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Mpeaucnosue

1 NOAINOTOBJIEH BcepoCcuinckum Hay4yHO-UCCNeaoBaTenbCkMM UHCTUTYTOM (DU3UKO-TEXHUYECKUX U
paauotexHuyeckux usmepenmii (Sryrn «BHUMSTPUy) Ha ocHOBE COGCTBEHHOTO NepeBoja Ha PYCCKUM SA3bIK
aAHrNoA3bI4YHOW BEPCUM CTAHAAPTA, YKa3aHHOro B NYHKTE 4

2 BHECEH YnpaBneHuem metponorun deaepanbHOro areHTcrea no TEXHUYECKOMY perynupoBaHUIO
M MeTponorum, TexHU4eckum KOMUTETOM no craHgaptudaumn TK 206 «3TanoHbl U NOBEPOYHLIE CXEMbI»,
MoakomuteTrom MK 206.14 «3TanoHbl U NOBEPOUHHbLIE CXeMbl B 00NACTU 3MEPEHUI akyCTUMECKMX, MApOoaKy-
CTMYECKUX U rMAPOPU3NHECKUX BENUYNHY

3 YTBEPXXIEH W BBEJEH B IENCTBUE Mpukasom deaepanbHOro areHTcTsa No TEXHUYECKOMY pe-
ryrnupoBaHuIO U METPONoruun ot 6 Hosiopst 2015 1. Ne 1706-cT

4 Hacroswui craHgapt naeHTuyeH mexayHapogHomy craHaapty MK 62555:2013 «Ynbrpassyk. U3-
MEepeHne MOLUHOCTU. TepaneBTUYECKUE YILTPa3sBYKOBbIE annapaTtbl U CUCTEMbl BbICOKOW WMHTEHCUBHOCTU
(HITU)» (IEC 62555:2013 «Ultrasonics — Power measurement — High intensity therapeutic ultrasound (HITU)
transducers and systemsy, IDT).

HaumeHoBaHWe HACTOALIEro CTaHAApPTa U3MEHEHO OTHOCUTENbHO HAUMEHOBAHUS YKA3aHHOTO MeXay-
HaApOAHOro cTaHaapTa ans npuseaeHus B coorsercreue ¢ FOCT P 1.5—2012 (nyHkT 3.5).

Mpu NpUMEHEHUN HACTOALLErO CTAHAAPTA PEKOMEHAYETCA UCMONb30BaTh BMECTO CCbINOYHbIX MEXayHa-
POAHBIX CTAHAAPTOB COOTBETCTBYIOLLME UM HALMOHANbHbIE CTAHAAPTLI, CBEAEHUA O KOTOPLIX NPUBEAEHBI B
JONONMHUTENBHOM NpUnoxeHun OA

5 BBEJEH BINEPBbIE
6 NEPEU3OAHME. Maprt 2019 .

lpasuna npumeHeHuUs1 Hacmosweeo cmaxHdapma ycmaHoeneHbl 8 cmambe 26 ®edepanbHo20 3aKoHa
om 29 uroHs 2015 2. Ne 162-03 «O cmanlapmusauyuu e Poccutickoli ®edepayuuy». NHghopmauyust 06 u3-
MEHEHUSX K HacmosweMy cmaHdapmy nybnukyemcs 6 exe200HoMm (o cocmosHuio Ha 1 ssHeapsi meKyuiez0
200a) uHopmayuoHHOM yKkazamene «HayuoHanbHble cmaHfapmbl», a oguyuarnbHbill mekem u3MeHeHull
U 10rpasoK — 8 EXEeMECAYHOM UHGOPMAaUUOHHOM ykasamene «HauuoHanbHbie cmaHOapmbi». B cnyqae
nepecmompa (3aMeHbi) unu OmMeHbl Hacmosuwieeo cmaHfapma coomeemcemeyiouiee ysedomneHue 6ydem
onybnuxkoeaHo 6 bnuxalliem 6billyCKe eXeMeCAYH020 UHDOPMaUUOHHO20 ykasamersa «HayuoHarbHble
cmanOapmbiy. Coomeemcemeyrowjasn uHgpopmayus, yeedoMneHue u mexKcmbsl pasMewjaomes makxe 8 UH-
gopmayuoHHOU cucmeme obue20 none3osaHuss — Ha oguyuanbHoM catime ®@edepanbHo20 azeHmemaa rno
MEeXHUYECKOMY peaynupoeaHuro U Memponoauu 8 cemu UHmepHem (www.gost.ru)

© CraHpaptuHdopm, opopmnenune, 2016, 2019

Hacrosawwmit cTaHgapT He MOXET BbITb NOMHOCTLIO UM YaCTUYHO BOCNPOU3BEAEH, TUPAXAPOBAH U pac-
NPOCTpaHEH B Ka4yecTBe opuumuanbHOro usaaHus 6es paspelueHus degepansHOro areHTCTBa Mo TEXHUYECKO-
MY pPerynmpoBaHuio u METPOSIONH
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HAUWOHANBbHBLIN CTAHOAPT POCCUUCKOW ®PELEPALMUMNU

FocypapcTBeHHas cucTeMa o6ecneyeHUs eQUHCTBA U3MePEHUH
MOLUHOCTb YJIbTPA3BYKA B XXMOKOCTAX

O6wume TpeboBaHUA K METOAUKAM U3MEpPEHUI
TepaneBTUYECKUX Npeobpa3oBaTesiell U CUCTEM BbICOKON MHTEHCUBHOCTU

State system for ensuring the uniformity of measurements.
Ultrasonic power in liquids. General requirements to measurement methods

of therapeutic transducers and systems with high intensity

Dara BBegeHuss — 2016—10—01

1 O6bnactTb NpUMeHeHusA

Hacroawumi ctangapT pacnpocTpaHAaeTcsa Ha METOAUKN U3MEPEHUIA MOLLHOCTU YNbTPa3ByKOBOIO M3ny-
YeHUA TepaneBTUYEeCKnX npe06pa:soBaTene|7| N CUCTEM BbICOKOWN WHTEHCUBHOCTW, B TOM Yucne:

yCTaHaBNMUBAET OOLUME NPUHLMNEI, OTHOCALLIMECS K M3MEPEHNIO MOLLHOCTH YIBTPa3BYKOBbLIX TEPaNeBTU-
4eckux noneii BbICOKoi nHTeHcnsHocTn (HITU)™ npu ncnons30BaHn CUCTEM YPaBHOBELIMBAHUS PAANALIMOH-
HOW CUJIbI, B KOTOPbLIX Nperpaga (MULWEHBb) NepecekaeT u3MepseMoe ynsTpasBykoBO€E None;

paccmaTrpuBaeT KanopumMeTpUYeCcKMin MeToq onpeaeneHns akyCTuyeckonm MOLLHOCTH, U3ny4yaemon ynb-
Tpa3BYKOBbIMM Npeobpa3oBaTensiMu, OCHOBAHHbIN HA U3MEPEHUU TENMOBOr0 PacLUMPEHUSA MULLEHU, 3a-
NONHEHHON XUAKOCTbIO;

ycTaHaBnuBaeT TpeboBaHUA K SNEeKTPUYECKON MOLLHOCTU YNbTPa3BYKOBbIX NpeoGpasoBaTernei;

Jaet pekoMeHAaUuMmu No YCTPaAHEHUIO aKyCTUYECKOW KaBuTaLmu B NPOLIECCe U3MEPEHUIA;

Aaet pekomenaauum no uamepenunio HITU npeoGpasosateneii pa3nuyHon KOHCTPYKLMU U TeOMETPUMN,
B TOM uucne npeobpa3oBareneil ¢ KONNMUMUPOBAHHBIM, PACXOAALLMMCA U CXOAALMMCS NyyKamu, a Takke
MHOIO3MIEMEHTHbIX Npeobpasosarenen;

JAaeT pekomeHaauuu no BeIGopy Haunbonee NOAXOAALLETO METOAA U3MEDPEHWIA;

npeanaraeTr MeTobl OLIEHKM CYMMapHON HEONPEAENEHHOCTU U3MEPEHUA.

Hacrosawumin ctaHaapt npuMeHUM Ana usMepeHnii ynsTpassykoBON MOLLIHOCTU, usnyyaemoin HITU o60-
pyaoBaHuveM B npeaenax go 500 Bt u B yactoTHOM gnana3soHe ot 0,5 go 5 MIy. HITU obopyaoBaHue MOXeT
u3ny4varb CXOASLLUMECS, KONNMUMMUPOBAHHbIE U AaXe pacxoaswmecs nonda. Ha vacrorax Hwke 500 kly atu
MeToAbl He MOryT 06ecneynTb BEPHOCTb PEe3ynbTaTtoB U3MEPEHUH, U NONb30BaTEN0 PeKOMEHAYETCS CaMo-
CTOAITENbHO OLIEHUBATb CBSI3AHHLIE C HUMU HEOMpPEaENeHHOCTH.

Hacroswumi ctaHaapT He NpUMEHUM NS annaparoB ynbTPa3ByKOBOW TEpanuu, NMMTOTPUNTEPOB UMK an-
naparoB, CHUMaIOLLMX 60nb.

2 HopmaTuBHbIE CCbISIKU

B HacrosiLem ctaHaapTe UCNoNb30BaHbl HOPMATUBHBIE CCbINKW HA CrieayloLme MeXayHapoaHble CTaH-
Aaptbl. B cnyyae aatupoBaHHbIX CChINIOK CreAyeT NPUMEHSTL TONbKO yKasdaHHble CTaHAAapTbl, ANA HeaAaTupo-
BaHHbIX CCbINOK — MOCMNEAHEE N3JaHNe CCbIMIOYHOrO CTaHaapTa (BKoyas nodble u3MEeHeHUs).

IEC 61161:2013, Ultrasonics — Power measurement — Radiation force balances and performance
requirements (Ynsrpassyk. iamepeHme MOLHOCTU. CUCTEMbI YPABHOBELLMBAHNA PaanaUUOHHON CUIbl U Tpe-
60BaHUs K UX UCMOSNHEHMIO)

* 3peck 1 farnee Mo TeKCTY HACcTOALLEero cTaHAapTa BhlAeneHUe crioBa U cRoBOCOYETaHUA NONYXUPHbLIM IJJpVICb-
TOM O3HAYaEeT, YTO 3TO CIOBO UMK CITIOBOCOYETaHUE onpeerneHo B pasgene 3 HacToAllero ctaHgapTa.

N3paHue ocpuumnansHoe
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IEC/TR 62781, Ultrasonics — Conditioning of water for ultrasoninc measurements (Ynsrpassyk. KoHgm-
LMOHUPOBAHME BOAbI ANS YNLTPa3BYKOBLIX M3MEPEHUI)

3 TepMmuHbI M onpeaeneHusn

B HacTofLleM cTaHaapTe NpMMEHEeHbl crneayiowmne TEPMUHbI C COOTBETCTBYIOLLMMKU ONpeaeneHUsMu:

3.1 akycTnyeckasn 3(pPexTMBHOCTL 1, OTHOLIEHNE aKyCTUYECKOW BLIXOAHON MOWHOCTU ynbTpa-
3BYKOBOroO npeobpasoBarens K ero 35IeKTpu4eCcKon MOWHOCTH.

3.2 akycTnyeckoe Teyenme: ObbeMHOE nepeMeLleHne XMAKOCTU Noa AeNCTBMEM 3BYKOBOIO Mons
(cm. MOK 61161).

3.3 YyBCTBUTENLHOCTDL K Nnasy4ectu S, H - [hi!: OTHOLIEHNE cunbl NNaBy4ecTy, BO3AEHCTBYIOLEI
Ha pacWwUpPSALWYIOCA MULEHb, K KONMYECTBY NOrNOLLIEHHOW| €10 3HePrun Npu OTCYTCTBUU TENMOBLIX NOTEPb.

MpuMmedaHus

1 370 OTHOLLEHNE MOXET 3aBUCETL OT TEMNepaTypbl.

2 [InA paclumpsiowenca MULLIEHU, MOrpyXeHHON B BOAY, YYBCTBUTENbLHOCTb K NNABYYECTU 3aNONHEHHON XWUa-
KOCTbIO pacLuMpsiiolleiicsl MuLLeHn Hanbonee yao6HO M TOMHO MOXET BbITh onpefeneHa Npu kanubpoBke ¢ NOMOLLBIO
3MeKTpUYecKoro HarpeBaHus (cM. 7.2.9 HacToswwero ctaHaapTa). OHa MOXeT ObiThb Taioke BblMMCNEHa Kak Npon3BefeHue
KoadbchULIMEHTA paclUMpPEeHUs, NNOTHOCTW BOAbLl U YCKOPeHUs1 cBOGOAHOIO NafieHns, HO Ha NpakTUKe 3TO NPUBOAUT K
GonbLUOW HeonpeAeneHHOCTH.

3 B ¢Bsi3n ¢ TeM, YTO BGOMBLUMHCTBO BECOB NOKa3bIBALOT BEC B rpaMMax Ui MUnnurpaMmax, 4yBCTBUTENLHOCTD K
nnaByyecTy yacTo Gonee yao6HO BLIpaXaTh B eANHNLAX, SKBMBANEHTHLIX Macce, Takux, Hanpumep, kak mr - I,

3.4 ko3appuuMeHT paclumpennsa R, M3 - k' OTHOWeHue yBenuueHns o6bLeMa paciuMpaIoWencs
MMLUEHU K KONUYECTBY MOIMNOLLEHHOW €10 3HEPrMn NPU OTCYTCTBUM TEMNNOBbLIX NOTEPb.

M punmMmedyaHne — C onpepeneHHsIMi gonyuweHnAMN HYyBCTBUTEJNIbHOCTL K NnaBy4yecTu 3arnonHeHHOW XuaKo-
CTbtO pacmupmou.l,eﬁcu MULUEHN MOXET OblTb BbIMUCNEHA M3 OTHOLLEHUSI OO BLEMHOMO paclumpeHna XXMAKOCTU K ee 06b-
€MHOW TEeNNOEeMKOCTU. OTO OTHOLLEHWE MOXET 3aBUCETb OT TeMneparypbl.

3.5 pacwupaWAancA MUILEHb: 3aMN0oNMHEHHOE XUAKOCTbIO YCTPONCTBO, cneunanbHo paspaboraHHoe,
4YTOGbI NEPEKPLITH U NOTNOTUTL CYLLECTBEHHO BOMbLUYIO 4acTb YNbTPA3BYKOBOrO NOMA, NOABEPrasch TeM ca-
MbIM TENNOBOMY PacLUMPEHHUIO.

3.6 cBo6oaHOe none: 3BykOBOE MOre B FOMOFEHHON U30TPOMHON cpeae, rpaHnubl KOTOPON OKa3sbiBaloT
npeHebpexumo manoe Bo3aenCTBME Ha 3BYKOBbIE BOMHLI (CM. cnoBapb M3K 60050 (801)).

3.7 yneTpa3sBykoBoOe TepaneBTUYeckoe o6opyaoBaHue BbLICOKOW nHTeHcuBHocTn HITU: OGopyao-
BaHWe AN U3Ny4YeHUs ynsTpa3Byka U BBEAEHUA €r0 B TENO NauMeHTa ¢ nevebHbIMU Lensamu Ans paspyLueHust
UM U3MEHEHUA XXUBLIX TKAHEW UIU ANEMEHTOB BHYTPU HUX (Hanpumep, XXAKOCTEW, Ny3blpbKOB, MUKpOKar-
Cyn) 1 KOTOpPO€E YCUNMBAET fleYEHUE C NOMOLLbIO MEXaHUYECKOTO, TENSIOBOTO, PU3NYECKOTO, XMMUYECKOTO SN
Guoxummnyeckoro adpchekToB ynsTpa3ByKkoBOro sosaencreus (cm. MOK 60601-2-62).

MpuMmevaHusa

1 O6opynoBaHue HITU Bknio4aeT reHepaTop 3NeKTPUYECKOW BLICOKOHACTOTHON MOLUHOCTU U npeobpasosaTent
Ans npeobpa3oBaHUA ANEKTPUYECKOA 3Heprum B ynbTpassyk. B GonblumHcTBe cnyvaeB B 310 06opyaoBaHue BKOHatoT
TaKKe YCTPOINCTBO HaLEenMBaHMA 1 MOHUTOPUHra.

2 Xots o6opyaoBaHue HITU Bbi3biBaeT runeprepmuio B kadectse NobouHoro acdekta, ero He cneayer nytatb ¢
Temu ne4ebHbIMM CpeficTBamMK, KOTOpLIE CONpoBOXAatoTca ropasgo 6onee MefneHHbIM U cnabbiM Harpesom (B obLlem
cny4ae ot 42 go 50 °C 3a uHTepBan BpeMenu ot 0,2 go 120 muH). O6opyaoBaHue HITU 06bl4HO BbI3bIBAET NOBLILLEHWE
TemnepaTypbl 40 3Ha4eHUi, npeBbiatoLux 55 °C u 3a 6onee KOpoTKoe BpeMsi, Takke OHO MOXET Bbi3biBaTb Guonornde-
ckne agppeKTLl HETENSIOBOro Xapakrepa.

3 OTo onpegeneHue He NMPUMEHMMO K yNnbTpasByKoBOMY o6opyaoBaHuio AnA dusnoTepanuu, NUMTOTPUNCUUA W
ycTpovicteam obneryeHus Gonu.

3.8 BO3AeNCTBYIOWAA MOWHOCTL P, BT: YCpeaHeHHan BO BpeMeHU yNnbTPassykoBasi MOLWHOCTb, Npo-
X0AALWan Yepes Kkakylo-nubo 3aaHHyI0 NIOCKOCTb UM NOBEPXHOCTL MOCIE €€ U3NYYeHUs YNbTPa3ByKOBbIM
npeo6pasoBarenemMm B NpubnusutTen,Ho CBOGOAHOM NOne Npu Kakmx-nmbo 3agaHHbIX YCIOBUSIX B KAKOM-
nubo 3agaHHON cpeae, NPeanoYTUTENLHO BOAE.

3.9 MHOrosnemMeHTHbI npeoGpasoBatenb: VICTOUHUK ynbTpasByka, cogepawmi ABa unu Gonee
NPOCTPAHCTBEHHO pasAeneHHbIX yNsTPa3ByKOBbIX NpeoSpasosarens.

2
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MpuMeyvyaHue — B 3TOM KOHTEKCTE OANHOYHBIN MbE30aNEKTPUIECKUil aneMeHT (hasMpoBaHHONM peLIeTku cre-
AYET c4UTaTh YNLTpa3BYKOBLIM NpeobpasoBaTtenem.

3.10 HenuHelHbIe noTepu: MoTEPU SHEPIUM YNBTPA3BYKOBOTO My4Ka, BbI3BAHHbIE NOINOLLEHWeM rap-
MOHWYECKUX COCTaBMAOLLMNX U3-32 IPDEKTOB HENMMHEINHOCTU PacnpOCTPaAHEHUS.

MpumeyaHue— Boblyem cnyyae HeNWHeliHbIe NOTEPU HEOLMHAKOBbI B yIIETPa3BYKOBOM Morle, OHWU BO3HWKaHOT
NPEUMYLLECTBEHHO TaMm, e aMnuTyabl AaBMneHUa Haubonee BLICOKM, Bbi3blBasi TEM caMblM U3MEHeHWs pacnpefeneHus
YNETPa3ByKOBOI 3HEPrUK B rore.

3.11 BbixogHaa MowHOCTL P, BT: YcpeaHeHHasi BO BPEMEHU YNbTPa3BYKOBAs MOLLUHOCTb U3Iy4eHUsA
yrnbTpa3ByKOBOro npeo6pasoBaTterns B YCIOBUSX CBOGOAHOro Nons u B Kakon-nubo onpeaeneHHomn cpe-
e, npegnoytutensHo B Boge (cM. MOK 61161).

3.12 paguaumMoHHas NnpoBOAUMOCTb (M3nydaTtenbHas cnocobHOCTh) G, C: OTHOLWEHUE akyCTUYECKON
BbIXOAHOW MOLUHOCTU K kBagpaTy 3EKTUBHOrO (CpeaHEeKBaapaTUYHOIO) SNEeKTPUHECKOro HanNpPsXXeHUs Ha
Bxofe npeobpasosarens (cM. MOK 61161).

MpumevyaHuns

1 3Ty BENMUNHY UCNOMb3YIOT AN OnpefeneHus napameTpoB NeKTpoaKycTU4ecKoro npeobpasoBaHns yNLTpasBy-
KOBbIX NpeobpasoBarenei.

2 OdpdpekTnBHOE (CpefHeKBagpaTUYHOE) SreKTPUYEcKoe HanpspkeHue (a He MrHOBEHHOE 3Ha4YeHne HanpsXXeHUs,
UMK NMUKOBbLIE 3HAYEHNS) UCTIONB3YHOT MOTOMY, YTO Ha 3TO 3Ha4eHUe ropas/ o MeHbLLUe BISIIOT UCKaXeHUs (popMbl curHana.

3 OTOT TePMUH He SBMAETCA TEM Xe caMbIM, YTO pearnbHas YacTb NpoBOAMMOCTY NpeobpasoBarensi.

3.13 paguaumMoHHaa cuna (aKyctuyeckasa paguauumoHHaa cuna) F, H: YcpeaHeHHas BO BpeMeEHU
cuna, NPUNOXeHHas K Teny npyu BO3AENCTBMU HA HEE YNbTPA3BYKOBOIO MOJISA, 3@ UCKIMIOYEHUEM COCTaBnsio-
LMX, CBA3AHHbIX C aKyCTUY4ECKUMU Te4YeHuamm (cm. MOK 61161).

MpumeyaHune — B 6Gonee obLEM CMbICIe YCPEAHEHHAs BO BPEMEHU cUNa (3@ UCKITIOHEHWEM COCTaBMSAOLLUX,
CBSA3@HHbIX C aKyCTUYECKUMM TEYEHUAMM) B 3BYKOBOM Mone, NPOSBNSIOLLAsACA Ha rpaHuLe pasfena AByX Cpej C pasnuy-
HbIMU aKyCTU4ECKUMU CBOMCTBaMM.

3.14 MuweHb Ana paanauMOHHOW CUrbl: YCTPOWCTBO, CieyuanbHO paspaboTaHHoe Ans CyWeCcTBeH-
HOTO MepeKPbITUA BCETO YNLTPa3BYyKOBOIO NONs U ABnsoLeecs 06bekToM BO3AEHCTBUS HA HETO paAnaLluoH-
HOW CUnbI.

3.15 MMweHb: YCTPOICTBO, cneumanbHo pa3paboTaHHOe Ans CYLLEeCTBEHHOIO NEPEKPbITUSI BCETO Yrb-
Tpa3ByKOBOro Nons.

3.16 anekTpu4eckan MOWHOCTb NpeobpasoBartens P, Br: CkopocTs npeobpa3oBaHus ynkTpasey-
KOBbIM Nnpeo6pa3oBaresieM YCPEAHEHHOW BO BPEMEHWU 3MEKTPUYECKON SHEPruM B SHEPIUIO APYroro Tuna
(06bIYHO B TEMNSIO UMM SHEPIUIO YNLTPA3BYKOBOTO MNONS).

MpumMmedyaHue — OSnekTpuyeckas MOLYHOCTb, OTpaXaeMasi oT NpeoGpa3oBaTens, He CHNTAETCA YacThio AMeK-
TPUYECKOW MOLLHOCTYU Npeo6Gpa3oBarensi.

3.17 ynsTpa3ByKOBON npeoGpa3oBaTerib: YCTPOWCTBO, CnocoOHOe npeobpa3oBbiBaTk 3MEKTpuYe-
CKYIO SHEPIUIO B MEXAHUYECKYIO B YNIbTPA3BYKOBOM AMAMNA30HE YacTOT W/UMM MEXaHUYECKYIO SHEPTUIO B 3MeK-
TPUYECKYIO.

MpuMmedyaHue — YNbTPasBYKOBOK NpeobpasoBaTenb MOXET BKIOUATL COEAUHUTENbHbIE Kabernu 1 KOMMOHEH-
Thl AN AMIEKTPUYECKOTO COrTNacoBaHMs.

4 O603HauYeHus

a — paauyc Kpyrnoro yneTpa3sykoBoro npeobpasoBarens-usnyyarens;

b, b, — nOMOBUHA LIMPUHBI U ANWHbI MPAMOYTONLHOTO YNLTPa3ByKOBOTO npeobpasoBarensa-usny4arens
B HanpaBMneHun X U y COOTBETCTBEHHO (TaK YTO €ro LUNPUHA U ANUHA PaBHbl 2b, 1 2b, cooTser-
CTBEHHO);

B — MW3MEHEHUE CuUIbl NNaBy4eCTH, A4EHCTBYIOWEN Ha PacIIMPAIOILYIOCA MULLEHb, NOTPYKEHHYIO B
cpeay pacnpocTpaHeHus 3Byka (06bI4HO BOAY);

c — CKOpOCTb 3ByKa (0ObIYHO B BOAE);
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reomeTpuyeckne HOKyCHbIE PAaCcCTOAHMA (POKYCUPYIOLLEro yIbTpa3BYKOBOro npeo6pasoBare-
J1S1 B NMIOCKOCTAX X-Z U y-Z COOTBETCTBEHHO;

reomMeTpuyeckoe (pokycHoe pacctosHue hOoKyCMPYIOLLEro yrsTpa3sByKOBOro npeobpasoBare-
ns, U3MEPEHHOE OT U3ny4aloLLEel NoBepxHoOCTH npeobpasosartens, B cnyyae, ecnu d, = dy =d;
06bEMHas TENNOEMKOCTb;

K03hPULMEHT 06 BLEMHOIO paCLLUMPEHUS;

paguMauuoHHas cura, BO3JelCTBYIOLLAS HA MULIEHb B HANpPaBreHUV NagatoLen ynsrpa3ByKo-
BOW BOHBbI;

ycKopeHue ¢cBo60AHOro nageHus;

paguMauMoHHas NPoBOAUMOCTb;

MOMOBUHA AUAroHamNN NPsSIMOYromLHOrO npeoGpasosarerns : hy = (b,2 + by2)1/2;

cpeaHee rapMOHUYECKOE 3HAYEHUI by 1 by: h,=2/(1/b, + 1/by);

BOSTHOBOE YuCno (2n/A);

YacTb SHEPTUM aKyCTUYECKOro TEYEHUA, NEPEKPLIBAEMAA MULLEHbIO;

U3MEHSAIOLLWUIACA BO BPEMEHU BEC MUILIEHU UMN PaCLIMPAIOWENCS MULLEHUN, U3MEPSAEMBI BECa-
MW, Ha KOTOPbIX OHa nogseLueHa (00bIYHO B €4MHNLAX, SKBUBANEHTHbIX MACCe);

BbIXOAHAaA MOLWHOCTb YNETPa3BYKOBOro npeoopasoBaTens;

ArNeKTpUYeCcKas MOLWHOCTbL NpeobpasoBarens;

BO3OENCTBYHOWAA MOWHOCTb (BO3AEHCTBYIOWLAA HA MULWIEHb WM PaCLIMPSAIOWYIOCA MU-
WeHb);

paanyc KpMBU3HbI CHOKYCHPYIOLLErO NpeobpasoBaTens B BUAE CPepn4eckoro CerMeHTa;

KO3 PMLMEHT paclIMpeHUA pacIIUPSAIOWENCH MULLEHU;

HOPMUPOBAHHOE PACCTOSIHME OT YNLTPa3BYKOBOIo npeo6pasosartens (s = zA/a?);
YyBCTBUTENBHOCTL K NSIaBy4Y€CTU PACLUMPAIOWENCA MUILIEHM;

ANUTENBHOCTL 06yYeHus;

paccTosHe MEXAy MUILIEHBIO U U3NYyYaloLLel NOBEPXHOCTLIO YALTPa3BYKOBOro npeobpaso-
BaTens, U3MepeHHOe BA0Mb OCU My4Ka,;

aMNNUTYAHbIA KO3MULUMEHT 3aTyXaHMA NNOCKMX BOMH B cpeae (00bI4HO BOAE);

dhokanbHbie nonyyrnbl (POKYCUPYIOLLErO YNLTPa3BYKOBOro npeodpasoBartensi B MIOCKOCTAX
X-Z W y-Z COOTBETCTBEHHO, B, = arctg(b, /d,), By = arctg(by /dy), ecnu npeobpasoBarenb NNOCKUN
1 (hOKYCHbIE PACCTOSIHUSA OTCUMTaHbI OT NIOCKOI NOBEPXHOCTU Npeobpa3soBarens;

(bokanbHbIN NONYYron Kpyrnoro (hoKycupylowero ynbTpasBykKOBOro npeodpasoBaTtens;
y = arcsin(a/d), ecnu npeobpa3soBarenb cepudeckuint 1 HOKyCHOE pacCTOSiHUE OTCUUTAHO OT
«aHa» cdepuyeckon «yawmy; y = arctg(a/d), ecnu pokycHOe pacCTosiHUe OTCYMTAHO OT MITOCKO-
ctn 0604a aKTUBHOM YaCTU «4aLuM» UIKM ecnu npeobpasoBarenb NIOCKUN;

akycTuyeckan 3(h(ekTMBHOCTL YNLTPa3ByKOBOro npeodpasoBartens;

yron Mexay HanpasneHueM nageHusi ynsTpassykoBOM BOMHbI M HOPMarbiO K NOBEPXHOCTU MMU-
WeHu;

yron Mexzay HanpaBneHMeM NageHus ynbTPasByKkoBOW BOMHbI U OCbIO YYBCTBUTENLHOCTM (00ObIY-
HO BEpTUKaIblO) CUCTEMbI YPABHOBELUMBAHUA (BECOB);

ANVHA yNbTPa3BYKOBOW BOMHbI B cpefie pacnpocTpaHeHus (06bIvHO BOAE);

NNOTHOCTb CpeAbl pacnpocTpaHeHusi (06bIMHO BOAbI).

