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Mpeauncnosue

Lienn, OCHOBHble NPUHLMIBI U OCHOBHOW MOPSiAIOK NpoBedeHnst paGoT No MeXroCyaapCTBEHHOM| CTaH-
Aaptusauun yctaHosneHsl TOCT 1.0—92 «MexrocynapcTBeHHas cuctema ctangaptuaaunn. OCHOBHbIE
nontoxenus» n FOCT 1.2—97 «MexrocyaapcTBeHHas cuctema ctaHgaptusauuu. CtanaapTel Mexrocyaap-
CTBEHHble, NpaBuna M pekoMeHAauuu NO MEXroCcydapCTBEHHOW cTaHagapTusauuun. Mopsgok paspa6oTku,
MPUHATUA, NPUMEHEHUs1, OGHOBIEHMSA U OTMEHbI»

CBepeHusi 0 cTaHgapTe

1 NOArOTOBIJIEH OTkpbiThiM akunoHepHbimM obuecTBom «Hay4Ho-uccnegoBaTenbCKUn LEHTP KOH-
TPOJISi U ANArHOCTMKN TEXHUYECKUX CUCTEM» HA OCHOBE COBCTBEHHOrO ayTEHTUYHOrO NepesBosia CTaHaapTa,
yKas3aHHoro B nyHkre 4

2 BHECEH lNocctaHgaptom Poccun

3 MPUHAT MexrocynapcTBeHHbIM COBETOM M0 CTAHAAPTM3aLWN, METPONOIMN 1 cepTudmkaymm (npo-
Tokon Ne 22 ot 6 Hosi6pst 2002 r.)

3a NMPUHATHUE NPOroniocoBanu:

KpaTKoe HauMeHOBaHUe CTpaHbl Kon CTpaHbt CoxpameHHoe HanMeHOoBaHUEe HALMOHAaNbHOro opraHa

no MK (MCO 3166) 004—97 no MK (MCO 3166) 004—97 no ctaHgapTusauun

AsepbanpxaH AZ AsrocctaHgapT

Apmenus AM ApMrocctaHgapT

Benapycb BY loccrangapt Pecnybnuku bBenapycb
KasaxcraH Kz loccrangapt Pecny6nuku KasaxctaH
Kblpreiactan KG KbiprbisctaHgapT

Mongosa MD Mongosa-CraHgapT

Poccuiickaa ®egepauns RU locctangapT Poccum

TamXukncTaH TJ TapxvkcTaHaapT

TypkMeHucTaH ™ Mnaeroccnyx6a « TypkmeHcTaHaapTnapbI»

YKpaunHa UA FoccTanpapt YkpanHbl

4 Hacroawumn crtaHgapT uageHTudeH mexayHapogHomy ctaHgapty WCO 10846-1:1997 «Bubpauus.
INabopaTtopHbie U3mMepeHust BUBPOaKyCTUYECKUX MepeaaTodHbiX CBOWCTB YNpyrMx 3neMeHToB. Yactb 1.
MpuHuunel 1 pykosoacTeox» (ISO 10846-1:1997 «Acoustics and vibration — Laboratory measurement of
vibro-acoustic transfer properties of resilient elements — Part 1: Principles and guidelines»).

CreneHb cooTBeTCTBUS — naeHTuuHas (IDT).

Hactoswun ctangapt ngeHtmnuen FOCT P MCO 10846-1—99

5 lMpukasom PenepansHOro areHTCTBAa NO TEXHUYECKOMY PErynMpoBaHui U METPOIOruu ot 24 anpe-
ns 2007 r. Ne 77-ct mexrocygapctBeHHbii ctaHgapt FTOCT UCO 10846-1—2002 BeepeH B aeidcTeue B
KauyecTBe HauuoHansHoro ctaHaapta Poccuickon Pepepauuun ¢ 1 Hoabps 2007 r.

6 BBEAEH BINEPBbIE

Unpopmayus o esedeHuu e delicmeue (npekpaweHuu delicmeusi) Hacmosiweao cmaHlapma nybnu-
Kyemcs 8 ykazamene «HauyuoHanbHble cmaHdapmel».

Unhopmayusi 06 usmeHeHUsIx K Hacmosiujemy cmaHOGapmy my6nukyemcs e ykasamene «HauyuoHans-
Hble cmaHOapmbl», @ MEeKCM 3MuX U3MEHeHUU — 8 UH(OPMAaUUOHHbIX ykasamensx «HayuoHanbHbie
cma+HOapmbi». B crnyyae nepecmompa unu ommeHbl Hacmosiueao cmarHGapma coomeemcmeyrwas
uHgopmayus 6ydem onybnukoeaHa e UHHOPMAUUOHHOM yKazamerne «HauuoHansHblie cmaHdapmbis

© CraHgapTtuHdopm, 2007
B Poccuiickoin efiepauun HaCTOALLMA CTAHAAPT He MOXeT BbITb MOMHOCTBLIO UMW YAaCTUYHO BOCMPO-

n3BeaeH, TMPaXMPOBAH 1 PACMPOCTPaHEH B Ka4ecTse ouLNansHOro nagaHus 6es paspelwenns Pegepans-
HOro areHTCTBa No0 TeXHUYECKOMY PeryrimpoBaHuio U MeTponorim
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BBepneHue

Bubpoun3onaropel pasnuyHbIX TUMOB MPUMEHSIIOT AN CHWKEHWS YPOBHS nepejasaemoi Bubpauuu.
Mprmepamn MOryT CryXnTb NMOABECKA aBTOMOOUIbHBIX ABUraTesniei, ynpyrne onopbl 34aHuin, yCTponcTea
KpenneHus u ynpyrue mydTbl B COEAUHEHUSIX BarnoB CyAOBbIX MallWH, BUOPOU3ONATOPSI, yCTaHaBnMBaeMble
B npegmMeTax ObITOBON TEXHUKN.

Hacroawmn ctaHgapT CnyxuT BBEAEHWEM K CepUM CTaHOAPTOB HA MEeToAbl abopaTopHbIX Uamepe-
HWIA, NPOBOAMMBIX ANS HAXOXAeHUs1 Hanboree BaXHOW XapaKTepUCTUKX, Oonpedensiowen nepeaaToyHsie
CBOWCTBA NMHENHBIX BUOPOUIONSATOPOB, — OMHAMUYECKON XKECTKOCTH.

B HacTosilem ctaHdapTe npuvBefeHbl TeopeTuyeckMe OCHOBbI METOA0B, OrPaHUYEHNSt Ha YCroBUS UX
NpUMEHeHns 1 PYKOBOACTBO No BbIGOpy Hanbornee noaxodsilero Metoda Ars Kaxaoro KOHKPETHOro criyvas
N3MepeHun.

[ns Bcex meTogoB noAapasymMeBaeTcs, 4To nabopartopHble YCroBUSA MCMbLITAHUA NpegycmaTpuBeaioT
BO3MOXHOCTb MPeABapuTeribHOro HarpyxeHust o6bekTa UCnbITaHUi NOCTOAHHOM (CTAaTUHECKON) Harpy3KOoW.

PesynbTaThl M3MepeHuin MOryT GbiTb MCNONB30BaHbI MPU pelieHun npobrneM nogasrieHust HU3kovac-
TOTHOW BUBpauun 1 ocnabneHus wyma, NopoxXgaemMoro KonebaHnsMn SNemMeHTOB KOHCTPYKLuW, nocpes-
cTBOM BUBpon3onsTopos. B TO e Bpemsi ykasaHHble METOAbl He NpeAHasHayeHbl Ans OLEeHKW KadecTsa
paboTbl BUBPOM3ONATOPOB B YCIOBUSAX yOAPHBIX BO3OENCTBUNA.
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M E XTFOoOCY A APCT BEUHHUB # CTAHAAOAAPT

Bubpauyus
U3MEPEHUA BUBPOAKYCTUYECKUX NMEPEQATOYHbLIX XAPAKTEPUCTUK YIIPYIUX INEMEHTOB
KOHCTPYKLIUA B NTABOPATOPHbIX YCNOBUSX
YacTtb 1

O6wme NPMHLUMbLI U3MEPEHUN 1 PYKOBOACTBO MO UX NPoBeaeHUuIo

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

Darta BBepgeHua — 2007—11—01

1 O6nacTtb NpUMeHEHUs

HacTosiwmin ctaHgapT ycTaHaBnuBaeT obwue npuHUMnbl NPoBeAeHUs U3MepeHWid nepesaTouHbiX
XapaKTepuUCTUK BUOpON3ONATOPOB, a TakKe PYKOBOACTBO MO BoIGOpY MeToda U3MepeHuid 3TUX XxapakTepuc-
TUK B YCroBusX NabopaTopHbIX UCNBITAHUA B KOHKPETHOM Cilydae NpUMEHEeHWUs.

HacTtosilmnin cTaHgapT pacnpocTpaHseTcs Ha BUGpOM30nsaTopbl, NpUMeEHsiEMbIe:

a) AN CHKEHUS YPOBHS NMepenaBaemMon Ha KOHCTPYKLMIO BUbpauvmn B 3ByKOBOM Auana3oHe 4acToT (oT
20 My go 20 klMy), koTOpasi MOXeT BMOCMNeACTBUW U3Ny4aTbCsl, HaNPUMEpP B BOAHYIO UV BO3AYLUHYIO CPEAY;

6) Ans CHWKeHUsT HU3KkoYacToTHON BuBpauun (00bi4HO B AnanasoHe oT 1 go 80 I'u), koTopasi MOXeT,
Hanpuwvep, okasbiBaTb HeGraronpUATHOE BO3AEACTBME Ha MIOAEN UNK BbI3bIBATL MOBPEXAEHNE KOHCTPYKLUK.

HaHHble, nony4eHHbie ¢ NOMOLLbI0 OMUCAHHBIX B HACTOAWEM CTaHgapTe METOLOB U3MEPEHUA, MOryT
ObITb UCMOMBL30BAaHbI:

- ONs yKaszaHus M3roTOBUTENAMU 1 NOCTaBLLMKaMK B COMPOBOANTENLHON AOKYMEHTaUNUN K NPOAYKLMM;

- B npouecce pa3paboTku npoaykuuu;

- B CUCTEMaX ynpasneHnst Ka4yecTBOoM NPOAYyKuuy;

- B npouecce BUOBpaLMOHHbIX PACHETOB KOHCTPYKLIMA.

YKkasaHHble METOAbI M3MEPEHNA NPUMEHNMbI TOJTbKO NPY BbINOMTHEHU W CNEeAYoLWMX YCIOBUIA:

a) NUHEeNHOCTU OTKIMKa BMBpouonaTopa (gonyckaeTtcesi, YTobbl BUOpoM3onsaTop obrnagan HenuHemn-
HbIMW XapaKTepUCTUKaMKN OTKIMKA Ha CTAaTUYECKYKD Harpysky Npu yCrioBuU, YTO MOCHE MPUIOXEHUA 3TOR
Harpysku noesegeHve BMbpoun3onaTopa CTaHOBUTCS JIMHEAHBLIM);

6) NOBEPXHOCTK KOHTaKTa BUOGPOM3ONIATOPA C UCTOHHMKOM BUBpaLMM U C U3ONMPYEMON KOHCTPYKUUEn
MOXHO paccMaTpuBaTb Kak TOYEYHbIE.

HacToswmin ctTaHgapT He pacnpocTpaHaeTCs Ha ynpyrue BCTaBku (CUnbdOHbI, pykasa), N0 KOTOPbIM
npoTeKaeT XUOKOCTb.

2 HopmatusHble CCbISIKN

B HacTodWweM CTaHgapTe Ucnonb3oBaHa CCbiJiKa Ha cnenyrou.mﬁ cTaHgapT.
FOCT 24346—80 Bubpauusi. TepmuHbl 1 onpegenexus

3 OnpepeneHnsa n 0603HavYeHUs

B HacTosilem cTaHgapTe npumeHsioT TepMuHbl no FOCT 24346.

Kpome Toro, B LensX HacTOSALWEro cTaHgapTa NpUMEeHSsIIOT criefyoLiue TEPMUHBI C COOTBETCTBYOLU-
MW onpegeneHnaMu;

3.1 ynpyrui anemeHT: To Xe, 4TO U BUGpOM3onsATop.

W3paHue ocdmumansHoe
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3.2 Bubpousonatop: M3onstop, npegHasHavyeHHbln ans ocnabneHus nepeaaBaemMol Bubpauvu B
HEKOTOpPOM AManasoHe 4acToT.

3.3 ynpyrasa onopa: BubpounsonaTtop, npegHasHa4eHHbI ans Toro, 4tobbl noAnepXusatb 4acTb
MaLUWHbI, 30aHUST UITU KaKON-NBO Spyror KOHCTPYKLUHK.

