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Mpeancnoeue

1 PASPABOTAH Ob6uwecTBOM C OrpaHM4YeHHON OTBETCTBEHHOCTLIO «HayuHO-MccrneqoBaTenbLCKUA UH-
ctutyT «ACOHWKA» (OO0 «HUU «ACOHUNKA») u ®egepansHbIM rocygapcTBEHHbBIM BHOIKETHBIM yupexae-
HUemMm «POCCUCKWIA UHCTUTYT cTaHgapTusauuuny (PréyY «MHctuTyT cTangapTusaunmn»)

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

3 YTBEPX/EH W BBEJEH B JEWCTBWE MMpukazom ®enepanbHOro areHTCTBA MO TEXHUYECKOMY
perynuposaHuio u metponorin ot 30 Hoabpsa 2023 r. Ne 1507-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 nybriukyemcs 8 exez00HOM (0 COCMOSAHUK Ha 1 AHeaps meKyuwieao
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 «MHcTUTYT cTaHgapTuaayuuy», 2023

HacToawwmin ctaHgapT He MOXeT ObITb MOMHOCTLIO UMK YACTUYHO BOCMPOU3BEOEH, TUPaXXMNPOBAH U pac-
NnpoCcTpaHeH B Ka4vecTBe ocbmu,uaanoro n3gaHus tes pas3pelieHna dJe,qepaanoro dreHTCTBa no TexHu4de-
CKOMY perynmnpoeaHu N MeTponornn
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BeegeHue

Pa3paboTka HacToswero cTaHaapTa Bel3aBaHa HeobxoAMMOCTb0 aBTOMATU3UPOBAHHOTO aHanuaa cTon-
KOCTW 3NeKTPOHHOW annapatypbl (3A) K BO3OENCTBUIO NIMHEMHONO YCKOPEHUA Ha paHHUX 3Tanax NpoekTupo-
BaHUA 3A Ha OCHOBE MaTemMaTW4YecKoro MOZENMPOBaHUS W BUPTyanbHbIX UCMbITaHnidi A Ha BO3gencTBue
MUHEMHOTO YCKOPEHWUs1 AN CHUKEHWS 3aTpaT Ha pa3paboTKy, MpoM3BoACTBO M 0BCcnyXMBaHWe 3a CHET NOBbI-
LeHns Ka4yecTea pa3paboTok.

HacToswumi ctaHaapT pacnpocTpaHAeTcsa Ha MnokasaTenu CTOMKOCTM 3A K BO3OENCTBUK NUHENHOro
yckopeHus. Llenbio cTanHgapTa siBnNAeTcsa aBTOMaTU3alMsl aHanuaa rnokasatenew crtovkocTu 3A K BO3gel-
CTBUWIO NMMHENHOTO YCKOPEHUS C NPUMEHEHWUEM MAaTEMaTUYECKOro MOLENUPOBAHWUS U BUPTYarbHbIX UCMbITAHUA
OA Ha BO30eNCTBME NIMHEMHOMO YCKOPEHUS, CHUKEHWE 3aTparT Ha paspaboTKy, Mpon3BOACTBO U 0BCnyXuBaHe
33 cYeT NOBbILIEHUSA KayecTBa pa3paboTok.

MpMMeHeHWe MaTemMaTUYeCKOro MOAENMPOBaHUS U BUPTyalbHbIX UCMbITaHWA 3A Ha BO3OeWCTBUE Nn-
HEMHOro YCKOPEHUSI HA PaHHUX 3Tanax NpPoeKTUPOBaHUSA 00 M3rOTOBMEHMS OMNbITHOTO oBpasla Nno3BonuT U3-
OexaTtb 0TKazoB 3A UMW 3HAYNTENBHO COKPAaTUTL WUX HA 3Tane UCNbITaHWI ONbITHOrO obpasua, cokpalasa Tem
CaMbIM KOMMYECTBO UCMLITAHUIA ONbITHOrO obpasua, Bo3MOXHbIE UTEpaLM No OopaboTKe CXEM U KOHCTPYK-
Luia, 3aTpaTsl Ha pa3paboTky 3A npu OQHOBPEMEHHOM MOBLILEHWMW KadecTBa W HaJeXHOCTW, B TOM YKUCre
B KPUTUYECKUX pexmmax paboTel, genas 3A KOHKYPeHTOCNOoCOOHOW Ha OTe4eCTBEHHOM M MeXayHapogHOM
pbiHKax [1]—[4].

Vcnonb3oBaHme nNpu aHanuae cToMKocTM DA K BO3OENCTBUIO NMUHEWHOIO YCKOPEHUS HATYPHbLIX UCMbLITa-
HUA SA Ha BO3OENCTBME NUHENHOTO YCKOPEHUS] HEBO3MOXKHO, TaK KaKk aHanua NnpoBoauTes eLle 40 M3roToRne-
Hus1 onbITHOro obpa3sua. Buptyanusayusa ncneitaHuin 3A Ha BO3AENCTBUE NUHENHOTO YCKOPEHUA NpU aHanuae
CTOMKOCTM 3A K BO3LENCTBUIO NMMHEMHOro ycKopeHus aBnaetca GesanbTtepHaTuBHOW. Bes npumeHeHnsa ma-
TEeMaTNUYeckoro MOAEeNMPoOBaHUA HeMnb3a onpeaenTbh NokKasaTenu CTOMKOCTM 3A K BO3AENCTBUIO NMHENHOro
ycKkopeHusi. Takol Nogxon SBnseTca MHOPMaTUBHBIM, Tak Kak 6narogapsa eMy Ha aTane NpoeKTMpPoBaHus OT-
cnexunBaeTcsa OONbLINHCTBO BO3MOXKHbBIX OTKa30B JA Mo MEXaHWYeCcKUM XxapakTepucTukam, U athpeKkTUBHLIM,
Tak Kak u3-3a HegopaboTok NpoeKkTUpoBaHUa 3A, BCKPBITHIX YXe MYyTEM HaTYpPHbIX WUCMbLITAHUA, BO3MOXHO
MHOXECTBO uTepauui: gopaboTka npoekta — ucneiTaHMs onbiTHOro obpasua — gopaboTka npoekTa U T. 4.,
YTO 3HAYMTENbHO YBENWYMBAET CPOKM U CTOMMOCTb pa3paboTku.

HacTtosawmi ctangapT onpegenset TpeboBaHns K MoACMCTEME BUPTYallbHbIX UCMbITAHUA 3MEeKTPOHHOM
annaparypbl Ha BO34elNCTBUE NUHENHOMO YCKOPEHUS.

i
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HAUMWOHANBbHBIA CTAHOAPT POCCUUCKON OEOEPALUMN

Cuctemsbl dBTOMAaTU3NPOBaAHHOIO NPOEKTUPOBAaHWUA 3JTEKTPOHUKN

NMOOCUCTEMA BUPTYAINbHbLIX UCMbITAHUA SNTIEKTPOHHOW AMNMAPATYPbI
HA BO3EANCTBME NMHEWHOIO YCKOPEHUA

Electronics automated design systems.
Subsystem of virtual testing of electronic equipment for the effect of linear acceleration

Data BeepeHua — 2024—01—01

1 O6nacTb npUMeHeHus

1.1 HacToswumin cTaHgapT npefHasHayeH Ans npuMeHeHus npegnpusaTUsiMy NpoMbILLIIEHHOCTW U opra-
HU3ALWSMU NPKY UCMOMNbL30BAHUW LM POBLIX JBOMHUKOB 3NeKTPOHUKM 1 CALS-TEXHONOTUI HA paHHUX 3Tanax
NPOEKTUPOBAHWUSA, N3rOTOBNEHUSA U UCMbITAHWA SMNEKTPOHHOW annapatypbl (JA), a Takke Ha Bcex nocneayo-
LLMX aTanax >XM3HEHHOro uukna JA.

