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Mpeancnoeue

1 PASPABOTAH AkunoHepHbiM obecteom «OpaeHa JleHuHa Hay4Ho-uccneqoBaTenbCKUn U KOHCTPYK-
TOPCKUIA MHCTUTYT 3HeprotexHuku umenn H.A. Jonnexans» (AO «HUKUN3T»)

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

3 YTBEPXJEH 1 BBEOEH B AEWNCTBWUE Mpukazom PenepansHOro areHTCTBA Mo TEXHWYECKOMY pe-
rynupoBaHuio U metponorum ot 28 nekabps 2024 r. Ne 2080-ct

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», 2025

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

TEMNOBLIAENAKLIWE CEOPKW PEAKTOPOB C HATPUMEBbLIM TEMNOHOCUTENEM

PacuyeT Ha Npo4YHOCTL NpU OeACTBMU AUHAMMUYECKUX Harpysok

Fuel assemblies of the sodium-cooled reactors.
Rules for strength analysis under dynamic loads

Oarta BeepgeHna — 2025—04—01

1 O6bnacTb NnpUMeHeHUs

1.1 Hactosawmi CTaHOapT yCTaHaBnueaeT TpE.‘6OBaHMFI K NMpoBeeHWU pacyeToB Ha NpOYHOCTEL Tenno-
BblOoenAnwmnx C6ODOK peakTopOB C HAaTPUEBbLIM TEMSTIOHOCUTENEM NMPU AEWNCTBUM AWHAMUYECKUX Harpyaok.

1.2 HacTtoawwmin ctaHgapT npegHasHadeH ons npMmeHeHus npu oBocHOBaHUK MPOYHOCTKU TennoBblige-
NARLWKX C6ODOK B COOTBETCTBUK C (pefepanbHbIMXU HOPMamMuK 1 NpasBuiaMmu B obnacty ncnonb3oBaHUa aToM-
HOW SHEPInKn, YCTaHaBNnMBakwWKMMN OCHOBHbIE TDEGOBBHMH K 0BOCHOBAHWNK NMPOYHOCTHU U TEPMOMEXaHNYECKO-
ro noeegeHua TennoBblAenAnLWnX CGODOK 1 TENNOBbIAENSAWMNX 3NEMEHTOB B aKTUBHOWN 30HE peakTopoB C
HatpuesbiM TeNNMOHOCUTEINEM.

2 HopmaTtuBHbIEe CChINKN

B HacTosilleM cTaHgapTe UCNONb30BaHbl HOPMATMBHLIE CChINMKW HA cneaylowue cTaHaapThbl:

FOCT 24346 Bubpauusa. TepMUHbI U onpeaeneHuns

FMOCT P 59115.1 OB6ocHoBaHMe Npo4HOCTM 0bopyaoBaHus U TpyBONpoOBOAOB aTOMHbLIX SHEPreTUHECKUX
YCTAHOBOK. TEPMUHbLI U ONpeeneHust

FOCT P 71786 TennoBbigensawlMe 3MeMeHTbl peakTOpOB C HATPUEBLIM U CBUHLIOBLIM TEMNNOHOCKTE-
nem. PacdeTt Ha NpoYHOCTb

FOCT P 71787 TennoBblgensawoline cOopkM W TENNOBbIAENSOWME 3MEeMeHThl PeakToOpoB ¢ HATPUEBbIM
TennoHocuTenem. TpeboBaHWA K XapakTepucTUKam KOHCTPYKLMOHHLIX MaTepuanoB A8 pacyeToB Ha NpoYHOCTb

FOCT P 71788—2024 TennoBblaenstoLline cOOpKK peakTopoB ¢ HAaTPUeBbIM TennoHocuTeneM. Pacyet
Ha NPOYHOCTL NpU AENCTBUM CTATUYECKUX HAarpy3ok

MpumeyaHue — [pu NONbL30BAHNK HACTOSALLMM CTaHAAPTOM LenecoobpasHo NpoBEpUTL AeMCTBUE CCbINOY-
HbIX CTaHAApTOB B UH(OPMALMOHHOW cucTeme obLuero nonb3oBaHua — Ha oduumansHom caite denepansHOro areHT-
CTBa MO TEXHWYECKOMY PEryrvpoBaHUI0 U METPOIOTUM B CETU VIHTEPHET UMK NO eXerogHoMy MHOpMaLMOHHOMY ykasa-
Teno «HauWoHanbHele cTaHOapThl», KOTOPLIA 0nyBnuMKOBaH No COCTOAHMIO HA 1 AHBapSA TEKYLLEro rofa, v no Bbifyckam
eXeMeca4HOro MHopMaLIMOHHOIO ykazaTensa «HavunoHanbHble cTaHaapThl» 3a TeKyLUWiA rof. Ecnn 3aMeHeH CCbINoYHbIA
CTaHAdapT, Ha KOTOpPbIA faHa HegaTWPOBaHHASA CCbINKa, TO PEKOMEHOYETCA MCMONb30BaTh AENCTBYHLLYH BEPCUID 3TOTO
CcTaHZdapTa ¢ Y4Y4eTOM BCEX BHECEHHLIX B JAaHHYK BEPCUIO U3MEHEHUIA. Ecnun 3aMeHeH CCbINOYHbIA CTaHOapT, Ha KOTOpLIi
[aHa OaTWPOBaHHAasA CCbiMkKa, TO PEKOMEHAYETCA MCNOMNb30BaTh BEPCUKD 3TOM0 CTaHAapTa C YKa3aHHbIM Bbllle roAoM yT-
BepxaeHus (npuHaTua). Ecnv nocne yTBepXOeHUs HACTOSILLErO CTaHAapTa B CChINOYHBIM CTaHAAPT, HA KOTOPLIA AaHa
[aTUpOBaHHas CChiNka, BHECEHO U3MEHEHWe, 3aTparMBalllee NonoXeHne, Ha KOTOpoe fJaHa CCbinka, TO 3TO NONoXKeHne
pekoMeHayeTcs NpUMEHATL Bea yyeTa JaHHOro M3MeHeHUs. Ecnm ccbinoyHbIl cTaHaapT oTMeHeH 6e3 3amMeHbl, TO Nono-
JKEHUWe, B KOTOPOM [JaHa CChiflKa Ha Hero, pekoMeHAYeTCA NPUMEHATL B YaCTU, HEe 3aTparMBatoLLeii 3Ty CCbINKY.

MapaHune ochbuumnansHoe
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3 TepMuHbI, onpeaeneHus, cokpaweHusa n o6o3Ha4YeHUn

3.1 TepMUHBI U onpegeneHun

B HacToswem cTaHgapTe npumMeHeHsbl TepMuHbl no FTOCT P 59115.1, TOCT 24346, a Takke cnegyoLime
TePMUHBI C COOTBETCTBYIOLMMU ONpeaeneHUsiMu:

3.1.1 AMHamMMy4yeckne xapakTepucTUMKKU: [apameTpbl MEXaHWHECKON CUCTEMbI, XapakTepusylowune ee
cobcTBeHHble KonebaHus.

MpumevyaHne — KgnHamMU4YecKuM xapakTepUCTUKaM OTHOCATCA COBCTBEHHbIE YacToThbl M (popMbl KonebaHui,
MoAarnkHbIE Macchl M XKecTKocTu dopm konebaHui, gemndmvpoBaHue, amnnuTyaHble U ha3oBble YACTOTHLIE XapakTepu-
CTUIKW (ANS YCTAHOBMBLUMXCH BbIHYKOEHHbIX konebaHui).

3.1.2 KoMnoHeHT: YacTe TennoBbligensolein coopkn (3a UCKMoYeHeM TeNnoBbLIAeNALWKX, NornoLa-
HOLWMX U 3aMEeNSIoLMX 3MeMEHTOB U MCTOYHUKOB HEeWTPOHOB), aHanuampyeMas npu pacdeTe Ha NPOYHOCTL.

3.1.3 mexaHu4eckas cucTema: COBOKYMHOCTE KOMMOHEHTOB, pACCMaTpPUBaeMas B pacyeTe C y4eToMm
COBMECTHOIO B3anMMOoOencTBuUSA.

