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HALMWOHANBbHBIN CTAHOAPT POCCUMNCKOW ®EONLEPALUUMN

Bubpauus

U3MEPEHUA BUBPOAKYCTUYECKUX XAPAKTEPUCTUK YINIPYTUX BCTABOK
C XXMAKOCTbIO B NABOPATOPHbIX YCNOBUAX

O6LWwme NPUHLUNBI U3MEpPEeHUN

Vibration. Laboratory measurement of vibration-and-acoustic properties of resilient elements filled with liquids.
General principles of measurements

Darta BBegenna — 2013—12—01

1 O6nacTb npUMeHeHusA

HacToswuii ctaHaapT ycraHasnvBaeT o6Lme NPUHLUMMLI NpoBeAeHUs nabopaTopHbIX M3MepeHnin ans
onpeaeneHus YacTOTHO-3aBNCUMbIX OUHAMUYECKUX XapaKTepUCTUK (MeXaHNYecknx, akyCTU4eCcKux, MexaHo-
aKyCTUYECKUX U aKyCTOMEXaHWYECKNX) YPYrMx BCTABOK C KUAKOCTLIO (Aanee — ynpyrux BCTaBOK), a Taioke
PYKOBOACTBO MO BbIOOPY MeToda onpeaeneHns AUHaMUYECKUX XKEeCTKOCTEeN YNPYrnx BCTaBOK B KOHKPETHbIX
YCIOBUSAX NPUMEHEHUS.

HacTtoswuia ctaHgapT pacnpocTpaHsieTcst Ha ynpyrue BcTasku B TpybonpoBogax, NnpuMeHaemMele Ans
ocnabneHus BUOpaL MM 1 3ByKa, pacnpocTpaHsiioLuMxcs no Tpybonposoay oT UCTOYHUKA (MaLnHEI, 06opyAao-
BaHWE) K MecTam HaxoXAeHWs YerioBeka 1 B OKpY>KaloLLMe KOHCTPYKLUK U cpefbl.

YacToTHbIe XapaKTepUCTUKA, NOMTyYEeHHbIE C NMOMOLLIbIO OMUCAHHBIX B HACTOALLEM CTaHAapTe MeToAoB,
MOryT BbITb MCMOMb30BaHbI:

- ANA 3aABIEHNS 3TUX XapaKTePUCTUK U3TOTOBUTENAMW U NOCTaBLUMKaMU B AOKYMEHTaLMN Ha NPOAYKUMIO;

- ANna noATBepXKAeHUs 3asiBlIEHHbIX XapakTePUCTUK;

- npu paspaboTke NpoayKUMuK;

- B cUCTeMax ynpasfieHUs KauecTBOM NPoayKLUW;

- Npy BUBpoaKyCTUYECKUX pacqeTax KOHCTPYKLWIA.

MeToAbl, ycTaHOBMEHHbIE HACTOSALWMM CTaHAAPTOM, NPUMEHUMBI NPU BLINONIHEHWUA YCNOBUIA:

a) NUHEeNHOCTM OTKIKMKA YNpyroi BCTaBKW Ha NpunaraemMoe curnoBoe Bo3gencTeune.

n punMmevaHue 1— MeTOHbI NnpUMeHnMbl ANA yNpyrmx BCTaBoOK C HENUHENHbIMU Xapakrepuctukamu, ecnu no-

cne NnpunoXXeHna ctatm4yeckMx Harpy3oK ux noseeHne onucbiBaeTcs TNUHEWHBIMU YpPaBHEHUAMU (B 3aAaHHOM AUHamMuvec-
KOM AvanasoHe amnnutya);

b) pacnpocTpaHeHus1 konebaTenbHON 3HEPrUM XUOKOCTbIO BHYTPU YNPYrMX BCTaBOK B Buae HopMarb-
HbIX NNOCKUX BOSH;

C) TOYEYHOrO KOHTaKTa YMNpyrux BCTaBOK C XXeCTKUMU afieMeHTaMmn KOHCTpYKLuK (TpybonpoBoaom, kop-
NYyCOM MaLUNHbI).

MpumeyaHue 2— YcnoBne TOYEYHOTO KOHTAKTa MOXHO CUNTATB BbINOMHEHHBIM, €CINU U3MEPEHUS NPOBOAST
B AMana3oHe 4acToT, B KOTOpoM TpybonpoBoabl coBepluaioT 6anoyHble konebaHnsa 6e3 aedopmaumm nonepeyHbIX ceve-
HUI.

2 HopmaTUBHBbIE CCbINKKN

B HacToAweM cTaHgapTe UCnonb3oBaHbl HOPMATUBHLIE CChINIKK Ha criegyroLme cTaHaapThi:
FOCT P UCO 2041—2012 Bubpaums, yaap v KOHTPOSb TEXHUYECKOro coCTOsIHUS. TepMUHbI 1 onpeae-
nexHus

WU3panune ocbmunanbHoe
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FOCT P CO 10846-1—2010 Bubpaums. UsmepeHusi BUGpoakycTUHECKUX NepeaaTovHbIX XapaKTepuc-
TUK YPYIrX afeMeHTOB KOHCTPYKLMIA B naGopaTopHbIX ycnoBusx. Yacteb 1. O6Lwme npuHUMnbl UsmepeHuin

FOCT P 54500.3—2011 HeonpeaeneHHOCTb uaMepeHus. YacTtb 3. PyKoBoACTBO NO BbIpaXXEHUIO He-
onpeaeneHHOCTN U3MepPeHNUs

FOCT P 54500.3.1—2011 HeonpeaeneHHoOCTb usaMepeHus. HYactb 3. PykoBoaCTBO NO BhIPAXKEHUIO He-
onpeaeneHHocTn naMmeperus. fononHeHune 1. TpaHcchopMupoBaHue pacnpeaeneHuin ¢ UCNonNb3oBaHUeEM Me-
Toga MoHTe-Kapno.

MpunmeyaHwune—lpun Nonb3oBaHMN HACTOAWMM CTaHAAPTOM LenecoobpasHo NPOBEPUTL AENCTBUE CCbINOY-
HbIX CTaQHAAPTOB B WH(OPMAUMOHHON cucTeme o6WEro nornb3oBaHWA — Ha oduumanbHoM cante PepepansHOro
areHTCTBa Nno TeXHU4YeCKOMy perynupoBaHuio n MeTponormm B CeTn MHTepHeT nnn NO exerogHomy MHd)OpMaLlMOHHOMy
ykasarento «HaunoHanbHble CTaHAapTbI», KOTOPLIN ONYBITMKOBaH MO COCTOAHMIO Ha 1 AHBaPA TEKYLWero roga, u no Beinyc-
KaM eXXeMeCsHHOro MHOPMaLMOHHOTO ykasaTens « HaumoHanbHble CTaHAapTbI» 3a Tekywun roga. Ecnu 3ameHeH cebinou-
HbI CTaHAAPT, Ha KOTOPbIM AaHa HeaTUPOBAHHAA CCbINKA, TO PEKOMEeHAYeTCA UCNoNb3oBaTh ASUCTBYIOLWLYIO BEPCUIO
3TOro CTaHgapTa € y4eTOM BCEX BHECEHHBIX B AAHHYI0 BEPCUIO U3MEHEHUIN. ECnn 3ameHeH CebiNoyHbIN CTaHAapT, Ha KOTOo-
prVI BaHa gatnpoBaHHasn CCbifNka, To pekomMmeHayeTCa UCNnonb3oBaTh BEPCUIO 3TOrO CTaHAapTa C yKa3aHHbIM BbiWwe rogom
yTBEPXAEeHUs (NPUHATUSA). Ecnn nocne yTBepXXAeHWA HACTOALWErO CcTaHaapTa B CCbINOYHBLIN CTaHAAPT, HA KOTOPLIN AaHa
OaTVpOBaHHasi CCbiNka, BHECEHO M3MEHEHUe, 3aTparvealioLLee NnoroXeHne, Ha KOTOpoe AaHa CCbiNka, TO 3TO NONoXeHne
pekomeHayeTcsi pumeHsiTe 6e3 ydeTa AaHHOro nameHenusi. Ecnu ccbinoyHbili ctaHpapT oTMeHeH 6e3 3ameHsl, To nono-
KeHve, B KOTOPOM JaHa CCbINKa Ha HEro, PeKOMEHAYETCs MPUMEHSTh B YacTW, He 3aTparvBalowWwen 3Ty CCbinkKy.

3 TepMuHBbI 1 onpeaeneHus

B HacTosilleM cTaHdapTe npuMeHeHbl TepMmuHbl U onpegeneHns no FOCT P UCO 2041 un
FOCT P UCO 10846-1, a Takke cneaytolime TepMUHbI C COOTBETCTBYIOLLIMMU onpeaeneHusaIMu.

3.1 ynpyrasi BcTaBka (C XXWAKOCTbIO): BuUbpousonsaTop, OCHOBHOW (DYHKLMEN KOTOPOro siBNsieTca
ocrnabnenve kone6aHWn 1 BOMH, pacnpoCcTPaHALWMXCA MO KOHCTPYKLMA U B XXUAKOCTU Tpy6onposoaos, B
onpegeneHHoOM ananasoHe 4acToT.

3.2 BXxop ynpyrow BcTaBku: TopLieBas CTOPCHa YNPYron BCTaBKW nepaast Mo TEYEHUIO XUAKOCTU Npn
HOpMarnbHOM peXxvme NpoTekaHWs XuakocTun B Tpybonposoge.

MpumedyaHue 1—PasgeneHne CTOPOH yNpyron BCTaBKU HA BXOAHYIO U BbIXOAHYIO BO MHOIOM YCIIOBHO, OCO-
BeHHOo ecnu ynpyrasi BCtaBka CMMMEeTPpUYHa U 3TN CTOPOHbI B3anmo3aMeHAEeMbl. B ucnbiTatenbHbIx yCcTaHoBKax, onnucaH-
HbIX B HACTOSILLEM CTaHZapTe, BO BCEX Cryyasix mpeanonaraeTcsi, YTO CUNOBOE BO3AENCTBME NOAAETCSl HA BXOA YNpyron
BCTaBKW. YT0ObI MONYyUnTh 3HAYEHUSI UMNEeAAHCOoB, TpebytoLWrX nogaYun Bo36yxaeHWA Ha BbIXOA YNPYrow BCTaBKW, ee BXoa-
HYI0 U BbIXOOHYIO CTOPOHY CriegyeT NOMeHATb MeCTamMu (nepeBepHyTb). |-|pVI 3TOM HanpaBneHne TeYeHnsa XXNAKocTn vyepes
ynpyryw BCTaBky cnegyeTt USMEeHUTb Ha NPOTUBOMNONOXHOE.

MpumedaHue 2— dnaney Ha BXoAe yNnpyrovi BCTAaBKM Ha3bIBAETCH BXOAHbIM hnaHuem.

3.3 BbIXOA ynpyroun BcTaBku: TopLieBasi CTOpOHa yNpyron BCTaBKW, NPOTUBONONOXHAA BXOAHOW CTO-
poHe.

MpumevaHune 1 — Cm. npumevaHue 1 K TEPMMHONOIMYECKON cTaTthe 3.2.

MpnmedyaHune 2— dnaHel Ha BbIXOAE YNPYrov BCTABKM HA3bIBAETCH BbIXOAHBIM hnaHUeM.

3.4 3ByKkoBoe faBneHue (B xugkoctu): lNepemeHHoe AaBneHue, cozgaBaeMoe BOMHaMK, pacnpoc-
TPaHSALWUMNCA B KUAKON cpefe.

3.5 o6bemHan ckopocTb (kupgkocTu): OBbeM XUOKOCTU, MPOXOOALMA Yepe3 3afaHHylo Nnosepx-
HOCTb, HOPMarbHYIO K HanpaBreHWUIo pacnpoCTPaHeHUst BOMHLI, B eQNHULY BpEMEHMU.

MpumedaHue— Ob6beMHyO CKOPOCTE V MOXHO onpeaenuTs opMyon
V= j j v,dS, M

roe dS — anemeHT nnowaan NoBepxXHOCTH S, AN KOTOpoW onpeaensiioT V,
V,, — HOpMarbHasa coCTaBnNAoWan konebatenbHON CKOPOCTU HaCTUL, KUAKOCTU Ha NOBEPXHOCTK S.

