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MpeaucnoBne

1 MOArOTOBJ/IEH Bcepoccuincknm Hay4vyHO-McciefoBaTesIbCkUM WHCTUTYTOM pacxogomeTpum — du-
nnanoMm denepanbHOro rocyfapcTBEHHOTO YHUTApHOro npeanpusatns «Bcepoccwuiickuii Hay4yHO-UccnenoBa-
TeNbCKNA MHCTUTYT MeTponorun um. 4.U. Mengeneesa» (BHUWP — dmnunan oryrn «BHUAM wm. 4.M. MeH-
aeneesa»), OOLWECTBOM C OrpaHWYeHHON OTBETCTBEHHOCTbH «[lpuHcucTeMc» (OOO «IpUHCUMCTEMC») Ha
OCHOBe 0(hULManbHOro NepeBoda Ha PYCCKuii A3blK aHr/10A3bI4HOM BEPCUMU YKA3aHHOTO B NyHKTe 4 cTaHAapTa,
KOTOpbI BbiNOSIHEH PIBY «HCTUTYT cTaHgapTu3aumm».

2 BHECEH TexHu4eckMm kOMUTETOM Mo cTaHgapTulaumm TK 024 «MeTposiornyeckoe obecrneyeHne go-
ObluM 1 yyeTa aHepropecypcosB (KUAKOCTEN U rasoB)».

3 YTBEPX/JEH W BBEJEH B JENCTBUE TMpukasom ®denepanbHOro areHTcTea Mo TEXHUYECKOMY
perynnpoBaHuntio n metponorui ot 8 gekabps 2025 r. Ne 1650-cT

4 HacTosiwmii cTaHAapT MAEHTMYEH MexAyHapogHoMy cTtaHaapty MCO 17089-1:2019 «W3mepeHue
pacxofa Tekyuux cpef B 3aKpbITbiX kaHanax. YNbTpa3ByKOBble cyeTuMKkM rasa. Yactb 1. CyeTuukn Ons KoM-
MepuYecKoro yyeta U fiokasbHbIX namepeHuii» (ISO 17089-1:2019 «Measurement of fluid flow in closed con-
duits — Ultrasonic meters for gas — Part 1. Meters for custody transfer and allocation measurement», IDT).

HavmeHoBaHMe HacToslllero crtaHgapTa U3MeHeHO OTHOCUTENIbHO HauMeHOBaHWS YKa3aHHOro Mexay-
HapoAHOro ctaHgapTta gaa npusegeHusa B cootBeTcTBue ¢ FOCT P 1.5—2012 (nyHKT 3.5).

Mpn NpYMeHeHWW HacTOosALLero ctaHjapTa pekoMeHAyeTCs UCNOo/b30BaTb BMECTO CCbUIOYHbLIX MeXay-
HapoAHbIX CTAHAAPTOB COOTBETCTBYHOLLME UM HAUMOHASIbHbIE CTaHAAPTbl, CBEAEHUSA O KOTOPbIX NPUBEAEHbI B
LOMONMHUTENNIBHOM NpUNoXeHnun JA.

JononHutenbHble CHOCKM B TeKCTe cTaHapTa, BblAesIeHHble KypCUBOM, NPUBEAEHbl O/1A MOACHEHUSA
TekcTa opurnHana

5 BBEJEH BIEPBbIE

MpaBuna NpMMeHeHnss HaCTOSILLEr0 CTaHAapTa YCTaHOB/EHbl B cTaThe 26 defgepanbHOro 3akoHa
0T 29 uioHA 2015 r. Ne 162-d3 «O cTaHgapTwusauunm B Poccuiickoli ®epepaumm». ViHbopmayma o6 ms-
MEHEHUAX K HACTOSALLEMY CTaHAapTy Ny6/MKyeTCsl B XXerofHoM (Mo COCTOSHUIO Ha 1siHBapsl TeKyLero
roga) MHOpMaLUOHHOM yKasaTenle «HauuoHasbHble CTaHaapThi», a oPuunanbHblii TEKCT M3MEHEHWI
M NOMNpaBoOK — B eXeMeCAYHOM WH(OpMaLMOHHOM yKasaTene «HauuoHanbHble cTaHAapThi». B cnyuvae
nepecmoTpa (3ameHbl) UM OTMeHbl HAaCTOSLLEro cTaHhapTa CoOTBeTCTBYyLLee yBefjoMIeHne bygeT
ony6/IMKOBaHO B G/MXaWLeM BbINycKe €XeMecsYHOro WMHOPMAaLMOHHOrO yKasaTens «HauunoHabHble
cTaHfapThl». COOTBETCTBYyKLWAsA MHoPMaUns, YBELOM/IEHNE 1 TEeKCThl pasMellalnTCcsl Takke B UH-
dhopMaunoHHOK cucTeme obLero nonb3oBaHns — Ha omumanbHoM caliTe PefepasnbHOro areHTcTBa no
TEXHUYECKOMY PETY/IMPOBAHNIO U METPOOrNA B CETU VIHTeEpHeT (Www.rst.gov.ru).
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© OdpopmneHune. PreyY «NHCTUTYT cTaHgapTu3auum», 2026

HacToawuii ctaHaapT He MOXeT 6biTb MOSTHOCTbIO MM YAaCTUUYHO BOCTIPOU3BEAEH, TUPAXUPOBAH U pac-
NPOCTPaHeEH B kayecTBe oULMaNbHOMO n3faHns 6e3 paspelleHnst ®efepanbHOro areHTcTBa No TEXHUYECKO-
My PeryaiMpoBaHuio 1 MeTPOsIOruu
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BBepgeHne

YnbTpa3BykoBble cueTuukm rasal) HaumHan ¢ 2000 rofga 6bICTPO NPOHUKIM HA PbIHOK CPEACTB U3MEepPeHUi
M CTa/IM OJHUM M3 OCHOBHbIX TUMNOB CPEACTB U3MEPEHMUI pacxoa rasa kak A5 TEXHONOTMYEeCKNX Lenei, Tak u
AN KOMMepYecKoro yyeta. Hapsily ¢ BbICOKO BOCMPOU3BOAMMOCTbIO M BbICOKO TOYHOCTLIO Y/bTpa3BykoBas
TexXHoNorna obnagaet TakMMy HeOTbeMSIEMbIMU OCOBEHHOCTSAMU, KaK He3HauuTesibHble NoTepu AaseHus,
LUIMPOKMIA AnanasoH U3MepeHuidi 1 cnocobHOCTb paboTaTtb C NyNbCUMPYIOLWUMY NOTOKaMK.

YnbTpa3ByKOBble CHETUMKM asa MOryT NPefoCTaBsATbL PaCLUMPEHHYIO AUArHOCTUYECKY0 MHdopMaLmio,
C NMOMOLLbI KOTOPO MOXHO MPOBEPUTb UX PYHKLMOHANbHBIE BO3MOXHOCTU. Kpome TOro, M3mepeHHyto ¢ no-
MOLLIbIO Y/IbTPa3BYyKOBOI0 CYETHUKA ra3a CKOPOCTb 3BYKa MOXHO CPaBHWUTL CO CKOPOCTbLIO 3BYKa, PacCUMTaHHOW
no AaB/ieHnio, Temneparype 1 cCocTaBy rasa, YTO MO3BOJISAET MPOBECTU B3aWMHYH0 NMPOBEPKY NPasBu/ibHOCTU
paboTbl 3a4eiCTBOBaHHbIX B Mpouecce cpeAcTB M3MepeHuii. bnarogaps pacluvpeHHbIM AUarHoCTUYeCKUM
BO3MOXHOCTSIM B HAcTOALEM CTaHAapTe npefsaraetcs BHeApPEHWe M UCNOJb30BaHne aBTOMaTU3MPOBaHHOM
ANarHoCTUKY BMECTO TPYAOEMKMX NPOBEPOK KayecTBa M3MepeHUi.

JaHHbIA cTaHAapT NOCBSALLEH CYeTYMKaM, C NOMOLLbI0 KOTOPbIX OCYLLEeCTBAAT U3MepeHua ansa obecne-
YyeHuss KOMMepueckoro yyeta rasa (cyetumkm knacca 1 u knacca 2). CYeTUMKU A1 TEXHOMNOTUYECKNX Lienei,
BK/IOHAA M3MepeHns pacxofa v obbema rasa Bo BCMOMOraTesibHbIX CUCTEMAaX Y TEXHOSIOTMYECKMX NpoLeccax,
a TaKke nsMepeHuii pacxoga 1 obbema pakenbHOro rasa 1 BbI6GpocoB, pacxoga v obbema rasa B KOMMyHasb-
HOM CeKTope paccmoTpeHbl B ISO 17089-2.

KnaccudukaumoHHan cxema CYeTYMKOB MO TUMOBbLIM napameTpamM?2);

Knacc Tunosoe npumeHeHune Knacc TouHocTn Ccblnka
1 Kommepueckuii yueT (nepegaya) knacc 0,5 wmm knacc 1,0 HacTosawwmii ctaHgapT
2 Kommepueckuii yueT (pacnpegeneHue) knacc 1,5 HacTosiwmii ctaHgapT
3 Vi3amepeHnsa B KOMMYHa/IbHOM CeKTope K TexHosorunye- ISO 17089-2

CKMX npoueccax

4 Mi3mepeHne pacxoga n obbema hakesibHbIX ra3oB U Bbl- 1ISO 17089-2
6pocoB

TunoBble KOHUrypaumm cYeTUNKOB kiacca 1 1 2 npeAcTaBAsioT CO60i MHOToslyYeBble CUETUMKM C XOp-
[OBbIMW TPAEKTOPUSIMU aKyCTUYECKOTO CUrHana B Pas/iMuHbIX paguasibHbIX NMOMOXEHUAX.

TunoBble KOH(UIypaLun CYETUMKOB Knacca 3 U 4 NpeacTaBnsioT coO60i 0gHOMYYEBbIE CHETUUKU, CUET-
UMKM TOJIbKO C AMaMeTpasibHbIMU TPAEKTOPUSIMU, BPE3HbIe CUETUMKM, BbITOBbIE CUETUMKM, CUETUUKM AN yCTa-
HOBKM B BbITSKKAxX U AbIMOX0Aax, a Takke CHETUUKM A7 hakenbHOro rasa.

1) B TeKkcTe HacTosAWero craHgapTa noj TEePMUHOM «CYeT UMK rasa» NoHVMaeTCs CpeAcTBO N3MepeHuii pac-
xopa v obbemMa rasa (pacxogomep-cyeTUuMK rasa).

2) B Poccwiickoii ®egepauny MeTponormyeckne TpeboBaHnsa K M3MEPEHMAM KOMMYECTBA rasa yCTaHOBJ/IEHbI B
MepeyHe n3mepeHnii, 0OTHOCALLMXCS K cdhepe rocyaapCTBEHHOIO PeryimpoBaHns obecneyeHns eguHCTBA U3MEPEHNI,
yTBepxaeHHOM MocTaHoBneHnem MpaeBnTenscTBa Poccuiickoih degepaunn oT 16 HoA6ps 2020 r. Ne 1847.

\Y,






FOCT P NCO 17089-1—2025

HALULWOHANBbHBIN CTAHALAPT POCCUWNCKOWN SGEALEPALUMN

MN3mepeHne pacxofa cpef B 3aKpbITbIX KaHanax
CUETYUMKW TA3A Y/IbTPA3SBYKOBbIE
TexHMu4Yeckne n MeTposiormyeckne TpeboBaHus

Measurement of flow in closed conduits. Ultrasonic meters for gas. Technical and metrological requirements

[ata BBegeHuna — 2026—02—01

1 O6nactb NpUMeHeHUs

Hactosiwuii ctaHgapT ycTaHaBnuBaeT Tpe6oBaHWA M peKkoMeHaauun Ans yNbTPas3BYKOBbIX CUETYMKOB
rasa, KOTopble UCMOJb3YT BPEMS NMPOXOXAEHUS aKyCTUUYECKUX CUrHAN0B A1 U3MEePeHUst pacxoda oaHoas-
HbIX O[HOPO/IHbIX TA30B B 3aKPbITbIX kKaHanax1l).

HacTosiwuii cTaHaapT pacnpocTpaHsieTcsl Ha y/IbTPa3BYKOBbIE CUETUMKU ra3a, NpUMeHsieMble /1Sl KOM-
MepyUecKoro yyeTa rasa npu ero nepegade v pacnpefeneHuun, K KOTOPbIM OTHOCATCA KakK MOSIHOMPOXO/Hble
CYETUUKN, CUETUUKN C YMEHbLUEHHOV NMOLLAAbI0 CEUEHUS, CUETUMKN BbICOKOTO M HWU3KOTO AABMEHUS, TaK U /0-
6asi Ux KoMGuHaLus. OTCYTCTBYHOT OfPaHUYEHMsT HA MUHUMAlbHbIE WKW MakCUMasibHble pasmepbl CHETUMKA.
JTOT CTaHAAPT MOXET MPUMEHSITLCS MpY U3MEpPEHMsIX NpakTMyecku N6oro Tuna rasa, HanpuMmep BO3ayxa,
NPUPOAHOro rasa u aTaHa.

HacTosiwuii cTaHgapT BkAoYaeT Tpe6oBaHUS K XapaKTepucTMKaM CYETUMKOB rasa BYX KMaccoB TOUYHO-
CTW, NpeAHa3HauYeHHbIX /11 KOMMEPUECKOr0 yYeTa rasa npu ero nepeaaye U pacrnpeaeneHuu.

Hactosiwumii ctaHaapT onpegensieT KOHCTPYKUMIO, paboune xapakTepucTuki, TpeboBaHust K kanubpos-
Ke, OMArHoCTUKY [71s NMPOBEPKU CUETUMKA, A TAKKEe BbIXOAHblE XapPaKTEPUCTUKN YNbTPaA3BYKOBbIX CUETUMKOB
rasa v ycrioBusl UX MOHTaxa.

MpumeyaHue — HayuoHasbHble WU ApYyrMe HOPMAaTWMBHbIE AOKYMEHTbI MOFYT UMeTb Gosiee cTporne Tpe6o-
BaHUA, YeM yKa3aHHble B HacTosleM AOKYMEHTe.

2 HopmaTBHbIE CCbIJIKA

B HacToslleM cTaHgapTe UCNONb30BaHbl HOPMAaTMBHbIE CChIJIKU Ha cnepylowme ctaHhapTel [ANa gatu-
pPOBaHHbIX CCbIIOK MPUMEHSIOT TOSIbKO YKa3aHHOe u3faHune CCbISIOYHOro ctaHjapTa, 418 HeAaTupoBaHHbIX —
nocnegHee nigaHve (Bkaw4vas Bce M3MeHeHus)]:

ISO 4006, Measurements of fluid flow in closed conduits — Vocabulary and symbols (M3mepeHne pac-
X0fa TeKYYMX Cpef B 3aKpbiTbiX KaHasnax. CnoBapb U YC/I0BHblE 0603HAYEHNS)

ISO 5168, Measurements of fluid flow — Procedures for the evaluation of uncertainties (M3mepeHune pac-
Xopa Tekyumx cpeg. MNpoueaypa oueHKN HeonpeaeneHHOCTEN)

ISO/IEC 17025, General requirements for the competence of testing and calibration laboratories (O6wue
TpeboBaHUSA K KOMMETEHTHOCTU MCMbITaTebHbIX U KaNMBPOBOYHbLIX NabopaTopuii)

3 TepMuHbI, onpeaeneHnst n o603HavYeHns

3.1 TepMuHbI U onpeaeneHns

B HacToswem ctaHfapTe npuMeHeHbl TepmuHbl Nno 1SO 4006, a Takke crnegylouine TepMuHbl C COOT-
BETCTBYHOLLUMYK OnpefeneHnsamMu.

1) B TekCTe HaCTOSALWEro cTaHaapTa Nof TEPMUHOM «3aKPbITbIi KaHau» MOHUMAaeTCs TPY60NpPoBog KPYr/ioro ceyeHus.

M3pgaHue ouymansbHoe



FOCT P MCO 17089-1—2025

MCO n M3K noggepxunBatoT TepMUHOOTMYeckne 6asbl AaHHbIX A1 UCMO/b30BaHNA B LeNsx ctaHgap-
TM3auummn, Haxogaswmecs no cneaylolum agpecam:

- nnaTdpopma oHnanH-npocmoTpa MCO, gocTtynHa no agpecy: https://www.iso.org/obp;

- 9nekTponeansa M3K, goctynHa no agpecy: https://www.electropedia.org/

3.1.1 BenunuuHebl

3.1.1.1 o6bemHbIii pacxog (volume flow rate):

6V

roe V. — obbewm;

t — Bpewms.

3.1.1.2 paBneHue (pressure p): AGCOMTHOE faBneHne rasa B cHeTUMKE NPU YCNOBUAX NOTOKA, KOTOPO-
My COOTBETCTBYET M3MEpPEHHbIN 06beM rasa.

3.1.1.3 cpegHAa ckopocTb (average velocity!/): O6beMHbIn pacxos, AeNeHHbIi Ha nnowanb nonepey-
HOro CevyeHus.

3.1.2 KOHCTpPYyKUMA cHeTymka

3.1.2.1 kopnyc cyeTyuka (meter body): DnemeHT cyeTumnka, HaxogAWMACA NOA faBNEHNEM.

3.1.2.2 akycTnyeckas Tpaektopus (acoustic path): TpaekTopusi, N0 KOTOPOIT aKyCTUYECKMIA CUTHaN Npo-
XOAWT Mexay ABYMS yNbTpas3BYKOBbIMW npeobpa3oBaTensmMu.

3.1.2.3 oceBas TpaekTopus (axial path): TpaekTopus akycTM4YeCcKOro curHasia, cosnajawowias ¢ Ha-
npasseHnem ocu Tpybonposoaa.

MpumeuyaHne — OceBas TPAEKTOPMA MOXET NPOXOAWUTL SIMGO CTPOro NO OCEBOW MIMHUM AW NPOLOJSILHON OCK
TPy6bl, MM60 6bITb NapannesibHon e (CM. pucyHok 1).

PucyHok 1 — OceBasl TpaekTopus akyCTU4YecKoro curHana

3.1.24 OnameTpanbHaa Tpaektopus (diametrical path): Tpaekropus akyCTMYecKOro curHana, kotopas
NpoOXoAuUT Yepes3 OCEBYH JIMHUIO UM MPOAOLHYKO OCb TPYObI.

MpnmeyaHune — CM. PUCYHOK 2.

PucyHok 2 — [nameTpasibHble TPaekTopum akyCTUYEeCKOro curHana


https://www.mosexp.ru# 
https://files.stroyinf.ru#   
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3.1.2.5 xopgosas Tpaektopusa (chordal path): TpaekTopusa akyCTU4eCcKOro curHana, Kotopas npoxogut
napannensHo AvaMeTpanbHON TpaeKTopuu.

MpumeyaHue — CM. pUCYHOK 3.

PucyHok 3 — XopaoBasi TPaeKTOpMsi akyCTUYECKOro CUrHana

3.1.3 TepmognHammnyeckmne ycnoBud
3.1.3.1 ycnoBusa mnamepeHnii (metering conditions): Ycnosusi paboyein cpefbl, 06bLEM KOTOPOI noane-
XWUT U3MEpEHUIO0.

MpuMeuaHne — YC/OBUS U3MEPEHMI BKNOUAIOT COCTAB rasa, ero Temnepatypy v gaBfieHuve.

[MCTOYHMK: ISO 9951:1993, 3.1.6, TEPMUH M3MEHEH — BMECTO TEPMUHA «ras3» WCMNoJib3yeTcs TepPMUH
«cpega».]

3.1.3.2 ctaHgapTHbIe ycnoBus (base conditions): YcnoBus, K KOTOpbIM NPUBOAUTCS N3MEPSIEMbI 006b-
em cpefbl.

MpumMeyaHune — cTaHAapTHbIE YC/IOBUA BK/OYAIKOT CTaHAapPTHbIE 3HAYEHUA TeMnepaTypbl U AaB/ieHus.

[MCTOYHMK: ISO 9951:1993, 3.1.7, TEPMUH M3MEHEH — BMECTO TEPMUHA «ras» WCMNoJib3yeTcss TEePMUH
«cpega.]

3.1.4 Ctatuctuyeckme napameTpbl

3.1.4.1 norpewHoOCTb U3MepeHnin (measurement error): PasHOCTb M3MEPEHHOIO U 3TAJ/IOHHOIO 3Ha4e-
HWIi BENNYUHBI.
[MCTOYHUK: PykoBogcteo NCO/M3IK 99—2007, 2.16]
MPVIMEP: Pa3HOCTb 3HAYeHW BENYMHBI, U3MEPEHHOW UCMbITYEMbIM CHETYMKOM U 3TaSIOHHLIM CHETHUKOM.

3.1.4.2 kannbpoBoyHasnl) kpmas (calibration curve): Habop norpeliHocTeil nsmMepeHus npu pasnuy-
HbIX 3HAYEeHMAX pacxofa No OTHOLIEHUIO K U3BECTHOMY 3Ta/IOHHOMY CYETUUKY (pacxodomepy).

3.1.4.3 makcumasibHO gonyckaemas norpewHocTb (maximum permissible error MPE): MNpeaensHoe
3HayeHMe MNOrpelHoOCTM M3MEPEHUA MO OTHOLLIEHWIO K M3BECTHOMY 3Ta/IOHHOMY 3HA4YEHW0 BENUYMHBI, O0-
nyckaemoe cneungukaunamm unm HopMaTuMBHbIMWU AOKYMEHTaMu 419 onpefesieHHoro paboyero guanasoHa
CcyeTyuKa.
[MCTOYHUMK: Pykosogctso MCO/M3K 99—2007, 4.26, n3MeHeH — BMECTO TEpPMUHA «MaKCMMasibHO AOny-
Cckaemas MOrpeLHoCcTb U3MepPeHns» NPUMEeHeH TEPMUH «MakCMMasibHO AonyckaemMas MNorpelHocTb», 060-
3HaYeHHbIN cokpaweHem MPE.]

1) B cooTBeTCTBUU C MexayHapogHbiM cnosapem JCGV200.2008 kanmbpoBka — 3T 0 onepauus, B Xof4e KOTO-
poii Mpu 3afaHHbIX YCNOBMAX HA NEPBOM 3Tane ycTaHaB/IMBal T COOTHOLIEHNEe MeXAy 3HaYeHUSIMN BeJIMYUH C Heomnpe-
[eNeHHOCT AMMN U3MepeHuid, KOTOopble 0b6ecneuynmBaldT 3TaloHbl, U COOTBETCTBYOLWMUMU NMOKA3AHUAMY C NPUCYLLUMN
MM HeonpefeneHHoCTAMM, a Ha BTOPOM 3Tarne Ha OCHOBE 3TOl MHhopMaLumn ycTaHaBNnBalo T COOTHOLLEH/e, N03BO-
naLwee nosyvyaTb pesybTaT U3MEPEHUSA UCXOAA U3 MOKa3aHUS.

KannbpoBka MoxeT OblTb BblpaXeHa Kak yTBepxaeHue, yHKUUA KanmbpoBku, guarpamma KannbpoBku, Kanwu-
6poBoYHas KpuBas UNN Tabnuua KannbpoBkn. B HEKOTOPLIX C/lydyasax OHa MOXeT BKIoYaTb afauTUBHYIO UM MY/bT K-
NAVKaTUBHYIO NOMPaBKy K MOKa3aHUsiM C COOTBEeTCTBYlOL el HeonpeseneHHOC T bio.

KannbpoBKy He cnegyeT nMyTaTb HY C PEry/MPOBKOA N3MEPUTe/NbHON CUCTEMbI, YaCcTO OWNBOYHO Ha3biBaeMO
caMOKa/IMbpOBKOW, HY C BepudmKaLmein KanmbpoBKu.

YacTo TO0/bKO MepBblil War B NpMBeAEeHHOM Bbille OonpeesieHn NOHMMae T Cs Kak KasimbpoBKa.
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3.1.4.4 makcuMmanbHasi MOrpelHOCTb MeXAy MNUKOBbIMU 3HadyeHussMu (maximum peak-to-peak
error): MakcumasibHas pasHuua Mexay ftobbiMy ABYMS 3HAYEHUAMMW NOrPeLLHOCTU.

3.1.4.5 cxogMmMmocTb Unu nosTopsaemMocTb (repeatability): BansocTb coBnageHns pesysbTaTtoB nocre-
[JoBaTeNbHbIX U3MEPEHUI OJHOW U TOI Xe N3MepPSeMOi Be/IMUMHbI, MPOBELAEHHbIX B OJHUX U TEX Xe YC/TOBUSIX.

MpumeyaHne — CXOQMMOCTb (NOBTOPSAEMOCTb) AOJ/DKHA OblTb paccuMTaHa B abCOMIIOTHOM BbIPAXKEHMU Kak
HeonpegeneHHoCcTb Tuna A B ogHokpatHoMm usmepeHumn (UAS) B cootBeTcTBuM ¢ NCO 5168. KoadpbcpmumneHT oxeata /c9%5
[OJ/DKEH 6bITb NoyYeH u3 pacnpegenernns CTblogeHTa ANS YPOBHS L0BEPUTESbHOW BeposaTHOCTM 95,45 % B 3aBUCUMOCTH
OT KO/INYECTBA BbINOSIHEHHbLIX M3MepeHunit. Cm. MCO 5168:2005, Tabnmuya C.1.

=i

p - UKS ~ k95
(n-1)

KoadpcpuumeHT oxBaTa K95 UMeeT cnefyowme TUNoBble 3HaUYeHUs:
(V)

Uncno BbINOSIHEHHbIX U3MEPEHUA 3 5 7 10 100

KoathuumeHT oxaata k(b 4,53 2,87 2,52 2,32 2,02 2,00

3.1.4.6 BocnpounsBoaumocTb (reproducibility);: BiM3ocTe coBnageHnsi pe3ynbTatoB U3MEPEHWA OAHOM
W TOW Xe N3MepseMOil BesIMUMHBI, BbINOSIHEHHbIX MPU PasHbIX YCNOBUSX.

3.1.4.7 paspewatowas cnocobHocTb (resolution): HanmeHblas pasHuua Mexay nokasaHusaMu cyet-
yvka, Kotopast MOXeT ObITb JOCTOBEPHO pasnyuma.
[MCTOYHMK: NCO 11631:1998, 3.28, U3IMEHEH — TEPMUH «pacxogomep» 3aMeHEeH TEPMUHOM «CYETUMK»].

3.1.4.8 nokasaHue npu HynesoMm pacxoge (zero flow reading): MNokasaHne CKOpOCTM NOTOKa, Korga
npeanonaraeTcs, 4YTo ra3 Haxo4MTCA B COCTOSHUM MOKOS, TO eCTb KOrga oceBas U HeoceBas COCTaBNALNE
CKOPOCTMN MpPaKTUY4eCKN paBHbl HY/IO.

3.1.4.9 nnHeapmnsauus (linearization): Cnoco6 yMeHbLUEHUS HESIMHENHOCTN W CMELLEHUS MokKasaHwii
YNbTPa3ByKOBOIO CYeTYMKa NyTeM BHECEHMS NONpPaBOK B NporpamMHoOe obecneveHue.

MpuMeuyaHne — JiInHeapn3aunio MOXHO NMPUMEHATb B 3/IEKTPOHHbLIX 6/10KaX CYETYMKA WU B BblUUC/IUTENE
pacxofa, cBsiz3aHHOM ¢ USM. Koppekuusi MOXeT NPUMEHSATLCS, HANpUMEp, B BUAE KYCOYHOWN NrHeapusaumnm (KyCOYHO-Nn-
HEHON MHTepnoNAUMM) AN NOMHOMMWAIbHOM NIMHeapu3auuu.

3.2 O603Ha4YeHnsa N NOACTPOYHbIE NHOEKCHI

0O603HayYeHns 1 NOACTPOYUHbIE MHAEKCHI, UCMOMb3yeMble B HACTOSILLEM cTaHfapTe, NnpuBefeHbl B Tabnu-
yax 1 u 2. MpumMepbl UCMO/Ib30BaHNSA 0603HaYeHNn 06bEMHOr0 pacxoga npuBeaeHsl B Tabnuue 3.

Tab6nuya 1— O603HaYeHne

BennunHa O603Ha4eHne PasmepHocTb3 Biﬁwv:mmﬁl
Mnowanb nonepeyHoro ceyeHus A L2 M2
CKOpoCTb 3BYyKa B cpefe c LT-1 m/c
HapyxHbiin gnameTp Tpybonposoga D L M
BHyTpeHHWA gnameTp Koprnyca cyeTymka d L M
Mogaynb ynpyroctn (Mmogynb KOHra) kopnyca cuyetynka E ML-1T-2 MMMa
Mogynb ynpyroctu (mogynb HOHra) ynbTpa3BykoBOro npeobpasoBatens Et Mi_-1T-2 MMMa
[NorpelwHocTb U3MepeHns pacxoga ei — 1
BecoBoil Koath(PULMEHT (TEKYLLWIA) fi — 1
Llenbie uncna (1, 2, 3, ...) ij.n — 1
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MpopgonxerHne Tabnuubl 1

BennunHa O603HaveHne Pa3mepHoCTL3 B'Zﬁmmil
Mmnynbc-cpakTop (BEC Mmnynbca) / L-3 M_3
Kann6poBouYHbIii koahpuumneHT K — 1
KoadhchmuneHT chopmbl Kopnyca K3 — 1
KoaththnuneHT TopueBoi Harpy3ku 1 KpensaeHus KE — 1
MonpaBoYHbI KO3(MUUUEHT, YUNTbIBAKOLLNIA pacnpefeneHme cKopocTei Kkh — 1
MUWHMManbHOe pacCTosiHUe [0 onpefeneHHoro MeCTHOro COnpoTUB/EHUSA rin L M
nepepj cHeT4NKOM
XapakTepHas AnvHa ycpefHeHUs1 B yNbTPa3ByKOBOM CHETUMKE lav L M
Amnautyga wyma Ip — il
[nvHa TpaekTopun akycTM4eckoro curHana P L M
KoathchnuneHT 3aTyxaHus Nd — 1
BecoBoil Ko3ahMUMEHT knanaHa NV — 1
AG6CONIOTHOE AaBneHne P ML"IT-2 Ma
Pa3HocTb faBneHuii P ML-1T-2 Ma
M3nyyaemoe akycTuyeckoe gaBrieHune Pn ml-1t~2 Ma
YpoBeHb curHana B USM ps ML-1T-2 Ma
O6BbEMHbIN pacxop Pv L3T 1 m3/c
HapyxHblii paguyc Tpyb6onposoga R L M
BHyTpeHHUn pagnyc Tpybonposoa r L M
Uuncno PenHonbaca Re — 1
CXoanMMocCTb P — 1
CxofaMMoCTb npu Kanubposke rca — 1
A6co/oTHas Temnepartypa rasa T 0 K
PasHocTb TeMneparyp AT 0 K
Bpems t T c
CTtaHfapTHOe OTK/IOHEHMWE MFHOBEHHbIX TypOyneHTHbIX nynbcauuii u* — %
CKopoCTH
Tpebyemoe cTaHAapTHOe OTKNOHEeHWe TypOyneHTHbIX Nyfbcaunii cKopo- ud — %
CTV nocrne ux ycpeaHeHns
CkopocTb \Y LT-1 m/c
CpefHAs cKopoCTb \Y LT-1 m/c
CKOpOCTb MO /- akyCTUYeCKoli TpaekTopumn Vi LT-1 m/c
O6bem \Y L3 M3
BecoBoi KoathmumeHT ((hUKCUpoBaHHOE 3Ha4YeHME) Wi — 1
CXunmaemMocCTb z — 1
KoadbchunumeHT TennoBoro paclumnpeHus a 0-1 K-1
TonwwmHa cTeHkn Tpybonposoga 5 L M
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OkoHuyaHue Tabnuubl 1

BenuumHa O603HayeHne Pa3mepHocTb3 BEeﬁwwmﬁl
JvHamnyeckas BA3KOCTb n 1~IMT~1 Ma mc
[nuHa BOMHbI YNbTPa3ByKOBOro KonebaHus X L M
KoadhcpuuymeHnT MyaccoHa n — 1
[noTHOCTL cpefbl p ML” 3 Kr/m3
MecTo oT60pa faBneHus Pm — _
Yron HaknoHa TpaekTopum [0) — pag
a M— macca; L— gnuHa; T— Bpemsa; 0 — Temnepartypa.
Ta6nunuya 2— MNoACTPOUHbIE UHAEKCHI
MoACTPOYHbIN MHAEKC 3HaueHve
cal KannbpoBOYHbIi
min MUHMMAaSbHBbIN
max MaKCUMasbHbIN
op 3KCnyaTalOoHHbIN
ref STa/IOHHBIN
t nepexoAaHbIii
Ta6bnuuya 3 — Tllpumepbl 0603HaYeHN i 06BEMHOIO pacxoga
O603HaveHve MosicHeHve
PV, mex, MpOEeKTHbI MakCUMasbHbIi pacxos
PV, max, 20 MpOoEeKTHbIA MakCUMasbHbI pacxos, paccuMTaHHblli ANA MakcumasnbHOl ckopocTu rasa 20 m/c
PV, max, X MpOoeKTHbI MakCUMasnbHbI pacxof, paccyMTaHHblli 418 MakCUMaslbHON CKOPOCTM rasa X m/c
PV, max, op MaKCVIMaJ"IlebIVI 3KCI'II'IyaTavLI,I/IOHHbII7I pacxog, onpefensieMblil TOIbKO B C/lyYae, eCc/iv OH MeHbLUe, YeMm
NPOEKTHbIA MakCUMaibHbIA pacxos
PV, max, cal MakcvManbHbIi KanM6pPOBOYHbIA pacxof, onpefesisemMblii TONbKO B C/lyvyae, ec/ii OH MeHblue, YeMm
3KCM/lyaTaluMOHHbIA MakCUMaibHbIA pacxos
PV, min MpOoEKTHbI MUHMManbHbIA pacxop,
Pv, t MepexoAHblii pacxog AN onpefeneHus TpeboBaHuii K TOYHOCTH

3.3 CokpauweHunsa

CMC — Ka/IMBpPOBOYHbIE U M3MepUTEesibHble BO3MOXHOCTK (calibration and measurement capability);
ES — 3NeKkTpoHHaa cuctema (electronics system);

FAT — 3aBo/CKoe npuemMoyHoe ucnblTaHune (factory acceptance test);

FC — gpopmuposatesnb notoka (flow conditioner);

FWME — cpegHeB3BelleHHoe Nno pacxofy 3HadeHue norpewHocTtn (flow-weighted mean error);
M&R — rasousmMepuTesibHble 1 razopacnpegenutensHble cTaHuun (metering and regulating stations);
MPE — MakcumasibHasa gonyckaemas norpewwHocTb (maximum permissible error);

MSOS — u3mepeHHas cKopocTb 3Byka (measured speed of sound);

SAT — NpUeMoYHble UCMbITAHUSA Ha MecTe ycTaHoBKM (Site Acceptance Test);

SIN — OTHOLWeHKne curHan-wym (signal-to-noise ratio);

SOS — cKopoCTb 3ByKa (speed of sound);
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TSOS — TeopeTnyeckas ckopocCTb 3ByKa (theoretical speed of sound);
USM — yNbTpasBYyKOBOW cueTuuk (ultrasonic flow meter);
USMP — komnsekc, cocToswmin n3 USM, NpsSIMO/IMHENHbIX M3MEPUTE/bHbLIX Y4acTKOB Tpy6onpoBo-

4a, dhopmupoBaTesia NOTOKa W 3alMUTHOW rMnb3bl TepmomeTtpa (USM package, including
meter tubes, flow conditioner, and thermowell);

USM(P) — USM u USMP.

4 TIpUHUMNbLI N3MEepPeHNii

4.1 Bba3soBble (popMysibl

MpuHUUN paboTbl YbTPa3BYKOBbIX CHETUMKOB OCHOBAH Ha M3MEpPEeHWUU BPEMEHW pacnpocTpaHeHUs aky-
CTWUYECKOro curHana B MoTOKe.

Ha pucyHke 4 nokasaHa cxema npuvHuuna paboTbl cyeTymka. o o6emm cTtopoHam TpyObl B NO3numnsax A
n B ycTaHOB/EHbI yNbTPa3ByKoBble NpeobpasoBatenin, CNocoOHble nNepefaBaTb W NPUHMMATL YNbTPa3BYKO-
Bble UMNY/bCbl. Y NbTPa3BYyKOBble Npeobpa3oBaTenn nepefaloT y/bTPasByKoBble UMMNYNbChl B Npefenax cTosb
KOPOTKOrO WHTEepBasia BpPeMEHW, YTO CKOPOCTb 3Byka (SOS) MOXeT 6bITb NpUHATA OA4MHaKOBOW Ans 060umXx
HanpaBneHunin. B npouecce paboTbl cHETUMKA WU3MEPSETCSH BPEMS MPOXOXAEHUS YbTPa3BYKOBbIX WUMMY/b-
coB. py HyNeBOM pacxofe Bpems NPOXOXAEHUSA YNbTPa3ByKOBbIX MMMNY/bCOB OT A K B fAB paBHO BpemeHu
npoxoxgeHns ot B k A fBA. OgHaKo ecnn pacxof He paBeH Hy/o, TO BPeEMS MPOXOXAEHUS YNbTpa3ByKOBOro
umnynsca ot A 0o B ymeHbllaeTcs, a oT B go A yBenuuuBaeTtcs B cOoTBeTCTBUM C hopmynamu (6e3 ydeTa
aphdheKkTOB BTOPOro nopsjka, Takux Kak KpMBM3Ha TpaekTopum):

B (c+y-coadh)’ A
BA (c-#icoad)’ A
roe b — [nuvHa TpaekTopuM akyCTUYECKOro CUTHana;

¢ — SOS;
V — CpefHsAs CKOpPOCTb;
(h— yron Hak/I0Ha TpaekTopuu;
fAB, BA — BpeMs NPOXOXLEHUA aKyCTUYEeCKOro curHana.

A, B — nosuumm ynbTpasByKoBbIX Npeo6pasoBatesneil; p— f/MHa TpaekTopuy akyCTUYECKOro CUTHaua; V— CPeaHsisl CKOPOCTb;
(p— yron HakoHa TPaeKTopum

PucyHok 4 — Cxema npuHumna pa6oTbl cueTumka

MyTtem BbluMTaHma dpopMysbl (2) 13 oopmynbl (1) n HEO6XO4UMbIX NEepecTaHOBOK MOXeT ObiTb BbiBEAE-
Ha cnegyowas dopmyna 419 U3MepPeHUss CKOPOCTY rasa:
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1 1

'

p

(3)
2°08 g 7BA|

BennuuHa SOS oTcytcTByeT B chopmyse (3). ITO 03HayaeT, YTO U3MepeHne CKOpPOCTW rasa He 3aBUCUT
OT CBOICTB rasa, HanpvmMmep AaBneHus, TemnepaTypbl U cocTaBa rasa.
Mytem cnoxeHuns cdopmyn (1) n (2) 1 HeOBXOANMbIX MEepecTaHOBOK MOXET ObITb NoayyeHa cregyrouas
dopmyna ana namepeHns SOS:
1
c (4
Jab *say
[nsa oueHkM cpefHein CKOPOCTM B MHOMOJ/IyYEBBIX CHETUMKAX U3MEpPEHHbIE CKOPOCTM N0 BCEM TpaekTopu-
AM 06beMHAKTCA C MOMOLLbLI0 MaTeMaTU4eCcKol OYHKLNN:

v=f(vv ..., vn), 5)

roe N — obLiee Yncno TPaeKTopuil.

BcneacTtere BapraLumii B KOHUrypauum TpaekTopuii 1 pasinyHbIX NOAXOA0B K pelueHuo gopmynbl (5),
AaXe ONS 3afaHHOro yncnia TpaekTopuid, 3aBucuMmocTu f(vv ..., vn) MOTyT OT/iMyaTtbCs.

Ana nonyyeHnss 06bLEMHOr0 pacxofa v yMHOXalT OLEHKY cpefHei ckopocTu V Ha nnowaab noneped-
HOro CevyeHuss N3MepuTenbHON yactn cuetymnkal)

qv=A-v. (6)
4.2 ®dakTopbl, BAUAIOWME HA IKCMyaTaUuNOHHbIe XapaKTepUCTUKN

KcnnyaTtaumoHHble XxapakTepucTukm USM 3aBUCAT OT psfa BHYTPEHHUX Y BHELWHUX (DakTOpoB. BHYTpeH-
HVe hakTopbl (TO ecTb (hakTOpbl, OTHOCALMECS K CHETUMKY M €r0 KasIMGPOBKE Nepen NOCTaBKOW) BKIOYAIOT:

- FeOMEeTPUI0 Koprnyca cYeTuMKa 1 pacnosioxeHne ynbTpasByKOBbIX Npeobpa3oBaTenieil, a Takke Heornpe-
OENEeHHOCTb, C KOTOPOI OHM M3BECTHbI (BKIOYAs KO3(MPULMEHTbI Ha BAUSHME TeMMNEepPaTypbl U aBNeHNS);

- TOYHOCTb M Ka4yecTBO Y/IbTPa3BYKOBbIX Mpeobpa3oBartesieil U 371EKTPOHHbIX KOMMOHEHTOB, MCNOMb3ye-
MbIX B CXEME M3MEPEHUA BPEMEHU NPOXOXAEHUS (Hanpumep, CTabu/ibHOCTb 3N1EKTPOHHbIX YacoB);

- MeToAbl, Ucnosb3yemble ANs onpefesieHns BpeEMEHN NPOXOXAEHUS U pacyeTa cpefHei ckopoctu (no-
crnefHan onpefensier YyBCTBUTE/IbHOCTb CYETYMKA K U3MEHEHWUSAM B pacnpefenieHny CKOpoCTU MOTOKa);

- KOPPEKTMPOBKY (BK/1H0OYASA COOTBETCTBYIOLLYIO KOMMEHCALMUIO 3a[ePXeK CUTHANO0B B 3/1IEKTPOHHbLIX KOM-
NMOHEHTax M y/NbTPa3BYKOBbIX NpeobpasoBaresnsx).

BHeluHWe dhakTopbl, TO eCcTb (haKTOpbl, CBSA3aHHbIE C MOTOKOM U YCIOBUSIMU OKpYXaloLLeli cpefbl, BKIYatoT:

a) npoduib CKOPOCTU NOTOKA, BK/IOYAA 3aKpyTKy U aCUMMETPUIO;

b) U3MEHEHVE LIEPOXOBATOCTN CTEHKW B pe3y/nbTare KOppo3uW, TBEPAbIX U XUAKUX 3arpsA3HeHuid B Npo-
Lecce akcnayartauuu,

C) TemneparypHoe pacnpejesieHue;

d) nynbcaymm nNoToka,

€) WyM — KaK aKyCTUYeCKMW, TaK U 3M1eKTPOMarHuTHbI;

f) BpemeHHOEe WM MOCTOSIHHOE 06pa3oBaHWe OT/IOKEHWN, NPUBOASLLEE K YMEHbLUEHUIO Nowanm no-
NepeyHoro cevyeHuss Kopnyca cyeTyuka.

4.3 OnucaHve xapakTepHbIX KOHCTPYKLNA

43.1 O6wue ceBegeHUs

[JaHHoe obuiee onucaHne ynbTPa3BYKOBbIX CHETUMKOB npefnonaraetT BO3MOXHOCTW Bapualuil B KOH-
KPETHbIX MPOMbILL/IEHHbIX KOHCTPYKLMSAX, a Takke NoTeHuuasn A/s HOBbIX pa3paboTok. C uesbl onucaHus
MOXHO CUMTaTh, YTO YNbTPA3BYKOBbIE CYETUMKM COCTOAT U3 HECKOSIbKMX KOMMOHEHTOB, @ UMEHHO:

a) ybTpa3BYKOBbLIX Mpeobpa3oBaTeneil;

b) KOpnyca cyeTymKa C MOHTaXKHbIMW KaHasiaMun ynbTpa3BYKOBbIX NpeobpasoBarteneil;

C) 3N1EeKTPOHUKM;

d) 6n10ka 06paboTKM M OTOBPaKEeHUA AaHHbIX.

1) Moa n3mMepuTeNbHOM YacThlo cHeTYMKA MOHUMAeTCS yYacT oK NPOTOYHON YacTyn cueTUMKa, B KOTOPOIi ocy-
LWecTBAAETCA pacnpocTpaHeHe CUrHANOB MeXAy y/ibTPa3ByKOBbIMI NPeo6pasoBaTeNsMU.
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4.3.2 ¥YnbTpa3ByKOBble nNpeobpasoBarenu

YnbTpa3BykoBble npeobpasoBaresiv MOryT UMeTb pasnuuyHblie opmbl. Kak npasBuio, OHU cofepxar
Nbe303/1EKTPUYECKNA INEMEHT C 3NEKTPOAHLIMU COEAVHEHUSAMU U MeXaHU4YecKoW MNOAM0XKONM, Yepe3 KOTo-
Pyl OCyLLecTBAsieTCA Mepefava CuUrHana. Y/bTpasByKOBble Npeo6pasoBaTenin CUYETUMKOB, WCMO/Ib3YEeMbIX
ON8 KOMMEpYecKoro ydyeta rasa, yctaHaB/MBatOTCA B NPSIMOM KOHTakTe C M3MepsieMoil cpefoil. XapakTep-
Hble CXeMbl PacnonoXeHus ynbTpa3BYKOBbIX Npeobpa3oBartesieil nokasaHbl Ha pucyHke 5. TexHonoruyeckue
coefuHeHns yNbTpa3BYKOBbLIX NpeobpasoBartenieil MoryT ObiTb CBapHbIMU, (dflaHLEBbIMU, Pe3b60BbLIMU UK
MexaHn4yeckn 60M1ee C/OXHbIMW, Hanpumep, ANA obecnevyeHns BO3MOXHOCTU AEeMOHTaxa Y/bTPa3BYKOBbIX
npeob6pasoBaTenieil C IMHMN NoA, AaBeHNEM. AKTUBHbI 3/1EMEHT 00bIYHO OTAENEH OT paboueit cpegbl 060-
JIOYKOI C aKyCTUYECKMM KOHTAKTHbIM 3/1IEMEHTOM (MeMOGpaHoii). YbTpa3BykoBble Npeobpas3oBaTesnin AO/MKHbI
6bITb OPUEHTUPOBAHbI TakMM 06pa3oM, YTOObI aKTUBHbIM 3NEeMEHT nepefaBan y/AbTPas3BYKOBbIE CUTHaMbI NOA,
Yr1I0M K OCM KOpnyca cyeTuMka B HanpaB/ieHMn BTOPOro Y/bTPa3BYKOBOro npeobpasoBartesnis uav ToUku oTpa-
XXEHUS1 Ha BHYTPEHHEl MOBEPXHOCTM KOpMyca CUeT4YMKa.

[na ocobbix ycnoBuii NPUMEHEHWs CYEeTYMKOB MOTYT MOTpeboBaTbCsA crneuuasibHble YNbTpas3ByKOBble
npeobpasosaTteny. OHWM MOrYT OT/IMYATLCS OT OObIYHbLIX NO M3/yYyaeMoli YacToTe, matepuanaM KOHCTPYKLUK
N MEeXaHUYeCKOMY YCTPOWCTBY. XapakTepuUCTUK/ Y/IbTPa3BYKOBOrO NpeobpasoBaTtenist U KOHCTPYKLMS ero MOH-
TaXHOro KaHana A0/MKHblI ObITh TLWATE/bHO NPOAYMaHbl A1 3KCTPEMasibHbIX WKW CAOXHbLIX YCAOBUA npume-
HEeHWA, Taknx Kak:

a) BbiCOKas U HM3Kas Temneparypa;

b) BbICOKOE ¥ HU3KOE [AaB/IEHUE;

C) BbICOKME CKOPOCTU rasa,;

d) 3HaunTeNIbHOE aKyCTU4eckoe 3aTyxaHue;

€) HenocpeAcTBeHHas 6AM30CTb K perynupylowemMy knanaHy C BbICOKUM nepenajoMm AasneHus (BO3-
MOXHO Hanunuune ynbTpasByKOBOro Lyma B Tpy6e);

f) GbICTpblIE AWM LUKINYECKME U3MEHEHUS TeMNepaTypbl WU OABEHNS;

) KOPPO3MOHHO-aKTUBHbIA UM 3PO3MOHHO-arpecCuBHbIl ra3 (cepocogepxallnii ras);

h) ras co cnegammn Bnarn unun 3arpsasHeHuA.

PucyHok 5 — XapakTepHble cXxeMbl pacnosioXeHns yabTpa3ByKOBbIX NpeobpasoBaTenei

4.3.3 Kopnyc cueTumka 1 KOHUrypaumm akyCTUHECKUX TPAaeKTopuii

4.3.3.1 O6wme ceBegeHus

YnbTpa3ByKOBble CUYETUMKM BbIMYCKATCA C Pas3/iMyHbIMU KOHUrypaumsaMy Tpaektopuii. Unucno Tpaek-
TOpWiA 06bIYHO BbIGMPAETCA HAa OCHOBAHMU TPEOGOBAHUN, YUUTHIBAKOLWMX Bapuauum B pacnpefeneHun CKopo-
CTeli N He06X0AUMYI TOYHOCTb N3MEPEHMUIA.

BapbnpoBaTbCa MOXET He TOMbKO paguanibHOe NOSoXeHNe TPaeKTopuii B NONEepPeYyHOM CEeYEHUU, HO U
KOHhurypaums TpaekTopuili No OTHOLLEHMIO K ocu TpybonpoBoga. B criyyae ncnosib30BaHUs OTPaXeHUs Yiib-
TPa3BYyKOBOr0 CUrHasia OT BHYTPEHHE NMOBEpPXHOCTM Kopryca cyeTymka Wau OT M3rOTOB/IEHHOTO oTpaxaTens
TpaekTopus MOXeT nepecekaTb NonepeyHoe cevyeHne TpybONpoBoAa HECKOLKO pas.

4.3.3.2 OCHOBHble TUMbl aKyCTUYECKNX TPaeKTopuii

PacnpocTpaHeHHbIe TWMbl aKyCTUYECKUX TPAaeKTOpUil npeacTaBieHbl HA PUCYHKe 6.
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PrcyHok 6 — OCHOBHbIE TUMbl aKyCTUYECKUX TpaeKTOpVIVI ANA MHOrostydeBbiX CHETYMKOB

4.3.3.3 YacTo MCnosib3yemble MHOFO/y4YeBble KOH(PUIypaLumum akycTuuyecknx TPaeKTopuii B nonepeyHom
cevyeHum

KoHdhurypaums akyCTMUeckux TPpaekTopuii B NonepeyHoM cedyeHun onpefensieT, kakas uHgopmaumsa o
pacnpegeneHuy oceBoil CKOPOCTW AOCTYMNHA ANs BblUMCNEHUS cpefHeli 0ceBOW CKOpOCTU. BapuaHTbl 4acTo
BCTPEUAlOLLMXCA KOHUIYpaLMii aKyCTUHECKUX TPAEKTOPWIA NoKasaHbl Ha pUCyHKe 7.

c) OgHony4deBas KoHurypaumsa no cpegHemy paguycy  d) MHorosyyeBas KOHcurypauusa no cpegHemy paguycy
C OTpaXeHnem u guameTpy

e) MHoronyyeBasn napasnnesnbHas nepekpeLmBarLLascs f) MHorony4yeBas nepekpeLymBaroLascs B Na0CKOCTU
xopaa xopaa

PucyHOK 7 — BapuaHTbl 4acTo BCTPEYAOLMXCA KOHPUTYpaLnii pacnoNoXeHust akyCTUYeckux TpaekTopuii
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4.3.4 PacueT cpefHen CKopocTn

CueTurKn ¢ TPaeKTopUAMN PaBHOro pagmnasibHOro CMeLLeHNs [Hanpumep, pUCYHOK 7, ¢) 1 f)] no cyecTBy Bbl-
MOJHAIOT OAMHAKOBblEe N3MEPEeHNs1 OTHOCUTENIbHO pacnpeiesieHns CKOPOCTU, eciv NOTOK SBNSETCH 0CECUMMETPUY-
HbIM, HE3ABMCMMO OT YKCNa UCMOb3YEMbIX TPAEKTOPWA. B Takmx cnydasx cpefHsisi CkopocTb V ABNSETCA NpocTbiM
cpefHUM apudomMeTMyeckMM. B NOMHOCTLIO pa3BUTOM MOTOKE MOXET ObiTb BBEAEH TEOPEeTUYEeCKUii NonpaBOYHbINi
Ko3hhnUMEeHT/?, yunTbiBaKOLWNIA U3BECTHOE N3MEHEHME NPOgNIS ckopocT. OfHaKo NONPaBOYHbIN KOI(ULMEHT
kh npymeHsAeTCsa UCKTYUTENBHO 418 NOMHOCTBI0 Pa3BMTOMO MOTOKA, HO He A1 BO3MYLLEHHbIX MOTOKOB.

n

5>/
v=kh ~ -[7)

roe N — o6llee YMC/I0 TPaeKTopuiA;
\| — CKOpOCTb MOTOKa, M3MepeHHas Ha /-1 TpaekTopuu.

KoadhpuumeHT kh aBnsetcsa doyHkumein uincna PeliHonbAaca, WepoxoBaTocTu TPyObl U paguanbHoro cMme-
LeHus. Ha npakTvke ero MOXHO BBECTU KakK OAMHOYHYI KOHCTaHTY WKW paccuMtaTb Ha OCHOBE CTaTUYECKMX
napameTpoB UM U3MEPEHHbIX NEPEMEHHbIX.

B cnyyae cyeTUMKOB C TPAEKTOPUAMM, OT/IMUYHBIMY OT AMamMeTpasbHbIX [(Hanpumep, pUcyHokK 7, €) u d)],
CKOPOCTb U3MepSeTCA B Pa3/IMUHbIX pajuasibHbIX NOMOXeHuax. s pacueTa cpefHeli ckopocTu B Tpybonpo-
BOAE NO M3MEPEHHbIM CPefHUM 3HAYEHUSM CKOPOCTeli MOTOKa Ha TPAeKTOPUAX MOryT MPUMEHSATLCHA pasfvy-
Hble MeTofpbl. VX MOXHO knaccudumumpoBaTb C/iefyowmm o6pasom.

CyMmMupoBaHue C NOCTOSAHHbIM B3BELUEHHbIM 3HAYEHMEeM:

n
v = 'Ewivi- (8)
=i
PagnanbHble CMeLeHUs TpaekTopuin 1 BecoBble KO3(hMLMEHTbI OT W, A0 Wn, ONPeAEeNsoTCA Ha OCHOBE
3a40KYMEHTNPOBAHHbIX METOLOB YMC/NIEHHOTO UHTETPUPOBaHUA.
CyMmMupoBaHue C NepemMeHHbIM B3BELUEHHbIM 3HAYeHUeM:

v = JfjVI[D)
=il
Mpy 3TOM pagnasibHble CMELLEHUs TpaeKTopuiA onKCMpoBaHbl NPY NPOEKTUPOBaHUK, a NepeMeHHbIe oT 7, Ao fn
MOryT 6bITb OnpefeneHbl Ha OCHOBE BXOAHbIX NMapaMeTpoB WM M3MEPEHHbIX NepeMeHHbIX (Hanpumep, CKopocTel).
B n060i 13 AaHHbIX KOH(Urypauuii nocne CyMMUPOBaHUS MOXET MPUMEHSATbCA MHOXWUTE/b WU Ka-
NINBGPOBOYHbLIN KO3hpUMEHT K (MOCTOSIHHBIA WM NEPEMEHHBLI) A1 BHECEHUS MOMPaBOK Ha OTK/IOHEHUS
BCNeACTBME NMPOU3BOACTBEHHbLIX A0MYCKOB W MPUHATLIX AONyLleHuii no hopmyne

gv=K mA mv. (20)

MpaBuna v gonyckn AN BBEAEHWSA NONpaBokK W IMHeapmn3aunum ¢ NpUMeHeHNeM KasimbpoBOYHOIO KO-
uymneHta K npuBeseHbl B 5.8 1 6.3.3.

4.4 CocTaBnftowme HeonpeneneHHoCcTn U3MepeHuin

O6beMHbIN pacxog qV, U3MepeHHbIn USM, MOXeT 6biTb BbIYUC/IEH MO hopmyne

<N =AKAMJj (11)
£ 2cosd) g/ ysa/7

MpuHMMas BO BHMMaHWe 370 ypaBHEHWE, CyMMapHasi Heornpee/eHHOCTb M3MepeHNii 06BEMHONO pac-
X04a 3aBWCUT OT OTAESNbHbIX HeonpeaeneHHOCTeN BCeX BKIHOYEHHbIX hakTopoB. MOXHO BblAennTb 4YeTbipe
UCTOYHMKA:

a) HeonpeaeneHHoCTb KanMbpoBoYHOro koadhduumeHTa K, kotopas sasnsetcsa yHKUMen HeonpeaeneH-
HOCTV Ka/IMbpOBKY, MPUMEHSIEMOr0 METOAA KOppeKunun n gv\

b) HeonpeaeneHHOCTN M3MEPEHUI XapakTepuUCTWK YNbTPa3BYKOBbLIX NpeobpasoBartesieil 1 reomMeTpum
Kopnyca cueTuuka;

C) HeonpeaeneHHOCTb TeKYLLMX BECOBbIX KO3(h(MLUNEHTOB WM NONPaBOYHOro KoadpdumumreHta npodu-
nsa notoka fj,

d) HeonpeaeneHHOCTb U3MEPEHNSI BPEMEHUN MPOXOXAEHUS U PA3HOCTU BPEMEHMN MPOXOXAEHMS.

1
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MorpewHoCcTn B 0TOGpaxxaeMoM pacxoge qv, 06yC/OB/IEHHbIE HEOMPEAENEHHOCTAMN U3MEPEHUNA /, &
A un f, nocne npoBefeHns KannbpPoOBKM M PEryIMPOBKN KOMMEHCUPYIOTCS YMHOXEHWEM NpaBoii YacTu Ha kanu-
6pOoBOYHbIN KO3(hdmumneHT K. EAUHCTBEHHOI OCTaBLUelicsd HeonpeaesieHHOCTLH U3MEepPEeHUn Ha mMecTe npo-
BeAeHVs1 Ka/IMGPOBKU SIBNSIETCS HEONPEeAe/IeHHOCTb KambpoBOYHOro koagpdmumeHTa K.

MpumeuyaHune — [pu ycTaHOBKE CUETYMKA HA MECTe 3KCMjyaTauuy BO3HUKAET AOMOMHWUTe/NbHas Heonpege-
NIEHHOCTb BCNEACTBME KOHKPETHbIX YCMOBUIA 3KCMyaTauuv W YCNOBWUIA MOHTaXa, KOTOpble OT/MYAKTCS OT YCMNOBUIA Ha
MecTe KasimbpoBKu.

4.5 Yucno PeliHonbpgca

Mpodounb noToka sBnsieTcs pyHkumel uncna PeliHonbaca. Uucno PeiHonbAca paccumTbiBaeTcs no
U3BECTHOMY BHYTpPEHHEMY AMaMeTpy koprnyca d, U3MepeHHOW cpefHei CKOpOCTU V, MIOTHOCTM P U AUHAMU-
YEeCKOW BA3KOCTW T
_vdp

n

MrHOBEHHas cpefHsisi CKOPOCTb WM NJIOTHOCTb, A1 KOTOPOW faBfeHne ABASEeTCS onpeaensawwmm dak-
TOPOM, BHOCAT OCHOBHOW BK1af B M3MeHeHue yucna PeliHonbaca AN KOHKPETHOro rasa.

BnusiHne nameHeHuii uncna PeliHonbaca Ha KanMbpoBOUHbI KO3 (hULMEHT OfHOM TpaeKkTopun 3aBUCUT
OT KOHdhurypaumm Tpaektopun USM. OAns uucen PeliHonbaca, npesbiwatowmx 10 000, BAnsHue konebnetcs
oT nNpnbnunsnTensHo 1 % npu usmeHeHun yncna PeliHonbaca B 10 pa3 ona AnameTpasibHOl TpaekTopumn Ao
MeHee Yem 0,3 % AN XOpA0BOI TPAeKTopuX B MOJSIOXKEHMKN, COOTBETCTBYIOLLEM MOMOBMHE paguyca. s Bbl-
cokmnx uucen PeiiHonbaca, Hanpumep, Npy BbICOKOM AAB/IEHUN WU/WN BbICOKOW CKOPOCTU NOTOKA M3MEHEHWEe
npodgunaia notoka CTaAaHOBMTCA He3HAYMTENbHbIM U Ka/IMBpPOBOYHbI KO3 (ULUNEHT CTAHOBUTCSH KOHCTaHTO.

KoHthurypauum TpaekTopun 60/bLUIMHCTBA Y/IbTPA3BYKOBLIX MHOrOKaHasIbHbIX CHETYMKOB CMPOEKTUPO-
BaHbl TakuM 06pa3oM, 4TOObl YMEHbLNTL BO3AENCTBUE Yncna PeilHonbAca A0 He3HauMTesbHOW BeNYUHBI.
Tem He MeHee Ka/lMbpOoBOYHbI KOI(hULMEHT MOXET N3MEHSATLCA B 3aBUCUMOCTU OT M3MEHeHUs uncna Peii-
HoMbAcCa Mo Bo3jeincTBMeM paboyero faBfieHus, 0COBEHHO 471 pacxodoB Huxe qvt. 3roToBuTenb fo/MKEH
yKasaTtb AONYyCTUMbIA gnanasoH AaBAeHWUA 1 AOMKHbI SN NPU KasIMBPOBKe, a Takxke B Mpouecce akcnayarayum
BHOCMTbCA B ES USM dhakTuueckme 3HauyeHus NoTHOCTU M BA3KoCTU. Cwm. Takxke 5.8.3.

Re (12)

4.6 Knaccudmkauma USM

B uensax cofelicTBusa nosab3oBartesilo B BbIbOpe cyeTymka Ha OCHOBe Tpebyemoli TouHocTu USM knaccu-
MuMpyoT No npumeHeHuto. Knaccudpukauyma USM BknovaeT B cebsa pasgeneHne UMerLWwmxcs CHeTYMKOB Ha
Knaccbl TOYHOCTU, Kak yKa3aHo B Tabsvue 4. Tosibko knaccbl 1 1 2 Nogxoaart 4/ KOMMEPUYEeCcKoro yyeTa rasa.
[pyrvne knaccbl OTHOCATCA K APYIUM U3MepuUTesibHbIM NpuMeHeHnam 1 paccmatpusatotea B ICO 17089-2.

