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Mpeancnoeue

1 PASPABOTAH OO6uiecTBOM C OrpaHM4YeHHOW OTBETCTBEHHOCTbH «HayuyHOo-uccrnepoBaTenbCKUi
MHeTUTYT «ACOHUKA» (OO0 «HUU «ACOHUNKA») n ®enepansHbIM rocy4apcTBEHHBIM BHOOKETHBIM YUpex-
deHneM «POCCUCKMIA MHCTUTYT cTandaptusaunns (PrbY «MHcTUTyT cTaHgaptusaumm»)

2 BHECEH TexHW4ecKMM KOMUTETOM no cTaHgaptuM3aumm TK 165 «CucTeMbl aBTOMaTU3MPOBAHHOIO
NPOEKTUPOBAHUS 3MEKTPOHNKU»

3 YTBEPX/EH W BBEJEH B JEWCTBWE MMpukazom ®enepanbHOro areHTCTBA MO TEXHUYECKOMY
perysiMpoBaHnio U MeTponorin ot 28 Hoabpsa 2024 . Ne 1788-cT

4 BBE[OEH BIMEPBbIE

lNpasuna npumeHeHUss HacmosAweao cmaHdapma ycmaHoeneHbl 8 cmambse 26 @edepanbHO20 3aKoHa
om 29 uroHsa 2015 a. Ne 162-03 «0O cmandapmu3sauyuu e Pocculickoll ®@edepayuu». VMHgopmayusa ob us3-
MeHeHUaX K HacmosuweMy cmaHdapmy nybrukyemcs 8 exez00HOM (0 COCMOSAHUK Ha 1 AHeaps meKyuieao
200a) uHghopMayUOHHOM ykazamene «HayuoHansHsle cmandapmeiy, a oguyuanbHbil mekcm uamMeHeHul
U ONPasoKk — 8 EXEeMEeCHAYHOM UHGOPMaUUOHHOM ykazamene «HayuoHanbHele cmaHdapmel». B cnyyae
rnepecMmompa (3aMeHbl) unu omMeHbl Hacmosueao cmaH@apma coomeemcmayouwee ygedomneHue bydem
onybnukosaHo 8 bnuxaluwieMm 8bInycKe eXeMecgyHo20 UHPOPMayUoHHO20 ykaszamesns «HayuoHanbHble
cmaHOapmbi». Coomeemcemayoujasa UHGopmayus, yeedoMeHUe U MeKcmbl pa3Mewalomcs makxe 8 UH-
hopmayUoHHOU cucmeme obuje20 noib3o8aHus — Ha oguluansHoM catime @edepanbHo20 azeHmemea no
MexHUYEeCcKOMYy peaynuposaHuro U Memponoauu 8 cemu MHmepHem (www.rst.gov.ru)

© OdpopmneHue. ®IBY «UMHcTUTYT cTaHgapTuzayumny», 2024

HacToawwmin ctaHgapT He MOXeT ObITb MOMHOCTLIO UMK YACTUYHO BOCMPOU3BEOEH, TUPaXXMNPOBAH U pac-
NMPpOCTpaHeH B Ka4vecTBe OCbMLI,I/‘IElJ'IbHOFO n3naHua bes pa3pelieHunsa G)e,qepaanoro dreHTCcTBa no TeXxHNn4ecko-
MYy perynmpoBaHvMi 1 METPOJIOTUA
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BeegeHue

MpuvunHon paspaboTkyu cTaHfapTa ABNseTcs HeobXoAMMOCTb MOLEMWPOBAHUSA 3MEKTPOHHOW KOMMO-
HeHTHoW 6a3sbl (JKB) 1 anekTpoHHOW annapaTypbl (3A) HA paHHWMX 3Tanax NPOEKTUPOBAHWUSA AN CHUXEHWA
3aTpat Ha pa3paboTky, NpoM3BOACTBO W 0BCNYKMBaHME 3a CHET NOBbIWEHWA KadecTea paszpaboTok. CtangapT
SIBNSIETCA PEKOMEHOYEMbIM METOANYECKMM U He 06a3bIBaeT K MPUMEHEHWI0 CUCTEMbI aBTOMAaTU3UPOBaHHOTO
npoektuposarHus (CAIP), NpMBOAMMOM B Ka4ecTBe MpuMMepa B HacToAWweM cTaHgapTe. [NpuMeHeHWe cTaH-
hapTta npu npoekTupoBaHun P3A Ha ocHose 3KE oteuecTBeHHoro npouseoactea (KB Ol1) BO3MOXHO TONLKO
ans KB, koTopasa cHabxeHa cTaHOAPTU30BaHHBIMUW ModenaMu ansa npumeHeHusa B CAlP.

CraHpapt pacnpocTtpaHnsaetcs Ha SKb n DA. Ero uenkto ABnaeTcAa npUMeHEHUE MaTEMATUYECKOTO MOJe-
JIMPOBaHWA WU BUPTYanbHbIX UCNbITaHuid 3KBb n A Ha MexaHM4eckue BO3OeincTBUA Ha paHHKX aTanax npoek-
TUPOBaHWS, CHWXEHME 3aTpaT Ha pa3paboTky, NPOU3BOACTBO U 0OCNY)KMBaHWE 33 CHYET MOBLILEHUS KavyecTBa
paspaboTokK.

MpyMeHeHWe MaTeMaTUYECKOTO MOAENUPOBaHNS U BUPTyanbHbIX ucnbiTaHnini OKB n 3A Ha mexaHude-
CKUe BO3OEeNCTBUA HA PaHHWUX 3Tanax NpoOeKTUPOBaHWUSA [0 U3rOTOBNEHWS OMbITHOrO obpasua no3sonuT n3be-
*aTb oTkazoB KB 1 3A nnm nx 3Ha4YMTENLHO COKPaTUTbL Ha 3Tane UCMbITaHUIA onbITHOro obpasua, cokpallas
TeM CaMbIM KONMWYEeCTBO WCMbLITAHWIA ONbITHOMO 0OpasLa, BO3MOXHble MTepaumyu no gopaboTke CXem W KOH-
CTPYKUMIA, 3aTpaTthbl Ha pa3pabotky QKB u 3A npy ogHOBpEMEHHOM MOBbILUEHWM Ka4eCcTBa M HadeXHOCTH, B
TOM YUCIe B KPUTUHECKMX pexmmMax paboTel, genas Kb n 3A KOHKYpeHTOCNOCODHbIMKM Ha OTEYECTBEHHOM U
MexxgyHapogHom peiHke (TOCT P 70201 u [1]—I[4]).

Mcnonb3oBaHWe TONbLKO HATYpHbIX UchbiTaHuin SKB u 3A Ha BHeluHue Bo3gencTByowme dbaktopsl (BBD)
Be3 npUMeHeHWUs1 MOAENMPOBAHUSA ManouH(OPMaTUBHO U He3MEKTUBHO, TaK KAk Ha 3Tane NpoeKTUpPoBaHUA
He oTchnexuBaeTca DONMbLUMHCTBO BO3MOXHbIX 0TKa3oB OKB 1 3A; npu ucnbiTaHMAX He NPOBEpPSATCH KPUTU-
yeckne pexmMmbl (MO0 3TO TeXHWYeCKH HeBO3MOXHO, MMBO JOPOro u3-3a BO3MOXHBIX OTKa30B UCMbITYeMbIX
3KB n 3A); us-3a HegopaboTtok npoekTupoBaHus KB 1 BA, BCKPbITbIX MYTEM UCMbITAHUIA, BO3MOXHO MHOXE-
CTBO UTepauui: gopaboTka npoekTa — UCNbITaHWUSA ONbITHOrO obpasua — gopaboTka NpoekTa u Tak ganee,
UTO 3HAYUTENLHO YBEMMUYMBAET CPOKW M CTOMMOCTL pa3paboTku; Npu HATYPHBIX UCTILITAHWNAX NPAKTUYECKU He-
BO3MOXHO BOCMPOM3BECTU KOMMNMNEKCHbIE (OHOBPEMEHHO AENCTBYIOLLNE) BO30ENCTBUS; HEBO3MOXHO YCTaHO-
BWTb AaTYMKKM BO BCEX TOYKaxX KOHCTPYKuun IKB 1 DA 1 KOHTPONMpOBaTk MX NoBegeHne, BbibOp KOHTPOMbHbIX
TOYEK MPU UCNbITAHUAX CyObEeKTUBEH 1 ONMPaeTcs B OCHOBHOM Ha OMbIT U MHTYULMIO.

HacTosilymin ctaHdapT onpefensetr MeTodbl MareMaTtuyeckoro MOAenuMpoBaHUs 1 BUPTYanuaaunum uc-
NbITAHWA 3NEKTPOHHOW KOMMOHEHTHOW 6a3bl M SNEKTPOHHON annapaTtypbl HA MeXaHUYECKNE BO3AENCTBUS NpU
NPOEKTUPOBAHMMN.

v
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HAUMWOHANBbHBIA CTAHOAPT POCCUUCKON OEOEPALUMN

METOAbl MATEMATUYECKOIO MOOENUPOBAHUA U BUPTYANTU3ALMUU UCMBITAHUNA
3NEKTPOHHOW KOMMOHEHTHOW BA3bl U 3NIEKTPOHHOM ANMNAPATYPbI
HA MEXAHUYECKWUE BO3OEWUCTBUA NPU NPOEKTUPOBAHUHU

Methods of mathematical modeling and virtualization of testing of electronic component base
and electronic equipment for mechanical effects during design

Oarta eBegeHnsa — 2024—12—01

1 O6bnacTtb npumeHeHUA

1.1 HacToswwuin ctaHaapT NpeaHasHadeH ans npuMeHeHus npeanpuaTUaMn NpoMeILWNEeHHOCTH W opra-
HW3aLMAMK NPU UCNONB30BAHUKM LUPPOBBLIX ABOWHUKOB HA PaHHUX aTanax npoekTUpoBaHWs, M3roTOBNEHUSA 1
ncneitanmii KB n 3A, a Taioke Ha Bcex nocnegyloLwmx atanax xusHeHHoro uukna (KL) OKB n 3A.

1.2 Ha 3KBb n 3A okasbiBalT BNUSHWE MEXaHW4YecKWe BO3OENCTBUA — CUHycOMAanbHas (rapMOHU-
yeckas) Bubpauwnsa, cnyyanHas Bubpauusa, OOMHOYHBLIA MEXaHWYecKUi yaap, MHOFOKPAaTHbIA MeXaHW4YeCcKun
yAap, NMHeNHOoe YCKOpeHWUe, akyCTMYeCKUA WyM, cTaTUYeckne (T. . NOCTOSHHbIe BO BPEMEHW) HArpy3ku, KOTO-
pble B 06LLem criyyae MOryT ObiTb Bbl3BaHbl PA3HOCTHI0 A4aBMEHWS, CTAaTUYECKON MHEPLMOHHOW Harpy3koi nog
AeAcTBMeM coBCTBEHHOrO Beca (rpaBuTauven), pacnpegeneHvemM Temnepatyp (TennoBbiM pacluMpeHuem),
O[HOBpPEMEeHHbIM BO3AENCTBUEM BCEX BbILLENepeyncrieHHbIX (hakTopoB.

MexaHu4yeckne BO3OENCTBUA MOTYT NPUBOOWTL K HAPYLUEHWKO MPOYHOCTKM U ycTonuueocTn IKB u 3A.
HacTtoawmin cTtangapT onpegensieT MeTogbl, NO3BOMSKLWWE MOAENMPOBaTh M MPOBOAWMTL BUPTyanbHble MC-
neitadua KB 1 DA npu mexaHnyecknx BO3AENCTBUAX C Lenbi obecneveHns ux ycToOMYMBOCTM U MPOYHOCTM.

1.3 TpeboBaHuWA HacTOALLEro cTaHdapTa He pacnpocTPaHAKTCA Ha pacCcMOTpeHue Bocex npobnem npo-
eKTMpoBaHusa 1 obecneyeHns HagexXHOCTH U3LEeNuUi.

2 HopmaTuBHbI€ CCbINKK

B HacToslWeMm cTaHgapTe UCNONb30BaHbl HOPMATMBHLIE CChIMKW HA cNefyrolue cTaH4apThl:

FOCT 4.403 Cwucrema nokasartenen kadectea npogykunn. MawnHel n npubopbl Ans onpegeneHus mMe-
XaHU4YecKux CBOMCTB MaTtepuanoB. HoMeHknaTypa nokasaTtenei

MOCT 23.205 ObecnevyeHWe M3HOCOCTONMKOCTW M3OENUA. YCKOPEHHbIE PECYPCHBIE UCTMBITAHUS C MEPUO-
OW4ecknm hopCcUpoBaHUEM pexnma

FOCT 25.504 PacuyeTbl 1 ucnblTaHWs Ha NpoYHOCTb. MeToabl pacyeTa XxapakTepUcTUK CONPOTUBMEHNS
yCTanocTu

FOCT 25.507 Pac4yeTbl U UCMbITAHWS HA NPOYHOCTEL B MalUMHOCTpOeHUU. MeTodbl McnbiTaHus Ha ycTa-
NOCTbL NPW 3KCMNyaTalMOHHbIX pexXumMax HarpyxeHusa. Obume TpeboBaHus

FOCT 16962 Uzpenusa aneKTPOHHOW TEXHUKK U ANEeKTPOTeXHUKN. MexaHudyeckne U KNnMMaTuyeckne BO3-
Jencteua. TpeboBaHWSA M MeTOAbl UCMbITaHWIA

MOCT 17516 WN3penua anekTpoTexHWYeckne. YCnoBuma 3KcnnyaTauny B 4acTy BO3AENCTBUS MexaHnye-
CKMX (paKTOpOB BHELUHEW cpeabl

FOCT 17516.1 Uzpenua snektpoTexHudeckmne. ObLne TpeboBaHMA B 4acTW CTOMKOCTU K MexaHude-
CKMM BHELUHUM BO3[ENCTBYIOLWUM haKkTopam

FOCT 21964 BHelwHwWe Bo3aelcTBYOWMe hakTopsl. HOMeHKNaTypa 1 xapakTepucTukn

FOCT 27609 Pac4yeTbl M UCMNBITAHWSA HA MPOYHOCTE B MALUMHOCTPOEHUU. OCHOBHLIE MOMOXEHUSA U Tpe-
©oBaHMA K NPOBEOEHNUID U HOPMATKUBHO-TEXHWYECKOMY obecrnedeHunto

FOCT 30630.0.0 MeTogb! UCMbITAHWIA HA CTOMKOCTb K BHELUHWM BO34EWCTBYHOWNMM hakTopaMm MallvH,
nprmbopoB W gpyrix TexHuydecknx ngenunin. Obwme TpebosaHus

MapaHune ochbuumnansHoe
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MOCT 30630.1.5 MeToabl MCMNbITAHWIA HA CTOMKOCTb K MEXaHWYEeCKUM BHELLHWM BO3AENCTBYIOWNM hak-
TOpam MalliunH, NpUBopoB U APYrUX TEXHUYECKUX M3aenuin. MicnbiTaHna Ha BO3AEACTBME aKyCTUYeCKoro LWyma
(BMBpauus, akycTUYecKasi COCTaBnNsLLas)

rOCT 30630.1.9 MeToabl UCNBITAHUA HA CTOWMKOCTb K MEXaHWYeCKUM BHELLHWUM BO3AENCTBYIOWNM hak-
TOpam MalluuH, NpuBopoB U ApPYrnx TeXHUYecknx nagenuin. OcobeHHocTH LM POBOro ynpaBneHUs UCMbITaHK-
AMMW Ha BO34EWNCTBME LWMPOKOMOMNOCHOM cnyYaiHown Bubpauum

rOCT 30630.1.10 MeTofbl WCMBITAHWMIA Ha CTOMKOCTb K MEXaHW4YeCKMM BHELUHWM BO3AEWCTBYHOLLNM
chakTopam malluH, NpubopoB M APYIMX TEXHWYECKUX U3aenuii. Yaapsl no obonoyke nagenus

FOCT 30631 O6wwue TpeboBaHMA K MallMHaM, Npubopam U ApYrUM TeXHWYECKUMM M3OenusiM B 4acTu
CTOMKOCTU K MEXaHUYECKUM BHELUHUM BO3JeNCTBYOWMM hakTopam Npy aKkcnnyataumnm

FOCT P 51805 MeToabl UCNbITAHUMIA HA CTOMKOCTL K MEXaHWYECKUM BHELUHUM BO30EeNCTBYHOW MM haKTo-
pam mMallKH, NpubopoB M APYrMX TEXHUYECKMX n3genuin. McnbiTaHua Ha BO3gencTBmne NMHEeNHOro YCKOPEeHUs

FOCT P 57188 YucneHHoe mogenupoBaHMe U3n4eckux NpoLeccoB. TepMUHbI U onpeaeneHus

MOCT P 70201 Cuctembl aBTOMaTU3MPOBAHHOTO MPOEKTUPOBAHWA 3MNEKTPOHMKW. OnTuMansHoe code-
TaHWe HaTYPHbIX U BUPTYarbHbIX UCMBITAHUIA 3MEKTPOHUKN HA HAAEXHOCTb U BHELHWe Bo3geNCcTByOLWMe dhak-
Topbl. TpeboBaHMA 1 NOPSAAOK NPOBEAEHMWS MPK BbINOMHEHUN TeXHMYecKoro 3agaHus Ha HUOKP

MpumeyaHue —lNpyNonb30BaHUM HACTOALLUMM CTaHAAPTOM LienecoobpasHo NpoBepuTL AeACTBUE CCbINMOYHbLIX
CTaHAapTOB B MHAOPMALIMOHHOW cucTeme oBLLero nonb3oBaHus — Ha oduumnansHoM canTe PegepanbHOro areHTcTBa No
TEXHUYECKOMY PETYNUPOBAHWUIO U METPOMOrMK B CETU MIHTEPHET MK No exXerof4HoMy MHhopMaLMoHHOMY ykasaTenio «Ha-
LUMoHanbHbIE CTaHOAPThI», KOTOPbIA OMyGrnUMKoBaH No coCcToAHUI0 Ha 1 AHBapA TEKYLUEro roaa, U no BbiNyckam exemMecsay-
HOro MHHOPMAaLMOHHOTO ykasaTtens «HauunoHansHble cTaHAapTbI» 3a TEKYLWMIA roa. Ecnv 3ameHeH CCbINoYHbLIA CTaHaapT,
Ha KOTOpLIA JaHa HeJaTMpPOBaHHAA CCbIfka, TO PEKOMEHOYETCA MCNONb30BaTh ASWCTBYIOLLYHO BEPCUID 3TOr0 CTaHdapTa
C Y4ETOM BCEX BHECEHHbIX B OaHHYK BEPCUI0 M3MEHEHMWA. ECn 3aMeHEH CCbINOYHBIA CTaHAAPT, HAa KOTOPbLIA JaHa AaTu-
pOBaHHaA CChIMKa, TO PEKOMEHAYETCA UCNONba0BaTh BEPCUIO 3TOMO CTAHAAPTA € YKa3aHHbLIM BhILLE roAoM YTBEPMAEHUS
(npuHATUS). Ecnmn nocne yTBepXAEHUA HACTOALLEro CTaHAapTa B CChINOYHLIA CTAaH4APT, HA KOTOPLIA AaHa AaTMpoBaHHas
CCbINKa, BHECEHO M3MEHEHWE, 3aTpar1BaroLLEe NONOXKEHWE, HA KOTOPOE AaHa CChifKa, TO 3TO NONOXKEHWE PEKOMEHAYETCH
NpuUMeHATL 6e3 yyeTa AaHHOro 3aMeHeHus. Ecnu cebinoyHbli cTaHaapT oTMeHeH 6e3 3aMeHsbl, TO NMONoXeHUe, B KOTOPOM
[JaHa cCbinKa Ha Hero, peKoMeHAyeTCs NMPUMEHATb B YaCTU, He 3aTparMBaloLLei STy CCbInKy.

3 TepMuHBbI, oripeaeneHUa U COKpaLleHus

3.1 TepMUHBbI U onpegeneHUn

B HacTofweM cTaHgapTe npuMeHeHbl TepMuHbl no FTOCT 21964, a Takke cnegyoLlme TEPMUHbBI C COOT-
BETCTBYIOLLMMW ONpeneneHusaMu:

3.1.1 Bubpayua: [IpmxeHne TOYKM UMK MEXaHWYECKOW CUCTEMbI, MPY KOTOPOM NPOMCXoaaT konebaHus
XapaKTepU3YLLMX ero CKansapHbIX BEMUYUH.

3.1.2 cuHycoupgansHasa (rapMmoHuYeckas) Bubpauua: KonebaHusa, Npu KOTOPLIX 3HAYeHWsA Konebnio-
Lecsa BENUYKMHBI (XapakTepuayollen BUBpaLMi0) USMEHSOTCA BO BDEMEHW MO 3aKOHY:

z(f) = A sin (ot + @),

raet  — Bpewms;
A, ®, © — NocTosiHHble napameTpbl (A — amnnuTyaa; ot + ¢ — dasza; ¢ — HavanbHas dasa; o — yrnosas
yacToTa).

3.1.3 cnyyaiHas Bubpauun: KonebaHus, npegcraensaowme coboin cnyvanHblin konebarenbHbl Npo-
Liecc, Npy KOTOPOM KomnebnioLmreca TOYKA MOryT COBEPLUATE HEPErynspHbIe M HENOBTOPSAOLLKMECS LIMKNMbI ABU-
YEHWS B NPOCTPaHCTBe.

3.1.4 ypap: [iBmxeHwe, Npy KOTOPOM MMeEeT MeCTO B3aMMOAeNCTBMUE OBWKYLUMXCA TeN, CONPOBOXAat-
Leecs YaCTUYHbLIM UMK MOMHLIM NepexooM KMHETUYECKOW SHEPrUM COYOapSALWMNXCH Ten B NoTeHUUansHyw0
3Hepru ynpyron gedopmMaun 1 B Tak HA3blBAEMYH BHYTDPEHHIOK 3HEPruio Ten, yBernM4YeHUe KOTOpow npu-
BOLMWT K Harpesy.

I pupmedHaHne — MexaHuyeckunn yoap MOXeT BbITh OAWHOYHOIo U MHOMOKpPaTHOro ,EI,EI:’ICTBVIFI.
3.1.5 NUHeWnHbIe YCKOpeHWnnA: yCKOpE.'HVIﬂ, BO3HUKawLWmne npuv OBMXXEHWUW Ha3eMHbIX TPaHCMOPTHbIX

CpeacTB B NeTaTelbHbIX annapartax, BO BpallalWKWXcHa geTanax MexaHM3MOB, B pakeTax 1M CHapAagax — BO
BCeX OBMXYLINXCA obbekTax.

2

Pa3zpaboTka anekTpoHHOWN Bepcun - nopTan GostExpert.ru 6/58
Crpanuua ookymeHTa - https://GostExpert.ru/gost/gost-71836-2024



https://gostexpert.ru?utm_source=pdf&utm_medium=69602
https://gostexpert.ru/gost/gost-71836-2024?utm_source=pdf&utm_medium=69602&utm_term=page

rOCT P 71836—2024

MpuMmeyaHue — JIMHENHbIE YCKOPEHWSI MOTYT BO3HUKATL NPU NPAMONMHERHOM, KPMBOMUHEWHOM 1 BpaLlaTenb-
HOM [BVKEHMSX.

3.1.6 aKyCTId‘-IECI{Mﬁ Wwym: EECI'IODH,EI,O‘-IHI:IE MexaHn4eckue KOJ'leGaHVIFl, amMninTyabl N Cba3b| KOTOPbIX
M3MEHAKTCA BO BpEMEHMN.

MpumeuvaHune — 3T konebaHns pacnpocTpaHAKTCA B razoobpasHo, XUOKOW 1 TBEPOOW cpeaax.
3.2 CokpaweHun

B HacTosawem CTaHOapTe NpUuMeHeHbl cnejgyrouine CoKpaweHna:

BB® — BHelwHWe BO3OEWCTBYIOLWME DAKTOPDI;

KMIM  — koadhdmumMeHT MeXaHUYEeCKUX NOTeph;

M3BM — nepcoHanbHas anekTpoHHAasa BbIYUCIUTENbHAA MaLLMHA;
CNY — cnekTpanbHas nioTHOCTb YCKOPEHUS;

T3 — TexHu4eckoe 3afaHue;

TY — TEeXHW4ecKoe ycrnoBue;

A — 3MeKTpOoHHasa annaparypa;

OBM — anekTpoHHas BblYUCIUTENbHAA MaLLWMHA;

OKBE  — anekTpoHHas KOMNOHeHTHas 6asa.

4 OOwmne nonoxeHus

4.1 Lenblo HacToALWero ctaHgapTa SBNAETCA oKaszaHue MeToAWYeckod MoMOLLKW NpeanpusaTUaM npo-
MbILLMEHHOCTU U OpraHM3aunsiM B NMpMMeHeHUM MOLENWpPOBaHUS U BMpTyanusauuu ucneitaHnin KB n 3A
Ha MexaHW4eckue BO3OeNCTBUSA Ha paHHUX 3Tanax NpoekTUpPOBaHWMS 0O WM3rOTOBMEHWSs OMbITHOro obpasua
(TOCT 30630.0.0, MOCT 17516.1, TOCT 17516, TOCT 30631, OCT 16962, TOCT 4.403, TOCT 23.205,
FOCT 27609).

[na gocTukeHWa MOCTaBMeHHOW Uenu B cTaHdapTe pelleHbl cnegywwme 3agadm (TOCT P 70201 nm
[1]1—[4]):

pa3paboTaHbl MeTOAbl, MO3BONAKLIME MOAENUPOBaTh WU MPOBOAUTE BUpPTyanbHble ucnbitaHusa 3KB un
OA npu MexaHW4ecKUx BO3OeNCTBUAX C Lenbio obecnevyeHns ux ycrtolnumeocT v npodHoctn (FOCT P 57188);

npeanoxeHo nporpaMmHoe obecnedyeHne Ana MaTeMaTU4eckoro MoAenMpoBaHus U BUpTyanusaumm nc-
nbiTaHnin KB 1 3A Ha MexaHM4eckMe BO3AENCTBUA NPU NPOEKTUPOBaHWK Ha OCHOBE npuMeHeHuna N3BM;

YCTaHOBIMEH MOPAAOK NPUMEHEHWS OaHHbIX METOLOB W MpOorpammMHOro obecnedeHrs Ha cTagwsx npo-
€KTUPOBAHWS 1 U3TOTORMEHWS, a TAKKE YOOCTOBEPEHNS 3aKa34yMKa B TOM, YTO Ha CTAAMAX KOHCTPYUPOBAHUS 1
NPOW3BOACTBA BbIMOMHEHLI OLIEHKN BO3MOXHbBIX BAPUAHTOB KOHCTPYKTUBHOTO ucrnornHeHusa KB n 3A ¢ Toukn
3pEHWA OOCTUXEHWUS 3afaHHbIX T3 3KCNNyaTauWoHHbIX XapakTepUCTUK.

