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Mpeancnoeue

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

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

3 YTBEPX/EH W BBEJEH B JEWCTBWE MMpukazom ®enepanbHOro areHTCTBA MO TEXHUYECKOMY
perysiMpoBaHnio U MeTponorin ot 27 Hosbpsa 2024 . Ne 1781-cT

4 BBE[OEH BIMEPBbIE

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

© OdpopmneHue. ®IBY «UMHcTUTYT cTaHgapTuzayumny», 2024

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

MpuunHon pas3paboTkK cTaHgapTa ABnNAeTcs HeobXxooMMOCTb MOAENMPOBAHUSA 3MEKTPOHHON KOMMO-
HeHTHoW 6a3bl (OKB) n anekTpoHHol annapaTtypsbl (3A) Ha paHHUX 3Tanax NpoeKTUPOBaHUS ONs CHUXEHUS
3aTpaT Ha pa3paboTky, NpoM3BO4CTBO M obCcnyXMBaHMe 3a CHET NOBbILWEeHWsA KadecTBa pa3paboTtok. CtaHgapT
ABMNAETCH PeKOMEeHOYeMbIM METOAUYECKMM U HEe 00A3bIBAET K NMPUMEHEHUIO CUCTEMbl aBTOMAaTU3MPOBaHHOMO
npoektupoBanua (CAMP), npuBogMMOI B Ka4yecTBe NpUmepa B HacTosilem cTaHgapTe. [puMmeHeHue cTaH-
JapTta npu npoektupoaHuu 3A Ha ocHoBe JKB oTeuecTeeHHoro npouseoactea (KB Ol1) BO3MOXHO TONBKO
ons KB, koTopasa cHabxeHa cTaHgapTU30BaHHbLIMK MogdenamMu ans npumeHeHusa B CATP,

CraHpgapt pacnpocTtpaHsetca Ha OKB u 3A. Ero uensto ABNAKTCA NPpUMEHEeHWe MaTemMaTUJIeckoro moge-
nupoeaHua IKB n 3A npu cosgaHum kapT pabounx pexumos (KPP) 3KB Ha paHHMX aTanax npoeKkTUpoBaHus,
CHIDKEeHWe 3aTpaT Ha pa3paboTKy, Npon3BoACTBO M 06CNyXKMBaHKWE 3a CHET MNOBLILIEHWA KadecTBa pa3paboTok.

MpuMmeHeHne MaTemaTudeckoro moaenupoaHusa KB 1 3A npu cosganun KPP Ha paHHUX aTanax npo-
EKTUPOBAHWUA 00 M3rOTOBMEHUS ONbITHOrO 06pasua no3sonuT nabexarts oTkaszoe KB U SA unu aHauMTensHO
COKpaTUTL UX Ha 3Tane UcnbiTaHWA oNbITHOrO obpasua, cokpawas TeM CaMbIM KONMYECTBO UCMbITAHUA ONbIT-
Horo oBpasua, Bo3MOXHble UTepauum no gopaboTke CXeMm W KOHCTPYKUWIA, 3aTpaTthl Ha pa3pabotky KB n 3A
npyv OOHOBPEMEHHOM MOBLILLEHWM Ka4YecTBa U HAOeXHOCTW, B TOM YKUCIe B KPUTUYECKUX pexuMmax paboThl,
genasa 3Kb n 3A KOHKYpeHTOCNOCOOHBIMM Ha OTEHYECTBEHHOM M MeXayHapogHoM pbiHke (cm. FTOCT P 70201,
a takxke [1] — [4]).

VMcnonb3oeaHue npu cozganun KPP 3KB HaTypHbix ncneitaHuin 3KB n 3A Ha BHellHWe BO3OENCTBYIO-
wre daktopsl (BBD) Hero3amoxHO, Tak kak KPP cozgatoTca ele Ao M3roToBneHus onbiTHoro obpasua. Bup-
Tyanusauusa ucneitaHnin 3Kb n 3A Ha BB® npu cozganmu KPP 3KB saensieTca 6e3zanstepHaTuBHoi. bes npu-
MeHeHWs MaTeMaTU4ecKoro MOAennMpoBaHus Henb3sa onpegennTb napameTpol «B cxemey, KOTopble OOMKHbI
cpaBHMBaTbCSA € NapameTpamu «MNo HTO». Takoe cpaBHeHUe aBnaeTca MHGOOPMaTMBHLIM, Tak Kak bnarogaps
eMy Ha aTane NpPoeKkTMPOBaHUS OTCnexunBaeTcsl HONBLUNMHCTBO BO3MOXHbIX O0TKazoB IKB 1 3A no anekTpuye-
CKUM, TEMMOBLIM 1 MEXaHWYECKUM XapakTepucTukam, 1 3 deKTUBHLIM, TaK Kak n3-3a HegopaboTok NPOeKTr-
poBaHua KB 1 JA, BCKpLITLIX YXe MyTEM HATYPHbIX UCMbITAHWUIA, BO3MOXHO MHOXECTBO UTepauuin: gopaboT-
Ka NpoeKkTa — UCMbITaHUA oNbITHOro obpasua — gopaboTka npoekTa u T. [., YTO 3HAYUTENLHO YBENUYMBAET
CPOKW 1M CTOMMOCTL paspaboTku.

HacTtosawmin ctaHgapT onpeaenseT TexHonoru co3aanna KPP 3KB Ha ocHoBe maTeMaTuyeckoro Mmoae-
NMpOBaHKsa 1 BUpTyanusauum ucnbitannin 3Kb n 3A Ha BB® npu npoekTupoBaHum.

i
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HAUMWOHANBbHBIA CTAHOAPT POCCUUCKON OEOEPALUMN

METO[bl CO30AHUNA KAPT PABOYUX PEXXUMOB 3NEKTPOHHOW KOMMOHEHTHOW BA3bl
HA OCHOBE MATEMATUYECKOIo MOOENMUPOBAHWUA U BUPTYANTU3ALIMK
UCNbITAHUA ANEKTPOHHOW KOMMNOHEHTHOW BA3bl M ANEKTPOHHOW AMMNAPATYPbI
HA BHELUHUE BO3OEWCTBYIOLUMUE ®AKTOPLI MPU MPOEKTUPOBAHUU

Methods for creating maps of operating modes of an electronic component base based
on mathematical modeling and virtualization of tests of an electronic component base
and electronic equipment for external influencing factors during design

Data BBepeHuna — 2024—12—01

1 ObnacTb NnpUMeHeHus

1.1 Hactosawwmin ctangapT npegHasHadeH 4nsa NpMMeHeHWs NpeanpusTMAMKM MPOMbILWIEHHOCTH U Op-
raHM3auMsaMu NpyM MCNonb30BaHWM LM POBbLIX ABOMHWMKOB 3MEKTPOHMKA Ha PaHHMX aTanax npoeKkTMpoBaHus,
M3roTOBMEHWUS U UCTIbITAHWA 3NEeKTPOHHOW KOMMOHeHTHoW 6a3bl (IKB) u anekTpoHHon annapatypbl (BA), a
TaKkKe Ha Bcex NnocneayrLlmnx atanax XuaHeHHoro yukna (XKL) 3KB n 3A.

1.1.1 MeToabl oNs aBTOMaTM3WPOBAHHOMO CO30aHWA KapT paboudux pexumor (KPP) OKB Ha paHHuX
3Tanax NpoekTUpoBaHuA JA Mo peaynsrataM MaTteMaTtuyeckoro mogenuposaHua KB n 3A Ha BHeLLHWe BO3-
pencteyolwme daktopbl (BBP) npumeHs0TCA AnNa MOOENMPOBaHWMA HA paHHUX aTanax NpoekTupoBaHua JA
cnenywLwero HasHa4YeHus: NpoOMbILUNEHHAsA, AN 3HepreTukn, Ang 060pOHHO-NPOMBILNEHHOTO KOMMMEKca,
AN a3pOKOCMUYECKOW OTpacnu, ANA CYyOOCTPOEeHWUs, MeQULMHCKasn, aBToMobunbHas, Ons HaBurauum u pa-
Juonokauuun, notpebutensckas, Ansa UcKanbHOro u Toprosoro obopyaoBaHus, CBA3W (TENMEKOMMYHUKaLIUK),
BbIUMCTIUTENLHON TEXHUKW, aBTOMaTM3alunM U MHTENNEKTYanbHOro yrnpasneHusl, Ana cucrem 6e3onacHocTu,
AN CBETOTEXHUKWU, aBTOMAaTU3UMPOBAHHOIO TPaHCNopTa U OBUKYLLENCH pODOTOTEXHUKMA.

1.1.2 DA cOCTOWUT M3 3NEKTPOHHLIX WKacgoB M BriokoB, NneyaTHbix y3noB n IKB (Mukpocxem, TpaH3ucTo-
pOB, PE3NCTOPOB U T. 4.).

