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BBeneHue

BruOopounz30aaTOops pa3IMdHBIX TUIIOB IIPUMCEHSIIOT IS CHIDKCHHWSI VPOBHS IIepeaaBacMOl BUOpAIUN.
IIpuMepaMu MOTVT CIIVXUTh IIOJABECKM aBTOMOOWIBHBIX ABUTATEJICH, VIIPYIHUE ONOPH 3MaHUM, YCTPOUCTBA
KpeIUICHUS U VIIpYTUEe MY(PTH B COSTUHEHUSIX BaJIOB CYIOBBIX MAalllMH, BAOPOU3O0JISITOPHI, YCTAHABJINBACMBIC
B IIpeAMETaX OBITOBOM TEXHUKM.

Hacrosimuii ctaHaapT CIVKUT BBEACHUEM K CEPHUM CTAHIAPTOB Ha METOABI JIA0OOPATOPHBIX U3MEPCHUH,
IIPOBOAUMBIX JUIS HAXOXACHUS HauOO0Jee BAXKHOM XapaKTEPUCTUKHU, OIIPECACIISIIOIIEN epeaaTOYHbIE CBOM-
CTBa TUHECHUHBIX BUOPOU3OISITOPOB, — TUHAMHUYCCKOM KECTKOCTH.

B HacTog1eM CTaHaapTe IMIPUBEACHBI TCOPETUYECCKUE OCHOBBI METOIOB, OrpaHUYCHUS Ha VCIOBUS UX
IMMPUMEHEHUS M PYKOBOICTBO ITO BBIOOPY HAMOOJIEe IMOAXOIAIIETO METOMA UTSI KAXKI0Tr0 KOHKPETHOIO CIy4das
N3MEPECHHM.

JIIs1 BceX METOOOB TMOAPA3YMEBACTCSI, YTO JIAOOpATOPHBIEC YCJIOBUS WUCIIBITAHUM IIPEIYCMATPUBAIOT
BO3MOXHOCTb IPEABAPUTECIBHOTO HArpy:XKeHHUsI OOBCKTA MCIIBITAHUM MOCTOSAHHOMN (CTAaTUYECKOM) HArpy3-
KOM.

PesynpTaThl U3MepeHUU MOTYT OBITH UCTIOJIB30BaHbI IIPH PEICHUM MTPOOJIEM MOAABJICHUS HU3KO0YaC-
TOTHOM BHOpaIMM U OCIa0JICHUS IIyMa, IMTOPOXKIAEMOro KOJeOaHUSAMHA 3IEMEHTOB KOHCTPYKIIMH, TIOCPEII-
CTBOM BHOpPOM3OISITOPOB. B TO Xe BpeMs yKa3aHHBIE METOABI HE IIPeaHa3HAYCHBI IS OLICHKM KadeCTBa
paboOTHI BUOPOU3OJATOPOB B YCIOBHUAX VIAPHBIX BO3ICHUCTBUM.
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TOCYIAPCTBEHHBIN CTAHIAPT POCCHUUCKOUN ®PEAEPAIINNA

BubOpanug

N3MEPEHUSA BUBPOAKYCTUYECKUX IIEPEJATOYHbDIX XAPAKTEPUCTUK
YIIPYTUX DJEMEHTOB KOHCTPYKIIMU B JABOPATOPHBIX YCJIOBHUAX

YYacto 1

OO0mupe NpEHIMILI H3MEPEHHH H PYKOBOACTBO IO HX NMPOBEACHHIO

Acoustics and vibration.
Laboratory measurement of vibro-acoustic transfer properties of resilient elements.
Part 1. Principles and guidelines

Jlata sBenennsa 2000—07—01

1 Ob6aacTh npUMEHEHHA

Hacrogimmmii ctaHmapT ycTaHaBIMBAaeT OOIMe TIPUHIMMITHI ITPOBEACHUS H3MEepEeHUN TepeaaTOUYHBIX
XapaKTEPUCTUK BUOPOU3OIATOPOB, a TAKKE PYKOBOACTBO IO BBIOOPY METOAA U3MEPEHUM STUX XapaKTEPUC-
THUK B YCJIOBUIX TaOOpaTOPHBIX UCTIBITAHUIN B KOHKPETHOM CJIydyae IpUMEeHEeHUS.

Hacrosmmii ctaHgapT pacipoCTpaHsIeTCsI Ha BUOPOUZOIATOPHI, TIPUMEHSIEMBIE:

a) JIsI CHIDKCHMS YPOBHS IIepeaaBacMOM Ha KOHCTPYKITAIO BUOPAITUA B 3BYKOBOM IMAMA30HE 9aCTOT (OT
20 I'm oo 20 kI'11), KoTOpast MOXET BIOCACACTBUA UIATYYaThCS, HAIIPUMEDP B BOAHYIO WJIHA BO3IYIIHVIO CPEAY;

0) 19 CHAXCHUS HA3KOYACTOTHOM BHOpaIMu (0OBIYHO B auamasoHe oT 1 no 80 I'1), KoTopass MOXeT,
HaIIpUMeEDP, OKa3bIBaTh HEOMArOMPUITHOE BO3ACUCTBUE HA JIIOACH W BBI3BIBATH MOBPEKICHUE KOHCTPYKIIAH.

JTaHHBIe, TONYYEHHBIE C TIOMOILIBIO OMMMCAHHBIX B HACTOMILEM CTAaHIAPTE METOAO0B U3MEPEHUIA, MOTYT
OBITH UCITOJIL30OBAHBI:

- JUTS VKa3aHWUS U3TOTOBUTENSMM U TTOCTABIIUKAMMU B COMMPOBOAUTETBLHON JOKYMEHTAIIMM K MIPOAVKIIVMN,

- B TIpolLiecce pa3padoOTKU MPOAYKIINU;

- B CUCTEMax VIIpaBJIieHUsI KA4eCTBOM NPOAVKIINMN;

- B IIpoliecce BUOPALIMOHHBIX PACYECTOB KOHCTPYKIIUMA.

YKazaHHbBIe METOIbI U3MEPESHUN NIPUMEHUMBI TOJBKO TIPM BBIITOMHEHUM CAEAVIOLIMNX YCIOBUM:

a) JJAMHEUHOCTH OTKJIMKA BHOPOHU3OJTOpPA (IOIIYCKAECTCS, YTOOB BUOPOHU3OIITOP 00a1al HETMHEH -
HBIMH XapaKTEpUCTUKAMM OTKJIMKA Ha CTATUYECKYIO HAarpy3Ky IPH VCIOBUH, YTO MOCIE IMTPUIIOKESHHUS STOM
Harpy3KHd MOBSACHUE BUOPOU3OISITOPA CTAHOBUTCS TAHEUHBIM );

0) MOBEPXHOCTH KOHTAKTa BHOPOM3O0JIATOPA ¢ HCTOYHUKOM BHOpAIIMM U C U30JIUPYEMOM KOHCTPYK-
IMUENU MOXKHO PacCMaTPHUBATh KaK TOYCYHEIE.

Hacrosimmmii cTaHmapT HE pacIpOCTPaHSIECTCI Ha YIIPYITAE BCTaBKH (CHIBL(MPOHBI, PYKaBa), 110 KOTOPHIM
MIPOTEKACT XKUIKOCTh.

2 HopMaTHBHBIC CCBLIKH

B HacTos1eM cTaHmapTe MCHOJMb30BaHA CCHIJIKA Ha CAEAYIOIIUN CTaHIAPT:
I'OCT 24346—80 BwmoOparus. TepMyHBI ¥ onipeneaeHUS

3 Onpenenenud ¥ 0003HAYEHUA

B HacrosiimeM cranmapte npuMeHS10T TepMHHEBI TIo 'OCT 24346.

KpoMe Toro, B 11eJIsIX HaCTOSIIETO CTaHIapTa MIPUMEHSIOT CIIEAVIOIINE TEPMIHBI C COOTBETCTBYIOLIH -
MU ONpeacIeHUSIMMU:

3.1 ympyrmii 3aemMenT: To Xe, 4TO M1 BUOPOU3OJIATOP.

U3nanune opuumaabHoe
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3.2 suOpom3oaarop: M3zonarop, NMpeaHA3HAYCHHBIA I OCJHA0JICHHUS TIepeaaBacMoOM BUOpallMv B
HEKOTOPOM aMara3oHe 4acToT.

3.3 ympyrag omopa: BuOpomzonaTop, IpesHa3HAYCHHBIA )11 TOrO, 4TOOBI IOMACPXMBATh 4acTh
MalllMHBI, 30aHUS WM KaKOU-TUO0O0 Apyrod KOHCTPYKIIVH.

3.4 3aropMaxuBaomas cuna Fy Cuna, IpAIOKEHHAss K M30JIITOPY B TOYKE €ro COSAWHEHHS C
U30JIMPYEMOM KOHCTPYKIIMEN M o0ecrieunBaloniass HelmoABUKHOCTh 3TON TOYKM.

3.5 BXOAHasA AMHAMHYECKAs XKECTKOCTb k| |: YacTOTHO-3aBUCHMMOE KOMIUIEKCHOE OTHOIIECHME CHIIbI
B TOYKE COCIMHEHHsS] BUOPOM3ONMATOpa C MCTOYHWKOM BHODAIMM K TIEpEeMEIIeHHIO B 9TOM Xe TOYKe TIpH
BO30VXIEHUN TapMOHNYECKOIN BHOpAIINA B 3aTOPMOXKEHHOM peXNMeE HUCITHITAHUIA.

IlpuyMedaHu4A

1 3HauyeHue k; | MOXET 3aBMCEThb OT NPEABAPUTEIBHOIO CTATMYECKOTO HATPYKCHMs, TeMIIEpaTyphl U JPYrux
VCJIOBHIA.

2 Ha HM3K¥MX 9acTOTax k; ; OIIPEAEISICTCS UCKIIOYUTENBHO YIIPYITUMHA U JUCCUTIATUBHEIMU CWJIAMU, IEHCTBYIO-
IIMMMHA B BUOpour3oaaTope. B oﬁﬂacm 00Jice BRICOKMX YACTOT HAYMHAIOT UTPATh POJb TAKXKE U CHJIEI MHECPIHH.

3.6 mepexoaHas AHHAMHYECKAA JKECTKOCTD k2 - HacTOTHO-3aBUCUMOE KOMIUIEKCHOE€ OTHOILECHHE
CHJIBI B TOYKE COCIMHEHWS BUOPOM3OJISATOPA C U30JIMPYEMOM KOHCTPYKITUEH, KOTIIa 3TA TOUKA 3aTOPMOXKEHA,
K IEPEMEIICHUIO B TOUYKE COCOUHEHMS BHOPOU30JISITOPAa ¢ UCTOYHUKOM BHOpAIlMM IIPU IrapMOHHUYECKOM
BO30OYXKICHUU.

IlpuyMedaHu4A

| 3HavyeHMe k) MOXET 3aBUCETH OT NMPE/BAPUTENIBHOTO CTATUYECKOTO HATPYXCHUSI, TEMIEPAaTypHl U JIPYTHX
VCJIOBUA.

2 Ha HU3KHMX YaCTOTax k;, | OTpe/IeNISIeTCsl HCKITIOYUTENTBHO YIIPYTHMA M IMCCUTIATUBHEIMU CHJIAMH, JIEHCTBYIO-
IIMMHA B BHOPOU3OJISITOPE, H lo“ ki 1- B obmacti Gomee BBICOKHMX 9acTOT HAYMHAIOT MIPAaTh POJIb TAKKe W CHIIBI

HUHCPIIUHA, I/I]QlUkll

3.7 Ko3(dumEenT mMoTEeph ynpyroro sjaeMenta h: YactoTHO-3aBUCHMMOE OTHOIIEHWE MHHUMOM YaCTH
k» 1 K AEUCTBUTCTILHOM YaCTH k5 1 (T.€. TAHTEHC (pa30BOTO yria K, 1) B 00J1aCTH HU3KHUX 9aCTOT, TIE CHUJIaMU
WHEPILIMU MOXHO IIPEHEOPEYD.

3.8 TouyeuHoe coemmHenme: OOJAaCTh KOHTAKTa, KOTOpas COBEPIIACT KOJACOAHWS KaK ITOBEPXHOCTH

aOCOTIOTHO XEeCTKOTO Tela.
3.9 ammelnocTh: YCIOBHE pabOTH BUOPOM3OIATOPA, IIPU KOTOPOM BBIMIOJMHSIETCS IIPUHIAI CYIICP-
TTO3UITNH.

IlpuMevyaHUu4

1 TTpuHIUI CYIIEPTIO3UITUHA MOXET OBITH CHOPMYITUPOBAH CASAVIOIMM O0pPa30oM: €CIH BXOJTHOMY BO3ACHCTBHIO
X1 (#) COOTBETCTBYET OTKJIMK Ha BHIXO/IE y;(f), @ BXOTHOMY BO3/ICHCTBHIO X,(f) — OTKIIMK y,(#), TO CYATAIOT, YTO IIPUHITHII
CYIIEPIIO3HITAI BHITIOJTHEH, €CJIH BXOAHOMY BO3AEHCTBHUIO ax(#) + bx;(f) OyAET COOTBETCTBOBAThL OTKIUK ay;(#) + by,(?).
JlaHHO€E YCIIOBHE JTOJKHO BBITIOTHATHCS IS JIOOBIX a, b, x;(f) ¥ x,(f), 1€ a ¥ b — IIPOU3BOIBHEIE KOHCTAHTHI.

