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MNpepgnucnoBne

1 PABPABOTAH O6uWecTBOM C OrpaHM4YeHHOl OTBETCTBEHHOCTbH «Hay4yHO-uccnepoBaTeNbCKUIA WH-
cTUTYT «K/ACOHUKA» (OO0 «HUN «ACOHUKA») n ®depepanbHbiM rocyfapCTBEHHbIM OGOXKETHbIM yuypexje-
HUeM «POCCUICKWIA MHCTUTYT cTaHgapTusauynm» (Prby «UNHCTUTYT cTaHgapTmM3aunmn»)

2 BHECEH TexHunuyeckum komuteToMm no crtaHgaptusaumm TK 165 «Cuctembl aBTOMaTU3MpOBaHHOrO
NPOEKTUPOBAHNA 3NEKTPOHUKN»

3 YTBEPX/JEH W BBEJEH B AEWCTBWE T[pukazom degepanbHOro areHTCTea M0 TEXHUYECKOMY
perynuposaHuio u metponorun ot 30 Hosabpa 2023 . Ne 1507-cT

4 BBEJEH BMNEPBbIE

MpaBuna NpMMeHEHNs1 HACTOSILLErO CTaHgapTa YyCTaHOBMEHbl B cTaTbe 26 defepasbHOro 3akoHa
0T 29 uioHA 2015 r. Ne 162-®3 «O cTaHgapTwusauun B Poccuiickoli ®epepayumn». NHdopmauus ob ms-
MEHEHUSIX K HaCTOsILLEMY CTaHaap Ty Ny6/nKyeTCs B €XerofHoM (N0 COCTOSHUIO Ha 1siHBaps TekKyllero
roga) MHOpMaLNOHHOM yKasaTene «HauuoHasbHble CTaHfapThi», a ouuMasibHblii TEKCT U3MeHeHWl
M NonpaBokK — B eXeMeCsSiMHOM MHOopMaLMOHHOM yKasaTesne «HauuoHanbHble cTaHAapThi». B cnydvae
nepecmMoTpa (3amMeHbl) UM OTMEHbl HACTOSALWEr0 CTaHjapTa COOTBeTCTBYyLWee yBeJoMeHe GyaeT
ony6/IMKOBAaHO B 6G/MXaiLUEM BbINMYCKE €XEMECSYHOro WMH(OPMAaLUMOHHOIO yKasaTens «HauvoHasbHble
cTaHgapTbi». CooTBeTCTBYOLWAs MHopMaums, yBeJOMIEHNE 1 TEeKCTbl pasMelanTCcs Takke B WH-
dhopMaLMoHHOl cucTeme 06LLEr0 NOMNbL30BaHNA — Ha ohuymasbHOM caliTe defepasibHOro areHTcTBa no
TEXHNYECKOMY PErY/IMPOBAHNIO U METPOSIONMN B CETU MHTEepHeT (Www.rst.gov.ru)

© OdgopmneHne. dPreyY «MHCTUTYT cTaHfapTM3ayum», 2023

HacTosiwuii ctaHAapT He MOXeT 6biTb MOJIHOCTbIO MM YaCTMYHO BOCMPOU3BEAEH, TUPAXMPOBAH U pac-
npocTpaHeH B KauecTBe odyuuuManbHOro usgavus 6e3 paspeweHuss degepasnibHOro areHTCTBa MO TeXHUYe-
CKOMY PEerympoBaHuio 1 MeTposiorum
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BBepgeHune

Pa3paboTka HacTosiLero ctaHgapTa Bbl3BaHa HeO6XOAMMOCTbHIO aBTOMAaTU3MPOBAHHOIO aHann3a CTOW-
KOCTU 3N1EeKTPOHHOI annapaTypbl (3A) K BO34ENCTBUIO TMHEAHOTO YCKOPEHUSA HA paHHMX 3Tanax NpPoeKkTupo-
BaHns DA Ha OCHOBE MaTeMaTM4yecKoro MOAENIMpPOBaHWSA U BUPTyasbHbIX UCObITaHuii DA Ha BO3aeicTBue
NIMHEHOro YCKOPEHUS ANA CHUXEHUs 3aTpaT Ha pa3paboTky, NPOM3BOACTBO M 0GCAYXMBAHUE 3a CYET MOBbI-
WeHNs KkavyectTBa pa3paboTok.

HacToswmini cTaHgapT pacnpocTpaHseTcs Ha nokasaTesin CTOMKocTm DA K BO3AENCTBUIO JIMHENHOrO
yckopeHus. Llenblo cTaHgapTa siBAsieTcs aBToOMaTu3auvs aHanusa nokasatenei croiikocTu SA K BO3geit-
CTBUIO JINHEHOTO YCKOPEHUSA C MPUMEHEHMEM MaTEMaTMYECKOT0 MOLENMPOBAHUSA U BUPTyaslbHbIX UCMNbITAHWUIA
DA Ha BO3AeliCTBUE SIMHENHOT0 YCKOPEHUS, CHXKEHME 3aTpaT Ha pa3paboTky, Npou3BOACTBO U 06CNYXMBaHNE
3a cyeT NoOBbIWEHNS KayecTBa pa3paboTok.

MpuMeHeHne MaTeMaTM4YeCcKOro MOAE/IMPOBaHMA U BUPTyasbHbIX UCNbiTaHWA DA Ha BO3fgelicTBUE Nu-
HENHOro YCKOPEHUS Ha paHHMX 3Tanax NPOeKTMpPOBaHUSA A0 M3rOTOBMEHUS OMbITHOTO o6pasuya MO3BOMUT U3-
6exatb 0Tka3oB A MAN 3HAUUTENIbHO COKPaTUTb WX Ha aTane UCMbITaHU OnNbITHOro obpasua, cokpaliaa Tem
camMmblM KOJIMYECTBO WCMbITAHWA OMNbITHOrO o6pa3ua, BO3MOXHbie utepaunn no gopaboTke CXeM U KOHCTPYK-
Uuin, 3aTpaTtbl Ha pa3paboTky DA nNpy OLHOBPEMEHHOM MOBbLILEHWN KavyecTBa W HAAEXHOCTW, B TOM 4ucne
B KPUTMYECKMX pexumax paboTbl, genas A KOHKYPEHTOCMOCOOGHOW Ha OTEYeCTBEHHOM W MeXAYyHapogHOM
pblHkax [1]—[4].

Micnonb3oBaHMe Npu aHanu3e cToONKkocTU A K BO3AENCTBUK IMHEWHOTO YCKOPEHUS HaTypHbIX UCMbITa-
HUA DA Ha Bo3AelicTBME NIMHEHOTO YCKOPEHUS HEBO3MOXHO, Tak Kak aHa/nn3 npoBoAnTCS elle A0 M3roToBne-
HWS ONbITHOTO obpasua. BupTyannsaumsa ucneitaHnin A Ha BO34e€liCTBUE JIMHENHOIO YCKOPEHUS NpW aHanunse
cToKoCTU 3A K BO3AENCTBUI NIMHEHOTO yCKOpeHus ABnseTcs 6e3anbTepHaTWBHON. Be3 npumeHeHus Mma-
TemMaTU4yeckoro MoAennpoBaHnUs Hesb3si onpefenuTb nokasaTenu CTOWKocTu DA K BO3LENCTBUIO JIMHENHOTO
yckopeHus. Takoil noaxog ABNseTcsS UHPOpPMaTUBHLIM, Tak Kak 61arogaps emy Ha 3tane npoekTMpoBaHus oT-
cnexunBaeTcst 60/IbLWINHCTBO BO3MOXHbIX OTKa30B A MO MEXaHUYECKMM XapaKTepucTukam, n 3apeKTUBHbIM,
Tak Kak M3-3a HegopaboTOK NpoekTMpoBaHMs DA, BCKPbITbIX Y€ MyTeM HaTYpPHbIX WCMAbITAHWA, BO3MOXHO
MHOXEeCTBO UTepauuii: gopaboTka npoekTa — WCMbITAHUA ONbITHOrO o6pasua — AopaboTka npoekTa U T. 4.,
4YTO 3HAUYNTE/IbHO YBE/IMYNBAET CPOKM U CTOMMOCTb pa3paboTku.

