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MNpeancnoBue

Llenu v npuHumnet ctaigapTuaaumm B Pocouidickol Pepepaunn ycraHoBneHsl PenepanbHbiM 3aKoHoM
oT 27 gekabpsn 2002 r. Ne 184-03 «O TexHA4ECKOM peryniupoBanui», a Npasuna NpUMeHeHMsA HauMoHaTbHbIx
craHfapTom Poccuitckoin ®epepaiiun — FOCT P 1.0--2004 «Crangaptusauus 8 Pocouiickoin Pepepaumn. Oc-
HOBHbI& MNOMOXEHNAY

CeeneHun o cTaHgapre

1 PASPABOTAH OTKpbIThIM aKLMOHEPHLIM 06LLEcTBOM «HayuHo-uccne1osaTensCrii u KOHCTPYKTOp-
CKMW MHCTUTYT XMMUHECKOTO MalmHocTpoeHusay (OAO HUMXUMMALLY; 3akpbitbim akUMOHepHbIM 0BLLEeCTBOM
«[lerpoxum MnkMHUPpUHN (A0 MNeTpoxum UHKMHUPUHT); OTKPbITLIM aKLMOHEPHBIM 0B ECTBOM «Bcepoccnii-
CKUI Hay4HO-UCCNEeAOBaTENbCKUA U MPOBKTHO-KOHCTPYKTOPCKMIA MHCTUTYT HETAHOM MallMHOCTPOEHUS»
(OAOQ BHUMHESTEMALL); ®enepantHoii cnyxGoii No akosiori4eckoMy, TEXHONOrMYECKOMY 1 aTOMHOMY Hag-
aopy (PoctexHansop)

2 BHECEH TexHu4ieckum komuteTom no crangaptvsauun TK 260 «OBopyaoBaHne XMMUHECKoe U HedTe-
rasonepepabaToiBaloLLee»

3 YTBEPXOEH WBBEJEH B JEWUCTBUE lMpukasom GdeaepansHoro areHTCTsa no TEXHUHECKOMY pery-
nUpoBaHn U MeTponormm ot 27 aexkabps 2007 r. Ne 503-cr

4 B Hactosuem cTaHgapTe yYTeHb! OCHOBHbLIE HOPMAaTUBHbIE MONQKEHURA CNeayioLvxX MeXayHapoaHbIX K
EBPONESNCKMX CTaHAapToR;

Hvpektubl 97/23 EC Esponeiickoro MapnamenTa n Coeeta or 29 mas 1997 . no cBNWKEHMIo 3aKoH0a-
TENILCTB TOCYAapCTB-4NexHoB, kacawlencs obopyaoBaHus, paboTalolero nog aaeneHvem; EH 13445-3 - 2002
«Cocynpl, paboratolme nog aasneHuem. Hacts 3. Pacuer» (EN 13445-3 : 2002 «Unfired pressure vessel — Part 3:
Design»)

5 BBE/EH BMEPBbIE

Hinghopmaust 06 usMeHeHUAX K HacmosuemMy cmandapmy ny6nukyemcs 8 exeaodHo uadasaemMom uH-
POPMAUUOHHOM yKasamene «HauuoHanbHbIe CrmaHoapmb», a MeKcm UsMeHeHU U 10pasoK — 8 eXemMeCHYHO
U3dagaeMbix UH(DOPMALUOHHBIX yKa3amensix «HayuoHansHelie cmarndapms». B cf y4ae frepecmMompa (3ameHsi)
untu oMmmeHbi Hacmosuweao cmaxdapma coomeemcmeayrowee ygedomnerue Bydem onySruKo8aHo & exeme-
CAYHO U3dagaemMOoM UHPOPMAaUUOHHOM ykasamene «HayuoHansHbie cmandapmsiy. Coomeememeyrowias uH-
goopmavus, yaedomMneHue U meKcmbi pasMeuaiomcs Makke 6 UHPOPMaUUOHHOU cucmemMe 0bLLe20 Nok3064a-
HUS — Ha opuyuansbHoM calime @edepanbHO20 a2eHmcmea o MexHUYecKoMy pez YAUPOBAHUIO U MEMDOID-
2uu 8 cemu KHinmepHem

© CraHgaptuHdopm, 2008

HacTosLKi CTaHAAPT He MOXET BbITb NONHOCTLIO UM YACTUHHO BOCNIPOK3BEAEH, T PaXUpOoBaH N pacnpo-
CTpaHeH B Ka4ecTse oMUMan-Horo naaanus 6es paspelleHus PesfepanbHOro areHTCTBa No TeXHUHECKOMY
PErYNUPOBaHUID N METROSIDMU
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HAUUOHANBHBIN CTAHOAPT POCCHHUCKOMN PEAEPALUY

-_—

Cocyab! v annaparbl
HOPMb! U METOAL! PACYETA HA NPOYHOCTHL
Pacuer obeyaek m gHuuy oT Bo3geiicTEMUS ONOPHLIX HArpPy3oK

Vessels and apparatus. Norms and methods of strength calculation.
Calculation of shells and heads from influence of support loads

ey,

Adara BBeneHun — 2008—04—01

1 O6nacTbh npuMeHeHus

Hacroauwit ctangapT yeraHasnueaeT HOPMBI M METOLb! pACcHETa Ha NPOYHOCTL LMIIMHAPUYECKNX obevaek,
ROHWHECKNX 37TEMEHTOB 1 BLINYKNbIX AHWLY COCYAOB U 2napartos, NPUMEHAEMbIX B XUMWYECKOH, HedhTexumuy-
HECKOW, HedbTenepepa baTbiBarOWLEH U CMEXKHBIX OTPACNAX MPOMBILLNEHHOCTY, paBoTaloLLMX B YCHoBNaX 0OgHO-
KpaTHbIX) CTaTUYeCcKUX Harpysok nop, BHYTPEHHWUM M30bITOYHEIM AaBneHWeMm, BaKyyMOM UMW HAPYKHBIM OaBne-
HUeM, oA AeUCTBUEM YCUIUIA W naruBaloLmx MOMEHTOB, MPU HarpyXeHM ONOPHLIMK Yanamu: HECYLLUMMM VLLIKa-
MW, ONOPHLIMU Nanamu, CeAnosbIM1 ONOPamMu Uy ONOPHLIMA CTORKaMMU.

HopMbl 1 MeToabl pacyeTa Ha NPOYHOCTL MPUMEHWUMbI MPY YCIIOBMM, YTO OTKIOHEHMUE OT reoMeTpUYecKo
OPMBI M HETONHOGTW U3rOTORNEHUS PACCHUTLIBAEMbIX 3/IEMEHTOB COCYA0B He NPeRbLILLAIOT AONYCKOB, yCTaHOB-
NEHHbIX HOPMATUBHBLIMWU JOKYMEHTaMM.

HacToawuit ctanaapT He PACNpPOCTPAHABTCH Ha pacHeT CamM1x ONOPHKIX Y3ros.

HacToawwmia crangapt NpUMEHREeTCs coBMmecTHo c TOCT P 52857.1.

2 HopMaTuBHbIe cChifky

B HacTosweM cTangapTe UCHONb30BaHb| CCRNIKW Ha cnegylolve cTangap ol

FOCT P 52857.1 — 2007 Cocyapl v annaparsl. Hopmbl M meToabl pacyeTa Ha MPOYHOCTL. Obuine Tpebosa-
HUs -
[OCT P 52857.2 — 2007 Cocyabl h annaparsi. Hopmel 1 METOAbI pacyeTa Ha NPoYHOCTL. PacyeT LnnmnHa-
PUHECKUX 1 KOHN4eCKuX obevaek, BLINYKILIX U NROCKUX AHULL W Kpbillek

[OCT P 52857.6 — 2007 Cocyabl U annaparel. Hopmbl u MeTogb! pacyeTa Ha NPOYHOCTL. PacyeT Ma npou-
HOCTL NPU ManouWKNoBbIX Harpyakax

N0 COOTBETCTBYIOLLMM eXXeMECHYHO U3NaBacMblm MHIDOPMALMOHHBLIM YKa3aTensiM, oMyBiMKOBAHHLIM B TeKyLleM roay.
Ecnu cobinovHel crangapT sameHen (M3aMeHreH), To Npu NoL3CBAHUM HACTOALLUM CYaHAapTOM cnegdyeTt pyKoBOACTBO-
SATLCA 3AMEHSHOLUMM (M3MEHEHHBIM) CTaHAAPTOM. ECNM CCbINOURB(N CTaHdapT oTMeHeH Oea 3aMeHbl, TO NonokeHue, B
KOTOPOM ZiaHa cCbinka Ha HEero, NPUMEHSETCS B YacTH, He 3aTparvBaloLer aTy cebifky.

