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HAUUWOHANBbHBIN CTAHOAPT POCCUUCKOMWN PEOEPALNMN

Bubpauus
METOAbl KAINTUBPOBKU OATYHUKOB BUBPALIUUA U YO APA
HacTtb 12
[lepBMYHan BUOpaLUOHHaA KanubpoBKa Ha OCHOBEe NPUHLMNA B3aUMHOCTH

Vibration. Methods for the calibration of vibration and shock transducers.
Part 12. Primary vibration calibration by the reciprocity method

[lata BBeaeHna — 2011—01—01

1 O6nactb NpMeHeHUA

HacToswmn ctanaapT ycTaHaBNMBaeT MeTo NEPBUYHON KanMbpOBKN akcenepoMeTpoB Ha OCHOBE MpU-
HUMMAa B3aUMHOCTU (C UCMONb30BAHUEM KaTYLUKM BO3DY)XAEHUSA 3NEKTPOANHAMUYECKOTO BMOpOCTEeHada B
KadvecTBe obpaTumoro npeobpasoBaTtens).

[aHHbIN MeToa NPUMEHSIIOT NMpU KannbpoBKe akcenepomMeTpoB, npegHasHavdeHHbIX Ans namepeHus
NPAMOTMHENHOIO YCKOpeHusa B Anana3oHe YactoT oT 40 'y ao 5 kl'y M B 4aCcTOTHO-3aBUCUMOM AuanasoHe
amnnuTya o1 10 go 100 m/c2.

Ecnu kannbpoBKy NPOBOAAT TOMbKO ONA akcenepomMeTpa, TO nNpeanonararoT, UTO YacTOTHAA XapakKTe-
PUCTUKA UCMONb3YEeMbIX C HAM COBMECTHO YCTPOWUCTB cornacoBaHUda curHana (Hanpumep, ycunnutend) nasec-
THa BMeCTe C HeonpeaeneHHOCTLIO ee U3MepeHUn. lNpegenbHble 3Ha4YeHUA HeonpeaeneHHOCTU U3MEPEHNIA
yKasaHbl B pasgene 3 B NpeanoioXXeHUn, YTo KanmbpoBKe NoABEeprarnT akcenepoMeTp BMecTe C YCTPOUCTBOM
cornacoBaHuUda curHana (ganee — akcenepoMeTp).

2 HopmaTuBHbIe CCbINKN

B HacTosleM cTaHgapTe NCNOoNb30BaHbl HOPMATUBHBIE CChINKW Ha creayolme cTaHaapThl:
NMCO 16063-1:1998 MeToabl KannbpoBKkM AaTHMKOB BUbpauun nygapa. Hactb 1. OCHOBHbIE NONOXEHUS
NMCO 266 AkycTuka. [MpeanodytuTtenbHble paabl YacToT

3 HeonpeaeneHHOCTb N3MEpPEHUN

Ha onopHon Yyactote kanubposkn 160 'L npm aMmnnutyae yCKOpeHUsl, paBHOW OOHOW U3 cneayrolmnx
OMOPHLIX amMnnnTya kanubposku: 100, 50, 20 unu 10 M/c4, — HeonpeaeneHHOCTb U3MEPEHUI He AOITKHa npe-
BbiaTh 0,5 % ana moayna u 1° ans ¢asoBoro casura KoMnnekcHoro koadpdpuumeHta npeobpasoBanus. Bo
BCeM AManasoHe 4acToT U aMnnnuTya NpUMeHeHna akcenepomeTpa HeonpeaeneHHOCTb UsMepeHn Moayna
dpazoBoro casura koadpduumeHTa npeobpaszoBaHnAa He AommKHa npeebiwaTtb 1 % 1 2° COOTBETCTBEHHO.

[na noaTBepXxaeHusa Toro, YTo HeonpeaeneHHOCTb U3MEePEHUA HaxoaUTCA B YCTaHOBMNEHHbIX npeae-
nax, HeobxoaMmo cocTaBNATb OHOAXKEThl HeonpeaeNeHHOCTU B COOTBETCTBUU C NpUioXeHnem A.

HeonpeaeneHHOCTb N3MepEeHNiA BblpaXKatoT Yepes pacluMpeHHYo HeonpeaeneHHOCTb B COOTBETCTBUM
c NCO 16063-1.

U3paHune odbmumnanbHoe
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4 O0o0o3HavYeHus

B HacTosileM ctaHaapTe UCNonb3oBaHbl 0603HaYeHUs, yKkasaHHble B Tabnuue 1.

Tabnwuwya 1 —TllepeveHb 0603HAYEHNI

OBo3HaveHune OnpepenerHune mgﬂ:;:ﬁﬁ
f YacTtoTa Bnbpaumm [u
n Mugekc gobaBneHHoro rpyaa (n = 0 o3Ha4vaeT OTCYTCTBUE Ipy3a) —
m, Macca n-ro nobaBneHHoro rpysa K
U KoOMNNeKCHOe 3NMeKTpUYecKoe HanpshXeHme B
U OTHOWEHNE KOMMMNEKCHbIX 3NEKTPUHECKNX HANPSKEHUN —
Y KomMmnnekcHas snekTpuyeckas npoBoaMMOCTb S
R SMNEKTPUYECKoe COMpPoOTUBIEHNE Om
o CB0oOOAHLIN YNEH NUHEWHOW PErPeCcCUOHHOW 3aBUCUMOCTH, NONy4aemMon NOArOHKOW Mo Kr - OMm
MEeTOAY HAMMEHbLUNX KBApPaToOB
B KoadhdpumuymeHT npm He3aBUCUMOM MNEPEMEHHOM PEerpeccnoHHON 3aBUCUMOCTIN, Mory4vae- Om
MOW NOArOHKOW Mo MeTo4y HanMeEHbLUNX KBaApaToB
S, KomMmnnekcHbIn KoadhpumumeHT npeobpasoBanns kannbpyemoro akcenepomertpa B/(Mc™24)
S| Moaynb S, B/(Mc™24)
P da3oBbIV COBUT S, rpagyc
Re [lenctBuTENBHASA YaCTb KOMIMIEKCHOW BENTMYUHbI —
Im MHumast YacTb KOMMIMEKCHOW BENMUYUHbI —
arg APrymeHT KOMMIEKCHON BENIMYUNHbI —

5 TpeboBaHuMA K ncnbiTaTeNnbHOMY 00OpPYAOBaHUIO U CpeacTBaM U3MepPeHUN

5.1 O6wme nonoxeHus

[Mpn pacyeTe pacluMpeHHOoW HeonpeaeneHHOCTU M3MepeHniA Moaynsa U asoBoro casmra KOMMIEKCHOro
koaddburumeHTa npeobpasoBaHusa (CM. npunoxeHne A) cnegyeT NPUMHUMAaTh BO BHUMaHNE YyBCTBUTENbHOCTL
K gecbopmManm ocHoBaHMA N Kod3ddULMEHT nonepedHoro npeobpasoBaHns, a Takke cTabUbHOCTb XapakTe-
DUCTUK aKkcernepomMeTpa BO BpEMEHN.

5.2 I'eHepaToOp 4YacTOThbI C NOKa3biBaKLWUM YCTPOUCTBOM

CnegyeTt NCNONBb30OBaTb reHepaTop YacToThl, UMeroLWWA cneayolme XxapakTepucTUkn:

a) HeonpeaeneHHoCTb namepeHn YactoThl He bonee 0,01 % nokasbIBaemMoro 3Ha4YeHUs;

b) oTKnNoHeHMe YacToThl B Npouecce namepeHnn He donee + 0,01 % nokasbiBaeMoro 3Ha4veHUs;

C) OTKMOHEeHWe aMnnMTyabl CMrHana B npouecce UamepeHnin He bonee + 0,01 % nokasbiBaeMOro 3Ha-
YyeHus.

5.3 BubpocteHa ¢ ycunutenem MOLLHOCTI

CneayeT UCNONb30OBaTh BUOPOCTEHA C YCUNTUTENEM MOLLIHOCTU, UMERLLMA cneayrolme XxapakTepPUCTUKIA;

a) KoapdUUMEHT rapMOHUK MO YCKOpeHuto He Bornee 2 %;

b) nonepeuHble U yrnoeble konebaHua ctona BubpocteHaa He bonee 10 % yckopeHUs B OCHOBHOM
HanpasneHUn B npegenax Tpebyemoro aManasoHa 4yacToT;

C) OTHOWEHWe curHan/Wym Ha Bbixoae akcenepometpa He meHee 30 ab;

d) OTKNoHeHWe aMnnuUTyabl YCKOPEHUS B npolecce KannopoBkn He donee + 0,05 % nokasbiBaemMoro
3Ha4YeHus.

2
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5.4 Cencmunyecknm 6nokK BubpocteHga

BubpocteHa ycTaHaBNMBAKOT HA MACCUBHOM XKECTKOM DNOKe € LieNbio UCKMIOUYUTL Ype3MepHoe BIUsSIHME
peakunn onopbl BUOpoCcTeHAa Ha pesynbTaThl Kannbposkn. Macca cemcmunueckoro broka aomkHa obiTb, No
MeHbluen mepe, B 2000 pas bonblle Macchl NOABMKHOW cucTteMbl BUbpocTeHaa. Nprumepammn cemcMmyecknx
ONOKOB, NPUMEHSIEMbBIX ANS YKa3aHHOW Llenun, ABNSATCS rpaHUTHbIE BITOKU UMK CcTalbHbIE CNTUYECKME CTONMbI
COTOBOW KOHCTPYKUMW. [ANa yMeHbLeHNs BNUSAHUA konebaHuW rpyHTa celcMmndecku 6noK yctaHaBnMBatoT
Ha AeMnPUPOBaHHBIX MNPYXUHAX, Y KOTOPbLIX pPe30HaHCHble 4acToThl KonedbaHun B BepTUKANbHOM W
rOPU3OHTaNbHOM HanpaBeHMsaxX He npeBbiwatoT 2 L.

