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3a NaTEHTHYK YWCTOTY HacTosWero cTaHgaprta. NaTeHToo6/afaTeNlb MOXET 3asBUTb O CBOMX MpaBax U Ha-
npasuTb B ®PegepasibHOE areHTCTBO MO TEXHUYECKOMY PEerysimpoBaHUi U MEeTPOJIOTMN aprymMeHTMpoBaHHOe
npeasioXeHne 0 BHECEHWUU B HACTOAWMIA cTaHAApPT NONpaBkM ANS yKasaHUsA MHopMauuM 0 HanM4MM B CTaH-
fapTe 06bEKTOB NaTEHTHOrO NpaBa W naTeHToo6najaTtene

MpaBuna npMMeHeHNa HaCTOALLEero craHapTa YCTaHOB/EeHbl B cCTaTbe 26 ®PefepasibHOro 3akoHa
0T 29 umioHA 2015 r. Ne 162-d3 «O cTaHgapTulaumm B Poccuitckon depgepauuun». VMIHpopmaums 06 ns-
MEHEeHMAX K HacToAWeMy cTaHgapTy nybnvkyeTca B exXerogHom (Mo coCTOSHUI0 Ha 1saHBapsa Tekylero
roga) MHQOpMaLUMOHHOM yKasaTene «HauuoHasibHble CTaHA4apThi», a ohuymanbHbli TEKCT U3MEHEeHWUN
M NONpaBoOK — B eXeMeCAYHOM WMH(OPMaUMOHHOM yKasaTene «HauuoHanbHble cTaHgapThli». B cnyvae
nepecMoTpa (3aMeHbl) UM OTMeEHbl HACTOSALWLEro cTaHjgapTa CooTBeTCTBYLWee yBegomneHne byaeT
ony6/IMKOBaHO B GaMKailiem BbINYyCKe €XEeMeCAYHOro MHGOPMaLNOHHOIo ykasaTens «HauuoHasbHble
cTaHgapThi». CooTBeTCTBYyWLWAasa UHpopMmauns, ysegoMneHne 1 TeKCTbl pasMeLllalnTCca Takke B UH-
hopMaUnOHHON cucTeMe 06Lero nonb3oBaHnsa — Ha opmumanbHOM cainTe ®defepasbHOro areHTCcTBa Mo
TEeXHUYECKOMY perynmpoBaHunio 1 MeTposorum B ceTu NMHTepHeT (Www.rst.gov.ru)
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HacTtoawwnii ctaHAapT He MOXET ObiTb MOJSIHOCTHID WU YACTUYHO BOCTPOM3BELEH, TUPAXMPOBAH W pac-
NMpocTpaHeH B kayecTBe oULMaNbHOro M3faHus 6e3 paspelleHns defepanbHOro areHTCTBa No TeXHWYECKo-
My PerysimpoBaHuio 1 MeTposiornu
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HALULMWOHANBbBHbBIN CTAHAAPT POCCUWNCKOW SGELEPALUNU

OBOCHOBAHUWE NMPOYHOCTN OBOPYAOBAHNA N TPYBOMNMPOBOAOB ATOMHbBIX
OHEPITETUYECKNX YCTAHOBOK

PacueT Ha NPOYHOCTb pPas3beMHbIX COeauHeHWn

Rules for strength assessment of equipment and pipelines of nuclear power installations. Strength analysis of flanged
joints

Jata BBegeHuna — 2022—01—01

1 O6nacTb NPUMEHEHUS

1.1 HacTosiWwmnii cTaHgapT ycTaHaBNMBaeT TPEOGOBaAHUA K pacyeTy Ha NMPOYHOCTb pa3beMHbIX coefuHe-
HWA o6opyaoBaHMA U TPY6ONPOBOAOB aTOMHbIX 3HEPreTUYECKMX YCTAaHOBOK, paboTalwwmnx nog BHYTPEHHUM
M36bITOYHLIM faBneHneM (fanee — pasbeMHble COefJMHEeHUs), Ha KOTOpble pacnpocTpaHseTcs geicTeume de-
fLepanbHbIX HOPM 1 NpasBua B 06/1aCTU UCNOMb30BaHUA aTOMHOI aHepruu [1].

1.2 HacTtoAwwii cTaHAapT pacnpocTpaHsaeTcs Ha crefylolwe TUMnbl pasbeMHbIX COeAUHEHNIA:

- hnaHueBoe coefMHeHWe ¢ NAO0CKOW Wi NPodnIbLHON NPOKIaAKoM;

- (bnaHueBoe coefMHEHNE C KIMHOBOW MPOKNafKOWA.

1.3 HacTtoAwu M cTaHAapTOM He pernameHTUpYlTCAa MeToAbl, NpUMeHAeMble AN onpegesieHns Hanps-
XEHHO-Ae(OopPMMPOBAHHOIO COCTOSSHUS KOMMOHEHTOB Pa3beMHOro CoeMHEeHUS.

1.4 HacTtosAwuiA cTaHaapT npegHasHayeH 4N1s NpoBeAEeHNA pacyeToB No 060CHOBaHMIO MPOYHOCTM 060-
pygoBaHus 1 Tpy60nNpoBOAOB aTOMHbIX 3HEPreTUYeCKMX YCTaHOBOK B YacTu Bbibopa ycuana HavasnabHOW 3a-
TSKKM pa3beMHOro coefiHeHUs, pacyeTa yCcuanii 1 HanpsbkeHnid B wWnunbkax (6onTax) u obecnevyeHus yaenb-
HOro AaBNeHUs cxaTus Npoknagkyu B npegenax AONyCcKaeMblX 3HaYEHUIA.

