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Mpeancnoeue

1 PABPABOTAH O6uwecTtBoM ¢ orpaHUYeHHOW OTBETCTBEHHOCTBH «HayuHo-MccneqoBaTeNbLCKUA UH-
ctutyT « ACOHUKA» (OO0 «HWN « ACOHWKAN»)

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 813-cT

4 BBEJEH BINEPBbIE

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

© OdpopmneHue. ®IBY «MHcTUTYT cTaHgapTuaayuuy», 2023

HacToawwmin ctaHgapT He MOXeT ObITb MOMHOCTLIO 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

PaspaboTka HacTosILero cTaHaapTa Bbl3aBaHa HeoBXoAMMOCTbLI0 aBTOMATU3MPOBAHHOMO aHanuaa CToi-
KOCTW 2NEeKTPOHHOW annapatypsl (3A) K HecTauMoHapHLIM TEMNMOBLIM BO3AEUCTBMAM Ha paHHUX 3Tanax npo-
eKTMpoBaHusa 3A Ha OCHOBE MAaTEMaTU4eCcKoro MOgenvpoBaHna U BUPTYarbHbIX UCMbiTaHWid A Ha HecTaum-
OHapHbLIe TENMOBLIE BO3AENCTBMA ANA CHUXEHUS 3aTpaT Ha pas3paboTKy, NpoM3BOACTBO M oBCnyxuBaHWe 3a
CYET NOBbILLIEHUA KavyecTBa pa3paboTok.

HacTosAluiA cTaHaapT pacnpocTpaHAeTca Ha NnokasaTenu CTOMKOCTU SA K HECTALUMOHAPHbBIM TENMOBbLIM
Bo3feicTBMaM. Llenbio cTaHOapTa siBNSeTCA aBTOMaTU3alus aHanuaa rnokasarenei cToMkocTn 3A K HecTauu-
OHapHbLIM TENMOBLIM BO3AEWCTBUSAM C MPUMEHEHMEM MATEMaTUYECKOro MOAENMPOBaHUA U BUPTYanbHbIX UC-
NbITaHUA DA Ha HecTaluMoHapHble TeNNoBLIe BO3AEWCTBUS, CHUKEHWE 3aTpaT Ha pas3paboTky, NPOM3BOACTBO
1 oBecnyxMBaHWe 3a cYeT NOBLILLEHUS KayecTBa paspaboTok.

MpuMmeHeHWe MaTeMaTUYeCKOro MOAENUMPOBAHUS U BUPTYambHbLIX UCNLITAHWIA DA Ha HecTauMoHapHbIe
TEennoBble BO3AENCTBUS HA PaHHUX 3Tanax NPoeKTUPOBaHUS 00 W3roTOBMEHUs oNnbITHOro obpasua no3sonuT
nabexarb 0TKa3oB JA UNU 3HAYMTEMNbHO COKPATUTL MX Ha 3Tane WCNbLITaHWIA OnbITHOro obpasua, cokpallas
TEM CaMblM KOMNUYECTBO WCMbLITAHWIA ONbITHOrO 0Bpasla, BO3MOXHbLIE MTepalMi No AopaboTKe CXEeM U KOH-
CTPYKLWIA, 3aTpaTkl Ha paspaboTky 3A Npy 0gHOBPEMEHHOM NOBLILLEHUN KAYecTBa U HadeXHOCTU, B TOM YKC-
ne B KpUTUYECKUX pexknMax paboTsl, genas 3A KOHKYpPeHTOCNOCOBHOM Ha 0Te4eCTBEHHOM U MeXayHapoaHOM
peiHke (cm. FOCT P 57700.37, [1] — [4]).

cnonb3oBaHue npu aHanuse CTOWKOCTM 3A K HecTalMOoHApHbLIM TennoBbIM BO3AENCTBUSIM HATYPHLIX
McnbiTaHUin DA Ha HECTALWOHAPHbLIE TEMNMOBbIE BO3AENCTBUSA HEBO3MOXHO, TaK KaK aHanva NpoBOAsAT elle A0
M3roTOBNEHUS ONbITHOrO obpasua. BupTyanusauus ucneiTaHuii 3A Ha HecTauuoHapHbIe TEMNMoBbLIe BO3Aei-
CTBMS NMpKW aHanuae cTolkocT DA K HecTaluMoHapHbLIM TENMoBbIM BO3AeNCTBUAM SABNAETCA BesansTepHaTuB-
HOW. Be3 NnpUMeHeHUs1 MaTeMaTUYeCKOro MOAenMpPOBaHUSA HEBO3MOXKHO ONPeaenuTh NnokasaTenu CTOMKOCTK
OA K HecTalUWOHapHbLIM TennoBbIM BO3AeNCTBUAM. Takoi noaxon ABNAeTcA MHOPMATUBHbLIM, Tak Kak Gnaro-
[Lapsa eMy Ha aTane NpoeKkTUPOBaHUS oTcrnexuBaeTcs GONbLIMHCTBO BO3MOXHbLIX 0TKaszoB 3A Mo TennoBbIM
XapakTepucTukam 1 ahdhekTUBHbLIM, TaK Kak 1U3-3a HeJopaboToK NpoekTUpoBaHus DA, BCKPLITLIX yXKe NyTem
HaTypPHbIX UCMbITAHWI, BO3MOXHO MHOXECTBO UTepauuii: JopaboTka NpoekTa — WCMbITaHWsA OnbITHOro obpas-
Lua — gopaboTka nNpoekTa U T. 4., YTO 3HAYMTENLHO YBenuyuBaeT CPOKM U CTOMMOCTL pa3paboTku.

