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[fpeaucnosue

Llenu, oCHOBHbIE NMPUHUUMBI U OCHOBHON MOPSAOK npoBeaeHns paboT no MexrocyaapCcTBEHHON CTaH-
naptnsauun yctadosneHs! [ OCT 1.0—92 «MexrocygapctBeHHaa cuctema ctaHgaptusaunn. OCHOBHbIE
nonoxeHusa» n FOCT 1.2—97 «MexrocygapctBeHHas cuctema ctaHgaptusayun. CtangapTtel Mexrocygap-
CTBEHHbIE, NpaBunia 1 pekoMeHgauun no MeXrocyaapCTBeHHOW cTaHgapTu3auun. [lopagok paspaboTiu,
MPUHATULA, NPUMEHeHUs, ODHOBNEHNSA U OTMEHbI»

CBeneHust o cTaHpapre

1 NOATIOTOBJIEH OTkpbIThiM akynoHepHbiM 0DecTBOM «HayuHO-UccnegoBaTenbCKUn LUEHTP KOH-
TPOMNS U ONArHOCTUKM TEXHUYECKNX CUCTEM» HA OCHOBE CODCTBEHHOIO ayTEHTUYHOIrO nepesoaa ctaHgapTa,
yKa3aHHOTO B NyHKTe 4

2 BHECEH [ occTtaHgapTom Poccun

3 NMPUHAT MexrocygapctseHHbIM COBETOM MO CTaHgapTU3aunm, MeTPONornm n ceptudunkaumm (npo-
TOKON Ne 22 o1 6 Hoabps 2002 r.)

3a NpuUHATUE NPOroriocoBarnm:

KpaTkoe HaumeHoBaHUe CTpaHbi Ko CTpaHbi CokpalueHHOe HanMeHOBaHNeE HaLMOHANBHOIO opraHa

no MK (MCO 3166) 00497 no MK (MCO 3166) 00497 No ctaHgapTu3auuu

AsepbangxaH AZ AaroccraHgapT

ApMeHus AM ApmMroccTaHgapT

benapyco BY ['occranpgapt Pecnydnukmn benapyco
KazaxcraH KZ [foccTangapt Pecnybnnkn KaszaxcraH
Kblprul3cTaH KG Kblprbl3cTangapT

Monposa MD Mongosa-CtaHgapT

Poccuinckas egepauns RU "'occTaHgapt Poccuu

TamKuKkncrTaH TJ TapxmkcTaHgapT

TypkMmeHncTaH T™ [nasroccnyxba « TypkMeHCcTaHaapTnapbi»
YKpanHa UA [f'occTaHgapT YKpanHbl

4 Hacrodawmn ctaHgapT unogeHtuyeH mexgyHapogHomy ctanHgapty MCO 10846-1:1997 «Bubpauuns.
IlabopaTopHbie U3MepeHUsa BUDpOaKyCTUYECKUX nepegaTtodHbiX CBOWUCTB ynpyrux anemeHTtoB. Yacte 1.
[lpuHuunbl 1 pykosogcteo» (ISO 10846-1.1997 «Acoustics and vibration — Laboratory measurement of
vibro-acoustic transfer properties of resilient elements — Part 1: Principles and guidelines»).

CteneHb cooTBeTCTBUA — ngeHTtuyHas (IDT).

Hactoawmn ctangapt ngeHtndeH [ OCT P NCO 10846-1—99

5 lpukaszom GegepanbHOro areHTCTBa No TEXHUYECKOMY PeryrnmpoBaHuio U MeTponorin ot 24 anpe-
ns 2007 r. Ne 77-ct mexrocygapcreeHHbi ctangapt OCT NCO 10846-1—2002 BBegeH B geUcTBME B

KadyecTBe HauyunoHanbHoro ctanHgaprta Poccunckon @egepaunm ¢ 1 Hogbpa 2007 r.

6 BBELEH BINEPBbIE

Hcbopmauuss 0 egedeHuUU 8 deucmeue (npekpaweHuu deuacmeust) Hacmosiuwea20 cmaHoapma rnybnu-
Kyemcs 6 ykazamersne «HauuoHarnbHblie crmaHdapmel»,

ViHgbopmauusa 06 usMeHeHUsIX K HacmosaweMy cmaHdapmy rnybnukyemcs 6 ykaszamerne « HauyuoHarnb-
Hble cmaHdapmbi», @ meKcm 3mux U3MeHeHUU — 8 UHQOPMAaUUOHHbLIX yKazamensax «HauuoHarbHble
cmaHoapmel». B cnyyae nepecmompa unu ommeHbl Hacmosuwea20 cmaHoapma coomeemcmeyrowas
uHopmauyus byoem onybnuxkogaHa 6 UHPOPMaUUOHHOM yKazamerne «HauyuoHansHele cmaHOapmel»

© CtaHpgapTtuHgpopm, 2007

B Poccuinckon ®egepaynm HaACTOSALWNMA CTAH4APT HE MOXeT ObITb MONTHOCTBH UMMM YaCcTUYHO BOCMPO-

M3BEeOEH, TUpaXKMpoBaH U pacnpocTpaHeH B KadecTse oduymansHoro nsgaHusa 6es paspewwenua enepans-
HOrO areHTCTBa MO TEXHUYECKOMY PeryrmpoBaHuio U MeTponorum
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BBeneHue

Bubpon3onaTopbl pasnnyHbiX TUMOB MPUMEHSIIOT AN CHUXEeHUS YPOBHSA nepegasaemMon subpauunn.
[lpumepammn MOryT CnyXnTb NMOLBECKN aBTOMODOUNbHBIX ABUratenen, ynpyrue onopbi 3gaHun, yCTpOUCTBA
KpenneHus u ynpyrume MydTtbl B COeAUHEHUSAX BAnoB Cy4OBbIX MaLUWH, BUDPOUIONATOPLI, yCTaHaBMNBaEMbIE
B ripegmMmeTax ObITOBOW TEXHUKMN.

HacTodawmnn ctaHgapT CnyXUT BBeAEeHUEM K Cepun CTaH4apToB Ha MeTonbl tabopaTopHbIX n3mepe-
HUW, NPOBOANMBIX NS HAXOXOEeHUs Haubonee BaXXHOW XapakTepucTuKu, onpegensiowen nepegatoyHbie
CBOWCTBA NMMHENHbIX BUDPOUIONATOPOB, — ANHAMUYECKOW XECTKOCTH.

B HacTodwem ctaHgapTe npuBeLeHsl TeopeTuyeckne OCHOBLI METOLOB, OrpaHUYeHUsa Ha yCrnoBua nx
npyuMeHeHnsa U pyKOBOLCTBO Mo BeIOOpY Hanbonee nogxoadLwero Metofa Ang Kaxgoro KOHKPeTHOro crnyyas
N3IMEPEeHUHN.

[na Bcex meTogoB nogpasymMmeBaeTcs, YTo nabopaTopHbie YyCrnoBus UCMbITAHUA npegycMaTpuBatoT
BO3SMOXHOCTE NMpenBapuUTensHOro HarpyXeHuns obbekra ncnbitaHni NOCTOAHHOW (CTaTUYECKOW) HAarpy3Kou.

PesynsTaTtel U3MepeHuid MoryT ObiTe UCNOML30BaHbI NpY peweHnn npobnem nogasrieHUsa HU3Ko4vac-
TOTHOW BUDOpauum 1 ocnabneHus wymMa, NopoXgaeMoro KonebaHusamMu 311eMeHTOB KOHCTPYKUuK, nocpen-
CTBOM BMOpon3onatopos. B 10O e BpemMs ykasaHHbie MeToLbl He npefHasHadeHbl 459 OUeHKN KadecTsa
paboTbl BUOPOUIONATOPOB B YCINOBUAX YOAPHBIX BO34ENCTBUN.

Y
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M E X I O CY IO AP CTOBEMH HH bl W C T AH O AP T

Bubpauyusn

MSMEPEHUA BUBPOAKYCTUHECKUX MNEPEOATOYHBIX XAPAKTEPUCTUK YTIPYIUX SJIEMEHTOB
KOHCTPYKLWN B NABOPATOPHbIX YCNOBUSAX

Yactb 1

O0wume NpUHUUMNLI U3MEPEHUN U PYKOBOACTBO MO UX NMPOBEACHUID

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

Ilata BBegeHua — 20607—11—01

1 O6nacTb NpMMeHeHus

HacToswiunin ctaHgapT ycTtaHasriMBaeT obuine npuHuunel NpoBedeHUs U3MEepeHUn nepenaToudHbiX
XapaKkTepucTuK BMOpOU30ONAaTOPOB, a TakXKe PYKOBOACTBO Mo BbiOOPY MeToda U3MepeHUn 3TUX XapaKkTepuc-
TUK B YCIOBUSIX NAabOpPaTOPHbIX UCMBITAHUA B KOHKPETHOM Criydyae rnpuMeHeHus.

HacTodaLwmym cTaHgapT pacrnpocTpaHaeTCcd Ha BUDPOUIONATOPEI, MPpUMEHaeMble:

a) Onst CHYKEHWUST YPOBHS nepefaBaeMon Ha KOHCTPYKUMIO BUOpaLnn B 3BYKOBOM AManasoHe 4acToT (OT
20 'y po 20 kl'y), KoTopast MOXEeT BNOCreaCcTBUN N3Ny4HaTbCH, HANpUMEpP B BOOHYIO UMY BO3AYLUHYIO cpeay:;

0) onga CHWKeHusa HU3KodacTtoTHOW BMOpauyun (00biiHO B guanasoHe ot 1 go 80 [y), koTopas mMoxer,
Harnpumep, oKkasbiBaTb HEDMAronpuaTHOE BO34EeNCTBUE Ha IMAeN UM Bbi3bIBAThL MOBPEXOEeHNUEe KOHCTPYKUMNA.

LlaHHbIie, nony4yeHHble ¢ NOMOLLLI OMUCAHHBLIX B HACTOSILLEM CTaHgapTe MeToa40B U3MEepPeHUn, MOoryT
ObiTb UCMOMNMbL30BAHbI:

- ONS ykasaHug M3roToBUTenaMmn 1 NocTaBLLMKaMM B COMPOBOANTENBHOW OOKYMEHTaUNK K NPOaYKUMHA;

- B npouecce paspaboTku npoayKunn;

- B CUCTemMax ynpasneHnsa Ka4ecTBoM NpoayKuunu;

- B npouyecce BUbpayMOHHbIX pacyeToB KOHCTPYKLUUA.

YKasaHHble MeTo4bl U3MEPEHUN NMPUMEHNUMBI TONBKO MPWY BbINONHEHWUW CReayowmnx YyCIoBUHA:

a) NUHENHOCTKN OTKNKKA BUbpousonatopa (gonyckaetcd, 4ToObl BUOpounsonatop obnagan HennHen-
HbIMU XapakTepUcTUukaMm OTKNKMKA Ha CTaTUHECKYH Harpysky npu ycnoBuu, UYTO MOCHEe MPUNOXEHUa 3TOou
Harpy3ku nosegeHne subponsonaropa CTaHOBUTCS NTUHEWHBIM);

0) NOBEPXHOCTU KOHTAKTa BUOPON3ONATOPA C UCTOYHUKOM BUOpaunmM 1 C U30NTMPYEMOUN KOHCTPYKUNEN
MOXHO paccMaTpuBaTb KakK TOYeYHbIe.

HacTosawmin ctangapT He pacrnpoCTpaHSaeTCa Ha yrnpyrne BCTaBku (CUIbGOHBI, pyKasa), N0 KOTOPbIM
MpoTeKaeT XKNUOKOCTb.

2 HopMaTuBHbIE CCbINKW

B HacTosiLem cTaHgapTe UCMonb30BaHa CChINKa Ha CreayrLwnin cTaHgapT:
[OCT 24346—80 Bubpauus. TepmMuHbl 1 onpegeneHuns

3 OnpeaeneHnsa n o603Ha4YeHHUA

B HacTosem ctaHgapte npumeHsaioT TepmMmuHsl o [OCT 24346,

Kpome Toro, B Lensax HacToSALWero ctaHgapta NpUMMeHsIoT crnefyiowme TepMuHbl C COOTBETCTBYIOLLN-
MW onpeaeneHnsamMu:

3.1 ynpyrun anemeHT: 10 Xe, YTO 1 BUOPOUIONATOP.

UzpaHve odmuuanbHoe
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3.2 Bubopousonsatop: MNaonatop, npegHasHadeHHbid gng ocriabrneHns nepegasaemMon smMbpauun B
HEKOTOPOM AnanasoHe 4acToT.

3.3 ynpyrasa onopa: Bubpousonartop, npegHasHaudeHHbIN A58 TOro, 4tobbl nogaepXmnBatbh 4acTb
MaLlUHbL, 30aHUST UITU KaKON-Nbo Apyron KOHCTPYKUKUN.