2 BrimeykaszaHHas TIpoIleaAypa IMMPOBEPKH CBOMCTBA THHEMHOCTHA MAJIONIPUTOTHA C ITPAKTHYESCKON TOYKH 3pESHUS,
TIO3TOMY KOHTPOJIb JUHEMHOCTH OOBIYHO OCVILECTBIISIIOT, IIPOBO/S U3MEPEHUS MEPEXOTHOM XKEeCTKOCTH B HEKOTOPOM
JTMATIA30HE BXOJIHBIX BO3/ACHMCTBUMA. ECIM mpu 3aJaHHOM MPEABAPUTECIILHOM CTATHYECKOM HATPYKCHUH M3MEPEHHOE
3HaYeHue AUHAMHYECKON XECTKOCTHM He OyleT 3aBUCETh OT VPOBHS BXOMHOI'O BO30VKAEHHSI, CHCTEMY MOXHO
paccMaTpUBATh KaK JUHEHHYIO. I10 CyTH 3Ta TIporieaypa sIRIsSIeTCsI KOHTPOJAEM ITPOMOPITMOHATBHOCTH MEXY BXOTHBIM
BO30YXKJIECHHUEM U OTKJIMKOM.

3.10 mpamoii Meroa: MeTon, B KOTOPOM U3MEPECHUIO TMOLICKAT MEPEMEILCHUE, CKOPOCTh WA YCKO-
pPEHUE B TOYKE COCIUHECHUS BUHOPOU3OIATOPA C UCTOYHUKOM BO30OVKIECHUS M CHJIA B TOYKE COCIUHECHUS
BUOPOUN3OIATOPA C N30JIMPYEMON KOHCTPYKIIMEN, KOTIa 9TA TOYKA 3aTOPMOXKEHA.

3.11 xocBennnii MeTon: MeToa, B KOTOPOM M3MEPECHUIO MOMICKUT MepeaaTouHass (PyHKIAS BUOPO-
U30JISATOpa IO MEePEMEINCHUIO, CKOPOCTH WIW YVCKOPEHUIO IIPU HArpyKEeHWUM BUOPOM3OJIATOpPA MAacCOM
(3¢ PpekTUBHOM MacCOM).

3.12 MeTroa H3MepeHHS BXOJAHOM YACTOTHOM XapaKTepHCTHKH: MeToa, IMpU KOTOPOM M3MEPECHUIO
MOJIEKAT OQHA M3 XapaKTEPUCTUK IABUXKECHUS — IIepeMELICHUE, CKOPOCTh WIW YCKOPEHUE, — a TAaKKeE
CHUJIa B TOYKE COCOIUHEHUS BUOPOUZOJISITOPA ¢ UCTOYHUKOM BHOpAIlMHA, KOIIAa TOYKA COSIUHEHUS BHOPO-
V30JISITOPa C U30JIUPYEMOM CUCTEMOM 3aTOPMOXKCEHA.

4 Bnidoop MeTona n3mepeHui

NudopMmarima odliero BMaa, HeooxoauMasi JJIs1 BbIOOpa METO4a U3MEPEHUI, KOTOPHIM B HauOOJIbIICH
CTEIICHU COOTBETCTBYET KOHKPETHOMY BUAY BUOPOU30JIATOpA, JaHa B Tadomure 1.
JanpHele peKoMeHIalluy 10 BEIOOPY MeToda U3MepeHnid — B pasaenax 5 u 6.



I'oCT P 1CO 10846-1—99

Tadoaumma 1 — PekoMeHAaIIMK IO BBIOOPY METOAA U3MEPEHUA

MeTon u3MepeHUst
XapakTeprUCTHUKA Ipssmoit MeTon, KoCBeHHBIIT METON BXOJHOM 4aCTOTHOM
XapaKTepUCTHKN
THIT BUOpOU30AATOPA Omnopa Omopa He omopa Ormopa
ITprMepsl Vrpyrvie omnopsl AT IpHGopoB, 060PYIOBAHMS, CHIBQOHEL pyKaBa, YTIDYTHE OTIOPSI /s
BIOPOM30JIITOPOB MAalllMH ¥ 3TaHvi YTIpYIHe My, IprOOPOB, 0bopy/I0Ba-
CWJIOBBIE KaOen HWS, MalllMH W 371aHWi
Jlamma3oH 4acToT Ot 1 T'x 1o £;. Or £, 1o f;. Or £, 1o f;. Ot 1 I'g 7o f;.
f1 ompenensercd cBoii-| O6pIYHO (HO HeoOsi-| OOBIYHO (HO HeoOsa-| OOBIYHO (HO HEO0OsI-
CTBAMM MCIIBITATEb- | 3aT€BHO) 3aTEJILHO) 3aTEJILHO)
HOM YCTaHOBKH. 20 Ty < /5, <50 Iy | 20 T < f, < 50 I'm;| f; < 100 I'o
OObIYHO (HO HeoOsI-| I OYeHb XECTKUX| I O4YeHb XECTKUX
3aTEJIbHO) ornop f, > 100 I'm. orop f»> 100 I,

300 I'm; < f; < 500 I'x | /5 oObraHO OT 2 1o S KI11| f; 0OBIYHO OT 2 110 5 KI 11
W 3aBUCHUT OT CBOMCTB| U 3aBUCHUT OT CBOMCTB

YCTAHOBKH VCTAHOBKU

Yucnao komroHeHTOB| 1, 2 wam 3 1, 2 vnu 3 1, 2 v 3 1, 2 vnu 3
TMMOCTYIIAaTEAbHOU BH-
Opaiu
Knaccupuxkamma Me-| TexHndeCKHi TexHnyecKum TexHuyeCcKuin Wih| TexHundecKUii WA
TOZIA IO CTETIEHH TOY- OPUCHTUPOBOYHEIN OPHEHTHPOBOYHEBIN
HOCTH

IlpuMedaHnue — BHHM3KOUACTOTHOM OOJACTH MPSAMOM METOA M METOJ M3MEPECHUS BXOMHOM YACTOTHOM

XapaKTEPUCTHKH AAIOT OMHU U T€ Xe Pe3yIbTaTHI.

S OcHOBBI METO/I0B H3MEPEHUH

5.1 IlepexonHada JMHAMHMYECKASA XECTKOCTh

B paHHOM paznene 00OCHOBAH BBHIOOP IEPEXOTHOM KECTKOCTH B KAYECTBE XapaKTePUCTUKHU, KOTOpasI
B HAUOOJIBIIIEHU CTETICHU MOAXOIUT IJISI OITMCAHUS TEPEIaTOYHBIX CBOMCTB BUOPOU3OISITOPOB B PA3IUYHBIX
VCJIOBUSX UX MPUMEHEHUS. KpoMe TOro, 34eCh yYKazaHBl CIy4aW, KOIIa IS OIMMCaHWS NepeaaTOYHBIX
CBOMCTB HEOOXOIUMO MCIOIb30BaTh UHBIC XapaKTCPUCTUKM, HEXEIN TUHAMHUYECKASI XKECTKOCTh, U3MEpE-
HUE KOTOPBIX, OJHAKO, BBIXOIUT 3a PAMKHU HACTOAILEro CTaHIAPTA.

[IepexomHas TUHaAMHW4YeCKass XECTKOCTh 3aBUCHUT OT VIPVIMX, WHEPIIMOHHBIX U IACMIT(PUPYIOLINX
CBOMCTB BHOpoum3onaropa. IlpuumHon, moyeMy MMEHHO JUHAMHWYECKasl KECTKOCTh BHIOpaHa B KAa4eCTBE
XapaKTepPUCTUKN BUOPOU3OIUPYIOIIUX CBOMCTB YIIPYIUX DJIEMEHTOB, SIBISETCS TO MPAKTUYIECCKOE COOOpa-
KEeHUE, 9YTO JaHHAasg BeJIMYMHA XOPOIIO COIIacyeTcCsl ¢ TMTOBCEMECTHO UCIIONBb3YEMBIMU 3HAYCHUSIMUA CTATH-
YECKOM KECTKOCTH MM TUHAMHUYECKOM KECTKOCTHM Ha HU3KMX 4acToTax. Ha BBICOKMX 4acTOTax, KOraa
HEOOXOMUMO YYMTHIBATh CHUJIBI MHEPIIUH, ACHUCTBVIOIMAEC B BHOPOM3OIATOPE (T.€. BOMHOBBIC 3(P@MEKTHI),
MOBEACHUE TUHAMMWYECCKOM KECTKOCTHU CTAHOBUTCY 00Jice CIOXHBIM. Ha HU3KMX 4acTOTax BaXKHBI TOJBLKO
CUJIBI VIIPYIOCTH M JAeMIIpUPOBaHUA, TMOSTOMY AMHAMMYECKas XKECTKOCTh Ha HM3KMX 4YacTOoTax cJado
3aBUCHUT OT YaCTOTHI U XapaKTep STOU 3aBUCUMOCTH OIIPEACIISIETCS TOJIBKO CBOMCTBAMUA MaTepHraia yIIpyroro
3JIEMEHTA.

B ob1mieM ciydae nepexoaHasgs TMHAMHAYECKas KECTKOCTh BUOPOUZOISITOPOB 3aBUCUT OT TEMIIEPATYPHI
W HAYAJTbHOM CTAaTUYCCKOM Harpy3Kku. B janpHermeM npearnonoXeHO, YTO IS BAOPOU30JISITOPA BHITIOJTHEHO
YCJIOBHE JTUHEUHOCTH, ompeacacHHoe B 3.9. boinee nmoapodHasa mHdopMalisgs 00 3TOM JaHa B IIPUIIOXKE-
Huu D.

CooTHOIIEHUS MEXOy TIEPeXOTHON TUHAMUYECKOM XECTKOCTHIO U APYIMMM YaCTOTHBIMH XapaKTe-
PUCTHUKAMHU TIPUBEACHBI B TIPHMIOXKEHHMM A. B pealbHBIX YCIOBHMSIX MCIBITAHUM BHIOOD H3MEPSICMOM
XapaKTePUCTUKM IBUKECHUSA — TIEPEMEINCHUS, CKOPOCTH UIH VCKOPEHUS — OIPEIACISICTCS COOOpaKEeHUSI -
MU ITPAKTHIECKOM Iieecoobpa3HoCTH. OMHAKO IMPEACTaBICHUE PE3VIbTATOB B COOTBETCTBUHU C TPEOOBa-
HUSIMH, TIPEAYCMOTPEHHBIMHA KOHKPETHBIM METOAOM M3MEPEHUU, MOXKET IOTPEOOBATh MPOBEIACHUS COOT-
BETCTBYIOILIUX TIPEOOpPa30BAaHUMA.

[IpuMevaHnue — JIJig9 HEKOTOPHIX BUOPOHU3OISITOPOB 3HAUCHUSI CTATHUYECKOM XECTKOCTH W IEPEXOTHOM
TUHAMWYECKOM XKECTKOCTU HAa HU3KHMX YaCTOTaX MOIYT HE COBIIANATh.
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5.2 MaTpHna JHMHAMHYECKOM KE€CTKOCTH BHOPOH30JIATOpA

5.2.1 O01mpe monoxXeHUs

OOBIMHBIN MOAXOA K aHAIU3Y CIIOXHBIX KOIeOaTeIBHBIX CUCTEM COCTOUT B MMPEACTABICHUHA 3JIECMEHTOB
CHUCTEMBI B BUJIC OJIOKOB C M3BECTHBIMH TIEPEIATOYHBIMA MATPHUIIAMM (KECTKOCTH, MOJATIMBOCTA M T.1.).
DIEMECHTAMHA MAaTPHUIIbl SBJISIOTCS YACTOTHBIE XapPaAKTCPUCTUKM 33JaHHOIO BHOA, KOTOPHBIC OMPEIACIISIOT
JIMHEUHBIE CBOMCTBaA cucTeMbl. Ha ocHOBe MH(pOpMaMd O CBOMCTBAaX OTACJIBHOM MOACUCTEMBI MOXHO
PacCUYUTATh COOTBETCTBYIOLIUE XaPAKTCPUCTUKHM aHCAMOJIS TAKUX MMOACUCTEM. BHIIIIEYIIOMSIHYTBIE MATPHIIBI
Pa3INYHBIX XapaKTePUCTHUK MOIYT OBITH JIETKO IIpcodOpasoBaHbl aApyr B apyra [1]. OoHako B MeTonax,
OMMUCAHHBIX B HACTOSILEM CTAHAAPTE M MOCBALICHHBIX SKCICPUMEHTAJIBHOMY OIIPEACIICHUIO XapaKTCPUCTHUK
BUOPOM3OISITOPOB B YCIOBUSIX ACUCTBUS MMOCTOSTHHOM CTAaTUYECKOM HArpy3KH, pacCMaTPMBAIOTCS TOJIBKO
MaTpPUIIBI XKECTKOCTH.

OO01asg cxeMa onmMcaHus IepeaaTOYHbIX CBOMCTB M30JSITOpa JaHa Ha pUCYHKe 1.