HacTosiwumi ctaHgapT onpegenseT TpeboBaHWs K NnoAcuMcTeMe BUPTYanbHbIX UCNbITaHMIA 3A Ha HecTa-
LWUOHapHble TEMNMNOoBLIE BO3AENCTBUS.

i
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HAUMWOHANBbHBIA CTAHOAPT POCCUUCKON OEOEPALUMN

Cuctemsbl dBTOMAaTU3NPOBaAHHOIO NPOEKTUPOBAaHWUA 3JTEKTPOHUKN

NMOOCUCTEMA BUPTYAINbHbLIX UCMbITAHUA SNTIEKTPOHHOW AMNMAPATYPbI
HA HECTALMOHAPHbIE TENNOBLIE BO3OEXUCTBUA

Electronics automated design systems.
Subsystem of virtual testing of electronic equipment to non-stationary thermal effects

Dara Beepenus — 2023—10—01

1 O6bnacTb NpUMeHeHus

1.1 HacToawmi ctaHaapT npegHasHaded ans npuMeHeHus npegnpuaTMsMi NPpOMbILLNEHHOCTA U opra-
HU3aLMAMKU NPU UCNONb30BAHUM LMPOBLIX OBONHUKOB aNeKTPoHWKM U CALS-TeXHONornim Ha paHHuX satanax
NMPOEKTUPOBAHMSA, M3TOTOBIEHUSA U MCMbITAHWIA 3NEKTPOHHOW annapaTtypbl (3A), a TakKe Ha BCex Mocrneayo-
LMX 3Tanax }Xnu3HeHHoro umukna 3A.

1.1.1 MNoaocuctema BUPTYanbHbIX UCMbITAHUA 3A Ha HECTALWOHAPHLIE TEMNMOBLIE BO3AENCTBUSI NPUME-
HAETCSH Ha paHHUX 3Tanax NpoekTMpoBaHWs A cnefyrLlero Ha3HauveHUs: MPOMbILUTNEHHAs, ANA 3HEPTETUKM,
0BOpPOHHO-NPOMBILLMNEHHOTO KOMMMEKCa, a3pPOKOCMUYECKOW OTPacnuW, CYOOCTPOEHUS, MeJuULIMHCKasi, aBTOMO-
OwnbHasa, ans HaBMrauwMy u paguonokauum, notpedbutensckas, ansa huckanbHOro 1 ToproBoro obopyaosaHms,
CBA3W (TENeKOMMYHUKaLWN), BEIYUCITMTENBbHOW TEXHWKW, ANS aBTOMaTU3auMn U UHTENNeKTyansHoro ynpae-
neHus, cuctem De3omacHOCTH, CBETOTEXHWKW, aBTOMaTu3npOBaHHOIO TpaHcnopTa v ABuMKyllencs poboTo-
TEXHUKN.

1.1.2 3A cOCTOWUT M3 3NEKTPOHHBLIX LWKAM(OB 1 BNOKOB, NEYaTHLIX Y3MOB M 3MEKTPOHHON KOMMOHEHTHON
6a3bl (BKB) (MuKkpocxeM, TpaH3MCTOPOR, PE3UCTOPOB U T. 4.).

1.1.3 Ha 3KB 1 DA 0Ka3sblBalT BAUSAHWE HECTaLMOHapHbIe TENNoBbie BO3AENCTBUA. HecTaunoHapHbie
TennoBble BO3AENCTBUA MOTYT MPUBOAMTL K HecooTBeTCcTBUAM KB 1 DA TpeboBaHnsaM K MX CTOMKOCTK (Mpoy-
HOCTW M YCTOMYMBOCTW) K HECTALMOHaPHbLIM TenoBbiM BO34eNCTBMAM. HacToawmid cTaHgapT ycTaHaBnMBaeT
OCHOBHbIE MOMNOXEHUSA TEXHOMNOIMW, NO3BOMSAOLWEN NPOBOANTL aHANM3 nokasaTtenen cTtonkoctu A K HecTa-
LWOHApPHbLIM TENMNOBLIM BO3OENCTBUAM C NPUMEHEHWEM MAaTEMaTU4eCcKoro MOAENWPOBAHUSA U BUPTYalbHbIX
ucnbliTaHWiA DA Ha HecTauMoHapHbLIE TENNOBLIE BO3OEWCTBUA NPU NPOEKTUPOBaHUN.

1.2 AHanu3 nokasaTenen CTOMKOCTW DA K HecTauMOHapHbIM TeMnNoBbIM BO34EWCTBUAM AOSKEH OCy-
LLECTBMATLCA Ha PaHHUX 3Tanax NpoekTUpoBaHWA 3A nNocpeacTBOM MPOBEAEHWA MaTeMaTU4YecKoro mMoae-
NUPOBaHKA U BUpPTyanusaumMy ncneliTaHui 3A Ha HecTalWoHapHble TenfoBble BO3OENCTBMS MPU NPOEKTUPO-
BaHMW.

1.3 [ns aHanun3a nokasaTtenen CToOMKoCTK A K HecTauMoHapHbIM TENMOBbLIM BO3AEWCTBMAM METOAOM
MaTemMaTU4eCcKOro MOAENMpPoBaHuA (BupTyanusauum menbitTaHnin 3Kb n 3A Ha HecTaumoHapHble Tennoebie
BO34ENCTBMS) criegyeT NpUMeHsTb aTTeCTOBaHHble MpOrpamMMHble CPeACTBa, a Npy HeobxoaMmMocT — aTTe-
CTOBaHHbIE NMporpaMMHoO-annapaTtHele cpedcTea. TpeboBaHuA K NporpaMMHo-annapaTHbIM CpeacTBam ycTa-
HABMWBAKTCA NO COrMacoBaHMID C 3aKas3dnMKkamu.

