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Mpeancnoeue

1 PASPABOTAH ObGulecTtBoM € orpaHMYeHHOW OTBETCTBEHHOCTBI «Hay4YHO-UccnenoBaTEnbLCKUNA
MHeTUTYT « ACOHUKA» (OO0 «HUWN «tACOHWNKAN»)

2 BHECEH TexHW4eckuM KOMUTETOM Mo cTaHgaptu3aunm TK 165 «CucTemMbl aBTOMaTU3MPOBAHHOIO
MPOEKTUPOBAHMS SNEKTPOHUKN»

3 YTBEPX/EH W BBEJEH B JEWCTBWE MMpukazom ®enepanbHOro areHTCTBA MO TEXHWUYECKOMY
perynupoBaHnid 1 metponorum ot 5 oktabpa 2023 r. Ne 1073-ct

4 BBE[OEH BIMNEPBbIE

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

rlpM‘-II/IHDIﬁ p83p86OTKM HaACTOoAWero cCtaHgaprta ABNAETCA HEOGXO,DMMOCTb aBTOMaTtu3npoBaHHOIO aHa-
nu3a CTONKOCTU SJ'IEKTDOHHOI;"'I annapartypbl K BO3,'J,EPICTBMI'D CMHyCOM,ﬂ,aJ’IbHOﬁ Bmﬁpau,mu Ha paHHWX aTanax
NnpoeKkTnpoBaHWA BJ'IEI{TDOHHO|7I annapartypbl Ha OCHOBE MaTteMaTM4eCcKoro MmoenupoBaHnuAa 1M BUPTyalibHbIX
UCMBITAHUN SJ'IEI{TDOHHOFl annapaTtypbl Ha BOSﬂ,eF‘ICTBHe CVIHyCOVI,D,aJ'IbHOI;I BI/I6paL|I/IM ana CHUXeHWA 3aTtpaTt Ha
paapaGOTKy, Npoun3BoOACTBO U OGC]’[y)KMBaHVIe 3a CHEeT NoBbliWeHNA Ka4ecTBa paSpaGOTOK.

CTaH,EI,apT pacnpocTpaHAeTCA Ha NoKa3aTenun CTOWKOCTU SJ'IEKTpOHHOpI annapartypbl K BO3,EIJEI;1CTBVIID Cu-
Hycon,u,aanoﬁ BMGpaLI,MVI. Ero uernb ABnAeTCcHd aBTOMaTtu3aumna aHalnn3a nokKasaTenen CTOUMKOCTH ANEeKTPOH-
HOW annapartypbl K BOS,EIE.‘I;ICTBVHO CMHyCDM,ElaJ'IbHOI?I BM6DEHMM C NpuMeHeHneMm MatTemMmaTni4eCcKoro mogenupo-
BaHMA U BUPTYanbHbIX UCnbITAHUIA SJ'IeKTDOHHOPI annapartypbl Ha BO3,EI,EI.7|CTBME.' CMHYCOM,EI,aJ'IbHOI;I BM6DaLlMI/I,
CHWXXEeHWe 3aTpaTt Ha paapaBOTKy, NMpOMU3BOOCTBO U OGCJ'Iy)KVIBaHME 3a CHEeT NoBbLIWEeHWA KadecTBa pa3p860TOI{.

an‘IMeHEHI/IE.‘ MatemMaTtu4ecKoro MogernpoBaHUsa U BUPTYalnbHbIX NCNbITAHWUKA SJ'IEKTDOHHOPI annapartypbl
Ha BO3,|‘J,EI.7'ICTBMQ CWHYCOVI,D,EHI:HOPI BMGPELI,V!M Ha paHHUX 3Tanax NpoeKTUpoBaHUA OO0 W3roToOBINEeHUsA OnbiT-
HOro 06paau,a NMo3BONUT M30exaTb OTKa30B SHEKTDOHHDI;'I annaparypbl WM 3Ha4YUTENbHO COKpPatuUTb UX Ha
aTane UCNbITaAHUA ONbITHOTO 06pasua, COKpalwada TeM CaMbiM KOIMM4YeCTBO MCMbITAHWA OMbITHOMO 06pa3u,a,
BO3MOXHble UTepaluun no ,EIOpaﬁOTKe cxemMm m KOHCTDyKU,Mﬁ. 3aTpaTtbl Ha paapaGOTKy SJ'IEKTDOHHOPI annaparty-
Pbl NMpKX ogHOBpeMeHHOM MNoBbILWWeHWW Kad4ecTBa U HageXXHOCTW, B TOM HKMCIe B KPUTUYECKUX pexXnmax pa60—
Tbl, enasd JNEeKTPOHHYK0 annapartypy KOHKypE,‘HTOCI'IOCOGHOl;I Ha OoTe4eCTBEeHHOM W MeXOYyHapOoOHOM pPblHKe
(cm. TOCT P 57700.37, [1]—[4]).

cnonb3oBaHue npu aHanuse CTOMKOCTH SJ'IEKTDOHHOI‘/"I annapartypbl K BO3,|‘J,EI7!CTBMI'O CVIHyCOM,EI,aI'IbHOJ;I
BM6pEuMM HaTYPHbIX UcnbiTaHWn SJ'IEKTPOHHOﬁ annaparypbl Ha BO3,E|EI.7'ICTBME CMHyCOM,ﬂ,aHbHOI‘/‘I Bmﬁpau,vm
HEBO3MOXHO, TaK Kak aHalnu3 npoBogunTCA elle 00 M3rotoBrneHnA ONbITHOIo 06pa3ua. BpryanmaauMﬂ nc-
NblITaHWUN SﬂeKTpOHHOPI annapaTtypbl Ha BOSE,E[J‘ICTBMG CI/IHyCOI/I,E{aJ'IbHOﬁ BM6D8LI,I/IM npn aHanuae CTOWKOCTU
SﬂeKTpOHHOﬁ annapartypbl K BO3,D,9|;ICTBVII-0 ctucou,u,aanoﬁ Bmﬁpauwm ABNAeTCA 6@38]'IbT8DHaTVIBHOI;1. be3s
NMPUMEHEHUNA MaTemMaTU4eCKoro MmoaerimpoBaHAa Henb3dA Onpenerintb nokKkasartenu CTOWKOCTU SJ'IEKTPOHHOﬁ
annaparypbl K BOE,EIEI?ICTBM}O CMHyCDM,D,EIJ'IbHOFI BMGpEL]VWI. Takown noaxon ABndaeTcsd MHCbOpMaTV!BHbIM, TaK Kak
6HEFO,E1EIFJF| eMy Ha 3Tane NpoekTUupoBaHWA OTCIEXNBAETCAH BOMNbLUIWHCTBO BO3MOXHbIX OTKa30B BHEKTDOHHOﬁ
annapartypbl MO MeXaHM4YeCKUM XapakKTepucTukKam, 1 SCDCI)GI{TMBHI:IM, TakK Kak 13-3a He,ﬂ,OpaGOTOK MPOEKTUpPO-
BaHWA SHEKTDOHHOF‘I arnnapartypbl, BCKPbITbIX YXe NyTeM HaTYPHbIX I/ICI'IbITaHMF'I, BO3MOXHO MHOXXeCTBO UTepa-
LWIPIZ ,El,OpaﬁOTKa NMPOeKTa — UCNbITaHWUA OMbITHOTO 06paaua —_ ,D,OpaGOTKa NMpoeKTa U T. A., 4TO0 3Ha4YUTEJNTbHO
yBenn4mnBaeT CPOKM U CTOMMOCTb pa3p860TKM.

