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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 OTKpbITEIM akUMOHepHbLIM 0bLlecTBOM «HaydHo-1UccrnegoBaTebCKUN U KOHCTPYKTOP-
CKUW MHCTUTYT XumMmudeckoro maimHoctpoeHusa» (OAO HUMXUMMALLY); 3akpbiTbiM akLIMOHEPHBLIM OOLLECTBOM
«lMeTpoxum UHXUHUPUHM» (BAO MNeTpoxum MHXUHUPUHT); OTKPbLITLIM akUWOHEPHBLIM 0bLecTBOM «Bcepoccui-
CKMWA Hay4yHO-UCCeaoBaTeNbCKUA U NPOEKTHO-KOHCTPYKTOPCKUA UHCTUTYT HedTAHOro MallUHOCTPOEHUA»
(OAO BHUMHE®TEMALL); ®egepanbHOU CNY>XKO0W NO 3KONTOrMYECKOMY, TEXHOOTNYECKOMY 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
cONnMXeHNo 3aKkoHoadaTeNNbCTB rocyaapcTB-YNeHoB, Kacawllencs obopyaoBaHUd, paboTatolero 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 UHQOpMaUUOHHbIX yKazamenax « HauuoHarbHble cmaHoapmsbi». B criyyae nepecmompa (3amMeHbi)
Unu ommMeHb! Hacmosuwie2o0 cmaHoapma coomeemcemayiouiee ysedomreHue byodem onybnukosaHo 8 exeme-
CAYHO U30asaeMOoM UHQOPpMaUUOHHOM yKazamerne «HauuoHarbHble cmaHoapmsbl». Coomeememasyroulas UH-
coopmalus, yeeOoMrieHUe U meKcmakl pa3Meliaromcs 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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HALULMWOHANBbHBIN CTAHOAPT POCCUUCKOWN OEOEPALULUMN

Cocyabl M annaparhbl
HOPMbl U METOObl PACYHETA HA NPOYHOCTDb

PacuyeT uMmnnHapu4yecknx n KOHMYecKMx obevaek, BbINMYKrbIX
M NNOCKUX AHULY U KpbILeK

Vessels and apparatus. Norms and methods of strength calculation.
Calculation of cylindric and conic, shells convex and flat bottoms and covers

[laTta BBegeHua — 2008—04—01

1 O6nactb NnpuMeHeHus

HacToawmm ctaHgapT ycTaHaBIMBaeT HOPMbI MU MeTodbl pacyeTa Ha MPOoYHOCTL UUNHAPUYeCcKnX ocbevaek,
KOHWNYECKMUX 3NEMEHTOB, BbINYKMbIX AHWULL W NIOCKUX KPbILLEK COCYAO0B W annapaToB, MPUMEHSEMbIX B XUMUYEC-
KOU, HedpTeXMMmnieckon, HedptenepepadaTbiBaloLLen N CMEXHbIX OTpacnsaX NPOMbILLNIEHHOCTHY, paboTaloLl X B
VCITOBUAX OAHOKPAaTHLIXT) cTaTUYecKUX Harpysok nog BHYTPeHHUM U30bITOYHbIM AaBlieHUeEM, BakKyyMOM UK Ha-
PV)XHbIM AaBNeHueM, Nnod AencTBMEeM OCeBbLIX M NoNepeYHbIX YCUIMN N N3rnbarLlmx MOMeHTOB. HOpMbI U METO-
Obl pacyeTa Ha NPOYHOCTL NPUMEHUMBI, ECITM OTKNOHEHNE OT reoMeTpryeckor opMbl M HETOYHOCTU U3rOTOBINE-
HUA paccYNTbIBaeMbIX 3/TEMEHTOB COCYAOB He NpeBbILWAaoT A0MNYCKOB, YCTAHOBITIEHHbLIX HOPMAaTUBHBIMU AOKY-
MEHTaMMW.

Hactoawmn ctaHgapTt npumeHum coemecTtHo c TOCT P 52857 .1.

2 HopmaTuBHbIEe CCbINKKU

B HacTodAleM cTaHAapTe UCNOJIb30BaHbl HOPMaTUBHbLIE CChITKM Ha crneayrollne ctaHaapThl;

[OCT P 52857.1—2007 Cocyabl 1 annapaTtbl. HoOpMbl 1 MeToAdbl pacyeTa Ha NpoYHOCTh. ObLne TpeboBa-
HUSE

[[OCT P 52857.3—2007 Cocyabl 1 annapaTtbl. HOpMbl 1 MeTOoAbI pacyeTa Ha NPOYHOCTL. YKpenneHue
OTBEPCTUN B obevankax U gHuLLax npyu BHyTpPeHHEM U BHeLLHeM AaBieHUaX. PacyeT Ha NpoYHOCTE obevaek U
OHWLL NMPU BHELLHUX CTaTUYeCKMX Harpyskax Ha Wryuep

[OCT P 52857.6—2007 Cocyabl n annapaTtbl. HopMbl 1 MeTOALI pacyeTa Ha NPOYHOCTL. PacyeT Ha npou-
HOCTb NP ManOLUWKIMOBbLIX Harpyskax

[[OCT P 52857.8—2007 Cocyabl 1 annapaTtbl. HopMbl U MeTodbl pacyeTa Ha NpovHOCTL. Cocyabl U annapa-
Thbl C pyballkami

[MTpumedvaHwme — [lpy NONb3OBAHMM HACTOSALWLMM CTaHAAPTOM ULenecoobpas3Ho NpoBepuTb AENCTBUE
CCbINMOYHbIX CTAaHAAPTOB B MHDOPMALMOHHON cucTeme oblero nonb3oBaHusa — Ha oduumnanbHoMm cante PegeparnbHO-
rO areHTCcTBa Nno TEXHUYECKOMY PEeryrnmpoBaHnio U METPONormm B cetun VIHTepHeT nnm no exerogHo nigaBaemMmomy
MHPOPMaLUNOHHOMY yKa3aTent «HaunoHanbHble CTaHAAPTLI», KOTOPLIA ONYOBNMKOBAH MO COCTOSAHUIO HA 1 AHBaPS TEKY-
Lero roga, u rno COOTBETCTBYHOWUM €XEMECAYHO U3AaBaeMbiM MHPOPMALUNOHHBLIM yKa3aTensam, onybnmkoBaHHbIM B
Tekywem roay. Ecnn ccbinovHbin cTaHaapT 3aMeHEH (M3MEHEH), TO NPU NMNONb30BAHUN HACTOSLLMM CTaHAAapPTOM crneayer
DYKOBOACTBOBATLCA 3aMEHAWUM (M3MEHEHHBIM) CTaHAAPTOM. ECnn CCbINOYHbIN CTAaHAAPT OTMEHEH B€3 3aMeHbl, TO
NONOXEHWe, B KOTOPOM AdaHa CCblflka Ha Hero, NPUMEHSAETCH B YacTWu, HE 3aTparvBaloWen 3Ty CCbINKy.

1) HopMmbl 1 MeToAbl pacyeTa NPUMEHSIIOTCA TaKKe NMPU MHOTOKPaTHbBIX Harpy3kax npv yCroBuW, YTO KONWYECTBO
LMKITOB N pa3mMax Harpy3oK He NnpeBbIWanT 3HaveHnin, npu kotopeix no FOCT P 52857.6 Heobxoanmo npoBoaANTb pacuyeT
Ha ManouuKNoBYIO MPOYHOCTD.

U3pgaHne ochbulmanbHoe
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3 O6o3HauvyeHusA

B HacTodleM cTaHOapTe NpUMeHeHbl creayiolime obo3HavYeHUs:

A, — nnoLans nonepevyHoro cev4eHus KonbLa XXecTKoCcTU, MM?;

A,— nnoLyajb nonepeyHoro ceveHnst pebpa KecTkocTn, MM,

a — LUMPKWHAa KoNbLa XXeCTKOCTU Y chepUnyeCcKoro AHnLLa U KPbILLKK, MM;

81p, 82— PaAcYeTHble ANMHbI NepexodHbIX YacTen obevaek, MM;

a, a,— pakTn4yeckne AnnHbI NepexogHbixX YacTen obevaek, MM;

B4, By, By, B4, Bs, Bg, B — be3pasmepHble Ko PULMEHTDI;

b — paccTodaHMe MeXxay ABYMSA CMEXHbIMW KONbLAaMW XXeCTKOCTU, MM;

b:(i=1,2,3,..n)— AnNnHbl Xopa OTBEPCTUNA B AHULLAX, MM:;

C — CyMMa NpmnbdaBoK K pacyeTHbLIM TONLWMHaM CTEHOK, MM;

c{— npubaska 4na kKoMmneHcauum Kopposum 1 3posnun, Mu;

c,— NnpubasBka 4n1a KoMmneHcauu MUMHYCOBOIro gonycka, Mm;

C;— TexHonornyeckada npndaska, Mm;

D — BHYTpEeHHUN AnamMeTp cocyda Unn annaparta, MMm;

D. . — cpegHW guameTp NpoKnagku, Mm (CMm);

D — 3pPekTUBHbLIA gaMeTp KOHUYeCKoW obevankm npu BHeLLHeM gaBiIeHUU, MM;

D — adpdpekTUBHLIV gnamMeTp KoHUYecKon obeYvanKky npv 0CEBOM CXXaTu U N3rnbe, Mu;

D — pacyeTHbIM AnameTp rnagkon KoHN4Yeckon obeYvaunku, Mm;

D,— pac4eTHbI AnamMeTp gHMWa (KPbILWKKX) M KOHUYECKon obevarki, Mm;

D.— HapyXHbl gMaMeTp cocyda UK annapara, a Takke guamMeTp MeHbLLero OCHoOBaHUSA KOHUYeCKoU obevalnkn, MM;

D> — HavMeHbLUUK gnaMeTp Hapy>XHOW YTOHEHHOW YacTU KPbILWKK, MM;

D, — gnameTp DONTOBOU OKPYXXHOCTU, MM;

d — anameTp OTBEPCTUSA B AHULLE UMW KPbILLKE, MM;

ds — OANMamMeTp OTBepCTUs Nog 00NT (LLUNUNLKY), MM;

d,— HapyXHbIM guamMeTp LeHTpalbHOU BTYNKA, MM;

d: (i=1,2,3,..n)— anameTp OTBEPCTUX B OHULLAX, MM;

E — mogynb npoaosieHOM YNpyrocT npu pacyeTHou temnepartype, Mla;

e — paccTodaHMe MeXxay LeHTPOM TSHKECTU NonepevyHoro ceueHus KonbLa XXeCTKOCTU U CpeaUHHOW NOBEPXHOCTLIO
obevyankm, MM;

e, — PaccTosaAHMe OT LLeHTpa TAXKECTU NonepevyHoro ceveHna pedbpa XecTkoCcTu 40 ero OCHOBaHWA, MM;

e — paccTosaHKe OT TOUYKM nepeceyeHnd cpeagHen IMHUMU CTeHKN cdoepUvecKoro cermeHTa ¢ KoJTbLLIOM 0 ropU30H-
TanbHOW OCK, NpoXoasilen Yyepes LeHTP TSKeCTU Konbua, MM;

e, — PacCTOSAHNE OT OKPY>XKHOCTW pacrnonoXeHnsa DONTOB A0 BHYTPEHHEro anameTpa KosibLa, MM;

€, — PacCcTodaHWE OT OKPYXKHOCTW pacnofioeHUs 6onToB 4o NMHUN AEUCTBUA peaKUn Npoknaakn, MM;

e, — paccTosiH1e 0T CpeAUHHON NMOBEPXHOCTU MIAaCcTUHBLI KPbILLKK C pebpamMm 40 HeUTpanibHOW NOBEPXHOCTU, MM;

F — pac4yeTHOe O0CceBOe pacTarnearoLlee Unn cknMmatoLwee ycunme (6es ydeta Harpysku, BO3HUKaOLWEN OT BHYT-
PEHHEro N3OLITOYHOrO NN HaPYXXHOMO AaBfieHUs), H;

F] — ponyckaemoe pacTarnearollee Unu cxxumaroulee ycunue, H;

Fl-— gonyckaemMmoe oceBoe CKMMatoLlee ycunume U3 ycrnoBus yCTOMYMBOCTU B npeaenax ynpyrocTtu, H;

F|, — Aonyckaemoe 0CceBoe CxXMMaloLlee ycunne U3 ycrnosua npodHoctn npu ¢ = 1, H;

Flzq1 — oonyckaemoe oceBoe CXKMmMaloLlee ycunue, onpegensaemoe U3 ycnoBus MeCcTHOM YCTOUYUBOCTU B MNPe-

genax ynpyroctiu, H;
[Flz, — Oonyckaemoe 0CeBoe CXMMaloLLee ycunue, onpegensaemoe U3 ycnosuga obLlen yCToMdmBoCcTU B npeae-
nax ynpyroctu, H;

H — BbICOTa BbINYKNOW YacTh gH1LLa be3 ydyeTa UMNUHAPUYECKOW YacT, MM;

h, — pacCTOsAHNE OT HUXKHEN NOBEPXHOCTU KPbILLKK (AHMLLA) A0 HUXKHErO TOpLIA BTYNKA, MM;

H, — BblCOTa BTYJIKU, MM;

h — BbICOTA KoNbLA, MM;

h{— AnnHa UMnMHapU4eckon YacTu OTOOPTOBKU AHWULL, MM;

h, — BblCOTa CeYeHUs1 KoNnbLla )XeCTKOCTU, naMmepsaemMas oT cpedMHHOW MOBEPXHOCTU 0beYanKy, MM;

h, — paccTosiHUe OT HUXKHEN NOBEPXHOCTU KPbILLKA (OHWLLA) A0 HUKHEro Topua BTYIIKU, MM;

I — 3 PeKTUBHbLI MOMEHT MHEPLIMI PACUYETHOIO MONEPeYHOro Ce4YeHmst KombLa XecTKoCTU, MM™:

2
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I, — MOMEHT MHepUKXM NONEePEeYHOro ceveHUs KombLla XKeCTKOCTY OTHOCUTENBHO OCK, NPOoXoasille Yepes LEeHTpP
TSKECTU MonepeyvHoro ceyeHns KonbLa (oTHocuTenbHo ocn X — X), MM*:

I,— pacyeTHbIN 3PPEKTUBHBIA MOMEHT MHEPLIMI pac4eTHOro NoNepeyHOro ce4eHNs KorbLa XXeCTKOCTU, MM

K — KO3 PULMNEeHT KOHCTPYKLUUKN NNOCKUX AHWULL N KPbILLEK;

Ky, Ky, K3, K4, Ks, Kg, K; — De3pasmepHble KOS ULMEHTHI,

K — KO3 dMUMEHT XKeCTKOCTK obevalki, nogKkpenieHHOW KonbLaMU )KECTKOCTH;

K, — KO3(hPnUneHT ocnabneHnsa nnockux gHuLY (KpbllLlek) OTBepPCTUEM;

K, — NonpaBoYHbIN KO3ULIMEHT;

K,— KO3 pULMeHT NpuBeaeHUAa paguyca KpUBMU3HbI 3NMNTUYECKOro QHULLA;

K.— KOS MPULMEHT TOHKOCTEHHOCTU ChepnYecKnxX QHNLL;

[ — pacdeTHas gnvHa unnnHgpudeckon obevyankn, ykpenneHHoM KolbLaMKy XXeCTKOCTU, MM;