2 HopMaTuBHbIE CCbINKU

B HacToswem cTaHAapTe UCMO/Ib30BaHbl HOPMATMBHbLIE CCbISIKM Ha cneaywuine cTaHgapThl:

FOCT ISO/IEC 17025 O6uwue TpeboBaHUA K KOMNETEHTHOCTN UCMbITATEIbHbIX U KANNOGPOBOYHbIX Nabo-
patopwii

FOCT P 8.568 lNocypgapcTBeHHas cucTtema obecneyeHuss eguHCTBa U3MepeHuid. ATTecTtauus wcnbita-
TenbHoro o6opynosaHnss. OCHOBHbIE MOJIOXEHUSA

FOCT P 8.932 lNocygapcTBeHHasi cuctema obecneyeHns eguHCTBa M3mepeHunin. TpeboBaHua K meToan-
kam (MeTogam) namepeHuii B 06/1acTM UCNOMb30BaHNSA aTOMHON aHeprun. OCHOBHbIE MOMIOXEHUSA

FOCT P 59115.1 O60CHOBaHMWEe MPOYHOCTM 06OpyAOBaHUA U TPyO6ONPOBOAOB aTOMHbIX SHEPreTuYecKnx
yCTaHOBOK. TepMUHbI 1 onpeaeneHns

FOCT P 59115.4 O60CHOBaHue NPOYHOCTM 060pyAOBaHMS U TPyOONPOBOAOB aTOMHbLIX 3HEPTreTUYECKNX
YCTaHOBOK. ANnTeNbHble MexaHn4yeckme CBOMCTBA KOHCTPYKLUOHHbIX MaTtepuasnos

FOCT P 59115.9 O60CHOBaHME NPOYHOCTM 060OpyAOBaHUA N TPyO6ONPOBOAOB aTOMHbIX 3HEPreTuyYeckmnx
yCTaHOBOK. [MOBEPOYHbLI/i pacyeT Ha NMPOYHOCTb

MpumedyaHune — MMpy NOMb30BAHUM HACTOSILLMM CTaHAAPTOM LeNecoobpasHo NPOBEPUTL AECTBME CCbIfoY-
HbIX CTaHAAPTOB B MH(POPMALMOHHONM cucTeme OO6LLEro nosib3oBaHns — Ha oduumasnibHOM calite defepasibHOro areHT-
CTBa M0 TEXHUYECKOMY PEry/sIMpoBaHuMi0 1 METPOIOrUM B CETU VIHTEPHET WM Mo eXerogHoMy UHGOpPMaLMoHHOMY yKasa-
Tento «HauuoHanbHble CTaHAAPTbI», KOTOPbI Ony6/IMKOBaH MO COCTOSIHWUIO Ha 1 siHBaps TEKYLWEro roga, v no Bbimyckam

M3pgaHne odumumnanbHoe
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€XemMecsYHOro MH(hOPMaLIMOHHOTO yKazaTens «HauuoHa/bHble CTaHAapPTbI» 3a TeKyLMil roa. Ec/m 3aMeHEeH CCbINIOYHBIl
CTaHZapT, Ha KOTOpbIi flaHa HeJaTVpPOBaHHAsH CCblKa, TO PEKOMEHAYEeTCs WUCMO/b30BaTh AEWCTBYIOLLYI0 BEPCUIO 3TOr0
CTaHfapTa C YYeTOM BCEX BHECEHHbIX B JAHHYI0 BEPCUI0 M3MEHeHWA. ECnn 3aMEHeH CCbINOYHbIN CTaHAapT, Ha KOTopbiii
[laHa AaTMpoBaHHas CCbUKa, TO PEKOMEHAYETCS MCMO/b30BaTh BEPCHIO 3TOTO CTaHAapTa C yKas3aHHbIM Bbille rofjoM yT-
BepXxaeHus (NpuHsATWst). ECnm nocne yTBEPXAEHWS HACTOSILLEro CTaHAapTa B CCbUIOUHbLIA CTaHAAPT, Ha KOTOPbIA faHa
[laTVpoBaHHas CCblIKa, BHECEHO M3MEHEHME, 3aTparuBatoLLee NosioKeHre, Ha KOTOPOoe JaHa CCblika, TO 3TO MOJIoXKEHNe
PEKOMEHAYETCS MPUMEHSTL 6e3 yueTa AaHHOTO U3MEHEHWs. EC/N CCbIOYHbIA CTaHAapT OTMEHEH 6e3 3aMeHbl, TO NoJIo-
)XEHVE, B KOTOPOM [aHa CCbl/Ika Ha Hero, PEKOMEHAYETCS! MPUMEHSITb B YaCTW, He 3aTparvBaloLLeil 3Ty CCbiky.

3 TepMWUHbI, onpeaeneHusl, CokpalweHunsl, o603HavYeHus

3.1 TepMUHBbI U onpeaenieHns

B HacTosAwem ctaHgapTte npumeHeHbl TepMuHbl no FTOCT P 59115.1 u FOCT P 59115.9, a Takxe cnepgy-
HLWMe TEPMUHBbI C COOTBETCTBYHOL UMUK ONpeseneHnamMu:

3.1.1 NAOTHOCTb pa3beEMHOro coeguHeHnsi: CBOMNCTBO KOHCTPYKLUMM pPa3beMHOro COeAMHEHUs U Ma-
TepunasoB €ro KOMMNOHEHTOB, KOHTAKTUPYKUWMX C paboyein cpefoin (KMAKOCTbI MAM rasom), NpensaTcTBOBATb
NPOHMKAHWIO 3TOI cpeabl HapyXxy.

3.1.2 Hava/IbHasA 3aTsXKa pa3beMHOro CoeAUHEeHUs: HarpyxeHue npu cbopke pa3beMHOro coegu-
HEeHUA AN1S YCTPaHEeHWSA HEMIOTHOCTW NpuUaeraHus nNpoknagku K KOHTaKTUPYLWUM NOBEPXHOCTAM Y CO34aHus
ycnoBwuii, o6ecneynBarLnx NAOTHOCTb COEAUHEHUS B YC/IOBUAX 3KCMyaTauum u UCnbiTaHWii.

3.2 O603Ha4YeHns N coKpawieHus

B HacTosiLemM cTaHgapTe NPUMEHEHbI cneayolmne 0603HaUYeHNsT U COKpaLLEeHNs:

Tt — Temnepartypa, npu OCTKEHUN KOTOPOI HEO6XOAMMO YUNTbIBATb XapaKTePUCTUKNA OIUTENb-
HOM MPOYHOCTM, NNacTUYHOCTKU K nonsydectu, K (°C);

Fab — ycunue, Heobxogmmoe Ansa obxatna npoknagku, H;

Fprp — ycunue Ha npoknafky, o6ecneyuBarllee NAOTHOCTb COeAUHEHUS NpW akcnayaTauuu, H;

Fprh  — ycunue Ha npoknagky, obecneymBatoliee NAOTHOCTb NpW UchbITaHuu, H;

Fp — rngpocraTmyeckoe ycuaume B yCnoBusax akcnnayatauum, H;