2 HopmaTuBHbIE CCbINKU

B HacTofwwem cTaHgapTe MCNonb30BaHbl HOPMATMBHLIE CChIMKW HA cnefyloLlve cTaH4apThbl:
FOCT 16962 Magenus anekTPOHHOM TEXHUKN M 3NEeKTPOTeXHUKW. MexaHn4eckne 1 KnmmaTuyeckme Bo3-
nencrtens. TpeboBaHMA U MeToAbl NCMbITAaHWUA

MapaHune ochbuumnansHoe
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MOCT 16962.1 (M3K 68-2-1—74) Napenua anekTpoTexHudeckne. MeToabl MCMNbITaHWA HAa YCTONYMBOCTL
K KMTMMaTU4eCKMM BHELUHWM BO34ENCTBYHOLWMM hakTopam

FOCT 21964 BHeluHne Bo3nencTByOWME aKkTopel. HOMeHKnaTypa v XapakTepucTrKu

FOCT 30630.0.0 MeToabl UcnbITaHWiA Ha CTOMKOCTb K BHELIHWM BO30eWCTBYHOLWMM hakTopam MalluH,
npubopoB 1 Apyrux TexHudeckux nagenuin. Obwme TpeboBaHua

rOCT 30630.2.1 MeTogbl MCMbITAHWIA HA CTOMKOCTb K KIMTMMaTUHeCKMM BHELLUHUM BO3AENCTBYIOLLMM hak-
Topam MalluvH, NpuBopPoB WM APYrMX TEXHUYECKUX n3genunin. MicnbiTaHus Ha yCTOMYMBOCTb K BO3AEUCTBUIO TEM-
nepaTypbl

OCT P 57700.37 KoMmnbloTepHble Mogenu u mogenupoeaHduve. Lindpoesie gBoiHUKKM nzgenuin. Obwme
NOoXeHUs

FOCT P 70201 CucTtemel aBTOMaTU3MPOBAHHOIO NPOEKTUPOBAHKUA 3NEKTPOHUKK. ONTUManbHOe coYeTa-
HWUE HATYPHbIX K BUPTYanbHbIX NCMbITAHWUIA SNEKTPOHUKW HA Ha4EeXHOCTb U BHELLHUe BO34eNCcTByOL e hakTo-
pbl. TpeboBaHUs M NOPAOOK NPOBEAEHUS NPW BbINOMHEHUU TeXHUYeckoro 3agaHust Ha HUOKP

rOCT P 70291 CucTeMbl aBTOMaTM3MPOBAHHOMO MPOEKTUPOBaHWUSA 3nekTpoHukK. CocTaB M CTPyKTypa
CUCTEMbl aBTOMATU3MPOBAHHOIO NPOEKTUPOBAHUSA AMNEKTPOHHOW annapaTtypsbl

MpumedaHue — [pK NONb30BAHUM HACTOALLMM CTaHZAPTOM LenecoobpasHo NpoBepUTL AeiCTBME CChINou-
HbIX CTAHO4APTOB B MHM(OPMAaUMOHHOW cUcTEME OBLLEro Nonb30BaHua — Ha oduumansHom cainTe degepanbHoro areHT-
CTBA N0 TEXHUHYECKOMY PEryrnMpoBaHUIO U METPOMOTMA B CETWU MHTEPHET 1N No exxerogHoMy MHOpPMaLMoHHOMY yKasa-
Ten «HaunoHanbHble cTaHaapThl», KOTOPLIA ONyGNUMKOBAH MO COCTOAHWIO HA 1 AHBapPA TEKYLLEero roga, M no BbiMycKam
EXeMeCs4HOro MHhopMaLKMOHHOTO yKkasaTens «HaluuoHanbHble cTaHaapTel» 3a TekyLuWid rof. Ecnu 3aMeHeH CCbINoYHbIN
CTaHAapT, Ha KOTOPLIM OaHa HeaaTMpOBaHHAA CCbINKa, TO PEKOMEHOYETCS UCMONb30BaTe AeMCTBYIOLLYK BEPCUHD 3TOTO
CTaHAapTa ¢ YYeTOM BCEX BHECEHHbIX B AaHHYH BEPCUI0 U3MEHEeHWIA. Ecni 3aMeHeH CCbIMOYHbLIA CTAaHAApT, Ha KOTOpbIi
[AaHa 0aThpoBaHHas CCbINKa, TO peKOMeHAYEeTCA UCNONL30BaTh BEPCUI0 3TOTO CTaH4apTa ¢ YKa3aHHLIM BhilUe roAoM yT-
BepKaeHUs (NpWHATKSA). Ecnn nocne yTBEPKOEHWS HACTOSALEro CTaHaapTa B CChITOMHBLIA CTAHAApT, Ha KOTOpbIA OaHa
AaTMpoBaHHas CChINKa, BHECEHO M3MEHEHVE, 3aTparMBatoLLee NnonoxeHne, Ha KOTOpOe AaHa CCbinka, TO 3TO MONOXKEHNUE
pekoMeHOYeTCA NPUMEHATL 6e3 yyeTa OaHHOTO U3MeHeHUsl. ECNM CCbiNoYHbIA CTaHgapT oTMeHeH 6e3 3aMeHbl, TO Nomno-
eHWe, B KOTOPOM [aHa CChINKa Ha Hero, peKOMeHAYeTCA NPUMEHATL B YACTU, He 3aTparnBaloLLlei aTy CChIMKY.

3 O6wme nonoxeHus

3.1 Hactoswmia ctaHgapT ycTaHaBnueaeT TpeboBaHWA K aBTOMATU3WMPOBaHHOMY aHanuay nokasartenem
CTOMKOCTU 3A K HeCTauMOHaPHLIM TEMMOBLIM BO30ENCTBMAM Ha OCHOBE MaTteMaTU4eCcKoro MoAenmpoBaHms 1
BUPTYanbHbIX UCMbITAHWA DA Ha HeCcTaLWOHapHbIE TENMOBLIE BO3OENCTBUSA.

[na nocTuxKeHWs NoCcTaBNeHHOM Leny B cCTaHgapTe ycTaHaBnuBaloT cnegywwmne earHble TpeboeaHus:

- K TEXHONMOrMK aBTOMaTU3MPOBAHHOTO aHanu3a nokasatenen CTOMKOCTU A K HECTALMOHAPHbLIM Tenno-
BbIM BO30ENCTBUAM;

- MOACHCTEME BUPTYyarnbHbIX UCNbITAHWUIA 3A Ha HECTaUMOHapHbIE TEMMNOBLIE BO3AENCTBUS.

3.2 3KB u 3A B 0bLuem criyyae ABNSATCS TENMOBLIAENAKLLIUMM.

3.3 OcHoBHbIE BUAObI TENNOoobMeHa — KOHAYKLMSA, U3ny4eHne, eCTeCTBEHHAs W BbIHYXOEHHAA KOHBEK-
ums.

3.4 B obuem criyyae 3aBUCALLMMIK OT BpEMEeHW SIBASAI0TCS:

TeMnepaTypa OKpYXatwLlel cpeabl;

- MOLLUHOCTb TEMNMNOBbLIAENEHNS;

- TENMNOEMKOCTb.