Tab6nuuya 4 — Knaccudukauma USM

Knacc TWNUYHbIE NPYMEHEHNS Heo6xoauMblii Knacc TO4HOCTH
1 Kommepueckuii yuet (nepegava) knacc 0,5 wnm knacc 1,0
2 Kommepueckuin yueT (pacnpegeneHue) knacc 1,5 niu Bbiwe

3™ gBa knacca, 1 u 2, npegHasHaveHbl A8 NPeACTaBfeHUsA TUMNYHbIX U3MEPUTENbHbIX XapakTepu-
CTVK, 06bIYHO MPUMEHSAEMbIX B NMPOMbILLIEHHOCTN. B 3aBUCUMOCTU OT BaXKHOCTW M3MEPEHUS C TOUKM 3pEHus
TpeboBaHWin perynupyoLmx opraHoB nnn TpeboBaHnii yueTHO-pacyeTHbIX onepavlmii obwmii 6o4keT Heonpe-
[EeNeHHOCTU 419 U3MEPUTE/IbHLIX CUCTEM MOXET pas3/imyaTbCesl.

5 XapaKTepucTuKn cyeTumka

5.1 YcnoBua akcnnyataumm

5.1.1 Pacxof 1 CKOpPOCTb rasa

MakcumasibHbIA 1 MUHUMA/TbHBIV pacxoApl rasza AO/MKHbI ObITh YKa3aHbl U3roTOBUTENEM AN TeX 3Have-
HWIA NNOTHOCTW rasa, NpU KOTOPbIX CUETYMK paboTaeT B Mpefenax 3asBfIEHHbIX TOYHOCTHbIX XapaKTepucTuK,
onpegfeneHHbix B 5.8. MakcumanbHbIi pacxof cyeTumka, B KybnyeckMx meTpax B Yac, 3aBUCUT OT MakcmMmarsb-
HOli CKOPOCTW rasa, nog, KOTOPYI CNPOEKTUPOBAH CUETUMK.

[vana3oH pacxofa ANs ABYHaNpPaB/eHHbIX NPUMEHEHWI: -q Vv mex < qv<-gqVv mnu v mn<qv<qv max.
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5.1.2 laBneHne

YnbTpa3ByKoBble Npeobpa3oBatenun, ucnonblyemble B USM, Tpe6YOT Takoli MUHMMasIbHON NAOTHOCTMU
rasa, Npu KOTOPOIi 06ecneynBaeTcs akycTnyeckass CBA3b 3BYKOBbIX MMMY/bCOB, BXOAALLMX U BbIXOAALLNX B(U3)
rasoByto(oin) cpeny(bl), rae gaBneHue sensieTcs npeobnagarwmm akTopoM NAOTHOCTU rasa. MosTomy A0/K-
Hbl ObITb perfaMeHTUpPOBaHbl COCTaB rasa, MUHUMaNbHOEe Y MakcMMasibHoe pabouyee AaBrieHue.

5.1.3 Temnepatypa

M3roToButenb nav NocTaBLLMK AO/DKEH pernaMeHTMpoBaTh A40oNnyCTUMbIe Anana3oHbl pabounx Temnepa-
TYp 1 TemnepaTyp OKpyXaloLlei cpeabl A8 nocTaBAseMoro o60pynoBaHus, BKIOYas KOpryc cyeTymnka, ycra-
HaBNMBaeMylo B MOJEBbIX YCIOBUAX 3M1EKTPOHNKY M CBA3aHHbIE C Heli nepudepuiiHbie YCTponcTBa 1 kabenw,
a Takke y/bTpa3BykoBble npeobpasoBartesiu.

5.1.4 KayecTBO rasa

CueTunKk fo/mKeH paboTaTb B COOTBETCTBYIOLIUX Npefesiax TOYHOCTU ON1A BCeX ra3os, AJ/1 KOTOPbIX OH
npegHasHaueH.

MpucyTCTBME HEKOTOPbLIX KOMMNOHEHTOB B rase MOXeT NOBAUATbL Ha paboune xapakTepuUCTUKU cUYEeTUMKA.
B yacTHOCTW, BbICOKME KOHLLEHTpAaLMW YrIeKncnoro rasa u BoAopoAa B rasoBoii CMecu MOryT BAWATL U Aaxe
npenaTcTBoBaTb pabote USM BCcneacteue Mx CBOMCTBA 3BYKOMOI/IOLWEHMS.

OTNOXEeHUs, KOTOpble MOryT NPUCYTCTBOBATb B TEXHOSIOMMYECKOM npouecce (Hanpumep, KOHAEHcaThbl,
TAIMKOMN, aMWUHbI, WUHTMOWUTOPbLI, BOA4A WU cnefbl Macna, CMellaHHble C NPOKaTHOW OKaNWHOW, rpsa3blo unv
NeckoM), MOryT B/IMATb HA TOYHOCTb M3MEPEHWI cUYeTUYMKa, YMeHblUasa njowanb ero nornepeyHoro ceyveHus,
cokpalas appekTMBHYIO OJ/IMHY aKyCTUYeCKOl TpaekTopuu 1 co3fasas NpensaTcTBUSA U3nydyaemomy U npu-
HMMaeMOMy YyNbTPa3ByKOBOMY CUrHasy.

B Hwxecneaywouwmx cnyvyasax Heobxoanma AONONHUTENbHAA KOHCY/IbTauna y NPOM3BOAUTENS CHETUMKA:

a) Korga mMonsipHas fonsa Yraekucnoro rasa, ociabnsawoLero akycTmyeckuin curHan, npesbiwaet 3 % um
npv HaNn4MM yrnekucnoro rasa B ciydyae npumeHeHus 6onblimx cyetymkos (6onee DN300);

b) Korga mosnspHas gons sogopoga npesbiwaeT 10 %;

C) korga paboyas NAOTHOCTb CMECUM MPUPOAHOro rasa 6amM3ka K KpUTUYECKOR (nepecevyeHue rpaHuLbl
pa3gena a3 Bbi3blBaeT PeTporpagHylo KOHAeHcaumnio, NpMBoAALLY0 K ABYX(a3HOMY NOTOKY);

d) korga 06Ul YpOBEHb KOHLEHTpaLMK Cepbl U3 TakMxX BELLECTB, Kak CEpPOBOAOPOA, MepKanTaHbl (Tu-
0Nbl) M 31leMeHTapHasn cepa, npesbiwaet 320 MKMO/Ib/MOb (4TO Bbi3biBAET KOPPO3MO 1 MOXET notpeboBaTb
NPUMEHEeHNA CTOMKMX MaTepuanoB WM AOMOSTHUTENLHOTO NPUMYCKa Ha TOMNLWMHY CTEHKN);

€) Npu OT/I0XKEHUSAX.

5.2 Kopnyc cyeTtyunka, matepuanbl N KOHCTPYKLNA

5.2.1 MaTtepuasbl

Kopnyc cuyeTyuka u ero BHyTPEHHWE 3/1eMEHTbl A0/KHbI ObiTb M3rOTOBMEHLI U3 MaTepuasioB, NoAxXoas-
LWMX 4018 YCNOBUIA SKCnyaTauum 1 ycToNUMBbIX K BO3AENCTBUIO cpefbl, C KOTOPOW A0/MKeH paboTaTb CHETUUK.
BHellHMe NOBEPXHOCTWN cYeTYMKa L0/MKHbI ObiTb NMPU HEO6XOAMMOCTU 3alluLLEeHbl OT KOppo3un. BHyTpeHHne
MOBEPXHOCTU CYUETYMKA AO0/KHbI ObiTb CNPOEKTUPOBaHbl TakuM 06pa3oM, 4TOoObl He AonyckaTb HapylleHus
TOYHOCTW NOKa3aHWii cHeTUMKa M3-3a U3MEHEHWI BHYTPEHHeil niowanvm nonepevyHoro CeYeHus 1 LepoxoBa-
TOCTW CTEHOK.

5.2.2 Kopnyc cueTtuunka

Kopnyc cueTurka 1 Bce gpyrue yacTu cyeTumka, KOHTaKTMpYyloLme ¢ u3sMepseMoin cpenoi, A0/MKHbl 6bITh
N3roTOBJIEHbI N3 MPOYHBLIX MaTeEPUAsIOB U CNPOEKTMPOBaHbI TakK, YTOObI BblAepXuBaTb AaB/ieHNe U TemneparTy-
py, Ha KOTOpble OHW paccyuTaHbl.

5.2.3 CoegnHeHunsa

BxofHble 1 BbIXxOAHbIE coefuHeHns (hnaHupbl) cHeTyYrKa AOMKHbI COOTBETCTBOBATL AECTBYIOLNM CTaH-
paptam, Hanpumep ANSI (knacc 300, 600, 900 nT. 4.), DIN n JIS.

5.2.4 Pa3mepsbl

5.2.4.1 O6wwe cBepeHus

O6a dnaHua USM fomkHbl MMeTb O4MHAKOBbIA BHYTPEHHWA AnameTp B npegenax 1 % apyr ot gpyra.
USM ¢ BHYTPEHHUM AuamMeTpoM, paBHbIM gnameTpy rnaHua, fJo/mKeH 0603Ha4YaTbCA KakK «MOSHONPOXOAHOMN.
USM C BHYTpEeHHUM AnamMeTpoM MeHblUe anameTpa naHua fo/mKeH 0603HavaTbCA Kak «C YMEHbLUEHHbIM
BHYTPEHHUM AnameTpom». Jlloboe n3mepeHHOe 3HaYeHne BHYTPEHHero AvameTrpa cyeTymka A0/DKHO ObiTb B
npegenax 0,5 % oT cpefHero 3HayeHUsa Mo AJ/IMHE cyYeTyuka WK, B Criydyae CYETYMKOB C YMEHbLUEHHbIM BHY-
TPEHHVM AuamMeTpoM, Mo AMMHE U3MEePUTENbHON YacTu.
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5.2.4.2 TeoMeTpuyecKkMe XapakTEPUCTUKN N3MEPUTENILHON YacTu

M3rotoBuTENb OO/MKEH U3MEPUTL U 3a[J0KYMEHTUPOBATD:

a) CpefHUA BHYTPEHHU AnameTp U3MepuTesbHOM YacTn CHeTUMKa;

b) ANMHY KaX[OW aKyCTUUYECKOW TpaeKTopuu Mexay U3nyyawlwmmu MOBEPXHOCTAMMU YNbTPas3ByKOBbIX
npeobpasoBaresnel;

C) Yron Hak/oHa KaX[oW akyCTMYEecKOW TpaekTopum unm oceBoe (OCb Kopryca CUeTyMKa) paccTosiHue
Mexay napamu ynbTpa3ByKoBbIX NpeobpasoBaTenel;

d) HeonpeaeneHHoCTb N3MepPeHUi BblilleyKa3aHHbIX napaMeTpoB a — C;

€) Marepuasl Kopnyca cyeTumka;

f) kKoahhmumeHTbI, CBsA3aHHbIE C KOPMYCOM CYETYMKA, YYuUTbiBaloLWMe BO3AENCTBUS AaB/EHUA U TeMmne-
paTtypbl Ha ero paclmpeHue.

TemnepaTypa Koprnyca cyeTurka A0/DKHA ObiTb M3MepeHa U 3af0KyMeHTUpoBaHa BO BpeMs NpoBeAeHUs
3TUX U3MepeHUiA. KOHKPETHbIE ANMHbI A0/DKHbI BbITh YKa3aHbl C HAVMEeHbLLIe BO3MOXHOWN HeonpeaeneHHOCTbH0.
Bce cpefctBa M3MepeHuUid, Ucnonb3yemble 4718 BbINOJHEHUS 3TUX U3MEPEeHWUA, AO/MKHbI UMETb AEe/CTBYHIOLLYIO
Kanu6poBkKy1l), npocnexuBaemMyo K HauMOHas/IbHbIM NEPBUYHBLIM 3TasIOHaM.

5.2.5 MOoHTaXHble KaHa/lbl Y/IbTPa3BYKOBbIX Npeobpa3oBartesieit

MockonbKy n3mepsieMblli ra3 MOXeT cofepXaTb HeKOTOpble npumecKn (Hanpumep, ferkue paxkumm Hed-
T WM KOHAEHCAaTbl), MOHTaXHble KaHanbl Y/1bTPa3ByKOBbIX NpeobpasoBaTenieli AOMKHbI 6blTb CNPOEKTUPO-
BaHbl TakMM 06pa3oM, YTOObl YMEHbLINTbL BO3MOXHOCTb HaKOMEHUS B HUX XUAKOCTE nnv TBepAblX YacTul,.
MoOHTaxHble KaHabl YbTpa3ByKOBbIX NpeobpasoBaTenein USM Takke MOryT 6biTb OCHALLEHbl YCTPONCTBaMMU,
obecneunBarL MM 6e3onacHblii gpeHax N6bIX HAKOMIEHHbIX cpeq (HanpuMmep, CABOEHHbIN 3anopHbIA Kia-
naH ¢ ApPeHaXom).

USM moxeT 6biTb 060pyAoBaH knanaHamu WM Heo6XOoAMMbIMU A0NOSTHUTE/IbHBIMU YCTPOCTBaMU,
YCTaAHOB/IEHHbIMY Ha MOHTaXHbIX KaHanax ynbTpa3ByKOBbIX npeobpasoBartesnieil, NO3BOASALWMMUA NPOU3BO-
OUTb 3aMeHy Y/bTpa3BYKOBbIX Mpeobpa3oBaTenein 6e3 copoca gaBneHnss B U3MeputesibHoM TpybGomnpoBoje.
B aTom cnyyae B fOMNOMHEHME K 3aNOPHOMY KianaHy JO/KeH ObiTb YyCTAHOBMEH APEHaXHbIA knanaH, yYToobbl
rapaHTMpoBaTb OTCYTCTBME WM3ObLITOYHOIO AaBfeHUS 3a yNbTPasBYKOBbIM MpeobpasoBartesnieM nepefj ero ge-
MOHT&XXOM.

Cnepyet 06patnTb BHMMaHUE Ha YC/oBUS 3aMeHbl KOMNOHEHTOB (CcM. 5.6).

5.2.6 OTBepcTna gna ortébopa faBneHus

[na nonHonNpoxoAHOro cyeTyMka Ha Kopryce unm Ha TpybonpoBoge, NpMMbIKaLWEM K CHETUMKY, AOMXK-
HO ObITb MpeaycMOTPEHO, NO KpaiHeli Mepe, OAHO OTBEPCTWE AN U3MEpPEeHWs AaB/ieHus, MPoCBepsieHHoe
nepneHauKynsipHoO kK ocu Tpybbl B ee BepxHeli YacTu B cekTope +85° OoT BepTuKasin, 4To6bl 0b6ecneyunTb BO3-
MOXHOCTb MPAMOro U3MepeHna CTaTUYeCKoro AaB/ieHUs B YC/IOBUAX U3MEPEHUA2).

[nAa cyetynka ¢ yMeHbLUEHHbIM BHYTPEHHUM AMaMEeTPOM U3MepuTeNbHOM YacTh OTHOCUTE/IbHO Aname-
Tpa TpybonposBofa OTBepcTMe AN O0T6opa AaBNeHUs A0/HKHO ObiTb PACNO/IOKEHO B U3MEPUTESIbHOW YacTu
cyeTymka.

OTBepcTue AN otbopa AaBneHns AOMKHO UMeTb MapKMPOBKY «pT» U NCMONb30BATLCA Kak Npu aKCny-
arauuu, Tak u npu kannobposke. Ecnv npegycMoTpeHo 6onee ofHOro otéopa «pT », TO pasHMUa B NOKa3aHUAX
AaBneHns He fosxHa npesbiwaTh 100 Ma npy MakcMManibHOM pacxofe B YCNOBUSAX OKpyxawwel cpeabi3).

OT60p faBneHnss MoxeT ObiTb OCYLLECTB/IEH M3 TpybonpoBoaa, NpusieramLlero K CHeTUYMKy, Npu ycno-
BWW, 4YTO AaBfieHne B MecTe oTbopa AaBfieHus Ha npuaerailowem TpybonpoBoje He OTIMYaeTcs OT AaB/IeHUs
B Kopnyce cyeTumka 6onee yem Ha 100 lMa npy mMakcuMasnbHOM pacxofe B YCNOBUSAX OKpyXatollel cpefbl.

B 3aBMCMMOCTM OT CTaHAApPTOB MPUMeEHsieMbIX TPYOONPOBOAOB aKCNAyaTUpYyloLWei opraHusaumy coeau-
HEHUe ANA U3MepPeHnsa AaBfeHus AO/HKHO 6biTb NM60 pe3bOboBbIM, MO0 hNaHLEBbIM.

CueTunk MOXeT UMeTb Apyrve oTBepcTus Ans oTbopa AasBfieHns B AOMNOJIHEHWE K OTBEPCTUIO A1 OT-
6opa gaBneHnsa pT. OHY MOTYT CAYXUTb 4719 onpefeneHns nepenaja OasBfeHUs Ha onpefeneHHol yacTtu
cyeTuMKa Wav ansa Apyrux uenei. ipyrue otBepcTus Ans oréopa faBneHus A0/KHbl UIMETb MApPKUPOBKY «p».

OceBas IMHUA O0TBEPCTUA AN oTOOopa AaBfeHna O0/KHA nepecekaTb 0CEBYH JIMHUIO Tpy6onposoda noj
yrnom 90° K Heil. B Touke npoxofa yepes CTEHKY OTBEPCTUE AO/MKHO UMETb Kpyrioe ceveHve. KpoMKM A0/MKHbI
6bITb 32N0ANUL0 C BHYTPEHHEN MOBEPXHOCTLIO CTEHKM TpybonpoBoga v 6bITb MakCcUManbHO ocTpbiMuU. [ns obe-
cneyeHns ycTpaHeHUs BCEX 3ayCeHUeB Wn 3a3yOpuH Ha BHYTpPEHHel KpoMKe AonyckaeTcs MUHUMasbHOe 3a-
KpyrneHve. Paguyc 3akpyrieHus fO/MKeH COCTaBNATbL MeHee OAHOW AecATol AgnameTpa oTBepcTusa Ans otéopa

1) B Poccuiickoii ®efepaummn 4ns LaHHbIX M3MEPEHUiA foMyCTHUMO MCNO/b30BaThb NMOBEPEHHbIE CPEACTBA N3MEPEHWIA.

2) Bbllweyka3aHHOe TpeboBaHe 0 THOCUTCS TO/bKO K CHeTUMKaM, MOHTVPYEMbIM Ha FOPU30H T a/TbHbIX TPy6onpoBoax.
Yron +85° 0 TMepseTCcsA 0T BEPTUKA/IbHON OCY MOMEPEYHOI0 CeYEHUs MPOTOYHON YacTu cyeTUMKa Uam Tpybonposoga.

3) OTBepcTMe 418 0T6Hopa AaBNeHNs, UMEIOLLLEE MAPKUPOBKY «pT», Takke LO/DKHO NCMNOb30BaThCS NPU NMOBEPKE.
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OaBfieHns B C/ydyasix, Korga ero MoXHO U3MepuTb. BHYTpM oTBepCTMA A1 0TO6opa AaBneHus, Ha KpomKax npo-
CBEpPJIEHHOIO OTBEPCTMA Ha CTeHKe TpybonpoBoda WM Ha CTeHke TpybonposBoga B6/M3M OTBEpPCTUSA Ana oTéopa
[aBfeHus He OO0/KHO ObITb HUKAKMX HepoBHOCTel. O COOTBETCTBUM OTBEPCTUI AN 0T60pa AaBNeHUs YCTaHOB-
NIeHHbIM TpeboBaHUAM MOXHO CYAWUTb NyTeM BMU3yaslbHOro ocmoTpa. OTBepCcTus 418 0T6opa AaBneHns AO/KHbI
MMeTb MUHVMMAaSbHbIA UaMeTp BHYTPEHHEro npoxoga 3 MM U MakCMMasbHbI AUaMeTp BHYTPEHHEro npoxoia
12 mm. OTBepcTHe oNA oTbopa AaBNeHUs AO/HKHO UMETb KPYr/loe cevyeHne 1 LUIUHAPUYECKYo hopmMy Ha Anu-
He He MeHee 2,5 AMaMeTpoB 3TOT0 OTBEPCTUSA, M3MEPEHHON OT BHYTPEHHeN cTeHku Tpybonposoga. Ocesas
NINHWA OTBEPCTMA A8 0TOopa AaBfeHUss MOXET pacnonaraTbecs B /1060 oceBol nnockocTy Tpyb6onposogal).

Cnepyet n3beratb pacnosioxXeHus oTBepcTus Ans otbopa faB/ieHuss B HENOCPeACTBEHHON 61130CcTh OT
KaHasa ONA yCTaHOBKM Y/IbTPA3BYKOBOro npeobpasosaresns.

5.2.7 ObecnevyeHne nonepeyHoli ycToiunBocTn (K NepekaTbiBaHUIO)

CueTumnk Ao/HKeH OblTb CMPOEKTMPOBAH Takum 06pa3oM, 4YTOGbI KOpPNyC cYeTyrska He nepekaTbiBasics
NpU HaXOXAEHUN Ha FNafKoN NOBEPXHOCTM C YKIOHOM Ao 10 %. DTo HeobxoguMOo AN NpeaoTBpaLLeHns no-
BpEeXAEHMA BbICTyNalLWMX YyNbTPa3ByKOBbIX Npeobpasosartesieli 1 anekTpoHHol cuctemsl (ES), korga USM
BPEMEHHO pacnosiaraeTcs Ha rnosly BO BPeMs MOHTaxXa WM TEXHUYECKOro 06CNyXMBaHUS.

CueTumnk JO/MKEH OblTb CMPOEKTMPOBaAH TakuM o6pa3oM, 4Tobbl ob6ecneuntb NPOCTOTY U 6e30nacHOCTb
obpalleHnss BO BpeMsl TPaHCNOPTUPOBKN U yCTaHOBKM. Kpome obecneyeHnss nonepeyvyHoin ycTolunmBoCcTn K ne-
pekaTbiBaHUIO AO/MKHbI ObITb MPeayCMOTPEeHbl NO4bEMHbIE MPOYLUUHBLI MW 3a30P A1 NO4bEMHbLIX PEMHEN.

5.2.8 dopmumpoBaTesib NoToka

dopmMupoBaTtenib NOTOKa, Hepa3beMHO NPUKPENIEHHbIA K CYETUMKY, CUUTAETCH YaCTblo CHETUMKA.

Mpu pacnonoxeHnn popmmpoBartens noToka Ha pacctosHum ot USM mMeHblem, Yyem Lmin, popmupyet-
ca komnnekc USMP. Komnsiekc coctonT U3 oopMmupoBaTtesisa noToka, BXOLHOIo TpybonpoBoja cyeTymka u ca-
MOro cuetymka (pUcyHok 8). Mpu aByHanpaBneHHON cxeMe U3MepeHus 3aluTHas runb3a TepmomeTpa Takxe
ansetca yactelo USMP. KannmbpoBka Bcerga Ao/MKHA BbINOAHATLCA A8 BCEro U3MepUTEIbHOIO KOMMsekca
UM ero MakeTa BK/OYaloLleidl BXOAHOM TpybonpoBoj cueTumka M hopMmpoBaTe/lb NOTOKA TOW Xe Mapku u
mMogenu (Npu oA4MHaKOBbIX COOTBETCTBYIOLMX pa3mepax, COCTOAHUN BHYTPEHHUX CTEHOK u Tune) 2\

Ans USMP v nmutauum USMP [O/MKHO 6bITb rapaHTMpPOBAaHO, YTO BCE KOMMOHEHTbI YCTAHOB/MIEHbI B
npaBu/IbHOM Hanpas/IEHUN U OpUEeHTaUuK, Kak Ha MecTe akcnayartauuun. B Lensax BbINOSIHEHUSA AaHHOro YCo-
BMSA Ha 3TUX KOMMOHEHTaX AO/DKHbI OblTb OTMEYEHbl HanpaB/ieHne U opueHTaLus.

Jlio6oii gpyroii chopmmupoBaTtesb NOTOKa, YCTAHOB/EHHbI Bbiwe no noToky oT USMP, paccmartpuBaeTtcs
KakK 4acTb «yCTaHOBKWU» UNN «Ka/TIMBPOBOYHOrO cTeHga» 3).

1 2 3 4 50 6
/
il , , 1
\
a c
------ >
d

1 — BxogHoi Tpy6onpoBoA dhopMupoBaTens noToka; 2 — chopmuposatens notoka (FC); 3 — BXoAHON TPy6OMpOBOA, CUYETUMKA;

4 — ynbTpa3BykoBoli cueTunk (USM); 5 — BbixogHoli Tpy6onposog; 6 — aatumk Temnepatypsl (TS); a — g/ivHa yyacTka He MeHee 2D

(npegnoutuTensHo 3D); b — annHa yyactka He MeHee XD (ykasbiBaeTCs M3rOTOBUTE/IEM); C — PacnosioKeHne Jaruvka TeMneparypsbl

TS Ha pacctosHum oT 2D o 5D ot BbixogHoro topua USM (gvHa BbixogHoro Tpy6onposoga ot 3D Ao He MeHee 6D COOTBETCTBEHHO);
d — ocHoOBHOe HanpaBfieHue notoka (MpsiMoe)

PucyHok 8 — Cxema TunuyHoro USMP

1) YkasaHne K pacrnosioXeHuo 0CeBOi NMHWM OTBEpPCTUSA Ans oT6opa AasneHus B 060 0ceBOl MIOCKOCTH
Tpy6onposoAa 0 THOCUTCA K BEpTUKa/bHbIM Tpybonposogam.

2) B Poccuiickoii ®efepauuu Ans MCnofib3oBaHus B cdepe rocyaapCcTBEHHOrO perynvMpoBaHns cpeicTBO U3Me-
peHnii fOMKHO B6bITb MOBepeHo. lMpu pacnonoxeHnn opMUpoBaTens NOTOKa Ha paccToAaHUMM oT USM MeHbLiewm,
yem Lmin, METOAMKOW NOBEPKM JO/MKEH BbITb NpefycMOTpeH cnocob NMoBepku A1s BCEFr0 N3MepnTEeNbHOro KoMnaekca
USMP B yka3aHHOI# KOHgurypauuu.

3) B uenax KOHTPONsA TEeXHUYECKOro COCTOAHMSA BHY TPEHHel nonocTun hopMnpoBaTesnsa NoTOKa rasa u Uck-
YeHWS CKaXeHUs aniopbl CKOPOCT el NOTOKa rasa pekoMeHAye T Cs NpejycMoTpeTh yCTaHOBKY cpefcTBa N3MepeHuii
[4NA KOHTPO/A nepenaja AasneHns Ha popmupoBaTesie NoOTOoKa.
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5.2.9 MapkupoBka

3aBofckme Tabnnukm AOMKHbI COAEpXaTb CneayoLyo nHopMaLmio:

a) HavMeHoBaHWe N3roToBUTENS, HOMEP MOAENMW, CEPUIRHBIA HOMEP, MECSL, U rof, U3roToB/eHNs;

b) TUNOpa3mep cyeTyuka, TMN NaHLeB 1 06l as Macca;

C) KofoBOe 0603HaYeHMe KOHCTPYKLUUM 1 MaTepran Kopryca cyeTyuka, KogoBoe 0603HauYeHne KOHCTPYK-
umm 1 matepuan naHues;

d) avanasoHbl paboueil TemnepaTypbl U AaBieHNs;

€) YCTaHOB/IEHHbIE 3HAYEHUS MAKCUMasIbHOr0 M MUHUMAa/IbHOTO 06bEMHOr0 pacxoga B pabounx ycro-
BuAx (M3/4) B npegenax kambpoBaHHOrO gManasoHa;

f) npaAamoe HanpaB/eHne NoTokKa,;

[) HOMep 3akKa3a Ha NoCcTaBKy WU HOMEpP 3akas3a Ha U3roToB/ieHNue;

h) 3Hak cooTBeTCTBMA Tpeb6OBaHMSM 3aKOHOA4ATENbHON METPOOrnunl);

i) nepexoHblli 06BbEMHBIV pacxos B pabounx ycnosusx (mM3/u).

Bce MOHTaXHble KaHasbl yNbTPa3BYyKOBbIX NpeobpasoBaTtenein 4OMKHbI UMETb NOCTOSHHY MapKUpPOBKY
C YHMKa/IbHbIM 0603HauYeHnem A8 yaob6cTea noucka.

5.2.10 3awmTta OoT KOppo3nun

HenocpeAcCTBEHHO MOCMe W3rOTOB/EHUS BHYTPEHHME MOBEPXHOCTW CYeTurka, y4acTkoB Tpybonposoga
1 chopmupoBartesneil NOToka A0/MKHbI ObiTh 3alUMLLEHbl OT KOPPO3NK.

5.3 YnbTpasByKkOBble NpeobpasoBaTenm

5.3.1 TexHnyeckoe onucaHue

B TexHMYeCcKoM onucaHumn Ao/mkHa ObiTh yKasaHa akycTuyeckas 4actoTta.

5.3.2 CKOpOCTb N3MEHEHNSA faBJieHUd

BbICTpbIi copoc gasneHns B USM MOXeT NprBECTU K MOBPEXAEHUIO YNbTPA3BYKOBbIX NpeobpasoBaTesniei
WM NOKPLITUS HA BHYTPEHHE CTEeHKe, YTO NPMBEAET K U3MEHEHMNIO XapaKTepUCTUK cueTynka. MNoatomy Heobxoam-
MO 06ecneynTb MakCMMa/lbHO MejJlIeHHbI cOpoc AaBneHus B n3mepuTensHOM Tpybonposoge. MNpu oTCyTCTBMK
MHbopMaL MK OT U3roTOBUTENS pekoMeHayeTcs obecneynTb CKOPOCTb copoca fgasneHus He 6onee 0,5 MIMa/MUH.

5.3.3 XapakTepuCcTuUK1 yNbTpasBYKOBbIX Npeobpa3oBaTeneii

Ecnu ansa anekTpoHHol cuctembl (ES) cueTumka TpebyloTcs onpefesieHHble XapakTepucTuKM ynbTpa-
3BYKOBOro npeobpasoBaTenisi, TO AO/MKHA ObiTb NpefocTaB/ieHa AOKyMeHTaluus No BCEM ero napameTpam,
YHVKaNbHbIM A1 K&XA0r0 yNbTPa3ByKOBOro npeobpasoBaTens wiv napbl npeobpasoBarteneil.

5.3.4 KoHomrypaymsa akyCTUUYeCKOi TpaekTopum

B cueTumkax c MHOrosly4eBbIM MCMOSIHEHMEM KO/IMYECTBO XOPA, WX PacrnosioKeHue u UCNnonb3yemblii
MEeTO[ UHTErpupoBaHNS BIMSAKOT HA HeonpeaesieHHOCTb U3MEPEeHUs, a Takke Ha MX YyBCTBUTESIbHOCTb K 13-
MeHeHUsAM npocuna noToka. Jo/mkHbl 6biTh Yka3aHbl: YUNCIO Map yNbTPas3BYyKOBbIX NpeobpasoBaTteneil, Yncio
OTpaXeHuin Ha TpaekTopuio ¥ cnocob nocajky ynbTpasBYKOBbIX NpeobpasoBaTenieli B MOHTaXHOM KaHase
(BbICTYNaOLWMWIA, YTONNEHHBIA AW 3anN04auL0).

5.3.5 MapkupoBka

Kaxaplii ynbTpa3ByKoBOW npeobpasoBaTtesib AO/MKEH UMETb HaAEXHYI MapKUPOBKY C YHUKAsIbHbIM Ce-
PUAHBIM HOMEPOM.

5.3.6 Kabenb

Ecnun USM uyBCcTBUTENEH K XapakTepmucTukam kabens ynbTpas3ByKOBOro npeobpasosatesnis, T0 Kabesib
creflyeT paccMmartpuBaTb Kak HEOTbEMJ/IEMYIO YaCTb CYETUMKA, W OH LOJ/IKEH ObiTb MapKkMpoBaH npeaynpexae-
HMEeM, YKa3blBalOLWMM XapakTepucTuky, Kotopas He noaexuT U3MEHEHNI0, Hanpumep annHa.

5.3.7 OTKa30yCTOM4YNBOCTb

ConpukacarlLimecs co Cpefoi YacTn ynbTpa3BYKOBbIX NpeobpasoBaTtesnieil A0/MKHbI ObiTb N3rOTOBMEHbI
U3 MatepunasioB, NOAXOAALWMX ANS YC/AOBWUIA 3KCnayaTauuyM M yCTOMYMBBLIX K BO3LENCTBUIO cpeabl, KOTOPOMY
nofBepraeTca CYeTUUK.

5.4 3neKTpOHHblE KOMMNOHEHTDI

5.4.1 O6wwe TpeboBaHuUA
B coctaB ES USM 06bI4HO BXOAAT MCTOYHUK 31EKTPONUTAHUSA, MUKPOKOMMbLIOTEP, KOMMOHEHTbl 0bpa-
6OTKM CMTHa/IOB U LeNn BO3BYXAEHUSA YNbTPa3BYKOBbIX Npeobpasosartesieli.

1) B Poccwuiickoii ®epepaummn B Ka4eCTBE 3HaKa COOTBETCTBUA TpPeboBaHMAM 3aKoHO4ATE/NbHOM MeTPOorum
MCMNOMb3yeTCH 3HaK y TBEPXKAEHNS Tuna cpeicTBa U3MEPEHWNA C yka3aHMEM B CONPOBOAV T eNbHbIX JOKYMEHT ax K cpej-
CTBY U3MepeHnii HoMepa perucTpauum Tuna cpeicTBa usmepeHuii B PegepanbHOM MHDOpMaLNOHHOM hoHAe no obe-
CNEeYEeHN0 eJMHCTBa U3MepeHuit.
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JomkHo 6bITb NOATBEPXAEHO, YTO ES yHKUMOHMPYET B 3af,aHHOM Auanas3oHe YC/0BUI OKpyxatoLuei
cpenbl 6e3 3HaUNTEe/IbHOTO M3MEHEeHUs pabounx XapakTepucTuk cyeTumka. ES, ynpaBnsioowas ynbTpasByKo-
BbIMW MpeobpasoBaTensAmun, A0/HKHA BblAepPXUBaTb BO3MYLLEHUS 3/1IEKTPOMArHUTHOrO MofifA, Kak ykasaHo B
7.5. VickpobesonacHasn afiekTpuyeckas Lenb U B3pbiIBOHENPOHMLaemas 060/104Ka KOHCTPYKLMN AO/KHbI COOT-
BETCTBOBAaTb HaLUWOHaIbHbIM TPe6OBaHUAM.

ES pomkHa cogepxaTtb (DYHKLMIO CaMOKOHTPO/A A1 ob6ecneyeHnsa aBTOMaTUYeCKOro nepesanycka B
c/ly4yae 3aBMcaHus nNporpamMmbi.

5.4.2 OTOo6paxeHne nHopmaLnm

CUeTunK fo/MKEH NMETbL BO3MOXHOCTb JIOK&/IbHOTO U/VNN yAaNieHHOro 0To6paxeHusa uHgopmaumu.

5.4.3 DnekTponutaHue

WN3roToButenb A0/MKEH yKka3aTb HEOOXOAMMBIA UCTOYHWK NMTAHUSA, AOMYCK HA U3MEHEHUWEe HanpsXeHus u
noTpebnseMyto MoLHOCTb. [osixHa 6bITb 0OXapakrepnsoBaHa M 3al0KyMeHTUpoBaHa peakuns USM Ha nepe-
60V NUTaHUS Y NafeHns HanpsKeHus.

5.4.4 MeTop OGHapyXeHUs1 CUrHana

MeTog obHapyXeHus curHana Ao/HKeH 6biTb paspaboTaH Takum obpas3om, 4To6bl 0becneynTb [OCTO-
BEpHOe M3MepeHue BpPemMeHW 3a cyeT TOYHOIo YCTaHOB/IEHUSA TPUITEPOB Havasla W OKOHYaHUSA WU3MepeHus,
MCNoNb30BaHNsA NPELN3NOHHOIO YCTPOCTBa U3MEPEHNS BPEMEHW U YCTOWYMBOCTU K CUCTEMATMUYECKUM OLLING-
Kam, TakuMm Kak «peak-switching»1) n T1.4.

5.4.5 Mpouecc hopMnUpoBaHNA aKyCTUUECKNX CUTHANIOB B MYJIbCUPYIOLWLEM NOTOKE

CueTunk OO/MKEH COXpaHATb paboTOCNOCOOGHOCTbL MpPM HecTaluMOHapHOM pexume notoka. Onsa 3Toi
Lenn akycTUyeckne curHanbl MOryT NoAaBaTbCs C U3MEHSALWEeNcs NepnoanyHoCcTbio. M3rotToButesnb A0MKEH
yKasaTb MakCUMasibHYH A0MYyCKaeMyl 4acToTy ny/nbcauuii NoToka.

5.4.6 OTHOLWEHVE CUTHAST-LLYM

USM posmkeH otobpaxaTb OTHOWweHWe S/N no KaxAoMy Y/ibTpa3BykOBOMY npeobpasoBaTesio uam no
Ka)k[0W aKyCTUYEeCKO/ TPaeKTopuMm.

5.4.7 ABapuiiHblii curHan

CueTuunK JO/MKEeH nojaBaTb aBapuitHbIA CUTHaI NpY yXyALWeHUM pabounx XxapakTepucTuk cueTyuka, Ha-
npuMep BCMeACTBME HU3KOTO OTHOWEHUA S/N vaM HU3KOTO OTHOLIEHMSA 4yucna MPUHATLIX Y/1bTPa3BYKOBbIX
WUMMY/IbCOB K YNC/Yy OTNPaB/IEHHbIX.

5.4.8 O6paboTka gaHHbIX

Bnok 06paboTKM M3MEPUTENbHOW MHhopMauuKn, AOMNO/THATENBHO K ONpeAesieHnio 06bEMHOro pacxoaa
Mo U3MEPEHHOMY BpEMEHU NPOXOXAEHUS YAbTPa3BYKOBOro CUrHana, AO/IKEH UMETb BO3MOXHOCTb UCK/OYe-
HWS1 NIOXHbIX pe3y/bTaToB n3MepeHus. OTobpaxaeMblit 06 bEMHBIA pacxos MOXeT 6biTb pe3y/bTaTtoM OAHOro
WM HECKOJIbKNX OTAE/IbHbIX M3MepeHulii cKopocTn notoka. USM MOXeT ykasblBaTb NPOLLEHTHOE OTHOLUEHWe
OOCTOBEPHbIX U3MEPEHU K 06LLeMy KOMMYECTBY M3MEPEHWUA ANS KaXAO0M akyCTUYeCKON TpaekTopum.

5.4.9 BbIxogHble cUrHas bl

CueTunk fo/mKeH OblTb 060pyA0BaH Kak MUHUMYM OLHUM U3 CNefyloLwmx BbIXOAHbIX CUTHAsI0B:

a) nocnepoBaTesibHbIN MHTEpPhenc AaHHbIX, Hanpumep, RS-232, RS-485 wnu fieldbus;

b) yacToTHbI BbIXOA, OTPaXKaKLWNA 3HAYEHNE pacxoda B pabounx yCnoBusx;

C) UMgIPOBOIA BbIXOAHOW MHTEpPIElic COCTOAHUSA.

WHTerpupoBaHHble M0 BPEMEHU 3HAYEHUS BbIXOAHbIX CUTHAN0B a U b Ao/MKHbI 0TAnYaThes He 6onee yem
Ha 0,02 % B KaXgoM Npoun3BosibHOM MHTepBasne B 100 ¢ ANA pacxofoB Bbilie gv min.

CueTunk MOXeT 6bITb 060pYyAOBaH C/edyWNMN BbIXOAHbIMY CUrHanamu: ’

a) YaCTOTHble A0NOJHUTEbHbIE BbIXOAbI,

b) 4ONOHWTENbHbIE BbIXOAHbIE MHTepdEiCbl COCTOSAHUS;

C) AonosiHnTEeNbHblE UHTepdIeincbl gaHHbIX (Hanpumep, Ethernet, nocnegoBatesibHbIi MOPT TOMLKO A/1A
yTeHus);

d) aHanorosble (4—20 MA) BbIXoAbl.

BbIXxoAHble curHanbl Mo pacxoay Ao/DkHbl pabotath fo 120 % OT mMakcumanbHoro pacxopa <A Tax cal
cyeTumka. MoxeT 6bITb NpegycMoTpeHa (PYHKLMSA OTCEYKM MasblX 3HAYeHWn pacxofa, Kotopas yctaHasBnvBa-
€T Hy/IeBOe 3HayeHne BbIXOAHOrO pacxofa, Korfa ykasaHHbIii pacxof, HXe MUHUMAsIbHOr0 3HauYeHus.

MpumMeuaHne — YCTaHOBKA HYNEBbLIX BbIXOAHbLIX 3HAYEHWI NPY MasIOM Pacxof4e MOXET Bbi3BaTb MPO6GEMbI,
€CNM BbIXOAHOI curHan USM ucnonb3yeTcs ANna ynpaBfieHus HacTpoiikamMu knanaHa.

1) Mopg owmnbKoi «peak-switching» NoHMMaeTCSA BbIGOP CUCTEMOW IOXKHOIO NuKa y/bTPa3ByKOBOr0 CurHana gns
Hayana/oKoHYaHNA N3MepPEHUS.
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[Ba oTAenbHbIX BbIXOAHLIX CUTHasa pacxofja wavM nocnefoBaTeflbHO MepefaBaemble AaHHble MOryT
NPUMEHATLCA ANA ABYHanpaBneHHbIX NPUMeHeHW, 4Tobbl 06nerynTb pasfenbHoe HaKonneHwe 3HavyeHwi
o6bema COOTBETCTBYOLWMUM(M) BbluNCANTENEM(MUN) pacxoja.

Bce BbIXOAHbIE CUTHAbI AOMKHbI ObITb U30/IMPOBaHbLI OT 3a3eM/IEHNS Y UMETb HEO6XOAUMYHO 3aLLUTY MO
HanpsXXeHU0, YA0BETBOPSIOLLY0 TPEO60BAHUAM 3/IEKTPUYECKNX UCMbITAHWIA.

B uenax KoHTpons BbixogHol(bie) curHan(bl) M3MepsieMOro pacxoga Ao/MKeH(Hbl) 06HOBNATLCS C YacTo-
TOn He mMeHee 1 Iy,

5.4.10 O60/104KN U N301AUNS Kabenen

O6onoukn kabenei, pesnHa/kayuyk, N1acTuK, a Takke gpyrue yactu, nogsepraiwolmecs BHeLWHeMy BO3-
OeNCcTBUI0, AO/MKHbI BbITb YCTONUYMBLI K YNbTPagdMoNeToOBOMY U3/lyYeHNt0, BOAE, MacsiaM M CMa304YHbiM Mate-
pranam.

5.4.11 MapkupoBka

Kaxapblii 3NeKTPOHHbIA 610K A0/MKEH ObiTb MapknMpoBaH yHUKalbHbIM HOMEPOM Bepcuu Ans yaobetea
novcka. NepeyeHb 3NEKTPOHHbLIX GI0KOB, BK/IlOYAsi HOMepa BEPCUiA, [O/MKEH aKTya/lM3MpoBaTbCsl U3rOTOBUTE-
NeM B pamKax ynpaB/ieHVUsi BEPCUSMU.

5.5 TMporpammHoe obecneyeHne

5.5.1 BCTpoeHHOe nporpaMmmMmHoe obecnevyeHme

MporpaMmHble KOAbl, OTBevallune 3a ynpasseHve n paboTy cyeTyuka, OOSDKHbI ObiTb COXpaHeHbl B
3HEeproHesaBMCMON NamMAaTN. Bce KOHCTaHTbI BbIYMCEHMA pacxoda v BBOAMMbIE MOMb30BaTeeM napameTpbl
Takke AO0/DKHbI 6bITb COXpaHeHbl B 3HEProHe3aBMCKMMOl NamaTw.

[omkHa 6biTb 06ecnevyeHa BO3MOXHOCTb NPOBEPKN 3HAYEHMWIT BCEX KOHCTAHT M napameTpoB BO BpeMs
paboTbl cyeTunka. [omxHbl 6bITb NpefocTaBeHbl KOHTPO/IbHAsA CyMMa BCTPOEHHOro nporpaMMHoro obecne-
YEHUS U1 XXYpHaN perncTpaunm cobbiTuil, YTOObI rapaHTMpPOBaTb, YTO BO BCTPOEHHOE MporpaMmHoe obecneuve-
HMe He 6blIM BHECEHbl HECAHKLMOHUPOBAHHbLIE U3MEHEHNS.

5.5.2 Cneyndukaunsa gaHHbix cBsasn MODBUS

USM ponxeH obecneumBaTtb onpefeneHHylo CTPYKTYpY AaHHbIX (CM. npunoxeHue F) gna nocneposa-
TesIbHOW CBA3W, YTOObI YNPOCTUTL Nepefavy AaHHbIX B KOMMYHUKATUBHYIO CUCTEMY (Hanpumep, uamepuTesib-
HbI KOHTPONNEP/BLIMNCINTENB pacxoda Wan cUcTeMy cbopa gaHHbIX).

MpoTokON nepefayn fAaHHbIX OCHOBaH Ha 06WeAoCTYynHbIX cneuudukaumax komnaHum «Modbus
Organization, Inc.» [83].

5.5.3 HenpepbIBHOCTb

Mpn HenpepbIBHOM YBESIMYEHUN WIN YMEHbLUEHUW pacxofa BCTPOEHHOe nporpaMmMmHoe obecnevyeHue
[O/DKHO ObITb CMPOEKTUPOBAHO TakuM 06pa3om, 4Tobbl M3bexarb CTYNeH4YaToro M3MeHeHUs pacCyYnTaHHOro
pacxoga Ha BbIXoAe.

5.5.4 O603HaveHne NporpamMmmMHOro obecneyeHns 1 ynpasaeHne BepcuUsmm

M3roToBuTENb JO/MKEH BECTU yYeT BCeX BEPCUil BCTPOEHHOro nporpaMMHOro obecrneyeHus, Bkvas ce-
puiiHbIli HOMep Bepcun, AaTy Bepcuu, NOAXOoAsLIME MOAENN CYETUMKOB M BEPCUM MOHTAXHbLIX MaT, a Takxe
onncaHne U3MeHeHUi BCTPOEHHOrO NPOrpaMMHOro 06ecneyeHunsl, BbIMOSIHEHHbIX UM WX ero NpeacTaBUTeNnem.

Homep Bepcun BCTPOEHHOrO NpPorpamMmMHOro obecneyeHns, gata BepCcUn, CEPUinHbIi HOMEP Y KOHTPOJIb-
Has cymMa [,0/MKHbl ObiTb 4OCTYMNHbI 418 NPOBEPKU BCTPOEHHOrO NPOrpaMmMHOro obecnevyeHmss MUKPOKOHTPO-
nepa, gucnnes wav LMgpoBOro KOMMYHMKaLMOHHOIO nopTa.

M3roToBuUTENlb MOXET BpEMS OT BpeMeHu npefsaraTb 06GHOBMEHWS BCTPOEHHOro MporpaMMHoro obe-
cneyeHus Ansa ynydweHus pabounx XapakTepucTuk cueTymka unm Ao6aBneHus AOMNONHUTENbHbIX OYHKLMWIA.
M3roToBuTENb AO/MKEH YBEAOMUTbL NOSb30BaTENSA, €C/IM BEPCUS BCTPOEHHOrO NporpamMHOro obecnedeHus
B/INSIET HA TOYHOCTb CYETYMKA, KaMbpoBaHHOro no pacxoayl).

5.5.5 MOHUTOPWUHT 1 3aNUCb AaHHbIX N3MEPEHUI U ANArHOCTUKN

CueTumk fomkeH obecneymBartb BO3MOXHOCTb KOHTPOAMPOBATbL M PErMCTPMPOBATL, Kak MUHUMYM, che-
aylouwme agaHHble:

a) TeKyLnii 06bEMHbIA pacxog,;

b) HAKOMNEHHbI 06BEM,;

C) CpefHIo CKOPOCTb;

d) cpegHioto SOS;

€) CKOpPOCTb MO KaX[0N TpaeKkTopuu;

1) B Poccuiickoin degepauun meTposIorMyeckn 3Hauumas YyacThb NPOrpaMMHOro obecneyeHns Jo/kHa cooTBeT -
CTBOBaTb NPMBELEHHON B pasgene «nporpaMMHoe obecrneyeHne» onucaHus Tuna cpeicTBa U3MepPEHWIA.
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f) SOS no kaxpgon TpaekTopuu;

[) NPOLEHT NPUHATLIX CUTHANOB A/19 KaXKO0W akyCTUYeCKOW TpaekTopuu,

h) oTHoweHne S/N nnu ero sKkBMBaNeHT (YPOBEHb YCU/IEHNUSA);

i) MHAMKATOPbI COCTOAHUA U KayecTBa U3MepeHuii;

j) nHOuKaTop aBapuiiHOro cUrHana u HemcnpasHOCTMW.

5.5.6 KoppekTtupyrouwme yHKLUMN 1 napameTpbl

Kak npu akcnnyaTaumu, Tak 1 Nnpu KanmbpoBke cnefyeT NCMO/b30BaTb KOPPEKTHbIE HACTPOWKU napame-
TPOB A/19 NonpaskK No yucny PeliHonbAca Ha paclumMpeHune Kopnyca v KaimbpoBOYHON KpUBOL. DTO cnpases-
nnBo IM60 B TOM Ciyyae, eciim 3T napameTpbl 3anucaHbl B USM, 60 B BeluMCIUTENE pacxofa, NOAK/IYEH-
HoM K USM. Mpun 3TOM MOryT 6bITb UCNO/Ib30BaHbI KaK 3HAYEHUSI TEKYLLEro AaBNeHNs 1 Tekylleli TemnepaTypsl
B BUAE (PMKCUPOBAHHbIX 3HAYEHWI, TaK N UX U3MEPEHHbIE 3HAYEHUS B peaslbHOM BPEMEHN.

MapameTpamu Koppekuun no yucny PeliHonbAca SBASAKOTCA NIOTHOCTb U BA3KOCTb.

MapameTpamun KOppPEKLMU Ha paclumpeHue Kopryca ABASAITCA Tekyliee AaBrfieHue, AaBfeHne npu Ka-
NnbpoBKe, Tekyllaa TemnepaTtypa, Temnepartypa npu kannbposke, KO3 (UUMEHT TENNOBOrO paclumpeHus,
mopaynb HOHra, koadhduumeHT MNyaccoHa marepuana Kopryca cyeTymka u pasmepbl Kopnyca cyeTyuka.

MapameTpbl KOPPEKL MM KasIMBPOBOYHON KpUBOW NpeAcTaB/isioT coboi 6o Habop 3HaYeHUid pacxoaos
N OTK/IOHEeHWU, NMB60 Habop nNapameTpoB, ONpeAensAwnX NONNHOMUNAIBHYO KOPPEKUNI0 B COOTBETCTBUN C
NPVHLMNOM MeXaHM3Ma KOppeKkuun KaanmbpoBOYHON KPUBOIA.

MporpammHoe ob6ecneyeHne USM u/mnu BblUMCNIMTENS pacxoga, NOoAKNHYEHHOro K USM, [o/mKHO no-
3BON1IATb MOJ1Ib30BaTEN0 BBOAUTH KOPPEKTHbIE HACTPOMK/M napaMeTpoB. CrefyeT NposiB/sATb OCTOPOXHOCTb,
4yTOObl HE aKTMBMPOBATb MeXaHU3M KOppeKumn aABaxAbl, kak B USM, Tak 1 B BbluMC/IMTENE pacxofa, NoAKMIo-
yeHHOM K USM.

5.5.7 ®yHKUNN NPOBEPKN N KOHTPOA

JomkHa 6blTb 06ecneyeHa BO3MOXHOCTb MPOCMOTPa W neyatu napameTpoB KOHdurypauuu, ncnosb3y-
eMblx B ES, Hanpvmep KannbpoBOYHbIX KOHCTAHT, pa3mMepoB CYeTYMKa, Nnepuoga ycpeaHeHUs no BpeMeHn u
4acToTbl gMcKpeTusauun. JomkHbl 6biTb NPUHATLI Mepbl ANA NPeAoTBpaLLEHMSA CAyYalHOro uan Heonpeaens-
€MOro M3MeHeHMA Tex napameTpoB, KOTOpble BNUAIOT Ha paboyne xapakTepuctukn cyetymka. CooTBETCTBYIO-
lMe Mepbl BKIOYAKT B cebs Hannuue naoMbupyemoro nepekioyarens unm nepemMblyky 3aluTbl OT 3anucu
NAY NOCTOSAAHHOE 3anoMuHaloLlee ycTpoincTeo (M3Y) TONbKO ANSA YTEHUS C NPOBepseMbIMU KOHTPOJIbHON CyM-
MOii/aBapuiiHbIMWM CUTHaaMm XypHana permcrpaymm cobbiTuii.

JomkHbl 6bITb 06ecneyeHbl cneayowme BbIXOAHbIE CUTHASbI aBaPUNHBLIX COCTOSHUIA:

a) HefelicTBUTE bHbIM BbIXOAHOM CUrHa: Korja oTobpaxaeMblil BbIXOAHON CUrHau1 pacxofa HeocToBe-
peH (o6a3aTenbHblii curHan);

6) YaCTUYHbI/ OTKa3: Korga OAMH WM HECKOSbKO M3 MHOXECTBa pe3ynbTaToB M3MepeHuii No ynbTpassy-
KOBbIM TPAeKToOpUAM HenpurofHbl AN MUCNonb3oBaHuUs (06s3aTesibHbl curHan);

C) NpeaynpexaeHue: Koraa noboi 13 HeCKONbKNMX KOHTPOIMPYEMbIX NapamMeTpoB BbIXOAWUT 3a npeaesbl
HOpMaJIbHbIX Paboynx 3HAYEHNI B TeYEHME 3HAUYNTEIBHOTO NPOMEXYTKa BpeMeHU (Heoba3aTesbHbIA curHan).

5.6 3ameHa KOMMOHEHTOB

JorxHa 6blTb 06ecrneyeHa BO3MOXHOCTb 3aMeHbl Y/IbTPa3BYKOBbLIX NpeobpasoBaTtesieil, 3/1eKTPOHHbIX
yacTeil 1 NporpaMMHOro o6ecneyeHnss 6e3 CyLLECTBEHHOIO M3MEHEHUSI XapaKTepucTuk cueTumka. BHocumas
MOrpeLlHOCTb M3-3a 3aMeHbl Takoro KOMMNOHEHTAa He Jo/hKHAa NpeBbilwaTh 04HON TpeTn MPE ansi cooTBETCTBY-
IOLLErO K/lacca cueTumka. B NpoTMBHOM crlyyae CUeTUMK MOAJIEXUT NOBTOPHON KasimGpoBKe.

BbILEYNoMsAHYTbIe NOSIOXEHUS A0/MKHbI GblTb YCTAHOBMEHbI NPU UCMbLITAHUM TUMA CYETUMKA.

[O/KHbI GbITb ONpeAeneHbl NPoLeaypbl, UCNo/b3yeMble NP HEOGXOAMMOCTY 3aMeHbl YKa3aHHbIX KOM-
MOHEHTOB, BK/OYasi BO3MOXHbIE MEXaHUYeCckne, 3/IEKTPUUYECKNE UK APYTME U3MEPEHUS 1 PeryivpoBKu.

ONsi KOKA0ro MeponpusTUS C YNbTPA3BYKOBbIM CUETUMKOM (Ka/iM6poBKa, PEMOHT U T. f1.) AO/MKEH ObIThb A0-
CTYNEH MOSHbIA CNUCOK COOTBETCTBYIOLMX NapaMeTPoB «A0 COBLITUS», «MPU Ka/IMBPOBKE» 1 «MNOC/E COBLITUA.

Ecnn KOMNOHEHTbI 3aMeHsoTCst 60/1ee HOBLIMU UMW APYTMMU BEPCUSIMU, AO/MKHbI ObiTh YKasaHbl npe-
MMYLLLECTBa M HeAoCcTaTKul).

N3roToBuTENb JO/MKEH NPEAOCTAaBUTL HAAEXHbIA METOA yrnpaB/ieHns BEpPCUSMU.

1) KOHCTPYKUMSA cyeTuUMKa Jo/MKHA 06ecneunBaThb OrpaHMyeHne ocTyna K KOMNOHEHTam, Npu 3aMeHe KO TOopbIxX
N3MEHSATCS MeTPONIOrNYecKMe XxapakTepucTUKN cueTuUrKa (BK/Yas NporpaMMHoe obecneyeHne) B Lensx npeaoT-
BpaLLeHNs HECAHKLMOHMPOBAHHbIX HACT POEK U BMELLATE/NbCTB, KOTOpPble MOTYT NMPUBECTU K UCKAXKEHNUAM pe3ynbTa-
TOB N3MEpPEHNIA.
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5.7 [onosiHuTesibHbIE U3MEPEHUA

5.7.1 O6bwume cBeageHusd

[ns nepeBoga 06bLEMHOr0 pacxofa npv paboumx ycnoBrsx B MaccoBbI pacxos nn 06 beMHbI pacxoq
npu CcTaHAapTHbIX YC/I0BUAX TPEBYITCA A0NOSHUTE/IbHbIE U3MEPEHUS.

5.7.2 lamepeHne pgaBneHus

OTBepcTMe ans oTbopa AaB/EHUS C MAPKMPOBKOM «pPT » OO/HKHO WUCMOb30BaThbCs B KAYECTBE TOUKM
namepeHnsa gasnenusn (cm. 5.2.6).

5.7.3 lamepeHne TemnepaTtypsbl

[na ofHoHanpaB/iIeHHOTO MOTOKa rMNb3a TepMomeTpa AO0/KHa OblTb yCTaHOB/IEHA Ha PacCTOSAHMM
2D <x < 5D nocne USM. Mexay runb3oii TepmomeTpa U USM gomkHbl OTCYTCTBOBaTb CTyMneHYaTble U3Me-
HeHVsa AvameTpa W nbble MeCTHbIe COMPOTUB/IEHUA. BaxHO, 4YTOObI rMb3a TepMoMeTpa 6blia npaBu/ibHO
yCTaHOBJ/IeHa 419 o6ecneyeHna OTCYTCTBUSA BAINMAHUA TennooThayun Tpybonpososa, KpensieHms rib3bl, a Tak-
e BO3JeiCTBUSI COMTHEYHOrO M3/TyYEHMS Ha NoKasaHus TeMnepartypbl. PekomeHayemasi rnybuHa norpyxeHust
B Tpy60onpoBoA ANS b3 AO/DKHA ObiTb TaKoW, YTOOLI €e KOHeL, pacnosiaranca Ha paccTtosHun mexay D/10 n
DI3. Ans rnybuHbl norpyxeHus 6onee DI3 MmoryT noTpeboBaTbCA rM/b3bl CNeUnasibHOW KOHCTPYKUUN,

B cnyyae ncnonb3oBaHMs NJOTHOMEPOB A1 UX KAPMAHOB NMPUMEHSIOTCA Te e npasuia yCTaHOBKM.

B HEKOTOpbIX cucTeMax TpebyeTcs MOHTaX ABYX UK faxe Tpex TepMOMeTPOB (419 pe3epBHbIX U3Mepe-
HWIA MM KOHTPOSbHbLIX U3MepeHuii). Kpome Toro, B npaBuaax TeXHUKM 6e30MacHOCTN MOryT 6biTb NpeAnncaHsbl
6onblume pasmepbl MNb3. [Mnb3a TepmoMeTpa Ao/DKHA ObiTb YCTAHOB/MEHA Takum obpa3oM, Y4Tobbl Temnepa-
Typa oKpyxawLieil cpefbl He BAMANa Ha pe3ynbTaTbl U3MepeHuii Temnepartypbl rasa.

Korga temnepartypa okpyxaruw,eli cpegbl 3HaunMTeNnbHo otnndaetcsa (6onee 5°C) oT TemnepaTypbl rasa,
TO O0/DKHA ObITb YCTAHOB/IEHA TEMIOM30A5AUNS UM 3KPaHMpPOBaHME Ha BXOAHOW Tpy6onposod, USM u BbI-
X0A4HOI Tpy6onposBoa Ha AnunHY A0 1D nocne camoii ganbHei rmnb3bl TepMOMETpa, Kpome cnyyas paboThbl
CcyeTyMKa npu pacxope Bbiwe gv t.

[na gByHanpaB/ieHHOro NPUMEHEHUs ¢ ABYMSA nocnegosatesibHbiMM USM MOXHO YCTaHOBUTb TW/1b3yY
TepMoMeTpa Mexay ABYyMs cuyeTymkamu. lNMpumMep YCTaHOBKM C ABYyHanpaB/ieHHbIM MOTOKOM, B KOTOPOW uC-
nonb3ytoTca gsa USM ¢ ruib3oit TepMomMeTpa, pacrnofioXeHHOW B LEeHTpanbHON cekuun, npuBefeH Ha pUCyH-
Ke 11. Kak yncno, Tak n pasMmepbl rmib3 TEPMOMETPOB WM KApMaHOB MJIOTHOMEpa yCUIMBalT BO3MYyLLEHME
NnoToKa.

YacToTa BUXpeobpa3oBaHus, Bbl3BaHHAsA rM/b30M TepMOMETPa, NpY BbICOKUX CKOPOCTAX rasa He J0/X-
Ha B036yXAaTb COOCTBEHHYK 4acTOTy KO/iebaHwil rib3bl TEepMOMETpa A0 YPOBHS, MPUBOASLLETO K €ro He-
McnpaBHOCTN. PeKkoMeHAyeTCs MCMNOJ/Ib30BaTb KOHUYECKUe rnfb3bl TepMOMeTPOB. lMpu ycTaHOBKe U/b3 Tep-
MomeTpoB A0 USM OHM JO/KHbI pacnonaratbCA Tak, YTOObl He HaxoAWTbCA Ha OAHOW NUHWK C N6oW K3
aKyCTUYeCKMX TpaekTopuil. Takke runb3bl TEPMOMETPOB He criefyeT pasmellaTb Ha OAHOW NMHUK Apyr 3a
OPYrom BO usbexaHve ycuneHus Buxps, co3gaBaemoro VMU.