MpumeyaHune — lMog ynoMmHaeMbiM Bile Anst F 1 © HanpaBneHneM nageHns 3ByKOBOIA BOMHLI MOHUMAIOT B
obLLeM criydae HanpasneHne ocy Nons (nyuka).

5 UsmepeHue mowHocTn HITU o6opyagoBanus

M3amepeHne BbIXOAHOW MOIHOCTH A0CTAaTOMHO 060CHOBAHO ANSA KONNMMMUPOBAHHLIX (M cnabo caoky-
CUPOBAHHbIX UM HEMHOTFO PaCXOASLLMXCA) YNLTPAa3BYKOBbIX NOMEN (Ny4KOB) MOLYHOCTLIO A0 20 BT ¢ ucnonb-
30BaHWEM METOAA ypaBHOBELUMBAHMSA paguMaLMOHHOM cunbl B cootBetcTBun ¢ MOK 61161. CogepxxaHue
pasgena 6 Hacrosilero craHgaprta 6asupyerca Ha nonoxeHuax MOK 61161, ogHaKo B HEr0 BHECEHbI He-
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KOTOpble n3meHeHus, kacaowmecs HITU o6opyaoBanus, reHepupyloLero B 06LWemM cny4ae HeKonnuMmpo-
BaHHbIE NOMA € ropasgo Gonee BbICOKOW BbIXOAHOW MOWHOCTLIO. B M3K 61161 ykasaHo, 4T0 usmepeHus
cneayeT NPOBOAUTL NPU YCTAaHOBKE MMILEHM BO3MOXHO Onuke k npeobpasoBatenio. OgqHako Ans CUMbHO
dokycupyowmx npeobpasoBarenein aT0 He BCerga BO3MOXHO, M ObIBAIOT ciyqau, korga 6onee npaBunbHO
U3MEPATb BO3AEUCTBYIOWYIO MOWHOCTb, KOTOpasi AOCTUraeT Kakoi-nubo onpeaeneHHoi noBepXHOCTH,
pacnono)eHHOW Ha HEKOTOPOM CONMAHOM pPacCTOsiHUM OT npeobpasoBarens (3Ta NOBEPXHOCTb, HANpPUMEp,
MOXET NPeACTaBnATb COOOM KOXY Tena nauueHTa). Takoe CyLLIEeCTBEHHOE pacCTOSAHUE MOXET CTaTb NPU4u-
HOWM 3HAYNTENbHbLIX HEFIMHENHbIX NOTEPL NPU PacnpoCTpaHEeHUU ynbTpasByka B Boage. MMEHHO noaTomy B
HacCTOSALLEM CTaHAapTe B KA4ECTBE NEPBUYHON M3MEPSEMON BENUUYUHBI PACCMATPUBAIOT BO3AENCTBYIOWYIO
MOLIHOCTb, 8 HE BbIXOAHYIO MOWHOCTbL npeobpasoearens. KoHe4YHO, BO3geNCTBYOWAA MOWHOCTb MO-
KET CIY>XUTb OCHOBOM ANs onpeaeneHnsl BbIXOAHOMW MOLWHOCTU NMPU UCMONb30BaHUW COOTBETCTBYIOLLEN MO-
Aenu, BreKyLlen O4HaKo AONOSIHUTESIbHLIE UCTOYHUKU NOrPELUHOCTU (CM. npunoxeHue E). HecMmoTpa Ha TO
YTO METOZ U3MEHEHUSI MMABY4ECTU ONpeAensieT YCPeAHEHHYIO N0 BpEMEHU MOLUHOCTb, BO3E€ICTBYIOLLYIO Ha
MULLEHb 3@ BECb NEPUOZ €€ YNLTPAa3BYKOBOIrO OBNMy4YEeHUsi, METO YPABHOBELUMBAHUA PAAUAUUOHHON CUNbI
OyaeT onpeaensiTe MOLWHOCTb TOMIbKO BO BPEMSI BKMIOYEHUS U BbIKMIOYEHUS BO3DY>AeHns npeobpasosarens.
MonyyeHHbIe NPU BKMIOYEHUU U BbIKITIOYEHMM 3HAYEHUA MOTYT OTNMYaTLCA APYr OT Apyra, U cpeaHee u3 aTux
3Ha4YeHun Heobsi3aTenbHO BGyaeT paBHbIM YCPEAHEHHOW BO BPEMEHM MOLLHOCTU. B 06uiem cnyqae Bpems 06-
nyyYeHns JOIHKHO BbIOMPaTLCA ¢ y4ETOM ONpeAeneHHbIX OrPaHUYEHI AN KaXK40ro yCTPOUCTBA.

6 PagnaunoHHasa cuna, BO3AEeNCTBYIOWasa Ha MUILEHb

6.1 O6GWwMe NnonoxeHus

YpaBHOBELUMBAHWE pagUaLMOHHOM CUMbl CreayeT OCYLIECTBNATb HA MMUILEHM, CBA3AaHHON C CuCTe-
MO ypaBHOBELUMBAHUSA (BeCamMu). YNbTPa3BYyKOBOW NMYYOK AOIDKEH ObiTb HANpaBneH Ha MULLIEHb BEPTUKAMNbHO
BBEPX UMK BHU3 (UM TOPU3OHTANbLHO), U paguauMOHHAA Curla, OKa3biBaloLlas AaBneHne Ha MULIEeHb, [10MK-
Ha ObITb M3MEpPEHa C NOMOLLLIO BECOB. BO3aEHCTBYIOLLYIO YNBTPA3BYKOBYIO MOLLHOCTb CrieAyeT onpeaenuTb
no pasHMLE BECa MMUILEHMU NpU BO3AENCTBUM YNLTPA3BYKOBOro obnyyenus u 6e3 Hero. KanubpoBky BecoB
MOXXHO MPOBECTM C MOMOLLbIO HEGOMNbLLUMX FPY3MKOB C TOYHO M3BECTHON MACCOIA.

MuweHb gomxkHa ObiTb BeIGpaHa Takol, yTobel Hanbonee TOMHO COOTBETCTBOBATL OAHOMY U3 KPaWHUX
cnyvaes, T. €. ObITb MaeanbHbIM OTpaxarenem unu naeansHbIM NOrnoTUTENEM.

[ns nnockon nagaioLLen BOMHbLI aKyCTUYECKYI0 BO3AeUCTBYIOWYI0 MOWHOCTL P; OT yNkTpasBykOBOro
npeobpa3soBaTens Creayer BbIMUCHATL MO COCTaBNAOWEN paauauuOHHON Cunbl F, BO3AENCTBYIOWEN HA
MULUEHb B HANpPaBneHMN pacnpoCTPaHEHUs U3 COOTBETCTBYIOLWMX BbipaXxkeHun (1) nnm (2):

AnA naeansHoil nornowatowen muwenn P;=¢ * F; 1)
AnNA naeansHoii oTpaxarowen Muwenn P;=c * F/ (2 cos20), 2

rae ¢ — CKOpPOCTb 3BYKa B Cpede pacnpocTpaHeHus (06bIMHO B BOAE);
0 — yron mexay HanpaeneHUEM NaAeHWs YLTPA3BYKOBOW BOSHbLI M HOPMATbIO K OTpaXkaloLen NOBEPXHOCTY.

MpnmevyaHue — [og yNnOMUHAEMbIM BhiLLE HanpaBrieHMeM NageHus 3BYKOBOW BONHbI NOHUMaIOT B obLiem
criyyae HarpaeneHue ocu nons (ny4ka).

COOTHOLLEHNE MEXIY paguaLUOHHON CUIION 1 BO3AEUCTBYIOWEN MOWHOCTLIO 3aBUCUT B NpUHUMNe OT
AonyLUeHni 06 nany4aeMomMm Mnone 1 ero B3aMMoAeiCTBUM C MUILEHbLIO U U3MEPUTENbHLIM GakoM. [ns HEKOTOPbIX
HENMOCKNX BONH (HanpuMep, B criy4ae CpoKyCMPOBAHHOIO UMK pacxoaaLLEerocs Ny4koB Mnu Npu OAHOBPEMEHHOM
U3ny4yeHMn MHOXKecCTBa I/ICTO‘-IHVIKOB), cneayer yCraHOBUTDL NMpaBuUiibHOE COOTHOLLEHUE MeXAay panuauuouuoﬁ cnu-
J1011 1 BO3AEUCTBYHOLWE MOLWHOCTLIO. [pu 3TOM CrieayeT OLIEHUTE HEONPEAENEHHOCTL 3HAYEHUSA BO3AENCTRY-
LW MOLWHOCTM 13-32 OTKITOHEHUS YNLTPA3BYKOBOIO NOSIS OT YCHOBUI NAOCKON BOSHBI.

B HeKkoTOpbIX Cry4vasix BO3AENCTBYIOLLME HA MULLEHb aKyCTUYECKUE TeYeHUA MOTyT ObiTb CPaBHUMbI C
pagauaunMoHHOM CUNON. B aTux cnyvasx ans onpeaeneHus BENMYUHLI paanauMoHHON CURbl cneayeT npo-
BECTU KOPPEKTUpyone nsmepeHna ¢ BHeCEHMEM TeopeTUYeCcKnxX Nnonpasok U ¢ NCNONL30BaHUEM NNEHKU
BONM3u MuweHn. COOTBETCTBYIOLLME PEKOMEHAALIMM AaHbl B Npunoxxenun E HacTosiwero ctangapra. Cneay-
€T OLleHUTb HeonpeaeneHHOCTb U3MEepPEHUA BosneﬁcTBylomeﬁ MOWHOCTHU, Bbi3BAHHYIO BNMUAHUEM AKYCTU-
YeCKUX TeYEeHUN.

MpumeyaHue — CooTBeTCTBYyIOWME DOPMYSILI A1 HEKOTOPLIX WAeanU3upoBaHHbLIX NpeobpasoBaTeneii Npo-
CTOW KOH(UrypaLmMu NpuBeAeHbl B NpUnoxexum C.
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Bo3aeicTByOlY0 MOWHOCTL PEKOMEHAYETCA M3MepATb C npeobpasoBarenem, Bo30y>KaaembiM B
peXxume, CXOAHOM C €ro KIMHUYECKUM NPUMEHEHMEM (Hanpumep, B peXXMMe HeNnpepbIBHOW BOMHbI UMW B TO-
HanbHO-UMMNYNbCHOM PEXUME, COrMacoBaHHOM, OHAKO, C BPEMEHEM OTKNMKA CUCTEMbl YPABHOBELLMBAHUS).

Mpu HEOOX0AUMOCTU UCMONbL3OBAHMA PA3NUYHbIX NAPAMETPOB UMNYMNbLCHOIO PEXMMA, YTOObI HEe Aony-
CTUTb NOBPEXAEHUA MMILEHU unu npeobpasoearensi, He00XoaMMO uccnenoBarb 3deKTbl BO3AENCTBUSA HA
BbIXOAHYIO MOLLHOCTb Npeobpa3oBaTtens pa3nuyHbIX TENOBbLIX HArpy3o0K.

Bonee noapobHyio nHopmaLmio 0 TpeOOBaHUAX, U3NOXKEHHBIX B MOCNEAYIOWMX NyHKTaxX pasgena 6,
MOXXHO HanuTK B npunoxxeHum A MOK 61161:2013.

6.2 TpeboBaHusA K 000OPYAOBAHUIO

6.2.1 Tun MULIEHN

6.2.1.1 ObLUMe NoNoXeHus

PekomeHayeTc MCNonbL30BaTh MOMOLLAIOLLYI0 MUWEHb. [IpUMEHEHNE KOHMYECKON OTpaXkaloLen Mu-
LeHn B 00LLEM Cryyae HexenarenbHO, OAHAKO B HEKOTOPbLIX CUTYaLMSIX OHA MOXET 0Ka3aTbCs He06X0AUMOIA.

AKyCTVI‘-IECKVIe CBOWCTBA MULLIEHU AOIMKHbI ObITb U3BECTHbI, YTO BAXXHO ANA NpasunbHOro UCNosib3oBa-
HWUSi COOTHOLLEHUA MEXAY YNbTPa3BYKOBOW MOLLHOCTbIO U PaAUaLMOHHON CUIION (CM. Taloke NpunoxeHue A
MO3K 61161:2013).

6.2.1.2 lNMornowaoLlas MUWIEHb

MornowarwLwas MULIEeHb AO0IMKHA UMETD:

- aMnAUTYOHbIA KO DULMEHT OTpaXKeHUst MeHee 5 %,

- MNOrNOLLEHNEe aKyCTUYECKON SHEPTUU BHYTPU MULLIEHN HE MeHee 98 %.

Onsa n3amepeHuin MOLLHOCTM KONMMMUPOBaHHBIX NpeobpasosaTtenei NornoLwailoLLyio MUILEHb PEKOMEH-
ZlyeTca OpMeHTUpoBaTh NoA HEGOMbLUMM YINOM K OCU CUMMETPUK Npeobpasosarens, 4To6bl MMHUMU3NPOBATL
KOr€pPEeHTHbIE OTPaXKEHUA.

Mornowawowmin Matepuan U KOHCTPYKUUS MULWIEHU AOMKHbI ObiTb BbiOpaHbl TakuM o6pasom, 4UToObI
CHU3UTb PUCK €€ NMOCTENEHHOTO HarpeBa Ui MEXaHUYEeCKOro NOBPEXAEHUA NPU ANUTENLHOM YNBTPa3BYKO-
BOM 00ry4yeHun. BpemeHHble n3MeHeHuss aMnnuTyaHoro KoadppuumeHTa OTpaKeHUA UNKU NOTMOLIEHUS aky-
CTUYECKON SHEPTMM JOIMKHBI ObITb TAKUMM, YTOOLI UX BO3AEICTBME HA U3MEPSEMYIO0 MOLLHOCTb HE NPEeBbILLA-
nu 2 %. B npoTUBHOM Cnyyae crieyet BBOAUTb MOMPaBKHU.

6.2.1.3 OTpaxaloLan MULEHb

AMNIUTYAHBIA KOBMPULMEHT OTPaXKEHUSA OTPAXKAIOLLEH MMILEHM JOIDKEH NpeBbiwaTh 99 %.

CnegyeTt pacCMOTPETb BO3MOXHOCTb OTPaXKEHUSA YacTu ynbTPa3ByKOBOW 3HEPrUKU OT MULLIEHU 0OpaTHO
K npeobpasoBatento u BeibpaTb Takyio popMy MuLIEHM, KoTopasi Obl COOTBETCTBOBaNa reomMeTpuu npeod-
pasoBarens.

B obem cny4ae KOHWYECKas oTpaxaroLlas MUIeHb He NPUroaHa AnsA usMepeHuit poKycMpoBaHHbIX
UnNu pacxosiLLUXCsl My4KOB U €€ HE PEKOMEHAYETCA NMPUMEHATb AN U3MEPEHUSA MOLLHOCTU hOKYCUPYIOLLIUX
UM MHOTO3NEMEHTHbIX NpeoBpasosareneii, unu npeobpasoBareneii ¢ ka < 17,4, noka B 3TOM HET OCTPOW He-
obxoaumocTu. Ecnm xxe 6€3 NCnonb3oBaHUsi KOHUYECKON OTpaXaloLLeil MULLEHU 0BOHTUCH HENb3A, TO cneayeT
OLEHUTb NPaBUNLHOCTb UCMONL3OBAHUSI COOTHOLLEHUS MEXY YNbLTPa3ByKOBOW MOLLHOCTbIO U paguauuoH-
HOWM CUNOWN U CBA3AHHYIO C 3TUM HEONpeaeneHHOCTb.

MpumevaHue — To4yHoe 3HayeHUe paguyca a 3aBMCUT OT pasnuyHbIX obctoaTenscTs. [na npeobpasosare-
nei, NpUMeHAeMbIX Ha NpakTUke, 3To acheKTUBHLIA paauyc npeobpasoBarens. [pu BEIMUCIIEHNAX B NPeANONoXeHUH,
4TO NpeobpasosaTenb — MNOPLUHEBOro TUMA, 3TO 3HAaYEHUE reOMETPUYECKOro paauyca npeobpasoBaTessi.

6.2.2 lnameTp MUWwEHN

Ouametp Muwenun aomkeH ObiTb BONbLUMM HACTONLKO, YTOOLI ynaenueBaTb He MeHee 98 % ynbTpa-
3BYKOBOW 3HEPruu, AOCTUraloLLEN U3MEPUTENBLHOW NMOCKOCTU. POpMynbI ANS OLEHKU TpebyeMoro guameTpa
MMIUEHM NPUBEAEHbI B NPUNOXEHn B HacTosiLero craHaapra.

MpumMeyaHne — [nA onpeaeneHns MMHUManbHOro AUamMeTpa MULLEHU KaKoi-nM6Go KOHKPETHOIN KOHCTPYKLUUK
MOXHO MCMONbL30BaTh U Apyrie MeTOAbI, HanpumMep, MofieNMpPoBaH1e UNW 3MEPEHUSA C NOMOLLbIO TMAPOdOHa.

6.2.3 Cucrema ypaBHOBEIWIMBAHUA PaAVALMOHHON CUnbl/BECbl

CucteMon ypaBHOBELUMBAHUS PAAVALMOHHON CuIlbl MOTYT ObiTb rPAaBUMETPUYECKUE BECHI, U B STOM
cnyyae ynsTpassykoBOW Ny4OK AOIKEH ObITb OPMEHTUPOBAH BEPTUKANBHO. ANLTEPHATUBOW UM MOXET ObITb
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cuUcTeMa C CUNoBoN OBPATHOI CBA3LIO, U TOTAA MYYOK MOXET BbiTh HanpasneH ropuM3oHTansHO. Ecnmn Bech
oTKanuBpoBaHbl B €AUHULIAX MACChI, TO U3rOTOBUTENEM WM CAMUM M0r1b30BATENEM LOMKEH BbiTh 00ecneveH
Ux nepesos B €eUHNLbI CUNbI.

MpuMedaHmne— KanuBpoBKy CUCTEMBI C FOPU3OHTAMBHOI OPUEHTALMEN MyHYKa MOXHO BLIMOSTHUATE C NOMOLLbHO
COOTBETCTBYHOLLEro pbl4a)HOro rIpVICI'IOCO6J'IeHVIF| Ha Becax Unu cneynanbHbIX I/ISJ'IyLIaTeJ'IeVI C U3BECTHOI aKyCTVNeCKOIZ
MOLLHOCTHHO.

Mcnonb3yemble BeCbl AOIMKHbI UMETh CYLLECTBEHHYIO paspeLuatoLLyo CnoCOBHOCTb MO MOLLHOCTU (CM.
Takke npunoxeHne A MOK 61161).

6.2.4 NamepuTenbHbIn 6ak

Mpu ncnonb3oBaHMK OTpaXKaOLLEN MUILIEHW CTEHKU U3MEPUTENBHOIO Gaka AOMKHbI ObITb MNOKPbIThI NO-
rMOLAoLLMM MaTepUanomM Tak, YToObl BUSHUE OTPaXKEHWA OT HUX HA U3MEPSEMYIO MOLLHOCTb HE MPEBbI-
wano 2 %.

6.2.5 YcTpoicTBa noanepXxaHuA MULLIEHU

B koMMneHCcaUMOHHbIX Becax areMeHTbl, MOAAEMKUBAOLLME MUILEHb W NepejaroLle BO3aencTeue pa-
OUAaLMOHHOM CUNbl Yepe3 NOBEPXHOCTb pasfena Boga/Bo3ayx, 40MKHbI ObiTb CKOHCTPYMPOBAHBI Tak, YTOObI
CHU3UTb 3PAEKTHI NOBEPXHOCTHOIO HATSHXKEHMA U U3MEHEHWI NNABYYECTU U3-3a (PNYKTyaLMin YPOBHS BOAHOWM
NMOBEPXHOCTU 0 3HAYEHUIA, HE NpeBbILIAIOLWMX 2 % U3MEPSAEMON MOLLHOCTMU.

6.2.6 YcTaHOBKa npeoGpasoBarens

YCTpOWCTBO ANSA yCTaHOBKM npeobpasoBaTens 4OMKHO obecneynBaTb ero crabunsHoe u BOCNPOU3BO-
AnMoe pasmeLLeHne OTHOCUTENBHO MULIEHU TakuM 06pa3om, UTOObI CBSA3AHHbIE C STUM U3MEHEHUS U3MeEps-
€MOW MOLLHOCTK He npesbiwanu 2 %.

6.2.7 MneHku Ans 3aWUTbl OT aKyCTUYECKMX TEYEHUN

BrnnsiHne akyCTMYeCKUX TeYeHMW Ha MUILIEHb AOMKHO ObiTb YCTPAHEHO C MOMOLLBIO ChneuuanbHOM
MAEHKN UK TaKMM NOCTPOEHUEM MPOLIECCa U3MEPEHUI, YTOObI 3TO BNUSHUE He NpeBbIWano 2 % ot usmepse-
MOW MOLLHOCTH. B NpOTUBHOM Cry4yae B pe3ynsTaTbl USMEPEHUIi HE06X0AUMO BBOAUTL NONPAaBKK.

Mpu ncnonb3oBaHuK MNIEHKK, 3alMLLAIOLLEN OT BMSAHUS aKyCTUYECKNX TeMeHUM, OHA J0ImkHa ObITb
yCTaHoBNEeHa BONM3W MUILIEHU M He ObiTb NapannensHoi NOBEPXHOCTU YrLTPa3BYKOBOIO npeoSpa3oBa-
Tena. KoadhpuumeHT nponyckaHua nNneHkn AomkeH ObiTb M3BECTEH U3 U3MEPEHUN, U €CNU ee BNUsIHME Ha
U3MEpPSAEMYIO MOLLIHOCTb npeBbiwaet 2 %, TO creayeT BBOAUTb COOTBETCTBYIOLLME MOMNPABKU.

MpuMedyaHne — Ha NpakTuke OTKNOHeHUE MIEHKM OT MapannensHOCTM K npeobpasoBarenio Ha BEMUUMHY
oT 5° 10 10° Haxo4AT AOCTATOUHBIM.

6.2.8 AKycTuyeckas cBa3b C npeobpasoBarenem

YneTpa3seykoBoOW npeodpasoBatenb A0IMKEH ObiTb aKyCTMYECKU CBSI3aH C U3MEPUTENbHLIM YCTPOIi-
CTBOM TaK, 4ToObl NOTEPU B M3MEPSIEMOI MOLLHOCTU He npeBbilani 2 %. B npoTMBHOM crnyyae crielyet BBO-
AuUTb nonpasku (CM. Takxke npunoxenHne A MOK 61161).

6.2.9 Kanu6poBka 1 cTabunbHOCTb pe3ynLTaToB

Cucrema ypaBHOBELUMBAHWUS paguauUOHHOM CUTbI A0MMKHA ObITh OTKANUMOpOBaHa kak npubop Ana us-
MEPEHUA CUIbl C NOMOLLLIO HEBOSbLLMX rPY3UKOB U3BECTHOW Macehbl.

MN3meHeHune 4yBCTBUTENbHOCTU CUCTEMbI YPABHOBELLMBAHUS PAAUALIMOHHON CUITbI MO YNLTPA3BYKOBOW
MOLLHOCTU CneayeT NPOBEPATL NPU NOMOLLM YNLTPA3BYKOBOIO U3NyyaTensa ¢ U3BECTHOW BbIXOAHOW MOIHO-
cTb10. Takyio NpoBEPKY NPOBOAAT €XerofHo unu 6onee 4acTo, eCnm eCTb NOAO3PEHUS, UTO STa YYBCTBUTESb-
HOCTb U3MEHUNACh.

n punmMme4yaHne — l'|yBCTBI/ITeJ1I:HOC'TI: no yﬂpraaByKOBOﬁ MOLLIHOCTU MOXET U3MEHUTLCA U3-3a Aerpajauuu
MaTepuana MULLIEeHU BCneacTBuUe TennoBbIX UMK KaBUTAUWUOHHBIX BO3JeNCTBUNA.

6.3 Tpe6GoBaHUA K YCNIOBUAM M3MepeHuin

6.3.1 PacnonoxeHne MUIWLIEHU OTHOCUTENBHO OCH NyyKa

MonepeyHoe NONOXXEHWe MUILIEHN OTHOCUTENbHO OCU My4ykKa AOMKHO OCTaBaTbCs MOCTOSHHHLIM B NPO-
Lecce n3MepeHuin u BOCNPOM3BOAMMbIM HACTONbKO, YTODObI BNIUSIHUE CMELLEHUI He npeBbiwano 2 % oT us-
MepseMon MOLLIHOCTU.
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6.3.2 PaccTosHue Mexay npeoSpasoBaresieM U MULLEHbIO

PaccrosHus mexay NOBEPXHOCTLIO YIETPAa3BYKOBOIO Npeodpa3osarens  MULIEHLIO NN MNEHKON
(Npn ee NCnonbL30BaHUM) U MUILEHBIO AOIKHBLI ObiTh M3BECTHLI U BOCNPOU3BOAUMBI HACTONLKO, YTOGLI BO3-
MOXXHbIE U3MEHEHUS1 U3MEPSEMOI MOLLIHOCTH He npesbiany 2 %.

6.3.3 Bona

B cucremax ypaBHOBELUMBAHUSI PagMALMOHHOM CUIMbI B Ka4eCTBE WU3MEPUTENbHOW Cpeabl AOMmMKHA
ObITb UCMONb30BaHa BoAA.

MNpu n3smMepeHuu 3HayeHui BbIXOQHOW MOLLHOCTH, Npesbiwaowmx 1 BT, cnegyer NnpMMeHATb TONbKO Ae-
rasupoBaHHyto Bogy. [lerasmupoBaHune BoAbl AOIMKHO ObITh XOPOLLO OTAAXEHHbIM NPOLIECCOM, KaK 3TO U3NOoXe-
Ho B M3K 62781. Boga aomkHa ObiTb Aera3supoBaHa HACTONbKO, YTOObI UCKMIOUMTL 06pasoBaHMe BUAUMbIX
ny3bIPEKOB BO3JyXa Kak B BOAE, TAK U HA MOBEPXHOCTSIX MMLIEHU u npeobpasosatens. PesynbraTtbl usmepe-
HWUI HE NMPU3HAIOT, €CNK NPU UX NPOBEAEHUM HAbNAanUChL kakue-nubo Ny3bipbku Bo3ayxa. PekomeHayeTcs,
4yTOOLI KONUYECTBO PACTBOPEHHOIO ra3a B BOAE HE NpeBbLILLIANo 2 MI/N B NPOLECCE BCEX U3MEPEHUIA, a B He-
KOTOPbIX CRY4asxX U MEHbLLE.

Mcnonb3oBaHue aerasmpoBaHHON BOAbI CrieAyeT PEKOMEHAO0BAaTh Talke U NpU U3MEPEHUN BbIXOQHOWN
MOLWHOCTU HKe 1 BT. B HacbILWEHHO rasoM BoAe Ny3bIPbKU BO3AYyXa MOTYT MOSABMATLCA HA NOBEPXHOCTAX
npu NOBbILLEHUN TemnepaTtypbl BoAbl. OBpa3oBaHue My3bipbKOB MOXET Bbi3biBaTh M YNbTPA3BYK MOLUHOCTbLIO
MeHbLue 1 BT, ecnu nonepeyHas nnow@aab nyyka AOCTaTOMHO Mana. B CBA3M ¢ 3TUM pekOMEHAYeTCa npoBe-
PATb HaNM4YMe Ny3biPbKOB Ha NOBEPXHOCTAX NPeobpa3oBaTens U MULLIEHU KaK A0 M3MEPEHUN, TAK U BO BPEMSA
UX NPOBEAEHUS, a TaKKe MO OKOHYAHUK KaXKAO0ro U3MEPEHUSI.

MpumeyaHus

1 YpoBeHb rasocogepxanus, TpebyeMblil ns obpa3oBaHUA Ny3bipbkoB, ByAeT 3aBUCETb OT MHOMMX (PakTopos,
BKITIOYasA 4acTOTy aKyCTUYECKOro BO3AENCTBMA W MaKCUMYyM aKyCTUHMEeCKOro AaBneHWs paspexeHus. MaMeHeHua wnu
ryKTyauus pagmaumMoHHO| CUnbl MOryT CBUIETeNbLCTBOBaTL 06 06pasoBaHUK Ny3blPLKOB.

2 MeTogkl XuMuYeckoli fierasauum (Hanpumep, npu npumeHeHnn Na,SO5), KOTopble yaansiioT U3 BOAbI TOMLKO OAUH
UMK HECKOMNBKO ra30o6pasHbiX KOMMNOHEHTOB, He NPUBOAAT K MONOXMTENbHLIM pesynbtatam anst HITU noneit. Ucnonb-
3o0BaHue Boree obLyMX METOAOB AerasaLny U KOHTPOIb 3a cofjepxaHuem kucnopoaa obecneunBaloT Bonee HagexHoe
noAfepxaHune Ka4ecTea Bofbl.

3 dunsTpaumsa BoAabl MOXET MOMOYb YCTPaHUTb UM CHU3UTL BAUSIHUE KaBUTALMK, TaK Kak OHa YAANAET YacTUYKK
npumecei, KOTopble MOTyT ABMATECA SAPaMU BO3HUKHOBEHUSI KaBUTALMOHHbBIX Ny3bIPbKOB.