3.6 yacToTHas xapakTepucTuKka: YacToTHO-3aBNCUMOE OTHOLLUEHWE KOMMIEKCHBIX BeMWYMH, oaHa 13
KOTOPbIX XapakTepuayeT 0606LLEeHHYIO BbIHY)XAAIOLLYHO CUNY, a Apyras — ABWKeHUe, ABNAOLLeeca OTKINKOM
Ha NPUMIoXeHHOe BO3AENCTBME.

MpumedvaHune 1 — [aHHoe onpegeneHve sSBNAETCA  MOAUMUUMPOBAHHLIM MO  OTHOWEHWIO K
FOCT NCO 2041—2012, (TepMmnHonornyeckas cratbst 1.53).
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MpumedyaHune 2— BennuuHamu, XxapaKkTepuaylowymMy BO3gencTBre, MoryT BbiTb, HaNpUmep, cuna, MOMeHT
CuI, 3BYKOBOE JaBlieHve. BenvumHamu, xapakTepuaylowmMmn OTKIUK, MOTYT GbiTb, HanpuMep, CKOPOCTb, YrNOBasi CKO-
poOCTh, 06bEMHas CKOPOCTb XUAKOCTW.

MpumedvaHue 3—TloHATME YAaCTOTHON XapaKTEPUCTUKM MCMOMNb3YIOT, KaK NPaBuo, Ans JIMHENHLIX CUCTEM.

MpumMmevyaHnune 4 — Ecnn OTKIMK BblpaXaloT Yepes CKOpoCTb (CKOPOCTb BMBpauun dnaHua unm obbeMHyto
CKOPOCTb XUAKOCTH), TO COOTBETCTBYIOLLAA YACTOTHAs XapakTepucTuKka HasbiBaeTesa nMnegaHcomM. Ecnm 06o6LweHHast Bbl-
HyXJdatoLLas cuna n OTKIKK B BUAE CKOPOCTY OnpeaeneHbl Ha OAHOM M TON e CTOPOHE (BXOAHOM UNW BbIXOQHOW) ynpyrom
BCTaBKW, TO COOTBETCTBYIOLLAS YaCTOTHAS XapaKTepuCTMKa Ha3biBaeTCsl BXOAHbIM MMNEAaHCOM, eCNK Ha pasHbiX — nepe-
XOAHbIM MMNeaaHcoM. B TepmuHe «BXOOHOW MNedaHc» CNOBO «BXOQHOW» 4acTo OMyCKakT, €CMU CMbICIT TEPMUHA SICEH
M3 KOHTEKCTa.

MpumedvaHune 5— CnegyeT pasnuyatb NPUMEHEHME NMOHATUI «BXOOHON», KBXOA» B TEPMUHAX «BXOLHOW UM-
negaHc» n «BXOOHON hnaHeu» Unu «BXo4 YNpyron BCTaBkMy. BxogHol nmneaaHc moxeT ObiTb onpegeneH kak Ha BXoge
ynpyrovi BCTaBKM, Tak U Ha ee BbiXode.

MpumMmeyaHue 6 — 3HaveHne uMNeaaHca CyLLECTBEHHO 3aBUCUT OT rPaHNYHbIX YCNOBUWIA. B HacTosILLeM cTaH-
JapTe npegnonaraeTcs, YTO ABWXEHVE COBEPLUAeT TOMBKO Ta TOYKa U TONbKO B TOM HanpaBreHuu, 4ns KOTOpol onpeae-
NS0T OTKMUK, @ CKOPOCTW OCTarnbHbIX TOYEK U TOYKM OTKNUKA B APYIVMX HanpaeneHnsX paBHbl Hynio.

3.7 MexaHu4Yeckuit umnepaHc: YacToTHas xapakTepucTuka, npedcTasnstowan coboi oTHoLeHue
KOMMAEKCHbIX BENUYUH AUHAaMUYECKOH CUnbl, AeACTBYIOLWEN Ha dnaHeL, ynpyroro anemeHTa B 3aaaHHOM Ha-
npaBfieHnmn, 1 KOMMNIEKCHON CKOpPOCTU BUBpaLmMn driaHLa ynpyroro afieMeHTa B TOM e UIv B ApYroM 3agaH-
HOM HanpaBneHuu.

MpumevaHwne 1— Ecnu KOMNIEKCHbIE CUNA U CKOPOCTL ONpefeneHbl Ha OAHOM U TOM Xe doraHue (BXOQHOM
nnm BbIXO,EI,HOM) yrlpyr017| BCTaBKU C XUOKOCTbIO, TO UX OTHOLWEHWe Ha3biBaloT BXOAHbIM MEXaHU4YEeCKUM MMNeaaHCcoMm, a
€CNn Ha PasHbIX — NepexoaHbIM MeXaHUYeCKUM MMMegaHCoM.

MpumevaHune 2— dnaHey ynpyrov BCTaBkM cnocobeH coBepluaTh ABWKEHUS C LIECTbIO CTENEHAMU cBOGO-
Abl. CocTaBnsowas cunsl (MOMeHTa CUMbl) B 3a4aHHOM HanpaeneHnn ABWKEHUSI U COCTaBISIOLLAA CKOPOCTH (YrnoBoW
CKOPOCTU) B TOM Xe UK B APYrom 3a4aHHOM HanpaeneHnn onpeaenaT COCTaBNSAOLWYI0 MaTPULIb MEXaHUYECKUX MMNeAaH-
COB.

Mpumeuanue 3— B HacTosIWEM CTaHAAPTE NPeAnonNaraeTCa BoINONHEHWE CNEAYIOWMNX MPaHNYHBIX YCIOBUI
npu onpegeneHnn MeXaHNYeCcKoro MMNeaaHca: CKopocTn Bubpaummn draHua, Ha KOTOPOM ONpeaensioT OTKINK, Mo BCeM
cTeneHsaM cBoGOAbI KPOME TOW, At KOTOPOW ONPEeAEensiioT OTKIMK, CKOPOCTH BUBpaumun NpoTUBONONOXHOMO dnaHua no
BCEM LECTU cTeneHsiM cBo6OAbI PABHbI HYIHO.

3.8 aKkycTuyeckum umnenaHc: YactoTHas xapakTepucTuka, npeactaensiowas cobol oTHolweHue
KOMMNEKCHBIX BEMAYUH 3BYKOBOIO OABMEHUS B XXUAKOCTU U 06 bEMHOIA CKOPOCTU XUAKOCTU.

Mpumeyanune 1— Ecnu KOMMNeKcHbie 3BYKOBOE AlaBNeHne n 06beMHan CKOPOCTb onpeaeneHbl Ha OAHON U
TOW e CTOpPOHe (BXOAHOMW UMW BbIXOZHOW) YNPYroi BCTaBKU, TO MX OTHOWEHUE Ha3blBalOT BXOAHBIM aKyCTUHECKUM UMNe-
AAHCOM, @ €CIU Ha Pa3HbIX — NePEXoAHbIM aKyCTUHECKUM UMMEAAHCOM.

MpumeuaHue 2— B HacTosiweM cTaHgapTe NpeanonaraeTca BoINONHEHNE CINEAYIOWMUX MPaHNYHBIX YCIOBUI
npy onpeaeneHnn aKkyCTUYECKOTO MMNEAaHCa: [BWKEHNE COBEPLUAET TONbKO TOYKA, B KOTOPOMN onpeaensioT 06beMHyio
CKOPOCTb XUAKOCTH, @ CKOPOCTH KONneGaHmii XXMAKOCTM HA NPOTUBOMNONOXHOM KOHLE YNPYron BCTABKKM, PABHO KaK U CKOPOC-
™™ BUGpaumm ¢pnaHues ynpyroii BCTaBKK M0 BCEM LWECTU CTeneHsiM cBoGoAbl PaBHbI HYNIO.

3.9 mexaHoaKycTU4ecKU uMneaaHc: YactoTHasi xapakTepucTuka, npeacraenaowaa coboit oTHo-
LUeHWe KOMMNMNEKCHbIX BENMUYUH AMHAMUYECKOW CUIbl, AENCTBYIOWEN Ha hrnaHeL, yNpyroro aneMeHTa, n o6bem-
HOW CKOPOCTU XXNOKOCTN.

MpumeyaHune 1— Ecnuv KoMnnekcHbie curna n 06beMHasi CKOPOCTb ONpeaeneHbl Ha OHO U TOW Xe CTOPOHe
(BXOAHOM NNW BbIXOAHON) YNPYroi BCTABKW, TO UX OTHOLLEHME Ha3bliBalOT BXOAHBIM MEXaHOAKyCTUUECKUM UMMNEAAHCOM, a
€CNn Ha PasHblX — NEPEXOAHBIM MEXaHOAKyCTUUYECKMM MMNEAAHCOM.

Mpumevyanune 2— dnaxHey ynpyrom BCTaBKM CNocobGeH CoBeplaTh ABUXKEHUS C LIECTbIO cTeneHsiMu cBOOOo-
Abl. CocTaensalowan cunbl (MOMeHTa curbl) B 334aHHOM HanpaeneHun ABUXEHUsT onpeaenuT COCTaBNSIOLLYyI0 BEKTOpa
(matpuubl-ctonbua) MexaHOaKyCTUHECKUX MMMNEAAHCOB.

Mpumeyanwne 3— B HacTosWEeM cTaHAApPTE NPeANonaraeTCa BLIMONHEHNE CINEAYIOLUX TPaHUYHBIX YCIOBWNA
npy onpeaeneHmn MeXaHoaKyCTUHECKOrO UMMNEAAHCa: ABWKEHNE COBEPLUIAET TONbKO TOUKa, B KOTOPON onpeaensiioT o6b-
€MHYI0 CKOPOCTb XWAKOCTH, a CKOPOCTU konebaHuii XXMAKOCTM Ha NPOTMBONOIOXHOM KOHLIE YNPYrol BCTaBKW, PABHO KakK U1
ckopocTn Bubpauum hnaHues yrnpyro BCTaBKM MO BCEM LLECTU CTENEHAM cBOGObI paBHbI HyIHO.
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3.10 akycTomMexaHUueckuil UMNefaHc: YacToTHasa xapakTepucTuka, Npeactasnaowas coboit oTHo-
LIeHWEe KOMMNEKCHBbIX BENMUYMH 3BYKOBOrO AaBMeHUS B XXUAKOCTU U CKOPOCTU BMOpauuu cnaHua ynpyrom
BCTaBKWN.

MpumeyaHune 1— EcnukomnnekcHble 3ByKOBOE AABMEHWE B XXUAKOCTW U CKOPOCTb BUGpauum cnaHua onpe-

AeneHbl Ha OHON N TON e CTOPOHE (BXOAHOW UNK BbIXOQHON) YNPYron BCTABKM, TO MX OTHOLWWEHUE HA3biBAIOT BXOAHBLIM
aKyCTOMEXaHW4EeCKMM UMMNEJaHCOM, 8 €CMN Ha Pa3HbIX — NEPEXOAHbIM aKyCTOMEXaHUYECKUM UMNEAAHCOM.

MpumeyvyaHune 2— dnaHey ynpyrow BCTaBKM CNOCOGEH COBEpLIATL ABUKEHUS C LECTbIO CTeneHs MU cBo6o-
Abl. CocTasnsiowas ckopocTu (YrnoBOM CKOPOCTH) B 3a4aHHOM HaNpaBneHnn ABWKEHUS ONpeaenuT COCTaBNSIOLLYIO BeK-
TOpa (MaTpULbI-CTPOKM) aKyCTOMEXaHUYECKNX UMNeAaHCOB.

MpumeyaHue 3 —B HacToswem cTaHAapTe NPeanonaraeTcs BbINONHEHWE CNEAYIOWMX FPAHNYHBIX YCIOBUNA
npu onpeaeneHnn akyCToMexaHu4eckoro umnegaHca: o6bemHas CKOpoCTb XUAKOCTU Ha BXOAE U BbIXOAE YNPYro BCTaB-
KW, CKOpOCTb BUGpaumm riaHua, Ha KOTOpom onpeaeneHa ckopocTb, NO NATK CTeneHsm ceoboap! (KpoMe paccmaTpusae-
MOW), @ TakKe NPOTUBOIONOXHOIO driaHua no BCeM WECTU CTeneHam cBoboabl paBHbI HYNIO.