3.4 satopmaxuBawwas cuna Fp: Cuna, NpunoxeHHas K U30NATOPY B TOUKE €r0 COeAMHEHUSE C U30-
nMpyemom KOHCTPYKuMel u oGecnevmsaroLyasi HENMOABWKHOCTb 3TOW TOYKM.

3.5 BXxogHaA AMHaAMUYecKasi XeCTKOCTb k1 11 YacToTHO-3aBUCMMOE KOMMIIEKCHOe OTHOLIeHne
Cunbl B TOYKE coeauHeHuns BMGpomsonmopa C UCTOYHWKOM BUGpaLMK K nepemeLLeHuio B 3TOW Xe TOuKe Npu
BO36YXAEHWUU rapMOHUYECKOW BUBPaLIMK B 3aTOPMOXKEHHOM PEXUME NCTbITAaHNN.

MpumeuvaHuns

1 3HaueHue Kk, ; MOXeT 3aBMCETb OT MPEABAPUTENLHOTO CTATUYECKOTO Harpy)XeHus, TemMnepartypbl U ApYrux
yCrnoBui.

2 HaHusknxyacTotax K, 4 ONpeAenseTca NCKMIoYMTENLHO yNpyrMin U ANCCUNATUBHBIMU CUNamm, AeACTBYIOWNMM
B BUGpOM3ONATOpe. B 06nacTn Gonee BLICOKMX YACTOT HAUMHAIOT UFPaTh POMb TAKKe N CUMbl MHEPLIMM.

3.6 nepexopHas AMHaMMU4ecKas XKeCTKOCTb K, 41 HacToTHO-3aBUCMMOE KOMMIIEKCHOE OTHOLUEeHe
CUNbl B TOYKE COeOMHEHUS BUBPOM3ONATOPa C U30NUPYEMOIA KOHCTPYKUMEN, KOTAa STa TOYKa 3aTOPMOXeHa,
K MepeMeLLeHno B TOYKe COeanHeHns BMbpounsonsaTopa ¢ MCTOHHUKOM BUBpaLmm npyn rapMOHUYECKOM BO3-
OyxgeHuu.

MpumeuvaHus
1 3HaueHue k21 MOXET 3aBWCeTb OT NpeABapuTenbHOro CTaTUYECKOro HarpyxXeHusl, TemnepaTypbl U Opyrux
yCnoBuit.
2 HaHuakmx4acrtoTax k2 1 ONpeAensaeTcs UCKNIoYUTENbHO ynpyruMu 1 AUCCURATUBHBIMKU CUnamm, OeiCTBYIOLLMMU
B BUBPOM3ONATOPE, U K, 4 = K, 4. B 0BnacTi bonee BLICOKNX HACTOT HAYNHAIOT UIPaTL PONb TAKKE W CUNbI MHEPLY, ¢
ko %k
PRIRSRE

3.7 KoaduuMeHT NoTepb YNPyroro ayieMeHTa 1: 4actoTHO-3aBMCMMOE OTHOLUEHNE MHUMOM Yac-
TU Ky 1 K BEACTBUTENBHON YaCTU Ky 4 (T.e. TaHTeHC (pa3oBoro yrna Ky 1) B 0611acTu HU3KUX 4acToT, rae cuna-
MW MHEPLMM MOXHO npeHebpeys.

3.8 ToueuyHoe coeauHeHue: OOGnacTb KOHTaKTa, KOTOpas coBepLuaeT kornebaHusi kak MOBEPXHOCTb
abCconioTHO XeCTKoro Tena.

3.9 nuHenHocTb: Ycriosue paboTel BUBpousonsaTopa, npyu KOTOPOM BbINMOMHAETCS NPUHLKA Cynepro-
3nyumm,

MpumevaHnwus

1 TpyHLY MM Cyneprnosnumm MOXeT 6biTe ChopMynnpoBaH cneayiownm o6pa3om: ecri BXOAHOMY BO3AENCTBMIO X, (f)
COOTBETCTBYET OTKNNK Ha BbIXOAE ¥4 (f), @ BXOAHOMY BO3AESNCTBMIO X,(f) — OTKIMUK ¥, (t), TO CHATAIOT, 4TO NPMHLING Cynepno-
31LMM BBINOMHEH, €CNK BXOAHOMY BO3AencTBuMio ax,(t) + Px,(f) GyneT cooTBeTCTBOBaTL OTKNNK ay,(f) + By,(f). DaHHoe
YCrnoBsue A0MKHO BbINOMHATLCA A4NsA MO6bIX o, B, X, () N X,(t), rae a n B — NPOM3BONbLHLIE KOHCTAHTHI.

2 BeblweykasaHHasi npouesypa NPOBEPKN CBOMCTBA NIMHEMHOCTU ManonpurogHa ¢ NpakTUYecKkon TOMKU 3peHus,
No3TOMY KOHTPOIb NMUHERHOCTHN OBBLIYHO OCYLLECTBNSAIOT, NPOBOAA M3MEPEHNS NEPEXOAHON KECTKOCTU B HEKOTOPOM Ana-
na3oHe BXOAHbIX BO3AeicTBUIA. ECNW Npu 3agaHHOM NpeaBapuTenNbHOM CTaTUYECKOM HarpyXeHuM nsmepeHHoe 3HayeHne
ANHaMN4YEeCKON XeCTKOCTU He ByAeT 3aBuceTb OT YPOBHA BXOAHOTO BO3DYXAEHWUS, CUCTEMY MOXHO paccmaTtpuBaTh Kak
nuHeliHylo. Mo cyTv ata npouegypa ABMSETCH KOHTPONEM NpONOpLIMOHANbHOCTM MEXAY BXOAHbIM BO3OyXaeHneMm u
OTKIMKOM.

3.10 npamon metoa: MeTon, B KOTOPOM U3MEPEHMIO NOANEXaT NepemMeLLeHne, CKOpOCTb UIn YCKO-
peHue B TouKe coefunHeHnsa Bubponsonatopa ¢ UCTOHHUKOM BO3DYKaeHUst U cuia B TOUKE CoejuHeHust B1b-
pOU30NATOPa C U30NUPYEMON KOHCTPYKLIMEN, Korda 3Ta ToHka 3aTopMOoXeHa.

3.11 KocBeHHbIN MeToA: MeTon, B KOTOPOM U3MEPEHUIO NOANEXUT nepeaaToyvHasa yHkums BuGpo-
U30rATOpa MNoO NepeMeLLeHUio, CKOPOCTU WM YCKOPEHUIO NpU HarpyxeHuun subpousonsitopa maccou
(atbheKTMBHOW Maccom).

3.12 meToq n3mepeHuA BXOQHOW YACTOTHOM XapakTepuctuku: Metoa, npu KOTOPOM U3MEPEHUIO
noanexaT OofHa U3 XapaKTepUCTUK ABUMKEHUS — MnepeMelleHne, CKOPOCTb MITU YCKOPEeHue, — a Takke
cuna B TOYKE coeduHeHust Bubponsonsatopa ¢ UCTOYHUKOM BUOpaumuK, korga Touka coeguHeHns sBubpounso-
rnsTopa C U30nMPyemMoin CUCTEMON 3aTOPMOXKEHA.

4 Bbibop MeToAa U3MepeHun

MHdbopmauus obwero snga, Heobxognumas ons sblGopa MeToga U3MepeHUn, KOTOpbIN B HanbonbLuen
CTerneHu COOTBETCTBYET KOHKPETHOMY Buay BUbpounsonaTopa, faHa B tabnmue 1.

2
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[JansHelilne pekomeHaaumm rno Beibopy MeToga nsmepeHuid — B pasgenax 5 u 6.

Tabnwunuya 1 — PekomeHgauum no BolBOpy MeToAa namepeHni

MeToa namepeHus

XapakTepuctuka Mpsimoii meToq KocBeHHbI MeToq, BXOAHOW YaCTOTHOM
XapakTepucTUKn
Tun subpounsonaropa Onopa Onopa He onopa Onopa

CunboHbl, pykasa,

Ynpyrue onopbt ans

Mpumepsi Ynpyrve onopbt anst npwﬁopos,voﬁopynoeaum, ypyTHe MydTbi, NPUGOpOB, 0Bopy/I0Ba-
BUOPOU3ONATOPOB MaLUWH U 30aHUIA -
cunoBsbie Kabenu HUs, MalWuH U 34aHUN
[nana3oH yacToT Ot1lupof,. Otf,nofs. Otf,nofs. Ot 1Ty po fy.
f, onpepensietcst cBOi- | OBbIMHO  (HO  HeoBa- | OBbIMHO  (HO He06s- | OBbMHO  (HO  Heoba-
CTBaMy WUCMblTaTemNb- | 3aTENbHO) 3aTenbHO) 3aTenbHOo)
HOW YCTaHOBKU. 20Tu<f <50y ana| 20 My <£ <50 My, ana | £, <100 My
O6bluHO (HO HeOoDbsi- | O4eHb XKECTKUX ONOP | OMeHb XECTKUX Onop
3aTenbHO) f,>100 u. fo> 100 Iy,
300y <f, <500y |[f; obbMHO OT 2 po|fy oBbiMHO OT 2 A0
5 kMy n 3aBucut ot| 5 klly n 3aesmcut oOT
CBOWCTB YCTAHOBKU CBONCTB YCTaHOBKN
Yucno KomnoHeHToB | 1,2 nnn 3 1,2 3 1,2nwm3 1,2umm 3
nocTynaTenbHOW BM-
Bpauun
Knaccudumkaumsa wme-| TexHudeckun TexHuyecknin TexHu4ecknin unm TexHn4yecknin nnu
TOA4A NO CTEeNEHU ToY- OPUEHTUPOBOYHLIN OPUEHTUPOBOYHLIN
HOCTH
NMpumevyaHne — B HW3KOHACTOTHOI oBnacTn NpAMOI MeToa U METOA N3MEPEHNs BXOAHON YacTOTHOMN Xa-

PaKTEPUCTIKM JAK0T OGHW 1 TE e pesynbTaThl.

5 OCHOBbI METOAOB U3MEPEHUN

5.1 MNepexoaHasa AMHaMUYeCKas XeCTKOCTb

B naHHoM pasgerne 060CcHOBaH BbIOGOP NepexoaHON XECTKOCTU B Ka4eCTBE XapaKTepuCTUKKN, KOTopas B
Hanborbluel CTeneHn noaxoauT ANt ONUCaHUS nepeaaToyYHbiX CBOWCTB BUOPOU3ONATOPOB B pasfiN4HbIX
YCNoBUsIX UX npuMmeHeHus. Kpome TOro, 3gechb ykasaHbl Criydau, Korga Ans onucaHus nepegaToydHblX
CBOMCTB HEOBXOOMMO UCTIONbL30BATh MHBIE XapaKTEPUCTUKK, HEXENN ANHAMUYECKas KECTKOCTb, U3MepeHne
KOTOPbIX, O4HAKO, BbIXOAMT 32 PaMKM HACTOALWEro ctaHgapTa.

MNepexogHas AWHaMU4YecKass XeCTKOCTb 3aBUCUT OT YNPYrnX, WMHEPUMOHHbIX W aeMndupyowmnx
cBOWCTB BUBpou3onaTopa. [NpuynHOW, No4YeMy UMEHHO AUHaMUYecKas XeCTKOCTb BbibpaHa B KauecTse
XapaKkTepucTUKn BUBGPOU3ONMPYIOLLMX CBOWUCTB YNPYrUX 3NEMEHTOB, SBNSETCA TO NpakTudeckoe coobpaxe-
HWe, YTO JaHHas BenuYMHa XOpOoLUO COrfacyeTcs ¢ NOBCEMECTHO UCMOMb3yeMbIMU 3HAYEHUSIMU cTaTudec-
KO XeCTKOCTU UMK ANHAMUYECKOM KeCTKOCTU Ha HU3KUX YacToTax. Ha Bbicokux yactoTax, koraa Heobxoau-
MO yuMThIBaTb CUMblI UHEpPUWK, fencTByOWMe B BubpounsonaTope (T.e. BonHoBbie athdekTol), nosegeHne
AVHaMUYECKOM XKEeCTKOCTM CTaHOBUTCS Bonee CnoXHbIM. Ha HU3KMX 4acTOTax BaXkHbl TOMBKO CUMbl YNPyroc-
TV U gemMncupoBaHUA, NO3TOMY AMHAMUYECKAN XECTKOCTb Ha HU3KWUX YacToTax crabo 3aBuCUT OT H4acToThbl U
Xapaktep 9TON 3aBUCUMOCTY ONpeaensieTCs TONbKo CBONCTBAMKW MaTepuana ynpyroro anemMeHTa.