3.4 3aTtopmaxuBawwasn cuna Fy: Cuna, npunoxeHHas K U30NATOPY B TOUKE €ro coequMHeHust ¢ U3o-
NMpyemMoun KOHCTpyKuunen n obecnevnBaolas HeNnogBMXHOCTb 3TOM TOYKMA.

3.5 BXoAHasA AMHaAMUYecKas XeCTKOCTb Kk, 4: YacTOTHO-3aBMCHMOE KOMMIIEKCHOE OTHOLUEeHMWE
CUMbI B TOUKE COEaMHEHUs BUBPOU3ONATOpa C UCTOHHUKOM BMBpAUMU K MEPEMELLEHMIO B 3TON XKe TOUKe Npu
BO30Y)XAEHUN rapMOHWYEeCcKon BUOpaLmMmn B 3aTOPMOXKEHHOM PeXnUMe UCTIbITaHUN.

[Tpumevarnnsd

1 3HauyeHune k; ;, MOXEeT 3aBuCETb OT NPeABapuTeNbHOrO CTaTUHECKOro HarpyxeHus, TemnepaTtypbl U Apyrnx
YCINOBUM.

2 HaHn3knx4acToTax K, 4 onpeaenaeTca MCKNIYNTENbHO YNPYTMMN 1 GUCCUNTAaTUBHBIMY CUMaMK, AENCTBYIOWMMY
B BubpousonsaTope. B o6nactv 6onee BbICOKMX YaCTOT HAUMHAIOT UrPaTh PONb TAKKE U CUMbI UHEPLIM.

3.6 nepexoaHasi AMHaMU4YecKasl KECTKOCTb K, 4: HaCcTOTHO-3aBUCUMOE KOMMIEKCHOE OTHOLUEeHWE
CUIbl B TOYKE coefuHeHnUss BUOpon3onsaTopa ¢ N30NMpyemMon KOHCTPYKUMEN, Korga ata To4ka 3aTOPMOXEHa,
K MepeMeLleHnio B TOUKe coeanHeHnsa BnbponsonaTopa ¢ UCTOYHMKOM BMOpaLMn npu rapMoHU4YEeCKOM BO3-
oyxxaeHuu.

[TpumevanHuns

1 3HaueHune k, ; MOXET 3aBWCETb OT NPEeABapUTENIbHOTO CTaTUYECKOTO HarpyXeHus, Temnepatypbl U Opyrux
YCINOBUM.

2 HaHuskux 4acToTax K, , onpeaensercs UCKNIoYNTENbHO YNpYruMmn u AUCCUNAaTUBHBIMKU CUNamu, 4eACTBYOWUMY
B BUOponsonATtope, n K, 4 = Ky 4. B obnactn bonee BbICOKMX 4aCTOT HAYMHAIOT UrpaTb PONb TAKXKE U CUIbl UHEPLMN, W
Ky 4 #Kq 4.

3.7 KoachpdpuumeHT noTepb YNpyroro afiemMeHTa r: HacTtoTHO-3aBUCMMOE OTHOLLUEHNE MHMMOK Yac-
TN K5 4 K ABNCTBUTENBHOWN HacTu K, 4 (T.€. TaHreHc as3oBoro yrna K, 4) B obnactu HU3KMX 4acToT, rae cuna-
MW MHEPLU MU MOXHO npeHedbpeysb.

3.8 TOye4yHoOe coegunHeHue: OONacTb KOHTAKTA, KOTOpasa coBepluaeT KonebaHna Kak noBepPXHOCTb
abConTHO XeCTKOro Tena.

3.9 NMUHenHoOCTbL: Ycrnosue paboTel BUOPON3ONATOPA, MPU KOTOPOM BbIMOTHAESTCH NMPUHUKUMT cynepno-
3numu,

[Tpumevannsd

1 TlpnHuunn cynepno3nunm moxeT ObiTe CHOPMYNMPOBAH CreAyoWNM 00pa3om: eCnn BXOAHOMY BO3AENCTBUIO X, (1)
COOTBETCTBYET OTKITMK Ha BbIXOAe ¥, (1), a BXOAHOMY BO3AENCTBUIO X, (f) — OTKNUK ¥, (), TO CUNTAIOT, YTO NPUHLNN CYNEepno-
3VLINN BbIMONMHEH, €CNY BXOAHOMY BO3AENCTBUIO ax,(f) + Bx,(f) DyaeT cooTBETCTBOBAaTL OTKNUK ay4(f) + By, (f). aHHoe
yCrnoBue AOMKHO BbINMOMHATLCSA Ans Mobbix o, B, x,(f) n x,(f), rae a n f — Npon3BoNbHbIE KOHCTAHTHI.

2 BbllwleykazaHHaa npoueaypa npoBepKn CBOUCTBA NMUHENHOCTU ManonpurogHa ¢ npakTuveckon TOYKU 3peHuns,
NO3TOMY KOHTPONb NIMHENHOCTN ODBLIMHO OCYLWECTBNAIOT, NPOBOAA U3MEPEHUS NEPEXOHON XKECTKOCTU B HEKOTOPOM auna-
NasoHe BXO4HbIX BO34encTeun. Ecnunpu 3aaHHOM NpeaBapuTENIbHOM CTATUYECKOM HArpyXeHNU N3MEPEHHOE 3HaYeHne
ANHAMNYECKON XKECTKOCTN He DyLeT 3aBUCETb OT YPOBHSA BXOAHOTO BO3DYXOEHUS, CUCTEMY MOXHO paccMaTpuBaTh Kak
nuHenHyto. Flo cyty ata npouefypa ABMNAETCA KOHTPONEM NponopunoOHanNbHOCTU MeXOy BXOAHbLIM BO3DYXIEHUEM U
OTKIMMKOM.

3.10 npsamon metoa: MeTond, B KOTOPOM U3MEPEHUIO nognexar nepemMeLueHmne, CKoOpoCcTb UIn ycKo-
pPeHne B ToYKe coeunHEeHUs BUOPON3onaTopa ¢ UCTOMHUKOM BO3DYXKOEeHUst 1 cuna B TOUKe coeguHeHunst BuD-
pOU3oONATOpPa C U30ONMUPYEMOU KOHCTPYKUMEN, KOT4a 3Ta TOYKa 3aTOPMOXKeHa.

3.11 KocBeHHbIN meToa: MeTod, B KOTOPOM M3MEPEHUD NOANEXUT nepegartodHasd QyHKuma subpo-
N30NATOPa MO nepemMeLleHny, CKOPOCTU WM YCKOPEHUH MPU HarpyXeHum BubpPOU3ONATopa maccon
(3¢hheKTUBHON MaCCON).

3.12 meToa4 U3IMEpPEeHUs BXOAHOU 4YaCTOTHOU XapaKkrtepuctukun: Meton, npu KOTOPOM U3MEPEHUID
nognexaTt o4Ha W3 XapakTepUCTUK OBMXEHWS — nepemMelieHune, CKOpPOCTb WUIM YyCKOpeHue, — a Takxe
curna B To4YKe coeuHeHns BUDpomsonaropa ¢ UICTOYHUKOM BUOpaLnu, Korga todka coeguHeHnss Budbpounso-
NnATOopa ¢ U30NNMPYyeMOon CUCTEMON 3aTOPMOXKEHa.

4 BbiObop meToga usmepeHun

NHpopmayna obero suaga, Heobxoanumas ans Bolbopa mMetoaa namepeHnin, KoTopbin B HanbornbLuen
CTENeHn COOTBETCTBYET KOHKPEeTHOMY BUAY BUOpousonaTopa, AaHa B Tabnuvue 1.

2
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[lancHenwne pekomeHgauum no Belbopy metoga namepeHnun — B pasgenax S u 6.

Taonwunuya 1— PexkomeHgauuy no BblbOpy MeToa N3MepeHum

MeTton namepeHus

XapakrepucTtuka [lpsimon meTon KOCBEHHbIN METO. BXOA4HOW YacTOTHOWU
XapakTePUCTUKU
Tun Bubponsonsatopa Onopa Onopa He onopa Onopa

CunbdOoHb!, pyKaea,

Ynpyrue onopbt ans

[Tpumephb! Ypyrve onopet 4ns npu B, BaHUA,
p. <P PYInE onopsl A pnbopo .,,Oﬁopmo . ynpyrne myqrbi, npudopoe, obopynosa-
BUOPOM3ONATOPOB MAaLLWH U 30aHUK | §
CUNoBbie Kabenu HUSE, MaLUUH U 30aHUN
[lnanasoH 4yacrtorT OT1fupof,. OT1 1, oo 1. OT1 71, no 1. Ot 1y pofy.
f, onpegensaeTca cBo- | OObIMHO (HO Heoba- | ObbibHO (HO Heobsa- | ObblMHO (HO Heobs-
CTBAMWU UCMbITATENb- | 3aTENbHO) 3aTenbHO) 3arenbHo)
HOW YCTaHOBKM. 20y <fh<b80luy pgna|20fu</f <50Tu; gna| f, <100 My
OBbbIYHO (HO HeoDbSs- | OYEHb XXECTKUX ONop | OYEHb XECTKUX Ornop
3aTeNbHO) fo > 100 . fo> 100 'y,
300 Tu<f, <5001y |/ oObMHO OT 2 pOo|fy; ODbMHO OT 2 Ao
5 kfy n 3asueut oT| 5 kfu u 3asucut oT
CBOWCTB YCTaHOBKM CBOWCTB YCTaHOBKM
Uucno komnoHeHToB | 1,2 nnm 3 1,2 1nmm 3 1, 2 nnn 3 1, 2 nnn 3
nocTynaTenisHON BYU-
Dpaumn
Knaccupukauma wme-| TexXHN4ecknn TexHnyeckum TexXHn4Yeckmnn nnm TexHn4ecknin nnu
TOZa MO CTENEHU TOu- OPUEHTUPOBOYHBLIN OPUEHTUPOBOYHbLIN
HOCTH
[TpuMmevyaHune — B HM3KOYACTOTHON ODNacTv NPAMON METO N METO4 N3MEPEHUA BXOOHON YaCTOTHOMN Xa-

PAKTEPUCTUKN AT OOHU U T e pe3ynbTaThl.

5 OCHOBbLI METOAOB U3MEPEHUN

5.1 lNepexogHasa AUHaAMUYECKas XECTKOCTb

B oaHHOM pa3gene obocHOBaH BbIOOP NepexogHON XXeCTKOCTU B Ka4eCTBe XapaKkTepuCcTUKY, KoTopas B
HanbonbLIen cTeneHn noaxoauT Ong onucaHus nepenatodHbiX CBOUCTB BUOPOU3ONATOPOB B PA3NIUYHBIX
YCroBUAX WX NpUMeHeHnd. Kpome TOoro, 34echb yKasaHbl criyvau, Korga ans onucaHua nepenatoudHbIX
CBOMCTB HEODXOOUMO UCMONb30BATh UHbIE XapaKTEePUCTUKU, HEXEN OAMHAMUYECKAs XKXEeCTKOCTb, U3MepeHue
KOTOPbIX, O4HAKO, BbIXOAUT 3a paMKM HaCcTodaLwero craHgapTa.

[lepexogHag pguHaAMUYecKass XeCTKOCTb 3aBUCUT OT YMNPYyrux, MHEePUUOHHLIX W gemMndupyrowmx
cBoncte Bubpowusonatopa. l[puynHon, nodemy MMEHHO OUHAMUYeCcKas XeCTKOCTb BbibpaHa B KadecTse
XapaKkTePUCTUKKU BUOPOUIOTUPYHOLLKUX CBOUCTB YIPYrux 3rnemMeHToB, ABMFeTCH TO npaktuieckoe coobpaxe-
HMe, YTO OaHHaSd BenudMHa XOopoLlo corrnacyertcsa ¢ NoBCEeMEeCTHO UCMOMb3yeMbiMU 3HAYEHUAMU cTaTu4yec-
KOW XXeCTKOCTU UM ONHaAMUYECKOW KEeCTKOCTU Ha HU3KMX YacToTax. Ha BbICOKMX YacToTax, korga Heobxoaun-
MO YYUTBIBATL CUIMbBI UHEPUWUKU, OeUCTByWMe B BUOpoU3onaTope (T.e. BONHOBLIE 3(h@eKkThl), nosegeHue
OVHAMUYECKON XECTKOCTU CTaHOBUTCS Donee CrnoxHbiM. Ha HU3KNX YacToTax Ba)XHbl TONLKO CUMbl YNPYroc-
TM U gemnunupoBaHns, NO3TOMY AMHAMUYECKAS XECTKOCTb HA HU3KNX YacToTax crnabo 3aBUCUT OT YaCTOThbI U
XapakTep 3TOM 3aBUCUMOCTU onpenensaeTcda TONbKO CBOUCTBAMM MaTepurana yrnpyroro anemMeHTa.