Fph — rmgpoctaTnyeckoe ycuaume npu ucnbitaHuu, H;

FOw — ycuaune HavanbHOM 3aTsHXKU wnunek unu 6ontos, H;

Fw — ycuauve Ha wnunabkax nam 6ontax, H;

Fpr — 0CeBOe ycuame Ha npoknagke, H;

FT — ycuauve Ha Wwnuabkax, Bbl3biBaeMoe TemnepaTypHbiM Bo3geicTemem, H;

p — un36bITOYHOE gaBneHne paboueil cpegbl B yCnoBusax akcnayatauum, MMa;

ph — Haubonbliee N36bITOYHOE faBfieHne paboyein cpenbl npu ncnbitTaHun, MMa;

g — yAesnbHOe faBneHne 0CeBOro cxartua npoknagku, MMa;

40 — yaenbHOe JaBrfieHne o6xaTtusa Npoknajki npu 3aTsaxke coeguHeHus, MMa;

T — MNPOKNaf0UHbIA KO3(hULUNEHT;

X — KO3(PUUMEHT Harpysku;

Xf — KoadppuuymneHT nogatnusoctu dnaHua, MM/H;

Xpr — KOo3thdhnymeHT noaaTAMBOCTM NpPOKAaaku, MM/H;

Xw — KOa(hduUMEHT NoAaTANBOCTU  LWNUAbKA, MM/H;

Xb — KO3(hMUMEeHT nogaTAnBOCTN BTYAKK (Wainbbl), Mm/H;

X — KO3thdnymeHT nogaTAMBOCTM onopHoro 6ypta, Mm/H;

Ew — MOoAy/lb NPOAO/ILHOW ynpyroctu mMatepuana wnunbku, MMa;

Ef — MoAy/b NPOAOJILHOM ynpyroctn matepuana diadHua, MMa;

Eb — MOAy/lb NPOAOJILHOM ynpyroctu matepuana BTynku (waibsl), MMa;

Er — MOy b NPOAOJILHOM ynpyroctu martepuana onopHoro 6ypta, MMa;

Epr — MOAy/lb NPOAO/ILHOW YyNpyrocTu matepuasna npoknagku, MMa;

hw — BbicOTa paboueil yactn pe3bbbl (Pe3b60BOr0 COeAMHEHUSA), MM;

hb — pacueTHas BbicOTa BTY/NKM (Waibbl), MM;

hpr — pacueTHasi BbiCOTa MPOKNaAKn, MM;
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BbICOTa K/IMHOBOMW MPOKNAAKN, MM;
CymMMapHas WuprvHa NPoTOYEeK Ha LMAUHAPUYECKO NOBEPXHOCTW K/IMHOBOW NPOKNaAKn, MM;
b ahbhbekTnBHAA WMPUHA NpOKNALKK, MM;
YyC/IOBHASA WWPUHA NPOKNafKU, MM;
WMpMHa Topua KIMHOBOM NpoKNagku, MM;
WMPMHA KOHYCa K/IMHOBON MPOKNAAKWN, MM;
CymMMapHas WwupuHa NpoToYeK Ha Topue K/IMHOBON MPOKAaAKu, MM;
CymMapHas WupuHa NpoToYEeK Ha KOHYCe KMHOBOW NpOoKnafku, MM;
AnameTp OTBEpPCTUSA B LWINWUIbKE, MM;
AnaMeTp CTEePXHA WNUNbKA, MM;
HapyXHbIl guameTp pe3bObl WNWAbKU, MM;
BHYTPEHHUWI gnamMeTp pe3bbbl WNUAbKA, MM;
cpefHuii gnameTp NPoKIagkn, Mm;
AnaMeTp OKPYXHOCTU PacrnofioXeHUs] LEeHTPOB LUMNWUAEK, MM;
a Yron KoHyca K/MHOBOI MpOKAagku, pag;
nnowanb NonepeyHoro cevyeHnsa BTYAkM (Wwaibbl), MM2;
cBO6GOAHAS AINHA LWINUMABKA MEXAY HWKHUM TOPLOM raiikm u BEpPXHUM TOPLOM Kopnyca, MM;
z KO/IMYEeCTBO LUMNWAEK;
MOMEHT COMNPOTUBMEHNS CEYEHNA CTEPXHS LINWABKM NpU n3rnbe, Mm3;
MOMEHT CONPOTUB/IEHNS CEYEHUS CTEPXHSA WNUAbKW NMPU KPyYeHUU, Mmm3;
KPYTALWMA MOMEHT, AENCTBYOLWMA HA WNUAbKY, H-MMm;

wi,, W2 — pajunasnbHble NnepemMeLleHns KOHUOB LUNUAbKK, MM;
N> N2 — yYIN10Bble NepemMeLleHna KOHUO0B LWNUMbKA, pag;
‘mw — HanpsXxeHue pacTtsxeHua B wnunoke, Mla;

abw — HanpsxeHue usruba B wWnunbke, MMa;

XSW — HanpsixeHue KpydyeHus B wnunbke, MMa;

T>*sn — HanpsxeHue cpes3a pe3bbbl B 60/1Te U raiike, MMMa;
MK3 — MeTo4 KOHEYHbIX 3/IEMEHTOB;

HOC — HanpsiXeHHO-AedOpMUpPOBaHHOE COCTOSHUE.

4 O6ume NonoXeHns

4.1 B HacTosflleM cTaHgapTe npuBefeHa MeToAuka pacyeTa pasbeMHbIX COeMHEHU 060pyA0BaHNS 1
Tpy6onpoBOAOB aTOMHbIX 3HEPreTUYECKNX YCTaHOBOK, paboTalowmx nog BHYyTPEHHUM M30bITOYHbIM AaBNEHU-
€M, B YacTu BblGOpa yCUNMSA HayaslbHOW 3aTsHKKW COefMHEeHUs, pacyeTa YCUINn 1 HanpshXXeHWin B WNuabKax
(6onTax) n obecneyeHns yaenbHOro AaB/IeHNS CXaTus Npoknajku B npegeniax AOMycKaeMblX 3HaYeHUin ans
cnepywLmx TMNOB CoefnHEHWNIA:

- (hnaHueBoe coeAnHeEHME € NNOCKOW MK NPOoPUNIbHOM NpoKnaakoin [cM. pucyHoK 4.1a)];

- pnaHueBoe coefMHEeHNEe C KTMHOBOWM Mpoknaakoi [cM. pucyHok 4.16)].