Ha pucyHke 9 nokasaH npumep MCMosib30BaHWA ABYX MM1b3 TEPMOMETPOB B KOMGUHaLMMK C yNbTpasBy-
KOBbIM CYETYMKOM C FOPU3OHTa/IbHBIMU TPAEKTOPUAMM.

PucyHOK 9 — /Ib3bl TEPMOMETPOB PACMOMIOXKEHbI HE HA OLHON NIMHWUU C aKyCTUUECKMMU TPAEKTOPUSIMU
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Ons Tpy6 mMeHee DN150 MoryT paccmaTpvBaTbCsi aflbTEPHATVBbI UHTPY3UBHbLIM TEXHOJOIMSIM Ha OcC-
HOBe TWb3. Hanpumep, MOBEPXHOCTHble (HakiagHble) TePMOMETPbI MOryT 6biTb MPUMEHEHbI, €CNIN MOXET
ObITb [0Ka3aHO, YTO TOYHOCTb U MHEPLMOHHOCTbL YCTPOWCTBA A1 M3MEPEHUSI TEMMEePaTypbl TaKOBbl, YTO OHM
He NPUBOAAT K YBE/IMYEHWNIO CYMMAapHO HeonpeaeeHHOCTY pacCUMTaHHOIO pacxofa Bbille YCTAaHOB/EHHbIX
3HaYeHuit. IT0 MOXeT 6biTb OCOGEHHO BaXKHbIM NPV PACCMOTPEHWUW ABYHaNpPaBMEHHbIX U3MEPUTESTbHbIX CU-
CTeM, rae Heo6xo0AMMO MUHUMU3MPOBATb BO3MYLLEHWS MOTOKA.

5.8 3kcnnyataynoHHble TpeboBaHUA

5.8.1 O6uume cBeaeHns

USM pomkeH 6blTb CNPOEKTMPOBaH M U3rOTOB/IEH TakMM 06pa3oM, 4To6bl ero MnorpewHocTb He npe-
Bblllana Tpebyemoro MPE BO Bcem AmanasoHe paboumx gaBrfieHuil, Temnepatyp M COCTaBOB rasa, W, ec/u
Heo6XxoAnMO, C BBOAOM 3HAYeHW napameTpoB CpeAbl UaW anropuTMOM UX Koppekuuu. Heobxoaumble anro-
pUTMbl KOPPEKUUN 1 BBOAUMbBIE NapameTpbl AO/DKHbI OblTb pernaMmeHTUpoBaHbl. Ecnv anroputm Koppekuuun He
TpebyeTcs, foMmkHa ObiTb yKaszaHa A0N0SHUTENbHAsA HeonpeAeneHHOCTb BCNeACTBUE M3MEHEHWUI faBneHus,
TemMnepaTtypbl U cocTaBa rasa. Ecnn B USM TpebyeTca py4vHOI BBOZ 4J/19 ONMCaHMSA COCTOSIHMA MOTOKa rasa,
HanpuMMmep NMIOTHOCTW Y BA3KOCTWU rasa, YyBCTBUTE/IbHOCTL USM K aTUM napameTpam Ao/ixHa 6bITb yKazaHa
Takum o06pas3om, 4ToObl Monb3oBaTesib MOr ONpenesiMTb HeO6XO0AUMOCTb U3MEHEHUS 3TUX MapaMeTpoB npu
M3MEeHeHWM ycnoBuii akcnayatauun. CooTBETCTBYIOLME HACTPONKM NapameTpoB AO/MKHbI ObiTb 3aperncTpu-
poBaHbl Kak BO BpeMs KaJmbpoBKKW, Tak MU B NpoLecce aKcnayaraluu.

5.8.2 TpeboBaHUA K TOYHOCTU

Tpe6oBaHNS K TOYHOCTU CUETUMKOB NpefcTaBfieHbl B Tabnuue 5. MpaHuLpl ONYyCKaeMbIX 3HAYEHWUA Me-
TPO/IOTUYECKUX XapaKTEPUCTUK MokasaHbl Ha pucyHke 10.

Tabnuya 5 — TpeboBaHMA K TOYHOCTK
Knacc To4HocTH
MapamveTp
05 10 15

MakcumanbHasa gonyckaemasn norpewHocTts (MPE)

anaqv>qgv t +0,5 % +1,0 % +1,5%
Ans Qv, min < Qv< Qu,t +1,0 % 12,0 % +3,0 %
MakcumanbHas norpewHocTb Mexay NUKOBbIMU 3HAYEHUSIMU

anaqv>qvt <0,5 % <1,0 % <1,0 %
Ans Qv, min < Q¥ Qu,t <1,0 % <2,0 % <2,0 %

MakcumanbHas gonyctumas cpefHeB3BeLUeHHas MOrpelHocTb U3MEepeHuin pacxopa, nepeg 060 perynnposkoii
(cm. 6.3.3)

FWME +0,5 % +1,0 % +1,5 %

CX0AMMOCTb MpW KanM6poBKe rca.

ana qv>qv t <0,17 % <0,33 % <0,5 %
fns Qv min < Qu< Qv t <0,33 % <0,66 % <1,0 %
BocnponssoanmocTtb

anaqv>qgvt <0,17 % <0,33 % <0,5 %

MepexoaHblil pacxos

Qv t Qut- Gl 9y, max, cal
OTK/IOHEHNE CKOPOCTM 3BYyKa

OTknoHeHne MSOS ot TSOS <+0,2 %
Pa3bpoc MSOS mexay akyCTUYeCKMMK TpaeKTopusiMun <0,5 m/c
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Aq v/q

gv— 06bemMHbIli pacxod; Adq”qVv — MOTrPeLIHOCTb U3MEPEHUA pacxoaa, B %; 1 — KaMGpoBOYHasH KpUBast /1A CUETUMKA 6e3 BHECEHHbIX

KO3thhULIMEHTOB Koppekuun; MPE — MakcumanbHasi fonyckaemas MorpellHocTb; qv t— nepexofHblii pacxog; gV mex — NpOeKTHbIA

MaKCUMasibHbI  pacxod; Qv mn — MpPOEeKTHbIi MUHUMasbHBIA pacxof; rcd — cxoAMMOCTb MNpU  KanmGpoBke, cM. 6.3.2.2;
Ap p Tax — MaKcuMasibHasi pasHOCTb MeXy MUKOBbIMY 3HAYEHUSIMIA MOFPELIHOCTY

PucyHok 10 — IpaHuLbl 4ONYCKAEMbIX 3HAYEHWNIA METPOSIOTMYECKUX XapaKTePUCTHUK:

5.8.3 BninsaHmne pgaBneHus, TemnepaTtypbl U cocTaBa rasa

USM ponxeH yAoB/eTBOPATbL yKa3aHHbIM Bbllle TPpeboBaHWAM K TOYHOCTM BO BCEM Auanas3oHe pabo-
yero JaBfieHus1, TeMnepaTypbl 1 cOCTaBa rasa W, ec/iv HeobxoA4uMo, C BBOAOM 3HAUYEHWI 3TUX NapameTpoB
UM anropuTMa ux Koppekuun. Heobxoavmble anropuTMbl KOPPEKUUN U BXOAHbIE AaHHble AO0/MKHbI ObITh pe-
rnaMeHTMpoBaHbl. Ecnn anroputm Koppekuun He Tpebyetcs, Ao/hKHa ObiTb onpefesieHa A0NoNHUTeNbHas
HeonpeaeneHHOCTb BCNEACTBME WM3MEHEeHWl faBfeHus, TemnepaTtypbl U cocTaBa rasa. Ecnm USM Tpeby-
eT py4yHOro BBOJA A/ ONMMCaHMA YC/I0BWIA NpoTeKalLlero rasa, Hanpumep MAOTHOCTM WM BA3KOCTW rasa, TO
OOMKHbI ObITb onpegesieHbl Ko3adhuruneHTbl BAnaHUA USM K ykasaHHbIM napameTpam Takum obpas3om, 4To-
6bl NoNb30BaTes/Ib MO ONpefenMTb He0H6XOANMOCTb U3MEHEHUSI 3TUX MapamMeTpoB MpY U3MEHEHWUMU YC/IOBUNA.
CoOTBeTCTBYIOLME HACTPOMKN NapaMeTpoB AO/MKHbI ObiTb 3aperncTpupoBaHbl Kak BO BPEMS KasiMbpoBKM, Tak
W B npoLecce akcnayatauuu.

5.9 TpeboBaHUsA K aKcnayaTauum m MOHTaxy

5.9.1 O6uine cBeaeHUs

BAusiHusi oT MOHTaXa WM ycrioBuiA 3KCnayaTaumm, KOTopblie yBe/IMUMBalOT HEONpPEeaeneHHOCTb pesy b-
TaToB namepeHuii USMP, 0O/MKHbI ObITb MO0 YCTpaHeHbl, IM60 KOMNEeHcMpoBaHbl. JoMKHbl 6bITb HOPMUPO-
BaHbl MUHUMasIbHblE PACCTOAHUSA [0 MECTHbIX CONPOTMBAEHWA. [onoxeHns 5.9 NpUMeHSAITCA Kak npyu Kanu-
6poBke (cm. 6), Tak 1 Npu akcnayatauun (cm. 8).

Pa3nnyHble KOMGUHaUUN (PUTUHIOB, K/anaHoB, OTBOAOB U MPSAMOJIMHENHbIX Y4acTKOB Tpyb6onposoaa
nepes cYeTYNMKOM MOTYT NPUBECTU K UCKaXEHU0 NpPodiuns CKOPOCTU NOTOKA Ha BXOAE B CUETUMK W, Cnepo-
BaTe/IbHO, K AOMOSIHUTENbHON MOrPEeLHOCTM U3MEPEHUsT pacxofa. BenvuvHa 3Toli NOrpewHocT! 3aBuUCKT OT
TMNa N CTENeHW WCKaXeHus NoToka, a Takke OT CMOCOOHOCTM cyeTyMKa KOMMEeHcMpoBaTb ero. YkasaHHas
NMOrpeLHoCTb MOXET OblTb YMEHbLUEHA YyBe/IMYeHNeM A/IMHbl NMPAMOIMHENHbIX Y4acTKoB Tpy6onposoja ne-
pes cyeTunkom WM mcnonb3oBaHumem FC. B kauyecTBe anbTepHaTuBbl Hanbonee 3PEKTUBHbIM METOLOM
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KOMMeHcauumn faHHOW MOrpeLlHoCcTy ABASETCS NpoBefeHre KannbpoBKM B NOTOKE B YCMOBUAX, aHANOMMYHbIX
KcniyaTauMoHHbIM. ccriefoBaHnsa No U3YyYEHUIO B/IMAHUA MOHTaXa Ha nokasaHua USM npopgoskatoTcs, no-
9TOMY MPOEKTUPOBLLUK MOXET NPOKOHCY/IbTUPOBATLCA C u3rotoButesnieM USM 1 03HAKOMUTLCSA C NOCegHUMM
pe3ynbTatamy UCMbITAHWIA 1 OLLEHUTb, KakK Ha KOHKPETHYI KOHCTpyKuuio USM MOXeT NoBAvaTb KOHGUrypaums
BXOAHOro Tpybonposoga npu naaHMpyemMoM MOHTaxe. [15 OOCTUXEHUS HEOBXOAUMbIX XapakKTepuUCTUK cyeT-
yrka MOXeT noTpeboBaTbCA M3MEHEHWe nepBoHavyasibHOW KoHgurypauum Tpy6onposoga WM BKIKOYEHVE B
COCTaB M3MepuUTesiIbHON cucTembl hopMmpoBaTens NOToKa.

5.9.2 3kcnnyataunoHHble TpeboBaHUsA

5.9.2.1 3ByK, WYyM ¥ KfanaHbl perynpoBaHns faB/ieHUA

Ha paboty 1 TouHoCcTb USM MOXEeT HeratMBHO MOBAUATL LUYM, CO34aBaeMblii KnanaHaMu perynnpoBaHus
OaBneHus; cM. Takke ccbinky [54] n 8.1. MoCKobKY akyCTUYeCKUiA CUrHaUuT cHeTUYNKa cuibHee npu 6onee BbICO-
KUX AaBNeHnsiX, a ypoBeHb LUyma, Co34aBaemblii OGUHOUYHbIMWU PEryIMpOBOYHbIMU KianaHamu, cnabee go kna-
naHa, HacToAATe/IbHO peKkoMmeHAyeTCcs pacnonaratb perynupyrowmii knanad nocne USM (cMm. npunoxexue C).

B xyawem cnyyae npu onpegenieHHbIX YCOBUAX CHETYMK MOXET 6biTb HepaboTocnocobHbIM. ANnsA uc-
K/II0OYEeHUA B/IVAHUA LWyMa, co34aBaeMoro kianaHom, Ha rnokasaHusa USM gaHbl cnefyowme pekoMeHgaumm:

a) USM cnegyet pasMellatb Ha A0CTATOYHOM PacCTOSAHUM OT APOCCEUPYIOWNX Perympyowmx kna-
naHoB, NpeanoyYTMTENbHO TEXHOMNOrMYeckoe obopygoBaHMe, Takoe Kak pesepByapbl UM TEN/I00O6MEHHUKM,
yctaHaBnmsatb Mexay USM u perynatopom, nepepg peryisitopom;

b) NOBbICUTb NOoMexo3awmweHHocTb USM nytem:

1) yBenuueHns 4acTtoTbl yNbTPa3BYKOBbIX NpeobpasoBartesieil cueTUnka,;

2) yBe/IMYEeHUs1 MOLLHOCTHY Y/IbTPa3BYKOBbIX Npeobpa3oBaTesneli cHeTunka;

3) ucnonb30BaHUA MeTOAO0B 06pPaboTKM CUTHAMIOB AN1A X OnpefeneHus, Hanpuvep ycpegHeHue cur-
HanoB (NakeTupoBaHue), undpoBas Koppenauus unm KogupoBaHue CUrHasos;

C) yCTaHOBKa 3ar/yleHHbIX TPOWHWUKOB, Ten/100OMEHHMKOB, KOMIeH B PasHbiX MNiockocTax u/vnm FC
mexay USM un knanaHoMm (TO ecTb NyTeM MWCK/IOYEHUS MNPsMOLi TpaekTopuu nomMexu) SBnsetcs Havwbonee
3hheKkTMBHbLIM METOAOM UCNONb30BaHUSA CTaHAapPTHOW TPy6ONpoBOAHON apMaTypbl 415 ocnabneHus yabTpa-
3BYKOBOIO LUyMa.

MpumevaHnsa

1 NpsAMonuHeliHblli yyacTok Tpybonposoaa He ABaseTcs addekTuBHbIM AN ocnabneHmsa ynbTpasBykoBOro Lyma.

2 3arnyLweHHble TPOMHWKN MOryT Bbi3BaTb HeXenartesbHble 3pdeKThbl, TakMe kak nckaxeHme npodunas notoka (cm.
5.9.3.2), HakonaeHne XNaKocTu v 3aTpygHEHUA NpY NPOAYBKE U3MEPUTESIbHON CUCTEMDI;

d) cHuxeHne nepenaja gaBfeHNs Ha KnanaHe yMeHbluaeT LyM, cOo3[aBaeMbllii Ha BCeX YacToTax.

CnepyeT nNpuHMMaTb BO BHMMaHuWe TO, YTO AOMyckaemas A/IMHa BXOAHbIX NPSAMOSIMHEWHbIX Y4YaCTKOB
He [O/MKHa N3MEHATLCS HA OCHOBE 3TWX pekomeHgauwmii. o/mkHa 6bITh onMcaHa o6Lwas YyBCTBUTENBHOCTE USM
K 3BYKOBbIM MomMexam (LLuymy), co3gaBaeMbIM kianaHamu perysivpoBaHua faBfieHusa v ApyrMy UCTOYHUKaMMU.

5.9.2.2 3arpsasHeHue

CnepnyeT n3beraTb HakoMJeHWs OT/IOXEHWI BCNEACTBME Ha/IMNAHMS CMECU YaCTUL, M XXUAKAX 3arpsi3Hs-
HOLLUX BeLLeCTB.

PekomeHayeTcs uibTpaums notoka rasa A0 U3MepUTEsIbHON NIMHUW, a B ABYHanpaB/fieHHbIX Cly4vasx
npuMeHeHna USM — dunbTpaums noToka rasa kak o, Tak 1 nocne naMeputesnbHoli nuHun. OgHako crepyet
YyunTbIBaTb BO3MOXHOCTb HapyLleHUs Npouasa noToka, BblI3BaHHOrO hUNbTPYOLWUM 060pyA0BaHNEM.

Bo n3bexaHne cyLlecTBEHHOro HakoMJeHUs OT/IOXEHW pekoMeHAyeTCs pacnonaratb Camyk HU3KYH
YyacTb TpybonpoBoaa nocse cyeTynka.

5.9.2.3 Temnepatypa okpyxatoLiein cpeabl

BnusHne Temnepartypbl OKpyXatLweii cpeabl AO/MKHO ObITb CBEAEHO K MMHMMYMY, Kak onucaHo B 5.7.3.
B cnyuae, korga pasHuua Mexay TemrnepaTypoi okpyxatlleil cpefbl 1 TemnepaTypoii rasa npesbiaeT 5°C,
MOXeT MPOU30ATM paccnoeHne noToka, 0COBEHHO MPU HU3KMX CKOpPOCTAX [86]. CpeacTBa AMArHOCTUKK, NpU-
MeHsAemble B USM, MOryT 6bITb MCNOJ/b30BaHbl 4718 ONpefenieHns Ha/lMuns pacc/ioeHUsa NnoToka.

Kpome Toro, no Bcei asimHe n3MepuTesibHOro TpybonpoBoaa HeobXxoAMMO NPeAyCMOTPETb MO MEHbLUEN
Mepe 3aTeHeHue (KO3blpek, HaBec, CTeHa) ANS 3aluTbl U3MEPUTEbHOW ANHUM U 3/IEKTPOHUKMA OT NPSAMBbIX
COJTHEYHbIX Ny4yeit. JlydwmmM cnocobom 3aluTbl OT TeMnepaTtypbl OKpyxatLein cpefbl ABNsSeTcA Tenaou3ons-
umMa BXOoAHOro yyactka Tpybonposoga (Ha gnivHe 10D), USM 1 BbIXO4HOIO yyacTka Tpybonposoga, BkIovas
CPeACTBO M3MEpEeHuin Temnepatypbl.

5.9.2.4 Bubpauus

YnbTpa3ByKOBbIE CYETUUKM HE A0/HKHbI MOABEpraTbCcs BUOpaLMmM, ypoBEHb M YacToTa KOTOPOI MOryT npu-
BECTU K BO36YXAEHUIO COOBCTBEHHbIX 4acToT nnat ES, KOMNOHEHTOB WK yNbTPasByKOBbIX NpeobpasoBartesieil.
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5.9.2.5 DnekTpnyeckue nomexu

HecmoTpsa Ha TO, Y4TO KOHCTPYKUuus USM ucnbITbIBAETCA Ha YCTOWYMBOCTb K BO3AENCTBUIO 3/IEKTpUYe-
CKMX NnomMeX, Kak onucaHo B 7.5, USM nnn nogkniyeHHas K HeMy cuctema npoBoOAOB He LO/IKHbI NogBepraTb-
CA MOOLIM U3/TULLHUM 3/IEKTPUYECKMM NOMEXaMm, BK/IoYass NMOMeXU OT NMepemMeHHOro ToKa, 3N1eKTPOMarHUTHbIX
nepexoHblX NPOLLECCOB WX pajuonepesayn.

5.9.2.6 HecTtaymoHapHbIA NOTOK

CnepyeT u3beraTb nynbcauuii U HecTalLMOHAPHOrO MOTOKA, YPOBEHb KOTOPbLIX BbIXOAUT 3a npeaesbl
cneuundpmkaunii nrotosutens (cm. 5.4.4).

5.9.3 TpeboBaHUA K MOHTaxy

5.9.3.1 O6wue ceBegeHus

MoNHOCTbIO pa3BUTbIA Npohuab NOTOKa SABMSETCA OMNTMMAasibHbIM YC/I0BUEM /1 paboTbl CUYeTuMKa.
Ha npakTvke HEeBO3MYLLEHHbI MOTOK MOXET OblTb HAUMYULWNM AOCTUXMMbLIM YC/TIOBUEM.

BcneacTteue 60nbLIOro pasHoobpasusa Tmnos USM, KoHgmMrypaumini BXOAHbIX y4acTKoB TPy60OnNpoBOAOB Wt
dhopmupoBateneli NOToka NPakTUYeCKM HEBO3MOXHO HOPMMPOBATb AJ/IMHbI BXOAHbIX NMPAMOJIMHENHbIX YHaCTKOB.
Kpome Toro, TexHonorns USM npofosnkaeT COBepPLUEHCTBOBATLCS, UTO elle 60/blie 3aTpyLHAeT HOPMUPOBaHUe
OIMH BXOAHbIX NPSAMOJIMHENHbIX Y4acTKOB. JAUHbI NpAMONNHEnHoro yyactka mexay USM u chbopmupoBatenem
noToka v nepeg, hopmMmnpoBaTenieM NoToka A0/MKHbI ObITb YCTAHOBMEHbI B TEXHNYECKOW AOKYMEHTAaLMUN CUETUMKA.

5.9.3.2 PaccTosiHne A0 BO3MYyLLEHUI, TpeboBaHMA K ANIMHE NPSMOSIMHENHbIX y4acTKoB Tpybonposoja
[0 1 nocse cyetymka

TWUNUYHbIE MECTHble COMPOTVBAEHUS, YCTAHOBMEHHbIE 0 CUETUMKA, HANPYMepP KOeHa, KOMNeKTopbl, TPOHU-
K1, chopmypoBatenin notoka, uibTpylollee 06opyaoBaH/e, U3MeHeHNUs auameTpa (YCTynbl, pPaclUMpPeHns U cy-
YXEHWA) 1 KIanaHbl, CO34at0T 3aBUXPEHUS, aCUMMETPUYHBIA NMPodon/Ib NOTOKA, MIOCKUIA NPOchnb NOTOKa, NPOhnb
noToKa C Pe3kUM MakCMyMOM WM KOMOMHaUMW 3TMX BO3MYLLEHWIA. ViccriefoBaHWs nokasaiv, Y4To A48 NoyyeHus
NOSIHOCTBIO Pa3BUTOrO NPOUIA CKOPOCTU NOTOKA U3 aCUMMETPUYHBIX NPOUIE CKOPOCT NOTOKa MOXET noTpebo-
BaTbCA NPSAMOMHENHBIN y4acTOoK Tpybonposoga AmHoin 50D 6e3 FC, a npu npodonnsx CKOPOCTEe ¢ 3aKpyTKOR noTo-
Ka MOXeT noTpeboBaTbCsA NPSIMOJIMHENHbIN y4acToK Tpy6onpoBoga AnvHon 200D 6e3 FC. YcTaHOoBKa NpSMOSIMHEN-
HOTO yyacTka TakoW A/MHbI HeuenecoobpasHa. Vmetrowascs cnocobHocTb USMP komneHcmMpoBaTk BO3MYLLEHHbIE
npocnn NoToka NO3BOSSET COKPATUTL AJ/IMHY NPSAMOMIMHENHbIX YH4aCTKOB TPy60npoBoAa A0 CHeTUMKA.

PekomeHayeTca MCnosb3oBaTk AMArHOCTUYECKME BO3MOXHOCTM USM pans onpefeneHus Toro, 4To B
npouecce Kcnyartauuy yCrioBus NMOTOKa BO3MYLLLEHbI He3HauyuTesibHO. CregyeTt onpefesnivtb, ABASATCA Sv
YC/OBUS NMOTOKa penpe3eHTaTUBHbIMU MO OTHOLIEHWIO K YCNOBUAM kanimbpoBku USM, nyTem cpaBHEHUs pe-
3y/1bTaToB AnarHocTukn USM BO BpeMs KanumbpoBKM W B AKCMyaTauuu.

MuHMManbHas gnMHa NPSMOIMHENHOro yyacTka Tpybonposoga /mn fo/mkHa 6bITb Takol, YTO6bl yBenu-
yeHne ANuHbl Ha 10D m3meHsANno nokasaHusa USM (FWME) He 6o0nee pe3ynbTUPYIOWEr0 3HAaYeHUs1 BOCMPO-
M3BOAMMOCTM KaJIMGPOBOYHOI ycTaHOBKM M USM: /min onpeaensitoT Takum 06pa3om, 4YToObl MakcumasibHast
OONONHNUTENbHAA NOrpeLHoCTb BCAeACTBME BO3MYLLEHMI NOTOKa coCTaBnsfia MeHee ogHoli Tpetn MPE ans
COOTBETCTBYIOLLErO Knacca TOYHOCTM cyeTymka. 3HayeHue /imn 3aBUCUT OT KOHUrypaumm BXOAHbIX Y4aCcTKOB
TpybonpoBoja 1 MOXET BbITb OnNpefesieHo TObKO C UCMOMb30BaHMEM CTaHAapTHOro Habopa KoHdurypauuii.
OnpegeneHue 3HayeHun /mn gns cTaHAAPTHOTO Habopa KOHdMrypauuin BXOAHbIX y4acTKoB Tpy6onpoBoL0B
ABNAETCSA OCHOBHOW 3ajavei npy TUNOBbLIX UCNbITAHUAX, CM. 7.3.

M3roToBuUTE/Nb AO/MKEH YCTAHOBUTbL 3HAYeHMs /min NS pasfinyHbIX TUNOB BO3MYLLEHWI NoTOoKa, onpeae-
NEeHHbIX B 7.3.

Ecnn npumeHseTca KoHgurypauus BXOAHbIX y4acTKOB TpybonpoBoga, ANsi KOTOPOi 3HauyeHwe /mn
Hen3BecTHO, TO:

- TpebyeTca Hanmune BXOAHOrO MPSIMOSIMHEAHOrO yyacTka Tpybonposoga anuHoin 50D gns USM, vnam

- He06X0A4MMO Ha/IMyne BXOAHOro NPSAMOSMHERHOro yvyacTka Tpybéonposoga AnuHoi 10D ana USMP.

MuHUManbHas g/ivHa BbIXOAHOr0 NPSAMOSIMHENHOroO yyacTka Tpybonposoga coctaBnset 3D.

5.9.3.3 BbICTynbl 1 cTyneH4yaToe M3MeHeHne guameTpa

AN vcKIYeHus nckaxeHus npoduas CKOPOCTU MOToka crefyeT usberaTb U3MEHEHWA BHYTPEHHUX
AnameTpos (D) n BbICTynatowWmxX B NOTOK 3/IEMEHTOB Ha Bxoge USM.

®naHUbl 1 BXOAHOI y4yacTok TpybonpoBoga, npunerawowme K CHeTUUKY, LO/DKHbI ObiTb NPAMbIMU, LM-
NNHAPUYECKMMUN W UMETb TaKOW e BHYTPEHHWUI AnamMeTp, Kak U BHYTPEHHWA gmaMeTp BXOAHOro OTBEPCTUSA
cyeTumKka, C OTK/IOHEHMEM He 6onee 1 %. ITN KOMMOHEHTbI AO/MKHbI ObiTb TWATENIbHO NOAOrHaHbl, YTOObI
CBECTU K MUHUMYMY BO3MYLLLEHNS NOTOKA, OCOGEHHO Ha BXOAHOM chnaHue. ViccnefoBaHUsA CUETUYMKOB Kacca
1 nokasanu, 4TO CTyneHyaTble N3MEHEHUA AnameTpa Mexay BXOAHbIM y4acTKOM TpybonposBoga v CHETYUKOM
BbI3bIBAOT U3MEHEHME CUCTEMATUYECKO NOrPeLLHOCTM nsMepeHnii nopsagka 0,05 % Ha kaxablid 1 % n3meHeHus
AnamveTpa. [lJaHHas NorpewHoCcTs MOXET ObiTb YMEHbLUIEHa NyTeM CHATUA dhacky C YI/IOM Hak/loHa MeHee 7°.
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MpumeuaHune — IT0 3HAYEHNE NOTPELLIHOCTM CelyeT paccMaTpuBaTh NULLIb Kak OpUEHTUPOBOYHOE A/ OLEeH-
KV LOMOMHUTENbHOW HeomnpeaeneHHOCTV BCNeACTBME CTYMEHYATOr0 U3MEHEHWS AMaMeTpa.

Ha yyacTke OO cuyeTuyuka ANMHOW Kak MUHUMYM 2D [0/DKHbI OTCYTCTBOBaTb BO3MYLLEHWS MOTOKa OT
hnaHues, chopmmnpoBaTenei notoka nT. N. Ha pacctosiHum He meHee 10D wam /min (4TO MEHbLUE) 40 cYeTumKa,
cekumna(n) Tpybonposoga fosmkHa(bl) y40BMETBOPATL Cneayrowmm TpeboBaHUAM:

a) TpybonpoBoa O0/MKEH ObiTh NPSAMbIM, TO €CTb HE UMeTb 13rnbos 6onee 5°;

b) pasHuua AnameTpoB ABYX CEKUUn TpybonpoBoaa Ha CTbiKe AO/IKHA COCTaBAATb MeHee 3 %;

C) BHYTPEHHWIA CBApPHOI LIOB BbIXOAHOTO dhslaHLa BXOAHOIO TPy6oMnpoBoda AO/MKEH ObiTb CTOYEH, U HU
OfHa 4YacTb MPOKNaAK/ UM TOPLEBON KPOMKM hnlaHua He A0/HKHA BbICTYNaTb B NOTOK;

d) ana cobnwgeHns ycnoBmsa LUIMHAPUYHOCTU cekuuii TpybonpoBoga HW O4HO M3 3HAYEeHWl BHYTPEH-
HVUX AnaMeTpoB B /II060M MOMNEPEYHOM CEeYEHUU He AOJ/DKHO oT/imyarbes 6osiee yem Ha 3 % OT cpefHero BHYy-
TpeHHero gnameTpa D, NoAy4yeHHOro no pesynbtataMm U3MepeHuii;

e) nsrotosutesib USM fo/DKeH NOATBEpPAMTb, YTO AOMNOJSHUTENIbHAA cucTeMarndeckas norpewHocTb ns-
MEepEeHUiA, Bbi3BaHHAsA CTyMeH4YaTbiM U3MEHEHWEM BHYTPEHHero gmameTpa 6onee yem Ha 1 % oT gnameTpa,
cocTtaBnseT meHee 1/3 MPE pgnia cOOTBETCTBYIOLLEro k/acca TOYHOCTM cyeTymka npu npoBefeHur TUMOBbIX
ncnbiTaHuii, cm. 7.3.

5.9.3.4 Twnb3bl TEPMOMETPOB U KAPMaHbl NJIOTHOMEPOB

TpeboBaHUA K rnuib3amMm TEPMOMETPOB U KapMaHaM MJI0THOMEPOB npuBefeHbl B 5.7.3.

5.9.3.5 dopmupoBaTtesin notoka

OfHMM 13 OCHOBHbIX MPENMYLLECTB Y/IbTPa3BYyKOBbIX CHETUMKOB ABMSAETCA OTCYTCTBME MOTEPbL AaBeHUs.
VMcnonb3oBaHne FC npuBOAUT K BO3HWKHOBEHWMIO MOTEPb AaBfieHUS U NUWAeT Y/IbTPa3BYKOBble CHETUMKA 3TOro
npeumyllecTea. Hambonee pacnpocTpaHeHHbIMU NPUYMHAMKM UCNO/b30BaHus FC ABNSAIOTCA OTCYTCTBUE AOCTYM-
HOro MPOCTPAaHCTBA A/1 PACMOSIOKEHUSI BXOAHOMO MPSMO/IMHEHOro yyacTka Tpyb6onpoBoga Heob6xoanmol Anu-
Hbl NN He NoAJaroLieecs KOMMYECTBEHHON OLEHKe BMAHME KOHbUrypaumm BXOAHOMO yyacTka TpybonpoBsoga.

YctaHoBka FC B nt060M MecTe uM3MepuTesibHOro Tpyéonposoga nepes USM npuBOAWT K U3MEHEHWIO
nokasaHuii cyeTumka. [laHHoe M3MeHeHne 3aBUCUT OT MHOTMX hakTopoB (Hanpumep, Tuna FC, Tuna cueTunka,
nonoxexHus FC otHocuTennbHO USM u Bo3MyLLeHnsa notoka nepef FC). UTobbl He AONYCTUTb HANIMUNA AaHHOM
[ONoNHUTENbHOW HeonpeaeneHHocT, USM fomkeH 6biTb KaMbpoBaH C KOHKPETHbIM FC 1 KOHKPEeTHbIM U3-
MepUTEsIbHbIM TPyOGONpPOBOAOM Kak efunHblii koMmniekt (USMP) nnm ¢ maketom FC 1 nsamepuTtenbHoro Tpy6o-
npoBoAa (Tak e U3roTOB/IEHHbIX U TeX Xe mogenei).

Ons USM npegnoytntensHbl FC Ha ocHoBe nepdiopupoBaHHbIX naacTuH. TpybyaTble FC 1 nonacTHble
FC TONbKO NOAaBNAlT 3aBUXPEHNSA, HE UCNPaBNAT NPOodn/ib NOTOKa M faxe MOryT Bbl3BaTb AOMNOJIHUTESb-
Hble MCKaxeHus npoduns.

MpuMep KOHCTPYKLMM U3MEepUTenbHOro Tpybonposoda C AByHanpasB/fieHHbIM MOTOKOM, B KOTOPOMA WUC-
nonb3ytotcsa gea USM n gBa FC, a Takxe rnib3a TeEpMOMETPa, PacnosiokeHHas B LEHTPasIbHON cekuun, npu-
BeJeH Ha pucyHke 11.

1— chopmuposaTtens notoka (FC); 2 — ynbTpa3BykoBoi cyeTurk raza (USM); 3 — MecTo yCTaHOBKM r1/b3bl TEPMOMETPA; a — A/InHa
y4yacTka He MeHee 2D (npegnouTutenibHO He MeHee 3D); b — pgnmHa yyacTka 10D; ¢ — anuvHa yyacTtka 5D; d — OocHOBHOe HanpasfieHve
notoka (npsiMoe); e — AO0MNOSHWUTENIbHOE HanpaBneHue notoka (06parHoe)

PucyHok 11 — TMpuMep KOHCTPYKLMM U3MepuUTenbHOro Tpy6onpoBoAa C AByHaNpaB/ieHHbIM NOTOKOM:

MpumeuaHune — FC MOXeT co3faBaTb 3HAUNTE/bHLIA LYM, 3aBUCSALLMIA OT KOHCTPYKLUUM FC 1 cKkopocTu rasa.
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5.9.3.6 BHYTpEHHAA MOBEPXHOCTb U LUEPOXOBATOCTb CTEHOK

OTNOXeHNA, Bbl3BaHHblE TUMUYHBLIMW YC/IOBUSIMU TPAHCMOPTUPOBKU rasa, Hanpumep KoHAeHcaTtbl wnu
MacC/SAHUCTbIE BK/IOYEHUSl, CMELIaHHble C OKa/IMHOW, TPs3bl0 WM MEeCKOM, MOryT MOBAWATL Ha NokasaTenu
TOYHOCTU cyeTyMKa. Takoe Xe BANSHUE MOXET ObITb BbI3BaHO KOppo3ueli HeobpaboTaHHbIX BHYTPEHHMX MO-
BepxHocTeli unn AedeKTHbIM BHYTPEHHUM MOKPbITUEM. MO3TOMY BHYTPEHHIOIO MOBEPXHOCTb W LUEPOXOBa-
TOCTb CTEHOK HEOBXOAUMO KOHTPOAMPOBATb Ha NpegMeT U3MEHEHWUI C MOMOLLbI ANArHOCTMYECKUX napame-
TPOB CUETUMKA, a TaKkKe ONTMYeckMMu (BU3yanbHbIMU) METOAAMW. BblOGpaHHbIA MHTEpPBasT KOHTPOS AO/MKEH
3aBUCETb OT YyBCTBUTENLHOCTM USM K AaHHbIM M3MEHEHUAM, a Takke OT 0XMAaeMbIX U3MEHEHWI LepoXo-
BATOCTU CTEHKMW.

5.9.3.7 iByHanpaB/ieHHOe UCMNoJib30BaHne

Mpun gByHanpaBNeHHOM MCMNO/Ib30BaHWM CYETUMKA BXOAHbIE U BbIXOAHbIE YH4acTKu TpybonpoBoga 40/K-
Hbl paccMmaTpmMBaTbCs KakK «BXOAHble». [o/mkHa OblTb ykasaHa 4YyBCTBUTENbHOCTb USM K B/IMSIHWUIO TU/1b3bl
TepmMmomMeTpa Win KapMaHa nioTtHoMmepa.

5.9.3.8 OpueHTayumsa cuyeTtyunka

TpeboBaHue 5.8.1 Takxke AO/HKHO BbINOMHATLCA Npy opueHTaunun USM B nonoxeHue, OT/INYHOE OT TOrO,
41181 KOTOPOro OH 6bl1 CNPOEKTUPOBAH.

5.9.4 Py4Hana norpy3ka-pasrpyska n TpaHCNopTUpOBKa

LomKHblI NPUMEHATBCA NpaBuaa, Kacawlmecs pyyHOl NOorpys3kn-pasrpysku. Lo/mkHa NpUHUMAaTbCHA BO
BHUMaHe BO3MOXHOCTb noBpexaeHns USM Bo Bpems MOrpy304yHO-pasrpy30UHbIX paboT 1 TpaHCNoOpTUPOBKH,
a TaKxe [0/MKHbl OblTb NPUHATHI BCE COOTBETCTBYIOLME Mepbl ANA CBEAEeHUSA K MUHUMYMY ee BEPOATHOCTU.
Hanpumep, cnegyeTt paccMoTpeTb:

a) Ucnosb3oBaHNe MHOUKATOPHOrO YCTPOICTBA BO BPeEMSI TPAHCMOPTUPOBKM, TAKOro Kak AaTyuuk yaapa;

6) ucnosb3oBaHNe COOTBETCTBYIOLLMX MOABEMHO-TPAHCNOPTHbLIX KOHTENHEPOB WK pawm;

C) MCNoNb30BaHVe 3alUTHBIX KpblWek 418 hnaHueB BO 3bexaHne BHYTPEHHEro 3arpsa3HeHns cYeTumnKka,;

r) ceBefleHne K MUHUMYMY CydyaeB feMOHTaxa y/bTpa3ByKoBOro npeobpasosarens n kabens;

€) BHeApeHue npouenyp, onnucaHHbIX B 8.2;

f) nocne Bbinycka 13 MPOM3BOACTBA MPUMEHEHME 3aliMTbl CYETUMKA U CEKLUA U3MepuUTenbHOro Tpy6o-
npoBoAa OT KOPPO3uu NyTeM KX NPOAYBKM WMHEPTHbIM ras3oM nepej TPaHCnopTUPOBKOIA.

5.10 JokymeHTauunsa

5.10.1 O6wme cBeneHnA

BcsA fgokyMeHTauusa AomkHa ObiTb aTMpoBaHa, U U3roToBUTE b AO/IKEH NPeAoCTaBUTbh NepeyeHb BCex
npefcTaBNeHHbIX JOKYMEHTOB.

5.10.2 O6uwan foKyMeHTaLNsa Ha CHEeTUUK

M3roToBuTENb JO/MKEH NPEfOCTAaBUTb UMK cAenaTh AOCTYNHbIMU Kak MAHUMYM creayiolie 4OKYMEHTbI:

a) onucaHve cyeTyuKa C yKasaHuem TeXHUYECKUX U MEeTPOSIOrMYEeCcKUX XapakTepucTuk U npuHUMna ero
paboThbl;

b) pycyHOK o6Liero suga n/vnu gotorpacduio cueTyrka,

C) HOMEHKNaTypy AeTaneil ¢ onucaHneM maTepuasnos, U3 KOTOPbIX OHW U3TOTOBJ/IEHbI;

d) c60pOYUHBI YepTeX C ykasaHWEM COCTaBHbIX YacTel, Nepeync/ieHHbIX B HOMEHKNATYPE;

€) uepTex € ykasaHnem pasmepos;

f) uepTex c ykazaHuem pacnosiokeHus 3HaKoB NOBepku W NIoMO6;

) YepTex Nnbo nsobpaxeHne TabnNYKM TEXHUYECKUX AaHHbIX UM UAEHTUGMUKALNOHHON Tabnnukm n
CXEMbl pPacnoioXeHns Haanucew;

h) yepTex BcnoMoraTenbHbIX YCTPONCTB;

i) MHCTPYKLMM MO yCTaHOBKe, 3KCnayaTauuun, NepuoanyeckomMmy TEXHUYECKOMY 0BCNYXMBAHUIO U yCTpa-
HEHWIO HeMcnpaBHOCTEN;

j) Mpoueaypy NOATBEPXAEHNS COOTBETCTBUS B YC/IOBUSIX 3KCMyaTauuu, Kak onucaHo B pasgene §;

K) OOKYMEHTaLMo Mo TeXHWYECKOMY OOCNYXMBAHWIO, BKIOYAsA YepTeXxu CTOPOHHUX npoussoauTenei
Ans N6bIX KOMNOHEHTOB, BOCCTaHABMBAEMbIX B YCMIOBMAX IKCMIyaTauuu;

I) nepeyeHb pekoMeHAyeMbIX 3anacHbIX YacTei;

T) onucaHue 6/10ka 3/1EKTPOHHON 06paboTKM CMrHaNOB, €ro yCTPOMNCTBO U 0bLiee onncaHne paboTsl;

M) onucaHme AOCTYMHbIX BbIXOAHbIX CUTHANO0B U M0ObLIX MEXaHW3MOB KOPPEKTUPOBKYU;

0) NepeyeHb 3NEKTPOHHbIX NHTEPEeicoB 1 TOUeK NOAKIIOYEHNS BHELLHUX Lienei ¢ ykasaHneM Mx OCHOB-
HbIX XapaKTepuUCTuK;

p) onucaHme yHKUMiA NporpaMMHOro obecneyeHns 1 pyKoBOACTBO MOJIb30BaTENS.
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5.10.3 ConpoBoguTtesibHas OKYMeEHTaUUA K CHETUUKY

M3roToBuTenb AO/MKEH NpeaoCcTaBuUTb UAK caenaTb AOCTYMHLIMU KakK MAHUMYM CreAyloline AOKYMEHThI
Ha KOHKPETHbIV CUETYMK:

a) rabapuTHble YepTeXM KOHKPETHOro CYeTyuka C ykasdaHueM MexdnaHUEeBOro pacCTOAHUSA CyeTyumka,
BHYTPEHHEro gnameTpa, MUHUMasIbHO AONYCTUMbIX pa3mMepoB MecTa A1 TEXHUUYECKOro 06CyXuBaHus, MecTt
kabesibHOro BBOAa M MacChl CHETYMKa;

b) OKYMEHTAUUI0O O COOTBETCTBUU KOHCTPYKUUU HOpMaMm K npasuiaMm 6e30nacHoCTy;

C) AOKYMeHTaLMio 0 COOTBETCTBUM paboumx XxapakTepucTuk cuetumnka TpebosaHuam 5.8 u pasgena 7,

d) LokyMeHTaumM 06 n3MepeHnsax HeobXxoAnMbIX NapaMeTpoB B COOTBETCTBUU € TpeboBaHnAmMu 5.2.4.2;

€) Konun cepTUgIUKaTOB rMAPOCTATUUYECKMX UCTbITAHUIA, CEPTUDMKATOB HA MaTepuasbl, OTYETOB O PEHT-
reHorpaguy CBapHbIX LUBOB M APYroro KOHTPOSA KayecTBa, onpefeneHHbIX NPOeKTUPOBLLUKOM;

f) poKyMeHTaunio 0 TOM, YTO KOHCTPYKLMA CYETYMKa YCMEeLHO NPoLL/ia UCNbITaHusA, OnMcaHHble B pas-
hene 6.

6 VcnblTaHne n KasimbpoBKa

6.1 NcnbiTaHMe noA AaB/IEHNEM U UCMbITaHWE Ha repMeTUYHOCTb

Kopnyc cueTunka fomkeH ObITb UCNbITaH noj AaBneHvem nepef FAT B COOTBETCTBMU C AelCTBYIOWMUMN
HOpPMaMun NPOEKTUPOBAaHUA.

CyeTumk A0/MKEH OblTb Hag/exawyMm o6pasom NPOBEPEH Ha repMETUYHOCTb NPU IH06bIX MPOEKTHBIX
yCNnoBusx ero paboTbl.

6.2 NHomBnayanbHble UcnbiTaHnda. CTaTnyeckue ncnblTaHuA

6.2.1 O6wme cBeneHUs

CraTuyeckne uCnbITaHUA BKIKYAKT U3MEpeHue pasMepoB kopryca cuyeTuuka (cMm. 5.2.4) n BpemeHu
3a/lepXeK B 3/IEKTPOHUKE N YNbTPa3BYKOBbIX MpeobpasoBaTensax, a Takke NPOBEpPOYHOE UCMbITAHWE MPU Hy-
NleBOM pacxoje.

6.2.2 NIamepeHne BpeMEHN N BPeMA 3a4ePXKKU

Bpemsa 3a4epxkn curHana B y/bTpPa3ByKOBOM rpeobpasoBaTenie, 3/IEKTPOHUKE U kabene MOryT Bbi3BaTb
cucTeMatmyeckme MorpelHocT M3MepeHUs CKOpPOCTW, eCi OHW HenpasBW/IbHO 3aaHbl B CUCKe napame-
TpoB USM. M3roToBuUTENb MPU HEOOXOAMMOCTU AO/KEH U3MEPUTb U 3a40KyMEHTUPOBAaTb BpeMs 3aepXKku
(3agepxek) curHana B 3N1eKTPOHMKe, kabene n ynbTpasBYKOBbIX NpeobpasoBartensax. JosmkHa 6biTb yKkasaHa
HeonpeaeneHHOCTb M3mMepeHuid. TecToBbli ra3l) n Bce KanMbpoBoyHoe 06opyaoBaHMe AN BbINOHEHUS 3TUX
n3MepeHuii JO/MKHbI MMeTb cepTudukaTbl KannbpoBku, MMEIOLLMEe NPOCNEXMBAEMOCTb K MEXAYHapOAHbIM
NPU3HaHHLIM 3TasioHaM. J1lo6ble U3MEHEHUSA BPEMEHN 3a[ePXKW, Bbi3BaHHbIE OTIMUMEM MeXay paboynmu yc-
NOBUAMU 1 YCNIOBUSAMU KaNIMOPOBKX, AO/MKHbI 6bITh YCTAHOB/IEHBI U CKOMMNEHCUPOBaHbI A/18 YA0BNEeTBOPEHUS
TpeboBaHNsA K HEOBXOAMMOIN HeonpeaeneHHOCTU U3MEPEHWIA.

6.2.3 lNpoBepka HyneBOro pacxoa

[ns npoBepku cUCTEMbl U3MEPEHUs BPeMeHW pacrnpoCTpPaHeHUs curHana cyetymka HeobXoAMMO Bbl-
NOMHUTL NPOBEPKY HyNeBOoro pacxofa. M3rotoButesnb AOMKEH YCTAHOBUTb Mpoueaypy NpoBepku M A0NYyCTU-
Mbl€ OTK/TOHEeHUS.

Mpoueaypa NpoBepkM A0/HKHA BKIOYaTb, Kak MUHUMYM, cregyloulee:

a) Ha 060Mx Topuax kopnyca cyeTymka AO/DKHbI OblTb YCTAHOB/EHbI 3aryLUKu;

b) aKycTnyeckMe CBOICTBA TECTOBOrO rasa WAW rasoBoOli CMecu, OTBETCTBEHHOCTb 3a Bbl6OpP KOTOPbIX
NeXnT Ha n3rotosuTene, JO/MKHbI ObITb 330KYMEHTUPOBAaHDI;

C) ra3 fO/MKEH 6bITb TOMOrEeHHbIM NpU CTabU/IbHOM AaBneHun n TemnepaType, 0CO6EeHHO Npyu UCNbITaHK-
AX Ha BbICOKOM [aBfIEHUU; YC/IOBUA NPOBEPKN CUNTAOTCA CTabW/IbHBIMWU, €C/IM OTHOCUTE/IbHOEe CTaHAapTHoe
OTK/IOHEHWe cpefHeli CKopocTu 3ByKa He npesbiwaeT 0,05 %;

d) ckopoCTb rasa u CKOPOCTb 3ByKa A5 KaXAO0N aKyCTUYeCKOl TpaekTopun AO/KHbI PerMcTpupoBaTbes
B TeyeHne He meHee 300 c, U3 KOTOPbIX 3aTEM PaCcCUMUTLIBAKOTCA CpefiHMe 3HayYeHUs U UxX cTaHgapTHOe OTK/10-
HeHWe ONS1 KaKA0W aKyCTUYECKON TpaeKkTopuu;

1) B Poccuiickoit ®epepalmm B KaiecTBe TECTOBOrO rasa A0/HKeH 6biTb UCNO/b30BaH ras ¢ N3BeCTHbLIM KOMMNO-
HEeHTHbIM COCTaBOM, ONpefeieHHbIM C HOPMUPOBAHHbIM 3HAYeHUEeM HeonpeaeneHHOCT Y N3MEPEHUIA, NPOC/IeXMBaEMbIX
K COOTBETCTBYIOLWEMY NMEPBUYHOMY 3T a/IOHY.
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€) nokKasaHusi Npu Hy/IEBOM pacxode M abCcontTHoe oTkNoHeHne SOS ansa Kaxaoi akycTuyeckoli Tpa-
€eKTOpUKN A0/MKHbI YA0BNETBOPATL TpeboBaHuAM 5.8;

f) HeonpegeneHHOCTb NpU U3MeEPEHUN AaB/ieHUs TECTOBOrO rasa fosmkHa 6biTb meHee 0,1 %, a Heonpe-
OENEeHHOCTb NpyY n3MepeHnn TemnepaTypbl TECTOBOIO rasa Ao/mkHa 6biTb MeHee 0,2 K;

) TeopeTnyeckne 3HayeHma SOS o/MKHbI BbITb paccuMTaHbl C y4eTOM aHasmM3a NnoJsIHoro coctasa rasa
C UCMNOMb30BaHNEM MeXAyHapoAHO NMPU3HaHHbLIX aNropuTMOB; TeopeTUYecKkas CKOPOCTb 3BYyKa MPOBEPOYHOro
rasa fos/mkHa 6bITb paccumTaHa ¢ HeonpegeneHHocTblo meHee 0,05 %.

6.3 WNHgmBmnayanbHble ucnbiTaHnsA. KannbpoBKa B NOTOKe

6.3.1 O6wume cBegeHUA

Bce cueTumkn knacca 1 gomkHbl 6bITb KannbpoBaHbl B NOTOKE B COOTBETCTBUM C METOAMKOW, NPUMEHS-
eMoii B pacxofousmepuTenbHoli nabopartopun. na cHETUNKOB Kacca 2 KanmbpoBKa B NOTOKE HACTOATE/IbHO
pekomeHayeTcs.

KannmbpoBKa CUETUMKOB MOXET Takxe noTpeboBaTbCs MO CAeAylwuM npudrHam:

- TpeboBaHNA HauMoHaNIbLHOro 3aKOHO4AaTeNbCTBA,;

- BbICOKME TpeboBaHUA K TOYHOCTH;

- NPUMEeHeHne 4719 KOMMEPYECKoro yyeTta.

Kanubposky cnegyeT BbINO/HATb, UCNOMb3YS penpe3eHTaTuBHbIN ras. Mpn HaaMumm cooTBETCTBYHOLLEN
BO3MOXHOCTW Ka/IMbpoBKa MPOBOAUTCS B YC/I0BUSAX, Hanbonee 6amM3kux Kk pabounm. Mpu OTCYTCTBUM TakoW
BO3MOXHOCTW B HacTosLleM CTaHAapTe NPMBOAATCHA YpaBHEHWS U pekoMeHJauuu ons cutyauuii, B KOTOPbIX
paboyee faBfieHne 3HAUUTESIbHO OT/IMYAEeTCA OT AaBfeHnsa npu Kannbposke (cm. pasgen 9).

PesynbTaTtoM Ka/iMGpoOBKU B MOTOKE SABMSETCA HABOP CUCTEMATMUYECKMX MOTPEeLIHOCTEl B 3aBUCMMOCTM
OT pacxoga wnu uncna PeiiHonbaca. 3TOT Habop 06bIYHO NPeACcTaBsAeTCs B BUAE «KasIMOPOBOYHON KPUBOM»
N [O/DKEH MCNO/b30BaTbCA /19 KOPPEKTUPOBKU BbIXOAHOIO CUrHana cyetyuka, kak onucaHo B 6.3.4. M3roto-
BUTENb AO/DKEH NpefocTaBuTb Npouenypy KasmbpoBKM U pPerynnpoBKy.

CyeTurK pekomeHayeTcs kasmbpoBaTb Ha pacxofax B Auana3oHe OT MakCMMasibHOro pacxoga npume-
HEeHWs qV max op U 40 MWHMMaJsIbHOTO NPOEKTHOro pacxoga cyeTymka qv mn, cM. Takke 5.1.1.

Mockonbky USM MoOryT 6biTb YyBCTBUTE/bHbI K BO3MYLLEHUAM MOTOKA, BbI3BAHHLIM CBapHbLIMU LUBaMW,
MX He AO0/HKHO 6bITb BO BXOAHOM Tpybonposoge. Cwm. Takke 5.9.3.3.

6.3.2 KanmbpoBka B NoToke B nabopaTtopuu

6.3.2.1 O6wue cBefeHns

UTo6bl CBECTM K MUHUMYMY HeEOnpenesieHHOCTb pe3y/sibTaToB KasiMbpOBKW, ee crefyeT BbINOHATbL B
nabopatopusax, B KOTOPbIX OCYLLECTBAAETCA KOHTPOJ/Ib KayecTBa B cooTBeTcTBUM ¢ ISO/IEC 17025 n umetoTcs
nogTBepXAeHns 3asBsieHHbIx CMC (paclumpeHHas HeonpeaeneHHOCTb KannmbpoBOYHON ycTaHoBkun UCMC),
onpepeneHHbix B cooteeTcTBun ¢ ISO/IEC GUIDE. 98-3 (GUM).

Kannbposka fo/mkHa 6bITb BbIMOMHEHA C COGNI0AEHMEM CeayoL X TpeboBaHuii:

a) B YC/IOBUAX HEBO3MYLLEHHOIO, T. €. HE3aKPYYEHHOro, HenysibCUPYIoLWEero u 0CECUMMETPUYHO pa3Bu-
TOro notoka (cm. 6.3.2.4);

b) B yCNnoBuAxX cTauMoHapHoro notoka (cMm. 6.3.2.4);

C) B TeYEHME CTATUCTMYECKM 3HAYMMOro nepuoga spemenun (cMm. 6.3.2.2);

d) B pabouemM gmanasoHe pacxofoB; CreAyeT BblopaTb kak MAHUMYM LWECTb, a npeanovytTuTenibHee cemb
Touek, Hanpumep, ANsA kasMbpoBKM Mo cemMu Touykam: 100 %, 70 %, 40 %, 25 %, 10 %, 5 % oT qv mex op u
9V, mirv

€) C MCNOo/Ib30BaHNEeM BXOAHbIX U BbIXOAHbIX NPAMOSNHEHbIX y4acTKoB cueTunka n FC nnbo cneunans-
HbIX Ka/IMBPOBOYHbIX y4acTKoB Tpybonposoaa, Korga 310 Heo6XoAnMO;

f) ecnn nepepg CH4eTYNMKOM MMEKTCA NPEnAaTCTBMA B BUAE TU1b3 TEPMOMETPOB U/Mnn Npo6ooT6OPHMKOB,
cyYeTUMK crefyeT KanubpoBaTb B COCTaBe C 3TMMU KOMMOHEHTaMU, pacnosioKeHHbIMU Ha TOM Xe pacCTOSHUN
N C TOW XXe OpueHTaumen, YTo 1 npu akcnayaTauuu;

0) nonb3oBatesib AO/DKEH y6eAnTbCA B OTCYTCTBUM YXYALUEHUA COCTOAHMA U/unn 3arpsasHeHns USMP
(cbopmmpoBaTenis NOTOKa M BXOAHOrO yyacTka Tpy6onposoga);

h) pacuet HeonpefeneHHOCTU OO/HKEH BBINOMHATLCA B COOTBETCTBUN C ISO 5168.

6.3.2.2 MpoJo/mKNTeNbHOCTb KasImbpoBKM

MpoaoMKUTENBHOCTL M3MEPEHUI (OAHOTO KOHKPETHOTO 3HAYeHUs pacxofa) AO/HKHA ObiTb [OCTATOYHO
60NbLIONA, YTOOblI YMEHbLWNTL BAUSHME CyYaiHbIX NPOLLECCOB M OFPaHMYEHHOr0 paspeLleHns nokasaHuin go
npeHebpexnmo MasibiX BesIMYUH.
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MpepnaraeTtca ABa MeToja.

1) MeTopg, Tekylero cpefHeKkBaapaTUYecKoro OTKNOHEHNS: BO BpPEMS U3MEPEHWA efUHUYHble pe3yb-
TaTbl UCMOMb3YIOTCA B pacyeTe TeKyLero cpefHeKkBaapaTuyeckoro OTK/IOHEHUA A9 BblUMCNEHUSA Heonpege-
NIEHHOCTUN U3MEpPEHNs cpedHeli NorpeLHoCcTU cueTunka. Korga Tekylee cpegHekBaapaTtuyeckoe OTKIOHEHUe
NpYHMMaeT yCTaHOBUBLLEECS 3HauyeHue, Tpebyemas NpPoOAO/IKUTE/IbHOCTb CYMTaeTCs AOCTUTHYTON, U nosy-
yatT KOHeYHoe 3Ha4vyeHue cxoammocTu (cm. 5.8).

2) MeTof, hMKCUPOBAHHOIO BpEMEHN U3MEePEeHUs: cpefHuii pesynbTar U3MepPeHUs Ha OAHOM 3HayeHUu
pacxofa paccyuTbiBaeTCs Ha OCHOBE HECKONbKMX u3mepeHuid. CnegyeT NpPoOBECTUM KakK MUHMMYM TpuU U3Me-
peHnsa ANa Kax4oro 3HayeHus 3afaHHOro pacxoga. 3TU TpU U3MEPEHUs He AO/DKHbl UMEeTb TeHAEHLUMIO K
OTK/IOHEHUI0 B OAHOM Hanpas/ieHWW, MPEBbILALLY0 3asB/IEHHYI0 CXOAUMOCTb. Heobxoaumo, no KpainHein
Mepe, elle OfHO AOMOJSIHUTENIbHOE M3MEpPEHUe, noka TpU MocnefoBaTeflbHbIX U3MEpPEeHUs He YA0B/EeTBOPAT
3TOMy Tpe60BaHUI0. BbINOMHAT CTOMBKO U3MEPEHUIA, CKO/TbKO HEOBXOAUMO, MOKa HeonpeaeneHHOCTb cpef-
Hero 3Ha4yeHus1 NOrpeLIHOCTM CYEeTUMKA Ha JaHHOW TOouYke pacxofa He 6yAeT COOTBETCTBOBATb TPEOOBAHUAM K
CX0OUMOCTU, NpuBeAeHHbIM B 5.8.

CX0AMMOCTb BO BPeMs KafIMbpoBK/ AO/HKHA pacCUnTbIBATbLCSA Kak HeonpeaeneHHoCTb U3MepeHuii cpeg-
Hero OTK/TIOHEHUS cUYeTYMKa Ucxoasa n3 hopmysbl, npuBegeHHon B 3.1.4.5:

rcal - "AM = “T p (13)

®opmyna (13) ocHOBLIBaeTCS Ha HeonpeaeneHHoOCTU oAHOro usMepeHnuss UAS (CcM. onpegenieHne cxoam-
MOCTW) U YnC/a BbIMOMHEHHbIX U3MEPEHWUIi M.

MpumeuyaHne — HeonpeaeneHHOCTb CPeAHEro OTK/IOHEHWsI CYeTyrka MOXET MpeBbilaTh A0MyCKaeMbilii
npegen BCNeACTBME C/IULWLIKOM Masioro uucna HaG/ioaeHWin ninnm HecTabuibHbIX YCNoBUiA. UTO6bl UCKNIOUNTL AaHHYI0
BEPOSITHOCTb, C Liefblo OnpeaenieHnss COOTBETCTBUS Ka/IMBGPOBKM CUeTUMKa TPe6GoBaHMI0 CXOAMMOCTY cedyeT NpPoBecTy
[ONOSHATENbHbIE U3MEPEHUSI B YCTAHOBUBLUUXCS YC/IOBUSIX.

MpakTuka nokasana, 4to obwas NpoAO/HKUTENBHOCTL O4HOIO N3MepeHns gosmkHa 6biTb He meHee 300 ¢
(Hanpumep, 3 noBTopeHus no 100 ¢ 1 He meHee 3300 MMNY/LCOB B KaXAOM MOBTOpeHuun). B cnydae, ecnu
TpeboBaHue No cxoaAuMocTH, npuBefeHHoe B 5.8, He fAoCTUraeTcs B pasyMHble CPOKW, HEOH6XO0AMMO UCNOJb30-
BaTb BPeMs ycpefHeHVs B COOTBETCTBUN C NpunoxeHnem D.

6.3.2.3 HeonpeaeneHHOCTb KaIMGPOBOYHOI YCTAaHOBKM

Bbi6op noaxoAsuwiein kanmbpoBo4YHOI NnabopaTopun BaxeH AN AOCTWXKEHUS HWU3KOW HeonpeAeneHHo-
CTU. B 3aBMCMMOCTU OT faBNeHus 1 pacxoa CyLecTBYIOT 60/blUne pasiming Mexay karnmbpoBoYHbIMU n3Me-
puTenbHbIMK BO3MOXHOCTAMK (CMC) pa3nnyHbix nabopatopuin. HekoTopble nabopatopumn 60nblue NoAXOAAT
0N HeBOoMbLUMX TMNOPAa3MEpPOB CYETHMKOB, Apyrne — Ansa 6onblnx. HeonpeaeneHHOCTb KaiMbpOBOYHbLIX U
n3MepuTenbHbIX BO3MOXHocTeli UCMC yuutbiBaeT HeonpegeneHHOCTM UMepeHuii pabodeii TemnepaTtypbl ©
OaBfieHns BO BpeMs kasiMbpoBKnM v Ntobble HeonpeaesieHHOCTH, BO3HUKAKLWMe B pe3ynbTate npoueaypbl pac-
yeTa, UCMNOAb3yeMOli 4f1a onpefesieHnsa NOrpeLlHOCTM Kaimbpyemoro cueTymka.