3.1.4 napumnanbHble AVHaMMUYeCcKUe XapaKTepPUCTUKKU: XapakTepUCTUKUW COBCTBEHHbIX KonebaHuw
AVHAMWYeCKOW MoacucTeMbl, onpegensieMble B NpeanornoXeHn HenoABMMKHOCTM TOYEK CBA3WM 3TOM Nomdcu-
CTeMbl C CUCTEMOWA.

3.1.5 noacucTema: CocTaBnAwLasa 4acTb MeXaHU4YeCckon cucTeMbl, obnanawLas cob6CTBEHHbIMMW Ou1-
HaMUYEeCKUMU XapaKTepuCTUKaMu.

3.1.6 pacyeTHbI criyyan HarpyeHus: CodeTaHne yCroBuid HarpyKeHusi TennosbIgensoLlen coopky,
paccmatpueaemMoe npu pacdeTe Ha NPOYHOCTb.

3.1.7 cobcTBeHHbIe KonebaHua: KonebaHus, KOTOpbIe COBEPLUIAET MeXaHWYeckas cucTemMa OKoso no-
NOXEHWs YCTOMYMBOro paBHOBECKS MOCMe NepeoHa4YansHoro Bo3MyLLEeHWs nog OeiCTBUEeM BHYTPEHHWUX Mo
OTHOLLEHMWIO K CUCTEME YNPYTUX M UHEPUWMOHHBLIX CUI.

3.1.8 cobcTBeHHan dopma KonebaHui: [pocTpaHCTBEHHOE pacnpeaeneHnue aMnnuTyn nepemelle-
HWUIA Npu KoneGaHusx No onpeneneHHoMY TOHY.

Mpumevyanune — Popmel konebaHwi Npy pacyeTe ONpedenarTcsa Kak cobcTBeHHble BekTopbl 06obLeHHon
npobnemsl COBCTBEHHbLIX 3HAYEHUIA.

3.1.9 cobecTBeHHaA vacToTa: YactoTa konebaHuil MexaHW4YecKoW cUCcTeMbl MO OnpedeneHHOMY TOHY
cobcTBEHHbIX KonebaHun.

MMpumeyaHmne — CobCcTBeHHbIE YAcTOThl MPW pacyeTe ONpedensalTcs B pesyneraTte peweHus o6obueHHon
npo6rnemMbl COBCTBEHHBLIX 3HAYEHWIA.

3.1.10 cteneHmn cBobogbi: COBOKYNHOCTb HE3ABUCUMbIX NEepPeMeHHbIX (0000LEeHHbIX KOOpAWHAT), He-
0BX0AMMBIX ANA NOMHOMO ONUCaHWA OBWKEHUS MEXaHW4EeCKON CUCTEMbI.
3.1.11 ToH konebaHui: Bug konebaHuil, xapakTepuayemblil onpegeneHHor YacToTol U hopMoii konebaHwuii.

3.2 CokpaweHus

B HacToslleM cTaHOapTe NPUMEHEHBI CriefyoLue COKpaLleHus:
BB — BHelIHMEe AnHaMU4Yeckne BO3OencTBMS;

JICM — nuHenHo-cnekTpanbHbIi MeTon;

MOP — meTon oMHaMUYeCcKoro pacyeTa;

MK3 — meToq KOHEYHBbIX 3NeMeHTOB;

MP3 — MakcumManbHOe pacHeTHOe 3eMIeTPSCEeHNE;

HOC — HanpsikeHHO-AedopMUPOBAHHOE COCTOSIHUE;

HHY3 — HapyleHne HopManbHBIX YCNOBWUIA 3KCMMyaTaLMu;
HH3 — HapylueHne HopManbHOW 3KcnnyaTauum;

HY3 — HopManbHbIe YCroBMA 3KCnnyaTaluu;

H3 — HopmanbHas akcnnyatauus;

M3 — NpoekTHoe 3eMMETPSACEHUE;

PY — peakTopHas ycTaHOBKa;

TBC — TennoBbigensawowas cbopka;

TB3I — TennoBbIAeNALWUIA 3NEeMEHT;

YA — ycnoBusa NpoOeKTHOW aBapuu,

YHI — yckopeHne HyneBoro nepuoaa;

CFD — BbluucnuTensHas guHamuka xugkoctu (computational fluid dynamics).
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3.3 O6o3Ha4YeHnnA

B HacToAwem cTaHgapTe NpUMEHeEHbI criegylolmne obosHaqveHms:

@, — NOBPEXAEHNS OT BbICOKOYACTOTHBIX HANPSAXEHUA NPW NOCTOSAHHbLIX SKCMITYaTaLNOHHbLIX HAMPSKEHNSIX;

a; — MOBPEXOEHNS OT BLICOKOYACTOTHBLIX HAMpPsAXKeHUN B TEYEHWE LIMKIMOB NepeMeHHbIX HanpsaXeHui
npu NepexofHbIX 3KCMNyaTaLNOHHbIX pexuMax;

a3 — noBpexaeHnsl OT BLICOKOYACTOTHLIX HAMPSXKEHUA B TEYEHUEe LIMKMNOB NepeMeHHbIX HanpsaxKeHui
NpW MPOXOXOEeHUU Pe30HaHCHbIX 4acToT;

f — yacToTa BbICOKOHYACTOTHBIX LUMKMOB HarpyxeHus, My;

Rgo,z— MWHUManeHOEe 3HavYeHWe YCIOBHOrO Npefena Teky4ecTu nNpu pacdeTHon Temnepatype, Mla;

[c] — HoMUHanbHOEe gonyckaemoe HanpsxkeHue, MMa;

[0.] — Aonyckaemoe HanpsikeHue cxatus, Mlla;

[6],, — HOMUMHanbHOE Aonyckaemoe Hanpshkenue B 6onTe (wnunbke), MMa;

O, — KpUTUYECKOE HanpsikeHune, Mlla;

(05)q — rpynna npuBeAeHHbIX 0BLLMX MEMBPaHHbLIX HANPSKEHNA C y4ETOM CefcMu4ecknx Bosgenctenn, MMa;

(o), — rpynna npueBedeHHbIX MeMBpaHHbIX U OBLUMX U3TMEBHBIX HANPSAXEHWIA C YHETOM CeCMUYECKUX
Bo3geucTauu, MMa;

(6)g — HanNpsXXeHUa CMATUA C y4eTOM celcMU4eckux sosaencteui, MMa;

(0,) — aMnNNUTYAa BbICOKOYACTOTHLIX HanpshkeHui 6es yueta koHueHTpauun, MMa;

(t5)s — KacaTenbHble HanpsXKeHUs1 cpesa C y4eTOM CEMCMUYEecKUX BosgencTeun, MMa;

% — KOO MDULUEHT CHUKEHUS AOMNTOBEYHOCTH NPU HANOXEHWUW BbICOKOYACTOTHbLIX LIMKITOB.

4 O6wume nonoxeHun

4.1 OcoBeHHOCTU y4YeTa AUHAMUYECKUX Harpy3okK

4.1.1 MNpw oueHKe npo4HocTKM TBC B KayecTBe QUHAMUYECKUX Harpy3oK paccMaTpuBaloT BUOpaLNOHHbIe
BO3[ENCTBUS, BHELUHME OUHAMMYECKNe BO3NENCTBMA NPUPOLHOMO NPOUCXOXOEHNA — CEMCMUYECKME BO3OEN-
CTBMWS U BHELLIHWE AMHAMWYECKUEe BO30eNCTBMUA TEXHOTEHHOTO NMPOUCXOXOEHUS — BO3AYLLIHAsS yaapHas BOIHA,
nageHue nertaTtenbHOro annapara.

4.1.2 PacyeT Ha npo4HocTb TBC NpW BHEWHUX ANHAMWUYECKUX BO3AACTBUAX NPUPOAHOIO M TEXHOMeH-
HOTO MPOUCXOXKAEHWSI cnefyeT NPOBOLAWTbL Ha COBMECTHOE OEWACTBWME 3KCMMyaTauMOHHbLIX U OUHAMUYECKNX
Harpysok. OuHamuyeckue Harpysku Ha TBC, BO3HMKaIOLWME OT TEXHOMEHHbIX BO34ENCTBUIM HA CTPOUTENbHbIE
KOHCTPYKUWK, NPK OLIEHKaX MPOYHOCTU paccMaTpUBalOT Kak CEMCMUYECKME Harpy3Kkn, COOTBETCTBYHOLUNE MakK-
cUuManbHOMY pacHeTHOMY 3emreTpsaceHnio. OBLme nonoxeHua U MeTofbl pacyeTa NpyMHMMaKTCs no 4.2.