V) Hopmbl 1 METOOb! pacyeTa NPUMEHRITCS Takke Npu MHOTOKPaTHbIX Harpyskax npy YCROBUM, 4TO YUCHO LIMKNOB
W pasMax Harpys3ok He npesbilaroT 3HaYeHWd, Npu koTopeix no MOCT P 52857.6 HeoOX0AMMO NPOBOAUTE pacyeT Ha
MarioLmMKNoBYH NPOYHOCTb.

Wsnanue ohmumansHoe
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3 Obo3Ha4vyeHus

B HACTOALLEM CTAHAAPTE NPUMEHEHBI CNEAYIOLLNE oBosHa4veHuA:
g ANVHA BLICTYMNAWIE A UMAMHAPUHECKON YacTy COCYAA, BIKIHAHA oTBopTOBKY AHWLA, MM;
b--* HIMpUHA CEeRNoBOW Onophl, ‘rjnm; )
iy — AMMHE OCHOBaHWS OMOPHON CTOVKK, MM,
b1 — [NIMHa Hecyllero yika s OCHOBaHUY, MM,
by — HiMpWHAa NOAKNAQHOro NNCTa, MM;

b3 — anMHa no,uma,uHE:ro rACTa, MM, ]
b4'““’ LIMPUHE OCHOBHOM MU TEI ONOPHONW Nnanbsy, MM,
+ g— cymma NpnbaBoK K pacHeTHON TOSNLWUHE CTEHKU, MM;
5 Dyax —— MaKCUMATTBHAS anvHa pedbpa onopbl, MM;
-7y — BMameTp OKPY>KHOCTW OMOPHBLIX CTOBK, MM;
dz“' HapyXHbIn AnamMeTp OMOPHOW CTOWKN, MM;
gy — AVaMeTp NOAKMaHAHONO nnucTa, MM;
i g — AnameTp ONOPHOW OKPYKHOCTH, MM;
'-j.i._-"_.é.ﬁe'—-—-:at:pCDEI-FFHBHblﬁ AWaMETD ONOPHON CTONKW, MM;
S D— BHYTPEHHWA OMameTp LMIMHAPYYeckon obedaiku Ui Bbinyknoro AHKWA, MM;
" P, — BHYTPEHHUA IMaMeTp KOH AUECKOM OBevaiikn B CeYEeMUM, COOTBETCTBYIOLLEM NONOBNHE NUHWM KOHTaKTa
i OMNOPHOro y3na, MM;
Dp — pacyeTHbIA AuameTp, MM;
i?"ggi_f-“"'"-'——,u,nMHa cBoB0AHD BEICTYNaoWeh YacTU SKBWBANEHTHOro cocyna, MM:
- g, — PACCTOAHNE MEXDY TOUKOM MPUAOKEHUSA yourvs u obeqaitkoit v NOAKIIaAHLIM SINCTOM, MM;
., @, — PACCTOsIHWE MEXY OCbI0 OTBEPCTWA Y cpeaHen NUMHMen YLKa, MM;
i @4 — PACCTORHUE MEXAY TOUKOW NPUMOKEHNS YCUITUS W HeATPanbHON OCkhH0 KONBLA XECTKOCTU, MM,
" gy — pacCTosHWE MeXay CTEHKOM COCYLAa U HEMTPANbHOW OChIO KOTbLIA XEGTKOCTU Npu NNacTUHECKOM narnbe,
MM;
. f— npebBblileHne NOAKIaRHOro NcTa Haj rpeBHeM oropbl B OKPYXHOM HanpasneHui, MM,
‘.- F— pacu4eTHOE OCEBOe PacTArnBaliee unu CrumaioLlce yourine (Ckumatoliee ycunme GO 3HakoM mi HYC),
. peicTaylollee Ha NonHyw nnoljaab CeHeHns oBGeyaiikv B HarpasreHnn oCiA LMITUHAPUHECKOM Ui KOHWYEC-
koW obevatiku (6e3 ydeTa Harpysku, B03HUKAIOLLEN OT BHYTPEHHETO U3DLITOHHOTO UNWU HAPYXKHOTO paene-
Hua), H;
- F;— pacyeTtHoe ycunve, neiicTeytoLLee Ha i-io0 onopy, H;
" [Fl— ponyckaemoe ycunvie U3 ycrioBusl yCTOMHUBOCTY, H;
- [Fly, [Flo, [Flz — Aonyckaemoe younue Ha OnopHLIN anemeHT, H;
| g— paccTosHue Mexay CpeaHUMA AVMHUAMMK pedep, MM;
" G — mec cocyaa, H;
h{ — BbICOTa ONOPHOW Nanbl, MM;
H— BbicOTA BhIMNYKNOW YacTy AHULLE NO BHYTPEHHEN NosepxHOCTH bea y4eTa UunuHapuHeckoi oTDoOPTOBKM, MM;
k — cxoc pebpa onopbl, MM;
+ Ky — Kyg — K0P PULMEHTDI;
. |—panvHa nuHMM KOHTaKTa ONOopPb! C AHKLLEM, MM,
[, — ONvHa onopHOW nanksl, MM;
[ — AnvHAa UMAWHAPUYECKOA YacTu Cocyaa, BKNKoHas ANy LUNVHAPUYECKON OTOOPTOBKU AHWLLE, MM,
[, — paccTosiHue Mexay AByMs COCeaHWMN CeANnoBLIMK onopaMu, MM;
[, — adhdhexTuBHaAS HECYLLARA ANMHA CTEHKNA COCYAa, MM;
M — pacyeTHbI M3rMbatoLWMi MOMEHT, fencTeyolui Ha obeqvalky B CeqeHnn, ras PacnonNMKeHbl ONOPHLIE
yankl, B YCNOBUAX SKCrmyaTalv v nCnblTaHhs (MoHTaxa), H-MM;
M,— pacHeTHbIA u3rnbaroLLyiA MOMEHT Haj i-iA onopo#, Hmm;
M;; — MAKCMManbHbIT pacyeTHbIN MarnBaioLLii MOMEHT MEXAY 0Nopamy ivj, H-Mmm;
[M] — ponycxaemblii narubatolyin MOMEHT M3 YCHOoBISA yCTON4MBOCTH, H MM,
[M], — nonyckaembiv W3rmEaloLLUWii MOMEHT ANA ONOPHOW CTOWKW, H'MM;
11— 4uCno onop,
p — pacyeTHoe BHYTpeHHee U3bbiTouHoE U HapyXHOE napreHue (HapyxHoe AaBrieHne Co 3HAKOM «M NHYC» ),

