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Mpeancnoeue

1 PABPABOTAH OO6uwecTtBoM ¢ OrpaHW4YeHHOW OTBETCTBEHHOCTbLH «Hay4Ho-uccnegoBaTenbLCKUN
MHeTUTYT « ACOHUKA» (OO0 «HUWN «tACOHWNKAN»)

2 BHECEH TexHu4yeckum KoMUTETOM Mo cTtaHgapTtusaumm TK 165 «CucTemMbl aBTOMaTU3MPOBAHHOIO
MPOEKTUPOBAHMS SNEKTPOHUKN»

3 YTBEPX/EH Y BBEJEH B IEWCTBWE Mpukasom defepanbHOro areHTCTBa Mo TEXHUYECKOMY pe-
rynupoBaHuio U metponorum ot 6 centsabps 2023 r. Ne 812-ct

4 BBEJEH BINEPBbIE

MNpasuna npumeHeHUss Hacmosweao cmaHdapma ycmaHoeneHbl 8 cmamse 26 @edepansHO20 3aKOHA
om 29 uwoHsa 2015 a. Ne 162-03 «O cmandapmusauyuu e Pocculickol ®edepayuu». MHgopmayusa ob u3-
MeHeHUSaX K HacmosuwieMy cmaHdapmy rybrukyemcs 6 exezs00HOM (10 COCMOSAHUK Ha 1 AHeaps meKyuwieao
2o00a) uHghopMayuoHHOM yKazamene «HayuoHanbHble cmaHOapmeiy, a oghuyuanbHbil MmeKecm uamMeHeHul
U MONPasoKk — 8 EXEeMEeCcHYHOM UHOPMAaUUOHHOM ykazamene «HauyuoHanbHeie cmaHOapmel». B cnyyae
rnepecMmompa (3aMeHbl) Uunu ommMeHbl Hacmosuje2o cmaH@apma coomeemcmeyouwiee ygedomMneHue bydem
onybnukoeaHo 8 bruxaliweM 6bINyCKe eXeMeCsYyHO20 UHGHOPMAaUUOHHO20 ykaszamens «HayuoHanbHble
cmaHOapmsi». Coomeemcmayou,as UHGopmayus, yeedoMeHUe U mMeKcmbl pa3Mewalomcs makxe 6 UH-
hopmayuoHHOU cucmeme obue2o nob3o8aHus — Ha oguluansHoM calime @edepanbHo20 azeHmemeaa rno
MexHUYecKkoMy peaynupoeaHuro U Mempoaoauu 8 cemu MHmepHem (www.rst.gov.ru)

© OdpopmneHue. ®IBY «MHcTUTYT cTaHgapTuaayuuy», 2023

HacToawwmin ctaHgapT He MOXeT ObITb MOMHOCTLIO MMM YACTUYHO BOCMNpPOU3BEOEH, TUPaXXMNPOBaAH U pac-
NMPpOCTpaHeH B Ka4vecTBe OCbMLI,I/‘IElJ'IbHOFO n3naHua bes pa3peleHunsa G)e,qepaanoro dreHTCcTBa no TeXxHNn4ecko-
MYy perynmpoBaHvMi 1 METPOJIOTUA
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BeegeHue

Pa3paboTka HacTosawero cTaHaapTa Bel3aBaHa HeobxoAMMOCTb0 aBTOMATU3UPOBAHHOTO aHanuaa cTon-
KOCTW 3MeKTPOHHOW annapatypsbl (3A) K BO3OeNCTBUIO CryyvaliHol BUOpaLnmM Ha paHHUX 3Tanax NpoekTupo-
BaHUA 3A Ha OCHOBE MaTemMaTW4ecKoro MOZENMPOBaHUS W BUPTYyanbHbIX UCMbiTaHWid A Ha BO3gencTBue
chnydaiiHoi Bubpaumm Ons CHUXKeHWs 3aTpaT Ha paspaboTky, Npon3BoACcTBO M 0BCnyXMBaHKWe 3a CHET MNOBbI-
LIeHWsa Ka4yecTBa pa3paboTok.

HacToqawumi cTaHOapT pacnpocTpaHseTca Ha NokasaTenu CTOMKOCTU A K BO3AEWCTBUIO CIy4YalHON BU-
Opaumnun. Llensto ctaHgapTta siBNseTca aBTOMaTM3aunsa aHanuaa nokasartenei CTOMKoCcTU 3A K BO3OeNCTBUIO
cnyyanHol BMOpauuM ¢ NMPUMEHEHUEM MaTeMaTM4Yeckoro MOAENUPOBaHUSA M BUPTYanbHbIX UCMbITAHUA DA
Ha BO34elcTBKUE cny4ariHoin Bubpaunn, CHUXeHWe 3aTpaTt Ha pa3paboTky, Npon3BoacTBO U obcnyXuBaHue 3a
CYeT NOBLILLIEHWSA Ka4yecTBa pa3paboTok.

MpMMeHeHWe MateMaTU4ecKoro MOL4enMpoBaHus U BUPTyanbHbIX UCNbiTaHUA JA Ha BO34eNCTBUE CITy-
YalHOW BUOpaUMK HA paHHMX 3Tanax NPOeKTUPOBAaHMSA A0 W3rOTOBMEHWUS OMNbITHOrO obpasua No3BONMUT U3-
OexaTtb 0TKazoB 3A UMW 3HAYNTENBHO COKPATUTL UX HA 3Tane UCNbITaHWIA ONbITHOrO obpasua, cCokpalasa Tem
CaMbIM KOMMYECTBO UCMLITAHUIA ONbITHOrO obpasua, BoO3MOXHbIE UTEpaLy No AopaboTKe CXEM U KOHCTPYK-
Luia, 3aTpaTsl Ha pa3paboTky 3A npu OQHOBPEMEHHOM MOBLILIEHWN KadecTBa W HaJeXHOCTW, B TOM Yucre
B KPUTUYECKUX peximmax paboTel, genas 3A KOHKYPeHTOCNOCOOHOW Ha OTe4eCTBEHHOM M MeXayHapogHOM
peiHke (cMm. FOCT P 57700.37, [1] — [4]).

Vicnonb3oBaHme nNpw aHanu3e CTOMKOCTM A K BO3AEWCTBUIO cnydanHon BMBpaumnmn HaTypHbIX UCNbLITa-
HUA 3A Ha BO3OeNCTBME crnyYanHol BUBpaumMm HEBO3MOXHO, TaK Kak aHanu3 NpoBOAAT elle A0 M3roToBne-
HUs onbITHOrO obpa3ua. Buptyanusauuns ncneitaHun 3A Ha Bo3gencTeue criyyarmHon Bubpauuum npu aHanuse
CTOMKOCTM DA K BO3LEWCTBUIO CriyHalHon Bubpauun sensetca Oe3anstepHaTuBHOW. bes npuMmeHeHns mate-
MaTW4eCcKoro MOLenupoBaHns HEBO3MOXHO OnNpedenvTb nokasatenu CTOMKocTh 3A K BO3OEeWCTBUIO cry4vaii-
HOoW BMDpaumn. Takon nogxod ABnAseTcs MHMOPMaTUBHLIM, Tak Kak bnarogaps eMy Ha aTane NpoeKTMpPoBaHms
oTcnexuBaeTcs BONbLWMHCTBO BO3MOXHbLIX OTKA30B 3A N0 MEXaHWYECKMM Xapaktepuctukam, n addekTus-
HbIM, TaK Kak M3-3a HegopaboTok NpoeKkTUpoBaHUA 3A, BCKPLITBIX YKe MyTEM HaTYpHbIX UCMLITAHWA, BO3-
MOXHO MHOXECTBO MTepauuin: gopaboTka npoekta — UCNbITaHUA onbITHOrO obpasua — gopaboTka npoekTa
W T. A., YTO 3HA4YUTENbHO YBENWYMBAET CPOKA M CTOMMOCTb pa3paboTKu.