B oblem cnydae nepexogHasi guHaMmmnyeckas XXeCcTKoCTb BUOPOU3ONATOPOB 3aBUCUT OT TeMnepaTypbt
M HaYanbLHOW CTaTU4YEeCKOW Harpys3ku. B gansHenwem npeanonoXeHo, Y10 4ng sBndbponsongaropa BbinoiHEHO
yCcrioBue rnnHenHocTu, onpegeneHHoe B 3.9. bonee nogpobHaa nHdgopmaumusa o6 3Tom gaHa B npuUnoxe-
HUK D.

COOTHOLWEHNa MexXay nepexogHon gUHaAMUYEeCKOW XeCTKOCTbIO U APYIMMU YaCTOTHBIMW XapaKTepuc-
TUKAMU NMPpUBELEHbI B MPUNoXeHnn A. B peanbHbIX yCrioBUSX UCMBITAHUK BbIDOP U3MEepaeMOon XxapaKkTepuc-
TUKWU OBMXKEHUS — MepeMeLleHunsi, CKOPOCTU UM YCKOPEeHUs — onpeaensetcss coobpaxeHnsamm npaktu-
Yyeckon uenecoobpasHoctn. OgHako npencrtaBrieHMe pesyrnbTaToB B COOTBETCTBUM € TpeboBaHMAMMN,
NPeayCMOTPEHHBIMU KOHKPETHbIM METOO4OM U3MEpPeHnn, MoXeT notpedbosaTe nNpoBeaeHUA COOTBETCTBYIO-
LLKX npeobpasoBaHU.
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[TpumevaHune — [OnNd HEKOTOPLIX BUDPONIONATOPOB 3HAYEHNA CTAaTUYECKON XKECTKOCTU U NEePexoaHon anHa-
MUYECKOW XXECTKOCTU Ha HU3KMX YacToTax MOTyT He CoBnaaThb.

5.2 Marpuua AMHaAMUYECKOU XeCTKOCTU BUbpousonsatTopa

5.2.1 O0Line nonoxeHuns

OBbIMHBIN MOAXOA K aHAmnM3y CIOXHbIX KornebaTenbHbIX CUCTEM COCTOUT B NpeacTaBrneHn 3rieMeHTOB
cucTembl B Buae ONOKOB C M3BECTHLIMU nepesaTtodHbiMU MaTpuyaMm (KeCTKOCTKU, nog4aTnmeBoCTU U T.4.).
IneMeHTaMm MaTpullbl SIBISIIOTCS 4YACTOTHbIE XapaKTepUCTUKU 3adaHHOro BuUAA, KOTOPbIE OonpenenstoT
NMHEeNHbIe CBOUCTBA CUCTEMbl. Ha OCHOBE MHMoOpMauMnM O CBOUCTBAX OTAENLHOW NOACUCTEMBl MOXHO pac-
CUMTaTb COOTBETCTBYIOLLNE XapaKTepUCTUKM aHcambns Takux nogcmcrtem. BollueynomsaHyTele MaTpuULbl pas-
NUYHBIX XapaKkTepucTuK MoryT ObiTh nierko npeobpasosaHel gpyr B gpyra [1]. OgHako B metogax, onmcaHHbIX
B HACTOALLEM cTaH4apTe U MOCBALLEHHbIX 3KCNepUuMeHTarnbHOMY onpeaerneHnio xapaktepuctuk sMbponso-
NATOPOB B YCNOBUAX OEUCTBUA MOCTOAHHOU CTATUYECKOW HAarpyskuy, paccMaTpuBalTCd TONMLKO MaTpULb
XKECTKOCTMN.

Obuaga cxema onnucaHus nepenaTtodHbiX CBOUCTB U3ONATOPA AaHa Ha pucyHke 1.

N3onupyeman

NCTOMHUK

BUGpauun

KOHCTPYKLWS

PucyHok 1 — bnok-cxema cnctembl «MCTOMHUK BUDpaLnum — BUOPOU3ONATOP LI — U30oNupyemas KOHCTPYKLNA»

Cucrtema coctouT n3 tTpex Bnokos, npeactaBngaloLWmMX, COOTBETCTBEHHO, MCTOYHKUK BUOpayunn, nocne-
0OBATENbHOCTL U3 N BUDPOUIOTIATOPOB N U30OTTUPYEMYIO KOHCTPYKUMK. [peanonaraeTcd, 4To mecTta coegu-
HEHUW UCTOYHKKA BUDpaLMm ¢ BUOpOU3ONSATOPOM N BUDPOU3ONATOPA C U30NMPYEMON KOHCTPYKLUEN MOXHO
paccMaTpuBaTh Kak TodeuHble. KaXaon Todke coeguHeHnd noctasrieHbl B cOOTBETCTBME 0O0DLLEHHbIN BEK-
TOP cunbt F, COCTOALMN N3 CUIT F 1 MOMEHTOB M, OenCTBYIOLWNX BAONL TPEeX B3aUMHO NepneHaunKynsapHbIX
KOOPOAUHATHBIX Oceln, 1 0DODLLEHHBIN BEKTOP nepeMeLlleHns u, cogepxauym Tpu coctasndwme nocryna-
TensHoOM Bnbpauum u n Tpu yrnosoun r. Ha pucyHke 1 nokasaHo TOMLKO Mo O4HOM COCTaBNALWEN ANS KaXao-
'O U3 BEKTOPOB: F4, U4, F» N Uy. KaXAbIW U3 TAKNX BEKTOPOB COCTOUT U3 611 3NIEMEHTOB, rae n — 4ucno snb-
DON3OIISATOPOB.

[rs Toro 4yToObl NOKa3aTb, YTO NepexogHas XecTKOCTb xornoctoro xoga'), onpegeneHHas B 3.6 Kak
nepexogHas guHamuyeckas XeCTKOCTb, YAOBNEeTBOpPSAeT uendm onucaHua CBOUCTB BUOPOU3ONATOPOB B
OONbLUMHCTBE MPaKTUYECKUX CIly4aeB, paccMoTpum garnee paboty BubpounsonsaTopa Kak ans npocrenero
criyvas ogHoHanpasreHHoW Brubpaunmn, Tak u ang cnydas KkornedbaHuy B HECKOMbKUX HanpasBreHusX.

5.2.2 OauH BUOPOUIONATOP, OAHO HanpaBrieHne Bubpaunn

YcnoBune paBHOBeCUsS BUMOpoOU3onATopa B criyvyae ogHoHanpasnieHHOoN Bubpauyum MoxeT ObiTh Bbipa-
XXEHO hopmynamu:

F1 = Ky qUq + Ky o>, (1)
Fo = Ky 1Uq + Kg ol (2)

rae Ky 4 U Ky 5 — BXO[HbIE XXECTKOCTU, NOoNydYeHHbIe 4115 YCrNOoBUS, Koraa npoTUBOMNONoOXHasa CTopoHa BUOpo-
| ~ uM3onATOopa 3aTOpMOXKeHa (T.e. U, = 0 1 Uy = 0 COOTBETCTBEHHO);

Ky 9 U Ky 1 — MEepexofHble XeCTKOCTU XONIOCTOro X0Aa, T.€. OTHOLUEHUS CUMbl B 3aTOPMOXEHHON TOYKEe K

nepemMeLleHnIo B ToUke BO3byaeHus. Lns nMHenHsIX BUOPOU3ONATOPOB NACCUBHOIO TUMNA, B

OTHOLUEHMWN KOTOPBIX CpaBeaiuB NpUHL N B3aUMHOCTU, CNPaBeaSIMBO PABEHCTBO: Ky o= Ky 4.

Ha BbICOKMX YacToTax, rge urpatT porib CUrlbl MHEPUUK, 3HAYEHUS k1,1 T kz,z OTNMYaKTCa apyr oT apy-

ra. Ha HU3KKx YacToTax, rge BO BHUMAHWE MOXHO NMPpUHUMAaTL TOMLKO ynpyrue n guccunaTtuBHbIE CUIbl, BCE

3Ha4YeHus k; ; paBHbI MexAy coboi.

[TpumevaHune — Popmynsbl (1) 1 (2) OTHOCATCA K COCTABNAOLMM Ha KAKOW-TO OAHON YacToTe; F: N U; — KOM-
MNEKCHbIE PYHKLIMY BPEMEHW, K; ; — KOMMIEKCHbIE BEMUYNHBDI.

" [TepexoHaa yacToTHaA XapakTepucTuKa Ha3biBAETCA XapakTEPUCTUKON XONOCTOTO X04a B TOM Cny4ae, ecnm oHa
nony4yeHa B YCNOBUAX, KOTZa BCE TOUKN U3MEPEHNA, KPOME TOU, YTO COBNALAET C TOUKON BO3DYXKAEHUA, NPUHYXKOEHDI K HE-
MOLABWXHOCTU (3aTOPMOXEHDBI). B IaHHOM criyvae 4oCTaTOvHO, €CNN 3aTOPMOXKEHA TOUKa coenHeHns Bnbponsonstopa ¢
N30NNPYyEeMOon KOHCTPYKLUMENn.

4
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B maTtpuyHon popme popmynet (1) 1 (2) umeroT sBug

F = [K]u, (3)
roe MmatTpuua gMHaMn4eCcKou XXeCTKOCTH
= | v ke ] (4)
Ko1 K22

[1pn BO3GYXOEHUN N30ITUPYEMOUW KOHCTPYKUUK Yepe3 BUBPOonN30naTop

krﬁ — F_Z’ (5)

Uy

rAe K. — BXOAHas AMHaMUYecKas XXeCTKOCTb N30NMMPYEMON KOHCTPYKUUN. 3HAaK MUHYC NOCTaBIIE€H B COOTBET-
CTBUW C BbIDOPOM MONMOXUTENbHOMO HarnpasreHnsd, Kak rnokasaHo Ha pucyHke 1.
N3 popmyn (2) — (D) cnepyer:
K2 1 (6)
U4.
K22

Ky

I:2ﬁ

1 +

Taknm obpasom, npu 3agaHHOM BO3DyKaeHUn uy cuna f, 3aBUCUT OT BXOAHbIX ANHAMUYECKUX XKECT-
KOCTEN KaK BUOpoU3OnATopa, Tak U U3ONMUPYEeMOWU KOHCTPyKuun. OOHAKO €ecCcrnu BbINMONHEHO YyCroBue
ko 5| < 0,1]k,|, F, c TOuHOCTBIO A0 10 % coBnagaeT ¢ Tak Ha3biBa&MOMN 3aTOPMaXuBAatOLWen CUIon Fy b cking:
T.€.

Fa ~F3 biocking = K2,1U1 (7)

[Tockonbky paboTta BUMOpPOU3ONATOPOB ahdeKkTUBHA TOMbKO B TeX Cry4asx, Korga OHWM yCTaHOBIEHbI
MeXOYy CMCTEMaMM C OTHOCUTENEHO DONLLUOW AMHAMUYECKON XECTKOCTLIO, hopmyna (7) npakTu4ecku scer-
0a BbINMONHAETCSH Ha npakTuke. Ha Hen 1 OCHOBaHbI METOAbI U3MEPEHUA, N3TOXEeHHbIe B HACTOSLWEM CTaH-
napte. MaMepate nepexomHyr XeCTKOCTb XONOCTOro xogda (Mny aHanornyHble en xapakTepucTuku)
M30NaTOpPa C HaYyanbHOW CTaTU4YEeCKOM HAarpys3kou rnerye, 4yem U3MepsaTb MNOSHYI MaTpPULy XEeCTKOCTU (UIn
MONHYK MaTpuyy nepesatodHon pyHKkunm). Tem Oonee, 4TOo 3TOT napameTp C SOCTATOYHOW MONMHOTOM
XapaKkTepusyeT cBOUCTBa BUOpoOU3onaTopa B npeanonaraemMelX yCroBUsSX ero npuMeHeHus.