HacTosAwwmii cTaHfgapT onpegenseT TpeboBaHMA K NogcucTeMe BUPTyasbHbIX UCMbITAHWUA 31E€KTPOHHO
annapaTypbl Ha BO34EWCTBME SIMHENHOTO YCKOPEHUS.
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HALUWOHANbHbBIN CTAHAOAPT POCCUWMCKOW SEALEPALUMN

Cuctemsbl aBTOMaTU3NpoBaHHOIO NPOEKTUNPOBaHNA 3JTEKTPOHUKN

MOACUCTEMA BUPTYANbHbIX UCMbITAHUW 3NIEKTPOHHOW AMMAPATYPbI
HA BO3OENCTBUE IMHENHOIO YCKOPEHWA

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

[fata BeBefeHus — 2024—01—01

1 O6nacTtb NpUMeHeHnsA

1.1 HacTtoswwmin cTaHgapT npegHasHavyeH A9 NPUMEHEHUS NpeanpuAaTUSMU NPOMbILWIEHHOCTH 1 opra-
HU3aUnAMU Npu NCNOMb30BaHUU LUGPOBbIX ABOWHUKOB 3/1E€KTPOHUKM 1 CALS-TexHONornii Ha paHHMx atanax
NPOEKTUPOBAHMNS, U3FOTOBAEHUS U UCMbITAHUA 3MEKTPOHHOI annapatypbl (3A), a Takke Ha BCex mocregyto-
WNX aTanax XM3HeHHOro yukna DA.

1.1.1 MogcncteMy BUPTYasibHbIX UCMbITAHUI 3N1E€KTPOHHON annapaTtypbl Ha BO34eNcTBMe 0AMHOYHOIO Me-
XaHMYecKoro ygapa npuMMeHsAIT Ha paHHUX aTanax nNpoekTnpoBaHnsa DA cnefylowero Ha3HavyeHusa: NPoMblLL-
NeHHas, ANna 3HepreTukn, 060POHHO-NPOMBILLIEHHOTO KOMMJIEKCA, a3pPOKOCMUYECKOW OoTpacau, cygocTpoe-
HWUA, MeguLUUHCKasa, aBToMobunbHasa, N8 HaBuraumm u pagmonokaumm, notpebutenbckas, oasa uckanbHOro
1 TOpProBoro obopynosBaHns, CBA3M (TeNEKOMMYHUKaLWUN), BbIYNCNUTENBHOW TEXHUKW, OANA aBTOMaTu3aumm u
WHTEN/IEKTYaNIbHOrO ynpaB/ieHUus, cuctem 6e30MacHOCTU, CBETOTEXHUKU, aBTOMaTU3MPOBAHHOrO TpaHcnopTta
N ABMXyLLelica po60TOTEXHUKMN.

1.1.2 DA COCTOUT U3 3MTIEKTPOHHbIX WKAgOB 1 6/10KOB, MeYaTHbIX Y3/10B U 3/1IEKTPOHHOW KOMMNOHEHTHOM
6a3bl (3KB) (MMKpocxem, TPaH3NCTOPOB, PE3MCTOPOB U T. 4.).

1.1.3 Ha 3KBb n 3A oka3sblBaeT BAUSAHWE BO34ENCTBUE NUHEWHOrOo ycKopeHus. JInHeiHoe yckopeHue
MOXEeT NPMBOAUTbL K HECOOTBETCTBMAM IKB 1 3A TpeboBaHMAM K UX CTOMKOCTM (MPOYHOCTM M YCTONYMBOCTHN)
K BO34EWCTBUIO IMHEWHOTO yCcKopeHusa. Hactoawmin ctaHgapT ycTaHaB/IUMBaeT OCHOBHbIE MOJIOXEHUS TEXHO-
noruun, No3BonsLWel NPoBOAMTL aHann3 nokasatenein CTOMKocTU DA K BO3A4ENCTBUIO IMHENHOTO YCKOpeHus
C MPUMEHEHMEM MaTemMaTU4yeckoro MoAenMpoBaHnsa 1 BUPTyasnbHbIX UCNbITaHWA SA Ha BO3AelCTBME NIMHEN-
HOrO YCKOpPEHMS NPy NPOEKTUPOBaHUN.

1.2 AHanu3 nokasaTtenen cTolikocTn 3A K BO3A4ENCTBUIO IMHEHOrO YCKOPEHUS HEO6XO0AUMO OCYyLLecT-
BNATb HA paHHUX aTanax nNpoekTuposaHus SA nocpefcTBOM MPOBeAeHUS MaTeMaTUyeCcKoro MoaenmpoBaHus
U BUpTyanu3auum ucnbiTaHnini 3A Ha BO34elicTBUE JIMHENHOI0 YCKOPEHUS MPW MPOEKTUPOBAHUN.

1.3 Ans aHanusa nokasaTtesieil CTOMKOCTM DA K BO34ENCTBUKO SIMHEHOIO YCKOPEHUa MeTo4oM MaTema-
TUYECKOro MoAenupoBaHusa (Buptyanmsauum ucnoitaHnii Kb n A Ha BO3AelCTBME NIMHEWHOIO YCKOPEHUS)
cnefyeT NPMMEHATb aTTeCTOBaHHbIE NpOrpaMMHbIe CpeacTBa, a nNpyu Heo6Xo04MMOCTU — aTTEeCTOBaHHbIE Npo-
rpaMMHoO-annapaTHble cpeacTBa. TpeboBaHMA K NporpaMMHO-annapaTHbIM cpefcTBaM ycTaHaB/IMBalOTCA Mo
COr/1acoBaHUIO C 3akasumkamu.

2 HopmaTrBHbIe CCbI/IKA

B HacToAWeM cTaHAapTe UCNo/b30BaHbl HOPMAaTUBHbLIE CCbINIKM Ha cnefylowmne ctaHgapThbl:
FOCT P 51805 MeToAbl UCNbITaHWA Ha CTOMKOCTb K MEXAHUYECKMM BHELIHUM BO34EWCTBYHOLWMM hakTo-
paM MaluH, NPUGOPOB M APYTUX TEXHUYECKUX U3Lenunii. icnbiTaHusa Ha BO3AeiCTBUE NIMHEIHOrO YCKOPeHMUA

M3gaHne opuuynanbHoe
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[OCT P 70201 Cunctembl aBTOMaTU3NPOBAHHOIO MPOEKTUPOBAHNA INEKTPOHUKKU. ONTUManbHOe coyeTa-
H/We HaTYpPHbIX N BUPTYyasibHbIX UCMbITAHNI 3/1IEKTPOHUKN HA Ha[EeXHOCTb U BHELWHWE BO3elicTByoWmMe dakTo-
pbl. TpeboBaHNSA 1 NOPAAOK NPOBEAEHNS NPU BbINOSIHEHUM TEXHUYECKOTo 3agaHnsa Ha HVMOKP

FOCT P 70291 Cuctembl aBTOMaTU3NPOBAHHOIO MPOEKTUPOBAHMA 3NEKTPOHUKM. CocTaB M CTPYKTypa
cUCTeMbl aBTOMATU3MPOBAHHOIO MPOEKTUPOBAHUA 3/1IEKTPOHHON annapaTypbl