B o6Liem cnyqae nepexofHas AUHAMUYECKas XeCTKOCTb BUBPOU3ONATOPOB 3aBUCUT OT TEMNepaTtypbl
1 HavyanbHOM CTaTU4eCKOW Harpyskv. B ganbHenwem npeanonoXeHo, 4To Ansi BUGpon3onsTopa BbiMOSHHEHO
ycroBsue nuHENHOCTU, onpegeneHHoe B 3.9. bonee nogpobHas uHdopmauus 06 3ToM faHa B npuroxe-
Hum D.

COoOTHOLWEHUA MexXay NepexofHOW AUHAMUYECKON XEeCTKOCTbIO U APYrMMU YacTOTHLIMU XapakTepuc-
TUKamu npuseaeHsl B npunoxeHun A. B peanbHbix yCNnoBUAX UCMbITAHUA BbIGOP M3MepAEeMOn XxapakTepuc-
TUKU OBWKEHUSt — MepeMeLLeHnsi, CKOPOCTU UMK YyCKOPEeHUss — onpefenseTcs coobpaxeHusiMu npakTu-
yeckon uenecoobpasHoctn. OpgHako npeacTasBrieHue pesynbTaToB B COOTBETCTBUW C TpeboBaHusiMu,
npeaycMoOTPEHHbIMA KOHKPETHbIM METOAOM M3MEepPeHUn, MOXeT notpeboBaTe NpOBEeAEHNS COOTBETCTBYIO-
LWux npeobpasoBaHuid.
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Mpumevyanne — [Ina HEKOTOPLIX BUGPON3ONATOPOB 3HAYEHWUS CTATUYECKOMN KECTKOCTH 1 NEPEXOAHON AUHA-
MUYECKOMN XKECTKOCTUN Ha HU3KNUX YacToTax MOryT He COBnaaaTrh.

5.2 Marpuua AMHaMU4YeCcKOW XKeCTKOCTU Bubpousonsitopa

5.2.1 OGwue nonoxeHun

OO6bIYHbIN nogaxod K aHanusy CrioXXHbIX konebaTenbHbIX CUCTEM COCTOUT B npegcrasiieHUn SrnemeHToB
cucTeMbl B Buae GnokoB C M3BECTHBIMU MEepeaaToYHbIMKU MaTpuuamMmn (KeCTKOCTH, nogaTnMBoCcT U T.4.).
OnemeHTamm MaTpULbl ABMAOTCA 4YaCTOTHbIE XapakKTepUCTUKW 3aJaHHOro BuAa, KOTOpble onpenensior
NUHenHbIe CBONKCTBA cucTeMbl. Ha ocHOBe MHOpMaLmm 0 CBOWCTBaxX OTAENbHOW NOACUCTEMbl MOXHO pac-
cuMTaTh COOTBETCTBYHOLLUE XapakTepUCTUKM aHCaMbns Takux nogcncTem. BoileynomMsiHyTele MaTpuLbl pas-
TIMYHBIX XapakTepucTuk MoryT BbiTe nerko npeobpasosaHel Apyr B Apyra [1]. OgHako B meTofax, OnMCaHHbIX
B HACTOALUEM CTaHO4apTe U NMOCBALWLEHHbIX IKCNepumMeHTarbHOMYy onpeaeneHuio XxapakTtepuctuk BM6p0M30-
NATOPOB B yCNOBUSAX ,qeﬁcmvm MOCTOSAHHOW CTATUYEeCKOW Harpysku, paccmatTpuBardTCA TONbKO MaTpuubl
KECTKOCTH.

O6wan cxeMa onucaHua nepeaaToYHbIX CBOMCTB U30ONSATOPA AaHa Ha pucyHke 1.

McTouHmk F F Fy Fy N3onupyemas
BUGpaLMA 471 711—> BuGpousonsaTopsl <; ? KOHCTPYKLMS

PncyHok 1 — Briok-cxema cucTemMbl «MCTOUHMK BUBpaLmum — BMGpON3ONATOpbl — U30NUpyemas KOHCTPYKLUS»

Cucrema cocTOUT U3 Tpex BokoB, NpeacTaBnsAWMUX, COOTBETCTBEHHO, UCTOUYHMK BUBpaLuuu, nocne-
00BaTeNbLHOCTL U3 11 BUGPOU3ONATOPOB 1 M30NMpyEeMyto KOHCTpYkuuio. NpegnonaraeTcs, 4to Mecta coeau-
HEHWUN UCTOYHMKa BUBpaLum ¢ Bubpounsonstopom 1 Bubpounsonstopa ¢ M30N1MPyeMon KOHCTPYKUMEn MOXHO
paccmaTtpuBaTth Kak TodeuHble. Kaxkgon Touke coequHeHnsi MOCTaBIeHbl B COOTBETCTBUE 0G06LLUEHHbIN Bek-
TOp cunbl F, COCTOALLMA M3 cun F 1 MOMEHTOB M, AeNCTBYIOLMX BAOMb TPEX B3aUMHO NepneHanKyIsipHbIX
KOOpAUHATHBIX OCei, U 0BO6LUEHHDBIA BEKTOP NEepeMeLleHnsT U, CoAepXalluniA TpyU COCTaBnsoLMe nocTyna-
TensHon Bnubpaumun U 1 Tpu yrnoson r. Ha pucyHke 1 nokasaHo TONbKO NO OAHOW COCTaBMAOLWEN ANA KaXao-
ro 13 BEKTOPOB: Fq, Uy, Fy U Uy. Kaxablil U3 TaKMX BEKTOPOB COCTOUT U3 611 3NeMeHTOB, rae N — 4ncno sub-
PON30NSATOPOB.

[ns Toro 4To6bl NokasaTh, YTO NEepexoAHas XecTKoCTb xorocToro xoaal), onpeaenennas B 3.6 kak
nepexofHas OuHaMUYecKasi XeCTKOCTb, YOOBreTBOpseT UensM ONUCaHWA CBOWCTB BUBPOU3ONATOPOB B
BGOonNbLUMHCTBE MPAaKTUYECKMX CIyvaeB, paccMOTpuM fAanee paboTy BubpounsonsaTopa kak Ans npocTenwero
criyyasi OfHOHanpaBieHHON BUbpauum, Tak 1 Ans criyqas konebaHui B HECKONbKNX HanpaeneHusXx.

5.2.2 OavH BMGpOU3ONATOP, OAHO HanpaBneHue BUGpauuun

Ycnosue paBHoBecusi BUGpon3onsiTopa B criyyae OfHOHanpasrieHHoW Bubpauun moxeT b6biTb Bbipa-
XeHo opmynamu:

Fq=kqquq + kq oy, 4]
Fy = ko quy + kg 5U3, 2

rae ky 4 v ky 5 — BXOLHbIE KECTKOCTH, NOSTyYEHHbIE NS yCIIOBUSA, KOTla NPOTUBOMONOXHAsA CTOPOHa BUGPO-
n3omATopa 3aTopMoXeHa (T.e. U, = 0 U uy = 0 COOTBETCTBEHHO);

ki o W ky 1 — nepexofHble XECTKOCTU XOIOCTOro XOAa, T.e. OTHOLIEHUS CUNbI B 3aTOPMOXEHHON TOuKe K

nepeMeLLeHNIo B ToUKe Bo30yxaeHus. [ng nmHeiHbIx Bubpon3onaTopos NaccMBHOM Tvna, B

OTHOLLEHUM KOTOPbIX CNIPABEAJIUB MPUHLIUM B3AUMHOCTH, CTIPaBEANBO PaBEHCTBO: Ky 2= Ky 4.

Ha Bbicokux yacToTax, rae UrpaioT porib CUITbl UHEPLIUU, 3HAUEHUS Ky 4 U Ko 5 OTIIMHAIOTCA APYT OT ApY-

ra. Ha Hu3knx 4actoTax, rae Bo BHUMAHWE MOXHO MPUHUMATL TOMNbKO yNpyrue u ANCCUNaTUBHLIE CUMbl, BCE

3HaveHus k,-'j paBHbI Mexay coboi.

Mpumeuyanune — dopmynsl (1) 1 (2) OTHOCATCS K COCTaBNAIOLIMM HA KAKOW-TO OQHON YacToTe; F; U u; — KOM-
NAeKCHble PYHKLMM BPEMEHU, k; ; — KOMMNEKCHbIE BENUUMHbI.

R MepexoaHas YaCTOTHAs XapakTEPUCTMKA HA3bIBAETCH XapaKTEPUCTMKOMN XONOCTOro Xo4a B TOM cfyyae, ecrv oHa
nony4yeHa B yCNOBUSIX, KOFa BCE TOYKM U3MEPEHUST, KDOME TOW, UTO COBMAaZaeT C TOUKON BO3OYKAEHUSA, NPUHYKOEHDI K He-
NOABWXHOCTU (3aTOPMOXEHbI). B AaHHOM cryyae OCTATOYHO, €CNU 3aTOPMOXXEHa TOUKa coeavHeHuns BubpousonsTopa ¢
N30NNPpYyeMOW KOHCTPYKLMER.

4
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B maTtpuuHon cbopme copmyrnel (1) u (2) umerot BUAg

F = [Klu, @)
rae matpuua AMHaMU4eCKOW XXeCTKOCTH
ki ki (4)
K= [ PR, }
21 R22
Mpu BO3BYKOEHWUM N30NTUPYEMOIA KOHCTPYKLUMK Yepes BUBpOoU3onsaTop
kl‘= - F_Z, (5)
Uz

roe k.— BXOAHas AMHaMU4ECKas KeCTKOCTb U3ONMUPYEMON KOHCTPYKLUMA. 3HAK MUHYC NOCTaBIIEH B COOTBET-
CTBMU C BEIGOPOM MONOXUTENBHOMO HanpasfeHWs!, Kak NnokasaHo Ha pucyHke 1.
W3 opmyn (2) — (5) cnegyert:
F2 = —uy. (6)
1 k22
+. S

r

Takum obpasom, npu 3agaHHOM BO3BYXOEHUU Uy cura F, 3aBUCUT OT BXOAHbBIX AUHAMUYECKMX XKECT-
KocTel Kkak BuBpousonaTopa, Tak W U30NMPYEMON KOHCTPYKuuU. OAHAKO €Criv BbIMOIIHEHO YCrioBue
kg ol < 0,1]k,], Fy ¢ TouHOCTBIO A0 10 % coBnanaeT ¢ Tak Ha3blBaE@MOW 3aTOPMAXMUBAIOLLENH CUNOR Fy pjocking:
T.©.

Fo ~F3 piocking = K2,1U1- @)

Mockoribky paboTta BUGPOUM3ONATOPOB 3hEKTUBHA TOMBKO B TEX Cny4asiX, Korga OHW ycTaHOBMEHbl
MeXay CMCTEMaMU C OTHOCUTENbHO BOMbLUON ANHAMUYECKOW XECTKOCTLI0, hopmyna (7) npakTuyeckn Bcer-
[a BbINOMHAETCS HA npakTuke. Ha Hel U OCHOBaHbI MEeTO4bI U3MEPEHUIA, U3MOXEHHbIE B HACTOSILLEM CTaH-
dapTte. MamepATe NEepexodHyl XeCTKOCTb XOMocTOro Xxoda (MM aHanoruyHole en XapakTepucTuku)
U30NATOPAa C Ha4YanbHOW CTaTUYECKOW Harpy3Kow rerye, YemM U3MepsATb MOSHYI0O MaTpUUy XeCcTKocTu (unu
NOSHYI0 MaTpuuy nepegaTodHon dyHkuum). Tem Boree, 4YTO 3TOT nNapameTp C AOCTATOYHOW MOMHOTON
xapakrepusyeT cBoncTea BubpousonsaTtopa B npeanonaraeéMblix YCrioBUAX ero NpUMeHeHust.