HacTtosawmi ctaHgapt onpegenser TpeboBaHMs K nodcucTeme BUPTYyanbHbIX MCMbITaHWA DA Ha BO3-
JelcTBue criyqainHon Bubpaumm.

i
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HAUMWOHANBbHBIA CTAHOAPT POCCUUCKON OEOEPALUMN

Cuctemsbl dBTOMAaTU3NPOBaAHHOIO NPOEKTUPOBAaHWUA 3JTEKTPOHUKN

NMOOCUCTEMA BUPTYAINbHbLIX UCMbITAHUA SNTIEKTPOHHOW AMNMAPATYPbI
HA BO3OEACTBME CNYYAUHOW BUEPALIUUA

Electronics automated design systems.
Subsystem of virtual testing of electronic equipment for the effect of random vibration

Oarta eBegeHna — 2023—10—01

1 O6bnacTb NnpUMeHeHUus

1.1 HacToawmi cTaHaapT npegHasHadeH Ang npuMeHeHust NpeanpuaTMsaMi MPOMbILLNIEHHOCTA U opra-
HU3aLMUSAMKM NMPU UCMOMNb30BAHUW LNGPOBLIX BONHUMKOB 3NeKTPOHWKMA 1 CALS-TeXHONOrMIA Ha paHHKX 3Tanax
NPOEKTUPOBAHUSA, N3TOTOBINEHUSA M UCMbITAHUIA SNEKTPOHHOW annapatypbl (JA), a Takke Ha BCex nocrneayo-
LMX 3Tanax }XM3HeHHoro umnkna JA.

1.1.1 MogcmcTemy BMPTyalbHbIX UCMIbITAHWA 3A Ha BO34eNCTBME CryYalHoW BUOpauny NpUMEHSIIOT Ha
paHHUX 3Tanax NpoeKkTMpoBaHua A cregylLwero HazHa4YeHusl: NPOMbILUNIEHHAs!, ANs1 S3HepreTnk, 0bopoH-
HO-MPOMbILLIEHHOIO KOMMJIEKca, a3pPOKOCMUYECKOW OTPaciu, CygqoCTPoeHWs, MeAMLIMHCKas, aBToOMobunbHas,
AN HaBWraumyM v paguornokauuu, notpebutensckas, ana duckanbHoOro U Toproeoro obopyanoBaHWs, CBA3K
(TenekoMMyHMKaL ), BbIMUCIIMTENBHOW TEXHWMKMW, OANA aBTOMaTU3auun U MHTENNEeKTyarnbHOro yrnpaBneHus,
cuctem Be3onacHOCTU, CBETOTEXHUKN, aBTOMaTU3MPOBaHHOIO TpaHCNopTa 1 ABWXKYLLenca poboToTeEXHUKN.

1.1.2 3A COCTOUT M3 ANEKTPOHHBIX WKagoB 1 GNOKOB, NeYaTHbIX Y3M0B M 3NEKTPOHHON KOMMOHEHTHOW
©asbl (OKB) (MyMKpocxem, TPaH3MCTOPOB, PE3UCTOPOB U T. 4.).

1.1.3 Ha 3KB n 3A okasbiBaeT BAWsiHME BO3gelcTBMe cnydanHon Bubpaumu. CnyyaiiHas Bubpauns
MOKET NpuBoAUTL K HecooTBeTcTBMAM IKB 1 SA TpeboBaHUAM K X CTOMKOCTU (MPOYHOCTU M YCTOWYMBOCTH)
K BO3AEWCTBMIO cnyYanHon Bubpaumn. Hactoawmi ctaHaapT ycTaHaBNMBaeT OCHOBHbIE MOMOXEHUHA TEXHOMO-
rn, NO3BONAKLLENA NPOBOAMTL aHanu3 nokasartenen cToMkocTn A K BO3OEeNCTBUIO crnyYavHon Bubpauuu ¢
NPMMEHEHNEM MaTeMaTUYeCKOro MOAenvMpoBaHua M BUPTyanbHbIX UCMbITaHWA DA Ha BO34eWCTBUE cnyvai-
HOM BMOpaLWK NpK NPOEKTUPOBAHWUN.

1.2 AHanns nokasartenen CTOMKOCTM OA K BO3LEWCTBUIO cryyYanHon BMOpauuu HeobXoaMmo ocyLecT-
BMNATH HA paHHUX aTanax NpoekTupoeaHua A nocpeacTBOM NPoBeAeHMs MaTeMaTMYeCcKoro MogenMpoBaHns
¥ BUPTyanuaauum ucnsitaHuia 3A Ha BO3AeNCTBME CryvyanHon Bubpayumn npu NpoeKTUPOBaHNUN.

1.3 [Ina aHanusa nokasartenen CTOMKOCTM 3A K BO3AENACTBUIO criy4yanHon Bubpayuu MeToqomMm maTtema-
TUYECKOro MOLEenupoBaHvs (BupTyanusauumn ucneitannid KB 1 DA Ha BosgencTBue cnydavHon Bubpauun)
cnegyeT MPUMEHATb aTTeCTOBaHHbLIE NPOrpaMMHbIe CPeACcTBa, a NnpyM HeobxoguMoCT — aTTecToBaHHbIe Mpo-
rpaMMHo-annapaTtHele cpedcTBa. TpefoBaHUd K MporpaMmHo-annapaTHbIM CpefcTBam ycTaHaBnMBaloTCs No
COrMacoBaHWK C 3aKasdynkamu.

2 HopmaTtuBHbIE CCbINKK

B HacTofwwem cTaHgapTe MCNONb30BaHbl HOPMATMBHLIE CChIMKW HA cnefyloLlve cTaH4apThbl:
FOCT P 57700.37 KomnbtoTepHele mogenu n mogenuposaHune. Llndppoeblie groiHUKN nagenuin. Obwme
NOMNoXeHNs

MapaHune ochbuumnansHoe

GostExpert.ru
https://GostExpert.ru/gost/gost-70914-2023



https://gostexpert.ru?utm_source=pdf&utm_medium=67369
https://gostexpert.ru/gost/gost-70914-2023?utm_source=pdf&utm_medium=67369&utm_term=page

FOCT P 70914—2023

FOCT P 70201 CucteMbl aBTOMaTU3MPOBAHHOIO NPOEKTUPOBaHUA 3NeKTPOHNKK. ONTUManbHOe coveTa-
HWUE HaTYPHbIX U BUPTYanbHbIX NCMbITAHWUIA 3NEKTPOHUKM HA HAaOEeXHOCTb M BHELLIHWe Bo3gencTByowmne hakro-
pbl. TpeboBaHuA 1 NOPALOK NPOBEAEHUS NPW BbINONHEHWM TEXHUYeCcKoro 3agaHua Ha HNOKP

OCT P 70291 CucteMbl aBTOMaTUM3NMPOBAHHOIO NPOEKTUPOBAaHUS 3MeKTPoHUKKW. CocTaB W CTPYKTypa
CUCTEMbl aBTOMAaTU3VMPOBAHHOIO NPOEKTUPOBAHUSA SNEKTPOHHOW annaparypsl