3.5 OpraHusauus paboT No NpUMeHeHW TEXHONMOrMM aBTOMAaTU3MPOBaHHOIO aHanusa nokasatenem
CTOMKOCTU 3A K HecTauMoHapHbIM TEMNMOBbLIM BO30ENCTBMAM Ha OCHOBE MaTteMaTU4ecKoro MoaenmpoBaHms 1
BUPTYanusaunmn ucnbiTaHnin 3A Ha HecTauMoHapHble TenoBble BO34EeACTBUS NPW NPOEeKTUPOBaHMK YCTPOEeHa
cornacHo MOCT 21964, TOCT 30630.2.1.

3.5.1 TexHonorva npegHasHa4veHa NS UCNoNb30BAHUS NogpasgeneHnamn nNpegnpuaTuin, Ha KoTopble
BO3M0XeEHbI COOTBETCTBYIOLLME 3a4au4n.

3.5.2 ABTOMaTU3MPOBaHHbLIA aHanu3 nokasaTtenen cTOMKocT 3A K HecTauWoHapHbLIM TENMNOBbIM BO3-
OenCcTBUAM J0NycKkaeTcs NpoBoAUTL HA OCHOBE METOLOB MaTteMaTU4ecKoro MOAenMpoBaHus U BUpTyanuaa-
LMW1 UCMbITaHMA 3A Ha HecTaluMOoHapHble TEMNMOBbIe BO3OEACTBMA C MCNOMNb30BaHWEM CNeLnann3npoBaHHOro
nporpammMmHoro obecnevyeHus [5].
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4 TexHonorusa aBToOMaTU3IMPOBAHHOIO aHanMU3a nokKasartenem CTOMKOCTHU
3NEeKTPOHHOM annapaTtypbl K HeCTauuOHapPHbLIM TENNMOBbLIM BO34eNCTBUAM

4.1 KoHe4yHOW uenbi aBToOMaTU3UPOBaHHOIO aHanu3a aBnaeTcs onpeaeneHue npurogHocTn 3A K aKe-
nnyataunn Wnm XxpaHeHuo Npy Bo3gencTBUN NepeMeHHon TeMmnepaTypbl M NepeMeHHON MOLLHOCTU COrNacHo
MOCT 16962, NOCT 30630.0.0, TOCT 16962.1.

Takxke paccMmaTpvMBaeTca MaTemMaTU4eckoe MOOENUPOBaHWE W BUPTYanu3auus UCMbiTaHMA SA Ha He-
CTaluMoHapHble TENMoBLle BO3AENCTBUSA C NOBLILUEHHOW TeMnepaTypol OKpyXatolleih cpeabl (B KpUTUYECKNX
pexumax, B TOM YMCMNe HEBOCMPOWU3BOAUMbBIX NPU HATYPHbLIX UCMbLITAHWUSX).

O6bekTamun BUPTYanbHbIX UCTBITAHWIA ABASIOTCS:

- MPOMW3BONbHbIE KOHCTPYKUMK WwkadoB 1 brnokos 3A, 3D-mofenu KoTopbiX OTCYTCTBYIOT;

- MPOW3BONEbHLIE KOHCTPYKLUMK WKador 1 bnokos 3A, 3D-mogenu koTopbix co3gaHel B CAD-cuctemax
B hopmate STEP;

- TWUMNOBbIE KOHCTPYKLMM LUKadhoB 1 Brnokoe 3A, 3D-Moaenu KoTopbiX co34aHbl B CNeLnanuanpoBaHHoM
nHTEpdelnce nogcMcTeMbl BUPTYarbHbIX UCMbITaHWA OA Ha HecTauMOHapPHbLIEe TENMOBbLIE BO3AENCTBUS.

4.2 OueHnBaeMbIMN XapaKkTepucTukamu SBRATCA TeMNepaTypbl B y3nax mogenein 3A B 3aBUCMMOCTH
OT BpPEMEHMN.

4.3 YcnoBus npoBefeHusi BUPTyanbHbIX UCTNILITAHUA

4.3.1 Hanunuyne poccuiickoro nporpaMmMHoro obecnevyeHns, npegHasHauyeHHoro Ansa MmogenvpoeaHusa 3A
Ha HecTauuoHapHble TennoBble BO3OeWCTBUA, BHEAPEHHOro Ha Beaylwmnx npegnpusatmax Poccuinckon depe-
pauuK, KOTOPOe ABMAETCA COCTABHOM YacTbl CUCTEMbI aBTOMAaTM3MpoBaHHoro npoektupoanusa (CAMP) 3A
B cooTtBeTcTBuM ¢ TOCT P 70201, TOCT P 70291.

4.3.2 Hanunuve koppekTHoi 3D-momenn 3A B dopmate STEP, oTeeuatoLLer TpeboBaHUAM Mo ycTpaHe-
HUIO OLIMOOK, YNPOLLEHUIO U COXpaHeHWo Mogenu [5].

4.3.2.1 TpeboBaHUs No yCTpaHEeHWU OLLIUBOK:

- He JOomKkHO BbiTb NepecedeHnn getanen. OHM OOMKHbI KacaTbca Opyr Apyra;

- 0QHa JeTarnb JoIKHA KacaTbCs APYror No HEeKOW NOBEPXHOCTH ¢ Kakon-nnbo nnowansko. He gonycka-
I0TCHA BapwaHThbl, KOrda ofgHa geTanb KacaeTca ApPYrow no NUHWK UMK B TOYKe (MOBEPXHOCTBLIO KacaHus OABYX
JeTtanei aenseTcs NUHUS UK ToUKa);

- He JOMKHO bbITe cBOBOAHO BUCALLMX AeTanei. OHW OOMKHBI UMETL COEAMHEHMWS C APYTMMIW AeTansaMu;

- pa3beMbl C OTBEPCTUAMMN HEODOXOOAMMO MOMHOCTBK) 3aMONIHUTL MATeEpUManom (He OOMKHbI OCTaTbCs
WTbIPbKMA M OTBEPCTUSA).

