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[lpeancnoBue

Llenn v npuHUMNbl cTaHaapTusauum B Poccunckon deaepaunn yctaHosneHbl ®egepalbHbIM 3aKOHOM
oT 27 pekabpsa 2002 r. Ne 184-®3 «O TexHU4YeCcKkoM perynmposaHun», a npaBuna npuMeHeHUsa HaukoHanbHbIX
ctaHaapToB Poccuickon @epepaumm —OCT P 1.0—2004 «CtaHgapTmnsaunsa B Poccunckon eagepaumn. Oc-
HOBHbIE MONOXKEHUAY

CBegeHud o cTaHAapTe

1 PASPABOTAH OTKpbITbIM akUuWMoHepHbIM 0bLlecTBOM «Hay4HO-1UccrnegoBaTenbCKUN U KOHCTPYKTOPC-
KWA MHCTUTYT XumMmudeckoro maimHoctpoeHusi» (OAO HUMXMMMALL); 3akpbITbiM akLIMOHEPHBLIM ODLLIECTBOM
«lMetpoxum UHxxknHnpuHr» (A0 lMeTtpoxum UHXMHUPUHT); OTKPLITLIM akLUOHEPHBLIM 0bLLecTBOM «Bcepoccuinc-
KWA HaydHO-UccneaoBaTteNbCKMM U MPOEKTHO-KOHCTPYKTOPCKUA UHCTUTYT He@TAHOro MallUHOCTPOEHUS»
(OAO BHUMHE®TEMALL); ®egepanbHOU CNy>XKO0W NO 3KONTOrMYECKOMY, TEXHOOMMYECKOMY U aTOMHOMY Ha-
3opy (PocTexHaasop)

2 BHECEH TexHun4yeckum komuteTom no ctaHgapTusauum TK 260 «ObopyaoBaHne xuMmmdeckoe U HedoTe-
rasornepepadarbiBatoLLee»

3 YTBEP>XOEH W BBEOEH B OEMCTBUE Mpukasom ®eaepanbHOro areHTcTsa no TEXHUYECKOMY pery-
nupoBaHuo U metponorin ot 27 gekabps 2007 r. Ne 503-cT

4 B HacTosLlleM cTaHdapTe y4TEeHbl OCHOBHbIE HOPMAaTUBHbLIE NMONIOXKEHUA cneayolnX MexxayHapoaHbIX U
eBponencknx ctaHgapToB: Aupektusbl 97/23 EC EBponenckoro NMapnamenta n CoBeta oT 29 mad 1997 r. no
cONnMXeHWo 3aKkoHoadaTeNNbCTB rocyaapcTB-YNeHoB, Kacawllencs obopyaoBaHud, paboTalolero nod gasne-
Huem; EH 13445-3:2002 «Cocyabl, paboTtatowme nog aasneHnem. Hacte 3. PacueT» (EN 13445-3:2002 «Unfired
pressure vessel — Part 3: Design»)

5 BBEOEH BINEPBbIE

VIHopmMauusa 0b UMEeHEeHUAX K HacmosauweMy cmaHoapmy nybriukyemcs 8 exxe200H0 u3dasaeMoM UH-
chopMallOHHOM yKkazamerse «HauuoHarbHbie crmaHOapmbi», @ mekcm UaMeHeHUU U rnornpasok — 8 eXKeMeCAYHO
U30asaeMbiX UHPOPMaUUOHHBIX yKkazamensax « HauluoHarbHble cmaHoapmsbi». B criyyae nepecmompa (3amMeHbl)
Unu ommMeHb! Hacmosuwie2o0 cmaHoapma coomeemcemayiouiee ysedomreHue byodem onybnukosaHo 8 exeme-
CAYHO U30asaeMOoM UHQOPpMaUUOHHOM yKazamerne «HauuoHarbHble cmaHoapmsbl». Coomeememasyroulas UH-
coopmalus, yeeOoMrieHUe U meKcmakl pasMeliaromcs makxe 8 UHopMaluUOHHOU cucmemMe obuiez20 rnosib3osa-
HUS1 — Ha opuyuarnbHoM caume ®edeparibHO20 a2zeHmemaa rno mexHuU4eckoMy peaynuposaHuio U Memporio-
a2uu 8 cemu VMIHmepHem

© CraHgapTuHgdpopm, 2009

HacTtosawmin ctaHgapT He MOXeT ObITb NOMHOCTLIO UMM YacTUYHO BOCMNPON3BEAEH, TUPaXnpoBaH U pacnpo-
CTpaHeH B KadecTBe odunumanbHoro nagaHna 6e3 paspelieHsa PegepanbHOro areHTcTBa No TeXHUYECKOMY
perynmpoBaHuio U METPONOTMNN
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OAPT POCCUUCKOWN OEOQOEPALUMN

Cocyabl M annaparhbl

HOPMbl U METObl PACHETA HA NPOYHOCTDb

YKpenneHue oTBepcTU B ob6evyarKkax n AHULWaX Npyu BHYTPeHHEeM U BHellHeM aaBneHusX. PacyeT Ha
NpoYHOCTb o0evyaeKk n AHULLY NPU BHELLHUX CTaTUYECKNX Harpys3Kkax Ha LTyLep

Vessels and apparatus. Norms and methods of strength calculation. Reinforcement of openings in shells
and heads under internal and external pressure. Strength calculation of shells and heads under external
static loads on the nozzle

1 O6nactb NnpUuMeHeHus

[laTta BBegeHua — 2008—04—01

HacTtosawumin ctaHgapT ycTaHaBNMBaeT HOPMbI U MEeTOAbl pacyeTa Ha NPOYHOCTb YKPEenneHnst OTBEPCTUIA B
LINTMHAOPUYECKUX N KOHUYECKNX obevankax, KOHMYecKMX nepexoaax, BbIMyKrbiX AHULLAX 1 KpbILLKaX COCya0B U
TPUMEHSIEMbIX B XMMNYECKOW, HedbTerasonepepabaTbiBatoLLen 1 CMEXHbIX OTPacnsixX NPOMbILLIEHHO-

annapartos,
CTU, paboTa

OLLMX Nod AeCTBMEM BHYTPEHHE

B cTtaHaapTe npuBedeH MeTod pacyeTa
Kax Ha LUTyLepsil.
HacTtoawmin ctaHgapT npumMmeHsieTcst coBMecTHO c T OCT 52857.1nuTOCT P 52857.2.

2 HopmaTuBHbIE CCbINKKU

O WY HAPVYXHOTO AaBJIEHWA.

Ha NPOYHOCTL 0beYaeKk 1 AHWLL NMPU BHELLHWX CTaTUYeCKUX Harpys-

B HacTosilemM cTaHgapTe UCNOJIb30BaHbl HOPMaTKUBHbIE CChINTKX Ha creayollne cTaHaapThl:
[OCT P 52630—2006 Cocyabl 1 annapaTkl cTanbHble cBapHble. ObLWe TeXHUYeckne ycnoBus
[OCT P 52857.1—2007 Cocyabl u annapaTtbl. HopMbl U MeToabl pacyeTa Ha NpoYHOCTh. ObLMe TpeboBa-

HNA

[[OCT P 52857.2—2007 Cocyabl 1 annapaTtbl. HopMbl 1 MeToAbI pacyeTa Ha NpoYHOCTL. PacyeT UMnmHapu-
YeCKUX N KOHWUYeCKnX obevaek, BbINyKNbIX U NNOCKUX AHULL N KPbILLEK

[MTpnumevanune — [1pn NONb30BAHMMN HACTOSAILLMM CTaHOAPTOM LEeNnecoodbpasHo NPOBEPUTL AEUCTBUE CCbINOM-
HbIX CTAHAAPTOB B MUHADOPMALMNOHHOW CcUCTeMe 0BLLEero nonb3oBaHna — Ha ouunanbHoMm cante PeagepanbHOro areHT-
CTBa MO TEXHUYECKOMY PEryriMpoBaHnio 1 MeTpPorormm B cetn VIHTEpHET unu no exXerogHo nagaBaemMomy nHgopmaum-
OHHOMY yKasaTtent «HaynonanbHble cTaHAapThbl», KOTOPLIK ONyb6nMKoBaH NO COCTOAHUIO Ha 1 SiHBaps TEKYLWEro roga, u
MO COOTBETCTBYIOLUM €XEMECHAYHO U34aBaeMbiM MHPOPMALNOHHBIM yKasaTensam, onybrmMKoBaHHbIM B TEKYLLEM roay.
Ecnu ccbinoYvHbli cTaHaapT 3aMeHeH (M3MEHEH), TO NPU NONb30BaHUU HACTOSIWMM CTaHOAPTOM creayeTt pyKoBOACTBO-
BATbCH 3aMeHSWMM (M3MEHEHHBIM) CTaHAAPTOM. ECnn cCbiNoYHbIM cTaHAAPT OTMEHEH Be3 3aMeHbl, TO MNONOXeHUe, B
KOTOPOM JdaHa CCbhIfnika Ha Hero, NPUMEHSIETCA B YacTu, HE 3aTparnBatoLlen 3Ty CChINKY.