6.3.4 KoHTaKkT Cc BOOOM

Mepen Hayanom naMepeHuii cneayet ybeauTbesl, YTO BCE BO3AYLUHbIE MY3bIPbKU yAaneHbl C aKTUBHBIX
nosepxHocTeit. o 3aBepLUEHUM N3MEPEHUI CneayeT BHOBb OCMOTPETb 3TU NOBEPXHOCTU. Ecnn Ha HuX ByayT
0BHapyeHbl BO3AYLUHLIE NY3bIPbKK, TO PE3YNLTaThl UBMEPEHUI CreAYET NPU3HATb HEKOPPEKTHBLIMMU.

6.3.5 YcnoBusA okpyxarouien cpeabl

M3amepuTenbHoe yCTPOMCTBO AOMMKHO MMETL XOPOLLYIO TENSIOBYIO M30MNSALMIO, UNM CaM NPOLECC U3Mepe-
HUS, BKIIOYAIOWMUIA MHAMKALIMIO U COXPAHEHWE PEe3ynbTaTtoB, AOMMKEH ObITb TakuM, YTOObI BAMSIHUE TENMOBOIO
apenda u Apyrux BO3MyLLEHUI BO BPEMS UBMEPEHUI HE BHOCUNO CYLLIECTBEHHbIX U3MeHeHuIt (Gonee 2 %) B
U3MEPAEMYI0 MOLLHOCTb.

N3mepuTenbHOE YCTPOWCTBO AOIMKHO ObITh 3aLUMLLEHO OT BUOpaLMii U BO3AYLUHbLIX NOTOKOB, KOTOPbIE
Mornu Gbl BbI3BaTb MCKAXKEHUE NOKA3aHUIA M3MepsieMOi MOLLHOCTU Bonee yeM Ha 2 %.

6.3.6 TennoBomn apeid

Mpu ucnonb3oBaHWM NOrNOLUAIOLLENA MUIIEHU cCrneayeT OUEeHUTb BRUSHUE TennosbiX 3adhdeKToB,
CBA3AHHbLIX C NOrNOLWEHNEM €10 3BYKOBOW SHEPIMM U U3MEHEHUEM NMNaByyeCTu B pesynbrate ee pacuu-
peHus. 3Ta oueHka AOMmkHA ObiTb cAenaHa nyTeM CpaBHEHUA U3MEpSeMoro curHana (oTcyeta BecoOB)
Kak A0 BKIIOYEHUA HaNpshkeHus BO3DYXAeHus ynbLTPa3ByKOBOro npeotpasoBatens, Tak U nocne ero
BbIKJIIOYEHUSA.

6.4 HeonpepgeneHHOCTb pe3ynbTaToOB M3MEPEHUI

6.4.1 O6uwue nonoxeHnsa

CyMMapHYIO HeonpeaeneHHOCTb pe3ynbTaTtoB M3MEPEHUN crielyeT OLEHMBATb ANSA KaXaoro usmepu-
TENbLHOrO yCTPOWCTBa B COOTBETCTBUM C PykoBoacTBoMm MCO [5]. Takaa oueHka gomkHa BKNOYaTh paccMmo-
TPEHHbIE HUXE COCTaBRAIOLUE.
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6.4.2 HecooTrBeTCTBME NIIOCKOBOSIHOBOMY NMPUONKEHUIO

CnepyeT OLEHUTb HEONMPEAENEHHOCTb PE3ynbTaTOB U3MEPEHUA BO3AEMCTBYIOWEl MOIHOCTH, CBSl-
3aHHYIO C OTKITOHEHMEM CTPYKTYpPbl NOMA OT MIIOCKOBONHOBOIO NpubnuxeHus. Moka He NpeanoXeHo nyJyllen
OLIEHKM, 3Ty HeonpeaeneHHOCTb PEKOMEHAYETCA OLUeHMBaTh Kak 50 % pa3HOCTH BO3AeUCTBYIOWEN MOLHO-
CcTH (BbIYUCINEHHOW, HANPUMEpP, B COOTBETCTBUM C NPUIoXeHuem C) n 3Ha4E€HMEM, NONyYEHHbIM U3 BblpaXe-
Hui (1) unu (2) Ans NNOCKOBOMHOBOIO NPUONMXKEHUS.

6.4.3 Cuctema ypaBHOBeLIMBaHUS C YCTPOMCTBOM noaBeca MULIEHU

CucteMy ypaBHOBELLMBAHUSA CneayeT NpoBepsATb UMM KanubpoeaTb C NOMOLLbIO HEGONbLLUMX FPY3UKOB
M3BECTHOW MAacCbl B MOSTHOCTbIO COOPAHHOM COCTOSIHUM, NPUFOAHOM ANSA NPOBEAEHUS U3MEpEeHUn paguaLu-
OHHOM CUNbI, B TOM YUCIE U C NOABELUEHHON MUILEHbIO.

3Ty npoueaypy crneayer NOBTOPATb HECKOMbKO pPa3 C KaXbIiM FPY3NKOM AN TOro, YToObl NONYYUTb CRy-
yaiHbIii pasdpoc pe3ynsratoB. OLIEHKY HEONpeAeneHHOCTU KanubpoBoYHOro KoaduumeHTa cnegyer Haxo-
AUTb NO pe3ynsratam KanubpoBKU U C YHETOM HEONMPEAENEHHOCTU 3HAYEHUA MACChl NCNOJSb3YEMbIX IPY3UKOB.

Pesynbrarbl Takux NPOBEPOK CrEAYeT COXPaHSATb, UTOObI 06ecnevnTb OLUEHKY AONrOBPEMEHHON CTa-
BMNbLHOCTU KanNMOPOBOYHOTO KO3(pULMEHTA.

6.4.4 JIuHeHOCTBb M pa3pewanowwas cnocobHOCTbL CUCTEMbI YPABHOBEWIMBAHUA

JIMHeHOCTb CUCTEeMbl YpaBHOBELLMBAHUA CrelyeT NPOBEPSATL HE pexe 1 pa3a B WeCTb MecAUeB, UC-
nonb3ys cneayoLime npoueaypsl.

M3mepeHus, ykasaHHble B 6.4.3, cneqyeT NpoBOAUTL HE MEHEE YeM C 3 rpy3ukaMu pasnu4HoOn Maccobl
B TpebyeMOM AMHAMUYECKOM AMana3oHe CUCTEMbl ypaBHOBELLMBAHUA. OTCYET pe3ynbraToB B3BELUMBAHUA B
3aBUCMMOCTM OT MacChl FPY3UKOB MOXET ObiTb NpeAcTaBneH rpauyecky, Kak 9T0 NOKasaHO Ha pUCYHke 1.
Touku ¢ pesynsrataMu Ha 9TOM rpaduke B uaearne AOMKHbI pacnonaratbCa Ha NPAMoN NMHUK, NPOX0oAALLEN
yepes Hauyano koopauHar. Ecnu umerorca kakme-nmbo OTKIIOHEHUS OT NPAMON NUHUK, TO UX CNEAYET paccma-
TPUBATb K&K UCTOYHUK AONOMHUTENBHON HEONPEAENEHHOCTH.

B ¢cBs3u C TPyAHOCTSIMU OBpaLLEHUs C rPYy3UKaMu, Macca KOTOPbIX MeHbLLE 10 M, MMHERHOCTb CUCTEMBI
MOXHO MPOBEPUTL C MOMOLLLIO YNBTPA3BYKOBOIO nNpeodpasoBaTenst ¢ U3BECTHLIMU XapakTePUCTUKaMM,
BO30y)Xaas ero HanpspkeHuem pasnuyHOn aMmnnuTyAbl U CO34aBas TeM CaMbiM paguaLVNOHHYHO CURY pas-
TNIMYHOTO YPOBHS. B aTOM cnyyae aprymeHToM, npeactaBneHHbiM abcumccomn Ha pucyHke 1, 6yaet BbixogHan
MOLLHOCTb NpeoGpasoBarens, HeonpeaeneHHOCTb BOCNPOU3BEASHUA KOTOPOU Toxe He0OX0AUMO YYECTb.

OrpaHu4yeHusi B paspeLuaroLleri CnocobHOCTU CUCTEMbI YPABHOBELLMBAHUSA TOXE ABMAIOTCA UCTOYHU-
KOM HeonpeaeneHHOCTU U3MEPEHUs1 MOLLHOCTU, U €r0 BKNaa B CyMMApHYIO HEONpPeaAEneHHOCTb He0BX0AMMO
YYeCTb.

OTcueT BecoB

BxoaHaa BenunyunHa

PucyHok 1 — MpoBepka NuMHeHOCTU OTCHETa BECOB KakK (hyHKLUMWN BXOAHOR BENIMYMHbI

MpuMevyaHUe — ECIUIMHEAHOCTL NPOBEPSIOT C NOMOLBIO HEGONBLUNX rPY3NUKOB M3BECTHOI Macchl, To BXOA-
HOW BErMYMHON SBMAETCS Macca UCNOMNb3yeMbIX rPY3UKoB. ECN SIMHEHOCTL NPOBEPSIIOT NPUIOXEHUEM PaaNnaLMOHHON
CUnbl NyyKa, U3/Ty4aeMoro ynbTpa3ByKoBbIM Npeobpa3oBaTenem ¢ N3BECTHLIMW XapakTepucTUKaMu, TO BXOAHOW Be-
NNYMHOI SBNSIETCA BbIXOAHAA MOWHOCTL NpeobpasoBaTtens.
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6.4.5 SkcTpanonAumna K MOMEHTY BKITIOMEeHUA YNbTPa3sByKOBOIo npeoGpasopaTtens

UYr06bl NONYUUTL 3HAYEHME PAAMALMOHHONM CUAbI NPU UCNOMBE30BAHUU SMEKTPOHHLIX BECOB, BLIXOAHOM
CUIHan C BECOB 00bIYHO 3aMUCLIBAIOT B BUAE (hYHKLMW OT BPEMEHU U SKCTPAMNONMPYIOT €10 HA3az K MOMEHTY BKIHO-
YeHUs1 YNLTPa3ByKOBOro npeoGpasoBartens. Takas 9KCTPaNONAUMS COAEPHUT UCTOYHUK HEONPEAEneHHOCTH,
3aBUCALLMIA B OCHOBHOM OT pa3GpOoCOB BLIXOAHOMO CMrHana, onpeaensieMbiX OTHOLEHMEM curHan/wym. He-
onpeseneHHoCTb AKCTPaNonAUMK cneayet OUeHUTL NOCPEACTBOM CTaHAAPTHLIX MaTeMaTMYECKUX npoueayp
NpW UCNOMbL30BaHMK aNTOPUTMA PETPECCUN.

6.4.6 HecoBepweHCTBO MULIEHN

BnusiHne HecoBepLUEHCTBA MULLIEHW HEOOX0AMMO OLEHWBATbL, UCMONb3YA NAIOCKOBONMHOBOE NPUOnMXe-
HUE, KaK 3TO yKkasaHo B npunoxenun A MOK 61161:2013.

OueHKy HeonpeaerieHHOCTU U3-3a USMEHEHWUI CBOWCTB MULLIEHM crieayeT onpeaensThb No pesynsratam
uccneaoBaHuii CTabunbHOCTU C NOMOLLBIO U3Ny4YaTensa ¢ M3BECTHOW MOLLHOCTLIO B COOTBETCTBUM € 6.2.9. Pe-
3ynbTaThbl TakUX NPOBEPOK CreayeT COXpaHATb, YToGbl 06ecneunTb OLEHKY JONrOBPEMEHHON CTaBUNbHOCTU
YYBCTBUTENbHOCTM CUCTEMbI K YNbTPa3BYKOBOW MOLLIHOCTU.

6.4.7 FleomeTpuA oTpaxawuein MUILIEHN

Cnegyer OLEHUTb U Y4eCTb B CYMMapHON HEONPEAENEHHOCTU CUCTEMbI BIMSIHUE FTEOMETPUMN OTpakalo-
wen MULWIEHN.

6.4.8 BokoBble NOrMOTUTENN NPU UCNONb3OBAHMU OTpaXalolWen MULIEHN

Cneayert OLEHUTb U Y4E€CTb B CYMMapHOMN HEONPEAENIEHHOCTU CUCTEMbI HECOBEPLUEHCTBA BOKOBBIX NO-
rnoTutenemn AnNA M3MEPEHUN ¢ OTPaXaloLein MULIEHbIO.

6.4.9 HeCOOCHOCTb MULIEHN

Cneayet OLEHUTb U YHECTb B CyMMApPHOI HEONPEAENeHHOCTM CUCTEMbI HECOOCHOCTb MULLIEHU OTHOCH-
TENbHO YNLTPa3BYKOBOTO Npeo6Gpasoparens.

6.4.10 OpueHTaumAa ynsTPa3BYKOBOro npeobpasoBarens

Cnegyet OLEeHUTb U Y4eCTb B CyMMapHON HEONPEeAENEeHHOCTU CUCTEMbI HENPABUNbHOE OTHOCUTENbLHOE
pacnosnoxeHne ynsTpasBykoBoro npeoSpasoBarens (CMm. npunoxenue A MOK 61161:2013).

6.4.11 TemnepaTtypa BoAbl

CrefyeT OLEHUTb 1 y4€CTb B CyMMapHOM HeonpeaeneHHOCTU CUCTEMbI HEONPEAENEeHHOCTb, CBA3aHHYIO
€ Temnepartypoii Boabl (cMm. npunoxenne A MOK 61161:2013).

6.4.12 3aTyxaHue ynbrpa3sByKa U akyCTUYeCcKue TeyeHus

CneayeT OLEHUTb U YYECTb B CyMMapHOW HeonpeaeneHHOCTU CUCTEMbl HEONPEAENEeHHOCTb, CBA3aHHYIO
C 3aTyxaHueM yrbsTpasByka U akyCTU4eCKUMU Te4eHuamu (oM. npunoxenne A MK 61161:2013).

6.4.13 CBoOlicTBa NSIEHKN

Mpu NPUMEHEHUN NIEHKK ANA aKkyCTUYECKON CBA3U UK ANA 9KPAHWPOBAHUSA OT aKyCTUYECKUX TeYeHUMN
HeoB6x0aMMO U3MEPUTE UITU OLEHUTL NOTEPU YNLTPA3BYKa HA €€ NPOXOXAEHUE, YY4eCTb 3TU NOTEPH, a TaKkKe
BNUSIHUE OTPaXKEHUI OT Hee Ha yNbTPa3BYKOBON NpeoGpasoBartesib. 31U ahDeEKTbI ABMAOTCA UCTOMHUKAMU
HeonpeaeneHHOCTU, KaXablil U3 HUX cneayeT OUeHUTb U Y4eCTb B CyMMapHOW HEONPEAENeHHOCTU CUCTEMBI.

6.4.14 KoHeuyHble pa3Mmepbl MULIEHN

CnefyeT OLEHWUTb M y4€CTb B CYMMAaPHOW HEONPEAENeHHOCTU CUCTEMbI BIIUSIHUE KOHEYHOCTU pasMepa
MULIeHU (cM. npunoxenne A MK 61161:2013).

6.4.15 BnuaHue ycnosuit okpyxarouwen cpeabl

Cnenyert OLEHUTb U y4eCTb B CYMMapHON HEONPeAEeneHHOCTU CUCTEMbI BIIMSAHUE BUOPaLIMiA, BO3AYLUHbIX
NMOTOKOB ¥ U3MEHEHMA TeMnepaTypbl (CM. npunoxeHue A M3K 61161:2013).

6.4.16 3amepeHue HanNpPAXeHUA BO3OYXAEHNS

Ecnu usmMepsiloT HanpshkeHue BO30YXaeHUs ynbTPasBYKOBOrO npeoGpasoBaTerisi U €r0 3HauyeHue
BNUSIET HA pe3ynbTaTbl U3MEPEHNA MOLLIHOCTHU, TO HEONPEAENEeHHOCTb U3MEPEHUIA HANPSDKEHUS CneayeT oue-
HWUTb U Y4E€CTb B CyMMAapHOW HEONPEAENeHHOCTU CUCTEMBI (CM. npunoxenue A MOK 61161:2013).

6.4.17 Temnepartypa ynbTpa3sByKOBOro npeotpasoBarens

Mpu HeoBXOAMMOCTU CPaBHEHUSA 3HAYEHUIA YNbTPA3BYKOBOW MOLLHOCTM, U3MEPEHHBIX NPU PasfYHbIX
Temneparypax, crneayeT onpeaenuTe 3aBUCUMOCTb BbIXOAHOW MOLLHOCTU Npeobpa3oBarens oT Temneparypbl
M y4eCTb 3Ty 3aBUCUMOCTb NPU BLIMUCAEHNU PE3YNLTaToB (CM. npunoxenue A MOK 61161).
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6.4.18 HennHenHocTb

Mpu HeoBXx0ANMOCTU CneayeT OLEHUTb U YY4eCTb B CYMMapHOW HEONpPeaAEeneHHOCTU CUCTEMbI NOTEeHLU-
anesHoe BRnusiHne Takux achdrekToB, Kak:

a) NUHEeRHOCTb CUCTEMBI YPaBHOBELUMBAHUS] BMECTE C NOABECKOW MMILEHMH;

b) HenuHenHble 3 dEKTHI N3-3a HEAOCTATOUHOW Aerasauumn BoAbl;

C) 3aTyxaHue ynbTpa3Byka U akyCTUMECKOE TEUEHUE;

d) HecoBepLUEHCTBO TEOPETUYECKUX COOTHOLLEHUI AN paguauMOHHON CUNbI

(cMm. npunoxexnne A MOK 61161:2013).

6.4.19 [ipyrue NCTOMHUKMN HEONPEAENIEHHOCTH

CrieayeT nepuoau4ecku KOHTPONMPOBAaTh, HE NOSIBASIIOTCS NU Kakne-nMbo Apyrue MCTOUHUKMN Crly4anHo-
ro pasbpoca nokasaHui, BUSIIOLLME HA CYMMAapPHYIO HeonpeAeneHHOCTb uamepeHui (cM. npunoxenue A MK
61161).

6.5 BbluncneHue BbIXOAHOW MOLHOCTU

Ecnu TpebyeTcs 3HaTh BbIXOAHYI0 MOWHOCTb, TO €€ CriefyeT ONpeaensTb No 3HaYeHUsiIM BO3Aen-
CTBYHOLE MOWHOCTHU C Y4ETOM 3(P(DEKTOB 3aTyXaHUsl, HENIMHEHHbIX NOTEPb U AKYCTUYECKUX TeYeHUH
MpY NPOXOXAEHUM YNETPasByka Yepes Boay OT npeobpasoBarensi 40 MULIEHHN.

MpuMedyaHue — 3aMETUM, YTO OTHOLLIEHUE BbIXOAHOI MOLUHOCTM K BO3AEHCTBYIOLWEi MOLHOCTH B 06LLEM
crnyyae GyfeT 3aBUCETb OT PACCTOSHMUSA, YacTOTH M reOMETPUM MULLEHM. [pU HArNIMYMK HENWHERAHOCTM pacnpoCTpaHeHNs
OHo GyfeT 3aBUCETh TakKe OT HanpshkeHUs Bo3ByxaeHUsi npeobpasoBatens. Borlee KOHKPETHLIE yKasaHUsl MpUBELEHLI B
npunoxeHun E HacTosiLero cTaHaapra.

7 3meHeHue nnaByvyecTn MULLIEHN

7.1 O6wWwKe nonoxeHnus

Metoa pacwwumpenus [6], [7] peanusyloT Nnpu U3MEPEHUN U3MEHEHUS NNABYYECTM PACLIMPAIOWENCA
MULLEHU, BbI3BAHHOTO TEMMOBLIM PACLLUMPEHUEM XMAKOCTU, HAXOAALLENCA BHYTPU MULLIEHU, NOABELUEHHON B
cocyae ¢ BoAow. MiameHeHne obbema nponopUMoHanbHO BO3AENCTBYIOLLEN SHEPIUU U HE 3aBUCUT OT (hoKy-
CWUPOBKM MNOMA UMK yrna nageHus.

Cucrtema ypaBHOBELUMBAHWUSA AOMKHA COAEpXKaTbh PacMUMpPSAIOWYCA MULLIEHb, NOABELUEHHYIO HA Be-
cax, YyBCTBUTENMbHBIX K BEPTUKANbHLIM Harpy3kamM. YnNeTpasBykOBOM Ny4OK AOMKeH ObITb HAanpaeneH Ha pac-
WMPAOWYIOCA MUILIEHb YEpe3 e BXOAHOE OKHO, 8 U3MEHEHUe ee NraByyecTu JOMKHO ObITb U3MEPEHO C
MOMOLLbIO BECOB.

MpuMedyaHue — [pu UCMONB3OBAHUM MPABUTALMOHHLIX BECOB MOXET OKasaTbesl YA0BHBIM OpUeHTUPOBaTh
npeoGpasoBaTefb Tak, YToBbl OH Warnydan BEpTUKaNbHO BBEPX UM BHU3, 3TO OfHOBPEMEHHbIE MAMEPEHNS pagnaLMoH-
HOIi CUIbI U TENMOBOrO PacLMpeHUs.

YcpeaHEHHYIO BO BpEMEHU BO3AEHCTBYIOWYH MOWHOCTb CrieAyeT Onpeaensitb, MCNOSb3ys BblpaXe-
Hue

1
P=—2,
&k ©

roe S — YyBCTBUTESILHOCTD K NIaBy4ecTy;
B — n3MeHeHue BbiTankueatoLLen cunbl (nnaBy4ecti);
fy — ANUTENLHOCTL 06NyYeHns.

B HEKOTOPbIX Cry4Yasx Cunbl, 4ENCTBYIOLLME HA MULLEHb B Pe3ynbLTaTe akyCTUYECKUX TeYEeHUIA, MOoryT
6bITb CPaBHUMBI C 3EKTaMU U3MEHEHUS ee MnaByvecTu. s onpeaenieHns BENUYUHLI UBMEHEHUA nna-
BY4ECTM HEOBXOAMMO MPOBECTU KOPPEKTUPYIOLLWE U3MEPEHUA, NpeayCcMaTpuBaloLLme TEOPETUYECKUIN YYeT
nonpaBoK MMM UCNONbL30BaHWE SKPAHMPYIOLLEN NINEHKM BONM3M MUIEeHU. PeKOMeHaumMm No STOW METOAUKE
JaHbl B npunoxeHun E HacToswero ctangapra. Bknag akycTuyeckux TeYeHUi B HEONPederieHHOCTb pe-
3ynbTaToB M3MEPEHUA AelCTBYIOWEN MOWHOCTHU crieslyeT 00s3aTenbHO OLEHUTD.

Bo3gencTBYOLYIO MOIWHOCTb PEKOMEHAYETCH 3MepAaTb Npu BO30yaeHun npeobpasoBaTens B pe-
KUME, CXOAHOM C TEM, KOTOPbIN MCNOMb3YIOT NPW €ro KNMHUYECKOM NPUMEHEHUN (Hanpumep, B HENPEpPbIBHO-
BOSTHOBOM WUJIM TOHANbHO-UMNYbCHOM PEXUMAX).
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I puMevYyaHne — Bo nsbexanue noBpexgeHna cucTtemol UK ana obecrneyeHns cornacoBaHus ¢ BpeMeHeM ee
OTKMMKa Ha Bo3feicTBME HeobA3aTeNbHO UCMONb30BaTh BCE TOHaNbHO-UMNYNbCHLIE PEXUMBbI.

Bonee noapobHyio uHdopMaLuio o TpeGoBaHUAX, U3NOXEHHBIX B NOCNEAYIOWMX NYHKTaX pasaena 7,
MOXXHO HaWTU B NpunoxeHun A ctangapta MOK 61161:2013.

7.2 TpeboBaHusa Kk 060pyaOBaHUIO

7.2.1 Tun MULLIEHU

7.2.1.1 OBbume cBeAEHUS O KOHCTPYKLIMK

Mpumep KOHCTPYKLMM paciivpAIOIENCa MULIEHN PaCCMOTPEH B NpunoxeHuu D.

Pacumpsomanca MUWEHb JO/MKHA COCTOATL U3 KOHTEWHepa, 3anOoNHEHHOrO X1AKOCTbIO, NornoLwa-
IoWen yneTpasByk U paclumpsaiowenca npu Harpese. OgHa U3 YacTen KOHTEeWHepa AOSMKHA NpeacTaBnATb
BXOZHOE OKHO, Mpo3payHoe Ans yneTpassyka B TpebyemomM gnanasoHe 4yacTotr. OCTanbHasn 4acTb KOHTENHe-
pa AomkHa OblTb TAKOM, YTOOLI YMEHbLLUMTL TENNONEPeAaYy B NOMMOLLAIOLLYIO XMAKOCTL UK ot Hee. Pacwu-
pPAKOWAACA MULIEHb A0MKHA ObITb NPUIOAHON ANA NOrPY>XEHUS B BOAY U A0IMKHA ObiTb CBA3aHa C BECaMM.
BxoaHoe OKHO MOXET ObITb PACNONOXEHO BEPTUKASIBHO, FOPU3OHTANBHO UITM UMETbL APYIYI0 YAOOHYIO opu-
eHTaumio.

Pa3smepbl 1 chopma MUIEHU A0MKHbI ObiTb BbIOpPaHLI COOTBETCTBYIOLMMU UCNBITYEMOMY Npeobpaso-
Bareno. Ocob0e BHUMAHME PEKOMEHAYETCA yAENUTb TOMY, UTOObI ANMHA MUIIEHU COOTBETCTBOBana Tpebo-
BaHMAM 7.2.1.3 B 3aaHHOM AnanasoHe 4acToT M YToObl KONUYECTBO SHEPIUU, NPOXoAALLEN Yepe3 BoKoBbIe
CTEHKU MULLEHU, TaKke NO3BONSANO BbINOMHUTL TpeboBaHus 7.2.1.3.

MpuMevyaHne — YacTo NPUMEHAIOT UUINHAPUYECKYIO MULLIEHD C BXOAHBIM OKHOM Ha OfHOM U3 TOPLIOB, HO
ANst NpeoBpasoBaTeneil HEKOTOPLIX KOHUrypaLumii MOXHO WK TpeGyeTca NPUMEHSATL U MULLEHW APYTOil FeOMETPUM.

7.2.1.2 MNornowaowan xMakocTb

YenbHbIN akyCTUMECKUi i UMNeAAaHC XMAKOCTM AOMKeH BbiTb B npeaenax mexay 1,33 - 10°1 1,63 - 108 kr -
M2 - ¢!, KoadhdhMLMEeHT TennoBoro paclmpeHus AoMmKeH ObiTb U3BECTEH U NOCTOSIHEH B npeaenax 2 %
B AManasoHe Temnepatyp ot 10 °C ao 60 °C.

MpumevaHusa

1 Takol Anana3oH 3Ha4eHUi YAENbLHOMO aKyCTUYECKOro UMNEAaHca COOTBETCTBYET 3HAYEHUSIM aMNIUTYAHOTO KO3d-
rumneHTa oTpadKeHUid, MEHbLIMM 5 %, YTO COOTBETCTBYET TpeboBaHuaM 6.2.1.2 AN u3MepeHuii paanauMoHHON CUnbI.

2 B npunoxeHun D HacToslero craHaapTa npuBedeH NpuMep Bblbopa >KWAKOCTW, YAOBNETBOPSIOWMWA STUM
TpeGoBaHusAM.

7.2.1.3 MNornoweHHasa sHeprus

Pacwupsiowasca MMIeHb JOMMKHA NOMmMowarb He MeHee 98 % SHepruu, NocTynaloLlen B Hee Yepes
BXOJHOE OKHO; B NPOTUBHOM Criyyae crieayeT BBOAMTb MOMNPaBKM.

MormowaroLwmin MmaTtepuan u KOHCTPYKUMUSI MULLIEHU JOMKHbI ObITb BbIOPAHbI TAKUMK, YTOObLI YMEHbLLUMTL
PUCK UX TENIOBOMO M MEXaHUYECKOrO NOBPEXAEHUS NPY YNbTPa3ByKOBOM 00nyvyeHun. U3ameHeHus co Bpeme-
HeM amMnAMTYAHOro KO3MPULIMEHTA OTPAXKEHUA UMK NOTNOLLEHUS AOIKHbI ObITb TAKUMU, YTOOLI UX BNUAHUE
Ha N3MepsaeMyl0 MOLLHOCTb He MpeBbIwano 2 %; B NPOTMBHOM Criydae cneayet BBOAUTb NONPaBKU.

7.2.1.4 OTpaxkeHHas SHeprusi

BxogHoe OKHO AOMKHO UMETb KO3(PPULMEHT oTpaxeHus (o aHeprum) mexee 2 % B Tpebyemom aunana-
30He YyacToT. [pu ucnbiTaHMAX HeOKyCcupyowmx npeobpasoBarenen BXOAHOE OKHO PEKOMEHAYETCA OPUEH-
TMPOBAaTb NOA HEOONbLUMM YIIIOM K OCU CUMMETPUM NnpeobpasoBarens, 4To0bl MUHUMU3UPOBATL KOFrePEeHTHbIE
OTpaxeHus.