NCTOUHUK

N3onnpyemas
BUOpaLun

KOHCTPYKLMA

PucyHoxk 1 — BJIoK-CxeMa CUCTEMBI «ACTOYHHMK BHOpAIIMA — BHOPOHU3OJIATOPHI — H30IUpYeMast KOHCTPYKITHS»

CucreMa COCTOUT U3 TpexX OJIOKOB, MPEACTABISIOIINX, COOTBETCTBEHHO, MICTOYHUK BUOpaIiuH, I1OC-
JICOIOBATCIIBHOCTh U3 # BUOPOU3OJISTOPOB U U3OJIUPYEMYIO KOHCTPYKIIMIO. IlpenmonmaraeTrcsa, 94TO MeCTa
COCIUHEHUMN UCTOYHUKA BUOPAIIUU C BUOPOU3OIATOPOM U BUOPOU3ZOISITOPA C U3OTIUPYEMOM KOHCTPYKIIUEH
MOXHO PacCMaTpPUBaATh KaK TOYCYHBIC. KaxXmoM TO4YKe COCAMHEHUS IMTOCTABJICHBI B COOTBETCTBUE OOO0IICH-
HBIM BeKTOp cwiabl F, cocrogmwmi w3 cun F U MOMEHTOB M, ACHUCTBYIOIIMX BIOJAB TPEX B3aUMHO
MEePHOCHIUKYISIPHBIX KOOPAUHATHBIX OCEeM, U OOOOLIECHHBIM BEKTOP MEPEMEIICHUS U, COACpXAILUM TPH
COCTABISIOIINEC MOCTYIIATSJIBHON BUOpaIluK ¥ M TpH yriaosou r. Ha pucyHke 1 moka3aHoO TOJBKO IO OJHOM
COCTABIAIOLIEN [UTs1 KaXA0ro U3 BEKTOPOB: Fy, uy, F» M uy. Kaxapiit U3 TaKMx BEKTOPOB COCTOMT W3 6n
3JIEMEHTOB, TI€ # — 4YMCIO BUOPOU3OISITOPOB.

JInis Toro 9yToOBl TOKa3aTh, YTO TIEPEeXOmHasl KeCTKOCTh xojocTtoro xomal), onpenenennas B 3.6 Kak
MmepexoaHass JTUHAMHUYECKAasE XECTKOCTb, VIOBICTBOPSCT ICASIM OIMMCAHUS CBOMCTB BHOPOHU3O0ISITOPOB B
OOJIBIIMHCTBE ITPAKTUYCCKUX CIIYYacB, PpACCMOTPUM aajiee padoTy BUOPOM3OIITOPA KaK IS MIPOCTEHUILETO
CJIy4asl OQIHOHAIIPaBJICHHOM BUOpAIUU, TaK M UIS CJIy4asi KOJCOaHU B HECKOJBKUX HAIIPaBICHUSX.

5.2.2 OouH BUOPOU3O0IATOP, OJHO HaIpaBJICHUE BUOpALINNA

YcaoBue paBHOBECHUS BUOPOU30JATOPA B CIy4ae OJHOHAIIPABICHHOM BUOpAIUHU MOXET OBITh BhIPA-
KEHO (pOopMyJIaMHu:

Fy = ky,141 + Ky pup, (1)
Iy = kpuy t kyou), (2)

rae ky | ¥ kp 9 — BXOIHBIE XECTKOCTH, TOJNYYEHHBIC [Jisi YCIOBMsI, KOTAa TPOTHBOMONOXHAS CTOPOHA
BHUOPOM30IATOpA 3aTOPMOXKEHA (T.€. ¥y = 0 ¥ uy = 0 COOTBETCTBEHHO);
k1o ¥ ky | — TIEPEXOMHBIC KECTKOCTH XOIOCTOTO XOAa, T.€. OTHOINCHMS CHJIBI B 3aTOPMOXEHHOM TOYKE
K IIEPEMEIIICHAIO B TOYKE BO30OVKIeHUA. /119 TMHEMHBIX BUOPOU3OIATOPOB MMACCUBHOIO
THIIA, B OTHOILIIEHUM KOTOPBIX CIIpaBeUIMB IMPUHIMII B3aUMHOCTH, CIIpaBeJIMBO PaBEH-
CTBO: kK15 = Ky 1.
Ha BBICOKMX YaCTOTax, TAe WUrpaioT poJib CHJIbI MHEPINH, 3HAYCHHUS k1 | U kj o OTIIMYAIOTCS IPYT OT
apyra. Ha HM3KMX 4acToTax, rie¢ BO BHUMaHWE MOXHO ITPUHUMATh TOJBKO VIIPYIUE U JTUCCUITATUBHBIC
CWJIBI, BCE 3HAYEHUS K; i PaBHBI MEXITy COOOM.

[IpuMeganune — Popmymnsl (1) 1 (2) OTHOCATCH K COCTABISAIONIMM Ha KAKOW-TO OHOM YacToTe; F; M u; —

KOMIIJIEKCHBIEC (DYHKITMU BPEMEHH, K, ; — KOMIUIEKCHBIC BETUYHHBI.

1) MepexonHas yacToTHAs XapaKTEPUCTHKA HA3bIBACTCS XapaAKTEPUCTUKOM XOJIOCTOTO XO/Ia B TOM CJIydae, eCid
OHAa TIOJyYE€HA B VCJIOBHSX, KOITIa BCEC TOYKM H3MEPCHMSI, KPOME TOM, YTO COBIIAJACT ¢ TOYKOM BO30YXKICHUS,
IIPHUHYXICHBI K HEMMOABHKHOCTH (3aTOPMOXKEHHBI). B TaHHOM CiTydae IOCTAaTOUYHO, €CJIM 3aTOPMOXEHA TOYKA COCTUHEHU S
BUOPOM30ISITOPA C U30IUPYEMOM KOHCTPYKITUEH.

4
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B MarpuaHoii popme popmyisl (1) 1 (2) UMEIOT BULL,

F = [k]u, (3)
T1I¢ MaTpyiIla JTUHAMHYECKOMN XKECTKOCTH
ki1 k (4)
= [ 1*2]
K= 1 |
IIpu BO3OYVKICHUHN U30JIUPYEMOM KOHCTPVKIIMU YEPE3 BUOPOH3OIATOP
F 5
k, = — -y (3)
W

rae Kk, — BXOOHAsA NUHAMMYECKAsA XKECTKOCTh MW3O0JUPYEMOM KOHCTPYKIMU. JHAK MUHYC TIOCTABJICH B
COOTBETCTBUM C BBHIOOPOM MOJMOXMUTESIBHOIO HAIIpaBICHUSA, KaK ITOKa3aHO Ha pUCYHKe 1.
N3 popmya (2) — (5) caenyer:
k> 1 (6)
kz 2

?'

TakuMm oOpa3zoM, TIpM 3agaHHOM BO30OYXIEHWM u; cuia F, 3aBHCHUT OT BXOAHBIX JTWHAMHYECKHX
KEeCTKOCTEM KaK BHOPOM3OIATOpPA, TAK U M30JIUPYEMOM KOHCTpYKIIMM. OMHAKO €CJIM BBIITOJIHEHO YCJIOBUE
.|, > c TouHocThIO 10 10 % coBnagaeT ¢ Tak Ha3bIBAEMOM 3aTOPMaKUBAIOILEH CHIIONM F 5 locking’

F2=
1 +

T.c.
Fy U F plocking = k2,141- (7)

[TockonbKy padotra BUOpOU30IATOPOB P PeKTUBHA TONBKO B TEX CIVYasIX, KOTIa OHM YCTAHOBJIEHBI
MEXIY CUCTEMAMH C OTHOCHUTEIBHO OOMBINOM JTUHAMHUYECCKOM XECTKOCTBIO, (hopMyna (7) IpakKTHYECKH
BCET/Ia BBITIOJHAECTCA Ha MpakTuKe. Ha Heil 1 oCHOBaHBI METOIBI U3MEPEHNI, U3JTOXKEHHBIE B HACTOSILIIEM
craHgapte. U3MepsaTh MEpEeXOaHYIO XECTKOCTh XOJOCTOrO X043 (MM aHAJIOTUYHBIC €U XapaKTepPHUCTHUKH)
N30JIATOpPa ¢ HAYAIbHOM CTAaTUYECKOM HATrpy3KOHM JeTde, YeM M3MEPATH MOJHYIO MAaTPUITY KECTKOCTH (WAIH
TTOJTHYIO MATPpMILy HepenaTodHod (pyHKIMH). TeM 0osee, 94TO ATOT IMapaMeTp C JOCTATOYHOM ITOTHOTOM
XapakKTepu3yeT CBOMCTBA BUOPOM3OIITOPA B IIPEAITOIAraeMbIX VCIOBHUAX €r0 IMpUMEHEHMU.

IlpuMegaHue
TIEPEMEIECHHAIO U, KAK CACAYET U3 (I)opMyJILI (6), MOJKHBI OBITH TAKKE M3BECTHEI 3Haqe}ma kyo M Kk,

5.2.3 OmuH BUOPOU3O0IATOP, IIECTh COCTABISIOIINX BUOpAIINHU

Eciy cuibl ¥ xapakKTepUCTUKU IBHKCHUS B KaXJI0OM U3 TOYEK COCIMHEHUS OIMMMUCHIBAIOT Yepe3 1ECTh
OPTOTOHAJIBHBIX COCTABIAIOINUX (TPpU IS IIOCTYIIATEABHOrO WM TPU JIsI BpPALATCIBHOTO JIBWKCHMS),
BUOPOM3OJISITOP MOXHO IMTPEACTAaBUTD B BUJIC CUCTEMEI € 12 BeIxomamMu [2]. @opMyna 111 MaTpUIHOM (DOpMEI
¢ 12 mapaMeTpaMl TMHAMHWYECKOM KESCTKOCTH SKBUBAJIICHTHA popMyie (3), rae

Wl »_ 1A (8)
s F - F
“ 12
— BEKTOPHI IIECTU TIEpEMEIICHUM, INSCTHU VIJIOB ITOBOPOTA, INECTU CUJI U IIECTU MOMEHTOB CUJI. MaTpu-
11a TUHAMHWYECKOM XeCTKOCTH pa3MepoM 12x12 MoxeT OBITh pa30NTa Ha 4eThIpe OIOKa pasMepoM 6x6:

[k 1] Ty ol ©9)
[ky1] eyl |

rae [k 1] ¥ [k, 5] — MaTpuiel (CHMMETPUYHBIE) BXOXHOM XECTKOCTH;
[k1,2] | [1(2}1] — MAaTpHUIIBI TIEPEXOTHON XKECTKOCTH XOJIOCTOTO XO/a.

BrInmomHeHUe TPUHITUIIA B3AUMHOCTH IIPEATIONIATAET, YTO MEPEXOIHBIC MATPUIILI MU COOTBETCTBYIOILIUC
M TPaHCIIOHUPOBAHHEBIE MAaTpHUIlB TOTIAPHO PaBHHI.

Ecm BHOBB NPEANIONOXUTH, YTO BXOAHAS IUHAMMYECKAS XKECTKOCTh HU30JIUPYEMOM KOHCTPYKIIUU
BEJIMKA MO CPABHEHUIO ¢ BXOIHOMN JUHAMUWYECKOM XKECTKOCTBIO BUOPOM30JIATOPA, TO CUJIA, BO3ACHUCTBYIOILAS
Ha 3Ty KOHCTPYKIIMIO, OyIeT NPpUOIMKECHHO PaBHA 3aTOPMAXKUBAIOLICHA CHUJIC:

r 2,blocking — [kz,l]ul' (10)
TakuM 00pa3oM, IIepexoaHast KECTKOCTh XOJOCTOTO X04a OVIET ABISITHCS VIOOHOM XapaKTePUCTUKOM

IUIST ONMMUCAHUS BUOPOAKYCTUYCCKMX IIEPEAATOYHBIX CBOMCTB BHOPOM3OISITOPOB M B ClIyd4ae IIepeaadu
MHOTOKOMITOHECHTHOM BHUOpAIIUH.

u=

[kl =
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5.3 Heo0xoaumMad moJHOTA ONHCAHHA MATPHIBI NEPEXOAHOH XKECTKOCTH XO0J0CTOr0 Xo04a

B obimeM ciaydae Marpuila mepexOoqHOM XKECTKOCTHU XOJIOCTOIO X044 OXHOI0 BUOPOM3OIATOPA [kQ 1
coctouT M3 36 sneMeHTOB. OIMHAKO CUMMETPUS KOHCTPYKIIMA BUOPOU3ONATOpa IPHMBEAET K TOMY, 4TO
OONBIIMHCTBO M3 3THUX IJIEMEHTOB OyIyT paBHBI HYMIO. /UIS KOHCTPYKIIMHU C IICHTPAJIBHOM CHMMETpHEH
(KpyroBOM 1TAWJIMHAP WIK MapALICJICIHUIICT) YUCIO OTIMYHBIX OT HYJIS 3JIEMEHTOB OyaeT paBHO 10, a yncio
PA3JINYHBIX 3HAYECHUM, KOTOPOES OyAyT MPUHUMATh 3TU HEHYJIEBBIC 3JIEMEHTHI, — 5 (CM. mpuaoxeHue B, a
Takxke [2]).