4.1.3 PacyeT npu BMOpaUMOHHBLIX BO3AEWCTBUSX crnenyeT npoeoanTe Ansa TBC coBMecTHO ¢ TBanamu,
B COOTBETCTBMU C 4.3 1 pazgenom 6.

4.2 Metogonorus pac4yeTa Nnpu BHeWHUX OUVHaMU4YeCKNX BOS,EIEﬁCTBHHX

4.2.1 PacueT Ha npodHocTs Npy BB 3akntoyaetcs B onpegenednn HOC n oueHKkax npoYHOCTU KOMMO-
HEHTOR MO AONycKaeMblM 3Ha4eHusMm napametpoB HOC, npveegeHHbIM B 5.4. TBankl yY4UMTHIBAKOTCA B pacyeT-
HbiX cxeMmax TBC, a oLUeHKn Npo4YHOoCTK TBanoB npoeoaaTtca no NOCT P 71786.

4.2.2 [ins npoBegeHns pacHeTa BeIOMpaoT pacyeTHbIe Criydan HarpyXeHus, ABMSLWKNeCcs CoveTaHnsamMn
3KCMNNyaTauWoHHbIX Harpy3oK, AeNCTBYOLLUX Ha KOMMOHEHTLI U TBAMNbl B pacyeTHbIX pexuMax, U cericMuye-
CKUX Harpysok, cornacHo 5.1. PacueTHble codeTaHusa Harpy3ok no ycnoBUsiM 3Kcnnyatauumn, Buagy cencMmuye-
CKOro Bo3genctens 1 TpeboBaHuin K NPOYHOCTW NPpUBEAEHbI B 5.4.

4.2.3 [onyckaeTcs yunTbiBaTh TEMMOHOCUTENb KakK XWAKOCTb C COOTBETCTBYHLLUMKU DU3NKO-MEXaHWU-
YeCKMMK XapakTepucTukamu, nubo Kak NpUCoedWHEeHHyo maccy. PexomeHayemble MeToObl yvyeTa BrUSHUS
TennoHocuTens npueeneHsl B A.1.

4.2.4 BnuaHne TennoHoOCUTENA Npu pacyeTax npodHocTu npu gencteun BB gonyckaetca yumTtbiBath
YucneHHbiMu Metogamu, Hanpumep MK3 wnn CFD.

4.2.5 Pacuetbl meTogamu CFD ons ydeTa BIMAHUA TEMNOHOCUTENS HA KOMMOHEHTBI U TB3Ibl CO CTOPOHLI
TennoHocutensi npu BOB moryT 6biTh NpoBefeHbl 6e3 yyeTa NogaTNMBOCTU KOMMOHEHTOB WU TB3MOB, KOTOPLIE
JonyckaeTcs NPUHATE HefledhopMupyeMbiMK. PacyeT cnefyeT NpoBoAUTb C UCNONb30OBAHWEM akceneporpaMmm
BO BCEX AEWCTBYOLWKX HAanpaBneHWsaX.
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4.2.6 MeTtog y4eTa AMHAMUYECKMX HArpy3oK, 0ByCnoBNeHHbIX CENCMUYECKM BO30eNCTBUEM, BbiBMpatoT B
3aBMCMMOCTM OT AMHaMUYEecKux xapaktepucTuk TBC 1 TBaNOB, Npexane Bcero cobCTBEHHbIX YacToT KonebaHuin
(BKnOYasa konebaHWsa Ha yanax KpenneHus) U MMEKLXCA UCXOOHbBIX AaHHLIX NPW OLeHKe npodYHocTH npu BOB.

B obuwem cnydae BbiGOp MeToAa pacdeTa Ha MPOYHOCTL NPWM AEUCTBUM BHELIHUX OMHAMWUYECKUX BO3-
OelcTBuUi cnefyeT NpOBOAWUTL C YY4eTOM MOMOXEHUN, NpUBEaeHHbIX B 5.2.

4.3 OcobeHHOCTM pacyeTa BUGPONPOYHOCTHU

PacyeT KOMMOHEHTOB W TB3MIOB Ha BUBPOMNPOYHOCTL CrieayeT NPOBOAUTL B Criydasix, ecnu aKcnepumMeH-
TanbHoe oBbocHOBaHWE BMBPOMPOYHOCTU W pe3ynbTaTtel U3aMepeHuin Bubpaumii TBC npu nyckoHanano4HbIX
paboTax Ha peakTopax He OXBaTLIBAKOT BCEX NMPOEKTHLIX pexXuMoB skcnnyataumu TBC (Bknovas H3 n HH3),
a oMbIT 3KCNyaTauMm NpoTOTUMNOB ABMSETCH HEAOCTATOHHbIM.

5 TpeboBaHuA K pacuyeTy

5.1 Pac4yeTHble crny4Yyau HarpyXeHus

5.1.1 Cencmu4eckne Harpyskn paccmaTpusarwTea ana cnydaes 13 v MP3. McxogHbiMu gaHHbIMK NS
pac4yeTa ABMNATCA Habopbl akceneporpamm, CNnekTpoB oTBeTa (MM 0DOOLWEeHHBIM CNeKTp oTBeTa), onpeae-
NEeHHbIX Ang Tpex B3auMHO neprneHAMKYNAPHbLIX HanpasneHnn — BepTUKaNbHOIo W OBYX NOPU30OHTanbHbIX B
MecTe 3akpenneHus TBC.

5.1.2 Mpn oboCHOBaHWK NPOYHOCTM Npu BOB 1 ceMcMuyecknx BO3OeNCTBUSAX KOMMOHEHTOB WU TB3NOB
OOMKHbI BbITh YYTEHbI CreayoLl e Harpyxatwwne dakTopsl 1 ceoicTea TBC:

- UHEPLUUOHHbIE HAarpy3ku, Bbl3aBaHHble konebaHuamu TBC npu 3agaHHOM CEACMUYECKOM BO3O4EACTBUM;

- CUInbl TpeHWst B kKomnoHeHTax TBC, oTHocMTensbHOe BA3Koe aemndupoBaHne;

- Macca TeNNoHOCUTENSA 1 TMapPogUHAMUYECKME CUMbl, BO3HUKaLWMe npu KonebaHusax TennoHocuTens;

- MmaccorabapmuTHbIE W XKECTKOCTHbIE XapaKTepUCTUKMA TBIMOB.

5.1.3 B pacueTte Ha CeMCMNYECKY NPOYHOCTL PAcCMaTpuUBaT SKCMMNyaTaunoHHbIE Harpy3ku, AenCcTBy-
OlLMe BO BCEX pacyeTHbIX pexumax HarpyxeHus TBC, nepeumncneHHblx B TOCT P 71788, oTHocawmuxecs K
cnegyroLmM yCrnoBUsSIM aKcnnyaTaumm:

- HOpMarbHble YCNOBWUA 3KCNNnyaTauuu;

- HapyLUleHWe HoOpMarbHbIX YCNOBUKW 3KCNnyaTauuu;

- YCNOBWSA NPOEKTHOW aBapuu.

5.1.4 Pac4eT KOMNOHEHTOB creayeT NPoBOAUTbL HA COYETaHUS IKCMMNyaTaLMOHHbIX U CEACMUYECKUX Ha-
rpy3ok, npuBeaeHHsbie B 5.4. B cnyyae, ecnu npuHaTblie ana pacyeta akceneporpammsl ans M3 n MP3 pas-
NUYaKTCA TONbKO aMNNUTygamMu, OONYCKaeTCa He paccMaTpyBaTh codeTtaHme Harpysok HY3 + MM3.

5.1.5 CencMunyeckme Harpyskm Ha KoMnoHeHTsl TBC gomkHbl BbITe 3aaHbl C Y4ETOM OQHOBPEMEHHOTO
CEMCMUYECKOrO BO3OENCTBUSA MO TPEM NPOCTPAHCTBEHHbIM HaMNpaBreHWsM B BUAE akceneporpaMm v (unu)
CMeKTPOB OTBeTa ANA pasfMyHbIX OCEeN KOOpAMHAT.