Ma;
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[p] — ponyckaemoe BHyTPEHHee M3BbIToYHOe MW HapyxHoe AaBneHue, MMa ;
q — pacnpeneneHHas Harpyska akBuBaneHTHoro cocyaa, H/mm:
Q;— MakcuManbHOE NonepeYyHoe ycunue, ASUCTBYIOLLIEE B CEMEHWUM Hag i-if onopowu, H;
[Q] — Ronyckaemoe ronepeyHoe ycunue, H;
r— paAlyC HeUTPanbHOro BONOKHA KOMbLA KECTKOCTH, MM:
fm == PaANYC CpeaHeN KPUBUIHLI AHMLLA Y OMOPHON OKPYXHOCTH, MM,
R — paaunyc cepudeckoin obevaiikm unm chepudeckoro cermenTa TOPOCPEPUYECKOro GHMLLE, MM
§ — UCNIONHUTENbHAS TOMNLWMHE CTEHKU obeuaiiku, Mm:
S1 7 UCROMHUTENbHAN TONLLMHA CTEHKM BbINYKIOro AHULLA, MM
S2 — WCNONHUTENbHAA TOMUMHA NOAKNAOHOM nucTa, Mm;
— LUMPUHa yqacTka KONbLa XXecTKOCTY B8 MecTe NP1BapKu K cTeHke obevaiikn, Mm:
W — momeHT ynpyroro COMPOTUBMEHWNA KOMNbLA XKECTKOCTU Npu Uarube, MMS;
W, — mMomeHT ynpyroro con POTUBIIEHNA KOMbLa KeCTKOCTU NPU KpyHEeHU, Mm3:
X — PacCToAHUE MeXXaY OCbI AMNNTUNTUYECKOo AHWlLla 1 CepeamrHON ONOPHOTo yana, MMm:
& — NONoBUWHa yrna pacTBopa Npu BEPIUMHE KOHUYECKON obevaiku,...”:
Xy — YIONT MexAy HanpasneHuem yeunus u BEPTUKANBLIO K CTeHke obevatikuy,...o:
Uy — YTON HaKNoHa MepuaAMoOHaiHON KacaTenbHO Y ONOPHOU OKPYXHOCTY, ...°:
[ — yron mexay ocuio OMOPHOWU CTOMKW W BEPTUKANBIO, ... :
04— Yron oxsaTa Ceanosoil onopel,...°%;
do — YrOSi OXBaTa CoCyAa NnoAKNaAHbIM NIUCTOM, .. °:
P — KO3 DULIMEHT NPOHHOCTU CBAPHbIX LLIBOB 00&4aiiku, pacnonoxeHHbIX 8 oB1acTy ONOpHOro yana:
¥ — KoathdmUMeHT, npeacrasnso LA OTHOLLEHKE MECTHbIX MEeMOPAaHHbIX HaNPKEHMIA K MECTHbIM HanpsxeHu-
AM narmnba;

al

m.x — MEMOpaHHbIe HanpsxeHus B MEprnAWOHanLHOM Hanpaenexuu, Mia:

Em_}, ~— MeMBpaHHble HanpsixeHs B OKpPY>XHOM HanpasneHuu, MlMa:

[6] — npegencHoe HanpskeHre usrmba, MMa;
[6], [0],— nonyckaemble Han PAXEHUSI COOTBETCTBEHHO 4Ns obevaitky 1 KOMbUA XXECTKOCTU B YCNOBUSIX 3KCMMy-
dTatii Mnu uenoiTaHus (MoHTaxa), MMa.

4 Obwme nonoxeHns

4.1 Ons oBevaiiky, Harpy»eHHo OMOPHBIM Y3NoM, onpeaensoT MecTHele AoflycKaeMble yeunus [F];. B
OCHOBY pacyeTa obeqvaek, HarpymeHHbIX HECYLLIMMU yLIKaMW, OMOPHLIMK NanaMu UNu ce 0B LMK onopamu,
NMONOXeHOo NpegenbHoe HanpsaKeHne uarnba [0, onpenensemoe ua yerioems nocTuskeHus NpeaesibHOro cocTos-
H1A Barku npaMoyronsHoro CEYEHWA, BbIpe3aeMoil M3 06eyaiiky,

Hria obevaek, yeTaHoBNEHHbIX Ha ONOPHbIE CTOWKK, MCMOMBbAYIOT peLeHKe Ho OonpeneneHnio npegensHox
Harpyaku £ atoro yana.

HanpseKeHnaMm

1- 83

1 ¢
('3‘ + ‘ﬂ-[ ﬂz) - J(% + 'ﬂ1 'ﬂz] + (1 — ﬂ%)ﬂ%

105 _ANA pabouux ycnosuii
K, = 105 — A15 YCNOBUI UCTLITAHUA U MOHTaXaA:!

[c] —aonyckaemoe Han pPrKeHue B paboumnx yCrnoBuUsiX M YCNOBUSAX UCTbITAHUS (MomTaxa), onpegensemoe
no FOCT P 52857.1.
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§4 L5 OMOPHbIX Y3108 yKa3aHo B 544,644, 648,752,
8, BBIYWUCTISIOT NO hOpMyrie

6m
Y2 = Kol )

FIPH 95 < 0 NpyHUMAaIOT B, = |B5], @ 3HaK koadduuuerTa 81 MEHRIOT Ha 0BpaTHLIN.
Ecrniv pacCTOAHUE MEXAy ONOPHBLIM Y3NoM u GnvkanLym cBapHbiM LWBOM Goree /D, s, TO NPUHUMAIOT

L L 4. OBwime MemBpaHHbie HANPsHKeHUs oNpeaensioT B cooTeeTcTaum ¢ 4.3,5.4.4,5.4.5,6.4.4,6.4.8,7.5.2.1.

s

4.3 O6wme membpaHHLie HANPAXEHUA
4.3.1 Ofllee mepuauoHancHoe meMbpaHHoe HanpsakeHue B LMNUHAPUHECKOR obe4arKe BLIYUCAADT No

2 d)opmyne
~ __PD 1 . 4M
Ao Cmx o 4(8 — C) T ﬁDp (S — C) [F - Dp (3)

4.3.2 Obluee MepyanoHansHoe MeMOpaHHoe HanpshkeHne B KOHWUECKOM obeyaiike BbIYUCIAT No hopmy-

= - POy 1 4M
‘I.i_-"-"',.\_ . = + ———
- Om.x 4(s - c) i Dy cos (s — C) [F Dy ) (4)

E 4.3.3 OBLuee OKpyxXHOe MEMBPaHHOEe HanpshKeHne B LMNWHAPUHECKON U KoHu4eckon obeyanKax BblHuCnsA-
_i_'_ 10T 11O dropmyne

— 3 PO,
Omy = (s~ ¢) (5)

S 4.3.4 O6uiee membpaHHOe HanpsXXeHWe B chepudeckon obevaike, chepuyeckom CermeHTe Topochepu-
220 yecKOro AHULLE Y INNUNTUYECKOM AHULLE BLIMUCTAIOT MO chopmyne

pD
Om = 2(s fc) (6)

——

4.3.5 OnameTp D, BLMUCNAIOT Mo hopMynam:
- ANS LunvHaprHecKon obevanki:

D, = D; (7)
- ANA KoHu4eckow obedanku.
D, _
Dy = Cosar (8)

- ana chepudeckoi obe4anki v chepuyHecKoro cermMeHTa TOpocepuHecKnx AHMLL

D,=R; (9)
- ANA ANAUNTHYeCKOro AHULLA:
D2 D% — 4H*
D, =EHJ1"4X2 R (10)
- ANS SNAWNTUYECKOro AHulla ¢ % =0,25:
2
D, =D 1-—3(%] . (11)

5 Hecywue yLiKu

5.1 OcHoBHble pasMepsl HecylUX yILEK NpueefeHbl Ha pUCYHKaX 1—4.
149 4
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A F
I"'[
I
o~ |
n “ |
.Laca.:uufm
1/2 by
e
by
< -
- bs _

Pucytok 1 — Hecyuee yiuro, fIpUBapeHHoe B MepnauoHankHOM HanpasneHuy
K HEYKDENNeHHOW UMnuHOpuYeckoin oBeyalike

o
7 AF
F, !
- j -
4" =) G t
s ¥
;i 1124, b,
by \
" 3
“_____...---—— \

PucyHok 2 — Hecywyee YWKO, NpUBapeHHoe B OKPYXHOM HanpasneHuy
K HEYKDENNEHHOW LunuHApUUeckoi obeyajike

oA
Fy

d — B OKDY)KHOM HanparneHuy 6 — B npofonLHOM HanpasReHK

PucyHok 3 — Hecywee YWKO, NpMBapeHHoE K yKpennexsHon
KOMBLIOM KECTKOCTU UMNMHAPUYECKOR obedalike
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ool W )

F, F,

PucyHok 4 — lpymepsl fipUMEeHeHus yLiek

5.2 YCNoBUA NpUMEHEHUA pacyeTHbIX QOpMYn

S-C
5.2.1 Gopmynbl NPUMEHSIOT, KOTAA D = 0,05.

[py Hanwyuy nogknaaHoro nueta by <1,5b4, 5, 2 5.

