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TOPCKUIA MHCTUTYT 3HeprotexHuku umenn H.A. Jonnexans» (AO «HUKUN3T»)

2 BHECEH TexHW4ecKuM KOMUTETOM Mo cTaHaapTusaumn TK 322 «AToMHaa TexHUKa»

3 YTBEPXOEH W BBEAEH B NEWCTBWE lMpukasom denepancbHOro areHTCTBA N0 TEXHUYECKOMY
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4 BBEJJEH BIMNEPBbIE

5 ®egepanbHOe areHTCTBO Mo TeXHU4eCKOMY peryrnmpoBaH1UO N MeTPONorMnm He HecetT OTBETCTBEHHOCTU
3a NATEHTHYH YUCTOTY HacToAlWero crtaHaaprta. MaTteHTOOGNagaTenbs MOXeT 3asBUTb O CBOMUX npaBax n Ha-
NnpaBnTb B CDe,u,epaanoe AreHTCTBO NO TEXHWYECKOMY pPEerynMpoBaHUiD M MeTponornun aprymeHTMpoBaHHoOe
npegnoXxeHwe © BHeECEHNN B HacToALWNA CTaHOapT nornpaekn OnAa yKasaHuda VIHCbOpMaLI,I/IVI O Hanm4nn B CTaH-
naprte 00BLEKTOB NaTEHTHOTo npaea u naTeHTooﬁna,anene

MNpasuna npumeHeHUss Hacmosweao cmaHdapma ycmaHoeneHsl 8 cmamse 26 @edepanbHO20 3aKOHAa
om 29 uwoHsa 2015 2. Ne 162-®3 «O cmandapmus3sayuu 8 Pocculickol ®@edepayuu». MHgpopmayus ob u3-
MeHeHUSX K HacmosduwieMy cmaHO0apmy nybrnukyemcs e exes00HOM (0 COCMOSAHUK Ha 1 AHeaps meKyuieao
2o0a) uHghopmayuoHHOM yKazamene «HayuoHansHble cmaHOapmsbi», a oguyuanbHbil MeKcm usmMeHeHul
U ronpasoK — 8 eXeMecayHoM UHOPMayUOHHOM ykaszamerne «HayuoHanbHbie cmaHdapmel». B ciyvae
rnepecMmompa (3aMeHbl) unu ommMeHbl Hacmosuie2o cmaH@apma coomeemcmsyrouwee ygedomneHue bydem
onybnukoeaHo 8 6nuxalwemM ebINyCKe eXeMecsyHO20 UHGOPMAaUUOHHO20 ykaszamens «HayuoHanbHble
cmaHOapmsi». Coomsemcemaeyiow,asi UHGhopMayusi, ygedoMIeHUE U MEeKCmbl Pa3Mewalmcs makxe 8 UH-
gopmayUoHHOU cucmeme 06wez0 Noab3osaHUss — Ha oghuyuansHoM calime PedepanbHO20 azeHmcmea fno
MexHUYeCcKoMY peayuposaHuro 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 OC*)MLI,MBJ'II:HOFO n3naHua bes pa3pelieHunsa <De,qepaanoro dreHTCcTBa no TeXxHNn4ecko-
MYy perynmpoBaHvMi 1 METPOJIOTUA
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HAUMWOHANBbHBIA CTAHOAPT POCCUUCKON OEOEPALUMN

TENNOBLIAENAKLWUE CEOPKW BOOO-BOAAHOINO 3HEPFTETUYECKOIO PEAKTOPA

Pac4yeT Ha NPOYHOCTL Ha CTaAWW NMPOEKTUPOBAHWUA NP OEeNCTBUU AMHAMUYECKUX Harpysok

Fuel assemblies of the water-water power reactor. Rules for dynamic strength analysis at the design stage

Oarta BeepgeHna — 2023—02—01

1 O6bnacTb NnpUMeHeHUs

1.1 HacTtosawniA ctaHgapT ycTaHaenuBaeT TpeboBaHUA K MPOBEAEHUI0 PACYETOR HA MPOYHOCTL TEMMNO-
BblAEnsoL X cOOpPOK BOO0-BOASHLIX 3HEPIETUYECKNX PEAKTOPORB NpU AeNCTBUN JUHAMUYECKMX HArpy3okK.

1.2 HacTodwmni cTaHgapT npedHasHavyeH onsa npumMeHeHusa npyv obocHOBaAHUKM MPOYHOCTH TeNnoBbLIge-
NALLWKUX cOOPOK B COOTBETCTBUM € hefepanbHbIMM HOPMaMKU K NpaBunaMn B 06nNacTu UCNonb30BaHWUsa aToM-
HOW aHeprun [1] Ha cTaguK NPOEKTUPOBAaHUS.

1.3 HacTtoswmin ctaHgapT He ycTaHaenvBaeT TpeboBaHWA K NMpoBedeHW0 pacyeTOB Ha MPOYHOCTb
TENMNOBLIAENSOLWNX 3NEMEHTOB.

2 HopmaTtuBHbIE CCbINKK

B HacToflWwem cTaHgapTe UCNONb30BaHbl HOPMATMBHLIE CChIMKW HA cNefyoLlue cTaH4apThl:

FMOCT P 59115.1 O6ocHoBaHMe NpoYHOCTM 0DopyaoBaHus 1 TpyOONPOBOAOB aTOMHbIX 3HEPreTU4eCcKuX
YCTaHOBOK. TEPMUHbI W onpefeneHust

FOCT P 70428 Tennoeblgenswouwme cbopkn BoOo-BOOAHONO 3HepreTU4eckoro peaktopa. PacuyeTr Ha
NMPOYHOCTb Ha CTaauKn NPOEKTUPOBAHUA NPW AENCTBUN CTAaTUYECKUX Harpy3ok

FMOCT P 70430 KoHCTpyKUMOHHbIE MaTepwuasnbl TENNOBbIAENALWNX 3IEMEHTOB M TENIOBLIAENSAOLLMNX
cOOpOK BOOO-BOOSAHBIX IHEPreTUYeckux peaktopos. Obwme TpeboBaHus

MpumeyaHue — [Npn NONBL30BaHNM HACTOALLMM CTaHAAPTOM LienecoobpasHo NpoBEPUTL AENCTBUE CCbINOY-
HbIX CTaHAapTOB B MHCOPMALIMOHHOM cucTeme obLiero nonb3oBaHna — Ha oduumansHoM cainTe dedepansHOro areHT-
CTBa N0 TEXHWHECKOMY PEryrnvMpoBaHWUI0 U METPONOTMN B CETU VIHTEPHET UNK NO exerogHomy MHopmMaLluoHHOMY ykasa-
Teno «HauuoHaneHble CTaHOapTbI», KOTOPLIA OMyBMUMKOBaH MO COCTOAHWUIO Ha 1 SHBaps TEKYLLEro roga, U no Bbinyckam
eXXeMeca4YHOro MHopMaLIMOHHOTO ykasaTensa «HauuoHansHble cTaHaapThi» 3a TekyLWii rof. Ecnv saMeHeH CebinoyHbI
cTaHZapT, Ha KOTOpbIA JaHa HeaaTWpPOBaHHASA CChINKa, TO PEKOMEHOYETCA UCMOoMbL30BaTh AEWUCTBYHOLLYI0 BEPCUID 3TOTO
CTaHdapTa C Y4eTOM BCEX BHECEHHBIX B JAHHYK BEPCUIO U3MEHEHWIN. ECnu 3aMeHeH CCbINOYHbIA CTaHOapT, Ha KOTOPLIN
[JaHa OaTWPOBaHHAsA CChIMNKa, TO PEKOMEHAYETCA MCNOMNb30BaTh BEPCUKD 3TOM0 CTaHAapTa C yKa3aHHbIM Bbille rofoM yT-
BepxaeHus (npuHATUA). Ecnu nocne yTBepXOeHUs HACTOSILLEro cTaHAapTa B CChINOYHbIM CTaHAAPT, HA KOTOpLIA AaHa
[LaTUpOBaHHas CChiNka, BHECEHO U3MEHEHWe, 3aTparMBalllee NonoXeHue, Ha KOTOpoe [aHa CChiNKa, TO 3TO NONOXeHne
pekoMeHayeTcs NpUMEHSATL Be3 yyeTa JaHHOro M3MeHeHUs. ECnm cobinoyHbIN cTaHaAapT OTMeHeH 6e3 3amMeHbl, TO Nono-
JKEHUWE, B KOTOPOM [JaHa CChiJIKa Ha Hero, pekoMeHAyeTcs NPUMEHATL B YACTU, HE 3aTparvBatoLLE 3Ty CChINKY.