4.2 OpraHusauus paboT no NpUMeHeHU0 MeTOA0B MaTeMaTU4YeCKOro MoaennpoBaHus
W BUpTyanuzauuu ucnbitaHuii KB n A Ha mexaHWvecKMe BO3OeNCTBUA NPU NPOeKTUPOBaHUN

4.2.1 MeTtonbl MateMaTU4eCKOro MOLENUMPOBaHUS M BUpTyanusauuu ucnoitaHnini IKb u OA Ha mexa-
HUYECKWE BO3LENCTBUA NpedHa3HaveHbl ANA UCMNoNb30BaHMA NoapasgeneHuaMn npeanpuaTii, Ha KoTopble
BO3IOXeHbl COOTBETCTBYOLLME 3aa4u.

4.2.2 OueHka ctoikocTu KB 1 DA K MexaHU4ecknm BO3OENCTBUMAM MOXKeT ObiTb Mpou3BeaeHa Ha 0c-
HOBEe METO40B MaTeMaTU4ecKoro MOgenMpoBaHms 1 BUpTyanuaauum ncneitaduin KB n 3A Ha MexaHndeckne
BO3AENCTBUS C Ucnonb3oBaHuem NIBM 1 cneumnanuMaMpoBaHHOIO NporpaMmHoro obecnevyeHus.

4.3 3amena ucnbitaHuin Kb 1 A KOMNBHTEPHBLIM MOLENUPOBAHUEM HA BHELLHWE MEXaHUYEeCKue BO3-
OENCTBMUA elle 00 W3roTOBMNEHUN ABMAETCA 3HAYUTENbHOW 3KOHOMWEN OEeHEeXHbIX CPEedCTB U COKpalleHWem
cpokoB co3gaHua Kb 1 3A npu oAHOBPEMEHHOM MOBbLILLEHWW Ka4yecTBa U HaJeXHOCTU 3a CYET CoKpalLleHus
Konu4yecTsa UchbITaHWNA.

4.4 CTaHgapT ycTaHaBnuBaeT MPUHLMUMbI NPUMEHEHNSA MaTeMaTM4ecKoro MOAeNMpOoBaHna W3genvii B
npoLecce Ux NPOEKTUPOBAHUSA C LENb aHanv3a nu onTUMUM3auuy NpUHUMaeMbIX KOHCTPYKTUBHO-TEXHOMNOMM-
YECKUX peLleHuid, a TakKe C Lienbld CBOEBPEMEHHOMO BbISIBIIEHUSA BO3MOXHbLIX HECOOTBETCTBMI paspabaTbl-
Baemoro obpasua uagenusa tpeboBaHnam T3. BknwvyeHHble B HACTOALWMIA CTaH4APT NPUHLMWMbLI MPUMEHEHNS
mMaTeMaTU4eckoro MO4enupoBaHus (U peanuayrolne X CUCTEMbl aBTOMaTU3MPOBAHHOMO MPOEKTUPOBaHNS)
M3NOXEeHbl MPUMEHUTENBHO K pelleHnto 3agadyn obecnedeHnsa ctonkocTn KB 1 3A K BO3AENCTBUK MexaHKn-
YeCcKUX hakTopoB.
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4.5 PexoMeHOaUUn 1 METOObl, NPUBEAEHHbIE B HACTOALWEM CTaHAapTe, AOMKHblI MCMNONb30BaTLCA chne-
unanuctamum paspabotumkamu 3KB 1 3A B npouecce NpoekTUpPOBaHUA C Lenbio BbiGopa u npensapuTensHON
oLeHKN 3hheKTMBHOCTM KOHCTPYKTOPCKUX pelleHnid B YacTu obecneveHns TpeboBaHWA CTOMKOCTU K BO34e -
CTBUIO MeXaHN4ecknx hakTopoB, a TakKe ¢ Lenbio oNnTUMU3aLUnmM NporpamMm UCNbITAHUA OMNbITHBLIX U CEPUAHBIX
obpasuoe Kb n 3A.

5 Metoa maTeMaTU4YeCKOro MOAeNMpPOBaHUA U BUPTYanu3auum UCNbITaHUN
3KB n 3A Ha oTCyTCTBUE PE30HAHCHbLIX YAacTOT B 3aA4aHHOM guanasoHe

5.1 Uenb ucnbiTaHUi

KoHeuHOM Lenblo UCMbITaHWA ABMNSETCS UCKIHYEHWEe Pe30HAHCHLIX 4acToT B 3adaHHOM guanasoHe ¢
NPMMEHEHMEM MOAENVUPOBaHMA MexaHMYeckux npoueccoe B IKb u 3A.

WcnbiTaHusa Ha obHapyKeHWe pe3oHaHCHbLIX YacToT NPOBOAAT:

- Ana onpeaeneHna cooTBeTcTBMa TpeboeaHuam MOCT 16962, cornacHo kotopbiM 3KB 1 3A 6e3 Bu-
BpoV30NATOPOB KM UX OTAENbLHbLIE Y3kl U AeTanu ¢ pa3nuyHoi cteneHsbto kectkocTu (I, 11, [1l) He gomKHBI MMeTb
PE30HAaHCHbIX YacTOT COOTBETCTBEHHO B Crnefylowmx guanasoHax: go 25, go 40, go 100 u;

- onpefeneHus OTCYTCTBUSA UMK HAaNUYKMs Pe30HAaHCHLIX YacToT B DA, yCTAaHOBMNEHHOW Ha Bubpousons-
TOopax, B AManasoHe o 25 Ny;

- onpefeneHus BO3IMOXHOCTU NpOBeAeHUA YCKOPEHHbIX UCTBITaHWA Ha BUOpONpoYHOCTE U BeiIbopa Me-
TOOA 3TUX UCMbITAHWUNA;

- MONy4YeHWs CBEAEHWW O PE30HaHCHbIX YacToTax Npyu HeoBXOOMMOCTM BKINHOYEHUA 3TUX CBEAEHWUI B O0-
KYMEHTbI MO NPUMEHEHUI0 UINN B CNPABOYHUKN.

McnbiTaHusa Ha obHapyXeHWe pe3oHaHCHbIX YacTOT NPOBOAAT C Uenbi npoBepkn cnocobHoctn 3KB u
3A BbINOMHATL CBOU (PYHKLMKW M COXPaHATL CBOM NapaMeTpkl B Mpedenax 3Ha4YeHui, yKasaHHbIX B cTaH4apTax
W NnaHax ucnbiTaHui, B Tpebyemom gnanasoHe 4acToT C COOTBETCTBYHOLLMMM Neperpy3kamu.

5.2 O6wWwMe nonoxeHus

5.2.1 Pe3zoHaHcHeIMK yacToTamu KB 1 SA cunTalTcs 4acToThl, MPU KOTOPBIX aMNNUTYAHOE 3HAYeHMEe
BuOponepemMeLleHns unu BubpoyckopeHusa kakux-nnbo Tovek KB n 3A npeBbiwaeT B gBa wnu Gonee pas
aMnnuTygHoe 3HayeHue BubponepemelleHnsa unu BubpoyckopeHus Todek kpenneHua Kb n 3A k ctony Bu-
Bbpatopa.

5.2.2 OtaenbHble AKB 1 3A, anemeHTbl U cbopodHble eanHnlbl AKB 1 3A nogBepraTca UCNbITAHUIO
Ha obHapyXeHWe pe3oHaHca B Tpex B3auUMHO NepneHauKynapHbIX HanpasrneHusx B TpebyeMoM 4acTOTHOM
OuanasoHe 1 Npu AByKpaTHOW neperpyske.

5.2.3 TMpw onpeaeneHun pesoHaHcHbIX YacToT 3KE 1 OA noasepraioTcs BO3OenCTBUIO rapMOHUYECKON
BMOpaUMK NpyU NOHUXKEHHBLIX YCKOPEHUAX, He MpeBblwawlnx 2 g, B gnanasoHe 4actot 10 ... 150 Iy. Pezo-
HaHCHbIE 4aCTOThl PETMCTPUPYIOTCH M COCTABMNSAETCA UX CNEKTP.

5.2.4 MeTog ncnbiTaHUi

lMoWCcK pe3oHaHCHBIX YacToT NPOBOAAT MYTEM MMABHOTO M3MEHEHWA YacTOThbl NPU NOAAEPKaHWUM MOCTO-
AIHHOrO yckopeHusl. CKOpOCTb M3MEHEHUS YacToThl MPU 3TOM [0MKHA ObITb Takon, YTobbl obecneynTs BO3-
MOXHOCTE 0DHapYKeHUs N perncTpauumn pe3oHaHCcoB, Ho He Boree YeM OKTaBa B MUHYTY (OKTABOWM CUMTaETCH
OuanazoH 4acToT, Y KOTOPOro OTHOLUEHWE BhICLLEN YacToThl K HU3LWEH paBHO ABYM).

5.3 OueHuBaeMble XapakTepUCTUKN N pacyeTHble COOTHOLUEHNA

5.3.1 OueHuBaeMbIMK XapakTepUCcTMKaMn ABMNSAITCH pe3oHaHcHble YacToThl KB u 3A.
5.3.2 [ns onpeneneHns pesoHaHcHbIX YacToT B KB 1 DA npoBogMTCsa KOHEYHO-3NIEMEHTHLIR aHanns.
CucTtema ypaBHeHWIA ABUKeHWA KOHCTpYKuuu OKB 1 DA BeIrmaguT cnegyowmM obpasom:

[MI{7} +[CKr} + [KKr} = {F},

roe {r} — BeKTOp y3NOBLIX NepeMeLLeHNiA;
[M], [C], [K] — maTpuubl Macc, BA3KOTO eMndnpoBaHNs M XeCTKOCTWU COOTBETCTBEHHO;
{F} — BEeKTOp BHELUHWNX BO3AENCTBUN.
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5.3.3 [Ansa onpepenenns pe3oHaHCHbIX YacToT B DA, yCTaHOBNEHHOW Ha BUBpousonsTopax, Cnonbay-
eTca cuctema guddepeHLnanbHbIX ypaBHEHWUA OBUXKEHWS HA OCHOBe ypaBHeHus Jlarpanxa. [Ina cuctemsl ©
LIeCTbH CTEMEHAMM CBODOALI MX 3aMUChIBAKOT B CNefywLlemM BUae:

d(8T/0q;)/dt - 0T [og; +f1fog; = Qt), i=12,....86,

rae q; — i-a 0bobweHHan koopanHara,
g, — i 06006 LEeHHAaa CKOPOCTh;
T — KMHEeTUYecKas 3Heprusi CUCTEMBI;
1 — noTeHUManbHasa 3Heprua CUCTEMBI;
Q{t) — obobuieHHas cuna, 4eNCTBYIOWAS MO HanpaBeHuio i-i1 0606LWeHHON KoopAWHATbI.

5.4 YcnoBus, peXxumbl, NOPAA0K, MeCTO NPoBeAeHUs, BUAbI U 3Tanbl UCNbLITAHUK

5.4.1 YcnoBua npoBefeHUsA UCNLITAaHUNA

5.4.1.1 Hanuyme poccuitickoro nporpaMMHoro obecrnedyeHus, npegHasHa4yeHHoro And MoAenMpoBaHus
OKB 1 3A Ha Bo3eiCcTBUE rapMOHUYECKO BUBpaLvKn, BHEAPEHHOIO Ha BeayLLMX npeanpuatusix Poccuincko
denepaunu.

5.4.1.2 Hanu4ue koppekTHoi 3D-mopenu 3KB n DA, oTBevatolen TpeboBaHnaM, KOTopble NPUBEaEHbI
B MpUNoXeHun A.

5.4.1.3 Hanuuue cnegywwnx nsnko-MexaHn4eckux napametpoe matepuanos Kb n DA:

- MNOTHOCTL;

- MOAynb YyNpyrocTu;

- KoapduumeHT lNyaccoHa;

- kKoadduumeHT mexaHndeckux noteps (KMI) ons nuHeiHoro yyacTtka 3asucumoct KMI oT Hanpsixe-
Hus narnba o, npu 6, = 0;

- KoadpuumeHT 3aBucumMocTt KMI oT HanpsikeHus.

3asucumocTs KMI ot HanpsixeHusa n3rnba o, Ha NMHeMHOM y4YacTke UMeeT BUf

Y= Yo% Ksou
rae yo — KM gng nuHenHoro y4acTtka npu B~ 0;
k., — koadduumreHT 3asucumoctit KMl oT HanpskeHus.

BaaumocBaA3b TEMMOBLIX U MeXaHU4YeCcKUx npoLeccoB B KOHCTpyKuuax SKB n 3A obycrioBneHa Bnus-
HMEeM TennoBbIX NPOLECCOB HAa MexaHW4eckne — TemnepaTypHbiIMU 3aBUCMMOCTAMU DU3NKO-MEXAHNYECKUX
napameTpoB — mogyns ynpyroctt E u KMIM y — ana matepuanor kKoHCTpykumii KB n 3A.

C pocTom TemnepaTtypbl MOOYyMb YNPYrocTu yMmeHbllaetcs, a KMI yeenuuusaeTca. 3aBucuMmocT £ vy

OT TeMneparypbl MOryT arnnpoKCUMMNpOBaTbCA NUHENHBIMUW MONIMHOMaMM. ypaBHEHME I'IDHMOIT‘I anAa 3aBUCHUMO-
CTKh MOOynA ynpyroctv OT TeMneparypbsl B 3TOM Clniy4ae UMeeT B1a

E=E20 - K (T -20),
roe T — Tekyllas Temnepartypa;
E20 — mogynb ynpyrocTtu npu T = 20 °C;
Kg — k03(h1UMEHT NPONOPLMOHANEHOCTH.
C m3meHeHnem TemnepaTypbl MEHSETCA Kak Yy B 3aBUCUMOCTY OT TeMmnepaTypbl, Tak U k. YpaBHeHus
NPAMbIX ANA 3aBUCUMOCTEN v, WU Kk OT TemnepaTtypbl UMEIOT BUA:
10 =18 + K, (T - 20), (1)
k= k20 + K, (T - 20), (2)
roe ygo — 3HaveHue yy npu T =20 °C;
kgo — 3Hauvenune k_npu T = 20 °C;
KY, K, — k03 dULMEHTLI MPOMOPLUOHANBHOCTH.
[aHHble napameTpbl MOTyT BbITh NONyYeHbl NyTeM naeHTudukauun. Metoanka nageHTudukaum ousu-
KO-MexaHu4ecknx napameTpoB matepuanos Kb n A npusegeHa B npunoxeHun b.
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5.4.1.4 Hanuuue crnegyolwmMx napameTpos BUBPOM30ONATOPOB:

- KO3 ULMEHT XKECTKOCTH NO ocu X;

- KO3(hULIMEHT XECTKOCTU NO OoCU Y;

- KO3(hULMEHT XKECTKOCTK Mo ocu Z;

- KMTI no ocu X ans nuHeiHoro yyactka 3aencumocty KMI ot HanpsbkeHust usrnba o, npu o, = 0;

- KMMM no ocn Y ana nuxenHoro yyacTka 3asmcumoctn KMIT ot HanpsxeHus nsrnba o, npn o, = 0;

- KMIT no ocn Z ans nuHenHoro yyacTka 3asucumoctv KMIT oT HanpskeHUs pacTsiKeHWA-CKaTUA op o
npun op_¢ = 0;

- koadbuumeHT 3aBucumocTtit KMIM no ocu X oT Hanps:keHus uarnba;

- koadbdpuuneHT 3asucumocTti KMIM no ocu Y oT HanpsxXeHWsa 1aruba;

- koadhdumumeHT 3aBucumocTt KMIT no ocu Z oT HanpsiKeHUs pacTsKeHUA-CxKaTUA.

[aHHble napameTpbl MOTYT ObITb NonyYeHsl NyTeM naeHTudukaumn. Metoguka naeHTudukaLum napa-
METPOB BMOpPOM30NATOPOB NpUBEeAEeHa B NpunoxeHun b.

5.4.2 PeXxuMbl UCNLITAHUNA

MapameTpbl rapMoHuYeckoi sBubpaummn:

- yckopeHue 1 g;

- gunana3soH YactoTt 10 ... 150 u.

5.4.3 MopAgok npoBeAeHUA UCTILITAHUNA

5.4.3.1 MNpoBogsaT naeHTUdUKaLmio dusnko-mexaHndecknx napameTpos matepuanos Kb n 3A, yka-
3aHHbIX B 5.4.1.3, B cniy4ae ux oTcyTcTBMA. [1pKM 3TOM MO pesyrnbTatamM HaTypHbIX WCMbITaHWIA onpenensoT
32BUCUMMOCTb YCKOPEHMWSA OT YacTOThl rapMOHMYECKO BUBpaLIMK B KOHTPOINBHON TOYKE, KOTOpas UCNonb3yeTcs
npu naeHtudukaumu. NpenesaputensHO paspabaTthiBaloT NporpaMmy UCMbITAHUA U M3roTaBNUBAKT MaKeTh
nnacTuH Ana ueneiTaHui. Mpumep ngeHTuduUKaLMm ¢ NOMOLLBI0 POCCUACKOTO NporpamMmmMHoro obecnedyeHus
npyvBegeH B npunoxeHun B.

5.4.3.2 MNpoBogsaT maeHTUMKaUMI napameTpoB BMOpPOM3ONATOPOB, ykasaHHbix B 5.4.1.4, B cny4ae
WX oTcyTcTBUA. [pn 3TOM MO peaynbTaTtaM HaTypHbIX UCMbLITAHWWA ONpeaensnT 3aBUCMMOCTb YCKOPEHUs OT
YacToTbl FAPMOHUYECKOW BUBpaLUN cUCTEMBI BUDPOM3ONALKMKM, KOTOPAas UCNONb3yeTcsl NpyU uaeHTUgUKaLuu.
lMpenBapuTensHO pa3pabaTthiBaT NporpamMMy UCMbITaHWA M NpuobpeTtanT 0bpasusl BMOPOU3oNATOPOB AN
menelTaHuin. Mpumep naeHTUdMKaUMKM C NOMOLWBLK POCCUIACKOrO MporpaMMHoro obecnedyeHus NnpuBeneH B
npunoxeHun I

5.4.3.3 VpeHTuduumpoBaHHblie napameTpbl MaTepuanos KB 1 3A 1 napameTpbl BUBPOU3ONATOPOB
3aHocAT B 6a3y AaHHbIX ANs UCMONB30BaHUA B NPOLECCEe MOAENUPOBaHNS.

5.4.3.4 TlpoBogAT NoAroTOBKY Mogenen:

- 3D-mopgenen B dhopmate STEP koHcTpykumi KB u 3A 6e3 Bubpowuzonstopor B CAD-cuctemax,
oTBevawLwWwmx TpeboBaHUAM, KOTOPbLIE NMPUBEAEHLI B MPUNOXEHUN A;

- 3D-Mopenei KOHCTPYKUMIA DA, YCTaHOBMEHHbIX Ha BUOPOM30MSaTOpax, B Cneunann3MpoBaHHbIX MHTEp-
thencax.

5.4.3.5 MNpoeogaTt umnopt Mogenei B popmate IGES unun STEP KOHCTpYKUMIA B cUCTEME MOOENUpoBa-
Hua SKB 1 DA Ha MexaHudeckue BO3OeNCTBUA.

5.4.3.6 lNpoBogAT UCNbLITAHWUA Ha OTCYTCTBME PEe30HAaHCHbIX 4acTOT B 3a4aHHOM JuanasoHe 4acToT C
NPMMEHEHMEM MOLENUPOBaHNA MexaHudecknx npoueccos B 3Kb 1 3A Ha BO3nelCcTBUE rapMOHUYECKON BU-
Opauun C NMOMOLLLI POCCUICKOro nMporpaMmHoro obecnedveHus. OnpegensioT 3aBUCMMOCTM YCKOPEHWS OT
4acToTbl rAPMOHUYECKO BUOpaUMK B KOHTPOMbLHBLIX TOYKaxX UMK B cMCTeMax BMOPOM3ONSALUMKU, MO KOTOPLIM
BLISIBNAKT PE30HAHCHbIE YacToThl. [1puMepbl MOAENUPOBaHMS MexaHudecknx npoueccos B OKB n 3A ¢ no-
MOLLIbD POCCUIACKOrO NporpaMmHoro obecnedyeHnsa npueeneHsl B npunoxexun .

5.4.3.7 Tlo pe3synbTatam UCnbITaHWIA COCTABNAKT OTHET, B KOTOPOM AT MHPOPMALMID O HANMUYUN UK
OTCYTCTBUM PE30HAHCHbIX YaCTOT.

5.4.4 MecTo NnpoBeAeHUA UCNbITAaHUN

WcnbiTanns moryT ObiTb MPOBEAEeHbI:

- camum npennpuaTUeM npu Halim4yMm aBTOMaTU3UMPOBAHHOW CUCTEMBI;

- LleHTpom komneTeHUMiA B 0bnacTty MogenupoBaHUA M BUPTyanbHbix ucneitaHuinl 3K6 n 3A Ha BHeLw-
HWEe BO3OEeWCTBUA NO 3aKasy npegnpusiTusi B criydae OTCYTCTBUA Y HEMO aBTOMaTtu3MpOBaHHON CUCTEMBI.

5.5 O6paboTka, aHanNnu3 N oueHKa pe3ynbLTaToB UCNbLITAaHUN

5.5.1 O6bem obpabaTtbiBaeMoil MHOPMaL KUK
WcnonbayoT manbii 06bem Bbibopku n < 50.
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5.5.2 MeToabl cTaTUCTUYECKOW 00paboTKM pe3ynbTaToB UCNbLITAHUMA, MPUHATBIE B MeTOOUKEe
BbiuncnsatoT BbIBOPOYHbIE YMCNOBbLIE XapakTePUCTUKM NpK Manom obbeme BbiOopKM.
BeibopoyHoe cpeaHee 3HaYeHWe XxapakTepucTUKN MeXaHW4eCKnx CBOMCTB
I
X
x = i=1
n

rae X; — 3HayeHue XapakTepUCTUKu OTAeNbHbLIX 06pasLoB;
N — 4YUCNO UCNBITAHHBIX 00pa3yoB (06bem BbIBOPKK).
BribopoyHas gucnepcusa XapakTepyucTUKA MEXaHUYECKUX CBOWCTB

i & —\2
82 =ﬁ£(x,- —X) .

BbIGODO‘-IHoe cpeaHee KBagpaTtn4eckoe OTKNMOHEHUE onpedendatoT no cbopmyne

s=Vs?.

5.5.3 MpeHTudmumMpoBaHHble napamMeTpbl ONpeaensoT ¢ y4eToM Mx pasbpoca: cpefHee 3HadYeHue U
cpefHee KBagpaTUYeCcKoe OTKNoHeHWe. [Ina nonyvyeHus pasbpoca HeobxoaMmo NpoBecT UAeHTUMUKALNOH-
Hble ucnblitaHust 10 makeToB nnactuH 1 10 obpasLoe BUGPON30NATOPOB OQHOMO TUNA.

5.5.4 Pe3oHaHCHbIe 4acToTbl ONpefensT ¢ y4eToM pasbpoca ycKopeHuid. [ina kaxaol pe3oHaHCHOM
4acTOThl, B Cry4ae ee Hanu4us, onpedensaloT cpegHee 3Ha4yeHue 1 cpegHee KBagpaTn4yeckoe OTKIOHEeHME.

5.5.5 [enaiwT BbIBOALI O HANUYUKN PE30HAHCHLIX YacToT.

5.6 MaTEpHaanO-TeXHMHECKOE obecne4yeHne UCNbITAHUNA

5.6.1 Ha paboumnx ctaHUMsX nonb3oBaTenen AOMKHO ObiTb YCTAHOBMEHO CNeAyoLLLEe NPUKNAAHOE Npo-
rpaMMHoe obecrnedeHue, oTeevarwllee TpeboBaHmam 5.4.1.1:

nogcuctema aHanuaa n obecnedyeHus ctonkocT KB 1 3A 6e3 BubpousonaTopos, 3D-Moaenu KoTopbix
co3gaHbl B CAD-cucteMax B dpopmate STEP, K MexaHU4YeckuMm BO3OENCTBUAM;

nogcucTemMa aHanumsa n obecneyeHus cTOMKOCTM JA, yCTaHOBNEHHOW Ha BubpounsonaTtopax, 3D-mogens
KOTOpPOW co3gaHa B cneunanvu3vnpoBaHHOM MHTepdence, K MexaHn4ecknM BO34encTBUAM;

nogcuctema naeHtudpukaummn pusnko-mexaHu4eckmnx napametpos mogenen Kb n BA;

nogcuctema MaeHTUdUKaumm grarmKko-MexaHM4yecknx napaMeTpoB Mogenei Bubporn3onsaTopoB.

5.6.2 lNepedveHb mogenen, NCNonb3yeMblX AN UCTMbITAHUA:

- 3D-mogenu koHcTpykumid KB n A 6e3 Bubpousonsatopos B hopmate STEP;

- 3D-mopgenu kOHCTpYKUMn DA, ycTaHOBNEHHOW Ha BMbpounsonaTopax.

5.6.3 PykosofcTtBa nonb3oBaTenei U obyyawLle 3ByKOBbIE BUAEOPONNKM K MPUKNAZAHOMY NporpaMm-
Homy obecneyeHunto, ykaszaHHoMy B 5.6.1.

5.6.4 Heobxogumas ksanudumkaumsa nepcoHana, CneunannucToB WM NpUMBRNeKaeMbiX CUIT, MPOBOAALLMX UC-
nbiTaHWUA.

AKKpegWTauus nonb3oBaTens NpUKNagHoro nporpaMmHoro obecneyeHus, ykasaHHoro B 5.6.1, B LleHTtpe
KOMNeTeHUMWi B 0Bnactu MOAENMPOBAHUS U BUPTYanbHbIX ucnbiTanuini Kb n 3A Ha BHellHWe BO30eNCTBUS.

