU ABYMS MUKPOGOHaMu, NOACOEANHANA K Kamepe CBA3M NO0YepPeHO NCMbITYEMbIA
MWKPOMIOH U HEKOTOPOE YMC/O MONOCTEN C N3BECTHbIM 06bEMOM, OXBaTbIBaKLWMM AeliCTBUTE bHbIA 06bemM nepegHel
nosiocTn MnkpopoHa. O6bem nepeHelr NONOCTU BMECTE C 3KBUBA/IEHTHLIM 06 beMOM MUKPODOHa onpefesnsaloT UHTepno-
nsAuneli ¢ nsMepeHHbIMU NepegaToyHbIMU NMNeAaHcaMu.

BO3MOXeH BapnaHT MCNO/Ib30BaHMA UCMNbITYEMOro MUKPOhoHa B KavyecTBe MUKpOooHa-npuemMHuka. Mpun nsmepe-
HUW 3/1eKTPUYECKOro nepeAaTo4HOro uMnegaHca Heo6xoaMmo o6ecnevnTb 60/1blIOE OTHOLWEHWEe CurHana Kk wymy. B atom
calydyae Ucnonb3yloT 60 pas3fIMyHOe YMC/I0 Kamep CBA3W M3BECTHOro o6bema, NMM60 n3MeHeHne o6bema noayyarwT C
NOMOLLbI0O HEKOTOPOrO YMC/a U3rOTOB/IEHHbIX A5 3TOW LeNn KaImbpoBaHHbIX Kosel, pa3meliaemMmbliX Mexay kamepamu
CBA3M M UCMNbITYEMbIM MUKPOMOHOM. BHYTPEHHME AnameTpbl 3TUX KONEeL A0/IKHbI 6bITb paBHbI AnaMeTpy nepejHei nonoc-
TN MUKPOOHa.

Heo6xoanmo yyecTb, UTO onpeaensemblii 060MMu meTogaMmn o6beM BKIOHaeT B Ce6s IKBUBANIEHTHbIN 06beM akyc-
TUYecKoro nmnegaHca memépadsl (M3K 61094-1).

OnucaHHble Bbllle MeToAbl MOTYT 6bITb MCMO/Ib30BaHbI TO/ILKO HA HU3KUX YacToTax, Korja kamepy CBA3u paccmatpu-
BalOT KaKYNCTYI0 TMGKOCTb. MPU NCNoNb30BaHMM BTOPOro MeToAa He06X04MMO KOMMEHCUPOBaTb Pa3HOCTb B MonpaBkax Ha
TennonpoBOAHOCTb W Ha KanuAApHble TPY6KN NpY U3MeHeHNN o6 bema Kamepbl CBA3W U. N0 BO3MOXHOCTU, pacCMOTpeTb
B/ISIHNE HEA0CTATOYHOTO OTHOLWEHNSA CUTHaNA KLUyMY.

E.4 AkycTu4yeckuii umnegaHc MmkpodoHa

AKyCTUYECKUN nMNejaHC MUKPOOHa MOXeT 6biTb BbipaXeH B BUAe KOMMN/IEKCHOrO MMneAaHca uiv e Buae KoMnaek-
CHOro 3KBMBasIeHTHOro o6bema (MIOK 61094-1). lonycKatoT, YTO MUKPOOOH MOXET 6bITb NpeACcTaB/IeH a BUAe YeTblpexno-
JIIOCHMKa CO COCPeAoTOYEeHHbIMW MapaMeTpaMiu, ONMCbIBAEMOTrO ypaBHeHVeM B3aummHoCTu (la). Takoe npegcTaBrieHne
6yaeT [0CTAaTOUYHO TOUHbLIM ANA onpegeneHns 27 (5.4) A0 4acTOTbl, NPUGN3UTENBHO paBHOl 1.3 HacTOTbl CO6CTBEHHOIO
pe3oHaHca MUKpodoHa.

