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HAUMWOHANBbHBIN CTAHOAPT POCCUUCKOW @GEAOAEPALUMNU

FocypapcTBeHHasa cucTema o6ecneyeHust eAUHCTBA U3MepPeHUi
MUKPO®OHbI UBMEPUTENBbHbIE

YacTtb 2
MepBUYHBLIA MeTOA rPpagyUpPOBKU MO AaBNEeHUI0 NabopaTopHbIX 3TaNOHHbIX MUKPO(OHOB METOAOM
B3aMMHOCTU

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

Dara BBegeHna — 2013—05—01

1 O6nacTb NnpMMeHeHus

HacTosawwi ctaHgapT:

- pacnpocTpaHsieTcs Ha NabopaTopHble 3TanoHHble MUKPOdOoHEI (danee — MUKPOMOHbI), y4OBNETBO-
psatowme TpeboBaHnam MIK61094-1, n Ha gpyrne KoHAeHcaTopHble MUKPOMOHbBI, UMEtoLLe Takne e pas-
mepbl;

- yCTaHaBnMBaeT MepBUYHbIA MeToA onpeaefeHnss KOMMIEeKCHON YyBCTBUTENbHOCTU MUKPOGOHOB No
[AaBeHNIo, NO3BOAOLLMIA NONYYNTb BOCMPOU3BOANMOCTL U HEOBXO0AMMYH TOHHOCTL NPU U3MEPEHUN 3BYKOBO-
ro AaBneHus..

Bce BenuumHbl BeipaxeHsl B eanHuuax MexayHapoaHo cuctemsl eaunuy (CH).

2 HopmaTuBHbI€e CCbISKN

CnegytoLme HopMaTUBHbIE OKYMeHTbl 06a3aTernbHbl NPy NCNoNb3oBaHUM HacTosAwero ctaHaapTa. Mpn
AaTUPOBaHHbIX CCbINIKaxX MPUMEHSIIOT TONbKO YKasaHHoe uzganue. MNpu HegaTupoBaHHbIX CCbIfTKax MPUMEHSIIOT
TONbKO camoe nocnegHee nagaHve 4aHHoro HopMaTUBHOIO AOKYMeHTa, BKItovasi niroboe gononHexHve.

M3K 61094-1:2000 MukpodoHbl nameputensHele. HYacTtb 1. MukpodoHbl nabopatopHble 3TanoHHbIE.
TexHuyeckne TpebosaHusa (IEC 61094-1: 2000 Measurement Microphones — Part 1: Specifications for
laboratory standard microphones)

MCO/M3K PykosoacTso 98-3 HeonpegeneHHocTb namepeHus. Yactb 3. PyKOBOACTBO MO BbIpaXeHuto
HeonpeaeneHHocTH B usMepeHun (GUM:1995)! (ISO/IEC Guide 98-3, Uncertainty of measurement — Part 3:
Guide to the expression of uncertainty in measurement (GUM:1995)7)

3 TepMuHbI M onpegeneHus

B HacTosAwWwem cTaHaapTe NpUMeHeHbl TepMUHBI 1 onpedeneHus no MOK 61094-1 n UCO/M3K Pykosoa-
cTBY 98-3, a Takke cnefytoLlme TepMUHbI C COOTBETCTBYOLUMN onpeaeneHUsIMn:

3.1 o6patumbin MukpodoH (reciprocal microphone): JMHeHbI NACCUBHBIA MUKPOGOH, ANA KOTOPO-
ro MMnegaHc XonocToro xo4a B 06paTtHoM HanpasneHun U nepeaaToyHbli UMNedaHc B NPSIMOM HanpasneHun
paBHbl N0 abCONOTHOMY 3HaUYEHNIO.

3.2 drazoBan HyBCTBUTENbHOCTb MUKpodbOHa No AaBneHuto (phase angle of pressure sensitivity of
microphone): ®a30Bbl yron Ha AaHHOW YacToTe Mexay HanpskeHUeM XONnocToro Xxo4a n paBHoOMepHo pac-
npeaeneHHbIM 3ByKOBbIM AaBfieHWEM, AeACTBYIOLLMM Ha MemBpaHy.

MpwumeyaHne— EguHuua namepenusi: rpagyc wnv pagua (...° unu pag).

" McomMaK PykoBoacteo 98-3:2008 — nepemnsgaHue PykoBoaCcTBa MO BbIPaXeHWo HeoNpeaeneHHoOCTH B u3amepe-
Huax (GUM) 1995r.

U3paHve opmumansHoe
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3.3 anekTpuveckum nepeaaToUHbi UMneaaHc (electrical transferimpedance): Onsacuctemsl ns asyx
aKyCTUYeCKM CBA3AHHBIX MUKPOOHOB — 3TO OTHOLLEHMWE HanpshKeHWs XOMocToro xoaa M1MkpodoHa-npuem-
HMKa K BXOAHOMY TOKY MUKpOOHa-nanyyaTens.

MpumeyvaHune 1— EagnHuuaunamepenus: om (Om).

MpnmeyaHune 2— BTOTMMNeaHC ONPeaEensioT Ar1sl KOHCTPYKLUM C 3a3eMITeHHbIM 3KpaHOM, NPUBEAEHHOW B
7.2 M3K61094-1.

3.4 akycTM4YecKUI nepeAaToyHbIi UMNeaaHc (acoustic transfer impedance): [Ansa cuctembl ns AByx
aKyCTUYeCKM CBA3aHHBIX MUKPOMOHOB — 3TO OTHOLLEHME 3BYKOBOIO AaBleHNs, AeACTBYIOLWEro Ha MeMbpaHny
MuKpodboHa-NpremMHuka, K 06beMHOM CKOPOCTUN, BOCMPOU3BOANMON MUKPOOHOM-U3MyYaTenem, B pexmve
KOPOTKOTO 3aMbIKaHUS.

MpwumeuaHue — EauHnua namepenns: nackarnb-cekyHaa Ha kybuueckunii metp (Ma - c/m3).

3.5 kamepa cBfA3u (coupler): YCTpoNCTBO, B KOTOPOM MPW YCTaHOBMEHHBLIX MUKpodoHax obpasyeTcs
nonocTb onpeaeneHHon popMbl 1 PpasMepoB N KOTOPOE CITYXXUT B KaYecTBe 3rieMeHTa akyCTUYECKON CBSA3N
Mexay MUKpodoHamu.

4 OnopHble BHeLWHWe YCroBuUs

O_._OUI_u_m BHELHNE yCNoBUA:

- Temneparypa: 23,0 °C;
- cTaTU4ecKoe AaBreHue: 101,325 «lMNa;
- OTHOCUTENbHAaA BMaXHOCTb: 50 %.

5 MpuHUMNbI rPagyMPOBKY NO AABNEHUI0 METOAOM B3aMMHOCTH

5.1 O6Wwue NpMHUMNbI
5.1.1 O6bwwme cBeaeHUA

_|UmD<SUOw_Am _,\__\__AUO&OIOW MEeTOAOM B3aUMHOCTU MOXET ObITb BbINOMHEHA TG0 C NOMOLLbO TpexX MUK-
pohOHOB, ABa U3 KOTOPLIX OIDKHbI ObITb O@Um._._\__,\:u__,\__\_“ nMBO C MOMOLLbHO BCMIOMOraTefTlbHOro UCTOYHUKA 3ByKa
N AaByx _,\__\__A_UO%OIOw“ OOWH N3 KOTOPbIX A0JTKEeH ObITb O@Um.:\__s_u:s.

MpwnmeyaHwue— EcnmoguH us MukpooHOB HeoBpaTM, TO OH MOXET BbITb MCMOb30BaH TOMBKO B KAYECTBE
npuemMHuKa 3ByKa.

5.1.2 O6wWue NPUHLUNBI NPU UCNONb30BaHUMN TPeX MUKpodoHOB

MpegnonaratoT, 4To ABa MUKPOMOHAa aKyCTUYECKU coeguHEHbI Yepes kamepy cBA3W. Micnonbaysi oguH 13
HUX B KauecTBe UCTOYHMWKA 3BYKa, @ APYro — B KaYeCTBe MPUEMHMKA, U3MEPSIIOT 3MeKTPUYECKNA NepeaaToy-
HbIi UMNeaaHc. Ecnun akycTuyecknin nepeaaToyHbIn MMNeAaHc Takol CUCTEMbI U3BECTEH, TO MOXKET BbITb Hal-
AeHo npou3BefeHne YyBCTBUTENbHOCTEN Mo AaBeHUIo ABYX CBSA3aHHbIX MUKPOodoHOB. Micnonbays napHble
koMBUHaumM mnkpodoHoB (1), (2) 1 (3), nony4aroT TPy TakMX HE3aBUCUMbIX NPOU3BEAEHUS, U3 KOTOPBIX MOXET
6bITb BbIBEAEHO YPaBHEHWE AN YYBCTBMTENLHOCTY NO AaBMAEHNIO KaXA0ro UX TPEX MUKPOOHOB.

5.1.3 O6wme NPMHUMNbLI IPU MCNONBL30BaHNMUN ABYX MUKPOOHOB M BCIOMOTaTefIbHOro UCTOMHU-
Ka 3ByKa

Bo-nepBbIx, npegnonaratoT, YTO ABa MUKPOMOHa aKyCTUYECKM coeMHEHbl Mexay coboi ¢ MOMOLLbIO
kamepbl cBA3W. OnpefensoT npoussegeHne 3HauYeHUn YyBCTBUTEMNbHOCTU MO AaBMEHUO 3TUX MUKpodo-
HoB (5.1.2). Bo-BTOpbIX, MpeanonaratT, 4To Ha 06a MUKpodoHa BO3AENCTBYET OANHAKOBOE 3BYKOBOE AaBrne-
HMEe OT BCMOMOraTeNlbHOro UCTOYHMKA 3BYyKa. Toraa OTHOLWEHWE ABYX BbIXOAHLIX HanpshkeHW 6yaeT paBHO
OTHOLLIEHUIO YYBCTBUTENBHOCTEN NO AaBMEHUI0 3TUX MUKPOOHOB. Takum 0bpasoM, M3 Npon3BeaeHNs 1 OTHO-
LIEHNS YYBCTBUTENBHOCTEN NO AaBMEHNIO ABYX MUKPOOHOB MOXET ObITh onpeaeneHa YyBCTBUTENBHOCTL MO
OaBrIeHNIO KaXaoro U3 ABYX MUKPOGOHOB.

MpwnmeyaHue— Cuenblo NoNy4YnTb OTHOLWEHWE YyBCTBUTENBHOCTEN MO AABMNEHUIO, AOMYCKAETCS UCMOSb30-
BaTb MeTOA HEMoCPEACTBEHHOIO CPAaBHEHUS!, @ BCMOMOraTeNbHbIM UCTOYHWUKOM 3BYKa MOXET BbiTb TPETUI MUKPOXOH,
MeXaHUYeCKME N aKyCTUHECKME XapaKTePUCTUKM KOTOPOIO OTNUYAIOTCS OT XapaKTePUCTUK rpagyupyeMbiX MUKPOOHOB.

2



roCT P M3K 61094-2—2011

5.2 OcHOBHble ypaBHeHUA

:m@OUm.ﬁOUI ble 3TanoHHble 1 NoaobHbIE UM _,\__\__AUO&OI_U_ OOoNyCcKaeTcA pacCMaTpuBaTb Kak O@_om.:\__s_u_m.
M NOo3TOMY CUCTEMA N3 ABYX SUNWIQI_\_S anaatnx _,\__\__AUOQuOIOw MoxeT ObITh 3anucaHa B Buae

Z11i+2129=U; (1)

210+ 223 =P

roe p — 3BYKOBOe AaBneHune, paBHOMepHO pacnpegeneHHoe no membpaHe MyukpodoHa, B nackansx (Ma);

U — HanpsikeHue Ha 3nekTpU4ecKnX KoHTakTax MukpodpoHa B BonbTax (B);
q — o0BGbeMHas CKOPOCTb aKyCTUYeCKo YacTu (MemBpaHbl) MUKpodoHa B KyBUYECKMX METPpaX B CEKyHAY
T (m3fe);
i — cura Toka, NpoTeKaloLLEero Yepes afiekTpudeckme KOHTakTbl MMkpodoHa, B amnepax (A);
244 = Z, — aneKTpu4eckuii UMneaaHc MUKPOhoHa NpU 3aTOPMOXKEeHHOH MemBpaHe B omax (OM);

295 = Zy — aKyCTUYECKUM UMNeJaHc MUKPOMOHa Npu HeHarpyXeHHbIX 3MeKTpUYecKnX KOHTakTax B nac-
B - kanb-cekyHaax Ha kybudeckuii MeTp (Ma - ¢ - M~3);

24y = Zy1 = M, - Z, — nepenaToyHbIid UMNeAaHc B 06paTHOM 1 MPpsIMOM HanpaBIieHUsX B BOMbT-CekyHAaX Ha
- z.<@s;mo§s meTp (B - ¢ - M3);

§u — YYBCTBUTENbLHOCTL MUKPOMOHA MO AaBMIEHWIO B BONbTax Ha nackans (B - Ma~1).
[l pumMmedaHne — ]O.Dr_mﬁz_._vx._‘_u:ss CUMBOMNamMm 0603HAYeHbl KOMIMMEKCHbIE BEMUYUHBI.

YpaBHeHus (1) moryT ObITb NepenucaHsl B Buae

el + M,

|~Q
1
IS

(1a)

L]

RN IN

+
Zyit

= IN

MH

[ke]

p

KoTopble 1 NpeAacTaBnaloT cobol ypaBHEeHWA B3aMMHOCTI AM151 MUKpodoHa.

MpepnonaratoT, YTO MUKPOPOHBI (1) 1 (2), UMetoLLMe YYBCTBUTENBHOCTM MO AasneHno M i M in 2 aKye-
TUYECKM COeNHEHbI C MOMOLLIbIO Kamepbl CBA3W. VI3 ypaBHeHUi (1a) cneayeT, 4To TOK i, _._uoammeoE_\__\_ Yyepes
3MeKkTpuYeckme KoHTakTbl MUKpodoHa (1), BbI30BET 06 bEeMHYIO CKOPOCTb MPW KOPOTKOM 3amblikaHuu (p = 0 Ha
MembpaHe) M, 1 14 1 CO3AacT 3ByKOBOE fJaBMeHune Py = Z, 1o+ My, - iy Ha akycTdeckom Bxoae MUKpooHa
(2),roe Z, 1o — aKycTMYeckui nepeaaToHHbIN UMNEAaHC CUCTEMBI.

Im_._cm_vxm_.__\_m XOJIOCTOro xo4a Ha MnkpodoHe (2) npu atom byaet

Up =My oo =M, 1 My 2 Z, 155

CrepoBsaTerbHO, Npov3BeaeHue YyBCTBUTENbHOCTE No AasneHuio byaeT
My, 1 My, 2 = (11Z5, 12) (Uo/hy). )

5.3 MeTop 3amMelLLeHUst HanpskeHUA

MeToa 3amellieHNs HanPsKeHUS NPUMEHSIIOT AN onpeaeneHns Hanps)XeHNs XONoCToro XoAa anekTpu-
YeCcKM Harpy>KeHHoro MukpodoHa.

MpeanonaratoT, 4To K MUKPOOHY ¢ onpeaeneHHbIM HanpshkeHUeM XONOCTOro Xoaa U BHYTPEHHUM Umne-
[AaHCOM MOAKMIoYEH UMMNeaaHC Harpysku. [na usmepeHus HanpskeHUs XonocToro xoaa K MUKpodoHy nocre-
[AoBaTenbHO NoAKMoYarT Manbli (Mo cpaBHEHWIO C MMMNeAaHCoM Harpysku) UMnedaHc, Yepes KoTopbli nogatoT
¢ reHeparopa KanubpoBoYHOE HarmpsKeHue.

MpeanonaratoT, YTO 3BYKOBOE AaBMeHWe 1 KanubpoBoUHOE HanpsbkeHue OAHOM 1 TOW e YacToTkl noaa-
toT nonepemMeHHo. KannmbposouHoe HanpskeHne perynnpyroT 4o TeX nop, noka oHO He AacT Takoe e nageHue
HaMPSHKEHUSA Ha MMMNegaHce Harpyski, YTo U Npu BO3AENCTBUN 3BYKOBOrC AaBneHNs Ha MUKpodoH. B aTom criy-
Yae HarnpsikeHue XonocToro xoaa 6yaeT paBHO Mo 3HAYEHUHO KanNMBPOBOYHOMY HAMPSDKEHUIO.

5.4 OnpeaeneHue aKkycTU4eCKOro nepeaaTovyHoro UMneaaHca
AKyCTU4eCKMiA NepeaaTodHbIn NMNeaaHc Z, 1o = Po/(M,, 4 - iy) MOXeT GbiTb onpesieneH n3 akBMBaneH-
THOW CXeMbl pucyHka 1,1ae Z, {NZ, » — aKyCcTMYecK1e MMNeaaHchl MUKPOMOHOB (1) 1 (2) COOTBETCTREHHO.
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&P,_ N.A

Zas 1 Za2 | P2

1 — kamepa cBA3n
PucyHok 1 — BkBuBaneHTHasa cxema asis onpeaeneHus akyCTMHEeCcKoro nepeaaToHHoro uvnegaHca Z, 1,

B HekoTOpbIX Cnyyvasax Nm 12 MOXET 6bITb onpeneneH TeopeTndecku. lNpegnonaratoT, 4To 3ByKOBO€E aB-
neHne @<hm4 OANHaKOBbIM B :5@03 TOYKe BHYTPWU KaMepbl CBA3N AO,_.O @v\hm._. cobnogeHo, ecnu %S&Sr_mox_\_m
pasmepbl Kamepbl CBA3U Marbl N0 CPABHEHUIO C ANTUHON WOH_I_U_V. Tonbko B 3TOM cnyvae ras, 3aKNoYEeHHbIA B
KaMepe CBA3U, XapakKTePU3YyT KaKHYUCTYHO NO4aTIIMBOCTb «NCQ\AOOSFF W N3 3KBUBANEHTHON CXeMbI PUCYHKa 2
Aw npegnonoXxeHnn agmabaTunyeckoro XapakTtepa cxXaTtnda u paclimpeHna ﬂmwmv Wm‘ 12 BbIpaXkatoT 4epe3 N.m“_mu

1 1, Voo ()

1 1
[ + B
Z'a12 ka Nm\_ NP 2 KPs ®Psr  KiPsr

roe V — oBLuuil reomeTpudeckuili 06beM kamepbl CBSI3N B KyBuieckux MeTtpax (m3);
Km. 4 — 9KBMBaINEHTHbIN 06beM MukpodoHa (1) B kybudecknx Mmetpax (m3);
Ve, 2 — 9KBUBaNEHTHbIN 06beM MUKpOhoHa (2) B KyBrUieckinx MeTpax (m3);

Nm v = kpg/(joV) — akycTu4eckuin MMneaaHc rasa, 3akmoYeHHOro B kKaMepe CBA3W, B Nackasrb-cekyHaax Ha
kyBudeckuin meTp (Ma - c/m3);
\m = — 1 (MHUMas eguHnLa);
®»— YrroBas YactoTa B pagunaHax B cekyHay (paa/c);
ps — cTaTu4veckoe aasneHue B nackanax (Ma);
ps  — CTaTM4eckoe JaBneHne npu onopHbIX YCIoBUSX B Nackansix (Ma);
K — OTHOLLUEHME YAeNbHBLIX TEMMOEMKOCTEN NPU YCNOBUSIX U3MEPEHUS;
K, PABHO K NPU OMNOPHBIX BHELLHWX YCMNOBUAX.
3HaveHua k 1k, ANA BNaXXHOro Bo3ayxa MoryT BbiTb onpeaeneHbl U3 ypasHeHUNA, NpuBeJeHHbIX B Npuio-
eHun F.

