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[lpeaucnoBue

Llenn nnpuHumnel ctaHgapTusauum B Poccunckon egepaunmnyctaHosneHbl egepanbHbiM 3aKOHOM OT
27 nekadpst 2002 r. Ne 184-03 «O TeXHMUYECKOM perynmpoBaHiun», a npasuna NpuMeHeHnst HauMoHanbHbIX
ctaHgapToB Poccunckon egepaunmmn — OCT P 1.0—2004 «CtaHpgapTtusauma B Poccunckon deagepauun.
OCHOBHbIE MOSTOXEHUSAY

CBepgeHUA o cTaHgapTe

1 NoOAroToOBJIEH ABTOHOMHOM HeKoOMMep4yeckou opraHusaumen «HaydHo-uccnegoBaTenbCKUN
LeHTP KOHTPpONS 1 AnarHocTuKn TexHudecknx cuctem» (AHO «HWLU KO ») Ha ocHoBe CODCTBEHHOIC ayTeHTUY-
HOro Nepesoda MeXxagyHapoaHoro ctaHgapTa, ykasaHHOro B NyHkTe 4

2 BHECEH TexHun4yeckum komutetom no ctaHgaptusaunn TK 183 «Bubpauusa n ygap»

3 YTBEPXXOEH MBBEOEH B OEVNCTBWE Mpukaszom deaeparnsHOro areHTCTBa Mo TEXHUYECKOMY pery-
nMpoBaHUo M MeTponornm ot 12 Hos16pa 2010 r. Ne 442-cT

4 HacTtoawmn ctaHgapT sABNAeTcda UAeHTUYHBIM MeXayHapogHomy cTtaHaapTty NCO 10846-1:2008
«Brnbpauuna nakyctuka. JlabopaTtopHble MU3MepeHUdA BUDpoaKyCTUYECKMUX NepeaaToYHbIX CBOUCTB YNPYrnux ane-
MeHToB. Yacte 1. Oo0wwme npuHumnel ©n  pykosoacteBo» (ISO  10846-1:2008 «Acoustics and
vibration — Laboratory measurement of vibro-acoustic transfer properties of resilient elements — Part 1:
Principles and guidelines» ). HanmeHoBaHUe HacToALWero ctTaHgapTa USMeHeHO OTHOCUTENBHO HaUMMEeHOBaHUSA
yKasaHHOro MmexxayHapoaHoro ctaHgapta gnanpueeaeHunsa B cooTeBeTctBUe cT OCT P 1.5 (nyHKT 3.5).

HanmeHoBaHMe HacTodlWero ctaHgaprta U3sMeHeHO OTHOCUTENTbHO HaUMMeHOBaHUA yKasaHHOro MeXay-
HapogHoro ctaHgapTa ana npuseaeHuda B cootTeeTcTBUMe cFOCT P 1.5—2004 (noapasgen 3.5).

[Tpy NpUMeHeHU HacTodALWero cTaHgapTa pekoMeHayeTCcd UCNoNb3oBaTh BMECTO CChINTOYHbLIX MeXayHa-
POOHBLIX CTaHAAPTOB COOTBETCTBYOLWME UM HaUMOHaNbHble cTaHAapThl, CBeAeHUA O KOTOPLIX NpuBeadeHsl B
OONONMHUTENBHOM NpUNoXXeHnn A

5 BSAMEHTOCTP NCO 10846-1—99

VIHgbopmMayust 06 UMEeHEHUSIX K HacmosweMy cmaHoapmy rybruxkyemcs 8 exxe200H0 u30asaeMoM yKa-
3amersie «HauyuoHanbHbIe cmaHfapmbly, a meKkcm U3MEeHeHUU U rnorpasoK — 8 eXeMeCsa4Ho u30asaeMbiX
UHOpMaUUOHHbIX yKazamensax « HalyuoHaneHbie cmaHOapmebil». B criydyae nepecmompa (3aMeHkl) Unu omme-
Hbi Hacmosuwjea2o cmaHoapma coomeemcemeyroujee yeeoomMmieHue byoem ornybiiukogaHo 8 eXXeMeCcs4HOo u3oa-
8aeMOM UHpOpMalUOHHOM yKalamerne «HayuoHalnbHble cmaHOapmbi». Coomeemcemeyrouiast UHgpopMayus,
yeeOoMIIeHUe U meKcmbl pa3Mellaromcs makxe 8 UHQopMallUoHHoOU cucmemMe obueao nofb3o8aHuss — Ha
obuyuansHoM caume edepallbHO20 a2zeHmemaea rno mexHU4eCcKoMy pez2yrupogaHuro U Memponoauu e cemu
VIHmepHem

© CtaHgapTuHgopm, 2011

HacTtoawumn ctaHaapT He MoXeT ObITb NOMHOCTLIO UMM YacTUYHO BOCTNIPOU3BEAEH, TUPaXXNPOBaH U pac-
MpocTpaHeH B KayecTBe oduumanbHoro nsgaHmsa 6es paspeweHns PegepanbHOro areHTcTBa Mo TeEXHNYECKO-
MY PerynmpoBaHuo U MeTPOoorum
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BBenoeHue

[TaccuBHbIE BUDPOUIONATOPLI PasfYHbIX KOHCTPYKLUW NPUMEHSAIOT ANl CHUXKEHUA YPOBHS NepeaBae-
MOW BUBpauunn. Npumepamm MOryT CNyKUTb: ONOPbl aBTOMODOUNLHLIX ABUraTenen; ynpyrue onopbl 3gaHun;
YCTPOWUCTBA KpenneHus nynpyrme mydTbl B COeANHEHUSIX BalOB CYyA0BbIX MaLLWH; BUOPOU3ONATOPLI, yCTaHAaB-
nMBaemble B npeamMmeTtax ObITOBOU TEXHUKN.

HacTosawmy ctaHaapT CNY>XUT BBeAEHUEM K Cepun CcTaH4apTOB Ha MeToAdbl NadbopaTopHbIX U3MepPeHUN,
NPOBOANMBLIX 4NN onpegeneHns Handbonee BaXKHON XapakTepPUCTUKA, OnNUCkIBaoLLen nepegaTouHble CBOUCTBA
NMUHENHBIX BUDPOU3ONATOPOB, — NepexoaHon (nepegaTtovyHon) AMHaMUYECKOMN KECTKOCTWU. B HacTosuwem
cTaHaapTe nNpuBeaeHbl TeopeTUYeCcKMe OCHOBbLI METOAOB, OrpaHNYeHNA Ha YCNOoBKUA UX NPUMEHEHUA U PYKOBO-
OCTBO Mo BbIDOPY Hanbonee nogxoasiLero Metoaa Ans KaXkaoro KOHKPETHOTo crnyvyas MUsMepeHun.

[1na Bcex MeToaoB NoapasyMeBaeTCs, rae 310 Heobxoaumo, YTo nadbopaTtopHble UCTbITaHUS NPOBOAAT
Npu NpeaBapUTENbHOM Harpy>XeHnm obbekTa UCMbITaHUA NOCTOSAHHOWM (CTaTUYECKOW) Harpy3Kkou.

PesynbTaTbl USMEPEHNI MOTYT ObITb UCNOMNbL30BaHbI NPU pelleHn Npobnem nogaBneHUs HU3KOYacTOT-
HOW BUDOpaunn n ocnadbneHns WwymMa, nopoXxgaemoro konedbaHnamMmm afieMeHTOB KOHCTPYKLUMX, NOCpeaCTBOM
BUOPOU3ONATOPOB. B TO XXe BpeMs yKazaHHble MeToAdbl He Aal0T BO3SMOXXHOCTU NMOMHOCTLIO OXapakTepn3oBaTh
paboTy BUOPOU3ONATOPOB B YCIMOBUAX BO3AEUCTBUN HA3KOYACTOTHON BUOpaLnUM 1 yaapos.

IV
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HAUUWOHANBbHBILU CTAHOAPT POCCUUCKOWNW OGEOLEPAUUNMN

Bubpauyusn

USMEPEHUA BUBPOAKYCTUYECKUX NEPEOATOYHBIX XAPAKTEPUCTUK YTIPYTUX QJIEMEHTOB
KOHCTPYKLUWUN B NABOPATOPHbIX YCITOBUAX

YacTthpb 1

OOLwune NPpUHLUNBI U3SMEePEeHNN

Vibration. Laboratory measurement of vibro-acoustic transfer properties of resilient elements. Part 1. General principles of
measurements

[lata BBegeHua — 2011—12—01

1 ObnacTtb NpUMeHeHuUs

HacTtosawmni cTaHaapT ycTaHaBnuesaeT obLluMe NpUHLKUNBLI NpoBeaeHUs N3MepeHUin ana onpeaeneHuns
nepeaaToUvHbIX XapakTepUCTUK YNPYrux 3NeMeHTOoB (aanee — BUOPOU3ONATOPLI), a Takke PYyKOBOACTBO MO
BbIOOPY MeToAa onpeaeneHnsa nepeaaTouHbIX XapakTepUcTUK B NabopaTopHLIX YCNOBUAX B KOHKPETHOM CIy-
Yyae npumeHeHud (cm. [1]—[4]).

HacTodawmn ctaHgapTt pacnpocTpaHsieTcst Ha BUDPOU3ONATOPLI, MPUMEHSAEeMbIe!

a) ONs1 CHMKEHUS YPOBHS NepenaBaeMon Ha KOHCTPYKLUIO BUDOpaLIMK B 3BYKOBOM AMana3oHe 4acToT (0T
20 'y oo 20 k'), kKoTopast MOXeT NPOU3BOAUTL LUYM, HanpuMep B BOAHOW UNK BO3AYLUHOW cpeae;

b) ANA CHWXKEHUSA HN3KOYaCTOTHOW BMbpauun (0bblvHO B AnanasoHe oT 1 oo 80 'y), koTopas MoxerT,
Harnpumep, okasblBaTb HEONAronpuUATHOE BO3JeNCTBME Ha togen unu, npu sHa4mTenbHOM MOLLHOCTU BUDpa-
LM, BbI3bIBATb NOBpeXxXgeHne KOHCTPYKLWA.

[aHHbIe, Nony4yeHHble C MOMOLbLID OMUCAHHBLIX B HACTOSLWEM cTaHOapTe MeTodoB, MOryT ObiTb
MCNONb30OBAaHbI:

- AN UX yKasaHUA N3roTOBUTENAMU M NOCTaBLMKaMM B JOKYMEHTaLU UK Ha NpoayKLUMIo;

- NpU pa3paboTKe NPoaYyKLWUN;

- B cMCTeMax ynpaBneHunst Ka4uecTBOM NPoAyKLIUN;

- MPW BUOPaLMOHHBbIX pacyeTax KOHCTPYKLIUN.

ITU MeToadbl NPUMEHUMbI NPU BBINMOMHEHUN crieayoLMX YCNOBUNA:

a) NUHEeNHOCTU OTKNNKA BUBpounsonsaTopa (aonyckaeTtcsl, YToObl OTKIUK BUOPOU3ONATOPaA Ha cTaTuvec-
KY0 HarpysKy Oblf1 HENUHENHBIM MPU YCNOBUK, YTO MOCNE NPUMOXKEHNS 3TOW Harpy3Kkn nosegeHne BMbponsornsi-
TOpa NMMHENHO);

b) obnactu KoHTaKTa BUOpPOM3oNATopa C UICTOUHUKOM BUDOpaLU N C USONUPYEMON KOHCTPYKLMEN MOXHO
paccMaTpuBaTb Kak TOYeYHble coeQUHEHUS.

2 HopMmaTuBHbIE CChINKN

B HacTodwemM cTaHgapTe UCNONb30BaHbI HOPMAaTUBHBIE CChINKU Ha creayolmne ctaHaapThl:

NCQO 2041 Bubpauus, yaap U KOHTpOIb TexHu4eckoro coctoaHuda. Cnoeaps (ISO 2041, Mechanical
vibration, shock and condition monitoring — Vocabulary)

Pykosoacteo MCO/M3K 98-3 HeonpeaeneHHOCTb UaMepeHnn. HacTb 3. PYKOBOACTBO MO BbIPaXKEHUIO
HeonpeaeneHHocTn namepeHnn [ISO/IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the
expression of uncertainty in measurement (GUM 1995)]

U3paHune odbmumanbHoe
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3 TepMUHbLI N onpepeneHuUs

B HacTodaweMm cTaHaapTe npuMmeHeHbl TepMuHbl no UCO 2041, a Takke cneayrowme TepMUHBI C COOTBE-
TCTBYHOLMMIK onpeaeneHUamMn:

3.1 Bubpousonarop (vibration isolator, resilient element): YcTponctso, npegHasHavyeHHoe ANA
ocnabneHus nepeagaBaeMon BMbpaLnum B HEKOTOPOM AnanasoHe 4acToT.

[TpunmeyaHwune— [NaHHoe onpeaenenne nameHeHo no cpasHenuio ¢ NCO 2041 (cnoBapHas ctatbst 2.120).

3.2 ynpyraa onopa (resilient support): Bubponsonsatop, HasHavyeHWe KOTOPOro — NoadepKmBaTb
YacTb MalUUHbI, 3aHUSA U KOHCTPYKLWK ApYyroro Tuna.

3.3 ucnbityeMbln 00beKT (test element). Bubpounsonatop, nogsepraroLlLiMACA NCNbITAHUSIM, BMECTE C
pbnaHuamMum 1, Nnpyu HeocbxXoaAMMOCTHU, BCOMOoraTensHbIMU MPUCNOCODNEHNAMMN.

3.4 3aTopMaxuBarwlLaa cuna (blocking force) F,: Cuna, npnnoxeHHas K BbIXOAHOU CTOPOHE NCTIbITY-
eMoro obbekrta u obecnevnaaroLlas ee HeNnoABMXKHOCTD.