3.11 cunosas nnatdopma: >KecTkaa KOHCTPYKLUA C NFIOCKOW NOBEPXHOCTLIO, HA KOTOPYIO onupaeTca
cbnaHeL, UCNLITYEMO YNPYro BCTaBKWU U HA KOTOPOI yCTaHOBNEHbI AaT4YNKX CUbl (TEH304ATYMKN), MO3BOSISAIO-
e u3MepsTb AUHaMUYecKie cunbl, AeNCTByOWME Ha hnaHeu, AnA BceX cTeneHen ceoboabl ero ABWKEHUS!.

n pumMmeyvyaHune — MomeHTbI cunbl 06bIMHO U3MepAT C UCNONb3OBaHNEM Napbl AAaTHUKOB CUTbI.

4 O603HauyYeHun

B HacTosiLeM cTaHaapTe NpUMeHeHbl cneaytoline ycnosHele 0603HavYeHUs:

F — BexkTop AMHaMUYECKON CUNbI, BKNIOYAIOLWWIA B CeBA Tpy cocTaBNAOLWMX cunbl (F,, Fy, F,) n Tpu co-
CTaBNAOWNX MOMEHTA CUN M. M, M,);

F" — BeKTOp ANHaMUYECKON CUSbl, NPUMOXKEHHOW K BXOAHOMY cbriaHLy YNpyro BCTaBKM;

Fout — BeKTOpP AUHAMUYECKOW CUMbI, MPUMOXKEHHON K BLIXOAHOMY dhnaHLy Ynpyroi BCTaBKY;

p — 3BYKOBOE [laBlieHue B XUAKOCTW;

p" — 3BYKOBOE JABMEHUE B XUAKOCTU HA BXOAE YNpYrol BCTaBKu;

pout — 3BYKOBOE AA@BMEHNE B XMAKOCTU Ha BbIXOAE YNPYroi BCTaBKu;

V — 06beMHasi CKOPOCTb XUOKOCTH;

Vin — 06beMHas CKOPOCTb XMAKOCTW Ha BXOAE YNpPYron BCTaBKY;

Veut — 0B beMHast CKOPOCTb XUAKOCTU Ha BbIXOAE YNpYroi BCTaBKY;

v — BEKTOp ckopocTun BUGpauum dnaHua, BKIoYaowui B cebst no Tpn cocTaBsomx NPAMOSTMHEAHON
(Vyo V), V) N YTNOBOW (v, V0 Yy,) BUOPALIN;

vin — BEKTOP CKOPOCTU BUGpaLMM BXOAHOTO chraHLa ynpyro BCTaBku;

vout — BEeKTOP CKOPOCTU BUBPaLIMM BbIXOAHOTO dhraHLa yrnpyroi BCTaBKu;

X, Y, Z— OCU OeKapToBON CUCTEMbI KOOPAUHAT;

Z,-r,?,,-n — MaTpuLa BXOOHbIX MeXaHN4YeCKNX MMNegaHCoB BXOAHOro (oraHua ynpyrom BCTaBKu;

Zjut out — MaTPULA BXOAHBIX MEXaHNYECKUX UMMEeAaHCOB BBIXOAHOTO chriaHua ynpyroi BCTaBku;

1 out» Zout in — MATPULIbI NEPEXOAHBIX MeXaHUYeCckUX UMMNeAaHcoB yrpyroi BCTaBky;

Z,";’7 i — BXO[HOMN aKycT1Yeckunin UMneaaHc Ha Bxoae Ynpyron BCTasky;

Z&,t out — BXOAHOM aKyCTUYECKWA MMMeaHC Ha BbIXode YNpyroi BCTasKu;

o outr Zoutin — NEPEXoAHbIe akycTUYeckne MNeaaHchl yrpyroi BCTasKy;

in,out »

Zj 7 — maTpuua-cTonbel, BXoAHbIX MeXaHoaKyCcTUYeckiX MMMNeAaHCoB Ha BXoae Yrpyroi BCTasku,;
Z0 5yt — MaTpuua-ctonbeL, BXoaHbIX MeXaHoakyCTMYeCKNX UMMNeAaHCoB Ha BbIXOAE YMPYron BCTaBKM;
i ot s oui.n — MaTpuLia-cTonGeLl| nepexoHbIX MexaHoaKyCTUYEeCKUX MMeJaHCoB YNPYroi BCTaBKY;

Z7 5 — MaTpuLa-cTpoka BXOAHbIX aKyCTOMeXaHW4YeCckx MMneJaHcoB Ha BXoae Ynpyroi BCTaBKu;

a-m

out.out — MaTpULa-CTpoka BXOAHbLIX aKyCToOMeXaHNYECKUX UMneJaHCoB Ha Bbixoae ynpyroﬁ BCTaBKW;

&t Zogt in — MaTpULia-CTpoKa NepexoHbIX akyCToMeXaHUYecknxX MMMeaHcoB yrpyroi BCTaBKy.
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5 TeopeTu4yeckne OCHOBbI U3MEPEHUIA

5.1 O6wue nonoxeHusn

B HacTosiLleM cTaHgapTe paccMaTpUBakTCs MpsiMble METOAb! U3MEPEHUI UMNeaaHCoB YMpPYruxX BCTaBOK
(cm. [1]). CornacHo 3TMM MeToAaMm C MOMOLLBH0 M3MePUTESTbHON YCTaHOBKU CO3AaloTCa 3afaHHble rpaHuYHble
ycrnoBus korne6aHuii BXOAHOTo 1 BbIXOAHOMO (hiaHLLEB M XKUAKOCTU Ha BXOAE W BbIXoAe YNpYyron BCTaBKK, a Tak-
XKe YCroBuWsl cTaTUYeckoro HarpyxeHusi. log ctatMdeckMm HarpyXeHnem noHuMaeTcsi COBOKYMHOCTb cTaTu-
Yeckol cunbl, Npunaraemoln k cnaHuy ynpyroi BCTaBKWA, U CTATUYECKOTO AAaBEHUS B XKWOKOCTU BHYTPU
BCTaBkN. CTaTudeckoe HarpykeHue onpegensietcsl ycrnoBuamu paboTbl ynpyrom BCTaBKM B COCTaBe
TpybonpoBoaa u 3agaetcs U3roToBUTenNeM.

B xoae uamepeHuii ocyluecTBnatoT Bo3GyxaeHne konebaHui naHues UM XMaKkocTn 1 peructpaunio
konebaHuit hnaHLeB 1 XUAKOCTW, a Takke AUHaAMUYECKUX CUi, AEUCTBYIOLMX Ha chbnaHLbl, U 3BYKOBbIX AaBne-
HUI B XKMOKOCTU Ha BXoAe W Bbixode ynpyron BcTaBki. Ha ocHoBe nonyyYeHHbIX AaHHBIX onpeaensaoT KoMno-
HeHTbI 06Len MaTpULLbl UMNEeAAHCOB YNPYron BCTaBKU.

5.2 MaTpuua umnegaHcos

5.2.1 OG6wun BuA MaTpuLbl UMNEeJaHCOB

B ananasoHe 4acToT pacnpocTpaHeHus B Tpy6onpoBoaax HopMarnbHbIX MAIOCKUX BOSTH U OTCYTCTBUA Ae-
dopmaLmn nonepeYHbIX cedeHnin TpyGonpoBOaAOB CBA3M CUMOBLIX U KMHEMaTUYECKUX NapaMeTpoB rapMOHU-
yeckux konebGaHuil Ha BXoae U Bbixode ynpyroi BcTaBku B Tpy6onposoae MoryT 6biTb onucaHbl hopmMynamu,
KoTopble B 6NOYHO-MaTPUYHON hopme 3anucn UMeT Bua

in m. m m=a m-a in
F Zm ,in in,out Zm ,in in,out 14
F out m m m-a m-a Vout
_ out,in out ,out out,in out,out x (2)
in || zam zam  za. a vin |
p in,in in ,out in,in in,out
out a-m a-m a Za Vout
p |_ out ,in out ,out out in out,out

Ha pucyHke 1 nsobpaxeHa cucTema KoopAMHAT U HanpaBeHUs CKOPOCTEN U AUHAMUYECKUX CUM Ha BXO-
[e W BbIXode YNpyroi BCTaBKM.

Yax
Mot
Fin
X
. Fin
in y
My:

in in in
z Y. Mxy My

1 — Bxop[ yNpyrow BCTaBku; 2 — BLIXO YNPYron BCTaBkn

PucyHok 1 — Cucrema koopavHaT v HanpasreHUsi CKOPOCTEN N AVHAMUYECKNX CUI
B YNpyrom BCTaBke
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MaTpuLbl MEXaHUYECKUX UMMEedaHCOB UMELOT pa3MepHOCTb 6 X 6 (4TO COOTBETCTBYET LUECTU CTENEeHAM
cB0o60oabl ABMKEHWIA BXOAHOMO U BbixodHOro dhraHues). OnycTUB NoaCcTPoUHbIe MHAEKCH («in,iny; «in,outy;
«out,in» nnn «out,outy»), MaTpuULy MexaHUIECKUX NMMNeQaHCOB MOXHO NpeacTaBuUTb B BUAE

_Z)’ZX Z)I(ny Z)’(nZ Z),Z,VZ Z),:ZX Z),ZX}/ ]
Zyx Zyy Zyz Zyye Zya Zywy
7m _ Zgjx Zg,’y Zgjz Zgjyz Zg.sz Zgjxy (3)
Zypx Zypy Zyz Zyzye Zypox iy
ZZ:,X Zg(,y Zg(,z Zg(,yz Zg’(,zx Zg’(,xy
Zyx Ziyy L.z Zyye Ly iy

MpumedyaHue—lMogCTPOUHbBIN MHAEKC B BuAe 00603Ha4YeHWs OQHOM M3 OCel, HanpuMep «X», ykasblBaeT Ha
NpsIMONMHENHOE BO3AENCTBME UMW ABWXEHUE BAOMb 3TOW ocu. [1Be 0CM B NOACTPOYHOM UHAEKCE, HAaNPUMEpP «Xy» YKasbl-
BaloT Ha BOS,quICTBMe unv aBunXxxeHne B COOTBeTCTByIOU.LeVI NMMNOCKOCTH, T. €. B JaHHOM cny4ae, OTHOCUTEINbHO OCU Z (CM. pu-
CYHOK 1).

MaTpuua-ctonbel, MexaHoaKyCTUYECKNX N MaTpULa-cTpoka akyCToMexaHUYecknx uMmnegaHcos UMetoT
pa3MepHOCTb COOTBETCTBEHHO 6 X 1 1 1 x 6 (UTO COOTBETCTBYET LLECTU cTeneHsIM cBoboabl ABWKeHUA hnaHua
1 oHOW cTeneHn cBoboabl ABWKeHNS XngkocTi). OnycTyB NMOACTPOUHBIN UHAEKE («in,in»; «in,out»; «out,in»
unu «out,outy»), aTM MaTpULLLI MOXXHO NPeACTaBUTb B BMAE

e
zm-
m-a
Zme = 2"2 ’ )
zm-e

m-a
_ZX.V J

zam —[zam za-m za-m zam zam zam). (5).

Ons Matpuy, MexaHM4ecKkMX, MexaHoaKyCTUYeCKUX U akyCTOMeXaHUYeCKuX UMNeaaHcoB BbIMOMHAETCA
COOTHOLLEHNe (BEPXHUI NHOEKC ONyLLEeH)

Zin, out = Zout,in’ (6)

a Ong akyCtudeCckux nMmneaaHcoB BbINONMHAKTCA COOTHOWEHNA
a a a a
Zin,in = _Zout,out’ Zin,out = "%out,in - (7)

C y4eToM aTOro 13 196 4neHoB NOMHOM MaTpuLbl UMNeaaHcos hopMynbl (3) pasnuyaroTcs Mexay coboi
Tonbko 105 uneHos.

OnemMeHTbl MaTpULLbl UMMeaHCOB ABMNSIOTCA YacTOTHBIMU XapakTepncTukamn. Kaxabli aremMeHT maTpu-
Lbl MMMe4aHCOoB onpeaensioT No oTAeNbHOCTM BO BCEM AuanasoHe YacToT NpUMeHeHns meToaa.

MpuMeyaHue— [nsynpoweHns 3anucu hopmyn B HAaCTOsILLLEM CTaHJapTe 3aBUCUMOCTb OT YacTOThl B SIBHOM
BUAe He yKa3blBaeTcs.