HeonpegeneHHOCTb M3MepeHWA, BbIMOSTHAEMbIX Ha UCMbITATe/IbHOM CTeHAe, AO0/DkHa ObiTb AOCTaTou-
HO HMW3KOM, 4TO6bI 06ecneunTb YAOBETBOPUTESbHbIA BHOMXKET HeonpeaeneHHOCTU o6Lein n3MepuTenbHOol
cuctemsbl. 3asaBneHHas UCMC nabopatopun gomkHa 6bITb MeHbLUE, YeM ofHa TpeTb MPE Ans cooTBeTCTBYIO-
Lero knacca cyetymkal).

6.3.2.4 YciioBusa noToka

B nabopatopun TpybonpoBogHas 06Bsi3ka Bbllle MO MOTOKY AO/KHA ObiTb BblGpaHa Takum obpasom,
4yTo6bl HEe BHOCK/IACb AOMNOJMIHUTENIbHAaA norpewHocTb. KanubpoBoyHas ycTaHOBKa Ao/kHa obecneunBatb
NMOMIHOCTbI0 COPMUPOBAHHbI M HEBO3MYLLLEHHbI NPOdU/Ib NOTOKA Bbilwe No TeyeHnto ot USM/USMP. [onx-
Hbl Yy4MTbIBaTbCA TPebOBaHUA U pekoMeHAauun, npusedeHHsle B 5.9.2 1 5.9.3. Ycnosus Bo BpeMs Kannbpos-
KW MW UCnbITaHWii Ha KanMOpPOBOYHOW YCTAHOBKE, TakMe Kak BHYTPEHHME AnameTpbl Tpyb6onpoBogoB, KOH(U-
rypauvy Tpy6onpoBoja, pacrnosiaraemMoro Bbllle No TeYEeHU, COCTOsSIHME BHYTPEHHUX noBepxHocTelr USM u
Tpy60npoBOA0B, A0/MKHbI 6GbITb TOYHO 3a40KYMEHTMPOBAHbI.

CT1abunbHOCTbL AaBrieHus, TeMnepaTypbl U pacxofa AO0/HKHA COOTBETCTBOBATb MakCMMasibHO A0MYyCTuU-
MbIM OTK/IOHEHMSAM, KOTOpble nernn B ocHoBy UCMC.

1) B cnyyae, ecnu UCMC nabopaTopum xyxe, 4em ogHa TpeTb MPE, oueHKy MeTposiornyecknx xapak TepucTmnk
cyeTuuKka AonyckaeTcs NPOBOANTbL NyTEM YMEHbLUEHWS NPUMEHSeMOl MaKCHMasbHO AONYCTUMOW MOrpelHocTH
cyeTuMKa B COOTBETCTBUMN C 6.3.3.
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Y aTanoHHOro TypbrHHOro cyetynka 6yaeT MpoMCXOAuTb CABWI B NMOKa3aHWAX BCAeACTBUE Ny/bcaluii
NMoTOKa, ec/in OH He MOXeT c/fiefoBaTb 3a ObICTPbIMU U3MEHEHMAMM pacxofa. ITO NMPOUCXOAUT, Koraa yactora
nynecauunii npesbiwaeT 0,2 M T T, rae TT— MOCTOSIHHAsA BPEMEHU TYpPOUHHOrO cuyeTyuka. dTa MOCTOsIHHas
BPEMEHW 3aBUCUT OT COOTHOLUEHUS MeXAY Maccoi koneca TypbuHbl U MacCoBbIM PacXOAOM 4Yepes CYETUUK.
3Ty nHopMaunio A0MKEH NPefoCTaBAaATb NU3roToBMTENb TYPOMHHOIO cyeTyuka.

CnepyeT n3beratb nynbcaunini ¢ amnautygoin Ag/q > 3,2 % n yactoTtoin 6onee 0,2 «1/Tdp CnepgyeT Tak-
Xe usberatb nynbcauuii ¢ YactoTamu, NPeBbILALUMU NOOBUHY YacTOTbl AUCKPETU3aLUN YbTPa3BYKOBOIO
cyeTyuka, YTobbl CBECTU K MUHUMYMY BAUSHWE Ny/bCauUil Ha Y/1bTPA3BYKOBOM CUYETUNK.

Mpn kanMbpoBKe A0/MKHA NPUMEHATLCA KOPPEKUUSA BNUAHUA NpYcoeguHeHHOro o6bemal), a ee Heonpe-
OEeNeHHOCTb — YyuTeHa B pe3y/ibTaTe KasimGpoBKu.

Nio6oe n3mepeHne fOMKHO ObiTb OTKIOHEHO NPU BO3HUKHOBEHUW KaKOW-1M60 U3 cneayowmx cutyayuii:

a) A p> 0,2 % 3a 0aHO U3mepeHue (BMAHNE MPUCOEAUHEHHOIO 06bEMA);

b) AT > 0,25 K 3a 100 c (apeiicd Temnepatypsl);

c) Ap > 0,002p 3a 100 c (apelicp gaBneHus);

d) Agv > 0,03c/y3a 100 c (apeiich pacxoga);

BennuunHbl, ykasaHHble B nepeyncrieHnax ot a fo d, A0/HKHbI KOHTPOMPOBAaTLCA M AOKYMEHTMPOBATLCA
BO BpeMs KanmbpoBKu.

6.3.2.5 TemnepaTypHoe pacc/ioeHne B KasiMbpoBOYHONM yCTaHOBKE

Bo Bpems kaniMbpoBkM, 0COBEHHO Ha MasiblX CKOPOCTAX MOTOKA rasa, MOXeT BO3HWKHYTb paccC/loeHue,
Korga pasHuua Mexay TemnepaTypoil Hapy)XHOro Bo3gyxa v TemnepaTypoii rasa npesbiwaet 5°C.

CKOpOCTb 3BYKa B CaMOii BEPXHEN U caMOi HMKHEN rOPU30HTaNIbHOW M3MEPUTENbHOM TPAaeKTOpPMM CYeT-
yrka C XOpPA0BbIMY TPAEKTOPUAMN MOXHO WUCMOJb30BaTb A9 OOGHAPYXXeHUA HaMuus TemnepaTypHoro pac-
cnoenus. Mpn pacxogax Bbille vt CKOPOCTb 3ByKa B BEPXHEV TPAeKTOpUKN He [o/KHA OT/imyaTbes 6onee yem
Ha 0,2 % OT CKOpPOCTM 3BYKa B HWXHEN TpaekTopuu. B NPOTUBHOM cnyyae Touka KasiMbpoBKW A0/IXKHA ObITb
noBTOpeHa.

CooTBeTCcTBYHOLWAsA TENION30NALUA BXOAHOIO yyacTka TpybonpoBoaa, pacnosioxXeHHOro Bbile Mo Teve-
Huto, USM(P) 1 yyacTka namepeHus temnepartypbl npefoTepallaet pacc/ioeHue.

6.3.2.6 Kanubposka npw AByHanpas/ieHHOM MOTOKe

USM n USMP knacca 1, ncnosb3yemble Ans gByHanpaB/ieHHbIX MOTOKOB, AO/MKHbI ObiTb KasinbpoBaHbl
B 060MX HanpaBneHUAX COBMECTHO C YCTAHOBJIEHHbIMY TW/1b3aMn TEPMOMETPOB.

6.3.3 OueHKa MeTpOoNornyecknx xapakTepmucTmk cueTvmka

OueHKa MeTpoIorMYecKMX XapakTepPUCTUK cHETUMKA A0/HKHA OCHOBbIBATLCA Ha KOMOGMHaLMK Kanuépo-
BOYHOW KPWBOI W NMHEHOTO CMELLLEHMUS, CBA3AHHOIO TO/IbKO CO CpefHEeB3BELLEeHHbIM MO pacxoay 3HavyeHnem
norpewHoctn (FWME). [ipyrue nonpasku, Takne Kak annpokCUMauus KpUMBOW WU NMHeapusauus, He MoryT
6bITb UCNOMb30BaHbl A/1 OLEHKM XapaKTepUCTUK CHETUMKA, NMOCKONbKY OHWM MOrYT MackMpoBaTtb CKpbITble fe-
heKTbl KOHCTPYKUUN. OHU A0/KHbI MPUMEHATLCSA TOJSIBLKO MOC/E YTBEPXAEHWUA KPUBOIN pabounx xapaktepu-
CTUK cyeTymKa.

MeTtoguka pacyeta FWME npuBefeHa B B.2 (npunoxeHue B), pesynbTartbl pacyeta AO0/DKHbl ObiTb NpPO-
BepeHbl Ha COOTBETCTBME TpeboBaHUAM Knacca TOYHOCTY.

USM 1 USMP f0/KHbI COOTBETCTBOBATb TPe6OBaHMAM K TOYHOCTU, yKa3aHHbIM B 5.8, B AnanasoHe pac-
X040B Mexay mn cal u dy Tax cal.

MpumeyaHue — Ecnm HeonpefeneHHOCTb KanMBGPOBOYHON yCTaHOBKW He cooTBeTcTBYeT Kputepusam UCMC,
MU3N0XEHHbIM B 6.3.2.3, TO N3MepuTesibHble XapakKTepPUCTUKN CYETUYMKa MOXHO oueHumBaTb Apyrmm CI'IOCO60M, nytem
YMEHbLUEHNSA NPUMEHSEeMOW MaKCMMasbHO AONYCTUMOW mnorpewwHocTn. B atom cnyyae norpewHoctn USM unam USMP
A0J/KHbI COOTBETCTBOBATL CrieAyloWnmMm KpUtepnam npuemMkn:

6.3.4 KoppekTunpoBka 1 3anucu

6.3.4.1 O6wue cBefeHuN

MonpaBoYHble KO3MULNEHTbI U KOPPEKUUS KannbpoBOYHON KpuBoli (NMHeapusauus) MOryT npume-
HATbCA B BblYMC/UTEIE pacxoja ManM B cueTumke. Heobxoaumo cnegmnTb 3a TeM, YTOObl O4HA M Ta Xe nonpas-
Ka He NnpuMeHsnacb B HECKOJIbKMX MecTax.

1) Moa NpMCOefVMHEHHBIM 06BLEMOM MOHMMAETCSH BHYTPEHHUI 06beM TPy6ONpoBOAHON 06BA3KM Mexay cyeT-
YMKOM W 3TaNoHHbIM(M) NpeobpasoBaTeneM(iMn1) pacxofa KasMbpOBOYHON yCTAHOBKW. BnusiHne npucoegMHEHHOro
ob6bema 06YyCMOBEHO M3MEHEHWEM MacChl rasa B TPyb6onpoBoAHO/ 06BsA3Ke B pe3y/fibTaTe U3MEHEHUS napameTpoB
COCTOSIHUS rasa 3a Bpemsi n3mepeHui.
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Bo3MOXHble MeToAbl NPUMEHEHNSI NOMPaBOYHbIX KO3IWPULNEHTOB:

a) FWME B Tpebyemom guanasoHe pacxofa cyetyuk; npumep pacdyeta FWME nokasaH B B.2 (npuno-
XeHue B);

b) anropMTMbl MHOFOTOYEYHON NMHeapusaunn (Hanpumep, KyCOUYHO-IMHeHas MHTepnonauusa) no Kanu-
6poBaHHOMY (3KCMyaTauMoOHHOMY) AMana3oHy CHeTUUKa;

C) NONMHOMMASIbHbIE a/IrOPUTMbI N0 KanMbpoBaHHOMY Auana3oHy pacxofoB CYeTYMKa; Npu UCMNoNb30-
BaHUWM NOJIMHOMUANIBHBIX a/ITOPUTMOB HEOOXOAMMO CTpPOroe cobnfeHne mMmaremaTnyeckux npasun anmnpok-
cUMaLUN gaHHbIX.

Ecnn cyetumk paboTaeTt 3a npegenamm KanmbpoBaHHOrO AuanasoHa, TO nonpaska AO/DKHAa 6bITb 3a-
dmKcupoBaHa B COOTBETCTBUU C €€ NOCNeSHUM 3HAYEeHUEM A1 KasiMbpoBaHHOIo qv nn uam qv max cooTBeT-
CTBEHHO. FleonpeaeneHHOCTs U3MepeHuii B 3TO 06/1aCT HeM3BeCTHa.

[ns kannbpoBkM B pexvMe AByHanpaBfeHHOro NoTtoka BTOPOA Ha6op KO3(h(ULMEHTOB AO/MKEH WC-
nosib30BaTbCs AN 06paTHOro NoToKa.

Mpn NpYMEHEHUN KOPPEKUUN KannMbpOBOYHOI KpMBOM (NMHeapusauumn) MoXeT ObiTb MCNONb30BaH cre-
AyoWniA anropuTM KOppekuun:

100

,\Vue ~ Qv,actual 14
QuVe = Qu 100 + e(qV/ actual) (14)

roe gv actua] — MCXOAOHbIA U3MEPEHHbI pacxop;
e(qwactual) — norpewHocTb cyeTymka npu qv actual, %;
Qv true — ckoppekTUpoBaHHOE 3HayeHue pacxopa.

lMocne BHeceHUs NonpaBoK HEO6XOA4MMO NPOBEPUTL Pe3ynbTaTbl KOPPEKLMN CHETUMKA.

Ons FWME koppekuun pekomeHayeTcs OfHa TO4YKa NPOBEpKM Mpu 3HaYeHUW pacxopa, NpYMepHO pas-
Hom 40 % pabouero gnanasoHa.

Mpn MCNO/Ib30BaHWM MOIMHOMUWANBHON KOPPEKUUN WU MHOTOTOYEYHOW NUHeapu3auun HeobXxoauMbl
Kak MUHUMYM [B€E TOYKM NPOBEPKW, KOTOPbIE NPeAnoYTUTENILHO BbIGMpaTh B Anana3oHe pacxogos oT 10 % Ao
25 % gqv max u ot 70 % o 100 % qv mex COOTBETCTBEHHO. 0 kpaiHeli Mepe, ofHa To4Yka NPOBEPKM A0/MKHA
6bITb BblOpaHa Mexay ABYMS COCEAHVMMW 3HAYEeHUSMU pacxoa, NPYMEeHEHHbIMW Npu KanbpoBske.

6.3.4.2 PesynbtaTthl

3anucu BK/IOYAIOT:

a) gata(bl) ncnbiTaHns;

b) 4N ABYHaNpPaBfEHHbIX CYETUMKOB: «MPSMONM NOTOK» UM «0BpaTHbIA NOTOK»;

C) YCTaHOB/IEHHbIE MOrpelHocT 6e3 KOPPEeKTUPOBKU MOKa3aHWA cueTyuka U Noc/sie KOPPEKTUPOBKMY,
cymMMapHasa HeonpegeneHHocTb UtoV 3HayeHns llcmc 1M CXo4uMMOCTb MpU UccnefoBaHHbIX pacxojax;

d) Ana ykazaHus, 06HOB/IANCS /N Ha CUETUMKE MOMNPaBOYHbIA KO3(PMLMEHT, B C/lydae OAHOTOUYEUHOWN Kop-
pekuMmn A0MKHbI ObITb NPUBEAEHBI 3HAYEHMA NoNpaBoYHbIX Ko3adduuneHToB 1 FWME A0 1 nocne KoppeKkTUPOBKY;

€) ona obneryeHUss MHOrOTOUYEYHOW KOPPEKTUPOBKM KanMbpOBOYHON KPMBOL B NOJIEBbLIX YCAOBUAX (K-
Heapusauun) NHANBMAYasbHble HacTpanBaemble napameTpbl, HanpuMep YyactoTa UM UMnyabc-hakTop Touek
KanmbpoBKu;

f) KOHTPONIbHbIE TOUYKM KAaNMBPOBKM, eCV MPOU3BOAUNACH HACTPOIKa CHETUUKA,;

) NNOTHOCTb M BA3KOCTb rasa Win/u KOMMOHEHTHbI cOCTaB rasa;

h) pesynbTaTbl NnpoBepkn MSOS Ha cooTBeTcTBME TSOS, paccumTaHHoi no AGA-8 unm GERG-2004 [61];

i) paiin xypHana, cogepxallinin Bce guarHoCTUYECKMe AaHHble, MOJIyYeHHbIE BO BPEMS KalMbpOBKM,
BK/IIOYAKOLWNI KaK MUHUMYM:

- MSOS B 3aB/CMMOCTM OT pacxoaa;

- undpoBoli otnevatok MSOS;

- hOopMbI CUrHaI0B B 3aBMCUMOCTM OT Pacxopa,;

- 3HayeHns S/N B 3aBMCMMOCTU OT pacxona;

- 3HaYeHNs aBToMaTU4YeCKOl perynnuposku ycunenmsa (AGC) B 3aBUCMMOCTU OT pacxoaa;

- 3HaYeHNs1 cpeaHeKBaApPaTNYECKOro OTKIOHEHUST 1 CKOPOCTM MO Kaxaol Tpaektopun USMP un nx cooT-
HOLLEeHVE;

j) oT4yeT 0 NapameTpax KOHurypaumm cyeTymka W KOHTPOJIbHbIX CymMMax npu KanmbpoBke W nocne
HaCTPOIKN.
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6.3.4.3 VigeHTudmkaLms cyetymka u onmcaHme yctaHOBKM

Heobxoanmo 3anucaTb:

a) flaHHble, NnpejocTaBNeHHblEe N3rOTOBUTENIEM, TakMe Kak:

- pasMep cUeTurKa;

- cepuiiHble HOMepa cyeTuMKa, 3NEeKTPOHUKN 1 YNbTPa3BYKOBbIX Npeobpa3oBaTeneil;

- BEpCUS NporpaMMHOro obecneyeHus;

b) AaHHbIE NCMbITYEMOr0O CUETUUKA,;

C) AaHHble KanMbpoBOYHOW YyCTAaHOBKM, METOA Ka/IMbpoBKM (KONOKO/bHbIA MpyBep, conna, Apyrue cyet-
YUKN U T. 4.).

6.3.4.4 YcnoBusa ucnbiTaHuA

Heobxoanmo 3anucaTtb ¥ NPOBEPUTL COOTBETCTBME YCTAHOB/IEHHLIM TPe6OBaHUAM:

a) KoHurypaumm TpybonpoBOLAOB BbILE M HMXE MO NOTOKY, yyacTByloLwme B POPMUPOBaHMK «NPOthuis
HEBO3MYLLEHHOro NoToka», BkoYaa FC, naeHTugurkaymoHHble HoMmepa Tpy6onpoBOAOB M BHYTPEHHME Ana-
MeTpbl;

b) nonoxeHue cyetynka (ropusoHTasIbHOE, BEpPTUKa/IbHOE C HanpaB/ieHMeM MOTOKa BBEPX, BEPTUKa/lb-
HOEe C HanpaB/ieHMEeM MOTOK BHU3), a Takke OpPUEHTAaLMI0 CHETUMKA;

C) NONOXEeHWe, opveHTaLuio 1 HanpasieHne NoToka KOMNOHEHTOB TPy6ONpOBOAHOM 06BA3KN NpU Kanu-
6poBke USMP (Takux, kak Tpybbl, FC, ncnonb3lyemas Touka usMepeHus AaB/ieHUs v rub3bl TEPMOMETPOB);

d) onncaHne COCTOSIHMSA BHYTPEHHEN MOBEPXHOCTU CYETYMKA M Tpyb Bbille MO TEYEHUIO (3arps3HeHune,
Koppo3us), Npu HeobxoamMmocTn aob6aBnTb hoTorpadunio;

e) Bug (Hanpumep, cocTaB rasa) v yc/ioBusa (gasfieHne n Temneparypa) TeCTOBOrO rasa.

L0oMKHO 6bITb 4AHO OnMcaHne NI6bIX U3MEHEHUIA UM OTK/TOHEHWUI OT TPEBYEMbIX YC/I0BUIA UCMbITAHWIA,

7 VcnbiTaHna tuna USM

7.1 O6wme cBefeHuns

KannbpoBoyHasa KpuBas cyeTyuka, 6e3 rapaHTuM, 4YTO cYeTUMK BedeT cebsa Mo MecTy akcnayatauuu
TakK Xe, Kak 1 B Ka/IM6pPOBOYHON NnabopaTopun, He MMeeT CMmbicna. PeanbHble ycnoBus, kak npasuno, 6osnee
CMOXHblE, YemM Te, KOTopble BCTpevalTCsA Ha KannmbpoBOYHOW ycTaHOBKe. [lns Toro, 4ToObl y6eanTbCs, UTO
KannbpoBoyHasa KpvBas NpMMeHWMa B NOJIEBbIX YC/I0BUSAX, MPOBOAATCA UCMbITAHUSA TMNa MOAENN Wan cepun
USM (ucnbiTaHus Tuna cpeactsa usmepexuid). Mpun Takux MChbITaHUSAX peasibHble YC0BMA MOAENUPYOTCS C
NMOMOLLbIO CEPUN UCMbITaHWI C BO3MYLLAIOWMM BAUSHAEM, NMPU 3TOM CHETUUK AO/MKEH NOKasaTb, YTO OH MOXET
COXpPaHSATb CBOW METPO/IOrMyYeckne XapakTepucTuKN B TaKUX YCOBUAX. TOMbKO B TAKOM C/iydae nosiyvyeHHas B
nabopaTopHbIX YC/I0BMAX KaNMbpoBOYHasa KpuBasi MpMMeHuma.

Kaxpgas mogenb/cepusi USM TpebyeT UCMbITaHUn Ha COOTBETCTBME HACTOSILLLEMY CTaHAapPTy.

VicnbiTaHns Tvna A0/MKHbI NPOBOAUTLCSA akKpeAUTOBAaHHbIMU OpraHu3auusamMm UM HesaBUCUMbIMU cep-
TUPULMPOBaHHbIMK flabopaTopuamunl).

CyeTunkn, ucnosibyemble 478 TUNOBbIX UCNbITaHWi, AO/MKHbI 6biTb OCHALLEHbl BCEMU HEOGXOAUMbIMU
XapaKkTepHbIM/ 3neMeHTaMun (3N1eKTPOHUKOW, yNbTpa3ByKOBbIMW Mpeobpa3oBaTensiMu, NporpaMMHbiM 0be-
cneyeHmem U T. 4.). CHETUMKM pasINYHbIX BapuMaHTOB WCMOSIHEHMA HE OO0/MKHbl y4acTBOBaTb B WCMbITAHUAX
Tuna. Cpok geincTeumsa ceptudpmkara yTeBepxaeHusa Tuna go/hkeH ObiTb YeTKO onpegeneH. PekomeHayeTtcs npo-
BOAWTb MCNbITAHMA TWNa, NO KpaWHeli mepe, Ha OOHOM M3 MEeHbLUMX TUNOpa3MepoB cyeTyMKa AaHHOro Tuna
USM, 4T06bl OLEHNTb Hanbosbliee BAUSHME TeOMETPUYECKMX NapamMeTpoB N BPEMEHHbIX 3a4epXeK Ha pabo-
Ty cyeTumka.

3Tn TpeboBaHMA K UCMbITAHUAM AO0/MKHbI MPUMEHATLCA K KOHCTPYKUMM BCEX MOHTaXHbIX MnaT, ynbTpa-
3BYKOBbIX MpeobpasoBaTenieil, coefuHUTENbHOW 3NeKTPOMPOBOAKE U MOHTaXHbLIM 3aXuUMaM. 3EKTPOHU-
Ka OOo/MKHa paboTaTb, U3MeEPSITb HyneBoOl pacxof M coxpaHaTb 100 %-Hyl paboTocnocob6HOCTL BO Bpems
ucnblTaHuii. B crnyyae npoBedeHMs UCMbITaHWI Ha NepexofHble U 3/eKTpocTaTudeckue paspsifbl BbICOKOTO
HaMpPsXXeHUS cUYeTUMK MOXET BPEMEHHO MpekpaTuTb pPaboTy, HO AO/HKEH aBTOMaTMYeCKM BOCCTAHOBUTLCS B
TeyeHune 30 c.

Bce BbIXOAHble CUrHaUIbl, NpeACcTaBAoLINE OAHY U TY Xe U3MepseMyto BeNMUMHY, AO/MKHbI UMEeTb 0Au-
HaKOBYH TOYHOCTb.

1) B Poccuiickoin degepauumn ncnbiTaHua CpeacTB M3MEpPEHU B LENSAX YT BEPXKAEHNS Tuna NnpoBoAsTCS opuan-
YeCKUMM NnuamMmn, akKpeanTOoBaHHbIMY B COOTBETCTBMM C 3aKOHOAATeNbCcTBOM Poccwuiickoin ®efepauyun 06 akkpean-
Tauuv B HaLMOHaNbHON CUCTEME akkpeanTauny Ha BbINOIHEHWE UCMbITaHuii B Lenax yTBepXAeHus Tuna.
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Bo Bpems 3TuX WCMbITaHW yNbTpa3ByKoBble Npeo6pasoBaTesM MOryT ObiTb YCTAHOB/EHbI B MEHbLUWIA
no pasmepam u 6osiee Nerkuii UcnbiTaTesibHbIA Kopnyc (MM UcnbiTaTesibHble KaMmepbl) BMECTO MoJsIHopasmep-
HOro Kopnyca cueTumka. OAHaKo y/bTPa3BYKOBblE NPeo6pasoBaTenv A0/MKHbI hakTUYeCKn U3MEePSTb HyNeBol
pacxof, 1 noABepraTbCsl TEM Xe YCMOBUAM WUCMbITaHWiA, YTO U APYre YacTh 3NEeKTPOHUKN.

7.2 TOYHOCTb

Mpepensl TOYHOCTKM, yka3aHHble B 5.8.2, AO/MKHbI ObITb 06ecneyeHbl B gMana3oHe pacxo4oB OT qV mex
Qv, mirr

McnbiTaHna A0/MKHbI MPOBOAUTLCA B YC/I0BMAX HEBO3MYLLLEHHOrMO MOTOKa CO CrefylwmnMn pacxofamu:
120 %, 100 %, 70 %, 40 %, 25 %, 10 %, 5 % oT qv max.

MpoAOC/HKNTENBHOCTL OAHOMO M3MEPEHUS A0/HKHA COOTBETCTBOBATbL TpeboBaHMAM, yKka3aHHbIM B 6.3.2.2.

Bcnepcteme BANSHUS XapakTepa W YPOBHS BO3MYLLEHUIA NOTOKA NPY UCNbITaHUM MOXET NoTpeboBaTbCA
6onee gMTeNIbHOE BpPeMS U3MEPEHW A WK 60MblUee YNC/I0 NMOBTOPEHWIA ANs AOCTVXKEHUS AONYyCTUMON He-
onpeaeneHHoCTU cpefHEeB3BELLEHHON NOrPeLLHOCTM CHETUMKA.

VcnbiTaHne Ha CXOAUMMOCTb AO/HKHO NPOBOAMTLCA, MO KpaiHel mMepe, A1 OAHOr0 pacxoga Huxe qv tu,
no KpaiiHein Mepe, AN O4HOrO pacxoda Bbiwe qv t. /18 KaX[oro u3 aTux pacxofoB A0/HKHO ObiTb BbINOSIHEHO
10 O4MHOYHbIX N3MEPEHWi C NPOAO/HKUTENBHOCTHI0 M3MEPEHUs, YKa3aHHO Bbille.

[Nns ucnbiTaHnii Ha BOCNPOM3BOAMMOCTb OAMH M TOT e CYETUYMK JO/DKEH OblTb UCMbITAH B OAUHAKOBbIX
YCNOBUAX MOHTaXa. BOCnpon3BoAMMOCTb A0O/HKHA ObITb MOJlyYeHa Ha OCHOBE He MeHee YeM Tpex pesysbTa-
TOB UCMbITAHUA ANS PacxofoB Bbille WM paBHbIX qV t.

7.3 YCNnoBUA MOHTaxa

MuyHUManbHas ovMHa NPSIMOJIMHENHOrO yyacTka BXOAHOro Tpy6onposoga /mn Ao/mkHa ObiTe Takol, YTo-
6bl f06aBNeHMe AONONHUTEILHOrO NPSAMOMMHENHOro yyacTka TpybonpoBoga, pasHoro 10D, npMBOAMAIO K U3-
MeHeHnsIM nokasaHuin USM (FWME) He 605ee pe3y/bTUPYOLWEro 3HadeHns cXoaumocTtu (MoBTOPSAEMOCTK)
KannbpoBOYHON ycTaHOBKM 1 USM.

3HayeHune /mn fOMKHO onpefenaTbea AN CTaH4apTU3MPOBAHHOIO Habopa BO3MYLLEHWIA:

a) B YC/I0BUSX 3TaA/IOHHOTO NOTOKa cornacHo 6.3.2.1;

b) ognMHO4YHOE KosneHo 90° (paguyc KpuBm3sHbl 1,50):

- MpW LWUTATHOM MoJioXeHnn USM;

- npu nosopoTe USM Ha 90°;

C) ABa KoneHa 90° B neprneHAnKYNAPHbIX NNOCKOCTAX (pagnyc KpuBu3Hbl 1,50, 6e3 BCTaBkM Mexay KO-
neHamw);

- MpV WTaTHOM MnosfioXxeHun USM;

- npu noBopote USM Ha 90°;

d) gudpcbysop ¢ ysennyeHvem gmameTtpa Kak MMHUMYM Ha OWH Tunopasmep Tpy6bl (06bI4HO 50 MMm);

€) KOH(PY30p C YMEeHbLUEHNEM AnameTpa kak MUHUMYM Ha OAWH Tunopasmep Tpy6bl (06bIYHO 50 MM);

f) ABa BapuaHTa CTyneH4aToro M3MeHeHus fuamMeTpa Ha BxogHoM hnaHue USM ¢ BeiMuMHamu no kpa-
Heil mepe nac 3 % oT gnameTpa n MUHyc 3 % OT gruameTpa;

) hopmmpoBaTenb NOTOKA, BblIOPAHHBIA M3rOTOBUTENIEM U YCTAHOBSIEHHbIV B COYETAHUUN C YKa3aHHbIMU
BbllLE BO3MYLLEHUSMMU.

OTaenbHble UCMbITaHUS AO/MKHBI ObiTb NPOBEAEHbI, MO KpaliHeli Mepe, A1S OAHOro pacxofa Hwxe qv tu
ONA ABYX pas/INYHbIX pacxodoB Bbille gV t. JocTaToOYHbIMU ABAITCA CPefHNe 3HAaYEeHUS TPEX OTAESbHbIX W3-
MepeHuii Ha KaxaoM pacxoje. Boiwe qv t Bce pacueTHble cpefHue AONO/THUTENbHbIE MOTPELLHOCTY AODKHBI
6bITb B Npeaenax ofHoin Tpetn MPE Ans cOOTBETCTBYHLLEro Knacca cyeTumka.

BmecTo ucnbiTaHuii Ha BO34EWCTBUS BO3MYLLEHWUIA, OMMUCaHHbIX B NepeyvncnieHmax a — g, gonyckawTcs
aHasorMyHble WCMbITAHUS C APYTMMU YCTPONCTBaMU, CO34AI0LUMUN BO3MYLLEHNE, TaKUMWU KaK NAacTUHbl 4/is
co34aHnsa BO3MYLLEeHWU B MOTOKe (Hanpumep, BUXPEBbIE reHepaTopbl). B 3TOM cnyyae JO/MKHO 6bITb Nokasa-
HO, YTO cO3JaBaeMble MO CKOpocTel NoA06HbI BO3MYLLEHUAM, NPeAcTaB/eHHbIM B MyHKTax a — [, Hanpu-
Mep, NyTeM U3MepeHUss TPeXMEePHOro noss CKopocTei.

7.4 MopenvupoBaHMe OTKa3a akyCTUYeCcKOoro KkaHasia u 3ameHa KOMMNOHEHTOB

B cnydae, ecnu Ansa cyeTumka knacca 1 unm 2 3asiBNseTcsl BO3MOXHOCTb €ro aKcnayartaumu npu oTcyT-
CTBUM M3MepeHWit No OAHOW UM HECKOTbKUM TPAEKTOPUAM, TO B/IMSIHWE OTKasa [0/HKHO OnNpeaensaTbca nyTem
MOAENMPOBaHNA 0TKa3a OAHOW WM HECKOSIbKUX TPAEeKTOPMWIA.
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McnbiTaHne cnegyeT NpoBOAMTL MPU CKOPOCTM noToka 15 m/c. Bo Bpemsi ncnbiTaHUss CKOPOCTb MOTOKa
O0/MKHa BbITb M3MeHeHa Ao 10 m/c n 20 m/c. 4na BCeX Tpex UCMbITaAHUA ONONHUTENbHASA NOTPELIHOCTb A,0/1K-
Ha cocTaBnATb He 6onee oaHoi Tpetn MPE ans cOOTBETCTBYHLLErO Klacca CHeTymka.

M3rotoBuTENb [O/MKEH MPOLEMOHCTPUPOBATH BO3MOXHOCTb 3aMEHbl WUIN MepecTaHOBKW Y/bTPa3ByKo-
BbIX NpeobpasosaTesniell, 3NEKTPOHHbIX YacTeil 1 NporpaMMHOro obecneyeHns cyeTymka 6e3 CyLeCTBEHHOro
N3MEHEHNs ero xapakTepucTuk. [laHHas BO3MOXHOCTb A0/DKHa OblTb NPOAEMOHCTPUPOBaHA ANS:

a) 3N1eKTPOHUKM;

6) yNbTpa3ByKOBbIX Npeobpa3oBartesneil, A8 pas3fiMyHbIX TUNOB TPAeKTOPUIA.

Mpy 3amMeHe KOMMOHEHTOB pe3y/bTUpylollee N3MeHeHNe OCHOBHOW MOrpeLHOCTU CYeTYMKa He AO0/HKHO
npesbillaTb yCTaHOBNEHHOE B 5.6.

7.5 McnblTaHne KOHCTPYKUWUN 3NeKTPOHUKN

KOHCTPYKLUUS 3NEKTPOHUKM JO/MKHA 6bITb MCMbITaHa, YTo6bl NokasaTb, 4To USM npogonxaeT yAoB/eT-
BOPSATL TPeGOBaHMSAM K pabounM XxapakTepucTukam, ykasaHHbIM B 5.8.2, npy pa6oTe B yC/10BUSIX BO3AENCTBUIA
1 BO3MYLLEHWIA, ONpeAenieHHbIX B NpuioxeHun G.

B ta6nuuye G.1 npeacraB/ieH MUHUMAasIbHbIA YPOBEHb KPUTUYHOCTM A5 KXAOT0 UCMbITAHUS,, HEOGX04M-
MbII A/151 BbINOMHEHWA Tpe6oBaHUii K cpeacTBam U3MepeHUid, KoTopble NMPUMEHSIIOT:

a) Ha OTKPbITO/ MECTHOCTU CO CPeAHUMM KAUMAaTUYEeCKUMU YC/TOBUSIMU, UCK/OUYas MONSPHbIE YC/I0BUS
N YCNOBUA MYCTbIHU;

b) B MECTaXxX C BbICOKMM WM OYEHb BbICOKMM YPOBHEM BMOpaLUM W yAapoB, HanpuMep, ANs CPeLCcTB M3-
MEPEHWUIA, YCTAHOBEHHbIX HEMOCPEACTBEHHO HA MallVMHAaX WK KOHBEWEpPHbIX IeHTax;

C) B MecTax C 3NeKTPOMarHUTHbIMWU NMOMEXaMW, COOTBETCTBYIOLLMMUN TEM, KOTOpbIE MOFYT MMETb MECTO
B NPOMbILL/IEHHbIX 3AaHUSIX.

Bo Bpemsi 3TUX WUCMbITaHWI yNbTPa3BYKOBbIE MPeo6pasoBaTesiM MOryT GblTb YCTAHOB/IEHbI B MEHbLLNIA
no pasmepam U 6osiee nerkuii ucnbiTaTenbHblli Kopnyc (MM UcnbiTaTesibHble KaMmepbl) BMECTO MOJSIHOpa3mep-
HOro kopryca cyetuvka. OfHaKo y/bTpasByKoBble Npeo6pas3oBaTenn fO/HKHbI (DAaKTUUECKU U3MEPATb Hy1EBO
pacxog, v noaBepraTbCcsl TEM Xe YC/T0BUSIM UCMbITAHWIA, YTO U APYrMe 4acTu 3/1EKTPOHUKN.

Ecnu (pyHKUMOHUPOBAHME CUETYMKA KOHTPOSIMPYETCS Ha PeXuMe C Hy/eBbiM pacxXofoM, oTceuka Ans
MaJibIX PacxofoB A0/MKHA 6biTb OTK/IOUEHA, YTOObI BbIXOLHOM CUrHAUT MO Pacxofy COOTBETCTBOBasI Hy/lieBOMY
pacxofy.

Moka3aHusi pacxofa A0/MKHbI KOHTPOMMPOBATLCA M OLEHMBATLCA B COOTBETCTBMM C 5.8, a nmpegen roa-
HOCTU 1 YCMOBUS1 UCMIbITAHUIA AO/MKHBI ONPeAENATLCA B COOTBETCTBUM C NPUIoXeHnem G.

8 YXypHas1 KOHTPO/SI U ANarHoCTuKa Ans NPoBEPKM CUETUMKA

8.1 O6wwme cBeageHUs

JTOT pasfen npefHasHayeH An1A Nonb3oBaTens U No3BonseT emy y6eautbca B ToMm, 4to USM nocne
BBOJaA B 3KCM/lyaTauuio COOTBETCTBYET OXuAaeMbiM Tpe6OBaHWSIM MOC/E MOHTaxa.

USM MOryT npefocTaBfisTbh paclUMpeHHY ANarHOCTUYeCKy0 NHOPMaLMIo, C NOMOLLbI0 KOTOPO MOX-
HO NpPOBEPUTbL PYHKLMOHAIBHOCTbL He TO/IbKO USM, HO M ApYrMX KOMMOHEHTOB CUCTEMbI, TakMX Kak rasoBblii
XpoMatorpady, AaTtuukM AaBneHust U TemnepaTtypbl. BcneacTBue pacluMpeHHbIX AUArHOCTUYECKUX BO3MOX-
HOCTel B HACTOsILLEM CTaHAapTe npegsaraetcs MCMNo/sb30BaHWe aBTOMAaTUM3UPOBAHHONM ANArHOCTUKM BMECTO
TPYZOEMKUX MpoLeayp KOHTPO/IS KayecTBa.

YnbTpasByKOBbl€ CHETUUKM, NPUMEHSAEMbIE MPY KOMMEPYECKOM y4yeTe, CO34at0T KOMMIEKCHbIW 1 nones-
HbI ANarHOCTUYECKNA HAbop AaHHbIX, 04HAKO 06beM AaHHbLIX U CNOCO6 WX NpeacTaBNeHUs pasnyaloTcsa oT
M3roToBUTENS K M3roToBMUTENI0. BO BCEX cnyyasx 06beM AaHHbIX A1 aHaM3a BesuK, YTO YacTo MPUBOAUT K
WUTHOPMPOBAHUIO MU NOTepe MHdopMauun.

Monb3oBaTeniM He BCeraa UMeKT AOCTYN K CUCTEMe, KoTopasl nomorna 6bl MM NPefocTaBnsATb AaHHble
B BuAe, ya06HOM ANns npoBedeHMs conocTassieHus. B HacTosilem cTaHgapTe paccMoTpeHa 3Ta npobnema
W NpeanoXeH BapuaHT pelleHusi, UCNofb3yeMblii ABYX3TaNHbIA NOAX0A ANS KOHTPOAs ucnpaBHocTu USM n
CBfI3@HHbIX C HUM CPeACTB M3MEepeHUil. BbibpaB TO/IbKO HEGO/bLUYKD TPYMNy AMArHOCTUYECKMX NapameTpoB
N MCNONb3YS UX B KAYECTBE OCHOBHbIX UHAUKATOPOB, MOXHO 06ecneynTb NPOBEPKY MCMPABHOCTU cYETUYUKA U
BCeli M3MepuTesibHOW CUCTEMBI.

Ha nepBoM 06s13aTe/ibHOM 3Tane NpPoBOAWTCA MpocTas NpoBepka npefesibHbIX OTKTOHEHUA 3TUX OCHOB-
HbIX napameTpoB. lMoka OHW Haxo4ATCsA B npefenax AONYCTUMbIX AMana3oHOoB, Kak ykasaHo, HeT Heobxoau-
MOCTU B Aa/ibHelLWmnX AencTBUsX.

34



NOCT P NCO 17089-1—2025

Tofbko Mocrsie Toro, Kak BbISIBNISIETCS TPEeHA W/WAM OTK/IOHEHWE MpPeBbIAaeT NOPOroBble 3HAUeHUs!, He-
06X0MMO HauuMHaTb pa6oTbl Mo 06CNYXUBaHMIO. MMpn 06GCYXMBAHUM AMATHOCTUUYECKME MapamMeTpbl MOXHO
CPaBHUTb C WX 3HAYEHUSIMW, paHee 3a(hMKCMPOBAHHBIMU Ha Pa3/IMYHbIX 3Tanax U3roTOBMEHWS, KaSIMGPOBKA 1
BBOJA B 3KCM/lyaTauuto yNbTPa3BYKOBOIO CUETUMKA U COXPAHEHHBLIMU B XXYpHasie KOHTPOS.

[rarHocTuka fo/MmKHa UCMOJ/b30BaThbCA B COYETAHMM C HapaboTaHHbIMWM MeTogamu aHanmsa oyHKLMo-
HUPOBAHUS CUETUMKA.

8.2 Mpouecc xun3HeHHOro yuknia USM

[nsa cueTumkoB knacca 1 u knacca 2 nofib3oBatesib AO/MKEH CO34aTb XypHan KOHTpons. dainbl Xyp-
Hasla KOHTPO/IA ABMAAKTCA K/IIOYEBBLIMW LOKYMEHTaMu U xapaktepuctukamy USM Ha NpoTsXeHUW BCero ero
XW3HEHHOro umKna (CM. pucyHok 12).

JKypHan KOHTpOns oTpaxkaeT BCHO UCTOpPUIO cyeTyuka. OH HauyvHaeTCcA Ha 3aBOfe-U3roToBuTesie C Ha-
CTPOWKM cCUeTuMKa W COAEPXMUT BCe COObLITMA, BKIYas AMarHOCTUYEeCKMe UCMbITaHus B mpouecce 3kcnaya-
Tauum. Takxe, NpM HEO6XOAUMOCTU, AO/DKHbI OblTb BK/OYEHbI OTYETbl MO OOCNYXWUBAHUIO W pe3ynbTaTbl Mo-
BTOPHOI Ka/IMGpPOBKM.

Ha kaxxgoM m3 aTuxX 3TanoB BbINOSHAIOTCA OnpefesieHHble UCMbITaHUSA 1 cobupatoTcs AaHHble, KOoTopble
COCTaB/ISAOT OCHOBY XYpHasa KOHTPONA. OTU AaHHble ABMAAIOTCA Hanbonee BaXHbIMWU A5 OLEHKU Mpou3Bo-
ONTENBHOCTU MO MECTY M A0/MKHbI ObITb NPefocTaB/eHbl 3aka3ynky BMecCTe C Y/IbTPa3BYKOBbIM CHETYMKOM.

8.3 Mpon3BOACTBO 1 3aBOACKME NMPUEMOUYHbIE UCTbITaHUS

Mpy npon3BoACTBE CO3[aeTCA MPOM3BOACTBEHHAA AOKYMeHTauus, cojepxallias Heobxoaumble cepTu-
dmkatbl (MPOTOKOJIbI) HA U3fenne u cepTudukaTbl Ha MaTepuasibl ANA KaX40ro OTAe/IbHOro CYeTymnka, BKIIIO-
Yyas NPOTOKO/bl UCMbITAHUIA Ha BO3AeWCTBME AABNEHUS U APYTUX UCTbITAHWUNA.

B xone nponssoacTBa npu 3aBOACKMX MPUEMOYHbLIX ucnbiTaHuAx (FAT) npoBepseTca noBefeHue cyeTyn-
Ka B YCNOBUAX KOHTPOIMPYEMOro Hy/1IeBOro pacxoa. Bo Bpems 3aBOACKMX NPMEMOYHbIX UCMbITAHWUIA, Kak npa-
BW/0, CHETYMK 3aN0JTHAIOT ra3oM M HarHeTalT gaBneHue npuMmepHo ot 1 MMa go 2 Mla. AkycTuyeckune CBOW-
CTBa rasa [0/KHbl OblTb U3BECTHbI C HEOMpPEeAEeNeHHOCTbI0 pacyeTa CKOPOCTM 3ByKa B rase He 6onee 0,05 %.

Mpy nposBegeHun FAT M3MepsIOTCA C BbICOKOW TOYHOCTbIO AaBfieHWe W TemnepaTtypa, onpegensertcs
TeopeTnyeckas ckopocTb 3Byka (TSOS) u cpaBHMBaAETCS C U3MEPEHHON CKOpocTbio 3Byka (MSOS).

Ha ocHoBe TSOS onpegensTcsa XxapakTepPUCTUKN aKyCTUUHECKNX TPAEKTOPUIA 1 NPUBOAATCS K KOPPEKT-
HbIM 3HaYeHUAM.

YcTaHaBMBaKTCA B3aMMOCBSA3b MEXAY KaXKAO0N M3 aKyCTUUYECKUX TPAEKTOPUA M NOMyYEeHHbIl B pesy/ib-
TaTe 3N1EKTPOHHbLIA OTNeYaToK CYeTuyMKa, KOTOpblli B AasibHelleM WCMNosb3yeTcs B kayecTBe OCHOBbI A4S
CpaBHeHUs.

MpoussoanTenemM NpenocTaBATCA Cleaylline Marepuanol:

a) NPOV3BOACTBEHHAA AOKYMEHTaLNs;

b) pesynbTatbl NnpoBefeHns FAT v AMarHOCTUYECKUX WUCMbITAHUA, KOTOPble AO/MKHbI ObiTb NOMYYEHbI U,
KaKk MUHUMYM, BKOYaTb clefyrllimne gaHHble:

- NU3MEepPEHHbIE CKOPOCTU rasa npu Hy/1IEBOM pacxoje Ha akyCTMYeCKUX TPaeKTopusx;

- 3HauyeHnss MSOS ans Kaxpaoin TpaekTopum 1 cooTHoweHNsS MSOS mexay BcemMu TpaekTopusmmn (anek-
TPOHHbIA OTNeYaTok);

- KAYecTBO CUTHasa, Xxapakrepu3yemMoe COOTHOLIEHNEM KOIMYecTBa NPUHATBLIX U OTNPaBAEHHbIX ybTpa-
3BYKOBbIX UMMY/IbCOB, KOTOPOE A0/HKHO cocTaBiATb 100 %;

- hopMbI KonebaHs akyCTUYECKUX CUTHasOoB;

- 3Ha4yeHns oTHoweHnit S/N;

- 3HAYEHNS YCUNEHWUIA;

- OTYeT O KOHchurypaumm, BkIOYass BEPCUN BHELUHEr0 U BCTPOEHHOro NporpaMMHOro obecnevyeHus;

- 3anMcy pakTUYecKnx 3HayeHuii TemnepaTypsbl, AaBAeHNUs M cocTaBa rasa.

Mocne 3aBOACKNX MPUEMOYHBIX UCMbITAHUA CYETUMK OTNPaBASETCA Ha KanMbpOBOYHYIO YCTAHOBKY, rae
OH NpoXoAnT KannM6poBKy B noTokel). Mogpo6Hee cm. 6.3.

1) B cooTBETCTBMM CO cTaTbelh 13 deaepasnbHOro 3akoHa oT 26 uoHs 2008 r. Ne102-d3 «O6 obecneyeHum
eAVHCTBAa U3MepeHuin» cpeAcTBa M3MepPEeHuii, npegHasHayeHHble 419 NPUMEHeHUs B cpepe rocyAapcTBEHHOIO pery-
nvpoBaHusA obecneyeHnss egUHCTBA M3MEPEeHWil, A0 BBOAA B 3KCM/yaTauuio nognexaT MepBMYHON NMOBepke, a B Mpo-
Lecce sakcnayaTauuv, B TOM YMCne Nocsie PpeMOHTa, — Neproanuyeckoil moBepke.
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W3rotosneHue

3asopckne
npuemoyHble
ncnbITakna

War 1

MepBuyHas
Kannéposka
pacxoja

Okcnnyartayms

36

3aBo/Cckue NpUemMoyHble ucnbitaHns (FAT)

370 nepBas (PyHKUMOHaNbHAsA NpOBEpka cYeTUMKa B NOIHOM o6beMe. PesynbTarthl
AVArHoCTUKM NOMyyaioT B PeasibHOM BPEMEHW U PerncTpupyroT. narHocTuyeckue
TecTbl BK/OYAIOT ONpe/enieHne NponyckHoi Cnoco6HOCTM UMMYNLCOB, CpefHEero
3HAYEeHNA CKOPOCTU 3ByKa NO KaX /Aol TPAaeKTopum, CpefjHero 3HaueHus CKopocTu
3Byka (MSOS), OTHOLIEHWNE CUTHAN-LWIYM MO KaXA0l TpaekTopun n cpefHee
3HauyeHue S/N, ypoBeHb ycunenus curiana (AGC) no kaxaoii Tpaektopum,
nosnyyaoT LUhpoBOii OTNEYaToK akyCTUUEeCKoro curHana. CpasHuBaoT
M3MEPEHHYI0 CKOPOCTb 3BYKa C TEOPETUYECKOH CKOPOCTLIO 3BYKA ANSi MPOBEPKM
reoMeTpun 1 BpeMeHn 3aepxek.

MepBuyHasa kanubposka

310 nepsble AUHAMWYECKNEe UCMbITAHUA CHeTYUKa B NOSTHOM o6beme. OBbIYHO OHU
NPOBOAATCS Ha Ka/IMGPOBOYHOI yCTAHOBKE, UMEIOLLLEI NPOCNeXuBaeMocTb, U, B
CNyyae BO3MOXHOCTY, C UCMONb30BAHNEM aHasIorMyHoOl paGoyeil cpefibl C TOUKM
3peHus AaBneHus, TemnepaTypsl U cocTaBa rasa. PesynbTaTbl UArHOCTUKN
PerucTpupytoT 1 3anncbiBaioT. PesynbTaTbl UArHOCTUKMA BK/IOYAIOT B ce6A BCe
napameTpbl, nepeyncneHHble B LWare 1, ¢ go6aBneHnemM CKopocTu notoka Ans
KaXol TpaekTopumn, CpefHero 3HayeHnst CKOpocTH rasa, KoauumneHTa npoduns
notoka (PF).

M3mepeHHan ckopocTb 3Byka (MSOS) cpaBHuBaeTcs ¢ TeopeTuyeckoin (TSOS) ana
KaX/0ii TpaeKTopuu 1 co cpefHeli CKOpoCTbiO 3BYKa.

MoHTax Ha nnowajke n npuemMoyHble NCNbiTaHNAa Ha naowajke

CuyeTunK ycTaHaBNMBAETCA B CBOEM LUTATHOM NOMOXEHUN. Pe3ynbTarthl
AVArHoCTUKM NOMyyatoT B peasibHOM BPEMEHW 1 PETUCTPUPYIOT. [luarHocTuyeckne
TecTbl BK/IKOYAKT, KaKk MUHUMYM, onpe/esieHne NponyckHoi cnoco6HoCTM
MMNY/IbCOB Ha TPAekToOpUIo, CPe/HIOI0 CKOPOCTb 3BYKa ANS KaX /0l TpaekTopuu,
CpeAHIol ckopocTb 3Byka (MSOS), HaACTpOikn CUeTuKKa, OTHOLIEHWE CUTHAM-LWYM
ANA Kax/oi TpaekTopuu, cpeaHee 3HayeHne S/N, CKOPOCTM NOTOKA ANA Kax /ol
TpaekTopun 1 cpefiHee 3HaUYeHNe CKOPOCTY rasa.

M3mepeHHas ckopocTb 3Byka (MSOS) cpaBHUMBaeTcs ¢ Teopetuyeckoit (TSOS) ana
KaX/j0ii TPAEeKTOPUK 1 CO CpeHeli CKOPOCTbIO 3ByKa. Mpu HEOGXOAMMOCTY MOTYT
6bITb BK/IIOYEHBI BCE NapameTpbl, NepeuncieHHble B arax 1 u 2. /lio6ble oTanums
Mexay Llaramu 2 1 3 MOryT GbiTb CBSi3aHbI C BOCMIPOM3BOANMOCTbIO CHETUMKA 1
B/IUSIHUEM YCTAHOBKM B MeCTe aKCnsyatauuu. Mpu Heo6Xo4MMOoCTI UCNonb3yeTcs
MHopMaLns NponsBoanNTeNs.

SkcnnyaTauus

B cooTBeTcTBUM C SAT cyeTumK ycTaHaB/MBaeTCs Ha CBOe WTarHoe MecTo un
BBOAMTCA B 3KCMNyaTaumio. PesynbTarbl ANArHOCTUKM, NOMYYEHHbIE HA perynsapHoii
0OCHOBe, (*)I/IKCVIpyIOT “ 3anucblBaKOT. |-|pl/I BbIMNO/IHEHUU ANArHOCTUKU onpeaenstorT,
KaK MUHMMYM, OTHOLLEHWNE CUTHAI-LIYM [N KaXAON TpaekTopuu u cpegHee
3HaueHne S/N, ckopocTu Ha Kax /ol TpaekTopum, cpefjHee 3HaueHne CKOpoCTH rasa
B USM, HacTpoiiku cyeTumka.

M3mepeHHas ckopocTb 3Byka (MSOS) cpaBHMBaeTcs ¢ TeopeTuyeckoii (TSOS) ana
KaX /10l TpaeKTopuu 1 co cpefjHeii CKOpOCTbIO 3BYKa.

MpoBepsIOT YHUKa/IbHbIE HACTPOIikM cyeTumnka. Mpn Heo6xoAMMOCTU Bbl MoxeTe
BKNHO4YUTH BCe NapameTpbl, NepeyncsieHHble Bbille, B Warax 11 2. Mllo6ble oTanunsa
mexay Waramn 3 n4 MmoryT 6bITb CBA3aHbI C UBMEHEHUSIMU B CHETUMKE UK
M3MEHEHWUSIMI NapameTpoB NpoLecca U3MepeHnit.

O6cnyxuBaHue v NoBTopHas kanu6poska

HenpepbIBHbIF NN NEPUOANYECKM i MOHUTOPUHT Pe3ybTaToB ANarHoCTUKNA
MOXET yKa3blBaTb Ha He06X0ANMOCTb NPOBeAeHUs paboT No 06CayXMBaHUIO.
B TexHuueckoi AOKYMeHTayuu cyeTynka npoussBoauTeNb yKasblBaeT, Kakue
KOMMOHEHTbI MOTyT 6bITb 3aMEHEHbI B NOJIEBbLIX YCNoBuUAX, a Takxe no6oe
noteHynanbHoe B/INSHNWE Ha HeornpeaeseHHOCTb MSMepSHMﬁ. B kauecTBe
anbTepHaTuBbl B cTpaTternn TeXxHn4eckoro 050/1y>KI/IBaHM$| onepartopa moryt
6bITh yKka3aHbl COracoBaHHbIe Nepuojsl 0GCAYXUBAHUS U Kake 3aMeHbl
KOMMNOHEHTOB MOrYT NPMBECTU K Npoueaype NoBTOPHOI KannbpoBKu.
Perynupyiowine opraHbl Uiv JOrOBOPHbIE COrNaLleHns MOryT Takxe
yCTaHaB/MBaTh NepUOAbl MeXay NOBTOPHLIMI KannGpoBKamMmu B pamkax
3KCNNyaTaLMOHHOM NNLEH3NN UK cornalleHus. Meprnos moxeT
yCTaHaB/IMBATLCA HA OCHOBE BPeMeHW, 06beMa NpokayaHHoro rasa M6o Ha
OCHOBE 3KCn/lyataynoHHOro otkasa.

PucyHok 12 — XKypHasn KOHTpons
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8.4 MepBnyHaa KaiMb6poOBKa No pacxoay

Bo Bpems kannMbpoBKM CUETUWK BrepBble NOABEpraeTcs BO3AeNCTBMIO MoToka. [oaTomy, Hapsgy c ca-
MUM pe3ynbTatoM KaJIMGPOBKM BaXKHO 3anucbiBaTb 3aBUCMMble OT pacxofa AuarHocTUYeckue napameTpsbl.
3T 3anMcy MOXHO MO3XEe UCMO0/b30BaTh A5 NMPOBEPKM paboumnx xapakTepmucTuk B NofeBbiX ycnosuax. Ana-
FHOCTMKa, He 3aBucslas OT pacxofa, [o/HKHa ObiTb conocTaBUMa C AMArHOCTUKOWM, MOSlyYeHHO! BO Bpems
3aBO/ACKUX NPUEMOYHbIX UcnblTaHuiA. KoHdurypaumsa TpybonpoBoaa, MCnonb3oBaHHas npu kanubposke, Mo-
XET MOBMNUATb Ha AMArHOCTUKY, MPOM3BOAUMYI0 CHETUMKOM, NMO3TOMY BaXHO 3a0KYMEHTUpOBaTb YC/I0BUA U
3anucaTtb CXeMy pacnosioKeHUs cYeTyMKa B COOTBETCTBUM C 6.3,

[vnarHoctnyeckme napameTpbl, 3aBUCALLME OT pacxofa, KOTopble PerucTpupyroTcs npu kainbposke,
OOJ/DKHbI BK/HOYATb, Kak MUHUMYM:

- MSOS «kak doyHkuMo pacxoga (nposepka no AGA-8/GERG-2004);

- ymdppoBoii oTnevaTtok MSOS;

- hOpMbI aKyCTUYECKUX CUTHA/IOB;

- 3HaYeHnsa S/N B 3aBMCMMOCTU OT pacxoia;

- 3HaYeHNss aBToMaTU4Yeckoli perynnpoBku ycunienmsa (AGC) B 3aBUCMMOCTU OT pacxoaa;

- 3Ha4YeHNs1 cpegHeKBaApPaTUYECKOrO OTK/IOHEHNSI U CKOPOCTU MO KaKAOW TPaeKTOpUn U UX COOTHOLLEHUS.

V3 npmBeAeHHbIX Bbille MHANBUAYA/IbHbIX 3HAYEHWI MOryT ObITb ONpeAeneHbl 3Ha4YeHns cpegHero, Mu-
HUMa/IbHOTO, MakCUMasibHOTO Y CpefHeKBaApaTuieckoro OTK/IOHEHUS.

B oTyeTe 0 KanMbpoBKe AO/MKHbI ObITb 3anucaHbl pesynbTaTbl KaMOpPOBKM BMECTe C ONUcaHueMm ycso-
BWIA, MPU KOTOPbLIX NpOBOAMUIACE KanImbpoBka, kak ykasaHo B 6.3.4.1.

8.5 MOHTaX 1 NpMemMoYHble NCNbITAHUA Ha MeCcTe aKcnayarauyum

lMocne TOro Kak cyeTUMK YyCTaHOBJ/IEH, MOAK/HOYEH M HAXOLMUTCA NOL AaBNIeHMEM, BaXHO NPOBECTU nep-
BOHauaNbHY (DYHKLMOHAIbHYIO NPOBEPKY OTCYTCTBUS MOBPEXAEHUA NPV TPAHCNOPTUPOBKE WM MOHTaXe.
DNEeKTPOHHbIEe OTNeYaTKn cyYeTuMKa AO0/KHbl ObiTb 3aperucTpMpoBaHbl U CPaBHEHbI C NOJTyYEeHHbIMU MpU 3a-
BOACKMX MPMEMOUYHbIX WUCMbITAHUSAX, a Takke B KannmbpoBO4HON nabopaTtopuu. lNpouecc BBoAa B 3Kchaya-
Taumio Takke O/MKEH BKIKOYATb MPUEMOYHbLIE UCMLITAHWA Ha NoWajke, HEOTbEMIEMOWN 4YaCTbi0 KOTOPbIX
ABNAOTCA UCMbITAHUSA B NMOTOKE BO BceM paboyem AmanasoHe. Paiinbl XypHasnoB ANArHOCTUKN AO/MKHbI ObiTb
3aperncTpmMpoBaHbl, Tak Kak OHU CTaHYT YHUKa/IbHbIMU 3/1IEKTPOHHBLIMU OTrnevaTtkaMy «nepsBoro rasa», ¢ KoTo-
pbIM MOXHO 6yAeT NpoBOAMTL CpaBHEHME B ByayLiem.

PesynbTtatbl SAT 1M ANArHOCTMYECKUX UCNbITAHWI AO/MKHbI 6bITh 3addMKCMPOBaHbI Y BKOYaTb, Kak Mu-
HUMYM:

- XypHan permcrpaumy uarHoCTMYecKnx faHHbIX, COBpaHHbIX No BCEMY AOCTVMXMMOMY Anana3oHy pac-
xo04a, BKkItovasi 3HavyeHnss MSOS Ha Kaxaoi TpaekTtopum n cootHoweHns MSOS (umdpoBoit oTneyaTok), 3Ha-
yeHust S/N 1 ycuneHus;

- 3anMcb POPM OTAE/IbHbIX aKyCTUYECKUX CUTHAIOB;

- OTYEeT O CpaBHEHUN (pakTMyYeckux napameTpoB CYETUMKA C TEMU, KOTOPbIE UCMO/b30BaINCL MPU Kanu-
GpOBKe;

- 3anUCb CKOPOCTE rasa Ha OTAesbHbIX TPaekTopusX;

- cpaBHeHne TSOS Ha nnowagke co cpefHuM 3HadeHnem MSOS ¢ ucnosib3oBaHMeEM MeXAyHapoaHO
NPU3HaHHOIo asiropuTMa;

- NpoBepKa COOTHOLWeHUA MSOS Ana pasnnyHbIX TPAEKTOPUIA;

- 3anncb hakTUyeckoi Temnepartypsbl, AaB/eHUsa 1 cocTaBa rasa.