Ha mpakTuke 4uciao SJIEMEHTOB, HEOOXOIMMOE IS aACKBAaTHOIO OMMCAHUS BUOPOAKYCTUYECCKUX
MMepeIaTOYHBIX CBOMCTB, JaXe MCHBIIE 4MCIIa 3JIEMEHTOB, TCOPETHYCCKM OTIMYHBIX OT HYIA. B ciay4gae
MOCTYNAaTEIbHON BUOpaIMM, KaK IMPaBUIO, JOCTATOYHO MPUHUMATH B pacuyeT TOJBKO OAWH, JiBa WIM TPU
OTUArOHATBHBIX 3JIEMEHTA — COOTBETCTBCHHO, AJII BHOpAIlMM TOJBKO B OJHOM HaIpaBICHHM (OOBIYHO
BEPTUKAJTBbHOM) MW JBYX, MM TPeX B3aMMHO TICPICHAMKYASIPHBIX HampaBicHUSIX. bojece moapodHas
nHopMaIma 0 HEOOXOAUMOM IS PACCMOTPEHUS YMCIIe 3JIEMEHTOB MaTpHIIB] XKECTKOCTHM JaHa B IPUIIO-
xkenuu C.

B HEKOTOpBIX CHEIUATIBHBIX CIIy4Yasx OOJBIIOEC 3HAYCHUE UMCEIOT M CTEIICHU CBOOOIBI, CBSI3aHHEBIC C
VIJIOBBIMU KojaeOaHusiMu (cM. ripuinoxeHue C). B 6.3.5 naHa cchiika Ha COOTBETCTBYIOLIME JIUTEPATYPHBIC
WCTOYHUKHU, B KOTOPHIX VKa3aHO, KaK IMOJYYUTH IMapaMeTphl, CBSI3aHHBIC C YVIJIOBOM BHOpaIlied, TEM XKe
CIIOCOOOM, 4TO M IS MOCTYIATCJIBHOM BUOpAIIUH.

5.4 JIpyrde myTH pacnpoCcTpaHeHHs BHOpanmuH

Mozaens, ipeacTaBieHHasa Ha pUCYHKE 1, Tak ke Kak u popMyasl (1) — (10) cipaBe,yIMBEI TOJBKO B
TOM CJIy4yae, €CJIM €IUHCTBEHHBIU IMYTh Iepetadyd BUOpalliM OT UCTOYHUKA K M30JIUPYEMO KOHCTPYKIIMU
JIEXKUT 9yepe3 BUOPpOM30asaTophl. Ha mpakTHKe XKe MOTVT CYILECTBOBATDH U IMTOOOYHEIC ITYTU PACIPOCTPAaHECHUS
BUOpAIIUM — II0 MEXaHUYECKUM KOHCTPYKIIMSIM WM 4epe3 OKpPYyXKaAINVIO cpeay. B KakiaoM MeTrone
WU3MEPECHUM BIUIHUE TAKMX MOOOYHBIX IYTEW HA PE3VJIbTATHI UBMEPECHUM XapaKTEPUCTUK BHOPOM3OJISATOPA
IIOJDKHO OBITH CBEACHO K MUHUMYMY.

5.5 KoadhdungenT noreps

[leab HacTOALIIETO CTAaHIAPTA — VCTAHOBUTH OOIIME METOIBI M3MEPEHWIN YaCTOTHO-3aBUCUMOM TIepe-
XOIHOW TUTHAMHUYECKOMN KESCTKOCTH YIPYroro 3JieMeHTa k, 1. Psn momb3oBateneit, KpoMe TOro, MOXET OBITh
3aMHTEPECOBaH B OIPEIACICHUM AeMIT(PUPYIOIIUX CBOMCTB BUOPOU3OIITOPA. CTa}mapTﬂsalmﬂ U3MEepeHUN
XapaKTepUCTHUK OeMIIPUPOBAHNS B HACTOSIIEM CTaHAAPTE HEe MpEeayCMOTpeHa. TeM He MeHee, HUKE JaHO
TEeOpPEeTUYECKOE OOOCHOBaHWE MPOLEAYpbl, KaK MCIIOJb30BaTh JaHHBIE O (pa30BOM yIJlie KOMIUIEKCHOM
GyHKIIMY TIepeXOAHON TUHAMHYCCKON XKECTKOCTU Ky | Ui MOJMydeHUs: WHGOpMAUK O JeMITDUPYIOLIMX
CBOMCTBaX BHOPOMN3OJISATOPA.

JInsa oblmero mpeacTaBiICHASI O MIPESAMETE JOCTATOYHO PAaCCMOTPETHh CIy4ai, OIMACAHHBIA B 5.2.2, —
OIWH BUOPOU3OJSITOP M OJHO HammpasiaeHre BUOparim. [10CKONBKY B HACTOAIIEM CTaHIaApTe PaCCMOTPEHBI
TOJILKO M3MEpEHUsI, IIPOBOAUMBIE TIPHU 3aTOPMOXEHHOM TOYKE COCAMHEHUS BUOPOU30JIATOpPA C U30JIHUPYeE-
MOM KOHCTpYKIIMEH, popMVIHI (1) 1 (2) MOXHO CBECTH K BHIY

F| = ky 141, (11)

F2 = ]Q!lul. (12)

Ha HW3KMX 4acToTax, rae CHWIaMHM MHEPILUU (MM BOJHOBBIMHU S@PdPEKTaMHU) MOXHO IpeHeOpeYb,
COOTHOIIIEHIE MeXIy (ha30BEIM VITIOM TEPEXOIHON TUHAMHYECKON XKEeCTKOCTH U XapaKTEPHUCTUKOMN e MII-
upoBaHMg YIOPyroro 3JaeMeHTa MMeeT IMpocToy BuI. B maHHONM 00JIaCTM 4acTOT 4aCTOTHO-3aBUCUMYVIO
KEeCTKOCTh MOXHO alIIpOKCUMHUPOBATH BRIPAKECHUEM

kU k1.1 U k> 1- (13)
DTy KOMIUIEKCHYIO BEJIMYMHY MOXHO 3aImicaTh B BHIE
k = kO(] + jn), (14)

rae kg — IOEWUCTBATENBHAA 4acTh k. YacTOTHO-3aBMCHUMBIN KO3(MOUWIIMEHT MOTEPD h ONpeaenseT JeMmIdu-
POBAaHMUE B YIIPYIOM 3JIEMEHTE Ha HA3KUX 49aCcTOTax (CM.3.7).

CooTHolneHUEe MeXAy KO3(pPUIUEHTOM TOoTeph M (Pa30BBIM VITIOM | KOMIUICKCHOM BEJIMYUHBL K
onpeacnseTcss GopMyIon

h = tan j. (15)
TakuM odpa3oM, Ko3dpUumeHT moTeph yIIpyroro 3JeMeHTa MOXHO OLICHUTH 1O popMyie
h tanjy,j, (16)

e jp 1 — $HasoBbIid yroy MepexogHoi AMHAMIUYECKOM KECTKOCTH K) ;.
6
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IIpu onpeneneHun geMIIPUPYIOIIUX CBOMCTB HEOOXOOAUMO VUUTHIBATH CJICAVIOIINE MOMEHTHI.

a) MsaMmepeHusa ¢ moMoliblo (popMynsl (16) koadpduimMeHTa moTeph B TEX CIIydYasix, KOraa 3Ta BeIUYMHa
MaJla, KpallHe YYBCTBUTCJIBbHBI K IIOTpeIMHOCTAM M3MepeHUs (as3wl [3]. OnHako a1 BUOPOM3OIATOPOB,
W3TOTORICHHBIX U3 PE3UHOIIOA00OHOTO MaTepyaia, 3Ta MpodiieMa He TaK OCTPa, 3a UCKIMIOYECHUEM O0IaCTU
YaCTOT HUKE HECKOJIBKMX Tepil.

0) Ha BeIcOKMX 4yactoTax, rae ¢opmyna (13) HecmpaBemmisa, popmyny (16) nnsa ompenereHUs
IeMIIPUPYIOIINX CBOMCTB VIIPYIrOoro 3JIEMEHTAa UCIOJIb30BaTh HENB3s1. XOTI MPOCTHIX M YETKUX KPUTCPUCB
OIIpEACICHUS I'PaHUIl JOIIYCTUMOIO AUANAa30Ha HE CYILIECTBYET, BCE XK€ B KAYECTBE XOPOILIETO IMpU3HAKAa
MOXXHO CYUTATh PE3KOEC U3MEHEHUE KPUBOM h C pOCTOM YaCTOTHI, CBUACTESABCTBYIOLLEE O TOM, 9YTO (hopMyIION
(16) Gombllie MOAB30BATHCS HEJIB34.

6 ITpuanunbl NpoBeAeHUA U3MEPEHUH

6.1 Ilepexonnas MMHAMHYECKAA XKECTKOCTD

IIepexonHasga aAUHaMHM4YECKas XKECTKOCTh SBISAETCa (PYHKIMEH 4acTOoThl. KpoMe Toro, ee 3Ha4cHMA
3aBUCST TAKXKE OT IPUIOKCHHOM HAYaJhbHOM HArpy3Kd M, BO MHOIMX CHy4asiX, OT TeMIepaTtypsl. Jlis
MOJY4EHUSI HEOOXOMUMBIX JAaHHBIX MCHOOJB3YIOT TPM METOAA UCIBITAHUM (CM. pa3aeia 4), IOCKOJIBKY
ITOCTOMHCTBA U HEAOCTATKU KAXKIOr0 M3 3TUX METOI0B B3aUMHO IOIOJHAIOT APYI APVra.

ITpssMOi MeTOn TpeOyeT IPOBEACHUS WU3MEPCHHMM TIEpeMEICHUSI (CKOPOCTH, YCKOPEHHSI) B MECTE
KOHTAKTa H30JISTOpa ¢ MCTOYHUKOM BHUOpPAIIMU M 3aTOPMAXKHUBAIOILECU CUIBI B MECTE €ro KOHTAaKTa C
W30 IMPYEMOM KOHCTPpYKIIMEN. Ha HU3KUX 4acTOTax, I'’le BXOAHAs U IePeXoaHas KeCTKOCTHU paBHBI, MOXHO
MIPOBOAUTH U3MEPECHHUS U CUJIBI, M TIEPEMELLICHUS C OAHOM CTOPOHBI BUOPOUZOIISITOPA — TOU, IIIE IIPUIIOKECHO
BUOPAITMOHHOE BO30YyXIcHHUE. TaKOM METOA HA3BIBACTCSI METOAO0OM U3MEPECHUS BXOJIHOM KECTKOCTH.

KOCBEeHHBIM METON, U3MEPEHUM TIPESAYCMATPUBACT U3MEPEHUS MEPEIATOYHOM (PYHKITUM (110 TIEpeMe-
IICHHWIO, CKOPOCTA WM YCKOpPEHMIO). /IS CO3maHUs 3aTOPMAaXMBAIOIIEU CHJIBI B MECTE COCITUHCHMS
BUOPOM3OIATOPA C M30JIUPYEMOM KOHCTPYKIIMEM €ro HarpyXaroT B 3TOM TOYKE MaCCOM, O0JMagaroliecH
OOJBIINM 3HAYCHUEM TUHAMHUYCCKOM XKCSCTKOCTH. 2 1 y.
Ilpou3BeneHUe M3MEPEHHOIO IIEPEMEIICHUS B
TAHHOM TOYKE Ha M3BECTHOC 3HA4YCHHUE TUHAMH-

YEeCKOM KECTKOCTH HArpy3KH MOXET CIYVKHUTH 10-

H B
CTaTOYHO TOYHOM OIICHKOM 3aTOpPMaXHUBaIOIICH
CHUJIBI B 33JaHHOM OHUAIa30HE 4YacToT.
6.2 Ilpamoii MmeTON
6.2.1 HUcnpITatenbHasa yCTaHOBKA .