1.1.3 Ha 3KB v 3A okasbiBaloT BNUsSHWE BHELLHWE AecTabunuaupyrowme akTopbl — 3MeKTPUYECKNe,
Tennoeble, MexaHu4yeckue, KnuMaTudeckue, Buonorndeckme, pagualnoHHbie, aNeKTPOMarHUTHbIe, cneunanb-
HbIX cpeq W Tepmudeckue. BHelwHve gectabunuauvpytolme dakTopbl MOryT NPUBOOUTL K HECOOTBETCTBUAM
OKBE u 3A TpeboBaHMaM K UX MPOYHOCTU U YCTOWYMBOCTU K BB®. HacToswui ctaHgapT ycTaHaBnveaeT oc-
HOBHbIE MOMOXEHWA TEXHONOrMK, No3eonswwen cozgasate KPP 3Kb Ha ocHOBe mMaTtemMaTWYeCcKkoro Mogenun-
poBaHua 1 BUpTyanuaauum ucnoitannin Kb n 3A Ha BB® npu npoekTupoBaHuu.

1.2 CoctaBneHne KPP HeobxoaMmo OCyLecTBNATL Ha paHHUX 3Tanax npoekTupoBaHus 3A nocpes-
CTBOM MpOBedeHUsa MaTeMaTU4eCcKoro MoaennpoBaHua u BupTyanusagum ucneitainin 3Kb n 9A Ha BB npu
NPOEKTUPOBaHUN. OnekTpuyeckme xapakrepuctuku 3KB onpenensoT nyTeM pacdeToB MO CXemam Unu no
pesynsraTaM MHCTPYMeHTarnbHbIX M3MepeHUi Ha MakeTax.

1.3 Onsa pa3pabotkn KPP OKB n 3A Ha BB® metogom maremaTtMyeckoro MogenupoBaHusa (BUpTyanu-
3auun mcnbitTadnin Kb n OA Ha BB®) cnenyet npumMeHsiTb aTTecTOBaHHbIE NPOrpaMMHbIE CPEACTBA, a npu
HEeobXoOMMOCTM — aTTecToBaHHbIe MporpaMMHo-annapaTtHele cpeacTBa. TpeboBaHusa K nporpaMMHO-anna-
paTHbIM cpeAcTBaM YCTaHaBMMBAKOTCSA MO COMMacoOBaHUIO C 3aKa3vynKamu.

2 HopmaTtuBHbIE CChISTKK

B HacTosawem CTaHOapTe UCNnoNnb30oBaHa HOPpMaTuBHaA CChbIIKa Ha cne,u,yrou.mﬁ CTaHOapT:

MapaHune ochbuumnansHoe
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FOCT P 70201 CucteMbl aBTOMaTU3MPOBAHHOIO NPOEKTUPOBAHMUA MNEeKTPOHNKK. ONTUManbHoe codeTa-
HWE HaTYPHbIX U BUPTYanbHbIX UCNbITAHWIA 3NTeKTPOHUKA HA HAL4EeXHOCTb U BHELLHWE BO3AeACTBYOLW e hakTo-
pbl. TpeboBaHuA 1 NOPALOK NPOBEAEHUS NPW BbINONHEHWM TEXHUYeCKoro 3agaHua Ha HNOKP

3 O6wume nonoxeHun

3.1 LUenbko pazpaboTku HAcTOsILLEro cTaHAapTa ABNsSETCA YCTaHOBNeHue TpeboBaHWii K MeTogaM aBTo-
MaTuaupoBaHHOro npoekTupoeaHusa KPP OKB 1 OA nyTem maremMaTMyeckoro MoaenupoBaHusa uanydeckoro
coctoaHusa KB u 3A npw Bosgenctsmun BBO.

[na [ocTuKeHWs NOCTaBNEeHHOW LIeNn B cTaHOapTe yCcTaHaBNUBAKOTCA criefytollmne equHble TpeboBaHus:

- k TexHonormu cosganus KPP 3KB Ha ocHoBe martemMaTtMyeckoro MOL4ENMpoBaHUA W BUPTyanuaauuu
menelTaHuin KB n 3A Ha BB® npu npoekTupoBaHuu;

- MeTody hopMUPOBAHMNSA IMEKTPUYECKUX XapakTepuctuk «B cxeme» B KPP;

MeToay (hopMUPOBaHUA TEMNMOBbLIX XapakTepucTuk «B cxeme» B KPP;

MeToay (hopMMpPOBaHNA MexaHU4ecknx xapaktepucTuk «B cxeme» B KPP;

mMeTtoay opmmpoBaHna gaHHbix «o HTO» B KPP;

hYHKUMOHANBHBIM XapakTepucTUkamM nporpammMHoro obecnevyeHns Ansi aBToOMaTtu3npoBaHHOIO CO3-
Oanusa KPP 3KB Ha paHHUX 3Tanax npoekTupoBaHus 3A no peaynsrataM MateMaTMyeckoro MogenupoBaHus
3KB v 3A Ha BBO;

- MopsaaKy NpUMeHeHUs MeTOAOB WM NporpamMmHoro obecneyeHus Ha CTagusaX NPOEKTUPOBAHUA U N3-
rOTOBMEHUA, a TaloKe YAOCTOBEPEHUA 3aKkas3duMka B TOM, YTO Ha CTaausX KOHCTPYMpPOBaHWA M NMPOM3BOACTBA
BbIMOMHEHbl OLUEHKM BO3MOXHbIX BApPUMaHTOB CXEMHO-TEXHWYECKOro MOCTPOEeHUs W KOHCTPYKTMBHOMO MCMNOn-
HeHust KB 1 OA ¢ TOYKW 3peHUst JOCTMKEHUS 3aaHHbIX TEXHUYecKkuM 3agaHnem (T3) dyHKLMOHANbHBIX 1
3KCNNyaTauMOHHBIX XapakTepucTuK.

3.2 OpraHusauma paboT no npuMeHeHUo TexHonoruu cozgaHua KPP KB Ha ocHoBe
MaTemMaTU4eCcKOro MoaenupoBaHWA U BUpPTyanu3auum ucnbitaHuin Kb n 3A Ha BBP
NPV NPoOeKTUPOBaHUM

3.2.1 PaspaboTumku cxem 3A nony4arwT v NepefarnT BCe SMEeKTpUYEecKue XapakTepucTukM, Heobxoan-
Mble ana KPP 3KB, paboTHukam nogpasgeneHus npeanpusaTs, Ha KOTOpPOe BO3noXeHa 06s3aHHOCTb BhINy-
cka KPP 3KB.

3.2.2 Pa3paboTymKu KOHCTPYKLUMA 3A nony4alT U NnepefarwT BCe TEMMOBLIE Y MeXaHW4YecKkne xapakTe-
pucTtukn, Heobxogumble ana KPP 3Kb, paboTHukam nogpasgeneHns nNpeanpuaTus, Ha KOTOPOE BO3MNOXeHa
o06sa3aHHOCTb Bhinycka KPP 3KB.

3.2.3 PaboTHWKM NoapasfgeneHns npeanpuaTis, Ha KOTopoe Bo3noxeHa 06sa3aHHOCTL 3anonHeHwns 6asbl
OanHbix (B[1) 9KB n maTtepuanos, perynsapHo onsa Hoeoi AKB 3aHocaTt B B} 3KB Bclo nHpopmauuo, Heobxo-
aumyro ang co3ganua KPP, cogepxawytocs B konoHkax «Mo HTO», n ong matemaTtMyeckoro MoaenvpoBaHug
W BUpTyanusaumu ncneitaiuin 3Kb n 3A Ha BB® npu npoekTupoBaHuu.

4 CocTaB u cogepxaHue KapT pabounx pexmmos

4.1 MNocne npoBepku npaBunbHOCTU NpumeHeHna 3KB B 3A BbIBOAAT AaHHbIe 0 pe3ynbrarax OLeHKW
HOMEHKIaTYphbl, YCITOBUIA aKCNNyaTaunn, aNEKTPUYECKUX U TeMnepaTypHbIX pexxnMmoB pabotel 3KB. 3Tu gas-
Hble B BMAE YUCMOBLIX 3HAYEHWW NapaMeTpoB, XapakTepusyllwmux dakTuyeckme 1 npegnmcaHHble B HopMa-
TUBHO-TEXHUYecKor fokyMmeHTauuu (HTO) Ha SKB ycnoeus ux skcnnyataumumu U pexxumbl paboTsl, odbopMnswoT
B Buae KPP.

4.2 Komnnekt KPP Ha cbopoyHy equHULY BEICLLEN CTYMEeHW, B KOTOPYH BXOOAT COOPOYHbLIE eQuHULbI
HU3LWMX CTYMNeHeN, BKIOYaeT B cebs:

a) TUTYNbHbIA NUCT (dpopmbl 1 1 1a);

6) copepxaHue (dopmbl 2 1 2a);

B) NepeyeHb KOMMMEKTOB KapT cOOPOYHbLIX eAUHUL HU3LWer cTyneHn (opma 3);

r) KapTy OLleHKM HOMEHKNaTypbl NpuMeHeHHbix OKB 1 cBeeHnin 0 COOTBETCTBMI YCINOBUA UX 3KCMya-
Tauuu U Nokasatenei HagexHocTu TpebosaHuam HT (dbopma 4);

a) kapty 3KB, npUMEHEeHHbIX NPU MeXaHWYeCcKUX BO3LENCTBUAX, HE COOTBETCTBYHLLMX TpeboBaHuAM
HTL Ha Hux (bopma 5);

2
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e) kapTbl pexxumoB paboTel KB, BXxoaswmx HenocpeacTBeHHO B cocTaB komnnekta KPP (dopmbl 6—92),
Hanpumep coeguHUTenen, TymMbrnepos 1 T. M.