5.6.5 WcneiTaTeneHoe o0bopyaoBaHue Onsi NPOBEAEHWMA HATYPHbLIX UCMbITAHMIA, HeoDXoaAUMBIX AN pe-
WeHMs 3aga4yy ngeHtudunkaunm;

- 3aJalLWuil reHepaTop CMHycouaanbHbIX KonebaHuii;

- YCUNKUTENb MOLLHOCTH;

- Bubparop;

- BnbpounamepuTensHbIA Npeocbpa3oBatens (akcenepomeTp);

- BMBpouamepuTensHas annapartypa.

5.6.6 [Ina npoBeneHWs HaTypHbIX UCMbITAHWA, HEOOXOANMbLIX ONA peLleHus 3agadn naeHTudukaumm,
TpebytoTcs cnegyowme matepuanbl:

- NMPSAMOYronbHbIe MNAacTUHBI U3 MaTepuanos, ANfA KOTopbix TpebyeTcs naeHTUdMKauna napaMmeTpoB
(MX KONMM4YecTBO onNpeaensieTca KONMYeCTBOM MaTtepmMarnoB, Ana KOTOPbIX HEM3BECTHbI MapaMeTpbl);

- BMOpOM30oNATOpPEI, ANS KOTOpbIX TpebyeTca naeHTuduKauusa napameTpoB (Mx KONMMYECTBO onpegens-
eTCcsa Konn4yecTBoM BMBPOM3ONATOPOB, ANSA KOTOPbIX HEM3BECTHLI NAapaMeTpbl).
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5.6.7 lNopsagok NoAroToBKM M UCMNONb30BaHNA MaTepuanbHO-TEXHWYECKUX CPeACTB B Mpouecce Mchnbl-
TaHWUN:

- NpuobpeTeHne 1 HACTponKa pabounx cTaHLMiA;

- npuobpeTeHne 1 yCTaHOBKa Ha pabounx CTaHUMSX NporpaMmmMHoro obecnedeHus, oTeevarLLero Tpedo-
BaHuamMm 5.4.1.1 u onucaHHoro B 5.6.1;

- npuobpeTeHne 1 ycTaHOBKa MCNbITaTENbHOTO 060pyaA0BaHUS ANs NPOBEAEHWUS HATYPHBLIX UCMbITAHWUMR,
onuvcaHHoro B 5.6.5;

- W3roTOBNEeHWe MaTepuanoB cornacHo 5.6.6 ans npoBefeHWs HaTypHbIX UCMbITaHWA, HeobXxoanmMbIx
ONa pelleHnsa 3agadyv ngeHTuukaumm.

5.7 OT4YyeTHOCTbL

[MpoToKkon UcnblTaHWW JOMKEH COAepXaTb Cneaylowy nHopMaLuio:
1) onucaHwne maketa;

) rpadmk BXogHOro BO34eNCTBUA rapMOHUYECKOW Bubpaumm Ha MakeT;
3) rpadvk BEIXOOHOTO BO34,EMCTBUSA rAPMOHUYECKON BMBpaLMM B KOHTPOMNBHOW TOYKE MakeTa;
4) noeHTUPULMPOBaHHbIE NapaMeTphl;
5) rpadvk BLIXOOHOTO BO34,eMCTBUSA rAapMOHUYECKON BMOpaLMM B KOHTPOMNEBHOW TOYKe U3aenus;
6) BbIBOAbI O HANMUYMM PE3OHAHCHbLIX YacTOT.

6 Metog maTtemMaTuM4ecKkoro mogenMpoBaHUA M BUPTyanu3auum UCMNbITaHUN
9Kb n 3A Ha BO3AeMCTBME CTaTUYECKUX HArpy3ok (rpaBuTauuu, AaBreHus,
pacnpegeneHua Temneparyp)

6.1 Uenb ncnbiTaHuu

Llenbio ucnbiTaHWiA Ha BO34EWCTBME CTAaTUYECKUX Harpysok (rpaBuTaLWM, OaBMEHUsl, pacnpefeneHus
TeMnepatyp) siBnsaeTcsl npoBepka cnocobHocTr OKB 1 3A BbINOMHATE CBOM YHKUMKW Noa OeACTBUEM CTaTu-
4yecKkux (T. €. NOCTOSHHbIX BO BPEMEHW) HAarpy3oK, KoTopble B 0bLemM criydyae MoryT BbiTh BbI3BaHbI:
Pa3HOCTLIO AaBNEHUS;

CTaTU4eCKON MHEPUMOHHOWM Harpy3kon nog 4eicTBMeM cOBCTBEHHOrO Beca (rpaButaument);
pacnpegeneHuemM TeMmnepaTyp (TENNOBLIM paclUMpeHUEM);
OLHOBPEMEHHbLIM BO34eNCTBUEM BCEX BbllLENepedYmucneHHblX hakTopos.

6.2 O6wWwKe NonoxeHUnA

6.2.1 MeTo4bl UCNBITAHUNA

[asneHue: cyuwlecTsyeT ABa cnocoba 3agaHns AaBneHus:

- OaBneHve Ons OTAelbHO B3ATON NOBEPXHOCTH;

- OaBneHuve 3agaeTcs Ans rpynnsl NOBEPXHOCTEN.

MpaBuTaums: B BonblUKHCTBE criyyaes TpebyeTcs cMo4enupoBaTe OENCTBUE CUMbl TSXKECTU Kak vacT-
HbIA CryYai cunbl rpaBuTauun. [ns 3TOro HY)HO 3a4aTb OCb rpaBMTaLMM, COBNafatwLlyto ¢ BEPTUKaNbHON
OCb0 MOAENK, a YCKOPEeHMe 3afaTh paBHbIM yCKopeHuto cBobogHoro nageHust Ha 3emne (9,81 M/CZ). Hanpag-
NeHve rpaBuTaLum JOIMKHO ObITh MPOTUB BEPTUKANbHON OCU MoOenu.

TennoBoe paclivpeHWe: 3afaeTcs pacnpeneneHue TemnepaTyp (HayanbHoe U KOHeYHoe).

6.3 OueHuBaeMble XapakTepUCTUKN N pacyeTHble COOTHOLUEHMA

6.3.1 OueHuBaeMbiMM XapakTepUcTUKaMy SBMSIOTCA NepemMelleHust Mo BCeM OCAM W CyMMapHblie, a
TaKkKe MeXaHWYecKkMe HanpsKeHus B KOHCTPYKUKUsX SKB n JA.

6.3.2 Onsa onpegeneHnsa nepeMelleHnin 1 MmexaHuyeckux HanpsikeHuin 8 KB n A 6e3 enbpousons-
TOPOB NPOBOASAT KOHEYHO-3MEMEHTHbIA aHanna. Cuctema ypaBHeHWA ABMXKeHUS koHCTpyKUuun KB n 3A BbI-
rmaguT cnegyrolwmm obpasom:

IMKF} + [K]{r} ={F}.

rae {r} — BEKTOP Y3MOBLIX MepeMeLLeHNA;
[M], [K] — maTpuLbl MAcc M }KeCTKOCTM COOTBETCTBEHHO;
{F} — BeKTOp BHELUHUX BO3OENCTBUIA.
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MHepLI,I/Iﬂ n ,EI,E.‘MI'ICDVIDOBGHME, Bbl3blBa€éMble OUMHaAMWNYeCKMMN (T. e. nepeMeHHbIMKX BO BDQMEHM) Harpya3-
KamMW, 3gecCb He YHUTbIBaKTCA.

,D,BBJ'IEHVIE.‘Z B KOHEYHO-3NNTeEMEHTHOM MOOENVPOBaHUK, eClu pedb UOET O TDEXMepHOf‘I Moagenu, He NMeeTt
ocoboro cmeicna 3alaBaTb CUINOBYH Harpy3kKy B Ka4ecCTBe CUIlbl, I'IpMJ'IO}KEHHOH B yane. Cuna B peanbHbIX
KOHCTPYKUMAX MMEET BCera HeKOTOPYH nnowaib BO3OEWNCTBUS. HOSTOMy OCHOBHOW BU[, Harpy3km gns crta-
TWYECKOro aHanunisa — gaeneHune, 1. €. ckuna, pacnpegerneHHad no NnoBepxXHOoCTK.

rpaBVITaLI,MFIZ ABMSAETCSH CTaTU4eCKON MHele,MOHHOI;! Harpy3|{017|, I'IDMKJ'Ia,E{bIBEEMOﬁ KO BCEWN KOHCTPYKUWA
LEeNUKOM.

Tennoeoe paclwmpeHue: ABnaeTcd pa3HOBUMAHOCTBHD CTATUYMECKOro MexaHM4eCcKoro aHanumaa, rge B Ka-
YeCTBe Harpys3ku 3afaeTcd pacnpegeneHune teMmnepartyp (Haqaanoe n KOHeLIHOE). Takum 06paaorv|, TeMne-
paTypbl ABNAKTCA 3eCb MCXOOHBIMW O3HHBIMUW, a HE pe3ynbraToOM pacdeTa, Kak B TENNMOBbIX BUOaX aHanumaa.

Ecnu coBmectutb Harpy3sku, XxapaktepHble O3 CTaTU4eCKOoro aHanuaa (FpaBViTaLI,MFI, ﬂ,aBﬂeHME), C pac-
npegeneHnemM temMmneparyp, MOXHO NpoBeCTU KOMGMHMDOBBHHbII?I pac4eT, B KOTOPOM Hanps>XeHnd, Bbl3blBaOT-
Cs KaK TenfioBbiM pacllMpeHnem KOHCTPYKUWMKW, TaK U CTaTUYeCKUMMIN Harpy3kamu.

6.4 YcnoBus, peXxumbl, NOPAL0K, MECTO NPOBeAEHUs, BUAbI U 3Tanbl UCNbITAHUKA

6.4.1 Ycnosua npoBefeHWUsA UCNbLITAHUN

6.4.1.1 Hanuuue poccuiAckoro nporpammMmHoro obecneyeHus, NnpeaHasHavyeHHoro Ans MoaenMpoBaHnus
OKE n BA Ha BO3geicTBME CTaTMYECKUX Harpy3ok (rpaBuTauuun, AaBreHus, pacnpefeneHvs TeMmneparyp),
BHELPEHHOrO Ha BedyLMX npeanpusaTuax Poccuinckon ®enepaymu.

6.4.1.2 Hanuune koppekTHoin 3D-mopenu 3KB 1 3A, oTBevarollei TpeboBaHUAM, KOTOpPbIE NPUBEOEHDI
B MpUnoXxeHum A.

6.4.1.3 Hanuuuve cnegyrowmnx rU3MKo-MexaHMYeCcKux napaMmeTpos MaTepvarnos n3genuvs:

- MMOTHOCTb;

- MOAynb YynpyrocTu;

- koadhuumeHT lNyaccoHa;

- K03 ULMEHT TENNOBOMC pacluMpeHus (AN TEMMOBOro pacluMpeHns ).

Mopyne ynpyroctu 1 koadduumneHT MNyaccoHa MoryT BeITe Nony4eHsbl NyTeM MaeHTUdMKaumMmM. Metoam-
Ka naeHTMduKaunm husnko-mexaHnyeckux napametpoe matepunanos 3Kb 1 A npuBeaeHa B NpUnoxeHum b.

6.4.2 PexxuMbl ucnbiTaHWi

[aBneHwe: Ha Mogenb 3ajaeTcsa AaBneHue, Benu4MHa KoToporo 3agaHa B T3 Ha pa3paboTky magenus,
AByMsi cnocobamu:

- JaBneHve Ansa oTAenbHO B3ATOW NOBEPXHOCTH;

- JaBneHve 3ajaeTcsa ANns rpynnebl NOBEPXHOCTEN.

paBuTaums: Ha Mogenb NO BePTMKAanNbHOW OCWM OEeNCTBYeT YCKopeHWe cBobogHoro nageHust Ha 3emrne
(9,81 M/Cz). HanpaeneHue rpaBMTaunmM JOMKHO ObiTb MPOTMB BEPTUKANbLHOM OCKM MOAErN.

TennoBoe pacluMpeHune: 3a0aeTca pacnpegeneHne Temnepartyp (Ha4anbHOe ¥ KOHEYHOE), MoIyYeHHoe
no pesynsTataM WUCMbITaHWI Ha BO3AENCTBME MOBLILLIEHHOW paboveld u NnpegensHo TeMnepaTypbl cpeab.

6.4.3 MopAnokK npoBefeHUA UCNbITAHUNA

6.4.3.1 MNpoBogaT noeHTUdUKaUNIO PUMKO-MEXaHMYECKNX napameTpor MatepuanoB 3Kb un 3A, yka-
3aHHbIX B 5.4.1.3, B cny4ae ux oTcyTcTBUA. [1pM 3TOM NO pesynsraram HaTypHbIX WCMbITAHWWA ONpefenstoT
3aBMCMMOCTb YCKOPEHMWS OT YacTOThl rapMOHNYEeCKOW BUOpaLumn B KOHTPOMBHOM TOYKE, KOTOpPas UCNoNb3yeTcs
npv naeHTudmkauun. MNMpegeapuTenbHO paspabaTbiBaloT MporpaMmy WCMbITaHWIA M M3TOTABMMBAKOT MakeTbl
nnacTuH Ansa ucneitaHwii. MNMpumep ngeHTUdUKaumm NnpuBedeH B NnpunoxeHun B.

6.4.3.2 NoeHTuduumMpoBaHHble NapamMeTpel MaTepranoe U3nenus 3aHocsaT B Ba3y AaHHbIX AN UCMOMNb-
30BaHUSA B npouecce MO4en1MpoBaHus.

6.4.3.3 MNpoBogsAT NOArOTOBKY MOgenei:

- 3D-mogenei B chopmate STEP koHcTpykumin 3KB 1 3A 6e3 Bubpousonatopos B CAD-cuctemax, oT-
BeuawLwmx TpeboBaHWUAM, KOTOPBIE NPUBEAEHL! B NPUNOXeHUU A.

6.4.3.4 TpoeogsaTt umnopT mogenen B dopmate IGES unu STEP KOHCTPYKLMIA B CUCTEME MOLENUPOBa-
HUsA OKB 1 3A Ha mexaHu4ecKkue BO3OENCTBUSA.

6.4.3.5 NpoBoOAT UCNLITAHUSA Ha:

- BO3[eNCTBUE OaBleHus;

- BO3[eWCTBME CTaTMYeCKO MHEPLIMOHHOW Harpy3Kkn Nnog geicTBueM cOBCTBEHHOIO Beca (rpaBuTaumio);

- TEnnoBoOe pacluVpeHue;
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- OOHOBpEMEHHOe BO3[OeWCTBME BCEX BbIlLENEepPEeYMClEHHbIX (DAaKTOPOB CTAaTUYECKUX Harpysok (rpaBu-
TauWW, OaBneHus, pacnpeneneHua TeMmnepartyp) ¢ npuMmeHeHvem mogenuposaHus 3Kb n 3A ¢ nomouwblo
POCCUIACKOro NporpamMmmMHoro obecnedyeHus.

OnpefgenswT NepeMeLleHUs No BCEM 0CAM U CyMMapHEIe, a TakKe MeXaHW4YecKne HanpsKeHUs B KOH-
cTpykumsix KB n 3A.

6.4.3.6 Mo pesynsratam UCMbITaHWIA COCTABMAIOT OTYET, B KOTOPOM Aal0T MHDOPMAaLMIO O NepeMeLLeHu-
SX MO BCEM OCAM M CYMMAapHbIX, a TalKe MeXaHWYeCcKux HanpsikeHmsax B KOHCTPYkUMax QKB n JA.

6.4.4 MecTo npoBegeHUs UCNbITAHUN

WMcnbiTaHusa MoryT ObITb NPpOBEAEeHbI:

- caMuMm npeanpuaTUeM Npu HaNUYMKU aBTOMaTU3UPOBAHHOM CUCTEMBI;

- LleHTpom komneTeHUMA B obnacTtu MogennpoBaHUa M BMPTyanbHbix ucnbitaHuin 3K6 n 3A Ha BHeLu-
HWe BO3OENCTBUS NO 3aKazy NPeanpuUsaTUs B Criydyae OTCYTCTBUS Y HEMO aBTOMATU3MPOBAHHOW CUCTEMBI.

6.5 O6paboTka, aHanNU3 1 oLeHKa pe3ynsLTaToB UCNbITaHUNA

6.5.1 O6bem obpabaTtbiBaeMoit UHOpPMaL UK

Mcnonb3yT mansii 06beM Bbibopkn n < 50.

6.5.2 Cm.5.5.2.

6.5.3 NoeHTudmumpoBaHHbie napameTpsl ONpedenslT ¢ y4eTtoM ux pasbpoca: cpegHee 3HadYeHne W
cpefHee KBagpaTudeckoe oTKroHeHue. [ina nonyyeHus pasbpoca HeobxoaMMo NpoBecTH MAEHTUUKALMOH-
Hble ucneiTaHud 10 MakeToB NIacTUH OOHOro TMna.

6.5.4 TMepemelueHns No BCeEM OCSIM M CyMMapHbIe, a TakKe MeXxaHU4ecKue HanpsHKeHus B KOHCTPYKLM-
ax OKb n DA onpegenstoT ¢ yyeToM pasbpoca napameTpoB matepuana. [Jna Kaxaol xapakTepucTyku onpe-
OensaioT cpefHee 3Ha4YeHWe U cpedHee KBagpaTudeckoe OTKIMOHEHMe.

6.6 MaTepuanbHO-TEXHUYECKOE obBecneveHne UCMbITAaHUNA

6.6.1 Ha pabounx cTaHUuAx Nonb3oBaTtenei JOMKHO BbiTh YCTAHOBNEHO cneaylollee NpUKnagHoe npo-
rpammHoe obecneyeHune, oTeevarlwee TpeboaHnsam 5.4.1.1:

nogcucteMa aHanuaa u obecneyeHms ctonkoctt Kb n 3A bes Bubpousonatopos, 3D-Mogenmu KOTopbix
co3gaHbl B CAD-cuctemax B chopmate STEP, kK MexaHn4ecknMm BO3AENCTBUAM;

nogcucTeMa WaeHTUUKaLUMM hnanko-MmexaHn4Yeckux napameTpoB Mogenen Kb n 3A.

6.6.2 lNepedveHb Mogenen, NCNonb3yemblX OMs UCNbITAHWA:

- 3D-mopgenu koHcTpykumin 3KB n 3A ©es sBubpounsonsitopos B popmate STEP.

6.6.3 PykoBoacTtea nonb3oBatener u obydyarlive 3BYKOBbIE BUOEOPONUKA K NMPUKNAgHOMY MporpamMmm-
Homy obecnedyeHunio, ykaszaHHomy B 6.6.1.

6.6.4 Heobxogumas kBanudurkaLua nepcoHana, cneunanucToB 1 NPUBIeKaeMbIX CUT, NPOBOASALLNX UC-
MbiTAHKA.

AkKpeguTauusa nonb3oBaTens NpPUKNagHoro nporpaMmmHoro obecnevyeHus, ykasanHoro B 6.6.1, B LleHTpe
KOMMeTeHUMA B 0BracTh MOAENMPOBaHNA U BUPTyanbHbIX UcnbiTaHuid 3KBb 1 A Ha BHelLHWe BO34eACTRUS.

6.6.5 Cm. 5.6.5.

6.6.6 [lna npoBegeHus HaTYpHLIX UCNbITAHWIA, HEOBXOAMMbIX AN PeLleHUsa 3ajadvu MAeHTUrKaLum,
TpebykTcs cnefyLlme Martepuansb:

- NMpsSMOyronbHble NNacTWHBl U3 MaTepuanoB, ANA KoTopbix TpebyeTca naeHTUdUKaUMs napameTpoB
(Mx KONM4ecTBO ONpedenstoT KONMYECTBOM MaTepuanoB, Ans KOTOPbIX HEM3BECTHbLI NapamMeTphbl).

6.6.7 Cm. 5.6.7.

6.7 OT4yeTHOCTb

MpOTOKON WCNbITaHUA OOMKEH COOepXaTb Credy Ly MHOPMaLUIo:
1) onucaHve mMakeTa;

2) rpaduk BXOQHOMO BO30eNCTBMA rapMOHMYECKON BUOpaLMM Ha MakeT;
3) rpatuk BLIXOOHOTO BO34,eNCTBUSA rAPMOHUYECKON BMBpaLMM B KOHTPOMNBHOW TOYKE MakeTa;
4) ngeHTUPULMPOBAHHbIE NAapaMeTphl;
5) nepemelleHnss MO BCEM OCAM W CyMMapHbIe, a TAKKe MEXaHUYECKNE HAMNPsKEHUS B KOHCTPYKLUAX
3KBb 1 DA.
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7 MeTton mateMaTU4eCKOro MoAenuMpoBaHUA U BUPTyanusaunum ucnbiTaHUn
3KB v 3A Ha BUOPOYCTOMYMBOCTE U BUOPONPOYHOCTL BO34ENCTBUEM
CUHycouaanbHOW UNU CNY4YauHOW LUMPOKOMNONOCHOW BUOpauumn

7.1 Uenb ncnbiTaHui

Llernbto ucneliTaHuin Ha BO3geNCcCTBUE CUHYCOWAANbHOW UMK CRyYanHoW LUMPOKONONOCHON BUBpaummn aB-
nsieTca onpegenenune crenenn rogHoctv KB 1 3A nyTem BbisiBNeHUsi BO3MOXHbIX MEXaHWYECKMX NOBpexXae-
HWIA, MO3BONAKLINX CYOUTE O KOHCTPYKTUBHOMW npodHocTu 3KB 1 3A, a Takke OLeHKa yxXy[dlleHWs 3a4aHHbIX
3HaveHui napameTtpor IKB n 3A (TOCT 30630.1.9).

B Tom uncne paccmatpuBaeTcs MateMaTuyeckoe MOLENMpoBaHue 1 BUpTyanuaayum ucneitaHuin Kb 1
OA Ha Bo3geincTeue CUHycouaanbHoN BUGpauun ¢ NOBLILLEHHON aMnMTY40N YCKOPEHUs M Ha BO3gencTeme
CNy4YaiHoM LUMPOKOMOMOCHON BUOpauun ¢ NOBbILLIEHHOW CNeKTPanbHOW MMOTHOCTLIO YCKOPEHUs (B KpuTuye-
CKMX pexmumax, B TOM YMUCNEe HEBOCTPOM3BOAMMbBIX MPU HATYPHBIX UCMbLITAHNSAX).

7.2 O6Wwue NnonoxeHuUn

7.2.1 Nenwitanuio 3KB n 3A nogeepraioT B Tpex B3aUMHO NepneHanKYNsapHbIX HanpaBneHusax.

7.2.2 MeToAbl UCNbITAHWUNA

7.2.21 WcnbiTannsa meTtoaoM (OUKCMPOBAHHbBIX 4acTOT CMHycoWZanbHOW BMOpauun npoBogAT nytem
YCTaHOBKMW 3afaHHbIX 3Ha4YeHWi napameTpoB BMOpaLmm Ha UKcposaHHoW YacToTe. McnblTaHua MoryT ObiTh
npoBedeHbl Ha OOHOM YacToTe, Ha 3apaHee onpefeneHHon YacToTe MeXxaHM4YeCcKoro pe3oHaHca, Ha psge 3a-
OaHHbIX 4YacToT.

7.2.2.2 VcnelTaHnsa MeTOAOM Kadallencs YacToThl OCYLLEeCTBIAKT HeNpepbIBHBIM U3MeHeHneM (pas-
BEPTbIBAHWEM — CKaHWPOBAHWEM) YacTOTbl CUTHAMNOB B CTOPOHY €€ YBEeNnu4YeHusi, a 3atem ymeHbleHus. Oc-
HOBHbIMW NapamMeTpaMm, XxapaKkTepu3yloLWnM MeTOA Ka4vatoLwencs YacToThbl, ABMSAITCA U3MEHEHWUSA YacTOThbl B
paboyemM gvanazoHe YacToT B OAHOM HanpaeneHun 1 obpaTtHoM (Bpemsi OOHOro UMKMa KadaHus Tu)’ CKOpPOCTb
M3MEHEHWS YacToT, a Takke NPOOOMKUTENBHOCTL UCTbITaHWiA T .

BcTpevatolwecs B peanbHbIX YCIOBUAX 3KCMNyaTaumMM BUbpaunoHHbIe BO3OHCTBUSA MMEKT CryYvanHbIiA
XapakTtep. McnbiTaHns Ha BO3O0eNCTBUA LWMPOKOMONOCHOW CriydyaiiHOW BUGpaLuu No3BongT nydlle, Yem npu
cvHycougansHon Bubpaumm, MogenmpoBaTh CTaTUCTUYECKNIA XapaKkTep BO3AENCTBUS U BbISIBASTbL MEXaHU3Mb
paspyLeHnsa 1 nospexaeHuss pasnudHbix Kb 1 OA. Kpome Toro, ogHoBpeMeHHoe Bo3byxaeHne mMmexaHnde-
CKMX Pe30HaHCOB OTAenbHbIX anemeHToB OKB 1 JA nossonsier yunTbiBaTh WX B3aKMHOE BMWSIHWUE WM COKpa-
LWaTb CPOK UCMILITAHWUS, NPUBNMKAA UX K YCNOBUAM pearbHOM 3KcnnyaTaumn.

OcHoBHOW Uenbl UCNbITaHWA aBnseTcs onpeneneHue cnocobHoctn KB 1 3A BhiAep)KMBaTh BO3OEN-
CTBME CNy4vyanHo BMBpauun 3afaHHON CTEMEHU KEeCTKOCTU, BLISBMNATL BO3MOXHbLIE MeXaHU4Yeckue NoBpex-
AeHWA U (MNn) yxyalweHne 3agaHHblX XapakTepucTUK U34enuili U UCNoNb30BaTh NOMYYEeHHbIe CBEAEHWA Ans
pelueHusa Bonpoca o npurogHocTn 3KB n 3A.

Mpy MCNbITAHMAX Ha BO3LEWCTBME LUMPOKOMOMOCHOW cryYaiHoW Bubpauuu 3agatT CMY wn cnekTp,
onpegdensawLwuin 3akoH nameHeHua CITY B npegenax 4acTOTHOrO guManasoHa.