3 O6o03HauvYeHun

B HacTosiwem cTaHgapTe NpMMeHeHbI crnegytoLlmne o6o3Ha4eHns:

A — pacyeTHas niollaab Bblpe3aHHOro ceveHus, cMm. pucyHok A.1 (npunoxeHune A), Mm

2.

A, — nnoLagb YKpennsoLero cevyeHns BHeLLHe 4yacTu WwTyuepa, MM?:

A, — nnoLwaab NnonepevyHoro cevyeHns HaknagHoro KonbLla, MM<;
A, — nnoLlaab YKpennsaoLero ce4eHnst BHyTpPeHHen YacTu Wryuepa, MM

U3pgaHne ochbulmanbHoe

2

2.
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b — MUHUManbHOE paccToaHUE MeXay Hapy>XXHbIMU MOBEPXHOCTAMKM ABYX cocegHUX LUTYLEPOB, CM. PUCYHKU A.2
M A.3 (NpunoxerHue A), namepsaemMoe no NoOBepPXHOCTU YKPENIsieMoro 3nemMeHTa, Mu;

C — CyMMa npmnbaBoOK K pacyeTHOU TONLWMHE CTeHKN obevalk, nepexocda Unun aHuLa, Mu;

Cs, Cs, Cs — CYMMa NpUOaBOK K paCYeTHOW TONLMHE CTEHKU LWTYLEepa, MM;

Cs., 051', 051"— npnbaBKa Ha KOPPO3UIo K pacyeTHOW TONMLLKMHE CTEHKU LTyLepa, MM;

[D — BHYTPEHHUW AnamMeTp uunmHapnieckon cbevankm Mnum BeliNyKNoro gH1LLa, MM;

D, — BHYTPEHHWI AnaMeTp KoHUYeckon obevankm (nepexoga Unuv gH1LLa) no LEHTPY YKPenIsieMoro 0TBEPCTUS,
CM. PUCYHOK A.46 (npunoxeHue A), MM;

Dp, Dp', DF;'— pacyeTHble BHYTPeHHWEe AnaMeTpbl YKPenAeMOoro aJieMeHTa, MM;

D.— cpegHun gnameTp obevyankn y OTBEPCTUA, MM;

D, — HapyXXHbIM gnamMmeTp HaknagHoro Konbua, MM;

d, d', d"— BHYTpeHHNe gnamMeTpbl LLITYLIePOB, MM;

d,— HanbonNbLUWK pacyeTHbIN AnaMeTp OTBEPCTUSA, He TpebyroLLero AoNOSTHUTENBHOIO YKpeneHns, MM;

dop — PACYeTHbIN AnamMeTp, MM;

d, — bonbLllada ocb OBallbHOrO OTBEPCTUA, MM;

d, — Manast OCb OBallbHOIO OTBEPCTUA, MM;

d, — pac4eTHbIN AnamMeTp OTBEPCTUS, MM;

d.— cpedHUK anameTp wTtyLepa, Mm;

e — paccTosiHMeE OT Kpas LWTyLepa A0 BHeLHero Kpast AHuLLa, cM. pUcyHoK A.5a, 6 (NnpunoxeHue A), MM;

F.,, F,— oceBad 1 nonepeyvHasa cunbl, gecTByoLlMe Ha WTyuep, H;

Ky, Ky, K3 — KO3(bpULMEHTHI,

[ ,— LWWMPKWHA 30HbI YKpenneHus, npuneraroLwlen K WTylepy, Npu oTCYTCTBMM HaKNagHOro Konbua, CM. PUCY-

HOK A.1 (npunoxeHue A), MM;
[ — paccTosiHME OT Hapy>XHOU NOBEPXHOCTU LWTyLepa A0 bnuxkanlero HecyLLero KOHCTPYKTUBHOMO 3S1eMEHTAa,
CM. pucyHoK A.4 (npunoxeHue A), MM;

[ , — pacuyeTHas LUMPUHa 30HbI YKpenneHWs Npyu UCNoSib30BaHUKM obLLero HaknagHoro konbua angd ABYX OTBEP-
CTUN, MM;

[ — ncnonHuTenbHas LWnpnHa TopoobpasHoM BCTaBKN UM BBAPHOTO KONbLA, MM;

|, — pacyeTHas LWMPUHA 30HbI YKPEMNNeHNs B OKPECTHOCTU LUTyLepa Unn TOpoobpasHOoU BCTaBKK, MM;

[, 14, 1, |5, 5, I — ncnonHuTenbHaqa gnvHa WTyuepoB, CM. PUCYHKN A.6 n A.7 (NpunoxeHune A), MM;

H — BHYTPEHHAA BbICOTA 3MNTUNTUYECKOW YacTy gHULLA, MM;

los 1oy T1ps 13p, I3p, 135 — PACYETHbIE ANWUHBI WTYLEPOB, MM;

|, — UCNoNHUTeNnbHasa WUpUHa HaknagHoro Konbla, MM;

I, — pacyeTHas WNpUHaA HaKNaaHOro KonbLa, MM;

My, M,, M, — narnbatoLine n KpyTaLiMe MOMEHTbI, AEUCTBYOLME Ha WTyuep, H-MMm;

p — pac4yeTHOe gaBlieHUe B cocyae unu annapate, Mlla;

p] — ponyckaemMmoe gaBrieHUe B afieMeHTax cocygoB U annapatoBs, Mla;

p], — Aonyckaemoe gasneHune B npegenax nnactuiuHoctu, Mla;

ple — gonyckaemoe gaenieHWe B Npegeniax ynpyroctu, Mla;

R — HanbdonbLWWN BHYTPEHHUN paanyC BbINYKIOro AHULLA, MM;

Ry — pagunyc KpyroBoro HaknagaHoro KonsLla npu COBMeCTUMOM YKpeneHN OTBEPCTUN, CM. PUCYHOK A.8 (Npu-
noxeHue A), MM;

R'— pagnyc HeCUMMEeTPUYHOro HaknagHoro KoJisLa OKono OTBEPCTUA AnaMeTpoM o', CM. PUCYHOK A.8 (NpUNoXKe-

Hne A), MM;

R"— pagnyc HeCUMMETPUYHOIo HakKagHOro KosbLa OKoJ10 OTBEepPCTUAa AnameTpom d”, CM. pUCYHOK A.8 (Nprno-
XeHne A), MM;

R.— cpeagHun pagnyc obeyanki nnu aHuwa y wryuepa, Mm;

r— paguyc oTOOPTOBKK UMW TOPOBOM YacTU TOPOODpasHoM BCTaBKKU, CM. pUCyHKM A.9 n A.10a (npunoxeHune A),

MM

S — UCNOJTHUTENbHAasA TOJILLMHA CTEHKN 0DeYalnkn, nepexoga Uni gHuLa, MM;

S, — pacyeTHas ToNWUHa CTeHKM obevankun, nepexona Uim aHuiia, Mu;

S1, 81, S1 — WUCNONMHUTENbHbIE TONLWUHBI CTEHOK LUTYLEPOB, MM;

S1p» S1p) S1p — PACYETHbIE TONLMHbBI CTEHOK LUTYLIEPOB, MM;

S5, 85, 85 — UCMONHUTENbHbIE TONLWWHbI HAKNaaHbIX KoJiel, MM;

S3, 83, S3" — UCMONHUTENbHbIE TONWMHBI BHYTPEHHUX YacTeu LUTYLLepoB, MM;

2
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{ — ANWHAa OTBEPCTUS B OKPY)KHOM HanpaBneHUn, cM. pUCYHKU A. 116, 2 (npunoxeHune A), MM;

V, V; — KkKoahpUUneHTbI MOHWKEHUA MPOYHOCTH;

X — pPacCTosAHNE OT LieHTpa YKpennaemMoro oTBepCTUS A0 OCU 3NNUNTUYECKOro AHULLLA, MM;

0. — MOMOBUHA Yriia Npu BepLUNHE KOHWYEeCcKon obeyvaiky, ...

B — yron mexay nuHnen, coeguHsitoLen LeHTpbl ABYX B3aUMOBIUAOLWKX, U 0bpa3syloLlen obevarkn, CM. PUCY-
Hok A.3a (npunoxeHue A),...