MpumeyaHue — lMpu NONL3OBAHUM HACTOALMM CTAHAAPTOM LENnecoobpa3Ho NpoBepUTL AENCTBME CChINoY-
HbIX CTaHOAPTOB B MH(POPMALIMOHHOW CUCTeMe 06LLEero nonb3oBaHus — Ha oduLMansHOM caiiTe defepanbHOro areHT-
CTBa MO TEXHUYECKOMY PeryriMpoBaHWio U METPOINOTMA B CETU MIHTEPHET UIN MO eXerogHoMy MH(OPMAaLMOHHOMY yKasa-
Tenio «HaunoHanbHele CTaHAApTLI», KOTOPLIA OnyBrMKoBaH MO COCTOSHMIO Ha 1 AHBapA TEKYLLEro roga, U no BbiNyckam
EXEMECAYHOTO MHOPMALMOHHOTO yKa3atens «HaunoHansHble cTaHaapTel» 3a Tekylwmi ron. Ecnu 3aMeHeH CCbinoYHbIA
CTaHOapT, Ha KOTOPLIM AaHa HeaaTMpOBaHHAash CCbINka, TO PEKOMEHOYETCs WCTOoNb30BaTh AEUCTBYIOWYK BEPCUID 3TOTO
CTaHOapTa C YYETOM BCEX BHECEHHbBIX B AAHHYK BEPCHMID M3MeHeHWH. Ecnn 3aMeHeH CCbINOYHBIA CTaHAAPT, Ha KOTOPbIN
[JaHa [aTUPOBAHHAA CChbINKa, TO PEKOMEHAYETCH UCMONbL30BaTLE BEPCUIO 3TOTO CTAHAAPTA C YKa3aHHbIM BhILLIE FOAOM YT-
BepXOeHWUs (NpuHATMS). Ecnv nocne yTREpXOEHUS HACTOALLEro CTaHAapTa B CChINOYHBIA CTAHAAPT, HA KOTOpLIA AaHa
[aTUPOBaHHAA CChINKa, BHECEHO U3MEHEHWE, 3aTparBaiolLliee NonoXeHue, Ha KOTOPOE aHa CChINKa, TO 3TO MNOMNOXEHWE
pekoMeHOyeTcA NpMMeHsATE be3 y4eTa gaHHOTO U3MeHeHUs. Ecnu cehbinoyHbIn cTaHgapT oTMeHeH 6e3 3aMeHsbl, 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 aBTOMAaTM3MPOBaHHOMY aHanu3y nokasaTtenen
cToikocTy JA K BO3OeNCcTBMIO ClyYaliHon BUbpaL MM Ha OCHOBE MaTemMaTMyYeCcKoro MoAenupoBaHnus U BUPTY-
anbHbIX NCNbITAHUA DA Ha BO34EWNCTBUE CryYanHoin Bubpaymn,

[ns gocTuxXeHWA NOCTaBMEHHOW LIeNnW B CTaHA4apTe YCTAaHOBMNEHL! cnefyLumMe equHblie TpeboBaHus:

- K TEXHOMOMMW aBTOMATU3MPOBAHHOIO aHanM3a nokasaTtenen cToNKocTu 3A K BO3AENCTBUIO CIyYanHON
Bubpaunm;

- nofAcucTeme BUPTyanbHbIX UCTbITaHWiA DA Ha BO3gencTBMeE chydaliiHoi Bubpaunu.

3.2 OpraHusauus paboT no NpUMEeHeHWo TEXHONOIMM aBTOMAaTU3MPOBaHHOIO aHanv3a fnokasatenemn
cToikocTM DA K BO3AENCTBUIO CNyYanHON BUOpaLmMmM Ha OCHOBE MaTeEMaTUHEeCKOro MOAENMPOBaHNS 1 BUPTYya-
nu3auun ucnsiTaHuin A Ha BO3AENCTBUE CryYyalHoN BUBGpauuvmn Nnpu NpoeKkTUPOBaHUKM YCTpoeHa CreyroLmnm
obpazom:

a) 3A nogBepralwT UCMLITAHWIO B TPEX B3aUMHO NEPNeHaUKYNAPHBIX HAnpaBrneHUsX;

6) BCTpevalLLMecs B peanbHbIX YCNOBUSAX 3KCnyaTauuy BMbpaLroHHbIe BO3OENCTBMA MMEIOT Cryyai-
HbIW XapakTep. McnblTaHua Ha BO30eMCTBUS LUMPOKOMONOCHOW CrnyYanHoi Bubpaumm no3eonstoT ny4lle, Yem
npW CUHycoupanbHOM Bubpauun, MogenMpoBaTh CTAaTUCTUHECKMIA XapaKTep BO3AENCTBUS U BbIABMATL Mexa-
HU3MbI pa3pyLUeHUs 1 NoBpexaeHusa paznuyHon SA. Kpome Toro, ogHOBpeMeHHOe BO3DyXaeHue MexaHuye-
CKUX PE30HAHCOB OTAEIbHLIX 3NeMeHTOB JA No3BOMSET yYUTLIBATE UX B3AUMHOE BIMSHME W COKPALLAThL CPOK
UCMbITaHUS, MPUBNKAa MX K YCIOBUAM pearbHON 3KcnnyaTauuu.

4 TexHONOrMA aBTOMaTU3MPOBAHHOIO aHanM3a nokasaTerie CTOMKOCTU
3NMEeKTPOHHOM annapaTtypbl K BO34eNCTBUIO Cny4YauHou Bubpauum

4.1 KoHeuyHol Lenbio aBTOMaTU3NMPOBAHHOIO aHanuaa siBnsaeTcs onpenerieHne cTeneHu rogHocTn 3A
nyTeM BLISBMEHNS BO3MOXHbBIX MEXaHUYECKUX MOBPEXOEeHUA, NO3BONAKLINX CYyOUTh O KOHCTPYKTUBHON Npoy-
HocTu DA, a Takke OLUEeHKa yXYALLIeHUs 3aaHHbIX 3Ha4YeHuin napameTpoe JA.

TalKke paccMaTpuBaTCs MateMaTU4eckoe MoAenupoBaHue 1 BUpPTyanusauna ncnbitTaduii 3A Ha Bo3-
LeNcTBre crny4anHon BubpaLumm ¢ NoBbILLEHHOW CNEKTPanbHOW NMOTHOCTBIO YCKOPEHMWSA (B KPUTUHECKNX PEXU-
Max, B TOM YUCe HEBOCMPOMU3BOAUMBIX MPU HATYPHbIX UCTbITAHWUSX).

ObbeKkTaMmu BUPTYanbHbIX UCMbITAHUA ABNSATCS:

- MpPOMW3BOMEBHLIE KOHCTPYKLUMK WKadoB 1 Bnokos 3A 6e3 Bubpousonatopos, 3D-moaenu KOTopbiX CO3-
aaHbl B CAD-cuctemax B chopmate STEP;

- TUNOBbIE KOHCTPYKUMMK WKadgos n bnokos SA 6e3 Bubpounsonsitopos, 3D-Mogeny KOTopbix co3gaHbl B
cneunanu3npoBaHHOM UHTepdence NoACUCTEMbl BUPTYanbHbIX UCbITAHMA JA Ha BO3OeNCcTBME CryYalHoM
BMOpaunu;

- MPOW3BOMbHLIE M TUMOBLIE KOHCTPYKLUMMK WKadoB 1M 6nokoe A, yCTaHOBNEHHbIe Ha BUGpou3onaTopax.
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4.2 OLJ,EHHBaEMbIMM XapakTepuCcTukamMmm ABNAKTCA CpedHeKBagpaTuy4eCckue yCKOpeHUd, nepemelleHn,
MeXaHn4ecKkne HanpsaxeHuA B SA, BpemMAa 00 YyCTanoCTHOro paspyleHuns.

4.3 YcnoBusa npoBeneHusi BUPTyanbHbIX UCNLITAHUA

4.3.1 Hanunuyue poccuickoro nporpamMmmMHoro obecnevyeHns, npegHasHadyeHHoro Ansa MmogenvpoeaHusa 3A
Ha BO3OencTBue crnyvaiHon Bubpauuy, BHEOPEHHOrO Ha Beaylwux npeanpuatusax Poccuiickon ®Pegepaunu,
KOTOpOe ABNSAETCH COCTABHOW 4YaCThbH CUCTEMblI aBTOMATU3NPOBaHHOro npoektupoBaHusa (CAMMP) 3A B cooT-
getcTBum ¢ FTOCT P 70201, TOCT P 70291.