[ — pacyeTHasa AnuvHa rnagkon obevyankn, Mm;

[ — apbhekTnBHaAA AnMHa KOHUYECKOW oBevalrkn, MM;

[,.— adbdbeKkTMBHaAA ANMHA CTEHKKM obevanky, ydnTbiBaemasi npu onpeaeneHnn ad@eKkTMBHOrO MOMEHTAa NHEP-
LN, MM;

l,p — NpUBeAeHHasa AnvHa, Mw;

[, — paccTosiHMe MexXay ABYMSI KONbLaMU XXECTKOCTU MO OCAM, NPOXOASALLNM Yepes LEeHTP TSHKECTU NMonepeyHoro
cevyeHUs Konewl )XeCTKOCTU, MM;

[, — paccTosiH1e MexXay KpanHUMKN KONbLaMU XXeCTKOCTU U cneayowmmm 3 eKTUBHBIMU 3f1EMEHTaMM XKECTKO-
CTU, MM;

[,— ONMHA NPUMbIKAIOLLEro afieMeHTa, yuuThiBaeMas rnpu onpeaeneHnmn pacyeTHOW anuHel [ nnun L, Mm;

M — pacyeTHbIN n3rndaro L MOMeHT, H - MM;

[M] — gonyckaeMbIn U3rndarownm MOMEHT, H - MM;

n — JnCno pagnanbHbixX pebep;

‘M]=— ponyckaemMbl U3rndaroLLMi MOMEHT U3 YCIOBUS YCTOUYMBOCTU B Npegenax ynpyroct, H - Mm;

M],,— ponyckaeMbl N3rndbarLwmn MOMeHT U3 ycnoBusa npodHoctu npu ¢ =1, H - Mm;

N, — KO3PPULNEHT 3anaca yCTOMYNBOCTY;

p — pac4yeTHOe BHYTpeHHee N30bIToYHOE UMK HapyKHoe aAaBneHue, Mla;

P — 9KBMBaNEeHTHOE AaBfIeHUE NpU HarpyXeHuu ocesbiM ycunmem, Mrlla;

p,, — 3KBUBANIEHTHOE AaBlieHne Npu Harpy>XxeHuu narndaroium momeHTom, Mrla;

p]— aonyckaemoe BHyTpeHHee n3bbITOYHOE UK HapyXHoe aAaBneHue, Mla;

Pl — gonyckaemMoe Hapy>XHOoe gaBfieHUe U3 YCNOBUA YCTOMYUBOCTU B npeaenax ynpyroctu, Mla;

p], — Aonyckaemoe HapyXHoe gaBlieHue U3 ycnosusa npovHoctu npu ¢ = 1, MIa;

p]i— ponyckaemoe BHyTpeHHee U3DbITOYHOE AaBieHMe UK Hapy)KHoe, onpedendemMoe 13 YCNoBUA NPOYHOCTH

WM YCTOWYUBOCTU BCEN 0bevalku ( ¢ konbuamm xecTtkocTtun), Mlla;
[p]1=— Aonyckaemoe Hapy>XHoe AaBfieHe U3 YCNOBUS YCTONUMBOCTU BCel obevalrKn (C KonbLaMK XKeCTKOCTH)
B Npegenax ynpyroctu, Mlla;
pli,— AonyckaeMoe Hapy)XHoe AaBlieHWe U3 yCIOoBUA NPOYHOCTN BCe obevanku npu ¢ =1, Mlla;
pl,— ponyckaemoe BHYTpeHHee U3DLITOUYHOE AaBneHWe UK Hapy)XHoe, onpegenaemoe U3 yCnoBUs NPOYHOCTU
MK YCTONYNBOCTM 0bevalkn mexay AByMsi cocegHUMU KonbLamu xxectkocTtn, Mlla;

Q]g— ponyckaeMoe nonepevyHoe ycunue U3 ycrioBuUa yCTOMYMBOCTU B Npegeniax ynpyrocTtu, H;

'Q],— aonyckaemoe nonepeyHoe ycunune n3 ycnosus NnpodHoctn npu =1, H;

(Q — pac4eTHOe nonepeyHoe ycunue, H:

Qo — OONONHUTENLHOE YCUnue, AeUCTBYIOLLEE Ha LLeHTpanbHYH YacTb KPbILWKK ¢ pebpamu, H;

[Q] — ponyckaemoe nonepevHoe ycunue, H;

R — paguyc KpUBKW3HbI B BEPLLUMHE AHULLA MO BHYTPEHHEW MOBEPXHOCTU, MM:;

R.— pagnyc KpyUBU3HbI chepundeckoro cermeHTa no BHyTpeHHe NOBEPXHOCTU, MM;

r— BHYTPEHHWN pagnyc OTOOPTOBKN KOHUYECKOW obevalku (QHuLa), MM;

Rs — OonToBagda Harpyska, H;

R — peakuua npoknaaku, H;

r.,— pagunyc BbITOYKU, MM;

1 — Hapy>XXHbIN pagnyc oTOopTOBKMN TOpocdepnyeckoro gHuLa, Mm;

S — UCMONHUTENbHAas TOMNLWMHA CTEHKM 0beYvarKkn, MM;

4,
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S, — WCMONHUTeNbHaa ToNWMHA CTEHKMU KOHUYeCcKoW obevyanKky, MM;

S, — TONUWWHA KPbILWKKA B MeCTe YNIOTHEHUS], MM;

S, — pacyeTHasi ToNLWMHa CTeHKN 0bevanky Unu gHua, M;

Sk p— pacyeTHas ToNLMHa CTeHKM KOHNYEeCKon obevankn, Mm;

S1,— pacyeTHas TONILMHA CTEHKMN AHULLA (KPBILLKW) UM NepeXoaHON YacTu KOHUYECKOW obeYvank, MM;
S,,— pacyeTHagd TOSLWMHA CTeHKN NepexoaHon YacT obevankm, Mm;

S;— UCNONMHUTENbHAasA TONWMHA CTEHKU TOpouaaNibHOro nepexoga KoHn4deckon obevanky, M;

S'— ncnonHUTenbHas TonwmMHa CTEHKN Nonororo KOHUYeCKoro AHULLA, MM:;

S, p — PacyeTHas TonLnHa CTEHKN NepeXoAHON YacTu ¢ TOponaarnbHbIM Mepexoaom, Mu;

S15, So; — 3PPEKTUBHbIE TONLLMHBLI CTEHOK NepexogHou YacT obevaek, MM;

S1— WUCMONHUTENBHAaA TONLIWHA CTEHKN AHMLLA (KPbILLKKA) UMK NepexoaHon YacTu KoHUYeckon obevankm, MM
S, — VUCMNONHUTENbHAadA TONLWMHA CTEHKU NepexoaHon YacTu obevarkn, Mm;

S3— TOMNLWMHA KPbILLKK BHE YNIIOTHEHUA, MM;

S, — TOJLLMHA YTOHEHHOW YacTy gHULLa B MeCTe KONbLEBOWU BbITOUKN, MM;

Sz — UCMONHUTENbHaa ToNLWMHA BbICTYNaloLLeN BbllLe AHULLA YacTu obevanKkn, MM;

{ — LUMPUHa nonepedHoro cevyeHus KombLa XXeCTKOCTU B MeCcTe ero npuBapku kK obevanke, Mm;

., — TONWWMHa BTYNKN, MM;

{;— HecyLias LUMpUHa KoNbLEeBOro CBAapHOTo LWBa, MM;

o, Oq; O, — MOJIOBUHA Yyrina pacTBopa Nnpu BepLlurHe KoOHUYeCcKou obevanku, rpaa;

B1: BQ! BS! B4: BS= BB! BT! BS! B! BD: BT: BH= Ba o KOSCbeI/ILIII/IeHTbI CbOpIVII::I;

M- ﬂ @ (o] .
6]y’ [ol” [o]y’ o)y’

Y — OTHOLLEHWe AonycKaeMbIX HanpsXkeHUu

A — rMOKOCTb 3NeMeHTa;

\y — YroJ1 MeXxay KacaTeslbHOW K cipepudeckomMy CerMmeHTY B KpaeBOW 30He UM BePTUKaNbLHOW OCbIo, rpag,;

6] — gonyckaemoe HanpsXkeHue npu pacdyeTHoW Temnepatype, Mla;

], — Aonyckaemoe HanpsxxeHne npn Temnepatype 20 °C, Mla;

©],— gonyckaemMoe HanpsbkeHne ans pebpa XXecTkoCcTU Npu pacdyeTHOU TeMmnepaTtype, Mla;

64, [O]», [0]ls — Aonyckaemoe HanpshkeHne ans Yyacten cocyga (LUINHOPUYECKUX, KOHUYECKUX, cheprniecKnx)

npu pacyeTHOU Temnepatype, Mlla;

©],— Aonyckaemoe HanpsbkeHne ans pebpa xectkoctu, MlMa;

©].— Aonyckaemoe HanpsikeHue ans BTynku, Mla;

>d,— MaKkcumManbHaa cymMma aJIMH Xopa oTBepCTU B Hanbonee ocnabneHHoM gnameTpanbHOM cedeHUn gHN-

LA U KPbILWKW, MM;

@ — KOSPPULUNEHTBLI NPOYHOCTU CBaPHLIX LLUBOB,

¢, — KO3(PPULMEHT NPOYHOCTU CBAPHbLIX LLUBOB KOJ1bLA XXECTKOCTU;

P, — KO3PPUUNEHT NPOYHOCTM NPOAOSIEHOTO CBAPHOTO LLBA;

¢, — KO3 PULMEHT NPOYHOCTU KOJTbLEBOrO CBapHOTO LWBA;

(1 — KOO PUUMEHT CHUKEHMA AONYCKaeMbIX HaNPSXKeHU Npu pacyeTe Ha yCTOWYNBOCTb U3 YCIOBUA MECTHOW
YCTOUYUBOCTU NMPU OCEBOM CXKATUW;

0, — KOSIPMPULNEHT CHUXKEHUA AONYCKaeMbIX HANMPsXKeHUM NpU pacyeTe Ha yCTOMYUBOCTL U3 YCIIOBUSA ODLLEN
YCTOWYMBOCTW NPU OCEBOM CXKaTUMU;

(3 — KO3 PULUMEHT CHUKEHUSA O0MNYCKaeMbIX HanpsXKeHUW npu pacyeTe Ha YyCTOUMYMBOCTL U3 YCITOBUSA MECTHOM
YCTOUYMBOCTU NPK N3rnode.

4 O0LWMe NoNoXeHuNA

4.1 NpuBeaeHHbIN B HacTodwlemM cTaHgapTe pacdeT nNpuUMeHVMM  MpU BbINONMHEHUX TpeboBaHUI
[OCTP 52857.1.

4.2 B OCHOBY pacdeTHbIX PopMyI1, NpUBeAeHHbIX B HACTOSALWLEM cTaHgapTe, Npu oLeHKe NpoYHOCTU NON0-
XeH MeTod npeaenbHbIX Harpy3ok. [pn pacyeTe Ha YCTOUYMBOCTL OT BHELLUHEro gaBneHud, npu Bakyyme, a
TakXKe OT APYIrnX Harpysok, Bbi3blBaKOLMX CXKMMatoLLee HanpsXkeHne, B KadecTBe NpeaesibHOro COCTOAHUSA NMpu-
HATO AOCTWMXKEHUE HUXKHUX KPUTUYECKUX HANPSXKEHNN.

4.3 MNpn ogHOBPEMEHHOM OEUCTBUK HECKONBbKMUX Harpy3oKk (QaBieHUs, OCEBOro CXXaTus 1 T. N.) ycnoBue
MPOYHOCTU (YCTONYUBOCTU) MPOBEPSAIOT HA OCHOBE NUHEWHOIO CYMMUPOBAHUSA NOBPEXAEHUIN, 38 UCKITIOYEHUEM
cllydaeB, korga nmerotcs bosiee ToYHbIe pelleHuns.

4
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4.4 B HacTosleM cTaHaapTe npuBegeHbl opMynbl AN onpegeneHna NCNONHUTENbHBIX pa3MepoB 3e-
MEHTOB COCYAO0B M annapaTtoB NPU NPOEKTUPOBOYHOM pacdeTe 1 onpegeneHnn gonyckaemMblX Harpy3ok npu nose-
DOYHOM pacyeTe.

5 PacuyeT umnuHapuyeckmnx obevaek

5.1 Pac4yeTHble cXeMbl
5.1.1 PacyeTHble cxeMbl ULMNMHApUYecknx cbevaek npuBedeHbl Ha pucyHkax 1—4.

a — obevanka ¢ pnaHuem mnu ¢ NIOCKUM OHULLEM; a — obevanka ¢ oTbopTOBaAHHBIMKU OHULWAMK, 6 — obevaun-
6 — obevanka ¢ XKeCTKUMU neperopoakamm Ka ¢ HeoTBOpPTOBAHHBIMU OHULLAMMU
PucyHok 1 — ['nagkue unnuHapuyeckune obevanku PucyHok 2 — nagkue obevankm ¢ BbINyKIbIMU UNK

KOHNYeCKMMU OAHNWaMW

P ¥ — = :f.'.-‘:-.

PucyHok 3 — [ nagkmne obevankn ¢ pybdallkon PucyHok 4 — LunuHapuyeckas obevanka, nogkpen-
NEHHAasa KONbUAMW XECTKOCTU

[TpnumeyaHwune —PucyHkn 1—4 He onpeaensaoT KOHCTPYKUMIO 1 NPUBEAEHbI TOMNMbKO ANA YKa3aHUA pacyHeTHbIX
Da3MeEPOB.

5.2 YcnoBusa npuMeHeHUA pacueTHbIX hopMyn

5.2.1 Pac4yeTHble popMyIbl TPUMEHUMbI MPU OTHOLLEHUW TONLLUHBLI CTEHKU K AnaMeTpy:

S—C
D

SBC <03 AanaTtpyb npu D <200 MMm.

5.2.2 Gopmynbl, NpuBegeHHble B 5.3.2; 5.3.4—5.3.7 1 5.4.2, cneayeT NPUMEHSTL NMPU YCIIOBUK, UTO pac-
YeTHble TeMnepaTypbl He NMpeBbILLaT 3HAYEeHUW, NPKY KOTOPBLIX YYUTLIBAETCA NOSI3YYECTb MaTepuanos, T. €. Npy
TaKuX TeMnepartypax, korga aonyckaemMoe HanpsbkeHue onpeaensatoT TOSIbKO No npeaeny Teky4ecT U BpeMeH-

< 0,1 anga obevaek n Tpyb npn D =200 mm;

5
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HOMY COMPOTUBNEHUIO (Npeaeny NPoYHOCTN). ECn HEeT TOUHbLIX AaHHbLIX, TO POPMYbl AONYCKAETCHA MPUMEHSITH
1PU YCIIOBUK, YTO pacdeTHad TeMnepartypa CTeHKM ocbevankn 13 yrinepoancTon ctanu He npesblllaeTt 380 °C, 13
Hn3konernposaHHon 420 °C, a n3 aycteHuUTHon 525 °C.