7.2.1.5 TennoBble notepu

Pacwupsiowasca MueHb A0mMkHA ObiTb CHabxeHa Tennousonsiuuen, unu NpPouecc U3IMEPEHUN,
BKIIOYAIOLLMIA COOP U COXPaHEHUE PEe3ynbTaToB, 4OMKEH ObITh TAKMM, YTOObI BNMSAAHME TENMOBLIX NOTEPb NO-
rmoLaoLLEen >XUAKOCTU B BOAY U APYre BHYTPEHHME YacTu MULLEHW HE NpeBbIano 2 % nsMepsemoin MoLL-
HOCTU; B NPOTMBHOM Ciy4ae criegyeT BBOAUTL NONPAaBKK.

MpuMeyaHue— Harpes nornowatoLiei XXnakoct B6nunsu BXogHoW MeMbpaHbl NOBLILWAETCA C POCTOM YacTo-

Thbl U MOXET OKa3aTbCA CYLUECTBEHHBIM Ha YacToTax Bblwe 3 MI'L. MoxeT noTpe6oBaTbcsl BBEAEHWE NONPaBOK Ha TeMno-
Bble NoTepu 3a nepuog obnyyeHuUsa n nocne Hero [7].
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7.2.2 AnameTp BXOOHOrO OKHA

BxoaHoe OKHO AOMKHO ObiTb AOCTAaTOYHO GONbLUMM, YTOObI YIIOBUTL HEe MeHee 98 % ynbTpa3ByKOBOW
SHEpPrum B NNocKoCTU namepeHus. GopmMynbl AN OLEHKU TpeByeMoro AnamMmeTpa MULLEHW NPUBEAEHLI B NPU-
NOXEHUMN B, XOTS1, CTPOro roBopsi, OHKU NPUMEHUMbI K U3MEPEHUAM PaAUALIMOHHON CUSIbI.

7.2.3 Cuctema ypaBHOBeLWMBAHUA CUNbl/BECbI

Becbl A0MKHbI BbITb YYBCTBUTENbHBI K CUNaM, AEUCTBYIOLLMM B BEPTUKANbHOM HanpaBreHun, 1 UMETb
JI0CTaTOYHYIO pa3peLLaioLLyto CoCOGHOCTb ANS U3MEPEHUSI U3MEHEHMSI MNAaBYy4YeCTU MULLIEHMU.

n pumMmed4yaHne — Bonee gnuTenbHbIi nepuoa O6J'IyLIeHMF| 6y,qu BbI3blBaTb GoMblUME U3MEHEHMUS nnaBy4vecTu
U yMeHbLLlaTb TEM CaMbIM HeonpeaeneHHOCTb, CBA3aHHYH C paapemalomeﬁ cnocobHOoCTLI0 BecoB. OfHaKoO MOXET BO3-
pacTtaTk HeonpedeneHHOCTb, CBA3aHHaA ¢ TeNnnoBbIMU NOTEPAMU U SKCTpaI'IOJ'IﬂLU/IeVI.

7.2.4 U3mepuTtenbHbIn 6ak

MpumMeHeHne nornowarwen MUILIEHU YCTPAHAET HEOOX0AMMOCTb UCMONb30BAHUS NOTMOLLAIOLLIMX MO-
KPbITWUIA CTEHOK cocyaa.

7.2.5 YCTPONCTBO nogBeca MULLEHUN

B KOMNEHCALMOHHbIX BECAX SNEMEHTbI, NOAAEPKUBAIOLLME MMILEHBb W Nepeaalome Bo3aeincTeue pa-
AVaUUOHHOW CUMbI Yepes MOBEPXHOCTb pa3jena Boga/Bo3ayX, AOMKHbI ObiTb CKOHCTPYMPOBAHDI TaK, UTOObI
CHU3UTb 3PEKTbI NOBEPXHOCTHOIO HATSHXKEHWA U UBMEHEHMWI NNABY4ECTU U3-3a (pnyKkTyauui ypoBHS BOAHON
MOBEPXHOCTW A0 3HAYEHUN, HE NPEBbILIAIOLWNX 2 % U3MepPAEMON MOLLHOCTH.

7.2.6 YctaHoBKa npeoGpasoBarens

YCTPOWCTBO Ans YyCTaHOBKW npeoBpasoBaTens A0mkHO obecneunsarb ero ctabunbHoe u BOCNPOU3BO-
AMMO€ pa3MeLLeHne OTHOCUTESIbHO MULIEHU TakuM 06pa3oMm, UTOBbl CBA3aHHbIE C 3TUM U3MEHEHUsI U3Mepsi-
€MOI MOLLHOCTU He npesbiani 2 %.

7.2.7 TIneHku Ons 3awWuTbl OT aKYyCTUYECKUX TEYEHUN

Pacwupsiiowascsa MUWeHb A0MKHA ObiTh 3alUMLIEHA OT BAMSAHWUS CUJ1, BbI3BAHHLIX aKyCTUYECKUMM
TeYeHUAMM, NMOCPEACTBOM NNEHKU, UNKU METOAMKA U3MEPEHUA A0MKHA ObiTb cnnaHupoBaHa Tak, 4tobbl 3T
BUSIHWE HEe NPUBOAMIIO K HEONpPeaeneHHOCcTH 6onee yeM 2 %; B NPOTUBHOM Cydae B pe3ynbsTaTbl M\3MEPEHUS
MOLLHOCTM He0BX0AUMO BHOCUTb MOMPABKY.

Mpy MCNONb30BaHUM MIIEHKW, 3ALLUMLLAIOLLENA OT BMUSHUSI aKyCTMUECKUX TEYeHWW, OHa AOIkHA ObITb
yCTaHOBMEHA BONM3N MUILIEHU U He ObiTb NapannensHOi NOBEPXHOCTU YIILTPA3BYKOBOIo npeobpasoBa-
Tena. KoadpduumeHT nponyckaHuMsa nNneHkn JOmkeH ObiTb U3BECTEH M3 M3MEPEHUN, U €CNU €€ BNUSIHME Ha
U3MEPAEMYIO MOLLIHOCTL npeBbiaeT 2 %, To crneayeT BBOAMTL COOTBETCTBYIOLLME MOMPABKU.

MpumeyvyaHue — Ha nNpakTuke OTKNOHEHUE NAEHKU OT NapannensHOCTH Ha BenuuuHy ot 5° go 10° HaxopsaT
LOCTaTOYHbIM.

7.2.8 AkycTnueckas cBsi3b C npeobpasoBarenem

YnsrpasBykoBoM npeobpasoBarenb AOMKEH ObiTb aKyCTUYECKU CBA3aH C U3MEPUTENbHBLIM YCTPOR-
CTBOM Tak, 4ToObl NOTEPU B M3MEPSIEMON MOLUHOCTU He npeBblwanu 2 %. B npoTuBHOM cnyvae cneayet
BBOAWTL MOMpPaBKU.

7.2.9 Kannbposka

CucteMa ypaBHOBELUMBAHMSA PaCLLUMPEHUS MULLEHU AOMKHA ObITb OTKanuGpoBaHa Kak yCTPOWCTBO U3-
MEPEHUSI CUIbl C MOMOLLIO HEOOMNbLUMX PY3UKOB U3BECTHOW MacChl.

YyBCTBUTENBLHOCTb K NNABYYeCTU CrieayeT onpeaensTb Unu ¢ NOMOLLBbIO KONMMMUPOBAHHOTO YNbTpa3By-
KOBOrO u3nydarens ¢ U3BeCTHON BbIXOAHOW MOLLHOCTbIO, umetowero ka > 30, unnm ¢ NOMOLLBIO 3NEKTPUYECKOro
HarpeBaTernbLHOro areMeHTa C U3BECTHON TEMMOOTAAYEN, NOMELLAEMOrO BHYTPb MULIEHN. B TOM U apyrom cnyqae
YYBCTBUTESILHOCTb K MaBYy4eCTU CNeayeT NPOBEPATb EXErOAHO UMK YaLle, eCnu BOZHUKNU NOAO3PEHUS, YTO
YYBCTBUTESILHOCTL CUCTEMBI K YNBTPA3BYKOBOM MOLLHOCTU U3MEHMNAch, a TaKKe B Cny4yae, eCnu CBOWCTBA No-
rMOLLAIOLLEN XUAKOCTU U3MEHUMUCH CO BPEMEHEM M3-3a MOIMOLLEHUSA BOAbI, OKUCIIEHUsA, POCTa MUKPOGOB 1 np.

MpumedaHus

1 BbIxofHas MOLHOCTb KONMMUpoBaHHOro npeobpasosaTens ¢ ka > 30 MOXeT BblTb U3MepeHa CUCTEMOI ypaBHO-
BeLUNBaHWA pagnaLMoHHON Cunbl ¢ HeONpeaeneHHOCTLIo, He NpeBbiwarLlein 5 %.

2 bonee nogpobHyto nHdopMaLuio 06 onpeseneHnn YyBCTBUTENbHOCTH K NaBYyYeCTU MOXHO HakTV B Npunoxe-
Hun D HacTosLero ctaHaapTa, a Takke B [6] v [7].
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7.3 Tpe6GoBaHuUA K yCIOBUAM U3MEPEHUN

7.3.1 PacnonoxeHue M1UIWEHN OTHOCUTENBHO OCHU NyyYKa

MonepeyHoe (OTHOCUTENBLHO OCK NyYKa) MONOXEHME MULUEHM B NPOLECCE U3MEPEHWn JOIMKHO ObiTb
HEU3MEHHbIM U BOCMIPOM3BOAUMBLIM HACTOMBLKO, YTOBbI CBAA3AHHLIE C STUM U3MEHEHUS He BIIUANN Ha U3Meps-
eMyI0 MOLLHOCTL Bonee yem Ha 2 %.

7.3.2 PaccTosiHue mMexay npeodpasoBaTerieM U MULEHbIO

PaccTosHns mexay noBEepXHOCTbIO YNbTPa3BYyKOBOro npeobpa3soBarens U MULIEHbLIO UMM MMEHKON
(npu ee ucnonb3oBaHWM) 1 MUWEHBLI JOMKHbI ObiTh U3BECTHBI M BOCMPOM3BOAMMbI HACTOSLKO, YTOOLI BO3-
MOXHbIE U3MEHEHUA U3MEPAEMOWN MOLLHOCTU He npeBblwanu 2 %.

7.3.3 Bopa

B cucrtemax ypaBHOBELLUMBAHWUSA PagUALMOHHOW CUSbl B KA4YECTBE M3MEPUTENbLHON CPEeAbl AOMKHA
ObITb MCMONB30OBAHA BOAA.

Mpu naMepeHnn sHa4eHMN BbIXOAHOW MOLLHOCTM, NpeBblwatowmnx 1 BT, cnegyetr npMMeEHATb TONbKO Ae-
rasvupoBaHHyto Bogy. [lerazmpoBaHue BoAbl AOMKHO BbITb XOPOLLO OTNAXEHHbIM NPOLIECCOM, KaK 3TO U3noXxe-
Ho B M3K 62781. Boga gomkHa ObITb AerasupoBaHa HaCTOMNbKO, YTOObI UCKMOUYNTL 0O6pa3oBaHne BUANMBIX
ny3blpbKOB BO3JyXa KaK B BOAE, TaK U HA NOBEPXHOCTAX MULLIEHU U npeobpa3soBaTens. Pe3ynbraTbl u3amepe-
HWWA HE NPU3HAIOT, €Cnu NPU UX NPOBEAEHUM HAONKAanUCh Kakme-nmbo nysbipbku Bo3ayxa. PekomeHayercs,
4YTOObI KONMYECTBO PACTBOPEHHOTO ra3a B BOAE HE NMPEBbILANo 2 Mr/n B npoLiecce BCEX U3MEPEHMUIA, a B He-
KOTOPbIX CIy4asaX U MEHbLLE.

Mcnonb3oBaHue AerasmpoBaHHOW BOAbI CrieayeT PeKOMEHA0BATb TAKKE U NPU U3MEPEHUN BbIXOQHOM
MOLLHOCTM HWxe 1 BT. B HACbILLEHHO rasom BOAe Ny3blpbKU BO34YyXa MOTyT NOSIBNSATLCS HA NOBEPXHOCTAX
npuv NOBLILLEHWUM TEMMEpPaTypbl BoAbl. OBpa3oBaHue ny3biPbKOB MOXET BbI3biBaTb U YNETPA3BYK MOLLHOCTLIO
MeHbLle 1 BT, ecnu nonepeyHasa nnowasb nydka 4oCTaToMHO Mana. B cBA3u ¢ 9STUM pekoMeHAyeTCsi NpoBe-
PSTb HANW4KUE Ny3bIPLKOB HA NMOBEPXHOCTSX NPeoBpa3soBaTens u MULLEHW KaK 10 M3MEPEHUIA, Tak U BO BPEMSI
UX NPOBEAEHUSA, a TAKKE MO OKOHYAHUN KaX0ro M3MepeHus.

MpumevaHus

1 YpoBeHb rasocogepxaHus, TpebyeMblit AnA obpa3oBaHWs Ny3bipbKOB, OyAeT 3aBUCETb OT MHOMMX (haKTOpOB,
BKIIIOM@a 4acToTy aKyCTU4ECKOro BO3AEWUCTBUSA U MAKCUMYM aKyCTMYECKOro AaBfieHUs paspexeHus. M3aMeHeHua wnu
dnyKTyaums pagMaLMOHHON CUAbI MOTYT CBUAETENbCTBOBaTL 06 06pa3oBaHNUM Ny3bIpbKOB.

2 MeTofibl XMMUYECKOI Aerasaunn (Hanpumep, npu npumeHeHun Na,SO3), KoTopble yaansioT U3 BoAb! TONLKO OANH
WM HECKONbKO ra3oobpasHbiX KOMMNOHEHTOB, He NPUBOAAT K MONOXUTENbHEIM pesynetataM AnA HITU noneit. Mcnonb-
30BaHue Gonee ob6LUMX METOAOB Aerasauyun W KOHTPOSb 3a cofepXxaHueM Kucropopa obecnevnsalotr Gonee HagexHoe
noaaepxaHue kadectea BoAbl.

3 OunsTpaums BOAbI MOXET NOMOYb YCTPAHUTL UM CHU3UTL BITUSIHUE KaBUTALMK, Tak Kak OHa yAanseT YacTU4Ku
npuMeceid, KOTopble MOTYT SIBRSATLCA AAPaMU BO3HUKHOBEHUS KaBUTaLMOHHBIX NY3biPLKOB.

7.3.4 KoHTaKT C BOAOM

Mepen Hayanom u3MepeHui cneayet ybeauTbecsl, UTO BCE BO3AYLUHbIE NY3blPbKU YAANEHbl C aKTUBHbIX
noBepxHocTe. N0 3aBepLUEHUN U3MEPEHWIi CEAYET BHOBb OCMOTPETbL 3TU NOBEPXHOCTU. Ecnun Ha Hux GyayT
0GHapyXeHbl BO3AYLUIHbIE My3bIPbkKU, TO PE3YNLTaThl U3MEPEHUI CNEYET NPU3HATL HEKOPPEKTHLIMK.

7.3.5 YcnoBusi OKpyxawouen cpeabl

MsmeputenbHoe yCTpPOCTBO A0MKHO MMEThb XOPOLLYIO TENMOBYIO U30MNALMIO, UM CaM NPOLIECC U3Mepe-
HUS, BKIMIOYAIOLMIA UHAMKALIMIO U COXPaHEeHUe pe3ynbratos, AOSDKEH ObiTb Takum, 4TOObI BNUSAHWUE TEMMOBOMO
apeida v apyrmx BO3MyLLEHUI BO BPEMS U3MEPEHUIA HE BHOCUIO CYLLIECTBEHHbIX U3MeHeHul (Gonee 2 %) B
M3MepsIeMyi0 MOLLHOCTb.

M3ameputenbHOE YCTPOMCTBO AOMKHO ObiTh 3aLUMLLEHO OT BUOpaLMii U BO3AYLUHbLIX NOTOKOB, KOTOpbIe
Mornu Obl BbI3BaTb UCKAXKEHUE NOKA3AHNIA 3MEPSEMON MOLLHOCTU Oonee yem Ha 2 %.

7.3.6 TennoBomu apeid

Mpu Mcnonb3oBaHUK NOMMOLLAIOLLEH MULLEHN CrieayeT OLEHUTL BUSHUE TENNOBLIX 3(EKTOB, CBA3AH-
HbIX C MOITIOLLEHMEM €10 3BYKOBON SHEPTUM U U3MEHEHUEM NIABYYECTU. ITa OLeHKA A0MmkHA BbiTh caenaHa
NyTem CpaBHEHUS1 U3MEPAEMOTO CUrHasna (0Tc4eTa BECOB) KaK A0 BKMICYEHNS HANPSHKEHUS BO3OYKAEHUA Yrb-
TPa3BYKOBOIO nNpeo6pa3oBarerif, Tak W MoCrie ero BbIKNYEHUA.
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7.4 HeonpepgeneHHOCTb pe3yribTaToB U3MepPEeHUN

7.4.1 O6wWMe NONOXEeHUA

CyMMapHyI0 HEONMPEAENEeHHOCTb PE3ynbTaTOB U3MEPEHUI CNeyeT OLEHWBATL AN KaXKaoro usMepu-
TEeNbHOro YCTPOICTBa B COOTBETCTBUM C PykoBoacTBoM MCO [5]. Takaa oueHka AOIKHA BKIOYaTh PaccMo-
TPeHHble B 7.4.2—7.4.15 cocTasnsiowme.

7.4.2 YyBCTBUTENBHOCTb K NNaBy4YeCcTH

Crneagyer OUEHUTb HeonpeaeneHHOCTb U3MEepPEeHUs YYBCTBUTENbHOCTU K NnaBy4YecTu. VICTOYHMKM
97Ol HeonpeaeneHHOCTH OyayT 3aBUCETb OT METOAA ONpeaeneHust 3TOM YyBCTBUTENBHOCTHU.

7.4.3 HecoorBeTCTBME NSIOCKOBOSIHOBOMY NPUONIKEHMIO

Meroa pacLumpeHus He OCHOBAH Ha NI0CKO-BONHOBOM NPEANONOXEeHUMW, NOITOMY OTCYTCTBYIOT HEONpEe-
ZENEeHHOCTH, CBSA3aHHbIE C OTCYTCTBMEM MNNOCKON BOMHbI.

7.4.4 Cuctema ypaBHOBeLIMBaHUSA C YCTPOWCTBOM NoABeca MULIEHU

CucrteMy ypaBHOBELLMBAHUA CrieAyeT NPOBEPATb UM KanubpoBaTbh C NOMOLLbIO HEDOMbLUMX rPY3UKOB
M3BECTHOW MaCChbl B MOMHOCTbIO COOPAHHOM COCTOSIHUW, NPUTOAHOM ANsi NPOBEAEHUA U3MEPEHUI paauaLu-
OHHOM CUIbI, B TOM YUCIIE U C NOABELUEHHON MUILEHbIO.

3Ty npoueaypy cnefyeTr NnoBTOPATb HECKOMbKO Pa3 € KaX(AbIM IPy3UKOM AN TOro, YTobbl MONy4YuTb
cny4aiiHblil pasbpoc pesynsratoB. OLEHKY HeonpeaeneHHOCTU KanubpoBOYHOTo k0ddhduumeHTa creayert Ha-
XOAUTb NO pe3ynkTaTtaM KanubpoBKM U C YYETOM HEONPEAENEHHOCTU MACChl UCNONb3YEMbIX rPY3UKOB.

Pe3synbrarbl TakMx NPOBEpOK CrieAyeT COXPaHATb, YTOObI 06ecnevnTb OLEHKY AONrOBPEMEHHON CTa-
OMNbLHOCTU KanMOPOBOYHOTO KO3(PULMEHTA.

7.4.5 JINHeHOCTb M pa3peLwarwuan cnoCOGHOCTb CUCTEMbI YPABHOBEIWNBAHUA

JIMHeHOCTb cUcTeMbl ypaBHOBELLMBAHUA CNEAyeT NPOBEPSATb He pexe 1 pasa B WeCTb MecAaues, Uc-
nonb3ys crneaytowme npoweaypbl.

M3mepeHus, ykasaHHble B 7.4.4, crneayet NpoBOAUTL HE MEHEE YEM C TPeMA rpy3nkammn pasnn4Hon Mac-
Cbl B Tpe6yemMOM AMHAMUYECKOM AMana3oHe CUCTEMbI yPaBHOBELLMBAHMSA. OTCHET pe3ynbTaTos B3BELUMBAHUSA
B 3aBMCUMOCTW OT MaccChl rpy3nKOB MOXET ObiTb NpeAcTaBneH rpaduyecku, kak 3T0 NOKa3aHO Ha pUCYHKe 1.
Touku ¢ pesynbrataMu Ha 3TOM rpaduke B uaeane AOMKHbI pacnonaratbCa Ha NPSAMON NUHUK, NPOXOAALLEN
yepes Hauyano koopauHart. Ecnu umetrorca kakne-nubo OTKIOHEHWA OT NPAMON NWHUK, TO UX CRIEAYET paccma-
TPUBAaTb Kak MCTOYHUK JOMNONMHUTENBHON HEONPEAENneHHOCTU.

B cBsA3u ¢ TpyaHocTAMYK 0OpaLleHna ¢ rpy3ankamm, Macca KOTopbiX MeHbLue 10 Mr, MMHERHOCTb CUCTE-
Mbl MOXXHO MPOBEPUTHL C NMOMOLLbIO YIILTPA3BYKOBOIO Npeodpa3soBaTenia ¢ U3BECTHbIMU XapakTepucTu-
Kamu, BO30y>Kgas ero HanpsbkeHWeM pasfiMyHon aMniuTyabl U U3nyvas TEM CambiM paguauuoOHHYI cuny
pasnuyYHoro ypoBHs. B aTom crnyyae aprymMeHTOM, NpeAcTaBneHHbiM abcuuccoil Ha pucyHke 1, 6yaer
BbIXOAHAasA MOIWHOCTL npeobpasoBarens, HEONPeAEeNeHHOCTb BOCNPOU3BEAEHUS KOTOPOI TOXe Heobxo-
AUMO YY€eCTb.

OrpaHuyeHus B paspeLuatoLleil cnocCobHOCTU CUCTEMbI YPABHOBELLMBAHWUA TOXE ABMATCA UCTOYHM-
KOM HeonpeaeneHHOCTU U3MePEHNS MOLLIHOCTU, U ero BKnag B CyMMapHyIo HeonpeaeneHHoCTb Heo6xoanmo
YYECTb.

7.4.6 JKcTpanonsAuusa K MOMEHTY BKITHOYEHUSA YIbTPa3ByKOBOro npeodpasoBaresns

YT106b! NONYYNTH 3HAYEHNE PaAUALIMOHHOM CUIbI MPU UCMONL30BaHUM SMEKTPOHHBIX BECOB, BLIXOAHOM
CHrHan ¢ BecoB 00bIMHO 3anNMCbLIBAIOT B BUAE (DYHKLUMUU OT BPEMEHN M SKCTPANOMNMPYIOT ero Hasad K MOMEHTY
BKMIOYEHNS YNETPAa3BYKOBOro npeobpasosartens. Takas 9KCTPanonAuus COAEPKMT UCTOMHUK Heonpeae-
NEHHOCTH, 3aBUCALLIMIA B OCHOBHOM OT pa3BpoCoB BLIXOAHOTO CUrHana, ornpeaensieMblX OTHOLEHUEeM curHan/
Lym. HeonpeaeneHHOCTb 9KCTPAaMonsAUMK CrieayeT OLEeHWUTb MOCPEACTBOM CTaHAAPTHLIX MaTeMaTUYecKux
npoueayp Npy UCMOMb30BaHUM anropuTMa Perpeccui.

7.4.7 Temnepartypa BoAabl

CrneayeT OLEHNUTb U YYECTb B CyMMAapPHOW HeonpeaeneHHOCTU CUCTEMbI HEONPEAENEeHHOCTb, CBA3AaHHYIO0
C TEMNepaTypoi BOAbl.

7.4.8 3aTyxaHue ynbTpasByKa U aKkyCTuYeckue Te4yeHus

Creayet OLUEHUTb N Y4ECTb B CyMMAPHO HEONPEAENEHHOCTU CUCTEMBI HEONPEAENEHHOCTb, CBSI3AHHYIO
C 3aTyxaHUeM ynLTPa3Byka U aKkyCTUHECKMMM TeYEHUAMM.
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MpumeyvyaHune — B obleM cnyyae 3aTyxaHne BHOCUT HEOMPEAENEHHOCTb B pe3ynkraThl ONpeAeneHns Bbl-
XOOHOW MOLUHOCTHU, U3MEpPseMOoi Mo W3MEHEHWIO NNaBy4ecT, HoO He AeACTBYloLeN MOLWHOCTU. AKycTUYECKUe Te-
YeHUA MoryT BbiTb MCTOYHUKOM HEOMPEAENEHHOCTU Kak AN BbIXOAHOW, Tak 1 Ans AeWCTBYyIOWEN MOLHOCTU. Bknag
BIIMSIHUS aKYCTMYECKUX TEUEHMIA MOXHO OLieHUTb, Hanpumep, NyTeM UCMONb3OBaHWUS NIEHKK, yCTaHaBnnBaeMoi B6nmau
MULLUEHU, 1 CPABHEHWEM Pe3ynLTaToB U3MEPEHNS «C NNEHKOW» U 6e3 Hee.

7.4.9 CBOMCTBA NIIEHKN

Mpy NnpUMeHeHUU NNeHKU ANa akyCTUYECKON CBA3U UMK ANS 9KPaHMPOBAHMSA OT aKYCTUYECKUX TeYEHUMN
Heobx0aMMO N3MEPUTE UNKU OLEHUTL NOTEPU YNLTPA3BYKa HA €€ NPOXOXKAEHUE, YY4ECTb 3TU MOTEPU, a TAKKe
BIMUSIHWE OTPaXKEHUI OT HEE Ha YNbLTPa3BYKOBOM NpeobpasoBarenb. 3Tu apdheKTbl ABNATCS UCTOMHUKAMU
HeonpeaeneHHOCTU, KaXablil U3 HUX CneayeT OLEHUTb U Y4ecTb B CYMMapHON HEONPEeaeneHHOCTU CUCTEMBI.

7.4.10 KoHe4yHOCTb pasMepa MULLEHN

Cneayert OUEHUTb U y4eCcTb B CYMMapHON HEONpeaeneHHOCTU CUCTEMbI BIIUSIHUE KOHEYHbIX PasMepoB
MUILEHMU.

7.4.11 BnusiHue ycrnoBuii OKpyXxatowieil cpebl

CnegyeT OLeHUTb U yYeCTb B CYMMapPHOI HEONPEAENIEHHOCTU CUCTEMBI BIUsIHUE BUGPALIUI, BO3AYLUHBIX
MOTOKOB U U3MEHEHUsI TeMNepaTypsbl.

7.4.12 N3mepeHue Hanpspke HUA BO3OYXAEHUA

Ecnu MsMepsiioT HanpsbkeHue BO30OyXaeHWs ynbTpasByKOBOro npeoSpasoBaTtesi U ero 3HaveHue
BINUSIET HA Pe3ynbTaThl U3MEPEHNS MOLLIHOCTM, TO HEONpPeAENeHHOCTb M3MEPEHUI HANPSHKEHUA CNEAYET oue-
HUTb W YYECTb B CyMMAapPHOii HEONPEAENEHHOCTU CUCTEMDI.

7.4.13 Temnepartypa ynbTpasBykoBOro npeo6pasoBarens

Mpu HeOOXOAMMOCTM CPABHEHUS 3HAYEHWIA YNBTPA3BYKOBOW MOLLHOCTU, U3MEPEHHBIX NPU PA3NNYHBIX
Temneparypax, Cnegyert onpeaennTb 3aBUCUMOCTL BbIXOAHOW MOLLHOCTM nNpeo6GpasoBatens ot Temneparypbl
1 y4eCTb STY 3aBUCUMOCTb NPU BbIYMCIIEHUU PE3YIILTATOB.

7.4.14 HenuHeHOCTb

Mpu Heo6XoAMMOCTM crieayeT OLEHUTb U YY4€CTb B CYMMapHOIN HEONPEAENeHHOCTU CUCTEMbI MOTEHLU-
anbHoe BnusiHWe Takux agpdekToBs, Kak:

a) NUHENHOCTb CUCTEeMbl YPaBHOBELLMBAHWA BMECTE C MOABECKON MMUILEHU;

b) HenuHelHble 3 EKTLI M3-3a HEAOCTATOYHON Aera3auum BOAbI;

C) 3aTyxaHue ynbrpa3sByka U akyCTUYeCKUe TeYeHUs,;

d) yBenu4eHHble noTepu TENMa MULWIEHN U3-3a NOBLILLEHHOIO HAarpeBa NOrmnoLAIOLLEN XXUAKOCTU BONU-
31 BXOAHOTO OKHa MULLIEHU.

7.4.15 [Ipyrne NCToyHMKM HeonpeaeneHHOCTH

Cnenyet nepuoanyeckn KOHTPONMPOBATb, HE NOABANIOTCA NU Kakme-nubo Apyrne UCTOYHUKU Cry4anHo-
ro pasbpoca nokasaHuii, BNMSIOLLME HA CYMMAapPHYIO HEONPEeAENeHHOCTb U3MEPEHUI, KPOME NEPEUNCTIEHHbIX
B 7.4.2-7.4.14.

7.5 BeluucneHue BbIXOAHOW MOLHOCTH

Ecnu TpebyeTca 3HaTb BbIXOAHYHO MOWHOCTbL, TO €€ CreayeT OonpeaensiTb N0 3Ha4YeHUsIM BO3Aeu-
CTBYHOLWENH MOIWHOCTU C Y4ETOM I(PEKTOB 3aTyxaHusl, HEFIMHENHbIX NOTEPb U aKyCTUYECKNX TeYEeHUH
npy NPOXOXAEHUM YNbTPa3ByKa Yepes Boay OT npeobpasoBatensi 40 MULIEHM.