[N KOMNOHEHTOB Pa3beEMHOI0 COEANHEHUSA AO/DKHbI OblITb NPEAYCMOTPEHbLI MEPbI MO 3alimMTe OT KOppo-
31K, IPO3NN N APYTUX PUINKO-XUMUYECKMX BO3AENCTBUIA B COOTBETCTBMU C TpeboBaHuaMM [1].

4.2 TloBEpOYHbI/ pacyeT Ha MPOYHOCTb KOMMOHEHTOB Pas3beMHOro COeAVMHEHUS, 3a UCK/IIYEHUEM NpPO-
Knagku, cnefyeT BbINOSIHATL MO AOMYCKAEMbIM HaNPSXXEHUAM A5 KaTeropuii U rpynn Kkateropuii HanpsxeHui
B COOTBETCTBUM C TpeboBaHuAMu NOCT P 59115.9.

Tpe6oBaHMA K NPOYHOCTU MPOKNaAKM yCTaHaB/IMBAKTCA NO MakCMMaslbHOMY AO0MyCKaeMoMy yAeslbHOMY
[aBNeHno Ha NpoKnajKy u3 ycnosus ee pabotocnocobHocTU. [laHHble TpeboBaHNA He NMPUMEHSATCA K NI0CKAM
1 NPOMINPOBAHHBIM PE3MHOBbLIM MPOKNAaAKaM pasbeMHbIX COeAUHEHUI C KOHTaKTUpYyLWUMK daaHuamu.

4.3 HacToAwWwMM cTaHgapTOM He peramMeHTUpYyTCcsa MeTodbl, NpumeHaemble Ana onpegenedva HAC
KOMMNOHEHTOB coeAnHeHus. BbibpaHHbIl MeTos A0/KEH yYuTbiBaTb BCE pacyeTHble Harpyskm Ans BCeEX pac-
YeTHbIX C/lyyaeB W faBaTb BO3MOXHOCTb ONpefe/nTb BCe HEOOXOoAMMble pacuyeTHble TPYnnbl KaTeropuin Ha-
npsxeHnii. JonyckaeTtcsa onpegenats HAC coeAuHeHUA C UCMNOMb30BaHMEM METOAMK WU NMOAXOA0B, U3/T0XEH-
HbIX B 4PYTUX AOKYMEHTax Mo cTaH4apTu3auum pa3beMHbIX COeAUHEHWA.
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PucyHok 4.1 — TunoBble KOHCTPYKLUUN Pa3beMHbIX COEAVHEHWI

4.4 B 3aBNCMMOCTM OT TUNa, KOHCTPYKUMUM U MaTepuana npoknagku Ansa pacyeTta npuHUMalroT Cnepyo-
Lne XxapakTepucTUKn Npoknamku:

- NPOKNaA0YHbIli KO3 uumeHT T\

- yAieNlbHOe faB/ieHne Ha npoknagke npu obxartuun fo;

- MUHMMasnbHOe [0oNyCTMMOE YAefnbHOoe AaBneHne Ha NpokKnaaKy U3 yCcrioBuA NJOTHOCTM coeanHeHus Imin;

- MakcumasibHOoe fJonyckaemoe yAesibHOe [aBJfieHWe Ha NpokKaafky u3 ycnosua ee paboTocrnocobHO-
ctm W

4.5 ina sKcnepuMeHTasIbHOro onpejesieHnsa 3HavyeHuii napaMmeTpoB NPOKNagoK u (M1n) NPoKNafoYHbIX
MatepuanoB crnegyeT NPUMEHATb aTTecToBaHHble B cooTBeTcTBMM ¢ FTOCT P 8.932 mMeTtoauku M3MepeHwuit
npu ucnbiTaHuax. OpraHusauun (UcnbeiTatesibHble nabopatopumn) 1 NepcoHas, BbINOJHAOLWME WUCNbITAHUS,
a Takke cpejcTBa M3MepeHuil, UCNosib3yemble MNpU UCMbITAHUAX, LO/DKHbI COOTBETCTBOBaTb TpeboBaHUAM
FOCT ISO/IEC 17025. WcnbiTaTesibHOe 060pyA0OBaHne, UCNoMb3yeMOe Npu NPOBEeAEHUN UCMbITAHUNA, JOMKHO
ObiTb aTTECTOBAHO B COOTBETCTBUM C TpeboBaHuamm FOCT P 8.568.

4.6 PacuyeT coeiMHEHWN C NpokfagkaMu 13 TepMopacliMpeHHoro rpadurta, B TOM YUC/e C KOHTaKTUpy-
ow1uMn hnaHuamu, cnegyeT NPoBOAUTL HA OCHOBAHUWN 3KCNEPUMEHTANbHbIX faHHbIX, ONpeAesieHHbIX B COOT-
BETCTBUU C TpeboBaHuAMK 4.5 u (M1n) B COOTBETCTBUM C fOKYMEHTamMmn No ctaHjapTusaumm gns ynaoTHEHUH
C NPUMEHEeHNEM TepmopacluMpeHHoro rpadura, faHHble B KOTOPbIX ONpefeneHbl B COOTBETCTBUM C 4.5.

5 PacueT KoahduumnmeHTa Harpysku

5.1 KoadhhnumeHT Harpyskm % yunTbiBaeT B/IMSIHUE BHYTPEHHErO AaB/IEHUS HA YCUMMA B LWINU/bKax
(6onTax) v Ha NpPOKNaAKN NpeABapuUTENbHO 3aTAHYTOr0 Pa3beMHOro coeAnHeHus. KoadyduymneHT Harpy3ku %
YUCNEHHO paBeH A0/1e TMAPOCTATMUYECKOro ycunus, nepefaBaemoli Ha Wnunabku (60nThbl).

5.2 KoahhuumneHT Harpysku / onpegensawT no gopmyne

r=r r VXL /&5.1)
Apr + Ar + Aw + + f

5.3 Ana ¢dnaHueBoro coeguMHeHns € KAWHOBOW npoknagkoi [cm. pucyHok 4.16)] cnegyeT npuHumMarthb
Xpr - 0.

5.4 Ana TUNOBbIX KOMMNOHEHTOB pPa3beMHbIX COeAUHEHNA KO3 PULMEHTbI NOAATINBOCTM AONyCcKaeTca
onpegensATb no chopmynam, npuBefeHHbIM B Tabnuue Al npunoxeHusa A. Takxe gonyckaeTcs onpenensatb
3HauYeHNsa KO PULMEHTOB NOAATIMBOCTU YUCTIEHHBIMU MeToAamMu, Hanpumep MK3.