5.2.3 [1ns obevaek, nogKkpenneHHbIX KoNbLaMW XXEeCTKOCTW, AONOSTHUTENbHO K TpeboBaHUAM 5.2.1 1 5.2.2
cneayeT BbINONHATL cneaytollne orpaHuyeHns:

h
- OTHOLLIEHWE BbICOTbI CEYEHNS KObLIA XKECTKOCTU K AnamMeTpy 52 < 0,2;

- pacyeTHble popMynbl cnegyeT NPUMEHATL NPKY YCNOBUM PaBHOMEPHOMO pacnonoXeHWs KoJleL XXeCTKOCTN;

- B Te€X cryyasx, Korga KonbLa XXeCcTKOCTU YCTaHOBIEHbl HEPaBHOMEPHO, 3Ha4YeHUs1 b 1 [, HeobxoanmMo
NoACTaBNSATL ANA TOro y4acTka, Ha KOTOPOM pacCTosAHME MeXay ABYMSI COCeAHUMU KOJbLLaMM XKeCTKOCTU MaKCK-
ManbHOE;

-ecnun l, > [,, TO B Ka4ecTBe pacyeTHOW ANNHbI NPUHUMAT /.

5.2.4 PacueTHble oopMyInbl Ans obevaek, paboTaroLlmnx noa AeUCTBMEM OCEBOT0 CXKMMaKoLLero ycunug,
npveedeHHble B 5.3.4, 5.4.3, npUMeHUMbI NMPpK cleaytolem YCroBUN:

A b
5 > 10 nnu 5 >1.0.

0ns obevaek, y KOTOPbIX % il % < 1,0, npu oTcyTCTBMM BONee TOUYHbIX pacveToB, AoMycKaeTcs NoNb3o-

BaTbCs popmynamu (15) n (17).
5.3 TMaakne LMNUHAPUYEeCKe obevyanki
5.3.1 Obeyvyanku, HarpyxeHHble BHYTPEeHHUM U3ObITOUYHbLIM AaBleHneMm
5.3.1.1 TONWWHY CTEHKWN BEIMUCIIAOT Mo popmyne

§28§,*¢C, (1)

rAe pacyeTHYH TONWMHY CTEHKN BbIMUCANAOT No hopmyne

____ pD
>~ 2[cle, P (2)

S

5.3.1.2 [lonyckaemoe BHYTpeHHee N30bIToYHOE AaBrieHne BbIYUCTAKT No hopMyne

2[olop(s —c)
[P]= o 3)

5.3.1.3 I'lpn narotoBneHun obevyamkm N3 IMCTOB pasHOW TONLLUHBI, coOeaNHEeHHbIX NPoAO0SIbHBIMK LLBAMU,
pacyeT TOSILWKMHBI cbeYyalky NPOoBOAAT ANA Ka)aoro nincta ¢ y4eToM UMerLLMXCS B HUX ocriabneHun.

5.3.2 O6evyaunku, HarpyxeHHble HapyXXHbIM AaBrNeHUeMm

5.3.2.1 TonwmHa CTeHKM

TONWWHY CTeHKN npeaBapuTensHO BblMUCASAT No dpopmynam (4) 1 (5) ¢ obszatenbHOW nocneayoLlen
npoBepkow no gopmyne (7)

§28,+0¢, (4)

rAe pacyeTHYH TONWMHY CTEHKN BbIMUCANAOT No hopmyne

=max;1 061020 ( _p 1) 12pD |
| B (107 D) Z2lol-p| ()

. >

S

KoadbdmumeHT B BbiuncnsitoT no doopmyne (6)

r"

/ \‘0,067 )

0,4
= < | p L | >
B = maxq 1,047 | h— (L) (6)

. -
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5.3.2.2 [lonyckaemoe Hapy>XHoe AaBlieHUe BbIMUCAT No popMynie

[p] = ——Po (7)

i ([p]n)2

[Ple
rae gonyckaemoe gaBneHue U3 yCrnoBus NMPoYHOCTU BbIMUCTIAOT Mo doopmMyre

_ 2[c]l(s - ¢)
[Pl = Dt (s_c) (8)

a gonyckaemMmoe AaBneHne 13 yCnoBusl yCTOMYMBOCTU B Npeaenax ynpyrocTi BeIMUCIAT No popmyne

© 208-10°E p[100(s - ¢)*°
[p]E — ny 81 / I D ) ’ (9)
i o acD D
rne B, = mln{1,0, 9,45 Z \/100(5 — C)}. (10)

[Mpwn onpegeneHnn pacyeTHOW AnnHbl obevarkn [ nnu L anuHy NnpyMbIKaloLWwero anemMenTa /; cnegyer
BbIYMCNATE NO hopMyniam

[y = % — ANA BbINYKMbIX AHWLL;

__D
by = Btgq — Q19 KOHUYECKMX obevaek (AHULLY) 6e3 0TOOPTOBKM, HO He bonee ANUHbLI KOHUYECKOro 3re-

MEHTA,

._D
' otga

ly = max(r sina ) — AN KOHUYeCcKnx obevaek (QHWLL) ¢ OTOOPTOBKOW, HO He Bonee ANUHbI KOHUYeC-

KOro anemMeHTa.
5.3.3 O6eyankun, HarpyxeHHble oCeBbIM pacTArMBarLWMUM YyCUNTUEM
5.3.3.1 TONWWHY CTEHKN BEIMUCIIAOT Mo popmyne

§2s,*¢, (11)

A€ pacYeTHYIO TOMLLNHY CTEHKM BbIYUMCAAT No doopmyne

_F
>0 = 7Dlo]o, (12)

5.3.3.2 [lonyckaemMmoe oceBoe pacTdaruearoLlee ycunme BblMUACIAKT NO oopMyne

[F] =n(D + s —c)(s —¢)[o] @, (13)

5.3.4 O6eyvyankKu, Harpy>xeHHble 0CeBbIM CXXMMaKOLLUM YCUNUEM
5.3.4.1 Jonyckaemoe o0CceBOe CXMMarLlee yecunume BblMCnawT No popmyne

r y

(e 1

rae AonyckaemMoe 0CeBoe CXKMMatoLLee yeunmne n3 ycnoBus NPOYHOCTU BbIMUCIIAOT Mo chopmyne

[Fln = (D + s — ¢)(s - ¢)[o], (19)
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a Jonyckaemoe 0CeBoe CxMMatoLLee ycunune B npeaenax ynpyroct U3 ycnosus yCTOMUNMBOCTU BLIMUCASAIOT MO

doopmyne

[Fle = min {[Flgy; [Fleot-

/

[TpumeyvyaHwune—B cnyyae ecnu S 10, dopmyna (16) npuHumaet Bua [Flz = [Flz,.

(16)

B dpopmyne (16) gonyckaemoe oceBoe CXKuMarLlee yeunue BelYUCIAT U3 YCITOBUA MECTHOW YCTOUYNBO-

CTU B Npegenax ynpyrocTty no gpopmyne

310 -10°E

2,5

[F ]E1 —

D2 ' 100(s —¢)

n, i D |1

(17)

a IONycKaeMoe 0CeBOe CXMMatoLLLee yeunme BelMUCNNAT U3 YCnoBus obLLIeRn YCTOMYMBOCTI B Npeaenax ynpyro-

CTU NO popmyne

Is ]E2 =

[[MOKOCTb A BbIMUCIISAT NO hopmMyne

n(D+s—c)(s—c)E(n)2.

n A

¥

2,83/,

D+s-c¢

(18)

(19)

[1lpnBEeAeHHYI0 pacyeTHYIO ANTNHY Zr,p npuHUMaKoT no Tabnunue 1. [Anga cxem, He npuBeaeHHbIX B Tabnuue 1,
[, ONPeaensatoT ¢ MOMOLLIbIO crielnarnbHbIX METO0B pacyeTa.

Tabnwuwua 1 —IllpuBegeHHan pacHeTHas ANMUHa lnp

PacyeTHaa cxema

2

_ 2]
_ 0,71
_ 0.5/
L 0 2.00]
. 0.2 1.731
P 0.4 1.47]
- 0.6 1.23]
0,8 1.06/
> 1,0 1.001
{ 0 2.00]
£ 0.2 1.701
- F 0,4 1,40/
0,6 1,111
0,8 0,85/
> 1.0 0,701
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5.3.4.2 [ina pabouumx ycnosui (n, = 2,4) Aonyckaemoe CXumarollee ycunne MOXHO BbIMUCIATL NO
doopmyne

[F]=7m(D + s —c¢) (s —c) [c] min {@4; §,}. (20)

KoabdpuumneHTsl @4 U @, crnegyeT onpeaensarts No rpadpukam, npmeegeHHbIM Ha pUCYHKax S 1 6.
5.3.5 O6evanku, HarpyxeHHble N3rmoaroLLiMM MOMEHTOM
5.3.5.1 donyckaeMbln N3rnbaroLmii MOMEHT BbIMUCIAKT No popmMyne

(M,

() -

(M] =

rae gonyckaemblid U3rnbatolMii MOMEHT 13 YCIIOBUS MPOYHOCTU BbIMUCAT No hopmyne

[M], = ZD(D + s - c)(s - ¢)[o] = 2[F, (22)

I
4
a Jornyckaembiii n3rndbaroLLii MOMEHT N3 YCINOBUS YCTONYMBOCTY B Npeaeniax ynpyrocTy BelYMCNAT Mo popmy-
ne

89-10°E ~37100(s — ¢) ?°
Mg =222 D" o I ] (23)

5.3.5.2 ina pabouwnx ycnosun (n, = 2,4) gonyckaembli N3rndaroLLMin MOMEHT MOXHO BbIMUCIIATE NO OOp-
Myne
[M]=4D(D + s - c)(s - ¢)[c]gs. (24)
KoapbpmumneHT @5 cnegyet onpeaendats No rpagpuky, NnpueegeHHoOMY Ha PUCYHKe 7.

5.3.6 O6evankKu, HarpyxeHHble nonepeYHbIMU YCUTNTUSAMMU
Ldonyckaemoe nonepeyvHoe ycunmne Bel4MChsAT No oopmyne

Q)= ——h

1+ (15 @)

rae gonyckaemoe nonepevHoe ycunme 13 ycrnoBusi NpOYHOCTU BbIMUCAAT No dopmyne

[Q].. = 0,25 [6] =D (s — ¢), (26)

a Jornyckaemoe nornepevyHoe ycunme 1n3 ycrnoBust yCTOMYMBOCTU B Npeaenax ynpyrocT BbIMUCNAOT No opmyne

0,18 + 33221 27)
y _

24E(s — ¢y
I

[Q]E =

5.3.7 Obevaunku, padboTarowme nog COBMeCTHbIM AeNCTBUEM HAPYXXHOIo AaBrieHUsl, 0CeBOro CXu-
MalrLlero ycunus, usrmoarwero MOMeHTa 1 nonepevyHoro ycunus

Obeyvalkun, paboTarollne noa COBMECTHbIM AEUCTBUEM Harpysku, NPOBEPSAOT Ha YCTOWYMBOCTE MO OpP-
Myne

2z
P L.F .M. [Q
CRAGTR ([O]) <10, (28)

roe [p] — ponyckaemoe HapykHoe aasfieHue no popmyne (7);
[F] — ponyckaemoe oceBoe CxumatoLee ycunue no oopmyne (14);
[M] — ponyckaembl n3rnbatroLmini MOMeHT no dpopmyne (21);
[Q] — ponyckaemoe nonepeyHoe ycunue no gopmyne (25).
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5.4 UlununHapuyeckne obevyamku, nogkpenrieHHble KONbLaMU XXeCTKOCTH

5.4.1 O6eyvyanku ¢ KonbLaMU XXEeCTKOCTU, HarpyXeHHble BHYTPEeHHUM U30bITOYHbLIM AaBrieHUeM
5.4.1.1 OnpegeneHne paaMmepoB KoNeL XXeCTKOCTU NMpX BHYTPEHHEM AaBneHNI

[lna 3agaHHbIX pacyeTHOro AaBneHus p U TONWKWHBbI CTEHKN S KO3 PULIMEHT K, cheayeT BbIMUCNATL MO

doopmyne

_p(D+s-c)
Ka = Zolols—c) " (29)

P
Ecnn K, <0, To yKpenneHne KonbLamMmn XXecTKOCTN He TpebyeTcd. B avanasoHe 0 < K, < 2 OT 1 paccTo-
p

AHUE MeXay ABYMS KONbL@aMK XeCTKOCTU BbIMUCNSIKOT NO hopmMmyne

bg\D(S_C) K24 Op [1 K14j_’ (30)

A 2 1l(s—-c)

Ks- (31)

Ecrm K, > 2 Pr 1. TO TONLWMHY CTEHKN HEOBXOAMMO YBEeNMUIMBaThL 0 TaKoro pasmepa, YTobbl BbIMNOMHSA-
Pp

Nnock crneayollee ycrnosue:

11
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0 <Ky <22 -1

[Tpumeyanune—IlpuonpeaeneHnn NNoLwaan NONEPEYHOro CEHEHUs KonbLa XeCcTKOCTU A criefyeT yunTbiBaTh
npubaBKy ¢, AN KOMMNEHcaUUn KOpPO3UK.

5.4.1.2 [Jonyckaemoe BHyTpeHHee U30bITOYHOE AaBeHUE BbIMUCIAT U3 YCITOBUS

p] = min {{ply; [plo} (32)

[onyckaemoe BHYTpeHHee N3DbITOYHOE AaBieHne, onpeaensdemMoe U3 yCrioBUU NPOYHOCTY BCce obevanki,
BbIYNCNSAOT N0 popmMyne

2[c]lop (s —c) + 2/2':[‘5]“ Py

_ 33
[p]1_ D+(S—C) ( )

Lonyckaemoe BHyTpeHHee N3bbITOUHOE AaBeHne, onpegensaemMoe U3 yCnoBUU NPoYHOCT 0Devankm Mex-
Oy ABYMSA COCEAHMMU KOMbLLaMK XXECTKOCTU, BIMUCIAT N0 popMyIe

_ 2[6)o (s —¢) 2+
Pl =5 (s o) el

Pp

(34)

2
2
roe AL = D(:ch)'

5.4.2 O6evyanKku ¢ KOnbLaMM XXeCTKOCTU, HarpyXeHHble HapyXXHbIM AaBrieHUneMm
5.4.2.1 PacyeTHble napamMeTpbl NoAKpenneHHoW obeyanku

2P PEKTUBHYIO ANMHY CTEHKM 0beYalkuy, y4UTbIBaeMyo npu onpegeneHnn adpdpekTBHOrO MOMeEHTa UHEpP-
UK, onpeaensoT N3 YCIOBUS

/[, = min {11; t+1,1 \/D(s—c)}. (35)

O dheKkTUBHBIA MOMEHT MHEPLMX pacdYeTHOro NMonepe4YHoro Ce4YeHns KonbLia XXeCcTKOCTW BbIMUCIAT No dop-
MyJie

B | !(s—c)3 2 Al (s-c)
I'=1+ 59t A +L(s—c) (36)

KoadbdULIMEHT KeCTKOCTIN obevanki, nogKkpenneHHon KonbLaMm XXeCTKOCTH, BbIMUCIAIOT Mo cbopmyne

. _ [ 1097
V(s -c) (37)

[TpnmeyaHnune—IlpnonpegeneHnn MOMeHTa MHEPLWUW KOMbLA XXECTKOCTHU crnegyeT yunTbiBaTb NpubaBky ¢, A
KOMMEeHcaUun KoOppo3un.