8.6 Jdkcnnyartaunsa

Mocne 3aBeplIeHUs Npoliecca BBOAA B 3KCM/yaTauuio U mocnefyloweli NpueMkn cuyeTumka cuctema
M3MepeHuii BBOAMTCA B MPOMbILISIEHHYIO 3KcnnyaTtauuto. Ecnyv npouecc BBoAa B akcnayatauuto unm SAT
He BK/loYasiv B NosiHoe (hyHKLUMOHaNbHOE TeCTUPOBaHWe, BaxHO, YTo6bl chaiin XypHana onepaTuBHol ana-
THOCTVKM 6blf1 3anMcaH Kak MOXHO CKopee rocfle BBOJa CUCTEMbl B aKCM/yaTauuio. B ugeansHoMm cryyae
CUETUMK [0/IHKEH M3HAYaNbHO paboTaTb BO BCEM CBOEM AManas3oHe, YToObl AMarHoCTVKa, CBsi3aHHasi ¢ Npohu-
NeM, perucTpupoBasiacb npaBubHO. ECiv 3TO HEBO3MOXHO BCAEACTBUE IKCMIyaTaLMOHHbLIX WM CE30HHbIX
OrpaHuyeHuid, To 3To JO/MKHO ObiTb BbINOMHEHO CPa3y, KakK TOJIbKO AaHHasi BO3MOXHOCTb MOSIBUTCA. Pesysb-
TaTbl ONepaTMBHON AMArHOCTUKM WCMOJb3YIOT B KAYECTBE CMPAaBOYHbIX AAHHbIX, C KOTOPbIMK 6yayT NpPou3BO-
ANTbCS ByayLiMe CPaBHEHUS, MO3TOMY OHU SIBAAIOTCS BaXKHOM YaCTbiO XypHasa KOHTPOSIS.
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Bo Bpemsa akcnnyartauuu nonb3oBartesib LO/HKEH Nepuoguvyecks cpaBHUBaTbL dakTUveckne AaHHble co
cyeTuMKa C faHHbIMKU, COBpaHHbIMU Ha Mpeablaywmx atanax, Y4Tobbl onpeaenuTb, YTO cneaylme napame-
Tpbl OCTalTCA B AONYCTUMbIX Npefenax:

- TOYHOCTb OnpeAeneHns BpeMeHu;

- CTabunbHOCTb NPOocMIA NOTOKa,

- Ka4ecTBO OBHapYXXeHUs akyCTMUYECKOro curHana.

Ha npakrtuke:

- NpoOBeEpKa TOYHOCTM ONpeAeneHns BPeMEHHbIX NHTEPBasIOB OCyLLecTBAsSeTCA nyTeM nposepkn MSOS
1 COOTHOLWeHnA MSOS;

- NMpoBepka CTabunbHOCTU MNPOUAA NOTOKA OCYLLECTBSETCA NyTeM MNPOBEpPKM COOTHOLUEHWIA CKOpo-
CTEeil NOTOKa,;

- NpOBepKa KayecTBa 0OHapyXeHWss curHana ocyLecTBAsSETCA NyTeM NPoBepKn oTHoweHuin S/N.

Ecnv npu MoHTaxe cyeTunka obecneyeHbl YCNOBUSA OTCYTCTBUS 3arpsa3HEHUi, TO Nosib3oBartesib MOXeT
ObITb YBEPEH C OYEHb BbICOKOW CTEMEHbI YBEXAEeHHOCTM B TOM, YTO CUEeTYMK paboTaeT B COOTBETCTBUM CO
cneundmkaymein.

[aHHble, KOoTopble AO/MKHbI Nepuoanyeckn hopMmmnpoBaTbCca M NnepefaBaTbCs:

- CpaBHeHNe n3MepeHHol MSOS ¢ paccumTaHHol Ha ocHoBe AGA-8/GERG-2004;

- coOTHOWweHNss MSOS (3M1eKTPOHHbI oTnevaTok SOS);

- COOTHOLLEHMA CKOpoCTeil;

- OTHoweHus S/N.

[na Kax[oro us aTux AaHHbIX AO/MKHbI 6bITb yKa3aHbl MakCMMasibHble OTKIOHEHUSA 018 YPOBHSA «npefa-
YNPeXAeHNsI» W YPOBHA «aBapuiiHOTO curHana». OHW onucaHbl HWke. B cnyuvae npeaynpexneHuss MoxeT
notpeboBatbcs 0cob60e BHMMaHMEe K paboTe cyeTyuka. B cnyvyae aBapuiiHOro curHana MoryT notpeboBaTbCs
BMeLlaTenbCTBO ¥ KOPPEKTUpYLLe AelicTBUS.

8.7 Mpeaynpexgatowmii N aBapuiiHblii YpOBHM CUTHAMIOB AVMArHOCTUKM MpU 3KCMyaTauum

8.7.1 MMpeaynpexpawowmnii U aBapuiHbIi YPOBHM CUrHanoB No MSOS 1 cooTHOWeHMAM MSOS

CpaBHeHne MSOS, nsmepeHHoih USM, cTSOS, paccunTaHHO ¢ NCNO/b30BaHNEM MEXAYHapOoAHO Mpu-
3HaHHOro asIropnTMa, No3BOJIAET NPOBEPUTL BPEMEHHbIE NapaMeTpbl YNbTPasByKoBOro cyeTyvka. Cyliecrsy-
10T ABa BuAa NpoBepok: no cpegHein MSOS n no cooTHoweHnaMm MSOS. MNpoBepka No COOTHOWeEHNAM MSOS
MCNosb3yeTcs A1 KOHTPOSA COrnacoBaHHOCTU (DYHKLMOHMPOBAHUA aKyCTUYECKUX TPaekTopuii 1 onpeaene-
HUA Ha/IM4YMA Kakoro-nnmbo paccrioeHus.

TOYHOCTb, C KOTOPOW MPOBOAUTCS CpaBHEHUE cpefHeli MSOS cTSOS, 3aBUCUT OT KayecTBa pacyeTa, a
Takke OT KayecTsa, NPUrogHOCTU N COCTOSAHUSA 060pyA0BaHNS, NCNOAL3YEMOro A1 U3MEPEeHUs cocTasa rasa,
AaBneHns n Temnepartypbl. Uem 6onee penpeseHTartvBHa npoba as1a onpegeneHns KOMMNOHEHTHOro coctaBa
rasa, Tem 6osee TouyHo 6yaet onpegeneHa TSOS.

[na paBnexnii Boiwe 12 MMa ypaBHeHne GERG-2004 MOXeT 06ecneuntb HU3KYH HeonpeneneHHoOCTb
pacyeTa TSOS, HO B 60/IbLWINHCTBE NPaKTUYECKMUX NMPUMEHEHW, B KOTOPbLIX paboyee aasneHne Hmke 12 MlMa
M Temneparypa Haxogutcsa B npegenax oT MUHycC 8 go 62 °C, moxeT 6biTb NpuMeHeH meTof pacyeta AGA-8.

UyBCTBUTENILHOCTb CKOPOCTU 3BYKa K U3MEHEHWIO AaB/IEHNSA HAMHOIO HWXE, YeM K U3MEHEHUI0 TeMmne-
patypbl, Hanpumep:

- HeonpeaeneHHoCcTb aaBneHus, pasHas 0,1 %, BHOCUT BKNapj B HeonpegesieHHocTb MSOS 0,005 %;

- HeonpeaeneHHocTbL TeMmnepatypsl, paBHaa 0,1 %, BHOCUT Bknaj B HeonpegeneHHocts MSOS 0,05 %.

Ha ocHoBaHMM 3TOr0 MOXHO OMNpefenuTb npegensl A8 npedynpexjarolwero u aBapuinHoro ypoBHeW
CUTHaNoB No cpaBHeHUIO MSOS ¢ TSOS, gonyckawuwe HeonpegeneHHoCTb TeMnepaTypHbIX U3MEepPeHUit
0,1 %, a TaKke HU3KYIO [OOMNOMHUTENbHYI HeonpepeneHHocTb 0,1 % B criyyae MCNosib30BaHUA BO34yxa npwu
nposefeHun FAT.

[Ona cueTumka, paboTatowero npu gasneHnun Hwke 12 MlMa u B gnanasoHe TemnepaTtyp OT MuHyc 8°C
4o 62 °C:

- pacxoxgeHne MSOS n TSOS He 6onee 0,25 % sBnseTca [OMNYCTUMbIM;

- npegynpexgalLmnii ypoBeHb: ecsin pacxoxaeHue coctasnset ot 0,25 % o 0,35 %;

- aBapuiiHbIl ypoBEHb: ecnn pacxoxaeHune 6onee 0,35 %.

IMocKosbKy Ha COOTHOWeEHUA MSOS BnusieT TOSIbKO ypOBEHb TYpPOYNEHTHOCTU, 3Ha4YeHus ANns npegy-
npexgjaroLlero n aBapuitHoOro ypoBHeli CUrHasoB MOryT ObiTb HEMHOTO YMEHbLLEHbI:

- pacxoxAeHus cooTHoweHuin MSOS mexay pasfMYHbIMW aKyCTUYEeCKUMU TpaeKkTopusiMu He 6onee
0,2 % aBngTCA AONYCTUMbIMU;

38



NOCT P NCO 17089-1—2025

- npegynpexaarLwmii ypoBeHb: €C/IM pacxoxaeHns coctasnsAoT ot 0,2 % go 0,3 %;

- aBapuiiHblii YpOBEHb: ecnn pacxoxaeHust 6onee 0,3 %.

CpefcTBa n3mepeHuii TeMnepaTtypbl cnefyeT perynspHo kannbposaTtb, YTOObI NOAAEPXUBATL Y3Kue rpa-
HUUbI OOMYyCKOB. B NpoTMBHOM cnyyae, korga MorpeLlHoCcTb AaTtyMka Temnepartypbl MoxeT npesbiwats 0,3 K,
cnefyeT NpUMeHsTb 6o/ee WNMPOKUE rpaHuLbl 48 npeaynpexaatowero n aBapuiiHoro ypoBHen CurHasios.

8.7.2 YpOBHM nNpeaynpexneHnin n aBapuiHbiX CUTHaSI0B 4151 COOTHOLLEHWI CKOPOCTEN

YCTaHOBUTb 06LUME YPOBHU NpeaynpexnaeHuii n aBapuiiHbIX CUTHAIOB A1 COOTHOLUEHWIA CKOPOCTEN
C/NOXHee, TakK KakK OHWM 3aBUCAT OT NONOXEHUS akyCTUYecKol Tpaektopun. CHETUMKN C aKyCTUYECKUMU Tpaek-
TOpPMAMM, PACMOSIONKEHHBIMWU BNMXKE K CTEHKE, MOKa3biBalT 60MNbLUYI0 Bapuaumio, YemM CYHETHUKM C TpaeKTopu-
AMU, PACMOSIOXEHHbIMU 6MXEe K LieHTpanbHOl NvHuKM Tpybbl. CnefoBartesibHO, 3TU 3HAYEHUS AOJ/IKHbI GbiTb
npencras/ieHbl U3rOTOBUTENEM.

8.7.3 Mpeaynpexgawwmnii 1 aBapuiiHbIii YPOBHU CUTHa/I0B MO COOTHOWeEHMAM S/N

Bo BpeMsi MPMEMOYHbIX UCMbITAHMI Ha MecTe akcnnyaTauum (8.5) BbINOMHATCA 3anucy 3HayeHuii S/IN
N YPOBHEN yCcuUMeHus. DTU 3HAYeHUS CNyXaT OMOpHbIM 3HaYeHueMm ANA npeaynpexaalLero u aBapuinHoro
YPOBHEI CMTHaOoB.

Ans ycnosuii akcnayatauuun, nNpy KOTOPbIX AaB/ieHUE He U3MeHsieTcs 6osee yemM Ha NpubnusnTensHo
15 %, Ana pasHuubl Mexay akTuyeckumm oTHoweHuamu S/N 1 oTHoweHusaMn S/N, 3aperncTpupoBaHHbIMU
npu SAT, MOTyT 6bITb YCTAHOB/EHbI CreAyloLine YPOBHU Npeaynpexiatowero n aBapMinHoro CUrHanoB.:

- pasHunua mexay daktnyeckum otHoweHnem S/N n oTHoweHnem S/N npu SAT He 6onee 6 ab cunTta-
eTcs 4ONyCTUMOW;

- npegynpexgaarownii ypoBeHb: ecnim pasHuua 6onee 6 aob n meHee 9 gb;

- aBapuiiHbIN ypoBEHb: ecnn pasHuua He MeHee 9 ab.

B cnyuae, ecnu paboyee gaBneHue Hwxe npubnunsutesibHo 85 % OT AaBneHus npu nposefeHun SAT,
BbllLieyKka3aHHble [O0MYCKM yBenuuuBatTcs (0cnabnaTcs) B 3aBUCUMOCTU OT OTHOWeEHWUA fJaBnexuii B ab
(20 Ig P/PsAT). Tak, Hanpumep, Korga pabodee gaBrfieHWe COCTaB/ISIET MOMOBUHY AaBneHus SAT, [onycku
YBENUUMBAKOTCA Ha AONOJSIHUTENbHbIE 6 4B MPU YCNOBUKU, YTO AaHHblE AOMYCKN MO-NPEeXHEeMY COOTBETCTBYIOT
MUHUMasIbHbIM TpeboBaHMAM K S/N, YyCTaHOB/IEHHLIM U3TOTOBUTESIEM.

8.8 O6cnyxmnBaHue 1 NOBTOPHasa KaimbpoBka

8.8.1 O6ume ceeaeHns

Bpems mexay nepBuUYHOl KasMbpoBKOA M NocnefylolMy NoBTOPHbLIMU Ka/iMbpoBKaMy MOXEeT Bapbu-
poBaTbCs, NOCKO/IbKY OHO MOXET 3aBUCETb OT MPaBOBbIX HOPM, 3aKOHOAATENbLCTBA, AOTOBOPHbLIX COrnalleHui,
ycnosuii nsmepeHuii 1 oMHaAHCOBbIX NOCNeACTBMA. [ANA cueTumka MHTepBas Mexay KannbpoBKamuy MOXeT
BapbMpoBaTbCcA OT 140 8 1eT B 60/1bLUMHCTBE CTpaHl).

CueTunk 06bIYHO HaXoAUTCHA B MOIHOCTLIO paboyem COCTOSHMM, Korda ero Heob6xoAMMO BbIBECTU U3 IKC-
nayataumm Aas noBTOPHONM Kanubposku. Bnok-cxema Ha pucyHke 13 onucbiBaeT pekoMeHAyeMyio npoleaypy
BO3BpaTa CUEeTYMKOB /11 NOBTOPHOM KanuMbpoOBKM MpY pasnnyHbIX 06CTOATENbCTBAX.

8.8.2 inarHocTumka npu obecnyxmsaHnu

B npouecce akcnnyartaumum USM MoXeT nofsiexaTb MJaHoBOMY TEXHUYECKOMY UKW npounakTnyecko-
My 06CNyXMBaHWIO MO0 HEOOXOANMOMY TeKyLleMy PEMOHTY. Bo Bpems 3TuX MeponpuaTuii pekomeHayeTcs
nonay4vaTb halinbl XypHana ANarHoCTUKMA U 3aperncTpupoBaHHble DOPMbl aKyCTUYECKUX CUTHAM0B Kak B Kave-
cTBe 6a30BblX, TaK U ANS NOMOLUY B AMArHOCTUKE M06bIX NpobsieM, CBA3aHHbIX CO CHETYMKOM WM TEXHOOMK-
yeckum npoueccom. Kpome Toro, nepes BbiBogom USM u3 paboTbi/akcniyaTaumm pekoMeHLyeTcs noayyunTb
(ecnu 3TO BO3MOXHO) cregytouee:

- MONHYI0 3anuch haina XypHana AMarHoCTUKX nepes BbIBOAOM U3 aKCnayaTaunu B pamkax noarotoBky
K PEMOHTY/NOBTOPHOI Ka/IMGPOBKE;

- MOJIHYI0 3anucb hOPMbI aKyCTMYECKOrO CUrHana nepej BbIBOAOM K3 3KCnayaTaumm npu NoAroToBKe K
PEMOHTY/NOBTOPHOI KannbpoBKe;

- 3anuchb haiina KoHdUrypaumm nepes BbIBOLOM M3 3KCMyaTaluu npyu NoAroToBKe K peMOHTY/noBTop-
HOIn KanIMbpoBKE;

- hoTorpadhumn gna BM3yasbHOro OCMOTPa CYeTYMKa Mocsie BbiBOAA M3 3KCMayaTauuu npy NOAroToBKe K
PEMOHTY/NOBTOPHOI KannbpoBKe;

- coobLeHne o NI6OM 3arpsisHeHUW, paspyLleHun unn gedektax marepuana.

1) B npunoxeHun A npeacTaB/ieH MeTO/ OLEHKU AOCTOBEPHOCTM M3MEPEHUii Ha OCHOBe pe3y/ibTaToB nocre-
[0BaTe bHbIX KAIM6POBOK C UCMO/Ib30BAHWEM A0NYCTUMbIX FPaHUL, OTK/IOHEHWIi pe3y/ibTaToB Ka/MGpOoBOK.
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PucyHok 13 — Tlpouecc NoBTOPHOIR kannbposku

MaeHTnmnkaumnsa BbillenepeyncieHHoro onpegenset mapwpyT, no kotopomy USM foskeH cnefosatb
B COOTBETCTBUM C BG/IOK-CXEMOIi Ha pUCyHKe 13.

8.9 [marHocrtmyeckme napameTpbl

8.9.1 CkopocCTb 3ByKa

8.9.1.1 M3mepeHHasa ckopocTb 3Byka (MSOS)

CkopocTb 3BYyKa (SOS) aBNseTcs O4HUM U3 Haubosiee BaXKHbIX AMarHOCTUYEeCKUX napameTpoB, CBA3aH-
HbIX ¢ USM. CKOpOCTb, C KOTOPOI Yy/NbTPa3BYKOBOW CWUrHaUs1 MPOXOAWUT MeXAY Napoi ynbTpas3BYKOBbIX Npe-
obpasoBaTeneil, ABnseTca U3MepseMoli (U3MYeCcKoin BeSIMYMHON, KoTopas onpeaensieTcs Kak uamepeHHas
ckopocTb 3Byka MSOS.

Ha MSOS, n3mepeHHyto ¢ nomouibio USM, BANAIOT:

- TemnepaTtypa,;
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- CoCTaB rasa,;

- AaBrieHue;

- TeOMeTpUs U3MEPUTESNILHOW YacTu CUETUUKA,;

- USMEPEHHOEe CYETYMKOM BPEeMs MPOXOXAEHUSA CUrHana,

- paccrioeHne B yC/I0BUSX HU3KOrO pacxofa (Heof4HopoAHoe pacnpejeneHve tTemnepaTypbl).

Korga USM ocHalleH Tpema unu 6onee TpaekTopusiMn, MOXHO ucnosib3oBaTb MSOS kaxpaoin oTaesib-
HOIi TPAaeKTOpMK AN BbINOSIHEHNS OTHOCUTENBLHOIO cpaBHeHna SOS. [laHHOe cpaBHEHME WUCMOoMb3yeTcs AN
co3faHua unupoBbIx oTneyaTkos USM.

Mpeunmyliecrtea:

- He 3aBVCUT OT cocTaBa rasa;

- M3MepeHne MOXeT ObiTb BbINOSIHEHO B YC/I0BUAX MOTOKA;

- CpaBHEHMEe 3HAYeHUn NapameTpoB MOXET BbIMOHATLCA aBTOMAaTUYECKM B COCTaBe AMarHoCTUYECKOro
nakera.

MpumeuyaHue — TMpKU BLICOKMX CKOPOCTAX A/IMHA aKyCTUUYECKOW TPAeKTOpUM MOXET U3MEHSATLCS BC/EACTBUE
WCKPVB/IEHUSI TPAEKTOPMM aKyCTMUecKoro curHana (adppekt Maxa), UTo yBe/MumMBaeT HeonpeaeneHHOCTb.

CpaBHeHue UU(PPOBLIX OTNEYaTKOB MOXET ObiTb OTOGpPaXeHO rpadpuyeckn, Kak nokasaHo Ha PUCYH-
ke 14, rae npeactaBneHbl UndposBble oTneyatkn Ansgd USM ¢ nATblo akycTuyeckumm Tpaektopusmu. Mo ocu
opAMHaT nokasaHbl OTHOWeEHUs SOS, n3MepeHHble BO BpeMs CTaTUYeCcKUX UCMbITaHWi 1 KanmbpoBKU No pac-
xofy. Ha rpadvkax nokasaHbl pasfinyHble oTHOWeEHUA MSOS ans pasnuuHbix TpaekTopuid. Mo ocu abcymce
yKasaHbl HOMepa TpaekTopwuil, U3 KoTopbiX nonydyeHa MSOS; Hanpumep, 51 o3HayaeT pesynbTarT TpPaekTo-
pvn 5, pasgeneHHblil Ha pesynbTart TpaekTopun 1.

1 — cTaTnyeckoe uchbiTaHue; 2 — KaJMbpoBKa B MOTOKE; JI- — 0603HaYeHne OAHOWN cpaBHMBaeMol Tpaektopun, /= 1 ... 5 (/ dy);
rij— o603HaueHne gpyroii cpaBHMBaeMoli Tpaektopun,;' =1 ... 5 @ ®i); c(n() — SOS Ha TpaekTopun N(; c(/ly) — SOS Ha TpaekTopun sy,
c(ni)lc{nj) — oTHoweHne SOS Ha cpaBHMBAEMbIX TpaeKTopusX, B %

PucyHok 14 — LindppoBoii oTnevaTok: o6pasel, COOTHOWEHNS, OnpeesieHHblii BO BPEMS CTATUUYECKUX UCMbITAHUI C
a30TOM M BO BpeMs KasIMGpOBKM B MOTOKE Ha Ka/MGPOBOYHON yCTaHOBKe

[JaHHble pucyHka 14 ABNATCA TONbKO npumepoM. CriegyeT o6paTuTb BHUMaHWE, 4YTo B 3aBUCMMOCTU OT
KOHoUrypaLumm cHeTymKa 1 Yncsa akycTMyeckux TpaekTopuii MoryT BbiTb NOSyY€eHbl pasHble rpaduki. OgHako
TakKoW e NPUHLMN MOXHO NPUMEHUTbL KO BceM Tunam USM c TpeMs wim 6osiee TpaeKkTopusmMu.

LindpoBoii oTneyaTok oTHOCUTeNbHOM SOS He A0/MKEH 3aBUCETb OT BPEMEHM, COCTaBa rasa, Temnepa-
Typbl 1 gaBneHus. Bo Bpemsa akcnnyaTtauum oTk/ioHeHne SOS Mexay TpaekTopusmMu LOSIXKHO 6biTh B npeje-
nax 0,2 % npu pacxojax rasa Bbille gvt. Hmxe qvt npu o4yeHb MasibiX pacxogax Wwuav fnpy HeLOCTaTOYHOWA
Tens0M30/49UMn rpafueHTsl TeMnepaTypbl B NpoTeKawemM rase MoryT Bbl3BaTb [OMOJIHATE/IbHOE OTK/IOHEe-
Hne SOS Ha TpaeKkTopusx.

N3meHeHne dopmMbl LMPOBOro oTneyaTka C TEYeHNEM BPEMEHN MOXET yKa3blBaTb Ha HEMCNPAaBHOCTb
Tpaektopun USM, 4TO MOXeT NPUBECTU K HENPaBU/IbHOMY n3MepeHuto. Lindposblie oTneyatku, nosyvyeHHble
npu 3aBOACKMX MPUEMOUHBIX UCMbITAHUAX, MPUEMOYHbIX UCNbITAHUAX Ha Mowaske, KaimbpoBKe No NOTOKY U
MOJMIEBLIX UCMNbITAHUAX MOXHO CpaBHMBaTb, YTOObI OTCMIEXMBATL U3MEHEHNSA B nosegeHun USM.
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8.9.1.2 TeopeTuyeckaa ckopocTb 3Byka (TSOS)

JononHutensHo kpome MSOS MOXHO Takke paccuMtaTb TEOPETMYECKYIO CKOPOCTb 3ByKa (TSOS), ecnu
M3BECTHbI COCTaB rasa, Temneparypa u gasneHue. 310 TpebyeT 4ONOHUTENbHBIX BXOAHbIX AaHHbIX OT NOTOY-
HOro rasoBoOro xpomaTtorpada, AaT4uKoB TemnepaTypbl 1 faBreHus pabouyeii cpegpl. Icnonb3ys 3Tm BXOAHblE
JaHHbIe U NMPUMEeHAA ypaBHEHWEe COCTOAHUA, No ypasHeHUio GERG-2004 wnu ypasHeHutio AGA-8 onpepens-
eTcAa 3Ha4vyeHne TSOS.

Korga u3secTHbl 3HauyeHna MSOS n TSOS, MOXHO NPOBOAUTL HEMPEPLIBHOE CPpaBHEHUE MeXAY HUMMU.
OTknoHeHne MSOS ot TSOS cunTaeTcsa npuemaemMbiM, ecim OHO He 6onee 0,25 %.

PacxoxaeHua mexay MSOS u TSOS MoryT ykasbiBaTb Ha acMHXpOHHOe onpepernieHne MSOS u TSOS
BCNeACTBME N3MEHEHWI COCTaBa rasa M BPEMEHHOW 3a[epXK/n aHanmM3a cocTaBa rasa Wivm HencnpaBHOCTU/COOS:

- U3MepeHusa cocTasa rasa;

- U3MepeHnsa TemnepaTypsbl;

- U3MepeHus aaBrieHus;

- USM, Bk/OYasAs HacTpOIKy mapameTpoB, OJIMHY TPAeKTOpMW, BPEMEHHYI0 3a4epXKy, 06HapyxeHue n
06paboTKy curHana, oTNOXeHUS Ha y/bTpa3BykoBOM(bIX) NpeobpasoBaresnie(sx) WM kopnyce cyetymka, KoTo-
pble U3MEHSAT ANMHY TpaekTopuu;

- UCMOMIb3yeMOro MeTofa pacyeTa M ero 3HauyeHuii HeonpeaeneHHOCTH, 3aBUCALLMX OT aKCcnayaTauun.

CraTtuctnyeckne metofbl MOryT ObITb MOME3HbI AN MOHMTOpMHIa MSOS 1 TSOS ¢ TeyeHneM BpPEMEHMU.

8.9.2 ABTOMaTMyeckasa perysmpoBKa yCcuUieHus

ABTOMaTnuyeckan perynuposka ycuneHusa (AGC) ucnonb3dyetca Ans obecneyvyeHnss o4MHaKOBOM amMniu-
TyAbl MPMHMMAEMOr0 CUrHasa He3aBMCKMMO OT yC/0BMiA paboTbl. OcHoBHasa uenb AGC — nogaepxusatb fo-
CTaTOYHYK amMnanTyay u oTHoweHue S/N A58 TOYHOW CMHXPOHM3aLMM NPMHUMAEMOro curHana. daktuyeckoe
3HayYeHne ycueHnsa Takke ABMSAETCHA NOJIe3HbIM ANAarHOCTUYECKUM MapameTpoM, yKasbiBalow MM Ha YPOBEHb
3aTyxaHua akycTMYecKoro umnysbca BAO0/b TPAEKTOPUKN. YCuneHne 3aBuCcuT OT cocTaBa rasa, [aBfieHus, CKO-
pocCTW, ANMHbI TPAEKTOPUN U CTEMNEHUN 3arpA3HeHns. YpPOBEHb YCUIEHUA cnefyeT CpaBHUTbL C NpefesioMm ycu-
neHus. Mo mMepe TOro kak CMNOCOGHOCTb Y/NbTPa3BYKOBOrO npeobpasoBatens reHepupoBaTth YNbTpa3BYKOBOW
curHan yxygwaetcs, ypoBeHb AGC 6yaeT yBennumeatbCs. B croxuBlienca cutyaunm gnst TPaekTopum cyeT-
ynka 6onblle He ByAeT onpeaenaTbCsa AelcTBUTENbHOE 3HavyeHne MSOS mamM TOYHasi CKOPOCTb, a CYETUUK
nepengeT B HeMcCnpaBHOE COCTOSIHME.

8.9.3 OTHoweHue curHana K wymy (S/N)

OTHoweHne curHana K wymy (S/N) sBnsetca napaMeTpoM, MHTepnpeTauns KOTOporo A1 AMarHoCTUKK
BO MHOIMX cnyvasix 3aTpyAHeHa BCnencTBMe pas/ivyHbIX (DakTOpoB, KOTOpble MOTYT B/MATbL Ha Hero. OfHako,
Kak npasuno, S/IN MOXHO MCNO/b30BaTh KaK MHAWKATOP KavyecTsa NPUHMMAaEMbIX YNbTPa3ByKOBbIX CUTHASI0B.
PacnpegeneHve S/N mexagy y/ibTpasByKOBbIMU NpeobpasoBaTeniMu MOXeT yKasbiBaTb Ha MCTOYHMK HEKO-
TOpbIX NPO6/EeM MPU BbINOIHEHUN U3MEPEHWUA Mo Mepe UX BO3HWKHOBEHMWS. Hanpumep, Hanuume pacxoxje-
HUA Mexay S/N Bblle 1 HKe NO MOTOKY O3HayaeT, YTO BO3MOXHO MPUCYTCTBME WCTOYHMKA Y/IbTPa3ByKOBOIO
LyMa, 4acTo 3T0o perynupyrowmii knanad unm FC ¢ 60nbliMM nepenagom faBneHus. MNpuemHble ynbTpa3ByKo-
Bble NpeobpasoBateny, obpalleHHble K UICTOUYHUKY WyMma, 6yayT umeTb 6051ee HU3koe cooTHoweHue S/N, yem
obpalleHHble OT Hero. Hasmuve wyma OT perynupyrloLLero kianaHa unv Apyroro UCTOYHUKa ynbTPas3BYyKOBOro
WwyMa O6bIYHO MOXHO NOATBEPAMTL, U3Y4MB (DU3NYECKYID KOMMOHOBKY M3MepuTenbHOl cTaHumu. Ecim Bce
yNbTpa3ByKoBble Npeobpa3oBaTesin NoKasbiBalOT HU3KOe COOTHoLWeHue S/N, npobnema MOXeT 6biTb CBA3aHa
C 3M1eKTPMYEeCcKMMM Momexamu, 3arpssHeHuem npeobpasoBaTeneii UM Ype3MepHO CKOpOCTbio rasa. Llym,
KOTOpbIA HabngaeTcs TONbKO B HEKOTOPLIX Napax npeobpasoBaTtesniein 1 NPosBASETCSA Kak B CUrHasaax no no-
TOKY, Tak U B CUrHasax nNpoTUB MOTOKA, MOXET CBUAETE/IbCTBOBATb O HA/IMUNUM XUAKOCTU B MOHTaXHbIX KaHa-
nax ynbTpasBYyKOBbIX NpeobpasoBaTteneil, co3fatLlein akycTuyeckoe CoefMHeHNe Mexay Y/1bTpasByKOBbIMU
npeobpasoBateniiMy 1 KOPNycoM cYeTyuKa.

8.9.4 YpoBeHb npuema (MpPonU3BOAUTENIBHOCTb) aKyCTUYECKOro curHana

YpoBeHb nprvemMa curHana onpefensercsa Kak npocrtoe apumMeTmyeckoe OTHOLIEHWE nepefaHHbIX CUr-
HaNoB K NPUHATBIM CUTHaNaMm. YpPOBEHb Mpuema CurHasa, Kak npasBunio, CHWXaeTCAa No Mepe yBesiMyeHus
pacxoga cBepX HOMWHasIbHOU NPOU3BOAUTE/ILHOCTU, a TakkKe MOXET CHMUXATbCA NpU CHWXKEHWW AaBNeHWUs B
JNHAW UK NPU HaNTMYUK TPA3K 1 BRaru.

8.9.5 Mpodunb notoka

CKOpOCTM B OTAENbHbLIX TPAEKTOPUAX CHETUMKA UMEIKT YHUKasbHble COOTHOLUEHWS, OoTpaxatoline npo-
hvnb NOTOKa, KOTOPbIVi HAXOAUTCA NOA BAVSIHWEM KOHAMrypauumn TpybonpoBoga Bbille no notoky. Mpu ckopo-
CTSAX, COOTBETCTBYIOLMX 3HAYEHUAM pacxoja Bbllwe, YeM qt, 3TV COOTHOLIEHWUS He OO/KHbI CYLLeCTBEHHO Me-
HATLCA CTeYeHWeM BpeMeHuW. B 3aBUCMMOCTU OT KOHUIypauumn TpaekTopmum cyeTUmnka CyLecTByeT HECKOIbKO
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METOAOB, C NMOMOLLbI0 KOTOPbIX MOXHO OonpeAenuTb Npodub NoToka B cueTyuke. VamepeHus npodwuns no-
TOKa MOryT BK/O4YaTb onpegeneHue ero opmbl 1 CUMMETPUM, CTENEHN HeoCeBbIX KOMMNOHEHTOB NOTOKa, Ta-
KMX KaK «nonepeyHblil NOTOK» W/NAN 3aBUXPEHNE, a Takke CTaTUCTUYECKYIO OLEeHKY CTeneHn TypbyneHTHOCTM
notoka. MameHeHne npodhnis noToka MOXET ykasbiBaTb HA M3MEHEHVe BS3KOCTU cpefbl U/MNn U3MeHeHue
LepoXxoBaToCTV CTEHOK Tpy6onposoaa. NepekpecTHas nNposepka ¢ ApyrumMu cpeacTBaMu ANarHOCTUKA MOXET
NO3BO/IMTHL NONb30BATE/0 ONpeaesiTb UCTOYHVK U3MEHEHWUS U OLEHUTb ero 3HaunMocCTb. VI3meHeHne npodu-
51 NOTOKa B cly4yae nprMMeHeHus hopMmnpoBaTenss NOToka MOXET yKasblBaTb Ha 3aCOPEHUE UMK 3arpsisHeHne
yCcTpoiicTBa, hopMupytoLLero noTok.

8.9.6 CpepHekBagpaTnyeckoe OTK/IOHEeHMNe/TypOyNeHTHOCTb

B pa3nuuHbIx criyyasx, 0COGEHHO MPU HANMM4YMK 3arpsa3HeHnsl, yBeiMyeHne cpefHekBagpaTnyeckoro oT-
KNOHEHNSI OCHOBHbIX ANArHOCTUYECKMX MapamMeTpoB, TakuMx Kak CKOpocTb 3Byka, AGC, CKOpOCTM MoToKa Ha
aKyCTUYeCKMUX TPAEKTOPUSAX, U YPOBEHb MpUeMa akyCTUYeCKUX CUrHanoB ABASITCA XOPOLUMU NHAMKATOpamm
Ans obHapyxeHuss npobnem Ha paHHel cTaauu npu akcnayatauuu. B Tabnuue 6 nokasaH npumep Takoih aAna-
rpamMmbl B3aMMOCBSA3€e AnarHOCTMUYECKMX napameTpos.

Ta6bnuua 6 — [uarpamma B3auMOCBSI3€I AMArHOCTMYECKNX NapamMeTpoB

[JNa akycTuyeckoli TpaekTopum

B3anMocBsA3b AMarHOCTMHECKUX NapaMeTpoB YpoBeHb CKOPOCT CpepHekBagpa-
npuema AGC SIN MSOS P TUyeckoe
notoka

CUrHasoB OTK/OHEHWE
OTka3 ynbTpa3BykoBOro npeobpasosartens X X — X X X
Mpo6nembl 06HapyxeHns X X X X X X
YnbTpasByKoBOW LUYyM X X X — — —
Pab6ouee pgasneHune — X X — — —
TemnepaTtypa — — — X _ _
3arpsisHeHune X X X X X
Vi3ameHeHns npodmas noToka — — — — X X
Bbicokasi ckopocTb X X X — — X

X Hannymne cBA3n
— OTCYTCTBUE CBA3M

9 2kcnnyataynmoHHas npaktuka

9.1 Koppekuusi no TemnepaType v gaBfeHuto

BbixogHoli curHan USM gosmkeH 6biTb CKOPPEKTUPOBaH € y4eToM adhdhekta TEMSIOBOr0 paclunpeHus.
Heo6x0A4MMOCTb KOPPEKL UK MO AAB/IEHUIO CYLLECTBEHHO 3aBUCUT OT Pa3HOCTU JaB/IEHUI U KOHCTPYKLUMW KOp-
nyca cyeTyuka. V3rotoBuTeNb OO/MKEH MHOPMUPOBATL NOSb30BaTENSA O BAUAHUM TeMnepaTypbl U AaBleHus
Ha nokasaHua USM.

B pesynbTaTte kanMbpoBKM No pacxofy cuctemaTuyeckne MorpellHocTy YMeHbLaTCa 3a CHeT onpege-
NeHns 1 nocneaylLwero npuMeHeHns koadpduruneHTa kanmbpoBkY, ynydlaeTcs nMHeapusaums, a 3HadyeHme
FWME makcMManbHO npubnmxaeTtcsa K Hy, YTO NPUBOAMT K MakCUManbHO 6/IM3KOI K HYNH0 KPUBOI norpeLu-
HOCTW. HaunmHasa Cc 3TOro MOMEHTa, CYETUMK MUCMOMb3yeT Te Xe napameTpbl AaBMEeHUs 1 TeMnepaTtypbl, YTO U
npu gMHaMmun4yeckol kanvwbposke. J1lo60e nocneayolee U3MeHeHve TemnepaTypbl Wi AaBNeHUs n3MeHsieT
om3nyeckne pasmepbl cHETUMKA U, €CIN UX HE CKOPPEKTUPOBATb, BHOCUT CUCTEMATUYECKYIO NOTPELIHOCTb 13-
MepeHua pacxoga. Kak npaswio, gaBneHue u temneparypa BO BPeMs Ka/iMbpoBKM OT/IMYAKOTCA OT AaB/eHUs
1 TemnepaTypbl B paboymx ycroBusx.

B 9.1.2 npeacTtasfaieH NpocToii noaxod, NO3BOMAKLWNIA caenatb HavyasibHYK OLEHKY MOrpeLiHocTn pac-
X0/a, BbI3BAHHOW BNUSHUEM TemnepaTypbl U AaBfeHWs, KOTOpble OT/IMYAKTCA OT UCXOAHbLIX YCMOBWIA Kanu-
6poBkun. Ecnv aTa NorpeLwHocTb 3HaYnTelbHa Mo CPaBHEHMWIO C HEONpeAeneHHOCTblo, Tpebyemoi aAnsa uenein
ydyeTa rasa npu ero nepegadve u pacnpegeneHmm, Heob6xoaMMo BbINOSTHUTL 6osiee AeTasibHY0 OLEHKY norpeLu-
HOCTN M3MePEHNs pacxoga, kak onucaHo B 9.1.2.7. B npunoxenun E npegcrasneHo o6wmpHoe n nogpobHoe
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06BbACHEHME npouecca, C KOTOPbIM PeKOMeHAYyeTCA 03HAKOMUTLCA O/1A MOJSTYYEHUS OCHOBHbIX HEOOXOAMUMbIX
CBeAEeHUl No NOSIOXEHMAM, NpuBeAeHHbIM B 9.1.2.

MeTog pacyeTa 1 npaBunbHasa KOHQWrypaums napaMeTpoB LO/MKHbI OblTb ONMCaHbl B TEXHUYECKOW A,0-
KYMEHTaLUUN CYeTYMKA, B OCOOEHHOCTU NPUMEHUTENBHO K KaNnMbpoBKe v Nocreaylolleid skcnayaTaunum Ha ms-
MepuUTeNbHON CTaHuuun.

9.1.1 Koppekuyna no temneparype

[na Bcex TMNOB CYETUYMKOB KOPPEKLMA MO TemnepaType, CBsA3aHHasA ¢ reometpueit, MOXeT OblTb npesa-
cTaBfieHa B BMAe NPOCTOro aHasMTuyeckoro pelwexns (cMm. E.2). Koppekuns nMeeT o4eHb BbICOKYH TOYHOCTb,
N eMHCTBEHHbIMY HeonpeaeneHHOCTAMM, CBA3AaHHLIMU C 3TO KOppekuueid, ABMAAITCA HeonpeneneHHoCcTH,
06YC/OB/MEHHbIE ONpeAe/ieHneM MexaHN4Yecknx CBOMCTB MaTepuasios.

MonpaBoYHbIli KO3(hhMUMEHT NO pacxony BCAeACTBME M3MEHEHUs TeMmnepaTtypbl kopnyca T onpeaens-
eTca Kak

570 = (1+aAT)3=\\+3a4T +3(afr)2+ (aar)3j, (15)
fy,0
rae qvl — 06beMHbI pacxod B pabouynx yCNoBusX;
gVvO — 0O6BbEMHbIi pacxof B yCNOBUSAX KannbpoBKu;
AT — pasHuua Temnepartyp B pabounx ycroBusX U B YCNI0BUSAX KaiMBpPOBKU.

3a UCK/IOUEHNEM IKCTPeMasbHbIX CUTyaLuid, 3HaueHne aAT 06bIUHO OYeHb Masio, 1 popmysy (15) Mox-
HO YNPOCTUTb A0

r Elyn \
.0 g1

MorpelwHocTb pacxofa, 06YC/oB/ieHHAs! BAVSIHUEM W3MEHEHWUS TEMMEpPATypbl HAa KOPNyc CYeTurka, B
3TOM Cc/lyyae MOXeT 6bITb paccuMtaHa no dpopmyre

—1+3afr. (16)

My  -gzagr. 17)
T

B Tabnuvue 7 npuBefeHbl TUMUYHbIE KO3((MLMEHTLI TEMTOBOMO pPacluMpeHust Ansl pacnpocTpaHeHHbIX
maTepuanoB Kopnyca.

Tabnuua 7— CpegHue koadhULMEHTbI TENI0BOro pacluimpeHns B guanasoHe ot 0°C go 100°C

Marepuan KoachdhmumeHT TenioBoro paclumpenus a, K-1
Yrnepogucrtaa ctaib 12 <« 10-6
Hepxasetowasa crtanb AlSI 304 T s
Hepxasetwas ctanb AlSI 316 16 m10"6
HepxaBetowaa ctanb ¢ BbICOKMM npenesniom ynpyroctun AlSI 420 o o8

KoathhuumeHTbl TEMI0BOro paclumpeHus A1 KOHKPEeTHOro maTtepuana MeHSTCA B 3aBUCUMOCTU OT
TemnepaTtypbl 1 npouecca o6paboTkn cTtann. 3HavyeHus, NpuBefeHHble B Tabnuue 7 U UCMONb30BaHHbIE B
npvMepe Ha pucyHke 15, npegHasHauveHbl TOMbLKO 4718 UANIOCTPATUBHbIX Lenei. [ns 6onee TOUHbIX pacyeToB
pekoMeHAyeTcs NoayyunTb AaHHble 0 Ko3hduMLMeHTe TENSIOBOIO paclUMpeHmns y U3rotoBuTeNns matepuana.

PesynbTatel pacyeta no dpopmysie (17) B rpachmnyeckom Buae npusefeHsl Ha pucyHke 15 ona gByx ma-
TepunanoB 13 Tabnuupl 7.

[aHHble, npuBefeHHble Ha pucyHke 15, MOryT Mcnosib3oBaTbCA A1 ObICTPOA OLEHKU MOrpeLlHocTy
pacxoga, 06yCcnoBAEHHOW BAUSHUEM M3MEHEHWS TemnepaTypbl Ha Kopnyc cyeTtumka. Hanpumep, naMeHeHue
Temnepatypbl Ha +23°C npu UCNONb30BaHNM KOpnyca U3 ayCTEHUTHOI HepXXaBewLen CTann gaeT nonpaBKy
+0,07 % (TO ecTb cyeTUMK 3aHmkaeT pacxog Ha 0,07 % 6e3 koppekuumn). Ecnn AT — oTpuuyarenbHass BeNnun-
Ha, To AqQv/qVv — oTpuuaTefnibHasa BennynHa (To ecTb cyeTuuk ByaeT 3aBblliaTh pacxon).

44



NOCT P NCO 17089-1—2025

1— aycTeHnTHas HepxaBseioLas CTaslb; 2 — (PeppuTHasi HepxasetoLas CTaslb; 3 — NpUMep onpeaeneHus BenmunHbl AQViQV

PucyHok 15 — lMorpewHocTb n3mepeHmnsa pacxoga Aqvlqv, cBizaHHas ¢ pasHuuen temnepatyp AT, ANns ABYX BMAOB
Marepuana

9.1.2 Koppekuusa no gasfeHuto

9.1.2.1 O6bwwme ceegeHmns

Koppekuusi no gaBneHui0, CBsA3aHHas C reoMeTpueit, C/IoXKHa 1 3aBUCUT OT KOHCTPYKLMMK Kopnyca cyeT-
ymKa, TMna ero TopLeBbIX COeAUHEHW 1 cnocoba TOPLEBOrO KPEMIeHUs CHeTUMKA NpU 3KcnayaTalmu.

Mpennaraemble Ha pbIHKE KOHCTPYKLUUN CUETYMKOB MOXHO pa3fennTb Ha TPpU OCHOBHbIE KaTeropuu:

a) CYETUYMKM C KOPNYCOM LIWIMHAPUYECKO (DOpMbl, BBApEHHbLIM HENocpeacTBEHHO B Tpybonposos;

b) CYHETUMKMN C KOPMYCOM, KOHCTPYKLMS KOTOPOro COCTOUT U3 TPYyObl C NpMBapeHHbIMU dhiaHuamu;

C) CYETUMKM C HELMTIMHAPUYECKUMI KOHCTPYKUMSIMM KOpMyca CYETUMKA, HANpUMEpP U3rOTOB/IEHHbIE NINTHEM.

B nyHkTax ¢ 9.1.2.2 no 9.1.2.4 npuBefeHbl cpeacTBa NepBoHaYasibHOM OLEHKU NOTPELIHOCTU N3MepeHus
pacxoga Ans nwboro Tuna Kopnyca.

9.1.2.2 O6uiee ynpoLleHHoe BbipaXeHue ansa nboro tmna kopnyca

B kauecTBe MepBOro arana OLUEHKW B/IVSIHUS AaB/IEHWS MOXHO BbIBECTU 06lLlee OCHOBHOE BbIPaXeHue,
npegnonaras, Y4To Kopryc cyeTymKa COCTOMT NPOCTO U3 LUAUHAPUYECKON TPyObl. OLeHKa MakCUMaibHON 0Xu-
[aeMoli MorpeLHocT! M3MepeHns pacxoda BCNEeACTBME M3MEHEHMS AaBMEHWs B KOPMyce Ha BennuuHy Ap
onpegensetca (cm. Takke E.5) no cdoopmyne

R2+r2 A
_ 4" r p

: (18)
A b max R2-r2 E

roe R — BHewHuWii paguyc;

r — BHYTPEHHUI paguyc;

p — koadhduymeHT lMyaccoHa;

E — moaynb KOHra, Ma;

Ap — pa3HOCTb paboyero AaBneHns 1 AaBneHns npu kanubposke, MMa.

Ecnun kopnyc cueTunka MMeeT HecTaHAapTHY WMAWM HeuuavHapuyeckyto dopmy (Hanpumep, Kak B chny-
yae C ITbIM KOPMNycoM), TO B 3TOM C/lydyae 4715 nepBoHaYasibHOM OLEHKM cneayeT 3HauYeHUe BHELUHero pagu-
yca R nNpuHATbL paBHbIM B TOUYKE, B KOTOPOI CTEHKA SABASETCA CaMOli TOHKOW, Tak Kak 3TO faeT HanmbonbLuyto
OLEHKY MOrpeLlHoCTU U3MEepPEeHnNs pacxoa.

PesynbTathbl pacueToB no cpopmyne (18) npuBeneHbl B rpadyyeckoMm BUAE HA pUcyHke 16, B 3aBUCUMMO-
CTV OT 3HAYeHWUi 5/r, TO eCTb OTHOLUEHUS TOJLLMHbI CTEHKN K BHYTPEHHEMY pajunycy.
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AQVV’ %
0,24

0,22

0,2

0,18

0,16

0,14

0,12

/e
7-0,050
2. 0,100
01 3 - 0,150
0,08 4 - 0,200
0,06 5 - 0,250
0,04 6 - 0,300
0,02

0
0 2 4 6 8 10 12 14 16 18 20 Ap, MMa

6,3

PucyHoK 16 — MakcumasibHaa oxugaemasi NorpelHocTb n3MepeHust pacxoga 1qviqy, cesizaHHas ¢ pasHOCTbIO
fAaBneHust Ap, ANa pasnyHbIX OTHOLWEHWIA 5/t

[aHHble, NpuBeAeHHbIe Ha pUcyHKe 16, npeAcTasfieHbl A8 ObICTPOro cnocoba OUEHKN MaKCUMasibHOW
0XUOaemol MOrpelHoCcT! U3MEepPeHUss pacxoja BCreACcTBME W3MEHEHW AaBneHus BHYTpu kopryca. Pucy-
HOK 16 npuBOAUTCA AN MaTepuana kopnyca ¢ mogynem HOHra 2 -10-11 Ma un koadhduumeHTom MyaccoHa 0,3.
Hanpumep, npu Ap = 6,3 MlNa MakcumMasibHaa oxuaaemas norpelHocTb, 06yc/0B/eHHas U3MeHeHnem AaB-
neHunsa, coctasndet 0,06 % pna 5r = 0,25. Ecnn Ap oTpuuatesnibHoe, To Aqvigv oTpuuaresnbHoe (TO ecTb
cyeTumK ByJeT 3aBblllaTb PacXopn).

Mockonbky copmyna (18) m pucyHok 16 npeacTaBnAlOT MakCUMaibHYK OXWAAeMYH MOrpeLLHoCTb,
MOXHO nepeiiTn npsamo kK 9.1.2.6 (npuHaB KE = Ks = 1), 4To6bl OLEHWUTb 3HAYMMOCTb NOTPELLHOCTM 6e3 Heob-
XOAUMOCTU YTOUHEHUSI MepBOHaYasibHOW OLEeHkM, npusedeHHol B 9.1.2.3 1 9.1.2.4, T.K. OH/ NPUBOAAT K 6osee
HU3KOMY 3HAYEHUIO MOrPeLHOCTN U3MepPeHUs pacxoaa.

9.1.2.3 YTO4YyHeHMe nepBOHaYasIbHOI OLEHKM O/18 yyeTa pas/IMYHbIX KOHCTPYKLMUA Kopnyca cyeTymka

Hanunuve dnaHueB nnm HecTaHAapTHas hopma Kopnyca AenatT KOpnyc XecTye rno CpaBHEHMUIO C NPOCTOW
UMANHAPUYECKON Tpy6Oii, paccMoTpeHHo B 9.1.2.1; cnefoBaTefibHO, pacluMpeHune Kopnyca 1 pesynbTupytoLias
NOrpeLHoOCTb N3MepPeHUs pacxoda O6yaeT MeHbLUe, YeM noslyyeHHble no hopmyne (18) n Ha pucyHke 16. UToObI
BBECTM KOMMEHcauuio OT AaHHOr0 B/IUSHWA MECTHOIO YCUeHWs, ANs NOJlyYeHUs CKOPPEKTUPOBAHHONM OLEHKM
MOrpeLHoCT! N3MEPEHNS pacxoda MCnosib3yeTcs NonpaBoYHbIn KoadhdmumeHT dhopmbl kKopnyca Ks:

(19)

KoahbhmupmeHT Ks Bcerga meHblue nnm paseH 1. 3HayeHue Ks, ncnosb3yemoe Ans onpegeneHHoro tuna
Kopnyca, onpegensertca cnegylowum o6pasom:

a) ANns BBapHOro kopnyca 6e3 cpnaHueB B npegenax 2R, rae R — BHewHwWii paguyc Tpybonposoga oT
MECT pacnosioXeHus1 y/ibTpa3BYKOBbIX NpeobpasoBarteneil, Ks = 1, To eCTb KOpNyC cyeTynka BefeT cebsl Kak
npocTtasa Tpy6a,;

b) Ana cnaHueBoro kKoprnyca cyetymka (Hanpumep, COCTOALWEro M3 AByX onaHueB, MpUBapeHHbIX K
TpybonpoBoAy) Win BBapHOW KOHCTPYKUUW, B KOTOPOI cocefHue gonaHubl HaxoAsTcs B npegenax 2R oT no-
NOXEeHUs yNbTPasByKOBOro npeobpasoBartenis, 3HavyeHne Ks AO/MKHO OblTb pacCcuMTaHo COrnacHO OMucaHuio,
npusegeHHomy B E.2.3 (npunoxenue E);

C) ANS KOPNyCOB CYeTyMKa HecTaHAapTHbIX )OpM, Hanpumep AN NUTbIX Kopnycos, Ks nosyyatrT Ha
OCHOBaHWW cpefHeli NOrpeLlHOCTN U3MepPEeHUs pacxoja cneayrwmMm o6pasom:

1) dhopmyna (19) unm pUcyHoK 16 UCnonb3yrTca A8 NOSYYEHUA 3HAYEHUS MOrPeLHOCTN N3MepeHns
pacxofa y, OCHOBaHHOIO Ha MCMNOJIb30BaHUM TOMWMHBI CAMOr0 TOJICTOrO Yy4YacTKa CTEHKW;

2) nocne atoro Ks paccuntbiBaeTtcs kak Ks= 0,5 ¢(1 +y/x), rae X — nepBoHavyasibHasA OLeHKa norpeLu-
HOCTW, OCHOBaHHas Ha WUCMoJ1b30BaHWW TOJILLMHBI CAMOr0 TOHKOIO y4acTka CTeHKM.
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9.1.2.4 YTOYHEHME NepBOHAYASIbHON OLEHKN C YYETOM B/IMSIHUSA TOPLLEBON Harpysku M TOPLEBOrO Kpe-
NAEeHUsA UIN orpaHnYeHns

dopmyna (19) n pucyHOK 16 OCHOBaHbl Ha YC/IOBMAX Hauxygllero cryvyas paguasibHOro paclinpeHus
kopnyca (OTCyTCTBUE TOPLEBbIX Harpy30K U cBOGOAHbIE B OCEBOM Hamnpas/ieHUn Topubl). BnusiHue ycnoswuid
Hamnydwero cnyyas (Hanumuve TOpLEBbIX Harpy3ok U cBO6OAHbIE B OCEBOM HanpasfieHWM TOPLbl) HA MUHU-
Ma/nlbHOe pajuasibHoe paclunpeHne Koprnyca MOXET ObiTb YY4TEHO BBeAEeHWEM MOMpaBoYyHOro KoadduumneHTta
TOpLUEBOW Harpy3ku u kpennaexuma KE (cMm. npunoxeHue E), npuBefeHHOro Ha pucyHke 17 ans koadpduumneHTta
MyaccoHa, pasHoro 0,3.

r — BHYTPeHHW1 paguyc Tpybonposoga; 5 — TonlwmHa cTeHkn Tpybonposoaa
PrcyHok 17 — MonpaBoYHbli KO3hdULMEHT TOPLEBO Harpysku u kpennenus KE

MonpaBoyHbIli KOAPULMEHT TOPLEBOM Harpy3kM U KpenneHmss npocTo BbIBOAUTCA W3 COOTHOLUEHUS
dopmyn (E.12) n (E.14). B npumepe Ha pucyHke 17 KE= 0,89 ans 6/r= 0,25. /3 pucyHka 17 cnegyeT, 4To Hau-
MeHbLlUlee 3HadyeHne KE mMoxeT 6bITb paBHo 0,85.

MorpelwHoCcTb n3MepeHns pacxoga Aqv/gqv B TakoM cfydyae npuHUMaeT Bua;

ALy
AY" - keksfé&avn (20)
, Qv b, Qv ppmax
p p
MpumeuyaHne — dopmyna (20) aeT OLEHKY OXMAAEMON MUHMMAabHOV MOTrPELIHOCTU M3MEPEHNS pacxoga.

CnepoBatefibHO, ee MOXHO MCMNO/b30BaTb B COYETaHUM C MakCHMasibHON MOrpelHOCTbi0 N3MepeHus pacxoga (To ecTb
npu KE = Ks = 1) Ans nony4yeHWs HadyasnbHOM OLEHKM AnanasoHa Wan Jonycka OXWAaemol MNOrpeliHocTM U3mMepeHus
pacxopaa.

9.1.2.5 BnusiHMe MOHTaXHbIX KaHaN0B Y/ibTPa3BYKOBbIX NpeobpasoBatesiel

CoBMeCTHOe B/MsiHME Y/IbTPa3BYKOBOro npeobpasoBartesii U ero MOHTaXKHOr0 KaHana 0OblYHO Ha Mo-
PSAOK MeHbLUe, YeM BAUSIHME Koprnyca cyeTyrka, U B 60/bLUVHCTBE C/yvYaeB MM MOXHO npeHebpeys. B E.2.5
ONs cnpaBku MpuBeAeH MPOCTOM METOA OLEHKN B/MSHUS MOHTaXHbIX KaHasi0B y/bTPa3BYKOBbIX Npeobpaso-
BaTeneii. B ypaBHEHMAX, KOTOPbIE NMPUMEHSIIOTCS A/19 OLEHKU B/IMSIHUS MOHTaXHbIX KaHa/10B YbTPa3BYKOBbIX
npeobpasoBartenen, 4O/MKHbl ObiTb M3BECTHbI KOSPPULMEHTLI MaTepmnana ynbTpa3BykoBOro npeobpasoBaTte-
NA (MX MOXHO NOJYYUTb Y U3FOTOBUTENS).

9.1.2.6 CymmapHas norpewHocTb U3MepeHus

lMepBoOHayasbHasA OLeHKa CyMMapHOl norpeLwHocT namepeHus pacxoga (Aqv/qv)ces{, obycnosneHHas
N3MeHeHneM TemnepaTypbl 1 aBneHus, onpegensercs no dopmyne

ZAch Aqv + KEKSZAqu
Qv 7c,est Qv bj Qv b,p,max

Ecnn norpewHocTb N3MEPEHUA pacxofa CUATAETCA He3HauYUTesIbHON, TO el MOXHO NpeHebpeyb.

Ecnn norpelwHocTb M3MEpPEHMA pacxofa CUMTAETCA CYLLECTBEHHOW W, criefoBaTesibHO, TPebyeT Kop-
pekuMn, HeobxoaUMO BbINOMHUTL MOAPOOGHbLIA pacyeT, onucaHHblii B 9.1.2.7, Ana nony4yeHuss 6osee TOYHOro
nonpaBoYyHOro koadduuymeHTa no pacxoqy.

(21)
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MpumevyaHne — Ecnm pacuetbl no nyHktam 9.1.2.3 1 9.1.2.4 6blan NponyLieHbl Npy OLeHKe BAWSHWS AaBre-
HUA, MOXHO BbIMOMIHUTL MOBTOPHYIO OLIEHKY C MCMOJ/Ib30BAHWEM 3TWX pasfenoB, YTOObl MOMYUYNTb 3aHWKEHHYIO OLIEHKY,
npexge 4em nepecMmaTpveatb He06X0AMMOCTbL 60/ee NoAPOGHOro pacyeta.

9.1.2.7 TMopgpob6Hasa npoueaypa pacyerta

B npunoxeHun E npuBefeHbl NOAPOGHbLIA pacyeT v npoueaypbl OUEHKW BAUSHUSA AABAEHUA U Temne-
paTypbl Ha MOHTaXKHble KaHaslbl YNbTPa3BYKOBbIX MpeobpasoBaTtesnieil, a Takke OLEHKM BIMSHUSA Ha Kopnyc
cyeTumka ero )opMbl 1 TOPLLEBOI HarpysKu.

COOTHOLIEHNE MEeXAY VO NPU 3Ta/IOHHbIX YC/I0BUSAX KaMOPOBKM U qV ™ MpY APYIUX YC/IOBUSIX MOXET
6bITb 3anMcaHo (cm. E.1) Kak nonpaBoYHbI KO3dhhmnumneHT no pacxogy civl/gfr0>onpegensemblin kak

Sy, 1 (I )%y
o UDJ (Jo) 1% @2

Moapo6HbI pacyeT coAepXUT OLEeHKY NpefenbHbIX 3HaueHuii U npegycMaTpusaeT npeacTaB/ieHne no-
rPeLIHOCTM U3MEePEHUsI Ppacxoda B OAHOIN K3 crefylownx 3KBUBASIEHTHbLIX (DOPM:

— —= X, XXXX + X, XXXX; (23)

fy,0

= (X, XX + X,XX)%. (24)

YKa3aHne OKOHYaTesIbHOro nonpasoyvyHOro KoadduumeHTa no pacxody qv -\Vgv O ¢ TOYHOCTbIO [0 YeTbl-
pex fecATUYHbIX pa3psfoB M NOrPeLlHOCTU n3MepeHus pacxofa Agv/qv C TOYHOCTbIO A0 ABYX AeCATUYHbIX
pa3psoB oTpaxaeT 06LWmnii ypoBeHb TOYHOCTN MeToda BbluucieHuii. NoCcKobKy BCerga cyliecTByeT HeKoTo-
pas HeonpefeneHHOCTb B OTHOWEHWUN (hakTUYeCcKnX ycrioBuiA TOPLEBO Harpy3km Ha CUYEeTUMK, OLEHKa pacxo-
[Ja Hukorga He 6biBaeT 6onee TOYHON, YeM AONYCKW, YKazaHHble B popmynax (23) u (24).

[na KopnycoB CYETYMKOB, KOTOpPble OObIYHO MMEKT LuanHApuYeckyto dopmy 1 nnbo BBapeHbl B TPy-
6onpoBoA, NM60 MMEKT NpUKpenseHHble dnaHubl, B NpuUIoxeHUM E npusBegeHa npocTtas npouegypa, oc-
HOBaHHas Ha MpsMOM pacuyeTe C UCMNOJSIb30BaHMeM (PU3MYECKUX XapakTepucTuk cyetyrka. B npunoxenHun E
npvBeAeH NpMMep Takoro NPsiMoOro pacyeta.