4
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6 PacuyeT ycunus, BbI3BaHHOIo TeMrnepaTtypHbIM BO34eNCTBUEM

6.1 Ycunve B wnunbkax unm 6ontax, Bbi3BaHHOE TEMMNepaTypHbIMU NepenagaMn B KOMIOHEHTaxX v (Mnn)
pasnuunem Koa(p(ULNEHTOB IMHENHOrO TEMMNepaTypHOro paclliMpeHust maTepuanoB KOMNOHEHTOB COeAUHe-
HUs, cneayeT onpefensaTb no opmyne

6.1
B Xpr+ Xr+ Xw+ Xo+ Xf ®-3

rae Ah — cymmapHoe oceBoe TemnepaTypHoe yAJ/IMHEHME KOMMOHEHTOB, CXaTbiX MPU 3aTsXKe cOoefWHEHUS
(KpblWKK, NPOKAaAKN, HAXXUMHOTO thnaHua, BTY/IKM, ONOPHOro 6ypta) Ha OTpPe3Ke Mexay ONOpPHbIM
GYPTOM M HWXXHUM TOPLOM Tamnku, Mm;
Al — cymMapHoe oceBoe TeMmnepaTtypHoe yA/IMHEHNE KOMMOHEHTOB, PacTAHYTbIX MpU 3aTAXKe coefunHe-
HUS Ha OTpe3ke MeXAy ONopHbIM OGYpPTOM U HVKHUM TOPL,OM raiiku, M.
Mpumep pa3buBKM COELMHEHUS MO yyacTkaM ANA BblYUCNEHWUSA TeMnepaTypHbIX pacliMpeHuil nokasaH
Ha pucyHke 4.1a). na gaHHOro npumepa:

Al—cxM'IN*71 (XN R*T72
(6.2)
A7=4a3'"3'"3 +a4'"4 -F4+a5w5maP5+a6'"6"' +a7' 7 'Fr
roe a- — Ko3(h(ULMEeHTbl IMHERHOTO paclpeHns martepuana;
I~ hj — ANVHbI y4acTKOB;

Tj— cpefHue TemnepaTtypbl Ha yyacTkax.

6.2 3HayeHua moAaynsa ynpyroctu u koadduumeHTa ANHENHOro pacluupeHus maTepuasnoB nNpoknagnok
cnefyet npuHUMaTb N0 AOKYMEHTaM MO CTaHAapTu3auunm Ha YnaoTHUTENbHOe u3genue. Mpu OTCYTCTBUN B
yKa3aHHbIX JOKYMEHTax Heo6X0AMMbIX AaHHbIX AOMNYyCKaeTCAa PyKOBOACTBOBATbLCHA AaHHbIMUW, NPUBEAEHHbIMU
B Tabnumue B.1 npunoxeHus B, nn60 NonNyyYeHHbIMU 3KCNEPUMEHTASIbHO.

6.3 KoadhdpuumeHTbl nogatnueoctun Xw, Xb, Xpr, Xr\i*cneayeT onpeaensite B COOTBETCTBUU C 5.4.

6.4 fonyckaeTcsa onpefeneHne FTuucneHHbiMM mMeTogamu, Hanpumep MK3.

7 PacueT KoaphULLMEHTA HArpy3ku U yCUAus, BbI3BAaHHOTO TeMnepaTypHbIM
BO3JEeNCTBMEM, YNC/IEHHBIM METOAOM

JonyckaeTca onpefensatb KOIUUUEHT Harpysku % u ycunve, Bbi3BaHHOE TemnepaTypHbIM BO3feli-
cteuem FT, npy nomolm yncneHHoro pacyeta (Hanpumep, no MK3) HAC pasbemHOro coeguHeHus B cbope,
6e3 onpegenieHns KO3 PUUMEHTOB NOAATNMBOCTA KaXAol AeTanum B OTAe/IbHOCTU. PacueT cnegyeT npoBoO-
OUTb B criefytolieM nopsfke:

1) B Havane pacueTa ycuame HayasbHOW 3aTAXKW wnunek (60nToB) cnegyeT NPUHATb PaBHbIM

Faw Fprh + Fph, (7.1)

2) ynCcNeHHbIM MeToAOoM credyeT pacCcuuMTbiBaTb YCUIMA B WNWAbKaX NpWU AeACTBMM, COOTBETCTBEHHO,
aKcnayaTalMOHHbIX AaB/eHns 1 TemnepaTtypbl FWA, 1 npu geicteun gasneHusa ucnoitaHus Fwh;

3) ¢ ucnonb3oBaHMEM NOJIyYEHHbIX 3HaYeHun Fwp n Fwh cnegyet onpefenntb KO3 MULMEHT Harpysku
X un TeMmnepatypHoe ycunue FT, cooTBeTCTBEHHO, No hopMynam:

1 (7.2)
FT~ Fw.p~ FOw~XFp, (7.3)
4) ycunune HavanbHoOW 3atsxkn wnunek (6ontos) FOwW cnegyet onpeaensaTb cornacHo 8.6 gna nonyyeH-

HbIX No copmynam (7.2) n (7.3) 3Ha4yeHuih X n Fr
Ecnn B pesynbTaTe YMC/MEHHOTO pacyeTa KO3 pULUNEHT Harpy3kM X NpUHUMaEeT oTpuuaTesibHoe 3Hauve-
HWe, TO ycuane HavyanbHOW 3aTsxkn FQucnegyeT Bblbupats cornacHo 8.7.