3.5 BXogHaA AMHaMU4YyecKas XeCTKOCTb (BXoAHaAa XecTKocTb) (dynamic driving point stiffness)
Ky 1: HacToTHO-3aBMCHMOE OTHOLLEHWE KOMMITEKCHOW CUilbl F-1 B TOYKe COeAMHEHUS BUOPOU3ONSATOpa C UCTOM-
HUKOM BUOpaLIMn K KOMIMIEKCHOMY NepeMeLLeHUIo U4 B 3TOU XKe TOUKe, Kora K BbIXOAHOU CTOPOHE BUOPOU30.IA-
Topa NpunoxeHa satopmaxusatoLlas cuna, Ky 4 = Fy/uy.

[TpumevaHne 1 —IllogcTpoyHbin MHAEKC «1» O3HAYAET, YTO CUITY U CKOPOCTb U3MEPAIOT HA BXOOAHOW CTOPOHE
BUOpounaonsaTopa.

[MTpumeyaHwune 2 — 3Ha4eHne K, 4 MOXET 3aBNCETb OT NPEABAPUTENIBHOIO CTAaTUHECKOIO HArPY>XEHUs, TEMIE-
paTypbl, OTHOCUTENBHOW BNAXXHOCTU U APYIMX YCNOBUN.

MpnmeyvaHnune 3— HaHuskmnx yactotax Kq 1 OnpeaensieTcs NCKNIOYNTENBHO YNPYTMMK N ANCCUNATUBHBIMU
cunamMmun, AeENCTBYICLLMMU B BUDpounsonsaTope. B obnactm bonee BLICOKMX HaCcTOT CeAyeT YYUThIBATb TAKXKE CUMbl UHEPLUM.

3.6 BXoaHana gUHaMU4vecKasa XecTKOCTb obpalweHHoro Bubpousonaropa (dynamic driving point
stiffness of inverted vibration isolator) k, ,: BxoaHaa guHamundeckasa XecTKoCTb BUOPOU3ONATOPA, Y KOTOPOro
BXoAHaaA U BbIXoAHada CTOPOHLI UBMEHEHbI Ha NPOTUBOMNONOXHLIE.

[ PUMEYAHWNE— Ha HM3Knx yacrtorax, rae BXoAdHaA AMHaMU4YECKaH XKECTKOCTb OrnpeaesiAeTCH NCKITKYUTETb-

HO YNPYrMmu 1 AMccunaTuBHbIMU cunamm, K, 1 = ko 5. B obnactn 6onee BbICOKMX HaCTOT, I4e BIUSAIOT CUITbl UHEPLIWK, 3TO
PABEHCTBO MOXET HAPYLATLCA.

3.7 nepexoaHas AMHaMUyeckas xecTkocTb!) (nepexoaHas xxectkocTb) (dynamic transfer stiffness)
ky 1: HacTOTHO-3aBUCMMOE OTHOLLEHWEe KOMMIEeKCHOW 3aTOPMaX1BatoLLEen CUnbl F5 , K KOMNIEKCHOMY nepe-
MELLIeHWNO U4 Ha BXOAHOW CTOpOoHEe BUDpOoU3onaATopa, Ky 1 = Fo 4/Uy.

[Tpumevatnune 1—ITllogcTpoyHblie MHAEKCHI «1» N «2» 00603HAYaOT BXOAHYIO U BbIXOAHYIO CTOPOHBI BUDPON30-
NATOpAa COOTBETCTBEHHO.

MpnmeyvyaHune 2— 3HaveHne Ky 1 MOXET 3aBUCETb OT NPeABapUTENBHOIO CTAaTUHECKOro Harpy>KeHns BUbpo-
N30NATOPAa, ero TemnepaTypbl v Apyrmx yCrnoBun.

[TpumedyaHune3— HaHnsknxvacrorax k2 1 3aBUCUT B OCHOBHOM OT YMNpYrMx ¥ ANCCUNATUBHbIX CUIN B BUDPOU-
sonaTtope n kq 4 = Ko 1. Ha BbICOKMX YacToTax, Koraa Henb3sa npeHebpeYb BNUAHNEM CUIN MHEPLUK, K4 1 # Ko 1.

3.8 kKoadhdhuumeHT notepb BudGpousonatropa (koadpdcduumneHT notepb) (loss factor of resilient
element)n: OTHOWEHNE MHUMOW N AEUCTBUTENbHON YACcTeN K, 4 (T. €. TaHreHc pasoBoro yrnak, 4)B aManaso-

HEe HU3KNX YacCTOT, Ha KOTOPbIX BIUAHNE UHEPLIMOHHBIX CUM B BUOPOU3ONATOPE HE3HAYNTENBHO.

3.9 Toye4yHoe coeauHeHuUue (point contact): ObnacTb KOHTaKTa, KOTopasa coBepluaeT konebaHusa Kak
MOBEPXHOCTb abCONOTHO XKECTKOrro Tena.

3.10 nuHeunHocTb (linearity): CBONCTBO NoBeAeHNUA BUOPOU3ONATOPA B AMHAMUYECKOM PEXNUME, NMPU
KOTOPOM BbINONMHASTCA NPUHLMN CYNepno3nLnn.

1 « “
) B oTevecTBEHHON HayHHO-TEXHUYHECKOU InTepartype rnpun OornMCaHnn HaCrtoOTHbIX XapPaKTepPUCcTuk OOBEKTOB BMECTO
CINoOBa «hnepexogHad» HacT1oO NCNoJib3YHOT CITOBO «MNepeiartoyvHan».

2



[OCT P UCO 10846-1—2010

[TpnumevaHnwue 1 —lpuHUMN CYNEPNO3NLNN MOXET ObITb CPOPMYNTMPOBAH Cneayowmnm obpasom: eCcrnv B ABYX
OTAENbHbIX IKCNEPUMEHTaX BXOAHOMY BO3AEUCTBUIO X4 (f) OyaeT COOTBETCTBOBAaThL OTKIMK Ha BbIXxoAe y4(f), a BxogHOMY
BO3AEUCTBUIO Xo(f) — OTKIWK yo(f), TO CUUTAIOT, YTO NMPUHLUMUMN CYNeprno3numnm BbINONMHEH, €CNy BXOAHOMY BO3AEUCTBUIO
axq(f) + Bxo(f) Oynet cooTBETCTBOBATL OTKNUK oLy (f) + Bys(f). JlaHHOE ycnoBme AOMKHO BbINOMHATLCA ANAN0ObLIX o, f,
X1(f) nxo(f), rae an B — NPOM3BOINbHbIE KOHCTAHTHI.

[TpnumedaHne 2—Illpamas npoBepka BbINONMHEHUA NPUHLMNA CYNEPno3nunum MmanonpurogHa ¢ npaktn4eCckow
TOYKWN 3PEHUSA, MOITOMY KOHTPOINb JIMHENHOCTU ODbIMHO OCYLLECTBNAIOT, NPOBOASA U3MEPEHUS MNEPEXOAHOWN XKECTKOCTU B
HEKOTOPOM AnanasoHe BXOAHbIX BO3AeNCcTBMW. Ecnn npmn 3aganHOM nNpeaBapuTenNnbHOM CTATUYECKOM HarpyXeHum sBubpo-
N30NATOPA N3AMEPEHHOE 3HAYEHNE ANHAMNYECKOW XECTKOCTU HE 3aBUCUT OT aMNINTYAbl BXOAHOIO BO3BYyXAeHUs, TO CUC-
TEMY MOXHO paccMaTpuBaTbh Kak NMMHENHYIO. [10 cyTun, aTa npoueaypa sIBNAEeTCH KOHTPONEM NPONoOpLUNOHANBHOCTN MeXAy
BO3DYXXAEHMEM U OTKITUKOM.

3.11 npamou metogp (direct method): MeToa, B KOTOPOM U3MEPEHUIO NnoaneXxaT nepemelleHune, cko-
POCTb UM YCKOPEHME HA BXOAHOW CTOPOHE BUOPOU3ONIATOPA U CMna Ha ero BbIXOQHOW CTOPOHE (3aTOpMaXKuBa-
loLlasa cuna).

3.12 kKocBeHHbIN MeTop (Indirect method): MeTtoad, B KOTOPOM U3IMEPEHUIC NMOANEXUT nepegaTovHas
byHKLUS BUOpon3onsaTopa no nepemMeLleHnto, CKOpOCTU UM YCKOPEHUIO NMPU Harpy>XeHWUn ero BbIXo4HOW CTO-
POHbI U3BECTHOW MaCCOMWN.

3.13 MeTo4BXOAHOU YACTOTHOU XapaKkTepUucTuku (driving point method): MeTtoa, npu KOTOPOM U3Me-
PEeHUIO NOANEeXUT oaHa U3 YaCcTOTHO-3aBUCUMBIX BENMMYUH, ONMUCLIBAIOLWMX ABMXKEHUE (NepeMelleHne, CKo-
POCTb UM YCKOPEHUE), a TaKKe YaCcTOTHO-3aBUCMMas CUNa Ha BXOOHOW CTOPOHE BUBpOoM3onaTopa, Koraa ero
BbIXOAHAs CTOPOHAa 3aTOPMOXeEHa.

3.14 BubGpauuna, nepenaBaemasn nobovHbIM nyTeM (flanking transmission): Cunbl N yCKOpeHUs Ha
BbIXOAHOMW CTOPOHE BMBpon3onsaTopa, BblaBaHHbIE BUOpALIMOHHBIM BO3DYXAEHUEM HA ero BXOAHOM CTOPCHeE,
HO nNepeaaHHble He Yepes BUDpOU3ONATOpR, a APYrUM NnyTem.

3.15 BepXxHAA rpaHuua gmanasoHa 4acToT NpUMeHeHUa MeToaa (BepXHAda rpaHuua guanasoHa
vyacToT) fy; . YacToTa, 3aBucallaa o1 NnpuMeHeHHOro Metoaa onpegerieHnsa YacToTHOW XapaKTepUCTUKKN, B
npeaenax 4o KOTOPOoW NOsy4YeHHbIe 3Ha4YeHUA Ky 1 MOXHO CHYUTaTb AOCTOBEPHBIMMU.

4 Bblbop MeTopa

NHdopmaLuuns, Heobxoanumas anst Belbopa meToaa onpeaeneHnsa YacToTHON XapaKTe pUCTUKU, KOTOPbIN B
HanBOmbLUEA CTENEHU COOTBETCTBYET KOHKPETHOMY TWUMY WUCNBLITYEMOro BUBPOM3ONSATOpPa, NpuUBEAEeHa B
Tabnuue 1.

Tabnwuua 1— PekomeHgauum no BeIbopy metoga

MeToa onpengeneHna HacTOTHOU XapaKTepUCTUKM

XapaKrepucTtuka

BUbpounsonaTopa/metoaa

[Tpamon meton no [1]

KocBeHHbIM meToa no [2]

[TpsaAMon nnm KOCBEHHbLINU

MeToa BXoaHou
YACTOTHOU

MeTon no [3] Xapakrepuctukm no [4]
Tun BMBpPOUN30NS- Onopa Onopa He onopa Onopa
TOopAa
[lpumep npume- Ynpyrme  onopobl Ynpyrme  onopesl Cunb@oHbl U py- Ynpyrue  onopsl
HEHWS ans npunbopos, 060- | ans npubopoB, 000- | KaBa (6e3 xuakocTtn), | ans npubopos, 060-

PyAOBaHWUS, MaLlUVH W
30aHNN

pPyAOBaHUSA, MallVH U
3aaHN I

yrpyrme mydprtbl, Cu-
noBble Kabelnn

PYAOBaHUSA, MaLLWH U
3naHnn

[lnanaszoH 4actoT
ans AaHHoro metoaa

Ot1lupofy,.fy

onpeaensieTcd CBOW-
CTBAMW WCIMbITaTENb-
HOW YCTaHOBKM.
OB6bI4YHO (HO He-
0b6s13aTeNbHO)

300 <f,;, < 500 'y

Ot 1, Ao f;. Obbiv-
HO (HO HeobsiI3aTernb-
Ho) 20 < f,< 580 Tu;
A5 O4YEeHb XECTKUX
onop £, > 100 [u.
Ob6blvHO 2 < ;< S KL
N 3aBUCUT OT CBOUCTB
YCTAHOBKMU

Hna npsamoro me-
Toga — CM. rpaqoy 2.
1N KOCBEHHOro Me-
Toga — CcM. rpady 3

Or 1 I'u go 7.
O6bI4HO (HO HEODA3A-
TenbHo) f ;<200 My w
3aBUCUT OT CBOWCTB
Kak UCnblTaTelibHOW
YCTAQHOBKN, TakK N UC-
NbITYEMOro obbeKkTa
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OkonyaHue mabnuubi 1

XapakrepucTtuka
Bubpousonatopa/metona

MeTton onpeaeneHna HaCcTOTHOU XapaKTepPUCTUKA

[Tpamon meton no [1]

KocBeHHbIM meToa no [2]

[TpAMON NN KOCBEHHbLIU

MeToa BXoaHoOU
YaCTOTHOU

MbIX  KOMMOHEHTOB
yrnoBon Bubpauymi

(npunoxeHune A)

(npunoxeHue A)

MeTon no [3] XapakTepucTukn no [4]
Unucno unamepsie-
MbIX KOMNOHEHTOB MO-
CTynaTtesibHOW
BUOpauum 1,2nm 3 1, 2nm 3 1, 21nmm 3 1, 2unnm 3
Uncno wmamepsie- CornacHo [2], CornacHo [2],

PaclnpeHHas He-
onpeaeneHHoOCTb Npw
ONOBEPUTENBHON  Be€-
POATHOCTU 95 %

Onpeaensitor  nNo

PYKOBOACTBY
MCO/M3K 98-3

Onpenensor  no
PYKOBOACTBY
NCO/MO3K 98-3, HO He
bonee 4 ab

OnpeaensaoT Mo
PykoBoacTBy
NCO/M3IK 98-3, HO He
bonee 4 nb

OnpenensoT Mo

PykoBoacTBy
NMCO/M3K 98-3

[TpnmeyaHnune—Pe3ynbrarbl AN JaHHOIO UCMbITYEMOIo 00bEKTa, KOTOPbIE MOINYT ObiTh NONYYEHbI C NPUME-
HEHUEM Pa3HbIX METOAOB ONpeaeneHns YacTOTHOW XapakKTepucTukm, byayT coBnagaTth B npeaenax nx Heonpeaenex-
HOCTW.

bonee noapobHbie pekoMeHaaL M No BbIOopY MeToaa onpeaeneHnsa YacTOTHOW XapakTeEPUCTUKN NPpUBE-
OeHbl B pa3genaxsuno.