5.2.2 PaspexeHHble MaTpuLbl UMNEeAaHCOB

B GonblUMHCTBE criyyaeB ynpyrie BCTaskv B Tpy6onposoAax npeacTasnsitoT Cobon 0cecMMMeTpUYHbIe
KOHCTPYKLMW. [N HUX MHOTVE 3fIeMEeHTbl MaTpuLbl MMMeAaHCOB OKasblBalOTCA paBHbIMK HYMto. Tak ans ynpy-
roil BCTaBKW, CUMMETPUYHOW OTHOCUTENBHO OCU X HEHYMEBLIMU OKas3bIBaOTCA NULbL 52 3nemeHTa MaTpuLbl
MMMNEAAHCOB, U U3 HUX MO 3HAYEHWIo PasnnMyaoTcs ToNbKo 14 anemeHToB (CM. npunoxeHue A). OBbIYHO yrpy-
rMe BCTaBKW MMEIOT OAMHaKoBble cbriaHLbl Ha Bxode W BbIXode, Tak Kak coeauHsaoT TpybonpoBodbl paBHbIX
AnameTpos.

6
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[na maTpuy, umnenaHCcoB ¢ 6onbLWNM YUCNIOM HyneBbIX 3/IEMEHTOB YpaBHEHUA CBA3U MEXAYy CUIOBbIMA
M KMHeMaTU4eCKUMU napamMeTpaMun sSHa4YUTENIbHO ynpoLwaroTcaA.

HyJ'IeBbIe 3neMeHTbl MaTpuubl MNeaaHCOoB onpeaenaAlnT Ha OCHOBE aHanu3a KOHCTPYKUMWU ynpyrux
BCTaBOK, U B MnpoLiecce UCTNbLITaHUA 3HAYEHUA STUX SNIEMEHTOB HE U3MEPSIOT.

M pwumeuyaHune—Illockonbky peanbHbie ynpyrie BCTasku He 06naaaloT CTPOro CUMMETPUEN, MOAYIIN YaCTOT-
HbIX XapaKTePUCTUK «HYIIEBbLIX» 3MEMEHTOB MaTpULbl UMNEAAHCOB Gy ayT XOTSI M MaribiMU, HO BCE XK€ OT/INYHBIMU OT HyJIISI.
OaHaKO MOMbITKY OUEHNUTL «peanbHble» 3HAYEHNS TakKUX YaCTOTHbLIX XapakTepucTuk ByayT CONPOBOXAATLCS YPE3MEPHO
60nbLION HEONPEAENEHHOCTBLIO U3MEPEHUIA, N NOMPELIHOCTU TaKMX OLIEHOK MOTYT BbITh CyWeCTBEHHO GonbLue NOrpPeLHOC-
Tei Npy anpUuopHOM NPUNUCLIBAHUM 3TUM XapPaKTePUCTUKAM HYNEBOro 3HAUEHUsI.

5.3 OnpepeneHue aNeMeHTOB MaTpuLibl UMNeAaHCOB

YacToTHble XapakTepuUcTUKn, KOTopble NPpeaACcTaBnAoT COBOM 3NeMeHTbl MaTpuLbl UMNEAAHCOoB, onpeae-
NAKT B pesynbTraTte U3MepeHUN Ha UcnbITaTeNbHbIX yCTaHOBKax CUNOBbLIX (BeKTOp AUHaAMUYECKON CUnbl, AaB-
neHwe) N KuHemaTu4eCkKux napameTpoB (CKOpOCTb Bubpauum, obbemHas CKOpPOCTb )KMAKOCTM) npu
rapMoHu4eCckom Bo36y>|<,quwm (Ha ANCKPeTHBIX YacToTax UMK ¢ KaYaHUeM 4YacToThl) ¢ nocneayowmnm onpeae-
neHneM OTHOLLEHNIA KOMNEKCHBIX aMmnTyg sTux napameTpoB.

Mpumep — MepexodHbiil akycmuyeckull umnedanc Zy, ., ONpedesIiemcs npu epaHuYHbIX ycnosusax vin = 0,

vout = 0, Vin = 0 hopmynoil Zj, o, = PTIVO, 20e puV U — KoMnIeKCHBIE aMTIUMYObI COOMEEeMCMEEHHO 38YKo-

8020 OassieHuUs1 u 06bLeMHOU CKopocmu Ha Yacmome 8036yxdeHus1.

OpyrumM BapuaHTOM SIBMSIETCS UCMONb30BaHWE LIMPOKOMONOCHOTO BO3GY)XASHUA U BbIMUCNIEHWE B3anM-
HbIX CMIEKTPOB CUTHAasOoB.

B 3aBNCUMMOCTM OT KOHCTPYKLMW YNPYrMX BCTABOK 4TS BbINONIHEHUS U3MEPEeHUn 3IEMEeHTOB MaTpULibl M-
neaaHcoB NPUXoAUTCA UCTIONb30BaTh PasHble CXEMbI UCTILITATENbHBIX YCTAHOBOK, Pa3NYaloWnXca:

- cnocobamu KpenneHus ynpyrux BCTaBok;

- cnoco6amu BOCTIPOU3BEAEHUS CUMOBOMO BO3GYXAEHWS YIPYroi BCTaBKu,;

- MECTaMM YCTAHOBKM JaT4YMKOB CUM U BUBpaLuu.

5.4 [unana3oH 4yacTtoT npumeHeHUA MeToga

OrpaHun4eHus, ykasaHHble B pasgerne 1, onpeaensoT AManasoH YacToT NPUMeHeHnst MeToaa, B KOTOPOM
3Ha4YeHUs 3NEeMEeHTOB MaTpuubl MMMAegaHCoB MOryT OblTb M3MeEpeHbl ¢ 3aJaHHON HeonpeaeneHHOCTbIo
(cm. pasgen 9).

B 3aBMCMMOCTI OT reOMeTPUYECKNX PasMEPOB MPOXOAHOrC CeYeHus yrpyroi BCTasku, Tpybonposoaa, a
TaKKe XXeCTKOCTel KopAa ynpyroi BCTaBKv U cUCTEMbI TPYBOMNpoBoAa rpaHuYHbIe AnanasoHbl YacToT n3Mepe-
HWUS OTAeNbHBIX 3NTEMEHTOB MaTPULbl UMMNeaHCOB UMEOT pasHble 3HauyeHus], KOTopble TPYAHO OLEHUTL Teo-
peTndeckn gaxe B MepBoM npubnwkeHun. MoaTomy Monb3oBaTento HacTosAwero craHgapTa cregyet
CaMOCTOsITENbHO NPOBECTU NCCNeaoBaHUs ANs onpedeneHus AnanasoHa 4acToT NpMMeHeHUs metoaa 4asi
KOHKPETHOM MUCMbITaTeNbHOW YCTaHOBKM N KOHKPETHBIX OGBEKTOB UCMbITAHNA.

MpumedyaHue— B kayecTBe NPU3HaAKOB BbIX0AA 3a NpeAenbl AMana3oHa YacToT NPYMEHEHNsS1 MeToaa MOXHO
cunTaTth:

- pe3koe nageHue ypoBHs PYHKLMU KOrepPeHTHOCTMY;

- 3HaYMTEIbHbIE N3MEHEHUs Pe3yNbTaToOB U3MEPEHWI C N3MEHEeHNEM MOMNOoXeHNs AaTYMKOB CUMbl U BUOpauum (npu
HEN3MEHHOM BUJe KPUBbIX B HU3KOYACTOTHOW obnacTu);

- CUMbHas N3Pe3aHHOCTE NONYYEHHON YaCTOTHON XapaKTepUCTUKU (MOZYIs) M Hanuuue B Hell NMMKOB, Nepexos Yepes
KOTOpbI€ HE CONpPoBOXAAeTCcH 3HaunTenbHbiMU (nopagka 100°, B ugeane 180°) ckaykamu Hha3oBoV XxapakTepucTUKU, Xa-
pakTepHbIMM Ansi obnacrtern pe3oHaHCOB.

5.5 AMNNuTyAbl Bo36yXaeHun

UpeamepHo Gonbluve aMnnuTyabl Bo3OyxaeHus Bubpaunm BxogHoro dpaHua ynpyroi BCTaekM UNn
KUAKOCTW B YNpYron BCTaBke CrnocoBHbI NMPUBECTM K BLIXOAY 3a Npeaentl gnanasoHa IMHEAHOCTU (CM. OrpaHu-
YeHUs MeToAa B pasgene 1), a Takke K HapPYLUEHWIO rpaHUYHBIX YCIOBWUIA U3MEPEHWIA, ONpeaeneHHbIX B pasae-
nax 6, 7 n 8. C gpyroi cTOpoHbl, Ype3mMepHO Masble aMmnauTyabl Bo36yxaeHUs NpUBeayT K YMeHbLUeHUHO
OTHOLLEHWNS MNONEe3HOro cUrHana K WyMmy, YTo Takke caenaeT pesynbTaThl UBMepeHuin HegocToBepHbIMK. Mos-
ToMY Bbl6Op amMnnnTyabl BO3ByXAeHUs cnedyeT OCHOBLIBATb Ha pacyeTe COOTBETCTBYHOLLMX COCTaBMALMX
HeonpegeneHHocTtu (cM. pasagen 9).
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MpumeuvyaHune 1 —MHAVKATOPOM Ype3MEPHO Mariol amnnUTyAbl Bo36YXAeHNsS MOXET CIyXXUTb HU3KOe 3Ha-
yeHue PyHKLMKN KOrepeHTHOCTH, Hanpumep Huxe yposHsi 0,85 unu gaxe 0,8 Bo BCceM AnanasoHe 4acToT UCrbITaHuin. Hus-
KOe 3HauyeHne (YHKUUM KOTepeHTHOCTW OOYCINOBMEHO HanMuuMeM B CUrHanax MoMUMO MOrie3Hoi Takke noboyHow
cocTaBnsiowmx. PekoMeHayeTcs NpoBoANTL aHanm3 No6oYHbIX COCTaBMAIOWMX B CUTHaNax n3MepsieMbiX BENIMYMH U MO
BO3MOXXHOCTU MPUHSATL MEPbI K UX yCTpaHeHuto. Ecnn nobouHas cocTasnsiiowas uMeeT LWYMOBYIO NPUPOAY U HEKoppenu-
poBaHHa unu cnabo KoppenupoBaHHa ¢ NONE3HbIM CUIHANOM, TO PEKOMEHAYETCS NPOBOAUTL YCpeAHEeHne pe3ynbTaTtoB
M3MEPEHUIA MO HECKOMNBbKUM peann3aunam CUrHanos.

MpumevyaHune 2—KOHTpONb PYHKLMU KOTEPEHTHOCTU MOME3EH ANS BbISBMEHNS YCITOBUM, NMPU KOTOPbLIX pe-
3ynbTaTbl U3BMEPEHUII CTAHOBATCSA HEAOCTOBEPHbIMU. B To e Bpemsi 6rn3ocTb 3HaueHus1 yHKUMKM KOTEPEHTHOCTU K eu-
HULE elle He SBNAETCH rapaHTMen BbICOKOW TOYHOCTM M3MEpPEHUW. TOYHOCTb M3MEpPEHUI XapakTepudyeTcsi WX
HeonpeaeneHHOCTbIO (CM. pasaen 9).

6 M3M9peHm1 MexXaHu4eCcknx vMmnegaHcoB

6.1 O6LWwune nonoxeHun

WcnbiTaTtenbHble YCTaHOBKU, Ucnosibdyemble A1 UsMepeHUsa BXOAHbIX U NepexoHbIX MeXaHU4YeCKux
“MneaaHcoB, AomKkHbLl obecneunsaTb cobnioaeHne 3agaHHbIX YCNoBUiA paboTel YNpyroi BCTaBKM (CKOPOCTb
rnoToKa XXMOKOCTW, AaBneHne, TemnepaTypa U Ap.) U rpaHUYHbIX YCINOBUWIA, KOorga npsiMonuHeHas 1 yrnoeas
BI/I6paL|,I/IF| BXOAQHOMo N BbIXOOQHOMO d)J'IaHLI,eB BO BCeX TOYKaxX 1 BO BCeX HanpaBlieHUAX, COOTBETCTBYIOLLUUX LLeC-
TV cTeneHsaM cBoBo/bl, paBHa HYIIO 38 UCKIIOYEHUEM TOUKU U HanpaBrieHUs! ABWKEHMS, A5 KOTOPLIX U3Mepsi-
0T cKkopocTb BuBpauum®,

Mpumep — Mpu uameperuu Z,’,',’_ Inxx OO/KHBI 6bIMb 8bINONHEHbI Criedyoujue 2paHUYHbIe yCI08UsI: vout = (;

In

In In In In
Vy =Vz =Yyz =¥z =ny=o-

06L|J,|/|e NPUHLMMNBLI |/|3mepeH|/||7| 31eMeHTOB MaTpuLlbl MeXaHUn4eCKMX nMnegaHcoB O514 pa3HbIX HanpaB-
NEHWA CUIbl 1 CKOPOCTU BUBPALIMM NOSACHEHBI HUKE Ha NpUMepax.