HEICTOHLL[MH CTaHOapT onpegendaer TDEGOBEHVIH K nogcncrteMe BUpTyaribHbIX UCMbITAHWUA SJ'IEKTDOHHOJ;I
annapartypbl Ha BO3,|'J,EI7ICTBVI9 CMHyCOVI,EI,aJ'IbHOl?I Bm6pau,vm.
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HAUMWOHANBbHBIA CTAHOAPT POCCUUCKON OEOEPALUMN

Cuctemsbl dBTOMAaTU3NPOBaAHHOIO NPOEKTUPOBAaHWUA 3JTEKTPOHUKN

NOOCUCTEMA BUPTYATNbHbIX UCNbITAHUA SNEKTPOHHOW AMNMAPATYPbLI HA BO3JEWCTBUE
CUHYCOUOANBHOWN BUEPALIUK

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

Data BeepgeHuna — 2023—10—16

1 O6nacTb NpUMeHeHUA

1.1 HacTtosiwmi ctTaHaapT npegHasHadeH ans npumMmeHeHns npeanpuaTUaMn NPOMbILLNEHHOCTH 1 opra-
HU3aLMAMKM MPU UCMOMb30BAHUM LN POBLIX OBOMHMKOB ANeKTPOHMKM U CALS-TeXHONOTMIA Ha paHHKX 3Tanax
NPOEKTUPOBAHWUSA, N3rOTOBNEHUA W WCNbITAHWIA 3NEeKTPOHHOW annapaTtypbl, a Takke Ha BCEX MocneaymoLmnx
aTanax XW3HEeHHOro LWKNa 3NeKTPOHHOW annaparypsbl.

1.1.1 lNogcuctema BUPTYarnbHbIX UCNbITAHWIA ANEKTPOHHOW annapaTypbl HA BO3AENCTBME CUHYycOoMaanb-
HOW BMOpauMK MPUMEHSIETCA Ha paHHMX aTanax NPOeKTMPOBaHWS 3MEKTPOHHOW annapaTtypbl CriedyHoLllero
HasHaA4YeHWA: NPOMBbILLNEeHHas, ANa SHePreTUkU, 0BOPOHHO-MPOMbILLNEHHOrO KOMMNEKca, aspoKoCMUYECKOor
oTpacnu, Cy4OCTPOEHUs, MeuUWHCKasi, aBToMoBuNbHasa, ANa HaBurauMu U paguonokauuu, notpebutens-
cKas, anst p1ckanbHOro U Toprooro 06opynoBaHus, CBA3M (TENEKOMMYHUKALNW), BIYUCIUTENBHON TEXHWUKM,
ONs aBTOMaTU3aL MW U UHTENNEKTYyanbHOro ynpaeneHus, cucteM 6e30nacHOCTW, CBETOTEXHUKM, aBTOMAaTU3N-
pPOBaHHOIO TPaHCMOpTa U ABWXKYLLENCcA poboTOTEXHUKN.

1.1.2 3nekTpoHHasa annapaTypa COCTOUT W3 3NEeKTPOHHLIX WKachoB U BNOKOB, MeYaTHLIX Y3NOB U 3MeK-
TPOHHOW KOMMOHEHTHON Ba3sbl (MUKPOCXEM, TPAH3UCTOPOB, PE3UCTOPOB U T. A4.).

1.1.3 Ha anekTpoHHyl0 KOMMOHEHTHyl ©asy W 3rMeKTPOoHHYK annapaTypy OKasblBaeT BMWSHWE BO3-
OencTBUe cuMHycouganbHon Bubpauun. CuHycougansHas Bubpauns MoxeT NpuBOAWMTbL K HECOOTBETCTBUSAM
3MNEKTPOHHOW KOMMNOHEHTHOW Ba3bl W aNeKTPOHHON annapaTypbl TPeBOBaHWAM K MX CTOMKOCTU (MPOYHOCTH U
YCTOMYMBOCTH) K BO3OENCTBUIO CHMHycOMAanbHoW Bubpauuu. Hactoswmwin ctaHgapT ycTaHaBnvMBaeT OCHOB-
HblE€ MOMNOXEHUs1 TEXHOMOTUK, MO3BOMAKOLWEN NPOBOOMTE aHANW3 NokasaTenein CTOMKOCTU 3NEeKTPOHHOW an-
napaTypbl K BO3GEWCTBUIO CMHYCOMAanbLHoW BUOpaLmMy C npuMeHeHeM MatemaTu4ecKoro MogennpoBaHms n
BUPTYanbHLIX UCMLITAHUA 3MEKTPOHHOW annapaTtypbl Ha BO34ENCTBME CUHycouaansHoW Bubpauuu npu npo-
EKTUPOBAaHMNMN.

1.2 AHanua nokaszaTternein CTOMKOCTW 3MeKTPOHHOW annapaTtypbl K BO3AENCTBUIO CUHYCOWAANBHON BU-
Opaunn SOMmKeH OCYLLeCTBNSTLCA Ha paHHWMX 3Tanax NpoeKkTUPOBaHWs 3NEKTPOHHOW annapaTtypbl Nocpea-
CTBOM MNPOBEAEHWUS MaTEMaTUYECKOro MOOENMPOBaHWUA U BUPTyanuM3auny UCMbITaHUIA 3NeKTPOHHOW annapa-
Typbl Ha BO3AEWCTBUE CUHYCOMOANbLHON BUBpaLUK NPYU NPOEKTUPOBaHUM.

1.3 Ona aHanu3a nokasaTenen CTOWKOCTWM 3MEKTPOHHOW annapaTypbl K BO3OEWCTBUK CUHYycOMAanb-
HoW BuBpauuuM MeTogoM MaTremaTMyecKoro ModenvpoBaHWA (BUPTyanu3auun WCMbITAHWA 3MeKTPOHHON
KOMMOHEHTHOW 6a3sbl M 3MEeKTPOHHOW annapaTtypbl Ha BO30eNCTBUE CMHYCOWMAANbHOW BUMOpauWn) OOMKHbI
NPUMEHATLCA aTTECTOBaHHbLIE NPOrPaMMHbIe CPEACTBA, a NPU HEOBXOAMMOCTM — aTTeCTOBaHHbIE NPorpaMm-
HOo-annapartHele cpencTsa. TpeboBaHWsi K NporpamMMHo-annapaTHbIM CpeAcTBaM yCTaHaBMMBaKTCA Mo corna-
COBaHWIO C 3aKas4ynKamMmu.

MapaHune ochbuumnansHoe
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2 HopmaTuBHBIE CCbISIKK

B HacTosiweM cTaHOapTe UCNonb3oBaHbl HOPMATUBHbIE CChINKW Ha crniefylouie cTaHgapThl:

MOCT P 70201 Cuctembl aBTOMATWU3MPOBAHHOMO MPOEKTUPOBAHUS 3NeKTpoHukM. OnTumaneHoe co-
JYeTaHue HaTypHbIX U BUPTyanbHbIX UCAbITAHUA SNEKTPOHUKW Ha HAOEeXHOCTb M BHELLUHWE BO3AeNCTBYIOLNE
dakTopbl. TpeboBaHUA 1 NOPALOK NPOBEAEHNA NPU BLINOMHEHWUM TEXHUYeCcKoro 3agaHua Ha HNOKP

MOCT P 70291 CucTeMbl aBTOMaTU3MpPOBaHHOIO MPOEKTUPOBAHKA 3NeKTPoHUKM. CocTae u CTpyKTypa
CUCTEMbI aBTOMAaTU3MPOBaHHOIO NPOEKTUPOBAHUSA SNEKTPOHHOW annapartypsl

FOCT P 57700.37 KomnbloTepHble Mogenu n mogenuposaHine. Lindpoeble oBorHMKK nagenuin. Odwme
NOoXeHUs

MpuMeyaHue—lpyNonb30BaHUM HACTOSLLMM CTaHAAPTOM LenecoobpasHo NpoBeEPUTb AEWCTBUE CChINOYHBIX
CTaH4apToB B MH(OPMALMOHHOW cucTeME OBLLEero nonb3oBaHus — Ha oduuMansHoM cainTe PegepansHoro areHTcTBa no
TEXHUYECKOMY PErYNUPOBAHUIO U METPONOMW B CETM MIHTEPHET UMK MO eKerogHOMY MHOopMaLMoHHOMY ykasatenio «Ha-
LMoHarnbHbIe CTaHOapTbl», KOTOPbIA onyGnukoBaH No COCTOSHUIO Ha 1 SHBapsA TEKYLLEro roaa, v no BbiMyckam exeMecsy-
HOro MHhOPMAaLIMOHHOTO YkasaTensa «HauWoHanbHble cTaHAapTbl» 3@ TeKyLWMi rofd. Ecnv 3aMeHeH CCbINOYHbIA CTaHAApT,
Ha KOTOpbIM AaHa HEQATMPOBAaHHAS CChIMNka, TO PEKOMEHAYETCH WCMOMb30BATL ASWCTBYIOLLYI0 BEPCUIO 3TOM0 CTaHaapTa
C YY4ETOM BCEX BHECEHHbIX B AAHHYIO BEPCUI0 M3MEHeHWIA. Ecn 3aMeHeH CCbINoYHbIA CTaHAAapT, Ha KOTOpLIA AaHa aatu-
pOBaHHas CCbINKa, TO PEKOMEHOYETCS UCMONb30BaTh BEPCUIO TOO CTaHAAapTa C yKa3aHHbIM Bbille rofoM YTBEPKAeHUS
(npuHaTMR). Ecnin nocne yTBepOEHWS HACTOALLErO CTAHAAPTA B CCbIMOYHLIN CTAHAAPT, HA KOTOPLIA AaHa AaTUpOBaHHANA
CCbINKa, BHECEHO M3MEHEHME, 3aTparMBakLLee NonoKeHWe, Ha KOTOPOe AaHa CCbNKa, TO 3TO NONOKEHWe PEKOMEHOYeTCs
npUMeHsTL 6e3 yyeTa JaHHOTO U3MeHeHUs. ECnK CCbIMoYHbI CTaHaapT OTMEHEH Be3 3aMeHbl, TO MONOXKEHUE, B KOTOPOM
[aHa CChINKa Ha Hero, PEKOMEHAYETCA NPUMEHATL B YACTH, HE 3aTPArMBaIoLLEN 3TY CChINKY.