4.3.2 Hanuuue koppekTHoi 3D-mMomenn 3A B dopmate STEP, oTBeuatoLeid TpeboBaHUSAM MO ycTpaHe-
HUIO OLIMOOK, YNPOLLEHUIO U COXPaHeHWo Modenu [5].

4.3.2.1 TpeboBaHUs NoO yCTPaHEHWUD OLLIUDOK:

- He JOmKHO BbiTb NepeceyeHnn getanen. OHM OOMKHbI KacaTbca Apyr Apyra;

- 0ofQHa geTtanb [OIKHA KacaTbCH OPYror Mo HEeKOW NOBEPXHOCTU C Kakon-nnbo nnowaabio. He gonycka-
I0TCH BapwaHTbl, KOrda ofgHa feTanb KacaeTcsa ApYrow no NUHWK UK B TOYKe (MOBEPXHOCTbLID KacaHus ABYX
JeTtanei SenseTcsa NUHUS UK ToYKa);

- He JOMKHO BbbITh cBoBOoAHO BUCALLMX AeTanei. OHW OOMKHBI UMETb COEAMHEHWS C APYIMMUW AeTanaMu;

- pa3beMbl C OTBEPCTUAMU HEODOXOAMMO MOMHOCTBK) 3aMONHUTL MaTepuanom (He OOMKHbl OCTaTbCs
WTbIPbKKA M OTBEPCTUSA).

4.3.2.2 TpeboBaHns No yNpOLLEHVK MOZENW:

- cnepyeT ybpaTb BCe KpenexHblie AeTanu, Bce BUHTHI;

- cnepyeT ybpaTb dacku, NbICKU, MENKUe CKPYrneHus (C paguycoMm < 2 MMm);

- MOBEPXHOCTU CMOXHOW (hOpMbl — MenKue opebpeHus KpyrnHbIX NOBEPXHOCTEN — HeobxoguMo che-
natb rmagKkumu,

- ecrnu B MOZENW ecTb WEeCTUTrPaHHWKW (B CEYEHWW OeTanu LWecTUrpaHHuK), HanpumMmep CTOMKN 3Taxe-
POYHOM KOHCTPYKUWK, CneayeT CKPYrMnTb rpaHn LecTUrpaHHuKa paguycoM cKpyrineHnsa 1 Mm;

- cregyeT yoanuTbh BCe OTBEPCTUS BCeX AeTanen, KpoMe KpenexXHbIX OTBEPCTUN;

- cnepyeT nogobpaTk NNOTHOCTK AeTanen Takum obpazom, YTobbl Macca BA, BKMOYAasA NevaTHbIe yansbl,
3KB, pasbeMmbl, paBHaAMNachk M3Ha4anbHO 3a4aHHOM;

- cnepgyeT BbIOMpaTb OMUMIO «TBepAble Tena» NpW coxpaHeHuu B cdopmate STEP mopenu B CAD-
cucTeme, B KOTOPOW co3gaBanachk AaHHas Moderb.

4.3.3 Hannuue cnegyowmx hrsnko-mexaHU4ecknx napameTpoB matepuanos JA:

- MMOTHOCTb;

- MOOynb YynpyrocTu;

- koadpduumeHT MNyaccoHa;

- ko3 duLmeHT MexaHudyeckux noteps (KMIM) ana HayanbHOM TOYKKU NTMHEWMHOTO y4acTKa 3aBUCUMOCTHU
KM oT MexaHW4eckoro HanpskeHnsa narnba, BO3HMKaKLWEero npyu BO3nencTBMM CMHycomaanbHon Bubpaumm;

- koacpbburuymeHT 3aBucumocTt KM oT mexaHu4eckoro HanpspkeHus uarnba, BO3HMKAKLWEro npu Bos-
AEeACTBUN CUHYycouaansHON BUbpaumu.

BaaumocBaA3b TENNOBLIX U MEXAaHMYECKUX MPOLECCOB B KOHCTPYKUMAX 3A obycrioBneHa BrMsaHUEM Te-
NNOBLIX MPOLECCOB Ha MexaHuyeckue — TemnepaTypHbIMM 3aBUCUMOCTAMWU (PU3UKO-MEeXaHUYeCcKUx napa-
MeTpoB — mogynsa ynpyroctn u KMIM — ans matepuanos koHcTpykunin 3A. C pocTom TeMnepaTypbl MOAYIb
ynpyroctu ymeHblaetcs, a KMl yBenuumeaetca. 3aBucmumoctin mogyns ynpyrocti u KMIM ot Temnepatypsl
MOTYT annpoKCUMMPOBATLCA NIMHEWHBIMU NONMHOMaMM [5].

[aHHble napameTpbl MOryT BbiTh NONyYeHbl NyTeM naeHTudmkayun [5].

4.3.4 Hanuuune cnegytouux napaMeTpoB BUGPON30nNATOPOR AN Bubpauun:

- KO3(hULMEHT KECTKOCTM N0 ocK X,

- KO3(hhULUMEHT KeCTKOCTM No ocK Y,

- KO3 UWLUMEHT KEeCTKOCTM No Ocn Z;

- KM no ocu X anst Ha4anbHOW TOYKKM NMHEMHOro y4acTka 3aBucumocT KMI oT HanpsikeHUs uarnba;

- KMIN no ocu Y anst Ha4anbHOW TOYKKM NMHEMHOro y4acTka 3aBucumocT KMI oT HanpsbkeHUs uarnba;

- KM no ocu Z ana HayansHOW TOYKU NMHENHOro ydacTka 3asmucumoct KMIT oT HanpsxkeHust naruba;

- koadpchuumeHT 3aBucumoct KMI no ocn X oT HanpsikeHWs uarnba;

- koadhhuumeHT 3aBucumoct KM no ocn Y oT HanpsikeHus uarnba;

- KoadhpuumneHT 3asucumMmocTt KMI no ocn Z oT HanpsxKeHUa pacTsiKeHus — cxaTtus.

JaHHble napameTpbl MOryT BbITh NONyYeHbl NyTeM uaeHTudkauun [5].
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4.4 PexxviMbl BUPTYyanbHbIX UCMbITAHUA

MapameTpbl LUIMPOKOMNOMNOCHOW criyYaiHoi BubpaLmmn (HUCneHHble 3Ha4eHUs 3a0atoT B TEXHUYECKOM 3a-
OaHun Ha paspaboTky 3A):

- cnekTpanbHasa NNnoTHOCTL S, ngru;

- AnanasoH YacTorT, 'u.

4.5 MNopagok npoBegeHUA UCNbITAHUNA

4.5.1 lMNMpoBogaT MAeHTUMKALMKD (PU3MKO-MEXAaHUYECKUX NMapamMeTpoB maTtepuanoB 3A, ykasaHHbIX
B 4.3.3, npu ux otcytcTBuM [S]. [Npn aTom no pesynsratam HaTypHbIX UCTMbITAHWUA ONpeaensoT 3aBUCUMOCTb
YCKOPEHUS OT YacTOTbl CUHYCOMAanbHOM BUOpaLnmM B KOHTPOMBHOM TOYKE, KOTOPYK MCMOMb3YHT NPy UOEH-
Tudukaumn. MNpegeapuTenbHO paspabatbiBaloT NporpaMmMy HaTyPHbBIX WCMbITAHWA 11 U3rOTaBNMBAIOT MaKeThbl
NIacTyUH ANA HAaTYPHbLIX UCMNbITAHUA.

4.5.2 MNMpoBogaT vaeHTUUKaLMK NapamMeTpoB BUOPOWU30NATOPOB, yKasaHHbiX B 4.3.3, npu UX OTCyT-
cteuu [S]. MNpu 3TOM NO pesynsTaTtamM HaTypHbIX UCMNBITAHWK ONPefensoT 3aBUCUMOCTb YCKOPEHUS OT 4acTOThl
cvHycouaaneHon Bubpauun cucteMbl BUOpOM30ONsLNKA, KOTOPYH WMCNONb3yT npu uaeHTudukauun. MNpen-
BapuTenbHO paspabaTtbiBaloT NporpaMmMy HaTypHbIX UCMbITaHWIA U NprobpeTatoT obpasibl BMOpOM3onsToOpoB
ONF HaTYPHbIX UCNbITAHUA.