4.3.2.2 TpeboBaHMs MO yNpOLLEHNID MOLENW:

- crepyet ybpaTb Bce KpenexHble AeTanu, BCe BUHTI;

- cnepyeT ybpaTb dacku, NbICKW, MENKUEe CKpYrneHus (C paguycom 2 MM UNu MeHee);

- MOBEPXHOCTWN CIOXHON hopMbl — Menkue opebpeHnst KpyMNHbIX NOBEPXHOCTEN criegyeT caenats rmag-
KUMU;

- eCnn B MOAENW eCTb WECTUTPaHHUKM (B CEYeHUW AeTanu LWeCTUrpaHHWUK), HanpuMep CTONKKM aTaxe-
POYHOM KOHCTPYKUWK, CredyeT CKPYIMUTb rpaHn LecTUrpaHHuKa paguycoM cKkpyrineHus 1 Mm;

- cregyeT yoanuTb Bce OTBEPCTUS BCEX AeTarnen, KpoMe KpenexHbiX OTBEPCTUN;

- cnepyet nogobpaTk NNOTHOCTW AeTanei Takum obpazom, uTobel Macca JA, BKMOYasa NevyaTHble yansl,
3KB, pasbeMmbl, paBHsaNachk U3Ha4yanbHO 3a4aHHOM;

- cnedyeT BbibMpaTb OMNUMIO «TBepAble Tena» npu coxpaHeHuu B copmate STEP mogenwn B
CAD-cucteMe, B KOTOPOK co3aaBanachk AaHHaa Moenb.

4.3.3 Hanu4uue cnegyowmx Tennodmusnyeckix napameTpoB Mmatepmanos JA:

- KO3ahdPULUMEHT TENNONPOBOAHOCTW MaTepuana;

- KO3hhuUMEHT CMa3KK;

- CTeneHb YepHOoTbl MaTepuana;

- TennoeMKocCTh (B 00LLeM crny4yae nepemMeHHas, 3aBUCUT OT BPEMEHM).

[aHHble napameTpbl MOryT BblTb NOMyYeHbl NyTeM MAEHTUDUKaLWK,

4.4 PeXXvMbl BUPTYyanbHbIX UCMbLITAHUNA

HapaMEprl HeCTauMOHApPHOIo TennoBoro BO3OENCTBUSA:
- NCTOYHUK I'IepE.‘IVIEHHOPI MOLLIHOCTHW;
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- UCTOYHWMK I'IEDEME'HHOﬂ TeEMNepartypbl;

- daBlieHue OKpyXawlLllero so3ayxa.

,D,J'[F! BblHy}K,D,EHHOI;'I KOHBEKLUWKM 3a0aeTCH TaKxXe:
- CKOPOCTb BO3[YLUHOIO NOTOKA;

- CKOpPOCTb oxXnaxaarwLen XUOKOCTU B KaHane.

4.5 MopApok npoBeAeHNUA UCTNLITAHUNA

4.5.1 MNpoBogAaT nomck (MaeHTUdUKaLm) Tennoguandecknx napameTpoB MmatepuanoB A, yKkasaHHbIX
B 4.3.3.

4.5.2 HahgeHHble napameTpel MaTepranoB OA 3aHOCAT B Ba3y AaHHLIX 45 UCNONb30BaHKUS B NpoLecce
MOLEenNMpPOBaHKUS.

4.5.3 Vigpeanusauusa (ynpoLleHe) NpoLeccoB TENNONEpenayn B KOHCTPYKUMAX wWkados u 6nokos JA,
AN KoTopbix oTcyTCTBYOT 3D-Mmogenu. MNpu nccnegoBaHun TemnepaTypHbIX Nonen 3A B TakuMx cnydasax Hau-
Bonee pacnpocTpaHeHHbIM SBNAETCH MEeTo[, 3NeKTPoTeNNoBOW aHanornu (cm. [5]).

4.5.4 MNpoeoadaTt nogrotoeky 3D-mogenen:

- B thopmate STEP koHcTpykumia wrkador u briokos A B CAD-cuctemax, oTevawLx TpeboBaHUAM
Nno YCTPaHEeHW0 OLIMBOK, YNPOLLEHWIO U COXPAaHEHWIO MOAENW, NpUBEAEeHHbIM B 4.3.2.

- TMMOBbIX KOHCTPYKUUA WkadoB 1 6nokos A B cneLmannanpoBaHHbIX MHTepdencax.

4.5.5 MNpoBogaTt umnopT Mogenei B popmare STEP KoHCTpyKUMIA B NogcUCTEME BUPTYalbHbIX UCMbITa-
HWIA A Ha HecTaluMOHapHble TennoBble BO3OeNCTBMIS.

4.5.6 MNpoBoasT BUPTyanbHble UCMLITAHUA 3A Ha HecTauWoHapHLIE TEMNMoBLIE BO3OEWCTBUSA C NpuMe-
HEeHWEM MOOENMPOBaHWUS TEMMOBLIX NpoLeccoB B A Ha HecTalUMOHapHbIe TennoBble Bo3gencTemsa. Onpene-
nArTCs TeMmnepaTypbl B 3aBUCUMOCTU OT BPEMEHW BO BCEX y3Max MoAenu TennoBbIX NpoLeccoB, No KOTOPbIM
paccyYnTLIBAOT BO3MOXHbIE TENNOBbLIE Neperpy3kn, To eCTh NPEeBLILEeHUA pacHeTHbIX TeMnepaTtyp Hag Makcu-
ManbHO AOMYCTUMbIMUW, 3a4aHHbIMW B TEXHUYECKMX YCMOBUSX HA 3NEMEHTbI KOHCTPYKUMK 3A.

4.5.7 lNo pesynsTatam BUPTYanbHbIX UCMbITAHWA COCTABNAIOT OTYET, B KOTOPOM NPUBOAAT MHOpMaL 1o
06 oUeHMBaEMbIX XapaKTepuUcTUKax.

4.5.8 MecTo npoBegeHUA UCNbITAaHUN

VMcnblTaHUa MOryT NpoBOAUTE!