5.5 Annapartypa 4nsa uamepeHuU KOMMNNEeKCHOro oTHOLIeHUS HanpskeHUun

CpeacTea M3aMepeHUn A0MKHbl UMETbL cneaytoLlne XapakTepUcTUKNA:
a) gunanasoH vYactoT oT 40 'y oo 5 klhu;
b) HeonpeaeneHHOCTb U3MEePEHUN MOAYNHA OTHOLLIEHUSA KOMMMNEKCHbIX HanpsikeHun He bonee 0,1 %;

c) HeonpeaeneHHOCTb U3MepeHniA pa3oBOro caBUra OTHOLLEHWIA KOMIMNEKCHBIX HanpshkeHnn He bonee
0,1°.

5.6 Peauctop

COonpoTUBIIEHNE PE3NCTOPA, UCNOMb3YEMOro AN onpeaeneHnst Cunbl Toka, A0MKHO ObiTb U3BECTHO C
HeonpeaeneHHOCTbo, He nNpeBbiwatowen 0,05 % Bo BceM AnanasoHe YacToT akcenepoMeTpa M BO BCEM ANa-
Na3oHe paccemBaeMblX MOLLHOCTEN.

Cneayet yoeauUTbCH, UTO Ha CONPOTUBMNEHNE PE3NCTOPA HE OKa3bIBaOT CYLLECTBEHHOE BITUSIHNE NHAO VK-
TUBHbIE N TEMNOBLIE BO3OAENCTBUA.

5.7 Habop pob6aBnaeMbIx rpy3oB

Macchbl gobaBngeMbIX rpy30oB ACITDKHBbI:

a) U3MEHATLCA C NOCTOAHHBLIM LLAaroM BO BCeM gunanasoHe UCNoNb3yeMbliX Macc BNOTh A0 MakCUMalb-
HOrO 3Ha4YeHus, paBHoro npumepHo ot 0,5 ao 1,0 macchkl ABMXYLLENCHA CUCTEMBI BUDPOCTEHAA;

b) ObITb N3BECTHLI C HeoNpeaeneHHOCTLIo, He npeBbliwatowen 0,05 %.

PekomeHayeTcs, YToObI AoOaBnsieMble rpyssl MMenu dopmy Kyba unu umnuHapa ¢ oTHoWeHUeM AnnHeol
K LUMpUHe npuMepHo 1. Toraa rpaHUYHyo YacToTy, NpW NpeBbilUeHNU KOTOPOoW AoDaBNeHHbIN rpy3 nepecraeT
BECTU cebs KaKk TBepace Teno, onpeaensatoT Kak ¢/(2L), rae ¢ — CKOpOCThb 3ByKa B MaTepuane npobHOro rpy-
3a, a L — ero gnnHa. HopMbl Ha 0bpaboTKy NOBEPXHOCTU U ACNYCKN HA YCTAHOBKY AOITDKHbBI YOOBNETBOPSATH
MNX NpeBbIaTh TPEDOBAHUA K YCTAHOBKE KannbpyemMoro akcenepomeTpa. 3170 0COOEHHO BaXXHO B TOM Chy-
yae, ecnu KanmdbpoBKY NPOBOOAT Ha BbICOKMX YacToTaxX. YToObI NOBLICUTL YaCTOThbl COOCTBEHHBLIX PE30HAHCOB
rPYy30B, UX cneayeT U3rotTaBnmMBaTh U3 XXECTKOro MmaTtepuana, Hanpmumep kapbuaga sonbdppama.

Ha npakTuke KonndyecTBo U pas3mMep rpysoB ABMAETCA KOMMPOMUCCOM MeXay YMeHbLUeHNEM CTaTUCTU-
Yyeckon HeonpegeneHHOCTU U yBenm4yeHneM HeonpeaeneHHOCTU U3MepeHU BCneacTBue TemMnepartypHbIX
o eKTOB B NOABUMXKHOW KaTyLlKe BUOpoOCTeHaa, BMUSAHNE KOTOPbLIX YBENUYMBAETCH C YBENMUYEHUEM YMCNa
M3IMepeHnn.

5.8 YcTpouctBo nuamepeHua KkoahdpunuumeHta rapMoHUK

Ona namepeHuns nckaxxeHun UCnonb3yoT YCTPOUCTBO, NO3BONsAOLIee onpeaennTb 3HadeHne Kosdpdu-
UMeHTa rapmoHuk B amanasoHe ot 0,01 % ao 5 % 1 umetollee cnegyoline XapakTepUucTuKkn:

a) AmanasoH YactoT o140 'y oo 5 klhu;

b) HeonpeaeneHHOCTb U3MepeHUn He bonee 10 % nokasbIBaeMoro 3Ha4YeHUs.

5.9 Ocuunnorpad (Heob6A3aTeNbHbIUN INIEMEHT)

MpumeHeHne ocumnnorpada He aBnsaeTca oba3aTeNbHbIM, HO OH MOXeT ObITb MCNOMNb30BaH A1 KOH-
Tponsa ddopMbl CUTHAaNa YCKOPEHUA U ToKa B MOABWMKHOWM KaTyLLKe 3nekTpoaMmHaMmuyeckoro BmbpocTteHaa.

5.10 O6opyagoBaHMe AN KOHAULUOHUPOBaAHUA BO3AyXa

[aHHoe 0bopyaoBaHMeE OCMKHO NoAAePKNBATb YCIOBUA OKpyXKatoLllen cpebl B COOTBETCTBUN C TPebo-
BaHUAMW pasgena 6.

6 YcnoBusa oKpyxawlLen cpenbl

KannbpoBKy NpoBOAAT NPU CrieayloLlnX YCNOBUSIX OKPYKatoLLEN cpeabl:
a) KoOMHaTHad TeMmnepartypa (23 £ 3) °C;
D) oTHOCUTEeNbHadA BNa)XHOCTb He boree 75 %.
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7 llpeanoytTuTenbHble 3HA4YEeHUA ONOPHbLIX YCKOPEHUU U HaCTOT

[MpeanovTuTEnbHbIE 3HAYEHUA aMNNUTyd YCKOPEHUA M 4acTOoT, Ha KOTOPbIX NMPOBOAAT KannbpoBKy,
BbIOMpalOT U3 crneayroLlnx paaoB:

a) yckopeHwue: 10: 20; 50; 100, m/c?;

b) onopHoe yckopenue: 100; 50; 20; 10, m/c?;

C) 4YacToThl BbIOMpaloT U3 CTaHOAPTU3OBAHHOIO psiga YacToT ANs TpeTboKTaBHbIX nonoc no MCO 266 B
ananasoHe o140 u oo 5 klu;

d) onopHagda 4vactoTa: 160 'y,

KanubpoBKK, BbINOMHAEMbIE NMPU OONbLUNUX YCKOPEHUSX, MOTYT UMEeTb OTHOCUTENBHO DOoNbLUNE Heomnpe-
OeneHHOCTN N3MepeHnn U3-3a TennoBbIX 3P ekToB B NOABMKHOW KaTyLLKe BUOpoCcTeHAa.

8 MeTtoa KannopoBKM

8.1 O6wume nonoxeHus

[Tpn KanubpoBKe 3NeKTpoMexaHU4eckux npeobpasoBaTenen Ha OCHOBE MnpuHUMNAa B3aMMHOCTU
NCMONb3YIOT NpeacTaBneHUe npeobpasoBaTenen B BUAE 3NEKTpOMeXaHUYeCKUX 4YeThbIpeXnonCHUKOB, VY
KOTOPbIX OTHOLLEHUSI SNEeKTPUYECKUX U MEXaHNYECKMX BENUYNH CBA3aHbl MeXxay coboin. MeToa npeanonaraeTr
NCNONb30BaHUe Tpex npeobpasoartenen. OgnH U3 HUX ABNSIETCH KannMbpyemMbiM akcernepoMeTpom, Apyromn
NCMONb3YIOT Kak UCTOUYHUK BUDpaLIMK, TPETUN — B Ka4YecTBe obpaTUMOro npeobpasoBartens, T. €. Kak UCTOM-
HUK N KaK npuemMHuK Bnbpaunn. B kavyectBe obpatumoro npeobpasoBaTenss MOXHO UCNONbL30BaTh npeobpa-
30BaTENN KaK 3MneKTpoAnHaMMUYEeCcKoro, Tak W Nbe3oanektpudeckoro tuna. OgHako Ha npakTuke npu
KanMbpoBKe Ha OCHOBE MPUHLUMNA B3aUMMHOCTU B Ka4vecTBe obpaTuMore npeodbpasoBartens ropasago valle
NCMONb3YIOT anekTpognHammuieckme npeocbpasopatenn. B HacToslwemMm ctaHgapTe B Ka4yecTBe obpaTtumMoro
npeobpasoBaTens UCNoNb3yeTCcHa KaTylwka BO30yXAeHUS 3NeKTpoAMHaAMUYEeCKOro BUOpOCTeHaa, KOTOPYHo
pacnonaratT B HENOCPEACTBEHHOM KOHTAKTE C KanmbpyeMblM akcenepomMeTpoM.