MprumeyaHue — [lpu NOMb30BaHWM HACTOSILLIMM CTAHAAPTOM LiefIecoo6pasHo NPOBEpUTb AENCTBUE CCbIoY-
HbIX CTaHAAPTOB B MHOPMALIMOHHOW CUCTEME OBLLETO MOJIb30BaHUS — Ha odMUMaibHOM caiiTe deaepasibHOro areHT-
CTBA M0 TEXHWYECKOMY PEry/IMpoBaHuio 1 METPOIOMN B CETU VIHTEPHET UK MO eXerogHoMy MHDOPMaLMOHHOMY yKasa-
Teno «HauuoHasbHble CTaHA4apTbl», KOTOPbIA OMy6/IMKOBAH MO COCTOSIHWIO Ha 1 siHBapsi TEKyLLEro roga, M no BbiMyckam
€XemMecsYHOro MH(hOPMAaLMOHHOTO yKasaTens «HauuoHaslbHble CTaHAapTbl» 3a TeKyLuil rog, Ec/im 3aMeHeH CCbINIOYHBIl
CTaHZapT, Ha KOTOpbIii flaHa HeJaTVpOBaHHAs CCblKa, TO PEKOMEHAYEeTCsl UCMOMb30BaTb AECTBYHIOLLYH0 BEpPCUI0 3TOro
CTaHAapTa C YYeTOM BCEX BHECEHHbIX B JaHHYI0 BEPCUIO M3MEHeHWA. ECnn 3aMeHeH CCbINIOYHbIN CTaHAapT, Ha KOTopbili
[laHa AaTMpoBaHHas CCblfka, TO PEKOMEHAYETCS MCMOo/b30BaTh BEPCUIO 3TOTO CTaHAapTa C yKasaHHbIM Bbille rofjoM yT-
BepXaeHus (NpuHsATUs). Ecnm nocne yTBEPXAEHWS HACTOSILLETO CTaHAApTa B CCbUIOUHbIA CTaHAAPT, HA KOTOPbIA faHa
[JaTupoBaHHasi CCblfika, BHECEHO M3MEHEHMe, 3aTparvBatoLLee NosioKeHNe, Ha KOTOPOE faHa CCblka, TO 3TO MOJIoKeHne
PEKOMEHAYeTCS MPUMEHSTL 6e3 yueTa AaHHOTO U3MEHEHWs. EC/N CCbIOYHbIA CTaHaapT OTMEHEH 6e3 3aMeHbl, TO NoJio-
)XEHUe, B KOTOPOM A@Ha CChl/iKa Ha HEro, PEKOMEHAYEeTCS MPUMEHSATL B YaCTW, HE 3aTparvBatoLLell 3Ty CCbUIKY.

3 O6Lwpe NosIoXeHus

3.1 HacTtoauwwuii cTaHgapT ycTtaHaBnmBaeT TpeboBaHUA K aBTOMaTU3MpPOBaHHOMY aHanu3y nokasatenei
CTOMKOCTU DA K BO3JENCTBUIO NIMHENHOIO YCKOPEHNS HA OCHOBE MaTeMaTW4eckoro MoAesIMpoBaHUS U BUPTY-
anbHbIX UCNbITaHWi DA Ha BO3[ENCTBME JINHEAHOTO YCKOPEHNUS.

[na QOCTMXEeHWs NOCTaBMEHHON Lenu B CTaHgapTe yCTaHOB/IEHbI cneaylouwne eguHble TpeboBaHus:

- K TEXHOIOTMM aBTOMAaTU3NPOBAHHOIO aHasuM3a nokasaTtesieil CTOKkoCcTh DA K BO3LEWCTBUIO SIMHEHOro
YCKOpeHUs;

- noAcucteMe BUPTYa/bHbIX UCMbITAHWI 3/1EKTPOHHOW annapaTypbl Ha BO34elicTBME SIMHENHOrO YCKO-
peHus.

3.2 NcnblTaHMAM Ha BO3AeliCTBME NIMHEWHbBIX YCKOPEHWIA B Lensx onpegeneHns nNpoYyHOCTU WU YCTON-
YnBOCTU nogsepralT DA, KOTOPYIO He UCMbITbIBAT HA BO34eNCTBME OAMHOYHbLIX YAapOB C YCKOPEHWeM, paBs-
HbIM MM 6ONbWKM, YeM NUHeltHoe. S EeKT BO3AENCTBUA NPU AaHHbIX YCNI0OBUAX UCNbITaAHWI OKa3biBaeTCs
0fMHAaKOBbIM. OiHAKO eCc/ii B KOHCTPYKUUIO DA BXOAAT NOABUXHbIE AeTanu U y3/bl, TO NPU OAUHOYHBIX yaapax
BO3HWMKAIOT CW/bl, HanpaB/ieHWe KOTOPbIX He coBMajaeT C Cu/iaMW, BbI3BAHHBIMU JIMHENRHBIMU YCKOPEHUAMM.
BcneacTtere 3T0ro ykasaHHble UCMNblTaHUA NMPOBOAAT camocToAaTesibHO cornacHo FOCT P 51805.

3.3 /InHeilHoe yckopeHue, HanpaB/ieHne ero Bo3feiCTBUA, XapakTep M3MeHeHWs, NPOoAO/KUTEIbHOCTb
nCcnbITaHUA ¥ psag Apyrux cneuudunyecknx AN ucnbiTyemoin 3A napamMeTpoB OroBapuBalT B TEXHUUYECKOM
3aaHuu.

3.4 Bbl6Op NapamMeTpoB 3aBWCUT OT Ha3Ha4yYeHMa McnbiTyeMon DA, MecTa ee yCTaHOBKM U YCNIOBUI 3KC-
nayatauyuu. Onpegensawwmum npu Bbibope NMHERHOIO YCKOPeHUsa ABNATCA TpeboBaHMA K MPOYHOCTHLIM Xa-
paktepucTtukam JA.

3.5 CtaHgapT yctaHaB/AnBaeT CTENeHN XeCTKOCTU UCMbITaHNi, KOTOPbIM COOTBETCTBYIOT ONpeAe/eHHble
3HAYEHUA NMHENHbIX YCKOpeHuWid. Mpyu ncnbiTaHnAx cnegyeTt BblOMpaTh NIMHERHbIE YCKOPEHUA U3 PeKOMeHAo-
BaHHbIX CTaHAapPTHbIX 3HaYeHuli. Bo3aMoxeH BbI6Op cneaylowmx HanpaBneHuii BO3AeNCTBUA NMHEWHbIX YCKO-
pPEeHUn Mo OTHOWEHU K DA:

- MooYepeHO B KaXAOM M3 ABYX NPOTMBOMOJIOXHbLIX HANpaBfeHWii No TpeM B3aMMHO NepneHauKynap-
HbIM oCcsM DA, ecnn y 3A HEBO3MOXHO BbIAE/IUTb MJIOCKOCTU U OCU CUMMETPUN;

- BA0/Ib OCU CUMMETPUM B ABYX NPOTUBOMNOMOXHbLIX HaNpasieHnaxX v B N1l060M Hanpas/iieHnu, nepneHan-
KY/IAPHOM K OCM CUMMETPUUN, NPU Ha/IM4UU OCKU CUMMETPUN;

- NepPNeHANKYNAPHO K KaXAON NAOCKOCTU CUMMMETPUM B OAHOM HanpaBAEHUU MPU Ha/IMYUU OAHOW WK
HECKOJ/IbKUX M/IOCKOCTEN CUMMETPUMN.

DA, 4nA KOTOPOW U3BECTHO Hambosiee onacHoe HanpaB/feHWe BO3AelCTBUA, PEKOMEHAYeTCs WCNbITbI-
BaTb TOJ/IbKO B 3TOM HanpaB/iEHUU, COXPaHAA NPOLO/HKUTENBHOCTb MUCMNbITAHWUA TOMIbKO ANA AAaHHOro Hanpas-
neHus.
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4 TexHONOrns aBTOMaTU3NPOBAHHOIO aHasM3a rnokasaTesiel CTOMKOCTU
39NEKTPOHHOW annapaTypbl K BO34ENCTBMIO JIMHENHOIO YCKOPEHUS

4.1 KoHe4yHOW Lenbio aBTOMaTU3NPOBAaHHOIO aHanusa sBAseTCcs NpoBepka CNOCOOGHOCTM DA COXpaHAaTb
CBOW napamMeTpbl B npefenax yCTaHOB/IEHHbIX HOPM BO BpPeMs W Nocse BO34eNCTBUA JIMHENHOTO YCKOPEeHUs.
MpoBepsaT yCTONYMBOCTb U NPOYHOCTb DA Mpu BO3A4ENCTBUMN SIMHERHOTO yckopeHusa no TOCT P 51805.

Takxe paccmaTpuBalT mMaTtemaTuyeckoe MOLenvpoBaHue W BMpTyanusauui ucnbiTaHnin A Ha BO3-
feicTBre NNMHENHOro YCKOPEHNS C MOBBLIWEHHbIMW 3HAYEHUAMN NapaMeTpoB (B KPUTUYECKMX pexunmax, B TOM
yncne HEBOCMPOM3BOAUMbBIX NPU HATYPHbIX UCTbITAHUAX).