- caMu NPeanpuaTHsi MPU HanU4YMKM NOACUCTEMbI BUPTYanbHbIX UCMbITaHWMA JA Ha HecTalLMoHapHble Te-
MroBble BO34EWCTBUSA;

- LleHTp koMneTeHUuin B obrnact¥ MOLenMpoBaHUs M BUPTYalbHbIX UcnbiTaHuii AKB n 3A Ha BHeluHue
BO3[eCTBUS NO 3aKasy NpeanpusiTUa npyM OTCYTCTBUM Y HEro MOACUCTEMbI BUPTYanbHbLIX UCMBITAHUA 3A Ha
HecTauWoHapHLbIEe TENMOBLIE BO3OENCTBUSA.

4.6 O6paboTka, aHanNnu3 1 oUueHKa pe3ynbTaToOB UCTNbITAHUNA

4.6.1 Mcnonb3ytoT maneiid 0bbem Boibopku n < 50.

4.6.2 Vicnonb3yloT MeToabl cTatucTMyeckon 0bpaboTku pe3ynsTaTtoB UCNbITAHWA.

BeluucneHne BelOOPOYHBIX YMCNOBbLIX XapakTepUCTUK OCYLLEeCTBMST Npyu ManoM obbeme BeiOopkK. Boi-
YUCNAOT:

- BbIOOpPOYHOE CpefHee 3Ha4YeHWe XapakTepUCTUKM TEMMOBLIX CBOWCTB;

- BbIDOPOYHYIO OUCNEPCUI0 XapaKTepUCTUKN TENOBbIX CBONCTB;

- BbIBOpPOYHOE CpefHee KBagpaTUHecKoe OTKITOHEHKE.

4.6.3 OueHvBaeMble xapakTepucTuKM onpeaensAlT ¢ y4etom pasbpoca Temnepatyp. OnA kaxgon xa-
pPaKkTepUCTUKK ONPEeAEensAlT cpedHee 3Ha4eHne 1 cpegHee KBagpaTnudeckoe OTKIIOHEeHWe.

4.7 MaTepuanbHO-TeXHUYECKOEe obBecneyeHue UCMLITAHUNA

4.7.1 Ha pabo4mx cTaHUuAx Nnonb3oBaTenen AoMKHO ObiTh YCTAHOBMNEHO CriefytoLLlee NpuKkiagHoe npo-
rpammHoe obecnedyenue, oTeevatowee TpebosaHmam 4.3.1:

- ANSA BUPTYanbHbIX UCMbITAHWA KOHCTPYKUMK WKadoB 1 6nokos 3A, 3D-mogenu KoTopbiX OTCYTCTBYHOT,
Ha HecTalMOHapHbIe TENNOBbLIEe BO3OENCTBUS,

- ANSA BUPTYanbHbIX UCMBITAHUA KOHCTPYKUMKM WKados 1 brnokoe A, 3D-mogenu KoTopbiX CO34aHbl B
CAD-cuctemax B coopmate STEP, Ha HecTauMOHapHLIe TENMOBLIe BO3OEACTBUSA,;

- ANSA BUPTyarbHbIX UCMbITAHWUA TUMOBbLIX KOHCTPYKUWA WKados 1 bnokos 3A, 3D-mogenu KoTopbix cO3-
OaHbl B CNeuManmM3anpoBaHHOM MHTepdence, Ha HecTauvMoHapHblie TenoBble BO3AENCTBUSA.

4
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4.7.2 NepeveHb Moaeneit, CNONb3yeMbiX ANA UCMbITAHUNA:

- Tononornu4yeckue Mogeny TennoBbIX NPOLEeccoB B BUAe Y3roB 1 BeTBel, korga 3D-mogens oTcyTCTBY-
eT;

- 3D-mopgenu koHcTpykuuin A B chopmate STEP;

- 3D-mopgenu KOHCTpYKUMA 3A, co3gaHHble B Crelunann3nupoBaHHbIX UHTepdencax.

4.7.3 PykoBogcTBa nonb3oBaTtenei u obydatolme 3ByKOBblE BUAEOPONNUKA K NMPUKIagHOMY nporpamm-
HoMy obecrnedeHunto, ykazaHHomy B 4.7.1.

4.7.4 Heobxogumas kBanudrkauusa nepcoHana, cneynanmcToB U NpuBneKaeMblx cun, NPoBOASALLINX UG-
NbiTaHWA:

aKkpeauTaLuusa Nonb30BaTens NpuKNagHoro nporpaMMHoro obecneveHus, ykasaHHoro B 4.7.1, B LleHTpe
KOMMNeTeHLUMWI B 0bnacTu MOAENMPOBaHUs K BUPTYyanbHbIX UcnbiTaHuin IKB u 3A Ha BHellHWe BO30eNCTBUSA.

4.7.5 MNopagok NOAroTOBKM U MCNONb30BaAHUA MaTepuarnbHO-TEXHUYECKNX CPeaCcTB B MPOLEecce WChbl-
TaHWUMA:

- npuobpeTeHne U HacTpolka pabodynx cTaHUuWi;

- npuobpeTeHue N ycTaHoBKa Ha paboyurx cTaHUMAX NporpamMmMHoro obecnedeHuns, oTeevatoLlero Tpebo-
BaHuaM 4.3.1 1 onucaHHoro B 4.7.1.

4.8 lNpoTokon ucneiTaHWn JOMKEeH cogepXaTth cnefytoLyio MHdopmaLlumio:

- OnMcaHue TONOMNOrM4YecKMx mogenen TennoBbIX NPOLecCcoB;

- onucaHue TEMMNOBbIX FPaHUYHbIX YCIOBUW;

- onucaHue UCTOYHWKOB NepeMeHHbIX TeMnepartyp;

- onucaHwne UCTOYHWKOB NepeMeHHbIX MOLLHOCTEN;

- OLEeHMBaeMble XapakTepUCTMKU: TEMNepPaTypbl B 3aBMCUMOCTU OT BpEMeHU B yanax mogenu 3A, koTo-
pble He OOMKHbI NPeBbIWaTh MakcMManbHO AONYCTUMbIE 3HAYeHWs, 3a4aHHble B HOPMAaTUBHbLIX JOKYMEHTax U
TEeXHUYECKOWN JOKYMeHTauuu;

- BbIBOAbI NO pe3aynbTaTamM UCMbITaHWUM.