1.1.1Mogcuctemy BUPTYanbHbIX UCNLITAHWA SNEKTPOHHOW annapartypbl Ha BO34eNCTBUE 0QMHOYHOTO Me-
XaHWYEeCKOro yaapa NpMMEeHSOT Ha paHHUX 3Tanax NpoekTupoBaHus DA crnefyroLlero HasHauyeHWs: NPOoMBbILL-
NeHHas, Ans 3HepreTuky, 0OOPOHHO-NPOMBILLMEHHONO KOMIMMEKca, a3pOKOCMUYECKON OTpacnu, CyaoCcTpoe-
HWUS, MeQULWMHCKas, aBTOMODUNbLHAA, ANA HABUraLMKM U paguonokaLumn, notpedbutensckasa, ana uckansHoro
u ToproBoro obopygoBaHus, CBA3KM (TeNeKOMMYHMKALWK), BbIYUCIIMTENBHON TEXHUKK, OANA aBToMaTtnsaunm un
MHTENMNEeKTyanbHOro ynpaeneHus, cMctem 6e30nacHoCTW, CBETOTEXHUKKM, aBTOMAaTM3VPOBAHHOMO TpaHcnopTa
1 OBUXKYLLEACS pOBOTOTEXHMKN.

1.1.2 3A cOCTOWUT M3 3NEKTPOHHLIX LWKA(OB 1 BNOKOB, NeYaTHLIX Y3MOB M 3MEKTPOHHOW KOMMOHEHTHON
©asbl (BKB) (MuKkpocxeM, TpaH3UCTOPOB, PE3UCTOPOB U T. A4.).

1.1.3 Ha 3KB n 3A okasbiBaeT BNuAHWE BO3AENCTBUE NMUHENHOro ycKopeHus. JIMHenHoe ycKopeHue
MOKET NpUBOAUTL K HecooTBeTcTBMAM 3KB 1 3A TpeboBaHUAM K X CTOMKOCTH (MPOYHOCTU M YCTOWYMBOCTH)
K BO30EWCTBUIO NMUHENHOIO yCKOpeHWs. HacTosawmin ctaHgapT ycTaHaBnMBaeT OCHOBHbIE MOMOMEHUA TEXHO-
Norvu, NO3BONSALLEN NPOBOAMTL aHanv3 nokasaTtenen CTOMKOCTU JA K BO3LENCTBUIO NIMHEMHOIO YCKOPEHUS
C NPUMEHEeHneM MaTeMaTUYECKOrO MOAENUPOBAHUA WU BUPTYanbHbLIX UCMbITaHWA A Ha Bo3OgelCcTBUE NUHEN-
HOrO YCKOPEeHUs Npy MpOeKTUPOBaHUN.

1.2 AHanus nokasaTenei cTorMkocTM 3A K BO3OENCTBUIO NMMHENHOrO YCKOPEHUA HeoBXoaMMo OcyLLecT-
BMSATb HA paHHMX 3Tanax NpPoekTUpoBaHua JA NOCPeACcTBOM NPOBEAEHUA MaTeMaTn4eckoro MogenpoBaHns
¥ BUPTYanusauumn ucnbsitaHuii 3A Ha BO3AENCTBUE NUHENHOTO YCKOPEHWS MPU NPOEKTUPOBaHMWMN.

1.3 [Ina aHanu3a nokasaTenen CTOMKOCTU 3A K BO3OENCTBUIO NIMHENHOMO YCKOPEHUA METOLOM MaTema-
TMYECKOro MOAENUPOBaHUA (BUpTyanuaauumn ucneitaHnii KB n 3A Ha BO34ENCTBME NUHENHOTO YCKOPEHUS)
cnenyeTt MPUMEHSITL aTTeCTOBAHHLIE NPOrpaMMHLIE CPeACcTBa, a Npu HeobXOAUMMOCTM — aTTecTOBaHHbIe Npo-
rpamMMHO-annapaTtHsle cpefcTea. TpeboBaHWa K NporpaMMHo-annapaTHbiM CpeACcTBaM YCTaHaABNUBAKTCH MO
COrNacoBaHWKo C 3aKas4mkamu.

2 HopmaTtuBHbI€ CCbINKK

B HacToflwem cTaHgapTe UCNONb30BaHbl HOPMATMBHbLIE CChIMKW HA cnefyloLwve cTaH4apThbl:
FOCT P 51805 MeTogbl ucnbiTaHWiA Ha CTOWKOCTb K MEXaHMYECKUM BHELLUHWM BO30ENCTBYHLWMM dhaKTo-
pam MalluH, NpubopPoR U APYrMX TEXHUYECKUX M3OENWA. MIcnbiTaHWs Ha BO34EACTBUE NMUHENHOIO YCKOPEHWSE

MapaHune ochbuumnansHoe
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FOCT P 70201 CucteMbl aBTOMaTU3MPOBAHHOIO NPOEKTUPOBAHMUA MNEeKTPOHNKK. ONTUManbHoe codeTa-
HWUE HaTYPHbIX U BUPTYanbHbIX NCMbITAHWUIA SNEKTPOHUKM HA HAOEXHOCTb M BHELLUHWe Bo3gencTByowwmne hakro-
pbl. TpeboBaHuA 1 NOPALOK NPOBEAEHUS NPW BbINONHEHWM TEXHUYeCKoro 3agaHua Ha HNOKP

OCT P 70291 CucrteMbl aBTOMaTU3NMPOBAHHOIO NPOEKTUPOBAaHUS 3MeKTPOHUKKW. COCTaB W CTPYKTypa
CUCTEMbl aBTOMAaTU3VMPOBAHHOIO NPOEKTUPOBAHUSA SNEKTPOHHOW annaparypsl

MpumeyaHue — [pu NONL30BAHUM HACTOALUM CTAHAAPTOM LienecoobpasHo NpOBepuTs OeNCTBUE CCbINoy-
HbIX CTAaHOAPTOB B MH(POPMALMOHHOWK CUCTeMe 06LLEro Nnonb3oBaHus — Ha oduLMansHOM caiiTe PefepanbHOro areHT-
CTBa MO TEXHUYECKOMY PEryriMpoBaHWio U METPOIOTMA B CETU VIHTEPHET UMK MO eXerogHoMy MH(OPMaLMOHHOMY yKasa-
Tenio «HauvoHanbHele CTaHAAPTLI», KOTOPLIA OMyBrMKoBaH MO COCTOSHMIO Ha 1 AHBapA TEKYLLIEro roga, U no BbiNyckam
EXEMECAYHOTO MHOPMALMOHHOTO yKa3atens «HaunoHansHble cTaHaapThi» 3a Tekylwmui ron. Ecnu 3aMeHeH CCbinoYHbIiA
CTaHOapT, Ha KOTOPLIM AaHa HeaaTMpPOBaHHAasi CCbINka, TO PEKOMEHOYETCs WCTOoNb30BaTh AEUCTBYIOWYK BEPCUID 3TOMO
CTaHOapTa C YYETOM BCEX BHECEHHbBIX B AAHHYK BEPCHUID M3MeHeHWH. Ecnn 3aMeHeH CCbINOYHBIA CTaHAAPT, Ha KOTOPbIN
[JaHa [aTUpOBAHHAA CCbINKa, TO PEKOMEHAYETCH UCMONb30BaTL BEPCUIO 3TOTO CTAHAAPTA C YKa3aHHbIM BhILLIE FOAOM YT-
BepXOeHWUs (NpuHATMS). Ecnv nocne yTREpXOEHUS HACTOALLEro CTaH4apTa B CChINOMHBIA CTAHAAPT, HA KOTOpLIA AaHa
[aTUPOBaHHAA CChINKa, BHECEHO U3MEHEHWE, 3aTparnBaiolliee NonoXeHWe, Ha KOTOPOE aHa CChINKa, TO 3TO MOMNOXEHWE
pekoMeHOyeTcA NpMMeHsATe be3 y4eTa gaHHOTrO U3MeHeHus. Ecnu cchbinoyHbIn cTaHgapT oTMeHeH 6e3 3aMeHskl, To Nomno-
KEHWE, B KOTOPOM [aHa CChINKa Ha HEro, PEKOMEHAYETCH NMPUMEHSATE B YaCTU, HE 3aTParvBaloLLei 3Ty CChIMKYy.