5.4.2.2 [lonyckaemoe Hapy>XKHOe aaBrieHne onpeaenstoT U3 yCnoBugd

p] = min {{ply; [plo} (38)

5.4.2.2.1 lonyckaemoe Hapy>XHoe daBneHune, onpegenaemMoe ucxogs U3 ycnosum yCTOUUMBOCTU BCel 0De-
YalKK, BbIMUCTIAOT NO popmMyne

[P]15

e )

[P]y =

12
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[lonyckaemoe Hapy)XHoe gaBfieHune [plq, AO/MKHO COOTBETCTBOBATL BeNlMYMHe [p]q, onpegeneHHoM no
copmyne (33) npu 3HavYeHNax koadpguumertTos ¢, = 1,0 ¢, =1,0.

LHonyckaemoe Hapy)xHoe gasneHue [plz U3 YCITOBUU YCTOUYMBOCTI B Npeaenax ynpyroctu cnegyeT pac-
CYUTbIBaATL Mo popmMyne

 208-10%E p[100k(s - ¢) "
[p]'IE — sz ny 1 I D ) ’ (40)
o an D D
e B, —mln{1,0, 9’45L\/100k(s—c)}' (41)

[lonyckaemoe HapyxHoe gasnexue [pl,, onpegensgemMoe NCXoaa U3 yCNnoBUiA yCTOMYMBOCTI obedaiiki mexay

KONbLAMW XXECTKOCTU NpU 3HaYeHWUW ANUHbI [ = max {b;fg — %} OOMKHO COOTBETCTBOBATbL AaBMNeHUo [p]

(cMm. 5.3.2.2). BmecTo [p]., onpeaeneHHoro no doopmyne (8), gonyckaetca npuHUmMmaTth [p], no dopmyne (34) npw
3HaveHuu koagpdpuymeHta ¢, = 1,0.

5.4.3 OGeyvyanky ¢ KonbLaMM XeCTKOCTU, HarpyXeHHble 0CeBbIM pacTArMBalOLMM UNU CKUMAKD-
MM YCUnmem, maruéaroyum MOMeHTOM UNK nonepeYvHbIM yCUnmem

[lonyckaemMble Harpysku cregyeT paccyiuTbiBaTh No pacdeTHeIM hopmynam (13), (14), (21), (25) npn /= b.
[pn onpeaeneHun NpuBeAeHHOW pacHeTHOW AnNuHGI [, no Tabnuue 1 BMecTo / cneayeT NpuHMMaTh 06LLYO
OnNnHY L.

5.4.4 O6e4vyanku ¢ KONbLAMU XXeCTKOCTU, HarpyxeHHble COBMeCTHO AeUCTBYOLWMMM Harpy3kamMmu

PacueT cnegyeTt NpoBOAUTL aHANIOTMYHO pacyeTy no 5.3.7, Npu 3TOM gonyckaemMoe Hapy)XHoe AaBneHue
cnegyet onpeaendate no 5.4.2.2.

6 PacueT BbINYKNbIX AHULLY U KPbILEK

6.1 PacuyeTHble cXeMbl
6.1.1 Ha pucyHke 8 npnBeaeHbl pacyeTHble CXeMbI ANNUATUYECKUX, NoTycheprndeckux 1 Topocdepunyec-
KX OHWLL.

a — 3NnMNTudYeckoe aHuuwe; 6 — nonycdepudeckoe gHuLe, 8 — Topocdhepudeckoe gHULLE

TpunmeyaHune—PucyHok He onpeaensieT KOHCTPYKUWIO AHULL, U MPUBEAEH TONBKO ANS YKa3aHus He0bXoanMbIX
DACYETHbIX pasmepoB.

PUCYHOK 8 — Bbinyknble gHuua

13
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Ha pucyHkax 12—17 npuBedeHbl pacyeTHble CXeMbl chepUudecKknx AHNULL U KpbILLEeK.
6.2 YcnoBuAa npuMeHeHNA pacyeTHbIX (hopMyrn

6.2.1 PopmMynbl NPUMEHUMbI NPW BbINMOTHEHUN YCITOBUN;

- ANa 3NNUNTUYE CKUX AHWLL

S —C

0,002 < 5

< 0,100,

Q2§%£05;

- ANg Topocdeprniecknx aH1LL

S —C

0,002 < < 0,100.

[nsa Topocdepnyeckmx AHUL B 3aBUCUMOCTU OT COOTHOLLEHUA NnapamMeTpoB R, D, ry, NpUHATLI cneayroLume
TUMbI AHWLL,;

- TN A R=D4 ry=0,095 Dy;
- TN B R=09D ri>20,170D;;
-Tn C R=0,8D,, ri>20,150 D;.

[ns cchepuyecknx HeOTOOPTOBAHHbLIX AHWULL 1 KpbilLeK opMy bl cneayeT NpUMeHsITe Npu (s;—c¢)/ R <0,1
m 0 85D<R<LD.

Ona HeoTOOPTOBAHHBLIX AHULL, (CM. PUCYHKK 12— 15), Harpy>eHHbIX BHYTPEHHUM N30bITOUHLIM AaBNTIEHUEM,
pacueTHble popMynbl criegayeT NPUMEHATL NpW AONOSTHUTENbHOM yenoBun (s, —c) /R >0,002.

GopmMynbl ANA HEOTOOPTOBAHHBLIX AHWULL, U KPpbILLEK NPUMEHSIIOT NMPY YCIIOBUU BbINMOJTHEHUS YINOBLIX LLIBOB C
OBYCTOPOHHWM CMNOLLHLIM NPOBaPOoM.

GopMynbl He YYUTLIBAKOT HAarpyXeHne Konew AonNoSIHATENbHBIMW HArpyskamMm, Hanpumep onopHbIMM 3J1e-
MEHTaMMW.

6.2.2 ®opMynbl, NpuBeaeHHbIE B 6.3.2 1 6.4.2, NPUMEHUMbI NPU YCINOBUK, €CINX pacyeTHble TeMnepaTypbl
He NMpeBbILAaT 3Ha4YEeHUN, NMPU KOTOPLIX YYUTLIBAETCHA NON3y4eCcTe MaTepuanos, T. e. Npyu Taknx Temnepartypax,
Korga gonyckaemoe HanpskeHne onpeaensioT TOMNbKO No npeaeny Teky4vecTy U BpeMeHHOMY COMPOTUBIIEHUIO
(Npegeny NPOYHOCTN).

ECnun HeT TOUHbLIX AaHHbIX, TO AgonyckaeTca QOopMYyIbl NPUMEHSITL NPU YCIIOBUU, YTO pacyeTHas TeMnepary-
pa CTEeHKW AHuLLA 13 yriepoancTon ctanu He npeBbillaeT 380 °C, N3 HU3KolernposaHHOU He npeBbillaeT 420 °C,
a N3 ayCTeHUTHOW He npeBbllaeT 525 °C.

6.3 InnunTndeckue n nonycoepunyeckne gHua

6.3.1 InnunTuvyeckne n nonycdepudeckme gHMLWA, HarpyxXeHHble BHYTPeHHUM U30bITOUYHbLIM AaB-
neHnem

6.3.1.1 TONWWHY CTEHKWN BEIMUCIIAOT Mo popmyne

81 2 S'Ip T C, (42)

_ PR
rge Stp = 20[c] - 0,5p° (43)

6.3.1.2 [lonyckaemoe BHYTpeHHee N30bITOYHOE AaBrieHne BblYUCAKT No hopMyne

_ _2(81 = ¢)9[o]
Pl = R 05(s, - o) (44)

6.3.1.3 Pagnyc KpuBM3HbLI B BEPLUNHE AHWLLA PaBEH:

2
R =25, (45)

rae R =D — ang annuntundeckux gHunil ¢ H, paBHbIiM 0,25 D;
R = 0,5 D — ana nonycgepuniecknx aHul ¢ H, pasHbeim 0,5 D.

14
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6.3.1.4 Ecnun annHa unnnHapuyeckon otoopToBaHHOW YacTu gHulla h,> 0,8 \/D(s1 — ¢) Anasnnuntuyec-

KOro gHuia nnu h, > 0,3\/D(81 — C€) anga nonycdepuyeckoro AHuLLA, TO TONWMHA AHULWA AOMKHA BbITh He

MeHbLUE TONLWMHBI 0beYvankun, paccHMTaHHOW B COOTBETCTBUMM € 5.3.1 npn ¢, = 1.

6.3.1.5. Ana AHWLL, N3roTOBJTIEHHbLIX U3 OQHOW 3aroTOBKMU, KO3 PUUneHT ¢ = 1.

6.3.2 InnunTtudyeckne U nonycdepnyieckne gHULA, HarpyxeHHble HapyXHbIM gaBneHUem

6.3.2.1 TONWWHY CTEHKM NpeaBapuTensHO BbIMUCNSAT No dopmynam (46), (47) c obazaTenbLHOU nocne-
aywollen nposepkoin no dopmyne (48)

Sy 28y, + ¢, (406)
- K,R [n,p 120R
rae >1p ‘max{ 161 \10 5’ 2[c] . (47)

[lna npegBapuTenbHOro pacdeta K, npuHUMarT paBHbIM 0,9 ana snnuntudeckux aHnw n 1,0 — ans
nonycdpepuiecknx aHuLL .
6.3.2.2 [lonyckaemMoe Hapy>XHoe AaBlieHUe BbIMUCAT No popMynie

p] = [P, _
1. ([p]n) (48)
\ [P]E
rae gonyckaemoe gaslieHne 13 yCIIoBUA NPOYHOCTU
2[c](s — C)
Pl = = 05(s, o) (49)

a JonyckaemMmoe AaBfeHne U3 yCrnoBus yCTONUYMBOCTI B Npedenax ynpyroctu

2610 E 100(sq - C)_z

n, | KR | (90)

[Ple =

6.3.2.3 KoathbpuumeHT K, onpegenatoT no rpaduky, npusegeHHOMY Ha pUcyHKke 9, unu no oopmyne (51) B
3aBUCUMOCTW OT OTHOLWEHUN D/s;—c n H/D:

- 1+(24 +8x)x

Ko = T3 GBoF10x)x° (5)
_10S1-C(D _2H
rAe x=10"75 (2/—1 D)' (52)

10 50 150 250 350 D/s,-C

PUCyHOK 9 — [ paduk ansa onpegenenuns kosdopuumeHta K,

15
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6.4 Topocdepuieckmne gHuula
6.4.1 Topocdepudveckme gHua, HarpyXeHHble BHYTPeHHUM U30bITOYHBLIM AaBrieHUueMm
6.4.1.1 TONWMWHY CTEHKU B KpaeBOUW 30HE BbIYUCIIAKT No opmMmyne

Sq2 S1p + C, (53)
pDy B
rae Sip = 2@1[(3]- (54)

[1ns cBapHbIX AHUL, cneayeT AONOSHUTENbHO NPOBEPUTL TOMLLNHY CTEHKU B LIEHTPpaibHOW 30He no dop-
Myne

Sq2 S1p + C, (55)
pR
rae S1p = Zolo] - 05p (56)

3a pacyeTHOe 3HayYeHne NpUHUMaT DoNbLUee U3 3HaYeHWI, NoNyYeHHbIX Mo popmMynam (53) 1 (55).
6.4.1.2 lonyckaemoe n3bbITOMHOE AaBneHne M3 yCnoBUsi NPOYHOCTU KpaeBoM 30HbI BbIMUCIAOT No dhop-
Myne

2(s8q —C) [G]
[p] = 191 B (57)

[1na cBapHbIX AHULL He0BX0AMMO ACNONMHUTENTbHO NPOBEPUTL AoNyCcKaeMoe U3DLITOUYHOE AaBieHNe N3 YC-
NOBUA NPOYHOCTU LeHTpanbHOW 30HbI N0 hopMyne

_ 2(81 —¢c)glo]
p] = R + 10,5(31 —c)’ (58)

3a gonyckaemoe gaBlieHWe NpUHMMaeTCa MeHbllee U3 AaBneHWn, onpegensaemMsix no gopmynam (57),
(58).

6.4.1.3 KoathbdoumumneHT [, onpegensoT no rpadpuky, npuseaeHHoMy Ha pucyHke 10, a B, — no rpaduky,
npveBedeHHOMY Ha pUcyHKe 11, N BbIMUCNAOT No popMynam;

SSNININERIIINRAIANRIINEAE
N

pol LI TNAL sELlIER

|
HE
|
aE
~
HE
~

T
T
TR
TR
ST
T
T

A
My,
4

NI EN/7A
/A
I Y /
I Y /
I T 7 A
HE /A
| offw|
B 1 S
N |' Y i

Y
N

PucyHok 10 — ['pachuk ana onpeaeneHuns kosdouumeHTa 3,
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2,8
EElINEENINERINEEE
SlIRENINEN I EEai
EEINREIINER I
AP
ANUIERINRAIINEAR

N
TSRO
’

-.I.-
1 Jy 1
1 Jjp
I Y 7 -

N\
i
i

-"‘-V‘
/AN A

S4-C
4 5 5
PucyHok 11 — ['padmk ansa onpeaeneHuns kosduumeHTa 3,
_ A -
™n A B, = max|1,25; 0,25| 3]— 1,00
(Vs ¢ y
_ e
Tvn B B, =max|1,00;0,12| 3—— + 3,75 ||; ¢
Vs1-c¢ ) (59)
_ e -
Tun C B, = max| 0,90; 0,12| 3(—1— + 3,20
Vs -¢ y

6.4.1.4 [lna agHWLL, N3rOTOBJIEHHBIX U3 LLENOW 3aroTOBKM, KO3SMPULUEHT ¢ = 1.

6.4.1.5 Ecnun gnuHa uunuHgpuveckon otbopToBaHHOW YacTtu aHunwa hy = 0,8 \/D1 (s, —¢), TO TONWMHA

UMNMHOPpUYeckon YacTu gHula gofmkHa OblTb He MeHblUle TOMNWMHBI obedalkn, paccyMTaHHOU No popMy-
nam (1), (2) npu ¢ =1.

6.4.2 Topocthepunieckue AHULLA, Harpy)xeHHble Hapy>XHbIM AaBneHUem

6.4.2.1 Topocepundeckne gHuLLa, Harpy>xeHHble Hapy)XHbIM gaBneHneMm, cregyeT paccuuTbiBaTh Mo oop-
mynam (46), (47) n (48) npn K, =1.

Kpome TOro, Hapy)Hoe gaBneHue He OOJIKHO NpeBbIlaTh gonyckaemMoe AdaBneHune, onpegensiemMoe rno
dopmyne (57).

6.5 Cchepuveckne HeoTOOpPTOBAHHbIE AHULLA U KPbILUKW

6.5.1 Cchepudeckme HeoTOOpPTOBaAHHLIE AHULLA N KPbIWKWU, HAarpyXeHHble BHYTPEeHHUM U30bITOY-
HbIM AaBreHUueMm

6.5.1.1 TonwWWHY CTEHOK KpbILLEK U AHULL onpeaenaT MeToA0M nocneaoBaTenbHbIX npubnmkeHun. ['pea-
BapUTENTIbHO TONWMUHY CTEHKM BbIYUCNAOT NO hopMyne

PR,

IR = 2[clho—-p° (60)
a 3aTeM no oopmyne

" pDp

SR = 2lho - p c1)

PacuyeT npoBOoAAT A0 Tex Nop, Noka pasHuua Mexay nNofiydeHHbIM 3HaYEeHUEeM Sip U NPUHATBLIM S4 NMPW
onpeaeneHnn koadpdpuumeHTa B no doopmyne (66) He byaeT npeBbillaTh 9 %.