MpumeyaHune — OTHOWEHNE BbIXOAHOW MOLLUHOCTM K BO3AEACTBYIOLIEA MOLIHOCTM B 06LueM cryyae
OyneT 3aBUCeTb OT PaCCTOSHWSA, YacTOThbl U FEOMETPUU MULLEHMU. 1PN HanNUYUKM HENMUHEWHOCTU PacnpocTpaHeHUsi OHO
OyneT 3aBUCETb TakKe OT HanpsxeHusi Bo3byxaeHust npeobpasosatens. bonee KOHKpPeTHbIE yka3aHUsA NpUBeAEHb! B Npu-
noxeHun E HacTosiwero cTaHgapTa.

8 dnekTpuyeckne xapakrepucTUKu

8.1 dnekTpuvecKkni UMNeaaHc

SnNeKTPUYECKMii UMNEAAHC YNETPa3sByKOBOro npeo6pasoBaresisi 3aBUCUT OT YacTOTbl U UMEET KOM-
MMEKCHbIN xapakTep. Ero, kak npasusio, U3MepPSIIOT C NOMOLLbIO U3MEPUTENS UMMNEAAHCa (M3MepPUTENA aMNiu-
TYAHO-4aCTOTHbIX XapakTepPUCTUK) 1 NPEACTABNSIOT B BUAE PearibHOM U MHMMOV YacTeil unu B BUAE aMmniuTy-
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Abl 1 dhasbl. 3Ha4eHMs MOryT BbiTb NPEeACTaBNEHbI HA KaKoW-NMMOO OA4HON YacToTe UMK AaHbl B BUAE Tabnuubl
unu rpadpuka 4ns guanasoHa 4acroT.

SneKkTpu4eckuii UMNeaaHc ynsTpasByKOBOro npeo6pasoBaTena cneayer M3amepsTb Npy ero Norpyxe-
HUKU B BOAOY. ,D,J'IFI MUHUMKU3aALUKUN aKyCTUYECKUX OTpa)KeHVIVI cnegyer ucnonb3oBarb akyCTuveckue nornoTuTenu.
BrimsiHne oTpaxxeHWin Ha UMNegaHC PeKOMEHAYETCH NPOBEPUTh, NEpPemMeLLan ynsTpasBykoBoi npeobpa3soBa-
TENb UNK NOrMOTUTENN B pe3epByape Ha PacCTOAHUA B HECKONbKO ANWUH BOJIH. Cnep,yeT 3aperucrpupoBarb
4YacTOTY U TOUKY M3MEPEHUA BNEKTPUYECKOro MMNeaaHca (Hanpumep, Ha KoHUe kabens npeobpasoBarens).

MpumevyaHne — WMnegaHc MOXeT 3aBUCETb OT TeMmnepaTypbl, U MOSTOMY W3-3a camornporpeBa Npeob-
pasoBaTens Ha UMNefaHC MOXET BMUSTbL YPOBEHb IMEKTPUYECKOW MOLIHOCTH NpeoGpasoBaTens W ANUTENbHOCTb
BO36YaeHuSA.

8.2 PaguaunoHHasa NpoBOOMMOCTb (M3nyuyaTeribHaA CNOCOGHOCTb)

PaguauunoHHas npoBOAUMOCTL YILTPA3BYKOBOIO Npeotpa3oBaTens 3aBUCUT OT YacTOTbl U3ny4e-
Hus. Kak npasuno, ee BbIMUCHAT U3 BleOJ:l,HOVI MOLLIHOCTMH, }:l,eJ'IeHHOﬁ Ha KBajapar cpeaHekBaapaTu4ecko-
ro (3hEeKTUBHOTO) 3HAYEHWUSA HANPSXKEHNS, NU3MEPEHHOTO B KaKON-NUOO OroBOPEHHOM TOUYKE SMNEKTPUYECKON
uenu. Ee 3Ha4yeHuMs JaloT, Kak NpaBuno, AN Kakoi-nubo 3agaHHON 4acToThl MMbo B TabnuyHoMm unu rpadu-
YEeCKOM BuAe B 3a4aHHOM Anana3oHe 4acToT. Ee MOXHO NPMMEHUTb U K MHOTO3rIeMEHTHOMY nNpeo6pasoBa-
Ternk, €Cl/in BCe €ro afIeMeHThI BOSﬁy)KJJ.aIOT OOHUM U TEM KE HanpsXKeHWeM U B TOM Xe pexxume, Kak u npu
KAWHN4YE€CKOM NMPUMEHEHUN npeo6pasoBaTenﬂ.

Ecnun TpebyeTcsa 3HaTh 3HAa4YeHMEe pagauaLMOHHOW NMPOBOAMMOCTU, TO cpeaHekBaapaTudeckoe (ad-
hEKTUBHOE) 3HAYEHMUE HaNPsHKEHUSA BO3OYXXAEHUA CneayeT U3MepsiTb 3a TO ke caMOe BPEMSA U NpU Tex xe
yCcnoBusax, Npu KOTOPbIX onpeaenatoT BbIXOOHYHO MOWHOCTDb. ,D,OJ'I)KHI:I ObITb OroBopeHbl HYacToTa u To4vKa B
9NEKTPUYECKON Lienu, B KOTOPOI 3MEPSIOT CpeaHEKBaApPaTMYEcKoe HanpskeHne Bo3byxaeHus (Hanpumep,
Ha KoHUe kabens kakon-nmbo onpeaeneHHom AnuHbl). He pekomeHayeTca npeanonaratb 3apaHee, 4to Hanps-
»KeHue Bo30yXKaeHMst UMEET CUHYCOMAANbHBINA XapaKkTep: CPeAHEeKBaApaTUYECKoe HanpshkeHue Bo30yxaeHus
4yacTo He paBHO 0,707 aMNNUTYAbl HANPSKEHUS.

MpumevaHus

1 CpeaHekBagpaTUyieckoe HanpshkeHne Bo3OYXAEeHNA (a He NUKOBLIE HaMNpsXXeHUs!, HanpUMep) UCMOMbL3YIOT NOTO-
MY, YTO Ha Hero MeHblLe BO3[eCTBYIOT CKaXEHUS SMEKTPUYECKOro cUrHana.

2 PaguauuoHHasA NpOBOAUMOCTbL MOXET 3aBUCETh OT TEeMNepaTyphl, U NO3TOMY U3-3a camonporpesa npeobpaso-
BaTeNs Ha Hee MOXET BUATL YPOBEHb IMIeKTPMUYECKON MOLLHOCTU NnpeoGpasoBarens W ANUTENbHOCTbL BO3byxaeHus.

3 PagnaumoHHaa npoBOAUMOCTb — 3TO He pearbHas YacTb NPOBOAMMOCTU YNLTpPa3BYKOBOro npeobpasoBa-
Tena unun ero anemeHTa.

4 Ha apheKTUBHOCTb aneKTpoakycTMYeckoro Nnpeobpa3oBaHns BNAIOT arieKTpUYdeckue noTepu Npu cornacoBaHnm
3MEKTPUYECKUX KOMMOHEHTOB, a TalkKe akycTuyeckue Notepu B aneMeHTax npeobpa3oBarens: NOAOKKe 1 fIUH3e.

8.3 3 dekTUBHOCTL

OnpegeneHue akyctuuecko 3¢h(peKTMBHOCTU yNLTPA3BYKOBOro npeoSpasoBaTtensi CBA3aHO Kak
C aKyCTU4EeCKUMM, TaK U C 3neKTpudeckummn uamepeHusamu. Kak npasuno, ee npeacraBnsaioT Ha Kakow-nubo
onpeaeneHHon 4acToTe, a TaKkkKe B AMana3oHe 4acToT B TabynupoBaHHOM unu rpaduyeckom euge. Ee MoxxHO
NPMMEHUTHL U K MHOFO3NIeMEeHTHOMY Npeobpa3soBaTernto, eCNn BCE Ero ArneMeHTbl BO30YAAIoT Tak Xe, Kak u
B KIIMHW4ECKOM NpUMEHeHuM npeobpa3sosarens (HanpuMep, NPU HeNpPepbIBHO-BOITHOBOM BO30YAEeHUN unu B
pexume TOHanNbHbIX UMNYNbCOB). Ecnu TpebyeTcsa 3HaTh aKyCcTU4eCKyH 3(h(PeKTUBHOCTb, TO €€ YCPEeaHEH-
HO€ BO BPEMEHUN 3Ha4YeHue onpeaensiior ns:

Ma = PP 4)

e P — BbIXOAHAA MOWHOCTD;
P, — ycpeaHeHHasn BO BPEMEHU IMEKTPUYecKas MOWHOCTL NpeoGpasoBarens.
Mpu nposeaeHUM INEKTPUYECKUX U3MEPEHMIT YNBTPa3BYKOBOW Npeobpa3oBatenb JOMMKEH HAXOAUTb-
CSl B TOM XK€ NOMOXEHUMN U NPU TEX XKE YCINOBUSAX, KOTOPbIE MMENU MECTO NPU U3MEPEHUAX BbIXOAHON MOLLHO-
ctin. lomkHbl GbITb YCTAHOBNEHbI YacTOTa M TOYKA B 9MEKTPUYECKON LIenu, B KOTOPOI U3MEPSIOT CPeaHEKBa-
Aparudeckoe HanpshkeHue Bo30y)eHus (Hanpumep, Ha KoHLUe kabens kakon-nmbo onpeaeneHHOn ANWHbI).
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Kak akycTUYecKyto, TaK U 3NeKTPUYECKYIO MOLUHOCTH CIEAYET U3MEPATL NPU OAUHAKOBOM BO3OYXIEHMM
npeo6pasoBarensi, CXOAHOM C Er0 KIIMHUYECKUM NPUMEHEHMEM (HanpuMep, NPKU HENPEPLIBHO-BONTHOBOM BO3-
OYXXIAEHUN NI B PEXKMME TOHANbHBLIX UMMNYSLCOB).

MpuMedyaHue — SPDHeKTUBHOCTL MOXKET 3aBUCETL OT TEMMEPaTYpI, ¥ MO3TOMY U3-3a caMonporpeBa Npeobpa-
30BaTens Ha Hee MOXET BINSITb YPOBEHbL 3MEKTPUYECKOI MOLLHOCTM Npeobpa3soBarens 1 ANMTENLHOCTL BO3GYXAeHUS.

MHuorue npubopsl ANst U3MEPEHNSA ANEKTPUYECKON MOLLHOCTU MPUMEHSIOT C ONPeAeneHHON Harpy3Komn
(conpoTtueneHmem). MmneaaHc 60NbLUMHCTBA YNLTPa3BYKOBbLIX MpeobpasoBartenen, Kak npaBuno, oTiuyaeTcs
OT 3Ha4YeHus TON Harpysku. Mo3TOMy peKOMeHAYEeTCA BbIOMPaTb METOA U3MEPEHUS ANEKTPUYECKON MOLLHO-
CTu, Hanbonee NoAXOAALUMIA K MMNEAAHCY KOHKPETHOIO UCTLITYEMOTO YNLTPa3BYKOBOIO NpeobpasoBaTens.

MmetoTca n HekoTopble apyrue cnocobbl onpeaeneHns apdhekTMBHOCTM yNETPa3BYKOBOIo Npeodpaso-
BaTens nnu HITU cuctem. HekoTopble M3 HUX MOTYT OKa3aTbCs MONE3HbIMU NPU PasnnyHbIX 06CTOATENbCTBAX
M paccMOTpPeHbl B NpunoxeHun G.
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Mpunoxenue A
(cnpaBouHoe)

Apyrve meToabl U3MepeHun

A.1 PagnaunoHHan cuna Ha npeoSpa3soBarene

Onsa HITU obopyaoBaHua MoxeT 6bITb NpefnoxeHa BOSMOXHOCTbL U3MEPEHUS CUNbI OTAa4u Ha npeobpa3soBaTene.
B HacTosILLeM cTaHAapTe HeT kakux-nubo pekoMeHaaunit unu TpebGoBaHwii Ansi aToro MeToAa. Takue pekoMeHAaLMU UNK
TpebosaHuA MOTyT 6bITb BKIIOYEHb! B Byayllue Bepcun HaCToOALWEro ctaHaapTa.

A.2 Kanopumetpus

Onsa nsmepenns mowHoct HITU o6opyaoBaHuA B NpMHLUMNE MOXHO UCNOMb30BaTh YA0OHbIN KariopuMeTpudeckuit
meToA. B HacToslLeM cTaHfjapTe HeT Kakux-nubo pekomeHaaumii unu TpebosaHuin AN sToro MeTopa. Takue pekomeHaa-
uumn unu TpeboBaHua MoryT BbITb BKNIOYEHbI B GyAyLiMe Bepcn HacTosLWero cTanaapra.

A.3 MNnockoe ckaHupoBaHue ruaApPodPOHOM

B npuHuune mowHocTb HITU o6opyaoBaHnsa MOXHO U3MEPUTb METOAOM MITOCKOTO CKAaHMPOBaHUA A POCOHOM.
B HacTosLeM cTaHAapTe HET Kaknx-nubo pekomeHaauuin unu TpebosaHnii A aToro Metoga. Takue pekoMeHaaumm unu
TpebosaHWA MOTYT 6bITb BKIIOYEHbI B Byayllie Bepcun HacCTOALEro cTaHaapTa.
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MpunoxeHue B
(cnpaBouHoe)

Pasmepbl MULIEHHN

B.1 Hedhokycupyrowmii npeobpasoBarenb

Hwxe npveegeHa oueHoYHas popmyna [BulpaxeHue (B.1] ANs MUHUManbHOro 3Ha4eHus paguyca b MULLEHM, ynae-
nuBatwLLleit He MeHee 98 % paguaLUOHHON CUTbl, BO3AeiCTBYOLel Ha MULLEHb BECKOHEYHbIX NonepeYHbIX pasmepos
(T. e. c norpeLHoOCTbI0 MeHbLue 2 %) [10]. OTo BhipaxeHWe BEpHO AN KPYIMOoW nornowjaroLein MulieHu, Haxoasienca
B Mone HenpepLIBHO U3NyYaloLero ynsTpa3BykoBOro npeobpasoBaTens paguycom a B BUAE SKPaHUPOBAHHOro Kpyrnoro
NIoCKOro NOpLUHA B HenornolaroLlei cpege. OHO HEMPUMEHUMO AOCTAaTOMHO CTPOro ANA U3MEPEHU, OCHOBaHHbIX Ha
M3MeHeHUM NNaBy4YecTy, HO MOXeT BbITb UCNONBL30BAHO Kak pasyMHasi npegBapuTeribHasn oLeHka TpebyeMoro guamerpa
MWLLEHW, W NOMb30BATESNO PEKOMERAYETCH OLiEHMBaTL €€ MPUMEHUMOCTb A1 CBOUX KOHKPETHBLIX U3MEPEHUA.

boal — i1 (B.1)
(1+0,531,5)

c B =0,98 + 0,01 nka
T =Tt At

19 = ka !l (2n (B2 - 1)12)

0,7 ecnm ka<9,3
At1=16,51/ka ecnn 9,3 < ka<651
0,1 ecnu 65,1< ka,
roe z — paccTosiHe Mexay MULLEHbIO 11 YNLT pa3ByKOBbIM Npeo6GpasoBareneM,
/ — ANWHa ynsTpasByKoBOi BOMHBLI B Cpefie pacnpocTpaHeHus;
k=27/\ — BOMHOBOE YUCIIO;
s=2z\/a? — paccTosiHMe Mexay MULIEHBLIO U YNLTPa3ByKOBLIM npeo6pasoBaTteneM, HOPMUPOBaHHOE K MPoTs-

XEHHOCTU GRMnKHero nons.

YpaBHeHue (B.1) MOXeT 6bITb peLUeHo 1 ANs S, ecrli HeoBXOAUMO NOMYYUTL MakcUMasibHoe 3Ha4eHue HoOpMUpo-
BaHHOMO paccTosHUA MexJy YNsTPa3BYKOBbIM npeobpasoBatenem 1 MULEHbIO 3ajaHHoOro paguyca b. Bnusaxue no-
rNOLWEHUS] U aKyCTMYECKMX TeUeHMUIH paccMaTpUBaETCS OTAENBHO.

B nopsiske NpeaoCcTopoXXHOCTM b HUKOIAA He A0MMKHO BbITb MeHbLWIWUM 1,5a, Aaxe ecnu 3To gonyckaeT dopmyna (B.1).

CTporo roBopsi, NpUBEAEHHbIE BhiLLE BbipaXXeHMWsi PUMEHSIOT AN NOrNOLWAoLWEen MULLIEHHU, HO UX Tatoke MOXHO UC-
nonb3oBaTh, UTOOLI ONpefenuTb, MOAXOAMUT N OTpaxalolas MULLEHb ANSA U3MEPEHWA B CnydYae pacxofsLerocs ny4ka.
Mop b cnepyet noHUMaTL pafuyc HanbonbLIEro MOMEPEYHOro Ce4eHNA MULIEHN (A1 KOHYCHOTO BLINYKNOro oTpaxartens
aT0 ByaeT ocHoBaHUe KoHyca), a Nof Z — pacCTosHUE OT 3TOro NMonepe-HOro ceveHus Ao npeobpasosaTens.

B.2 ®okycupylowmit npeobpasoBarenb

B sTom cny4ae npoueaypa oLeHKU MUHUMArbHOIO 3Ha4YeHUs paguyca r NnorroLaroLLen Kpyrnoi MALLEHN OTANYaeT-
€A OT n3noxeHHon B B.1[11]. KpuTepueM oLeHKU BHOBb BYAET TO e MUHUMAarbHOe 3Ha4eHne pagnaunoHHon cunsl — 98 %
oT BOSAeVICTBy}Ou.leﬁ Ha MULeHb 6eCKOHEYHbIX nonepeYHbIX pasMepoB.

Ina cchepudeckoro KpuBonuHeHoro npeobpasosartens POKyCHOe paccTosiHUE U PacCTOAHUE 10 MULLEHWU BblYUC-
AT OT «AHa Yawu», a dunz 34ecCb UCNONb3YKT ANA BblYUCIEHNA FJ'Iy6I/|HbI «Yaliun».

OTa oueHKa BepHa Ana paccTosHuii oT z/d = 0 go z/d = 2. TpebyeMulih pagnyc MULLEHHU r/a, HOPMUPOBAHHBLIN K pa-
Auycy npeobpasoBaTtens, NpueefeH AN YeTblipex auctaHuuin z/d B Buge:

rla=1 ana z/d=0
rla=0,5+6,24 " (kasin ) 0883 ans zid=0,5
rla= 12,54 * (ka sin )0.749 ansa z/d =1
T
ra=1+291"(ka siny)‘ov892 ans z/d =2,
raea — pajuyc Kpyrnoro ynbTpasByKoBoro npeo6pasoBarens,
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d — reoMeTpuyeckoe (hOKyCHOE paccTosiHUe (POKyCUPYIOLLero yNsTpa3ByKkoBOro npeobpasoBaTtensi, U3mMepeH-
HO€e OT NMOCKOCTU Kpas aKTUBHO YacTn npeobpasosarens;

k — BonHoBoe uncno (k = 2mW/L);

z — paccTosiHWe Mexay ynbTpa3ByKoOBbiM nNpeoGpasoBaTeneM n MUWEHbIO, U3MepeHHOe OT MMOCKOCTMU Kpas
aKTMBHOI YacTn npeobpasosarerns,

Y — cbokanbHbIiA yron (Nonyyron) Kpyrroro chokyCcUpyHoLLEro YNbTPa3ByKOBOro npeobpasosarens.

Ecnu peanbHoe paccTosiHne 40 MULLEHN HAaxX0AUTCA MexZy KakuMu-nnbo ByMs NpuBeeHHbIMU BbILLE 3HAYEHUS-
MW Z/d, TO r/a BBIMUCNAKT NMUHEWHOR MHTepronsALMen.

MpumedvyaHue — [puBefeHHas BbllLe OLiEHKa HenpuMeHMa Ans npeobpasoBaTenei, UMEKLWNX UeHTparnb-
Hoe oTBepcTue.
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Mpunoxexue C
(cnpaBouHoe)

dopmynbl AnNA paauauuoHHON CUMbI

C.1 O6wme nonoxeHus

®opMynbl, NpUBE/eHHbIE B HACTOALLEM NPUNOXEHUN, MOrYT GbITb MCNONL30BaHK! AMs OLIEHKN MOLLHOCTH P;, BO3-
NEeNCTBYIOLEN Ha MOITIOLAIoOLLYI0 MULLIEHB, HO OHWU NPUMEHUMBI TONMBKO ANSA MAeanbHbLIX NpeobpasoBaTeneil NPocTbIX
TUNOB. HeT rapaHTuK, UTo peanbHbIii npeoGpasoBarens GyaeT nogo6eH ero uageansHoMy ABORHUKY, U 3TO OGCTOSATENLCTBO
ABMSAETCA OCHOBHLIM UCTOYHUKOM HEOMPEAENEHHOCTU NPU UCNONB3OBAHUN METOa PaAUALMOHHON CUTMbI ANsi onpeje-
neHns Bo3aeicTBYIoLel MolHocTH. [onb3oBaTento peKOMEHAYETCS CaMOMy OMNpeAenuTh NpaBUIlbHOEe COOTHOLLEHUe
Mexy BO3AeHCTBYIOLIeH MOLHOCTbIO U PagnaLMOHHON CUNON ANS UCNBITYeMOro Npeobpa3soBaTensi Kaxoi KOHKpET-
HOW KOHCTPYKUUM, N 3TO COOTHOLLEHWE MOXET OTNIMYATLCA OT NPUBEAEHHBIX HUXE.

B HacTosleM cTaHaapTe pekoMeH0BaHO UCMONb30BaTh NOTNOLLaoWme MULLEHM, MOSTOMY (opMyIbl ANst OTpa-
Xalowmux MULeHel He paccMaTpUBaloT.

C.2 CooTHoweHusa ans dokycupylowmx npeobpasoBarenei
C.2.1 NpeobpaszoBaTenb ¢ OAMHOYHLIM CPEPUYECKUM CETMEHTOM

- 2Fc , (c.1)
1+cosy
roe P; — akycTudeckasi BO3AEHCTBYIOWasi MOLWHOCTD;
F — pagunauuvoHHasi cuna, feiicTeylollasn Ha MornoLyaloLLyto MULLIEHD,
¢ — CKOpOCTb 3BYKa B BO/i€,
Y — dokanbHbIi nonyyron dokycupytoljero npeobpasosatens, y = arcsin(a/d).

C.2.2 OauHOYHEI Nnpeobpa3soBaTens co cepruieckoit 30HOI (C OfUHOYHBIM ChepUYECKUM CErMEHTOM, UMEIOLLUM
Kpyrnoe oTBepcTUE B LieHTpe)
2Fc

= (C.2)
COS Y1 +COSYs

'Di
raey, — MOMOBMHA yrMa CXOXJEHNA NyyKa Ha BHELHel anepType npeobpasosartens;
Y, — TOMOBWHA YyrMa CXOX/JeHUA NydKka Ha anepType oTBepCTUs NpeobpasosaTtens.

C.3 CooTHoOLeHHUA AN MHOTO3NEeMEHTHbIX NpeobpasoBarenci

C.3.1 ®okycupyloLas peLleTka U3 KpyrnblX 3NeMeHTOB NopLUHeBoro Tna. Ecnu N UaeHTUYHBIX 3NeMeHToB npe-
obpasoBaTensi B BUAE NMOCKUX JUCKOB pacnonoxeHsl Ha obueil cepuieckoit NOBEPXHOCTH, TO BCE OCU NMYYKOB 3TUX
3MEeMEeHTOB CXOAATCA B LieHTpe cepryeckoil NOBEpPXHOCTH, YTO U obecneunBaeT PoKyCcUpoBKY. Ecnu kaxablil anemMeHT
U3fyyYaeT OfWHaKOBYIO aKyCTU4ECKYI0 MOLWHOCTb, TO CyMMapHas akycThudeckas MOLUHOCTb P pelleTku MOXET ObiTb Bbl-
4yucrieHa no cnegyowein opMyne:

NFc

P = corr - ————, (€3)
D cosb;
A
rae F — cyMMapHas paguaunoHHas cuna, AeicTByolLasa Ha MorroLaoLLyio MULLEHD,
6; — yron mexay IMaBHOW OCbIO MyyKa BCE PELLETKM U OChLIO My4Ka j-ro 3NeMeHTa npeobpasoBaTtens, T. €. yron
najieHns ocu nyyka j-ro aneMeHTa npeobpasoBaTtens Ha NOrmoLatoLLyo MULLEHb,
COIT — MOMNpPaBOYHbIA KO3 MULMEHT AN NNOCKOW BOMHbI, YYUTHIBAIOLLMIA pacxoxaeHue nydka ogUHOYHOro npeot-
pasoBarernsi NOpLUHEBOro TUNa, T. €. P;/cF, paBHbli
1-Jy(2ka)! ka
COIT = 1(2ka) (C.4)

1-Jg2(ka) - Ji(ka)’
rae K — BOIHOBOE YMCIO;
a — paauyc oAWHOYHOro npeobpasosatens,
J — ob6o3HayeHue yHkUuK beccens;
Jol ) — cyHKuMA Beccens Hynesoro nopsaka;
Jy() — dyHkuma Beccens nepsoro nopsaka.
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MonpaBoHbI KO3 DULMEHT B 3aBUCUMOCTY OT ka rpadpuyeckun npeactasned Ha pucyHke C.1.
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PucyHok C.1 — lMonpaBoyHbIA KO3 MULUEHT AMA aKyCTUYECKOro Nons nnockon BOmHbI,
U3ny4Yaemoro KpyrfsiM npeobpasosaTenem NopLIHEBOro TUNa, B 3aBUCUMOCTH
OT NpOW3BefEeHUA BOMTHOBOIO YnCna Ha paguyc npeobpasosatens

C.3.2 dokycupytolllan peLleTKa u3 Kpyrnbix oOKycUpYIOLUX 31EMEHTOB

OTa pelueTKa cocToUT U3 N MOEHTUYHLIX reMeHToB npeobpa3oBaTeris B BUAE Yallevek, pacronoXeHHbIX Ha 06-
el cchepnyeckoit NoBepXHOCTH, M BCe POKYChl 3TUX 3rIeMEeHTOB CoBNafatoT C LieHTpoM obueit cchepuieckoin noBepx-
HOCTU, T. €. OHU UMetoT oBLYUit hoKyC, pacnofoXeHHbIR Ha (HOKYCHOM pacCTOSHUM OT KaxXaoro snemeHTta. Ecnu kaxawlii
SIIEMEHT peLUeTKU M3NyYaeT ofUHAKOBYHO aKyCTUYECKYH0 MOLHOCTb, TO CyMMapHas akycTuieckasi MOWHOCTL P peLleTku
MOXeT OblTb BbiMUCNEHa No cneaytowein hopmyne:

2NFc
P = :V+cosy ' (C.5)
>.cos;
j=1
rae F — cymMMapHasi pagMalMOHHaA CUNa, JeicTByioLas Ha NOrnoLjatoLLyio MULLIEHb;,

vy — dpokanbHbIii (nony)yron caMmodokycupytoLero anemeHTa npeobpasosarens;

; — yron Mexay mMaBHO# OCbio Ny4ka BCE PELLETKU W OCLIO MydKa j-T0 ANeMeHTa NpeoGpasosatens, T. €. yron
naAeHusi ocu NyyKa j-ro aneMeHTa nNpeobpa3soBaTens Ha NoMToLaoLLyio MULLEHb (B rpagycax unu paguaHax).

C.4 CooTHOLWeEHUs Ana ynpaBnsieMbiX ¢(pa3supoBaHHbIX peLIeTOK
[na ny4yka ¢ Nnockoi BOMHOW, pacnpoCTpaHsIioLWEerocsi oT ynpaersiemMoii hasmpoBaHHON peLLETKN

P (€6)
cos¢p

rae F — cymmapHas pagualMoHHas cuna, JeiCcTByloLas Ha NormMoLatoLLyo MULLIEHD;
(¢ — Yron Mexay Ocblo Myuka M HanpaBneHMeM YyBCTBUTENbHOCTW YCTPOWCTBA C MOMoLaloleli MULLeHbIo, T. e.

perynupyemelii yron.
Ana cepuyeckn coKkycmpoBaHHOrO NyyKa, pacnpocTpaHsoLWeErocs oT ynpaBnseMoii hasmpoBaHHO| peLLeTkun

Pi = L (C.7)
(1+cosy)cose

rae Y — okanbHbli (Nony)yron caModoKycupyioLLero anemMeHTa npeobpasosatens.
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C.5 CooTHOLWEHUA Ang nepemMellarollerocs U3nyyatensa unu usanyvyarens ¢ moaynsauuen

B HacToslLeM CTaHhapTe He AaHbl kakue-nmGo COOTHOLLEHUA ANs NepeMellatolerocs npeoBpasosarens. OTKINK
MULLIEHN Ha U3MEHEHNe MOLHOCTM WK YITia NafeHns 3aBUCUT OT CKOPOCTU 3TOro U3MEHEHUs Mo CpaBHEHUIO ¢ BpeMe-
HEM OTKIMWKa CUCTeMbl YPaBHOBELLMBaHMUSA (BECOB), KOTOpoe cocTaenAeT 06biuHO (1-3) ¢. Ecnn BpeMa M3MeHeHWs cylle-
CTBEHHO KOpOUe BPEMEeHMU ypaBHOBELUUBAaHWS, TO pafuaLNoHHas cuna, n3amMepsiemMas npu BKITHOYEHUN UMK BIKIHOYeHN
nanydyeHus, GyaeTt NpunuxaTecs K ycpegHeHHOM Bo BpeMeHU cine. Ecrin Xe BpeMsi U3MEHeHUA CyLecTBEHHO Gonblue
BPEMEHM YpaBHOBELLMBAHMSA, TO pagnaLoHHas cuna, u3mepsieMas npu BKIIOYEHUN UMK BBIKIIOYEHUU W3rydeHns, ByneT
NPUBNKATLECA K MTHOBEHHOMY 3HaUEHUIO CUMTbl B MOMEHT BKITHOMEHWS UMW BBIKMIOYEHUS U3MTyYeHuA,

B HEKOTOpPbIX ocobbIx cnyyasx, Korga ny4ok NOCTOSAHHOM MOLUHOCTU NepemMellaeTcq No NoOBEPXHOCTU MULLEHU, He
BbIXOAA 3a ee npefenkl U He MeHAA HanpaBlieHUA yrna nageHnAa, BBOAUTb Kakue-nmbo nonpaBKu He TpeGyeTCH Ao Tex nop,
noka MULLEeHb NepekpbIBacT He MeHee 98 % aHepruu, KOoTopyto Gkl BocnpUHUMana GeckoHeYHasi MULIEHD.