5.2.2 Harpy3ka genAcTByeT B NNOCKOCTM HECYLUETO YLUKE,
o 5.2.3 K Topocthepnyeckum OHULLEM HECYLLEE YLUKO QOMKHO ObiTh ripusapeHo 8 0bnacty creprnHeckoro
i- CRrMEHTa, K aMAIUNTUHECKAM AHWLWamM — B 06nactn 0 < x < 0,4D.
5.3 PacyeT ycunus

Yeunve F,, AeNCTBYOWEE Ha HECYLLEe YLUKO, ONPEAENnsoT No cneuyanbHeIM MeToaam pacyeTa. Ans cum-

" METPUYHOro COCY/1a, 3aKPenneHHor Ha OBYX CUMMETPUHHO PACNONOKEHHbIX HECYLLUX YLIKaX, Fy BHIYUCASIIOT
= no dpopmyne

_ G
F1 = 2cosay’ (12)

5.4 [lpoBepka Hecyl el cnocobHOCTK 06e4alky, He NOAKpenneHHON 3N1IeMeHTaMM XKeCTKOCTH

5.4.1 Hecywas criocobHocTb 0bevyalikn 8 MeCcTe RpuBapki HECyWero yilka 6e3 noaxnaqHoro nueTa Aomk-
= Ha YAOBNETBOPATL YCMOBUIO

[57](s - ¢)*

A < [Fh = .
. 2

sinoy — —= COS ¢y
&

|6 K3 COS U’.1| + J—Zﬂf{q_ (13)

by

5.4.2 Hecyulas cnocobHocTh obeyalikv B MecTe NpUBapPKK HECYLEro yluka ¢ noaknagHelM NUCToM 4ormkHa
. YAOBNEeTROPATL YCNOBUIO

Ks[ol(s — ¢)°

12(e; +
|+ (;}3 52}K4

5.4.3 K3 1 K, onpegensiioT no rpadukam, npvBedeHHbIM Ha pucyHkax 5 u 6, by NPUHKMALOT:

(14)

SN0y ~ COS 0

51 +32

By = {f% — AN Hecyuux ywek 6e3 nogknagHora nucTa;
£3 — oA HecyL WX yulex ¢ noaknagHsiM NUcToMm.

K5 BEIMUCARIOT No opMynam:
151 6
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- AJIS HECYLUMX YILIBK, NMpUBaPeHHbIX B OCEBOM HarpasneHuu:
K5 =min (exp (1,0882 — 1,4216x + 0, 26544Inz + 1,11Inx) + 1; 2,0);
- ANA HECYLMX yLIeK, NpUBaPEHHbIX B OKPYXHOM HaMpasneHuu: | , (15)
Ks=min (exp (1,0848 —2,0892x+0,32775Inz + 1,09Inx) + 1; 1,8).

Dy

2by, P
I',E[E X:—EE, 2—2{8_0).

5.4.4T1pu onpenenenuu [o] — npeaensHoe HanpsaxeHue narnba no chopmyne (1), koacbdmumenT K 1 BElMUC-
TIAHOT CO CneayowmmMmn aHaueHnsaMu 9,4 1 O,
- AR HECYLUMX yIeK LIMNUHAPUYECKMX M KOHUYRCKUX obeuaek, NpuBapeHHbLIX B NPOAONLHOM Hanpaene-

HW, NpUHUMalT 94 = 0,2; 9, BbIMUCASIOT NO thopmyne (2),5,,, paBHoe Opn.y BEIMUCTIAIOT MO dopmyne (5);
- A4 OKPY>HBIX HRCYLINX YiLeK UMNUHAPUYECKUX M KOHUYE CKUX obevaek npuHuMaieT ¥4 = 0,3: ¥y BblYUG-
nAT A0 opmyne (2), 5,,, , paBHoe G 1y BBIMUCTIAKOT MO hopMySIe (3) vnu (4).
K3
0,32 .
0,30
0,28 &%
0,26 2
0,24 o,
0,22 Q;O 0 [
0,20 "2 A
018 R s e . K% -
0,16 042 7> %
0,14 BRI FKSS K

-

[ ety

i

O
> [

S

&
o7
S

I

0
— -"""""'"-: o 290 Q,Iﬁ‘g

-.-._.7:_ >
! e T

i
20 3040 60 100 200 300 400 DBDD‘IO 20 3040 60 100 200300400 800

p D,

2(s-¢c) 2(s - ¢)

0,04
0,02

Lk

WA

[T

=

k
<

Pucyrok 5 — Koadduuuenr K4

5.4.5 [InA Hecywmx yiwex, npuBapeHHbIx ShilyKNbiM AHALAM, pacyeT crieqyeT NPoBOAMTL OTAENLHO A4S
HECYLLIETo YlLiKa, NPUBaPEHHOro 8OO 0Bevaiiku, 1 ans HECYLLIErO yLlka, NpUBapPEeHHOTO B OKPY#HOM Hanpasne-

HUKM ODeYalkn, BbIYUCHsAS B 0BOMX Cnyyanx o, no dopmyne (B). Pelraowum Byger meHblee sHaueHne [Fls-

5.4.6 [ns ycnosuii MoHTa)a npu o, =0 nNpegensHoe HanpaxeHue naruba rMpuHuMaroT:

2,09]6] — ans Hecywmx yiex, MpUBapeHHBIX BAONb
UWITMHOPUYECKUX U KOHWYECKMX oBevaek:

[o:] = ;
192[c] — nna Hecywmx yuiex, NPUBAPEHHLIX K BLINYKMbIM (16)

ARKMLEM UNU K LMNUMHOPUYECKUM U KOHUYECKUM
obedaiikaM B OKPYKHOM HanpasneHuu.

7 152
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Ky
0,18 S 0
| Sout
”,
0,16 G5
RS
— - IS ’B-_
0,14 ; ) ® e .?"?T:
= el 2 %
— 2
0,12 - 2
NG NG
5
= b
0,10 E_ 0':'10 ]
= = O
0.08E QES U.UEE %
= i
=— N 5030
= v0 5 1O
0,06 E _ 2810 0,04
= {' ’} L2 -~ D~
= .0 = f
0,04E 0022 LIS
= | I =
10 20 3040 60 100 200 300 400 SUD 10 20 3040 60 100 200 300 400 SUD
p P
2(s-¢) 2(s-c)

PucyHok 6 — KoaddpuupneHt K,

5.5 MpoBepKa Hecywen crnocobHOCTH UMAVHApYYECKOW oGevankm, noaKpenreHHoW KONbLuoMm
KECTKOCTH, pacnonoxeHHbIM HENMOCPEACTBEHHO NoA HeCY UMM YLLIKOM

5.5.1 Mpw pacueTe r, e;, Wi u W, yunThlBaT 3 EKTUBHYIO HECYLIYIO ANUHY [ oBevanku, BbIMUCNAEMYKD
1o hopmyne

I, =t+11JD(s —¢). (17)
5.5.2 Hecywas cnocobHocTb AoMKHA YAOBNETBOPATE YCNOBUIO

W
agﬁﬁ=ﬂzrﬂ : (18)

Kg BIMUCNSIOT MO (POPMYNam:
_ MKt HECYLLMX YLLEK, NPUBAPEHHbIX BAOMb 0bevalky.

2
de, W 2
Kg = \,«:::132 oy + [——3 L sin® oy
r W,

- ONA HecyLUMX yLleK, NpuBaperHblX B OKPYXHOM HanpaeneHui obevanku: (19)

b

F|cos 0| + 2 %_3— |sin oy

(05 + 102 [cos o + fsinou

Kﬁ=ma}(‘l e
4+1D—;—3-

.

Ecnv [a], > [o], To BMECTO [0], NOACTaBMAT [o].

20—1559 153 8
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6 OnopHble nanei

6.1 OcHoBHbIe pasmepei ONOPHBIX Nan npuBeAeHb! Ha pucyHke 7.

'S T Y r4a 1
q 'y (:_':ll L /s , %) i 1
‘ 4 ] ’ A
i I i i I
ﬁ:l-' AT r-? Sie
] Y L Y
L Y |
—— _ ‘r ©1 F, ‘k..__ — _ {1 F
i 4 : 4 _
o Ty = o ﬂ /\F\I /
| ’ g r 1 b, . ' f >
| BT # 1 f
' =t l t
{ [ e 1172
I | p
\LL__ﬁ ¥ l T Y
*\-..__ - : TJ e1 L -— - : ®1
b4 o F1 h F1
—— 2,
= bg— oy et bz -

PucyHok 7

6.2 YcnoBus npuMeHeHus Pac4yeTHbIX (hopmMyn

6.2.1 OnopHble nanwl HPYUCOSANHEHBI K UMNUHAPUYECKUM UMM KOHUYE CKUM obeuvalikam. HanpasneHue geii-
CTBUA YCUNUA NPUHUMAIOT napannenbHo ooy obeyaiiki.