5 TpeboBaHuA K nogcucTeMe BUPTYyanbHbIX UCMbITAHUA 3MEKTPOHHOMU
annapaTypbl Ha HeCTaLMOHapHbIe TENMOBbLIE BO3AeACTBUA

5.1 MNogcuctema BUPTYanbHbIX UCMBITAHWI ANEKTPOHHOW annapaTypbl Ha HeCTaLWOHApHLIe TennoBble
BO30EeMCTBUS A0MKHa oTBevaTbh TpebosaHuam 1.3 n TOCT P 70201, sasnaeTcs cocTaBHoi YacTeio CAMP 3A
B cooTtBeTcTBun ¢ TOCT P 70291.

5.2 Heobxoammo Hanu4me 6asbl JaHHbIX MaTepUarnos no TennoguandeckuMm napaMmeTpam.

5.3 NMopsapok npoBeAeHUA BUPTYanbHbIX UCNLITAHUNA

5.3.1 MNMpoBodAaAT uoeHTUMKaALUID TeNNOMUINYECKUX NapaMeTpoBR Matepnanos 3A npu nx OTCYTCTBUN
B Dbase pmaHHbiX. VMioeHTuduunpyoT koaurUMeHT TENNONPOBOOHOCTM Matepuana, Koa@uUUMeHT CMa3sKu,
CTeneHb YepHOTLlI MaTepuana, TeENNOeMKOCTe Matepmana. 3aHocaAT MaeHTUULUMPOBaHHbIE 3HAYeHUA napa-
MeTpoB B 6a3y gaHHbIX.

5.3.2 Ecnn obbeKkTamu BUPTyanbHLIX UCMLITAHUA ABMSOTCA NMPOU3BOMbHBIE KOHCTPYKUWUK LLKAdgoB U
onokoe 3A, 3D-moaenu KOTOpLIX OTCYTCTBYHOT, CO34al0T TOMOMOrMYECcKNe MOLENM TEMMOoBbLIX MPOLECCOB B
BUOE Y3NOB 1 BETBEW.

5.3.3 Ecnun obbektamu BUpPTyanbHbIX WCMNbITAHWA ABMASKOTCA NMPOU3BOMbHBbIE KOHCTPYKUWK LLKadgoB W
6nokos 3A, 3D-moaenu koTopbix co3aaHbl B CAD-cucTtemax B chopmate STEP, npoBepsioT BeINoONHEHWe Tpe-
BoBaHM NO yCcTpaHeHWIo OLWNBOK, YNPOLLEHWIO U COXPAHEHWI0 MO ENN.

5.3.4 Ecnn obbekTamu BUPTyanbHLIX UCNbITAHWA SABMNSTCA TUMNOBLIE KOHCTPYKLUMK WKadoB 1 BNokos
3A, 3D-mogenu KoTopblX He co3sgaHbl B CAD-cucTemax B chopmate STEP, ux co3garoT B cneumnanvManpoBaH-
HOM uHTepdence.

5.3.5 MNpoeogaT umnopt 3D-mogenw.

5.3.6 BBoaaT maTtepuanbl getanen u3 6asbl AaHHbIX MNK Tennoduanyecke napameTpbl Matepranos
BPYYHYIO B Clyyae OTCYTCTBMA maTepuanos B 6ase gaHHbIX.

5.3.7 MNpoBogAaT aBToMaTMyeckoe pazbuenune 3D-MoOOenM KOHCTPYKLUMM Ha KOHEYHbIE 3MEMEHTHI.

5.3.8 BBogAT TennoBble rpaHUYHbLIE YCITOBUA.

5.3.9 3agaT UCTOYHUKKM NEPEMEHHbIX TEMMNEPATYP.

5.3.10 3agaoT UCTOYHUKW NEPEMEHHbIX MOLLHOCTEN.
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5.3.11 MNpoBogAT pacyeT KOHCTPYKUMW A Ha HecTaLMOHapHbIe TEMMOBbIe BO3AEACTBHUS.

5.3.12 B pesynbrate pacyeTta nony4arnT TemnepaTypbl B 3aBUCMMOCTH OT BPEMEHHU B y3nax Mmogenu JA.

5.3.13 [1ns oueHKM nokasatenen CTOMKOCcTU DA K HeCcTauMOHapHbLIM TEMNNOBbLIM BO30EACTBUAM CpaBHU-
BaKT paccuYUTaHHbIe TeMNepaTypkl B yanax mogenu 3A ¢ JONYCTUMbIMU 3HAYEHUAMM, 3aAaHHbIMU B HOpMa-
TUBHbIX OOKYMEHTax U TEXHUYECKOWN JOKYMeHTaLuuu.

B npunoxeHun A npyvBedeH npumMep NogCUCTeMbl BUPTYanbHbIX UCMbITAHUMA DA Ha HecTauMoHapHble
TennoBble BO34ENCTBMA U pe3ynsTaToB ee paboTol.
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MpunoxeHune A
(cnpaBo4Hoe)

Mpumep noacucTemMbl BUPTYanbHbLIX UCN bITaHUN QHEKTPOHHOﬁ annapatypbl
Ha HeCcTalWOHapHbLIe TeNnNoBbIe BO30EWUCTBUA U pe3yneTaToB ee paSOTbI

MpuMepoM NOACKCTEMbI BUPTYAnbHLIX UCMBITAHWIA JA HA HECTAUMOHApPHbIE TEMMOBLIE BO3AEWNCTBUA ABMNAETCH CO-
BOKYMHOCTb nogcucteM poccrinckon CAMP anekTpoHWKK B YaCTh BUPTYarbHbIX UCMbITAHUA — aBTOMaTU3MPOBaHHON CuK-
cteMbl obecnevyeHna HagexHoCTU M KadecTtea annapatypbl (ACOHWKA) (https://fasonika-online.ru/), npeaHasHa4eHHON
ansa aHanusa u obecneveHns ctokocTu A n KB K KOMNMEKCHbIM TEMMOBLIM, MEXaHUYECKUM, 3MEeKTPOMarHUTHLIM BO3-
OEeWCTBUAM, YCTaNoCTHOW NPOYHOCTH K TENNOMEXaHUYeCKUM BO3OeWCTBMAM, AN co3gaHus kapT padoumx pexumoB 3KB,
aHanu3a nokasartenen HagexHocTy A 1 co3gaHua undpoBeix ABonHWKoB JA 1 SKB.