O6bekTaMn BUPTYanbHbIX UCMbITAHUA ABNAKOTCA:

- MPOMN3BOJIbHbIE KOHCTPYKUUKU WwKadoB n 6510koB DA 6e€3 BU6PON30/1aTOpPOB, 33-MOLENN KOTOPLIX CO3-
paHbl B CAD-cuctemax B popmate STEP;

- TUNOBbIE KOHCTPYKUMM WwKadoB n 6/710k0oB DA 6e€3 BMOPON30NATOPOB, 3D-MO4ENN KOTOPbIX CO34aHbl
B CMeuManu3mpoBaHHOM WHTepdheiice noAcMCTEMbl BUPTYa/bHbIX UCAbITAHUIA 3/1€KTPOHHOI annapaTypbl Ha
BO3JeNCcTBME OA4MHOYHOIO MeXaHW4YecKoro yaapa;

- NPOU3BOJIbHbIE U TUNOBbIE KOHCTPYKLMW WKag OB 1 6710K0B 3A, YCTAaHOB/IEHHbIE HA BUGpOM30IsaTOpax.

4.2 OueHnBaeMbIMU XapaKTepPUCTUKaMU ABNAIOTCA YCKOPEHUS, NepeMeLLeHns, MexaHnyeckne Hanps-
XeHusa B SA.

4.3 YcrioBus NpoBefeHusi BUPTYyasibHbIX UCTbITaHWA

4.3.1 Hanuuune poccuiickoro NnporpaMmMHOro o6ecneyeHus, npegHasHa4yeHHoOro o mogenuposaHns A
Ha BO34elicTBME NIMHEWHOro yCKOPeHusl, BHEAPEHHOIO Ha Beaywux npegnpuatusax Poccuiickoli ®epepaymn,
KOTOpOoe AB/ISIETCA COCTaBHOI 4YacTbl CUCTEMbl aBTOMAaTM3UMPOBaAHHOTO npoekTupoBaHunsa (CAMP) DA B cooT-
BetcTtBun ¢ FOCT P 70201, TOCT P 70291.

4.3.2 Hannune koppektHoii 30-mogenn A B hopmarte STEP, oTBevatouwein TpeboBaHMsAM Mo ycTpaHe-
HUIO OLWINBOK, YNPOLLEHNIO N coOXpaHeHUo mogenu [5].

4.3.2.1 Tpeb6oBaHMsa Mo yCTPAHEHUIO OLINBOK:

- He JO/MKHO ObITb NepeceyeHnin getanein. OHM AOMKHbI KacaTbCs APYr Apyra;

- 0fHa feTanb A0/HKHA KacaTbCa APYroli Mo Hekol NOBEPXHOCTU C KakoW-nn6o nnowagblo. He gonycka-
I0TCA BapuaHThbl, KOrga ofHa AeTasib KacaeTcs APYroi Mo IMHUM WU B TOYke (MOBEPXHOCTbH KacaHus ABYX
petanen sBAseTCa ANHUSA WU TOUKA);

- He AO/MKHO BObITb CBO6OAHO BUCAWMX AeTaseil. OHM OO/DKHbI UMETb COEANHEHUS C APYTUMU AeTansmu;

- paszbembl C OTBEPCTUAMU HEoO6XOAMMO MOJIHOCTbK 3aMoJ/IHUTL MaTepuanom (He AOJ/DKHbl OCTaTbCA
WTbIPbKMN 1 OTBEPCTUSA).

4.3.2.2 TpeboBaHusa N0 YNPOLLEHND MOLENN:

- cnepyet ybpaTb BCe KpenexHble AeTasiv, BCE BUHTHI;

- cnepyet y6paTtb oacku, NbiCKA, Mefikue CKpyrneHus (C paguycom <2 Mm);

- MOBEPXHOCTW CJ/IOXHOW (hOpMbl — MesIKne opebpeHns KpynHbIX NMOBEPXHOCTEN HeobxoauMo caenatb
rnagkumu;

- eCIn B MOAENN eCTb LWEeCTUTPaHHNKN (B CEYEHUN feTanun WeCTUrpaHHuK), HanpumMmep CTOMKN 3TaXepou-
HOW KOHCTPYKLWWU, crieqyeT CKPYrNnTb rpaHu LWecTUrpaHHmka pagnycomM ckpyrieHus 1 mm;

- cnegyeT yAannTb BCE OTBEPCTUSA BCEX AeTaneil, KpOMe KpPeneXHbIX OTBEPCTUIA;

- HeobxogMmo nogobpaTb NAOTHOCTM AeTanel Takmm o6pa3om, 4TO6bI Macca DA, BkYass nevyaTHble
y3nbl, KB, paszbembl, paBHANacb M3Ha4YabHO 3a4aHHOM;

- cnepyeT Bbl6paTb «TBepAble Tena» npu coxpaHeHun B popmaTte STEP mopgenu B CAD-cucteme, B
KOTOpOW co3fasBasacb AaHHas MOAEsb.

4.3.3 Hanuuuve cnegyrowmx uU3nNKo-mexaHM4yecknux napameTpos matepunanos JA:

- N/I0OTHOCTb;

- MOAY/b YNPYrocTu;

- KoathhuumneHT lMyaccoHa;

- KOO PULUMEHT MexaHnyeckux notepb (KMIM) ana HavyanbHOW TOYKM JIMHEWHOrO yyacTka 3aBUCUMOCTHU
KMl OoT mMexaHu4eckoro HanpshxeHus usrmba, BO3HUKAIOLWEro Npyv BO34ENCTBUM OAUHOYHOIO MexaHW4yecKoro
yhapa;

- kKoappuumneHT 3aBucumoctn KMIT oT MexaHM4eckoro HanpsXXeHus msrnba, BO3HMKAKLWETO NPy BO3-
[elicTBUM OAMHOYHOTO MexXaHM4yeckoro ygapa.
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B3anmMoOCBA3b TEM/IOBbIX U MEXaHWYeCKUX NPoLeccoB B KOHCTPYKLUAX DA obycnoBnieHa BAUAHUEM Te-
NA0BbLIX MPOLECCOB Ha MexaHuyeckme — TemnepaTypHbIMW 3aBUCUMOCTAMU (PU3NKO-MEexXaHUYecknx napa-
MeTpoB — Moaynsa ynpyroct n KMIM — gna matepuanoB KOHCTPyKuuin DA. C pocTom TemnepaTtypbl MoAay/b
yrnpyroctn ymeHowaetcsd, a KMl yBennynsaetca. 3aBUCMMOCTM Moaynsa ynpyroctu n KMIT ot tTemnepatypsbl
MOTYT annpoKCMMUPOBATLCSA IMHEHBIMW NONMHOMaMK [5].

[aHHble napameTpbl MOTyT 6bITb MONYYEHbI NyTEM maeHTUnkaymn [5].

4.3.4 Hanuune cnegywwmnx napameTpos BU6pON30/IATOPOB AN yaapa:

KO3 (PMLMEHT XXECTKOCTN MO ocu X;

KO3 (PULMEHT XXECTKOCTN MO Ocu Y;

KOI(P(PULLMEHT XXECTKOCTN MO ocu Z;

KMI no ocu X4Nnsa HayasnbHOW TOUKM NIMHEMHOTo yyacTka 3aBucumocTtu KMI oT HanpskeHns mnsrnoa;
KMI no ocu Y gns HayanbHOM TOYKM JIMHENHOro yyacTka 3aBucumocTtu KMI OoT HanpsXeHns nsrnoa;
KMIM no ocn Z gna HavanbHOM TOYKU JINHEWHOTO yyacTka 3asucumoct KMI OT HanpshXeHus 13ruba;
KoaphuumeHT 3aBucnumoct KMIM no ocu X OT HanpshXeHus n3ruba,;

KoadphmumeHT 3aBmucumoct KMIM no ocu Y OT HanpshXeHus uarnoba;

KoadhdpnumeHT 3aBucumoct KMI no ocn Z oT HaNpaXeHUa pacTsXeHus — CxaTus.

[aHHble napameTpbl MOryT ObITb MONYYEHblI NyTeEM naeHTudmnkaymm [5].

4.4 Pexunmbl BUPTYasibHbIX UCMbITAHWUN

MapameTpbl IMHENHOTO YCKOPEHNS (YMCIEHHbIE 3HAYEeHMA 3a[alTcsl B TEXHUYECKOM 3ajaHuu Ha pas-
paboTky 3A):

- MMKOBOE NIMHEliHOe yCKOpeHue, 4;

-0 IMTENBbHOCTb BO34ECTBMA IMHENHOTO YCKOPEHUS, MC.