3 CokpalweHusn

B HacToswem CTaHfapTe npuMeHeHbl cnegytowmne CokpalweHns:

CALS-TexHonorum — HenpepbiBHas MHpoOpMaLoHHas NOAOEPKKa NOCTABOK M KN3HEHHOTO LWKNa N3gennn
(Continuous Acquisition and Life cycle Support);

KM — KO3 (PULUMEHT MeXaHUYeCKUX NoTephb;

CANP — cucTeMa aBTOMaTU3MPOBaAHHOMO NPOEKTUPOBAHUSA;

3A — 23neKkTpOHHas annaparypa;

Kb — 3nNeKTPOoHHas KoMMNoHeHTHasa baaa.

4 O6LWwmne NonoxeHus

4.1 Uenbto pa3paboTky HACTOALLErO CTaHAapTa ABNAETCA yCTaHOBNeHne TpeboBaHuin kK aBTOMaTM3npo-
BaHHOMY aHanuay nokasartenen cToikocTn A K BO34eNACTBMIO CUHycouaanbHon Bubpauun Ha ocHoBe Mare-
MaTWUYEeCKOro MOOENMPOBaHUA U BUPTYarnbHbIX UCNbITaHUA A Ha BO3AEWCTBME CUHYCOMAanbHOW BUGpaLmm.

[Ons gocTuxxeHns NOCTaBMNEHHONW LEnu B cTaHgapTe ycTaHaBNMBAaKOTCA creaylolune efduHble TpeboBa-
HUSA:

- K TEXHONOrMM aBTOMaTU3NPOBAHHOIO aHanu3a nokasaTernel cTOMkocTM 3A K BO34EeNCTBUIO CUHYCOW-
JanbHon Bnbpauuu;

- NoACUCTEME BMPTYamnbHbIX MCMNbITAHWIA 3MEKTPOHHON annapaTtypbl Ha BO34ENCTBUE CUHYCOMOATNbHON
BMOpaunu.

4.2 Opranuzauunss paboT nNo NPUMEHEeHWI0 TEXHONOIMMKM aBTOMAaTW3MPOBAHHOIO aHanui3a nokaszartenemn
cTtorkocTM 3A K BO3OEACTBUIO CMHYCcOMAAnNbHOW BMBpaLMM Ha OCHOBE MaTteMaTMYeckoro MogenupoBaHusa u
BMPTyanusauuum ucnbitaHnin 3A Ha BO3AeWCTBME CUHYCOWMAanLHOoW BMbpayum npy NpoekTMpoBaHnA yCTpoeHa
cnegyrowmm obpasom.

4.2.1 WcnbiTaHuio A nogBepraeTcs B Tpex B3aUMHO NePneHaNKyNApHbIX HanpasBrneHnax.

4.2.2 WcnbiTaHna metogom UKCMPOBAHHBLIX HAcTOT CUHYCcOoMAansHoN BUBpauum NnpoBOAST NyTeEM yCTa-
HOBKM 3a[aHHbIX 3Ha4YEeHW NapamMeTpoB BMbpaLmm Ha PUKCMPOBAHHON YacToTe. McnbiTaHus MOryT OCyLLecT-
BNATLCH HA O4HOW 4acToTe, HA 3apaHee onpefeneHHoR YacToTe MEXAaHMYECKOrO PE30HAaHCa, Ha paae 3afaH-
HbIX 4aCcToT.
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5 TexHonorus aBTOMaTM3MpPOBaAHHOINO aHanu3a rnokasarenem CTOMKocTn A
K BO3OEACTBUIO CUHYycouaansHOM BUbpauuun

5.1 KoHeuHoln Lenblo aBTOMaTU3MPOBAHHOMO aHanusa senseTcsa onpefeneHue cTeneHn rogHoctn JA
NyTEM BbISBNEHWUA BO3MOXKHbBIX MEXaHWYECKMX NOBPEXAEHNIA, MO3BONALWMX CYAUTb O KOHCTPYKTUBHOW NPOY-
HocTK DA, a Takke OLeHKa yxygLeHWs 3a4aHHbIX 3HaYeHWin napameTpos JA.

B Tom 4ucne paccmatpuBaeTcst MatemaTuyeckoe MogenupoBaHve U BUpTyanuaauusa ucnoltaHuin A Ha
BO3LENCTBME CMHYCOMAANbHOW BMBPALUK C NOBLILEHHOW aMMNNUTYOON YCKOPEHUs (B KPUTUYECKUX PEXKUMAX,
B TOM 4YMC/ie HEBOCMNPOM3BOAWMBIX MPW HATYPHbBIX MCMbLITAHWAX).

OB6bekTamun BUPTyanbHbIX UCTIBITAHWUIA ABMASKOTCS:

- MPOWU3BOSIbHbIE KOHCTPYKUMK WKadoB 1 bnokos 3A 6e3 BubpouzonaTopos, 3D-Moaenu KOTopbIX CO3-
naHbl B CAD-cuctemax B hopmarte STEP;

- TUNOBbIE KOHCTPYKUMK LWKadoB 1 6rokoes 3A 6e3 Bnbpousonsatopos, 3D-Mogenu KoTopbix co3gaHbl
B creunanu3npoBaHHOM WUHTepdence NogcucTeMbl BUPTYarbHbIX WCMBITAHWIA ANEeKTPOHHOM annapaTypbl Ha
BO3LEeNCTBME CUHYycomaansHon BuBpauuu,

- MPOWU3BOSIbHbIE M TUNOBbIE KOHCTPYKLUMM WKadoB 1 6nokos A, ycTaHOBNEHHbIE Ha BUBponsonaTopax.

5.2 OueHMBAEMBIMW XapakTEePUCTUKaMMW ABMAIOTCS PE30HAHCHLIE YacTOThl, YCKOPEHWS, MepeMeLleHuns,
MeXaHW4Yeckne HanpsbkeHust B A, BpeMSs 4O YCTaNOCTHOMO paspyLUeHus.

5.3 YcnoBusa npoBegeHWs BUPTYalibHbIX UCNbITAHWUIA

5.3.1 Heobxognmo Hanu4mMe poCCUMCKOro NporpammMmHoro obecnedveHns, npeaHasHa4YeHHoro Ans moge-
nupoBaHua 3A Ha BO3deWCTBME cUHycomdansHon Bubpauuu, BHeQPEHHOro Ha BedyLlmx npegnpuatuax Pd,
KoTopoe sBnseTca coctaBHon YacTelo CATP 3A B cootBetctBum ¢ FTOCT P 70201, TOCT P 70291.

5.3.2 Hanu4ne koppekTHoi 3D-mogenu 3A B chopmate STEP oTeevaeT TpeboBaHMAM NO yCTpaHEHWHO
ownBOoK, YNPOLLEHWIO K COXpaHeHuto Mogenu [5].