7.3 OueHMBaeMble XapaKTepPUCTUKMN U paCvyeTHbIe COOTHOLWIEHUA

7.3.1 OueHnBaeMbIMW XapakTEPUCTUKaMW ABMSKTCA PE30HAHCHbIE YACTOThl, YCKOPEHUA, nepemelle-
HWS, MexaHn4Yeckne HanpsbkeHnsa B QKB 1 OA, BpemMs 0o yCTanocTHOro paspyLueHus.

7.3.2 [nA onpeneneHns oLeHMBaemMbix xapaktepucTuk KB n 3A 6e3 BMOpoU3onNATOPOB NPOBOAAT KO-
HEUYHO-3NEMEHTHbLIN aHanui. Cuctema ypaBHEHUA OBUNKEHUSA KOHCTPYKLWK BBIMMAOUT cnegyrowmmM obpasom:

[MI{7} +[CHr} + [KKr} = {F},

rae {r} — BexTOp Yy3N0BbIX NEPEMELLEHNN;
[M], [C], [K] — maTpuubl Macc, BA3KOro AeMNgUpPOoOBaHNA W XKeCTKOCTU COOTBETCTBEHHO;
{F} — BeKTOp BHELIHWX BO30ENCTBUA.
7.3.3 [nsa onpegeneHys OLEHMBaAEMbIX XapakTepucTuk DA, yCTaHOBNEHHOW Ha BubpousonaTopax, nc-

nornb3yeTtcAa cuctema ,El,b‘ld)CbEpEHLLMaﬂbeEX ypaBHEHMPE OBWXEHMA Ha OCHOBE ypaBHEHWA J'IarpaHma. Ona cn-
CTEeéMbIl C LLUECTBIO CTENeHAMN CEIOSO,EI,bI WX 3anuCbiBakdT B crnegytowem suae:

d(6T/og;)/dt - 0T /oq; + o1jaq; =Q(t), i=12..6
1"
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rae q; — i-a oboblieHHas koopavHara;

(1,- — /-5 0606LWEeHHasn CKOPOCTh;

T — KMHeTM4YecKas aHeprnsa CUCTEeMbI;

[1— noTeHuManbHas aHeprus CUCTEMBbI;

Q{t) — oboblieHHas cvna, AedCTBYOWas Mo HanpasneHuio -1 0606LWEeHHON KOOPANHATDI.
7.3.4 Bpewms go yctanocTtHoro paspywenus Kb n 3A npu rapMoHuYeckoin BuOpaLumm onpegensioT no
dopmyne
tp = Np."f,

roe Np — YUCNO UMKIOB HANpsKeHUA 40 paspyLUeHust;
f — Tekywas yactota KonebaHui.
Yncno UMKNoB [0 YCTANOCTHOMO pa3spyLleHMsa Npu rapMoOHUYeckon BUGpauun paccunTeiBaT no gop-
myrne
m
N.=N.| 50
P B
Smax

rae oy — Npeaen yctanocTy matepwana BbiBoaa;
m — napaMeTp, 3aBUCALKI OT MaTepuana, pasmepoB 1 OpMbI;
N, — 6a3oBoe 41Cno LMKMOoB;

Omax — MakcumarnsHoe mexaHudeckoe Hanpsikenue (FTOCT 25.504, TOCT 25.507).

MapamMeTp m xapakTepusyeT yron HaknoHa KpuBOW ycTanocTu. Ha pucyHke 1 npuBedeHbl NonyveHHble
3KCNepMMEHTanNbHO KPWMBbLIE YCTANoOCTM MaTepuana, Tak HasbiBaeMble kpuBble Bennepa. OHu BhipaxawT 3a-
BUCUMOCTb aMNiuTyabl HAanNpsKeHUs B CUMMETPUYHOM LIMKMe OT Yucna Np LUMKnoB Ao paspyweHus. Kpusas 1
XapakTepHa 4ns ctanei Manon u cpegHei NPoYHOCTH, a TakKe ONa TUTAHOBLIX CNMABOB NPW UCNbITaHUK Bes
BO3ENCTBMS KOPPO3UKM U MpPU HOpManbHOW TeMnepaTtype, KpuBasa 2 — Onsi LUBETHbIX MeTalsioB U BbICOKO-
MPOYHbIX NerMpoBaHHbIX cTanen. Kpueasa 7 MMeeT pe3kuin nepernomM rnpu Y1ucre UuKnoe Np =~ 109, nocre yero
OHa MAET NpakTU4Yeckn napannensHo ocy abeuncce. MNoatomy 3a 6azy McNbITAaHUA ANA TAKUX MaTepuanos npu-
HuMatoT N = 107. duanyeckn 3To 03HaYaET, YTO eCnu aMmnnuTyga o NnepemMeHHOro HanpsbkeHus Oyget MeHb-
e HanpsKeHWs Op, COOTBETCTBYHLLENo TOYKe neperioma, T0 yCTanoCTHOe paspylleHue He HacTynaeT npu
HeOrpaHWYeHHOM Yucrne LUKNoB. 3TO HaNpsXeHWe G, U NoNy4nno Ha3saHue npeaena yctanoctu matepuana
npyv CUMMMETPUYHOM UuKNne. HekoTopkele matepuansl, B YaCTHOCTW LIBETHbIE MeTansbl, MHOFOKOMMOHEHTHbLIE
crnnaebl, HE UMEKT BbIPaXKEHHOro npeaena yctanocTu: C YBeNWYeHWEeM YUcha LMKMOoB Np NPOYHOCTbL NpPO-
JomkaeT nagatb (kpvBas 2). [na Takux MaTepranoB CONPOTUBIEHWE YCTanoCTW XapakTepuaytoT npesenom
OrpaHUYeHHOW BLIHOCNUBOCTU NpK 3adaHHoK 6ase (Yucne umknos) Ny, KOTOpyto 06bIMHO MPUHUMAKOT PaBHOM
5107 UuKnam.

HekoTopble 3HaueHUs napameTpa m Ana KoHCTpykumin IKB n DA npueeaeHsl B crnipaBoyHukax. Ho ana
Bornee To4HbIX pacyeToB TpebyeTcs nonyyaTbh 3KCMEpMMEHTanbHO KpuBble Bennepa Ons pa3nu4HbIX KOH-
cTpykumii KB n 3A.

lg o

Ig o))

lg Ng lg Np
Pucyrok 1 — KpuBble yctanocty 4na pasnMyHelX Marepuanos
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Ona pacyeta Kb n 3A Ha ycTanocTb Npy CryYyanHbiX BO3AENCTBUSAX — CMy4anlHbiX BUOpaUMax n akycTu-
YeCKUX LymMax — HeobXxoOaumMo MCnonb3oBaTh OOHY M3 FMNOTe3 CYMMMPOBaHUA YCTaNOCTHbLIX MOBPEeXOeHWNA,
BO3HUKAKLWUX OT AENCTBUS aMNNUTyd pasnuyHbIX YpoBHeW. cnonb3oBaHne M3BECTHBIX MTMNOTe3 BCTpedaeT
onblne CNOXHOCTW NPU pacyeTax B YCNOBUAX CNYyYaNHOro Harpy»eHus, Tak Kak B 3TOM Cry4yae CTaHOBUTCS
HeonpedeneHHbIM NOHATUE LUKMa Harpy3ku U CxemaTu3auus Takoro HarpyXeHusi MoXeT NMPUBECTU K cyLue-
CTBEHHbLIM NMOTPeLUHOCTAM NPW pacyeTe ycTanocTHol npodHocTn KB n 3A.

[ns cTaymoHapHoOro cny4anHoro npowuecca Mcnonb3yeTcs rmnoTesa CyMMMpPOBaHWA YCTanoCTHOro Mno-
BPEXOEHWUS MPW LUMKITMYECKOM HarpyXeHuu, OCHOBaHHAas Ha CyMMMWMPOBaHUKU aHeprn KkonebaHuin Ha oToenb-
HbIX YacToTax. B COOTBETCTBMM C 3TOW rMMNOTE30M BPEMSA A0 yCTanocTHoro pa3pywernus Kb n 3A npu cny-
YalHOM BO34ENCTBUM MOXET BbiTh HangeHo nNo opmyne

2rA

- am/Zyme( ™32 [ sofe)a?de

rme A=+D — cpegHee kBagpaTM4ECKOE OTKMOHEHVE TEeKYLLMX 3HA4YeHWN HanpshKeHWiA;
D — pwcnepcus;
Sp(w) = S(w)/D — npvBeaeHHas cnekTpanbHas NNoTHOCTb;
S(w) — cnekTpanbHas NMNOTHOCTb;

F(m; 2) — raMma-gyHKLWS;

® — KpyroBasl 4acToTa rapMOHUYECKOTO HarpyxeHus (o = 2xf);
A N m — XapaKTepuUCTWKW KPUBOI YCTanocTu B COOTBETCTBUM C ypaBHeHueM N
60 = (G max — Fpmin)/2 — @MNNUTYAA HANPSHKEHWUS B LiUKIe;

Smin — MWUHUManbHOE MeXxaHW4eCcKoe HanpAaxKeHue (C ydeTom 3Ha|<a).

m — -
p%a =A;

7.4 Ycnoeus, peXxuMbl, NOPALOK, MECTO NPOBeAEeHUA, BUAbI U 3Tanbl UCMNbITAHUNA

7.4.1 YcnoBua npoBegeHNA UCNbITAHUNA

7.4.1.1 Hannune poccuinckoro nporpaMmMHoro obecnedyeHus, npegHasHavyeHHoro Ans MoaennupoBaHus
OKB 1 A Ha Bo3gelCTBME rapMOHWUYECKOM U cnyvaiHoi Bnbpayunmy, BHEOPEHHOro Ha BedyLnx NpeanpuaTusx
Poccuitickon ®egepauunm.

74.1.2 Cm. 54.1.2.

7.4.1.3 Cm. 5.4.1.3.

7.4.14 Cm.54.14.

7.4.2 PeXuUMbl UCTILITAHUNA

MapameTpbl rapMOHUYECKO BUOpaL MK (YMcneHHble 3Ha4YeHua 3agatoT B T3 Ha paspabotky KB v DA):

- YCKOpeHue g;

- gwanasoH yacTorT, [u.

[MapameTpbl LUMPOKOMONOCHOW Cny4YanHon Bubpaunn (YMcneHHble 3HaYeHns 3afatoT B T3 Ha paspabot-
ky QKB n 3A):

- cnekTpanbHas MnoTHOCTE S, ngru;

- OQwanasoH vacTorT, [u.

7.4.3 MopapoK npoBegeHUA UCNbITAHUIA

7.4.3.1 TpoBogaTt ngeHTUdMKaunio GU3MKo-MexaHM4ecknx napameTpoB matepuanos 3Kb u 3A, yka-
3aHHbIX B 7.4.1.3, B cny4ae ux oTcyTcTBUA. [1pM 3TOM NO pesynsratam HaTypHbIX WCMbITAHWA OnpeaensoT
33BMCMMOCTb YCKOPEHMWS OT YacTOThl rapMOHNYEeCKOW BUOBpaLumn B KOHTPONbHOW TOYKE, KOTOPas UCNOMb3YeTcs
npu ngeHTugukauun. NpeasapuTensHO pa3pabaTkiBaloT NporpaMMy UCMNbITAHWA U M3rOTABMUBAKT MAaKeTbl
nnacTuH gNs ucneitadHnid. Mpumep ngeHTudMKauum npuBegeH B npunoxeHun B.

7.4.3.2 TpoBogsaT MaeHTUdMKaLMO napaMeTpoB BUOPOM3ONATOPOB, yKa3aHHbiXx B 7.4.1.4, B cnydae
MX OTCYTCTBUSA. [pM 3TOM MO pesynsTatam HaTypHbLIX UCMbITAHUW ONpefensoT 3aBUCUMOCTbL YCKOPEHUs1 oT
4YacTOThbl raPMOHUYeCcKon BUBpauun cucTeMbl BUBPOM30NALMKM, KOTOPAA UCMNONb3yeTcsa NpU MOEHTUMKaLMN.
MpegBapuTensHO paspabaTbiBadT NPOrpamMmmy WCMbITaHUA 1 npuobpeTtatoT oOpasubl BUOPOM3oNSATOPOB AN
ncnbiTaHui. Npumep naeHTUgrKkaum NnpuBegeH B npunoxeHun I

7.4.3.3 VoeHTuunumMpoBaHHble napameTpbl matepuanos 3KbB 1 3A v napameTpbl BUOPOW3ONATOPOB
3aHocAT B Dasy JaHHbIX ANsl MCMOMb30BaHMA B NPOLIECCE MOENVMPOBaHUA.
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7.4.3.4 TlpoBogAT NOArOTOBKY Mogenem:

- 3D-mopenen B dhopmate STEP koHcTpykumi 3KB n 3A 6e3 BubpowusonstopoB B CAD-cuctemax,
oTBevYawLWmx TpeboBaHUAM, KOTOpble NPUBEAEHLI B MPUNOXEHUN A;

- 3D-mopenein KOHCTPYKLUMIA DA, YCTAHOBIMEHHLIX HAa BUDPOU30NATOpaX, B CnelMann3npoBaHHbIX UHTep-
hencax.

7.4.3.5 MNposogsaT umnopt mogenei B hopmate IGES unmn STEP koHCTpyKUMiA B cucTeMe MOgenupoBa-
Hua IKB 1 DA Ha MmexaHuyeckne BO3OENCTBUA.

7.4.3.6 TpoBogsAT UCNbITAHKMA HA BO3OEUCTBME rapMOHUYECKON BUBpaLMK U Ha BO3AENCTBUE CryHanHoM
LIMPOKOMonocHon BMbpayum B 3a4aHHOM gMana3oHe 4acToT C NpUMeHEHUeM MO4enMpoBaHNa MexaHnyeckmnx
npoueccoB B IKB 1 SA Ha Bo3oelCcTBUE rapMOHUYECKOW 1 crny4vaiHoi Bubpaumm. OnpenensoT 3aBUCMMOCTH
YCKOPEHUS1 OT YacTOThl rapMOHUYECKol BUBpaLmK B KOHTPOMbHLIX TOUKaX UMW B cMcTeMax BUOpousonsauum,
Mo KOTOPbIM BbISIBNAKT PE30HaHCHbLIE YacTOThl. Takke ONpefenstoT CpefHne KBaapaTuyeckmue 3Ha4eHnst yoKo-
peHWUi Npu cnyYanHon subpawumu.

7.4.3.7 Mo pesynstataM UCNbITAHWIA COCTABMSIOT OTYET, B KOTOPOM AatoT MHgopMaumio ob oueHusae-
MbIX XapakTepucTukax.

7.4.4 MecTo npoBegeHUsA UCNbITAHUN

WcnbiTaHusa MoryT ObITb NPpOBEAeHbI:

- camum npegnpuaTUeM Npu HaNM4YUM aBTOMaTU3MPOBaHHON CUCTEMBI;

- LleHTpoM KOMMETeHU WA B 0B6nacTv MogenvMpoBaHusa U BUPTyanbHbiX uchbliTaHuin KB n 3A Ha BHeLw-
HVe BO3OEWCTBWS NO 3akasy NPeanpusiTUa B Criyvae OTCYTCTBUSA Y HEMO aBTOMAaTU3MPOBAHHOW CUCTEMBI.

7.5 ObpaboTka, aHanu3 N oueHKa pe3ynbTaToB UCNbITAHUNA

7.5.1 O6bem ob6pabartbiBaeMon MHOpMaLUmn

WcnonbaytoT manbii 06bem Bbibopkn n < 50.

7.5.2 Cm. 5.5.2.

7.5.3 NoeHTudbmumpoBaHHbie napameTpbl ONpedensoT ¢ y4eToM ux pasbpoca: cpegHee 3HayeHue u
CpefHee KBaapaTU4Yeckoe OTKIoHeHue. [ns nonyyeHusa pa3bpoca HeobxoaMMo NPOBECTU UOEHTUMMKALMOH-
Hble ucnbiTaHua 10 makeToB nnacTnH M 10 oBpasLor BMDPOM3ONATOPOR OOHOMO TUMA.

7.5.4 OueHuBaeMble XapakTEPUCTUKKU ONpenensioT ¢ y4eToM pazbpoca yckopeHun. [1ns kaxaon xapak-
TEPUCTUKM ONpeaensioT cpeHee 3HaYeHWe U cpefHee KBaapaTudeckoe OTKIOHEHUE.

7.5.5 [enaioT BbIBOAbI O HANMUYNW PE30HAHCHbLIX YacCTOT.

7.6 MaTepuanbHO-TeXHM4YecKoe obecnevyeHne UCNbITAHUNA
Cm. 5.6.
7.7 OT4yeTHOCTb

[MpoTOKON UCNbLITAHUIA JOMKEH codepaTb crneayLlLy MHpopMaLmio:
1) onucaHwne maketa;
) rpacumk BXxogHOro BO34eNCTBUSA rapMOHUYEeCcKo BUbpaumm Ha MakeT;
) rpadumk BLIXOOHOTO BO3AENCTBUSA rapMOHMYeckon BMbpayuy B KOHTPONMbLHOW TOYKE MakKeTa;
4) noeHTUULMPOBaHHbIe NapaMeTpbl;
) rpadhvk BXOOHOro BO3AEWCTBMSA rapMOHUYECKON 1 crydaiHoi Bubpauun Ha KB n 3A;
6) rpaduK BbIXOAHOIC BO3OEMCTBMA rapMOHMYECKOW M CriyvyalHon BuOpaumm B KOHTPOJSIbHOW TOYke
OKB 1 3A;
7) oueHUBaeMble XxapakTepPUCTUKN: PE30HAHCHbIE YaCTOThl, YCKOPEHWA, NepeMeLleHns, MexaHn4eckme
HanpsbkeHnsa B OKb 1 DA, Bpema 4o yCTanoCcTHOrO paspyLleHus.

8 MeTton maTemMaTuyecKkoro MmoaenuMpoBaHUA U BUPTyanu3auuu UCNbITaHUNA
OKB u 3A Ha ygapHyH YCTOMYMBOCTb U YAAPHYHK NPOYHOCTL NMPU BO3OeNCTBUMN
OAMHOYHOIo U MHOTOKPaTHOro MexaHu4ecKoro yaapa

8.1 Uenb ncnbiTaHun

WcnbiTaHne Ha BO3LENCTBME OOUHOYHBLIX YOAPOB NPOBOAAT Ans npoBepku cnocobHocTtn 3KB 1 DA Bbi-
NOMHATE CBOM OYHKLKMK NOCNe NpekpaLLeHuns aToro Bozgenctens. B page cnyyaes npoeepsawoT paboTocnocob-
HocTb KB u 3A B npouecce BO3OeACTBMA ognMHOYHbIX yaapos (TOCT 30630.1.10).

14

Pa3zpaboTka anekTpoHHOWN Bepcun - nopTan GostExpert.ru 18 /58
Crpanuua ookymeHTa - https://GostExpert.ru/gost/gost-71836-2024



https://gostexpert.ru?utm_source=pdf&utm_medium=69602
https://gostexpert.ru/gost/gost-71836-2024?utm_source=pdf&utm_medium=69602&utm_term=page

rOCT P 71836—2024

8.2 O6wue nonoxeHuUn

8.2.1 Ncnwitannio 3KB n 3A nogeepraioT B Tpex B3aUMHO NepneHanKyNnApHbIX HanpaBneHnsax.

8.2.2 MeToabl UCNbITAHWUNA

OnuTensHOCTb AeNCTBUSA YAapHOro YCKOPEHUsa onpeaensoT no ocuunnorpaMmme Ha yposHe 0,1.

BosgencTene MHOroKpaTHLIX yAapoB NpedycMaTpuBaeT rnposedeHne ABYyX BMAOB UCMbITAHWIA: Ha yaap-
HYH NPOYHOCTE W YOapPHY YCTOMYUBOCTb.

Mpw ncnbiTaHuK Ha yoapHyo yctonunsocTe OKB n A nogsepratoT Bo3gencTeuio 20 yoapoB no Kaxao-
MY U3 HanpaeneHun.

Hapsigy ¢ ucnbiTaHMAMKW Ha BO30ENCTBME MHOTOKPaTHbLIX YOApOB NPOBOAAT UCMNbITAHWS HA BO3OEeNCTBME
OOMWHOYHBIX MEXaHWYECKNX YOapoB, KOTOpbIM MOryT nogsepratecst IKB 1 DA B nepuog aKcnnyataumn v npu
TPaHCNOPTMPOBAHWN,

8.3 OHEHMBHEMI:IE XapakKTepuUCTUKMN U pac4YeTHbIe COOTHOLWEeHWUA

8.3.1 OueHnBaeMbIMWN XapakTepPUCTMKaMK ABMSAKTCS YCKOPEHWUSA, NepeMeLleHns, MexaHuieckme Hanps-
XKeHWs B U3Oenusax, BpemMs 40 YCTanocTHOro paspyLleHus.

8.3.2 [1nA onpeneneHns oleHnBaeMblx xapaktepucTuk Kb n 3A 6e3 BMOpOU30ONATOPOB NPOBOASAT KO-
HEYHO-3NEeMeHTHbIR aHanua. CucTemMa ypaBHEHUI OBWXEHWSA KOHCTPYKLWW BIMMSAUT criedyroLlwmnm obpasom:

[MK7} +ICKr} +[KHr} = {F},

roe {r} — BeKTOp y3MN0BbIX NepeMeLleHuIA;
[M], [C], [K] — maTpuubl Macc, BA3KOro AeMndupoBaHNA 1 XXeCTKOCTU COOTBETCTBEHHO;
{F} — BEKTOp BHELIHNX BO34ENCTBMNA.
8.3.3 [Insa onpepeneHns oLueHMBAEMbIX XapakTepucTuk 3A, yCTaHOBNEHHOW Ha BMOpousonaTopax, uc-
none3yetcsa cuctema AuddepeHumanbHbIX YPpaBHEHUIA OBUKEHUS] HA OCHOBE ypaBHeHus JlarpaHxa. Ons cu-
CTEeMBI C LUECTBIO CTENEHAMU CBODOABI MX 3aMWCLIBAIOT B CNeayoLLeM BUae:

d(8T/oq;)/dt - 6T /oq; +8l1/oq; = Qt), i=12...6,

rae q; — /-1 06oblieHHas kKoopanHaTa;
g; — i-s1 0606LLEHHAs CKOPOCT;
T — KMHeTU4YecKas 3Heprusa CUCTeMbI;
1 — noTeHunanbHas 3HEepPrusi CUCTEMbI;
Q/(t) — oboblieHHasa cuna, AenCTByoLWas Nno HanpasneHuio /- 0606LLEeHHON KOOpAUHATHI.
8.3.4 OCHOBHbIM ypaBHEHWEM MPKU MaMOLUKNOBOW YCTANOCTU CMY>XUT ypaBHeHne MaHcoHa-KodduHa-
backsuHa

Ae o} y
Z = TN P +ep (2N, )F,

roe % — aMmnnuTyaa nornHoun gedopMaunn B LUKNe;

N;— 4Mcno UMKNoB A0 paspyleHus;

of — KoathdmuMeHT ycTanoctHon npodHocTy (fatigue strength coefficient), sasucawmin ot matepuana;
b — nokazaTtens ycTanocTHOW MPOYHOCTW unu nokasatens backeuHa (fatigue strength exponent), 3a-

BUCALKWIA OT MaTepuana;

&f — KoathuumeHT ycTanocTHoi nnactudHocTk (fatigue ductility coefficient), sasucawmin ot matepuana;
¢ — MnoKazaTenb ycTanocTHou nnactudHocTtu (fatigue ductility exponent), aaBucawmic ot matepuana;
E — mogaynb ynpyrocTu.

8.4 YcnoBua, peXxXuMmbl, NOPAAOK, MECTO NPOoBeaAeHUs, BUALI U 3Tanbl UCNLITAHUK

8.4.1 Ycnosua npoBeAeHUs UCNbITAHUNA

8.4.1.1 Hanu4ymne poccuinckoro nporpammMHoro obecnedyeHus, npegHasHavyeHHoro ans MoAennMpoBaHus
OKB v 3A Ha Bo3geicTBME OOWMHOYHOMO M MHOTOKPaTHOMO MeXaHW4YecKoro yaapa, BHedpeHHOro Ha BeayLyux
npeanpuatTnax Poccuiickon ®egepauum.

8.4.1.2 Hanuune koppekTHoi 3D-mopenn KB 1 3A, oTBevatollei TpeboBaHUAM, KOTOPbIE NPUBEOEHDI
B NpunoxeHun A.
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8.4.1.3 Hanuune crnegyowmnx hranKo-MexaHmyeckux napametpoe matepuanos Kb n 3A:
- MMOTHOCTb;

- MOoAynb YMpyrocTu,

- KoadhduuymneHT lNyaccoHa;

- KMIM ans nuHenHoro yyacTtka 3asucumoct KMT ot HanpsbkeHns nsruba o, npu o, = 0;

- koadhduumeHT 3aBucumoct KMl oT HanpskeHus.

3asucnmocTb KMI oT HanpsxeHnsa usrnba o, Ha NHEeMHOM y4yacTke UMeeT Bnz

Y= Yo * Kooy

roe vo — KMI1 ans nuHeaHoro yyactka npv o, = 0;
K — koapbpuuneHT 3aBucumocTi KMIT oT HanpsakeHna.

B3anMocBA3b TEMMNOBLIX U MEXaHWMYECKUX NMPOLECCOB B KOHCTpyKkuuax 3KB n 3A obycnosneHa Bnusa-
HWeM TenmnoBbIX NPOLECCOB HA MexaHu4eckne — TemMnepaTypHbIMU 3aBUCUMOCTSIMA hU3NKO-MEeXaHNYeCKUX
napaMmeTpoB — Moayns ynpyroctu E n KMIM y — ana matepuanos KOHCTpyKUumin QKB n 3A.