MapameTpamun, ONUCbIBAIOWNMMN aKyCTUHECKMIA nMNedaHc MUKPOOHa B SKBUBASIEHTHOW 3NeKTPUYECcKoi cxeme,
MOTYT 6bITb aKyCTU4eckas macca T a.aKycTuyeckas noAaT/iMBOCTb Ca M akyCTUHECKOEe CONPOTUB/IEHME fa UM pe30oHaHCcHas
yacTtoTa /0, 3KBMBaNEHTHbI/i HU3KOYACTOTHbI/i 06beM VeQ 1 AekpeMeHT 3aTyxaHuss Mem6paHbl d. Pe3oHaHCHas 4acTto-
Ta — 3TOo4YacToTa. NPU KOTOPO MHMMas YacTb aKyCTUYECKOro MMnefaHca  paBHa Hyt0. ACUMNTOTUYECKOe 3HaYeHune”
Ha HU3KOI YacToTe onpefensatoT Yepes NoAAT/IMBOCTb U 3KBUBA/IEHTHbIW 06beM. [lelicTBUTE/IbHYIO YacTb 2a Ha Pe30HaH-
CHOli YacToTe onpeAensatoT Yepes akyCTUHeCKOe CONPOTUB/IEHNE N AEKPEMEHT 3aTyXxaHuns. AKyCTUHYECKY0 Maccy pacCcunThbl-
BalOT Yepe3 pPe30HaHCHYK 4acTOTy U aKyCTMYEeCKyl nogatiMBoCTb. COOTHOWEHUA Mexay 3TUMW napameTpamu
cnepytoume:

(2* f0? « (/namc j-1; w,g» caynlipt (e(:d =ral2*f0 Tn)* ra2*/0-eca.

AKyCTUYeCcKunit nMnegaHc MoxeT 6bITb OnpeeneH KOCBEHHbIM MeTOA0M, OCHOBaAHHbIM Ha U3MepeHUn anekTpuyec-
KOV npoBoAUMOCTM /MUKpOM OHa. NpU N3MepPeHUn 3NEeKTPUYECKOW MPOBOANMOCTI MUKPOGOH aKyCTUUYECKM HarpyxatT Ha
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3aKpbIThI 4eTBEPTLBO/IHOBbIN 0TpPe30kK Tpy6bl [£ = 0 B ypaBHeHUn (1a)], a akycTuyeckuii uMnegaHc MukpodoHa 3artem
paccunTbIBalOT U3 ypaBHEHUS

rae 0 — 3N1EeKTPUYECKNIT MMNeJaHC Npy 3aTOPMOXEHHON membpaHe, onpefensemblii U3 pesynbLTaToB nsmepe-
HWA. NpoBeleHHbIX Ha J0CTaTO4YHO BbICOKMX YacToTax (100—200 kIu), 4To6bl MHEPUUA MemM6paHbl adhheKTUBHO NpenaT-
cTBOBana ee ABwwkeHuto [£ = 0 aypaBHeHun (1a)].

CocpefoToYeHHble NapameTpbl, NpeAcTaBsAoLWMe akyCTUYeCKnii MnegaHc MUKpPooHa, MOryT 6bITk Takxe onpe-
AeNeHbl akycTu4yeckumn metogamu. Mpu pesoHaHce cABuUr hasbl MeXAy 3BYKOBbIM AaBsieHneM, AefCTBYOWMM Ha MeM-
6paHy. 1 HanpsxeHMeM XO/10CTOro xopa 6yaeT paBeH 90®. STy yacToTy onpeAenstoT, BO3AelicTBYs Ha Mem6GpaHy,
Harpy>XeHHyI0 Ha 3aKpbITbI/i YHeTBEPTLBOIHOBbIN OTPE30K TPYObI, C NOMOLLbIO 3/1IEKTPOCTATUYECKOrO aKkTioatopa (31eKTpo-
cTaTnyeckoro Bo3byantens). MNpu Tex xe ycnoBusAX onpeaenstoT AeKPeMeHT 3aTyXaHWsl Kak OTHOLeHWe YyBCTBUTe/IbHOC-
TV NpU pe3oHaHCe K4yBCTBUTE/IbHOCTU Ha HU3KO YacToTe.