6.2.2 PacyeTHble hopmynb! NPUMEHSAIOT NPU YCROBUSAX:

(s —¢)

< 0,05,
By

g =0,2h,,

h
004 <=L <05,
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6.3 Pac4eT ycunus
: 6.3.1 Ycunue, [eicTBYIOLEE Ha OMOPHYD rany, Bbl4MENAOT no gopMyne

;

G M ~ ~ )
F 2+D+2(E1+S+32) ﬂﬂﬂﬂ—2un.-4
1= ?
3 g B = ' (20)
L_3 N D,?E}[D -+ 2(51 1+ 5 + 32)] .D..nﬂ N = 3

- Ecnv HeU3BecTHO TOHHOE 3HaqUEHWE €4, TO NPUHUMAIT €1 = —E—h_

5.3.2 [py Haruumn MomeHTa M JonycKaeTes yeTaHasnmears annapart Ha /1Be ONopHbie Nanbl Npy yenosun,

70 MOMEHT AEMCTBYET B TNOCKOCTY OMop.
| 6.3.3 Tpu n = 4, obecrneunBaoLMX PaBHOMEPHOE P
TOWHBIA MOHTaXK, YCTGHOBKA NPOKIaaoK, NoANVBKa

] acnpefeneHue Harpyaks Mexgy BCeMU OnopHbLIMK
 panamu GeTOHa W T. N.), YCUITUE BBIYUCTIAIOT NO POPMYne

_G M
F1"4'D+2(e1+s+32)' (21)

6.4 TlpoBepKa Hecylleh crnocobHOCTH oBeyanku
6.4.1 Hecyuias cnocobHocTs 0bevankn B MeCTe Npue

- ynOBNETBOPSITE YCIIOBUIO

apKw onopHow nane! 6e3 NoAKNaAHoro nmeTd NOXHA

(s - ¢)°
<, < Lo = 22

6.4.2 [pw h% < 05 snadeHue [Fl4, nony4exHoe no popmyne (22), HECHXOAMMO YMHOXHUTE Ha (0,5 + %)
6.4.3 K7 BbMMCAIOT NO hopMynam:

- ans KoHoTpyKumu A u C:

5,964 —11,395x — 16,984y — 2.413x2 —7,286xy — 2,042y= + 0,1322x3 +

Kz=exp(
+ 0,4833x2y + 0,8469xy? + 1,428y%) 107, (23)
- NS KOHCTPYKUWN B:
(exp[(~26791 — 6,936x — 36,330y — 3503x* — 3357xy + 2786y2 +
K = min. + 02267x° +02831x%y +03851xy” + 1,370y%)107%]
exp[(-5,964 — 11395x — 18984y — 2 413x% — 7286xy — 2,042y° + (24)
L + 04322x3 + 0,4833x%y + 08469xy” + 1428 y3)107%],
- AN KOHCTRYKLMK D:
K, = exp [(—29,532 - 45,958x — 91,759z - 1,801x% ~ 12,062xz — 18,87222 +
(25)

+0,1551x3 + 1,617x%z + 3,736xz2 + 1,42523) 10-2] ,

D h, by
rae X=in(2(SF—J-C)]; y::lﬂﬁf;; z=InD—p.

6.4.4 [¢;] — BLMWUCAAKT NO cdopmyne (1).
K, BolumcnsioT npy B = 0,3; Uy — 1O dopmyne (2), rag Op, PABHOE [

— no copmyne (3) unu {4) ANA KOHCTPYKUMN D.
NOPHO Nansl ¢ fioakNagHbLIM NMCTOM AomKHa

— nio dopmyrne (5) ans

kOHCTPyKUMiA A, Bu C 1 G, pasHoe G s
6.4.5 Hecyuias cnocoOHOCTb obeyalkn B MECTE NPUBapKN O

YAOBNETBOPATL YCFIOBUH)

ag;]ba(5 — 0]2

20" 155 10
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11

™,

5

6.4.6 MNpwn _Ez; < 0,6 aHavenue [F],, nony4eHHoe no dopmyne (26), HeoBXOAMMO YMHOMKNTE Ha (0,4 +

6.4.7 KoadhthrmeHT Kg BbIMUMCISIOT Mo dopmyne:

exp[(~49.919 — 39119x — 107,01y, — 1693x2 — 11920xy, — 39276y 2 +
+0237x + 1608x%y, + 2761xy? — 3854y3)1072]

exp[(-5,964 — 11395x — 18984y — 2413x* — 7.286xy — 2042y2 + (27)
+0,1322x> + 04833x%y + 0,8469xy? + 1428y3)102 1,

Ka = MmMin-

D

rae o — P . o b
A€ x '”(2(3—9))' y—lnﬁl;-, y1=lnD—z.

6.4.8 [0] — BbMMCNAOT Mo dhopmyne (1).
Ki BblumensaoT npu 84 = 0,4; B, — o dopmyne (2), rae G,,, pasHoe Gy » — MO chopmyne (5).

7/ CeanoBblie onopsl

7.1. OCHOBHbIE pa3Mepbi ceanoBbLIX Ofop npusefeHbl Ha pucyHkax 8 n 9,

{.L L T
£ ¥F2=F1

@ — COCYyA, On1palou|uincst CUMMBTPUMHO Ha BBe ceanoBble Qnopbl

23H, ,, L2 N
. . L " L .
M T
Um h 4
£l Fy t:z F3 %:nm

a__
\

L

€ =— COCYL, OMUPAIOWMHCA HECUMMETPUYHO

PUCYHOK 8 — CxeMbl pacrionoxeHns cenosbx Qrop ANA cocyqos

156
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MoaknagHoW
T

a — YunuHgpu4eckan obevaika, He
noAKpenneHHas 3nNemMeHTaMu XecTko-
o

6 — uunuHapuueckan obevaiika, nop-
KpenneHHan KonbLami JKeCTKOCTU

PucyHok 9 — PacyetHaa cxema CefJioBon onaphbl

7.2 YcHOBMS MPUMEHEHKA pacyeTHbIX (hopMyn
7.2.1 PacyeTHbie hopMynbl NPUMEHUMBI TIPW BbINONMTHEHAN YCINOBUM:

60 ° < 8, < 180°,

(s —¢)
5 <005,

S, 28,

5,2 §y + 20°.

MnoLiage NonepeHHoro CeHeHns KOfbLA XeCcTKOCTA Ay 2 (s — C) JD(S —C).

7.3 PacueTHbIle YCUNKUSA, pacueTHas cxema

7.3.1 PacueTHas cxema onpefeneHns yCHInH

B kaqecTee OCHOBHOW pacveTHOW CxeMbl ANA ornpeaeneHis OnopHbLIX YyCUNUA, MOMEHTOB W NONEPEHHBIX
YCUNUIA NPUHAMAIOT Banky NEPeMEHHON0 KOMNbLIEBOTC CeYeHns, LapHMPHO ONEPTYIO B MECTax pacronoXeHus
OTIOp U HarpyKeHHyI0 B 0BLIEM Cry4ae pacnpeneneHHLIMU ¥ cCoCpeaoTOHEHHLIMU YCUITNSIMK B 3aBUCUMOCTH OT
KOHCTPYKLMM cocyaa. PacHeTHbIe YCUIua M MOMEHTbI OMPEAensitoT METOAAMM TEXHUUECKON MexaHWkn. Ha prcyH-
ke 10 npeacTaBeHa 0AHa U3 BO3MOXHbIX PACHETHBIX CXeM A1s LINUHAPUHECKOTD cocyaa rnocToAHHOIO Ce4enHvs
C AMAUNTAYECKMMIM GHMLaMWY, CUMMETPUYHO OMEPTOro Ha ABE ONOPLL.