5.2 MeTogbl pacyeTta

5.2.1 ina pacyeTa Ha npo4yHocTh Npu BB cnenyeT ucnonb3oBate MeToAbI, 0becneyYnBarLLme:

- onpegeneHve nNapamMeTpoB ANHaMUYECKOW peakuni KOMMNOHEHTOB Ha CEMCMUYECKUE BO3LEWCTBUSA B
BUOE 3aBMCUMOCTEN nepemMelleHnid, CKOpocTen, yeKopeHui, gedpopmManin, BHYTPEHHUX YCUITWIA U HanpsKe-
HUA B TBC OT BpeMeHW 1Ny 4acToTkl KonebaHuii;

- onpegenexne pesynestupyowmnx napametpos HOC KOMNOHEHTOB W TB3MOB NPWU COBMECTHOM AEACTBUN
OMHAMKUYECKUX W IKCMyaTaunoHHbIX Harpy30K B BblOpaHHbIX pacyeTHbIX pexumax (cM. 5.1.4);

- NPOBEPKY BbIMNONHEHWA APYrMX YCTaHOBNEHHbIX B npoekTe PY gononHuTenbHbix TpeboBaHuii (Mpu mUx
Hanuuum).

5.2.2 Ecnu akcnnyaTtauWoHHBIE HArpy3kM He BbI3bIBAIOT CYLECTBEHHOIO M3MEHEeHUsi NapaMeTpoB KO-
nebaHuin, Bo3byxaaeMbIX CENCMUYECKMM BO3AENCTBMEM, TO AMHAMUYECKYH) PEaKLUWI0 KOMMOHEHTA M COOT-
BETCTBYHOLLME OAMHaMu4eckue cocTasnswowune napametpoe HOC ponyckaetcsa onpefenats He3aBUCUMO OT
pac4deTa napameTtpoB H[C, BbI3BaHHOMO 3KCMAyaTauUWOHHLIMK Harpyskamu. [onylweHne o He3aBUCMMOCTM
OMHaMKUYEeCKOW peakLm Npu cCeMCMUYeCKOM BO3AENCTBUM OT SKCNNyaTaLMOHHbLIX HAarpy3ok AOMKHO 6biTe 060-
CHOBaHO B pacyeTe.

5.2.3 B obulem cnyyae guHaMMyecKas peakums KOMMOHeHTa Mnu TBana AOMKHa aHanu3MpoBaTbhcs B
paMiKax mexaHW4eckoW CUMCTEMbI, B KOTOPYIO OH BXOOWT, C YYETOM CBA3EW C OPYTMMU COCTABHBIMK HYaCTAMMU
CUCTEMBI W MX BNUAHUA HA KonebaHusa KOMNOHEHTA.

4
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5.2.4 PacyeT napameTpoB gUHaMWYeCKOW peakuun KOMMOHEeHTa Ha CencMUYecKoe BO3OEeNCTBME Mpo-
BOAST BO BPEMEHHON UMM YacTOTHOW obnactu. @YHKUUN M3MEHEeHWA UCKOMbIX NapamMeTpoB AWMHaMWUYECKOW
peakuuy BO BpeMeHW onpenenstoT ¢ nomouwbio MAP unn mogansHoro metoga, B YacToTHON obnacTu — ¢ no-
Mol JTICM unu KBasncTaTUYeckoro MeToaa.

ToT unu MHOW MeTo criefyeT BeibUpaTh B 3aBMCUMOCTM OT NapaMeTpoR KonebaHWiA KOMMOHEeHTa, Buaa
WCXOOHBIX AaHHbIX, 3a4a0LLNX CEMCMNYECKOE BO3OENCTBME, N BO3MOXHOIO NPosABneHus hakTopoB HEMNUHEN-
HOCTH, C y4eToM TpebyeMoll KOHCepBaTUBHOCTU OLEHKM npodHocTy npu BOB. Mpwu BoiGope meTtoga pacyeta
napamMeTpoB AMHaAMWYECKOW peakuuv cregyeT pykoBoaCcTBOBaTbCs Tabnuuen 5.1.

Tabnuuya 51— Metoakl pacyeTta napamMeTpoB AMHAMUYECKON peakumm

XapakTepUCTVKa 33341 B OTHOLLEHUN HENUHENHbIX Bua ncxogHbIX AaHHBIX CEMCMUYECKOTo BO3AENCTamMs
thakTopos CnekTpel oTBETa Akceneporpammbl
NuHenHan JICM, kBasucTtatudeckuini metog | MOP. moganbHbIA MeToq
HenuHenHas — MAOP

5.2.5 K hakTopam HENMMHEMHOCTN OTHOCATCS:

- huanyeckas HENMMHENHOCTL MaTtepuana (HenMHenHasa 3aBUCUMOCTb MeXOy HanpstkeHusaMu v gedop-
MaLUsaMn);

- reomeTpuyecKkasi HelIMHeHOCTb (CBA3aHHAas C CYLLECTBEHHbIMK M3MEHEHWMSMW OTHOCUTENBHOMO Noro-
KeHMsa Unu hopmMbl KOMMOHEHTOB B NpoLecce AeopMUpPOBaHNA);

- CTPYKTypHasi HenvMHeWHoCTb (0OycnoBneHHasa M3MEHEHWeM TPaHUYHbIX YCITOBWM, BKIHOYAs YCNOBUS
KOHTaKTa W CUIbl CYXOro TPEHWUS, MUBMEHEHUEM, B TOM YUCINE Pa3pbiBOM UMW HANOXEHUEM CBA3EN MEXIy Ya-
cTaMK KoHCTpykuuu TBC u 1. n.).

5.2.6 B cny4vae korga cemcMu4Yeckoe BO3QeNCcTBME 3alaHO CneKkTpaMu OTBeTa, HO HeobxoguM yyeT He-
MUHENHbIX haKTopoB MNun TpebyeTcsl CHUXEHWE KOHCEPBATUBHOCTM OLEHKN NPOYHOCTKU npu BB, BO3MOXHO
npumeHeHne MOP npu ycnosun npefBapuTenbHOro CMHTE3a akceneporpaMm Ha OCHOBE CNeKTpoB OTBETA.

B03MOXHOCTb NpUMEHEHWUS NMHEAHBIX METOA0B A0MKHa ObiTb 0DOCHOBAHa B pacyeTe.

5.2.7 YHI1 gna cnekTpa oTBeTa crnefyeT onpefensaTh Kak 3Ha4yeHWe CnekTpanbHOro YCKOpeHWsi, npu
KOTOPOM KpuBas crnekTpa oTBeTa npubnuKaeTrcs K ropu3oHTanbHOW MPSIMOW, NPOAOIHKAKWENCA OO0 CKOMb
yrogHo Bonbliux 4yactot; YHI paBHO makcumansHOMY No BpeMeHn abcontTHOMY 3HAaYeHUID YCKOPEHUA 1C-
XOOQHOro CEMCMUYECKOro BO3AENCTBUS.

YacToTy OTCeUYKM AMs crnekTpa OoTBeTa chnefyer onpefensATb Kak HauMeHbLUYK 4acToTy, Npu KOTOpOW
MakcUManbHoe 3Ha4eHue OTKNUKa KonebaTenbHON CUCTEMbI C OOHOM CTeneHbk cBoboabl HA UCXOAHOE CEenc-
MW4YeCKOe BO3[AENCTBME COBMNAdaeT No BpEMEHN W HanpasneHU ¢ MakCcMManbHbIM 3Ha4eHUeM BO34eMCTBUA.

HonyckaeTca onpegenaTh 4acToTy OTCEYKM AN CNeKTpa 0TBETa Kak HaubonbLIY YacToTy, NPy KOTOPOWR
3Ha4YeHue cnekTpanbHoro yckopeHus pasHo 1,3 YHII.

B pacdete crnegyeT vcnonb3oBaTb Haubomnbluee M3 3HAYEHWI YacTOTbl OTCEYKM, ONpederneHHbIX Ans
BCEX CMEKTPOB OTBETA NO BCEM HarnpaeBneHUsaMm.