17
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B kavecTBe pacyeTHOW TOJILWWHbLI CTEHKX AHULLA NN KPbILWKKW NpUHAMaKoT bonbllee W3 ABYX 3HaYeHUMN,
onpegendemMsix no gopmynam (60) u (61).
McnonHuTenbHasa ToNLWWHA CTEHKA

S1281r + C. (62)
6.5.1.2 donyckaemoe n3bLITOYHOE AaBneHue

[p] = min {[p4]; [p5]}, (63)

rae [p{] — ponyckaemoe n3bbITOUYHOE AaBNeHne N3 yCIOoBUSA MPOYHOCTU KPaeBOW 30HbI

2(s1 - ¢)g, [o]
P ="~ (64)

[p,] — ponyckaemoe n3bbITOMHOE AaBneHne N3 YCIOBUSI MPOYHOCTU LLEeHTParlbHOW 30HbI

2(s1 — ¢)o[ch

[p2] = Rc n (31 —¢c) (65)
6.5.1.3 } npu M < [M] BbluncnawT no gopmyne
gy
B=0>5- - -
x 4/41( J1 M I 3\/51 —C 1 I (x P ]3f2 N [X 35 _ CJSIZ (66)
“D(sy—c)y [M] D | fcosy \“si-c¢ >s - ¢

6.5.1.3.1 ['lpn 3agaHHbIX reoMeTpUYeCKNX pasmepax AHULL TPUroHoMeTpuyeckmne yHKLUMK BbIMUCTIAIOT MO
doopmynam:

2
2R
oosw=2gc; tgq;:\[ DC] — 1.

6.5.1.3.2 OTHOLLIEeHMe aonyckaeMblX HanpPsXKeHU BLIMUCNAOT No ddopMynam:

[0l . o] _[ols
e = o), L= 1ol 5 = o],

6.5.1.3.3 Bennuunubel A,, M, [M] onpegensatoT no goopmyniam, npueeaeHHbIM B Tabnuue 2.

Tabnunuya 2

PacyetHasa mogens M [M] A,

PucyHok 12 — — —
2 h2
PucyHok 13 p ng e tgy ﬂ[cﬂéa ah
PucyHok 14 O o (@ +sg) h
2 a — dg )h?

PucyHok 15 p Tcg (ex —etgy) + R, e3 n[o]y ( . 6) (a—dg) h

18
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ENCNCEN L N NN

PUCYHOK 12 — Cdhepuveckmne HeoTOOPTOBaHHbIE AHMLWA Be3 yKpennsawero Konsua

2l

I V2

h
VAV

7
R /
,

D
Fp
‘ D
C.I
PucyHok 13 — Cdepunyeckoe He- PucyHok 14 — Cdpepunyeckoe He- Pucynok 15 — Cdepudeckas HeoTbop-
oTOOPTOBAHHOE AHULLE C YKPEr- oTOOPTOBAHHOE AHULLE C KOMbLOM TOBAHHAas KPbILLKA
NALWNUM KONbLOM XXECTKOCTU Ha obevanke

[1lpeagBapuUTENBLHO pasmepsbl KonblUa a u h noabuparT U3 YCITOBUN:

ans mogenen no pucyHkam 13, 14 A, = 3lo] tgy;
K

no pUCyHKy 15 M < [M];

Mo PUCYHKY 13 Heobxogumo, YToDbI €, UMENO MUHUMAaSTbHOE 3HaYeHUe.

[Tpy Hapy>XHOM OdaBJIeHUM Ha KPbIWKY (CM. pUCYHOK 15) B dbopmMyne npu onpegeneHun M gaesneHue p
cneayet NpUHUMaTbL CO 3HaKOM MUHYC.

Ecnn npoknagka nexuTt Ha Bcel NpuBanovyHOW NOBEPXHOCTU, B popMyIe Npu onpegeneHnn M ansa KpblL-
KA (CM. PUCYHOK 15) e; = 0.

6.5.2 Cchpepunyeckne HeoTbOpTOBaAHHbIE AHULLA N KPbILWKU, HAarpy>XeHHble HapyXHbIM gaBrneHuem

6.5.2.1 TONWMWMHY CTEHKN chepnvecKoro cermeHTa gHuLLa Unu KpbILWKK NpeaBapUTenbHO BbIYUCASOT NO
dhopmynam (60)—(62) c nocneaytoLwlen nposepkomn no popmynam (67)—(69).

6.5.2.2 [lonyckaemoe Hapy>XKHoe gaBlieHUe BbIMUCAAKT Mo hopMysie

[p] = ——P

w“ﬂmhf 67)

[P]e
rae [p], — aonyckaemoe HapyXXHOe AaBreHne 13 yC0BUsi MPOYHOCTU B LLEHTPasibHOW 30HeE.
2(31 — C)[Gh

[p], = R+ (5, -C) (68)
[p]E— A0MNyCKaeMoe HapPy>XHOE AlaBJIeHnE N3 YCJTOBUA yCTOﬁHM BOCTW B nNpeaesiax yripyroCcri.
[mg:ﬁfﬂ&‘ﬁf- (69)
n, R,

19
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6.5.2.3 KoadppumuneHT K, onpeaensitoT no tadbnuue 3 B 3aBUCUMOCTU OT napameTpa R./ (s;—¢).

Tadbnnuya 3
DA cUeTHE 3HaveHue koaduumeHTa K. npu oTHoweHun R/ (s, — C)
MOAENN 25 50 75 100 150 200 250 300 350
n bonee
Ounwe (pncyHkm 12 —14) 0,33 0,19 0,17 0,15 0,13 0,12 0,12 0,11 0,11
Kpblwka (pUCYyHOK 15) 0,46 0,30 0,25 0,22 0,19 0,17 0,16 0,13 0,12

7 PacyeT NNOCKUX KpyrnbiX OHULY U KpbILWeK

7.1 ObnacTb NpPUMeHeHUs pacyeTHbIX c(hopmMyn
7.1.1 ®opmynbl NPUMEHUMBI AN1S1 pacyeTa NMNOCKUX KPYribIX AHULL U KPbILLEK NPU YCIOBUN:

31—0

Dy

< 0,11.

Sy —C
7.1.2 OonyckaeTca NpoBOAUTL pacyeT npu = > 0,11, HO 3Ha4YeHne JoNycKaeMoro AaBneHns, paccym-

Dy

TaHHoro no gpopmyne (75) unun (84), cneayet yMHOXaTb Ha NONPaBOYHbIN KO MPULINEHT:

K, = 2,2 .
\2
1+ 1+[681_C (70)

\ D

P
Ecnn npw onpegeneHun ToONWMHBI gHUWa no 7.2.1uvnn 7.3.1 B peaynbTaTe pacyeTa OKaXKeTc4d, UTo

31—0

D

XaTb ero Ha KoadppuumneHT Ko,
Mpn Ky [p] < p TONWKMHY AHUWa cneayeT yBenuumBaTh Tak, YTOObl ObIf10 BbIMOMHEHO YCNOBUE:

> 0,11, TO HeobXOOAMMO ACNONHUTENBLHO ONpeaenaTh Aonyckaemoe gasneHue no 7.2.7 unn 7.3.8 N yMHO-

Kyolp] = p.

7.1.3 ®opmynbl 4Na pacdeTa MIOCKUX KPYbIX OHULL U KpbILWEeK ¢ paguanbHbIMU pebpamm XKecTKOCTU
MPUMEHUMBbI NPU cneayLWmMX YCNOBUSIX:

D, - dg
2h

nA, o] 42
P P ,

> 5,0; n>o;

7.2 PacyeT NNOCKUX KpyrnbIX AHUL U KpbILWeK

7.2.1 TONWMHY NOCKMUX KPYTrNbIX AHWULL U KpbILLEeK cocydoB M annapaTtoBs, paboTalowmnx nog BHYTPEeHHUM
M30LITOYHBLIM UIMN HAPYXKHBIM AaBNeHNEM, BbIMUCNAKT No hopMynam

S12 8y, G, (71)
P

[.2.2 KoadhpnuneHT K B 3aBUCUMOCTU OT KOHCTPYKLIMX OHULL U KpbILLEK onpeaensaoT no t1abnuue 4.
20
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Tabnunuya 4
YecnoBueA 3akpenneHus HOHHA
Twun PUcyHOK y KEblLueK » K
1 a>1,7s 0,53
Dp =D
2 a>0,85s 0,50
Dp =D
3 >~ % 025 0,45
S —C
>~ ¢ 5025 0,41
31 — C
Dp =D
4 S—C < 0,5 0,41
S1 —
>~ %505 0,38
S1 —C
Dp =D
5
S—C
- < 0,29 0.45
S—C
>
e 0,41
Dp =D
a>0,85s
B D =p 0,50
p
S1 —C
>~% 505 0,38
S1 —C
Dp =D
8 S_C<Oj 0,41
S1 —
>~ ¢ >05 0,38
S1 — C
Dp =D

2
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OkoHyarue mabnuubi 4

YcnoBus 3akpenneHusa gHULL
Tun PuUcyHoOK A KpbILLIEK K
0 max {s, 0,2531} <r<min {31; 0,1D} - -
h,>r K = max 0,41[10,233“’];0,35
D,=D-2r i S1—¢C ]
10
>~ % 205 0,41
S —¢C
S—C
>
5 ¢ O 0,38
D =D
0,258, < r<s1 — S,
30° <vy< 90°
11
_ 0,40
D, =D,
12
_ 0,41
Dp - Dc. M
7.2.3 K, Ana AHNL, U KpblLLeK, UMeLMX 0AHO OTBEePCTUE, BbIYUCIIAIOT Mo popMyne
2
_ . d | d
KO_\1. D, '[Dp] . (73)

B .

KoapbdpmnumeHT K, onpegenatoT a4na Hanbonee ocnabneHHoro ceveHna. MakcumanbHyo cyMmmy ana anmH
Xopd OTBEPCTUN B Hanbonee ocnabneHHoOM AnamMeTpanbHOM cedeHnUn QHULLAa UNK KPbILKK onpeaenatoT cornac-
HO pucyHKY 19 no popmyne Zd; = max {(d, + d3); (b, + bj)}.

OCHOBHbIe pac4yeTHbIe pa3Mepbl OTBEPCTUM YKasaHbl Ha pyucyHKax 16, 17.
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PUCYHOK 16

PucyHok 17

7.2.5 K, Ana gHULW 1 Kpbllek 6e3 0TBepCTUX NPpUHUMaoT paBHbIM 1,0.

/.2.6 Bo Bcex cnyvasix npucoeguHeHnUsa aHuula K obevanke MUHUManbHas TonwmHa NnocKoro Kpyrnoro
OHWLAa aomKHa ObITb HE MeHee TOSMLWWHBLI 0bevankin, BbIMUCIEHHOW B COOTBETCTBUN € 5.3.

[.2.7 Jonyckaemoe gaBneHue Ha nNnockoe gHULLE U KPbILKY BbIMUCAKT No hopMyne

[p]=(

\2
> 2 1 [o]e. (75)
KK, D, |

7.2.8 TonwunHy s, ana tunos coegnHeHns 10, 11 1 12 (cm. Tadbnuuy 4) BbIMUCIAKOT No popmMmynam:

- ana Tuna 10:

- ana tunos 11, 12:

S, > max

S, > max

1,1s:

0,7(s; - ¢); (81 - €)

S —C

Dp — 2r

14 1,2(81 —C) > .

siny

(0, ~D,)D; (76)

+ C
Voo

7.3 PacyeT NNOCKUX KPpYrnbIX KpbilWeK ¢ 4ONONHUTENbHbIM KpaeBblM MOMEHTOM
7.3.1 TONWMHY NNOCKUX KPYTNbIX KpbIWEK ¢ AONONHUTENBHLIM KpaeBblM MOMEHTOM (PUCYHOK 18) noa Aen-
CTBMEM BHYTPEHHEr0 AaBNEHUS BLIYUACIAOT NO hopMynam

rae

§12 81, tC, (77)

S1p = Ko Kg D, \ P (78)

7.3.2 KoathmuneHT K BbIMUCTAOT No hopMyre

Ks = 0,41

\

D+ (79)

AN No rpadonky, NpuBedeHHOMY Ha pUcyHKe 19, B 3aBUCUMOCTU OT OTHOWEHNN D4/ D, ny.
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Dy
Dy

SN\ 557
NN

N

PUCYHOK 18 PucyHok 19
3Ha4veHue  BbIMUCTAOT Mo oopMyIie

pp
e Q—i, (80)

rae Q,=0,785pD?. ., P, Pg —onpepensioT no FOCT P 52587.4 ana pabounx ycnoBuii 1 yCrnosuin MoHTaxa.

7.3.3 KoabpuumeHT K, BbluncnstoT no coopmyne (73) unu (74), ecnn £d;< 0,7D,; npn 3TOM OTBEPCTUSA ANSA
OONTOB B pac4eT He NPUHNUMALOT.

7.3.4 Ona KpbILWKKX, UMetoLLen nas ans neperopogku (Hanpumep, kKamep TennoodbMeHHWKa), 3Ha4YeHMe Ko-
athbpuumneHTa K; ansa onpeaeneHns TonwmHbl B MecTe nasa (CM. pUCcyHOK 186) BbIMMCNSAIOT C y4eTOM YCUUS OT
cXKaTWe NpoKNaaky B nase no gopmyne

1+3w( Ds 1]+9,6 D3 S4

K — 0 41 DC.ﬂ DC.FI DC.FI

6 ’ D, ’ (81)
\ b,

7.3.5 TOMNLWHY NIIOCKOW KPYTNOW KPbILLKK C ACMONHUTETbHBIM KpaeBbIM MOMEHTOM B MECTE YNIIOTHEHUS S,
(prcyHoK 18a) BblUMCNAT No opmyne

Sy Z max {K7 \/6, [());GI_I (I)} + C, (82)

rHD Mﬁ
Ps . Pg

rAe @ = max{—2;
[o]p " [o]y

e .

A

B popmyne (82) npun onpegeneHnn ® nHOEKC «P» YKasblBAET Ha TO, UTO BEJIMYMHA CyMMapHOro 60NToBoro
ycunusa Fg , 1 4ONyCKaeMoro HanpsbkeHus ans MaTtepuana KpbIWKM OTHOCUTCA K paboyemy COCTOAHMIO UMK
MCMbITAHUAM, 2 MHOEKC «KM» — COCTOSAHWIO MOHTa)a.

7.3.6 KoatpduuneHT K7 BeIMUCNAOT NO popMyne

D,
\D

C.N

K, =0,8 1 (83)

MK onpeaenatoT No rpadouky, npusegeHHOMY Ha pucyHKe 20 B 3aBUCUMOCTU OT OTHOLLUEHUS AnaMeTpOoB.