Mpumevanune — B cnyvasx, korga ycnosue K, ,| << |k,| He BbINONHEHO, A4ns onpegenexuns F, no 3agaHHoMy
nepemeLleHnio U,, Kak criegyet ns hopmyrbl (6), JONMXKHbI ObITh TAKKE U3BECTHbLI 3HAYEHWS Ko, UK,

5.2.3 OauH BUOPOUN3ONATOP, WeCTb COCTABINAKLWNX BUDpaLumnmu

Ecnn cunbl N XapakTepucTUKK OBMXKEHUS B KaXXO0W U3 TOYeK coedUHEeHUs ONMUChIBAKT Yepes LWecCTb
OPTOrOHAarnbHbIX COCTaBNAWMX (TPU ONS NOCTynaTernbHOro 1 Tpu Ans BpalaTenbHOro apmxeHuns), Bnbpo-
N3ONATOP MOXHO NMpeactaBnTb B BUAe cuctemsl ¢ 12 Beixogamu [2]. @opmyna ans maTtpuyHou popmbl ¢ 12
napamMmeTpamun AUHAMUYECKON XECTKOCTU 3KBUBaneHTHa opmyne (3), rae
U F (8)

U =~ < ., F o= ;
hUZJ hFZJ

— BEKTOPbI LWECTN nepemMerleHn, WecTn yrroB noBopoTa, WeCcTu CUmn 1 wectn MoMmeHToB cun. MaTtpuua
OVHAMUYECKOW XeCTKOCTU padmepom 12x12 moxeT ObiTh pa3buta Ha YeToipe brnoka pasmepom 6x6:

(k4] kg2l (9)
K= ko4l k22l |

rae [kq 4] 1 [ky 5] — MaTpuubl (CUMMETPUYHbBIE) BXOAHOW ECTKOCTY;
[kq 5] 1 [ks 4] — MaTpUUbl NepexogHoOU XeCcTKOCTU XONoCToro xoaa.

BbinonHeHne npuHUMna B3anMHOCTW npegnonaraeTt, YTo nepexoiHble MaTpullbl U COOTBETCTBYIOLLLME
MM TPAHCMOHUPOBaHHbBIE MaTPUL bl MONMAPHO PaBHBbI.

Ecnuv BHOBb NpeanonoXuTb, YTO BXOAHAA ANHAMUYECKAs XXECTKOCTb N30NMMPYEeMOr KOHCTPYKLU MK BEnn-
Ka MO CpaBHEHUIO C BXOOAHOW ANHAMMUYECKON XKECTKOCTbIO BUOpOM30OnaTopa, TO cuna, BO3AENCTBYHOLLLAS HA
3TY KOHCTPYKUMIO, ByaeT npubnumxeHHo paBHa 3aTopMakmBaloLen cune:
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Fa biocking = K2 111 (10)

Takum obpasom, nepexonHas XeCTKOCTb XONOCTOro xona oyaeT aBnathCs yOoOHOW XapaKTepuCTUKON
Ons onncaHus BubpoakyCcTu4eckux nepenaTtouHbiX CBONUCTB BUOPOU3ONATOPOB U B Criyvae nepegadn MHOro-
KOMMOHEHTHOW BHUOpaunu.

5.3 HeobOxoaumas nonHoTa onMcaHus MaTpullbl nepexonHon XecTKOCTU XOrnocToro xoaa

B obwem cnyvae matpuua nepexogHoN XeCTKOCTU XONOCTOro xoaa ogHoro subpowusonsatopa [k 4]
cocTouUT U3 36 sanemeHToB. O4HAKO CUMMETPUSA KOHCTPYKUKUK BUOpOU3onaTopa npuBegeT K ToMy, 4to b6onb-
LUWMHCTBO U3 3TUX 3NeMeHToB DyayT paBHbl HYMHO. [ng KOHCTPYKUMKA C UeHTpansHOU cuMMeTpuen (Kpyroson
HUNMUMHAP WNY napannenenunegn) YMcro OTINYHbIX OT Hynga anemMeHToB bygeTt pasHo 10, a YNCNO pa3nUYHbIX
3HaA4YeHUn, KOTOpPoe DyayT NPUHUMATL 3TU HEHYIeBbie arleMeHTol, — 5 (CM. npunoxeHue B, a Takxke [2]).

Ha npakTuke 4Yncno 3neMeHToB, Heobxognumoe Ong agekBaTHOro onucaHnsa BubpoakyCcTuHeckmux nepe-
O0ATOYHbBIX CBOUCTB, AaXe MeHbLUe YuCra 3NeMeHTOB, TeopeTUYeCKn OTIUYHBbIX OT HyNsA. B crniydae nocrtyna-
TEeNbLHOW BUOpauWK, Kak MpaBuro, AOCTATOYHO MPUHUMATE B pacyeT TONbKO OAWH, ABA WUNKU TPWU
OVaroHanbHbIX 3rieMeHTa — COOTBETCTBEHHO, Ans Bubpauum TornbKko B 04HOM HanpasrieHun (00bIMHO Bep-
TUKaNsHOM) UK ABYX, UMK TPEeX B3anMHO nepneHauKynsapHbIX HanpasneHusax. bornee nogpobHaa nHgopma-
LSt O HEODXOAMMOM ATt PACCMOTPEHUS YMUCTe reMeHTOB MaTPULbl XXEeCTKOCTU gaHa B rnpunoxeHun C.

B HEeKOTOpPbIX crneyuansHbiX criydadax OonbLlioe 3HavdeHne UMerT U cTeneHn ¢Bobodbl, cBA3aHHbIe C
yrnosbiMu konebanunamu (cm. npunoxeHue C). B 6.3.5 gaHa ccbinika Ha COOTBETCTBYOLME NUTepaTypHbIe
MCTOYHWKKM, B KOTOPLIX YKA3aHOo, Kak nomnyyuTb napamMeTpbl, CBA3aHHbIe C yrroBon Bubpatmen, Tem xe cno-
cobom, 4TO U Ang nocTynartenbHOW BUOpaunn.

5.4 [Npyruve nytn pacnpocTpaHeHuss Bubpauuu

Mogenb, npegcrasrneHHas Ha puUcyHke 1, Tak e kak n popmynel (1) — (10) cnpaBeanusebl TOMLKO B
TOM Clly4ae, ecrnv eOuHCTBEHHbIV MyTh nepegayvn sMbpauum OT UCTOYHUKA K U3ONTUPYEMOW KOHCTPYKLUMY
NeXuT Yyepes BUbpoun3onaTopel. Ha npakTuke e MOryT cywecTBoBaTh ¥ NODOYHBIE MYyTU pacnpoCcTpaHeHUs
BUOpaunn — no MexaHU4eCcKUM KOHCTPYKUUSAM UMK Yepes OKpyKaloLwwyo cpedy. B kaxgom metoge nsmepe-
HUW BIrUAHUE Takux rnobOYHbBIX NMyTen Ha pesynbTaThl USMEPEeHUN XxapaKTepUCcTUK BUOpoOn3onaTopa QOIKHO
ObiTb CBEOEHO K MUHUMYMY.

5.5 KoachdbumumeHT notepsb

Llenb HacTodawero ctaHgapta — yCcTaHOBUTL 00LMe mMeToabl USMEepeHNin YacTOTHO-3aBUCUMON nepe-
XOOQHOW OMHAMUYECKOMW XECTKOCTU Yyrpyroro anemMeHTa kzj. Pag nonb3oBaTenen, Kpome Toro, MoxeTt ObiTb
3auHTepecoBaH B onpegeneHun gemndupyrouwinx cesoncTe subpounsonatopa. CtaHgapTmsayus nsmMepeHnia
XapakTepucTuk gemndmpoBaHusa B HACTOSLWEM CTaHZapTe He npeaycMoTpeHa. Tem He meHee, HMXKe OaHOo
TeopeTunyeckoe obocHoBaHMe npouenypel, Kak UCMonbL30BaTh AaHHbIe O (ha30BOM yrie KOMMMEeKCHOW (PyHK-
LN nepexogHoOUn OUHAMUYECKOU XKeCTKOCTU kz!1 Ona nonydeHus uHopmauum o gemMnpupyiowmnx ceou-
cTBax BUMbOpousonaTopa.

[Ina obwero npeacrasneHnsa o npegmMmetTe OOCTATOMHO pPAacCMOTpPeTb Criyvan, OnucaHHbIM B
5.2.2, — 0OUH BUOPOUIONATOP U OOHO HanpasreHue sBnubpauun. [1oCKoNMsKy B HaACTOsLWEM CcTaHOapTe pac-

CMOTPEHbI TOITbKO U3MEpPEeHUst, MPOBOANMbIE MPKU 3aTOPMOXEHHOW TOuKe coefuHeHust BubpounsonsTopa ¢
N30NUPYEMON KOHCTPYKUKMeW, hopmynel (1) 1 (2) MOXHO CBECTU K BUAY

F1 ﬁk'],‘lu’l’ (11)
Fzﬁkzj»]U»]. (12)

Ha HU3KKX YacToTax, rge cunamu nHepyum (Mnn BONMHOBBIMU 3hdekTamm) MOXHO npeHebpeys, CooT-
HoLleHWne mMmexXay (hasoBbiM YIIIOM NepexogHoOn OUMHAMUYECKON XEeCTKOCTU N XapaKTepucTukon gemngpupo-
BaHUS YyNpyroro sanemMeHTa umeeT npocTon sua. B gaHHoOM obrnacTn 4acToT 4YacTOTHO-3aBUCUMYHO XECTKOCTb
MOXHO annpoOKCUMMPOBATL BbipaXXeHnem

ITY KOMMIEKCHYIO BENNYMHY MOXHO 3anicaTh B BUAE
k = ko(1 + jn), (14)

rae Ky — pencTBuTencHas YacTb K. YacToTHO-3aBUCKMMBbIN kK03t runeHT noTepb n onpeaenseT aemndupo-
BaHWe B yrNpyrom aneMeHTe Ha HU3KUX YacToTax (cm.3.7).
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CooTHOWEeHne Mexay KosddpuuneHTomM notepb U hasoBbIM YoM ¢ KOMMIEKCHOW BEeNU4nHbI K onpe-
nensaertcs popmMynon

n = tan o. (15)
Takum obpasom, ko3 pUUNeHT NoTePb YNPYroro 3reMeHTa MOXHO OUeHNTb nNo opmyne
n~tan @, 4, (16)
rae ¢, 4 — (pas3oBbin yron nepexofHon AUHAMUHECKO N KECTKOCTU Ky 4.

[1pn onpegeneHnn gemnduUpyrOLWMX CBOUCTB HEODXOOAMMO yHYUTEIBATL CcCriegyiouine MOMEHTHI.

a) NamepeHus ¢ nomouibio hopmynel (16) koaddbuymeHTa noTeps B TEX Cryvasax, Korga ata Bernyu-
Ha marna, KpanHe 4yBCTBUTENbHbI K NOrpewHocTamMm usmepenus dassl [3]. OgHako gng subponsonaTtopos,
M3rOTOBIIEHHbIX N3 pe3nHonogobHOro matepuana, ata npobnema He Tak oCcTpa, 3a UCKIKYeHnem obrnacTu
4YaCTOT HMXE HEeCKONMLKUX repu.

6) Ha BbiCcOKMX YacToTax, rae dopmyna (13) Hecnpasegnuea, dopmyny (16) ansg onpegeneHnsa gemn-
dUPYIOLWNX CBOUCTB YNPYroro 3afieMeHTa UCnosib30BaTh HEMb3s. XOTH NPOCThIX U YETKUX KpUTepues onpege-
NeHnsa rpaHny gonycTtuMmoro guanasoHa He CyuwlecTByeT, BCe Xe B KayecTBe XOPOoLlero npusHaka mMoXxHoO

CuYMTaTh pe3koe N3MEeHeHMe KPUBOW 1 C POCTOM 4acTOThl, CBUOETENLCTBYOWEee 0 TOM, 4TO dhopmyron (16)
bonblue NornbL30BaTLCH HErb3s.

6 MNpuHUMNbI NpoBeAEeHUA N3MEPEHUN

6.1 lNepexoagHana AuMHaAMU4YeCKas XeCTKOCTb

[lepexogHasa guHaMuyeckas XeCcTKOCTb aBnaeTcs yHkumen 4yactoTtel. Kpome TOro, ee 3HadeHuUs
3aBUCST TaKXKe OT MPUNOXEHHOW HAa4YanbHOW HArpy3ku U, BO MHOTUX Criyvasx, OT TemnepaTtypel. Lnga nonyye-
HUS HEODXOaUMbIX AAHHbIX UCMOMB3YIOT TPW MEeTO4a UCMbITAHUN (CM. pasgen 4), NOCKONMbKY 4OCTOMHCTBA U
HEeOOCTaTKN KaXgoro U3 aTux MeTogoB B3aMMHO QONONMHAKT APYr gpyra.