Y— Yron mexgy OCbl HaKMNOHHOMo LWTyuepa 1 HopMarnbi K MOBEPXHOCTHU LLMﬂMHﬂpM‘-IeCKOﬁ NN KOHUYEeCKO W
o6eqav1|<|/| a TakKe BbIMYKNOro AHWLLA, CM. PUCYHKM A.116 n A.5a (npunoxeHue A), ... ;

Y1, X2 3> Xts A2 Xz A1» A2 3 — OTHOLLEHUS AOMYCKAEMbIX HaNPsHKEHWNIA;

0 — NONPaBOYHbIN KOSPPULMEHT;

[c] — Aonyckaemoe HanpsXkeHue aAnga matepurana obevankn, nepexoga unuv aHuLLa npuv pacyeTHOU TeMnepaTtype,

Mla;

], — AonyckaemMoe HanpskeHue And matepuana BHelUHen YacTu WTyuepa npu pacdyeTHou Temnepartype, Mla;

o], — gonyckaemMoe HanpskeHne ana matepuana HaknagHoro konsua npu pacyeTHou temnepartype, Mla;

O]y — gonyckaemMoe HanpskeHne ana matepuana BHyTPpeHHeN 4YacTi WTylepa nNpu pacydeTHOW Temnepartype,

Ml a;

[T] — AonyckaeMble HanpsXXeHnda U3 ycnoesus cpesa, Mla;

@ — KOSPPULNEHT NPOYHOCTU CBapPHbLIX coeanHEHNU obevaek N AHWULL,;

0@, O1, ¢4 — KO3PPUUNEHT NPOYHOCTU NPOAOILHOIO CBapHOro CoeaUHEeHUA LWTyLepa;

[y — Yron Mexay ninocKoCTbHo, NPoxXoadLlen Yepes Npoaos1bHbIN LWOB U OCh LWTYLEpa, Y NSTOCKOCTLHO NPOAOSIbHO-
[0 OCEBOI0 cevyeHus obevankn, cM. pucyHok A.12 (npunoxeHue A),...°:

W, ' — yron Mexay NNOoCKOCThIo, Npoxoasallen yepes ocb U NpoAoSbHbIM LWOB WTYLEepa, U NNIOCKOCTLHO, NPOX0-

asilen Yepes NUHUK, CoOeauHSIIOLLYIO LLEeHTPbl OTBEPCTUN, CM. pUCYHOK A.12 (NnpunoxeHue A),...°;

® — YroJ1 Mexxay 60nb6LLION OCbo OBaJIbHONO OTBEPCTUA U NNOCKOCTLIO, MpoXoasillen Yyepes ocb obevalky cocy-

aa, cM. pucyHok A.13 (npunoxeHue A),... °

4 O0LWwMe NoONoXeHuN

4.1 IanoXeHHbIe B cTaHgapTe MeTodbl pacyeTa OCHOBaHbl Ha Teopun NpedesisHOro paBHoOBeCUS (Npeaesb-
HbIX Harpy3okK). Teopusi npeaensHOro paBHOBECUS npeanosiaraeT, YTo MaTepuan B YCNOBUSAX 3KCyaTaunm nna-
CThYeH. [lepeyveHb Takux ctanen u MUHUManbHasa TeMrnepartypa npuMeHeHus, korga ctalnb coxXpaHseT Heobxoaw-
Mble nnacTtuyeckne ceoncTBa, npusedeHbl B OCT P 52630. AHanorinyHble gaHHble nNpuBeaeHbl B HOPMaTUBHbBIX
OOKYMeHTax Ha cocyabl M annapaTtbl U3 LUBETHbLIX MeTannoB — altoMUHUS, Meau, TUTaHa, HUKenNs 1 UX CNi1aBoB.

B Tex cny4yaax, korga martepuan HennacTUYHbIM UK Mo KaKuM-TMOo ApyruMm napameTpam U yCNOoBUAM
akcnnyartauum He BbINMONHATCS YCNOBUSA MPUMEHEeHUA HacTosLLero ctaHgapTa, TO pacyeT criegyeT npoBoAuTb
no FOCT P 52857.9 nnbo no cneunanbHbIM MeTo4aM pacyeTa.

4.2 ['pegensl npMeHeHUs pacyeTHbIX popMyIn orpaHNYnBaroTCA YCIIOBUAMUN, NPpYBeAeHHbLIMK B Tabnuue 1.

Tabnuua 1
Yenosue npuMeHeHna popmMmyn Ona pacdeTta yKkpenneHusa oTBepCcTUun B
laumeHoBaHNne j
napameTpa LMAWHOPUYECKUX KOHWYECKUX oDevankax, | SNIUNTUYECKUX OHULWAX | Chepnyecknx nu Topo-
obevankax nepexogax unu gHUuLax (KpbILLIKaX) chepudecKknx OHULLLAX
(KpbILLKaX) (KpbILLIKaX)
OTH;.:))LueHMe AnameT- dy — 2¢; <10 d, — 2Cg <10 dp — 2C 0.6 dp — 2C 0.6
OB <1 <1 <0, <0,
P D D, D D
OTHOLWEHWE TONLWUHBI _ _
S—C — S—-¢C S—C
. o
OHULLA K gnameTpy
1) Mpun pacyeTe HA NPOYHOCTL 0DeYaeKk U AHULL, NMPU BHELWHUX CTATUYECKUX HArpy3kax Ha Wwryuep ans UMnmHapw-
YECKMX U KOHn4Yeckunx obevaek d/D < 0,8, ana aHuw n kpblwek — d/D < 0,6.
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4.3 INpn ycTaHOBKE HAKNOHHLIX LUTYLEPOB C KPYroBbIM NonepeyHbIM ceveHeM Ha ULMnnuHapuveckmx obe-
Yyankax MeTo pacyeTa yKpenneHUst OTBEPCTUM MPUMEHUM, ecrin yron ¥ (CM. pucyHoK A.116) He npeBbiLllaeT 45°,
a OTHOLLeHWe oceln oBanbHOro oTBepcTuda dq n d, (CM. pucyHOK A.11a) yaoBNeTBOPHAET YCNOBUIO

d, : op | (1)

STUN OrpaHUYEHNA He pacnpoCTPaHATCA Ha TaHreHUanbHble WTyLuepbl (CM. pucyHoK A.118), Ha HaKOH-
Hble LUTYLEepPbl, OCb KOTOPbLIX NEXUT B NJIOCKOCTK NonepevuHoro ceveHmns obevamkm (cm. pucyHok A.112). Ans
CMeLLEeHHbIX (HeueHTpalibHbIX) LUTYLEePOB Ha 3MTNUNTUYECKUX AHULLAX yron ¥ (CM. pUCyHOK A.5) He O0MMKeH npe-
BblLLaTh 60°.

4.4 PaccTodHMe OT Kpad WTyLepa 4o Kpad BHelLlHeN NOBEPXHOCTU cdhepnieckoro HeoTobopTOBAHHOMO U
Topocepudeckoro gHulla, usmepsaemMoe no npoekunm obpasyrollen Ha NockoCTW OCHOBaHWUA AHULLA, OOIKHO
ObITb He MeHee e >[0,10 (D + 2s); 0,09 (D + s)].

Manble OTBepCTUA, AnaMeTp KOTOPbLIX YAOBIETBOPAET YCIIOBUIO

d, < max[(s — c); 0,2\/Dp (s —c)], (2)

aonyckaeTcd pasMmellaTh B KpaeBoW 30He BbINYKNbIX AHULL ©6e3 cnelManbHbIX pacYeTHbLIX UITU 3KCNepuUMeHTarnb-
HbIX 0DOCHOBaHUN.

[1pn pasmeLlleHN OTBEPCTUN B KpaeBOUW 30HE LUMNUHAPUYECKUX U KOHUYECKNX obevaek Heobxoaum ydveT
orpaHnYeHnn, ykasaHHbIX B 5.1.5.4.

B KpaeBoW 30HEe 3NNUNTUYECKUX U nonycdepuyecknx AHWLLL gonyckaeTcqa pasMelleHne oTBepcTui bes
orpaHUveHuN.

4.5 PacyeT Ha NpoYHOCTb NpWY BHELLUHNX CTaTUYECKUX Harpyskax npuMeHUmMm Ang WwtyuepoB, HOpManbHO
PACMONOXKEHHbIX K NOBEPXHOCTU obevaek Unn aHWLLL.

5 Pacu4eT yKkpenneHust oTBEpPCTUS NPV BHYTPEHHEM U BHELLHEM AaBNeHUsAX

5.1 OcHoBHbIle popMynbl pacyeTa

5.1.1 Pac4yeTHble AnameTpsbl

OnameTpbl yKpennsaeMblX 3J1eMeHTOB BbIMUCAT NO hopMynam:
- ANg UMNUHapuyeckon obevanki

D, = D; (3)
- AN KOHUYecKon obevanku, nepexoaa nnv gHuLLa
D
Dp N coga’ (4)
- NS 3NNUNTUYEeCKNX AHULLL
_ D? (D* —4H?) 2.
Dp_ﬁ\1_4 v (5)
- ANg annunTudecknx aHuw npu H= 0,25 D
. \2
D, :20\1—3(5) , (6)

- ANA cpepundecknx gHULL, a Takke TopocdepniecKnx aQHULL BHE 30Hbl OTOOPTOBKA
D, = 2R, (7)

rae R — anga topocdepundeckmnx aHul onpegensatot no FOCT P 52857 .2.
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5.1.1.1 PacdeTHbIN AnamMeTp OTBEPCTUSA B CTeHKe obevalnkin, nepexoaa nm gHuLla npy Hanu4um WwTylepac
KpYribIM rnonepeYyHbiM cevyeHneM, OCb KOTOPOro coBnagaeT ¢c HopMalbio K MOBEPXHOCTU B LLEHTPe OTBEPCTUA [CM.
prucyHoK A4, A.56, A.6 (npunoxeHune A)] UK KpyroBoro oTBepCTUA bes LWTylepa, BbIMUCNAT No opMyne

d, = d + 2c, (8)