7.3.7 TONWMHY Kpaqa NNOCKOW KPYrnou KPbILWKK ¢ AOMONMHUTENbHLIM KpaeBblM MOMEHTOM BHE 30HbI YINOT-
HeHWs1 S5 (CM. pUCYHOK 18) BeiUMCnsAT no oopmyne (82), npu aToM B hopmynax (82) n (83) smecto D, , crnieayeT
1PUHATE L5

/.3.8 lonyckaemoe gasneHune ans niockon Kpyrnowu KpbILWKKX ¢ AONONTHUTENbHBIM KpaeBblM MOMEHTOM MNPy
MOBEPOYHBLIX pacyeTax BbIMUCIAKT NO popMyne

2
[PI{K?K;EJ 6], (84)
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K7
0,9
0.4
0,3
0,2
0,1

0,0
1,0 1,111,213 14 1,5

PucyHok 20

FOCT P 52857.2—2007

Ds

D

c.n

7.4 JHULWAa U KpbILWKKX NNOCKWUe Kpyrnble ¢ paananbHbIMU pebpaMin XKeCTKOCTMN.
/.4.1 Pac4yeTHble cxeMbl AHULL, NpuBedeHbl Ha pUcyHKax 21 — 24.

d
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F
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S B
D,=D
PUCYHOK 21
11U 2
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RSSSSSSSSEY | I f
§ 4l i~
VN 1M =
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s I D, =D
PucyHok 23
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PucyHok 24

7.4.2 [1nqa onpegeneHnsa AonyckaeMoro n3bblTOYHOro gaBlieHUs npegBapuUTenbHO onpeaenatoT cneayto-

LLIne napamMeTpsbi:

- PACHETHOE PaCCTOAHNE OT NOBEPXHOCTU TMITaCTUHKU A0 HWXXHETO TOPLA BTYII1KW.

h

- PACHETHAA BblCOTa BTYIIKW.

P

- OTHOCUTENbHbLIA pPaanyc BTYJIKA:

= min{hg; 0,27\/(0’0 — fg) 1 |
H, = min {H;; (h + s1 + h))};
d
Po = D_ﬂ1r

(85)

(86)

(87)

- paccTosiHUE OT CpeAVHHOW NOBEPXHOCTU NMacTUHbI 40 HEUTPalNbHOW NOBEPXHOCTU:

_ Ayl
- 27D, [o] '

€4

(88)
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7.4.3 Narnbatowmim MOMeHT ANng BTYIKM BbIMUCNAKT No hoopmMmyne

[6]. ¢ (t, — C) S 2 S 2
i e (Hp T _71) +[e4 " +71j | (89)

h— —

7.4.4 NNarnbarownym MOMEHT A4Na NNacTUHbI BbIMUCNAKT No popMyne

4 RV
M, =lo]| & + S| (90
\ /

7.4.5 Varmbarowimi MmomMeHT ans opedbpeHHOW NnacTUHbI BbIMUCAAOT No oopMyne

[o], enA S — C
M, =M_+ F'Jltdo p(en—e4: 12 ) (91)

7.4.6 Obo0LeHHbIV gonyckaeMbl N3rnbaroLlLn MOMEHT criegyeT BobiOnpaTe HaUuMeHbLUUM U3 MOMEHTOB
M. M,:

M, = min {M,; M,}. (92)
7.4.7 CymMapHbI U3rndbaroLwnym MOMEHT BbIMUCIAROT Mo doopmMyne
Mc = MT (1 o pn) + anﬂ- (93)

Ecnun ueHTpanbHasi BTynka oTcyTcTBYET (p, = 0), a pebpa nepecekatoTcsl B LEHTPE UM BMECTO BTYIKW
MMeeTcs crnolHas 606blIlKa, TO CyMMapHbIA U3rnbaroLMi MOMEHT BbIMUCASAT No dopMye:

[c], pnA Sy —C
M. =M. - ;Dp p(eo—e4 . ) (94)

7.4.8 lononHnTensHoe ycunue, AeNCTBYOLLEee Ha LiIeHTparbHYH YacTb KPbILKA (OHWLLA), OMKHO COOTBET-
CTBOBAaTb YCITOBUIO:

= (99)

7.4.9 Jonyckaemoe n3bbITouHOE AaBneHne, AeACTBYOLLEe Ha KPbILLKY (AHWLLE), BBIMUCIIAT No doopmyne

[p] = min {[p4]; [p,]}, (96)

12[2nM, + Qy (1 - py )
DS (1-p5) (37)

rae [P1] =

Ecnu HanpaeneHue aencTeus yeunua Q, coBnagaeT ¢ HanpaBleHneM AeNCTBUSI AaBNeHUs!, TO B hopMy-
ne gnsa onpegeneHua [p4] nepeg Q Hago NOCTaBUTL 3HaK MUHYC.

12[6](sy — ¢)* (1 + sin &)?
[p2] = 1 > T (98)

nDp sin*
n

8 PacyeT KOHN4YeCKMUX odevyaek

8.1 Pac4eTHble cxeMbl U pacyeTHbIe NnapamMeTpbl

8.1.1 Ha pucyHkax 25 — 30 npuBeaeHbl pacyeTHble cXeMbl y3/10B KOHUYeCKUX obevaek.
8.1.2 PacuyeTHble NapamMmeTpbl

20
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8.1.2.1 Pac4yeTHble gNWHbI NepexogHbIX YacTel BbIMUCSIOT No opMynam:
- ANS1 KOHUYECKUX U UunuHapunyeckux obevaek (CM. pUCcyHok 25a, 6):

_ D (e _
a, ‘0*7\/003{11 (s, — ¢),

8y, = 0,7/D(s, — C);

- ONS1 KOHUYECKNX U LnnnHapuyeckmnx obevaek (CM. pUCyHOK 26):

_ D _
a1p _0’7\/003(11 (S; — C),

8y, =05,D(s; — €);

- ANs UnuHapuyeckon obevankm nnu wtyuepa (CM. pUCyHoK 258):

a,, = 125,/D;(s, — ).

%
N

) VD08, ~

4 NI\ AN

a
: f

S g D1I
N N

: '
AN ' .? % |

b\

s\ AR~ A

N
v

77
A,

a4 — COeIWHEHUE KOHUYECKOU U UUnuHOpudeckon obevaek, 6 — coeuHEeHUe KOHUYECKOW U UUINMUHAPUYEeCKOW obedaek ¢
VKPENMALWNUM KOMNMbLOM, 8 — COeUHEHUE KOHUYECKOU obevankm ¢ UMNUHOPUHECKOU MeHbLIero gunametpa

PUCYHOK 25 — CoeguHeHne obevaek 6e3 TopomnaanbHOro nepexoga

27
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PucyHok 26 — CoeamnHe-  PycyHok 27 — Oc- PucyHok 28 — CoeauHeHune kococum- PucyHok 29 — KoHudeckas
HMe obevyaek C TOpO- HOBHblE pa3mMepbl MEeTPUYHbIX obevaek obevanka ¢ KonbUuaMmn XKeCT-
naanbHbIM NEPEXOOOM KOHUYECKOIo rnepe- KOCTHU

Xo4a

> 38!

8

a — [JHUWLLE ¢ TOpOoUAanbHbIM Nepexoaom, 6 — gHULLE ¢ YKPEnnALWnUM KONbLOM, 8 — AHULWE ©e3 TOpouaanbLHOro nepexoaa v
YKPEnnswLero KonbLa

PncyHok 30 — [onorme KkoHn4eckue gHuula

8.1.2.2 PacueTHbIV gnameTp rnagkon KOHUYecKor obevalnky BeIYUCSIHOT No hopmyne:
- ANs1 KOHKMYecKkoW obevankm bes3 ToponganbHOro nepexoga (CM. PUCYHOK 25):

D =D-1,4asin o.;
- A9 KOHNYeCcKou obeYvalnky ¢ TopouaanbHbIM Nepexogqom (CM. pUCYHOK 26):
D=D-2[r(1-cosa,)+0,70, sina.];

ans KoOHU4Yeckux obevaek co cTyneH4da1blM UBMEHEHUEM TOJILLWH CTEeHK AO114 BTOpOI7I N BCEX NOCNeaAVHLWNX

YyacTeW 3a pacyeTHbIV anameTp D, AaHHOW YacTu obevalkn NpuHUMaroT BHYTPEeHHUU anameTp OonbLlero ocHoBa-
HNSL.

8.2 O6nactb M ycnoBusi npuMeHeHUs pacyeTHbIX chopmMyn

8.2.1 PacyeTHble popMynbl MPUMEHUMBbI NPY COOTHOLLEHU MeXxay TONWMHOW CTEHKN Hapy>XHOW obevanki
N AnameTpoMm B npegenax

0,001 < STCESW < 0,050.

BbIinonHeHWe Takoro ycnoBus Ans nosiororo KoHn4Yeckoro auuuia (o > 70°) He TpebyeTtcs.
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8.2.2 Pac4deTHble doopMynbl, NnpuBeaeHHble B 8.3.10, 8.4.2 1 8.5.1, npUMeHUMbI NpU YCITOBUK, YTO pacyeT-
Hble TeMnepaTypbl He NPeBbLILLAT 3HAYEHUN, NPU KOTOPLIX A0/KHA YUUThIBATLCS NONM3YyYeCcTb MeTannos, T. €.
pyY TeMnepaTypax, korga gonyckaemoe HanpsikeHne onpegendeTcd TOMNbKO No npeaeny Tekydecty Unm BpeMeH-
HOMY CONPOTUBNEHUIO (Npeaeny NPOYHOCTH). ECNU TOYHLIX AaHHLIX HE UMeeTCH, TO popPMY bl NPUMEHUMbI NPA
VCNOBUU, YTO pacyeTHas TeMmnepartypa CTeHKM obevyalku 13 yrnepoancTton ctann He npesblilaeTt 380 °C, 13
Hu3konernposaHHoW ctanm — 480 °C n ns aycteHUuTHOUM — 525 °C.

8.2.3 PopMyIbl HACToALLero ctaHgapTa He NPUMEHUMbI 4NA pacyeTa Ha NPOYHOCTb KOHUYECKNX Nepexo-
OOB B MecTax KpenJieHUa pyballKn K Kopnycy.

B aToM cny4dae pacyeT npoogat no [OCT P 52857.8.

8.2.4 ®opMyIbl HE NPUMEHUMbI, ECNN paccTodAHNE MeXay ABYyMA coceaHMMK y3namm obedaek MeHee
CYMMbI COOTBETCTBYIOLLMX pacyHeTHLIX ANTMH obeYaek Unn ecnin paccTodaHWe OT y3J10B A0 ONOPHLIX 3JTEMEHTOR
cocyaa (3a UCKNoYeHNeM HBOYHbIX ONOP U ONOPHLIX Konew) MeHee yaBOeHHOW pacyeTHOW ANMMHBLI obevalKn no
8.1.2.1.

8.2.5 PacueTHble popmMynbl TPUMEHUMbI MPU YCNOBUK, YTO UCMIONHUTENbHLIE ANTMHBI NEePEeXOoaHbIX YacTel
obeyvaek He MeHee pacdeTHbIX ANTUH a4 U as.

Ecnun 310 yCcnoBKe He BbINOJIHEHO, HYXXHO MPOBECTU NPOBEPKY AOMNMYCKAaeMoro AasfeHus, npuvyemMm BMecTo
S1 U S, MOACTaBNANT:

- AN coegmMHeHUa obevaek bes ToponaanbHOro nepexona

a
S, = Max<——8;; sﬂ}; Sy, = Maxs 3_232; St
| “2p

A

- ONd coeguHeHns obevaek ¢ TopouaanbHbIM Nepexoaom npun onpegeneHnm koadgpdgpuymeHTta B no gopmy-
ne (114)

S14 :max<—sT;sK}; Sy, = Max{—=S;; S»;

S, S — (hakTuveckune TONLWMHBLI CTEHOK NpUcoeaMHeHHbIX obevaek (CM. PUCYHKN 25, 26).

8.2.6 PopMynbl y3NOB KOHUYECKUX U UUNnHApUYecknx obevaek bes TopongansHOro nepexoga npumMeH1UMb|
NP YCINOBUW BbINONHEHUA YIITOBOMO LWBa ¢ ABYCTOPOHHUM CMJIOLLHbLIM NMPOBaPOM.

8.2.7 VIcnonHUTeNbHYO TONLWLWHY CTEHKN KOHUYECKOro anemMeHTa B MecTe coeanHeHUa AByX obevaek s4, S»
WK S, BCerga npuH1UMaroT He MeHee ToSWMHBI S, onpegendeMon no 8.3.1 unn 8.3.2,8.4.1mnn8.4.21n 8.8.1, and
COOTBETCTBYHOLLNX HATPY3OK.

McnonHnTeneHaa ToNwmHa CTEHKN LMNMHAPUYECKOro anemMeHTa B MecTe coeAHeHUs AByX obevaek A0Mk-
Ha ObITb He MeHee MUHUMalbHOW TONLLWHBLI CTEHKK, onpeaenaemMoun no gopmMynam pasgena o.

8.2.8 PacyeTt yKkpenneHua OoTBEpPCTUN KOHMYeCKnX obedvaek npoBogaT B cooTBeTCTBUM CT OCT P 52857.3.

8.2.9 Pac4yeT TONLMHBLI CTEHOK NepexodHOor YacTun cbevaek NpoBoaAaAT NTMHO MeToaoM nocrneaoBaTeslbHbIX
NpUoNmMxXeHUU Ha oCHOoBaHUM NpedBapuUTenNbLHOro nogbopa 1 nocneayroLlen NpoBepKn ANA BblopaHHbIX 3HaYeHU

[ Y 31—0
S, —C Sy, —C’

nnoo cpasy c NOMOLLbLIO gnarpamm.

Ecnu gonyckaemble HanpsbkeHUa MaTepranoB YacTen nepexoda oTnnyaroTCca gpyr oT gpyra, TO pacyeT no
avarpammam nNpoBoasiT NPY UCNONb30OBaHUN MEHbLLEro N3 HUX.

3a gonyckaemoe gaBrieHue, 0CceByo cUny 1 narmbaroLmim MOMeHT ANnda KoHU4Yeckou obevankm NpuHUMatoT
MeHbLLee 3HavyeHne, nonydyeHHoe N3 ycnoBUda NPOYHOCTU U YCTOUYMBOCTU rNagkon KoHUYeckon obevankn 1 n3
VYCITOBUA NMPOYHOCTU NepexoaHon YacTu.

8.2.10 PacueT npumeHnM TakxKe Onst KOCOCUMMMETPUYHbLIX obevaek, coeAUHEHHbIX ¢ LMNUHAPUYECKUMN
obevankamu. PacyeTHble BeNMUYUHBI 0y, D 1 D4 npuBeaeHbl Ha pUCyHke 28.

8.3 KoHn4yeckume obevyamku, HarpyxeHHble gaBrneHnem

8.3.1 maakue KOHUYeCkue obevyauku, HarpyxeHHble BHYTPeHHUM U30bITOYHLIM AaBneHneMm

8.3.1.1 ToNnwmnHy CTeHKM rnagkon KOHUYeckKon obeyankm BbIMUCIAT Mo oopmyne

S =St C, (99)
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_ pD; 1
A Skp = 29 [c] — pcosay (100)

8.3.1.2 lonyckaemoe BHyTpeHHee N30bITOUHOE AaBNeHNe BbIYUCTIAKT No oopmMyne

o1 = 20195 (5~ ©)
D (s —¢) (101)
COS 04

8.3.2  nagKkne KOHUYeCcKMe obevyaruKkun, HarpyxeHHble HapyXXHbIM AaBreHUueMm

8.3.2.1 Pac4eTHble popmMynbl NPUMEHUMBI NMpU yecnoBun oy < 70°.

8.3.2.2 TONWNHY CTEHKM B NEPBOM NMPUBITMKEHUN BEIMUCTIAIOT Mo doopMynam ¢ BBegeHneM adpdpeKTUBHbIX
pa3MepoB C nocreayrwen nposepkon no popmyne (104).