157 , 12
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of

PucyHok 10 — PacueTtHas cxema onipefieNeHnst yCunui

Harpyaki ana npusegenHoii Ha pycyHke 10 6anku suiMUCAsIOT Mo hopmynam

G_ .
L+ %H’ (28)
02
My = 946" (29)
7.3.2 OnopHoe ycunue F; B 06uiem cnyvae onpegenseTcs METOABMU TEXHNYECKON MEeXaHWKU
Hnsa cxemel, npuBeneHHoi Ha pUcyHke 10,
G
F = 5 (30)

7.3.3 Uarubawowme MOMeEHTLI 1 MoNepeYHbIe YCHITUS

MarnbaioLme MoMeHThI CNejyeT BbIMUCNATL B CeYeHMsxX 06
B CEHEHUWAX, Iae OHN UMeT HanBonbLluue aHaYeHus..

HDHEDE‘-IHE:IE YCHUINUA CrieyeT BuIMUCNATL B

B obwem cnyuae uaru bawLme momeHTsI M 0
XaHWKU. -

[na cxemst,

evaikn Haz, onopamu M; u mexay ornopamu M;

CeqeHunax obeqanku Hag onopamu Q,.
ONEPeYHbIe YCUMns ONpeaenanT MeTOAAMY TeXHUYECKON Me-

NPUBEAESHHOW Ha pUcyHKe 10, MOMEeHT M; Haz onopo# BbluucnsaoT No thopmyne

2
My=M, =T, (31)

MakcumansHbii MoMeHT M,}

MEKOY onopamun /v j ANg cXembl, IpeAcTaBMeHHON Ha pucyHke 10, Bbiducns-
K0T No hopMynie

=
M
)
=
o
+
_n
——
b [~
]
Q)
S
I
R
—
1] [
+
G NS
L
[N
[
N

L - 2a
Q - F‘
1 L+%H 1 (33)

7.4 TlpoBepka Hecyel CNocoOBHOCTH obevalku B ceveHUU MeXAy ornopamu
Hecylyio cnocoGHocTts oBevaliki B CEHeHUM Mexay onopamu cnenyeT NPoBepsTL Npis yCnosuu
max {M;} > max {M}. (34)

7.4.1 Cocyabi, paboTatowme nop, BHYTPEHHUM M30bLITOYHLIM gaBnexuem

YCnoBue npoyHocTy:

pl 4My Kg
is-o T 2D%(s - ¢) < [ole, (35)

rae M;— vsrnbaroLyuii MoMeHT no 7.3.3:

13 158
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K __ koadprLmneHT, YHUTLIBALLWA HACTUHHOE 3aM0NHEHNE XNAKOCTHIO, BbIM MCNsIOT No hopmyne
K-

Kg= max { 6~ 0,20924 (X — 1) + 0,028702x (}( -1+ 0,4795-10-3 y (x — 1}~

02391106 xy (x— 1)~ 0,20936-102 (x — 1)x2 - 0,85692:10-8 (x— 1)y2 +
+0,88174-10-6 x2 (x — 1)y — 0,75955:10-8 y2 (x — 1)x + (36)
", 0.82748-10- (x— 1)x® + 0,48168-10-8 (x — 1)y3; 1,0},

. #H__wf;_',t.'_' D . _ L
Epey=T-o D
* :"Yc;noame YCTOWHUBOCTH:
G v
o L o
.7.4.2 Cocynbl, paboTatowue nos HapyXHbIM aBNEHNUEM
Yornosue ycTONHUBOCTI:
[M;]
2, Tl <o (38)

4 tnie [M] — monyckaembiit Marmbalownii MoMeHT; [p] — A0MyCKaemMoe HapYKHOS AaBNEHAE. B crydae obevaitku,

"

"'_'-i‘"y'gpenneHHoﬁ KONbLAMM XKECTKOCTH, AONYCKAGMOE HapYXKHOE [aBrieHve onpeAensioT B 06nacTyv mexay AByms

«.

= cOCERHNMM KOMBUEMM XKECTKOCTH.

7.5 NpoBepKa Hecyleun CcnocoBHOCTU 06OMOYKY, HE YKperneHHON KONbaMK XKeCTKOCTU B obnacTy

7.0NOPHOTO Y3r1a

Hecylwasn cnocoBHOCTE A0MKHa ObITh NPOBEPEHA B HWKHUX TaYKaX (2) n (3) (CM. puCyHOK 9).
7.5.1 MapameTpbl CUCTEMLI, 0BLLIee MePUAMOHANTBHOE MemMbBpaHHOe HanpsXXeHue
MapameTp, onpefensemblit PacCTOAHWEM A0 AHWLE, BLIMUCAAIDT NO coopmyne

| _ a [(§—¢)

D

MapameTp, onpeaensaemeli LUXPUHON NOACA ONOPbLI, BIMUCNAKT NO dopmyne

_ D
Pq = 091 JD(s —¢c)’ (40)

Obuiee mepuavoHanbHoe MembpaHHoe HanpaxeHne uaruba, aeicreytollee B obnacTii oNOPHOro yana,
BLIYUCNADT NO PopMyne

-C-'): _ 4Mf
fr-X 11:92(5 - c)' (41)
rae M; — warnGaioLmini MOMEHT o 7.3.3.
7.5.2 Unnunapuyeckan obedanka 6e3 nogknafHbiX JIMCTOB
7.5.2.1 Ycnosue Npo4HOCTH:
F; < min {[Fl, [F]3}, (42)

roe [Fl, — AonycKkaemoe OnopHOE YCWUITE OT HarpyxeHns B MepuanoHan-HoMm HanpasneHWu, BbMUCNaemMoe no
dopmyrie

0,7[c;]oyD(s—c}s—¢C
Flp =2 2JK1E}K12)( g (43)

[F]a— AONYCKaEMOE ONOPHOE YCUIWE OT Harpy>XXeHWs B OKPYKHOM HanpasneHnn, BLIMUCNIAEMOE MO hop-
Myne
159 | 14
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08013 yD(s - ¢) (s - ¢)
Fls = Kia Kig Kty ' (44)

rae [oj],, [o]s — npeaenbHble HanpsxeHus n3rnba, BiMUCNSEMBIE MO dopmyne (1).
KoadbhmumeHTst 84 10, ans onpeneneHuna koadypuumeHTa K, npueedeHsl B Tabnu Ue 1. s O, npuumaror
COOTBETCTBEHHO U3 5 NN 9, 5, AAIOLLME HauMEHbLLIee npedenkHoe HanpsekeHne narmba.

Tadbnuua 1
[G23 Of U1 Va2
023K13 Kis = 1 po 1
[0l - K12 Kag Omx Ko (0] 4(s —~¢) Om.x Ko [6]
053K pD_ 1 h
[oils K14 Koo Ki7 Sin(0557) 0 2(s = ) Kolo]

P sing,
Ko — KOBHPULIMEHT, YHNTLIBAIOLLMIA BIUSIHUE WMDUHDI NOsiCa onopbl (Kig = max B, 0257),

115 - 0,14328
K12 — KoathdumenT, YUUTbLIBAIOLLMIA BIUAHKE yrna oxeaTa (K, = Sin(0,55,) 1)1

. 145 - 0,435,
K14 — KOI(IULMEHT, yIUThIBAIOWMIA BIUSIHME yrna oxsata (K, = Sin{0.55,) ),

K1 — xoadtbuumenT, YHUTBIBRIOLLMI BITMAHWE PACCTOSIHUSA 40 AHULLA (Kig =1- 285 5 1/37;; ),
1+ (6y) 1

K7 — xoadpcbuumenr, YUUTBIBAIOLLMIA BIIUSIHUE LUIMPUHbLI NOACa ONOpb! (K7 = 1 ).
1+ 0’63/5 ? =

ok

7.5.2.2 NposepKy ycToMunBocTM cnefyet NpoBoAUTHL M0 hopMyne

Il | M)
) T M

rae p=0-—ansacocynos, paboTatowux non BHYTREHHUM M30LITOYHEIM AGBNEHWEM:

[p] — nonyckaemoe HapyxHoe naBneHme {ans obevalikv, ykpenneHHow KOMbL2MW XKECTKOCTH, [lonycKae-
MO€ HapyXXHOe gaBneHne onpeaensiioT B o6nacty MEXZY ABYMs COCEOHUMM KOTbLIAMU XKECTKOCTH);

Fe — atbdekTuaHoe oceroe yCUMHWE OT MECTHbBIX MeMBpaHHBLIX HanpPspKeHWA, AEWCTBYIOWUX B oBnacTw

OMopel, BbIMUCTINEMOE No hopmyrie
| . |
Fe =F %4{'1}(3 - ¢) Kis Kis, | (46)

2104
max {1,? i {]}

AN RS

rae Kz — koabduumeHT, yUNTbIBAWMA BNIUAHWUE Yinia OXBaTa (Kyy = SN (055,) )i
- . 084y + 6y
K15 — KO3DMLINEHT, yUUTLIBAIOLLMIA BANSHUE paccTosHus go aHuwa (K5 = min {10; 3, :
. 1- e P1gos B4
K14 — KoathuumenT, YHWUTLIBAIOLLWA BITUAHNE LWMPUHE! NOSICE OROpPhbI (K4 = P );
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T px BBIMWCIAIOT NO dopmyne (41).