5 TeopeTnyeckme OCHOBbI USMEPEHUN

5.1 lNepexoaHaa AUHaMU4vecKan XeCTKOCTb

B naHHoM pasaene obocHoBaH BbIOOP NepexoaHOM XXEeCTKOCTU B KaYecTBe XapakTepUCTUKM, KoTopas B
HanbonblUen cTeneHn NnoaxoauT Ansg onncaHns nepeaaToYHbIX CBONCTB BUOPOU3ONATOPOB B pa3fiMYHbIX YCI10-
BUAX UX MPUMeHeHUs. Takke yKkasaHbl criydamn, koraa ansa onucaHnsa nepeaaTodHbIX CBONCTB HEOOXoAMMO Npo-
BOOWUTb U3MEPEeHUS APYrixX XapakTepuUcTuk, Ha KOTOpbIe HAaCTOSAWMA cTaHAapT He pacrnpocTpaHAaeTCcs.

[NepexoaHaa AuHaMn4eckas XXeCTKOCTb 3aBUCUT OT YNPYTUX, UHEPLIMOHHBIX U AeMNMUPYIOLLNX CBOUCTB
BUbpousonaTopa. MNpUYnHON NPenmyLlecTBEHHOro0 NUCNOoNb30OBaHUA ONHAMUYECKOWN KECTKOCTU B KadyecTBe
XapakTepuUCcTUKN nepeaaTodHbIX CBOUCTB BUOPOU3IONATOPOB ABNAETCHA TO, YTO AaHHad BenuymHa XOpoLlo
corfiacyeTtcs ¢ MOBCEMECTHO UCMOSb3yeMbIMU 3HAYEHUAMN CTaTUYECKON XKEeCTKOCTN U AUHAMNYECKON XKec-
TKOCTU Ha HU3KKMX YacToTax. Ha BbicoKMX YacToTax, Korga HeobxoaMmo yYnTbiBaTb CUTbI UHEPLLUW, AEACTBY!HO-
e B BUbpousonaTope (T. e. BoNHoBbIe 3ddekThl), NoBeAeHNe AUHaMUYEeCKOM XXeCTKOCTN cTaHOBUTCSA Bonee
CNOXHbIM. Ha HU3KKMX YacToTax BaXkHbl TOMNbKO CUMbl YNIpyroctn n aeMmnduposaHna. NMockonbKy, Kak npaBuno,
MOZYN YNPYrocTU U XapaKTepUcTUKN AeMNdUpOoBaHNSA Ha HU3KNX YacToTax clnabo 3aBUCAT OT YacToThl, TO 1A
OMHaMU4yeckas >XeCTKOCTb Ha HU3KMX YacToTax NpakTUYecKk NoCTOAHHaA.

[MTpumeyaHune—[Ona MHOMMX BUDPOM3ONATOPOB UX CTaTUYECKAs XECTKOCTb U NepexogHas AMHaMn4eckas
)KECTKOCTb HA HU3KMX YacToTax MOryT He CoBNagaTb.

B obuwem cnyyae nepexogHasi AMHAMUYECKas XXEeCTKOCTb BUDPOU3ONATOPa 3aBUCUT OT TEMMEpaTyphl,
OTHOCUTENbHOW BNaXXHOCTU M HaYaNbHOU cTaTu4eckou Harpysk. OnmcebliBaemMaga Teopus UsmepeHun cnpaBe-
nuea B NpeanofioXXeHUn NMHENHOCTU OTKITMKa BUbpounsonsatTopa. OCHOBaHUA ANA TaKoro NnpeanonoKeHns pac-
cMaTpuBalrTCs B NpUnoXxeHnn D.

COOTHOLWIEHUA MexXxay nepexoaHou guHaMU4eCcKoW XXeCTKOCTbIO U APYIMMM YaCTOTHBIMU XapaKTepucTu-
KaMu npueeaeHbl B npunoXxeHun A. B pearnbHbIX YCNOBUAX UCMbITAHUNA BEIOOD N3MEPSIEMON XapaKTEPUCTUKM
OBWMXKeHNA (NnepeMeLleHnst, CKOpOCTM UITN YCKOPEHUS) onpeaenseTcs npakrnieckummn coobpakeHnamm. OgHa-
KO NpeAcTaBneHne pesynbTaToB B COOTBETCTBMU C TPeDOBaAHUSAMU, NPeayCMOTPEHHBIMUN KOHKPETHBIM METO-
OOM, MOXET NnoTpeboBaTh NPOBEAEHUA COOTBETCTBYIOLWNX NpeodbpasoBaHMA BENUYNH.

5.2 MaTtpuua AMHaMU4eCKON XeCTKOCTU BUDOpounsonaTopa

5.2.1 Obwune nonoxeHun

OObIYHBIA NOAX0A K aHANU3Y CNOXHbIX KonebaTtenbHbIX CUCTEM COCTOUT B NpeACcTaBNeHNN 3N1EMEHTOB
CUCTEMBI B BUAe NogCUCTEM C U3BECTHLIMU NnepegaToyHbIMU MaTpuuamMm ()KeCTKOCTU, NoaaTIMBOCTU U T. A4.).
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JneMeHTaMmmn MaTpuLbl SBMAKOTCH YaCcTOTHbIE XapaKTepUCTUKWU 3adaHHOro BMAA, KOTOPbLIMU OMNUCLIBAOTCSH
NMUHEeNHble MexaHun4yeckne 1 akyctuieckne cuctemel. Ha ocHoBe MHGOPpMAaL MM O CBOUCTBAX OTAENbHOU Noa-
CUCTEMBI MOXHO paccynTaTbh COOTBETCTBYIOLLME XapaKTeEPUCTUKN aHcaMbns noacuctem. MaTtpuubl pasnmu-
HbIX YaCTOTHBLIX XapaKTepUCTUK B3aMMOCBSI3aHbl U MOTYT ObITb Nerko npeobpasoBanbl Apyr B Apyra [9]. OaHako
B MeTOJaxX, paccMaTpuBaeMblX B HACTOSILLEM cTaHaapTe, Ans OnnMcaHust CBOUCTB BUOPOUIONATOPOB NOM CTa-
TUYECKOW Harpyskon ncnonb3oBaHbl TONTbKO MaTPULbl XKECTKOCTI.

Bnok-cxema CMCTEMbI K MCTOUYHUK BUOpaLU — BUOPOUIONIATOPEI — U30NUPpYyeMas KOHCTPYKLIMA» NoKa-
3aHa Ha pucyHke 1.

F, F N3aonupyemas
KOHCTPYKLUS

AcTouHUK BUBpaLmn F F

(Ha BXOOQHOWU CTOPOHE) -U, Uy Uy U3 | (Ha BbIXOAHOW CTOPOHE)

Pucyrok 1

Cucrema coctouT 13 Tpex BMoKoB, NpeacTaBnAlOLWNMX, COOTBETCTBEHHO, UCTOYHUK BUDpaLMK, n napar-
nenbHoO pabdboTarlmx BUOPONIONSATOPOB N U3ONTMPYEMYIO KOHCTPYKUUIC. [NpeanonaraeTcs, 4To coeguHeHUs
MCTOYHWKa BUOpaLIn C BUDPOUIONATOPOM N BUOPOUN3ONATOPA C N30ONNPYEMON KOHCTPYKLIMEN MOXKHO paccMaT-
PUBAaTb KakK TouedHble. Kaxkaon TouKke coeguHeHUs1 NocTaBfieHbl B COOTBETCTBUE 0000 EHHbINA BEKTOP CUIbI,
COCTOSALLMNA N3 CUIT N MOMEHTOB, IEUCTBYIOLLMX BAOMNb TPeX B3aUMHO nepneHanKynsapHbIX KOOpAUHATHBIX OCel,
N 0DOOLLEHHBLIN BEKTOP NEpeMeLLeHNst, codepKaliui No TPU COCTaBNSALWNX NOCTYyNaTeNbHOMN 1 YINOBOW BND-
paunn. Ha pucyHke 1 nokaszaHo TOJIbKO Mo 04HOWN COCTaBNAOLWEN ANA KaXKA0ro N3 BEKTOPOB 4, U4, Fo N Uy, KaX-
ObIN N3 TAKUX BEKTOPOB COCTOUT N3 61 3N1eMeHTOB, rae 1 — 4Y1cno BUOpoOnN3onaTOpOB.

UTobbl NokasaTb, YTO NepexogHas XecTKocTb xonoctoro xoaa'l), onpeaenerHas B 3.7 kak nepexoaHas
ONHaAMUYECKast KEeCTKOCTb, YOAOBNETBOPSIET LENsAM ONMUCaHUSa CBOUCTB BUOPOMIONATOPOB B DOMbLUMHCTBE
npakTU4YeCcCKUX cnydaes, ganee paccmaTtpuBaeTcs paboTta BMOpOU3ONSATOpa Kak Ang npocrerwlero cnyyvas
oQHOHanpasneHHoOW BUOpaLunn, Tak 1 aAns cnyvas konebaHu B HECKONbKMX HanpaBeHUsX.

5.2.2 OanH BUOPOU3ONATOP U OAHO HanpaBrieHUe BUbGpauun

YcnoBue paBHOBECUA BUDpOM3onNsTopa B crnyyae oaHoHanpaBneHHoN BUOpaLnum MOXeT ObITb BbIpakeHo
dpopmynamu:

F1= Ky q Ul + Ko U, (1)
Fo = Ko,q Uq + Ko 5 Uy, (2)

rae Ky 4 Ky , — BXOAHbIE >XeCTKOCTU, NoSTyYeHHble ANA YCITOBUSA, KOrAa NpoTUBOMNONOXKHAA BO3DY>KAEHUIO CTO-
| ~ poHa BuGpousonsaTopa saTopMoxeHa (T. e. U, = 0 M u; = 0 COOTBETCTBEHHO);
Ki o N Ky 1 — NepexoaHble XXeCTKOCTU XONOCTOro XoAa, T. €. OTHOLLEHWUSI CUMbl B 3aTOPMOXEHHOW TOYKe K
nepemMeLLeHnto B ToUKe Bo30yXaeHUs. [ina nMHeHbIX BUOPOU30NATOPOB NacCUBHOIO TUNa, B
OTHOLLEHUN KOTOPBIX CNpaseAnB NPUHLIMM B3aUMHOCTU, UMeeT MeCTO PaBEHCTBO Ky 5 = Kj 1.
Ha BblcoKnxYacToTax, koraa cyLLeCTBEHHO BNUAHWE CUN UHEPLUK, 3HAYEHUA K 4 UKy 5 OTNINMA0TCA APYT
OT Apyra. Ha HU3KMX YacToTax, Koraa Bo BHUMaHWE MOXHO NMPUHUMATL TOMBKO YNPYrMe 1 AMCCUNaTUBHBIE CUTTbI,
BCE 3HaYeHUs K; ; paBHBI Mexay coboun.

[Tpunmevanunme 1— Qopmynbl (1)un (2)onncbiBalOT COOTHOLWEHNUSA MEXAY NAPMOHNYECKMMIN COCTaBNSAIOLWNMU
NPOU3BONBHOWU YaCTOTh; F,- U U; — KOMIIEKCHblE DOYHKLMN BPEMEHMW, k,- i KOMIMIIEKCHbIE BEJTUYUHBLI.

B maTpuiHoun popme popmMynel (1) U (2) umeroT BUA

F = K, (3)
rae Mmatpuua guHaMmm4eckon XXectkoctn K umeeT Buag

ki Kio (4)

K= .
Kp1 Koo

R [TepexoaHasi HacToOTHas XapakTePUCTUKA HA3bIBAETCH XapaKTEPUCTUKON XONOCTOro Xo4a B TOM Criyyae, ecrnv oHa
Nnony4eHa B yCNoBUSIX, KOr4a BCe TOYKM U3MEPEHNN, KPOME TOW, YTO COBNAgaeT C TOYKON BO3DYXXOEHUS, NMPUHYXOEHbI K HE-
NOABWMXHOCTHU (3aTOPMOXeEHbLI). B AaHHOM crniyyvae AoCTartouvHO, €CNy 3aTOPMOXKEHA TOYKa COeAMHEHNS BUOpOUn3onaTopa ¢
N30NNPYEMOUN KOHCTPYKLUMNEMWN.
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[Tpn BO3OYKAEHNN U30NTMPYEMON KOHCTPYKL MK Yepes BUOPON3ONATOP

=_"2, (5)

r U

rae k, — BXogHas AMHaMndeckas XXecTKoCTb U30NNMPYEMOMN KOHCTPYKLLUN.

3HaK MMUHYC NOCTaB/IeH B COOTBETCTBUM C BLIDOPOM MOMNOXUTENTbHOIO HanpaBfeHUd, Kak NoKasaHo Ha
pUcyHke 1.

N3 popmyn (2)—(5) cneagyeT, 4To
K21
1, K22

Ky

o = Uy. (6)

Takum obpasom, Npu 3agaHHoOM Bo3byXaeHun u, cuna F, 3aBUCUT OT BXOAHbIX AUHAMUYECKNX KECTKOC-
TeWn kak Bubpounsonaropa, Tak n U3sonnpyemMomn KOHCTpyKLUnU. OgHako ecrnn BbIMONIHEHO ycnosue |k, 5| <0,1|k,|,
T0 F, ¢ To4YHOCTbO A0 10 % coBnagaeT ¢ 3aTopMakuBarowen cunon F, 4, 7. e.