4.3 B komnnekT KPP Ha cOOpouHy0 eAMHULY HU3LEN CTYNEeHU, He UMEIOLLYIO B CBOEM COCTaBe OpPYroin
cOOpOoYHON egnHULbI (HanpuMep, SSMeKy, TUMOBOW 3NEMEHT 3aMeHbl U T. M.), BXOOAT:

a) TUTyNbHLIA NUCT (hbopma 1a);

6) cogepxaHue (chopma 2a);

B) KapTa OUEHKN HOMEHKNaTypbl npuMeHeHHbliX 3KB 1 cBegeHusi 0 COOTBETCTBMMW YCMOBUIA MX 3KCMya-
Tauuu 1 NnokasaTenen HagexHocty Tpebosanusam HTL (dopma 4);

r) kapta 3KB, NpMMeHeHHbIX NMpPU MeXaHUYEeCKUX BO3AENCTBUSIX, HE COOTBETCTBYHOLMX TpeboRaHMAM
HT[ Ha Hux (popma 5);

4) kapTbl pexumor pabotel KB, Bxogawmx B coctas cbopouHon eauHulbl (hbopmel 6—92).

MepevyeHb Bcex KPP 3KE npuBeneH B npunoxeHun A. B npunoxeHun b npueeaeHsl oopmbl 91 1 92,

5 TexHonorua co3gaHmA KapT pabo4yux pexnmoB 3NIeKTPOHHOW KOMMOHEHTHOM
0a3bl HAa OCHOBE MaTeMaTUYeCKOro MoaenMpoBaHUA U BUPTyanu3auuu
MCNbITaHUA 3NTEKTPOHHOW KOMIMOHEHTHOW Da3bl M 3NeKTPOHHOW annapaTtypbl
Ha BHellHWe Bo3aeUCTBYOLWME haKkTOpbl NPU NPOEKTUPOBAHUN

5.1 TexHonorus cosganust KPP OKB Ha ocHoBe maTteMaTu4eckoro MogenupoBaHust W BUpTyanuaaumm
nenbitanuia KB n 3A Ha BB® npu npoekTvpoBaHun npeacTasieHa Ha pucyHke 1.

5.2 B npouecce npoekTupoBaHWs Ha Ba3de nogcUCTeEMbl YNpaBreHWs OaHHbIMW MPWU MOOENMpoBaHUN
(PDM-cucTtemMbl) ¢ MCNONb30BAHUEM NOOCUCTEM MareMaTU4ecKoro MoOenupoBaHWs MpPoOUMCXOaUT hopmMupo-
BaHWe 3neKTpoHHoW Modenu 3A. C NoMOLLb cneunanbHoro rpadMyeckoro peaakropa BBOAUTCS aMneKkTpu-
JYeckasi cxema, KoTopasl coxpaHsieTcsi B 6a3e JaHHbIX MPOEKTOB B NOACUCTEME YpaBieHns OaHHBIMW U nepe-
naetcsa B Buae hanna B cucTeMbl aHanuaa anekTpMYecKknx CXeMm, a Takke B cMcTeMe aBTOMaTU3MPOBaHHOM
npoekTupoBanua (CAlMP) nevatHbix nnat. BeixogHele dannel CAMNP nevaTHbIX nnaT B cTaHAapTHbIX (bopma-
Tax (Hanpumep, PDIF n IDF) coxpaHalT B 6asze gaHHbIX NPOEKTOR B NOACUMCTEME YNpaBNeHUsa MOLEnMpoBa-
HMeM 1 HanpaensawT B cucteMbl 3D-mMogennpoBaHnsa ons co3gaHua YepTexen.

5.3 B 6a3y gaHHbix npoekToB nepenatoT 3D-mogenu wkador 1 6nokoB 3Kb n 3A, co3gaHHble B cucTe-
max 3D-mogenvpoBaHua B CTaHAapTHIX dpopMaTax (Hanpumep, IGES n STEP), koTopble ganee HanpaBnsoT
B NOACUCTEMbI MOOENMPOBAHWA NS aHanvM3a MexaHM4YeCcK1Ux NpoLeccoB B WKadax v bnokax BA 1, a Takke B
NoAgcvMcTeEMy MOAENUMPOBaHUA 4Ns aHanuaa TennoBkiX NPOoLeccoB B Wkadax n bnokax DA 3.

5.4 Tony4yeHHble B pe3ynbrate MOLEMMPOBAHUA YCKOPEHWA U TeMNepaTypbl B KOHCTPYKUMAX WKadoB
n BNOKOB COXPaHAT B NOACMCTEME ynpaBneHuss MogenupoBaHueM 2, 4. YepTexu neyatHeix yanos (1Y) n
cneundrkaumnm K HAM, a Takke annbl B CTaHOAPTHbIX popmaTax nepenaroT U3 NoOACUMCTEMbI YyNpPaBrneHUs
MOOenupoBaHWeM B NOACUCTEMY OS5 KOMIMIIEKCHOIo aHanusa TennoBbiX U MexaHW4ecknx npoueccos B 1Y 5.
B gaHHyto noAacucTeMy Takke nepefaloT TeMnepaTypbl BO3yxa B y3nax, NnollyyeHHsle B nogcucreme moge-
NMpOBaHMA TEMNMOBLIX MPOUECCoB B WKadax 1 bnokax JA, a TakKe ycKopeHus onop, nonyyeHHble B Nogcu-
cTemMax aHarnm3a MexaHW4ecKon NPOYHOCTK WKadoB 1 Briokos 6. [NonyyeHHble B pe3ynsTate MogennpoBaHuns
Temnepatypbl U yckopeHuss 3KB coxpaHAlT B nogcMcTeMe yrnpaBneHus mMogenupoBaHueM 7. Ecriv oHW He
npeBbIWaKwT gonyctumble no HT[, 3HayeHus, To ganee nNnpoBoOUTCS aHanu3 nokasaTtenen HagexHocTn 3Kb
1 SA. Ecnv e NpeBbIWaloT, TO BHOCATCH U3MEHEHUS B ANEeKTPUYECKYI0 CXeMY M KOHCTPYKUMIO OA 1 pacyeTsl
NOBTOPSAOTCA.
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Cxema
PacueT PaameLleHwue, Coanatme 3D-
oxGRE TpaccuMpoBka Mogene
PDIF, IGES.
dann 4 IDF STEP
cxeMbl apaKkTePUCTUKK
8
YnpaeneHue dopmupoBaHune
MHTerpupoBaHHas 15 OaHHBIMUK Npr 9 kapT paboumx
6a3a gaHHbIX KB 1 MOAEenupoBaHun e pexumos KB
MaTepuanos . ' :
AHanua 1 2
MeXaHU4ecKomn
NpoYHOCTK LWKadoB,
Qrokae p 5 6 7 11| 12]] 12 | 14
4
AHanus TennoebIxX AHanus Tennoebix 1 AHanna
XapaKTepucTUK MEeXaHU4YECKNX nokasarenewn
wkadgos, 6rokos xapaktepucTuk 1Y HaOeKHOCTH

PwucyHok 1 —TexHonorua co3ganusa KPP 3KB Ha ocHoBe MaTeMaTu4ecKoro MoaenMpoBaHma
1 BUpTYyanu3auuu ucneitaHuini K6 n 3A Ha BB® npu npoekTupoBaHuun

5.5 MepederHb IKB, dhannbl ¢ anekTpudeckumu xapaktepuctukamn IKB 8, Temnepatypammn n ycko-
peHnsmyn OKB 9 nepefdatoT M3 noAcucTembl ynpasneHWs MOOEenuUpoBaHUEM B MOACUCTEMY (DOPMUPOBAHUS
kapT pabounx pexumo IKB. MonyyeHHsle B pesynbTaTe kKapTel paboynx peXXMMoB COXpaHAIT B MogcucTemMe
ynpaeneHvs mogenvpoBanvem 10. Ecnu anekTpudeckve xapakTepucTukW, TemnepaTypbl U yckopeHust OKB
«B cxeme» He npeBbiwakT 3Hadyenna «o HTO», TO ganee npoBoAMTCA aHanW3 nokasarenen HageXHoCTH
3KB 1 3A. Ecnu e NpeBbILLAT, TO BHOCATCS U3MEHEHUS B 3NEKTPUYECKYH CXeMY U KOHCTPYKUMI 3A 1 pac-
4YeThbl TeMNepaTtyp, yCKkopeHun, a Takke co3gaHue KPP 3KB nosTopsioTes.