MpumeuwaHne — B cnyvasx, korga yonosue |k, ,| << |k,| He BbinonHeHo, anst onpepenexns F, no 3agaHHOMY
nepemMeLLeHuIo Uy, Kak crneayet ua dopmynbl (6), AOMKHbI BbITb TaKKe M3BECTHBI 3HAYEeHUs kyo vk,

5.2.3 OguH BNOpOM3ONATOP, WeCTb COCTaBNAWMNX BUGpauum

Ecnu cunbl U xapakTepUCTUKU ABUKEHUS B KAXAO0N U3 TOYEK COeAUHEHUs] ONUCHIBAIOT Yepes LecCTb
OPTOrOHarbHbIX COCTABMSIOWMX (TPY Afst NOCTYNATENbHOrO N TPU ANSA BPaLaTernbHOro ABuxeHust), Bubpo-
M30MATOP MOXHO NpeacTaBuTb B BuAe cucteMel ¢ 12 Bbixogamu [2]. @opmyna anst maTpudHon opmel ¢ 12
napameTpamMu QUHaMUYECKOWN KEeCTKOCTU SKBUBanNeHTHa copmyne (3), rae

Solul el fF ®)
us )’ Fy

— BEKTOpbI LWeCcTn nepememeHmﬁ, LecTn yrnos noBopoTa, Wectn cun u wectn MOMEHTOB CUr. ManI/ILl,a
ONHaMUYECKO N XKeCTKOCTH pasmepom 12x12 moxeT ObiTh pa3buTa Ha veTbipe 6roka pasmepom 6x6:

_ kg4l kg 2] ©)
= [[kz,ﬂ [kz,zl}’

rae [kq 4] v [ky ] — MaTpuLbl (CUMMETPUYHBIE) BXOLHOM KECTKOCTH;
[k1 2] 1 [kg 4] — MaTpuLbI NEPEXOAHON XECTKOCTM XONOCTOrO X0Aa.

BeinonHeHWe npuHuMna B3auMHOCTW NMpeanonaraeT, 4TOo NepexofHbie MaTpuubl U COOTBETCTBYIOLNE
UM TPAHCMOHMPOBaHHBIE MaTPULIbl NONAPHO PaBHbI.

Ecnu BHOBb NPeanonoXuTb, YTo BXOAHAas AMHAMUYECKas )XEeCTKOCTb U30MUPyeMoi KOHCTPYKUUK BENK-
Ka Mo CpaBHEHWUIO C BXOAHOW OUHAMUYECKOW XECTKOCTLIO BUGpOMN3onsTopa, TO cuna, BO34encTBylowas Ha
3TY KOHCTPYKUMIo, BygeT npubnnkeHHO paBHa 3aTopMaxuBarioLLen cune:
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F2 biocking = k2 11 (10)

Takum 06pa3som, nepexogHas XeCcTkoCTb X0NocToro xoaa byneT ABNATLCA YyAOOHON xapakTepucTUKon

Anst onucaHunst BUBPoaKyCcTUYECKMX NepeaaTovHbIX CBONCTB BUBPOM3ONATOPOB U B Criydae nepeaayn MHoOro-
KOMMOHEHTHON BUBpaunu.

5.3 Heobxoaumas nonHoOTa oNUcaHUsl MaTpulibi NepexoQHON KEeCTKOCTU XONOoCTOro xoaa

B o6lem crnyyae maTtpuua nepexodHOn XeCcTKOCTU XONocToro xoda ogHoro subpousonsaropa [k2’1]
cocTouT 13 36 snemeHToB. OgHaKo CUMMETPUS KOHCTPYKLUM BUBpOM3onsaTopa npusedeT K Tomy, 4To 60nb-
LUMHCTBO U3 3TUX 3nemeHToB ByayT paBHbl Hym0. [ns KOHCTPYKUUIA C LEHTpansHON CUMMETPUEN (Kpyrosoi
UWIMHAOD UMY napannenenunes) Y1crno OTANYHbIX OT Hyrst aneMeHToB GyaeT pasHo 10, a 4MCNO PasnUUHbIX
3Ha4eHui, koTopoe ByayT NPUHMMATE ITU HEHYNEBLIE 3remMeHThl, — 5 (cm. npunoxenue B, a takxe [2]).

Ha npakTtuke 4ACrno srnemMeHToB, HeobxoAnMoe Ans afeKkBaTHOro onucaHns BuBpoaKkycTu4eckux nepe-
AaTOUHbIX CBOWCTB, JaXe MEeHbLUE Y1Cra SIIeMEHTOB, TEOPETUYECKU OTIINYHBIX OT Hyns. B crniyyae noctyna-
TenbHOM BUBGpaLWUU, Kak MpaBuIlo, AOCTATOYHO MPUHMMATL B pacyeT TOMbKO OA4WH, ABa UMM TpU
OMaroHarnbHbiX 3reMeHTa — COOTBETCTBEHHO, Ans BUMGpauum TonNbLKO B O4HOM HarnpasrneHun (00bi4HO Bep-
TUKaNbHOM) WUITU ABYX, UITU TPEX B3aNMHO NepneHanKynsapHeix HanpasneHusx. bonee nogpobHas nHdopma-
Unst 0 HeOO6X0OUMOM ANt PACCMOTPEHNS YMCIe ANEMEHTOB MaTPULbl XKECTKOCTU faHa B npunoxeHun C.

B HekoTOpbIX cneuuansHbix crydasx 60MblIoe 3HauYeHne UMEIOT 1 cTeneHu csobodbl, CBs3aHHbIe C
yrrnoeeiMu konebanusmu (cm. npunoxerHune C). B 6.3.5 gaHa ccbinika Ha COOTBETCTBYOLLUE NUTEPATYPHbIE
MCTOYHMKK, B KOTOPBIX YKa3aHo, Kak nony4vuTe napameTpbl, CBsA3aHHbIE C YrTIOBON BUbpaLumel, Tem xe cno-
cobowm, 4TO 1 AN nocTynaTtensHon subpauunu.

5.4 [pyrue nyTu pacnpocTpaHeHusi Bubpauumn

Mogernb, npeacrtaeneHHas Ha pucyHke 1, Tak xe kak u dopmyrsl (1) — (10) cnpasegnusbl TONLKO B
TOM crnyvae, ecnu eguHCTBEHHBIN NyTe nepegayn Bubpaumm OT UCTOYHMKA K U3OINMPYEMON KOHCTPYKUUW
NexuT Yepes BMOpoun3onaTopel. Ha npakTuke xe MOoryT CylecTBoBaTh U NOGOUYHbIE NyTU pacnpocTpaHeHUs
BMOpaLUny — Mo MEXaHUYECKNUM KOHCTPYKLMSIM UK Yepes OKpyKaloLylo cpeay. B kaxagom metone usmepe-
HWUM BriMAHWE Taknx NOoBOYHBbIX MyTen Ha pesynbTaTbl USMEPEHU XapaKTe pUCTUK BUBpOU3onsaTopa JOIMKHO
6bITb CBEAEHO K MUHUMYMY.

5.5 Koadduument notepb

Llenb HacTosAwero ctaHgapTa — yCTaHOBUTbL 06WmMe meTofdbl MU3MEPEHUA YacTOTHO-3aBUCUMON nepe-
XOAHON AHAMUYECKOWN XECTKOCTW YNpYroro anemeHta K 4. Psin nonb3osatenen, kpome Toro, Moxet GbiTh
3auHTEepecoBaH B onpegeneHun gemndupylowmx ceBoicTe Bubpousonstopa. CtaHgaptusaunss UsMepeHuia
XapakTepucTuk AemndupoBaHWs B HacTOsILLEM CTaHAApTe He NpefyCcMOTpeHa. TeM He MeHee, HNUXe JaHo
TeopeTuyeckoe 060CHOBaHUE Npoueaypbt, Kak NCMOJb30BaTh AaHHbBIE O DA30BOM yrie KOMMIEKCHON byHK-
UnN NepexoaHON ANHAMUYECKON XeCTKOCTU Ky 4 AN nomnyyeHusi uHcopmaunn o AeMndupyiownx Ceoii-
cTBax Bubpousonaropa.

Ona obwero npeacraBneHnss O npegMeTe [AOCTAaTOMHO pacCMOTPETb Criyyai, OMNWCaHHbIA B
5.2.2, — oavH BUGpomn3onaTop U ogHO HanpaeneHue subpauuun. NockonsKy B HacTosILWEM cTaHgapTe pac-
CMOTpPEHbI TONbKO U3MEPEHUS, MPOBOAUMBIE MPU 3aTOPMOXEHHON TOuKe coeauHeHwus BubpousonsTopa ¢
N30nupyemMow KoHCTpykunen, opmynsl (1) 1 (2) MOXHO CBECTU K BUAY

F1 =k1‘1U1, (11)
F2=ky qu4. (12)

Ha Hu3kux yactoTax, rae cunamv MHepuun (v BonHoBbIMK 3hdpeKkTaMmm) MOXHO npeHebpeub, cooT-
HoweHue mexay ha3oBbIM YITIOM NepexogHON AUHAMUYECKOW XECTKOCTU U XapaKkTepucTukon aemndupo-
BaHWA YNPYroro aneMeHTa umeeT NpocToit BUA,. B gaHHO 061acTi 4acToT YacTOTHO-3aBUCUMYIO XXECTKOCTb
MOXXHO annpoOKCUMUPOBAaTL BbIpaXeHnem

3Ty KOMMJIEKCHYO BEJNTMYMHY MOXHO 3anucaTtb B Buae
k= k(1 -+ jn) (14)

rae Ky — pgencteuTenbHas 4acTb k. YacTOTHO-3aBUCHMBIN KOS DULMEHT NOTEPL 1 onpedensaeT AeMndupo-
BaHWe B yNPYroM SnemMeHTe Ha HU3KKUX yacToTax (cm.3.7).
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CooTHoLueHne mexay koadduuneHTom noTeps 1 hasoBbIM YrOM @ KOMMMEKCHON BENUYUHLI k onpe-
aensietcst popmynon

n = tan o. (15)
Takum oOpasom, ko3hULIMEHT NOTEPb YNPYroro 3MeMeHTa MOXHO oueHWUTb no dhopmyne
n~tan @, 4, (16)
rae ¢ 1 — a3oBbIi yron nepexoaHoN ANHAMUYECKO XECTKOCTU Ky 4.

Mpu onpepeneHun geMndupyLLNX CBOKCTB HEOBXOANMO YYUTLIBATL CrEeayOLINe MOMEHTHI.

a) MamepeHus c nomolubio opmynel (16) koaduumneHTa noteps B TEX Criyyasix, Koraa ata Benuuu-
Ha mana, kpariHe 4yBCTBUTEMbHbBI K NOrpetuHocTam usmepeHust asol [3]. OgHako anst BuGpon3onsaTopos,
M3roTOBMEHHBbIX U3 pesnHonogobHoro matepuana, ata npobnema He Tak OcTpa, 3a UcKMyeHnem obnactu
YaCTOT HIKE HECKOIbKUX repL.

6) Ha BbiCcOKMX YacToTax, rae opmyna (13) Hecnpaseanuea, opmyny (16) ans onpepeneHus gemMn-
HUPYIOLLMX CBONCTB YNPYroro srieMeHTa UCnorb3oBaTh Herb3st. XOTS NPOCThIX U YETKMX KpUTEepUEB onpeae-
feHust rpaHny AoNyCTUMOro AuanasoHa He CyLecTBYeT, BCe Xe B KayecTBe XOPOLUero npusHaka MOXHO
cunTaTb peskoe M3MeHeHne KpMBOM 1 C POCTOM HacTOoThbl, CBUAETENbCTBYIOWEee O ToM, 4To chopmynon (16)
6onblue Nonb30BaTLCH Herb3s.

6 MpuHUUNBI NpOBeAEHNA N3MEPEHUN

6.1 MNepexogHas QUHaAMHUYeCKas XKECTKOCTb

MNepexogHasi AMHaMUYeckas XecTkoCTb siBnsieTcs yHkuuen yactotbl. Kpome TOro, ee 3HaueHusi
3aBUCAT Takke OT NPUIOXEHHOW HavarbHOMN Harpy3ki 1, BO MHOTUX Criyyasix, OT Temnepatypel. [ns nonyye-
HUS HEOBXOAMMBIX AAHHBIX UCMONb3YIOT TPU METOAA UCTIBITaHUA (CM. pasgen 4), MOCKONbKY OCTOMHCTBA U
He[oCTaTKN KaXaoro U3 3TUX MeTOA0B B3aMMHO AOMONHSOT APYr Apyra.

Mpsamon meTog TpebyeT NnposeaeHNs n3MepeHuin nepemMeLLeHnst (CKOPOCTH, YCKOPEHWUsT) B MeCTe KOH-
TakTa U30MATOpa C UCTOMHUKOM BUBpaLMKU U 3aTOpMaxXUBaIOLEN CUNbl B MECTE ero KOHTaKTa C u3onupye-
MOW KOHCTpyKuuen. Ha HuW3Kkux uyactoTax, rge

BXOAHAs W MepexofHasl KEeCTKOCTU PaBHbl, MOXHO 3 1 2
NPOBOAUTL USMEPEHUS U CUrbl, U NEPEMELLEHUs C

OOHOMN CTOPOHLI BUBpousonsaTopa — TON, rae npuno- \ ‘\ L|

XeHo BubBpauuoHHoe BO3byxaeHue. Takoid wmetosn N\ \'-
Ha3biBAeTCA METOAOM U3MepeHUs BXOOHOM XecT- /—

KOCTH.