Fox Fo p =Ko qUy. (7)

[ToCcKoNbKy paboTa BUOpon3onsaTopoB 3y ekTUBHA TOMNbKO B CNyvasaXx, Koraa oHW yCTaHOBMNEHbI MexXay
CUCTEMAMW C OTHOCUTENbHO DONbLLLUOW ANMHAMMNYECKOW KeCTKOCTbIo, dpopmyna (7) npakTu4ecku Bcerga cnpa-
BeaNMBa, MHa Hel OCHOBaHbl MeToAbl onpeaeneHnsa guHaMn4yeckom )KeCcTKOCTU, paccMaTpuBaeMble B HAaCTOS-
lem ctaHgapTe. IsmMepaTb nepexogHyo XXeCTKOCTb XONOCTOro Xxoaa (Unu aHanorndHele e XapakTepucTuKkn)
BMOPOUN3ONATOPA C HAYaNbHON CTAaTUYECKOU HArpy3Kom nervye, Yem M3MepsiTb NOMHYHO MaTPULLY XKECTKOCTU (MNK
MNOMHY0 MaTpuuy nepegatovHon pyHKUKMK). TemM bonee, YTo3TOT NapamMeTp ¢ 40CTaTOYHOW NONTHOTOU XapakKTe-
PU3YEeT CBOUCTBA BUOPOU3ONATOPA B NpeanonaraeMblX yCnoBusiX ero npuMeHeHus .

[TpnmeyaHune 2 — Bcnyyasx, korgaycnoBue |Ky »|<<|k |He BbinonHeHo, Ans onpeaenexHns - no aagaHHomy
NepemMeLLEHNIO U4, Kak criegyeT n3 hopmynbl (6), A0NMXKHbI ObITb TAKXE U3BECTHBI 3HAYEHUS 'y 5 U K,

5.2.3 OanH BUOPOU3ONATOP U LLECTb COCTaABNAKLWMUNX BUOpaLmn

Ecnu cunbl  XapakTepUcTUKA ABMKEHUS B KaXXO0W M3 TOYeK coegUHEeHNUS ONUCbIBaoT Yepes LeCTb OPTO-
rOHalnbHbIX COCTaBMARLKUX (TPW ANA NOCTYNAaTENLHOW U TP ANS YrNOBOW BUDpaLnn), TO BUDPOUIONATOP MOX-
HO npeactaBuTb B Buae 12-nomwocHuka [11]. ®opmyna ana matpudHou dpopMbl ¢ 12 napameTpamiu
OVNHaAMMNYEeCKOW XKeCTKOCTU 3KBUBaneHTHa dpopmyne (3), rae BeKTopbl WecTu nepemelleHun, WecTu yrioe
NMOBOPOTA, LLECTU CU U LUECTU MOMEHTOB CUIM UMELOT BMUA

u=: . |E=< 4% (8)

— ?

MaTpuua guHaMmn4ecKkom XecTkocTu pasmepoM 12 x 12 moxeT bbITb pazbuta Ha YeTbipe Brioka pasme-
POM O x 6 B BUAE

Ki1 Kio

K=l " , (9)
Ky Koo

rae Ky 1 1Ky 5 — MaTpuubl (CUMMETPUYHbBIE) BXOOHOM XKECTKOCTN;
Ky 2Ky | — mMaTpuLbl nepexoHon XecTKoCTU XONoCTOro Xxoaa.
BbinonHeHne npunHuMna B3anMHOCTU NpeanonaraeT, YTo nepexoiHble MaTpuLbl 1 COOTBETCTBYOLLME UM
TPaHCMoHUpoBaHHbIE MaTpPULIbl NONapPHO paBHHbI.
Ecnu npeanonoXxutb, YTO BXOAHAaA AUHaAMUYecKas XXeCTKOCTb N30STIMPYEeMON KOHCTPYKLWU BefliMKa no
CpaBHEHUIo C BXOQHOW ANHaMUYECKON KeCTKOCTbio BUDpousonaTopa, To cuna F, BO3AeUCTBYoWasa Ha 3Ty
KOHCTPYKLUMIO, ODyaeT NpudbnnkeHHO paBHa 3aTopMaXunsatoLlen cune Fp, 7. e.

Fo~ Fy p=Ky iy, (10)

Takum obpasoM, nepexoaHas XXecTKOCTb XOTIOCTOro XoA4a onucbiBaeT nepeaaTtodHble CBONCTBA BUOPO-
M30MTATOPOB 1 B Cllydae MHOrOKOMMOHEHTHON BUOpaLInu.

5.3 Heob6xoauMmasi nonHoTa onUcaHua MaTpuLbl NepexoaHOon XeCTKOCTU XONOoCTOoro xoaa

B obLiem cnyyae maTpuLua nepexoaHon XectkocTn XxonocToro xoaa K,  0oAHOro BubpounsonaTopa cocTo-
T 13 36 anemMmeHToB. OaHaKo Npyu CUMMETPUN KOHCTPYKLU M BUOpOU3onaTopa 00NbLUMHCTBO 3/IEMEHTOB MaTPU-
Libl paBHbI HYNHO. [Na KOHCTPYKUMIA C LeHTpanbHOU cuMMeTpuen (Kpyrosou ummnmHap unu napannenenunea)

6
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YNCNO OTIINYHBIX OT HYNA 3N1IeMeHTOB MaTpuLbl paBHO 10, a4ncno pasnuyHbIX 3Ha4YeHNN, KOTopoe dyayT NPUHN-
MaTb HEHyNEeBbIE 3neMeHTbl, — 5 (CM. npunoXxeHue B, a Tarke [11]).

Ha npakTuke 4ncno snemMeHToB MaTpuLbl, Heobxoanmoe Ans agekBaTHOro onnucaHuUa BUbpoakycTmyec-
KUX NepeaaTovHbIX CBOUCTB BUOPONIONATOPA, OaXe MeHbLUe Yicia 3N1eMeHTOB, TEOPEeTUYECKU OTNUYHBIX OT
Hyna. B cnyyvae noctynaTtensHOW BUOpaL i, Kak npaBuio, 40CTaTOYMHO NPUHMMATL B pacyeT TONbKO OAWH, ABa
AN TPU AnaroHanbHbIX 3eMeHTa — COOTBETCTBEHHO AN BUOpaLun TONbKO B 0AHOM (ODbIMHO BepTUKaTlb-
HOM), ABYX UMM Tpex B3aUMHO NepneHanKynapHeIX HanpasneHusix. bonee nogpobHaa nHdopmaums o vicne
YUUTbIBAEMbIX 3N1IEMEHTOB MaTPULLbI )KECTKOCTW AaHa B npunoxxeHun C.

B HekoTopbIX cneumanbHbIX cnydaax 0onbLwoe sHavyeHne UMeroT U cTeneHn cBoDOoAbl, CBA3AHHLIE C YIo-
BbIMU KONebaHmnamm (cMm. npunoxeHune C). B 6.3.5 AaHbI CChINKN HA COOTBETCTBYIOLLME NNTepaTypHble NCTOYHN-
KA, B KOTOPbIX YKa3aHo, Kak NoNy4YnTb napamMeTpbl, CBA3aHHbIe C YrIIOBOW BUDpaLen, TemM e cnocodoM, YTo U
ans noctynarensHomn BnbpaLun.

5.4 MNMobGo4HbIE NYTU pacnpocTpaHeHUA BUbGpauuu

Mopaenb, npegctaBneHHada Ha pUCYHKe 1, Tak ke kak n opmynbl (1)—(10) cnpaseannBbl TONLKO B CIYy-
Yyae, ecn MMeeTcqa eAUHCTBEHHbIA NYTb Nepegadn BuopaLmm oT UCTOYHUKA K USONTMPYEMON KOHCTPYKLMM Yepes
BMOPOU3OIATOPLI. Ha NpakTuKe XXe MOryT CyLLeCcTBOBaTh M NODOYHEIE NYTU pacnpoCcTpaHeHns Bubpauum — no
MEeXaHUYECKNM KOHCTPYKLMAM UK Yepes oKkpyXarLwyro cpeay. [Ana kaxaoro metoga onpeaeneHnua auHamu-
YeCKOW XeCTKOCTU BIUSIHUE NODOUYHBLIX NyTen Ha pesynbTaThl MUSMEPEHUN XapaKTepUucTuK BUOPON3oNAaTopa
OOIMKHO ObITh CBe4EeHO K MUHUMYMY .

5.5 KoadduuumeHT notepb

Llenb HacTosilWero ctaHgapTa — yCcTaHOBUTL 00LMe MeToabl onpeaeneHnsa YacToTHO-3aBUCUMOUN nepe-
XO4HOW AUHaMNYEeCKOW XXECTKOCTU K, 1. PAa nonb3oBaTenen, KpoMe Toro, MOXeT ObITb 3aUHTEepecoBaH B OMnpe-
neneHUn demndupyowmMx CBONCTB BuBpomsonsTopa. HacToawmin ctaHgapT He ycTaHaBnuMBaeT MeTo[
N3MEePEHNA XapaKTepUCTUK aemMndnpoBaHnsl. TeM He MeHee HUXKe AaHOo TeopeTndeckoe oboCcHOBaHUE NpoLe-
Oypbl UCNMONB30BaHUA AaHHBLIX O pa30BOM yrie KOMMNNIekCHOMU PyHKUMN nepexogHo AMHaMNYEeCKOU XKECTKOCTI
Ko 4 ONA nonyveHusa nHopmMauum o aeMndupyroLLmnx cBoNCTBax BUbponsonaTopa.

| [na obuwero npeacrtaBneHna 4oCTaToOuHO pacCMOTPETL cryyan, ONMCaHHbIMB 5.2.2. [TOCKOMNMBKY B HACTO-
dllemM cTaHgapTe paccMOoTpPeHbl TONbKO N3MepeHusl, NpoBoAUMEIE MPU 3aTOPMOXXEHHOU ToUYKe coeaUHEeHUs
BUOPON3ONATOPA C N30ONUPYEMOUN KOHCTPpYKUMeW, dopMynbl (1) 1 (2) MOXXHO CBECTU K BUAY:

Fy =Ky 1Uy, (11)

Fo =Ky 1y, (12)

Ha HU3KnX YacToTax, Korga cmnamum MHe pLUKM MOXKHO npeHebpeyb, COOTHOLLEHNE MexXay ha30oBbIM YITIOM
nepexoaHon AUMHaAMMNYECKOW XKECTKOCTU U XapaKTEPUCTUKON AeMNpnpoBaHns BUMOpon3onsaTopa MMeeT Npo-

cTon BUA. B gaHHOM oBnacTu 4acToT YaCTOTHO-3aBUCUMYIO XKECTKOCTb MOXHO annpoKCUMUPOBATb Bhipa-
XeHnem

OTY KOMMNMEKCHYIO BENMUYNHY MOXHO 3anncaTh B BUAE
K= Ko(1+ /M), (14)

rae Ky — AeUcTBnTeNnbHas 4YacTb K.

HacToTHO-3aBUCUMbIN KOSPUUMEHT NOTEPb 11 onpeaensieT aemMngpupoBaHme B BUOPOU3ONATOPE Ha
HU3KMUX YacToTax (CM. 3.8).

COOTHOLWeHNe Mexay Ko PULUMEeHTOM NoTepb U PasoBLIM YITIOM ¢KOMMIEKCHOW BENMUYNHBI K onpeae-
naetcda opmMynoun

n=tg¢. (19)
Takum 0bpasom, KO3 PULMEHT NOTEPL BUOPOMN3ONATOPA MOXKHO OLIEHUTL NO popMyne
n~1tg ¢, 1, (16)

rae ¢, ¢ — a3oBbIA yron nepexoaHon AMHaMNYEeCKON XKeCTKOCTU Ky 4.

[Tpn onpegeneHnn gemMnuUpyroLLIMX CBOUCTB BUDOPON3OISITOpa HeobXoanMO yYUTbIBaTb chneayolue
MOMEHTHI.

a) VsmepeHusa c nomollbio gopmynbl (16) KoshdpuumMeHTa NnoTepb B cny4yasx, korga sta sennM4mnHa mana,
KpanHe YyBCTBUTENbHLI K NOrpeLluHocTaM namepeHus gasel [3]. OgHako ansg BMOpon3onsaTopoB, U3roTOBIEH-
HbIX N3 pe3nHonoaobHOro Matepmana, ata npobnema He Tak 0cTpa, 3a UCKMIOUYEHMEM HaCTOT HUXKE HECKObKMNX

rep,
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b) Ha BbicokMXx YacToTax, korga coopmyna (13) HecnpaBegnuea, gopmyny (16) ana onpegeneHna gem-
NPUPYOLLUX CBONCTB BUDPON3ONATOPA UCMONb30BaTh HEMb3A. XOTH NMPOCThIX N YETKUX KpUTEPUEB NMPUMEHMU-
MOCTU oopMynbl (16) He cyLleCTBYeT, BCe XKe B KaueCcTBe A0CTaTOUYHOro nNpusHaka MOXHO cUMTaTb, YTO pesKoe
N3MEHEHMEe KPUBOM M C POCTOM YacCcTOThl CBUAETENbCTBYET O TOM, UTO doopmMynon (16) npu donbLien YactoTte
NoNb30BaTbLCS HElb3s.

6 lNMpuHUMNbI NpoBeAeHNUA U3MEePEHUMN

6.1 lNepexogHada AnHaAMU4YecCKana XeCTKOCTb

[lepexogHas AMHaMMYecKas XXeCTKOCTb ABNAeTCa PyHKUMEeN YacToThl. KpoMe Toro, ee 3Ha4eHUs 3aBuU-
CAT TakKe OT NPUNOXEeHHOW HaYyalnbHOW Harpysku 1M, BO MHOTMX crnydadax, oT TeMnepaTtypbl. Ana nonyvyeHus
HeobXoAUMBbIX AaHHLIX UCMONbL3YIOT TPU MeToda onpedeneHnss AMHaMUYeckon XXeCTKOCTM (CM. pasgen 4),
MOCKONbKY AOCTOUHCTBA KaXXA0ro U3 MeTo4oB MOIYT KOMMEHCUPOBATh COOTBETCTRBYIOLLME HeOQOCTaTKN APYTUX.

[Tpamon meToa TpebyeT NpoBeAeHUNA NUSMEPEHUN NepeMeLLeHUSA (CKOPOCTU, YCKOPEHUS ) Ha BXOQHOWU CTO-
POHE BUOPOU3ONATOPAa U CUMbl HA ero BbIXOAHOW CTOPOHE.