OCHOBHBIE TPUHITAITBI U3MEPEHUHN TIEPEXO/I- 4

] : /1
HOW TWHAMHWYCCKOU 2KECTKOCTH ITOKA3aHbI HA ITPH - .. ' U
Mepe, KOTOPOMY COOTBETCTBYET PHCYHOK 2. O . -
TN
A

HUcnipiITyeMBIT BUOPOU30JIATOP MOMEILIAIOT B
UCIIBITATEIBHOM YCTAHOBKE MEX Y BUOPOBO30V I -
TeJIEeM U XEeCTKUM OCHOBaHUEM. Mexny BHUOPO- 6
W30JIATOPOM U KECTKUM OCHOBAHUEM KPEITAT JAT-
YUK CUJBI. B 5TOM MecTe a1 CO3MaHus YCIIOBUM
TOYCYHOTO COCOAMHEHUS M OAHOHAIIPaBICHHOIO
IBMDKCHHUS 49aCTO MOMEINAIOT IJINTY, ITO3BOJISIO- —
IIVIO PaBHOMEPHO pacIpeaciuTh MNPUWIOXKECHHOE

YCWJINE TI0O BCeH ee IMOBEpXHOCTU. TaK, eCii IO-
| — WCTIOMHUTENBHOE YCTPOMCTBO T'MAPaBINUYECKOTO THIIA (00ec-

3BOJIUTE BUOPOU3ONATOPY OONBIIOTO CEYCHHUS  peymmaeT MpeaBapHTENbHOE CTATHYECKOE HATPYXEHWE 1 THHAM-
OIMUPATHCA TOJBKO Ha MAJICHBKUMN NATYHUK CUJIBI, uecKoe BO30OyXaeHue); 2 — TpaBepca; I — HaIpaBsoOlIie

BUOpAIMS B 5TOM MECTe, a CJICIOBATEIbHO U W3- CTOMKM; 4 — WCTIBITYEMBIil BUOPOU3OJIATOP; 5 — CHUCTEMA HU3MeE-
MEpeHHBIE 3HAYCHWsS TIEPEXOTHOM KECTKOCTH, PEHMS CHITEL; 6 — KECTKOE OCHOBAHME
MOTYT CYLIECTBEHHO OTIIMYATBCsl OT TeX, YTO OyAyT Pucynok 2 — IlpuMep UCTIBITATEIBLHOM YCTAHOBKH IS
UMETH MECTO IIPH DKCIUIVATALIUU BUOPOUZOIISITOPA. TIPSIMOTO METOJIAa U3MEPEHUIT
B ciydae KpyImHBIX BUOPOU3OISTOPOB C OOJIBIION
HAa4YaJIbHOM CTAaTUYCCKOM HArpy3KOM VCIOBHUE CXOIUMOCTH U3MEPECHUM MOXET ITOTPEOOBATh IPOBEIACHUS
VN3MEPEHUM CHIBI C TIOMOILBIO HECKOJIBKUX TAaTYUKOB CHJIBI.

6.2.2 U3MepsieMble BETUYWHBI

HUsMepsseMBIMH BeJIMYMHAMU SIBJISIOTCS CUJIA U OJUH M3 MapaMeTpOB ABWXKECHUS: MEpeMELICHUE,
CKOPOCTb UJIU YCKOPEHUE.

Ug<<uy
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6.2.3 IlpeaBaputenbHOE CTATUYECKOE HArpyKeHUE

3aBUCUMOCTD TIEPEXOAHON TMHAMMYCCKOM KECTKOCTH OT CTATHYCCKOM HArpy3Ky, MPUIOXKEHHOM K
BUOPOU3OJISITOPY, MOXKET OBITH O4eHBb CUJILHOM, ITIO3TOMY MCITBITAHUS CIIEAYET IIPOBOIUTH B YCIOBUSIX, KOTIa
BUOPOM3OJISITOP HAXOAUTCA IMOA HOMUHAJIBHOM CTaTUYCCKOM HArpy3KOM. 3a4acTyIO 3TO TPEOYET MCIIOIb30-
BaHMS CHCIMAJIbHOMN MCIBITATEIBHOM YCTAaHOBKU. OOBIYHO COBMECTHOE CTATUYECKOE HAaYaIbHOE Harpyxke-
HUE U BO30YVXKICHUE BUOpAIIMU OOCCIIEYMBAIOT MOCPEACTBOM THAPABINYCCKOTO UCIOTHUTEABHOIO YCTPOM -
cTBa. OMHAKO I 3THX LeAe MOXHO IIPUMEHSITh U PA3JcAbHBIC YCTPOMCTBA.

6.2.4 OrpaHmyeHUd TIPSIMOTO METOA TIO AMaTla30HY YaCTOT

JInarma3zoH 49aCTOT, B KOTOPOM IPUMEHUM IIPSAMOM METOO, 3aBUCHUT, B IIEPBYIO O4epPEIb, OT CBOMCTB
UCTBITATEIbHOU YCTaHOBKU. OOHO M3 OrpaHMYEHUU CBSI3aHO C JUANa30HOM 4YaCTOT, B KOTOPOM MOXET
paboTaTh BUOPOBO3OYIUTEND. pyroe orpaHUYeHUE 3a49aCTYVIO CBI3aHO C BO3ZMOXHOCTBIO PACIIPOCTPAaHECHUS
BBICOKOYAaCTOTHOM BHUOPAIIUH TI0 paMe KOHCTPYKIIAN, KOTOPYIO MCIIOJB3VIOT TSI CO3MaHUs ITPEABAPUTEIIb-
HOro HarpyxcHus. OOBIMHO IMPOOJIEMBI OBIBAIOT CBSI3aHBI ¢ COOCTBEHHOM 4aCTOTOM KOJcOaHMd paMHOM
KOHCTPYKIIMA, KOTOPasi OIIPEIACIISIETCI MAaCcCOM TPAaBEPCH U XKECTKOCTBIO BEPTUKAIBHBIX CTOCK B ITPOAOJIb-
HOM HampasiieHUM. OOBIYHO, KaK YKa3aHO B Ta0nuie 1, BepxHsd rpaHuIla JUuarna3oHa 9acToT IS JaHHOTO
MeToda JiexuT B mpeaecnax 300—500 I'm. Takwe 3HaYeHMS TIIPUBOIAT WCIBITATCIABHBIC JAaOOpPaTOPHH,
CIIOCOOHBIEC 00ECIICYNTh HAYAIIBHYIO CTATHYCCKYIO Harpy3Ky 10 100 kH (cMm. [4]). KoHeyHO, HA MaJIeHBKHAX
VCTAHOBKAX MOXET OBITH AOCTUTHYTA U 00JIc€ BBICOKAS BEPXHSIS IpaHUIA auarnaszoHa. Hampumep, mis
VIIPYIUX SJIEMEHTOB MAJICHBKUX Pa3MEePOB U3MEPEHUSI MOTYT OBITH IMPOBSACHBI HA OYCHB ITPOCTHIX HEOOIh-
IIIUX UCIIBITATEIBHBIX VCTAHOBKAX B JUAITA30HE YaCTOT A0 HECKOJIBKMX KUJIOTEPIL.

bonpinve BO3ZMOXHOCTH PAaCIUPUTh AUATIA30H YaCTOT U3MEPECHUU 00eCIIEYMBACT KOCBEHHBIM METO/
(cM. 6.3). IIpym KOCBEHHOM MeETOAE U3MEPEeHUM i1 BHOpallMU CYILECTBYET MEHBIIE BO3MOXHOCTEH
PacCIIPOCTPAaHECHUS IO OOXOMTHOMY IMYTHU W3-3a TOTO, YTO MCITBITYEMBI BUOPOU3OIATOP pPa3BsIi3aH JTUHAMMU-
YEeCKH C paMHOM KOHCTPYKIIMEU, CO3MAI0IICH HAYAIBHYIO HAarpys3Ky.

6.2.5 Hamnpasneunst suOpanyn

IIpssMo#t MeTOD MOXKET OBITH paCTIPOCTPAHEH KAaK Ha MOCTYIIATEABHYIO, TaK M Ha VIJIOBYIO BUOPAILIMIO
KaK B HaITpaBJICHWH TIPUIOXKCHHUS HATPY3KH, TaK U B OPTOTOHAIILHOM eMy. OIHaKO UCIIOJIb30BaHUE IIPSIMOTO
METOAA TSI VIJIOBOM BHOpAITMM B HACTOSIIEM CTaHOIAPTE HE pacCMaTpHUBAETCA.

6.3 KocBennnni MeToa

6.3.1 HcnwITarenbHasg yCTaHOBKA

OCHOBHBIC TIPUHIIMITEI U3MEPEHUN TIEPEeXOOTHONM TUHAMHWYECKOM XECTKOCTH WLTIOCTPUPOBAHBI ITPH-
MepOM, TTOKa3aHHBIM Ha PUCYHKE 3.

HUcneITyeMBIA BUOPOU3OJISITOP YCTAHABIMBAIOT MEXKAY ABYMS KECTKUMM MacCcaMU (J1ajie€ — MAacCHI).

] 2 3

NN

{// 2 '/
d
a — WCTIONB30BAHUAE CHJIBI TSDKECTH JUTSL CO3MAHMS 6 — TIpeaBapUTEIbHOE CTATUYECKOEe HAarpyXeHWe TMOCPEICTBOM
TIPEABAPUTENBHOTO CTATHYECKOTO HATPYXEHUS PaMHOIM KOHCTPYKITHHA

I — YCTpOMCTBO CTATHYECCKOTO HArPYXeHUSA, . — BAOPOBO3OYIUTEID, 3 — HU3OIATOPHI;, 4 — UCIBITYEMBI BUOPOHU30ASITOD

Pucynok 3 — IlpuMep HCIBITaTEIbHOM YCTAHOBKH TSI KOCBEHHOTO METO/Ia M3MeEPEeHMIH
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Macca, npuaoXeHHass K BUOPOU3OISITOPY C TOM CTOPOHBI, Il IIPOUCXOIUT BO3OYKICHUE BUOpAIIUU,
BBITIOJTHSIET JiBe (PYHKIIMU:

- €€ XKECTKOCTb UCIIONB3VIOT TSI 00eCTIeUeHUsI VCIOBUS TOYCYHOTIO COCIUHEHMUS,

- OHa MOXET TakKXke OBITH TIPMMEHEHA TS TIONYYCHUS OJHOHAIIPaBICHHOTIO BO30YXISHUS B pa3iny-
HBIX HaIIpaBICHUSIX.

Macca ¢ apyrom CTOpOHBI BUOPOM3OJISITOPA TAKXKE UMEET JIBa Ha3HAYCHUSI:

- €€ XKECTKOCTb MCITOJB3YIOT I OOCCIICYCHUSI YCIOBUM TOYCYHOIO COCIUMHECHUS B MECTE KOHTAKTa
BUOPOM3OJIATOPA C N3OJIUPYEMOM KOHCTPYKIIUCH;

- Macca ¥ €€ MOMEHTBI MTHEPILINU JOJDKHBI OBITh JOCTATOYHO OOIBITUMHU, YTOOHI Y(PPESKTUBHO ITOTACUTH
BCE BO30VXICHHBIC B BUOPOM3OIATOPE YAaCTOTHBIE COCTaBisniolnne. CleaoBaTe/IbHO, IIECTh COOCTBEHHBIX
qaCTOT MaCCOIPYXXUHHON CHUCTEMBI, COCTOSIIEH W3 BUOPOU3OIATOPA M MaCCHI My, JOJDKHEI JIEXaTh MHOTO
HIDKE AUAIla30Ha 9acTOT U3MEpeHUU. B 3TOM ciIydae ciia, AEUCTBYIOLIASE CO CTOPOHBI BUOPOU30JISITOPA Ha
Maccy, OyaeT MpUOMUBUTEIBHO paBHA 3aTOPMAXMUBAIOILEU CUIIE U MOXET OBITH paCCYUTAHA U3 YCKOPECHUSA
3TOU MAaCCHI.

O003HaYMM TIEpEMELICHUS MacC Yepes Uy U 4y OTHOILUEHUE Uy/u; OOBIYHO Ha3BIBAIOT K0P HHUIIMEH-
TOM Tiepeaadm (Imo nepeMelneHuio). EcIi B Ka4ecTBe U3MEPSIEMOTO TTapaMeTpa ABMKCHUS B3SITh CKOPOCTH
WIN YCKOPEeHME, 3HaYeHUEe Ko PUIMeHTa nepeaady He U3MEHUTCS.

CoOoTHOIIEHUE MeX Iy IMMePEeXOTHOM TUHAMMNYECKOMN KECTKOCThIO M KO3 PUIIMEeHTOM Iepeaadyd MOXHO
BBIBECTHU U3 3aKOHa HEBIOTOHA:

F
ky 1 = u—f - — Onf) mQZ—TIUIHf>>f6, (7)

rae fy — COOCTBEHHAs 4acTOTa MaCCOMPYXWHHOW CHCTEMBI, 0Opa30BaHHOW MacCoOil m, W MCTIBITYEMBIM
BHOPOH30JISITOPOM (a2 TaKKe BCIIOMOTaTeJIbHRIMH M30JISITOpAaMH, KaK IMTOKA3aHO Ha PHUCYHKE 3 0).

Dopmyna (17) momydeHa B TOM XKe MPEANOIOKEHUM, 4TO U popMmyna (7), T.e. F, MpuOMIKEHHO paBHO
3aTOPMAKUBAIOILEU CHJIE.

6.3.2 HUszMepsieMble BeTUYNHBI

U3Mepsa1oT OIHY U3 XapaKTePUCTUK IBMKEHUS: TIepeMelIcHUEe, CKOPOCTh WM YCKOpPESHHE.

6.3.3 UsMepeHVs B YCIOBUSIX TIPEIBAPUTENBHOTO CTATHYECKOTO HATpyKeHUs

6.3.3.1 IlpunoxeHne HadyaIbHOM Harpy3KH

XapakTep NpUIOXKCHUS HAYaJIbHOM HAarpy3KM B MCIIBITATEIBHOM YCTAHOBKCE BUJACH W3 PMCYHKA 3.