[1pamon meTog TpebyeT npoBegeHust namepeHun nepemeLieHnsa (CKOpoCcTr, YyCKOpeHns) B MecTe KOH-
TaKTa U3ONATOpa C UCTOYHUKOM BUOpaunm 1 3aTOPMaXMBAIOLEN CUnbl B MECTE €ro KOHTaKTa ¢ n3onupye-
MOW KOHCTpyKuuMen. Ha HU3KMX dacTtoTax, rge
BXOOHASA W nepexogHass XeCTKOCTU pPaBHbl, MOXHO 3 1 >
NMPOBOAUTL U3MEPEHUS U CUnbl, U nepemMmeLleHus ¢

OOHOW CTOPOHBbI BUDponsonaropa — TOW, rae npuno-
XeHO BUDOpaunoHHOe BO3DyXOeHMe. Takon meTon —
Ha3bIBAETCA METOAOM WU3MEpPEeHUd BXOOHOW KecCT- il II
KOCTMW.
KocBeHHBIN MeTOO U3MEePEeHnn npegycmaTpmsa- . .
4

eT usMepeHna nepegatodyHon pyHKuuKM (nNo nepeme-

LLEHMIO, CKOPOCTU wunn yckopeHuw). [dna coszgaHus ...“
3aTOpPMaXmnBawlLlenm Curbl B Mecte coeguHeHust Bud- 5 I.
POU3ONATOPA C WU30IIMPYEMOW KOHCTPYKUKMen ero =

IF2
Harpy>xarT B 39TOM TO4YKe wmaccou, obrnagarwouien .. ‘"
DonblWMM  3HAYEHMEeM [ONHAMWYECKON XEeCTKOCTWU.
Npov3seneHne N3MEePEHHOro NepeMeLLeHrs B gaHHon O U,<<U,

TOYKEe Ha U3BECTHOEe 3HaudYeHune OUHAMUYEeCKOU XKecCT-

KOCTW Harpys3ky MOXET CNYXUTb SOCTAaTOYHO TOYHOM

OUEHKOW 3aTopMaXuBarwLlen cunel B 3agaHHOM Aua- —
Nas3oHe 4acToT.

6.2 lNpsimoun meTon 1~ UCMONHUTENBbHOE YCTPONUCTBO MMAPABANYECKOro Tuna (obec-

6.2.1 WcnbiTaTenbHasa yCTaHOBKaA neynsaeT nNpegBapuTeribHOe CTaTUYeckoe HarpyxeHne u guHa-

- . MWYeckoe Bo3GyxaeHue); 2 — TpaBepca; 3 — Hanpasnsawwme
OCHOBHE:QG NpUHLMIBL U3MEPEHNI NEPEXOLHOM CTOUKU; 4~ UCTMbITYeMbIN BUOPON3ONATOP; & — CUCTEMA U3MEpPEe-
OANHaAMNYECKOW XKeCTKOCTU NMOoKa3aHbl HA MNMpuUumepe, HUSI CUTbE, 6 ~ XEeCTKOE OCHOBAaHUE

KOTOPOMY COOTBETCTBYET PUCYHOK 2.

NcnbiTyembin  BUOPON3ONATOP NOMELWAaT B PucyHok 2 — [pumep venbiTaTensHON YCTAHOBKW [N
MCMbITaTeNbLHON yCTaHOBKe Mexay Bubpososbyaute- NpsIMOTO METOL4A U3MEPEHU
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femMm U XeCcTKMM OcCHoBaHuem. Mexay BUOPOU3ONMATOPOM U XECTKUM OCHOBaHMEM KPEenaT gaTyuK CUIbl.
B atom mecTte gng cosgaHus yCrioBUWA TOYEYHOro coeuHeHUs U OgHOHanpaBrieHHOro ABWKEHWUS 4acTo
MOMELLAT MIUTY, NO3BOMAIOWYI0 PABHOMEPHO pacnpenennTb NMpunoXeHHoe ycunuve no Bcen ee noBepx-
HOCTW. Tak, ecrniv no3BoNiNTL BUOPON3ONATOPY DOMNbLUOro ceYeHUs onupaThbCH TONMLKO HA ManeHbKUA gaTyuk
cunbl, BUOpauus B 3TOM MecTe, a crnegoBaTtenbHO U M3MepeHHble 3HAYeHUS nepexogHon XXeCcTKoCTU, MOTyT
CYLWEeCTBEHHO OTnn4YaThCa OT Tex, 4To byayT nMeTb MEeCcTO Mpu akcnnyartauum subpounsonaropa. B cnyyae
KPYMHBIX BUOPOM3ONATOPOB C DONbLUOW HavarnbHOM CTaTUYeCKON Harpy3kou ycrioBue CXoanMocTu nsmepe-
HUA MOXEeT noTpeboBaTh NPoOBEAEHUS N3MEPEHUNIN CUTMbI C MOMOLLBIO HECKOMNbKUX AATHYMKOB CUTbI.

6.2.2 NamepsieMmble BEINTNYUHDbI

NamepsaemMbiMM BENUUYMHAMK ABIISIOTCH CUMa U OguH U3 napamMeTpoB OBUMKEHUS: nepemMeLlleHmne, cKo-
POCTb UK YCKOPEHUeE.

6.2.3 lpepBaputenbHoOe CTaTUYECKOE HarpyXeHue

3aBUCUMOCTb NMepexogHon AnHaMUYeCKoU XXeCTKOCTY OT CTaTUYEeCKOW HArpy3Kku, npuoXXeHHou K Bnb-
POUIONATOPY, MOXET ObiTb OYEHb CUITBHOW, MO3TOMY WCMbLITAHUA CrnegyeTt npoBOLAWTL B YCIOBUAX, KOrga
BUOPOUIONATOP HAXOQUTCSH NO4 HOMUHANBLHOW CTAaTUYECKOW HArpy3kon. 3a4acTtyo 3170 TpebyeT ncnonbL3osa-
HUS crieyuanbHOW ncneitTatensHom yctaHoBkM. ODbIMHO COBMECTHOE CTaTU4YeCKOe HavaribHOoe HarpyXxeHue 1
BO3OyOeHne Bubpauyun obecrnedmBaldT MOCPEAcTBOM rMOpPaBINYECKOro UCMONMHUTENbLHOro YCTPOUCTBA.
OgHako Ons aTux yernen MOXHO NMPUMEHATL U pa3geribHbie YCTPOUCTBA.

6.2.4 OrpaHuyeHus NPAMOro Mmetoaa no AvanasoHy 4acToT

[lnanasoH 4acTtoT, B KOTOPOM MPUMEHNM MPAMOW METOL, 3aBUCUT, B MEPBYH o4vyepenb, OT CBOUCTB
MCMbITaTenNbHOW ycTaHoBKU. OOHO N3 OrpaHU4YeHUIn CBA3AHO C AMana3oHOM HYacToT, B KOTOPOM MoXxeT pabo-
TaTe BMOpoOBO3OyauTens. [Lpyroe orpaHudeHue 3avacTyi CBA3AHO C BO3MOXHOCTLIO pacnpocTpaHeHus
BbICOKOYACTOTHOW BUBpaLMK MO pame KOHCTPYKLKK, KOTOPY UCMOMNb3YIOT AnNS CO34aHus npegBapuTenbHo-
0 HarpyxeHuda. OObiMHO npobnembl ObiBalOT cBA3aHbl ¢ CODCTBEHHOW 4acTOTOM KonebaHun pamHOW
KOHCTPYKUKMK, KOTOpAs onpegenseTcd MacCoOn TPABEPChl U XXECTKOCTbIO BEPTUKATbHBIX CTOEK B NPOAONbHOM
HanpasneHnn. ODbIYHO, KaK ykasaHo B Tabnuue 1, BepXHSAd rpaHnya gmanasoHa 4acToT 45s JaHHOro MeTo-
aa nexut B npegenax 300—500 ['y. Takue 3HadeHna NpUBOOAT UCMbITATENbHBIE NabopaTopumn, cnocobHbIe
obecneynTs HavanbHy ctatudeckyro Harpysky go 100 kH (cm. [4]). KOHe4HO, Ha ManeHbKUX yCTaHOBKax
MOXeT ObITb AOCTUrHYTa 1 Donee BbICOKAd BEPXHAS rpaHuua gnanasoHa. Hanpumep, ang ynpyrux anemMmeH-
TOB MareHbKNX pasMepoB M3MepeHnsa MOryT ObiTb NpoBeLeHbl HA OYeHb NPOCThIX HEDObLIMX UCMbITATENb-
HbIX YCTAaHOBKAX B AManasoHe 4acToT 40 HEeCKOIbKUX Kurorepu.

bonblune BO3MOXHOCTU paclunpUTL AManasoH 4acToT uamepeHun obecnedmBaeT KOCBEHHbIN MeTon
(cm. 6.3). [pn KOCBEHHOM MEeTOoae U3MEepPeHUn Ang Bubpaunmn cyLecTByeT MeHbLUe BO3MOXHOCTEN pacnpo-
CTpaHeHus no obXooHOMY MyTU U3-3a TOrO, 4YTO UCMbLITYEMbIN BUOPOUIONATOP pas3Bas3aH OUHAMUYECKU C
PaMHOW KOHCTPYKUMEN, co3garoLen HavanbHy Harpysky.

6.2.5 HanpaBneuuns Bndopauun

[Tpsmon meToa MoXeT ObITh pacnpocTpaHeH Kak Ha NoCTynaTernbHY, Tak 1 Ha yrioBy BUBpayunio Kak

B HanpasneHnu NpUNoXeHWss Harpysku, Tak U B OpTOroHanbHoMm emy. OQHaKo WUCMNOnb3oBaHME MPAMOro
MeTo[a A8 YrioBoi Bubpauny B HACTOSALWEM cTaHgapTe He paccMaTpuBaeTcs.

6.3 KocBeHHbLIN MmeTOq

6.3.1 UcnbiTaTenbHasa ycTaHOBKa

OCHOBHbBIE MPUHUUMBI U3MEPEHUN NepexogHOn ANHAMUYECKOW XEeCTKOCTU UMNMICTPUpOBaHbl npume-
POM, MOKa3aHHbIM Ha PUCYHKe 3.

NcneiTyembll BUOPOUIONATOP YCTAHABNUMBAKT MEXAY ABYMS XKeCTKUMK MaccamMiu (ganee — mMacchl).

Macca, npunoxeHHasa K BUOpPOU3ONATOPY C TOW CTOPOHbBI, TOe NpoucxognT Bo3OyxaeHne Bubpaunn,
BbIMONHAET ABe (PYHKUNA:

- €€ XeCTKOCTb MCNOoNbL3YIT Angd obecneyeHns ycrnoBusa TOHEYHOro CoeguHeHus ;

- OHa MOXeT TaKXe ObiTb NpUMMeHeHa a4ng nonyyeHusa ogHoHanpasieHHOro Bo3byXageHns B pasnnyHbIX
HanpaBleHnsX.

Macca ¢ gpyrov CToOpOHbI BUBPOUIONATOPA TakKe UMeeT [ABa HA3HA4YeHUs:

- €€ XEeCTKOCTb UCMOonb3yT aAng obecnevyeHns ycrnoBuM TOYEYHOIro COoedUHeHUs B MeCTe KOHTaKTa
BUOpOU3ONATOPA C U30TTUPYEMOU KOHCTPYKLUUEN;

- Macca 1 ee MOMEHTbI MHepUX OOJKHBI ObITh 4OCTATOYHO DONbLWMMU, YTODBI 3P EKTUBHO NOracuUTb
BCe BO3DYXOeHHble B BUOPOU3ONATOpPE 4acTOTHbIe cocTasnawwme. CriegoBaTternsHoO, WecTb COOCTBEHHbIX

8
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{/ / 2 7/
a
a — UCMNOfMb30BaHUEe CUNbl TAXECTU AN CO3BaHUs 6 — NpenBapuUTenLHoOe CTaTU4eCcKoe HarpyxeHue nocpeacTBoMm
npeaBapuUTeNbHONO CTAaTUYECKOTO HArPy)KeHUst DAMHOW KOHCTPYKLK

T — YCTPOUCTBO CTATUYECKOIO HarpyxeHus, 2 — BUOpoOBO3byanuTenb; 3 — U3ONATOPLE, 4 — UCNbITYEMbiN BUOPOUIONATOP

PucyHok 3 — lpumep ncnoiTatensbHON YCTAaHOBKN AN KOCBEHHOTO METOo4a U3MEPEeHUN

4aCTOT MACCOMPYXUHHON CUCTEMbI, COCTOSLLENA U3 BUOPOU3ONATOPA U MacChbl mM,, AOMXKHbI NexaTe MHOMo
HUXKE guanasoHa 4acToT M3amMepeHuit. B aTom cnydae cuna, gencTeyoLwas co CTOPOHbI BUbpousonaropa Ha

mMaccy, oyaget npubnusnTensHO pasHa 3aTopMaXkKneBarLien cune n MoXeT ObiTe paccyMTaHa U3 yCKOpeHus
3TON MaCChl.