Rv.._ b

P2

£a,1 ka ' mm_m

PucyHok 2 — 3keuBaneHTHas cxema Ans onpegenenns Z'; 12, KOraa paamepsl KaMmepbl CBSA3U Marbl N0 CPaBHEHUIO
C ANWHON BOIHBbI

Ha 6onee BbICOKMX YacToTax, MPU KOTOPbIX pasMepbl KaMepbl CBA3M HEAOCTAaTOYHO Marbl Mo CPaBHEHUIO
C AANMHON BOJHBI, onpefenexne Z, 4, ycroxHsaeTtca. OaHako ecnv popma kamepb! LunuHapudeckas v ee ava-
MeTp TaKol ke, Kaky MemBpaH MUKpODOHOB, TO Ha YacToTax, e npeanonaraeTca pacnpocTpaHeH e NocKnX
BOJTH, BCIO CUCTEMY JOMNycKaeTcs paccMaTprBaTh Kak O4HOPOAHYIO NIMHMIO Nepedayn (CM. pucyHok 3). B atom
cnyyae Z, 1, BblpaxaeTtcsvepes Z', 15 (B NPeAnonoxeHun aguabatnieckoro xapakrepa ckaTtus v paclumpe-
Hus rasa):

1 1 |[Zao0 Zao Zao Zao |, (4)
= : ! h(y/ 1 e h(v/g) |,
+N ) cosh(ylg) + +N Z sinh(y/g)

“a “a, “a1 %£a,0

Loz Zao ||\ Z

£a,

rae Z, o — akycTuieckuit umnegaxc ansA MMoCKON BOMHLI B KaMepe cBaAsn. Ecnu noTepsiMu B kamepe CBA3K
MOXHO NpeHebpeyb, T0 Z, o= pc/Sy;
p— MMOTHOCTb ra3a B KaMepe CBSA3W B KUrlorpamMmmax Ha Kybudecknin MeTp (kr/m3);
€ — CKOPOCTb 3BYKa, CBOBOAHO PacnpoCTPaHsoLLEroca B rase, B MeTpax B cekyHay (M/c);
Sy — nonepeyHoe ceveHne Kamepbl CBSI3U B KBaApaTHbIX MeTpax (M2);
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Iy — ANUHa kamepbl CBA3K, T. €. paccToAHMe Mexay ABYMS MemBpaHamu B MeTpax (M);
Y= o+ j-B — KOMMAEKCHBIN KoabhULIMEHT pacnpocTpaHeH s B MeTpax B MUHYC Nepeoil cteneHu (M~').
N 3HayeHns p 1 € ANA BNaXKHOIO Bo3ayxa MoryT 6bITb onpedeneHsl U3 ypaBHEeHUI, NpUBEeAEHHbIX B MPUO-
xeHun F.

PeanbHasi yacTb y onpegensieT notepn Ha BA3KOe TpeHue U TennonpoBOAHOCTb Ha LUINHAPUYECKON
MOBEePXHOCTU, a MHUMAsA YacTb NpeacTaBnseT coboii yrnosoe BoNHOoBoe Yncno. Mpu He3HauMTENbHBIX MTOTEPSAX
Y BypaBHeHWUN (4) ynpoLuatoT, MOMOXKNB o PaBHON HYIO 1 B paBHOW ®/c. Heobxoammo yyecTb nobor Bo3ayLu-
HbI 06BbeM, cBA3aHHbIN ¢ MUKpodoHaMK, AaXe HaxoAALWMWACS BHe LMNMHAPa, 06pasoBaHHOMO KaMepoi CBA3N
n obenmu membpaHamm (cm. 7.3.3.1).

>|\vx_ h.ﬂ

Pa

Za1 Zoo ¥ Iy Za2

PucyHok 3 — 3keuBaneHTHas cxema ans onpeaenenus Z'; 12, KOr4a B Kamepe CBA3N npejnonaraercs
pacnpocTpaHeHne MNiioCKON BOSHbI

5.5 MNonpaBka Ha TeNnONPOBOAHOCTb

Mpu onpeaeneHn Z', 45 B 5.4 npeanonoxeHsl aguabatudeckue yernosus B kamepe caasu. OaHako B
AeNCTBUTENbHOCTU TENNONPOBOAHOCTL CTEHOK KaMepbl CBSI3M BbI3biIBAeT OTKIIOHEHWe OT YncTo agnabatudec-
KX YCIOBWiA, 0cOBEHHO A5 HeBONbLLNX KaMep CBS3U 1 HU3KWUX 4acToT.

B ananasoHe HA3KMX YacTOT, Korga 3ByKOBOe AaBneHune bygeT oAMHaKoBbIM B 060 TOUke BHYTPU Kame-
pbl CBA3U U, B MPEANonoXeHN, NOCTOAHCTBA TemnepaTypbl CTEHOK Kamepbl, MOTEPU Ha TeMIonpoBoAHOCTb
MOryT BbITb paccyuTaHbl U BbIpaXeHbl B BUAE KOMMNIEKCHOro NonpasoyHoro koadduumneHTa Ay k reomeTpu-
yeckomy obbemy VB ypaBHeHUM (3). Y paBHeHUs Ans pacyeTa nonpasovHoro koadduleHta Ay npueeaeHbl B
npunoxexHun A.

B onana3soHe BbICOKMX 4aCTOT BHYTPY kKaMepbl CBSA3M 6yaeT BONHOBOE ABWMXEHWE U 3BYKOBOE JaBneHue
He ByaeT o4HUM 1 TeM e B Moboi Touke KaMmepbl. [ NPSMbIX KPYroBbIX LIUMHAPUYECKX Kamep CBSA3K, rae
cnpaseninMBa Teopust IMHeNHON nepegayn (M. 5.4), COBMeCTHOe BIUAHWE NOTePb Ha TENoNPoOBOAHOCTL U
BSI3KOE TpeHue MoxeT 6bITb onpedeneHo ANs NI0CKOBOMHOBOrO pacnpoCcTpaHeH sl B KaMepe C MOMOLLIbHO KOM-
nnekcHoro koadduruneHTa pacnpocTpaHeHns U akycTu4eckoro umnegadca. [lononHuTenbHyo Tennonposoa-
HOCTb TOPLIOB KaMmepkbl cBA3N (MeMBpaH MUKPOOHOB) YUUTEIBAKOT, BKITHOUNB AOMOMHUTENbHbIE KOMNOHEHTLI B
aKkycTnyeckue uMmnegaHcel MUKPOOHOB. YpaBHEHNS AN pacdeTa KOMMNEKCHOro koadduLumeHTa pacnpoc-
TPaHeHUs M aKyCTUYecKoro MMregaHca npu MNJOCKOBOTHOBOM PacnpoCTPaHeHUM akyCTUYEecKOW BOJHbI
npuBeaeHbl B NPUIOXeHNA A.

5.6 Monpaeka Ha KaNUNAAPHOCTb TPYOKK

Kak npaBuno, B kKamepe CBA31 MOHTUPYIOT KanUNnsipHble TPYOKM ANs BbIPaBHUBAHNS CTaTUYECKOro Aas-
NeHNs BHYTPW 1 CHapyXu kamepbl. [1Be Takue KanunnspHble Tpy6KM NO3BONSIOT BBECTU B Kamepy ApYyron ras
BMeCTO Bo3ayxa.

AKyCTUUECKUIN MMNeaHC Ha BXOAE OTKPLITON KanunisipHon Tpy6ku Nm. ¢ onpedenatoT no opmyne

Z, ¢ =2, ¢tanh(y Ip), (5)
roe Z, ;— KOMMNMEKCHbIA aKycTUYeCKUiA BOMHOBOM UMneaaHc 6eckoHeUHON TpyBKM B nackarnb-cekyHaax Ha
- kyBudecknin meTp (Ma - c/m3);
lc — AnvHa Tpy6KX B MeTpax (M).

LWyHTupytoLwee gercTere KanunsapHbIX TPYOOK yUUTEIBAIOT, BBOASI KOMMIEKCHBIN NOMNPaBoYHbIA KOSg-
PULMEHT As KaKycTUHecKMM nepeaaToyHbIM UMneaaHcam, onpeaeneHHbIM no chopmynam (3) u (4):

Za12 (6)

A=1+n
N@o

rae n — 4Yncno 0AMHaKoOBbIX KanunnapHbIX ._._Uv\mo_n
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Z", 4o — aKyCcTU4ecKniA nepedaTouHblii MnedaHc Z', 4, C Nomnpaskoid Ha TennonpoBOAHOCTb COrnacHo 5.5.

3HaueHua akycTU4eckoro mneaaHca Ha Bxoae Z, ¢ Ans OTKPLITON KanuinsapHon Tpy6ki npusedeHs! B
npunoxeHuu B.

5.7 OkoHuaTenbHble ypaBHeHUs ANA YYBCTBUTENbLHOCTU N0 AaBMEHUIO

5.7.1 MeTtop c ucnonb3oBaHUEM Tpex MUKpocdoHoOB

O6osHau4aloT anekTpudeckuid nepeaatodHbin umnenarnc U/, yepes Z, 1o 1M BBOOAT aHanornyHble
0603Ha4YeHNs AN OCTaBLIMXCS Nap MUKPOGOHOB.

MpuHAB BO BHUMaHWe Nonpasku, ykasaHHele B5.5 1 5.6, nonyyaoT okoHYaTensHoe ypaBHeHue 4518 Moay-
NS YyBCTBUTENBHOCTU MUKpodoHa (1) no AasneHuio:

()

M, 4] = fmAN&m : 2% 23 :bo;mwowu;
7 Ze23 : _.m;ww_pa: Ac 23 ;

AHarnornyHele ypasHeHus cripaseaiusbl U AN MUKPOOHOB (2) 1 (3).
Mono6HbiM o6pazom onpeaensioT U pasoByo YYBCTBUTENBHOCTE MUKPOGOHOB Yepes ha3oBbIiA yrosn
KaXX[oro vneHa ypasHeHus (7).

[Mpunm™meyaHune— Ecnm KOMNNEKCHYIO BENUYMHY BblpaxaloT Yepe3 Moaynb u dasy, To nHdopmauusi o dase
OOMKHa OTHOCMTBCS KO BCeMy AnanasoHny dassbl, T. e. 0—2x pag nnn 0—360°.

5.7.2 Metopa c ucnonb3loBaHueM ABYX MUKpohOHOB U BCOMOraTeflbHOro UCTOYHUKA 3ByKa

Ecnn MCNONb3YHOT TOJNBKO ABa MUKpooHa KU BCnomoraTesbHblA UCTOYHUK 3BYyKa, TO OKOH4YaTellbHOe
ypaBHeHNe 1A MoaynAa 4YyBCTBUTESTbHOCTU NO AaBNEHUIO GV\DGH nMMeTb BN

Yz (8)

_ My,
IMp, 11 =

roe oTHoLLeHWe ABYX YYBCTBUTENbHOCTEN MO AaBMAEHUIO U3MEPSIOT METOLOM CpaBHEHUS C MOMOLLbIO BCMOMO-
raTtefibHOro UCTOYHMKa, cMm. 5.1.3.

6 em_A._.Oﬁ_u__ BnuAawoLWmne Ha YyBCTBUTENbHOCTbL NO AaBJIeHUIO

6.1 O6wue cBegeHUunA

YyBCTBUTENBHOCTb KOHAEHCATOPHOTO MUKPOMoHA MO AaBMEHUIO 3aBUCUT OT HanpshkeHUs Nnonsapusaumm
1 OT BHELLHWX YCIOBUA.

MpuHUMN paBoTbl KOHAEeHCAaTOPHOro MUKPOdoHa ¢ MonspusalmMein ocHoBaH Ha MpeanonoXeHUn, YTo
3MEKTPUYECKNIA 3apsAd Ha MUKPOOHe ocTaeTCsl MOCTOAHHLIM Ha BCeX YacToTax. ATo ycroBue onpegenseTrcs
NOCTOSAAHHOWM BpeMeHU 3apsaaa MUKpodoHa, paBHOM NPOM3BEAeHMI0 eMKOCT MUKPOGOHa Ha CONpPOoTUBIEHNE
NonspU3aLnmn, 1 He BbIMOJSHAETCA Ha OUYeHb HU3KUX YacToTax. HecMoTps Ha To, YTO YyBCTBUTESNbHOCTb MUKPO-
¢hoHa No XxonocTomy Xxody ornpeaenstoT NpaBuibHO C UCToNb30BaHMEM MeToAa 3aMeLleHUsl, AeICTBUTENbHOe
HanpshkeHWe ¢ Bbixoda NPUCOedUHEHHOro K MUKPOMOHY NpeaycunuTens B o6rnacTM HU3KUX YacToT ByaeT
MEeHbLLIE 13-3a YKa3aHHOW NOCTOAHHON BpeMEeHM!.

Bonee Toro, Npu onpeaeneHn YyBCTBUTENBHOCTY NpeanonaratoT, YTo NPl USMepeHUsIX AoKHbl BbiTh
cobntoeHbl HekoTopble TpeboBaHUA. A NonydYeHns 4oCTaTOMHO MarbiX CocTaBnsoLmMX obLuen Heonpeae-
NEeHHOCTU NpY NpoBeAeHWN rpagynpoBKA 3TW TpeGoBaHus, NepednucrieHHble HUKe, HeoBXOANMMO CTPOro KOH-
TPONUPOBATL.

6.2 HanpsxeHue nonapusauum

UyBCTBUTENBHOCTb KOHAEHCATOPHOTrO MUKpOOoHa MPUBNN3UTENBHO NPOMNOPLIMOHaNbHa HaMNpPsKEeHUIo
nonsipusaLunm, 1 No3ToMy B NPOTOKOIE rpagynpoBKU AOMKHO BbITb YKkasaHo AeNCTBUTENbHOE 3HaYeHWe Hanpsi-
XeHus nonspusauun. PekomeHgosaHHoe MOK 61094-1 HanpsikeHne nonsipusavnm pasHo 200,0 B.

6.3 CrtaHpapTHas KOHUrypauma 3a3zeMNeHHoro akpaHa

B cooTtBeTcTBUM € 3.3 MOK 61094-1 HanpskeHWe X0nocToro XxoAaa AoMKHO 6bITb UBMEPEHO Ha 3MeKTpu-
YeCKNX KOHTaKTax MUKpodoHa MeTOA0M 3aMeLLieHNsA HanpsXeHnst, onncaHHbiM B 5.3. TpeboBaHust K koHduUry-
paLuum1 3a3eMIeHHOro aKkpaHa Anst TabopaTopHbIX 3TaNoHHBLIX MUKPOotoHOB ykasaHbl B MOK 61094-1.

AHanorvyHasi KOHCTPYKLUMSI 3a3eMITEHHOro akpaHa AomkHa OblTb UCMONb30BaHa NpU rpagyvpoBKe Kak
Anst MukpodoHa-NpUeMHuKa, Tak 1 4ns MUKpodoHa-nsnyyaTens, a akpaH AomKeH 6bITb NOAKMOYEH K MOTEHLM-
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any semnu. Mpu UCNONb30BaHWUK APYroi KOHCTPYKLMM pesynbTaThl rpadynpoBKA AOTDKHbI GbITb NMprBeAeHbl K
CTaHOapTHOMN KOHCTPYKLMM 323€MITEHHOTO 3KpaHa.

Ecnu nsrotoBuTeNb YKasbiBaeT MakcUManbHOE MexaHuyeckoe yeunme, Kotopoe MoxeT BbiTb Mpunoxe-
HO K LIeHTpanbHOMY 3MEKTPUYECKOMY KOHTAKTY MUKPOGOHa, TO 3TOT Npeaer He AoMKeH BbiTb NPEBbILLEH.

6.4 PacnpepeneHue gaBneHusi no Mem6paHe

Mpv onpeaeneH YyBCTBUTENLHOCTMI MO AaBNEHUIO NpeanonaratoT, YTo 3BYKOBOE AaBlieHne paBHoOME-
HO pacnpeaerneHo no memGpare. BbixogHoe HanpshkeHue MUKpodoHa Npu HepaBHOMEPHOM pacnpeaeneHnum
[aBneHus Mo NoBepXHOCTM MeMBpaHbl ByAeT OTNYaTLCS OT BLIXOAHOTO HaMPSXKeHNst MUKPOOHa Npu paBHO-
MepHOM pacnpefeneHnun JaBneHuns, MMetoLLeM TO e caMoe cpeaHee 3HadeHue, NMoCKoMbKy, Kak npasuro,
MUKpodoH Gonee YyBCTBUTESEH K 3BYKOBOMY JaBIIeHMIO B LLIeHTpe MeMGpaHbl. 3Ta pasHuua 6yaeT agpyroi ans
MUKPOOHOB C HEePaBHOMEPHbBIM HaTSXKeHUEM MeMBpaHbl.