5.3.2.1 TpeboBaHuA No ycTpaHeHW OWNBOoK:

- nepeceyeHne aetanen Hegonyctumo. OHWM JOMKHBI KacaTbCs Apyr Apyra;

- 0fQHa AeTanb conpsraeTcs ¢ APYrol No HEKOW NOBEPXHOCTK ¢ Kakon-nvbo nnowaabto. He gonyckawT
BapvaHTOB, KOrga ofHa AeTanb KacaeTcs APYroi no NMHWK UNM B ToUKe (MOBEPXHOCTLIO KacaHwus ABYX AeTa-
newn ABASAETCH NVHWA UMK TOYKA);

- ceoboaHO BUcALLME AeTanu He gonyckalTcd. OHU OOMKHbI UMETb COEANHEHNUS C APYTMMK AeTansiMu;

- pa3beMbl C OTBEPCTUSAMKM HEOoDXOAMMO MOMHOCTBID 3aMoNHUTE MaTepuanom (He LOMKHbl 0CTaTbCs
WTbIPbKWA U OTBEPCTUSA).

5.3.2.2 TpeboBaHuUA NO yNpOLLEHNHO MOAENN:

- ybuparoT BCe KpenexHble eTanu, BCe BMHTDI;

- yBuparT dacku, NbICKK, MENKWe CKpyrneHus (C paguycom <2 Mm);

- MOBEPXHOCTUN CNOXHOW (hopMbl — Menkne opebpeHnsa KpynHbIX MOBEPXHOCTEN HEODXoAMMO caenatb
rmagkumu;

- eC B MOZENV UMEIOTCS LWEeCTUrpaHHMKN (B CEYeHUM AeTanu WeCcTUIrPaHHuK), HanpMMep CTOMKKW 3Ta-
YKEPOYHOM KOHCTPYKLWK, CKPYIMSOT rPaHn LWeCTUrpaHHMKa paguycoM ckpyrneHust 1 Mm;

- yOansitoT BCe OTBePCTUA BCeX AeTanen, KpoMe KpernexHbIX OTBEePCTUN;

- nog®upakT NNoTHOCTK AeTanen Takum obpasom, 4yTobbl macca 3A, Bknwyasa nedatHble yanel, IKB,
pa3beMbl, paBHANACk U3Ha4YanbHO 3agaHHoMN,

- criegyeT BbIbupaTh ONUMIO «TBEpAble Tena» npU coxpaHeHuu B dopmatre STEP mogenu B
CAD-cucteMe, B KOTOPORM co3daBanack AaHHas Modenb.

5.3.3 WcnbiTaHnsa npoBogAT Npu cnefyowmx u3nko-MmexaHM4eckux napameTpax Matepuanos JA:

- NNOTHOCTL;

- MOAyrb YNpYyrocTu;

- koapbuumneHT NyaccoHa;

- KMIN gna HavaneHOW TOYKWM NUHeWHoro yyactka 3asucumocTn KMIT oT mexaHudeckoro HanpseHus
narnba, BO3HUKAKLLErND NPpU BO3OENCTBMU CUHYCOMAaNLHOW BUbpauwuuy,

- KoadhpuUMeHT 3aBucumocT KMI oT MexaHW4eckoro HanpshkeHwus Marvba, BO3HMKAOLLEero npu BO3-
OEeNCTBUM CMHYcoMaansHon Bubpaunm.

B3avMocBA3b TENMOBLIX M ME@XaHW4YeCKUX MpOoLEecCOB B KOHCTPYKUMSX 3A oOycnoBneHa BIUSHUEM
TENMOBLIX MPOLIECCOB HA MEXAHUYECKNE — TEMMNEPATYPHLIMU 3aBUCUMOCTAMUN (DU3NKO-MEXAHUYECKUX Napa-
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MeTpoB — moayns ynpyroct u KMIN — gns matepmanoB koHcTpykunin 3A. C pocTomM TeMnepaTypbl MOAYIb
yrpyroctu ymeHbliaetcs, a KMl yeenuumBaetcsa. 3aBucumocty mogyns ynpyroctu u KMIM oT Temnepatypsl
MOFYT annpoKCUMMUPOBaTLCA NUHENHBIMUW NONMHOMamMu [5].

[OaHHble napamMeTpbl MOryT BbITh NONYyYeHbl NyTEM naeHTUgUKaLn (cm. [5]).

5.3.4 Heobxooumo Hanuuue cnedyrLinx napaMeTpoB BMOpoM20naTopoR aAna Bubpauyunn:

- KOAQMOULNEHT XEeCTKOCTK Mo 0CK X;

- KOAQ(PULIMEHT XECTKOCTU Mo OcH Y,

- KOO (OULKNEHT XeCTKOCTU No ocK Z;

- KMIM no ocu X onsa HayanbHOW TOYKM NMHERHOro y4acTka 3aBucumMocTtu KMI oT HanpsxkeHusa narnba;

- KMIM no ocu Y onsa HayanbHOW TOYKM NMUHERHOro ydacTka 3aBucumMocTtu KMI oT HanpsxkeHusa narnba;

- KMI no ocu Z gnsa Ha4anbHOM TOYKU NMHENHOrO y4acTka 3asucumoct KMIT oT HanpskeHus narnba;

- koachhuumeHT 3aBucumoct KMIM no ocu X oT HanpskeHus narnba;

- koachhuumeHT 3aBucumoctn KMI no ocu Y oT HanpsixkeHnsa narnba;

- koadppuumneHT 3aBucumocTt KMI o ocu Z oT HanpsbxeHus pacTsxeHUs — cxaTus.

[JaHHble napamMeTpbl MOryT BbITh NONYyYeHbl NYTEM MAEHTU(UKALNA B COOTBETCTBUM C [5].

5.4 PeXumMmbl BUpPTyanbHbIX UCMLITAHUNA

MapameTpbl rapMoHUM4ecKod BUBpaunn (YMCNEeHHbIE 3HAYEeHUst 3a4al0TCsl B TEXHMYECKOM 3adaHun Ha
pa3paboTtky 3A):

- YCKOpEHUe, g;

- AnanasoH 4acTor, L.

5.5 Mopagok npoBeAeHUA NCNLITAHUNA

5.5.1 lNpoBoaaT naeHTUdUKaUMo HOU3NKO-MEXaHUYECKWX NapaMeTpoB MaTepuanos A, yka3aHHbIX B
5.3.3, B cnyyae mx otcytcTBUsA (cM. [5]). MNpw aToM No pesynbraTaM HaTypHbIX WCMAbITAHWIA ONpeaensoT 3a-
BMCMMOCTb YCKOPEHWA OT YacToThl CMHYCOMOANbHON BUOpaLMM B KOHTPOIbHOW TOYKE, KOTOPYH MCMNONb3yHT
npw ngeHTudpukauun. NpegsaputenbHo paspabaTbiBaloT NporpamMmmy HaTypPHbBIX UCMbITAHUA W M3roTaBnMBakoT
MaKeTbl MNACTUH ONS HATYPHbIX UCMbITAHWUNA.

5.5.2 lNpoBoasaT naeHTudrkaLno napameTpoB BMBpOM30NATOPOB, yKa3aHHbIX B 5.3.3, B criyyae ux oT-
cyTcTBus (cM. [5]). Mpw aToM No pe3ynsTatamM HaTYpPHbIX UCTIbITaHWIA ONPeaEensoT 3aBUCMMOCTb YCKOPEHWS OT
4acToThl CUHYcOMAAansLHOW BUBpayum cucteMbl BUOpOM30nAL MM, KOTOPYIO MCNONb3YIOT NpWU UaeHTUgUKaLuu.
MpenBapuTenbHO paspabaTtbiBaloT NporpamMmmy HaTypPHbIX UCNbITaHWA 1 NpuobpeTatoT obpasybl BMOpousons-
TOPOB ANl HATYPHbIX UCMbITAHWIA.

5.5.3 MpeHTudrnumpoBaHHble NnapamMmeTpbl MaTepnanoB 3A 1 napameTpbl BUDPON30NATOPOB 3aHOCAT B
Da3y AaHHbIX 4N UCMOMbL30BaHKs B MpoLuecce MogennpoBaHus.

5.5.4 lpoBogAT NOAroTOBKY:

- 3D-mogenein B popmate STEP koHcTpykumin 3A 6e3 BubponsonaTtopoB B CAD-cuctemax, oTBe4ato-
Wwux TpeboBaHWAM MO YCTPaHEHUIO OLWKMBOK, YNPOLLEHNIO U COXPaHEHWKD MoAeNnu, NpuBeaeHHbIM B 5.3.2;

- 3D-mogenei KOHCTPYKUniA 3A, yCTaHOBMNEHHbIX Ha BUOPOM30NATOpax, B CneuMansupoBaHHbiX MHTep-
thencax.