C pocTtom Temnepatypbl MOOyMb yrnpyroctn ymeHbluaetcs, a KMl yBennyusaetcs. 3aBucumMocT £ v y
OT TeMnepartypbl MOTYT annpoKCUMUPOBATLCA JIMHENHBIMU MONMUMHOMaMW. YpaBHeHWe NpsaMon And 3aBUCUMO-
CTW MOAYISA YNPYrocTu OT TEMMepaTypbl B 3TOM cryyae uMeeTt BUg

E'= B0 K (T-20),

rae T — Tekylias TemnepaTypa,
E20 — mopynb ynpyroctu npu T = 20 °C;
Kg — KO3t h1LUMEHT NPONOPUNOHANBEHOCTH.
C n3meHeHnem TeMnepaTypbl MEHSAETCA KaK vy B 3aBUCUMOCTU OT TeMnepaTypbl, Tak U k_. YpaBHeHns
NpAMbIX ANA 3aBUCMMOCTeN vy M K. OT TeMnepaTypbl UMeT BUA;

Yo =740 + K, (T - 20), (3)
k, = k20 + K, (T - 20), (4)

roe 7020 — 3HayeHune yg npn T =20 °C;
k20 — snauenme k npu T = 20 °C;
Kv’ K — k03thth1LMeHThI MponopLUNOHabHOCTH.

[aHHble napaMeTpbl MOTYT BbiTh NONYYeHbl NyTemM uoeHTUudmMKauun. MeToguka ngeHTupukaumm ousn-
KO-MexaHu4eckux napameTpoB maTtepuanoB Kb n 3A npuBegeHa B NnpunoxeHun b.

8.4.1.4 Hanuuue crnegyolmnx napameTpoB BUDPOU30NATOPOB:
KO3hULINEHT ¥ECTKOCTU Mo OcK X;
KO3 OULIMEHT XECTKOCTU Mo oCcn Y;

- KoahULMEHT XKECTKOCTH No OCcK Z;

- KMIM no ocu X gnsa nuHeHoro yvacTtka 3asucumoct KMIT oT HanpsikeHms uaruba c,npuoc,=0;

- KMIM no ocu Y anga nuHenHoro yyacTka sasncumoct KMI ot HanpsikeHus usrmba o, npu o, = 0;

- KMIT no ocu Z ans nuHenHoro yyacTka 3asucumocty KMIT oT HanpskeHUst pacTsKeHWsA-CKATUSA Gp o
npu op_c = 0;

- koadhuumeHT 3aBucumocTti KMIM no ocu X oT HanpskeHus narnba;

- koadhpumuneHT 3aBucumocT KMIT no ocu Y oT HanpsbkeHWs 1maruba;

- KoahduumeHT 3asucumoct KMIT no ocu Z oT HanpsiKeHUs: pacTaKeHUda-CxKaTus.

[daHHble napameTpbl MOryT BbITh NOMyYeHbl NyTeM naeHTugukauun. Metogmka noeHTudukaLnn napa-
METPOB NpuBeAeHa B npunoxeHuu b.

8.4.2 PexxumMmbl UCNbITAHUNA

[MapameTpbl O4MHOYHOIO MeXaHW4YecKoro yoapa:

- MWKOBOE yOapHOe YCKOpPeHWe MMnynbea;

- ONWUTENbHOCTL YOapHOTO UMNYMbCa.

[MapamMeTpbl MHOMOKpPaTHOIO MexaHn4eckoro ygapa:

- MMKOBOE ygapHOe YyCKOpeHWe O4HOro MMNynbea;

- ANWTENbHOCTL OQHOrO YAapHOro UMMynbea;

- KOMW4YeCTBO yAAapHbIX MMMNYNbCOB.
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8.4.3 Mopsagok npoBegeHUA UCNbITAHUKA

8.4.3.1 MNpoBogaT noeHTUdUKaUMO PUMKO-MEXaHMYECKNX napameTpor matepuanoB 3Kb n 3A, yka-
3aHHbIX B 5.4.1.3, B cny4ae ux oTcyTcTBUSA. [1pn 3TOM No pe3ynsTaTam HaTypHbIX UCNLITAHWA ONpefensoT 3a-
BUCUMOCTb YCKOPEHWSA OT BpEMEHM yaapa B KOHTPOINbLHOW TOYKE, KOTOpas MCNonb3yeTcs Npu MaeHTUurKkaumnm.
MpeneapuTtensHo pa3pabaTbiBaloT NporpaMmMy UCMbITAHWA U U3rOTABNUBAKT MAKETbl NNACTUH AN UCMbITa-
HUI. [pumep nageHTUMUKaLnM NpuBeaeH B NpunoxeHun B.

8.4.3.2 MpoBogAT MaeHTUdMKaLMID NapaMeTpoB BMOPOM3ONATOPOB, yKazaHHblix B 5.4.1.4, B cnydae
ux oTcyTCTBMSA. [1pM 3TOM NO pe3ynsTataM HaTypHbIX UCMbITAHWUA ONpeaensAlT 3aBUCUMOCTb YCKOPEHWUsS! OT
YacTOThbl FAPMOHUYECKOW BUOpaLun cUCTEMbI BUDPOM30NALMK, KOTOPAA UCMONb3yeTcs NpU MaeHTUUKaLMK.
MpeneaputeneHo pa3pabaTtbiBalT NporpaMmMy MCnbITaHui 1 npuobpetaT obpa3sybl BUBpOM3onNaTOpOB ANs
ucneiTaHuia. Npumep naeHTUUKaUMM NpuBegeH B npunoxeHun I,

8.4.3.3 VoeHTudpunumpoBaHHbie napameTpbl matepuanoe 3KB v 3A v napameTpbl BUOPOW3ONATOPOB
3aHocAT B Hasy faHHbIX Ans UCNONb30BaHMA B NPOLIECCE MOLENMPOBaHUA.

8.4.3.4 lNpoBogaT NOAroTOBKY MOAErnen:

- 3D-mopenein B opmate STEP koHcTpykumin 3KB 1 3A 6e3 subpousonsatopos B CAD-cuctemax, oT-
BevarLwmx TpeboBaHMAM, KOTOpbIE NPUBEOEHbl B NMPUNOXeHUN A;

- 3D-mopenei KOHCTPYKLUMIA 3A, yCTaHOBMNEHHLIX Ha BUOPOM30ONATOpax, B CneLvManmM3npoBaHHbIX MHTep-
chencax.

8.4.3.5 MposogaT umnopt mogenei B hopmate IGES wnu STEP koHctpykunin KB 1 3A B cucteme
MOAENUPOBaHUA M3OENUA HA MEXaHWYECKNE BO3AENCTBUS.

8.4.3.6 lNpoeogsaT BUpTyaneHbie ucneitTaHua IKb u SA Ha BozaelicTBME OQUHOYHOTO U MHOTOKPaTHOrMO
MEeXaHWYeCcKoro yaapa ¢ npuUMeHeHneMm MopenupoBaHusa. OnpenensoT 3aBMCUMMOCTU YCKOPEHUS yaapa oT
BPeMeHW B KOHTPOIMbHLIX TOYKaxX UNK B cucTeMax Bubpounsonaumu.

8.4.3.7 lNo peaynsratam BUPTyanbHbIX UCMbITAHUA COCTABMAAOT OTYET, B KOTOPOM AakT MHGopMaLunio
00 oUueHVBaeMbIX XapakTepucTMKax.

8.4.4 MecTo NpoBeAeHUA UCNbITAHUNA

VcnbiTaHua MoryT BbiTe NPOBEAEHbI:

- caMmum npegnpuaTUeM Npu HanM4YuM aBTOMaTU3MPOBAHHON CUCTEMBI,

- LleHTpom koMneTeHUW B obnactn MOOenMpoBaHUs WU BUpTyarnbHbix McnbiTaHuin Kb n A Ha BHelw-
HWe BO3OeWCTBUA MO 3akasy NpeanpuaTUa B cryyae oTCYTCTBUA ¥ HEro aBTOMaTU3MPOBaHHOM CUCTEMBI.

8.5 O6paboTka, aHanNM3 1 OLEHKa pPe3yrnkLTaToB UCMNbITAHUN

8.5.1 O6bLem obpabaTeiBaeMmon MHOpMaLUKU
McnonbayoT manelii 06bem Beibopku n < 50.

8.5.2 Cm. 5.5.2.

8.5.3 NoeHTuduumMpoBaHHble NapaMeTpbl onpeaenswnT ¢ y4eToM ux pa3bpoca: cpegHee 3Ha4vyeHue U
cpeaHee KBagpaTu4eckoe OTkNoHeHue. [nd nony4eHus pasbpoca HeobxoaMmo NpoBecTM NOeHTUMMKaLNOH-
Hble ucneiTaHusa 10 makeToB nnactvH U 10 0Bpa3yoB BMOPOU3ONATOPOB OAHOIMO TUNA.

8.5.4 OueHvBaeMble xapakTepUCTHKK ONpedensitioT ¢ y4eToM pasbpoca yckopeHuia. [ing kaxgon xapak-
TEPUCTUKM ONpPedensAloT cpegHee 3Ha4yeHue U cpegHee KBaapaTn4eckoe OTKIOHEHME.

8.6 MaTepHaanO-TEXHMHECKOE obecneyeHne NCMNbITAHUNA

Cwm. 5.6.

8.7 OT4yeTHOCTBL

MpoTOoKON UCMBITAHWUIA AOMMKEH COOEPKATb CNEaYOLLYI MHBOPMALNIO:
1) onwncaHue makeTa;
) rpaduK BXOLHOrO BO3AEWCTBUSA OOMHOYHOMO MEXaHUYeCKOro yaapa Ha MakeT,;
) rpadhmK BbIXOL4HOMO BO34EWCTBUA OAMHOYHOMO MEXaHUYECKOro yaapa B KOHTPONbLHOM TOYKE MakeTa,;
4) voeHTUMOULMPOBaHHbIE NapamMeTphbl;
) rpadmK BXOAHOTO BO34eNCTBUS OAMHOYHOIO M MHOTOKPaTHOTO MexaHn4eckoro yaapa Ha 3Kb n 3A;
6) rpacuK BbIXOQHOMO BO3LEWCTBMA OQWHOYHOMO M MHOTOKPATHOINO MEXaHWYecKoro yaapa B KOHTPOMb-
HoW Touke KB n 3A;
7) OUEeHMBaEeMble XapaKTepPUCTUKWU: YCKOPEHMS, NEPEMELLeHUs, mexaHndeckne HanpsikeHus B OKB u
OA, Bpemsa [0 yCTanoCTHOMo paspyLleHus.
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9 Metoa maTeMaTU4eCKOro MoAennMpoBaHUs U BUPTyanusauum UcnbiTaHUN
9KB n 3A Ha BO3gencTBME NMIMHENHOTO YCKOPEeHUs

9.1 Uenb ucnbiTaHuumn

WcnbiTaHuam Ha BO3aencTBME NMUHENHBIX YCKOPEHWUIA B Lenax onpegeneHns NpoYHoCTY UNn yCTOMYMBO-
ctu nogsepratoT Te 3KB n 3A, KOTOpbIe HE MCNBITLIBAKOT Ha BO3AENCTBME OQUHOYHEIX YAAPOB C YCKOPEHUEM,
paBHbIM UMK BoMbLIKMM, YeM NuHerHoe. 3ddeKT BO3AeNCTBMSA NPU AaHHBIX YCIIOBUAX WUCMbITAHUIA OKa3blBa-
eTcs oaMHakoBbiM. OgHaKo ecny B KOHCTpykuMio IKB 1 3A BXoA4AT NoABWNKHBIE AeTanu U y3rbl, TO NPU 04u-
HOYHBIX yOapax BO3HMKAKT CUITbl, HanpasneHne KoTopbIX He coBnafaeT ¢ cunamu, Bbi3BaHHBIMU NUHERHBIMM
ycKopeHusimu. BcneacTeBue 3TOro ykasaHHble UCMbITaHnA nNpoBogaT camoctosTensHo (TOCT P 51805).

9.2 O6wKre nNonoxeHUs

9.2.1 JluHenHOe ycKopeHue, HanpaeneHuwe ero BO3OEeWCTBUSA, xapakTep W3MeHeHUs, NPOAOIIKUTENb-
HOCTb UCMbITAHWIA U psg ApYrux cneundmyecknx ans ucnbiTyemoro Kb v 3A napameTpos oroBapueatot B T3.

9.2.2 Bbibop napameTpoB 3aBMCWT OT HaszHadeHus ucnoiTyeMmbix KB u 3A, MecTa ero ycTaHOBKMW M
ycrnosuir akcnnyaTtauuu. Onpegensaiolm npy Beibope NMUMHEMHOIO YCKOPEHWA ABNATCA TpeboBaHUs K Npou-
HOCTHbIM xapakTepucTukam 3Kb n 3A.

9.2.3 CraHnfapT ycTaHaBNMBAET CTEMNEHU XXECTKOCTWM UCTLITAHWUIA, KOTOPLIM COOTBETCTBYHOT OnpeaeneH-
Hble 3Ha4YeHWs NMUHEeNHbIX YCkopeHui. Mpu ucnbliTaHuaX cnegyeT BbibUpaTh NMMHENHBIE YCKOPEHWUST U3 peKo-
MEHAOBaHHbIX CTaHAAPTHLIX 3Ha4YeHWid. BoamoxkeH BbIBOp cnegyowmnx HanpasneHuii Bo3geicTBMA NUHENHbIX
YCKOpPEHWIA no oTHoweHuto kK AKB n JA:

- MOOYEPESHO B KaXJ0M U3 ABYX NPOTMBOMNOMNOXHLIX HANpPaBneHWi No TPEM B3aUMHO NepneHaukynap-
HbiM ocsam IKB n 3A, ecnn y 3KB n 3A HEBO3MOXHO BbIAENUTE NITOCKOCTU U OCU CUMMETPUN;

- BOOMb OCKU CUMMETPUKM B ABYX MPOTUBOMOMOXHLIX HANPaBMneHUaxX WU B Ni0bBoM HanpaeneHun, nepneH-
OUKYNAPHOM K OCY CUMMETPUN, NPU HANUYUK OCU CUMMETPUU;

- MepneHauKynspHO K KaXJoW NnocKoCcTU CUMMETPUW B OJHOM HanpasfeHWnU Npu Harnuynuu ogHon Unm
HECKOMbKUX NIAOCKOCTEeN CUMMETPUN.

OKB u 3A, ons KOTOpbIX M3BECTHO Haubonee onacHoOe HanpaBreHWe BO3OeWCTBWUS, PEKOMEHOYETCS
MCNbITEIBATb TOMBKO B 3TOM HanpaBneHWW, COXPaHAa NPOOOMIKUTENBHOCTL UCMbITAHMS TONBKO AN AaHHOro
HanpaeneHus.

9.3 OueHMBaeMblie XapakKTePUCTUKN U pacUyeTHble COOTHOLIEHUS
Cm. 8.3.
9.4 YcnoBusa, peXuMsl, MOPALOK, MECTO NPOBEASHUS, BUAbl U 3Tanbl UCNbLITAHWUIA

9.4.1 YcnoBuA npoBegeHUs UCNbITAaHUIA

9.4.1.1 Hanwnyve poccuinckoro nporpamMmmMHoro obecnedeHnsa, npegHasHadYeHHoro ana MoaenupoBaHua
OKB 1 3A Ha BO3geiCTBME NMWHENHOro YCKOPEHWUsl, BHEOPEHHOTrO Ha BeaylMx NpeanpusatmMax Poccuitckon
denepaumu.

9.4.1.2 Cm. 8.4.1.2.

9.4.1.3 Cm. 8.4.1.3.

9.4.1.4 Cm. 8.4.1.3.

9.4.2 PeXrUMbl UCNLITAaHUN

MapaMeTpbl IMHENHOIO YCKOPEHUSA:

- MWKOBOE NIMHENHOE YCKOpeHue;

- ANUTENLHOCTL BO3NENCTBUS MUHENHOIO YCKOPEHUS.

9.4.3 MNopsanok NnpoBeAeHUA UCNbITAHUNA

9.4.3.1 Cm. 8.4.3.1.

9.4.3.2 Cm. 8.4.3.2.

9.4.3.3 Cm. 8.4.3.3.

9.4.3.4 Cm.8.4.3.4.

9.43.5 Cm. 8.4.34.

9.4.3.6 lNpoeoasaT BupTyaneHsle ucneitaHus KB v 3A Ha Bo34eACTBME NUHENHOIO YCKOPEHNUS C NpU-
MeHeHVeM MogenvpoBaHusa. OnpenensaT 3aBUCUMOCTU YCKOPEHWUSI OT BPEMEHW B KOHTPOMbLHBLIX TOYKAX UMK
B cMCcTeMax BUOpON3onsunu.
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9.4.3.7 lNo peaynsTatam BUPTYasnbHbIX UCMbITAHWA COCTABMAAIOT OTHYET, B KOTOPOM AakT MHpopmMauuio
06 oueHMBaeMbIX XapaKkTepuCcTUKax.

9.4.4 MecTo NnpoBeAeHUA UCMNbITAHUKA

McnbiTanma MoryT BbiTe NpOBeOEHbI:

- camMuM nNpeanpuaTuem rnpu Hannmy4um aBToOMaTU3MpoBaHHOW CUCTEMbI;

- LleHTpom komMneTeHuwin B obrnacti MOAENUPOBaHWUS M BUPTYanbHbIX ucnbitaHnin SKB n OA Ha BHeww-
HWe BO3OeWCTBKUA MO 3aKa3y npeanpuaTusa B criydyae OTCYTCTBMSA Y HEro aBTOMaTMU3MPOBaHHOW CUCTEMBI.

9.5 O6paboTka, aHanNu3 1 OLEeHKa pe3yrnkLTaToB UCNbLITAHUN

Cwm. 8.5.

9.6 MatepunanbHo-TexHU4YecKoe obecrneyeHme UCnbITAHUN
Cwm. 5.6.

9.7 OT4yeTHOCTL

[MpoToKon UcnbITaHUA OOM¥EH CogepKaTth CnegyrLWwyn MHdopmaLumio:
1) onncaHue makeTa;
) rpadmk BXxogHOro BO3AENCTBMA OQMHOYHOIO MEXaHWYEeCKOro yaapa Ha MakerT;
) rpadmk BbIXOQHOTO BO34EWCTBUA OQUMHOYHOIO MEXaHWUYECKOro yaapa B KOHTPONbHOW TOYKE MakeTa,
) MOEHTUOULMPOBAHHbIE MAapamMeTpbl;
) rpaduK BXOOHOIrO BO3ZENCTBUA NMHENHOro YyeckopeHus Ha OKB n 3A;
) rpaduK BbIXOQHOTO BO3AEWACTBUS MUHENHOTO YCKOPEHWST B KOHTPONbHOM Touke SKB n 3A;
7) oUeHMBaeMble XapaKTepPUCTUKWI YCKOPEHUS, NepeMelleHns, mexaHudeckne HanpstkeHus B OKB u
OA, Bpemsa 00 yCTanocTHOrO paspyLleHus.

10 MeTtog matemMaTU4eCcKoOro MogenMpoBaHuAa U BUPTyanusauum UCNbITaHUN
KB n DA Ha Bo3genCcTBME aKyCTUYECKOro LymMa

10.1 Llenb ncnbiTaHui

[nA BbISBNEHWA CTeneHW BO34eNCTBUA akycTudeckoro wyma Ha OKB 1 3A npoBogAT ncnbITaHWs, Lenbio
KOTOPbIX SIBMAETCA OnpeAeneHne cnocobHOCTY M3OEeNNA BLINOMHATL CBOW (DYHKLMM U COXPaHATL NapameTpbl
B Npefdenax HOpM, yKa3aHHbIX B cTaHAaptax U TY Ha u3genus B yCrnoBWsiX BO3OENCTBUSA NOBbLILLEHHOrO aky-
cTudeckoro wyma (MOCT 30630.1.5).

10.2 O6wme nonoxeHuna

10.2.1 WcnbiTaHnaM Ha BO3OEWCTBME akycTuyeckoro Wwyma noneepratoT OKb n DA, nmerolime HEMOHO-
MUTHYIO CTPYKTYPY.

10.2.2 MeToab! UCNbITaHUIA

KMcnbiTaHua Ha BO3OENCTBME aKyCTMYECKMX LUYMOB MOryT ObiTb NpoBedeHbl ABYMSA OCHOBHLIMW METO-
Jamun: MeToooM BO3OEeNCTBUSI Ha M3genune crnyvyanHoro akycTMYecKoro LWymMa n MeToqoM BO3[eNCTBUA Ha 13-
Jenue akycTMYeCKOro ToHa MeHsLWencs YacToTel. Beibop MeToga ucnsitaHuii onpefensT YCNoBUSMU SKC-
nnyatauun Kb n 3A.

10.3 OLIEHVIBEEMI:IE XapPaKTepuUCTUKN U pacyeTHbIe COOTHOLWEeHUA

10.3.1 OueHnBaeMbIMU XapakTepUCTUKaMK SABMSOTCA PE30HAHCHbIE YaCcTOThl, YCKOPEHUs, nepemelle-
HWS, MexaHnYeckne HanpsbkeHnsa B QKB 1 OA, Bpems 4o yCTanocTHOMo paspyLleHuns.

10.3.2 [Insa onpeneneHns oLueHnBaeMbix Xxapaktepuctuk Kb n 3A 6e3 BMOpoM3onaTopoB NPOBOAAT KO-
HEYHO-3NEeMeHTHbIN aHanma. CucteMa ypaBHEHWIN OBMXEHUS KOHCTPYKLWW BIFMAAWT criegyrowmum obpasom:

[MI{7} +[CHr} + [KHr} = {F},

rae {r} — BeKTOp y3noBbIX NEPEMELLEHNN;
[M], [C], [K] — maTpuLbl Macc, BA3KOrO AeMndUpoBaHUA U XXeCTKOCTU COOTBETCTBEHHO;
{F} — BEeKTOp BHELUHNX BO3OENCTBUNA.
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10.3.3 [na onpegeneHns OLEHWBaAEeMbIX XapaKTepucTuk DA, yCcTaHOBNEeHHOW Ha BubpousonsaTopax,
vncnonb3yetca cucteMa audppepeHumManbHbIX YPaBHEHWIA [OBMXXEHUA HA OCHOBe ypaBHeHus JlarpaHxa. [Ana
CUCTEMbI C LUECTLI CTENEHSAMU cBOBOABI X 3aMUCLIBAKOT B CriefyoLemM Bue

d(0T/8q;)/dt - 8T [6q; +ol1/oq; =Qt), i=12..,6,

rae g;— i-A 0bobueHHasa koopanHara,
d,- — i~ 060BLLEHHAsA CKOPOCTb;
T — KMHeTMYeckasa 3Heprua CUCTEMbI;
[1— noTeHuWanbHas 3Hepris CUCTEMBbI;
Q{t) — oboblieHHas cuna, 4edCTBYOWas MO HanpaBneHuto i-1 0606LWEeHHON KOOPAMHATSI.

10.3.4 Bpewms oo yctanoctHoro paspywenna KB n 3A npu akycTM4eckoM LuyMe onpeaenstoT aHano-
rMyHo 7.3.4. lNpu ncnbiTaHUM METOAOM BO3OEWUCTBUA Ha U3genue cny4aHoro akycTu4eckoro LwymMa — aHano-
FMYHO CryYaiiHoW BMOpauuK, NpyM UCNbITAHWM METOLOM BO3AEACTBUA HA M3Aenue akyCTUYECKOro TOHa MeHs-
FOLLEMCA YacTOTbl — aHaANOMMYHO rapMOHMYECKOW BUDpauun.

10.4 YcnoBus, peXXuMbl, NOPALOK, MECTO NMPpoBe4eHWA, BUObl U 3Tamnbl UCNbITAHUIA

10.4.1 YcnoBus npoBegeHUs UCNbITAHWUNA

10.4.1.1 Hanuyue poccuiickoro nporpaMmMHoro obecnevyeHns, npegHasHa4YeHHoro Ansa MoaenvpoBaHus
OKB v 3A Ha Bo3geNcTBUE aKyCTMYECKOrO LWyMa, BHEAPEHHOIO Ha BedyLmx npegnpustuax Poccuinckon ®e-
aepauuun.

10.4.1.2 Cm. 5.4.1.2.

10.4.1.3 Cm. 5.4.1.3.

10.4.1.4 Cm. 5.4.1.4.

10.4.2 PeXunMbl UCNLITAHKUNA

MapameTpbl akyCTUYeCKOro WyMa (YMCneHHble 3HavyeHns 3agatoT B T3 Ha paspabotky KB 1 3A):

- YPOBEHb 3BYKOBOIO AaBneHus, ab;

- AnanasoH YactorT, ['u.

10.4.3 Mopsapok npoBefeHNA UCMbLITAHUNA

10.4.3.1 MpoBoasaT naeHTUdKUKaumo hU3MKo-MexaHu4ecknx napameTpos matepmanos Kb n A, yka-
3aHHbIX B 10.4.1.3, B cny4ae ux oTcyTcTBUA. [1pK 9TOM MO pesynbratam HaTYpPHbIX UCMbITAHWA ONpeaenstT
3aBUCUMMOCTb YCKOPEHMS OT YacTOThl rAapMOHMYECKO BUBpAaLIMK B KOHTPOMNBHON TOYKE, KOTOpas UCNonbL3yeTcs
npwu ugeHTudukauuun. MNpegBaputensHo paspabaTtbiBaloT nporpaMmy WCMNbITAHWA M U3roTaBNMBaKT MakeTbl
NAacTyH ANA UcnbiTaHuin. MpuMep uoeHTUhWKaLUN NpUBELEH B NPUNOXeHUn B.

10.4.3.2 TpoBogAT MaeHTUMKaLMIO napameTpoB BUOPOU3oNATOPOB, ykasaHHbix B 10.4.1.4, B cnyyae
nx oTcyTcTBUSA. [pn 3TOM MO pesynbTaTtam HaTypHbIX UCMbLITaHWA onpeaenslT 3aBWCMMOCTb YCKOPEHUs OT
4acTOoTbl rApMOHWYECKOW BUBpauun cuctembl BUOPOM30ONALNKN, KOTOpasi MCNONb3yeTcs NpyM naeHTUguKauun.
MpenBapuTenbHo paspabaTbiBaloT NporpamMmmy MchbiTaHuii 1 NnpuobpeTtaroT obpasubl BUOPOM30NsATOPOB A11A
ucnelTadui. MNpuMep ngeHTUgMKaym NnpMeeaeH B npunoxexHun B.