5.6 MNepeveHs JKE 11, dhannel ¢ anekTpuyecknmu xapaktepuctukamu 3KB 12, Temnepatypamu u ycko-
peHusamy KB 13 nepepatoT U3 NogcuUcTeMbl ynpaeneHus MOgenuMpoBaHWeEM B NOACUCTEMY aHanu3a nokasa-
Tenen HagexHocTn JKB u 3A. MNMony4yeHHble B pe3yneTaTe nokasatenu HagexHocTu KB n SA coxpaHswT
B MofcucTeMe ynpaerneHus MogenvpoBaHuem 74. Ecniv oHM He npeBbIWakT 3ajaHHble B T3 3Ha4YeHus, TO
nanee npoBoauTcsa okoH4YaTenbHoe dopmuposaHme KPP QKB. Ecnu e npeBbIlatloT, TO BHOCATCH U3MEHEHMUS
B 3MEKTPUYECKYH CXEeMY WU KOHCTPYKUMIO A 1 pacyeTbl TEMMNepaTyp, YCKOPEeHWI W nokasaTenen HageXHoCTH
3KB 1 DA noeTOpAlOTCA.

5.7 Bce Heobxogumble Ansa pacyeToB napamMmeTpbl IKB 1 maTepuanoB aBTOMaTUYECKM CYUTBLIBATCA U3
MHTerpMpoBaHHoN Basbl gaHHbIX 3KB n matepuanos 715.

5.8 MNocnenoBaTtenbHOCTb AencTBUi npu cosgaHnn KPP 9KB Ha ocHoBe MaTeMaTu4YecKoro Moaenupo-
BaHWs 1 BupTyanusayum ncnsitannin 3Kb n 3A Ha BB® npu npoektupoBaHum npueeneHa B 5.8.1—5.8.5.

5.8.1 MNMony4eHue Bcex Heobxoanmbix ans KPP OKB anekTpuyeckux xapaktepucTuk (pas3paboTynk cxembl).

5.8.2 PacueT BUOpaLVOHHLIX W yOapHbIX YCKopeHuid 1 Temnepatyp JKb.
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5.8.3 MNpenBaputensHoe cosnaHne KPP 3KB.

5.8.4 AHanus nokasarenen HagexHocTn IKB n 3A.

5.8.5 OkoH4yaTenbHoe co3gaHne KPP 3KB.

Mpumep co3paHna KPP 3KB Ha ocHoBe MaTeMaTU4ecKoro MogenupoBaHusa U BUPTyanu3auun ucnsita-
Huin 3KB n 3A Ha BB® npu npoekTUpoBaHUKM NpUBeaeH B NpUnoxeHun B.

6 MeTon chopmMUpOBaHUA INEKTPUYECKUX XapPaKTEePUCTUK 3NEeKTPOHHOMU
KOMMOHEHTHOW 6a3bl «B cxeme» B kapTax pabounx pexxumMoB

6.1 OnekTpunyeckne xapaktepuctukn KB «B cxeme» B KPP gomxHel 61Tk nonyyeHsbl nnbo nytem Spice-
mMoZenvpoBaHus, Nnbo nyTem NpsaMbiX U3MEPEHWIA Ha MaKeTe.

6.2 JomkeH bbiITb cchopmupoBaH nepedeHs KB B cxeme, BKMOYAKOLWMA MNO3ULMOHHOE 0BO3HaYeHne
OKE 1 nonHyto ycnosHy 2anvcek IKB, koTopbi ByneT ucnonb3oBaTtbcs NporpaMmmMHbiM obecnedeHnem arns
co3gaHus KPP OKB Ha ocHoBe maTtemaTtnyeckoro MogenupoBaHus K BUpTyanuaauuu ucneitaHuia OKb n 9A
Ha BB® npu npoekTupoBaHuu.

6.3 JomkeH BbITh cchopMupoBaH haitn, cogepXallnii No3MunoHHoe obozHavyeHne 3KB 1 anekTpuye-
CKME XapaKTepUCTUKK, BKMNoYas MOLHOCTM TennoBbigenennsa 3KB B cxeme.

6.4 Mogmopens aneKkTpUYecKux rnpoLeccos:

- OoTpa)aeT aNeKTpUYeckme NpoLecchl, NpoTeKkawlne B cxemax A, 1 NO3BONAET ¢ AOCTAaTOYHOW ONs
MHXXEHEPHbIX PACYETOB TOYHOCTLIO aHanM3npoBaTh PYHKUWOHANbHbBIE U PEXUMHbIE SNEKTPUYEecKne xapakTe-
PUCTUKM;

- BKIIIOYAET B CBOW COCTaB 3KBUBanNeHTHble cxeMbl OKB (pe3ancTopoB, KOHOAEHCATOPOB, KaTyLIeK UHOYK-
TUBHOCTW AMOO0B, TDAH3MCTOPOBR, MUKPOCXEM U Mp.), a Takke Basy MakpomMogernei, No3BonsLLNX MOOEeNUpo-
BaTb OKB 1 3A Ha ypoBHe hyHKUMOHAMNBLHBIX U PEXUMHBIX XapaKkTepUCTUK,

- y4mTbiBaeT nokanbHble Temneparypbl Kb, napasvTHble NpoBOAMMOCTU, EMKOCTW, WHOYKTUBHOCTM,
B3aUMHbIE MHOYKTUBHOCTW W ApYrue napameTpbl, YTO NO3BONAET OTPasnTh BIUAHME KOHCTPYKUMW Ha NpoTeka-
loWwKre B cxeMe aneKkTpuyeckue npoLeccesl.

6.5 Mpu cosgaHun KPP OKB anekTpuyeckne xapakTepucTuMkM nepedarTcs B opMbl 6—87.

7 MeTopn chopMupoBaHUA TENNOBLIX XapakTepucTuk «B cxeme» B KapTax
pabounx pexmmoB

7.1 Ona kaxgoro 3Kb gomkHa ObITb NpeaBapuTenbHO paccyMTaHa TeMnepaTypa OKpyXatllen cpeabl
(kopnyca).

7.2 VicxoAHeIMW AaHHBIMKW AN pacyeTa Temnepartypbl SIBNAETCS MOLWHOCTL TennoBbiaeneHus, onpeae-
neHHasa B 6.3.

7.3 [ina pacyeTa TemnepaTypbl MCNOMNb3yeTca nporpaMmHoe obecneveHne MaTteMaTuyeckoro Mogenu-
poBaHuA 1 BUpTyanusauuu ucnoitannin Kb n A Ha TennoBble BO3AEACTBUSA MPW NPOEKTUPOBaHUMW, KOTOPOEe
OOIMKHO oTBeYaThb TpeboBaHuam 1.3.

7.4 NomkeH BbITb cchopMmupoBaH dain, cogepxalnin no3auynoHHoe obosHadveHne Kb n TemnepaTtypy
OKB «B cxeme».

7.5 MNpwu coszaarum KPP 9KB Temnepatypkl nepegatotcs B hopMbl 6—87.

8 MeTon chopmMupoBaHMA MexaHNYeCKUX XapakTepucTuk «B cxeme» B kapTax
pabounx pexmmoB

8.1 na kaxporo OKBb pomkHbl 6bITh NpeaBapuTENbHO PaccHUTaHbl YCKOPEHUS BUBpauMn, 0AMHOYHOIO
M MHOIOKpaTHOTo yaapos.

8.2 [Ins pacyeTa YCKOpPEHWA MCNOMb3yeTcsl NporpamMHoe obecnevyeHne MaTtemMaTuyiecKkoro Mogenupo-
BaHUA W BUpTyanu3auuvi ucnoitanuin Kb n A Ha mexaHW4YecKne BO3LENCTBUS NPy NPOeKTUPOBaHMM, KOTO-
poe OO0MKHO oTBedvaTth TpeboraHmam 1.3.

8.3 HomxeH BbITb cdhopmupoBaH chann, cogepxalmin nosnymoHHoe obosHaveHme 3KB u yckopeHue
3KB «B cxeme».

8.4 Mpw cospganum KPP OKB yckopeHua nepegatoTtcsa B goopmy 5.

Pa3zpaboTka anekTpoHHOWN Bepcun - nopTan GostExpert.ru 9/20
Crpanuua ookymeHTa - https://GostExpert.ru/gost/gost-71829-2024



https://gostexpert.ru?utm_source=pdf&utm_medium=69598
https://gostexpert.ru/gost/gost-71829-2024?utm_source=pdf&utm_medium=69598&utm_term=page

FOCT P 71829—2024

9 Metoa chopmupoBaHna aaHHbIX «Mo HTO» B kapTax pabo4nx pexxmumoB

9.1 OaHHble «lMo HTO» cunTbiBatoTCA aBTOMaTu4ecky no nepedHto 3Kb 13 6asbl gaHHbeIx 3KB.
9.2 Ina 3Kb cywecTByeT 4eTbipe cnocoba hopMmupoBaHua gaHHbIX «[1o HTO»:

- 4ncno;

dopmyna;

rpadumK (3aBUCUMOCTbL OT OLHOMO NapameTpa);

HOMOrpamma (3aBUCUMOCTb OT HECKOMBKUX NapaMeTpoB).