TpeTunii MeTo OCHOBaH Ha MOArOHKe AaHHbIX. MOCKObKY YyBCTBUTE/IbHOCTb MUKPOGOHA He 3aBUCUT OT UCNOJb3Yye-
MOli 4NS rpagyvpoBKN KaMepbl CBSA3W, TO rpagynpoBKy NPOBOAAT C NOMOLLbIO psga N/I0CKOBO/IHOAbIX KaMep, Hanpumep,
YeTbIpex, UMeWnx pasHyto A4nvHy (C.1 (npunoxeHne C)]. AN KaXA0ro MUKPOthoHa CyMMy 06 beMOB NepeAHei No1ocTu n
3KBUBAJIEHTHOTO 06beMa KOPPEeKTUPYIOT 40 TeX NOp. Noka ANA BCex kamep He 6yaeT NnonyvyeHa ofHa nTa xe 4YyBCTBUTE b-
HOCTb a AnanasoHe HU3KUX U CpefHuX YacToT. ATOT MeTos onucaH a E.3 (npunoxeHune E). Mpu pasHbIX gnnHax kamep
HeBepHble 3HAYeHUsA TPexX COCPeAOTOYEHHbIX NapamMmeTpoB, OMUCbIBAIOLWMX aKyCTUYeCckoe CONpPOTUB/IEHNE MUKPOQOHa,
NPUBOAAT K CUCTEMATUYECKNM U3MEHEHUSAM Ha BbICOKMX YacToTax. BnusaHne aTux napameTpoB Ha BbICOKMX YacToTax pas-
NNYHO. [leKpeMeHT 3aTyXaHusa OKasblBaeT He3Ha4YNTe /IbHOE BJ/IMAHNE Ha NOJTYHEHHYI0 YYBCTBUTENIbHOCTL B6/IM3N pe30HaH-
CHOW 4acTOTbl, TOr4a Kak HeBepHO onpejesieHHas pe3oHaHCHas YacToTa OkasblBaeT MakCuManbHoe BAusiHne. HesepHoe
3HaYeHVe 3KBMBANEHTHOro 06 bema BAIMAET r/1aBHbIM 06pa3oM Ha NosyUYeHHbIe XapakTeEPUCTUKN HyBCTBUTE/ILHOCTN BAMA-
nasoHe Bbllle pe30HaHCHOW YacToTbl. Mpy onpeAeneHnn KOMNAEKCHOM YyBCTBUTETbHOCTY MUKPOCOHA Ha pe3oHaHCHOM
YacToTe OnpeaensatT YyBCTBUTENbLHOCTL No hase 90s.

AHaNorMyHbIM 06pasoM MOXeT 6bITb ONpeAeneH AeKPeMeHT 3aTyXaHus Kak OTHOWEHWe YyBCTBUTENIbHOCTU npu
pe3oHaHce KaCMMNTOTUYECKOMY 3Ha4YeHUIO YyBCTBUTE/IbHOCTM Ha HU3KOW YacToTe. O4HaKo Npu onpeAeneHnn aCumMnToTun-
YECKOro 3Ha4eHNsA YyBCTBUTE/IbHOCTN B0O6/1aCTU HU3KMX HACTOT MOHN3KOYACTOTHO XapakTepUCcTMKe Heo6XoANMO nNpeHeo6-
peyb He6GOMbWWM MOBbIWEHNEM YYBCTBUTE/NIbHOCTU Ha HU3KMX 4YacToTax W3-3a TensonpoBOAHOCTM B MOAOCTU 3a
Mem6paHoi MrkpodoHa. 118 ycnewHohi NoAroHK/ AaHHbIX BaXHO, UTO6bI Nnepes ee BbINOSIHEHNEM 6biNN BBEAEHbI Nonpas-
K1 Ha paAunasibHoe BOJTHOBOE ABWXEHWE N BbIIN YCTPaHEeHbI pYrMe cucTteMaTmyeckme NorpewHocTu, Takme Kak. Hanpumep,
nepekpecTHble MOMEXH.
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MpunoxeHne F
(cnpaBoyHOE)

®dun3myeckme cBONCTBA BIAXHOIO BO3gyxa

F.1 O6wue cBegeHuns

HekoTopble hr3nyeckre Be/IMYMHbI, ONUChIBalOLL e CBOMCTBA rasa a 3aMKHYTbIX KaMepax CBSA3U, BXOAAT B ypaBHe-
HUA ANS pacyeTa YyBCTBUTENIbHOCTe MUKPOoHOB (ypaBHeHus (3). (4) v npunoxeHus A. B]. 3T BEIMYNHBbI 3aBUCAT OT
OfHO NN HECKONbKUX NEPEMEHHbIX, ONUCbIBAKOLWMX BHELWHWE YCNOBUSA, CTaTM4eckoe AaB/ieHne, TeMmnepaTtypy v Baax-
HOCTb.