6.2 Mpumepbl yCTaHOBOK AJ1S1 U3BMEPEHUA MeXaHUYeCKUX UMNeAaHCcoB
6.2.1 MpuMep nCNbITAaTENBHON YCTAHOBKA ANA U3MEPeHWA Z;' i W Z; v (I MOXET MPUHUMATL 3Ha-

YeHWs X, ¥, Z, ¥Z, ZX U1 Xy) OCECUMMETPUYHON YNpyron BCTaBku NpuseAeH Ha pucyHke 2. Ha pucyHke 3 npuse-
OeH Mpumep WcrbITaTenbHONW YCTAHOBKUA ANs U3MEPEHUs TeX Xe 3MeMEeHTOB MaTpuubl MexaHWYecKux
UMNeJaHCOB Yrpyroi BcTasky, He obragatloLleil oceBoil CUMMeETPUEN.

B ucnbiTaTensHOM ycTaHOBKE Ha PUCYHKE 2 CUMy B HanpasfeHun ocu YNpyron BCTaBKK Ha ee BXoae us-
MepsIIoT JaTunKamMn cUnbl 8, a Ha BbIXOAE BO BCEX HarnpaBfeHUAX ABUXKEHUA — C NOMOLLIbIO CUNOBOW NnaTt-
cdopmbl 10. OaTunkm BMGpauMM Ha BXOOHOM M BbIXOAHOM naHUaxX WU3MepAloT CKOPOCTb ABWXKEHUs B
HanpasneHU ocK YNpyron BCTaBKU.

Ons BcTaBkW, He obragatoLlen oceBon cummeTpuen (pucyHok 3), npeanonaraeTcsa NPoBoAUTL U3Me-
peHus Ans ABYX HOMUHaNbLHO MAEHTUYHBIX YPYrMX BCTaBOK, yCTaHOBNEHHBIX HABCTpeYy Apyr Apyry. Bxoa-
Hble (braHUbl BCTaBOK coefuHeHbl Mexay coboill C MOMOLbIO MNPOMEXYTOYHOW KOHCTpyKuuu. Ons
N3MepeHUin cun n ckopocTelt BUBpaL MM Ha BXOAHOM M BBIXOAHOM hnaHuax UCnonb3yoT AaTUMKu CUnbl 2 U
Aatyunky Bubpauun 5.

6.2.2 TMpumep ucnbiTaTenbHO YCTAHOBKM ANA U3MEPeHU Z .., .,

3HaYeHWs X, ¥, Z, ¥Z, ZX U1 Xy) 0cecUMMEeTPUYHOI YNpYroi BCTaBKW, CoBepLUuatoLLeit yrnoBble koneGanus, npu-
BeAeH Ha pucyHke 4. /3 pucyHka BUAHO, YTO UCTILITAHUAM OIHOBPEMEHHO NoABepraoT ABe HOMUHAMNLHO naeH-
TUYHble Ynpyrne BCTaBKW. Yoyl BUGpaLMio Ha Bxode YNpyrux BCTaBOK B MAOCKOCTU yz BO3GyxaaloT ¢
NoMoLLbio ABYX BUBpoBo3byauTenei. Ha BoixoaHble (hriaHLbl YyCTaHaBNUBAKOT 3arfyLiki U KpenaT k onope 8
Yepes YeTblpe AaTymka cusbl. C NOMOLLbIO AaTYMKOB CUIbl 5 U3MEPSIOT MOMEHTbI CUITbI Mif’z Ha BXoJe U Bce

m .
W Zip outiiyz (i MOXET NpUHUMATL

LUEeCTb COCTAaBMSIOLWMX BEKTOPA ANMHAMUYECKON CUMbl Ha Bbixode ynpyroi BcTaeku. JaTunkun BuGpaumm 2 uc-
nonb3ytoT ANs U3MepeHUs YrioBoii ckopocTu BUBpaLmm vy, BxoaHOTO riaHua 1 BCeX WeCTH COCTaBASIoIMX

BEKTOpa CKOpOCTU BUGpaumnn BbixodHoro dnaHua yrnpyroi BCTasku.

1) MmnegaHc, COOTBETCTBYIOWMIA TPaHWYHbLIM YCITOBUSIM, KOT4a B CUCTEME OCTaBNeHa TONbKO 0gHa CTeneHb CBOGO-
Abl, @ ABMXEeHUEe OCTallbHbIX TOYEK B OCTarnbHbIX HarnpasneHusiX 3aTopmMoXXeHo, Ha3blBaloT uMneaaHCoM XoNnocToro xoza. B
HaCTOsILLEM CTaHAapTe He3aBUCUMO OT BUAA MMMNeaaHca (MeXaHUYeCKUiA, akyCTUHECKUN, MeXaHOAKyCTUHECKUI UK aKyc-
TOMEXAHUYECKUIA) U3MEPEHWNIO NOANEXUT UMNEAAHC XONOCTOro Xoaa.
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1— BnbpOBO36YANTENDL; 2 — ynpyras BCTaBka; 3 — XXECTKME U MOABWKHbIE OMOpPbl; 4 — MOPLUEHb C PE3UHOBLIMU YMIOTHUTE/TbHLIMU

KOMbLIAMU Ha BXOfe YNpyroi BCTaBKW: 5 — MOpLUEHb C Pe3VHOBbLIMU YNJIOTHATE bHLIMM KO/bLIAMMW Ha BbIXOAE YNPYroi BCcTaBku; 6 — cTa-

KaH; 7 — cUcTemMa nofaum XuaKkocTu; 8 — aatumk cunbl; 9 — aaTumkm Bubpauun: 10 — cunonsmeputenbHas nnatgopma: 11 — XecTkuii
pyHOAMEHT

PucyHok 2 — [pumep ucnbiTaTelbHOW YCTAHOBKM A1 U3MEPEHUI MexXaHWYeckux MMneaaHcoB
0CeCUMMETPUYHOI Yrpyroli BCTaBKM NMpu BO3GYXAEHUU KonebaHuii BAOSb OCU BCTaBKU

4 9 3 5 2

1— BM6POBO36YANTEND; 2 — AATUYUKU CWSbl; 3 — XECTKME CTSXKU; 4 — UCTbITYEMble YNpyrue BCTaBKW; 5— faTuvMku BuGpauum;
6 — thyHAAMEHT; 7 — NOpPLUEHb Ha BbIXOAE YNpYroli BCTaBKW; 8 — MopLUeHb Ha BXOAEe YMNpYrux BCTABOK; 9 — YM/IOTHUTESIbHbIE KOMbL@;
10 — BbIXOfHON hnaHel,

PucyHok 3 — lMpumep ucnbiTatenbHOW YCTAHOBKM ANS U3MEPEHWI MexaHUYecKknx umMnegaHcoB
YrnoBOli ynpyroii BCTaBKu
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1— BUGPOBO36YANTENb; 2 — AATYUK BUGPaLUMMN; 3 — NPOMEXYTOUYHASA KOHCTPYKUWS; 4 — UCNbITyeMble yNpyrme BCTaBKU C XUAKOCTbHO;
5 — patumk cunbl; 6 — XecTKUl PyHOAMEHT; 7 — cUcTeMa nojayn XuakocTn; 8 — onopa; 9 — 3arnyuka

PrcyHok 4 — lMpumep ucnbiTaTeNbHOW YCTAHOBKM AN151 U3BMEPEHU MEXaHUYeCKUX MMneaHcoB
0CEeCMMMETPUYHOI YNPYro BCTaBKM NPy BO3OYXAEHUN YrN0BOW BMGpaummn

Mpvmep ncnbiTaTeIbHOW YCTAHOBKM A1 U3MEPEHUSI TEX XKe 3/IEMEHTOB MaTpULbl MEXaHUYEeCKUX nmne-
[laHCOB ynpyroii BCTaBkK, He o61agatolleli oceBoi cummeTpureid, NpuBeaeH Ha pUcyHke 5. JaHHble U3MepeHus
TaKkke npegnonaratoT pasMelleHre AByX HOMUHA/IbHO UAEHTUYHBIX YTNTOBbIX YNPYTMX BCTABOK HABCTpeYy Apyr
ApYry uyepes MPOMeXyTOYHYH KOHCTPYKUMio. Cnoco6 BO36YXAEeHUs Yr10BOW BMGPaLMM BXOAHbLIX (o/laHLEeB,

KpensieHnsl BbIXOAHbIX qo/laHLEB, YCTAHOBKM AATUYMKOB CUMbI 1 BUGPALIMM 1 U3MEPSIEMbIE BESIMUMHBI — T€ Xe,
UTO AN UCTbITaTe bHOl YCTAHOBKU Ha pUCYHKe 4.

1— BMOGPOBO36GYAUTENb; 2 — AATHMK BUGPaLMUN; 3 — MPOMEXYTOUYHASA KOHCTPYKUWS; 4 — UCNbITyeMble yrnpyrue BCTaBKu;
5 — paTyuuvK cunbl; 6 — XecTKuin dpyHaameHT; 7 — 3arnyuika

PucyHok 5 — lMpumep ucnbiTaTeNbHOW YCTaHOBKM 4711 U3MEPEHUA MeXaHM4yecknx umneaHcoB
YINOBOW yNpyroi BCTaBkM NpW BO36GYXAEHUN Yr0BOW BUGpaumumn
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Ecnun KOHCTPYKUMA yNpyroi BCTaBku f0NyckaeT Npu BO3OYXAEHUW YINOBOM BUOGpaLM OTHOCUTENBHO OCU
yNpyroi BCTaBKN BO3HWKHOBEHMWE MPOAO/bHBIX U MONEPEYHbIX CU peakuun 060104KN YNpyroli BCTaBKU U U3-
6bITOYHOTO 3BYKOBOIO AAaBJ/IEHUSA B XUAKOCTW, TO BbIXOAHbIE (PNiaHLbl JO/KHbI ObiTb COEAUHEHbI C XECTKUM
dhyHAAMEHTOM TakXe, Kak MokasaHo Ha pUcyHke 3.

6.2.3 TpumMep ucnbiTaTeNbHOM YCTAHOBKM AN U3MepeHuin Z%jnyy, Z™outiy n Z™inzz, Z ouiz ('

MOXeT NPUHUMATb 3HAYEHUS X, Y, Z, YZ, ZX WU Xy) 0CECMMMEeTPUYHOI YyNpyroi BcTaBky, CoBepLuakoLLeil Ko-
ne6aHns B HanpaBfeHUU, NMONEPEYHOM ee OCU, NMPUBEAEH Ha PUCYHKe 6. V13 pucyHKa BWAHO, Y4TO U3Mepe-
HUSI MPOBOAAT AN1A ABYX HOMWHA/IbHO WAEHTUYHBLIX YNPYIMX BCTABOK, YCTAHOBJIEHHbIX HABCTpeuy ApYyr
Apyry. MonepeuHblie Kofe6aHUs Ha BXofe YNpyrux BCTABOK B HanpaBfieHUW y Wan Z BO36yXaalT C Mo-
MOLLbI0 BUGPOBO36YANTENS. BbiXOoAHblE (hAaHLUblI KPENSAT K XECTKOMY U MacCUBHOMY (hyHLAMEHTY yepes
XecTkue onopbl 8.