8 PacueT ycunna HayasibHOW 3aTAXKNU wnusek (6onToB)

8.1 HauanbHylo 3aTsKKy pa3beMHOro coeguHeHus cneayeT NPOu3BOAUTL A1t YCTPAHEHUS HENIOTHOCTH
npuaeraHust NPokKNaAku K yrnjioTHAEMbIM MOBEPXHOCTAM (06XaTus npoknafku) u obecneyeHnss HepackpbITUs
CTblKa U MJIOTHOCTU COEAWHEHUSI B YC/IOBUSIX IKCMlyaTauun v Npu UCTbITAHUU.
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8.2 Ycunue, obecneuunBatwlyee o6xatue npoknajku, cnegyet onpefensts no opmyne

Fob=1IDp~o- (8-1)
8.3 He06x0,q|/||v|b|e ans obecnevyeHnst NJIOTHOCTH ycnnna Ha npoknaaky npu aKkcnayataynmoHHOM gaBrie-
HUM Fprp n gaBneHunn ucnbitanma Fprh cnegyet onpeaensts no oopmynam:

Fprp=

Fpr.h= nDp fimPh-
[na coeaMHeHUn c KNIMHOBOI NpPOKNaAKo cnegyeT NpUHUMATh

prp ~ Fprh ~ ©- (8.4)

8.4 3HaueHusi napameTpoB b, 0 T cnefyeT NPpUHUMATL MO OKYMEHTaM Mo cTaHAapTu3auuy Ha ynaoT-
HUTeNbHoe n3genuve. Mpyu OTCYTCTBUMU B yKa3aHHbIX AOKYMEHTax HeoGXO0AUMbIX AAaHHbIX A4OMYycKaeTcs PyKo-
BOACTBOBATLCS AaHHLIMU, MpuBefeHHbIMU B Tabnuue B.1 npunoxeHus B nn6o nosyyeHHbIMU IKCMEPUMEH-
TanbHo.

8.5 'mapocTaTuyeckue ycunaus OoT 3KcnsyaTalMoHHOro faenenus Fp v gaBneHus ucneitaHus Fph cne-
fLyeT onpefensatb no chopmynam:

Fp =~ DprP- (8.5)
Fph="D @rPh. (8.6)
8.6 Ycunue HavanbHOW 3aTsxku wnunek (6ontoe) FOWA0/MKHO yA0OBNETBOPATL YC/IOBUAM 06XaTusA nNpo-

Knagkm v naoTHOCTU COegnHEHNA B YC/ZTOBUAX IKCnayaTaununm n npm ncnbiTaHNn:

FOw ~ Fob’ (8-7)
FOw ~ Fpr.h + (1~ » 'Fph, (8.8)
FOw~ Fprp + (1 —%) Fp- FT. (8.9)

[Onsa Bbl6paHHOro 3HayeHnsa FOW HeO6X0AUMO BbIMOSIHEHWE YC/I0BUIA NO YAENbHOMY AaBMNEHUI0 HA KOH-
TakTupylowne noBepxHOCTM NPOKNALOK NPU 3aTsXKe, UCMbITAHUN U B YCNOBUAX dKCnyataunm cornacHo 9.5.

8.7 JonyckaeTca BbiGMpaTb ycusve HayasbHON 3aTshkkm Ou/mpu NoMoLM YMCNEHHOTO pacyeTa (Hanpu-
mMep, no MK3) HAC pa3bemMHOro coeguHeHns B c6ope. Ycunms B wnuabkax (6ontax) n Ha npoknagke B 3TOM
cnyvae Heobxofumo onpefenATb HENOCPEACTBEHHO MO pesynbTaram pacuyeTta, BMecTo hOopMyn B pasfenax
9 n 10. BbibpaHHOe 3HayYeHue ycunusa HayanbHON 3aTsxkm FOw fo/mKHO yAoBNeTBOPATb YCN0BUIO 06Xatuns
npoknagkun (8.7). Takke [O/MKHbI ObITb BbINOSIHEHBLI CNEAYOLIME YCI0BUA NAOTHOCTU COeUHEHUS B YCI0BUAX
aKcnayaTtauum v Npu UCnbITaHNK:

Fpr- Fprh, (8.10)

Fpr > Fpr.p' (8.11)

[Ons BblGpaHHOro 3HayeHnsa FOW Heo6XxoAUMO BbIMOSIHEHWE YC/I0BUIA NO YAENbHOMY AABAEHUI0 HA KOH-
TakTupylowme noBepxHOCTM NPOKNALOK NPW 3aTsXKe, UCMbITAHUM U B YCNOBUAX 3KCnayaTtaumm cornacHo 9.5.

8.8 [JonyckaeTcsa onpenenatb ycunme HavasnbHon 3atsxkm FOw, o6ecneynBatouiee NAOTHOCTb coefnHe-
HUS B YCNIOBUAX 3KCnayaTauum n UCNbiTaHWi, Npy NOMOLLW HaATYpHOro akcnepumeHta. Pacuet ycunuin Fprp n
Fprh B aTom cnyyae He BbIMONHSAETCA.

9 PacueT ycuamin Ha npoknagke
9.1 Ycunue Ha npoknagke Fprnpu 3ataxke wnunek (6ontos) cnegyet onpefensatb no popmyne

Fpr=Fow (9-1)

9.2 Ycunue Ha npoknagke [pl.npu ncnbliTaHuu crnegyet onpefensaTb no dopmynam:
-4 COeAMHEHUA C NIOCKOW MM NpPodubHON NPOKIaAKon

Fpr=FOw-(I-X )-F ph, (9.2)
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- ona coegMHeHnUn C KIMHOBOU HpOKﬂa,ﬂ.KOVI

FPr= FOw + r «Fph- (9-3)
9.3 Ycunue Ha npoknagke FprB ycnoBusix akcnayatauuu cnegyet onpefenste no oopmynam:
-ANS COefWHEHWUIA C NAOCKOW MAn NpoduLHON NPOKNagKomn

Fpr=FOw-V-X)-Fp+ Fv (9-4)
- A1 COEAMHEHUI C KMHOBOI NPOKIafKoi

Fpr=FOw+r Fp+ FT (9-5)

9.4 YpenoHoe AaBfeHue ( Ha KOHTaKTHbIX MOBEPXHOCTSAX NPOKNaA0K cneayeT onpeaenstb no opmynam:
- B COEMHEHUSAX C NJIOCKOW MM NpodduIbLHON NpokNaakoi

pr
= 9.6
4 nDprb (9-6)

- B COEAMHEHUSAX C K/IMHOBOW MPOK/IAAKON HA N/IOCKON KOHTAKTHOW MOBEPXHOCTU NMPOKAAAKM

— pr
" nDpr(b1- b{Y ©.7)

- B COEAMHEHNSAX C KIMHOBOW NPOKIAAKOW Ha KOHYCHOW KOHTaKTHO MOBEPXHOCTW MPOKIaLKu

pr
= .8
= o0 Dpro) - bY- sina’ (0-8)