B cxeMe Ha pucyHKe 3a IS CO30aHUs MPEABAPUTEIBHOIO HArpyXeHUsI MCIIONb3VIOT CUIY TSLKECTH,
ICUCTBYIOILIYIO HA MAacCy, IMPUIOXKECHHYIO B MECTE COCIUHEHUSI BUOPOM3OJIATOPA C N30JIMPYEMOMN KOHCTPYK-
mMeii. B 1aHHOM yCTaHOBKE HEOOXOIUMO, YTOOBI CTATUYECKVIO HATPVY3Ky MPUHSIIA Ha ceOsa MO0 BHOPO-
BO30OYIUTEIb, MO0 KaKasi-HUOYAbh BCIIOMOTATEIbHAsA KOHCTPYKIIMSA (HAIIpUMED JOTIOTHUTEIILHBIC BUOPO-
A30JIATOPHI). JIIsT MUCIIBITATEILHOM YCTAHOBKM JAHHOTO BHIA BEJIMKA OIMACHOCTDH TIOJNYYCHUS PE3VIBTATOB,
He 00JIagaloIINX CBOMCTBOM CXOOIMMOCTH, — OCOOCHHO B CJIy4ac OOJIBIIMNX BHOPOMU3OSITOPOB U BBICOKUX
HavaJIbHBIX HATrPy30K.

B cxeMe Ha pucyHKe 36 U IPWIOXKEHNS Ha4aIbHOM CTaTUYECKOM Harpy3Ky MCITIOJIb30BaHBI paMHas
KOHCTPYKITMA W WCTIOJTHUTEIBHOE YCTPOMCTBO, HallpUMEpP THAPaBINYECKOro THIa. Macca m, ¢ npyrow
CTOPOHBI BHOPOM3OJIATOPA pa3BsizaHa ¢ paMHOM KOHCTPYKIIMEN TTOCPSACTBOM BCIIOMOTATEIBHBIX BHOPO-
N30JIATOPOB. Takue Xe BUOPOU30JIITOPHI MCITOIB3VIOTCS M JUISI TOTO, YTOOBI pa3Bsa3aTh paMHYIO KOHCTPVK-
IIUI0 U MAcCy, IPWIOXKECHHVIO K BUOPOU3OJISITOPY CO CTOPOHBI BO30yXKIAcHUS BUOpaiii. Mcrmionb3oBaHUE
BCIIOMOTATEIBHBIX BUOPOU3OJISITOPOB AeIacT KOCBEHHBIM METOA U3MEPECHUN MEHEE TTOABEPKCHHBIM BIIUSI-
HUIO BUOpaIlluM, IepeaaBacMoOM 4epe3 paMHYIO KOHCTPYKIMIO, TIO CPaBHEHUIO C IIPSIMBIM METOOAOM.

[IpuMevanume — Ha mpakTike o0LIas XEeCTKOCTh BCIIOMOTaTEILHEIX BUOPOU3OJISITOPOB MOXET OBITH TOTO
ke TOPSZIKA, YTO M KECTKOCTh HUCITBITYEMOTO BHOPOM30JISTOPA.

6.3.3.2 JIpyrue dopMBI IPHIOKEHNI HaYaAJIbHON Harpy3Ky

BuOpomn30aaTopsl, HE ABISIIONIAECS VIIPYTUMH OITOPAMM, TAKXKE TPEOVIOT TOro, YTOOBI MUX UCTIHLITHIBAIU
110, HOMUHAJILHOM CTAaTUYCCKOM Harpy3kom. B ciygae rTHOKoM My(QTHI CIICIIJICHUS BaJOB, HAIIpUMEP, 3TO
O3HAYacT, YTO K HEU JOJIKECH OBITH NMPUIOXKEH ITOCTOSHHBIA MOMEHT CHII.

6.3.4 OrpanndyeHHMs KOCBEHHOIro MeToaa IO JUaIla3oHy 4acTOT

KelaHve paclIMpUTh AUATIA30H 4aCTOT U3MEPECHUM MPUBOIUT K IIPOTUBOPECYUBBLIM TPECOOBAHUSIM K
VICTIBITATENBHOM YCTAHOBKE.

C OOHOM CTOPOHBI, YTOOBI PACIIMPHUTEL JUAIIA30H M3MEPECHUU B COOTBETCTBUU C (popMmynon (17) B
00JIaCTh HU3KHMX 4YaCTOT, HEOOXOAMMO HCIIONB30BaTh OOJBIIYIO MaccCy m,, KOTopas NMO3BOJMUT IOJIY4HUTh

9
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JIOCTaTOYHO HW3KOE 3HauyeHHe fy. OQHAKO 4eM OOJbIE Macca my, TEM MEHBINEW XKECTKOCThIO OHa Oyner
00JIagaTh U, COOTBETCTBCHHO, TEM MEHBILE OVACT BEPXHSS I'PaHUIIA JUAITa30Ha 9aCTOT.

CyluecTByeT MHOTO IIPUMEPOB MCITOJB30BAHUSI BUOPOU3OISATOPOB, KOIla BaXHBI U3MEPCHUS IIepe-
XOJHOM ITUHAMMYECKOM KECTKOCTH B OOJIACTH 3BYKOBBIX 4YaCTOT, I€ BHUOPOM3OJATOP HE MOXKET OBITH
MIPEACTABICH B BUAC MPYKUHBI HYJICBOM MacChl. B Takux ciydasgx KOMIIPOMUCCHOE pPEIlIeHUE MOXET OBIThH
TIOJIY4EHO CJICAYIOIINUM O0pa3oM.

ITpuOMMXeHHas OIleHKAa 9aCTOTHI TIEPBOTO COOCTBEHHOIO p€30HAHCAa BUOPOMU30ISATOPA (B TOM HaIlpaB-
JICHUM, TIC €r0 XKESCTKOCTh MaKCUMaJIbHA) UMEET BH/I

, | 18
£, 00,5 \/ L (18)
Mer
rae f, — OILIEHKA 4acToTsl, [ 1;

ko — mMHaMH4YeCcKas XKECTKOCTb BHOPOM30IATOpa Ha HA3KHX 4aCTOTaXx;
m,; — Macca yInpyroi 4acTi BHOPOHU3OJISITOPA.

Ha HWM3KMX YacToTax IepexonHas IWHaMHYecKasd XECTKOCTh NMPHUOMIXKEHHO paBHa kj;. MHorue
W30JIATOPHI BEAYT ce0s KaK 6e3MacCcoBbIe TIPYKWHBI B JAATTa30HE 4acToT BIUIOTH 10 f < f,/ 3. BEIOOp MaccHl
u3 ycrnosus fy A 0,1f, TO3BOMUT MOMYyYUTh HAACXKHBIE U3MEPEHUS TIEPEXOAHOW TUHAMUYECKON XKECTKOCTH
st yactoT f 0 f,/3. Ecv ¢ TOYKy 3peHus IpUMEHEHHs] BUOPOU30IITOPa 0COOYI0 BaXXHOCTh MPEACTABISIET
nuamnas3oH f 0 f,/3, To 6e3 MpoBeeHNSI U3MEPEHUI MOXHO TIOCTYJIMPOBATh, YTO B 00JaCTH GoJiee HU3KUX
4acTOT 3HAYEHNE TMHAMHUYECKON XKECTKOCTH OYIET TEM Xe, YTO M Ha vacrtore f = f,/ 3.

YT10OBI TOMYYUTH JOCTOBEPHBIC U3MEPEHHNS B ITUPOKOM AMATIa30HE YaCTOT, XKeJIaTeJIbHO UMETh HU3KOE
3HAYEHWE I fy U TOMIEepXKMBATh HEOOXOAMMYIO XECTKOCTH MAacChl M,y BIUIOTH O BEPXHEW TI'PAHWIIHI
aMarna3oHa u3MepeHuii. Jlerdye BCero yaoBjiIeTBOPUTh MOCTABICHHBIM TPEOOBAHUSIM, B35IB B KAUECTBE MAaCCHI
CTaJIbHOM OJIOK.

Ecmy mMana3oH 94acTOT U3MEepPEHUM CIIMINKOM INUPOK IS TOTrO, YTOOBI €ro MOXHO OBLIIO O0ECIICYUTDH
C MMOMOIIBI0O OOHOTO OJIOKA, U3MEPEHMSI B OOJAaCTM HM3KHUX M B OOJAaCTH BBICOKUX YaCTOT MOIYT OBITH
IIPOBEACHBI C OJIOKAMM Pa3HBIX Pa3MEpPOB.

6.3.5 HampasieHus BUOpanmu

KoCBeHHBIN METOA IPUMEHUM K CIVYAIO IMOCTYIIATEIBHOM BUOpAIIMK KAaK B HAIIPABJICHUH IIPUIOXKE-
HUS Harpy3KM, Tak U NEPIeHIUKYISIPHOM K HEMY.

VIJIOBBIX KOJEOAHW1 MAaCcChl Ha IMPOTUBOIMOJIOXKHOM
CTOpOHEe BUOpom3oaaropa [2], [5].
6.4 Meron u3Mepends BXOMHOH XKECTKOCTH
6.4.1 UcnpiTaTenpbHas yCTaHOBKA
IIpyMep YCTaHOBKM [JII METOAA WU3MEPCHMS
. BXOJHOM XECTKOCTH TTOKa3aH Ha pPUCYHKE 4.
| BDTa cxeMa O4eHBb IToX0oXa Ha Ty, 9YTO M300pa-
5 l.. KeHa Ha pUCYHKe 2 I IIPSIMOTO METOIa U3Mepe-
BO30yXKIeHUsI. TakuM o00pa3oM, MCIIOJIb30BaHUEC

6 Uy<<uy TAHHOIO METOAA IS U3MEPECHUM IEPECXOOHOM TU-
HAMHUYECKOM XKECTKOCTH OCHOBAaHO Ha TIPEAIOJIO-

KE€HUH, 9TO B O0JIACTH HU3KMUX YACTOT 3TA XapaKTe-

PUCTHKA MPUOTINKEHHO paBHa BXOIHOM
IUHAMHWYECKOM KECTKOCTH BCICACTBHUE IIPCHEOpE-
KUMOHM MAJIOCTA CHJI HHEPIIMA B CPABHEHUH C CH-
| — WCTIONMHUATENBHOE YCTPOMCTBO TMAPARINUYECKOrO THMNa (obec- JIaMH YVIIPYTOCTH, T.C.

HUM. OQHAKO BMECTO U3MEPSHUM 3aTOpMaXKUBalO-
4
TIeYrBaeT MPeABaAPUTEIIEHOS CTATHYECKOe HAarpyXeHWe W AIHAMH- F (19)
|

3 1 9 N3MepeHrUss MOTYT OBITh PacCIIPOCTpAaHCHBI U
Ha CJIy4ai BO30YXICHUS YITIOBOM BUOpAITUU U (AJIN)
—
IIEW CHJIBI B MECTE COCAMHCHUSI BUOPOM3OJISTOPA U
V30JIAPYEMOM KOHCTPVKIIMM TIPOBOIIAT H3MEPCHUA
CUJIBI, JCUCTBYIOLLIECHA HAa BUOPOM3OILTOP B TOYKE
4ecKoe BO30yXieHne); 2 — TpaBepca;, 3 — HaIpaBIsIolIfe CTOMKMH,; ]Q 0k =
4 — crucTeMa U3MEPEHUSI CUJTBIL, 5 — UCTIBITYEMBII BUOPOHU3OIATOD; 1 1,1 Uy u, = 0
6 — XKeCTKO¢ OCHOBaHME .
Crioco0 TIpUIOXeHWs Ha4YyaJlbHOM CTaTHU4dec-
PHCYyHOK 4 — IlpyMep UCTTBITATEIEHOM YCTAHOBKH JIJISI KOM Harpy3Kkm TOT XK€, 4TO U B TIPIAMOM METOIEC

| HHIA BXOTHOM XECTKOCTH -—-
METO/Ia MaMCPe n3MepeHu. MaMepeHusa MOryT OBITh BBITIOTHEHBI
10
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JUTS TIOCTYIIATEIBHOM BUOpAIIMU B TPEX B3aUMHO TIEPIICHIUKYISPHBIX HalmpaBiIcHUSIX. U3MepsseMbIMA BEJITNY -
HaMH SIBJSIIOTCS CWJIa M OHA U3 XapaKTEPUCTHUK ABIKCHUS: MEpEMELICHUE, CKOPOCTh WM YCKOPECHUE.

6.4.2 OrpaHnmyeHHs MeTOAa C MWCIIOJB30BaHHEM W3MEpPEHHI BXOIHOM XECTKOCTH TIO IMamna3oHy
9aCTOT

IMTpubmrkxenHas dopmyna (19) crpaseyiiBa TOABKO B 00JIaCTU HU3KMX YaCTOT, KOTa CUJIb MHEPIIUH
MaJIbl IO CPAaBHEHUIO C CUJIaMU YIIPYrocTyu. TeM He MeHee, B 00JIACTH BBICOKMX YaCTOT OLIEHKY, TTOJYYEHHVIO
¢ moMolublo opMyisl (19), MOXHO paccMaTpuMBaTh B Ka4eCTBE IIEPBOrO IPUOMMKEHUS, a CaM METO/I
U3MEPEHUS BXOIHOM XKEeCTKOCTH — KaK OPMEHTHUPOBOYHBINA METOIL.