3 O6wme nonoxeHun

3.1 HacTosilymin ctaHgapT ycTaHasnuBaeT TpeboBaHUA K aBTOMaTU3MPOBaHHOMY aHanusy nokasaTtenen
cTokocTy 3A K BO34EMACTBMIO NIMHEMHOMO YCKOPEHWST HA OCHOBE MaTeMaTu4eCcKoro MOAENMPOBaHUS U BUPTY-
anbHbIX NCNbITAHUA DA Ha BO3AEWNCTBUE NIMHEMHOTO YCKOPEHWS.

[ns gocTuxXeHWA NOCTaBMEHHOW LIeNnu B CTaHA4apTe YCTAaHOBMNEHL! cnefyLlmMe equMHblie TpeboBaHus:

- K TEXHOMOrMKM aBTOMaTM3UPOBaHHOIO aHanuaa nokasaTenen cToOMKocTn A K BO3AENCTBUIO NMUHERHOro
YCKOpEHUS;

- NoAcucTeMe BUMPTYanbHbIX MCNbITAHWW 3NEKTPOHHOW annapaTtypbl Ha BO34eNCTBUE NMHENHOro YCKO-
pPEeHKs.

3.2 McnbiTaHWAM Ha BO3OEeUCTBUE NMMHEWHbIX YCKOPEHUW B Uenax onpeneneHus npo4HOCTU UK YCTOMW-
UMBOCTU NoABepratT A, KOTOPYH HE UCMLITLIBAIOT HA BO30EWCTBME OOMHOYHLIX YOAPOB C YCKOPEHWEeM, paB-
HbIM UNKu BonbLUUM, YeM NuHenHoe. 3P deKkT BO30ENCTBUSA NPU JAHHLIX YCMOBUAX UCMLITAHUIA OKa3biBAaeTCA
oavHakoBbIM. OfHaKO ecnu B KOHCTPYKUKKO A BXOAAT NOABWKHEIE OETanu 1 yanbl, To NpW OAMHOYHbLIX yaapax
BO3HWUKAKT CUMbI, HAaNpaBneHWe KOTOPbLIX HE COBNAAaeT ¢ CUMNaMu, BbI3BaAHHLIMU NMUHENHBIMKW YCKOPEHUAMMN.
Bcrnepcteue aTOro ykasaHHble UCTbITAHUS NPOBOAAT caMmocToaTenbHO cornacHo MOCT P 51805.

3.3 lluHeMHoOe yckopeHue, HanpaBneHne ero BO3AeNCTBUS, XapaKkTep U3MEHEHWS, NPOAOIKUTENbHOCTb
WCMBITAHUA 1 pan OPYrMx cneundudecknx Ans UcneiTyemon 3A napamMeTpoB OroOBapvBalT B TEXHUYECKOM
3a0aHuN.

3.4 Buibop napamMeTpoB 3aBUCUT OT HA3HAYEHUA UCMLITyeMon 3A, MecTa ee YCTAHOBKW W YCITOBUIA 3KC-
nnyatauuu. OnpegensiolwmMmM npy Boibope NUMHERHOro YyCKOpeHUa sBnATcs TpeboBaHWs K MPOYHOCTHBIM Xa-
pakTepucTukam 3A.

3.5 CtaHpapT ycTaHaBNUBAEeT CTEMNEeHW KEeCTKOCTW MCMbITaHWIA, KOTOPLIM COOTBETCTBYHOT ONpeaerieHHbIe
3HAYEeHUsA NUHENHbIX yckopeHWA. Npu ncnbiTaHuax cnegyeT Belbupath NMHENHbIE YCKOPEHUS U3 pEKOMEeHO0-
BaHHbIX CTAHOAPTHLIX 3Ha4YeHnin. BoamoskeH BeIBOp criegyoLLmMX HanpaBneHuil BO3AENCTBUSA NMUHERHBLIX YCKO-
PEHUIA MO OTHOLUEHNHD K DA

- MOOYEepeHO B KaXXAOM M3 ABYX NPOTMBOMOMOXKHbLIX HanpasneHwn No TpeM B3anMHO NepneHaukynap-
HbIM 0csIM 3A, ecriv y A HEBO3MOXXHO BbI4ENUTL NIIOCKOCTU U OCKY CUMMETPUHU;

- BOOSIb OCY CUMMETPUM B BYX NPOTHMBOMOMOXKHEIX HAaNpaeneH1sax 1 B MoOOM HanpaBneHuu, nepneHgu-
KyNsIpPHOM K OCY CUMMETPUWU, NPKY HANWYUKU OCU CUMMETPUN;

- NEpPNeHOWKYNSPHO K Ka oW NIOCKOCTU CUMMETPUM B OOHOM HarnpaeneHUn npu Hanu4YMm ogHon Unm
HECKOMNbKUX NMOCKOCTEN CUMMETPUN.

OA, Ona KoTopoW u3BecTHO Hawbonee onacHoe HanpasfeHWe BO34eWCTBUS, peKOMeHayeTcs UCMbIThI-
BaTb TOMNbLKO B 3TOM HamnpaBneHuwn, CoXpaHasa NpoaomKUTENbHOCTE MCMbITAHWA TOMbLKO ONA AAaHHOMO Hanpas-
neHus.
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4 TexHonorusa aBToOMaTU3IMPOBAHHOIO aHanMU3a nokKasartenem CTOMKOCTHU
3NEeKTPOHHOW annapaTtypbl K BO34eWUCTBUIO NIMHENHOro YCKOPeHUsA

4.1 KoHe4yHOW uenbl aBTOMaTU3UMpOBaHHOIO aHanusa ABnsieTca nposepka cnocobHocT 3A coxpaHsaThb
CBOW nNapameTpbl B npegenax ycTaHOBMEHHbLIX HOPM BO BpeMsi W Nnocrie BO3AeNCTBUS NUHEMHOMO YCKOPEHUS.
MpoBepsAT YCTONYMBOCTE U MPOYHOCTE 3A Npy BO3AENCTBUM NUHeHoro yckopeHua no MOCT P 51805.

Takxke paccmaTpuBaloT MareMatvyeckoe MOAEenupoBaHUEe W BUPTyanuaauuw McnbiTaHuin A Ha BO3-
OencTBUE NIMHENHOTO YCKOPEHWS C NMOBbILLEHHBIMUW 3HAYEHUAMM NapaMeTpoB (B KpUTUYECKUX pexumMax, B TOM
YUCNEe HEBOCMPOU3BOAMMBIX NPU HATYPHbBIX UCNbITAHWSAX).

O6bekTamn BUPTYanbHbIX UCTIBITAHWIA ABASIOTCS:

- NMPOW3BONbHbIE KOHCTPYKLUMMW WKaoB 1 6nokos DA 6e3 Bubpousonstopos, 3D-mogenn KOTOpbIX CO3-
naHbl B CAD-cuctemax B popmarte STEP;

- TUMOBLIE KOHCTPYKUMK wWkadoB U 6nokoe 3A 6e3 Bubpoumzonatopos, 3D-mogenu KoTophbiX CO34aHbl
B crneuManu3avpoBaHHOM WHTepdeice NoACUCTEMBl BUPTYalbHbIX UCMBITAHUA 3NEeKTPOHHOW annapaTtypbl Ha
BO34ENCTBME OAWHOYHOIO MEexaHn4eckoro yaapa;

- NPOW3BOJSIbHBIE W TUMOBbLIE KOHCTPYKLMK WKadoB 1 6rokos SA, ycTaHOBNEHHbIE Ha BUbBpon3onaTopax.