4.5 Mopsaaok npoBefeHns NcnbITaHni

4.5.1 MpoBogAT naeHTudunkaymo rUMKo-MexaHMyecknx napameTpoB mMaTepuanoB DA, yKa3aHHbIX B
4.3.3, npyn nx oTcyTcTBUM [5]. Mpu 3TOM NOo pesynbTaTtaMm HaTypHbIX MUCMNbITaHU onpenensiT 3aBUCUMOCTb
YA,apPHOT0 YCKOPEHUS OT BPEMEHW B KOHTPOJIBHOW TOYKE, KOTOPYK MCNONb3YWT npu ugeHtudukaynn. Mpeg-
BapuTeNnbHO paspabaTbiBaldT NPOrpaMmy HaTypPHbIX UCMbITAHWA U U3roTaB/UBAOT MakeTbl NAaCTUH AN Ha-
TYPHbIX UCMNbITAHWIA.

4.5.2 TpoBOAAT naeHTUMMKaLM0 napamMmeTpoB BUOPOU3ONATOPOB, yKaszaHHbIX B 4.3.3, NpuM UX OTCYT-
ctBuu [5]. Mpn aTOM NO pesynbTataMm HaTYPHbIX UCNbITAHWI onpefensoT 3aBUCUMOCTb YAAapPHOIo YCKOPEeHUs
KOHCTPYKUMN DA Ha BMOPOM3ONATOpax OT BPEMEHU, KOTOPYK WMCMONb3YIT Npu naeHtudukaynun. Mpeasapu-
TenbHO pa3pabaTtbiBaloT MporpaMmy HaTypHbIX UCMbITaHWA U NpuobpeTaloT o0bpasubl BUOPOU30IATOPOB AN
HaTYPHbIX UCMbITAHUNA.

4.5.3 gpeHTndnympoBaHHble napameTpbl MaTtepuanoB 3A 1 napameTpbl BUOPOU30MIATOPOB 3aHOCAT B
6a3y fAaHHbIX ONA UCNO/Ib30BaHUA B polecce MoLeiMpoBaHus.

4.5.4 NMpoBOJAT NOATOTOBKY MOAENeiA:

- 39-mopgeneii B popmate STEP koHcTpykuuin SA 6e3 Bubponsonsatopos B CAD-cuctemax, oTBevato-
LWmnx TpeboBaHMUAM No YyCTPAHEHUIO OLWNOOK, YNPOLLEHUIO N COXPaHEHUID MoAenn, npuBefeHHbIM B 4.3.2.

- 30-mopeneli KOHCTPYKUMIA DA, yCTaHOB/IEHHbIX Ha BUOpOM30aTOpax, B cneynanm3npoBaHHbiX NHTEp-
gencax.

4.5.5 MpoBogAT MMNopT Moaenei B popmate STEP KOHCTPYKUWMIA B MOACUCTEME BUPTYasibHbIX UCMbITA-
HWUI 3NEeKTPOHHON annapaTypbl Ha BO34ENCTBUE NIMHENHOTO YCKOPEHUS.

4.5.6 MNMpoBOAAT BMUPTYasbHble UCMbITaHUA DA Ha BO34ENCTBME JIMHENHOTO YCKOPEHUA C NPUMEHEHUEM
MOAENUPOBaHNS MexaHM4Yeckux npoueccoB B DA Ha BO3AeiNCTBUE NIMHENHOro yckopeHus. OnpepensoT 3a-
BUCMMOCTU JIMHEAHOTO YCKOPEHUS OT BPEMEHM B KOHTPOJIbHbLIX TOUYkax 3A nam B cuctemax Bubpomsonayum.

4.5.7 o pe3ynbTaTaM BUPTYasibHbIX UCNbITAHWI COCTABAAKT OTYET, B KOTOPOM NPUBOAAT MHOpMaL Mo
06 oueHMBaeMbIX XxapakTepucTukax.

4.5.8 MecTo npoBefeHNsA NCMbITaHW

McnbiTaHNA MOryT NpoOBOANUTD:

- caMu NpeanpuaTvs Npu HaAN4YMM NOACUCTEMBbI BUPTYasibHbIX UCNbITAHWIA 3/1EKTPOHHON annapaTtypbl Ha
BO3J€eNCTBME NIMHEWHOIO YCKOPEHUS;
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- LleHTp KoMneTeHunn B 061acTy MOAE/NPOBaHUA 1 BUPTYasnbHbIX ucnbiTaHuii 3KB n 3A Ha BHelwHue
BO3JENCTBUA NO 3aka3y npeanpuAaTUS Npu OTCYTCTBUMM Yy HEro NoACUCTEMbl BUPTYasbHbIX UCMbITAHUA 3M1€ekK-
TPOHHOI annapaTtypbl Ha BO34eliCTBNE NINHENHOTO YCKOPEHUS.

4.6 O6paboTKa, aHaNM3 U OLEHKa pe3y/bTaToB MCMbITaHWi

4.6.1 cnonb3ywT Masblit 06beM BbIGOpkM N < 50.

4.6.2 Vicnonb3yloT MeToAbl CTaTUCTMYECKOl 06paboTKu pe3y/ibTaToB MCMbITaHWUNA.

BbluncrieHne BbIGOPOUHbIX YUACMOBbLIX XapakTepPUCTUK OCYLLECTB/ISIOT NP MasioM 06bemMe BbIGOPKA. Bbl-
yncnAwT:

- BbIGOPOYHOE CpefHee 3HAUYEHNE XapakTePUCTUKN MeXaHUYeCKnX CBOWCTB;

- BbIGOPOYHYIO ANCMNEPCUI0 XapaKTEPUCTUKN MeXaHUYeCKNX CBOWCTB;

- BbIGOpPOYHOE cpefHeKBagpaTnyeckoe OTKOHEHME.

4.6.3 NaeHTudnuMpoBaHHble napamMeTpbl ONPeAensanTCs ¢ yYyeToM Ux pasbpoca: cpegHee 3HauyeHue u
cpepHekBajpaTuyeckoe OTK/IOHeHWe. [nA noayyeHuss pasbpoca Heob6X04MMO MPOBECTM MAEHTUUKALMOH-
Hble ucnbliTaHna 10 makeToB nmaacTuH 1 10 o6pa3uoB BMOGPOU3OIATOPOB OA4HOIO TuMa.

4.6.4 OueHMBaeMble XxapaKTepucTUKM onpeaensitoTca ¢ yyeToM pasbpoca yckopeHuid. ONns kaxaon xa-
pakTepUCTMKN ONpeaenstoT cpefHee 3HaYeHe N cpefHeKBaApaTUYeCcKoe OTK/IOHEHMe.

4.7 MaTtepuanibHO-TeXHUYECKOoe obecreyeHne UCMbITaHWUIA

4.7.1 Ha pabounx cTaHuMsAX nosb3oBaTenei A0/KHO 6biTb YCTAHOB/IEHO creaytolee npuknagHoe npo-
rpammHoOe obecnevyeHune, oTBevarwuiee TpeboBaHuam 4.3.1:

- ANA BUpTyasbHbIX UcNbITaHWii A 6e3 BubpomsonaTopoB, 30-modenn KoTopbix co3gaHbl B CAD-
cuctemax B popmate STEP, Ha Bo3felicTBUE NIMHENHOIO YCKOpPEHUS;

- ANA BUPTYasibHbIX UCMbITaHUA DA, YCTaHOBNEHHOW Ha BMbpousonatopax, 30-mohenb KOTOpPOIi co3ga-
Ha B cneunann3MpoBaHHOM MHTepdielice, Ha BO3AEACTBME JIMHEHOTO YCKOPEHUS;

- ANA nAeHTuukaunum pusnko-MexaHmMyecknx napameTpos mogenein 3A;

- Ana naeHTudnkaummn Grusnko-mexaHnyeckux napameTpoB Mogesnein BU6pon3onNaTopos.

4.7.2 MepeyeHb Moaeneli, NCNOMb3YyEMbIX A5 UCNbITAHUNA:

- 30-mo4enn KOHCTPYKuMin 3A 6e3 BnbpomnsonsaTopos B popmate STEP;

- 30-mM04€enn KOHCTPYKUMA A, yCTaHOBIEHHOW Ha BM6pomsonsaTopax.