KocBeHHbIN MeToa NpeagycMaTpuUBaeT MaMepeHne nepegatodyHon pyHKUMM BUOpon3ondaTopa (no nepe-
MELLIEHWNIO, CKOPOCTU UMK yCKOPeHUto). [1ns co3aaHus 3aTopMaknsatroLlen cunbl BUOpOM3oNSATOP € BbIXOOAHON
CTOPOHbI HarpyarwT Maccol Tena, obnagatwowero 60nbLWON ANMHAMUYECKON XeCTKoCTblo. [ponsBeageHue
M3MEPEeHHOro nepemMellieHna B JaHHOW TOUKe Ha U3BECTHOE 3HavYeHue gMHaMMUYEeCKOW XKeCTKOCTU HarpysKku
MOXXeT CNYXXUTb 4OCTaTOYHO TOYHOM OLEHKON 3aTOpMaXXMBatoLen CUnbl B 3agaHHOM guanasoHe 4acToT.

MeTog BXOOHOWM 4YACTOTHOW XapaKTepUCTUKM AN OLUEHKM nepexoaHoWu ANHaAMUYECKOW XKeCTKOCTU
NCMONb3YIOT B Cny4ae, eCnn UCnblTatenbHasa ycTaHoBKa, obecnevmnBas HENOABMXKHOCTL BbIXOAHOW CTOPOHbI
BUOpOU3ONATOpPA, NO3BONSET NPOBOANTL U3MEPEHUSA TONMBKO Ha €ro BXOAHOW CTOpoHe. Pe3ynbTaThl U3Mepe-
HAW nepemMelleHnsa (CKOPOCTU, YCKOPEHUA) U BbIHYXAAloWEN CUAMbl HA BXOAHOMW CTOpoHe BUbpousonsaTopa
NO3BONAOT NONYYNTL OLEHKY BXOAHOW ANHAMNYECKOW XKeCTKOCTU. OTayYacToTHad XapaKTepuUcTUKa copnagaeT
C nNepexoaHou gMHaMUYECKOU XXeCTKOCTbIO TOMNMBKO Ha HU3KMX YacToTax, NOSTOMY NPpUMeHeHNe MeToda BXOA-
HOM YaCTOTHOM XapaKkTePUCTUKN OrpaHNYeHO HU3KOYACTOTHBIM Aana3cHOM. B 3TOM COCTOUT He4oCTaTOK AaH-
HOro Mmetoaa (No cpaBHEHUIO, HANPUMepP, C NPAMbIM METOAOM), 0AHaKO ero 4YacTo NPUMEHAOT Mo NpakTUYeCcKUm
coobpaXXeHnsiM BBUAY OTHOCUTENbHO HU3KOW CTOMMOCTU UCMbITATENTbHOW YCTAHOBKM.

6.2 NMpamoun metoA
6.2.1 UcnbiTaTenbHaa ycTaHOBKa

OCHOBHbIe NMPpUHLKMNBI ocnpedeneHnda nepexoaHon guHaMUYEeCKOW XKeCTKOCTU NpodeMOHCTPUPOBaHLI Ha
npuMepe ucnblTaTtefibHOM YCTAaHOBKAU, N30DpakeHHOM Ha PUCYHKeE 2.

L L 1

I ,..‘-

| B

Uy << Uj

O A

1T — UcnonHuTenbHoOe YCTPOUCTBO r’MapaBnnMyeckoro tuna (obecnevueaeT npeaBapuTesibHOe CTaTUYEeCKOE Harpy>XXeHue U auHamMmudec-
Koe BO3DyXaeHue), 2 — noaBuXHasA TpaBepca; 3 — HanpaensLlme CTONKU; 4 — UCNbITYEMbIN ODBEKT; 5 — cucTema namepeHus
CUNbI; 6 — XeCTKOE OCHOBAHUE

PUCYHOK 2 — [lpumep ncnbeiTatenbHON YCTAHOBKU A1A MPAMOro Mmetoga
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NcnbiTyeMbin 0O beKT noMeLlatoT Mexay BubpoBo3dbyauTenem ¢ BXOQHOM CTOPOHbI U XKeCTKUM OCHOBaH U-
eM C BbIXOHOW CTOpOHbI BUbponsonatopa. Mexay ncnbiryemMbslM 00 beKTOM U KeCTKMM OCHOBaHWUEM yCTaHaB-
NMBatoT AaTtynk cunbl. B 3Tom mecTe Ana co3gaHna yCcnoBuiA TOMEYHOro CoeaUHEHNa U OQHOHaNpPaBeHHOro
OBKEHWA YacTo NOMeLLaoT NNUTY, NO3BOSIAIOLLYI0 paBHOMEPHO pacnpeaenTb NPUIToXKeHHoe YCUme no ee
noBepxHoCcTU. He cnegyet gonyckaTb, 4Tobbl onopor 6onbloro dpnaHua BMbponsonaTopa CiyXun gaTymk
CUNbI MarnbIiX pa3mMepoB, NOCKObKY B 3TOM cliydae B1Mbpauua dnaHua byaeT cyllecTBeHHO UHON, HEXENN B
YCNOBUSIX NPUMeEHEHUs BUOpOMN3oNaATopa, U oLeHKa NepexoHon ANHaMNYECKON XXEeCTKOCT OKaXKeTCsl Heoc-
TOBEpPHON. [Na KpynHbIX BUOPON30NATOPOB ¢ O0ONbLUCIK HaYanbHOW cTaTUYeCcKon Harpyskon ansa obecnevyeHns
HeobX0aMMON TOYHOCTU MeTo4a MOXeT NnoTpeboBaTbcs NpoBeASHNE M3MEPEHUIA C MOMOLLbH HECKOMbKUX AaT-
YUKOB CUMbI C NocneayoLWnMm ycpeaHeHNeM.

[lepexogHyo ANMHaAMNYECKYHO XKEeCTKOCTb onpeaensaoT no opmMyne

Ky 1 =%, (17)

npu cobntoaeHUU YCnoBUs U, << Uy.
6.2.2 U3mepsaeMble BeNMMYUHDI

N3mepsaeMbiMU BENUYMHAMU ABNAIOTCA CUla M 0Ha N3 XapaKTepUCTUK ABUXKEHUS: nepeMeLleHne, CKo-
DOCTb WM YyCKOPEHMeE.

6.2.3 lpeaBaputenbHoOe cTaTUUueCKoe HarpyxeHue

[lepexoagHas AMHaMmm4eckas XXeCTKOCTb MOXET CYLLIeCTBEHHO 3aBUCETb OT NMPUNOXEHHON K BUbpounsons-
TOpPY CTaTUYECKOW Harpys3Kku, no3ToOMy UCMbITAHUA NPOBOAAT B YCIIOBUAX NMpeaBapuUTeSibHOro cTaTu4ecKoro
Harpy>xeHusa. 3a4acTtyto 3170 TpebyeT ncnonb3oBaHUA cneunanbHON UCcnbiTaTenbHOW ycTaHoBKU. Micnonb3oBa-
HMe BUOpoBO3DYyAUTENA r’MapaBNYEeCcKOro Tuna Nno3sonsaeT ogHOBpEeMEHHO co3aaTh TpebyemMyo CTaTUYecKyo
Harpy3Ky 1 anHamuyeckoe Bo3byxaeHune. 3To, oAHaKo, He UCKoYaeT NPUMEHEHUS YCTaHOBOK, rae Harpys3ka
co3faeTcsa c NIPMMeHeHeM O4HOro YCTPOWCTBA, a BO30yXaeHne — apyroro.

6.2.4 OrpaHU4YeHMA NPAMOro MeToga no guanasoHy 4YacToT

[dnanasoH 4acToT NpUMeEHeHUda NpaMoro MmetToaa 3saBUCcUT, B NepPBYHO o4Yepeb, OT CBOUCTB UCNbITaTENb-
HOW ycTaHOBKWU. OOHO U3 orpaHUYeHnn CBSI3aHO ¢ pabovynm gnanasoHoOM 4acToT BUOpoBo3byanTena. [pyroe
OorpaHnyeHune 3avyacTyio CBA3aHO C pacnpoCcTpaHeHMeM BbICOKOYACTOTHOU BMOpaL MM NO paMe KOHCTPYKLUN,
MCNONb3yeMou ANA co3gaHusa npeaBaputenbHOro ctatudeckoro HarpyxeHuda. OrpaHudeHusa no guanasoHy
4YacTOT BbI3bIBAIOT Takke CODCTBEHHbIe KonebaHUsa paMmHON KOHCTPYKLUMK, YacToTa KOTOPLIX onpeaensieTcs
MacCOoW NoABWKHOU TpaBepChl U XKeCTKOCTbH BepTUKaNbHbIX HANPaBNsALWMX CTOEK B NPOA0NIbHOM HanpaBse-
HUM. OObIYHO, KaK ykasaHo B Tabnuue 1, BepxHAsa rpaHuua AuanasoHa vacTtoT fj; NneXxuT B npeaenax
300—500I'u. Takne 3Ha4YeHUA NPUBOAAT UCNbITATENBHLIE NMAabopaTopun, CNOCOBbHBIE 0DECNEeYnNTb HavanbLHYo
ctaTudeckyro Harpysky ao 100 kH (cm. [10]). Ha ycTaHOBKax MeHbLUMX pa3MepoB, MCNOMb3yeMbIX 414 UCMbITa-
HUN HeDONbLUMX BUOPOMIONATOPOB, U3MEepeHUa MOTYT ObITb NpoBedeHbl B AManasoHe YacToT 40 HECKOMbKUX
Knnorepu.

[ToTeHUManbHO 60NLLLUMMK BOSMOXXHOCTSIMU MO YBENMUYEHUIO BEPXHEW FpaHULbl AMana3ocHaYacToT obna-
OaeT KOCBeHHbIN MeToa (CM. 6.3). OTO 0DYCNOBNEHO TEM, UTO B KOCBEHHOM MeTo4e MeHbLUe BO3MOXHOCTEN
pacnpocTpaHeHus1 BUbpauum no nodOOUYHOMY NYTU, MOCKONbKY UCTIbITYEeMbIN 00 BeKT AMHaMUYECKN pas3BA3aH C
PaMHOW KOHCTPYKUKMEN, co3aatloLle HavanbHYH cTaTUYEeCKYH HarpysKy.

6.2.5 HanpaBneHunsa Bu6payunmn

Ha pucyHke 2 nsobpaxeHa TUnoBasi UcnbitaTenbHasa ycTaHOBKa AN U3MepPeHUn AMHaAMUYECKON XKecC-
TKOCTWU B HanpaseHUn NpUnoXXeHHon ctatuiyeckon Harpyskn. OgHako, BoobLue roBops, npyu MCnonbL3oBaHUn
NPAMOro MeToaa MOXHO NPOBOANUTL U3MEPEHUA NOCTYNAaTENbHON U YTIOBON BUDpaLIMK BO BCEX HANpaBNeHUsIX.
MeToa onpeaeneHnst AMHAMUYECKON KECTKOCTU ANsl TpeX OpTOroHanbHbIX HANpaBieHUA NnocTynaTeibHON
BUOpaLunm ycTtaHoBNeH B [1].

6.3 KocBeHHbIN MeTOA
6.3.1 UcnbiTaTenbHaa ycTaHOBKa

OCHOBHbIe MPUHLKUMNBI U3MEPEHUN NepexogHON AMHAMWUYECKOW XXEeCTKOCTU NMpoaeMOHCTPUPOBaHbl Ha
npumMmepe UcneltTaTenbHOM YCTAaHOBKN, N30OpaXKeHHON Ha PUCYHKE 3.

McnbiTyeMbln 0O BEKT NOMeLUatoT MexXay ABYMS XKEeCTKUMU MacCaMMu.

Macca Ha BXOQHOW CTOPOHE UCMLITYEMOro 00bLEKTa, BhINMOMHAST ABE PYHKLIUN:

- obecrnevmBaeT (B CUMY BLICOKOW JKECTKOCTW) YCNOBUSI TOUEYHOIO COeAUHEHUS;

- MO3BONSIET CO34aTb OAHOHAaNpaBneHHoe BO3byKaeHWe B pasHbIX HanpasneHusix (cm. [11—I[3]).
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Macca Ha BbIXOAHOW CTOPOHE UCTIbITYEMOro obbekTa Takke MMeeT Ba HasHauYeHns:

- obecne4ynBaeT yCcroB1UA TOMEYHOro coeNHEHUA Ha BbIXOAHOW CTOPOHE BUOPOU30oNATopPa;

- racuT (3a c4yeT cBoero 60onbLOro 3Ha4yeHust 1 6oMbLLIOIro 3Ha4YeHNA MOMEHTa UHepLIMK) Bce BO3DYXaeH-
Hble B UCMBITYEMOM 0OBbeKTe YacToTHble cocTaBnawwme Bnbpavuun. Ana a1oro wectb cobCTBEHHbIX YacTOT
MacCOBO-MPYXNHHOM CUCTEMBI, COCTOSALLEN U3 BUOPON3ONATOPa N Macchbl My, OOMKHbI NeXaTb MHOTO HUXKE
ananasoHa 4YacToT nsmepeHunin. B Takom cnydyae cuna, AeCTBYHOLLAasA Co CTOPOHbI BUDpPON3ONATOpa Ha Maccy,
NPpUONMKEHHO paBHa 3aTOPMaXKMBatoLEN cune N MoXeT BbiTb paccuyMTaHa No YCKOPEHUO 3TOM Maccehl.

OTHoLeHwWe U, /U4, rae U, — NepemMeLleHue maccel m,, a U, — nepemMeLleHe Maccbl m,, 06bIYHO Ha3bl-
BaloT Ko3dpdbruMeHTOM Nepeagayn (no nepemMelleHunto). Ecnu B kKavyecTBe N3MepsaeMoro napamMmeTpa ABWKeHUS
B35ITb CKOPOCTb UITN YCKOPEHUe, To 3HadeHue koaddpuLlmeHTa nepegavm octaHeTc HEM3MEHHbIM.