3 TepMuHbI, onpegeneHus, COKpaleHnsa u 06o03HavYeHuns

3.1 TepMUHbI U onpegeneHus

B HacTosiwem cTaHgapTe npuMeHeHsl TepmuHel no [1], TOCT P 59115.1, a Takke crnegyroline TepMUHbI
C COOTBETCTBYIOLWUMMK ONpeaeneHnamu:
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3.1.1 guHaMn4YeckKne xapakTepUCTUKU KOHCTPYKUMU: [1lapamMeTpbl KOHCTPYKUWW, XapakTepusyLlimMe
ee cobcTBeHHble konebaHusa, BknwYan cobCTBeHHble YacToThl U hopmbl KonebaHui, moganbHblie Macchl U
KECTKOCTW (hopMm KornebaHwi, AemMmncnpoBaHne, aMnnuTyaHble U (ha30Bble YacTOTHbIE XapakTePUCTUKKM (45
YCTAaHOBMBLUMXCH BbIHYKOEHHBIX KonebaHuia).

3.1.2 mexaHuyeckaa cuctema: COBOKYMHOCTb KOMMNOHEHTOB KOHCTPYKLMKW, paccMaTpvBaeMasi B pac-
yeTe C y4eTOM B3alMOOEeNCTBUA COCTaBMALNX YacTen.

3.1.3 napumanbHble QUHaAMMU4YeCcKUe XapaKTePUCTUKU: XapakTepucTUkM COBCTBEHHbIX KonebaHui
OVUHAMWYECKON NOACWUCTEMbI, ONpeaensieMble B NpennooXeHUn HenogBMXXHOCTM TOHEK CBA3M 3TOW MOLCK-
CTeMbl C CUCTEMOW.

3.1.4 nogcuctema: CocTaBnAawLLas YacTb MexaHW4eCcKkon cucTemMel, obnagatwLias cobCcTBEHHbIMW AN-
HaMW4YECKUMW XapaKTEPUCTUKaMMN.

3.1.5 pacyeTHbIA cny4al HarpyxeHus: CoyeTaHne yCrnoBWiA HArpy>eHUs KOMNOHEHTOB KOHCTPYKLWK,
paccmaTpuBaeMoe NpK pacyeTe Ha NPOYHOCTb.

3.1.6 cobcTBeHHbIe KonebaHus: KonebaHusa, KoTopkle coBepLUaeT MeXxaHUYecKkas CUCTEMA OKOMO Mo-
TNOXEeHWA YCTOMYMBOrO paBHOBECUA NOCMe NepBOHAYanbHOro BO3MYLLEHUA Mo AeACTBUEM BHYTPEHHUX MO
OTHOLLEHUIO K CUCTEME YNPYTUX U MHEPLIMOHHBLIX CUI.

3.1.7 cobcTBeHHana chopma konebaHuia: [pocTpaHCTBEHHOE pacnpefeneHue aMmnnuTys nepemelle-
HWIA Npu konebaHuax No onpegeneHHOMY TOHY.

3.1.8 cobcTBReHHaAa 4acToTa: YacTtota konebaHuin MEXaHWUYECKOW CUCTEMBI MO OMNpeneneHHOMY TOHY
cobcTBeHHbIX kKonebaHwi, f; (i — Homep ToHa).

3.1.9 cteneHun cBrobopbl: COBOKYNHOCTL HE3aBUCUMbIX NepeMeHHbIX (060BLLEeHHLIX KOOPAMHAT), He-
06xoaMMbIX A58 NOMHOMO OMUCaHUs OBUXEHUA MEXAHWYECKON CUCTEMBI.

3.1.10 ToH konebanui: Bug konebaHuit, xapakTepuayeMelil oNnpeaeneHHoNn YacToTon u GopmMoin KonebaHuii.

3.2 CokpawieHus

B HacTosilweM cTaHfapTe NpUMeHeHbl crnefyLlue CokpalleHus:
BB3P — BOA0-BOAAHOMN SHEPreTUYECKUA peakTop;

BB — BHelIHWe ANHaAMUYeCcKue BO3NeNCTBUS;

JICM — nuHenHo-cneKkTpanbHbIiA METos;

MOP — meTon AMHaAMWYeCcKOro pacyeTa;

MK3 — MeTo KOHEeYHbIX 3NeMeHTOB;

MP3 — MakcumansHoe pac4yeTHOe 3eMIeTpaceHne;

HOC — HanpsxeHHO-AehOpPMUPOBAHHOE COCTOSIHUE;

HHY3 — HapylieHne HopManbHbIX YCIIOBWIA 3KCMyaTaunm;
HH3 — HapyweHWe HopmanbHOW 3KcnTyaTauum;

HY3 — HopMarnbHbie YyCroBuMs 3KCnnyatauum;

H3 — HopmanbHas akcnnyarauus;

M3 — npoekTHoe 3eMNEeTPACEHUE;

PY — peakTtopHas ycTaHOBKa;

TBC — Tennosbigensawowas cbopka;

YA — ycnoBusa NpoeKTHOW aBapuu;

CFD — BbuucnvTensHast AMHamuka xugkoctu (computational fluid dynamics).

3.3 O6o3Ha4YeHunA

B HacToslwem cTaHgapTe NpUMeHeHbI criegyune 0bo3HaueHns:

d, — NOBPEXAEHUS OT BbICOKOYACTOTHBIX HAMPSHKEHWUI NPU NOCTOSAHHLIX 3KCTINYATAUMOHHBIX HAMNPSXKEHMNAX;

a3 — MOBPEXOEHWs OT BbICOKOYACTOTHBLIX HAMpsKeHUA B TEYEHWE LMKIOB NepeMeHHbIX HanpsikeHui
NpwW NepexogHbIX 3KCMNyaTaLWOHHbIX PEXMMAX;

a3 — NOBPEXAeHUs OT BbICOKOYACTOTHBLIX HAMPSHXKEHW B TEYEHUE LIMKIOB NePeMeHHbIX HanpsKeHui
Npw NPOXoXAEHUU PE30HAHCHbIX 4acToT;

Rgo,z — MWHMMAarnbHOE 3Ha4YeHne YCNOBHOIO Npeaena TeKy4ecTu Npu pacyeTHol TemnepaTtype, MlMa;

[6] — HOMMHanbHOE gonyckaemoe HanpsxeHue, Mla;

(04)q — rpynna npuBefeHHbIX 0BLUMX MEMOPAHHbIX HAMPSKEHWIA C YH4ETOM CEMCMUYECKUX BO3AENCTBMA,
MMa;

(0g)p — rpynna npueefeHHbIX MemopaHHbIX 1 0BLMX U3rMBHBLIX HANPSIKEHWI C YHETOM CENCMUYECKUX
Bo3gencTeun, MMa;

2
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(0g)g — HanpsKeHUst CMSATUS C y4EeTOM CeicMUYecknx Bosaencteui, MMa;

O, — KpUTUYECKOe HanpsxkeHue cxartua, Mla;

[0.] — monyckaemoe HanpskeHne cxkatusa, Mla;

[0],, — HOMUHanbHOe Jonyckaemoe HanpsxeHune B 6onte (wnunebke), MMa;

(t5)g — KacaTenbHble HanpsXKeHUs1 cCpesa C y4eToM CeMCMUYeckux BosgencTeui, MrMa;
£ — oTHocuTenbHoe JdemnduposaHue, %.

4 O6wme nonoxeHunA

4.1 OcobeHHOCTH Harpy>xeHuwsa npu BHeWHUX JUHaMUYeCKUX B03,D,EI7|CTBHHX

4.1.1 MNpwn oueHke npovHocTn TBC (komnoHeHToB TBC) B kayecTBe BHELUHUX AMHAMUWYECKUX BO3aEN-
CTBWIA paccMaTpuBaT BHELIHWE AMHAMWYecKue BO3LEWCTBMS MPUPOOHOrC (CEMCMUYECKWEe BO3AENCTBUA) U
TEXHOreHHOro (Bo3gyLlHas yaapHas BonHa, NnafeHve netarensHoro annapara) npovcxoxaeHus. [Npu atom am-
Hamu4eckue Harpysku Ha TBC, Bo3HMKaOLLME NpU OeNCTBUM YOAPHON BOMHbLI UNW NeTaTensHoro annapara Ha
CTPOUTENbHbIE KOHCTPYKLUKU, paccMaTpUBatoT Kak CenCMUYecKne Harpy3kun, COOTBETCTBYIOLME MakCMansHo-
MY pac4yeTHOMY 3eMITeTPSCEHUIO.

4.1.2 BHelWwHWe gnHaMUyecKie BO34eNCTBUSA NpeacTaBnsaoT cobol AnHaMuyieckne Harpysku, JencTBy-
oL Me Ha aNeMeHThl (KOMMOHEHTHI) aKTUBHOM 30HbI PY, T. e. u3aMeHsoLLKMecs BO BpEMEHW pacnpegerneHHbie n
COCpPefOoTOYEHHbIE CUIbl, Bbi3bIBaKOLWME BbIHYXAEeHHblE KonebaHua komnoHeHToB TBC. lNMpu konebaHuax Ha
KOMMNOHeHTbI TBC AeicTBYIOT (AONOMHUTENbLHO K BECY W 3KCNNyaTauWOHHBIM Harpy3kam) CUrbl MHEPLLUK, CUMbl
BHYTPEHHEr0 TPEHUA N TPEHUSA B NOABMMKHbLIX MEXaHWYECKUX COeaNHEHUsIX, a B Crydae KOHTaKTa KOMMOHeHTa
C TennoHocuTenemMm — Takke ruapogMHaMnyeckme Cunbl, CBA3aHHbIE C OTHOCUTENbHbLIM ABMMXEHNEM Y4HacTKOB
KOHCTPYKUMWUK U TENNIOHOCUTENSA.