B umnuHapuyeckux kamepax, onucaHHbIX B npuroxeHun C, BONHOBOe ABWXeHue ByaeT Kak Nnpoaoib-
HbIM, Tak U paguanbHbIM (Kak CUMMETPUYHBLIM, Tak MU aCUMMETPUYHBIM). PaauansHoe BONHOBOE ABMKEHUE
ByaeT NPUYNHON HepaBHOMEPHOrO pacnpeaeneHns AasneHus no MemBpaHe. OHO BO3HUKHET, ecnv Usny4va-
Tenb 6yaeT oTNMYATLCA OT MAeanbHOro MOPLWHEBOro MCTOMHMKA, MIOTHO CONPUKAcaroLLerocs ¢ NoBEPXHOCTLI0
Kamepbl CBSA3W, N ecriv reoMeTpudeckas hopmMa coeuHeHUst MUKPOdOoH — Kamepa CBSI3U He NpeacTaBnsaeT
coBoi NPAMON KpYroBo LMnmMHap. Kpome Toro, acCMMMeTpUYHOE paamnarbHoe BONHOBOE ABMKEHNE BO3HUKaeT
M3-3a HECOBEPLUEHCTBA reoMeTpuyeckoin (opMbl CUCTEMbI HEMOABWKHBLIA 3MekTpod — MemGpaHa
MUKpOOHa-U3MyYaTens U1 13-3a HaTsHkeHUs MemBpaHbl U ee OHOPOAHOCTU.

PekomeHayeTca, 4ToBbI NpY rpaayvpoBKe HepaBHOMEPHOCTL pacrnpeaeneHnsa 38yKOBOro AaBneHus no
MemMBpaHe He npeBsbiwana + 0,1 4B, OaHaKo 3TO ycrnoBue TPYAHO KOHTPONUPOBAaTL M3-38 reOMeTPUYECcKoro
HecoBepLUEeHCTBa pearnbHOro MUKpod)oHa 1 kamep cBsiau. HecMoTps Ha To, YTO paamnanbHOro BOMHOBOrO ABM-
KEHNA HEBO3MOXKHO U3GeXaTb U3-3a OTIMUNA pacnpenerieHns No CKOPOCTU MUKPOOHa-U3nyYaTens oT uae-
anbHOro MopLUHA, KaMepbl CBA3W, AUaMeTp KOTOPLIX paBeH AnaMeTpy MemBpaHbl MUKpodoHa, ByayT MeHee
BCEro NoABepKeHbl pagnansHOMy BOMTHOBOMY ABVKEHUIO U MEHEE BCEro YyBCTBUTE bHBI K HECOBEPLLEHCTBY
reoMeTpUYeckoin popMbl MNOMOCTH, YEM KaMepbl ¢ AMaMeTPoM, BAMNLLIUM AuameTpa MeMmBpaHb.

OpaHako ecrnn HeoBxoarMa BbICOKasi TOMHOCTb NPY rpadyMpOoBKe Ha BLICOKMX YacToTax, TO A NofyyYeHns
Bornee NpaBunbHON YyBCTBUTENBLHOCTA MUKPOOHA XKenaTenbHO UCToNb30BaTh HECKOMBKO KaMep CBA3U pas-
MUYHBIX Pa3MepPOB 1 BBECTU TeopeTuYeck 060CHOBaHHbIE MOMNPaBKX Ha paauarnsHoe BOMHOBOE ABMKEHME.

6.5 BrnnsiHue BHELWHUX YCNOBUMN
6.5.1 Cratnyeckoe gaBneHue

AKyCTUYeckoe ConpoTUBNEHNE U Macca raza Mexay MeMbpaHon 1 HenoABKHBIM 3N1eKTpodoM, nogatnu-
BOCTb NMOSI0CTM 3a MeMOpaHoii (danee — nNoAaTMBOCTb) U, CieA0BaTeNbHO, YYBCTBUTENBHOCTb N0 AaBMAEHUIO
3aBUCAT OT CTaTUYECKOro AaBneHns. OTy 3aBUCUMOCTb, KOTopasa npeacTasnsaeT cobon yHKUMIO YacToThl,
MOXHO Onpeaenntb Anst MukpodoHa MNyTeM ero rpagyvpoBKM METOAOM B3aMMHOCTU MpPU pasfIMYHbIX
cTaTU4ECKNX AaBIEHUSAX.

Mpunoxerue D cogepXuT MHGOPMaLMo O BAUSHUN CTATUYECKOTO AaBeHUs Ha YyBCTBUTENbLHOCTL MO
AaBrieHno NabopaTopHEBIX 3TaNoOHHBIX KOHAEHCATOPHBIX MUKPOGOHOB.

6.5.2 Temnepatypa

AKycTndeckoe ConpoTUBIIEHNE U Macca rasa Mexay MemobpaHoi n HeMoABVKHBIM 311EKTPOAOM U, Crieao-
BaTeNbHO, YyBCTBUTEMbHOCTL MO AABMEHWIO 3aBUCAT OT TemnepaTypbl. Kpome Toro, reometpuieckue pasmephl
MUKpochoHa 3aBUCAT OT TeMNepaTypbl, @ YyBCTBUTENbHOCTb MUKPOOHA 3aBUCUT OT MEXaHWYECKOro HaTsxe-
HUs1 MeMBpaHbl U OT PacCTOSIHUA MeXay MeMOpaHon 1 HeMoABWXKHBLIM anekTpogomM. Obliee BnUsiHUE 3TUX
N3MEHEHWIA 3aBUCUT OT YacToTkl. OTa 06 beaANHEHHas 3aBUCMMOCTb Ans MUKpodoHa MoXeT BbITb onpeaeneHa
nyTem rpagyvpoBK/ METOAOM B3aUMHOCTM NPU pasnnyHbIX TemrnepaTtypax.

MpunoxeHne D coaepxut MHpoOpMaLMIo O BMUSIHAWM TEMMepaTypbl Ha YyBCTBUTENbLHOCTL MO AaBAEHUIO
nabopaTopHbIX 3TaNOHHBIX KOHAEHCATOPHBIX MUKPOOHOB.

MpumeyaHune— Ecnv MnkpotoH NogBeprHyTs 6ONbWLUM UBMEHEHNAM TEMINEPATYpPbI, TO 9TO MOXET NPUBEC-
TV K U3BMEHEHMIO €70 YYBCTBUTENBHOCTY Ha MOCTOSIHHYIO BEMWNYMHY.

6.5.3 BnaxHocTb

HecmoTps Ha To, UTO TepMoaMHaMUYeckoe COCTOSAAHUE BO3ayXa B MOMOCTA 3a MeMBpaHoi MUKpodoHa
He3HaUYUTENbHO 3aBUCUT OT BITAXKHOCTU, ee BIUsAAHNE Ha YyBCTBUTENBHOCTb NTaGopaTopHbIX 3TaNOHHBIX MUKPO-
¢pOHOB B OTCYTCTBME KOHAEHCALMM He MPOCTexXnBaeTcs.

MpumeyaHue— OnpeaeneHHble YCNOBKSA MOTYT MOBNUSITb HA CTABUNBHOCTb HAMPSBKEHWS MONAPU3aumm n
3apsig Ha HEMOABWXXHOM SMEKTPOAE U TakuM 06pa3oM NOBNUATL Ha YyBCTBUTENBHOCTE MMKpOdoHa. Hanpumep, noBepx-
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HOCTHOE CONPOTUBIEHVE U30MAUMY MaTepuana mexay HenoABUXHbLIM 3NEKTPOAOM U KOPMYCOM MUKPODOHA MOXET YXya-
LINTBCS Nog BNUsiHMeM BonbLIo BNaXHOCTH, 0co0BeHHO ecnv maTepman 3arpsidHet (7.3.3.3). MoBepxHOCTHOE CONpOTUB-
NneHne uMeeT 3aMeTHOe BMWSIHWE Ha YyBCTBUTENBHOCTb MUKPOMOHa Ha HU3KMX YacToTax, ocobeHHo Ha ha3soBylo
YYBCTBUTENIBHOCTb.

6.5.4 lNepexoa kK ONOPHLIM BHELLHUM YCITOBUAM

B MNPOTOKONEe rpagynpoBKU YyBCTBUTEITbHOCTb _,\__\__AUO%OIN no AaBeHUo AormkHa ObiTb npueegeHa K
ONMOPHbIM BHELUHUM YCITOBUAM, NPU HaNMM4Ynn 4OCTOBEPHbBIX MONpaBOYHbIX AaHHbIX.
B NPOTOKONE OOJDKHbI ObITb YKa3aHbl yCNoBUA, MPU KOTOPbIX Oblna npoBeeHa rpagymnpoBka.

MpwumedaHue— Mpu rpagympoBke TeMrnepaTypa MUKPOOHA MOXET OT/INYATLCS OT TEMMNEPAaTypPbl OKPYKalo-
Wwero Bo3ayxa.

7 CocTaBnsiowue HeonpeaeneHHOCTU rpaaynpoOBKM

7.1 O6wue cBegeHUA

B nononHeHne _Anvmx._.o_um_,\r BIMMAOLWNM Ha YyBCTBUTEITIbHOCTb MO AaBIEHUIO AO_<_. pasgen mv“ HWXe yKasa-
Hbl cocTaBnsoLWme obLein HeonpeaeneHHoCTU, Takne Kak norpellHoCTb MeToaa, MHCTpyMEeHTanbHadA norpeLl-
HOCTb N TWaTeJIbHOCTb NpoBeAEeHUNA rpaayUpOBKA. n_um_A._.OU_u_“ MN3BeCTHbIM O@_Umwo_s BITMAKOWNE Ha pe3ylibTaThbl
rpagynpoBKU, OOJDKHbI ObITb n3MepeHbl U paccynTaHbl C MakCMMarnbHO BO3MOXHOMN TOMHOCTLIO ANS TOro,
YTOObI YMEHbLNTb UX BITMAHNE Ha O@ESO HeonpegereHHOCTb.

7.2 dneKkTpuU4veckuin nepenaToyHbIi UMNegaHc

Ons u3mepeHuns anekTpuyeckoro nepeaaTtoyHoro umneaaHca ¢ HeobxoaMMon TOUHOCTbLIO UCNOb3YHOT
pasnuyHble MeToabl, HO HM OAHOMY U3 HUX He OTAatoT NpeanoydTeHue. ToK, TpoxXoaswmniiYepes u3nydartenb, kak
npaBuro ycTaHaBNUBAKOT, U3Mepsas HanpshkeHue Yepes kannbpoBaHHbIN UMNeaaHc, BKIKOUYEHHbIN nocneosa-
TenbHO ¢ MUKpodOHOM-M3yYaTenem. [ns Toro Ytobbl NpaBUibHO N3MEPUTL TOK, K MUKPOMOHY-MU3TydaTento
AomnxkHa 6bITb NpucoeanHeHa cTaHaapTHasa KoHdUrypauus sazeMneHHoro akpara (6.3). Kanubposka nocneao-
BaTeNbHO BKITHOYEHHOTO UMMefaHca Ao/kHa ObITb NpOBeAeHa C TOW XXe eMKOCThH Kabens unv Apyroro Harpy-
304HOMO MMMedaHca, Kak U NpyY N3MepeHUn HanpskeHns Yepes kannbpoBaHHbI uMneaaHc. JTO No3BoNsAeT
onpeaenqTb 3MeKTPUIECKUn nepeaaTovHbld UMNeaaHe Yepes OTHOLIEHUEe HamnpshkeHNn U KanMbpoBaHHEIN
nMneaaHc.

HanpsibkeHne, nogaBaemMoe Ha MUKPOPOH-1M3ny4YaTernb, A0MKHO BbITb TakiM, YTOGbI BIUSIHAE rapMOHUK
OT 3TOro reHeparopa Unm ot MUKpodoHa-usny4aTens Ha HeornpeaeneHHOCTb B U3MEePeHUN HyBCTBUTENLHOCTH
no AaerneHuto BbINo Mano No CPaBHEHUIO CO CyYanHON HeonpeaeneHHOCTbo naMmepeHui. LLymbl unn gpyrmue
nomexu (Takue, kak nepekpecTHble NOMeXMn) akyCTUYECKOro UM APYroro NPOUCXOXOEHUs] He JOMKHbI Ypes-
MEePHO BNNSATbL HA YYBCTBUTENbHOCTb MO AaBNEHUIO.

MpumedaHune 1 —[nsyny4weHnsa OTHOWEHUSA CUTHAN/LYM PEKOMEHAYETCA UCNONb30BaTh annapaTypy Ansi
4acTOTHOro aHanuaa.

[MpnmedaHune 2 —lepekpecTHble MOMEXN AONYCKAETCH N3MePATh, 3aMEHUB MUKPOPOH-NPUEMHUK MAKETOM
MUKPOMOHA C TEMM XE HAPYXXHbIMW FTEOMETPUYECKMMU Pa3MepPamMm 1 TaKOM XKe 3NEKTPUYECKON EMKOCTbIO M ONpeaenve pas-
HOCTb B pe3ynbTarax M3MepeHuii 3NeKTPUYEecKoro nepegaToyHoro umneganca. Kamepa cBsian v MUKPOMOHbI JOMKHbI
GbITb PACMONOXEHbI TAK Xe, KaK Npy rpaaynpoBke. lNepeKkpecTHble NOMeXu A0NYyCKaeTCs OnpeaensTh U Npu rpaaympoBke,
YCTaHOBUB HanpsiXeHWe Nonsipusaumm paBHbIM HyIo. B 06orx meTogax pekoMeHAyeTCsi MCNonb30BaTh annaparypy Aansi
YaCTOTHOro aHanmaa.

7.3 AKycTU4YecKUM NepeaaToUHbIM UMNeAaHc

7.3.1 O6Lwue cBepgeHuA

Ha akycTnyeckunin nepegaTovHbll UMNedaHc BANSIKOT HECKOSbKO (aKTOPOB, HO OCHOBHBLIM UCTOYHMUKOM
HeonpeaeneHHOCTM NPK ero n3mepeHnuu, 0cobeHHo Ans ManeHbKNX Kamep CBSI3W, ABNATCA NapaMeTpbl MUK-
podoHa.

7.3.2 XapaKTepuCTUKN Kamepbl CBA3N

7.3.2.1 Pasmepbl kamepbl CBA3N

dopma 1 pasmepbl MOMOCTU KaMepbl CBSI3M AOMKHbI YAOBNETBOPATL TpeboBaHuam 6.4. Moka Hanbonb-
LuMe pa3Mepbl KaMe pbl CBA3N Marbl MO CpaBHEHUIO C ANMHON 3BYKOBOW BOSHEI B rase, 3ByKOBOE JaBfeHue B pas-
HbIX YacTsX kamepbl ByaeT NOCTOSAHHBIM 1 He ByaeT 3aBuceTb OT ee hopMbl. Ha BbICOKMX YacToTax U Ans
BGonbLUNX Kamep CBSA3M 3TO TpeboBaHMe MOXET ObITb YAOBNETBOPEHO MPK 3aMNofHEHUA NOMOCTU refiuem unm
BOJOPOAOM.
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HeonpeneneHHOCTb B M3MEPEHNN pasMepoB Kamepbl CBSI3N BANSIET Ha akyCcTMYECKUA nepedaTouvHbIn
uMnegaHc HeoAHO3HaYHO B 3aBUCMMOCTN OT YacTOThl. Ha akycTudecknii uMnegaHc BAUSIIOT Takoke NonpaBku Ha
TENnonpoBCAHOCTb U KanunmsipHble TpyOkX. MpuMepbl NCNONb3yeMbIX Kamep CBSA3U NpUBeAeHbl B MPUIoxe-
HUN C.

MpnMedyaHwue 1— LunuHagprueckne kamepbl CBA3U, UCMONb3yeMble B AMana3oHe 4acToT, rae pa3Mepbl kKaMme-
pbl HE Marnbl MO CPABHEHWIO C ANUHOW BOMHbI, 4OMKHbI BbITh M3rOTOBMNEHbI C 0CO6O0N TWATENbHOCTbIO, YTOOLI NpeaoTBpa-
TUTb BO30YXAEHNE aCUMMETPUYHBIX 3BYKOBbIX MONEN.

MpumedyaHune 2— BrnvsHne aCUMMETPUYHOIO pacnpeaeneHust 3BykOBOro Norsi Ha MUKPOOH 0BHapyxmBa-
10T, U3MEHSASA B3aMMHOE MONOXEHNe Kamepbl CBS3N U MUKPO(OHOB, HANPMMeP, NOBOpaYmnBas Kaxabii MUMKPOMOH BOKPYT
CBOEN OCU CTYNMEHSAAMW Ha HEKOTOPbIN yron. Ecnu B gaHHOM cry4vae 3neKTpUYeCcKuin nepeaaToqHbli MMNegaHc M3MeHsIeTes,
TO 3TO BIIUAHUE criegyert y4ecTb Npu OueHKe HeonpeaeneHHoOCTn.

MpumeyaHune 3 — EcnnkamepacBsian 3anonHeHa He BO34yXOM, a ApYrvM razom, To Heo6xoaumo npeaoTepa-
TUTb YTEUKY 3TOrO rasa B NonocTb 38 MeEMOPaHOl NyTemM repMeTn3aumm KOHTaKTMPYIOLWUX NOBEPXHOCTEN TOHKUM CrOeMm
BakyymMHol cmasku. Mpu auddysum rasa yepes membpaHy rpagympoBKy MUKpodOHa AaHHbIM CocoboM NPoBOANTL He
cnegyerT, Tak Kak YyBCTBUTENBbHOCTb MUKPOdOHA CTAHOBUTCSI HEMPOrHO3MPYEMON.