B nutepaTtype ony6/1MKOBaHO MHOXECTBO pe3y/bTaToB UCC/ie0BaHWi, N0 KOTOPbLIM MOTYT 6bITb HallAeHbl ONOPHbIe
3HaYeHNA BEIMUYUH ANA ONpefeieHHbIX BHELWHWX YC/IOBUI, HanpuMep ANA CTaH4apTHOIoO NO COCTaBy CyXOro Bo3Aayxa npu
OX wncTatnyeckom gaBneHun 101.325 kMa. MeToauka pacyeTta CBOWCTB BO3A4yXa A1 3afaHHbIX OKPYXakLWmMX YCNOBUNA,
onucaHHas B HaCTOALWEM NPUNOXEHNN, OCHOBaHa Ha MeToAaX, PEKOMEHA0BaHHbIX MeXAYHapO4HbIMN OpraHamu, a Takxe
Ha nocnefHux pesynbTaTax, ONMCaHHbIX BINTEpPAType M MNOYHMBLUNX MEXAYHapoaHOe Npu3HaHue.

YpaBHeHURA, NpUBEeAEHHbIE B HACTOALLEM MPUIOXEHUW, OCHOBaHbl Ha CliefyloWnX NnepeMeHHbIX, ONUCbIBaOLWNX
BHELLHIOK cpesay.

t— Temnepatypa Brpagycax Llenbcus (‘C):

ps — cTaTtuyeckoe gaBrsieHne B nackansax (Ma);

H — oTHOCUTeNnbHasa BAAXHOCTb BNPOLEHTax (%).

PaccunTbiBaeMble Be/IMYMHbI:

P — nnoTHOCTb BO34yxa BKuUiorpaMmax Ha kybuueckuint metp (Kr em-3);

C— CKOPOCTb 3BYyKa /151 NPOM3BOJIbHOI (pacyeTHOIi) 4YacToTbl B MeTpax B CeKyHAy (M -c-1);

K — OTHOLWEHNe yaenbHbIX TeN10eMKoCTel;

« — BA3KOCTb BO3/yXa Bnackasb-cekyHgax (Ma c):

a (— Koa(hpuruneHT TeMnepaTyponpoBOAHOCTUN BO3AyXa B KBagpaTHbIX MeTpax B CekyHAy (M2 ¢c-1).

MeToanka pacuyeTa npegycmaTpuBaeT, YTO BJlaXHbI BO3AyX — He nAeasibHblii ra3 u 4To 60MbLUVHCTBO BEINYUH
OMUCbIBAIOT C MOMOLLbIO MO/IMHOMOB, A1 KOTOPbIX COOTBETCTBYIOLNE NOCTOSAHHbIE KO PULMEHTbI NpuBeaeHbl B Tabnu-
ue F.2. lns pacyeTa BbllEYNOMAHYTbIX BE/IMYMH UCNO/b3YIOT HEKOTOPbIE A0MNO/THUTENIbHbIE BEMIMYMHBI Y MOCTOSIHHbIE.

[ - Ta +t. TepmogmMHamunyeckas Temnepatypa Brpagycax KenbsuHa (K);

ro- 273.15K(©*C);

20 = 293.15 K (20 ‘C);

ps f* 101 325 Ma;

pav(f) — gaBneHue HacbIWEHHOro BOASAHOro napa Bnackansax (Ma);

c0 — CKOpOCTb 3BYKa Ha HU3KO YacToTe (B OTCYTCTBME AUCnepcun) B MeTpax B CeKyHAy (M c-1).

XLW— MONApHasa A0S NapoB BOAbl B BO3AyXe;

XC— MONApHasn A0NA YreKUCoro rasa B BO3AyXe;

/(ps,f) — koadhduMUNEHT paclumpeHus;

Z — KO3(h(PULMNEHT CKMMAEMOCTU BNaXKHOTO BO3yXa;

Ka— yAenbHass Ten/ionpoBOAHOCTb B [XOY/NAX Ha MeTp-CeKyHAYy-KelbBUH B MWHYC TNepBOl CcTeneHun
(XM -'-c'1-K"'1).

Cp— yaenbHas Ten/ioeMKOCTb NPV NOCTOSIHHOM AaB/IeHU B A)KOY/ 11X Ha KU/10rPaMM-KelbBUH B MUHYC NepBoli cTe-
neHn (O sk H <K-1).