Ecnu nepeas cobcTBEeHHAA YacToTa KonebaHWMil MeXaHWYeCKOMW CUCTEMbI BbilLe YacTOThbl OTCEYKM CMekK-
Tpa OTBeTa, pacyeT Ha ceiicMUYeckue BO3OENCTBUSA 4OMYCKAETCA BbIMONMHATL CTATUMECKMM METOAOM, NPUHA-
Masi yCKOpeHWe CEMCMUNYECKON Harpy3ky paBHbIM 3HAYEHWUI0 CNEKTPanbHOro YCKOPEHWS Ha NepBon cobcTBek-
HOW YacToTe MEXaHU4YEeCKOW CUCTEMbI.

Mpwu pac4yeTe NICM nnm moganbHbIM METOAOM clledyeT onpenensTb Bce cOOCTBEHHBIE (DOPMbBI MEXaHW-
YeCKOW CUCTEMbI, YacTOTbl KOTOPLIX HE NPEBLILLAKT YacTOTY OTCEYKH.

5.2.8 B ananascH 4acToT, paccMaTpvBaeMbIX MpW pacqdeTe B YacTOTHOW obracTu, cregyeT BKMYaTh
OCHOBHble TOHAa, BHOCsLWMWe Hanbonee CylecTBEHHbIN BKNa B NapaMeTpbl ero AMHaMu4eckon peakuuu. MNpu
onpefeneHnn KonuyecTBa HU3LLMX YacToT M hopM Konebanwuin, MCNonb3yemMbiX B pacyeTe, OONYyCKaeTcs Uc-
nonb30BaTek KPUTEPUKM, NpuBedeHHble B A.2. OrpaHuyeHne paccMaTpuBaemoro guanasoHa 4acToT OOSKHO
ObITb 06OCHOBAHO B pacyeTe.

5.3 UcxoaHble gaHHbIe AnNsA pacyeTa

5.3.1 3HadveHus CbM3MLIECKMX N MeXaHWYEeCKNUX XapaKTePUCTUK KOHCTPYKUMOHHbLIX MarepuanoB cnegyet
NpUHUMaTek B COOTBETCTBWMW C ﬂe;‘lCTByI'DLLIMMM HOPMAaTtMBHbLIMU NPaBOBbIMW aKTaMKn n/vnu Cbe,ﬂepaﬂbelMM HOp-
MamMun 1 npasuiamMmi B obnact Mcnonb3oBaHWs aTOMHOM QHEepruun, yctaHaenmearw MM OCHOBHbIE TDEGOBaHMH
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K 060CHOBaHMIO MPOYHOCTU U TEPMOMEXaHWUYECKOro NOBEOEHNS TENNOBbLIAENAWMX cOOPOK 1 TENNOBLIAENSIO-
LUMX 3NEMEHTOB B aKTMBHOW 30HE PEaKTOPOB C HATPUEBLIM TEMIOHOCUTENEM, WM NPOEKTHON KOHCTPYKTOP-
CKOW JOKYMeHTauuen, u/mnv obocHOBEIBAKOLWMM 0TYETOM, pa3paboTaHHbimM B cooTBeTcTRUM ¢ TOCT P 71787.

5.3.2 MpuHUMaeMble Npu pacyeTe 3Ha4YeHUs PU3NKO-MEeXaHUYECKUX XapaKTepPUCTUK OCHOBHLIX U CBa-
POYHLIX KOHCTPYKLMOHHBLIX MaTepUanoB, a Takke XapakTepUCTUKK TEMMNOHOCUTENS, A0MKHbI COOTBETCTBOBATL
paccMaTpuBaeMbIM 3KCMNyaTalMOHHBIM YCITOBUAM U BO3AENCTBUSIM.

5.3.3 lNpw pacueTe paccMaTpMBaeMOro KOMNOHEHTa 3HaYeHWe OTHOCUTENBLHOro AeMndupoBaHus & cne-
ayeT npuHumMate paeHbiM 2,0 %.

5.3.4 Pacyet Ha npodHocTb TBC npu BB crneayeT NpoBOAMTL C YHETOM BO3MOXHOIO pasfinyums B yCro-
BUSIX CEMCMUYECKOTO HarpyXeHusi pasnuyHbIX TOYEK KpenneHus. B yacTHOCTH, NpU UCMOMb30BaHWUKN CMEKTPOB
OTBETa cnefyet paccMaTpMBaTb BO3MOXHOCTb HEOOHOBPEMEHHOMO AENCTBUA MakCUMAarbHbIX YCKOPEHUA B
pPasHbIX TOYKAX KpPenmneHus.

5.4 Kputepum npovYHOCTHU

5.4.1 Ouenky npoyHocty TBC npu BB cnenyet BLINONHATE NO AOMNYCKAEMbLIM HAMpPSKeHUAM, AoMycKa-
eMbIM MepeMeLLeHNAM, KpUTEPUAM LIUKITMYECKON NPOYHOCTM U YCTONYMBOCTHU.

5.4.2 HanpsixkeHuss B koMnoHeHTax TBC He OOMKHbI NPeBOCXOAUTL AOMYCKaeMbIX 3HAYeHWR, npuee-
OEeHHbIX B Tabnuuax 5.2—5.4 ona codeTaHui yCrnoBUIA 3KcnnyaTauuu ¢ pasnuudeiMu BOB. HomuHansHbie
OOoMNycKaeMble HanpskeHus [6] gomkHbl BbiTe onpegeneHsl cornacHo FOCT P 71788 no kpaTKoOBpEMEHHBIM
MeXaHW4eCKUM XapaKkTepucTUKaM KOHCTPYKLMOHHbLIX MaTepuanos, B COOTBETCTBUM C TeMAepaTypomr aKcnnya-
TalWW COOTBETCTBYIOLLErO KOMMOHEHTa U C YY4EeTOM 3KCMNyaTauUOHHbLIX (DakTopoB.

5.4.3 PacyeT Ha UMKNUYECKYI0 NMPOYHOCTb NPW CEMCMUYECKMX BO3OENCTBUAX crefyeT npoBoauUTb C UC-
Nnonb30BaHWEM KpaTKOBPEMEHHbLIX MEeXaHUYeCcKUX XapakTepUCTUK KOHCTPYKUUOHHbLIX MaTtepuanos B COOTBET-
cTBUKM ¢ nonoxeHusmn TOCT P 71788.

[onyckaeTcsi NPOBCAMTL PacyeT, MCNoMb3ya MakCcUMansHyo aMmnnuTyay HanpsKeHUn, onpeneneHHyto ¢
y4eTom Bo3genctBuil HY3 + M3. MNMpy 3T0M YMCNO LWKIOB HArpyXeHUs NpUHMMaeTca paBHbiM 50.

PacueT Ha LMKNMYEeCKY0 NPOYHOCTL NPU CENCMUYECKUX BO3AENCTBMAX HA CTAQUN NPOEKTUPOBaHWA [O0-
NMycKkaeTCcA He NPOBOAWTL, ECNW 3HaYeHUe CYMMapHOro NOBPEXOEHUSA OT 3KCNNyaTalWOHHbIX Harpy3oK, nei-
CTBYIOLLMX HA KOHCTPYKUMIO Des y4eTa ceCMUYecKMx Bo3geicTBui, He npesbiwaet 0,8.