[Tpyt BLIMUCTIEHWN koadhduuneHTos Kip — Ki7 3HaueHue yrna §, crieayeT NOACTaBNATL B paanaHax.

7 5.3 LiunuHapuyeckas obeyanka ¢ noAKNaAHbIMU TACTAMH

7 5.3.1 MNposepka Hecy e CNocOBHOCTH

[poBEPKY Hecyiel cnocoBHOCTH CAeAyeT NPOBCANTE no7.5.2.1. B atom cny4ae:.

- nOAKNALHOM NACT PACcCMAaTPUBAIOT Kak CEANOBYID onopy LWYPHUHON D, C YINOM OXBaTE do;
- BO BCeX hopmyrax BMECTO b cneayer npuHuMats b,, BMecTO §4 cnedyeT npuHiMaThb 85, TONWKUHY NoAa-
* L (aQHOTO JIACT HE YHNTBIBAIOT,
- NOAKMAAHOM JIMCT paccMaTpUBAKOT KaK yCUreHne CTeHKM cocyqa, Bo BCeX dhopmMyriax W Ha rpacgukax
% gMecTo (S — ) CnepyeT NOACTaBNATL Ser BhI MCIseMY0 Mo popMyrie

S s =(s—-0C)1+{5=¢] - {(47)

VeTolumMBocTs npoaepstoT no 7.5.2.2.
7.6 [ipoRepkKa HecyLlen crniocoBHocTH o6e4aiKy C KONLLOM KeCTKOCTH B oBnacTy onopHoro yana

7.6.1 MpoBepka Npo4HOCTA yCTOWYUBOCTH CTEHKK COCYAA
7.6.1.1 Cocyapl, paboTatoliine nof BHYTPEHHAM N3BbITO4HBIM AaBNEHUEM, POBEPAIOT N0 YCNOBUIO NPOH-

| :ﬁ_ HOCTU

pD + 4M; <
4(s ~¢) " ap*(s-c)

5], (48)

" . :rpe M;— wuarnBatoLni MOMEHT No 7.3.3.

o YV CTOMUNBOCTE CHEAyeT NPOBEpAThH o chopmyne (45), npUHuMas D = OuF,=0.
7.6.1.2 Cocyapbl, paboTaiollue o4 HapyXHbIM [aBTIEHVEM
Y CTOWYMBOCTL NPOBEPAIT NO hopMyne (45), npunumas £, =0.
7.6.2 [Ipo4HOCTL KOMbLA KeCTKOCTH AOITKHA yAOBNEeTBOPATH YCNOBUIO

Kig [M;]9
o= (050 £ ey)! (49)

rae Kig — KoadpuuueHT no Tabnuue 2;

- Ta6nuuya 2

HeWTpanbHas
OCb

3HaqyeHue yrra oxpara b,

TI7T7777
K‘i&
60° 14 —
90° 21 20
120° 33 28
150° 56 50
180° 103 —

[M.], 84 — ONPEaensioT No rabnuue 3 (e, > 0 BO BCEX criyuasx). [py aTom napameTpel Se 1 [, BEIMUCNAKT MO

cthopMynam
|pl0 [a]
S = (S — C) [1 — 2(3 — C)[G’] (o]’ (50)
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lo=t+4 JD(s - c). (51)

3HaK « + » crnefyeT NpUHUMaTh ANS KOMEL, PACoNOKEHHbIX CHapY>XK1 cocyna, 3HaK «—» — Ans Koneu,
PacronoXeHHbIX BHYTPU cocya.

Tabnuyga 3

CeueHue konblUa e, [M ]

th — I, s, 05[t(h — e4)* + te + (284 + So)1s5,] [0],
2t

by S5 + hsy — Iy 5, 05[s4 (h — ey )2 + 8405 + (2h — 2e4 + S5)by 55 +

234
+ {284 + Sp)leSe] (o)«
hsy = ly s, 05054 (h — 4)? + 2t 55 (h - 55) + (264 + 50)lu5a] [0],
234

B cnyuae npumerenus npoduns, He npedcraeneHHoro 8 Tabnuue 3, [M,] cneayeT sbiMucnsTs No dopMy-
ne

[M] = W, [o), (52)

rae W, — nnactuyeckmin MoMeHT COTNPOTUBNEHNA MNOWAAM NONEPEYHOro ceMeHns npoduna, BKAOYasa Nno-

Ltazdb /eS,. HelrTpanbHas ock (ans OnpeAenernn e,) paaaenseT NoLaak MoNepPeyYHoro ceveHms npoduna Ha
ABE paBHLIE YacTy.

8 OnopHble UMNUMHAPUYECKUE CTOMKM

8.1 OcHoBHbIE paamepkl LUWITMHADWHECKUX ONOPHbIX CTOEK NPUBEAEHB! Ha PUCYHKe 11.
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Fy

&g — BEPTHEANbHGHAH CTOWKA & — HAKNOHHAA CTONKA

PucyHok 11

8.2 YCNOBUA NPUMEHEHUA pacyeTHbIX hopMyn

8.2.1 MeToa pacyeTa OHVLL, YCTaHOBAEHHbLIX Ha HAKNOHHbLIX OMNOPHbLIX CTOWKaX, NPUMEHSIOT, €CNW KX B3a-
UMHOE NepeMeLleHUe UCKIHYEHO.

8.2.2 MeToa pacyeTa NPUMEHAT TOBKO ARA COCYAOB U annapartos, paboTaioLunx nog BHy TPeHHUM 1abbl-
| TOMHLIM JaBMNEHNEM. |

8.2.3 ®opmynbt NPUMEHAIOT Npy cobriogeHnn yenosua d; < 1,6ds.

8.2.4 K TopocdepuyecKkuM ORULLEAM ONopHbIe CTOWKKU AOMKHBI BhITh NpUCoenHeHkl B 0bnacTn cchepuyec-
KOro CerMeHTa, a K annunivdecknm gHniam — B obnactn 0 <x <0,4 D.

8.3 PacyeT ycunun

8.3.1 BepTuKanbHoe ycunve Ha ONopHYH CTOVKY BRIMUCIISOT No popmMyne

G M —
Nk t 975d, AN =3,
1:*!
%+%—mﬂn=4. (53)

8.3.2 lNpwn n = 4, obecnevnBadnx paBHOMEPHOE pacnpeaeneHne Harpysku Mexay Bcemu onopHbLiMK
CTOWKaMu (TOYHBIA MOHTaX, YCTAHOBKA NPOKNAL0K, rnognueka 6eToHa U T. 1.), YCUNue BeIMMCNAT No hopMyne

G, M
8.3.3 fencrene momerHTa M gonycKaeTcs TONBKO B TOM CNy4ae, 8Crnv ONOPHBIE CTOWKN CBA33HbLI MEXAY
coB0M KEeCTKOW paMOoW, NPENATCTBYIOWEN B3auMHOMY epeMe{eHnio CTOEK.

|_|pl.-'1 ITOM CreaAyeT BbINOJIHUTE YCIIOBUE!