PacueTHbIN AnamMeTp OTBEPCTUSA ANg LWUTyLEepa, OCb KOTOPOro JIEXMUT B MIIOCKOCTK NONEPEYHOro ceveHuns
LUNTMHOPUYECKOW NN KOHUYEeCKo obeYalnku [cM. pucyHOK A.118, 2 (npunoxeHue A)], BbIMUCNAOT No gopmMyne

d, = max {d; 0,5t} + 2c. (9)

PacueTHbIN AnamMeTp oTBEPCTUA A9 CMELLEeHHOrO LWTyLepa Ha 3NIMnTUYeckom aHuLLe [CM. pUcyHOK A.5a
(npunoxkeHwe A)] BbIMMCNAT No popmMye

d, = d + 2¢, |
FN2
1| 2x (10)
&

5.1.1.2 ['lpn HaNU4YMM HAKNOHHOTO LUTYLEepa ¢ KpyrnbiM nonepeyvHbiM ceveHneM, korga donbsLlas ocb oBallb-
HOro OTBEPCTUSA C 0DpasyoLlen obevank cocTaBnaeT yron o [CM. pucyHok A.11a (npnnoxeHue A)], pacyeTHbIN
anameTp OTBEPCTUS BLIMUCTSIOT No oopmyne

d, = (d + 2¢;) (1 + tg2y cos? ). (11)
Ona unnuHapnvecknx U KoOHMYeCcKknx obevaek, Korga ock WTyLepa [cM. pucyHok A.116 (npunoxeHue A)]

NEXUT B MNOCKOCTU NPOAOSIbHOIo ceveHus obevankun (o= 0), n ansi BCex 0TBEPCTUM B cdhepuiecKkux 1 Topocde-
pUYEeCKMX gHULLaX pacyYeTHbIM gMamMeTp BbIMUCNAKT No popmyne

- d+2¢g

Op

cos?y (12)

PacuyeTHbIN gnamMeTp oBallbHOIo OTBEPCTUSA ANs NepneHAUKYIAPHO pacnonoXXeHHOro WTyLepa K noBepXHo-
CTW obevalku BeIMUCIAT No popmMyne

p— —

d, = (d, + 2¢,)| sin” o A (0 + 265 )0y + d22+ %) cos2 o |. (13)
2(d, + 2¢,)

— —

Ona sbinyknbixX gHn, @ = 0.

PacuyeTHbIM guamMeTp OTBEPCTUA ANd LUTyLepa ¢ KpyrnbIM nonepeyvHbiM cevYeHUeEM, OCb KOTOPOTro coBnagaeT
C HOpMasbHo K MOBEPXHOCTU 0bevalKu B LIEHTPE OTBEPCTUSA, NPU HANUYKUX OTOOPTOBKU UMK TOPOODPa3HOW BCTaBKU
BbIMUCTIAOT NO opMmyne

d,=d+ 15 (r—s,) + 2c,. (14)

5.1.2 KoadphnumeHT NpovYHOCTU CBAPHLIX COeAUHEHUN

Ecnu ocb cBapHOro Lwea obevankm (aHuLLa) yaaneHa oT HapyKHOW NOBEPXHOCTU LLUTYLIepa Ha pacCTOAHNE
bonee 4yeMm TPpU TONLMHBLI YKPENnnaAeMoro anemeHTa 3s [cM. pUcyHoK A.4 (npunoxeHue A)], To koadpULNEHT
TPOYHOCTU 3TOM0 CBAPHOIo CoOeAUHEHUSA NPU pacyeTe YKpensieHNna oTBepCcTU crnegyeT npuHumaTth ¢ = 1. B 1c-
KTHOUYUTENBbHBIX Crydasix, Korgaa cBapHOW LLUOB NepecekaeT OTBepPCTUe UK yaalieH OT Hapy>XHOW NOBEPXHOCTU
LITyLlepa Ha paccTodHue MeHee 3s, NpuHUMatloT @ < 1 B 3aBUCUMOCTK OT BMAa U KadeCTBa CBapHOro LUBA.

Ecnn nnockocTb, nNpoxogdllas Yyepes NpoaocnbHbIV LWOB BallbLIOBAHHOIO LUTYLIEepa U OCb 3TOrO LUTYLIEpPa,
obpasyeT yron y He MeHee 60° ¢ NJTOCKOCTLIO NPOAOSIBHOIC OCEBOro ceveHUs LNNMHAPUYECKOU UITM KOHUYECKON
obeyvankum [CM. pUcyHOK A.12 (NnpunoxeHne A)], To npuHUMaltoT ¢4 = 1. B ocTanbHbIX cnyyaax ¢4 <1 B 3aBUCUMO-
CTW OT BMAa U Ka4yeCcTBa CBapHOIo LUBA.
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5.1.3 PacyeT TONWMUHBLI CTEHOK
5.1.3.1 PacdeTHble TONWWHbLI CTEHOK YKpennsaeMblX 3fieMmeHToB onpeaenatoT B cootTBeTCTBUU C [T OCT P

52857.2. AN annunTMYecknx AHULL, paboTaroLmx nogd BHYTPEHHUM AaBNeHNeM, PacHeTHYHO TOSLLMHY CTEHKU S,
BbIYNCNAOT NO popMyne

pD,

S, = ,
P 4olo] - p

(19)

roe KosguuueHT ¢ onpegenarnT no 5.1.2.
5.1.3.2 Pac4yeTHy0 TOMNLLKWHY CTEHKN LUTYLEpa, HAarpy>keHHOro Kak BHYTPEHHUM, Tak U Hapy>XHbIM OaBJIEHU-

eM, BbIMUCNAIT No popmMmyne

_ p(d + 2¢q)
P 2[che; - p’

51 (16)
roe KosgduuneHT ¢, onpeaensawT no 5.1.2.
[na oBanbHOro WwtyLepa B 3Tou popmyne d =d,.
5.1.4 PacuyeTHble ANUHLI LWLUTYLEPOB
PacyeTHble ANWHbI BHELLHEN U BHYTPEHHEeN YacTel Kpyrnoro WwryLepa, yd4acTByloLllue B yKpenneHUU OTBep-
CTUA N yUUTBLIBAEMbIE NPKU pacyeTe [CM. pUCYHOK A.6 (NpunoxeHune A)], BIMUCAOT No popmMynam:

Lo = min{ly; 125./(d + 2¢,) (81 - ¢4) |, (17)

[y, = min{l3; 0,5\/(d +2C,) (S3 — C5 — 031)}. (18)

[nst oBanbHOro wryuepa [cM. pucyHoK A.13 (npunoxernue A)] B aTux popmynax d = d,.

B cnyvae npoxoasulero wryuepa [cM. pucyHOK A.7 (npunoxeHue A)] s; = S4.

5.1.5 Pac4yeTHada wWwuUpuHa

5.1.5.1 lUnpuHy 30HbI yKpenneHua B obevankax, nepexogax y gH1LLax BbIMUCNAT no doopmyne

L, =D,(s—c). (19)

5.1.5.2 PacueTHylo LUMPUHY 30HLI YKpenneHUda B CTeHKe obevalnkuy, nepexoada Unuv gHuilla B OKPeCTHOCTU
LUTYLIepa Npy Hann4ynm TopoobpasHOW BCTaBKU MK BBAPHOTo KonbLa [cM. pucyHOK A. 10 (npunoxxeHne A)] BbIMUC-
NAT No YopmMyne

Ly, = min {£; L}. (20)

B crniyyae oTOOpTOBKM [CM. pUCYHOK A.9 (NpunoxeHue A)], a Takke Npu OTCYTCTBUMN TOPOOOpasHOW BCTaBKK
NIV BBAPHOTO KOJbLA

L =1L, (21)

5.1.5.3 PacyeTHyI0 LUMPUHY HakKnagHoro KonbLa BblYUCNAKT No popmMyne

y =min{b; D, (s, +5 - ¢) | (22)

5.1.5.4 [Ina oTBEPCTUN, yaaNeHHbIX OT APYrMX KOHCTPYKTUBHbLIX 3N1EeMEeHTOB Ha pacctodaHne L, < L, [cMm.
prcyHok A.4 (npunoxeHue A)], pacdeTHyto WNpWHy [, ,,, onpeaensaoT creaytoym obpasom:

- 019 30HbI coegnHeHNA obevankm ¢ KoNbLOM XeCTKOCTU, MITOCKUM gHULLEM, TPYOHOU peLleTKoW [CM. pUCy-
HoK A.4a (npunoxeHne A)] — no popmynam (20) nnu (21) n (22);