Obo3HavyMm nepemMeLleHmsa macc vyepes uq U U, OTHOWeHWne u,/u, 0DbIMHO Ha3biBalT KO3 hNUMEH-
TOM rnepegaydn (no nepemeLueHunio). Ecnm B kayecTse UaMepsaemMoro napameTtpa OABUMXKEHUS B3ATb CKOPOCTb
UK ycKkopeHue, sHavdeHne koapdunymneHTa nepegadm He USMEeHUTCA.
COOTHOWEHNe MeXay nepexogHon AnHaMu4eCcKon XeCTKOCTbIO U KOS @mUUMEeHTOM nepegadm MOXHO
BbIBECTN U3 3aKOoHa HbloTOHA:
k2,1§ ~ F—2 “"‘a-ﬂ—(ZTEf )2 mo U_2 ana f>> fo,
Ui Us

(17)

rae fo — cobcTBeHHas YacToTa MacconpyXXMHHOW CUCTEMbl, 0Opa3oBaHHON MacCou M, U UCTbITYEMbIM BUO-
POUN3ONATOPOM (a TaKKe BCNoOMOraTesribHbIMW U30NATOPaMK, KaK MoKasaHo Ha pUcyHke 3 6).

®opmyna (17) nony4eHa B TOM Xe NMPeanonoxeHun, 4to n opmyna (7), 1.e. F, npubnmxeHHo paBHO
3aToOpMaXKmMBarlLien cune.

6.3.2 Uamepsiemble BErTMYNHbI

NamepsaioT OOHY U3 XapaKTepUCTUK OABMXKEHUSI: nepeMelleHne, CKOpoCTb UMk YCKOPEeHue.

6.3.3 NamepeHuns B yCNOBUAX NpeaABapUTEeNnbHOIro CTaTU4eCKOro HarpyxeHus

6.3.3.1 llpunoxeHne Ha4yarnbHON HATPY3KK

Xapakrep npunoXxeHns HavyanosHOM Harpy3ku B UCMbITATENbHOM YCTAaHOBKE BUAEH U3 PUCYHKA 3.

B cxeme Ha pucyHKke 3a ang cos3gaHusa npeaBapuTeribHOro HarpyXeHus UCnonb3yT CUNY TSXECTH,
OENCTBYIOLYH HA Maccy, NPUNOXeHHY B MecTe coeguHeHusa Bubponsonatopa ¢ U3onnpyemMon KOHCTPYK-
unen. B gaHHOWM ycTaHOoBKe HEOOX0o4MMO, YTOOLI CTaTUYECKYH Harpysky npuHann Ha cebsa nmbo sMbpoBo3-
OyouTtens, nnbo Kakasg-HMbyab BCcnomoraTerbHas KOHCTPYKUMS (Hanpumep, gonornHuTernbHble Bubpounsons-
TOpbl). Lns ucnbiTaTtenbHOW yCTAHOBKM OAHHOMO BWOA BEnuMkKa OMacHOCTb MONyYeHWUs pes3yrnbTaToB, He
obrnagaowinx CBOUCTBOM CXOAMMOCTU, — OCODEeHHO B criydae 0OonblinxX BUOPOUIONATOPOB W BbICOKUX
HavarbHbIX HArpy3oK.

B cxeme Ha pucyHke 36 onga npunoXxeHus HadanbHON CTaTUYECKOW Harpys3ku UCMosrb30BaHbl pamMHas
KOHCTPYKLMSA U UCTIONHUTENbHOE YCTPOUCTBO, Hanpuvep rugpasnuyeckoro tuna. Macca m., ¢ gpyrov ctopo-
Hbl BUDPOU3ONATOPA pa3Bs3aHa C paMHOWU KOHCTPYKUMEW nocpencTtsoM BCnomMoratenbHbiX BUOPOU30ONATO-

9
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poB. Takune xe BUbpon3onaTopbl UCMONb3YIOTCH U Ansg TOro, 4tobbl pa3Bs3aTh PAMHYI KOHCTPYKUUKO U Mac-
CYy, TMPUIOXEHHYH K BUDPOUIONATOPY CO CTOPOHbI BO3DyXaeHus Bubpauun. WKcecnonb3oBaHue
BCOMOraTernbHbIX BUOPOUIONATOPOB AenaeT KOCBEHHbIN MeTOod U3MEepPeHUn meHee nogBepXeHHbIM Bring-
HUIO BUOpauun, nepegaBaeMon Yepes paMHy KOHCTPYKUUIO, MO CPAaBHEHUIO C NPAMbIM METOLOM.

[TpumeuvaHune — HanpaxkTuke o6LLaA XKECTKOCTb BCNOMOraTenbHbIX BUBPOMIONATOPOB MOXKET BbiTh TOMO Xe
NOPSAAKA, YTO N XKECTKOCTb UCMNbITYEMOTO BUDPOM30ONATOPA.

6.3.3.2 dpyrne popmbel NpUNoXeHN Ha4daribHOW Harpy3Kku

BuopounsonaTopbl, He ABNSAKLWMECH YNIPYTMMKN OnopamMu, TakkKe TpebyroT Toro, 4tobbl MX UCMbIThbiBANK
nog HOMUWHANbLHOM CTaTUYECKOW Harpyskou. B crniydyae rubkon mydpTel cuenneHusa Barnos, Hanpumep, 3710
O3Ha4vaeT, YTO K HeW JormkeH ObITb NPUNOXeH NOCTOAHHBIM MOMEHT CUI.

6.3.4 OrpaHn4yeHuss KOCBEHHOro mertoAa no AuanasoHy 4acToT

JKenaHune paclwinpuTe gManasoH 4acToT U3MEepeHWW NpuBOaUT K NMPOTUBOPEeYMBbLIM TpeboBaHUAM K
McnbiTaTensHOM yCTaHOBKe.

C OOHOW CTOPOHBI, YTODLI pacWUpUTE AManasoH U3MEpPEeHUWM B CooTBeTCTBUU C hopmyrion (17) B
obnacTtb HU3KUX HacTOT, HEODXOANMO UCNOoNb3oBaTh DONbLUYHO Maccy m,, KoTopas rno3BONUT NONy4nTL JOC-
TaTO4YHO HM3KoE 3Ha4veHune fy. OgHako Yyem bonblue macca m,, TeM MeHblUeW XXeCTKOCTbI0 OHa byaeT obna-
0AaTb U, COOTBETCTBEHHO, TeéM MeHbLUe DydeT BEepXHAd rpaHmnya gruanasoHa 4acTtor.

CyLiecTByeT MHOIro NpuMepoB UCMONbL30BaHUA BUOPOUIONATOPOB, KOT4a BaXKHbl USMepeHusa nepexom-
HOW OMHAMUYECKOM XXeCTKOCTK B 001acT 3BYKOBBIX YaCTOT, rae BuMbponsonsaTop He moxeT ObiTh npeacras-
reH B BUAE MPYXUHbI HYNeBOW Macchl. B Takux criydagx KOMMPOMUCCHOE peLlueHne MOXeT DbiTb Mony4vyeHo
criegyomnm obpasom.

[1pnbrnmxeHHas oueHKa 4acToTel NepBoro cobCcTBEeHHOro pesoHaHca snubpounsonaropa (B TOM Hanpas-
NeHunun, rae ero XeCcTkoCTb MakcMmManbHa) nmeeT BULa

f, ~05 Ko 18)

\me!

roe f, — oueHka YacTtoThl, ['u;
Ko — OMHamu4ecKkast XeCTKOCTb BUOPOMU3ONATOpa Ha HU3KMX YacToTax;

m,,— Macca ynpyrou 4actu subpousonaropa.

Ha HK3KKX YacToTax nepexoaHas ANHaMUYecKas XKeCcTKOCTb NpubnunxeHHo paBHa k. MHorne nsons-
TOpbl BeayT cebsa kak beamaccoBbie NMPYXWHbI B Anana3oHe 4acTtoT BrnoTb Ao f < f,/3. Beibop macchl 13
ycnosus fy <0,1f, NO3BONUT NONYy4YNTb HAAEXKHbIE N3MEPEHUSA NepexoaHon AMHAMUYECKOMN XKEeCTKOCTU AN
yacToT f >f_/3. Ecnn ¢ TOYKN 3peHnst npumeHeHns Bubponsonatopa ocobyo BaXxHOCTb npeacTaBnseT ava-
nasoH f >f,/3, To be3 npoBeaeHNsa N3MEpPEHNA MOXHO NOCTYNMPOBaTb, YTO B 0bnacTu bonee HU3KMX 4acToT
3HaYeHne ONHaMMYECKOM KEeCTKOCTK DyaeT 1em xe, 4To KU Ha vactoTe = f,/3.

YTo0bI NONy4YUTH SOCTOBEPHbIE N3MEPEHNS B LUMPOKOM AMana3oHe 4acToT, XenaTenbHO MMEeTh HU3KOoEe
3HaveHue ans fy 1 nogaepxmBatb HEOOXOAMMYHO XKEeCTKOCTb MacChl M, BNOTb A0 BEPXHEW rpaHunLbl guana-
30Ha n3amepeHun. Jlerye BCero yaooBneTBOPWUTL MNOCTaBNEHHbIM TpeboBaHWAM, B3AB B KadecTBe MacCChl
cTansHOW GoK.

Ecnv gnana3oH 4acToT U3MEePEeHUU CITULLKOM LWMPOK AN TOro, Ytobbl ero MoXHO ObiNo obecneynTsb C
MOMOLLLID OOHOro 6rioka, smMepeHnsa B 0bnacTn HU3KUX U B 06r1acTy BICOKUX YACTOT MOryT ObIThb npoBee-
Hbl C ODr1oKamMu pasHbIX pasMepos.

6.3.5 HanpaBneHus Bndopauun

KOCBEHHbLIN MeTOoh NPUMEHNM K Criyyaro nocTynaTtensHon Brnbpayuy Kak B HanpasrieHUn npunoXeHus
Harpysku, Tak 1 neprneHaukyrnapHoOM K HeEMY.

N3mepeHusa MoryT ObITe pacnpocTpaHeHbl 1 Ha criydan Bo30yageHuns yrnosov subpauyum u (Unu) yrmno-
BbIX KOMebaHny macchl HA NPOTUBOMOIIOXHOW CTOPOHE BUbpounsonaropa (2], [5].

6.4 Metoa namepeHunss BXOOAHOU XXEeCTKOCTH

6.4.1 UcnbiTaTenbLHas ycTaHOBKa

[lpumep yCcTaHOBKK ANS METOAA U3MEPEHNST BXOOHOW XEeCTKOCTN NOKa3aH Ha PUCYHKe 4.

JTa cxema O4eHb MNOXoXa Ha Ty, 4TO M3obpaxeHa Ha PUCYHKe 2 Ans npaMoro mMetoga U3MepeHun.
OgHAKO BMECTO U3MEPEHUN 3aTOpMaXmnBaloLwWen cunsl B Mecte coeguHeHns snbpounsondaropa v usonupye-
MOW KOHCTPYKLUUK MPOBOOAT U3MEPEHUsT CUlbl, JeNCTBYHOLWEN Ha BUDPOU3ONATOP B TOUYKe BO3DYXOEHUS.
Takum 0bpa3om, NCnonb3oBaHMe JaHHOro MetToda Angd N3MepeHun nepexogHon ANMHaAMUNYECKON XKeCTKOCT M
OCHOBAHO HAa MnpeanorioXeHun, 4To B 0OBracTn HU3KUX 4aCTOT 3Ta XapaKTepucTuka npubrnmKeHHO paBHA

10
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6 U2<'<U1

1 — NCMONTHUTENBHOE YCTPOUCTBO rMapaennyveckoro tuna (obecneyvynpBaet npenBa-

PUTENbHOE CTAaTUYECKOE HarpyXeHue n guHamMu4deckoe Bo3byxaerHune), 2 — TpaBep-

ca; 3 Hanpasnsowmne CTOUKU; 4 — CUCTEMA UIMEPEHUSA CUTbI; & — UCMNbITYEMbIN
BUOPOUIONATOP; 6 — XECTKOE OCHOBaHUE

PucyHok 4 — FpyumMmep ucnbiTatensHON YCTaHOBKY ANA MeTo4a UaMepeHumn
BXOHON XXECTKOCTH

BXOOHOW ANHAMWYECKOWN XEeCTKOCTU BCreacTeue rnpeHedbpeXmumon mManoctu CUrn MHepuum B CPaBHEHUWU C
curnamu ynpyroctu, T.e.
_F

Kyq1~Ki1=—lu, =0
U4

(19)

Crnocod NpunoXxeHna HavanbHOM CTaTU4YECKON HArpys3ku TOT XKe, YTO 1 B NPAMOM METOLe USMEpPEeHUN.
NamepeHnsa MoryTt ObiTb BbINOMHEHbI ANd noctynaternsHoW BUOpauuu B Tpex B3aMMHO neprneHauKyrnapHbIX
HanpaereHusax. MiamepsaembiMy BernMYnMHaMy SBNSOTCS CUNa U O0gHA U3 XapaKTepUCTUK ABWXKEHUS. nepemMete-
HWe, CKOPOCTL UIN YyCKOpEeHKe.