4.2 OueHMBaEeMbIMN XapakTepPUCTUKaMK SIBMSAIOTCH YCKOPEHWS, NepeMeLleHns, MexaHu4eckne Hanps-
XeHus B DA.

4.3 YcnoBusa npoBeAeHUA BUPTYanbHbIX UCNbITAaHWUA

4.3.1 Hannymne poccuinckoro nporpaMMHoro obecnedeHns, npeaHasHa4yeHHoro ans Mmogenuposanus A
Ha BO34EeWCTBME NMUHENHOro YCKOPEeHWUs, BHEAPEHHOro Ha Begylmx npeanpusatusax Poccuiickon ®enepaunn,
KOTOpOE ABMNAETCH COCTABHOW 4YaCThbH CUCTEMbI aBTOMATU3MPOBaHHOIO npoektupoBaHusa (CAIMP) 3A B cooT-
setcTeun ¢ FTOCT P 70201, TOCT P 70291.

4.3.2 Hanuuue koppekTHoi 3D-momenu 3A B popmate STEP, oTeeuatoLei TpeboBaHUAM NO ycTpaHe-
HWIO OLIMBOK, YNPOLLEHUIO U COXpaHeHUo Mogenu [5].

4.3.2.1 TpeboBaHna No ycTpaHeHU OLLIMBOK:

- He JOMKHO BbITh NepeceveHwin aetane. OHKU JOIMKHBI KacaTbCs ApYr Opyra;

- OfHa JeTarnb JoMMKHA KacaTbCHa APYron Mo HeKOW NOBEPXHOCTU ¢ kakon-nubo nnowaabio. He gonycka-
I0TCS BapuaHThbl, KOrda ofgHa feTanb KacaeTcs ApYrow no NUHWUK UINKN B TOYKe (MOBEPXHOCTBLID KacaHus OABYX
Jetanei SBnseTcs NUHUS UMK ToYKa);

- HE JOIMKHO BbITh CBOBOAHO BUCALLMX AeTanein. OHU JOMKHbI UMETL COEAUHEHUS C OPYTUMWU AeTansaMu;

- pasbembl C OTBEPCTUAMU HEOOXOAWMO MOMHOCTBIO 3aMOMHWTL MaTepuanoM (He OOMXHbl OCTaTbCs
WTbIPbKMA U OTBEPCTUS).

4.3.2.2 TpeboBaHMs MO YyNPOLLEHWNID MOLENW:

- crniegyeT ybpaTth BCe KpenexHble geTanu, BCe BUHTHI,

- crniegyeT ybpath dhacku, NbICKU, MENKUe CKpYrneHus (C paguycom <2 mm);

- MOBEPXHOCTU CIOXHOW hopMbl — MeNKue opebpeHus KpymnHbIX NOBEPXHOCTEN HeobxoauMo caenatb
rmagKkumu;

- €CMW B MOAENM eCTh LWeCTUIPaHHNKN (B CeHEHMW eTanu WeCTUrpaHHKUK), HanpuMep CTOMKN 3TaXepoH-
HOW KOHCTPYKUWW, CeayeT CKPYrMuTb rpaHu LWWecTUrpaHHuka paguycom ckpyrneHusa 1 mm;

- cnegyeT yoanuTb BCce OTBEPCTUSA BCEX AeTarneu, KpoMe KpenexHbIX OTBepCTUM;

- Heobxogumo nogobpaTtbk NNOTHOCTU OeTaneil Takum obpazom, ytobel macca DA, BKMOUYasa nedvyaTHble
yanel, 3KB, pasbemMbl, paBHAMNAaCck U3Ha4YaneHO 3a4aHHOM;

- crnegyeT BblOpaTth «TBepAble Tena» npwu coxpaHeHun B dopmate STEP mogenn B CAD-cucTteme, B
KOTOPOW co3gaBanach gaHHas Mogens.

4.3.3 Hanuuue cnegyowmx husnko-mexaHu4ecknx napameTpoB matepuanos JA:

- NAOTHOCTS;

- MOAYIb YNPYrocTu;

- koahbuumeHT MNyaccoHa;

- KoatbhrumeHT MmexaHmdeckux notepb (KMIM) ans Ha4ansHOM TOHKM NIMHEMHOMO Y4acTKa 3aBUCMMOCTM
KMI oT MexaHW4ecKoro HanpsekeHus narnba, BO3HMKAKLWEro Npu Bo3gencTBUM OAWHOYHOIO MeXaHW4Yeckoro
yoapa;

- koacbpuymeHT 3aeucumoct KMIT oT MexaHn4eckoro HanpsikeHnsa marnba, BO3HUKAWLWEro npyu Bo3-
OeNCTBUM OOQWMHOYHOI0 MexaHu4eckoro yaapa.
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B3anmMocBsa3b TENNOBLIX M MEXAHWYECKNX NPOLECCOB B KOHCTPYKUMAX DA obycrnoBneHa BrnMsiHUeM Te-
NrOBbIX MPOLECCOB Ha MexaHu4eckue — TemnepaTypHbIMW 3aBUCUMOCTAMWU (PU3NKO-MEXaHU4ecKnx napa-
MeTpoB — Moayns ynpyroctu 1 KMIN — ana matepuanoB kKoHCTpykuuin 3A. C pocToM TeMnepaTypbl MOAYIb
ynpyroctu ymeHsluaetcs, a KMI ysenuuueaetca. 3asucumocTtt mogyna ynpyroctu u KM oT Temnepatypel
MOTYT annpoKCUMUPOBATLCA NMUHENHBIMU NONMHOMaMu [5].

[aHHble napaMeTpbl MOTyT ObITh NOMyYeHbl NyTem naeHTudukaymm [5).

4.3.4 Hanwuve cnegywLwmx napameTpoB BUOPOU30ONATOPOB ANA yaapa:

- KOAQMOULNEHT XEeCTKOCTK N0 oCK X;

- KOO (PULIMEHT XECTKOCTU Mo ocH Y,

- KO3(h(PULMEHT KECTKOCTU Mo ocu Z,;

- KMIM no ocu X onsa HayanbHOWM TOYKM NMHERHOro yyacTka 3aBucumocTtu KMI ot HanpsaxeHus narnba;

- KMIM no ocu Y ans Ha4yanbHOWM TOYKU NIMHEHOro y4acTka 3aBucumoctu KMIM oT HanpspkeHus narnba;

- KMIM no ocu Z gns HaYanbHOM TOHKWM NUHEnHOoro ydacTtka 3asmcumoct KMIT oT HanpsixkeHus uarvba;

- koadhuumeHT 3aBucumoct KMIM no ocu X oT HanpskeHnsa uarnba;

- koadhpuumeHT 3asucumoct KMIM no ocu Y oT HanpsikeHus naruba;

- ko3hpuumeHT 3aBucumoct KMI no ocun Z oT HanpsikeHUs pacTsKeHUsa — CxaTus.

[aHHble napaMeTpel MOTYT BbITh NONyYeHbl NyTEM naeHTUdUKaunn [5].

4.4 PeXXuMbl BUPTYanbHbIX UCNbITaHUA

MapameTpbl MUHENHOMO YCKOPEHWA (YUCMEHHbIE 3HAYEHUSA 33[4al0TCH B TEXHWYECKOM 3aaHvW Ha pas-
pabotky 3A):

- MMKOBOE NUHENHOE YCKOPEHWUE, J;

- ANUTENbLHOCTL BO3OEACTBUA NIMHENHOTO YCKOPEHUS, MC.

4.5 MopApok npoBeAeHNUs UCNLITAHUNA

4.5.1 MNpoBogaT naeHTUdMKaLNO hrU3NKo-MeXaHUYECKUX NapaMeTpoB MmaTepuanoB A, yKasaHHbIX B
4.3.3, npn nx otcyTtcTeum [5]. MNpu atom no pesynstatam HaTYPHLIX WCMbITAHWIA ONpPenensoT 3aBUCUMOCTb
yOApPHOro YCKOPEHUs1 OT BPEMEHU B KOHTPOMLHOW TOYKEe, KOTOPYK WCNOMb3yT npy naeHTudukauun. MNpeg-
BapuUTeNbLHO pa3pabaTbiBaloT NporpaMMy HaTypPHBIX UCMLITAHWA U M3rOTABRMMBAKT MaKeThl NNacTWH AN Ha-
TYPHbIX UCMbITAHUNA.