[TpeobpaszoBaTenb, UCNOMb3yEMbIN Kak UCTOUYHUK BUDpaL MK, MOXET ObITb NMOO BCnoMoraTenbHbIM BUO-
POBO30YyAUTENEM, MEXAHNYECKN COeANHEHHBIM C NOABWMXKHBLIM 3[TIEMEHTOM, coAep KalluM KaTyLIKy BO3DyXae-
HAA N KannbpyeMbln akcenepomeTp, NnMdo elle oQHOW KaTyLKOW BO3OYXXAEHUsl, COeANHEHHOWU C TEM Xe
NOABWMXKHBIM 3NEeMEHTOM. ECni B Ka4YeCcTBE UCTOYHUKA BUOpaLIMK BbIDpaH npeocbpasoBaTtenb 3N1eKTpoanHaMK-
YecKoro Tuna, To cneayet NPUHATbL Mepbl, YTOObLI UCKMIOYNATL B3aUMHOE BITUAHUE 3NEKTpOoANHAMMNYECKUX Npe-
obpasoBaTenen Yepes co3gaBaeMble UMW 3NEKTPOMarHUTHLIE NOMS, CHMXKatoLWee TOYHOCTb KannbpoBkn. Ha
pUCyYHKax 1 1 2 nokasaHbl NpuMepbl DNOK-CXEM UCTbITATENbHBIX YCTAHOBOK, MCMOMb3yeMbIX AN KanndpoBKX
Ha OCHOBe MNpUHUMNAa B3aUMMHOCTU, rae Kannmbopyembln akcenepoMeTp YCTaHOBMEH BHYTpU BMOpoOCTeHaa
BMECTE C €ro KaTyLlKoW BO3OYXOEeHUs, a B Ka4YecTBe AOMONHUTENbHOrO UCTOYHUKa BMOpaLMn NMpUMeEHeEH
BCNOMOraTenbHbl BUOpoBO3bYyanTED.

KannbpoBKY NPOBOAAT Ha YacTOTax MHOMO HMXKEe YacToT pe30HaHCOB NOABWKHOIO 3nemMeHTa, cogepxa-
LLlero KaTywKy Bo3byXaeHus BMbpocTteHaa n kannbpyembln akcenepomMeTp. AAnsa onpeaeneHns 4acTtoT peso-
HAHCOB B MOMNEPeYHOM WU B OCEBOM HanpaBneHUsAX MOXeT OblTb WUCMNOMb30BaH TPEXKOMMNOHEHTHbIN
aKkcenepomMeTp ¢ A0CTAaTOYMHO BbLICOKMMU YacToTaMU CODCTBEHHLIX pe3oHaHcoB. OTnnuna konebaHun noa-
BUXKHOIO 31eMeHTa oT konebaHn abcontoTHO TBepaAoro 1efia MoryT ObiTb BbISIBNEHbl NOCPe4CTBOM OTHOCHU-
TelnbHLIX U3MEepeHUN Ha ero BepxHen (MOHTaXXHOW) NOBepXHOCTU. B naeanbsHOM crniydae nonepedvHblie U
OCEBbIe pe30HaHChl criegyeT onpeaensTb NPY NOMOLLX TPEXKOMMNOHEHTHOro akcenepomeTpa, yCTaHOBNEHHO-
0 Ha MOHTaXXHOM npucrnocobneHnn, Tak 4YTobbl CyMMa Macc 3TOro akcenepomeTpa U MOHTaXXHOrO NMpucno-
cobrneHna Obina paBHa Macce HanbonbLlero rpysa, Ucnonb3yemoro Ana onpegeneHna sHadeHna Y, — Y
(cM. 8.2.1). He cneayeT BbINOMHATL KAanMbpoBKY B 00NMacTU HU3KOYACTOTHLIX pe30HaHCOB, 0DYCNOBMEHHbIX
NoaBeCcKOW NMOABUMXKHOIO 3NeMeHTa, KOTOPbIE HE pacCcMaTPUBAKOTCA Kak ero CoOOCTBEHHbIE Pe30HAaHCHI.

[Tpn npoBegeHUN N3MepeHnin KaTyLKy BO3DYXOeHUS BUOpOoCcTeHaa UCNOMb3YIOT KaKk UCTOYHMK BUDpa-
L (cm. 8.2.1) n kak ee npnemMHuK (cMm. 8.2.2). B nocneaHem cnydae KaTyllka BO3Dy)XOeHWUSA BbICTyNaeT B
KayecTBe BenocumMmeTpa. Ecnu kaTylwka Bo30yXaeHNA siBNSIeTCS UCTOYHUKOM BUOpaL UK, TO NUSMepeHUs npo-
BOAST BHa4Yane 6e3 gobaBneHHOro rpysa, a notomMm ¢ AobaBfieHHbIMW rpy3amMuy, yCTaHaBMIMBaAeMbIMUA Ha NOA-
BUXKHbIA 3NeMeHT BuUbpocteHga. BaxHo, 4ToObl BCce uaMepeHuUst ObIMM NpoBedeHbl B OOUHAKOBBLIX
TeMmneparTtypHbIX YyCNoBUAX KU 4TODbl JoDaBneHne rpysoB HE U3MEHANO CTAaTUYECKOrO MONMOXKEHUSA KaTyLIKK
BO30DYXXOeHUA B MarHUTHOM rnone BnbpocteHga. donyctumel konebaHua Temnepatypel He bonee 1 °C—2 °C.
N3MeHeEHNS CTaTUYECKOTO MOMNOXKEHUS KaTYLLKN BO3DYXAEHUA B MArHUTHOM Mofe KOMMNEHCUPYIOT YBENMUYEHU-
eM NnoaaBaeMoro Ha Hee NOCTOAHHOro HanpsikeHUs. o BO3MOXKHOCTU cneayeTt obecneunTb BCE UCMbITATEb-
HOe N U3MepuTenbHoe obopyaoBaHWe eQUHOW TOUYKOW 3a3eMIeHUs, UTO MNO3BOMUT KU3DeXaTb NOABIIEHUS

4
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napasnTHOro KOHTypa 3aseMneHus. IamepeHus HanpskeHUs Ha KaTyllke BO3DYXXAeHUs U1 Ha obpasLoBOM
pe3nucTope cneayeTt NPoBOAUTb C UCMOMb30BAHUEM U3IMEPUTENBHOW LLEN MUHUMATbHBLIX pasMepoB, YTOOb
n3bexaTb HaBeaeHHbIX noMex. [Npn usmepeHun oTHoLLEeHUA HanpsxkeHun U, (cm. 8.1.2) obpasuoBbIn pe3unc-
TOP MOXeT ObIThb yaaneH 13 Lenun nnu sakopodeH. Ecnn BeibpaH BapuUaHT € 3aKOPOYEHHBIM PE3UCTOPOM, TO
HeobXxoanUMo ybeanTbCs, YTO STO HE NPUBOAUT K NOSIBNEHUIO AOTNONHUTENBHOrO UCTOUYHWKA HeonpeaeneHHoC-
TN N3MEPEeHNN BCneacTBMe UHOYKTUBHBIX 3PP eKTOB.

KannbpoBky npoBoaaT Ha onopHou yactoTte 160 'y npy onopHOM 3HaAYEHUN aMNNUTYAdbl YCKOPEHUS, a
3aTEM Ha APYrMx YactoTax M amnnutygax kKanmbpoBku. PesynbTaThl U3MEPEHUA A0MKHBI ObIThb Bblpa)KeHb! B
BMnage moayns n/mnu asoBoro caBura KOMMMeKCHoro koagpdguumneHTa npeobpasoBaHud. [Ans kaxaoro cove-
TaHWUS YacTOThbl U aMNNUTYAbl YCKOpEeHUa cneayeTt cobnoaaTb YCNOBUA OrpaHUYeHUn Ha UCKaXKeHUa popMbl
CUrHana, nonepevHsle 1 yrnopble konebaHusa ctona, Wym 1 noMexu, 4Tobbl yAOBNETBOPUTL TPeOOBaHUS Mo
HeonpeaeneHHoCTU naMepeHnn cornacHo pasgeny 3. ObopyaoBaHue, He UCNOMb3yeMoe NpU KannmbpoBKe,
OOIMKHO ObITb OTCOEANHEHO OT USMEPUTENBLHOW LEMN.

8.2 U3mepeHuUsn

8.2.1 WUsmepeHUa gna onpeaeneHuUsa KOMNMEeKCHOU 3NIeKTpU4eCKou npoBogmmMoctTn Y

B npouecce OaHHBLIX U3MepPeHUN (CM. PUCYHOK 1) KaTylwika BO3OYXAEHUA 3MeKTpOoAUHAMUYECKOro
BUOpOCTEHAA SABMNSIETCS UCTOUHUKOM BUOpaLUun. 3HaYeHMe KOMMMEKCHOW 3neKTpuyeckon npoBoanMmMoct Y
(onpeaensaemMon Kak OTHOLLEHWUE CUTbl TOKA B KATYLLIKE BO3DYXXAEHUS K HANPSIKEHUIO HA Pa3OMKHYTOM BhIX0oae
KannbpyemMoro akcenepometpa) paccynTbiBaoT No popmyne

Y=Uy/R=(ulu,)1R),

rae u,— nageHne HanpsxeHUsa Ha obpasLoBOM PE3NCTopE;
U,4 — HanpshkeHue Ha BbIXoAe akceriepoMeTpa Nnpu pasoMKHYTON Lenu BbIXOAHOIO CUrHana;

Uy=u,lu,q;
R — conpoTuBneHne obpasLoBoro pesnuctopa.