7.3.2.2 MNoTepu Ha TennonpoBOAHOCTb U BA3KOCTb

MonpaBk1 Ha NoTepu MU3-3a TEMONPOBOAHOCTA N BA3KOCTW AOSKHBI ObITh paccunTaHbl U3 ypaBHEHWN,
NnpuBeaeHHbIX B NPUNOXeHUn A Ang UMNMHAPUYECKUX KaMep CBA3N C pasMepaMu, yKazaHHbIMU B NpUoxe-
Hun C. Mpu pacyeTax nod NonHbIM 06HLEMOM KaMepbl CBA3N NMOHUMAaOT CyMMY reoMeTpuiecknx obbLemoB
MonocTU KaMmepbl CBA3U U NepeHNX 06 beMOoB NPUCOeANHEHHbIX K Hell MUKPO(OHOB. AHaNOrM4HO noA NonHon
NMOBEPXHOCTbIO KAMEpPEI CBSA3M MOHUMAKOT CYMMY NMOBEPXHOCTEN COBCTBEHHO NOMOCTM KaMepbl CBSA3M U NOJoC-
Tel nepeHNX 06 BbEMOB NPUCOeJUHEHHBIX K HE MUKPOGOHOB.

7.3.2.3 KanunnsipHas Tpy6ka

Ecnu ucnonb3sytoT kKanunnsipHble TpybKK, TO akyCTUYeCKUA UMNeaaHe A0IMKeH ObIiTb paccunmTaH 13 ypas-
HeHW, NpuBeAeHHbIX B NpunoxeHu  B. Jna ymeHblUeHNs1 BNUSHUA pa3Mmepa TpyOku Ha paccunTbiBaeMyro
HeonpeaeneHHOCTb pekoMeHayeTCcs UCMOoNb3oBaTh ANMHHbIE Y3KMe KanuninsipHble Tpyokn. MonpaBoyHbIN
ko3 pULIMEHT ANs KanUNNspHbIX TPYOOK paccunTblBatoT 13 ypaBHeHus (6) B 5.6.

7.3.2.4 dunsnyeckne BeNUHNHLI

AKyCTUYECKUIA NepefaTOYHbIN UMNEedaHC 3aBUCUT OT hU3NYECKUX BENNMYUH, ONUChIBAKOLLMX CBOMUCTBA
rasa B kKamepe CBsI3W. OTU BENUYMHBI 3aBUCAT OT BHELUHWX YCMOBUI, TaKMUX Kak CTaTUYecKoe AaBreHune, Temne-
paTypa 1 BfaXXHOCTb. 3HAYEHNS 3TUX BEMTUYNH U UX 3aBUCUMOCTb OT BHELLHWX YCIOBWI A1 BNaXXHOIo Bo3ayxa
yKasaHbl B npuroxeHunn F.

CyMMapHyto HeomnpeaeneHHOCTb 3TUX BeMMYUH onpeaensoT kKak COBOKYMHOCTb HeornpeaeneHHOCTeHN,
NoNyYeHHbIX N3 ypaBHeHU npunoxexus F, n HeonpeaeneHHOCTEN N3MEPEHUN NapaMeTpoB, XapakTepusyo-
LLMX BHELUHWE YCITOBUS.

7.3.3 MNapameTpbl MUKpocOHa

7.3.3.1 MNepeaHaa nonoctb

JTabopaTopHble 3TanoHHbIe MUKPOOHbI Nepea MembpaHoii MmetoT yrinybneHne. Obbem aTon nepeaHein
nonocTu npeacTasnaeT cobol vyacTb obLero reomeTpudeckoro obbema Vkamepbl CBA3W B ypaBHeHWn (3). Iny-
BVHbI 3TUX NepeaHUX MOSIOCTEN TaKKe BNAIOT Ha ANWHY I Kamepbl CBA3W B ypaBHeHNM (4). 13-3a aonyckos npu
N3roToBMNeHn1 o6bemM 1 rnybuHy nepeaHen NonocTy cneayeT onpeaensTs UHAMBUAYANbHO AN KaXa0oro MyK-
pocoHa nepe ero rpagdynpoBKON B NITOCKOBOTHOBLIX KaMepax cBsa3u (npunoxeHue E). Jlerko onpegennts, uto
n3MepeHHbIn 06beM nepedHern NonocTn 6yaeT oTnMYaThes OT 06bema, paccUMTaHHOrO Ha OCHOBaHUK None-
PeYHOro ceveHust S, kamepbl CBSA3W U ryBUHbI NepeaHen nonocTn. ATO CBA3AHO C TeM, YTO AnameTp nepeaHei
NOMOCTU MOXET HEMHOTO OTNUYaTLCA OT AnaMeTpa kamepbl CBA3W, a nepeHsisi NofocTb MUKpodpoHa nMeeT Ha
BHYTPEHHe cTeHke pe3bby, koTopas He NO3BONsIeT TOYHO oNpeaenuTb AMamMeTp NonocTu, U, KPoMe Toro, B6nn-
31 Kpas MembpaHbl MUKpodoHa MOXeT BbITb 4ONOMHUTENbHOE KombLeobpasHoe BO3ayLLHOe NPOCTPaHCTBO,
ob6pasytollee nonocTb. MNpu cnons3oBaHUK ypaBHeHUs (4) AononHUTeNbHbIA 0bbeM Nonoctu, onpeaense-
MbI KaK pasHOCTb MEXAY AeNCTBUTENbHBIM NepeaHUM 06 beMOM 1 06 bEMOM, pacCUNTaHHBIM U3 NONEPEYHOro
ceveHUss Sy Kamepbl CBA3M U rMy6uHbI NepeHen NonocTu, crneayeT paccMaTpuBaTh Kak OOMOMHUTENbHBIA
WMMNefaHc Harpy3aki, MocKonbky Z, UZ, oM UMNeAaHc A0MONHUTENbHOro 06bema obpasytoT napannensHoe
coeUHeHne NMneJaHcoB.

Z,

MpumedvaHune 1— [dononHUTENbHbLIV 0GBHEM B HEKOTOPLIX CIyHasix MOXeT ObITb OTPULATENbHBIM.

MpumevaHune 2— Ecnu B nepegHel NonocTv MMeeTCsl BHYTPEHHsIS pe3bba, TO yBenuyeHre BHYTPEHHEN
NOBEPXHOCTU U3-3a € HANN4usi NOBLICUT NOTEPU Ha TEMNMOMNPOBOAHOCTL U BbI3OBET U3MEHEHUE aKyCTUYECKOro nepeaaroy-
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HOro MMneaaHca. Ecnv npu pacyerte akycTUYECKOro nepeaaToHHoOro uMneaaHca 3Tum sdekTom NnpeHebperaoT, To CooT-
BETCTBYIOLLME KOMIMOHEHTHI HEOMPEAENEHHOCTU AOMKHbI BbITb COOTBETCTBEHHO YBEMUYEHbI.

7.3.3.2 AkycTn4ecKkuin umnegaHc

AKyCcTUYECKMIA UMneaaHc MUKpOoHa 3aBUCUT OT YacTOTbl U ONpeaenseTcs HaTsXkeHneM MeMbpaHel,
crnoem Bo3ayxa, 3akrnio4eHHbIM B MOSI0CTM No3agan MembpaHbl, M reoMeTpuen HenodBukHoro anekTpoga. B nep-
BOM NpUBAMXKEHNN aKyCTUYECKUIA UMNeAaHC MOXET ObITb BbIpaXKeH, MPUMEHUTENbHO K 9KBUBANEHTHOM CXeme,
B BMAe nocnegosaTtenbHO CoOeAUMHEHHbIX NOAaTAMBOCTU, Macchbl U CONPOTUBNEHUS. ANbTEpPHATUBHO 3Ta 3KBU-
BarieHTHas cxeMa MoxeT bbiTb onucaHa Yepes NoAaTnNnBOCTb, HacToTy pe3oHaHca M koadurLMeHT noTepsb.
MogaTnnBOCTb Ha HW3KOW YacTOTe HepedKo BbipaXKaloT B BUAE pearibHOM YacTu 3KBUBaNeHTHOro obbema
(6.2.2 MOK 61094-1).

W3-3a BNUsiHUA TENNONPOBOAHOCTU B MOMOCTU No3aan MemMbpaHbl Ha O4eHb HU3KUX YacToTaxX BO3MOXHO
yBeNMYEHNe 3KBUBaNEHTHOro o6bema MukpodoHa Ao 5 % ans MukpodoHoB Tuna LS1.

AKyCTUYECKUA UMNedaHc Z, Kaxaoro MMKpodhoHa CoCTaBsieT OCHOBHYHO YacCTb akyCTUYeCKoro nepeaa-
TOYHOro UMNefaHca Z, 4, CUCTEMBI 1 OMpe/jesNsfeT NOrpeLHOCTb NPU OLIEHKe BISIHWS Z, Ha TOHHOCTb rpadyu-
POBKM B LLe/IOM M 0COGEHHO Ha BbICOKUX YacTOTax.

MeToabl onpegeneHns akyCTM4eckoro uMmneaaHca onncaHsl B npunoxeHun E.

MprvmedyaHune— TOYHOCTb, C KOTOPOW AOMXHbI ObITb M3MEPEHbI NapamMeTpbl MUKPOMOHA Arsi NOnyYeHnst
HeobxoanMon obLWwen TOYHOCTH, 3aBUCUT OT NPUMEHSIE MON Kamepbl M YacTOTbI.

7.3.3.3 HanpsixkeHue nonsipusauum

Mpu onpegeneHun HanpsiKeHUs Nonsip1saLmMm HeobXxoaNMMO NPUHATL Mepbl A1 70 N3MeEpPEHNs Henocpe-
OCTBEHHO Ha KOHTakTax MukpodoHa. OTo 0COBEHHO BaXKHO, €CNU HamnpshkeHne nonspusauum nogaercsa ot
BbICOKOUMMNEAAHCHOTO UCTOUHMWKA, MOCKOMbKY MUKPOMOH MMEeT KOHEYHOE 3HaYeHUe CONPOTUBIEHUS N30Ns-
unn. C opyron cTOpoHbI, MMetoTcss 060CHOBaHHbIE CNOCODBI M3MEPEHUsT HanpPsPKeHWsT Monspu3aunn B yaane-
HUWM OT MUKPOPOHA Ha UCTOUYHNKE HanpPsXKeHUs, ecrv JOCTOBEPHO M3BECTHO, YTO COMPOTUBIIEHWNE U30NALUN
MUKpodoHa AOCTATOYHO BLICOKO, UMM HA HU3KOOMHOM BbIXOAE UCTOYHMKA.

7.4 HecoBepLueHCTBO Teopuun

MpakTnyecknin BbIBOA TeOpeMbl B3aUMHOCTU 1 aKyCTUYEeCKOro nepeaaTtoyHoro nMmnegaHca ocHoBaH Ha
HEKOTOpPbIX AeanM3npoBaHHbIX MPeanoNoXKeHUAX 0 MUKPOOHaX, 3BYKOBOM MOJE B KaMepax CBsi3u, nepeme-
LLeHUM MeMBpaHbl MUKPOOHA U FeOMETPUM KaMep CBA3U Kak SrIEMEHTOB aKyCTUYECKON CBA3M MeXOY MUKPO-
doHamun. Hmke npueeaeHbl NpuMepsl, Korga 3Ty npeanonoXkeHUs He BEINOMHAKTCS:

- HebonblMe aedekTbl B NrieHKe MeMbpaHbl MUKpOgoHa-U3nydYaTens MoryT NpuBecTU K UCKaXKEHUIO
CMMMETPUYHOTO BOSTHOBOTO [IBUXEHUS, KOTOPOE HEeMb3s Y4eCTb UCNONb3yeMon AN pacyeToB (hopMynon;

- MUKPOOHBI MOTYT BbITb HEMAEHTUYHBIMW. DTO BO3AENCTBUE MOXET ObITb CBEAEHO K MUHUMATIbHOMY
npv NCNONb30BaHNN MUKPOMOHOB TOMBLKO OOHON Moaenu;

- Ucronb3yeMele NoNpaBKkn Ha BOTHOBOE ABWMXKEHWNE OCHOBaHbLI Ha uageanusauum cmeleHns membpaHsl
MUKpodpoHa UNn NomnyyeHbl SMNUPUYECKAM NYTEM;

- OONONHUTENbHbLIA 06beM NepeaHer NonocT MukpodoHa (7.3.3.1) MmoxeT ObITb onpeaeneH TOUHO;

- NpeAcTaBneHne akyCTMYeCKoro uMnegaHca MMkpodoHa B BUAE CUCTEMbBI COCPEAOTOYEHHBIX MapameT-
pOB sBMsieTCH NPUBNMKEHNEM K UICTUHHOMY MMNeLaHCy;

- NOTEPU Ha BA3KOCTb HA NMOBEPXHOCTU NMOMOCTU Kamepbl CBA3W NOMyYeHbl Mo NPUBAKEHHON TEopUN.
Kpome Toro, He y4TeHO yBenMYeHne NoTepb Ha BA3KOCTb M3-3a BHYTPEHHEN pe3bbbl B nepegHel kKaMepe MUKpOo-
cboHa 1 LWepoxoBaTOCTM NOBEPXHOCTU. Bee 9To okasbiBaeT BNNSAHME Ha aKyCTUYECKUIA MMMNeaaHc B AnanasoHe
BbICOKMX 4YacToT.

7.5 Imo_._ﬁmh_.m._._wz—._oq_._u YPOBHA YyBCTBUTENNIbHOCTU NO AaBlIeHU

HeonpeaeneHHOCTb YPOBHS YYBCTBUTENMBHOCTU MO AaBMEHUIO AOMKHA BbITh onpeaeneHa B COOTBET-
ctBum ¢ UCO/M3IK PykosoacTteom 98-3. MNpu ohopMneHnn peaynbTaTos rpagyMpoBKn 4oMmKHa ObITb AaHa pac-
LUMpeHHasa HeonpeaeneHHOCTb 3MepeHns B 3aBUCUMOCTU OT YacToThl Npu KoadduumneHTe oxsaTa k = 2.

N3-3a2 CNOXHOCTN OKOHYATEMNBbHOMO BblpaXXeHNs YyBCTBUTENBHOCTU NO AaBneHuto [ypasHeHue (7)] aHa-
N3 HeorpeaeneHHOCTU akyCTUYeCKoro nepegaTovHoro UMneaaHca, Kak Npasuso, BbINMOMHSAOT MHOTOKPaTHO,
NOBTOPSASA BbIYNCAEHMA NPU U3MEHEHUN KXKA0W N3 COCTaBMAIOLINX B COOTBETCTBUN CO CBA3AHHBIMU C HUMU
HeonpeaeneHHocTaMnU. OTAnYKe OT pesyrbTaTta, NoNyyYeHHOro 4515t HeU3MeHHbBIX COCTaBMASIIOLLNX, UCNONb3YOT
Ans onpeAeneHns ctaH4apTHON HeonpeAeneHHOCTH, CBA3aHHONW C pasfINYHbIMU COCTaBNSIHOLLNMU.

B tabnuue 1 npuBeaeH nepeyeHb COCTABMASIIOLNX, BAUSAIOWMX HA HeonpedeneHHOCTb rpagyvMpoBki. Ho
He BCe N3 3TNUX COCTaBMSAOLWNX MOTYT UMEeTb OTHOLLIEHWE K KOHKPETHOW YCTaHOBKe A1 rpagyupoBKUA MUKPOO-
HOB, NOCKOJTbKY ASS1 U3MEePeHNs 3reKTpUYeckoro nepeaaTtoyHoro uMnedaHca, Ans onpegeneHns napameTpos
MUKPOOHOB 1 NapameTpoB KaMepbl CBA3W UCMONb3YIOT pasfiMyHble MeToabl.
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CocTaBnsiolimMe HeonpeaeneHHOCTH, NpuBeaeHHble B Tabnuue 1, kak NpaBuio, 3aBUCSIT OT YacToThl U
OOMKHBI 6bITE NPeAcTaBneHbl Kak cTaHAapTHble HeonpedeneHHocTu. CocTaBnsilowne HeonpeaeneHHoCTH
OOIKHBI 6bITh BEIpaXKeHbl B JIMHEHON hopMe, Ho norapudmmdeckas popMa Takke BOIMOXKHA U3-3a ManocTu
3TUX 3HAYEHWI, N NoydeHHasl oKoHYaTesNbHasa paclMpeHHast HeonpedeneHHOCTb U3MepeHnsa byaeT, no
CYyLLeCTBY, TON e caMoNn.