- ONS 30HbI coegUHEHNA KoHUYeCcKou obevalkn ¢ apyron cbevankon 1 obevankm ¢ KOHNYECKUM UM BbIMNyK-
nbiM gHuwem [cMm. pucyHok A.46 (npunoxeHue A)], a Takke ¢ pnaHuemMm 1Mnu ceanioBoU Onopoun cocyaa no
doopmynam:

Iy =Ly, Ly =min {§; L}. (23)
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5.1.6 OTHOWeHMA gonyckaeMbIX HaNpPAXeHUN:
- ANd BHelLHeW YacTu WTyuepa

_ 1o [ohl.
¥4 = Min h'I,O, [011},

- AN9 HaKknagHoro KonbLa

ol

o = Min{10; lola ;

h [o] |

- ONA BHYTPEHHEeW YacTu WTyLepa

i . [o]
Az = mm{'I,O, [Tf}

5.1.7 PacuyeTHbIN AMamMmeTp OTBEPCTUSA, He TpeOyoLWmnin 4ONONHUTENBHOMO YKpenneHus
PacueTHbI gnameTp oTBEPCTUS, He TPebyoLWMn AONONHUTENBHOMO YKPEenneHus, BbIMUCIAOT No popmMmyne

dop =04,/D, (s - ©). (24)

5.2 OanHO4YHbLIe OTBepPCTUA B cocyadax U annaparax

OTBEPCTUE CHUTAETCA OQMHOYHBIM, ecnk bnnxkanllee K HeMy OTBEPCTUE HE OKasbiBaeT Ha Hero BIIMAHUS,
YTO UMeeT MeCTO, Korga pacctosHMe Mexxay Hapy>KHbIMU NOBEPXHOCTAMU COOTBETCTBYIOLLMX LUTYLIEPOB [CM. PU-
CyHOK A.2 (npunoxeHue A)] yaoBneTBoOpAET YCNOBUIO

b > /D (s - ¢) + /Dy(s - ¢). (25)

5.2.1 PacyeTHbIU guamMeTp OAMHOYHOIrO OTBEPCTUSA, He TpebyroLero yKkpenneHus, ana cocyaos
noA BHYTPEHHUM U3ObLITOYHbLIM AaBNeHUeM

PacueTHbIM gnameTp OANHOYHOrO OTBEPCTUSA, He TpebyioLlerc gAonNoJIHATENBEHOIo yKpenieHUa Npy Hanmunun
N30bITOYHOW TONWMHBLI CTEHKK cocyaa, BbIMUCAKT No hopmMyne

d, = 2[3;’ 0,,8]\/0p (s - c). (26)

Ecnu pacyeTHbIM AnaMeTp OAUHOYHOIo OTBEPCTUA YAOBNETBOPAET YCIIOBUIO

d, < d,, (27)

TO AalbHEWLNX pacyeToB yKpeneHNa OTBepCTUN He TpebyeTcs.

B cnyvae HeBbINONHEHNUS YCNOBUSA (27) pacyeT yKpenneHUs NpoBoaaTno 5.2.2mn s5.2.3.

5.2.2 YcnoBue yKkpenneHuUs oguHOYHbLIX OTBEPCTUN

5.2.2.1 B cnyyae ykpenneHna oTBEPCTUSA YTONWEHMEM CTEHKM cocyga unu wtylepa nnbo HaknagHbIm
KOJTbLLOM, JTMOO TOPOoOoDbpasHOM BCTAaBKOW UM OTOOPTOBKOW A0/MKHO BbINOHATLCA YCITOBUE

l1p (S1 =81, = Cs) X1 + bpSoxo + I35 (S3—Cs—Csq) X3 + [, (S —S, —¢) 20,5 (d, — d,,) S, (28)

5.2.2.2 ['lpn yKpenneHnn oOTBEPCTUSA LUTYLLEPOM NPOU3BONLHON popMbl [CM. pUCYHOK A.1 (NpunoxeHune A)]
VYCIOBUE yKpensieHUsa BblpaXkaeTcd B obLlemM Buae

Aj+A32A=05(d,—d,) s, . (29)

34echb nnowaan A, uA; onpegenaroTca bes ydeta npubaBok ¢, €, U pacyeTHbIX TONLLUWH CTEHOK LWTyLepa
S1p M COCYAQ S,

OnuHbl WITYUepa, yduThiBaeMble Npu onpegeneHun nnowanen A n A;, BbIMUCHAIOT: Z1p no cpopmyne (17),
[, No chopmyrne (18).
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5.2.2.3 PacueT yKpenneHust oTBEPCTUA C MOMOLLIbIO HAaKNagHoro KonbLa npyu HeobxoAnMoCTU onpeaeneHus
nioLwlagn aToro KofibLa npoBoasaT no popmyne

A, > %{0,5(0',3 —0op)Sp — (s =8, =€) = L1, (S1 = S1p — Cs)xq — I3y (S3 — Cs — 051)9(3}, (30)

rae A, = LS, — nnollank HaknagHoro KonbLa.

Ecnn s, > 2s, TO HaknagHble KonbLa pekoMeHAyeTCa yCcTaHaBNMBaTh CHAPYXU N U3HYTPU cocyaa Unu
annapara, npu4eM TOoSLMHa Hapy>XHOro Konbua npuHumaeTtcs 0,5s,, BHyTpeHHero — 0,5s, + C.
5.2.3 onyckaemoe BHYyTpeHHee n3bbITOUYHOE AaBrieHue

[onyckaemoe BHyTpeHHee U30bIToUHOE AaBneHne BbIMMCNAT No dopmyne

_ 2Kq(s - ¢)op[o]
[p] = D, +(s-c)V v, (31)
rae Kq= 1 — gana uunuHgpunyecknx n KoHMYeckmnx obevaek;
K{=2 — On4a BbINYKMNbIX AHWLL.

1 hp{S1=Cs)xa + lp Spxa + 13p (S5 — Cs — Cs1)%3 ﬁ
[, (s —C)
V =min {1 ’ -
1+05dp_d0p’Kd+203(pZ1p (32)

[1na oeanbHOro WtyLepa B aTou doopmyne d = d,.

5.3 YueT B3aMMHOro BNUAHUA OTBEPCTUN B cocydax M annapartax, Harpy>XeHHbIX BHYTPeHHUM
aaBneHuem
Ecnu He BLINOMHEHO yCoBKE (25), TO pacyeT TakMX B3aUMOBNUSIIOLLMX OTBEPCTUN [CM. pUCYHKU A.2 1 A.3

(NnpunoxeHue A)] BbINONHAETCA cneayolwmnmMm obpa3om: BHaYane paccymMTbiBaOT YKpenneHns ans Kaxaoro 13
3TUX OTBEPCTUA OTAENBHO B COOTBETCTBUM C 5.2, 3aTeM NPOBEPSAETCA 4OCTAaTOMHOCTb YKPENeHUs nepeMblyKA

MeXay OTBEPCTUAMK, ANS YEro BbIYUCNAT gonyckaeMoe gaBneHne ans nepemMbldki no dopmyne

2Ky (s - ¢)o|o]

P05, + o+ (s—ov (33)
o oS-Gy iy 1+ B (S5 G5 Gy * i (51 ~CA)3 + By S5 + 5 (85 ~C3 —Con)oh
| I b(s-c)
'AS V:mln { 1; ! t ' " F . 34
i K.l 0,84 dp+d0p - K d' + 2¢5 ¢ 11[3 | d" + 2¢cs © [1!3 ( )
T2 "Dy eib Dp i b

[1pn COBMECTHOM YKpenneHn AByX B3anMOBIUSIIOLLMX OTBEPCTUN ODBLLIMM HakNaaHbIM KOJbLLOM [CM. pPUCY-
HOK A.8 (npunoxeHune A)] koadpPnUUEHT NOHUXKEHUS MPOYHOCTU BBIYUCASIOT No popmMmyne

;. lp (St =Gy + B (ST - Cs)ua + LaSaxa + fap (S5 — € — Csa)wa + 135 (S5 — C5 — Cs1) %3
V =min {1 b(s — ¢) | -
| k. (og. %t ) o (d+2c ¢hp d"+2c5 ¢ hp o (39)

U7 2 " D i b Dy 9 b J

rae L, = min{b;!ép + Zé';}.

[ns oBanbHoro wtyuepa B dpopmynax (34) m (35)d'=d{nd"=d .
Ecnun ocb cBapHOro Wea obevanky (OHuLa) yaaneHa oT HapyKHbIX NOBEpXHOCTEN 0bouX LWITyLepoB bonee
YeM Ha TPU TOSILLUUHBI CTEHKK YKPENSIeMOoro anemMmeHTta (3s) U He nepecekaeT nepemMbivKy, To Ko duUMeEHT Npou-

HOCTW 3TOrO cBApHOro Wea B hopmynax (33), (34) n (35) cnegyet npuHuMaTth @ = 1. B ocTanbHbIX cnydasax ¢ < 1
B 3aBMCUMOCTW OT BUAA U KadecTBa 3TOro CBapHOro LWRa.