5.5.5 lNpoeogsT umnopT Mmoaenei B popmarte STEP koHcTpykumiA B nogcucTtemMe BUPTyanbHbIX UCMbITa-
HWIA ANEKTPOHHOIM annapaTypbl Ha BO34eNCTBME CUHYycoMaanbHom Bubpaumu.

5.5.6 NpoBoasT BMpPTyanbHLIE UCMBITAHUA DA HA BO3OENCTBUE CUHYCOMAANBHOW BMBpaLmMy B 3a0aHHOM
AManasoHe 4acToT C NpUMEeHeHWeM MOLEenMpoBaHUA MexaHW4YecKnx npoueccos B DA Ha BO34EeWACTBUE CUHY-
coupansHoi Bubpaumn. OnpegensoTcsa 3aBUCUMOCTH YCKOPEHUST OT 4acToThl CMHYCOMaAanbLHOM BMBpauun B
KOHTPOMbHLIX ToYKax A unu B cucteMax Bnbponsonsaumm, nNo KOTOPbIM BLIABMASOTCA PE30HAHCHBIE YacTOoThI.

5.5.7 TNo pesynkTatam BUPTYasnbHbIX UCALITAHWIA COCTABASKOT OTYET, B KOTOPOM AatloT MHpopmMaumio ob
OLEHMBAEMbIX XapakTepUCTUKaX.

5.5.8 MecTo npoBegeHUA UCNbITAaHUN

McnbiTaHusa MoryT npoBOAUTL:

- caMu NpegnpuaTUs NpKY HanMYUKW NOACUCTEMbI BUPTYarbHbIX UCMNbITAHWIA 3NEeKTPOHHOW annapartypbl Ha
BO3JeWCcTBMe CUHycOoMaanbHoM BUbpaumu,

- LleHTp koMneTeHuun B 06rnactn MOLENUPOBAHUSA WU BUPTYanbHbIX ucnbitaHuin 3Kb 1 3A Ha BHelWwHue
BO3Z1eACTBUS NO 3aKasy NpeanpusaTus Npu oTCYTCTBUM Y HEro NOACUCTEMbI BUPTYarbHbIX UCMLITAHUIA 3Mek-
TPOHHOW annapartypbl Ha BO34eNCTBUE CMHYycouaansHon Bubpauuu.
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5.6 O6paboTka, aHan13 1 oLEeHKa pPe3yrbTaToB UCMNbITAHUN

5.6.1 WNcnonbayoT mansii 06bem Boibopkn n < 50.

5.6.2 Wcnonb3yoT MeTogbl cTaTucTudeckoin obpaboTky pe3ynsTaToB UCNbiTaHWA.

Mpn manom obbeme BbIBOPKN BEIHMUCASIOT:

- BbIBOpOYHOE cpefHee 3Ha4YeHne XxapakTepUCTUKA MEXAHNUYECKMX CBOWCTB;

- BbIDOPOYHYIO AWCMEPCHIO XapaKTepPUCTUKM MEXaHUYECKUX CBOWCTB;

- BbIBOpOYHOE cpefHee KBagpaTUYECKOE OTKITOHEHMWE.

5.6.3 NoeHTuduumMpoBaHHble NapaMeTpbl onpefensawnT ¢ y4eToM ux pasbpoca: cpegHee 3HadeHue n
cpefHee KBagpaTuieckoe OTKNoHeHue. [ns nony4veHusa pasbpoca Heobxogumo NpoBeCTU MAEHTU(UKALMOH-
Hele ucnbitaHns 10 makeTos nnactuH 1 10 obpasLoB BMOPOM30NATOPOB CAHOMO TUNa.

5.6.4 OueHnBaeMble xapakTepPUCTUKKN ONPenensioT ¢ y4eTom pa3bpoca yckopeHuiA. [ins kaxaon xapak-
TEPUCTUKM ONPEeSEensaoT cpegHee 3HaYeHne 1 cpefHee KBaZlpaTtuyeckoe OTKIOHEHMWE.

5.6.5 [enaroT BbIBOAbLI O HANWYUM PE3OHAHCHbIX YaCToT.

5.7 MaTepHaanO-TeXHMHECKOE obecneyeHne UCnbITaHUN

5.7.1 Ha pabounx cTaHuusax nonb3oBaTenei JOMKHO ObiTk YCTAHOBMNEHO criegylollee NpuknagHoe npo-
rpaMmmHoe obecnedeHune, oTBevarLlee TpeboBaHmsam 5.3.1:

- Ona  BUpTyanbHbIX McnbiTaHun 3A ©6e3 Bubpousonsatopor, 3D-mogenn KOTOPbIX CO34aHbI B
CAD-cuctemax B hopmate STEP, Ha BO3geicTBMe CMHycoMaansHom Bubpaumu;

- AnA BUPTyanbHbIX UCNbITaHUA 3A, yCTaHOBNEHHOW Ha BMBpousonaTopax, 3D-mMmoaens KoTopow co3na-
Ha B CNeunanu3npoBaHHOM UHTepdeNce, Ha BO3OENCTBME CUHYcOMaansHoN Bubpauuu;

- 0Na noeHTUUKaumum GU3nKo-mexaHndecknx napameTpoB Mogenen JA;

- AN noeHTuduKkauum uanko-MmexaHM4ecknx napameTpoB Mogenein BM6pon3onaTopos.

5.7.2 lNepeveHb Mogenen, UCNonb3yeMblX Ans UCNbITaHUNA:

- 3D-mopenu KoHCTpyKumin A 6e3 BubponsonsaTopos B hopmate STEP;

- 3D-mMopenu KOHCTPYKUMn DA, yCTaHOBMeHHoW Ha BubpounsonsaTopax.

5.7.3 K maTtepuanbHO-TEXHUYECKOMY OBecneqYeHui0 UCMbITAHUA OTHOCSTCS PYKOBOACTBA MOMNb30Ba-
Tenein v obydvawline 3BYKOBbIE BUAEOPOINUKM K MPUKNAZAHOMY MpOrpamMHOMY obecrnedyeHuto, yKkazaHHOMY
B 5.7.1.

5.7.4 Keanudukaums nepcoHana, cneynannctoB U NpUBNeKaeMblX CUi, NPOBOAALLMX UCMLITAHMS

AKKpegMTaumio nonb3oBaTens NpyMKIagHoro NporpaMMHoro obecnedveHns, ykasaHHoro B 5.7.1, npoBo-
ast B LleHTpe koMneTeHuuin B 06MacTv MogenMpoBaHusl U BUPTYyanbHbIX UCMbiTaHuid SKB 1 3A Ha BHelHWe
BO3JENCTBUSA.

5.7.5 WcneiTatensHoe 06opyaoBaHue ONs NPOBEAEHMA HATYPHbLIX UCMbITAHWIA, HeoBXoaAUMBIX ONs pe-
LeHWs 3ada4m noeHTudukaunm, BKNoYaeT:

- 3aal0LLKUA reHepaTop CMHycouaanbHbIX KonebaHwuii;

- YCUNMWUTENb MOLLHOCTU;

- BUbpartop;

- BMBpousmepuTenksHbln NnpeobpasoBartens (akcenepomerp);

- BMOpoM3MepPUTENLHYHO annaparypy.

5.7.6 [0ns npoBeAeHUs HaTyPHbIX MCMbITAHWUA, HEODXOOUMbLIX ONA peLleHWns 3agaqn uaeHTudunKkaumm,
TpebyloTca cnegytoliue Matepuansi:

- MPSIMOYrOMbHLIE NMACTUHLI U3 MAaTepUanos, ANS KOTopbix TpebyeTcs naeHTudukayuua napameTpoBs (1x
KONWYecTBO onpefenseTca KONMYecTBOM MaTtepuanoB, AN KOTOPbIX HENM3BECTHLI NapameTpbl);

- BuBpounsonaTopel, ANSA KOTOpPbIX TpebyeTca naeHTudmrkalums napameTpoB (MX KONMUYECTBO onpegens-
eTcsa KonnyecTBoM BMBpPOM30NATOPOB, ANSA KOTOPbIX HEM3BECTHBI NapaMeTpbl).