T — reHepaTtop 4acToThl, 2 — YCUNUTENb MOLLHOCTU, 3 — 4acToTOMEp; 4 — U3MepUTenb OTHOLLIEHUA HANPSsXKeHUn; 5 — ocumunnorpadg
(HeoDA3aTENbHbIN 3NEMEHT);, 6 — cornacyrwulee yCTpoucTeo (yeunutenb 3apsana), 7 — uameputenb KO3 PpUuUuMeHTa rapmMoHUK;
& — BUDPOCTEHO CKaATYLLKOW BO3byXOeHUA; 9 — Kanubpyembin akcenepometp; 10 — obpasuoebin peanctop; 171 — nobaBneHHbINTPY3

PUCYHOK 1 — brok-cxema nenbiTateNbHON YCTAHOBKU ANA onpegeneHns KOMMITEKCHON 3NEKTPUYECKON
NnpoBOANMOCTN Y

N3mepeHus npoBoasiT BHaYane 6e3 nobaBneHHoro rpysa, a notomMm ¢ AobasneHHbIMU rpy3amun, yeTaHaB-
NMBaeMbIMM HA NOABWXKHBLIN 3NeMeHT. [1pr 3TOM KOMMMEKCHYIO 3NEKTPUYECKYIO NPOBOANMOCTb, NOSTYHYEHHYIO
npu nsmepeHnmn 6es rpysa, obosHavarT Y, a C UICNONb30BaHNUEM n-ro rpysa — Y,

[lpn nsmepeHun U, BaxkHO, YTOOLI Ha KNeMMax 3aseMneHusa akcenepomeTpa n obpasuoBoro pesncropa
OblNT OANHAKOBBLIA 3NeKTpu4ecknia noteHumnan. MiamepeHus noBTOPAOT AN BCEX aMIMINTyd YCKOPEeHUS,
NCNONb3yeMbIX NPU KarnnbpoBKe.
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8.2.2 UsmepeHus ana onpepeneHns KOMNMeKCHOro oTHowWeHUs HanpsbhkeHun U, npu pasoMKHY-
TbIX Lenax

B npouecce gaHHbIX U3MepeHUn (CM. PUCYHOK 2) KaTyluka BO3DyXaeHuns BUbpocTeHaa paboTaeT Kak
BESIOCUMETP. 3Ha4YeHne KOMMNIIeKCHOro OTHOLIEHNA HanpsXkeHnn U, paccunTbiBatoT Nno popmyne

Uv = Ugo / Ue

rae U, — Hanps>keHue Ha pasoMKHYTOM BbIXo4e akcenepomeTpa;
U.— HanpskeHue Ha pasoMKHYTOM BXOAe KaTyLUKA BO3DYXOeHUA, Koraa B Ka4eCcTBe NCTOYHMKaA BUDpa-
LN, MPUBCASALLEro B ABMKEHUE NOABWMKHBIA 3NEMEHT, UCMOMNb30BaH BCNOMOraTesbHbIn BUOPO-
BO3DyaAMTENb UMK BTOPUYHAS KaTyLllKa BO3OYyxaeHust BUbpocTeHaa.
NamepeHust npoBoasaT 6e3 4obaBNEHHbIX MPY30B.
[1pn namepeHnun U, BaxkHO, YTODOLI Ha KNeMMax 3a3eMneHua akcenepomMeTpa 1 KaTyLKN Bo3DyXaeHNA
BUWOpocTeHaa OblN OANHAKOBbLIW 3M1eKTpU4ecKknin noTeHuman.

>l o
il

T — reHepaTtop 4acToThl, 2 — YCUNUTENb MOLLHOCTU, 3 — 4acToOTOMEpP,; 4 — U3MEepUTESb OTHOLLEHUA HANPSXKeHnn, 5 — ocuunnorpad
(HeoDA3aTENbHLIM 3NEMEHT);, 6 — cornacyrulee ycTpoucTteo (yecunutenb 3apaga); 7/ — uameputenk KoahdpuumeHta rapmoHuUK;
8 — BUDPOCTEH C KATYLWLKOU BO3DYXAeHUA; 9 — kannbpyemein akcenepometp; 10 — BcnomorateneHbi BUDpOBO3OYOAUTEND

"UCYHOK 2 — bnok-cxema ucnbiTaTenibHOW YCTaHOBKM ANsi onpeaeneHnsi KOMNNeKCHOro OTHoOWeHWs Hanpsikennn U,

9 PacueTt koadhhnumeHTa npeodpazoBaHUA

TeopeTnyeckne oCHOBbI pacyeTa KoadduumeHTa npeobpaszoBaHUa Ha OCHOBE NPUMEHEHUS NPUHLMNA
B3aMMHOCTU U3NOXKEHLI B NpUnoXeHun B.

Mcnonb3ysa pesynbTaTbl UBMepeHnn ¢ AobaBNeHHbIMK rpy3aMn U Be3 HUX, OCYLLECTBNSOT NOATOHKY
BbIOOPOUYHLIX 3HAYEHUA PYHKL NI

Fim., Y., Yo)=m (Y, = Y,) (1)

NIMHENHOWN perpeccMoHHON 3aBUCUMOCTbIO OT M, METOOM HauMeHbLUNX KBaapaToB — O0Obl4HbLIM (KOrAda BCe
BECOBble KOS(PPULNEHTHI W, paBHbl €4MHULE) WU B3BELLIEHHBIM, KorAa U3MepeHuto ¢ N-M AobaBneHHbIM rpy-
30M NMPUNNCLIBaOT BECOBOU KO3 PULINEHT w,,. CBODOAHbLIN YNeH o U KO3 MPUUNEHT B NpU IMHEUHOM YNeHe
perpecCcMoHHOM 3aBUCUMOCTK NMonyYaroT ANS KaXXaon 4acToTbl U aMNNUATYAbl YCKOPEHUA, UCMOMb30BaHHbIX
npu KannbpoBKe.

[TpuMeHeHWe B3BeLIeHHOro MeToga HaMmMeHbLUMX KBaapaToB NO3BONAET NONy4YnuTh cneagyrowmne oop-
MYIbl AN KOMNNEKCHBIX BENMUYNH o U 3

4 wim A /W2m2 A
Z(wgmg)ZRe Ll ngngRe L/
_ \Yn _Y(]) \yn _Y0)

(2)

Re o

S Wiy (wimZ) - (wimp,)F ’
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(2 [ 2 2
wim wim (3)
> (wim32)d Im Yn—;o > wimp > Im Yn—Yno
Im o = \ Y, \ ),
> wh Y (wama) -2 (wim )P
[ 2 2 ) [ 2 A 4
Sw2YRe 0T | _ 3 w2m 3 Re| Wa )
\Yn _YO/A \yn _Y0)
Re = > . 7 2
ZWHZ(ann _[Z(ann)]
[ 2 2\ . A 5
S w2 Im| Y | _ S w2 3 m| Yo )
ImB— \Yn_YO/ \Yn_YO/

S w2 (w2m?2) -1 (w2m),)P ’

rae N — nopsakoBbIn HOMep A06aBNEHHOro rpyaa;
m, — Macca n-ro gobaBneHHOro rpysa;
Y, — anektpu4yeckas NnpoBOAUMOCTb, USMEPEeHHas Npu ycTaHoBKe n-ro 4obaBNeHHOro rpysa;
Yy — BnekTtpuyeckaa npoBoaUMOCTb, U3MepeHHas be3 JobaBneHHOoro rpysa;
W, — BeCOBOWN KO3 PULNEHT ANa USMepPeHNa ¢ N-M JobaBneHHbIM rpysomM.

[TpunmevyaHwmne—B 3aBuCcMMOCTM OT 3aaa4 KannbpoBKU MOryT NOTpPebOBaTLCH HE BCE 3HAYEHUS, onpeaense-
Mble popmynamm (2—(5). B HEKOTOPLIX Cry4asixX 4OCTaTOMHO onpeaenuTb TONbKO Moaynb o {cMm. [3], dopmynbl (8)—(10)}.

Moaynb 1 dasoBbid cABUT KoaduLmeHTa npeobpasoBaHUA akcenepomMeTpa Kak PyHKUUA YaCcToThl
MOTYT ObITb MONYyYeHbl CrieayloLwmum obpasom.

Ecnu kannbpyembl akcenepomMeTp npegHasHadeH 4nsl NOCTOSIHHOWM YCTaHOBKM Ha NOABUMXKHBIA 3e-
MeHT BUOpOCTeHOa B Ka4yecTBe 3TaNIOHHOro akcenepomeTpa npu KanubpoBke Opyrnx npeobpasoBaTeneit
MeTOAOM CpaBHeHUs, TO B Ko puuneHTe npeodbpaszoBaHUA 4aHHOMO akcenepomMeTpa crieayeT y4ecTb Buga-
HUe U3MeHsIloLeroca (Bcneacteme agobasneHns Macchl npecbpasoBaTtens, Kannbpyemoro MeToaoM cpaBHe-
HUA) UMNeaaHca Harpysk Ha NoABWXKHBIN aneMeHT. B aTom cnydae moayns | S|, B/M/c?, n hasoBblIii caBUr .,
B rpagycax, KoapguuneHTa npeodbpaszoBaHUst paccunTbiBaOT No popmMmynam:

_\XUV(I 1 (6)
j2nf | 1-B(Y; = Yo) |

|Sal

= arg \/UVOL 1 (7)
Ve j2nf | 1-B(Y, - Yo) |

rae j — MHUMas eauHunua, j2 = —1;
f— JacTtoTa, ['u;
U, — KOMMNNEKCHOE OTHOLUEHUE HaNPSXKEHUN NMPU PpasoOMKHYTBIX LEeNsax Ha YacToTe f, kKoraa noaBuKHYH
KaTyLUKYy BMOPOCTEHAa UCNOMb3YIOT B KAYeCTBE BENOCUMETPA;
Y; — anekTpuyeckasa nposoanmMocTb, CM, HavacToTe f Npn ycTaHOoBKe NpeobpasoBaTenid, Kannbpyemoro
MEeTOd0OM CpaBHEHUS, Ha NMoABWKHbBIN 3reMeHT BUOpocTeHAa;
Yo — 9neKkTpudeckaa npoBoaumMocTb, CM, HavacToTe f be3 gobaBneHHOro rpysa Ha noABMKHOM 311eMeH-
Te BMOpoOCTeHaaA.
Ecnn kannbpyembin akcenepomMeTp He npegnonarateT UCNofb30BaTh B BhilWEYKa3aHHbIX LENsiX, TO
Moaynb |S,], B/M/c2, n chasoBbIA cOBUN ¢, B rpagycax, koadpduuneHTa npeobpasoBaHna paccuUnNTbIBaOT Mo

dpopmynam:
S = JUV& (8)
a j2nf|
— Uyo (9)
Pa = ArS \j j2nf

rae NCNoNb30BaHbl Te XXe 0003HaveHus1, 4To B dopmynax (6) u (7).
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Ha OocTaTovyHO HU3KMX YacToTax (Kak npaBuno, ang Jyactot meHee 1 kl'u) B npubnmsantensHO paBHO
Hynto, arg(U, ) npnbnnantensHo paseH 90° n arg(U ) npnonusmntensHo paseH 0°. B aTom cniyvae cpopmyna (8)

yrnpowaeTCAd U NMpUMHAMaeT BUA
|S ‘z\/\UvHCL\ (10)
a "

27l

B cnyyasax, anga kotopbix npumeHumMma gopmyna (10), cneayeT BEIYUCATL TOMNMbKO MoAdy b KOMMIIEKCHO-
rO OTHOLUEHWUST HaNPSiKEHUA ONs1 pasHbIX YacToT BMOpauun. 3HadveHne |al MoxeT ObiTb HAaUAEeHO NOATrOHKOM
PyHKUnen F(m,, Y,, Yy) C NCNonb3oBaHMeM Moaynen pasHocTen KOMMIEKCHbIX NPOBOJUMOCTEMN.

B npoTtokone KanMbpoBKN BMECTE C pesynbTartaMmm KanmbpoBKM A0MMKHA ObITb NpUBeaeHa cyMMapHas
HeonpeaeneHHOCTb U3MEPEHUIN N pacllnpeHHas HeonpeaeneHHOCTb, BbIMACNEHHbIE B COOTBETCTBUNU C NPU-
noxeHmem A ¢ MCNonb3oBaHUeM KOS PULMeHTa oxBaTa K = 2.
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[MpunoxeHwne A
(obsizaTenbHOE)

Pac4eT HeonpeAeneHHOCTU UIMEPEHUN

A.1 BblunmcneHwve pacwumpeHHbIX HeonpeaerneHHOCTeN namepeHnn moaynsa v pasoBoro caBura
KoadhdmumeHTa npeodpazoBaHuA ANA YacTOT, aMANIUTYA U HACTPOEK YCUNUTENSA, NMPU KOTOPbIX
npoBoaunacb KanmopoBka

A.1.1 Bbruncnenune U(|S|)

PaCLWUMPEHHYIO HEOoMnpeaeneHHOCTb namepeHmnn moaynsa koaddpuumeHta npeobpasosaHusa U(|S]) ans vacTtor,

aMnNnNnTyag N HAacTPOEK YCUNUTENS, NPU KOTOPLIX NpoBogunack Kanmbpoeka, BelvucnsaoT B cootBeTcTBUM ¢ NCO 16063-1

no popmynam;

U(IS]) = kug(|S]),

(A.1)

1 d, (A.2)
uIS) = — .| 2.4 (1SI)
|SIV 7=
C K03hdbnymneHToM oxBaTta k= 2 U C y4€TOM UCTOYHUKOB HeonpeaeneHHocTu no tabnuue A.1.
Tabnuuya A.1
CocTraBnsaowas Bknaa B
CTAHOAPTHOU MCTOUMHUK HeonpeaeneHHOCTH HeonpeaeneHHoOCTb
HeonpeaeneHHOCTU U(X;) ufy)
Ufeg) N3amepeHne 4acToThbl u4(|S|)
(U Temp) MNameHeHne TemnepaTtypbl npeobpasoBartens U 3TanoHHOINO akcenepo- us(|S|)
MeTpa B npouecce KannbpoBKu
u(up) BnnaHne cymmapHOro CKaXeHusi Ha namepeHumne BbIXo4QHOro HanpsXeHus us(|S|)
akcenepomerpa
u(u) BnnsHne nonepeyHoro n yrinoBoro yCKOPEHn Ha namepeHue BbIXO4HOIo Us(|S|)
HaNpsXXeHns akcenepomeTpa (KoadhduymneHT nonepevHoro npeobpasoBa-
HWS )
uim,_.) N3amepeHne maccol us(|S])
u(Uy)) OnpegeneHne moayns KOMMNeKCHOro OTHOWEHUA HanpPsiXKeHUs Ha BbIXO- ug(|S|)
e akcenepoMeTpa K HanNpPsXXEHMIO Ha BbIXOAe KaTyLWKM BO3DyXaeHus (Beno-
cumeTpa)
u(Ry) MamepeHne conpoTUBIIEHUSA pe3nucTopa npu onpegeneHnmn Mmogyns Kom- u-(|S])
NNeKCHOW NPOBOAMMOCTH
u(Uy) OnpegeneHne Moayns KOMMNNEKCHOro OTHOLWEHUA HaNPSsXEeHUU Npu name- ug(|S])
PEHNN MOAYIA KOMIMITEKCHOWU MPOBOANMOCTHA
U(Spe) OcTatouHble BIUSAHUS HA n3MepeHne moayns koaduymeHTa npeobpa- ug(|S])
30BaHUSA (Hanpumep, criy4anHble NOMEXW; BbIDOPOYHbIE CTaHAAPTHLIE OTKINO-
HEHWSA CpeaHero apnPmMeTnHecKoro)

A.1.2 Bbluncnenune U(op)

P aCLWUMPEHHYIO HEONPEeAENEHHOCTb namepeHn PasoBoro casura ko puuneHTa npeodpasoanuns U(e) ansa vac-

TOT, aMnnNUTya4 W HACTPOEK YCUIUTENS, MPU KOTOPbLIX MPOBOAMIIACH KanubpoBKa, BbIMMCISAKT B COOTBETCTBUM C
NCO 16063-1 no popmynam:

U(p) = ku (o),

9
ule)= | D uf(e)

[=1

(A.3)
(A.4)

C K03pdbnyneHToM oxXBaTta k= 2 U C y4€TOM UCTOYHUKOB HeonpeaeneHHocTu no tabnuue A.2.
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Tadbnwuwua A2

CocraBnsoLlas Bknaa B
CTAHOAPTHOU MCTOUMHUK HeonpeaeneHHOCTH HeonpeaeneHHOCTh
HeonpeaeneHHOCTU U(X ) u.(y)
U(fee) NamepeHne 4acTtoTbl u4(o)
U(UTomp) MameHeHne Temnepartypbl npeobpasoBartens B Npouecce KanmbpoBKu U(o)
u(up) BnnsHne cymmMmapHOro UCKaXxeHusi Ha namepeHne gasbl BbIXOQHOIO Ha- Us(o)
NPsXKEHNA akcenepomeTpa
u(u) BnnaHne nonepedvHoro n yrnoBoro yCKOPEeHUM Ha namepeHne gasbl Bbl- Ug(p)
XOQHOIro HanpsikeHust akcenepomeTtpa (KoahduumeHT nonepeyHoro npeob-
pa3oBaHUA)
u(m,) MamepeHne macceel Us(op)
u(Uy)) OnpegeneHne asbl KOMMNIIEKCHONO OTHOLLEHUA HarnpsihKeHNsA Ha BbiXo4e Ug(op)
aKkcenepomeTpa K HanpshKkeHUo Ha BbIXO4e KaTywKn BO3byXaeHns (Benocu-
MeTpa)
U(Rvy) VIamepeHne cOonpoTUBNEHUSA pe3ncTopa npu onpeaeneHnn gasbl KOM- u+(o)
NNeKCHON NPoOBOAVMOCTH
u(Uy) Onpegenenne dasbl KOMNIEKCHONo0 OTHOLWEHUA HanpPsKeHUU npu name- Ug(®)
PEHNN MOAYIA KOMMNIEKCHOW NPOBOANMOCTH
U(Sgre) OcTaTtouHble BNUSAHUA HA U3MepeHue PasoBoro caeura KosppuumeHTa Ug(0)
npeobpasoBaHns (Hanpumep, CcryYamHble NOMEXW; BblIDOPOYHLIE CTaH-
OAPTHLIE OTKNOHEHUS CPeAHEro apuPmeTNIeCcKoro)

A.2 BbluncrneHwne pacluMpeHHbIX HeonpeaeneHHOCTeN namepeHnn moaynsa m pasoBoro caoBura
KoadchuumneHTa npeodbpazoBaHna BO BCeM AMana3oHe 4acTtoT M aMmnnnTtya

A.2.1 Bbluncnenue U(S)

PacwunpeHHas HeonpeaeneHHoCTb namepeHnn moayns koadpdpuumenta npeobpasosanHusa U(|S|), BelumncneHHasn
cornacHo A.1.1, cnpaseanmBa TONbKO AN 4YacToT, aMnnnTya U HACTPOEK YCUNUTENS, NPU KOTOPbLIX Bbina npoBeaeHa
kannbposka. PaclunpeHHyto HeonpeaeneHHOCTb U3MepEHNN MoayNs KoaddurumeHTa npeobpasoBanus U(|Sy|) ans Bcero
ananasoHa 4actoT U aMmnnuTya n A4Ns npon3BONIbHOIO MOMEHTAa BPEMEHN MEXAY KannbpoBKaMKU BbIYUCIIAOT MO POpmy-
nam:

U(1S4) = ku(IS]), (A.5)
1 [& (A.6)
UISH) =<, .U (1SH])
|Sel V7=
C KO3(pDPUUNEHTOM OXBaTa K= 2 N C y4€TOM UCTOYHUKOB HeoNpeaeneHHocTH no tabnuue A.3.
Tabnnuya A.3
CocraBnsoLlas Bknaa B
CTAHOAPTHOU MCTOYHUK HeonpeaeneHHOCTH HeonpeaeneHHOCTh
HeonpeaeneHHOCTU U(X;) u. (y)

u{|S]) CyMmmapHas HeonpeaeneHHoCcTb Moaynsa kosdduuneHta npeobpasoBa- Uq(] S )
HUSA ONA 4acToT, aMMnMTy4 U HACTPOEK YCUNMUTENS, NPU KOTOPbLIX NPOBOAN-
nacb kannbposka B cootBeTcTBUM € A.1.1

uega) OTKNoOHEHWe Ko PrnumneHTa yenneHmns 0T HOMUHaNbHOIO NPW Pa3sHbIX Ha- Ux(|S4)
CTPOUKAX YCUNNTETS

u(egx) OTKNOHEHUEe aMnNIMMTYygHO-4YaCTOTHON XapaKTepUCTUKN YCUNNUTENSA OT MOo- Us(| S )
CTOAAHHOIO 3HAYEHWS B gnanasoHe 4acToT akcenepomertpa

u(egr) OTKNoHEHNEe Moaynst koadhduumeHTa npeodbpaszoBaHns 0T NOCTOSAHHOIO Us(|S4)
3Ha4YeHUs B gnanasoHe 4acToT akcenepomeTpa

u(e; 4) HenMHEMHOCTL yCUNnTEns Us(| Sy )

u(e; 1) HennHEMHOCTb akcenepomeTpa Ug(| S )
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OkonyaHue mabnuusi A.3

CocTaBnawLlan Bknan e
CTAHOAaPTHOU MCTOUYHUK HeonpeaeneHHOCTH HeonpeaeneHHOCTL
HeonpeaeneHHOCTU U(Xx;) u: (y)

u(e1s) HecTtabunbHOCTL BO BPpEMEHU KOS DULUNMEHTA YCUTTEHUSA YCUNMNTENS U Bbl- U+(|S4)
XOA4HOro uMnegaHca akcenepomeTpa

u(e+r) HecTtabunbHOCTb BO BpeMeHn moayns koaddpuumnenta npeocbpaszoBaHms Ug(|S4)
akcenepomerpa

U(eg,) BnnsHne nameHeHns ycrnoBun BHEWHEN cpedbl HA KO3MMMUUNEHT yCcune- Ug(|S4)
HUA YCUNUTENS

u(eer) BnvaHne nameHeHnst ycrnoBumn BHELWWHEN Cpebl HA MO4YNb KO3 MPULNEH- uq0(lS4)
Ta npeobpasoBaHUA akcenepomeTpa

A.2.2 Bbruncnenwue U(oy

PacluMpeHHas HeonpeaeneHHOCTb namepeHn hasosoro caeura koadduumeHTa npeobpasosaHna U(ep), BblUMC-
neHHas cornacHo A.1.2, cnpaBegnmea TOMNbKO ANs1 YacToT, aMNNNTyA4 U HACTPOEK YCUIMUTENS, NPU KOTOPbLIX Bblna npoBe-
OeHa Kannbpoeka. PacluMpeHHyO0 HEONPeaeneHHOCTb N3MepeHnn haszoBoro casura KospouumneHTa npeodbpasoBaHus
U(py) AN BCEro gnanasoHa 4actoT U Ans NpOU3BONbHOIO MOMEHTa BPEMEHU MeXay KannbpoBKamMm BbIMUCIAIOT NO Op-
MyIiam:

U(py) = ku (o), (A.7)
10 A.8
Uolo) = | 2 ui (94l M
o (pt f (pi' )
f=1
C K03pdbnymneHToM oxBaTta k= 2 U ¢ y4€TOM UCTOYHUKOB HeonpeaeneHHocTu no tabnuue A 4.
Tabnunua A4
CocTaBnawLlan Bknan e
CTaHOAaPTHOU MCTOUMHUK HeonpeaeneHHOCTH HeonpeaeneHHOCTL
HeonpeaeneHHOCTU U(X;) u: (y)
Uu(Aop) CymMmmapHas HeonpegeneHHOCTb N3MepeHnn pasoBoro casura Koaggu- Uq(04)
LMeHTa npeodbpasoBaHust 4ns 4acToT, aMnnnTya U HACTPOEK YCUIUTENS, MPW
KOTOPbIX NpoBoAUNach KanubpoBka B cootBeTcTBUM ¢ A.1.2
ueaa) OTKNOHEHWE Pa304acTOTHON XapaKTEPUCTUKN YCUNUTENA OT HOMUHATb- on
HOW MPW pa3sHbIX HACTPOUKAX YCUNUTENS
u(ega) OTKIIOHEHUE (Pa3o4acTOTHON XapakTepPUCTUKU YCUNUTENA OT HOMUHATb- U ()
HOW B AnanasoHe 4acToT akcernepomMmeTpa
u(egr) OTknoHeHne hasoBoro capura kosdduuneHTa npeodbpasoBaHus OT HO- Us(py)
MMWHaNbHOIO B gnana3oHe 4acToT akcernepomeTpa
u(e; 2) BnnaHne amnnutygbl HA as3oyacToOTHYIO XapakTEePUCTUKY YCUINMNTENS Us ()
u(e; 1) BrnvsaHne amnnntyabl Ha ¢ha3oBbIv caBUr koadduumeHTa npeobpasoBa- Ug(py)
HUA akcenepomeTpa
u(e1s) HecTtabunbHOCTL BO BPEMEHUN PA30OYACTOTHON XapaKTEPUCTUKN YCUTTUTE- U7{(p;)
Nd U BIUAHWE Ha Pas3ovacTOTHYIO XapakTepuCcTUKy BbIXOOQHOIO MMmnegaHca
akcenepomerpa
u(err) HectabunbHOCTb BO BpemeHn haloBoro capura KosdduumneHta npeob- Ug(py)
pasoBaHWA akcenepomeTpa
u(ega) BnnsHne nameHeHns yCnoBuM BHELLHEN Cpedbl HA Pa30o4vacTOTHYIO Xa- Ug(04)
PaKTEPUCTUKY YCUIUTENS
u(eer) BnnsHne nameHeHus ycrioBMn BHELLHEWN Cpeabl Ha (Pa30BbIN COABUT KO3M- Uqo(04)
dbmumneHTa npeobpaszoBaHUs akcenepomMmeTpa
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[MpnnoxeHnve B
(cnpaBo4HoOe€)

[MpMeHeHMe NpUuHLUNa B3aUMHOCTU B KanubpoBKe 3aNeKTpoMeXxaHM4YecKux npeobpasoBartenen

[TpymeHeHne NnpuHuMna B3aMMHOCTU K KannbpoBKe 3NeKTPOMEXaHNYeCKMX npeobpasoBaTenen ncxoguT U3 npea-
NONOXEHUS, YTO COBEPLUAEMbIE MW NPeodpasoBaHusA ABNAIOTCA NMMHEWHBIMU U 4YTO NpeobpasoBaTenn COBEPLLAIOT BO3-
BPaTHO-NOCTyNarenbHOE ABMXEHUE C OJHOWU CTeneHblo ¢cBoOoabl. [1py BbINONMTHEHUM AAHHBIX YCNOBUW CBSI3b MEXAY
SNEKTPUYECKUMN N MEXAHUYECKUMU MapamMeTpamMn Ha pasHblX CTOPOHaX Takux npeobpasoBaTenen, NpeacTaBrneHHbIX B
BUJE MACCUBHbIX YETbIPEXMONMIOCHUKOB C COOTBETCTBYIOLLMMN MMNEeJaHCaMKn, MOXeET ObiTb onncaHa dopmMynamm:

u=zji+z, v, (B.1)
F=z it+zyv, (B.2)
rae U — KOMMIIEKCHOE HaMpPsXXeHNEe Ha 3NEKTPUYECKON CTOPOHE YETbIPEXNONMIOCHUKA;
| — KOMMMNEKCHAas cuna ToKa Ha 3NEeKTPUYECKON CTOPOHE YEeThIPEXNONOCHUKA;

F — KOMIMIMEKcHas cuna Ha MexaHn4eCcKown CTOPOHE YHETbIPEXNOIKCHUKA,
V — KOMITIEKCHaHd CKOPOCTb Ha MeXaHN4YeCKOW CTOPOHE YeTblPEeXnolCHUKA,

Z, — BXO[HOW 3MNEKTPUYEeCKU MMNegaHc XornocToro xoaa (Ha Apyron CTopoHe YeTblpexnontiocHuka v = 0);
Z_, — BXOJHOW MEXaHU4YECKUN UMMNEeJaHC XOnocToro Xxoaa (Ha gpyrov CTOpPOHe YeTbipexnontocHuka i = 0);
Z o Zom, — NEPEAATOYHBIE KOSDDULMEHTHI, NPUYEM Z, = Z_, ANs NpeobpasoBaTteneun Nbe303NeKTPUHECKOro U 3Iek-

TpocTatn4eckoro Tuna u z,,, = -z, Ans npeobpasosarenen areKTpoMarHMTHOro Tuna.