Tabnuua 5.2 — [Jonyckaemble HANPSPKEHWA OANA KOMNOHEHTOB

CodeTtaHue ycnoeun akcnnyatauyum ¢ BB Kaiig;a?::nrggﬂgimﬁ [onyckaemoe HanpspkeHue
HY3 + MP3 (CAR 1.4 - [o]
(Gg)p 1,8 - [0]
HHY3 + MP3 (Gg)4 1.4 - [o]
(05)2 1.8 - [o]
YMNA +T13 (o) 1.4 - [o]
(65)2 1,8 o]
HY3 + N3 (Tg) 1.2 - [o]
(og)s 1,6 - [o]
HHY3 + M3 (Og)q 1.2 - [o]
(o) 1,6 - [0]

Tabnuua 5.3 — Jonyckaemble KacaTenbHbIE HANPSXKEHNA cpe3a

CoueTtaHune ycnoBui akcnnyatauuu ¢ BOB Kateropus HanpskeHui [onyckaemoe HanpspkeHue
HY3 + MP3 (Tg)s 0.7 - [o], 0,7 - [o]
HHY3 + MP3 ()i 0.7 - [, 0,7 - [c]
YIMA +T13 (T5)s 0.7 - [a], 0,7 - [o]
HY3 + 3 {To)L 0.6 - [o], 0,6 - [0]
HHY3 + N3 (T5)s 0.6 -[a], 0,6 - [o]
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Tabnuua 5.4 — 3HayeHUsa JoNycKaeMbIX HanpPsSKeHUA CMATUA

CoyeTtaHue ycnoeuni akcnnyarauwu ¢ BOB Kateropusa HanpsixeHvn [onyckaemoe HanpsxeHve
HY3 + MP3 (o4)s 2,7 [o]
HHY3 + MP3 (o5)g 2,7 - [o]
YMA + N3 (6,) 2,7 - [o]
HY3 + M3 (05)s 2.5 [o]
HHY3 + M3 (05)s 2.5 [o]

5.4.4 Tpw pacyeTe Ha YCTOMYMBOCTL MPU CEMCMUYECKUX BO3OEUCTBUAX AOMNYCKaeMble HanpsxKeHnsa cre-
OyeT NPUHUMAaTE PaBHBIMMU:
- T .
[6.)=0.76,, npn 5, < RpO,Z’ (5.1)

[6,] = 0,7RL; , npn o, 2 RT, 5. (5.2)

5.4.5 lpu pacyeTe YCTOWYMBOCTW [OMyCKAETCs WCMNONb30oBaTb METoAbl pacyeTa, NpUBEOEHHbIe B
MOCT P 71788.

5.4.6 [lonyckaeMble 3Ha4eHnA NnepemMeLLeHnin KOMNOHEeHTOB NPU CeNCMUYEeCKOM BO3AENCTBUY 3a4at0TCs
NPOEKTHOMW (KOHCTPYKTOPCKOW) OpraHn3aunein B 3aBMCMMOCTIM OT ycnoeui akcnnyartauuu TBC.

6 PacueTt Ha BUOpPONpPOYHOCTbL

6.1 Pacyetom TBC Ha BMBpPOMNPOYHOCTL AOMKHO ObITe 0BOCHOBAHO, YTO BMOpPaLMOHHbIE BO3OEACTBUS
He NPWMBERYT K MOSIBIIEHMIO HEAONYCTUMbIX aMNAUTYL KonebaHnii KOMNOHEeHTOB 1nv TB3noB 1 TBC B Lenom Bo
BCEX NMPOEKTHbIX pexmMmMax akcnnyartauumn TBC.

6.2 Pac4eT Ha BUBpONPOYHOCTL AOMKEH COOepXKaTh:

- onpegeneHuve cnekTpa cobCcTBeHHbIX YacToT U hopM konebaHuii U NPoBepKy YCNOBUA X OTCTPOWKU OT
OEeTEPMUHUPOBAHHbLIX YacTOT BO30DYKAEHWS;

- onpegeneHne aMmnauTyd U YacTOT BbIHY)KAEHHbIX KonebaHui,

- MPOBEPKY Ha OTCYyTCTBME BUOPOYAapHbIX B3aUMOGENCTBMIA KOMNOHEHTOB C LENbo MCKMOYEHWS NOBbI-
LLIEHHOIO U3HOCA;

- PacyeT Ha LUKIMYECKYH NPOYHOCTh C YYETOM BUBPOHANPSXEHWUNA.

6.3 JonyckaeTca pacyeT cobCTBEHHbIX YacToT KonebaHui 1 BO3HMKAOLWMX B KOMNOHeHTax BubpoHanps-
EHWIA NPOBOANTE YMCITEHHO, HAaNpUMep ¢ nomoLls MK3.

6.4 OTcTpoWKa OT AETEPMMHMPOBAHHBIX 4acToT BO3DyXgeHus obecnevyeHa, ecriv BbIMONHEHb! Creayo-
lWne ycroBumsa:

a) Ans NnepBbiX Tpex cobCTBEHHbIX hopM KonebaHWii KOMNOHEHTOB B KaX{4OW NNOCKOCTU

Q 2130vwmmQ;<0,70,i=1,2, 3, (6.1)

rae ; — Huswas (1= 1, 2, 3) cobcTBEHHAsA KpyroBas Yactota konebaHnin KOMMOHeHTa, ¢t
o — Kpyroeas yactota Bo3abyxaeHns, ¢ ';
6) ona bonee BLICOKMX popM KonebaHuin NpW HanmWYKUKM COOTBETCTBYIOWMX UX YacToTam Bo3byguTenen
BUBpauni
Q; 2110oumm Q;<0,90,i=4,5,.... (6.2)

B cnyyae HeBbinonHeHus ycnoeuia (6.1) n (6.2) Heobxognmo nokasaTtb, YTO ypoBHM BuBpauwmin (Bubpo-
HanpsKeHWN ) KOMNOHEHTOB HaxoAsATCA B 4OMYCTUMbIX NPeaenax, To ecTe NoATBEpaUTL BUBPONPOYHOCTL pac-
YETHbLIM UMW SKCNEPUMEHTANbHBLIM NYTEM.

6.5 [lna NcKoYeHUs BO3MOXKHbBIX COyAapeHnit TB3MOB JOMKHO BbIMOMHATLCS YCNOBKUE

t—d
A<——, (6.3)
2
roe A — MakcumansHas amnnuTyna BubponepemelleHns TBana, MM;
t — war TBaM0B ¢ HanbonbLWMM pa3mepom d B NOMNEPeYHOM CEeYEeHUU, MM;
d — pasMep TB3Na B NOMEPEYHOM CEYEHUM, MM.
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,D,nﬂ NMPOKU3BONbHbIX KOMMNOHEHTOB, PACNONTOXEeHHbLIX C 3a30pPOM A, daHHOe ycnoBue cnenyet Ucnorib3o-
BaTb B BUAe
[A4] +1A,] < A, (6.4)

rae Ay u A, — aMnnnTyabl BUGponepeMeLLeHNi COOTBETCTBYIOLLNX KOMMOHEHTOB, MM.

Ans konebaTenbHbIX NPOLECCOB, UMEILLMX CryYaiHbIl XapakTep, 3HaveHus amnnutyn A, A, n A,
[OMKHbI BbITh YCTAHOBMEHLI C YYETOM UX PACCEWBaHWSA C 3a4aHHO BEPOSITHOCTLIO; HANpUMep Ans HopMmarb-
HOro 3aKoHa pacnpegeneHus npu seposiTHocTk 0,997 3HaueHUa aMnnuTyL AOMKHb! BbITh NPUHATEI PABHLIMM

A=A+30, (6.5)

rme A — cpefHee 3HaueHUe amMmnnuTyabl BUGponepeMeLLeHusl, MM:;
@ — cpefHeKBaapaTUYeckoe OTKMOHEHWE OT CPpeHero aHayeHus A, MM.

6.6 PacueT Ha UMKNWYECKYK MPOYHOCTL C YYeTOM BUOpPOHAMPSKEHWUW MPOBOAAT B COOTBETCTBUM C
MOCT P 71788.

Mpu pacyeTe NOBPEXAEHUA a, B Cllydae y3KOMOMNOCHOro crektpa (T. e. CnekTpa, amnnuTyasl BUbpoHa-
NPSHPKEHUIA KOTOPOro B pacqeTax MOXHO OTHECTW K OOHOM 4acToTe) MCNOMb3yloT MakCUMarnbHY cpegHekea-
LpaTUYecKkyo aMnnnTyay BblCOKOYACTOTHLIX MECTHBIX HAMpPsKeHW M COOTBETCTBYIOLLYIO €M YacTOTY.

MpW LWMPOKONONOCHOM CMEKTPEe 3HaYeHne a, ONpeaesnsoT Kak CyMMY NOBPeXAeHWA ANA Tex aMnnuTya
MECTHbIX HaNpPsKEHWA U COOTBETCTBYIOLLMX MM YaCTOT, KOTOpLIE Bbi3biBAKT nospexaeHus bonee 10 % mak-
CMMansHOro MOBPEXAEHUA HA OOHOM U3 COYETaHUN aMNnMTyabl U YacToThl U3 BCEro crnekTpa. ACUMMETPUD
LMKNa onpefensitoT ¢ y4eToM CpedHero HanpskeHus, NpUMHMMaeMoro paBHbIM NOCTOSIHHOMY MECTHOMY Ha-
NPSHPKEHNIO OT MEXaHWYECKUX Harpy3oK C yHeTOM OCTaTOYHbLIX HaMnpsiKeHUn pacTsKeHWs.