4.5.2 MpoBogAT MaeHTUUKaLWK NapamMeTpoB BUOPOM30ONATOPOB, yKasaHHbiX B 4.3.3, Npu Mx OTCYT-
cteuu [5]. [pu aToM No pesynbTataMm HaTypHbIX UCMbITAHWIA ONpPedensaioT 3aBUCMMOCTb YAapHOro YCKOpeHus
KOHCTpYKUMM JA Ha BubBpounsonaTopax oT BpeMEeHW, KOTOPYH MCNOoNb3yoT nNpu naeHtudukauun. MNpegeapu-
TenbHO pa3pabaTbiBalOT NporpaMMy HaTYpPHbLIX UCMbITAHWIA K NpuobpeTaT 0bpasysl BUGPOM30NATOPOB AN
HaTYpPHbIX UCMBbITAHUNA.

4.5.3 nentndunumposaHHble napameTpbl Matepuanos A U napamMeTpbl BUBpPOU30NSATOPOB 3aHOCAT B
Ba3y gaHHbIX ANs UCNONb30BaHUA B NPOLEcce MOOENMPOBaHMWS.

4.5.4 lNpoBoaAT NOArOTOBKY MOAEeneun:

- 3D-mopeneii B hopmate STEP koHcTpykuuidi A 6e3 Bubpounsonsatopos B CAD-cucTemax, oTBevato-
Wwmx TpeboBaHUAM MO YCTPaHEHUIO OLWMBOK, YNPOLLEHNIO U COXPaHEeHWO Moaenu, NnpuseaeHHbIM B 4.3.2.

- 3D-mopmeneit KOHCTpYKUMIE 3A, yCTaHOBMEHHLIX HA BUDpon3onsaTopax, B Cneyuanmu3MpoBaHHbIX UHTep-
thencax.

4.5.5 MNpoogaTt umnopT mogenen B hopmarte STEP KOHCTPYKUMIA B NogCcUCTEME BUPTYalbHbIX UCMbITa-
HWUIW 3MEKTPOHHON annapaTypbl HA BO34ENCTBME NUHENHOTO YCKOPEHNS.

4.5.6 MNMpoBoOAaAT BUpTyanbHbie UCNbITaHUst 3A Ha BO3AENCTBUE NMMHEMNHOIO YCKOPEHUS C MPUMEHEHUEM
MOLENMpPOBaHUS MexaHUYecKMx npoueccoB B A Ha BO3OEWCTBME NMUHENHOro yckopeHusl. OnpenensoT 3a-
BUCMMOCTU NTIMHENHOTO YCKOPEHUS! OT BpEMEHMW B KOHTPOMBHLIX ToUkax JA MK B cucTeMax BUOpoM30nsaLmu.

4.5.7 lNo pesynsTatam BUPTYanbHbIX UCMbITAHWA COCTABNAIOT OTHYET, B KOTOPOM NPUBOAAT MHOpMaLnio
06 oueHVBaeMbIX XapakTepucTuKax.

4.5.8 MecTo npoBeaeHUa UCNbITAHUN

KMcnbiTaHMa MoryT npoBoAUTE:

- caMu NpeanpusaTUs Npu HanU4YuMM NOACUCTEMbI BUPTYanbHbLIX UCMbITAHUMA 3NEeKTPOHHOW annapaTypsl Ha
BO34eNCTBUE NMIMHENHOIO YCKOPEHUS;
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- LleHTp koMneTeHunn B obnactn MOOenMpoBaHUS 1 BUPTYyanbHbix ucnbiTaHuid 3K n 3A Ha BHelwHWe
BO30EWCTBMA MO 3akasy NpeanpuaTia Npu OTCYTCTBUMU Y HEro NoACUCTEMbI BUPTyarnbHbIX UCMbITAHWA 3rek-
TPOHHOW annaparypbl Ha BO34eNCTBUE NTUHEAHOIO YCKOPEHUS.

4.6 ObpaboTka, aHanu3 U oLeHKa pe3ynbTaToOB UCTILITAHUN

4.6.1 Mcnonb3yoT maneii o6bem Bbibopku n < 50.

4.6.2 Mcnonb3yloT MeToabl CTaTUCTUYecKorW 06paboTkn pe3ynbTaToB UCMbITAHWA.

BeluucneHune BbIBopOYHbBIX YMCNOBbIX XapakTepUcTUK OCYLLEeCTBAAI0T Npy manom obbeme Beibopky. Boi-
YMCNSAKOT:

- BbIDOpOYHOe cpedHee 3HaqYeHne XxapakTepPUCTUKN MEXaHWYECKUX CBOWNCTB;

- BbIDOPOYHYIO AWCNEPCUIO XapaKTepUCTUKM MEXaHUYECKUX CBOWCTB;

- BbIbOpoYHOe cpedHekBagpaTUYeckoe OTKIIOHEeHVe.

4.6.3 VigeHTMduuupoBaHHbIe NapaMeTpbl ONPeaensioTcs ¢ Y4eToM ux pa3bpoca: cpegHee 3HavyeHue n
cpegHekBagpaTudeckoe OTKMoHeHue. [na nonyveHus pasbpoca HeobXo4MMO MPOBECTU WAEHTU(UKALMOH-
Hble ucneitaHns 10 makeToB nnactuH 1 10 obpasLoe BUOPOM30NATOPOB OAHOMO TUNa.

4.6.4 OueHVBaeMble XapaKTepWUCTUKM ONpPedensitoTca ¢ ydeToM pa3bpoca yckopeHun. [ina Kkaxaow xa-
pakTepPUCTUKM ONpefensT cpedHee 3HaveHne K cpefHeKBaapaTudecKoe OTKIOHEHWE.,

4.7 MaTepuanbHO-TeXHUYECKOE obGecneyeHMWe UCNbITAHUNA

4.7.1 Ha pabo4mx cTaHumax nonb3oBaTenen AOMKHO BbiTh YCTAHOBNEHO Crneayollee NpUknagHoe npo-
rpaMMHoe obecrnedeHue, oTBevatollee TpeboBaHMam 4.3.1:

- ONS BUPTyanbHbIX ucnbiTaHuid 3A ©e3 Bubpousonatopor, 3D-mogenu KoTopbix co3gaHel B CAD-
cuctemax B popmate STEP, Ha Bo3gencTBME NUHENHOTO YCKOPEHUS;

- oA BUPTyanbHbIX UCTIbITaHWA 3A, yCTaHOBMNEHHOW Ha BMBpousonaTopax, 3D-mogens koTopow co3aa-
Ha B cneunanu3npoBaHHOM MHTepdence, Ha BO3OEeNCTBUE NMHENHOMO YCKOPEHNS;

- AnA uaeHTUdrkaumMm husnko-MmexaHu4ecknx napameTpos moagenen 3A;

- N noeHTudukauum uUanko-MmexaHM4ecknux napameTpoB Mogenei BMGpon3onaTopos.

4.7.2 MNepeyeHb Mogenen, NCNomnb3yeMblX ANd UCMNBITaAHWUI:

- 3D-mopgenu koHCTpyKunid SA Bes Bubpounsonstopoe B opmate STEP;

- 3D-Mopenu KoHCTpyKUMIA A, yCTaHOBMNEHHOW Ha BMBpou3onsaTopax.

4.7.3 PykoBoacTBa nornb3oBaTtenei 1 obyyarwline 3ByKOBble BUAEBOPOMNMUKA K MPUKITAAHOMY NporpamMm-
HoMmY obecneyeHuno, ykasaHHomy B 4.7.1.

4.7.4 JomxkHa bbiTb obecnedeHa HeobxoguMas KBanudukaumsa nepcoHana, cneyManucTos U Npuene-
KaeMbIX CUM, NPOBOAALMX UCNLITAHUA, NOATBEPXKAEHHAS akkpeguTauMen nonb3oBaTens nNpuknagHoro npo-
rpamMMHoro obecnedyeHus, ykazaHHoro B 4.7.1, B LieHTpe koMneTeHUuin B obnacTu MoAeNMpOBaHWUA U BUPTY-
anbHbiX uenbiTaHnin 3KB 1 3A Ha BHeLLHWe BO3OeNCTBUS.