5.7.7 MNMopagok NoAroTOBKM M NCNOMb30BaHNA MaTepManbHO-TEXHUYECKMX CPeacTB B MpoLiecce UCnbiTa-
HWUIA BKIMHOYaET:

- npuobpeTeHne 1 HacTPOMKy pabounx CTaHUWNA,

- npuobpeTeHne 1 yCcTaHOBKY Ha pabodmx CTaHumMsAxX nporpaMmmHoro obecnedeHuns, oTeedatoLLero Tpebo-
BaHusaM 5.3.1 n onucaHHoro B 5.7.1;

- NnpuobpeTeHune 1 yCTaHOBKY UCMNbITATENBHOTO 06opynoBaHUA ANS NPOBEAEHUS HATYPHbLIX UCTILITAHUNA,
onucaHHoro B 5.7.5;

- U3rOTOBMNEHME MaTepuarnos cornacHo 5.7.6 4ns npoBegeHUst HAaTYPHbIX UCNbITaHWA, HEOOX0ANMbIX NS
peleHnsa 3agadm ngeHTudnkaymm.
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5.8 lMpoTokon ucnbiTaHWA JOMMKEH COAEPXaTb CreayoLLyo MHpopMaumio:

- onMcaHue MakeTa;

- rpadhUK BXOOHOIO BO3NENCTBUA CUHYCOMAANBHOW BUBpaL MM Ha MakeT;

- rpachuK BbIXOOHOMO BO3AENCTBUA CMHYCOMA4anbHON BUOpaLum B KOHTPONMbHOM TOYKE MakeTa;

- MOEHTUUUMPOBAHHLIE NApaMeTpbl;

- rpachuK BXOQHOIO BO3NEWNCTBMA CMHYcOMaAanbHoW Bubpauyum Ha 3A;

- rpachUK BLIXOOHOMO BO3AENCTBUSA CMHYCOUOANbHOM BUOpaLVKM B KOHTPOMBHOR Touke 3A;

- OLeHUBaeMble XapaKTepUCTUKWU: pPe30HAaHCHbIE 4YacTOThl, YCKOPEHUS, NepeMeLlleHns, MexaHudeckue
HanpsbkeHua B DA, Bpemsa 40 YCTanocTHOro paspylweHus. B gvana3soHe 4acToT cuHycouganbHon Bubpauum
He OOMMKHO ObiTb Pe30HAHCHbLIX 4acToT. YCKOpeHWs, NnepeMelLeHns, MexaHudeckme HanpshkeHus B SA He
OOIMKHBI NMPeBbIWaTh MakCMMarnbHO A0ONYCTUMbIE 3HaYeHUsA, 3aaHHble B HOPMAaTUBHbLIX AOKYMEHTaxX U TeXHK-
4YeCcKOn JoKyMeHTauMu. Bpems go yctanocTHoro pa3pylweHnst AOMKHO ObiTh Bonblue, 4em CyMMapHoe Bpems
akcnnyatauun 3A npu BO3OENCTBUKM CMHYCOUOANbLHON BUBpaLun;

- BbIBOAbI M0 pe3ynbrataM UCMbITaHWNA.

6 TpeboBaHuA K nogcucTemMe BUPTYanbHbLIX UCMbITAHUA SNEKTPOHHOMN
annapartypbl Ha BO34eMCTBME CMHyconganbHOW BMOpauum

6.1 lNMogcucteMa BUPTyanbHbIX UCMbITAHWUIA 3NEKTPOHHOW annapaTypbl Ha BO3OeWCTBUE CUHYCcOUOarb-
HoW BMBpaumn gomkHa oteedatb TpeboBaHuam 1.3 u TOCT P 70201, asnaeTca cocTaBHoi 4acTeto CAMP JA
B cooTBeTtcTBUM ¢ TOCT P 70291.

6.2 Heobxogumo Hanuuue Hasbl 4aHHLIX MaTepManos No GU3NKo-MexaHMYecKnm napameTpam.

6.3 Mopsagok npoBegeHWA BUPTYanbHbIX UCNbITAHUNA

6.3.1 MNpoBogsAT MAeHTU(MKALMIO NapaMeTpoB MaTepuanos B crlyvae Mx OTCYyTCTBMA B ©ase AaHHbIX.
WoenTudmnumnpyot mogynes ynpyroctu, koadduuneHTa NyaccoHa, napameTpsl 3asucumoct KMIT ot mexaHu-
4YeCcKOoro HanpsixeHus ons Bubpauyumn. 3aHOCAT NAEHTUULNPOBaHHLIE 3HAYEHWUA NapamMmeTpoB B Ba3y AaHHbIX.

6.3.2 MNpoBogAT MaeHTUPHUKaLMIo napamMmeTpoB BMOpon20nNATOpoB AnA Bubpauun B cnyyae Wx OTCyT-
cTBuA B Base gaHHbIX. MoeHTudMUupyloT napameTpbl BUOPON3ONsATOPOB ANs BUBpauuu, NpuBedeHHbIE B
5.3.4. 3aHoCAT MOaeHTMULMPOBaHHbIE 3Ha4YeHWs NapamMeTpoB B Dasy AaHHbIX.

6.3.3 Ecnu obbektamn BMpPTyanbHbIX UCMbITAHWA ABMSIKOTCS MPOM3BOMbHBIE KOHCTPYKUMWM LUKAdoB M
6nokoB 3A 6e3 BmubpousonaTtopos, 3D-mogenn kotopblx cosdgaHbl B CAD-cuctemax B dhopmate STEP, npo-
BEPSIOT BbINOMHEHWe TpeboBaHMIA N0 YyCTpaHeHUo OWNBO0K, YNPOLLEHUIO M COXPaHEeHWI0 MOZEenu.

6.3.4 Ecnu oBbekTamu BUPTYanbHbIX UCNbITAHWA ABMASOTCA TUNOBLIE KOHCTPYKUUK LWKadoB 1 Bnokos
3A be3 BUbponzonaTopor, 3D-moaenu koTopbix He co3gaHbl B CAD-cuctemax B chopmarte STEP, ux coszgawTt
B CNeunannanpoBaHHOM MHTepdence.

6.3.5 Ecnu obbektamu BUMPTyanbHbIX UCMbITAHUA ABMASIKOTCA MPOW3BOINbLHLIE U TUMOBbIE KOHCTPYKLMM
wkadosB 1 Bnokos 3A, ycTaHOBNeHHble Ha BUbpowusonsaTopax, 3D-mMogeny co3garoT B cneuuan3mpoBaHHOM
MHTepdence.

6.3.6 lMpoBogat umnopt 3D-mogenu.

6.3.7 BeogaT matepuansl aetanei u3 6asbl AaHHbIX UM DU3NKO-MeXaHU4eckne napaMeTpbl matepua-
TNIOB BPYYHYHO B Cny4yae OTCYTCTBUA MaTepuanoB B 6ase gaHHbIX.

6.3.8 BeogaTt BubpomnsonsaTopsl n3 Basbl AaHHBIX UMK MapameTpbl BUOPOU30NATOPOB BPYYHYIO B Criyvae
oTcyTCcTBMSA BUBpousonsaTtopos B 6ase faHHbIX.

6.3.9 BBogAT kpenneHust KOHCTPyKLUMK 6e3 BubBpon3onsaTopos.

6.3.10 MNpoBogAaT aBToMaTn4eckoe pasdbueHre 3D-Mogenu KOHCTPYKUMM Ha KOHEYHbIE 31EMEHTDI.

6.3.11 BeogAaT rpaduku 3aBUCMMOCTM aMNUTyAbl YCKOPEHUS CUHYCOMAANbHOM BMBpaL MM OT 4acToThl
noocam X, Y, Z.

6.3.12 MNpoBogAT pacyeT KOHCTPYKLMKN Ha BMOpoM3onsaTopax Ha BO34encTBMe CMHYCOMAanbHoW Bubpa-
UuMK. BeixogHele rpaduky 3aBUCUMMOCTM aMNNUTYObLl YCKOPEHUSA CUHYCOMOAnsLHOW BMBpauum oT 4acToThl Mo
ocam X, Y, Z 3agaioT B Ka4eCcTBe BXOAHbIX AJ1A pacyeTa 3TOM e KOHCTPYKUMK, Ho Be3 BMOpOM30nsaTopoB.