4.1.3 PacueT Ha npo4HocTb TBC npu BHEWHWX OMHAMUYECKMX BO3OEWCTBUAX CriegyeT NPOBOAUTL Ha
COBMECTHOE JeNCTBUE IKCNNYyaTALUNOHHLIX U QUHAMUYeCcKuX Harpy3ok. OBLmMe NnonoXeHnsa 1 MeToakbl pacyeTa
npuHUMarTcsa no 4.2 n 4.3 cOOTBETCTBEHHO.

4.1.4 OuHamudeckue Harpya3ku, oOyCrnoBneHHble BHELUHUMY OUHAMUYECKMMUW BO3AEACTBUSMMK, OKa3bl-
BAOT BNUAHUE:

- Ha MakcumarbHble 3Ha4YeHMA nepemMelleHrin, fedopMaunii, HanpPsSXKeHUn N ONOPHLIX peakUuni B KOM-
NOHEeHTe;

- Ha napameTpbl LUKIIMYECKOr0 Harpy>eHns (4ONOMNHUTENbHBIE LUKIbI U3MEHEeHUA HanpsXeHWi, Bbl3bl-
BalLLMe yCTanocTHOe NoBpexXaeHWe meTanna).

4.2 MeToponorua pacyeta NnpyM BHEWWHUX AUHAMUYECKUX BO34eACTBUAX

4.2.1 Pac4yeT Ha npodHocTe Npu BAB 3akntoyaetcs B onpegenednn HOC 1 oueHkax NpoYHOCTH KOMMO-
HeHTOBR TBC no gonyckaemMbiM 3Ha4YeHusiMm napameTpoB HAC, npuBeneHHbIM B 5.4, a Taioke NpoBepKe BhINOMN-
HEHWUS1 JONOMHUTENbHbLIX TpeboBaHWA, NPeayCMOTPEHHLIX B NpoekTe PY.

OnuvcaHne MeToaor pacdeta TBC npu BHELHWMX OMHAMUYECKUX BOIAENCTBUAX NPUBEAEHO B NMPUNOXKe-
Hum A. Mpw NpoBefeHNU pacdeTa JONYCKAeTCs UCMONb30BaHWe OPYTMX METOO0B, 0becnevynBaoLnX BeIMONHe-
HWEe YCTaHOBMEHHbIX TpeboBaHWIA M OTBEYALLNX COBPEMEHHOMY YPOBHIO Pa3BUTUSA HAYKN U TEXHUKM.

4.2.2 PacyeT Ha npo4HocTe npu BB nposogsaT ¢ y4eToM COBMECTHOrO AEWCTBUA JKCNMyaTauWoHHbIX
Harpy3ok v AUHAMUYECKMX Harpy3oK, 00yCNOBMEHHbIX BHELHUM AMHAMUYECKUM BO3OENCTBMEM.

4.2.3 [Insi npoBegeHns pacyeTa BeibMpatoT pacyHeTHbIe CryyYan HarpyXeHus, ABMAsLWNEeCs COYeTaHuAaMN
3KCMNNyaTauWOHHbIX Harpy3ok, AencTeyownx Ha TBC B pacyeTHbIX pexunmax, U CEMCMUYECKUX Harpy3ok, co-
rmacHo 5.1. PacuyeTHble coveTaHWs Harpys3okK Nno YCroBUSM 3KCNnyaTauuun, BUAYy CEeMCMUYECKoro Bo3oencTens
1 TpeboBaHU K MPOYHOCTKW NpuBeaeHb! B 5.4.

4.2 .4 [lonyckaeTcs TENNOHOCUTENb YYMUTbIBATb Kak NpucoeguHeHHas Maccy.

4.2.5 BnusHne TennoHocKUTens nNpu pacyeTax NnpovHocTy npu gencteumn BB gonyckaeTcs BbINONHATL
YUCNEeHHbIMX MeTogamu, Hanpumep MK3 wnn CFD.

4.2.6 Pacyetel meTogamu CFD gnsa yyeta BnusHus TennoHocutensa Ha TBC co CTOpOHbI TennoHocu-
Tensa npu BB moryT ObiTh NpoBegeHbl Oe3 yyeta nogaTnmMBocTu kKomnoHeHToB TBC, koTopble gonyckaercs
NPUHATL HegedopMMpyeMbiMK. PacdeT OormKeH NMpoBOAWUTLCH C UCMOMb30BaHUEM aKceneporpamMmmM BO BCEX
OEeNCTBYIOLUX HanpasneHusx.

4.2.7 MeToq y4yeTa AMHAMUYECKUX HArpy30K, 0BYCIOBNEHHbIX BHELLHUMW AUHAMUYECKUMUW BO34ENCTBU-
AMW, BbIOMPAOT B 3aBUCUMOCTM OT QUHAMMWYECKUX XapakTepUCTUK KoHCTpykuuu TBC, npexpae Bcero cob-
CTBEHHbIX 4acToT KonebaHWi, UMEKLLMXCA UCXOAHBIX AaHHbLIX MU XapaKTepUCTUK BHELUHWX BO3OEACTBUA.
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B cnyuyae, ecrnu nepBas cobcTBeHHas yactoTta KonebaHui Boiwwe 20 ', pacyeT Ha NPOYHOCTbL NpW Aei-
CTBWMW BHELIHWUX AMHAMUYECKUX BO3AENCTBMIA JONYCKAETCA BbINOMNHATE CTATUHECKUM METOAOM C YMHOXEHUEM
MakcUMarnbHbIX YCKOpEeHWU, onpegensaemMblX UCXOAHbIMU AaHHBbIMWU CENCMUYECKOrO BO30eNCTBUA, Ha KO3 du-
LUMEHT AMHAMMUYHOCTU. [N YacToThl B AguanasoHe oT 20 go 33 'y KoahhUUMEHT AMHAMUYHOCTA NPUHUMAKOT
paBHbIM 1,3, ANA YacToTkl Bbile 33 ' — paBHbIM 1.

4.2.8 Bbibop MeToga pacyeTa Ha NPOYHOCTL NPY AENCTBUMM BHELLHWX OMHaMUYeCKMX BO3AeACTBUIN Oon-
XEeH NpoBOAUTLCA C YHETOM MONOXKEHWA, NPUBEAEHHbIX B 5.2.

4.3 OcobeHHOCTHM pacyeTa BUGPONPOYHOCTU

Pacuyet TBC Ha BMGPONPOYHOCTb JOMKEH NPOBOAWUTLCS B CNyYasnx, eCnu akcnepumMeHTanbHoe o6ocHo-
BaHWe BMBPONPOYHOCTU U pe3ynkTaThl uaMepeHuin Bubpauuii TBC npu nyckoHanagouHbix paboTax Ha peak-
Topax BBOP He oxBaTbiBalOT BCEX MPOEKTHBLIX pexMMOB akcnnyaTtauun TBC (Bkntodas H3 n HH3), a onbiT
3KCnnyaTtauvu NpoToTUMNOB OTCYTCTBYET UMK ABMAETCH HEAOCTATOYHbIM.

5 TpeboBaHuA K pacyeTty

5.1 Pac4yeTHble cny4yau HarpyXeHus

5.1.1 Pacuet Ha npouHocTs npu BB cnegyet npoBoguTe B COOTBETCTBMM C NONOXEHUAMU begeparnb-
HbIX HOPM W NPaBWUIT B 06M1acTX UCNONb30BaHUA aTOMHOM aHeprun [1].

5.1.2 CelicMmMyecKmne Harpysku paccmaTtpusatotcs ans cnydaes M3 n MP3. McxogHeiMU gaHHbIMKU 415
pac4yeTa ABMATCA Habopbl akceneporpamm, CNekTpoB oTeeTa (MM 0D0OLLEeHHbIA cnekTp oTBeTa), onpeae-
TNIEHHbIX ANA TPEX B3aUMHO NeprneHAWKYNAPHLIX HanpaBNeHWn — BEPTUKANbLHOMO W OBYX FOPU30OHTAalbHbIX B
MecTe 3akpenneHua TBC.

5.1.3 lNpwn obocHoBaHuK npovHocT TBC npyv BHELWHWX OUHAMWYECKMX BO3LENCTBMAX AOMKHbI ObiTb
yYTeHbl Cneayowmne Harpy)atowme bakTopbl U CBOMCTBA KOHCTPYKUMK TBC:

- MHEPLUWOHHbIE Harpys3ku, Bbi3BaHHbIe KonebaHWsMM KOHCTPYKLUMW MpU 3a4aHHOM CEACMMUYECKOM BO3-
JEeNCTBUMK;

- CWMbl TPEHUSA B KOHCTPYKUWKW, OTHOCUTENbHOE BA3KOE AeMNUpPOBaHKE;

- Ansa komnoHeHToB TBC HeobxoaMmMo y4nTbiBaTh Maccy TEMMOHOCUTENS Y rMOpPOOMHAMUYECKUE CUTbI,
BO3HMKAKOLWME Npy KonebaHuax TeNNOHOCUTENS.