4.7.5 WcnbiTaTenbHoe obopygoBaHve AnNA NpoBeOeHUA HAaTYPHbIX UCMbITaHWA, HeoBXoaAuMbIX Ons pe-
WeHNsa 3a0aqvn MAeHTUdUKaLNK:

- CPeACTBO pa3roHa — YCKOpUTEnb;

- MOABWKHOWM CTOIM, NnaTtdopma U KOHTENHep;

- TOPMO3HOE YCTPOMCTBO (COyaapsALLnecs aeMeHThl);

- N3aMepuTenbHbIA Npeobpa3zoBaTens;

- KOHTPONbHLIA Npecbpa3oBarens;

- cucTeMa ynpaserneHus 1 peryrnpoBaHns pexmma UCnbiTaHWi;

- cpegcTBa W3MEepEeHW 1 permcTpaumnm, No3BoNSLWNE U3MEPUTL 3HAYEHUSA HEKOTOPbLIX NapaMeTpoB U
3aperncTpupoBaTh XapakTep yoapHOW neperpysku.

4.7.6 [Ina npoBedeHWs1 HAaTYpHbLIX UCNbITAHWA, HEOBXOOUMBIX ONS pelleHnsa 3ajadn uaeHTUuukaunm,
TpebyoTes cnefyoLwMe Mmatepuarnbi:

- MIPAMOYTONbHbLIE NNACTMHbLI U3 MaTepuarnos, A4S KOTopbix TpebyeTcs naeHTudukayuna napaMmeTpos (Mx
KONMMYeCTBO ONpeaensieTcsa KoNM4ecTBOM Matepuanos, AMs KOTOPbIX HEM3BECTHbI NapameTpbl);

- BUDpOUM30NATOPLI, ANS KOTOPLIX TpebyeTcsa naeHTUdUKaLVSa napaMeTpoR (MX KONMYECTBO ONpeaensieT-
CHl KONMMYECTBOM BMBPOU3ONATOPOR, AN KOTOPbIX HEU3BECTHLI NapameTphbl).

4.7.7 NMopagoK NOAroOTOBKM M UCMOMbL30BaHUA MaTepuanbHO-TEXHUYECKUX CpeaCcTB B Mpouecce Uc-
NbiTAHWRA:

- npuobpeTeHne 1 HacTporka pabovmx CTaHUWA;
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- npuobpeTeHne 1 ycTaHoBKa Ha paboymnx cTaHuuMsix nporpaMmMHoro obecneyeHus, oTBevatoulero Tpebo-
BaHuam 4.3.1 n onncaHHoro B 4.7.1;

- NpuoBpeTeHNE W YCTAHOBKA UCMbITATENLHOMO 0BopynoBaHUA ONs MPOBEAEHUA HATYPHbLIX UCMbITAHWUNA,
onucaHHoro B 4.7.5;

- U3rOTOBMEHME MaTeEPUAnoB cornacHo 4.7.6 Ana npoBedeHUs HaTypHbIX UCMNbITAHWIA, HEOBXOAUMbLIX ANA
peLleHns 3aga4vm ngeHTuuKaumn.

4.8 lNMpoTokon ncnbiTaHWW OOMKEH coAepaTb cneaylLy nHdopMaumio:

- ONMcaHue mMakeTa;

- rpadvK BXOOHOIo BO34eNCTBUS OQUHOYHOMO MEXaHUYeCcKoro yaapa Ha MakeT;

- rpadMK BLIXOAHOMO BO3AENCTBUS OAUMHOYHOIO MeXaHUYeCcKoro yaapa B KOHTPONbHOM TOUKe MaKeTa,

- M GEHTUUUMPOBAHHLIE NAapaMeTpbl;

- rpadnK BXOOHOMO BO3OENCTBMA NIMHEWHOIO YCKOpeHUst Ha JA;

- rpachunK BbIXOAHOIO BO3AEMCTBUS NMMHENHOMO YCKOPEHWSA a B KOHTPOMbHON To4ke 3A;

- OLEHUBAEMbIE XapPaKTEPUCTUKN: YCKOPEHWUs, NepeMeLLEHWs, MeXaHuYyeckne HanpseHna B SA. Ycko-
peHus, NepeMeLLeHns, MexaHn4eckne HanpsbkeHns B A He OOIMKHEI NPeBLIWAaTh MakCUMansHo A0NYCTUMbIE
3HaJYeHus, 3adaHHble B HOPMATUBHbIX JOKYMeHTax U TeXHUYECKOW AOKYMEeHTauuWu;

- BbIBOAbI N0 pe3ynsrataM UCMbITaHWA.

5 TpeboBaHuA K noacMcTemMe BUPTyalibHbIX UCNbITAHUWA 3NIEKTPOHHOWN
annapatypbl Ha BO3AelUCTBUE NUMHENHOro YCKOpPEeHUs

5.1 MNogcucTema BUPTYanbHbIX UCNLITAHWA 3NEKTPOHHOW annapaTypbl Ha BO34EWCTBUE NMUHENHOIO YCKO-
peHus gomkHa oTeevaTk TpebosaHuam 1.3 u TOCT P 70201, asnseTtca cocTaBHoi yactelo CAMP 3A B cooT-
seTcTBUM ¢ FTOCT P 70291.

5.2 Heobxoamnmo Hanu4due 6asbl JaHHbIX MaTepManoB nNo MU3NKo-MexaHU4YeckumM napameTpam.

5.3 Nopspgok npoBegeHUsA BUPTYanbHbIX UCMNbITAHUA

5.3.1 MpoBogaTt naeHTUdMKaLU0 NapameTpoB MaTtepuanoB B criydae WX OTCyTCTBMA B Dase AaHHbIX.
WoentudpnumnpyoT moayns ynpyroctu, koadduumnedTa lNyaccoHa, napametpbl 3asucumoctu KM ot mexa-
HUYECKOro HanpsekeHus Ang yaapa. 3aHocaT naeHTUMLMPOBaHHbIE 3HaYeHWUs NnapaMeTpoB B a3y OaHHBIX.

5.3.2 MNMpoBogaT ngeHTUmKaLnw napameTpos BMGpOM30NATOPOB AN yaapa B cny4ae UX OTCYTCTBUA B
baze gaHHbIX. igeHTudruMpyoT napameTpbl BUOPON30ONATOPOB AN yaapa, npuBedeHHbie B 4.3.4. 3aHocaT
WOEHTUULMPOBAHHbIE 3HAa4YEeHWA NapamMeTpoB B Ba3y JaHHbIX.

5.3.3 Ecrnv oGbekTaMmu BUPTYanbHbIX WUCMbITAHWIA ABNAKOTCA MPOM3BONbHBLIE KOHCTPYKUMK LUKAdoB M
bnokoe 3A 6e3 BubpounsonaTopos, 3D-mogenu koTopblx co3gaHbl B CAD-cuctemax B dhopmarte STEP, npo-
BEPSIOT BbINONMHEHWEe TpeboBaHW MO YCTPaAHEHUIO OLMBOK, YNPOLLEHUIO U COXPAHEHWIO MOAENN.

5.3.4 Ecnu obbekTamn BUPTYyasnbHbIX MCMbITAHWIA ABMSKOTCA TUMNOBbIE KOHCTPYKLUMK WKadoB 1 BNoKoB
OA 6es Bubpounsonatopos, 3D-moaenu KoTopbix He co3paHnbl B CAD-cuctemax B chopmate STEP, nx cosparoTt
B Cneyuann3mpoBaHHOM MHTepdence.