Tab6nunua 1— CocraBnsiowme HeonpeaeneHHOCTH

N3mepsemasn BenuuuHa MyHkT cTaHgapTa
AneKTpnYecKMn nepeaaToMHbIN MMNeaaHc
MocnepoBatenbHO COeAUHEHHbIM UMMNEeAaHC 7.2
OTHOLWEHNE HaNPsHKEHWIN 7.2
MepekpecTHble NCKaXKEHWS (MOMEXM) 7.2
CoGCTBEHHbIE M BHELLHWE LWYMbI 7.2
VckaxxeHnst 7.2
YactoTa 7.2
OKpaH 3aszeMneHns MUKpodoHa-NpUeMHUKa 6.3
OkpaH 3azemneHunst MMKpodoHa-uanyyaTens 6.3;7.2

MapameTpbl Kamepbl CBA3K

[nvHa kamepbl CBA3U 7.3.21
HvameTp kamepbl CBA3N 7.3.21
O6bem Kamepbl CBSI3U 7.3.2.1;7.3.2.2
Mnowagpb NOBEPXHOCTM KamMephbl CBA3U 7.3.21;7.3.2.2

O6beavHeHHaA Kamepa CBA3M

Pasmepbl kanunnsipHon Tpyoku 7.3.2.3
CraTtnyeckoe gaBreHue 7.3.24
TemnepaTtypa 7.3.24
OTHOCMTENBHAA BNAXHOCTb 7.3.24

MapameTpbl MuKpocdoHa

my6vHa nepegHen NonocTu 7.3.3.1
O6bem nepegHelt NONOCTU 7.3.3.1
OKBMBaneHTHbIN 06beM 7.3.3.2
PesoHnaHcHas vacToTa 7.3.3.2
KoadhmumeHT notepb 7.3.3.2
MopgatnmBocTe MembpaHbl 7.3.3.2
Macca membpaHbl 7.3.3.2
ConpoTneneHne membpaHsbl 7.3.3.2
[ononHuTenbHasi TENNONPOBOAHOCTL M3-3a pPe3blbl B NepegHeli NonocTu 7.3.31
HanpsikeHnne nonsipusauum 6.5.3;7.3.3.3

HecoBeplweHcTBO Teopumn

Teopus TeNNoNpoBOgHOCTH Mpunoxenune A
PacueT gononHuTtensHoro obbema 7.3.3.1;7.4
MoTepn Ha BA3BKOCTb 7.4
PagwanbHoe BONHOBOE ABUMXEHWe 6.4;,7.3.21;74
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OkoHnyarnue mabnuusi 1

N3mepsemas BenuuuHa

MyHKT cTaHgapTa

O6paboTKa pe3ynbTtaTtoB

MorpewHoOCTb OKPYrNeHus

MoBTOPSEMOCTb N3MEPEHUI

_I_O:_Omw_AS Ha cTaTundeckoe gasnexHune

6.5; npunoxenve D

TemnepaTypHble NONpaBKu

6.5; npunoxexne D
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MpunoxeHne A
(obsaszaTenbHoe)

_|_O._.mﬂ_\_ Ha TennonpoBOoAHOCTbL U BA3KOe TpeHue B wm—sz_._u\._.o_“_ nonocTu

A1 Obwue cBegeHunA

B 3amMKkHYTOW NONOCTW Kamepbl CBSA3U TEMONPOBOAHOCTb MEXAY BO3AYXOM U CTEHKAMMW Bbl3bIBAET MNOCTENEHHBLIN
nepexop ot agnabaTu4eckux yCrioBmi K U30TEPMUYECKUM. XapaKTeprCTMKa 3TOro Nepexoaa 3aBUCUT OT YacToThl rpagyw-
POBKM 1 OT paamepoB kamepsbl. Kpome Toro, cCkopocTh konebaHusi 3ByKOBbIX HaCcTUL, BAOIb BHYTPEHHEN NOBEPXHOCTU Kame-
pbl CBA3W NpMBEAeT K noTepsiM Ha Bsiskoe TpeHwe. COOTBETCTBEHHO OyAeT M3MEHSTbCS U 3BYKOBOE [JaBlleHue,
co3gaBaemMoe MUKPOMOHOM-U3ny4arternem, T. e. byaeT M3MEHSITbCS NOCTOSAHHOE 06beMHOE CMellleHne UCToYHKKa. [ns
onpeaeneHnsi NoNy4aemMoro 3ByKOBOIO JaBrieHUs NPeanoXeHsl 4Ba peLUeHUs:

- HU3KOYACTOTHOE pelUeHne, OCHOBaHHOE TOJNbKO Ha TENMOnpoOBOAHOCTU W MPYMEHUMOE Ansi NMITOCKOBOMHOBbLIX
Kamep u ans kamep 6onbworo o6beMa B HaCTOTHOM AnanasoHe, rae gonyckaeTcs npeHebpeyb BONHOBLIM ABUXEHUEM;

- LUMPOKOMOIOCHOE peLLeHre, YU ThIBaOLLEE NOTEPU HA TENIONPOBOAHOCTL U BA3KOE TPEHWE B LUMPOKOM AManaso-
He YacToT, NPYMEHNMOE TOJbKO Arsi NITOCKOBOMHOBLIX KaMep.

MNoCcKoBONHOBbLIE KAMEPbI M Kamepbl 60nbLWOro o6bemMa onucatbl B npunoxexHmu C.

A.2 Hunako4vacToTHOe pelueHne

B 06n1acTi HU3KMX YaCcTOT 3BYKOBOE AaBIEHNE MOXET BbITb pACCMOTPEHO, KaK OZHO U TO e 1151 BCEX TOYEK Kamepbl
CBSI31 1 BNIUSIHWE TEMNIONPOBOAHOCTU MOXET OblTh PACCMOTPEHO KakK Kaxylueecs yBernnyieHne obbema kamepbl CBSI3U Npy
BBEAEHNN KOMIMINEKCHOTO NONPAaBOYHOrO KOSMMULMEHTA Ay KFeOMEeTPUYEeCcKoMy 06bemy V B ypaBHeHuH (3).

[MonpaBoYHbIV KO3DULMEHT paccUnTLIBaOT No popmyne

>u z A>.:
o (k-1E,

rae E, — komnnekcHas gyHKUMA npeobpasoBannsa Temnepartypbl, onpeaensaemas B BUAe OTHOWEHUA YCPEAHEHHOTO Mo
NPOCTPaHCTBY CUHYCOWAANBHOIO U3MEHEHWS TEMNEpPaTypbl, BbI3BAHHOIO 3BYKOBLIM [AaBMNEHWEM, K CUHYCOU-
JanbHOMY N3MEHEHUIO TeMMepaTypbl, KOTOpoe Gbiro Gbl NPV COBEPLLEHHO TEMNMOHENPOBOASLLMX CTEHKAX KaMe-
pbi cBAsn. B paboTe [A.1] sHavenua E, TabynmposaHbl v NpuBeAeHb! B 3aBUCMMOCTH OT NnapameTpos R un X,

roe R — OTHOLWEeHWe ANVHBI K AnameTpy Kamepbl CBSI3U;

X=1 N\A_Ao:v“

f— vactotaBrepuax('u);
| — oTHoweHWe o6bema Kamepbl K ee NOBEPXHOCTU B MeTpax (M);
o, — K03 dMLMEHT TeMNepaTyponpoBOAHOCTY ra3a B KBaapaTHbIX METPax B CEKYHAY (m?/c).
B Tabnmue A.1 npuBeaeHsl sHavenmns E,, Ans Heckonbknx sHavenmin R m X ¢ okpyrnenunem go 0,000 01.
Ons uMnNUHAPUYECKUX Kamep CBSI3U, ONMUCAHHBLIX B NpunoxeHun C, npuBoanmasi HUxXe annpokcumaums Arsi Komn-
NEeKCHOM BenuumnHbl E,, naeT pesynbratsl ¢ norpewHoctbio MmeHee 0,01 ab ansyactot ebiwe 20 Iy,

- 3 A2
m<|A|M+DA.MN+M)\m .Dw.Mw. (A.2)
rae
s | 1 _1j , _mR*18R  _ R°-6R?
= 2iX 20X’ N per+ 12 % 3nER+ 13

Moaynu, paccunTtanHble no dopmyrne (A.2), umetoT norpewHoctb A0 0,01 % ana 0,125 < R< 8w ans X > 5. MepBble
ABauneHa ypaBHeHus (A.2) MoryT 6bITb UCNONb30BaHbI A1 KAMEP CBA3W, OTIMYAIOLLMXCS N0 POPME OT NPSMOro KpYrosoro
uunuugpa. Npu rpagyvpoBke B Kamepax CBA3W, ONMCaHHbIX B NpunoxeHuun C, B guanasoHe 4actoTt Huxe 20 [y gomxHo
6bITb UCNONB30BAHO peLLeHNe, NpeacTaBneHHoe B [A.1], 4N BCero AvanasoHa 4acToT Uiy AOMKHbI 6bITb YBENMYEHbI COOT-
BETCTBYIOLLME COCTABMSIOWLMNE HEONPEAENTEHHOCTH.

13
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Ta6nunua A1—3HadeHus E,

[encTBuTenbHan 4acTb W< Muumas vacts E,
X

R=0.2 R=05 R=1 R=0.2 R=05 R=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 LUnpokononocHoe pelieHne

B o6nacTu BbICOKMX 4acTOT KPOME TEMIOBLIX MOTEPb NPUCYTCTBYIOT NOTEPU HA BA3KOE TPEHWUE U €r0 BO3ENCTBME
BbI3bIBAET Kaxyllleecsi yMeHbLleHne 3¢hHEKTUBHOIO NONEPEYHOro CeHYEHUs Kamepbl CBSA3W U3-3a NPUIPaHWYHOIO Criost
BONM3M NOBEPXHOCTN U K&XKYLLLEECs YBENUYEHME ATIMHBI KAMEPHI CBA3M U3-38 YMEHBbLLEHWS CKOPOCTK 3BYKa. B obnactu Hus-
KMX 4acTOT U A5 KaMep, ONMCaHHbIX B Npurnoxennn C, aTu aea addhekTa KOMNEHCUPYIOT Apyr Apyra, HO BO34eiCTBUeE Ter-
nonpoeogHocTh ocTaeTes. O6Liee BNMsiIHUE NOTEPb Ha TEMONPOBOAHOCTb U BA3KOE TPEHWE Ha pacnpocTpaHeHne 3ByKa B
unnuHapudeckmnx Tpybax paccmoTtpeHo B [A.2] Ha ocHoBe Teopumn Knpxroda. KomnnekcHble BbipaxkeHns Ansi koadduumen-
Ta pacnpocTpaHeHns U akyCTUHECKOro UMneaHca kamephbl CBSI3U MONyyeHbl N3 ypaBHeHUs (4)

cofl, 1-71( o). (A.3)
Syl Fiind L Y1 B el &
r=43 V2 alVop (e=1) ®
_j A.4
Nmoum g =i N e—1) /2|, (A4)
’ So 2 a\Vop o

rge n— BsI3KOCTh rasa B nackansx 3a cekyHay (Ma -c);
a — paguyc Kamepsbl CBSI3W B METPax (M).

3HaueHuns ¢, M, p U o AN BNAXHOTO BO3AYyXa MOTYT BbITh MOMYYeHb! N3 YPABHEHMI B NPUNOXeHun F.

Kpome BblweykasaHHbIX NOTepb Ha GOKOBOWM NOBEPXHOCTU LMNMHAPA KaMmepbl CBSI3W CYLLEeCTBYIOT MOTEpU Ha Ten-
NoNpoBOAHOCTE Ha NMOBEPXHOCTSX OCHOBaHUW LMnuHApa, 06pasoBaHHbIX MUKpohoHamu. 3Tn NnoTepu MoryT 6biTh Belpaxe-
Hbl C MOMOLLBI0 aAMUTTaHCca immuj , 406aBNSEMOro KKaxgomMy aaMUTTaHCy MUKPOdOHA B ypaBHEHUM (4), B COOTBETCTBUN C
[A.3]

Amﬁ:i. A A>.$
—=——(xk-1)—o;0o.
WP: pC )\MA vO t

Ecnu MnkpothoH nmeeT BHYTPEHHIOK pe3bby B NepeaHen NonocTu, TO A0NOMNHUTENbHBIE NOTEPU HA TENNONPOBOA-
HOCTb M3-3a NOBEPXHOCTU Pe3bbbl MOTyT BbITh YHTEHbI, ecnv 406aBUTL Nowaab NOBEPXHOCTM pe3bbbl K nrowaan none-
peuHoro cevennst Sy B ypasHeHun (A.5), B cooTBeTcTBUM C [A.4]. YpaBHenus (A.3)—(A.4) cnpaBeanuesl AN 4aCTOTHOTO
JuanasoHa opa 25100 1. 9TO cooTBETCTBYEeT YacToTam Gonee 3 Mywm 12 My ANs NNOCKOBOMHOBLIX KAMepP, NPUBEAEHHbIX B
Tabnuue C.1 gns mukpodoHos LS1P n LS2aP, cooTBe TCTBEHHO.
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A.5 bubnuorpaduna
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[A.2] ZWIKKER, C and KOSTEN, C.W. Sound Absorbing Materials, 1949. Elsevier, Amsterdam. Chapter 11, § 4
[A.3] MORSE, P.M. and INGARD, K.U. Theoretical Acoustics, 1968. McGraw-Hill, New York. Chapters 6.4 and 9.2

[A4] FREDERIKSEN, E. Reduction of Heat Conduction Errorin Microphone Pressure Reciprocity Calibration. Briiel & Kjxr
Technical Review, 1, 2001. pp. 14—23
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MpunoxeHne B
(obsaszaTenbHoe)

AKyCTU4YeCKUIN MMNeAaHC KanunnspHOW TpyGKu

B.1 O6wmwme cBeaeHns

AKyCTMHECKMI MMNEAAHC Z, ~ Ha BXOAE OTKPbLITOW KanuinapHOW TPyGKN ONpeaensioT, MCXo4sa 13 Teopun ANMHHbIX
nHWI (5.6), No ypaBHeHUIO

Z o= th (ylc). (8.1)

L3, C 7 &at
_,\_mv.ﬁv\mmk ¥ Y umeeTcs cooTHoweHme [B.1]
op (,_ 2hkay) | (8.2)

vZ =P
t nag \ kao(kay)

Y amw rNAzL;Am@L Aw.wv
Zyt © pc? Bkay Jo(Bkay))
rae Jy( ), J4( ) — uwmnungpnueckne yHkummn beccens nepeoro poaa HyneBoro 1 Nepeoro NopsakoB 0T KOMITTEKCHOTO
nepemMeHHoro;
a,— pagunyc Tpybkn B meTpax (m);
k = (jop/m2 — komnnekcHoe BOMHOBOE YMCIO B METPAaX B MMHYC NepBoi cTenenn (M 1);

B =(n/pac )%

1 — BSI3KOCTb ra3a B nackarnb-cekyHgax ([a - c);
p — MNOTHOCTb Fa3a B KMMorpaMmax Ha Kybuueckui metp (kr/m3);
0Ly — TEeMMEepaTypONPOBOAHOCTL ra3a B KBAAPATHBIX METPAaX B CekyHay (M2/c).

BhiwenpueeaeHHsle YpaBHEHUs JOMKHbI ObITh UCMONb3OBAHb! s pacyeTa NonpaBoYHOro koadduumenTa As B
ypaBHeHun (6). 3HaueHnA C, 1, P U o, ANs BNAXHOTO BO3AyXa MOTYT ObITh BbIUMCIEHbI M3 YPABHEHUN, PUBEEHHbIX B NPU-
noxexuu F.

B anbTepHaTtMBHOM cryyae kanunnspHas Tpybka moxeT ObIThb 3arnyLweHa no BCcen AnvHe Nogxoasiwer no pasmepy
NPOBOMOYKON NMOCne yCTaHOBKM B KAMEpPY CBSI3U MUKPOMOHOB. B 3TOM criyyae nonpaBoyHbIN KOSDPULMEHT paBeH 1.

YpaBHenus (B.1), (B.2), (B.3) cnpaBegnuebl Ans naeansHOW LMNMHAPUYECKOW TPYOKM U 3aBUCSIT B 4-1 CTENeHn OT
pagnyca Tpy6kn. OgHako B 4eCTBUTENBHOCTU hopma BHYTPEHHUX YacTel TpyOkM He CooTBETCTBYET (DOPME KPYroBoro
LumMnuHapa n Heobxoguma rpagyvpoBka TpybKku No NOTOKY ANs TOro, 4Tobbl onpeaenuTs ee 3pdeKTUBHBIN pagnyc.

B tabnunuax B.1u B.2 npuBeaeHbl 3Ha4eHUS peanbHOW U MHUMOW YacTen Nm_ ¢ NPV OMOPHBIX BHELWHUX YCNOBUAX A5
06bIYHO MCMNONb3yeMbIX pa3MepoB TPYOKM M 4acTOTbl COOTBETCTBEHHO. OTU Tabnuubl AOMKHbI BbITE NCNONB30BaHbl C
LenbHo NMPOBEPUTH BEIUUCIMTENBHYIO NPpOrpaMmy Ars pacyeTa 3HaveHur n3 ypasHeHuii (B.1), (B.2), (B.3). MNpu rpagyvpoBke
B ypaBHeHusX (B.1), (B.2), (B.3) gomnxHbl 6GbITb NCMONb30BaHb! AEUCTBUTENBHbIE 3HAYEHWSA TemnepaTyphbl, CTaTUHECKOro
AaBMNeHnsi U OTHOCUTENbHON BNaXXHOCTH.

Ta6nwuua B.1— PeanbHasi yactb Z, ¢, [Ma - c/m’
Pa3mepbl TpY6K1 B MUITIMMETPAX

Ic=50 Io =100
YacToTa, 'y

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 31,5 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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Pasmepb! TpyOku B MUNNMmMeTpax

I =50 I, =100
Yacrora, My

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 2000 6,325 4,404 2,523
2,698 1,638 0,894 2500 4,986 3,723 2,774
2,808 1,579 0,783 3150 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 5000 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

MpumeyaHun e — 3HaueHus,, NPUBEAEHHbIE B HACTOsILLEN Tabnuue, BEPHbI TONMBKO NMPU OMOPHBIX BHELIHUX
ycnoBusix (cMm. pasaen 4 n tabnuuy F.2).

Ta6nwuyaB.2— Muumas vactb Z, ¢, [Ma - c/m®

Pa3amepb! TpyOku B MUNNMMeTpax

I, =50 I, =100
YacroTa, Ny

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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OkoHyaHue mabnuus! B.2

Pa3meptbl TpybKy B MUNIMMETPaxX

Io=50 I, =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 1 000 - 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 3150 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

MpuMeyaHue— 3HavyeHuUs, NPMBEAEHHbIE B HACTOSILEN Tabnuue, BepHbl TOMBKO NMPU OMOPHbIX BHELLUHWX

ycnoeusix (cMm. pasgen 4 v Tabnvuy F.2).

B.2 Bubnuorpacdmsa
[B.1] ZWIKKER, C. and KOSTEN, C.W. Sound Absorbing Materials, 1949. Elsevier, Amsterdam. Chapter Il, § 2—3
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MpunoxeHne C
(cnpaBo4Hoe)

F—SZSIhﬂSIQO_ASQ KamMepbl CBA3U, NpUMeHAeMble OANnA rpagynpoBkKu _S_\__AﬂO%OIOW

C.1 Obwme cBeageHus

B kamepe CBs13U, NPUMEHAEMON ANs rpagyvpoBKU METOAOM B3aMMHOCTH, AOJIKHO ObITh CO34aH0 paBHOMEPHOE pac-
npeaeneHve 3ByKOBOIroO AaBNeHns Nno memopaHe Kak MUKpoOoHa-nanyyarens, Tak 1 MukpodoHa-npuemHmka. OcobeHHo
BaXXHO obGecrneuntb paBHOMEpPHOE pacrnpeereHne gaBreHnsi no membpaHe MUKpodoHa-NpueMHuKa Arsi Toro, YTobbl
nony4nTb YyBCTBUTENIBHOCTb MUKPOMOHA B COOTBETCTBMM C OMpeferieHneM YyBCTBMTENbHOCTWM Mo paeneHuto (3.4
M3K 61094-1). N3-3a paguanbHOro BONTHOBOIO ABMXKEHWSI U aCUMMETPUYHOCTU OBUXEHUS MeMOpaHbl 9TO naearnbHoe
YCINOBUE MOXET GblTb BbINOSHEHO NULIL NPUBNMXEHHO. [1NA yBENMYeHna 4acTOTHOIro AnanasoHa Kamepbl CBA3M (3TO OTHO-
CUTCS TONBKO K pagmnarnbHOMY BONTHOBOMY ABVXEHWIO ) HE06X0oaumo, YToGb! paguarnbHasi pe3oHaHcHasi yactoTa Gbina Kak
MOXHO BblLL€, YTO AOMYCTUMO MPU YMEHbLLEHUN AnameTpa kaMmepbl CBA3W. [pakTnyeckn gnameTp kamepbl CBA3W He 01-
XeH OblTb MeHbLUe AnaMeTpa MeMmopaHbl MUKPOdOHa.