MospexaeHve a3 onpeaensioT no FOCT P 71788—2024 (pasgen 10) ¢ y4eToMm Tpex MaKkCMManbHbIX
amnnuTys BbICOKOYACTOTHbIX HaNPsxeHWn 6e3 yuyeTa KOHUEeHTpauumn (G,)4, (G,),, (G)3 ¥ COOTBETCTBYIOLLNX
UM yacToT fy, f, f3 AN KaXaoro TMna UMKna nepeMeHHOro HarnpsKeHWsl Ha nepexodHbIX pexuMax. [nsa Hus-
KO4YaCTOTHOTO LMKNa i-ro Tuna no cdopmynam ansa y 8 FOCT P 71788—2024 (pasgen 10) cnegyeT onpenensaTs
3HAYEHUS Y4, Ao X3; C UCTIONB3OBAHUEM 3HAYEHUN (G, )4, (O )0, (0,03 U Ty, f5, f5, @ Npn onpepenenun a3 koad-
huLneHT y,; crneayeT onpeaenaTs no popmyne

i = P + (o + (i) (6.6)

Aonto nospexaeHun ay* onpegenatot no FOCT P 71788—2024 (pasgen 10) ¢ y4eTOM MakcUManbHOM
amnuUTyObl BLICOKOYACTOTHOTO HamnpsikeHWst Mpu NMPOXOXAEeHUU pesoHaHca. Yucno UMKNoB onpenensioT C
y4eToM BpeMeHW 3KCNyaTaumm B yCIoBUAX pe3oHaHca. ACMMMETPWIO LUMKIIA BbICOKOYACTOTHOTO HarpyXeHus
onpeaensioT MECTHLIM HanpsXKeHNeM 0T MexaHWYeCKUX Harpysok U TeMnepaTypHbIX BO3AENCTBUIA NpW 3KC-
nnyaTauuy C yYeTOM OCTATOMHLIX HaMpshKeHW pacTsKeHus Ans cepeAWHbl UHTepBana BpeMeHU, COOTBeT-
CTBYIOLLLETO pe3oHaHcy.

6.7 Bo3byxaeHue, cBA3aHHOE C NynbcalusMW OABNEHU 1 CKOPOCTEN NOTOKa TennoHOCUTENs!, B YacT-
HOCTUW BO3HUKAKLLMMM NPKU NPOACILHOM 1 KOCOM 06TeKaHMM KOMMOHEHTOR, B 06L1eM crydyae paccMaTpuBarT
KaK NMpoLEecC Harpy>eHus C LUMPOKOTMOMOCHLIM CMEKTPOM, MMM CrydaiHbIid XapakTep.

B sTom cnyyae BMGpONpPOYHOCTL OLEeHMBaeTCs pacdeToM gonroe4HocT TBC no sHavyeHuam aMniunTyL
nepeMeHHbIX HANPSKEHUH, NOMyYeHHBIX 3KCNEPUMEHTANbBHO Ha MOLEeNnax Unu HaTypHeix o6pasuax TBC.

6.8 [lns oueHKU ypOBHA BUBpaLMA U BUBPOHANPSKEHHOCTH B CMy4ae OTCYTCTBUA PACUETHbIX METOAWK
W CBeAEeHWn 0 napaMeTpax AeNCTBYLNX AUHAMUYECKUX HATPYy30K criedyeT UCMomnb30BaTe METOO LI 3KCTepu-
MEHTanbHOro 060CHOBaHWS.
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MpunoxeHune A
(pekomeHgyeMoe)

MeTtoabl pac4eTa TennoBblgenALWNX CGOPDK npvu BHeWHUWX AUMHaAMU4YeCKNX BO3AEﬁCTBHHX

A.1 MopenupoBaHue TennoHocuTens

A.1.1 BnuaHue tennoHocuTens Ha oopMbl U YacToTel konebaHuil, npoyHocTs Npy BB pekomeHnnyetcs onpeaensaTte
3KCMEePMMEHTaNbHO WKW YUCMNEHHBLIMM MeTodaMu. [lonycKaeTcsl AN OUEHOYHBLIX PacveToB MPUMEHATH NPUOMKEHHbIe
aHanuTU4ecKne 3aBUCUMOCTH, NPeACTaBMNEHHbIE B aHHOM NPUITOXEHUN.

A.1.2 MogenvpoBaHue X1aKoro TENNOHocUTeNs AoMmkHO obecneuynBaTh oToOpaeHne Bknaga konebaHun Tenno-
HOCWUTENS B AMHAMWYECKYH PeakUMi0 KOMMOHEHTA WM YYET rMOPOAMHAMUYECKNX CUM, BbI3BAHHLIX OTHOCUTENbHbIM OBUXE-
HWEM Y4acTKOB KOMMOHEHTOR 1 TEMNOHOCUTENS, B AMAMNA30HE YACTOT CENCMUYECKOro BO3AENCTBUSA.

A.1.3 Bug konebaHuii TENNOHOCUTENSA W XapaKTep rMapoavHaMuYecKknx cun, gencTeytowmx Ha TBC, onpegenstotca
cnegyrowmMMm akropamu:

- BA3KOCTLIO W CKMMAEMOCTLH TEMNNOHOCUTENA B 3KCMNMNyaTaLUMOHHBLIX YCINOBUAX;

- dhopmoit 1 amnnuTynor konedaHum TBC npu BOB.

B 3aBucuMMocTy OT 3TUX hakTopoB BeIGUpaloT cnocob moaenupoBaHus TennoHocuTens. [na HeKOTOpbIX COYETaHUI
hakTopoB BO3MOXHO MOAENUPOBAHWE TENNOHOCUTENSA aHaNUTUYECKMMU UMW YNPOLLEHHBIMU YACTIEHHBIMM METOAAMM, KaK
370 onucaHo B A.1.4 n A.1.5.

A.1.4 B cniyyae manbix ynpyrmx konebaHuii CUCTEMbI, NMOSMHOCTLIO MOTPY>XEHHOW B TEMNOHOCUTENb, ABMAOLWMIACA
HBHOTOHOBCKOW KUOKOCTLIO, MOBEAEHWE TEMMOHOCUTENS XapakTepuayeTcs U3MEHEHUSMW JaBMNeHWs B COOTBETCTBUM C KO-
nebaHnaMKU cUCTEMBI, a8 TMAPOAUHAMUYECKOE BO3AENCTBUE TEMNNOHOCUTENA HA CUCTEMY MOXHO YYUTLIBATL NOCPEACTBOM

npucoeaMHEeHHOM Maccel. [Ana KOMNOHEHTA, NOrPYEHHOrO B TEMMOHOCUTENL, NPUCOEAUMHEHHAs Macca [M] , onpenens-
eTcsa no opmyne

["7’]6 = [M], +v[Mo ], , (A1)

rae [M], — maTpuua MHEPLMM KOHEYHOTO 3NEeMEHTa B MoKarnbHbIX KOOpAUHATAX;
vV — KO3(hDULMEHT NPUCOEOUHEHHOW MacChl;
[Mpl, — MaTpuua MHepLWK TENMNOHOCUTENA B 06beMe KOHEYHOTo 3rieMeHTa B MoKarbHbIX KOopaMHaTax.