C.6 CooTHOLLEeHUA ANS nepeceKkaloLmnXcs Ny4YKos
Ona N cdoKycMpoBaHHbIX NepekpeLLnBatoLLnXCa My4KOB, KaxAbli U3 KOTOPbLIX UMEET CBO MHAWBMAYanNbHbIA ¢0-
KanbHbliA yron 7j, Yron HakrnoHa 6,1 akycTu4eckyto MOWHOCTL P;, cyMMapHas pafuaunorHas cuna F pasHa

1

F:ZZ(PJ(1+cosyj)cosqaj), (C.8)
roej=1,2...N, J
F — cymMmapHas paguauuoHHasi cuna, 4encTBytolasn Ha normoLaroLLlyo MULLIEHD;
¢j — Yron Mexay oCbio Mydka 1 HanpasneHuem YyBCTBUTENBHOCTY CUCTEMb ypaBHOBELLNBAHNS C nornoLyatoLe
MULLUEHbIO, T. €. PEryrMpyeEMbI Yron HaKmoHa;
v — ¢poKanbHbI (Nony)yron camMooKyCUpYHOLLEro afieMeHTa npeobpa3oBarens.

B o6LueM crydae CyMMapHYK MOLHOCTb » Pj HEBO3MOXHO BHIMUCIIUTL MO CYMMapHOH paAiMaUMOHHON cune.
J
OnHako ecrnv cocTaBnsoLLas b; CyMMapHOA MOLLHOCTH KaX[0ro Mny|ka U3BECTHa, TO MOXHO BBIMUCIIUTL CYMMapHY1o

BO3AEICTBYIOLYI0 MOLHOCTL - b;P Kak

j 1
Py =2Fcy’ (C.9)

j b;j(1+cosy;)cosq;

C.7 CootHolweHus ans HedpoKkycupyowmux npeobpasoBareneci
[nsa HedpokycupytoLero npeoGpasoBaTens ¢ 04UHOYHBIM 31EMEHTOM:

1-J,(2ka)/ ka

P =oF 1= & (C.10)
1-Jg2(ka) - J2(ka)
KoTopasi MOXeT GblTb annpoKCMMUpOBaHa Kak
0,6531(, 1407
P =cFl1+——|1+——+ ||
' 2ka ( (ka)2’3] 1

C.8 NpeoGpasoBarenu gpyrou reoMeTpun

MHdpopMauua o npeobpasoBaTensx gpyron reoMeTpum (HanpuMep, LUNUHAP, U3nyyarowmnin BHyTPb UNK HApYyXy) B
HacTosiLLee BpeMSA OTCYTCTBYET.
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MpunoxeHne D
(cnpaBo4Hoe)

MeTog pacwmpeHus

D.1 O6uwme nonoxeHus

B 3TOM NpUNOXEHUN PacCMOTPEHbI NMPUHLMMBI, MOMOXEHHbIE B OCHOBY METOAA pPacliMPeHuns, UCTOUYHNKN Heonpege-
NIEHHOCTW ¥ NpuMep pacwupsleiica MuweHn, onybnmkoBaHHele Shaw [6]. B [7] Takne namepeHunss npoBoaunun o
10 Mru, npy 3TOM NOAPOGHO M3NOXEHbI Mpolegypa onpefeneHns YyBCTBUTENbHOCTU K NaaByyecTu Npu anekTpuye-
CKOM HarpeBe, a Take MonpaBk1 Ha BAMSAHWE TENN0BbIX NOTEPb Yepe3 BXOAHYI0 MeEMOPaHy, KOTOpble Takke pacCMOTPeHbI
B 3TOM NPUIOXEHUN.

D.2 MpuHuunel

Mprmep pacwupsioeiics MAWEHN CXeMaTUYHO MokKasaH Ha pucyHke D.1. B aTom npumepe npeo6pasoBatesb U
3anosiHeHHasi Mac/ioM MULEeHb NOTPYXeHbl B eMKOCTb C BOAOI, NMpu 3TOM npeo6pa3oBaTesb M3nyyaeT CBepXy Ha MeM-

6paHy MuUWeHU. MulieHb MOABELIEHA HA BEcax W pacnosiokeHa Tak, YTo6bl MepekpbiTb BCE Y/bTPa3BYKOBOE MOSe, W3-
nyyaemoe npeo6pasoBaTesiem.

2

7 — BHELWHNE CTEHKN MULIEHW; 2 — BXogHas Memb6paHa;
3 — BHyTpeHHsAs kamepa (oTkpbiTas); 4— KacTopoBoe Macso; 5 — NornoTuTenb

PucyHok D.1 — Cxema paclimpstouieinca MueHmn

MpumeuaHne — Tpu KOHCTPYMPOBAHUN YCTAHOBKU PEKOMEHAyeTCAa npefycMOTpeTb BO3MOXHOCTb YCTaHOBKU
IKpaHupyloLeli Te4eHUss NAeHKn B6IM3N MULLIEHU, XOTS OHAa W He ucnonb3yetcs B [6] u [7].

Ha pucyHke D.2 noka3aHO M3MEHEHWE Beca CO BPEMEHEM [A/is BO3AElCTBYHOLWEN MOLWHOCTM okofo 15 BT: ynbTpa-
3BYK MOI/10WAETCA M NPOU3BOANT MITHOBEHHYK paAuaunoHHY cuny, a Takke NOCTENEeHHbI HarpeB KacTOpoBOro Macna.
OTOT HarpeB Bbi3blBA€T 06HLEMHOE paCLUMPEHUE WM YBENIMYEHUE BHYTPEHHEro AaBfieHusi. MulleHb cHabGXeHa TOHKOM
BXOZHOIi Mem6paHoii, NPoBOASLLEe yNbTPasByK W 3N1aCTUYHON HACTONbKO, YTO AaBNEHWe Macna OCTaeTcs HEW3MEHHbIM U
yBEIMYMBAETCH TONIbKO 06bEM MULIEHW. Mo NpuHUMNY ApXuMe[a 3TO pacluupeHne Bbi3biBaeT L06GAaBOYHYH CUMy, BbiTan-
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KWBAIOLLYI0 MULLEHb BBEPX, U 3Ta CUMNa PErncTpupyeTca BecaMm Kak yMeHblleHne Beca MULeHHU. CTyneHyaToe ymeHb-
LLUEHWE STOro Beca NOCMe KaxAoro BKoYeHUss npeobpa3soBaTens MOXHO ONpeAenuTb Mo ero BpeMEeHHOW 3aBUCUMOCTU.
B [6] 3HaYeHUs1 U3MeHEeHUA Beca ANA KaXA0ro nepuoga BKNIOYEHNA 6binNKU BbIMUCHIEHBI MO YYacTKaM HENocpeACTBEHHO
nepea BKIlo4eHUeM npeobpasosaTerist U NOCIE ero BbIKNIOYEHUS (CNYCTsl HEKOTOpoe BpeMA ANSA ypaBHOBELWMNBAHUS MU-
LUeHN nocrne Bo3aencTeUA Gonblioi paanaLMoHHon cunbl). Oba yyacTka Gbinu 3aTeM 3KCTPanonupoBaHbl K cpefHei
TOYKe Kaxgoro nepuoaa obnyd4eHus, Kak aTo nokasaHo Ha pucyHke D.2. MeToguka o6paboTkm nony4eHHbIX AaHHbIX 06-
cyxgaetca B D.4.
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Pucynok D.2 — MNpumMep n3ameHeHUs1 Beca co BpeMeHeM

M3 aToro pucyHka BUAHO, YTO Bo3ByxaeHUe npeobpasoBatens 6bino BkntoveHo Ha 40-if cekyHae 1M Npogonxanoch
10 c. BaTeMHeHHbIe KBafpaTWKK NOKa3biBaOT Maccy, 3KCTpanonupoBaHHyo Bnepea oT NpeAbIAYLLIEro nepuoaa BelkMoqe-
HUA; KPYXKM NOKa3blBaKOT MACCy, 9KCTParonupoBaHHyo Hasaz oT CNeaytoLlero nepuoaa BhIkModeHUs. UameHeHue nnasy-
YeCcTU ANS KaXA0ro OTAENbLHOMo NepUofa ONpeAenseTcsa pasHULEh Mexay Kaxaoln napoi CMMBOIIOB.

YyBCTBUTENbLHOCTb K NaBy4yecTu S, onpegensiemasi No U3MeHEHWIo NaBy4YecT, AeneHHOMY Ha MOMTIOLWEeHHYI0
3Hepruto, He 3aBUCUT OT 06beMa MULLEHU U BbIpaXaeTCs Kak

s-B _PwE (D.1)
Patg p-C
rae B — u3MeHeHWe cunbl BbITankuBaHus (NnaBy4vecT);
P, — nornouieHHasn akycTudeckas aHeprus;
to — ANUTENbHOCTL 0GMyYeHus,
Py — MNOTHOCTb BOALI
E — koadpduUMeHT 06beMHOro pacluMpeHns Macna;
p — MNMOTHOCTb Macna,
C — obbeMHasi TeNNoeMKoCTb Macna.

Wtak, ans nasecTHoro nepuoga obry4eHns U3MeHeHWe Macchl NPSMO NPOMNOPLMOHANBEHO MOLHOCTU YNBTPasByka
npu cnepyrowmnx fonyLweHusx:

a) OTHoleHue E/rC NOocTOAHHO B gWanas3oHe TemnepaTyp BHYTPU MULLEHW BO BpeMs U3MepeHUs U3MEeHEHUs ee
nna.By4YecTy nog AercTBueM obnyveHuns. 3To He OTHOCUTCS K oKanbHOMY MeperpeBy, KOTOPbIA MOXET BpeMEeHHO NpeBbl-
WaTb AWanasoH TeMneparyp ¢ NOCTOSAHHLIM OTHOLLEHWeM E/rC.

b) MoTepun Tenna ua macna B KOHTENHEP U OKPYXaIOLLYHO BOAY MHOIMO MeHbLLIE NOrNOLLEHHON aHEePruu.

¢) Apyrue NCTOYHWKN HarpeBa MHOro MeHbLLIE NMOTMOLLEHHOR SHepriu.

d) Ynbrpa3BykoBas 3Heprus, Bo3AeiicTayoLlas Ha MULLIEHb, MONMHOCTLIO MOrNoLLaeTcs B Mache.

e) Bak c Booil coxpaHseT NOCTOAHHYIO TeMnepaTypy W NIOTHOCTL.

f) [JaBneHue macna ocraeTca NpMONU3UTENBHO HEU3MEHHbLIM.

g) Ans naMepeHWs MOLYHOCTU BbIXOAHAsA MOLLHOCTb NpeobpasoBaTtens 4omkHa 6biTb NMOCTOSHHOM.
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bbino nokasaHo [6], UTo 9TKU AONYLLUEHUA MOTYT UMETb MECTO Ha 4acTtoTax 4o 3 MIu. B [7] noka3aHo Takxe, 4To
BbiWwe 3 MIy HabnioaaeTcs yBenuMyeHWe noTepb Tenna us-3a Harpesa Macna B6nusn membpaHbl, koTopas nponyckaeT
Tenno B Bogy. Ha Takue notepu Heobxogumo BBoAUTL nonpasky (cm. D.4).

D_3 MNpumMep paclumpsiioeca MULLIEHU

MuweHb npeacTaenaeT coboi LMNMHAP M3 OprcTekna BHYTPEHHUM AnaMeTpom 12 cM 1 BbicoToil 15 cM, 3anon-
HeHHbI nabopaTopHEIM KacTOPOBBEIM MacrioM (yAenbHbIi koadduumeHT nornowenus 0,8 ab - oM MI'LF1-7). BepxHuii
Topey uunuHgpa, obpalleHHbIA K npeobpasoBarernio, repMeTU3UPOBaH NNAcTUKOBON MeMbpaHoi TonwmHon 10 MKM, a
LHO — MNacTMHOW U3 oprcTekna ToNWMHOW 5 MM. MaMepeHHOe oTpaxeHue ynbTpassyka OT BXOAHOW MemBpaHbl He npe-
Bbiwano MuHyc 30 gb Ha 2 MMy u MuHyc 22 a6 Ha 5 MI'y. [Ina co3gaHua AONONHUTENBbHON TEMNOU3ONALUN MeXAY Harpe-
TbIM MacfioM U CTEHKaMW MMLLEHW BHYTPb LUNUHAPa NOMELLaoT OTKPLITYIO CBepXY TOHKOCTEHHYIO kamepy. Ha AHo 3Ton
Kamepbl MOMELLAIoT ABE MNacTUHbl aKyCTUYECKOro NMornoTUTEeNs TONWWHON 2,5 MM Kaxablii: uamepeHHble Ha 1 My oTpa-
XEHUs1 OT 3TOrO MOFNOTMTENS He NpeBbILLaNM MUHYC 25 A6, a NOTepy Ha NOrAoLeHUe COCTaBNANM MuHyc 23 a6 - cM~!. 3T
MorroTUTENN B KACTOPOBOM Macne obecneunBanu 6bICTpoe BbipaBHUBaHWME TemMnepaTypbl B Macne. MUweHb B LUenoM
MOXeT ObITb NnofBeLlieHa K BecaM UK K crneLuansHoi pamke, obecnevnsarolleit pa3MelleHne npeobpa3osatensa cBepxy
MULLeHU. Mcnonb3yloT Bechl € paspelleHneM 1 Mr 1 MakcuManbHol BasellnBaemon maccoi 1200 r, nokasaHWsa Becos
BbIBOAMIMMCE Ha KOMMNbiOTEp Yepe3 uHTepdeiic RS232. [ina o6ecneveHns oTpuLaTenbHOR NNaByyecTu M cTabunbHOCTU
NMosioKeHUs MMULLIEHM, Ha ee HWXKHMIA Topel 6bin nogBeLueH rpy3s. TepmoMeTp ¢ XKKW 6bin yKpenneH Ha BHELUHER CTOPOHe
BHYTPEHHER KaMephl, A5 CYUTbIBaHUA TeMnepaTtypsbl Macna.

Bbinu namepeHsl MowHocTu Ao 350 BT. B Takux aKkcTpemaribHbIX YCIOBUSAX MOMyT 0Opa3oBLIBaTLCA BO3AYLUHbLIE Ny-
3bIpbKKU, HO OHM BLbINKM OTMeYeHbl Tonbko Ha YactoTe 0,8 MY npu ypoBHe MoLyHOCTM Bhilwe 300 BT B hokanbHoOW obnactu
BHYTPV MMLLEHM U NpU TemnepaType Macra Bbilie 35 °C. [Npu 3TUX yCroBUsIX BO3HMKaNW NOTOKM My3blpbKOB, HO OHU UCYe-
3anu npu oxnaxaeHun macra B MULLIEHU. Kaknx-nubo JonroBpeMeHHbLIX U3MEHEHWIA CBOICTB MULLIEHKU He Habnoganocsk.
Bo BCcsiKOM criyvae 3T yCroBUs HE peKOMEHAYETCS BOCNPOU3BOAMUTL Ha NpakTuke, a oKyc crieqyeT pacnonarars B rnybu-
He MacnsHow kamepel. MNoBpexaeHuii BXogHON MeMbpaHbl He Habnoganoch, HO 3TOr0 MOXHO OXWAaTb NpU AAUTENBHOM
obny4eHnn 1 HaxoxgeHun dokyca Bonnu3n membpaHsi.

D.4 OnpeneneHue 4yBCTBUTENbLHOCTH K NNaByyYecTH

CBoiicTBa OfHOro M3 COPTOB KaCTOpPOBOroO Macna npueefeHsl B Tabnuuax D.1 u D.2. YyBcTBUTENBHOCTE MOXET U3-
MEHATLCA CO BPeMEHeM U 3aBuUceTb OT copTa Macna. OfHako oHa He 6yaeT 3aBuUceTb OT TemnepaTtypbl. KoadduuueHT
MOrNOLLEHNA MOXET TakKe U3MEHATBECH CO BpEMEHEM U 3aBUCETL OT copTa Macna.

YyBCTBUTENLHOCTL NPW HEKOTOPLIX TeMnepaTypax MOXHO ONPeAennTL OCTATOYHO NPOCTO 3KCNEPUMEHTANLHO Ny-
TeM U3MepeHNs CKOPOCTU U3MEHEHUA Beca KOHTeWHepa ¢ KacTOPOBLIM MacnoM, HarpeBaeMoro aNEeKTpUHECTBOM U Noa-
BeLLUeHHoro B Hake ¢ Booi. 3TOT HarpeB MoxHo, HanpuMep, obecneunTb, NPonyckas TOK Yepe3 HUXPOMOBYIO NPOBONOKY
anuHoi 30 cm conpoTuBneHnem okorno 33 Om - Yol npu KOMHaTHOI TeMnepaTtype. KoHubl npoBonoku 6einu nogcoeguHe-
Hbl K ABYM KOHTaKTaM AnaMeTpoM 2 MM BUIKKM, @ MPOBONOKa cBUTa B cnupans. Buinu npuMeHeHsbl ABa MeToAa aHanusa.
MepBblii U3 HUX OCHOBaH Ha BbIMUCMEHUW HaKNOHa (TaHreHea yrna cnagaHua) UsmMepeHHoNn Macch! U NONyYeHNU pasHOCTH
HaKMoHOB MO TOYKaM A0 W Mocne Kaaoro nepuofda BKIOYEHUA (B cpeAnHe nepuofa — cM. pucyHok D.2), a 3aTem n
ycpefHeHUsA 3TUX ABYX HAKNOHOB. OTOT MeToZ, NpUMEHEeHHbIR Shaw [6], UMeeT TO NPEeUMYLLIECTBO, YTO HE HYXKHO KOHTPO-
NMpoBaTb BPeMs HarpeBa U OH MeHee YyBCTBUTENEH K KpaTKOBPEMEHHBIM U3MEHEHWUAM ANeKTpUYeckoro Bo3byxaeHns.
BTopoit MeTog ocHoBaH Ha 0BLEM U3BMEHEHUI MaCcChl MULLEHN. OTOT METOA CXOAEH C METOAOM U3MEPEHURA aKyCTUYECKO
MOLLHOCTH, HO NS BLIMUCIEHUSA CKOPOCTU M3MEHEHWS 3heck HeobXoaUMOo TOMHO 3HaTb Nepuoa Harpesa. B HekoTopbIX
cnydasx crnefyeT BBOAUTL NOMpaBKy Ha TENMOBYHO SHEPrUto, OCTaBLLYIOCA B HarpeBaTeNnbHOM aneMeHTe [7].

B Tabnuuye D.1 npuBefeHbl 3HAYEHNSI MNOTHOCTU BOAEI, NIIOTHOCTU W YAENbHOW TENNOEMKOCTU KacTOPOBOro Mac-
na (Acros® Organics) B gnanasoHe Temnepatyp oT 10 °C go 60 °C, BblMUCNEHHble KO3 DULNEHTH 06BEMHOrO pac-
WwunpeHus, maccoBoit (MT) u obbemHoit (OT) TennioeMKocTH, yBenudeHnss obbemMa Ha AXKOynb MOrMOLWEHHON 3Hepruu,
yBENUYeHUs MnaBy4YecTW B BOAE Ha [XOYfb MOMMOLWEHHOW aHeprum npu Temnepatype 23 °C Ha AXOynb NOrNoLeH-
Hoit aHepruu. B nocrniegHem ctonbue npuBeAeHbl 3HA4YEHUS NOBLILLEHNA NNaBy4eCTU B BOAE Ha AXOYNb NOTNOLLEHHO
SHepruu Npu TemnepaType KacTopoBOro mMacna. B HKHe# CTpoke faHbl 3Ha4eHUA HeonpeaeneHHOCTU Npu 95 %-HoM
YPOBHE BEPOATHOCTH.

Mpumevyanune — CopTKacToposoro macna Acros® Organics ABNAETCA NPUMEPOM KOMMEPYECKN AOCTYMHOrO.
OTa nHopmauus aaHa nuwb NS yAobcTBa Nonb3OBATENSA HACTOSALMM CTaHAApTOM U HE HOCUT peknaMmHbIX Leneii co
cTopoHbl M3K.
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Tabnuuya D.1
YyscTBUY- UyBeTBM-
Temnepa- MnotHocTb | MnoTHocTb OBbewmroe Yeenue- TenerocTs TenbHOCTE
MT paclumpe- oT Hue K nrnaeyve-
Typa BOAbI Macna - o K nna.yye-
oc o/ n OxrK Hue Ox-mn K obbemMa CT! Npi o non T
pu
1/K M/ 23 C
M/ M/
10 0,9997 0,9659 2,073 7,02:10™4 2,003 3,507:104 0,3496 0,3505
15 0,9991 0,9625 2,088 7,05:104 2,010 3,507-10-4 0,3496 0,3501
20 0,9982 0,9591 2,103 7,07104 2,017 3,506°10™4 0,3495 0,3497
25 0,9970 0,9557 2,119 7,10-104 2,025 3,506'10—4 0,3495 0,3493
30 0,9956 0,9524 2,134 7,12'10‘4 2,032 3,506'104 0,3495 0,3489
35 0,9939 0,9490 2,149 71 5104 2,039 3,506 104 0,3495 0,3484
40 0,9921 0,9456 2,164 717104 2,046 3,506'10—4 0,3496 0,3478
45 0,9900 0,9422 2,179 7,20:104 2,053 3,507-104 0,3496 0,3473
50 0,9877 0,9388 2,194 7,23'10‘4 2,060 3,508 104 0,3497 0,3467
55 0,9853 0,9354 2,209 7,25:10~4 2,067 3,51010™ 0,3499 0,3460
60 0,9826 0,9320 2,224 7,28:104 2,073 3,511-10™4 0,3500 0,3453
cpefHee
0,3495
Heonpe-
JeneH- 0,1 % 1,0 % 3,4 % 1,0% 3,5% 3,7 % 3,7% 3,7%
HOCTb

D.5 Anroputm crinaxvwBaHusa KpuBbIX

Ha vactoTax go 3 My Ans onpefeneHnsl Beca MULLEHU NPU BLIKIMIOYEHNN U3MyHEHUA MOXKHO MPUMEHUTL NIUHENR-
HOe crnaxusaHue (rpacduyeckoil 3asucumoctu). Boiwe 3 MY Ans crnaxuBaHus NpeanoyTuTeNibHee aKCNoHeHUmansHas
yHKUMA (cM. pucyHok D.3) B Buae

y=a e+

rae y — nocrefoBaTenbHOCTb KaxyLmxces (Habnrogaemelx) Mace;,
X — BpEeMs nocre BbIKNIOYEHNS U3NYYeHNs,
a — amnnuTyaa B Mr,;
b — nokasatens ocnabnexna e ¢!,
C — cMeLleHUe SKCMOHEHUWanbHON OyHKLUN B MF.

MapamMeTpel @, b U ¢ B 3TOM BblpaXXeHUU SBSAOTCA onpeaensemMeiMi. UTobkbl nsbexars HenpaBuIbHbLIX pe3ynsTaToB
13-3a MOMeX NpU U3MepPeHMUsIX ManblX 3Ha4YeHUIA MOLLIHOCTU, SKCMepUMeHTanbHo nogbupaemelii napametp b 6bin BeiGpaH
B AuanasoHe oT 0,07 fo 0,125 ¢! Ha ocHoBaHMK HabnoaeHWi KpMBbLIX criagaHus npu 6onee BLICOKUX 3HAYEHUAX BbIXO/-
HOW MOLLHOCTH. BepXHSAA U HWKHARA rpaHnubl 4ns ¢ 6binu nponaBonbHLIMU. [ns nog6opa sKcnoHeHUuanbHoi kpusoi 6pa-
Nu fdaHHble, nonyyYaemble 06bI4HO B TedeHUne 15—20 ¢, HauuHasa Yepes HECKONbKO CEeKYH/, NMocne BhIKITIOHEeHNs U3NYyHeHns.
MopobpaHHasi SKCMoHeHUManbHas 3aBUCcMMOoCTb Bbina 3aTem UCMonb3oBaHa ANA 3KCTpanonsauum no BpeMeHn K MOMEHTY
BhIKNtoYeHUst NnpeobpasoBatens, YTobbl 3aTeM ONPEAEnuUTL KaxyLLyCs Maccy MULLIEHU U CKOPOCTL €€ U3MEHEHUS.
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MpepctaBneHHble Ha pucyHke D.3 rpauky MHBEpTUPOBaHbI NO CPABHEHWUIO C NpefCcTaBNeHHbIMU Ha pucyHke D.2,
Tak Kak B 3TOM cny4dae npeobpasosaTesib Obl1 YCTAHOB/IEH MO MULLIEHBLIO U U3NyYasn CHU3Y BBEpPX, a He CBepXy BHU3, Kak
Ha pucyHke D.2.

Bpewms, ¢
"
10 20 30 40 50 60
-1
1 -2
'3 Y *biiTfftnft ft
m3,151 My
5291 My
-5 7,421 My
9,541 Mry,
-6

PucyHok D.3 — M3mMeHeHMe CO BpEeMEeHeM Kaxylyehcs mMacChbl MULLIEHW C KAaCTOPOBbLIM Mac/oM
ANA Pas/IMuUHbIX 4acToT YbTPa3BYKOBOro 06/1yYeHUss MOLWHOCTbLI0 0kono 1 BT B TeueHue 10 ¢

Ta6nuya D.2 — TemnepaTypHas 3aBUCUMOCTb YAE/bHOTO KO3 ULMeHTa NOrIoweHns B KACTOPOBOM Macie

YaenbHblii KO3 PULNEHT NOrNOLWEHNS B KACTOPOBOM Mac/e

Temnepartypa, Wa 1 MMy
OC '
nbcm-1MIy-1'7
10 1,38
20 0,83
30 0,50
40 0,32

D.6 MonpaBka Ha TennoBble NoTepu

Ecnu TennoBoil NOTOK MexXAy MULLEHbI0 U OKpyXalolieli ee BOAOA nocne ynbTPasByKoBOro 06/1y4YeHUs CyLlecTBEeH-
HO OT/AMYaeTcs OT TEMJIOBOr0 MOTOKA A0 3TOr0 06/yYeHUsi, TO MOXeT oKa3aTbCA HEeo6XO0AUMbIM BBEJeHWe MonpaBku K
napamMeTpam TenjoBOro MoTOKa, CyllecTBylOlWero B npouecce o6nyyeHus. iaMeHeHne TENI0BOrO MOTOKa, CKOpee BCero,
CBSI3aHO C NOCTENEeHHO Bo3pacTalolleii TeMnepaTypoii nornouwatoleil XuakocTu, 04HaKo 3TO MOXeT OblTb BbI3BAHO U W3-
MEeHeHVWeM YCN0BUii okpyxatouiei cpefbl UM TeM 06CTOATENLCTBOM, YTO HavasbHaa TemnepaTypa MULLEHU CYLLeCTBEH-
HO OT/IMYaeTCsA OT TeMNepaTypbl BOAbI.

B [7] nokasaHo, 4TO nonpaBKka K BblTankvBawlleil cune nnaByvyecTu (B geumbenax) MoxeT 6biTb paccuMtaHa no
CKOpPOCTW U3MEHeHUs Beca WM NokasbiBaemoii Ha Becax maccbl M HenmocpeAcTBEHHO nepep 06/ydeHMEM W cpasy nocne
Hero, a Takxe ANUTENbHOCTU 06/1yuYeHns tQkak

o Ydnn dM )
2 A nocne | dt 1°.