10.4.3.3 MpeHTudnumpoBaHHblie napaMmeTpbl Mmatepuanos 3Kb n 3A 1 napameTpbl BUGpOU30NATOPOB
3aHocAT B 6a3y AaHHbIX ANS UCMONB30BaHUA B NPOLECCEe MOAENMPOBAHNS.

10.4.3.4 TMpoBogAT NOATOTOBKY MOLENen:

- 3D-mopenen B dpopmaTte STEP koHcTpykuui usgenuin ez eubpounsonstopoe B CAD-cuctemax, oT-
BeYaLlnx TpeboBaHWsM, KOTOPbIe NPUBEAEHbI B MPUNOXEHUN A;

- 3D-mopenei KOHCTPYKUMIA DA, yCTAHOBIMEHHLIX Ha BUDpOU30NATOpaX, B CNeLMann3npoBaHHbIX UHTep-
thencax.

10.4.3.5 TpoBogat umnopt mogenen B gpopmare STEP koHcTpykumin 3KB n A B cucteme mogenupo-
BaHMWS M30ennil Ha MexaHUM4Yeckne BO34encTBuS.

10.4.3.6 lMpoBogAT BMpTyanbHble UCMbLITAHWA HA BO3AEWCTBME aKyCTMYeCKOro Wyma B 3agaHHOM gua-
na3oHe 4YacToT C MpPMMEHEeHVeM MOAeNupoBaHns MexaHnyiecknx npoueccos B IKB n 3A Ha Bo3gencTBue aky-
cTuyeckoro wyma. OnpenensaoT 3aBUCMMOCTU YCKOPEHUA OT YacTOThl aKyCTUYECKOrO LWYMa B KOHTPOIbHbIX
TOYKaxX UMK B cMCTEMaX BUDPOM30NALMK, NO KOTOPbIM BbISIBNAKT Pe30HAHCHbLIE YacTOThl.

10.4.3.7 To pesynsTatam UCMbITAHWA COCTABNAT OTYET, B KOTOPOM AatT nHdopmMauuw ob oueHuBae-
MbIX XapakTepucTukax.

20

Pa3zpaboTka anekTpoHHOWN Bepcun - nopTan GostExpert.ru 24 /58
Crpanuua ookymeHTa - https://GostExpert.ru/gost/gost-71836-2024



https://gostexpert.ru?utm_source=pdf&utm_medium=69602
https://gostexpert.ru/gost/gost-71836-2024?utm_source=pdf&utm_medium=69602&utm_term=page

rOCT P 71836—2024

10.4.4 MecTo npoBefeHUA UCTIbITAHWUKA

WenbiTaHmua moryT 6biTb NPOBEAEHbI:

- caMmum npegnpuaTUEM Npu Hanu4yMmM asTOMaTU3MPOBAHHON CUCTEMBI;

- LleHTpom komMneTeHUuid B 0BracTi MOLEeNnUpPOBaHUS U BUPTYanbHbIX UcnbiTaHuin 3KB n 3A Ha BHelw-
HWe BO3AeNCTBUA Mo 2akKasy NpeanpusaTusa B criydyae oTCYTCTBUS Y HEro aBTOMaTU3UPOBAHHOW CUCTEMBI.

10.5 O6paboTka, aHan13 u oLeHKa pe3ynLTaToB UCNbITAHWUIA
Cwm. 7.5.

10.6 MaTepmnanbHO-TeXHU4YeCcKoe obecnevyeHne UCNbLITAHWUIA

Cwm. 5.6.

10.7 OTYyeTHOCTL

[MpoToKoN MCNBITAHWIA AOMMKEH COOEpPKaTh CNEAyLLY MHPOPMaLNIO:

1) onucaHue maketa;

2) rpaduK BXOOHOro BO34EeWCTBUA rapMOHUYECKOn BMOpauumn Ha MakerT,;

3) rpaduk BbIXO4HOIO BO3LENCTBYSA rapMOHMYeCcKor BUOpaunn B KOHTPOMbHON TOYKE MaKeTa;

4) vaeHTUMOULMPOBaHHbBIE NAapaMeTphl;

5) rpaduk BXxogHOro BO34ENCTBMA akycTMyeckoro wyma Ha KB n 3A;

6) rpaduk BbIXOQHOTO BO3OENCTBUSA akyCTUHECKOTO LyMa B KOHTPOIbHOWM Touke 3KE n 3A;

7) oueHUBaeMble XapaKTepUCTUKM: PE30HAHCHBIE YacToThl, YCKOPEHWs, NepeMeLLeHnsi, MexaHu4yeckue
HanpsKeHWA B U3genusx, Bpems 40 YCTarnoCTHOMO paspyLUeHus.
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MpunoxeHune A
(pexomeHgyemoe)

MeTtoguka nogrotosku 3D-mogenu B CAD-cucTeme Ons Nocneaylowero MogaenupoBaHma

[Mpn npoBegeHUM MEXaHNMYECKUX PAcYeTOB, MPWU CO30aHUW PacHeTHOW MOOENM CnoXHOW KoHCTpykumm KB n 3A
CTAHOBUTCA aKTyanbHbIM UCNOML30BaHNe Maganu3auuy ee reoMeTpun, KoTopas B AanbHellweM OKasbiBaeT BNuAHWe Ha
[AOCTOBEPHOCTb Pes3ynsTaToB, NONyYeHHbIX NpU pacdeTe. 3TO CBA3AHO € TEM, YTO YacTo MOAENb HENPUIoaHa Ana pacyeTa
BBUAY HANW4uA 3NeMeHTOB, ee YCNOXHAIWWX. B gaHHOi MeToauke npeacTaBneHbl cnocobbl ynpolwernua 3D-mogenu
KOHCTPYKLMK, NMPUMEHEHMWE KOTOPbIX NMO3BOMAET NOATOTOBUTL ee K pacdeTy B CAE-cucteme.

PacueTHana Mofdenb KOHCTPYKUMU COCTOUT M3 MAcCKBa Y3NOB CETKU KOHEeMHbIX anemeHToB. OgHako npu cosgaHum
pacyeTHOW MOOENN CNOKHOW KOHCTPYKLMK HEOBXOAMMO HECKOMNBbKO Maeannanposatb ee hopmMy, NpU 3TOM CTeneHb uae-
anu3auum oKasblBaeT BNUSHWE Ha JOCTOBEPHOCTL pesynbTaTor, NMomnydeHHbIX npu pacdete. Ocoboe BHUMaHWe OOMKHO
yOenaTeCs TakuM MecTam KOHCTPYKUWMM, rae Haubonee BepOATHO BO3HWKHOBEHWE MEeXaHWYecKUX HanpsikeHwin (MecTa
KPEenneHus, onopbl, pasHoro poga coegnHerus). TeM He MEHEE HEBbLINOMHEHWE YNPOLEHWS 3NEKTPOHHOW MOAENW U3ae-
WA BEAET K YBENUYEHUIO BPEMEHM, @ TO U K HEBO3MOXXHOCTMW BbINOMNHEHWA pacHeToB. Hbke paccmaTpuBaloTes NPUHWHEI,
KOTOpPbIE NPMBOAST K YCIOKHEHUIO KOHEYHO-3MIEMEHTHOR MOJENMN.

A.1 Ocob6eHHocTU 3D-moaenen, BeinonHeHHbIX B CAD-cucTemax

C TOYKM 3peHUst NPOYHOCTHLIX PACYETOB 3TW pacyeThl M34enyin OCNOXHEHb! CrieayoLum:

A.1.1 3HaunTenbHbIM KONWMYECTBOM AeTanei, pacnonoXeHHbIX B KOHCTPYKUWW U3aenus. 3To CyLLEeCTBEHHO 3ames-
nAeT NpoLEeCcc pacqeTa Unu AenaeT ero HEBO3MOXHLIM ANnA pacyeTta Ha 3BM. Ha pucyHke A.1 1 pucyHke A.2 npeacraene-
Ha umnopTtupoBaHHasa B CAE-cuctemy Mogene usgenvs v ee oparMeHT.

A.1.2 Hanuunem B Mogenn manorabapuTHbIX OeTanein: BUHTbI, kabenu, waitbbl, YTO B CBOK o4vepedb, NpueegeT
K «CINOXHbIM» COEQUHEHUAM W 3aTpPYAHWT pa3bueHne KOHCTPYKLWMM Ha KOHEeYHble 3nemeHThl. [1pMMep npeacTtaBneH Ha
pucyHke A.3. MNepevncrieHHble MOAENN BUSIOT HA pa3Mep KOHEYHLIX 3MeMEeHTOB, UX KONMYECTBO, BEPOATHOCTL Be3oLu-
DOYHOro MMMNOpPTa KOHCTPYKLIMM 1, KaK ObINO CKasaHo Bbille, HA BpeMA OanbHEWLUX pacyeToB. HekoTopeiMK Takumn ae-
TanAaMu MOXHO NpeHebpeyb, Tak KaKk BHOCUMAA UMK XXECTKOCTb Mana, U 3TO Mano OTpaXaeTCcsa Ha pe3ynstare pacuyera.
BonTel, ranku, Wwanbbl CBOKO NPAMYI0 (PYHKUWIO He BbIMONHAIT npu pacyete. Ho oHn Heobxoaoumel, ecnn Toro TpebytoT
YCINOBUA 3a4a4u.

PucyHok A.2 — ®parmeHT MMNOPTUPOBAHHON, HEVAeanM3MpoOBaHHON MOAENK
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PucyHok A.3 — WMcnonHeHwe manorabapuTHoOW geTtanm

A.1.3 KoHCTpPYKTUBHBIM MCMONMHEHWEM HEKOTOPLIX AeTanen. K npymepy, Hanvdmne oTBepCcTUi, (hacok U CKpYrneHuiA.
MpumMepbl npegcTasneHbl Ha pucyHkax A.4—A.6. Ha rpaHyue gaHHbix obnacten NponcxognT «CryleHne» CeTKM KoHeY-
HbIX 3MIEMEHTOB, Y4TO MPUBOAMUT K YBEMWYEHWIO WX KOMWYECTBa U YMEHBLUEHWUIO NX pa3Mepa, YBEMUYEeHW0 BpeMeHu pac-
YyeTa, yMEeHbLUEHWNIO BEPOATHOCTU pacyeTa KOHCTPYKUMK (Tak Kak cpabaTblBaeT orpaHuMyeHne nporpaMmbl Mo KONUYecTBy
KOHEYHbIX 3MeMeHTOB).

PucyHok A.4 — CryLueHWe CeTKM KOHEeYHBIX a1eMeHTOB B 0bnacti dpacku

PucyHok A.5 — lNpumep ckpyrneHus

PucyHok A.6 — lNpumep oTBepcTUs
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[Mpwn CTpeMMeHUM K TOYHOCTM MOOENMUPOBAHUA YBEMMYMBAETCHA BPEMSA Ha UMMNOPT MOAENU, 3aTPYLAHAETCA CO3aaHue
CETKW KOHEYHbIX 3MTEMEHTOB 1 YBENWYMBAETCHA Bpemsa pacyeta. CBA3aHO 3TO ¢ TEM, YTO YBENMYMBAETCA KONMWYECTBO AeTa-
nen, a Kak cneacTBue — noBepxHocTel; cbopka ctaHoBUTCA Bonee rpomosgkon. [pw pacdete B CAE-cuctemax mucnonb-
3YHOT MOEaNM3NPOBaHHYI0 PacueTHY MOZESb.

[nsa peweHns 3agad4 No pacyeTy NPOWM3BONbHBLIX KOHCTPYKUWIA Ha MEXaHUYecKue BO3AeNCTBUA npegnaraetcs mMe-
Togmka no pabote ¢ CAE-cuctemamun. Ha npumepe poccuiickoro nporpammHoro obecneveHus ACOHWKA (Aetomatu-
3MpOBaHHas cucTema obecrnevyeHns HageXHOCTHM U KavecTBa annapartypbl, www.asonika-online.ru, cMm. npunoxexve E)
nokasaHo NMPUMEHEHWE MEeTOAMKY MOArOTOBKM OAHHLIX K pacyeTam Ha MexaHu4eckue BO3AeUCTBUA.

A.2 TMpumep NpUMeHEHUS MEeTOOUKKN

Kak nokasbiBaeT npaktuka, koHcTpykunm IKB 1 DA yacTo oTnuyanTcsa OT cTaHaapTHLIX hopM ucrnonHeHus. B noa-
cucteme ACOHNKA-M-3D umeeTcsa BO3MOXHOCTE paccyMThIBaTh BO3AENCTBUS MeXaHU4eckux haktopos Moaenei niobo-
ro KOHCTPYKTMBHOIO MCMOMNHEHWs, UMNopTUpoBaHHbIX 13 CAD-cucteM. 3T0 NO3BOMSET NOBLICUTE CXOAUMOCTE pesynsTra-
TOB MOAENUPOBaHWA C AaHHLIMM 3KCNepUMeHTa 3a cyeT Bonee TOYHO BOCNPOWU3BEOEHHON reOMETPUN KOHCTPYKLNN.

Ha pucyHke A.7 npegcraeneHa nocnegoBaTtenbHOCTL AercTBUiA no pabote ¢ CAE-cucTemMon Ha npyMMepe Noacu-
ctemsl ACOHUKA-M-3D.

2) CoxpaHeHWe 3} MmnopT B 4} Pacyer
Mogenu B nogcucTeMy KOHCTPYKLIAW
1) 3D-mopens 5) AHanus
~ = thopmare »  ACOHWMKA-M- vanenus
Solid Works IGS, SAT, 2D pe3ynLTaToR
STEP

PucyHok A.7 — Cxema no pabote ¢ nogeuctemorn ACOHUKA-M-3D

A.2.1 UcxopoHasa mopenb

Kak ynomwHanocb paHee, nepeg coxpaHeHuem B copmarte, Heobxogumom AnA nepegaqu B MOACKMCTEMY
ACOHWMKA-M-3D, zadacTtyio TpebyeTca ngeanvsmpoBate Mogent KOHCTpykuum QKB n 3A. Ha pucyHke A.8 npencras-
neHa ucxogHas mogenb 3A, coszgaHHaa B CAD-cucteme.

B gaHHOM npumepe NpUMEHSIKTCS Criegylowmne MeToabl Mo YNpoLLEHWK KOHCTPYKLIMK:

- WICKMYaKTCA ManorabapuTHEIE MO CPaBHEHWIO C KOHCTPYKUKWEN OeTanu;

- WICKIMIOYAKTCA, Ae 3T0 NpeacTaBnAeTcs BO3MOXKHLIM, hacKku U CKpYrneHus.

PaccmaTtpuBaloTca ycnoBusa 3akpenneHus KOHCTPYKUMKW, Tak kak 3akpenneHue Heobxogumo 3agaTtb TOYHO. Ynpo-
LLIEHHOE 3aKpenneHne (Hanpumep, No NMHMKM BMECTO TOYKN) MOBMUAET Ha CXOQMMOCTb pPe3ynsTatoB pacyeTa C pesdynbra-
Tamu 3KCNepUMEHTa.

Tarke NpoBepsitOT OTCYTCTBUE NepecedeHu getanei B cbopke.

Ha pucyHke A.9 npencraBneHa naeanvanpoBaHHas MoLenb KOHCTPYKLMW M30envs.

A.2.2 CoxpaHeHue Mmoaenu

B coBpemeHHon CAD-cucTeMe MMEETCH BO3MOXHOCTb COXpPaHWUTb FEOMETPUID KOHCTPYKUWM B nobom dopmare.
B nogcucteme ACOHMKA-M-3D mmeeTca BO3MOXHOCTE MMMOPTA OaHHbIX, COXpaHeHHbIXx B chopmatax *.I1GS, *.STEP.
MHoroobpazve dgopmatoB AnA coxpaHeHus obbsacHaeTcA TeM, 4YTO He u3 Kaxgon CAD-cuctembl MOxHO Be3ownboqHo
VMMOPTUPOBATL FTEOMETPUID KOHCTPYKUUKM B TOM Unu uHom dgopmate B CAE-cuctemy. Tak, HanpumMep, ecrni KOHCTPYKUUSA
Beina cozgaHa B Pro-Engineer, To ons ee coxpaHeHus npumMeHsieTcs dpopmat IGS. MNMpu coxpaHeHnu B SolidWorks Hau-
bonee He3ownboYHLIM hOpMaTOM ANs COXpaHeHUsa reomeTpun siensetca dopmar STEP. [JaHHas KoHCTpykumsa Obina
coxpaHeHa B chopmarte STEP.

24

Pa3zpaboTka anekTpoHHOWN Bepcun - nopTan GostExpert.ru
Crpanuua ookymeHTa - https://GostExpert.ru/gost/gost-71836-2024

28 /58



https://gostexpert.ru?utm_source=pdf&utm_medium=69602
https://gostexpert.ru/gost/gost-71836-2024?utm_source=pdf&utm_medium=69602&utm_term=page

FOCT P 71836—2024

PucyHok A.9 — VgeanuavpoBaHHasa Mofernb KOHCTPYKLUMK QA

A.2.3 Umnopt B nogcuctemy ACOHUKA-M-3D

B nogcucteme ACOHMKA-M-3D cosgaeTca HOBbIM NPOEKT, COXPaHAETCS, OCYLLECTBNAETCA Nepexon K MHTepdency
no paboTe ¢ Mofenkbl, OCYLLECTBNAETCH UMNOPT Modenu. [lanee co3naeTca KOHEYHO-3NeMeHTHasa Moaenb, NpoOU3BoauT-
CA 3aJaHue MaTepuanoB KOHCTPYKUWIA 1 3akpenneHui. Ha pucyHke A.10 npegctaBneHa KOHEYHO-3MeMEHTHas MOAENb
KOHCTpYKLMK DA.
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PucyHok A.10 — Mopene, pa3butas Ha KOHeYHbIE 3NEMEHTEI

A.2.4 3apaHne napameTpoB pacueTa
[anee npousBoguTCcA 3agaHWe napameTpoR pacyeTa. MiHTepdenc npeacraeneH Ha pucyHke A.11. Llens pacuyera:
onpeneneHne Nepeoi PE30HAHCHOW YacToThI.

T scomma T ol i

Mekamscans 0OIAEACTONS
B (03 Bumi ottt BOALAGRTIORE

| S EX] serorara [0 Uencgarem o [T00
100

omm

[ p— 030 - T T T - ‘
o | ‘
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B
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f——

°

£

1000 T am00 0700 405 000 05,000 04 000 705000 2000 S0 000 1000000

MUK

7 Cromma ok X Orens

PucyHok A.11 — lNapameTpel pacyeTta

A.2.5 AHanus pesynbTaToB

Ha pucyHke A.12 npegctaBneHo none yckopeHvi Ha pe3oHaHCHOW YacToTe.

Ha pucyHke A.13 npepcTtaeneH rpaduk, cogepallyMid pe3oHaHCHY0 YacToTy. [padvk NnocTpoeH Ha OCHOBaHUK
OaHHBIX, COOAepXallunXcs B y3rne MOAEnn, rae BO3HUKAKT MaKCUManbHble YCKOPeHWS.
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PucyHok A.13 — Pe3oHaHcHasa YactoTa

A.3 PekomeHpauuun

[na ycTtpaHeHus owmnbok Heobxoaumo:

1) npoBepwTb BCIO MOAENb Ha NePECeYeHns AeTaner Apyr OTHOCUTENBHO Apyra — nepeceyYeHni getanen boiTb He
OOIMKHO;

2) «CknenTb» AeTanu OTHOCUTENbHO OpYr Apyra;

3) v pasbeMOB NPOBEPWTL 3a30p KPEeMneHus AeTanei Ha paMku Unu gpyrue noBepxHOCTU KpenneHus (nepeceye-
HWIA BbITe HE JOMKHO), T. . KOT4a OfHa AeTanb «3axo4uTy» Ha Apyryo (OHW JOMKHBI KacaTbesa Apyr Apyra);

4) paszbeMbl ¢ OTBEPCTUSAMM («Mama/nanay) NoNHOCTLIO 3amnonHUTL MaTepUanom (He JOIMKHbI OCTATLCSA LThIPLKU
N OTBEPCTUA);

5) ecnu ecTb OTBEPCTUA B KPEMEXHLIX AETaNsAX PAa3bLEMOB, TO OTBEPCTUA ITUX AeTanel «3anuTb» MaTtepuanom;

6) He ponyckaTb BapuMaHTOB, KOTOA odHAa AeTanb Kacaetca ApYroW no NUHWM UMM Todke (MOBEPXHOCTHH KacaHus
OBYX OeTanei ABnsaeTca NMHUA UW ToYKa), T. €. 0OHa AeTanb OoMmKHAa KacaTbCs OpYroi Mo HEKOW MOBEPXHOCTU C KaKoW-
nubo nnowjagsto.

[na ynpoueHns Heobxoamnmo:

1) yOpaTb BCe KpenexHole geTanu, BCce BUHTLI;

2) ybpaTtb (hacku, NbiCKU, Menkue CKpyrneHus (C paguycom < 2 Mm);

3) NoOBEepXHOCTH CrOXHOW (hopMbl — MenKne opebpeHns KpynHbIX NOBEPXHOCTEN caenaTth rmankumMm;

4) ecnu B Mogenu ecTb WECTUrpaHHUKK (B CEYEHWUW AeTanu WEeCTUrPaHHWK), HanpuMep CTOMKN 3TaXEPOYHON KOH-
CTPYKUMMW 1 ApYTUE, CKPYIMWUTL rPaHu LWECTUIpaHHWKa paguycoMm ckpyrneHusa 1 mm;

5) nocne NpoBeAeHWs NepevncreHHbIX YNPOLEHWA yOanuTb («3acynpecuTb» ) BCe OTBEPCTUA BCEX eTanei, kpome
KpenexHbiX 0TBepCcTUMA npubopa;

6) ana NnpoeedeHHbIX YNPOLLEHWIA «NO4OrHATL» Maccy Npubopa OTHOCMTENbHO HACTORALLEN Macchl Nprubopa (NnoT-
HOCTBIO AeTaneit), a UMEeHHO «MoOorHaTbh Maccy NeyaTHbIX YarnoB», a Takke pasbeMoB, BXOAALLMX B cocTaB npubopa;

7) coxpaHuTb Mogens B chopmate STEP (npu coxpaHeHuu BolOpaTth «solids» (TBepable Tena) B CAD-cucteme, B
KOTOpOW co3faBanach JaHHas Mogenb.
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Mpunoxenune b
(pexomeHgyemoe)

MeToguka naeHTudUKauumn onuanko-mexaHn4yecknx napametpoB matepuanos 3Kb n 3A
¥ NapamMeTpOB BUOPON3ONATOPORB

Ons 6onbwmnHeTBa Matepuanos KB M A B cnpaBoyHOW nNuTepaTtype OTCYTCTBYIOT Heobxooumele OMa Moaenu-
poBaHns N3UKO-MEXAHNHECKME NapaMeTpbl MaTepnanos KOHCTPYKUMA. OCHOBHbIMW NapameTpamy KpennexHui B mexa-
HUYECKOW MOLENM ABNATCHA KOAMULMEHT HKECTKOCTM U KO3 PULMEHT MEXaHNHECKMX NOTEPb, KOTOPbIe B OTAENbHbIX
cry4asix MoryT CUMbHO 3aBUCETb OT TeMnepaTtypel (Hanpyumep, B BubpousonaTopax). 3a UCKNYeHWeM BUOPOU30NSTOPOB
nHdopmMaums o koadhduumeHTax xectkocTu 1 KMI KpenneHwii npakTuydecku oTcyTcTeyeT. [ns BubponsonsaTopos B cnpa-
BOYHOW nuTepaTtype 3a4atoTca TOMNbKO KOIMMPUMUMEHTHI KECTKOCTU M OTCyTCTBYIOT 3HadeHus KMI. Heobxogumele onsa
MOoAenMpoBaHus huanKo-MexaH4eckne napaMmeTpel MAaTEPUaNOoB KOHCTPYKUWIA MOTYT BbITe MONyYeHbl NyTem naeHTudu-
Kauuu.

B wmpokom cmeicne wgeHTU(UKaLUmus — 370 YCTAHOBIEHWE COOTBETCTBUA Mexay OoObeKkToM, npencTaBneHHbIM
HEKOTOPOW COBOKYMHOCTBK 3KCMEepUMeHTanbHbIX OaHHbIX O ero CBOWCTBax, W mogenbk obbekta. B gaHHom cnyyae
TpebyeTcsa conocTaBMeHMeM 3KCMepMMEeHTanbHbIX AaHHBIX U OaHHbIX MaremaTuyeckoro MoAenvpoBaHWS OnpedenuTb
HeW3BecTHble (PU3MKO-MEexaHUYeckue napameTpel MatepmanoB koHcTpykuuin KB n 3A. Hanbonee nnodoTBOPHLIMKU U
NepcnekTUBHbIMKU ABAAIOTCA METOAb! MAeHTUUKaLUM, NOCTPOEHHbIE HA NPMHUMNE HacTpauBaemon mogenn. OcHoBHas
naen aToro noAgxo4a CBOAUTCA K CXeme, NpedctaBneHHon Ha pucyHke B.1. 3geck X — mexaHw4eckoe BO3OENCTBME Ha
KOHCTPYKUMIo AKB 1 BA; Y, ¥ — COOTBETCTBEHHO BKCTepUMeHTanbHas M pacyeTHas (NonyyYeHHas MogenvpoBaHueM Ha
3BM) 3aBucumMocTH amnnuTydbl KornebGaHWin B KOHTPOMbHOW TOYKE KOHCTPYKLUMM OT YacToThl; £ = |Y — ﬁ — owwmbka. 3Ta
obLwas cxema BKNoYaeT B ceba 4OBOMBHO LUMPOKKMIA HaBop BapuaHTOB, KOTOPbIE PasfnMyaloTcs B OCHOBHOM OpraHusaLuuen
npouecca HacTPOMKN MOLENM B CMbICNE NPUHATOIO KpuTepusa naeHTudukaumum. Beibop Takoro Kputepus — crnoxHas 3a-
Aadva, BO MHOTOM OnpegensoLwas anroputMel M TEXHUHECKYIO peanu3aumnio nogobHelx cxem. HanbGonee pacnpocTpaHeHsl
BbIP2XEHUA KpUTEPMEB B BUOE MHTErpana Keagpara owmnbkm.