Al
—

-2
-
o1
—‘:?1' ]
mo Fy, Us .l 7

=2 BT
8

a) lNpegBapuTtencHoe ctaTudeckoe  b) lNpeppaputensHoe cTatndeckoe
Harpy>keHme Maccou Tena Harpy>keHMe paMHOWN KOHCTPYKLUEN

1T — BuUbpoBO3OYOAUTENDb;, 2 — NOABUXXHAA TpaBepca,; 3 — BCNoMoraTtesibHble BUBPOU3ONATOPLI ANA AUMHAMUYECKOU PAa3BA3KM OT
YCTPOUCTBA HArpy>XeHus, 4 — macca pacnpeneneHus Bo3dyxaeHus; 5 — UCnbITyemMbln O0BEKT; 6 — HarpyxXxawuasa maccea; / — BCno-
MOraTenbHbIe BUBPOUIONATOPLI; 8 — XECTKOE OCHOBaAHUE

PUCYHOK 3 — [lpnmep ncnelitatenbHOW YCTAHOBKKU ANSA KOCBEHHOIO MeToaa

GopMyIy, CBA3bLIBAIOLWYIO NepexoaHyo AUHAMUYECKYHO XKECTKOCTb U KO3 PULUEHT nepeaadvn, MOXHO
MNONyYnTb U3 3akoHa HeoTOHA

Ko 1 2 _enm, Y2 pnat>> (18)

Uy Uy

rae fo — cobcTBeHHaa YactoTa MaccoBO-NPYXUHHOW CUCTEMbI, 0bpasoBaHHOM Maccon My U UCMbITYEMbIM
BUOPOMIONATOPOM [a TaKkKe BCNOMOraTenbHbIMU BUDPOU3ONATOPAMN, KaK NokasaHo Ha pUcyHKe 3 b)].
dopmyna (18) nony4yeHa B TOM Xe nNpeanofioXXeHuu, 4To n oopmyna (7), T. e. YTo cuna F, NpnonmkeHHo
paBHa 3aTopMakmsaroLlen cune.

6.3.2 UamepAaeMble BENMMUYUHDI

N3mepsaeMbIMA BenuYMHaMin SBMNSAOTCA XapaKTepUCTUKUA OABWXKEHUA: nepemMellieHne, CKOPOCTb UMK
YCKOpPEHMeE.

6.3.3 UaMepeHUa B ycnoBuUAX npeaBapuUTeNibHONo CTatTu4eCcKoro HarpyxeHus

6.3.3.1 lNpunoxeHne Ha4yanbHOU HArPy3KA
Cnocodb nNpunoXXeHnsa HavyanbHOW CTAaTUYECKOW HArpy3Kkn B UCNbITaTENbHON YCTAHOBKE NMoKasaH Ha npu-
Mepax pucyHka 3.

10
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B npumepe, n3obpakeHHOM Ha pUcyHKe 3 a), ANS co3aaHns NpeaBapuUTenbHOro HarpyKeHUs UCNonbayoT
CUITY TSXKECTU, AeNCTBYIOLLYHO Ha Maccy Ha BbIXOAHOM CTOPOHe UcrbiTyemMoro obbekTa. B Takon ycTaHOBKe cTa-
TUYECKYH0 Harpysky npuHumMmaeTt Ha cebsa nndo Bnbposo3byanTtens, Nnbo kakasa-HMOyab BcnomoraTesibHas
KOHCTPYKLMSA (Hanpumep, AoNonHUTEeNbHbIe BUBpon3onatopsbl). NoaobHble ycTaHOBKK, 0QHaKO, 3a4acTyio He
obecne4ymBatoT cTabMbHOCTbL pe3yNbTaTOB N3MepeHNn, 0cobeHHO B cny4vae UcnbiTaHU BUOPOU3ONATOPOB
OONbLINX pa3MepoB NPW BbICOKUX CTAaTUYECKNX Harpyskax.

B npumepe, n3obpaxeHHOM Ha puUCyHKe 3 b), Ana NpunoXeHna HavanbHOW CTaTUYECKOW HarpysKku
MCNONb30BaHbl paMHaA KOHCTPYKLUMSA U UCNONMHUTENbHOE YCTPOUCTBO, Hanpumep ruapasnudeckoro tuna. Mac-
ca m, Ha BbIXOAHOW CTOPOHE UCMbITYEeMOro obbekTa passsasaHa ¢ paMHOW KOHCTPYKLUUen nocpeacTBOM BCMO-
MoraTelbHbIX BUOPOU3ONATOPOB. AHaANOMMYHbIE BUDPOUIONATOPLI MCNOMNL30OBaHbI, YTOOLI pa3BA3aTh paMHYIo
KOHCTPYKUMIC N Maccy Ha BXOOQHOW CTOpOoHe BUDOpounsonaTopa. Mcnonb3oBaHWMe BCNOMOraTenbHbIX BUOPOU-
30NATOPOB AenaeT KOCBEHHLIN MeToa bonee yCTOUYUBLIM K BITIUSIHUIO BUOpaL WK, nepeaaBaeMon Yepes pam-
HYHO KOHCTPYKLWIO, NO CPaBHEHUIC C NPSIMBIM MeTOA0M. bonee noapodbHasa nHdgopmaumsa npuseaeHa B [2].

[TpwumeyaHumne—Hanpaktnke obwas >XecTkoCcTb BCNoMoraTenbHbIX BUBDPOU3ONATOPOB MOXET ObITb TOrO Xe
NopsiAKa, YTO U XKECTKOCTb UCMBbITYEMOro BUDpoOn3onaTopa.

6.3.3.2 Opyrue Buabl NPUNOXKEHUA CTAaTUYECKOW Harpy3Ku

BndponsonaTopbl, He SBASIOLLMECSH ONOpaMu, TakKe WUCNLITbIBAOT Mo HOMUHAaNbHOW CTaTUYEeCcKOn
Harpyskoun. B cnyyae rubkon myd bl cCOeAUHEHUA BANOB, HANPUMEP, 3TO 03HAYaeT, YTO KHEWU AOMKEH ObITb NPK-
NOXeH NOCTOAHHbBIMN MOMEHT CUI.

6.3.4 OrpaHn4eHNA KOCBEHHOIo MeToA4a Nno AManas3oHy YacToT

YXenaHune pacwimpuTtb gnanasoH YacToT U3MEePEHNU NPUBOANT K B3aUMOMUCKIHOUAOLWMM TPpeDOBaHUAM K
MCrblTaTeNbHOW YCTaHOBKE.

C 0OHON CTOPOHBI, YTODLI paclLMPUTL AnanasoH N3aMepeHnin B COOTBETCTBUK ¢ opmynon (18) B obnacTb
HU3KMXYacToT, He0OXOAMMO UCMOSTb30BaTb DOMLLUYIO Maccy m.,, KoTopas No3BOSIUT NOSTYYNTb 4OCTAaTOYHO HNS-
koe 3HadeHue f,. OgHako Yem bonblle Macca m,, TeM MeHbLLen XXeCTKOCTbo OHa byaeT obnagatb 1, COOTBE-
TCTBEHHO, TEM HMXKe DyaeT BepXHSAS rpaHuLa ananasoHa 4acTorT.

YacTo ycnoBms npuMeHeHnst BUbpon3onaTopoB TpebytoT 3HaHUA MX AUHAaMUYECKMX CBOUCTB B obnacTtu
3BYKOBbIX YaCTOT, re BUOPON3ONATOP He MOXKET ObiTb NpeacTaBlieH B BUAe NMPYXUHbI C HYf1eBOM Maccol. B
TaKNX CcIlydasax KOMMPOMUCCHOE peLleHne MOXeT ObITb NoNTy4eHo cneayoLlMm obpasom.

MpnbnukeHHyo oLeHKy YacToThl f, NepBoro cobCTBEHHOrO pe3oHaHca Bubponsonsitopa (B Hanpasne-
HUN MaKCUMaIbHOM XEeCTKOCTU) MOXHO NoNy4YnTb No hopmyne

fo~ 0,5 /k—o, (19)
Mgy

rae kg — AvHamuyeckasi )keCTKOCTb BUOpOU30nsaTopa Ha HU3KUX YacToTax;
m,; — Macca ynpyroro afieMeHTa Bubponsonatopa BMecTe ¢ Maccoin pnaHua Ha ero BXO4HOW CTOPOHeE.

Ha Hn3kux yactoTax nepexoaHaa guHamMmmnyeckas XXecTKkoCTb NpUbNmkeHHo paBHa k. MHorne BMbpounso-
NATOPbLI BeAyT cebs kak besMmaccoBble NMpyXXnHbl B guanasoHe YacToT Br1oTh Ao f<f,/3. BbIbop Macchl U3 ycno-
BUA fn < 0,17, No3BONUT Nony4nTb HagexHble U3MepeHua Ana onpeaeneHnusa nepexogHon UMHaMUYecKou
KeCTKOCTU ana vactoT f > f,/3. ECnu ¢ TOYKU 3peHna NpuMeHeHUa BUbpousondaTopa ocobyio BaXXHOCTL
npeacTaBndeT AnanasoH f> £, /3, 1o bes nposBegeHUA U3MepeHUN MOXKHO NPUHATL, YTO BobnacTtn bonee HU3KUX
4acToT 3Ha4YeHne JMHaMU4eCcKon KeCTKoCTU byaeT TeM e, YTo M HavacToTe f= £, /3.

HTOObI NONYYNTL 4OCTOBEPHbIE pe3yfbTaTbl USMEPEHUU B LLMPOKOM AManasoHe 4YacToT, XKenaTellbHo
MMeTb HU3Koe 3HadeHne Ang fy U noaaepXXuBaTb HEOBXOAUMYIO XKECTKOCTb MacChl M, BMNOTh 40 BEPXHEN rpa-
HULIbI AUanasoHavYacToT uamepeHunin. flerdye Bcero yaoBneTBOPUTL MOCTaBNEHHbIM TPEOOBaHNAM, UCNONb3YA B
KayecTBe Maccbl m, cTanbHON BIIOK.

Ecnun Tpebyembi AManasoH 4acToT MUSMEPEHNN CITULLKOM LLMPOK, YTODbI ero MOXHO Bbino obecnevnTs C
MOMOLLbH OAHOrO B10KA, TO M3MEPEHUNA B 0DNAaCTAX HU3KUX YN BBICOKMX YaCcTOT MOTyT ObITh NMpoBeaeHbl ¢ bnoka-
MW pa3HbIX pa3sMepoB.

6.3.5 HanpaBneHua Bubpauun

Ha pucyHke 3 n3obpakeHbl TUNOBLIE UCMbITATENIbHbIE YCTAHOBKU A1 U3MEPEHNI NHAMNYECKON KeC-
TKOCTW B HAMpaBfeHUN NPUNOXKEHHON cTaTuveckon Harpysku. OgHako, BoobLe roBops, NP UCNONb30BaHUN
KOCBEHHOIO METo4a MOXHO NMPOBOANTb N3MEPEHNSI NOCTYNAaTENIbHOW 1 YITIOBON BUOpaL M BO BCEX Hanpagne-
HUsAX. MeToa onpegeneHns ANHaMUYECKOW XKeCTKOCTU ANSl TPeX OPTOroHarnbHbIX HaNpaBneHWUn nocTynartesb-
HOW BUOpaLnm yCcTaHOBMNEH B [2].

11



[OCT P UCO 10846-1—2010

BO3MOXHOCTU U3MEpEHNIN YINMOBON BUBpaLIMM Ha BXOAHOW U BBIXOAHOW CTOPOHaX BUOpOU3ONSTOpa pac-
cMmoTpeHbl B [2], [3], [11], [13].

6.4 MeTtog BXOOAHOU YaCTOTHOU XapakTepUCTUKIA
6.4.1 UcnbiTaTenbHada ycTaHOBKa

[Tpumep ncnbiTaTefibHOW YCTAHOBKU ANSl U3MEPEHUSA BXOAHOW ANHAMUYECKOWN XKECTKOCTU NoKasaH Ha
PUCYHKe 4.

YCTaHOBKa NoxXoXa Ha U300pa)KeHHYHo Ha PUCYHKe 2, 0HaKO BMECTO U3MEPEHNN 3aTOPMaKnBatoLLEN
CUNbI NPOBOASAT USMEPEHUS CUNMBbI, AENCTBYIOLLIEN HA BUDPOU3ONATOPR B TOUKE BO3DYXAeHUA. Takum obpasom,
NCMOMNb30BaHWE JAaHHOTo MeToda Ans onpeaeneHns nepexoaHon AMHaMUYecKkon XeCTKOCT OCHOBAHO Ha
NpPeanonoXeHnn, YTo B 0DNAacTU HU3KUX YaCcTOT 3Ta XapakKTepuctmka npubnmkeHHo paBHa BXOAHOW AUMHAMU-
YeCKOW XKeCTKOCTU BCNeACTBME NPEHEDPEXMMON MaNOCTU CUN MHEPLIMN B CPaBHEHWUN C CUNaMU YNPYrocTn, T. €.
cnpaBegnuea opmMmyna

_F (20)

Ko = Kyq4 = — -
3 3 u1u2:0

Cnocob nNpunoXeHus HavyanbHOM CTaTUYECKON Harpy3KkM TOT XKe, YTO U B NpsaAMoM MeToae. 3mepeHud
MOTYT ObITb BbINOMHEHLI A9 NOCTynaTensHoN BMbpaLm B Tpex B3auMMHO nepneHAnKynapHbIX HanpasneHnsXx.
N3mepsaeMbiMU BENUYMHAMN ABNAOTCHA CUMNa 1 04Ha U3 XapaKTepUCcTUK ABMXKEHUS: NnepeMeLleHne, CKOpoCTh
SN YyCKOpEeHue.