9.3 [ina 3KB cyuiecTByeT Tpy UCTOYHMKA NoNydYeHUsa aaHHbix «Mo HTO»:

HT[ (npexge Bcero TexHudeckue ycnoeus Ha OKB);

npsiMble U3MEpPeHMs aneKkTpuyeckux napametpos IKB;

noeHTUdUKaLma anekTpuyecknx napametpos IKB.

9.4 NpoeHTndumkaumus anekTpudeckux napametpoB KB npuMeHseTcs B cnydae OTCYTCTBMS OaHHbLIX M
HEBO3MOXHOCTUW NOMYyYeHUs JAaHHbBIX MyTEM NPsSMbIX U3MEPEHUN.

B wunpokom cmbicne uoeHTUuKaumMs — 3TO YCTAHOBMNEHME COOTBETCTBMA Mexay obbekToM, npea-
CTaBMeHHbIM HEKOTOPOW COBOKYMHOCTBK 3KCMEPUMEHTANbHLIX AaHHbIX O €r0 CROMCTBAX, U MOAensk 0b6b-
ekta. B gpaHHOM cny4ae TpebyeTca cOMoCTaBfeHMeM 3KCMepuMeHTanbHblX AaHHbIX U AaHHbIX MareMartu-
4yeckoro Spice-MOOenvpoBaHWs ONpeaenvTb Heu3BecTHble anekTpudeckve napametpbl OKB. Hawbonee
NNoAOTBOPHBIMU WU NEPCNEKTUBHLIMU ABNAIOTCA MeTOoAbl MOEeHTUPUKALUK, NOCTPOEHHble Ha NpuHUUNEe
HacTpamsaemon mogenu. OcHOBHasi uaes 3TOro MOAXOAA CBOAMTCH K CXeMe, NPEACTaBMNeHHOW Ha PUCyH-
ke 2. 3geck X — asnekTtpudveckoe Bo3gencteue Ha 3KB; Y, Y — COOTBETCTBEHHO 3KCMEPUMEHTANbLHAas U
pacyeTHas (nonyvyeHHas nytem Spice-MOOenupoBaHUNA) 3HAaYEHUS BbIXOQHON CTATUYECKOW 3NEeKTPUYECcKon
XapakTepuCTUKN UMK 3aBUCUMOCTU BbIXOAHON AMHAMUYECKOW SNEKTPUYECKOW XapaKTepUCTUKA OT YacToTbl
(Bpemenn); g = |Y =¥Y|— owwnbka.

KpuTepuin naeHTMgUKaLMm BeIHMCISETCS Kak MHTerpan KeagpaTta oWwnbKy

rae f, f, — HauyanbHan U KOHeYHas YacToTa (Bpems) AumanasoHa COOTBETCTBEHHO;
f — Texyllee 3Ha4YeHWe 4acToThbl (BpeMeHH).
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hd
Cxema
5 e V] H
1 y 1
1 1
1 1
1 ]
X : ANroput™m CpaBHuBatoLLee . Kputepuia
5, ONTUMM3ALMK « YCTPOWCTBO : onTUMM3aLUK
: 1
1 1
1 3 1
1 1
1 1
1 1
1 1
1 1
1 1
— 1 1
Y I :
! Mogens cxembl !
I '
1 1
1 1
1 1
1 1

PucyHok 2 — CTpykTypHaa cxema naeHTUrKaumm Ha OCHOBE HacTpavBaeMor MOAenu

3agava vMoeHTUdpUKaumn opMynupyeTca B criedytolem Buge: HeobxoaMMo HarWTW Takue 3HayeHus
napameTpoB Marematuyeckon Spice-MoOenu, KOTopble YA0BNETBOPSOT MUHUMYMY YHKLWKM LEMW 1 Nexar B
06nacTv 4ONYCTUMbIX 3HAYEHW NapaMeTpoB, T. €. 3a4ada UAeHTUMMKaLUM CBOANTCA K 3a4ade onTMMuaaunm.
DyHKUMA Lenv uMeeT Bua

H(Q) = Y (a0 — ap))

i=1

rge  m — KONMWMYecCTBO TOYEK U3MEPEHUs MO YacToTe (BpeMeHu);
ag, j» @y j — IKCMEPUMEHTANBHOE W PACHETHOE 3HAYEHWA INEKTPUYECKON XapaKkTepucTUKW Ha -t YacTtote
(B i-n MOMEHT BpeMeHH).

10 TpeboBaHMA K NnporpaMmMHOMY obecne4yeHno No Co3gaHMUK KapTt padounx
pPeXUMOoB

10.1 MNMporpammHoe obecnedeHue no cozganuo KPP gomkHo oTBevyaTk TpeboBaHuam 1.3.

10.2 MNporpamma JoMmKHa NO3BONHATL BBOAUTE NO3ULMOHHBEIE 0603HaYeHWS U MOMHbIE YCMOBHBIE 3anucy
3OKB 4YeTbipbMsa crniocobamu.

10.2.1 Cnocob 1. MmnopT BbixogHoro channa CAINP nedatHeix nnaT B dpopmarte IDF, cogepxauwero
No3uUMOHHble 0603Ha4YeHusa 1 nonHble ycnoeHble 3anvcn 3Kb. B npouecce nmnopta napannensHo OOMKHO
natn obpawenue k B[] 3KB, oTkyga cumTbiBaoTes BCe HeobxoauMmble napameTpbl «[1o HTO».

10.2.2 Cnocob 2. MmnopT danna *.txt, cogepxaliero no3avuMoHHele 0603Ha4YeHMs U MOMNHbIE YCNOBHLIE
sanucu 3KB. B npouecce umnopTa napannensHo AomkHo natn obpawenve kK B 3KB, oTkyda cunTbiBaloTCS
BCe HeobxoauMmeblie napameTpbl «Mo HTO».

10.2.3 Cnocob 3. Yvcnosown psg (Tabnuua).

10.2.4 Cnocob 4. PyyHon Buibop 3Kb, cogepxauieroca B nepedHe, n3 b1 3Kb ¢ npucBoeHuemM no3num-
OHHbIX 0603Ha4YeHWNA.

10.3 MNMporpaMmma O0MKHa NO3BONATL OCYLWECTBNATE UMMOPT 3NEKTPUYECKUX XapakTepucTuk, Temnepa-
TYp ¥ ycKkopeHui Bubpauuin n ygapoe 3KB.
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10.4 MNporpammMa gomkHa No3BoNATb paccyuTeiBaTh napameTpsbl «[o HTO» n «B cxeme» no chopmynam,
rpachmkam 1 Homorpammam, 3anoxeHHsiMm B Bl KB, Tam, 310 Heobxoaumo.

10.5 MNporpammMa gomkHa NO3BONATL paccyUuUTbiBaTe napametpbl «MNo HTO» B 3aBUCMMOCTU OT TeMne-
patypbl U faeneHusa «B cxeme», Tam, roe 3to Heobxogumo. Hanpumep, MowHocTh peaucTtopa «Mo HTO» 3a-
BUCWUT OT TemnepaTypsl «B cxeme».

10.6 MNporpamma gomKHa MMETb BO3MOXHOCTbL aBToOMaTu4ecku dpopmupoBaTth hopMy 4 ¢ nocnegyto-
LWKMM 3aHeceHWeM BpPYYHYH YCIOBWMA AKCnnyaTaunu.

10.7 MNporpaMmma JOMKHA MMETb BO3MOXHOCTb aBToMaTtu4eckm copmupoBaTtb opMy 5 ¢ nocnegyto-
LKMM MMMOPTOM YCKOPEHUA BUOpaUui 1 yoapos.

10.8 Mporpamma gomkHa MMeTb BO3MOXHOCTb aBTOMAaTUYeCcKoro cpaBHeHUsa napameTpoB «B Cxeme»
W «Mo HTO».

10.9 MNporpamma gomkHa No3BONATL BbIBOAWTL B TEKCTOBOM pefakTope Bce (DOPMbl Kak No oTaenbHO-
CTW, TaK 1 BCe BMecTe, Kak B popmaTte A3, Tak u B hopmaTte A4.

10.10 Mporpamma QorkHa NO3BOMATL OCYLLECTBMSATL SKCNOPT Pe3yrbTatoB B NOACUCTEMY aHanusa no-
kaszaTenen HagexHocTu KB 1 SA.

Mpumepom nporpamMHoro obecnedenus no cozgaHuto KPP saenaetca poccuiickaa cuctema ACOHUMKA,
MHOpPMaLNsa O KOTOPOW NpUBELEeHa B NPUMNOXKEHUU 3.