5.1.4 B pacdeTe Ha NPOYHOCTb MPU BHELIHWUX OWMHaMUYECKUX BO3AEWCTBUSIX paccMaTpuBarlT 3KCMMy-
aTalMOHHble Harpysku, OeCTBYHLLME BO BCEX pacYeTHbIX pexumax HarpyxeHua TBC, nepeyncreHHbiX B
FOCT P 70428, oTHOCALLMXCA K ClegyrLWnm aTanam:

- HOpMarnbHble YCNOBUS 3KCNnyaTauum;

- HapyLleHWe HOpManbHbIX YCNOBWUIA 3KCNnyaTauuu,

- YCNOBWA MPOEKTHON aBapuu.

5.1.5 Pacuer TBC cnegyeT npoBoguTb Ha COMETAHWS 3KCMyaTaUWOHHBIX U CEACMWUYECKNX Harpysok,
npveegeHHble B 5.4. B cnyyae, ecnu npyvHaTbie 4Ns pacyeTa akceneporpaMmmbl Ans M3 n MP3 pasnunyatotcs
TOMbKO aMNNnTyaamu, 4OMyCcKaeTcs He paccMaTpuBaThk CoOMeTaHMe SKCniyaTauMoHHbIX Harpysok u M3.

5.1.6 Ceiicmunyeckne Harpy3ku Ha TBC gomkHbl BbiTh 3a4aHbl C y4ETOM OfHOBPEMEHHOIO CericmMmuye-
CKOro BO3OENCTBMA NO TPEM NMPOCTPaHCTBEHHbLIM HAMpaBreHMsM B BUOe akcerneporpamm u (Mnn) crnekTpoB
oTBETa 4NS pasnu4YHbIX OCen KoopauHar.

5.2 MeToabl pacyeTa

5.2.1 ina pac4yeTa Ha npo4HoCTe Npy BAB cnegyeT ncnonb3oBatb MeToAbl, 0DecnevnBatoLLme:

- onpefeneHne NapamMeTpoB OMHAMWYECKOW peakuun KOMMOHEHTOB HAa CEMCMUYECKUE BO3OENCTBUA B
BUAE 3aBMCUMOCTEN NepemMeLleHnid, CKOpoCcTen, YyCKopeHui, geopmMannii, BHYTPEHHUX YCUITUIA U HAanNpshKe-
HWIA B KOHCTPYKLUWUW OT BPEMEHUW UMK YaCTOTbl konebaHuii;

- onpegenexHve pesynestupyowmx napametrpos HOC komnoHeHToB TBC npv coBMecTHOM OeACTBUN Ou-
HaMW4YeCKMX M IKCMIyaTalMOHHbIX Harpy3oK B BblOpaHHbIX pacyHeTHbIX pexumax (cMm. 5.1.5);

- NPOBEPKY BLIMOMHEHWA OPYIMX YCTaHOBNEHHbIX B NpoekTe PY gononHuTenbHbix TpeboBaHmid (mpu mux
Hanu4ymn).

5.2.2 lMHaMunyeckasi peakLma KOMMNOHEHTA [J0MKHa aHannm3npoBaTbCcs B paMKax MexXaHW4eckon cucte-
Mbl, B KOTOPYK OH BXOOWT, C YYETOM CBA3EA C APYTMMW COCTaBHLbIMW YacTAMW CUCTEMbl U WX BMWUSIHUSA Ha
KonebaHWsi KOMMOHEHTA.

4
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5.2.3 B cnyyae ecnu akcnnyaTtauMOHHbIE HArpy3ky He Bbi3bIBAKOT CYLLECTBEHHOM M3MeHEeHWUs napameTpoB
konebaHui, Bo30yxaaeMblx CEMCMUYECKUM BO3OEACTBUEM, TO AUHAMMWYECKYIO PeaKLUM0 KOMMOHEHTa U COOTBET-
CTBYIOLLME OUHAMMUYECKMe cocTaBnawwme napametpos HOC gonyckaeTca onpefenaTs HE3aBUCUMO OT pacyeTa
napameTtpoB HAC, BbI3BAHHOMO 3KCNNyaTaLuUOHHBLIMK Harpy3kamu. [lonylleHue 0 He3aBUCUMOCTU UHAMUYECKOW
peaxkuuny Npu cenCcMUYeCKOM BO3OENCTBUM OT 3KCMNMYaTaLMOHHBIX HArpy3oK AOMKHO 6bITb 000CHOBAHO B pacyeTe.

5.2.4 [lnana3oH 4acToT, paccMaTpuBaeMbIX MpU pacyeTe, 40MKeH BKNOYaTk OCHOBHbIE TOHA, BHOCSALLNE
Hanbonee cyllecTBeHHLIA BKMad B NnapaMeTpbl ero AMHaMU4eckon peakuun. lNpu onpefgeneHun KkonwdecTea
HWU3LWKX YacToT U hopm KonebaHWi, UCMONb3yEMbIX B pacyeTe, AOMYyCKaeTCcs UCNofb30BaTh KpUTEepUn, npu-
BegeHHble B A.3 npunoxeHus A. OrpaHndeHne paccMaTprMBaemMoro amanasoHa 4acToT JOoMKHO OblTk 060CHO-
BAHO B pacyerTe.

5.2.5 [Ina pacyeTta napamMeTpoB AMHAMWYECKOW peakuu KOMMNOHeHTa AonyckaeTcs NPUMEHSATL NUHEen-
Hble MEeToAbl, COOTBETCTBYOLWME NUHENHOW (hOpMe ypaBHEHWUI AMHAMUYECKOr0 PaBHOBECUS aHanMsnpyemMmom
MexaHu4eckKon cuctembl. [1ng yuyeta pakTopoB HEMWHENHOW NpUpoabl, ONUCEIBAEMbIX C MOMOLL L0 HEMNMUHEN-
HbIX YpaBHEHWI OMHaMWYECKOro paBHOBECUS, criedyeT UCMOMNb30BaTh HemnMvHelHble MeToabl. K Takum dakTo-
pam OTHOCATCH:

- hm3nyeckas HeNMUHENHOCTbL MaTepuana (HeNMHeRHas 3aBUCKMMOCTb MEXAY HAaNpPsXKeHUuaMu n gedop-
MauusaMu);

- reomeTpuyecKkasi HeIMHeNHOCTb (CBA3aHHasi C CyLLECTBEHHbIMK 3MEHEHWUAMMW OTHOCUTENBHOMO Nofo-
XeHusa unun hopmbl HYacTen koHcTpykumm TBC B npouecce nedpopMypoBaHus);

- CTPYKTYpHasi HenMMHenHoCTb (0DycnoBneHHasa M3MEHEHWeM TPaHUYHbIX YCIOBWIW, BKIOYas yCNoBUS
KOHTaKTa W Curbl CYXOro TPEHUA, U3MEHEHWUEM, B TOM YUCIe pa3pbiBOM UMW HanoOXeHnem CBA3en Mexay ya-
CTSAMU KOHCTpyKuuu TBC).

B0o3MOXHOCTE NPUMEHEHNA NMMHENHBLIX METOA0B UMK HEOBXOAMMOCTL MCNOML30BAHNA HEMMHENHLIX Me-
TOAOB AOMXKHbI BblITb 0BOCHOBaHLI B pacyeTe.

5.2.6 PekomeHayemble meToabl pacdeta TBC Ha BHelWHWe OMHaMUYECKWE BO3AEWCTBUA NPUBEAEHBI B
NpUNoXeHun A.

5.2.7 poBepKy KpUTepWeB MPOYHOCTH BbIMOMHAT COrMacHO MNONoXeHnsam 5.4.

5.3 UcxogHble gaHHble gnsA pac4yeTa

5.3.1 McxoaHeIMKW JaHHBIMK NS pacyeTa Ha npo4YHocTsb npu BOB asnsawTcs:

- NapaMeTpbl KOHCTPYKUMKM TBC (reomeTpuyeckue xapakTepucTUKM COOPOUYHBIX €AMHUL 1 deTanei, xa-
PaKTEPUCTUKN UX COEAMHEHNUs Mexay cODOoI, MexaHu4YecKne CBOMCTBA OCHOBHbIX M CBApO4YHbLIX Marepuasnos),
BKIMHOYaA y3rbl KPENMeHWs KOMMNOHEHTA BHYTPU peakTopa UMK K APYroMY KOMMOHEHTY;

- YCNOBWS KOHTaKTa KOMMOHEHTa C TENMOHOCUTENEM 1M (PU3MKO-MEXaHUYECKNe CBONCTBA TEMMOHOCKTE-
nsA (NNOTHOCTb, BA3KOCTb U Apyrue HeobxoanMble XapakTepucTUKN);

- XapakTepucTukn cercmmyeckux Bosgencteun (M3 u MP3) B Buae akceneporpamm v (Mnu) nostax-
HbIX CMEKTPOB OTBETA, NPUMEHUMbIX M5 paccMaTpyMBaeMOoro KOMMOHEHTa U COOTBETCTBYHOLUNX TPEM B3aUM-
HO NepneHOVKYNsapHBIM HanpaeneHuam (BepTUKanbHOMY W ABYM rOpU30HTanbHBIM), BKAKOYas konebaHusa Ha
yanax KpenneHus;

- aKcnnyaTaunoHHble Harpy3ku u/unu napametpel HOC B pexumax HY3, HHY3 u YMA;

- MapameTpbl BHYTPEHHEro TpeHust B KOHCTpykuun TBC.