MpumeuvyaHne — [pyrum nosicHeHnem hopMbl 3aBUCMMOCTU U3MEHEHUS Beca Mocsie OKOHYaHuA 06ny4vyeHus,
paccMoTpeHHoro B [7], 6yAeT TO, YTO HEKOTOpble WAN BCE W3MEHEHWSA CBA3aHbl C aKyCTUYECKUMWU TeYeHUsiMU, Hapac-
TalwmMn Bo BpeMsa 06N1yyeHus, a 3aTeM cnagawowumu. Tem He MeHee 3To GyAeT O3HayaTb U TO, 4YTO AeliCTBUTENbHOE
n3MeHeHue nnasy4yecTy 6/M3KO K NMMHENHON annpokcMMauuu, npeacTaBfeHHOol gaHHbIMK Tabnuubl 1B [7], @ aHanus atux
JaHHbIX faeT OLeHKy U3MepsaemMoil MOLLHOCTH, 3aBblllEeHHYI0 N0 CPaBHEHWIO C ee AeCTBUTE/IbHbIM 3HAYEHVEM NPUMEPHO
Ha 20 % Ha yacToTe 9,151 MIU. Tem He MeHee He WCKNYEHO, YTO aKyCTUYeCKue TeyeHUsA CYL,eCTBEHHO B/IMAKT Ha
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M3MEHEHNA CO BpeMeHeM Beca MULLEHU U ABMAIOTCS NO3TOMY UCTOMHUKOM HeomnpeAeneHHOCTU. 3Ty HeonpeaereHHoCTb
MOXHO CyLECTBEHHO CHU3UTb, €CMM UCMOMb30BaTh AKPaHUPYIOLWYIO MIeHKY Ha YacToTax Beilwe 3 MIu. Opyrum petue-
HUEeM 3Tl NpobGreMbl ABMAETCA rOpU3OHTaNbHOE pacrnofiokeHne npeobpasoBaTtens ¢ ero UanydYeHueM B GOKOBOE OKHO
pacwmpsiioleiica MULLeHW. Torda Beckl He ByAyT pearnpoBaTb Ha rOPU3OHTasbHbIe CUMbI BO3AENCTBUS aKyCTUYECKNX
TeueHuM.

D.7 HeonpegeneHHoCcTb

HeonpeaeneHHOCTb pe3ynsTaToB U3MEpPEHNUS BO3AEMCTBYOLWE MOLLHOCTN 3aBUCUT OT YacTOThl, YPOBHA MOLL-
HOCTW, reoMeTpumn npeobpasosaTens U KOHCTPYKLVMM MULLEHU. B kadyecTBe npumMepa B [7] npuBefeHbl peaynsraThl OLEHKM
HeonpegeneHHocTu ans 1 MMy dokycupytoLero npeobpasoBaTens B BUAe Yalum gnamerpom 60 MM ¢ pafuycoM KpUBU3-
Hel 120 MM; MULLEHBb AMaMeTPOM 12 cM W BbICOTOW 15 CM € NornoTuTenem TONLWWHON 5 MM Ha 3aaHeil NOBEpPXHOCTU MULLIe-
HW; paccTosiHWE MeXAY MULLEeHbIo 1 npeobpasosaTenemM paBHo 30 MM. [Nocre kaxgoro nepuoaa obrny4eHnss MOLLHOCTbIO
50 BT B TeveHne 10 ¢ nepepasaemas 3a nepuog obnyveHnsa sHeprua 8 50 K npMBOAUT K U3MEHEHUIO NNaBy4ecTu B
170 mr. CymmapHas HeonpegeneHHocTb Bbina oleHeHa kak + 3,4 %. B pesynsTraTtsl M3MepeHuii Gbinv BBefeHbl MONpaBKy,
YYUTLIBalOLLME BKNa HEKOTOPbIX UCTOYHUKOB HEOomnpeaeneHHoCTH.
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MpunoxeHue E
(cnpaBoyYHoe)

Bnuaxue 3aTyxaHMA U akyCTUYECKMX TeYeHUN
Ha onpeaerieHne BO3AENCTBYHOWEN N BbIXOAHOW MOLWHOCTH

E.1 O6wue nonoxeHua

B obLyem criydae 13-3a BNUAHNA 3aTyXaHUs, HeNMHERHLIX NOTEPb U aKyCTUYECKUX TeYEHUIA B cpefe pacnpocTpaHe-
HUS yNTpasByka oT NpeobpasoBaTens K MULLEHU BO3AENCTBYIOLLAA MOLHOCT b OT/INYa€eTCA OT BbIXOAHOM MOLLHOCTM.
OTHoLLEeHWe BbIXOAHOW MOLUHOCTM K BO3AeWCTBYIOLLEH MOLLHOCTH B 06LeM criyyae ByaeT 3aBUCETb OT pacCTosHUSA,
YacToTbl U FEOMETPUMN MULLIEHU; €CIN UMEETCS HEMNIMHENHOE pacrnpocTpaHeHue, To 3To OTHOLIEHWe ByeT Takxe 3aBUCETb
OT HanpsKeHUs BO3BYXAEHNS.

Ecnu HeoBxogumo onpefennTb BbIXOAHYIO MOLLHOCTb, TO MULUEHb YCTaHaBMMBAIT, Kak NPaBumo, HacKomnbKo
MOXHO Bnunxe Kk npeobpasosaTento, YTo6bl MUHUMU3NPOBATL 3TWU cUCTEMaTUYeckne 3 eKTbl U CBA3AHHYIO C HUMU He-
onpefeneHHocTb namMepeHnid. ByaeT Takke npeanodTUTeNbHee He NMPUMEHSTb MIeHOK, 3alyULLarLLmUX OT aKyCTUYeCKUX
TeYEeHWA, HO ABNSIOLLMXCA NOTEHLMANBHLIM UCTOYHUKOM HEeonpeeneHHOCTH N3-3a OTPaXeHW M NoTepb Ha NPOXOXAeHue.

E.2 luHeiiHoe pacnpocTpaHeHune

E.2.1 O6wwue nonoxeHus
Mpy NIHERHOM pacnpoCcTpaHeH!n NNOCKO BOSHLI BO3ASHCTBYOLLAA MOWHOCTb P; YMEHbLIAETCA C pacCTOHNEM
no norapuMU4ecKoMy 3aKoHy
P. = Pexp(-2af?z), (E.1)
roe P — BbiXoAHasA MOLUHOCTb;
Z — paccTosHUe OT U3ny4atoLlei NoBepXHOCTH NpeobpasoBaTensa 40 MULLEHU BAONb OCK MNy4Ka,

0 — aMNMTYAHbIA KOSDULMEHT 3aTyXaHUA NNOCKON BONHLI B BOAE;
f — aKkycTW4eckas 4acToTa.

MpuMedyaHune — BoipaxeHue (E.1)c onpefeneHHbIMM OFOBOpKaMu A0OCTaTOMHO BEPHO U ANs Apyrux nNpeobpa-
3oBarerneil ¢ HEMHOTO PacXoAALMMUCS UM CXOASALLMMUCS MyHKaMu U NMOITOMY UCIONb30BaHO B NOCMIEAHER YacTh 3Toro
pasgena Ans unnlocTpaluu NpuHUMna onpeaeneHnsl BbIXOAHOW MOLUHOCTM.

MoTok nMnynbca p BONHbLI HA pacCTOAHUN Z AaeTCA BbipaXXeHUuem

P
p(Z)=—eXP(—2af22). (E.2)
C
rAe ¢ — CKOpOCTb 3ByKa B BoAe.
IMonHLIA NOTOK COXpaHSETCA, a ero NoTepy U3-3a 3aTyxaHusl NpeobpasyioTca B MMNYNLC CUNLI BOAL B hopMe aky-
CTUYECKUX TEYEHNi BOMb NYTW PacnpoCTpaHeHNs BOMHbL [Insi YCTAHOBMBLUMXCS TE4EHUIA UX MOTOK UMMYNbCa Py, Ha
pacCTOAHUU Z BblpaXaeTcAa Kak

Petr (2) = 5(1 —exp (—20cf22)). (E.3)

E.2.2 MeToa ypaBHOBelUMBaHUA paAnaLMOHHON cunbl

B cuctemax ypaBHOBelUMBaHWUS pagualMOHHON CUNbl BO3AEHCTBYIOLYIO MOLWHOCTL ONPEAESnsioT No U3MeHe-
HUI0 eiACTBYIOLLEA Ha MULLEHb CUITbI MPU BKNIOYEHUN W BBIKNIOYEHUW 06nyYeHus. 3To M3MeHeHne Bbi3BaHO KOMBMHauueil
aKyCTUYECKOro NoToka MMNynbca 1 MoToka UMNyNbca TeHEHWs, NPOXOASALLMX Yepes MULLeHb. [ns ngeansHoi nornowya-
OLiei MULWEHN aKyCTUYECKUIA NOTOK MMNyNbca NPoXoAsLlei Yepes Hee BOSHbl CHUXaeTCa A0 HYNS, a NOTOK UMMynbea
TEYEHMUA TOXe CHWKaeTcsl, Ho, B obLem cnyvae, He A0 HynsA. MosToMy MULLEHb MOXHO paccMaTpuBaTb Kak nepekphbiBa-
toLLyto TOMNbKO YacTb L NOTOKa MMNYIbca TeYeHNs, a COBOKyNHasA cuna F,, AedcTByOWan Ha MULLEHD, ABNAETCA CYMMON
PaanauMoOHHON CUNbI F 1 CUMbl aKYCTUUYECKOTO TeueHna F:

P
Fot = F+Fagr = —[exp(—Zafzz) + L(1 - exp(—20cf22))]. (E.4)
c
B npuHUMNe BO3MOXHO, YTO BECb NOTOK MMNYNbCa TeYeHNUs ByaeT NepekpbIT MULLEHBIO N 3TO NPUBEAET K TOMY, UTO
COBOKYNHasA cuna He 6yneT 3aBUCETb OT paccToAHWUA. Ho Ha npakTuke HabniogaeTca yMeHbLIEHUE CUibl C PacCTOSHUEM.
Ecnu 2af2z <<1, To BulpaXeHue (E.4) MOoXHO pasnoxuTb B pag Tennopa kak
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Fiot = F+ Fagr =-§[1—(1—L)(2af2z)} (E.5)

MosToMy L MOXHO onpefennTb 3KCMepUMEHTanbHO Mo U3MEPEHUAM CHUXEHWUS COBOKYMHOW Curbl Kak yHKLMK
paccToAHNUA Z (NpW 3TOM BaXHO NPOBEPUTL €€ U3MeHeHWs B MacluTabe foneit AnNUHbl BONHbI, BbI3BaHHbIE aKyCTUYECKUMU
OTpaXXeHUsaMu).

MpumedaHune — [na nnockol nornoljarolieil MULIEHNU, JMaMeTp KOTOPOKi MHoro Gonblue AnaMeTpa Konnu-
MUPOBaHHOIO Kpyrnoro npeobpasopartens, 3HadeHuns L nexat B AuanasoHe ot 0,6 go 0,8.

CyLLecTBYIOT TPU Nogxoja K ornpejeneHnto Bo3gelcTBYIolEed U BbIXOAHOW MOLLHOCTM MNpu U3MEPEeHUN COBO-
KYMNHOW cunbi:

a) Mcnonb3yst MULLEHb, AMS KOTOPOW L U3BECTHO 3apaHee, BbIYUCIUTL BIXOAHYIO MOLUHOCTb W3 3HaYEHWSI COBO-
KynHoW cunbl no BelipaxeHuto (E.4): BosaencTBYIOWAA MOLHOCTb MOXET ObITh paccyuTaHa 13 BblpaxeHus (E.1);

b) YMeHbLUMTb JUCTAHLMIO Z TaK, 4ToBbl exp(—2affz) Buina 6ruska K 1,0 1 3aTyXaHWeM MOXHO Gbino npeHeGpeyb:
B 3TOM cfyvae paguauMoHHas cuna 6yneT paBHa COBOKYMHOI cuie W BO3AENCTBYIOLAA MOLUHOCTb MOXET BbIThb Bbi-
yuncneHa us solpaxeHus (E.1);

C) U3MePUTb Fyy Kak (YHKLMIO PacCTOAHNA Z TaK, YTOObl BLIMUCAIUTL €€ 3HaYeHue Ha HyneBoit aucTaHumm (rae
exp(—2af2z) = 1) nyTeM 3KCTPANONALMM 1 NpeHeBpexeHns 3aTyxaHneM: B 3TOM Clyvae paanauMoHHas cuna oygeT pas-
Ha COBOKYMHOIA cure Ha HyneBoi AUCTaHUMW, a BO3AENCTBYIOLLAs MOLHOCTb MOXET ObITb BblYMCIIeHa U3 BblpaXeHns
(E1);

d) ymeHbWwMTb L o 0, noMecTWB BONU3N MULLEHW SKpPaHMPYIOLLYIO NMEHKY: BOo3AeWCTBYOLWAsA MOLWHOCTb MOXET
ObITb BEIYUCTIEHA MO UBMEPEHHON pagunaLloHHOR cune F, a BbIXoAHaA MOLUHOCTb — U3 BblpaxeHus (E.1).

Mpu nMHeHOM pacnpocTpaHeHnn BorHbI OT oKkycupytoLLero npeobpasoBaTtens LienecoobpasHo NpUMEHUTb Takoi
XXe NMoAXof, HO HYXHO eLLie BBECTU NonpasKy Ha hoKycupoBKy. [ns npeobpasoBaTeneii ¢ pacxoasaLmMMes My4koM MALLEHb
MOXET NnepeKpbiBaTh NULb HeBONbLUYIO YacTb Nnyyka, 0CoBeHHO Ha GOMnbLUMX PACCTOSIHUAX; B 9TOM Cryyae BblpaxeHue
(E.4) HenpuMeHUMO.

E.2.3 Metoa nameHeHus nnaBy4yecTyn

MeToA M3MEHeHUs NnaByYyecTu He peanuayeT W3IMepeHUs W3MeHEeHW noToka uMnynbca. N3MeHeHne BbITanku-
BaroLlell cunbl (MNaByyecTn) B No3BONSAET ONpeAenuTs BO3AENCTBYIOWYIO MOLWHOCTb, @ BbIXOAHYIO MOLHOCTb MOXHO
BbIYMCNUTL NO BelpaxeHuto (E.1).

TeM He MeHee Hanu4ue pap.uauuouﬂoﬁ CUIbl N CUJIbl aKyCTUYECKUX TeuyeHuii oKasbiBaeT BNUAHUE Ha BEC MULLIEHN
1 NosToMy 3aTpyaHseT onpeaeneHue B. PagnaunoHHas cuna npuonusutensHo B 20 pa3 6onblue cunbl, 06ycroBrneHHoH
n3MeHeHWeM nnaey4ecTy 3a 10 ¢ 0Bny4YeHUs: OHa ucHe3aeT HEMeNEHHO Nochne BbIKNOHEHNUS 0bny4YeHns!, XoTS MULLEHb
MOXET npogosixaTb konebaTbCs elle HekoTopoe BpeMsi. BennmunHa cunbl akyCTUMECKUX TEYEHWUIA OLEHMBAETCS NMOTOKOM
uMmnynsca u3 BblpaxeHusa (E.3) u 3aBUCUT OT PacCTOSAHUS M aKyCTUYECKOW YacToThl: €€ TOMHOe npefAcTaBneHne Hepo-
CTYMHO, HO OHa HaYMHaEeT YMEHbLIATLCA NOCNe BLIKMIOMEHUs1 06NyYeHUs1 U UcHe3aeT TOMbKO Yepe3 HECKOMbLKO CEKYHA.
BosgeiicTBUE CUIMbl TEHSHUA MOXHO YCTPAHUTL C NOMOLLLIO SKPaHUPYIOLLEN NINEHKN.

MpumMmevyaHue — M3meHeHWe UHAMLMPYEMOTO Beca, BbI3BaHHOE ocnabneHnem TeueHusl, MOXHO CryTaTb C W3-
MEHeHUeM, Bbl3BaHHLIM TENMNOBLIMM NOTEPSIMU Macna Yepes BXOAHOE OKHO pacwuupsioweiica muwenn. Oba addekTa
MOTyT AeiCcTBOBaTb O4HOBPEMEHHO, HO €CNU aKycTUYECcKUe TEMEeHUs oKasbiBaloT Npeobnajatoliee BNUSHUE Hag Tenno-
BbIMU NOTEPSIMU, TO AENCTBUTENBHOE N3MEHEHUE NABYYECTM MOXKHO ONpeAeNuTL NOCAe TOro, Kak akyCcTUYeckue TedeHus
OCTaHOBSATCA (HanpuMmep, Yepe3d 10—20 ¢ nocne okoHYaHusi 06MyYeHuUs); OfHaKO eCcrii AOMUHUPYIOT TennoBble NoTepw,
TO AeNCTBUTENbHLIM U3MEHEHWEM NnaByYecTn ByaeT To ero 3HayeHue, KOTOpoe ONPEAEensioT HENOCPEACTBEHHO nocre
OKOHYaHWA 0GNyYeHNUs (HO Aaxe U B 3TOT MOMEHT HeKoTopasi YacTb 3Hepruu ByaeT noTepsiHa). CnegosaTensHo, B NepBOM
crydae WHAULMPYEMBIN BeCc NpUGNNXAETCS K ero AeWCTBUTENLHOMY 3HaUEHUIO Yepe3 HEKOTopoe Bpemsa nocne obnyue-
HUSI, @ BO BTOPOM — OH Bce Gonee pacxoauTcs ¢ AelCTBUTENBHLIM 3HaYeHneM. STU cooGpaxeHUs CornacyoTca ¢ aHanu-
30M pe3yneTaTos B [7] M 40Ka3bIBaIOT, YTO AN PACCMOTPEHHOIO 34eCh KOINMMUPOBAHHOTO Npeobpa3soBaTens HeGoNbLIOH
MOLLHOCTW BIUSHUE TENSOBLIX NOTEPb AOMUHUPYET Hag athdeKTamMn aKyCTUYECKUX TeYEeHWiA.

E.3 HenuHeliHoe pacnpocTpaHeHue

E.3.1 O6wue nonoxeHuna

KoadhpULUMeHT NOrNOoLWEeHNUsI BOALI U3MEHSETCA NPOMOPLMOHANBHO KBagpaTy YacToThl, B CBA3W C YeM SHeprus rap-
MOHWHYECKUX COCTaBNAIOWMX NOFNoLLaeTca Gonblue, YeM 3Heprust Ha OCHOBHOW YacToTe. CneaoBaTensHo, Kak 3Heprus,
Tak W NOTOK UMNYNbCa aKycTUMECKOi BOMHLI ByAYT yMeHbLUaTbCsl ¢ paccTosiHueM Gonee GLICTPO, YeM NpU NIMHERHOM
pacnpocTpaHeHun. Koraa yneTpasBykoBas BOfIHa pacnpoCTpaHSETCsl B CyLLECTBEHHO HENMHEWHOW cpeae, TO B HEKOTOPbIX
MecTax ny4ka (06b4HO B (poKasIbHOM 30He, HO MOXET BbiTh U B pYrX MecTax) BO3HUKAeT akycTUYeckuit «yfap». B aTom
crnydvae 3Heprus BofHbl TepsieTcsl odeHb BLICTPO, @ MOLWHOCTL MOXET YMEHbLUATLCS ¢ paccTosHWeM Goree Yem Ha 10 %
Ha CaHTUMETP.
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E.3.2 MeTop ypaBHOBelLMBaHUSA paguaLUOHHOW cunbl

B oTcyTcTBMe nneHkW, npeaoTepallaroLlell BO3AeiCcTBME aKyCTUUYECKUX TeYeHUN, Gonblias YacTb IHepruu, Te-
psieMoil BONHOW Ha aKkycTU4ecKkue TedeHus, byfeT nepexBadeHa MULLEHBIO W BOCTIPUHATa €10 Kak cuna. TeM He MeHee,
MOCKOMbKY YacTb S3HEPruuM rapMOHUK Bo3pacTaeT No Mepe yAaneHusa oT UCTOYHUKA, YTO 3aBUCUT TakkKe U OT akyCTUYeCcKoro
LaBrneHns, He cyLlecTBYeT NpocToro obuero cnocoba TOYHO OMpefenMTe METOLOM YpaBHOBELLMBAHUA paAnaLMOHHOMN
CUNbI KaKk BO3AEMCTBYIOLLYIO, TaK U BLIXOAHYIO MOLLHOCTb, KPOMe KaK pasMelLieHne SKpaHUPYHOLLENR (TeHeHNUS) NeHKK
BONU3N MULLEHW. Mcnonb3oBaHWe NMeHKU No3BONAET onpeAennTy BO3QeHCTBYIOLYIO MOLHOCTb, @ 3aTeM MO Bhipaxe-
HUto (E.1) OLIEHWUTb BbIXOAHYO MOLLHOCTb NPW YCIOBUU, YTO PACCTOSIHWE Z BbIN10 [OCTAaTOMHO MarnbiM, YToBbl 3Ha4UTENb-
Has YacTb 3HEPrum He «yLna» B rapMOHUKK B NpoLiecce pacnpocTpaHeHUs BOMHbI.

MoaToMy xenaTenbHO MUHUMU3UPOBaTh 3dEKTLI HEMMMHERHOrO pacnpoCTpaHeHUs Mpy U3MepeHUm, pacnonaras
MULLEHb KaKk MOXHO Brimxe Kk npeobpasoBatento. Ha paccTosHWUSAX, rae HeNWHeERHbIe NOTepn He CAULLIKOM BENUKK, Ny4Lwas
OLieHKa BbIXOQHOMW MOLLHOCTU MOXET ObITb NMony4YyeHa nyTeM M3MepeHus B HeBOomMbLLOM Anana3oHe pacCTOSHWIA (Hanpu-
mep, oT 3 40 10 MM) M 3KCTPaNONALMKU Pe3ynsTaToB K HYNeBOMY PaccTOSHUIO. 3TO AACT Takke OUEHKY HeonpeaeneHHoCTH,
CBAI3aHHOMN C HEMUHENHBIMU NOTEPSAMM.

E.3.3 MeToa usmMeHeHUsi nnaByyecTyn

MeTog M3MeHeHUsA NnaBy4YecTi He OCHOBAH Ha U3MEPEHUN U3MEHEHWIA NoToka UMNynbca. MaMeHeHue BbiTankuea-
foLLer cunbl (MNaBy4ecTy) B No3BONSET onpeaenuTb BO3AeACTBYIOWYI0 MOWHOCTb N0 BhipaxeHuio (E.3), a BbIxoAHyto
MOLLIHOCTb MOXHO BbIYMCNUTL NO BblpaxeHuto (E.1).

3pech NpUMeHWMa Ta Xe apryMeHTaLus, KkoTopas nsnoxeHa B E.2.3, 3a UCKNIOMEHMEM TOrO, YTO CUNbI akycTUde-
CKOrO TEYEHMUSI MPU HENIMHERHOM pacnpocTpaHeHn MoryT 6biTb 60MbLue, @ TennoBbIE NOTEPU Yepes BXOAHOE OKHO ByayT
BO3pacTaTb M3-3a TOro, YTO BONW3K ero NornoLaeTcsa 6osblue 3Hepruu.
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Mpunoxexnune F
(cnpaBouHoe)

YcTpaHeHue kasutTauum

F.1 O6Lue nonoxeHus

MeTogbl ferazaLun nNpu NOAroToBKe BOA kIl K YNLTPa3ByKOBbLIM U3MepeHUsIM nanoxeHsl B otyete IEC/TR 62781. Ana
nsmepenuit HITU cuctem Bogy npeanouTUTENbHO AerasnpoBaTb METOAOM BaKyyMUPOBaHUS.

Ons npegoTepalleHnss o6pasoBaHua NysbipbkoB TpebyeMbll YpoBEHb cofepXaHus rasa B Bofe GyaeT 3aBuceTb
OT MHOrMMX (hakTopoB, BKIOYas YacTOTy aKyCTUHYECKOro BO3AeCTBUA U MakcMMarnbHoe akycTh4eckoe faBrieHne paspe-
XKeHus. PekoMeHayeTcs, 4Tobbl Npu Beex M3aMepeHusx oblyee KONUYeCTBO pacTBOPEHHOrO B BOAE rasa He npesbillano
2 Mr/n, a B HEKOTOPbLIX Crydasix eLle Huxe. MiaMeHeHWe unun ¢ryKTyauus paguaLMoHHOW CUnbl MOXET CBUAETENLCTBO-
BaTb 06 06pa3oBaHMU Ny3blpbKOB. PEKOMEHAYETCA UCMONBLIOBATL AErasupoBaHHyo BOAY NPU U3MepeHunn nobbiX ypoBHeH
MoLLHocTU. Mpy NOBbLILEHNM TEeMNepaTypbl BOALI, cogepxallei ras, ny3bipbku MoryT o6pa3oBeIBaTbCA Ha MOBEPXHOCTSX.
My3blpbKki MOTYT 06pa3oBbIBaTLCA U N0 BNUSHUEM YNBTpa3ByKoBoOro o6ny4eHns MOLWHOCTEI0 MeHee 1 BT, ecnn nanyyato-
Lasi MOBEPXHOCTb YNLTPa3BYKOBOro npeobpasoBartens JOCTaToqHO Mana. [1oaTomy nepef n3amMepeHvsiMM, B npolecce
UX NMPOBELEHNS U MO UX OKOHYaHWN PeKOMEHYeTCH NMPOBEpPSATb OTCYTCTBUE Ny3bIPEKOB Ha MOBEPXHOCTAX NpeobpasoBaTe-
A 1 MULWeHn. MeTof bl XMMUYeCKo Aerasauum (Hanpumep, ¢ ucnonsaosaHnem conn Na,SO3), KoTopble yaansoT ToMbKo
OfMWH WM HECKONMbKO KOMMOHEHTOB rasa, B obllem cnyyvae HenpurogHel ans HITU namepeHuit. McnonbsoBaHwe nwo6oro
MeToAa AerasaLun JOMKHO CONPOBOXAATLECA MOHUTOPWUHIOM COLEpXaHUs KUCIOPOAa B BOAE KaK NpocToro crocoba nony-
YeHns uHdpopmaumn 06 adheKTMBHOCTM AerasaLun v NoCreAyroLemM HackieHUn Boabl ra3oM. KoHUeHTpaums pacTBo-
PEeHHOro KUcnopoja B AerasnpoBaHHoOM Bofe B OTKPLITOM pe3epByape co BPEMEHEM pacTeT.
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Mpunoxexue G
(cnpaBouHoe)

3dbekTMBHOCTL Npeobpa3oBarens

G.1 O6wme nonoxeHus

PaccMoTpeHHoe B pasgene 8 onpeaeneHune akycTuueckon 3dpcheKTMBHOCTM BKNIOYaeT B cebs MaMepeHust Kak
YCPeAHEeHHOW BO BPEeMEHN IMEKTPUYECKON MOLYHOCTH npeobpasoBarensi, Tak W ero (ynsTpa3ByKoBoi) BbIXOAHOM
MOLWWHOCTH. 3HaYeHNe INEKTPUUECKOIH MOLIHOCTU NpeoBpasoBaTens P, MOXeET ObITb NONYYEHO U3 U3MEPEHUiA aMnnu-
TYAHOro 3Ha4YeHUA ToKa /, NpoTeKatoLlero Yepes npeobpasoBaTtesb, aMNUTYALI HanpskeHUa U Ha HeM U dasbl Y Mexay
HUMN CTAHAAPTHLIMU MHXKEHEPHBEIMU MeToaaMu Kak Py = (U - | cosy)/2, a Takxe C MCNonb3oBaHNeM yCpeAHEHHbIX
(B 0fMHaKOBLIX NPOMEXYTKaxX BpeMeHW) UNK cpefHeKBaapaTUYHbLIX 3HaYEHUIA.

B HacTosILLEM NPUNOXEHUN PACCMOTPEHbI anbTepHaTUBHbLIE NMOAXOALI onpeaeneHns 3hHeKTUBHOCTM YT pa3By-
KoBbIX npeobpasoBarenen n HITU o6opyaoBaHua. OTU Nnoaxoabl He paccMaTpuBatloTcs kak ob6ssatensHble TpeboBa-
HWS HacTosILLero cTaHgapTa, HoO OHWU MOTYT OKa3aTbCsA NOMEe3HbIMU 4TS M0 MoNb3oBaTenei.

YcepefHeHHas BO BPEMeHM areKkTpoakycTUdeckan adpdeKTUBHOCTE MOXET GbITh onpegeneHa us OTHOLIEHUS ycpes-
HEHHOW MO BPEMEHMN aKyCTU4ECKO# BbIXOAHOW MOLHOCTH, U3MEPEHHO B COOTBETCTBUM C PEKOMEHAALUAMM HACTOSALLEro
CTaHAapTa, K ycpeaHeHHOR BO BpeMeHU MOLLHOCTK, NofnyvYaemMol oT UCTOYHUKa Bo3byxaeHuss npeobpasoBartens. B Hau-
6oriee NPoCTOM Cry4ae ANs reHepaTopa ar1eKTPU4ecKoro HanpsbkeHus,, paboTatoLLero Ha YacToTe f, MOLHOCTbL NepeaaeTcs
K peanbHOW 4YacTu WMnegaHca npeobpasosaTens. SnekTpuyeckasi aeKTUBHOCTE MOXET ObITb 3anucaHa B TepMMHaXx
aKTUBHO MOLLHOCTU, OTAaBaeMoi AeiCTBUTENbHOR YacTn umnegaHca npeobpasoBaTtens, AeNeHHON Ha MakCUMasbHYHo
MOLLHOCTb FreHepaTopa, Kak 3TO pacCMOTPEHO HUXe. 3aTeM STa oTAaBaeMas afeKTpuieckas MOLWHOCTL Npeobpasyetcs B
aKyCTU4ECKYH0 MOLLHOCTb, U3nyYaemMyto npeobpasoBaTenem B 3aaHHOM HarnpaBlieHUW pacnpocTpaHeHus. Ansa onpegene-
HUA BNeKTPOoaKycTU4ecko adpeKTMBHOCTM TpebyeTca M3MepUTL YCpeaHEHHYIO BO BPEMEHW aKYCTUHECKYIO BbIXOAHYIO
MOLUHOCTb. 3Ta CUTYaLMUs MOXET ObITb OCNOXHEHa BKIIOYEHNEM MEXAY reHepaTopoM U npeobpasoBatenemM Kakoin-nuéo
cornacytoLleii Lenodku u kabens. Huxe ByayT paccMOTpeHbl U HEKOTOPbIE crelmarnbHbie Crny4an Takux M3MepeHui.