KocBeHHbI MeToa M3MepeHuit npegycmaTpusa-
€T U3MepeHus nepenatodHon yHKkuuu (no nepeme- 4
LEHUWI0, CKOPOCTU Unn yckopeHuw). [ns cospaHus  — ]
3aTopMaxusaloLlen cunel B MeCcTe coeguHeHust Bub- 5 Uy

pousonaTopa € U30NUPYEeMOW KOHCTpyKuuen ero  ~—  —————f—] R
HarpyxawT B 3TOW TO4YKe Maccol, obnapgatowiein

GonblWMM  3HAYEHUEM OUHAMUYECKON IKECTKOCTU.

MNMpoussegeHe U3MEPEHHOro NepeMeLLeHUsi B JaHHON Q\ Upy<<u,
TOYKE Ha U3BECTHOE 3HavYeHUe AMHAMUYECKON xecT- ~

KOCTU Harpyskum MOXET CIyXUTb SOCTATOYHO TOYHOW
OLEHKON 3aTopMaXKMBaIOLLEN CUrbl B 3agaHHOM Ana-

Ha30He YaCToT. A

6.2 Mpsawmoit meTon 1 — UCMOMHUTENbHOE YCTPOWCTBO rMAPaBNMYeckoro Tuna (obec-
6.2.1 UcnbiTaTenbHas yCcTaHOBKa nevynBaeT npeasapuTenkbHOe CTaTUMECKOe HarpyxXeHue n guHa-

o . Muyeckoe BO3ByxaeHue), 2 — TpaBepca; 3 — HanpaensoLlmne
OCHOBHE'e MPUHLIMNGI MSMEPEHI NepexoHoN CTOWKM; 4~ UCMbITYeMbil BUBpOM3ONATOP; 5 -— cucTeMa usmepe-
ONHaMUYECKON XKEeCTKOCTUM MnoKasaHbl Ha npumepe, HISt CUTIbE: 6 == KECTKOE OCHOBEHME

KOTOPOMY COOTBETCTBYET PUCYHOK 2.

NcnbiTyembld  BUGPOM3ONATOP NOMEWAT B PucyHok 2 — Mpumep MenbiTaTenbHOW YCTaHOBKM Ans
ncnblTaTeNbHON yCcTaHOBKE Mexay BuOGpoBo3byauTe- NpAMOro MeToaa u3MepeHui
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niemM U1 XecTkMM ocHosaHueM. Mexay BUOGPOM3ONATOPOM M KECTKUM OCHOBAHUEM KPensiT AaTyvk CUnbl.
B aTom mecTe Ana co3gaHust yCrioBUWA TOUYEUHOrO COeAUHEHUST U OAHOHAMPAaBIEHHOrO ABWXEHUsT 4acTo
MOMELLAI0T MIUTY, NO3BONSIOLLYI0 PABHOMEPHO pacnpefennTb NPUNOXeHHoOe ycunue no Bcel ee nosepx-
HocTU. Tak, ecnun no3sonuTL BUGpon3onATopy BonbLIOro ceveHnsi oNUPaTLCA TONBbKO HA ManeHbKUA AaTumK
cunbl, BUGpauma B 3TOM MecCTe, a CrefoBaTesibHO U U3MEPEHHbIe 3HAYEeHUS NepexoaHON XKeCTKOCTU, MOTYT
CYLLECTBEHHO OTNM4aTbCs OT TeX, YTo ByayT MMeTb MecTo npu akcnsyaTauun subpousonstopa. B cnyyae
KPYMHbIX BUGPOU30NATOPOB C GOMbLLUOKA HavarbHOW CTaTUYECKON Harpy3Kkow ycnoesne cxoauMocTu usmepe-
HUA MOXeT noTpeboBaTb NPOBEAEHUSI UBMEPEHUIN CUITbl C MOMOLLIbIO HECKOSNbKUX AaTYUKOB CUSTbI.

6.2.2 Uamepsembie BeNMYUHbI

N3mepseMbiMn BeSIMUMHAMK SIBIISIIOTCA CUNa U OAWH U3 NapamMeTpoB ABWXEHUS: nepeMelleHne, cko-
POCTb UMK YCKOpEHUe.

6.2.3 lMpepBapuTenLHOe cTaTU4ECKOE HarpyxeHue

3aBMCMMOCTb NepexogHO AUHAMUYECKON KECTKOCTU OT CTaTUYECKOW Harpy3ku, NPUoXeHHOW K BUG-
poU3onATOPY, MOXeT GbiTb O4eHb CUILHOW, NO3TOMY WUCMbITAHUS cnegyeT nNpoBOAUTb B YCNOBUAX, Koraa
BMBPOM3ONATOP HAXOAUTCS MO HOMUHATBLHOW CTAaTUYECKOW Harpy3koi. 3ayacTyto aTo TpebyeT ucnonb3osa-
HUSE cneuMansHoON ucnbiTaterbHON yCTaHoBKU. OGbIMHO COBMECTHOE CTaTUYECKOE Ha4albHOE HarpyxeHue v
Bo36yxaeHve Bubpauuu obecneunBaloT NOCpPeAcTBOM rMAPABINYECKOrO WCMOMHUTENBLHOTO YCTPOWCTBA.
OpHako s 3TUX Lernei MOXHO NPUMEHSITb U pasfenbHble YCTPoNCTBa.

6.2.4 OrpaHuyveHusi NPAMOro MeToAa No Auana3oHy 4acTor

[rana3oH 4acToT, B KOTOPOM NPUMEHWM NPSMOW MEeTOoA, 3aBUCWUT, B NEPBYIO o4epedb, OT CBOWCTB
ncneiTaTenbHon yctaHoBku. OAHO U3 OrpaHUYEHUI CBSA3aHO C AMana3oHOM 4acToT, B KOTOPOM MoxeT pabo-
Tatb BMGpoBO3GYaUTEnt. [pyroe OrpaHuW4eHWe 3a4acTyilo CBA3AHO C BO3MOXHOCTbIO pacnpoCTpaHeHus
BbICOKOYACTOTHOW BUBpaunUM No pame KOHCTPYKUUK, KOTOPYIO MCMONb3YIOT AN CO3aaHNS npeasapuTenbHO-
ro HarpyxeHus. OO6bl4HO Npobnembl GbiBaloT CBsA3aHbl C COBCTBEHHOM 4acToTOW konebaHun pamMHon
KOHCTPYKLMK, KOTOPas onpeaensaeTcs Maccoin TpaBepChl U XXEeCTKOCTbIO BepPTUKaSbHBLIX CTOEK B NPOAOLHOM
HanpasneHun. OBbI4HO, Kak ykasaHo B Tabnuue 1, BepXHaA rpaH1ua AnanasoHa 4acToT ANA AaHHOIo MeTo-
fda nexuT B npegenax 300—500 Iy. Takue 3Ha4eHUa NPUBOAAT UCNbITATENbHBIE NabopaTopun, cnocobHble
obecnevunTb HavanbHylo cratudeckyto Harpysky Ao 100 kH (cm. [4]). KoHeuHo, Ha ManeHbKux ycTaHoBKax
MoxeT BbITb AocTUrHyTa 1 Gonee BbiCOKasi BEpXHsst rpaHuua AuanasoHa. Hanpumep, ans ynpyrux anemeH-
TOB Mari€HbKMX pa3mepoBs U3MepeHnst MoryT GbiTb NMPOBEAEHbl Ha O4eHb MPOCThbIX HeBOMbLUKMX UCNbITATENb-
HbIX yCTAHOBKaX B AYana3oHe 4acToT A0 HECKOSbKUX KUNOTepLy.

Bonblune BO3MOXHOCTU paclMpuTb AnanasoH 4acToT U3MepeHui obecrneunBaeT KOCBEHHbIN MeToAa
(cm. 6.3). Mpu kocBeHHOM MeToAe M3MepPeHU ans Bubpauny CyLecTByeT MeHbLUEe BO3MOXHOCTEW pacnpo-
CTpaHeHust no 06XoAHOMY NyTW M3-3a TOrO, 4TO WUCMLITYEMbIA BUBPOMIONATOP pa3BA3aH AWHAMUYECKU C
PaMHOW KOHCTPYKUME, Co3haloLel HayarnbHyo Harpysky.

6.2.5 Hanpaenenus BuGpauuu

Mpsimon meTon MoxeT ObiTe pacnpoCTpaHeH Kak Ha MOCTYNaTesibHy0, Tak U Ha YrioByo BUGpauuto kak
B HanpaerneHnu NpUIoXeHnst Harpysku, Tak U B OPTOroHansHOM eMy. OOQHAKO MCNONb30BaHWE MPAMOro
mMeToAa 4SS yriosoi Bubpauuu B HAaCTosILLEeM CTaH4apTe He paccmaTpuBaeTcs.

6.3 KocBeHHbIN meTOoa

6.3.1 UcnbiTaTenbHas ycTaHOBKa

OCHOBHbIE MPUHUUMbI U3MEPEHUI NMEPEXOOHON AUHAMUYECKON XECTKOCTU UINOCTPUPOBAHBLI NpuMe-
pOM, NnokasaHHbIM Ha pucyHke 3.

McnbiTyemblil BUGPOUSONATOP YCTaHABNUBAKOT MEXAY ABYMS XECTKMMU Maccamu (ganee — macchl).

Macca, npunoxeHHas K BMGponsonsaTopy ¢ TOA CTOPOHBI, rae npouncxoauT Bo3byxaeHune subpauuny,
BbINOMNHAET ABe PYHKUUU:

- €€ XEeCTKOCTb UCNoNbL3YIT Ans obecnevyeHunst yCroBus TOYEYHOTO COeANHEHUS;

- OHa MOXeT Takxe BbITb MPUMEHeHa Af1st NoMyYeHUs Of4HOHANPaBeHHOro BO3GYXOEHUS B Pa3NUYHbIX
HanpasneHnsaXx.

Macca ¢ apyroi CTopoHbl BUOpOUM30nATOpa TaKKe UMEET ABa HasHAYEeHUs::

- ee XeCTKOCTb UCNOonb3YT Ansa obecrneyeHns YCroBUA TOYEYHOro COeAMHEHUss B MECTe KOHTaKTa
BMOGpON3ONATOPA C M30NUPYEMON KOHCTPYKLMENR;

- Macca 1 ee MOMEHTbl MHEPUUN JOMKHbI OblTh 4OCTATOYHO BonbLMmMuK, 4TOGLI 3chheKTUBHO noracuTs
Bce BO3GyXeHHbIE B BUGPOU3ONATOPE YacToTHbIe cocTasnsowme. CregosaTentHo, WeCcTb COBCTBEHHBIX
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a — MCMONb30BAHME CUMNbI TAXECTU ANS CORAHNS 6 — NpeABapUTENbHOE CTATUNECKOE HArpy)KeHNe NOCPEACTBOM
NpenBapUTENbLHOTO CTaTUHECKOTO HarpyKeHUs! PaMHOI KOHCTPYKLMN

1 = YCTPOWCTBO CTATUYECKOro HarpyxeHust; 2 — BubpoBo3byautens; 3 — U30NATOPLE; 4 — UCTILITYeMbI BUGPOK3ONSTOP

PucyHok 3 — lNpumMep ncnbiTaTeNnbHOM YCTAHOBKN ANt KOCBEHHOTO MEeToAa M3MepeHuit

4acTOT MaCCOMNPYXMHHON CUCTEMBI, COCTOALLEN 13 BUOPOM3ONATOPa U MaCChbl My, AOMKHbI NEXaTb MHOTO
HWXe AuanasoHa 4acToT usmMepeHui. B aTom crnyyae cuna, AencTeyioLyasi Co CTOPOHbI BUBpousonsTopa Ha
maccy, 6yaet npubnuM3nTEensHO paBHa 3aTOPMajKMBalOLLER cune n MoxeT BbiTb paccynTaHa U3 yCKopeHust
3TON mMacchl.

OB0o3Ha4YMM nepemeLLeHns Mace Yepes Uy 1 U, OTHOLEHMEe U,/uy 0BbIYHO Ha3bIBAIOT KOS hULUEH-
TOM nepegayu (No nepemelleHunio). Ecrniv B kauectse n3mepsieMoro napameTpa ABWKEHUSt B3ATb CKOPOCTb
Unn yckopenue, sHaveHue koadduumerTa nepeaayn He MSMEeHNTCs.