4.5.3 NoeHTuduumMpoBaHHble napameTpbl Matepuanos 3A M napameTpbl BUOPOU30NATOPOB 3aHOCAT B
Ba3y gaHHbIX NS UCNONb30BaHUA B NPOLECCE MOOENVMPOBaHMS.

4.5.4 MNpoBogAT NOArOTOBKY MOAEeneun:

- 3D-mopenen B dhopmaTte STEP koHcTpykuuin 3A 6e3 Bubpomsonatopos B CAD-cuctemax, oTBevato-
LWMX TpeboBaHUAM MO YCTpaHEeHWo OLWKMOOK, YNPOLLEHWIO U COXPaHEHWID MOAENN, MPUBEAEHHbIM B 4.3.2.

- 3D-mogenei KOHCTPYKUMIA DA, yCTaHOBIEHHbIX Ha BUOPON30nsaTopax, B cneunanuavpoBaHHbIX MHTEP-
thencax.

4.5.5 MNpoogaTt umnopT Mogenei B popmate STEP KOHCTpYKUMIA B NoACUCTEME BUPTYalnbHbIX UCMbITa-
HUA DA Ha Bo3gencTBue crny4yaniHon Bubpaumm.

4.5.6 MNpoBoadaT BMpTyanbHbIe UCNbITaHUA JA Ha Bo3gencTBue cnyvainHor Bubpauny B 3aaHHOM gua-
nasoHe 4acToT C MPMMEHEHEM MOAENUPOBaHNS MeXaHWYECKMX NpoLeccoB B DA Ha BO34ENCTBME CITyYanHOM
BMOpaunm.

4.5.7 o pesynsTatam BUPTYanbHbIX UCMbITAHWA COCTABNAT OTYET, B KOTOPOM NPUBOAAT UHOPMaLuio
06 oLeHMBaEMbIX XapakTepuUcTMKax.

4.5.8 MecTo npoBegeHUsa UCNbITaAHUNA

McnbiTaHna MoryT npoBoauTh:

- caMu NPeanpuaTHs Mpu HanM4YUM NOACUCTEMbI BUPTYarbHbIX UCTbITaHUA A Ha Bo3gencTBUe crny4vai-
HoW BUBpaumu;

- LleHTp koMneTeHUuin B 0BrnacTty¥ MOgenupoBaHus U BUPTyanbHbIX UcnbiTaHuii AKB n 3A Ha BHellHue
BO3eNCTBWSA NO 3aka3dy NpeanpusiTUs NpyM OTCYTCTBUM Y HEro NOACUCTEMbI BUPTYanbHbIX UCMbITAHUA 3A Ha
BO34eNCTBME CnyYanHon Bubpauunn.

4.6 O6bpaboTka, aHanNU3 N oUeHKa pe3ynbLTaToB UCTbLITAHUN

4.6.1 Mcnonb3ytoT manbiin oobem Bbibopku n < 50.

4.6.2 Ncnonb3yoT MeTogbl CTaTucTuieckoin obpaboTkv pe3ynsTatoB UCMbiTaHWNA.

BeluncneHune BelOOpPOYHBIX YACNOBBLIX XapakTepUCTUK OCYLLEeCTBNAT Npu manoM obbeme Beibopku. Bei-
YUCNAOT:

- BbIOOpPOYHOE CpedHee 3Ha4YeHne XxapakTepUCcTUKM MeXaHU4ecK1X CBOWCTB;

- BbIDOPOYHYH AWCMNEPCUI0 XapaKTEePUCTUKA MEXaHWYECKMX CBOWNCTB;

- BbIDOpPOYHOE cpefHeKBaapaTUYeCcKoe 3HaYeHne XapakTepUCTUKM MEXaHNYECKNX CBOWCTB.

4.6.3 NoeHTudnumpoBaHHble NapameTpbl ONPeaensiT ¢ y4eToM KX pasbpoca: CpefHee 3HayeHue U
cpenHekBagpaTUu4eckoe 3HadeHue. [ns nonyyeHwss pazbpoca HeobxoanMmMo NpoBecTn MAEHTUUKALMOHHBIE
ucneiTaHus 10 maketoB nnactuH n 10 obpazuoe BUOpoON30NATOPOR OAHOMO TMNa.

4.6.4 OueHvBaeMble XxapaKTepucTUKM ONpeaensioT ¢ y4etoM pa3bpoca yckopeHui. [ins kaxaon xapak-
TEPUCTUKM ONPENensoT cpeqHee 3HavyeHne U cpefHee KBadpaTuveckoe OTKINOHEHWE.
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4.7 MaTEpMaHbHO-TEXHH‘IECKOE obecne4YyeHne UCNbITAHUNA

4.7.1 Ha paboymx cTaHUmax nonb3oBaTenen JOMKHO BbiTh YCTAHOBNEHO cneayollee NpyknagHoe npo-
rpaMmmHoe obecnedeHune, oTBevarLllee TpebosaHmsam 4.3.1:

- ona BUpTyanbHbIX wWcnbiTaHuid DA ©e3 BubpowsonsatoposB, 3D-Mogenn KoOTOpbIX CO34aHbl B
CAD-cuctemax B hopmate STEP, Ha Bo3geicTBMe criyvyanHon Bubpaunm;

- 0N BUPTYyalbHbIX UCMbITaHWA DA, yCTaHOBMEHHOW Ha BMOpousonaTopax, 3D-mogene KoTopoi cosga-
Ha B cneunanu3npoBaHHOM UMHTepdence, Ha BO3OeNCTBNE CriyyariHon Bubpauuu;

- ONA naeHTudrkaunun dusrMko-MexaHn4eckmx napaMmeTpoB mogenen JA;

- Ana vaeHTudmrkaumm usnko-MexaHM4eckmMx napaMmeTpoB Mogenen Bubpon3onsaTopos.

4.7.2 MNepeveHb mogene, NCNonb3yeMblX AN UCMbITAHWUNA:

- 3D-mogenu KoHCTpyKUuMiA DA be3 BubpounsonaTopos B gopmate STEP;

- 3D-mogenu KoHCTpyKUMiA DA, yCTaHOBNEHHOW Ha BubpousondTopax.

4.7.3 PykoBoacTBa nonb3oBaTtenei v obyyarwline 3ByKOBbIe BUAEOPONUKA K MPUKIaAHOMY Nporpamm-
HoMy obecneyeHuno, ykasaHHoMy B 4.7.1.

4.7.4 Heobxogumas kBanudmkaumsa nepcoHana, cneynanmcToB U NpuBneKkaeMblx CAM, NPOBOASALLNX UC-
NbITAHWA:

aKkkpeguTauuMa nonb3oBaTens NpMKNagHore nporpamMHoro obecneveHus, ykasaHHoro B 4.7.1, B LieHTpe
KoOMMeTeHUuin B 0Bnactn ModenvpoBaHust U BUPTYyanbHbix ucnbiTaHuin KB v DA Ha BHeLLHWe BO3AeNCTBHUS.

4.7.5 WcneiTatenbHoe obopyaoBaHWe Ana NPOBEOEHUA HATYPHbIX UCMbITAHWA, HEOBXOOAUMbIX ONS pe-
WeHWs 3aga4y ngeHTudunkaunm:
3a[alLwmniA reHepaTop CUHyCoMaanbHbIX konebaHui;
ycunuTens MOLWHOCTH;

Bubpartop;
BMOpou3amMepuTenbHLIA NpeobpasoBaTens (akcenepoMeTp);
BubponamepuTensHana annaparypa.