#O — uvacToTa penakcauuu kucnopoga B repuax (u);

— yYacToTa penakcauuu asoTa Brepuax (u);

Uyo — koadchnumneHT 3aTtyxaHunsa ansa konebatenbHOl penakcalum B KUCnopoe B MeTpax B MUHYC NepBoii cTeneHun

(m-1):
aW — koadppmumeHT 3aTyxaHua ans konebaTenbHON penakcauuv B a3oTe B MeTpax B MUHYC MepBOW CTeneHu

(m-1).

YpaBHeHUs, ncnonb3lyemble 45 pacyeTa, cnpaBevBbl A5 BHELWHUX YCNOBWI BAnanasoHe:

- Temnepartypa: ot 15°C go 27 “C;

- cTatuyeckoe gasnieHne: ot 60 go 110 kMa:

- OTHOCUTeNbHasA BAaXHOCTb: oT 10 % 0 90 %.

HeonpeaeneHHOCTH 3HAYEHWIA, pacCUMTaHHbIX U3 YpaBHEHWI, NpeacTaB/isitoT CO60i cTaHAapTHbIE HEONPEAEEH-
HOCTW.

F.2 TINOTHOCTb BNaXHOro Bo3ayxa
MNOTHOCTb B/IAXKHOTO BO3/yXa BbIYUC/IAKOT C MOMOLbIO0 «ypaBHeHUA C1PM-2007», cornacHo pekomMmeHgaumam 97-ro
coBewaHus CIPM (F.1(.
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p =[3.483 740 ¢ 1.4446(xc- 0.000 4))«10'3 (1 - 0.378 OXw); (r-1)
2
roeZ = 1- B+ [sOe an * a / ¢ <33¢ aA)xT* (a5+ aB7)x*] ¢ E1. (a7 ¢ a8 *);

PIMO * exp(a0T2+ a, ¢ e2'manT-');
t(ps.MN)» e0O+ 3,pa* a*/2.

CocTaB CTaHAapTHOro BO3/yXa OCHOBaH Ha MOMISIPHOW A0Ne yriekMcnioro rasa, coctaenstouweli 0,000 314. O6uie-
NPUHATO. YTO B 1a6OPaTOPHbIX YC/IOBUAX 3TO 3HaYeHMe 60iee BbICOKOe, U BOTCYTCTBME HENOCPeACTBEHHbIX N3MepeHuii
MONAPHOI 0NN peKoMeHAyeTCA NCNonb30oBaTb 3HayeHne xc ~ 0.000 4.

OTHOCUTENIbHYIO HEOMNPEeAENIEHHOCTb pacyeTa Npu UCNoJsIb30BaHUM 3TOTO YpaBHEHUA oueHMBaloT a22 +10-6.

F.3 CkopocTb 3ByKa B BO3Ayxe
B oTcyTCTBME AMCNEPCUM CKOPOCTb 3ByKa ONpeAesnsiioT Kak CKOPOCTb 3ByKa Ha HU3Koi yactoTe [F.2J:

<W>B 0* «y** «r"MB3* edf+ ulZ)xw* (“6* «7T* aaf)P* * («3 * «0** BU«*)*#+ «i2*w * (F.2)
*«13p i* «!4c *a 15xwPIxc-
OTHOCUTENIbHAs HeoMNpeAeNeHHOCTb pacyeTa CKOPOCTY 3BYKa Ha HU3KOW YacToTe cocTaBnseT 3 -10-4.

NMpumeyaHune — CKOPOCTb 3ByKa HEMHOrO 3aBUCUT OT 4YacTOTbl M3-3a AUCMEPCUN B pe3ynbTate adekToB
penakcauuv KOMNOHEHTOB BO34yXa. B 4acTOTHOM Amana3oHe, COOTBETCTBYIOLEM HACTOSsILEeMY CTaHAapTY, BAVUSHWE gnC-
nepcumn Ha CKOPOCTb MeHbLLEe, YeM OTHOCUTENIbHAA HEONpPeAe/IeHHOCTb pacyeTa 3Ha4eHNs CKOPOCTU 3BYKa Ha HU3KOM vac-
ToTe (F.2). CKOPOCTb 3ByKa Ha 4aCcTOTe M3MEPEHNsI MOXEeT 6bITb MOJTyHeHa 13 BblpaxeHusi B COOTBETCTBUM C (F.4)