4.7.3 PykoBofcTBa nosib3oBarteneli n obydvawlime 3ByKOBble BUAEOPOIUKU K NPUKIAAHOMY NporpaMm-
HOMy o6ecneyeHuto, ykazaHHomy B 4.7.1.

4.7.4 [lonxkxHa 6bITb ob6ecneyeHa Heobxogumas kKBanudukaums nepcoHana, cneynanuctoB n npuene-
KaeMbIX CWU/, MPOBOASALMNX UCMbITAHUSA, NOATBEPXAEHHAA akkpeauTauuel nosb3oBaTens NpukNagHoOro npo-
rpammHOro obecnedyeHus, ykazaHHoro B 4.7.1, B LleHTpe komneTeHunii B 06/1aCT MOAENNPOBAHUS U BUPTY-
anbHbIX ncnbiTaHnin Kb n 3A Ha BHELWHNe BO3A4EelCTBUS.

4.7.5 WcnbiTaTenbHoe obopyaoBaHne A1 NPOBEAEHUS HATYPHbIX UCMbITAHUA, HEOBXOAUMBIX 015 pe-
WeHnsa 3ajadun naeHTndukaymm:

- CpefCcTBO pas3roHa — YCKOpWUTEsb;

- NOABWXHOW cTON, naatdopma Uan KoHTeliHep;

- TOPMO3HOE YCTPOICTBO (CoypapsatoLmecs aNeMeHThbl);

- U3MepuTenbHbIN nNpeobpasoBaTtesib;

- KOHTPO/bHbLIA Npeo6pa3oBaTenb;

- cucTeMa ynpas/ieHUs U pPeryiMpoBaHnst pexuma UCnbiTaHuii;

- cpeacTBa M3MEpeHWin u peructpauun, No3BonsLnMe U3MepnTb 3HAYEHUA HEKOTOPbIX napamMeTpoB U
3aperucTpupoBaTh XxapakTep yAapHoOi neperpysku.

4.7.6 AN NpoBeAeHWA HaTypHbIX WCNbITAHWA, HEOBXOAUMbIX A1 pPeleHns 3ajadn naeHTudukaymm,
TpebyloTca cnepylowme matepuansbl:

- NPSIMOYTOJ/IbHbIE MAACTUHbI U3 MaTepuasioB, 418 KOTOpbIX TpebyeTcs ngeHTudunkayna napameTpoB (Mx
KONMYeCTBO onpejenseTca KONM4ecTBOM MaTepuanos, A8 KOTOPbIX HEU3BECTHbI NapameTpbl);

- BUGPOUN30NATOPbI, A1 KOTOPbIX TpebyeTca ngeHTudurkaumsa napaMmeTpos (MX KOMNYECTBO onpegenseT-
CA KOIMYECTBOM BUOPOMN30NATOPOB, AN KOTOPbIX HEUM3BECTHLI MapamMeTpbl).

4.7.7 TlopAAOK NOATOTOBKM WU NCMNO/b30BaHUA MaTepuasibHO-TEXHUYECKUX CPeAcTB B npoLecce uc-
NblTAHWA:

- NpuobpeTeHne 1 HacTpoiika paboymx cTaHUW;
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- npuobpeTeHne M ycTaHOBKa Ha paboymx CTaHUUAX MPOrpamMmmMHOro obecnevyeHuns, oTeevatrwero Tpebo-
BaHnAM 4.3.1 n onucaHHoro B 4.7.1;

- NpuobpeTeHne ¥ ycTaHOBKa MCMbITATENbHOrO 060pyAOBaHMA A1 NPOBEAEHUA HaTYypHbIX UCMbITAHWUNA,
onuncaHHoro B 4.7.5;

- N3rOTOBJIEHME MaTepuanoB cornacHo 4.7.6 Ana npoBefeHns HaTYypPHbIX UCNbITaAHWIA, HE0BX0AUMBIX ANA
pelweHns 3agaun naeHTudmkaLmnm.

4.8 TpOTOKOM UCNbITaHUI AO/HKEH COLEPXaTb CAEAYHLY UHGOPMaLNI:

- onucaHve MakeTta,;

- rpadmk BXOAHOro BO34ENCTBUSA OAMHOUYHOIO MEXaHM4YeCcKoro yaapa Ha Maker;

- rpadmK BbIXOAHOTO BO34ENCTBUA OAUMHOYHOrO MEXAHWYECKOrO yAapa B KOHTPOJ/IbHOM TOUKE MakeTa;

- NAEeHTMULMPOBaHHbIE NapameTpbl;

- rpadhmMk BXOAHOrO BO3AECTBUSA NIMHEAHOIO YCKOPEHUs Ha DA,

- rpadmK BbIXOAHOTO BO34EMCTBUSA JINHEHOTO YCKOPEHUSA @ B KOHTPO/IbHOW Touke 3A;

- OLEeHMBaEMble XapaKTepPUCTUKN: YCKOPEHUS, NepeMeLlLeHns, MexaHmyeckne HanpsbkeHns B DA. YcCKo-
peHus, nepemMeLLeHns, MexaHnyeckme HanpsxxeHns B DA He AO/DKHbI MpeBbllWaTb MakCMMaabHO A0NYCTUMbIE
3HayeHus, 3ajaHHble B HOPMATUBHbIX JOKYMEHTaX U TEXHUYECKON AOKYMeHTauuu;

- BbIBOAbl MO pe3ynbTaram MCNbITaHWA.

5 TpeGoBaHus K NoAcucTeMe BUPTYasibHbIX UCMbITaHWI 3/1eKTPOHHO
annapaTtypbl Ha BO3elicTB/e JIMHEHOro YCKOPEHWs

5.1 Mogacuctema BUPTyasbHbIX UCMbITAHUA 3/1EKTPOHHOW annapaTypbl Ha BO34elCTBUE NIMHENHOrO YyCKO-
peHuns gonkHa otBeyatb TpeboBaHusam 1.3 n FTOCT P 70201, asnsieTcsa coctaBHOM yacTtbto CAMP 2A B cooT-
BetcTBun ¢ FOCT P 70291.

5.2 Heobxoanmo Hanuyue 6a3bl 4aHHbIX MaTepuanoB no PU3nKo-mexaHU4yeckum napameTtpam.

5.3 Mopsagok NnpoBefeHNs BUPTYasibHbIX UCTIbITAHUN

5.3.1 MpoBOAAT MAeHTUdUKaLMIO NapaMeTpoB MaTepuasioB B ciyyae WX OTCyTCTBUA B 6a3e AaHHbIX.
NpaeHTndnympyoT Mogynb ynpyroctu, koadguymneHta lNyaccoHa, napameTpbl 3aBucumoctn KMI1 oT mexa-
HUYECKOTro HanpsXXeHusa Ana ygapa. 3aHoCAT UAEHTUMULUPOBaHHbIE 3HAYEHNA NapaMeTpoB B 6a3y faHHbIX.

5.3.2 MpoBogAT ngeHtudmnkaymio napameTpos BM6pOM30AATOPOB 415 yAapa B c/iydae X OTCYTCTBMA B
6ase faHHbIX. aeHTUnUMpyoT napaMmeTpbl BUOGPOU3ONATOPOB A48 yAapa, npusefeHHble B 4.3.4. 3aHOCAT
naeHTUULMpoBaHHbIe 3Ha4YeHNss napaMmeTposB B 6a3y faHHbIX.

5.3.3 Ecnn obbektaMy BUPTyasibHbIX UCMAbITAHWI ABNAKOTCA MPOU3BOJIbHbIE KOHCTPYKLMMW LWKAOB M
6n10koB 3A 6e3 Bubponszonatopor, 30-mogenn Kotopbix co3gaHbl B CAD-cuctemax B chopmate STEP, npo-
BEPSAIOT BbIMOSIHEHNE TPEe6OBaHNI N0 yCTPAHEHUIO OWMNGO0K, YNPOLEHNIO U COXPAHEHNIO MOAENN.

5.3.4 Ecnn o6bekTaMy BUPTYasbHbIX UCMbITAHUA ABASAIOTCA TUMNOBblE KOHCTPYKUMWM WwkadoB n 610KOB
DA 6e3 Bnbpounsonatopos, 30-moaenm KoTopbix He co3gaHbl B CAD-cuctemax B popmate STEP, ux cosgatoT
B CMeuMann3mpoBaHHOM UHTepdeiice.