Tak kak pu3nko-mMexaHu4eckne napamMeTpbl MaTepyManoB KOHCTPYKLMWIA, KpoMe AeMnMpyowLmx 4na yaapos 1 nu-
HEeWHbIX YCKOPEHWI, He 3aBWUCAT OT BMAA MeXaHW4Yeckoro BO3AENCTBUS, Npegnaraercs npoBoauTe MAeHTUdMKaUMIO Npu
rapmMoHuyeckoi Bubpayuu. B aToM cnyyae kputepui ngeHTudukauum umeeT Bua

fa 2
U= | g"(F)df,
f1

roe £, fZ — Ha4alnbHaA 1M KOHeYHad 4YacToTa gnana3oHa FapMOHM'-'IE.‘CKOﬁ BM6paLlIfII/I COOTBETCTBEHHO;
f— TeKylulee 3Ha4eHne 4acToThbl.

Y
™ KoHcTpykuma
¥
X ANropuUTM MR CpasHuBalOLLGE KpuTtepuit
OMTUMU3ALMUN YCTPOWCTRO ONTUMMIALUA
4
¥
Y
- Mogens
KOHCTPYKLMK
3BM

Pucyrok B.1 — CtpykTypHaa cxeMa naeHTuduKaumm Ha OCHOBE HacTpavBaemMon Modenuv
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KpuTepuii nogeHTUhMKaLMM eMndupyoLLMX XxapakTepUcTUK AN YOapoB 1 NIMHENHbBIX YCKOPeHWi MeeT BUg,
f1 2
U= [e“t)dt,
0

roe t; — ANWMTENLHOCTL YAAPHOTO UMMYNLEa;
t — Tekyllee 3Ha4eHWe BPEMEHM.
3apava ugeHTudmKaumy opMyrvpyeTcs B criefytolleM BUAe: HeoGXOOMMO HaiTK TakMe 3Ha4YeHus napaMeTpoB
MaTemMaTU4eCcKon MOLENM, KOTOPLIE YAOBINETBOPSIOT MUHUMYMY DYHKLMK LEenu 1 NexaT B 061acTu 4oMyCTUMbIX 3HAaYEHWIA
napameTpos, T. e. 3ajada UaeHTUUKaLMM CBOAUTCH K 3afaqe onTummaauum. GyHKUMA Lenu uMeeT Bug

H(@) = §1 (80—, ",

rge M — KONMUYecTBO TOYeK U3MEPEHUS Mo YacToTe;
ag j» 8p,; — 9KCNEPUMEHTANLHOE W PACHETHOE 3HAYEHWs BMOPOYCKOPEHWA Ha i-/i YacToTe AN rapMOHWUYECKOW BMOpaLmu
M B /-l MOMEHT BPEMEHMW AN yAapa.

[ns pelwenus 3agayn vaeHTUUKaLKMKM UCNONb3YETCH KOMMBIOTEPHBIA U3MEPUTENBHbLIA CTEHZ, BKMHOYAOLWMA BUG-
pOCTEeHA W YOapHblil cTeHAd. BHadane NpoBOOAT 3KCMEPUMEHT: WUCMbITYEMOE W3[enne yCcTaHaBMWBaKT Ha BMOpOCTEH
(yOapHblA CTEHA) 1 C NOMOLLLID BMBpogaTyMka (ygapHoro gartyuka) (kenatenbHo BGeCKOHTaKTHOro, 4Tobbl HE BHOCKUTH
[OOMNOMHUTENBHBIX MOrPeLUHOCTEN) U BUDPOM3MEPUTENBHON (YOapoM3MepuTEnbHOI) annaparypbl CHUMaKT 3aBUCUMMOCTb
aMnnuTyasl BUBpoyckopeHus (yOapHOro YCKOpeHWs) OT 4acToThl (BpeMeHW) BO3MYLLAOWKUX konebaHui (yoapHoro um-
nynsca). [lanee pesynsraTthbl 3KCNepuMeHTa 3aHocAT B IBM u nyTeM onTuMM3aumM onpenensoT napameTpel MaTtemaTu-
YecKoW MoJenu.

VpoeHTudukaunio cnegyet NpoBOAWTL NOCNEAOBATENbHO B ONPeAeNieHHOM MOpPSAAKe, Tak Kak XKenaTenbHO MMETb
KaK MOXHO MeHbLUe HeonpeneneHHbIX NapaMeTpoB (B Nyydllem cryyae — oauH). ATy NocneqoBaTenbHOCTL MOXHO Mpo-
cnefuTb Ha KOHKPETHLIX MpUMepax Npu naeHTudrKaLmnm uanko-MexaHu4ecknx napaMeTpoB Matepurarna npsmMoyronsHOM
NNacTUHbI: MOAYNs ynpyrocTy, koadbuumenTa Myaccona, vy v k. PAn napameTpos naeHTuduumupyeTcs ¢ y4etom Tem-
nepartypsbil.

[ns yyeTa norpelHoCT M3MEPEHWUA OMpeferneHve TeEMNepaTypbl U 3aBUCUMOCTA amMnnuTyasl BUBpOyckopeHus
(yOapHOro yCKoOpeHus) OT 4acToThl (BpeMeHW) rapMoHuyeckor Bubpaunn (ygapa) noBTOPSKT HECKOMBKO pas, a TeMnepary-
pYy B 9KCMEPMMEHTE M3MEPSAIOT B HECKOIBKUX TOYKAX NnaThl U 3aTEM YCPEAHAKT. 3aTemM A 3HaYEHWI 3KCnepyMeHTansHO
nonyyYyeHHsIX BMOpOBO3AeCTBUIA (YOAapHLIX BO3OEUCTBUI) U OTKITMKOB Ha HUX OMpPeaensaoT: MarteMaTiyeckoe oXuaaHue,
cpenHee KBagpaTU4ecKoe OTKNOHEHWE, [OBEPUTENBHLIA MHTEpBAN. A 3aTeM HAXOAAT NOTPELLHOCTL BLIXOAHOMO YCKOPEHUS
ONS KaxXaoro 3Ha4yeHWs YacToTbl (BPEMEHW) Kak MOTPELUHOCTb PE3YNLTAaTOB KOCBEHHbBIX M3MEDEHWA.

B.1 UgeHTuduKauma Moayna ynpyroctu v Koactpdmumenta lNMyaccoHa

B.1.1 lNpaAMoyronbHy NAACTUHY KECTKO 3aKPENMAT BUHTaMM Mo YeTbIPEM yrnam Ha ctone BubpocteHaa.

B.1.2 JkcnepyvmeHTansHO Ge3 HarpeBa onpenensioT NEPBY PE30HAHCHYH YacTOTy NNacTUHbL

B5.1.3 C nomowto nogcuctemsl «AOEHTUOGUKALINA» (Hanpumep, ACOHWKA-WI) npoBogsaT HAacTpoWKy Moaenu
mexaHuyeckux npoueccos (MMI) nnacTuHel HA 3KCNEpYMEHTaNbLHO ONPEAENeHHY0 PE30HAHCHYI0 YacToTy. Bapbupyembl-
MW MapameTpamMu Npy oNTUMU3aL UM ABNAKTCA MOAYb YNpYyrocTv u koadycpmumeHT MyaccoHa. KoadhuumMeHT XecTKoCTu
onop NpUHUMAaeTcs BECKOHEYHO DONbLUMM, TaK KakK BUHTbI MakCUMarnsHO 3axarbl. OTcyTcTBMe AaHHbix no KM He BnnsieT
Ha pe3ynsTaThl MAEHTUMUKALUK, TaK Kak Ana onpefeneHua Moaynsa ynpyroctu u koadduunenTa lNyaccoHa oocTaTtoyHo
TOMNBKO COBMNaAEHWE PE30HAHCHbLIX YACTOT U COBCEM He 06A3aTensHO CoOBNageHe aMnnnTyn BubpoyckopeHuid. 3To ceaza-
Ho ¢ TeM, yto B MMI nnactnHel KMI npakTtuyecky He BNUMAET Ha pe3oHaHCcHble YacToTel. OcTanbHble NapaMmeTpbl — reo-
METPUYECKMNE pa3mepbl, MNOTHOCTE — W3BECTHbI.

b5.1.4 WMamepeHns no b.1.2—b.1.3 NOBTOPAOT Npu TPEX 3HAYEHNAX TEMNepaTypbl NOBEPXHOCTM NnacTuHbl. Koad-
domumeHT NyaccoHa ngeHTUdUUMPYETCA TonbKo 6e3 Harpesa.

B.1.5 Mo pe3ynstatam uoeHTUMKaLUA CTPOAT 3aBUCUMOCTbL MOAYIA YNpYyrocty OT Temneparypsl. [anee no me-
TOOY HAMMEHbLLUUX KBAOpPaTOB ONpenensioT KoadhdUUUEHTbI aHANUTUYECKON 3aBUCUMOCTM MOAYMSA YNpPYyrocTU OT Temne-

paTypsl.
B.2 UpeHTucpukaumsa KM

B5.2.1 AnanoruyHo B.1.1.

B.2.2 C patuvka B LEHTpe nnacTuHbl 6e3 HarpeBa CHUMAaeTcsa 3KCNepUMeHTarbHO 3aBUCUMOCTb aMnnuTyabl BU-
OpoyckopeHUs (yOapHOro yCKopeHus) OT 4acToThl (BpeMeHHN).

B.2.3 C nomouwkr nogenctemel « MOEHTUOUKALIMA» npooasaT HacTporky MMM nnacTvHel Ha 3KCnepyMeHTanb-
HYH 3aBUMCUMOCTL. [pu aToM MaeHTUMUMPYOTCA ygo 7] kgo.

B.2.4 VamepeHus, aHanorkyHele B5.2.3, NOBTOPSAIOT NpY TPEX 3HAYEHMAX TEMNEPaTYPbl MOBEPXHOCTH NMNACTUHbI.
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B.2.5 Mo peaynstatam MAeHTUMUKALMKM CTPOAT 3aBUCUMOCTU v, U k_ OT TemnepaTypbl AN subpauun v yoapa.
Janee onpenenstoT koahULMEHTEl aHanUMTUYecknx dasmcumocTteit (popmynel (1) u (2)) kv ¥ K, COOTBETCTBEHHO.

6.3 WpeHTndmkauma napameTpoB BUGPOMU3ONATOPPOR

HeobxogumocTe MaeHTUdMUMPOBaTE NapaMeTpsl BUOPOM30NATOPOB B 3aBMCUMMOCTI OT TeMMNepaTypbl OKpyXKato-
el cpedbl OTNafdaeT, TaK Kak 3Ta 3aBUCUMOCTb BblpaeHa o4eHb cnabo.

B.3.1 MakeT nagenwa yctaHaBnNMBaoT Ha BUOPOM3ONATOPLI N0 YETLIPEM YrTiam Ha cTone BubpocTeHaa.

B.3.2 lNMpucnocobreHune kpenat Ha cTone BubpocTeHaa Takum obpazoM, 4tobel BMBpauma gencteoBana no ocu Z.

B.3.3 [aTunk ycKopeHusi yCTaHaBMMBAIOT Ha KPbILLKY MakeTa uagenus. CHUMaIoT 3aBUCHMOCTb YCKOPeHUs AaT4uKa
OT YacToThkl rapMOHUYeCcKon BubpaLun no ocu Z.

B5.3.4 C nomowgek nogcuctemel « WAEHTUOUMKAUWA» (Hanpumep, mogyna ACOHWKA-B) npoBoasT HacTponky
mogenv MMM makeTa usgenust Ha BUBpOM3ONATOPax Ha 3aBUCUMOCTL YCKOPEHUS OATYMKA OT YacToTbl rapMOHUYECKON
Bubpauwmm no ocu Z.

B.3.5 Mo pesynsratam maeHTUdMKauum onpegensaT cnegytolme napaMeTpel BUOPOU30NATOPOB, KOTOpbIE 3amnu-
cbiBatoT B 6asy AaHHbLIX M B AaNbHeWWeM UCMONL3YHT NPY MOAENVPOBaHUN:

KOadPULIMEHT IKECTKOCTHU Mo ocn X;

- KO3 PULKMEHT KECTKOCTU No ocn Y;

- KO ULMEHT »KECTKOCTK NO OCK Z;

- KM no ocu X ang nuHeiHoro ydactka sasucumoctu KMIT ot Hanpsxenns uarnba o, npu o, = 0;

- KMI no ocu Y Ans nUHenHOro y4YacTka 3aBucumocTu KMI oT HanpsxeHusa narmba o, npu o, = 0;

- KMIT no ocu Z ana nuHerHoro yvactka sasuMcuMocti KMI oT HanpameHua pacTsiKeHUA-CxKaTus op_ o Npu

opc=0;
- koadduumeHT 3aBmucumocty KMIT no ocu X oT HanpsekeHnsa u3rmba;
- koadhduumeHT 3aBmucumocT KMI no ocu Y ot HanpskeHua narnba;
- koadhuumeHT 3aBmucumocTi KMIT no ocn Z oT HanpsixkeHWsA pacTsKeHWA-CaTus.
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MpunoxeHune B
(cnpaBo4Hoe)

Mpumep naeHTUdUKaALUKKN thM3nKo-MexaHNYecKUx napametTpor matepuanoB KB n A

B.1 WpeHTudmkauma napaMeTpoB ONA KPbIWKAN MUKPOCXEMbI

KpblLWKa MUKPOCXEMbI 3aKpensieHa Ha Kopnyce B 4eTblipex MecTax (CM. pucyHok B.1). Heobxognmo npoBecTn noeH-
TUMKaUMIO B TOYKE U B AMANa3oHe YacToT rapMOHUYEecKor BUBpauuy Bcex BO3MOXKHbLIX (hM3NKO-MEXaHUYECKUX Nnapame-
TpoB npu nomotyu nogevucteMsl ACOHUKA-N[.

PucyHok B.1 — KpenneHue KpbILWKW MUKPOCXEMBI

B.2 OnpegeneHve napamMeTpoOB NIAaCTUHKU:

OnunHa, mm: 39,6;

WwupwuHa, mm: 39,6;

TonwmHa, mm: 0,5;

Pasmep guckpeta: 2;

KonnyecTeo aneMeHToB KpenneHus: 4;

OvnameTp aneMeHTOR KpenneHus, MM: 3;

OTCTyn OT Kpas NNacTUHKK, MM: 5.

®ann ¢ akcnepuMeHTanbHbIMU JaHHbIMW NpeAcTaBneH Ha pucyHKe B.2.

B.3 HauanbHble napameTpbl MaTepuana:

Mogyne ynpyroctu matepmana, [Ma: 30;

KoadpduumeHt MNyaccoHa matepuana, otH. eq.: 0.4;

KoadpduumeHt mexaHudeckux notepb (KMI1) ona nuHerHoro yyacTtka 3aBucumocty KMIT oT HanpsxeHua narvba
G, npu o, = 0 gamma0, oTH. ea.: 0,01;

KoadpcbuumeHT saBucmumocTt KMIT oT HanpsxeHna ksigma, oTH. en.. 1E-9;

MnoTHocTb MaTepuana, kr/m3: 7251.

[vanazoH U3MeHeHUsi NapaMeTpoB MaTtepuana npy NpoBeAeHU ceaHca naeHTUrKkauum Moaynsa ynpyrocti u Ko-
achcpuumenTa MNyaccoHa:

Moayne ynpyroctu, Ma: ot 20 oo 40;

KoadhdpuuneHT MNMyaccoHa, oTH. ea.: ot 0,3 go 0,45;

Konuyecteo utepauumit: 15;

Owmnbka, Ny: 10;

PesoHaHcHan vactoTa (akcnepumeHTansHag), Mu: 1080.

[vanasoH n3ameHeHus NapameTpoB MaTepuana npy NpoBedeHUn ceaHca naeHTudmkaumm gammal v ksigma:

gamma0, oTH. eq.: ot 0,005 go 0,035;

ksigma, oTH. ea.: ot 1E-9 go 1E-6;

Konuuyectso utepauun: 30;

Owwnbka, MNu: 1;

PesoHaHcHoe yckopeHue (akcnepumenTanbHoe), g: 29.8175476.
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B REZplate2 [Pexmm CoBMecTamocty]

§ A B c B F G H 1 Il
| plat. |
2 Hz e
3 Hactora[fy] Curwan monwTopuuralm/s2] Linear Amplitude
4 100 10.4950193 100 1.0495020
5 01 10.4879379 101 1.0487938
6 102 10.4755020 102 1.0475502 Pe3oHaHe u4actoTa 1080 ycxkopenue 29.8175476
7 103 10.4738731 103 1.04723873
8 104 10.4708500 104 1.0470850
9 105 10.4863567 105 1.0486357
10 106 10.4877377 106 1.0487738
1 107 10.4933263 107 1.0498326
12 108 10.5047588 108 1.0504759
13 109 10.5127888 109 1.0512789
14 110 10.5331268 110 1.0533127
15 111 10.5461359 11 1.0546136
16 112 10.5562601 12 1,0556260
17 13 10.5544558 113 1.0554456
18 114 10.5439697 114 1.0549970
19 15 10.5435925 115 10543592
20 116 10.5372849 116 1.0537285
21 117 10.5414133 17z 1.0541413
2 118 105361824 118 1.0536182
23 119 10.5420084 119 1.0542008
24 120 10.5373631 120 1.0537363
25 121 10.5363445 121 1.0536345
26 122 10.5332914 122 1.0533291
27 122 10.5434561 123 1.0543496
28 124 10.5514212 124 1.0551421

PucyHok B.2 — PeaynkTat akcnepumeHTa

Heobxogumo BBecTr 3Ty gaHHble B nogcuctemy ACOHMKA-ML (pmcyHok B.3), npoeectu pacyet. Pesyneratsl npea-
cTaeneHs! Ha pucyHke B.4 v pucyHke B.5. BxogHele JaHHbIE Y NONYYEHHbIE 3HAYEHUS CriedyeT BHECTU B OTYETHI C MO-
Mol BoaMmoxHocTel nogcuctemsl ACOHWKA-UI (pucyHok B.10, pucyHok B.11).

[anee cnegyeTt nepelTun K rpaduyeckomy pacyety, Ansa 4yero HeobxoAMMo BBECTW AuanasoH 4YacTtoT oT 100 go
2000 Ny ¢ warom 10, guanasoH amnnuTyabl BozaercTeua oT 1 4o 1 g, OTMETMB rano4vkoil «abconoTHbIE 3HAYEeHUsA», 1
3aremM «maclTabupoBaTth CETKY aBTOMatn4ecku» (pucyHok B.6). MNocne pacyera Heobxogumo aatb oTobpaxeHue pacyeT-
Horo rpaduka. B pesynerate nonyyaetcsa rpaduk, npeactaBneHHblil Ha pucyHke B.7 (ero MoXHO COXpaHUTb C MOMOLLBHK
COOTBETCTBYIOWeW dyHKUMK). [anee cnegyeT 3arpysuTe 3KCNepUMeHTansHbIi rpadpnk, ykasas nNyTb K HEMY U cTonbel ¢
HeobxoauMoW nepemeHHoW. PeaynsTaTt npegcTasneH Ha pucyHke B.8.

[anee HeobxoauMo onpefennTh pe3oHaHCHbIe YacToThl NpKU pacyeTte (cM. pucyHok B.9).

32

S VIAeHTAdHKRUMA PUMKO-MEXAHHECKUX NAPaMETPOR MaTEPUANCE - 7 IEN
@ain  H l W, s ANSYS 1 ACOHWKA-TM Assol Pexomergaumn  Cnpaexa

Budop (Fapw

I OLY mn Towe

Iv Maermupiaatien gamma v ksigma s 10K

Buiop (LE
Dawajadt [B6 Hawanbhbie NapaMeTpL MatepHana
L nocae
Wipiana, [} 336 =
Moayne snpyrocT, [ Ma) 30
Tonwuna, 05
Lok Kooparavert Nyaccona, [orH. ea | 0.4
Pasiep aucrpera: |2 gamma, (o ea | 001
Komnecteo 3nemerToe kpennein |1 ksigma, [orH, e | 1E9
Luarerp snementos kpenaes, (ml |3 H
NAGCTHHIH, 5
LA i MnorocTs varepuans (kr/v3) 7251
n ([ E
BT | Moayms ynpsrocrw, ((Mlal or (20 na40 s vactora
K S Nysccona, o ea}  or 03 o045 i Iruk
1080 KonusecTno wrepauwic 15
Oumtra. (Tu): 10
PesonaHcHoe yckopenue gammal, (o ea} oF [0.005 A0|0035 Pesonancroe gcropesue
[sxcrepimenTansios]. (gl oo i

ksigma, (o ea} or [1E-9 no1E6

29.8175476 KOAHECTBO HTepauuic 30
Dumbka, [g): 1

Uaenmueuraums gamma u ksigma |

PucyHok B.3 — BxogHble gaHHble
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n Homep wrepaunn: 7 3kcnepumentansuan vacrota: 1080; Pacuiérnan vactora: 1078.13 -0 n

Dain  Hacrpoiiza ANSYS ACOHUKA-TM J Crpaeca

Haerruouxauns gamma w ksigma

PucyHok B.4 — OnpepgeneHve moayns ynpyrocTu, koacpduumenTa lNyaccona
1 pacYEeTHOW Pe30HaHCHOW YacToThl

R Howep 87 nusioe yokopenue: 29.8175476; Pacubtvoe yoropewwe: 307 — = [l
@aidn  Hacrpolica b ANSYS W, & ACOHMKA-TM Wy @ Aseol P Crpasea

Information

Hamep urepatpme3

gamma, {om. ea)=0.02738

gamma0, {orw. ea)=0.01

ksigma, (oTH. €)= 3.60349484503502E -7

MasgAR ynpy

Haentupuxanua gamma u ksigma

PucyHok B.5 — Onpepenexnne gamma, ksigma 1 pac4eTHOro ycKopeHus
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. Waentud Grsnko KX Map pPOB MaTepuance = Eﬁ

Darin i ANSYS ACOHWKA-TM Assal Cnpazxa

8| | ~|x]f
ACOHIKAHT
Conoeses [rmput m K Jskpeas

PucyHok B.6 — 3anyck rpauyeckoro pacyeTa

n W, GrINKO KHX POB MaTepuancs - = n
Daiin  Hactpoiica ANSYS ACOHWKA-TM Assol Cnpaexa

Fpadwx AUX pacuériui

Yexopenne, (g)

200 o - 800 1000 1200 1400 1600 1800
| Yacrora, (Mu)
|
|
x|
i |

PucyHok B.7 — PacueTHbIn rpadmk
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=

8 7] & Guan CKIMX NP p -

@aiin Hacrpoitea  Maewmidiraions ANSYS  Maesrudwraumns ACOHUKA-TM  Maesmnduraums Assol  Peromenaanwe  Cnpaees

Tpadpux YA OT HACTOTH
awl-- . -0

=

200 400 800 m 1000 1200 1400 1600 1800
Mocrpoetue rpadmxka uz Excel - B ﬂ [Fu}

= ) Haaperue paninaExcel  [REZrae2d: =1}
EJ ﬂlxl /\l Hi ABTUMKA  |plala

" Conseese Irsupi i I:\/:ZNum:n v — |

PucyHok B.8 — lNocTpoeHWe akcnepuMeHTansHoro rpaduka

n. —— e ——— - " EN
Dain pol W ANSYS ACOHWEA-TM Assal Crpagxa

: Ipadpmx OT 4acToTh! W PACHBTHBIF

| w}-

00 40 800 1000 1200 1400 1600 1800

800
Yacrora, (Fu)

(i POCYETHUX 4OCTOT:

Yacrora: 1080 Amnawryaa: 30.75

8] x|

| ACOHMKA-HA

feas [/ nisin]_3n

PucyHok B.9 — Pe3oHaHCHbIe 4acToThbl NpY pac4eTe
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Pann BXOOHLIX AaHHLIX NApaMeTPoB MASHTUGMUKALIMK NPKU
rapMoHU4ecKoi BUGpaunmn

OnpeaeneHHe NapaMeTPOR NNACTUHKK:

AnuHa, (MMm); 39,6
WupuHa, (MM): 39,6
TonwmHa, (Mm): 0.5
Pasmep auckpeta: 2
KonuyeeTeo aneMeHTOR KpenneHus: 4
[OuameTp anemMeHTOB KpenneHusa, (MM}): 3
QOTCTYN OT Kpas NNacTUHKK, (MM): 5

HavankHbie NapamMeTpbl MaTepuana:

Mogens ynpyrocti Matepuana, ([Ma): 30
KoadpuumenT MNyaccoHa marepuana, (otH.en.): 0,4
gammag, {oTH.ea.): 0,01
ksigma, (oTH. ep.): 1E-9
MnoTHoeTs MaTepuana, (krimd): 7251

[wnanasoH usmeHeHUA NapaMeTPOB MaTepuana Nnpu NpoBefsHUN ceaHca
naeHTMdMKaLMKW MOgYNA YNpyrocTu U KoadduuuenTa MNMyaccoHa:

Mogenb ynpyrocti, ([Tla): ot 20 oo 40
Koathdmument Myaccona, (oTH.en.): ot 0,3 go 0,45
Konwuecteo utepaywia: 15
Owwubka, (Tu): 10
PesoHaHcHan yacToTa (3kcnepumeHTansHan), (Tu): 1080

AOwvanasoH U3MeHeHKs NapaMeTpoB MaTepMana Npyu NpoBefeHUKU ceaHca
nasHTHdUKaum gamma 0 v ksigma:

gamma O, (oTH. en.): ot 0,005 no 0,035
ksigma, (oTH. ea.): ot 1E-9 go 1E-6
KonuyecTeo utepaumii: 30
Ouwmbka, (Tu): 1
PeaoHarcHoe yckopeHus (akcnapumenTansHoe), (g): 29.8175476

PucyHok B.10 — OT4eT ¢ BXOOQHbIMWA JaHHbIMK
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@aiin pe3ynLTaToBR MASHTURUKALIMM NPU BO3ASHCTBUM
rapMoOHUueckon BuBpaLun

Pesynkrathl aeHTUMKALMK MOYNA ynpyrocT U koadduumenTa Nyaccona:

Mogyne ynpyroctn matepuana, ([Ma): 36,84062

KoadduunenT MNyaccoHa matepuana, (oTH.eq.): 0,30001

PeaynbTarbl ngeHTUdUKauum gamma M ksigma:

gamma, (oTH. eq.): 0.0273902673095045

ksigma, (0TH. ef1.): 3.60349484503502E-7

Peaynkrathl N0 YCKORPEHUIO M YACTOTE 40 U NOCNe MOSHTUMKALIMMK:

PesoHaHcHaA YacToTa (akcnepuMeHTanbHas), (Mu): 1080
PesoHaHcHOe yckopeHue (akcnepumeHTansHoe), (g): 29,8175476
PesoHaHcHan vacTota {(nocne uaeHTudmkaumu}, (Mu): 1078,13

PesoHaHcHoe yckopeHue (nocne uasHTudukaumm), (g): 30,7

PucyHok B.11 — OT4eT ¢ pesynsratamu pacyeta

GostExpert.ru
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Mpunoxenue I
(cnpaBo4Hoe)

Mpumep ngeHTucdmrkauun napameTpoB BUGpouszonaTopoB B nogcucteme ACOHUKA-B

1 3apaya pacyeta

Mcnonb3ya peaynetathl UCMbITaHWA Ha BMOpaUWK MakeTa Kaptorpada, yCcTaHOBNEHHOro Ha BuMOpomsonaTopax
ATPM 20/70-4, Heobxogumo naeHTUdULMpoBaTh ¢ noMoLlsto nogcuctembel ACOHWKA-B cnepytowme napametpel BUGpo-
vsonartopa: koadduyneHTsl xectkoct n KMl no Tpem HanpaeneHuam.