%’ > % -~ anain=4
G __M _al (99)
3 > 075d; ~ AN =3
8.4 [poBepKa HecyLel CrocoBbHOCTY BRINYKNOro AHMLA
8.4.1 Hecylas cnocobHOCTL BLINYKIIOro AHKLA OOMKHA YAOBNETBOPATL YCIIOBUAM
7d %
A-P 7 p
. P (56)
Fi e =0
&
—— <10,
Fl (57)
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rae [Fl; — pBonyckaeMoe BepTUKaNkHOE YoUne, BLIMUCISEMOS Mo dopmyne (58);
d, — AN ONopHbIX CToeK Gea MOAKNagHoro nNueTa,
d. =
€ ds — AFis1 ONOPHbLIX CTOEK C NMOAKNaHbIM TTUCTOM;

[Pl — ponyckaemoe BHyTperHee nabbiTouHoe
F'OCT P 52857.2.

8.4.2 [lonyckaemoe BepTukansHoe YCUITME BbINMCNAT No hopmyre

AdBNeHne B cepeanHHoN 0BnacTy BeINy«NOro gHULLE No

de
[F1y = 157[o](s, — ¢)® CDS?;EB_ B) J‘[ +5 s —0) (98)

8.4.3 1, n o, onpeaensioT ro TaGnuue 4.

Tabnuuya 4
dopma aHMLW A InAunruieckoe guuiLe Topocthepuyeckoe AHWWE THUAOB
Tun H =0,25D A B C
2
2D J1 - 1(%‘-}
r 4 D 0,9 D 0.8 D
1+ 1 3
1_3[9%
4\ D
dy g4 dy dy
sin a, NEAY: 20 180 16D
2D [1- 3| =24
41 D

9 OnopHble NNacTUHYaTbIe CTOMKY

9.1 OCHOBHEIE paaMepsl GMOPHBIX MTACTUHHATLIX CTOSK npuBefeHk! Ha pucyHke 12.
9.2 YcnoBus npuMeHeHUs pacyeTHbIX thopmyn

9.2.1 MeTop pacueTa npUMeHsitoT TOMbKO ATIA ITUNTU4ECKUX BHULL, paboTarLLWX NOS BHYTPEHHUM 36bi-
TOYHbIM JaBNeHueM.

9.2.2 Gopmynel npuMeHAIT Npu cobniogernm YCroBWiA ANA aNMUNTUYECKMX JHULL

0,003 <1 5 <002,
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PucyHok 12 — OnopHas CcToika Ha 3/nmnTMHeckoMm AHMLE

9.3 PacyeTHbie YCUITHUA |
9.3.1 BepTuKanbHoe yCUrnine Ha onopHy CTOUKY BbIMMCNAIOT MO dopmyne

(G M _
. +D,?5d4 npu n =3,
e (59)

3
G, M =
B + ds npun =4.
1 MeXOy BCeMW ONOPHBIMU

9.3.2 MNpu n = 4, obecne4yuearollinx paBHOMEpHOE pacnpeneneHue Harpysk
e BbIYUCTIAT No (hopMyne

CTONKaMK (TOMHbBIA MOHTaX, yCTaHOBKa NPOKNaZA0K, noanuexka 6eToHa u T. 11.), ycunu

_G . M |
F1"I+?4" (60)

9.3.3 MepyamoHansHbIA MOMEHT, nepefasaeMblii 0ropoil Ha AHULLE, BbIYMCIIAIOT NO thopmyne

Fy (b - B + K}
M1 _ 1max2 . (61)

0.3.4 MNpu aevcTBuUmM 3rmbatoLLiero MoOMeHTa M HeOBXOANMO BbINOMHUTL PACHET Ha MPOYHOCTL (PYHABMEHT-

Horo BorTa OT AEACTBUA pacTArMBaloLEero yeunus:

M G
£ _ J075d — 3 ipun =3,
= 62
: %—%—npmn=4. (62)

PacyeT Ha NpoYHOCTb (hyHAGMEHTHOTID 6onTa NPoBOAUTb HE CNeRyeT NPW BIMNONHERUA YCMOBUUA:

(63)
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9.4 NpoBepka Hecywed cnocoBHOCTH ANAUNTUYECKOTD AHULE
9.4.1 Hecyluyo cnocoBHOCTL gHULLE B MecTe NPMBapKW ONOPHOW Narkl CNeAyeT NpoBepsTh M0 PopMyrie

F sindy M p
P "0 T S ()

rae [p] — nonyckaemoe BHyTpeHHee u3BbITOYHOE AaBneHue B CepenunHHON 0bnactu BLINYKAOrO gHuMuLLa no
[OCT P 52857.2;
Yron o, onpeaensioT no Tabnuue 4.

9.4.2 [lonyckaemoe HopMansHoe ycunue 4na HENOAKpenNeHHOro aNMMNTUHECKOTO AHWLLE BEIHYUCAAKT No

thopmyne
[Fl1 = 0,25 Ky [o] (51~ ¢)2 (0,2 + d / D), (65)

rae dy — AWamMeTp CeYeHUs, NPOXOAALIEro Yepes CepenuHy NMIMHWKN KOHTaKTa ONopbl C AHULLIEM, BRIYUCAADT MO
tbopmyne

d4 =d+ 2C1 - K- b1 max- (66)

9.4.3 HonyckaeMbli MEPUAMOHAMNEHbIA MOMEHT AN HENOAKPENNEHHOrD 3NITMNTUYECKOro AHVLLA BbIMUCTIS-
IOT No hopmyne

[h/!]—i — 0,25 K21 [U] (31 - C)2 D (0,2 + d4 / D) (6?)
9.4.4 KoabduuymenTsl Ky, 1 Ky, onpenensioT no rpadimkam, npueeeHHLIM Ha pucyHkax 13 n 14 cooTeer-

CTBEHHO, B 3aBUCUMOCTHY OT OTHOCUTENBHOW TONWIWHB! BHULLA (S, — ) / D' OTHOCUTENLHOM ANMHB! TMHUM KOHTaKTa
ONopeb! € AHULEeM {/ D.

Kool K[
» LN
220 L~ = 0,003 28
3 26
200 i - 0,004
0.004 24 ] 5 = 0,003
180 ” 0,005
- 0,005 - 0,006
- 20 '
160 - ! 0,008
_ 0,01
1401
u 15
120 “=°1_#F 0,0
/‘l( 0,02
_ 0,01
100
0,02
50 %
40
20014 I | | ! | | 1 | 1 1 L
0,1 012 0’3 “‘D {L L L 1 l L 1 t ' L L \
0,1 0,2 0,3 1D
PrcyHok 13 — KoadhduumeHt Koy, PucyHok 14 — KoadbutmeHt K,
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9.4.5 ANvHY NWHUU KOHTAKTa ONOPbI ¢ gHMILEM BbIMMCNAIOT No hopmMyne
/= (b1max — K) / sin oy (68)

9.4.6 Jonyckaemoe HopmasnbHOe yeunue ans nogkpenneHHore NoaxknagHbimM IMCTOM SINMNTUYECKOTO
|HVLLE BBIYUCAAKT RO (hopmyne

[F]4 = 0,25 Kyg Kyp [0] (81— €)% (0,2 + d,y / D). (69)

9.4.7 JonyckaemMblil MEPUONOHANEBHBIA MOMEHT AFA NOAKPEITIEHHOIO NOAKNAAHBIM NACTOM 3M1FINNTUYEC-
Oro gHwila BeIMKUCNRKOT NO hopMyne

[M;] = 0,25 Ky, Koy [0] (51— €2 D (0,2 + 0, / D). (70)

9.4.8 KoshPuumeHTsl Kos U Kyg ONpelensoT No rpahukam, NpueeaeHHsLIM Ha pucyHkax 15 v 16 cooteeT-
TBEHHO.

Koz

1.6

1.4

1.2

0,1 0,2 0.3 1D

0,005
0,01
0,02

1,00~ [ ! ] ] | 1 ] 1 ] L 1

0,1 0,2 0,3 [D

PyucyHok 16 — KoadpuumneHt K,
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YK 66.023:006.354 OKC 71.120 02
75.200

Knioyersie crnosa: cocyas v annapatel, HOPMbI

—

OKIT 36 1500

W METOAbLI pacHeTa Ha NPOYHOCTb, OMOpPHLIE Harpyaku
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