SK — SK.p + C, (102)
24 ( \O4
roe Syp = Max: 1,0610 Ok ‘_% e ; 12p Dy 11 (103)
| By (10°EDg ) " 2¢5l0]-pcosay

[pwn npeaBapuTensHOM onpeaeneHn TONWMHbLI CTEHKM B Ka4ecTBe pacyeTHbIX /g, Dg , By npuHUMarloT
BENMNYUHLI, onpeaensiemMele rno gpopmynam (107) — (109).
8.3.2.3 [lonyckaemoe HapyXXHoe gaBieHne BbIMUCIAKT No popMyIie

p] = “"[]“] -
p (104)
1 1
VT ([P]E)
roe gonyckaemoe gaBfieHue 13 ycrioBUs MPOYHOCTU:
2[c](s¢ — C)
[p]n = :
D 4 (s, - ¢) (105)
COS 0.
1 OOoMycKaemMmoe aaBlieHne U3 yCroBUSa YCTOMYMBOCTU B Npedenax yrnpyrocTtu:
 208-10%E D [100(s, - ¢) T
[p]E - ny 51 [E I DE ) (106)
2 PeKTUBHbIE pasMepbl KOHUYECKON obeYvankn BIMUCNSIOT No oopMynam
_D-b
g = 2sinouy (107)
B ‘D+D. p D+Dy, |
D = max: Jcosa,’ Cos, 0,31(D + D1)\ s —c tgo - (108)
3HaveHune koaddnuneHTa B BbIMUCIALOT Mo popmMyne:
o . Dg De
B, = mln{1,0, 9,45 e \100(s, — ¢) g (109)

8.3.3 CoegnHeHne obevankm 6e3 ToponaganbHOro nepexoaa (CM. pUCyHOK 25a)
8.3.3.1 PacyeTHble oopMynbl MPUMEHUMbI NMPU YCIOBUSIX

o < 70G; (81 — C) > (82 — C).
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Ecnn (s;—c¢) £(s,— ), TO NpM NOBEPOYHOM pacyeTe crnegyeTt NpuHMMaTh
S{—C=8,—C.

8.3.3.2 TONWMHY CTEHKU U3 YCINOBUA NPOYHOCTN NepexoaHoi 30HbI BbIYMCIIAT No dopmMynam:

pDP,
P~ 2 [6]2 Pp — P

Sy : (110)

Sy 2 Sy, t C. (111)

[Tpn onpegenennu B4 koapdnumeHT B BolYMCHAOT No popmyne (114) nnu onpegendaoT No agnarpaMmme
(CM. pUCYHOK 31).
PacyeT TONWMHBI CTEHKU KOHUYECKOro aneMeHTa nepexoaa npoBoAsaT € MOMOLLbKO OTHOLUEHUS TOSLLUH

S —¢C)\.
CTEHOK | 5 —¢ |

S —C
S z(sz_cjszp +C. (112)

8.3.3.3 KoadpbdnuneHT oopMbl BbIMUCTAOT Mo popmyne

B1 = max{0,5; B}, (113)

‘ae 3 onpegenstoT no opmyne (114) unu no pucyHkam 31— 32 npu s, — ¢ = Sy, 1 AONYCKaeMOM HanpshkeHn K
©] = min ([o]y; [c],).

AN ENSN AN INNINNNOINNINISNEN L L e f b 11 £ ]
k‘-‘I‘lﬂl\‘nkll‘l‘l‘ﬂu|||I‘I!lI!I.!lN!lll.lllllllll..h.........
CINENN NAN NN NN NSNS NN IS T TP el ] ]
HRVIWLAWINYAARNRZWNIAWRLCTNNANYALWIANENIIIEEIEEEEEEEER N Nl
B A VA VA VLR LV VA W WA . N e e~ A I I B _
HEEILNMAMNWNMWVALNNIRRIILOOANAAIRNANAGIIIEEIENEEEE-NEEERAL. N "
L TTEENCINNCANNNNN NINONINNENN NS INE T " T INE T T LS
=======E=Ei‘w=12=E==T=:!H!I=:=:5==E=E=EE==E' ot sl || [ ™ B
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PucyHok 31— [unarpamma ans onpeaenexHnst koadduunenta f npu pacyere TONWUH CTEHOK NEPEXoaoB obevaek
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_ D tgo
B_OE4NS2_C 5 0,25
14y $4—C
- [sz —c] S — C (114)
\ 2COS 04 A S, —C

8.3.3.4 [lonyckaemoe BHYTPeHHee N3ObITOYHOE NN HapYXXHOE gaBneHue [p] 3 ycnoBUA NPOYHOCTU Nepe-
XOOHOW YacTu BbIMUCTIAOT No opMyne

2[5l ¢p (S, — C)
Pl = 505, o) (115)

rae koadpdpuymeHT 3, onpeaenatoTt no 8.3.3.3.
8.3.4 CoeanHeHNe KOHNYECKOU 00eYanKn ¢ YKpennAaLWnMM KONbLOM (CM. PUCYHKN 256, 29)
8.3.4.1 ®opmynbl IPUMEHUMbI NPU YCIIOBUSX:

o <70°
npu coeauHeHUn ¢ ULMnuHApuYeckon obeYvankon (CM. PUCYHOK 256);
(81—1¢) > (s2—0).

Ecnun (s, —c¢) < (s, —¢), TO Npx NOBEPOYHOM pacyeTe criedyeT NPUMHUMATb S4—C =S, — C.
PacueT npMeHnM TOMNbKO NpW OTCYTCTBUN U3rbatoLLero MoMeHTa Ha KorbLie.

‘LlIIEIL.IL-‘ll‘!l‘!L‘.'I!IIi!l_I!lll‘lllll.llllllll............-
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Pucynok 32 — [unarpamma ans onpegenenns kosdduunenTta B npu BbINONTHEHUM MOBEPOYHOro pacyera

8.3.4.2 [lnowaab nonepeyHoro cevyeHmns yKpennsaLero Konsua BelMUCIAT No oopMye
- NPY coegUHEHUN MO PUCYHKY 256.

A pD? tga., . _Ba+025
K~ 8ol ¢, 8+025 )

(116)
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e pa = Aokr _q)(220) (117)

KoadhdouumeHT  onpegenatoT nubo no oopmyne (114), nubo no guarpamme (CM. pUCYHOK 32).
[Tpn A, < 0 ykpenneHne KoNbLOM XeCTKOCTU He TpebyeTcs;
- NpW coeanHEHNN Mo PUCYHKY 29:

_ pDtga,

A = :
© 8lol o

(118)

B cnyyaax gencTsusa Harpyskn oT Hapy>XHOro AaBfieHUS UK OCEBOU CXKUMaloLLLen CUnbl, N narndatoLLe-
ro MOMeHTa CBapPHOW LLIOB CTbIKOBOIO COeaMHEeHUs KonbLa gomkeH ObITk NpoBapeH HenpepbIBHbLIM LUBOM. [pn
onpeaeneHnn Nnowanun nonepeyHoro ceveHns A, cneqyeT yuuTbiBaTh TakKe ceveHne CTeHoK obevaek, pacnosio-
)KEHHOE MEeXy HapYXKXHbIMU LLIBaMU KONbLIa 1 obevaek.

8.3.4.3 [lonyckaemoe BHyTpeHHee N3DbLITOYHOE NNU Hapy>KHOe AaBlieHne U3 YCIOBUA NPOYHOCTU Nepexoa-
HOW YacTW BbIMUCTIAOT Mo popmMyiam:

- NpY coeauHeHUM No PUCYHKY 256

B 2|c]; Pp (Sy - C)_
Pl = DBy + (s, —¢) °

(119)

- NpU coegMHEHUN NO PUCYHKY 29:

8ol ¢
= A kK YK
[p] = A 9o, (120
8.3.4.4 Oownn koappuuneHT popMbl AN NepexogHon YacT paBeH:
B2 = max{0,5; Po}, (121)
] _ _
14y [31 — c}
D _ Sp — € S1—C
0’4\f32 ~ ¢ 90~ Bs) 1 +\ 2cosoy  * (32 — c)
o = _ _ (s—¢cY _ _
(R
A s Cer e (122
2 \‘ 2cosa;  ‘ls, —c
B, 1 B; BbIMUCNAIOT NO popMySiaMm:
16 A -G] o,
B, = - K K =
° (s, - ¢)JD(sy — ) [0l20; B3 = 0,25, (123)
8.3.4.5 [NpoBepKa NPOYHOCTN CBAPHOTO LLBA YKPENNSOLLEero KonbLua
4A
2.t =2 DK’ (124)
roe th — CyMMa BceX 3(pdekTUBHbLIX LLUMPUH HECYLLIMX CBaPHbLIX LWBOB MeXay YKPennsoLwmUM KOnbLOoM

obeyarkomn (CM. pPUCYHOK 256).

Y NpepbIBUCTOrO CBApHOro LWBa AeUCTBUTENbHAA ero LWMpUHA YMeHbLLIaeTCsl B OTHOLLEHUM ANTUH CBApPHOIo
LLIBA U BCEro nNepumMeTpa obevankn. PacctosaHne mexay KoHUaMU NPEepPbIBUCTLIX CBAPHbLIX LLBOB AOMKHO ObITh HE
Oonee BOCbMW TONWWH CTEHKN 0Bevankm 1 Cymma BCceX ASNH CBapHbIX LUBOB He MeHee MOJIOBUHbI ANUHbBI KOHTY-
pa KonbLa.
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8.3.5 CoeauHeHUe obeYvaek ¢ ToponganbHbIM NepexoaoM (CM. PUCYHOK 26)
8.3.5.1 PacueTHble oopMyInbl NPUMEHUMbI MPU YCNOBUAX

a1£70°; 0<5<03

8.3.5.2 TONWWMHY CTEeHKM NepexogqHo YacTy BbIYUCNAKT No oopmMyre

Sy 28, tC, (125)
_ pDBs
raoe ST.p o 2(Pp [G] _ p' (126)
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— NN T

T/ ‘m--.unu---mnmnw.x EENENN
SN A A T A A T T INCEN NN
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AV VTV A X Z T T T NENINSONNWN

U N AA VALY L LT OINCTTINEINTE NTSANNI |
U/ VIAaAAS b f— - NTTIINTINGOS N TARANNNITE
IHNNSAV.A'A4AEEENENENENEEEEEELNEIIANIL NCTNYAMWL
1L T A YI/IAA L LT 1L LT [ b FDENTHEINIENG TN NN

1NN NIFANSAVAEEEEEEEEEEEEHIIEELNRNNEnIINN e
| Aviv.V./ AR EEEEEEEEEEEHIILTNIWZWNNASEALNRNNNNE
HAASAEENEEENNENNEEEEENIINIAENTIEWNDYD\N Y
'mmnIIIIIIIIII--lIIlIIIIIL‘!II-NIEIIIII!II&Y\\
"!‘"‘------------.“.llllll.hl NUEAVTTERNMTANAN
AS/EnNEEEEEEEEEEEEENININHNSEAITIH RN
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[clo,

PucyHok 33 — [duarpamma ansa onpegeneHnsa kosdouumeHTa . npu pacyeTte TOMNWMH CTEHOK — NepexoaoB obevaek

B, onpenenstoT no 8.3.5.4.
8.3.5.3 [lonyckaemoe BHyTpeHHee U3DbITOYHOE UMK HapYy)XKHOEe AaBreHne N3 YCoBUS MPOYHOCTU Nepexo-
HOW YacTn

2[c]e, (S — €)
[Pl = Bg (5. o (127)

KosdodpuuneHT 35 BolumcnaroT no popmyne (128), B v B, — no doopmynam (114) 1 (129) nnu onpegenaroT no
avarpamMmmam, npueeaeHHbIM Ha pUcyHKax 32, 34.
8.3.5.4 3; paBeH:

B3 = max{0,5; B~ By}, (128)

rae B sbidmncnaT no popmyne (114) nnu onpenenaroT No guarpamme, npMeeeHHOW Ha PUCYHKe 32.

_ S~ C
(= 1M[82—C)_1'
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VLV VA VA YITAAL L L P LAY
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PncyHok 34 — [narpamma ans onpegeneHvs KosduumerTa . npu BbiMONHEHUM NOBEPOYHOIO pacyeTa

KoahdonuneHT B, BluncnaT no dpopmyne (129) unu onpegenstoT no guarpamme, npuseaeHHOW Ha pu-
CyHKe 34

BT: 1

0,028(116\/8 D -
-

1+ (129)

1 -1
\/cos L1

8.3.6 CoeanHeHMe WTYyLepa UNU BHYTPEHHEro UMNMHAPUYeCcKoro Kopnyca ¢ KoHM4eckom obevau-

KON (PUCYHOK 258)
8.3.6.1 ®opMynbl NPUMEHUMbI NPU BbINOJTHEHUN YCINOBUS

Ol <70°.
8.3.6.2 TONWWHY CTEHKU BLIMUCTIAOT No opmyne

Sy 2 Sy, * C, (130)

___PDyBy
P 2(Pp['3: _p.

S2 (131)

rae

KoaddoumumeHT 3, onpegenaot no 8.3.6.4.
PacyeT TONWKWHBLI CTEHKN KOHUYECKOTO 3NeMeHTa NepexoaHon YacT NPoBOAST € MOMOLLBH OTHOLLEHNS

TOJILLMH CTEHOK

S —C
Sy 2 [S; - stzp + C. (132)
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8.3.6.3 donyckaemoe BHyTpeHHee N30bITOYHOE UITN Hapy>KHOEe AaBfieHWe U3 YCIoBUA NPOYHOCTI Nepexoa-
HOW YacTW BbIMUCIAT NO popmMyne

2[(5]2 (pp (82 o C)

[p] — D1|34 T (82 —¢) (133)
8.3.6.4 KoahPpuuneHT doopmMbl paBeH
B4 = max{1,0; B}, (134)
S4—C ‘
rae B.=B+0,75 npn yx|g—=] 21, (135)
, —
B BbldMCnAT No oopmyne (114) c sameHon D Ha D4
S C 2
. -
npu x[sz_cj <1
Py =0,4\/ D g0 - 0,5.
Sy — C / 2
14y %—CJ (136)
S —C S1—C | S
( z—cj\f(sz—c )cos oLy \ 2

B, MOXHO B 0DOUX cnydaax onpegenuTb Takke No gnarpaMmmam, NnpuBeaeHHbIM Ha pUCyHKax 35 1 36 npu
D=Dins,—C=S8y,

Fe \\
@
% @, S N
3 ! 60:-
¢
Il— % 505
I50
o
"C?? 40&
1 E— t.?On
0008 == 2|
0.006 A
0,004 75n
0.002
i | |
0.001
) P |
0,0008 A 0
. | | | 0
0,0006 ] 0,0004 s
1098 7 6 5 4 3 2 105 06 0708209 1 12 14 16 18 2
B -— --{ S{-C’
H >
Sy~ C

PucyHok 35 — [narpamma ansa onpegeneHuns kosouumneHTa 3, npu pacyeTe TOMWMH CTEHOK nepexodoB obevaek
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8.3.7 Nonoroe KOHU4YeCKoe AHULLe ¢ TopouaanbHbIM Nepexoaom (CM. pucyHok 30a)

8.3.7.1 ®opmynbl NPUMEHUMbI ANA AeUCTBUSA BHYTPEHHEro U3OLITOUHOMO AaBNeHUA NPU BbINONMHEHWUW YCIO-
BUA o4 > 70°.