5.3.2 3HavyeHuns pur3nKo-MexaHU4eCKNX XapakTepucTuk Matepuanos TBC cnegyet npuHMMaTh COrMacHo
FOCT P 70430, nnb0o no npoeKkTHON KOHCTPYKTOPCKON OOKYMEHTaLMW.

5.3.3 lNpuHUMaemMble Npu pacHeTe 3Ha4YeHUA (PU3NKO-MEXaHMYECKUX XapakTepPUCTUK OCHOBHBIX U CBa-
POYHbIX MAaTeEpPMarnoB, a Takke TennoHOCUTENSA, AOMKHbl COOTBETCTBOBATL paccMaTpUBaEMbIM aKCNyaTauu-
OHHbIM YCIOBUSAM W BO3AEACTBUSIM.

5.3.4 Mpw pacyeTe paccMaTpUBaeMOro KOMNOHEHTa 3HAYeHUs1 OTHOCUTENLHOIo AeMndupoBaHus &, npu
OTCYTCTBMM cneunansHoro oboCcHOBaHUSA, crieqyeT NpUHUMaTE paBHbIM 2,0 %.

5.3.5 Pacyet Ha npo4HocTb Npu BB npoTaKeHHbIX KOHCTPYKUWA OOMKEH BLINOMHATLCH C Y4EeTOM pas-
NUYns B YCNOBUSIX CEACMNYECKOTO HArpyXeHWs pasnuuHbiX TOYeK KpenneHus. [Mpu ncnonb3oBaHumn CNekTpoB
OoTBETA cnegyeT paccMaTpuBaTb BO3MOXHOCTb HEOOQHOBPEMEHHOMO OENCTBUA MakCUMarnbHbIX YCKOPEHUNA B
pasHbIX TOYKAX KPEnmneHus.

5.4 Kputepuu Nnpo4YHOCTH

5.4.1 OueHky npoy4HocT TBC npw BB BbINONHAKT MO A4ONYCKAEMbIM HANPSXXEHUSM, MO AONYCKaeMbIM
nepemeLLeHnUsiM, No KpUTEPUAM LIMKITMYECKON NPOYHOCTU M YCTONYMBOCTU.
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5.4.2 HanpsxeHusa Ha komnoHeHTax TBC He gomkHbl NPeBOCXOOUThL AOMyCcKaeMblX 3Ha4YeHWUi, npuBe-
OeHHbIX B Tabnuuyax 5.1—5.3. MNpu BbibOpe pacyeTHbIX COYETAHWW U OONYCKAEMbIX HAMpsKeHWA Harpysku
ot NC n BYB paccmatpuBakoTca Kak cooTBeTcTByowmne MP3. HoMmuHanbHele gonyckaeMele HaNpskeHua [G]
JomxHbl BbITe onpegeneHsbl cornacHo FTOCT P 70428 no kKpaTKOBPEMEHHBIM MEXaHWUYECKUM XapaKTepucTUKam
MaTepuarnoe, B COOTBETCTBUU C TEMMepaTypOi 3KCNnyaTauuu COOTBETCTBYHLLENO KOMMOHEHTA.

5.4.3 PacueT Ha UMKNUYEeCcKylo NPOYHOCTb NpU CEMCMUYECKMX BO3OENCTBUAX cnefyeT NpoBoaAuTh C UC-
Nonb30BaHWEM KPaTKOBPEMEHHbLIX MEXaHWUYEeCKUMX XapakTepuUCcTUK MaTepuanos B COOTBETCTBUW C MOMOXEHU-
amn FOCT P 70428.

[onyckaeTcst NpPOBOAWTL PacyeT, MCNOMb3ya MakCcUManbHYy0 aMinuTygy HanpsXKeHUn, onpeaeneHHyto ¢
y4yeToM BozaencTuii HY3 + 3. Mpy 3TOM YMCNO LMKIOB HarpyXeHus npuHUMaeTcs paBHbiM 50.

PacyeT Ha LUKMMYECKYO NPOYHOCTL NPY CEUCMUYECKUX BO3AEUCTBUSX HA CTaQUW NPOEKTUPOBaHWA [0-
nyckaeTcs He NMPOBOAWTL B Clyyae, ecnv CYMMapHOe yCTanoCTHOE MOBPEXOEHUE OT 3KCNNyaTauUOHHBIX Ha-
rpy30K, 4ENCTBYHOLLMX HA KOHCTPYKUMIO Bes yyeTta cemcMrYeckmx BO30encTBuin, He npeebiwaet 0,8.

5.4 4 Tpwu pacyeTe Ha yCTOMYUBOCTE NPU CEUCMNYECKMX BO3OEACTBUAX AOMYyCKAeMble HanpsKeHus crne-
OyeT NPUHUMATL PaBHBIMU

[6,] = 0,70, npun 6. < Rl 5, (5.1)

[6, = 0,7R]g 2 Npu 6, = Rl . (5.2)

5.4.5 lNpu pacyeTe yCTOMYMBOCTM [OMYCKAeTCHA MCNONb3oBaTh MeTodbl pacyeTa, NpuBedeHHble B
FOCT P 70428.

5.4.6 [JlonyckaemMble 3Ha4YeHWa nepemelleHnii KoMmnoHeHToB TBC, Bnuswmx Ha paboTy opraHoB pery-
NMPOBaHWA NpW CecMNYeckoM BO34eNCTBMM 3a0aloTcs NMPOEKTHOW (KOHCTPYKTOPCKOW) opraHusauvein B 3a-
BUCWUMOCTHM OT yCrnoBun akcnnyartauum TBC.

Tabnuua 51— CodeTaHus Harpy3oK U OoMycKaemble HanpsikeHUsa ansa koMmnoHeHToe TBC

CoueTaHue Harpysok PacyeTHas rpynna kaTteropuin HanpsKeHui | Lonyckaemoe HanpsxeHne
B =
HHY3 + MP3 Eg:;; 1:;{2{
YMA + N3 Eg:;; ::g{g}
HY3 + M3 Egz;; I:é{g}
HHYD + N3 §§:§; :g{g}

Tabnuua 52— CodeTaHus HArpy3oK 1 oMycKkaeMble KacaTernbHble Hanps)eHus cpesa

[lonyckaemoe HanpsikeHue
CoueTtaHune Harpy3ok Kateropusa HanpsxeHuia T NS KoMnoHeHToB TBC, kpome
BonToB 1 Wnunek
HY3 + MP3 (t5)s 0,7[c],, 0,7[o]
HHY3 + MP3 (t5)s 0.7[c], 0,7[c]
YIMA + 113 (Te)s 0,7[cl,, 0,7[o]
HY3 + T3 (tg)s 0.6[c],, 0,6[c]
HHY3 + M3 (T)s 0,6[c],, 0,6[c]
Tabnuua 5.3 — 3HayeHUs gonyckaeMblX HANPsKEHUA CMATUA
CoueTtaHue Harpysok Kateropusi HanpskeHui [lonyckaemoe HanpsikeHue
HY3 + MP3 (04)s 2,7[c]
HHY3 + MP3 (Og)s 2.7[o]
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OkoHYyaHue mabnuus 5.3

Coderanune Harpy3ok Kateropust HanpsikeHni [onyckaemoe HanpsikeHve
YMA + M3 (04)s 2,7[o]
HY3 + M3 (04)s 2,5[0]
HHY3+M3 (0g)s 2,5[o]