1— BKN6POBO36YAUTENDL; 2 — AATHUUK CUIbI; 3 — MPOMEXYTOUHAA KOHCTPYKUUSA; 4 — ynpyras BCTaska; 5 — cunounsmeputesbHas
nnatcopma; 6 — yHAAMEHT; 7 — cuctema nogauu Xuakoctu; 8 — onopa; 9 — garyuuk Bubpauumn; 10 — 3arnylika

PucyHok 6 — lMpyivep ucnbiTaTeslbHON YCTaHOBKW [/151 U3MEPEHWI A MEXaHUYECKVX MNEAaHCOB
0CECUMMETPUYHON YNPYroi BCTaBKM MpY BO3OYMXAEHWN NMONepeyHoin Brubpaumn

C NOMOLLbI0 AATYMKOB CUMbI 2 U3MEPSIIOT CUMbl F °ut 1 F °ut, AelicTBYIOLME Ha BXOAHbIe hNaHLbl YNpyrmx

BCTaBOK. C MOMOLLbIO CUION3MEPUTESIbHBLIX NAaT(OPM 5 LWecTb COCTaBNAL X BEKTOPA AMHAMNYECKON CUMbl
Ha BbIX04e ynpyroii BcTasku. [laTumku Bubpauun 9 Ncnonb3yT ANsS U3MepPeHnii CKopocTn BO3OYXgaemMoit no-
nepeyHoil Bubpaumm vy ,V1 BXoAHbIX hNaHLEeB BCTABOK M BCEX COCTABASAOLWMX BUGPALMM BbIXOAHbIX hnaH-
LeB ynpyroil BctaBku. Takas cxema yCTaHOBKM YNpyrux BCTaBOK NO3BONseT o6ecneynTb PaBeHCTBO HY/O
06BbEMHbIX CKOPOCTEN XUAKOCTU HA BXOAE W BbIXOfe YNpyrux BCTaBoK.

MpumMep ucnbiTateNbHOM YCTAHOBKU A1 U3MEPEHUSA TEX XKE 3/IEMEHTOB MaTpULbl MEXaHUYEeCKMUX nmne-
[AaHCOB YNpyroi BCTaBKW, He obnagarwleli 0CeBO CUMMETPUENR, NPUBELEH Ha PUCYHKE 7.

B faHHOM cnyyae ABe HOMWHaNIbHO WAEHTUYHbIE YNPYrMe BCTaBKW TakKXe yCTaHaB/IMBAalOT HaBCTpeuy
Apyr apyry. MNMonepeyHyio Bu6Gpauunio Ha Bxofe ynpyrux BCTaBOK B Hanpas/eHUN Yy uau z Bo3byxpaatT ¢ no-
MOLLbI0 BUOPOBO3OYyAMTENA. BbiXOAHbIE (haHLbl KPEMAT KXECTKOMY U MaCCUBHOMY DYHAAMEHTY Yepes XecCT-
Kne NpOoMeXyTOUHble KOHCTPYKUMM 6. PasmelleHne 4aTuymkoB CUsbl 1 BUBpaLum n nsmepsieMble BefIMYnHbl —
Te Xe, YTo B NpMMepe, NokasaHHOM Ha puUCyHke 6.

6.2.4 WcnbiTatesibHble YCTAHOBKW, NMpeAcTaB/ieHHble Ha PUCYHKax 4, 5 1 7, NCNOMb3YIOT Takxe A1 U3-
MepeHuii NMNeAaHCoB Z™inzX2ZX Z™outi 2X U Zyp jnxy xy >&m outixy ( MOKET MPUHAMATb 3HAUYEHNS X, Y, Z, YZ, ZX

Unu Xy) ynpyrux BCTaBOK NP BO3A4eNCTBMM Ha BXOA4E MOMEHTOB CWU/T OTHOCUTE/IbHO OCeil KoopAnHAT Z 1.

un
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7 — BMOGPOBO3GYAUTENL AN151 BO3BYXXAEHUA NMONEpeYyHbIX NoCcTynaTesibHbIX KosiebaHuii; 2 — BMGPOBO36YAMTENN 1S BO3GYXAEHNS Yro-

BbIX koniebaHuii; 3 — gatumk cunbl; 4 — NPOMEXYTOYHAs KOHCTPYKLMSA C NPOXOAHbLIM OTBEPCTUEM AN XMAKOCTH; 5 — ynpyrne BCTaBKy;

6 — NPOMEXYTOUYHAA KOHCTPYKUMA 4719 COeAVHEHMS BbIXOAHbIX (oaHueB ¢ DyHAAMEHTOM Yepes3 AaTyuku CUAbl; 7 — AaT4uKuM CUSlbl Ha
BbIXOZE YNpYrux BCTaBOK; 8 — MOpLUEHb; 9 — YN/IOTHUTENbHbIE KoMbla; 10 — aaTuvky BUGpaLmm

PucyHok 7 — TpuMep ucnbiTaTesibHOW YCTAHOBKN AN U3MEPEHU A MexaHndyeckux umnenaHcoB
YIN10BOI YNpyroi BCTaBKM NPV BO3GYXAEHUN MOMNEpeyvyHo BMbpauun
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7 N3mepeHnsa akyCTUYeCKnxX nmnenaHcos

B cOOTBETCTBMM C ONpeAe/ieHNEM NPU N3MEPEHNMN aKyCTUYECKUX MMMNEeAaHCOB YNPYrMx BCTABOK BXOAHbIE
1 BbIXO4HbIe (hnaHLbl 4OMKHBI OblTh 3aKpensieHbl TakuMm 06pa3om, 4TOObl CKOPOCTU UX BUGpauun (Bo BCex Ha-
npaBieHusx) 6611 paBHbl Hy 10, O6LWMe NPUHLMNbLI U3MEPEHUI aKyCTUUYECKMX UMNEAAHCOB MOSCHEHbI HA NpuU-
mMepax (PUCYHOK 8).

BXO4HOWM 1 nepexofHblil akyCTUYeCcKne MMMNegaHcbl UCNbITYEMOWN yNpyroii BCTaBKM PacCYMTbIBAKOT C UC-
nosib30BaHNMEM pe3ynbTaToB M3MepPeHUii 3BYKOBbIX JaBNEHWI BO BXOAHON U BbIXOAHON N3MepUTENbHbIX Kame-
pax n CKopocTu Kone6aHuii NOPLUHSA Ha BXOoAe ynpyroil BcTasku. [Mpu aTom crefyeT yunTbiBaTth:

- U3MEHeHUe aMnanTyAbl 1 hasbl NPU pacnpocTpaHeHUN BOJTHbI Ha y4acTKe OT NOPLUHS [0 BXOA4HOrO ce-
YeHus UCNbITYeMOR ynpyroi BCTaBKu;

- MHEPUVOHHbIE COMPOTUBEHNS YYacTKa BXOAHOW KaMepbl OT rMApodoHa A0 BXOAHOTO CEYEHUS UCTbITY-
eMoWi ynpyroli BCTaBk/ My4YacTKa BbIXO4HOW kamepbl OT rnapodioHa A0 BbIXOAHOIO CeYeHUs ynpyroli BCTaBKu;

- KOHEYHOCTb XeCTKOCTUN CcToM6a XMUAKOCTU B BbIXOAHOM M3MEpPUTENbHON kamepe.

1— BUGPOBO36YAUTEND; 2 — AATUMK BUGpaUuu; 3 — MopLUeHb; 4 — NepeaHss nameputesibHas kamepa; 5 — rugpodoH; 6 — ynpyras
BCTaBKa; 7 — 3afHss U3MepUTeNbHas kamepa; 8 — XecTKuii dyHAAMEeHT; 9 — y3e/ XeCTKOro coefiMHeHusi pnaHues ¢ (hyHaaMeHToM

PucyHok 8 — MpumMep ucnbiTaTe/IbHOW YCTAaHOBKU A/11 UBMEPEHUI aKyCTUYECKUX MMMNeAaHCOB

13
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8 Msmepel-m;l MeXaHOaKyCTU4eCKMNX n aKkyCtomexaHM4yeCKux mmnenaHcoB

Mpumep ucnbITaTeNbHOW YCTAHOBKU, HA KOTOPOW MOTYT BbiTh BbINOMHEHBbI M3MEPEHUsI BCEX SNIEMEHTOB
MaTpuLbl UMNeaaHCOB YNpYrMx BCTaBOK NpUBeAEH Ha pUCyHKe 9. YHMBepcanbHOCTL 3TOW YCTaHOBKM obecne-
ynBaeTcA NpuMeHeHUeM BUGpoBo3GyauTEnei NbesoanekTpuyeckoro Tuna. Yeteipe Bu6poso3byauTens yepes
OaTUMKK CUNbl KECTKO CBA3LIBAIOT chnaHew, ynpyroi BCTaBKU C XXeCTKUM byHAaMeHTOM (C TeopeTudecku 6ecko-
HEeYHbIM BXOAHBLIM UMNeAaHCOM), a LeHTpasnbHbI BUOpoBo3byauTenb Yepes AaTtynK CUibl XKECTKO CBA3bIBAET C
dbyHaameHTOM noplleHb. Takaa cxema pacnonoxeHusi BUbpoBo3GyanTenein No3BonseT ocywWwecTBAATb NO OT-
AenbHOCTN BO3BY)KAEHNE KaK aKyCTUHMECKUNX, Tak U MexaHU4ecKkux konebaHui. Mpu 3ToM nbe3oanekTpudeckue
BM6poBO3GYAUTENN NO3BONAT 06ecnevmBaThb BbIMOMHEHWUE rPAHUYHBIX YCIOBUIA:

- oTcyTCTBME BUBpaumMmn BXoaHOro dnaHua npy Bo3dyxaeHnM akycTuyecknx konebaHui B XXMakocTu;

- PaBEHCTBO HyNo 0GBLEMHOIN CKOPOCTU XMUAKOCTU Ha BXOAE YNPYroi BcTaBku npu Bo3GyxaeHnu Bubpa-
L BxogHoro dnaHua.

Ha ucnbiTatensHoM YCTaHOBKe, MOKa3saHHON Ha pUCYHKe 9, BLINOSTHAIOT U3SMEPEHUA MeXaHoaKyCTUYeCKUX
MMNedaHcoB YNpyrMx BCTaBOK Kak obnagatowmx, Tak u He obnagarowmnx oceson cummeTpuen. MNpu BeinonHe-
HUW U3MEPEHUA MEXaHOaKYCTUYECKUX MMNEQAaHCOB YNPaBnsAoLWMA CUrHan nogatoT ToMbKo Ha BUGpoBo3byan-
Tenb, coeAuHeHHbIl ¢ nopwHeM. OcTanbHble BUBPOBO3bYyANTENU B 3TOM Crlydae ciyXaT TOMbKO ANs CO3AaHUSA
XKeCTKOro coeMHeHns gnaHua ynpyro Bctasku ¢ pyHaameHToM. C NOMOLLbIO AaT4NKOB BUBpaLmm 2 nameps-
0T CKOPOCTb BMBpaLMM NOPLUHS.

Mpy BLINOMHEHNN N3MEPEHMIA BXOAHBIX MMNeAaHcoB Z;) ™ (i MOXET NPUHMMAaTL 3HaueHus X, Y, Z, ¥z, ZX

UNU Xy) TPEXKOMMOHEHTHBIE AaTYNKA CUS1, YCTaHOBMEHHbIE MeXay BXOAHLIM (hriaHLEM U Nbe303NEeKTPUYECKU-
My BUGPOBO3BYANTENSAMM, NO3BOMAOT U3MEPSITh CUMbl, ASNCTBYOLIME Ha hyHAAMEHT Yepe3 BXOAHOM chnaHeu,
F™ npu BosByxaeHUM 06bEMHO ckopocTn V' ABKYLLMMCA NopLUHeM. [l ocecMMMETPUYHBIX YNPpYriX BCTa-
BOK OTMUYHBIMU OT HyIS SBMSIOTCS TOMLKO 3NeMeHThl Z;7 72 .