- B COEAMHEHNAX C KNMHOBOW MPOKIAAKOM Ha UMAMHAPUYECKOW KOHTAKTHOW MOBEPXHOCTM MPOKAaAKM

r
q = P (9.9)
n{Dpr + b2sincx)(71- /7 tga
9.5 Heob6xoaMmMO BbINOMHEHWE CMEeAYOWNX YCNOBWIA:
- Aansa obecnevyeHnsa NJOTHOCTU coeanHeHna npn ncnbitTaHMnM N B YCZIOBUAX aKChayaTaunmn

4 M min; (9.10)

- 015 ob6ecnevyeHns NMPOYHOCTM U paboToCcnoCcOBHOCTU NPOKNaAKM NpU 3aTsXKe, UCMbITAHUU U B YCNOBU-

X aKcnayaTauum
<E W (9-11)

B coegMHEHUNAX C KNMHOBOM NPOKNagKon [cM. pucyHok 4.16)] Ha NA0CKOM KOHTaKTHOW MOBEPXHOCTW Npo-
Knagku cnegyet nNpoBepPsTb TOMbKO YC/I0BME NPOYHOCTM M paboTtocnocobHocTm (9.11).

3HauveHua Idmn n gmax cnegyet NpUHMUMAaTb NO AOKYMEHTam Mo cTaHgapTu3auumnm Ha YnaoTHUTEeNbHOe
nspenvie. Npy OTCYTCTBUM B YKa3aHHbIX OKYMEeHTax HeO6X0ANMbIX AaHHbIX AONYCKAeTCA PYKOBOACTBOBaTbCH
JaHHbIMUW, NpuBeAeHHbIMK B Tabnuue B.1 npunoxeHna b nn6o nonyyeHHbIMU 3KCNEPUMEHTAaNbHO.

B cnyyae, ecnu npoBepka no yaenbHOMY AaB/IEHUI0 Ha KOHTAKTMPYOLLMe NOBEPXHOCTY NpoKnagku faet
oTpuuaTesibHble pe3ynbTaTtbl, CrieAyeT BbINOMHUTbL KOHCTPYKTUBHbIE U3MEHEHUS COEAUHEHUS WM U3MEHUTb
ero TemnepaTtypHble pexumbl. Ans BbinonHeHns ycnosusa (9.10) gonyckaeTcs yBe/IMYEHMNE YCUTNSA HaYalbHOA
3aTsxkn FOw.

Mocne BbINOSTHEHUSA N3MEHEHUIT HEOH6XOAMMO NMOBTOPHOE NPOBEAEHME pacyeTa.

10 PacueT ycunuin B wWnusbkax (6onstax)

10.1 Ycunue B wnunbkax (bontax) Fwnpu 3aTtsxke cnegyet onpenensats no popmyne

Fw= FOw (to.1)

10.2 Ycnnue B wnunbkax (6ontax) Fwnpu mucnbiTaHum cnegyet onpegensTb No popmyne

Fw = FOw + X F ph- (t0.2)
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10.3 Ycunue B Wwnunbkax (6ontax) FwB ycnoBusix akcnjyatauuu crefyet onpegensTs no popmyne
Fw=I=OW+rF p+FT. (10.3)

10.4 Ecnn ycunne HavanbHoM 3aTskm FOw BbIGpaHO Mpy NOMOLWM YMCAIEHHOrO pacyeTta corjiacHo Tpe-
60BaHuAM 8.7, ycunue B Wnuabkax (601Tax) Npu UCMbITAHUM U B YCNIOBUAX 3KCMAyaTauum cnegyeT onpege-
NATb HEMOCPeLCTBEHHO NO pe3y/bTataM pacuyeTa.

11 PacueT ycunmi B yC0BUAX MOM3YUYECTH

111 Bbibop ycmnuns HavdanbHOW 3aTskn FOw u pacyeT ycunuii B KOMNOHEHTax coefuHeHui, Temnepa-
Typa aKcnayataunm KoTopbix npesbiwaeTt Tt, ciegyeT NPOBOAUTL C Yy4eTOM NOJ3yvecTu (penakcauum) ¢ Lesblo
obecneyeHns NJIOTHOCTU COEANHEHUS.

JonyckaeTca NpoBOAUTbL pacyeT YAC/NEeHHbIM MeTofoM (Hanpumep, MKD3).

11.2 Bbi6bpaHHOE 3Ha4YeHne yCunmsa HavyanbHOW 3atsxkm FOWLo/mKHO yA0BNETBOPATL YCAOBUIO 06XaTus
npoknagku (8.7). PacueTom [0O/XHO 6bITb NOKasaHo, YTO C yYeTOM penakcauuv BCnefcTBMe NoN3yyvyectu yc-
NOBUA NNOTHOCTU COEAUHEHUSA:

Fo? Fonrh, (11.1)
For > Frp (11.2)

a Takxke ycrioBus No yAenbHOMY [aB/IeHWI0 Ha KOHTaKTUpyloLie noBEPXHOCTU NPOKIafoK cornacHo 9.5 Bbl-
nosiHeHbl. Mpu pacuyeTte ycunuii B COEAMHEHUN cnefyeT YUUTbiBaTb NPOEKTHYI0 ANIMTENbHOCThL HarpyXeHus B
YCMOBMAX 3KcnayaTauuym npu TemnepaTtype Bbile Tt M nocnefoBaTenbHOCTb PEXUMOB 3KcAsyaTtauunm n uc-
NbITAHWNA.

11.3 Mpu Temnepatype Bbilwe Tt B pacyeTe crefyeT UCMNONb30BaTbh 3HAYEHUSA AJIUTESIbHbIX MexaHu4ye-
CKMX XapaKTepucTuk MmatepuanoB n penakcaunoHHOW CToWKocTM B cooTBeTcTBMM ¢ TOCT P 59115.4.

12 PacueT Hanps>XXeHWi B WNUNbKax

12.1 PacueT Hanpsh)XeHU B CTepXHEe WNUAbKN

12.1.1 KpyTAwmiA momeHT MK, LeACTBYIOWMNIA Ha WNWUABKY NPU 3aTsXKe raek kaw4vyom, cnepyet onpege-
NATb No popmyne
MK=" 0 " (12.1)
rpe CpekomeHayeTca onpegensatb no tabnuue 12.1.
12.1.2 MOMEeHT Ha k/toue npu 3aTsxke raek MK cnegyeT onpefensatb no opmyre
Yn =~-F Owd0Oz, (12.2)

roe N onpegensatT no tabnuue 12.1.
Mpun 3aTsHxke WNUAEK C NpeABapuUTeIbHON BbITSXKONW unu ¢ pazorpesom Mk = 0.
[onyckaeTca ncnonb3oBaTb 3Ha4YeHUs KoadhduuneHToB £ 1 £1( onpegeneHHble 3KCNepruMeHTasbHO.