TMPUJIOKEHUE A
(cIIpaBOYHOE)

CooTHonmecHHA MEXAY NMEPEXOoAHOH TMHAMMYECKOH KECTKOCThIO
H JPYTHMH YaCTOTHBHIMH XapaKTepHCTHKAMH

1151 MAHEMHBIX BUOPOU3OIATOPOB XapaKTCPUCTUKAMU, HEITOCPEACTBECHHO CBS3AHHLIMM ¢ TUHAMHYECKOM XKECT-
KOCTBIO, SIBJISIIOTCS MEXaHHMYCCKHU MMmeaaHc U >@dexTuBHas Macca. OOpaTHBIMA K HAM BEIHYMHAMHU SIBJISTIOTCS,
COOTBETCTBEHHO, TMHAMHUYECCKAA TIOATIMBOCTh, MEXaHUYECKAsI TTOJABIDKHOCTE U YCKOPSIEMOCTE.

B TaGmaiie A.1 nipencTaniIeHsl HAMMEHOBAHMS M COOTBETCTBYIOIME O003HAYCHMS TSI JUHAMHAYECCKOM KECTKOCTH
A CBSI3AHHBIX ¢ HEM YACTOTHBIX XapaKTECPUCTHUK.

Tadoauima Al — Ucnonb3yeMble 0003HAYCHUS AUHAMUYECCKOM XKECTKOCTA U CBSI3aHHBIX ¢ HEM XapaKTePUCTUK

IIpsiMast BeTMUHA OOpaTHast BeTUYHHA
O0603HaueHNEe HanmeHnoBaHue O0603HaueHNe HanmeHnoBaHue
k IlepexomHasa nMHaAMHUYECKaAs XKE€CTKOCTh 1/k JIMHaMHU4decKasi MoAaTIUBOCTD
YA IlepexomHbBIT MEXaHWYECKUU UMTICTAHC 1/7 MexaHudeckasi TIOABICKHOCTD
Mg DddexTBHAS Macca 1 /m off YcKopsieMOoCTh

B Ttabauie A.2 moka3aHbl Ko3(GUiiueHTH Ipeodpa3oBaHUI OTHOM BEIUYHUHBI B APVYIVIO; IS IIpUMepa: k =
= —w’m o JfwZ ¥ T.11. YMHOXEHHE Ha KOX(PPHUITMEHT jw 03HAYAEeT, YTO MOAVYJIb YAaCTOTHOM XapaKTCPUCTUKHU Ha YaCTOTE
f HY:XXHO YMHOXUTB Ha w = 2pf, a K COOTBETCTBYIOIIIEMY 3HAYCHUIO (PAa30BOro yIjia 100aBUTH p/2 paiuaH.

Taonuma A.2 — KoadpduimmeHTsl CBI3M TMHAMWYECKON XECTKOCTH C JIPYTUMHU YaCTOTHBIMM XapaKTepUCTUKAMH

HamMeHOBaHVeE O6o3nauenne | Omnpenenenue!) k Z My
[MepexonHass MTHAMUYECKAS] k F/u 1 jw —w?
KECTKOCTh
IlepexonHnlii MexaHUYEC- YA F/v 1/jw 1 Jjw

KU UMTISTAHC

DddexTBHAsT Macca M o7 F/a —1 /W 1/jw 1

b U — IICPCMCIICHUC, ¥V — CKOPOCTb, @ — YCKOPCHHC.
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TMTPUJIOXEHUWE B
(cIIpaBOYHOE)

BiMgnue CHMMETPHYHOCTH KOHCTPYKIIHM BHOPOH30ATOPa HA BH MATPHIBI NEPEXOAHOM XKECTKOCTH

Dopmya (9) moxkasbIBaeT pa30oMeHAe MATPHUITh] IMHAMHYECKOM XXKeCTKOCTH U30JIsITopa pasMepoM 12x12 Ha yeTsIpe
Oloka pa3MepoM 6x6 Kaxaplid. Hacrosmmii cTaHmapT IOCBSIEH H3MEPEHHIO OTACABHBIX 3JIEMEHTOB MATPHILHI
KECTKOCTH 66 [k, {]. DTH 371eMEHTHI TIPEACTABISIIOT COO0M OTHOIICHUS 3aTOPMAKUBAIOLIAX CHJI B MECTE COCTMHEHUS

BHOPOM30JISITOPA C M30JIMPYeMOH KOHCTPYKITHEH K IepeMellleHNsIM Ha TIPOTHBOIIOIOXHOM CTOpPOHE BHOPOM30JISITOPA.
JTaHHBIE BIeMEHTHI M300pakeHBl Ha pUCYHKE B.1 B IPIMOVYroJIbBHOM CUCTEME KOOPJIMHAT C OCSIMHA X, V U 2.

F

Z’u

Z

2’ YZ

y» Uy

M, v, My Yy

F

X’u

X

Pucynok B.1 — O0o3HaueHHe CHI U IepeMellleHUI B AeKapTOBOI CHCTEME KOOpAMHAT

BexTop I1eCTH TTOCTYITATEABHBIX U IECTH VIJIOBBIX ITepeMellleHHiA MOXKeT OBITh 3aIllicaH B BHJIE

ul = {ulx: uly ’ ulz s Blx * g]y > glz }

BekTop 11eCT! 3aTOpMaXMBAIOIIUX CUI U MOMEHTOB CHJI MOXET OBITh 3aIlMCaH B BUJIE

F) biocking = \ax s Fay s By s My, My, s My}

Torna popmyiy (10) MOXXHO ITPEACTABATL CACAYIOIMAM 00pa3oM:

Foy ki Kn ks kg Kkis o kg | u,
Iy ks ksp ky3 ks kgs kg | luy,
<F2z L _ k9,1 k9,2 k9,3 k9,4 k9,5 k9,6 Jug,t
M| k101 k02 k103 k104 k05 Kroe| |Yix|
M,, kg ki ks ks kas kas| |y
My | ki ko Koz kg ko ke Mz

KpaTtkag ¢opMa 3aImici MaTPHYHBIX 3JIEMEHTOB UMEET CIIEAYIONUIAIA CMBICI:

k7 _ FZx, blocking k _ MZx, blocking W T
.1 Uy, »™10.4 V1 e
Bcneacresue CMMMETpAU KOHCTPYKIIMHA BHOPOM3O0JISTOpa OOJBINAs YacTh JICMCHTOB MATPHIILI paBHA HYJIIO, a
HEKOTOpbIE HEHYJIEBBIE 3JIEMEHTHI MAaTPUIILl MOT'YT OBITh paBHBI MEXAY CO00M. DTO MOKa3aHO Ha CIEAYIOIIMUX YeThIpex
TIpAMepax, Ifie B3ATH THIIMYHBIE (POPMBI KOHCTPYKIIMHA BHOPOHM3OJITOPOB (HaIpaBieHHe KOOPAWHATHBIX OCEM — B
COOTBETCTBHU C PUCYHKOM B.1).
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IIprumep 1 — JIBe opTOTOHAIBHBIE TIOCKOCTA CUMMETpHUH (10 pa3IHMIHBIX HEHYIECBBIX SJCMEHTOB)

Wix U1y U1z 81x 81y
oy k7 1 0 0 0 k7 s 0
By, 0 ks » 0 s 4 0 0
P, 0 0 ko 1 0 0 0
M, 0 k19,2 0 k10,4 0 0
My, k11,1 0 0 0 k11,5 0
M,, 0 0 0 0 0 Ko

Uy Uiy Uiz 81x 81y 817
B, k| 0 0 0 k5 0
by, 0 ks > 0 ks 4 0 0 E¢
P, 0 0 ko 3 0 0 0
M, 0 = —kg 4 0 k10,4 0 0
My, = —k5 0 0 0 k11,5 0
M2z 0 0 0 0 0 k12!6
IIpumep 3 — OceBag CHUMMETPMS, B JAHHOM CJIydac — OTHOCHTEJIBHO JIMHUU TIepeceueHUs IUIOCKOCTEH

cumMeTpuH nipuMepa 1 (10 HeHyJIeBBIX 371eMEHTOB; 6 pa3IMUHBIX 3HAYCHUWIA )

Wix uly Ui, 51x 81y
oy k7.1 0 0 0 k7 s
5y 0 = K71 0 = ky s 0
P, 0 0 ko 3 0 0
M), 0 k19,2 0 k10,4 0
My, =k10,2 0 0 0 = k10,4
M, 0 0 0 0 0 kg

o . I s [ e Y

NJ

2 0y 4 2 W—
F,,, k7 1 0 0 0 k7 5 0
A P -

2z .3
M, 0 = —ky s 0 k10,4 0 0 -
My, = —k7 5 0 0 0 = k10,4 0
M,, 0 0 0 0 0 k26

13
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TMPUJIOKEHMUE C
(cIIpaBOYHOE)

MaTpuua nepexoaHoH XeCTKOCTH YHPOIIEHHOr0 BHAA

Kak yka3zaHo B 5.3, BO MHOTMX IIPaKTHUCCKUX CIVYAsIX JJI aICKBATHOIO IPECACTABICHMS MATPUIIHI TICPEXOTHOM
KECTKOCTH JIOCTATOUHO OIPEACTIUTh TOJIBKO OJUH, JIBa WM TPHU IJIEMEHTA 3TOM MAaTPHUIIbl, CBI3aHHBIX C IMTOCTYIIATC/Ib-
HEIM JABMKCHHUEM. 3/IECh PACCMOTPEHBI HECKOJIBKO IIPUMEPOB B Pa3bsICHCHUE JAHHOIO TOJIOXCHMS.

C.1 IlocTtynaTeanbnas suOpanus

M3 OJIOK-CXEMBI CUCTEMBI «MCTOYHUK BHOpPAIIMM — BHOPOU3OJSTOP — H30JIUpPyeMasi KOHCTPYKITUSI» CICAYET,
yTO BUOpAIMs, TIEpeaaBacMasi Ha KOHCTPYKITAIO Yepe3 BHOPOM3OISITOP, 3aBUCUT OT MCXOMHOM BHOpAITUM UCTOUYHHKA,
TIEPEXOTHON KECTKOCTH M30JSITOpa M BXOMHOM KECTKOCTH M30JHPYEMOM KOHCTPYKIIMHA. OOBIYHO IlepefaBacMasi OT
WCTOYHUKA BUOpaIiUsa He OBIBACT OTHOHAIIPABICHHOM, IMTO3TOMY BAXHO U3MEPATH XKECTKOCTh BUOPOM30JIATOPA B JIBYX
WJIH TPEX OPTOIrOHAJBHBIX HATIPABJICHUSIX.

PaccMOTpUM Ciayyail, KOrfla VPOBHHM BHOpaIlMH, TIEPEAABACMOM OT UCTOYHHKA, UMEIOT OUH TIOPSIZIOK II0 BCEM
TPEM OPTOrOHAJBHBIM HATIpABICHHUSAM. Torfia 3aBeIOMO SICHO, YTO JI/IS1 OITUCAHUS MEPECAATOUYHEIX CBOMCTB BUOPOU30-
JIITOpa HEOOXOMMMO 3HATh IO KpauHEd Mepe TPU 3HAUCHUS TEePEXOMHOM XECTKOCTH, a UMCHHO JAHMArOHAJBHEIC
JIEMEHTBI MATPUIILI TIEPEXOMHOM KECTKOCTH, COOTBECTCTBYIOIME ITOCTYIIATCJIBPHOMY ABMIKCHHIO. KOHEYHO, €CiIH
KOHCTPYKIIUSI BHOPOM3O0JIATOpAa CUMMETPHUYHA, MOXKET OBITH JOCTATOYHO 3HATHL TOJBKO JiBa 3HAYCHUS ITIEPEXOTHOM
JKECTKOCTH — OJHO JJII BEPTUKAJILHOTO M OJTHO IS TIOMEPEYHOTO HATIPABJICHUS.

JlommyCTHMO T IIpeHEOpEeXKEeHEe BUOpAIIMEeH B TIOIIEPCYHOM HAIIPABJICHUM, 3aBUCUT OT JBYX (PaKTOPOB:

- OTHOIIICHUSI KECTKOCTH B MOIIEPEYHOM U BEPTUKATBHOM HAIPABJICHUSX IS BUOPOM3OJIATOPA;

- OTHOIIIEHHS XECTKOCTH B TIOIIEPEYHOM M BEPTUKATLHOM HAMPABICHUSIX IS U30IUPYEMOM KOHCTPYKITMH,

Hanpumep, o00opy1oBaHHE YACTO YCTAHABIMBAIOT HA TOJICTOM O TOHHOM (DYHIAMEHTE HAa BUOPOU3OJISITOPAX, Ubs
KECTKOCTh B TIONICPCYHOM HAITpaBJICHWM paBHA WM MEHBIIEC UX XECTKOCTH B BEPTHUKAIBHOM HAITPABICHUU; B TO XK€
BpeMSI XKE€CTKOCTh PYH/IAMEHTA B BEPTUKAJIBHOM HaIpaBJICHUU MEHBIIE, YEM B TIONMEPEYHOM. B TaHHOM CiTydae BITOJTHE
OIMPABAHHO PACCMaTPHUBAThH IIepelauyy BUOpAIIMH TOJBKO B BEPTHKAJIBHOM HAIMPaBJICHUH U, TAKUM O0pa3oM, TOJBKO B
3TOM HaIMIPaABJICHAUN U3MEPSITH XECTKOCTh BHOPOU30IITOPA.