11 TpeboBaHMA K nporpaMMHOMY ob6ecneyeHuo N0 MaTteMaTUu4eCcKoMy
MoAeNMPOBaAHUIO U BUPTyanu3auuu UCNbITaHUNA 3NEeKTPOHHOW KOMMNOHEHTHOM
0a3bl U 3NEeKTPOHHOMW annapaTypbl Ha BHELWWHWE BO34eUCTBYOLWME PaKTOpPbI
NpU NPOEKTUPOBaAHUN

11.1 MporpammHoe obecnedveHne no co3gaHuio KPP gonkHo oTBedatb TpeboBaHusam 1.3.

11.2 NMogmoaens TENNOBLIX MPOLLECCOB:

- OTpaaeT TennoBble MPOLECcChl B NPOEKTUPYEMON KOHCTPYKLMK, BO3HUKaLWMeE MNo4 BMUSHWEM BO3-
OENCTBUA OKpyXatollen cpeabl, TennoBbigeneHnn B Kb v cuctem oxnaxaeHus;

- y4MThbIBaeT Bce crnocobbl nepenadqm tenna B coBpeMeHHbix Kb n 3A;

- Yy4MTbiBaeT 0COBEHHOCTN KOHCTPYKTUBHOIO NMOCTPOeHWUs coBpemMeHHbIX KB n 3A 1 cnocobbl nx ox-
NaXJeHusa, YTo No3BoNsAeT MOAENUMpPoBaTh TEMNNOBbIE NPOLECChl C HE0BX0ANMON ANA UHXEHEPHbBIX pacHeToB
TOYHOCTBI, ANA WKMPoKoro knacca IKB n 3A.

11.3 MNogMmogens MexaHn4eCcknx NpoueccoB:

- OTpaaeT MexaHW4eCcKMe NpoLecchl B MPOEKTUPYEMON KOHCTPYKLMW, BO3HWKAIOLNE NOJ BO3OENCTBU-
€M BCEro CnekTpa MexaHW4eCcK1x BO34eNCcTBUN (CUHycouaaneHasa u cnyyanHas Bubpauum, OOAMHOYHbIE U MHO-
roKkpaTHble yaapbl);

- YUYMTbIBAET pasnuyHble cucTembl BUbponsonauum, npumeHsemsle B KB n 3A;

- y4uTbiBaeT apeKT BHYTPEHHENO TPEHUSA B MaTepuanax KOHCTPYKUMIA, aHW3O0TPOMHOCTL (PU3MKO-MeXa-
HUYeCKNX NapameTpoB MaTepuanoB KOHCTPYKUMIW, a TaKke MX 3aBUCUMOCTL OT NOKanbHbIX Neperpesos yyacT-
KOB KOHCTPYKLMW, 4YTO NO3BOMNAeT Honee TO4HO MOAENMPOBAaThL MexaHudyeckne pexumsl pabotel KB n JA;

- y4uTbiBaeT 0COBEHHOCTU KOHCTPYKTUBHOIMO MNOCTPOEHWs coBpemMeHHbIx IKB 1 3A, cnocobbl ux amop-
TU3aumWu1, 4To AaeT BO3IMOKHOCTb C AOCTATOMHON ANA MHXEHEPHbIX pacHeToB TOYHOCTbIO MOOENVUPOBAaTL BECH
CMEeKTp MEeXaHUYEeCKNX XapakTepUCTUK LUMPOKOTo Knacca KoHCTpykuui KB n DA,
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MpunoxeHune A
(cnpaBo4Hoe)

Tabnuuya A1 — lepeyeHb KapT pabo4mx peKMMoB

ngﬂi? Onucaxue

1 TUTYNBHBIA NUCT ANS KOMIMNEKTa KapT AN OLEHKX NpaBUbHOCTY NMPUMEHEHWS ANEKTPOPaavon3aenui
(3PW) (wundop cOOpOYHOW e4MHKMLbI BbICLLEW CTYMNEHN)

1a TUTYNbHBIA NMCT AN KOMNIEKTa KapT ANS OLEHKM NPaBuUbHOCTM NPUMEHEHNSA 3PW (wwndp cbopoyHon
eAWHULBI HU3LIEW CTYMEHW)

5 Co,qep>§ane KOMMMEeKTa KapT ANs OUEHKW NpaBunbHOCTH npumMeHenns SPU ona cbopodHoi eguHULbl
BbICLLIEN CTYMNEHU

23 Co,qeptKane KOMMMEeKTa KapT ANs OUEHKW NpaBunbHOCTH npumMeHenns 3PW ona cbopodHoi eguHULbl
HWU3LWEN CTYNeHN

3 [NepeveHb KOMMMEKTOB KapT cOOPOYHBIX eQUHNLL HULLER CTYMNEHK

4 KapTta oueHKkM HoMeHkNnaTypbl 3P 1 cBedeHW 0 COOTBETCTBMM YCMNOBUIA UX SKCMyaTauum 1 nokasare-
nen HagexHocTy TpebosaHnam HT

5 Kapta 3PW, npumMeHeHHbIX NpU MexaHU4Yeckux BO3OEUCTBMAX, He COOTBETCTBYHLLKMX TpebosaHuam HT

6 KPP marHeTpoHOB MMMNYSLCHOIO M HENPEPLIBHOTO AENCTBNUA

7 KPP MarHeTpoHHbIX yecunuTenen UMNynbCHOMO U HenpepbIBHOMO AeUCTBUSA

8 KPP namn oGpaTHOI BOMHLI

9 KPP oTpaxaTtenbHblX KNUCTPOHOB

10 KPP namn 6eryuiei BoNHbI IMMYNLCHOTO U HEMPEPLIBHOMO AEACTBUA

1 KPP nponeTHbix 1 ycunutenbHo-npeobpasoBaTenbHbIX KIMMCTPOHOB MMMYIIBCHOMO W HEMPEPLIBHOTO Aei-
CTBUSA

12 KPP anekTpoHHO-NyYeBbIX NapaMeTpUYeCcKUX yCunuTenen

13 KPP zawuTtHeIX ycTporcte CBY

14 KPP nonynposogHukoeblx CBY-anogos

15 KPP BY- 1 CBY-TpaHaucTopos

16 KPP nonynpoBoAHWKOBbLIX NapamMeTpuyeckux ycunutenem u ycunuteneid Ha TyHHenbHbIX AMoaax

17 KPP reHepaTopoB u ycunuTenei Ha guogax aHHa

18 KPP reHepaTopoB wyma CBY 1 reHepaTtopoB Ha NaBUHHO-MPOMNETHLIX AMogax

19 KPP npuemHbIx 1 nepegatowimx CB4Y

20 KPP nonynpoBogHukoBbIX thasoBpallartenei, nepeknoyarenei, aTTeHIaTopoB N MogyNATOPOB

21 KPP theppnToBLIX LMPKYNATOPOB, BEHTUNEN, NepeKnovaTenein n orpaHnynTenemn

22 KPP nonynpoBogHWKOBbLIX reHEPaTopoB Wyma

23 KPP reHepaTopHbIX U MOOYNATOPHBIX Namn

o4 KPP reHepaTopHbIx KoakcnanbHO-BONHOBOAHbLIX Mogynen CBY Ha meTannokepamuyeckux naMmnax He-
NpPepbIBHOIO pexuma

o5 KPP reHepaToOpHbIX U YCUNUTENbHbIX KOAaKCcUanbHO-BONHOBOAHLIX Moayner CBY Ha meTannokepamuye-
CKUX Namnax UMMyrnsCHOro pexuma
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lpodomxeHue mabnuuyel A. 1

Homep

KapTLl Onucaxne

26 KPP razoHanonHeHHbix cTabunmMTpoHoB

27 KPP umMnynbCHbIX ra30TRPOHOB U TUPATPOHOB

28 KPP BbInpAMUTENBHBIX U UMMYILCHBIX KEHOTPOHOB

29 KPP uckpoBbIx paspsagHUKOB

30 KPP uBEeTHBIX M1 MOHOXPOMHBIX KUHECKOMOB, MHAMKATOPHBIX U OCUMNNorpadmyeckmx UBETHbIX U
MOHOXPOMHBIX 3MEKTPOHHO-MYyYeBbIX TpyBok