6 PacuyeT Ha BUOPOMNPOYHOCTL

6.1 PacueT Ha BubBponpodHocTe TBC cnenyeT npoBoAuTh OAns KomrnoHeHToB TBC, noagepratomxcs
BUBpaALMOHHOMY Harpy>eHuto.
6.2 Pacuetom TBC Ha BMOpPONPOYHOCTL OOMKHO ObITe 0BOCHOBAHO, YTO BUMOpALMOHHbIE BO3OEACTBUS
He NPUBEAYT K NOSIBMEHUI0 HeAONYCTUMMbIX aMnnnTya konebanuin komnoHeHtos TBC n TBC B uenom Bo Bcex
NPOEKTHbIX pexumMmax akcnnyatauum TBC.
6.3 PacyeT Ha BMOPONPOYHOCTL AOMKEH COAEpKaTb:
- onpegerneHue cnektpa cobCTBEHHbIX YacToT U hopM KonebaHuii;
- OnpefeneHne aMnnUTya U YacToT BbIHYXAEHHbLIX KonebaHwni,
- NPOBEPKY Ha OTCYTCTBUE BUOpOyOapHbLIX B3aUMOAEWCTBUIA 3MEMEHTOB C LENbK UCKITHYEHUS NOBbI-
LUEHHOrO M3HOCAa;
- PacyeT Ha LUUKITMYECKYHO NPOYHOCTb C YYETOM BUBOpPOHANPsXeHWA.
6.4 PacyeT cobCTBEHHbIX 4acToT KonebaHnid KOMMNOHEHTOB KM BO3HUKALWMUX B HUX BUOPOHaANPSKEHNA
MOXeT DbITb MPOBEAEH YNCMNEHHO, HAanpMMep, ¢ NMOMOLLLI MeToda KOHEeYHbIX 3NEeMEHTOB.
6.5 [Ona UCKMHYEHUS BO3MOXKHBIX COYAAPEeHWA OOHOTUMHBIX KOMMOHEHTOB, OObEeAWNHEHHbIX B rPYMmnbl
(nakeTbl), 4OMKHO BLIMOMHATLCS YCNOBUE
i (6.1)
2
roe A — MakcuManbeHasi aMnnuTyga BubponepeMeLleHnst KOMMOHEHTa;
{ — war anemMeHToB ¢ HANBOMbLWIWMM pPasMepom d B MONEPEYHOM CEYEHUN, MM;
d — pa3Mep KOMMOHEHTa B NoNepeyHoM CeYeHUn, MM.
[na npou3BOMbHbLIX KOMMOHEHTOB, PacrnoOnOXeHHbIX ¢ 3a30poM A, MM, AaHHOe ycrnoBWe crnefyeTt Uc-
nonb3oBaTth B BUae
Al + 1Ag] <A, (6.2)

rae Ay v A, — amnnutyabl BUbponepemMelLeHnin COOTBETCTBYHOLLMX KOMMOHEHTOB, MM.

[na konebaTtenbHbIX NPOLUECCOB, UMEKLLUX CMNyYalHbId XapakTep, 3HadYeHWs amMnnutyg A, Agn A,
OOMKHBI ObITh YCTAHOBIEHLI C Y4ETOM UX PacCerBaHuA C 3a4aHHON BEPOSATHOCTEID; HAaNpUMep, Ana HopManb-
HOTo 3aKkoHa pacnpegeneHusa npyu BepoAaTHocTn 0,997 3HaYeHNA aMnNnUTya JOMKHbI BbITh NPUHATLI PaBHBIMK

A + 30, (6.3)

[e ¢ — CpefHeKBaapaTMHecKoe OTKIIOHEHUE OT CPeAHEro 3HaYeHUs aMnauTyAbl BuGponepemeLeHmnit A, Mm.

6.6 PacyeT Ha LMKNMYECKYD NPOYHOCTL C y4eToM BMOpOHaNPsXKeHWA NPOBOAAT B COOTBETCTBUM C
FOCT P 70428.

MNpw pacyeTe NOBPEXAEHWS a, B Cry4Yae y3KOMOMOGHOro crnekTpa (T. e. cnekTpa, amnnuTyasl BubpoHa-
NPSXKEHUA KOTOPOro B pacyeTax MOXHO OTHECTW K O4HOW 4acToTe) MCMOoNb3yT MakcuManbHy CpedHekBa-
ApaTUYECKY aMnnUTy4y BbICOKOYACTOTHBLIX MECTHBIX HANPSXKEHWA MU COOTBETCTBYIOLLYIO e/ 4acToTy.

Mpy WMPOKONOMOCHOM CMEKTPe 3HaYeHue a, OnpefensioT Kak CyMMy MoBpexOeHun Ans Tex amnnu-
TYA, MECTHbIX HaMNpsKEHWA U COOTBETCTBYHOLLMX MM 4YacTOT, KOTOpLIE Bbi3biBaT nospexneHus 6onee 10 %
MakCMMarnbHOrO 3Ha4YeHUsl MOBPEXAEHUA CPean BCEX COYETAHWUWA aMMnuTyabl — YacToThl M3 BCEro CMeKTpa.
AcCMMMETpUI0 LUMKMa OnpefensatoT C YYeTOM CPeQHero HampsikeHWs, NPUMHUMAEeMOro paBHbIM NMOCTOAHHOMY
MECTHOMY HaMpsKeHWI0 OT MEeXaHWMYeCKMX Harpy30K C Y4eTOM OCTaTOYHbIX HanpsKeHUN pacTsXeHNs.

MNospexaeHune a% onpeensT C YYeTOM TPeX MaKCUMarbHbLIX aMMUTYL, BLICOKOYACTOTHLIX Hanpsxe-
HUI Be3 ydeTa KOHLUEHTpaUWUK (G,)q, (O4)p, {(O,)3 U COOTBETCTBYIOLMX UM HacToT fy, f,, f3 AN kaxmoro tuna
LMKIa NepemMeHHOro HanpsHXXeHUs Ha NepexoaHblx pexumax. [Ans HU3Ko4acTOTHOro uMkna i-ro Tuna no dop-
mynam ans y 8 FOCT P 70428 porxHbl ObiTh ONPefeneHsl 3Ha4eHns x4, Yo, Xa» 8 MPY OnNpeaeneHnu (a,)
KO3 PULMEHT ¥, CrieayeT BblYUCNSATE no dopmyne
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Xi = \/(X1),-2 +(x2 ),2 +(X3]?- (6.4)

[onio noepexaeHunit a3* oNpefensioT ¢ y4eToM MakCMMarnbHOW amninTyabl BbICOKOYACTOTHOTO Hanps-
XEeHUs Mpu NPOXOXKOEHUW pe3oHaHca. Yncno LMKNoB ONpedensioT ¢ YYEeTOM 3KCniyaTauud B yCroBUSX pe-
30HaHca. ACMMMETPUIO LMKITA BbICOKOYACTOTHOTO Harpy»XeHua onpeaensoT MecTHbIM HanpsKeHUneM oT Me-
XaHWYECKUX Harpy3ok n TemnepaTypHblX BO3AENCTBUI MPW 3KCNyaTaumMm ¢ y4eToOM OCTaTOUHbIX HaMnpsKeHUH
pacTHKEHWA ANA CepeanHbl MHTepBana BpeMeHn, COOTBETCTBYOLLEro pe3oHaHcy.

6.7 Bo3byxaeHune, CBA3AHHOE C NyNbCaunsaMy SaBMNEeHUM 1 CKOPOCTEN NOTOKa TennoHocuTens, B 4acT-
HOCTW BO3HMKAKLWMMUW NPW NPOACINIEHOM M KOCOM OBTEeKaHWMK KOMNOHEHTOB, B 0DLIeM crny4ae paccmaTpuBaroT
Kak npouecc HarpyXeHusl ¢ LUMPOKOMONOCTHBLIM CNEKTPOM, MMEIOLWMM CNyYanHbld XapakTep.

B aTOoMm cnyyae crniegyeT BbINMOMHUTE pacyeT Ha LMKMMYECKY 0 NPOYHOCTL B cooTBeTcTBMM ¢ TOCT P 70428
Mo 3HAYEeHWSIM aMNIanTyd NepeMeHHbIX HanpsKeHWA, NONyYeHHbIX 3KCMepUMMEHTanbHoO Ha MoOOEensx Unu Ha-
TYPHBIX KOHCTPYKLMAX.

6.8 [Ins oueHkn ypoBHS BMOpaunin 1 BUDPOHANpPSEHHOCTU B CNy4ae OTCYTCTBUSA pacHeTHbIX MeTOAUK
M CBEAEHWA O NapaMeTpax OeNCTBYIOLWUX AMHAMWYECKMX HAarpy3oK cnegyeT Ucronb3oBaTh METOObl 3KCNepu-
MeHTanbHoro 06ocHOBaHUA.
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MpunoxeHune A
(pekomeHgyeMoe)

MeTtoabl pac4eTa TennoBblgenALWNX CGOPDK npvu BHeWHUWX AUMHaAMU4YeCKNX BO3AEﬁCTBHHX

A.1 MopenupoBaHue TennoHocuTens

A.1.1 OnpegeneHne BNWAHWUA TENNOHOCUTENS Ha (POPMBI U YacToTbl KonebaHui, NpodHoCTL Npu BB pekomeHay-
eTcsi ONpenensaTh 3KCNEPUMEHTaNLHO UK YMCMEHHBIMU MeToaamMu. [lonyckaeTcs, Ans OLUEHOYHbIX pac4eToB NPUMEHSTE
NPUBNMKEHHbIE aHANUTUYECKUE 3aBUCUMOCTM, NPeACTaBlNeHHbIe B JaHHOM NPUITOXKEHWUN.