PaccCMOTpUM Tenmeph APYrol IMpUMEP, KOrAa BHOPOU3OISATOPHI SIBJISIOTCS COCTABHOM YaCTBIO KOHCTPYKIIUH,
TIOABEPXKECHHOM TEIIJIOBOMY PACIIMPCHUIO (IOIYCTUM CHCTEMBI BBRIXJIONA). MCIIOIB3YeMBIE BUOPOM3O0ISITOPEl KOHHUYEC-
KOI'0 TUTIA MOT'YT MMETh XXKE€CTKOCTE B ITOIICPECYHOM HAIIPABICHUH, 3HAUCHUE KOTOPOM B ICCATH Pa3 MPEBLIIIACT 3HAYCHUE
3TOM XapaKTCPUCTHKHU B HAIIPABJICHHMM OCHOBHOM Harpy3ku. Cama Xe¢ M30IupyeMass KOHCTPYKITUS SIBISCTCS BECHMA
THOKOM BO BCEX HampapicHUsX. [103ToMy aHamM3 MOTIEpEYHOM BUOpAITMM BO BCSIKOM Ciydae HE MEHEE BAXEH, YEM B
HATIPABJICHUH JCUCTBHSI CTATUYCCKOU HATPY3KH.

CraenoBaTebHO, PEIICHUE O TOM, KAKOE YUCIIO JIEMEHTOB MATPHIILI TICPEXOTHOM XKECTKOCTH CIICAYET U3MEPSITH
JUISI KAXKOr0 KOHKPETHOIO BUOPOM3OJISITOPA, MODKHO OBITH TIPHUHSTO MCXOJISI U3 TUIIA BUOPOU3OISITOPA U VCIOBHMI €T0
TIPUMEHCHMS.

C.2 YraoBad suOpanma

DIeMeHTBI MAaTPHIL XKECTKOCTH, COOTBETCTBYIOIIME YIJIOBLIM COCTARISIOIIMM, a TAKKE SJICMEHTHI, CBSI3bIBAIOIIINE
IMOCTYIIATSIIBHBIC COCTABISIOINME JUIS OTHOM CTOPOHBI BUOPOM3ONSTOpPA ¢ VIVIOBRIMHU COCTABJISIIOIIMMH JUIS JPYTOM
CTOPOHBI, B HACTOSIIIIEM CTAHAAPTE HE pacCMATpUBAIOTCs. OTHOM U3 TIPAYHH STOrO SIBJISICTCS CJIOKHOCTh HEOOXOMMBIX
TJTSI TAKMX 1IeJIed U3MEPEHUM, OCOOCHHO B OTCYTCTBUE CTAHIAPTU30BAHHBIX JATYUKOB. [1pH 5TOM BaXKHO 3HATh, K KAKUM
TTOCJICACTBUSIM MOXET IIPUBECTU HEAICKBATHOE OIMUCAHUE TIEPEAATOYHBIX CBOMCTB BHOPOHU30/ISITOPA.

YT1o KacaeTcss MICTOYHHMKA BUOpPAITUN U U30TUPYEMOM KOHCTPYKIIUA, TO B IICPBOM TIPHOTMKCHUH MOXHO CUMTATD,
4TO COOTHOILECHHE MEX/Y IMOCTYIIATCIbHLIMU U YIJIOBBIMU COCTABIISIIOIMMUA OIIPEACTSICTCS JJIMHON U3THOHBIX BOJTH,
YVMEHBIICHUEM JUIMHBI BOJIHBI POJIb VIJIOBBIX KOJE€OAHWMA MM YYBCTBUTCABHOCTH K MOMEHTHOMY BO30VXKICHUIO
COOTBETCTBCHHO BO3pacTaeT. DTO O3HAYAECT, YTO I KOHCTPYKIIMA B BHMJIC OaJOK M IIACTHH MAaJIOM TOMINMMHBI H
OTHOCHTECJILHO BEICOKHMX YACTOT BO30VKACHHS YIJIOBBIC KOJCOAHHSI OYAVT MPOSBIATECS CHAbHEE. ECIH XK€ BEpHYThCS
K PaCCMOTPEHHOMY paHee IMpUMEPY MaIlMHEI, YCTAHOBJICHHOM Ha MAaCCUBHOM O€TOHHOM (pyHJIAMEHTE, TO B JJAHHOM
CJIydae BIIMSIHUEM VIJIOBBIX COCTABISIOIIMX MOXHO ITPEeHEOpEYb.

IlpuMepoM, Korma pob MOMEHTHOIO BO30VKACHMS BEJIUKA, MOIVT CIVKUTH
TAaBPOBLIC WJIH JIBYTABPOBLIC OaJIKv. BxomHas TMHAMHAYECKAs XECTKOCTh TaKOW OaJIKH B
HaITpaBJICHUU ACMCTBHS CHIIBI F MOXET OBITH OYCHBb BEIMKA, MHOTO OOJIBIIIC 3HAYCHUS
3TOU XapaKTEepUCTHKU JJIs1 MoOMeHTa cuil M (cMm. pucyHok C.1).

J1711 BUOPOHU30IATOPOB, KAK TIPABUJIO, TE TCOMETPHUICCKUE (POPMBI, UTO TIPE/TIO-
JIaraloT OOJBINYIO XKECTKOCTh B TIOIIEPECYHOM HAIIPABICHUU, TIPOSBISIOT H OOJBIIVIO
KECTKOCTbh, CBSI3aHHYIO C YIJIOBEIMU KOJIeOaHUsIMHA. EcTd BUOpOHN30IITOP TaKOM (POPMBI
COCTMHEH ¢ TOHKOCTEHHOM KOHCTPYKIIMEH B IIEISX U30JISIMU €€ OT BRICOKOYACTOTHBIX
KOJIcOaHUI, BIHUSTHUE YVIJIOBBIX COCTABISIOIIMX MATPUIILI IIEPEXOTHOM KECTKOCTH MOXKET
PucyHoxk C.1 — Bo306yxne-  OBITE OYEHE BAXHBIM. B TakMx Ciy4dasix paCCMOTPEHHOE BBIIIE VIIPOILICHUE, KOIMAa B
HAE€ B TOYKE HAa BEpIIMHE  pacdeT MPHHAMAIOT TOJEKO OJUH, IBA I TPH BJICMEHTA, COOTBETCTBYIOIIMX TTOCTYIIA-
JIByTaBPOBOM OaJIKW CUJIOM TCIPHOMY IBIKCHHIO, MOXET TIPUBECTH K 3HAYMTECIILHBEIM OIIMMOKAM IIPU aHATHM3E

F'm MmomentoM M nepeaaBacMoil BUOPAITIH.
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TMTPUIOXKXEHUWE D
(cIIpaBOYHOE)

JInHelHOCTh BHOPOH30AATOPOB

B o0leM ciayyae TUHAMHYECKHE CBOMCTBA BHOPOHM3OJITOPOB 3aBUCAT OT 3HAUCHUS ITOCTOSIHHOM HArpy3KH,
AMIUIUTY/IBl BHOpAIUA, YACTOTHI M TEMIICPATYPHI.

IlpenamnonoxeHue JAHEUHOCTH O3HAYACT, YTO BBITOJHEH IIPHUHITATI CYIIEPITIO3UITMA U TUHAMHUYECKAs XXEeCTKOCTD
Ha 3aJJaHHOM 4aCcTOTE HE 3aBHCHUT OT aMILTATYALL. 11 MHOIMX BHOPOM30ISITOPOB, UMEIOIIMX HAYAIBHOE CTATHIECKOE
HarpyXKeHHE, TAKOE TIPEAIIOJOXKEHUEC MOXKHO CYUTATh BHIIIOJTHECHHBIM B HEKOTOPOM IIPHOMKECHUU TIPU YCIOBUU, YTO
AMILUTATYAbLI AMHAMWAYECKOHM AedopMaIii MajIbl IO CpaBHEHHIO ¢ AepopMaltiei TIoA AeMCTBUEM ITOCTOSTHHOM HATPY3KH.
OnHako HEOOXOMUMO OTMETUTD, YTO MHOTO€ 3aBUCUT OT MaTepHajia, i3 KOTOPOTO U3rOTOBICH BUOPOU30JISTOD, ITO3TOMY
BCEI/Ia CJCAYET BBHITIOJIHSTD IIPOCTYIO MPOIEAYPY KOHTPOJIS JUHEMHOCTH, CPABHUBAs 3HAYCHUS TUHAMMHYECKOMN KECT-
KOCTH, TIOJIydEHHBIC 11 pPa3HBIX aMIUIMTYA, BO30VXKACHUS B IIpeAecaax 3aJaHHOrO Auamna3oHa. EciM 3HadeHue
XapaKTEPUCTUKU C U3MECHEHUEM YPOBHSI BHOpAIIMHM OCTACTCH ITOCTOSSHHBIM, MOXHO CUYMTATh VCJIOBHUE JIMHCHMHOCTHU
BBITIOJTHEHHBIM.

B paGote [6] mpencTaBiIeHbl JaHHbBIE 3aBUCUMOCTHU AEHCTBUTEILHOM COCTABISIONIEH U (pa30BOro yria KOMILIEKC-
HOTO MOJVJISL CABHTA IS OYTHIIKAYYYKA OT aMIUIMTYABLI OTHOCHTEIBHOTO CABUTAa M IIPOIICHTHOIO COJACPXKAHUS B
MaTepuaie yriaepona. V3 Hee ciiefyeT, 9To Jyis aMIuTATY MeHee 10> neiicTBUTEIbHAS COCTABISIONasi U (pa3oBbIif yTom
c1a60 3aBUCST OT aMIUIMTYABI cABHMTA. ECIM Xe 3HaYeHWe aMIUIMTYABl CABMTA TpesblmaeT 2x10—>, HabmomaeTcs

CYILECTBCHHOEC YMEHBIIICHAC TUHAMUYCCKOM KECTKOCTH, OCOOCHHO KOIMAa MPOIICHTHOE COACPKAHHUE VITIEPO/ia BEIUKO.

TakuM 00pa3oM, BaXHO IPUHUMAThP BO BHUMAHUE YPOBECHb aMILUTATYA AcpopMaliu, MMEIOIIMX MECTO Ha
IMIPAKTUKE, U B 3aBUCUMOCTH OT STOr0 peliaTh, MOXHO JIM IIPHU3HATDL YCIOBUS UCTTBITAHUN PE3UHOBBIX BUOPOU3OIATOPOB
COOTBETCTBYIOIIMMH TpeGOBAHMSM HACTOSIIIIETO CTAHIAPTA WIH HeT. [T aMImuTy A cisura MeHee 103 mpesmosoxeHue
JTUHCHMHOCTU (a 3HAYMT, B YACTHOCTH, M HE3aBUCAMOCTH OT aAMIUTATY/LI, M BBHITIOTHCHUS TIPUHITATIA B3aUMHOCTH)
IIPEJICTARISIETCS BIIOJTHE OOOCHOBAHHBIM.

BUOpPOHU30IATOPEl THAPABIUYCCKOIO THUIA, KOTOPBIE BCE 4Yallle MCIOJIL3VIOT, HAlpUMEP B aBTOMOOUILHOM
TMIPOMBIIIIJICHHOCTH, TAKKE MOTYT TIPOSBIATE HEIHHEUHBIC CBOMCTBA, TaK KAaK HUX XECTKOCTh CUJIBLHO 3aBHCHUT OT
aMITIUTY/IBI BUOpaIimu. BBAAY ABOMCTBEHHOrO Ha3HAYCHUS TAKMX BHOPOHU3OJISTOPOB: AeMII(pMPOBAHUEC HU3KOYACTOT-
HOM BHOpaIlvH, TIepeaaBacMoil Ha ABUTATCIh OT HEPOBHOCTECH MOPOTH, W OCIA0JICHHE BBHICOKOYACTOTHOM BHOpAIINH,
TICPEAAIOIIECHCH OT NBUTATEIIS IO MEXaAaHUUYECKOU KOHCTPYKITMHM M U3IYYAIOIICHCS B BUJIE IIIYMA B OKPYXKAIOIILYIO CPENY,
— MCIILITAHUSA ¢ IEPEMEHHOM aMIIUTYAOM BO30YXKICHUS MO/KHBI OBITE IIPOBEACHEI BO BCEM TUATIA30HE YaCTOT PAaOOTEI
BHOponsoasaTopa [7], [8].

HHorna OwIBacT 3apaHee U3BECTHO, UTO YCIOBUE JIMHCMHOCTU HE BBIMOJHSCTCS. HO M B TaKMUX ClIydasix MOXET
OKAa3aThCsl 1[€J€CO00pa3HBIM MUCIOJIL30BAHUE MHOIMX TIPOIIEAYD, OIMMCAHHBLIX B HACTOsIIEM cTraHaapre. Llpu sToM
HEOOX0IMMO CHOPMYIUPOBATH CIICITUAIBLHBIC TPEOOBAHUS K UCIILITAHUSM B OTHOIIEHUU TIPEABAPUTECIIBHOIO HArpyXke-
HUS$, aMIUTATY/IBI BO30OVXK/ICHUS M U3MEPSIEMBIX BEJIAYUH.
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