31 KPP 3HakoCMHTE3UPYIOLWWX BAKYYMHbIX MIOMUHECLEHTHBIX UHOUKATOPOB

32 KPP 3HakoCUHTE3UPYIOLNX XKUAKOKPUCTaNNMYecknx MHOUKaTopoB

33 KPP 3HakocvHTE3MPYIOLWWMX ra3opa3paaHbiXx MHAUMKATOPOB NMOCTOSAHHOMO ToKa

34 KPP 3HakoCcMHTE3UPYIOLWWX ra3opaspaaHbiXx UHANMKATOPOB NepeMeHHOoro Toka

35 KPP 3HakOCHMHTE3UPYIOLLMX MONYyNpPOBOAHMKOBLIX MHAMKATOPOB

36 KPP guccektopoB

37 KPP BrnaukoHoB

38 KPP cynepBnanKoHOB

39 KPP cynepopTtukoHOB

40 KPP choTtoymHoXUTENEN

41 KPP anekTpoHHo-onTU4eckux npeobpasoBaTtenen

42 KPP choTouyBCcTBUTENBHBLIX NPUBOPOB C 3apsiI0BON CBA3LID

43 KPP choToanekTpoHHbIX NnpecbpasosaTenen

44 KPP choTopesncTopos, hoToanogos, (poTOTPaH3UCTOPOB U TEMMOBLIX NPUEMHUKOB U3My4eHUs

45 KPP choTonpreMHbIX YCTPOWCTB W TEMMOBbIX MPUEMHbIX YCTPOWACTE

46 KPP onToaneKTpoHHbIX NPUEMHbIX YCTPOUCTB

47 KPP ontonap

48 KPP onToanekTpoHHLIX NepeknoyaTenein Norm4yeckoro curHana

49 KPP razoBkix nasepoB HEMNPEPLIBHOTO W UMMYMNBCHOTO peXimMa paboTol

50 KPP TBEpOoTEnkHEIX NasepoB HEMPEPLIBHOTO U UMMYMNbCHOMO pexuma paboThl

51 KPP nonynpoBOAHWUKOBLIX NasepoB HenpepbIBHOrO U MMMNYNBECHOTO pexXumMa paboThl

52 KPP nonynpoBOOHMKOBLIX M3nyYarwmx guogos MK grnanazoHa

53 KPP nonynpoBoAHUKOBEIX BUNONApHLIX TETPOA0B (OedeH30poB)

54 KPP nonynpoBOAHWKOBLIX OrpaHUYMTENeiln HanpsaeHus

55 KPP ouonoB (BeINpSIMUTENBHbIX, UMMNYMNbCHBLIX, YHUBEPCAanbHbIX), BApUKanoB U ANOAHbLIX cOOpoK

56 KPP nonynpoBOAHWKOBLIX CTabUNMTPOHOB M cTabuctopoe

57 KPP TyHHenbHbIX 1 0OpalleHHbIX AUOO0B

58 KPP TpaH3ucTopoB 1 TpaH3UCTOPHbIX cBopoK

59 KPP ogHonepexodHbIX TpaH3uCTOpOB
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OkoHyaHue mabnuubl A. 1

Homep

KapTi Onucaxue
60 KPP noneBbIx TpaH3MCTOPOB M TPAH3MCTOPHbLIX COOPOK
61 KPP nonynpoBoAHWKOBbLIX TPaH3UCTOPHBIX YCUnUTEnNein
62 KPP tupuctopos
63 KPP onepaunoHHbIX yCUnUTENENA M KOMNapaTopoB HanpsiKeHns
64 KPP cTtabunvaatopoB HanpsikeHWs, CxeM ynpaeneHusa UMNynbCHbIMW cTabunusaropamMmi HanpsKeHus

64a (88) | KPP kommyTaTopoB 1 knoyen (hopma 89 — B nporpamme)

646 (89) | KPP ycunuteneii (¢popma 88 — B nporpamme)

648 (90) | KPP BanaHcHbix cmecuTenei (doopma 90 — B nporpamme)

65 KPP undpoBbIX dhyHKUMOHAaNbLHbLIX Y3MoB (Mogynen, MUKpOMOAYNer, MUKPOCXeM)

66 KPP undpoBbix hyHKUMOHANBHBIX Y3MOB (MOAyNen, MMKPOMOAYINEN, MUKPOCXEM) MO BPEMEHHBIM Napa-
meTpam

67 KPP koHOeHcaTopoB, KOHOEHCATOPHbLIX COOPOK, NOMEeXonoaaBnsALWuX (UNLTPOB U MOHUCTOPOB

68 KPP peauctopoB, pe3ucTopHeiXx cOOpoK, TEpMOPE3UCTOPOB, NOrMOTUTENEN U NOTEHLMOMETPOB

69 KPP kBapueBbix PE30HATOPOB, KBAPLIEBbIX MUKPOTEHEPATOPOB, MbE30INEKTPUHECKNX U AMEKTPOMEXaHM-
YeCKMX PUNBTPOB W NUHUIA 334ePXKN Ha MOBEPXHOCTHBIX aKYCTUYECKUX BOMHAX

70 KPP geuratenei NOCTOAHHOIO U NEPEMEHHOro TOKa, 3NeKTPOMAarHUTHLIX MydT 1 3NeKTPOBEHTUNATOPOB

7 KPP waroBbix anekTpogeuratenei anekTpoMallvHHOro Tuna

72 KPP TaxoreHepaTopoB W ABUratenen-reHepaTopoB

73 KPP cenbcuHoB, BpallaloLmnxca TpaHcopMaTopoB U basoBpallartenei

74 KPP undpoBbix npeobpasopaTenen yrna

75 KPP anekTpuyeckux coeguHuTenen

76 KPP aBTOoMatTuyeckux BoIKmo4yaTenem

o KPP anekTpomarHuTHbeIX pene, KOHTakTOpPOB, BaKyyMHBIX BbIKMKOMaTENeh U nepeknioyatenei, MarHuTo-
ynpaensemMbix KOHTaKTOB

78 KPP anekTpomarHuTHbIX perne MakCcMMansHOro Toka U aNeKTpoTennoBbiX TOKOBLIX pene

79 KPP pene BpemeHu

80 KPP BeckoHTaKTHBIX KOMMYTaLWOHHBIX YCTPOWCTB

81 KPP mukpoBbiknosartenei n MMKponeptaKnroaneneﬁ, TyMBMNepoB, KHOMOK, KHOMOYHbIX, OBUXKKOBbIX, NO-
BOPOTHbIX W MaKeTHbIX Nepeknoyatenen

82 KPP nuHerHbIX MHTerpaneHbIX cTabunnaatopoB HanpaKeHns

83 KPP BTOpPUYHBIX MCTOYHWKOB NUTaHWA

84 KPP cvnoBeix TpaHcthopMaTopoB

85 KPP mmnynbCHbIX TpaHcdopMaTopoB

86 KPP gpoccenein ounsTpoB

87 KPP npegoxpaHuTenei u gepxartenen npeqoxpaHutenen

91 MMpo4yne anemeHThI

Error (92) | Cnncok 3PW, napameTpbl KOTOpPbIX HE COOTBETCTBYIOT TY
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- Ycnosue akcnayaTaumm
Mapametp Horn-a0i& 5 il Npumeua-
3Pn HECOOTBETCTBUS annaparype, no HTA Ha e
LUT. annapartype 3PU
1 2 3 4 5
C19 Bubpauus, yckopeHue, g 1 28,00 25
gg? Bubpaumsa, yckopeHue, g 2 28,53 25
C22, Bubpauus, yckopeHue, g 2 33,45 25
C23
C25,
C26 Bubpauwus, yckopeHue, g 2 33,56 25
C27 | BuBpauws, yckopeHue, g 1 31,59 25
cz28 Bubpauus, yckopeHue, g 1 28,93 25
C29 | Bubpauus, yckopeHue, g 1 30,96 25
C30 Bubpauus, yckopeHue, g 1 28,24 25
C31 Bubpauus, yckopeHue, g 1 30,25 25
32 Bubpauusn, yckopeHue, g 1 29,03 25
C33 Bubpaumsa, yckopeHue, g 1 25,02 25
L3 Bubpauus, yckopeHue, g 1 32,83 25
L4 Bubpauusa, yckopeHue, g 1 27,87 25
L5 Bubpauus, yckopeHue, g 1 31,22 25
BbiXxoaHble Lenu,
D2 BbIXOAHOM TOK BbICOKOTO 1 0,08 0.1
YPOBHS, MA
BbixoaHble Lenu,
D3 BbIXOOHOW TOK BbICOKOTO 1 0,08 0.1
YPOBHS, MA
BbixoaHble Lenu,
D4, D5 | BbIXOAHOM TOK BLICOKOMO 2 0,08 0.1
YPOBHS, MA
BbixoaHble Lenu,
D6 BLIXOAHOW TOK BbICOKOIO 1 0,08 0,1
YPOBHA, MA
BbixoaHble Lenu,
D8 BbIXOQHOW TOK BLICOKOIO 1 0,08 0,1
YPOBHSA, MA
BbixoaHble Lenu,
D9 BbIXOAQHOW TOK BbICOKOIo 1 0,08 0.1
YPOBHS, MA
Nuer
Mam] Nuer Ne gokym. Moan. Hata
WMHe. Ne noan. Mogn. u pnata Bzam. uHB. Ne AHe. Ne gy6n. Mogn. u gata

®opmar Ad

Pucyrok B.2 — ®opma 92. Cnucok IPW, napaMeTpbl KOTOPLIX HE COOTBETCTBYIOT TY
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MpunoxeHune B
(cnpaBo4Hoe)

MHcpopmauua o cucteme ACOHUKA

Poccuiickas aBTomatnanpoBaHHas cuctema obecnedeHns HagexHocTu u kadecTsa annapatypsl ACOHWUKA (https:/
asonika-online.ru/) npegHa3snadYeHa ons aHanmsa 1 obecnedvenns ctonkocTn A n KB K KOMMMEKCHLIM TEMMOBLIM, Mexa-
HUYECKWUM, 3NEKTPOMArHUTHBLIM BO34EWCTBUAM, YCTANOCTHOW NPOYHOCTM K TENNOMEXaHNYECKUM BO3AEMNCTBUAM, CO3AaHNA
kapT pabo4ux pexumor KB, aHanuaa nokasartenei HagexxHocT A 1 cos3gaHus undposbix ABorHUKOB DA 1 IKB.