8
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KoathpuuUMeHTbI NPOYHOCTU NMPOACSIbHbBIX CBAPHbIX LWBOB WTYLEpoB ¢4 =1u ¢ =1, ecnu COOTBETCTBYIO-
LLIne cBapHble LLUBblI COCTaBMAKT HA OKPYXXKHOCTK LUTYLEPOB C NMHUEN, coeauHAoLen LUeHTPbl OTBEPCTUN [CM.
PUCYHOK A.12 (npunoxeHue A)], ueHTpanbHble yribl y' U " He meHee 60 °C.

B ocTanbHbIx cnydaax ¢/ <11 ¢ <1 B 3aBUCUMOCTI OT BUAA U Ka4YeCTBa COOTBETCTBYIOLLErO CBApPHOro
Liea. KoathpuumeHT K, 4na UunnHapude cKUX M KoHNYeckux obedaek BbIMUCAT Mo popMyne

2
K3 _ 1+ C;S B (36)

Yron 3 onpegendeTtcd B COOTBETCTBUM C PUCYHKOM A.3, NpUnoxeHue A.

Ona BbinyknbIX gHULW K, = 1.

[1pn yKkpenneHun aByx 61IM3KO pacnoSIoXKeHHbIX OTBEPCTUN APYrMMU cnocobaMin HY>XKHO, YTODObI NONOBUHA
nnowaan, HeobxoaMmMon Anst yKpenneHUs B NPpoA0NbHOM CeYeHMN (CM. PUCYHOK A.2, NpunoxkeHne A), pasmMella-
nacb MeXxagy sTUMW OTBEPCTUAMM.

Ons psaaa otBepctun [cMm. pucyHok A.14 (npunoxernune A)] koadpPuUUMeHT NOHUKEHUSA NPOYHOCTU BbIMUCHS-
10T No popmyne

r

2b1+4l1p (s — ¢) y& 2b2"’411|3 (s - ¢) X1
V =min{1 \ / ; . : . (37)
, (d + 208) 5 (d + 203)
(1+ cos”By)(0,8by + d + 2¢5) + 4L, 5 (1+ cos®By)(0,8by + d + 2¢5) + 4/, 5
e p p ‘J

PacyeT no 5.3. He NPUMEHUM, ecll UMerTCS B3aUMOBNUAOLLINE OTBEPCTUA U OAHO U3 HUX BbINOTHEHO B
COOTBETCTBUM C pUcyHKOM A.10, npunoxeHue A.

5.4 YkpenneHne oTBEpPCTUU B cocyagax M annapartax, Harpy>XeHHbIX Hapy>XHbIM gaBneHUem

Lonyckaemoe Hapy)XHOe AaBneHune BbIMUCAST Mo popmMyne

)= —— P

Ji+ {2k )2 (38)

[Ple

rae [pl, — gonyckaemoe HapyXHoe gaBrieHue B npegenax nnactudHoCTU, onpeagensaemoe no gopmyne
(31) Kak gonyckaemoe BHyTpeHHee N30bLITOUHOE AaBneHne And cocyaa Wnuv annapata c oteepctrnemMm npun ¢ = 1,0;

[p]l=— Aonyckaemoe Hapy)XHOoe gaBlieHue B npedenax ynpyroctu, onpegengdemoe no FOCT P 52857 .2—
ONs1 COOTBETCTBYHOLLMX 0bevankn 1 AHULLA 6e3 OTBEePCTUN.

[1pn HaNM4YMM B3aUMHOIO BITUAHUA OTBEPCTUN [p], onpeaendeTca aHanorMdHo [p] no 5.3 Ana kaxagoro
OTBEPCTUA B OTAENBHOCTU N ANA NepeMbIuKkK, a 3aTeM K3 NOJTyYeHHbIX 3HaYeHUW NMPpUHUMaeTCAa MeHbLLee.

[1na obevyaek N gHULL, ¢ KONbLAMW XXeCTKOCTU pacyeT NpoBOoAAT OTAENbLHO ANA KaXXaoro ydacTka ¢ OTBep-
CTUAMU MeXxay coceaHVUMU KoNbLaMu.

6 PacyeT Ha NpOYHOCTbL LUMNVMHAOPUNYECKUX ObOeYvyaek n chepnyecKux OHULYL Npw
BHELUHUX CTAaTUYECKNX Harpy3kKax Ha wryuep [cM. pucyHOK A.15 (npunoxeHune A)]

6.1 LlununHapunyeckan obevaunka
6.1.1 YcnoBua npumMmeHeHUs pacvyeTHbIX hopmyn

PacyeTHble popMynbl MPUMEHUMbI NP BbINOJTHEHWUX cneayoLWmMX YCITOBUA:
a) 0,001<s/D_.<0,1;

6) Ao = <10,

JD: S,

rae S, — 9KBMBanNeHTHas TonuwMHa obevyankmn U HaknagHoro KonbLa;
B) paccTosiHMe OT Kpas LTyuepa Ao ntoboro gpyroro KOHCTPYKTUBHOMO 3N1IEMeHTa, e BO3MOXHa KOHLEeH-

TPaLMS HAMPSHKEHNiA, AOMKHO BbiTh He MeHee RS, ;

) ICNONHUTENbHAA TOMNLKMHA WTyUepa Sq AoMmKHa ObITe HA ANIMHE HEe MeHee \/dc Sq.
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6.1.2 OnpepeneHne aKBUBaNeHTHOU TONLWMHbLI CTEHKN 06eY4YanKkm oKono wryuepa
JKBUBANEHTHYHO TONLWKMHY cbevalKy OKOMo WTyuepa BelYUCNAT No popMynam:
a) eCnu HakKnagHoro KonbLla HeT, TO S, = S;

6) €CNW yCTaHOBIEHO HaKNaAHoe KombLO, TO MPK I, > JR (S + S,)

/ .
\/DC(S+32)’

So )%z -

S, =8 +8, %, ecnm [, <\/RC(S+82), TO S, =S+ min (S,

6.1.3 OnpegeneHne gonyckaeMbIX Harpy3ok

LdonycTtumMble 3Ha4vYeHWA AaBNEHUS, OCEBOU Harpysk U n3rmdbaroLlLnx MOMEeHTOB onpeaenatnTCs He3aBUCK-
MO APYr OoT Agpyra. [Ans oueHKn NpoYHOCTU y3na Bpe3Kku LWTyLepa Npy COBMECTHOM AEUCTBUU Harpy3ok UCnosib-
3yeTcsl BbiNyKknas Kpreas npeaenbHOro COCTOSIHUA.

6.1.3.1 [Jonyckaemoe gaBneHune Anst 0OAMHOYHOIO OTBEPCTUS onpeaensaeTcda no 5.2.3.

6.1.3.2 [lonyckaemoe oceBoe ycunue Ha wtyuep [F,] npn OTCYTCTBUX HAKNagHOro KonbLa BeIYUCTISIKOT Mo

doopmyne

[F,] = [c] (s — ¢)2 max [C4; 1, 81]. (39)

C, onpeaensoT No rpaduky, NpnuBeaeHHOMY Ha pUcyHKe A.16 (NnpunoxeHune A), UNU BeIMUCTIAOT NO pop-
MyIe

C1:ao ‘|‘a1kc —I—827\,2C—I—837€é—|—a47\i (40)

[TapameTp A.onpegenawT nNpu s, =(S—C).

KoadhdmumeHTel ay—a, NprBeaeHsl B Tabnuue 2.

6.1.3.3 lonyckaemoe oceBOe yCunue Ha LWTyuep npu Hanu4dnm HaknagHoro konsua (npun 84 /s, > 0,5)
PaBHO:

[Fz] = min {[Fz1]; [Fz2]}: (41)
roe gornyckaemoe oceBoe ycunue [F,4] 13 ycrnoBuma npoyYHOCTU B MECTE NepecedeHns WTyLepa ¢ 0bevankon
[F=1[c](s+y%,8,—c)2max [C4; 1, 81]. (42)

A BBIMUCNAOT NpU S, onpeaensieMmon no 6.1.2.
LHonyckaemoe ocesoe ycunue [F,,] U3 yCnoBnUAa NPOYHOCTU Y BHELLHEN KPOMKN HaKnagHoro konbla npu
S¢/8,20,5 BolunCnsOT No bopmyne

[F,o] = [0] (s —¢)2 max [C4; 1, 81]. (43)

A.onpegenstot npn d. =D, n s,=s—c.
C, onpeaensaoT no rpaduky, npusegeHHOMY Ha pUcyHKe A.16 (npunoxeHne A), N BIMUCTAIOT Mo op-
Myne

Ci=ay +a;he +@ 25 +az 1> +ay A% (44)
ay— a, nNpueeaeHsl B Tabnuue 2.

6.1.3.4 donyckaembI n3rndarowmm MoMmeHT [M,], AeUCTBYOLLNK Ha WTYyLEep B NJTOCKOCTK, NepneHauKy-
NAPHOW K OCK cocyaa, NPy OTCYTCTBUU HaKNaaHOro KonbLia BeIMUCSAT no dopmMyne

M, ] = [o](s - ¢ % max[C,4,9]. (45)

C, onpenensatoT no rpadunky, NnpMBeaeHHOMY Ha pucyHke A.17 (npunoxerHue A), UNn BeIMUCTIAIOT Mo op-
Mye

C,=ag +ahe +a, > +as A +a, A (46)
Ac.ONpenensitoT Npu s, = S — C.