4.7.6 [Ina npoBedeHWs HATypHbIX UCNbITAHWA, HEOBXOOWMBIX ONs pelleHns 3ajaqdn uaeHTudukaunnm,
TpebytoTes cnefyoLwMe Matepuvarns:

- MpAMOYrofkbHbIE NIACTUHBI U3 MaTepuanos, ANa KOTOpeIX Heobxodnma naeHTuduKauMs napaMmeTpoB
(Mx KonNU4YecTBC ONpeaensaT KONMYeCcTBOM MaTepuanos, ANs KOTOPbIX HEM3BECTHLI NapameTphbl);

- BMDpou3onaTopkl, ANS KOTOpbIX TpebyeTca naeHTUduUKaunsa napameTpos (MxX KONMMYecTBO onpegens-
0T KONMMYEeCTBOM BMBPON30NATOPOB, ANS KOTOPLIX HEUM3BECTHbLI NapameTphbil).

4.7.7 MNopagoKk NoAroTOBKM U MCNONMb30BaAHUA MaTepuarbHO-TEXHUYECKUX CPeaCcTB B MPOLECCe WCMbl-
TaHWUMA:

- npuobpeTeHne U HacTpolrka pabounx cTaHUuWiA;

- nNpuobpeTeHue N ycTaHOoBKa Ha pabo4unx cTaHUMAX NporpamMMHoro obecnedeHus, oTeevaroLlero Tpebo-
BaHuaMm 4.3.1 n onucaHHoro B 4.7.1;

- npuobpeTeHue 1 YyCTaHOBKAa UCMbITaTeNbHOro 0bopyaoBaHvs AN NpoBeAeHUA HAaTYPHbBIX UCTILITaHWUA,
onncaHHoro B 4.7.5;

- W3roTOBMNEHWE MaTepuanoB cornacHo 4.7.6 AnA npoBedeHWsl HaTypHbIX UCMNbITAHUA, HEOBXOOUMbIX
ONS pelleHns 3agayn ngeHTudukaumn.

4.8 lNpoToKon UCNbITaHWA OOMKEH COQEPXKaTb CrNeayoLwyo MHopMauuio:

- OonMcaHue MakeTa;

- rpaduk BXOLHOTO BO3AENCTBMA CMHYCOMAanbHOM Bubpayumn Ha Maker;

- rpaduk BbIXOOHOMO BO30ENCTBUA CUMHYCOMAANbHON BUBPaLMKN B KOHTPOITbHOWM TOYKE MaKeTa;

- MOeHTUMUUNPOBaHHbIE NapaMeTphbl;

- rpaduk BXOLHOrO BO3AEMCTBMSA CnydYanHon BUbpaunmn Ha JA;

- rpaduk BbIXOAHOMO BO3OENCTBUSA CryYaHon BUOpaLMy B KOHTPOMNLHON Touke JA;

- OUeHMBaeMble XapakTepUCTUKW: CNeKTpanbHas NMoTHOCTb YCKOPEeHWs, cpefHeKkBaapaTuyeckmue ycKo-
peHWs, NepemMeLleHns, MexaHnyeckue HanpskeHua B JA, BpemMsa OO0 yCTanocTHOro paspyweHus. CpegHe-
KBagpaTUYeCcKne YCKOPEeHWS, NepeMeLLeHns, MexaHM4eckne HanpseHnsa B A He OOMKHbl NPeBbILAaTbL Mak-
CUManbHO AOMNYCTUMbIE 3HAYeHWA, 3a4aHHble B HOPMAaTUBHbLIX AOKYMEHTaX W TEXHWYECKOW OOKYMEeHTauuu.
Bpema [0 ycTanoCTHOrO paspylueHus OOoMKHO BbITe Bonblie, YeM CyMMapHOe BpeMs akcnnyatauum 3A npu
BO30eWCTBUW CUHYCOMAaNbHOW BUGpayuuy,

- BbIBOAbI N0 pe3ynbTaTtamM UCMbITaHUN.
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5 TpeGoBaHuA K noacucTemMe BUPTYarbHbIX UCMNbITAHUA 2NEKTPOHHON
annapaTtypbl Ha BO34e1NCTBMe cCnyYyanHou BUbpauum

5.1 MNMogcuctema BUPTYanbHbIX UCNBITAHUA 3NEKTPOHHOW annapaTypbl Ha BO3AENCTBME CnyYyarlHOW BU-
Bpaunn nonxHa oTeedatb TpebosaHuam 1.3 u TOCT P 70201, aenaTtbcs cocTaBHoW YacTbio CAINP A B co-
otBetcTBUKM ¢ TOCT P 70291.

5.2 Heobxogumo Hanu4ue 6asbl 4aHHbLIX MaTepuanoB No hU3nKo-MexaHU4YeckumM napameTpam.

5.3 Nopsapok npoBefeHUA BUPTyanbHbIX UCNbITAHUNA

5.3.1 MNpoeogaT naeHTUMKaLKMIO NapameTpoB MaTepuanos Npu ux oTcyTcTBuKM B Base aaHHbiX. VigeH-
TUUuMpyloT Moayne ynpyroctu, koadduumneHTa yaccoHa, napameTtpbl 3aBucumoct KMIT oT mexaHu4ye-
CKOTO HanpsbxeHus ang Bubpaunm. 3aHOCAT MAEHTUULMPOBAHHLIE 3HAYEHMSA NapaMeTpoB B Ba3y AaHHbLIX.

5.3.2 NpoBogAaT naeHTUcUKaLWo NnapaMmeTpoB BUMOpOM3onaTOpoB ANs BUbpauumn npyu nx oTCyTCTBUM B
baze gaHHbIX. MoeHTUMUKMPYOT NapamMeTpel BUOPOU3ONATOPOB Ans Bubpauuu, npueefeHHsle B 4.3.4. 3a-
HOCSAT MOEHTMULMPOBAHHbIE 3HAa4YEeHWsI MapaMeTpoB B Ba3dy gaHHbIX.

5.3.3 Ecrnu obbektamu BMPTYyanbHbIX UCMbITAHWA SABMAKTCA NMPOW3BOIIbHLIE KOHCTPYKUMK LIKAdgoB W
6rnokos 3A 6e3 Bubpounsonatopos, 3D-mMoaenu KoTopbix co3nadel B CAD-cuctemax B chopmate STEP, npo-
BEPSIOT BbINONMHEHWE TpeboBaHWiA MO YyCTPaHEHUIO OLWMBOK, YNPOLLEHUIO U COXPAHEHWIO MOAENN.

5.3.4 Ecnu oObekTaMun BUPTYanbHLIX MCMLITAHUA ABMASKTCA TUMNOBLIE KOHCTPYKUUMK WKadoB U BNokos
3A be3 BubpowuzonaTopor, 3D-mogenu koTopbix He co3ganbl B CAD-cuctemax B hopmate STEP, ux cozgarT
B CneyuMann3mpoBaHHOM MHTepdence.

5.3.5 Ecnu obbekTtamu BUPTyanbHbIX WCMbITAHWIA SBMAKTCH MPOU3BOMbHLIE U TUMOBLIE KOHCTPYKLMK
wkadgoe 1 briokoB 3A, ycTaHOBMNeEHHble Ha BubpousonaTtopax, 3D-mogenun cozgatoT B cneunann3npoBaHHOM
UHTepdence.

5.3.6 MNMpoeogat umnopt 3D-mopenu.

5.3.7 BeogaT maTepuansl getanei u3 basbl gaHHbIX UMK U3KMKO-MexXaHUYeckue napaMmeTpbl Mmatepua-
JIOB BPY4HY NpU OTCYTCTBMM Matepvanos B 6ase AaHHbIX.

5.3.8 BeogaT BubpomnsonsaTopbl 3 6a3bl AaHHbIX UMW NapaMeTpbl BUBPOM30NATOPOB BPYYHYO MpU OT-
cyTcTBUM BUBPOM30NATOPOB B Base JaHHbIX.