OpaHako Ans MMeLWEencs Kamepbl YacToTa pe3oHaHca MOXeT BbiTb NoBbILWEHa NPY BBEAEHUU B3aMeH BO3ayxa
BHYTPb Kamepbl Bogopoaa unv renusi (7.3.2). TeopeTUHECKM 3TO YBENMYEHUE BEPXHEN FPaHNYHON YacTOThl KaMepbl Bblpa-
XKaT KOaPUUNEHTOM, PaBHbIM OTHOLLEHWUIO CKOPOCTM 3ByKa B BOAOPOAE (renum) K CKOpOCTU 3BYKa B Bo3ayxe. Heobxoaw-
MO 3aMETUTb, YTO CKOPOCTh 3ByKa B MeMOpaHe MUKPOOHOB NOYTW HE 3aBUCUT OT TUMNa rasa B Kamepe CBA3M U He MeHsIeTCA
KaK CKOPOCTb 3BYKa 3aKITHO4YEHHOro B Kamepe rasa.

BonbLwoe 3Ha4veHre Npu rpagynpoBKe METO40M B3aMMHOCTU B 3aMKHYTON Kamepe CBSI3U MMeeT aKyCTUYECKUIA nepe-
[AaTo4YHbIV UMNeJaHc NP 12 BCel cuctembl (5.2 1 5.4), KOTOPbIN 4OMKEH BbITh N3BECTEH C BLICOKOW TOYHOCTLIO. Ha uacro-
Tax, rge AnvHa 3BYKOBOW BOSHbI Bonblue Mo CpaBHEHUIO C pa3MepaMy Kamepbl CBS3W, pacrnpegerneHve 3ByKOBOro
JAaBNeHNsi paBHOMEPHO BO BCEN Kamepe 1 NP 12=Z a, 12 3@BUCUT OT ahheKTUBHOrO 06beMa Kamephl CBSI3W, T. €. TeOMeTpU-
Yeckoro o6bema kamephl, BKItovas o6bembl nepegHen Nonoctu (qanee — nepeaHnii 06beM) U 9KBMBarNeHTHble 06 beMbl
MUKpodpoHoB (3). Ha vyacTtoTax, rae AnviHa 3BykOBOW BOJTHbI CpaBHUMA C pa3Mepamu kamepbl, OyeT cyLuecTBOBaTb BOMHO-
BO€ JBWXEHWE U TPYAHO NONyYnNTb TEOPETUHECKOE BhIPAXEHWUE OIS NepeaaToqHOro UMneaHca Kamepbl CBSI3W B OYEHb
npocTon dhopme. YpaBHeHue (4) BolpaxkaeT nepeaToqHbIi uMnegaHc Zy 12 UMIMHAPUYECKON KaMepbl CBS3N C guameT-
pPOM paBHbIM AnameTpy MembpaH MMKPOOHOB NPy AONYLWEHUW TONBKO NITOCKUX BOJTH B Kamepe.

Bbinu paspaboTaHbl MeToAbl pacHeTa nepegaToyHoro MneaaHca ansi opyrvx cnydaes. [Ins HUX, ogHako, nornpaeka
Ha BOJTHOBOE [BUXEHUE A0 XHa OblTb onpegeneHa SMnMpruyecku.

MpaKTu4eckn NCnonb3yT ABa TUMNA KAMep CBSI3U. ITO MNITOCKOBOJTHOBbLIE KaMepbl CBSI3W, AUaMeTp KOTOPbIX paBeH
anameTpy MembpaH, v kamepbl 60nbLWOoro 06bema, B KOTOPbIX 06bEM KaMepbl BENUK N0 CPaBHEHUIO C NePEeAHNMM N SKBUBa-
NEHTHbIMW 06beMaMy MUKPOOHOB.

C.2 MnockoBONHOBLIE Kamephbl

AduameTp nonocTten NNOCKOBONHOBLIX KAMEP CBSA3W paBeH AguameTpy nepegHux nonocren Mukpodona. invuHa kame-
pbl, T. €. pacCTosHUE MexXay ABYMS MeMbpaHamMu, 4orKHa ObiTb 4OCTATOUHO BOMbLWON, YTOGLI 06ecneYnTb pacnpocTpaHe-
HWE MIIOCKOW BOJHbI, HO 9Ta AJIMHA He J0rkHa OblTb Bonblue YeTBEPTU ANUHBLI BOMHbLI. PekomeHayeTcs ucnonb3oBarb
Kamepbl CBSA3MW, UMeoLUe OTHOLEeHWE AnvHbl K gnameTpy oT 0,5 o 0,75. Takue kamepbl NO3BONSAOT NPOBOANTL B BO3AyXe
rpagyvpoBky NnabopaTopHbIX 3TanoHHbIX MMKpodoHoB Tvna LS1P ao 10 kMy v Tna LS2P o 20 kI u.

Ans aTnx kamep MoryT 6bITb NONy4eHbl aHANUTUHYECKUE BbIPaXEHWS A1 y4eTa BIUAHWUA CUMMETPUYHOTO paguarbs-
HOI0 BOTHOBOIO ABVXKEHUS MPU JONYLWEHUW, YTO (OYHKUUSI, ONMCbIBaOLWas cMellleHne MembpaHbl MUKPOOHOB, COOTBE-
TCTBYET MaeanunampoBaHHbIM konebaHnam membpanbl [C.2—C.4] (pucyHkn HaxoasiTes B pasaene C.4).

B kamepax CBf3W, Kak NpaBuIio, NPUCYTCTBYET aCUMMETPUYHOE pagmnaribHOe BONHOBOE ABMxeHne. Camble HU3kme
MOAbl 3TUX aCUMMETPUYHLIX KoNeGaHUii BO3HUKAIOT B NMITOCKOBOMHOBLIX kKamepax okono 10,6 n 21,2 kI'u ans MMKpodoHOB
TMnoB LS1 nLS2, cooTBETCTBEHHO.

OnspacyetaZ’ a 12 Heo6X0AMMO NCMOoNb30BaTh ypaBHEHUE (4) 1 C BbICOKOW TOYHOCTLI0 ONpeaennTb Bee PakTopsl,
Brmsiowme Ha Z, 1, (CM. 7.3), B 4aCTHOCTU — aKyCTUHECKWI MMIeJaHC MAKPOOHOB.

PekomeHayeMble pasmephbl 41151 NITOCKOBOIHOBbLIX kamep npueeaeHsl B Tabnuue C.1 1 nokasaHbl Ha pucyHke C.1.
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17— MUKPOOH; 2 — nsonaTop; 3 — kanuNNsipHble TpyoKK

Pucyrok C.1 — Ockn3 nrnockOBONHOBON Kamepbl

Tab6nunua C.1— HommHanbHble pasmMepbl NITOCKOBOITHOBLIX KaMep
Paamepbl B MunnmmeTpax

ITabopaTopHble STanoHHbIE MUKPOOHBI
0Ob6o3HaveHe pasmepoB
Tun LS1P Tun LS2aP Tun LS2bP

DA 23,77 13,2 12,15
OB 18,6 9,3 9,8
gC 18,6 9,3 9,8

D 1,95 0,5 0,7

E 3,5—9,5 3—7 3,5—6

C.3 Kamepsbl Gonbluero o6bema

Kamepbl 66nbwero o6bema umeroT 06bem Gonblue 06bema NIOCKOBOMHOBLIX KAMEP, U UX pa3Mepsb! BbiOpaHbl Tak,
4YTOGbI yMEHbLIEHWE AaBNeHns Ha MeMbpaHe U3-3a paguarnbHblX MO YaCTUYHO KOMINEHCUPOBAroCh YBENMYeHneM aaBre-
HUSI U3-3a NpogorbHol moabl. ONTMManbHOe OTHOWEHWE ANUHBI K AnameTpy — okono 0,3, 1 OHO 3aBUCUT OT rNyGUHbI
nepeaHnx NonocTen MMKPOOHOB.

Takne kamepbl CBSI3U MCMONb3YIOT B BO3AYXe Ansi rpayvpoBKu NabopaTopHbIX 3TANOHHbIX MUKpOodoHoB Tuna LS1P
BNNoTh 80 2,5 kl'u v Tuna LS2P go 5 kl'u npu BBEAEHUM IMNUPUHECKUX MONPaBOK Ha BONHOBOE ABMXeHne. Ecnn Heobxoau-
Ma BbICOKasi TOMHOCTb, PEKOMEHAYEeTCsl onpeAensTb NoNnpaBKy Ha BONTHOBOE ABUXEHWE ANS K&XKA0N MHAMBUAYaIbHO U3ro-
TOBMNEHHON Kamepbl CBA3M, NMOCKObKY BONTHOBAsH KAPTUHA B KAMEPE B 3HAYUTENBbHON CTENEHN 3aBUCUT OT ee pa3MepoB.
ns pacuetaZ a, 12 AOMXHO 6bITb CNONb30BaHO BhipaxeHue (3), Anst KOTOPOro Heo6xoaMMo onpeaenuTb CyMMy nepes-
Hero o6bema MonocTU U IKBMBArNEHTHOro obbema MukpohoHoB. PekomeHayemble pasmepbl kaMmep 60nbluero obvema
npveegeHbl B Tabnuue C.2 n nokasaHbl Ha pucyHke C.2.
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1 3

1 — MUKPOGOH; 2 — n30nATop; 3 — KanNUNNSApHbIe TPYOKM
PucyHok C.2 — Ockn3 kamepbl 66nbero obbema

Tabnwnuya C.2— HomuHanbHble pasmepbl U AONYycku Ans kamep 6onbwero obbema
Paamepbl B MunnmmeTpax

IaBopaTopHble 3TanoHHble MUKPO(OHBI
0Ob6o3HaveHe pasmepoB
Tun LS1P Tun LS2aP Tun LS2bP

DA 23,77 13,2 12,15
OB 18,6 9,3 9,8
aoC 42,88 + 0,03 18,30 + 0,03 18,30 + 0,03

D 1,95 0,5 0,7

E 12,55+ 0,03 3,50 £ 0,03 3,50 + 0,03

F 0,80 + 0,03 0,40 £ 0,03 0,40 + 0,03

B tabnuue C.3 npuBeaeHbl TUNOBbLIE MONPaBKU Ha BONTHOBOE ABWXEHWE Ansl KaMmepbl CBSA3W 60nblero o6bema,
MCMONb3yeMol COBMECTHO ¢ MUKpodpoHamu Tuna LS1P. 3HaveHuns nonpaBok JoOmkHbl 6biTb NpuGaBneHbl K YPOBHIO
YYBCTBUTENBHOCTU MO AABMNEHUIO, ONpeAeneHHOMY st Kamephbl CBA3W, HAaNoOMHEHHON BO34YXOM, UITU MOTYT GbITh BBEEHbI
Torga, korga npakTuyeckue nonpaeky Anst MTHOUBMAYanbsHON KaMepbl ¢ MUKPOhoHaMK He onpeaensanu. 3T e Nonpaeku
MOryT BbITb UCMONB30BaHbI U MPU 3aMOSNIHEHUU KaMmepbl BOAOPOAOM, €CMNY YACTOTHYIO LKAy YMHOXUTL Ha KO3 DPULNEHT,
paBHbI/i OTHOLLEHMIO CKOPOCTU 3BYKa B 06beMe € 334aHHON KOHLEHTpaLmMe Bogopoaa K COOTBETCTBYIOLWEN CKOPOCTY B
BO3yXe.

Tabnuuya C.3—TlonpaBku Ha BOIHOBOE ABMXEHWE B BO3JYyXe, ONpeAerieHHble 3KCNepMMEHTarnbHO Ars Kamepsl
66nblwero o6bema, NpuMeHsieMoln ¢ MukpodgoHamu Tuna LS1P

Yacrora, 'y Monpaeka, gb
800 n Huxe 0,000
1000 —-0,002
1250 —-0,013
1600 -0,034
2 000 —0,080
2 500 —-0,087
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Mpwunoxenne D
(cnpaBoyvHoOe)

BnusaHue O_A_u<v_nm—°E_Q_“_ cpeibl Ha HyBCTBUTEIIbHOCTb MUKpodoHOB

D.1 O6wwme cBegeHus
HacTtos wee npunoXxXeHne coaepXXmMT CBeAeHUs O BITUAHUU CTaTU4YeCKOro JaBneHna ntemnepartypbl Ha HYyBCTBUTEb-
HOCTb MUKPOMOHOB.

D.2 OcHOBHbIe COOTHOLIEHUSA

YUyBCTBMTENBHOCTb KOHAEHCATOPHOIO MUKpOodoHa 0bpaTHO NPONoOpUNOHarbHa akyCTUHeCKOMY MMMNeaaHcy MUKpPO-
hoHa. YNpoLLeHHO MMNeaaHc MUKPOgoHa MOXeT OblTb NPeACcTaBneH B BUAE umneganca membpaHbl (Kak NpaBuno, yumuTbl-
BalOT €e Maccy 1 rmbKocTk), NocneAoBaTeNbHO COeAMHEHHOIO C MMMNeaHCcoM BO3gyxa B 06beMe 3a membpaHon.

MmneaaHc Bo3gyxa B 06beMe 3a MeMBpaHoO onpeaenseTcs TPeMsi COCTaBMNSAOLWMMM:

- TOHKUM CIOeM BO3ayxa Mexay MeMOpaHol 1 HENOABUXHbBIM 3M1EKTPOAOM, BHOCSILLIMM 3aTyXaHue U maccy;

- CIoem BO34yXa B CKBO3HbIX OTBEPCTUSX U KAHABKAX Ha HEMOABWXHOM 3NeKTpoAe, BHOCALWMM 3aTyXaHne u Maccy;

- BO34yXOM B MOSIOCTU NO3a4uW HENOABUXHOIO 3NeKTpoaa, AeWCTBYIOWMM KakK NoAaTNMBOCTb HA HU3KUX YacToTax, a
Ha BbICOKMX YacTOTax BHOCSLLMM AOMNONHUTENbHbBIE PE30HAHCHI M3-32 BOJTHOBOIO ABWXXEHWS B NOSIOCTY.

OTHOCUTeNbHast Macca 3TUX TPeX COCTaBMSALWMNX OnpeaenseTcs KOHCTPyKUmen MrkpodoHa. CunTaloT, YTo NnoT-
HOCTb M BSI3KOCTb BO3AyXa NMHENHO 3aBUCAT OT TeMnepaTtypbl W/Mnu cratudeckoro gaenenusi. OTcioga BblTEKAET, UTO
nMnegaHc MMKpooHa TakKe 3aBMCUT OT CTaTUYECKOro AaBneHnst u Temnepatypbl. KoadpduumeHTsl cTaTuyeckoro gaene-
HUS M TemnepaTypbl 451 MUKPOOHOB ONpeaensioT Kak OTHOLWEHME aKyCTUHYECKOro MMnegaHca npy onopHbIX YCNOBUSX K
aKyCTU4eCKOMY nMmnegaHcy npu .n_.m—.\._o._._ws.ﬂm._.__uI_u_x CTatu4eCcKkoM gaBrieHun n teMmnepartype, COOTBETCTBEHHO.

D.3 3aBMCMMOCTBL OT CTaTUYECKOro AaBrneHus

Maccawu noaaTrnMBOCTb 3aKIMiO4YeHHOro B NonocTn wowhv\xm 3aBUCAT OT CTAaTUYECKOrro AaBneHus, Toraa Kkak conpoTtmne-
neHne JonycKaeTcs cHMTaTh HE3aBUCUMbIM OT CTaTMHECKOro AaBreHust. KoaduumneHT cTaTuueckoro AaBneHust, Kak npa-
BUIO, 3aBUCUT OT 4acTOTbl, KaK 3TO MokasaHo Ha pucynke D.1. [insa vactot Bhiwe 0,5 f; (f; — pesoHaHcHana yacToTa
MUKPOOHA) 9TU HYaCTOTHbLIE U3MEHEHUS B 3HAYMTENBHOWM CTEMEHUN 3aBUCAT OT BOJTHOBOIO ABMXXEHUS B NOMNOCTY 32 HEMNOZA-
BWXHbIM 3NeKkTpogom. B obuem, koapdnuneHT cTaTU4ecKoro AaBneHunst 3aBUCUT OT KOHCTPYKLUMKM AeTanen, onpeaensio-
WX hopMy HEMOABUKHOIO arekTpoaa u o6bema 3a HUM (ganee — 3agHUN 06bem), U nx hakTuUeckme 3HaueHns MoryT
3HAYMTENBbHO OTNMYAaTLCA AN ABYX MUKPOMOHOB OT pa3sHblX NPOVM3BOAUTENEN, HECMOTPS Ha TO, YTO MUKPOMPOHbI MOTYT
ObITb 04HOIO U TOro Xe Tuna, Hanpumep LS1P. MoaTomy Ko3hdULNEHTLI CTaTUUECKOrO AaBreHus, NpUBeaeHHbIE Ha
pucyHke D.1, He cnegyeT NpUMeHsiTb Ans ntoboro MukpodoHa.

ab/kMa
0,02

L~
0,01 A/ \

V% LS1P

LS2P

-0,01

/
-0,02
V

-0,03

-0,04
0,1 0,2 0.5 1 2 5 10 f/fy

PucyHok D.1 — 3aBucmmocTb KO3 OMUMEHTOB CTATUHECKOTO AaBNEHUA MUKPOGOHOB TunoB LS1P n LS2P
OT OTHOCUTENBHOW YacToTh!
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3HauveHne ko3ddrLUMeHTa CTaTUHECKOro AaBrneHnsi B 06nactu HU3KUX YacToT (Kak npaeuno, Ha YactoTe 250 Iu)
onpeaenseTcs COOTHOLWEHMEM MeXay NoAaTIMBOCTSIMU COBCTBEHHO MeMBpaHbl U BO34yXa, 3aKkmnioHeHHOoro 3a meMmbpa-
HoW. [MockonbKy YyYBCTBMTENBHOCTL MO AABIMEHNI0 B 06NacTU HU3KMX YacToT ONpeensaeTcs pe3ynbTpyiowen nogatnm-
BOCTbIO MeMOpaHbl 1 crosi Bo3gyxa 3a memMbpaHoi, To Ko3pMULMEHT CTaTUYECKOro AaBNeHUs Ansi MHOUBMAYalbHbIX
06pasLoB MUKpodOHa JAHHOMO TUMNA B 3HAYUTENBHON CTEMEHW 3aBNCUT OT YyBCTBUTENBHOCTU MMKPOOHA Ha HU3KOW Yac-
TOTe.