1
c

roe afKfv— koadpcpuuymeHT 3aTyxaHmsa nyacrota penakcauum.
n — o603HayaeT KOMMNOHEHT BO3ayXa (a30T UAU KUCAopoa). 3Ha4YeHUs aTUX BENNUYUH npuBeeHbl B (F.6).
370 ypaBHEHNEe MOXeT 6bITb NepenucaHo B 6onee npnemnemoii hopme:

Ol +£
7.,

rae NnpousBeieHre C « UV He 3aBUCUT OT CKOPOCTY 3BYyKa C.
F.4 OTHOWeHNe yaeNnbHbIX TeN0eMKOCTeli Bo3ayxa

OTHOLWEHVE yAerbHbIX TEN/TOEMKOCTel onpeaensitoT B cooTBeTcTBUM C (F.2):

Kk »a0 az2f2+ (e3+ ad4f+asbr2)Xwr»(a6>-a7f*a Bf2)ps *(a9 *a i0f-»allR)Xc+ a l12x2 + a,3p| ¢ (F 3)
enla*| *« 15X» P, *c-

OTHOCUTeNIbHAaA HeonpeaeneHHOCTb pacyeTa OTHOLWEHUS yAeNbHbIX TEN0eMKOCTeN cocTaBnsaeT 3.2 « 10~4.

F.5 BAs3kocTb BO3ayxa

Bs3kocTb BO3ayxa onpefenstoT B cooTBeTcTBUM C (F.SJ:

N* (€0 * “ Q7% («2* % 3r>** * (4T2+ «5%-) 10'8- (F.4)

F.6 KoadhdpuumeHT TemnepaTyponpoBOAHOCTM BO3ayXa

KoathpmumneHT TeMnepaTyponpoBOAHOCTU BO3A4yXa ONPeAesisioT BbIpaXKeHUEM:

“° (F.5)

PCp
roe kn=4186.8[a0* a,N* a"T2 + <a3* MAT)xw) -10*:
Cpma186.8[«0+a ,[+ a2l24 a37®+ (a4¢ N5 +ab67R2)xwe (a7¢ « 8 ¢ aBl2)x2).

F.7 Mpumepsbl

B ta6nvue F.1 npuBefeHbl 3Ha4YEHNA BE/IMUNH, yKa3aHHbIX B (popmynax F.1—F.5, Ana gByx rpynn 3Ha4eHui BHeLwu-
HUX YCNOBUIA. 3Ha4YeHMA B Tabnuvue NpMMeHNMbl A5 TECTOBbIX NPOrpamMMm, UCNOMb3yeMblX A1 pacyeTa 3TUX BENINUNH, 1

noaTomy pe3ynbTaTbl NPUBEAEHbI C 66/1bLLMM YUCNIOM 3HAYALMUX LUGP, YHEM 3TO HEO6XOAMMO B flelicTBUTEeIbHOCTH. B Ta6-
nuue F.2 npuBefeHbl KO3 MULMEHTbI, HEO6XOANMbIE /15 pacyeTa 3TUX BESIMUVH.
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Ta6nuya F.1 — 3HavyeHUs KOaPPULNEHTOB, YKa3aHHbIX B F.1—F.5. Ana AByX rpynn 3Ha4yeHnii BHELWHWUX YCNOBWUiA

OTHOWeEHNE yaenb- KoathdunymneHt Temne
MnoTtHoOCTb BO3AyXxa p. CKOpoOCTh 3BYyKa C,. BA3KoCTb BO3JY-
BHewHune ycnosusa HbIX TENNOoeMKoC- paTyponpoBoAHOCTH
Xr MJ M-C'? o xan.MNa c .
Teil K BO3dyxaa , M* C
| =23 ®C
p, = 101 325 MNa 1.186 084 8 345.866 52 1,400 757 3 1.826 566-10~* 2,115 317 -10"*
H- 50%
T=20 *C
p, =80 325 MNa 0,944 158 9 344.382 67 1.400 026 6 1.811 295 «10*® 2.627 024-10"*
H =65 %

Ta6nuya F.2 — KoahdurumneHTbl, UCMONb3yEMbIe B MOMIMHOMAX A1 pacyeta napameTpoB BA&XHOro BO3gyxa