10
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KosgpdpuuneHTel ag— a, NpusegeHsl B Tabnuue 3.
6.1.3.5 [Jonyckaemblv narmdatoLlnii MomMmeHT [M,] npn Hanuinm HaknagHoro konbua (S1/ s, >0,5 ) BbIMUCTIA-

10T NO popmMyIe
(M, ] = min {[M)4]; M)} (47)

[onyckaembln narndaroLwnm MomeHT [M, 4] U3 ycnoBua NpoYHOCTU B MEeCTe nepecedeHnd Wwryuepa ¢ obe-
YaWKOW BbIMUCIIAOT Mo hopmyne

(M4l =[o](s + %28, — C)de max[C,;4,9]. (48)

A BBIMUCTIAOT NpU S, onpegendemoin no 6.1.2.
[onyckaembl narndarown MoMeHT [M, ] N3 ycnoBmna NpoOYHOCTU Y BHELLHEW KPOMKU HaknaaHoro Konbla

(Mpu 84 /5,20,5) BbI4KCNAT NO hopmMyne

[My2] = [o](s - ¢)? S max([C,;4,9]. (49)

A BblMUCnAOT NpU S, =s—cund, =D..
C, onpegensaoT nNo rpadpuky, npuseaeHHOMY Ha pucyHke A. 17 (npunoxeHne A), N BbIMUCNSAIOT Mo Oop-

Myne
C,=ay +ayh, +a, A5 +as A +a, \e. (50)

an— a, NpueBegeHsl B Tabnuue 3.
6.1.3.6 [lonyckaemMbln nsrndatowuni MoMeHT [M, ], AenCTBYHOLLMI Ha LUTYLEpP B NIOCKOCTK, CoBNadaroLLen ¢

OCblO cocyaa, MNP OTCYTCTBMM HaKTagHOro KombLa BbIYMCAAT No popmyne

[M,] = [o](s ~ ¢)* %& max([Cy;4,9] (51)

C, onpenensitoT no rpadouky, npuseaeHHoMy Ha pucyHke A.18 (npunoxeHue A), B 3aBUCUMOCTU OT A, UK
BbIMUCIIAOT Nno popmyne:

Cy=ag +ajh, +a, s +ash. +a, \y. (52)

A BbIMUCISKOT NPU S, = S — C.

ay— a, NpveeaeHsbl B Tabnuue 4.
Ecnu oTHoweHWe s/ S, HaxoguTea mexay 0,2 n 0,5, To koadduuneHTt C, onpegensatoT ¢ NOMOLLbH

NMUHEWNHOW MHTEePNONSALINN.
6.1.3.7 [lonyckaembli nsrnbarowmin MmomeHT [M,] npn HanuuMm HaknagHoro konbsua (Npu sq /' s, 2 0,5)

DaBEeH:
M, ] = min {{M4]; [M,,]}. (53)

Honyckaembln n3rndaromn MomeHT [M, 4] 13 yCnoBusi NpOYHOCTN B MECTe NepeceveHuns WwryLepa c obe-
Yankow BbIMUCNAT No oopmyne

[M,4] =[c](s + %282 — C)Zdjf' max|[Cs;4,9]. (54)

C, onpegensarT no rpadpuky, npuseaeHHOMY Ha pucyHke A.18 (MpunoxeHune A), B 3aBUCUMOCTU OT A, UMK
BbIMUCTIAOT NO opMmyne

C3 — ao 81 KC 82 7\,20 83 7\4\?{; 34 7\44[_-; . (55)

A.onpeaenarT Npu s, =S + %,S, — C.
a,— a, npueedeHsl B Tabnuue 4.

11
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Lonyckaembi narndatomm MoOMeHT [M, ] N3 yCrnoBusa NpoYHOCTA Y BHELUHEW KPOMKN HaKNagHoro KoMb-
Lla BbIMUCNAOT No popmyne

[M,5] = [o](s - ¢)? % max[Cy;4,9]. (56)

C, onpegensatoT no rpaduky, npueeaeHHOMY Ha pUcyHke A.18 (npunoxeHue A), B 3aBUCUMOCTU OT A, UNK
BbIYNCNAOT N0 popMyne

Cy=ag +ajhe +a, A5 +ayA> +a, X (57)

A.onpepensietcsinpud. =D, s, =s—c.

ap— a, nNpueeaeHsl B Tabnuue 4.

Ecnn oTHoweHWe TonuwnH 8¢ / s, Haxogatca mexay 0,2 n 0,5, To koadbdpuuneHt C,; Ha pucyHke A.18
(NpunoxkeHne A) onpedensitoT MNpu NOMOLLM NMHENHOW MHTEPNONSILUN.

6.1.4 CoBMecTHOe AeUCTBUE Harpy3ok

I'IpenBapMTeano NMPOBEPAKOT BbINNOJIHEHUE YCJ'IOBI/II7I NPOYHOCTU AJ14 Kaykgou HalPY3KN B OTACJIbHOCTN.

_ P <1
Dp =[5l < 1; (58)
F
O, = -Z|<1;
* | (59)
2 Vs
M M
D, = x|+ L | <1
b \([Mxlj ([My]] (60)
Kpome Toro, onpeaenstoT BbINONHEHWE YCIOBUA NPOYHOCTU NPY COBMECTHOM AeCTBUU Harpy3ok
i ( (Dp : : (DP i 2
\ max C, - D, ,‘(DZ‘, C, 0,20, + @y, <1,0. (61)
N\ i

C, NpuHUMaroT paBHbIM 1,1, ecni Harpyska onpegensinach C y4eTOM CTECHEeHHOCTU TeMrnepaTypHbIX Ae-
hbopmaunii. B octanbHbIxX cnydaax C, = 1.

&, onpenensoT ¢ ydeTOM HanpaBneHunst 0CeBOW Harpyskn. Ecnn oceBag Harpyska HanpasneHa Hapyxy oT
CTeHKW, To @, crnegyeT NpUHUMaTL CO 3HaKoM ntoc. Ecnun @, HanpaBneHa B NPOTUBOMNONOXHOM HanpaB/iIeHUN,
TO B hopmyne (61) @, cneayeT NpUMHUMaTL CO 3HAKOM MUHYC.

6.1.5 NpoBepka NpoYHOCTU WITYLEepa

MakcmmanbHble NpoAonbHbie pacTArMBaloLLMe HanpsKeHUa B LUTyLepe A0MKHbI yAOBNEeTBOPSATL YCNo-
BUIO:

pld~s) AMEM;
4(sy—¢cs) n(d + 51)° (81 — Cs) - w(d + sp)(s —03)5[0]1' (62)

F,cnegyeT NPUHATL paBHbIM HYIHO, ECINIM OHAa co3daeT CXXUMatoLLee HanpsikeHue.
Kpome pacyeTa Ha NpoYHOCTb, MPOBOAAT pacyeT Ha YCTOMYMBOCTL LUTYLIepa no dopmyne

2 2
- \/Mx -M ||
el TEST (63)

‘ae [M] v [F] — gonyckaemble narndarowmn MOMEHT K CXKXMMaroLagda npogonbHaa cuna COOTBETCTBEHHO;
p] — Aonyckaemoe BHelLlHee aaBneHne U3 ycrnoBusa yCTOMYNBOCTH.

M], [F]v [p] onpeaenstoT no TOCT P 52857.2 anga obevainku wTyLepa.

Ecnn F, pacTarusarollasl npoaosibHasi cuna, a p — BHyTpeHHee U3bbITouHoe AaBfieHne, To B opmyne
(63) F, 1 p HAOO NPUHATL PaBHON HYITIO.

12
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Tabnwuua 2
S!S, aq a5 a, an a,
— 0,60072181 0,95196257 0,0051957881 —0,001406381 0
Tabnuua 3
S,/ 8, aq a. a, a, a,
— 4.526315 0,064021889 0,15887638 —0,021419298 0,0010350407
Tabnuua 4
S,/ S, aq a. a, a, a,
<0,2 4.,8844124 —0,071389214 0,79991259 —0,024155709 0
> 0,5 6,3178075 -3,6618209 4.5145391 —0,83094839 0,050698494

6.2 Cchepuveckoe gHuue 1)
6.2.1 YcnoBue npuMeHeHUA pacyeTHbIX hopMyn
OopMynbl NPUMEHUMbI NPU BbINOJTHEHUX cneayroLWmMX YCIOBUN:

a)0,001<s/R.<0,1.

HuXHUIA Npegen TOHKOCTEHHOCTU ——

R

C
MNPEBbLILLAET MOSIOBUHBLI TOSILLMHBI CTEHKK 0DEeYanKu.