G.2 TepMuHBbI U UX onpegeneHus

B gononHeHue Kk TepMmMHaM, M3NoXeHHbIM B pasfene 3 HacTosILLEero cTaHaapTa, B STOM NPUIOXEHUN UCTIONbL3YHOTCS
cnepyroLme TepMuHEL.

G.2.1 achcdbeKkTMBHOCTb M3nyvyeHnsa AE: OTHOLIEHWE aKyCTMYECKO BbIXOAHOW MOLLHOCTHM K MOLLHOCTH U3nyye-
HUA.

MpumevyaHnne — OdpbeKTUBHOCTb U3NyUYEHUN ABNsSeTcs GeapasmepHoii BENUUYUHOM.
G.2.2 anektpuyeckan acpdpekTUBHOCTb EE: OTHOLLEHWE MOLLHOCTU U3MYy4YeHUs K ONOPHOM MOLLHOCTHU
MpumeyvyaHnune — InekTpuyeckasn acpchpeKTUBHOCTL ABNAeTCS 6e3pasmepHOi BENUHUHOM.

G.2.3 anekTpoakycTuueckasa adcpekTuBHOCTb EA; OTHOLLEHWE aKyCTUYeCcKoi BbIXOQHOW MOLLHOCTH K Onop-
HOI MoLlHocTU. OHa ABMAETCA TakKke NPOU3BEAEHUEM ABYX BENUYMH; YCPELHEHHOW BO BpeMEHU INeKTpUYecKkon adp-
peKTUBHOCTH EE 1 ycpefHeHHOW BO BpeMeHN adpcheKTUBHOCTU U3nyyYeHus AE.

MpuMeyvyaHne — InekTpoakycTuyeckasa acpcpeKTUBHOCTb ABMseTcs 6e3apasmepHOi BENUHUHOM.

G.2.4 umnepaHc nanyvenus Z,, OM: AKyCTUMeCKU A MMNeaaHe ynkTpasBykoBoro npeoGpasoBarens ¢ peans-
HOM Ry U MHUMOIA X, yacTamu.

G.2.5 MoWHOCTb UanyueHus Pg,, BT: YepeaHeHHan BO BpeMeHN MOLLHOCTb, NepefjaBaeMasi Ha COnpoTUBNeHne
M3ny4yeHus uMnegaHca npeobpasoBarens.

G.2.6 conpoTusneHue usnyvenus R,, OM: PeanbHas 4acTb akycTM4eCcKoro UMneaHca Uany4yeHua ynsrpassy-
KoBoOro npeo6pasoBartens.

G.2.7 onopHasa MolWHocTb Py, BT: MakcumarnbHas ycpeaHeHHas BO BpeMeHU MOLLHOCTb, MepeAaBaemas oT uc-
TOYHWKa BO3OyX[eHWs ynbTpa3BykoBoro npeobpasoBaTtens, Korga OnopHbId MMnegaHc Zy SBNSAETCS KOMNNEKCHOM
BEMUYUHOW, @ Harpyska SBMAETCA CONpsPKEHHON Zg * 1 pearnbHOR YacTbto Zg ABnAeTcs Rg.

G.2.8 onopHbIit UMNegaHc Zg, OM: MiMnegaHc ncTo4HuKa, obecrneymsaroLLmii ONOPHYI0 MOLLHOCTb.

G.2.9 uMnenaHc npeobpasoBarens Z, OM: SnekTpuyeckuii MneaaHc ynsTpassykoBoro npeobpasosatens, co-
CTOALLUIA U3 peanbHOW (CONPOTUBNEHME U3MYYEHUSA) U MHUMOI YacTell.
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G.3 AneKTpoakycTuuyeckas appeKTMBHOCTb

U3mepeHua napaMeTpoB npeobpasoBaTens 06bIYHO BLINOMHAT Kak UX 3aBUCUMOCTU OT YacTOTbl UNU BPEMEHU B
KOHTpONUpyembix ycrioBusix. Lienbio aTux namepeHmii sBnsietca onucaHne oTkrvka npubopa He3aaBUCUMO OT hopmbl BO3-
6yxaatowero curhana. MamepeHns YacTOTHOW 3aBUCUMOCTMU (N KOMIMIIEKCHOro crekTpa) npubopa nnu ero UMNyNbCHOM
XapaKTepucTUKN NMPOBOASAT Tak, YTOObl B NIMHEAHBIX YCIOBUAX U3MEPEHHbIA OTKIMK npubopa Mor 6kl 6bITb Ucnonb3oBaH
AN onpeAeneHns ero peakLym Ha Apyrylo Harpy3Kky Unu apyryto doopmy Bo3byxaarolero curHana B NpeanonoxXeHuu, Yto
OTKNUK Npubopa ocTaeTcs NMUHENHBIM [15]. Pesynbratbl UaMepeHUil No3BONSIOT Takke CPaBHUTL OTKIUK Npubopa ¢ xapak-
TepucTUkamn Apyrux nogobHbIX yCTPOUCTB.

HecmoTps Ha To uTo Ana HITU npeobpasoBareneil npuMeHMBbl 06blvHbIE METOABI M3MepeHWiA, ByaeT Bce-Takn yaobHee
BOCNOSb30BATLCA U3NOXKEHHBIM 3[1€Ch YMPOLLEHHLIM NMOAXOAOM K U3MEPEHUSIM AneKTpoaKycTuuecKkon 3dphpeKTUBHOCTH C
MCNONb30BaHNEM YCpeHEHHbLIX BO BpEMEHM NnapaMeTpoB. DNeKTpoaKycTNYecKyto 3dheKTUBHOCTL ONpeaenstoT Kak

EA=PyIP, (G.1)

rae PA — yCcpeAHeHHaA BO BpeMeHU aKyCcTu4yecKkaa BbiXoAHaA MOLWHOCTD,
Pg — ycpefiHeHHas Bo BpeMeHU nornHasi onopHasA MOLUHOCTb, NepefaBaeMasn oT reHepaTtopa.

3paecb paccMaTpuBaeTcs CTaHfapTHasi cCUTyaLuMs B YCNOBUSX, 6nun3kux K nuHelHbIM. Jpyrue BapuaHTel 6yayT pac-
CMOTpPEHbI HUXe.

Kak nokasaHo Ha PUCYHKe GA1 a, eclnu reHepaTtop € U3BECTHbIM HanpsXXeHUeMm cornacosaH ¢ UMNeqaHCoOM UCTOY-
HUKa, TO MorHas MOLLHOCTb, NepefaBaeMasi reHepaTopoM, NnpeacTasnaeT co6oi yepeaHEHHYI0 BO BPEMEHN ONOPHYIO
MOLLHOCTDb.

Py = U92/8Rg, (G.2)

rie Ug — HanpsikeHue NCTONHNKa;
P, — ycpenHeHHas BO BpeMeHU BbIXOAHasA MOLHOCTb.

OBbIYHO MMMefaHC UCTOYHMKa — 3TO pearnibHoe conpoTuBneHne R,. Ecnu uMnegaHc UCTOMHUKA HOCUT KOMMMEKC-
HbIl XapakTep, T. €. paBeH Zg, TO Harpyska 6yaeT KOMIMNEKCHO CONPsXXEeHHON Zg*, a peanbHas 4YacTb Zg 6yneT pasHa R,
Kak aTo nokasaHo Ha pucyHke G.1 a). 3aMeTUM, YTO B KaYeCTBE UCTOYHUKA ANA 3TUX Lieneil MOXHO UCNOoNb3oBaTb reHepa-
TOp CTaHAapTHLIX curHanos. Hxe ByayT paccMoTpeHbl 6onee CNoXHbIe CUTYaLUUn U UCTOMHUKN.

B 06bI4HOI KOHUrypaLmMmn CTOYHUK NOAKIIOMEH K Npeobpa3soBaTento, kak 3To nokasaHo Ha pucyHke G.1 b). Ycpea-
HeHHas BO BpeMeHW aneKkTpoaKycTuyeckasn achpeKTUBHOCTbL — 3TO Takke Npon3BeAeHUe ABYX BENUYUH. YCPEAHEHHON
BO BPEMEHW ANeKTpUYecKoil achdekTuBHOCTN EE 1 ycpeaHeHHoih Bo BpeMeHM athdbeKTMBHOCTM u3nyvyeHusa AE

EA=EE" AE, (G.3)
EA=[Pral Pyl " [Pa/ Pral (G.4)
EA=Py/ Py (G.5)

MosToMy anekTpuueckas 3cpdpeKTMBHOCTb EE ABNSETCA OTHOLLEHUEM YCPEAHEHHON BO BPEMEHU MOLLIHOCTH U3-
nyJyeHus Pr,, KOTOpas nepejaeTcs K peasibHol YacTu (CONpOTUBIEHUIO U3nyYeHusa Rg,) MMneaaHca npeo6paso-
BaTens Zr, K YCpelHeHHO! BO BpEMEHN ONOPHON MOLUHOCTH Pg. AbpekTBHOCTL U3NyuyeHnss AE — 310 OTHOLLEHWe
ycpeHeHHO BO BpeMeHU akyCTUHEeCKON BIXOAHOW MOWHOCTH Py K YCPEAHEHHON BO BPEMEHN MOLLIHOCTHN U3y4YeHus
Pra, KOTOpas nepefaetcs K pearibHoi YacTu (CONPOTUBNEHUIO U3NyyYeHna R, ) MneaaHca npeobpasoBarens.

G.4 BHeapeHue MeTopa uamepeHuil anekTpuyeckon adpceKTMBHOCTN

B CBA3M C TeM, YTO aKyCTUYeCKUe BOSHbI, FeHepupyeMble NpeobpasoBaTenemM, BO3HUKAIOT B pesyneraTte Mbe-
309MeKTpUYeckoro appekTa, Ha ANeKTPUYECKUit UMNeJaHC Ha Bxofe NpeoGpa3oBaTens BAUSET akycTUYeCKas! Harpyaka.
[ns pacyeTa 8Toro Bo3AeiCTBUSA K eMKOCTHOMY CONpOTUBREHMIo NpeobpasoBaTens 406aBNAoT UMNEAaHC U3nyyeHns Z,
Tak, YToObl SNEeKTPUYECKUii UMNeAAaHC ero SKBUBaNEHTHOW areKTpUYECKON CXeMbl COCTaBUN

Zp () = Zpi(10Cg) = Ry (f) + X4 () — 10 Cy). (G.6)

3Aecb Z, — UMMNeAaHC U3nydYeHnsi, B KOTOPOM Ry U X, — pearibHas h MHUMas YacTu, Co — eMKoCTb npeobpaso-
BaTens, a ® = 2xnf — KpyroBas yactota. MMnegaHc npeobpasoBarens MoXeT GbiTb NpeACTaBieH B BUge SKBUBaNeHTHOIA
CXeMbl, NokazaHHOW Ha pucyHke G.2 a). 3Ta cxema, Byayumn aNeKTPUYECKOn, He ONUCLIBAET aKYCTUYECKNX XapaKTepucTuk
npeobpasoBatens; NO3TOMY oHa He 3aMeHsieT Gonee obLyto MoAenb, paccMaTpuBaemyto Huxe. MiMnegaHc npeobpaso-
BaTensa MOXeT ObiTb U3MEPEH C UCMONb30BaHUEM USMEPUTENSA UMNefaHca.

MepBbIM LWarom ABMSAETCA onpeferieHne yCpefAHEHHON BO BpEMEHU peanbHO 4acTu aneKTpUYeCcKon MOLLHOCTH,
rnocTynatowein Ha npeobpasoBaTernb NPU MPUNOXEHHOM HanpskeHun U U Toke / Ha 3afaHHol YacToTe f, Kak

Pe () =1(f) - ) - Rp (D2, (G7)
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Pg () = U(f) - UK 1 2R (1), (G.8)

rae / — TOK, NpoTekatowuit Yepes npeobpasoBarens;
U — HanpsixeHue Ha conpoTUBNEHUN U3Ny4YeHUs npeobpasoBaTens.

Hau6onee npocroit kKoHduUrypaumeit senseTcs npeobpasoBarenb, HENOCPEACTBEHHO NOAKNIOHMEHHBIN K reHepaTopy
HanpsxeHusa. Ha pucyHke G.2 a) nokasaH HeMHoro 6oree CroXHbIA BapuaHT CO CXeMOW PerynupoBKU MEXAY UCTOMHUKOM
u npeoBpasosaTenieM. B sToM criyyae umneaaHc Lenu cnpasa OT UCTOMHUKA Bonblue He R,. VICTUHHOE 3HaYeHWe anek-
Tpuyeckoin athPeKTUBHOCTU He MOXET Borblue ONpeAenaTLCA HanpsAMYyo, MOTOMY YTO akTUBHAA MOLLHOCTb, NepeaaBae-
Mas HanpaBo OT UCTOYHMKa, He ByaeT Gonblue paBHa P, 3aiaBaeMoil BulpaxeHuamu G.7 u G.8.

Mpun 6onee obLLeM BapuaHTe U3NY4EHUSA Ta CXeMa CTaHET CIIOKHee U MOXET BKNtovaTh B cebsa kabenb, kak 31o no-
Ka3aHo Ha pucyHke G.2 b). OTa cxema npeAcTaBneHa YeTbipexnontocHUKoM (Matpuuein) ABCD [14], [15]. Ecnu aneMeHTbI
CXeMbl W3BECTHBI, TO MO NpaBUnamM SMEKTPOTEXHUKM MOXHO onpeAenuTb U Pp. OfHaKO eCnu HYXHO N3MepUTL INeKTpo-
aKycTUuecKyto 3¢pheKTMBHOCTb, TO onpefiensaTb Pp HeT Heo6xoAUMOCTH.

OTU MeTOAbI OCHOBaHbI Ha NIUHERHBIX NPUONIKEHNSX M CTaHAAPTHBIX U3MEPEHUAX, MOITOMY UX NErko peann3oBaTb
1 NOBTOPUTL B pa3nu4HbIX nabopatopHeixX ycrnosusx. [pu onpefeneHHbIX YCroBUAX MOXHO ONpeaenuTb U yCpeaHEHHYIo
BO BPEeMeHWU aneKTpoaKycTuueckyto 3dpcbeKTMBHOCTb Npeobpa3oBatensi, NOAKNIOYEHHOTO K HEMMHENHOMY UCTOMHUKY
HITU. B aToM cnyyae uMnefaHc UCTOMHWUKA U ero HanpspkeHue MoryT 6biTb HENMMHEWHBIMUA U/UNKU U3MEHATLCA CO BpeMe-
HEeM, U pacCMOTPEHHbIE 3[1eCb METOALI MOMYT NMPUMEHSATLCS NULLL B KadyecTBe oueHKkU. OCHOBHOW TPYAHOCTLIO ABNSETCA
orpefeneHne cpefHero a3HadeHuss UMNeaaHca UCTOYHUKa 3a BpeMsi Bo3byxaeHuns. Ecnu HanpsxeHne Bo Bpemsa Bo36yX-
LeHUA naMeHsaeTcs, To Ans obecneveHns: NOBTOPSEMOCTU pe3ynkTaToB U3MepeHuit HeobxoanMMo TWaTeNbHO AOKYMEHTU-
poBaTb hopMy curHana, ypoBeHb Bo3OyXeHUA U NnapaMeTpbl nsnyyarens.

G.5 MNpumeHeHune metoaa nsmepeHuni 3pPeKTUBHOCTN U3NYYeHUA

Kak ykasaHo BbiLLe, aneKTpoaKycTuyeckas adpheKTMBHOCTb ABNSAETCA Npon3seaeHUeM aneKkTpuieckomn addek-
TUBHOCTU EE 1 adpchpekTUBHOCTH nanyueHuss AE. OBbiMHbIN Nbe3o3anekTpudecknii NnpeobpasoBaTtens U3nyqaeT 3ByK B
[BYX HanpaBrneHuax, HasoBeM UX «HanpaBo» (Ha BHELLHIO CTOPOHY) U «HanNeBo» (Ha BHYTPEHHIO CTOPOHY). CneayeTt
TaKkke y4ecTb akycTU4eckoe MnornoLeHne u Apyrne BHyTpeHHNE NOTepu, BAUAIOLMNE Ha KONUYECTBO aKyCTUYECKOW MOLL-
HOCTW, U3ny4yaeMoil NpaBoii (MM BHELUHEW) NOBEPXHOCTLIO Npeobpa3oBaTens. YcpegHeHHy0 BO BpeMeHn 3 deKTus-
HOCTb M3nyYeHuUs U3 BbipaxeHus (G.4) MOXHO NpeacTaBUTL Kak

AE = Py/ Pga, (G.9)

rae Py, — ycpeaHeHHas BO BpeMeHW BbIXOfHast MOLYHOCTb, W3nyvyaemasi MpaBoil UMKU BHELWHE CTOpOHOI npeobpa-
30BaTensa M MsMepsieMas MeTOAOM ypaBHOBELUMBaHWUS pagMaLMOHHOW CUMbl UMW APYrUM METOAOM, paccmo-
TPeHHBIM B HacTosALeM CTaHpapTe, a Pga — MOLIHOCTL U3MyYeHUsl, pacCMOTpeHHas B NpeAbliayllieM pasaerne.
370 KItoYeBOe BblpaXeHUe NokasbiBaeT, YTo AE ABNSETCS OTHOLUEHUEM aKyCTUYECKON MOLLHOCTH, U3nyYyaeMoi
«HanpaBeo», U MOLLHOCTHW, NOCTynaroLLeil Ha CONPOTUBNEHUe u3nyveHus. B aToM 3akntoyaetca HeobxogMMoCTb
onpeAeneHss MOLLHOCTU Ha COMPOTUBIIEHUA M3NYYEHUsT MPU pacyeTe arneKTpoakycTuyeckoi addekTmBHoCcTU
npeobpasosaTens. PasgeneHne akyctudecko MOLYHOCTM Ha 06e CTOpOHEI Npeobpa3soBaTens nokasaHo Ha pu-
CyHke G.3.
Ansa npeobpasoBaTtens, 3agHAs CTOPOHa KOTOPOro «onepTa Ha BO3Ayx», B WAeanbHbIX ycnoBusax AE =1 unu
Pp = Pra- OnHako 13-3a BHyTpeHHWUX NOTepb B COrMacyomx Crnosx u nuHsax AE Ha npaktuke Gyaet meHblue 1.

G.6 iaMepeHUe aNeKTpoaKyCTUYECKON MHTEHCUBHOCTHU

NamepeHns pekoMeHayeTcs NpoBoAMTL C Npeobpa3oBaTerieM, yCTaHOBMEHHBIM B CUCTEMY YpaBHOBELLMBaHUS pa-
AnaunoHHol cunel. 3To obecnevmBaeT HEM3MEHHOCTb €ro aKyCTUHMECKOIN Harpy3KM Kak npyu akyCTUHECKUX U3MEPEHUSIX, TaK
U NP N3MEpPeHUsIX SMEKTPUUECKUX NapamMeTpOB.

[nsa pac4eTa ONOPHOW MOLUHOCTU, MakCUMaribHO OCTYNHOW OT reHepaTtopa, MCTOMHUK HarpyxatoT CONPsKEHHbIM
uMnegaHcoM. B cnydyae ecnu peanbHasi YacTe R, MMNeAaHca UCTOMHUKA U3BECTHa WIW NpefBapuUTenbHO U3MEpPEHa,
MOXHO BOCMONbL30BaTLCA BhipaxeHueM (G.2). B npoTUBHOM crniyyae B BolpaxeHue (G.2) Hy)XXHO NMOACTaBUTL HaNpsaXeHue
Ha corfiacoBaHHOW Harpyske. MiamMepeHusi NpoBogAaT ANs BuIGpaHHOro pexuma Bo3byxaeHust.

Haunbonee npocTeiM ABASAETCA NpsIMOe NoAKIto4eHNe npeobpasoBaTersi K UCTOMHUKY HanpshXeHWUs. XapaKTepucTu-
KM UCTOYHMKA OMOPHOTO CUrHana Wnu U3BECTHbI, UMK AOMXHBI ObiTb U3MepeHbl. MNefjaHC UCTOMHUKA Zy MOXET ObiTb
YyKasaH U3roToBUTENEM UN N3MEepeH B BUAe 3aBUCMMOCTM OT YacTOThl C MOMOLLBI0 U3MepUTens uMneaaHca. HanpsikeHue
Ug MOXHO OnpejenuTh Mo n3MepeHnsiM B pexiMe XonocToro Xoaa.

0ns onpegeneHns ycpeaHeHHON BO BpeMeHU ONMOPHON MOLLHOCTU KaK MPU aKyCTUYECKUX, TaK W AreKTpU4Yeckux
U3MepeHUax BelIBUPaKT OAUH K TOT Xe pexnM Bo3byxaeHUs uctodHuka. Ecnu Tpebyetca onpegenuts adpdeKTUBHOCTL
TOMNBKO Ha OAHOW YacToTe, TO ANsS pacyeTa yCpeAHEHHON BO BPEMEHM MOLLUHOCTU UCTOMHUK MOXET BO3byxaaTbcs Kak
HenpepbIBHBIM, TaK U AnWTEeNbHEIM TOHANbHO-UMMYIBLCHBIM CUTHANoOM C YYETOM €ro CKBaXXHOCTW. [Ins TOHarbHOro pe-
XWUMa yCpefHEeHHYIo BO BpEMEHW MOLHOCTbL MOMy4yaloT M3 KBajparta CpeAHEKBaAPaTUHHOMO 3HAa4YeHWUs1 HanpsPKEHUS, Tak
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uto Uy = ﬁUg_,ms B BblpaxeHuu (G.2). Ecnu TpebyeTcsi onpeaenuTb anekTpoaKycTuueckyto 3¢ peKTUBHOCTb B Aua-
nasoHe 4acToT, TO e MOXHO U3MEPUTL OTAESBHO Ha Kaxaoii YacToTe Tpebyemoro guanasoHa. B obuwem criyyae npu Ha-
NNYNN CROXHON BPEMEHHO! 3aBUCUMOCTU HanpsixeHUa Bo3OYXAEHUS,, €CIM UCTOUHUK HArpyXeH, Kak ONUCaHo HUXe, TO
HanpspkeHue Ha pearibHO YacTh UMNeAaHca 3To Harpy3ku YCPEAHSIIOT BO BpEMEHM U MOACTaBNAIT B BelpaxeHue (G.2).
OnopHas MOLWHOCTL B inana3soHe 4acToT MOXeT ObiTb ornpegeneHa Kak

t
§|Ué(t)|dt - ﬁ | |Ué(f)|df, (G.10)

1
Py=——
9 T4Rg

rae T =t,—ty, T e. BpeMs KOHLa U Hayana BPeMEHHOW 3aBUCUMOCTH, a F = f, — f| — 4acTOThI, OrpaHNYUBaloLLNE CMIEKTp
BOJSTHOBOW (hOPMbI BO3BYXAEHUS.

YcpeHeHHyH BO BpEMEHW aKyCTUHECKYIO BbIXOAHYIO MOLLHOCTb U3MepSOT METOAOM ypaBHOBELUMBaHWUS paaua-
LIMOHHOM CUAbI NN JPYTUM METOAOM, U3MOXEHHLIM B HACTOSILLEM CTaHAAPTE, B TOM Xe CaMOM pexnumMe Bo3GyxaeHus.
3aTeM u3 BblpaxeHus (G.5) BLIYUCAT ANEKTPoaKycTUUECKYI0 3heKTUBHOCTb Kak

EA = PpIP.
G.7 sMepeHus anekTpuyeckoit achcpeKTUBHOCTU U 3cPPEeKTUBHOCT U U3NYYEHUA

OTU n3MepeHns ces3aHbl ¢ onpefeneHiemM MOLLHOCTU U3NYYEHWUA UMW peanibHOW MOLWWHOCTW, NepefaHHoi Ha pe-
arnkHylo YacTb UMnefaHca npeobpasoBarernsi Pr, B COOTBETCTBUN C BhipaxeHneM (G.4). B ¢BA3W ¢ TeM, YTO COMpPOTMB-
NeHWe U3NyYeHNsa N3MepAT Kak PYHKLMIO YacToTbl, MOLLHOCTb M3Ny4YeHus Takke 6onee ygo6HO onpeaensTb B BUuge
4acTOTHOW 3aBUCUMOCTMN B COOTBETCTBUU C BblpaxeHuneM (G.8), rae U(f) — HanpsxeHue, najatollee Ha CONPOTUBIIEHNE
n3ry4eHusi. B cBA3M C TeM, YTO MOXHO U3MePUTL TorbKo HanpskeHue Ur Ha npeo6pasoBaterne B LENOM, noryyunm Ans Pe:

2
R, U
PE(f)=?AL’2~ (G.11)
27 +2|

OT0 BbIpaXKeHUe NPUMEHSAOT NpU TOHaNBLHOM BO3OyXAeHUN. B 06LueM criyyae ycpeiHEHHOE BO BpEeMEHU 3HaueHne
MOLLHOCTM U3Ny4YeHUst MOXET GbiTb HallAeHo Kak

2f2 2f2
Paa == [|Re(t et = = [ |Re(F . (G.12)
T Fi

B cny4ae ecnu UCTOMHUK NOAKIIOYEH K Npeobpa3soBaTerito He HanpsiMyto, MPOMEXYTOUYHYIO CXeMY MOXHO npepcTa-
BUTb TaK, YToObl HAUTU MOLLHOCTb Ha CONPOTUBNEHNN U3NYYEHUS CTaHAAPTHBEIMU METOAAMU pacyeTa, UCNONb3yeMbIMU B
ANEKTPOTEXHUKE U PAaCCMOTPEHHbIMU Bbie. Hanpumep, Ansa YeTbipexnontocHuka ABCD u ncTovHuka ¢ umnegaHcom Rg
Ha Kaxgoii YactoTe

4RpRg

i |AET (ZT +Rg) + BET

EE (G.13)

i
B npumMepe ¢ noacTpanBaemMoii MUHAYKTUBHOCTbLIO0, NOKa3aHHOI Ha pucyHke G.3 a), 3Ta BenuymnHa GyaeT BblpaxaThes

KakK

4RAR
EE- A9

. (G.1)
2
(Ra+Ry+R;) +[xA T1Co +mLSJ
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a) b)

Z7

a — reHepaTop WCTOMHUKA HarpyXeH Ha CONPSXXeHHYIo HarpyaKky;
b — reHepaTop UCTOYHWKA HarpyxeH Npeo6pasoBaTenem

PMCYHOK G.1 — UcTouHMK ANEKTPUYECKOro HanpsXXeHUA NpU pasfiMvHbIX YCNOBUAX HArpy3ku

a) b)

Ra(H) Rq Agr  Ber Ra(h
. U C D,
_‘, —ifoCy

—i/ng

a — nocnegoBaTtebHOe BKIOYEHe UHAYKTUBHOCTA M CONPOTUBMEHMS,
b — veTbipexnontocHnk ABCD ans 6onee obwei uenn. Ay, Ber, Cpp W D — 3remeHTbl MaTpulbl

PucyHok G.2 — VICTOMHMK 3NeKTPUHEcKoro Hanps>KeHUs co CXemon
3MEKTPUYECKOro corflacoBaHWs U aKBMBaNeHTHas cxeMa npeobpasoBarens
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P Pa
Ry Aer Ber | Pra Ra(f) tN
PRA ZR
Ug Cer Der —
Xp(h) z
Prin
—l'/(OCO

PucyHok G.3 — Cxema, unnioctpupytoLasi anekrpudeckne notepu

Ha sToll cxeme aneKTpudeckne Motepu onpeferieHbl Kak MOLHOCTb Ha CONPOTUBNEHUN U3NYYEHUs, AeNeHHas Ha
MOLUHOCTb UCTOMHUKA, @ aKyCTUYecKNe MoTepi — Kak MOLLIHOCTb Ha aKyCTUYeCKON Harpyske «Hanpaso», T. e. Py = Py,
AeneHHas Ha MOLLHOCTb Ha CONPOTUBNEHUN NanyyYeHns Pga.

MpunoxeHue OA
(cnpaBouHoe)

CBegeHnA 0 COOTBETCTBMU CCbINTOYHbIX MEXAYHAPOAHbIX CTaHAAPTOB
U AOKYMEHTOB HauUOHalIbHbIM CTaHOAPTaAM

Tabnuuya OAA1

O6o3HaueHne CCbINTOYHOro MexayHapoaHo- CreneHb co- O6osHaveHne N HaumeHoBaHWe

ro ctaHgapTa, AoKyMeHTa OTBETCTBUA COOTBETCTBYIOLLEro HalUoHaneHoro craHgapTa
IEC 61161:2013 — *
IEC/TR 62781 — *

* COOTBETCTBYIOLMIA HALMOHasbHLIA CTaHAapT oTcyTcTBYeT. [lo ero NMpUHSTUS PEKOMEHAYeTCs UCMoNb3oBaTh
nepeBof Ha PyCccKuii S3bIK JaHHOTO MeXAYyHapoLHOro cTaHgapTa.
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