O A

T — UCnoNHUTENbHOE YCTPOUCTBO rMapaBnuyeckoro tuna (obecnevuBaet npeaBapuUTenibHOE CTATUYECKOS HAarpyxeHne n AuHamu-
YyecKoe BO3Dy)KaeHue), 2 — noaBuXHAaA Tpaeepca; 3 — HanpaenAaoLwmne CTOUKU; 4 — cucTema U3MepPeHUs Cunbl; & — UCNbITYEMBbIU
ODBLEKT, 6 — XeCTKOE OCHOBAaHUe

PuncyHok 4 — [1pumep ncnoitatenbHON YCTAHOBKU A4S U3MEPEHNN BXOAHON ANHAMUYECKON XXECTKOCTU

6.4.2 OrpaHu4yeHuUs MeTo4a BXOOHOW YaCTOTHOMN XapaKTepPUCTUKU NO AUanasoHy YacToT

[TpnbnumxeHHaa popmyna (20) cnpaseanuesa ToNbLKO B 0bNacTu HU3KMxYacToT (00blvHO 40 200 1), koraa
CUIbl UHEPLLM Marbl MO CPaBHEHUIO C CUMaMn yNpyrocTn u agemngpuposaHud. bonee ToUHbIe KONMUMYECTBEHHbIE
OLLeHKM NpuBeaeHbl B [4].

6.4.3 HanpaBneHua Bubpauun

Ha pucyHke 4 nsobpaxeHa TMNoBas UcCNbITaTENbHAA YCTaHOBKA AN U3MEPEHNA ANHAMUYECKOMN XKecC-
TKOCTW B HanpaBneHUn NpunoXXeHHoM ctatndyeckon Harpysk. OgHako MeTog BXoAHOWU YaCTOTHOWU XapaKkTepuc-
TUKA NO3BONAET NPOBOAUTL M3MEPEHUS ANS NMOCTynaTensHOW 1 yrioBon BUbpaLIMn BO BCeEX HaNpaBlieHUNAX.
MeToa onpeaeneHns AMHaMUYeCKOW XXeCTKOCTU ANA TpeX OpTOoroHanbHbIX HanpaBleHUU nocTynaTtensHOW
BUOpaL M ycTaHOBMEH B [4].
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[MpnnoxeHwne A
(cnpaBo4HOe€)

CooTHOLWeHNA Mexay nepexogHou AMHaMU4YeCKOU XXeCTKOCTb U ApYrMMU YacTOTHLIMI
XapaKTepucTukamm

[nsa nMHeNHbIX BUOPON3ONATOPOB XapaKTepucTUKaMmu, HENOCPeACTBEHHO CBA3aHHbIMU C AMHAMUYECKON XKEeCTKOC-
TbI0, ABNAIOTCHA MEXaHU4YeCKUM nMmnegaHc n achdektneHas macca. ObpaTHbIMU K HUM BENMUYMHAMM ABNAIOTCH AMHAMUYEC-

Kasi nogaTt/iMBOCTb, MEXaHNYECKas NOABMXXHOCTb U YCKOPAEMOCTb COOTBETCTBEHHO.
B rabnuue A.1 npeagctaBneHbl HAMMEHOBAHNA N COOTBETCTBYIOWME 0603HAYEHUA ANA ANHAMUNYECKON XKECTKOCTU U
CBA3aHHbIX C HEW BENTUYUH.

Tabnwuua A.1— Obo3HavyeHns AMHAMNYECKOWN XECTKOCTU U CBA3AHHbIX C HEWN BENUYUH

[lpsamas sennynHa ObpaTtHaa Benu4vuHa
Obo3HaveHue HaumeHoBaHue Obo3Ha4veHune HanmeHoBaHue
K [InHaMn4eckas XeCTKOCTb 1/k [InHamun4yeckasa NnogaTnmBoCTb
/ MexaHndyeckum nmneaaHc 1/7 MexaHnyeckas NoaBUXHOCTb
m . IdhdhekTMBHaAA macca 1im_ YCKOPAEMOCTb

B tabnuue A.2 nokasaHbl k03pduuneHTbl And npeobpasoBaHns OOHOW BENMUYUHBLI B APYIyo, HAanpumep K =

=— w’m off = JOZNT. M. YMHOXEHNE Ha KOSPUUNEHT j® O3HA4YaeT, YTo MOAyNb YaCTOTHOWN XapakTepuCTUKMN HaYacToTe f

HY>XHO YMHOXUTb HA ® =2 7f, a K COOTBETCTBYIOLWEMY 3HAYEHMIO Pa30BOro yrna npnbasutb n/2 pag.

Tabnunua A2 — KoathpduumeHTbl CBA3N AUHAMUYECKON XKECTKOCTU C APYIMMUN HYaCTOTHBIMU XapaKTEPUCTUKAMU

HaumeHoBaHue O603Ha4YEHNE Onpenenexue’) k 4 m_

[lepexogHas aMHamMmun4eckast
XXECTKOCTb k F/u 1 J® — o

[lepexoaHbIN MeXaHUYeCKNIA
nMnegaHc V4 F/v 1/] @ 1 o

ISP dhekTMBHaAA Mmacca Mgt F/a — 1o 1] @ 1

) F — cuna; u — nepemellenne; v — CKopoCTb; @ — YCKOPEHMe.
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[MpnnoxeHwve B
(cnpaBo4HoOe€)

BnusHue cMMMeTPUM KOHCTPYKLUU BUOpon3sonaTopa Ha BUA, MaTpULLbl NepexoaHON XXeCTKOCTI

dopmyna (9) nokasbiBaeTt pasbneHne matpuubl AUHAMUYECKOUN XECTKOCTN BUbpomnsonsaTopa pasmepom 12 x 12 Ha
yeTblpe Bnoka pasmepom 6 x 6 kaXxabin. Hactosawmm ctaHgapT NOCBSLWEH U3MEPEHUIO OTAENbHbBIX 3NEMEHTOB MaTPULLbI
AnHammn4eckomn xectkoctm K,  paamepom 6 x 6. 3TM anemeHTbl NpeAcTaBnAioT COO0N OTHOLWEHNA 3aTOPMaKUBAIOLLNX CUTT

K nepemMeLlleHnaM Ha BXOQHOW CTOPOHE BUOPOM3oNnAaTopa.
[aHHble 3NeMeHTbl N30bpaxXeHbl Ha PUCYHKE B.1 B NpAMOYronibHON CUCTEME KOOPAUHAT C OCSIMU X, Y U Z.

I:Z’I uZ

Pucynok B.1 — Ob6o3Ha4veHune cun n nepemMeLleHnn B 4EKapTOBOW CUCTEME KOOpANHAT

BEI{TOp LECTU NOCTVYINATElIbHBIX N LLECTHU YITIOBbIX I'IEDEMELLIIEHMI;I MOXeT ObITb 3anMcaH B BUae U1 — {U'IX’ U1y, U1Z’

Vix Y1y Y1z
é/EI{TOp LIECTU 3aTOPMaXXMBaIOLWMX CUM U MOMEHTOB CUIN MOXET ObITb 3anucaH B Buae F blocking = W ax: Fay Fon

Maxs Moy, M-
Torpa dopmyny (10) MOXHO NpeacTaBUThL CrieayloLwmm 0bpasom

Fox | k71 k72 kisz kza kis k7e | [ugy
Foy | |ks1 Kg2 kg3 Kga Kgs Kge || Uy
Fo, | |Ko1 Koo Kg3 Kga Kgs Kgg ||Uiz
Max| K101 K102 K103 K104 K05 K106 | |V1x
My, | K111 K112 K13 Kiia Keas Keg | Y1y
| K121 K122 K123 K24 K25 Ki26) Y1z,

BcnegctBue CMMMETPUM KOHCTPYKUMK BUDpon3onaTopa Donbluas 4acTb 3NEMEHTOB MAaTPUL bl PaBHA HYMO, & HEKO-
TOPbI€ HEHYNEBBIE 3MTEMEHTbI MATPULbI MOTYT ObITb PABHbI MEXAY CODON. DTO MOKA3aHO Ha CNeayoWMNX YeTbIpeEX MPUMepax

ONS TUMWYHBIX (POPM  KOHCTPYKUMM BUOPOMN3ONATOPOB (HanpaBneHne KOOPAWHATHbIX OCEN B COOTBETCTBUU C
pucyHkom B.1).

lTpumep 1 — [Jee opmo2oHanbHbIe nnockocmu cummempuu (10 pa3nudHbIX HeHy1e8bixX 3/IeMeHMmoes)

Uqy Uqy Uy Y1x Y1y Y1z
F2x k? 1 0 0 0 k? 5 0
F2y O kg}g 0 k8,4 0 0
F, 0 0 kg 3 0 0 0
M,, O K102 O K10.4 O O
sz k1111 0 0 0 k11 5 0
M., 0 0 0 0 0 Ky

14



[OCT P UCO 10846-1—2010

lMpumep 2 — Tpuopmoz2oHanbHbie niockocmu cummempuu (10 HeHyneabIx ateMeHMo8; 8 pa3nnuYvYHbIX 3Ha4YeHul)

Uix Uy, Uqz Y1x 1y Y1z
Fox K7 1 O 0 0 K7 5 0
F, 0 0 Ky - 0 0 0
Mz 0 =~ g4 0 K104 0 0
My, | =—kys 0 0 0 ki1 s 0
M, 0 0 0 0 0 Kip 6

lpumep 3 — Ocegass cuMMemMpust OMHOCUMEsNTILHO JTUHUU nepeceYeHuUst niocKkocmeu cuMmmempuu ripume-
pa 1 (10 Henyneabix afteMeHmMo8; 6 pa3nuYvHbIX 3Ha4Y€HUU)

Uy x Uy, Uy, Y1x Y1y Y1z -
Foo K7 4 0 0 0 K7 5 0
Fy 0 = K7 4 0 = K7 5 0 0
F, 0 0 kg 5 0 0 0
M, O K102 0 K10,4 O 0
M, = K102 0 0 0 = K104 0
M,, 0 0 0 0 0 Ky 6

lMpumep 4 — lMapannenenuned usnu KpyaoeolU uyunuHop (10 HeHyrneebiXx 3/1eMeHmoe; 5 pa3nuydHbiIX
3Ha4YeHuu)

Uqx Uyy Uy Y1x Y1y Y1z .
Fox K7 4 O 0 0 K7 5 0
F, 0 0 Ko 2 0 0 0
Mo, 0 == k75 0 K10,4 0 0
My, | =—kys 0 0 0 = Ky 4 0
M, 0 0 0 0 0 Ky o
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[MpnnoxeHwne C
(cnpaBo4HoOe€)

MaTpuua nepexogHoOU XXeCcTKOCTU ynpoLleHHOro Buga

C.1 Obwme nonoxeHwuA

Kak yka3aHo B 5.3, BO MHOIMMX NPaKTUYECKMX Criy4Hasix Ans1 a4eKBaTHOIo NpeAcTaBneHnst MaTpuLbl NEPEXOHON XKEeCT-
KOCTW AOCTATOYHO ONpeaennTb TONbLKO OAWH, ABA UMK TPU ANEMEHTA 3TOM MaTPULbl, CBA3AHHbIX C NOCTyNnaTenbHON BUDpa-
Lnen. Huxxe paccMoTpeHO HECKOTbKO MPUMEPOB, Pa3bACHAIOLWWX AaHHOE MOMNMoXeHue.

C.2 NMocTtynaTtenbHaa Bnbpaunsa

3 BNOK-CXeMbI CUCTEMBI K MCTOYHUK BUBpaLnMn — BUBPON3ONATOP — U30NUPYEMAast KOHCTPYKUMA» (PUCYHOK 1) cne-
OVET, UTO BUbpauuns, nepeaaBaemasi Ha KOHCTPYKUUIO Yepe3 BUBPOU3onsaTop, 3aBUCUT OT MCXOAHOMN BUBPpaLUMmM NCTOYHUKA,
NePEXOaHON XECTKOCTU BMDBPON3ONATOPA U BXOAHOW XXECTKOCTU N30NNPYEMOUN KOHCTPYKUMK. OBbIMHO nepeaaBaemasi oT
NCTOYHUKA BMDOpauuns He DbiBaeT OAHOHANPAaBNEHHOW, MNO3TOMY BXXHO U3MEPSTh XXECTKOCTb BUDPON3ONATOPA B ABYX UMK
TPpEeX OPTOroHanbHbIX HANPaBNeHUsX.

B cnyvae ecnun ypoBHM BUbBpaunmn, nepegaBaeMmon 0T UCTOYHUKAE, UMEIOT OAWH NMOPSA0K NO BCEM TPEM OPTOroHasb-
HbIM HaNpPaBNeHUSAM, AJ151 ONUCaHUA NepegaTodHbIX CBOUCTB BUbpounsonsaTopa Heobxoanmo 3HaTb NO KpanHen mepe Tpu
3HAYEHUSA NEPEXOQHOUN XKECTKOCTU, @ UMEHHO AMaroHarnbHbIe 3NeMEHTbI MaTPULbl NEPEXO4HON XXECTKOCTU, COOTBETCTBYIO-

LWne nocTtynareJicHoOMy ABUXXEeHWUID. KOHEYHO, ecnu KOHCTPYKUWUHA BH6pOH30ﬂFITOpa CUMMETPUHHA, TO MOXeET ObITh A0CTa-

TOYHO 3HATb TOJIbKO ABa 3HaAYeHWH I'IEpEXO,EI,HOI;I KECTKOCTN — OAHO Alld BEePTUKalibHOIro m ogHo AnAd nonepeYyHoro
HallpaBJ1EHNS.

Honyctumo nu npenebpexeHne snbpaymen B NnonepevHHOM HanpaBneHnmn, 3aBUCUT OT ABYX PAKTOPOB:

- OTHOLLUEHUS BXOAHbIX XXECTKOCTEN B NONEPEYHOM U BEPTUKANBbHOM HanpaBneHusxX 4Ns BUBpon3onsaTopa;

- OTHOLUEHNSA BXOOHbIX XXEeCTKOCTEN B NONEPEYHOM N BEPTUKAINBHOM HanpaBneHNAX Ansi U3onmpyemMou KOHCTPYKLUWW.