Mpu BbINOMHEHUN N3MEPEHUI NEPEXOAHBIX MeXaHOaKyCTU4eCKmnX nmnegaHcos ;:,;zt,i Z TpexKOMMOHeH-

THble gaTyunkn cun 11, ycTaHoBMNEHHbIe MeXay BbIXO4HbLIM chnaHuem U hyHAaMEHTOM, NO3BOMSIIOT U3MEPSTb
Cunbl, AelCTBYOLWME Ha dyHAaMeHT Yepes BbIXoAHOM thraHel, F,-O‘” . MoMeHTbI ¢ U3mMepsIoT ¢ NOMOLLLIO Nap

AaTYNKOB CUbI. ,D,J'Iﬂ OCEeCUMMETPUYHBIX YNPYTrMX BCTaBOK OTNIMYHBIMU OT HYNA ABAAIOTCA TONMbKO 3NeMEeHTbI
m-a
in,out,x

Ha ncnbitatensHOM ycTaHOBKE, NoKkasaHHOM Ha pUcyHKe 9, MOXHO BbIMOMHATL U3MEPEHUst akycToMmexa-
HUYeCKMX MMMNegaHCcoB NPW BO3QENCTBUN Ha BXoAHON driaHeL, CUIOoN, HanpaBneHHOW BAOMb OCU BCTaBKM (KOr-
na Bo3byxaaeTcs Tonbko ocesast BUGpauusa dnaHua vi ), a Takke Nnpu BO3AENCTBUM Ha BXOAHOW dnaHel|

MOMEHTOB CUJ1 OTHOCUTENLHO OCeR Z U y (KO['JJ,a BOSGy)K,EI,aPOTCﬂ TONbKO YyrnoBble coCTtasnalowme Bm6pau.ww
dnaHua 'Ylgy n '}’Izr;(. Mpu BbINONHEHUN VI3M8peHVIl‘/‘I aKyCToMexaHU4ecknx nMmnegaHcoB ynpaBnﬂmu.mﬁ curHan

noAatoT Ha NbesoanekTpuyeckne BUGpoBo3BYAMTENN, coeqnHeHHble ¢ daHueM. Mbe3oanekTpuyieckuin BUG-
pOBO3GYAUTENb, COEANHEHHBIN C MOPLUHEM, CIYXUT ANA CO3AaHUSA XKECTKOTo CoeauHEHNA NopLIHA ¢ dyHAaa-
MEHTOM [ns BbINOHEHWsI TPaHWUYHOTO YCTIOBUSI paBeHCTBa Hymio 0GbEMHOM CKOPOCTU XKMAKOCTU Ha BXode
BcTaBky. C NMOMOLLbHO YeTbIPEX AaTYMKOB BUGpaLmMmN 13, OpUeHTUPOBaHHBIX BAOL OCK YNPYroit BCTaBKW, U3Me-
PSAIOT COCTaBMALME CKOPOCTU BUBpaLIMM chnaHLa.

Yrnosble ckopocTy BUBpaLmy riaHua YTy Ny 3MepsIoT ¢ NOMOLLLI0 Nap AaT4MKoB BUBpaLN.

Mpy BLINOMHEHAN U3MEPEHNA BXOAHBIX aKyCTOMEXaHUIeCKNX UMNedaHcoB Z5, i (i MOXeT npuHAMaTh
3HaYEHNA X, ¥, Z, YZ, ZX UNn Xy) 3ByKOBOE fiaBneHne p” M3MePSIOT C MOMOLLbI0 rMaPOodOHa, YCTAHOBNEHHOTO BO
BXO4HOM Kamepe. [1Ns1 0CeCUMMETPUYHBIX YNIPYTUX BCTABOK OTIMYHBIMU OT HYNS SIBASIIOTCA TOMbKO 3M1eMEHThI

a-m
Zin,in,X'

Mpu BEINOMHEHUM U3MEPEHNIN NepexoHbIX akyCTOMeXaHU4eCKUX UMneaaHcos Z;, o ; 3ByKOBOe Aasrie-

out

HUe p°“ M3MepsIOT ¢ MOMOLLLI0 TMAPOdOHa, YCTAHOBMNEHHOTO B BLIXOAHOW Kamepe. NS 0cecuMMETPUYHBIX
m

yrpyrux BCTaBOK OTAIMHBIMUW OT HyNA SBASIOTCA TOMLKO SMeMeHTbl Z5 7 .
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1— I'Ibe303neKTpI/ILIECKI/II7I BNOPOBO36YAUTESb; 2 — AATUMK BUOPALWMW; 3 — faTUMKCUIIbI B UMMNEAAHCHOI TOI0BKe; 4 — MOPLIEHb Ha BXO-

[le YCTaHOBKM; 5— KOpryC BXOAHOW Kamepbl, 6 — Yrpyrue Korblig; 7— ynpyrasi BCTaBka; 8 — KOpnyc BbIXOAHOM kamepbl; 9— npomexy-

TOYHbIA donaHel; 10— nopLueHb Ha BbIXOAE YCTAHOBKYM; 11— AAaTUMKCWU/bI; 12 —ycTpoiicTBo ANsA BbiNycka Bo3ayxa; 13— gaTumku
BubpaLymn; prl, pr2— rmapotioHbl BO BXOAHOW v BbIXOAHOV kamepax

PucyHok 9 — MpumMep mcnbiTaTeNbHOW YCTAHOBKA A1 U3MEPEeHUii akyCTUUYeCKUX, MeXaHUueckux,
aKyCTOMEXaHNYeCKUX U MEeXaHOaKyCTUUYECKUX MMMEAaHCOB YyNpyrnx BCTaBOK

B cnyuyae ynpyrux BCTaBOK, He 06/1afatolmx 0CeBOi cummeTpueid, Npu BO3AeNCTBUN Ha BXOLHOW dhna-
Hel, MoMepeyYHbIX CUM B UCMbITATENbHbIX YCTAHOBKAX, peasin3oBaHHbIX N0 CXemMaM, NpUBeLEeHHbIM Ha PUCYH-
Ke 7, HaBCcTpeuy ApPYr Apyry pasmeliarwT ABe unm 60n1ee HOMUHANbHO WAEHTUYHble YNpyrue BCTaBKU C
BXOAHbLIMW M BbIXOAHBIMU KaMepaMn ANna nsmMmepeHunsa 3ByKOBOro agaBieHusa.

Ona namepeHns akycToMexaHU4YeckMx MMnefaHcoB YNpyrux BCTaBOK, He o6ajalumx oceBoin cummeT-
pueli, Npu BO34ENCTBMM HA BXOAHON (h/laHEL MOMEHTa CU/1 OTHOCUTENIbHO OCK YMPYroi BCTaBKW, B UCMbITa-
TeNlbHbIX YCTAHOBKaX, peasm3oBaHHbIX N0 CXemMaM, NpUBEAEHHbIM Ha pPUCYHKax 6 1 7, HABCTpe4y Apyr Apyry
pasmelialT 4Be HOMUHANbLHO UAEHTUYHbIE TMOKME BCTaBKM C BXOAHbIMU U BbIXOLHbIMW KaMepamu ANS u3Me-
peHuns 3ByKOBOrO AaBfeHUS.
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Ha puicyHke 10 AaH npyMep UCNbITATENBHON YCTAHOBKU A1 U3MEPEHUIi NepexoiHbIX akyCToMexaHnyec-
KUX UMMeaHCoB YNpyrnx BCTABOK NPy BO3AEWCTBMM MOMEHTA CU/1 OTHOCUTE/TIbHO OCU BCTAaBKW, U CWJ1, Hanpas-
JIEHHBIX BAONb OCel Z ny. MNpu N3MEPEHUN BXOLHbLIX aKyCTOMEXAHUYECKNX MMMNEeaHCOB YNpPYrnX BCTABOK Mpw
BO3/€/CTBUM MOMEHTA CWU/1 OTHOCUTE/IbHO OCU BCTABKW, U CU/T B HANPaB/IEHUUN OCEl Z MY Ha 3TOI UCNbITaTE Nb-
HOIi YyCTaHOBKE MOHTMPYIOT AOMNOMHUTENILHO U3MEpUTE/bHbIE KaMepbl 3BYKOBOTO AaB/IEHNS MEXAY NPOMeXxy-
TOYHbIM hnaHuem 1 u BXoAHbIMU hriaHLamu ynpyroi BCTaBKU.

1— npomexyTouHbIli hnaHel,; 2 — BXOAHbIE chnaHubl rM6Koi BcTaBky; 3,6 — gatuvkn Bubpauuu; 4,7 — gatiuky cubl; 5— BMOGPOBO3-

6yanTtens nornepeyvHon Bubpaumn; 8 — BMOPOBO3OYAUTENU O BO3OYXAEHWS MOMNEPEYHbIX U YI/IOBbIX KosiebaHuii; 9 — ncnbiTyemble

ynpyrve BctaBku; 10— m3meputenbHas kamepa; 11 — noplueHb; 12 — NpOMeXyTOo4YHash KOHCTPYKUMS; 13 — yn/iioTHUTENbHbIE KOMbLa;
14 — paTuuk cunbl; 15 — ruapodoH BbIXOAHOW M3MepuTenbHOM kamepbl

PucyHok 10 — MpuMep UCMbITaTeIbHON YCTAHOBKY A/151 M3MEPEHUI A MeXaHNUECKX 1 NepexofHblX akyCToMeXaHUYecknx
VMMNEeAaHCOB NMPY BO3AENCTBUN MONEPeUHbIX CUST 1 MOMEHTOB

9 HeonpeaeneHHOCTb U3MEPEHUIA

9.1 O6wme NoONOXeHNA

HeonpepaeneHHOCTb M3MEpPEHUIA 3N1EMEHTOB MaTpULbl UMNeAaHCOB B 3HAYMTE/IbHOW CTEMEHU 3aBUCUT OT
BUa UCMblTaTe/IbHOM YCTAHOBKM, YCMIOBUIA UCTbITAHWUIA, Npoueaypbl 06paboTkn pe3ynbTaToB U3MEPEHUIA, YTO He
No3BOJIAET MPMBECTM eAuHbI MeTog ee pacyeTta. lNosb3oBaTeNb HACTOALLEro cTaHgapTa AO/DKEH CamMoCTos-
TeNbHO BbINOIHNTL AaHHbIA pacyeT, pykoBoacTBysicb TOCT P 54500.3 n TOCT P 54500.3.1 n ucnonb3ys peko-
MeHAaunm HacTosAwero pasgena B OTHOWEHMM yyeTa CyL,EeCTBEHHbIX MCTOYHUKOB HeonpeLeneHHOCTH.

Heob6xoanmo umeTb B BUAy, YTO MOAYYUTb AOCTATOYHO HU3KME 3HAYEHUS HeonpefesieHHOCTU n3Mepe-
HWIA MOXHO TOJIbKO NPV CTPOTOM KOHTPOJ/1I€ MHOTOYMC/IEHHbIX BAIUAKLWMX (PAKTOPOB, YTO BO3MOXHO MPU BbICO-
KO/ KBanudukaumm cneymasnctoB, MNpoBOAALWMX MCMbiTaHus. [pyu coGAAEHUN YKa3aHHbIX TpeboBaHuin
MOXHO 0XMWAaTb, YTO pacliMpeHHas OTHOCUTEsNIbHasi HeonpejesnieHHOCTb M3MepeHuii npu koadchuuneHTte
oxBaTa, paBHOM [BYM, AN GOMbLIVHCTBA UCMbITATEbHbIX YCTAHOBOK He npeBbicuT 30 %.

9.2 dakTopbl, BAVSIOLME HA HEOMNPEAEEHHOCTb N3MEPEHNIA

9.2.1 OnpepgeneHne N3MepsaeMoin BEINYNHDI

D1eMeHTbl MaTpuLbl UMNEeAAHCOB ABASIOTCA YaCTOTHLIMU XapakTepucTnkamu, T. €. HernpepbIBHbIMUN DYHK-
LMSIMM 4acTOTbl, B TO BPEMS Kak N3MEePEeHNS BbIMOHAIOT B KOHEYHOM HYUC/Ie TOYEK 3TOW XapaKkTepucTukm. Moaro-
My pe3ynbTaTt uamepeHuii 6yeT 3aBMCeTb OT LUMPKWHBI MOOChI HACTOT, COOTBETCTBYIOLLEN KaXA0Mi TouKe.

OnpepeneHne U3MepsieMoli Be/IMYMHbI BKIOYaET B ce65 Takke onpegesieHne HopMasbHbIX yCN0BWiA pa-
60Tbl YyNpyroii BCTaBKW, K KOTOPbIM [OJ/KHbI ObITh NPUBEAEHbI Pe3ybTaTbl U3MepeHuii. HopmanbHble ycnoBus
N3MepeHunin 3afaeT U3roToBUTENb.