5.3.5 Ecnu obbekTamu BUPTyanbHbIX MCMNLITAHWIA SABMAKTCA MPOM3BOMNbHLIE U TUMOBLIE KOHCTPYKLMM
Wwkadgor 1 BbriokoB 3A, ycTaHOBMeHHbIE Ha BubpousonaTtopax, 3D-mogenu cozgatoT B cneunanu3npoBaHHOM
UHTepdence.

5.3.6 NMpoeogaT umnopt 3D-mopenn.

5.3.7 BeogaTt matepuans! aetanei na 6asbl AaHHbIX UMW PUINKO-MEXaHUYecKne napaMmeTpbl Matepua-
JIOB BPYYHYIO B Cnyyae OTCYTCTBMA MaTepunanoB B 6ase gaHHbIX.

5.3.8 BBogosT BUbpou3onATopsl M3 Basbl AaHHbLIX UMW NapaMeTpbl BUOPOM30NATOPOB BPYYHYHO B criyvyae
OTCYTCTBMSA BMOPOU30NATOPOB B Base AaHHbIX.

5.3.9 BBoOsT KpenneHusa KOHCTPYKLUKM 6e3 BUOpOU30nATOpOB.

5.3.10 lMNMpoBogaT aBTOMaTnyeckoe pasbneHne 3D-moaenu KOHCTPYKLMK Ha KOHEYHbIE 3NIEMEHTbI.

5.3.11 BBogsT rpadoukn 3aBUCUMOCTW NMMHENHOTO YCKOPEHMSA OT BPeMeHu no ocam X, Y, Z.

5.3.12 lNpoBoaAaT pacyeT KOHCTPYKUMM Ha BMOpon3onaTopax Ha BO3AeWCTBME NMHEWHOrO YCKOPEHMS.
BbixoOoHble rpauky 3aBUCUMOCTU NMHEWHOIO YCKOPEeHWAa oT BpemMeHW no ocam X, Y, Z 3agaloT B KavyecTsBe
BXOOHbIX AN pacyeTa 370 e KOHCTPYKUMK, HO 6e3 BMOpOM30NATOpOB.

5.3.13 MNMpoBoOAaAT pacyeT KOHCTPYKL MK Be3 BMOPON3oNsATOPOB HA BO3OENCTBUE NMMHENHOIO YCKOPEHWS.
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5.3.14 B pesynstaTte pacdeTta nonyyarT cnegyolne BbIXOAHbIE XapakTepucTuKu:

- 3aBMCUMOCTW FIMHEWHOro YCKOpPEeHUsA a OT BpemeHu no ocam X, Y, Z U CyMMapHOro B KOHTPOSMbHbIX
TOYKax;

- nepemMelleHns BO BCEX TOYKaX KOHCTPYKLUWMMK B AuanasoHe BpemeHu no ocam X, Y, Z u cymMMapHbie
nepemMeLLeHus;

- YCKOPEHWSA BO BCEX TOYKAX KOHCTPYKLMW B AManasoHe BpemeHn no ocam X, Y, Z 1 CyMMapHble YCKO-
peHus;

- 3KBMBAINEHTHbIE MEXaHUYeCcKne HanpsKeHna BO BCeX TOYKAaX KOHCTPYKUMN B Mana3oHe BPeMEHHU.

5.3.15 [InAa oueHkW NokasaTtenei cToMKocTU DA K BO30eNCTBUIO NMMHENHOIo YCKOPEeHWsl CPaBHUBALKOT pac-
CUMTaHHbIE BbIXOOHbIE XapaKTePUCTUKA C AONYCTUMBIMW 3HAYEHUAMM, 3a0aHHBIMU B HOPMATUBHbIX AOKYMEH-
Tax U TeXHUYECKOW OOKYMEHTaLMU:

- NnepemMeLlleHus BO BCEX TOYKaxX KOHCTPYKUWM B AuanasoHe BpemeHu no ocam X, Y, Z u cyMMmapHbie
nepemMeLLeHnsa He AOMKHbI MPEeBbIWAaTk MaKCUMarnbHO AONYCTUMbIX 3HAYEHUN;

- YCKOPEHWNA BO BCEX TOYKaX KOHCTPYKLWK B AnanasoHe BpeMeHun no ocam X, Y, Z n cymmapHble ycKope-
HUS He AOMKHbI NPeBLbIWAaTe MaKCUMalbHO OONYCTUMBIX 3HaYeHUH;

- 9KBMBaNEHTHble MexXaHWyecKkue HanpsKeHUs BO BCeX TOYKax KOHCTPYKUMW B AManasoHe BpPeMeHU He
OOIMKHbI MPeBbIWaTh MakCUMarnbHO 4ONYCTUMOE 3HaYeHMe.

B npunoxenun A npueegeH npumMep nNogcucTeMsl BUPTYanbHbIX UCNbITAHWIA 3MEKTPOHHOM annapaTtyphbl
Ha BO34ENCTBUE NMHEeAHOTo YCKOPEHUA U pe3ynbTaToB ee paboToi.
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MpunoxeHune A
(cnpaBo4Hoe)

Mpumep nogcuctTemsbl BUPTYanbHbIX UCNbITaHUN SHEKTPOHHOFI annapaTtypbl
Ha BO3eWCTBUE NMUHEeHWHOro YCKOpeHUs U pe3ynbTaToB ee paGOTbI

Mpumepom nogcucTeMbl BUPTyanbHbBIX WCMbITAHWA 3NEKTPOHHOW annapaTtypbl Ha BO3AEWCTBUE JIMHEMNHOIO YCKO-
peEHMA ABNAETCA COBOKYNHOCTb nogacuctem poccuinckor CAMNP anekTpoHWKK B 4acTu BUPTyarbHbIX WCMbITAHWA — aB-
TOMaTWanpoBaHHOW cUCTEMbl obecnedeHus HagexHocTM M Kadectsa annapatypbl (ACOHWMKA) (https://asonika-online.
ru/), npegHasHa4eHHOW ANg aHanusa U obecnedyeHuss cTorkocTr A U KB K KOMMMAEKCHBIM TENMoBbIM, MeXaHU4YeCcKUM,
3MeKTpOMarHUTHLIM BO3OEWCTBUAM, YCTANOCTHOW NPOYHOCTA K TENNIOMEXaHUYECKUM BO3OENCTBUAM, ANA CO34aHUA KapT
paboumnx pexumos IKB, aHanu3a nokasatenen HagexHocTn JA 1 co3gaHua umdpoBeix ABoNHUKOB DA 1 SKB.

ACOHWKA — aTto 3ameHa HaTypHbIX UCTBITAHWA onbITHLIX 06pa3yoB OA u SKB BUpTyaneHeIMY UCBITAHUAMMW Ha
BHELUHWE MEXaHWYECKVE, TEMMOBLIE, ANEKTPOMAarHUTHbIE U ApPYre BO3OEWCTBUS eLe A0 MX W3rOTOBMNEHUS. 3TO 3HAYU-
TeNnbHasi 3KOHOMMWA OEHEXHbLIX CPEACTB W COKpalleHWe CpokoB co3gaHus 3A u 3KBb npu ogHOBpEMEHHOM MOBLILLEHWN
Ka4yecTBa M HAOEXHOCTM 3a CYET COKpaLLEHUs KONMMYeCcTBa HaTyPHbLIX UCTIbITAHUIA.