Obo3HaumB Yepes S, KoahPruUneHT NpeobpasoBaHus npeobpasoBartens, paboTalLWero Kak BENOCUMETP (B 9TOM
cnyyae S, — KOMMMEKCHOE OTHOLWEHWE HanpsiXXeHns Ha pasoMKHYTOM BbIXO/e K CKOPOCTU Ha BXoAe), U Yepe3d Gr Koad-
PouumneHT NpeobpasoBaHns npeobpasoBartens, paboTalolWero Kak reHepartop Cunbl (B 3ToM crnyvae Gg — KOMMNNEKCHOE
OTHOLWLEHWNE CUIMbl HA BbIXOAE K CUNe TOKAa Ha BXOAE), MOXHO AaHHbIE BEMUYMHBI NPeacTaBUTb cneayowmmmn hopmynamu:

U (B.3)
S =2 =z
v v 1i_o em
- F B B.4
GF - ',_ =~ Zme ( )
v=0
Ge=+8S, (B.5)

[Tpn Hannuum gByXx npeocbpasoBaTenen, N3 KOTOPbLIX, MO KPAUHEN Mepe, OAUH SIBNSIETCA 0bpaTuMbIM U BO3byXaa-
€TCSH rAPMOHUYECKMM CUTHANMoOM, MOryT ObiTb NPOBEAEHLI ABE CEPUN N3MEPEHNUN ANS MONYYEHUS NPOU3BEAEHNS U OTHO-
LIEHNA KOMMNMNEKCHbIX KO3 PULMNEHTOB NpeobpasoBanus S, 4 U S, » 3TUX NpeobpasoBateneun, NOCNe Yero MOXeT ObiTb
paccunTaH Ko3pdhruneHT NpeodpaszoBaHns Kaxaoro npeodpasosatens. Ecnu npeobpaszoBaTenn NMEKT XKECTKYIO MeXa-
HUYECKYI0 CBAA3b, TO NPUAAHHbBIE UM CKOPOCTU V4 U Vo PaABHbI NO aMNNUTyAe U NPOTUBOMNONOXHbI N0 3HAKY (V4 =—V5). Ecnn
npeobpasoBartenb 1 UCNONb3YIOT Kak reHepaTop Cunbl Ans BO30YXXAeHUs npeobpasoBaTens 2, T0 NPon3BeaeHne Koad-
drnumneHToB NpeobpazoBaHua 3TUX NpeobpasoBaTenem MOXeT BbITb ONpPeaeneHo cneayowmm obpasom (cm. 8.2.1).

Ecnn obo3HaunTb Yepes z+ KOMOMHUPOBAHHBIM MEXaHUYEeCKUN nMnegaHc AByxX npeobpasoBartenen B criyvae,
Korga MmexaHudeckme nopTtbl npeobpasoBaTenen CoOeAuHEHbl HENOCPEACTBEHHO APYr ¢ Apyrom, 1o n3 cdopmynel (B.4)
crnepnyer:

F=Gpi, = v,z = — V2, (B.6)
F1'1 1<T 2T
_ L Oy B.7

Ecnn mexagy mexaHn4eckumun nopramm npeobpasoBartenen nomeuweH 06beKT ¢ N3BECTHBIM MEXAHNYECKUM UMIE-
OAHCOM Z,,, TO BXOAHOW MeXaHn4Yeckni nmneganc B popmyne (B.7) s3ameHseTcs Ha CyMMY UMNEOAHCOB
zr+z, =% S ,4S,Y,, (B.8)
]
rae Y, = 1 komnnekcHasi NPOBOAMMOCTb MNPV N3BECTHOM A06aBMNEHHOM MEXaHWYECKOM UMMNeaaHce.
.
N3 dopmyn (B.7) n (B.8) MOXHO nony4nte OpMynbl;
FS 1S (Y, — Yo), (B.9)
Zp (B.10)

S.S .=+ .
VT2 T Y, - )

Zp
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Ecnv nobaBneHHbIn MEXaHUYECKMN MMNEAaHC CO30aH XXECTKUM TENOM N3BECTHOW Macchl m,,, TO NPU rapMOoHUYeC-
KOM BO3DYXAEeHUM Ha YINMOBOW YacTtoTe o = 2xnf ero 3HavyeHne DyaeT paBHoO jom,, T. €.

jomp, (B.11)
(Yn _YO)

S4S,=1+

rae j — MHUMas EJEI,MHMLI,a,jZ = —

OTHOWEeHne ko3 PruneHToB NpeobpazoBaHns ABYyX NpeobpasoBaTenen MOXeT bbITb onpeaeneHo no 8.2.2. Ecnu
OBa npeobpasoBarens MEXaHUYECKU XXECTKO COEAMHEHBI MeXay cobon Takmm 0bpasom, YTO AENCTBYIIOWME HA HUX CKO-
POCTU paBHbI NO aMNNUTYAE U NPOTUBONOINOKHbI MO 3HaKY (V4 =—V5), 0bpatnmMbin npeobpasoBartens paboTaeT Kak npeob-
pasoBaTerib CKOPOCTU, U BbIXOAHbIE Lienu obonx npeobpasoBartenen pasomMkHyThl (i1 = is = 0), TO NpUMeHeHHasi K 06oum
npeobpasoBatensam dpopmyna (B.3) npnBoguT K BbIpa)XXeHUIO

Sy2 _ Uy
Sy Uy

(B.12)

— Uv!
rae U, — OTHOWEHWe HanpsiXXeHn Ha BblXxoae npeobpasoBaTenew.

bopmynbl (B.11) n (B.12) no3sonstoT BbMncnnTb KO3MPOUUMEHTBI NPeobpasoBaHnsa Kaxaoro npeobpasosartens.
Hanpumep, ecnu npeobpasoBaTernb 2 SIBNSIETCA BENOCUMMETPOM, TO AN HEro cnpaeeanuea dopmyna

S, =\/i Uyjompn (B.13)
(Yn _YO)
a ecnn akcenepomeTpom, 1o hopmyna
s = \/i _Um, (B.14)
JoYn —Yo)

rae noja 3HakKoM KBagpaTHOro KOPHS AOMMKeH BbiTb 3HAK «MIMHOCy», ecrnn obpatumeln npeobpasoBarternb 3NEKTPOMArHUT-
HbIK, U K MUHYC», €CINN OH Mbe3VJNEKTPUHECKNN UIMUN SMNEKTPOCTATUYECKNI.

B npnHunne ans onpegenenns kosddpununeHTa npeobpasoBaHus 4OCTATOYHO MPOBECTU 3KCMEPUMEHT C UCTOIb-
30BaHMEM TOIbKO 0QHOro obaBneHHOro rpysa, ogHako HeonpeaeneHHOCTb N3MepeHnin ByaeTt CyWECTBEHHO MEHbLLE,
€CINN NCMOMNb30BaTh CEPUI0 N3MEPEHNUN C rpy3amMu pasHon Macchbl (M4, Mo, ..., M) ANA NONYYEHNA 3HAYEHNUN 3NEKTPUYEC-
KOW NPOBOANMOCTU (Y4, Ys,..., Y},). [locne a1oro yHkumnio m/(Y — Y) MOXHO annpokCMMMpoBaTh YpaBHEHUEM NUHENHON
perpeccuun Buga o + pm. Torga coopmynsl (B.13) n (B.14) MOXHO 3aMeHUTb, COOTBETCTBEHHO, CIEAYICLLMMM:

S, = /U, joa, (B.15)

B.16

852 = \/J—r U.:,(I : ( )
J®

YacTo Ha NpakTUKe Npu KannbdbpoBKe 3MeKTPpOMEexXaHnvyecknx npeobpasoBartenen Ha OCHOBE NPUHLUMNA B3AUMHOCTHU
obpatumbin 1 Kannbpyembin npeobpaszoBaTenu pasaeneHsl TeNom, 0d6nagarLmMm HEKOTOPbIM MEXaHUYECKUM NMNEAAH-
COM, U, KPOME TOro, OHWU pasgaeneHs ewe 0 gHUM MEXaHUYECKUM MMNEeAaHCOM NOBEPXHOCTU, HA KOTOPYIO YCTaHaBMUBAIOT
nobasneHHble rpy3bl. B aToMm cnyvae yenecoobpasHo onpeaensite UCKOMbIN KO3IMPOUUMEHT NpeobpasoBaHna Kannbpye-
MOTr0 akcernepomMeTpa Kak OTHOLLEHMNE HANPSHKEHUA HA PA3OMKHYTOM BbIX0OAE K CKOPOCTU NOBEPXHOCTU, HA KOTOPYIO YCTa-
HaBNMBaOT A0DAaBNEHHbIE TPy3bl. Torga nocne KanubpoBKM akcenepomeTp MOXeT ObiTb MCNONb3OBaH, dyayun
YCTAHOBNEHHbBIM Ha TOM e BUDPOCTEHAE B TOM XE MNONMoOXeHUN, B KAYeCTBE 3TaNoHHOro npeobpasoBarens npu Kkanmob-
POBKE METOAOM CPaBHEHUSA APYIMX npeobpasoBaTenen, yCTaHaBIMBAEMBbIX HA TY Xe MOBEPXHOCTb, YTO U A0OAaBNEHHbIE
rpy3bl. MOXHO nokasatb (CM. [8]) 4To, ecnun obpatnmbin npeobpasoBaTenb, NCMONb3YEMbIN MPU KAaNMbPOBKE HA OCHOBE
NPUHUMNA B3aMMHOCTU, ABMNSAETCS NpeobpasoBaTeniem 3neKTpoagnHaMMYeCcKoro Tuna, To COOTHOLWWEHUS MeXay CUIMON W
CKOPOCTbIO HA MOHTaXXHOW NOBEPXHOCTU, INEKTPUHECKUM HAMPSXKEHUEM U CUION TOKA HA 3MNEKTPUHECKON CTOPOHE 0bpa-
TUMOro npeobpaszoBaTtens (npeobpasoBatenb 1) v BbIXOAHBbIM HANPSXKEHNEM NPU PA3OMKHYTOW LIENK BENnocnmeTpa (npe-
obpasoBaTenb 2) BolpaxatoTcs DoOpMynamum:

4= YUy =Yoo F, (B.17)
V=Y, U +y. F, (B.18)
u, = ku, + k_F, (B.19)

rae U, — KOMIMIEKCHOE HanpsPkeHne Ha 3nekTpu4eckon CTopoHe npeobpasosartens 1;
U, — KOMMIEKCHOE HanpsPKeHUe Ha SMNeKTPUYECKOW CTOPOHE NpeobpasoBaTens 2;
f, — KOMMMEKCHasi cuna ToKa Ha SnekTpU4ecKkon cTopoHe npeobpasoBaTens 1;
F — KOMMNMEeKCHas cmna Ha MOHTaXXHOW NOBEPXHOCTU NpeobpasoBaTenemu;
V — KOMIJ1EKCHAas CKOPOCTb HA MOHTaXXHOW NOBEPXHOCTU NpeobpasoBartenemu;

Yor Yoo Yor Kor Ko — DYHKUMW KOMMNEKCHbBIX 3MEKTPUYECKUX U MEXaHUYECKMX UMNEAaHCOB VU NepeaaToYHbIX KON LIN-
eHTOB 0DpaTnmMoro anekTpoagnHaMmmn4ecKkoro npeobpasoBaTtens, BENoCMMeTpa 1 NoaBMXKHOIO 3ne-
MEeHTa BUOPOCTEHAA, KaXasa N3 KOTOPbIX 3aBUCUT OT KOHKPETHOW peanu3aumm UCnbiTatenbHOW
YCTaHOBKMW.
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Ecnu F — cuna peakumm mexaHn4eckoro umneaaHca z,,, Bo3oyxaaemoro CKopocTbio v, To cnpaseanvsa hopmyna
—F=vz, (B.20)

[Tony4vas na dopmynel (B.20) 3HaveHne v n nogcraenss ero B popmyny (B.18), MOXHO nonyunte hopmyny ans
3HAYEHNA CUIMbl HA MOHTAa)XHOWN NOBEPXHOCTH

_F=Y1Yem%n (B.21)
YmZn +

KoMnnekcHbIn KOs OUUMEHT NpeobpasoBaHus S, » npeobpasoBaTens 2 MOXHO NONy4nTb, NOACTABMAA 3HAYEHNE
cunbl n3 opmynel (B.21) B hopmynel (B.19) n (B.20):

u, k K.y (B.22)
S,=2=-¢ :{em km]zn.
Vi Yem

Yem

KoMnnekcHyo nepeaaToyHyo NpoBOAUMOCTb Y, MOXHO MOMy4nuTb, NOACTaBNAs 3Ha4YeHWe cunbl U3 Hopmy-
nbl {B.21) B hopmynbl (B.17) n (B.19) n coctaBnss KOMNNEKCHOE OTHOLWIEHNE TOKA B KaTyLLKe BO3DYXXAEHUS Npeobpaso-
BaTens 1 K BbIXOAHOMY HaNPsiKeHUIo NpeodbpasoBaTens 2 Npu pasoMKHYTOW Lenu

Y = 1 _ YE+(YEYm+YEm)Zn (B.23)
Uy Ko +{Kgy¥m— yen’/(m)zn

Kak n paHee, eClln MEXaHUYECKUN nmMnegaHc s ﬂ,06aBﬂFIEMbIH K MOHTaXXHOW NMNOBEpPXHOCTHU, COOTBETCTBYET MNpo-

CTOW Macce m,, T0 AN rapMOHNYECKOIo BO3BYXAEHUS Z,, = jom,, U
m
T =qa+Bm,, (B.24)
(Yn _YO)

rae Y, — u3MepeHHas anekrpuyeckast NnpoBoAMMOCTb NOCHe YCTaHOBKW H8 MOHTEXHYI0 MOBEPXHOCTb A0BaBNEHHOIO
rpysa maccom m ;

Y, — W3MepeHHas anekrpuyeckas npoBoaMMocTb 6e3 rpyasa.
Mcnonbsys copmyny (B.23) ana dopmmupoBanns dyHKUMKU m/(Y, — Yq), MOXHO NONy4ntb POpMYyIbi:

k2 (B.25)
fc‘)yem(yen”(e i .Ve )

O —

B = KelKeYm— Yenkm) | (B.26)
YerlYenfe + Y ekm)

rae j — MHUMas EJEI,HHHLI,a,jZ = -1;
®— YIMoBas 4YacTtora, paBHas 2.
Ecnun U, — oTHOWeHWe U, K U4 Npun i4 = io = 0 (0bpaTuMbIn NpeobpasoBaTterb paboTaeT Kak BENOCUMETP), TO POop-
Myny (17) MOXHO NPUBECTU K BUAY

Ve (B.27)

F=u,
Yem

[ToactaBnss 3Ha4veHue cunel n3 opmynel (B.27) B hopmyny (B.19), MOXHO nonyunTte dopmyny
[ = Yenfle + Yekm (B.28)
’ .

Yem

[lponsseaexue o n U,, onpeaeneHHbiX B COOTBETCTBUM € popmynamm (B.25) n (B.28), nossonset nony4ntb hop-

MYTbI:
2 B.29
U = k2 | ( )
JOY em
JjoUyo = Ke_ (B.30)
Yem

B3sB OTHOWEHME 3 K NPOU3BEOAEHUIO jo© U o, UCMONb3YyS ANS 3TOro BbipaxeHwe ans f v o mn3 dopmyn (B.26)
n (B.25) cooTBeTCTBEHHO, 8 3aTEM YMHOXas pe3ynbTaTt Ha BblpaxeHwe Ans K, /y .., n3 opmynsl (B.30), MOXHO nony4nTb

dopmyny

_B JjoUya = KoY m k. (B.31)
joa Yem

Ha ocHoBe dhopmyn (B.22), (B.30) n (B.31) moxeT BbITb BbIMUCNEH KOMIMIMEKCHbIN KO3MPrUneHT npeobpasoBaHus
npeobpasoBartens 2 no dopmyne
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S, = joU,a | 11 dury)

N3 dopmynbl (B.24) cneayet popmyna

m =

L

oY, —Yp)

g 1_B(Yn _YO)

[OCT P UCO 16063-12—2009

(B.32)

(B.33)

[Toactaenss Boipaxenne ansa m, w3 gpopmynsl (B.33) B opmyny (B.32), MOXHO nony4nTb opmynbl Anst KOM-
nnekcHoro koadduymeHTa npeodbpasoBaHna npeobpasoBartens 2 No CKOPOCTU N NO YCKOPEHUIO COOTBETCTBEHHO:

S, = JioU, o

1

_1_B(Yn _YO)

1

-~ U,a
SaZ_J .

Jo _1_B(Yn _YO)_ |

(B.34)

(B.35)
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Mpunnoxenve OA
(cnpaBo4HoOe€)

CBegeHUA 0 COOTBETCTBUU CCbINTOYHbLIX MeXAYHapPpOoAHbIX CTaHAApPTOB HaUMOHaNbHbLIM CTaHOapTam
Poccuunckon ®epgepauum (M AeUCTBYKOLWLUM B 3TOM KadecTBe MeXrocyaapcTBeHHbIM cTaHAapTam)

Tadbnwua OA.1

OBo3HAYEeHUE CChINOYHOTO CTteneHb

Ob0o3Ha4vYeHUe 1 HAMMEHOBAHUE cooTeeTCTEBYHOWEro HaunoHaJ1IbHOIro CtTaHgapTa
MEeXAYHAPOAHOIO CTaHOapTa COOTBETCTBUA

NCO 16063-1:1998 IDT [OCT P NCO 16063-1—2009 Bubpauuns. Metoabl KannbpoBKU gaTym-
kOB BUbpauun un ygapa. Yacts 1. Obwme nonoxeHus

NCO 266:1997 — ¥

* COOTBETCTBYIOWMN HAUMOHANbBbHbIM CTaHAAapPT OTCYTCTBYET. [1o ero yrBepXaeHns pekoMeHayeTcs UCrnonb3o-

BaTb NEPEBO/ HA PYCCKUN SA3bIK AAHHOIO MeXAyHapoaHoro ctaHgapTa. [Nepesoa gaHHOro MexXayHapoaHoro craHgapra
HaxoauTca B PegepanbHOM MHPOPMaUMOHHOM hOHAE TEXHUYECKUX PEMMAaMEHTOB U CTaHAAPTOB.

[TpwnmedyaHune—B HacToswen Tabnuue NCNoONb30BaHO Creayoee yenoBHoe 0b603Ha4YeHne CTENEHN CO-
OTBETCTBUS CTAHOAPTOB:

- IDT — npeHTn4yHbIE CTAHOAPTHI.
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YK 620.178.5.05:006.354 OKC 17.160 [118

Knto4yeBble crnoBa: BUOpaLuMs, akcenepoMeTp, KannbpoBKa, BUOPOCTEHA, KaTyLllka BO30YXAEHUS, NPUHLIAM
B3aUMHOCTU
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