5.3.5 Ec/inM o6bektamum BUPTyasibHbIX WCMbITAHWIA ABASIOTCA MPOU3BOJIbHbIE W TUMOBbIE KOHCTPYKLUUK
wkadgos 1 610koB JA, ycTaHOBNEHHbIEe Ha Bubpounsonatopax, 30-mofenun co3gfatT B cneymanm3npoBaHHOM
uHTepdeiice.

5.3.6 MposogaT numnopt 30-moaenu.

5.3.7 BBoaAT maTtepuansl getaneii n3 6asbl faHHbIX UM uU3nko-mexaHmyeckue napameTpbl martepua-
NI0B BPYYHYIO B C/lyyae OTCYTCTBUA mMatepuasioB B 6a3e AaHHbIX.

5.3.8 BBoAAT BUOPOU30IATOPLI U3 6a3bl AAaHHbIX WX NnapameTpbl BUOPOU3ONATOPOB BPYUYHYIO B criyyae
OTCYTCTBUA BUOPOU30MATOPOB B H6ase faHHbIX.

5.3.9 BBOAAT KpenneHnsa KOHCTPYKUMM 6e3 BM6pOn3onaTopos.

5.3.10 MpoBogAT aBTOMaTn4yeckoe pasbueHre 30-mMoAeNn KOHCTPYKLMU HA KOHEYHbIE 3/TEMEHTHI.

5.3.11 BBOAAT rpadyMkn 3aBUCUMOCTWN SIMHENHOTO YCKOPEHUA OT BPEMEHU MO ocam X, Y, Z.

5.3.12 lMpoBOAAT pacyeT KOHCTPYKUMW HaA BMOPOU3OMATOpax Ha BO3AENCTBUE JSIMHEWHOro YCKOPEHWS.
BbixogHble rpaduky 3aBUCMMOCTU JSIMHENHOrO YCKOPeHUs OT BPpeMeHu no ocam X, Y, Z 3ajalT B KayecTBe
BXOAHbIX 418 pacyeTa 3TOW e KOHCTpyKuuu, HO 6e3 BM6pPOnM30aATOpPOB.

5.3.13 MpoBOAAT pacyeT KOHCTPYKLMM 6e3 BUOPON30NATOPOB HA BO3AENCTBUE NIMHEIHOTO YCKOpPEeHus.
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5.3.14 B pe3ynbTaTte pacyeTa nosiyyarwT cnepylowmne BbIXOAHbIE XapaKTepPUCTUKN:

- 3aBUCUMOCTN JINHENHOrO yckopeHus a oT BpemeHu no ocam X, Y, Z 1 CyMMapHOro B KOHTPOJIbHbIX
ToukKax;

- NepemMeleHns BO BCEX TOYKAX KOHCTPYKUUM B Amana3oHe BpemeHu no ocam X, Y, Z n cymmapHbie
nepemeLleHns;

- YCKOpPEHNSA BO BCEX TOYKaxX KOHCTPYKUMW B AnmanaszoHe BpeMeHu no ocam X, Y, Z n cymmapHbie yCKo-
peHus;

- 9KBUBAJIEHTHbIE MEXaHU4Yeckne HanpsXXeHns BO BCEX TOUKaX KOHCTPYKLWUW B AMana3oHe BPEeMEeHMU.

5.3.15 NS oueHKN nokasaTtenei cTonkoctn DA K BO3AEWCTBUIO IMHENHOTO YCKOPEHNSA CPaBHUBAKT pac-
CYMTaHHbIe BbIXOAHbIE XapakTEPUCTUKU C 4OMNYCTUMbIMU 3HAYEHUAMMW, 3a4aHHbIMU B HOPMATUBHbLIX AOKYMEH-
Tax u TeXHUYeCcKol AOKYMeHTauuun:

- nepemelleHns BO BCEX TOYKaX KOHCTPYKUUM B amana3oHe BpemeHu no ocam X, Y, Z n cymmapHbie
nepemMeLleHns He A0/DKHbI NpeBbiwaTh MakCUMasibHO AONYCTUMbIX 3HAYEHWIA;

- YCKOpPEHUA BO BCEX TOYKaX KOHCTPYKUUM B grnanasoHe BpeMeHu no ocam X, Y, Z n cymmapHble yckope-
HUS He AO0/DKHbI NpeBbllaTh MakCUMasibHO AONYCTUMbIX 3HAYEHW,

- 9KBMBAJIEHTHbIE MEXaHWYECKME HAMNPSXXEHUS BO BCEX TOYKAX KOHCTPYKLUMW B AManas3oHe BPEMEHU He
[OJ/DKHbI MpeBbIWaTb MakCUManbHO AONYCTUMOE 3HAYEHME.

B npunoxeHun A npusegeH npumep noAcUCTEMbl BUPTYasbHbIX UCMAbITAHUI 3NEKTPOHHOW annapaTtypbl
Ha BO3A4eliCTBUE JINHEHOTO YCKOPEHUA U pe3ynbTaTtoB ee paboTbl.
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MpunoxexHune A
(cnpaBo4HOE)

MpuMep NoacUCTEMbI BUPTYasibHbIX UCMbITAHUI 3M1EKTPOHHOW annapaTtypbl
Ha BO3[4eiCTBME NIMHEHOrO YCKOPEHUs 1 pe3ynbTaToB ee paboThl

Mpumepom noAcucTeMbl BMPTYasTbHbIX UCTbITAHWUIA 31EKTPOHHOM annapaTypbl Ha BO34ENCTBUE NIMHEHOrO YCKO-
peHns SBNSIETCS COBOKYMHOCTb nogcuctem poccuiickori CATMP 3/1eKTPOHUKU B YacT BUPTYaslbHbIX UCMbITAHUA — aB-
TOMaTU3MPOBAHHOWN CUCTEMbI 0GECneYeHNst HaAEXHOCTM U kadecTBa annapatypbl (ACOHUKA) (https://asonika-online.
ru/), npegHasHa4yeHHON Ans aHanusa u obecneyeHnss ctoikocT 3A n OKB K KOMMEKCHbIM TeMNsI0BbIM, MEXaHUYECKUM,
3N1EKTPOMArHUTHbIM BO3AECTBUAM, YCTa/IOCTHOW MPOYHOCTM K TEMNSIOMEXaHUYECKMM BO3LENCTBUAM, AN CO34aHUSA KapT
pabounx pexvmos Kb, aHann3a nokasarenei HafeXxHoCcTn DA 1 co3aaHns LMdpPoBbIX ABOVHNKOB 3A 1 3KB.

ACOHVKA — 3T0 3aMeHa HaTypHbIX UCMbITaHUA OMNbITHbIX 06pa3LoB DA 1 SKB BUPTYa/bHbIMY UCNLITAHUAMW Ha
BHELLHME MexaHuyeckvie, Tern/oBble, 3/1eKTPOMAarHUTHble U Apyrie BO3LEeNCTBUS ele 40 UX M3TOTOB/MEHWS. 3TO 3Hauu-
TeflbHasi 3KOHOMUS [EeHEXHbIX CPeACTB M COKpalleHne cpokoB co3gaHuna A n KB npu 04HOBPEMEHHOM MOBbILLEHUN
KayecTBa M HaAEXHOCTY 3a CHET COKPALLEHUS KOIMYECTBa HaTYPHbIX UCTbITaHWA.