6.3.13 [MporogsaT pacyeT KOHCTpYKUMK Be3 BMBpon30onsTOpPOR Ha BO3AENCTBME CUHYCOMAANLHOM BMBpaLmu.

6.3.14 B pesynbTaTe pacuyeTa nony4valwT cnefylowme BelXoOHbIe XapaKTepPUCTUKN:

- 3aBMCMMOCTM YCKOPEHWS CMHYyCOoMaanbHOM BMbpauum oT 4acToTbl No ocsaMm X, Y, Z M CyMMapHOro YCKo-
PEHMNS B KOHTPOMBHLIX TOYKAX;
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- pe3oHaHcHble YacToTkl o ocam X, Y, Z;

- NepemMelLleHMs BO BCEX TOYKax KOHCTPYKUUKM B AnanasoHe 4actoT no ocam X, Y, Z u cyMMapHble nepe-
MELLEHWS;

- YCKOPEeHUA BO BCEX TOYKAX KOHCTPYKLMKU B AMana3soHe 4acToT no ocam X, Y, Z u cymMapHble yckope-
HUS;

- 3KBUBANEHTHbIE MEXaHUYECKNE HaNPsHKEHUS BO BCEX TOYKAX KOHCTPYKUMW B AMana3oHe 4acToT;

- BpeMsi 40 YCTanoCTHOro paspyLleHusa BO BCEX TOYKaxX KOHCTPYKUMN B AMana3oHe 4acToT.

6.3.15 [nsa oueHkn nokasaTenen CTOMKOCTM JA K BO3OEWCTBMIO CUHYcOMOanbHOW BMOpauuy cpaBHU-
BAKOT pacCyYUTaHHbIE BbIXOOHbLIE XapaKTEPUCTUKA C ONYCTUMbIMUW 3HAYEHUSAMU, 3a0aHHBIMU B HOPMATUBHBIX
OOKYMEHTaX M TEXHUUYECKON JOKYMEHTaLWK:

- B 3a[aHHOM OManas3oHe 4acToT He A0MKHO ObiTb pe30HaHCHbLIX YacToT no ocam X, Y, Z;

- NepemMelLeHMs BO BCEX TOYKax KOHCTPYKUWKM B AWanasoHe 4acToT no ocam X, Y, Z n cymMmapHbie nepe-
MeLLEeHNsA He AOMKHbI MPEBbILATL MaKCUMarnbHO A0MNYCTUMbIX 3HAYEHWI;

- YCKOPEHUA BO BCEX TOUYKaX KOHCTPYKLUMK B AnanasoHe 4actoT no ocam X, Y, Z v cyMmMmapHble YyCKOPeHNUs
He OOIMKHbI MPEBLILATE MAaKCUMAaIbHO A0MNYCTUMbIX 3HaYEHUN,

- 3KBMBANEHTHbIE MEXaHW4YeCKMNe HaMpsKeHUs BO BCEX TOYKAX KOHCTPYKLMM B AMana3oHe 4acToT He
OOMKHBI MPEBbLILLATL MaKCUMansHO 4oNyCTUMOE 3Ha4YeHUe;

- BPeMs 40 YCTanoCTHOIO paspyLleHus BO BCEX TOYKAX KOHCTPYKLMKM B AManasoHe YacToT AOMKHO ObiTh
Bonble, YeM cymmapHoe BpeMs akcnnyaTauun DA npy Bo3gencTBUM CUHYCOUAANLHON BUGpauun.

B npunoxeHun A npuBeneH npuMep NoacUCTEMbI BUPTYarnbHbIX UCMbITAHWMW 3NEKTPOHHOW annapaTypbl
Ha BO3OeNCTBUE CUMHYCOMOANbLHON BUOpaL MM U pe3ynstatoB ee paboThl.
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MpunoxeHune A
(cnpaBo4Hoe)

Mpumep nogcucTemMbl BUPTYaNbHbLIX MUCNbLITAaHUN SHEKTDOHHOFI annapaTtypbl Ha BO3OeMCTBUE
CHHyCOM,ﬂaanDf‘I BMGanMH U pe3ynbTaToB €e pasoTbl

[Mpumepom NoAcUCTEMEI BUPTYanbHbLIX UCMLITAHWIA ANEKTPOHHON annapaTtypbl HA BO3OEWCTBME CUHYCOUAANbLHOW BU-
Bpauny ABNAETCA COBOKYNMHOCTb noacucTem poccuickon CAlMP aneKTpoHWKK B 4acTW BUMPTYarbHbIX UCMbITAHWA — aBTo-
MaTU3MpoBaHHOM cucTeMbl oBecnevyeHnsa HagexHoCcTW U kadectsa annapatypel (ACOHWKA) (htips://asonika-online.ru/),
npegHasHa4yeHHoW Ans aHanusa u obecneyveHuns ctokocTn DA 1 QKB K KOMMNMNEKCHbIM TemnoBbIM, MEXaHUYEeCKUM, aneK-
TpOMarHUTHbIM BO30ENCTBUAM, YCTaNOCTHOW MPOYHOCTU K TENNOMEXaHUYECKMM BO3ASNCTBUAM, ANA CO3AaHua KapT pabo-
unx pexvmoB 3KB, aHanvsa nokasatenen HagexHocTu OA U co3gadua undgpoBbix ABoHUKOB DA n 3KE.

ACOHWKA — aTto 3ameHa HaTypHbIX UCMBITAHWA onbiTHLIX 06pa3yor 3A u KB BUpTyaneHeIMY UCBITAHUAMUW 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

- ACOHMKA-M: nogcwnctema aHanuaa TUNOBLIX KOHCTPYKUMA BnokoB 3A n 3KB Ha mexaHW4eckue v TennoBble
Bo3aencTens (3D-Moaens KOTopbiX elle He co3aaHa, C BO3MOXHOCTBIO YCKOPEHHOMO CO34aHuA MOZENW B Cneumannavpo-
BaHHOM WHTepdelce);

- ACOHMKA-M-LUKA®: nogcucTeMa aHanusa TUMNOBbLIX KOHCTPYKUMW WKadoB A Ha MexaHW4yeckne W Tennosble
Bo3geicTeKsa (3D-Moaens KOTOpbIX ellle He co3aaHa, C BO3MOXHOCTBI0 YCKOPEHHOro Co34aHua MOAENM B CneLmManuanpo-
BaHHOM WHTepdence).

Ha artane TexHu4yeckoro npoekTMpoBaHWs (NOCNe co3naHwust ANeKTpUYeckMx cxem, Yeptexein 1 3D-mogenein) mc-
noneaytoT nogcuctemy ACOHWMKA-M-3D, koTopasa saBnsieTca NoACUCTEMOW aHanuaa 1 obecnedyeHws CTOMKOCTM Mpons-
BOMbHBIX 06bEMHBLIX KOHCTPYKUMA 3A n 3KB kK MexaHW4Yeckum 1 TEnnoBbIM BO3OEWCTBUSAM C BO3MOXHOCTBIO MMMOpTa
reomeTpuu u3 pasnuurbix CAD-cuctem.

Ha Bcex atanax NpoeKkTMpoBaHWA 3NeKTPOHUKW UCMONb3YT cneaytolwme noacucTeMb:

- ACOHMKA-B: nogcuctema aHanuaa 1 obecnedeHnst CTOMKOCTM K MEXaHUYECKUM BO3OENCTBMAM KOHCTPYKUMIA DA,
YCTaHOBINEHHbIX HA BUBpomnsonaTopax;

- ACOHMKA-MA: nogcuctema naeHtTUudukaunumn prusnko-MexaHM4eckux U Tennoguranyeckix napameTpoB Mogenen
3A n 3KB;

- ACOHUMKA-B[: noacucTtema ynpaeneHuns basamu gaHHbix Kb 1 MaTtepranoB no reoMeTprudecknm, hnsnko-mexa-
HUYECKMM, YCTANOCTHbLIM, TeNNoUaINYECcKNM, INEKTPUYECKUM W HAAEKHOCTHLIM NapamMeTpam.