3HaveHne koathPUUNeHTa CTaTUYECKOTO AaBNeHns B 0611acT HU3KMX YaCcTOT, Kak NpaBuio, HaxoauTcsl B npegernax
ot muHyc 0,01 go muHyc 0,02 gb/klMa ansa mukpodonos LS1P u o1 munyc 0,003 go munyc 0,008 ab/klMa gns MukpodoHoB
LS2P.

B o6nacTtu o4eHb HU3KMX HacToT B NONOCTM 3a MembpaHol ByaeT NponcXoanTb U30TEPMUUECKUIA NpoLect aedop-
MaLuy rasa v no3aTomy nogaTiMBOCTL MONOCTU BO3pacTeT. Kpome Toro, noBbilaeTCA BNUSIHUE OTBEPCTUSA A5 BbIpaBHUBA-
HWs gaBnenus. OT1oT 3D EKT CTAHOBUTCA 3aMETHbLIM Ha YacToTax HUXKe 2—5 My gnst MmukpodoHoB TunoB LS1 n LS2.

D.4 3aBucumocTb OT TEMNEpaTypbl

Kak macca, Tak ¥ CoOnpoTUBIIEHKE BO34yXa B 3aMKHYTOW NOMOCTU 3aBUCST OT TEMMNepaTypbl, HO NOAATIIMBOCTb NPUHS-
TO CUMTaTb HE3aBMCMMON OT TeMnepaTypbl. TUNOBas 3aBMCMMOCTb TEMMNEPATYPHOIO KOIPMULMEHTA OT YaCcTOThI NOKa3aHa
Ha pucyHke D.2.

M3aMeHeHus TemnepaTypbl BO3AENCTBYIOT KaK Ha BO34yX B 3aMKHYTOM 06beMe, Tak M Ha MEXaHUYECKUE SIEMEHTbI
MUKpodpoHa. M3ameHeHne TemnepaTypbl Bbi3blBAET U3BMEHEHUE HAaTsXXEeHUs MeMbBpaHbl U, CnefoBaTeNbHO, UBMEHSIET ee
noaaTnMBOCTb U PACCTOsTHUE MeXAy MEMOPaHON M HEMOABUXHbLIM 3/1EKTPOAOM. ITO NPVBEAET KU3MEHEHW IO HYBCTBUTEb-
HOCTW Ha NOCTOSIHHOE 3HAY€eHWE U K HEBONBbLIOMY M3MEHEHUIO PE30OHAHCHON YacToThl.

CymmapHbIV TemnepaTypHbI K03 duLmneHT npeacTaBnseT cobol pe3ynbTaTt NMHENHON KOMOMHALIMW BNUSIHWUS KaK
M3MEHEHWs MNeaaHca 3aMKHYTOro 06bemMa Bo3yxa, Tak U UBMEHEHUsI MEXaHUYECKOro HaTshkeHus. Hu3kovactoTHoe 3Ha-
YeHne TeMnepaTypHoro koacdurureHTa, kKak npaeuno, Haxogutcs B npegenax + 0,005 ab/K gns mukpodoHOB TMNa Kak
LS1P, Takn LS2P. TemnepaTypHbIf KO3 DULMEHT, NOKa3aHHbIA Ha pucyHke D.2, He cneyeT NPUMEHATL AN Noboro Muk-
podhoHa.

ab/K
0,02
0,01
LS2P
. /
// LS1P
-0,01 /////
%
-0,02
0,1 0,2 0,5 1 2 5 10 fif,

PucyHok D.2 — O6wwmii BUA 3aBUCUMOCTY TEMMNEPATYPHOTO koadduumeHTa OT HacToTbl Anst MUKPOgOHOB TUMNoB LS1P
n LS2P, BbI3BaHHOW M3MEHEHUEM MMMNedaHca 3aMKHYTOro obbema Bo3ayxa
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MpwvnoxeHune E
(cnpaBo4Hoe)

MeToabl onpeageneHnua napamMmeTpoB _S_\__AﬂO%OIN

E.1 O6wue cBegeHunA

HacTosiwee npunoxeHue cogepxmT MHQoOpMaLmio 0 MeTodax onpeieneHus napameTpoB MUKPOMOHa, BITUSIIOLLMX
Ha aKycTU4YeCKWi NnepeaaTouHbI nMneaaHc. Katum napameTpam oTHOCATCA rny6buHa n o6bem nepegHei NonocTy u akyc-
TUYECKMI nMNegaHc MUKpodoHa.

E.2 NnybuHanepeaHen nonocTtun

ny6uHy nepegHen NONocTy oNpeaensiioT ONTUYECKMMIN MeTogamu. [NyGuHy onpeaensitoT ¢ NOMOLLBI0 CKaHUPYHO-
Lero MHTepepomMeTpa, HanpMmMep NasepHoro, NO KOHTYPY BAONb AnaMeTpa MeMBpaHbl M BHELLHETO KonbLa. Takue name-
peHusi cnegyeT NpoBOAWTL, MO KpaHew Mepe, Ans ABYX NEpneHAVKYNsipHbIX Apyr K Apyry avameTpoB. [Opyroi meTtoa
3aKnoYaeTcs B UBMEPEHUN C MOMOLLbIO MUKPOCKONa-rnyornHoMepa paccTOsHUA MeXAy TOUKaMy Ha BEPXHEW 4acTy MUKPO-
(hOHHOrO KOmbLa 1 ToYKamMu Ha Membpaxe. [Mpyu 3TOM Heo6XoAMMO BEIMONHUTE HECKONBKO U3MEPEHUI, pacnpeaeneHHbIX
no membpaHe 1 No Bepxy konbLa.

E.3 O6bem nepegHen NoNoCTH U 3KBUBANEHTHbIN 06bem

O6beM nepeHEN MONOCTU BMECTE C 9KBUBAIEHTHbIM 06bEMOM MMKPOOHa OnpeaensitoT akyCTU4eCKMMM MeToaa-
MW MPU ONOPHbLIX BHELLHUX YCITOBUSIX.

VcnbiTyeMbii MUKPOOH BCTABNAOT B OQHO N3 OTBEPCTUN KaMepbl CBA3U C TpeMs Bxogamu. B ABa gpyrmx otBepctus
BCTaBMSOT ABa KOHAEHCATOPHbBIX MUKPOMOHA: NEPBbI — U3nydaTternb, BTOPON — NPUEMHUK. VI3MepstoT anekTpuyeckumn
nepegaToYHbIi UMNEeaHC MEXAY 3TUMKW ABYMSI MUKPOOHAMMU, NOACOEANHSS K KAMepe CBSI3U NooYepeHO UCTIbITYEMBbIN
MUKPOMOH 1 HEKOTOPOE YUCITIO MOMOCTEN C U3BECTHLIM 06 BHEMOM, OXBaTbIBAOWUM AEUCTBUTENbHLIN 00beM nepeaHen
nonoctn mukpodoHa. O6beM nepeaHelt NONOCTU BMECTE C 3KBUBaNeHTHbIM 06 beMOM MUKPOOHa ONpeaensitoT UHTEPNO-
Nsiunen ¢ U3BMepeHHbIMU NepeaToYHbIMU UMMNEAaHCaAMM.

Bo3amoeH BapuaHT CNonb30BaHUS UCTBLITYEMOrO MUKPOPOHa B KauecTBe MukpodoHa-npuemMHuka. Npu namepe-
HWUW 3MEKTPMNYECKOTO NepeaToyHoro nMneaaHca Heobxoaumo obecneunTb GoNbLIOE OTHOLWEHKE CUTHana K lWymy. B aTom
cnydae ucnonb3ytoT Nnbo pasnnyHoe YUCIo KaMmep CBSA3W M3BECTHOro obbema, NMbo naMeHeHne oGbeMa nony4arT ¢
NMOMOLLBIO HEKOTOPOTO YMCIa N3FOTOBMNEHHbIX A5t 9TOW Lienu KanmbpoBaHHbIX Korel, pasmMellaemMblX Mexay kamepamu
CBS131 U UCTIbITYEMbIM MUKPODOHOM. BHYTpEeHHME nameTpbl 3TUX KoNnew JOJKHbI ObiTh paBHbI AMameTpy nepeaHen nonoc-
TN MUKPOHOHA.

HeobGxoaumo yuecTb, 4To onpeaensiemMbiii 060MMm meTogamm o6beM BKITIOHaeT B ce651 SKBMBaNEHTHbIN 06beM akyc-
TU4eCcKoro umnegaHca membpansl (MOK 61094-1).

OnucaHHble Bbille MeToAb! MOTYT ObITb MCNOMB30BaHbI TOJTLKO HA HU3KUX YaCcToTax, Koraa kaMmepy CBsiau paccMaTpu-
BalOT KaK YMCTYH rTMBKOCTb. [pn nCnonb3oBaHum BTOPOro MeToza HeobxoarmMo KOMMNEHCMPOBaTh Pa3HOCTL B NOMNpaBKax Ha
TENNonPoOBOAHOCTb U HAa KanunnsipHble TPYGKU Npy n3ameHeHun obbema kamephbl CBA3M 1, N0 BO3MOXHOCTU, PaCCMOTPETb
BMNWSIHUE HEJOCTATOYHOIO OTHOLLEHUS CUrHaNa K LWyMmy.

E.4 AkycTnieckmm umnegaHc MUKpodoHa

AKyCTUYECKUIA UMNeaHC MUKPOMOHA MOXET GbITh BbipasKeH B BUAE KOMINITEKCHOIo MMNegaHca unv B BUAE KOMIIeK-
CHOrO 3KBMBarneHTHoro o6bema (MOK 61094-1). onyckatoT, 4To MUKPOMOH MOXKET ObiTb NPeCTaBIeH B BUAE YETbIpEXo-
TNIOCHMKA CO COCPEAOTOUYEHHbIMU NapameTpamu, ONMCbIBAEMOro ypaBHeHWEM B3anMHOCTU (1a). Takoe npeacTaBrneHue
ByneT 4OCTaTOYHO TOUHBIM ANs onpeaenenns Z, (5.4) 10 4acToTel, NPUGNU3NTENBLHO PABHOWN 1,3 4acTOThl COBCTBEHHOTO
pesoHaHca MMKpodoHa.

MapameTpamu, ONMCHIBAOWMMN aKyCTUHECKMI UMNEAaHC MUKPOOHa B 3KBUBANEHTHOWM 3NEKTPUYECKOW CXeMme,
MOTYT BbITh aKyCTUHECKast MaCcCa My, aKyCTMYeCKas NoJATNIMBOCTb Cy M aKyCTMUECKOE CONPOTUBIEHNE Iy UMK PE30HAHCHas
4acToTa fp, SKBUBAMNEHTHBIN HN3KOYACTOTHBI 06beM Vg U IEKPEMEHT 3aTyxaHus MembpaHsl d. PesoHaHcHas yacTo-
Ta — 9T04acToTa, NP KOTOPOK MHUMAsA HacTb aKyCTUYECKOro MMneaaHca Z, paBHa Hyno. ACUMNTOTUYECKOe 3HaveHne Z,
Ha HU3KOI YacTOTe ONPEAEnsIoT Yepes NOJATNIMBOCTb M SKBUBANEHTHbIN 06beM. [IeNCTBUTENbHYI0 YacTb Z, Ha Pe30HaH-
CHOWM YacToTe ONPeaernsitoT Yepes akyCTUYeCcKkoe CONnpoTUBIIEHUE U AEKPEMEHT 3aTyXaHusl. AKYCTUUECKYIO MaCcCy pacCHUTbI-
BalOT 4Yepe3 Pe30HaHCHYID 4acTOTy M aKyCTMYecCKyl nodatnuBocTb. COOTHOLIEHUs Mexay 3TUMK napameTtpamu
cneaylolume:

(2rfy? =(m,-c,)"; Voq = CaVretPs, reft @ = rf(2nfy-my) = r,2nfy -,

AKyCTUYECKUIA UMMNEAAHC MOXET ObITb OnpeAeneH KOCBEHHbIM METOA0M, OCHOBaHHbIM Ha M3MEPEHUN 3NEKTPUYEC-
KOW NPOBOAMMOCTU Y MyKpodpoHa. [Mpy uamepeHnm 3nekTpuyeckor NpoBogUMOCTM MUKPOMOH akyCTUYECKN HarpyxatoT Ha
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3aKpbIThIA YeTBEPTHBOIHOBbLIM OTPe30K TPYObI [ p = 0 B ypaBHeHuu (1a)], a akycTu4eckuii nMnegaHc MMKpodoHa 3aTtem
paccYnTbLIBAOT N3 ypaBHEHUS

oy (E.1)

rae Nmu o — SNEKTPUHECKMI MMNEAAHCT NPKU 3aTOPMOXEHHON MeMBpaHe, OnpeaenaeMsi M3 peaynbTaToB Uamepe-
HWUIA, NPOBEAEHHbIX HA JOCTATOYHO BbICOKMX YacToTax (100—200 kl'y), 4Tobbl MHepums MembpaHbl ahPEKTVBHO NpensT-
cTBOBana ee BuxeHuio [ g = 0 B ypaBHeHuun (1a)].

CocpeoToueHHbIe NapamMeTphbl, NPeAcTaBnaoWwmne akyCTUHeCKUii UMNeaaHc MMKpOdoHa, MOryT GbITh Takxke onpe-
JeneHbl akycTudeckummn metogamu. [MNpn pesoHaHce cagur dbasbl Mexay 3BYKOBbIM JAaBleHNeM, AENCTBYIOWMM Ha MEeM-
GpaHy, 1 HanpspkeHMem XonocToro xofa Gypet paseH 90°. 3Ty yacToTy onpedensioT, BO3OEWCTBYS Ha membpaHy,
HarpyXeHHyIo Ha 3aKpbITbI YETBEPTHBOMNHOBLINM OTPE30K TPYOhI, C MOMOLLBIO 31EKTPOCTATUYECKOTO akTioaTopa (3NeKTpo-
cTatuyeckoro Bo3byautens). [pu Tex e yCroBvsiX onpeaensitoT AEKPEMEHT 3aTyXaHUsi KaK OTHOLLEHWE YYBCTBUTENbHOC-
TV NpY PE30HAHCE K YYBCTBUTENBHOCTU HA HU3KOW YacToTe.

TpeTuii MeTo OCHOBaH Ha NOATOHKE AaHHbIX. [TOCKONbKY YyBCTBUTENBHOCTE MUKPOMOHE HE 3aBUCUT OT NCMOSb3ye-
MOV Ansi rpagyvpoOBKM Kamepbl CBSA3KW, TO rpaayvpoBKy NPOBOAAT C NOMOLLBIO psiia MNITOCKOBOIHOBLIX KAMep, Hanpumep,
yeTblpex, umMmetoLwmx pasHyto agnuny [C. 1 (npunoxenune C)]. ns kaxgoro MukpodoHa cyMmy 06 beMOoB nepegHer NonocTu n
3KBMBaNEHTHOro o6 bema KOPPEKTMPYHOT A0 TEX NOP, NokKa Ansi BCex kKamep He ByaeT nonyyeHa oHa U Ta e YyBCTBUTESb-
HOCTb B AManasoHe HWU3KWX U CPedHUX 4acToT. JToT meTon onucaH B E.3 (npunoxerne E). MNpy pasHbix gnvHax kamep
HEBEpHble 3HAYEHUsI TPEX COCPEAOTOHEHHbIX NapameTpoB, ONUCHIBAIOLWUX aKyCTUHECKOE COMNMPOTUBIIEHNE MUKPOOHA,
NPVBOASIT K CUCTEMaTUYECKMM N3MEHEHUSIM Ha BbICOKMX YacToTax. BnusiHne aTnx napamMeTpoB Ha BbICOKMX YacToTax pas-
NYHO. [leKpeMeHT 3aTyxaHWs OKa3blBaeT HE3HAYMTENBHOE BITMSIHWE Ha NONYYEHHYIO YYBCTBUTENBHOCTL BONN3N pe30HaH-
CHOW 4acTOoThl, TOrAa kak HEBEPHO onpeereHHasi pe3oHaHCHas YacToTa OKasbiBaeT MakcumanbHoe BrnusiHue. HesepHoe
3Ha4YeHVe SKBUBAIIEHTHOrO 06bema BNUsieT rMmaBHbIM 06pa3om Ha NoryYeHHbIe XapaKTepPUCTHKU YyBCTBUTENBHOCTY B Ana-
NnasoHe Bbllle Pe30HaHCHON 4YacToThl. [1pn onpegeneHny KOMNNEKCHON YyBCTBUTENBHOCTU MUKPOMOHA HA PE30HAHCHOM
yacToTe onpegensiioT YyBCTBUTENBHOCTL MO dhase 90°.