ACOHWMKA — 310 3aMeHa HaTypHbIX UCMbITaHMIA onbITHBIX 06pasuos 3A 1 3KB BUMpTyanbHeIMW UCMEITAHUAMW Ha
BHELUHWE MEXaHWYECKUE, TEMMOBLIE, 3MNEKTPOMArHUTHLIE W APYrME BO3OEWCTBUSA ELUE OO0 MX U3rOTOBMEHUs. JTO 3HaYU-
TenbHasi 3KOHOMMWSA OEHEXHbIX CPEACTB M COKpalleHue cpokoB co3gaHua 3A u KB npy ogHOBpEMEHHOM MOBbILLEHWN
Ka4yecTBa W HA4EXHOCTU 33 CHET COKPALLEHMWA KONMMYECTBA HaTYPHbIX MCMbITAHWA.

Ha aTtane 3CcKM3HOro NPOEKTUPOBAHUA 3MEKTPOHUKK ([0 CO30aHUA 3NEKTPUYECKUX cxeM, YepTexei u 3D-mogeneit)
WCMONb3YOT Cneaylolme NoACUCTEMBI:

ACOHWKA-T: nogcuctema aHann3a u obecneveHna TENNOBbIX XapaKTEPUCTMK MPOW3BONbHbBIX KOHCTPYKUMA DA
(3D-mopenb KOTOpbIX ELUE He Co34aHa, C BO3MOMHOCTBIO YCKOPEHHOIo CO34aHWA MOLENW B CNeLnanu3npoBaHHOM MHTED-
derice);

ACOHWMKA-M: nogcuctema aHanuaa TUMNOBbIX KOHCTPYKUWA Briokos A U 3KB Ha MexaHu4eckne 1 Tennosble BO3-
peiictena (3D-mogens KOTOpbIX eLle He co3aHa, C BO3MOXHOCTBLH YCKOPEHHOIO CO34aHWMsa MOAENW B CNELMan3npoBaH-
HOM UHTepdelce);

ACOHWKA-M-LKA®: nogcructeMa aHanmaa TUNOBbIX KOHCTPYKUKUA WkadoB SA Ha MexaHUYeckue 1 TENMoBbIE BO3-
perictena (3D-mogens KOTOpbIX eLle He co3daHa, C BO3MOXHOCTBLHO YCKOPEHHOIO CO3a4aHWMsA MOAENW B CNELMan3npoBaH-
HOM UHTepdeiice);

Ha aTtane TexHW4eckoro NpoeKTUpoBaHWUA (Nocne co3daHus ANeKkTpUYeckux cxeM, deptexen u 3D-mogeneit) uc-
Nonb3yHT cneayloLme NoacucTeMb:

ACOHWMKA-M-3D: nogcvcteMma aHanuia v obecnevyeHnsa CTOMKOCTU MPOU3BONbHbIX 06bEeMHBIX KOHCTPYKUMA A 1
IKB k MexaHn4ecKMM W TENNOBbLIM BO34ENCTBUAM C BO3MOXHOCTBLIO MMNOPTa reoMeTpun U3 pa3nunynbix CAD-cuctem.

Ha Bcex atanax NpoeKkTUpOBaHUS aMNeKTPOHWKX UCMONb3YT CreayoLwme NogcucTemMsl:

ACOHWMKA-MI: nogcuctema MaeHTUUKaLmM U3nKo-MexaHUYeckux 1 Tennodusnyecknx napaMmeTpos Mogenemn
A n JKB;

ACOHWKA-B[: nogcuctema ynpaeneHusa 6azamu gaHHbix 3KB 1 matepuanoB no reoMeTpuyeckiM, prusmKo-Mexa-
HUYECKMM, YCTanoCTHbIM, TENNO(MU3UYECKUM, ANEKTPUYECKUM M HAOEXKHOCTHLIM NapaMeTpam.

Peaynetathl pabotel nogcuctem ACOHUKA-T n ACOHMKA-M-3D npeactaeneHbl Ha pucyHkax A.1—A.13.
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PucyHok A.1 — YepTexn gatuvka
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PucyHok A.3 — Mopgenke TennoBbIX NPOLIECCOB KacceTHoro 6noka ¢ npogyBom
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PucyHok A.4 — Peaynbstat pacyeTa TENINOBOrO pexumMa AaTyvka 4N OKpyKalolwen cpefbl, Kopnyca,
MeYaTHOro yana Aatyuka (3aBUCUMOCTb TEMMNEPATYPbLI OT BPEMEHU)
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PucyHok A.5 — KoHcTpykuna Bnoka 9A, nmnoptnposarHaa na CAD-cuctemel
B nogcucremy ACOHWKA-M-3D
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PucyHok A.6 — ABToMaTtudeckoe paszbreHne Ha KOHeYHbIe 3NeMeHThI
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PucyHok A.7 — [uanoroBoe oOKHO A5 BelBopa maTepuana na 6asbl AaHHbIX
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PucyHok A.8 — [JuanoroBoe OKHO AnA 3agaHus napamMeTpoB Matepuana
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PucyHok A.9 — 3agaHne TennoBbIX FPaHUYHbIX YCIOBUIA
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PucyHok A.10 — 3agaHne UCTOYHWKa NepeMeHHO TemMnepaTypbl
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PucyHok A.11 — 3agaHue NCTOYHUKA NepeMeHHON MOLLHOCTH

PucyHok A.12 — TemnepaTypbl BO BCEX TOMKax KOHCTpyKUun Brioka A B 3agaHHbI MOMEHT BpeMeH!
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PucyHok A.13 — 3aBncMMOCTb TEMNEPaTYPb! B KOHTPOMBHOW TOMKE KOHCTPYKUMK Brioka A oT BpemeHu
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