B cnyyae ecnu chopMa Kopnyca cyeTyuka oT/iMyaeTcs OT MPOCTON UUAMHAPUYECKON hopMbl, donaHLbl
COCTaBMAT 3HAYMTENbHYIO YacTb OT BCell A/IMHbI KOpnyca WM MOHTaXHble KaHasbl Y/1bTPa3BYKOBbIX Mpe-
obpasoBaTenieil He ABNATCA LUWIMHAPUYECKUMU, TO METOA KOHEeUYHbIX anemeHToB (FE) gaet 60siee TOUYHYHO
OLEHKY M3MEHEHUs pa3mMepoB Koprnyca W MOHTaXHbIX KaHa/I0B Y/bTPa3BYKOBbIX MpeobpasoBartesnieil W, kak
cneacTsme, NOrPeLHOCTb U3MEPEHNS pacxoa, NosyyveHHy no dopmyne (18), a He onpefeneHHy NpsMbl-
MU pacyeTamu no E.2.2—E.2.5. B npunoxeHun E.3 npeacTaBneHO PYKOBOACTBO MO MCMO/Ib30BaHUIO MeToAa
FE ons nporHosnpoBaHmsa ah(pekToB paclimpeHus nog gencrememM TemnepaTypbl v AaBfeHns.

He3aBMCUMO OT C/TIOXHOCTU KOHCTPYKLMU CYETUMKA MOXHO MUCMO/b30BaTb MeTos FE Ana kopnyca v MOH-
TaXHbIX KaHas0B YNbTpa3BYKOBbIX NpeobpasoBaTtesnieil. PekomeHayeTcs mcnonb3oBatb opmynbl (E.12) —
(E.15), Bkntouasa nobble nonpasku Ans opmbl kopnyca cornacHo (E.2.3) npy Heo6XxoAMMOCTU, B KavyecTBe
cpeacTBa NpPOBEPKN MOJTYYEHHbIX C NMOMOLbI MeToga FE pasmepoB Ans obecnevyeHns [ONOSHUTENBHON A0-
cToBepHoCcTM MeTogda FE. dopmyny (18) cnesyeT NpUMEHATb 4719 OLEHKM MOrpeLlHocTn M3MepeHus pacxoga
BLO/Mb K&X[0N TPaeKTopun Ha OCHOBE M3MEHEHWU IM3NYeCcKuX pasMepoB Npu pasiMyHbIX YCOBUSIX.
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MpunoxeHve A
(cnpaBo4HOE)

Onpep,eneHl/le A0ONYCTUMbIX TpaHNL, OTKJ/IOHEHWNIA pe3ysibtTatoB KaJ'IVI6DOBOK

A.1 O6uwume cBegeHUs

BefMunHa CMeLLeHust Mexay pesynbTaTtamy KaJIMGpoBOK B MOTOKE MOXET MPeacTaB/isiTb 0Co6blii MHTepec, Koraa
TpebyeTcs PeTpOCNeKTUBHAs CBEpKa Pe3ynbTaToB Ka/MGPOBKM WM HEOGXOAMMO YCTAHOBWUTL AOMYCKM Ha BOCMPOM3BO-
AMMOCTb. B HacTosiliemM NpUIoXeHuy npeactaBfieH MeTof OLEHKW [0CTOBEPHOCTY M3MEpeHWid Ha OCHOBE pesy/bTaToB
nocsiefoBaTesibHbIX KasiM6poOBOK C MCMO/b30BAHUEM AONYCTUMbIX TPaHUL, OTKIOHEHWI pe3yNbTaToB KannbpoBOK, a Takxe
NPUHLMN ONpeaeneHnst 3TUX rPaHnL, MU «MNOPOroBOro 3HAUEHUS».

LonycTMble TpaHuLbl OTK/IOHEHWI pe3y/bTaToB KasIMGPOBOK WM «MNOPOTroBOe 3HaueHue, Ji(red), A0KHO 6biTb
no/slyuyeHo no cpopmyne

A(reg)=[u(USM)2 +u(TF)2 (A1)

roe u(USM) — ocHoBHasa cocTasrsolas HeonpegesnieHHocTn USM (Bnusinne USM);
<(TF) — OCHOBHasa cocTaBAsolWas HeonpefeneHHoCTU UCMbITaTeNlbHON YCTAaHOBKM (B/IMSIHWUE UCMbITaTesIbHOM
yCTaHOBKMN).
B BennunHy u(USM) Ao/KHBI BbITb BKIHOYEHbI COCTABAAIOWME HEONpeAeIeHHOCTU, KOTOpble YkasaHbl B M. 4.4.
YcTaHoBKa, NpuMeHsiemas A9 NpoBeAeHVs NOBTOPHON kannbpoBku, AomkHa obecneumsatb iv(TF), KoTopoe Bapby-
pyeTcs AN pasnnyHbIX UCMbITATENbHbIX LEHTPOB.
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MpunoxeHne B
(cnpaBo4HOe)

YcTaHOBNeHMe 1 Koppekuusa norpewHocTer USM

B.1 MeTofbl KOppeKUUn MOorpewHocTy nimepeHusa pacxoga USM

CyMMapHasi NorpeLHocTb n3mepeHnsa pacxoga USM cocTouT M3 criyyaiHol NorpewwHocT U cucTeMaTmyeckoli no-
rPELLIHOCTU.

CnyyaiiHas NorpeLwHocTb MOXeT OblTb Bbl3BaHa pas/MyHbIMW BO3LENCTBMAMU HA (DYHKLUUOHWPOBAHUE CUETUMKa,
KaK mpaBufo, He 3aBUCALWMMU Apyr OT gpyra. O6bIYHO clyyaiiHas NOrpeLHOCTb COOTBETCTBYET OonpeAeflieHHOMY cTa-
TUCTUYECKOMY pacnpefenieHntio (M 4acTo BblpaXaeTcs B BMAE HEOoNpeAesieHHOCTU M3MepeHus). BenuuuHa cnydaiiHoi
NOrpeLHOCTN 06bIYHO MOXET OblTb YMEHbLLEHA MyTEM NOSYYEHUSA HECKONbKUX BbIGOPOK U3MEPEHWNI 1 NPUMEHEHUS 06LLe-
NMPUHATLIX MPUHLMUMNOB CTaTUCTUYECKOro aHanunsa. Cucremarmyeckas NorpewHocTb 06bIYHO NPUBOAUT K TOMY, YTO MOBTO-
psoLwmecsa nokasaHmsa usmepeHunin USM nmetoT norpeLuHocTb NpYMEPHO OAMHAKOBOW BesMuyMHbl. B 601bLIMHCTBE cnyyva-
eB Kanubposka B NnoToke USM MOXeT MOMOYb UCKIUUTbL UK, NO KpaiHel mepe, CBECTU K MUHUMYMY CUCTEMAaTUYECKYHO
NOrpeLlHOCTb U3MEPEHNS CYETYMKA MO OTHOLUEHMIO K MCNONb3yeMOoMy 3TasloHy. Moapo6Hoe onucaHve HeonpegeneHHo-
CTell 1 NorpeLwlHocTel Npyu n3mepeHnn pacxoga cm. B MCO 5168.

Bcnepfctere JoNyckoB Ha MexaHM4Yeckylo 06paboTky, pas/mumnii B npoueccax U3roToB/IEHUS KOMMNOHEHTOB, pasnu-
unin B npouecce cO60pkM cyeTumka v Apyrux hakTopoB kaxabli USM nMeeT CBOM yHUKa/ibHble paboyne xapakTepucTuKu.
Takum o6pa3om, 4TOObl NOMHOCTLIO CBECTU K MUHUMYMY MOrPEeLHOCTb U3MEepPeHNs pacxofa, KOHKpeTHbln USM poskeH
6bITb KaNM6POBAaH B MOTOKE, a faHHble KaJIMOPOBKM AO/MKHBI MCNONBL30BATLCA A1 KOPPEeKUMU MM KOMMNeHcaumm norpetu-
HOCTU M3MepeHusa cyeTumka. 3rotoBuTento AOCTYNMHO HECKO/IbKO METOO0B KOpPPEeKLMM NOrpeluHocT B 3aBUCUMOCTU OT
06nacT NPUMEHEHUA cYeTUMKa 1 NOTpebHOCTel Nonb3oBaTens.

Hwke nprMBOAMTCA ONMcaHue MeTofa KOpPPeKLUMW MOrpeLlHOCT, B KOTOPOM MCNO/b3yeTCcs eAUHCTBEHHbIN NOonpaBoy-
HbIA KO3 PULMEHT cUYETUMKA: KOSMULNEHT CPeLHEB3BELLIEHHOIO MO pacxofy 3HauyeHus norpewHoctn (FWME). Ecnm
BbIXOAHOM curHan USM ncknountenbHoO nuHelHbli B paboyeM gunanas3oHe pacxofa cueTuuka, metog koppekumn FWME
ahheKTBEH AN MUHUMMU3AUUN CMELLEHNS cyeTumka. Takxe AOCTYMHbl Apyrue MeToAbl KOppekuuu ¢ O4HUM Mnonpasoy-
HbIM k03dhpuuneHToM. Ecnm BbiIxogHOW curHan USM aBnsieTcss HeNMuHelHbIM B paboyem guana3oHe cyeTumka, TO MOoryT
NPUMEHATLCA 60/1ee CNOXHbIe MEeTOAbl KOPPEeKUUN norpewHocT. Hlanpuvep, anropuTm annpokcumauun KpuBoil norpeLu-
HOCTV C NOMOLLbI0 YPaBHEHWSI BTOPOrO WM TPeTbero nopsgka.

Mepepn pacuyetom FWME uenecoo6pasHo onpefenuTb CABUM HYNSA NO pesynbTataM KasIMbpoBKM B NOTOKE M Npume-
HWUTb ee Takum 06pa3om, 4YTobbl KpMBas OTK/IOHEHUS CTasla kak MOXHO 6osiee nnockoii. MNocne onpeaeneHns n npumMeHe-
HWUSI NOTPELIHOCTN HyNsA MOXHO onpegennts FWME, kak nogpo6Ho onvcaHo B B.2 (npunoxeHune B).

B.2 PacueT cpegHeB3BELIEHHOIO NO pacxody 3HavyeHusa norpewHoctn (FWME)

B.2.1 O6wwme ceBeneHnsA
FWME e(qgv) BbluncnseTca no cdopmysne

(B.1)
roe qVvd pacxog, npu ncnbiTaHUAX;
9V,max, op 3aBJ/IEHHbIN MakKCUMasibHbIA 3KCMyaTalOHHbIN pacxos CYeTUuKa,
e, NOrpeLLHOCTb, BblpaXXeHHas B NPOLEHTax, ykasaHHaa npu pacxoge, qv

B.2.2 MNMpumep pacyeTta cpefHEB3BELLIEHHOIO MO pacxony 3Ha4YeHUs NorpeLHocTun

Pacyetr FWME no faHHbIM UCMbITaHUA Ha (hakTMYeCcKoM pacxofe ABASeTCA BCEMUPHO MPUHATbLIM METOAOM Kanu-
6pOoBKYM, KOraa K BbIXOAHOMY CUTHasTy CHETUMKA MOXHO NPUMEHUTb TOIbKO OA4UH MONPaBOYHbIA KO3dULMEHT. MNpumMeHeHne
3TOro KoagppmumeHTa K BbIXOgHOMY curHany USM aHanormyHo 1cnosib30BaHuio nepesaTovyHoro OTHOWEHUSA B TYPOUHHOM
AN poOTOPHOM cyeTumke rasa. Kak otmeveHo B B.1, ucnosnb3oBaHve koapduuneHta FWME saBnaetca nuwb ogHUM K3
HECKOJIbKMX BO3MOXHbIX MEeTOA0B HacTpovkn USM ana ceefeHns K MUHUMYMY HeonpegeneHHOCTM U3MepeHMsa pacxoga
CYETUUKOM.

B cnegyrouwem npumepe nokasaHo, kak paccuuntate FWME.

USM DN200 6b11 kannbpoBaH B NOToke (CM. Habop AaHHbIX B Tabnuue B.1) npu paboymx ycnoBusx, NOL06HbLIX TEM,
B KOTOPbIX CYETUMK ByAeT aKcnyaTMpoBaTbCA B NONEBbLIX YC/I0BUAX. B Havyane onpegenseTca nonpaBoYHbIN KOadduun-
€HT (Ko3thhULMEHT KOPPEKLMU MOTPELIHOCTN M3MEePEHUsi pacxoda), a 3aTeM OH MPUMEHSETCS K pe3ynbTaTtaM MChblTaHui
Takum o06pa3oM, 4TobObl NoslyyeHHoe B pesysibtate FWME 6b1/10 paBHO Hy/Ito.
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Tab6nuya B.1 — Tabnuua gaHHbIX KanmbpoBkn B notoke aonss USM DN200

CTaHaapTHbIA HoMuHanbHbIIA dakTnyecknin pacxog, no dakTnyeckmin pacxog, no MorpewuHocTs
pacxog, npu pacxog, npu MoKa3aHVsIM 3Ta/IOHHOrO MoKa3aHVsIM MCMbITYEMOro USM e, %
UCTbITAHMAX UCTIbITAHMAX cueturka qv ref cyeTuvka qv ¢

Q, min 950 930 938,8629 +0,9530
°.10®/,Tax 1900 1950 1957,3320 +0,3760
°_25 Qu, max 4750 4780 4764,7996 -0,3180
0>40 qy Tax 7600 7650 7625,9025 -0,3150
0|70 qy Tax 13 300 13 250 13 200,7100 -0,3720
Q, mex 19 000 18 950 18 880,6430 -0,3660
FWME pnsa gaHHbiX, npegctaBneHHbiX B Tabnuuye B.1, BbluncnseTcs no dopmyne
e(Qvg/ sr'/ lQv'rmx)(\?i] ’ (B.2)

X \Qv,i ! Qv,max)

roe qv jlgv tax — BecoBol KoadhcuumeHT L
6- — YKasaHHas MorpelHocTb U3MEPeHNs pacxofa, BblpaxeHHas B MpOoLEeHTax, Npu pacxoge, qv

MpumeHeHne copmynbl (B.1) K gaHHbIM UCNbITaHWIA, NpuBeAeHHbIM B Tabnuuye B.1 (qv tax = 19000), no3sonset
nonyunTb pe3ysbTaTtbl, NOKa3aHHble B Tabnuue B.2.

Tab6nuya B.2— Pe3ynbTatbl BbIYUC/IEHNA CPEAHEB3BELUEHHOrO N0 pacxody 3HadeHus norpewwHoctn gns USM DN200

OTo6paxaeMblii pacxop, BecoBoii koadhduumeHT MorpeLuHoCTb M3MepeHUs B3BelleHHas MorpeLHoCcTb

Q b~ Qv jQv, mex pacxopa ef pacxoga f(e,

938,8629 0,049414 0,9530 0,047091
1957,3320 0,103017 0,3760 0,038735
4764,7996 0,250779 -0,3180 -0,079748
7625,9025 0,401363 -0,3150 -0,126429

13 200,7100 0,694774 -0,3720 -0,258456

18 880,6430 0,993718 -0,3660 -0,363701

X/I; =2,493066 Xlp,- =-0,742508

B pesyfnbTate nosyunm:

é(@v)= . =0,742508/2,493066 = 0,29782928.
2

y
MonpaBoYHbI KO3PADULNEHT F, MpMMeHsAeMbIli K BbIXOAHOMY curHany USM, MoXeT 6biTb paccumTaH no opmyne

100

F= (B.3)
100 + e(gfv) *

Mpn FWME, paBHOM -0,29782928, Nosy4YeHHbIi B pe3y/ibTate NonpaBoYHblli koadhduumeHT F paseH 1,002987.

Ecnn aTOT nonpaBouHbIli KO3(IMUMEHT, pasHbii 1,002987, NpMMEHUTb B KAY4eCTBE MHOXUTENA K BbIXOAHOMY CUrHany

USM, BbluMC/eHHOe 3HavyeHne FWME 6yaeT paBHO Hynt. 3TO nokasaHo B Tabnvue B.3, B KOTOPOIN Kaxzgoe 3HayeHue

e- 6bI/I0 CKOPPEKTMPOBAHO A/ MOJIyYEeHMSA 3HAYEHUS C MOMPaBKOW Ha Ka/IMGpPOBOYHLIN KO3(ULNEHT ejc fc ncnonb3o-
BaHVeM (popmysibl:

eicf~ (e/+ 100)F- 100. (B.4)
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Tab6nuya B.3— Pe3ynbTar gaHHbIX Ka/IMGPOBKM B NOTOKE C KOppekTuposBkoi Ha FWME gns USM DN200

MorpeLUHOCTb pacxo/ia, CKOPPEKTUPOBaHHAs
YKazaHHasi NOrpeLIHOCTb MorpelHoCTb pacxoaa, CKOPPeKTMPOBaHHasA C C YUETOM B3BELIEHHOMO KATMGPOBOYHOIO
M3MepeHVst pacxoda YYETOM KanIMbpOBOYHOTO Ko3dhdhmLmeHTa
KoachchmupmeHTa

@, b@, cf
0,9530 1,254566 0,061993
0,3760 0,675842 0,069624
-0,3180 -0,02023 -0,005074
-0,3150 -0,01722 -0,006912
-0,3720 -0,07439 -0,051686
-0,3660 -0,06837 -0,067945

'Lb B/,cf =0,0000

B pesynbtaTte nosy4mm:
0,0000

0,000.
2,493066

Ha pucyHke B.1 npuBefeHbl AaHHble KanmbpoBKM B MOTOKE C KOPPEKTUpoBKoin Ha FWME n gaHHble MCMbITaHWi,
npeactasneHHble B Tabnvue B.1. TpeyronbHble TOUKM Ha rpadivke NpefcTaBnsAoT NOrPEWHOCTb CYHETYMKA Mocie npume-
HeHus nonpaBo4yHoro Koadgpuuymenta FWME, pasHoro 1,002987, K UCXOAHbIM AaHHbIM KasIMGpPOBKM B MOTOKE.

Ha pucyHke B.1 nokasaHo, 4TO 419 pacxofa rasa Bbille npumepHo 25 % OT NPONyCKHOW CMOCOBHOCTM cyeTvmka
NOrpeLHoOCTb U3MepeHuns Bblna NpakTUMYeckn UCKIYeHa NnyTeM NPUMEHEHUSA OAMHOYHOIO NOMNPaBoOYHOro KoaduumeHTa
FWME ko Bcemy Habopy gaHHbIX UcnbiTaHua. OgHako 415 pacxo4oB HuKe Npubanm3nTesibHo 25 % npov3BoAUTENbHOCTU
cyeTunka Koppekuns no FWME He ycTpaHSieT NOMHOCTbIO NOrPeLIHOCTb U3MepeHns, nockosibky USM nMeeT HelnHenHyo
XapakTepucTuky B 3TOM 4YacTu cBoero pabouyero gnanasoHa. CneposaTesibHO, NO/b30BaTEN0 HEOOXOAMMO NGO npu-
HATb 60Mee BbICOKYHD MOTPELHOCTb U3MEPEHMUS B HDKHEN YacTu paboyero gnanasoHa cyetynka, Nnbo npumeHuTbL 6onee

C/TIOXHYI0 CXEeMY KOPPEKLUUN A1t YMEHbLUEHUS WU UCK/TIOYEHUS NOrPeLlHOCT U3MEePEHUsl B HUXKHER yacTu paboyero gua-
nasoHa cyeTuuka.

PucyHok B.1 — padhmk pe3ynbTaTtoB KanmbpoBkum 6e3 KOPPEKTUPOBKM (IMHMA 1) n CKOppekTUpoBaHHbIX Ha FWME
(nvHnA 2) gna USM DN200 (nnHus 3 — npefen AomnyckaeMoi norpewHocTm)
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MpunoxeHue C
(cnpaBo4HOE)

XapakTepncTrKa 3anopHOro o60pyA0BaHUs U LWYM Ha ra3oM3MepuTesibHOM
W perynvpytolleii ctaHumm

C.1 BBepneHune

UTo6bl 3apaHee OUeHUTb, YA0BNETBOPUTE/IbHO M paboTaeT USM, B AaHHOM NPUNIOXEHMUN B KAYECTBE PYKOBOACTBA
npuMBOAMTCA cnepytoLlee.

KnanaHbl perynmpoBaHusa AasfieHns NPoM3BOAAT LUYM B C/bILIMMOM, @ Takke B Y/IbTPa3ByKOBOM Auanas3oHe 4acToT.
YpoBeHb Lyma 3aBUCUT OT Nepenaja AaBfeHusa U 3HavyeHus pacxoga. Korga perynvpyowmin knanad (knanaH perynnposa-
HWA faBfieHns) yctaHosneH B6m3n USM, ypoBHM CO3aBaeMOoro akyCTM4ecKkoro wyma MoryT npensaTcTBoBaTb akyCTUYecKo-
My CUrHasy, BCNeACTBME Yero HeusbexHa noTeps TOYHOCTV U3MEpPEHMWl pacxofa. dMUCCHA U CNeKTpasibHoe pacnpejeneHne
LyMa 3aBUCAT OT TUMa knanaHa v ero BHyTPeHHero mexaHusma. /13nyyeHve akycTtuyeckoro Lwyma Ha onpefeneHHoin yactoTe
XapakTepu3yeTcs BeCOBbIM KO3hduumeHToM knanaHa Nv. Hapsaay ¢ xapakTepucTuKoi knanaHa cnefyet yuuTbiBaTb COCTaB
Tpy60nNpoBOAHOI cucTeMbl, Bktovatoweli USM, koneHa, TPOMHUKN U FNywnTenmn (eCiv UMeKoTes).

UT06bl 6bITb YBEPEHHBLIM, YTO CHETUYUK ByaeT paboTaTb XOPOLWO B paboyem AuanasoHe, Ha paHHel cTaguu npoek-
TUPOBAHMA ra30U3MepUTENIbHOW U perynupyiowein cTaHuMm pekoMeHAYeTCA NOAyYMTb KOHCY/NbTauuio OT U3roToBuUTenew
knanaHa n USM.

C.2 MeTop pacueTa

C.2.1 O6bwume cBepeHUs

Ons oueHkM hyHKUMOoHanbHOCTM USM B KOHKpETHOI 061acTu NpyMeHeHUs He06X04MMO pPacCMOTPETL criegytoLine
BOMPOCHI:

- reHepauus wyma perympylowmnm kianaHoM Ha ra3om3mepuTesibHON U peryvpytoweli cTaHuMm B 3aBUCUMOCTH OT
nepenaga AaBneHus Ha knanaHe Ap n 06beMHOro pacxofa, NPMBELEHHOro K CTaHAapTHbIM YC0BUAM, Yepes knanaH gn\

- 3aTyxaHuve LWyma npu pacnpocTpaHeHun ot knanaHa Ao USM (koadhdmumeHT 3atyxaHns, Nd)\

- YpoBeHb curHana, Ps, B USM;

- SIN B USM n mnHnumanbHoe Heobxoanmoe S/N B USM an1sa nporHo3mpoBaHus paboumx xapakTepUCTUK cHETUUKA.

C.2.2 TeHepauusa wWymMa perympyoLwmm KnanaHom

CosgaBaemoe akycTuyeckoe gasneHue knanaHa pn, MNa, nponopunoHanbHO nepenagy AasnexHus Ap, MNa, Ha knana-
He, 1 KBagpaTHOMY KOPHIO 06bEMHOI0 pacxofa, NMPUBELEHHOTO K CTaHAAPTHbIM yCcnoBuaM gn, M3y, TO ecTb

Pn~APyfa- (C.1)
C yyeToM BecoBOro koagpdmumeHTa knanaHa Nv, KOTopblli iBASeTCA PYHKUMER akyCTMYECKOro AaBfieHns, 1 3Have-

HUs Ap”[%
Pn =" v'APylane (C.2)

BecoBoit Koa(hpMLMNEHT KnanaHa onucbIBaeT, HACKOMbKO LIYMHbIM SIB/IAETCA KnanaH Ha onpejesieHHoli yactoTe v B
onpefeneHHOM HanpaBfieHun (BBEPX WM BHW3 MO MOTOKY). Yem Bbile 3HauveHne Nv, TeM WyMHee knanaH.

MpunmeyvyaHne — EgnHMua n3mepeHnss BecoBOro KoadpduuymeHTa knanaHa Av — [v—3-505.

AHaNM3Npys 4acTOTHbIV CNEKTP Lyma, CO34aBaemMoro knanaHamu, MOXHO cfenaTb BbiBOJ, YTO OO/bLUMHCTBO kiana-
HOB MIMEEeT LUMPOKWIA AnanasoH NosoCkl YacToT C MakCMMymMoM nNpubnunsutensHo mexay 30 kI'y n 90 Ky, (cm. pucyHok C.1).

53



FOCT P NCO 17089-1—2025

f— vactoTa B KI'l; Lp— amnutyga wyma, ob
PucyHok C.1 — XapakTepHblii CEeKTp akyCTMYEeCKOro LWyMa, reHepupyemMoro KnanaHom
C.2.3 JKcnepuMeHTaslbHbI MeTof, onpefesnieHUsa BecOoBOro koadpduumeHTa knanaHa Nv
[ns onpegeneHus BecoBoro koapduumeHta knanaHa Nvc yyeTom ero 06Bs3kv BO BCeM guanasoHe pabounx ycrno-

BUIi HEO6XOAMMO M3MEPUTL Nepenag AaBfeHns, Pacxoq 1 akycTnyeckoe gaBeHune.
Ha pucyHke C.2 n3obpaxeHa ycTaHOBKa [/ onpefeneHns BeCOBOro koaduumeHTa knanaHa.

1 2

3

1— ocumnnorpady; 2— 3anoM1HaroLLee yCTPOCTBO AJ1s1 3anncu GUHAPHBIX faHHbIX; 3— peryvpytoLmii knanad; M1, M2 — MUKPOOHbI;
P1, P2 — patuvkn naBneHusi; d — BHYTPEHHUWI AnameTp Tpybonpososa

PucyHok C.2 — Cxema yCTaHOBKM
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Cnepyet obpaTuTb BHMMaHWe Ha crefyloulee:

- paccTosiHMe Mexay MUKpOgOOHOM U perynupyrowum kinanaHoMm MoxeT 6biTb 5d u 6onee;

- B TpybonpoBoae Mexay MUKPOGOHOM W perysmpyroLwmMM knanaHoM OTCYTCTBYHOT NPensaTcTBuS;

- Mexay MUKPOChOHOM U perynupyowmmM knanaHoMm oTcyTcTBYOT U-o6pasHble KosieHa, TPOWHMKN W T.N.;

- yCTaHOBKa MUKpPOChOHa BbiNOSIHEHA BPOBEHb C BHYTPEHHEW CTEHKOI TpybonpoBoaa;

- Mepes Havyasom UCMblITaHWS HEOOGXO04MMO M3MEPUTb (DOHOBbLIN LyM, NPV 3TOM 3Ha4YeHUs Ap U pacxofa AO/DKHbI
ObITb paBHbl HY/O, @ TPYH6ONPOBOA AO/MKEH HaX0AMTLCA NoA paboyuvM faBeHueMm;

- lWWYM paccunTbiBaeTcsa ANA WWPUHBLI NOIOCHlI B OAHY TpeTb OKTaBbl (TepL);

- Kaxoe n3mepeHue Lyma npu onpefeseHHbiX paboumx ycrnoBuAX MOXET COCTOATb U3 TPeX — NATU U3MEPEHWA;

- U3MEpPEHNA MOXHO NPOBOAMUTL B YCTAHOBUBLUMXCA YC/IOBUAX MPOLLECCa;

- N0 OKOHYaHUN UCMbITAHUA MOXHO NOBTOPHO M3MEPUTb YPOBHM (DOHOBOTO LUYMA,;

- B 60/1bLUMHCTBE c/yvyaeB 3HavyeHne Nv pas/iMyHOo A4/18 CTOPOH BblLE WM HUXKE NO MOTOKY.

C.2.4 TeopeTnyeckoe onpegeneHne BecoBoro koadduuymeHTa knanaHa Nv

Ecnu akcnepuMMmeHTasibHOe onpejefieHne BeCOBOro KoahuumMeHTa knanaHa He BbIMOSIHEHO, TO onpejesieHne Be-
COBOro KoaghmuymeHTa knanaHa MOXeT 6bITb BbINOIHEHO METOAOM, NMPUBEAEHHbLIM B cTaHgapTe IEC 60534-8-3. [aHHbliA
cTaH4apT onucbiBaeT MeTOo/, NPOrHO3MpPOBaHMA aspofuHaMUYEecKoro Lwyma perynvpyroliero knamnaHa. OH ucnonb3yeTtcs
ONS pacuyeTa CNbIWMMOro LWyma, CO34aBaemMoro perynmpyowmm KnanaHom CHapyxu TpybonpoBoga Ha pacctosHun 1 m
oT Tpybonposoza, 1 cnekTpa wyma BHyTpu Tpybonposoga. MeTof no3BosiseT paccyntaTb CnekTp Tonbko o 20 kIy, (cnbi-
WKMbIA AnanasoH). [N pacuyeta cnekTpa B 061acTy yNbTPasByKoBOro wyma ctaHgapTt IEC 60534-8-3 gonyckaeT MeTop,
3KkcTpanonAuuu. [na onpefeneHHoro coyeTaHusa pacxoga gn v nepenajga faBneHus Ha knanaHe [ip cnektp m3gasaemoro
LyMa perysmpyroLLero knanaHa onpefensercs Ha OCHOBaHUN AaHHbIX 06 06LLeM ypOBHE BHYTPEHHEro 3BYKOBOrO gaBie-
HUA Ha cTeHke TpybonposoAa Lpj n reHepupyemMoii nukoBoi yactoTte fp.

CnekTp BblUMCAAETCA C NMOMOLLbIO cneaytowei hopmynbi:

25
. . ffn
Lpi(f) = Lpi- 8-10log< 1+ (C.3)
V2fPJ

X — yacToTa, Ny, Y — akyctudeckuii yposeHb; 1— Lpi (f), ab; 2— Pi (f), Ma
PucyHok C.3 — XapakTepHble rpadmkn MMKOBOWN YaCTOTbl, aKyCTUUYECKUIA YPOBEHb Kak (PYHKLMSA 4acTOTbl

Ans kaxgoro coyetaHus [p v gn MOXHO paccyuTaTb YPOBEHb LyMa 4151 KOHKPETHOW 4acToTbl U, MCNOb3ysa hopMy-
ny (C.3), MOXHO paccumTaTtb BeCOBOM KO3adhduumneHT knanaHa Nv.

MpepnoyTUTEenbHBIM METOAOM ONpefesieHNns BeCcoBOro koadyduuveHTa knanaHa Nv aBnseTcs MeTof ero akcnepu-
MEHTa/IbHOTO onpefesieHns, a ncnonb3oBaHne IEC 60534-8-3 cnegyeT paccMatpuBaTth Kak pe3epBHbIA MeToS.

C.2.5 OueHka pacnpocTpaHeHus wyma oT kKnanaHa kK USM ¢ ncnosnb3oBaHveM KoadhduumeHTa 3atyxaHus Nd

USM pa6oTaeT B BbICOKOYACTOTHOM AManas3oHe, B KOTOPOM, K COXasleHWi, /ierko pacnpoctpaHsercs wym. He-
06X04MMO co34aBaTtb NPEnATCTBUA A1 PacnpoCTPaHeHUss akyCTUYeCKoro wwyma (UckKaoyas NpsAMylo BUAUMMOCTbL) WK
No3BOINTb aKyCTMYECKOMY LUIYMYy B3avMOAeWCTBOBaTb CO CTEHKOIM TpybonpoBoAa, TEM caMbiM OCabnAas akyCTUYECKYHo
9HEpPruno, YTobbl YMEHbLINTb MHTEHCMBHOCTb 3TUX BbLICOKMX YacTOT yNbTPasBYKOBOro wWyma. [MoaTomy gns ocnabnexHus
yNbTPa3BYyKOBOIO LyMa MOXHO MCMNOJIb30BaThk 3/1IEMEHTbI TPy6ONpPOBOAA, TAKUE Kak Ko/leHa W TPOWHUKM, UK cneuuanbHo
paspaboTaHHble [AyLWNTeNn.
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CHWXeHMe yNbTpasByKOBOIO LWIyMa, pacrnpocTpaHsioweroca ot knanaHa Kk USM, oueHnBaloT € NOMOLLbI0 KO3adhdu-
umeHTa 3atyxaHusa Nd.

Bce anemeHTbl Tpybonposoga, NpUCyTCTBYIOLLME B YCTAHOBKE, O0CNabnsaoT akyCTMUeckuid Wwym, npu aTom ocnabne-
HMe aKyCTUYeCcKOoro Lyma 3aBUCUT OT 4acToTbl.

OcCHOBbIBasiCb Ha TEOPUW NTMHENHBIX CUCTEM, 3N1EMEHTLI TPy6onpoBoAa MoryT 6biTb NpeAcTaB/eHbl YUCNOM, YKa3bl-
BaKLLUMM Ha YPOBEHb 3aTyxaHWUsl y/bTpa3Byka B COOTBETCTBYHOLLEN NOMOCE YacToT.

B kauecTBe npumepa B Tabnuue C.1 nokasaHbl KO3((ULNEHTbI 3aTyxXxaHua pas/iMyHbIX 31eMeHToB Tpybonposoaa
Ha yacTtoTe 200 Ky,

Tab6nuya C.1 — 3aTyxaHue B afilemeHTax TpybonpoBoga Ha yactote 200 kIu

DnemMeHT Tpybonposoaa KoadpchuupmeHt Nd 3aryxaHue b
KoneHo 90° 0,56 5
KoneHo 45° 0,79 2
TpOHUK 0,32 10
[iBa koneHa B pas/inyHbIX MIOCKOCTAX 0,20 14
Tpy6onposog 100 m 0,56 5
MpumeyaHne — 3HauyeHWUa oTMYaOTCS NS APYTMX YacToT.

V3 paHHbIX, npuBefeHHbIX B Tabnuue C.1, BUAHO, YTO KO/eHa M TPOWHUKN 3HAYUTEsIbHO 0C1abnsatoT YPOBEHb Y/ib-
TPa3ByKOBOrO LymMa, a NPSIMOJIMHEliHbIe y4acTku Tpy6onpoBoAa OkasbiBaloT criaboe BAWSHME Ha 3aTyxaHue wyma. Ecnm
YPOBEHb LyMa npeBbiwaeT f4oNnyCcTUMbIe Npegesbl, TO MOryT 6biTb YCTAHOBEHbI 4OMNO/THUTE IbHbIE KOMEHA WU TPOHWKH,
BbINOJIHAOLUINE POSb FAYLWINTENS, WK TNyLIMTEeNn, cneynanbHo npefHa3HayvyeHHble ansa aTov uenu. Takol rnywmtens Aon-
XeH 6bITb CMPOEKTUPOBaH A1 KOHKPETHOro NPUMEHeHUs (Hanpumep, B 3aBUCUMOCTU OT YacTOTbl).

C.2.6 YpoBeHb curHana B USM Ps

[na ypoBHa curHana B USM cobnogalTca cnegyouine npasuna:

- Pso=p: yem Bblwe gaBneHve B USM, Tem cusibHee curHan,

- P3a VI :4em 6onblie goivHa TpaekTopuun, Tem crnabee curHan;

- Psc y/t : yem 60MblUe NPOAO/MKUTENBHOCTL BPEMEHU MHTErPUPOBAHMSA WU KOMIMYECTBO BbIGOPOK, TEM MOLLHee
curHan (unu: 6onee TOYHOE yCpeLHEeHUe faHHbIX ynydwaeT cooTHoweHne S/N Ha 4n ).

MoaTtomy:
R _PA (C.4)

BblleykasaHHble napaMeTpbl He 3aBUCAT OT cyeTumka. YTo6bl TOYHO onpefenuTb YpoBeHb curHana B USM, Heob-
XOMMO TaKxe UCMNonb30BaTb NapameTpbl, 3aBUCALLME OT CHETUMKA, Hanpumep, 3 eKTUBHOCTb YIbTPa3BYKOBOro npeob-
pasoBaresisi, HanpsxeHne BO36YXAEHUA.

MoXHO onpeAenuTb cneunasbHblli NapameTp cyeTynka amf, KOTOPbIN BK/OYAET BCE AOMNOJSIHUTE bHbIE NapaMeTpsl
n npeobpasyet popmyny (C.4) B

Ps=am f-, . (C.5)
P
MpumMmevyaHne — EauHuueln BennunHbl amfsasnsetca metp [M].
C.2.7 CooTHOoweHne curHan/wym B USM

CoueTaHue koadhchmumeHTa 3atyxaHus Ndc ypoBHEM LUyMa, reHepMpyemMoro perynupyoLMM knanaHom [dhopmyna
(C.2)], nmeeT pe3ynbTaToOM YPOBHM aKyCTMYECKOro WyMOBOro gasneHna B USM

Pr, USM - NdNVAP\[On = (C.6)

Mpumensa dopmynel (C.5) n (C.6), MoxHO nonyunTe hopmyny (C.7), koTopas onucbiBaeT oTHoweHne S/N, PJpn,
B USM

SIN= ——— o (C.7)
Pn, USM  IpNANVAP jg~

Onpegenus oTHoweHne S/N B USM, nocnefHMM OCTaBLIMMCSA MapamMeTpoMm, nogjnexaiium onpefeseHunto, siBns-
eTca Tpebyemoe MUHUMasIbHOE OTHOWeHWe S/N, npu KOTOPOM CYEeT4uK BCe eule pabotaeT. MUHUMaNbLHOE 3HavyeHne oT-
HoweHns S/N ycTaHaBnMBaeT U3roTOBUTESIb:
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S/N > S/INmf=>USM pab6oTaer; (C.8)
SIN < S/INmf=> USM nepecTaeT paboTarhb. (C.9

Mpumep pacyeTa: UCMONb3yeTcs MexayHapoaHas cuctemMa eguHnyl)

YpoBeHb Lyma
YactoTa [y

[Ma] '3

2000 100 40
2520 200 46
3175 300 50
4000 250 48
5040 380 52
6350 380 52
8000 500 54
10 079 880 59
12 699 880 59
16 000 1100 61
20 159 1700 65
25 398 2000 66
32 000 2100 66
40 317 2300 67
50 797 3000 70
64 000 3800 72
80 635 2800 69
101 594 1600 64
128 000 1500 64
161 270 1000 60
203 187 680 57
256 000 400 52
322 540 230 a7
406 375 170 45

VcxopgHble gaHHble: AP = 2,5 MMa; P =6,0 MMa; g =20 000 m34 ; p=0,5m; t=1

Paboyasa yacToTa ynbTpa3BykoBOro npeobpasosarens: 200 Ky,

YpoBeHb Lyma, M3MEpPEHHbIN Ha YacToTe 200 kI, cocTtaBnsieT npubnmsnTtensHo 680 Ma, noatomy: pn = 680 Ma.

BmecTo NnHeHOro pacyeta ypoBHel Lyma YpOBHM Lyma Takke MOryT ObiTb paccuuTaHbl B geunbenax, B 3TOM
cnydae: Pn dB =20 Ig(680) = 57 gb.

O6BbeMHbIN pacxo rasa, NpUBeAEHHbIN K CTaHAapPTHLIM YC/I0BUSIM, (N, MOXHO NPOCTO OLEHUTb, YMHOXWUB AaBeHune
P Ha pacxog B Tpy6onposoge g. Ans odumumanbHOro pacyeta gn, KpoMe Toro, He06X04MMO YUnTbIBaTb BAIMSAHME Temnepa-
Typbl I 1 cxumaemocTn Z rasa. OgHako MeToAuyeckass HeonpeAefieHHOCTb NMPUMEHSIeMOW Mofenu pacyeta HamHOro
60/blle, YEM KOPPEKUNSI Ha TeMMepaTypy M CXUMAEMOCTb. TakMM 06pa3oM, MOXHO UCMO/b30BaTh YNPOLLEHHYO hopmyy

gn="p q,rge P0O=0,1 MMa. B pesynbtare nonyunm gn= 1200 000 m3/u.

1) Mpumep pacueTa 2 B UMNEPCKOI cUCTEMe efUHUL, N3 HACTOSILLEero cTaHaapTa UCK/IHUEH.
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BecoBoii KOahULMEHT KianaHa MOXHO paccymMTaTb No doopmyne

N = PY-.
V AP~

[P = 25 6ap = 2 500 000 Ma,
SpE— = 2,5m0~7 M-1505.

Ecnu mexpy knanaHoMm perynmpoBaHus gasneHns n USM umeloTcs ABa KosieHa B NI0CKOCTUW, TO COrflacHo Tabnuue
C.1 oHu co3gafyT 3atyxaHue:
Nd=2 «5pab = 10 gb (koachchuuneHT 3,2).
Torpga akyctmyeckuin wym B USM 6yger:
Pnusm,ds " Pn,dB- Nd- 57ub- 10 ab - 47 b

nnn

P - =— =215a
ML= Na T 32 a

[Ons onpefeneHnsi ypoBHsl curHana B USM TpebyeTcsi cneyvanbHblii napaMeTp narotoButenst amf.
amf=2,2 -kHwm,
p = 60 6ap = 6 000 000 MMa,
DP=05m
t=1

p4t
Ps ~ V-mf

10".6LL|O%)§)OI'I =2640 lNa,

Ps dB = 20 ' Ig(2640) = 68 gb.

OTHoweHne S/N 6ygeT:

SIN = 2640 =123,

Pn,USM 215
SINdB = Ps dB- pn USM dB =68 g5 - 47 ab = 21 4p.

MpeanonaraeTcs, 4yto Ansd USM SINmf= 20 gb (koadppmumeHT 10), 3TO 03Ha4YaeT, 4YTo AONONHUTE/IbHOE 3aTyXxaHue
He TpebyeTcs.

C.3 KOHCTPYKLMSA ra3onu3mMepuUTeibHON 1 perynupytowein ctaHumum

M3 C.2.2—C.2.5 cnepgyeT, 4To ycnewHas paboTa rasousmMepuTesibHON U perynupyroweli cTaHuum, BKAYaroLwei
USM, 3aBuCUT OT:

- LUYMOBBbIX XapaKTepUCTMK UCTOYHMKA LIyMa, TO eCTb KnanaHa, B CBA3M C 3TUM M3roTOBUTE/b KlanaHa 06sa3aH npeg-
CTaBuTb KoahdumumneHTbl Nv, Kak 4519 BXOAHOW Bbile MO NOTOKY, Tak W A1 BbIXOLHON HWKE MO MOTOKY CTOPOHbI;

- HeobxoauMmoro paboyero guanasoHa npouecca, onpegensemoro P/ (aP-y/c”), BbIGpaHHOrO 1 onpegesieHHoro

nonb3oBaTesnem;

- KOHUrypauum TpybonpoBoga, kotopas MOXeT ObiTb M3MEHEHA A1 BK/IIOUEHUS B KOHCTPYKLMIO TAyLIUTENe;

- YPOBHA nomexoycToiunBoctn USM, B CBA3W C 3TUM M3rOTOBUTE/Ib AO/HKEH YKa3aTb MUHUMasIbHOE Jonyckaemoe
3HauyeHune S/N.

UT06bl HAalTM ONTUMasIbHOE peLleHne, 3TM NPobeMbl HEOOXOAMMO PELLNTL Ha paHHEen cTagun NPOEKTMPOBaHMUSA ra-
30M3MEepPUTENIbHOW 1 perynupyoLein ctaHuun. B oTanune ot KOHCTPYKLUUN ra30UM3MepUTENbHON 1 perynimpytoweli ctaHumm
C NPUMEHeHNEeM TYPOUHHBIX CUETUMKOB, B KOTOPbIX CYETUMK 06bIYHO YyCTaHABNMBAIOT NOC/NE PerysimpyoLLero knanaHa, ans
CTaHUuUM ¢ npumeHeHmeM USM cueTumk MOXET 6biTb pasMelleH nepeq peryvpylowmm knanaHoM M TEN/I006MEHHUKOM
(cm. pucyHok C.4). OueBUAHLIMY MPEUMYLLECTBAMW TaKol YCTAHOBKU SBASKOTCA:

- USM pasmeltaetcs B 06/1aCTU NOBLILEHHOrO AaBfieHUs, YTO ynydllaeT YPOBEHb Y/1bTPa3BYyKOBOro CUrHana;

- TENI00O6MEHHNK pasMeLLaeTcs MexXay CHETYMKOM U KlanaHOM, FEHEPUPYHOLWMM LIYyM, NPU 3TOM BbICTynas B pPosu
rnywmTens (BO MHOMMX criydasix TENN00OMEHHUK CHUXAET ypPOBEHb Lyma 6onee yem Ha 20 gb).
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1— Tenn00BMEHHUK; 2 — perynvpyowmin knanaH; 3 — USM; 4 — dwmnbTp; 5 — runb3a TepmomeTpa
PucyHok C.4 — la3opacnpegenurtenbHas CTaHums, ONTUMU3NPOBaHHAsA A/18 YNbTPa3BYKOBbIX M3MEPEHUA

B 60/bLUMHCTBE C/lyYaeB 3HaueHne Alv Ha 3—6 4B HWxke 18 CTOPOHbI BbILLE MO MOTOKY, YEM A1 CTOPOHbI HUXE MO
MOTOKY, YTO AO/IKHO GblTb NOATBEPXAEHO W3rOTOBUTENEM KNanaHa.
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MpwnoxeHne D
(cnpaBo4HOe)

Bpemsi KanM6pPOBKN Y/IbTPa3BYKOBbIX CYUETYUKOB

D.1 BBepneHune

Ha 60/1bWMHCTBE KaNIMOPOBOYHBIX YCTAHOBOK Y/IbTPa3BYKOBbIE CUYETYUKN CAUYAIOTCHA C TYPOUMHHBIMU CYETYMKAMU,
KOTOpble BbICTynatT B KayecTBe 3TanoHa. [oCKonbKy TypObUHHbIE CYETYMKM BedyT cebs no-pasHoOMy B YC/IOBUSIX Typ-
OYy/IEHTHOCTM U BO3MYLLEHHOIO MNOTOKA, Heo6xoAMMo cob/ofaTbh nNpefesibHyl0 OCTOPOXHOCTb, YTO6bI 06ecneunTb Kop-
PEKTHYO kannbpoBky. B npouecce kanvbpoBku TpebyeTca usberatb nynbcauyuii n obecneunBaTb CTabubHble 3HAYEHUS
AaBneHnsa 1 Temnepatypbl. TpeboBaHUS K 3TUM YCNI0BMAM NpeacTaBneHs! B M. 6.3.

B n. 6.3.2 npegbiaylueli Bepcun ctaHgapTa MUHMManbHOE BPEMS KasiMbpoBKM onpefesneHo cneayrwmm obpasom:
NPOAO/IKNTENBbHOCTL O4HOM0 N3MEepeHns Ao/mkHa 6bITb He MeHee 300 c¢ (npaBuno «300 cekyHa») wunu 400 or JI/ (roe r—
BHYTPEHHUIA pagunyc TpybonpoBoAa CHETUMKA, a V — CPedHsi CKOPOCTb MOTOKa), B 3aBMCUMOCTU OT TOrO, YTO 60/bLUe.

B 3TOM npuaoxeHun npuBegeHo 060CHOBaHMEe 3TOro TpeboBaHUs, 1 OHO pacnpoCTPaHeHoO B KayecTBe HOBOrO Tpe-
60BaHUS Ha cyeTunkn knaccos TouHocTy 0,5 1 1 no OIML [36], a Takke npeaoXeH YCOBEPLUEHCTBOBaHHbIA MeToA onpe-
AeNeHnsa MUHUMasIbHOro BPEMEHW KasimbpoBKu.

D.2 CpaBHEHMe Typ6VIHHbIX CYETUYNKOB C y/IbTPa3ByKOBbIMUN CYHETUHUKaMU

TypOUHHbIE CYETUMKM MHOTO fIET UCNOJIb30BA/IUCL B KA/IMGPOBOUHbLIX NabopaTtopusx 3a40nro A0 NOABEHWUS TEXHO-
NOTVU YNbTPa3BYKOBbLIX CHETUMKOB. VIMes cTabunbHblii cnpoc, TypOrHHbIE CYETUMKM BCe elle NpoJoshkaloT npeobnajatb B
KannbpoBOYHbIX 1abopaTopusix, HO ceiiyac cUTyauus HEMHOTO MeHsieTCs. B HOBbIX M caMbix NepefoBbix 1abopaTopusx yxe
npUMeHstoTcs 06e n3mepuTesibHble TEXHOMOMMK, YTO NO3BO/ISIET MakCUMaslbHO 3DPEKTUBHO UCMNO/b30BAThL KKAYI0 U3 HUX.

OfHa M3 OCHOBHbIX MPWUYMH, NO KOTOPOA TYPOUHHbIE CYETUMKM A0 CUX NOP UCMNOMb3YIOTCHA B KayeCTBe 3Ta/IOHHbIX
CYETUYMKOB, 3aK/THOYAETCA B TOM, YTO OHW OTHOCUTE/IbHO HEYYBCTBUTE/IbHblI K TypOyneHTHbIM KosiebaHusam B notoke. B
TYPOUHHBIX cHeTUMKax TypoyneHTHble KonebaHns ycpeHsaTCcsa no anvHe paboyero koneca, a caMu BUXPU YMEHbLLATCA
6narofgaps yCKOpPeHWo NoToka B TYPOMHHOM cueTuuke. B pesynbTare TYpOUHHbIE CYETUMKM MMEKT MEHbLLYIO NoJsocy npo-
NnyckaHWa 1 He MOryT U3MepATb GbICTpble KoslebaHua pacxofda. Takke TYPOUHHbIE CYUETUMKM HE B COCTOSIHUU CNpPaBUTbCSA
C MyNbCUPYIOLMMN MOTOKaMMW, NOCKOMbKY B TakUX CUTyaLMaX BO3HMKAKOT 6OMblUMe MOrpeLlHoOCTN n3MepeHuid. Mo aToit
npuynMHe nNpu KannbpoBke He AONYyCKalTCA My/bcauun noToka.

YNbTpasByKOBble CYETUMKU, B OTANYME OT TYPOMHHbBIX CHETUMKOB, UMEKOT ropasfo 60MbLUyo NO0Cy NponyckaHua u
CNoco6Hbl ynaBnuBaTb ropasfo 6osee BbICOKME YACTOTbl. B pesynbrare y/ibTpa3ByKOBble CHETUMKU U3MEpPAIT dhakTnye-
ckve konebaHua NoToka U MOryT NPEBOCXOAHO CNPABAATLCA C TOUHbIM U3MEPEHNEM MY/IbCUPYIOLLMX NMOTOKOB.

MocKkonbKy nMpu KannMbpoBKe CpaBHMBAKOTCA pe3yfbTaTbl 060MX CYETYMKOB, TO HEOBXO0AUMO obecneunTb, UYTOObI
B/IMSIHWE TYpPOY/IEHTHbIX Nynbcauuii 6610 CHUXKEHO 40 TAaKOro YPOBHS, KOTOPbIA He BAWSET Ha KayecTBO Ka/mbpoBku. B
3aBUCUMOCTM OT Knacca TO4YHOCTU cyeTumka no OIML [36] kOHeYHOe 3HayYeHne AOMNOSTHUTENbHON HeonpeaeneHHoCT, 06-
YCNOBAEHHON TYpOYNEHTHbIMU NyfbcauuamMun, He AO/HKHO npeBbiwaTh 1/3 4oNyCTUMOR pacliMpeHHol HeonpeaeneHHoCTH
AN COOTBETCTBYIOLLErO K/lacca cyeTymnka.

D.3 MuHMManbHOe BpeMs KaanbpoBKu

B kann6poBouHoii nabopatopun onepaTop A0/KeH y6eanTbCs, 4TO YC/I0BUS NOTOKa U TypOyNeHTHOCTb MAEHTUYHBI
YyCNOBUSIM B HECKOHEYHO AJ/IMHHOM ¥ NPSAMOJIMHERHOM y4yacTke Tpybonposoga. MNpegnonaraercs, 4To YacToTa AUCKPETU-
3auUMn U3MEepEeHUA cHeTYMKa AOCTATOUYHO BbICOKA, YTOOLI paccMaTpmBaTh VX Kak HenpepbiBHOE M3MepeHue.

B 4AMHHOM MNPSMOSIMHENHOM y4vacTke TpybonpoBoda KosebaHus NnoToka MPOMCXOAST BCNeACTBME eCTEeCTBEHHOW
TYpOYyNeHTHOCTH, KOTOpas co3faeTcsa TPeHWeM 0 CTeHKY Tpybonposoga. Ha cTeHke Tpy6onpoBoga KacatesibHoe Hanpsxe-
HVMe co3faeT rpagveHT B Npoduae CKOPOCTU NOTOKA, UYTO SAB/SAETCS OCHOBHOW NPUYUHOM BO3HUKHOBEHMWS TypOY/IEHTHOCTH.

VHTEHCUBHOCTbL TypOY/IEHTHOCTW 3aBUCUT Kak OT rpagueHTa npodusiss CKOpPoCTM NOTOKa, Tak U OT pacCToAHUA [0
CTeHKM Tpybonposoga (CBO6GOAHOE NPOCTPaAHCTBO, B KOTOPOM MOXET 06pa3oBaTtbCsA BMXpb). Ons Tpyb6 CO cTaHOapTHOW
LIepOX0BaTOCTbI0 CTEHKN 3TO MPUBOAMUT K CUTyaLuu, Korga:

- Npeob6najamline BUXPU UMEKT XapakTepHblii pasmep npumepHo 0,2D — 0,3D ans TeyeHuit B Tpy6onposoge ¢
Re > 8000;

- CTeneHb MHTEHCMBHOCTU TypOYyNEeHTHOCTM paBHAETCA nNpuMepHo 4 % y cTeHkn Tpyb6onposoga v okoso 3 % B cepe-
OuHe Tpybonposoaa; 3,5 % B cpegHeM (cm. Takxe: Hinze «Turbulence» [84]).

VIHTEHCUBHOCTbL TypbOy/IeHTHOCTH B Tpy6onpoBoAe NpMBeAeHa Ha CriefyoweM pUcyHke, B3ATOM U3 rnasbl 7.13 [84].

CylecTByeT ABa cnocoba onpefesieHnsa CTeneHn NHTEHCUBHOCTN TypPOY/IEHTHOCTU W*.

a) Korga m3mepuTesnbHblli yH4acTOK BO3MOXHO paccMatpuBaTtb Kak MpsMyl Tpyby, MOXHO MCNONb30BaTb rpaduk,
npvBefeHHbIN B [84], 4N OUEHKN YPOBHSA TYPOYNEHTHOCTU B MOJSIOXEHUN YbTPa3BYyKOBbIX TPAEKTOPUIA.

b) MyTem perncTpaumm OAHOCEKYHAHbIX 3HAYEHWUIA CKOPOCTM MO TPAEeKTOPUM 1 BbIYWUC/IEHNS ee cpefHekBagparunye-
CKOTO OTK/IOHEHUS.
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UT— pafnasibHast KOMMOHeHTa TypOyneHTHOM nynbcauum; |/Xmax — mMakcMmasibHas CKOpOCTb Ha Ocv NoToka B Tpybe; X2— paccTosiHue
OT CTEHKM TPY6bl B pafnasibHOM HanpasneHu; D — BHYTpeHHUI auameTp Tpy6bl

PucyHok D.1 — OTHoOcuTeflbHasA UHTEHCMBHOCTb TypbyneHTHOCTM B Tpybe (Re > 8000) [84]

N3mepeHne ypoBHA TypOyneHTHOCTU nNpeanoyvTuTenbHee B CMTyauumsax, Korga oxuaaeTtcs ropasfo 6onee BbICOKWNA
ypOBEeHb TYpOY/NEHTHOCTU, YeM O06bIYHO, Hampumep, B cnyvasx, Korga gopmupoBaTtesib NOTOKA PacrnofioxXeH 6auM3Ko K
YyNbTPa3BYKOBOMY CHETUMKY.

Typ6yneHTHOCTb — 3TO CTOXacTUYECKWil MpoLecc, 1 ero BIMSSHUE MOXHO YMEHbLIUTb NyTem ycpeaHeHus. Mockonb-
Ky 9TO ecTeCTBeHHbI npouecc, npegnonaraeTcs knaccuyeckoe rayccoBCKoe pacnpejenieHne BeposaTHOCTeN, 1 Torga Bnu-
fAHWe TypobyneHTHOCTN ByfeT YMEeHbLIEHO ¢ KO3(h(MLMEHTOM, paBHbIM KBaAPATHOMY KOPHIO U3 Ynucna nynbcauuii.

UT06bl YMEHbLLUNTL YPOBEHb MIHOBEHHbLIX Mysbcauunii, Hanpumep, ¢ 4 % go 0,1 %, namepeHue [OMKHO BbiTb yC-
pefHeHOo Mo obuiemy konunyecTsy Buxpeit (4 /0,1)2= 1600 (Npn f0BEpUTE/IbHON BEPOATHOCTU, COOTBETCTBYIOWEN 10, rae
a— cTaHfapTHOe OTK/I0HEeHue).

YuutbiBass xapakTtepHblii pasmep Buxpsa 0,25 ¢ D, Ans ofHOW ToukM TpybGonpoBoda ycpeAHEeHVe A0/MKHO 6biTb Bbl-
nosiHeHo no anuHe 1600 «0,25 D =400 mD; TO ecTb No BpeMeHu B TedeHne 400 <D IV\ rae v— cpefHaa CKOPOCTb MOTOKa.

Bonee o6uiee ypaBHeHVe AN U3MEPEHUs B OAHOIN Touke Tpyb6onposoda NMeeT cnefytowuii Bua;

(mn=(u7u/ m0,25 iD.1)

rae v — ypoBeHb TypbyneHTHOCTM (onpegensiembllii Kak CpefHeKkBagpaTuyHOe OTK/IOHEHVME MIHOBEHHbIX TypbOyneHT-
HbIX NyAbcaunii CKOpPoOCTH);
ud — Tpebyemblil ypoBEHb TYpOYy/IEHTHOCTH (Tpebyemoe cpefHekBagpaTuyeckoe OTKIOHEHUE TYpPOYNEeHTHbIX My/b-
cayuunin CKOpoCTU Mnocne X ycpegHeHus);
tain — TpebyemMoe MVWHUMasbHOE BPEMS YCPEeAHEHUS.

MocKobKY yNbTPa3BYKOBbIE CHETUMKM TaKXe YCPEeAHSIT CKOPOCTh MO AJ/IMHE aKyCTUYeCcKoro KkaHana, oblas anvHa
ycpegHeHns MOXET ObiTb YMEHbLUEHA Ha BHYTPEHHIOW 06Ly ANMHY KaHana LAV, no KOTOpoi TypOYy/lIEHTHOCTb yXe ycC-
pegHeHa.

3T10T KO3a(hhUUMeHT nokasaH B Tabnuue D.1, B KOTOpOl MpeAcTaBfeHa xapakTepHas ANMHA yCpeaHeHUs pasnuu-
HbIX CYETUMKOB (f/189 Pa3HbIX KOHCTPYKUNI CYETUMKOB 3HAYEHWS A/IMHBI YCPeAHEHUSS MOTyT He3HauMTeNbHO OTNYaTbCA OT
npuBeAeHHbIX B Tabnuue).

Ta6nuuya D.1 — BHyTpeHHUE ANVHbI ycpeaHeHUs LAV pasfinuHbiX KOHCTPYKLMI CYETUMKOB

UnCro aKyCTUYECKUX KaHaU10B XapakTepHasi f/iMHa ycpeaHeHus
3 35D
4 45D
5 55D
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B aTOM pacueTte WUCMo/b3yeTcs TO/bKO A/IMHA OAHON NPsIMOii TpaekTopun. CUETUUKM C NepeKpeLLMBatoWMMICs 1 oT-
paXXeHHbIMW TPAEKTOPUAMUN TEoPeTUYECKU A0/MKHbI UMETb 60/iee BbICOKOe 3HadeHune LAV, Ho NOCKOMbKY pacnpeaeneHve
TYP6YNEHTHBLIX Ny/bCalUWii CKOPOCTU MAEHTUYHO AN 06eux TPaekTopuii, 06pasylolmx nepecedyeHne, MHGopMauus ot
06enx TpaekTopuii BMecTe He MOXeT 60o/iblie paccMaTpMBATLCS Kak MOMIHOCTBLIO He3aBMCMMas CO CryyaiiHbiM paccesiHu-
eM. TpaguLMoHHO AN 3TUX KOHCTPYKLUI UCMONb3YETCs TO Ke 3HAUEHKe, YTO W /11 BAPUAHTOB C NPSIMbIMU TPAEKTOPUSIMMU.

Mpy 3TOM MUHUMasIbHOE Bpemsi ycpeaHeHus frin npu foBepUTEbHON BEPOSTHOCTI, COOTBETCTBYIOWEN NHTEPBAY
1a, yMeHbLUAeTCs [0 3HAYEeHUs, paccuMTaHHOro no hopmyse

fmn = (ulud)2m0,25 «  v- Lav). (D.2)

®opmyna (D.2) He ABNseTcA TOYHOM, Tak Kak OHa MoJlydyeHa Ha OCHOBE MeTOZOB CTAaTUCTUUYECKOTo aHanm3a.

Mpy pa6oTe CO CTATUCTUYECKUMU JAHHBIMU CefdyeT yUnTbiBaTb YPOBEHb AOBEpPUTESIbHOW BeposiTHOCTU. [ns chy-
yaiiHoro rayccoBCKOro pacnpefesfieHnst ypoBeHb [OBEPUTESIbHO BEPOSTHOCTY MpU 1a cocTaB/sieT 0koso 68 % (CM. Takxke
pucyHok D.2). B cnyuae ecnim TpebyeTcs MeHbluas HeoNpeAeneHHOCTb, MUHUMAIbHOE BPEMS YCpeAHEHUsI [OKHO 6biTb
YMHOXEHO Ha COOTBETCTBYHOLUMIA KOI(ULMEHT oxBaTa. KoadhdpuumeHTbl oxBaTa AN pasnnyHbIX YPOBHE foBepuUTeib-
HOli BEPOSAITHOCTM NokasaHbl B Tabnuue D.2.