A.1.2 MogenupoBaHue »ugKoro TennoHOCUTENa AOMKHO obecneunBaTts y4eT BNuaHus konebaHun TennoHocuTens
Ha OMHaAMWUYECKYHD peakumio KoMmnoHeHTa TBC v y4eT rugpoaMHamMU4ecKX CUI, BbI3BAHHBIX OTHOCUTENBHBLIM ABMKEHWEM
Y4YaCTKOB KOHCTPYKLUWMM W TENNOHOCUTENSA, B AMana3soHe 4acToT CeNCMUYecKoro Bo3AeincTBua ¢ TpebyemMoil TOYHOCTBIO.

A.1.3 Bug konebaHui TENNOHOCKMTENSA W XapaKkTep rMapoavHaMuYecknx cvun, gencteytowmx Ha TBC, onpegensatotca
cnenyroLwmMMK akTopamu:

- BA3KOCTBLIO Y CXXMMAEMOCTbLI TEMMOHOCUTENS B 3KCMMYaTaLUWNOHHbLIX YCIOBUSX;

- chopmoit M amnnTYO0N KonebaHnii KOHCTpyKuMK npu BLOB.

B 3aBucumMocTu OT aTnx hakTopoB BeiGupatoT cnocob MoaenupoBaHua TennoHocuTens. [lonyckaeTcs Mogenupo-
BaHWe TENNOHOCUTENA aHaNMTUYECKUMU UK YNPOLLEHHBIMW YMCIEHHBIMW METOOAMW, Kak 3To onucaHo B A.1.4—A.1.6.

A.1.4 B cnyyae manbix ynpyrux kornebaHuin KOHCTRYKLUK, MOMHOCTLIO NOTPYKEHHOW B TENNOHOCUTENb, ABMSIOLLMIACA
HBEHOTOHOBCKOW KMOKOCTLIO, MOBEAEHWE TEMMOHOCUTENSA XapakTepu3yeTca U3MEHEHUSAMM JaBMNeHWA B COOTBETCTBUM C KO-
nebaHnAMU KOHCTPYKLUWUW, @ TMOpOAMHAMUYECKOe BO3AENCTBUE TEMNOHOCUTENS Ha KOHCTPYKUMI MOXHO YYMTBIBATH MO-

cpeacrtsomM I'IpMCOE,EI,VIHEHHOIZ Macchl. [Ana anemMeHTa, NorpyXeHHoro B TennoHOCKUTENb, NprucoegnMHeHHaa mMacca [M]e

onpegenAaAeTca Kaxk
[M], = [M],+v[M,], (A1)

rae [Mpl, — marpuua MHepLmM TennoHocuTens B o6beme KOHEYHOro aNemMeHTa B NoKarnbHbIX KoopauHaTax;
[M], — maTpuua MHepLUW KOHEYHOTO aNeMeHTa B NokankHeIX KOOpAUHaTax;
v — KO3(PDULMEHT NPUCOEOVUHEHHON MaCChI.

A.1.5 KoadphmumeHT npvcoedMHeHHOM Macchl L cnedyeT OonpedenaTb akcnepuMeHTanesHo. [py oTcyTcTBUKM aKC-
nepvMeHTanbLHoro obocHOBaHKUs, 4OMYCKAeTCA 719 HEKOTOPbIX 3NeMeHTOB NMPOCToW (PopMbl onpeaensTe KoadhuumeHT
NpUcoeaMHEHHOW Macchl NO CREdYOLWMM NpaBunam:

- ANs ANEMEHTOB, Haxoasawwmxcs B 6earpaHnyHO XKnakoct — no Tabnuue A.1;

- ANd NakeTa UMNWHOPWYECKUX CTEPKHENW, PAcMONOXKEeHHbIX NO KBaApaTHOW WM TPeyronbHOM CeTKe — Mo pPUCYyH-
Ky A.2;

- ANA cocyfa unu TpyByaToro CTepXHs, MONHOCTbLO 3aMOMHEHHOO XUAKOCTBIO, a TakKe AN BepPTUKaNbHbIX LWIMH-
OPVYECKNX COCYQO0B C OTHOLLEHWEM BbICOThI cTonba »uakoctu k paguycy cocyna bonee yetbipex, v = 1,0;

- cnocob cxemaTu3aLuuy KOHCTPYKUMKM OnpeaenseTcs B 3aBUCUMOCTH OT TpebyeMoi TOYHOCTU NPUBNMKEHWA, Jony-
CKaeTcst MOAENVPOBaTE OTAENbHEIM CTEPXKHEM KaK OTAEMbHBIA TBAN, Tak u TBC B Lenom, B 3aBMCUMOCTH OT ocoBeHHoCTEN
KOHCTPYKLMH.

Tabnuya A1 — 3HayeHns KoadhpuUneHTa NPMCOEOWHEHHOW MacChl

dopma anemeHTa Hanpasnexue konebanui v
OnvHHbIA unuHap (f = 8d) [MepneHanKyNapHO K NpoaonbHOR 0cK 1,0
Kopotkui yunuHgp (/ < 8d) [MepneHQuKynapHO K NpogonbHOR 0cK Mo pucyHky A.1
[MakeT UMNUHAPUYECKNX CTEPXKHEN [MepneHQNKyNapHO K NpoA0nbHOR OCK Mo pucyHky A.2

A.1.6 B cny4ae, ecnv npyv CEACMUYECKOM BO3OENCTBMM KOMMOHEHT, NOMHOCTLIO 3anofHEHHbBIA TEMNOHOCUTENEM,
OBWKETCA KaK XeCTKOe Lernoe Ha yanax KpenneHus, napuwansHbie konebaHua TennoHOCUTENSA MOXHO HE y4uTbiBaTb W
NMPUHUMATL B PACYET TOMBLKO Er0 WHEPLIMOHHLIE XapakTepUCTUKM (T. €. 0TKa3aTbCA OT BbIAENEHWA B pacyeTHOW Modenu
COOTBETCTBYIOLLEN KonebaTenbHOM NoaCUCTEMBI).

A.1.7 Ona cny4aer, korga Henb3a npeHebpedb BA3KOCTLIO UMW CHMMaEeMOCThH, ANA MOAENUPOBAHUS TEMMOHO-
cutens HeobXoAMMO MCMOMNb30BaTk YMCIEHHbIe MeTodbl, obecnevnBallme adeKkBaTHbIA y4eT Bcex (hakTOpoB, KOTopble
0Ka3bIBaOT CYLLUECTBEHHOE BruaHWE Ha konebaHusa TENNOHOCUTENS WU NapaMeTphl ero r’MapoaUHAMUYECKOro BO3AENCTBUA
Ha koHcTpykumio. K Takum metogam oTHocates MKS unun CFD.

A.1.8 [Ina Bepudmkauum pe3ynsTaTtoB pacyeToB C UCMOMbL30BaHUEM YKa3aHHBLIX METOLOB NMPMMEHUMEl AKCNepUMeH-
TanbHble OaHHble, MOAENbHbIE PELLEHNS Ha NPOCTLIX NPUMEPaX UMK aHanu3 YyBCTBMTENBHOCTK K BapyauvK napaMeTpoB
MOLENMPOBaHUA.
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PucyHok A.1 — KoathdWUMEHT NPUCOEAMHEHHON MACChl L ONA OAUHOYHBIX LWMNTMHOPWUYECKMX CTEPXKHERN NpK KonebaHnax
B BesrpaHMYHOM o6beme KUOKOCTH
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a — pacronoxeHue CTep:KHen No TPEYronbHOW CeTKe; 6 — pacnonoXeHne cTepxHe No KBaapaTHONW CeTKe; 8 — KO3 MPULMEHT v

PucyHok A.2 — KoadhduuneHT nprcoeauMHEHHOM Macckl U A8 NakeToB UNIMHOPWUYECKNX CTEPXKHER

A.2 BuiGop meToga pacueTta

A.2.1 PacyeT napameTpoB UHAMWYECKON PeakLMM KOMNOHEHTA Ha CeMCMUYECKOe BO3AENCTBME NPOBOOAT BO Bpe-
MEHHOI UMK YacTOTHOW 0bnacTu. @yYHKLMM 3MEHEHWA MCKOMBIX NapaMETPOB AUHAMUYECKOW peakun BO BpEMEHU ornpe-
aenawT ¢ nomouwklo MAOP, B YactoTHOW oBGnactyu — ¢ nomolybio JICM.

ToT unu wHOW MeTon BbIBMpalT B 3aBUCUMOCTM OT BUOA WCXOAHBLIX OaHHbLIX, 384al0lUnX CeMCMUYECKOE BO3LEN-
CTBME, 1 BO3MOXKHOIO NPOABMNEHUA HENMUHENHBIX (hakTopoB, € y4eToM TpebyemMoln TOYHOCTM OLeHKU npodHocTy npu BOB.
Mpw BoIOOpE pekoMeHOyeTCs PYKOBOACTBOBaATLCA Tabnuuen A.2.