CooTHOLEHNEe MeXay Nepexo4HON AMHAMUYECKON XECTKOCTLIO N KO3hhMUMEHTOM nepeaadn MOXHO
BbIBECTM U3 3aKoHa HbloToHa:

koq ~ 5_2 ~=(2nf )2 my 22 s F>> £, an

1 Uy
rae fo — cobcTBeHHas 4acToTa MacConpPyXMHHOM CUCTEMbI, 0BPA3OBAHHON MacCoN M, 1 NCNbITYeMbIM BUG-
pPOU30NATOPOM (a TaKKe BCMOMOraTesbHbIMU U30MNATOPAMU, KaK NMOKa3aHo Ha pUcyHke 3 6).
®opmyria (17) noslyyeHa B TOM e NPeanonioxeHuu, 4To 1 copmyna (7), T.e. F, NpUBANKEHHO paBHO
3aTopMaxuBaloLel cune.

6.3.2 Uamepsembie BeNUUYNHBI

N3mepsioT 0gHY U3 XapaKTepUCTUK ABWKEHUS: NepeMeLleHne, CKOPOCTb UNKN YCKOpeHue.

6.3.3 NamepeHUs B yCrIOBUSIX NpeABapUTENbLHOIO CTaTUYECKOro HarpyxeHus

6.3.3.1 lNpunoxeHne Ha4anbHOW Harpysku

XapakTtep nNpunoXeHUs HavanbHOM HArpy3ku B UCMLITATENTLHOW YCTAHOBKE BUAEH U3 PUCYHKa 3.

B cxeme Ha pucyHke 3a ans co3gaHvusi NpefBapUTENbHOMO HarpyXeHWs UCMONb3YIT CUNY TAXECTH,
OeNCTBYIOLLYIO HA MAcCy, MPUMNOXEHHYIO B MeCcTe coeiuHeHuss BUBpomn3onaTopa ¢ U30NMpyeMon KOHCTPYK-
uvern. B gaHHom yctaHoBke HeoBxoanmMo, 4TobbI CTaTUHECKYIO HArpy3Ky NPUHANKN Ha cebsa nubo BnbpoBos-
6yautens, nubo kakas-HMOyAb BCnOMoraTesnbHas KOHCTPYKUUS (HanpumMep, AONOMHUTENbHbIE BUOpoU3ons-
Topbl). [rs ucnbliTaTeNnbHON YCTAaHOBKM AAHHOMO BUAA BEnNMKa OMACHOCTb MOJSIyYEHUs pes3ynbTaToB, He
obragalowmx CBONCTBOM CXOAUMOCTU, — OCOBEHHO B crniyuyae 60nblimx BUBPOMIONATOPOB U BbICOKUX
HavanbHbIX Harpy3oK.

B cxeme Ha pucyHke 36 anst NpunoXeHns HavanbHOW CTaTU4YECKOW Harpyskn UCMonb3oBaHbl paMHas
KOHCTPYKUWS 1 UCNONHUTENBHOE YCTPOUCTBO, HANPUMEP rapasnnieckoro Tuna. Macca m, ¢ apyromn cTopo-
Hbl BUGpOM3ONsATOpa passs3aHa C PaMHOWN KOHCTPYKUMWEW NocpeacTBOM BCMOMOraTesibHbIX BUGpousonaTo-

9
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pos. Takue xe BU6pPOM3ONATOPBI UCMOMNBL3YIOTCS U A4S TOro, 4TOObI pa3BsA3aTe PaMHYI0 KOHCTPYKLUIO U Mac-
Cy, TNPUINOXEHHYIO K BUBPOU3ONATOPY CO CTOpPOHbI BO3GyxaeHuss Bubpauun. Wcnonb3osaHue
BCNOMOraTesbHbIX BUOPOU3ONSITOPOB AernaeT KOCBEHHbIN MeToh U3MEPEeHUA MeHee NOABEPKEHHbIM BNUS-
HUI0 BUBpauumn, nepefaBaemMon Yepes paMHy KOHCTPYKLWIO, MO CPABHEHMIO C NPAMbIM METOAOM.

NMpumeyaHune — Ha npaktuke obuas KeCTKOCTb BCNOMOraTenbHbIX BUGPOM30NATOPOB MOXET BbITb TOFO e
NOpsIAIKA, YTO W KECTKOCTb UCTIbITYyeMoro Bubpounsonsaropa.

6.3.3.2 [pyrue chopmbl NPUNOXEHUSE HAYANbHON Harpys3Ku

Bubpon3onsaTopsl, He ABASAIOWMECH YIPYTMMN ONOPaMK, Takke TPebyloT Toro, 4Tobbl UX UCMbITbIBANU
noA, HOMWHAJNbHOWM CTaTU4eCKOM Harpyskoi. B crnydae rmbkow mydTel cuenneHus BarfoB, Hanpumep, 3TO
O3Ha4aeT, 4TOo K Hel A0MKeH OblTb MPUNOXEH NOCTOSHHBIN MOMEHT CUn.

6.3.4 OrpaHuyeHusi KOCBEHHOr0O MeToAa NO Anana3oHy 4acToT

KenaHve pacwmpuTb AWaANa3oH 4acTOT U3MEPEHWU NPUBOAWUT K NpOTMBOpe4uBbiM TpeboBaHMAM K
ncnbiTaTenbHON yCTaHOBKe.

C opaHOW CTOPOHbI, 4TOObI pacluMpuUTb Anana3oH U3MepPeHWn B COOTBeTCTBUM C dopmyrnon (17) B
06nacTb HU3KNX 4aCcTOT, HEOBXOAMMO NCMONb30BaTL GOMbLUYIO MACCy My, KOTOPAs MO3BOSIAT MOMY4YNUTL A0C-
TaTOYHO HU3KOoe 3HaueHue fy. OaHako Yem Bonblue Macca MMy, TeM MeHbLUEN XeCTKOCTbI0 OHa BydeT obna-
OaTb U, COOTBETCTBEHHO, TEM MeHbLie ByaeT BepxHss rpaH1La gnanasoHa 4acToT.

CylecTByeT MHOro NpUMepoB UCMONb30BaHUS BUGPOU3ONSATOPOB, KOrAa BaXKHbI U3MEPEHUst Mepexoa-
HOW AHAMW4ECKOW XEeCTKOCTU B 0651acTu 3BYKOBBIX YacToT, rae BUGPOM3onsaTop He MoXeT GbiTh Npeacrtas-
neH B BuAE NMPYXUWHbI HyreBon Macchl. B Takux crnyvasx KOMNPOMWUCCHOE pelleHre MOXeT GbiTb Nony4yeHo
cnegyoumm o6pasom.

MpubnuxeHHasi oueHKa YacToTbl NePBOro cO6CTBEHHOro pesoHaHca BubpousonaTopa (B TOM Hanpas-
NeHun, rae ero XecTKOCTb MakCMMaribHa) uMeeT Bug,

Ko (18)

f, =05 ,
m

el

roe f, — oueHka yacToThl, 'y;
Ko — AnHaMu4eckas XeCTKOCTb BUOPOU3ONATOPA Ha HU3KMX HacToTax;
mg,— macca ynpyroi yactu suépousonstopa.

Ha Huskux YacToTax nepexogHas AMHamn4eckas XecTkocTb NpubnwkeHHo pasHa K. MHorve usons-
TOpbl BegyT cebs kak Geamaccosbie MPYXWHbI B AManasoHe 4acToT BnnoTh Ao f < f /3. Buibop Macchl 13
ycrniosust fy < 0,1f, NO3BONMT NONy4nTL HaAEXHbIE U3MEPEHUA NEePexoaHOH AMHAMUYECKON XEecTKOCTM ans
vacrtort f >f,/3. Ecru ¢ Toukun 3peHus npumereHus subpounsonsitopa ocobyto BaXxHOCTL NpeacTasnseT Ana-
nasoH f >f,/3, To 6es NpoBeaeHNs N3MEPEHN MOXHO NOCTYNMPOBATh, YTO B 06nacTi 6ornee HU3Kkux 4acToT
3HaveHUe ANHAMNYECKO XeCTKoCTM ByaeT Tem xe, 4To U Ha YacToTe f= £, /3.

Y106bl NONYy41TE 4OCTOBEPHBIE M3MEPEHNUS B LUMPOKOM AMana3oHe 4acToT, XKenaTenbHO MMeTb HUSKoe
3HaveHue ans fy n nognepxusats HEOBX0OMMYIO KECTKOCTb MaCChl /M, BNIOTL A0 BEPXHEN rpaHuLsl Avana-
30Ha u3MepeHuin. flerye Bcero yaooBneTBOPUTL MOCTaBrEHHbIM TpeboBaHWsIM, B3AB B Ka4YecTBe MacChl
cTanbHON B6nok.

Ecnu gnanasoH 4acToT U3MepeHUA CIIULWKOM LUMPOK Anst TOro, YToGbl ero MoxHo 6birno obecneunts ¢
MOMOLLbIO OAHOrO Brioka, namepeHus B 0611acTi HU3KUX U B 06MacTh BLICOKMX Y4acToT MOryT GbiTe npoBege-
Hbl ¢ 6roKamMu pasHbIX pa3Mepos.

6.3.5 HanpaBneHnus Bubpauun

KocBeHHbIN METOA NPpUMEHNUM K CriyYar nocTynaTteribHon BUBpauMm Kak B HanpaBrneHun npuroxeHns
HarpysKku, Tak U NepneHanKynspHOM K HEMY.

N3mepeHuns MoryT BbiTe pacnpocTpaHeHbl U Ha criyqaii Bo3byxaeHus yrrosoit Bubpauum v (unu) yrmo-
BbIX kone6aHWi Maccbl Ha NPOTUBOMOIIOXKHOM cTopoHe BUBpounsonaTopa [2], [5].

6.4 Metoa n3mMepeHUs BXOAHOW XKeCTKOCTH

6.4.1 UcnbiTaTenbHas yCTaHOBKA

Mpumep ycTaHOBKY ANst METOAA 3MEPEHUS BXOAHOW XECTKOCTM NMokKasaH Ha pUcyHke 4.

JTa cxema o4eHb NMoxoxa Ha Ty, 4TO u3obpaxeHa Ha pPUCYHKe 2 ANt NPSMOro MeTofa U3MepeHUi.
OpHako BMECTO W3MEpeHU 3aTopMaXxKuBalowen cunel B MecTe coeuHeHusi BuGpousonsitopa u usonupye-
MOW KOHCTPYKUUWU NPOBOAAT U3MEPEHUs cuilbl, AEWCTBYIOWEN Ha BMGPOU3ONATOpP B TOUKe BO3ByxaeHus.
Takum o6pa3om, NCNONb30BaHWE AAHHOMO MeToAa ANA U3MEPEHUN NePEeXOnHOW AMHAMUYECKON KeCTKOCTH
OCHOBAHO Ha NPeAnosioXeHUn, H4To B 0611acTu HU3KUX 4aCTOT 3Ta XapakTepucTuka npubrvkeHHO pasHa

10
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1 — MCMONHUTENbHOE YCTPOMCTBO MMApaBNu4eckoro Tuna (o6ecneunsaeT npeasa-

puTenbHOEe CTaTUYeCckoe Harpy)xeHue U guHamuyeckoe Bo3byxaeHue); 2— Tpasep-

ca; 3 — Hanpasnswme CTONKY; 4 — CUCTEeMa U3MEPEHUS CUNbl; 5 — UCNBITYEMBbIV
BUGPOU3ONATOP; 6 — XECTKOEe OCHOBaHUe

PucyHok 4 — Mprmep ncnbiTaTensHON YCTaHOBKY ANA MeTOAa N3MePEHNi
BXOOHOW XXECTKOCTU

BXOﬂ.HOﬁ ﬂMHaMVl‘-IeCKOVl XKeCTKOCT BCrniegctTBue I'IpeHeﬁpe)KMMOlz Manoctu cumn nHepuun B CpaBHEHUU C
cunamu ynpyrocTi, T.e.
Fq (19)

k zk ——
2,1 1.1 Uy

|U2 =0-

Cnocob NpUnoXeHUss HavansHOM CTaTUHECKOW Harpysku TOT Xe, YTO U B NPSIMOM MeTOoAe U3MEPEHUN.
N3mepeHus MoryT 6biTb BbINOMHEHb! A1 NOCTYNaTensHOW BubpaLMu B TpeX B3aMMHO MepreHauKynsapHbIX
HanpasneHusx. N3amMepsieMbiMU BENUYMHaMK SIBNSAIOTCA CANA U OfHA U3 XapaKTepucTUK ABWKEHUS: nepemeLle-
HUe, CKOPOCTb UMK YCKOPEHHe.