6.4.2 OrpaHnyeHns metoaa C UCNOJIL3OBAHUEM U3IMEPEHNN BXOAHOU XEeCTKOCTH NO Anana3oHy
4acToT

[pnbnmxeHnas popmyna (19) cnpaBenrnuea TONbLKO B 061acT HU3KUX 4acTOT, KOrga Cunbl UHEPLUK
Marbl MO CPABHEHUIO C CUNamMu ynpyroctn. Tem He meHee, B 00nacTu BbICOKMX YaCTOT OLEHKY, MOMYYEHHYIO
C nomMouwbio opmyrnel (19), MOXHO paccMmaTpuBaTh B KA4YE€CTBE NepBoro npubnumxeHns, a cam MeTon usme-
PeHNA BXOOHOW XXECTKOCTU — KaK OPUEHTUPOBOYHbLIN METOA.

11
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[MpunoxeHue A
(cnpaBo4HOE)

CooTHOLWEeHNA MexXxay nepexoaHou AMHaAMUYE CKOU XXEeCTKOCTLHO
M APYrMMun YacTOTHLIMU XapaKTepucTukamm

[Ins nuHenHbIX BUOPOM3ONATOPOB XapaKTepUCTUKaMU, HEnoCpeACTBEHHO CBA3AHHbIMU C AUHAMUYECKON XKeCT-
KOCTbIO, SIBMNAKTCA MEXaHNUYECKN nmneaanc n adpdektTneHas macca. O6paTHbIMU K HUM BENUYMHAMMW SBNAK TCS, COOTBET-

CTBEHHO, AMHaMn4eckas nogaTtnmBoCTb, MEXaHNYecKkasa nogBmKHOCTL U YCKOPAEMOCTb.
B tabnunue A.1 npeacrasrneHbl HAMMEHOBAHNA U COOTBETCTBYIOLWLNE 0D03HAYEHNA 415 ANHAMNYECKON XKECTKOCTU U

CBA3AHHbIX C HEN YaCTOTHbIX XapaKTepPUCTUK.

Tabonwvuya A1 — Mcnonsayemble 0003HAYEHUA JUHAMUYECKON XKECTKOCTU N CBA3AHHbLIX C HEN XapaKTepUCTUK

[lpsimas BenuynHa ObpaTHas BenuymHa
QBbosHaveHue HanmeHoBaHue QBo3Ha4veHue HavnmeHoBaHue
K [lepexogHas gnHamMmmnveckast XXeCTKOCTb 1/k INnHamuyeckas nogaTnmBoCTb
Z [TepexoHbIN MEXaHUYECKUN UMNESAaHC 112 MexaHundeckas nogBmkKHOCTb
M s S dekTBHaA macca 1im 4 Y CKOpAEMOCTb

B Tabnuue A.2 nokasaHbl KO3 DOULUMEHTLI NpeobpasoBaHna OOHOW BENUYNHBLL B APYIYIO; 4ANA npumepa: k =
= —mzmeﬂ = foZ W T.N. YMHOXEHUE Ha KOSIPPUUNEHT jo O3HAYaeT, YTO MOAYIMb YaCTOTHON XapakTepUCTUKN Ha 4acTo-
T€ [ HY>KHO YMHOXUTh Ha ® = 2nf, a K COOTBETCTBYIOWEMY 3HAYEeHUIO Ha3oBOro yrna gobaenTts /2 pagnan.

Tabnuua A2 — KoathdULMeHTsl CBA3N JUHAMNYECKON XXECTKOCTU C APYIrMMUN YacTOTHBIMWU XapakTepUCTUKaMu

HaumeHoBaHue O6osHavenne | OnpegeneHue! k Z M ¢
[lepexogHas anHamuueckas K F/u 1 jo — (2
}KECTKOCTh
[TepexoaHbIN MexaHn4Yeckmui Z F/v 1/j o 1 jo
MNeaaHc
SddexTBHas macca M o5 F/a —1/ 0 1 o 1
1) u — nepemeuleHmne; v — CKOpOCTb;, 8 — YCKOPEHUE.
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[Mpunoxenue B
(cnpaBo4yHOe)

BrnivusiHne CUMMETPMUYHOCTU KOHCTPYKLUUYN BUDPOU3IONATOPA HA BUA MaTpUllbi NepexoaHON XXeCTKOCTH

dopmyna (9) nokasbiBaeT pasdbueHne MmaTpuLbl AVHAMUNYECKON XECTKOCTU U3onaTtopa pasmepom 12x12 Ha yeTbipe
ornoka pasmepom 6>6 Kaxgbiv. HacToAWMN cTaHgapT NOCBALLEH U3MEPEHNIO OTAENbHbLIX 3NTEMEHTOB MaTPULLbl XECTKOCTH
656 [k, 4]. 9T anemeHTbI NpeAcTaBnsioT COOOW OTHOLIEHNS 3aTOPMaXNBAIOLLMX CUI B MECTE COeAMHEHUS BUOPOU3ONATO-
pa C U30INTUPYEMON KOHCTPYKLUMEN K NEPEMELLEHNAM Ha NPOTUBONOIIOXHON CTOPOHE BUDPON3ONATOpPA.

[1aHHbIe 3neMeHTbl U300paXKeHbl Ha pUCYHKE B.1 B nNpsaAMOYTronsHON CUCTEME KOOPAMHAT C OCAMU X, Y U Z.

FZ, u,
M,, ¥,
Fy, Uy
My Yx Y Yy
FX’ uX

PucyHok B.1 — Obo3HauveHue cun v nepemMelleHn B 4eKapToBON CUCTEME KoopauHart

BekTop wecTn nocTynaTenbHbIX U LWECTU YITIOBLIX NepeMeLeHUN MOXET DbITh 3anncaH B BUe

Ug = {Uqx, Uy, Ugz, Y1x0 Yy Y1z b
Bei{T'Op LLIECTUN 3aTOPMaXXUBAOLLNX CUTT 1 MOMEHTOB CUIT MOXKET ObITb 3anncaH B BUie

F2 piocking = Fax: Fay s Faz Moy, My, My, }.
Torga cpopmyny (10) MOXHO NpeacTaBUTb CNeayroumm obpasom:

- ¢

F,, | |k7a  kr2 ki3 kya kys  kge | [Uix
Fa, Kg1 Kg2 Kg3 Kga Kgs Kge | |Uyy
[Faz | _|Ka1 Koz Koz Koa Kos Kog | Uiz |
Mo | K101 kio2 k103 Kio4 Kios Kios | |71x
M2y K111 K112 K113 Ki1a Ki15 K1 | | Y1y
M2z | k121 k122 K123 k124 K125 Kize| |4

KpaTkas cbopma 3anmcm MaTpuYHbIX 3NEeMEHTOB UMEEeT CrneAyoLni CMbICH:

Fox blockin Moy blockin
K = x,.ocrgj i = 2x blocking AT
7 1 10,4 .
U 1x VY 1x

Bcnegcremne CMMMETPUN KOHCTPYKLUUW BUBpON3oNAaTopa DonNblias 4acTb aNMeMeHTOB MaTpULbl paBHA HYIO, a8 HEKO-
TOPbIE HEHYNEBLIE 3MTEMEHTbI MATPULLbl MOTYT ObITh PABHbI MEXY CODON. ITO NOKA3aHO Ha CNeaYIWNX YeTbIpex npume-
pax, rae B3siTbl TUMUYHBIE (POPMbI KOHCTPYKLIMY BUOPON3ONATOPOB (HanpaBreHne KOOpANHaTHBLIX OCEN — B COOTBETCTBUN
C pucyHkom B.1).

13



rOCT UCO 10846-1—2002

[pumep 1 — [IBe opToroHanbHblie NrnockoctTn cummetTpum (10 pasnnuHbIX HEHYNEBLIX 3NEMEHTOR)

u1:-r: u1y u1z Y1x Y1y Y1;2
sz k?a'E 0 0 0 k?15 0
F2y O ka 2 O k8_14 O 0
F., 0 0 Ko 3 0 0 0
Moy 0 K10,2 O K104 0 0
sz k'f'f,'f 0 O 0 kH,S 0
M, 0 0 0 0 0 K126

u1x u1y u1z Y 1x Y1y Y1z
Fo, K7 1 0 0 0 K7 5 0
F2J/ 0 Kg,2 O Kg 4 O 0
F,, 0 0 kg 5 0 0 0
M., 0 = —kg 4 0 K10.4 0 0
M,, =—k; 5 0 0 0 K115 0
M., 0 0 0 0 0 K126

[Tpumep 3 — OceBast cuMMETPUS; B JAHHOM CNy4ae — OTHOCUTENbHO NUHUYU NEPECEYEHUs NINOCKOCTEN CUMMETPUM

npumepa 1 (10 HEHyNEBLIX 3NMEMEHTOB; © PasNMYHbLIX 3HAYEHNN )

u1x u1y u1z Y 1x q1’1},/ Y1z .
sz k?,'f 0 O 0 k715 O
F2Z 0 0 kgig_ 0 0 0
sz O k10,2 O k10.14 O O '
M., 0 0 0 0 0 K16

M

,/

u1x u1y u1z ﬁ‘;1;«: Y1y Y1z
F2y 0 e k?,'f 0 o k?,S 0
F., 0 0 Kg 3 0 0
sz 0 - _k?,f) 0 k'fﬁ',ﬁf 0'
sz — —k?'15 0 0 0 w— k1014
M., 0 0 0 0 0

14
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MaTpuuya nepexogHoOU XeCTKOCTH YIPOLWEeHHOro Buaa

KakykaszaHo B 5.3, BO MHOMMX NPaKTUYECKUX CNy4YaaX Ans ageKkBaTHOro NpeacTaBNeHNs MaTPULLbl NEPEXOHOM XKeCT-
KOCTW JOCTATOYHO ONPEeaenuTb TONbKO OANH, 4Ba UMW TPU SNEMEHTA 3TON MAaTPULLbl, CBA3AHHbLIX C NOCTYNATENbHbLIM [BU-

XeHnem. 30ecb pacCMOTPEHbI HECKOMNBKO NPMMEPOB B PaA3bsCHEHNE OAHHOTO MONOXKEHWS.

C.1 NoctynatenbHaa Budpauyums

N3 DrIok-cxembl CUCTEMbBI «UCTOYHUK BUDpaunym — BNOPOUIONATOP — U30NUpyemast KOHCTPYKUMSI» crnefyer, YTo
BUbBpauus, nepegaBaemMad Ha KOHCTPYKLUIO Yyepes BUBPOU3ONATOP, 3aBUCUT OT UCXOLHON BUDpaLU NCTOYHUKA, NEePEXO/-
HOW XECTKOCTUN U30NATOPa N BXOAHOW XKECTKOCTU N30NNPpyemMon KOHCTPYKUMn. ODbIYHO nepegaBaemas OT UCTOHHUKA BND-
pauna He ObiBAeT O4HOHANPAaBMEHHOWN, NO3ITOMY Ba)KHO WU3MEPATbH KECTKOCTb BUOPOU3ONATOpa B ABYX UMK Tpex
OpPTOTOHAarlbHbIX HanpaBneHusXx.

PaccmMmoTpum criyqan, Korga yposHu Bubpauuy, nepegaBaemMon OT UCTOYHUKA, UMEIOT O4MH NOPSALOK IO BCEM TPEM
OpPTOTrOHarNnbHLIM HanpaeneHnsam. Torga saBeloMO SACHO, YTO ANA ONUCAHUA nepenaTovYHbIX CBONCTB BUDPON3ONATOpa
HEODXOAMMO 3HATHL NO KpanHen Mmepe Tpr 3HAYEHNS NEPEXOLHON XKEeCTKOCTU, a8 UMEHHO AnaroHarbHble 3NTEMEHTbI MaTpu-
Libl NePexXoaHON XXEeCTKOCTN, COOTBETCTBYIOLLME NOCTYNaTeNbHOMY ABMXKEHNIO. KOHEYHO, eCNUY KOHCTPYKLNA BUBPOU3ONSA-
TOpa CUMMETPUYHA, MOXET OblTb JOCTATOYMHO 3HATh TONMBKO ABa 3Ha4YeHUA MepexoHON XKeCTKOCTU — O4HO Ans
BEPTUKANBbHOTO U OHO A NONEepeyvyHOro HanpasreHus.

Honyctumo nn npeHebpexeHne subpaumnen B nonepeyHoM HanpasneHuy, 3aBUCUT OT ABYX (PAKTOPOB!

- OTHOLWEHUA XECTKOCTU B NOMEPEeYHOM N BEPTUKANBbHOM HarnpasreHusx 4rns BubponsonaTtopa;

- OTHOLLEHUSA XECTKOCTU B NONEPEYHOM U BEPTUKANBHOM HaNpapreHnsix 4ns n3onupyemMmon KOHCTPYKLNM.