2 OaHHble onsa pacyera:

OCKM3 KOHCTPYKUMWM MakeTa kaptorpada (pucyHok - 1).

Macca maketa: 5,5 kr.

[abaputHble pasmepbl: 300 x 152 x 60 mm.

PesynbraTthl MUCNbLITAHWMIA MakeTa Ha BO3AEWCTBME rapMOHUYECKOW BMOpaUuM B Tpex HanpasneHusax: no ocam X, Y,
Z (tabnuua n1).

@ Fpaguueckuil pegakTop

|casnrno ocu z

ﬂwunnomz

PucyHok .1 — 3cku3 KoHCTpyKUuuK MakeTa kapTtorpada

Tabnuua 1 — Pesyneratel UCNBITAHUIA MakeTa

Amnnutyaa MokasaHue aatyuka, M/c2 (g), Npu Hanpasnexun subpayum
YacroTa Bubpauum, Ny BubpoyckopeHus,
mic2 (g) X Y z

20 19,6 (2) 2,95 2.7 2.9
25 =" 3,0 35 1,45

31,5 =" 1,6 4.7 0,8

40 29,5 (3) 1,0 7.8 1,0
50 on 0:8 2.2 0,59
63 -"- 0,6 1,7 0,52
80 -"- 0,34 1.4 0,23
100 -"- 0,16 0,6 0,16

125 -"- 0,09 0,72 0,9
160 =" 0,18 0,26 0,11

200 =M. 0,12 0,45 0.1
250 -"- 0,04 0,29 0,042
315 -"- 0,064 0,19 0,038
400 -"- 0,34 0,3 0,16
500 =" 0,13 Q. 1 0,032

I3 AHanu3 UCXOOHbIX AaHHbIX

Tak Kak 3aaHbl pasHble 3Ha4YeHWs BXOAHbLIX YCKOpeHui (2g 1 3g), Ans npoBefeHns UaeHTUdUkauun yoobHee ne-
PENTKU K aMNNUTYAHO-4aCTOTHOM xapakTtepucTtuke (AYX), npeacTtaeBnatowern coboil YacTOTHYH 3aBUCMMOCTE OTHOLUEHWSA
BbIXOAHOMO ycKopeHusa K BxogHomy. A4X npuBeneHa B Tabnuue 2.
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OTHOLUEHWE BbIXOQHOMO YCKOPEHUS K BXOAHOMY, NPW HaNpaeneHn Budpaymn
YacToTa Bubpauun, 'y
X Y zZ

20 1,47 1,35 1,45
25 1,5 1,75 0,72
31,5 0,8 2.35 0,4
40 0,33 2,6 0,33
50 0,26 0,73 0,19
63 0,20 0,56 0,17
80 0,11 0,46 0,07
100 0,05 0,2 0,05
125 0,03 0,24 0,03
160 0,06 0,087 0,036
200 0,04 0,15 0,033
250 0,013 0,097 0,014
315 0,021 0,063 0,014
400 0,113 0,1 0,053
500 0,043 0,057 0,011

4 Pe3ynbrarthl pacuyeTta

MyTem noeHTugMKaymm Beiny NnonyYeHsl cnegyowve napameTpbl Bubponsonatopa ATPM 20/70-4: koadduumneH-
Tbl XecTkocTr 1 KMIT no Tpem HanpaBneHusam. PesynstaTel MOoeHTUdMKaLMK NpmuBeaeHsl B Tabnuue I1.3.

Tabnuya [.3— MNapameTpel Bubpomnsonatopa ATPM 20/70-4, nony4eHHble No pesynsTatamM uaeHTugukaymm

Hanpasnexwe ocu koopguHar KoadhdumumeHT xectkocTti, H/im KM, oTH.eqa.
X 50000 0.6
Y 160000 0,27
z 29000 0.5

PesyneTaThl pacyeta MakeTa no napametpam tabnuuel .3 npuBefeHsl Ha pucyHkax [2—T.3.

GraphicWindow HE=

3.00

,f"'}"*.‘
250 -
7o\

_ 200 a &i
= JT\
g ,5"/ Y
o 1501— % —
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2 A A
£ N

1.00 o “\&

\V K 1‘..\$
o
lats N
0.0 TN P
15 33 51 B9 87 105
YacToTa, [Tu]

—F—— Baonb X ——#&——— BRONb Y ——%—— BAOMb Z

PucyHok N2 — AYX maketa B gnana3soHe 20 ... 100y
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GraphicWindow HEE
3.00
2.50 fi
200 f \
G f
g | \
o 1500
&
5]
= 1.00 %\ \
\ﬁ&:{&_ |
0.00 S = ST
0 100 200 300 400 500
YacToTa, [Mu)
——— Baob X 2 BAONL Y ——%—— BOOAb Z
PucyHok I3 — AYX makeTta B gnanasoHe 20...500 Iy,
I5 BeiBogbl

[MonyyeHHble NyTem vaeHTudMKkaumMm napameTpel Bubpousonatopa ATPM 20/70-4 npuBeaeHsl B Tabnuue 3 un
MoryT BbITe UCNOMNB30BaHbl NpyY MogenvpoBaHun Ha 3BM ¢ nomouwbto cuctembl ACOHWMKA koHcTpykumia npubopos, ycTa-
HOBIEHHbIX Ha BUDpOW3oNsaTopax AaHHOro TWMa, MpU MexaHWYeCcKUX BO3OENCTBUAX.
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MpunoxeHue
(cnpaBo4Hoe)

Mpumepbl MogenupoBaHUA MexaHM4Yeckux npoueccoB B KB n A
¢ nomoubio cuctemsl ACOHUKA

0.1 MogenupoBaHue MeXaHUYeCKUX XapaKTepUCTUK nevyaTHbIX y3noB 191 n 192 npu Bo3aercTBUU
rapMoHu4ecKkon BUGpaunmn n cpaBHeHWe NonyveHHbIX Pe3ynLTaToB C 3KCNepMMeHTanbHbIMU 3Ha4eHUAMM

0.1.1 3apa4a pacyeta

Heobxogumo nposectu ¢ nomowsto cuctemsl ACOHWKA-TM mogenvpoBaHue MexaHUYecKkux XapakTepucTuK OBYX
nedatHblx y3nos 191 1 192 npv Bo3gencTBMM rapMoHMYecKon BUBpaumnm U cpaBHWTL MONyYeHHbIE pe3ynbTaThl C AKCNepu-
MEHTaneHLIMU 3Ha4YEHUAMM.

0.1.2 [OaHHble gnsa pac4yeTta:

[aHHbLIMK ABNAKTCA YEPTEXM KOHCTPYKUMIA NevaTHbIX y3rnoe (pyucyHok [.1, pucyHok [1.2); nepeyHn sremMeHToR; Bbl-
xogHble ansl PCAD; napameTpbl rapmoHudeckoin Bubpaumm: 5...500 'y, 5g.

W alglx) W almixf
“s : | Y r
B "«,—‘ | e = = “ u ] et
= T e e
EIE = | — | — B E———
o - H lII |
[ [
=) L] B |
= = = —
]
i =
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PucyHok [1.1 — WN3obpaxkeHue nedqaTHoro yana 191 Puecynok [1.2 — WM3obparxkeHne nevatHoro yana 192

B rpachuyeckom pegaktope nogcnctemel ACOHWKA-TM B rpadpuyeckom pegaktope noacuctemsl ACOHUKA-TM

0.1.3 PezynkTaTbl pacyeTa

PaamelleHune anektpopaguounsgenuin (3PK) 6eino aBTomatudecku cymtaHo nogcucremonn ACOHWUKA-TM 13 Bbi-
xogHelx dannos PCAD. 3atem 6binn 3agaHbl kpenneHusa (Ha pycyHke [.1, pucyHke [0.2 okpalweHbl B 3eMEHbIA LUBET) U
KOHTpOnbHble ToYkK (Ha pucyHke .1, pucyHke [1.2 nokasaHbl KpacHbIM KPY»KKOM). KOHTPOMbHbBIE TOHKM UMUTUPYIOT BUOpO-
OaTHUKN.

Bbino 3agaHo BXoAHOE MexaHu4eckoe BosgencTeue (cM. pucyHok [0.3).

PesyneTaTthl MOgenvMpoBaHWA NpeacTaBneHsl Ha pucyHkax O.4—0.9.
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KO3&-EHT

|

| N |OBOBHAYEHME |———==—m== === m—mm—m e e e | MEXAHWYECKO | IEPETPY3KA |
I I | | MAKCHMAJIEHOE | MAKCHMMAJIEHOE | HATPY3KM | |
ja/n| 3P | YACTOTA, | PACUETHOE, | JOOYCTMMOE | 3 P 3, | 3 P 3, |
| | | | | mo TV, | | |
| | | [Tx] | [G] | [G] | [OT.ER.] | [G] |
I 1 | 2 | 3 | 4 | 5 | 6 | 7 |
| 1 c1 | 292.50 | 7.81 |  30.00 | 0.260 | |
| 3 | c3 | 292.50 | 137.18 |  30.00 | 4.573 | 107.18 |
| 4 | D1 | 292.50 | 9.51 |  30.00 |  0.317 | |
|7 D4 | 292.50 | 89.13 |  30.00 |  2.971 | 59.13 |
| 8 | D5 | 292.50 | 99.27 |  30.00 | 3.309 | 69.27 |
19 | D6 | 292.50 | 133.18 | 30.00 | 4.439 | 103.18 |
| 10 | D7 | 292.50 | 67.90 |  30.00 |  2.263 | 37.90 |
| 12 | K1 | 292.50 | 29.83 |  30.00 | 0.994 | |
| 15 | R1 | 500.00 | 5.51 |  30.00 | 0.184 | ]
| 18 | R4 | 292.50 | 33.72 |  30.00 | 1.124 | 3.72 ]
| 24 | R10 | 292.50 | 46.74 |  30.00 | 1.558 | 16.74 |
| 25 | R11 | 292.50 | 105.76 | 30.00 | 3.525 | 75.76 |
| 26 | R12 | 292.50 | 104.27 |  30.00 |  3.476 | 74.27 |
| 30 | R16 | 292.50 | 31.68 |  30.00 | 1.056 | 1.68 |
| 31 | R17 | 292.50 | 121.98 |  30.00 | 4.066 | 91.98 |
| 32 | R18 | 292.50 | 134.62 |  30.00 | 4.487 | 104.62 |
| 33 | R19 | 292.50 | 100.95 |  30.00 |  3.365 | 70.95 |
| 34 | R20 | 292.50 | 41.91 |  30.00 | 1.397 | 11.91 |
| 35 | R21 | 292.50 | 91.94 |  30.00 |  3.065 | 61.94 |
| 39 | R26 | 292.50 | 36.71 |  30.00 | 1.224 | 6.71 |
| 43 | Vi | 292.50 | 82.18 |  30.00 |  2.739 | 52.18 |
| 44 | v2 | 292.50 | 137.09 |  30.00 | 4.570 | 107.09 |
| 45 | v3 | 292.50 | 78.09 |  30.00 | 2.603 | 48.09 |
| 46 | v4 | 292.50 | 137.80 |  30.00 |  4.593 | 107.80 |
| 47 | V5 | 292.50 | 77.92 |  30.00 | 2.597 | 47.92 |
| 48 | Ve | 292.50 | ©58.64 |  30.00 | 1.955 | 28.64 |
| 49 | X1 | 290.00 | 5.00 | 30.00 |  0.167 | |

PucyHok [1.6 — Kapta mexaHuyeckux pexumoB pabotel IPW ona nevatHoro yana 191 (npw rapmoHuyeckoi Bubpavmn)
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I I I YCKOPEHHUE P> | KOS®-EHT | I
| N |OBOBHAYEHME|-—————-——-——————————————————————————— | MEXAHWYECKOM | IEPETPY3KA |
I I I | MAKCHMANLHOE | MAKCHMAJILHOE |  HATPYSKM | I
| /I | ® P 3 | YACTOTA, | PACUETHOE, | HONYCTMMOE | 3 P53, | 3 P53, |
| | | | | no TV, | | |
| I | [Tu] | [6] | [G] | [OT.EN.1 | [c] |
I 1 1 2 | 3 I 4 | 5 I 6 | 7 |
I | K1 | 500.00 | 32.03 | 30.00 | 1.068 | 2.03 |
| 2 | K2 | 195.00 | 40.27 | 30.00 | 1.342 | 10.27 |
| 3 | K3 | 195.00 | 50.18 | 30.00 | 1.673 | 20.18

| 4 | K4 | 195.00 | 42.38 | 30.00 | 1.413 | 12.38

| 5 | K5 | 500.00 | 32.28 | 30.00 | 1.076 | 2.28 I
| 6 | Ké | 195.00 | 89.97 | 30.00 | 2.999 | 59.97 |
I 7 1 K7 | 195.00 | 83.65 | 30.00 | 2.788 | 53.65 |
| 8 | K8 | 195.00 | 113.86 | 30.00 | 3.795 | 83.86

I 9 | K9 | 195.00 | 33.65 | 30.00 | 1.122 | 3.65 |
| 10 | K10 | 195.00 | 31.01 |  30.00 | 1.034 | 1.01 I
| 11 | V1 | 500.00 | 17.07 | 30.00 | 0.569 | |
| 14 | V5 | 195.00 | 36.04 | 30.00 | 1.201 | 6.04 I
| 15 | Ve | 195.00 | 84.39 | 30.00 | 2.813 | 54.39

| 16 | v7 | 195.00 | 50.71 | 30.00 | 1.690 | 20.71

| 17 | vs | 195.00 | 82.00 | 30.00 | 2.733 | 52.00

| 18 | X1 | 192.50 | 5.00 | 30.00 | 0.167 | |

PucyHok [1.9 — KapTta mexaHudeckux pexumon paboTel IPW ona neyatHoro yana 192

B tabnuue .1 npuBeaeHbl pe3ynbTaTthl CPAaBHEHWSA PACYETHBIX M AKCNEPMMEHTANbHBIX PE3YNbLTaToB ANs NeYaTHOro
yana 191. B 1abnuvue [.2 npuBeneHbl pesynstaTbl CPaBHEHWUA PACHETHBIX U 3KCNEPUMEHTANbHBIX PE3YNLTAaTOB ANA nevyar-
Horo yana 192.

Ta6nuua [.1 — CpaBHeHMe pacyeTHBIX M 3KCNEPUMEHTANBHBIX pe3ynsTaToB Ana neyatHoro yana 191

Ne e —— PacuetHoe JkcnepumMeHTansHoe AsrsailinseTL. %
n/n P P 3Ha4YeHue 3HadeHue P i @0
1 PesoHaHcHas yacTtota 292 Ty 300y 2,6
2 BubpoyckopeHve B KOHTPONBHOW TOYKe 158g 150 g 8.3

Tabnuua [.2 — CpaBHeHWE pacyHeTHBIX U 3KCMEPUMEHTANBHEBIX pe3ynsTaToB Ans nedatHoro yana 192

Ne XapaKTepucTUka PacuyeTHoe 3KkcnepuMeHTanbHoe MorpewHocTs, %
n/n 3HadYeHue 3HayeHve

1 PesoHaHcHas 4yacToTa 195y 184 Ty 6

2 BubpoyckopeHne B KOHTPOMBHOM TOYKE 124 g 150 g 17

0O.1.4 BeiBogbl

B peaynbTate cpaBHeHUsI pacyeTHbIX U IKCMepMMEHTanNbHbIX pe3ynsTaToB ObiNo Nony4yeHo, YTo NOrpeLUuHoCTL pac-
YyeToB Ang nevyatHoro yana 191 coctaenser 2,6 % no yactote U 5,3 % no amnnutyge. MNMorpelHocTs pacyeTos And nevar-
Horo yana 192 coctasnger 6 % no yactote u 17 % no amnnutyge. MNorpewHocts pacyetos B nogcucteme ACOHMKA-TM
ABNSETCH BMOMHE YAOBNETBOPUTENBHOW AN HXEHEPHBIX PACHETOB.

Takum obpasom, cuctema ACOHUKA-TM moxeT BbiTe ncnonb3oBaHa npu NpOeKTUPOBaHUKM KOHCTPYKLIMIA 3NEKTPOH-
HOW annapaTypbl Ha NPeanpUaTAN.

0.2 ®parMeHTbl pacyeTa pe30HaHCHLIX YacToT wKada

®parmeHTbl pacyeTa pe3oHaHCHbIX YacToT Wkadya npeactaBnedsl Ha pucyHkax [0.10—[0.13.
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MpunoxeHue E
(cnpaBo4Hoe)

MHcpopmauua o cucteme ACOHUKA

Poccuiickas aBTomatnanpoBaHHas cuctema obecnedeHns HagexHocTu u kadecTsa annapatypsl ACOHWUKA (https:/
asonika-online.ru/) npegHa3snadYeHa ons aHanmsa 1 obecnedvenns ctonkocTn A n KB K KOMMMEKCHLIM TEMMOBLIM, Mexa-
HUYECKWUM, 3NEKTPOMArHUTHBLIM BO34EWCTBUAM, YCTANOCTHOW NPOYHOCTM K TENNOMEXaHNYECKUM BO3AEMNCTBUAM, CO3AaHNA
kapT pabo4ux pexumor KB, aHanuaa nokasartenei HagexxHocT A 1 cos3gaHus undposbix ABorHUKOB DA 1 IKB.

ACOHWMKA — aTo 3aMeHa HaTypHbIX UCMbITAHWIA ONbITHLIX 06pa3yoB 3A 1 KB BUPTyanebHbLIMW UCMBITAHUAMUW Ha
BHELLHWE MEXaHWYECKVE, TEMMOBLIE, ANEKTPOMAarHUTHbIE U APYTrve BO3AEWCTBUS eLe A0 MX WU3FOTOBMEHUS. 3TO 3HA4U-
TensHasi 3KOHOMMWA OEHEXHbLIX CPEACTB W COKpalleHWe cpokoB co3gaHus 3A u 3KB npu ogHOBPEMEHHOM MOBLILLEHMWN
KayecTBa WM HAOEKHOCTM 3a CHET COKpaLLEHUs KONMMYeCcTBa HaTYPHbIX UCTIbITAHWUIA.

B coctas cuctembl ACOHWKA BxoguT 13 noacuctem:

- ACOHWMKA-T — nogcuctema aHanusa v obecnedyeHvs TENNOBbIX XapakTEPUCTUK MPOU3BONbHbBIX KOHCTPYKLUMIA DA
1 KB (3D-mopenkt KOTOpbIX eLle He co34aHa, HO eCTb BO3MOXHOCTh YCKOPEHHOrO CO30aHWA MOAENW B CNeLManuavpo-
BaHHOM MHTepdelce);

- ACOHWMKA-M — noagcuctema aHanmaa TUMNOBbIX KOHCTPYKUKMA BnokoB A n Kb Ha mexaHu4eckue 1 Tennosble
Bo3gencTens (3D-moaens KOTopbIX elle He co3gaHa, HO eCTb BO3MOXHOCTb YCKOPEHHOIO CO30aHMA MOAENW B cneuvanu-
3UpOBaHHOM WHTepdeice);

- ACOHWMKA-M-LLUKA® — nogcuctema aHanvaa TUMOBbLIX KOHCTPYKUMKA WKadoB 3A Ha MexaHW4eckue 1 Tennoeble
BoagelicTens (3D-MoOens KOTopbIX eLLe He co3haHa, HO ecTb BO3MOXKHOCTb YCKOPEHHOIO CO3AaHMA MOAENU B cneuvanu-
3MpPOBaHHOM WHTEpPdENCE);

- ACOHWMKA-M-3D — noacmuctema aHanuaa n obecneyvyeHmns CTOMKOCTM NPOU3BONbHBLIX 0O0BEMHBIX KOHCTPYKLUMA JA
1 KB K MexaHWYEeCKUM U TEMMOBLIM BO3AENCTBUAM C BO3MOXHOCTLH MMMOPTa reoMeTpum 12 pasnuyHbix CAD-cuctem;

- ACOHWMKA-B — nopcuctema aHanusa v obecnevyeHnsa CTOMKOCTY K MEXaHWYECKMM BO34EWUCTBUAM KOHCTPYKLUWIA
OA, ycTaHoBNEeHHbIX Ha BUGpousonaTopax;

- ACOHMKA-TM — nogcuctemMa aHanmaa KOHCTPYKUWUW nedyaTHbIX y3roB DA Ha TennoBble U MeXxaHW4eckue BO3-
[ENCTBUSA;

- ACOHWMKA-YCT — nogcuctema aHanvaa ycTanocTHOW NMPOYHOCTU KOHCTPYKUMIA nedaTHbix nnat u 3Kb npu mexa-
HUYECKMX W TEMNOBLIX BO3OEUCTBUSAX;

- ACOHWMKA-M[ — nogcuctema noeHTUgUKkaumm guanko-mexaHuyecknx U Tennopusnyeckx napameTpos Moae-
nen 3A n 3KB;

- ACOHWMKA-3MC — nogcuctema aHanunsa v obecneyeHus anekTpoMarHUTHOW COBMECTUMOCTU JA;

- ACOHWMKA-P — noacuctema aBTOMaTWU3MPOBaHHOIMO 3anofHeHUs KapT pabounx pexmmoB IKb;

- ACOHWKA-B — nogcuctema aHanuza nokasaTenein HagexHoCTH 3A ¢ y4eToM pearnbHbiX pexxuMoB paboTtel IKB
W pacyeTa KOMMMEKTOB «3anacHble YacTu, MHCTPYMEHTLI 1 MPUHaONEXHOCTA»;

- ACOHWMKA-B — noacuctema ynpaeneHuss 6azamu gaHHelx KB v maTtepuanoB no recMeTpu4eckuM, uanko-
MEeXaHW4EeCKUM, YCTanoCTHLIM, TENNOMU3NYECKUM, ANEKTPUYECKUM W HAOEXHOCTHLIM NapamMeTpam;

- ACOHWMKA-UOS — nogcuctema ynpaeneHua BUPTyanbHbIMKM UcnbiTaHuamMu A 1 QKb npy npoekTmpoBaHuu 1
co3gaHnn undpoBbix ABolHUKOB IA 1 SKb.

Cuctema ACOHWKA BkntovaeT B cebsi cnegytoLLmMe KOHBEPTOPLI C U3BecTHbIMU CAlP:

- Onsa nepegayn nepevHsa 3Kb v reomeTpun neyatHown nnartel U AKB B ctaHaaptHom dopmare (IDF) us cuctem
NMPOEKTMPOBAHWA NeYaTHbIX NNar;

- ANnsi nepenadv reoMeTpun NPoM3BONEHOW KOHCTPYKUMK B cTaHaapTHoM cpopmate (STEP, IGES) nz CAD-cuctembl.
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rOCT P 71836—2024

Bubnuorpadcun

PacnopsikeHwne NpaeutensctBa Poccuiickon ®egepaummn ot 6 Hoabpsa 2021 r. Ne 3142-p «OB6 yTBepxxaoeHun cTpare-
rMYecKkoro HanpaeneHusa B obnactu uudpoBoi TpaHcdopMaumnn obpabaTbiBalOWMX OTpacner NPoMbILLIIEHHOCTUY
WanymoB A.C. [JopoxHaa kapta pa3Butna «CAlP 3nekTpoHWKM Bbille MUMpoOBOro ypoBHA» — KoBpoB:
000 «HUW «ACOHUKA», 2020 — 24 c. URL: https://asonika-online.ru/news/432/ (nata obpawenunsa: 12.05.2020)

AeTomaTmavpoBaHHasa cuctema ACOHWMKA ons mogenupoBaHusa hU3MYecKUX MPOLECcCOB B PaavolneKTPOHHbIX
cpencTBax C y4eToM BHelHux Bo3nencTeni / nog pen. A.C. Wanymosa — M.: PaguotexHuka, 2013 — 424 c.

Wanymoe M.A., Wanymoe A.C. BuptyanebHasa cpega npoektupoBaHua P3C Ha ocCHOBe KOMMIEKCHOro Mogenu-
poBaHWA hrManyeckux npoueccos. — Bnagumup: Bnagnmmpckuin comnuan PAHXuIC, 2016 — 87 c.

51

Pa3zpaboTka anekTpoHHOWN Bepcun - nopTan GostExpert.ru 55/58
Crpanuua ookymeHTa - https://GostExpert.ru/gost/gost-71836-2024



https://gostexpert.ru?utm_source=pdf&utm_medium=69602
https://gostexpert.ru/gost/gost-71836-2024?utm_source=pdf&utm_medium=69602&utm_term=page

FOCT P 71836—2024

YOK 621.865:8:007.52:006.354 OKC 29.100.01
31.020

KnioueBkle crnoea: MeToabl, MoLenunposaHue, CUHycounaarnbHasa, cnyqaﬁHaﬂ, Bm6paum:|, OOWHOYHBIN, MHOTO-
KpaTHbIl?I, MeXaHU4YeCcKUin yoap, NUHENHOoEe YCKOpeHue, akycmqecmﬁ LWYM, SMTEKTPOHHaA KOMNOHEeHTHaA baaa,
QINEeKTpOHHada annapartypa
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