6) A = 2 <10,

B \/Rc S5
rae S; — 3KBUBAJIEHTHAA TOJIWMHA AHULLa N HAaKIaAHOIo KOJibL 4,
B) PaACCTOAHNE OT KpdA LUTyUepa Ao noboro APVYIoro KOHCTPYKTUBHOTIO aJ1IEMEHTA, '€ BO3MOXXHA KOHUEH-

< 0,001 cneayet BbINOMNHATL, €CNU TOMLWWHA CTEHKM AHWULLA He

Tpauna HanpskeHUn, He MeHbLLe, Yem \/Rc Sa

r) UICNOMHUTENbHas TOMLWMHa WTyLepa S, AoMkHa bbITh Ha ANNHE He MeHee ,/ds, .

6.2.2 OnpepeneHne 3aKBUBaNeHTHOU TONLWMHbI CTEHKN 06eYanKkm oKono wtyuepa
JKBUBaANEHTHYIO TONWKMHY obevanKy OKONo LWTyLEepa BbIYUCIAIT No opMynam:
a) ecnn HaknagHoro KonbLa HeT, TO S, = S

0) ecnn ycTaHOBNEHO HaknagHoe KonbLo, To npn [ > \/RC (S+8,) S;=S+S,yp, ecnu l < JRC (s +85),

TO S, =S + min (S,

|
\/Dc(s+sz)’82)xz'

6.2.3 OnpegeneHne gonyckaeMbIX Harpy3ok

[onyckaeMble 3Ha4YeHUA OaBNEHUNA, OCEBOWU HArpPy3Ku U N3rndbatoLllux MOMEHTOB onpeaensatoT He3aBUCK-
MO Apyr oT apyra. Ansa oueHKM NPOYHOCTN y3/ia BPesKy LTyLepa Npyu COBMECTHOM AEWCTBUM Harpy30K UCTOSb3Y-
eTcd JIMHeHoe CyMMUpOoBaHKe NnoBpexgeHUn.

6.2.3.1 BcnomoraTtenbHble NapamMeTphl

4 )
d . | 2[cli(sq — C Sy —C

g = ——=—, K, = min []Eé]; 1) 1d 191,

JRe S \ >V %

A

1) PacueT moxeT 6bITb NTPUMEHEH AN 3NNWNTUYECKOrO AHULLA, €CNY PacCTOsIHUE OT HAPY)XHOW KPOMKM LLTyLEepa,
namepeHHoe no xopae, He bonee 0,4 HapyxxHoro anametpa gnvwa. CpegHui paguyc aHuwa R, NpMHMMaeTcs paBHbIM
pagnycy B BEPLUMHE 3MNTTMNTUYECKOro gHuLa.

13
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6.2.3.2 [lonyckaemoe gaBneHue Angd ogMHOYHOIo OTBEPCTUSA onpeaensoT no 5.2.3.
6.2.3.3 [Jonyckaemoe oceBoe ycunue Ha wrtyuep [F,] npy oTCyTCTBUM HakNagHOro KonbLa onpeaenswoT no
rpadouky, NnpuBeaeHHOMY Ha pUcyHKe A.19 (npunoxeHue A), UNK BbIMUCIAIOT Mo hopmyne

[F,]1=[6](s — ¢)* (182 + 24 J1+ K, Ag + 091K, 13), (64)

rae A, 1 K, BbIMUCNSKOT NPU S, =S — C.
6.2.3.4 [lonyckaemoe oceBoe ycunue Ha wtyuep [F,] npy Hann4mu HaknagHoro KonsLua

[F2l = min{[F] [Flr (65)

rae gonyckaemoe oceoe ycunue [F,4] U3 ycnoBKUA NPOYHOCTU B MECTe nepeceveHnda WTyLepa ¢ oc00no4vkon
onpeaensarT no rpadpuky, npuBeaeHHOMY Ha pucyHke A.19 (npunoxexnune A), W BeIMUCASOT No hopmMyne

[Fyq]l=[01(s + %28, — €)° (182 + 24 1+ K4 s + 091K, A%); (66)

A U Ky BBIMUCTIAIOT NMPU S, = S + ¥»S, — €, onpeaenaemMon no 6.2.2.
[onyckaemoe oceBoe ycunme 13 ycroBust MPOYHOCTU Y BHELLIHEW KPOMKM HAKNaaHOMo KOJSbLia BbIMUCTISIOT
no goopmyne

[F,] =[01(s — ¢)* (182 + 24 J1+ K4 Ay + 091K, 1%), (67)

rae A BBIMUCIAWT NPU S, =S —c n d,. = D,, a napameTtp K, =1.
6.2.3.5 lonyckaeMbll usrndarwLwmm MmomeHT [M,] Nnpn OTCYTCTBUM HakKNagHOro Konbua onpegensawnT no
rpadouky, npuBeaeHHOMY Ha pucyHKe A.20 (npunoxeHue A), UNK BbIMUCTIAIOT Mo popmyne

M, ] =[c](s — 0)20;—‘3 (4,9 + 2,01+ KyAg + 0,91K, 1.5), (68)

rae As U K4 BEIMUCASIOT NPU S, =S — C.
6.2.3.6 [JonyckaeMbln narnbarwwmm momMmeHT [M,] npy Hann4mum HaknagHoro KonbLla BbIMUCTIAKT Mo PopMYy-
ne

(Mp] = min {(Mp]; [Mp,l}, (69)

ae [M, ], aonyckaembin U3arndarLlum MOMEHT U3 YCITOBUA NPOYHOCTU B MECTe NnepeceyeHusa WwTylepa ¢ gHu-
LleM, onpeaenstoT no rpadpuky, npueegeHHoMY Ha pucyHKe A.20 (npunoxeHune A), Unu BIMUCASAOT No dopmyne

My = [0]( + 228, - €2 58 (4,9 + 2,01+ Kyhg + 091K, 32) (70)
A K BBIMUCNAOT NPU S, onpeaensieMoun no 6.2.2.

Ldonyckaembln nsrndarollni MOMeHT [M,,] U3 yCnoBNA NPOYHOCTN Y BHELLHEN KPOMKU HaKnagHOoro KonbLa
onpeaensoT no rpadgpuky, npuseaeHHoMy Ha pucyHke A.20 (npunoxeHue A), N BbIMUCNAOT NO hopmyne

[Mp,] = [o](s - c)2% (4,9 + 2,01+ K4hg + 0,91K,A5). (71)
A BbluMCnAOT NpU s,=Ss—-cund,=D,, a napametp K,=1,0.
6.2.4 CoBMecTHOe AeUCTBUE HAarpys3okK

I'IpeﬂsapMTen bHO NMPOBEPAOT yCI1OoBMUE MNPOYHOCTU AJTA KayKa oW HAlPY3KWU B OTACTIBHOCTHA.

Py = frf <1 (72)

F

D, = [Fi < 1; (73)

M
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Kpome TOro, onpeaensitoT BbINOJIHEHWE YCNOBUKW NPOYHOCTU NPYU COBMECTHOM AENCTBUU HArpy3okK
max (‘(I),D + (I)ZL ‘(I)ZL ‘(I)p o 0:2(1)2‘) + ‘(I)b‘ S 1:0 (75)

6.2.5 NpoBepka NpoYHOCTU WITYLepa
MakcumanbHble NpoAonbHbIE pacTArMBaroLLMe HanpsKeHUs B LUTYLIepe A0MKHbI YAOBNETBOPSITh YCIIOBUIO

pld +8) 4 My, , F
4(s1 = Cs)  n(d + s;)%(s; —c.) md +s)(sq~C) = lok. (76)

Ecnu F, cosgaeT cxxmmaroLlee HanpsKeHue, To F, cnegyeT NPUHATL PaBHOW HYITIO.
YCTONYMBOCTL WTYUepa npu p =0 gomkHa ObITb NpoBepeHa No popmyne

M, | |5
; <1. {7
G (77)
Ecnun F, pactaruearoLwasa npogonbHada cuna, a p — BHyTpeHHee N30bIToYHOE AaBeHne, To B opMyne
(77) F, n p Hago NPUHATL paBHBLIMU HYTTIO.
[M] n [F] — ponyckaemMble U3rnbarwlwmm MOMEHT U CXXMMaroLlasa npoaosibHas cuila COOTBETCTBEHHO,
onpegensaemsble 13 ycnosun yctomdmsoctmno OCT P 52857.2.
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PUCYHOK A.14 — Psagbl OTBEPCTUN

a8 — yMnuHgpudeckan obevanka npyv BHELWHUX CTATUYECKUX 6 — chepuieckoe gHuLe npu

Harpy3kax Ha wWwTyuep BHELLIHUX CTATUYECKUX Harpyas-
Kax Ha WTyuep

PucyHoOK A.15
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PucyHok A.20 — [ padhuk ans onpeaenexus [M, ]

YK 66.023:006.354

OKC 71.120 [02
75.200

OKI1 36 1500

KntoueBble cnoBa: cocyabl U annapaTbl, HOPMbl U MeTOAbl pacyeTa Ha NPOYHOCTb, YKPernseHUsa OTBEePCTUH,
aonyckaemble Harpysku, LWtyLepa
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