Hanpumep, obopygoBaHne 4acTo yCcTaHaBnuBaloT HA TONCTOM BETOHHOM (PYHAAMEHTE Ha BUDPON30ONATOPAaX, Ybsa
XKECTKOCTb B NONEPEYHOM HanpapeHUy paBHa UNN MEHbLLIE NX XECTKOCTU B BEPTUKATbHOM HanpaBneHny; B TO XKe BpeM4
KECTKOCTb (PyHOAMEHTA B BEPTUKANBHOM HanpasneHn MeHblue, 4em B nonepeyHom. B gaHHOM cny4vae BnosiHe onpas-
OAHHO paccMmaTpuBaTtbh nepegadvy sndbpaumy ToNbKO B BEPTUKANBbHOM HanpasreHnm N, Takum obpasom, TONMbKO B 3TOM
HanpaeleHUN U3MEPATL XECTKOCTb BUOPOU3ONATOpPA.

PaccMoTpum Tenepsb 4pyrov npumep, Korga sBubpon3onaTopsbl ABMNAITCA COCTAaBHON YaCTb0 KOHCTPYKLUNN, NO4BED-
XKEHHON TennoBOMY pacluMpeHnto (4onNyCcTUM CUCTEMbI Bbixrona). icnonbayemble BUOPOUN3ONATOPLI KOHUYECKOro Tuna
MOTYT UMETb XKECTKOCTb B MONEepeyYHOM HanpasneHn, 3Ha4eHne KOTOPON B IECATL pas rMpeBbIlWaeT 3HavYeHne 3TON Xapak-
TEPUCTUKN B HANPAaBNEeHUY OCHOBHOWN Harpy3ku. Cama xe nsonmpyemas KOHCTPYKLUA ABNASTCA BeCbMa r'MbKoM BO BCEX
HanpaeneHuax. MoaTomy aHanma nonepevyHon Bnbpaumy BO BCAKOM Crydae HEe MEHEee BaXXeH, YeM B HanpasleHuu
OENCTBUA CTAaTUYECKON Harpy3Ku.

CrnepoBaTtenbHO, peweHne 0 TOM, Kakoe YNCNOo 3NIEMEHTOB MaTPULbl NEpexonHon XXeCTKOCTN cneayet N3aMepsTh
118 KAXKO0T0 KOHKPETHOTo BrubponsonaTtopa, 4OMKHO DbITb MPUHATO NCXOAHA U3 TUNA BUOPON3ONATOPAa N yCNOBUN €ro npm-
MEHEHNS.

C.2 Yrnosasa Bubpauun

SIMeMeHTbl MaTPUL, XKEeCTKOCTU, COOTBETCTBYIOLLNE YITIOBLIM COCTABMNSAIOWMNM, a TAKXKe 3NeMEeHTbl, CBA3bIBAKOLLINE
MoCTynaTerlbHble COCTaBNSAIWME AN O4HON CTOPOHLI BUOPOM3ONATOpa C yrnoBbiMy COCTABISIOWMMK NS LPYTrOn CTOPO-
Hbl, B HACTOSILWEM CTaHZapTe He paccmaTpuBaloTcsa. O4HON N3 NPUYNH 3TOTO ABNSETCHA CIMOXHOCTb HEOOXOANMbBIX LI15E
Taknxuenen namepeHmnm, 0COOEHHO BOTCYTCTBME CTAHAAPTUIOBAHHbBIX 4ATHYNKOB. 1PN 3TOM BaXXHO 3HATh, KKAKMM Mocne -
CTBUSAM MOXET NPUBECTU HEeaJeKBaTHOE onncaHne nepesaTovHbiX CBONCTB BUDPON3ONATOpa.

UTO KacaeTcs UCTOYHUKA BUBpaALIMK U U30ONNPYEMON KOHCTPYKLINYK, TO B NEPBOM NPUBITMXKEHUN MOXHO CUNTATD, YTO
COOTHOLLEHNE MEXAY NOCTYNaTeNbHLIMU U YTTIOBbIMY COCTABNSAWNMN OnpeaensaeTcs 4IMMHON n3arnbHbiX BOSNH. C yMeHb-
LEHUEM LMNNHbI BOMHbI POIb YITIOBbLIX KONEBAHNN UNnn YWyBCTBUTENBHOCTU K MOMEHTHOMY BO3DYXAEHNIO COOTBETCTBEHHO
BO3pacTaeT. ITO O3HAYAET, UTO ANSA KOHCTPYKUMN B BUAE Darnok n nnactH Manow TONWmHbI U OTHOCUTENBHO BbICOKUX Yac-
TOT BO3DYXXAEHUS YITIOBbIE KONebaHua ByayT npossBNATLCH CUNbHEE. ECNY XXe BEPHYTLCH K
pacCMOTPEHHOMY paHee Mpumepy MallvHbl, YCTaHOBNEHHON Ha MacCMBHOM DETOHHOM F
dbyHOameHTe, TO B JaHHOM CIy4vyae BIUSIHUEM YTTIOBbIX COCTABMSO WMX MOXHO NpeHebpeysb.

[Tpymepom, Korga ponb MOMEHTHOTO BO3DYXAEHNA BEMUKA, MOTYT CIYXXUTb TaBpPO-
Bble UNn ABYTaBpOBbLIE Danku. BxogHas gnHamudeckast XeCTKOCTb TaKon Dankm B Hanpas- M
NeHnn OencTBUA CUMNbl F MOXET ObiTb O4YeHb BENUKa, MHOMO DOnblue 3HaYeHust 3Town
XapakTepucTukn ans momenTta cun M (ecm. pucyHok C.1).

[1ns BMbpomn3onaTOpoOB, Kak NpaBuro, Te reomeTpuydeckmne popmbl, YTO npeanonara-
10T DONbLLUYIO XXECTKOCTL B NONEPEYHOM HanpasneHuu, npoasnaioT 1 BONMbLUYIO XECTKOCTb,
CBA3AHHYIO C YIIMOBbLIMWN Konebanusamu. Ecrin Bnbponsonsatop takon opmbl COEUHEH C
TOHKOCTEHHON KOHCTPYKLIMEN B LIENAX N30NALINYK €€ OT BbICOKOYACTOTHBLIX KonebaHuy, BNus- |
HVE YITIOBbIX COCTaBMAIOWMX MaTPULLbl NEPEXOAHON XECTKOCTU MOXKET BbiTh OYEHb BaX- PucyHok C.1 — Bosbyxge-
HbIM. B Takmx cny4yasix pacCMOTPEHHOE Bblle YNpoueHue, Korga B pacyeT npuHumatror HWE B TOHKE Ha BeplnHe
TONBKO OAVH, ABA UMW TPU 3NEMEHTA, COOTBETCTBYIOLMX MOCTYNaTEeNbHOMY ABUXKEHUID, HOBYTaABPOBON banku cunown F
MOXET NPUBECTU K 3HaUUTENbHbLIM OWMbKam npu aHanuse nepegasaemMomn subpaumnm. n MmomMmeHToM M
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JIHenHOCTL BUOPOU3ONATOPOB

B obwem crnyyae guHammyeckne CBONCTBA BUDPONIONATOPOB 3aBUCAT OT 3HAYEHUS NOCTOAHHON HArpys3kn, aMmrru-
Tyabl BUGpauuu, 4acToTbl MU TeMNepaTypbl.

[TpeanonoxeHne NMMHENHOCTN 03HAYaEeT, YTO BbINMOMHEH MPUHLAM CYNEPrno3nuUnMm U gnHaMnyeckas XXecTKkoCTb Ha
3aaHHON HacTOTE HEe 3aBUCUT OT aMNnTyAbl. 4Na MHOTMX BUOPOUIONATOPOB, MMEKLLNX HavarnbHOe CTaTUYECKOE Harpy-
XXEHNe, Takoe rnpeanonoxXeHme MOXHO CUNTaTb BbINONTHEHHbIM B HEKOTOPOM MPUOIIKEHUN NPK YCIOBUW, YTO aMINUTYA bl
OANHAMNYECKON gedopmaumn Mmanb! rno cpaBHeHNIO ¢ Jedopmaumen nog 4eNCTBUEM NOCTOAHHON Harpy3skn. OgHaKo Heob-
XO4ANMO OTMETUTDb, YTO MHOIOE 3aBUCUT OT Matepunana, u3 KoToporo U3aroToBIeH BUDPON3onNAaTop, NO3TOMY BCerga cnegyer
BbIMONHATL MPOCTYIO NPOoUeaypy KOHTPOMNA NMUHENHOCTU, CPpaBHUBAA 3HAYEHUA OUHAMNYECKON KECTKOCTU, NMONMYyYEHHbIE
45 pasHbIX aMnnNUTyd BO3DYXXOEHWA B npejenax 3a4aHHoro amanasoHa. Ecnv s3HavyeHne XapakTepucTuky C USMEeHEHNEM
YPOBHA BUGpaLmm OCTaeTCa NOCTOAHHLIM, MOXHO CUNTATL YCIOBUE NUHENHOCTY BbINOITHEHHBLIM.

B pabote [6] npeacraBnerbl JaHHbIE 3aBUCUMOCTU 4ENCTBUTENbHON COCTABMAIOWEN N (PA30BOI0 yria KOMNMNEKCHO-
ro MOAYNs cABUra 4rns oyturkayyyka oT aMmnnmTyabl OTHOCUTENbHOIO CABUra U NPOLIEHTHOTO COAepXaHusa B MaTepuare
yrnepoga. i3 Hee cnegyer, uto ansa amnnutyg meHee 10— geicTBuTenbHas COCTaBNAoWas u pasosbii yron crnabo 3aBu-
CAT OT aMnnuTyabl caura. Ecnm xe 3HaveHne aMnnuTyasl casura npesbiwaet 2x107°, HabrniogaeTcs CyweCTBEHHOE
YMEHbLUEHNE ANHAMUNYECKON XECTKOCTH, OCODEHHO Korga nNpoueHTHOE codepXaHue yrrepoa Bernumko.

Taknm obpasom, BaXKHO NPUHNMATL BO BHUMAHNE YPOBEHb aMNnUTy gedopmanm, UMeoumnx MecTo Ha npaxkTuke, n
B 3aBUCUMOCTU OT 3TOTO peLllaTh, MOXHO IV NPU3HATb YCITOBUSA UCMbITAHUN PE3NHOBbLIX BUOPONIONATOPOB COOTBETCTBYIO-
WMy TpeBoBaHWUSIM HaCTOALWETO CcTaHgapTa unv HeT. [Ana amnnutya casura meHee 1072 npeanonoXXeHne NMMHenHoCTY
(2 3HAYNT, BYACTHOCTU, N HE3ABUCUMOCTU OT aMIIUTY/bl, N BbIMOITHEHUS NPUHLMNA B3aUMHOCTW) NpecTaBNsaeTCs Bron-
HEe ODOCHOBAHHbIM.

Bubponsonatopbl rmapaBlnyeckoro Tuna, KOTopble BCe Yallle NCMOMNb3YIT, Harnpmmep B aBTOMOOUNbHON MPOMbILLI-
NEHHOCTN, TAKKEe MOTyT NPOSABNATL HENUHENHbIE CBOVNCTBA, TAK KaK NX XECTKOCTb CUMbHO 3aBUCUT OT aMNNUTyabl BUOpa-
un. BeBuay AOBOWCTBEHHOIO Ha3Ha4veHus Taknx BUOPOM3ONATOPOB. geMnPpupoBaHME HUIKOYACTOTHON Bubpauumu,
nepegaBaemMon Ha aBuraTterb OT HEPOBHOCTEN 4OPOTU, N ocrnabdrneHne BoICOKOYaCcTOTHON BNOpaunn, nepearuencs oT
ABUraTens rno MexaHn4eckom KOHCTPYKLIMM Y U3ny4valuwenca B BU4e Wyma B OKPYXKalouwlyio cpeay, — UCTbITaHns C nepe-
MEHHON aMnnnUTyaon BO3DYXOEHUA OOMXKHbI ObiTh NPOBELEHbLl BO BCEM AManasoHe 4acTtoT paboThl BUOpON3onaTopa
[7], [8].

MHorga ObiBaeT 3apaHee U3BECTHO, YTO YCIOBUE NMUHENHOCTN HE BbINOITHAETCA. HO 1 B TAKUX Criydasix MOXET OKa-
3aTbCA LenecoodpasHbiM UCMOoNb30BaHNe MHOTUX NMpoueayp, ONMcaHHbIX B HacToawem ctadgapre. ['pyn 3ToM Heodxoau-
MO copMynupoBaTb CreunarnbHble TpebOBaHUA K UCMHLITAHUAM B OTHOWEHUU MNpeBapuTenbHOrO HarpyXeHus,
aMnnTYyabl BO3DYXOEHNA U NU3MEPAEMbBIX BETTUYNH.
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