6.4.2 OrpaHu4yeHuUsi MeToa C UCNONb30BaHUEM U3MEPEHUX BXOAHOM XeCTKOCTH NO AnanasoHy
yacTtoTt

MpubnivxxeHHas opmyna (19) cnpaBegnuea ToNbko B 06MacT HU3KUX YaCTOT, KOrAa cunbl MHEpLUK
Maribl MO CPaBHEHUIO C CMNaMu ynpyroctu. Tem He meHee, B 06J1acTh BbICOKMX YACTOT OLEHKY, NOMY4YEHHYI0
¢ nomotbio chopmynbi (19), MOXHO paccMaTpuBaTth B ka4ecTse nepBoro npubnuxeHusi, a cam meTod nsme-
PeHUA BXOAHOMN XECTKOCTU — Kak OPUEHTUPOBOYHLIN METOA,.
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MNpunoxeHue A
(cnpaBo4HoOe)

COOTHOLWEHUA MeXAYy nepexofHoN AMHAMNYECKOW XKeCTKOCTbIO
¥ ApYTrMMKU YacTOTHbIMM XapaKTepucTuKamu

Ona nuHenHbIX BMGpOMSOﬂﬂTOpOB Xapakrtepuctnkamn, HenocpelCcTtBeHHO CBA3AHHbIMU C }J,V!HaMVE‘-IeCKOVI XecT-
KOCTb10, AABASAIOTCA MEXaHUYeCKUil UMNeAaHC n ad)d)eKTMBHaﬂ macca. OﬁpaTHbIMVI K HUM BenununHamm aBnsaioTcA, COOTBET-

CTBEHHO, AMHaMn4eckas NOgaTNMBOCTb, MeXaHW4eckan NOABWKHOCTb U YCKOPAEMOCTb.
B tabnuue A.1 npeacTasneHb HAMMEHOBaHMS U COOTBETCTBYIOWMNE 0603HAYEHUs 4Ns ANHAMWIECKON KECTKOCTU U

CBSI3aHHbIX C HEW YaCTOTHbIX XapaKkTepUcCTuUK.

Ta6nunua A.1— Ucnonbayemble 0003HaUEHUSI JUHAMUYECKON XKECTKOCTU U CBA3AHHBIX C HEWN XapaKTepucTuK

Mpsimast BenuuuHa O6partHas BenuumMHa
O6o3HaveHue HanmeHoBaHue O6o3HaveHue HaumeHoBaHue
k MepexogHas guHaMuyeckas XecTkoCTb 1/k OvHamnyeckas nogaTnMBOCTbL
Z MepexonHbIn MEXaHNYeCcKUi uMneaaHc 1Z MexaHuueckas nogBMKHOCTb
Mg OppexTnBHan mMacca 1im YckopseMocTb

B tabnuue A.2 nokasaHbl ko3t dULUMEHTL npeobpa3oBaHna OOHOVW BENUYUHBLI B APYTYIO; ANA npuMepa: k =
= —o?Myg = foZ M T.N. YMHOXeHME Ha ko3(PMULINEHT jo 03HAYaeT, 4TO MOAYMb YaCTOTHOM XapakTepUCTUKM Ha YacTo-
Te f HY)KHO YMHOXWTb Ha o = 2ntf, @ K COOTBETCTBYIOLEMY 3Ha4YeHuIo (ha3oBoro yrna no6aenTb n/2 pagnan.

Ta6nuuya A2 — Koadhd1uMeHTbl CBA3N AUHAMUYECKON XECTKOCTU C APYIYMMW YaCTOTHBIMW XapakTepucTmkamm

HaumeHosaHve O6oaHaveHue | Orpepenexmne’ k z Mg
MepexogHas OvHamuyeckas k F/u 1 jo -2
KECTKOCTb
MepexogHbli MeXaHU4eckuii Z Fiv 1o 1 jo
uMnegaHc
AdpexTnBHan macca Mefr F/a —1/e? Vo 1
1) u — nepemewieHne; v — CKOPOCTb; @ — YCKOPEHMe.
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Mpunoxexue B
(cnpaBouHoe)

BriusiHne CMMMETPUYHOCTU KOHCTPYKLMM BUOponsonaTopa Ha BUA MaTpULlbl NepexoHON XKeCTKOCTH

dopmyna (9) nokassiBaeT pasbreHne MaTpULibl AMHAMNYECKON KECTKOCTU U30NsATopa pasmepom 12x12 Ha yeTbipe
6noka paamepom 6>6 kaxapiii. HacToswwmi ctaHgapT NOCBALLEH M3MEPEHMIO OTAENbHBIX 3MEMEHTOB MaTPULbl XKECTKOCTH
66 [k2‘1]. 3Tn anemeHTbl NpeaCcTaBnAnT cCOB0M OTHOWEHUSI 3aTOPMAXMBAIOLWMKX CUIN B MECTE CoeanHeHNs BubpounsonaTo-
pa C M30NMMpyeMoit KOHCTPYKLMEN K MepeMELLEHNAM Ha NPOTUBOMONOKHON CTOPOHE BUBponsonaTtopa.

[aHHble aneMeHTbl n3obpaxeHsbl Ha pucyHke B.1 B NpAMOYronbHOM CUCTEME KOOPAUHAT C OCAMU X, ¥ U Z.

Fz, u,
\
>
\f > Fyu,
My ¥y My ty

F

v U,

X

PucyHok B.1 — OBGo3HaueHne cvn 1 nepemMeweHnii B AekapTOBON CUCTEME KOOpANHaT

BeKTOp wecTu noctynaTenbHbIX U WeCTH YIrInoBbIX nepememeHmZ MOXeT ObiTb 3anncaH B Buge

Uy = {uqy, Ugy, u1z’Y1X’Y1y’Y1z}'
BEKTOp WeCTH 3artopMaxunBalowmx cuin 1 MOMEHTOB CUIN MOXET ObITb 3anNUCaH B BUae

F2 bocking = {Fax > F2y » Faz» Max, Mgy, Maz}-
Torpa cdopmyny (10) MOXHO NpeacTaBUTL crieayownm obpasom:

Fox k11 k72 kez  kra  K7s K7 | (Ui
Fay kg1 ks kss ksa Kkss Kge | |Uty
For | _|Kot Koz Koz Koa kos ke | Uy
My [ k101 K102 Kios Kioa Kios Kios | |7ix
May ki1 K112 k113 k114 K115 Kiie | [vey
M2, (K121 K122 K23 K124 Ki2s Kize ] (74

KpaTkas copma 3anvMcy MaTpuyHbIX 3MEMEHTOB UMEET CreAYIOWNi CMbICH:

F; 2x,blocking M 2x, blocking
Kpq= ————— 2k =—""" 7 nT.Aa.
71 10,4
U1y Y 1x

Bcnepctene cummeTpmn KOHCTPYKL MK Bubpousonatopa 6onsLias YacTb 3NemMeHTOB MaTpuLibl paBHa HyIio, a Hexo-
TOpble HEHYINEBbIE 3MEMEHTBI MaTpuLbl MOTrYT BbITb paBHbl Mexay coOBoN. 3TO NOKa3aHO Ha CreaylLWnX YeTbipex npuve-
pax, rae B3siTbl TMNUYHbIEe (POPMbI KOHCTPYKLIMM BUBPOU3ONATOPOB (HanpasrieHue KoopaMHaTHbIX 0Cel — B COOTBETCTBUM
C pucyHkom B.1).
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Mpumep 1 — [1Be opTOoroHanbHble NNOCKOCTH cummeTpunt (10 pasnUUHLIX HEHYNEBLIX 3MIEeMEHTOB)

u1x u1y u1z T1x Y1y Y1z
Fox K7 1 0 0 0 ks 0
Fyy 0 Kg 2 0 Kg 4 0 0
F 0 0 Ky 0 0 0
Max 0 kg2 0 kiga 0 0
My, Ki1,1 0 0 0 ki1s 0
My 0 0 0 0 0 Kize

NN

sy u1y Uy, Y1x y1y 11z
F2X k7,1 0 0 0] k7’5 0
2 0 kg 2 0 Ke.4 0 0 f
Fy, 0 0 ko s 0 0 0 %
Moy 0 = —kg 4 0 kig.a 0 0
sz = —k71 5 0 0 k11'5 0
My, 0 0 0 0 0 K12g

Mpumep 3 — OceBast CUMMETPUS; B ZaHHOM Cry4ae — OTHOCUTENbHO NMHUW NepeceveHns NNOCKOCTEN CUMMETPUM

npumepa 1 (10 HeHyneBbIX 3MEMEHTOB; 6 pa3NNYHbLIX 3HAYEHU)

Uiy Uy Uy, Y1x Y1y Y1z
Fo kr 1 0 0 0 kr 5 0
Foy 0 =ky 4 0 =Ky 0 0
[ 0 0 Ko 0 0 0
Moy 0 kig 2 0 ko4 0 0
Moy = Kyo.2 0 0 0 =kio4 0
My, 0 0 0 0 0 ki

Mpumep 4 — lNapannenenunes unm Kpyroson unimHap (10 HeHyneBbIX 3NeMEHTOB; 5 pa3nnyHbIX 3Ha4eHNi)

pd,

/)

L

Uiy Uy Uiz Y1x Y1y 1z L’
Fax ky 1 0 0 0 ks 0
2y 0 - k7,1 0 = k7,5 0 0
Fy, 0 0 kg3 0 0 0 -
Moy 0 =-k7s 0 k10,4 0 0
sz = —k7’5 0 0 0 = k10'4 0
M,, 0 0 0 0 0 ki
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Mpunoxenue C
(cnpaBouHoOe)

MaTpuua nepexoQHOM }eCTKOCTH YNPOLWEeHHOro Buaa

Kak ykazaHo B 5.3, BO MHOTVX NPaKTUYECKMX CIy4asix Asl aeKBAaTHOMO NPeACTaBIIeHUA MaTpULIbl NEPEXOAHON XKecT-
KOCTW AOCTaTOMHO OnpeaenvTb TONbKO OAMH, [Ba NIV TPY AMEeMeHTa 3TON MaTpuLibl, CBAI3aHHbIX C NOCTYRaTeNbHLIM ABU-
XeHvieM. 34eChb pacCMOTPEHbI HECKOMBKO NMPYMEPOB B Pa3bsiCHEHNE JAaHHOTO NOMOXKEHMS.

C.1 NoctynatenbHas BuGpauusn

N3 Briok-cxembl CUCTEMBI «<MCTOYHUK BUOpaLmyu — BUOPOM3ONSATOP — M3ONMUpyemMas KOHCTPYKLMA» cneayeT, 4To
Bnbpauua, nepegaBaemas Ha KOHCTPYKLMIO Yepe3 BUBpon3onsiTop, 3aBUCMT OT UCXOAHON BUGpaLmn NCTOYHMKA, Nepexoa-
HOW XECTKOCTY N30NATOPa 1 BXOAHON XXECTKOCTY M30NMPYEMOH KOHCTPYKUMM. OBbINHO nepeaaBaemasn OT UCTOYHNKa BUG-
pauna He OblBaeT O4HOHamNpaBreHHOW, MO3ITOMY BAaXHO M3MEpPATb XECTKOCTb BubpousonaTopa B ABYX UNU Tpex
OPTOrOHanNbHLIX HanpPaBreHnsaX.

PaccmoTpym cniyyai, korga yposHu Bubpauum, nepesaBaemon o1 UICTOYHUKA, UMEIOT OJWH NOPAAOK NO BCEM Tpem
OpTOroHarnbHbIM HanpasneHusiM. Toraa 3aBeAOMO SICHO, YTO AN ONUCAaHWA NepepaToyHbIX CBOMNCTB BUGpomnsonsaTopa
Heob6xoaMMo 3HaTb NO KpalHel Mepe Tpu 3HaYEHUs NEPEXOAHON XKECTKOCTU, 8 UMEHHO AnaroHanbHble 3NemMeHTbl MaTpu-
Libl NePEXOLHON XKECTKOCTU, COOTBETCTBYIOLLME NOCTYNaTensHOMY ABWKeHWI0. KOHEYHO, eCrnn KOHCTPYKLMA Bubpousons-
Topa CMMMETPUYHa, MOXET OblTb AOCTATOYHO 3HATb TOMbKO ABa 3HAYEHWUA MEePEeXOJHOW XECTKOCTM — OAHO AnA
BEPTUKANbHOro 1 OOHO AN NonepeyHoro HanpasneHust.

Honyctrmo nu npeHebpexeHne Bubpauueit B nonepeyHoM HanpaeneHnm, 3aBUCUT OT ABYX (PaKTOPOB:

- OTHOLLEHMNSA KECTKOCTW B NONEPEYHOM U BEPTUKANbLHOM HanpasneHusix Ansa subponsonaropa;

- OTHOLLUEHUS XECTKOCTU B NMOMEPEYHOM ¥ BEPTUKANBLHOM HanpaBneHnsax Ans U30nmpyemMon KOHCTPYKLIMA.