5.3.9 BBOOST KpenneHusa KOHCTPYKLUKM 6e3 BUOpOU30nATOpPOB.

5.3.10 MNMpoBogAaT aBToMaTudeckoe paszbreHne 3D-mofenu KOHCTPYKLUMM Ha KOHEYHbIE 3NeMEHThI.

5.3.11 BeogAaT rpachnkn 3aBUCUMOCTU CMeKTpanbHOW NNOTHOCTU YCKOPEHWUSI CriyvyaiHoW Bubpauuu ot
yacToTbl no ocam X, Y, Z.

5.3.12 MNMpoBOAAT pacyeT KOHCTPYKUWM Ha BUOpOM3OnsTOpax Ha BO34eWCTBME crny4darHoin Bubpauwmu.
BeixogHble rpatukM 3aBUCMMOCTMW CMEKTpanbHOM MAOTHOCTU YCKOPEHMS cryYaiHon Bmbpauun oT 4acToThl
no ocam X, Y, Z 3a0atoT B Ka4ecTBe BXOOHbIX NS pacyeTa 3TOM e KOHCTPYKUMK, HO Be3 BUBpON3ONATOpOB.

5.3.13 MNMpoBogAaT pac4eT KOHCTPYKU MK Be3 BMOPON30NATOPOR Ha BO3AeUCTBUE CnyYaiHoW BUGpaLmu.

5.3.14 B pesynbTaTe pacuyeTa nony4vatT cnegyoline BbIXO4HbIE XapakTepUCTUKK:

- 3aBWCMMOCTH CMEKTpanbHOM MAOTHOCTU YCKOPEHWUs cryYaHon Bubpaunn ot 4YactoTbl no ocsm X, Y,
Z B KOHTPOJIbHbIX TOYKaXx;

- cpefHekBagpaTU4ecKue nepemeLleHns Bo BCeX TOHKax KOHCTPYKLUMUKM B OMana3oHe 4acToT no ocam X,
Y, Z n cymMmapHsble;

- cpefHeKkBagpaTUYeCKUe YCKOPEHUs BO BCEX TOYKAX KOHCTPYKUMUW B AManas3oHe 4acToT no ocam X, Y,
Z N cyMMapHble;

- cpefHekBagpaTU4ecKue dKBUBANEHTHbIE MEXaHWYeCKMe HanpsKeHWs BO BCEX TOYKaX KOHCTPYKUWUA B
OvanasoHe 4acToT;

- Bpems [0 yCTanoCTHOro pa3pyLUeHWsA BO BCEX TOYKaX KOHCTPYKLUMWW.

5.3.15 [Inqa oueHkM nokasarenen cTonkocT SA K BO3AENCTBUIO Cny4YalnHon BUOpaLuy cpaBHMBAT pac-
CUYMTaHHbIE BbIXOAHbLIE XapaKTEPUCTUKMA C AONYCTUMbIMK 3HAYEHUSAMU, 3adaHHBIMW B HOPMaTUBHbIX JOKYMEH-
Tax U TEXHUYECKON JOKYMEeHTaLuu:

- cpefHekBagpaTU4ecKue nepemeLleHuss BO BCEX TOHKaxX KOHCTPYKLUMKM B AMana3oHe 4acToT no ocam X,
Y, Z n cymMapHble He OOMKHbI NPEBbILWAaTh MakCUMansHO AONYCTUMbIX 3Ha4YEHWI;

- cpefHekBagpaTU4ecKue YCKOpeHUs BO BCeX TOYKaX KOHCTPYKUMK B AnanasoHe 4YacTtoT no ocaM X, Y, Z
W CyMMapHble He OOMKHbI NPpeBbIWaTh MakCcMMarnbHO AONYCTUMbIX 3HAYEHUN,
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- cpegHekBagpaTM4YecKne 3KBMBaNeHTHbIe MexaHNYecKne HanpsXXeHWsa BO BCEX TOYKaX KOHCTPYKUWKM B
OuVana3oHe YacToT He QOMKHbI NPeBbIWaTh MakcuMarnbHO 40NyCTUMOE 3Ha4YeHne;

- BpeMs 40 YCTanoCTHOro paspyLleHUs BO BCEX TOYKAX KOHCTPYKUWUWM OOMKHO ObiTh Bonblue, YeM CyM-
MapHoe BpemMs 3Kcnnyatauuu 3A npu BO3AEACTBUY Cry4YaiiHon BuBpayuu.

B npunoxeHun A npuBeneH npumep NoAcUCTEMbl BUPTyanbHbIX UCNbITAHUIA 3A Ha BO3OEWCTBUE CITy-
YawHoW BMOpaLMi 1 pesynsTaToB ee paboTol.
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MpunoxeHune A
(cnpaBo4Hoe)

Mpumep noacucTeMbl BUPTYalbHbIX UCTILITAHWUIA 3NEeKTPOHHOW annapaTypbl
Ha BO3OeNCcTBUE cry4YaHol BUBpaLuM v pe3ynkLTaToB ee paboThl

[MpumepomM nogcuctemel BUPTYanbHbIX UCMbITaHUMA 3A Ha BO3AeNCTBUE cnyvaHOW BUOpauumn ABNSETCA COBOKYM-
HOCTb nopcuctem poccuiickon CAINP anekTpoHWKK B 4acTn BUPTYarbHbIX UCNbITAHWI — aBTOMaTM31MPOBaHHOW CUCTEMBI
obecneveHns HagexxHoOCTK U KadecTBa annapatypel (ACOHUKA) (hitps://asonika-online.ru/), npegHasHavyeHHOW AnA aHa-
nuaa u obecreveHns cTokocTu A U KB K KOMNNEKCHBIM TENMOBLIM, MEXaHUYECKUM, 3NeKTPOMarHMTHbIM BO3OeNCTBU-
AIM, YCTaNOCTHOW NPOYHOCTU K TENMOMEXaHWYECKUM BO3OENCTBUAM, ANA co3paHua kapT pabounx pexumor KB, aHanusa
rnokaszaTenen HagexHocTu A 1 cozaaHva undgpoBbix ABorHMKOB SA 1 SKB.

ACOHWKA — aTto 3ameHa HaTypHbIX UCMBITAHWA onbiTHLIX 06pa3yor 3A u KB BUpTyaneHeIMY UCMBITAHUAMUW Ha
BHELUHWE MEXaHWYECKVE, TEMMOBLIE, ANEKTPOMAarHUTHbIE U ApYrMe BO3OEWCTBUS eLe A0 MX WU3FOTOBMEHUS. 3TO 3Ha4u-
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 3KB Ha mexaHu4Yeckne 1 TennoBble BO3-
pencteusa (3D-mopgenb KOTopbix elle He co3aaHa, C BO3MOXKHOCTbIO YCKOPEHHOIO CO30aHuns MOLENN B CNELMann3vpoBaH-
HOM UHTepdeice);

ACOHWMKA-M-LLKA®: nogcucTeMa aHanmaa TUMoBbLIX KOHCTPYKUMIA WKador DA Ha MexaHU4YecKue 1 TennoBble BO3-
penctena (3D-mogent KOTOpbIX elle He co3aaHa, C BO3MOXKHOCTLIO YCKOPEHHOTO CO30aHus MOLENN B CneLMann3mpoBaH-
HOM UHTEpdeice);

Ha artane TexHu4eckoro npoekTMpoBaHWs (NOCNe co3naHwust ANeKTpUYeckMx cxem, Yeptexein 1 3D-mogenein) mc-
Monb3yoT CNeayoLne NogCcUCTEMBI:

ACOHWMKA-M-3D: nogcuctema aHanuaa 1 o0ecrnevyeHns CTOMKOCTU NPOU3BONbHBLIX 06bEMHbBIX KOHCTPYKUMA 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 obecneyeHnsi CTOMKOCTM K MEXGHUYECKMM BO3AENCTBUAM KOHCTPYKUMA DA,
YCTaHOBINEHHbIX HA BUBpomnsonaTopax;

ACOHWMKA-WI: nogcuctema noeHTUMKaALMKN PU3MKO-MEXaHNYECKMX M TENNOMU3MYECKMX NapaMeTpoB Mogenen
3A n 3KB;

ACOHWKA-B[: nogcuctema ynpaeneHns 6asamu gaHHeIX KB n Mmatepurarnos no reoMeTpuyeckuM, hnsnko-mexa-
HUYECKMM, YCTANOCTHbLIM, TeNNoUaINYECKNM, INEKTPUYECKUM W HAOEKHOCTHEIM NapamMeTpam.