Hanpumep, obopyaoBaHme 4acto ycTaHaBNMUMBaOT HA MACCUBHOM BETOHHOM (PyHAAMEHTE Ha BUBPOU3ONATOpaXx,
XECTKOCTb KOTOPbIX B NONepe4YHoM HanpasneHUn paBHa NN MeHbLLE X XKECTKOCTU B BEPTUKAlNTbHOM HanpasrneHun. B To xe
BPEMS XECTKOCTb PpyHAAMEHTA B BEPTUKAINIBHOM HanpaslieHUU MeHbLUE, YEM B nonepeyHomMm. B gaHHOM cny4ae BrorsHe
onpasaaHHO paccMmaTpuBaTte nNepegady BUbpaunm ToNbKO B BEPTUKANBHOM HanpasneHum n, Takum obpasom, TOSNbKO B 3TOM
HanpaBleHUN N3MEPATb XKECTKOCTb BUDpOn3onsaTopa.

PaccmoTpum apyrom npumep, Kkorga Bubpon3onaTopbl sSIBMAKTCS COCTABHOW YaCTbo KOHCTPYKUMKY, MOABEPXKEHHOM
TENNOBOMY pacLUMPEHNLO (A0NYCTUM, CUCTEMBbI BbIXNona). Bubponsonatopbl KOHUYECKOrO TUNA MOIMYT UMETb XXECTKOCTb B
nonepevYHoM HarnpaeneHnn B 4ECATb pa3 Bbille, YeM B HanpaBneHum oCHOBHOWM Harpy3kn. Cama e naonmpyemast KOHCTPYK-
LMA ABNAETCH BECbMa NMOKOW BO BCEX HanpaBneHusix. [NosTomy aHanus nonepeyvyHon Bubpaummn, BO BCAKOM Criyvae, He

MEHEE BaXeH, YeM B HanNpaeBlneHUN 4eNCTBUA CTAaTUYECKOWN Harpy3Ku.
CrnepoBartenbHO, peleHue 0 TOM, Kakoe YNCNo 3MEeMEHTOB MaTpuLubl MNEepexogHON XECTKOCTU crnegyeT U3MepsTh

O151 KAXXKA0ro KOHKPETHOIo BUOpON30onaTopa, AOMKHO ObiTh NPUHATO NCXOAS U3 TUNAa BUOPOU30ONATOpPa U YCNOBUN €ero Npu-
MEHEHWS.

C.3 YrnoBasa Bnbpauyuun

ONEeMEHTbI MaTPULLXKECTKOCTEN, COOTBETCTBYOLWME COCTABNSOWNM YIIOBOW BUOpaLIMK, a TAKXKE 3NNEMEHTbI, CBA3bI-
BalOWME COCTABNSALWME NOCTynaTenbHOW BUbpaumm Ha 0gHON CTOPOHE BUDOPOM3ONATOPA C COCTABNSALWUMN YINOBOW
BUOpauum Ha Apyron CTOPOHE, B HACTOSILWEM CTaHAapTe He paccmaTtpuBatoTcs. OgHOM U3 NPUYMH 3TOMO SIBNAETCS CITOX-
HOCTb HEODXOAMMBIX AN TAKUX Lenen namepeHnn, oCOBEeHHO Npn OTCYTCTBUU CTAHAAPTU3OBAHHbLIX AATYMKOB. [1pn 3TOM

Ba)XXHO 3HaTb, K KAKUM MOCNEeACTBUAM MOXET NPUBECTU HeaaeKBaTHOe onucaHue nepeaaTodvHbiX CBOWCTB BUOPOU3O-
naTopa.

UTo KacaeTcsa NCTOYHUKA BUBpaLmn n n3onnpyemMon KOHCTPYKLUK, TO B NEPBOM MPUBITNNKEHUN MOXKHO CHUTATD, UTO
COOTHOLUEHNE MEXAY COCTaABNAK MMM NOCTYNATENBHOW W YINOBOM BUbBpaunm onpeaenaeTcs AnmHon narmbHbix BonH. C
YMEHbLUEHNEM ANMNHbLI BONHbI BIUSIHUE YIMOBbIX KONebaHnM Nnn YyBCTBUTENBHOCTU K MOMEHTHOMY BO3DYXAEHUIO COOTBE-
TCTBEHHO BO3pacTaeT. ATO 03HAYAET, YTO ANA KOHCTPYKLUMA B BUAE BanoK 1 NNacTtuH Marnoun TONWWHbI NPY OTHOCUTESNBHO
BbICOKMX YacToTax BO3by)XOeHUs yrnoBble Konebanus dyayT nposBnsaTbCsA cunbHee. ECnn xXe BepHyTbLCS K PpacCMOT-
PEHHOMY BbILLE NPUMEPY MaLLUWHbI, YCTAHOBIIEHHON HA MACCUBHOM BETOHHOM (PyHAAMEHTE, TO B AAHHOM Clny4ae BITUSHU-
€M YIMOBbIX COCTaBNSAIOLWMX MOXHO NpeHebpeYb.

[Tpnmepom, korga BNUsHNE MOMEHTHOIO BO3DYXXAEHUA BENMKO, MOTYT CNYXXUTb TABPOBbLIE UK ABYTaBPOBbLIE Banku.
BxogHas gnHaMmn4eckas XeCcTKOCTb Takmx 6anok B HanpaBrieHun 4eNCTBUs cunbl F MmoxeT ObITb 04eHb BONBbLIOW, MHOIO
DonblUEN 3HAYEHUS STOW XapaKTEPUCTUKM And momeHTa cun M (cm. puncyHok C.1).
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PucyHok C.1 — BoabyxgeHune B TOUKE Ha BEPLUMHE ABYTaBpoBOW banku cunon Fn momentom M

Bubpounsonatopbl c reomeTpuyeckumm oopmamm, obecneumBatoMmMmm BOnbLLIYIO XECTKOCTb B MONEpPEeYHOM Hanpas-
neHun, NPOosIBASAINT, KAK NPpaBuno, n DONbLUYIO XECTKOCTb ANs YrnoBbiX Konebanun. Ecnn Bubponsonsatop tTakon popmbi
COE€ANHEH C TOHKOCTEHHOW KOHCTPYKUMEN B LEeNsiX N30nsumm €e 0T BbICOKOYACTOTHLIX KONebaHun, To BNUSIHWE YINOBbIX
COCTaBNSANWMNX MATPULbI NEPEXOAHON XKXECTKOCTU MOXET ObITb OYEHb 3HAUUTENDBbHbLIM. B Takmx crniy4asix pacCMoOTPeHHOoe

BblLLE YNPOLLEHNE, KOraa B pacyeT NPUMHUMALIOT TONbKO OAWH, ABa UNKW TPU SNEMEHTa, COOTBETCTBYIOLLME NOCTyNaTenbHOW
BUbpauumn, MoXeT MPUBECTU K 3HAYUTENbHbIM OLLMOKaM Npu aHanuae nepegaBaemMon Bubpavuum.
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[MpnnoxeHnwe D
(cnpaBo4HoOe€)

JIMHEeNHOCTL

B o6wem cnyyae guHaMmmnyeckne CBONCTBAa BUDPOU3ONATOPOB 3aBUCAT OT MOCTOSAHHOW HArPy3Ku, aMmnnuTyabl BUDpa-

LMW, HaCcTOTbl U TEMMEPATYPHLI.

[TpeanonoxeHne o NMIMHENHOCTU O3HAYaEeT, YTO BbINOMHEH MNPUHUMN CYNEPNO3NLUN 1 UHAMNYECKAS XXECTKOCTb Ha
3a1aHHOW YaCTOTE HE 3aBUCUT OT aMmnnnTtyasl BUbpaumn. Insg MHOrmx Bubpon3onsaTopoB, MMEIOLLMX HAYarnbHOE CTaTUYeC-
KO€ Harpy>XeHne, Takoe npeanonoXeHne MOXHO CHMTAaTb BbINONIHEHHBIM B HEKOTOPOM MNPUBNMXEHUN NPU YCNOBUN, HYTO
aMnnnTyabl gUHaMn4yeckon geopmMaumm marnsbl No cpaBHeHUo ¢ gedhopmaunen nog 4eNCTBUEM NOCTOAHHON Harpys3Ku.
OaHako HeoBXoAMMO OTMETUTbL, YTO MHOIOE 3aBUCUT OT Marepuana, U3 KoToporo N3roToBrieH BUOPON3ONATOP, NO3ITOMY
BCErgacrneayeT BbINOMNHATL NPOCTYIO NpoUeaypy KOHTPONA JIMHENHOCTY, CPaBHMBAasS 3HAYEHUSA AUHAMUNYECKON XKECTKOCTH,
NONyYeHHbIE ANSA Pa3HbIX aMNNUTya BO3DyXaeHUs B Npeaenax 3agaHHoro gagnanasona. Ecnv aHaveHne 4acToTHOM Xapak-
TEPUCTUKN C UBMEHEHNEM YPOBHS BUDpaLMM OCTAETCH NOCTOSHHBIM, TO MOXHO CYUTaTb YCNOBUE NIMHENHOCTU BbIMNONTHEH-
HbIM.

B pabote [14] npeacTaBneHbl JaHHbIE 3aBUCUMOCTU AENCTBUTENBHOW COCTABNAOLWEN U PA30BOro yrrna KoOMMNieK-
CHOro Mmoayns casura bytunkaydyka ot aMmnnmTyabl OTHOCUTENBHONO CABUra n NPOLEHTHOIO COAEPXKAHUS B HEM yriepoaa.
13 Hee crniegyeT, 4TO ANA aMmnnntyg MeHee 103 OEVNCTBUTENBHAs COCTaBNAWAA 1 haloBbin yron cnabo 3aBUCAT OT
aMmnnnTyabl OTHOCUTENBHOIO caeura. Ecnu xe 3HaveHne amnnnTyabl OTHOCUTENBHOIO CABUIra NPeBbIWAaeT 2 X 10-3, T0
HabnogaeTcs CyweCcTBEHHOE YMEHbLUEHNE ANHAMUYECKON XECTKOCTH, 0CODEHHO Koraa NnpoueHTHOE coaepXaHune yrne-
poaa BETUKO.

Taknm obpasom, BaXKHO NPUHUMATb BO BHUMAaHWE YPOBEHb aMmninTya aedopmaumm, UMeWMX MECTO Ha NPAaKTUKE, U
B 3aBUCUMOCTN OT 3TOrO pellartb, MOXHO U NMPU3HaTh YCINOBUS UCTIbITAHUA PE3NHOBLIX BUDPOMN3ONATOPOB COOTBETCTBYIO-
LWMMKM TPEDOBAHNSM HACTOSALWEro cTaHgapTa unu Het. ns amnnutya OTHOCUTENBHOIO CABUTa MEHEE 10~3 npeanonoxe-
HMUE O NIMHEMHOCTMU (@ 3HAYUT, B HYACTHOCTU, N O HE3ABUCUMOCTW OT aMNIINTyAbl, U BbIMNONTHEHUWN MPUHUMNA B3AUMHOCTW)
npeacTaBnsieTcs BNosiHe 060CHOBAHHbIM.

Bubpounsonatopbl rmapaBinyecKkoro Tmna, Kotopble BCe Yalle UCNoNb3yoT, HanpumMmep, B aBTOMODUINMBHON NPOMBbILL-
NEHHOCTU, TAKXe MOTYT NPOSIBNSATb HENMMHEWHbIE CBOUCTBA, TaK KaK UX XXECTKOCTb CUITbHO 3aBUCUT OT aMNINTyabl BUbpa-
umn. BBuay ABOWMCTBEHHOINO0 HA3HAYEHUSA TaKMX BUOPOMIONATOPOB. AeMNPUPOBAHUE HUIKOYACTOTHOWM Bubpauuwm,
nepegaBaeMon Ha gBuUratenb OT HEPOBHOCTEN A0POrK, U ocnabneHne BbICOKOHAacTOTHOW BUDpauun, nepeaarLencst ot
ABUraTtersns no MEXaHN4YeCKoM KOHCTPYKLUMN U 3Ny4aloLWENCS B BUAE LUYMa B OKPYXXatoLWYHCHA cpeay, — UCMbITaHUA C nepe-
MEHHOW aMMNnnTyaon BO30YyXAeHUS A0MKHbI ObITh MPOBEAEHBI BO BCEM AMana3oHe 4YacToT paboTel BUbponsonsatopa [15],
[16].

MHoraa ObiBaeT 3apaHee N3BECTHO, UTO YCITOBUE NIMHEMHOCTU HE BbINONMHSAETCH. HO M B TAKMX cny4vasax MOXeT OKa-
3aTbCs LenecoobpasHbiM NCNONb30BAHME MHOTMX NPOLEeayp, ONUCaHHbLIX B HACTOsIWeEM cTaHaapTe. [1pn aTom Heobxoau-
MO copmMynunpoBaTb cneuuanbHble TPeboBaHMA K UCMBLITAHUSIM B OTHOLWEHUW MPEeaBapPUTENBHONO HarpyXXeHwus,
aMnNNUTyabl BO3DYXAEHNSA N UBMEPAEMbIX BENTUYUNH.
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Mpunoxenve OA
(cnpaBo4HOe€)

[OCT P UCO 10846-1—2010

CBegeHUA 0 COOTBETCTBUMU CCbINTOYHbIX MeXAYHapoAHbIX CTaHA4apPTOB CCbIMOYHbIM HaLlMOHaNbHbLIM
ctaHaapTtam Poccunckoun Pepgepauunn

T a

bnwuua OA.1

OBbo3HavYeHne CChINOYHOro MeXayHapoaHoro
craHgapra

CTteneHb COOTBETCTBUA

OBbo3HavYeHne 1 HaMMeHOBaHUE COOTBETCTBYIOLLErO
HALWMOHANBHOro cTaHaapTa

NCO 2041:2009

*

Pykosoacteo MCO/MO3K 98-3:.2008

*

nepeBo Ha PYCCKUNM A3bIK JAHHOIO MeXayHapoaHoro ctaHgapra. [lepeBog gaHHOro MexXxayHapoaHoro ctTaHgapTa Ha-
xoantcsa B PegepanbHOM MHDOPMALUMOHHOM hOHOE TEXHUYECKUX PEIMaMeHTOB M CTaH4apPTOB.
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