AHanornyHelMm o6paszoM MOXeT OblTb ONpeaereH AeKPEMEHT 3aTyXaHUsl Kak OTHOLWEHUE YYBCTBUTENIBHOCTU Npu
pe3oHaHCce K aCUMNTOTNYECKOMY 3HAYEHWIC YYBCTBUTEINBHOCTU HA HU3KOW YacToTe. OgHako npv onpeaeneHnum acuMnToTn-
YECKOro 3HauYeHUs YyBCTBUTENBHOCTU B O6NACTU HU3KMX YacTOT MO HU3KOYaCTOTHON XapakTepucTuke Heo6xoammo npeHet-
peyb HeBONbLIMM MOBbILEHUEM YYBCTBUTENBHOCTU Ha HU3KMX 4acToTax M3-3a TernronpoBOAHOCTU B MOMOCTM 3a
mMembpaHoi MukpodoHa. [1ns ycnelwHon NoaAroHKM AaHHbIX BXKHO, YTOObLI Nepes ee BbinonHeHnem Bbinv BBeAeHbI Nonpas-
KW Ha paanarnbHoe BOITHOBOE ABUXEHUE U ObinNu yCTpaHeHbl Apyrne CUcTeMaTnyeckue NnorpewHocTy, Takme Kak, Hanprumep,
nepeKkpecTHbIE MOMEXM.
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MpwnoxeHne F
(cnpaBo4Hoe)

dusnyeckue cBOMCTBa BNaXXHOro Bo3ayxa

F.1 O6wmwe cBegeHns

HekoTopble dhmanyveckne BENMYUHBI, ONMCbIBAOLWME CBOMCTBA ra3a B 3aMKHYTbIX KaMepax CBA3W, BXOAST B ypaBHe-
HUSI 4N pacyeTa YyBCTBUTENBHOCTEN MUKPOOHOB [ypaBHeHus (3), (4) v npunoxenus A, B]. 3T1 BennYMHbI 3aBUCAT OT
OJHOW UIN HECKOMBKMX NEPEeMEHHbIX, ONUCLIBAOLWMX BHELLHWE YCIIOBUSI: CTaTUYECKOe AaBrneHne, TeMnepartypy U Brax-
HOCTb.

B nutepatype onyGrMkoBaHO MHOXECTBO Pe3yrbTaToB MCCIeA0BaHUIA, N0 KOTOPbIM MOTYT ObITh HAWAEHbL! ONOPHbIE
3HAYeHW s BENWYMH A58 OnpeAerneHHbIX BHELWHKX YCIIOBUIA, HAanprvMep ANs CTaH4apTHOMO Mo COCTaBy CYXOro Bo3fyxa npu
0 °C v ctatnyeckom gaesnexumn 101,325 kla. MeToguka pacyeta CBONCTB BO34yXa AN 3a4aHHbIX OKPYXaIoLWUX yCIIOBUN,
onucaHHasi B HaCTOSILLEM NPUMNOXKEHUW, OCHOBaHa Ha MeToAax, PEKOMEHA0BaHHbIX MEXAYHapOAHbLIMUY OpraHamMu, a Takxke
Ha nocrnegHux peaynbTaTax, ONUcaHHbIX B NTepaType W NOMyYnBLUMX MEXAYHAPO4HOE NpU3HaHue.

YpaBHEeHWs!, NPUBEAEHHbIE B HACTOSILLLEM MPUITOKEHNUN, OCHOBaHbI Ha CrieayoWmX NepemMeHHbIX, ONUChIBaIOLLMX
BHELLIHIOW cpeay:

t — Temnepatypa B rpagycax Llenscus (°C);

ps — cTaTyeckoe aasneHne B nackansx (Ma);

H — oTHoCcKTenbHas BNaXHOCTb B NpoLeHTax (%).

PaccunTbiBaeMble BENTUYMHBI:

p — NNOTHOCTb BO3AyXa B KNIOTrPaMMax Ha KyBuueckui meTp (kr - m—3);

€ — CKOPOCTb 3BYKa ANs NPOU3BONBHOM (PaCUETHOI) YacToTL B MeTpax B cekyHay (M - ¢ 1);

K — OTHOLWEHWE YA erbHbIX TENNOEMKOCTEN;

1 — BSA3KOCTb BO3Ayxa B nackarnb-cekyHgax (Ma - c);

o, — KO3(hpnLUMEHT TeMMNepaTyponpoBOaAHOCTM BO3dyXa B KBAAPATHLIX METPaXx B CEKyHAY (m2.c1).

MeToauka pacyeTa npegycmaTpuBaeT, YTO BIaXKHbIA BO34yX — He uaearnbHbIi ra3 u 4To 60NbWNHCTBO BENUYMH
OMNUCLIBAIOT C MOMOLLBIO NOSNIMHOMOB, 1151 KOTOPbLIX COOTBETCTBYIOLLME NMOCTOSHHbIE KO3 DPULMEHTHI NPUBEAEHbI B TAONK-
ue F.2. [insi pacyeTa BbILLEYNOMSHYTbIX BENTMYMH UCTONb3YOT HEKOTOPbIE AOMNONHUTENBHbBIE BENUYMHBI M NOCTOSIHHBIE:

T =T, + {, TepmoguHamnyeckas Temneparypa B rpagycax Kenoeuna (K);

Ty =273,15K(0 °C);

T =293,15K(20°C);

ps, = 101325Ma;

P, (f) — AaBneHue HachbILLEHHOrO BOAAHOMO Napa B nackansix (Ma);

€ — CKOPOCTb 3BYKa Ha HM3KOW 4acToTe (B OTCYTCTBUE ANCNEPCUN) B METPAX B CEKYHAY (M - cy;

X,, — MOMAPHasn AONA NapoB BOAb B BO3AYXE;

X, — MONSAPHAsA A0NS yINEeKUCnoro rasa B BO3AyXe,

f{pg,f) — KOSPULMEHT paclumpeHms;

Z — kO3 DULMEHT CKUMAEMOCTMN BIAXKHOIO BO3YX3;

Ky — yOdenbHasi TennonpoBoAHOCTb B [DKOYNAX HA METP-CeKyHAY-KENbBWH B MUHYC NEPBON  CTENeHu
(k- M=t et k),

Ou — yaenbHasi TENNoeMKOCTb NPW NOCTOSIHHOM JAaBMNEHUN B JXKOYIAX Ha KUITOrpaMM-KESTbBUH B MMHYC NEepBON CTe-
nenn (Ox - kr1- K-1);

f.o — vacToTa penakcauum kncrniopoga s repuax (I'u);

v

f.y — HacToTa penakcaumm asoTa B repuax ('u);

oy, — KoahuUmMeHT saTyxaHus aAns konebatensHON penakcauum B KUCNopoAe B MeTPax B MUHYC NePBON CTENeHN

=y
oL, N — KOS(PULMEHT 3aTyxaHus ana konebaterbHON penakcauum B a3oTe B METPax B MUHYC NEPBOI CTENeHu

().

YpaBHeHWs, UCMonb3yemble A pacyeTa, CripaBeAnvBbl A BHELWHKX YCIIOBUI B Mana3oHe:

- Temneparypa: ot 15 °C go 27 °C;

- cTatTndeckoe gaenenue: ot 60 go 110 kMa;

- OTHOCUTENbHasi BnaxHocTb: oT 10 % 0 90 %.

HeonpeaeneHHOCTH 3Ha4YEHUIA, paccUMTaHHbIX U3 YpaBHEHWI, NpeacTaBnsioT cobon cTaHgapTHbIe HeonpeaeneH-
HOCTMW.

F.2 MnoTHOCTL BNaxHoro Bo3ayxa

[MNOTHOCTE BMAXHOro BO34yXa BblUMCAAT C NOMOLWbI0 «ypaBHeHnst CIPM-2007», cornacHo pekomeHgauusam 97-ro
coeewanus CIPM [F.1].
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p = [3,483 740 + 1,4446(x_ — 0,000 4)] - 10-3 (1 - 0,378 0 x); (F.1)
p2
rneZ=1-55 ﬁmo +ag+a )t + (ag + ag)x,, + (as + aghx2] +P ﬂm (a; + agx2);
H bm,\ﬁv
z,=—— f(pg, D);
w=100 p, (Ps D)

psf) = exp(agT? + a T+ a, + a,T);
f(pg t) = ay + a,pg + a,f.

CocTaB cTaHZapTHOIO BO3Jyxa OCHOBaH Ha MOJISIPHON Jone Yriekucnoro rasa, cocraensioweii 0,000 314. Obwe-
NPVHATO, 4TO B NabopaTopHbIX YCNOBUSIX 3TO 3Ha4YeHne Gonee BbICOKOE, U B OTCYTCTBME HENOCPEACTBEHHbLIX N3MEPEHUN
MOIAPHOW AONM PEKOMEHAYETCA MCNOJb30BaTh 3HaveHne x, = 0,000 4.

OTHOCMTENbHYI0 HEONpeaeNneHHOCTb pacyeTa npuy so_._o_.__uwomm:ss 3TOro ypaBHeHWs oLeHuBaloT B 22 - 1079

F.3 CkopocTb 3ByKa B BO3gyxe

B oTcyTCcTBME gUCNepcun CKOPOCTL 3BYKa ONPEeaensitoT Kak CKOPOCTb 3ByKa Ha HU3kon yactoTe [F.2]:
— 2 2
Cp= dgt ot oyttt (ogt o,lft Qm%v X, +{og+ost+ Qm%v Pyt (ag+ aygt+ Q:%v X opXyw * (F.2)
2 2
*aqgPs * o aqgXe F 0yg Xy Ps Xo
OTHOCUTENbHAas HeonpeaeneHHOCTk pacyeTa CKOPOCTU 3BYKa Ha HU3KOW YacToTe cocTasnseT 3 - 1074,

MpwunmeyaHune— CKOpOCTb 3ByKA HEMHOIO 3aBUCUT OT YaCTOThI U3-3a AUCNepcun B peaynbrate 3pHeKkToB
penakcauum KOMNOHEHTOB BO3ayxa. B yacToTHOM Anana3soHe, COOTBETCTBYIOWEM HACTOSWEMY CTaHAAPTY, BNUsIHWE ANC-
nepcun Ha CKOPOCTb MeHbLLUE, YeM OTHOCUTENbHast HeoNnpeaeeHHOCTb pacyeTa 3HaueHVsi CKOPOCTY 3BYKa Ha HU3KOW Yac-
ToTe (F.2). CkopoCTb 3ByKa Ha 4acToTe M3MEPEHUs MOXET ObITb NOMNyYeHa 13 BolpaxeHusi B cooTBeTcTBum ¢ (F.4)

\H‘IM Oyn

Co Nﬁx.,\:

rae o, wnf, — KoaPULMEHT 3aTyxaHus 1 HacToTa penakcauum,
n — o6o3HavaeT KOMIMOHEHT BO3ayxa (a30T Unu kucropos). 3HaveHnsi 3TuX BennyuH npueeaeHs B [F.6].
3710 ypaBHeHWe MOXeT ObiTb NepenucaHo B Gonee npuemMnemon gopme:

c-a
c=cy[1+ vin
ol Mma?_

rae NpouseBeaeHne ¢ - o, He 3aBMCUT OT CKOPOCTY 3BYKa C.
F.4 OTHOWweHMe yaenbHbIX TENNOEMKOCTEN BO3AyXa
OTHowWeHWe yaernbHbIX TEMNOEMKOCTEN onpeaensioT B cooTBeTcTBUM C (F.2):

K =ogtof+ QNN& + (o + oyl Qmﬂmv X, * (og+ogf+ Qmﬂmv pg ¥ (0g + aqpf + Q:va X, + o:mx_w\+ o:%m t (F.3)

2
* gy Xo ¥ G5 Xy, Ps X
OTHOCMTENbHas HEONPEeAEeNeHHOCTb pacyeTa OTHOLWEHUS yaernbHbIX TENNOEMKOCTEN cocTaBnseT 3,2 - 1074,
F.5 BnaAskocTb BO3gyxa

BsskocTb BO3gyxa onpegensioT B cooTBeTcTBUM C [F.5]:

n=(agto T+, +azT)x,+ ofﬂm+9mx_w\v.\_0|m. (F.4)

F.6 KoaddmumeHT TeMnepaTyponpoBOgHOCTM BO3ayXxa
KoathduuneHT TemnepatyponpoBOAHOCTU BO3AyXa ONpeaensitoT BblPaXKEHNEM:

ka (F.5)

s =
t=5C

p
roe k, = 4186,8 oo + oy T+ a, T2 + (ag + 0y T) X, ] - 1078,
C,=4186,8[0+ o T+ ay T2+ agTo + (oy + 05T+ agT?) X, + (07 + 0T+ 0gT?) x5 ]
F.7 MNpumepsbl

B Tabnuue F.1 npuBeaeHbl 3Ha4UeHUs BENUYKH, yka3aHHbIX B hopmynax F.1—F.5, ans aByx rpynn 3Ha4eHnin BHELL-
HUX ycnoBui. 3HaveHus B Tabnuue NpyMeHUMb! ANsi TECTOBbLIX NPOrpamm, UCMONb3yeMbIX 415 pacyeTa 3TMX BEMNNYWH, U
No3ToOMY pe3ynbTaThl NpuBeaeHs! ¢ 66NbLLMM YNCIOM 3HaYaLLMX Lndp, YeM 3TO HeobBXxoaVMMO B AeNCcTBUTENBbHOCTY. B Tab-
nuue F.2 npuBeaeHbl koadhOULNEHTLI, HEOOXOAUMbIE ANS pacyeTa 3TUX BENUYMH.
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Tabnwuuya F.1— 3HaveHns koapdUUMEHTOB, ykasaHHbix B F.1—F.5, ons AByx rpynn 3Ha4eHUi BHELWHUX YCIIOBUIA

MnotHocTk BO3AYXa p, | CKOPOCTL 3BYKA Cy, QOrHoLEHuE ypiese- BsaskocTk BO3aY- Koadpdpument remne-
BHewwHue ycnosus 3 1 HbIX TEMIoemMKoc- Ma. paTyponpoBoaHOCTU
Kr - M M-C - xan,lla-c 5> 4
Ten « BO3AYyXa o, M- C
t=23°C
ps =101 325Ta 1,186 084 8 345,866 52 1,400 757 3 1,826566-10°| 2,115317-107°
H=50%
T=20°C
ps =80 325Ta 0,944 158 9 344,382 67 1,400 026 6 1,811295-10°| 2,627 024-107°
H=65%
Tabnwuuya F.2—KoathduuneHTsl, ncnonb3yeMble B NONIMHOMAX ANt pacyeTa napaMeTpoB BII2XXHOrO BO3ayxa
YnenbHas
Koadp- [IARNEHME HACHILEH- Koadhdu- Koadhuiment Ozouooju(mmvim OTHOLWEeHne YnenbHas TEMIOEMKOCTE
duum- LIMEHT pac- Ha HU3KOW Yac- ydenbHbIX Ten-|  BaAskocts Tennonpo-
HOro BOOAHOro napa CKUMaemMocCcTn o Nnpu NOCTOAH-
EHTbI LLIMpPeHnA TOTE NOEMKOCTEN BOOHOCTb
HOM AaBneHun
0bo-
3Have- Py, f{pgt) 7 c, K n k, OU
Hue
oy 1,237 8847-107° 1,000 62 | 1,581 23-10°° 331,502 4 1,400 822 84,986 60,054 0,2510625
oy -1,9121316-102 |3,14-108|-2,9331-107% 0,603 055 -1,75-107° 7,0 1,846 -9,252 5%
x 1078
oo 33,937 110 47 56-107 | 1,1043-10710 | —0,000528 -1,73-107 113,157 2,06-10°% | 21334-107
oy -6,343 164 5-10° 5,707 -10°¢ 51,471935 |-0,087 3629 -1 40 -1,004 3 x
x 10710
oy -2,051-107% 0,1495874 |-0,0001665| —3,7501 x | —1,775 % 0,124 77
x 1072 x107%
o5 1,0898-10% | -0,000782 | —326-10° | —-100,015 -2,283-10°°
o -2,376-10% | —1,82-107 | 2,047-10°8 1,267 10~
o 1,83-1071" 3,73-108 | -1,26-101° 0,011 16
ag -0,765-10% | —2,93-10"0 | 5939.10"4 4,61-10°°
0.9 —-85,20931 |-0,1199717 1,74.10°8
oo -0,228 525 |-0,000869 3
atq 5,91-1075 1,979-1078
oy, -2,835149 | -0,01104
913 —2,15-10"% |-3,478.107'°
o 29,179762 0,045 061 6
oy 0,000 486 1,82-10°8

[F.1]
[F.2]

[F.3]

[F.4]
[F.5]

[F.6]
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MpunoxeHne OA
(cnpaBo4Hoe)

CBeaeHUA 0 COOTBETCTBUU CChINOYHbIX MEXAYHapOoAHbIX CTaHAAPTOB HaLMOHallbHbIM CTaHgapTaMm
U gokymeHTam Poccuinckon degepanum

Tao6nwuuya JAA

OB603HaYeHUe CChINOYHOrO CrteneHb 0O603HavYeHne U HAaUMeHOBaHWe COOTBETCTBYIOLLEro HaUUOHANBHOTO
MEXOYHapoOHOro craHpgapra COOTBETCTBUA cTaHgapra
MO3K 61094-1 — *
MNCO/M3K Guide 98-3 IDT «PyKoBOACTBO MO BbIP&KEHWIO HEONPEAENEHHOCTH N3Mepe-
Hus», NapaTtenbcteo M1 BHAWMM wum. O.. MeHgeneesa,
C.-MeTepbypr, 1999 r. (nepeBos ayTEHTUYEH OpUTMHANY)

* COOTBETCTBYIOLWUIN HALUMOHANBHLIV CTaHAapT oTcyTcTByeT. [lo ero yTBepaeHvsi pekoMeHagyeTcsi UCNnonb3oBaTh
nepeBo Ha PYCCKMIM s13bIK AaHHOTO MeXayHapoAHoro ctaHgapTa. MNepeBo 4aHHOro MexayHapoAHoro craHgapra Ha-
xogutcsa B PegepanbHOM rocygapCTBEHHOM YHUTAPHOM npeanpustum «Bcepoccuncknii HayyHo-uccnegoBaTenbCKMm
MHCTUTYT (PUBMKO-TEXHUHECKUX U paanoTeEXHUYecknx uameperuiny (Sryr «BHANDGTPU») — 141570 nfo MeHgeneego,
ConHeuHoropckuii paroH MockoBckol o6rn.

MpwumeyaHne—BHacToswWwen Tabnuue NCNONbL3OBaHO creaytollee ycroBHoe 0603HaYeHne CTeneHn cooTBe-
TCTBUSI CTaHgapTa:
IDT — naeHTUYHbIN cTaHaapT.
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