Pesyniratel pabotel nogcuctemsl ACOHUKA-M-3D npeacraeneHbl Ha pycyHkax A.1—A10.
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Pucyrok A.1 — KoHcTpykumsa 6noka 3A, umnoptupoBaHHaa u3 CAD-cuctembl B nogecmuctemy ACOHUKA-M-3D
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PucyHok A.2 — ABToMaTudyeckoe pasbueHue Ha KOHEYHbIe areMeHTh!

% ACOHUKA [= o[ x|

HassaHue TonwwuHa ~
134 AMr3 roCT 17232-99 (6e3 TepM0o06paboTKh) o725 8080
135  |AMr3 rOCT 17232-99 (6e3 TepmMo0o6paboTky) ot 11 80 25
136 [AMr3.M rOCT 21631-76 (6e3 TepM0o06paboTKy) - ) o540 105
137 |AMr5.M4 rOCT 21631-76 |4
138 AMre rOCT 17232-99 (6e3 Tepmoo6paboTky) loT 11 go 25
139 [AMré roCT 17232-99 (6e3 TepmMo06paboTku) |0T 25 80 50 D
140 |AMré roCt 17232-99 (6es TepmoobpaboTkm) o1 50 g0 80
141 AMré rOCT 21488-97 (6e3 TepM0o06paboTKy) loT 8 Ao 300
142  |AMré rOCT 21488-97 (6e3 TepMo06paboTky) o1 300 go 400
143 AMre.b rOCT 17232-99 (6e3 TepMo06paboTKy) loT 11 A0 25
144 |AMré.brOCT 17232-99 (6e3 TepmMo0obpaboTkm) loT 25 g0 50
145 AMré.b rOCT 17232-99 (6e3 TepM006DABOTKM) |oT 50 20 80 ¥

Mowck: [150 M 19

ACOHUMKA
f MpuHaTL X OTmeHa
PucyHok A.3 — [Jnanoroeoe OKHO 4518 Bbibopa matepuana u3 6asbl JaHHbIX
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ACOHUKA

Mpu6op
3aganTe napaMeTpel MaTepuana

MexaHuseckue Iyﬂanocmuel Tennossie | Aonoanutensto

Tun maTtepuana
(¢ WN30TponHuIi

® 3arpysuts us 64 | (

(" OpToTponHuii

MaoTHOCTL [Kr/MA3)
Moayne ynpyrocri, [IMa]
Ko3adduumenT MNMyaccoHa, [0TH. ea.]

Aonycrumoe HanpaxeHue [MIa]
Ko3d duumeHT MexaHMYeckmux noTepe

Ans BMbpaunn [0TH. ea.]

Ans yaapa [oTH. ea]

[V Y4uTeiBaTb HEAMHENHOCTE

[7460

|207

[0.27

200

|o.02

|o.o-01 5

Ko3dpduumeHT sasncumoc KMI oT HanpsaxxeHua

ANR BUBpauuu [0TH. ea.) |2.2E-8
ANA yaapa [oTH. ea)] ISE-B
ACOHUKA
? Cnpasxa +/ NpuHate < Otmena

PucyHok A.4 — [InanoroBoe okHO ANs 3agaHWAa napameTpoB matepwana
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) ACOHUKA [= (=[]

Mexanuueckne BO3AEACTBNA
BseauTe rpad ki MeXaHUYHECKHX BO3ALACTENI

] _@IEJ& Yacrora, My YekopeHue, g

[~Bua BO3ACHCTENA

| y4aitHaa subpayua 1,000 © T O
(" Yaap 0AHOKPATHEI
(" Yaap MHOTOKpaTHLI
(" NuneiiHoe yekoperme 0,900
" ARyCTMUECKMI Wyk
| [¥ PaeHoe no Bcem ocam 0,800
| HanpasneHue 4efCTEMR
€ NapaniessHo oon ¥
0,700
cn
[ _ Ch
| 0,600
~Yactora, My — —
|| oor 10
o 0,500
|| a0 [2000 g
5
2
LWar, My {100 S 0400
5
: ~YckopeHue, g =
ot [0 0,300
|| ae |1
) 0,200
BpeMeHHaR 33BUCUMOCTL
YHCN0 NEPHOADE
E 0,100
TOYEK Ha NepHOa
12 =y
e 0,000

| 10,000 209,000 408,000 607,000 806,000 1005,000 1204,000 1403,000 1602,000 1801,000 2000,000

Uacrota, Iy
KA |

? Cnpaska " OK | 7 Ormena I‘

PucyHok A.5 — Mpachmk 3aBUCUMOCTM aMNNMTyObl BXOAHOTO YCKOPEHWS CMHYCOMAAnbHON BUBpaumm oT 4acToThl

n | yexopenne | Yeranoens @ a6 anoern |[Wscrers - 1005 1w

Neperewenve
CyMMapHoe
(e

0,001659
0,0003045

PucyHok A.6 — CyMmapHble nepemMeLleHnsa BO BCEX TOMKaX KOHCTPYKUKMK Bnoka SA Ha pe3oHaHCHOW YacToTe
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Nepeneuenie || Yoropenne Veranocrs ¥ IraueHna | |acToTs = 1005 My -

YcKopeHue
CymMapHOe

PucyHok A.7 — CymMMapHble YCKOpPEHUSA BO BCEX TOYKaX KOHCTPYKUMKM Brioka A Ha pe3oHaHCHOW YacToTe

MNep p Yeranoors ([ %ot aonyctumen  [Yactora = 1005 My -

HanpsaxeHnwe
IKBMBANEHTHOR

PucyHok A.8 — SKBUBaNeHTHbIE MEXaHWYECKWE HAMNPAXEHUS BO BCEX TOYKAX KOHCTPyKUMu Bnoka 3A Ha pe3oHaHCHOW

yacToTe
13
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Mepemewenne | Yexopenue | Hanpaxenue || Ycranoctn | |Macrora = 1005 Ty -

Y¥cranoctb
MHOMOUMKNOBER
(cex)
6,0126+04
{1 201E+05
(> 08BE+0S
+3.628E+05
16.306E+05
1,006E+06

§,754E+06
1,000E+07

PucyHok A.9 — Bpemsa oo yCcTanoCTHOMO paspyLlleHns BO BCEX TOYKaxX KOHCTPYKUMM Brnioka 3A Ha pe3oHaHCHOW YacTote

-

ACOHUKA

lpadmx B ysnax

50,300

(=Tl

——— Y3EN 12804

45,377
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35,530
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Yuxnpclmr}.‘&"M g
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—

e
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10,000 209,000 408,000

607,000 806,000

1005,000 1204,000 1403,000 1602,000 1801

Uacrora, Ty

| [ Cnpaexka

000 2000,000

~ 0K ] X Ommera I

PucyHok A.10 — Mpaduk 3aBUCUMOCTU aMNNUTYAbl CYMMapHOro BbIXOAHOTO YCKOPEHUS CMHYCOMAanbHOW BUOpaLun

OT YacTOTbl B KOHTPOMbHOW TOYKE
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Bubnuorpadcun

Pacnopsikenne [NpaevtensctBa Poccuiickor @epepaumm ot 6 Hoabpa 2021 r. Ne 3142-p «CtpaTternyeckoe Hanpas-
neHune B obnactu undgpoeoi TpaHchopmalmm obpabaTtbiBatolLnx oTpacnei NPOMbILLIEHHOCTHU»

Wanymo A.C. JopoxHaa kapTta passutua « CAINP anekTpoHWKK Bbiwe mupoBoro yposHAy. Koepos: OO0 «HUWU
«ACOHUWKA», 2020. 24 c. — Pexum goctyna: https://asonika-online.ru/news/432/

AsTomaTunsvpoBaHHaa cuctema ACOHWKA ons mopgenvpoBaHusa u3WYeCcKUX MPOLECCOB B PagvoaneKTPOHHbIX
cpencTBax c y4yeToM BHewHux Bo3nencTeni/ MNoag pea. A.C. Wanymoea. M.: PaguotexHuka, 2013. 424 c.

Wanymoe M.A., lWanymoe A.C. BupTyansHas cpefa npoektnposaHius PAC Ha ocHOoBe KOMNNEKCHOro MoAenupoBa-
HWA nandeckux npoueccos. — Bnagumup: Bnagumupckuin ounnan PAHXnIC, 2016. 87 c.

O606LeHHas MeToaUKa MOOENUMPOBAHUS MEXaHUYECKUX U TeMnepaTypHbIX ucneitaHuin. Oryr « MHUMPWIM». 2020
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