A.1.5 KoadhprumeHT NnpucoeanHeHHo Macchl v CrieqyeT onpegensTh akcnepumeHTarnsHo. Mpu oTCyTCTBMM aKcne-
pMMeHTansLHoro 060CHOBaHNS, AOMYCKAETCA ANA HEKOTOPbIX KOMMOHEHTOB NPOCTON (hOopMbl ONpeaenaTs koadguumeHT
NpUCoOEaVHEHHOW Macchl MO CrneayLwmMM npasmnam:

- ANSA 3nNeMeHToB, Haxoasawmxes B 6e3rpaHuyHoM MUAKoCTM, — no Tabnuue A.1;

- ANA nakeTa UWNMHOPUYECKUX CTEPKHEN, PacnonoXeHHbIX Mo KBaApaTHOW N TPEYTonsHOW CETKE — MO PUCYH-
Ky A.2;

- ANs cocyaa unw Tpyb4yaToro CTeP:KHA, MOMHOCTbLIO 3aN0ONHEHHOIO XUAKOCTBIO, @ TakKe ANA BEPTUKANbHbIX LIMIWH-
OPWYECKNX COCYO0B C OTHOLLEHMEM BLICOTHI CTONDA XMOKOCTU K paguycy cocyaa bonee yetbipex v = 1,0;

- cnoco® cxeMaTu3auuMy KOHCTPYKLIMKM ONpeaensaeTcs B 3aBUCMMOCTM OT Tpedyemolt TOMHOCTW NpUbnmKeHus, gony-
cKaeTcA MOAENVPOBaTh OTAENbHBLIM CTEPXXHEM KAk OTOENbHLIA TB3M, Tak 1 TBC B Lienom, B 3aBUCHMOCTIM OT 0COBEHHOCTEN
KOHCTPYKLWN.

Tabnuya A1 — 3HadyeHns KoadhpuUuneHTa NPMCOEOWHEHHOW Macchl

®opma anemeHTa HanpaeneHue konebaHui v
OnvHHBIA unuHap (f = 8d) [MepneHanKynapHO NPOAONLHOR OCK 1,0
Kopotkui yunungp (/ < 8d) [MepneHavkynapHO NPoAONEHOM ocK Mo pucyHky A.1
[MakeT UMNUHAPUYECKNX CTEPHKHEN [MepneHanKynapHO NPOAONLHOM OcK Mo pucyHky A.2

MpumevyaHus
11— gnuHa uunuHagpa.
2 d — HapyXHbli gnameTp LunvHapa.

A.1.6 B cny4ae ecnu npuM CEMCMUYECKOM BO3LOEWCTBMM KOMMOHEHT, NMOMHOCTLH 3aMOfHEHHLIA TEMNOHOCUTENEM,
OBWXETCA Kak »XecTKoe Lenoe Ha yanax KpenneHws, napumanbHble konebaHusa TennoHOCUTENA MOXHO He YYUTbIBaTb U
NMPMYHMMAaTb B pacyeT TONMbKO ero MHepLUMOHHbIE XapakTepUcTUKK (T. e. OTKa3aTbCA OT BbiAeNeHus B pacyeTHOW Modenu
COOTBETCTBYIOLEN KoneBaTtensHOW NoacucTemsl).
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PucyHok A.1 — KoadhdhmumeHT NnpucoeanHeHHON Macckl V AN OQWHOYHbBIX LMNMHOPUYECKUX CTepXHEN npu konebanusax
B BesrpaHM4HOM 0BbeMe XKUOKOCTH

@ /

s /
Boo

/
4 P
D e
0,3 0,5 0,7 09 dt

a — pacnonoXeHne CTEPXHEN No TPeyroneHoW ceTke; 6 — pacnonoxeHue CTEPXKHEN NO KBaApPaTHOW CETKe; 8 — KOAhDULIMEHT Vv
PucyHok A.2 — KoadhduumeHT nprcoegMHEHHON Macchl v Ans NakeToB LMNMMHAPUYECKUX CTEPKHEN

A.1.7 Onsa cny4aes, Korga Henb3s npeHebpeyb BA3KOCTBH UMK CHUMAEMOCTBK, ONA MOAENMPOBAHUS TENnoHo-
cuTensa HeobXooMMO MCMOoNb30BaTh YMCNEHHbIe MeToObl, obecneynBalolmMe agekBaTHbIA y4eT BCeX (hakToOpoB, KOTopbie
0Kas3bIBaKT CyLLECTBEHHOE BIUAHUE Ha KonebaHWA TEMNOHOCUTENS 1 MapaMeTpbl ero rMApoauHaMUYEeCcKoro BO3encTBuA
Ha TBC. K Takum metogam otHocaTes MK3 nnu CFD.

A.1.8 [Ina BepudmKkauum pesynsTaToB pacyeToB C MCMONb30BAHMEM YKa3aHHbIX Bbllle METOLOB NMPUMEHUMbI JKC-
NepyvMeHTaneHbIE AaHHbIE, MOAENLHLIE PELUEHWs HA MPOCTLIX MPUMEPax UMW aHanua YyBCTBUTEMNBHOCTW K Bapuauum
napamMeTpoB MOOENVPOBAHUS.

A.2 KonnyecTtBo coGCTBEHHLIX YacToT U hopM, yYUTbIBaeMbIX B pacuyeTe

A.2.1 Mpy cyMMUpPOBaHMM COCTaBMALWMX OMHAMUYECKOTO OTKMNMKA OT pa3nuyHLIX TOHOB KonebaHui JonyckaeTca
YYUTBIBATE MEHbLUEE KONUYECTBO TOHOB (COBCTBEHHLIX (hopM KonebaHuid), YeM Konn4ecTBO cTeneHen ceobobl aHanusu-
pyeMo MeEXaHU4YEeCKOW CUCTEMBbI.
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A.2.2 Heobxoaumoe ong yyeTa KonM4yecTBO TOHOB MOXET ObiTh onpedeneHo MeTo40oM nocrnefoBaTensHbIX Nprubnun-
®eHuin. Mpu gaHHOM Noaxoae AMHAMUYECKUIA OTKITMK MEXaHWUYECKOW CUCTEMbI BLIMUCTIAOT, NOCNEN0BATENBHO YBENVYMBaAA
KONMUYECTBO YYTEHHBLIX B pacyeTe cOBCTBEHHLIX YACTOT U hopM KonebaHuii, HauMHas ¢ MEHbLUMX HOMEpPOR, OO TEX Mop,
noka N3MeHeHWe OTKMMKA He CTaHET YOOBNETBOPSATE KPUTEPUIO YYTEHHON MaCChl.

YuteHHan macca M, onpegenseTca cneayoumnM COOTHOLWEHUEM

s
My = 3 rim, »2)
j=1

rie 8§ — KONWYECTBO HWU3LLMX COBCTBEHHLIX YacToT U chopM KonebaHui, y4TEHHLIX B pacyeTe;

I'j. — MOopanbHblA KOIPUUMUEHT yHacTus j-i1 cobcTBeHHOW hopMbl KonebaHui;

mj* — MoganbHasa macca j-in cobcTBeHHOW hopMbl KonebaHuii.
MoganeHble Macchl 1 MoAarnkbHbie KO3 (ULUVEHTLI YHACTUS BLIYUCIAIOT No hopMynam:
. T
m;={o;} Mo}, (A3)
T
bir (M1 d
|'-={ J} [ H x} (A.4)

j T !
{o;} M]{o;}
roe {¢j} — BEKTOp j- cobcTBEHHOW (hopMbl KonebaHWi cUcTeMbI;

{J,} — BEKTOp KOCWHYCOB YrIOB MEXAY HanpaBneHUAMI NepeMeLLeHuin No cTeneHam cBo6oabl CUCTEMbI M Hanpas-
JNIeHVEeM X YCKOpeHWs ocHoBaHuA. [Ns BpalwaTtenbHblX cTeneHei cBoOoabl KOMMNOHEHTLl AaHHOTO BeKTopa
OOMKHBLI OBITh MPYPaBHEHBI HYTIHO;

[M] — maTpuua MHepLUK CUCTEMBI;
{q)j}T — TpaHCMOHWPOBAaHHbIA BEKTOP j- cobCTBEHHON popMbl KonebaHun cucTeMbl.
KonuyecTBo HU3WMX COBCTBEHHBIX YacToT U opM konebaHni s, yunTeIBAEMBIX B pacyeTe, JOMKHO BbibUpaTthes

Takum, 4ToObl y4YTeHHast macca Ma coctaBnsna He MeHee 90 % NOMNHOW Macchl MEXaHUYECKOW CUCTEMbI MO KaXKAoMY W3
HanpaeneHWn X, ¥, Z, B KOTOPbIX 3a4aHbl YCKOPEHWUS OCHOBaHUS.
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