8.3.7.2 TONWMHyY CTEHKU MPUHUMAIOT

§'2 min {max{s,; S}; S, * C}; (137)

l-...,..l

s, =03(D-r)gl \/[G](P (138)

rae s, onpegenartTno 8.3.1npu D, =D n s, no 8.3.5.
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PUCYHOK 36 — [lnarpamma gnsa onpegenenus koddouumeHTa 3, npy BbIMOJIHEHUM MOBEPOYHOIO pacyera

8.3.7.3 [lonyckaemoe BHyTpeHHee N3bbITOUHOE AaBneHne NPUHUMaOT Kak bonbLuee N3 3Ha4eH s

— , D_2
p1 = 0lo]| 55—y 2 (139)

D—r) (11_

M MeHbLUero n3 sHadeHu [p], onpegendemoix no 8.3.1 npns,=s'n8.3.5npns. =s".
8.3.8 lNonoroe KoOHU4YecKoe AHULLE C YKpennAKLWUM KONbLOM (CM. pucyHok 306)
8.3.8.1 ®opmynbl NpUMEHUMbI ANA AeUCTBUSA BHYTPEHHEro U3bbITOUHOMO AaBNeHUA NPU BbINONMHEHWUU YCI0-

sl

BAI.
o - 70D; S'= Sy.

8.3.8.2 TONLWWHY CTEeHKN KOHWYecKkoro gHuLa onpegenaotno 8.3.1.1npn b, =D.

8.3.8.3 'Nnowagb nonepe4vyHoro cevyeHUs ykpennsawLllero kofisla onpegenatoT no 8.3.4.2, B KOTOPOM NpU
onpegeneHun B cnegyet NpuHATL (s4—¢) = 0.

8.3.8.4 [lonyckaemoe BHYTpeHHee N3DbITOYHOE AaBneHne onpeaensaT ANda KOHUYeckoro axuula no 8.3.1.2
npuv D, = D n ana ykpennawowlero konbua no 8.3.4.3, B KOTOPOM Npu onpegeneHnn 3, cneayet NpuUHATL (S —¢) = 0.
PacuyeT npumeHnmM npu cobnogeHnn TpebosaHnn 8.3.4.5.
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8.3.9 lNonoroe KoHU4YecKoe aHULe 6e3 TopouganbHOro nepexoga n 6e3 ykpennsarwLero Konbua
(cM. pucyHok 308)

8.3.9.1 ®opmMynbl NPUMEHUMbI ANA AEUCTBUA BHYTPEHHETO U3DLITOUYHOrO AaBMEHNUS NPW BbIMONMHEHWU YCITO-
BUA o > 70°.

8.3.9.2 ToNWwKWHY CTEHKN NPUHUMAIOT:

s’ min {max{s,; S4}; S,' + ¢}, (140)

Sp' BblMMCSAOT No coopmyne (138) npu r=0;

S, BblducnawT no 8.3.1 npu D, = D,

S1 BblYNCNAKT N0 8.3.3.

8.3.9.3 donyckaemoe BHyTpeHHee N30bITOYHOE AaBneHne NPUHUMAOT Kak bonblLUee U3 3HadeHus [p], onpe-
nensemoro no opmyne (139) npu r = 0, N MeHbLLee U3 3HaYeHUN [p], onpedensemMbix no 8.3.1 npnu s, = s'
D.=Dwnno 8.3.3.

8.3.10 Nonoroe KOHU4YecKoe gHULLe, Harpy>xeHHoe HapyXHbIM gaBneHUeMm

8.3.10.1 ®opmMmynbl NPUMEHUMbI 4N AEUCTBUA HAPYXKHOTO gaBJIeHUA NPU YCIOBU:

oy > 70°.

8.3.10.2 lonyckaemoe HapyxHOoe AaBfieHne BbiMUCHAT no opmyne (104), gonyckaemoe aaBneHue B
npegenax nnactuyHocTy no oopmyne (105) n gonyckaemoe gasneHue B npegenax yrnpyroctTu BolYUCNAOT MO

doopmyne
2

_4EK|[(s'-¢) 2
[Pl = n | D COS” 0y, (141)
rae K =min{0,36; max{ogg_f;o,m}; (142)
—_ Dl{
G = 2(s' — c)cosa’ (143)
8.4 KoHn4vyeckne o6evyamku, HarpyxeHHble 0CeBbIMU YCUNTUAMMU
8.4.1 T nagkmne KOHU4Yeckue obevyamku, HarpyxeHHble 0CeBOMN pacTAarnBarLien CUnon
8.4.1.1 TONWWHY CTEHKU BLIMUCTIAOT NO bopmyne
S¢2S¢p T C, (144)
_ F 1
rAE Sip T nD;p. [c] cosay (145)
8.4.1.2 lonyckaeMyto pacTarnsaroLLyo CUNy BbIMUCNAOT Mo oopMyne
[F] = =Dy (s, — ¢) ¢, [0] cos ay. (146)

8.4.2 maakne KOHM4YeCcKne o0dbevYanku, HarpyXeHHble 0CeBOU CXXMMaKLWeN CUNON
8.4.2.1 Pac4eTHble popMynbl MpUMEHUMBbI MPU YCNOBUA

Ol4 <70°.

8.4.2.2 [lonyckaemMylo OCeBYIO CXXUMaOLLYO cuny [F] BbIMUCIAKT No hopmyne

r,.l-'

[F]n , D1
~Flh g
. ([F]n )2 D (147)
[Fle J

[F]=min -
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rae AonycKaeMyto OCEBYH CUMY U3 YCNOBUS MPOYHOCTK BbIMUCAAOT No hopmMyne
[F], = =D (s, — ¢)[c] cos oy (148)
N AOMNYyCKaeMyto OCEBYIO CUITY U3 YCITOBUSI YCTOUMYMBOCTK B Npeaenax ynpyroctn BbIMUCNAOT No popmyne

B —2.5
100(s, — ¢)T°
(Dr cos oy )P | XSO (149)

Y - F _

310-10°E
i1

[Fle =

09D + 01D,
~ cosoy

rae Dr (150)
8.4.3 CoeanHeHne obevaek 6e3 ToponaanbHOro nepexoaa (CM. pUCYHOK 25a)
8.4.3.1 ®opmMynbl NPUMEHUMBbI NPWY BbINONHEHUX ycnoBuiA 8.3.3.1.
8.4.3.2 [lonyckaemMyr OCeBYIO pacTArMBaroLLyo MU CXUMaKLLYI0 cuny [F] 3 ycnoBuUsa NpoYHOCTU Nepe-
XOAHOMW 4YacTu BbIMUCNAIOT Mo oopMyne

(So — C)loly 9;
[F] = nD>2 » 201 (151)
roe Bs = max {1,0; (2 +1,2)}. (152)

B BbMucnaoT no popmyne (114) unu onpegendaroT No guarpamme, npueegeHHoW Ha pucyHke 30.

8.4.4 CoeanHeHne KOHUYECKON U ULUNUHAPUYeCKOU obevaek ¢ YKpennsarLwWmMM KOrnbLOM (CM. PUCY-
HOK 256).

8.4.4.1 ®opmMynbl NPUMEHUMBbI NPWY BbINONHEHWUX ycnoBuiA 8.3.4.1.

8.4.4.2 [lonyckaeMyr OCeBYIO pacTArMBaroLLyo MU CXUMaLLYo cuny [F] 3 ycnoBUsA NpoYHOCTU Nepe-
XOAHOMW YacTUu BbIMUCNAIOT Mo oopMyne

[F] - 7D (32 B %)[G]Z D | (153)
3
rae Be = max {1,0; 2B,}. (154)

KoadpdomuneHT By onpeaenaioT no opmyne (122), B KOTOpoU cnegyeT NpuHATE By =—0,35.

8.4.4.3 I'lpoBepKy cBAPHOro LBa yKpennsoLlero konsua BbINONHAKT Mo 8.3.4.5.

8.4.5 CoeauHeHUe obeYvaek ¢ TopounganbHbIM NepexoaoM (CM. PUCYHOK 26)

8.4.5.1 ®opmMynbl NPUMEHUMBbI NPWY BbINONHEHUX ycnoBuiA 8.3.5.1.

8.4.5.2 [lonyckaemMyr OCeBYIO pacTArMBaroLLyo MU CXUMaKLLY0 cuny [F] 3 ycnoBUA NpoYHOCTU Nepe-
XOOHOW YacTW BbIMUCIAOT Mo oopmMyne

[F] = 1D (ST _ET)[G](PT ’ (155)
rae B> = max {1,0; B, (2P + 1,2)}. (156)

KoadodomumeHThl B 1 B, BoluncnawoT no doopmynam (114) un (129) unu onpeaenaroT no gnarpaMmmam, npuse-
OEHHLIM Ha pUCyHKax 32 1 33.

8.4.6 CoeanHeHMe WITYyLepa UNU BHYTPEHHEro UMNMHApUYeCcKoro Kopnyca ¢ KoHM4eckom obevau-
KOW (CM. PUCYHOK 258)

8.4.6.1 ®opmMynbl NPUMEHUMBbI NMPUY BbINONHEHWUN yCIIoBUS 8.3.6.1.

8.4.6.2 [lonyckaemMyr OCeBYI0 pacTArMBaroLLyO MU CXUMaKLY cuny [F] 3 ycnoBuUsa NpoYHOCTU Nepe-
XOAHOMW 4YacTU BbIMUCNAOT No oopMyne

[F] = =D, 2= %)B[G]Z P (157)
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rae Bs = max {1,0; (2B,,— 1)}. (158)

B, BblMMcnAoT no popmynam (136) nnum (135) unun onpegendroT No gnarpaMmme, npMeegeHHoOW Ha PUCYH-
ke 36.

8.5 KoHnveckune obevyanku, HarpyxeHHble U3arnébaroiuMm MOMEHTOM

8.5.1 lonyckaeMbIX U3rnéaroum MOMEHT BbIMMCAAKT No chopmMmynam

- N3 YCNOBUA NMPOYHOCTU

(M) = 2 [F] (159)

‘ae D, = D4 ansa KoHM4eckoro nepexoia (PUCYHOK 27):
F] BbluncnsaoT no popmyne (146).
- U3 YCIIOBUA YCTOUYNBOCTH

[M] — [M]I_l 2 :
1 ([M]n) (160)
V' \IMIe
De 121
e M), == [Fls; (167)
Dr
Mg = 35 [~ le (162)

1 De BbluUCcnaT no popmyne (150).
Lonyckaemble oceBble cunbl [F], 1 [F]g BblMUCNAKT No 8.4.2.2.
8.5.2 CoeaguHeHUA obevaek
8.5.2.1 donyckaemMbl U3rnbarolMn MOMEHT U3 YCIIOBUSA NMPOYHOCTU NepexogHOoU YacTu BbIYUCAAKT No

doopmyne

[M] = 2[F], (163)

"€ aonyckaemyr oceByto cuny [F] BeiMucnsaoT no dopmynam (151), (153), (155) n (157). MNMpun  BblvnucneHnn [F]
1o oopmyne (157) B popmyne (163) cnegyet NpuHATL D4, BMecTo D.

8.6 CoveTaHna Harpys3oK

8.6.1 YcnoBua npumMmeHeHnsa coopmMyn

Ecnn koHn4eckast obevainka HarpyXeHa gaBneH1Uem, 0CeBoW CUNon 1 narnbarolm MOMEHTOM N CyMMa
3KBMBaNEHTHbLIX AaBNeHU OT 3TUX Harpy3oK, BblMMCNsieMbIX No opMyiam:

_ 4F . _ 16F
P M T e (164)

cocTaBndetr meHee 10 % paboyero gaBneHus, TO KOHUYECKYo obeYyanKy pacCUMUTbIBAOT TOJIbKO Ha AeUCTBUE
aasneHnda. Takylo NpoBepKy cneayeT NpoBoAUTE Kak Ans rnagkon KoHu4eckon obevalnkuy, Tak 1 Ans ee Topou-
OanbHbIX NepexogHbIX YacTen y bonbllero UM MeHbLlero OCHoOBaHUA, eCllv OHU eCTb.

8.6.2 PacyeT npu cOBMeCTHOM AeCTBUU Harpy3okK

Ecnn ycnosue 8.6.1 He BbINOSTHEHO ANd rnagakon obevyanku nnm XoTb OAHOU U3 NepexodHblX YacTeun, To
NPOM3BOAAT pacyeT Npu COBMeCTHOM AeUCTBUKN Harpy3ok no 8.6.2.1 1 8.6.2.2. ['lpu npoBepke NPOYHOCTU WU
YCTOUYMBOCTU OJI3 COBMECTHOrO AeNCTBUA Harpysok B doopmynax (165) n (167) anst pac4eTHOro Hapy»XHoro
OaBleHna NoacTaBndaloT MUHYC p, a ANd oceBon cxXumMatoLwlen cunel MUHYC F. arnbatowmn momMmeHT M Bceraa
NMPUHUMAOT CO 3HaKOM IMJIHoC.

8.6.2.1 [ Nagkme KoHM4YecKkne obevyanku

B cnydyae COBMeCTHOIro AelCTBUSA Harpy3ok Heobxogumo npoBepAaTh YCI0BUA YCTOUYMBOCTU NO popMyne

P F . M
o1 1A M = (165)
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Kpome Toro, gomkHa ObITb BbINOMHEHA NpoBepKa NPOYHOCTU N YCTONYMBOCTU OT OTAENbHbLIX HArpPy30K

p| < ol |F| = [FI; M < [M]. (166)

[onyckaemble Harpysku [p], [F], [M] onpegensawoT no 8.3.2.3, 8.4.2.2 1 8.5.1. [lpoBepky NpoBOAAT, €Clnn He
BbINOMHEHOo yc/ioBKe 8.6.1 XoTs Obl ANs1 0AHOTO N3 pacyeTHbIX AMaMeTpPOoB KOHUYeCcKoU obevanki.

[1py BHYTPEeHHEM gaBneHunn B dopmyne (165) cneayet npuHATb p = 0.

5.6.2.2 ['lepexoaHble YacTU KOHUYeCKMX obevaek

Kpome NpoBepKu yCNoBUA OT OTAENBHBLIX HArpy3okK no popmynam (166), Heobxoanmo NPOBEPUTL BLIMOSTHE-
HMWe YCNOBUSA

P . FI|, M
MG (167)

rae [pl, [F1l, [M] — ponyckaemble Harpysku ana nepexogHou yact obevaukun. ['lpoBepky NpoBOAAT, eClv He
BbINMOMHEHO ycnosue 8.6.1 npu Dy, = D.

YOK 66.023:006.354 OKC 71.120 [02 OKI1 36 1500
75.200

KntoueBble cnoBa: cocyabl M annapartbl, HOpMbl U METOAbI pacyeTa Ha NPOYHOCTb, UMINHAPNYECKNEe, KOHNYEecKne
obevaliki, BbiNyKnble, MNNockue AHULLA U KPbILLKY
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