ACOHWMKA — aTo 3aMeHa HaTypHbIX UCMbITAHWIA ONbITHLIX 06pa3yoB 3A 1 KB BUPTyanebHbLIMW UCMBITAHUAMUW Ha
BHELLHWE MEXaHWYECKVE, TEMMOBLIE, ANEKTPOMAarHUTHbIE U APYTrve BO3AEWCTBUS eLe A0 MX WU3FOTOBMEHUS. 3TO 3HA4U-
TensHasi 3KOHOMMWA OEHEXHbLIX CPEACTB W COKpalleHWe cpokoB co3gaHus 3A u 3KB npu ogHOBPEMEHHOM MOBLILLEHMWN
KayecTBa WM HAOEKHOCTM 3a CHET COKpaLLEHUs KONMMYeCcTBa HaTYPHbIX UCTIbITAHWUIA.

B coctas cuctembl ACOHWKA BxoguT 13 noacuctem:

- ACOHWMKA-T — nogcuctema aHanusa v obecnedyeHvs TENNOBbIX XapakTEPUCTUK MPOU3BONbHbBIX KOHCTPYKLUMIA DA
1 3KB (3D-mofent KOTopbIX elle He co3AaHa, C BO3MOXHOCTLIO YCKOPEHHOMO CO3AaHUsa MOAENU B cneuuanu3npoBaHHOM
MHTepdence);

- ACOHWMKA-M — noagcuctema aHanmsa TUMNOBbIX KOHCTPYKUKMA BnokoB A n Kb Ha mexaHu4eckue 1 Tennosble
Bo3gencTens (3D-Moaens KOToOpbIX elle He co3aaHa, C BO3MOXHOCTBIO YCKOPEHHOMo Co3aaHua MOENW B CNeLmManmanpo-
BaHHOM WHTepdece);

- ACOHWMKA-M-LLUKA® — nogcuctema aHanvaa TUMOBbLIX KOHCTPYKUMKA WKadoB 3A Ha MexaHW4eckue 1 Tennoeble
BoagelicTens (3D-Moaens KOTopbIX eLle He Co34aHa, C BO3MOXKHOCTLI0 YCKOPEHHOMO Co3aaHWuA MOZENW B CreLmManmavnpo-
BaHHOM WHTepdelce);

- ACOHWMKA-M-3D — noacmuctema aHanuaa n obecneyvyeHmns CTOMKOCTM NPOU3BONbHBLIX 0O0BEMHBIX KOHCTPYKLUMA JA
1 KB K MexaHWYEeCKUM U TEMMOBLIM BO3AENCTBUAM C BO3MOXHOCTLH MMMOPTa reoMeTpum 12 pasnuyHbix CAD-cuctem;

- ACOHWMKA-B — nopcuctema aHanusa v obecnevyeHnsa CTOMKOCTY K MEXaHWYECKMM BO34EWUCTBUAM KOHCTPYKLUWIA
OA, ycTaHoBNEeHHbIX Ha BUGpousonaTopax;

- ACOHMKA-TM — nogcuctemMa aHanmaa KOHCTPYKUWUW nedyaTHbIX y3roB DA Ha TennoBble U MeXxaHW4eckue BO3-
[ENCTBUSA;

- ACOHWMKA-YCT — nogcuctema aHanvaa ycTanocTHOW NMPOYHOCTU KOHCTPYKUMIA nedaTHbix nnat u 3Kb npu mexa-
HUYECKMX W TEMNOBLIX BO3OEUCTBUSAX;

- ACOHWMKA-M[ — nogcuctema noeHTUgUKkaumm guanko-mexaHuyecknx U Tennopusnyeckx napameTpos Moae-
nen 3A n 3KB;

- ACOHWMKA-3MC — nogcuctema aHanunsa v obecneyeHus anekTpoMarHUTHOW COBMECTUMOCTU JA;

- ACOHWMKA-P — noacuctema aBTOMaTWU3MPOBaHHOIO 3anofHeHUs KapT pabounx pexmmoB IKb;

- ACOHWKA-B — nogcuctema aHanuza nokasaTenein HagexHoCTH 3A ¢ y4eToM pearnbHbiX pexxuMoB paboTtel IKB
W pacyeTa KOMMMEKTOB «3anacHble YacTu, MHCTPYMEHTLI 1 MPUHaONEXHOCTA»;

- ACOHWMKA-B — noacuctema ynpaeneHust 6azamu gaHHelx KB v maTtepuanoB no recMeTpudeckuM, uanko-
MEeXaHW4EeCKUM, YCTanoCTHLIM, TENNOMU3NYECKUM, ANEKTPUYECKUM W HAOEXHOCTHLIM NapamMeTpam;

- ACOHWMKA-UO3S — nogcuctema ynpaeneHua BUPTyanbHbIMKM UcnbiTaHuamu 3A 1 QKb npy npoekTmpoBaHuu 1
co3gaHnn undpoBbix ABolHUKOB IA 1 SKb.

Cuctema ACOHWKA BkntovaeT B cebsi cnegytoLLmMe KOHBEPTOPLI C U3BecTHbIMU CAlP:

- ansi nepega4vuv nepeyvHa Kb n reomeTpun nevatHow nnatel U KB B ctaHgapTHom dpopmarte (IDF) na cuctem npo-
EKTMPOBAHWA MeYaTHLIX MnarT;

- ANnsi nepenadv reoMeTpun NPOM3BONEBHOW KOHCTPYKUMK B cTaHaapTHoMm chopmate (STEP, IGES) nz CAD-cucTembl.
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(1]

(2]

(3]

(4]

rOCT P 71829—2024

Bubnuorpadcun

PacnopsikeHne MNpaeutensctea Poccuiickon ®egepaumm oT 6 HoAbps 2021 r. Ne 3142-p «O6 yTBepxaeHUKU cTpaTe-
rMYeckoro HanpaeneHusa B obnactu undpoBoi TpaHcdopMaumnu obpabaTbiBalOWMX OTpacnen NPoMbILLIEHHOCTUY

Wanymoe A.C. JopoxHas kapta pas3sutusa « CAP anekTpoHWKM Bbile MMpoBoro ypoeHA». — Kospos: 000 «HUK
«ACOHUWKA», 2020. — 24 c. URL: https://asonika-online.ru/news/432/ (gata obpaluerus: 12.05.2020)

ABTomaTManpoeaHHas cuctema ACOHWMKA ona mogenupoBaHusi OM3MYECcKUX MPOLECCOB B PaaMO3NeKTPOHHbIX
CpeacTBax C y4eTOM BHeLWHUX Bo3gencTemi/nog pen. A.C. lWanymosa. — M.: PaguoTexHuka, 2013 — 424 c.

Wanymos M.A., Wanymoe A.C. BupTyansHas cpega npoektnposaHus POC Ha ocHOBe KOMIMNEKCHOro MogenupoBa-
HWUA hnandeckux npoueccos. — Bnagumup: Bnagumupckuin punnan PAHXUIC, 2016. — 87 c.
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YOK 621.865:8:007.52:006.354 OKC 29.100.01
31.020

Knioueskle cnoea: KapThl paﬁoqu pexunmoB, Mo4enMpoBaHWe, BUPTYalbHbIE NCMNbITAHWUA, TNTEKTPUHECKNE Xa-
PakKTEPUCTHMKK, TEMNEPATYpPbl, YCKOPEHWUA, SNEKTPOHHAaA KOMMNOHEHTHaA basa, ANNEeKTPOHHaA annapartypa

PepakTop 3.A. flumaHckas
TexHudyeckun pegaktop M.E. Hepenkosa
KoppekTop [1.C. flbiceHko
KomneloTepHasa Bepctka M.B. Maneeegol

CpaHo B Habop 28.11.2024. [lognucako B neyatk 12.12.2024. ®dopmat 60%84%. [apHuTypa Apuan.
Ycn. ney. n. 2,32. Y4.-u3a. n. 1,90.

[MoaroToBNEHO HA OCHOBE 3NEKTPOHHOW BEPCUM, NpeaoCcTaBneHHo paspaboTyMkoM cTaHaapTa

CosgaHo B eAVHUYHOM ncnonHednn B PIBY «MHCTUTYT cTaHaapTuaauumn»
Onsa KoMnnekToBaHusa PegepansHoro MHQOPMAaUKWOHHOIO hoHAa CTaHAapToB,
117418 Mockea, Haxumogscknia np-1, 4. 31, K. 2.
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