UT06bl OLEHUTHL NMONPaBKX, BHOCMMbIE YCIOBUAMYU OKpYXatoLeli cpeabl, pekoMeHayeTca NpoBOAUTL W3-
MEpPEeHNs NpW pasHbIX COYeTaHMAX YCMOBMWI OKpyXawleil cpefbl (TemnepaTypbl BO34yxa, OTHOCUTESILHOW
BNIQXKHOCTN, aTMOCEPHOro AasBfeHnsa) 1 aKcnayaTtauMoHHbIX napaMeTpoB (TemnepaTypbl yNpyro BCTaBKM,
TemnepaTypbl XUAKOCTU, AaBMEHUSA B TMAPOCUCTEME) B Anana3oHe X N3MeHeHus.
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9.2.2 UHcTpyMeHTanbLHaa HeonpeaeneHHoOCTb

9.2.2.1 O6Wue NONoxXeH1sa

WHcTpyMeHTanbHas HeonpeaeneHHOCTb SABMSIETCA COCTaBMsOLLENn HeonpeaeneHHOCTH NobbiX u3mepe-
HW1 1 oBycnoBneHa HeuaeanbHOCTbI0 U3MEPUTENBHON CUCTEMBI U UCTIbITaTeNbHOro obopyaosaHns. NHCTpy-
MeHTanbHas HeonpeaeneHHOCTb 3aBUCUT OT MeToAa UCNbITaHUs (BO30ykaeHWe B Y3KOW UK LUMPOKOKW Nofnoce
4acToT) U cnocobos 06paboTku curHana. B umcno dakTopoB, onpegensowmx MHCTPYMeHTanbHyo Heonpeae-
NEeHHOCTb BXOAAT:

- HeonpeAaeneHHOCTb KanuMbpoBKX AaTYMKOB BUBpaLmn, AaTYAKOB CUIbl, TMAPOEGOHOB N U3MEpPUTENbHON
uenu B LENomM;

- MecTa pacnofioKeHns1 4aT4UMKOB BUBpaLumM, AaTYMKOB CUMbl U TMAPOGOHOB;

- BNNsIHWE YCTaHOBIIEHHBIX U3MepUTernbHbIX NpeobpasoBartenein Ha usnMHeckne NPoLecchl B yNpyron
BCTaBKe W UCNbITATENbHON YCTaHOBKE;

- HEUOEHTUYHOCTb U3MEPUTENbHBIX KaHamNoB;

- HenpeanbHOCTb BOCMPOU3BeaeHUsl Tpebyemoro Bo30yXaeHUs ucnblTatenbHbIM 060pyaoBaHUEM.

Huxe npueogsTcst pekoMeHAaUmMm Nno nsMepeHusiM (hrMsnyecknx BenuMumMH, Ha OCHOBE KOTOPBIX paccyu-
TLIBAIOT 3HAYEHUA SNIEMEHTOB MaTpULbl UMNeaaHCcoB, U cpeacTBam Ux obpaboTkn. TN pekomeHaaLuMn, ¢ of-
HOW CTOPOHbLI, OCHOBaHbI HA COBPEMEHHOM YPOBHE pPa3BUTUS U3MEPUTENbHBLIX TEXHOMOMIN U, B TO Xe BpeMms,
COorfnacoBaHbl C YPOBHEM APYIUX, He MHCTPYMEHTaslbHbIX MICTOUHUKOB HeonpeaereHHOCTH, YTO No3BonsieT Us-
6exaTb Heo6oCHOBaAHHO BbICOKUX TpeBOBaHUIA K CpeACTBaM U3MEPEHWIA.

9.2.2.2 UsmepeHus Bubpavuun

B kayecTBe AaTUMKOB BUOpaLMM UCMONb3YIOT akcenepoMeTpbl C NOCNEAYIOWLUM UHTErPUPOBaHUEM Bbl-
XOQHOMo curHana Ansi nofnyyeHnst curHana ckopocTu. [JMHaMUYecKUid AManasoH akcenepoMeTpa 3aBUCUT OT
AvanasoHa ycKopeHun Bubpauum B yCrOoBUSIX MPUMEHEHWS YIIPYToin BCTaBkU. AMNANMTYAHO-4aCTOTHas Xapak-
TepucTuKka akcenepomMeTpa (BMecTe ¢ npeaycunuTenem u yCTPOMCTBOM MHTErPUPOBaHUA curHana) AomkHa
6bITb NOCTOAAHHON B AnanasoHe YactoT oT 2 'y ao 5 k'y, B npeaenax gonycka +0,5 ab.

PesynbTaTbl n3mepeHuin BubpaLmnm B COOTBETCTBUM C HACTOSILLMM CTaHAapTOM YyBCTBUTENbHLI K ¢haso-
BbIM MCKaXXeHWsM curHanos. Moatomy Heobxoanmo ybeauTbes, UTo hasoBble UCKaXKeHUs!, BHOCUMbIE AaTyn-
KoM B1Bpauumn, MUHMManNbHBI.

9.2.2.3 UNamepeHusi cunbl

OdnHamudeckuin AuanasoH gaTyuka cuilbl 3aBUCUT OT AManasoHa 3Ha4YeHWN BbIHY)XAAIOLLMX CUI B YCIOBU-
AX MPUMEHEHUR YpYron BCTaBkA. AMNNNTYAHO-4aCcTOTHasi XapakTepucTuka aatdyumka cunbl gosmkHa ObITb no-
CTOAIHHOW B AManasoHe YacToT oT 2 'y Ao 5 kI'y B npegenax gonycka £0,5 ab.

PesynbTaTbl USMEPEeHNA Cunbl B COOTBETCTBMU C HACTOSILLUMM CTaHAapTOM YYBCTBUTENbHBI K (ha30BbIM
NCKaXKeHWAM curHanos. MoaToMy Heobxoommo yoeanTthbesi, YTo (ba3oBble UCKAXKEHUS, BHOCUMBIE AaTUMKOM
CUInbl, MUHAMATbHbI.

9.2.2.4 N3smepeHusi 3ByKOBOrO AaBIEHNUS B KNAKOCTU

M3mMepeHUs 3BYKOBOTO JaBMNeHNS B KUAKOCTA BbIMOMHSOT C MOMOLUbLIO rMApodOHOB. AMMIUTYAHO-Yac-
TOTHas XapakTepucTuka rugpodpoHa gormkHa 6biTb NOCTOAHHOM B AnanasoHe yactoT oT 2 'y Ao 5 kMy, B npege-
nax gonycka +0,5 ab.

PesynbTaThl U3MepeHuiA 3BYKOBOTro AaBneHUsl B COOTBETCTBUM C HACTOSALMM CTaHAapToOM YyBCTBUTE b=
Hbl K (ha30BbIM UCKaXKeHUAM curHanos. MNosTomy HeobxoaumMo ybeanTbes, YTo hasoBble UCKaXKEHNs, BHOCU-
Mble rnapodOHOM, MUHUMATBHBI.

9.2.2.5 NamepeHuss 06 bEMHOM CKOPOCTU XKUAKOCTH

Kak npaBuno, 06 beMHY0 CKOPOCTb XKUAKOCTN U3MEPSIIOT HE HENOCPEACTBEHHO, a Yepes M3MepPeHNs CKo-
pocTel BUBpaLmMmn NopLUHs U dyHAaMeHTa Nprn M3BECTHON NoLLaan NOpLUHS, HeonpeaeneHHOCTb U3MepeHust
KOTOPOW cunTaloT NpeHebpexnmo Manoi. TpeboBaHuUsa K gaTymkam BUGpaLMmn yctaHoBneHsl B 9.2.2.2. BmecTe
C TeM, NOCKONbKY Ha pesyrbTaThl U3MEpPEHUA 06 BEMHON CKOPOCTH XNOKOCTW OKa3biBaT BNUsIHWE Donbluee
4Yncno hakTopPoB, TOYHOCTb TakMx U3MepeHnid ByaeT HUKe TOUHOCTU N3MEepPeHUin Bubpauumu.

9.2.2.6 Bo3sbyxgaemas Bubpauns

BrnbpoBo3byanTtenb gomkeH obecneunTs ogHOHaNpaBneHHoe ABMkeHNe B avanasoHe oT 10 Ao 1000 My,
KoahduruMeHT HenMHenHbIX nckaxkeHnin fomkeH bbiTe He Bonee 3 %. MonepeyHas u yrnosas BUGpaLum He
[OMKHBI NpeBbIWaTh 5 % Bnbpauun B HanpaeneHu Bo36yxaeHus.

9.2.2.7 MHorokaHanbHbI aHanMsaTop

MHorokaHanbHbIA aHanM3aTop AomkeH obecneunBaTb OAHOBPEMEHHY0 06paboTKy CUNOBLIX U KMHEMA-
TUYECKUX NapameTpoB, T. . UMeTb He MeHee ABYX kaHanoB. [luanasoH YactoT namepernin — ot 0 go 20 kL,
HenpeHTuuHOCTL KaHanoB He AomkHa npesblwath 0,1° no dasosomy casury u =1 % no amnnuTyge.
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9.2.3 Opyrue UCTOYHUKU HeonpeaeneHHOCTU

B u1Crio UCTOYHMKOB HeomnpeaeneHHOCTU, He OTHOCSILLIMXCSl K MHCTPYMEHTarnbHON HeonpeaeneHHocTy,
HO BHOCSALLIMX CPaBHUTENbHLIN U Aaxke 6oNblUNA BKITaJ B CyMMapHYto HeonpeaeneHHOCTb, OTHOCATCS:

- OTKMNOHEHWe OT HOPMarlbHbIX YCMOBUIA paboThl BCTaBKMK;

- cny4aitHble hakTopbl (BKIIoYaa hOHOBBIN LLYM), UBMEHSIIOLLMECS OT U3MEPEHUS K UBMEPEHUIO U Xapak-
TepusyioLme NOBTOPAEMOCTb YCIOBUIN USMEPEHUIA;

- HeonpeaeneHHOCTb, Npucylas MeTogy UCNbITaHUA (Pa3HOCTb YACTOTHBIX XapaKTepUCTUK ABYX HOMK-
HanbHO MOEHTUYHBIX YNPYrUX BCTaBOK, KOHEYHOCTb pa3MepoB U3MepUTENbHBIX Kamep);

- HeonpeaeneHHOCTb, CBAI3aHHas C YCTAHOBKOWN UCTILITYEMbIX 06 bEKTOB (TOYHOCTbIO UX MO3ULNOHUPOBa-
HWUA B UCNbITaTeNbHON YCTaHOBKE);

- HeonpeaeneHHOCTb, CBsI3aHHash C UCNbITAaTENbHON YCTAHOBKON (KOHEYHOW XEeCTKOCThIO UCMblTaTesb-
HOI YCTaHOBKM B pasHbIX HanNpaBneHnaxX ABWKeHUs B 0611acTu KOHTaKTa ¢ UCMbITYEMbIM 06beKTOM, OTKNOHe-
HUSA TPAEKTOPUI ABWKEHUS 3IIEMEHTOB UCMbITaTesIbHON YCTaHOBKU OT uaeanbHbIX, ABWKEHUe HOMUHANbHO
HEMoABWKHbIX YacTeln UCrbITaTensbHON YCTaHOBKM);

- HeonpeaeneHHOCTb, CBA3aHHasA C OTKNOHEHWEM U3MEPSEeMO YacTOTHOWN XapakTepUCTUKA OT NUHeR-
HOCTW.

HekoTopble pekomeHaauum no oLeHke HeonpeaeneHHoCTen AaHHbIX BUAOB MOXHO HaUTK B [2].
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MpunoxeHne A
(cnpaBouHoOe)

MonHasi MaTpuua MMMNeaaHCcoB OCECUMMETPUYHOI YNpyroli BCTaBKU

151 ocecrMMETPUYHO YNpyroi BCTaBkv 6OJIbLUIMHCTBO 3/1EMEHTOB MaTpULbl UMMNEAAHCOB obpallaeTcs B Hy/b, U B
o6llemM cnydae Takasa maTpuua MMeeT BUA
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(1]
(2]

Monkos B.W., Monkos C.B. KonebaHuss mexaHM3mMoB 1 KOHCTpyKuuii. — CI16, «CypapbiHsa», 2009. — 490 c.

FOCT P NCO 10846-2—2011 Bubpauus. Vi3mepeHus BMOPOaKyCTUYECKUX NepefaTOYHbIX XapaKTepuUcTuK ynpyrux
3/1IEMEHTOB KOHCTPYKUMI B nabopaTopHbIX ycnoBusx. YacTb 2. MNpamoit meToq onpeAeneHns guHaMmyeckoi XecTKoc-
W YNpyrux onop Ans noctynarenbHoW Bubpauum
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