Koadh-
huun-
EHTbI

O6o-
3Ha4ve-

Hue

«0

«l

(F.1)

(F.2)

(F.3)

(F4)

(F.5)

(F.6)

K c o y YpenbHas
fNaBneHne HacbllWeH- o cbu- KoachchnuymneHt KOpOCTb“BByKa THowenne AenbHasn TEeNN0eMKoCTb
UneHT pac Ha HW3KOW Yac- yaenbHbIX Ten- BA3kocTb Tennonpo-
HOTO BOASAHOW napa CXUMaeMoCTH - Npu NOCTOSIH-
wupeHunsa TOoTEe noemMkocrteu BOAHOCTb
HOM gaBneHunun
P.. f(p,.o Z co K n A. Cp
1.237 884 7 10® 1.000 62 1.581 23 10"6 331.502 4 1.400 822 84.986 60.054 0.2510625
- 1.912 1318 10-* 3.14 10-* - 2.933 1 10-® 0.603 055 - 1.75 10-® 7.0 1.846 - 9.2525m
x 10-®
33.937 110 47 56 10* 1.1043 10-'° - 0.000 528 -1.73.10- 113.157 2.06 10-® 2.133 4 10-'
- 6.343 164 5 10s 5.707 10-* 51.471 935 -0.087 3629 -1 40 -1.004 3x
x 0 -10
-2.051 10-® 0.149 5874  -0.000 1665 . 3.7501x - 1.775* 0.124 77
K 10-® x 10—*
1.9898 10 * - 0.000 782 - 3.26 10-® - 100.015 - 2,283 10®
-2.376 10-® - 1.82 10* 2.047 10- 1.267 10-'
1.8310 "4 3.73 10-® - 1.26.10-10 0.011 16
-0.765 10® - 2,93 +10*° 5939 10-*4 4.61 10-“
-85,209 31  -0.119 971 7 1.74 10-*
- 0.228 525 - 0.000 869 3
591 10-® 1.979 10-*
- 2.835 149 -0.011 04

-2.15 10-'5 -3.478 10-'*
29.179 762 0.045 061 6

0.000 486 1.82 10-®
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MpunoxeHne OA
(cnpaBouHOE)

CBefleHNs 0 COOTBETCTBUM CCbIJTOYHbIX MEXAYHAPOAHbIX CTaHAAPTOB HaLlMOHaIbHbLIM CTaHgapTam
n nokymeHTam Poccuiickoit depepaunn

Ta6nwunya AOAN

O603HaveHne CCbUT0HHOTO CreneHb O603HaveHne N HauMeHOBaHVe COOTBETCTBYHOLLErO HaLMOHa/IbHOK
MeXayHapo4HOTO cTaHaapTa COOTBETCTBYUSA cTaHfapTa
M3K 61094-1 — .
MCO/M3K Guide 98-3 IDT «PyKOBOACTBO MO BbIPaXEHUIO HEONpeAe/IeHHOCTU n3mepe-

Hus». U3patenbcteo M BHUUM wm. O.U. MeHpeneesa.
C.-MeTepbypr. 1999 r. (nepeBOf ayTEHTUYEH OPUTMHANY)

* COOTBETCTBYIOWMWI HaLMOHa/bHbIV CTaH4apT OTCYTCTBYeT. [lo ero yTBepXAeHUs peKoMeHAyeTcs UCMosb30BaThb
nepeBo/ Ha PYCCKUii S3bIK JAHHOTO MEeXAyHapoAHOro ctaHgapTa. MepeBog AaHHOTO MEeXAyHapo4HOro cTaHaapTa Ha-

xoauTcsa B ®efepasibHOM rocyAapCTBEHHOM YHUTapHOM NpeanpusaTun «Bcepoccuiickuii HayuyHo-uccnefoBaTenbCKuii
VHCTUTYT (PU3NKO-TEXHUYECKUX U PAANOTEXHUYECKNX N3MepeHunii» (PrYN «BHUNPTPU») — 141570 n/o MeHaeneeso.

Co/lHeYHOropcKnii palioH MockoBckoli 0611.
MpumeuyaHune — BHacTosiweli TabnvLe NCNONbL30BaHO criefytoliee yc/IoBHOe 0603HavYeHne CTeneHn cooTee-

TCTBMA cTaHgapTa:
IDT — WAEHTUYHbIN cTaHOapT.
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