Tab6nuya D.2 — lMayccosckne KOahpuuneHTsbl oxsaTta

MapameTp KoadhhnumeHTbl oxBara Ans pacnpenenerns Maycca
YpoBeHb [OBEPUTE/IbHON BEPOATHOCTU, % 68,27 90,00 95,00 95,45 99,00 99,73
KoathduumeHT oxeata K 1,000 1,645 1,960 2,000 2,576 3,000

PucyHok D.2 — PacnpegeneHune BeposiTHoCTel aycca

B HedhTerasosoi oTpacnv B 60/bLUMHCTBE C/yvyaeB UCMO/b3yeTcs AOBepUTesNbHbIR uHTepBan 95 %, 4To NpMBOAUT
K K03thhnumneHTy oxBata K = 2. Mpn 3TOM MUHUMasbHOE BpeMs ycpegHeHusa fmjn, ¢ yuetom dopmynel (D.2), Npu ypoBHe
[JoBepuTeNbHO BEpPOSITHOCTU, COOTBETCTBYIOLEM MHTEpPBasy 2a, COCTaBnseT

frmin = (ulud)RO,5 mD/(v- i.AV), (D.3)

roe  u* — cpefgHeKkBagpaTuueckoe OTK/IOHEHWE MIHOBEHHbIX TYPGY/IeHTHbIX My/bCcaluii CKOPOCTH;
ud — Tpebyemoe cpegHekBagpaTuueckoe OTKAIOHeHMe TYp6YNeHTHbIX Ny/bcauuii CKOPOCTW MOC/e UX YCpeaHEeHWS;
V — CpefiHsil CKOPOCTb MOTOKa;
/-Qy — xapakTepHasi ANMHa ycpeaHeHWsl B YNIbTPa3BYKOBOM CHETHMKE.

D.4 OnpepgeneHune 3HayeHus ud

BenununHa [ononHWTENbHONM gonyckaemMoli HeonpeAeneHHOCTU, 06YCNOB/EHHOW TypOyneHTHOCTb, 3aBUCUT OT
Tpebyemoit ToyHocTh. AnsA cyeTumkos knacca 0,5 no OIML [36] makcumanbHO AONYCTMMOE OTK/IOHEHWe MeXay norpelu-
HOCTSIMW Ha OHOI Touke pacxoga coctaenset 0,167 % (1/3 knacca TOYHOCTH). AHANOTMYHO 3HaYeHne ud LO/HKHO cocTaB-
NATb MeHee 1/3 OT AONYCTUMO pacliMpeHHOl HeonpeaesieHHOCTU A1 COOTBETCTBYIOLLEro knacca.

B pesynbTare 3HavyeHus ud B 3aBUCMMOCTM OT K/lacca CYeTymka paBHbl:

- 0,05 % pna cyeTtumkos knacca 0,5 no OIML [36];

- 0,1 % pgna cuyeTtunkos knacca 1 no OIML [36].

PesynbTatbl pacyetoB ana cuetunka DN300 nokasaHbl Ha pucyHke D.3 npu ypoBHe TypbyneHTHocTh 3,5 % u LAV,
paBHoli 4,5.
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PucyHok D.3 — MuHumManbHoe BpemMs ycpegHeHusa ana cyetumka DN300

PesynbTaTbl pacyeToB Ana cuetumka DN80OO mokasaHbl HA pUcyHke D.4 npu MCNOMb30BaHUM YPOBHS Typ6Y/IeHTHO-
ctm 3,5 % u Lav paBHoit 4,5.

PucyHok D.4 — MuHuManbHoe BpeMs ycpegHeHusa ana cyetumka DN80O

M3 3TUX PUCYHKOB BUAOHO, YTO «cTapoe» npasusio «300 cekyHA» MOAXOAWUT AN BCEX cyeTuymkoB Kracca 1 no OIML
[36] no DN8OO c (/min okono 0,3 mic.

[na HOBOro NOKO/IEHUST BbICOKOTOUYHbIX cyeTumkoB knacca 0,5 no OIML [36] npaBunio «300 cekyHA» 60/blie He noa-
XOAuT, N cnegyeT NPUMEHATL 60nee ANnTeNnbHOe BPpeMS YCPeAHEHUSA B CaMblX HUKHUX TOYKaX KasimbpoBKU.
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MpunoxeHne E
(cnpaBo4HOe)

no,qu6Hbll7l pacyeT CBA3aHHbIX C reomeTleel‘/'l nonpaBoK Mo TemMmneparype n agaB/1€HNKO

E.1 O6wume cBepeHus

B 3TOM MpunoxeHun npeacTaBfieH MeTo[ OLEHKM CUCTEMaTUYeCKMX MOrpelHocTenl, 06yCIOBNEHHbIX N3MEHEHVEM
reomMeTpum cyeTyuka, He3aBUCUMO OT cpefbl, KOHKPETHOro TWna, Mapku WM MOAENW cYeTYMKa, OCHOBAHHOIO Ha M3mepe-
HUN BPEMEHU NPOXOXAEHUS CUTHAOB.

M3meHeHve reomeTpumn Bbi3blBAeT ABa OCHOBHbIX adddhekTa:

a) HECKOpPPEKTNPOBaHHOE N3MeHeHNe hakTUYeCcKol ANNHbI aKyCTUYECKON TPaeKTOpUN U1 yrna HakoHa TpaekTopum
MexXay ynbTpa3ByKoBbIMU Npeobpa3oBaTensiMM BHOCUT AOMOSTHUTE/bHYHO MOTPEeLHOCTb U3MEPEHUST CKOPOCTH Mo onpege-
NEHHOI TPaeKTOpUU U MOrPeLLIHOCTM M3MEPEHNS pacxoaa;

b) Nt060e N3MEHEHNE AnaMeTpa NPUBOANUT K UBMEHEHMIO NOLWAAMN CEYEHNA U, EC/IN €r0 UTHOPUPOBATb, BHOCUT A0-
NOMIHUTENbHYIO NOrPELLHOCTL M3MEepPeHNa pacxoda.

[Ona no6oli 3agaHHol TpaekTopumn dhopmyna (11) MoXeT 6bITb NepenucaHa B BUAe cneaytouieii oopmysbl, B KOTO-
PO MCMONb3YITCA BHYTPEHHUI AnaMeTp Kopryca cyeTuvka d, A/iMHa TPaekTopmmn b 1 0ceBoe paccTosiHue Mexay ynbTpa-
3BYKOBbIMW MpeobpasoBaTensmm X:

nd2 lp| 1
= E.1
Wy 4 2X[3ap ED

[N NpocToli KOHCTPYKUUM CHETUMKA, NMOKa3aHHON Ha pUCyHKe 4, X onpegenseTcs U3 npocToil TPUroHOMeTpPUYECKOM
hopmynbl Kak:

x -1 p cosep.

Takvm 06pa3oM, OTHOLLEHVE MeXAY (VO MPU 3TASIOHHBIX YC/IOBUAX KaIMGPOBKM 1 qV 1 Npy APYrvX YCNIOBUSIX MOXET
6bITb 3aNMCaHO Kak NoNpPaBOYHbIi Ko3adpuumeHT no pacxogy qv lqv 0, onpeaensiemsiii no copmyse

2
L ( !pi } ><o
L el
ﬂy,O ° I\ [iO T 1*1 )
rae uHgekc «0» o603HaYaeT 3HauyeHre napaMeTpoB B 3TANIOHHBIX YC/IOBUSIX, & MHAEKC «1» — npu Apyrux (OTUYHBLIX OT
3Ta/TIOHHbIX) YCMOBUSIX.

(<« 2

(E.2)

®opmyna (E.2) no3BonsieT pasfenntb BAUSIHWE NMPOXOAHOTO ceyeHust d2 OT BAMSIHUS A/IMHbI TpaekTopun /p n ot

B/IUSIHUSI OCEBOTO YAJ/IMHEHUST (MU BINSIHUS YI1a Hak/I0Ha TPaeKTopum) X.
B KauecTBe asibTePHATVBbLI MOXHO WCMO/Ib30BaTh YpaBHEHWE, akBUBasieHTHoe chopmyne (E.2), HO BbipaXXEHHOE Kak
OTHOCUTE/IbHAas MOrpeLHOCTb M3MEepPeHNs pacxoaa, Aqv/qv:

Afly, 1o _ O¥1~4Ayoo _ Quv1i 1
Ay,0 fy,0 fy,0

B MHOronly4eBOM CUETUUMKE BAIUSIHUE AOJ/HKHO PacCUUTbIBATLCA A5 KaXAOW M3 OTAENbHbIX TPAEKTOPUiA, a BusiHUe
Ha CyMMapHblii pacxog AO/HKHO OblTb MOYYEHO B pe3yfibTaTe MHTErpMpoBaHMS PacxofoB MOC/e MPUMEHEHUSI BECOBbIX
KO3 PNLUNEHTOB TPAEKTOPWUIA.

Pe3ynbTaThl 4181 O4HOIN AnaMeTpasibHON TPaekTopUU UCMONb3YIOTCA A1 OLEHKN BENUUMHbI TPeOYyEeMbIX reoMeTpu-
YeCKUX KOPPEKLUIA.

TemnepaTypa ¥ faBfeHne UMeKT He3aBUCUMble BAWSHWSA, KOTOpble Heo6XoAMMO OueHMBaTb OTAEsSbHO, HO 06a
BNNAHNS cnefyeT oueHnBaTb U yunTbiBaTb. COOTBETCTBYOLWME BAUAHAA MOrYT paboTaTb Kak B O4HOM HanpaBieHuu, Tak
1 B MPOTMBOMNOJIOXHbIX APYr APYry HanpaBneHusix. Hanpumep, NoBbilEeHNE AABMEHWS, CBA3aHHOE C NMOHWKEHNEM TeMmne-
paTtypbl, HaCTUYHO KOMMEHCUPYIOT APYr Apyra, B TO BPEMSA Kak MOBbILEHWE AAB/IEHUSA B COYETaHMU C YBEIMYEHNEM TEM-
nepartypbl (WU CHUXEHUE AABMNEHUS B COYETAHUMN C NMOHWXEHWEM TeMnepaTypbl) YCUIMBAOT HEOBXOAUMOCTb KOPPEKLNN.

PacueT koppekunm, Heo6xoaumol Mexay AUHAMUYECKO KannbpoBKOW M MOMNEBLIMU YCOBUSAMU, MOXET OCYLLEeCT-
BNATbCSA B BUAE TPEX3TANHOrO npouecca, Nockonbky u3nyeckme pasmepbl CHETYMKA, CKOpee BCero, ObliM U3MepeHbl
npu YCNOBUAX CTATUYECKON KanmmbpoBKM, KanvbpoBKa B NMOTOKE BbINO/IHEHA MPW YCIOBUAX AMHAMUYECKONM KannbpoBsku, a
CYETUYMK MCNONb30BasICS B NOJSIEBLIX YCOBUSAX.

Ha nepBom 3aTane cnefyeT paccuMtaTb KOpPPEKUMIO MO pacxody OT CTaTMYeckoi KasmbpoBKM A0 AUHAMUYECKON

KaﬂVl6pOBKV|, NCNoNb3yA:
Byl 2%'%*0\

A0 % o 1*1j

(E.3)

(E.4)
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Ha BTOpOM 3Tane cneayeTt BbIUMCANTL KOPPEKLMIO NO Pacxody OT CTATUYECKOW KannBpOoBKM K MOSEBLIM YCI0BUAM,
UCMOMb3YS:

A2 *z)2(h)2
fy,0 do) VOJ

rae VHAEKC «2» 0603Ha4YaeT 3HaueHve NapMeTPOB B MOJIEBbIX YC/IOBUSIX.
Ha TpeTbem 3Tane cnefyeT paccuuTaTb pasHULY Mexay AVHAMUYEcKON KanMGpOBKOW W MOMEBLIMW YCNOBUSIMU,
UCMOMb3yS:

(E.5)

Ay,2 _ Ay2 dy,o 2”'pz

(E.6)
Ayl fyo Syl vull ol

N B a/ibTEPHATMBHOM BUAE:
Afly21 _ Ay2 ~ _fAy2 1
V1 9v,i VA

OTOT TpexaTanHbllii NoAX0A NPUMEHSIOT, ecin TpebyeTca nposBepka PakTuyeckmx PU3nyeckmx pasmepos Ha npome-
XYTOUHBIX 3Tanax pacyeToB, Kak, HanpuMep, MOXET 6biTb B C/lyyae, ec/ii KOHKpeTHble pa3mMepbl HE06X04MMO CpPaBHUTL C
MOZLeNnpoBaHMeM No MeToAdy KOHeuHbIX anemeHToB (FE). OpgHako, kak BugHO u3 popmynbl (E.6), pacyet MoxeT ObiTb Bbl-
MOSIHEH B OAMH 3Tan (0T AMHAMUYECKOWN KannbpoBK/ [0 3KCnyaTauuy B NOAEBbIX YCN0BUSAX), BMECTO 6osiee ANnUTeNbHOro
TpexaTanHoro npouecca, NoCKobKy hakTuyeckas KOppekuusi No pacxofy Mexay 3TUMu ABYMsi YCNOBUSIMU npednonaraet
OTHOCUTE/IbHOE M3MEHEHNE pPa3MepoB, a He abCOMOTHbIX 3HAYEHWIA.

B E.6.4 n E.6.5 npeacTtasniieHbl NpMMepbl NPAMOro 04HO3TANHOro pacyerta U TpexaTanHoro pacyera.

[ns kopnycos cuyeTyuka, KOTopble No hopme 06bIYHO ABAAITCA LUANHLPUYECKMMU U NN6O0 BBapeHbl, A UMetoT
npuKpensieHHble onaHLbl, MOXeT GbiTb BbIMOSIHEH MPSIMOI pacyeT Ha OCHOBE (PM3MYECKUX XapaKTepucTuk cueTumka. Me-
TOA NpAMOro pacueta onvcaH B E.2 1 OCHOBaH Ha LeCcTM3TanHOM fpouecce.

Ecnu kopnyc cyetumka no popMe He SBASETCA NPOCTbIM LUAMHAPOM, hniaHubl 3aHMMAKT 3HauYUTeNIbHYI0 YacTb
MOMHOWM ANNHBI KOPRyca WM MOHTaXHble KaHaslbl YbTPas3ByKOBbIX nNpeobpasoBaTesneil He ABASIOTCA NPOCTbIMU TPybamu,
TO MeTof, KOHEeYHbIX 3/IeEMEHTOB o6ecneunBaeT 60/iee TOUHYI0 OLLEHKY pa3MepoB KOpMyca U MOHTaXHbIX KaHasl0B y/ibTpa-
3BYKOBbIX Npeobpa3oBarteneli N COOTBETCTBYIOLEA NOrpelHoCTM N3MepeHnss pacxoaa, NolyYeHHOW C MCMosib30BaHNeM
gopmynel (E.2), yem npu npsambix pacyeTax no popmynam (E.3) — (E.6).

B E.3 npuBoAATCS pekoMeHAauMm no 1cnosib30BaHNi MeToa KOHEYHbIX 3/1IEMEHTOB /11 MOAENMPOBAHUST OLLEHKM
M3MEHEHWI reoMeTpun NapaMeTpoB CUETUUMKA, BbI3BAHHbIX U3MEHEHUAMU TeMMepaTypbl 1 AaBNEHUS.

E.2 Mpamoii pacyet

E.2.1 War 1 — BnuaAHWe TemMnepaTtypbl Kopryca
BnuaHue pasHocTn Temnepartyp, A, OTHOCUTENbHO Nerko y4yecTb, MOCKOJIbKY U3MEHSAITCA pa3Mepbl cyeTyuka B
COOTBETCTBUMN C POpMynamMu:

P- oo +

x1=x0(1 + aAT);

oL =do{ 1+afr). (E.8)
MoactaHoBka popmyn (E.8) B hopmyny (E.2) gaer:

"l =(1+aAT)3=r1+3aAT +3(ar)2+(air)3i. (E.9)
sly,0 L J

Mockonbky afll” 06bIYHO MasI0, BbIPAXEHNE MOXHO YNPOCTUTL A0:

-A-1 = 1+3afT, (E.10)
W 0 bT

roe «b,M» ykasblBalT Ha TeMnepaTypy Kopnyca cueTuuka.
[Ons pacyeta NorpewHocTy OT BAWSIHUSI TeMNepaTypbl MOXET 6bITb NpUMeHeHa opmMyna:

= 3oc/7. (E.112)
N K,
E.2.2 War 2 — pacwupeHne, Bbi3BaHHOE AaB/ieHMEM BHYTpU Kopnyca
BnvsiHne n3MeHeHWs JaBneHus 3ak1ioYaeTcs B M3MEHeHWaX AvameTpa W A/IMHbI Koprnyca cyeTunka, KoTopble 3a-
BUCAT OT psga (hakTopos, BKIOYaSA:
a) OTHOLUEHWNE TOMNLMHbI CTEHOK CUEeTUYMKA K BHYTPEeHHeMy paauycy (T. e. oTHoweHune 5ir);
b) cnocob yCTaHOBKM WM Kpenexa cyeTynka B CMEXHOM Tpy6onpoBoae;
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C) XXECTKOCTb CMeXHbIX Tpy6b0onpoBoA0B;

d) ntobble oceBble Harpysku;

€) o6LLyt0 reoMeTpuIo Koprnyca CHeTumKa 1 Hamume y Hero thnaHues;

f) KoadhhpnLMeEHT rMBKOCTM cyeTumKa (TO eCTb OTHOLLEHME MOJIHON ANNHBLI KOpryca K AnameTpy kopnyca).

[na KoprnycoB CYeTYMKOB B O6LIEM C/ydvae, MMEKLWMUX UUAMHAPUYECKYyo opMy, B OCHOBY aHann3a MOJIOXEHbI
ypaBHeHus Popka (cm. [73]). YpaBHeHUs1 Popka B TEYEHWE MHOIMX JIeT UCNONb30Ba/INCh B KayecTBe (DyHAaMeHTalbHOM
OCHOBbI N1 aHann3a HanpshkKeHuii coCy0B NoA AaBfEHWEM U ABASAIOTCA NPOU3BOAHLIMU OT OCHOBHbIX YpaBHeHuW Jlame-
KnaneiipoHa 1833 roga.

[nsa koprnycoB C TONCTbIMU CTeHKaMu (To ecTb 51r> 0,1) Npy HaIMYUKM TONBKO pagnanbHOro BHYTPEHHErTO AaBeHus,
HO 6e3 TopuUeBbIX Harpy3oK (3T0 Ha3bIBAETCA YCNOBMEM «CBOOOAHbIE TOPLbI»), U NPU 3HAYUTENIBHOM yAaneHun oT TOpLOB,
B cTaTbe [73] npuBogaTca cnegyrowme hopmysbl 418 onpeseneHns N3MeHeHNn reoMeTpruyYecknx pasmepos:

Ar Ap(ﬂ2+rz . E12
rE R o U (E.12)
Ax _ -Apy  2r'

E.13
*-" E Rz-r‘ (E.13)

[ns pagmancHOro BHYTPEHHEro AaBneHns B CyMMe C TOPLEBOW Harpyskoii oT AaBneHus (3TO Ha3blBAETCS YC/I0BUEM
«3arnyLleHHble TopLbl») NPy 3HAUUTENBLHOM YAANEHUU OT TOPLOB B cTatbe [73] NpuBoAsTCA cnenyrwolime opmyrbl:

Ar Ap ( d2(1 +ijn) +  (1—2pi)

E.14
r E Rz-r* ( )

Ax  Ap (k(a-21i)

(E.15)
X E R2-r2

roe 4 — koadphuumeHT MNyaccoHa, paBHblin 0,3 gnsa ctanu;
R — BHewWHwWli pagnyc B TeX Xe efuHNLax N3MepeHus, 4to 1.
[na ToHkocTeHHoro kopnyca (6/r< 0,1) Npy HaNMuMM TOMIbKO pagnanibHOro0 BHYTPEHHEro AaB/eHWs Npu 3HaYuTe lb-
HOM yjaneHun OoT TOpLUoB B cTatbe [73] npuBefeHbl 60/1ee NPOCTble YpaBHEHUSA:
- NPV YCNOBUUN «CBOGOHbIE TOPLbI»

Ar _Apr E 16
T~~ET (E-16)
Ax _-Ap rpg
T o5 Es (E-17)
- NPV YCNIOBUN «3ar/yLleHHbIe TOPLbI»:
Ar _Apr E18
~7~~E5 (E.18)
AX _Apr
- 0,5-4). E.19
~X ~_E5_( A) (E.19)

B uenax Hactoswero ctaHgaprta AN BCEX TUNOB CYETUMKOB MpeanosiaraeTcs, YTo TOPLUbl CHETUMKA He 3aKpensieHbl
M MOryT cBO6GOAHO MepemeLlaTbCsi B 0OCEBOM HanpaBfieHuw.

CnepyeT OTMETUTb, YTO A/1 TOUeK, yAaneHHbIX OT Topuos, cdopmynbl (E.12) — (E.15) Ana TONCTOCTEHHbIX TPyo
ABNATCA 60/s1€e TOYHbIMU, MOCKOJIbKY OHM Takke OxBaTblBatOT 60/iee NPOoCTOoi cnyyali TOHKOCTEHHOW TPy6bl.

CnepoBartesibHO, A1 BCEX TUMOB KOPMYCOB CYETUYMKA Teopusi TOICTOCTEHHOI 060/104kn [chopmynbl (E.12)—(E.15)]
ABNSETCA NPEeANnoYTUTENBHON, NOCKO/IbKY OHa siBNsieTcA 6onee o6Lei, YHeMm Teopus TOHKON 060104k [hopmybl (E.16)—
(E.19)]. Mo cytn, BbIGOP MeEXAy NPUMEHEHWEM TeOpWUWN TOHKOCTEHHOW WAN TONCTOCTEHHOM 060M04YKM OCHOBAH Ha OTHO-
LWweHun 5Ir. Ha npakTuke 310 hakTU4eckn o3HayaeT, YTO BbIOGOP ypaBHEHWUI CBA3aH C HOMWHAsbHLIM AaBneHnem kKopnyca,
MOCKOMbKY CHETUMKM AN CUCTEM BbICOKOTO AaBfeHns MMeloT 6051ee TONCTble CTEHKW, YEM CHETUMKM AN CUCTEM HU3KOro
JaBnenuns. Mpy NpoeKTMpoBaHWM Kopryca CYeTyuKa, paccyMTaHHOro B COOTBETCTBUM € npasunamu ASME 1 ¢ ncnonb3o-
BaHWeM OfHOro u3 Hambosnee pacnpocTpaHeHHbIX TUNOB cTanu (ctasnb A333), ko Bcem cueTunkam 0 ANSI 900 moryT 6bITb
NPVMEHEHbI YPaBHEHNS A8 TOHKOCTEHHOI TPyObl. DTO Takxe cnpaBeannBo AN 60nbliMHCTBa cyeTynkoB ANSI 1500,
N3rOTOBMIEHHbIX U3 BbICOKOMPOYHON CTanu.

YpaBHeH/s1 TOHKOCTEHHON TPybbl B 06LEeM ciyvyae He npuMeHstoTes, ecnm 6r> 0,1, HO B KayecTBe anbTepHaTVBbI
NPUMEHEHMIO NONPaBkM Ha BAUsAHWE (DOPMbI, yKazaHHOW B E.2.3, MOryT ncnosb3oBatbCs, kak onucaHo B E.3.2, B uensax
HacTosALWero ctaHgapTa 415 TONCTOCTEHHbIX KOPMYyCOB B COYEeTaHWM C MOAE/IMPOBAHNEM MO METOAY KOHEYHbIX 3/1EMEHTOB
(cm. E.3.1), ecniv orpaHMyYeHnss NOHATHBI.
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E.2.3 War 3 — nonpaBka Ha BAusiHue hopmbl kopryca uam 6amM3ocTn onaHueB

Ecnu yyacTkv ynbTpasByKOBOW TpaeKTopuM pacnonioxeHbl 6/mxe, YeM Ha OAVMH HapyXHblli AnaMmeTp Tpybonposoaa,
K briaHuam Wam Kopnyc MMeeT HecTaHAapTHylo hopmy, pajuasnibHOe pacluMpeHue BC/eACTBUE MECTHOTO YNpOYHeHUs
6yaeT MeHblle, yem paccuutaHHoe no copmynam (E.12) n (E.14) [unu cdopmynam (E.16) n (E.18) Ana TOHKOCTEHHOrO
kopnyca]. Ytobbl y4yecTb 3TO MECTHOE YNPOYHEHUE, NUCMNOJb3yeTca KoadduuneHT dopmbl kopnyca Ks.

Ks Bcerga mMeHblle unu paseH 1. 3HauveHue Ks, ucnosb3yemoe Ana AaHHOrTO Tuna koprnyca, BbloupaeTcs cnepyto-
WwmM obpasom:

a) 4ns BBapHOro kopnyca 6e3 dnaHueB B npegenax 2R OT pacnofioXeHUs ynbTpa3ByKOBbIX npeobpasoBaTeneli
Ks =1, T. e. Kopnyc cyeTunka BefeT cebs Kak npocTtas Tpy6a;

b) 4N dnaHueBoro kopnyca cyetyuka (HanpuMmep, COCTOSLWEro U3 ABYX (pfiaHueB, NPUBapPEeHHbIX K KOpMycy) wuav
BBapEHHOW KOHCTPYKUWW, B KOTOPOI cocefHue hnaHubl HaxodsaTca B npedenax 2R OT pacnonioXeHUs yabTpa3BYKOBbIX
npeobpasoBartenei, 3HayeHne Ks paccuntbiBaeTcs, Kak onnucaHo B creaylollem absaue.

Ona ueneli HacTosero cTaHgapTa npegnosaraeTcs, YTo AnaMeTpasibHOe pacluMpeHne U3MeHSeTCs JIMHEeWHO oT
HyNs Ha dpnaHue Ao 3HaveHus, 3agaHHoro popmynamu (E.12) u (E.14) [nnm cpopmynamum (E.16) n (E.18) Ana TOHKOCTEH-
HbIX KOPMYCOB] Ha paccTosHWMM OT (onaHua paBHOM OAHOMY HapyXHOMY AuaMeTpy kopryca cyeTyunmka D wnm 6onblue.
Takxe npegnonaraeTcs, YTO KOPPEKUMS NMpU Hannummn gonaHueB BAUSET TONbKO Ha pajuasnbHOe paclumpeHue kopnyca u
He BNMSIET Ha /IMHeHoe paclupeHne B6/M3N YbTPa3ByKOBbIX TPAEKTOPUNA.

PacnonoxeHne MOHTaXHbIX KaHa/10B Y/1bTPa3BYKOBbIX Npeobpa3oBaTenieil nokasaHo Ha pucyHke E.1.

MockonbKy ynbTpa3BykoBas TPAekToOpusl OXBaTbliBaeT onpeAe/ieHHbIl anana3oH paccTosHusa Ao diaHua B 0CEBOM
Hanpas/ieHuW, cpefiHee paccTosHue TpaekTopum waD paccunTbiBaeTCa OT TpeX MOSIOXeHWl Ha 3afaHHol TpaekTopum: W
B cepeguHe TpaekTopuun, ¥ n Z B hakTMyecknx NonoXeHWsax ynbTpasBYKOBbIX npeobpasoBarteneil. PacctosHus o 6am-
Xanwero gpnaHya maMepsarTces oT nosvunin W, Y u Z.

Ecnu Bce ynbTpasBykoBble npeobpasoBartenin cyeTUnka ABHO 6avke K 0g4HOMY hnaHuy, Yem K Apyromy, UCnosb3y-
eTca aJibTepHaTUBHOE PacnosioXeHne, nokasaHHoe Ha pucyHke E.2.

yD x0 zD

_____ w ——-

D — HapyXHblil AMaMeTp Kopryca cueTunka; W — cepeamHa TpaekTopumn; W— Ko3(ULMEHT A1 BbIDKEHUSI PACCTOSIHWS OT dhi1iaHLa Ao

cepefyHbl TPAEeKTOpUM MO OTHOLLEHUIO K D; XO— paccTosiHie Mexay yNbTpasBykoBbIMY NpeobpasoBarensmu Y nZ; Y — pacrnosioxeHve

Y/NbTPa3BYKOBOrO Npeo6pasoBatesisi; y — KO3 MLUMEHT /11 BbIPKEHUS PACCTOSIHKAS OT dhlaHLa A0 YNbTPas3ByKOBOro npeobpasosaresns

Y No OTHOLIEeHMO K D; Z — pacnofioxeHue ynbTpasByKOBOrO npeobpasoBarens; z — KO3MULMEHT ANA BbIpKEHUsT PacCTOsHUSA OT
chnaHua fo ynbTpasByKoBOro npeo6pasoBaTtesst Z No OTHOLLEHWo K D

PucyHok E.1 — MecTa yCTaHOBKM yNbTPa3BYyKOBbIX Npeo6pasoBartesieii 0THOCUTEIbHO (haHLEeB

D — HapyXHblii AMameTp Kopryca cueTurka; W — cepeavHa TpaekTopuu; W — KO3(ULMEHT AN BbIpXKEHWUs1 PacCTOsHUSA OT chiaHua

[0 CepefvHbl TPAeKTopuK Mo OTHOWEHUID K D; Y — pacnosioxeHve ynbTpasBykOBOTO MpeobpasoBatesisi; y — KoaguUMeHT asis

BbIpaXeHsi PacCTosHUS OT chriaHua jo NpeobpaszoBaTens Y Mo OTHOLIEHMIO K D; Z — pacnosioxeHue ynbTpasByKOBOro NpeotpasoBarens;
I — KO3(h(PULMEHT A/151 BLIPKEHWS] PACCTOSHUS OT (h/laHLa [0 Y/NbTPas3BYKOBOrO NpeobpasoBatesisi Z Mo OTHOLIEHUIO K D

PucyHok E.2 — MecTa yCcTaHOBKM Y/ibTPa3BYyKOBbIX Npeo6pasoBaTesieil 0THOCUTENIbHO (o/laHLLeB — CYETYMK
C YBEeNIMYEHHOI AIMHOI Kopryca 1 CO CMELLeHHbIMY Y/IbTPa3BYKOBLIMU Npeo6pasoBaTenisiMm
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Ecnm nto6oe M3 3HauyeHuidi w, y uam z 6onblue 1, TO 3Ha4YeHWe, UCMosib3yemoe A 3TOro napameTpa B pacueTe,
[O/HKHO 6bITb NPUHATO paBHbIM 1.
CpejHee paccTosiHue TpaekTopum oT oslaHua paccuuTbiBaeTcs no hopmysie

wW+y+2z
waD = Y*z p, (E.20)

KoathchbmuneHT doopmbl kopnyca, Ks, onpegensatoTt no popmyne

Ks (E.21)

YnpouHeHune Takke BO3HWKaeT pAAOM C /1060 YacTblo Kopnyca, KoTopas UMeeT Takue 3/ieMeHTbl, Kak 0TBOAbl Un
cBapHble LWBbl. Kak npaBuio, OHW CO3A4alT MeHbluee BAMSHWE, YeM 6/11M30CTb K doaHuam, NOCKO/IbKY OHM OObIYHO 3aHK-
MatoT NMWb HEBGO/bLLYI0 YaCcTb OKPYXXHOCTW Kopnyca.

E.2.4 War 4 — BAuAHME KOMOWHMPOBAHHOW KOPPEKLUM MO AaB/IEHUIO

PagvansHoe paclumpeHune kopnyca, ¢ y4eToM Monpasky Ha hopMy Kopryca cyeTymka, pacCcUnTbiBaeTca no dopmyne

Acf Ar
A =dr 1+Kc - do (E.22)
doj r
[vHa TPaeKkTopun paccunTLIBAETCA No hopmysiam:
IpO={N +tfd $ +x | (E.23)
ol =(/V + 1)2d2 + x2, (E.24)

rae N — 4ncno oTpaxeHuin No 3afaHHoN TpaekTopun (415 O4HON TPAEKTOPUU NPOXOXAEHNUS).

CnepoBatesnibHO, A1 4aHHOTO CYeTyMKka C M3BECTHOW TOMNLUMHON CTEHKM 8 n ncxogHon reometpueid x0, dO mn /0 B
YCNOBUSAX CYXOi KannbpoBKN CKOPPEKTUPOBaHHbIe pasmepbl X1t cfl n /1 MoryT 6bITb paccunTaHbl A8 PasHOCTU AaBeHuit
no copmynam (E.22) — (E.24).

MonpaBoYHbIf KO3h(PMLMEHT pacxofa B TaKOM Cilyyae BbluMcnseTcs no opmyne

H1 (E.25)

roe «b, p» 0603HayYaeT AaBneHNe BHYTPU Kopnyca.

Koppekuusa norpeLHocT Ao/mkHa 6biTh paccuntaHa no dopmyne (E.25) ana cnyyas «cBo60AHble TOPLUbI» U ANSA Cy-
Yyasi «3arnyLleHHble Topubl». PacyeTbl MO3BONSIOT NOMYUYMTb AManasoH NonpaBoYHbIX KO3hdMUMeHToB. ITOT Ananas3oH B 06-
LEM Crly4ae J0/MKeH ObiTb HEOOMbLUUM W AOCTATOUYHbIM A8 ONpefeneHust Heo6xoAMMOCTY BBEAEHWUS MONPaBkM MO pacxoay.

E.2.5 War 5 — BNusHWe pacluimpeHns MOHTaXHbIX KaHa/0B Y/ibTPa3BYKOBbIX NpeobpasoBartenei

E.2.5.1 O6bwwne ceegeHus

Vi3MeHeHVs faBneHns u TemnepaTtypbl OkasbiBalOT BAWSAHME He TOIbKO Ha KOPMYC CYeTYMKa, HO U Ha AJIMHY MOH-
TaXHbIX KaHaN0B y/bTPa3BYKOBbIX NpeobpasoBaTeneii. I3meHeHUs AasreHnsa 1 TemnepaTypbl NPUBOAAT K NepeMeLLeHNIo
Topua ynbTPa3BYKOBOrO npeobpas3oBaTtensi W, crefoBaTesibHO, BAWSIOT Ha [JIMHY aKyCTUYecKoi TpaekTopuu. XOoTs 3To
B/IMSIHWE B O6GLLEM C/llyyae HEBENMKO, HWXKe NMPUBOAMTCS MpocTas npoueaypa, No3Bofsiowas OUeHUTb B/MSIHUE U3MEeHe-
HVUA faBneHnsa 1 TemnepaTypbl Ha pasMepbl MOHTaXHbIX KaHanoB. Ha cnefylouleM pucyHKe nokasaHbl reoMeTpuyeckue
pasMepbl MOHTaXHbIX KaHan0B, UCMO/b30BaHHbIE A1 3TOW OLEHKMU.

Dp — HapyXHblii AyamMeTp MOHTXHOTO KaHana ynbTpas3ByKOBOTO npeo6pasoBaress; dp — BHYTPEHHUIA AMaMeTp MOHTaXHOTO kKaHana
Y/IbTPa3ByKOBOr0 Npeo6pasoBatesisi; — AnMHA MOHTaXHOrO kaHana; I — [AfMHa 4o IMLEBOV CTOPOHBI Y/IbTPa3BYKOBOIo NpeoGpasoBaress

PucyHok E.3 — Pa3mepbl MOHTaXHOTO KaHana y/nbTpasBykoBOro npeobpasosarensi
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MonpaBku Ha TemnepaTtypy 1 AaBfieHne paccMaTpMBalOTCs OTAE/bHO, U YUUTLIBAETCS TO/IbKO 3P EKT N3MEHEHUS
[ONVHBI TPaekTopuu.

E.2.5.2 Koppekuusi no TemnepaType 4151 MOHTaXHOIO KaHana y/bTpa3BykoBOro npeobpasoBatess

Crnoco6 kpenneHus ynbTpasBykoBOro npeobpasoBartesis 06bIYHO NpeAycMaTpuBaeT ero ukcaumuio Ha KOHLE MOH-
TAXHOro KaHana. BcneacTBue 3Toro N1t060e paclMpeHne caMoro MOHTAXHOTO KaHana NpoVCXOAUT B HaNpaBieHWu, npo-
TUBOMOJ/IOXHOM PaCLUVPEHUI0 YbTPA3BYKOBOrO npeobpasosatens. CneaoBartesibHO, PaclUMPEHUs B HEKOTOPOI CTeneHu
KOMMEHCUPYIOTCS B 3aBMCUMOCTU OT OTHOCUTE/ILHOTO KO3(h(uLUMeHTa TENMOBOrO paclUMpeHns Matepuana MOHTaXKHOIo
kaHana ap U matepuana ynbTpasBykoBOro npeobpasoBatens aT. MI3MeHeHne NosIoXeHUs NNLEBO NOBEPXHOCTW yibTpa-
3BYKOBOTO npeo6pasoBaTesnis [/ B 3aBMCUMOCTY OT TeMnepaTtypbl onpeaenserca no gopmysne

Aly =1y (ocp AT - ocyA7) = ly (cxp —ocy) A7". (E.26)

3TO M3MEHEHWE MOJIOXEHUS NNLEBOI NOBEPXHOCTM HA6/MIOAAETCA B KAXKAOM MOHTAXHOM KaHane y/bTpasByKOBOIO
npeo6pasoBaTesisi, NO3TOMY B/IMSHME HA [AaHHYl0 Y/bTPA3BYKOBYIO TPAeKTOpUio cocTaBnseT 2 ALT. Mpeanonaras oTcyT-
CTBME M3MEHEeHUii AnaMeTpa WM OCEeBbIX U3MeHeHuii, dopmyna (E.2) Ans ciyyas pacliMpeHusi KaHaia MOHTaXHOo
kaHana y/fbTpa3ByKoBOro npeobpasoBatesisi Nof BAUSHUEM TeMMepaTypbl ynpouiaeTcs 4o

2
1p0 + 2AIr 1!12/T (aP- arl)

Cay | (1,1 (E27)
LA, 1. o
roe «P,I'» o603HavyaeT TemnepaTypy MOHTaXHOro KaHasa.
dopmyna (E.27), c yueTOM ManoCTU BEMUYMH ap, aT, MOXET ObITb 3anucaHa B C/ieylolem Buge:
( \

4ly (aP-ar)
Y 1+ (E.28)
ay,o pT 'pO
WM KakK BapuaHT:
- 4(ocP -ay)— Aar. (E.29)
Ay 'po

E.2.5.3 Koppekuus no gaBfieHuo 4719 MOHTaXHOrO kaHasa y/bTpa3BykOBOro npeobpasosaTens

[JlaBneHne okasbiBaeT BAWSHME HAa MOHTAXHbI kaHan ynbTPa3ByKOBOrO npeobpasoBaTens W ynbTpas3BykoBOW npe-
obpasoBaTtefib B OAHOM HanpaBieHUN; MOHTaXHbIV KaHan paclumpsieTcsi, a yNbTpa3BykoBOi npeobpa3oBaTesib CKMMaeTCs.
[na aToro npocToro nogxofa npeAnonaraeTcs, YTO MOHTaXHbIV KaHan v yNbTpa3ByKOBON npeobpasoBaTesib AeCTBYIOT Kak
NpocCTble IMHeNHOo-yNpyrMe maTepuansl. JIuHeHas fedopmaumsa CTEHOK MOHTaXKHOTO kaHana onpegenserca no dopmyne

Ao = AP 4 ) oap T op 4} (E.30)
EPIDp-dP) ET Ep p-4)
®opmyna (E.30) no3BonsieT paccuntatb U3MEHEHUe MOJSIOKEHUS NULLEBOIi NOBEPXHOCTU Y/bTPa3BYyKOBOrO Npeos-
pasoBaTenis B KaXAOM MOHTaXHOM kaHane. lMpegnonaras OTCYTCTBME W3MEHEHWI AvameTpa WM OCEBbIX U3MEHEHWI,
dopmyna (E.2) ans cnyyas pacluMpeHuss MOHTAXHOro KaHana TofIbKo Mo, BAVUSIHEM AaB/feHusa ynpoliaeTcsa o

1
Ay Co " mo+240p

ysy.0

1+ (E.31)
pp o Jecs v h°
roe P,p o603HavyaeT gaBneHne B MOHTaXHOM KaHase.

Ona manbix 3HauYeHWli N3MEHEHWs NOJIOXKEHUS NULLEBOI NOBEPXHOCTW YNbTPa3ByKOBOro npeobpasosartens hopmy-
na (E.31) npumeT cnegyowmnin sug;

(
anl
Ay 1. A (E.32)
Y0 5 g 'pO
NN KakK BapuaHT:
Aqy _4Alp (E.33)
Ay Ipo

E.2.5.4 Kom6uHnpoBaHHaa KOppekuns ANs MOHTaXHOro kaHana ynbTpa3ByKoBOro npeobpasoBaTens
KomMGUHMpOBaHHan Koppekuus A1 MOHTaXHOro kaHana ynbTpas3ByKOBOro npeobpasoBaTeniss paccuyuTbiBaeTcs no

opmyne
(B Gyt Ry

Ay, 0O Ay, 0
PP e T e

B kauyecTBe anbTepHaTUBbI 3TOoM I'IpOCTOI7I OLleHKe MOXeT ObITb NPYMEHEeH MeTO/ KOHEUHbIX 3/1IEMEHTOB, Kak onucaHo B E.3.

(E.34)
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E.2.6 LLar 6 — KoM6UHMpPOBaHHasA KOppekKuus no pacxoay
KOMOGUHMPOBaHHbIA NONPaBOYHbIA KO3(hMLMEHT NO pacxody Ha BAUSIHWE W3MEHEHWUS AaBfeHUs U TemnepaTypbl
paccuuTbiBatoT No opmyne

Ay,x Ay,x 'ay,xn Ay,x

(E.35)
o oL, Wofpj WO
UTO MOXET BbiTb BbIPQXEHO B (POPME OTHOCUTE/ILHON NOrPELIHOCTY:

Afyx,0 _ Ayx~Ayo _ Ayx 1 (E.36)

fy,0 fy,0 fy,0

Ona manbix 3HaveHuii KOpPeKLun aTo ypaBHeHue ynpoliaeTcs o

AN

Adyx  (AfyxN Ay, xJ1 Afly,x (E37)

7,0 Mo o WO spp WO

OnpegensiloT ABa 3HAYEHUs A1 KOMOMHUPOBAHHOM KOPPEeKLMU Mo pacxoAy; OAHO C MOMpaBKol Ha AaBfeHune npu
YyCNoBuUN «CBOGOAHbIE TOPLbI», a ApPYyroe Mpu YCN0BUM «3arnylleHHble TopLbl». 3TO NO3BOMSET Bblpa3nTb MOrPeLIHOCTb
pacxoga B Nto60oi 13 3KBUBA/IEHTHLIX OOPM, Kak B hopmynax (21) un (22):

Wyl X, XXXX + X, XXXX; (E.38)
y.0

— = (X, XX+ X, XX) %. (E.39)
sy

E.3 PykoBOACTBO MO MUCMNOJ/Ib30BaHUIO METOA0B KOHEYHbIX 3/IEMEHTOB

E.3.1 O6wume cBegeHus

Ecnu MOHTaXHble KaHasbl yNbTpa3BYKOBbIX nMpeobpasoBaTesnieil pacnonaralTcs B6/M3M TOPUEBbIX diiaHUEB Wan
dopma Kopnyca He SBNSI€TCS MPOCTON LUMAUHAPUYECKON, MOXHO MPUMEHWUTb METO[, KOHEYHbIX 3/1EMEHTOB, KOTOPbIA Mo-
3BO/IAKOT OLEHUTb BAMSIHWE pacLUMpeHusi, Bbi3BaHHOE AaB/IEHWEM W TemnepaTypoi, Ha 3HadyeHus d, X, /p, a Takke Ha
O/IMHY MOHTaXHOTO KaHasna 1 y/ibTpa3BykoBOro npeobpasosatens. ®opmyna (E.2) gosmxkHa 1Cnosb30BaTbCA A1 OLEHKN
NOrpeLHOCT N3MEePEHUs pacxoga Mo Kaxzoil TpaekTopuu 1 B c/lyyae NpUMEHEHUs MeToAa KOHEYHbIX 3/1IEMEHTOB.

MpoBepky pe3ynbTaToB pacyeta MOXHO BbIMO/IHUTL MyTEM CPaBHEHWA 3HaYeHwli d, X, P 1 A/IMHBI MOHTaXHOro Ka-
Hasa y/ibTpa3ByKOBOro rnpeobpasosBartesnis, NosyYeHHbIX METOLOM KOHEYHbIX 3/IEMEHTOB, C pe3y/ibTatamu, NoJsly4YeHHbIMU
no gpopmynam (E.12)—(E.15), Bknroyas onucaHHyto B E.2.3 koppekunto BAnsHNS noboii hopmbl kopryca unu diaHues, 1
3hdekTbl, UMelLLMe MECTO B MOHTaXKHbIX KaHasax ybTpa3ByKoBbix npeobpasoBaTesneil, onncaHHblie B E.2.5.

Ecnu cTeHka Kopnyca cyeTyuka HecTaHgapTHas Win HeuunuHgpudeckas (Hanpumep, Kak B c/iyyae MTOro Kopny-
ca), TO B LeNnsAX NPOBEpPKM pe3ynbTaroB PacyeToB, BbINOSIHEHHbLIX C NPUMEHEHMEM METOAA KOHEYHbIX 3/IEMEHTOB, MOXHO
npoBecTV MpsiMble pacuyeTbl AN ABYX CLEeHapueB: OfWH, B KOTOPOM BHeLWHWi paguyc R, ncnonb3yemblii B dhopmynax
(E.12)—(E.15), 6epeTcs B Ka4eCTBE TOUKW, B KOTOPOW CTEHKA SABNSETCA CaMoli TOHKOI, U Apyroi ANs cryyas, Korga BHeL-
HWIN paguyc N3MepeH B TOYKE, B KOTOPOW CTEHKA MMeeT HanbOosbLuylo TOMLUHY.

IMOCKO/IbKY MEeTO[, KOHEeYHbIX 3/IEMEHTOB M03BOJISIET paccynTaTb abCo/OTHbIE U3MEHEHUSA (PU3NYECKUX Pa3MeEpPOB,
60nee 6/1M3Koe COOTBETCTBME C pe3ynbTatamy MeTofa npAmMoro pacyeta no E.2 gocturaerca ana dakTnyeckux pasmepos
cyeTyMKa npu 3afaHHbIX YCNOBUAX, €C/IN pacyeT C NMpUMEeHeHWeM MeTofa KOHEYHbIX 3/IEMEHTOB BbIMNOHAETCA B Buje
TpexaTanHoro npouecca, kak onucaHo B E.1, a uMeHHo:

a) OT yCNOBUIA KanMBpPOBKM B CTATUYECKOM PeXUMe K YC/IOBMAM KanMb6poBKW B AMHAMWYECKOM pexunmMe — Kak B
topmyne (E.4);

b) OT yCNOBWIA Ka/IMGPOBKN B CTATUYECKOM pexume K paboyum ycrioBusim — kak B oopmyne (E.5);

C) CpaBHEHME OTHOCUTENIbLHOTO U3MEHEHUS MeXAy 3TUMU ABYMS 3HavyeHusMun — kKak B popmynax (E.6) n (E.7).

OpHako Heo6xoAMMo cobngaTb OCTOPOXHOCTb NPU BbiGOpPe FpaHWYHbIX YCI0BWIA, MCNOMb3yeMbIX A8 MeToAa
KOHEYHbIX 3/1IEMEHTOB, MOCKO/IbKY WX Y4acTO C/IO0XHO OLEHWTb A5 AaHHOW YCTaHOBKU. PekomeHAyeTcs MpUMEHATb pas-
JNINYHbIE TPAHWYHbIE YC/I0BUA, YTOObI MOXHO 6bINI0 OLEHUTHL YYBCTBMTE/NILHOCTL PE3y/bTaToB pacyeTa K rpaHUyHbIM YyCIo-
BMAM. o cyTu, 3TO 3afaHue rpaHnYHbIX YCI0BUIA ANA CNyvyaeB «CBOOGOAHbIE TOPLbI» U «3arnylleHHble TOpUbl» B MeToe
npsamoro pacyeta E.2.

[na kaxnoro sapmaHTa MOZLENMPOBaHUA NOTPELHOCTL U3MEPEHUA pacxofa paccyuTtbiBaeTcsa no dopmyne (E.2).
OTO NO3BONSAET BblpasnTb NOIPELUHOCTL U3MEPEHUS pacxofa B N060A 13 chopM, 3agaHHbIX dopmynamu (21) uam (22).
B E.6.4 n E.6.5 npeacTtaBneHbl NpyMepbl NPSMOro 04HO3TanHoro noaxoga u 6onee A/IMHHOIO TpexaTanHoro noaxoga.

B E.4 cogepxarcsa fOMNoIHATE IbHbIE PEKOMEHAALUN MO UCMOJIb30BaHUI0 TEOPUN TOHKOCTEHHLIX TPYO ANA NPOBEPKU
pe3ynbTaToB aHannsa fno MeTofdy KOHEYHbIX 3/1eMEHTOB, BbIMOJIHEHHOIO AJ/19 TO/ICTOCTEHHOTO Koprnyca CYeTyuKa.

E.3.2 MpumeyaHne o npegHaMepeHHOM UCNOMIb30BaHUN ypaBHEHU TeOPUN TOHKOCTEHHOW TpyObl BHe
06/1aCcTN UX HOPMaslbHOro NPUMeEHEHUA

B o6nactn aHann3a HanpsHkeHWn U MPOEKTUPOBAHUS COCYAOB NoJ AaB/ieHUMEM 06l enpru3HaHo, YTo Teopus TOHKO-
CTEHHbIX TPY6O NpuMMeHsieTcs TOMbKO TaMm, rge 51r< 0,1. MpuynHbI 3TOro 3aka4yalTcs B TOM, YTO MO Mepe yBennveHus 6r
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pasHuua ¢ 6onee TOUHOW Teopuel TONCTOCTEHHOW TPyObl CTAHOBMTCS Henpuemsaemo 60/bLION, Mo KpalHel mepe, ecnu
[eno KacaeTcs OLEHKM YpOBHeW HanpspkeHus cTeHku. Ha pucyHke E.4 nokas3aHo BAvsiHWe Ha Ar/r pasnnyHbIX MOAXOL0B
[onucanHbIX B thopmynax (E.12), (E.14), (E.16) u (E. 18)] N5 pa3nunyHbIX OTHOLLEHWA 5.

Kak BngHoO m3 pucyHka E.4, oTHoweHus 5/r Bbiwe 0,1 gatoT pasnuumsa B Ar/r 6onee 4yem Ha 10 % Mo CpaBHEHUIO C
Teopueil TONCTOCTEHHO Tpy6bl 4718 TeX Xe yCNoBuii TopueBoi Harpysku. Ecnu, Hanpumep, 5/r= 0,247, pa3nnums cocTas-
NS0T npuMepHo oT 21 % fJo 27 % B 3aBUCMMOCTU OT NPYMEHSIeMON KOHdUrypauuy Harpysku.

MpuMeHeHe ypaBHEHWIi TeOpUM TOHKOCTEHHbIX TPy6 Npu ycnoBum «CBOBGOAHbIE TOPLbI» ANA Cryyas C TONCTON
CTEHKOI NpY YCNOBUM «3arnylleHHble TOpLbl» AaeT 3aBbllUeHHY oueHKy Ar/r npu 5/r < 0,16 1 3aHMWKEHHYIO OLLEHKY npu
5/r > 0,16. Ansa 5/r = 0,247 3aHmxeHne oueHkn Ar/r coctasnset 8 %.

Ha puicyHke E.4 noka3aHo, YTO MO ypaBHEHUSIM TEOPMM TOHKOCTEHHOW Tpy6bl nmony4yaloTcs 6onee Hu3kme 3HauyeHns
Mir, 4em No ypaBHeHUAM Teopun TOICTOCTEHHOW TPYObl AN TeX Xe yCNoBuid Harpysku. 3To gaet acpdeKkT, aHanornuHbli
MCNONb30BaHN0O TEOPMU TONICTOCTEHHON TPy6bl BMEcTe € koppekuuein Ha 611M30cTb dunaHueB unm hopmy Kopryca, Kak B
E.2.3, x0TA cTeneHb CXOACTBa 3aBUCUT OT (pakTMyeckoli reomeTpumn, 6a13ocTu hraHueB 1 yCioBMiA TOPLEBON Harpysku
ANA [aHHOro cyeTyumka.

CneposartesibHO, B cOYeTaHMM C MOAeNVpoBaHMEM MO MeToAy KOHeYHbIX 3nemMeHToB (E.3), no Bblleyka3aHHbIM
nNpUYMHaM MOXeT 6biTb 06HAPYXEHO, YTO NpocTas TeOpUsi TOHKOCTEHHOW TPy6bl faeT afekBaTHOE COBMafeHve C pesy/b-
TataMu MOZeNMpoBaHWA MO MEeTOAY KOHEeYHbIX 3/IEMEHTOB A/ 3a4aHHOV reoMeTpun cyYeTymka U BNOCNEeACTBAMN MOXET
MCMOMb30BaTbCA B KaYyecTBe [JOCTOBEPHOrO CPefCTBa OLeHKN MOTPELUHOCTY U3MEpPeHns pacxoda npu Apyrux yCroBusix.

CnepyeTt OTMETUTb, YTO pe3ynbTaTbl aHa/M3a OTHOCATCH TOMIbKO K KOHKPETHOMY CUETUMKY, U UX He crefyeT Bocnpu-
HUMaTb Kak obLiee npasu/io, NPUMEHNMOE KO BCEM CHETUMKAM.

Arlr — cooTHowweHne Ar/r «TONCTas CTEeHKa»/«TOHKas CTeHKa»; 5/r— OTHOLUEeHWe TONLWWMHbLI TPY6bl K BHYTPEHHEMY paauycy Tpyo6bl;

1— npw ycnoBun «3arsyLlleHHble TopLpb»; 2 — MpK YCI0BUN «CBOBOAHBIE TOPLIbI»; 3 — C TOCTOW CTEHKOW NpY YCIOBUN «3arslyLUeHHble
TOpLbI» / C TOHKON CTEHKOIN NpW YCNOBUU «CBOGOAHbIE TOPLbI»; 4 — npumvep

PucyHok E.4 — CpaBHeHne TeopUn TOJICTOCTEHHOW TPY6bl C Teopueil TOHKOCTEHHOI TPy6Gbl ANS Pa3/IMUHbIX
OTHOLIEHWA 5/r

E.4 PacueT nepBoHa4yasibHOM OLEHKN BINAHWA AaBJ/IEHWSA BHYTPU Kopnyca

[Nns BbINOMHEHWS NepBOHa4vasibHOM OUEHKU BAWAHWUA AaBfeHUs BHYTPW Kopnyca B Lensx ynpoweHus npeHebpe-
raloT ucnonb3yembiMu B 9.1.2.2 0ceBbIM U3MEHEHMEM X U NIO6bIM BAMSHUEM 6/11M30CTU dhnaHua unm popMbl kopnyca Kb5.
B atom cnyuae, ncnonb3ysa gopmynsl (E.23) u (E.24), chopmyna (E.25) npuHumaet Bua:

2/
ya '

.0 74 0 est 10J y'poj \dO JoJ  \u0

roe MHAeKC «est» 03HayaeT NepBOHAYaIbHYH OLEHKY.
Onsa manbix 3HauyeHunii Ar/r popmyny (E.40) MOXHO yNnpoCTUTb, OMycKasi YieHbl 60s1ee BbICOKOrO nopsigka:

/

A
Pt 1= . (E.40)

\
Ar
6 Sl+y | =1+4 (E.41)

0 ppest
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Torga ans pacueta [gv/qv MOXeT 6bITb MpUMeHeHa opmyna

AN L
! -N1-1 =4—
Qv,0 b,p,est Qv,0 r
dopmyna (E.12) gna BapvaHTa TOMICTON CTEHKM NMPW YCNOBWUM «3ar/yleHHble TOopLbl» MCNOMb3yeTca AN pacyeta
Arlr, 4TO6bI AaTb OLEHKY XyAWero cueHapus, NOCKO/bKy OHa MPUBOAMT K Hanbonbllemy naMeHeHuto Arlr ons 3agaHHoOro

3HaveHusi Ap. CrnefoBaTtesnibHO, MakCMMasibHOEe 0Xnaaemoe 3HadeHve A gjq Vv BCIeACTBUE BIAHUA U3MEHEHUs AaBneHNs
BHYTPU Kopryca onpegensiercs kak

(E.42)

(ih2+r2 ) Ap
[*2-r2+1 E

( %’vln

Ay o, b,p,max

4AT-4 (E.43)

E.5 Mpumep

E.5.1 NapameTpbl cyeTumKa

Kopnyc cueTunka umeet popmy NpsMOSIMHERHOrO yyacTka ¢ hnaHuamu.

[MapameTpbl cHETUMKA, KOTOPbIE UCMONbL3YIOTCA B KAYECTBE AaHHbIX A1 pacyeta nonpasky No pacxody, npueeeHbl
Ha pucyHke E.1.

Ha ocHoBe ykasaHHbIX B Tabnuue E.1 napameTpoB BblUMCNSAOTCA O6LUME OCHOBHble napameTpbl, NpUBeAEHHbIe B
Tabnuue E.2.

Ta6nuya EJI1 — MNapameTpbl cyeTumka

MapameTp O603HaveHne 3HayeHne
BHYTpeHHWiA pagnyc kopnyca3 b 183,25 mm
BHewHwnii pagnyc kopnyca3 228,6 Mm
TonuwmHa cTeHku3 5 45,35 Mm
[nvMHa MOHTaXHOro kaHana ynbTpas3ByKoBOro npeobpasosartens bp 230 mMm
BHeLWHWIA AnamMmeTp MOHTaXKHOrO KaHana Dp 50 Mm
BHYTpeHHUIi AnaMeTp MOHTaXHOro kaHana dp 32 Mm
Pacctosinme po nesoro pnaHya3 — 366 MM
PaccTtosiHme go npasoro dnaHua3 — 686 MM
TpaeKkTtopus ¢ OOHUM OTPaXeHnem 1
Yron HakoHa TpaekTopum 70°
[OnvHa Tpaektopun po 780,117 mm
OceBOe paccTosHue Mexay ynbTpasBykoBbIMU npeobpasosBaTtesiiMmu X0 267,007 mm
Mogynb HOHra matepuana kopnyca3 E 2,00 m102 IMa
KoagpchuuueHt MyaccoHa3 m 0,3
KoadhcpuumneHT Tennosoro pacwmpeHns3 1,26 m10-5K-1
[nnHa mMoHTaxHoro kaHana 6e3 dnaHua Vv 220 mMm
[vameTp ynbTpa3ByKoBOro npeobpasoBartesns daT 32 Mm
[nvHa ynbTpasBykoBOro npeobpasosarens T 230 mm
KoadhhpmnumneHT TennoBoro pacwumpeHnsi ynbTpa3BykoBOro npeobpa- aT 15+10-5K"1
30BarTens (pacyeTHblii)
Mopynb KOHra ynbTpa3BykoBOro npeobpasoBaTtens (pacyeTHbIi) ET 1,9 <102 Ma

Ycnosusa ctatuyeckoin kannbpoBku — 0 MNa (n36biTouHoE), 20 °C

Ycnosua guHamunyeckol kannbpoBkn3 — 6,3 MMa (M36bITO4HOE), 7 °C
Monesble paboune ycnosuald — 23,0 MMa (u36biTouHoe), 40 °C

3 Heobxoanmo AN nepBoHayasibHOW OLEHKM.
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Tabnuya E.2— OcHOBHble NnapameTpbl cHeTYMKa

MNapaveTp 3HayeHve MpumevaHne
OTHOLWEHNE TONLWMUHbI CTEHKN, 5/1 0,2475 => TOJICTasi CTEHKa
BHewWHWIi agnameTp cyeTymka 2 +228,6 =457,2 = Db
PaccTtosiHme go cdnaHues  6avxaiwunii 366/457,2 = 0,8Db =z=0,8
AanbHUi (366 + 267)/457,2 = 1,38Db =>y=1
nocepeguHe [366 + 0,5 «267]/457,2 = 1,09Db =>n/=1
KoathhruneHT chopmbl Kopnyca w+y+2)/3=28/3=0,93 =Ks

E.5.2 MNepBOHavanbHasa OLEHKa NOrpewHoOCTM n3MepeHns pacxona

Mcnonb3ya npocTblie OUeHKWU, NnpeAcTaB/ieHHble Ha pucyHkax 15 u 16, oxugaemble MOrpewHocT U3MepeHus pac-
xo4a A qjqv npyn nepexoge OT YC/I0OBUIA AUHAMUYECKOW KaMbpoBKN K NOMEBbIM paboynm ycrioBusim coctaensaoT +0,13 %
ona Ar= 33 °C n +0,16 % m0,93 = +0,15 % ana Op = 16,7 Mlla.

M3 pucyHka 17 pna 5/r = 0,247 nonpaBo4HbIii ko3dhmuneHT Ha Topey, KE = 0,89, 1 3TO faeT MEHbLUYI OLEHKY
0,13 % (10 ecTb 0,89 0,15 %) A4N1a COCTaBASOLLIENA MO AABNEHNUIO.

Takum obpa3om, nosyyaercs KOMOMHMPOBaHHAaA MepBoHava/ibHasA OLEHKa MOrPeLHOCT U3MepeHnsa pacxoja oT
+0,26 % fo +0,28 % [unm (0,27 + 0,01) %], 4TO SABNAETCA 3HAYMTENbHLIM, U NO3TOMY HEOBXOAMM NOAPOGHbLIV pacyeT.

E.5.3 O6wme anemeHTbl ANs NOAPOBHOro pacyeta

O6une aneMeHTbl 4719 NoApOo6HOro pacyeTa Ans AbbIX 3HadeHnin [p n E npuBeaeHbl HUXe.
N3meHeHne A/IMHbI MOHTaXHOIO KaHana BCneAcTBUe faBneHusi onpegensiercs no opmyne (E.30):

230 220 322
Alp = Ap ( 1,97367 10~9-[p.
1,9-1011 2 1011[602-322}

B pe3ynbTarte BbluMcieHunit no oopmynam (E.12) — (E. 15) nonyyaem:
- AN BapvaHTa «CBOOOAHbIE TOPL|bI»
ar 228,62+183.252+

0,3 — =4,89585—
r 228,62 —183,252 E E

AXx 03 2-183.252 Ap 1.07876—
X 7228,62-183,252J E E
- AN BapuaHTa «3ar/yleHHble TopLbI»
Aar 13 228,62+183,252 (1-2-0,3)

+03 — =4,35647 —
r 228,62-183.252 E E

Ax (183.252 (1-2 0.3)]1P,071917AP
X  228,62—183,252 ) E E

MpumeuvyaHne — OTHOWEHNE MeXAY CNyyasMu «3arfyleHHble Topubl» N «CBOGOAHbIE TOpUbI» AnA Ar/r
cocTtasnset 4,356 47/4,89585 = 0,89, 4TO TakKe MOXHO NONY4YUTb U3 pUCyHKa E.4.