Ha aTtane ackM3HOro NpoekTUPoBaHUA 3MEKTPOHUKN (40 CO34aHUa aneKTpUYeckux cxeM, yeptexen n 3D-mogeneit)
MCMNOMb3YOT Cneayowme NoacUCTEMBI

ACOHWMKA-M: nogcnctema aHanmaa TMNOBbIX KOHCTPYKUMA Bnokos 3A 1 OKB Ha mexaHu4yeckne 1 TeNNoBbIE BO3-
pencteusa (3D-mopenb KOTopbix elle He co3aaHa, C BO3MOXKHOCTLIO YCKOPEHHOIO CO30aHns MOLENN B CNeLMann3vpoBaH-
HOM UHTepdeice);

ACOHWKA-M-LLKA®: nogcucTeMa aHanmaa TUMOBbLIX KOHCTPYKUMIA WKador DA Ha MexaHU4YecKue 1 TennoBble BO3-
peictena (3D-mogent KOTOpLIX elle He co3aaHa, C BO3MOXKHOCTLIO YCKOPEHHOTO CO30aHuns MOLENN B CneLvann3mpoBaH-
HOM UHTepdeice);

Ha artane TexHu4yeckoro npoekTMpoBaHWs (NOCNe co3naHus ANeKTpUYeckMx cxem, deptexein 1 3D-mogeneit) mc-
Monb3yoT CNEaYOLLYH NOACUCTEMY:

ACOHWMKA-M-3D: nogcuctema aHanuaa 1 obecrnevyeHns CTOMKOCTU NPOU3BONbHLIX 06bEMHbBIX KOHCTPYKUKUIA 3A 1
3KB K MexaHW4eckMM U TennoBbIM BO3AENCTBUAM C BO3MOXHOCTLIO UMMNOPTa reoMeTpun u3 pasnuuHsix CAD-cuctem.

Ha Bcex atanax NpoeKkTMpoBaHWA 3NeKTPOHUKW UCMONb3YT cneaytolwme noacucTeMb:

ACOHWKA-B: nogcuctema aHanvaa n obecnedeHnsi CTOMKOCTM K MEXGHUYECKMM BO3AENCTBUAM KOHCTPYKUMA DA,
YCTaHOBINEHHbIX HA BUBpomnsonaTopax;

ACOHWMKA-WI: nogcuctema noeHTUMKaLMKN PU3MKO-MEXaHUYECKMX M TENNOMU3MYECKMX NapaMeTpoB Mogenen
3A n 3KB;

ACOHWKA-B[: nogcuctema ynpaeneHus 6asamu gaHHeIXx KB n matepuarnos no reoMeTpuyeckum, hnsnko-mexa-
HUYECKMM, YCTANOCTHbLIM, TeNNoUaINYECKNM, INEKTPUYECKUM W HAOEKHOCTHEIM NapamMeTpam.

Pesyniratel pabotel nogcuctemsl ACOHUKA-M-3D npeactaBneHsl Ha pucyHkax A.1—A.9.
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PucyHok A.1 — KoHcTpykums 6noka 3A, umnoptrupoeaHHasa ua CAD-cuctembl B nogecmucteMmy ACOHKMKA-M-3D
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PucyHok A.2 — ABToMaTudyeckoe pasbueHue Ha KOHEYHbIe areMeHTh!

< ACOHWKA [-[al x]
-
) |HasgaHue JTcm.uwHa ~
134 AMP3 FrOCT 17232-99 (6es TepMo06paboTKM) ot 25 a0 80
135 AMr3 TOCT 17232-99 (683 TepMoDBpPabOTKM) ot 11 go 25
136 AMEIMTOCT 21631-76 (Be3 TepMooBpadoTkK) oT 5 a0 10.5
137 |AMrs.M4 rocT 21631-76 <
138 AMre rOCT 17232-99 (6e3 TepMo0BPaBOTKM) oT 11 g0 25
139 AMPE TOCT 17232-99 (6e3 TepmooBpaboTKK) o1 25 go 50
140 AMre roCT 17232-99 (6e3 TepMo0BpPaboOTKHK) ot 50 go &0
141 AMPE TOCT 21488-97 (Ees TepMooBpaboTrK) oT 8 go 300
142 AMre TOCT 21488-97 (683 TepMo0BpPaboTKM) oT 300 go 400
143 AMre.b roOCT 17232-99 (Bes TepMo0BPaboTEK) ot 11 80 25
144 AMre.broct 17232-99 (bes TepmMooBpaboTEK) ot 25 go 50
145 AMrE.BEFOCT 1723299 (623 TepMOOBDABOTEK) ot 50 a0 80 ¥
Mowck: (150 M 19
ACOHMKA
+ MpuHate > OtMeHa
PucyHok A.3 — [uanoroBoe okHo Ona Belbopa matepuana u3 6a3bl AaHHbIX
10
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? Cnipaeka + MpuHATE > OTmenHa

PucyHok A.4 — [lnanoroBoe okHO ANS 3a4aHusa napaMeTpoB Matepuana
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B ACOHMKA [=[o [
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12

PucyHok A.5 — lpadwmk 3aBUCMMOCTM BXOOHOTO CYMMAaPHOT0 NTMHEMHOINO YCKOPEHWUS OT BPEMEHHN

Mepemeiyenne = Yckopenme | Hanpaserme |Bpems = 0.1 cex -

Nepemeuwexve
cymMmMapHoe
(rr)
0.5802
0.5246
0.4591
0.3935
0.3279

0.2623
0.1967

0.1312
0.06558
0

PucyHok A.6 — CymMapHble nepemeLLeHnsa BO BCEX TOUKaxX KOHCTPYKUUK Brioka DA npu Bo3gelncTBUM NIMHENHOro
YCKOPEHWs B 3a4aHHbI MOMEHT BPEMEHMW
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MNepemewenne | Yexopenme Hanpmxenne [ abcontotbie sHauennn | |Bpema = 0.1 cex hd

YckopeHue
CyMMapHoe
(D
259.8
259.8
259.8
259.8
259.8

259.8
259.8

259.8
259.8
258.8

PucyHok A.7 — CyMmmMapHEle YCKOPeHUs BO BCEX TOUKAX KOHCTPYKUMM Brioka DA
npy BO34eNCTBUM NUHEVHOIO YCKOPEHWA B 3a4aHHbIA MOMEHT BPEMEHN

Mepemewienmne | Ycxopenne | Hanpaxenwe [ % oT sonyctumbn ]Bpmn= 0.1 cex LI

Hanpsi>xkenuve
IKEMBANEHTHOE
{MNa)

6319

5617

4915

4213

3511

2809

2107

1404

702.4

0.3623

PucyHok A.8 — OKBUBRANEHTHbIE MEXaHWYeCcKMe HanpsHXXeHUs BO BCeX TOYKaX KOHCTPYKUUK Brnioka 3A
npy BO34ENCTBUM NMHEWHOIO YCKOPEHWA B 3a4aHHbIA MOMEHT BPEMEHN
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—— HY3EN 15737
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PucyHok A.9 — lMpadhmk 3aBUCMMOCTU BbIXOOHOMO CYyMMapHOro JIMHEAHOro YCKOPEHUsA 0T BPEMEHU
B KOHTPOSIbHO TOYKE KOHCTPYKUMKM Brioka A
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Bubnuorpadcun

PacnopsikeHne MNpaeuTensctea Poccuiickon Pepepaumm ot 6 HosGpa 2021 . Ne 3142-p «CTpaTternyeckoe Harnpas-
neHune B obnactu undpoeoi TpaHcopmalmm obpabaTtbiBatolLnX oTpacne NPOMbILLIEHHOCTHU»

Wanymoe A.C. JopoxHasa kapTta paseutus « CAIMNP anekTpoHWKK Bbile MMpoBoro ypoeHA». Koepoe: OO0 «HUK
«ACOHWKA», 2020. 24 c. — Pexum goctyna: https://asonika-online.ru/news/432/

ABTomaTManpoeaHHas cuctema ACOHWMKA ona mogenupoBaHusi OM3MYECcKUX MPOLECCOB B PaaMO3NeKTPOHHbIX
cpefcTBax ¢ y4eToM BHewHux Bo3genctemi/lNog pen. A.C. Wanymoea. M.: PaguoTtexHuka, 2013. 424 c.

Wanymos M.A., Wanymoe A.C. BupTyansHas cpega npoektnposaHus POC Ha ocHOBe KOMIMNEKCHOro MogenupoBa-
HWUA hnandeckux npoueccos. — Bnagumup: Bnagumupckuin ounnan PAHXUIC, 2016. 87 c.

O606LWeHHas MeToOMKa MOAENMPOBaHUS MeXaHUYeCKMX 1 TemnepaTtypHbix ucneitannin. Sryr « MHUAPWIM». 2020
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