Hanpumep, o6opygoBaHne 4acTo yCTaHaBNMBAIOT HA TONCTOM 6ETOHHOM (byHAAMEHTE Ha BUBpOM3onATopax, Ybs
XECTKOCTb B NONEPEYHOM HanpasneHny paBHa UMy MeHbLLE UX XXECTKOCTU B BEPTUKATNbHOM HanpaBneHuu; B TO Xe BpemMst
XECTKOCTb (PyHAaMeHTa B BEPTUKANbHOM HaMpaBneHnn MeHbLUE, YeMm B nonepeyHoM. B faHHOM cnyyae BnonHe onpas-
[AaHHO paccMmaTpuBaTh nepegady Bubpaumm TONbKO B BEPTUMKANbHOM HaNpaBreHun 1, Takum 06pa3om, TONbKO B 3TOM
HanpasneHun N3MepsaTh XECTKOCTbL BubpousonsaTopa.

PaccmoTpum Tenepb 4pyro npumep, Koraa BubponsonsiTopbl ABMSIOTCA COCTABHOR YaCTbi0 KOHCTPYKUMUU, noABep-
KEHHON TEnnoBOMY PaCLUMPEHUIO (AONYCTMM CUCTEMBI Bbixnona). Mcnonbayemble BUBpOM3ONATOPbI KOHUYECKOrO Tuna
MOTYT MMETb XECTKOCTb B MONEepeYHOM HanpaBneHnu, 3Ha4eHne KOTOPON B AECATL pas NpeBsblwaeT 3HavYeHne 3To Xxapak-
TEPUCTMKM B HaNpaBreHnM OCHOBHOM Harpy3ku. Cama xe nsonupyemas KOHCTPYKLIMA ABNAeTCA BeCbMa rMBKoi BO Bcex
HanpasneHusx. oaToMy aHanus nonepevHoin BuGpaLunm BO BCAKOM Crlyyae He MeHee BaXKeH, YeM B HanpasneHuu
OENCTBUA CTaTUUYECKOM Harpy3Ku.

CnepoBaTerbHO, pelleHne 0 TOM, Kakoe YUCNOo 3eMEHTOB MaTpULibl NepexoaHON XeCTKOCTHN creayeT UsmepsaTb
AnNS KAKOOTO KOHKPETHOro BUBpon3onsaTopa, AOMKHO ObITb NPUHATO UCX0AA U3 TUNa BUGpousonAaTopa n ycnosuii ero npu-
MEHEeHWS.

C.2 Yrnoeas Bubpauus

3nemeHTbl MaTpUL, XXEeCTKOCTHU, COOTBETCTBYIOWNE YINOBLIM COCTABNSAIOLLMM, A TAKKe ANEMEHTLI, CBA3bIBalOWMNE
nocrynaTterbHble COCTABMNAOLWME 411 O4HON CTOPOHbI BUBPOU3ONATOpPa C YIrNOBLIMY COCTABMSIOWMMUN ANS APYTOi CTOPO-
Hbl, B HACTOSILLEM CTaHAapTe He paccMmaTpusaloTcsa. OAHON U3 NPUYMH ITOMO ABNAETCS CMOXHOCTL HEOBXOAUMBIX ANA
Taknxuenen namepeHni, 0CO6eHHO B OTCYTCTBME CTaHAAPTU3OBaHHbIX 4ATYNKOB. [Tp1 3TOM BaXKHO 3HATL, KKAKMM nocnea-
CTBMSIM MOXET NPUBECTV HeafeKBaTHOE ONUCaHNE nepeaaToYHbIX CBOWCTB BUGpousonsaTopa.

YTto KacaeTcsi CTOYHMKA BUGpaL My v N30MMPYEMON KOHCTPYKLMK, TO B NEPBOM NPUONIKEHNM MOXKHO CUnTaTh, 4TO
COOTHOLLEHVE MeXAY NOoCTynaTeNbHbIMU U YINOBbLIMY COCTABNAIOLMMU ONpeaenseTcs ANHON n3rmbHbIxX BONH. C yMeHb-
LWEHMEM [VHbI BOIHbI POMb YIMNOBbLIX KonebGaHUi nnu YyBCTBUTENbHOCTU K MOMEHTHOMY BO36YXKAEHMIO COOTBETCTBEHHO
BO3pacTaeT. 3TO 03HAYAET, UTO AN KOHCTPYKLWA B B1ae 6anok v nnacTvH Manow TONWMUHbLI U OTHOCUTENBHO BbICOKUX Yac-
TOT BO3OYXAeHWs yrnoBble konebannsa Oy ayT npoABnATLCA CUnbHee. Ecnu e BepHyTbCH K

PacCMOTPEHHOMY paHee NpuMepy MallyHbl, YCTAHOBMEHHOW Ha MacCYBHOM GETOHHOM F
(pyHaamMeHTe, TO B JaHHOM CIydae BIIMSIHUEM YTrIOBbIX COCTABMSIOWMX MOXHO TpeHetpedb.
Mprmepom, Korga Porib MOMEHTHOTO BO3GYKAEHUS BEIvKa, MOTYT CIYXUTh TaBpo- —Q%—
M

Bble UNv AByTaBpoBble banku. BxogHas ayHamMmuyeckas XecTKoCTb Takon 6anku B Hanpas-
INeHUN OencTBUst CUNbl F MOXeT ObiTb OYeHb Benuka, MHOro DOonblie 3HauvYeHust JToW
XapakTepucTuky ans momeHTa cun M (cm. pucyHok C.1).

[insi BUOpOM3ONATOPOB, KaK NPaBUNoO, Te reomeTpudeckre hopmel, YTO Npegnonara-
10T BOMbLLLYIO XKECTKOCTb B NONEPEYHOM HanpasneHnu, NPOSaBNAIoT U GONbLIYIO XEeCTKOCTb,
CBfI3aHHYI0 C yrmoBbiMu konebanvamu. Ecnv BuGpon3sonsitop Takon hopMbl COEANHEH C
TOHKOCTEHHOM KOHCTPYKLIMEN B LIENSX U30NALMK €€ OT BbICOKOYACTOTHbIX konebaHuii, Bnus-
HUEe YIrNoBbIX COCTABMAIOWMX MATPULIbI MEPEXOAHON HKECTKOCTU MOXKET BbiTb OYEHb Ba- Pucyrok C.1 — Boabyxae-
HbIM. B Takmx crydasix pacCMOTpEHHOe Bbllle YNpouleHue, Korga B pacyeT npuHumaior HVWE B TOYKE Ha BeplinHe
TOMBKO OOMH, ABA UMY TPU SMEMEHTA, COOTBETCTBYIOLMX NOCTYNaTENLHOMY ABMXEHMIo, ABYTaBPOBOW Banku cunon F
MOXET NPUBECTH K 3HaUMTENbHBLIM OWwMbKam nNpw aHanuse nepepasaemon subpauum. 1 MOMEHTOM M
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Npunoxenue D
(cnpaBo4HOe)

NuuetHOCTL BUBPOUIONATOPOB

B o6uem cnyyae aMHamuyeckne CBOWCTBA BUGPOM3ONSATOPOB 3aBUCAT OT 3HAYEHUS NOCTOAHHOW HArpy3Ku, aMmrnu-
TyAbl BUbpaLuuu, 4acToThl U TemnepaTypbl.

MpepnonoxeHue NMHEAHOCTN O3HAYAET, YTO BLINOMHEH NPUHLNA CYNEPRO3nMLMM U AMHAMUYECKas XECTKOCTb Ha
3a[aHHOI YacTOTE HEe 3aBMCUT OT aMNNMTyAbl. [ins MHOrMX BbponsonaTopoB, MMEIOLWNX HavanbHOe CTaTUHECKOe Harpy-
XKeHue, Takoe NPenonoXeHNe MOXHO CYMTATh BbINOMHEHHBIM B HEKOTOPOM NpUBNMmKeHnn npn ycnoeuy, 4To aMnnutyasl
AnHamU4eckoi AedopmaLiMn Manbl No CpaBHEHMIO ¢ AedopMaumen nog AeNCTBUEM NOCTOAHHOM Harpy3ku. OaHako Heob-
XO4MMO OTMETUTb, YTO MHOTOE 3aBMCUT OT MaTepuana, u3KoToporo u3rotoeneH BubponsonaTop, NoaToMy Bcerga cnegyet
BbIMOMHATL NPOCTYIO NPOLEAYPY KOHTPOMNS NUHEWHOCTH, CPaBHMBAs 3HAYEHUA ANHAMUYECKON KECTKOCTU, NONyYEeHHble
LA pasHbIX amMninuTyn Bo30yKaeHUs B ipeAenax 3aaHHoro AnanasoHa. Ecnv 3HaveHne xapakTepuUCTUKN C USMEHEHUEM
YPOBHA BUGpaLmmn 0CTaeTCa NOCTOAHHLIM, MOXKHO CUMTaTb YCIOBUE NMUHENHOCTY BbINONMHEHHBIM.

B pabore [6] npeacTaBneHsl fAHHbIE 3aBUCMMOCTY AeACTBUTENBHOW COCTaBNsioLwen 1 (pa3oBoOro yrna KOMNIeKCHo-
ro mogyns caswra ans GyTunkayyyka oT amrnnnTyabl OTHOCUTENBHOTO CABWIa U NPOLEHTHOIO CoAepXaHusa B MaTtepuane
yrnepoga. N3 Hee cneayer, uto ans aMnnutya meHee 102 geilcTBUTeNbHas CoCTaBNsioLas n (pasosbiil yron cnabo sasu-
CAT OT amMnNnuUTyAbl casura. Ecny xe 3HadeHne amnnuTyasl casura npesbiwaeT 2x10—3, nabnioaaeTcs cyllecTBeHHoe
YMEHbLUEHNE QMHAMUYECKON KECTKOCTY, OCOBEHHO Koraa NPOLEHTHOE coaepKaHue yrnepoaa Bernuko.

Taknm 06pa3om, BaxkKHO NPUHMMATbL BO BHYMaHWe ypOBEHb aMnnutya Aecopmany, UMEIoLLNX MECTO Ha PAKTUKE, U
B 3aBVICMMOCTM OT 3TOrO peLlaTh, MOXHO N NPU3HATL YCIOBUS UCBITAHWIA PE3VMHOBLIX BUGPOM30NSITOPOB COOTBETCTBYIO-
Wymmn TpeBoBaHNAM HACTOALWEro cTaHaapTa unu Het. [lna amnnuTtya casura meHee 102 npeAnonoXeHne NMHeRHoCT
(a 3HauMT, B YACTHOCTK, U HE3ABUCYMOCTY OT aMNINUTYbI, U BbIMOMHEHWS NPUHLIMNA B3aUMHOCTU) NnpeiCTaBNsieTCs BRON-
He 060CHOBAHHbIM.

BuBpownaonaTopsl rnapaBnuyeckoro Tvna, KOTopble BCe Halle UCNorb3yoT, HanpuMep B aBTOMOBUTbHON NPOMBbILL-
INEHHOCTW, TaloKe MOTYT NPOSIBNSATL HEMUHENHbBIE CBONCTRA, TAK KaK UX XKECTKOCTb CUIbHO 3aBUCUT OT aMnnNuTyabl Bubpa-
umu. Beuay [OBONCTBEHHOrO Ha3HAYEHWA Takmx BUGPOM3ONATOPOB: AeMNUPOBAHME HU3KOYACTOTHON BUGpaLMy,
nepegaBaemon Ha ABUraTenb OT HEPOBHOCTEN JOPOTU, n ocnabneHne BLICOKOYACTOTHOM BUBpauum, nepeaatouieiicst ot
ABUraTens o MexaHn4eckon KOHCTPYKLUM 1 U3Ny4Yalowenca B Buae WyMa B OKPYKaioLLyI0 cpeay, — UCNblTaHus ¢ nepe-
MEHHON amMnIUTY[oN BO3DYXOEHMA BOMKHLI ObiTb NpoBeAeHbl BO BCEM Auana3oHe YactoT pabotsl BuGpousonstopa
(71, [8].

WHorpa GbiBaeT 3apaHee U3BECTHO, YTO YCNOBME NMUHENHOCTMN He BbinonHsaeTca. Ho U B Takux cny4asix MOXeT OKa-
3aTbCs LenecoobpasHbiM UCNONL30BaHNE MHOTUX NPoLeayp, ONUCAHHBIX B HAaCTOstLeM cTaHaapTe. MNpn aToM Heobxoan-
MO cpopMynupoBaTb cneumanbHble TpeBoBaHMA K WUCNABITAHWAM B OTHOWEHWWM NPEABApUTENbLHOTO HarpyXeHus,
aMnnuTyabl BO3BYKAEHUS 1 U3MEPSAEMbIX BENUUNH,
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