B pesynbTarte BbluMcieHunin no oopmynam (E.16) — (E.19) g TOHKOCTEHHbIX TPY6 Mosyyaem:
- NS BapmaHTa «CBOGOAHbLIE TOPLIbI»:

183,25
ar AP _ 404079 — -
r 4535 E E
=.1,21224";
4535 E E
- 1S BapuaHTa «3arnylieHHble TopLbI»:
At (1.0.32)-183258P 5 434674
r 4535 E E
183,25
X 0,5-0.3)- AP .80816— .
X 45,35 E
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Pe3ynbTaThl ANS TOHKOW CTEHKU NpMBEAEHbl TO/IbKO B KayecTBe MpumMepa, MOCKO/bKy hakTMyeckoe Mcrnosb3ye-
Moe oTHoweHue blir coctaBnset 0,247. OgHako, cnefgyet 06paTuTb BHUMaHWE, YTO OTHOLUEHWE YC/IOBUIA TONICTOW CTEH-
KW K YCNOBUSIM TOHKO cTeHkn Ar/ r = 4,89585 / 4,04079 = 1,21 npwu 6/r = 0,247 NS BapuaHTa «CBO6OAHbIE TOPLbI» U
AOr/ r=4,35647 /| 3,43467 = 1,27 onsa BapuaHTa «3arflylWeHHble Topubl». DTN 3HAYEHNST UCNO/Ib30BA/IUCL B NpUMeEpPe Ha

pucyHke E.4.
E.5.4 Mpsmoi ogHO3TanHbI NOAPOGHbLIN pacyeT

M3 gaHHbIX Tabnuubl E.1 cneayeT, uTo pasHuua Temnepatyp W AaBNeHus Mexay AMHAMUYecKol KanmGpoBKoi K

nonesbiMn pa60‘WIMVI YyCNnoBuaAmMmn COCTaBJ/IAET:

74

Torga nonyyaem:

Ar=40- 7=+433°C [Op=23,0- 6,3 =+16,7 MlMNa.

[p/E = (16,7 w106)/(2 « 1011) = 83,5 + 10"6;
Alp = (16,7 + 106) (1,97367 «10"9) = 0,03296.

a) BnvaHve Temnepartypsl kopnyca ns dopmysnsl (E.10):

gqv 1 ,0=1+(3+1,26-10-5-33,0)= 1,001247.

b) BnusHue gaBnexHns BHyTpu kopnyca u3 oopmyn (E.12) B (E.15) n dhopmynsl (E.43) gna cny4vaes:

- «CBOOOAHbIE TOPLbI»:

[Ar/r = 4,89585 m83,5 « 10~6 = 4,08803 « 10",
Ox/x =-1,07876 +83,5 m10~6 =-0,90076 m10-4.

Mpu 3TOM nepBoOHavanbHasA OLEeHKa BVUAHUA U3MEHEHUS AaBneHus BHYyTpu kopnyca AArtr= 0,164 %;

- «3arfylueHHble TopLbl»:

Artr = 4,35647 «83,5 «10"6 = 3,63765 « 10-4;
Ox/x =0,71917 «83,5-10-6 = 0,60051 -tO "4.

¢) bnnzocTb hnaHueB Ha ocHoBe thopmybl (E.21):

d) KombrHuposaHHoe BAWsHWE AaBneHus BHyTpu kopnyca u3 copmyn (E.22) — (E.25):

Ks=0,93;

m11 cnlyyas «CBO6GOAHbIE TOPLbI»:

W o =1+ (0,93-4,08803-10-4) = 1,000380
di = 1,000380 +366,5 = 366,6393
Xi/x0 =1-(0,90076 »10-4) =0,999910
*1 =0,999910 m267,007 =266,9830
1 = (22 m366.63932 + 266,98302)05 = 780,3701
Vo = 780,3701/780,117 = 1,000324
v, o = 1,0003802 « 1,0003242/0,999910 =1,001499
[N cnyyvas «3arnylweHHble TopLbl»:
W o =1+ (0,93 +3,63766 m10") = 1,000338
di = 1,000338 + 366,5 = 366,6239
XI/X0 =1+ (0,60051 «10"4) =1,0000601
*1 = 1,0000601 267,007 = 267,02305
1 = (22 +366.62392 + 267,02302)0'5 =780,3548
V'o = 780,3548/780,117 =1,000305
Qv, 1iQ, 0 =1,0003382m1,0003052/1,0000601 = 1,001226
e) BansHma MoHTaxHbIX KaHanoB Ha ocHose cdhopmyn (E.28), (E.32) u (E.34):
Temnepatypa qvJqvO0=1+[4 *230 *(1,25-1,5) *10"5%33]/780,117
JaBnexune gv Mgv 0= 1+ 4 «0,03295/780,117

Komb6uHMpoBaHHbI gv lIqv 0= 0,999903 - 1,000169

=0,999903
=1,000169
=1,000072
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f) CymmapHasi KoM6MHMpOBaHHasA Koppekuusi no pacxogy m3 oopmynbl (E.35):
- ANna cny4das «CBOBGOAHbIE TOPLbI»:

qv 10<N, 0 =1,001247 » 1,001499 ~ 1,000072 =1,002820
- BN cnyYas «3arnylweHHble TopLbl»:
qv 1,0c¥, 0 =1.001247 «1,001226 « 1,000072 =1,002547
=1,002684 +0,000136

=1,002710,0001
3HauveHune A" a”n3 copmynel (E.36):
- A4 criyyas «CBOAHblE TOPLbI»

&Qv, LAV, o = +0>2820 %
- ANs cnyyas «3arnylleHHble TopLbl»

MV,1,00V,0  =+0>2547 %
= +(0,2684 +0,0136)%
= +(0,27 +0,01)%

E.5.5 TpexaTanHblilt NOAPOGHLIA pacyeT
E.5.5.1 3T1an 1— OT yC/i0BUil CTAaTUYECKON KaSIMBPOBKN K YC/IOBUAM AUHAMUYECKOW KannbpoBku

A7=-13 °C [p = 6,3 MMa

Op/E =6,3 «106/2 m1011 =3,15 «10~-5
a’p = (6,3 m106) *(1,97367 * 10-9) =0,01243

a) Bnnaune temnepatypsl kopnyca us popmynbl (E.10):
qv 10/gv0 =1+ (3 m1,26 m10~5-(-13,0)) =0,999509

b) BnusHue pgasneHns BHyTpu kopnyca u3 oopmyn (E.12) — (E.15) n cpopmynel (E.43):
-ANA cnyyas «CBOGOAHbIE TOPLbI»:

Mir =4,89585 «31,5 « 1(I'6 =1,542 19 - 104
Ox/x =-1,07876 +31,5 «10~6 =-0,33981 - 10"4

HauyanbHasa oueHKa BNUAHUA U3MEHEeHUs AaBfieHns BHYTpU kopnyca pasHa 4 M r - 0,062 %
- ONA cnydvan «3arfylweHHble TOpLbI»:

M r =4,35647 «31,5 - 10”6 =1,37229 m10-4
Ax/x =0,71917 31,5 m10~6 =0,22654-10-4
¢) bausocTb hnaHues u3 chopmynbl (E.21):
Ks =0,93

d) KombrnHnpoBaHHOE BMSAHWE faBneHns BHyTpu kopnyca u3 dopmyn (E.22) — (E.25):
- ANA cnyyan «cBOGOAHbIE TOPLbI»:

<Vdo =1+ (0,93 w1,54219 m10-4) =1,000143
qn =1,000143 3665 = 366,5524
Xi/x0 = 1-(0,33981 -« 10-4) = 0,999967
X1 = 0,999967 «267,007 = 266,9979

4 = (22 +366,55242 + 266,99792)05 = 780,2118
V'o = 780,211 8/780,117 = 1,000122
W, 1dv, 0 =(1,0001432-1,0001222)/0,999967 = 1,000563

- 4NA cnyyas «3arnylweHHble TopLbI»:

djdo = 1+ (0,93 +1,37229 » 10-4) = 1,000128
o =1,000128 «366,5 = 366,5469
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V*0 =1+ (0,22654 m10"4) =1,0000227
*1 = 1,0000227 « 267,007 =267,0131
1 = (22 m366.54692 + 267,01312)°'5 =780,2067
V'o = 780, 2067/780,117 = 1,000115
Sy, 119y, o = (1.0001282 + 1,0001152)/1,0000227 = 1,000463
€) BausHne moHTaxHbIX KaHanos u3 gopmyn (E.29), (E.33) n (E.34):
Temnepatypa qvAlgv 0 =1+[4+230 «(1,25- 1,5) «1(5+(-13)])/780,117
[laBnenue gvAsly o =1+ (4 +0,01243)/780,117
Komb6uHMpoBaHHbI gv *qv 0 =1,000038-1,000064

f) CymmapHas KoMGMHUpPOBaHHAaA Koppekuus no pacxody u3 dopmyssl (E.35):
- NS cnyyas «CBO6GOAHbIE TOPLbI»

<N, LO(7V, O =0,999509 m1,000557 «1,000102 =1,000168
- NS cnydast «3arylleHHble TopLbl»
qv 1,0dcv, O =0,999509 =1,000463 « 1,000102 =1,000074

=1,000121 +0,000047
3HauveHune Aqvolqv n3 chopmynsl (E.36):
- Ans cnyvasi «cBOGOAHbIE TOPLbI»:

1,(iyto = +0.0168 %
- ANS cnyYast «3arnylweHHble TopLbl»

Ocly, 1,(AV, 0 =+0,0074%
= +(0,0121 +0,0047)%
E.5.5.2 3Tan 2 — OT YC/I0BUii CTaTUYECKOoli KannGpOoBKM K NOSEBLIM PaGoynm YCNOBUSIM

AT = +20 °C, Ap = +23,0 Mla

Ap/E =230 m1052 - 1011 =115 - 10-6
Alp = (230 « 105) *(1,97367 « 10~9) = 0,04539

a) BnvaHve temnepartypsl kopnyca us dopmysnel (E.10):
Ayrdyo =1+ (3 ml,26«10-5+20,0) = 1,000756

b) BnusHue gaBneHns BHyTpu kopnyca u3 opmyn (E.12) — (E. 15) n chopmynel (E.43):
- AnA cnyyas «CBO6GOAHbIE TOPLibI»

Ar/r =4,89585 <115 - 106 =5,63023 «10-4
AXx/x =-1,07876m115 m10"6 =-1,24057 « 10-4

1,000038
1,000064
=1,000102

HayanbHasa oueHka faBneHus BHYTpW Kopnyca pasHa 4 mArlr= 4 «5,63023 « 10~4 = 0,23 %

- AN cny4vas «3arfylweHHble TopLbl»
Ar/r =4, 35647 « 115 « 10-6 =5,00994 10-4
AX/X =0,71917 <115 m 10-6 =0,82705 m10"4

¢) bnusoctb chnaHueB no dopmyne (E.21):

Ks =0,93

d) KombrHupoBaHHOe BAWsSHME AaBneHusa BHyTpu kopnyca u3 dopmyn (E.22) — (E.25):
W19 c/yyas «CBOGOAHbIE TOPLIbI»:

d2/do =1+ (0,93 +5,63023 + 10-4) = 1,000524
d2 = 1,000524 m366,5 = 366,6920
X2/X0 = 1-(1,24057 m10-4) =0,999876
X2 =0,999876 « 267,007 = 266,9739
h = (22 + 366.69202 + 266,97392)0'5 = 780,4660
1210 = 780,4660/780,117 = 1,000447
aY,21%,0 = (1,0005242  1,0004472)/0,999876 = 1,002068
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Ona cnyyaa «3arnylweHHble Topubl»:

d2do =1+ (0,93 «5,00994 « 1C4) =1,000466

d2 =1,000466 m366,5 = 366,6708

x21x0 =1+ (0,82705 « 10-4) =1,0000827

X2 = 1,0000827 w267,007 =267,0291

12 = (22+366.67082 + 267,02912)05 =780,4450

i2/i0 = 780,4450/780,117 =1,000420

Qv, 2iQv, 0 =(1,0004662+1,0004202)/1,0000827 = 1,001690

e) BnnsiHne MoHTaXHbIX kaHanoB u3 popmyn (E.28), (E.33) n (E.34):

Temnepatypa Q,2Qv,o0 =1+[4 w230 m(1,25- 1,5) m10"5mw20]/780,117 =0,999941
[aBnexuve qv2Qv 0 =(1 +4 =0,04539)/780,117 =1,000233
KombuHnpoBaHHbin  qv 2qv o =0,999941-1,000233 =1,000174

f) CymmapHasi KoM6MHMpOBaHHasA Koppekyusi no pacxogy u3 goopmynbl (E.35):
- ANS BapmaHTa «CBOOOAHbLIE TOPLIbI»:

gM2tq\}O = 1-000756 + 1,002070 « 1,000174 =1,003002
- [Ns cnyyas «3arnylweHHble TopLbl»
gv 20gv o = 1,000756 + 1,001690 « 1,000174 =1,002622

= 1,002812 +0,00019
3Hauenne AQjqVv W3 dopmynsbl (E.36):
- ANs cnyyast «CBOGOAHbIE TOPLbI»

[<ty 2,6/°V,0 —+0>3002 %
- ANS cnyvas «3arnylweHHble TopLbi»

AQy, 2.0~ V, 0 = +0>2622 %

= +(0,2812 +0,019)%
E.5.5.3 31an 3 — nonpaBoYHbIA KO3(P(PULMEHT NO pacxody OT YC/O0BUA AMHAMUYECKON KannbpOoBKM K NOMEBbIM
pabounm ycnosusam
O6wasn Koppekuns no pacxomy onpegensiercs 3 gpopmynbl (E.6):
- ANa cnyyas «CBOGOAHbLIE TOPLbI»:
oy.21 _ Ay20 quo  1,003002

1,002828
Qv,1 Qy,0 1,000174

- ANna cnydaa «3arfiyweHHble TOpLbI»:
ov.2l _ ou20 ovo _ 1,002622 _ 1QQ25Q
ovl  Qy0 Qvl0 1.000074

= 1,002688 + 0,00014
3HauveHne Aqv 2 1lqv
- ANa cnyvyas «CBOGOAHbIE TOPLIbI»

Aqv 21/Qv, 1 = +0,2828 %
- ANSA cnyvas «3arnyleHHbIe TOpLbI»

Agv 21lgv { =+0,2548 % «3arnyLlweHHble TOpLbI»
= +(0,2688 +0,014)%
MonpaBouHbI KO3(hULMEHT NO pacxody W NOrPeLHOCTb U3MEPEHUIA pacxofa, BblpaKeHHble B COOTBETCTBUM C

dopmynamu (21) n (22):
Qv 2Qv 1=1.0027 + 0,0001;

AQv, 2°Qv; 1 = (@27 £0,01) %.
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E.6 MpumeyvaHnsa no npumepy pacuyeta

E.6.1 O6uwue cBegeHus

[ns obecneyeHnsa TOYHOCTU pacyeToB A1 OTAE/IbHbIX 3HAYEHWI B oblieM cnyyae 6blIM ykasaHbl A0 WeCTn 3Ha-
yawmux umdp, HO cnegyeTt NOHMMaTb, YTO 3TO He OTpaXaeT npegnonaraeMyl TOYHOCTb MeToAa OLueHkW. B cooTBeTcTBUM
€ 9.1.2.7 okoHYaTe bHbIA CYMMapHbI NMonpaBoYHbIli KO3hhULMEHT No pacxody qv 1 1°/KeH yKasbiBaTbCA C TOYHO-
CTbi0 A0 YeTbipex AeCATUYHbIX paspsanos, a Agjg” — C TOYHOCTbIO A0 ABYX AECATUYHbIX pa3psfoB.

Pa3sHuua B 3HAYEHUsAX NONPaBOYHbIX KO3 ULNEHTOB NO pacxomy Mexay YCN0BUSMU ANHAMUYECKON KarnmbpoBKM
1N paboyMMn yCNnoBUSAMM, PaCCUUTAHHbIM NPSIMbIM OAHO3TanHbIM pacyeToM no E.5.4 n 6onee CNOXHbIM TpexaTanHbIM
noaxogom no E.5.5, He3HauntenbHa. OfgHako, Kak ynoMmuHanock B E.1, TpexaTanHbIii N0AX04 MOXeT okasatbcsa 60onee no-
Ne3HbIM /15 CpaBHEHUA NPOMEXYTOUYHbIX Pe3ynbTaToB M KOHKPETHbIX pa3MepoB € pesysibTataMmu, nosyYyeHHbIMY MeToLoM
KOHEYHbIX 3/IEMEHTOB.

lMepBoHavyanbHas oueHka NorpeLHoCcTN N3MepeHns pacxoda, caenaHHas B E.5.2 ¢ ncnonb3osaHMeM nNpocToro noj-
Xo4a, onucaHHoro B 9.1, coBnagaeTt c pe3ynbTatom 6o0nee nogpobHoro pacueta E.5.4 nam E.5.5. Mo Bceil BepoATHOCTH,
3T0 0COBEHHOCTL BbIOPAHHOIO NPUMepPa, MOCKObKY MOXHO 6b1/10 Obl 0XUAATH HE3HAUMTENBHYIO pPasHuLy.

[MpomexyTouHble aTanbl pacyeta Mosie3Hbl 419 OLUEHKN OTHOCUTESIbHbLIX pa3mepoB W, C/iefoBaTesibHO, 3HA4YMMOCTH
B/IMAHNSA KOPPEeKUnn no pacxogy BCeACTBME MPUYMH, ONUCaHHbIX B E.6.2 nnu E.6.7.

E.6.2 HavanbHasa oueHka BANAHUA AaB/IeHUA BHYTPU Kopryca

HauanbHble oueHKN BNUAHUA OaBfieHUs BHYTPU Kopnyca coctasnsanu 0,062 % u 0,23 % ana gByx vuccrnefoBaHHbIX
C/ly4yaeB, M OHM cpaBHUBAKOTCA cO 3HayYeHuaAmu 0,056 % n 0,21 % mn3 60see NoAPOOGHOro pacyeta Ha ware 4 s Kaxgoro
cnyyasn. B o6oux cnyvasnx, Kak u cnefoBasio oxugatb, nepBoHavyasibHas OueHKa 3aBbllleHa no OTHOLEeHUo K 6onee nog-
po6HOMY pacyeTy.

E.6.3 YcnoBus TopueBOW Harpy3kum cHeTymka

M3meHeHve TOpLEeBOi Harpy3ku BAUSET TOSIbKO HA U3MEHEHMEe pa3MepoB Kopnyca BCNeACTBUE BUSHUA AaB/EHUS.
PesynbTaTbl pacyeToB A/19 YC/NOBUA «CBOGOAHbIE TOPLbI» W «3arfyleHHble TOPLbl» YyKa3blBaldT Ha YYBCTBUTE/IbHOCTb
KOpPeKUMn K YyCNoBUSAM TOPLIEBO Harpysku. B ABYyX pacCMOTPEHHbIX Clyyasx pasHuua Mexpay criydasMum «CBO6OoAHble
TOpUbI» U «3arnyLleHHble Topubl» cocTasnseTt sBcero ot +0,05 % o +0,06 % B BapuaHTe 1 un ot +0,17 % po +0,21 % B
BapuaHTe 2. 3TO yKasbliBaeT Ha TO, YTO YC/I0BUS TOPLLEBOWN Harpys3ku MMeT BTOPOCTENEHHOE 3HaYeHue.

E.6.4 BnnaHve faBneHna BHYTPU Kopryca

[ns ABYyX pacCMOTPEHHbIX BapuaHTOB BAWAHWE AaBfieHUs BHYTpW kopnyca 6bi10o nopsgka +0,05 % B BapuaHTe 1
(6,3 MMNa) n +0,2 % B BapnaHTe 2 (23,0 MMa). Bnuaxne nnowanun sBcneacteme nameHexus (c/.,/d0)2 6bino nopsgka 0,027 %
n 0,09 %, cCOOTBETCTBEHHO, A5 ABYX BapuaHToB. Takum o6pa3oMm, Ha BAMSHME U3MEHEHWs Naowagn NpuxoauTca npu-
MEpPHO MOJSI0BUHA KOPPEKL MU MO pacxoay.

E.6.5 BnnaHue TemnepaTtypbl Kopnyca

[na AByX pacCMOTPEHHbIX BapuaHTOB BAWSHWE Temnepartypbl Kopnyca coctasunio -0,05 % gna sapuaHta 1 (Mu-
Hyc 13 °C) n +0,08 % ans sapuaHta 2 (+20 °C). 3T0 yKasblBaeT Ha TO, YTO B/IMSIHWE TeMnepaTypbl CTOMb Xe BaXHO, Kak U
BNNAHWE AasnieHns. ObpatuTte BHUMaHWe, 4YTO B BapuaHTe 1, Nockosibky AT 6bI/10 OTpuLUAaTesIbHbIM, €ro B/UAHME YacTuy-
HO KOMMEHCUPOBAJ/IO B/IMSHWE AAaBJ/IEHUSA, TOr4a Kak B BapuaHTe 2 661710 NOSIOXKUTENbHBIM, U €ro BUSAHWE [06aBNA/10Ch
K BIMAHWNIO [aBNeHUs.

E.6.6 BnusiHMe MOHTaXHbIX KaHanoB y/1bTPa3BYKOBbIX NpeobpasoBaTtesieit

B 3aBMCMMOCTM OT cnocoba kpenseHus ynbTpasByKoOBbIX NpeobpasoBaTeniell B MOHTaXHbIX KaHanax B/USHUA TeM-
nepaTypbl MOTyT KOMNEHCUPOBATLCA (TO eCTb pacluMpeHne MOHTaXKHOro KaHana KoOMNeHcupyeTcs yBennyeHneM pasmepa
yNbTPa3ByKOBOro npeobpasoBartesnis). KOMOGMHMpOBaAHHOE BNAUSIHWE AaBfieHUs U TemnepaTypbl B BapuaHTe 1 cocTtasnser
+0,01 %, a B BapuaHTe 2 — +0,02 %. 370 yKka3biBaeT Ha TO, YTO B/IMSAHNE MOHT&XHOIO KaHasia yNbTpa3ByKOBOro npeoob-
pasoBaTesfis Ha NopsAA0K MeHbLLEe, YEM B/IMAHWE TemMnepaTtypbl WK AaBMEHUA Ha caM KOPMyC cyeTyuka.

E.6.7 CpaBHeHMe C pe3dysibTatamu BblYUCIEHWN, BbIMO/IHEHHBbIX METOAOM KOHEYHbIX 3/1EMEHTOB

B npuBefeHHbIX NnpumMepax U B MeToAe KOHEYHbIX 3/1eMEeHTOB NMPUMEHSA/IUCb OAMHAKOBble 3HAYEeHUA AaBfeHus u
TemMneparypbl, a Takke pasMepbl cyeTynka. Pe3ynbtarel 3TOr0 MOAE/IMPOBAHNSA NOKa3bIBAKOT, YTO MOrPeLHOCTN n3mepe-
HMA pacxofa Haxoasatcs B nepegenax ot +0,003 % po +0,006 % gna anameTtpasibHbIX TPAEKTOPUIA C OAHUM OTPaXKEHNEM
ONnA BapuaHTa 1 v cymmapHasa MnorpelHoCcTb U3MepeHusa pacxoja A/ pasHulbl Mexay BapuaHTom 2 v BapuaHtom 1 ot
+0,264 % po +0,272 %. OHM BMOJSIHE CpaBHMMbI CO 3HayeHusmu ot +0,007 % po +0,017 % pna sapuaHta 1 v ot +0,25 %
no +0,28 % ans koMOUMHMPOBAHHOTO BapuaHTa 2 U BapuaHTa 1, paccuuTaHHbiXx B E.6.5. CornacoBaHvne HaxoguTcs B
npegenax 0,01 % OT NONHONM NOrPELIHOCTU U3MEPEHNS pacxofa B MpoLeHTax.

E.6.8 3akntoyeHune

O™ HabnogeHna caenaHbl Ha OCHOBE PacCMOTPEHUSA OTAE/bHOIO KOHKPeTHOro npumepa. CnegosaTefibHO, MOXHO
0XufaTb HEKOTOpPOE M3MEHEHWe 3HAYEHWI pa3NMYHbIX BAVSIHUIA MPpY MCMONb30BaHWUU APYIMX MOAEeNein namMepeHus u pa-
60unx ycnoBuii. TeM He MeHee, TakkKe MOXHO OXuaaTb, YTO OTHOCUTENIbHAsA BeNMYMHA KOHKPETHbIX BANSHWUIA ByaeT cooT-
BETCTBOBATb HAGNOAEHMAM, CAEMaHHbIM B NpUMepax.
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MpunoxeHwne F
(o65a3aTenibHOE)

Cneuundukauma gaHHbIX cBA3M MODBUS

F.1 O6wune cBefeHus

USM ponxeH obecneumBatb ONpefesieHHY0 CTPYKTYPY AaHHbIX 4158 nocnegoBaTeflbHON CBA3M, YTOObI yNpOCTUTb
06MeH AaHHbIMW C MOAK/IIOYEHHON CUCTEMON CBA3WN (Hanpumep, BblYUCAUTENEM pacxofa Win CUCTeMol cbopa AaHHbIX).

MpoTokoNn nepefayn AaHHbIX OCHOBAH Ha 06LenocTynHbIX cneundukaumnax «Modbus Organization, Inc.» ([83]).

MpoToKon nepefayv AaHHbIX XapakrepusyeTcsa cnegyrolmnmm obasaresibHbIMU napaMmeTpamu:

- MpoTokon nocnepoBartesibHOM nepegayn gaHHbix: MODBUS RTU,;

- CkopocCTb nepefauv AaHHbIX: nogaepxka 9600 604 (3aBoAckas yCTaHOBKa), BO3MOXHa 60/iee BbICOKas CKOPOCTb
nepefauun gaHHbIX, €C/N OHa NOoALEepXKMBaAETCs NOAKNIOYEHHOW CUCTEMON CBA3N;

- Pasmep peructpa: 16 6uT;

- Mopsigok 6alitoB Big Endian (hopmat c nopsigkoM cnepoBaHns 6ainToB, HaYMHAsA CO CTapLIero): cHavana ctapLinia
6anT (MSByte), cHavana cTaplee cnoso (MSWord);

- 3HaYeHNsA U3MEePEHUI 1 ANArHOCTUKM AO/KHbI 6blTb NpeacTaBneHbl B Buae 32-6MTHBIX YMcen C niasBawLeil 3a-
nATol B cooTBeTCTBUU C IEEE 745;

- CyeTunkn ob6bema foMKHbI 6bITb NpeacTaBneHsbl B Bue 32-6MTHOTO ABOMHOMO Le/1I04MNCIEHHOO C10Ba, NpeacTaB-
nawuiero 9-3HauvHbIi nHAeKc cyeTtumka (co copocom B 0 npu gocTkeHnn 999 999 999).

Mpv AByHanNpaB/IEHHOM MPUMEHEHUU CYETYMKA U3MEPEHHble 06BbEMbl PErMCTPUPYIOTCA B [BYX OTAENbHbIX CYyeT-
ymkKax B 3aBMCUMOCTM OT HanpasneHus notoka rasa (Vact_forward, \/act_reverse). O6beMbl, M3MeEpPeHHbIE B aBapuiiHOM
COCTOSIHUM, MOACHYUTLIBAIOTCA B OTAE/IbHOM CYETHYMKEe NOrpeLlHoCcTV o6bema ANsA Kaxaoro HanpasneHus notoka (Vact_
err_forward, Vact_err_reverse).

[nsa nepefayun faHHbIX OT CHETUMKA B CUCTEMY CBA3WN ONpefesieHbl TP CTPYKTYPbl AaHHbIX:

- UOEHTUMMKALMOHHbIE AaHHble cyeTyMKa (TUNoBas 3/IeKTPOHHAaA Tabnuuka), cMm. Tabnuuy F.3;

- 3Ha4YeHUsl pe3yNbTaToB N3MEPEHUI U ANArHOCTMKWN, HE 3aBUCALLME OT TPAeKTOpMM U3MepeHus, cMm. Tabnuuy F.1;

- U3MEepEeHHble AMarHoCTMYeCcKMe napameTpbl, CBSI3aHHbIe C TPaeKTopueil nsmepeHus, cm. Tabnauuy F.2.

CTpyKTYpHble faHHble, NnpuBefeHHble B Tabnuue F.4, ncnonb3yeTcs ANS OTNPaBky 3HAYEHMn napameTpoB npouecca
(Hanpumep, faBneHus n Temnepatypbl) OT CUCTEMbI CBA3W CHETUMKY, €C/IM CYETUMK U CUCTEMA CBA3W MOALAEPXMBAIOT 3Ty
PYHKUMI0. CUYETUMK JOJ/IKEH YKa3aTb B «naeHTudukarope pyHKUNOHANIBHOCTY cHeTUNKa» (YacTb 3 CTPYKTYPbI JaHHbIX, pe-
rmcTp # 33850, 6uT 0), 4OCTYNHA M 3Ta PYHKLMOHAIbHOCTb TEXHUYECKN 1 aKTUBMPOBAaHAa /1 OHa. AKTMBaL S MOXET ObiTb
3anpelieHa BcneacTBre 3aKoHO4aTebHOr0 MeTPO/IOrMYEeCcKOro KOHTPOIS UM AOTOBOPHbLIX NpasBua B 06n1acTu yyeTa rasa.

CueTumnk fO/KEH NoafepXmnBaTb KOHTPObHbLIV Taimep 4ns HabalaeHnsa 3a Nnepuoanyeckum ob6HOBNEHNEM 3HaYe-
HWIN faHHbIX Npouecca.

B npuBogumoli B kauecTBe npumepa peanu3aumu CUYeTUMK 3anyckaeTCsl C HACTPOEHHbIMW 3aMEHEeHHbIMU 3Haue-
HUAMKW gaBneHus n Temnepatypbl. C60p 3Ha4YeHWii AaHHbIX Mpouecca B CHETYMKE WHULMMPYETCS W nocfiefoBaTesibHO
3anyckaeTtcs 4OCTYNOM 418 3anncy K «COCTOSAHWUIO AaHHbIX npouecca» (4acTb 4 CTPYKTYpbl AaHHbIX, pernctp # 34048). He
MMeeT 3HauyeHns, 6blan M AaHHble 3anvcaHbl CUCTEMOI CBA3M B CUETUUK B BUAe 610Kka WM B BUAe OTAENbHOro permcrpa.
Mocne nepBoro focTyna 3anvcu U3 CUCTEMbI CBSI3U K CUETUUKY aKTMBMPYETCS CTOpoXeBol Taiimep (watchdog), n cyeTumk
ncnonb3yeT 06HOB/IEHHbIE 3HAYEHMS MpoLlecca B CBOMX pacuyeTax. B cnyyae, ecnv cucteme cBsA3W He yaaetcs 06HOBUTb
3TW 3HAYEHUSA U WX CTATYC B TEYEHME BPEMEHWN OXUAAHUA:

- cyeTumnk ByfeT Ucnosb3oBaTh 3amellarole 3Ha4YeHns 40 cneaylolero yCcrnewHoro 4octyna Asa 3anucu Bblunc-
NnTensa pacxopa;

- CYETUMK perncTpupyeT MOMEHT c60s CBA3W 1 ee BOCCTAHOB/IEHUS KaK COObITUA B XypHane coO6bITuiA;

- W CYETYVK BblAaeT npeaynpexaeHune nocne notepu CBA3W.

Tabnuya F1— Tabnuua CTPYKTYpbl OaHHbIX, YacTb 1— 3HAYeHUA AaHHbIX, He 3aBUCALLUX OT TpaekTopun

HavMeHoBaHue (thakTuyeckme 3HaueHus,

Agpec Tun HE 3ABNCSLLIE OT TPaeKTOpHK) EAvHuLa nsvepeHus/onucaHme
32768 Yucno ¢ Pacxon [M3/4] nnn [doyTIY]
nnas, TOYKOW
32770 Yucno ¢ CKopocTb rasa [m/c] nnu [dpyT/c]
nnaB.TOYKOW
32772 Yucno c CKopoCTb 3ByKa [m/c] nnn [chyT/c]
nnas, TOYKOW
32774 dword O6wwii cyeTunk obbema rasa (MPAMo NOToK) [konuuecTBO pernctpos]
32776 dword O6wwit cueTunk ob6bema rasa (06paTHbIi NOTOK) [konnyecTBO perncTtpos]
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OkKoH4YaHne Tabnuubl F 1

Appec

32778
32780
32782

32784

32786

32788
32790

32792

32794
32796

32798

32800

32802

32804

32806

32808

32810

32812 ...

32894

Tvn

dword
dword

dword

dword

dword

dword

dword

dword

dword

Yucno ¢
nnaB, TOYKOW

Yucno ¢
nnaaBs, TOYKOWN

Yucno ¢
nnae, TOYKOWA

Yucno ¢
nnaBs, TOYKOWA

Uucno ¢
nna.e, TOYKOWA

Yuncno ¢
nnas, TOYKOW

Yuncno ¢
nna.e, TOYKOWA

Uucno ¢
nna.e, TOYKOWA

HavimeHoBaHuWe ((hakTuyeckme 3HaueHus,
He 3aBuCALLME OT TPAEKTOPUM)

CueTunk o6bemMa rasa (npsimoit notok) Vact forward
CyeTunk o6bemMa raza (06paTHbIii NOTOK) Vact reverse

MorpelwHoCTb cyeTyMka obbema rasa (NpsiMoii
NOTOK) Va(* err forwarc)

MorpewHocTb cyeTumka obbema rasa (obpart-
HbI NOTOK) Vact err reverse

PaspeleHne cueTunka

Pacxop Bbiwe Qt

KoathdhuumeHT npuema curHanaB

CocTosHMe norpeLiHocTu

Konnuectso TpaekTopuiio

OTK/IOHEeHME CKOPOCTU 3BYyKa TpaekTopun 1

OTK/IOHEeHMEe CKOPOCTU 3ByKa TpaekTopuu 2

OTK/IOHEHME CKOPOCTM 3ByKa TpPaekTopuu 3

OTK/IOHEeHWE CKOPOCTU 3BYyKa TpaekTopuu 4

OTK/IOHEeHMEe CKOPOCTU 3ByKa TpaekTopum 5

OTK/IOHEHVME CKOPOCTU 3BYyKa Tpaektopumn 6

OTK/IOHEHVME CKOPOCTU 3BYKa TpaekTopuu 7

OTK/IOHEHME CKOPOCTK 3ByKa Tpaektopuu 8d

3apesepBunpoBaHO ANs AOMOHUTENIbHBIX TPAEKTO-
puiA 1 onNuMoOHasIbHOW NoANMCcU Habopa AaHHbIX

EavHMua usmepeHusi/onucaHve

[konunuecTBO pernctpos]
[konunuecTBO pernctpos]

[konuyecTBO perncTpos]

[konnyecTBO perncTpos]

JecATnyHas cTeneHb3 HaMMeHbLUuei
3Havallei unudpsbl (gonycTMmoe 3Have-
Hue -3, -2, -1, 0, 1, 2, 3) ykasaHHbIX
BblllLIe PErncTpoB

0 = HeT, He paBHbIi 0 = ga
[%], koHuenuma “ceeTodhopa” :

- 0 %...33 % = KpacHblii
- 34 %...66 % = XenTblit
- 67 %...100 % = 3eneHblit

CocTosiHMe = 0: norpeLwHocTn HeT
CocTosiHMe <> 0: nmorpeLwHocTb ecTb

[%] c1_deu= (C1- cavg)/cavg' 100

[%] c2_dev = (c2~ cavg)/cavg ' 100

[%] c3_dev = (c3- cavg)/cavg ' 100

[%] c4_dev = (c4- cavg)/cavg ' 100

[/o] 8 dev- (c5— cavgycavg '~ 0

[/o] Oy dev ~ {Cq~ Cavg)/cgvy

[%] c7_dev = ("7 — Cavg)/Cavg' 100

[%] c8 dev=(c8- Cavg)/cavg * 100

a Llenble yncna pernctpoB Ao/KHbI ObiTb YMHOXEHbI Ha koadhduumeHT 10X mM3.

b KoathdhmumeHT npuema curHana fosmkeH ObiTb ONpefesneH Kak OTAe/lbHOe 3HavyeHue, 3aBucsllee OT U3roToBuTe-
N5, paccumTaHHOe 13 BCeX OTAEe/bHbIX CKOPOCTel mprema curHana Ha TpaekTopuio M HOpMMpoBaHHOe. HopMupoBaH-
HOe 3HaveHue npeacTassaeT He3aBUCUMOe OT M3rotosuTesns 3HaveHune ot 0 4o 100. Hosb cooTBETCTBYET MakCUMabHO
xygawemy, a 100 — mMakcMmanbHO xopolweMy. 3HayeHus BHe yKas3aHHOro AuanasoHa He gonyckatloTcs. [Ons 3HayveHwui
KoagppuumeHTa npuema curdana ot 0 4o 33 3HayeHne perncrpa «CoCTosHME NorpewwHocTn» He pasHo 0.

¢ PekomeHgyeTcs, YToGbl cUCTEMA CBA3U yuuTbiBasia nHopmaumio o pernctpe #32794 (konM4ecTBO TpaeKkTopuii)
cyeTuMka W aganTupoBanacb K 3TOMY 3HAYEHUIO NPU CYUTbIBAHWUM CTPYKTYP AaHHbIX 3HAYEHWUN, CBA3aHHbIX C TPaekTo-
pvie, Kak nokasaHo B YacTu 2 Tabsmupbl CTPYKTYPbl AaHHbIX.

d 3HaueHNs CKOPOCTM 3BYKA HECYLLECTBYIOLLEN U3MEPUTENbHOW TPaeKTOPMM AOMKHbI OTBEYATb «HY/IEBOMY» 3Haue-
HUO. PekomeHayeTcs, 4Tobbl cuctemMa CBs3M yunTbiBana UHoOpMaLmio o pernctpe #32794 (Kkonn4ectso TPaekTopuiA)
Npu OLEHKE MOSTYYEHHbIX 3HAYEHUNA.
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Ta6nuua F.2— Tabnuua CTPYKTYpbl A@HHbIX, YaCTb 2 — 3HAUYEHMUS! AAHHbIX, CBA3AHHLIX C TpaekTopuei

Appec

32896

32898

32900

32902

32904

32906

32908

32910

32912

32926

32928

32942

32944

32958

32960

32974
32976

32990

32992

33006

33008

Yucno

Yucno

Yucno

Yucno

Yucno

Yucno

Yucno

Yucno

Yucno

Yucno

Yucno

Yucno

Yucno

Yuncno

Yucno

Yucno

Yucno

Yucno

Yucno

Ynucno

Yuncno

Cc

Cc

Cc

c

c

Cc

Cc

Cc

c

c

Cc

c

c

Cc

Cc

c

c

Cc

Cc

c

c

Twvn

nnas,

nnas,

nnas,

nnas,

nnas,

nnas,

nnas,

nnas,

nnas,

nnas,

nnas,

nnas,

nnas,

nnas,

nnas,

nnas,

nnas,

nnas,

nnas,

nnas,

nnas,

TOYKOIA

TOYKOIA

TOYKOM

TOUKOIA

TOuKOI

TOYKOW

TOYKOW

TOUKOWA

TOUKOWA

TOYKOI

TOYUKOW

TOUKOWA

TOUKOWA

TOuKOI

TOYKOI

TOYKOI

TOYKOI

TOYKOW

TOYKOI

TOYKOI

TOUKOWA

HavmeHoBaHve (Ct)aKTI/I‘-IeCKVIe 3HayeHus, cBA3aHHbIe

C TpaeKTopueit)
TpaekTopusa 1
CKOpPOCTb Ha aKyCTUYeCcKoi TpaekTopun
CKOpOCTb 3BYKa
KoadhchnuneHT npuema curHana
CooTHolweHne curHan/wym (S/N) AB
CooTHoweHne curHan/wym (S/N) BA
YcuneHnune curHana (AGC) AB
Ycunenne curHana (AGC) BA
3ape3epBupoBaHHbIi, Bcerga =0
Tpaektopusa 2
CKOpPOCTb Ha aKkyCTU4YeCcKoi TpaekTopun
Cwm. Tpaektopusa 1
3apes3epBrpoBaHHbIi, Bcerga =0
TpaekTopua 3
CKOpPOCTb Ha aKyCTU4YecKoil TpaekTopun
CmMm. TpaekTopusa 1
3ape3epBrpoOBaHHbIi, Bcerga =0
TpaekTopusa 4
CKOpPOCTb Ha aKkyCTU4ecKoi TpaekTopun
CmMm. TpaekTopusa 1
3ape3epBnpoBaHHbIi, Bcerga = 0
TpaekTopusa 5
CKOpPOCTb Ha aKyCTU4YecKol TpaekTopuu
Cwm. Tpaektopus 1
3ape3epBupoBaHHbIi, Bcerga =0
CKOpPOCTb Ha aKyCTU4YeCcKoi TpaekTopun
CmMm. TpaekTtopus 1
3ape3epBnpoBaHHbIiA, Bcerga = 0
TpaekTopua 7
CKOpOCTb Ha aKyCTU4YecKoi TpaekTopun
Cwm. Tpaektopus 1
3ape3epBnpoBaHHbIiA, Bcerga = 0
TpaekTopusa 8
CKOpPOCTb Ha aKyCTU4YecKoli TpaekTopuu

CmMm. TpaekTtopus 1

[m/c]
[m/c]
(%]

(AB]
(AB]
(AB]
[AB]

[m/c]

[m/c]

[m/c]

[m/c]

[m/c]

[m/c]

[m/c]

EavHula namepexusi/

onucaHne
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OkoH4yaHne Tabnuubl F.2

Appec

33022

33024 ..
33278

Twn

Uucno ¢ nnas, TOYKOWA

HavmeHoBaHVe ((hakTyeckme 3HauYeHusi, CBsI3aHHbIe
C TpaekTopveii)

EavHuua nsvepeHus/
onvcaHue

3ape3epBupoBaHHsbIii, Bcerga = 0

3ape3epBMPOBaHO AN AONOMHUTENbHBLIX Tpa-

eKTopuit

a B ciyyae ecnm cucTema CBSI3M CUMTBIBAET CTPYKTYPY AAHHbIX, CBSI3aHHYIO C TpaekTopueii, KoTopasi B cUeTumke
OTCYTCTBYET, CUETUMK MOXET OTBETUTb OLUMOKON (KO UCK/oueHus 2).

Ta6nuua F.3— Tabauua CTPYKTYpbl AaHHbIX, YaCTb 3 — BUPTyasibHas NacrnopTHas Tab/myka cueTumka

Appec

33792
33800
33808
33816
33824
33832
33848

33850

33852

33854

33856

33858

33860

33862

33864 ...

34047

Twn

CUMBO/bHBIN [16]
CUMBO/bHBIN [16]
CUMBO/bHBIN [16]
CVMBO/bHbIN [16]
CUVMBO/bHbIN [16]
CVMBOSbHBIN [32]

dword

dword

Yncno c
TOYKOI

nnas,

Yncno c
TOUKOWA

nnas,

Yncno c
TOUKOWA

nnas,

Uucno c¢
TOUKOWA

nnas,

Uucno c¢
TOUKOWA

nnas,

Uucno c¢
TOUKOWA

nnas,

HavmeHoBaHve (thakTnyeckme
3HaYeHNs, Hesasucalme
OT TpaeKTopun)

M3rotosutesnb
Tun ycTpoiictBa/Mogens Ne
CepuiiHblii HOMEp

'op, BbiMycka

Bepcusa Mo

KoHTponbHas cymma Mo

NpeHTucpmkaTop  cUCTEMbI

efVHUL, 13MepeHus

MaeHTudukatop  yHkymo-
Ha/TIbHOCTK cYeTumKa

MVHUMasbHBI hakTU4ecKuia
pacxof, B Yacb

MakcumanbHblii
CKWIA pacxof B Yac

hakTnye-

MuHuManbHoe pa6oyee aaBs-
nexve

MakcumansHoe
LaBlieHune

pabouee

MuvHumManbHas paboyas Tem-
nepatypa

MakcumansHas
Temneparypa

pabouas

Pe3epBHblii gnana3oH

EAvHMLa n3mepeHus/onucaHme

CBO06GOAHSIN TEKCT He 60nee 16 CMMBOJIOB a
CB06OAHbIN TEKCT He 60onee 16 cMMBOMOB
CBO6OAHbIN TEKCT He 60nee 16 CMMBOIOB
CB060AHbIV TEKCT He 6onee 16 CMMBOIOB
CB060AHbIV TEKCT He 6onee 16 cMMBOOB
CB060AHbIV TEKCT He 6onee 32 CMMBOJIOB

0: 6ap, °C, m3, m3u, m/c
2: MMa, K, m3, M3/u, m/c

6uT 0: cueTunk 6yAeT NMpUHMMAaTb U UCMO/b30BaTb
3anvcaHHble 3HaueHWs AaHHbIX npouecca Ana Aas-
NEHUS 1 TeMnepaTypsbl

6uT 1...31: 3ape3epBUPOBaHHbIN

M3/4 , B COOTBETCTBUUN C <<M,quTMq3VIKaTOpOM cucre-
Mbl € 4UHNL», CM. Bbllle

M3/4, B COOTBETCTBUN C «VIAeHTVI(*)MKaTOpOM cucre-
Mbl e AnHNL», CM. Bbllle

6ap unm Mra, B COOTBETCTBUM C «UAEHTUNKATOPOM
CUCTEMbI eAVHUL», CM. Bblllie

6ap nnn MMa, B COOTBETCTBUM C «MAEHTUDMKATOPOM
CUCTEMbI eAVHUL», CM. Bbllle

°C wam K, B COOTBETCTBUM C «UAEHTUIUKATOPOM
CUCTEMbI eVHUL», CM. Bbille

°C wam K, B COOTBETCTBUM C «UAEHTUIUKATOPOM
CUCTEMbI e4VHUL», CM. Bbllle

a CTpoka CMMBO/IOB OTOGpaXxaeTcs B HENPepbIBHOM guana3oHe pernctpos MODBUS. Ctpoka fo/hkHa 6biTb Bbl-
pOBHEHa no /IeBOMY Kpato, a Hemcnosib3yemble 6aiTbl AO/MKHbI onpeaenaTbesa kogom 0x00.

Lonyctumble kogbl ASCII:

- amanasoH oT 0x20 (32) go 0x3F (63) BKNHOUMTESBHO,

- AnanasoH ot Ox41 (65) go Ox5A (90) BKNHOUMTETBHO U

- Anana3oH oT 0x61 (97) go Ox7A (122) BKNOUYUTESBHO.

b 3HauyeHua B peructpax 33852 ... 33862 [O/KHbI COOTBETCTBOBATbL 3HAYEHUAM, YKa3aHHbIM Ha NacrnopTHOl Ta-

6nnuke.
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Tab6nuya F4— Tabnuua CTPYKTYpbl AaHHbIX, YacTb 4 — 3Ha4YeHUs AaHHbIX npouecca

Appec

34048 dword

34050 Yncno
TOUKOWA

34052 Ywncno
TOYKOI

34054 Yncno
TOUKOWA

34112 Yncno

Toukoli

nnas,

nnas,

nnas,

nnas.

HanmeHoBaHve

CocTosiHMe npouecca

3HaueHuve #1: faBneHuve rasa
(abconoTHOoE)

3HaueHne #2: Temnepartypa
rasa

3HaueHue #3: 3ape3epBUpo-
BaHHOe

3HaueHue #32: 3ape3epsu-
poBaHHOEe

EAvHMLA n3MepeHus/onucaHme

BuToBas cTpoka, No ogHOMYy 6UTY Ha 3HayeHue, yka-
3blBalOLLLAA COCTOSAHME 3annCaHHbIX 3HaYeHUn3

«1» — 3Ha4yeHune AelicTBUTENBHO

«0» — 3HayeHne HeBEPHO WM He UCMOoNb3yeTcA

6uT 0: 3HayeHune #1 — pgaBneHue rasa

6uT 1. 3HauyeHue #2 — Temnepartypa rasa

6uT 2...31: Heucnonb3yemble 3HaYeHns scerga 0

6ap nam MIa B COOTBETCTBUM C «UAEHTUPUKATOPOM
CUCTEMbI eMHULL», CM. Bbillle

°C nan K B COOTBETCTBMU C «MAEHTUUKATOPOM CK-
CTeMbl ejJUHNL», CM. Bbllle

a CucTtema cBA3W, MOAK/UYEHHAsA K CUETUMKY, MOXET 3anucbiBaTb METPOJSIOTMYECKM 3HAUYNMbIE U3MEPSIEMblEe 3HAYe-
HUsi, HaNpUMep AaBfeHue W TeMnepaTypy. B ciyyae HefelCTBUTENbHbIX 3HAUYEHWII U3MEPEHUSI B CUCTEME CBSI3W BBe-
[leHHble 3HAYEHUsI C K/TaBMaTypbl, HACTPOEHHbIE B CHETUUKE, AOJIKHbI UCMO/b30BATLCS B pacyeTax CHeTYMKOM. CUeTumk
[OJ/XEH 0603HAUNTL 3TY CUTYyaL M0 CUTHA/IOM YaCTUYHOrO OTKasa.

CUeTuuKk JO/MKEH CBepsiTb NOJIyYeHHble U3MEepeHHble 3HAYeHUs C Mpegeniamy COrflacHO AaHHbIM 3aBO/ACKOW Ta-
61nukn anst paboyero faBneHust U TeMnepaTtypbl. ECM CYETUMK BbIUMCNAET PACX0[ C AaHHLIMUW, MPEBbLILAKWNMMN 3TU
npegesnbl, pacxof CYUATaeTCs HeAeNCTBUTE bHbIM.

Co6bITA OWNGOK M/MNN NpesynpexaeHuii, CBA3aHHble CO 3HAUEHUAMU JaBfeHWs W TeMNepaTypbl, AO/KHbI peru-
CTpMpOBAaTbCs B XypHasie cobbITUlA cueTymka.

F.2 Mpumep

Hwke npuBefeH NpuMMep CUYUTbIBAHMSA MOMHOTO Habopa (44 perucTpoB) He 3aBUCMMbIX OT TPAEKTOpuii 3HaYeHWit
(cm. Tabnuuy, Yactb 1) Begywmm yctpoiicteom Modbus (Hanpumep, BblumcimTenem pacxoga) us USM, nmetowiero agpec
nofunHeHHoro yctpoiictea Modbus «1x».

3anpoc

01 03 7F FF 00 2C 6D F3

OoTBeT

01 03 58 CO 00 69 72 BC AO E7 91 43 AB DADC 00 00 00 2A00 00 00 10 00 00 00 00 00 00 00 07 00 00 00 2A00 00 00

08 00 00 00 03 00 00 00 00 00 00 00 64 00 00 00 01 00 00 00 08 3E 03 39 73 3D 1CAC 40 3C A8 62 21 3D 10 7D 57 3E

01 A4 75 BE 5A 99 28 BC Bl 67 OD BD E8 EF B2 5F 14
MpeacTaB/eHHble 3HaAYeHUA

Pacxopg -2,006436 M3y
CkopocCTb rasa -0,01964167 m/c
CKOpOoCTb 3BYyKa 343,7098 m/c
O6wwmii cueTunk ob6bema rasa (NpPsMoii NOTok)3 42

O6wmii cyeTunk ob6bema rasa (o6paTHbI MOTOK) 15

CueTumk o6bema rasza (npsmoi notok) Vact forward 0

CueTunk o6bema rasa (obpatHblli NOTOK) Vad reverse 7
MorpeLlHoCTb cyeTUYnka obbema rasa (npsmoi notok) Vac{ err forward 42
MorpewHoCTb cyeTUMKa o6bemMa rasa (obpatHblli NoTok) \/act err reverse 8
Pa3pelueHne cueTumka 3 o8 8
Pacxopg Bbiwe Qt 0
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KoathhuumeHT npuHatma curHana

CocTosHMe NorpeLHocTyH

Konuuectso TpaekTopwii

OTKNOHEHMNE
OTK/IOHEHNE
OTK/IOHEHME
OTK/IOHEHME
OTKNOHEHMNE
OTK/IOHEHME
OTK/IOHEeHne

OTKNOHEHNE

aYuuTbiBas paspeLlarollylo CNocob6HOCTL NepeAaBaeMoro cyeTumka, paBHyl 3, cyeTymk obLiero o6bemMa rasa co-

CKOpOCTK
cKopocTy
CKOPOCTK
CKOPOCTK
CKOpOCTK
CKOpOCTK
CKOpOCTK

CKOpoCTHn

3ByKa TpaekTopun 1
3ByKa Tpaekrtopuu 2
3BYyKa Tpaektopuu 3
3BYyKa Tpaektopuu 4
3BYyKa Tpaektopuu 5
3BYyKa TpaekTopuu 6
3BYyKa Tpaektopuu 7

3ByKa TpaekTopum 8

ctaBnsieT 42 m103 M3 =42000 m3.

84

100

1

8

0,1281488
0,03825021
0,0205546
0,03527578
0,1266039
-0,2134749
-0,02165558

-0,1137384

%

%
%
%
%
%
%
%

%
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VcnbiTaHuAa Ha yCTOVIHVIBOCTb K BHEWWHMM BO3MYUWEHNAM

Tab6nuua G.1 — WcnbiTaHWsi HA YCTOWYMBOCTL K BHELUHUM BO3MYLLEHUSIM

Ne

10

12

VicnbiTaHne (COOTBETCTBYIOLLMIA CTaHAAPT)

Cyxoe Tenno IEC 60068-2-2 ([5])

Xonopg IEC 60068-2-1 ([4])

BnaxHoe Tenno, MNOCTOSHHLIA pPexum
(6e3 koHpeHcauun) IEC 60068-2-78 ([12])

BnaxHoe Tenno, uukauMueckne ucnbiTa-
Hus (koHgeHcauusa) IEC 60068-2-30 ([8])

Bubpauusa (cnyvaitHan) IEC 60068-2-47
([10]), IEC 60068-2-64 ([11])

MexaHuyeckuin yaap IEC 60068-2-31 ([9])

N3nyvaemble, pagnoyvyacTOTHble, 3/ek-
TpomarHuTHble nons IEC 61000-4-3 ([23])

KOHAYKTUBHbIE paAnovyacToTHble nonA

IEC 61000-4-6 ([26])

AnekTpocTaTMueckuit paspsg
IEC 61000-4-2 ([22])

Maukn (nepexofHble MpPOLEcChl) Ha Nu-
HUSIX CUTHA/OB, [aHHbIX W ynpaBneHus
IEC 61000-4-4 ([24])

Mauku (nepexofdHble NPOLECCHl) B CeTAX
NepeMeHHOro 1 MOCTOSIHHOMO  ToKa
IEC 61000-4-4 ([24])

Ckaukn (nepexofHble npoueccbl) B
CEeTAX NEepeMeHHOro U MOCTOSIHHOTO Toka
IEC 61000-4-5 ([25])

Mpepen oTtkaza/
ycnosust
ncnblTaHniio

MPE

MPE

MPE

12MPE / NSFa

12MPE / NSFa

12MPE / NSFa

MPE/NSFd

MPE/NSFd

12MPE / NSFa +d

12MPE / NSFd

12MPE / NSFd

12MPE / NSFa+d

HeobxoavmMasi NoOMexoycToiuMBOCTb

HomuHanbHas temnepartypa,
NPOLO/IXUTENBHOCTL 2 Yaca

HoMuHanbHas TemnepaTypa,
NPOAO/MKNTENBHOCTL 2 Yaca

HomuHanbHasa BepxHsa TemMnepartypa,
OTHOCUTE/IbHAA BAAXHOCTb 93 %,
NPOAO/MKNTENBHOCTb 4 AHSA

HomMmurHanbHan BepxHAs TemnepaTypa

npy OTHOCUTE/IbHOI BNaXHOCTU He MeHee

95 % BO BpeMs MU3MeHeHus wiau npu 93 % B
BepxHeli hase,

ABa uukna no 24 vyaca

[Awnana3oH yacTtot: oT 10 Ny go 150 I'u.
YpoBeHb RMS: 7 M mc-2.

YposeHb ASD 10 Ny — 20 Iy 1 m2mc-3.
YposeHb ASD 20 'y — 150 y; -3. ab/okTaBa,
Tpu ocwm,

NPOAO/IXUTENIbHOCTb Ha OCb 2 MUH

Mo ofHOMY pasy Ha Kaxaol rpaHu,
BblcoTa 50 MM

[Avana3oH yacTtoT: oT 26 MI'y go 3 I'Tu,
HanpshXeHHocTb nons: 10 B/wm,
mogynaumsa: 80 % AM', 1 kl'y, cuHycouga

Awnana3soH yactot: ot 0,15 MI'y go 80 M.
Amnantyga PY: 10 B e.m.f. j (50 Om),
mogaynsaums: 80 % AMi, cuHycomga 1 kly,

McnbiTatennlbHOe  HanpskeHWe  KOHTaKTHOro
paspsaga: 6 kB,
ucnbiTaTesibHoe  HanpshkeHne  BO3AYLUHOMO

paspsaga: 8 kB,
10 pa3psgoB B KaXAoM npensapuTesibHO Bbl-
6paHHOM mecTe

Amnnutyga: 1 kB,
yacTtoTta nosTopeHus: 5 Ky,

Amnnutyga: 2 kB,
yacTtoTa nostopeHusa: 5 Ky,

Mexay nuHuamu 1,0 kB,
NMHKUA Ha 3emnto 2,0 kKB
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OkoHuyaHue Tabnuubl G. 1

Ne

13

14

15

16

17

18

86

McnbiTaHne (COOTBETCTBYIOLWWIA CTaHAAPT)

CKaykym Ha CUTrHasIbHbIX JIMHUAX, JIMHUAX
JaHHbIX 1 ynpasneHua |EC 61000-4-5

([25))

M3MeHeHne HanpshKeHUs ceTM NOCTOSH-
Horo Toka |IEC 60654-2 ([18])

N3mMeHeHVe HanpshkeHus ceTu nepemeH-
Horo Toka IEC/TR 61000-2-1 ([19])

MageHnss HanpsbkeHWs B CeTU MepeMeH-
HOro TOKa, KpaTKOBpPeMeHHble nepebon K
KonebaHua Hanpsxkeuns IEC 61000-4-11
([28]), IEC 61000-6-1 ([31]), IEC 61000-6-2

([32])

MapeHna HanpsXXeHus, KpaTKoBPEMEHHbIe
npepbiBaHUA 1 konebaHua HanpsXeHusa B
ceTn nocTtosiHHoro Ttoka IEC 61000-4-29

([30))

I'Iynbcau,vm B CETU MNOCTOSAHHOro TOKa3
IEC 61000-4-17 ([29])

a Ecnn npumeHumo.
b Ansa 50 y/60 Ny COOTBETCTBEHHO.
¢ NSFa: (no significant fault) nocne Bo3myLeHNss He AO/MKHO BO3HMKATb CyLLEeCTBEHHbIX COOEB;

Mpepen oTkasa/
ycnosus
MCnbITaHNin0

12 MPE / NSFd

MPE

MPE

12 MPE / NSFd

12 MPE / NSFKd

12 MPE / NSFKd

Heobxoanmasi MoOMexoyCcToN4YMBOCTb

HecuMMeTpUuyHble NUHUNK:
Mexay nuHnamu 0,5 kB,
nnHnsa Ha 3emno 1,0 kB.
CUMMETPUYHbIE NIMHUN:
Mexay nMHusaMun (Het),
NNHNA Ha 3emno 1 kB.
JKpaHVpOBaHHbIE  NIMHUN
CBA3N:

Mexay MHusaMun (HeT),
nnHnsa Ha 3emnto 0,5 kB

BBOJA/BbIBOAA U

MepeknoyeHne mexay BepxHuMm (L/max) n
HWKHUM npegenom (L/min)

HanpsixeHue cetu: I/nom_15@

Tect a: 0 % 0,5 uyumkna.

TecT b: 0 % 1 uyukn.

TecTt c: 40 % 10/12b uuknos.
TecT d: 70 % 25/30b LMKIOB.
TecT e: 80 % 250/300b UMKI0B

MageHna HanpsXxeHus:

amnmtyga: 40 % mn 70 % OT HOMWHA/ILHOIO
HanpsKeHus,

npogomkutensHoctb: 10 mc; 30 mc; 100 mc.
KopoTkne nepepsbiBbl:
amnnautyga: 0 % or
HanpsKeHus,
npofosmxmnTenbHocTe: 1 mc; 3 mc; 10 mc.
KonebaHua HanpskeHus:

amnnutyga: 85 % u 120 % OT HOMWHA/IBHOTO
HanpsKeHus,

npogonxutenbHocte: 0,1 ¢; 0,3 ¢; 1c¢; 3 ¢; 10cC

HOMWHaJ/IbHOIo

2 % OT HOMUWHA/IbHOTO HanpsHXXeHus

NSFd: Bo Bpemsi BO3MYLUEHUSI HE J0/IKHO BO3HUKATb CYLLECTBEHHbIX COOEB.
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MpunoxeHne A
(cnpaBo4HOE)

CBe,quMFI O COOTBETCTBUN CCbIJZTIOYHbIX MexXayHapOodHbIX CTaHO4apTOB HauMOHa/IbHbIM CTaHAapTaM

Ta6nuya JA1

O603HauYeHNE CCbINIOUYHOTO CreneHb O60o3HauYeHe N HaMMeHOBaHNE COOTBETCTBYIOLLETO HALIMOHAIBHOMO
MeXayHapoaHOro cTaHzapTa COOTBETCTBUSA cTaHgapTa
«

1ISO 4006:1991 —

*

ISO 5168:2005 —

ISO/IEC 17025 HOT FOCT ISO/IEC 17025—2019 «O6uue TpeboBaHMA K KOMNETEHTHOCTH
ncnbiTaTeNbHbIX U KA/IMGPOBOYHbLIX STaGopaTopuin»

* COOTBETCTBYIOLWMIA HALMOHANBHBIA CTaHAapT OTCYTCTBYeET. [0 ero NpuHATUSA peKOMEHAYeTCs UCMo/b30BaTh nepe-
BO/J, HA PYCCKMI S3blK @aHHOT0 MeXAyHapoAHOro ctaHgapra.

MpumevyaHne — B HacToAWwel Tabnuue UCNonb30BaHO cleaylollee yc/oBHOe 0603HaYeHre CTeneHn cooT-
BETCTBUA CTaHgapTa:

- FOT — WAEHTUYHbIN cTaHaapT.
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