Ha aTane 3CKkM3HOro NMPOEKTMPOBAaHUS 3MEKTPOHUKM (4O CO34aHNA S/IEKTPUYECKUX CXEM, YepTexei n 30-moaeneit)
NCMNOJL3YIOT Crieaytowme noAcUCTEMbI:

ACOHWKA-M: nogcuctema aHanusa TUNOBbIX KOHCTPYKUMiA 610KoB DA 1 KB Ha MexaHuyeckune v Tensnosble BO3-
JeictBua (30-mMofernb KOTOPbIX eLle He Co34aHa, C BO3MOXHOCTbIO YCKOPEHHOro co34aHnsi MOAenn B crneuuann3npoBaH-
HOM uHTepdeiice);

ACOHUKA-M-LLUKA®: nogcmctema aHanmsa TUNOBbIX KOHCTPYKUMIA WKadghoB DA Ha MeXaHU4Yeckme 1 TeN10Bble BO3-
fJeinctBua (30-mofenb KOTOPbIX eLle He Co34aHa, C BO3MOXHOCTbI0 YCKOPEHHOro Cco34aHnsi MOAenn B cneuuann3npoBaH-
HOM WHTepdeiice);

Ha aTane TexHM4eckoro npoeKkTMpoBaHMA (NOc/e co3daHusi 3/1IEKTPUYECKUX CXeM, depTexein n 30-mogenei) mc-
MoMb3yloT CNEeAYIOLLYI0 NoACUcTeMY:

ACOHHKA-M-3D: nofcuctema aHasimsa 1 06ecneyeHnst CTOMKOCTY MPOM3BO/IbHLIX 0OBEMHBIX KOHCTPYKUMI DA 1
OKB K MexaHW4ecknM W TEMI0BbIM BO3AENCTBMSAM C BO3MOXHOCTBIO MMNOpPTa reomMeTpumn 13 pasnmuHbix CAD-cucTem.

Ha Bcex aTanax npoekTMpoBaHWsA 3M1EKTPOHWKN UCMONb3YIOT Cneaylolwme noacucTeMbl:

ACOHWKA-B: noacuctema aHanmsa M 06ecneyeHns CTOMKOCTM K MEXAHWYECKM BO3AENCTBUAM KOHCTPYKUMA IA,
YCTaHOB/IEHHBIX Ha BUOpON30NATOpaX;

ACOHWKA-MA: nogcuctema naeHTUUKauum rM3nKo-mexaHmyeckmx 1 Tennodmsnyeckmx napameTpoB Mogesnei
OA n 3KB;

ACOHUWKA-BA: noacuctema ynpasneHns 6asamv gaHHbIx OKB 1 MaTepuasioB No reoMeTpuyeckum, n3nko-mexa-
HWYECKUM, YCTa/TOCTHBIM, TEMN/TIOPU3NYECKNM, INEKTPUYECKUM U HALEXHOCTHLIM napameTpam.

Pesynbtatbl pa6otbl nogcncteMbl ACOHHKA-M-3D npefctaBneHbl Ha pucyHkax A.1—A.9.


https://www.mosexp.ru#
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PucyHok A.1 — KoHcTpykums 6noka DA, nmnoptuposaHHas us CAD-cuctemsl B nogeuctemy ACOHHKA-M-3D
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PucyHok A.2 — ABTOMatuyeckoe pasbreHne Ha KOHeUHbIe 3M1EMEHTHI

ACOHUKA

BANNBI®®?

AMr3 IFOCT 17232-99 (6e3 TepmM006paboTKN)
AMr3 IOCT 17232-99 (6e3 TepM006paboTKM)
AMr3.M I'OCT 21631-76 (6e3 TepmM0o06paboTKn)
AMI'5.M4 TOCT 21631-76

AMr6 FOCT 17232-99 (6e3 TepmoobpaboTkn)
AMr6 FOCT 17232-99 (6e3 TepmoobpaboTkn)
AMr6 FOCT 17232-99 (6e3 Tepmoo6paboTKn)
AMTr6 FOCT 21488-97 (6e3 TepmM0o06paboTKN)
AMr6 FOCT 21488-97 (6e3 TepmoobpaboTkn)
AMr6.6 TOCT 17232-99 (6e3 Tepmo0o6paboTKL)
AMr6.6 FTOCT 17232-99 (6e3 Tepmo0o6paboTku)
AMr6.6 FOCT 17232-99 f6e3 TeomM0060a60TKMN)

Mownck: |150 M 19

ACOHUKA

10

ot 25 go 80
ot 11 go 25
ot 540 10.5
4

ot 11 go 25
oT 25 go 50 |:|
ot 50 go 80
ot 8 go 300
ot 300 go 400
ot 11 go 25
ot 25 pgo 50
ot 50 no 80

MpuHATL X OTMeHa

PucyHok A.3 — [lnanoroBoe OkHO 4151 Bbibopa MaTepuana us 6asbl AaHHbIX
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ACOHUKA

Mpn6op
3afalite napameTpbl MaTepvana
MexaHuyeckne | YctanoctHele | TensoBble | JONONHUTENBHO |

-Tun matepunana-------------=----------
& 3arpysuTb U3 bfj

(+ W30TponHbli C OproTtponHblii
MnoTHoCTb [Kr/MJ13] 7460
Mogynb ynpyrocTtu, [[Ta] 207
KoadthcpuymeHT MyaccoHa, [0TH. ea.] 0.27
[Oonyctumoe HanpshxkeHune [Mla] |200

KoathhMLMeHT MexaHUyecknx notepb
ana Bu6pauuu [oTH. enl [0.02
onsa ygapa [0TH. eq.] 10.0015
YUUTbIBATL HENMHERHOCTL

KoatppuymeHt 3aBucumoctu KMl oT HanpsixxeHus
onsa Bubpauum [oTH. eq] J2.2E-8

Ans ynapa [oTH. en] 3E6

? CnpaBska MpuHATL X OtmeHa

PucyHok A.4 — [lnanorosoe OKHO A1 3aJlaHNs napameTpoB marepuana
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ACOHUKA
MexaHuueckue Bosaelictans
BESAMTS rpaq:nkm MexaHUu4yecknx BOHASMCTEMﬁ
|(3:v1,q BO3AEiiCTBUA A I B J X J Bpewms, Mcex’-
FapmoHuyeckas Bu6pauus
C Cnyuaiinas Bubpayus 150.000
C ypap opgHokpaTHslii
Y/iap MHOTOKpaTHbI#i
(* (wneiiHoe yckopeHne! 135000
C AkycTuueckuii wyk
15 PaBHOe no Bcem ocam 120.000
HanpaBneHue peiicteus
r =
105.000
C
('m |
90.000
Bpemsa, mcek
or [0
B0 75.000
Ao [ioo |
LWar. mcek lTO 3 60000
YckopeHue, g E
or [0 45.000
30.000
15.000
0.000
0.000 10.000 20.000 30.000 40.000 50.000 60.000 70.000 80.000 90.000 100.000
Bpewms, mcex
no-e A
*? CnpaBka OK | Y Otmena |
PucyHok A.5 — 'pathuk 3aBUCMMOCTM BXOAHOrO CYyMMAPHOTO JINHENHOTO YCKOPEHUsI OT BPeMEHN
Mepemelyenne  YckopeHne  Hanpsbkenune (Bpems = 0.1 cek 3
MepemeweHune
cymMmapHoe
(mm)
LL} 0.5902
0.S246
—10.4591
0.393S
0.3279
-HO.2623
— 0.1967
—o. 1312
0.065S8
0

PurcyHok A.6 — CymMMapHble nepemeLLeHNs BO BCEX TOUKaX KOHCTPYKUuM 61oka DA npu BO3AEWCTBAN NIMHENHOTO
YCKOPEHUA B 3aJaHHblli MOMEHT BPEMEHU

12
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Mepemewenne  YckopeHue — Hanpsxenue ||7 abCONOTHbIE aHAYEHUS |6pems = 0.1 cek 3]

YckopeHune
CyMMapHoe

259.8
269.8
259.8
259.8
259.8
259.8
259.8
259.8
H 259.8
®259.8

PucyHok A.7 — CyMMapHble YCKOPEeHUS BO BCEX TOUKaX KOHCTPYKUMKN 610ka SA
Np1 BO3AENCTBUN SIMHENHOrO YCKOPEHNSA B 3aJaHHblli MOMEHT BpPEMEHU

PucyHok A.8 — 3KBMBa/IEHTHbIE MEXaHWYECKUE HANPSHKEHNS BO BCEX TOUKAX KOHCTPYKUuM 6r1oka DA
npu BO3A4ENCTBM IMHEMHOTO YCKOPEHUST B 3a4aHHbI MOMEHT BPEMEHM

13
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v ACOHVIKA
Fpaduk B ysnax
Y3EN 15737
* ZZ9A «»
v 35C.933. y
Bpems, cek
Cnpaska OK X OTtmeHa

PucyHok A.9 — padhvik 3aBUCMMOCTM BbIXOAHOMO CyMMApHOrO JIMHEHOrO YCKOPEHWsl OT BPEMEHU
B KOHTPOJIbHOW TOUKE KOHCTPYKUMM Grioka DA

14
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