Tabnuua A.2— PekoMmeHOoyemMble METOObI pacyeTa napameTpoB AMHAMWUYECKOW peakuun

XapakTepucTuka 3afaqv B OTHOLIEHWUN
HENWHEWHBIX hakTopoB

Bug McxoaHbIX AaHHbLIX CERNCMUYECKOro BO3aencTens

CnekTpel oTBETA Akceneporpammel
NuHenHasn JICM MAOP
HenwuHenHan — MOP
10

Pa3zpaboTka anekTpoHHOWN Bepcun - nopTan GostExpert.ru

Crpanuua nokymeHTa - https://GostExpert.ru/gost/gost-70429-2022

14/16


https://gostexpert.ru?utm_source=pdf&utm_medium=66648
https://gostexpert.ru/gost/gost-70429-2022?utm_source=pdf&utm_medium=66648&utm_term=page

rOCT P 70429—2022

A.2.2 ICM aensetca npubnmkeHHsIM METOAOM pacyeTa napaMmeTpoB AMHAaMWYECKOW peakuum anemeHToB PY no
cnekTpam oteeTa a(f, £), koTopble 3a0al0T MakCMMarbHbIE OTBETHLIE YCKOPEHWUA Ha CEICMUYECKOE BO3AENCTBUE NMUHEHO-
yrpyroi cuctembl ¢ ogHoW cTteneHblo ceobodkl (ocumMnnaTopa) B 3aBUCUMOCTKU OT cOBCTBEHHOM YacToTel konebaHui f u
OTHOCUTENBHOMO AeMndupoBaHua &.

A.2.3 MIOP npeactaensieT cobon YMCNEHHBIA METOA PEeLLEeHNs YPaBHEHWA OUMHAMUYECKOrO paBHOBECUS 3MEMEHTOB
PY, npencraBneHHOro pacHeTHOW AMHAMUYECKOM MOOENbBIO C MHOXECTBOM CTeneHen csoboabl, Npu Bo3byxaeHun koneba-
HWMIA CEUCMUYECKMMI YCKOPEHWAMM, AEACTBYIOLLUMIM Ha rpaHvLe MOZENM W 3aAaHHbIMKU NMOCPeaCcTBOM akceneporpamm aff).

A.2.4 IMpw BbIbOpe B KayecTBe MeTofda pacdeta JICM cregyeT umeTb B BUAY, YTO B CMeKTpax OTBETa He y4uTbiBa-
I0TCA napumanbHble AMHAMUYECKME XapaKTEPUCTUKM KOHCTPYKLUMM 3NIEMEHTA, pACCMaTpYBaEMOro Kak OCLUIIIATOP, U UX
BMUSHWE Ha KonebaHusi KOHCTPYKLMK, HA KOTOPOW OH 3aKpenneH (CTPOMTENbHOW KOHCTPYKLWWM WKW APYTroro anemeHTa).
Bcnencteue atoro JICM npumeHnM, B OCHOBHOM ANA pacyeta napaMeTpoB OMHAMUYECKOW peakuyn KOMMNaKTHbBIX, KeCcT-
KMX, CPABHWUTENbHO NMErkux afeMeHTOB, CODCTBEHHbIE KONebaHnsa KOHCTPYKLMK KOTOPLIX NexaT 3a npedenamu avanasoHa
4acToT celicMUYecKoro BosaencTensa. KpoMe aToro, B cnekTpax oTBeTa OTCYTCTBYET MHpopMauus o hasoBbIX CABUrax co-
CTaBMAKLWMNX YCKOPEHUIA, UMEIOLLIMX pa3Hble YacToThl, OTHOCUTENBHO Apyr Apyra. B peaynesrate ¢ nomolybio JICM MokHO
MONy4nThb TOMLKO MPUBNKEHHYH OLEHKY MAaKCUMAarbHbLIX 3HAYEHWIH NapaMeTpoB OUHAMMYECKOW peakuun arnemMeHTa Ha
CENCMWYECKOE BO3OENCTBUE.

A.2.5 MOP obfecneunBaeT onpegeneHve napamMeTpoB AMHAMWYECKOW peakuun anemMeHTa B LUMPOKOM OvanasoHe
yacToT konebaHui, B TOM YACE C YYETOM Pa3HOBPEMEHHOCTU ASWCTBMUA COCTABMNSAIOLMX C pa3HLIMKA YacToTaMu.

B crniyyae, korga ceilcMuyeckoe BO3LENCTBME 3a[aHO CMEKTPaMM OTBETA, HO HEODXOAWMM YYeT HenMHenHbIX dak-
TOpOB Unu TpebyeTca NOBLILEHHAA TOYHOCTb OUEHKM npovHocTh npy BOB, BoamoxHo npumerHeHune MOP npw ycnosuu
npefBapuTENbLHOIO CYHTE3a akceneporpamMm Ha OCHOBE CMEKTPOB OTBETA.

A.3 KonnyecTtBo coGCTBEHHLIX 4acToOT U hOpM, YYUThLIBAaeMbIX B pacuyeTe

A.3.1 Tpy cyMMUPOBaHUM COCTABMALLMX AMHAMUYECKOrO OTKMMKA OT pasnuyHbIX TOHOB KonebaHui goctaTodHasa
TOYHOCTb OLUEHKWN MOXET BbITb JOCTUIHYTA ANs KONMYeCcTBa TOHOB (COBCTBEHHLIX hopM KonebaHuiA), 3Ha4UTENbHO MeHb-
LweM KonuyecTBa cTeneHen ceobonbl aHann3vpyeMon CUCTEMEI.

A.3.2 3agaHHada To4HOCTE MOXKeT BbITe 0BecneyeHa METOAOM nocneaoBaTenbHbIX NpubnmkeHnii. MNpu oaHHom noa-
XO4e OMHAMUYECKWUI OTKITMK CUCTEMbI BbIYUCIISIOT, NOCNEN0BATENBHO YBENMUYMBAA KONMYECTBO YYTEHHbIX B pacyeTe cob-
CTBEHHbIX 4acToT U hopM KonebaHWiA, HauMHasa ¢ MeHbLUMX HOMEepPOB, 40 TeX Mop, NMoKa U3MeHeHWe OTKMUKa He CTaHeT
npvemMnemo mMarnbim.

Ins cuctem ¢ GonblUMM YMCTOM cTeneHeln cBoboabl JonycKaeTcsl NPUMEHEHNE KPUTEPUS YYTEHHOM Macchl. YYTeH-
Haa macca M, onpefgenserca creayoLyM COOTHOLLEHMEM:

M., =

a

-M"’
—
—.N
-_3:

(A.2)
:

J

roe s — KOINMYECTBO YYTEHHbIX B pac4eTe COBCTBEHHLIX 4acTOT U CbOpM CUCTEMBbI;

Fj — MofanbHbli KO3PPULMEHT yyacTus j-ii coBCTBEHHOW (POPMbI KornebaHui;
mj* — MopganbHas Macca j-ii cobcTBeHHoM hopMbl konebaHui.

MD,qanthle Maccbl U MOOankbHbIE KGSCbeMLI,VIeHTbI y‘-IaCTVIﬂ BbIHHMCNAKOTCA MO CprMynaM:
* T
mi={o;} Mo} (A.3)

o)} M){ 4}

I = —t— (A.4)
! T
{o} Mo}
roe {q;}.} — BeKTOp j-1 cobcTBeHHON hopmMbl KonebaHuii cucTems;

{J,} — BEKTOp KOCWHYCOB YrNOB MEXKAY HaNpaBneHMAMI NepeMeLLieHIiA No cTeneHsamM ceoBoael CMCTEMBI U HanpaBs-
NeHWEM X YCKOPEHWA OCHOBaHWA. [ns BpaljaTenbHbIX cTeneHel cBoBoabl KOMNOHEHTLI JAHHOTO BEKTOpa
[OM¥HbI BbITe NPUPaBHEHLI HYIKD;

[M] — martpuua UHepUMU CUCTEMBI;
{(pj}T — TpaHCNOHWPOBaHHLIN BEKTOP j-U coBCcTBEHHOW hopMbl KonebaHui cucTeMel.
Konu4ecTBo HM3LWKWX COBCTBEHHLIX YacToT U hopmM KonebaHui, yYuTbiBaeMbIX B pacyete, S, A0MKHO BbibupaTtbes
Takum, 4Tobbl y4TEHHAA Macca M, cocTaenana He MeHee 90 % MoMHoM Macckl CUCTEMBI MO KAXA0MY M3 HanpaeneHui X,
¥, Z, B KOTOPbIX 330aHbl YCKOPEHUA OCHOBaHKUA.

11
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[1] PepepankHble HOpMEI 1 MpaBuna B obnacTu OcHoBHble TpeboBaHusa Kk 0BOCHOBaHWIO MPOYHOCTM U TEpMOMEXa-
MCNonb30BaHWA aToMHOW aHeprium HIMN-094-15  HM4eckoro noeBedeHUsA TENMOBbIAENALWMX cOopok ¥ TennoBblgens-
OLLMX 3MEMEHTOB B aKTUBHOW 30HEe BOOO-BOASAHLIX 3HEPreTUYecKunx
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