Tabnuuya 121 — 3HayeHua koapdmuneHTos £n *

Hannune cmasku C
VmeeTcsa 0,13 0,26
OtcytcTBYyeT 0,18 0,37

12.1.3 N3rnbarowme MOMeHThI B wnuabkax M1u M2 cnepyeTt onpefenats no hopmynam:

6K3/ ., AKn n 2K2 n

M =EwmI®- 2. (w2 - W)+ —T51 + —m-$2 (12.3)
6K bl V 2K2 a 4K< n

M2 = Ew-J m Srfwz -wi+ 255 A G (12.4)
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roe J = n(d4v- d4)/64 — MOMEHT UHEPUUUN CEUYEHUS CTEPXHS LWNWUAbKM Npu n3rnée;

Kv K2, K3 — xapakTepucTukm rmbKOCTU CTEPXHS LUNUIbKK:

KK ~K2~K3=1ana y=1Iv <1;
EwlJz
IC, =1+ K2 = 1---- Nomoeen ; K3=1+— pans 1<y< 6
1 40 2 16y + 35
y(y-1) Y _
, ;%3 = ans y> 6
1 4(y-2) 2 2(y-2) 6(y- 2
un,, w2, ®2 cnepyeT onpefenaTh U3 YCNIOBUS COBMECTHOCTU AecdhopMaunii coenHeHus.

MpuHATbIe B popMynax MOMNOXUTENbHblE HanpaBNeHUs NepeMelleHnin u yrnos NoBopoTa ykasaHbl Ha
pucyHke 12.1.

PucyHok 12.1 — lMonoxuTenbHble HanpaB/IeHWA NepPeEMELLEHWNIA 1 YINI0B NOBOPOTA LUNUILKK

12.1.4 HanpsixxeHne pacTsaxeHus amwcnegyeT onpegensTb nNo gopmye

‘mw = (12.5)

roe Aw=n{df - d2)IA— nnowanb NONEPEYHOro CEeYEHUSA CTEPXHS LUNUbKN.
12.1.5 HanpsixxeHne KpyyeHus XSWcnepyeT onpeaenstb no popmyse
*sw= MKWK (12-6)
roe WK= n(df - d3)/16 — MOMEHT CONPOTUB/IEHUS CEYEHUSA CTEPXHS LUNUbKA NPU KPYYEeHUMN.
12.1.6 HanpsikeHune n3rnba abwcneayet onpegensaTb no opmyne

abw=M/W, (12.7)

roe M = max {\M™, \M2\} — makcumanbHbli N3rMbatoWni MOMEHT B LUMUIbKE;

W =a(c/B- d3)/32 — MOMEHT CONPOTUBNEHUS CEYEHUS CTEPXHSA LWNUALKA Npu n3rube.

12.1.7 Ecnn ycunue HavasbHOI 3aTsXKM BblOpaHO Mpyv MOMOLLM YMCAEHHOro pacyeTa pa3beMHOro co-
eAnHeHVs B cbope, gonyckaeTcs onpefesiaTb HanpsHkeHWsa B WNuibkax (6onTtax) HenocpencTBeHHO No pe-
3ynbTaraMm pacuera.

12.1.8 MpuBeaeHHbIe HANPSXEHUs TPyNnbl KaTeropuin (o»4u/cnegyet onpenenatb no opmyne

()an — +@®bw) ~ (12.8)
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12.2 PacueT HanpsXeHuin B pesbbax

HanpsixeHne cpesa pe3b0Obl cnegyeT onpegensatb No hopmynam:
- oNA wnunbkn (6onta)

X = ) 12.9
sb ndjhwzKb' ( )
- ansa dnaduya (ralikm)
N
- P (12.10)
ndOhwzK"n '
roe K16, K1n — koadyhnymMeHTbl NONHOTbI pe3bObl WNUALKA U Fanku:

Kw = K1n= 0,4 — gns npssMOyrosbHOl pe3bbbl;
Kw = K1n= 0,65 — gna tpaneuengancHoli pesbbbl;
K1b= 0,75 — gnsa MmeTpuyeckoin pesbObl Wnuabkn (6onta);
K1n= 0,87 — gna meTpuyeckon pesbObl raiikm (hnaHuya).

10
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MpunoxeHve b
(cnpaBo4yHOE)

XapaKTepucTuKM NpoKnafouYHbiX Matepuanos

Tab6nunuya b1 — 3Hauenus Epr apr gmin, gmex 4nsi maTeprasioB NpokIagok

Marepuan npoknaks it 10-€1rc i Vifia
PesunHa TBEepaan 10 200 3,5 20
dToponnact 650 120 4 40
MapoHuT 2000 15 10 110
ANIOMUHUIA 1 €ro cnnasbl 0,7-105 24 50 140
Megab 1 ee cnnasbl 1,1-H05 19 70 200
Hukesnb 1 ero cnnasbl 1,8-t05 16 70 200
MepnutHasa ctasib 2-105 13,5 80 350
AyCTeHUTHasa cTaslb 2-105 17,5 100 600

MpumeyvyaHune — MNpy ynIOTHEHUU BO3AyXa WM Napa 3HayeHue qmin 4O/MKHO GbITb YBEenMYeHo B 1,8 pasa,

a s cpef C BbICOKOI MpOoHMKatoLLleli cnoco6HOCTLIO (Boagopos, renuii uT. n.) — B 2,5 pasa.

12
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yorewxodu gount XiIaHhuueed BUZOb n L ‘g aodiawedeu BMHOheHE
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PepepasibHble HOPMBI Y Npasuia B 061acTu
MCMo/Ib30BaHWSA aToMHol aHeprum HIM-089-15
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Bubnnorpadus

MpaBuna ycTpoiicTBa 1 6e3onacHoli akcrayaTauum o60pyoBaHus
1 Tpy6ONPOBOOB aTOMHbIX 3HEPTeTUYECKNX YCTaHOBOK
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