Pesyniratel pabotel nogcuctemsl ACOHUKA-M-3D npeacraeneHbl Ha pycyHkax A.1—A10.
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PucyHok A.1 — KoHcTpykuus Brioka 3A, MNopTUpOBaHHas
n3 CAD-cuctemnl B nogcuctremy ACOHUKA-M-3D
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PucyHok A.2 — AeTomaTnyeckoe pasbreHne Ha KOHEYHbIE 3NeMeHTb!

3 ACOHWMKA |=|o -

HazsaHue ITonu.mHa ~
134 AMP3 MOCT 17232-95 (Be3 TepMo0BpaboTKHK) ot 25 go 80
135 AMP3 FTOCT 17232-99 (6e3 TepMo0BpabaTrm] ot 11 go 25
136 AMr3.M FOCT 21631-76 (€3 TepMODEPaBbOTKH) oT 5 g0 10.5
137 |AMrS.M4 TOCT 21631-76 4
138 AMre MOCT 17232-99 (6e3 TepMo0BpaboTKH] ot 11 go 25 .
139 AMre rOCT 17232-99 (6e3 TepMO0BpPaboTKM) ot 25 go 50 [
140 AME MOCT 17232-99 (6e3 TepMo0BpaBoTEHK) ot 50 g0 30
141 AMre roCT 21488-97 (6e3 TepMo0BpaboTkK) ot 8 gao 300
142 AMrE MOCT 21488-97 (Bes TepMODEBPaBOTEM) oT 300 o 400
143 AMre.b rocT 17232-99 (Bes TepmoobpaboTrm) o711 go 25
144 AMre.BNoOCT 17232-95 (Be3 TepmooBpaboTEm) ot 25 go 50
145 AMrE.BIOCT 17232-9% (Bes TepMO0OBDABOTEM] o1 50 a0 80 ¥

Mowmex: (150 M 19

«+f MpuHate 75 OTMeHa

PucyHok A.3 — [nanoroeoe okHo ana Beibopa MaTepmnana u3 6asbl JaHHbIX

10
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Npusop

3agaiiTe NapamMeTpel MaTEpMana

MexaHnueckue |)"crann-crﬁue| TEI‘H’IOBHEI ,ﬂunml—im&nbﬂnl

Tun maTepwana

& 3arpysuTe w3 B4 | (

¥ MzoTponHeid " OpToTponHeA

MnoTHOCTE [Kr/m™ 3] I‘HGD

Mogyne ynpyrocru, [Ta] |207

KosgduumeHT MNyaccona, [0TH. ea.] |0.27

Aonyctimoe HanpaxeHue [MMa] Ip_oo

Kosd ¢runeHT MeXxaHUYeckuy NoTepe

Ana BUBpaunm [oTH. ea.] |D.DZ

AnA yaapa [oTH. ea,] |0.001 5

¥ YUNTEIEATE HENWHERHOLTE

Koz duumeHT zaencumoctin KMI oT HanpaxeHua

Ang EMEpaUKK [oTH. e, I?_.ZE-S

Ans yaapa [oTH. ea.] |3E-6

ACOHMKA

? Cnpaeka +f MpuHate > OTMmena

PucyHok A.4 — [lnanoroeoe okHO ANd 3adaHuAa napaMeTpoB Matepuana
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B ACOHUIKA (= [= ]

MexaHWUeKHe BOSAEHCTBNA
BEegnTe rpadiki MEXaHUUECKWX BOZAEHCTEII

Bua sosgencrena gl X Yacrora, fu CnexTpansHas NAoTHOCTk, g*g/Ty

¢ Tapmokuqeckan snEpauna

& ] 0.100 © .l
" Ypap oaHokpatHsin
" ¥Yaap mHorokpatHeIf
" NuHeliHoE yckopeHHe 0.0,
7 AkycTMHECKUIA WYk
V¥ PaBHoe No BceM DCAM 0.080
Hanpasnenue geitcTens
cn
N a.070
€
@
23 0.060
Yactora, My ;&
[
ot 10 a2
!é 0.050
Ao 2000 =
=
LWar, My {200 =l
4 = 0.040
CrexTpansHas NAOTHOCTE, g*a/Ty E
I
ot |0 g o0
2
Ao 0.1 (4]
0.020
—BpemeHHan peanusaums U3 cNekTpa
AavTensHocrs [d
0.5 by 1.000E-02
YACTOTA ANCKPeTM3aLMKM %6 F makc]
200
0.000
10.000 209.000 408.000 607.000 806.000 1005,000 1204.000 1403.000 1602000 1801.000 2000.000

Yacrora, I
|

? Cnpaska « 0K X Ormena i|

PucyHok A.5 — [paduk 3aBUCMMOCTIM BXOAHOW CNeKTPanbHOM NOTHOCTY YCKOPEHWS
cnyyaiHou Bubpaunm oT 4acToTbl

[ Yexopenne Yeranoers | snavern

Mepemeuiexme.

0.08987
0.07221
0.05454
0.03687
0.01920
0.001533

PucyHok A.6 — CpeaHexkBaZipaTuyeckue cyMmapHble nepemMeLleHns
BO BCEX TOYKax KOHCTPYKUMW Brioka A
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T Yexoperme P Yeranocrs |[W aBcontomasie snauenns

Vckopewre
cymmapuoe

PucyHok A.7 — CpepHekBagpaTU4eckue CyMMapHble YCKOPEHWA BO BCEX TOUKax KOHCTpyKuun Bnoka SA

Nepemeuyerne | Yckopenwe | Hanpmwenwe | Yeranocrs ([0 % oT gonycTumbnx

HanpseHve
IKEWBANEHTHOE
(MnNa)

307.2
12731
=1239.0

9 204.8

170.7

PucyHok A.8 — CpeaHekBaapaTUYeckue SKBUBANEHTHLIE MeXaHUYecKue HanpsxeHua
BO BCEX TOYKAX KOHCTPYKUWK Bnoka 3A

13
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Mepemewuerine | Ycxopenwe | Hanpawerue || ¥eranocrs

Yeranocte

1.992E+04
1.583E+05
1.258E+06
1.000E+07

PucyHok A.9 — Bpems 0o yCcTanocTHOTO paspyLleHns BO BCEX TOYKax KOHCTpyKUuKn Bnoka 3A
npu BO3OEWCTBUIN Cry4alHoi BUBpauum

14
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{
|
1
J
\nl/

Criexrpankias rwiotHosts, g¥g/171

|
|
l
L
| T

1090.000
Hacrora, 'y

|
kL M
¥,

1270.000

0.100

10.000 1810.000

190.000 370.000 550.000 730.000 $10.000 1450.000 1630.000

ACOHUKA

Y3EN 15080

X: 1804.652, Ty

¥: 0,815, g*g/Tu

? Cnpaska |

PucyHok A.10 — lpadmk 3aBMCMMOCTH BbIXOZHOW CNEKTPanbsHOW NMOTHOCTK
YCKOPEHWS CRyYainHoi BUGpaummM oT 4acToThbl N0 OCK Z B KOHTPOSNbHOW TOYKE
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